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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

1 Введение

ˆ−â¥£à®¤¨ää¥à¥−æ¨�«ì−ë¥ áâ®å�áâ¨ç¥áª¨¥ á¨áâ¥¬ë ï¢«ïîâáï ¯®¤å®¤ïé¨¬¨
¬�â¥¬�â¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨ â�ª −�§ë¢�¥¬ëå íà¥¤¨â�à−ëå á¨áâ¥¬. ’�ª¨¥ á¨áâ¥¬ë,
â�ª¦¥ ¨§¢¥áâ−ë¥ ª�ª á¨áâ¥¬ë á ¯®á«¥¤¥©áâ¢¨¥¬, ç�áâ® −�§ë¢�îâ ¯à®áâ® á¨áâ¥¬�¬¨
á ¯�¬ïâìî [1{4]. �à®æ¥ááë ¢ ˆ„‘â‘, ª�ª ¯à�¢¨«®, ï¢«ïîâáï −¥¬�àª®¢áª¨¬¨.

‚ ¯à¨ª«�¤−ëå §�¤�ç�å ¤«ï §�âãå�îé¥© ¯�¬ïâ¨ ¯ãâ¥¬ �¯¯à®ªá¨¬�æ¨¨ ï¤¥à,
®¯à¥¤¥«ïîé¨å ¯�¬ïâì «¨−¥©−ë¬¨ ®¡ëª−®¢¥−−ë¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ã¯à�¢-
«¥−¨ï¬¨ ¨«¨ ¢ëà®¦¤¥−−ë¬¨ ï¤à�¬¨, ã¤�¥âáï ¯à¨¢¥áâ¨ ¨−â¥£à®¤¨ää¥à¥−æ¨-
�«ì−ë¥ ãà�¢−¥−¨ï ª ¤¨ää¥à¥−æ¨�«ì−ë¬. ‚ à¥§ã«ìâ�â¥ ¯à®æ¥ááë ¢ â�ª¨å „‘â‘
áâ�−®¢ïâáï ¬�àª®¢áª¨¬¨. �®íâ®¬ã, ª�ª ¯®ª�§�−® ¢ [2{4], ®ª�§ë¢�¥âáï ¢®§¬®¦−ë¬
¨á¯®«ì§®¢�âì ¡®£�âë© ®¯ëâ �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï.

‚®¯à®á�¬ ¯�à�¬¥âà¨ç¥áª®£® �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï à�á¯à¥¤¥«¥−¨© ¢ „‘â‘ (á¬. ¡¨¡«¨®£à�ä¨ç¥áª¨¥ §�¬¥ç�−¨ï ¢ [5{8]) ¯®á¢ïé¥−�
®¡è¨à−�ï «¨â¥à�âãà�.

‘â�âìï ¯®á¢ïé¥−� ¬�â¥¬�â¨ç¥áª®¬ã ®¡¥á¯¥ç¥−¨î �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨-
ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¢ −¥£�ãáá®¢áª¨å ˆ„‘â‘, ®¯¨áë¢�¥¬ëå ¨−â¥£à®¤¨ää¥-
à¥−æ¨�«ì−ë¬¨ áâ®å�áâ¨ç¥áª¨¬¨ ãà�¢−¥−¨ï¬¨ ˆâ® á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢-
áª¨¬¨ èã¬�¬¨ ¢ ª®−¥ç−®¬¥à−ëå ¯à®áâà�−áâ¢�å.

‚ à�§¤. 2 à�áá¬�âà¨¢�îâáï ãà�¢−¥−¨ï ˆ„‘â‘. �«£®à¨â¬ë ¯à¨¢¥¤¥−¨ï
ˆ„‘â‘ ª „‘â‘ ®¯¨á�−ë ¢ à�§¤. 3 ¨ 4. ‚ à�§¤. 5 ¯à¨¢®¤¨âáï �−�«¨§ ¯®¤-
å®¤®¢ ª ¬®¤¥«¨à®¢�−¨î à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘. ‚ à�§¤. 6 ¨ 7 ®¡áã¦¤�îâáï
�«£®à¨â¬ë áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï, � â�ª¦¥ á®¢¬¥áâ−®£® �−�«¨â¨ç¥áª®£®
¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï. ÷�§¤¥« 8 ¯®á¢ïé¥− �«£®à¨â¬�¬ −¥«¨−¥©−®£®
ª®àà¥«ïæ¨®−−®£® áâ�â¨áâ¨ç¥áª®£® ¨ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï. ‚ ¯à¨«®-
¦¥−¨¨ 1 à�áá¬�âà¨¢�îâáï �«£®à¨â¬ë ç¨á«¥−−®£® ¨−â¥£à¨à®¢�−¨ï ¯à¨¢¥¤¥−−ëå
ˆ„‘â‘. �à¨«®¦¥−¨ï 2 ¨ 3 á®¤¥à¦�â â¥áâ®¢ë¥ ¯à¨¬¥àë.

2 Уравнения интегродифференциальных стохастических систем

�¡®¡é�ï −� á«ãç�© [4] ãà�¢−¥−¨©, á®¤¥à¦�é¨å ¯�à�¬¥âà, à�áá¬®âà¨¬
ˆ„‘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+

+


b(X,—, t) +

t∫

t0

b1(X(τ),—, τ, t) dτ


 dW0 +
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ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

+

∫

Rq
0


c(X,—, t, v) +

t∫

t0

c1(X(τ),—, τ, t, v) dτ


 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)| p-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï;

⊲ — | p—-¬¥à−ë© ¢¥ªâ®à á«ãç�©−ëå ¯�à�¬¥âà®¢, ¢ ®¡é¥¬ á«ãç�¥ §�¢¨áïé¨å
®â ¢à¥¬¥−¨ t;

⊲ W0 | r-¬¥à−ë© ¢¨−¥à®¢áª¨© ¯à®æ¥áá ¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t);

⊲
∫
–t

dP 0(t, A)| æ¥−âà¨à®¢�−−�ï ¯ã�áá®−®¢áª�ï ¬¥à�, ã¤®¢«¥â¢®àïîé�ï ãá«®-

¢¨î: ∫

–t

dP 0(t, A) =

∫

–t

dP (t, A)−
∫

–t

νP (t, A)dt ,

£¤¥
∫
–t

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

⊲ 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¢�Rq0 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),—, τ, t, v) ¨¬¥îâ à�§¬¥à−®áâ¨
p× 1, p× 1, p× r, p× r, p× 1, p× 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, p); B(t, τ) = [Bil(t, τ)] (i = 1, p,
l = 1, r); C(t, τ) = [Cij(t, τ)] (i, j = 1, p) ¨¬¥îâ à�§¬¥à−®áâ¨ p × p, p × r,
p × p, 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¢� ˆ„‘â‘,
§�¢¨áïâ ®â τ ¨ ¨¬¥îâ à�§¬¥à−®áâ¨ p× 1, p× p, p× 1 á®®â¢¥âáâ¢¥−−®.

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

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

£®¢®àïâ ®¡ ˆ„‘â‘ á® áâ�æ¨®−�à−ë¬ §�âãå�−¨¥¬.
‚�¦−ë© ª«�áá 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, p, j = 1, r.

‡�¬¥ç�−¨¥ 2.1. ‚ á«ãç�¥, ª®£¤� ¯®¤ë−â¥£à�«ì−ë¥ äã−ªæ¨¨ c(X,—, t, v) ¨
c1(X(τ),—, τ, 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) ,

ˆ„‘â‘ (1) ¯à¨¢®¤¨âáï ª ¢¨¤ã:

‘X = a(X,—, t) +

t∫

t0

a1(X(τ),—, τ, t) dτ +

+


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�−¨¥ 2.2. �ãâ¥¬ ¢¢¥¤¥−¨ï ¡«®ç−ëå ¬�âà¨æ à�áá¬�âà¨¢�îâáï á«ãç�¨,
®¡®¡é�îé¨¥ á®®â¢¥âáâ¢¥−−® ¯à¥¤áâ�¢«¥−¨ï (2) ¨ (6):

a1 =

N∑

k=1

w′
k(t, τ)ϕ

′
k(X(τ),—, τ) ; b1 =

N∑

k=1

w′′
k(t, τ)ψ

′
k(X(τ),—, τ) ;

c1 =
N∑

k=1

w′′′
k (t, τ)χ

′
k(X(τ),—, τ, v) ;
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a1 =

N∑

k=1

ξ′k(t)ϕ
′
k(X(τ),—, τ) ;

b1 =
N∑

k=1

ξ′′k(t)ψ
′
k(X(τ),—, τ) ;

c1 =
N∑

k=1

ξ′′′k (t, τ)χ
′
k(X(τ),—, τ, v) .





(8)

‡�¬¥ç�−¨¥ 2.3. �ç¥¢¨¤−®, çâ® á«ãç�© ˆ„‘â‘, ®¯¨áë¢�¥¬ëå ¯® ®¤−®© ç�áâ¨
¯¥à¥¬¥−−ëå á®áâ®ï−¨ï á¨áâ¥¬ë áâ®å�áâ¨ç¥áª¨¬ ¨−â¥£à�«ì−ë¬ ãà�¢−¥−¨¥¬, � ¢â®-
à®© ç�áâ¨ | áâ®å�áâ¨ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ ï¢«ï¥âáï ç�áâ−ë¬
á«ãç�¥¬ (1) ¨ (7).

‡�¬¥ç�−¨¥ 2.4. ‚ −¥ª®â®àëå á«ãç�ïå ¢¢®¤ïâ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï
�X =

[
XT—T

]T
à�§¬¥à−®áâ¨ �p = p + pθ, â®£¤� ãà�¢−¥−¨ï (1) á®¢¬¥áâ−® á

ãà�¢−¥−¨¥¬ ä®à¬¨àãîé¥£® ä¨«ìâà� ¤«ï — ¯à¨¢®¤ïâáï ª ãà�¢−¥−¨ï¬ ¢¨¤� (1)
¨«¨ (7).

÷¥è¨¬ á−�ç�«� ¢á¯®¬®£�â¥«ì−ãî §�¤�çã ¯à¨¢¥¤¥−¨ï ˆ„‘â‘ (1) ª „‘â‘,
¯à¥¤¯®«�£�ï ¢ë¯®«−¥−−ë¬¨ ãá«®¢¨ï (2){(4) ¨ (2), (3) ¨ (5) á®®â¢¥âáâ¢¥−−®. „«ï
ˆ„‘â‘ (7) §�¤�ç� à¥è¥−� ¢ [2{6].

3 Аппроксимация ядер линейными обыкновенными
дифференциальными уравнениями

÷�áá¬®âà¨¬ ˆ„‘â‘ (1) ¯à¨ ãá«®¢¨ïå (2){(4). ’�ª ¦¥ ª�ª ¢ [4], ¡ã¤¥¬
áç¨â�âì, çâ® ï¤à� A(t, τ), B(t, τ) ¨ C(t, τ) ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ «¨−¥©−ë¬
®¯¥à�â®à−ë¬ ãà�¢−¥−¨ï¬ ®â−®á¨â¥«ì−® D = d/dt:

FAtA(t, τ) = HAtδ(t − τ) ;

FBtB(t, τ) = HBtδ(t− τ) ;

FCtC(t, τ) = HCtδ(t− τ) ;

A(t, τ) = A′(t, τ)T(HA∗τ )T ; A′(t, τ)T(FA∗τ )T = IAh δ(t− τ) ;

B(t, τ) = B′(t, τ)T(HB∗τ )T ; B′(t, τ)T(FB∗τ )T = IBh δ(t− τ) ;

C(t, τ) = C ′(t, τ)T(HC∗τ )T ; C ′(t, τ)T(FC∗τ )T = ICh δ(t− τ) .
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‡¤¥áì

FA = FA(t,D) =

nA∑

l=0

αAl (t)D
l ; HA = HA(t,D) =

mA∑

l=0

βAl (t)D
l ;

FB = FB(t,D) =

nB∑

l=0

αBl (t)D
l ; HB = HB(t,D) =

mB∑

l=0

βBl (t)D
l :

FC = FC(t,D) =

nC∑

l=0

αCl (t)D
l ; HC = HC(t,D) =

mCA∑

l=0

βCl (t)D
l





(9)

¥áâì ¨§¢¥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¢¥−−®; ¨−¤¥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�; IAh , IBh ¨ ICh | ¥¤¨−¨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 .

’®£¤�, ª�ª ¨§¢¥áâ−® ¨§ â¥®à¨¨ «¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå á¨áâ¥¬ [4,5], ¯¥à¥-
¬¥−−ë¥ U ′, U ′′, U ′′′ ¡ã¤ãâ ã¤®¢«¥â¢®àïâì á«¥¤ãîé¨¬ «¨−¥©−ë¬ ¤¨ää¥à¥−æ¨�«ì-
−ë¬ ãà�¢−¥−¨ï¬:

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) .





(10)

�à¨¬¥−ïï áâ�−¤�àâ−ãî â¥å−¨ªã ¯à¨¢¥¤¥−¨ï ãà�¢−¥−¨© (10) ª ä®à¬¥ Š®è¨ [5,6],

¯à¨¤¥¬ ª ¨áª®¬®© „‘â‘ ¤«ï ¢¥ªâ®à� Z =
[
XTZ ′

1
T Z ′′

1
T Z ′′′
1
T
]T
(Z ′
1 = U ′, Z ′′

1 =

= U ′′, Z ′′′
1 = U

′′′):

dZ = az1(Z,—, t) dt + b
z
1(Z,—, t) dW0 +

∫

Rq
0

cz1(Z,—, t, v) dP
0(t, dv) . (11)
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‚ ¯®¤à®¡−®© §�¯¨á¨ ¤«ï á«ãç�ï hA = hB = hC = h, nA = nB = nC = n,
mA = mB = mC = m äã−ªæ¨¨ az1(Z,—, t), b

z
1(Z,—, t), c

z
1(Z,—, t, v) ¨¬¥îâ

á«¥¤ãîé¨© ¢¨¤:

az1(Z,—, t) =



a(X,—, t) + Z ′

1
a′(t)Z ′

1
a′′(t)Z ′′

1
a′′′(t)Z ′′′

1


 ; bz1(Z,—, t) =



b(X,—, t) + Z ′′

1
b′′(t)Z ′′

1
0
0


 ;

cz1(Z,—, t, v) =



c(X,—, t, v) + Z ′′′

1
c′′′(t)Z ′′′

1
0
0


 .





(12)

�à¨ ãá«®¢¨¨ áãé¥áâ¢®¢�−¨ï ®¡à�â−ëå ¬�âà¨æ (αAn )
−1, (αBn )

−1, (αCn )
−1 ¢å®¤ïé¨¥

¢ (12) ¯¥à¥¬¥−−ë¥ ¨ ª®íää¨æ¨¥−âë ¤®¯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)) ;

}
(13)

a′(t) =




Ih 0 · · · 0

0 Ih
. . . 0

...
...

...
...

0 0 · · · Ih
−
(
αAn
)−1

αA0 −
(
αAn
)−1

αA1 · · · −
(
αAn
)−1

αAn−1



;

a′′(t) =




Ih 0 · · · 0

0 Ih
. . . 0

...
...

...
...

0 0 · · · Ih
−
(
αBn
)−1

αB0 −
(
αBn
)−1

αB1 · · · −
(
αBn
)−1

αBn−1



;

a′′′(t) =




Ih 0 · · · 0

0 Ih
. . . 0

...
...

...
...

0 0 · · · Ih
−
(
αCn
)−1

αC0 −
(
αCn
)−1

αC1 · · · −
(
αCn
)−1

αCn−1



,





(14)
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q′j =
(
αAn
)−1

[
βAn−j −

j−1∑

i=0

j−i∑

l=0

Cn−jn−j−lα
A
n−j+i+lq

′
i
(l)

]
,

q′n =
(
αAn
)−1

[
βA0 −

n−1∑

i=0

n−i∑

l=0

αAi+lq
′
i
(l)

]
,

q′′j =
(
αBn
)−1

[
βBn−j −

j−1∑

i=0

j−i∑

l=0

Cn−jn−j−lα
A
n−j+i+lq

′′
i
(l)

]
,

q′′n =
(
αBn
)−1

[
βB0 −

n−1∑

i=0

n−i∑

l=0

αAi+lq
′′
i
(l)

]
,

q′′′j =
(
αCn
)−1

[
βCn−j −

j−1∑

i=0

j−i∑

l=0

Cn−jn−j−lα
C
n−j+i+lq

′′′
i
(l)

]
,

q′′′n =
(
αCn
)−1

[
βC0 −

n−1∑

i=0

n−i∑

l=0

αCi+lq
′′′
i
(l)

]
.





(15)

‡¤¥áì Cnm = n!/(m!(n −m)!), ¨−¤¥ªá l ®§−�ç�¥â, çâ® áã¬¬¨à®¢�−¨¥ ¯à®¢®¤¨âáï
¯® ¢á¥¬ ¨−¤¥ªá�¬, ¨áª«îç�ï l.

’¥¯¥àì à�áá¬®âà¨¬ ˆ„‘â‘ á® áâ�æ¨®−�à−ë¬ §�âãå�−¨¥¬, ª®£¤� ï¤à� 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¬¨
áª�«ïà−®© ¯¥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).

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

’¥®à¥¬� 3.1. �ãáâì íà¥¤¨â�à−ë¥ ï¤à� A(t, τ), B(t, τ), C(t, τ) ¢ ˆ„‘â‘ (1)
ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (2){(4) ¨«¨ (10), ¯à¨ç¥¬ ¬�âà¨æë αAn , αBn , αCn ¢ (9)
®¡à�â¨¬ë, � äã−ªæ¨¨ ϕ,ψ, χ ¤¨ää¥à¥−æ¨àã¥¬ë ¤®áâ�â®ç−®¥ ç¨á«® à�§. ’®£¤�
ˆ„‘â‘ (1) ¯à¨¢®¤¨âáï ª „‘â‘ (11) −� ®á−®¢¥ (12){(15).
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‡�¬¥ç�−¨¥ 3.1. ‚ §�¤�ç�å ¯à�ªâ¨ª¨ í«¥¬¥−â�¬¨ íà¥¤¨â�à−ëå ï¤¥à A(t, τ),

B(t, τ), C(t, τ) ï¢«ïîâáï á«¥¤ãîé¨¥ â¨¯®¢ë¥ äã−ªæ¨¨: e−α|u| ¨ e−α|u|(cosωu+
+ γ sinω|u|), ã¤®¢«¥â¢®àïîé¨¥ ®¡ëª−®¢¥−−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨ï¬
¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª� (á¬. ¯à¨«®¦¥−¨¥ 2).

4 Аппроксимация 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 ¢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 ′′′ ;





(16)

‘Y ′ = A−ϕ ; Y ′(t0) = 0 ;

‘Y ′′ = B−ψ ; Y ′′(t0) = 0 ;

‘Y ′′′ = C−χ ; Y ′′′(t0) = 0 ;





(17)

Z =
[
X
T
Y ′TY ′′TY ′′′T

]T
;

dZ = az2(Z,—, t) dt + b
z
2(Z, t,—, t) dW0 +

∫

Rq
0

cz2(Z,—, t, v) dP
0(t, dv) ; (18)

az2(Z,—, t) =



a(X,—, t) +A+Y ′

A−ϕ
B−ψ
C−χ


 ; bz2(Z,—, t) =



b(X,—, t) +B+Y ′′

0
0
0


 ;

cz2(Z,—, t, v) =



c(X,—, t, v) + C+Y ′′′

0
0
0


 .

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¨© à¥§ã«ìâ�â.
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’¥®à¥¬� 4.1. �ãáâì íà¥¤¨â�à−ë¥ ï¤à� A(t, τ), B(t, τ), C(t, τ) ¢ ˆ„‘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. ’®£¤� ˆ„‘â‘ (1) ¯à¨¢®¤¨âáï ª „‘â‘ (18) −�
®á−®¢¥ (16) ¨ (17).

‡�¬¥ç�−¨¥ 4.1. �−�«®£¨ç−�ï â¥®à¥¬� ãáâ�−�¢«¨¢�¥âáï ¤«ï ˆ„‘â‘ (7).

‡�¬¥ç�−¨¥ 4.2. �−�«®£¨ç−® à�áá¬�âà¨¢�¥âáï á«ãç�©, ª®£¤� ¢ëà®¦¤¥−−ë¥ ï¤à�
®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨ (8).

‚ ¯à¨«®¦¥−¨¨ 2 à�áá¬®âà¥−ë ¯à¨¬¥àë ¯à¨¢¥¤¥−¨ï «¨−¥©−ëå ¨ −¥«¨−¥©−ëå
ˆ„‘â‘ ª „‘â‘ ¬¥â®¤®¬ �¯¯à®ªá¨¬�æ¨¨ ¢ëà®¦¤¥−−ë¬¨ ï¤à�¬¨.

5 Анализ подходов к моделированию распределений
в интегродифференциальных стохастических системах

‚ áâ®å�áâ¨ç¥áª®© ¨−ä®à¬�â¨ª¥ ¤«ï ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¥© á®¡ëâ¨©, á¢ï-
§�−−ëå á® á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨, ¤®áâ�â®ç−® §−�−¨ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥-
«¥−¨©. ÷�§«¨ç�îâ âà¨ ¯®¤å®¤� ª ¬®¤¥«¨à®¢�−¨î à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘.

�¥à¢ë©, ®¡é¨©, ®á−®¢�− −� ¯àï¬®¬ ç¨á«¥−−®¬ à¥è¥−¨¨ ãà�¢−¥−¨© (1) ¨«¨ (7),
� ¤«ï ˆ„‘â‘, ¯à¨¢®¤¨¬ëå ª „‘â‘ ¨−â¥£à¨à®¢�−¨¥¬, | (11) ¨«¨ (18) á ¯®á«¥-
¤ãîé¥© áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª®© à¥§ã«ìâ�â®¢.

‚â®à®© ¯®¤å®¤ ¤«ï ˆ„‘â‘, ¯à¨¢®¤¨¬ëå ª „‘â‘, ®á−®¢�− −� â¥®à¨¨ ¬�à-
ª®¢áª¨å ¯à®æ¥áá®¢ ¨ ¯à¥¤¯®«�£�¥â �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥, â. ¥. à¥è¥−¨¥
¤¥â¥à¬¨−¨à®¢�−−ëå ãà�¢−¥−¨© ¢ äã−ªæ¨®−�«ì−ëå ¯à®áâà�−áâ¢�å (”®ªª¥à�{
�«�−ª�{Š®«¬®£®à®¢�, �ã£�ç¥¢� ¨ ¤à.) ¤«ï ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©.

‚ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å ç�áâ® ¬®¦−® à¥ª®¬¥−¤®¢�âì ª®¬¡¨−¨à®¢�−−ë© ¬¥â®¤
áâ�â¨áâ¨ç¥áª®£® ¨ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï. �à¨ íâ®¬ ¡ã¤¥¬ ¯à¥¤¯®«�£�âì,
çâ®, ¢®-¯¥à¢ëå, áãé¥áâ¢ãîâ ®¤−®- ¨ ¬−®£®¬¥à−ë¥ ¯«®â−®áâ¨ ¯à®æ¥áá®¢, ¢®-¢â®-
àëå, ¯«®â−®áâ¨ ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¬®¦−® ¯�à�¬¥âà¨§®¢�âì á
¯®¬®éìî ¯�à�¬¥âà®¢ ™n: ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢, ª¢�§¨¬®¬¥−â®¢, á¥¬¨¨−¢�-
à¨�−â®¢, ª®íää¨æ¨¥−â®¢ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¯«®â−®áâ¥©, ª�−®−¨ç¥áª¨å
à�§«®¦¥−¨© ¨ ¤à. | ¨, ¢-âà¥âì¨å, ¯® ®¡®¡é¥−−®© ä®à¬ã«¥ ˆâ® á®áâ�¢¨âì
¤«ï ™n áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï. �à¨ ¨á¯®«ì§®¢�−¨¨ â�ª®-
£® ¯®¤å®¤� ¯®¤ à�áè¨à¥−−ë¬ ¢¥ªâ®à®¬ á®áâ®ï−¨ï á«¥¤ã¥â à�áá¬�âà¨¢�âì ¢¥ªâ®à
�Z =

[
�ZT™Tn

]T
=
[
ZT—T™Tn

]T
[5, 6,8{11].

��ª®−¥æ, ®â¬¥â¨¬, çâ® ¢á¥£¤� ¯à¨¢¥¤¥−−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï ˆ„‘â‘
«¨−¥©−ë ®â−®á¨â¥«ì−® ¨−â¥£à�«ì−ëå ¨−áâàã¬¥−â�«ì−ëå ¯¥à¥¬¥−−ëå Z ′, Z ′′, Z ′′′

¨«¨ Y ′, Y ′′, Y ′′′.

6 Алгоритмы параметрического статистического моделирования

Š�ª ¨§¢¥áâ−® [5,6,8{11], ç¨á«¥−−®¥ ¨−â¥£à¨à®¢�−¨¥ ¤¨ää¥à¥−æ¨�«ì−ëå áâ®-
å�áâ¨ç¥áª¨å ãà�¢−¥−¨© ¨¬¥¥â −¥ª®â®àë¥ ®á®¡¥−−®áâ¨. „¥«® ¢ â®¬, çâ® ¢á¥
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ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

ç¨á«¥−−ë¥ ¬¥â®¤ë ¨−â¥£à¨à®¢�−¨ï ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥-
−¨©, ªà®¬¥ ¯à®áâ¥©è¥£® ¬¥â®¤� �©«¥à�, ®á−®¢�−ë −� ¢ëç¨á«¥−¨¨ ¯à¨à�é¥−¨©
¨áª®¬ëå äã−ªæ¨© −� ª�¦¤®¬ è�£¥ ¯ãâ¥¬ ¯à¨¬¥−¥−¨ï ¨−â¥£à�«ì−®© â¥®à¥¬ë
® áà¥¤−¥¬ §−�ç¥−¨¨. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬ ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (¯à®¨§-
¢®¤−ë¥ ¨áª®¬ëå äã−ªæ¨©) ¡¥àãâáï ¢ áà¥¤−¨å â®çª�å ¨−â¥à¢�«®¢. ÷�§«¨ç−ë¥
¬¥â®¤ë ç¨á«¥−−®£® ¨−â¥£à¨à®¢�−¨ï ®â«¨ç�îâáï ®¤¨− ®â ¤àã£®£®, ¯® áãé¥áâ¢ã,
â®«ìª® á¯®á®¡®¬ ¯à¨¡«¨¦¥−−®£® −�å®¦¤¥−¨ï áà¥¤−¨å §−�ç¥−¨© ¯à�¢ëå ç�áâ¥©
ãà�¢−¥−¨©.

�à¥¤¯®«®¦¨¬, çâ® âà¥¡ã¥âáï §�¬¥−¨âì ãà�¢−¥−¨¥ (11) ¨«¨ (18) à�§−®áâ−ë¬
ãà�¢−¥−¨¥¬ ¤«ï §−�ç¥−¨© ¯à®æ¥áá� Z(t) ¢ §�¤�−−®¬ ¤¨áªà¥â−®¬ àï¤ã à�¢−®®â-
áâ®ïé¨å â®ç¥ª {tk}, tk = kh, £¤¥ h | ¨−â¥à¢�« ¬¥¦¤ã á®á¥¤−¨¬¨ â®çª�¬¨ tk,
h = tk+1 − tk. �à¨−æ¨¯¨�«ì−® §�¤�ç� à¥è�¥âáï â®ç−®, â�ª ª�ª §−�ç¥−¨ï
¬�àª®¢áª®£® ¯à®æ¥áá� Z(t) ¢ â®çª�å tk ®¡à�§ãîâ ¬�àª®¢áªãî á«ãç�©−ãî ¯®-
á«¥¤®¢�â¥«ì−®áâì { �Zk}, �Zk = Z(kh), � ¢áïª�ï ¬�àª®¢áª�ï ¯®á«¥¤®¢�â¥«ì−®áâì
®¯à¥¤¥«ï¥âáï −¥ª®â®àë¬ áâ®å�áâ¨ç¥áª¨¬ à�§−®áâ−ë¬ ãà�¢−¥−¨¥¬. �¤−�ª® á®áâ�-
¢¨âì íâ® â®ç−®¥ à�§−®áâ−®¥ ãà�¢−¥−¨¥ ¯® ¤�−−®¬ã ¤¨ää¥à¥−æ¨�«ì−®¬ã ãà�¢−¥−¨î
¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−®. „«ï ¥£® á®áâ�¢«¥−¨ï −¥®¡å®¤¨¬® ¯à¥¦¤¥ ¢á¥£® −�©â¨
¯¥à¥å®¤−®¥ à�á¯à¥¤¥«¥−¨¥ ¬�àª®¢áª®£® ¯à®æ¥áá� Z(t), ®¯à¥¤¥«ï¥¬®£® ãà�¢−¥-
−¨¥¬ (11) ¨«¨ (18), � ¯®â®¬ ¯® −�©¤¥−−®¬ã ¯¥à¥å®¤−®¬ã à�á¯à¥¤¥«¥−¨î ¬®¦−®
á®áâ�¢¨âì à�§−®áâ−®¥ ãà�¢−¥−¨¥ ¤«ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ { �Zn}. �® â®ç−®¥ ®¯à¥-
¤¥«¥−¨¥ ¯¥à¥å®¤−®£® à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá� Z(t) ¢®§¬®¦−® â®«ìª® ¢ −¥ª®â®àëå
ç�áâ−ëå á«ãç�ïå. ‚ ®¡é¥¬ ¦¥ á«ãç�¥ ¯à¨¤¥âáï ¤®¢®«ìáâ¢®¢�âìáï ¯à¨¡«¨¦¥−-
−ë¬ ®¯à¥¤¥«¥−¨¥¬ ¯¥à¥å®¤−®£® à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá� Z(t). ‚ à¥§ã«ìâ�â¥ ¯®
íâ®¬ã ¯¥à¥å®¤−®¬ã à�á¯à¥¤¥«¥−¨î ¬®¦−® ¡ã¤¥â ¯®«ãç¨âì â®«ìª® ¯à¨¡«¨¦¥−-
−®¥ à�§−®áâ−®¥ ãà�¢−¥−¨¥. �®á«¥¤−¥¥ ¤¥«�¥â −¥æ¥«¥á®®¡à�§−ë¬ ¯à¨¬¥−¥−¨¥
çà¥§¢ëç�©−® á«®¦−®£® �«£®à¨â¬� ¢ë¢®¤� â®ç−®£® à�§−®áâ−®£® ãà�¢−¥−¨ï ¤«ï
¯®á«¥¤®¢�â¥«ì−®áâ¨ { �Zn}. ÷�§ ã¦ ¢á¥ à�¢−® ¯à¨å®¤¨âáï ¤®¢®«ìáâ¢®¢�âìáï «¨èì
¯à¨¡«¨¦¥−−ë¬ à�§−®áâ−ë¬ ãà�¢−¥−¨¥¬ ¤�¦¥ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®£® �«£®-
à¨â¬�, â® æ¥«¥á®®¡à�§−® á¤¥«�âì íâ® ¡®«¥¥ ¯à®áâë¬¨ á¯®á®¡�¬¨.

�à¥¦¤¥ ¢á¥£® §�¬¥−¨¬ ¨−â¥£à�« ¯® ¯¥à¥¬¥−−®© v ¢ ãà�¢−¥−¨¨ (11) á®®â¢¥â-
áâ¢ãîé¥© ¨−â¥£à�«ì−®© áã¬¬®©. ‚ à¥§ã«ìâ�â¥ (11) §�¬¥−¨âáï ãà�¢−¥−¨¥¬

dZ = a(Z, t) dt + b(Z, t) dW0 +

N∑

i=1

ci(Z, t) dP
0
i , (19)

£¤¥ ci(z, t) | p-¬¥à−ë¥ ¢¥ªâ®à−ë¥ äã−ªæ¨¨, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© §−�ç¥−¨ï
äã−ªæ¨¨ c(z, t, v) ¢ −¥ª®â®àëå áà¥¤−¨å â®çª�å vi á®®â¢¥âáâ¢ãîé¨å í«¥¬¥−â®¢ Ai
à�§¡¨¥−¨ï q-¬¥à−®£® è�à� ¤®áâ�â®ç−® ¡®«ìè®£® à�¤¨ãá�, vi ∈ Ai (i = 1, . . . , N ),
� P 0i (t)| æ¥−âà¨à®¢�−−ë¥ ¯à®áâë¥ ¯ã�áá®−®¢áª¨¥ ¯à®æ¥ááë:

P 0i (t) = P
0(–t, Ai)− µ(–t, Ai), i = 1, 2, . . . , N .

ˆ−â¥−á¨¢−®áâ¨ íâ¨å ¯à®æ¥áá®¢ ®¯à¥¤¥«ïîâáï ç¥à¥§ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥
µ(–t, A) ¯ã�áá®−®¢áª®© ¬¥àë P (–t, A) ¯® ä®à¬ã«¥:
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

νi(t) =
dµ(–t, t, Ai)

dt
. (20)

�à®áâ¥©è¨© á¯®á®¡ §�¬¥−ë ãà�¢−¥−¨ï (19) à�§−®áâ−ë¬ ãà�¢−¥−¨¥¬ á®áâ®¨â ¢
§�¬¥−¥ ¢á¥å ¤¨ää¥à¥−æ¨�«®¢ í«¥¬¥−â�¬¨ ¨−â¥£à�«ì−ëå áã¬¬:

Z((n+ 1)h) − Z(nh) = a(Z(nh), nh)h + b(Z(nh, nh)) [W0((n+ 1)h) −

−W0(nh)] +
N∑

i=1

ci(Z(nh), nh)
[
P 0i ((n + 1)h)− P 0i (nh)

]
. (21)

�®«®¦¨¬

�Zn = Z(nh) ; ϕn( �Zn) = Z(nh) + a(Z(nh), nh) ;

ψ1n( �Zn) = b(Z(nh), nh) ; ψin( �Zn) = ci−1(Z(nh), nh) ;

V1n =W0((n + 1)h)−W0(nh) ;

Vin = P
0
i−1((n + 1)h)− P 0i−1(nh) , i = 2, . . . , N + 1 .





(22)

“ç¨âë¢�ï (20){(22), ¯®«ãç¨¬ à�§−®áâ−®¥ áâ®å�áâ¨ç¥áª®¥ ãà�¢−¥−¨¥

�Zn+1 = ϕn( �Zn) +

N+1∑

i=1

ψin( �Zn)Vin .

‚¢®¤ï ¡«®ç−ãî ¬�âà¨æã p× (r +N)
ψn( �Zn) = [ψ1n( �Zn) · · ·ψN+1,n( �Zn)] (23)

¨ (r +N)-¬¥à−ë© á«ãç�©−ë© ¢¥ªâ®à

Vn = [V
T
1n V2n · · · VN+1,n]T, (24)

¬®¦¥¬ §�¯¨á�âì ¯®«ãç¥−−®¥ à�§−®áâ−®¥ ãà�¢−¥−¨¥ ª®à®âª® ¢ ¢¨¤¥:

�Zn+1 = ωn( �Zn, Vn) = ϕn( �Zn) + ψn( �Zn)Vn , (25)

£¤¥ ϕn ¨ ψn ®¯à¥¤¥«¥−ë (22){(24).
’�ª ª�ª ¢¨−¥à®¢áª¨© ¨ ¯ã�áá®−®¢áª¨© ¯à®æ¥ááë ï¢«ïîâáï ¯à®æ¥áá�¬¨ á

−¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨, â® á«ãç�©−ë¥ ¢¥ªâ®àë Vn ®¡à�§ãîâ ¯®á«¥¤®¢�-
â¥«ì−®áâì −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥ªâ®à®¢ {Vn}, ¯à¨ç¥¬ ¡«®ª¨ V1n ¢¥ªâ®à®¢ Vn
¨¬¥îâ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ N (0, �Gn), £¤¥

�Gn =

(n+1)h∫

nh

ν0(τ) dτ ∼= ν0(nh)h ;
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ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

ν0(t) | ¨−â¥−á¨¢−®áâì ¢¨−¥à®¢áª®£® ¯à®æ¥áá� W0(t); áª�«ïà−ë¥ ¡«®ª¨ Vin (i =
= 2, . . . , N + 1) ¨¬¥îâ ¯ã�áá®−®¢áª¨¥ à�á¯à¥¤¥«¥−¨ï á ¯�à�¬¥âà�¬¨

µin =

(n+1)h∫

nh

νi(τ) dτ ∼= νi(nh)h .

�â¨ à�á¯à¥¤¥«¥−¨ï ¯®«−®áâìî ®¯à¥¤¥«ïîâ à�á¯à¥¤¥«¥−¨ï á«ãç�©−ëå ¢¥ªâ®-
à®¢ Vn. Š®¢�à¨�æ¨®−−�ï ¬�âà¨æ�Gn ¢¥ªâ®à� Vn ¯à¥¤áâ�¢«ï¥â á®¡®© ¡«®ç−®-¤¨�-
£®−�«ì−ãî ¬�âà¨æã

Gn =




�Gn 0 0 · · · 0

0 µ2n 0
. . . 0

...
. . .

. . .
. . .

...
0 0 0 · · · µN+1,n


 .

“à�¢−¥−¨¥ (25) ®¯à¥¤¥«ï¥â �Yn+1 ¯à¨ ¤�−−®¬ �Zn á â®ç−®áâìî ¤® h ¢ ¤¥â¥à-

¬¨−¨à®¢�−−®¬ á«�£�¥¬®¬ ϕn( �Zn) ¨ á â®ç−®áâìî ¤® h1/2 ¢ á«ãç�©−®¬ á«�£�¥¬®¬
ψn( �Zn)Vn.

ˆ§«®¦¥−−ë© ¬¥â®¤ §�¬¥−ë áâ®å�áâ¨ç¥áª®£® ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï
à�§−®áâ−ë¬¨, ¯® áãé¥áâ¢ã, −¥ ®â«¨ç�¥âáï ®â ¬¥â®¤� �©«¥à� ç¨á«¥−−®£® ¨−â¥£à¨-
à®¢�−¨ï ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©.

�®«¥¥ â®ç−ë¥ ãà�¢−¥−¨ï (¤® h2 ¨ h3, h3/2 ¨ h5/2 á®®â¢¥âáâ¢¥−−® ¢ ¤¥â¥à¬¨-
−¨à®¢�−−®¬ ¨ á«ãç�©−®¬ á«�£�¥¬®¬), «¥¦�é¨¥ ¢ ®á−®¢¥ ¬¥â®¤� áâ�â¨áâ¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï (Œ‘Œ), ¯à¨¢¥¤¥−ë ¢ ¯à¨«®¦¥−¨¨ 1.

’�ª¨¬ ®¡à�§®¬, á â®ç−®áâìî ¤® h ¢ ¤¥â¥à¬¨−¨à®¢�−−®¬ á«�£�¥¬®¬ ϕn
¨ h1/2 ¢ á«ãç�©−®¬ á«�£�¥¬®¬ ψn ¢ ®á−®¢¥ �«£®à¨â¬®¢ ¯�à�¬¥âà¨ç¥áª®£® Œ‘Œ
«¥¦�â à�§−®áâ−ë¥ áâ®å�áâ¨ç¥áª¨¥ ãà�¢−¥−¨ï (25). �®«ì§ãïáì ãâ®ç−¥−−ë¬¨
ãà�¢−¥−¨ï¬¨ (�.1.34) ¯à¨«®¦¥−¨ï 1, ¯®«ãç¨¬ á®®â¢¥âáâ¢ãîé¨¥ ãà�¢−¥−¨ï á

â®ç−®áâìî h2 ¨ h3/2.

7 Алгоритмы параметрического совместного аналитического
и статистического моделирования

Š�ª ¨§¢¥áâ−® [5{8], ¢ §�¤�ç�å ª®àà¥«ïæ¨®−−®£® �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï ¯à®æ¥áá®¢ ¢ ‘â‘ á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«
Œ‘‹. „«ï ‘â‘ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ èã¬�¬¨ à�§¢¨â Œ��.

�¡®¡é¥−¨¥¬ Œ�� à�á¯à¥¤¥«¥−¨© ï¢«ïîâáï à�§«¨ç−ë¥ ¯à¨¡«¨¦¥−−ë¥ ¬¥-
â®¤ë, ®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨§�æ¨¨ à�á¯à¥¤¥«¥−¨©. �¯¯à®ªá¨¬�æ¨ï ®¤−®¬¥à-
−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ g1(λ; t) ¨ á®®â¢¥âáâ¢ãîé¥© ¯«®â−®áâ¨ f1(z, t)
¨§¢¥áâ−ë¬¨ äã−ªæ¨ï¬¨ g∗1(λ; ™1), f∗1 (z; ™1), §�¢¨áïé¨¬¨ ®â ª®−¥ç−®¬¥à−®£®
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¢¥ªâ®à−®£® ¯�à�¬¥âà� ™1, á¢®¤¨â §�¤�çã ¯à¨¡«¨¦¥−−®£® ®¯à¥¤¥«¥−¨ï ®¤−®¬¥à-
−®£® à�á¯à¥¤¥«¥−¨ï ª ¢ë¢®¤ã ¨§ ãà�¢−¥−¨ï ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©
®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©, ®¯à¥¤¥«ïîé¨å ™ ª�ª äã−ªæ¨î
¢à¥¬¥−¨. �â® ®â−®á¨âáï ¨ ª ®áâ�«ì−ë¬ ¬−®£®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨ï¬. �à¨
�¯¯à®ªá¨¬�æ¨¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© æ¥«¥á®®¡à�§−® ¢ë¡¨à�âì ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ äã−ªæ¨© {g∗n(λ1, . . . , λn; ™n)} ¨ {f∗n(z1, . . . , zn; ™n)}, ª�¦¤�ï ¯�à�
ª®â®àëå −�å®¤¨«�áì ¡ë ¢ â�ª®© §�¢¨á¨¬®áâ¨ ®â ¢¥ªâ®à−®£® ¯�à�¬¥âà� ™n, çâ®¡ë
¯à¨ «î¡®¬ n ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢, ®¡à�§ãîé¨å ¢¥ªâ®à ™n, ¢ª«îç�«® ¢ ª�-
ç¥áâ¢¥ ¯®¤¬−®¦¥áâ¢� ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢, ®¡à�§ãîé¨å ¢¥ªâ®à ™n−1. ’®£¤�
¯à¨ �¯¯à®ªá¨¬�æ¨¨ n-¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ¯à¨¤¥âáï ®¯à¥¤¥«ïâì â®«ìª® â¥
ª®®à¤¨−�âë ¢¥ªâ®à� ™n, ª®â®àë¥ −¥ ¡ë«¨ ®¯à¥¤¥«¥−ë à�−¥¥ ¯à¨ �¯¯à®ªá¨¬�æ¨¨
äã−ªæ¨© g1, f1, . . . , gn−1, fn−1.

‚ §�¢¨á¨¬®áâ¨ ®â â®£®, çâ® ¯à¥¤áâ�¢«ïîâ á®¡®© ¯�à�¬¥âàë, ®â ª®â®àëå §�-
¢¨áïâ äã−ªæ¨¨ f∗n(z1, . . . , zn; ™n) ¨ g∗n(λ1, . . . , λn; ™n), �¯¯à®ªá¨¬¨àãîé¨¥
−¥¨§¢¥áâ−ë¥ ¬−®£®¬¥à−ë¥ ¯«®â−®áâ¨ fn(z1, . . . , zn; t1, . . . , tn) ¨ å�à�ªâ¥à¨áâ¨-
ç¥áª¨¥ äã−ªæ¨¨ gn(λ1, . . . , λn; t1, . . . , tn), ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ¯à¨¡«¨-
¦¥−−ë¥ ¬¥â®¤ë à¥è¥−¨ï ãà�¢−¥−¨©, ®¯à¥¤¥«ïîé¨å ¬−®£®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï
¢¥ªâ®à� á®áâ®ï−¨ï á¨áâ¥¬ë Yt, ¢ ç�áâ−®áâ¨ ¬¥â®¤ë ¬®¬¥−â®¢, á¥¬¨¨−¢�à¨�−â®¢,
®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¨ ¤à.

“à�¢−¥−¨ï ¬¥â®¤� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ) ¤«ï (25), ¥á«¨
¨á¯®«ì§®¢�âì ¬¥â®¤ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© (Œ�÷) [5,6], ¨¬¥îâ á«¥¤ãîé¨©
¢¨¤:

f∗n(z1, . . . , zn; ™n) = wn(z1, . . . , zn; �mn, �Kn)×

×



1 +

N∑

ρ=3

∑

|ν1|+···+ |νn|=ρ

cl1, ... , lnν1, ... , νn
pν1, ... , νn(z1, . . . , zn)



 (n = 1, 2, . . .) ; (26)

cl+1ν = Mqν(ωl(Zl, Vl)) =

[
qν

(
∂

∂λ

)
M exp

{
iλTωl(Zl, Vl)

}]

λ=0

; (27)

cl1, ... , ln+1ν1, ... , νn
= Mqν1, ... , νn

(
Zl1 , . . . , Zln−1 , ωln(Yln , Vln)

)
. (28)

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

�mn = [m
T
l1 · · ·mTln ]T ; �Kn =




Kl1 Kl1l2 · · · Kl1ln

KTl1l2 Kl2 · · · Kl2ln
...

...
...

...
KTl1ln K

T
l2ln

· · · Kln


 , (29)

cl1, ... , lnν1, ... , νn
=

[
qν1, ... , νn

(
∂

i∂λ1
· · · ∂

i∂λn

)
gl1, ... , ln(λ1, . . . , λn)

]

λ1=···=λn=0

,
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{pν1, ... , νn , qν1, ... , νn} | ¡¨®àâ®£®−�«ì−ë¥ ¯®«¨−®¬ë, ¯à¨ç¥¬

∞∫

−∞

· · ·
∞∫

−∞

w(z1, . . . , zn; �m, �K)pν1, ... , νn(z1, . . . , zn)×

× qµ1, ... , µn(z1, . . . , zn) dz1 · · · dzn = δν1µ1 · · · δνnµn ,

£¤¥ νl = [νl1 · · · νlp ]T, l = 1, 2, . . .; νl1, . . . , νln = 0, 1, . . . , N ;

|ν1| , . . . , |νn| = 1, . . . , N − n + 1; |νl| = |νl1| + · · · +
∣∣νlp
∣∣ = n, . . . ,N ;

wn(z1, . . . , zn; �mn, �Kn)| íâ�«®−−�ï ¯«®â−®áâì, ª�ª ¯à�¢¨«®, −®à¬�«ì−�ï:

wn(z1, . . . , zn; �mn, �Kn) =

=
[
(2π)n| �Kn|

]−1/2
exp

{
−1
2
(un − �mn)

T �K−1
n (un − �mn)

}
,

£¤¥ ¢ ¤®¯®«−¥−¨¥ ª ®¡®§−�ç¥−¨ï¬ (29) ¯à¨−ïâ® un =
[
zT1 z

T
2 . . . z

T
n

]T
. �âáî¤�

ª�ª ç�áâ−ë© á«ãç�© ¢ëâ¥ª�îâ ãà�¢−¥−¨ï ¬¥â®¤®¢ ¬®¬¥−â®¢, ª¢�§¨¬®¬¥−â®¢,
á¥¬¨¨−¢�à¨�−â®¢ ¨ ¤à., � â�ª¦¥ ¯�à�¬¥âà®¢ áâàãªâãà−®© ¯�à�¬¥âà¨§�æ¨¨ [5{8].

’�ª¨¬ ®¡à�§®¬, á â®ç−®áâìî ¤® h ¨ h1/2 á®®â¢¥âáâ¢¥−−® ¯à¨ ¤¥â¥à¬¨-
−¨à®¢�−−®¬ ¨ á«ãç�©−®¬ á«�£�¥¬®¬ �«£®à¨â¬ë á®¢¬¥áâ−®£® ¯�à�¬¥âà¨ç¥áª®£®
Œ‘Œ ¨ Œ�Œ á«ã¦�â ãà�¢−¥−¨ï (25), (26){(28).

8 Алгоритмы нелинейного корреляционного статистического
и аналитического моделирования

�á−®¢ë¢�ïáì −� à¥§ã«ìâ�â�å à�§¤. 6 ¨ 7, ®£à�−¨ç¨¬áï ãà�¢−¥−¨ï¬¨ á â®ç-

−®áâìî ¤® h ¢ ¤¥â¥à¬¨−¨à®¢�−−®¬ á«�£�¥¬®¬ϕn ¨ á â®ç−®áâìî ¤® h1/2 ¢ á«ãç�©−®¬
á«�£�¥¬®¬ ψn ¨ §�¬¥−¨¬ −¥«¨−¥©−ë¥ äã−ªæ¨¨ ϕn, ψ1n, ψin, ψn ¢ (25) áâ�â¨áâ¨ç¥-
áª¨ «¨−¥�à¨§®¢�−−ë¬¨ §�¢¨á¨¬®áâï¬¨:

ϕn ≈ �ϕn = �Zn + ka0(mn,Kn)mn + k
a
1(mn,Kn)( �Zn −mn) =

= αn(mn,Kn)Zn + α0n(mn,Kn) ;

ψ1n ≈ �ψ1n = kb0(mn,Kn)mn + k
b
1(mn,Kn)( �Zn −mn) ;

ψin ≈ �ψin = kci−10 (mn,Kn)mn + k
ci−1
1 (mn,Kn)( �Zn −mn) ;

ψn ≈ �ψn = kψn

0 (mn,Kn)mn + k
ψn

1 (mn,Kn)( �Zn −mn) ,

£¤¥ mn = M �Zn = MZ(nh), Kn = M �Zn �Z
T
n = K(nh), k•0(mn,Kn) ¨

k•1(mn,Kn) | ª®íää¨æ¨¥−âë −®à¬�«ì−®© áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ á®-
®â¢¥âáâ¢ãîé¨å −¥«¨−¥©−ëå äã−ªæ¨©. ’®£¤�, ¢¢¥¤ï ®¡®§−�ç¥−¨¥
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�ψn(mn,Kn) = γ0n(mn,Kn) +

p∑

ρ=1

γρn �Yρn ,

¯à¥¤áâ�¢¨¬ ¨áª®¬®¥ ãà�¢−¥−¨¥ �«£®à¨â¬� Œ‘Œ ¢ ¢¨¤¥:

�Zn+1 = αn(mn,Kn) �Zn + α0n(mn,Kn) +

+


γ0n(mn,Kn) +

p∑

ρ=1

γρn(mn,Kn) �Zρn


Vn , (30)

£¤¥ �Zρn | ª®¬¯®−¥−â� �Zn á −®¬¥à®¬ ρ (ρ = 1, . . . , p).

‡�¬¥ç�−¨¥ 8.1. “à�¢−¥−¨¥ (30) ï¢«ï¥âáï à�§−®áâ−ë¬ áâ®å�áâ¨ç¥áª¨¬ ãà�¢−¥−¨¥¬
ˆâ® á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ èã¬�¬¨. �−® ¯®¤à®¡−® ¨§ãç¥−® ¢ [4,5].

�à¨¬¥−ïï ª (30) â¥®à¨î ¤¨áªà¥â−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ á ¬ã«ìâ¨¯«¨ª�-
â¨¢−ë¬¨ èã¬�¬¨ [4, 5], ¯®«ãç¨¬ á«¥¤ãîé¨¥ ¤¥â¥à¬¨−¨à®¢�−−ë¥ ãà�¢−¥−¨ï ¤«ï
mn, Kn ¨ K(j, l) ¢¬¥áâ¥ á á®®â¢¥âáâ¢ãîé¨¬¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨:

mn+1 = α(mn,Kn)mn + α0n(mn,Kn) ; m1 = MZ1 ; (31)

Kn+1 = αn(mn,Kn)Knαn(mn,Kn)
T + γ0n(mn,Kn)Gnγ0n(mn,Kn)

T +

+

p∑

j=1

[
γ0n(mn,Kn)Gnγjn(mn,Kn)

T + γjn(mn,Kn)Gnγ0n(mn,Kn)
T
]
+

+

p∑ p∑

j,l=1

γjn(mn,Kn)Gnγln(mn,Kn) [mnjmnl +Knjl] , K1 = MZ1Z
T
1 ; (32)

K(j, l + 1) = K(j, l)αl(ml,Kl)
T ;

K(j, j) = Kj (l > j) ; K(j, l) = K(l, j)T (l < j) .

}
(33)

’�ª¨¬ ®¡à�§®¬, á®¢®ªã¯−®áâì áâ®å�áâ¨ç¥áª®£® à�§−®áâ−®£® ãà�¢−¥−¨ï (30) ¨
¤¥â¥à¬¨−¨à®¢�−−ëå ãà�¢−¥−¨© (31){(33) ¯à¥¤áâ�¢«ï¥â á®¡®© á¨áâ¥¬ã ¨áª®¬ëå
−¥«¨−¥©−ëå ª®àà¥«ïæ¨®−−ëå ãà�¢−¥−¨© Œ‘Œ ¨ Œ�Œ.

’®ç−®áâì á®¢¬¥áâ−®£® ª®àà¥«ïæ¨®−−®£® áâ�â¨áâ¨ç¥áª®£® ¨ �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï ®á®¡¥−−® ¤«ï à�§àë¢−ëå −¥«¨−¥©−ëå äã−ªæ¨© a, b, c ¢ (19)
¬®¦−® ¯®¢ëá¨âì, ¥á«¨ ¢¬¥áâ® (31){(33) ¢®á¯®«ì§®¢�âìáï ¤¨áªà¥â−®© ¢¥àá¨¥©
−¥¯à¥àë¢−ëå ãà�¢−¥−¨© Œ�� [5,6].

�à¨ ¯à�ªâ¨ç¥áª®¬ ¨á¯®«ì§®¢�−¨¨ à�§à�¡®â�−−ëå �«£®à¨â¬®¢ á«¥¤ã¥â ãç¥áâì,
çâ® ¢ ®¡é¥¬ á«ãç�¥ ¯à¨¢¥¤¥−−ë¥ ãà�¢−¥−¨ï ˆ„‘â‘ ®¡«�¤�îâ á«¥¤ãîé¨¬¨
®á®¡¥−−®áâï¬¨:
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ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

(1) ãà�¢−¥−¨ï «¨−¥©−ë ®â−®á¨â¥«ì−® ¨−áâàã¬¥−â�«ì−ëå ¯¥à¥¬¥−−ëå
Z ′, Z ′′, Z ′′′ ¨«¨ Y ′, Y ′′, Y ′′′;

(2) ¤¨ääã§¨®−−�ï ¬�âà¨æ� ¨¬¥¥â ¡«®ç−ãî áâàãªâãàã ¨ ¢á¥£¤� ¢ëà®¦¤¥−�, â. ¥.
ãà�¢−¥−¨ï ¤«ï ¨−áâàã¬¥−â�«ì−ëå ¯¥à¥¬¥−−ëå −¥ á®¤¥à¦�â èã¬®¢.

‚ ¯à¨«®¦¥−¨ïå 2 ¨ 3 ¯à¨¢¥¤¥−ë â¥áâ®¢ë¥ ¯à¨¬¥àë, ¨««îáâà¨àãîé¨¥ à�§à�-
¡®â�−−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥.

9 Заключение

„«ï ˆ„‘â‘ à�§à�¡®â�−ë ¯à¨¡«¨¦¥−−ë¥ �−�«¨â¨ç¥áª¨¥ ¨ ç¨á«¥−−ë¥ ¬¥â®¤ë,
�«£®à¨â¬ë ¨ ¨−áâàã¬¥−â�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ IDStS-2.0 ¢ áà¥¤¥
MATLAB, � â�ª¦¥ â¥áâ®¢ë¥ ¯à¨¬¥àë. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ˆ„‘â‘,
¯à¨¢®¤¨¬ë¬ ª „‘â‘. ÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© ¨á¯®«ì§®¢�−¨ï
ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© ¬�àª®¢áª¨å áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ [7,12,13].

Приложение 1

1. ‘«¥¤ãï [8], §�¬¥−¨¬ (19) á®®â¢¥âáâ¢ãîé¨¬ ¨−â¥£à�«ì−ë¬ ãà�¢−¥−¨¥¬:

–Zn =

(n+1)h∫

nh

a(Zτ , τ)dτ +

(n+1)h∫

nh

b(Zτ , τ)dW0(τ) +

N∑

i=1

(n+1)h∫

nh

ci(Zτ , τ)dP
0
i (dτ). (�1)

‘ æ¥«ìî ¯à¨¡«¨¦¥−−®£® ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ ®¯à¥¤¥«¨¬ Zτ ¯ãâ¥¬ «¨−¥©−®©
¨−â¥à¯®«ïæ¨¨ á«ãç�©−®© äã−ªæ¨¨ Z(t) −� ¨−â¥à¢�«¥ (nh, (n + 1)h). ’®£¤�, ¯®«�£�ï
¯®-¯à¥¦−¥¬ã –Zn = Z((n+ 1)h)− Z(nh), ¡ã¤¥¬ ¨¬¥âì:

a(Y Zτ , τ) ∼= a
(
�Zn +

τ − nh

h
–Zn, τ

)
; b(Zτ , τ) ∼= b

(
�Zn +

τ − nh

h
–Zn, τ

)
;

ci(Zτ , τ) ∼= ci
(
�Zn +

τ − nh

h
–Zn, τ

)
, i = 1, . . . , N.

„«ï ¢ëç¨á«¥−¨ï ¯à�¢ëå ç�áâ¥© ¢ íâ¨å ä®à¬ã«�å ¯à¨¬¥−¨¬ ®¡®¡é¥−−ãî ä®à¬ã«ã
ˆâ® [2,3]:

ϕ(Z + dZ, t+ dt) = ϕ(Z, t) + {ϕt(Z, t) + ϕz(Z, t)
Ta(Z, t) +

1

2
ϕzz(Z, t) : σ(Z, t) +

+
N∑

i=1

[
ϕ(Z + ci(Z, t), t)− ϕ(Z, t)− ϕz(Z, t)

Tci(Z, t)
]
νi(t)}dt+

+ ϕz(Z, t)
Tb(X, t)dW0 +

N∑

i=1

[ϕ(Z + ci(Z, t), t)− ϕ(Z, t)] dP 0i , (�2)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

£¤¥ϕt(z, t)| ç�áâ−�ï ¯à®¨§¢®¤−�ï äã−ªæ¨¨ϕ(yz, t) (¢®§¬®¦−®, ¢¥ªâ®à−®©) ¯® ¢à¥¬¥−¨ t;
ϕz(z, t)| ¬�âà¨æ�, áâà®ª¨ ª®â®à®© ¯à¥¤áâ�¢«ïîâ á®¡®© ç�áâ−ë¥ ¯à®¨§¢®¤−ë¥ ¬�âà¨æë-
áâà®ª¨ ϕ(z, t)T ¯® ª®¬¯®−¥−â�¬ ¢¥ªâ®à� z; ϕzz(z, t) : σ(z, t) | ¢¥ªâ®à, ª®¬¯®−¥−â�¬¨
ª®â®à®£® á«ã¦�â á«¥¤ë ¯à®¨§¢¥¤¥−¨© ¬�âà¨æ ¢â®àëå ¯à®¨§¢®¤−ëå á®®â¢¥âáâ¢ãîé¨å
ª®¬¯®−¥−â ¢¥ªâ®à−®© äã−ªæ¨¨ ϕ(z, t) ¯® ª®¬¯®−¥−â�¬ ¢¥ªâ®à� z −� ¬�âà¨æã σ(z, t):

[ϕzz(z, t) : σ(z, t)]k = tr [ϕkzz(z, t)σ(y, t)] ;

σ(z, t) = b(z, t)ν0(t)b(z, t)
T. (�3)

”®à¬ã«ã (�2) ã¤®¡−® ¯à¥®¡à�§®¢�âì â�ª, çâ®¡ë ¢ −¥¥ ¢å®¤¨«¨ −¥¯®áà¥¤áâ¢¥−−®
¯ã�áá®−®¢áª¨¥ ¯à®æ¥ááë Pi(t), � −¥ æ¥−âà¨à®¢�−−ë¥ ¯à®æ¥ááë P 0i (t). ˆ¬¥ï ¢ ¢¨¤ã, çâ®

P 0i (t) = Pi(t)−
t∫

0

νi(τ) dτ , (�4)

¬®¦¥¬ ¯¥à¥¯¨á�âì ä®à¬ã«ã (�2) ¢ ¢¨¤¥:

ϕ(Z + dZ, t+ dt) = ϕ(Z, t) +

+

{
ϕt(Z, t) + ϕz(Z, t)

T

[
a(Z, t)−

N∑

i=1

ci(Z, t)νi(t)

]
+
1

2
ϕzz(Z, t) : σ(Z, t)

}
dt+

+ ϕz(Z, t)
Tb(Z, t) dW0 +

N∑

i=1

[ϕ(Z + ci(Z, t), t)− ϕ(Z, t)] dPi . (�5)

„«ï à�á¯à®áâà�−¥−¨ï ä®à¬ã« (�2) ¨ (�5) −� ¬�âà¨ç−ë¥ äã−ªæ¨¨ ϕ −¥®¡å®¤¨¬®
¢¨¤®¨§¬¥−¨âì §�¯¨áì −¥ª®â®àëå ¥¥ ç«¥−®¢, çâ®¡ë ¢ à�¬ª�å �«£¥¡àë ¬�âà¨æ ¢ëà�¦¥−¨ï
ϕz(z, t) ¨¬¥«¨ á¬ëá« ¨ ¤«ï ¬�âà¨ç−®© äã−ªæ¨¨ ϕ. ˆ¬¥ï ¢ ¢¨¤ã, çâ® ¢ á«ãç�¥ áª�«ïà−®©
¨«¨ ¢¥ªâ®à−®© äã−ªæ¨¨ ϕ

ϕz(z, t)
T
u =

n∑

i=1

∂ϕ(z, t)

∂zi
ui = u

T ∂

∂z
ϕ(z, t)

¤«ï «î¡®£® p-¬¥à−®£® ¢¥ªâ®à� u, ¬®¦¥¬ §�¬¥−¨âì á«�£�¥¬ë¥ ϕz(Z, t)
Ta(Z, t),

ϕz(Z, t)
T
b(Z, t) dW0 ¨ ϕz(Z, t)

T
ci(Z, t) á«�£�¥¬ë¬¨ a(Z, t)

T
(∂/∂z)Tϕ(Z, t),

dWT
0 b(Z, t)(∂/∂z)ϕ(Z, t) ¨ ci(Z, t)

T
(∂/∂z)ϕ(Z, t) á®®â¢¥âáâ¢¥−−®. �®íâ®¬ã ä®à¬ã-

«ë (�2) ¨ (�5) ¡ã¤ãâ á¯à�¢¥¤«¨¢ë ¨ ¤«ï ¬�âà¨ç−ëå äã−ªæ¨© ϕ, â�ª ª�ª uT(∂/∂y) ¯à¥¤-
áâ�¢«ï¥â á®¡®© áª�«ïà−ë© ¤¨ää¥à¥−æ¨�«ì−ë© ®¯¥à�â®à ¤«ï «î¡®£® p-¬¥à−®£® ¢¥ªâ®à� u
¨ ¥£® ¯à¨¬¥−¥−¨¥ ª ¢¥ªâ®à−®© ¨«¨ ¬�âà¨ç−®© äã−ªæ¨¨ ϕ ®§−�ç�¥â ¥£® ¯à¨¬¥−¥−¨¥ ª® ¢á¥¬
ª®¬¯®−¥−â�¬ ¢¥ªâ®à� ϕ ¨«¨ ª® ¢á¥¬ í«¥¬¥−â�¬ ¬�âà¨æë ϕ. ‚¥«¨ç¨−� ϕzz(Z, t) : σ(Z, t) ¢
á«ãç�¥ ¬�âà¨ç−®© äã−ªæ¨¨ ϕ ¯à¥¤áâ�¢«ï¥â á®¡®© ¬�âà¨æã, í«¥¬¥−â�¬¨ ª®â®à®© á«ã¦�â
á«¥¤ë ¯à®¨§¢¥¤¥−¨© −� ¬�âà¨æã σ(z, t) ¬�âà¨æ ¢â®àëå ¯à®¨§¢®¤−ëå á®®â¢¥âáâ¢ãîé¨å
í«¥¬¥−â®¢ ¬�âà¨æë ϕ(z, t) ¯® ª®¬¯®−¥−â�¬ ¢¥ªâ®à� y −� ¬�âà¨æã σ(z, t):

[ϕzz(z, t) : σ(z, t)]kl = tr[ϕklzz(z, t)σ(z, t)] .
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ˆá¯®«ì§ãï ä®à¬ã«ã (�5) ¨ ¥¥ ¬®¤¨ä¨ª�æ¨î, ¯à¨£®¤−ãî ¤«ï ¬�âà¨ç−®© äã−ªæ¨¨ ϕ,
� â�ª¦¥ ãç¨âë¢�ï (�3) ¨ â®, çâ® á®£«�á−® (1) ¨ (�4)

τ − nh

h
–Zn =

τ − nh

h
a( �Zn, nh)h+

τ − nh

h
b( �Zn, nh)–Wn +

+

N∑

i=1

τ − nh

h
ci( �Zn, nh)(–Pin − νinh) , (�6)

£¤¥, ª�ª ¨ à�−ìè¥,–Wn =W0((n+1)h)−W0(nh),–Pin = Pi((n+1)h)−Pi(nh), ¡ã¤¥¬
¨¬¥âì á â®ç−®áâìî ¤® ¬�«ëå ¢ëáè¥£® ¯®àï¤ª� ®â−®á¨â¥«ì−® h á«¥¤ãîé¨¥ à�¢¥−áâ¢�:

a

(
�Zn +

τ − nh

h
–Zn, τ

)
=

= a+ at(τ − nh) +
τ − nh

h
aTz

(
a−

N∑

i=1

ciνin

)
h+
1

2

(
τ − nh

h

)2
(azz : σ)h+

+
τ − nh

h
aTz b–Wn +

N∑

i=1

[
a

(
�Zn +

τ − nh

h
ci, nh

)
− a

]
–Pin ; (�7)

b

(
�Zn +

τ − nh

h
–Yn, τ

)
=

= b+ bt(τ − nh) +
τ − nh

h

(
aT −

N∑

i=1

cTi νin

)
∂

∂z
bh+

1

2

(
τ − nh

h

)2
(bzz : σ)h+

+
τ − nh

h
–WT

n b
T ∂

∂z
b+

N∑

i=1

[
b

(
�Zn +

τ − nh

h
ci, nh

)
− b

]
–Pin ; (�8)

ci

(
�Zn +

τ − nh

h
–Zn, τ

)
=

= ci + cit(τ − nh) +
τ − nh

h
cTiz



a−
N∑

j=1

cjνjn



 h+
1

2

(
τ − nh

h

)2
(cizz : σ)h+

+
τ − nh

h
cTizb–Wn +

N∑

j=1

[
ci

(
�Zn +

τ − nh

h
cj , nh

)
− ci

]
–Pin . (�9)

‡¤¥áì �à£ã¬¥−âë �Zn ¨ nh ã ¢á¥å äã−ªæ¨©, §�¢¨áïé¨å ®â −¨å, ¤«ï ªà�âª®áâ¨ ®¯ãé¥−ë.

2. „«ï ¯®¢ëè¥−¨ï â®ç−®áâ¨ ¢ëç¨á«¥−¨©, ¢ ç�áâ−®áâ¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë
−®à¬�«ì−® à�á¯à¥¤¥«¥−−®£® á«ãç�©−®£® ¢¥ªâ®à� –Wn = W0((n + 1)h) − W0(nh) ¨
¯�à�¬¥âà®¢ ¯ã�áá®−®¢áª¨å à�á¯à¥¤¥«¥−¨© á«ãç�©−ëå ¢¥«¨ç¨− –Pin = Pi((n + 1)h) −
− Pi(nh), ¬®¦−® ¢§ïâì §−�ç¥−¨ï ¨−â¥−á¨¢−®áâ¥© ν0(t) ¯à®æ¥áá� W0(t) ¢ ä®à¬ã«¥ (�3)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

¨ νi(t) ¯ã�áá®−®¢áª¨å ¯®â®ª®¢, ¯®à®¦¤�îé¨å ¯à®æ¥ááë Pi(t), ¢ áà¥¤−¥© â®çª¥ nh+ h/2
¨−â¥à¢�«� (nh, (n+ 1)h):

σ( �Zn, nh) = b( �Zn, nh)ν0

(
nh+

h

2

)
b( �Zn, nh)

T ;

νin = νi

(
nh+

h

2

)
, i = 1, . . . , N.





(�10)

„«ï ®¡«¥£ç¥−¨ï ¤�«ì−¥©è¨å ¢ëç¨á«¥−¨© −�©¤¥¬ ¯à¨à�é¥−¨ï äã−ªæ¨© a, b
¨ ci ¢ áã¬¬�å ãà�¢−¥−¨ï (�6) ¯ãâ¥¬ «¨−¥©−®© ¨−â¥à¯®«ïæ¨¨ −� ¬�«®¬ ¨−â¥à¢�«¥
(nh, (n+ 1)h):

a

(
�Zn +

τ − nh

h
ci, nh

)
− a ∼= τ − nh

h
–ian ;

b

(
�Zn +

τ − nh

h
ci, nh

)
− b ∼= τ − nh

h
–ibn ;

ci

(
�Yn +

τ − nh

h
cj , nh

)
− ci ∼=

τ − nh

h
–jcin ;






(�11)

–ian = a( �Zn + ci, nh)− a( �Zn, nh) ;

–ibn = b( �Zn + ci, nh)− b( �Zn, nh) ;

–jcin = ci( �Yn + cj , nh)− ci( �Zn, nh) .

ˆá¯®«ì§ãï ä®à¬ã«ë (�7){(�11), −�©¤¥¬ ¯à¨¡«¨¦¥−−ë¥ ¢ëà�¦¥−¨ï ¨−â¥£à�«®¢
¢ (�1):

(n+1)h∫

nh

a(Zτ , τ) dτ = ah+
1

2

[
at + a

T
z

(
a−

N∑

i=1

ciνin

)
+
1

3
azz : σ

]
h2 +

+
1

2

(
aTz b–Wn +

N∑

i=1

–ian–Pin

)
h ;

(n+1)h∫

nh

b(Zτ , τ) dW0(τ) = b–Wn+

{[
bt +

(
aT −

N∑

i=1

cTi νin

)
∂

∂z
b

]
h+–WT

n b
T ∂

∂z
b+

+

N∑

i=1

–ibn–Pin

} (n+1)h∫

nh

τ − nh

h
dW0(τ) +

1

2
(bzz : σ)

(n+1)h∫

nh

(
τ − nh

h

)2
dW0(τ) ;
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(n+1)h∫

nh

ci(Zτ , τ) dP
0
i (τ) = ci–Pin +







cit + cTiz


a−

N∑

j=1

cjνjn




h+ cTizb–Wn +

+
N∑

j=1

–jcin–Pjn





(n+1)h∫

nh

τ − nh

h
dP 0i (τ) +

1

2
(cizz : σ)

(n+1)h∫

nh

(
τ − nh

h

)2
dP 0i (τ) ;

(n+1)h∫

nh

ci(Zτ , τ)νi(τ) dτ =




cih+
1

2


 cit + cTiz


a−

N∑

j=1

cjνjn


+ 1

3
cizz : σ


h2 +

+
1

2



cTizb–Wn +

N∑

j=1

–jcin–Pjn



h



 νin .

„�«¥¥, ¯®¤áâ�¢¨¢ ¯®«ãç¥−−ë¥ ¯à¨¡«¨¦¥−−ë¥ ¢ëà�¦¥−¨ï ¨−â¥£à�«®¢ ¢ (�1) ¨ ¯à¨−ï¢
¢® ¢−¨¬�−¨¥, çâ® –Zn = Z((n + 1)h) − Zi(nh) = �Zn+1 − �Zn, ¯à¨¤¥¬ ª à�§−®áâ−®¬ã
ãà�¢−¥−¨î

�Zn+1 = ϕn( �Zn) +

N+1∑

i=1

[ψin( �Zn)Vin + ψ
′
in(
�Zn, V

(1)
in )V

′
in + ψ

′′
in(
�Zn)V

′′
in] . (�12)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

ϕn( �Zn) = �Zn +


a( �Zn, nh)−

N∑

j=1

cj( �Zn, nh)νjn


h+

+
1

2




at( �Zn, nh)−
N∑

j=1

cjt( �Zn, nh)νjn +

+


ax( �Zn, nh)

T −
N∑

j=1

cjz( �Zn, hn)
Tνjn




a( �Zn, nh)−

N∑

j=1

cj( �Zn, hn)νjnt


+

+
1

3


azz( �Zn, nh)−

N∑

j=1

cjzz( �Zn, nh)νjn


 : σ( �Zn, nh)




h2 . (�13)

ψ1n( �Zn) = b( �Zn, nh) +
1

2


az( �Znh, nh)

T −
N∑

j=1

cj( �Zn, hn)
Tνjn


 b( �Zn, nh) ; (�14)

ψin( �Zn) = ci−1( �Zn, nh) +



–i−1an −
N∑

j=1

–i−1cjnνjn



h ; (�15)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

ψ′
1n(
�Zn, V

(1)
n ) =



b(
�Zn, nh) +



a( �Zn, nh)
T −

N∑

j=1

cj( �Zn, hn)
Tνjn



 ∂

∂z
b( �Zn, nh) +

+ V T1nb(
�Zn, nh)

T ∂

∂z
b( �Zn, nh)



h+

N∑

j=1

–jbnVj+1,n ; (�16)

ψ′
in(
�Zn, V

(1)
n ) =

=




ci−1,t(
�Zn, nh) + ci−1,y( �Zn, nh)

T


a( �Zn, nh)−

N∑

j=1

cj( �Zn, hn)νjn







h+

+ ci−1,z( �Zn, nh)
Tb( �Zn, nh)V1,n +

N∑

j=1

–jcj−1,nVj+1,n ; (�17)

ψ′′
1n(
�Zn) =

1

2

[
bzz( �Zn, nh) : σ( �Zn, nh)

]
; (�18)

ψ′′
in(
�Zn) =

1

2

[
ci−1,zz( �Zn, nh) : σ( �Zn, nh)

]
; (�19)

V1n = –Wn =W0((n+ 1)h)−W0(nh) ; (�20)

Vin = –Pi−1,n = Pi−1((n+ 1)h)− Pi−1(nh), i = 2, . . . , N ; (�21)

V ′
1n =

(n+1)h∫

nh

τ − nh

h
dW0(τ) ; V ′′

1n =

(n+1)h∫

nh

(
τ − nh

h

)2
dW0(τ) ; (�22)

V ′
in =

(n+1)h∫

nh

τ − nh

h
dP 0i−1(τ) ; (�23)

V ′′
in =

(n+1)h∫

nh

(
τ − nh

h

)2
dP 0i−1(τ) , i = 2, . . . , N + 1 . (�24)

�¡®§−�ç¨¬ V
(1)
n = [V T1n V2n · · · Vn+1]

T ¨ ¢¢¥¤¥¬ ¡«®ç−ãî ¬�âà¨æã

ψn( �Zn, V
(1)
n ) = [ψ1n( �Zn) ψ

′
1n( �Zn, V

(1)
n ) ψ

′′
1n( �Zn) · · ·

· · · ψN+1,n( �Zn) ψ
′
N+1,n(

�Zn, V
(1)
n ) ψ

′′
N+1,n(

�Zn)]

¨ ¡«®ç−ë© á«ãç�©−ë© ¢¥ªâ®à

Vn = [V
T
1n 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 . (�25)

’®£¤� ¬®¦¥¬ ª®à®âª® §�¯¨á�âì ãà�¢−¥−¨¥ (�12) ¢ ¢¨¤¥:

�Zn+1 = ϕn( �Zn) + ψn( �Zn, V
(1)
n )Vn . (�26)

‚å®¤ïé¨¥ ¢ ãà�¢−¥−¨ï (�26) ¢¥«¨ç¨−ë ®¯à¥¤¥«¥−ë ä®à¬ã«�¬¨ (�13){(�25).
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3. ��©¤¥¬ à�á¯à¥¤¥«¥−¨¥ á«ãç�©−®£® ¢¥ªâ®à� Vn. Ÿá−®, çâ® ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨-
¤�−¨ï á«ãç�©−ëå ¢¥«¨ç¨− V ′

1n, V ′′
1n à�¢−ë −ã«î ¨ çâ® á«ãç�©−ë© ¢¥ªâ®à [V T1n V ′T

1n V ′′T
1n ]

¨¬¥¥â −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥, � áª�«ïà−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë 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 .

�ç¥¢¨¤−® â�ª¦¥, çâ® âà®©ª¨ á«ãç�©−ëå ¢¥«¨ç¨− 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) ¨ 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.

„«ï ¯®«−®£® ®¯à¥¤¥«¥−¨ï à�á¯à¥¤¥«¥−¨ï á«ãç�©−®£® ¢¥ªâ®à� Vn ¢ (�26) ¤®áâ�-
â®ç−® −�©â¨ ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã −®à¬�«ì−® à�á¯à¥¤¥«¥−−®£® á«ãç�©−®£® ¢¥ªâ®à�
[V Tin V ′T

in V ′′T
in ]. �®«ì§ãïáì ¨§¢¥áâ−ë¬¨ ä®à¬ã«�¬¨ ª®¢�à¨�æ¨®−−ëå ¨ ¢§�¨¬−ëå ª®¢�à¨-

�æ¨®−−ëå ¬�âà¨æ áâ®å�áâ¨ç¥áª¨å ¨−â¥£à�«®¢, −�å®¤¨¬ ¡«®ª¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë
K1n á«ãç�©−®£® ¢¥ªâ®à� [V Tin V ′T

in V ′′T
in ]:

K1n,11 = MV1nV
T
1n =

(n+1)h∫

nh

ν0(τ) dτ ∼= ν0
(
nh+

h

2

)
h ;

K1n,12 = MV1nV
′T
1n =

(n+1)h∫

nh

τ − nh

h
ν0(τ) dτ ∼= 1

2
ν0

(
nh+

h

2

)
h ;

K1n,13 = MV1nV
′′T
1n =

(n+1)h∫

nh

(
τ − nh

h

)2
ν0(τ) dτ ∼= 1

3
ν0

(
nh+

h

2

)
h ;

K1n,21 = K1n,12 ; K1n,31 = K1n,13 ;

K1n,23 = MV1nV
′′T
1n =

(n+1)h∫

nh

(
τ − nh

h

)3
ν0(τ) dτ ∼= 1

4
ν0

(
nh+

h

2

)
h ;

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

K1n,33 = MV
′′
1nV

′′T
1n =

(n+1)h∫

nh

(
τ − nh

h

)4
ν0(τ) dτ ∼= 1

5
ν0

(
nh+

h

2

)
h .
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

�à�ªâ¨ç¥áª¨ æ¥«¥á®®¡à�§−® �¯¯à®ªá¨¬¨à®¢�âì áâ®å�áâ¨ç¥áª¨¥ ¨−â¥£à�«ë ®â −¥á«ã-
ç�©−ëå äã−ªæ¨© ¢ (�23), ®¯à¥¤¥«ïîé¨¥ ¢¥«¨ç¨−ë 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)

∼=

∼= –Pi−1,n

(n+1)h∫

nh

τ − nh

h
νi−1(τ) dτ

/ (n+1)h∫

nh

νi−1(τ) dτ ∼=
1

2
–Pi−1,n =

1

2
Vin ;

V ′′
in =

(n+1)h∫

nh

(
τ − nh

h

)2
dP 0i−1(τ)

∼=

∼= –Pi−1,n

(n+1)h∫

nh

(
τ − nh

h

)2
νi−1(τ) dτ

/ (n+1)h∫

nh

νi−1(τ) dτ ∼=

∼= 1
3
–Pi−1,n =

1

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

4. �à¨ áâ�â¨áâ¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨ á¨áâ¥¬ë á ¯®¬®éìî ãà�¢−¥−¨ï (�26) â�ª¦¥
−¥ ¯à¥¤áâ�¢«ï¥â âàã¤−®áâ¥© ¬®¤¥«¨à®¢�âì á«ãç�©−ë¥ ¢¥«¨ç¨−ë, à�á¯à¥¤¥«¥−−ë¥ ¯®
−®à¬�«ì−®¬ã ¨ ¯ã�áá®−®¢áª¨¬ §�ª®−�¬. ‹¥£ª® ¢¨¤¥âì, çâ® ¯à�¢�ï ç�áâì à�§−®áâ−®£®
ãà�¢−¥−¨ï (�26) ®¯à¥¤¥«¥−� á â®ç−®áâìî ¤® h2 ¢ ¤¥â¥à¬¨−¨à®¢�−−®¬ (¯à¨ ¤�−−®¬ �Zn)

á«�£�¥¬®¬ ϕn( �Zn) ¨ á â®ç−®áâìî ¤® h3/2 ¢ á«ãç�©−®¬ á«�£�¥¬®¬ ψn( �Zn, V
(1)
n )Vn.

�à¨ ¢ë¢®¤¥ ãà�¢−¥−¨ï (�26) ¡ë«¨ ¤®¯ãé¥−ë ¤¢¥ −¥¡®«ìè¨¥ −¥â®ç−®áâ¨. ‚®-¯¥à-
¢ëå, ¯à¨ §�¬¥−¥ �Zτ ¢¥«¨ç¨−®© �Zn + (τ − nh)–Yn/h á«ãç�©−ë¥ äã−ªæ¨¨ b(Zτ , τ) ¨
ci(Zτ , τ), −¥§�¢¨á¨¬ë¥ ®â dW0(τ) ¨ dP 0i (τ) ¢ á¨«ã ª®−áâàãªæ¨¨ ¨−â¥£à�«� ˆâ®, ¡ë«¨
§�¬¥−¥−ë −¥á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨, §�¢¨áïé¨¬¨ ®â á«ãç�©−®£® ¯�à�¬¥âà� –Zn, ª®â®-
àë© ¢ á¢®î ®ç¥à¥¤ì §�¢¨á¨â ®â §−�ç¥−¨© dW0(τ) ¨ dP 0i (τ) ¢ ¨−â¥à¢�«¥ (nh, (n + 1)h).
‚®-¢â®àëå, ¥á«¨ ci(z, t) 6= 0 å®âï ¡ë ¯à¨ ®¤−®¬ i, à¥�«¨§�æ¨¨ á«ãç�©−®£® ¯à®æ¥áá�
Z(t) ¨¬¥îâ à�§àë¢ë ¯¥à¢®£® à®¤� ¢ á«ãç�©−ëå â®çª�å, −¥á¬®âàï −� ¥£® áà¥¤−¥ª¢�¤à�-
â¨ç¥áªãî −¥¯à¥àë¢−®áâì. �®íâ®¬ã «¨−¥©−ãî ¨−â¥à¯®«ïæ¨î ¤�−−®£® ¯à®æ¥áá�, áâà®£®
£®¢®àï, ¯à®¢®¤¨âì −¥«ì§ï. �¥à¢ãî ¨§ íâ¨å −¥â®ç−®áâ¥© ¬®¦−® ãáâà�−¨âì ¤¢ã¬ï á¯®-
á®¡�¬¨. �¥à¢ë© á®áâ®¨â ¢ §�¬¥−¥ ¨−â¥à¯®«ïæ¨¨ ¯à®æ¥áá� Z(t) íªáâà�¯®«ïæ¨¥©, çâ®
à�¢−®æ¥−−® §�¬¥−¥–Zn ¢ ¯®«ãç�¥¬®¬ ¢ëà�¦¥−¨¨ ¤«ï Yτ ¢¥«¨ç¨−®©–Zn−1. �¤−�ª® íâ®

¯à¨¢¥¤¥â ª ¯®ï¢«¥−¨î ¢ ¯à�¢®© ç�áâ¨ à�§−®áâ−®£® ãà�¢−¥−¨ï ¢¥«¨ç¨− �Zn−1 ¨ V
(1)
n−1, â. ¥.

ª §�¬¥−¥ ãà�¢−¥−¨ï ¯¥à¢®£® ¯®àï¤ª� à�§−®áâ−ë¬ ãà�¢−¥−¨¥¬ ¢â®à®£® ¯®àï¤ª�. ‚â®à®©
á¯®á®¡ á®áâ®¨â ¢ ®âª�§¥ ®â ¨−â¥à¯®«ïæ¨¨ ¯à®æ¥áá� Z(t) −� ¨−â¥à¢�«¥ (nh, (n + 1)h)
¨ −¥¯®áà¥¤áâ¢¥−−®¬ ¢ëà�¦¥−¨¨ ¯à¨à�é¥−¨© äã−ªæ¨© a(Zτ , τ), b(Zτ , τ), ci(Yτ , τ) −�
¬�«®¬ ¨−â¥à¢�«¥ (nh, (n+1)h) ¯® ®¡®¡é¥−−®© ä®à¬ã«¥ ˆâ® á §�¬¥−®© ¢ −¥© ¤¨ää¥à¥−-
æ¨�«®¢ ¯à¨à�é¥−¨ï¬¨. �à¨ íâ®¬ á¯®á®¡¥ ãáâà�−ï¥âáï ¨ ¢â®à�ï ¤®¯ãé¥−−�ï −¥â®ç−®áâì.
�® ¯®«ãç¥−−®¥ â�ª¨¬ ¯ãâ¥¬ à�§−®áâ−®¥ ãà�¢−¥−¨¥ ¡ã¤¥â ¡®«¥¥ á«®¦−ë¬. ‚ −¥£® ¢®©-
¤ãâ á«ãç�©−ë¥ ¢¥«¨ç¨−ë, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ¤¢®©−ë¥ ¨−â¥£à�«ë ¯® ª®¬¯®−¥−â�¬
¢¨−¥à®¢áª®£® ¯à®æ¥áá� W (t) =W0(t) ¨ ¯® ¯ã�áá®−®¢áª¨¬ ¯à®æ¥áá�¬:
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(n+1)h∫

nh

τ∫

nh

dWj(σ) dWj(τ) ;

(n+1)h∫

nh

τ∫

nh

dPi(σ) dP
0
j (τ) ;

(n+1)h∫

nh

τ∫

nh

dP 0i (σ) dWj(τ) ;

(n+1)h∫

nh

τ∫

nh

dP 0j (σ) dWi(τ) .

÷�á¯à¥¤¥«¥−¨ï íâ¨å á«ãç�©−ëå ¢¥«¨ç¨− −�©â¨ çà¥§¢ëç�©−® á«®¦−®, ¨ â®«ìª® ¯¥à¢ë¥
¤¢� ¨§ −¨å «¥£ª® ¢ëç¨á«ïîâáï ¯à¨ j = i:

(n+1)h∫

nh

τ∫

nh

dWi(σ) dWi(τ) =
[–Win]

2 − νii(nh+ h/2)h

2
;

(n+1)h∫

nh

τ∫

nh

dP 0i (σ) dP
0
i (τ) =

[–Pin]
2 −–Pin

2
.

—â® ª�á�¥âáï ¢â®à®© −¥â®ç−®áâ¨, â® ®−� −¥ ¬®¦¥â áãé¥áâ¢¥−−® ¯®¢«¨ïâì −� à¥§ã«ìâ�â,
â�ª ª�ª ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï áª�çª� ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� ¢ ¤®áâ�â®ç−® ¬�«®¬
¨−â¥à¢�«¥ (nh, (n+ 1)h) −¨çâ®¦−® ¬�«�.

’®ç−®áâì �¯¯à®ªá¨¬�æ¨¨ ¤¨ää¥à¥−æ¨�«ì−®£® áâ®å�áâ¨ç¥áª®£® ãà�¢−¥−¨ï à�§−®áâ-
−ë¬ ¬®¦−® ¯®¢ëè�âì ¨ ¤�«ìè¥. ‚ ç�áâ−®áâ¨, ¢ ®¤−®¬ ¨§ á¯®á®¡®¢ á−�ç�«� ¤®áâ�â®ç−®
¢ëà�§¨âì a(Zτ , τ), b(Zτ , τ), ci(Zτ , τ)−� ¨−â¥à¢�«¥ (nh, (n+1)h)¨−â¥£à�«ì−®© ä®à¬ã«®©
ˆâ®, á®®â¢¥âáâ¢ãîé¥© ¤¨ää¥à¥−æ¨�«ì−®© ä®à¬ã«¥:

a(Zτ , τ) = a( �Zn, nh) +

τ∫

nh

{
at(Zs, s) +

+ ax(Zs, s)
T

[
a(Zs, s)−

N∑

i=1

ci(Zs, νi(s)) +
1

2
azz(Zs, s) : σ(Zs, s)

]}
ds+

+

τ∫

nh

az(Zs, s)
Tb(Zs, s) dW0(s) +

N∑

i=1

τ∫

nh

[a(Zs + ci(Zs, s), s)− a(Zs, s)] dP
0
i (s) .

�à¨ íâ®¬ ä®à¬ã«ë ¤«ï b(Zτ , τ), ci(Zτ , τ) �−�«®£¨ç−ë. ‡�â¥¬ ¯à¨¬¥−¨âì ª ¯®«ãç¥−−ë¬
¨−â¥£à�«�¬ â®â ¦¥ ¯à¨¥¬, ª®â®àë© ¨á¯®«ì§®¢�«áï ¤«ï ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ ¢ (�1).
‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬ ¯à�¢ãî ç�áâì à�§−®áâ−®£® ãà�¢−¥−¨ï á â®ç−®áâìî ¤® h3 ¢ ¤¥-
â¥à¬¨−¨à®¢�−−®¬ (¯à¨ ¤�−−®¬ �Zn) á«�£�¥¬®¬ ¨ h5/2 ¢ á«ãç�©−®¬ á«�£�¥¬®¬. �à®æ¥áá
ãâ®ç−¥−¨ï à�§−®áâ−®£® ãà�¢−¥−¨ï, á®®â¢¥âáâ¢ãîé¥£® ¤�−−®¬ã áâ®å�áâ¨ç¥áª®¬ã ¤¨ää¥-
à¥−æ¨�«ì−®¬ã ãà�¢−¥−¨î, ¬®¦−® ¯à®¤®«¦�âì −¥®£à�−¨ç¥−−®. �¤−�ª® ª�¦¤®¥ −®¢®¥
ãâ®ç−¥−¨¥ âà¥¡ã¥â áãé¥áâ¢®¢�−¨ï ¯à®¨§¢®¤−ëå äã−ªæ¨© a, b, ci ¢á¥ ¡®«¥¥ ¢ëá®ª¨å
¯®àï¤ª®¢.

28 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014



Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

5. �®«ãç¥−−ë¥ à�§−®áâ−ë¥ ãà�¢−¥−¨ï ¬®¦−® ¨á¯®«ì§®¢�âì ª�ª ¯à¨ â¥®à¥â¨ç¥áª¨å ¨á-
á«¥¤®¢�−¨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«ãç�©−ëå ¢¥«¨ç¨−, ¢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�¢−¥−¨© [9{11]. �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� Z(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 á«ãç�©−®£® ¯à®æ¥áá� Z(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«ãç�©−ëå ¢¥«¨ç¨−, � §�¬¥−¨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«ãç�©−®© ¢¥«¨ç¨−®©, ¯à¨−¨¬�îé¥© ¤¢�

§−�ç¥−¨ï ±
√
D á ¢¥à®ïâ−®áâï¬¨ 1/2. �à¨ §�¬¥−¥ á«ãç�©−ëå ¢¥«¨ç¨− −� ¢¥«¨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 [9{11].

Приложение 2

Тестовые примеры приведения интегродифференциальных
стохастических систем к дифференциальным

1. ÷�áá¬®âà¨¬ áª�«ïà−ãî −¥«¨−¥©−ãî ˆ„‘â‘

‘X = a0 + a1X +

t∫

0

e−α|t−τ |ϕ(X(τ)) dτ + b ‘W , X0 = 0 ,

£¤¥ a0, a1, α ¨ b | ª®−áâ�−âë. �®«�£�ï

t∫

0

e−α|t−τ |ϕ(X(τ)) dτ = Y ,

¯à¨¢¥¤¥¬ ˆ„‘â‘ ª „‘â‘:

‘X = a0 + a1X +
1

α
Y + b ‘W ; ‘Y = −αY + ϕ(X) ;

X(0) = Y (0) = 0 .

2. ÷�áá¬®âà¨¬ áª�«ïà−ãî «¨−¥©−ãî ˆ„‘â‘

a �X + b

t∫

0

‘X(τ)e−β|t−τ | dτ + c

t∫

0

X(τ)e−γ|t−τ | dτ = Q(t) , X0 = 0 ,

£¤¥ a, b, c, β ¨ γ | ª®−áâ�−âë. ÷�áè¨à¨¬ ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë á«¥¤ãîé¨¬ ®¡à�§®¬:

X1 = X; X2 = ‘X; ‘X1 = X2. �®«�£�ï
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t∫

0

e−β|t−τ |X2(τ) dτ = Y1 ;

t∫

0

e−γ|t−τ |X1(τ) dτ = Y2 ,

¯à¨¢¥¤¥¬ ˆ„‘â‘ ª „‘â‘:

‘X1 = X2 ; ‘X2 = − b

a
Y1 −

c

a
Y2 +

1

a
Q(t) ; ‘Y1 = −βY1 +X2 ; ‘Y2 = −γY2 +X1 ;

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

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

�X +

t∫

0

ϕ(X(τ), ‘X(τ))e−α|t−τ | dτ = Q(t) , X0 = 0 ,

£¤¥ α | ª®−áâ�−â�. ÷�áè¨à¨¬ ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë á«¥¤ãîé¨¬ ®¡à�§®¬: X1 = X;

X2 = ‘X; ‘X1 = X2. �®«�£�ï

t∫

0

ϕ(X1(τ), X2(τ))e
−α|t−τ | dτ = Y ,

¯à¨¤¥¬ ª á«¥¤ãîé¥© „‘â‘:

‘X1 = X2 ; ‘X2 = − 1
α
Y +Q(t) ; ‘Y = −αY + ϕ(X1, X2) ;

X1(0) = X2(0) = Y (0) = 0 .

4. ÷�áá¬®âà¨¬ áª�«ïà−ãî −¥«¨−¥©−ãî áâ®å�áâ¨ç¥áªãî ˆ„‘â‘

�X +

t∫

0

ϕ(X(τ) , ‘X(τ))e−α|t−τ | cos(ω0(t− τ)) dτ = Q(t) , X0 = 0 ,

£¤¥ α ¨ ω0 | ª®−áâ�−âë. ÷�áè¨à¨¬ ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë: X1 = X; X2 = ‘X;
‘X1 = X2. �®«®¦¨¬

t∫

0

ϕ(X1(τ), X2(τ))e
−α|t−τ | cos(ω0(t− τ)) dτ = Y

¨ −�©¤¥¬ ¯à®¨§¢®¤−ãî ‘Y :

‘Y =

t∫

0

(
−αe−α|t−τ | cos(ω0(t− τ))ϕ(X1(τ), X2(τ)) −

− ω0e
−α|t−τ | sin(ω0(t− τ))ϕ(X1(τ), X2(τ))

)
dτ + ϕ(X1, X2) .
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�à¥¤áâ�¢«ïï ¨−â¥£à�« áã¬¬ë áã¬¬®© ¨−â¥£à�«®¢, ¯®«ãç¨¬

‘Y = −αY − ω0

t∫

0

e−α|t−τ | cos(ω0(t− τ))ϕ(X1(τ), X2(τ)) dτ + ϕ(X1, X2) .

‚¢¥¤¥¬ −®¢ãî ¯¥à¥¬¥−−ãî:

I =

t∫

0

ϕ(X1(τ), X2(τ))e
−α|t−τ | sin(ω0(t− τ)) dτ .

’®£¤� ¯®«ãç¥−−®¥ ãà�¢−¥−¨¥ §�¯¨è¥âáï ¢ ¢¨¤¥:

‘Y = −αY − ω0I + ϕ(X1, X2) .

‚ëà�§¨¬ ¨§ ¯®á«¥¤−¥£® ãà�¢−¥−¨ï I:

I =
1

ω0

(
− ‘Y − αY + ϕ(X1, X2)

)
.

��©¤¥¬ ¯à®¨§¢®¤−ãî ‘I:

‘I =

t∫

0

(
−αe−α|t−τ | sin (ω0(t− τ))ϕ(X1(τ), X2(τ)) +

+ ω0e
−α|t−τ | cos(ω0(t− τ))ϕ(X1(τ), X2(τ))

)
dτ = −αI + ω0Y .

��©¤¥¬ ¢â®àãî ¯à®¨§¢®¤−ãî �Y :

�Y = −α ‘Y − ω0 ‘I +
∂ϕ

∂X1
‘X1 +

∂ϕ

∂X2
‘X2 =

= α2Y + 2αω0I − ω20Y − αϕ(X1, X2) +
∂ϕ

∂X1
‘X1 +

∂ϕ

∂X2
‘X2 =

= −2α ‘Y − (α2 + ω20)Y + αϕ+
∂ϕ

∂X1
‘X1 +

∂ϕ

∂X2
‘X2 .

÷�áè¨à¨¬ ¢¥ªâ®à á®áâ®ï−¨ï Y1 = Y ; Y2 = ‘Y ; ‘Y1 = Y2. ‚ ¨â®£¥ ¯à¨¤¥¬ ª „‘â‘ ¢¨¤�:

‘X1 = X2 ; ‘X2 = −Y1 +Q(t) ; ‘Y1 = Y2 ;

‘Y2 = −2αY2 − (α2 + ω20)Y1 + αϕ+
∂ϕ

∂X1
X2 +

∂ϕ

∂X2
[Q(t)− Y ] ;

X1(0) = X2(0) = Y1(0) = Y2(0) = 0 .
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5. ÷�áá¬®âà¨¬ áª�«ïà−ãî −¥«¨−¥©−ãî áâ®å�áâ¨ç¥áªãî ˆ„‘â‘

�X+

t∫

0

ϕ(X(τ), ‘X(τ))e−α|t−τ | (cos (ω0(t− τ)) + γ sin (ω0(t− τ))) dτ = Q(t) , X0 = 0 ,

£¤¥ α, ω0 ¨ γ | ª®−áâ�−âë. ÷�áè¨à¨¬ ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë X1 = X; X2 = ‘X;
‘X1 = X2. �à¨¬¥¬

t∫

0

ϕ(X1(τ), X2(τ))e
−α|t−τ | (cos (ω0(t− τ)) + γ sin (ω0(t− τ))) dτ = Y .

��©¤¥¬ ¯à®¨§¢®¤−ãî ‘Y :

‘Y =

t∫

0

(
−αe−α |t−τ | (cos (ω0(t− τ)) + γ sin (ω0(t− τ))ϕ(X1(τ), X2(τ))) +

+ ω0e
−α|t−τ | (− sin (ω0(t− τ)) + γ cos (ω0(t− τ)))ϕ(X1(τ), X2(τ))

)
dτ +

+ ϕ(X1(t), X2(t)) .

�âáî¤� ¨¬¥¥¬

‘Y = −αY +

+ ω0

t∫

0

e−α|t−τ | (− sin (ω0(t− τ)) + γ cos (ω0(t− τ)))ϕ(X1(τ), X2(τ)) dτ +

+ ϕ(X1(t), X2(t)) .

‚¢¥¤¥¬ −®¢ãî ¯¥à¥¬¥−−ãî:

I =

t∫

0

ϕ(X(τ), ‘X(τ))e−α|t−τ | (− sin (ω0(t− τ)) + γ cos (ω0(t− τ))) dτ .

“ç¨âë¢�ï, çâ® ‘Y = −αY + ω0I + ϕ(X1, X2), ¢ëà�§¨¬ ¨§ ¯®á«¥¤−¥£® ãà�¢−¥−¨ï I:

I =
1

ω0

(
‘Y + αY − ϕ(X1, X2)

)
.
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��©¤¥¬ ¯à®¨§¢®¤−ãî ‘I:

‘I =

t∫

0

(
−αe−α|t−τ | (− sin (ω0(t− τ)) + γ cos (ω0(t− τ)))ϕ(X1(τ), X2(τ)) +

+ ω0e
−α|t−τ | (− cos (ω0(t− τ)) − γ sin (ω0(t− τ)))ϕ(X1(τ), X2(τ))

)
dτ +

+ γϕ(X1, X2) .

�âáî¤� ¯®«ãç¨¬ ‘I = −αI − ω0Y + γϕ(X1, X2). ��©¤¥¬ ¢â®àãî ¯à®¨§¢®¤−ãî �Y :

�Y = −α ‘Y + ω0 ‘I +
∂ϕ

∂X1
‘X1 +

∂ϕ

∂X2
‘X2 =

= (α2 − ω20)Y − 2αω0I + (−α+ ω0γ)ϕ(X1, X2) +
∂ϕ

∂X1
‘X1 +

∂ϕ

∂X2
‘X2 =

= −2α ‘Y − (ω20 + α2)Y + (α+ ω0γ)ϕ(X1, X2) +
∂ϕ

∂X1
‘X1 +

∂ϕ

∂X2
‘X2 .

÷�áè¨à¨¬ ¢¥ªâ®à á®áâ®ï−¨ï: Y1 = Y ; Y2 = ‘Y ; ‘Y1 = Y2. ‚ ¨â®£¥ ˆ„‘â‘ ¯à¨¢®¤¨âáï ª
„‘â‘

‘X1 = X2 ; ‘X2 = −Y1 +Q(t) ; ‘Y1 = Y2 ;

‘Y2 = −2αY2 − (ω20 + α2)Y1 + (α+ ω0γ)ϕ(X1, X2) +
∂ϕ

∂X1
X2 +

∂ϕ

∂X2
[Q(t)− Y ] ;

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

Приложение 3

Тестовые примеры анализа и моделирования
интегродифференциальных стохастических систем
при ударных воздействиях

�à¨¬¥à 1. ÷�áá¬®âà¨¬ ˆ„‘â‘ ¨§ ¯à¨¬¥à� 2 ¯à¨«®¦¥−¨ï 2. �¥à¥®¡®§−�ç¨¬ ¯�à�¬¥âàë
¯®«ãç¥−−®© á¨áâ¥¬ á«¥¤ãîé¨¬ ®¡à�§®¬:

b

2
= 2ǫ0ω0 ;

c

a
= ω20 ;

Q(t)

a
= σ(t) .

’®£¤� ¯à¨¤¥¬ ª „‘â‘ ¢¨¤�:

‘X1 = X2 ; ‘X2 = −2ǫ0ω0Y1 − ω20Y2 + σ(t) ; ‘Y1 = −βY1 +X2 ; ‘Y2 = −γY2 +X1 ;
X1(0) = X2(0) = Y1(0) = Y2(0) = 0 .
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÷¨á. 1 “¤�à−®¥ ¢®§¤¥©áâ¢¨¥ σ(t) ¤«ï τ = 20π

÷¨á. 2 ‡−�ç¥−¨¥ ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X: (a) ǫ0 = 0,1; (¡) 0,5; (¢) ǫ0 = 1,0
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�à®¢¥¤¥¬ ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â ¤«ï ¤¥â¥à¬¨−¨à®¢�−−®£® ¯®«ãá¨−ãá®¨¤�«ì−®£®
¢å®¤−®£® ¢®§¤¥©áâ¢¨ï

σ(t) =





σ0 sin

(
π

τ
t

)
, t < τ ;

0 , t > τ ,

¨ á«¥¤ãîé¨å §−�ç¥−¨© ¯�à�¬¥âà®¢ ω0 = 0,1, ǫ0 = 0,1, σ0 = 1 −� ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨
t ∈ [0, 300]. ��à�¬¥âà τ ¢ë¡¨à�¥âáï ¨§ á«¥¤ãîé¨å á®®¡à�¦¥−¨©. ‘®¡áâ¢¥−−�ï ç�áâ®â�
ª®«¥¡�−¨© á¨áâ¥¬ë ω0 = 0,1. ‚ë¡¥à¥¬ ¯�à�¬¥âà τ â�ª¨¬ ®¡à�§®¬, çâ®¡ë ç�áâ®â�
ã¤�à−®£® ¢®§¤¥©áâ¢¨ï ¡ë«� ¢ 2 à�§� ¬¥−ìè¥ á®¡áâ¢¥−−®© ç�áâ®âë. ˆáª®¬ë© ¯�à�¬¥âà
¡ã¤¥â ¯à¨−¨¬�âì §−�ç¥−¨¥ τ = 20π.

‚å®¤−®¥ ¢®§¤¥©áâ¢¨¥ ¨§®¡à�¦¥−® −� à¨á. 1.
÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë −� à¨á. 2, a.
ˆ§¬¥−¨¬ ¢¥«¨ç¨−ã ¤¥¬¯ä¨à®¢�−¨ï á¨áâ¥¬ë. ÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨-

¬¥−â� ¤«ï ǫ0 = 0,5 ¯à¥¤áâ�¢«¥−ë −� à¨á. 2, ¡, à¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�
¤«ï ǫ0 = 1 ¯à¥¤áâ�¢«¥−ë −� à¨á. 2, ¢.

ˆ§ à¥§ã«ìâ�â®¢ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â� ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ª®«¥¡�−¨ï

ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X á¨áâ¥¬ë á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ §�âãå�îâ. �à¨ íâ®¬ §−�ç¥−¨¥
¢¥«¨ç¨−ë ¤¥¬¯ä¨à®¢�−¨ï ǫ0 á¨áâ¥¬ë ¢«¨ï¥â −� áª®à®áâì §�âãå�−¨ï ª®«¥¡�−¨©:

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,1 ¨ ª®®à¤¨−�â� X, ¨ ãáª®à¥−¨¥ �X ª®«¥¡«îâáï −� ¢á¥¬
à�áá¬�âà¨¢�¥¬®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨;

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,5 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 200;

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 1 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 150.

�à¨¬¥à 2. ÷�áá¬®âà¨¬ ¯®«ãç¥−−ãî ¢ ¯à¨¬¥à¥ 1 á¨áâ¥¬ã −� ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨ t ∈
∈ [0, 300]. �à®¢¥¤¥¬ ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â ¤«ï á¨áâ¥¬ë ¤¨ää¥à¥−æ¨�«ì−ëå
ãà�¢−¥−¨©. �à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ ¢å®¤−®£® ¢®§¤¥©áâ¢¨ï ¢®§ì¬¥¬ íªá¯®−¥−æ¨�«ì−ë©
ã¤�à−ë© ¨¬¯ã«ìá

σ(t) =

{
σ0e

−at , t < τ ;

0 , t > τ .

‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ¢®§ì¬¥¬ �−�«®£¨ç−ë¬¨ §−�ç¥−¨ï¬ ¯�à�¬¥âà®¢ ¯à¨¬¥à� 1. ��à�-
¬¥âà a ã¤�à−®£® ¢®§¤¥©áâ¢¨ï ¢ë¡¥à¥¬ à�¢−ë¬ 1.

‚å®¤−®¥ ¢®§¤¥©áâ¢¨¥ ¨ à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¨§®¡à�¦¥−ë −� à¨á. 3 ¨ 4.

‚ë¢®¤: ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X á¨áâ¥¬ë á â¥ç¥−¨¥¬ ¢à¥¬¥−¨
§�âãå�îâ. �à¨ íâ®¬ §−�ç¥−¨¥ ¢¥«¨ç¨−ë ¤¥¬¯ä¨à®¢�−¨ï ǫ0 á¨áâ¥¬ë ¢«¨ï¥â −� áª®à®áâì
§�âãå�−¨ï ª®«¥¡�−¨©:

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,1 ¨ ª®®à¤¨−�â� X, ¨ ãáª®à¥−¨¥ �X ª®«¥¡«îâáï −� ¢á¥¬
à�áá¬�âà¨¢�¥¬®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨;

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,5 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 150;
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ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

÷¨á. 3 “¤�à−®¥ ¢®§¤¥©áâ¢¨¥ σ(t) ¤«ï τ = 20π

÷¨á. 4 ‡−�ç¥−¨¥ ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X : (a) ǫ0 = 0,1; (¡) 0,5; (¢) ǫ0 = 1,0
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{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 1 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 100.

’�ª¨¬ ®¡à�§®¬, ¤«ï ¯®«ãá¨−ãá®¨¤�«ì−®£® ¨ íªá¯®−¥−æ¨�«ì−®£® ã¤�à−ëå ¨¬¯ã«ìá®¢
à¥§ã«ìâ�âë ¯®«ãç¨«¨áì áå®¦¨¬¨.

�à¨¬¥à 3. ÷�áá¬®âà¨¬ ¯®«ãç¥−−ãî ¢ ¯à¨¬¥à¥ 1 á¨áâ¥¬ã −� ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨ t ∈
∈ [0, 300]. �à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ ¢å®¤−®£® ¢®§¤¥©áâ¢¨ï ¢®§ì¬¥¬ ¯®«ãá¨−ãá®¨¤�«ì−ë©
ã¤�à−ë© ¨¬¯ã«ìá

σ(t) =




σ0(1 + ξ(t)) sin

(
π

τ
t

)
+ η(t) , t < τ ;

η(t) , t > τ ,

£¤¥ ξ(t) ¨ η(t) | £�ãáá®¢áª¨¥ ¡¥«ë¥ èã¬ë á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨
¨ ¤¨á¯¥àá¨ï¬¨, à�¢−ë¬¨ 0,1. ‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ¢®§ì¬¥¬ �−�«®£¨ç−ë¬¨ §−�ç¥−¨ï¬
¯�à�¬¥âà®¢ ¢ ¯à¨¬¥à¥ 1. �� à¨á. 5 ¨§®¡à�¦¥−� à¥�«¨§�æ¨ï ¢å®¤−®£® ¢®§¤¥©áâ¢¨ï σ(t) ¨
áâ�−¤�àâ−®¥ ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥

√
Dσ.

÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë −� à¨á. 6 ¨ 7.

’�ª¨¬ ®¡à�§®¬, ª®«¥¡�−¨ï ª®®à¤¨−�âëX ¨ ãáª®à¥−¨ï �X á¨áâ¥¬ë á â¥ç¥−¨¥¬ ¢à¥¬¥−¨
§�âãå�îâ. �à¨ íâ®¬ §−�ç¥−¨¥ ¢¥«¨ç¨−ë ¤¥¬¯ä¨à®¢�−¨ï ǫ0 á¨áâ¥¬ë ¢«¨ï¥â −� áª®à®áâì
§�âãå�−¨ï ª®«¥¡�−¨©:

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,1 ¨ ª®®à¤¨−�â� X, ¨ ãáª®à¥−¨¥ �X ª®«¥¡«îâáï −� ¢á¥¬
à�áá¬�âà¨¢�¥¬®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨;

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,5 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 150;

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 1 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 100.

Šà®¬¥ â®£®, ¯à¥¤¥« ¨§¬¥−¥−¨ï áâ�−¤�àâ−®£® ®âª«®−¥−¨ï ª®®à¤¨−�âë
√
DX ã¬¥−ì-

è�¥âáï á à®áâ®¬ ¢¥«¨ç¨−ë ¤¥¬¯ä¨à®¢�−¨ï.

�à¨¬¥à 4. ÷�áá¬®âà¨¬ ¯®«ãç¥−−ãî ¢ ¯à¨¬¥à¥ 1 á¨áâ¥¬ã −� ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨
t ∈ [0, 300]. �à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ ¢å®¤−®£® ¢®§¤¥©áâ¢¨ï ¢®§ì¬¥¬ íªá¯®−¥−æ¨�«ì−ë©
ã¤�à−ë© ¨¬¯ã«ìá:

σ(t) =

{
σ0(1 + ξ(t))e

−at + η(t) , t < τ ;

ζ(t) , t > τ ,

£¤¥ ξ(t) ¨ η(t) | £�ãáá®¢áª¨¥ ¡¥«ë¥ èã¬ë á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨
¨ ¤¨á¯¥àá¨ï¬¨, à�¢−ë¬¨ 0,1, a = 1. ‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ¢®§ì¬¥¬ �−�«®£¨ç−ë¬¨
§−�ç¥−¨ï¬ ¯�à�¬¥âà®¢ ¢ ¯à¨¬¥à¥ 1. �� à¨á. 8 ¨§®¡à�¦¥−� à¥�«¨§�æ¨ï ¢å®¤−®£® ¢®§¤¥©-
áâ¢¨ï σ(t) ¨ áâ�−¤�àâ−®¥ ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥

√
Dσ. ÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£®

íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë −� à¨á. 9 ¨ 10.

’�ª¨¬ ®¡à�§®¬, §�ª«îç�¥¬, çâ® ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X á¨áâ¥¬ë
á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ §�âãå�îâ. �à¨ íâ®¬ §−�ç¥−¨¥ ¢¥«¨ç¨−ë ¤¥¬¯ä¨à®¢�−¨ï ǫ0 á¨áâ¥¬ë
¢«¨ï¥â −� áª®à®áâì §�âãå�−¨ï ª®«¥¡�−¨©:

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 37



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

÷¨á. 5 ‚å®¤−®¥ ¢®§¤¥©áâ¢¨¥ σ(t) ¨ áâ�−¤�àâ−®¥ ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥
√
Dσ

÷¨á. 6 Š®®à¤¨−�â�X ¨ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ ª®®à¤¨−�âë
√
DX á¨áâ¥¬ë: (a) ǫ0 = 0,1;

(¡) 0,5; (¢) ǫ0 = 1,0
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

÷¨á. 7 “áª®à¥−¨¥ �X ¨ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ ãáª®à¥−¨ï
√
D �X á¨áâ¥¬ë: (a) ǫ0 = 0,1;

(¡) 0,5; (¢) ǫ0 = 1,0

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,1 ¨ ª®®à¤¨−�â� X, ¨ ãáª®à¥−¨¥ �X ª®«¥¡«îâáï −� ¢á¥¬ à�áá¬�-
âà¨¢�¥¬®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨;

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 0,5 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 150;

{ ¯à¨ §−�ç¥−¨¨ ǫ0 = 1 ª®«¥¡�−¨ï ª®®à¤¨−�âë X ¨ ãáª®à¥−¨ï �X §�âãå�îâ ª ¬®¬¥−âã
¢à¥¬¥−¨ t = 100.

„«ï ¯®«ãá¨−ãá®¨¤�«ì−®£® ¨ íªá¯®−¥−æ¨�«ì−®£® ã¤�à−ëå ¨¬¯ã«ìá®¢ á �¤¤¨â¨¢−ë¬¨
¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ ¯®¬¥å�¬¨ à¥§ã«ìâ�âë ¯®«ãç¨«¨áì áå®¦¨.

‚ ª�ç¥áâ¢¥ ¤àã£¨å â¥áâ®¢ëå ¯à¨¬¥à®¢ ¬®¦−® ¢ë¡à�âì §�¤�ç¨ ¨§ [6,7,14,15].
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ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

÷¨á. 8 ‚å®¤−®¥ ¢®§¤¥©áâ¢¨¥ σ(t) ¨ áâ�−¤�àâ−®¥ ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥
√
Dσ

÷¨á. 9 Š®®à¤¨−�â�X ¨ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ ª®®à¤¨−�âë
√
DX á¨áâ¥¬ë: (a) ǫ0 = 0,1;

(¡) 0,5; (¢) ǫ0 = 1,0
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ ˆ„‘â‘

÷¨á. 10 “áª®à¥−¨¥ �X ¨ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ ãáª®à¥−¨ï
√
D �X á¨áâ¥¬ë: (a) ǫ0 = 0,1;

(¡) 0,5; (¢) ǫ0 = 1,0
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Distributions parametrical modeling software for integrodifferential stochastic systems

DISTRIBUTIONS PARAMETRICAL MODELING SOFTWARE
FOR INTEGRODIFFERENTIAL STOCHASTIC SYSTEMS

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

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: Methods and algorithms for analytical and statistical modeling of
one- and multidimensional distributions in integrodifferential stochastic system
(IDStS) are considered. Nonlinear Ito equations for IDStS with Wiener and
Poisson noises are presented. For dying physically realizable integral kernels, two
methods of IDStS reduction to differential stochastic system (DStS) are given for
dying physical realizable integral kernels (based on linear operator equations and
singular kernels). Different approaches for numerical analytical and statistical
modeling for IDStS reducible to DStS are discussed. Two numerical methods
for practical applications are presented: normal approximation method (for
nonadditive noises) and statistical linearization method (for additive noises).
Special attention is paid to pure direct numerical methods for continuos and
discontinuos right hands of equations. Test examples and results of computer
experiments carried out by the \IDStS" software tool in MATLAB are given.

Keywords: analytical modeling; differential stochastic system; generalized Ito
formula; hereditary system; integrodifferential stochastic system; Ito stochastic
differential equation; singular kernels; software; statistical modeling
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ПАРАЛЛЕЛИЗМ В МИКРОПРОЦЕССОРАХ∗

А. К. Горшенин1, С. В. Замковец2, В. Н. Захаров3

�−−®â�æ¨ï: �à®¨§¢®¤¨â¥«ì−®áâì à�¡®âë ¬¨ªà®¯à®æ¥áá®à� ¢ §−�ç¨â¥«ì−®©
¬¥à¥ ®¯à¥¤¥«ï¥âáï áâ¥¯¥−ìî ®à£�−¨§�æ¨¨ ¯�à�««¥«ì−®© à�¡®âë à�§«¨ç−ëå
¡«®ª®¢. ÷�áá¬®âà¥−ë ®á−®¢−ë¥ ¢®§¬®¦−®áâ¨ à�á¯�à�««¥«¨¢�−¨ï à�¡®âë
¬¨ªà®¯à®æ¥áá®à�. „«ï ¯�à�««¥«ì−®© ®¡à�¡®âª¨ ª®¬�−¤ ¨á¯®«ì§ã¥âáï ª®−¢¥©-
¥à−ë© ¬¥â®¤, ¤«ï ¯�à�««¥«ì−®© ®¡à�¡®âª¨ ¤�−−ëå ¯à¨¬¥−ï¥âáï �àå¨â¥ªâãà�
SIMD (Single Instruction { Many Data, ®¤−� ª®¬�−¤� { ¬−®£® ¤�−−ëå). ÷¥�«¨-
§®¢�−−ë© ¬¥â®¤ à�á¯�à�««¥«¨¢�−¨ï −� ãà®¢−¥ ¯®â®ª®¢ ¯®á«ã¦¨« ®á−®¢®© ¤«ï
á®§¤�−¨ï ¬−®£®ï¤¥à−ëå ¬¨ªà®¯à®æ¥áá®à®¢. �á−®¢ã ¬−®£®ï¤¥à−®£® ¬¨ªà®-
¯à®æ¥áá®à� á®áâ�¢«ï¥â ®¤¨− ¨«¨ −¥áª®«ìª® ¬®é−ëå ¯à®æ¥áá®à®¢, ®ªàã¦¥−-
−ëå ¬−®¦¥áâ¢®¬ ¢á¯®¬®£�â¥«ì−ëå ï¤¥à, ª®â®àë¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ¡®«¥¥
íää¥ªâ¨¢−®© ®¡à�¡®âª¨ á«®¦−ëå ¬ã«ìâ¨¬¥¤¨©−ëå ¯à¨«®¦¥−¨© ¢ ¬−®£®¯®-
â®ç−®¬ à¥¦¨¬¥. �àå¨â¥ªâãàë á ¯®¤¤¥à¦ª®© ¬−®£®¯à®æ¥áá®à−®© ®¡à�¡®âª¨ −�
ãà®¢−¥ ªà¨áâ�««� (chip-level multiprocessing, CMP) ¯à¥¤áâ�¢«ïîâ ¡ã¤ãé¥¥
¬¨ªà®¯à®æ¥áá®à®¢, ¯®â®¬ã çâ® â�ª¨¥ �àå¨â¥ªâãàë ¯®§¢®«ïîâ ¤®áâ¨çì ®£à®¬-
−ëå ãà®¢−¥© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¨ ¡®«¥¥ ¯à¨¥¬«¥¬ëå â�ªâ®¢ëå ç�áâ®â�å
¡«�£®¤�àï ¯�à�««¥«ì−®¬ã ¢ë¯®«−¥−¨î ¬−®¦¥áâ¢� ®¯¥à�æ¨©.

Š«îç¥¢ë¥ á«®¢�: �àå¨â¥ªâãà� ¬¨ªà®¯à®æ¥áá®à�; à�á¯�à�««¥«¨¢�−¨¥; ª®−-
¢¥©¥à (pipeline); áã¯¥àáª�«ïà−ë© ¬¨ªà®¯à®æ¥áá®à; �àå¨â¥ªâãà� MMX ¨ SSE;
Hyper-Threading; ¬−®£®ï¤¥à−ë¥ ¯à®æ¥áá®àë

DOI: 10.14357/08696527140102

1 Введение

�à®¨§¢®¤¨â¥«ì−®áâì ¬¨ªà®¯à®æ¥áá®à®¢ §�¢¨á¨â ®â ¤¢ãå á®áâ�¢«ïîé¨å. �¥à-
¢�ï á®áâ�¢«ïîé�ï | íâ® â�ªâ®¢�ï ç�áâ®â�, ¨ −� ¯à®âï¦¥−¨¨ ¤«¨â¥«ì−®£® ¢à¥¬¥−¨
¯à®¨§¢®¤¨â¥«ì−®áâì ¬¨ªà®¯à®æ¥áá®à®¢ ¢ ®á−®¢−®¬ á¢ï§ë¢�«�áì ¨¬¥−−® á íâ®©
á®áâ�¢«ïîé¥©. ‚ −�ç�«¥ −�è¥£® ¢¥ª� ¢ ¯à®¨§¢®¤áâ¢¥−−ëå ¯«�−�å ®á−®¢−ëå
¯à®¨§¢®¤¨â¥«¥© ¬¨ªà®¯à®æ¥áá®à®¢ −� ª®−¥æ ¤¥áïâ¨«¥â¨ï ¯à¥¤¯®«�£�«®áì ¤®áâ¨çì
â�ªâ®¢®© ç�áâ®âë 10 ƒƒæ [1]. �¤−�ª® ¢ á¢ï§¨ á àï¤®¬ â¥å−®«®£¨ç¥áª¨å âàã¤−®áâ¥©

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ £à�−â®¢ ÷””ˆ ü 13-07-00579-� ¨ ü 12-07-00109-�,
� â�ª¦¥ ƒà�−â� �à¥§¨¤¥−â� ÷” ¤«ï £®áã¤�àáâ¢¥−−®© ¯®¤¤¥à¦ª¨ ¬®«®¤ëå à®áá¨©áª¨å ãç¥−ëå
ŒŠ-4103.2014.9.
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��à�««¥«¨§¬ ¢ ¬¨ªà®¯à®æ¥áá®à�å

(®á−®¢−ë¥ ¯à®¡«¥¬ë á¢ï§�−ë á ã¢¥«¨ç¥−¨¥¬ â®ª®¢ ãâ¥çª¨ ¨ ¢ë§¢�−−ë¬ íâ¨¬ −¥-
¯à¨¥¬«¥¬ë¬ à®áâ®¬ â¥¯«®¢ë¤¥«¥−¨ï, −® à�áá¬®âà¥−¨¥ íâ¨å ¢®¯à®á®¢ −¥ ¢å®¤¨â
¢ ªàã£ ¨−â¥à¥á®¢ ¤�−−®© áâ�âì¨) íâ¨¬ ¯«�−�¬ −¥ áã¦¤¥−® ¡ë«® á¡ëâìáï. �®
®¯ã¡«¨ª®¢�−−ë¬ ¤�−−ë¬, −�¨¡®«ìè�ï â�ªâ®¢�ï ç�áâ®â� 5,5 ƒƒæ ¡ë«� ¤®áâ¨£−ãâ�
¢ 2012 £. ¢ ¬¨ªà®¯à®æ¥áá®à¥ zEC12 ä¨à¬ë IBM [2].

‚â®à�ï á®áâ�¢«ïîé�ï, á¢ï§�−−�ï á ¯à®¨§¢®¤¨â¥«ì−®áâìî, ®¯à¥¤¥«ï¥â ç¨á«®
¨−áâàãªæ¨©, ¢ë¯®«−ï¥¬ëå ¬¨ªà®¯à®æ¥áá®à®¬ §� ®¤¨− â�ªâ. �â� á®áâ�¢«ï-
îé�ï á¢ï§�−� á à¥�«¨§�æ¨¥© ¢ ¬¨ªà®¯à®æ¥áá®à¥ ¯�à�««¥«ì−®© à�¡®âë à�§«¨ç−ëå
äã−ªæ¨®−�«ì−ëå ¡«®ª®¢, ¨ −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï â�ª®©
¯�à�««¥«ì−®áâ¨ à�§à�¡®âç¨ª�¬¨ �¯¯�à�â−®© ç�áâ¨ ¬¨ªà®¯à®æ¥áá®à®¢ ¡ë«� ¯à®-
¤¥«�−� £¨£�−âáª�ï à�¡®â�. Œ®¦−® áª�§�âì, çâ® ¯�à�««¥«¨§¬ ¨«¨ ¯�à�««¥«ì−ë¥
¢ëç¨á«¥−¨ï áâ�«¨ ¤®¬¨−¨àãîé¥© ¯�à�¤¨£¬®© ¢ �àå¨â¥ªâãà¥ ¬¨ªà®¯à®æ¥áá®à®¢.

‚ ª�ç¥áâ¢¥ å�à�ªâ¥à−®£® ¯à¨¬¥à� −�ç�«� ¨á¯®«ì§®¢�−¨ï ¯à¨−æ¨¯� à�á¯�à�«-
«¥«¨¢�−¨ï ¢ ¬¨ªà®¯à®æ¥áá®à�å ¬®¦−® à�áá¬®âà¥âì ®á®¡¥−−®áâ¨ ¬¨ªà®�àå¨â¥ª-
âãàë (á¯®á®¡� à¥�«¨§�æ¨¨ �àå¨â¥ªâãàë) ¬¨ªà®¯à®æ¥áá®à� i80386 ä¨à¬ë INTEL,
à�§à�¡®â�−−®£® ¢ 1985 £. [3]. ‚ ¯¥à¢ãî ®ç¥à¥¤ì ¬®¦−® §�¬¥â¨âì, çâ® ¯® á¢®-
¥© áâàãªâãà¥ íâ®â ¬¨ªà®¯à®æ¥áá®à ¡ë« à�§¤¥«¥− −� ¤¢¥ ç�áâ¨, ¨ ª®£¤� ¯¥à¢�ï
¨á¯®«−¨â¥«ì−�ï ç�áâì íâ®£® ¬¨ªà®¯à®æ¥áá®à� ¢ë¯®«−ï«� à�¡®âã ¯® ¨á¯®«−¥−¨î
¨−áâàãªæ¨¨, ¢â®à�ï ¨−â¥àä¥©á−�ï ç�áâì ®áãé¥áâ¢«ï«� ¯®¤ª�çªã ¨−ä®à¬�æ¨¨ ¨§
¯�¬ïâ¨ ¢ ¬¨ªà®¯à®æ¥áá®à, ¥á«¨ è¨−� ¯¥à¥¤�ç¨ ¤�−−ëå ¡ë«� ¢ íâ® ¢à¥¬ï á¢®¡®¤-
−�. Šà®¬¥ â®£®, ¤«ï ¯®¤¤¥à¦�−¨ï −¥ª®â®à®£® ª®«¨ç¥áâ¢� ¯®«ãç�¥¬®© ¨§ ¯�¬ïâ¨
¨−ä®à¬�æ¨¨ ¢ ¨á¯®«−¨â¥«ì−®© ç�áâ¨ ¬¨ªà®¯à®æ¥áá®à� ¨á¯®«ì§®¢�«áï ¡ãä¥à ¤«ï
åà�−¥−¨ï á«¥¤ãîé¨å ¤«ï ¢ë¯®«−¥−¨ï ¨−áâàãªæ¨©. �â®â ¡ãä¥à ¯®«ãç¨« −�§¢�−¨¥
¡ãä¥à� ¯à¥¤¢ë¡®àª¨ (prefetch unit).

„«ï à�á¯�à�««¥«¨¢�−¨ï à�¡®âë ¬¨ªà®¯à®æ¥áá®à� ¨¬¥¥âáï −¥áª®«ìª® ¢®§¬®¦-
−®áâ¥©, ¨ áà¥¤¨ íâ¨å ¢®§¬®¦−®áâ¥© ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ®á−®¢−ë¥:

{ à�á¯�à�««¥«¨¢�−¨¥ −� ãà®¢−¥ ¨−áâàãªæ¨©;

{ à�á¯�à�««¥«¨¢�−¨¥ −� ãà®¢−¥ ®¡à�¡®âª¨ ¤�−−ëå;

{ à�á¯�à�««¥«¨¢�−¨¥ −� ãà®¢−¥ ¯®â®ª®¢ (TLP | thread-level parallelism).

2 Распараллеливание на уровне инструкций

�� −�ç�«ì−®¬ íâ�¯¥ ãá¨«¨ï à�§à�¡®âç¨ª®¢ ¡ë«¨ −�¯à�¢«¥−ë −� â�ªãî à¥-
�«¨§�æ¨î �àå¨â¥ªâãàë, ¯à¨ ª®â®à®© ®¡¥á¯¥ç¨¢�«®áì ¯�à�««¥«ì−®¥ ¢ë¯®«−¥−¨¥
ª®¬�−¤ ¬¨ªà®¯à®æ¥áá®à�. ˆ §¤¥áì §−�ç¨â¥«ì−ë¬ è�£®¬ ¢−¥¤à¥−¨ï ¯�à�««¥«¨§¬�
¢ à�¡®âã ¬¨ªà®¯à®æ¥áá®à� áâ�«® ¨á¯®«ì§®¢�−¨¥ ª®−¢¥©¥à−®© â¥å−¨ª¨ ¢ë¯®«−¥−¨ï
ª®¬�−¤.

•�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ ï¢«ï¥âáï â®â ä�ªâ, çâ® ¢ â¥å−¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨
−� ¬¨ªà®¯à®æ¥áá®à i80386 [3] ãª�§ë¢�«®áì ¢à¥¬ï ¢ë¯®«−¥−¨ï (¢ â�ªâ�å) ª�¦¤®©
¨−áâàãªæ¨¨. ��¯à¨¬¥à, ¤«ï ª®¬�−¤ë ADD r8, r8 (á«®¦¥−¨¥ ¤¢ãå ®¯¥à�−¤®¢, −�-
å®¤ïé¨åáï ¢ 8-à�§àï¤−ëå à¥£¨áâà�å) ¢à¥¬ï ¢ë¯®«−¥−¨ï à�¢−ï«®áì ¤¢ã¬ â�ªâ�¬,
� ¤«ï ª®¬�−¤ë ADD r8, m8 (á«®¦¥−¨¥ ¤¢ãå ®¯¥à�−¤®¢, ®¤¨− ¨§ ª®â®àëå −�å®-
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¤¨âáï ¢ à¥£¨áâà¥, � ¢â®à®© | ¢ ¯�¬ïâ¨) ¢à¥¬ï ¢ë¯®«−¥−¨ï à�¢−ï«®áì 7 â�ªâ�¬.
„«ï á®¢à¥¬¥−−ëå ¬¨ªà®¯à®æ¥áá®à®¢ ¯®¤®¡−ë¥ ¤�−−ë¥ ®âáãâáâ¢ãîâ, ¯®áª®«ìªã ¢
íâ¨å ¬¨ªà®¯à®æ¥áá®à�å ¨á¯®«ì§ãîâáï ª®−¢¥©¥àë. �à¨ ª®−¢¥©¥à−®© ®à£�−¨§�æ¨¨
¢à¥¬ï ¢ë¯®«−¥−¨ï ¢á¥å ª®¬�−¤ à�¢−® ¢à¥¬¥−¨ −�å®¦¤¥−¨ï ¨å −� ª®−¢¥©¥à¥.

ˆá¯®«ì§®¢�−¨¥ ª®−¢¥©¥à� ¯®§¢®«ï¥â ¬¨ªà®¯à®æ¥áá®àã ®¤−®¢à¥¬¥−−® ®¡à�-
¡�âë¢�âì áâ®«ìª® ª®¬�−¤, áª®«ìª® áâã¯¥−¥© ¨¬¥¥âáï ¢ ª®−¢¥©¥à¥. Šà®¬¥ â®£®,
¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï ¡®«ìè®£® ª®«¨ç¥áâ¢� áâã¯¥−¥© (� íâ® ®§−�ç�¥â, çâ® −�
ª�¦¤®© áâã¯¥−¨ ¢ë¯®«−ï¥âáï ¬¥−ìè¨© ®¡ê¥¬ à�¡®âë) ¬®¦−® ã¢¥«¨ç¨¢�âì â�ªâ®-
¢ãî ç�áâ®âã à�¡®âë ¬¨ªà®¯à®æ¥áá®à�. �¤−�ª® ¡®«ìè®¥ ç¨á«® áâã¯¥−¥© â�ª¦¥
¬®¦¥â ®âà¨æ�â¥«ì−® ¢«¨ïâì −� ¯à®¨§¢®¤¨â¥«ì−®áâì ¬¨ªà®¯à®æ¥áá®à�, ¯®áª®«ìªã
¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ á¡à®á� ª®−¢¥©¥à� ¥£® −®¢®¥ §�¯®«−¥−¨¥ ¬®¦¥â ¯®âà¥-
¡®¢�âì §−�ç¨â¥«ì−ëå §�âà�â ¢à¥¬¥−¨. �®¨áª®¬ ®¯â¨¬�«ì−®© ¤«¨−ë ª®−¢¥©¥à®¢
¬®¦−® ®¡êïá−¨âì à�§«¨ç−®¥, � ¢ −¥ª®â®àëå á«ãç�ïå §�¬¥â−® ®â«¨ç�îé¥¥áï ç¨á«®
áâã¯¥−¥© ¢ à�§«¨ç−ëå ¬®¤¥«ïå. ��¯à¨¬¥à, ¢ ¬¨ªà®¯à®æ¥áá®à¥ Pentium ¤«¨−�
ª®−¢¥©¥à� á®áâ�¢«ï«� 5 áâã¯¥−¥©, � ¢ Pentium 4 | ã¦¥ 20 áâã¯¥−¥© [4].

�à¥¨¬ãé¥áâ¢® ª®−¢¥©¥à−®© ®¡à�¡®âª¨ ¯¥à¥¤ ¯®á«¥¤®¢�â¥«ì−®© −�¡«î¤�¥âáï
¢ ¨¤¥�«ì−®¬ ª®−¢¥©¥à¥, ¢ ª®â®à®¬ ®âáãâáâ¢ãîâ ª®−ä«¨ªâë. Š®−ä«¨ªâë | íâ®
â�ª¨¥ á¨âã�æ¨¨ ¯à¨ à�¡®â¥ ª®−¢¥©¥à�, ª®â®àë¥ ¯à¥¯ïâáâ¢ãîâ ¯®á«¥¤®¢�â¥«ì−®¬ã
¢ë¯®«−¥−¨î ®ç¥à¥¤−®© ª®¬�−¤ë ¢ ¯à¥¤−�§−�ç¥−−®¬ ¤«ï −¥¥ â�ªâ¥. Š®−ä«¨ªâë,
¢®§−¨ª�îé¨¥ ¢ ª®−¢¥©¥à¥, ¬®¦−® à�§¤¥«¨âì −� âà¨ £àã¯¯ë:

(1) áâàãªâãà−ë¥ ª®−ä«¨ªâë;

(2) ª®−ä«¨ªâë ¯® ã¯à�¢«¥−¨î;

(3) ª®−ä«¨ªâë ¯® ¤�−−ë¬.

‘âàãªâãà−ë¥ ª®−ä«¨ªâë ¢®§−¨ª�îâ ¢ â¥å á«ãç�ïå, ª®£¤� �¯¯�à�â−ë¥ áà¥¤áâ¢�
ª®−¢¥©¥à� ¬¨ªà®¯à®æ¥áá®à� −¥ ¬®£ãâ ¯®¤¤¥à¦¨¢�âì ¤«ï ¢á¥å ª®¬�−¤ ®¤¨−�ª®¢®¥
¢à¥¬ï −�å®¦¤¥−¨ï −� ª�ª®©-«¨¡® áâã¯¥−¨ ª®−¢¥©¥à�. —�é¥ ¢á¥£® â�ª�ï á¨âã�æ¨ï
¢®§−¨ª�¥â −� áâã¯¥−¨ ¢ë¯®«−¥−¨ï ¨−áâàãªæ¨¨. ‚ íâ®¬ á«ãç�¥ à�¡®â� ª®−¢¥©¥à�
¯à¨®áâ�−�¢«¨¢�¥âáï ¤® â¥å ¯®à, ¯®ª� ª®¬�−¤� −¥ ¡ã¤¥â ®¡à�¡®â�−� −� íâ®© áâã¯¥−¨.

Š�ª ¯à�¢¨«®, ®¡ëç−ë© á¯®á®¡ ¯à¥®¤®«¥−¨ï áâàãªâãà−®£® ª®−ä«¨ªâ� ¯à¥¤-
¯®«�£�¥â ¯à¨¬¥−¥−¨¥ â�ª¨å �¯¯�à�â−ëå à¥è¥−¨©, ª®â®àë¥ ¯®§¢®«ïîâ á−¨§¨âì
§�âà�âë ¢à¥¬¥−¨ −� ¢ë¯®«−¥−¨¥ ¤�−−®£® íâ�¯� (−�¯à¨¬¥à, ¨á¯®«ì§®¢�−¨¥ á¯¥æ¨-
�«ì−ëå áå¥¬ ã¬−®¦¥−¨ï). �¤−�ª® â�ª®© á¯®á®¡ ¬®¦¥â ¯à¨¢¥áâ¨ ª §−�ç¨â¥«ì−®¬ã
ãá«®¦−¥−¨î áå¥¬ë ¬¨ªà®¯à®æ¥áá®à�. �®áª®«ìªã â�ª¨¥ ª®−ä«¨ªâë ¢ à�¡®â¥ ª®−-
¢¥©¥à� ¢®§−¨ª�îâ ¯à¨ ¢ë¯®«−¥−¨¨ ª®¬�−¤, ®â−®á¨â¥«ì−® à¥¤ª® ¢áâà¥ç�îé¨åáï
¢ ¯à®£à�¬¬�å, â® ®¡ëç−® ¯à¨ à�§à�¡®âª¥ ¨éãâ ª®¬¯à®¬¨áá ¬¥¦¤ã ã¢¥«¨ç¥−¨¥¬
¤«¨â¥«ì−®áâ¨ à�¡®âë ª®−¢¥©¥à� ¨ ãá«®¦−¥−¨¥¬ áå¥¬ë ¬¨ªà®¯à®æ¥áá®à�.

Š®−ä«¨ªâë ¯® ã¯à�¢«¥−¨î ¢®§−¨ª�îâ ¢ â¥å á«ãç�ïå, ª®£¤� ¢ ª®−¢¥©¥à¥ −�-
å®¤ïâáï ª®¬�−¤ë ¯¥à¥å®¤®¢ ¨«¨ ¤àã£¨¥ ª®¬�−¤ë, ¨§¬¥−ïîé¨¥ §−�ç¥−¨¥ áç¥âç¨ª�
ª®¬�−¤. �à¨ ¢ë¯®«−¥−¨¨ ª®¬�−¤ë ¯¥à¥å®¤� ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì á¡à®á�
ª®−¢¥©¥à�, ¯®áª®«ìªã ¤®«¦−� ¢ë¯®«−ïâìáï −¥ â� ª®¬�−¤�, ª®â®à�ï −�å®¤¨âáï
¢ ª®−¢¥©¥à¥, � −¥ª®â®à�ï ¤àã£�ï ª®¬�−¤�. ‚ á®®â¢¥âáâ¢¨¨ á® áâ�â¨áâ¨ª®©, ¢
â¨¯¨ç−®© ¯à®£à�¬¬¥ −� ª�¦¤ë¥ 6{8 ª®¬�−¤ ¯à¨å®¤¨âáï 1 ª®¬�−¤� ¯¥à¥å®¤� ¨ ¯®-
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��à�««¥«¨§¬ ¢ ¬¨ªà®¯à®æ¥áá®à�å

á«¥¤áâ¢¨ï ¢ë¯®«−¥−¨ï ¯¥à¥å®¤� ®ç¥¢¨¤−ë: ¯à¨ −�«¨ç¨¨ ª®−¢¥©¥à� ç¥à¥§ ª�¦¤ë¥
6{8 ª®¬�−¤ ¥£® −¥®¡å®¤¨¬® ®ç¨é�âì ¨ §�¯®«−ïâì §�−®¢® ¢ á®®â¢¥âáâ¢¨¨ á −®¢ë¬
�¤à¥á®¬. ’�ª¨¬ ®¡à�§®¬, ¢á¥ ¯à¥¨¬ãé¥áâ¢� ª®−¢¥©¥à¨§�æ¨¨ â¥àïîâáï. Ÿàª¨¬
¯à¨¬¥à®¬ ª®−ä«¨ªâ� ¯® ã¯à�¢«¥−¨î ¬®¦¥â á«ã¦¨âì ª®¬�−¤� ¡¥§ãá«®¢−®£® ¯¥-
à¥å®¤� á ª®á¢¥−−ë¬ �¤à¥á®¬, ¯à¨ ¢áâà¥ç¥ á ª®â®à®© ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì
á¡à�áë¢�âì ª®−¢¥©¥à, â�ª ª�ª ¢ áç¥âç¨ª¥ ª®¬�−¤ ¯®ï¢«ï¥âáï �¡á®«îâ−® −¥¯à¥¤-
áª�§ã¥¬ë© �¤à¥á á«¥¤ãîé¥© ª®¬�−¤ë.

‚ á«ãç�¥ ª®−ä«¨ªâ� ¯® ã¯à�¢«¥−¨î, ¢®§−¨ª�îé¥£® á ª®¬�−¤�¬¨ ãá«®¢−®£®
¯¥à¥å®¤�, ¤«ï á−¨¦¥−¨ï ¯®â¥àì à�¡®âë ª®−¢¥©¥à� ¢ ¯à®æ¥áá®à�å ¨á¯®«ì§ã¥âáï
¬¥â®¤ ¯à¥¤áª�§�−¨ï ¯¥à¥å®¤®¢. �á−®¢−�ï ¨¤¥ï íâ®£® ¬¥â®¤� §�ª«îç�¥âáï ¢ â®¬,
çâ® ¢ ¯à®æ¥áá®à¥ ¨á¯®«ì§ã¥âáï á¯¥æ¨�«ì−ë© ¡«®ª, ª®â®àë© ®¯à¥¤¥«ï¥â −�¨¡®«¥¥
¢¥à®ïâ−®¥ −�¯à�¢«¥−¨¥ ¯¥à¥å®¤�, −¥ ¤®¦¨¤�ïáì ä®à¬¨à®¢�−¨ï ¯à¨§−�ª®¢, −�
®á−®¢�−¨¨ �−�«¨§� ª®â®àëå íâ®â ¯¥à¥å®¤ à¥�«¨§ã¥âáï. �®á«¥ íâ®£® ¯à®æ¥áá®à
¢ë¯®«−ï¥â ª®¬�−¤ë ¯® ¯à¥¤áª�§�−−®© ¢¥â¢¨ ¯à®£à�¬¬ë (â�ª −�§ë¢�¥¬®¥ á¯¥ªã-
«ïâ¨¢−®¥ ¢ë¯®«−¥−¨¥). —â®¡ë ®¡¥á¯¥ç¨âì ª®àà¥ªâ−®¥ ¢ë¯®«−¥−¨¥ ¯à®£à�¬¬ë,
¯à®æ¥áá®à §�¯¨áë¢�¥â ¯®«ãç�¥¬ë¥ à¥§ã«ìâ�âë −¥ ¢ ¯�¬ïâì ¨«¨ à¥£¨áâàë, � ¢
á¯¥æ¨�«ì−ë© ¡ãä¥à. …á«¨ −�¯à�¢«¥−¨¥ ¯¥à¥å®¤� ¯à¥¤áª�§�−® ¯à�¢¨«ì−®, â®
¯à®æ¥áá®à ¯à®¤®«¦�¥â ¢ë¯®«−ïâì ¯à®£à�¬¬ã ¤�«ìè¥, � ¯®«ãç¥−−ë¥ à¥§ã«ìâ�-
âë ¯¥à¥¯¨áë¢�îâáï ¨§ ¡ãä¥à� ¯® ¬¥áâ�¬ −�§−�ç¥−¨ï. ‚ á«ãç�¥ −¥¯à�¢¨«ì−®£®
¯à¥¤áª�§�−¨ï −�¯à�¢«¥−¨ï ¯¥à¥å®¤� à¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï ¤�−−®£® ãç�áâª�
¯à®£à�¬¬ë ã−¨çâ®¦�îâáï.

Š®−ä«¨ªâë ¯® ¤�−−ë¬ ¢®§−¨ª�îâ ¢ á«ãç�ïå, ª®£¤� ¢ë¯®«−¥−¨¥ ®¤−®© ª®-
¬�−¤ë §�¢¨á¨â ®â à¥§ã«ìâ�â� ¢ë¯®«−¥−¨ï ¯à¥¤ë¤ãé¥© ª®¬�−¤ë. ��¯à¨¬¥à,
ª®¬�−¤� i ¯à¥¤è¥áâ¢ã¥â ª®¬�−¤¥ j, � ª®¬�−¤� j ¤®«¦−� ¨á¯®«ì§®¢�âì ®¯¥à�−¤,
ª®â®àë© ä®à¬¨àã¥â ª®¬�−¤� i. …á«¨ íâ¨ ª®¬�−¤ë −�å®¤ïâáï ¤®áâ�â®ç−® ¡«¨§-
ª® ¢ ª®−¢¥©¥à¥, â® ¬®¦¥â ¢®§−¨ª−ãâì á¨âã�æ¨ï, ¯à¨ ª®â®à®© ¯à¥¤è¥áâ¢ãîé�ï
ª®¬�−¤� −¥ ãá¯¥¥â §�¯¨á�âì §−�ç¥−¨¥ íâ®£® ®¯¥à�−¤�. ‚®¯à®áë, á¢ï§�−−ë¥ á
ª®−¢¥©¥à¨§�æ¨¥©, ¯®¤à®¡−¥¥ à�áá¬®âà¥−ë ¢ [5].

„«ï à¥è¥−¨ï ¯à®¡«¥¬ë á ª®−ä«¨ªâ�¬¨ ¯® ¤�−−ë¬ ¨á¯®«ì§ã¥âáï ®¤¨− ¨§
¬¥â®¤®¢ ¯�à�««¥«¨§¬�, � ¨¬¥−−® á¯®á®¡ ¢−¥®ç¥à¥¤−®£® ¢ë¯®«−¥−¨ï ª®¬�−¤ (Out-
of-Order | OoO). �à¨ ¨á¯®«ì§®¢�−¨¨ íâ®£® ¬¥â®¤� ¤¥ª®¤¨à®¢�−−�ï ª®¬�−¤�
¯®¯�¤�¥â −¥ ¢ ª®−¢¥©¥à, � ¢ á¯¥æ¨�«ì−ë© ¡ãä¥à-¤¨á¯¥âç¥à, ª®â®àë© −�ª�¯-
«¨¢�¥â ¯®¤£®â�¢«¨¢�¥¬ë¥ ª ¨á¯®«−¥−¨î ¨−áâàãªæ¨¨, ®âá«¥¦¨¢�¥â ¢ë¯®«−¥−¨¥
à�−¥¥ §�¯ãé¥−−ëå ª®¬�−¤ ¨ ¯® ¬¥à¥ ®á¢®¡®¦¤¥−¨ï ¨á¯®«−¨â¥«ì−ëå ãáâà®©áâ¢
®â¯à�¢«ï¥â −� −¨å ¯®¤£®â®¢«¥−−ë¥ ª ¢ë¯®«−¥−¨î ¨−áâàãªæ¨¨. �á−®¢−®© ¯�à�-
¤¨£¬®© OoO-®¡à�¡®âª¨ ï¢«ï¥âáï ¢®§¬®¦−®áâì à�§à¥è¨âì ¯à®æ¥áá®àã ¨§¡¥¦�âì
®áâ�−®¢ª¨ ª®−¢¥©¥à�, ª®â®à�ï ¤®«¦−� ¯à®¨§®©â¨, ª®£¤� ¤�−−ë¥, −¥®¡å®¤¨¬ë¥
¤«ï ¢ë¯®«−¥−¨ï ª®¬�−¤ë, ï¢«ïîâáï −¥¤®áâã¯−ë¬¨. �à®æ¥áá®à §�¯®«−ï¥â íâ¨
ú¯à®¬¥¦ãâª¨ ¢à¥¬¥−¨û ¤àã£¨¬¨ ª®¬�−¤�¬¨, ª®â®àë¥ £®â®¢ë ¤«ï ¢ë¯®«−¥−¨ï,
§�â¥¬ ¯¥à¥ã¯®àï¤®ç¨¢�¥â à¥§ã«ìâ�âë, çâ®¡ë −� ¢ëå®¤¥ ®−¨ ¯®ï¢«ï«¨áì ¢ −®à-
¬�«ì−®¬ ¯®àï¤ª¥. „«ï ¯à¥®¡à�§®¢�−¨ï ¨§ ¯à®£à�¬¬−®£® ¯®àï¤ª� ¢ ¯®àï¤®ª, ¢
ª®â®à®¬ ª®¬�−¤ë ®¡à�¡�âë¢�îâáï −� á�¬®¬ ¤¥«¥, âà¥¡ã¥âáï ¤®áâ�â®ç−® á«®¦−�ï
áå¥¬®â¥å−¨ª�.
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�. Š. ƒ®àè¥−¨−, ‘. ‚. ‡�¬ª®¢¥æ, ‚. �. ‡�å�à®¢

‘«¥¤ãîé¨¬ è�£®¬ ¢ à�§¢¨â¨¨ ¯�à�««¥«¨§¬� ¢ ¬¨ªà®¯à®æ¥áá®à�å áâ�«® ¨á-
¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å ª®−¢¥©¥à®¢ ¢ ®¤−®¬ ¬¨ªà®¯à®æ¥áá®à¥. ’�ª¨¥ ¬¨ªà®-
¯à®æ¥áá®àë ¯®«ãç¨«¨ −�§¢�−¨¥ áã¯¥àáª�«ïà−ëå. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ®
¯à¨ ¢ë¯®«−¥−¨¨ ¯à®£à�¬¬ë ¯®¤¡®à®¬ ¨−áâàãªæ¨© ¤«ï ª®−¢¥©¥à®¢ §�−¨¬�îâáï
�¯¯�à�â−ë¥ áà¥¤áâ¢� á�¬¨å ¬¨ªà®¯à®æ¥áá®à®¢, ¯®áª®«ìªã à�§«¨ç−ë¥ ª®−¢¥©¥àë
®¡«�¤�îâ á¯¥æ¨ä¨ç¥áª¨¬¨ âà¥¡®¢�−¨ï¬¨ ¨ à�¡®â� á −¨¬¨ ¤®«¦−� ãç¨âë¢�âì ¨å
á¯¥æ¨ä¨ªã. Šà®¬¥ â®£®, �¯¯�à�âãà� ¤®«¦−� á«¥¤¨âì ¨ §� á¨−åà®−−®áâìî à�¡®âë
ª®−¢¥©¥à®¢, â�ª ª�ª ¯à¨®áâ�−®¢ª� ®¤−®£® ¨§ −¨å ¬®¦¥â −�àãè¨âì ¯à�¢¨«ì−®¥
¢ë¯®«−¥−¨¥ ¢á¥© ¯à®£à�¬¬ë.

�¤¨− ¨§ ¬¥â®¤®¢ ®à£�−¨§�æ¨¨ ¯�à�««¥«ì−®© à�¡®âë ®â¤¥«ì−ëå ¡«®ª®¢ ¬¨ª-
à®¯à®æ¥áá®à� á¢ï§�− á ¯¥à¥¨¬¥−®¢�−¨¥¬ à¥£¨áâà®¢. ˆ¤¥ï íâ®£® ¬¥â®¤� ¢®§−¨ª«� ¢
á¢ï§¨ á â¥¬, çâ® ¯à¨ ¢ë¯®«−¥−¨¨ −¥ª®â®àëå ª®¬�−¤ ¯¥à¥¤�ç¨ ã¯à�¢«¥−¨ï ¯®ï¢«ï-
¥âáï −¥®¡å®¤¨¬®áâì á®åà�−ïâì á®¤¥à¦¨¬®¥ à¥£¨áâà®¢ ®¡é¥£® −�§−�ç¥−¨ï ¨, ª�ª
¯à�¢¨«®, â�ª®¥ á®åà�−¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¯à¨ ¯®¬®é¨ áâ¥ª�. ’�ª�ï ®¯¥à�æ¨ï
á®åà�−¥−¨ï á®¤¥à¦¨¬®£® à¥£¨áâà®¢ ¢ áâ¥ª¥ (� §�â¥¬ ¨ ®¡à�â−�ï §�¯¨áì ¨§ áâ¥ª�
¢ à¥£¨áâàë) âà¥¡ã¥â ®¯à¥¤¥«¥−−®£® ¢à¥¬¥−¨ −� ¥¥ ¢ë¯®«−¥−¨¥. „«ï â®£® çâ®¡ë
á®ªà�â¨âì íâ® ¢à¥¬ï, ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ¤®¯®«−¨â¥«ì−ë¥ ä¨§¨ç¥-
áª¨¥ à¥£¨áâàë, â. ¥. ¢ à¥£¨áâà®¢®¬ ä�©«¥ ¬¨ªà®¯à®æ¥áá®à� à�§¬¥é�âì ¡®«ìè®¥
ª®«¨ç¥áâ¢® ä¨§¨ç¥áª¨å à¥£¨áâà®¢. �â¨ ä¨§¨ç¥áª¨¥ à¥£¨áâàë £àã¯¯¨àãîâáï ¢
à¥£¨áâà®¢ë¥ ®ª−�, ¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ª�¦¤ë© ¬®¬¥−â à�¡®âë ¤®áâã¯−® â®«ìª®
®¤−® ®ª−®. �¥®¡å®¤¨¬® ¨¬¥âì ¢ ¢¨¤ã, çâ® −¥¯®áà¥¤áâ¢¥−−® á�¬¨ ª®¬�−¤ë ¯à¨
¯®¬®é¨ á®®â¢¥âáâ¢ãîé¨å ¯®«¥© ¬®£ãâ ®¡à�é�âìáï â®«ìª® ª â�ª −�§ë¢�¥¬ë¬
�àå¨â¥ªâãà−ë¬ («®£¨ç¥áª¨¬) à¥£¨áâà�¬, ¨ ¯®−ïâ−®, çâ® ª®«¨ç¥áâ¢® ä¨§¨ç¥áª¨å
¨ «®£¨ç¥áª¨å à¥£¨áâà®¢ ¢ ¬¨ªà®¯à®æ¥áá®à�å ¬®¦¥â ®â«¨ç�âìáï ¢ §−�ç¨â¥«ì−®©
áâ¥¯¥−¨. ��¯à¨¬¥à, ª®«¨ç¥áâ¢® �àå¨â¥ªâãà−ëå à¥£¨áâà®¢ ¢ ¬¨ªà®¯à®æ¥áá®-
à�å Pentium à�¢−® 8, � ¢ â® ¦¥ ¢à¥¬ï ç¨á«® ä¨§¨ç¥áª¨å à¥£¨áâà®¢ à�¢−® 40.
‚ â¨¯¨ç−®© SPARC-�àå¨â¥ªâãà¥ (scalable processor architecture) ¨á¯®«ì§ã¥âáï
à¥£¨áâà®¢ë© ä�©« ¨§ 128 à¥£¨áâà®¢, ¯à¨ç¥¬ ¯®«ì§®¢�â¥«î ¨§ −¨å ®¤−®¢à¥¬¥−−®
¤®áâã¯−ë â®«ìª® à�á¯®«®¦¥−−ë¥ ¯®¤àï¤ 24 à¥£¨áâà�. �à®æ¥áá®à ¢á¥£¤� á®-
¤¥à¦¨â ãª�§�â¥«ì â¥ªãé¥£® ®ª−� á ¢®§¬®¦−®áâìî ¥£® ¬®¤¨ä¨ª�æ¨¨ ¢ à�¬ª�å
à¥�«¨§®¢�−−®© £«ã¡¨−ë ¢«®¦¥−¨ï ¯à®æ¥¤ãà. �®¬¥à� «®£¨ç¥áª¨å à¥£¨áâà®¢ ¤¨-
−�¬¨ç¥áª¨ ®â®¡à�¦�îâáï −� −®¬¥à� ä¨§¨ç¥áª¨å à¥£¨áâà®¢ ¯®áà¥¤áâ¢®¬ â�¡«¨æ
®â®¡à�¦¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ¯à¨ ¢ë¯®«−¥−¨¨ ª®¬�−¤ ¯¥à¥¤�ç¨ ã¯à�¢«¥−¨ï
¬¨ªà®¯à®æ¥áá®à ¯à®áâ® ¯¥à¥ª«îç�¥â à¥£¨áâà®¢®¥ ®ª−®, á®åà�−ïï á®¤¥à¦¨¬®¥ â¥å
à¥£¨áâà®¢, ª®â®àë¥ ¤®«¦−ë ¡ëâì á®åà�−¥−ë, ¨ ®á¢®¡®¦¤�ï −®¢ë¥ à¥£¨áâàë ¤«ï
¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï.

„àã£®© ¬¥â®¤ ¨á¯®«ì§®¢�−¨ï à¥£¨áâà®¢®£® ®ª−� á¢ï§�− á ¯à¨¬¥−¥−¨¥¬ ¯¥-
à¥¬¥−−ëå. ‚ á®¢à¥¬¥−−ëå ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï, −�¯à¨¬¥à ¢ ï§ëª¥ ‘,
¯¥à¥¬¥−−ë¥ ¯à¨−ïâ® à�§¤¥«ïâì −� «®ª�«ì−ë¥ ¨ £«®¡�«ì−ë¥. ‹®ª�«ì−ë¥ ¯¥à¥-
¬¥−−ë¥ ¨á¯®«ì§ãîâáï â®«ìª® ®¤−®© ª®−ªà¥â−®© äã−ªæ¨¥© ¨ áãé¥áâ¢ãîâ â®«ìª®
â® ¢à¥¬ï, ¯®ª� íâ� äã−ªæ¨ï à�¡®â�¥â. ƒ«®¡�«ì−ë¥ ¯¥à¥¬¥−−ë¥ áãé¥áâ¢ãîâ ¢á¥
¢à¥¬ï, ¯®ª� ¢ë¯®«−ï¥âáï ¯à®£à�¬¬�, ¨ ¤®áâã¯−ë ¢á¥¬ äã−ªæ¨ï¬ ¯à®£à�¬¬ë.
Š®£¤� ¢ë§ë¢�¥âáï ®¯à¥¤¥«¥−−�ï äã−ªæ¨ï, â® −¥®¡å®¤¨¬ë¥ ¤«ï ¥¥ à�¡®âë ¨á-
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å®¤−ë¥ ¤�−−ë¥ §�¯¨áë¢�îâáï ¢ ª®−¥æ ®ª−�, � ¯à®æ¥áá®à ¯à¨ ¢ë§®¢¥ äã−ªæ¨¨
á¬¥é�¥â ®ª−® ¯® à¥£¨áâà®¢®¬ã ä�©«ã â�ª¨¬ ®¡à�§®¬, çâ®¡ë §�¯¨á�−−ë¥ ¤�−−ë¥
®ª�§�«¨áì ¢ −�ç�«¥ −®¢®£®, ¯®ª� ¯ãáâ®£® ®ª−�. ’à¥¡®¢�¢è¨¥ á®åà�−¥−¨ï ¢à¥-
¬¥−−ë¥ ¤�−−ë¥ ¢ë§ë¢�¢è¥£® äã−ªæ¨î ª®¤� ®ª�§ë¢�îâáï §� ¯à¥¤¥«�¬¨ ®ª−�,
¢á«¥¤áâ¢¨¥ ç¥£® áâ�−®¢ïâáï −¥¤®áâã¯−ë¬¨. �®á«¥ §�¢¥àè¥−¨ï à�¡®âë äã−ªæ¨¨
¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë §�¯¨áë¢�îâáï ¢ â¥ ¦¥ á�¬ë¥ à¥£¨áâàë ¢ −�ç�«¥ ®ª−�,
¯®á«¥ ç¥£® ¯à®æ¥áá®à á¬¥é�¥â ®ª−® ®¡à�â−®.

‚ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥ ª à¥�«¨§�æ¨¨ ¯�à�¤¨£¬ë ¯�à�««¥«¨§¬� ¬®¦−® ®â-
−¥áâ¨ ¨ �¯¯�à�â−ãî ¯®¤¤¥à¦ªã ¢¨àâã�«¨§�æ¨¨, â. ¥. ¢®§¬®¦−®áâì à¥�«¨§®¢ë¢�âì
−� ®¤−®¬ ¯à®æ¥áá®à¥ −¥áª®«ìª® ¢¨àâã�«ì−ëå ¬�è¨− (‚Œ). ˆ§−�ç�«ì−® ¢ ¬¨ªà®-
¯à®æ¥áá®à�å −�¨¡®«¥¥ ¯®¯ã«ïà−ëå á¥¬¥©áâ¢ Intel ¨ AMD −¥ ¯à¥¤ãá¬�âà¨¢�«¨áì
à¥¦¨¬ë à�¡®âë, ¯à¨ ª®â®àëå ¢®§¬®¦−� íää¥ªâ¨¢−�ï ¢¨àâã�«¨§�æ¨ï. �®íâ®¬ã
¤«ï ¯®áâà®¥−¨ï ¬®−¨â®à� ‚Œ (Œ‚Œ, ã¯à�¢«ïîé¥£® ¡«®ª� ¤«ï ¢¨àâã�«¨§�-
æ¨¨) ¯à¨å®¤¨«®áì ¯®«ì§®¢�âìáï ¯®è�£®¢®© í¬ã«ïæ¨¥© ¨−áâàãªæ¨© ‚Œ ¨«¨ ¦¥
¢ë¯®«−ïâì ¡¨−�à−ãî âà�−á«ïæ¨î ¨á¯®«−ï¥¬®£® ª®¤�, çâ® à¥§ª® á−¨¦�«® íää¥ª-
â¨¢−®áâì à�¡®âë ¢á¥© á¨áâ¥¬ë.

�® ã¦¥ ¢ −�ç�«¥ 2005 £. ¯®ï¢¨«¨áì ®¡é¥¤®áâã¯−ë¥ á¯¥æ¨ä¨ª�æ¨¨ à�áè¨à¥−¨ï
¤«ï �àå¨â¥ªâãàë IA-32 ¯®¤ ¯¥à¢®−�ç�«ì−ë¬ −�§¢�−¨¥¬ Vanderpool Technology
(¤àã£®¥ ¨§¢¥áâ−®¥ −�§¢�−¨¥ à�áè¨à¥−¨ï | VT-x), � â�ª¦¥ ¤«ï �àå¨â¥ªâãàë
Itanium, −�§ë¢�¥¬ë¥ VT-I (Vanderpool Technology for the Intel Itanium architec-
ture), ¯®§¢®«ïîé¨¥ íää¥ªâ¨¢−® à¥�«¨§®¢ë¢�âì Œ‚Œ ¨ â¥¬ á�¬ë¬ ®¡¥á¯¥ç¨¢�âì
¢®§¬®¦−®áâì ®¤−®¢à¥¬¥−−®© à�¡®âë −¥áª®«ìª¨å ®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨ áà¥¤ −�
®¤−®© �¯¯�à�â−®© ¯«�âä®à¬¥. ‚ ¬�¥ 2005 £. ¨ ª®¬¯�−¨ï AMD ®¯ã¡«¨ª®¢�«�
¯®«−ãî á¯¥æ¨ä¨ª�æ¨î â¥å−®«®£¨¨ à�áè¨à¥−¨ï �àå¨â¥ªâãàë AMD64 (¯®¤ −�-
§¢�−¨¥¬ Pacifica, ¨−�ç¥ −�§ë¢�¥¬�ï AMD-V), ª®â®à�ï ¯®§¢®«ï¥â à¥�«¨§®¢�âì
Œ‚Œ. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ®¡¥ ä¨à¬ë ¯®¤¤¥à¦¨¢�îâ â¥å−®«®£¨î ¢¨àâã�«¨§�æ¨¨
−� ¢á¥å ¢−®¢ì ¢ë¯ãáª�¥¬ëå á¥¬¥©áâ¢�å ¬¨ªà®¯à®æ¥áá®à®¢.

3 Параллельная обработка данных

÷�áá¬®âà¥−−ë¥ ¬¥â®¤ë à¥�«¨§�æ¨¨ ¯�à�««¥«¨§¬� ®â−®áïâáï ª ¬¨ªà®¯à®æ¥á-
á®à�¬ á ¯à¨−æ¨¯®¬ ®¡à�¡®âª¨ ®¯¥à�−¤®¢ SISD (Single Instruction { Single Data,
®¤−� ª®¬�−¤� { ®¤−¨ ¤�−−ë¥). ‚ íâ¨å ¬¨ªà®¯à®æ¥áá®à�å ®¤−� ª®¬�−¤� ®áã-
é¥áâ¢«ï¥â ®¡à�¡®âªã ®¤−¨å ¤�−−ëå. ‚¯®á«¥¤áâ¢¨¨ ¢ ¬¨ªà®¯à®æ¥áá®à�å ¡ë«
à¥�«¨§®¢�− ¯à¨−æ¨¯ ®¡à�¡®âª¨ ®¯¥à�−¤®¢ SIMD. ‚ á®®â¢¥âáâ¢¨¨ á â�ª¨¬ ¯®¤å®-
¤®¬ ¢ ¬¨ªà®¯à®æ¥áá®à�å ®¤−� ª®¬�−¤� ¬®¦¥â ®¤−®¢à¥¬¥−−® ®¡à�¡�âë¢�âì ¬−®£®
¤�−−ëå, ¯®íâ®¬ã ¬®¦−® áª�§�âì, çâ® â�ª¨¬ ®¡à�§®¬ ¡ë« à¥�«¨§®¢�− ¯�à�««¥«¨§¬
¢ ®¡à�¡®âª¥ ¤�−−ëå.

�à¨−æ¨¯ ®¡à�¡®âª¨ SIMD ¢¯¥à¢ë¥ ¡ë« à¥�«¨§®¢�− ¢ ¬¨ªà®¯à®æ¥áá®à¥ Pen-
tium III ¤«ï ãáª®à¥−¨ï ¢ë¯®«−¥−¨ï ¬ã«ìâ¨¬¥¤¨� ¨ ª®¬¬ã−¨ª�æ¨®−−ëå ¯à®£à�¬¬
¨ ¯®«ãç¨« −�§¢�−¨¥ �àå¨â¥ªâãàë MMX (MultiMedia eXtension) [6]. �â� �àå¨-
â¥ªâãà� ¢ª«îç�¥â ¢ á¥¡ï −®¢ë¥ ª®¬�−¤ë ¨ â¨¯ë ¤�−−ëå, çâ® ¯®§¢®«ï¥â á®§¤�¢�âì
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¯à¨«®¦¥−¨ï −®¢®£® ãà®¢−ï. �®¢ë¥ MMX-ª®¬�−¤ë ã¢¥«¨ç¨¢�îâ ¯à®¨§¢®¤¨-
â¥«ì−®áâì ¯à¨ª«�¤−ëå ¯à®£à�¬¬ ¢ â�ª¨å ®¡«�áâïå, ª�ª ¢¨¤¥®, ª®¬¡¨−¨à®¢�−¨¥
£à�ä¨ª¨ ¨ ¢¨¤¥®, ®¡à�¡®âª� ¨§®¡à�¦¥−¨©, §¢ãª®¢®© á¨−â¥§, à�á¯®§−�¢�−¨¥ ¨
á¨−â¥§ à¥ç¨, â¥«¥ä®−¨ï, ¢¨¤¥®ª®−ä¥à¥−æ¨¨, ¤¢ãå- ¨ âà¥å¬¥à−�ï £à�ä¨ª�.

‚ MMX-�àå¨â¥ªâãà¥ ¢¢®¤ïâáï −®¢ë¥ â¨¯ë ¤�−−ëå:

{ ã¯�ª®¢�−−ë¥ ¡�©âë | 8 ¡�©â, ã¯�ª®¢�−−ë¥ ¢ ®¤−® 64-à�§àï¤−®¥ ç¨á«®;

{ ã¯�ª®¢�−−ë¥ á«®¢� | 4 á«®¢�, ã¯�ª®¢�−−ë¥ ¢ ®¤−® 64-à�§àï¤−®¥ ç¨á«®;

{ ã¯�ª®¢�−−ë¥ ¤¢®©−ë¥ á«®¢� | 2 ¤¢®©−ëå á«®¢�, ã¯�ª®¢�−−ë¥ ¢ ®¤−® 64-à�§-
àï¤−®¥ ç¨á«®;

{ ãç¥â¢¥à¥−−®¥ á«®¢® | ®¤−® 64-à�§àï¤−®¥ ç¨á«®.

Š®¬�−¤ë MMX ¬®£ãâ ®¡à�¡�âë¢�âì £àã¯¯ë ¨§ 8 ¡�©â, 4 á«®¢, ¤¢ãå ¤¢®©−ëå
á«®¢ ¨ ®¤−® ãç¥â¢¥à¥−−®¥ á«®¢®. ’�ª¨¥ £àã¯¯ë ¨§ 64 à�§àï¤®¢ à�áá¬�âà¨¢�îâáï
ª�ª ã¯�ª®¢�−−ë¥ ¤�−−ë¥ ¨ ¬®£ãâ âà�ªâ®¢�âìáï ª�ª ®¤¨− ¨§ ¢ëè¥¯¥à¥ç¨á«¥−−ëå
â¨¯®¢ ¤�−−ëå.

�á−®¢−®© ¢ë¨£àëè ¢ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ®¡à�¡®âª¨ ¤�−−ëå ¯à¨ ¨á¯®«ì§®¢�-
−¨¨ SIMD-¬¥â®¤� ®áãé¥áâ¢«ï¥âáï §� áç¥â ®¤−®¢à¥¬¥−−®© ®¡à�¡®âª¨ −¥áª®«ìª¨å
®¯¥à�−¤®¢ ¯à¨ ¯®¬®é¨ ®¤−®© ª®¬�−¤ë. ��¡®à MMX-ª®¬�−¤ á®áâ®¨â ¨§ ª®¬�−¤
¯¥à¥áë«ª¨ ¤�−−ëå, ã¯�ª®¢ª¨/à�á¯�ª®¢ª¨, á«®¦¥−¨ï/¢ëç¨â�−¨ï, ã¬−®¦¥−¨ï,
á¤¢¨£�, áà�¢−¥−¨ï ¨ ¯®à�§àï¤−ëå «®£¨ç¥áª¨å ®¯¥à�æ¨©.

„�«ì−¥©è¥¥ à�§¢¨â¨¥ MMX-�àå¨â¥ªâãà� ¯®«ãç¨«� ¢ â¥å−®«®£¨¨, ¯®«ã-
ç¨¢è¥© −�§¢�−¨¥ SSE (Streaming SIMD Extensions | ¯®â®ª®¢®¥ à�áè¨à¥−¨¥
SIMD) [4]. ’¥å−®«®£¨ï SSE ¡ë«� −�¯à�¢«¥−� −� à¥�«¨§�æ¨î ¯à¨−æ¨¯� SIMD
¤«ï ¢¥é¥áâ¢¥−−ëå ç¨á¥«. „«ï à¥�«¨§�æ¨¨ íâ®© â¥å−®«®£¨¨ ¢ ¬¨ªà®¯à®æ¥áá®à
¡ë«¨ ¤®¡�¢«¥−ë ¢®á¥¬ì −®¢ëå 128-à�§àï¤−ëå à¥£¨áâà®¢, ¯®«ãç¨¢è¨å −�§¢�-
−¨¥ XMM. ‚ ª�¦¤®¬ ¨§ à¥£¨áâà®¢ XMM ¯®¬¥é�îâáï ç¥âëà¥ ¢¥é¥áâ¢¥−−ëå
32-à�§àï¤−ëå ç¨á«�. Š�¦¤®¥ 32-à�§àï¤−®¥ ç¨á«® á ¯«�¢�îé¥© §�¯ïâ®© ¨¬¥¥â
1 §−�ª®¢ë© ¡¨â, 8 ¡¨â®¢ ¯®àï¤ª� ¨ 23 ¡¨â� ¬�−â¨ááë, çâ® á®®â¢¥âáâ¢ã¥â áâ�−¤�àâã
IEEE-754 −� ä®à¬�â ¯à¥¤áâ�¢«¥−¨ï ç¨á¥« ®¤¨−�à−®© â®ç−®áâ¨ á ¯«�¢�îé¥©
§�¯ïâ®©.

’¥å−®«®£¨ï SSE ¢ª«îç�¥â 70 −®¢ëå ª®¬�−¤ ¨ ¯®§¢®«ï¥â ¢ë¯®«−ïâì ¢¥ª-
â®à−ë¥ (¯�ª¥â−ë¥) ¨ áª�«ïà−ë¥ ¨−áâàãªæ¨¨, ¯à¨ íâ®¬ ¢¥ªâ®à−ë¥ ¨−áâàãªæ¨¨
¢ë¯®«−ïîâ ®¯¥à�æ¨¨ ®¤−®¢à¥¬¥−−® −�¤ ç¥âëàì¬ï −�¡®à�¬¨ ®¯¥à�−¤®¢. ‚ ¨¬¥−�å
ª®¬�−¤, ¢ë¯®«−ïîé¨å ¢¥ªâ®à−ë¥ ®¯¥à�æ¨¨, ¯à¨áãâáâ¢ã¥â áãää¨ªá PS. ‘ª�«ïà-
−ë¥ ¨−áâàãªæ¨¨ à�¡®â�îâ â®«ìª® á ®¤−¨¬ ª®¬¯«¥ªâ®¬ ®¯¥à�−¤®¢ | ¬«�¤è¨¬
32-à�§àï¤−ë¬ −�¡®à®¬. ‚ ¨¬¥−�å ª®¬�−¤, ¢ë¯®«−ïîé¨å áª�«ïà−ë¥ ®¯¥à�æ¨¨,
¯à¨áãâáâ¢ã¥â áãää¨ªá SS.

‚ ¬¨ªà®¯à®æ¥áá®à�å Pentium 4 ¡ë«� ¨á¯®«ì§®¢�−� â¥å−®«®£¨ï SSE2, ª®â®-
à�ï ã«ãçè�¥â ¢®§¬®¦−®áâ¨ �àå¨â¥ªâãàë MMX ¨ â¥å−®«®£¨¨ SSE. ‚ â¥å−®«®£¨¨
SSE2 ¨á¯®«ì§ãîâáï â¥ ¦¥ á�¬ë¥ à¥£¨áâàë, ª®â®àë¥ ¡ë«¨ ¢¢¥¤¥−ë ¢ â¥å−®«®-
£¨¨ SSE, â. ¥. 128-à�§àï¤−ë¥ à¥£¨áâàë XMM. �¤−�ª® ¢ ®â«¨ç¨¥ ®â SSE, £¤¥
íâ¨ à¥£¨áâàë ¨á¯®«ì§®¢�«¨áì â®«ìª® ¤«ï åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¢¥é¥áâ¢¥−−ëå
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ç¨á¥« (32-à�§àï¤−ë¥ ®¯¥à�−¤ë á ¯«�¢�îé¥© §�¯ïâ®© ¨ ®¤¨−�à−®© â®ç−®áâ¨), ¢
â¥å−®«®£¨¨ SSE2 íâ¨ à¥£¨áâàë ¬®£ãâ åà�−¨âì ¨ ®¡à�¡�âë¢�âì æ¥«®ç¨á«¥−−ë¥
®¯¥à�−¤ë, ¯à¥¤áâ�¢«ïîé¨¥: 16 ¡�©â; 8 á«®¢; 4 ¤¢®©−ëå á«®¢�; 2 ç¥â¢¥à−ëå
á«®¢�; ®¤−® 128-à�§àï¤−®¥ á«®¢®. Šà®¬¥ â®£®, ¢ íâ¨å à¥£¨áâà�å ¬®¦¥â åà�−¨âìáï
¨ ®¡à�¡�âë¢�âìáï −®¢ë© ä®à¬�â ¢¥é¥áâ¢¥−−ëå ç¨á¥« | ¤¢� 64-à�§àï¤−ëå ç¨á«�
á ¯«�¢�îé¥© §�¯ïâ®© ¤¢®©−®© â®ç−®áâ¨.

’¥å−®«®£¨ï SSE2 ¢ª«îç�¥â ¢ á¥¡ï −�¡®à ¨−áâàãªæ¨©, ª®â®àë© ¯à®¨§¢®¤¨â
®¯¥à�æ¨¨ á® áª�«ïà−ë¬¨ ¨ ã¯�ª®¢�−−ë¬¨ â¨¯�¬¨ ¤�−−ëå. �â� â¥å−®«®£¨ï
¯à¥¤−�§−�ç¥−� ¤«ï à�§à�¡®âª¨ ¯à¨«®¦¥−¨© âà¥å¬¥à−®© £à�ä¨ª¨, ®¡à�¡®âª¨
á¨£−�«®¢, ª®¤¨à®¢�−¨ï ¨ ¤¥ª®¤¨à®¢�−¨ï, à�á¯®§−�¢�−¨ï à¥ç¨ ¨ â. ¯. Š −�¡®àã
ª®¬�−¤ SSE ¢ SSE2 ¤®¡�¢«¥−ë 144 −®¢ë¥ ª®¬�−¤ë, ª®â®àë¥ ¯®§¢®«ïîâ:

{ à�§à�¡�âë¢�âì �«£®à¨â¬ë, ¢ ª®â®àëå ®¤−®¢à¥¬¥−−® ¬®¦−® ®¡à�¡�âë¢�âì á¬¥-
è�−−ë¥ â¨¯ë ¤�−−ëå: ã¯�ª®¢�−−ë¥ ç¨á«� á ¯«�¢�îé¥© §�¯ïâ®© á ®¤¨−�à−®©
â®ç−®áâìî, ã¯�ª®¢�−−ë¥ ç¨á«� á ¯«�¢�îé¥© §�¯ïâ®© á ¤¢®©−®© â®ç−®áâìî, �
â�ª¦¥ æ¥«ë¥ 64- ¨ 128-à�§àï¤−ë¥ ç¨á«�;

{ à�¡®â�âì á ¤�−−ë¬¨ à�§«¨ç−®© à�§¬¥à−®áâ¨: ¡�©â®¬, á«®¢®¬, ¤¢®©−ë¬ á«®-
¢®¬, ãç¥â¢¥à¥−−ë¬ á«®¢®¬ ¨ ¤¢®©−ë¬ ãç¥â¢¥à¥−−ë¬ á«®¢®¬.

‘«¥¤ãîé¨¬ è�£®¬ á®¢¥àè¥−áâ¢®¢�−¨ï SSE-â¥å−®«®£¨ áâ�«® SSE3-à�áè¨-
à¥−¨¥, ª®â®à®¥ ¯®ï¢¨«®áì ¢ ¬¨ªà®¯à®æ¥áá®à¥ Pentium 4. ÷�áè¨à¥−¨¥ SSE3
¤®¡�¢¨«® ¥é¥ 13 −®¢ëå ª®¬�−¤. ‚á¥ ®−¨, §� ¨áª«îç¥−¨¥¬ âà¥å, ¨á¯®«ì§ã-
îâ •ŒŒ-à¥£¨áâàë ¨ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¨
¢ë¯®«−¥−¨¨ á«¥¤ãîé¨å ®¯¥à�æ¨©:

{ ¡ëáâà®¥ ¯à¥®¡à�§®¢�−¨¥ ¢¥é¥áâ¢¥−−®£® ç¨á«� ¢ æ¥«®¥ (á®®â¢¥âáâ¢ãîé�ï ª®-
¬�−¤� fisttp §�¬¥−ï¥â á¥¬ì ú®¡ëç−ëåû ª®¬�−¤);

{ á«®¦−ë¥ �à¨ä¬¥â¨ç¥áª¨¥ ¢ëç¨á«¥−¨ï (ª®¬�−¤ë addsubps, addsubpd,
movsldup, movshdup, movddup);

{ ª®¤¨à®¢�−¨¥ ¢¨¤¥® (ª®¬�−¤� 1ddqu);

{ ®¡à�¡®âª� £à�ä¨ª¨ (ª®¬�−¤ë haddps, hsubps, haddpd, hsubpd);

{ á¨−åà®−¨§�æ¨ï ¯®â®ª®¢ (ª®¬�−¤ë monitor, mwait).

ˆ, −�ª®−¥æ, ¢ ¬¨ªà®¯à®æ¥áá®à�å Intel Core ¡ë«� à¥�«¨§®¢�−� â¥å−®«®£¨ï
SSE4, ¨á¯®«ì§ãîé�ï ¥é¥ 54 −®¢ëå ¨−áâàãªæ¨©.

4 Распараллеливание на уровне потоков

Š�ª ã¦¥ ®â¬¥ç�«®áì ¢ëè¥, à�á¯�à�««¥«¨¢�−¨¥ à�¡®âë ¬¨ªà®¯à®æ¥áá®à®¢
®áãé¥áâ¢«ï¥âáï â�ª¦¥ −� ãà®¢−¥ ¯®â®ª®¢, ¨ â�ª®© ¯®¤å®¤ ¯®«ãç¨« −�§¢�−¨¥
Hyper-Threading. �á−®¢−�ï ¨¤¥ï ¤�−−®© â¥å−®«®£¨¨ §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë
®¡¥á¯¥ç¨âì ®¤−®¢à¥¬¥−−ãî à�¡®âã â¥å äã−ªæ¨®−�«ì−ëå ¡«®ª®¢, ª®â®àë¥ ¨¬¥îâáï
¢ ¬¨ªà®¯à®æ¥áá®à�å. �â® ¤®áâ¨£�¥âáï §� áç¥â ®¤−®¢à¥¬¥−−®£® §�¯ãáª� −¥áª®«ìª¨å
¢ëç¨á«¨â¥«ì−ëå ¯®â®ª®¢.
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‚ −�áâ®ïé¥¥ ¢à¥¬ï àë−®ª ¯®«−®áâìî §�¢®¥¢�«¨ ¬−®£®§�¤�ç−ë¥ ®¯¥à�æ¨®−-
−ë¥ á¨áâ¥¬ë, ¨¤¥®«®£¨ï ª®â®àëå ¯®áâà®¥−� −� ®¤−®¢à¥¬¥−−®¬ áãé¥áâ¢®¢�−¨¨
−¥áª®«ìª¨å ¢ëç¨á«¨â¥«ì−ëå ¯®â®ª®¢ (threads), ®â−®áïé¨åáï ª ®¤−®¬ã ¨«¨ à�§-
−ë¬ �ªâ¨¢−ë¬ ¯à¨«®¦¥−¨ï¬, «¨¡® ª á�¬®© ®¯¥à�æ¨®−−®© á¨áâ¥¬¥. �®â®ª¨ ç�áâ®
−�§ë¢�îâ â�ª¦¥ ¯®â®ª�¬¨ ¢ë¯®«−¥−¨ï (thread of execution), ¨−®£¤� −�§ë¢�îâ
ú−¨âï¬¨û (¡ãª¢�«ì−ë© ¯¥à¥¢®¤ thread). …á«¨ −� ¬−®£®¯à®æ¥áá®à−ëå á¨áâ¥-
¬�å íâ¨ ¯®â®ª¨ ¬®£ãâ ¢ë¯®«−ïâìáï ®¤−®¢à¥¬¥−−® (¯® ®¤−®¬ã −� ¯à®æ¥áá®à), â®
¢ ®¤−®¯à®æ¥áá®à−ëå á¨áâ¥¬�å ¬¨ªà®¯à®æ¥áá®àë ¢ë−ã¦¤¥−ë −¥¯à¥àë¢−® ¯¥à¥-
ª«îç�âìáï ¬¥¦¤ã ¯®â®ª�¬¨, ª¢�−âãï ¯à®æ¥áá®à−®¥ ¢à¥¬ï ¬¥¦¤ã ¨á¯®«−¥−¨¥¬ ¨å
à�§«¨ç−ëå ç�áâ¥©.

’�ª¨¬ ®¡à�§®¬, ¥á«¨ à�§à¥è¨âì ¯à®æ¥áá®àã ®¤−®¢à¥¬¥−−®¥ ¢ë¯®«−¥−¨¥ ¡®«¥¥
ç¥¬ ®¤−®£® ¯®â®ª�, â® ¥£® à�¡®â� ¬®¦¥â ®áãé¥áâ¢«ïâìáï ¡®«¥¥ íää¥ªâ¨¢−®. ˆ¬¥−-
−® ¢ íâ®¬ ¨ á®áâ®¨â ®á−®¢−�ï ¨¤¥ï Hyper-Threading. �«�£®¤�àï íâ®© â¥å−®«®£¨¨
®¤¨− ä¨§¨ç¥áª¨© ¯à®æ¥áá®à ¢®á¯à¨−¨¬�¥âáï ®¯¥à�æ¨®−−®© á¨áâ¥¬®© ¨ ¯à¨«®¦¥-
−¨ï¬¨ ª�ª ¤¢� «®£¨ç¥áª¨å ¯à®æ¥áá®à�. ‘®®â¢¥âáâ¢¥−−®, ®¯¥à�æ¨®−−�ï á¨áâ¥¬�
¯à¥¤¯®«�£�¥â, çâ® ¯à®æ¥áá®à á â¥å−®«®£¨¥© Hyper-Threading ¬®¦¥â ®¤−®¢à¥¬¥−-
−® ¢ë¯®«−ïâì ¤¢� ¯®â®ª� ¨ §�£àã¦�¥â â�ª®© ¯à®æ¥áá®à à�¡®â®© £®à�§¤® ¯®«−¥¥.
�®áª®«ìªã ä¨§¨ç¥áª¨© ¯à®æ¥áá®à á â¥å−®«®£¨¥© Hyper-Threading ¯à¥¤áâ�¢«ï¥â
á®¡®© ¤¢� «®£¨ç¥áª¨å ¯à®æ¥áá®à�, −¥ª®â®àë¥ ¡«®ª¨ ¢ â�ª¨å ¯à®æ¥áá®à�å ¤®«¦−ë
¡ëâì ¯à®¤ã¡«¨à®¢�−ë. �à¨ç¥¬ ¯à®¤ã¡«¨à®¢�−ë ¤®«¦−ë ¡ëâì «¨èì ®â¤¥«ì−ë¥
ã¯à�¢«ïîé¨¥ í«¥¬¥−âë, ®á−®¢−ë¥ ¦¥ ¨á¯®«−¨â¥«ì−ë¥ à¥áãàáë ®áâ�îâáï â¥¬¨
¦¥ | â¥¯¥àì ®−¨ ¯®¯à®áâã §�£àã¦�îâáï ¡®«¥¥ ¯«®â−® ¨ íää¥ªâ¨¢−®. ‚ ¨â®£¥
¢ ¯à®æ¥áá®à�å á Hyper-Threading ¯à®¤ã¡«¨à®¢�−ë à¥£¨áâàë, ¢ª«îç�ï à¥£¨áâàë
®¡é¥£® −�§−�ç¥−¨ï ¨ à¥£¨áâàë Instruction Pointer | ãª�§�â¥«¨ −� ®ç¥à¥¤−ãî
¨−áâàãªæ¨î ¤«ï ¨á¯®«−¥−¨ï, −¥ª®â®àë¥ ã¯à�¢«ïîé¨¥ à¥£¨áâàë, ãá®¢¥àè¥−-
áâ¢®¢�−−ë© ¯à®£à�¬¬¨àã¥¬ë© ª®−âà®««¥à ¯à¥àë¢�−¨© (Advanced Programmable
Interrupt Controller | APIC). �áâ�«ì−ë¥ ¦¥ à¥áãàáë, ¢ª«îç�ï ªíè¨, ¨á¯®«-
−¨â¥«ì−ë¥ ¡«®ª¨, «®£¨ªã ¯à¥¤áª�§�−¨ï ¯¥à¥å®¤®¢, ª®−âà®««¥à è¨−ë ¨ â. ¯.,
«®£¨ç¥áª¨¥ ¯à®æ¥áá®àë à�§¤¥«ïîâ ¤àã£ á ¤àã£®¬. ˆ¬¥−−® ¯®íâ®¬ã à¥�«¨§�æ¨ï
â¥å−®«®£¨¨ Hyper-Threading ®¡®è«�áì à�§à�¡®âç¨ª�¬ ¤®áâ�â®ç−® ¤¥è¥¢® | ¯«®-
é�¤ì ¯à®æ¥áá®à−®£® ï¤à� ã¢¥«¨ç¨«�áì ¢á¥£® «¨èì ¯à¨¬¥à−® −� 5%, −® ¯®§¢®«¨«�
ã¢¥«¨ç¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì −� 15%{30% [7].

ˆ¬¥¥âáï −¥áª®«ìª® ª®−æ¥¯æ¨© à¥�«¨§�æ¨¨ ¬−®£®−¨â¥¢®© �àå¨â¥ªâãàë (Mul-
tithreading Architecture | MTA). ��¨¡®«¥¥ à�á¯à®áâà�−¥−−®© ï¢«ï¥âáï �àå¨â¥ª-
âãà� á ®¤−®¢à¥¬¥−−ë¬ ¢ë¯®«−¥−¨¥¬ −¨â¥© (SMT | Simultaneous Multithread-
ing). ‘�¬® ¥¥ −�§¢�−¨¥ ãª�§ë¢�¥â −� ¤®¯ãáâ¨¬®áâì ®¤−®¢à¥¬¥−−®£® ¢ë¯®«−¥−¨ï
−¥áª®«ìª¨å −¨â¥©, ª®£¤� −� ª�¦¤®¬ −®¢®¬ â�ªâ¥ −� ¢ë¯®«−¥−¨¥ ¢ ª�ª®¥-«¨¡®
äã−ªæ¨®−�«ì−®¥ ãáâà®©áâ¢® ¬®¦¥â −�¯à�¢«ïâìáï ª®¬�−¤� «î¡®© −¨â¨. ‚ SMT,
¥á«¨ ¯à®£à�¬¬−ë¥ ª®¤ë −¨â¨ ®¡¥á¯¥ç¨¢�îâ ¢ë¯®«−¥−¨¥ ¡®«ìè®£® ª®«¨ç¥áâ¢�
ª®¬�−¤ §� ®¤¨− â�ªâ, â�ª�ï −¨âì ¡ã¤¥â ¨á¯®«ì§®¢�âì ¡®«ìè¨−áâ¢® à¥áãàá®¢
¯à®æ¥áá®à�. ú�«®å¨¥û ¦¥, ¢ á¬ëá«¥ ç¨á«� ¢ë¯®«−ï¥¬ëå ª®¬�−¤, −¨â¨ ¡ã¤ãâ
à�§¤¥«ïâì à¥áãàáë á ¤àã£¨¬¨ ¯®¤®¡−ë¬¨ á¥¡¥. „«ï à¥�«¨§�æ¨¨ SMT −¥®¡å®¤¨¬ë
á«¥¤ãîé¨¥ �¯¯�à�â−ë¥ áà¥¤áâ¢�:
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{ −¥áª®«ìª® áç¥âç¨ª®¢ ª®¬�−¤ (¯® ®¤−®¬ã −� −¨âì) á ¢®§¬®¦−®áâìî ¢ë¡®à�
«î¡®£® ¨§ −¨å −� ª�¦¤®¬ â�ªâ¥;

{ áà¥¤áâ¢�, �áá®æ¨¨àãîé¨¥ ª®¬�−¤ë á −¨âìî, ª®â®à®© ®−¨ ¯à¨−�¤«¥¦�â (−¥-
®¡å®¤¨¬ë¥, ¢ ç�áâ−®áâ¨, ¤«ï à�¡®âë ¬¥å�−¨§¬®¢ ¯à¥¤áª�§�−¨ï ¯¥à¥å®¤®¢ ¨
¯¥à¥¨¬¥−®¢�−¨ï à¥£¨áâà®¢);

{ −¥áª®«ìª® áâ¥ª®¢ �¤à¥á®¢ ¢®§¢à�â� (¯® ®¤−®¬ã −� −¨âì) ¤«ï ¯à¥¤áª�§�−¨ï
�¤à¥á®¢ ¢®§¢à�â� ¨§ ¯®¤¯à®£à�¬¬;

{ á¯¥æ¨�«ì−�ï ¤®¯®«−¨â¥«ì−�ï ¯�¬ïâì ¢ ¯à®æ¥áá®à¥ (¢ à�áç¥â¥ −� ª�¦¤ãî −¨âì)
¤«ï ®áãé¥áâ¢«¥−¨ï ¯à®æ¥¤ãàë ã¤�«¥−¨ï ¨§ ¡ãä¥à� ¢ë¯®«−¥−−ëå ¢−¥®ç¥à¥¤-
−ë¬ ®¡à�§®¬ ª®¬�−¤.

Œ®¦−® á¤¥«�âì ¢ë¢®¤ ® á«¥¤ãîé¨å ¯à¥¨¬ãé¥áâ¢�å Hyper-Threading:
ã«ãçè¥−−�ï ¯®¤¤¥à¦ª� ¬−®£®¯®â®ç−®£® ª®¤�, ¯®§¢®«ïîé�ï §�¯ãáª�âì ¯®â®-
ª¨ ®¤−®¢à¥¬¥−−®; ã«ãçè¥−−�ï à¥�ªæ¨ï ¨ ¢à¥¬ï ®âª«¨ª�; ã¢¥«¨ç¥−−®¥ ç¨á«®
¯®«ì§®¢�â¥«¥©, ª®â®à®¥ ¬®¦¥â ¯®¤¤¥à¦¨¢�âìáï á¥à¢¥à®¬. ‚¯¥à¢ë¥ â¥å−®«®£¨ï
Hyper-Threading ¡ë«� à¥�«¨§®¢�−� ¢ ¬¨ªà®¯à®æ¥áá®à�å Pentium 4 [7].

5 Многоядерные микропроцессоры

‘«¥¤ãîé¨¬ «®£¨ç¥áª¨¬ ¨ −�¨¡®«¥¥ §−�ç¨¬ë¬ è�£®¬ ¯® ¢−¥¤à¥−¨î ¯�à�««¥-
«¨§¬�, ¯®¤¤¥à¦�−−ë¬ â¥å−®«®£¨ç¥áª¨¬¨ ¢®§¬®¦−®áâï¬¨ ¯® −�à�é¨¢�−¨î ç¨á«�
âà�−§¨áâ®à®¢ (§�ª®− Œãà� ¯à®¤®«¦�¥â ¤¥©áâ¢®¢�âì), áâ�« è�£ ¯® à�§¬¥é¥−¨î
−� ®¤−®¬ ç¨¯¥ −¥áª®«ìª¨å ï¤¥à. Œ®¦−® áª�§�âì, çâ® ¬−®£®ï¤¥à−ë¥ ¯à®æ¥áá®àë
à¥�«¨§ãîâ ¯�à�««¥«¨§¬ à�¡®âë ¢ ª¢�¤à�â¥, ¯®áª®«ìªã −¥ â®«ìª® −¥¯®áà¥¤áâ¢¥−-
−® ¢ á�¬¨å ï¤à�å ¬®£ãâ ¡ëâì ®¡¥á¯¥ç¥−ë â¥ ¢¨¤ë ¯�à�««¥«¨§¬�, ª®â®àë¥ ¡ë«¨
¯à¥¤áâ�¢«¥−ë ¢ëè¥, −® ¨ á�¬¨ ï¤à� ¬®£ãâ à�¡®â�âì ¯�à�««¥«ì−®.

�¥à¢ë© ¬−®£®ï¤¥à−ë© ¬¨ªà®¯à®æ¥áá®à ¯®ï¢¨«áï ¢ 2001 £. | ä¨à¬� IBM
¢ë¯ãáâ¨«� ¯à®æ¥áá®à Power4, ª®â®àë© ¬®£ ¡ëâì ¨á¯®«ì§®¢�− â®«ìª® ¤«ï à¥è¥−¨ï
−¥ª®â®àëå ã§ª®¯à®ä¨«ì−ëå §�¤�ç. �®«ì§®¢�â¥«ï¬ ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢
¯à¨è«®áì ¦¤�âì ¯®ï¢«¥−¨ï ¤¢ãåêï¤¥à−®£® ¯à®æ¥áá®à� æ¥«ëå 4 £®¤� | ª®£¤�
¢ 2005 £. ¢á«¥¤ §� ¤¢ãåêï¤¥à−ë¬ ¯à®æ¥áá®à®¬ Opteron ¤«ï á¥à¢¥à®¢ ª®¬¯�−¨¨
AMD ¯®ï¢¨«áï ¤¢ãï¤¥à−ë© ¬¨ªà®¯à®æ¥áá®à Intel Pentium D ¤«ï ¤®¬�è−¨å
¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢. �¥à¢ë© ç¥âëà¥åêï¤¥à−ë© ¬¨ªà®¯à®æ¥áá®à Intel
Core 2 Quad ¯®ï¢¨«áï ¢ ª®−æ¥ 2007 £. ‚ 2009 £. ä¨à¬� Intel ¢ë¯ãáâ¨«�
¬¨ªà®¯à®æ¥áá®àë Core i3, i5 ¨ i7, ª®â®àë¥ ¯à®¨§¢®¤¨«¨áì ¯® 32-−�−®¬¥âà®¢®¬ã
â¥å¯à®æ¥ááã. � 14 ®ªâï¡àï 2011 £. ã¢¨¤¥« á¢¥â è¥áâ¨ï¤¥à−ë© ¯à®æ¥áá®à Intel
Core i7-3960X −� ¡�§¥ �àå¨â¥ªâãàë Sandy Bridge-E.

‚ ª®à¯®à�æ¨¨ Intel ã¦¥ £®¢®àïâ −¥ ® ú¬ã«ìâ¨ï¤¥à−®áâ¨û (multicore) ¯à®-
æ¥áá®à®¢, ª�ª íâ® ¤¥«�¥âáï ¢ ®â−®è¥−¨¨ 2-, 4-, 8-, 16- ¨«¨ ¤�¦¥ 32-ï¤¥à−ëå
à¥è¥−¨©, � ® ú¬−®£®ï¤¥à−®áâ¨û (many-core), ¯®¤à�§ã¬¥¢�ï á®¢¥àè¥−−® −®¢ãî
�àå¨â¥ªâãà−ãî ¬�ªà®áâàãªâãàã ç¨¯� [8]. Œ−®£®ï¤¥à−ë¥ ¬¨ªà®¯à®æ¥áá®àë ¬®£ãâ
¨¬¥âì £®¬®£¥−−ãî ¨«¨ £¥â¥à®£¥−−ãî �àå¨â¥ªâãàã. ‚ £®¬®£¥−−®© �àå¨â¥ªâãà¥ ¢á¥
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ï¤à� ®¤¨−�ª®¢ë¥ ¨ ¢ë¯®«−ïîâ ®¤−¨ ¨ â¥ ¦¥ äã−ªæ¨¨. ‚ £¥â¥à®£¥−−®© �àå¨â¥ª-
âãà¥ ï¤à� ¯à®æ¥áá®à� ¢ë¯®«−ïîâ à�§−ë¥ §�¤�ç¨. ��¯à¨¬¥à, ¢ ¯à®æ¥áá®à¥ Cell
�«ìï−á� IBM, Sony ¨ Toshiba ®¤−® ï¤à® ï¢«ï¥âáï ï¤à®¬ ®¡é¥£® −�§−�ç¥−¨ï, �
¢®á¥¬ì | á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ¬¨ªà®¯à®æ¥áá®à�¬¨, ®¯â¨¬¨§¨à®¢�−−ë¬¨ ¤«ï
¢¥ªâ®à−ëå ®¯¥à�æ¨©.

�� ®á−®¢�−¨¨ ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå ¢ [8], áâàãªâãàã ¬−®£®ï¤¥à−®£® ¬¨ª-
à®¯à®æ¥áá®à� ¬®¦−® ®¯¨á�âì á«¥¤ãîé¨¬ ®¡à�§®¬, ¯à¨ íâ®¬ ãç¨âë¢�ï, çâ® ª�¦¤®¥
ï¤à® ¤®«¦−® ¡ëâì −¥§�¢¨á¨¬ë¬ | á −¥§�¢¨á¨¬ë¬ í−¥à£®¯®âà¥¡«¥−¨¥¬ ¨ ã¯à�¢-
«ï¥¬®© ¯®âà¥¡«ï¥¬®© ¬®é−®áâìî:

�á−®¢ã áâàãªâãàë á®áâ�¢«ïîâ ®¤−® ¨«¨ −¥áª®«ìª® ¬®é−ëå æ¥−âà�«ì−ëå
ï¤¥à, ç¨á«® â�ª¨å ï¤¥à §�¢¨á¨â ®â ª«�áá� à¥è�¥¬ëå ¤�−−ë¬ ¯à®æ¥áá®à®¬ §�¤�ç.
�â¨ ï¤à� ®ªàã¦¥−ë ¬−®¦¥áâ¢®¬ ¢á¯®¬®£�â¥«ì−ëå ï¤¥à, ª®â®àë¥ ¯à¥¤−�§−�ç¥−ë
¤«ï ¡®«¥¥ íää¥ªâ¨¢−®© ®¡à�¡®âª¨ á«®¦−ëå ¬ã«ìâ¨¬¥¤¨©−ëå ¯à¨«®¦¥−¨© ¢ ¬−®-
£®¯®â®ç−®¬ à¥¦¨¬¥. Šà®¬¥ íâ¨å ï¤¥à, ª®â®àë¥ ¬®¦−® −�§¢�âì ï¤à�¬¨ ú®¡é¥£®
−�§−�ç¥−¨ïû, ¯à®æ¥áá®àë ¤®«¦−ë â�ª¦¥ ®¡«�¤�âì á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ï¤à�¬¨
¤«ï ¢ë¯®«−¥−¨ï à�§«¨ç−ëå ª«�áá®¢ §�¤�ç, â�ª¨å ª�ª £à�ä¨ç¥áª�ï ®¡à�¡®âª�,
�«£®à¨â¬ë à�á¯®§−�¢�−¨ï à¥ç¨, ®¡à�¡®âª� ª®¬¬ã−¨ª�æ¨®−−ëå ¯à®â®ª®«®¢.

“ç¨âë¢�ï ¢®§à�áâ�îéãî ¢ áà¥¤¥ ¨áá«¥¤®¢�â¥«¥© ¨ ¯®«ì§®¢�â¥«¥© ¯®¯ã«ïà-
−®áâì ¯à®¢¥¤¥−¨ï ¢ëç¨á«¥−¨© −� á¯¥æ¨�«¨§¨à®¢�−−ëå £à�ä¨ç¥áª¨å ¢¨¤¥®ª�àâ�å
(â¥å−®«®£¨¨ CUDA ®â NVIDIA, ATI Stream Technology ®â AMD), ®ç¥−ì ¯¥àá¯¥ª-
â¨¢−®© ¯à¥¤áâ�¢«ï¥âáï ¨¤¥ï ¨−â¥£à�æ¨¨ á«®¦−ëå £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢ ¢¬¥-
áâ¥ á æ¥−âà�«ì−ë¬¨ ¬−®£®§�¤�ç−ë¬¨ ¯à®æ¥áá®à�¬¨ −� ®¤−®¬ ªà¨áâ�««¥. �¥à¢ë¥
è�£¨ ª â�ª®© ¨−â¥£à�æ¨¨ ª�ª à�§ ¨ ¯à¥¤áâ�¢«¥−ë ¢ â¥å−®«®£¨¨ APU (Accelerated
Processing Unit). �ç¥¢¨¤−®, çâ® ¡�®«ìèãî ç�áâì ¢ëç¨á«¨â¥«ì−®© −�£àã§ª¨ ¬®¦−®
¡ã¤¥â á−ïâì á æ¥−âà�«ì−®£® ¯à®æ¥áá®à�, ®áâ�¢¨¢ ¥¬ã §�¤�ç¨ ã¯à�¢«¥−¨ï, á¨−åà®-
−¨§�æ¨¨ ¨ â. ¤., � ¢ëç¨á«¥−¨ï à¥�«¨§®¢ë¢�âì á ¯®¬®éìî £à�ä¨ç¥áª¨å ï¤¥à.

�® ¬−¥−¨î á®âàã¤−¨ª®¢ Intel, �àå¨â¥ªâãàë á ¯®¤¤¥à¦ª®© ¬−®£®¯à®æ¥áá®à−®©
®¡à�¡®âª¨ −� ãà®¢−¥ ªà¨áâ�««� (chip-level multiprocessing, CMP) ¯à¥¤áâ�¢«ïîâ
¡ã¤ãé¥¥ ¬¨ªà®¯à®æ¥áá®à®¢, ¯®â®¬ã çâ® â�ª¨¥ �àå¨â¥ªâãàë ¯®§¢®«ïîâ ¤®áâ¨çì
®£à®¬−ëå ãà®¢−¥© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¨ ¡®«¥¥ ¯à¨¥¬«¥¬ëå â�ªâ®¢ëå ç�áâ®â�å
¡«�£®¤�àï ¯�à�««¥«ì−®¬ã ¢ë¯®«−¥−¨î ¬−®¦¥áâ¢� ®¯¥à�æ¨©, ¨ ¢ â® ¦¥ ¢à¥¬ï ®¡¥á-
¯¥ç¨âì íää¥ªâ¨¢−®¥ ã¯à�¢«¥−¨¥ ¯¨â�−¨¥¬ ¨ íää¥ªâ¨¢−ë© à¥¦¨¬ ®å«�¦¤¥−¨ï.

�àå¨â¥ªâãàë CMP ä¨à¬ë Intel | íâ® −¥ â®«ìª® ¯ãâì ª ®£à®¬−®¬ã à®áâã ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨, −® ¨ ¢®§¬®¦−®áâì á¢¥áâ¨ ª ¬¨−¨¬ã¬ã ¯®âà¥¡«ï¥¬ãî ¬®é−®áâì ¨
â¥¯«®®â¤�çã. ‚ ®â«¨ç¨¥ ®â ®à¨¥−â�æ¨¨ −� ¡®«ìè¨¥, í−¥à£®¥¬ª¨¥ ¢ëç¨á«¨â¥«ì−ë¥
ï¤à� á ¡®«ìè®© â¥¯«®®â¤�ç¥©, ªà¨áâ�««ë CMP ä¨à¬ë Intel ¡ã¤ãâ �ªâ¨¢¨§¨-
à®¢�âì â®«ìª® â¥ ï¤à�, ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ¢ë¯®«−¥−¨ï â¥ªãé¥© §�¤�ç¨,
â®£¤� ª�ª ®áâ�«ì−ë¥ ï¤à� ¡ã¤ãâ ®âª«îç¥−ë. ’�ª®¥ ¬¥«ª®¬®¤ã«ì−®¥ ã¯à�¢«¥-
−¨¥ ¢ëç¨á«¨â¥«ì−ë¬¨ à¥áãàá�¬¨ ¯®§¢®«ï¥â ªà¨áâ�««ã ¯®âà¥¡«ïâì à®¢−® áâ®«ìª®
í«¥ªâà®í−¥à£¨¨, áª®«ìª® −ã¦−® ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨.

�¤−�ª®, −¥á¬®âàï −� ¢¨¤¨¬ë© ¯®¤ê¥¬ ¨−â¥à¥á� ª ¬−®£®ï¤¥à−ë¬ ¨ ¬−®£®¯®-
â®ª®¢ë¬ ¯à®æ¥áá®à�¬, á«¥¤ã¥â ¯à¨§−�âì, çâ® ª«îç¥¢®© ¬®¬¥−â £àï¤ãé¥© ú¯�-
à�««¥«ì−®© à¥¢®«îæ¨¨û §�ª«îç�¥âáï −¥ ¢ á®¡áâ¢¥−−® ¯à®æ¥áá®à�å, � ¢ £àï¤ãé¨å
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à�¤¨ª�«ì−ëå ¨§¬¥−¥−¨ïå ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨. �−® ¤®«¦−® áâ�âì â�ª¨¬,
çâ®¡ë á®åà�−¨«�áì ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì ¯à¥¨¬ãé¥áâ¢� íªá¯®−¥−æ¨�«ì−®£®
à®áâ� ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥áá®à®¢. �¯â¨¬�«ì−�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ¯à¨-
«®¦¥−¨© ¢ ¬−®£®ï¤¥à−ëå á¨áâ¥¬�å ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ� §� áç¥â à�æ¨®−�«ì−®£®
¨á¯®«ì§®¢�−¨ï ¯à®£à�¬¬−ëå ¯®â®ª®¢ ¤«ï ú¯à�¢¨«ì−®£®û à�á¯à¥¤¥«¥−¨ï ¯®¤-
§�¤�ç, á®§¤�¢�¥¬ëå ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬. ‚ë¯®«−¥−¨¥ ¯®â®ª®¢ ¬®¦−®
®¯â¨¬¨§¨à®¢�âì ¤«ï ¢ë¯®«−¥−¨ï −� à�§«¨ç−ëå ¬¥¦¤ã á®¡®© ä¨§¨ç¥áª¨å ï¤à�å,
çâ® ¯®¢ëè�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì á¨áâ¥¬ë.

�à¨ −�¯¨á�−¨¨ ¯®¤®¡−ëå ¯à®£à�¬¬ −¥®¡å®¤¨¬® ¯à¨¤¥à¦¨¢�âìáï ¯à¨−æ¨¯�
¤¥ª®¬¯®§¨æ¨¨ [9], â. ¥. áâ�à�âìáï ¢ë¤¥«ïâì ¢ à�¬ª�å à¥è¥−¨ï £«®¡�«ì−®© §�¤�ç¨
á¢ï§�−−ë¥ ¬¥¦¤ã á®¡®© ¯®¤§�¤�ç¨, ª®â®àë¥ ¬®£ãâ ¢ë¯®«−ïâìáï ¯�à�««¥«ì−®.
�à¨ íâ®¬ ¢®§¬®¦−® −¥áª®«ìª® ¢¨¤®¢ ¤¥ª®¬¯®§¨æ¨¨:

(1) ¤¥ª®¬¯®§¨æ¨ï ¯® §�¤�−¨ï¬, â. ¥. ¯à¨á¢®¥−¨¥ à�§«¨ç−ëå äã−ªæ¨© à�§−ë¬
¯®â®ª�¬. �â® −�¨¡®«¥¥ ¯à®áâ®© á¯®á®¡ á®§¤�−¨ï ¯�à�««¥«ì−ëå ¯à®£à�¬¬,
¯®¤à�§ã¬¥¢�îé¨© ®¤−®¢à¥¬¥−−®¥ ¢ë¯®«−¥−¨¥ ¤«ï §�¤�ç, ª®â®àë¥ ¨§−�-
ç�«ì−® ¯à¥¤¯®«�£�«¨áì −¥§�¢¨á¨¬ë¬¨ ¬¥¦¤ã á®¡®©. ��¯à¨¬¥à, ¯à®£à�¬¬�
¬®¦¥â à�ááç¨âë¢�âì ¯�à�¬¥âàë ¬®¤¥«¨, ®¤−�ª® ¯®«ì§®¢�â¥«ì ¬®¦¥â ¢ íâ®
¢à¥¬ï ¯à®á¬�âà¨¢�âì ¨ ®â®¡à�¦�âì (â�¡«¨ç−®, £à�ä¨ç¥áª¨) ¯¥à¢®−�ç�«ì−ë¥
¤�−−ë¥, ¤«ï ª®â®àëå ®−� áâà®¨âáï;

(2) ¤¥ª®¬¯®§¨æ¨ï ¯® ¤�−−ë¬ ¯à¥¤¯®«�£�¥â ®¡à�¡®âªã ¨−ä®à¬�æ¨¨ à�§−ë¬¨
¯à®æ¥áá�¬¨, ®¤−�ª® ª�¦¤ë© ¯à®æ¥áá ®¡à�¡�âë¢�¥â á¢®© −¥¯¥à¥á¥ª�îé¨©áï
¡«®ª ¤�−−ëå. ��¯à¨¬¥à, ¯à¨ ®¡à�¡®âª¥ à¥§ã«ìâ�â®¢ ä¨§¨ç¥áª®£® íªá¯¥à¨-
¬¥−â�, ¢ ª®â®à®¬ á¨áâ¥¬� ¬®¦¥â −�å®¤¨âìáï ¢ ®â−®á¨â¥«ì−® −¥§�¢¨á¨¬ëå
¬¥¦¤ã á®¡®© á®áâ®ï−¨ïå, ¢®§¬®¦−® áâà®¨âì ¬®¤¥«ì ¤«ï ª�¦¤®£® ¨§ à¥¦¨¬®¢
á ¯®¬®éìî à�§−ëå ¯à®æ¥áá®¢, å®âï ¨§−�ç�«ì−® íâ® ¡ë«¨ ¤�−−ë¥ ®¤−®£®
íªá¯¥à¨¬¥−â�;

(3) ¤¥ª®¬¯®§¨æ¨ï ¯® ¨−ä®à¬�æ¨®−−ë¬ ¯®â®ª�¬, −�¨¡®«¥¥ á«®¦−�ï á â®çª¨ §à¥-
−¨ï à¥�«¨§�æ¨¨ ¯�à�««¥«¨§¬�. „¥«® ¢ â®¬, çâ® ¢® ¬−®£¨å à¥�«ì−ëå §�¤�ç�å
¢áâà¥ç�îâáï á¨âã�æ¨¨, ª®£¤� ¢ëå®¤−ë¥ ¤�−−ë¥ ®¤−®£® ¯®¤§�¤�−¨ï ï¢«ïîâáï
¢å®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï ¤àã£®£®. �ç¥¢¨¤−®, çâ® ¯®ª� ¢å®¤−ë¥ ¤�−−ë¥ −¥
¡ã¤ãâ ¯®«ãç¥−ë, ¢â®à®© ¯à®æ¥áá −¥ ¬®¦¥â ¡ëâì ¯®«−®æ¥−−® §�¯ãé¥−. ��-
¯à¨¬¥à, ¯®ª� −¥ ¡ã¤¥â áä®à¬¨à®¢�−� â¥áâ®¢�ï ¢ë¡®àª� íªá¯¥à¨¬¥−â�«ì−ëå
¤�−−ëå ¤®áâ�â®ç−®£® à�§¬¥à�, ¯à®æ¥áá ¬®¤¥«¨à®¢�−¨ï ¯à®áâ�¨¢�¥â.

’�ª¨¬ ®¡à�§®¬, ¢ë¡¨à�ï ®¯à¥¤¥«¥−−ë© â¨¯ ¤¥ª®¬¯®§¨æ¨¨ ¤«ï à¥�«¨§�æ¨¨
¯à®£à�¬¬−®£® ª®¤� (¨«¨ ¨á¯®«ì§ãï −¥ª¨¥ £¨¡à¨¤−ë¥ ¢�à¨�−âë), ¬®¦−® ¤®¡¨âìáï
−�¨¡®«¥¥ íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï �¯¯�à�â−ëå à¥áãàá®¢, ¯à¥¤®áâ�¢«ï¥¬ëå
¢ á®¢à¥¬¥−−ëå ¨ ¯¥àá¯¥ªâ¨¢−ëå ¬−®£®¯à®æ¥áá®à−ëå �àå¨â¥ªâãà�å. �à¨ íâ®¬
¤«ï à¥è¥−¨ï ª®−ªà¥â−ëå §�¤�ç, ¢®§¬®¦−®, ¯®âà¥¡ã¥âáï ¨−¤¨¢¨¤ã�«ì−ë© ¯®¤å®¤,
â�ª ª�ª â¥å−®«®£¨¨ ¯�à�««¥«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï −¥ â®«ìª® ¯à¥¤®áâ�¢«ïîâ
¢®§¬®¦−®áâ¨ ¯® ã¢¥«¨ç¥−¨î ¯à®¨§¢®¤¨â¥«ì−®áâ¨, −® ¨ ¯à¥¤êï¢«ïîâ ¯®¢ëè¥−−ë¥
âà¥¡®¢�−¨ï ª à�§à�¡®âç¨ª�¬ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢ á¨«ã −¥®¡å®¤¨¬®áâ¨
à�§à¥è¥−¨ï àï¤� ¢®§−¨ª�îé¨å á¯¥æ¨ä¨ç¥áª¨å âàã¤−®áâ¥©.
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6 Заключение

�−�«¨§¨àãï ¯à®æ¥áá ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¬¨ªà®¯à®æ¥áá®à®¢, ¬®¦−® ¯à¥¤-
¯®«®¦¨âì, çâ® ¬−®£®ï¤¥à−ë¥ ¯à®æ¥áá®àë ¡ã¤ãâ ¢ë¤¥«ïâìáï −¥ â®«ìª® ¢ëá®ª®©
¯à®¨§¢®¤¨â¥«ì−®áâìî á�¬®© ¯® á¥¡¥, −® â�ª¦¥ ¡®£�âë¬¨ ¨ à�§−®®¡à�§−ë¬¨ ¢ë-
ç¨á«¨â¥«ì−ë¬¨ ¨ ª®¬¬ã−¨ª�æ¨®−−ë¬¨ ¢®§¬®¦−®áâï¬¨, ã¯à�¢«¥−¨¥¬ ¯¨â�−¨¥¬,
¯®¢ëè¥−−®© −�¤¥¦−®áâìî, ¡¥§®¯�á−®áâìî ¨ ã¯à�¢«ï¥¬®áâìî, � â�ª¦¥ ¯®«−®©
¨−â¥£à�æ¨¥© á® ¢á¥¬¨ ®áâ�«ì−ë¬¨ ª®¬¯®−¥−â�¬¨ ¯«�âä®à¬ë.
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Abstract: Microprocessor performance is largely determined by the degree of
organization of parallel work of various units. Different ways of microprocessor
parallelization are considered. For parallel processing of commands, the pipeline
method is used; for parallel data processing, the SIMD (Single Instruction {
Many Data) architecture is applied. The implemented method of thread-level
parallelism was the basis for creation of multicore microprocessors. A multicore
microprocessor is one of more powerful processors that are surrounded by a
multitude of auxiliary engines, which are designed for more efficient processing
of complex multimedia applications in the multithreaded mode. Architectures
with support of chip-level multiprocessing represent the future of microproces-
sors, because such architecture can achieve huge productivity levels with more
acceptable frequencies through parallel execution of many operations.
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О ТЕОРЕТИЧЕСКИ СТОЙКИХ ШИФРАХ

С. М. Рацеев1

�−−®â�æ¨ï: Š. ˜¥−−®− ¢ 1940-å ££. ¢¢¥« ¯®−ïâ¨¥ á®¢¥àè¥−−®£® è¨äà�,
®¡¥á¯¥ç¨¢�îé¥£® −�¨«ãçèãî §�é¨âã ®âªàëâëå â¥ªáâ®¢. ’�ª®© è¨äà −¥ ¤�¥â
ªà¨¯â®�−�«¨â¨ªã −¨ª�ª®© ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ®¡ ®âªàëâ®¬ â¥ªáâ¥ −�
®á−®¢¥ ¯¥à¥å¢�ç¥−−®© ªà¨¯â®£à�¬¬ë. �à¨ íâ®¬ å®à®è® ¨§¢¥áâ−ë© è¨äà £�¬-
¬¨à®¢�−¨ï á à�¢−®¢¥à®ïâ−®© £�¬¬®© ï¢«ï¥âáï á®¢¥àè¥−−ë¬, −® ¬�ªá¨¬�«ì−®
ãï§¢¨¬ë¬ ª ¯®¯ëâª�¬ ¨¬¨â�æ¨¨ ¨ ¯®¤¬¥−ë. �â® ¯à®¨áå®¤¨â ¯®â®¬ã, çâ® ¢
è¨äà¥ £�¬¬¨à®¢�−¨ï �«ä�¢¨âë ¤«ï §�¯¨á¨ ®âªàëâëå ¨ è¨äà®¢�−−ëå â¥ªáâ®¢
à�¢−®¬®é−ë. ‚ ¤�−−®© ®¡§®à−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï á®¢¥àè¥−−ë¥ è¨-
äàë, áâ®©ª¨¥ ª ¨¬¨â�æ¨¨ ¨ ¯®¤¬¥−¥ è¨äà®¢�−−ëå á®®¡é¥−¨©, ¯®áâà®¥−−ë¥
−� ®á−®¢¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ è¨äà� §�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬,
¯à¥¤«®¦¥−−®© �. ā. ‡ã¡®¢ë¬. �à¨ íâ®¬ ®¯®à−ë© è¨äà ¤�−−®© ¬®¤¥«¨
ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¨ ¤®áâ¨£�¥â −¨¦−¨å £à�−¨æ ¤«ï ¢¥à®ïâ−®áâ¥© ãá¯¥å�
¨¬¨â�æ¨¨ ¨ ¯®¤¬¥−ë á®®¡é¥−¨©. ’�ª¦¥ ¯à¨¢¥¤¥−ë −¥ª®â®àë¥ ®¡®¡é¥−¨ï
ª«�áá¨ç¥áª®© â¥®à¨¨ Š. ˜¥−−®−� ® á®¢¥àè¥−−ëå è¨äà�å.

Š«îç¥¢ë¥ á«®¢�: è¨äà; á®¢¥àè¥−−ë© è¨äà; ¨¬¨â�æ¨ï á®®¡é¥−¨ï

DOI: 10.14357/08696527140103

Введение
‘«¥¤ãï à�¡®â¥ [1], ¢¢¥¤¥¬ �«£¥¡à�¨ç¥áªãî ¬®¤¥«ì è¨äà�. �ãáâìX,K ¨ Y |

ª®−¥ç−ë¥ ¬−®¦¥áâ¢� ¢®§¬®¦−ëå ®âªàëâëå â¥ªáâ®¢, ª«îç¥© ¨ è¨äà®¢�−−ëå
â¥ªáâ®¢ á®®â¢¥âáâ¢¥−−®. �ãáâì â�ª¦¥ Ek : X → Y | ¯à�¢¨«® §�è¨äà®¢�−¨ï
−� ª«îç¥ k ∈ K. �¡®§−�ç¨¬ ç¥à¥§ E ¬−®¦¥áâ¢® ¢á¥å ¯à�¢¨« §�è¨äà®¢�−¨ï
{Ek | k ∈ K}. �ãáâì Dk : Ek(X) → X | ¯à�¢¨«® à�áè¨äà®¢�−¨ï −� ª«îç¥
k ∈ K. �¡®§−�ç¨¬ ç¥à¥§ D ¬−®¦¥áâ¢® ¯à�¢¨« à�áè¨äà®¢�−¨ï {Dk | k ∈ K}.

�«£¥¡à�¨ç¥áª®© ¬®¤¥«ìî è¨äà� −�§®¢¥¬ á®¢®ªã¯−®áâì

›A = (X,K, Y,E,D) ,

¤«ï ª®â®à®© ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ á¢®©áâ¢�:

(1) ¤«ï «î¡ëå x ∈ X ¨ k ∈ K ¢ë¯®«−¥−® à�¢¥−áâ¢® Dk(Ek(x)) = x;

(2) Y =
⋃
k∈K

Ek(X).

�ãáâì PX ¨ PK | −¥§�¢¨á¨¬ë¥ �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥©
á®®â¢¥âáâ¢¥−−® −� ª®−¥ç−ëå ¬−®¦¥áâ¢�å X ¨ K, −¥ á®¤¥à¦�é¨¥ −ã«¥¢ëå ¢¥à®-
ïâ−®áâ¥©. ’®£¤� ¯®¤ ¢¥à®ïâ−®áâ−®© ¬®¤¥«ìî ›B ¡ã¤¥¬ ¯®−¨¬�âì á®¢®ªã¯−®áâì

›B = (X,K, Y,E,D,PX , PK) ,

£¤¥ ¬−®¦¥áâ¢� X, K ¨ Y á¢ï§�−ë ãá«®¢¨ï¬¨ 1 ¨ 2.

1“«ìï−®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, RatseevSM@mail.ru
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‡�¬¥â¨¬, çâ® à�á¯à¥¤¥«¥−¨ï PX ¨ PK ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ¨−¤ãæ¨àãîâ
à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PY = {PY (y)|y ∈ Y } −� ¬−®¦¥áâ¢¥ è¨äà®¢�−−ëå
â¥ªáâ®¢ Y á«¥¤ãîé¨¬ ®¡à�§®¬:

PY (y) =
∑

(x,k)∈X×KEk(x)=y

PX(x)PK(k) . (1)

‡�¬¥â¨¬ â�ª¦¥, çâ® ¤«ï «î¡®£® y ∈ Y ¢ë¯®«−¥−® −¥à�¢¥−áâ¢® PY (y) > 0.
�â® á«¥¤ã¥â ¨§ ãá«®¢¨ï 1, à�¢¥−áâ¢� (1) ¨ â®£®, çâ® ¤«ï «î¡ëå x ∈ X ¨ k ∈ K
¢ë¯®«−¥−ë −¥à�¢¥−áâ¢� PX(x) > 0 ¨ PK(k) > 0.

�¡®§−�ç¨¬ K(x, y) = {k ∈ K|Ek(x) = y}. “á«®¢−�ï ¢¥à®ïâ−®áâì PY |X(y|x)
®¯à¥¤¥«ï¥âáï ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬:

PY |X(y|x) =
{ ∑
k∈K(x,y)

PK(k), K(x, y) 6= ∅ ;

0, K(x, y) = ∅ .
‘ ãç¥â®¬ â¥®à¥¬ë ã¬−®¦¥−¨ï ¢¥à®ïâ−®áâ¥© ®¯à¥¤¥«¨¬ ãá«®¢−ãî ¢¥à®ïâ−®áâì
PX|Y (x|y):

PX|Y (x|y) =
PX(x)PY |X(y|x)

PY (y)
.

1 Теоретическая стойкость шифров

��¯®¬−¨¬, çâ® è¨äà ›B −�§ë¢�¥âáï á®¢¥àè¥−−ë¬ ¯® ˜¥−−®−ã, ¥á«¨ ¤«ï
«î¡ëå x ∈ X, y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PX|Y (x|y) = PX(x). �à¨¢¥¤¥¬
íª¢¨¢�«¥−â−ë¥ ãá«®¢¨ï á®¢¥àè¥−−®£® ¯® ˜¥−−®−ã è¨äà�.

�à¥¤«®¦¥−¨¥ 1. „«ï ¯à®¨§¢®«ì−®£® è¨äà� ›B á«¥¤ãîé¨¥ ãá«®¢¨ï íª¢¨¢�-
«¥−â−ë:

(i) ¤«ï «î¡ëå x ∈ X ¨ y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PX|Y (x|y) = PX(x);
(ii) ¤«ï «î¡ëå x ∈ X ¨ y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PY |X(y|x) = PY (y);

(iii) ¤«ï «î¡ëå x1, x2 ∈ X ¨ y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PY |X(y|x1) =
= PY |X(y|x2).

�à¨¢¥¤¥¬ â�ª¦¥ −¥ª®â®àë¥ á¢®©áâ¢� á®¢¥àè¥−−®£® ¯® ˜¥−−®−ã è¨äà�.

�à¥¤«®¦¥−¨¥ 2 [1]. �ãáâì ›B | á®¢¥àè¥−−ë© ¯® ˜¥−−®−ã è¨äà. ’®£¤�
è¨äàã ›B ¯à¨áãé¨ á«¥¤ãîé¨¥ á¢®©áâ¢�:

(i) ¤«ï «î¡ëå x ∈ X, y ∈ Y −�©¤¥âáï â�ª®© ª«îç k ∈ K, çâ® Ek(x) = y;
(ii) ¤«ï ¬−®¦¥áâ¢ X, Y ¨ K á¯à�¢¥¤«¨¢® ¤¢®©−®¥ −¥à�¢¥−áâ¢® |X| ≤ |Y | ≤

≤ |K| .
�à¥¤«®¦¥−¨¥ 3. �ãáâì ›B | á®¢¥àè¥−−ë© ¯® ˜¥−−®−ã è¨äà. ’®£¤� à�¢¥−-
áâ¢® |K| = |Y | ¢ë¯®«−¥−® ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç�¥, ª®£¤� |K(x, y)| = 1 ¤«ï
«î¡ëå x ∈ X, y ∈ Y .
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’¥®à¥¬� 1 (¤®áâ�â®ç−ë¥ ãá«®¢¨ï á®¢¥àè¥−−®£® ¯® ˜¥−−®−ã è¨äà� [2]). �ãáâì
¤«ï è¨äà� ›B ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

(i) |K(x, y)| = 1 ¤«ï «î¡ëå x ∈ X, y ∈ Y ;

(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PK ï¢«ï¥âáï à�¢−®¬¥à−ë¬.

’®£¤� è¨äà ›B ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¯® ˜¥−−®−ã, ¯à¨ç¥¬ à�á¯à¥¤¥«¥−¨¥
¢¥à®ïâ−®áâ¥© PY ¡ã¤¥â à�¢−®¬¥à−ë¬ ¨ |K| = |Y |.
‘«¥¤áâ¢¨¥ 1 (â¥®à¥¬� Š. ˜¥−−®−�). �ãáâì›B | −¥ª®â®àë© è¨äà, ¤«ï ª®â®à®£®
¢ë¯®«−¥−® à�¢¥−áâ¢® |X| = |K| = |Y |. ˜¨äà ›B ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¯®
˜¥−−®−ã â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

(i) |K(x, y)| = 1 ¤«ï «î¡ëå x ∈ X, y ∈ Y ;

(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PK ï¢«ï¥âáï à�¢−®¬¥à−ë¬.

��àï¤ã á â¥®à¥¬®© ˜¥−−®−� ¯à¨¢¥¤¥¬ ¥é¥ ®¤¨− ªà¨â¥à¨© á®¢¥àè¥−−ëå è¨ä-
à®¢ ¢ ª«�áá¥ è¨äà®¢ á à�¢−®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨¥¬ ¢¥à®ïâ−®áâ¥© −� ¬−®¦¥áâ¢¥
ª«îç¥© K.

’¥®à¥¬� 2 [3]. �ãáâì ¤«ï è¨äà� ›B ¢ë¯®«−¥−® ¤¢®©−®¥ −¥à�¢¥−áâ¢® |X| ≤
≤ |Y | ≤ |K| ¨ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PK ï¢«ï¥âáï à�¢−®¬¥à−ë¬.
˜¨äà ›B ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¯® ˜¥−−®−ã â®£¤� ¨ â®«ìª® â®£¤�, ª®-
£¤� ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

(i) ¤«ï «î¡ëå x ∈ X, y ∈ Y −�©¤¥âáï â�ª®© ª«îç k ∈ K, çâ® Ek(x) = y;

(ii) ¤«ï «î¡ëå x1, x2 ∈ X, y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® |K(x1, y)| =
= |K(x2, y)|.

‘«¥¤áâ¢¨¥ 2. �ãáâì ¤«ï è¨äà� ›B ¢ë¯®«−¥−® á®®â−®è¥−¨¥ |X| ≤ |Y | = |K|
¨ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PK ï¢«ï¥âáï à�¢−®¬¥à−ë¬. ˜¨äà ›B ï¢«ï¥âáï
á®¢¥àè¥−−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� |K(x, y)| = 1 ¤«ï «î¡ëå x ∈ X, y ∈ Y .

˜¨äà ›B −�§ë¢�¥âáï (k|y)-á®¢¥àè¥−−ë¬, ¥á«¨ ¤«ï «î¡ëå k ∈ K, y ∈
∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PK|Y (k|y) = PK(k). …áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ¢¢®¤ïâáï
á«¥¤ãîé¨¥ ¢¥à®ïâ−®áâ¨:

PY |K(y|k) =
{ ∑
x∈X(k,y)

PX(x), X(k, y) 6= ∅ ;

0, X(k, y) = ∅ ,
(2)

£¤¥ X(k, y) = {x ∈ X |Ek(x) = y};

PK(k)PY |K(y|k) = PY (y)PK|Y (k|y).

‡�¬¥â¨¬, çâ® ¤«ï «î¡ëå k ∈ K, y ∈ Y ¬−®¦¥áâ¢® X(k, y) «¨¡® ¯ãáâ®, «¨¡®
®¤−®í«¥¬¥−â−®. Š�ª ¨ ¢ ¯à¥¤«®¦¥−¨ïå 1, 2 ¨ 3 ¯à¨¢¥¤¥¬ íª¢¨¢�«¥−â−ë¥ ãá«®¢¨ï
(k|y)-á®¢¥àè¥−−ëå è¨äà®¢ ¨ −¥ª®â®àë¥ ¨å á¢®©áâ¢�.
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�à¥¤«®¦¥−¨¥ 4. „«ï ¯à®¨§¢®«ì−®£® è¨äà� ›B á«¥¤ãîé¨¥ ãá«®¢¨ï íª¢¨¢�-
«¥−â−ë:

(i) ¤«ï «î¡ëå k ∈ K ¨ y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PK|Y (k|y) = PK(k);
(ii) ¤«ï «î¡ëå k ∈ K ¨ y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PY |K(y|k) = PY (y);

(iii) ¤«ï «î¡ëå k1, k2 ∈ K ¨ y ∈ Y ¢ë¯®«−¥−® à�¢¥−áâ¢® PY |K(y|k1) =
= PY |K(y|k2).

�à¥¤«®¦¥−¨¥ 5. „«ï ¯à®¨§¢®«ì−®£® è¨äà� ›B á«¥¤ãîé¨¥ ãá«®¢¨ï íª¢¨¢�-
«¥−â−ë:

(i) |X| = |Y |;
(ii) ¤«ï «î¡®© ¯�àë (k, y) ∈ K × Y −�©¤¥âáï x ∈ X â�ª®¥, çâ® Ek(x) = y.

�à¥¤«®¦¥−¨¥ 6. �ãáâì è¨äà ›B ï¢«ï¥âáï (k|y)-á®¢¥àè¥−−ë¬. ’®£¤� |X| =
= |Y |.
’¥®à¥¬� 3 (¤®áâ�â®ç−ë¥ ãá«®¢¨ï (k|y)-á®¢¥àè¥−−®£® è¨äà�). �ãáâì ¤«ï è¨ä-
à� ›B ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

(i) |X| = |Y |;
(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PX ï¢«ï¥âáï à�¢−®¬¥à−ë¬.

’®£¤� è¨äà ›B ï¢«ï¥âáï (k|y)-á®¢¥àè¥−−ë¬, ¯à¨ç¥¬ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®-
áâ¥© PY â�ª¦¥ ¡ã¤¥â à�¢−®¬¥à−ë¬.
„ ® ª � § � â ¥ « ì á â ¢ ® . �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë. ’®£¤� ¨§ ãá«®¢¨ï (i),
¯à¥¤«®¦¥−¨ï 5 ¨ ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨ï è¨äà� á«¥¤ã¥â, çâ® ¤«ï «î¡®© ¯�àë
(k, y) ∈ K × Y −�©¤¥âáï, ¨ ¯à¨â®¬ ¥¤¨−áâ¢¥−−®¥, x ∈ X, â�ª®¥ çâ® Ek(x) = y.
�®íâ®¬ã, ãç¨âë¢�ï ãá«®¢¨¥ (ii) ¨ à�¢¥−áâ¢® (2), ¡ã¤¥â ¢ë¯®«−¥−® â�ª®¥ à�¢¥−áâ¢®:

PY |K(y|k) = PX(x) =
1

|X| =
1

|Y | .

‘«¥¤®¢�â¥«ì−®, ¤«ï «î¡ëå y1, y2 ∈ Y , k1, k2 ∈ K á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥
à�¢¥−áâ¢®:

PY |K(y1|k1) =
1

|Y | = PY |K(y2|k2) .

’�ª¨¬ ®¡à�§®¬, ¢ë¯®«−¥−® ãá«®¢¨¥ (iii) ¯à¥¤«®¦¥−¨ï 4, ¯®íâ®¬ã è¨äà ›B
ï¢«ï¥âáï (k|y)-á®¢¥àè¥−−ë¬.

ˆ§ â®£® ¦¥ ¯à¥¤«®¦¥−¨ï 4 á«¥¤ã¥â, çâ® ¤«ï «î¡ëå y ∈ Y , k ∈ K ¡ã¤¥â
¢ë¯®«−¥−® à�¢¥−áâ¢® PY |K(y|k) = PY (y). �®íâ®¬ã

PY (y) = PY |K(y|k) =
1

|Y | . �
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’¥®à¥¬� 4. �ãáâì ¤«ï è¨äà� ›B ¢ë¯®«−¥−® à�¢¥−áâ¢® |X| = |Y | = |K|.
˜¨äà ›B ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¯® ˜¥−−®−ã ¨ (k|y)-á®¢¥àè¥−−ë¬ â®£¤� ¨
â®«ìª® â®£¤�, ª®£¤� ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

(i) |K(x, y)| = 1 ¤«ï «î¡ëå x ∈ X ¨ y ∈ Y ;

(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PK ï¢«ï¥âáï à�¢−®¬¥à−ë¬;

(iii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PX ï¢«ï¥âáï à�¢−®¬¥à−ë¬.

„ ® ª � § � â ¥ « ì á â ¢ ® . �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï (i){(iii). ’®£¤� á®¢¥àè¥−−®áâì
¯® ˜¥−−®−ã ¨ (k|y)-á®¢¥àè¥−−®áâì è¨äà� ›B á«¥¤ã¥â ¨§ â¥®à¥¬ 1 ¨ 3.

�®ª�¦¥¬ ¢ ®¡à�â−ãî áâ®à®−ã. �ãáâì è¨äà ›B ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¯®
˜¥−−®−ã ¨ (k|y)-á®¢¥àè¥−−ë¬. ’®£¤� ãá«®¢¨ï (i) ¨ (ii) á«¥¤ãîâ ¨§ â¥®à¥¬ë
˜¥−−®−�. �®ª�¦¥¬ á¯à�¢¥¤«¨¢®áâì ãá«®¢¨ï (iii).

�à¥¤¢�à¨â¥«ì−® §�¬¥â¨¬, çâ® à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PY ï¢«ï¥âáï à�¢-
−®¬¥à−ë¬ (â¥®à¥¬� 1).

‡�ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì−®¥ §−�ç¥−¨¥ k0 ∈ K. ˆ§ ¯à¥¤«®¦¥−¨© 5 ¨ 6
á«¥¤ã¥â, çâ® ¤«ï «î¡®£® y ∈ Y −�©¤¥âáï, ¨ ¯à¨â®¬ ¥¤¨−áâ¢¥−−®¥, x ∈ X
â�ª®¥, çâ® Ek0(x) = y. �à®−ã¬¥àã¥¬ í«¥¬¥−âë ¬−®¦¥áâ¢ X = {x1, . . . , xN} ¨
Y = {y1, . . . , yN} â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¢ë¯®«−ï«¨áì à�¢¥−áâ¢�

Ek0(xi) = yi , i = 1, . . . , N .

’®£¤�

PX(xi) = PY |K(yi|k0) = PY (yi) =
1

|Y | , i = 1, . . . , N .

�®íâ®¬ã à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PX ï¢«ï¥âáï à�¢−®¬¥à−ë¬. �

2 Совершенные шифры замены с неограниченным ключом

�¯à¥¤¥«¥−−�ï ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì è¨äà� ›B ¯®§¢®«ï¥â à�áá¬�âà¨¢�âì ¢
ª�ç¥áâ¢¥ ¬−®¦¥áâ¢� ®âªàëâëå â¥ªáâ®¢ X «¨èì ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ −¥ª®â®à®¬
ª®−¥ç−®¬ �«ä�¢¨â¥A, ¤«¨−ë ª®â®àëå ®£à�−¨ç¥−ë −¥ª®â®à®© §�à�−¥¥ ®¯à¥¤¥«¥−-
−®© ª®−áâ�−â®©. ‚ à�¡®â¥ [4] ¯à¨¢®¤ïâáï ¬®¤¥«¨ è¨äà®¢ §�¬¥−ë á ®£à�−¨ç¥−−ë¬
¨ −¥®£à�−¨ç¥−−ë¬ ª«îç®¬, ¤«ï ª®â®àëå, ¢ ç�áâ−®áâ¨, −� ¬−®¦¥áâ¢® X â�ª®¥
®£à�−¨ç¥−¨¥ −¥ −�ª«�¤ë¢�¥âáï. �®áª®«ìªã, ¢ ®¡é¥¬ á«ãç�¥, è¨äà §�¬¥−ë á ®£à�-
−¨ç¥−−ë¬ ª«îç®¬ á®¢¥àè¥−−ë¬ −¥ ï¢«ï¥âáï (á¬. [4]), ¡ã¤¥¬ à�áá¬�âà¨¢�âì è¨äà
§�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬. ’�ª�ï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¨¬¥¥â àï¤ ¯®-
«¥§−ëå á¢®©áâ¢, −�¯à¨¬¥à, ®−� ¯®§¢®«ï¥â áâà®¨âì ¬®¤¥«¨ á®¢¥àè¥−−ëå è¨äà®¢
¨ ®¯â¨¬�«ì−ëå ª®¤®¢ �ãâ¥−â¨ä¨ª�æ¨¨, áâ®©ª¨å ª ¨¬¨â�æ¨¨ ¨ ¯®¤¬¥−¥ [2,3,5].

�à¨¢¥¤¥¬ ¬®¤¥«ì ¤�−−®£® è¨äà�.
�ãáâìU | ª®−¥ç−®¥ ¬−®¦¥áâ¢® ¢®§¬®¦−ëå úè¨äà¢¥«¨ç¨−û, �V | ª®−¥ç−®¥

¬−®¦¥áâ¢® ¢®§¬®¦−ëå úè¨äà®¡®§−�ç¥−¨©û. �ãáâì â�ª¦¥ ¨¬¥îâáï r (r > 1)
¨−ê¥ªâ¨¢−ëå ®â®¡à�¦¥−¨© ¨§ U ¢ V . �à®−ã¬¥àã¥¬ ¤�−−ë¥ ®â®¡à�¦¥−¨ï:
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E1, E2, . . . , Er. „�−−ë¥ ®â®¡à�¦¥−¨ï −�§ë¢�îâáï ¯à®áâë¬¨ §�¬¥−�¬¨. �¡®-
§−�ç¨¬ Nr = {1, 2, . . . , r}. �¯®à−ë¬ è¨äà®¬ §�¬¥−ë −�§®¢¥¬ á®¢®ªã¯−®áâì
› = (U,Nr, V,E,D), ®¡«�¤�îéãî á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨:

(1) ¤«ï «î¡ëå u ∈ U ¨ j ∈ Nr ¢ë¯®«−¥−® à�¢¥−áâ¢® Dj(Ej(u)) = u;

(2) V =
⋃
j∈Nr

Ej(U).

�à¨ íâ®¬ E = {E1, . . . , Er}, D = {D1, . . . ,Dr}, Dj : Ej(U)→ U , j ∈ Nr.
l-© áâ¥¯¥−ìî ®¯®à−®£® è¨äà� › −�§®¢¥¬ á®¢®ªã¯−®áâì

›l =
(
U l,Nl

r, V
l, E(l),D(l)

)
,

£¤¥ U l,Nl
r, V

l | ¤¥ª�àâ®¢ë áâ¥¯¥−¨ á®®â¢¥âáâ¢ãîé¨å ¬−®¦¥áâ¢ U , Nr, V .

Œ−®¦¥áâ¢® E(l) á®áâ®¨â ¨§ ®â®¡à�¦¥−¨© E : U
l → V l,  ∈ Nl

r, â�ª¨å, çâ® ¤«ï

«î¡ëå u = u1 · · · ul ∈ U l,  = j1 · · · jl ∈ Nl
r ¢ë¯®«−¥−® à�¢¥−áâ¢®

E(u) = Ej1(u1) · · ·Ejl(ul) = v1 · · · vl ∈ V l ,

� ¬−®¦¥áâ¢® D(l) á®áâ®¨â ¨§ ®â®¡à�¦¥−¨© D : E(U
l) → U l,  ∈ Nl

r, â�ª¨å, çâ®

¤«ï «î¡ëå v = v1 · · · vl ∈ V l,  = j1 · · · jl ∈ Nl
r ¢ë¯®«−¥−® à�¢¥−áâ¢®

D(v) = Dj1(v1) · · ·Djl(vl) = u1 · · · ul ∈ U l .

�â¬¥â¨¬ â�ª®© ¢�¦−ë© ¬®¬¥−â. ‚ àï¤¥ á«ãç�¥¢ −¥ ¢áïª®¥ á«®¢® ¤«¨−®© l ¢

�«ä�¢¨â¥ U ¬®¦¥â ¯®ï¢¨âìáï ¢ ®âªàëâ®¬ â¥ªáâ¥. �®íâ®¬ã ®¡®§−�ç¨¬ ç¥à¥§ U (l)

¯®¤¬−®¦¥áâ¢® ¢á¥å â�ª¨å á«®¢ ¢® ¬−®¦¥áâ¢¥ U l, ¯®ï¢«¥−¨¥ ª®â®àëå ¢ ®âªàëâ®¬
â¥ªáâ¥ ¨¬¥¥â −¥−ã«¥¢ãî ¢¥à®ïâ−®áâì:

U (l) =
{
u ∈ U l | PU l(u) > 0

}
.

’®£¤�

V (l) =
⋃

∈Nl
r

E(U
(l)) .

�ãáâì ψc | á«ãç�©−ë© £¥−¥à�â®à ª«îç¥¢®£® ¯®â®ª�, ª®â®àë© ¤«ï «î¡®£®
−�âãà�«ì−®£® ç¨á«� l ¢ëà�¡�âë¢�¥â á«ãç�©−ë© ª«îç¥¢®© ¯®â®ª j1, . . . , jl, £¤¥
¢á¥ ji ∈ Nr.

�¡®§−�ç¨¬ ç¥à¥§ ›lH á«¥¤ãîéãî á®¢®ªã¯−®áâì ¢¥«¨ç¨−:

›lH =
(
U (l),Nl

r, V
(l), E(l),D(l), PU (l) , PNl

r

)
.
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˜¨äà®¬ §�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ −�§®¢¥¬ á¥¬¥©áâ¢®

›H =
(
›lH , l ∈ N; ψc

)
.

�à¨ íâ®¬ −¥§�¢¨á¨¬ë¥ ¨ −¥ á®¤¥à¦�é¨¥ −ã«¥¢ëå ¢¥à®ïâ−®áâ¥© à�á¯à¥¤¥«¥-

−¨ï PU (l) ¨ PNl
r

¨−¤ãæ¨àãîâ à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© −� ¬−®¦¥áâ¢¥ V (l):

PV (l)(v) =
∑

(u,)∈U (l)×Nl
rE(u)=v

PU (l)(u)PNl
r
() .

’�ª¦¥ ®¯à¥¤¥«¨¬ ãá«®¢−ë¥ ¢¥à®ïâ−®áâ¨ PU (l)|V (l)(u|v) ¨ PV (l)|U (l)(v|u):

PV (l)|U (l)(v|u) =
∑

∈Nl
r(u,v)

PNl
r
() ; PU (l)|V (l)(u|v) =

PU (l)(u)PV (l)|U (l)(v|u)
PV (l)(v)

,

£¤¥ Nl
r(u, v) = { ∈ Nl

r |E(u) = v}.
ƒ®¢®àïâ, çâ® è¨äà ›H ï¢«ï¥âáï á®¢¥àè¥−−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤�

¤«ï «î¡®£® −�âãà�«ì−®£® l è¨äà ›lH ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¯® ˜¥−−®−ã.

�à¥¤«®¦¥−¨¥ 7. „«ï è¨äà� ›H á«¥¤ãîé¨¥ ãá«®¢¨ï íª¢¨¢�«¥−â−ë:

(i) ¤«ï «î¡®£® l ∈ N ¨ «î¡ëå u ∈ U (l), v ∈ V (l) ¢ë¯®«−¥−® à�¢¥−áâ¢®
PU (l)|V (l)(u|v) = PU (l)(u);

(ii) ¤«ï «î¡®£® l ∈ N ¨ «î¡ëå u ∈ U (l), v ∈ V (l) ¢ë¯®«−¥−® à�¢¥−áâ¢®
PV (l)|U (l)(v|u) = PV (l)(v);

(iii) ¤«ï «î¡®£® l ∈ N ¨ «î¡ëå u1, u2 ∈ U (l), v ∈ V (l) ¢ë¯®«−¥−® à�¢¥−áâ¢®
PV (l)|U (l)(v|u1) = PV (l)|U (l)(v|u2).

�à¥¤«®¦¥−¨¥ 8. �ãáâì è¨äà §�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ ›H ï¢«ï¥âáï
á®¢¥àè¥−−ë¬. ’®£¤� ¤�−−ë© è¨äà ®¡«�¤�¥â á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨:

(i) ¤«ï «î¡®£® −�âãà�«ì−®£® ç¨á«� l ¨ «î¡ëå u ∈ U (l), v ∈ V (l) −�©¤¥âáï

â�ª®© ª«îç¥¢®© ¯®â®ª  ∈ Nl
r, çâ® E(u) = v;

(ii) ¤«ï «î¡®£® −�âãà�«ì−®£® ç¨á«� l á¯à�¢¥¤«¨¢® ¤¢®©−®¥ −¥à�¢¥−áâ¢®

|U (l)| ≤ |V (l)| ≤ |Nl
r|.

’¥®à¥¬� 5 (¤®áâ�â®ç−ë¥ ãá«®¢¨ï á®¢¥àè¥−−®áâ¨ è¨äà� ›H [2]). �ãáâì è¨äà
§�¬¥−ë ›H ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

(i) ¯à�¢¨«� §�è¨äà®¢�−¨ï E1, E2, . . . , Er è¨äà� ›H ®¡«�¤�îâ â¥¬ á¢®©-
áâ¢®¬, çâ® ¤«ï «î¡ëå u ∈ U , v ∈ V −�©¤¥âáï, ¨ ¯à¨â®¬ ¥¤¨−áâ¢¥−−ë©,
í«¥¬¥−â j = j(u, v) ∈ Nr, â�ª®© çâ® Ej(u) = v;

(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PNr ï¢«ï¥âáï à�¢−®¬¥à−ë¬.
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’®£¤� è¨äà ›H ï¢«ï¥âáï á®¢¥àè¥−−ë¬, ¯à¨ç¥¬ ¤«ï «î¡®£® l ∈ N ¢ë-

¯®«−¥−® à�¢¥−áâ¢® |V (l)| = rl ¨ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PV (l) ï¢«ï¥âáï
à�¢−®¬¥à−ë¬.

’¥®à¥¬� 6. �ãáâì ¤«ï è¨äà� ›H ¢ë¯®«−¥−® à�¢¥−áâ¢® |U | = |Nr| = |V |.
˜¨äà ›H ï¢«ï¥âáï á®¢¥àè¥−−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¢ë¯®«−¥−ë
á«¥¤ãîé¨¥ ãá«®¢¨ï:

(i) ¯à�¢¨«� §�è¨äà®¢�−¨ï E1, E2, . . . , Er è¨äà� ›H ®¡«�¤�îâ â¥¬ á¢®©-
áâ¢®¬, çâ® ¤«ï «î¡ëå u ∈ U , v ∈ V −�©¤¥âáï, ¨ ¯à¨â®¬ ¥¤¨−áâ¢¥−−ë©,
í«¥¬¥−â j = j(u, v) ∈ Nr, â�ª®© çâ® Ej(u) = v;

(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PNr ï¢«ï¥âáï à�¢−®¬¥à−ë¬.

„ ® ª � § � â ¥ « ì á â ¢ ® á«¥¤ã¥â ¨§ â¥®à¥¬ë ˜¥−−®−� ¨ â¥®à¥¬ë 5. �

�ãáâì ¤«ï è¨äà� ›H ¢ë¯®«−¥−® à�¢¥−áâ¢® |U | = |Nr| = |V | ¨ à�á¯à¥¤¥«¥-
−¨¥ ¢¥à®ïâ−®áâ¥© PNr ï¢«ï¥âáï à�¢−®¬¥à−ë¬. ’®£¤� ¨§ â¥®à¥¬ë 6 á«¥¤ã¥â, çâ®
è¨äà ›H ï¢«ï¥âáï á®¢¥àè¥−−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¬�âà¨æ� §�è¨äà®-
¢�−¨ï ®¯®à−®£® è¨äà� ¤«ï ›H

Nr�U u1 · · · ur
1 E1(u1) · · · E1(ur)
...

...
...

...
r Er(u1) · · · Er(ur)

ï¢«ï¥âáï «�â¨−áª¨¬ ª¢�¤à�â®¬ (¯®¤à®¡−¥¥ ® «�â¨−áª¨å ª¢�¤à�â�å á¬. [6]). �®-
íâ®¬ã è¨äàë â�¡«¨ç−®£® ¨ ¬®¤ã«ì−®£® £�¬¬¨à®¢�−¨ï á à�¢−®¢¥à®ïâ−®© £�¬¬®©
ï¢«ïîâáï á®¢¥àè¥−−ë¬¨. � ¯à¨¬¥−¥−¨¨ «�â¨−áª¨å ª¢�¤à�â®¢ ¢ ªà¨¯â®£à�ä¨¨
¬®¦−® ¯®á¬®âà¥âì ¢ [7].

÷�áá¬®âà¨¬ ¥é¥ ®¤¨− ªà¨â¥à¨© á®¢¥àè¥−−ëå è¨äà®¢ §�¬¥−ë á −¥®£à�−¨ç¥−-
−ë¬ ª«îç®¬ ¢ ª«�áá¥ è¨äà®¢ á à�¢−®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨¥¬ ¢¥à®ïâ−®áâ¥© −�
¬−®¦¥áâ¢¥ Nr.

’¥®à¥¬� 7 [3]. �ãáâì ¤«ï è¨äà� ›H ¢ë¯®«−¥−ë −¥à�¢¥−áâ¢� |U | ≤ |V | ≤ |Nr| ¨
à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PNr ï¢«ï¥âáï à�¢−®¬¥à−ë¬. ˜¨äà ›H ï¢«ï¥âáï
á®¢¥àè¥−−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

(i) ¤«ï «î¡ëå u ∈ U ¨ v ∈ V −�©¤¥âáï â�ª®¥ j ∈ Nr, çâ® Ej(u) = v;

(ii) ¤«ï «î¡ëå u1, u2 ∈ U , v ∈ V ¢ë¯®«−¥−® à�¢¥−áâ¢® |Nr(u1, v)| =
= |Nr(u2, v)|.

‘«¥¤áâ¢¨¥ 3. �ãáâì ¤«ï è¨äà� ›H ¢ë¯®«−¥−® á®®â−®è¥−¨¥ |U | ≤ |V | = |Nr|
¨ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© PNr ï¢«ï¥âáï à�¢−®¬¥à−ë¬. ˜¨äà ›H ï¢«ï¥âáï
á®¢¥àè¥−−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� |Nr(u, v)| = 1 ¤«ï «î¡ëå u ∈ U ¨
v ∈ V .
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� â¥®à¥â¨ç¥áª¨ áâ®©ª¨å è¨äà�å

3 Совершенные имитостойкие шифры

÷�áá¬®âà¨¬ ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® (Ÿ = K,FK , PK). ‡�ä¨ªá¨àã¥¬
y ∈ Y . �¡®§−�ç¨¬ ç¥à¥§ K(y) á«¥¤ãîé¥¥ ¬−®¦¥áâ¢®: K(y) = {k ∈ K | y ∈
∈ Ek(X)}.�®¤ ®¡®§−�ç¥−¨¥¬K(y) ¡ã¤¥¬ â�ª¦¥ ¯®−¨¬�âì á®¡ëâ¨¥ (K(y) ∈ FK ),
§�ª«îç�îé¥¥áï ¢ â®¬, çâ® ¯à¨ á«ãç�©−®¬ ¢ë¡®à¥ ª«îç� k ∈ K è¨äà®¢�−−ë©
â¥ªáâ y ¬®¦−® à�áè¨äà®¢�âì −� ª«îç¥ k, â. ¥. y ∈ Ek(X). ’®£¤� á®¡ëâ¨î
K(y) ¡ã¤ãâ ¡«�£®¯à¨ïâáâ¢®¢�âì ¢á¥ í«¥¬¥−âë ¨§ ¬−®¦¥áâ¢� K(y), ¨ â®«ìª® ®−¨.
�®íâ®¬ã

P (K(y)) =
∑

k∈K(y)

PK(k) .

…á«¨ ª�−�« á¢ï§¨ £®â®¢ ª à�¡®â¥ ¨ −� ¯à¨¥¬¥ ãáâ�−®¢«¥−ë ¤¥©áâ¢ãîé¨¥ ª«îç¨,
−® ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ −¨ª�ª®£® á®®¡é¥−¨ï −¥ ¯¥à¥¤�¥âáï, â® ¢ íâ®¬ á«ãç�¥
¯à®â¨¢−¨ª®¬ ¬®¦¥â ¡ëâì ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� ¨¬¨â�æ¨¨ á®®¡é¥−¨ï. ’®£¤�
¢¥à®ïâ−®áâì ãá¯¥å� ¨¬¨â�æ¨¨ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

Pim = max
y∈Y

P (K(y)) .

…á«¨ ¦¥ ¢ ¤�−−ë© ¬®¬¥−â ¯¥à¥¤�¥âáï −¥ª®â®à®¥ á®®¡é¥−¨¥ y ∈ Y (ª®â®à®¥
¯®«ãç¥−® ¨§ ®âªàëâ®£® â¥ªáâ� x ∈ X −� ª«îç¥ k ∈ K), â® ¯à®â¨¢−¨ª ¬®¦¥â
§�¬¥−¨âì ¥£® −� ỹ ∈ Y , ®â«¨ç−®¥ ®â y. �à¨ íâ®¬ ®− ¡ã¤¥â à�ááç¨âë¢�âì −�
â®, çâ® −� ¤¥©áâ¢ãîé¥¬ ª«îç¥ k ªà¨¯â®£à�¬¬� ỹ ¡ã¤¥â ¢®á¯à¨−ïâ� ª�ª −¥ª¨©
®á¬ëá«¥−−ë© ®âªàëâë© â¥ªáâ x̃, ®â«¨ç−ë© ®â x. �ãáâì K(ỹ) |K(y)| á®¡ëâ¨¥,
§�ª«îç�îé¥¥áï ¢ ¯®¯ëâª¥ ¯®¤¬¥−ë á®®¡é¥−¨ï y á®®¡é¥−¨¥¬ ỹ. �à¨¬¥−ïï
â¥®à¥¬ã ® ¯à®¨§¢¥¤¥−¨¨ ¢¥à®ïâ−®áâ¥©, ¯®«ãç�¥¬, çâ®

P (K(ỹ) |K(y)) = P (K(y) ∩ K(ỹ))

P (K(y))
=

∑

k∈K(y,ỹ)

PK(k)

∑

k∈K(y)

PK(k)
,

£¤¥ K(y, ỹ) = K(y)∩K(ỹ). ’®£¤� ¢¥à®ïâ−®áâì ãá¯¥å� ¯®¤¬¥−ë á®®¡é¥−¨ï ¡ã¤¥â
¢ëç¨á«ïâìáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥:

Ppodm = max
y,ỹ∈Y y 6=ỹ

P (K(ỹ) |K(y)) .

’¥®à¥¬� 8 [4]. „«ï «î¡®£® è¨äà� ›B á¯à�¢¥¤«¨¢ë −¥à�¢¥−áâ¢�

Pim ≥ |X|
|Y | ; Ppodm ≥ |X| − 1

|Y | − 1 .

�à¨ íâ®¬ Pim = |X|/|Y | â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¤«ï «î¡®£® y ∈ Y
¢ë¯®«−¥−® à�¢¥−áâ¢® P (K(y)) = |X|/|Y |. ’�ª¦¥ Ppodm = (|X| − 1)/(|Y | − 1)
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â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¤«ï «î¡ëå y, ỹ ∈ Y , y 6= ỹ, ¢ë¯®«−¥−® à�¢¥−áâ¢®
P (K(ỹ) |K(y)) = (|X| − 1)/(|Y | − 1).

„�«¥¥ ¢¥§¤¥ ¯à¥¤¯®«�£�¥âáï, çâ® ¤«ï «î¡®£® −�âãà�«ì−®£® l ¢ë¯®«−¥−ë à�-

¢¥−áâ¢� U (l) = U l, V (l) = V l. „«ï è¨äà� §�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ ›H
®¡®§−�ç¨¬ ç¥à¥§ P lim ¢¥à®ïâ−®áâì ¨¬¨â�æ¨¨ á®®¡é¥−¨ï ¤«ï è¨äà� ›lH, � ç¥à¥§

P lpodm(s) | ¢¥à®ïâ−®áâì ¯®¤¬¥−ë ¢ á®®¡é¥−¨¨ ¤«¨−®© l à®¢−® s á¨¬¢®«®¢ ¤«ï

è¨äà� ›lH, £¤¥ s ≤ l. ˆ§ â¥®à¥¬ë 8 á«¥¤ã¥â, çâ® ¥á«¨ ¤«ï −¥ª®â®à®£® è¨ä-

à� ›H ¢ë¯®«−¥−® à�¢¥−áâ¢® |U | = |V |, â® P lim = P lpodm(s) = 1 ¤«ï «î¡®£®

−�âãà�«ì−®£® l ¨ «î¡®£® s ≤ l, â. ¥. â�ª¨¥ è¨äàë ¬�ªá¨¬�«ì−® ãï§¢¨¬ë ª ã£à®-
§�¬ ¨¬¨â�æ¨¨ ¨ ¯®¤¬¥−ë á®®¡é¥−¨ï. �à¨¢¥¤¥¬ −¥ª®â®àë¥ ª®−áâàãªæ¨¨ è¨äà�
§�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬, ¢ ª®â®à®¬ ®¤−®¢à¥¬¥−−® ®¡¥á¯¥ç¨¢�¥âáï áâ®©-
ª®áâì ¨ ¨¬¨â®áâ®©ª®áâì. �à¨ íâ®¬ ¬�âà¨æ� §�è¨äà®¢�−¨ï áâà®¨âáï â®«ìª® ¤«ï
®¯®à−®£® è¨äà�, ¯®íâ®¬ã ¥¥ à�§¬¥à−®áâì −¥ §�¢¨á¨â ®â ¤«¨−ë ®âªàëâ®£® â¥ªáâ�.

�ã¤¥¬ £®¢®à¨âì, çâ® ¬�âà¨æ� A = A(m,n), m ≥ n, −�¤ −¥ª®â®àë¬
m-í«¥¬¥−â−ë¬ ¬−®¦¥áâ¢®¬ S ï¢«ï¥âáï «�â¨−áª¨¬ ¯àï¬®ã£®«ì−¨ª®¬, ¥á«¨ ª�¦-
¤ë© áâ®«¡¥æ ¬�âà¨æë A ï¢«ï¥âáï ¯¥à¥áâ�−®¢ª®© í«¥¬¥−â®¢ ¬−®¦¥áâ¢� S, ¯à¨ç¥¬
¢ áâà®ª�å ª�¦¤ë© í«¥¬¥−â ¢áâà¥ç�¥âáï −¥ ¡®«¥¥ ®¤−®£® à�§�.

�à¥¤«®¦¥−¨¥ 9 [2]. �ãáâì A = A(n+1, n) | −¥ª®â®à�ï ¬�âà¨æ� −�¤ ¬−®¦¥-
áâ¢®¬ úè¨äà®¡®§−�ç¥−¨©û V = {v1, . . . , vn+1}, ª®â®à�ï ï¢«ï¥âáï «�â¨−áª¨¬
¯àï¬®ã£®«ì−¨ª®¬, ¨ ¯ãáâì ¬�âà¨æ� A ï¢«ï¥âáï ¬�âà¨æ¥© §�è¨äà®¢�−¨ï ¤«ï
®¯®à−®£® è¨äà� §�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ ›H . �ãáâì â�ª¦¥ á«ãç�©-
−ë© £¥−¥à�â®à ª«îç¥¢ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© ψc ¨§ ª®−áâàãªæ¨¨ è¨äà� ›H
¨¬¥¥â à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥. ’®£¤� ¤«ï «î¡®£® −�âãà�«ì−®£® l è¨äà ›lH
ï¢«ï¥âáï á®¢¥àè¥−−ë¬ ¯® ˜¥−−®−ã ¨ ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ à�¢¥−áâ¢�:

P lim =

(
n

n+ 1

)l
; P lpodm(s) =

(
n− 1
n

)s
.

�ãáâì Sn | á¨¬¬¥âà¨ç¥áª�ï £àã¯¯� áâ¥¯¥−¨ n, T j ∈ Sn | æ¨ª«¨ç¥áª�ï
¯¥à¥áâ�−®¢ª� −� j ¯®§¨æ¨© ¢«¥¢®. �¡®§−�ç¨¬ ç¥à¥§ Aj = Aj(n, 2) ¬�âà¨æã
à�§¬¥à� n× 2 −�¤ ¬−®¦¥áâ¢®¬ Nn, ¨¬¥îéãî â�ª®© ¢¨¤:

Aj =

(
1 2 · · · n

T j(1) T j(2) · · · T j(n)

)T
, j = 1, . . . , n− 1 .

ˆ§ ¬�âà¨æ Aj, j = 1, . . . , n − 1, á®áâ�¢¨¬ ¬�âà¨æã M = M(n2 − n, 2) à�§¬¥à�
(n2 − n) × 2 ¯ãâ¥¬ ¯®á«¥¤®¢�â¥«ì−®© £à�ä¨ç¥áª®© §�¯¨á¨ ¬�âà¨æ A1, . . . , An−1
®¤−®© ¯®¤ ¤àã£®©.

�à¥¤«®¦¥−¨¥ 10 [3]. �ãáâì M = M(n2 − n, 2) | ¬�âà¨æ� −�¤ ¬−®¦¥-
áâ¢®¬ V = {v1, . . . , vn}, ¯®áâà®¥−−�ï ¢ëè¥, r = n2 − n, |U | = 2 ¨ ¯ãáâì
¬�âà¨æ� M ï¢«ï¥âáï ¬�âà¨æ¥© §�è¨äà®¢�−¨ï ¤«ï ®¯®à−®£® è¨äà� §�¬¥−ë
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á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ ›H . �ãáâì â�ª¦¥ á«ãç�©−ë© £¥−¥à�â®à ª«îç¥¢ëå
¯®á«¥¤®¢�â¥«ì−®áâ¥© ψc ¨§ ª®−áâàãªæ¨¨ è¨äà� ›H ¨¬¥¥â à�¢−®¬¥à−®¥ à�á-

¯à¥¤¥«¥−¨¥. ’®£¤� ¤«ï «î¡®£® −�âãà�«ì−®£® l è¨äà ›lH ï¢«ï¥âáï á®¢¥àè¥−−ë¬
¯® ˜¥−−®−ã ¨ ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ à�¢¥−áâ¢�:

P lim =

(
2

n

)l
; P lpodm(s) =

(
1

n− 1

)s
.

‡�¬¥â¨¬, çâ® ¢ ¯à¥¤«®¦¥−¨ïå 9 ¨ 10 P lim → 0 ¯à¨ l → ∞, P lpodm(s)→ 0 ¯à¨
s→ ∞.
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ON THEORETICALLY PERFECT CIPHERS

S. M. Ratseev

Department of Information Security and Control Theory, Faculty of Mathematics
and Information Technologies, Ulyanovsk State University, 42 Lev Tolstoy Str.,
Ulyanovsk 432017, Russian Federation

Abstract: K. Shannon in the 1940s introduced the concept of a perfect cipher,
which provides the best protection of plaintexts. Perfect secrecy means that
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a cryptanalyst can obtain no information about the plaintext by observing the
ciphertext. It is well known that the Vernam cipher with equiprobable gamma is a
perfect cipher but it is not imitation resistant because it uses equipotent alphabets
for plaintexts and ciphertexts. On the basis of A. Yu. Zubov's mathematical
model of the substitution cipher with the unbounded key, the models of perfect
and imitation resistant ciphers were constructed. In this case, the bearing cipher
of the model is perfect and reaches the lower bounds for the probability of
success of imitation and substitution of ciphertexts. The paper also gives some
generalizations of the classical theory of K. Shannon on perfect ciphers.
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МЕТОДОЛОГИЯ МУТАЦИОННОГО ТЕСТИРОВАНИЯ
ДЛЯ НАЗЕМНЫХ ИСПЫТАНИЙ БОРТОВОЙ АППАРАТУРЫ

КОСМИЧЕСКИХ АППАРАТОВ

Д. А. Недорезов1, А. И. Легалов2, О. В. Непомнящий3, С. С. Красненко4,
А. В. Анкудинов5

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¬¥â®¤ë ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ä®à¬¨-
à®¢�−¨ï â¥áâ®¢, ¨á¯®«ì§ã¥¬ëå ¯à¨ ¯à®¢¥¤¥−¨¨ −�§¥¬−ëå ¨á¯ëâ�−¨© ¡®àâ®-
¢®© �¯¯�à�âãàë ª®á¬¨ç¥áª¨å �¯¯�à�â®¢. �à¥¤«®¦¥− ¯®¤å®¤, ¯®§¢®«ïîé¨©
¯à¨¬¥−ïâì ¬ãâ�æ¨®−−®¥ â¥áâ¨à®¢�−¨¥ ¤«ï �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢,
à�§à�¡�âë¢�¥¬ëå −� ®á−®¢¥ ¤¨−�¬¨ç¥áª¨ à¥ª®−ä¨£ãà¨àã¥¬ëå ¨−â¥£à�«ì−ëå
áå¥¬. ÷�áá¬®âà¥−ë ¤¢� á¯®á®¡� ¬®¤¥«¨à®¢�−¨ï �¯¯�à�â−ëå ¬ãâ�æ¨© ¤«ï â¥á-
â¨à®¢�−¨ï. �¥à¢ë© ¯®¤å®¤ ®á−®¢�− −� ª«�áá¨ç¥áª®¬ ¨á¯®«ì§®¢�−¨¨ áà¥¤áâ¢
�¢â®¬�â¨§�æ¨¨ ¬®¤¥«¨à®¢�−¨ï í«¥ªâà®−−ëå ¯à¨¡®à®¢ (EDA | electronic de-
sign automation) á �¢â®¬�â¨ç¥áª¨¬ ä®à¬¨à®¢�−¨¥¬ ¯�ª¥â®¢ â¥áâ®¢. ‚â®à®©
á¯®á®¡ ¨á¯®«ì§®¢�−¨ï ¬ãâ�æ¨®−−®£® â¥áâ¨à®¢�−¨ï ¬®¦¥â ®¯¨à�âìáï −� ¯à¨-
¬¥−¥−¨¥ ¤¨−�¬¨ç¥áª¨ à¥ª®−ä¨£ãà¨àã¥¬ëå �àå¨â¥ªâãà ¢ �¯¯�à�â−®© ç�áâ¨
¯à®¥ªâ¨àã¥¬®£® ãáâà®©áâ¢� ¢ á®ç¥â�−¨¨ á ¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨, ¨¬¨â¨-
àãîé¨¬¨ «®£¨ªã à�¡®âë à¥�«ì−®£® ®¡ê¥ªâ� ¨á¯ëâ�−¨©. �¯¨á�−ë ®á®¡¥−−®áâ¨
á®§¤�−¨ï �¯¯�à�â−®© ¨ ¯à®£à�¬¬−®© á®áâ�¢«ïîé¨å â¥áâ®¢ëå ª®¬¯«¥ªá®¢, à�§-
à�¡�âë¢�¥¬ëå −� ®á−®¢¥ ¯à¥¤«�£�¥¬®© ¬¥â®¤¨ª¨. �¯à¥¤¥«¥−ë ®á−®¢−ë¥ ¯ãâ¨
à�§¢¨â¨ï ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�.

Š«îç¥¢ë¥ á«®¢�: ¬ãâ�æ¨®−−®¥ â¥áâ¨à®¢�−¨¥; ï§ëª¨ ®¯¨á�−¨ï �¯¯�à�âãàë;
−�§¥¬−ë¥ ¨á¯ëâ�−¨ï; �¯¯�à�âãà�; ª®¬¯«¥ªá

DOI: 10.14357/08696527140104

1 Введение

�®áâ®ï−−®¥ ¯®¢ëè¥−¨¥ á«®¦−®áâ¨ ¡®àâ®¢®© à�¤¨®í«¥ªâà®−−®© ¨ ¢ëç¨á«¨-
â¥«ì−®© �¯¯�à�âãàë ª®á¬¨ç¥áª¨å �¯¯�à�â®¢ âà¥¡ã¥â ¯à®¢¥¤¥−¨ï á«®¦−ëå ¨
âé�â¥«ì−ëå −�§¥¬−ëå ¨á¯ëâ�−¨© ¤«ï ®¡−�àã¦¥−¨ï ¨ ãáâà�−¥−¨ï ¢®§¬®¦−ëå
®è¨¡®ª ¨ −¥¤®à�¡®â®ª. ’�ª¨¥ ¨á¯ëâ�−¨ï âà¥¡ãîâ ¡®«ìè¨å ¢à¥¬¥−−‚ëå §�âà�â,
çâ® ¯à¨ à�áâãé¨å ®¡ê¥¬�å ¯à®¨§¢®¤áâ¢� ªà¨â¨ç¥áª¨ ¢«¨ï¥â −� íª®−®¬¨ç¥áªãî
íää¥ªâ¨¢−®áâì ¯à®¥ªâ®¢. „«ï à¥è¥−¨ï íâ¨å §�¤�ç á®§¤�îâáï á¨áâ¥¬ë −�§¥¬−ëå
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„. �. �¥¤®à¥§®¢, �. ˆ. ‹¥£�«®¢, �. ‚. �¥¯®¬−ïé¨© ¨ ¤à.

¨á¯ëâ�−¨©, ¢ ª®â®àëå ¨á¯®«ì§ãîâáï ¯à¨−æ¨¯ë ¨ â¥å−®«®£¨¨ ¬®¤ã«ì−®£® ¯®áâà®-
¥−¨ï �¯¯�à�â−®£® ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï á¨áâ¥¬ â¥áâ¨à®¢�−¨ï, £¨¡ª®
−�áâà�¨¢�¥¬ëå −� ª«�áá à¥è�¥¬ëå §�¤�ç.

Š�ª ¯à�¢¨«®, ¯à®£à�¬¬−®-�¯¯�à�â−ë¥ ª®¬¯«¥ªáë ¤«ï −�§¥¬−ëå ¨á¯ëâ�−¨©
à¥�«¨§ãîâáï −� ¡�§¥ ú£®â®¢ëå à¥è¥−¨©û, −�¯à¨¬¥à −� ®á−®¢¥ ¯«�âä®à¬ ADLINK
¨«¨ National Instruments [1, 2]. �à¨ íâ®¬ ¤«ï ¨¬¨â�æ¨¨ ®â¤¥«ì−ëå ç�áâ¥© â¥áâ¨-
àã¥¬®© �¯¯�à�âãàë ¯à¨¬¥−ïîâ à¥ª®−ä¨£ãà¨àã¥¬ë¥ ®¤−®ªà¨áâ�«ì−ë¥ ¬®¤ã«¨,
à¥�«¨§ã¥¬ë¥ á ¨á¯®«ì§®¢�−¨¥¬ ¯à®£à�¬¬¨àã¥¬ëå «®£¨ç¥áª¨å ¨−â¥£à�«ì−ëå áå¥¬
(FPGA). �®áª®«ìªã «®£¨ª� äã−ªæ¨®−¨à®¢�−¨ï FPGA ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥-
−� −� ï§ëª¥ ®¯¨á�−¨ï �¯¯�à�âãàë, â® íâ® ¯®§¢®«ï¥â ¯à¨¬¥−ïâì ¤«ï ®â«�¤ª¨
®¡®àã¤®¢�−¨ï ¬¥â®¤ë â¥áâ¨à®¢�−¨ï, �−�«®£¨ç−ë¥ â¥¬, çâ® ¨á¯®«ì§ãîâáï ¨ ¯à¨
¯à®£à�¬¬¨à®¢�−¨¨ á ¯à¨¬¥−¥−¨¥¬ ã−¨¢¥àá�«ì−ëå ï§ëª®¢.

‚ íâ®¬ á«ãç�¥ −� ¯¥à¢ë© ¯«�− ¢ëáâã¯�¥â ª�ç¥áâ¢® á®§¤�¢�¥¬ëå â¥áâ®¢, ¨å
á¯®á®¡−®áâì ¯®ªàëâì ¬−®¦¥áâ¢® −¥ª®àà¥ªâ−ëå á¨âã�æ¨©, ª®â®àë¥ ¯à¨ á®§¤�−¨¨
�¯¯�à�âãàë ¬®£ãâ ¢®§−¨ª�âì −¥ â®«ìª® ¢á«¥¤áâ¢¨¥ ®è¨¡®ª à�§à�¡®âç¨ª®¢, −® ¨
¢ å®¤¥ íªá¯«ã�â�æ¨¨, −�¯à¨¬¥à ¨§-§� ¢®§¤¥©áâ¢¨ï à�¤¨�æ¨¨ ¨ ¨®−¨§¨àãîé¥£®
¨§«ãç¥−¨ï. �®á«¥¤−¥¥ ®á®¡¥−−® ¢�¦−® ¤«ï ¡®àâ®¢®© �¯¯�à�âãàë, íªá¯«ã�â¨àã-
¥¬®© ¢ á«®¦−ëå ãá«®¢¨ïå, â�ª ª�ª ®è¨¡ª¨ ¢ â®¯®«®£¨¨ ¢®§−¨ª�îâ −¥ ¯® ¢¨−¥
à�§à�¡®âç¨ª®¢, � ¢á«¥¤áâ¢¨¥ ¢−¥è−¨å ä�ªâ®à®¢ ¢® ¢à¥¬ï íªá¯«ã�â�æ¨¨. �®íâ®¬ã
¢¥áì¬� ¢�¦−®, çâ®¡ë â¥áâ¨à®¢�−¨¥ �¯¯�à�âãàë ¬®£«® ¢ëï¢¨âì ¢®§−¨ª−®¢¥−¨¥
−¥ª®àà¥ªâ−ëå ¬®¤¨ä¨ª�æ¨© áå¥¬−ëå à¥è¥−¨©.

2 Мутационное тестирование

„«ï ¯à®¢¥àª¨ ª�ç¥áâ¢� â¥áâ®¢ ¨ �−�«¨§� ¯®ªàëâ¨ï ¨¬¨ ¢á¥¢®§¬®¦−ëå −¥-
ª®àà¥ªâ−ëå á¨âã�æ¨© ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ¯®¤å®¤ë, áà¥¤¨ ª®â®àëå ¬®¦−®
¢ë¤¥«¨âì ¬¥â®¤ ¬ãâ�æ¨®−−®£® â¥áâ¨à®¢�−¨ï [3{5], ®á−®¢�−−ë© −� ¢ª«îç¥−¨¨ ¢
ª®¤ ¯à®£à�¬¬ë −¥¡®«ìè¨å ¨§¬¥−¥−¨©. ÷¥§ã«ìâ�âë íâ¨å ¨§¬¥−¥−¨© −�§ë¢�îâáï
¬ãâ�æ¨ï¬¨, ª®â®àë¥ ¯à®¨áå®¤ïâ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬ãâ�æ¨®−−ëå ®¯¥à�â®à®¢,
¨¬¨â¨àãîé¨å â¨¯¨ç−ë¥ ®è¨¡ª¨ ¯à®£à�¬¬¨áâ®¢ (−�¯à¨¬¥à, ¨á¯®«ì§®¢�−¨¥ −¥-
¯à�¢¨«ì−®© ®¯¥à�æ¨¨ ¨«¨ ¨¬¥−¨ ¯¥à¥¬¥−−®©). ‚ à�§à�¡�âë¢�¥¬ãî ¯à®£à�¬¬ã P
¢−®áïâ ¨§¬¥−¥−¨ï (¬ãâ�æ¨¨), â. ¥. ¨áªãááâ¢¥−−® á®§¤�îâ ¯à®£à�¬¬ë-¬ãâ�−âë P1,
P2, P3 ¨ â. ¤. ‡�â¥¬ ¯à®£à�¬¬� P ¨ ¥¥ ¬ãâ�−âë â¥áâ¨àãîâáï −� ®¤−®¬ ¨ â®¬
¦¥ −�¡®à¥ â¥áâ®¢. …á«¨ −� íâ®¬ −�¡®à¥ â¥áâ®¢ ¯®¤â¢¥à¦¤�¥âáï ¯à�¢¨«ì−®áâì
¯à®£à�¬¬ë P ¨ ¢ëï¢«ïîâáï ¢á¥ ®è¨¡ª¨ ¢ ¯à®£à�¬¬�å-¬ãâ�−â�å, â® −�¡®à â¥áâ®¢
á®®â¢¥âáâ¢ã¥â ¬ãâ�æ¨®−−®¬ã ªà¨â¥à¨î, � ¯à®£à�¬¬� P ®¡êï¢«ï¥âáï ¯à�¢¨«ì−®©.
…á«¨ ¢ −¥ª®â®àëå ¬ãâ�−â�å −¥ ¡ë«¨ ¢ëï¢«¥−ë ¢á¥ ¬ãâ�æ¨¨, â® −�¡®à â¥áâ®¢
à�áá¬�âà¨¢�¥âáï ª�ª −¥¤®áâ�â®ç−ë© ¨ âà¥¡ã¥â à�áè¨à¥−¨ï.

3 Применение метода мутационного тестирования
на аппаратном уровне

„® −¥¤�¢−¥£® ¢à¥¬¥−¨ ¬ãâ�æ¨®−−®¥ â¥áâ¨à®¢�−¨¥ −¥ ¨¬¥«® è¨à®ª®£® à�á-
¯à®áâà�−¥−¨ï, çâ® ¢® ¬−®£®¬ ®¡ãá«®¢«¨¢�«®áì ¢ëá®ª¨¬¨ âà¥¡®¢�−¨ï¬¨ ª ¢ë-
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Œ¥â®¤®«®£¨ï ¬ãâ�æ¨®−−®£® â¥áâ¨à®¢�−¨ï ¤«ï −�§¥¬−ëå ¨á¯ëâ�−¨© ¡®àâ®¢®© �¯¯�à�âãàë

ç¨á«¨â¥«ì−ë¬ à¥áãàá�¬, ¨á¯®«ì§ã¥¬ë¬ ¤«ï �−�«¨§� ¯®ªàëâ¨ï â¥áâ®¢. �¤−�ª®
¯à¨¬¥−¥−¨¥ ¬−®£®ï¤¥à−ëå ¯à®æ¥áá®à®¢ ¨ £à�ä¨ç¥áª¨å ãáª®à¨â¥«¥© á¯®á®¡áâ¢®-
¢�«® ¯®ï¢«¥−¨î ¨ ¬�áá®¢®¬ã ¨á¯®«ì§®¢�−¨î ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¨-
â¥«ì−ëå á¨áâ¥¬ ¢ à�§«¨ç−ëå ®¡«�áâïå, çâ® ¯®§¢®«¨«® ¨−â¥−á¨¢−® ¢−¥¤àïâì ¢
¯à�ªâ¨ªã ¨ à¥áãàá®¥¬ª¨¥ ¬¥â®¤ë â¥áâ¨à®¢�−¨ï ¯à®£à�¬¬.

„®¯®«−¨â¥«ì−ë¬ �à£ã¬¥−â®¬, ãª�§ë¢�îé¨¬ −� ¯¥àá¯¥ªâ¨¢−®áâì ¨á¯®«ì§®-
¢�−¨ï ¬ãâ�æ¨®−−®£® â¥áâ¨à®¢�−¨ï −� �¯¯�à�â−®¬ ãà®¢−¥, ï¢«ï¥âáï à�§«¨ç¨¥ ¢
ãà®¢−¥ ¡�§®¢ëå ®¯¥à�æ¨© ¬¥¦¤ã ã−¨¢¥àá�«ì−ë¬¨ ï§ëª�¬¨ ¯à®£à�¬¬¨à®¢�−¨ï
¨ ï§ëª�¬¨ ®¯¨á�−¨ï �¯¯�à�âãàë. �à¨ âà�¤¨æ¨®−−®¬ ¯à®£à�¬¬¨à®¢�−¨¨ −¥
¢¯®«−¥ ®ç¥¢¨¤−®, ª�ª¨¥ ®¯¥à�æ¨¨ ¨¬¥¥â á¬ëá« ¯®¤¢¥à£�âì ¬ãâ�æ¨¨, â�ª ª�ª ¨å
¢®§¬®¦−�ï §�¬¥−� −� −¥ª®àà¥ªâ−ë¥ ¯à®£à�¬¬¨áâ®¬ §�ç�áâãî ¢¨¤¨âáï ¬�«®¢¥à®-
ïâ−®©. �® ¯à¨ à�§à�¡®âª¥ â®¯®«®£¨¨ ¨−â¥£à�«ì−ëå áå¥¬, ª®£¤� ®áãé¥áâ¢«ïîâáï
¬�−¨¯ã«ïæ¨¨ −� ãà®¢−¥ ¢¥−â¨«ì−ëå ®¯¥à�æ¨©, ®è¨¡ª¨, ¢−®á¨¬ë¥ ª�ª à�§à�¡®â-
ç¨ª�¬¨, â�ª ¨ ¢−¥è−¨¬¨ ä�ªâ®à�¬¨ ¢® ¢à¥¬ï íªá¯«ã�â�æ¨¨, áâ�−®¢ïâáï ¡®«¥¥
®ç¥¢¨¤−ë¬¨. �®«¥¥ â®£®, ¢® ¬−®£¨å á«ãç�ïå ¬ãâ�æ¨¨ ¬®£ãâ ¡ëâì á£¥−¥à¨à®¢�−ë
−¥ ¢àãç−ãî, � �¢â®¬�â¨ç¥áª¨. ‘«¥¤ã¥â â�ª¦¥ ®â¬¥â¨âì, çâ® −¥¯®áà¥¤áâ¢¥−−�ï
à¥�«¨§�æ¨ï â¥áâ®¢ëå ¬ãâ�æ¨© −� �¯¯�à�â−®¬ ãà®¢−¥ ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−�
¨§-§� −¥®¡å®¤¨¬®áâ¨ ¨§¬¥−¥−¨ï áå¥¬−ëå à¥è¥−¨©, ª®â®àë¥ ¯à�ªâ¨ç¥áª¨ ï¢«ï-
îâáï −¥−ã¦−ë¬¨ ¢ à¥�«ì−®¬ ¨§¤¥«¨¨. �®íâ®¬ã ¬�ª¥â¨à®¢�−¨¥ ¬ãâ�æ¨© ï¢«ï¥âáï
−¥æ¥«¥á®®¡à�§−ë¬. ‚¬¥áâ® íâ®£® ¯à¥¤«�£�îâáï ¤¢� ¯®¤å®¤� ª ¬®¤¥«¨à®¢�−¨î
�¯¯�à�â−ëå ¬ãâ�æ¨© ¤«ï â¥áâ¨à®¢�−¨ï.

�¥à¢ë© ¯®¤å®¤ ®á−®¢�− −� ª«�áá¨ç¥áª®¬ ¨á¯®«ì§®¢�−¨¨ áà¥¤áâ¢ EDA. ‚ íâ®¬
á«ãç�¥ ¢ ¯à®¥ªâ¨àã¥¬ãî á¨áâ¥¬ã ¬®¦−® ¢−®á¨âì ¬ãâ�æ¨¨ −� à�§«¨ç−ëå ãà®¢−ïå
¥¥ ®¯¨á�−¨ï, ¯®«ãç�ï â¥¬ á�¬ë¬ áå¥¬ë-¬ãâ�−âë, ¨ ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥
ä®à¬¨à®¢�âì ¯�ª¥âë â¥áâ®¢ ¤«ï ª�¦¤®£® ª®−ªà¥â−®£® á«ãç�ï −� âà¥¡ã¥¬®¬ ãà®¢-
−¥ â¥áâ¨à®¢�−¨ï. ’�ª®© ¯®¤å®¤ ®¡«�¤�¥â ¡®«ìè®© £¨¡ª®áâìî ¨ ®¡¥á¯¥ç¨¢�¥â
¬�ªá¨¬�«ì−®¥ ¯®ªàëâ¨¥ á ¬¨−¨¬�«ì−ë¬¨ �¯¯�à�â−ë¬¨ §�âà�â�¬¨, ¯®áª®«ìªã
¢á¥ ¬ãâ�æ¨¨ ®âà�¡�âë¢�îâáï ¢ à¥¦¨¬¥ á¨¬ã«ïæ¨¨ äã−ªæ¨®−¨à®¢�−¨ï à¥�«ì−®£®
¯à¨¡®à�. �à®¡«¥¬ë ¨á¯®«ì§®¢�−¨ï ¤�−−®£® ¯®¤å®¤� ¬®£ãâ ¡ëâì á¢ï§�−ë á ®â-
áãâáâ¢¨¥¬ á¨áâ¥¬ ¬®¤¥«¨à®¢�−¨ï í«¥ªâà®−−ëå áå¥¬ á ¯®¤¤¥à¦ª®© ¬ãâ�æ¨®−−®£®
â¥áâ¨à®¢�−¨ï.

„àã£®© ¯®¤å®¤ ª ¨á¯®«ì§®¢�−¨î ¬ãâ�æ¨®−−®£® â¥áâ¨à®¢�−¨ï ¬®¦¥â ®¯¨à�âì-
áï −� ¯à¨¬¥−¥−¨¥ ¤¨−�¬¨ç¥áª¨ à¥ª®−ä¨£ãà¨àã¥¬ëå �àå¨â¥ªâãà ¢ �¯¯�à�â−®©
ç�áâ¨ ¯à®¥ªâ¨àã¥¬®£® ãáâà®©áâ¢� ¢ á®ç¥â�−¨¨ á ¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨,
¨¬¨â¨àãîé¨¬¨ «®£¨ªã à�¡®âë à¥�«ì−®£® ®¡ê¥ªâ� ¨á¯ëâ�−¨©. ˆá¯®«ì§ã¥¬®¥
−� íâ�¯¥ â¥áâ¨à®¢�−¨ï ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��) ï¢«ï¥âáï ¡®«¥¥ £¨¡ª¨¬
−®á¨â¥«¥¬ «®£¨ç¥áª¨å áâàãªâãà, −¥¦¥«¨ «®£¨ª�, à¥�«¨§®¢�−−�ï �¯¯�à�â−ë¬
á¯®á®¡®¬. Œãâ�æ¨ï �¯¯�à�â−®© ç�áâ¨ ¬®¦¥â ¢ë¯®«−ïâìáï ¢ ¡�§¨á¥ ¯à®£à�¬-
¬¨àã¥¬®© «®£¨ç¥áª®© ¨−â¥£à�«ì−®© áå¥¬ë c à¥ª®−ä¨£ãà¨àã¥¬®© �àå¨â¥ªâãà®©,
−�¯à¨¬¥à FPGA, â®¯®«®£¨ï ª®â®à®© ¯à¥¤áâ�¢«ï¥âáï −� ï§ëª�å ®¯¨á�−¨ï �¯¯�-
à�âãàë (HDL-ï§ëª�å), ª®â®àë¥, ¯® áãâ¨, ï¢«ïîâáï ï§ëª�¬¨ ¯à®£à�¬¬¨à®¢�−¨ï.
Š â�ª¨¬ ï§ëª�¬ ®â−®áïâáï VHDL, Verilog, SystemC ¨ ¤à. HDL-ï§ëª¨ ¯®-
«ãç¨«¨ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¨ −� á¥£®¤−ïè−¨© ¤¥−ì ï¢«ïîâáï áâ�−¤�àâ®¬
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„. �. �¥¤®à¥§®¢, �. ˆ. ‹¥£�«®¢, �. ‚. �¥¯®¬−ïé¨© ¨ ¤à.

¤¥-ä�ªâ® ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ®¤−®ªà¨áâ�«ì−ëå á¨áâ¥¬ á ¯¥à¥áâà�¨¢�¥¬®© �àå¨-
â¥ªâãà®© [6].

‘®¢à¥¬¥−−ë¥ FPGA äã−ªæ¨®−¨àãîâ −� áª®à®áâïå, §�ç�áâãî ¯à¥¢®áå®¤ïé¨å
áª®à®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¡®àâ®¢®© �¯¯�à�âãàë. �à¨ íâ®¬ «®£¨ç¥áª¨¥ ¥¬ª®áâ¨
íâ¨å ¬¨ªà®áå¥¬ ¯®§¢®«ïîâ à¥�«¨§®¢ë¢�âì á«®¦−¥©è¨¥ ãáâà®©áâ¢� ª®¬¡¨−�æ¨-
®−−®© «®£¨ª¨, ¬¨ªà®¯à®æ¥áá®à−ë¥ á¨áâ¥¬ë −� ªà¨áâ�««¥, áç¥âç¨ª¨, â�©¬¥àë,
£¥−¥à�â®àë ¨¬¯ã«ìá®¢, ¨§¬¥à¨â¥«¨ ç�áâ®â−®-¢à¥¬¥−−‚ëå ¯�à�¬¥âà®¢ ¨ ¨¬¯ã«ìá-
−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©, �¯¯�à�â−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ¨ ª®¬¬ã−¨ª�æ¨®−−ë¥
ãáâà®©áâ¢� ¨ ¤à. ’�ª¨¬ ®¡à�§®¬, ¯à¨ ¨á¯®«ì§®¢�−¨¨ FPGA ¢ ª�ç¥áâ¢¥ ¡�§ë
¤«ï ¨á¯ëâ�â¥«ì−®£® ª®¬¯«¥ªá� ®áâ�¥âáï â®«ìª® ä®à¬�«¨§®¢�âì «®£¨ªã ¯®¢¥¤¥−¨ï
¯à¨¡®à� ¨ ¢ª«îç¨âì ¢ −¥¥ �¯¯�à�â−ë¥ ¬ãâ�æ¨¨.

4 Программирование тестовых комплексов

�à¨ ®à£�−¨§�æ¨¨ á¨áâ¥¬ë ¬ãâ�æ¨®−−®£® â¥áâ¨à®¢�−¨ï �� ª®¬¯«¥ªá� â¥áâ¨-
à®¢�−¨ï ¤¥«¨âáï −� ¤¢¥ á®áâ�¢«ïîé¨¥: Host ¨ Target. Host | ã¯à�¢«ïîé�ï
¯à®£à�¬¬�, á«ã¦�é�ï ¨−â¥àä¥©á®¬ ¬¥¦¤ã ¯®«ì§®¢�â¥«¥¬ ¨ FPGA, ¨á¯®«ì§ã-
¥¬®© ¤«ï ¨¬¨â�æ¨¨ −¥®¡å®¤¨¬®£® ®¡®àã¤®¢�−¨ï. �â®â ¯à®£à�¬¬−ë© ¬®¤ã«ì
à�á¯®«�£�¥âáï ¢ ¯�¬ïâ¨ ã¯à�¢«ïîé¥© ¢ëç¨á«¨â¥«ì−®© ¬�è¨−ë. —¥à¥§ Host ®áã-
é¥áâ¢«ï¥âáï ®¡é¥¥ ã¯à�¢«¥−¨¥ á®¤¥à¦�é¥©áï ¢ FPGA «®£¨ª®©, ¨¬¨â¨àãîé¥©
à�¡®âã à¥�«ì−®£® ®¡ê¥ªâ� ¨á¯ëâ�−¨©. Target | ¯à®£à�¬¬−ë© ¬®¤ã«ì, à¥�«¨§ã-
¥¬ë© ¢ FPGA ¨ ã¯à�¢«ï¥¬ë© ¨§ Host. ‚ Host à¥�«¨§ã¥âáï ç�áâì ��, ª®â®à�ï
−¥ âà¥¡ã¥â à¥�«ì−®£® ¢à¥¬¥−¨, à�¡®â�¥â ¯®¤ ã¯à�¢«¥−¨¥¬ ®¡ëç−®© ®¯¥à�æ¨®−−®©
á¨áâ¥¬ë ¨ à¥�«¨§ã¥â ®á−®¢−®© �«£®à¨â¬ ¯à®£à�¬¬ë. ‚ Target ¦¥ à¥�«¨§®¢�-
−ë �«£®à¨â¬ë, ª ª®â®àë¬ ¯à¥¤êï¢«ïîâáï âà¥¡®¢�−¨ï à¥�«ì−ëå ¯à®¬¥¦ãâª®¢
¢à¥¬¥−¨.

�à¥¤¯®«�£�¥âáï, çâ® ¢® ¢à¥¬ï ¨á¯ëâ�−¨© «®£¨ª� FPGA ¬ãâ¨àã¥â ¢ ¤¨−�¬¨-
ç¥áª®¬ à¥¦¨¬¥ á®£«�á−® âà¥¡ã¥¬®¬ã §�¤�−¨î, â¥¬ á�¬ë¬ ¯®à®¦¤�ï −¥èâ�â−ë¥
á¨âã�æ¨¨ ¢ �«£®à¨â¬¥ äã−ªæ¨®−¨à®¢�−¨ï ¯à¨¡®à�. ÷�§ã¬¥¥âáï, çâ® â�ª®© ¯®¤å®¤
¢®§¬®¦¥− â®«ìª® ¢ à¥¦¨¬¥ ¤¨−�¬¨ç¥áª®© ¯¥à¥áâà®©ª¨ FPGA, � à¥ª®−ä¨£ãà�æ¨ï
¤®«¦−� ®áãé¥áâ¢«ïâìáï ¯®á«¥ ¯à®å®¦¤¥−¨ï ®ç¥à¥¤−®© ¯®àæ¨¨ â¥áâ®¢, ®¯à¥¤¥-
«ïîé¨å à�¡®â®á¯®á®¡−®áâì â¥ªãé¥© ¬ãâ�æ¨¨. ‚ ¨áª«îç¨â¥«ì−ëå á¨âã�æ¨ïå,
−�¯à¨¬¥à ¤«ï ¬¥¤«¥−−® ¯à®â¥ª�îé¨å ¯à®æ¥áá®¢, ¯¥à¥áâà®©ª� FPGA ¬®¦¥â
®áãé¥áâ¢«ïâìáï −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï (¢ ¯à®¬¥¦ãâ-
ª�å ¬¥¦¤ã ¯®¢â®à�¬¨ â¥áâ®¢ëå ª®¬¯«¥ªâ®¢). �®¬¨¬® íâ®£® ¬®£ãâ ¯à®¨áå®¤¨âì
¬ãâ�æ¨¨ ¨ ¢áâà®¥−−®£® ��, çâ® ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ª®¬¯«¥ªá−ë© �−�«¨§
¯®ªàëâ¨ï â¥áâ�¬¨ ¢á¥£® �¯¯�à�â−®-¯à®£à�¬¬−®£® ª®¬¯«¥ªá�. ��¯à¨¬¥à, ¯à¨ −�-
«¨ç¨¨ −� ªà¨áâ�««¥ ã¯à�¢«ïîé¥£® ¯à®æ¥áá®à� ¬®¦−® ¢−®á¨âì âà¥¡ã¥¬ë¥ ¬ãâ�æ¨¨
¢ ¥£® ��.

„«ï ä®à¬¨à®¢�−¨ï ¯�ª¥â� â¥áâ®¢ ¨ à�§à�¡®âª¨ ¯à®æ¥¤ãà â¥áâ¨à®¢�−¨ï ¬ãâ�-
æ¨¨ ¬®¦−® à�§¤¥«¨âì ¯® ®¯à¥¤¥«¥−−®© á¨áâ¥¬¥, â. ¥. ¢ë¤¥«¨âì â¨¯ë ¬ãâ�æ¨©. �à¨
®¡−�àã¦¥−¨¨ ®è¨¡ª¨ ®¯à¥¤¥«¥−−®£® â¨¯� ¢ ¯à®æ¥áá¥ â¥áâ¨à®¢�−¨ï ¬®¦−® «®ª�-
«¨§®¢�âì −¥®âà�¡®â�−−ë© ãà®¢¥−ì ¢ á¨áâ¥¬−®© ¨¥à�àå¨¨ ¯à¨¡®à� ¨«¨ ¬®¤ã«ì
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®¡ê¥ªâ� ¨á¯ëâ�−¨© ¨, â�ª¨¬ ®¡à�§®¬, ¢ëï¢¨âì ¯®â¥−æ¨�«ì−® −¥¤®à�¡®â�−−ë©
ã§¥«.

5 Заключение

ˆá¯®«ì§®¢�−¨¥ ¬ãâ�æ¨®−−®£® â¥áâ¨à®¢�−¨ï ¤«ï �−�«¨§� â¥áâ®¢ �¯¯�à�â−®-
¯à®£à�¬¬−ëå áà¥¤áâ¢ ¯®§¢®«ï¥â ¯®¢ëá¨âì ¤®áâ®¢¥à−®áâì â¥áâ®¢, çâ® ï¢«ï¥âáï
®¤−®© ¨§ ¢�¦−ëå ¯à®¡«¥¬ ¯à¨ à�§à�¡®âª¥ �¯¯�à�âãàë ®â¢¥âáâ¢¥−−®£® ¯à¨¬¥-
−¥−¨ï, äã−ªæ¨®−¨àãîé¥© ¢ �£à¥áá¨¢−®© áà¥¤¥. �à¨¬¥−¥−¨¥ ®¤−®ªà¨áâ�«ì−ëå
á¨áâ¥¬ á ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�¥¬®© �àå¨â¥ªâãà®© ¯®§¢®«ï¥â £¨¡ª® à¥�«¨-
§®¢�âì �¯¯�à�â−ë¥ ¬ãâ�æ¨¨. Šà®¬¥ â®£®, ¯à¨¬¥−¥−¨¥ ¯à¥¤«�£�¥¬ëå ¯®¤å®¤®¢
¤«ï �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï â¥áâ®¢ëå ¢®§¤¥©áâ¢¨© ¯®§¢®«¨â −¥ â®«ìª®
à�áè¨à¨âì −®¬¥−ª«�âãàã â¥áâ®¢, −® ¨ ¯¥à¥©â¨ −� ª�ç¥áâ¢¥−−® −®¢ë© ãà®¢¥−ì
¯à®¢¥¤¥−¨ï −�§¥¬−ëå ¨á¯ëâ�−¨© ¡®àâ®¢®© à�¤¨®í«¥ªâà®−−®© �¯¯�à�âãàë.
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Abstract: Improving methods of tests developing effectiveness that are applied
in onboard spacecrafts radioelectronic equipment ground test are considered.
The approach that allows using mutation testing for hardware and software
tools, based on Field-Programmable Gate Arrays is suggested. Two ways of
hardware mutations modeling for testing are considered. The first approach is
based on classical use of electronic design automation systems with automatic
test suites generation. The second approach of mutation testing application can
use dynamically reconfigurable architectures (field-programmable gate arrays) in
hardware of developed device in combination with software that imitates logic of
real test object. The features of hardware and software components of developed
test complexes based on the proposed method are described. General ways of
introduced approach advance are specified.

Keywords: mutation testing; hardware description languages; ground test;
equipment; complexes
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ДИНАМИЧЕСКОЕ СОЗДАНИЕ КАРТ УРОВНЯ WiFi-СИГНАЛОВ
ДЛЯ СИСТЕМ ЛОКАЛЬНОГО ПОЗИЦИОНИРОВАНИЯ∗

Р. В. Воронов1, С. В. Малодушев2

�−−®â�æ¨ï: Š�àâë ãà®¢−ï á¨£−�«®¢ ¨á¯®«ì§ãîâáï ¤«ï «®ª�æ¨¨ ¡¥á¯à®¢®¤-
−ëå ¬®¡¨«ì−ëå ãáâà®©áâ¢. “¢¥«¨ç¥−¨¥ ¡¥á¯à®¢®¤−®£® á¥£¬¥−â� á¥â¨ âà¥¡ã¥â
á®§¤�−¨ï −®¢ëå ª�àâ ãà®¢−ï á¨£−�«®¢ ¤«ï ®áãé¥áâ¢«¥−¨ï «®ª�æ¨¨ ¢ −®¢ëå
®¡«�áâïå. ’à�¤¨æ¨®−−® ¯®¤®¡−ë¥ ª�àâë ä®à¬¨àãîâáï ¨§ ¡®«ìè®£® ª®«¨ç¥-
áâ¢� ¨§¬¥à¥−¨© ¢ ®¯à¥¤¥«¥−−ëå â®çª�å, ¯®¤®¡−ë© ¯à®æ¥áá §�−¨¬�¥â ¬−®£®
¢à¥¬¥−¨. ‚ áâ�âì¥ ¨áá«¥¤®¢�−� §�¤�ç� ¤¨−�¬¨ç¥áª®£® á®§¤�−¨ï ª�àâ ãà®¢-
−ï á¨£−�«®¢. �¯¨á�− í¢à¨áâ¨ç¥áª¨© �«£®à¨â¬ ¤¨−�¬¨ç¥áª®£® á®§¤�−¨ï ª�àâ
ãà®¢−ï á¨£−�«®¢ ¢® ¢à¥¬ï íªá¯«ã�â�æ¨¨ á¨áâ¥¬ë «®ª�æ¨¨. �à¨ ®æ¥−¨¢�-
−¨¨ áà¥¤−¨å §−�ç¥−¨© ãà®¢−ï á¨£−�«®¢ ¨á¯®«ì§®¢�−� äã−ªæ¨ï, ï¢«ïîé�ïáï
�−�«®£®¬ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï. ÷�§à�¡®â�−−ë© �«£®à¨â¬ ¯®§¢®«ï¥â �¢-
â®¬�â¨§¨à®¢�âì ¯à®æ¥áá á®§¤�−¨ï ¯®¤®¡−ëå ª�àâ. ‚ ª�ç¥áâ¢¥ ¡¥á¯à®¢®¤−ëå
á¥â¥© ¨á¯®«ì§®¢�«¨áì WiFi-c¥â¨, à�¡®â�îé¨¥ ¢ ç�áâ®â−®¬ ¤¨�¯�§®−¥ 2,4 ƒƒæ.
÷¥§ã«ìâ�âë â¥áâ®¢ ¯®ª�§�«¨, çâ® ¯à¥¤«®¦¥−−ë© �«£®à¨â¬ ¬®¦¥â ¡ëâì ¨á¯®«ì-
§®¢�− ¤«ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨.

Š«îç¥¢ë¥ á«®¢�: WiFi; ¡�§®¢ë¥ áâ�−æ¨¨; ®¯®à−�ï â®çª�; ãà®¢¥−ì á¨£−�«�;
«®ª�æ¨ï; ª�àâ� ãà®¢−ï á¨£−�«®¢
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1 Введение

Š�ª ¨§¢¥áâ−®, á¯ãâ−¨ª®¢ë¥ á¨áâ¥¬ë −�¢¨£�æ¨¨ −¥¢®§¬®¦−® ¨á¯®«ì§®¢�âì ¢
§�ªàëâëå ¯®¬¥é¥−¨ïå | ¢ §¤�−¨ïå, è�åâ�å, ¯®¤§¥¬−ëå ¯�àª®¢ª�å, ¯¥à¥å®¤�å
¬¥âà® ¨ â. ¤. „«ï â�ª¨å á«ãç�¥¢ à�§à�¡�âë¢�îâáï ¨ ¯à¨¬¥−ïîâáï á¯¥æ¨�«ì−ë¥
á¨áâ¥¬ë «®ª�æ¨¨, ®á−®¢�−−ë¥, −�¯à¨¬¥à, −� ®¡à�¡®âª¥ ãà®¢−ï ¯à¨−¨¬�¥¬®£®
á¨£−�«� ®â áâ�æ¨®−�à−ëå â®ç¥ª ¤®áâã¯� (¡�§®¢ëå áâ�−æ¨©) ¡¥á¯à®¢®¤−®© á¥â¨.

∗ˆáá«¥¤®¢�−¨ï ¯à®¢®¤¨«¨áì ¢ à�¬ª�å ¤¥ïâ¥«ì−®áâ¨ Œˆ� ��� ú��−®á¥â¨û ¨ ‡�� ú÷’‹-
‘¥à¢¨áû, � â�ª¦¥ ¯®¤¤¥à¦¨¢�«¨áì �¥âà®§�¢®¤áª¨¬ £®áã¤�àáâ¢¥−−ë¬ ã−¨¢¥àá¨â¥â®¬ (�à®£à�¬¬�
áâà�â¥£¨ç¥áª®£® à�§¢¨â¨ï �¥âàƒ“ −� 2012{2016 ££.), Œ¨−¨áâ¥àáâ¢®¬ ®¡à�§®¢�−¨ï ¨ −�ãª¨ ÷”,
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�à¥¤¢�à¨â¥«ì−® ¯®¬¥é¥−¨¥ à�§¡¨¢�¥âáï −� ¬−®¦¥áâ¢® ®¯®à−ëå â®ç¥ª, ¤«ï ª�¦-
¤®© ¨§ ª®â®àëå ®¯à¥¤¥«ïîâáï ª�àâë ãà®¢−ï ¯à¨−¨¬�¥¬ëå á¨£−�«®¢ ®â ¡�§®¢ëå
áâ�−æ¨© [1{3].

�®áª®«ìªã ãà®¢¥−ì ¯à¨−¨¬�¥¬®£® á¨£−�«� á¨«ì−® §�¢¨á¨â ®â ç¨á«� ®âà�-
¦¥−¨©, «î¡ë¥ ¨§¬¥−¥−¨ï ¢ ¯®¬¥é¥−¨¨ ¨«¨ á¬¥−� ®à¨¥−â�æ¨¨ �−â¥−− ¡�§®¢ëå
áâ�−æ¨© ¯à¨¢®¤ïâ ª −¥®¡å®¤¨¬®áâ¨ §�−®¢® −�áâà�¨¢�âì á¨áâ¥¬ã «®ª�æ¨¨ | ¯¥-
à¥áç¨âë¢�âì ª�àâë ãà®¢−ï á¨£−�«®¢ ¤«ï −¥áª®«ìª¨å ¨«¨ ¢á¥å ®¯®à−ëå â®ç¥ª
¯®¬¥é¥−¨ï. �â® âàã¤®¥¬ª�ï ®¯¥à�æ¨ï, â�ª ª�ª ®−� âà¥¡ã¥â −¥¯®áà¥¤áâ¢¥−−®£®
®¡å®¤� ®¯¥à�â®à®¬ á¨áâ¥¬ë ®¯®à−ëå â®ç¥ª ¨ ®¯à¥¤¥«¥−¨ï ¤«ï ª�¦¤®© ¨§ −¨å
áà¥¤−¥£® §−�ç¥−¨ï ãà®¢−ï á¨£−�«�. ‚ à�áá¬�âà¨¢�¥¬®© à�¡®â¥ ¯à¥¤¯®«�£�¥âáï
�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ª�àâ ãà®¢−ï ¯à¨−¨¬�¥¬ëå á¨£−�«®¢ ¢ å®¤¥ íªá-
¯«ã�â�æ¨¨ á¨áâ¥¬ë, çâ® ï¢«ï¥âáï áãé¥áâ¢¥−−®© ®á®¡¥−−®áâìî à�áá¬�âà¨¢�¥¬®£®
¯®¤å®¤� ¨ ®â«¨ç�¥â ¥£® ®â ¤àã£¨å ¯®¤å®¤®¢ ª à¥è¥−¨î §�¤�ç¨ «®ª�æ¨¨ ¢−ãâà¨
¯®¬¥é¥−¨©.

„«ï á¨áâ¥¬ «®ª�æ¨¨, ®á−®¢�−−ëå −� WiFi-á¥âïå, áãé¥áâ¢ãîâ ®£à�−¨ç¥−¨ï: á
®¤−®© áâ®à®−ë, ¢ ª�¦¤®© ®¯®à−®© â®çª¥ ¯®¬¥é¥−¨ï −ã¦−® á«ëè�âì ¤®áâ�â®ç−®¥
¤«ï «®ª�æ¨¨ ç¨á«® ¡�§®¢ëå áâ�−æ¨© (¦¥«�â¥«ì−® ¡®«ìè¥ âà¥å), á ¤àã£®© áâ®à®−ë,
¨á¯®«ì§ã¥¬ë¥ ¡�§®¢ë¬¨ áâ�−æ¨ï¬¨ ¤¨�¯�§®−ë ç�áâ®â ¯® ¢®§¬®¦−®áâ¨ −¥ ¤®«¦−ë
¯¥à¥á¥ª�âìáï, ¨−�ç¥ ª®«¨ç¥áâ¢® ¨−â¥àä¥à¨àãîé¨å á¨£−�«®¢ ¡ã¤¥â ¢ëá®ª®.

‚¢¥¤¥¬ −¥®¡å®¤¨¬ë¥ ®¡®§−�ç¥−¨ï. �ãáâì N | ç¨á«® ®¯®à−ëå â®ç¥ª ¯®¬¥-
é¥−¨ï, ¢ ª®â®àëå ¬®¦¥â −�å®¤¨âìáï ¬®¡¨«ì−ë© ®¡ê¥ªâ, D | ç¨á«® ¡�§®¢ëå
áâ�−æ¨©. �� ¯à¨¥¬−®© áâ®à®−¥ ãà®¢−¨ á¨£−�«®¢ ®â ¡�§®¢ëå áâ�−æ¨© ï¢«ïîâáï
¤¨áªà¥â−ë¬¨ ¢¥«¨ç¨−�¬¨, ¯®áª®«ìªã à�¤¨®¯¥à¥¤�ç� ¢¥¤¥âáï ¢ æ¨äà®¢®© ä®à¬¥.
’®£¤� ¢ å®¤¥ −�áâà®©ª¨ á¨áâ¥¬ë −¥®¡å®¤¨¬® ¤«ï ª�¦¤®© ¡�§®¢®© áâ�−æ¨¨ d ®æ¥-
−¨âì à�á¯à¥¤¥«¥−¨¥ pd(x|j) ãá«®¢−ëå ¢¥à®ïâ−®áâ¥© ãà®¢−¥© á¨£−�«� x ¢ ®¯®à−ëå
â®çª�å j = 1, . . . , N .

‚ å®¤¥ íªá¯«ã�â�æ¨¨ á¨áâ¥¬ë ¬¥áâ®¯®«®¦¥−¨¥ ¬®¡¨«ì−®£® ®¡ê¥ªâ� ®¯à¥¤¥-
«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. �ãáâì pj | �¯à¨®à−�ï ¢¥à®ïâ−®áâì −�å®¦¤¥−¨ï
®¡ê¥ªâ� ¢ ®¯®à−®© â®çª¥ j (j = 1, . . . , N ). �à¥¤¯®«®¦¨¬, çâ® §�à¥£¨áâà¨à®¢�−
¢¥ªâ®à ãà®¢−¥© á¨£−�«� x = (x1, . . . , xd), £¤¥ xd | ãà®¢¥−ì á¨£−�«� ®â ¡�§®¢®©
áâ�−æ¨¨ d. �à¥¤¯®«�£�ï −¥§�¢¨á¨¬®áâì ãà®¢−¥© á¨£−�«� ®â à�§«¨ç−ëå ¡�§®¢ëå
áâ�−æ¨©, �¯®áâ¥à¨®à−ãî ¢¥à®ïâ−®áâì qj −�å®¦¤¥−¨ï ®¡ê¥ªâ� ¢ ®¯®à−®© â®çª¥ j
¬®¦−® −�©â¨ ¯® ä®à¬ã«¥:

qj =

pj

D∏

d=1

pd(xd|j)

N∑

k=1

pk

D∏

d=1

pd(xd|k)
. (1)

Š�ª ¯à�¢¨«®, ¢ ª�ç¥áâ¢¥ ¨áª®¬®© ®¯®à−®© â®çª¨ ¢ë¡¨à�¥âáï â�, ¤«ï ª®â®à®©
�¯®áâ¥à¨®à−�ï ¢¥à®ïâ−®áâì ¯à¨−¨¬�¥â −�¨¡®«ìè¥¥ §−�ç¥−¨¥.
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‚ ¤�−−®© áâ�âì¥ ¯à¥¤«�£�¥âáï í¢à¨áâ¨ç¥áª¨© ¬¥â®¤, ¯®§¢®«ïîé¨© ¡¥§ ¯¥à¥−�-
áâà®©ª¨ ®¯¥à�â®à®¬ á¨áâ¥¬ë «®ª�æ¨¨ ¢ å®¤¥ ¥¥ íªá¯«ã�â�æ¨¨ �¢â®¬�â¨ç¥áª¨ ®æ¥-
−¨¢�âì ¢¥à®ïâ−®áâ¨ pd(x|j) ¤«ï ¤®¡�¢«ï¥¬ëå ¢ á¨áâ¥¬ã −®¢ëå ¡�§®¢ëå áâ�−æ¨©,
¨á¯®«ì§ãï §−�ç¥−¨ï qj, ¯®«ãç¥−−ë¥ −� ®á−®¢¥ ¨¬¥îé¨åáï (úáâ�àëåû) ¡�§®¢ëå
áâ�−æ¨©. �à¥¤«®¦¥−−ë© ¬¥â®¤ ®¯à®¡®¢�− ¢ á¨áâ¥¬¥ «®ª�æ¨¨, ®á−®¢�−−®© −�
WiFi-á¥âïå.

2 Построение областей локации

÷�áá¬®âà¨¬ áãé¥áâ¢ãîé¨¥ ç�áâ®â−ë¥ ®£à�−¨ç¥−¨ï, −�ª«�¤ë¢�¥¬ë¥ −� ª®-
«¨ç¥áâ¢® ¨á¯®«ì§ã¥¬ëå ¡�§®¢ëå áâ�−æ¨©. ‘¥â¨ WiFi à�¡®â�îâ ¢ ç�áâ®â−®¬
¤¨�¯�§®−¥ 2400{2495 Œƒæ. „�−−ë© ç�áâ®â−ë© ¤¨�¯�§®− ¤¥«¨âáï −� 14 ª�−�«®¢,
−¥áãé�ï ç�áâ®â� ª�¦¤®£® ¨§ ª®â®àëå ®â«¨ç�¥âáï −� 5 Œƒæ, ¯à¨ íâ®¬ ª�¦¤ë©
à�¤¨®ª�−�« ¨¬¥¥â ä¨ªá¨à®¢�−−ë© ç�áâ®â−ë© ¤¨�¯�§®− è¨à¨−®© 22 Œƒæ. „«ï
â®£® çâ®¡ë á¨£−�«ë ®â ¡�§®¢ëå áâ�−æ¨© −¥ ¨−â¥àä¥à¨à®¢�«¨ ¤àã£ á ¤àã£®¬, ¯à¨
¯®áâà®¥−¨¨ WiFi-á¥â¥© ¨å −¥áãé¨¥ ç�áâ®âë ¤®«¦−ë ®â«¨ç�âìáï −¥ ¬¥−¥¥ ç¥¬
−� 25 Œƒæ, â. ¥. ¢ ¤®áâã¯−®¬ ¤«ï WiFi ç�áâ®â−®¬ ¤¨�¯�§®−¥ 2,4 ƒƒæ ¢®§¬®¦−�
à�¡®â� ¡¥§ ¢§�¨¬−ëå ¯®¬¥å «¨èì −� âà¥å à�¤¨®ª�−�«�å [4, 5]. ‚ ¤�−−®© áâ�âì¥ −¥
à�áá¬�âà¨¢�¥âáï á«ãç�© ¨á¯®«ì§®¢�−¨ï ¤¨�¯�§®−� 5 ƒƒæ.

�� à¨á. 1 ¯à¥¤áâ�¢«¥− â¨¯¨ç−ë© ¯à¨¬¥à ¤¥«¥−¨ï WiFi-á¥â¨ −� à�¤¨®§®−ë (�)
¨ ¯à¨¬¥à â¥å ¦¥ à�¤¨®§®−, ¨á¯®«ì§ã¥¬ëå ¯à¨ «®ª�æ¨¨ (¡), | ª�¦¤®© ¡�§®¢®©
áâ�−æ¨¨ á®®â¢¥âáâ¢ã¥â á¢®© −®¬¥à ª�−�«�, ®¯à¥¤¥«ïîé¨© ç�áâ®â−ë© ¤¨�¯�§®−,
¨ à�¤¨®§®−�. ÷�áç¥â ¯®§¨æ¨¨ ¬®¡¨«ì−®£® ®¡ê¥ªâ� ¢®§¬®¦¥− â®«ìª® ¢ ®¡«�áâïå
¯¥à¥á¥ç¥−¨ï à�¤¨®§®−, ï¢«ïîé¨åáï ®¡«�áâï¬¨ «®ª�æ¨¨. ‚ ¤�−−®¬ á«ãç�¥ ®¡«�-
áâï¬ «®ª�æ¨¨ á®®â¢¥âáâ¢ãîâ à�¤¨®§®−ë á −®¬¥à�¬¨ ª�−�«®¢ 6 ¨ 11 (á¬. à¨á. 1, ¡),
−¥áãé¨¥ ç�áâ®âë ¤�−−ëå à�¤¨®§®− −¥ ¨−â¥àä¥à¨àãîâ ¤àã£ á ¤àã£®¬. ˆ§ à¨á. 1, ¡
¢¨¤−®, çâ® ¤«ï á¨áâ¥¬ «®ª�æ¨¨ ¯«®â−®áâì à�§¬¥é¥−¨ï ¡�§®¢ëå áâ�−æ¨© ¢ëè¥
¢ áà�¢−¥−¨¨ á âà�¤¨æ¨®−−ë¬¨ WiFi-á¥âï¬¨, ¢¢¨¤ã −¥®¡å®¤¨¬®áâ¨ ®à£�−¨§�æ¨¨
®¡«�áâ¥© «®ª�æ¨¨.

�® ¬¥à¥ ã¤�«¥−¨ï ®â ¨áâ®ç−¨ª� ¨§«ãç¥−¨ï ¡�§®¢®© áâ�−æ¨¨ à�¤¨®á¨£−�«
§�âãå�¥â, ¢¢¨¤ã ç¥£® £à�−¨æë à�¤¨®§®− ®¯à¥¤¥«ïîâáï çã¢áâ¢¨â¥«ì−®áâìî à�¤¨®-
¯à¨¥¬−¨ª� −� áâ®à®−¥ ª«¨¥−â�.

÷¨á. 1 ˆá¯®«ì§®¢�−¨¥ WiFi-ª�−�«®¢ ¤«ï ®à£�−¨§�æ¨¨ à�¤¨®§®−
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3 Применение карт уровня сигналов

Š�àâë ãà®¢−ï á¨£−�«®¢ ¨á¯®«ì§ãîâáï ¢ à�áç¥â�å ¯à¨ «®ª�æ¨¨, ¨ ¨å ä®à-
¬¨à®¢�−¨¥ ï¢«ï¥âáï −¥®¡å®¤¨¬®© ¨ à¥áãàá®¥¬ª®© §�¤�ç¥©. ÷�áá¬®âà¨¬, ª�ª
®áãé¥áâ¢«ï¥âáï á®§¤�−¨¥ ¨ ¯à¨¬¥−¥−¨¥ ¤�−−ëå ª�àâ ¯à¨ à�áç¥â�å ¢ «®ª�æ¨¨.

‚ ¬®¬¥−â ¢à¥¬¥−¨ t ª�¦¤®© ®¯®à−®© â®çª¥ j á®®â¢¥âáâ¢ã¥â ã−¨ª�«ì−ë© ¢¥ª-
â®à ãà®¢−¥© á¨£−�«®¢ x = (x1, . . . , xd) ¤«ï à�¤¨®§®− á®®â¢¥âáâ¢ãîé¨å ¡�§®¢ëå
áâ�−æ¨©. „«ï ª�¦¤®© ¡�§®¢®© áâ�−æ¨¨ ä®à¬¨àã¥âáï ª�àâ�, á®¤¥à¦�é�ï ãáà¥¤-
−¥−−ë¥ ¯®ª�§�−¨ï ¯à¨−ïâ®£® ®â −¥¥ á¨£−�«� ¢ §�¤�−−®¬ −�¡®à¥ ®¯®à−ëå â®ç¥ª
j = 1, . . . , N .

�à¨ «®ª�æ¨¨ ®áãé¥áâ¢«ï¥âáï áà�¢−¥−¨¥ ¯®«ãç¥−−®£® ¢ ª®−ªà¥â−®© â®çª¥ ¢¥ª-
â®à� ãà®¢−¥© á¨£−�«®¢ RSSI (Received Signal Strength Indication) á® §−�ç¥−¨ï¬¨,
åà�−¨¬ë¬¨ ¢® ¢á¥å ª�àâ�å. �® à¥§ã«ìâ�â�¬ ¤�−−®£® áà�¢−¥−¨ï ®¯à¥¤¥«ï¥âáï
−�¨¡®«¥¥ ¢¥à®ïâ−�ï ¯®§¨æ¨ï ¬®¡¨«ì−®£® ®¡ê¥ªâ� [6].

„«ï ª®àà¥ªâ−®£® à�áç¥â� ¯®§¨æ¨¨

÷¨á. 2 �®«®¦¥−¨¥ ¬®¡¨«ì−®£® ®¡ê¥ªâ�
®â−®á¨â¥«ì−® ¡�§®¢ëå áâ�−æ¨©

¬®¡¨«ì−®£® ®¡ê¥ªâ� −¥®¡å®¤¨¬®, çâ®-
¡ë ¤�−−ë© ®¡ê¥ªâ ¯à¨−¨¬�« ¯®ª�-
§�−¨ï RSSI −¥ ¬¥−¥¥ ç¥¬ ®â âà¥å
¡�§®¢ëå áâ�−æ¨©, ¤«ï ª®â®àëå áä®à-
¬¨à®¢�−ë ª�àâë ãà®¢−ï á¨£−�«®¢, ¯à¨
íâ®¬ ¤�−−ë© ¬®¡¨«ì−ë© ®¡ê¥ªâ ¤®«-
¦¥− −�å®¤¨âìáï ¢−ãâà¨ ®¡«�áâ¨, ¯®
¯¥à¨¬¥âàã ª®â®à®© à�á¯®«�£�îâáï íâ¨
¡�§®¢ë¥ áâ�−æ¨¨ (à¨á. 2).

�� à¨á. 2 ¯à¥¤áâ�¢«¥−ë ¤¢¥ ®¯®à-
−ë¥ â®çª¨ |A ¨B. ‹®ª�æ¨ï ¬®¡¨«ì-
−®£® ®¡ê¥ªâ�D ¢ ®¯®à−®© â®çª¥A ®áã-
é¥áâ¢«ï¥âáï −� ®á−®¢¥ ¨−ä®à¬�æ¨¨ ®¡
ãà®¢−ïå á¨£−�«®¢ ®â ¡�§®¢ëå áâ�−æ¨©
A1, A2 ¨ A3.

�à¨ «®ª�æ¨¨ ¢ ®¯®à−®© â®çª¥ A
â�ª¦¥ ¨á¯®«ì§ãîâáï ¯®ª�§�−¨ï ãà®¢-
−¥© á¨£−�«®¢ ®â ¡�§®¢®© áâ�−æ¨¨ A4 ¢
á«ãç�ïå, ª®£¤� ¬®¡¨«ì−ë© ®¡ê¥ªâ D
¯à¨−¨¬�¥â à�¤¨®á¨£−�« ®â ¤�−−®© ¡�-

§®¢®© áâ�−æ¨¨, ¯à¨ íâ®¬, ¢¢¨¤ã ç�áâ®â−ëå ®£à�−¨ç¥−¨©, ¡�§®¢ë¥ áâ�−æ¨¨ A1
¨ A4 ¯® ¢®§¬®¦−®áâ¨ −¥ ¤®«¦−ë −�å®¤¨âìáï ¢ §®−¥ á«ëè¨¬®áâ¨ ¤àã£ ¤àã£�, â�ª
ª�ª ¨å á¨£−�«ë ¡ã¤ãâ ¨−â¥àä¥à¨à®¢�âì ¤àã£ á ¤àã£®¬.

÷�áá¬�âà¨¢�¥¬�ï ¬®¤¥«ì ¯®§¢®«ï¥â ä®à¬¨à®¢�âì ª�àâë ãà®¢−ï á¨£−�«®¢ ¢
å®¤¥ íªá¯«ã�â�æ¨¨ á¨áâ¥¬ë á æ¥«ìî ¨å ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï ¯à¨ «®ª�æ¨¨,
çâ® ¤¥«�¥â ¢®§¬®¦−ë¬ �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá á®§¤�−¨ï ¯®¤®¡−ëå ª�àâ ¨, ª�ª
á«¥¤áâ¢¨¥, ã¢¥«¨ç¨âì ª®«¨ç¥áâ¢® ®¡«�áâ¥© «®ª�æ¨¨.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 83



÷. ‚. ‚®à®−®¢, ‘. ‚. Œ�«®¤ãè¥¢

4 Математическая модель

�ãáâì ¨¬¥¥âáï −¥ª®â®à®¥ ç¨á«® ¡�§®¢ëå áâ�−æ¨©, ¤«ï ª®â®àëå ¨§¢¥áâ−ë
à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© ãà®¢−¥© á¨£−�«� ¢ ª�¦¤®© ®¯®à−®© â®çª¥ ¯®¬¥é¥−¨ï.
’®£¤�, ®¡à�¡�âë¢�ï ¯® ä®à¬ã«¥ (1) ¤«ï ¬®¡¨«ì−®£® ®¡ê¥ªâ� ãà®¢−¨ á¨£−�«®¢
®â ¡�§®¢ëå áâ�−æ¨©, ¬®¦−® ®¯à¥¤¥«ïâì ¢¥à®ïâ−®áâ¨ à�á¯®«®¦¥−¨ï ®¡ê¥ªâ� ¢
®¯®à−ëå â®çª�å ¯®¬¥é¥−¨ï. �ãáâì ¤®¡�¢«ï¥âáï −®¢�ï ¡�§®¢�ï áâ�−æ¨ï, ¤«ï
ª®â®à®© −¥ ®¯à¥¤¥«¥−ë à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© ãà®¢−¥© á¨£−�«®¢ ¢ ®¯®à−ëå
â®çª�å.

�à¥¤¯®«®¦¨¬ ¤«ï ¯à®áâ®âë, çâ® ãà®¢−¨ á¨£−�«� ®â −®¢®© ¡�§®¢®© áâ�−æ¨¨
ï¢«ïîâáï −¥¯à¥àë¢−ë¬¨ á«ãç�©−ë¬¨ ¢¥«¨ç¨−�¬¨ ξ1, . . . , ξM , ª®â®àë¥ ¢ à¥§ã«ì-
â�â¥ M −¥§�¢¨á¨¬ëå ¨§¬¥à¥−¨© ¯à¨−ï«¨ §−�ç¥−¨ï x1, . . . , xM .

‚ ¬®¤¥«¨ ¯à¨¬¥¬ ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨© ãà®¢−¥© á¨£−�«®¢ ¢ ®¯®à−ëå
â®çª�å j à�¢−ë¬¨

p(x|j; aj) =
1

σ
√
2π
exp

(
−(x− aj)

2

2σ2

)
, j = 1, . . . , N , (2)

£¤¥ ¯�à�¬¥âà σ ï¢«ï¥âáï ¨§¢¥áâ−ë¬ ¨ ®¤¨−�ª®¢ë¬ ¤«ï ¢á¥å ®¯®à−ëå â®ç¥ª j.
’¥®à¥â¨ç¥áª¨ ¢ íâ®¬ á«ãç�¥ ¤®¯ãáª�¥âáï −¥−ã«¥¢�ï ¢¥à®ïâ−®áâì ¤«ï ®âà¨æ�â¥«ì-
−ëå §−�ç¥−¨© ãà®¢−ï á¨£−�«®¢, −® ®−� ï¢«ï¥âáï −¨çâ®¦−® ¬�«®©. ��à�¬¥âàë
aj | ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï §−�ç¥−¨© ãà®¢−ï á¨£−�«� ¢ ®¯®à−ëå â®çª�å
j = 1, . . . , N | �¯à¨®à¨ −¥ ¨§¢¥áâ−ë. ‡�¤�ç� á®áâ®¨â ¢ ¯®¨áª¥ ¨å â®ç¥ç−ëå
®æ¥−®ª.

�ãáâì qij | ¨§¢¥áâ−ë¥ ¢¥à®ïâ−®áâ¨ −�å®¦¤¥−¨ï ®¡ê¥ªâ� ¢ ®¯®à−®© â®çª¥ j ¢
¬®¬¥−â à¥£¨áâà�æ¨¨ i-£® ¨§¬¥à¥−¨ï, ®¯à¥¤¥«¥−−ë¥ ¯® ä®à¬ã«¥ (1).

�«®â−®áâì à�á¯à¥¤¥«¥−¨ï ãà®¢−ï á¨£−�«� x ¢ ¬®¬¥−â à¥£¨áâà�æ¨¨ i-£® ¨§¬¥-
à¥−¨ï ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ ¯®«−®© ¢¥à®ïâ−®áâ¨:

pi(x) =

N∑

j=1

p(x|j; aj)qij .

‘®áâ�¢¨¬ äã−ªæ¨î, ï¢«ïîéãîáï �−�«®£®¬ «®£�à¨ä¬¨ç¥áª®© äã−ªæ¨¨ ¯à�¢-
¤®¯®¤®¡¨ï ¤«ï ¨§¬¥à¥−¨© x1, . . . , xM :

L(x; a) =

M∑

i=1

ln




N∑

j=1

p(xi|j; aj)qij


 , (3)

£¤¥ x = (x1, . . . , xM ) ¨ a = (a1, . . . , aN ). ‚ á«ãç�¥, ¥á«¨ ¢¥à®ïâ−®áâ¨ qij
¬¥−ïîâáï ®â ¨§¬¥à¥−¨ï ª ¨§¬¥à¥−¨î, á«ãç�©−ë¥ ¢¥«¨ç¨−ë ξ1, . . . , ξM ¡ã¤ãâ
à�á¯à¥¤¥«¥−ë ¯®-à�§−®¬ã, ¨ ¢ áâà®£®¬ á¬ëá«¥ äã−ªæ¨ï (3) −¥ ï¢«ï¥âáï äã−ªæ¨¥©
¯à�¢¤®¯®¤®¡¨ï. ‡�¤�ç� ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ ¢ â�ª®© ¯®áâ�−®¢ª¥ á�¬� ¯® á¥¡¥
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ï¢«ï¥âáï −¥âà¨¢¨�«ì−®©. �à¥¤«�£�¥âáï ®æ¥−¨¢�âì ¢¥ªâ®à a ¯à¨ ¯®¬®é¨ ¯®¨áª�
¬�ªá¨¬ã¬� íâ®© äã−ªæ¨¨.

„«ï ¯®¨áª� ¬�ªá¨¬ã¬� äã−ªæ¨¨ (3) −�©¤¥¬ ¥¥ ç�áâ−ë¥ ¯à®¨§¢®¤−ë¥ ¯® ak:

∂L(x, a)

∂ak
=

M∑

i=1

(dp(xi|k; ak)/(dak)) qij
N∑

j=1

p(xi|j; aj)qij
, k = 1, . . . , N . (4)

“ç¨âë¢�ï (2), ¯®«ãç�¥¬ ¯à®¨§¢®¤−ë¥ p(x|k; ak) ¯® ak:

dp(x|k; ak)
ak

=
1

σ3
√
2π
(x− ak) exp

(
−(x− ak)

2

2σ2

)
, k = 1, . . . , N .

�®¤áâ�¢«ï¥¬ ¨å ¢ (4), ¯®«ãç�¥¬:

∂L(x, a)

∂ak
=

M∑

i=1

(1/σ2) (xi − ak) exp
(
−(xi − ak)

2/(2σ2)
)
qik

N∑

j=1

exp
(
−(xi − aj)

2/(2σ2)
)
qij

, k = 1, . . . , N .

�¡®§−�ç¨¬

cik(a) =
exp

(
−(xi − ak)

2/(2σ2)
)
qik

N∑

j=1

exp
(
−(xi − ak)

2/(2σ2)
)
qij

.

’®£¤�

∂L(x, a)

∂ak
=

M∑

i=1

1

σ2
(xi − ak) cik(a) , k = 1, . . . , N .

�à¨à�¢−ï¢ ª −ã«î ¯à®¨§¢®¤−ë¥, ¯®«ãç�¥¬ á¨áâ¥¬ã

M∑

i=1

1

σ2
(xi − ak) cik(a) = 0 , k = 1, . . . , N . (5)

‚ëà�§¨¬ ¨§ (5) ak:

ak =
M∑

i=1

cik(a)xi

/ M∑

i=1

cik(a) , k = 1, . . . , N .

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

γik(a) = cik(a)

/ M∑

i=1

cik(a) ;
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fk(a) =

M∑

i=1

γik(a)xi , k = 1, . . . , N ;

f(a) = (f1(a), . . . , fN (a)) .

’®£¤� á¨áâ¥¬� ãà�¢−¥−¨© (5) ¯à¨¬¥â −�¨¡®«¥¥ ¯à®áâ®© ¢¨¤:

a = f(a) . (6)

“â¢¥à¦¤¥−¨¥. “à�¢−¥−¨¥ (6) ¨¬¥¥â à¥è¥−¨¥.

„ ® ª � § � â ¥ « ì á â ¢ ® . �¡®§−�ç¨¬

Y =

{
y = (y1, . . . , yN )|min

i
xi ≤ yl ≤ max

i
xi , l = 1, . . . , N

}
.

�ç¥¢¨¤−®, çâ® Y ï¢«ï¥âáï ¢ë¯ãª«ë¬ ¨ ª®¬¯�ªâ−ë¬ ¬−®¦¥áâ¢®¬, � ®â®¡à�¦¥-
−¨¥ f | −¥¯à¥àë¢−ë¬. ’�ª ª�ª 0 ≤ γik(a) ≤ 1, â®min

i
{xi} ≤ fk(a) ≤ max

i
{xi};

á«¥¤®¢�â¥«ì−®, f : Y → Y ¨ ¯® â¥®à¥¬¥ �à�ãíà� ®â®¡à�¦¥−¨¥ f ¨¬¥¥â −¥¯®-
¤¢¨¦−ãî â®çªã. “â¢¥à¦¤¥−¨¥ ¤®ª�§�−®.

�¯¨è¥¬ ¨â¥à�æ¨®−−ë© �«£®à¨â¬ à¥è¥−¨ï ãà�¢−¥−¨ï a = f(a). �ãáâì §�¤�−�
â®ç−®áâì ¢ëç¨á«¥−¨© ε.

�«£®à¨â¬ 1
�®«®¦¨âì −�ç�«ì−ë¥ §−�ç¥−¨ï a(0) = (0, . . . , 0).

‚ëç¨á«ïâì ¯®á«¥¤®¢�â¥«ì−®áâì a(t) ¯® ä®à¬ã«¥

a(t+1) = f(a(t)) , t = 1, 2, . . . ,

¤® â¥å ¯®à, ¯®ª� −¥ ¡ã¤¥â ¢ë¯®«−¥−® ãá«®¢¨¥ ‖a(t) − a(t+1)‖ < ε.

÷�áá¬®âà¨¬ ®¡®¡é¥−¨¥ §�¤�ç¨. �ãáâì ¨¬¥¥âáï −¥áª®«ìª® ¡�§®¢ëå áâ�−æ¨©,
¤«ï ª®â®àëå ¯®áâà®¥−ë ª�àâë ãà®¢−ï á¨£−�«®¢. „®¡�¢«ï¥âáï −¥áª®«ìª® −®¢ëå
¡�§®¢ëå áâ�−æ¨©. �¥®¡å®¤¨¬® ¤«ï −¨å ¯®áâà®¨âì ª�àâë §®−.

�ãáâì d1, . . . , dK | ¡�§®¢ë¥ áâ�−æ¨¨, ¤«ï ª®â®àëå ¨¬¥îâáï ª�àâë §®−,
dK+1, . . . ,DK+R | ¡�§®¢ë¥ áâ�−æ¨¨, ¤«ï ª®â®àëå âà¥¡ã¥âáï ¯®áâà®¨âì ª�àâë
§®−.

�à¥¤«�£�¥âáï á«¥¤ãîé¨© �«£®à¨â¬ à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨.

�«£®à¨â¬ 2
„«ï t = 1, . . . , R ¢ë¯®«−¨âì:

�®«ãç¨âì M −�¡®à®¢ ¨§¬¥à¥−¨© ãà®¢−ï á¨£−�«� ®â ¡�§®¢ëå áâ�−æ¨©
d1, . . . , dK+t.
ˆá¯®«ì§ãï ª�àâë ãà®¢−ï á¨£−�«®¢ ¤«ï ¡�§®¢ëå áâ�−æ¨© d1, . . . , dK+t−1,
¢ëç¨á«¨âì qij, i = 1, . . . ,M , j = 1, . . . , N .
ˆá¯®«ì§ãï �«£®à¨â¬ 1, ¯®áâà®¨âì ª�àâã ãà®¢−ï á¨£−�«� ¤«ï ¡�§®¢®©
áâ�−æ¨¨ dK+t.
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5 Тестовые испытания

�¯¨è¥¬ íªá¯¥à¨¬¥−â, ¯à®¢¥¤¥−−ë© −� à¥�«ì−ëå ¤�−−ëå. ‚ íªá¯¥à¨¬¥−â¥
¨á¯®«ì§®¢�«®áì ®¡®àã¤®¢�−¨¥, ®¯¨á�−−®¥ ¢ â�¡«. 1.

’�¡«¨æ� 1 ˆá¯®«ì§®¢�−−®¥ ®¡®àã¤®¢�−¨¥

�¡®àã¤®¢�−¨¥ �¯¨á�−¨¥
��§®¢�ï
áâ�−æ¨ï
(4 èâ.)

�¥á¯à®¢®¤−�ï â®çª� ¤®áâã¯� Netgear WAG 102
Œ®é−®áâì ¯¥à¥¤�âç¨ª� 100 ¬‚â
1 ¢−¥è−ïï �−â¥−−� 5 dBi (2,4 ƒƒæ)

�®ãâ¡ãª
MacBook Pro, Core i5 2,4 ƒƒæ, 4ƒ� �‡“, WiFi 802.11n (Broadcom)
Mac OS X 10.7.5, 64-¡¨â−�ï �àå¨â¥ªâãà�

�� â¥àà¨â®à¨¨ ä¨§¨ª®-â¥å−¨ç¥áª®£® ä�ªã«ìâ¥â� �¥âà®§�¢®¤áª®£® £®áã¤�à-
áâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¡ë«� ¢ë¡à�−� â¥áâ®¢�ï ¯«®é�¤ª� à�§¬¥à®¬ 12 × 20 ¬,
−� ª®â®à®© ¡ë«® §�¤¥©áâ¢®¢�−® 4 ¡�§®¢ë¥ áâ�−æ¨¨ (d1, . . . , d4, D = 4, à¨á. 3).
„�−−�ï ¯«®é�¤ª� ¨¬¥¥â ®¯®à−ë¥ ª®«®−−ë, çâ® ¯®§¢®«ï¥â í¬¨â¨à®¢�âì ãá«®¢¨ï
−¥¯àï¬®© ¢¨¤¨¬®áâ¨ ª�ª®©-«¨¡® ¨§ ¡�§®¢ëå áâ�−æ¨© ¬®¡¨«ì−ë¬ ®¡ê¥ªâ®¬. „«ï
®¯à¥¤¥«¥−¨ï ®æ¥−®ª ¬�â¥¬�â¨ç¥áª¨å

÷¨á. 3 �¯®à−ë¥ â®çª¨ â¥áâ®¢®© ¯«®é�¤ª¨

®¦¨¤�−¨© ajd ãà®¢−¥© á¨£−�«®¢ ¡�-
§®¢ëå áâ�−æ¨© ¡ë«¨ ¯à®¢¥¤¥−ë ¨§¬¥-
à¥−¨ï ¢ 22 ®¯®à−ëå â®çª�å (N = 22),
¯® 50 §�¬¥à®¢ ¢ ç¥âëà¥å −�¯à�¢«¥-
−¨ïå ®â−®á¨â¥«ì−® áâ¥− §¤�−¨ï (¨â®£®
200 §�¬¥à®¢ ¢ ª�¦¤®© ®¯®à−®© â®çª¥).

�®«ãç¥−−ë¥ ¢ å®¤¥ ¯à®¢¥¤¥−¨ï ¨§-
¬¥à¥−¨© ª�àâë ãà®¢−ï á¨£−�«®¢ ¤«ï
¡�§®¢ëå áâ�−æ¨© d1, . . . , d4 ¯à¥¤áâ�¢-
«¥−ë −� à¨á. 4. ‚¥àâ¨ª�«ì−�ï ®áì á®-
®â¢¥âáâ¢ã¥â ãà®¢−î á¨£−�«� (¤�¬), £®-
à¨§®−â�«ì−�ï ¯«®áª®áâì á®®â¢¥âáâ¢ã¥â
à�§¬¥à�¬ â¥áâ®¢®© ¯«®é�¤ª¨, ¬�àª¥-
à�¬¨ ®â¬¥ç¥−ë à¥�«ì−ë¥ ãáà¥¤−¥−−ë¥
§−�ç¥−¨ï.

„�«¥¥ ¡ë«¨ ¨á¯®«ì§®¢�−ë â¥ ¦¥ ¨§¬¥à¥−¨ï ¤«ï â¥áâ¨à®¢�−¨ï à�¡®âë �«£®-
à¨â¬� 1 (M = 4400). ˆá¯®«ì§ãï ¤�−−ë¥ ®â âà¥å ¨§ ç¥âëà¥å ¡�§®¢ëå áâ�−æ¨©, ¯®
ä®à¬ã«¥ (1) ¢ ¬®¬¥−â ª�¦¤®£® ¨§¬¥à¥−¨ï i ¢ëç¨á«ï«¨áì ¢¥à®ïâ−®áâ¨ qij −�å®¦-
¤¥−¨ï ®¡ê¥ªâ� ¢ ®¯®à−ëå â®çª�å j = 1, . . . , N . ‡�â¥¬ á ¯®¬®éìî �«£®à¨â¬� 1
¢ëç¨á«ï«¨áì ®æ¥−ª¨ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© aj ¢ ®¯®à−ëå â®çª�å j = 1, . . . , N
¤«ï ç¥â¢¥àâ®© ¡�§®¢®© áâ�−æ¨¨. ��à�¬¥âà σ ¡ë« à�¢¥− âà¥¬.

’�ª¨¬ ®¡à�§®¬, ¡ë«¨ á¬®¤¥«¨à®¢�−ë ª�àâë ãà®¢−ï á¨£−�«®¢ ¤«ï ª�¦¤®©
¡�§®¢®© áâ�−æ¨¨ d1, . . . , d4. �à¨¬¥à á¬®¤¥«¨à®¢�−−ëå ª�àâ ãà®¢−ï á¨£−�«®¢
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÷¨á. 4 �¬¯¨à¨ç¥áª¨¥ ª�àâë ãà®¢−ï á¨£−�«®¢: (�) d1; (¡) d2; (¢) d3; (£) d4

÷¨á. 5 ‘¬®¤¥«¨à®¢�−−ë¥ ª�àâë ãà®¢−ï á¨£−�«®¢: (�) d1; (¡) d2; (¢) d3; (£) d4
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’�¡«¨æ� 2 ÷�§−¨æ� ¬¥¦¤ã à¥�«ì−ë¬¨ ¨ á¯à®£−®§¨à®¢�−−ë¬¨
¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ ãà®¢−ï á¨£−�«�

|aj − a∗j | —¨á«® ®¯®à−ëå â®ç¥ª „®«ï ®¯®à−ëå â®ç¥ª, %

[0{1) 35 39,8
[1{2) 24 27,3
[2{3) 11 12,5
[3{4) 11 12,5

4 ¨ ¡®«ìè¥ 7 7,9

¤«ï ¢á¥å ¡�§®¢ëå áâ�−æ¨© ¯à¥¤áâ�¢«¥− −� à¨á. 5. ��©¤¥−−ë¥ §−�ç¥−¨ï aj
áà�¢−¨¢�«¨áì á à¥�«ì−ë¬¨ áà¥¤−¨¬¨ §−�ç¥−¨ï¬¨ ãà®¢−ï á¨£−�«� a∗j ¤«ï ¤�−−®©
¡�§®¢®© áâ�−æ¨¨. �®«ãç¥−−®¥ ¢ å®¤¥ íªá¯¥à¨¬¥−â� ç¨á«® ®¯®à−ëå â®ç¥ª á
à�§«¨ç−ë¬ §−�ç¥−¨¥¬ |aj − a∗j | ¯à¥¤áâ�¢«¥−® ¢ â�¡«. 2.

‚ ¤¢ãå á«ãç�ïå ¡ë« §�ä¨ªá¨à®¢�− ¢ë¡à®á |aj − a∗j | ≈ 16. �¤−�ª® á«¥¤ã¥â
®â¬¥â¨âì, çâ® â�ª¨¥ ¡®«ìè¨¥ ®âª«®−¥−¨ï ¢®§¬®¦−ë ¨ ¯à¨ úàãç−®¬û á¯®á®¡¥
á®áâ�¢«¥−¨ï ª�àâë ãà®¢−ï á¨£−�«®¢.

„«ï ®¯à¥¤¥«¥−¨ï áå®¤¨¬®áâ¨ à�¡®âë �«£®à¨â¬� 2 ¡ë« ¯à®¢¥¤¥− ¨¬¨â�æ¨®−-
−ë© íªá¯¥à¨¬¥−â, §�ª«îç�îé¨©áï ¢ á«¥¤ãîé¥¬. „«ï ¤¥áïâ¨ ¡�§®¢ëå áâ�−æ¨©
(D = 10) ¡ë«¨ −�§−�ç¥−ë ãá«®¢−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ãà®¢−ï á¨£−�«®¢
¢ ¤¥áïâ¨ ®¯®à−ëå â®çª�å (N = 10). ��à�¬¥âà σ ¡ë« à�¢¥− âà¥¬. ‚ å®¤¥ ª�¦¤®£®
íªá¯¥à¨¬¥−â� ¢ë¡¨à�«®áì §−�ç¥−¨¥K < 10, −� ®á−®¢¥ ª�àâ ãà®¢−ï á¨£−�«®¢ ¯¥à-
¢ëå K ¡�§®¢ëå áâ�−æ¨© áâà®¨«¨áì ª�àâë ãà®¢−ï á¨£−�«®¢ R ®áâ�«ì−ëå ¡�§®¢ëå
áâ�−æ¨© (R = D − K). ‚ ª�¦¤®¬ ¨§ M ¨§¬¥à¥−¨© (M = 1000) á«ãç�©−ë¬
®¡à�§®¬ ¢ë¡¨à�«�áì ®¯®à−�ï â®çª� ¨ à�§ë£àë¢�«¨áì −®à¬�«ì−® à�á¯à¥¤¥«¥−−ë¥
á«ãç�©−ë¥ ¢¥«¨ç¨−ë xid | ãà®¢−¨ á¨£−�«� ®â ¡�§®¢ëå áâ�−æ¨© d = 1, . . . ,D ¢
¤�−−®© ®¯®à−®© â®çª¥. “à®¢−¨ á¨£−�«®¢ xid ¯®áâã¯�«¨ −� ¢å®¤ �«£®à¨â¬� 2, ¯à¨
¯®¬®é¨ ª®â®à®£® −� ®á−®¢¥ ª�àâ ãà®¢−ï á¨£−�«®¢ ¯¥à¢ëå K ¡�§®¢ëå áâ�−æ¨©
®¯à¥¤¥«ï«¨áì ª�àâë ãà®¢−ï á¨£−�«®¢ ¤«ï ¡�§®¢ëå áâ�−æ¨© d = K + 1, . . . ,D.

„�«¥¥ ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¨á¯®«ì§®¢�«¨áì ¤«ï ®¯à¥¤¥«¥−¨ï ¯®§¨æ¨¨ ¬®-
¡¨«ì−®£® ®¡ê¥ªâ� á«¥¤ãîé¨¬ ®¡à�§®¬. ‘«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡¨à�«�áì ®¯®à−�ï
â®çª�, £¥−¥à¨à®¢�«¨áì á¨£−�«ë ¨ ®¯à¥¤¥«ï«®áì ¬¥áâ®¯®«®¦¥−¨¥ â®çª¨ ¯à¨ ¯®¬®-
é¨ ª�àâ ãà®¢−ï á¨£−�«®¢ ¢á¥å ¡�§®¢ëå áâ�−æ¨© (−�ç�«ì−ëå ¨ ®¡ãç¥−−ëå). „«ï
íâ®£® ¯® ä®à¬ã«¥ (1) ¢ëç¨á«ï«¨áì �¯®áâ¥à¨®à−ë¥ ¢¥à®ïâ−®áâ¨ ®¯®à−ëå â®ç¥ª ¨
¢ ª�ç¥áâ¢¥ ¨áª®¬®© ®¯à¥¤¥«ï«�áì â®çª� á ¬�ªá¨¬�«ì−®© ¢¥à®ïâ−®áâìî. �®á«¥
íâ®£® ¯à®¢¥àï«®áì, á®¢¯�«� «¨ −�©¤¥−−�ï â�ª¨¬ ®¡à�§®¬ ®¯®à−�ï â®çª� á §�à�-
−¥¥ ¢ë¡à�−−®©. „®«ï −¥¯à�¢¨«ì−® ®¯à¥¤¥«¥−−ëå ®¯®à−ëå â®ç¥ª ¢ å®¤¥ ¢á¥£®
¨¬¨â�æ¨®−−®£® íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−� ¢ â�¡«. 3.

ˆ§ â�¡«. 3 ¢¨¤−®, çâ® â®ç−®áâì ®¯à¥¤¥«¥−¨ï ®¯®à−ëå â®ç¥ª ã«ãçè�¥âáï ¯à¨
¤®¡�¢«¥−¨¨ −®¢ëå ¡�§®¢ëå áâ�−æ¨©, ¤«ï ª®â®àëå ª�àâë ãà®¢−ï ¯à¨−¨¬�¥¬®£®
á¨£−�«� áâà®ïâáï ¯à¨ ¯®¬®é¨ �«£®à¨â¬� 2.
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’�¡«¨æ� 3 „®«ï −¥¯à�¢¨«ì−® ®¯à¥¤¥«¥−−ëå ®¯®à−ëå â®ç¥ª
¯à¨ à�§«¨ç−®¬ ç¨á«¥ −�ç�«ì−ëå ¡�§®¢ëå áâ�−æ¨©

—¨á«® ¤®¡�¢«¥−−ëå ��ç�«ì−®¥ ç¨á«® ¡�§®¢ëå áâ�−æ¨© K
¡�§®¢ëå áâ�−æ¨© R 9 7 5 3

1 0,088 0,121 0,204 0,285
2 0,13 0,17 0,227
3 0,114 0,148 0,213
4 0,128 0,163
5 0,077 0,144
6 0,124
7 0,105

6 Заключение

÷¥§ã«ìâ�âë ¯®«ãç¥−−ëå à�áç¥â®¢ ¯®ª�§�«¨, çâ® ¯à¨ ã¬¥−ìè¥−¨¨ á 9 ¤® 3
ç¨á«� ¨áå®¤−ëå ú®¡ãç¥−−ëåû ¡�§®¢ëå áâ�−æ¨© ç¨á«® −¥¯à�¢¨«ì−® ®¯à¥¤¥«¥−−ëå
®¯®à−ëå â®ç¥ª ã¢¥«¨ç¨«®áì ¬¥−¥¥ ç¥¬ −� 2%. �â® ãª�§ë¢�¥â −� ¯à�ªâ¨ç¥áªãî
¯à¨¬¥−¨¬®áâì ®¯¨á�−−®© ¬®¤¥«¨ ¤«ï ä®à¬¨à®¢�−¨ï ª�àâ ãà®¢−ï á¨£−�«®¢ ¢ å®¤¥
íªá¯«ã�â�æ¨¨ á¨áâ¥¬ë ¨ ¨å ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï ¯à¨ ãâ®ç−¥−¨¨ ¯®§¨æ¨©
¬®¡¨«ì−ëå ®¡ê¥ªâ®¢.

�®«ãç¥−−ë¥ ¢ ¤�−−®© à�¡®â¥ à¥§ã«ìâ�âë â�ª¦¥ ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ¤«ï
¯®áâà®¥−¨ï á¨áâ¥¬ «®ª�æ¨¨ á à¥§¥à¢−ë¬¨ ¡�§®¢ë¬¨ áâ�−æ¨ï¬¨, ¤«ï ª®â®àëå
®âáãâáâ¢ãîâ ª�àâë ãà®¢−ï á¨£−�«®¢. Šà®¬¥ â®£®, ®¯¨á�−−ë© �«£®à¨â¬ ¬®¦−®
¨á¯®«ì§®¢�âì ¤«ï ª®àà¥ªâ¨à®¢ª¨ ã¦¥ áãé¥áâ¢ãîé¨å ª�àâ ãà®¢−ï á¨£−�«®¢.

‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ¨áá«¥¤®¢�âì §�¤�çã ¯®áâà®¥−¨ï ª�àâ ãà®¢−ï á¨£-
−�«®¢ ãáâà®©áâ¢ à�§«¨ç−ëå ¯à®¨§¢®¤¨â¥«¥© −� ®á−®¢¥ ¨¬¥îé¥©áï ª�àâë ãà®¢−ï
á¨£−�«®¢ ®¤−®£® ¨§ íâ¨å ãáâà®©áâ¢.
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DYNAMIC CREATION OF WiFi-SIGNAL LEVEL MAPS
FOR LOCATION SYSTEMS
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Russian Federation

Abstract: Signal level maps are designed to locate wireless mobile devices. To
increase a wireless network segment, it is necessary to create new signal level
maps for implementation of location of wireless mobile devices in new areas.
Traditionally, such maps are based on a great number of measurements taken
at certain points, the process of these measurements requires a lot of time. In
the article, dynamic creation of signal level maps is investigated. A heuristic
algorithm for dynamic creation of signal level maps during operation of a location
system is described. A function similar to the likelihood function was used for
estimation of the average values of the signal levels. WiFi networks operating
in the 2.4-gigahertz frequency band were used as wireless networks. Test results
show that the suggested algorithm can be used for solving this issue.

Keywords: WiFi; base station; control point; signal level; location; signal level
map
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АВТОМАТИЗИРОВАННАЯ СИСТЕМА РАЗРАБОТКИ
И КОНТРОЛЯ ОПЕРАТИВНОГО ГРАФИКА ДВИЖЕНИЯ

ПОЕЗДОВ В ПЕРИОД ПРЕДОСТАВЛЕНИЯ «ОКОН» (АС ОГДПО)

С. К. Дулин1, И. Н. Розенберг2, В. И. Уманский3

�−−®â�æ¨ï: ‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−ë �àå¨â¥ªâãà� ¨ â¥å−®«®£¨ç¥áª¨¥ ®á−®¢ë
á¨áâ¥¬ë �¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ à�¡®âë ãç�áâª� ¢ ¯¥à¨®¤ ¯à¥-
¤®áâ�¢«¥−¨ï ú®ª−�û (�‘ �ƒ„��), ®¯à¥¤¥«¥− á®áâ�¢, äã−ªæ¨¨ ¨ ãá«®¢¨ï
¢§�¨¬®¤¥©áâ¢¨ï á ãç¥â®¬ ¨á¯®«ì§®¢�−¨ï á¯ãâ−¨ª®¢ëå â¥å−®«®£¨©. ÷�§à�-
¡®â�−� æ¥«¥¢�ï äã−ªæ¨ï á¨áâ¥¬ë �‘ �ƒ„��, ®á−®¢�−−�ï −� ¢ë¯®«−¥−¨¨
ãá«®¢¨ï ®¡¥á¯¥ç¥−¨ï ¯à®¯ãáª� ¬�ªá¨¬�«ì−®£® ç¨á«� ¯®¥§¤®¢. �¯à¥¤¥«¥−ë
®£à�−¨ç¥−¨ï ¨ ãá«®¢¨ï, ®¯à¥¤¥«ïîé¨¥ ®¡«�áâ¨ ¤®¯ãáâ¨¬ëå §−�ç¥−¨© à�áç¥â-
−ëå ¯�à�¬¥âà®¢. ‚ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â�«ì−®© áà¥¤ë à¥�«¨§®¢�−� á¨áâ¥¬�
¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï à�¡®âë ãç�áâª�, ãç¨âë¢�îé�ï ¯à¨−æ¨¯ë ¯®-
áâà®¥−¨ï ú¯®«¨£®−� ®ª−�û ¨ ¤¢¨¦¥−¨ï ¯®¥§¤®¢ −� ¥£® ¯à®áâà�−áâ¢¥−−®-¢à¥-
¬¥−−‚®© ¬®¤¥«¨, ¨−ä®à¬�æ¨î ® ¯®¤å®¤¥ ¯®¥§¤®¢ á ú¯®«¨£®−� ®ª−�û ª úãç�áâªã
®ª−�û ¨ ú¯¥à¥£®−ã ®ª−�û ¨ ®¡¥á¯¥ç¨¢�îé�ï ¯®áâà®¥−¨¥ ¯à®£−®§−®£® ®¯¥à�â¨¢-
−®£® £à�ä¨ª� ¯®¤å®¤� ¯®¥§¤®¢ ª ú¯¥à¥£®−ã ®ª−�û ¨ à�§à�¡®âªã ®¯¥à�â¨¢−®£®
¯�ª¥â−®£® £à�ä¨ª� ¤¢¨¦¥−¨ï ¯®¥§¤®¢.

Š«îç¥¢ë¥ á«®¢�: ®¯¥à�â¨¢−ë© £à�ä¨ª ¤¢¨¦¥−¨ï ¯®¥§¤®¢; ¯¥à¨®¤ ¯à¥¤®-
áâ�¢«¥−¨ï ú®ª−�û; ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ à�¡®âë ãç�áâª�

DOI: 10.14357/08696527140106

1 Введение
�à®¡«¥¬� �¢â®¬�â¨§�æ¨¨ à�§à�¡®âª¨ £à�ä¨ª� ¤¢¨¦¥−¨ï ¢®§−¨ª«� ¯à�ªâ¨-

ç¥áª¨ ®¤−®¢à¥¬¥−−® á ¯®áâã¯«¥−¨¥¬ −� ¦¥«¥§−®¤®à®¦−ë© âà�−á¯®àâ ¯¥à¢ëå
í«¥ªâà®−−ëå ¢ëç¨á«¨â¥«ì−ëå ¬�è¨− (�‚Œ). ÷�§¢¨â¨¥ ¨áá«¥¤®¢�−¨© ¢ íâ®©
®¡«�áâ¨ ®¡¥á¯¥ç¨«® á®§¤�−¨¥ â¥®à¥â¨ç¥áª¨å ¯®«®¦¥−¨©, ª®â®àë¥ áâ�«¨ ®á−®¢®©
¤«ï ¯®«ãç¥−¨© àï¤� ¯à�ªâ¨ç¥áª¨å à¥è¥−¨© [1{3].

‚ ®¯ã¡«¨ª®¢�−−ëå ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨ à�¡®â�å ¯à�ªâ¨ç¥áª¨ ¯à¥¤«�£�îâ-
áï ¬¥â®¤¨ª¨ �¢â®¬�â¨§¨à®¢�−−®£® ¯®áâà®¥−¨ï ¬�ªá¨¬�«ì−ëå £à�ä¨ª®¢ −� ¯¥à¨®¤
¯à¥¤®áâ�¢«¥−¨ï ú®ª®−û. �à¨ íâ®¬ §� ®á−®¢ã ¯à¨−¨¬�¥âáï ¨áå®¤−�ï ¨−ä®à¬�æ¨ï
−®à¬�â¨¢−®£® £à�ä¨ª�. �® áãé¥áâ¢ã, â�ª®© £à�ä¨ª à¥è�¥â ¢®¯à®á à�áç¥â� ¯à®-
¯ãáª−®© á¯®á®¡−®áâ¨ ãç�áâª� ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û ¨ ¬®¦¥â á«ã¦¨âì

1��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨©¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨©¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨-
§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (��� �ˆˆ�‘), ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, s.dulin@ccas.ru

2��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�-
â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (��� �ˆˆ�‘), I.Rozenberg@gismps.ru

3ˆ−â¥å£¥®âà�−á, umanvi@yandex.ru
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®à¨¥−â¨à®¬ ¤«ï àãª®¢®¤¨â¥«¥© ¤¢¨¦¥−¨¥¬ ¯®¥§¤®¢ ® ¬�ªá¨¬�«ì−®¬ ª®«¨ç¥áâ¢¥
¯®¥§¤®¢, ª®â®àë¥ ¢®§¬®¦−® ¯à®¯ãáâ¨âì ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û [4,5].

�¤−�ª® ¯®¥§¤−ë¬ ¤¨á¯¥âç¥à�¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì ä�ªâ¨ç¥áª¨© ¯®¤å®¤
¯®¥§¤®¢, ¨ ®−¨ ¢ë−ã¦¤¥−ë ¤®áâ�â®ç−® ç�áâ® ®âáâã¯�âì ®â ¯à¥¤¢�à¨â¥«ì−® à�§à�-
¡®â�−−ëå £à�ä¨ª®¢ ¨ à¥£ã«¨à®¢�âì ¤¢¨¦¥−¨¥ ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û,
àãª®¢®¤áâ¢ãïáì à¥�«ì−ë¬ ¯®¤å®¤®¬ ¯®¥§¤®¢, ¢ â®¬ ç¨á«¥ ¯® −�¯à�¢«¥−¨ï¬ ¤¢¨-
¦¥−¨ï, ¨ á¢®¨¬ ®¯ëâ®¬, â. ¥. ¯®¥§¤−ë¥ ¤¨á¯¥âç¥àë ¢àãç−ãî à�§à�¡�âë¢�îâ
®¯¥à�â¨¢−ë© £à�ä¨ª ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û. �à¨ íâ®¬ ®−¨ −¥ ¢ á®áâ®-
ï−¨¨ ¢ ¯®«−®© ¬¥à¥ ãç¥áâì −¥à�¢−®¬¥à−®áâì ¯®¤å®¤� ¯®¥§¤®¢ ¯® −�¯à�¢«¥−¨ï¬
¤¢¨¦¥−¨ï, ¢¥á ¨ ¤«¨−ã ¯®¥§¤®¢ ¨ ¤àã£¨¥ ä�ªâ®àë.

‚ à�¡®â¥ [6] à�áç¥â−ë¥ ¬®¤¥«¨ ¯à®£−®§¨à®¢�−¨ï £à�ä¨ª� ¤¢¨¦¥−¨ï ¯à¥¤«�£�-
¥âáï à�§à�¡�âë¢�âì á ãç¥â®¬ ¯¥à¥¬¥−−ëå §−�ç¥−¨© −®à¬ ¢à¥¬¥−¨ ¤«ï í«¥¬¥−â®¢
£à�ä¨ª� (‘�Œ� | á¨âã�æ¨®−−®-í¢à¨áâ¨ç¥áª¨© ¬¥â®¤ −®à¬¨à®¢�−¨ï), ¯®«ã-
ç�¥¬ëå −� ®á−®¢¥ −�ª®¯«¥−¨ï ®¯ëâ� à¥�«ì−®£® ¤¢¨¦¥−¨ï ¯®¥§¤®¢. �¤−�ª®
−�ª®¯«¥−¨¥ â�ª®£® ®¯ëâ� â®«ìª® ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª®−û §�âàã¤−¨â¥«ì-
−® ¨ −¥ ®¡¥á¯¥ç¨¢�¥â ¬�áá®¢®áâ¨ íªá¯¥à¨¬¥−â�«ì−®© ¡�§ë. �¥á«ãç�©−® ¯®íâ®¬ã,
çâ® ¢ à�¡®â¥ [6] ¯à¥¤®áâ�¢«¥−¨¥ ú®ª®−û ¢ëáâã¯�¥â ¢ ª�ç¥áâ¢¥ ®£à�−¨ç¥−¨ï ¯à¨
à�§à�¡®âª¥ ¯à®£−®§®¢ £à�ä¨ª� ¤¢¨¦¥−¨ï ¯®¥§¤®¢. ‚ â® ¦¥ ¢à¥¬ï ¢ë¤¢¨−ãâ®¥
¯®«®¦¥−¨¥ ®¡ ¨á¯®«ì§®¢�−¨¨ ®¯¥à�â¨¢−ëå (¤¨−�¬¨ç¥áª¨å) ¨áå®¤−ëå ¤�−−ëå
á«¥¤ã¥â ãç¨âë¢�âì ¨ ¯à¨ á®áâ�¢«¥−¨¨ à�á¯¨á�−¨© ¢ ¯¥à¨®¤ ú®ª®−û.

�®áâ�−®¢ª� §�¤�ç¨ ¢ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ ä®à¬ã«¨àã¥âáï á«¥¤ãîé¨¬
®¡à�§®¬.

�¥®¡å®¤¨¬® à�§à�¡®â�âì ®á−®¢ë ¯®áâà®¥−¨ï �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë
á®áâ�¢«¥−¨ï £à�ä¨ª� (à�á¯¨á�−¨ï) ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï
ú®ª−�û ¯à®¤®«¦¨â¥«ì−®áâìî TÏË §� −¥ª®â®àë© −¥¡®«ìè®© ¯¥à¨®¤ –tn ¤® ¥£® −�-
ç�«� á ãç¥â®¬ à¥�«ì−®£® ¯®¤å®¤� ¯®¥§¤®¢ ¯® −�¯à�¢«¥−¨ï¬ ¤¢¨¦¥−¨ï ¨ ¢®§¬®¦−®-
áâ¥© ®¯¥à�â¨¢−®£® ®¯à¥¤¥«¥−¨ï −¥®¡å®¤¨¬ëå ¨áå®¤−ëå ¤�−−ëå ¤«ï à�§à�¡®âª¨
£à�ä¨ª� −� ¯¥à¨®¤ ú®ª−�û. �®áâà®¥−−ë© �‘ �ƒ„�� ®¯¥à�â¨¢−ë© £à�ä¨ª
¤®«¦¥− á«ã¦¨âì ®á−®¢−ë¬ àãª®¢®¤ïé¨¬ ¤®ªã¬¥−â®¬ ¤«ï ¯®¥§¤−ëå ¤¨á¯¥âç¥à®¢
¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û. …á«¨ −� ®á−®¢¥ ¤�−−ëå ¯®¤á¨áâ¥¬ë ®¡à�â−®©
á¢ï§¨ ¨¬¥¥â ¬¥áâ® áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ ¢®§¬ãé�îé¨å ¢®§¤¥©áâ¢¨© −� ¤¢¨¦¥−¨¥
¯®¥§¤®¢ ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û, â® ¯à¥¤ãá¬�âà¨¢�¥âáï ¨â¥à�æ¨®−−�ï
ª®àà¥ªâ¨à®¢ª� ®¯¥à�â¨¢−ëå £à�ä¨ª®¢, à�§à�¡�âë¢�¥¬ëå �‘ �ƒ„��.

2 Архитектура АС ОГДПО

�� à¨á. 1 ¯à¥¤áâ�¢«¥−� ¯à¨−æ¨¯¨�«ì−�ï �àå¨â¥ªâãà� �¢â®¬�â¨§¨à®¢�−−®©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï á ®¡à�â−®© á¢ï§ìî â¥å−®«®£¨ç¥áª¨¬ ¯à®æ¥áá®¬ à�¡®âë ãç�áâ-
ª� ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û. �á−®¢−�ï äã−ªæ¨ï íâ®© á¨áâ¥¬ë | �¢-
â®¬�â¨§¨à®¢�−−�ï ®¯¥à�â¨¢−�ï à�§à�¡®âª� £à�ä¨ª� ¤¢¨¦¥−¨ï ¨ ª®−âà®«ì §� ¥£®
¢ë¯®«−¥−¨¥¬.

“¯à�¢«ï¥¬ë¬ ®¡ê¥ªâ®¬ (“�Ï) á«ã¦¨â á®¢®ªã¯−®áâì ¯�áá�¦¨àáª¨å ¨ £àã§®-
¢ëå ¯®¥§¤®¢, á«¥¤ãîé¨å ¯® §�ªàë¢�¥¬®¬ã ¤«ï à�¡®â ¯¥à¥£®−ã ¢ ¯¥à¨®¤ ú®ª−�û,
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�‘ �ƒ„��

÷¨á. 1 �à¨−æ¨¯¨�«ì−�ï �àå¨â¥ªâãà� �‘ �ƒ„�� (“�Ï, ˆ�Ï, ““Ï)

� â�ª¦¥ âï¦¥«�ï à¥¬®−â−�ï â¥å−¨ª�, ®¡¥á¯¥ç¨¢�îé�ï ¢ë¯®«−¥−¨¥ à�¡®â, ¥á«¨
¥áâì −¥®¡å®¤¨¬®áâì ¢ª«îç�âì ¥¥ ¯¥à¥¤¢¨¦¥−¨ï ¢ ®¯¥à�â¨¢−ë© £à�ä¨ª.

“¯à�¢«ïîé¨¬ ãáâà®©áâ¢®¬ (““Ï) ï¢«ï¥âáï ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá, ª®-
â®àë© ¢å®¤¨â ¢ á®áâ�¢ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��)
¤®à®¦−ëå (à¥£¨®−�«ì−ëå) �¢â®¬�â¨§¨à®¢�−−ëå ¤¨á¯¥âç¥àáª¨å æ¥−âà®¢ ã¯à�¢«¥-
−¨ï ¯¥à¥¢®§®ç−ë¬ ¯à®æ¥áá®¬ („–“� ¨«¨ ÷–“�) ¨ ®¡¥á¯¥ç¨¢�¥â à�¡®âã �¢â®-
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¬�â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ ¯®¥§¤−®£® ¤¨á¯¥âç¥à� �÷Œ „�– ¨ ¤®à®¦−®£®
¤¨á¯¥âç¥à� ¯® à�©®−ã ã¯à�¢«¥−¨ï �÷Œ „ƒ�.

‚ ª�ç¥áâ¢¥ ¨á¯®«−¨â¥«ì−®£® ®à£�−� (ˆ�Ï) ¢ëáâã¯�îâ â¥å−¨ç¥áª¨¥ ¨ ¯à®-
£à�¬¬−ë¥ áà¥¤áâ¢� á¨áâ¥¬ �¢â®¬�â¨ª¨ ¨ â¥«¥¬¥å�−¨ª¨ | �¢â®¡«®ª¨à®¢ª� (��),
¤¨á¯¥âç¥àáª�ï æ¥−âà�«¨§�æ¨ï („–), í«¥ªâà¨ç¥áª�ï æ¥−âà�«¨§�æ¨ï −� áâ�−æ¨ïå
(�–), � â�ª¦¥ ®¯¥à�â¨¢−ë¥ àãª®¢®¤¨â¥«¨ «¨−¥©−®£® („‘�) ¨ ¤®à®¦−®£® („�–
¨ „ƒ�) ãà®¢−ï. �à¨ ¢−¥¤à¥−¨¨ á¨áâ¥¬ë ú�¢â®¯¨«®âû (�¢â®¬�â¨ç¥áª®¥ ¯à¨£®-
â®¢«¥−¨¥ ¬�àèàãâ®¢ ¯® ¢ë¡à�−−ë¬ áâ�−æ¨ï¬) ¤�−−�ï á¨áâ¥¬� â�ª¦¥ ¢å®¤¨â ¢
á®áâ�¢ ˆ�Ï.

•�à�ªâ¥à−®© ®á®¡¥−−®áâìî á¨áâ¥¬ë �‘ �ƒ„�� ï¢«ï¥âáï â®, çâ® ª ˆ�Ï
−¥®¡å®¤¨¬®, ¯® áãé¥áâ¢ã, ®â−¥áâ¨ ¨ ª®¬¯«¥ªá ú¯®¥§¤−®© «®ª®¬®â¨¢ { ¬�è¨−¨áâû,
¯®áª®«ìªã ¤«ï ª�¦¤®£® ¯®¥§¤� ““Ï ¢ë¤�¥â §�¤�−¨ï −� ¢ë¯®«−¥−¨¥ ¢à¥¬¥− å®¤�
¯® ®âà¥§ª�¬ ¯ãâ¨ ¯¥à¥£®−®¢ | t(L×ÙÈ), t(L

n
×ÙÈ) ¨ ¯¥à¥£®−�¬ | tnx. Œ�è¨−¨áâ

¤®«¦¥− ®¡¥á¯¥ç¨¢�âì ¢ë¯®«−¥−¨¥ íâ¨å ¢à¥¬¥− å®¤�. �à¨ −�«¨ç¨¨ á¨áâ¥¬ë
ú�¢â®¬�è¨−¨áâû â�ª�ï á¨áâ¥¬� â�ª¦¥ ¢å®¤¨â ¢ á®áâ�¢ ˆ�Ï.

‚§�¨¬®¤¥©áâ¢¨¥ “�Ï, ““Ï ¨ ˆ�Ï ®áãé¥áâ¢«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬.
“áâà®©áâ¢® ““Ï ¢ëà�¡�âë¢�¥â ã¯à�¢«ïîé¨¥ à¥è¥−¨ï:

Uo = P (X
Ï
Ï , xo(t),WÏ) , (1)

£¤¥ XÏÏ | ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢ £à�ä¨ª� | ¯®áâ®ï−−ëå, à�áç¥â−ëå ¨ ¯¥à¥¬¥−-
−ëå, ãç¨âë¢�¥¬ëå ¯à¨ à�§à�¡®âª¥ ¨áå®¤−®£® ®¯¥à�â¨¢−®£® £à�ä¨ª� ¤¢¨¦¥−¨ï ¨
¯à¨ ¥£® ª®àà¥ªâ¨à®¢ª¥; xÏ(t)| ¬−®¦¥áâ¢® ¤�−−ëå, ¯®áâã¯�îé¨å ¨§ ¯®¤á¨áâ¥¬ë
®¡à�â−®© á¢ï§¨ ® ä�ªâ¨ç¥áª®¬ ¢ë¯®«−¥−¨¨ à�§à�¡®â�−−®£® ®¯¥à�â¨¢−®£® £à�-
ä¨ª� ¤¢¨¦¥−¨ï; WÏ | ¤�−−ë¥ ® ¢®§¬ãé�îé¨å ¢®§¤¥©áâ¢¨ïå, ª®â®àë¥ á«¥¤ã¥â
ãç¨âë¢�âì ¯à¨ à�§à�¡®âª¥ ®¯¥à�â¨¢−®£® £à�ä¨ª�; P | ®¯¥à�â®à, ®¯à¥¤¥«ïîé¨©
¤¥©áâ¢¨ï á¨áâ¥¬ë ¤«ï à�§«¨ç−ëå §−�ç¥−¨© XÏÏ , xÏ(t) ¨ WÏ.

�®áâ®ï−−ë¬¨ ¯�à�¬¥âà�¬¨ xÐÏÓÔÏ ¢ ¬−®¦¥áâ¢¥ XÏÏ ï¢«ïîâáï:

{ ZÔ{× | −®à¬�â¨¢−�ï ¡�§� â¥å−®«®£¨ç¥áª®£® ¨«¨ ¢�à¨�−â−®£® £à�ä¨ª�, ª®â®-
à�ï ¨á¯®«ì§ã¥âáï ¨ ¯à¨ à�§à�¡®âª¥ ®¯¥à�â¨¢−®£® £à�ä¨ª�, | ¢à¥¬ï −�ç�«�
ú®ª−�û, ¥£® ¯à®¤®«¦¨â¥«ì−®áâì, à�á¯¨á�−¨¥ ¯�áá�¦¨àáª¨å ¯®¥§¤®¢, ¯®àï¤®ª
¯®¤¢®¤� âï¦¥«®© ¯ãâ¥¢®© â¥å−¨ª¨ ¨ ¤à.;

{ ZÃ | æ¨äà®¢�ï ¬®¤¥«ì ãç�áâª� (¢ª«îç�ï à�§¤¥«ì−ë¥ ¯ã−ªâë ¨ ¯¥à¥£®−ë),
£¤¥ ¢ë¯®«−ïîâáï à�¡®âë ¢ ú®ª−®û;

{ ZÔÅÈÎ | â¥å−®«®£¨ï à�¡®âë áâ�−æ¨© ¨ ¤àã£¨å à�§¤¥«ì−ëå ¯ã−ªâ®¢ ¯à¨
á«¥¤®¢�−¨¨ ¯®¥§¤®¢ à�§«¨ç−ëå ª�â¥£®à¨© (¯�áá�¦¨àáª¨å, £àã§®¢ëå, á®¥¤¨-
−¥−−ëå).

Š à�áç¥â−ë¬ ¯�à�¬¥âà�¬ ®â−®áïâáï §−�ç¥−¨ï áª®à®áâ¨ ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¨
¢à¥¬¥−¨ ¨å å®¤� ¯® ®âà¥§ª�¬ ¯ãâ¨ L×ÙÈ, L

Ð
×ÙÈ ¨ LÐ ¢ §�¢¨á¨¬®áâ¨ ®â ª�â¥£®à¨¨,

¢¥á� ¯®¥§¤®¢ Qi ¨ ®£à�−¨ç¥−¨© áª®à®áâ¨ ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û

VÏÇÒ : t(L) = f(x
ÐÏÓÔ
Ï , Qi, VÏÒÇ) .
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’�ªãî ¨−ä®à¬�æ¨î −¥®¡å®¤¨¬® ¯®¤£®â®¢¨âì §�à�−¥¥, â�ª ª�ª ¨−�ç¥ ¯à¨¤¥âáï
¯à¨ á®áâ�¢«¥−¨¨ ®¯¥à�â¨¢−®£® £à�ä¨ª� ¤«ï ª�¦¤®£® ¯®¥§¤� ¢ë¯®«−ïâì âï£®¢ë¥
à�áç¥âë, çâ® −¥®¡®á−®¢�−−® ã¤«¨−¨â ¢à¥¬ï à�§à�¡®âª¨ à�á¯¨á�−¨©.

�¥à¥¬¥−−�ï ¨−ä®à¬�æ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ¤�−−ë¥ á¨áâ¥¬ë �‘�“�-2 ¨
á¨áâ¥¬ë −�¢¨£�æ¨®−−®£® ¯®§¨æ¨®−¨à®¢�−¨ï «®ª®¬®â¨¢®¢ ® ä�ªâ¨ç¥áª®¬ ¯®¤å®¤¥
¯®¥§¤®¢ à�§«¨ç−ëå −�¯à�¢«¥−¨© −� ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û. �¡®§−�ç¨¬
íâ¨ ¤�−−ë¥ ª�ª nÐÏÚÞÅÔ ¨ nÐÏÚÎÅÞ.

Š íâ®© ª�â¥£®à¨¨ ¨−ä®à¬�æ¨¨ ®â−®áïâáï ¨ ¤�−−ë¥ ® ¯«�−¥ ¯®¥§¤®®¡à�§®-
¢�−¨ï ¯® −�¯à�¢«¥−¨ï¬ ¤¢¨¦¥−¨ï, £¤¥ ãç¨âë¢�îâáï ¯®¥§¤�, ª®â®àë¥ ¥é¥ −¥
áä®à¬¨à®¢�−ë, −® ¯®áâã¯ïâ −� à�áá¬�âà¨¢�¥¬ë© ãç�áâ®ª ¢ ¯¥à¨®¤ ú®ª−�û: nÐ{ÏÞÅÔ
¨ nÐ{ÏÎÅÞ .

�«�−®¢ë© ¯®¤å®¤ ¯®¥§¤®¢ ¯® −�¯à�¢«¥−¨ï¬ ¤¢¨¦¥−¨ï, ç¥â−®¬ã | nÞÅÔ ¨
−¥ç¥â−®¬ã | nÎÅÞ, á®áâ�¢¨â:

nÞÅÔ = n
ÐÏÚ
ÞÅÔ + n

Ð{Ï
ÞÅÔ ;

nÎÅÞ = n
ÐÏÚ
ÎÅÞ + n

Ð{Ï
ÎÅÞ .

‚ æ¥«®¬ ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢ £à�ä¨ª� XÏÏ , ï¢«ïîé¥¥áï á®¢®ªã¯−®áâìî
¯®áâ®ï−−ëå xÐÏÓÔÏ ∈ ZÔ{×, ZÃ, ZÔÅÈÎ; à�áç¥â−ëå t(L) ¨ ¯¥à¥¬¥−−ëå nÞÅÔ, nÎÅÞ
¯�à�¬¥âà®¢ ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬:

XÏÏ ∈ ((ZÔ{×, ZÃ, ZÔÅÈÎ), t(L) =
= f(xÐÏÓÔÏ , Qi, VÏÇÒ), (n

ÐÏÚ
ÞÅÔ + n

Ð{Ï
ÞÅÔ ), (n

ÐÏÚ
ÎÅÞ + n

Ð{Ï
ÎÅÞ )) .

‡−�ç¥−¨¥ WÏ ¢ §�¢¨á¨¬®áâ¨ (1) ®¯à¥¤¥«ï¥â ¢«¨ï−¨¥ ¢®§¬ãé�îé¨å ¢®§¤¥©-
áâ¢¨© −� ¢ë¯®«−¥−¨¥ ®¯¥à�â¨¢−®£® £à�ä¨ª�. ‡¤¥áì ®á®¡¥−−® ¢�¦−® ®¯à¥¤¥«ïâì
â¥ ¢®§¬ãé�îé¨¥ ¢®§¤¥©áâ¢¨ï, ª®â®àë¥ −¥®¡å®¤¨¬® ¨ ¢®§¬®¦−® ãç¨âë¢�âì ¯à¨
à�§à�¡®âª¥ ¨áå®¤−®£® ®¯¥à�â¨¢−®£® £à�ä¨ª� ¨«¨ ¯à¨ ¥£® ª®àà¥ªâ¨à®¢ª�å. ‘à¥¤¨
−¨å | ä�ªâ¨ç¥áª¨¥ ®âª«®−¥−¨ï ®â à�á¯¨á�−¨ï ¯�áá�¦¨àáª¨å ¯®¥§¤®¢, ¤®¯®«−¨-
â¥«ì−ë¥ ®£à�−¨ç¥−¨ï áª®à®áâ¥© ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¨ ¤àã£¨¥.

‚ ¯¥à¨®¤ ¤¥©áâ¢¨ï ®¯¥à�â¨¢−®£® £à�ä¨ª� ¥£® ¢ë¯®«−¥−¨¥ ª®−âà®«¨àã¥âáï
¯®¤á¨áâ¥¬®© ®¡à�â−®© á¢ï§¨, ¢ª«îç�îé¥© ¤¢¥ á®áâ�¢«ïîé¨å:

(1) ¯®¤á¨áâ¥¬ã šÎÁ×, ®á−®¢�−−ãî −� ¨á¯®«ì§®¢�−¨¨ ¤�−−ëå −�¢¨£�æ¨®−−®£®
¯®§¨æ¨®−¨à®¢�−¨ï ¯®¥§¤−ëå «®ª®¬®â¨¢®¢, ®¡¥á¯¥ç¨¢�îéãî ¢®§¬®¦−®áâì
áà�¢−¥−¨ï ¯«�−®¢ëå ¤�−−ëå ® à�á¯¨á�−¨ïå ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¢ ®¯¥à�â¨¢−®¬
£à�ä¨ª¥ xÐÌÏ á ä�ªâ¨ç¥áª¨¬ ¨å ¢ë¯®«−¥−¨¥¬ xÏ(t) ¯à¨ ¤¢¨¦¥−¨¨ ¯®¥§¤®¢;

(2) ¯®¤á¨áâ¥¬ã šÐÅÒ, ®¡¥á¯¥ç¨¢�îéãî áà�¢−¥−¨¥ á ä�ªâ¨ç¥áª¨¬ ¢ë¯®«−¥−¨¥¬
¤�−−ëå ¯¥à¥¬¥−−®© ¨−ä®à¬�æ¨¨ xÐÌ. ÐÅÒÏ (t), ¯®«ãç¥−−ëå ¡¥§ ¨á¯®«ì§®¢�−¨ï
á¨áâ¥¬ë ¯®§¨æ¨®−¨à®¢�−¨ï | xÐÌ.ÐÅÒÏ .

‡−�ç¥−¨ï (xÏ(t) − xÐÌÏ (t)) ¨ (xÐÌ. ÐÅÒÏ − xÐÌ. ÐÅÒÏ (t)) ï¢«ïîâáï ®á−®¢®© ¤«ï
¯à¨−ïâ¨ï à¥è¥−¨ï ® ª®àà¥ªâ¨à®¢ª¥ ®¯¥à�â¨¢−®£® £à�ä¨ª�.
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3 Целевая функция системы

�á−®¢−®© æ¥«ìî ã¯à�¢«¥−¨ï ¤¢¨¦¥−¨¥¬ ¯®¥§¤®¢ ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï
ú®ª−�û ï¢«ï¥âáï ¬¨−¨¬¨§�æ¨ï ¯®â¥àì ¯®¥§¤®-ç�á®¢. ‚ àï¤¥ à�¡®â [1, 3, 5]
¯à¨−¨¬�¥âáï ¨¬¥−−® â�ª®© ªà¨â¥à¨©. �¤−�ª® ¯®áâà®¥−¨¥ æ¥«¥¢®© äã−ªæ¨¨ ¯à¨
¨á¯®«ì§®¢�−¨¨ íâ®£® ãá«®¢¨ï −®á¨â á«¨èª®¬ ®¡é¨© å�à�ªâ¥à ¨ −¥ ¯®§¢®«ï¥â
áâ�¢¨âì ç¥âª¨¥ §�¤�ç¨ ¯à¨ à�§à�¡®âª¥ �«£®à¨â¬®¢ ¨ �� �‘ �ƒ„��. �â®
ãâ¢¥à¦¤¥−¨¥ ®á−®¢ë¢�¥âáï −� á«¥¤ãîé¨å ¯®«®¦¥−¨ïå.

�¯à¥¤¥«¥−¨¥ ¬¨−¨¬ã¬� ¯®¥§¤®-ç�á®¢ (
∑
ntmin) á«¥¤ã¥â ®â−®á¨âì −¥ â®«ìª®

ª ¯®¥§¤−®¬ã ãç�áâªã, −� ª®â®à®¬ ¢ë¤¥«ï¥âáï ú®ª−®û, −® ¨ ª ¯à¨«¥£�îé¨¬
ãç�áâª�¬ ¨ ¤�¦¥ áâ�−æ¨ï¬ (á à�áç¥â®¬ ®¡à�§ãîé¨åáï ¢�£®−®-ç�á®¢). �â® á«¥¤ã¥â
¨§ â®£®, çâ® ãç�áâª®¢�ï áª®à®áâì (çâ® íª¢¨¢�«¥−â−® ¯®¥§¤®-ç�á�¬) §�¢¨á¨â ®â
áâ¥¯¥−¨ ¢−ãâà¨áãâ®ç−®© −¥à�¢−®¬¥à−®áâ¨ ¯®¥§¤®¯®â®ª®¢. � ¨¬¥−−® ¢ ¯¥à¨®¤
ú®ª−�û ¯à®¨áå®¤ïâ áãé¥áâ¢¥−−ë¥ á£ãé¥−¨ï ¨ à�§àï¦¥−¨ï ¢ ¤¢¨¦¥−¨¨ ¯®¥§¤®¢,
¢ â®¬ ç¨á«¥ ¨ −� ¯à¨«¥£�îé¨å ãç�áâª�å. �à®áâ®© ¢�£®−®¢ −� áâ�−æ¨ïå â�ª¦¥
§�¢¨á¨â ®â áâ¥¯¥−¨ −¥à�¢−®¬¥à−®áâ¨ ¯®¤å®¤� ¯®¥§¤®¢, � §−�ç¨â, ¨§¬¥−ï¥âáï ¯à¨
¯à¥¤®áâ�¢«¥−¨¨ ú®ª®−û, ¨, á«¥¤®¢�â¥«ì−®, íâ®â ä�ªâ®à ¢ à�áç¥â�å â�ª¦¥ ¤®«¦¥−
ãç¨âë¢�âìáï. �®íâ®¬ã ¢¥«¨ç¨−ã

∑
ntmin −�¤® ¨áª�âì −¥ â®«ìª® −� ãç�áâª¥, £¤¥

¯à¥¤®áâ�¢«ï¥âáï ú®ª−®û, −® ¯® ªà�©−¥© ¬¥à¥ ¨ −� ¯à¨«¥£�îé¨å ãç�áâª�å. Šà®¬¥
â®£®, ¢ æ¥«¥¢ãî äã−ªæ¨î −�¤® ¢¢®¤¨âì ¨ ¯®¨áª ¬¨−¨¬ã¬� ¢�£®−®-ç�á®¢

∑
Ntmin

−� ¯à¨«¥£�îé¨å áâ�−æ¨ïå.
‚ â�ª®© ¯®áâ�−®¢ª¥ ¯à�ªâ¨ç¥áª®¥ à¥è¥−¨¥ ¯®áâ�¢«¥−−®© §�¤�ç¨ −¥à¥�«ì−®.

„«ï ®¯à¥¤¥«¥−¨ï ¢¥«¨ç¨−
∑
ntmin ¨

∑
Ntmin âà¥¡ã¥âáï ¨á¯®«ì§®¢�âì à�¡®â�-

îéãî ¢ ®¯¥à�â¨¢−®¬ à¥¦¨¬¥ ¬®¤¥«ì à�¡®âë −�¯à�¢«¥−¨© ¨§ −¥áª®«ìª¨å ãç�áâª®¢
¨ áâ�−æ¨©, ¯® ª®â®à®© ¤�¦¥ â¥®à¥â¨ç¥áª¨å à¥è¥−¨© ¯®ª� −¥ ¨¬¥¥âáï. �à¨
íâ®¬ á«¥¤ã¥â ãç¨âë¢�âì −�«¨ç¨¥ ¬−®£®ç¨á«¥−−ëå ®£à�−¨ç¥−¨© ¯à¨ à�§à�¡®âª¥
®¯¥à�â¨¢−®£® £à�ä¨ª� ¤«ï ãç�áâª� á ú®ª−®¬û.

‚ ¤àã£¨å à�¡®â�å (á¬., −�¯à¨¬¥à, [7]), ¢ ª�ç¥áâ¢¥ ªà¨â¥à¨ï ¯à¥¤«�£�¥âáï
á«¥¤ãîé�ï ¯®áâ�−®¢ª� ¢®¯à®á�: ú¢ë¯®«−¨âì §�¤�−−ë¥ à�§¬¥àë ¯¥à¥¢®§®ª ¨ ¢ â®
¦¥ ¢à¥¬ï −¥ ãåã¤è¨âì ®á−®¢−ë¥ ¯®ª�§�â¥«¨ (®¡®à®â ¢�£®−�, ¯à®¨§¢®¤¨â¥«ì−®áâì
âàã¤� «®ª®¬®â¨¢−ëå ¡à¨£�¤)û. ’�ª�ï ¯®áâ�−®¢ª� âà¥¡ã¥â à�§à�¡®âª¨ ¥é¥ ¡®«¥¥
á«®¦−ëå ¬®¤¥«¥© à�¡®âë −�¯à�¢«¥−¨©.

‚ íâ®© á¨âã�æ¨¨ ¯à¨ ãáâ�−®¢«¥−¨¨ æ¥«¥¢®© äã−ªæ¨¨ ¤«ï à¥è�¥¬®© §�¤�ç¨
−¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì á«¥¤ãîé¥¥ ¯®«®¦¥−¨¥: ç¥¬ ¡®«ìè¥ ¡ã¤¥â ¯à®¯ãé¥−®
¯®¥§¤®¢ ¢ ¯¥à¨®¤ ú®ª−�û, â¥¬ ¬¥−ìè¥ ¡ã¤ãâ §�¤¥à¦ª¨ ¯®¥§¤®¢, â. ¥. ¢ ª�ç¥áâ¢¥ æ¥-
«¥¢®© äã−ªæ¨¨ ¬®¦¥â ¡ëâì ¯à¨−ïâ® ãá«®¢¨¥ ¯®áâà®¥−¨ï ¬�ªá¨¬�«ì−®£® £à�ä¨ª�
¢ ¯¥à¨®¤ ¤¥©áâ¢¨ï ú®ª−�û: nÏË → max, £¤¥ nÏË | ç¨á«® ¯®¥§¤®¢, á«¥¤ãîé¨å ¢
¯¥à¨®¤ ¤¥©áâ¢¨ï ®ª−� T ′

ÏË.
�à¨−æ¨¯¨�«ì−® â�ª®© ¯®¤å®¤ ¯à¨−ïâ ¢ à�¡®â¥ [8], ¨ á −¨¬ á«¥¤ã¥â á®£«�á¨âì-

áï. ÷�§à�¡®âª� ®¯¥à�â¨¢−®£® £à�ä¨ª� ¨¬¥¥â æ¥«ë© àï¤ ®á®¡¥−−®áâ¥©, â�ª ª�ª
®á−®¢ë¢�¥âáï −� â¥ªãé¥¬ á®áâ®ï−¨¨ ¯®¥§¤−®£® ¯®«®¦¥−¨ï, ¥£® ¨§¬¥−¥−¨ïå ¨ −�
−®à¬�â¨¢�å £à�ä¨ª�, ç�áâì ¨§ ª®â®àëå à�ááç¨âë¢�¥âáï ¢ ®¯¥à�â¨¢−®¬ à¥¦¨¬¥
(−�¯à¨¬¥à, Iïô = f(Qi)).
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‘®®â¢¥âáâ¢¥−−®, ¯à¨ ¯®áâà®¥−¨¨ £à�ä¨ª� âà¥¡ã¥âáï ®¡¥á¯¥ç¨âì ¯à®¯ãáª ¬�ª-
á¨¬�«ì−®£® ç¨á«� ¯®¥§¤®¢ à�§«¨ç−®£® ¢¥á� ¨§ à¥�«ì−® á«¥¤ãîé¨å ¢ áãâª¨ ¯à¨
¯à¥¤®áâ�¢«¥−¨¨ ú®ª−�û |nÆÁËÔ, � −¥ ª®«¨ç¥áâ¢� ¯®¥§¤®¢ ¢ −®à¬�â¨¢−®¬ £à�ä¨ª¥.
„«ï ®¯¥à�â¨¢−®£® £à�ä¨ª� ãç¨âë¢�îâ, çâ®

T ′
ÏË = T

ÄÏ
ÏË + TÏË + T

ÐÏÓÌ
ÏË ,

£¤¥ TÏË| á®¡áâ¢¥−−® ¢à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û; T ÄÏÏË ¨ T ÐÏÓÌÏË | á®®â¢¥âáâ¢¥−-
−® ¢à¥¬ï ¤® ¨ ¯®á«¥ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û, −� ãá«®¢¨ï ®à£�−¨§�æ¨¨ ¤¢¨¦¥−¨ï
¯®¥§¤®¢ ¢ â¥ç¥−¨¥ ª®â®à®£® ®ª�§ë¢�¥â ¢«¨ï−¨¥ ¯à¥¤®áâ�¢«¥−¨¥ ú®ª−�û.

‚ ¯¥à¨®¤ T ÄÏÏË ¢�¦−® ®¡¥á¯¥ç¨âì ¯à®¯ãáª âï¦¥«ëå ¯ãâ¥¢ëå ¬�è¨− ¨ ¬�ªá¨-
¬�«ì−® ¢®§¬®¦−®£® ç¨á«� ¯�áá�¦¨àáª¨å ¨ £àã§®¢ëå ¯®¥§¤®¢ á ¨á¯®«ì§®¢�−¨¥¬
¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¤¢ãå¯ãâ−®£® ¯¥à¥£®−�. �à¨ íâ®¬ ¢®§¬®¦−� −¥ª®â®à�ï
−¥¡®«ìè�ï (−¥ ®ª�§ë¢�îé�ï §�¬¥â−®£® ¢«¨ï−¨ï −� ãá«®¢¨ï ¢ë¯®«−¥−¨ï à�¡®â ¢
ú®ª−®û) á¤¢¨¦ª� (ª®àà¥ªâ¨à®¢ª�) ¢à¥¬¥−¨ −�ç�«� ú®ª−�û ¤«ï á−¨¦¥−¨ï ¯®â¥àì
¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¢à¥¬¥−−® ®¤−®¯ãâ−®£® ¯¥à¥£®−�. �â® ®á®¡¥−−® �ªâã�«ì-
−® ¯à¨ −�«¨ç¨¨ ®¯�§¤ë¢�îé¨å ¯�áá�¦¨àáª¨å ¯®¥§¤®¢. ’®£¤� ¥á«¨ ®¡®§−�ç¨âì (¯®
â¥å−®«®£¨ç¥áª®¬ã ¨«¨ ¢�à¨�−â−®¬ã £à�ä¨ªã) â¥ªãé¥¥ ¢à¥¬ï −�ç�«� ú®ª−�û ç¥-
à¥§ tÎ ¨ ¥£® §�¢¥àè¥−¨ï ç¥à¥§ tÚÁ×, â® ¯à¨ á¤¢¨¦ª¥ ¢à¥¬¥−¨ −�ç�«� ú®ª−�û −�–tÏË
â¥ªãé¥¥ ¢à¥¬ï −�ç�«� ¨ §�¢¥àè¥−¨ï ®¯¥à�â¨¢−®£® ú®ª−�û á®áâ�¢¨â tÏÒ = tÎ+–tÏË,
tÏÚÁ× = tÎ + TÏË +–tÏË. �à¨ –tÏË = 0 −�ç�«® ¨ ®ª®−ç�−¨¥ ®¯¥à�â¨¢−®£® ú®ª−�û
á®¢¯�¤�¥â á á®®â¢¥âáâ¢ãîé¨¬¨ §−�ç¥−¨ï¬¨ â¥å−®«®£¨ç¥áª®£® ¨«¨ ¢�à¨�−â−®£®
ú®ª−�û.

�á−®¢−ë¬ âà¥¡®¢�−¨¥¬ ª §−�ç¥−¨î T ÐÏÓÌÏ ï¢«ï¥âáï ¥£® ¬¨−¨¬¨§�æ¨ï, â. ¥.
T ÐÏÓÌÏ → min, çâ® ¯à¨ ¢ë¯®«−¥−¨¨ âà¥¡®¢�−¨ï ¬�ªá¨¬�«ì−®£® ¯à®¯ãáª� ¯®¥§¤®¢
¬¨−¨¬¨§¨àã¥â ¯®â¥à¨ ¯®¥§¤®-ç�á®¢ ¢ ¯¥à¨®¤ T ÐÏÓÌÏË ¨ ¢ ¯¥à¨®¤ T ′

ÏË.
�� ®á−®¢�−¨¨ ¢ëè¥¨§«®¦¥−−®£® æ¥«¥¢�ï äã−ªæ¨ï ®à£�−¨§�æ¨¨ ã¯à�¢«¥−¨ï

¯®¥§¤®¯®â®ª�¬¨ ¢ á¨áâ¥¬¥ �‘ �ƒ„�� ¢ ¯¥à¨®¤ à�¡®âë ãç�áâª� á ú®ª−®¬û
¯à¥¤áâ�¢«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

nÏË
nÆÁËÔ

→ max .

ˆ§«®¦¥−−ë¥ ¯®«®¦¥−¨ï ï¢«ïîâáï ®á−®¢®© á®§¤�−¨ï �‘ �ƒ„��.

4 Технология и инструментальная среда имитационного
моделирования работы участка для построения
оперативного графика

�¨¦¥ à�áá¬®âà¥−ë ¢®¯à®áë à�§à�¡®âª¨ â¥å−®«®£¨ç¥áª¨å ¯®«®¦¥−¨© ä®à-
¬¨à®¢�−¨ï ¨ ¢ë¯®«−¥−¨ï ®¯¥à�â¨¢−ëå £à�ä¨ª®¢ ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¢ ¯¥à¨®¤
¯à¥¤®áâ�¢«¥−¨ï ú®ª®−û ¤«ï ¯à¨−ïâ®© �àå¨â¥ªâãàë �‘ �ƒ„��.

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� ®à£�−¨§�æ¨®−−�ï áâàãªâãà� á¨áâ¥¬ë.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 99



‘. Š. „ã«¨−, ˆ. �. ÷®§¥−¡¥à£, ‚. ˆ. “¬�−áª¨©

÷¨á. 2 �à£�−¨§�æ¨®−−�ï áâàãªâãà� á¨áâ¥¬ë à�§à�¡®âª¨ ®¯¥à�â¨¢−ëå £à�ä¨ª®¢

„�−−ë¥ ® ¯®¥§¤−®¬ ¯®«®¦¥−¨¨ áç¨âë¢�îâáï ¨§ á¨áâ¥¬ë ƒˆ„ ú“à�«-
‚�ˆˆ†’û á ¯®á«¥¤ãîé¨¬ ãâ®ç−¥−¨¥¬ ¯® ¤�−−ë¬ ¨áâ®ç−¨ª®¢ á¯ãâ−¨ª®¢®£®
¯®§¨æ¨®−¨à®¢�−¨ï GPS/ƒ‹���‘‘. „¥©áâ¢ãîé¨¥ ¯à¥¤ã¯à¥¦¤¥−¨ï ¨ −¥ª®â®-
àë¥ â�ª¨¥ ¤�−−ë¥, ª�ª ¡ã¤¥â ¯®ª�§�−® −¨¦¥ (á¬. à¨á. 6), ¯®«ãç�îâáï ¤®¯®«−¨-
â¥«ì−® ¨§ �‘�“�-2, ¯à®¤®«ì−ë¥ ¯à®ä¨«¨ ¯¥à¥£®−−ëå ¯ãâ¥© | ¨§ �‘“-�. �â¨
¤�−−ë¥ á®¢¬¥áâ−® á ¯�à�¬¥âà�¬¨ ¯®¥§¤®¢ ¨á¯®«ì§ãîâáï ¢ âï£®¢ëå à�áç¥â�å ¤«ï
¯®«ãç¥−¨ï ãâ®ç−¥−−ëå ¢à¥¬¥− å®¤� ¯®¥§¤®¢ ¢ §�¢¨á¨¬®áâ¨ ®â ¢¥á� ¨ ®£à�−¨ç¥−¨©
áª®à®áâ¨.

÷�áç¥â−ë¬ ï¤à®¬ á¨áâ¥¬ë ï¢«ï¥âáï ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì à�¡®âë ãç�áâª�, ¢
®á−®¢ã à¥�«¨§�æ¨¨ ª®â®à®© ¯®«®¦¥− ¯à¨−æ¨¯ ¬�ªá¨¬�«ì−®£® ¯àï¬®£® ¨á¯®«ì§®-
¢�−¨ï ¨¬¥îé¨åáï ¢ ��� ú÷†„û £¥®¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¨ −®à¬�â¨¢−®-
á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨. �à¥¦¤¥ ¢á¥£® íâ® ª�á�¥âáï ¤�−−ëå æ¨äà®¢ëå ¬®¤¥«¥©
¯ãâ¨ ¨ áâ�−æ¨®−−®£® à�§¢¨â¨ï, ¢ª«îç�îé¨å á¥¬�−â¨ç¥áª®¥ ®¯¨á�−¨¥ ®¡ê¥ªâ®¢
¨−äà�áâàãªâãàë. ‚ ç�áâ−®áâ¨, ®¯¨á�−¨¥ áâ�−æ¨© ãç�áâª� ä®à¬¨àã¥âáï −� ®á−®¢¥
¤�−−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢¥¤¥−¨ï â¥å−¨ç¥áª®-à�á¯®àï¤¨â¥«ì−ëå �ª-
â®¢ áâ�−æ¨© (�‘ ’÷�) ¨ ¢¥¤¥−¨ï â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ à�¡®âë áâ�−æ¨© (�‘
‚’�).

‚å®¤−®© −�áâà�¨¢�¥¬®© ¨−ä®à¬�æ¨¥© á«ã¦�â ¯�à�¬¥âàë ú®ª−�û, ®á®¡ë¥
¯à¨®à¨â¥âë ¯®¥§¤®¢, ¢¢®¤¨âáï ¨−ä®à¬�æ¨ï ® ¤¨á«®ª�æ¨¨ ¯ãâ¥¢ëå ¬�è¨− ¨
¤àã£¨¥ ¤�−−ë¥.
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÷¨á. 3 ‘âàãªâãà� ¤¨áªà¥â−®-á®¡ëâ¨©−®£® ¬¥å�−¨§¬� ¤«ï ª�¦¤®£® ¯®¥§¤�

‚ëå®¤−®© ä®à¬®© á¨áâ¥¬ë ï¢«ï¥âáï ®¯¥à�â¨¢−ë© £à�ä¨ª á ãª�§�−¨¥¬ ¯®àï¤-
ª� ¯à®¯ãáª� ¯®¥§¤®¢ ¢® ¢à¥¬ï ú®ª−�û. �¯à¥¤¥«ïîâáï ¤®¯®«−¨â¥«ì−ë¥ ¯à®áâ®¨ ¯®
ª�¦¤®¬ã £àã§®¢®¬ã ¯®¥§¤ã, ®âª«®−¥−¨ï ®â à�á¯¨á�−¨ï ¯�áá�¦¨àáª¨å ¯®¥§¤®¢ ¯à¨
¯®¤å®¤¥ ª ãç�áâªã, £¤¥ ¯à¥¤®áâ�¢«ï¥âáï ú®ª−®û, ¨ −� ¢ëå®¤¥ á −¥£® á ãª�§�−¨¥¬
¢à¥¬¥−¨ ¢®§¬®¦−®£® ¤�«ì−¥©è¥£® −�£®−�.

�à®¤¢¨¦¥−¨¥ ¢à¥¬¥−¨ ¢ ¬®¤¥«¨ ãç�áâª� §� à�áç¥â−ë© ¯¥à¨®¤ ®á−®¢�−® −�
¤¨áªà¥â−®-á®¡ëâ¨©−®¬ ¬¥å�−¨§¬¥, ®¡é�ï áå¥¬� ª®â®à®£® ¯à¥¤áâ�¢«¥−� −� à¨á. 3.
‘®¡ëâ¨©−®áâì ¬¥å�−¨§¬� §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ ª�¦¤ë© ¤¨áªà¥â−ë© ¬®¬¥−â
¢à¥¬¥−¨ ¯® ¢á¥¬ ¯®¥§¤�¬ ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ¯à¨®à¨â¥â� �−�«¨§¨àã¥âáï ¢à¥¬ï
§�¯«�−¨à®¢�−−®© ®¯¥à�æ¨¨. …á«¨ ¢ â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨ §�¯«�−¨à®¢�−�
®¯¥à�æ¨ï, â® §�¯ãáª�¥âáï ¥¥ ¢ë¯®«−¥−¨¥, ¥á«¨ −¥â | ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ª
á«¥¤ãîé¥¬ã è�£ã.

’¥å−®«®£¨ç¥áª�ï ®¯¥à�æ¨ï ®¯à¥¤¥«ï¥âáï á¤¢¨£®¬ ¢à¥¬¥−¨ −� ¯¥à¨®¤ ®â á®¡ë-
â¨ï ú¯à¨¡ëâ¨¥ ¯®¥§¤�û ¤® á®¡ëâ¨ï ú¯®¤£®â®¢ª� ª ®â¯à�¢«¥−¨îû.

�¥®¡å®¤¨¬® â�ª¦¥ ®¯à¥¤¥«¨âì á®¡ëâ¨ï, á¢ï§�−−ë¥ á ¯®áâà®¥−¨¥¬ ®¯¥à�â¨¢-
−®£® £à�ä¨ª� ¢ ¯¥à¨®¤ ¢ë¤¥«¥−¨ï ú®ª−�û, � â�ª¦¥ ¯à®¤®«¦¨â¥«ì−®áâ¨ ¨−â¥à-
¢�«®¢ ¬¥¦¤ã −¨¬¨. �â¨ á®¡ëâ¨ï: −�ç�«® ¨ §�¢¥àè¥−¨¥ ú®ª−�û, â¥ªãé¥¥ ¢à¥¬ï
−�ç�«� ¨ §�¢¥àè¥−¨ï ú®ª−�û ¨ ¤à., ª®â®àë¥ ¯à¥¤áâ�¢«¥−ë −� èª�«¥ â¥ªãé¥£®
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÷¨á. 4 ‘®¡ëâ¨ï ¢ ¯¥à¨®¤ ¢ë¤¥«¥−¨ï ú®ª−�û, ¯à¥¤áâ�¢«¥−−ë¥ −� èª�«¥ â¥ªãé¥£®
¢à¥¬¥−¨

¢à¥¬¥−¨ ti (à¨á. 4). ˆ¬¥−−® íâ¨ á®¡ëâ¨ï ¨ ¨å ¢à¥¬¥−−‚ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤®«¦−ë
ãç¨âë¢�âìáï ¯à¨ ¯®áâà®¥−¨¨ ®¯¥à�â¨¢−®£® £à�ä¨ª� ¤«ï ¯®¥§¤−®£® ãç�áâª�, £¤¥
¢ë¤¥«ï¥âáï ú®ª−®û (¤�«¥¥ | úãç�áâ®ª ®ª−�û) ¨ ¯¥à¥£®−�, £¤¥ ¤«ï ¢ë¯®«−¥−¨ï
à�¡®â §�ªàë¢�¥âáï ®¤¨− ¨§ £«�¢−ëå ¯ãâ¥© ¤¢ãå¯ãâ−®£® ãç�áâª� (¤�«¥¥ | ú¯¥à¥£®−
®ª−�û).

�� à¨á. 4 ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: ti | â¥ªãé¥¥ ¢à¥¬ï; tÎ ¨ tÚÁ× |
â¥ªãé¥¥ ¢à¥¬ï −�ç�«� ¨ §�¢¥àè¥−¨ï ú®ª−�û ¢ §�¡«�£®¢à¥¬¥−−® à�§à�¡�âë¢�¥¬®¬
£à�ä¨ª¥ (â¥å−®«®£¨ç¥áª¨© | â¨¯ 1 , ¢�à¨�−â−ë© | â¨¯ 2); tÏÎ ¨ tÏÚÁ× | â¥ªãé¥¥
¢à¥¬ï −�ç�«� ¨ §�¢¥àè¥−¨ï ú®ª−�û ¢ ®¯¥à�â¨¢−®¬ £à�ä¨ª¥ ¯à¨ ¢®§¬®¦−®©
á¤¢¨¦ª¥ −�ç�«� ú®ª−�û −� ¢à¥¬ï –TÏË; tÄÏ | â¥ªãé¥¥ ¢à¥¬ï −�ç�«� ¯¥à¨®¤�
¢«¨ï−¨ï ú®ª−�û −� à�á¯¨á�−¨¥ ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¯à¨ ¯à®¤®«¦¨â¥«ì−®áâ¨ íâ®£®
¯¥à¨®¤� T ÄÏÏË ¢ §�¡«�£®¢à¥¬¥−−® à�§à�¡�âë¢�¥¬®¬ £à�ä¨ª¥; tÐÏÓÌ | â¥ªãé¥¥
¢à¥¬ï ®ª®−ç�−¨ï ¯¥à¨®¤� ¢«¨ï−¨ï ú®ª−�û −� à�á¯¨á�−¨¥ ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¯®á«¥
¥£® §�¢¥àè¥−¨ï ¯à¨ ¯à®¤®«¦¨â¥«ì−®áâ¨ íâ®£® ¯¥à¨®¤� T ÐÏÓÌÏË ¢ §�¡«�£®¢à¥¬¥−−®
à�§à�¡�âë¢�¥¬®¬ £à�ä¨ª¥; tÏÄÏ ¨ tÏÐÏÓÌ| á®®â¢¥âáâ¢ãîé¥¥ â¥ªãé¥¥ ¢à¥¬ï á®¡ëâ¨©

¢ ®¯¥à�â¨¢−®¬ £à�ä¨ª¥ á ¯à®¤®«¦¨â¥«ì−®áâìî ¯¥à¨®¤®¢ T ÄÏÏË.Ï ¨ T ÐÏÓÌÏË.Ï .

ú“ç�áâ®ª ®ª−�û à�á¯®«�£�¥âáï −� −¥ª®â®à®¬ ¯®«¨£®−¥. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥
íâ® «¨−¨ï ¡¥§ à�§¢¥â¢«¥−¨©, çâ® å�à�ªâ¥à−®, −�¯à¨¬¥à, ¤«ï ‡�¡�©ª�«ìáª®©,
„�«ì−¥¢®áâ®ç−®© ¨ −¥ª®â®àëå ¤àã£¨å ¦¥«¥§−ëå ¤®à®£. �®«¥¥ å�à�ªâ¥à−ë¬
ï¢«ï¥âáï à�á¯®«®¦¥−¨¥ úãç�áâª� ®ª−�û −� à�§¢¥â¢«¥−−®¬ ¯®«¨£®−¥ (¤�«¥¥ |
ú¯®«¨£®− ®ª−�û). �®¤ ú¯®«¨£®−®¬ ®ª−�û á«¥¤ã¥â ¯®−¨¬�âì â¥ ¯à¨«¥£�îé¨¥ ª
úãç�áâªã ®ª−�û «¨−¨¨, ¤¢¨¦¥−¨¥ ¯®¥§¤®¢ ¯® ª®â®àë¬ á«¥¤ã¥â ãç¨âë¢�âì ¯à¨
à�§à�¡®âª¥ ®¯¥à�â¨¢−®£® £à�ä¨ª�.

�¯à¥¤¥«¨¬ â¥¯¥àì ãá«®¢¨ï à¥�«¨§�æ¨¨ ¤¨áªà¥â−®-á®¡ëâ¨©−®£® ¬¥å�−¨§¬�
¤«ï ª�¦¤®£® ¨§ ¯®¥§¤®¢ á ãç¥â®¬ ®á®¡¥−−®áâ¥© ¨å ä®à¬¨à®¢�−¨ï ¨ ¯®áâã¯«¥−¨ï
−� ãç�áâ®ª.

ú�®«¨£®− ®ª−�û ¬®¦¥â ¢ª«îç�âì ¢ á¥¡ï ¯®¬¨¬® úãç�áâª� ®ª−�û ¤àã£¨¥ ®¤−®-
¯ãâ−ë¥ ¨ ¤¢ãå¯ãâ−ë¥ (¬−®£®¯ãâ−ë¥) ãç�áâª¨. �� ú¯®«¨£®−¥ ®ª−�û −¥®¡å®¤¨¬®
¢ë¤¥«¨âì ¤¢� â¨¯� áâ�−æ¨©:
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÷¨á. 5 ‘å¥¬� ¦¥«¥§−®¤®à®¦−®£® ¯®«¨£®−� (ú¯®«¨£®−� ®ª−�û), ¤¢¨¦¥−¨¥ ¯®¥§¤®¢ −�
ª®â®à®¬ ¤®«¦−® ãç¨âë¢�âìáï ¢ ®¯¥à�â¨¢−®¬ £à�ä¨ª¥

(1) áâ�−æ¨¨, ¯à®¯ãáª�îé¨¥ â®«ìª® âà�−§¨â−ë© ¯®¥§¤®¯®â®ª;

(2) áâ�−æ¨¨, ¯à®¯ãáª�îé¨¥ âà�−§¨â−ë© ¯®¥§¤®¯®â®ª ¨ ®áãé¥áâ¢«ïîé¨¥ ¯¥-
à¥à�¡®âªã ¢�£®−®¯®â®ª�, ¢ â®¬ ç¨á«¥ ¨ á ¢ë¯®«−¥−¨¥¬ ¬¥áâ−®© à�¡®âë
(¯®£àã§ª�, ¢ë£àã§ª�), ¢ à¥§ã«ìâ�â¥ ç¥£® ¯à®¨áå®¤¨â ¯®¥§¤®®¡à�§®¢�−¨¥ ¤®-
¯®«−¨â¥«ì−® ª ¯à®å®¤ïé¨¬ ç¥à¥§ â�ª¨¥ áâ�−æ¨¨ âà�−§¨â−ë¬ ¯®¥§¤�¬ ¡¥§
¯¥à¥à�¡®âª¨.

�� à¨á. 5 ¯à¥¤áâ�¢«¥− à�§¢¥â¢«¥−−ë© ú¯®«¨£®− ®ª−�û, ¢ª«îç�îé¨© ¯®¥§¤®-
®¡à�§ãîé¨¥ áâ�−æ¨¨C,H,D,A,G,E, F , úãç�áâ®ª ®ª−�ûAB ¨ ú¯¥à¥£®− ®ª−�û
�{¡. “çâ¥−ë â®«ìª® â¥ âà�−§¨â−ë¥ nÔÒ ¨ ®¡à�§ãîé¨¥áï nÏÂÒ ¯®¥§¤�, ¤¢¨¦¥−¨¥
ª®â®àëå ¢ ç¥â−®¬ ¨«¨ −¥ç¥â−®¬ −�¯à�¢«¥−¨¨ á¢ï§�−® á ¨å ¯à®å®¦¤¥−¨¥¬ ç¥à¥§
úãç�áâ®ª ®ª−�û AB.

�� à¨á. 5 ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: AB ¨ a{¡ | á®®â¢¥âáâ¢¥−−®
ãç�áâ®ª ¨ ¯¥à¥£®−, £¤¥ ¯à¥¤®áâ�¢«ï¥âáï ú®ª−®û; A, C, D, E, F , G, H | â¥å-
−¨ç¥áª¨¥ ¨ £àã§®¢ë¥ áâ�−æ¨¨, £¤¥ ¯à®¨áå®¤¨â ®¡à�§®¢�−¨¥ ¯®¥§¤®¯®â®ª� (¯®¬¨¬®
âà�−§¨â−ëå ¯®¥§¤®¢); nAÏÂÒ, n

C
ÏÂÒ, n

D
ÏÂÒ, n

H
ÏÂÒ | ¯®â®ª ¯®¥§¤®¢, ®¡à�§ãîé¨©áï −�

áâ�−æ¨ïå A, C, D, H ¢ ç¥â−®¬ −�¯à�¢«¥−¨¨ ¤¢¨¦¥−¨ï; nEÏÂÒ, n
G
ÏÂÒ, n

E
ÏÂÒ, n

F
ÏÂÒ |

â® ¦¥ ¢ −¥ç¥â−®¬ −�¯à�¢«¥−¨¨ ¤¢¨¦¥−¨ï; nCÔÒ ¨ nDÔÒ | âà�−§¨â−ë© ¯®¥§¤®¯®â®ª,

á«¥¤ãîé¨© á® áâ�−æ¨© C ¨ D ¢ ç¥â−®¬ −�¯à�¢«¥−¨¨ ¤¢¨¦¥−¨ï; nFÔÒ ¨ nEÔÒ | â®
¦¥ ¢ −¥ç¥â−®¬ −�¯à�¢«¥−¨¨ ¤¢¨¦¥−¨ï.

’�ª¨¬ ®¡à�§®¬, ¬−®¦¥áâ¢® ¯®¥§¤®¢, á«¥¤ãîé¨å ¢ ç¥â−®¬ −�¯à�¢«¥−¨¨ −�
úãç�áâ®ª ®ª−�û NAB

ÞÅÔ , á®áâ®¨â ¨§ ¯®¤¬−®¦¥áâ¢ âà�−§¨â−ëå NAB
ÔÒ.ÞÅÔ ¨ ®¡à�§ã-

îé¨åáï NAB
ÏÂÒ.ÞÅÔ ¯®¥§¤®¢, â. ¥.

NAB
ÞÅÔ = N

AB
ÔÒ.ÞÅÔ

⋃
NAB
ÏÂÒ.ÞÅÔ .
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‚ á¢®î ®ç¥à¥¤ì,

NAB
ÏÂÒ.ÞÅÔ =

l∑

j=1

nÔÒ.ÞÅÔ.j ;

NAB
ÏÂÒ.ÞÅÔ =

m∑

ϕ=1

nÏÂÒ.ÞÅÔ.ϕ ,

£¤¥ j ¨ ϕ | áâ�−æ¨¨, á ª®â®àëå ®â¯à�¢«ï¥âáï âà�−§¨â−ë© ¨ ®¡à�§ãîé¨©áï
¯®¥§¤®¯®â®ª, ç¨á«® ª®â®àëå (áâ�−æ¨©) á®áâ�¢«ï¥â l ¨ m. �à¨ íâ®¬

NAB
ÔÒ.ÞÅÔ

⋂
NAB
ÏÂÒ.ÞÅÔ 6= 0 .

’®£¤� ¤«ï ¯à¨¬¥à�, ¯à¨¢¥¤¥−−®£® −� à¨á. 5, ¨¬¥¥¬

NAB
ÞÅÔ =

(
nCÔÒ + n

D
ÔÒ

)
+
(
nCÏÂÒ + n

H
ÏÂÒ + n

D
ÏÂÒ + n

A
ÏÂÒ

)
.

„«ï −¥ç¥â−®£® −�¯à�¢«¥−¨ï:

NAB
ÎÅÞ =

(
nEÔÒ + n

F
ÔÒ

)
+
(
nCÏÂÒ + n

F
ÏÂÒ + n

G
ÏÂÒ + n

E
ÏÂÒ

)
.

÷�§¤¥«¥−¨¥ −� ú¯®«¨£®−¥ ®ª−�û ®¡é¥£® ¯®¥§¤®¯®â®ª� −� âà�−§¨â−ë© ¨ ®¡à�-
§ãîé¨©áï á¢ï§�−® á à�§«¨ç−®© ¨−ä®à¬�æ¨®−−®© ¡�§®©, ¨á¯®«ì§ã¥¬®© ¤«ï íâ¨å
ª�â¥£®à¨© ¯®¥§¤®¢, ¨ ¯®àï¤ª®¬ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ¯à¨ ¯®áâà®¥−¨¨ ®¯¥à�-
â¨¢−®£® £à�ä¨ª�. �à¨ íâ®¬ á¯à�¢¥¤«¨¢® ãâ¢¥à¦¤¥−¨¥, çâ® ¤«ï «î¡®£® nÔÒ.j
¨ nÏÂÒ.ϕ ¢ à�áá¬�âà¨¢�¥¬®© ¨−ä®à¬�æ¨®−−®© áà¥¤¥ �‘ �ƒ„�� ¨á¯®«ì§ãîâáï
¥¤¨−ë¥ ¤¥©áâ¢¨ï ¤«ï ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ I ® ¯®¥§¤�å íâ¨å ª�â¥£®à¨© ¯à¨
¯®áâà®¥−¨¨ ®¯¥à�â¨¢−®£® £à�ä¨ª�, â. ¥.

IÔÒ = ∀nÔÒ.jpj (nÔÒ.j) ;
IÏÂÒ = ∀nÏÂÒ.ϕpϕ (nÏÂÒ.ϕ) .

‡¤¥áì pj ¨ pϕ | ®¯¥à�â®àë, á®®â¢¥âáâ¢ãîé¨¥ ¤¥©áâ¢¨ï¬ ¢ �‘ �ƒ„�� ¤«ï
¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ® âà�−§¨â−ëå ¨ ®¡à�§ãîé¨å ¯®¥§¤�å.

„«ï à¥è¥−¨ï ¢®¯à®á®¢, á¢ï§�−−ëå á ¨−ä®à¬�æ¨®−−ë¬ ®¡¥á¯¥ç¥−¨¥¬ §�¤�ç¨
¯®áâà®¥−¨ï ®¯¥à�â¨¢−®£® £à�ä¨ª�, ¯à¥¤áâ�¢¨¬ ú¯®«¨£®− ®ª−�û ¢ ¢¨¤¥ ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−−‚®© ¬®¤¥«¨ (à¨á. 6). �® áãé¥áâ¢ã, íâ® á®ªà�é¥−−ë© £à�ä¨ª
¤¢¨¦¥−¨ï ¯®¥§¤®¢ −� ú¯®«¨£®−¥ ®ª−�û. �� à¨á. 6 (§� ¨áª«îç¥−¨¥¬ ú¯¥à¥£®−�
®ª−�û) à�áá¬®âà¥−® â®«ìª® ç¥â−®¥ −�¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï á ¯®¤å®¤®¬ ¯®¥§¤®¢
ª úãç�áâªã ®ª−�û á® áâ�−æ¨© C ¨ H. �®¤å®¤ á® áâ�−æ¨¨ D ãç¨âë¢�¥âáï
(ãá«®¢−®) â®«ìª® ¯® áâ�−æ¨¨A. „«ï ã¯à®é¥−¨ï −� à¨á. 6 −¥ −�−¥á¥−ë à�á¯¨á�−¨ï
¯�áá�¦¨àáª¨å ¯®¥§¤®¢ ¨ âï¦¥«ëå ¯ãâ¥¢ëå ¬�è¨−, á«¥¤ãîé¨å −� ú¯¥à¥£®− ®ª−�û.
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÷¨á. 6 �à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚�ï ¬®¤¥«ì ú¯®«¨£®−� ®ª−�û (ç¥â−®¥ −�¯à�¢«¥−¨¥ ¤¢¨-
¦¥−¨ï) ¤«ï à¥è¥−¨ï ¢®¯à®á®¢ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®âª¨ ®¯¥à�â¨¢−®£®
£à�ä¨ª� ¯® ¯®¤å®¤ã ¯®¥§¤®¢ ª ú¯¥à¥£®−ã ®ª−�û
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�ç¥¢¨¤−®, çâ® ¤«ï ¯®¢ëè¥−¨ï â®ç−®áâ¨ ¨−ä®à¬�æ¨¨ ® ¯®¥§¤�å, á«¥¤ãîé¨å
¢ ¯¥à¨®¤ ú®ª−�û, ¬®¬¥−â −�ç�«� ¤¥©áâ¢¨© ¯® à�§à�¡®âª¥ ®¯¥à�â¨¢−®£® £à�ä¨ª�
tÏÐ á«¥¤ã¥â ¬�ªá¨¬�«ì−® ¢®§¬®¦−® ¯à¨¡«¨¦�âì ª® ¢à¥¬¥−¨ −�ç�«� ú®ª−�û, â. ¥.

tÏÎ − tÏÐ → min . (2)

“á«®¢¨¥ (2) ¢ë¯®«−ï¥âáï −� ®á−®¢¥ ¬¨−¨¬¨§�æ¨¨ ¢à¥¬¥−¨ à¥�ªæ¨¨ á¨áâ¥¬ë
�‘�ƒ„�� TÒÓ, ª®â®à®¥, ¢ á¢®î ®ç¥à¥¤ì, à�¢−®

TÒÓ = TÉÎÆ + TÃ + TÒ.ÏÐ + Täçð + T
ÄÏ×
ÉÓÐ + T

ÐÏÄÇ
ÉÓÐ ,

£¤¥ TÉÎÆ | ¢à¥¬ï −� á¡®à ¨−ä®à¬�æ¨¨ ® ¯®¤å®¤¥ ¯®¥§¤®¢ ª úãç�áâªã ®ª−�û
¨ ª ú¯¥à¥£®−ã ®ª−�û; TÃ | ¯®¤£®â®¢ª� æ¨äà®¢®© ¬®¤¥«¨ úãç�áâª� ®ª−�û ¨
¤àã£¨å ¤�−−ëå ª ¢ë¯®«−¥−¨î à�áç¥â®¢ á ãç¥â®¬ ¯®«ãç¥−−ëå á¢¥¤¥−¨© ® ¯®¥§¤�å;
TÒ.ÏÐ | ¢à¥¬ï à�áç¥â� ®¯¥à�â¨¢−®£® £à�ä¨ª�; Täçð | ¢à¥¬ï á®£«�á®¢�−¨ï
à�ááç¨â�−−®£® ®¯¥à�â¨¢−®£® £à�ä¨ª� á ¢¥àå−¨¬ ãà®¢−¥¬ ã¯à�¢«¥−¨ï; T ÄÏ×ÉÓÐ |
¢à¥¬ï ¤®¢¥¤¥−¨ï à¥§ã«ìâ�â®¢ à�áç¥â� ¤® ¨á¯®«−¨â¥«¥© (¤¥¦ãà−ë¥ ¯® áâ�−æ¨ï¬ |
„‘�, ¬�è¨−¨áâë «®ª®¬®â¨¢®¢); T ÐÏÄÇÉÓÐ | ¢à¥¬ï ¯®¤£®â®¢ª¨ ¨á¯®«−¨â¥«¥© („‘�,
¬�è¨−¨áâë «®ª®¬®â¨¢®¢) ª ¢ë¯®«−¥−¨î ®¯¥à�â¨¢−®£® £à�ä¨ª�.

‡�¬¥â¨¬, çâ® ®¯¥à�æ¨¨, á¢ï§�−−ë¥ á §�âà�â�¬¨ ¢à¥¬¥−¨ TÉÎÆ ¨ TÃ, ¬®£ãâ ¢
®¯à¥¤¥«¥−−®© ¤®«¥ ¢ë¯®«−ïâìáï ¯�à�««¥«ì−®.

ƒ®à¨§®−â�«ì−�ï ®áì −� à¨á. 6, á®®â¢¥âáâ¢ãîé�ï â¥ªãé¥¬ã ¢à¥¬¥−¨ tÏÐ (¦¨à−�ï
èâà¨å®¢�ï «¨−¨ï), ®¯à¥¤¥«ï¥â ¯¥à¥ç¥−ì ¯®¥§¤®¢, ® ª®â®àëå ¤®«¦−� ¯®áâã¯¨âì
¨−ä®à¬�æ¨ï ¢ �‘ �ƒ„�� ¤«ï à�§à�¡®âª¨ ®¯¥à�â¨¢−®£® £à�ä¨ª�. ˆ§ à¨á. 6
á«¥¤ã¥â, çâ® ¢ ¬®¬¥−â tÏÐ ¯à¨ à�§à�¡®âª¥ ®¯¥à�â¨¢−®£® £à�ä¨ª� á«¥¤ã¥â ãç¨âë¢�âì
¯®¥§¤� á ü 5 ¯® ü 14 (−ã¬¥à�æ¨ï ¯®¥§¤®¢ ãá«®¢−�ï). � ¤«¨−� §®−ë ¯à®£−®§� LÐÒÚ
¤«ï ç¥â−ëå ¯®¥§¤®¢, á«¥¤ãîé¨å á ¯à¨¬ëª�îé¥© ª úãç�áâªã ®ª−�û −¥ª®â®à®© χ-©
«¨−¨¨ ¯®¤å®¤� ¯®¥§¤®¢ A{H{C (¯à¨ ¨å ®¡é¥¬ ç¨á«¥ k), á®áâ�¢«ï¥â à�ááâ®ï−¨¥
®â áâ�−æ¨¨ a ¤® −¥ª®â®à®© áâ�−æ¨¨ e. ‡−�ï ¢¥«¨ç¨−ã ãç�áâª®¢®© áª®à®áâ¨ V a{e

ÕÞ

−� ¤�−−®© «¨−¨¨, ®¯à¥¤¥«¨¬ ¤«¨−ã §®−ë ¯à®£−®§� (®¡®§−�ç¥−¨ï ¨§ à¨á. 6):

LÐÒÚ.a{e = TÏÐV
B{e
ÕÞ − LB{a .

’�ª¨¬ ®¡à�§®¬, ¢ ¬®¬¥−â tÏÐ ¯à¨ à�áç¥â¥ ®¯¥à�â¨¢−®£® £à�ä¨ª� ãç¨âë¢�îâáï
¢á¥ ¯®¥§¤�, −�å®¤ïé¨¥áï ®â áâ�−æ¨¨ a −� à�ááâ®ï−¨¨ LÐÒÚ.a{e.

�¯à¥¤¥«¨¬ ¯®àï¤®ª §−�ç¥−¨© ¢¥«¨ç¨−ë §®−ë ¯à®£−®§� LÐÒÚ ¤«ï â¨¯¨ç−ëå
ãá«®¢¨©. �à¨−ïâë á«¥¤ãîé¨¥ §−�ç¥−¨ï à�áç¥â−ëå ¢¥«¨ç¨−: TÏË = 3, 4 ¨ 5 ç;
TminÒÓ ≈ 1 ç; TÐÏÓÌ ≈ 2 ç; VÕÞ = 30, 40 ¨ 50 ª¬/ç, ú¯¥à¥£®− ®ª−�û −�å®¤¨âáï
¢ á¥à¥¤¨−¥ úãç�áâª� ®ª−�û ¤«¨−®© 100 ª¬. ÷¥§ã«ìâ�âë à�áç¥â®¢ ¯®ª�§�−ë −�
à¨á. 7.

�à¥¤áâ�¢«ï¥â ¨−â¥à¥á ®æ¥−ª� ®¡é¥© ¯à®âï¦¥−−®áâ¨ §®− ¯à®£−®§� LÐÒÚ.ÏÂÝ −� k
«¨−¨ïå ú¯®«¨£®−� ¯à®£−®§�û. ’�ª, ¤«ï áå¥¬ë, ¯à¥¤áâ�¢«¥−−®© −� à¨á. 5, ¯à¨

VÕÞ = 40 ª¬/ç ¨ TÏË = 5 ç LÐÒÚ.ÏÂÝ =
k∑

χ=1
LÐÒÚχ ≈ 1400 ª¬.
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’�ª¨¬ ®¡à�§®¬, ®¯à¥¤¥«¥−¨¥ ¯®¤å®-

÷¨á. 7 ÷�áç¥â−�ï ¯à®âï¦¥−−®áâì §®−ë
¯à®£−®§� LÐÒÚ ¤«ï à�§«¨ç−ëå íªá¯«ã�â�æ¨-
®−−ëå ãá«®¢¨©: 1 | VÕÞ = 30 ª¬/ç; 2 |
40; 3 | VÕÞ = 50 ª¬/ç

¤� ¯®¥§¤®¢ ª úãç�áâªã ®ª−�û −� ú¯®«¨-
£®−¥ ®ª−�û ¯à¥¤áâ�¢«ï¥â á®¡®© ¤®áâ�-
â®ç−® âàã¤®¥¬ªãî §�¤�çã.

�® íâ¨¬ −¥ ¨áç¥à¯ë¢�¥âáï á¡®à ¨−-
ä®à¬�æ¨¨ ® ¯®¤å®¤¥ ¯®¥§¤®¢ ª úãç�áâªã
®ª−�û. —�áâì ¯®¥§¤®¢ ¬®¦¥â á«¥¤®¢�âì
(á¬. à¨á. 5 ¨ 6) á ¯®¥§¤®®¡à�§ãîé¨å
áâ�−æ¨© A, H ¨ C á ¨å ®â¯à�¢«¥−¨¥¬
¯®á«¥ ¬®¬¥−â� ¢à¥¬¥−¨ tÏÐ. �à¨ íâ®¬
«¨−¨ï ¯®¤å®¤� D{A ¤®«¦−� à�áá¬�â-
à¨¢�âìáï ®â¤¥«ì−®. ‘«¥¤®¢�â¥«ì−®,
−� ®á−®¢¥ ¯à®£à�¬¬ ¯®¥§¤®®¡à�§®¢�−¨ï
¤¥©áâ¢ãîé¨å �¢â®¬�â¨§¨à®¢�−−ëå á¨á-
â¥¬ (�‘�“�-2, �‘“‘‘) ¢ ¬®¬¥−â tÏÐ
−¥®¡å®¤¨¬® ¤�âì ¯à®£−®§ ®¡à�§®¢�−¨ï ¯®¥§¤®¢ ¯® á«¥¤ãîé¨¬ §®−�¬ ¢à¥¬¥-
−¨ TÐÒ:

TCÐÒ | ¯® áâ�−æ¨¨ C −� ¯¥à¨®¤ ®â tÏÐ ¤® tÏÐ + T
C
ÐÒ;

THÐÒ | ¯® áâ�−æ¨¨ H −� ¯¥à¨®¤ ®â tÏÐ ¤® tÏÐ + T
H
ÐÒ;

TAÐÒ | ¯® áâ�−æ¨¨ A −� ¯¥à¨®¤ ®â tÏÐ ¤® tÏÐ + T
A
ÐÒ.

�à¨ íâ®¬ TCÐÒ = TÐÒ = TÏÐ − LCB/V
CB
ÕÞ . ‘®®â¢¥âáâ¢¥−−® ®¯à¥¤¥«ïîâáï THÐÒ

¨ TAÐÒ.
ˆ§ à¨á. 6 á«¥¤ã¥â, çâ® ¤«ï à�áá¬�âà¨¢�¥¬®£® ¯à¨¬¥à� ¯à¨ à�áç¥â¥ ®¯¥à�â¨¢-

−®£® £à�ä¨ª� ¤®¯®«−¨â¥«ì−® ª ¯®¥§¤�¬, −�å®¤ïé¨¬áï ¢ §®−¥ LÐÒÚ ¢ ¬®¬¥−â tÏÐ,
−¥®¡å®¤¨¬® ãç¨âë¢�âì ¯®¥§¤ ü 11 ¯® áâ�−æ¨¨ H ¨ ¯®¥§¤ ü 10 ¯® áâ�−æ¨¨ A. �®
áâ�−æ¨¨ C ®¡à�§ãîé¨©áï ¯®¥§¤ ü 5 ãç¨âë¢�¥âáï ¢ §®−¥ LÐÒÚ ¢ ¬®¬¥−â tÏÐ.

‚ æ¥«®¬ �«£®à¨â¬ ¤¥©áâ¢¨© ¯® á¡®àã ¨−ä®à¬�æ¨¨ ® ú¯®¤å®¤¥ ¯®¥§¤®¢û ª
úãç�áâªã ®ª−�û ¨ ú¯¥à¥£®−ã ®ª−�û ¤«ï ¨å ãç¥â� ¯à¨ à�§à�¡®âª¥ ®¯¥à�â¨¢−®£®
£à�ä¨ª� ¯à¥¤áâ�¢«¥− −� à¨á. 8.

�®«ãç¥−−�ï ¨−ä®à¬�æ¨ï ®¯à¥¤¥«ï¥â á¢¥¤¥−¨ï ® ¯®¤å®¤¥ ¯®¥§¤®¢ ¢ ¬®¬¥−â tÏÐ.
„«ï à�áç¥â� â¥ªãé¥£® ¢à¥¬¥−¨ ¯®¤å®¤� ¯®¥§¤®¢ ª áâ�−æ¨ï¬, ®£à�−¨ç¨¢�îé¨¬
úãç�áâ®ª ®ª−�û, ¨ ª áâ�−æ¨ï¬, ®£à�−¨ç¨¢�îé¨¬ ú¯¥à¥£®− ®ª−�û, âà¥¡ã¥âáï
à�§à�¡®âª� ¯à®£−®§� ¢à¥¬¥−¨ á«¥¤®¢�−¨ï â�ª¨å ¯®¥§¤®¢ ¤® ®£à�−¨ç¨¢�îé¨å
áâ�−æ¨©. ’�ª®© ¯à®£−®§ ¡ã¤¥â â¥¬ â®ç−¥¥, ç¥¬ ¬¥−ìè¥ ¢¥«¨ç¨−� TminÒÓ . �®àï¤®ª
¢ë¯®«−¥−¨ï ¯à®£−®§−ëå à�áç¥â®¢ à�áá¬®âà¨¬ −� ¯à¨¬¥à¥, ¯à¥¤áâ�¢«¥−−®¬ −�
à¨á. 6 ¤«ï ç¥â−®£® −�¯à�¢«¥−¨ï ¤¢¨¦¥−¨ï.

‚ §®−ã ¯à®£−®§� LÐÒÚ ¢ ¬®¬¥−â tÏÐ ¨ ¢ ¯¥à¨®¤ë ¯à®£−®§� ®¡à�§®¢�−¨ï ¯®-
¥§¤®¢ TÐÒ ¯® áâ�−æ¨ï¬ A, H, C ¯®¯�¤�îâ ¯®¥§¤� üü 1{5, 7, 8, 10{12, 14.
„«ï «¨−¨¨ ¯®¤å®¤� á® áâ�−æ¨¨ D áâà®¨âáï á�¬®áâ®ïâ¥«ì−�ï ¬®¤¥«ì ®¯à¥¤¥«¥−¨ï
¯¥à¥ç−ï ¨ ç¨á«� ¯®¤å®¤ïé¨å ¯®¥§¤®¢ (¯®¥§¤� üü 6, 9 ¨ 13).
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÷¨á. 8 �«£®à¨â¬ ¤¥©áâ¢¨© ¯® ®¯à¥¤¥«¥−¨î ¨−ä®à¬�æ¨¨ ® ¯®¤å®¤¥ ¯®¥§¤®¢ á ú¯®«¨£®−�
®ª−�û ª úãç�áâªã ®ª−�û ¨ ú¯¥à¥£®−ã ®ª−�û ¤«ï à�§à�¡®âª¨ ®¯¥à�â¨¢−®£® £à�ä¨ª� (K |
ç¨á«® «¨−¨© ¯®¤å®¤� ¯®¥§¤®¢, ¢ª«îç�ï úãç�áâ®ª ®ª−�û)

��§®¢¥¬ â�ª¨¥ ¯®¥§¤� ¯à®£−®§¨àã¥¬ë¬¨ ¯®¥§¤�¬¨ ¢ ¯¥à¨®¤ ú®ª−�û, ¯à¨¡ë-
¢�îé¨¬¨ á χ-© «¨−¨¨ nÐÒχ , � ®¡é¥¥ ç¨á«® ¯®¥§¤®¢, ¯®¤å®¤ïé¨å á® ¢á¥å «¨−¨©:

nÐÒk =

k∑

χ=1

nÐÒχ ,

£¤¥ k | ®¡é¥¥ ç¨á«® ¯®¤å®¤ïé¨å «¨−¨©.
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�à¨ ®¯à¥¤¥«¥−¨¨ §−�ç¥−¨© nÐÒχ ãç¨âë¢�îâáï ¯®¥§¤�, −�å®¤ïé¨¥áï ¢−ãâà¨
ú«¨−¨¨ £à�−¨æë ¯à®£−®§� ®¡à�§ãîé¨åáï ¯®¥§¤®¢û (á¬. à¨á. 6). ’�ª�ï ú«¨−¨ï
£à�−¨æëû ®¯à¥¤¥«ï¥âáï ¯® â¥å−®«®£¨ç¥áª®¬ã ¨«¨ ¢�à¨�−â−®¬ã £à�ä¨ªã.

÷�áá¬®âà¨¬ â¥¯¥àì ¬¥â®¤¨ªã ®¯à¥¤¥«¥−¨ï ¯à®£−®§¨àã¥¬®£® ¢à¥¬¥−¨ å®¤� −�
¯à¨¬¥à¥ ¯®¥§¤� ü 8, ª®â®àë© ®¡à�§ã¥âáï −� áâ�−æ¨¨H, −® ä¨ªá¨àã¥âáï −� ¤«¨−¥
§®−ë ¯à®£−®§� LÐÒÚ ¢ ¬®¬¥−â tÏÐ. �¥®¡å®¤¨¬® á¤¥«�âì ¯à®£−®§ ¢à¥¬¥−¨ å®¤� tÐÒ
¯®¥§¤� ü 8 −� ®âà¥§ª�å §®−ë ¯à®£−®§� LÐÒfA ¨ LÐÒAa.

‚ ¯à®áâ¥©è¥¬ á«ãç�¥

tÐÒfA =
LÐÒfA

V fA
ÕÞ

, tÐÒAa =
LÐÒAa
V Aa
ÐÒ

,

£¤¥ V fA
ÕÞ ¨ V Aa

ÕÞ | −®à¬�â¨¢ë ãç�áâª®¢®© áª®à®áâ¨ −� á®®â¢¥âáâ¢ãîé¨å ®âà¥§ª�å
§®−ë ¯à®£−®§� ¯® â¥å−®«®£¨ç¥áª®¬ã ¨«¨ ¢�à¨�−â−®¬ã £à�ä¨ªã.

�¤−�ª® ¡®«¥¥ â®ç−ë¬ ¡ã¤¥â ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤� ¯®áâà®¥−¨ï ¯à®£−®§−®£®
£à�ä¨ª� á«¥¤®¢�−¨ï ¢á¥å ¢å®¤ïé¨å ¢ §®−ã ¯à®£−®§� ¯®¥§¤®¢ nÐÒk ®â¤¥«ì−® ¯®
ç¥â−®¬ã ¨ −¥ç¥â−®¬ã −�¯à�¢«¥−¨ï¬ ¤¢¨¦¥−¨ï. ÷�§à�¡®âª� â�ª®£® £à�ä¨ª�
¤®«¦−� ¡ëâì ¯à¥¤ãá¬®âà¥−� ¢ �‘ �ƒ„�� ¨ ¢ë¯®«−ïâìáï á ¨á¯®«ì§®¢�−¨¥¬
¨§¢¥áâ−ëå ¬¥â®¤®¢ �¢â®¬�â¨§¨à®¢�−−®£® ¯®áâà®¥−¨ï ¤¢ãå¯ãâ−ëå £à�ä¨ª®¢ [9].

‚®§¬®¦−® â�ª¦¥ ¨á¯®«ì§®¢�−¨¥ �¯¯�à�â� �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë ƒˆ„
ú“à�«-‚�ˆˆ†’û. �à¨ íâ®¬ ã¯à�¢«ïîé¨¥ à¥è¥−¨ï R ¯® ¯à®ª«�¤ª¥ ¯®¥§¤®¢
x(1), x(2), . . . , x(nÐÒk ) −� ¯à®áâà�−áâ¢¥ LÐÒÚ ¢ ¯¥à¨®¤ ¢à¥¬¥−¨ (tÏÐ, (tÏÐ + (T

min
ÒÓ +

+ TÏË))) ¯à¨−¨¬�îâáï −� ®á−®¢¥ á«¥¤ãîé¥£® äã−ªæ¨®−�«�, ¢ ª®â®à®¬ ¢¥«¨ç¨−�
tÏÐ + (T

min
ÒÓ + TÏË) ®¡®§−�ç¥−� ª�ª tÏÐ + · · · :

R(LÐÒÚ )(x(1), x(2), . . . , x(n
ÐÒ
k ))(tÏÐ, (tÏÐ + · · · )) =

= PÏÐ(ZÃ(L
ÐÒ
Ú )(tÏÐ, (tÏÐ + · · · )), ZÔÅÈÎ(LÐÒÚ )(tÏÐ, (tÏÐ + . . .)),

ZT{B(L
ÐÒ
Ú )(tÏÐ, (tÏÐ + · · · )),WÏ(LÐÒÚ )(tÏÐ, (tÏÐ + · · · ))) , (3)

£¤¥ PÏÐ | ®¯¥à�â®à, ®¯à¥¤¥«ïîé¨© ¯®àï¤®ª ¤¥©áâ¢¨© ¯® ¢ë¡®àã à�á-
¯¨á�−¨© ¤«ï ¯®¥§¤®¢ x(1), x(2), . . . , x(nÐÒk ) −� ¯à®áâà�−áâ¢¥ LÐÒÚ ¢ ¯¥à¨®¤
¢à¥¬¥−¨ (tÏÐ, (tÏÐ + · · · )); ZÃ(LÐÒÚ )(tÏÐ, (tÏÐ + · · · )) | æ¨äà®¢�ï ¬®¤¥«ì ¯à®-
áâà�−áâ¢� LÐÒÚ á ãç¥â®¬ ¨§¬¥−¥−¨© â�ª®© ¬®¤¥«¨, ¨á¯®«ì§ã¥¬®© ¤«ï ¯®áâà®-
¥−¨ï â¥å−®«®£¨ç¥áª®£® ¨«¨ ¢�à¨�−â−®£® £à�ä¨ª�, å�à�ªâ¥à−ëå ¤«ï ¯¥à¨®¤�
(tÏÐ, (tÏÐ + · · · )); ZÔÅÈÎ(LÐÒÚ )(tÏÐ, (tÏÐ + · · · ))| â® ¦¥ ¤«ï ®¯¨á�−¨ï â¥å−®«®£¨¨
¯à®¯ãáª� ¯®¥§¤®¢ (á¯¥æ¨�«¨§�æ¨¨ ¯ãâ¥©, −�¯à�¢«¥−¨© ¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¨ ¤à.);
ZT{B(L

ÐÒ
Ú )(tÏÐ, (tÏÐ+ · · · ))| ¤�−−ë¥ â¥å−®«®£¨ç¥áª®£® ¨«¨ ¢�à¨�−â−®£® £à�ä¨-

ª®¢ (à�á¯¨á�−¨ï ¯�áá�¦¨àáª¨å ¯®¥§¤®¢, ¯®àï¤®ª ¯®¤¢®¤� âï¦¥«®© â¥å−¨ª¨ ¨ ¤à.),
¨á¯®«ì§ã¥¬ë¥ ¤«ï ¯à¨−ïâ¨ï ã¯à�¢«ïîé¨å à¥è¥−¨©R;WÏ(L

ÐÒ
Ú )(tÏÐ, tÏÐ+. . .))|

¢®§¬ãé�îé¨¥ ¢®§¤¥©áâ¢¨ï, ª®â®àë¥ ¢ ¬®¬¥−â tÏÐ ¬®£ãâ ¡ëâì ãçâ¥−ë ¯à¨ ¯à¨-
−ïâ¨¨ ã¯à�¢«ïîé¨å à¥è¥−¨© R (®¯®§¤�−¨ï ¯�áá�¦¨àáª¨å ¯®¥§¤®¢, ä�ªâ¨ç¥áª¨¥
®£à�−¨ç¥−¨ï áª®à®áâ¨ ¤¢¨¦¥−¨ï −� ¯à®áâà�−áâ¢¥ LÐÒÚ ¨ ¤à.).
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÷¨á. 9 �à®£−®§−ë© ®¯¥à�â¨¢−ë© £à�ä¨ª ¯®¤å®¤� ¯®¥§¤®¢ (£àã§®¢ëå ¨ ¯�áá�¦¨à-
áª¨å) ª ú¯¥à¥£®−ã ®ª−�û �{¡ á ãç¥â®¬ ¢«¨ï−¨ï ¢®§¬ãé�îé¨å ¢®§¤¥©áâ¢¨©
WÏ(L

ÐÒ
Ú )(tÏÐ, (tÏÐ + · · · )); �1, �3 | ¯�áá�¦¨àáª¨¥ ¯®¥§¤�

÷¥§ã«ìâ�â®¬ ¢ë¯®«−¥−¨ï à�áç¥â®¢ −� ®á−®¢¥ §�¢¨á¨¬®áâ¨ (3) ï¢«ï¥âáï ¯à¥¤-
áâ�¢«¥−−ë© ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� −� à¨á. 9 ¯à®£−®§−ë© ®¯¥à�â¨¢−ë© £à�ä¨ª
¯®¤å®¤� £àã§®¢ëå ¨ ¯�áá�¦¨àáª¨å ¯®¥§¤®¢ ¯® ç¥â−®¬ã ¨ −¥ç¥â−®¬ã −�¯à�¢«¥-
−¨ï¬ ¤¢¨¦¥−¨ï ª ú¯¥à¥£®−ã ®ª−�û �{¡ á ãç¥â®¬ ¢«¨ï−¨ï ¯®¤¤�îé¨åáï ãç¥âã ¢
¬®¬¥−â tÏÐ ¢®§¬ãé�îé¨å ¢®§¤¥©áâ¢¨© WÏ(L

ÐÒ
Ú )(tÏÐ, (tÏÐ + · · · )) .

‘«¥¤ãîé¨¬ íâ�¯®¬ ï¢«ï¥âáï à�§à�¡®âª� ®¯¥à�â¨¢−®£® £à�ä¨ª� ¤«ï ú¯¥à¥£®−�
®ª−�û á ¯¥à¥å®¤®¬ ®â ¯à®áâà�−áâ¢� LÐÒÚ ª ¯à®áâà�−áâ¢ã LÐÒÁÂ ¢ à�áá¬�âà¨¢�¥¬ë©

¯¥à¨®¤ ¢à¥¬¥−¨ ((tÏÐ + T
min
ÒÓ ), (tÏÐ + T

min
ÒÓ + TÐÏÓÌ)). �á−®¢−ë¬ ãá«®¢¨¥¬ â�-

ª®© à�§à�¡®âª¨ £à�ä¨ª� ï¢«ï¥âáï à¥�«¨§�æ¨ï æ¥«¥¢®© äã−ªæ¨¨, à�áá¬®âà¥−−®©
¢ëè¥.

‚ à¥§ã«ìâ�â¥ áâà®¨âáï ®¯¥à�â¨¢−ë© £à�ä¨ª ¤¢¨¦¥−¨ï ¯® ú¯¥à¥£®−ã ®ª−�û
â�ª, ª�ª ¯®ª�§�−® ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� −� à¨á. 6. Š®−âà®«ì ¢ë¯®«−¥−¨ï ®¯¥à�â¨¢-
−®£® £à�ä¨ª� á ¨á¯®«ì§®¢�−¨¥¬ ¯®¤á¨áâ¥¬ë ®¡à�â−®© á¢ï§¨ áâà®¨âáï −� ®á−®¢¥
á«¥¤ãîé¨å â¥å−®«®£¨ç¥áª¨å ¯®«®¦¥−¨©.

÷�§à�¡®â�−−ë© ®¯¥à�â¨¢−ë© £à�ä¨ª ¤«ï ú¯¥à¥£®−� ®ª−�û ¤¥©áâ¢ã¥â ¢ ¯¥à¨®¤
¥£® ¯à¥¤®áâ�¢«¥−¨ï (tÏÎ, t

Ï
ÚÁ×). �á−®¢−®© §�¤�ç¥© ï¢«ï¥âáï â®ç−®¥ ¥£® ¢ë¯®«−¥−¨¥,

çâ® ®â¢¥ç�¥â ãá«®¢¨î æ¥«¥¢®© äã−ªæ¨¨, ¯à¥¤ãá¬�âà¨¢�îé¥¬ã ¬�ªá¨¬¨§�æ¨î
ç¨á«� ¯®¥§¤®¢, ¯à®¯ãáª�¥¬ëå ¢ ¯¥à¨®¤ (tÏÎ, t

Ï
ÚÁ×).

�®¤á¨áâ¥¬� ®¡à�â−®© á¢ï§¨ ®¡¥á¯¥ç¨¢�¥â ª®−âà®«ì á«¥¤®¢�−¨ï ¯®¥§¤®¢ ¨
¯®¥§¤®®¡à�§®¢�−¨ï. ‘«¥¤®¢�−¨¥ ¯®¥§¤®¢ ¢ ¯à¥¤¥«�å úãç�áâª� ®ª−�û ª®−âà®«¨àã-
¥âáï á¨áâ¥¬®© á¯ãâ−¨ª®¢®© −�¢¨£�æ¨¨, ¯®áª®«ìªã −� ¯®¤å®¤¥ ª ú¯¥à¥£®−ã ®ª−�û
−¥®¡å®¤¨¬� ¯®¢ëè¥−−�ï â®ç−®áâì ®¯à¥¤¥«¥−¨ï ª®®à¤¨−�â ¯®¥§¤®¢. Š®−âà®«ì
¯®¥§¤®®¡à�§®¢�−¨ï æ¥«¥á®®¡à�§−® ®áãé¥áâ¢«ïâì ¯® ¤�−−ë¬ á¨áâ¥¬ë �‘�“�-2
(�‘“‘‘).

÷�§«¨ç−®£® à®¤� ¢®§¬ãé�îé¨¥ ¢®§¤¥©áâ¢¨ï WÏ(L
ÐÒ
Ú )(tÏÐ, (tÏÐ + · · · )) ¬®£ãâ

−�àãè�âì ¯à¥¤ãá¬®âà¥−−®¥ ®¯¥à�â¨¢−ë¬ £à�ä¨ª®¬ à�á¯¨á�−¨¥ ¤¢¨¦¥−¨ï ¯®¥§-
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¤®¢. �¤−�ª® −¥ ¢áïª®¥ ¨§¬¥−¥−¨¥ ä�ªâ¨ç¥áª¨å à�á¯¨á�−¨© á«¥¤®¢�−¨ï ¯®¥§¤®¢
âà¥¡ã¥â ¯¥à¥á¬®âà� ®¯¥à�â¨¢−®£® £à�ä¨ª�.

‘¨áâ¥¬� â®«¥à�−â−� ª ¨§¬¥−¥−¨î ¢å®¤−ëå ¤�−−ëå ¯® ¢ë¯®«−¥−¨î à�§à�¡®-
â�−−®£® ®¯¥à�â¨¢−®£® £à�ä¨ª� ¤® â¥å ¯®à, ¯®ª� á®¡«î¤�îâáï ãá«®¢¨ï ®¡à�§®¢�−¨ï
¯à¥¤ãá¬®âà¥−−ëå ¯�ª¥â®¢ ¯®¥§¤®¢ ¢ ç¥â−®¬ ¨ −¥ç¥â−®¬ −�¯à�¢«¥−¨ïå ¤¢¨¦¥−¨ï.
ˆ â®«ìª® ¢ á«ãç�¥ −¥¢®§¬®¦−®áâ¨ á®¡«î¤¥−¨ï íâ¨å ãá«®¢¨© ¨§-§� −�àãè¥−¨ï à�á-
¯¨á�−¨© ¯®¤å®¤� ¯®¥§¤®¢ ª ú¯¥à¥£®−ã ®ª−�û âà¥¡ã¥âáï ¯¥à¥á¬®âà ®¯¥à�â¨¢−®£®
£à�ä¨ª�, â. ¥. ¥£® ª®àà¥ªâ¨à®¢ª�.

Š�¦¤ë© ¯®¥§¤ ¢ ®¯¥à�â¨¢−®¬ £à�ä¨ª¥, á«¥¤ãîé¨© ¯® ú¯¥à¥£®−ã ®ª−�û ¢
¯¥à¨®¤ (tÏÎ, t

Ï
ÚÁ×), � ¨¬¥−−®: x(1), x(2), . . . , x(γ), . . . x(nÐÒk ), | ¨¬¥¥â −¥ª®â®àë©

à¥§¥à¢ ¢à¥¬¥−¨:

–T x(γ)ÒÅÚ = t
x(γ)
ÏÔÐÒ.ÐÏ − tx(γ)ÐÒ.ÐÏ , (4)

£¤¥–T
x(γ)
ÒÅÚ | �¡á®«îâ−®¥ §−�ç¥−¨¥ à¥§¥à¢� ¢à¥¬¥−¨ ¤«ï ¯®¥§¤� x(γ); t

x(γ)
ÐÒ.ÐÏ | â®

¦¥ ¤«ï ¯à¨¡ëâ¨ï ¯®¥§¤� x(γ) ª ú¯¥à¥£®−ã ®ª−�û ¤«ï ä®à¬¨à®¢�−¨ï ®ç¥à¥¤−®£®
¯�ª¥â� ¯®¥§¤®¢ ¢ á®®â¢¥âáâ¢¨¨ á ®¯¥à�â¨¢−ë¬ £à�ä¨ª®¬.

…á«¨ á®¡«î¤�¥âáï ãá«®¢¨¥

T x(γ)ÏÐÏÚÄ ≤ –T x(γ)ÒÅÚ , (5)

£¤¥ T
x(γ)
ÏÐÏÚÄ | ä�ªâ¨ç¥áª®¥ ¨«¨ à�áç¥â−®¥ ¢à¥¬ï ®âª«®−¥−¨ï x(γ)-£® ¯®¥§¤� ®â

à�á¯¨á�−¨ï, ¯à¥¤ãá¬®âà¥−−®£® ¢ ®¯¥à�â¨¢−®¬ £à�ä¨ª¥, â® ª®àà¥ªâ¨à®¢ª� ®¯¥-
à�â¨¢−®£® £à�ä¨ª� −¥ âà¥¡ã¥âáï, â. ¥. á¨áâ¥¬� â®«¥à�−â−� ª ¨§¬¥−¥−¨î ¢å®¤−ëå
¤�−−ëå.

�à¨ −¥á®¡«î¤¥−¨¨ ãá«®¢¨ï (5) âà¥¡ã¥âáï ¯à®¢¥¤¥−¨¥ à�áç¥â®¢ ¯® ª®àà¥ªâ¨-
à®¢ª¥ ®¯¥à�â¨¢−®£® £à�ä¨ª�.

‘¬ëá« §�¢¨á¨¬®áâ¥© (4) ¨ (5) å®à®è® ¯®−ïâ¥− ¨§ à¨á. 6, −� ª®â®à®¬ ¯à¥¤áâ�¢-

«¥−® §−�ç¥−¨¥ –T
x(γ)
ÒÅÚ ¤«ï ¯®¥§¤� ü 10 |–T

x(10)
ÒÅÚ .

’¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ á¨áâ¥¬ë �‘ �ƒ„�� ¤®«¦−® ¯à¥¤ãá¬�âà¨¢�âì
¢ë¯®«−¥−¨¥ ãá«®¢¨ï

–TÔÏÌ → min ,
£¤¥ –TÔÏÌ | ¯¥à¨®¤ ¯à®¢¥àª¨ á¨áâ¥¬ë −� â®«¥à�−â−®áâì ª ¨§¬¥−¥−¨î ¢å®¤−ëå
¤�−−ëå ¯® ¢ë¯®«−¥−¨î ®¯¥à�â¨¢−®£® £à�ä¨ª�. �à¨ íâ®¬ ®ç¥à¥¤−®© ¯¥à¨®¤
¯à®¢¥àª¨ á¨áâ¥¬ë −� â®«¥à�−â−®áâì −�áâã¯�¥â ¢ â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨ ti+1 ≥
≥ ti+–TÔÏÌ, £¤¥ ti ¨ ti+1| −�ç�«® â¥ªãé¥£® ¨ ¯®á«¥¤ãîé¥£® ¯¥à¨®¤®¢ ¯à®¢¥àª¨
á¨áâ¥¬ë −� â®«¥à�−â−®áâì.

�«£®à¨â¬ à�¡®âë ¯®¤á¨áâ¥¬ë ®¡à�â−®© á¢ï§¨ ¯à¥¤áâ�¢«¥− −� à¨á. 10.
÷�áá¬®âà¥−−ë¥ â¥å−®«®£¨ç¥áª¨¥ ®¡®á−®¢�−¨ï ¯®áâà®¥−¨ï ®¯¥à�â¨¢−ëå £à�-

ä¨ª®¢ ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª®−û ¨ ®à£�−¨§�æ¨¨ ¨å ¢ë¯®«−¥−¨ï á ¨á-
¯®«ì§®¢�−¨¥¬ ¯®¤á¨áâ¥¬ë ®¡à�â−®© á¢ï§¨ ®¡¥á¯¥ç¨¢�îâ ¬¨−¨¬¨§�æ¨î §�¤¥à¦¥ª
¯®¥§¤®¢ ¯à¨ á−¨¦¥−¨¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¢à¥¬¥−−® ®¤−®¯ãâ−®£® ú¯¥à¥£®−�
®ª−�û.
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‘. Š. „ã«¨−, ˆ. �. ÷®§¥−¡¥à£, ‚. ˆ. “¬�−áª¨©

÷¨á. 10 �«£®à¨â¬ à�¡®âë ¯®¤á¨áâ¥¬ë ®¡à�â−®© á¢ï§¨ ¨ ª®àà¥ªâ¨à®¢ª¨ ®¯¥à�â¨¢−®£®
£à�ä¨ª� ¤¢¨¦¥−¨ï ¢ ¯¥à¨®¤ ú®ª−�û

5 Заключение

÷�§à�¡®â�−� �àå¨â¥ªâãà� ¨ â¥å−®«®£¨ç¥áª¨¥ ®á−®¢ë �‘ �ƒ„�� �¢â®¬�â¨-
§�æ¨¨ ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ à�¡®âë ãç�áâª� ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª−�û,
®¯à¥¤¥«¥− á®áâ�¢, äã−ªæ¨¨ ¨ ãá«®¢¨ï ¢§�¨¬®¤¥©áâ¢¨ï á ãç¥â®¬ ¨á¯®«ì§®¢�−¨ï
á¯ãâ−¨ª®¢ëå â¥å−®«®£¨©. �¯à¥¤¥«¥−� æ¥«¥¢�ï äã−ªæ¨ï �‘ �ƒ„��, ®á−®¢�−-
−�ï −� ¢ë¯®«−¥−¨¨ ãá«®¢¨ï ®¡¥á¯¥ç¥−¨ï ¯à®¯ãáª� ¬�ªá¨¬�«ì−®£® ç¨á«� ¯®¥§¤®¢
à�§«¨ç−®£® ¢¥á� ¯® ú¯¥à¥£®−ã ®ª−�û ¨§ ®¡é¥£® ç¨á«� à¥�«ì−® á«¥¤ãîé¨å ¯®¥§¤®¢
¢ ¯à®£−®§−ë© ¯¥à¨®¤ áãâ®ª ú®ª−�û á ãç¥â®¬ ¬�ªá¨¬¨§�æ¨¨ ç¨á«� ¯®¥§¤®¢ ¢ ¯�ª¥-
â�å −�¯à�¢«¥−¨ï ¯à¥¨¬ãé¥áâ¢¥−−®£® ¤¢¨¦¥−¨ï. ‡�¤�−ë ®£à�−¨ç¥−¨ï ¨ ãá«®¢¨ï,
®¯à¥¤¥«ïîé¨¥ ®¡«�áâ¨ ¤®¯ãáâ¨¬ëå §−�ç¥−¨© à�áç¥â−ëå ¯�à�¬¥âà®¢.
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‚ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â�«ì−®© áà¥¤ë à¥�«¨§®¢�−� á¨áâ¥¬� ¨¬¨â�æ¨®−−®£® ¬®-
¤¥«¨à®¢�−¨ï à�¡®âë ãç�áâª�, ãç¨âë¢�îé�ï ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï ú¯®«¨£®−�
®ª−�û ¨ ¤¢¨¦¥−¨ï ¯®¥§¤®¢ −� ¥£® ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚®© ¬®¤¥«¨, ¨−ä®à¬�-
æ¨î ® ¯®¤å®¤¥ ¯®¥§¤®¢ á ú¯®«¨£®−� ®ª−�û ª úãç�áâªã ®ª−�û ¨ ú¯¥à¥£®−ã ®ª−�û
¨ ®¡¥á¯¥ç¨¢�îé�ï ¯®áâà®¥−¨¥ ¯à®£−®§−®£® ®¯¥à�â¨¢−®£® £à�ä¨ª� ¯®¤å®¤� ¯®¥§-
¤®¢ ª ú¯¥à¥£®−ã ®ª−�û ¨ à�§à�¡®âªã ®¯¥à�â¨¢−®£® ¯�ª¥â−®£® £à�ä¨ª� ¤¢¨¦¥−¨ï
¯®¥§¤®¢ ¯® −¥¬ã.
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Abstract: This paper presents the architecture and technological foundations
of process control automation of the site during the period of \free zones" to
determine the composition, functions and conditions of interaction using the
satellite technology. The objective function of the presented system based on
the condition ensuring passage of the maximum number of trains was developed.
Limits and conditions governing the tolerance range of the design parameters
were defined. The authors implemented a system of site simulation, taking into
account the principles of the \polygon box" and trains on its space{time model,
information on approach of trains with a \polygon box" to \section of the zone"
and \stretch of the zone" and allowing to construct a projected operational
schedule of trains to approach \the stretch of the zone" and to develop an
operational packet traffic schedule.
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ИНФОРМАЦИОННАЯ ТЕХНОЛОГИЯ ИССЛЕДОВАНИЯ
ТОНКОЙ СТРУКТУРЫ ХАОТИЧЕСКИХ ПРОЦЕССОВ

В ПЛАЗМЕ С ПОМОЩЬЮ АНАЛИЗА СПЕКТРОВ∗

А. К. Горшенин1

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï, á®§¤�−−�ï ¤«ï ¨§ã-
ç¥−¨ï á ¯®¬®éìî á¯¥ªâà�«ì−®£® �−�«¨§� á¯¥æ¨ä¨ç¥áª¨å áâàãªâãà, ä®à¬¨-
àãîé¨å âãà¡ã«¥−â−®áâì ¢ ¯«�§¬¥. …¥ ¬�â¥¬�â¨ç¥áªãî ®á−®¢ã á®áâ�¢«ï-
¥â ¢¥à®ïâ−®áâ−ë© ¯®¤å®¤, ¨á¯®«ì§ãîé¨© ®à¨£¨−�«ì−ë© ¡ãâáâà¥¯-�«£®à¨â¬.
‚ ª�ç¥áâ¢¥ ¡�§®¢®© ¬®¤¥«¨ ¤«ï ®¯¨á�−¨ï â®−ª®© áâàãªâãàë å�®â¨ç¥áª¨å
¯à®æ¥áá®¢ ¨á¯®«ì§ãîâáï ª®−¥ç−ë¥ á¬¥á¨ à�§«¨ç−ëå ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥-
«¥−¨©. „«ï ®âëáª�−¨ï áâ�â¨áâ¨ç¥áª¨å ®æ¥−®ª −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¬®¤¥-
«¨ ¢ ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ¢ª«îç¥−ë á¯¥æ¨�«ì−® á®§¤�−−ë¥ áâ�â¨áâ¨ç¥áª¨¥
¯à®æ¥¤ãàë, ã«ãçè�îé¨¥ á¢®©áâ¢� ª«�áá¨ç¥áª®£® EM-�«£®à¨â¬� (expectation-
maximization algorithm). ‡−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥ ¢ áâ�âì¥ ã¤¥«ï¥âáï áâàãªâãà¥
¨ ®¡é¥© áå¥¬¥ äã−ªæ¨®−¨à®¢�−¨ï à�§à�¡®â�−−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï, ®¤−�ª® ®¡áã¦¤�îâáï ¨ ¯à�ªâ¨ç¥áª¨¥ à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ ¢�¦−®¬
à�§¤¥«¥ á®¢à¥¬¥−−®© ä¨§¨ª¨ (−�¯à¨¬¥à, ®¯à¥¤¥«¥−¨¥ ç¨á«� ä®à¬¨àãîé¨å
¯à®æ¥áá®¢, §−�ç¥−¨© àï¤� ä¨§¨ç¥áª¨å ¢¥«¨ç¨− ¨ ¤à.). �à®¤¥¬®−áâà¨à®¢�−ë
−�£«ï¤−ë¥ ¯à¨¬¥àë à�¡®âë á®§¤�−−®£® ¯à®£à�¬¬−®£® ¯�ª¥â�.

Š«îç¥¢ë¥ á«®¢�: á¯¥ªâà; ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï; âãà¡ã«¥−â−�ï ¯«�§-
¬�; ¡ãâáâà¥¯; ¢¥à®ïâ−®áâ−ë¥ ¬®¤¥«¨

DOI: 10.14357/08696527140107

1 Введение

‚ æ¥«ïå á®§¤�−¨ï íää¥ªâ¨¢−ëå ¨ ¡¥§®¯�á−ëå −�ãç−ëå ãáâ�−®¢®ª §−�ç¨â¥«ì-
−®£® ¬�áèâ�¡�, ®á−®¢�−−ëå −� ª®−æ¥¯æ¨¨ â®ª�¬�ª®¢ (−�¯à¨¬¥à, ¬¥¦¤ã−�à®¤−®£®
íªá¯¥à¨¬¥−â�«ì−®£® â¥à¬®ï¤¥à−®£® à¥�ªâ®à� | ITER), −¥®¡å®¤¨¬® à�§¢¨â¨¥
ª®àà¥ªâ−ëå ¬®¤¥«¥© äã−ªæ¨®−¨à®¢�−¨ï âãà¡ã«¥−â−®© ¯«�§¬ë. �®áâà®¥−¨¥
â�ª¨å ¬®¤¥«¥© −¥¢®§¬®¦−® ¡¥§ ¨§ãç¥−¨ï §−�ç¨â¥«ì−®£® ®¡ê¥¬� ¤�−−ëå, ¯®«ã-
ç�¥¬ëå −� ãáâ�−®¢ª�å ¬¥−ìè¥£® ¬�áèâ�¡� ¢ «�¡®à�â®à−ëå ãá«®¢¨ïå, ¤«ï ç¥£®
−¥®¡å®¤¨¬� à�§à�¡®âª� á®®â¢¥âáâ¢ãîé¨å ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢, �«£®à¨â¬®¢ ¨
¯à®£à�¬¬−ëå áà¥¤áâ¢.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ƒà�−â� �à¥§¨¤¥−â� ÷” ¤«ï £®áã¤�àáâ¢¥−−®© ¯®¤¤¥à¦ª¨ ¬®-
«®¤ëå à®áá¨©áª¨å ãç¥−ëå ŒŠ-4103.2014.9 ¨ ÷®áá¨©áª®£® ä®−¤� äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©
(¯à®¥ªâë 12-07-00115� ¨ 14-07-00041�).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë©
â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â à�¤¨®â¥å−¨ª¨, í«¥ªâà®−¨ª¨ ¨ �¢â®¬�â¨ª¨; agorshenin@ipiran.ru
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ˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¨áá«¥¤®¢�−¨ï â®−ª®© áâàãªâãàë å�®â¨ç¥áª¨å ¯à®æ¥áá®¢

‡�¤�ç� ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ â¥å ¨«¨ ¨−ëå ¯à®æ¥áá®¢ ¯® á¯¥ªâà�¬, ¯®-
«ãç¥−−ë¬ ¢ å®¤¥ íªá¯¥à¨¬¥−â� ¯à¨ ¯®¬®é¨ à�§«¨ç−ëå á¯®á®¡®¢ (−�¯à¨¬¥à,
¨§¬¥à¥−¨ï á¯¥ªâà®¬¥âà®¬, á¯¥ªâà®£à�ä®¬ ¨«¨ ®æ¥−ª¨ ¯® ¢à¥¬¥−−‚®© ¢ë¡®àª¥
�−�«®£®-æ¨äà®¢®£® ¯à¥®¡à�§®¢�â¥«ï), ¬®¦¥â ¡ëâì à¥è¥−� á ¯®¬®éìî à�§¤¥«¥−¨ï
á¯¥ªâà� −� á®áâ�¢«ïîé¨¥: á¯«®è−®© á¯¥ªâà, ¯®«®áë, ®â¤¥«ì−ë¥ ª®¬¯®−¥−âë.
�¤−�ª® áãé¥áâ¢ã¥â ¯à®¡«¥¬�, §�ª«îç�îé�ïáï ¢ −¥®¤−®§−�ç−®© âà�ªâ®¢ª¥ ®¤−¨å
¨ â¥å ¦¥ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢. „¥«® ¢ â®¬, çâ® §�¤�ç� ¢ëï¢«¥−¨ï ª®¬¯®−¥−â
á¯¥ªâà� ï¢«ï¥âáï ¬�â¥¬�â¨ç¥áª¨ −¥ª®àà¥ªâ−®© ¨ âà¥¡ã¥â ¤®¯®«−¨â¥«ì−ëå ¯à¥¤¯®-
«®¦¥−¨©, ¢ à�¬ª�å ª®â®àëå à¥è¥−¨¥ ¬®¦¥â ¡ëâì −�©¤¥−®. �â� ¯à®¡«¥¬� ¨§¢¥áâ−�,
−�¯à¨¬¥à, ¢ ®¯â¨ç¥áª®© á¯¥ªâà®áª®¯¨¨; áâ®«ì ¦¥ �ªâã�«ì−� ®−� ¨ ¤«ï ä¨§¨ª¨
¯«�§¬ë, â�ª ª�ª ¯«�§¬� ¯à¥¤áâ�¢«ï¥â á®¡®© á®áâ®ï−¨¥ ¢¥é¥áâ¢� á ¡®«ìè¨¬ ç¨á«®¬
áâ¥¯¥−¥© á¢®¡®¤ë. ‚ ¤�−−®¬ á«ãç�¥ á¯¥ªâà ¬®¦¥â ¡ëâì ¤®áâ�â®ç−® ãá¯¥è−® ¯à¨-
¡«¨¦¥− áà�§ã æ¥«ë¬ àï¤®¬ à�§«¨ç−ëå ¬¥¦¤ã á®¡®© ¬®¤¥«¥© (−�¯à¨¬¥à, ¬®¤¥«ìî
¤à®¡®¢®£® èã¬�, ¬®¤¥«ìî Š®«¬®£®à®¢�{�¡ãå®¢�), ¯à¨ç¥¬ ®â¤�âì ¯à¥¤¯®çâ¥−¨¥
ª�ª®©-â® ¥¤¨−áâ¢¥−−®© ¬®¤¥«¨ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬. �ç¥¢¨¤−®, çâ®
¢ â�ª®© á¨âã�æ¨¨ −¥¢®§¬®¦−® ¯®«ãç¨âì â®ç−ãî á¯¥ªâà�«ì−ãî ¨−ä®à¬�æ¨î ®
¬¥å�−¨§¬�å âãà¡ã«¥−â−®áâ¨. �¤−�ª® ¨¬¥−−® ¨áá«¥¤®¢�−¨¥ á¯¥ªâà®¢ ¯®§¢®«ï¥â
¤®¡¨âìáï ¡®«¥¥ â®−ª¨å à¥§ã«ìâ�â®¢, ¯®áª®«ìªã á¯¥ªâà ¤�¥â ¢®§¬®¦−®áâì ®¯à¥¤¥-
«¨âì â�ª¨¥ ¢�¦−ë¥ ¯®ª�§�â¥«¨, ª�ª â¨¯ −¥ãáâ®©ç¨¢®áâ¨, ¬¥å�−¨§¬ ä®à¬¨à®¢�−¨ï
âãà¡ã«¥−â−®áâ¨, ¤®«¨ ¨®−−®-§¢ãª®¢ëå á®«¨â®−®¢ ¨ ¤à¥©ä®¢ëå ¢¨åà¥© ¨ â. ¤.

„«ï ¯à¥®¤®«¥−¨ï ãª�§�−−ëå á«®¦−®áâ¥© ¢ áâ�âì¥ [1] ¡ë«� ¯à¥¤«®¦¥−� ¡ãâ-
áâà¥¯-¬¥â®¤®«®£¨ï ¬®¤¥«¨à®¢�−¨ï á¯¥ªâà®¢, ¯®«ãç¥−−ëå ¢ íªá¯¥à¨¬¥−â�å á âãà-
¡ã«¥−â−®© ¯«�§¬®©. ˆáå®¤−ë© á¯¥ªâà à�áá¬�âà¨¢�¥âáï ¢ ª�ç¥áâ¢¥ ¯«®â−®áâ¨
−¥¨§¢¥áâ−®£® §�ª®−� à�á¯à¥¤¥«¥−¨ï, á ¯®¬®éìî ¢¥à®ïâ−®áâ−®£® ¬®¤¥«¨à®¢�−¨ï
áâà®¨âáï â¥áâ®¢�ï ¢ë¡®àª� −ã¦−®£® (¢®®¡é¥ £®¢®àï, ¯à®¨§¢®«ì−®£®) ®¡ê¥¬�.
‚ ¤�«ì−¥©è¥¬ ®−� ¨á¯®«ì§ã¥âáï ¤«ï ¯®áâà®¥−¨ï �¯¯à®ªá¨¬¨àãîé¥© ªà¨¢®©,
ª®â®à�ï ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ï¬¨ ®¡®¡é¥−−ëå ¯à®æ¥áá®¢ Š®ªá� ¨é¥âáï ¢ ¢¨¤¥
ª®−¥ç−®© á¤¢¨£-¬�áèâ�¡−®© á¬¥á¨ ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© (−®à¬�«ì−ëå,
£�¬¬�). ‚�¦−®© §�¤�ç¥© áâ�−®¢¨âáï ¢ë¡®à ¨ ®¯â¨¬¨§�æ¨ï ¢ëç¨á«¨â¥«ì−ëå
¯à®æ¥¤ãà, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨.

‚ ¤�«ì−¥©è¥¬ ¤«ï −¥ª®â®àëå íªá¯¥à¨¬¥−â�«ì−ëå à¥¦¨¬®¢ äã−ªæ¨®−¨à®-
¢�−¨ï ¯«�§¬ë ¢ à�¡®â¥ [2] á ¯à¨¬¥−¥−¨¥¬ á®§¤�−−ëå á¯¥æ¨�«¨§¨à®¢�−−ëå
¯à®£à�¬¬−ëå ¬®¤ã«¥© ¡ë«� ¯à®¤¥¬®−áâà¨à®¢�−� ¢®§¬®¦−®áâì ª�ç¥áâ¢¥−−®£®
¯à¨¡«¨¦¥−¨ï á¯¥ªâà®¢ á ¢ëá®ª®© áâ¥¯¥−ìî á®£«�á¨ï á à�−¥¥ ¯®«ãç¥−−ë¬¨
à¥§ã«ìâ�â�¬¨. �ë«® ¯®«ãç¥−® ¯®¤â¢¥à¦¤¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï
¯à¥¤«®¦¥−−®© ¬¥â®¤®«®£¨¨, â�ª ª�ª ¤«ï àï¤� à¥¦¨¬®¢ äã−ªæ¨®−¨à®¢�−¨ï âãà-
¡ã«¥−â−®© ¯«�§¬ë ¡ë«� à¥è¥−� §�¤�ç� ¯à¨¡«¨¦¥−¨ï á¯¥ªâà� ¨ à�§¤¥«¥−¨ï ¥£® −�
ª®¬¯®−¥−âë, ç¨á«® ¨ ä®à¬� ª®â®àëå á®åà�−ïîâáï ¢−ãâà¨ å�à�ªâ¥à−ëå ®¡«�áâ¥©
¢ á¥à¨¨. ’�ª¦¥ ¡ë«® ¯à®¤¥¬®−áâà¨à®¢�−® å®à®è¥¥ á®®â¢¥âáâ¢¨¥ á ä¨§¨ç¥áª®©
áãâìî ¨§ãç�¥¬ëå ¯à®æ¥áá®¢ ¤«ï ç¨á«� §−�ç¨¬ëå ª®¬¯®−¥−â ¢ à�§«®¦¥−¨¨: ¢ à¥-
�«ì−ëå á¨áâ¥¬�å ª®«¨ç¥áâ¢® ä®à¬¨àãîé¨å ¯à®æ¥áá®¢ å®âì ¨ ¢¥«¨ª®, −® −�¨¡®«¥¥
§−�ç¨¬ë¬¨ ®ª�§ë¢�îâáï ¯à¥¨¬ãé¥áâ¢¥−−® 3{4 ¨§ −¨å. ’�ª¨¬ ®¡à�§®¬, à�¡®âë
¢ ¤�−−®© ®¡«�áâ¨ ¯à¥¤áâ�¢«ïîâ §−�ç¨â¥«ì−ë© ¨−â¥à¥á ¤«ï ¯à®¤®«¦¥−¨ï ¨áá«¥-
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�. Š. ƒ®àè¥−¨−

¤®¢�−¨© ª�ª á ¯à�ªâ¨ç¥áª®©, â�ª ¨ á â¥®à¥â¨ç¥áª®© â®çª¨ §à¥−¨ï ¤«ï ¯®áâà®¥−¨ï
¡®«¥¥ â®ç−ëå ¬®¤¥«¥© äã−ªæ¨®−¨à®¢�−¨ï âãà¡ã«¥−â−®© ¯«�§¬ë.

‚ −�áâ®ïé¥© à�¡®â¥ ¯à¨¢®¤¨âáï ®¯¨á�−¨¥ ¨â®£®¢®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�,
¯à¥¤−�§−�ç¥−−®£® ¤«ï à�§−®áâ®à®−−¥£® á¯¥ªâà�«ì−®£® �−�«¨§� íªá¯¥à¨¬¥−â�«ì-
−ëå ¤�−−ëå, ¯à¥¤«�£�îé¥£® è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¤«ï ¨§ãç¥−¨ï ¢¨¤�, ä®à¬ë
¨ å�à�ªâ¥à−ëå ®á®¡¥−−®áâ¥© á¯¥ªâà®¢. ˆáå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï ¬®¤¥«¨à®¢�−¨ï
¯®á«ã¦¨«¨ íªá¯¥à¨¬¥−â�«ì−ë¥ ¢ë¡®àª¨ á® á¯¥æ¨�«ì−®£® áâ¥««�à�â®à� ‹-2Œ
(á¬., −�¯à¨¬¥à, à�¡®âã [3]), ¯®«ãç¥−−ë¥ ¢ à�§«¨ç−ëå à¥¦¨¬�å äã−ªæ¨®−¨à®¢�-
−¨ï âãà¡ã«¥−â−®© ¯«�§¬ë.

2 Математические основы информационной технологии

‚ íâ®¬ à�§¤¥«¥ ªà�âª® à�áá¬®âà¨¬ ®á−®¢−ë¥ ¯à¨−æ¨¯ë ¨ ¬�â¥¬�â¨ç¥áª¨¥
¬®¤¥«¨, ¨á¯®«ì§®¢�−−ë¥ ¯à¨ à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

‚ å®¤¥ ¨áá«¥¤®¢�−¨© −¨§ª®ç�áâ®â−ëå ¯ã«ìá�æ¨© ¯«�§¬ë ¡ë«® ãáâ�−®¢«¥−®,
çâ® ¯«�§¬¥−−�ï âãà¡ã«¥−â−®áâì ãá¯¥è−® ®¯¨áë¢�¥âáï ¬®¤¥«ï¬¨ â¨¯� ®¡®¡é¥−−®£®
¯à®æ¥áá� Š®ªá� (á¬. [4]). ˆáå®¤−ë© á¯¥ªâà ¨−â¥à¯à¥â¨àã¥âáï ª�ª ¯«®â−®áâì
−¥ª®â®à®£® −¥¨§¢¥áâ−®£® ¢¥à®ïâ−®áâ−®£® à�á¯à¥¤¥«¥−¨ï, äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï
ª®â®à®£® ®¡®§−�ç¨¬ ç¥à¥§ F(x). ‡�â¥¬ −�å®¤¨¬ ª¢�−â¨«ì xα ¯®àï¤ª� α ¤«ï
äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï F(x), â. ¥. à¥è�¥¬ ãà�¢−¥−¨¥

F(xα) = α .
�®áâã¯�ï â�ª −¥®¡å®¤¨¬®¥ ç¨á«® à�§, ¬®¦−® áä®à¬¨à®¢�âì ¢ë¡®àªã X ¨§

−¥¨§¢¥áâ−®£® à�á¯à¥¤¥«¥−¨ï F(x) §�à�−¥¥ §�¤�−−®£® (¨ ¯à¨ íâ®¬ áª®«ì ã£®¤−®
¡®«ìè®£®) ®¡ê¥¬�. „«ï íâ®© ¢ë¡®àª¨ ¨á¯®«ì§ã¥¬ ¡�§®¢®¥ ¯à¥¤¯®«®¦¥−¨¥ ®
â®¬, çâ® à�á¯à¥¤¥«¥−¨¥ F(x) ¯à¥¤áâ�¢«ï¥â á®¡®© ª®−¥ç−ãî á¬¥áì ¢¥à®ïâ−®áâ−ëå
à�á¯à¥¤¥«¥−¨© (−®à¬�«ì−ëå, £�¬¬�) á −¥¨§¢¥áâ−ë¬¨ ¯�à�¬¥âà�¬¨, â. ¥.

F(x) =
k∑

i=1

piF (x, ai, bi) ,
k∑

i=1

pi = 1 , pi ≥ 0 ,

£¤¥ ç¥à¥§ F (·) ®¡®§−�ç¥−� äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï á®®â¢¥âáâ¢ãîé¥£® â¨¯� (−®à-
¬�«ì−®£® §�ª®−� ¨«¨ £�¬¬�-à�á¯à¥¤¥«¥−¨ï); k > 1 | ¨§¢¥áâ−®¥ −�âãà�«ì−®¥
ç¨á«®; ¢¥«¨ç¨−ë ai ¨ bi, i = 1, . . . , k, ¯à¥¤áâ�¢«ïîâ á®¡®© ¯�à�¬¥âàë á®®â¢¥â-
áâ¢ãîé¥£® à�á¯à¥¤¥«¥−¨ï á −¥®¡å®¤¨¬ë¬¨ ®£à�−¨ç¥−¨ï¬¨ (−�¯à¨¬¥à, ª®íää¨-
æ¨¥−âë ¬�áèâ�¡� ¤«ï −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï áâà®£® ¯®«®¦¨â¥«ì−ë ¨ â. ¯.).
‚¥«¨ç¨−ë F (x, ai, bi), i = 1, . . . , k, −�§ë¢�îâáï ª®¬¯®−¥−â�¬¨ á¬¥á¨, ¯�à�¬¥âàë
p1, . . . , pk | ¢¥á�¬¨ á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â. ‡−�ç¥−¨ï pi, ai ¨ bi, i =
= 1, . . . , k, ®¡ëç−® −¥¨§¢¥áâ−ë, ¯®íâ®¬ã âà¥¡ã¥âáï ¨á¯®«ì§®¢�âì á¯¥æ¨�«ì−ë¥
¯à®æ¥¤ãàë ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¯® ¢ë¡®àª¥.

„«ï íâ®£® ¬®¦−® ¨á¯®«ì§®¢�âì à�§«¨ç−ë¥ �«£®à¨â¬ë ®âëáª�−¨ï ®æ¥−®ª
¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï. ‚ à�¬ª�å á®§¤�−−®£® ¯à®£à�¬¬−®£® ¯�ª¥â� ¢
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ˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¨áá«¥¤®¢�−¨ï â®−ª®© áâàãªâãàë å�®â¨ç¥áª¨å ¯à®æ¥áá®¢

ª�ç¥áâ¢¥ ®á−®¢−ëå ¢ëç¨á«¨â¥«ì−ëå ¬¥â®¤®¢ ¨á¯®«ì§®¢�«áï ª«�áá¨ç¥áª¨© EM-
�«£®à¨â¬ [5] ¤«ï á¬¥á¥© −®à¬�«ì−ëå ¨ £�¬¬�-à�á¯à¥¤¥«¥−¨©, � â�ª¦¥ á¯¥æ¨�«¨§¨-
à®¢�−−ë© á¥â®ç−ë© ¬¥â®¤ [6]. �â® ¯®§¢®«¨«® à¥�«¨§®¢�âì ¯à¨¥¬«¥¬ãî â®ç−®áâì
¢ëç¨á«¥−¨© §� à�§ã¬−®¥ ¢à¥¬ï ¤«ï à�§«¨ç−ëå â¨¯®¢ á¯¥ªâà®¢ (®¤−®áâ®à®−−¨å,
¤¢ãáâ®à®−−¨å ¨ â. ¯.).

3 Структура программного обеспечения

‚ ¤�−−®¬ à�§¤¥«¥ à�áá¬®âà¨¬ ¢®¯à®áë äã−ªæ¨®−¨à®¢�−¨ï ¨ ¢§�¨¬®á¢ï§¥©
¯à®£à�¬¬−ëå ¬®¤ã«¥©, á®áâ�¢«ïîé¨å ¢ëç¨á«¨â¥«ì−ãî ç�áâì ¨−ä®à¬�æ¨®−−®©
â¥å−®«®£¨¨.

‚ ãá«®¢¨ïå á®¢à¥¬¥−−ëå ¨áá«¥¤®¢�−¨©, ª®£¤� íªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥
¨¬¥îâ ¢¥áì¬� §−�ç¨â¥«ì−ë© ®¡ê¥¬ ¨ âà¥¡ãîâ áãé¥áâ¢¥−−®£® ¢à¥¬¥−¨ ¤«ï ®¡-
à�¡®âª¨, −¥¢®§¬®¦−® ¯à¥¤áâ�¢¨âì ¯à®¢¥¤¥−¨¥ �−�«¨§� ¯à®æ¥áá®¢ ¡¥§ á®§¤�−¨ï
á¯¥æ¨�«¨§¨à®¢�−−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨. �� ®á−®¢�−¨¨ ã¯®¬ï−ãâ®©
¢ëè¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨, ®á−®¢�−−®© −� ¨á¯®«ì§®¢�−¨¨ ®¡®¡é¥−−ëå ¯à®-
æ¥áá®¢ Š®ªá�, ¡ë«� à�§à�¡®â�−� á®®â¢¥âáâ¢ãîé�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï
¤«ï à¥è¥−¨ï §�¤�ç¨ à�§¤¥«¥−¨ï á¥à¨© á¯¥ªâà®¢ −� ª®¬¯®−¥−âë. �à¨ ¨áá«¥¤®¢�-
−¨¨ ¢ª«îç¥−−ëå ¢ á®áâ�¢ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢
¡ë«¨ ¯®«ãç¥−ë −®¢ë¥ −�ãç−ë¥ à¥§ã«ìâ�âë, ª�á�îé¨¥áï �¤¥ª¢�â−®áâ¨ ¬¥â®¤®¢
¨ ¨å ¡ëáâà®¤¥©áâ¢¨ï, ª®â®àë¥ ¨ ¯à¥¤®¯à¥¤¥«¨«¨ −�¡®à �«£®à¨â¬®¢, ¢®è¥¤è¨å
¢ ª®−¥ç−ë© ¯�ª¥â. ‚ëç¨á«¨â¥«ì−ë© �«£®à¨â¬ ¡ë« á®§¤�− á ¨á¯®«ì§®¢�−¨¥¬
¢áâà®¥−−®£® ¢ ¯�ª¥â MATLAB ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï ç¥â¢¥àâ®£® ¯®ª®«¥−¨ï ¨
®¯â¨¬¨§¨à®¢�− ¤«ï ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© ¢ ä¨§¨ª¥ ¯«�§¬ë.

÷�§à�¡®â�−−�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¢ª«îç�¥â ¢ á¥¡ï ¬�â¥¬�â¨ç¥áª¨©
�¯¯�à�â ¯à®¢¥¤¥−¨ï à�áç¥â®¢, à�áç¥â−ë¥ ¬®¤ã«¨, ¨−áâàã¬¥−âë ¢¨§ã�«¨§�æ¨¨
¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ á à�§«¨ç−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¨å á®åà�−¥−¨ï, � â�ª¦¥
¯®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á ¤«ï ®¡¥á¯¥ç¥−¨ï ã¤®¡áâ¢� à�¡®âë á ¯�ª¥â®¬ ¤«ï
¨áá«¥¤®¢�â¥«¥©. ÷�áá¬®âà¨¬ ¯®¤à®¡−¥¥ áâàãªâãàã à�§à�¡®â�−−®£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï (à¨á. 1).

�ªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥ ®¡ëç−® ¯à¥¤®áâ�¢«ïîâáï ¢ ¢¨¤¥ ¢−¥è−¨å ä�©«®¢,
¤®áâã¯ ª ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¨−â¥àä¥©á−ãî ç�áâì ¯�ª¥â�. ‡¤¥áì áã-
é¥áâ¢ãîâ à�§«¨ç−ë¥ ¢�à¨�−âë, â�ª ª�ª ¯à¥¤ãá¬®âà¥−ë ¢�à¨�−âë à�¡®âë ¨ ç¥à¥§
áâ�−¤�àâ−ãî ¤«ï MATLAB ª®−á®«ì (áãé¥áâ¢ã¥â ú£®«®¢−�ïû äã−ªæ¨ï, ¢ë¯®«−ï-
îé�ï ¢áî ®¡à�¡®âªã), ¨ ç¥à¥§ ¨á¯®«ì§®¢�−¨¥ á¯¥æ¨�«¨§¨à®¢�−−®£® ¨−â¥àä¥©á�.
�¥à¢ë© á¯®á®¡ ¯®¤å®¤¨â ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ úà¥¦¨¬¥ à�§à�¡®âç¨ª�û, ¢ â® ¢à¥-
¬ï ª�ª ¡®«ìè¨−áâ¢ã ¯®«ì§®¢�â¥«¥©, ¡¥§ãá«®¢−®, ã¤®¡−¥¥ à�¡®â�âì á ¨−â¥àä¥©á®¬,
áªàë¢�îé¨¬ ¤¥â�«¨ à¥�«¨§�æ¨¨ ¨ ã¯à®é�îé¨¬ à�¡®âã á ¯à®£à�¬¬®©.

‹®£¨ç¥áª¨ äã−ªæ¨®−�« ¯à®£à�¬¬ë ¤¥«¨âáï −� âà¨ ®á−®¢−ëå ¡«®ª�:

(1) ¡«®ª ¬®¤¥«¨à®¢�−¨ï, ®â¢¥ç�îé¨© §� á®§¤�−¨¥ â¥áâ®¢®© ¢ë¡®àª¨;

(2) ¡«®ª ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ −¥¨§¢¥áâ−®£® à�á¯à¥¤¥«¥−¨ï ¯® ¯®áâà®¥−−®©
â¥áâ®¢®© ¢ë¡®àª¥, ®â¢¥ç�îé¨© §� ®âëáª�−¨¥ �¯¯à®ªá¨¬¨àãîé¥© ªà¨¢®©;
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(3) ¡«®ª ¢¨§ã�«¨§�æ¨¨, ®áãé¥áâ¢«ïîé¨© £à�ä¨ç¥áª®¥ ®â®¡à�¦¥−¨¥ ¯®«ãç¥−−ëå
à¥§ã«ìâ�â®¢.

�ç¥¢¨¤−®, çâ® ª�¦¤ë© ¨§ íâ¨å íâ�¯®¢ ¤®«¦¥− ¢ë¯®«−ïâìáï ¯®á«¥¤®¢�â¥«ì−®
¤àã£ §� ¤àã£®¬ (−� à¨á. 1 íâ® ¯à®¤¥¬®−áâà¨à®¢�−® á ¯®¬®éìî ¯ã−ªâ¨à−ëå
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ˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¨áá«¥¤®¢�−¨ï â®−ª®© áâàãªâãàë å�®â¨ç¥áª¨å ¯à®æ¥áá®¢

áâà¥«®ª), ®¤−�ª® −�ç�âì ¬®¦−® á «î¡®£® ¯ã−ªâ� (−� à¨á. 1 ¢®§¬®¦−ë¥ ¯ãâ¨
¢ë¯®«−¥−¨ï ¨§®¡à�¦¥−ë á¯«®è−ë¬¨ áâà¥«ª�¬¨ ®â ¡«®ª� úˆ−â¥àä¥©áû). „¥«®
¢ â®¬, çâ® ¢ ¯à®£à�¬¬¥ ¯à¥¤ãá¬®âà¥−� à�¡®â� á ¤�−−ë¬¨, ª®â®àë¥ ¡ë«¨ à�−¥¥
á®åà�−¥−ë −� ¤¨áª¥, çâ® ¯®§¢®«ï¥â ¨§¡¥¦�âì ¯®¢â®à−®£® ¬®¤¥«¨à®¢�−¨ï ¨«¨
®âëáª�−¨ï ®æ¥−®ª.

’¥áâ®¢�ï ¢ë¡®àª� áâà®¨âáï á ¯®¬®éìî ®¯¨á�−−®© ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥
¯à®æ¥¤ãàë. �à¨ ®æ¥−¨¢�−¨¨ ¯�à�¬¥âà®¢ ¯® ¢ë¡®àã ¯®«ì§®¢�â¥«ï ¬®£ãâ ¡ëâì
¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥ ¬¥â®¤ë:

{ EM-�«£®à¨â¬ ¤«ï −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©;

{ EM-�«£®à¨â¬ ¤«ï £�¬¬�-à�á¯à¥¤¥«¥−¨©;

{ á¥â®ç−ë© ¬¥â®¤ ¤«ï −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©;

{ c¥â®ç−ë© ¬¥â®¤ ¤«ï £�¬¬�-à�á¯à¥¤¥«¥−¨©.

‡¤¥áì ¬¥â®¤ë, ®á−®¢�−−ë¥ −� −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨, ¬®¦−® ¨á¯®«ì§®-
¢�âì ¤«ï ®¤−®- ¨ ¤¢ãáâ®à®−−¨å á¯¥ªâà®¢, � ®á−®¢�−−ë¥ −� £�¬¬�-à�á¯à¥¤¥«¥−¨¨ |
¤«ï ®¤−®áâ®à®−−¨å á¯¥ªâà®¢. EM-�«£®à¨â¬ ï¢«ï¥âáï ¤®áâ�â®ç−® ã−¨¢¥àá�«ì−ë¬
¬¥â®¤®¬ ®âëáª�−¨ï ®æ¥−®ª ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï. ‘ ¥£® ¯®¬®éìî ¬®¦−®
¤®¡¨âìáï ¯à¨¥¬«¥¬®£® ¡�«�−á� ¬¥¦¤ã áª®à®áâìî ¨ ª�ç¥áâ¢®¬ ¢ëç¨á«¥−¨©. �¤-
−�ª® ¢ á«ãç�¥, ª®£¤� ¥áâì −¥ª®â®à�ï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï ® ¯�à�¬¥âà�å,
¡®«¥¥ íää¥ªâ¨¢−ë¬¨ á ¢ëç¨á«¨â¥«ì−®© â®çª¨ §à¥−¨ï ¬®£ãâ ®ª�§�âìáï á¥â®ç−ë¥
¬¥â®¤ë, ¯®íâ®¬ã ®−¨ ¢ª«îç¥−ë ¢ ¨â®£®¢ë© ¯�ª¥â.

ˆ§¢¥áâ−®, çâ® ¯à¨ ¯®áâà®¥−¨¨ ¬®¤¥«¥© â¨¯� ª®−¥ç−ëå á¤¢¨£-¬�áèâ�¡−ëå
á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© ¢®§−¨ª�¥â §�¤�ç� ª®àà¥ªâ−®£® ®¯à¥¤¥«¥−¨ï
ç¨á«� ª®¬¯®−¥−â ¢ ¯à¨¡«¨¦�îé¥© á¬¥á¨ (á¬. [7]). �®íâ®¬ã ¤«ï �−�«¨§� ¬®£ãâ
¡ëâì ¨á¯®«ì§®¢�−ë �á¨¬¯â®â¨ç¥áª¨ −�¨¡®«¥¥ ¬®é−ë¥ ªà¨â¥à¨¨ ¤«ï ¬®¤¥«¥© ¤®-
¡�¢«¥−¨ï ¨ à�áé¥¯«¥−¨ï ª®¬¯®−¥−âë, � â�ª¦¥ à�áç¥â� §−�ç¥−¨© áâ�â¨áâ¨ª¨ ¤«ï
ªà¨â¥à¨ï ‹® [8]. �à®£à�¬¬� ¯à®¢¥àï¥â ¯® ã¯®¬ï−ãâë¬ ¢ëè¥ âà¥¬ ªà¨â¥à¨ï¬ §−�-
ç¨¬®áâì ª®¬¯®−¥−âë á ¬�«ë¬ ¢¥á®¬, ¢ë¤�¢�ï ¢ ª�ç¥áâ¢¥ ®â¢¥â� ç¨á«® ª®¬¯®−¥−â
¢ á¬¥á¨ ¤«ï ª�¦¤®£® ¨§ −¨å. “à®¢¥−ì §−�ç¨¬®áâ¨ ªà¨â¥à¨ï á«ã¦¨â ¯�à�¬¥âà®¬
¬¥â®¤�.

‚ ¡«®ª¥ ¢¨§ã�«¨§�æ¨¨ ®áãé¥áâ¢«ï¥âáï £à�ä¨ç¥áª¨© ¢ë¢®¤ à¥§ã«ìâ�â®¢ ¢ë-
ç¨á«¥−¨©. �® ¯®«ãç¥−−ë¬ ®æ¥−ª�¬ ¯�à�¬¥âà®¢ áâà®ïâáï £à�ä¨ª¨ �¯¯à®ªá¨¬¨-
àãîé¥© ªà¨¢®© ¨ á®áâ�¢«ïîé¨å ¥¥ ª®¬¯®−¥−â ¤«ï −�£«ï¤−®© ¨−â¥à¯à¥â�æ¨¨ ¯®-
«ãç�¥¬ëå à¥§ã«ìâ�â®¢. �â®¡à�¦�¥¬ë¥ £à�ä¨ª¨ ¯®§¢®«ïîâ −�£«ï¤−® ®¯à¥¤¥«¨âì
§−�ç¨¬®¥ ç¨á«® ª®¬¯®−¥−â (â. ¥. ¯à®æ¥áá®¢ ¢ âãà¡ã«¥−â−®© ¯«�§¬¥) ¨ ãáâ�−®¢¨âì
¢¥«¨ç¨−ë àï¤� ä¨§¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª. �®«¥¥ â®£®, �−�«¨§¨àã¥¬ë¥ àï¤ë
®¡ëç−® ¯à¥¤áâ�¢«ïîâ á®¡®© á¥à¨¨ á¯¥ªâà®¢, ¯®«ãç¥−−ëå ¤«ï à�§«¨ç−ëå íâ�¯®¢
íªá¯¥à¨¬¥−â®¢. „®áâ�â®ç−® −�£«ï¤−ë¬ ¨ ã¤®¡−ë¬ ¯à¥¤áâ�¢«ï¥âáï ®â®¡à�¦¥−¨¥
í¢®«îæ¨¨ á¯¥ªâà®¢ (¨, á®®â¢¥âáâ¢¥−−®, ¯à¨¡«¨¦�îé¨å ªà¨¢ëå) ¢® ¢à¥¬¥−¨. „«ï
íâ®£® ¡ë« á®§¤�− á¯¥æ¨�«ì−ë© ¬®¤ã«ì ®â®¡à�¦¥−¨ï âà¥å¬¥à−ëå ¯®¢¥àå−®áâ¥©.
‚ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ á¥ç¥−¨¥ £à�ä¨ª� ¯à¥¤áâ�¢«ï¥â á®¡®© á¯¥ªâà (�¯¯à®ª-
á¨¬¨àãîéãî ªà¨¢ãî). ’à¥å¬¥à−ë¥ £à�ä¨ª¨ ¬®¦−® ¢à�é�âì ¢ ¯à®áâà�−áâ¢¥ á
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¯®¬®éìî ¬ëè¨ ¨ ¬�áèâ�¡¨à®¢�âì. �®«ãç¥−−ë¥ ¨§®¡à�¦¥−¨ï ¬®£ãâ ¡ëâì á®-
åà�−¥−ë ¢ ®¤−®¬ ¨§ à�á¯à®áâà�−¥−−ëå £à�ä¨ç¥áª¨å ä®à¬�â®¢ (−�¯à¨¬¥à, JPEG
¨«¨ PNG).

Œ�â¥¬�â¨ç¥áª¨¥ �«£®à¨â¬ë ¡ë«¨ ¯à®â¥áâ¨à®¢�−ë −� â¥áâ®¢ëå ¢ë¡®àª�å á §�-
à�−¥¥ ¨§¢¥áâ−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨. ‚ à�¬ª�å à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−®© â¥å-
−®«®£¨¨ ¡ë«¨ á®§¤�−ë á¯¥æ¨�«ì−ë¥ ¯à®æ¥¤ãàë ¤«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¨
â®ç−®áâ¨ ¢ëç¨á«¥−¨©. „«ï ¯�ª¥â� ¯à®£à�¬¬ ¢ æ¥«®¬, � â�ª¦¥ á®áâ�¢«ïîé¨å ¥£®
¬®¤ã«ì−ëå à¥è¥−¨© ¡ë«¨ ¯®«ãç¥−ë á¢¨¤¥â¥«ìáâ¢� ® £®áã¤�àáâ¢¥−−®© à¥£¨áâà�-
æ¨¨ ¯à®£à�¬¬ ¤«ï �‚Œ. ˆá¯®«ì§®¢�−¨¥ à�§«¨ç−ëå �«£®à¨â¬®¢ ¨ á¯¥æ¨�«ì−ëå
â¥å−¨ª ¢ ¥¤¨−®© ¯à®£à�¬¬¥ á¤¥«�«® ¢®§¬®¦−ë¬ ¯à®¢¥¤¥−¨¥ ¤¥â�«ì−®£® �−�«¨§�
¤�−−ëå ¤«ï ãáâ®©ç¨¢ëå á¥à¨© á¯¥ªâà®¢, ¯®«ãç¥−−ëå ¤«ï −¨§ª®ç�áâ®â−®© ¯«�§-
¬¥−−®© âãà¡ã«¥−â−®áâ¨ −� ªà�î ¨ ¢ æ¥−âà¥ ¯«�§¬¥−−®£® è−ãà� ¢ áâ¥««�à�â®à¥
‹-2Œ.

�à®£à�¬¬−ë© ¯�ª¥â ¯à¥¤áâ�¢«ï¥â á®¡®© ¨á¯®«−¨¬ë© ä�©«, ª®â®àë© ¬®¦¥â
§�¯ãáª�âìáï ª�ª −� �‚Œ á ãáâ�−®¢«¥−−®© áà¥¤®© MATLAB, â�ª ¨ ¡¥§ −¥¥ (®¤−�ª®
¢ íâ®© á¨âã�æ¨¨ ¯®âà¥¡ã¥âáï ãáâ�−®¢ª� á¢®¡®¤−® à�á¯à®áâà�−ï¥¬®£® ª®¬¯®−¥−â�
MATLAB Compiler Runtime).

4 Демонстрация полученных результатов

‚ ¤�−−®¬ à�§¤¥«¥ ¯à¨¢¥¤¥−ë −�£«ï¤−ë¥ ®¡à�§æë à�¡®âë à�§à�¡®â�−−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, � â�ª¦¥ ®¡áã¦¤�îâáï ¯®«ãç¥−−ë¥ ä¨§¨ç¥áª¨¥ à¥-
§ã«ìâ�âë.

�� à¨á. 2 ¨§®¡à�¦¥−ë ¯à¨¬¥àë £à�ä¨ç¥áª®£® ¢ë¢®¤� ¯à®£à�¬¬ë. �� ª�¦¤®¬
¨§ −¨å ¯à¥¤áâ�¢«¥−ë:

{ ¨áå®¤−ë© á¯¥ªâà;

{ �¯¯à®ªá¨¬¨àãîé�ï á¬¥áì;

{ ª®¬¯®−¥−âë á¬¥á¨.

�® ®á¨ �¡áæ¨áá ®â«®¦¥−ë §−�ç¥−¨ï ç�áâ®â, ¯® ®á¨ ®à¤¨−�â | á®®â¢¥âáâ¢ãîé�ï
¢¥«¨ç¨−� á¯¥ªâà� ¤«ï ª®−ªà¥â−®£® ¢à¥¬¥−−‚®£® ¨−â¥à¢�«� íªá¯¥à¨¬¥−â�. ‘â®¨â
®â¬¥â¨âì, çâ® −¥á¬®âàï −� ®¡ëç−® ¢¥áì¬� ¡®«ìè®¥ ç¨á«® ¯à®æ¥áá®¢ ¢ âãà¡ã«¥−â−®©
¯«�§¬¥, ä®à¬¨àãîé¨¬¨ ®ª�§ë¢�îâáï áà�¢−¨â¥«ì−® −¥¬−®£® ¯à®æ¥áá®¢. ��
¯à¨¢¥¤¥−−ëå £à�ä¨ª�å ¯à¥¤áâ�¢«¥−� ¤¥¬®−áâà�æ¨ï íâ®£® ä�ªâ� | ¢¨¤−®, çâ®
§−�ç¨¬ë¬¨ (¢¨¤¨¬ë¬¨ ¯à¨ ¯®«ãç¥−−ëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢, ®¡«�¤�îé¨¬¨
áãé¥áâ¢¥−−® −¥âà¨¢¨�«ì−ë¬¨ ¢¥á�¬¨) ®ª�§ë¢�îâáï −¥ ¡®«¥¥ 4{5 ª®¬¯®−¥−â.

�� à¨á. 2, � ¯à®¤¥¬®−áâà¨à®¢�−® ¯à¨¡«¨¦¥−¨¥ ¤¢ãáâ®à®−−¥£® á¯¥ªâà�, �
â�ª¦¥ ®¡à�§¥æ �−£«®ï§ëç−®£® ¢ë¢®¤� ¯à®£à�¬¬ë. �� à¨á. 2, ¡ ¯à¨¢¥¤¥− ¯à¨¬¥à
¤«ï ®¤−®áâ®à®−−¥£® á¯¥ªâà� á àãááª®ï§ëç−ë¬ ¢ë¢®¤®¬. �â¬¥â¨¬, çâ® −� ¤�−−ëå
£à�ä¨ª�å ¨§®¡à�¦¥−® ¯à¨¡«¨¦¥−¨¥ ªà¨¢®©, ¯à¥¤áâ�¢«ïîé¥© á®¡®© ª®−¥ç−ãî
á¤¢¨£-¬�áèâ�¡−ãî á¬¥áì −®à¬�«ì−ëå §�ª®−®¢.

÷�áá¬®âà¨¬ ®á−®¢−ë¥ ä¨§¨ç¥áª¨¥ à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ −�áâ®ïé¨© ¬®-
¬¥−â ¡«�£®¤�àï ¨á¯®«ì§®¢�−¨î à�§à�¡®â�−−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨:
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÷¨á. 2 �à¨¬¥àë ¯à¨¡«¨¦¥−¨ï ¤¢ãáâ®à®−−¥£® (�) ¨ ®¤−®áâ®à®−−¥£® (¡) á¯¥ªâà®¢ á¬¥áìî
−®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©: 1 | á£«�¦¥−−ë© á¯¥ªâà; 2 | á¬¥áì; 3 | ®¤¨−®ç−ë¥
ª®¬¯®−¥−âë

{ ¯à®¢¥¤¥−¨¥ ¨¤¥−â¨ä¨ª�æ¨¨ á¯¥ªâà�: ã¤�«®áì ®¯à¥¤¥«¨âì ä®à¬ã £�à¬®−¨ª ¢
�¬¯«¨âã¤−®¬ á¯¥ªâà¥;

{ ¢ë¤¥«¥−¨¥ ª®àà¥ªâ−®£® ç¨á«� ¯à®æ¥áá®¢ ¢ âãà¡ã«¥−â−®© ¯«�§¬¥: ãáâ�−®¢«¥−®,
çâ® −®¢ë¥ à¥§ã«ìâ�âë ¯®¤â¢¥à¦¤�îâ ¢ë¢®¤ë, à�−¥¥ á¤¥«�−−ë¥ −� ®á−®¢�−¨¨
¤àã£¨å ¬¥â®¤¨ª ¨áá«¥¤®¢�−¨ï;

{ ¢ëï¢«¥−¨¥ ¯®¢â®àï¥¬®áâ¨ áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ á å�à�ªâ¥à−ë¬¨ áà¥¤−¨-
¬¨ ç�áâ®â�¬¨ ¯®«ãè¨à¨−ë á¯¥ªâà�;
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{ ®¯à¥¤¥«¥−¨¥ â�ª¨å ä¨§¨ç¥áª¨å ¯®ª�§�â¥«¥© äã−ªæ¨®−¨à®¢�−¨ï ¯«�§¬ë, ª�ª
¢¥«¨ç¨−� à�¤¨�«ì−®£® í«¥ªâà¨ç¥áª®£® ¯®«ï, ä�§®¢ë¥ áª®à®áâ¨ ä«ãªâã�æ¨©
¨ ¤à.

5 Заключение

ˆâ�ª, ¢ à�¬ª�å á®§¤�−¨ï ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¡ë« à�§à�¡®â�− íä-
ä¥ªâ¨¢−ë© ¯à®£à�¬¬−ë© ¨−áâàã¬¥−â ¨áá«¥¤®¢�−¨ï ¯à®æ¥áá®¢ ¢ ®¡«�áâ¨ ä¨§¨ª¨
¯«�§¬ë (� §−�ç¨â, ¨ ¢ áä¥à¥ �«ìâ¥à−�â¨¢−ëå ¨áâ®ç−¨ª®¢ í−¥à£¨¨), ¯®§¢®«ïîé¨©
¯®«ãç�âì á®¤¥à¦�â¥«ì−ë¥ à¥§ã«ìâ�âë −¥¯®áà¥¤áâ¢¥−−® ¢ −�áâ®ïé¨© ¬®¬¥−â ¢à¥-
¬¥−¨.

‚ á¨«ã ¨−ä®à¬�æ¨®−−ëå á¢®©áâ¢ ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©, ¨§¢¥áâ−ëå
ä¨§¨ç¥áª¨å à¥§ã«ìâ�â®¢ ¨§ àï¤� á¬¥¦−ëå ®¡«�áâ¥© ¨−â¥à¥á−ë¬ ¯à¥¤áâ�¢«ï¥âáï
à�áá¬®âà¥−¨¥ §�¤�ç¨ ¬®¤¥«¨à®¢�−¨ï ®¤−®áâ®à®−−¨å á¯¥ªâà®¢ ª®−¥ç−ë¬¨ á¬¥áï-
¬¨ £�¬¬�-à�á¯à¥¤¥«¥−¨©. „«ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨ ¡ë« á®§¤�− ¯à®£à�¬¬−ë©
¬®¤ã«ì �−�«¨§� á¯¥ªâà®¢ á ¯®¬®éìî á¬¥á¥© £�¬¬�-à�á¯à¥¤¥«¥−¨©, à¥�«¨§ãîé¨©
¨−â¥àä¥©á ¨ ¯à®£à�¬¬−ë¥ ¬¥â®¤ë ¤«ï à�§¤¥«¥−¨ï á¯¥ªâà®¢ ¯à®¨§¢®«ì−®© ¯à¨-
à®¤ë −� ª®¬¯®−¥−âë, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© £�¬¬�-à�á¯à¥¤¥«¥−¨ï á à�§«¨ç−ë¬¨
¯�à�¬¥âà�¬¨ ¨ ¢¥á�¬¨. �®«¥¥ â®£®, ¢ àï¤¥ à�¡®â (á¬., −�¯à¨¬¥à, [9,10]) ¯®ª�§�−�
íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï §−�ç¨â¥«ì−® ¡®«¥¥ á«®¦−ëå ¬®¤¥«¥© â¨¯� ¤¨á¯¥à-
á¨®−−®-á¤¢¨£®¢ëå á¬¥á¥© ¤«ï ¢ëá®ª®ç�áâ®â−ëå ä¨−�−á®¢ëå ¤�−−ëå. ˆ¬¥îé�-
ïáï ¢§�¨¬®á¢ï§ì ¬¥¦¤ã á¯¥ªâà�¬¨ ¨ ç�áâ®â�¬¨, � â�ª¦¥ áå®¦¨© áâ®å�áâ¨ç¥áª¨©
å�à�ªâ¥à ¯à®æ¥áá®¢ ¢ âãà¡ã«¥−â−®© ¯«�§¬¥ ¨ −� ä¨−�−á®¢ëå àë−ª�å [4] ¯®ª�§ë-
¢�îâ −¥®¡å®¤¨¬®áâì ¯à®¢¥¤¥−¨ï ¤®¯®«−¨â¥«ì−ëå ¨áá«¥¤®¢�−¨© ¡®«¥¥ á«®¦−ëå
¬®¤¥«¥© ¨ ¢ ä¨§¨ª¥ ¯«�§¬ë. �à¨ íâ®¬ á®§¤�−¨¥ íää¥ªâ¨¢−ëå ¢ëç¨á«¨â¥«ì−ëå
¯à®æ¥¤ãà ¤«ï â�ª¨å ¬®¤¥«¥© ¤®«¦−® á®áâ�¢«ïâì ¯à¥¤¬¥â ®â¤¥«ì−®£® ¨áá«¥¤®¢�−¨ï
¨ ¢ª«îç�âì ¢ á¥¡ï ¬�â¥¬�â¨ç¥áª¨¥, ¯à®£à�¬¬−ë¥ ¨ �¯¯�à�â−ë¥ à¥è¥−¨ï.

÷�§à�¡®â�−−ë¥ ¬¥â®¤ë ¢−®áïâ ¢ª«�¤ ¢ ®¡«�áâì ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¢ ä¨§¨ª¥ âãà¡ã«¥−â−®© ¯«�§¬ë. �à¥¤«®¦¥−−�ï â¥å−®«®£¨ï ¬®¦¥â
¨á¯®«ì§®¢�âìáï ¤«ï ¯®áâà®¥−¨ï æ¥−âà®¢ ¯® ®¡à�¡®âª¥ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−-
−ëå. �®«¥¥ â®£®, ¢®§¬®¦−® ãáª®à¥−¨¥ à�¡®âë ¬¥â®¤®¢, §−�ç¨â¥«ì−®¥ ã¢¥«¨ç¥−¨¥
ª®«¨ç¥áâ¢� ®¤−®¢à¥¬¥−−® ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå §� áç¥â ¯à¨¢«¥ç¥−¨ï ¬¥â®¤¨ª
¯�à�««¥«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï ¨ §�¤¥©áâ¢®¢�−¨ï −®¢ëå ¢ëç¨á«¨â¥«ì−ëå ¢®§-
¬®¦−®áâ¥© (¯à®¢¥¤¥−¨¥ à�áç¥â®¢ −� £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å, ª«�áâ¥à�å ¨ â. ¯.).
„�−−ë¥ ã«ãçè¥−¨ï ¢ á®¢®ªã¯−®áâ¨ á ¯à®¤¥¬®−áâà¨à®¢�−−ë¬ ª�ç¥áâ¢®¬ à¥§ã«ìâ�-
â®¢ ¯®§¢®«ïîâ ¯à¥¤¯®«®¦¨âì íää¥ªâ¨¢−®áâì ¯®â¥−æ¨�«ì−®£® ¯à¨¬¥−¥−¨ï ¯à¥¤-
«�£�¥¬ëå ¯à®æ¥¤ãà ¤«ï ®¡à�¡®âª¨ ¤�−−ëå á® áâ¥««�à�â®à®¢ ¯à¨−æ¨¯¨�«ì−® ¡®«¥¥
¢ëá®ª®© á«®¦−®áâ¨ (¢à®¤¥ ã¯®¬¨−�¢è¥£®áï ¢ëè¥ â¥à¬®ï¤¥à−®£® à¥�ªâ®à� ITER).

�¢â®à ¢ëà�¦�¥â £«ã¡®ªãî ¯à¨§−�â¥«ì−®áâì ¯à®ä¥áá®àã ‚. ā. Š®à®«¥¢ã
(ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œƒ“ ¨¬. Œ. ‚. ‹®-
¬®−®á®¢�) §� ¯®«¥§−ë¥ ®¡áã¦¤¥−¨ï ¯à¨ à�¡®â¥ −�¤ ¬�â¥¬�â¨ç¥áª¨¬¨ ¬®¤¥«ï-
¬¨, �. �. ‘ª¢®àæ®¢®© ¨ „. ‚. Œ�«�å®¢ã (ˆ−áâ¨âãâ ®¡é¥© ä¨§¨ª¨ ÷�� ¨¬.
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�. Œ. �à®å®à®¢�) §� ¯à¥¤®áâ�¢«¥−−ë¥ íªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥ ¨ ä¨§¨ç¥áªãî
¨−â¥à¯à¥â�æ¨î ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.
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Abstract: The paper deals with the information technology created for investiga-
tion of specific structures, forming turbulence in plasma, with the help of spectral
analysis. The mathematical basis is the probabilistic approach using a novel boot-
strap algorithm. The finite mixtures of various probability distributions are used
as a basic model to describe the fine structure of chaotic processes. To find the
statistical estimates of the unknown parameters of the model, specially created
statistical procedures, improving the properties of the classical EM (expectation-
maximization) algorithm, are included in the software. Considerable attention is
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�«£®à¨â¬ ¨ ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ¤«ï �−�«¨§� å�à�ªâ¥à¨áâ¨ª �ªãáâ¨ç¥áª¨å ¢®«−

1 Введение

‘ −�ç�«� 2000-å ££. �ªâ¨¢−®¥ ã¯à�¢«¥−¨¥ ¢®§¤ãè−ë¬ ¯®â®ª®¬ ¯à¨ ¯®¬®é¨
¯«�§¬¥−−ëå �ªâã�â®à®¢ áâ�«® −�¡¨à�âì ¢á¥ ¡®«ìèãî ¯®¯ã«ïà−®áâì. ƒ«�¢−®¥ ¯à¥-
¨¬ãé¥áâ¢® íâ®£® ¬¥â®¤� ¢ â®¬, çâ® ®− −�¯à�¢«¥−−® ¯à¥®¡à�§ã¥â í«¥ªâà¨ç¥áªãî
í−¥à£¨î ¢ ª¨−¥â¨ç¥áªãî ¡¥§ ¢®¢«¥ç¥−¨ï ¤¢¨¦ãé¨åáï ¬¥å�−¨ç¥áª¨å ç�áâ¥©. ’�-
ª¨¬ ®¡à�§®¬, ¬®¦−® áç¨â�âì, çâ® íâ® ®ç¥−ì ¯à®áâ�ï ¬¨ªà®í«¥ªâà®¬¥å�−¨ç¥áª�ï
á¨áâ¥¬� (Œ�Œ‘). Šà®¬¥ â®£®, ¢à¥¬ï ®âª«¨ª� â�ª®© á¨áâ¥¬ë ®ç¥−ì ¬�«®, çâ®
¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ã¯à�¢«¥−¨¥ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ¯à¨ ¢ëá®ª®© ç�áâ®â¥.
�¥¤®áâ�âª®¬ ¬¥â®¤� ï¢«ï¥âáï −¨§ª�ï íää¥ªâ¨¢−®áâì ¢ ¯à¥®¡à�§®¢�−¨¨ í−¥à£¨¨.
�®¢¥àå−®áâ−ë¥ à�§àï¤ë ¬®£ãâ â�ª¦¥ ¨§¬¥−ïâì á¢®©áâ¢� £�§� −� áâ¥−ª¥, â�ª¨¥ ª�ª
¯«®â−®áâì ¨«¨ ¢ï§ª®áâì [1].

‘¢®¨ ¢�à¨�−âë ¯«�§¬¥−−ëå �ªâã�â®à®¢ à�§«¨ç−®© ª®−ä¨£ãà�æ¨¨ ¨ ä®à¬ë
¡ë«¨ à�§à�¡®â�−ë ¢ ˆ�” ÷�� ¨ −�§¢�−ë RING-1 ¨ RING-2 [2]. �â¨ ãáâà®©áâ¢�
à�¡®â�îâ −� ¯à¨−æ¨¯¥ áª®«ì§ïé¥£® à�§àï¤� ¨ ¬®£ãâ ¡ëâì ¢áâà®¥−ë ¯® ¯¥à¨¬¥âàã
á®¯«�. Œ−®£®¨áªà®¢ë¥ �ªâã�â®àë RING-1 ¨ RING-2 à�¡®â�îâ ®â á¯¥æ¨�«ì−®£®
¨áâ®ç−¨ª� ¯¨â�−¨ï, £¥−¥à¨àãîé¥£® ¯®á«¥¤®¢�â¥«ì−®áâì ¢ëá®ª®¢®«ìâ−ëå (‚‚)
¨¬¯ã«ìá®¢ á ç�áâ®â®© ¯®¢â®à¥−¨ï ¤® 1 ªƒæ. ˆ§ãç¥−¨¥ å�à�ªâ¥à¨áâ¨ª �ªãáâ¨-
ç¥áª¨å ¢®«−, ®¡à�§ãîé¨åáï ¢ á®¯«¥ ¢ à¥§ã«ìâ�â¥ à�¡®âë �ªâã�â®à�, ï¢«ï¥âáï
¢�¦−ë¬, ¯®â®¬ã çâ® ®−¨ ¬®£ãâ ¯®−¨¦�âì èã¬−®áâì ¨áâ¥ª�îé¥£® ¨§ á®¯«� ¯®â®ª�.
‚ ¤�−−®© à�¡®â¥ ¯à¥¤áâ�¢«¥−ë �«£®à¨â¬ ¨ ¯à®£à�¬¬−ë© ª®¬¯«¥ªá, ¯®§¢®«ïîé¨¥
�−�«¨§¨à®¢�âì §¢ãª®¢ë¥ ¢®«−ë, ¯®«ãç�îé¨¥áï ¢ à¥§ã«ìâ�â¥ à�¡®âë �ªâã�â®à�,
¢ª«îç¥−−®£® −� ¢ëå®¤¥ ¬�ª¥â� á®¯«�, ª�ª á ¢®§¤ãè−ë¬ ¯®â®ª®¬, â�ª ¨ ¡¥§ −¥£®.
÷�§à�¡®â�−−ë© �«£®à¨â¬ ¯®§¢®«ï¥â ¢ë¤¥«ïâì ¨§ §�¯¨á¨ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−-
−ëå (à�§«¨ç−ëå ä®à¬�â®¢) á®áâ�¢−ë¥ ç�áâ¨ | ®â ®¤−®£® ª®−ªà¥â−®£® ¨¬¯ã«ìá�
¨§ ¢á¥© ¢ë¡®àª¨ §�¯¨á¨ ¤® £àã¯¯ë ¨§ ¯à®¨§¢®«ì−®£® ç¨á«� ¨¬¯ã«ìá®¢. � ¯à®-
£à�¬¬−�ï ®¡®«®çª� (GUI | graphical user interface), á®§¤�−−�ï ¢ áà¥¤¥ MatLab,
¯®§¢®«ï¥â ¯®áâà®¨âì ãáâ®©ç¨¢ë¥ à®¡�áâ−ë¥ á¯¥ªâà�«ì−ë¥ ¨ �¢â®ª®¢�à¨�æ¨®−−ë¥
äã−ªæ¨© �ªãáâ¨ç¥áª¨å á¨£−�«®¢.

2 Информация об экспериментальных данных

ˆ§¬¥à¥−¨ï �ªãáâ¨ç¥áª¨å ¢®«− ¯à®¢®¤¨«¨áì á ¯®¬®éìî ¯à®ä¥áá¨®−�«ì−®©
§¢ãª®¢®© �¯¯�à�âãàë â�ª¨¬ ®¡à�§®¬, çâ®¡ë ã¤�à−�ï ¢®«−� −¥ ¯à®ï¢«ï«�áì ¢
á¨£−�«¥ á ¬¨ªà®ä®−�. �� à�ááâ®ï−¨¨ ∼ 1,5 ¬ ¯®¤ ã£«®¬ 30◦ ª ®á¨ á®¯«� ¡ë«
ãáâ�−®¢«¥− ¬¨ªà®ä®−, à¥£¨áâà¨àãîé¨© �ªãáâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ á¨áâ¥¬ë.
‘ ¬¨ªà®ä®−� §�¯¨áë¢�«áï í«¥ªâà¨ç¥áª¨© á¨£−�« ¨ ¢ë¢®¤¨«¨áì á¯¥ªâà�«ì−ë¥
å�à�ªâ¥à¨áâ¨ª¨ á¨£−�«�. ‚−¥ §�¢¨á¨¬®áâ¨ ®â â¨¯� íªá¯¥à¨¬¥−â� (á ¢®§¤ãè−ë¬
¯®â®ª®¬ ç¥à¥§ á®¯«® ¨«¨ ¡¥§ −¥£®) áâàãªâãà� ¢ëå®¤−ëå ¤�−−ëå ¨¬¥«� ¢¨¤,
¯à¥¤áâ�¢«¥−−ë© −� à¨á. 1. ‚á¯«¥áª¨ �¬¯«¨âã¤ë �ªãáâ¨ç¥áª®£® á¨£−�«� (à¨á. 1, � {
1, ¢) á¢ï§�−ë á ¯«�§¬¥−−ë¬¨ à�§àï¤�¬¨, £¥−¥à¨àã¥¬ë¬¨ �ªâã�â®à®¬. �� à¨á. 1, ¡
¯à¥¤áâ�¢«¥− ¢ë¤¥«¥−−ë© äà�£¬¥−â ¨§ ¯®«−®© §�¯¨á¨ (á¬. à¨á. 1, �), � −� à¨á. 1, ¢,
¨§®¡à�¦¥− ®¤¨−®ç−ë© ¨¬¯ã«ìá, ¢ëç«¥−¥−−ë© ¨§ äà�£¬¥−â� §�¯¨á¨ (á¬. à¨á. 1, ¡).
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÷¨á. 1 ‚à¥¬¥−−‚�ï ¢ë¡®àª� �¬¯«¨âã¤ë §¢ãª®¢®£® á¨£−�«� ¯à¨ ¨¬¯ã«ìá−®© à�¡®â¥
�ªâã�â®à� RING-2 á ç�áâ®â®© 50 ƒæ: (�) ¯®«−�ï ¢ë¡®àª�; (¡) äà�£¬¥−â ¢ë¡®àª¨;
(¢) ®¤¨−®ç−ë© ¨¬¯ã«ìá; (£) á¯¥ªâà ®¤¨−®ç−®£® ¨¬¯ã«ìá�

�� à¨á. 1, £ ¯®ª�§�− á¯¥ªâà ¥¤¨−¨ç−®£® ¨¬¯ã«ìá�, ¨§®¡à�¦¥−−®£® −� à¨á. 1, ¢.
‚¥áì æ¨ª« ¯®á«¥¤®¢�â¥«ì−®£® à�§¡¨¥−¨ï ¯®«−®© ¢ë¡®àª¨ §�¯¨á¨ −� äà�£¬¥−âë
¨ ¨å ¯®á«¥¤ãîé¥© ®¡à�¡®âª¨ ¤¥¬®−áâà¨àã¥â ç�áâì â¥å ¢®§¬®¦−®áâ¥©, ª®â®àë¥
¯à¥¤®áâ�¢«ï¥â ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ®¡à�¡®âª¨ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå.

3 Алгоритм обработки измерительной информации

‘¯¥ªâà á¨£−�«�, ¯®áâà®¥−−ë© ¯® ¢á¥© ¢ë¡®àª¥ (á¬. à¨á. 1, �), ï¢«ï¥âáï áã¬-
¬®© ¤¢ãå á®áâ®ï−¨© ¨ −¥ ¤�¥â ¨−ä®à¬�æ¨¨ ® â®¬, ª�ª ¢¥¤ãâ á¥¡ï �ªãáâ¨ç¥áª¨¥
¢®«−ë, ¯®à®¦¤�¥¬ë¥ �ªâã�â®à®¬, ¢−ãâà¨ á®¯«�. „«ï ¯®«ãç¥−¨ï ¯à¥¤áâ�¢«¥−¨ï
® â®¬, çâ® ¯à®¨áå®¤¨â ¢−ãâà¨ á®¯«� ¯®á«¥ ®¤−®£® ¨«¨ á¥à¨¨ ¨¬¯ã«ìá®¢ ¯«�§¬¥−-
−®£® �ªâã�â®à�, ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ à�§¡¨âì ¢áî ¢à¥¬¥−−‚ãî ®¡«�áâì ª�¦¤®©
¢ë¡®àª¨ §�¯¨á�−−ëå ¤�−−ëå −� ®â¤¥«ì−ë¥ ¨¬¯ã«ìáë. „«ï íâ®£® ¡ë« à�§à�¡®â�−
á¯¥æ¨�«ì−ë© �«£®à¨â¬ ¨ −�¯¨á�−� ¯à®£à�¬¬� ¢ áà¥¤¥ ¯à®£à�¬¬¨à®¢�−¨ï MatLab,
¯®§¢®«ïîé�ï ¨áá«¥¤®¢�âì:
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{ §�¢¨á¨¬®áâ¨ á¨£−�«� ¨«¨ ¥£® äà�£¬¥−â� (®¤¨−®ç−®£® ¨¬¯ã«ìá�) ®â ¢à¥¬¥−¨;

{ á¯¥ªâàë á¨£−�«� ¨«¨ ¥£® äà�£¬¥−â�, ¢ â®¬ ç¨á«¥ ¨ à®¡�áâ−ëå á¯¥ªâà®¢
¤«ï §�¤�¢�¥¬®£® ª®«¨ç¥áâ¢� äà�£¬¥−â®¢ (®¤¨−®ç−ëå ¨¬¯ã«ìá®¢) ¨áå®¤−®©
¢ë¡®àª¨;

{ �¢â®ª®¢�à¨�æ¨®−−ãî äã−ªæ¨î á¨£−�«� ¨«¨ ¥£® äà�£¬¥−â� (®¤¨−®ç−®£® ¨¬-
¯ã«ìá�);

÷¨á. 2 �«®ª-áå¥¬� �«£®à¨â¬� à�§¡¨¥−¨ï ¤�−−ëå íªá¯¥à¨¬¥−â� −� ®â¤¥«ì−ë¥ ¨¬¯ã«ìáë
�ªâã�â®à®¢ (�) ¨ ¯®àï¤ª� à�¡®âë á ª®¬¯«¥ªá®¬ ®¡à�¡®âª¨ ¤�−−ëå (¡)
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{ §�¢¨á¨¬®áâ¨ ®â ¢à¥¬¥−¨ ¤¢ãå ¢ë¡à�−−ëå á¨£−�«®¢ ¨«¨ ¨å äà�£¬¥−â®¢ (®¤¨-
−®ç−ëå ¨¬¯ã«ìá®¢) −� ®¤−¨å ª®®à¤¨−�â−ëå ®áïå;

{ à®¡�áâ−ë¥ á¯¥ªâàë ¤¢ãå ¢ë¡à�−−ëå á¨£−�«®¢ ¨«¨ ¨å äà�£¬¥−â®¢ (®¤¨−®ç−ëå
¨¬¯ã«ìá®¢) −� ®¤−¨å ª®®à¤¨−�â−ëå ®áïå;

{ �¢â®ª®¢�à¨�æ¨®−−ë¥ äã−ªæ¨¨ ¤¢ãå ¢ë¡à�−−ëå á¨£−�«®¢ ¨«¨ ¨å äà�£¬¥−â®¢
(®¤¨−®ç−ëå ¨¬¯ã«ìá®¢) −� ®¤−¨å ª®®à¤¨−�â−ëå ®áïå.

�«®ª-áå¥¬ë �«£®à¨â¬� ¨ ¯à¨−æ¨¯� à�¡®âë à�§à�¡®â�−−®© ¯à®£à�¬¬ë ¨§®¡-
à�¦¥−ë −� à¨á. 2, � ¢−¥è−¥© ¢¨¤ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� −� à¨á. 3.

‘ç¨âë¢�−¨¥ ¤�−−ëå ¨ −�å®¦¤¥−¨¥ ç¨á«¥−−ëå §−�ç¥−¨© ¬�ªá¨¬ã¬� ¨ ¬¨−¨¬ã-
¬� ¢ë¡®àª¨ ¢ë¯®«−ïîâáï áâ�−¤�àâ−ë¬¨ ª®¬�−¤�¬¨ MatLab. �®á«¥ áç¨âë¢�−¨ï
¤�−−ëå −¥®¡å®¤¨¬® ¢ëç¨á«¨âì ¬�ªá¨¬ã¬ ¨ ¬¨−¨¬ã¬ ¢á¥© ¢ë¡®àª¨, â�ª ª�ª ¨å
§−�ç¥−¨ï ¡ã¤ãâ á«ã¦¨âì ®à¨¥−â¨à®¬ ¤«ï −�å®¦¤¥−¨ï «®ª�«ì−ëå íªáâà¥¬ã¬®¢
®¤¨−®ç−ëå ¨¬¯ã«ìá®¢. ��¨¡®«¥¥ á«®¦−®© ¯® à¥�«¨§�æ¨¨ ç�áâìî �«£®à¨â¬�
ï¢«ï¥âáï −�å®¦¤¥−¨¥ â®ç¥ª ¢ë¡®àª¨, ª®â®àë¬ á®®â¢¥âáâ¢ãîâ «®ª�«ì−ë¥ íªáâà¥-
¬ã¬ë, á«ã¦�é¨¥ ¯à¨§−�ª�¬¨ ¢®§−¨ª−®¢¥−¨ï −®¢®£® ¨¬¯ã«ìá�. �à¨−æ¨¯ ®â¡®à�
â�ª¨å â®ç¥ª ¯à®¨««îáâà¨à®¢�− −� ¡«®ª-áå¥¬¥ (à¨á. 4). „�−−�ï áå¥¬� −�å®¦¤¥-
−¨ï â®ç¥ª, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î «®ª�«ì−®£® íªáâà¥¬ã¬�, ¢ë¡à�−� ¨§ â¥å

÷¨á. 3 ˆ−â¥àä¥©á ¯®«ì§®¢�â¥«ï ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ®¡à�¡®âª¨ ¤�−−ëå

132 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014



�«£®à¨â¬ ¨ ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ¤«ï �−�«¨§� å�à�ªâ¥à¨áâ¨ª �ªãáâ¨ç¥áª¨å ¢®«−

÷¨á. 4 �«®ª-áå¥¬� −�å®¦¤¥−¨ï −®¬¥à®¢ â®ç¥ª, ª®â®àë¬ á®®â¢¥âáâ¢ãîâ «®ª�«ì−ë¥
¬�ªá¨¬ã¬ë
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�. „. —¥à−®ãá®¢, „. ‚. Œ�«�å®¢, �. �. ‘ª¢®àæ®¢�

÷¨á. 5 ‚�à¨�−âë ¢®§−¨ª−®¢¥−¨ï «®ª�«ì−ëå íªáâà¥¬ã¬®¢ ¢® ¢à¥¬¥−−‚®© ¢ë¡®àª¥ ¤�−−ëå

á®®¡à�¦¥−¨©, çâ® ¢®§¬®¦−® ¢á¥£® 4 ¢�à¨�−â� ¢®§−¨ª−®¢¥−¨ï ïàª® ¢ëà�¦¥−−ëå
íªáâà¥¬ã¬®¢ ¢ §�¯¨áïå á¨£−�«�:

(1) â®çª� íªáâà¥¬ã¬� ¨ ¯à¥¤è¥áâ¢ãîé¨¥ ¥© −¥áª®«ìª® â®ç¥ª −�å®¤ïâáï ¢ ¢¥àå−¥©
¯®«ã¯«®áª®áâ¨ (à¨á. 5, �);

(2) â®çª� íªáâà¥¬ã¬� ¨ ¯à¥¤è¥áâ¢ãîé¨¥ ¥© −¥áª®«ìª® â®ç¥ª −�å®¤ïâáï ¢ −¨¦−¥©
¯®«ã¯«®áª®áâ¨ (à¨á. 5, ¡);

(3) â®çª� íªáâà¥¬ã¬� −�å®¤¨âáï ¢ ¢¥àå−¥© ¯®«ã¯«®áª®áâ¨, � ¯à¥¤è¥áâ¢ãîé¨¥
¥© −¥áª®«ìª® â®ç¥ª −�å®¤ïâáï ¢ −¨¦−¥© ¯®«ã¯«®áª®áâ¨ (à¨á. 5, ¢);

(4) â®çª� íªáâà¥¬ã¬� −�å®¤¨âáï ¢ −¨¦−¥© ¯®«ã¯«®áª®áâ¨, � ¯à¥¤è¥áâ¢ãîé¨¥
¥© −¥áª®«ìª® â®ç¥ª −�å®¤ïâáï ¢ ¢¥àå−¥© ¯®«ã¯«®áª®áâ¨ (à¨á. 5, £).

“á«®¢¨ï ¢ëï¢«¥−¨ï «®ª�«ì−ëå ¬�ªá¨¬ã¬®¢ ¨ ¬¨−¨¬ã¬®¢ â�ª®¢ë:

|d(n)− d(n− 2)| > 0,8max ; −|d(n)− d(n − 2)| > 0,8min , (1)

£¤¥max ¨min| íâ® ¬�ªá¨¬�«ì−®¥ ¨ ¬¨−¨¬�«ì−®¥ §−�ç¥−¨ï ¢á¥© ¢à¥¬¥−−‚®© ¢ë-
¡®àª¨ á¨£−�«� á®®â¢¥âáâ¢¥−−®, � d(n)| â¥ªãé¥¥ §−�ç¥−¨¥ á¨£−�«� ¢® ¢à¥¬¥−−‚®©
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�«£®à¨â¬ ¨ ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ¤«ï �−�«¨§� å�à�ªâ¥à¨áâ¨ª �ªãáâ¨ç¥áª¨å ¢®«−

¢ë¡®àª¥. �â¨ ãá«®¢¨ï ¡ë«¨ ¢ë¡à�−ë ª�ª ®¯â¨¬�«ì−ë¥ ¤«ï ¢á¥å ¯à®¢¥¤¥−−ëå ¨§-
¬¥à¥−¨©, ¢ à¥§ã«ìâ�â¥ ¯à®á¬®âà� ¢á¥å ¡�§ ¤�−−ëå íªá¯¥à¨¬¥−â®¢ ¨ ®¯â¨¬¨§�æ¨¨
à¥è¥−¨© −�å®¦¤¥−¨ï «®ª�«ì−ëå íªáâà¥¬ã¬®¢ ®¤¨−®ç−ëå ¨¬¯ã«ìá®¢.

„�«¥¥ ¨§ ¬�áá¨¢� ¤�−−ëå Q, ª®â®àë© á®áâ®¨â ¨§ −ã«¥© | −®¬¥à®¢ â®ç¥ª
¢ë¡®àª¨, −¥ ã¤®¢«¥â¢®àïîé¨å à�áá¬®âà¥−−ë¬ ¢ëè¥ ãá«®¢¨ï¬, | ¨ §−�ç¥−¨©
−®¬¥à®¢ â®ç¥ª ¢ë¡®àª¨, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬, á ¯®¬®éìî áâ�−¤�àâ−ëå
ª®¬�−¤ MatLab ã¡¨à�îâáï −ã«¨. ˆ§ ®áâ�¢è¨åáï §−�ç¥−¨© Q ®âá¥¨¢�îâáï ¢á¥
§−�ç¥−¨ï, ®âáâ®ïé¨¥ −� 40 â®ç¥ª ®â «®ª�«ì−®£® íªáâà¥¬ã¬�. �â® −¥®¡å®¤¨¬® ¤«ï
â®£®, çâ®¡ë ã¡à�âì â¥ §−�ç¥−¨ï «®ª�«ì−ëå íªáâà¥¬ã¬®¢, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ
ãá«®¢¨ï¬ (1), −® −¥ ï¢«ïîâáï ®à¨¥−â¨à®¬ −�ç�«� ¨¬¯ã«ìá�, â�ª ª�ª ¢ §�¢¨á¨¬®áâ¨
®â ãá«®¢¨© íªá¯¥à¨¬¥−â� ¨¬¯ã«ìáë �ªâã�â®à� ¬®£ãâ ¨¬¥âì −¥áª®«ìª® ¤®áâ�â®ç−®
¡®«ìè¨å íªáâà¥¬ã¬®¢, � ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â á�¬ë© ¯¥à¢ë© ¨§ −¨å. ‡�â¥¬
¯à®£à�¬¬� à�ááç¨âë¢�¥â ®¡é¥¥ ç¨á«® ¨¬¯ã«ìá®¢, −�©¤¥−−®¥ ¢ ¢ë¡®àª¥. �à¨
¯®áâà®¥−¨¨ £à�ä¨ª®¢ ¨§ §−�ç¥−¨© íªáâà¥¬ã¬®¢ ¢ëç¨â�¥âáï 5 â®ç¥ª, íâ� ¬¥à� â�ª¦¥
¢ëï¢«¥−� ¢ à¥§ã«ìâ�â¥ ®¯â¨¬¨§�æ¨¨ ¡�§ ¤�−−ëå íªá¯¥à¨¬¥−â®¢ ¨ −¥®¡å®¤¨¬�, â�ª
ª�ª §�à®¦¤¥−¨¥ ¨¬¯ã«ìá� ¯à®¨áå®¤¨â ¤® ¯®ï¢«¥−¨ï íªáâà¥¬ã¬�.

4 Выводы

�«�£®¤�àï ãáâ®©ç¨¢ë¬ å�à�ªâ¥à¨áâ¨ª�¬ à®¡�áâ−ëå á¯¥ªâà®¢ ¨ �¢â®ª®¢�à¨-
�æ¨®−−ë¬ äã−ªæ¨ï¬ �ªãáâ¨ç¥áª¨å á¨£−�«®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî à�§à�¡®-
â�−−®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�, ¡ë«® ãáâ�−®¢«¥−®, çâ® �ªãáâ¨ç¥áª¨¥ ¢®«−ë,
®¡à�§ãîé¨¥áï ¢ à¥§ã«ìâ�â¥ à�¡®âë ¯«�§¬¥−−®£® �ªâã�â®à� RING-2, ¢áâà®¥−−®£®
¢ ¬®¤¥«ì−®¥ á®¯«®, ¯à®å®¤ïâ ¤¢� íâ�¯�:

(1) ¨¬¯ã«ìá �ªâã�â®à� á ¯®á«¥¤ãîé¥© à¥¢¥à¡¥à�æ¨¥©;

(2) ¢ëå®¤ á¨£−�«� −� ª¢�§¨áâ�æ¨®−�à−ë© ãà®¢¥−ì, áà�¢−¨¬ë© á ãà®¢−¥¬ èã¬�.
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ALGORITHM AND PROGRAM COMPLEX FOR ANALYSIS
OF THE CHARACTERISTICS OF ACOUSTIC WAVES OF PLASMA

ACTUATOR FLUSH-MOUNTED IN THE MODEL PLANE NOZZLE

A. D. Chernousov1,2, D. V. Malakhov1, and N. N. Skvortsovа1,3

1Prokhorov General Physics Institute, Russian Academy of Sciences, 38 Vavilov
Str., Moscow 119991, Russian Federation
2Andreev Acoustic Institute, 4 Shvernik Str., Moscow 117036, Russian
Federation
3National Research Nuclear University \MEPHI," 31 Kashirskoye Shosse, Moscow
115409, Russian Federation

Abstract: Currently, the problem of developing new technologies of reducing
the noise of aircraft engines, including directional impact on the noise on the basis
of interaction between plasma disturbances and acoustic waves, stands acutely.
One of the devices built on this principle is being developed in GPI RAS. These
devices are plasma actuators (group of related to each other discharge gaps built
on the perimeter of the nozzle) of various shapes and forms. The aim of this study
was to perform a comparative analysis of spectra of acoustic waves produced as a
result of work of a plasma actuator for air flowing out of the nozzle. The research
was carried out for actuators of various designs and different shapes of nozzles.
The following tasks have been solved: sorting and analysis of experimental data;
development of the algorithm and creation of the program for studying spectral
and correlation characteristics of acoustic signals; evaluation of spectral and
correlation characteristics of acoustic signals in experiments with two types of
actuators (with and without gas flow); comparative analysis of correlation and
spectral characteristics of acoustic signals received at the outlet of the nozzle
when an air flow interacts with plasma actuators of various configurations. With
the help of the software program complex created in the MatLab environment,
spectral and correlation characteristics of acoustic signals were investigated which
allowed to construct the physical model of a plasma actuator in a plane nozzle.
With the help of the developed research methodologies, the promising effect of
using plasma actuators influence on air flow through the nozzle was proved.

Keywords: plasma actuator; acoustic waves; program complex; algorithm;
nozzle; spectral characteristics; robust spectra
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МЕТОД ФОРМИРОВАНИЯ СИСТЕМЫ
ПОКАЗАТЕЛЕЙ ЖИВУЧЕСТИ

ИНФОРМАЦИОННО-ТЕЛЕКОММУНИКАЦИОННЫХ СЕТЕЙ

А. А. Зацаринный1, Н. Г. Буроменский2, А. И. Гаранин3

�−−®â�æ¨ï: „«ï ®¡ê¥ªâ¨¢−®£® ¨áá«¥¤®¢�−¨ï á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ¨−ä®à¬�æ¨-
®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© (ˆ’‘) ª�ª á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬
−¥®¡å®¤¨¬� ª®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� íâ¨å á¢®©áâ¢. �à¨ íâ®¬ ª�¦¤®¥ á¢®©áâ¢®
ˆ’‘ ¤®«¦−® ¨¬¥âì ª®«¨ç¥áâ¢¥−−ãî å�à�ªâ¥à¨áâ¨ªã, ª®â®à�ï ®¯à¥¤¥«ï¥âáï
á®®â¢¥âáâ¢ãîé¨¬ ¯®ª�§�â¥«¥¬ ¦¨¢ãç¥áâ¨. „«ï ª®«¨ç¥áâ¢¥−−®© å�à�ªâ¥à¨áâ¨-
ª¨ ¯®«−®£® ¯¥à¥ç−ï á¢®©áâ¢ ˆ’‘ −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì á¨áâ¥¬ã ¯®ª�§�â¥-
«¥© ¦¨¢ãç¥áâ¨. ‚ áâ�âì¥ ¯à¥¤«®¦¥−ë ¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î
á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘, ®á−®¢�−−ë¥ −� �−�«¨§¥ ãá«®¢¨© ¨å
¯à¨¬¥−¥−¨ï, ®æ¥−ª¥ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë, ¨ ®¯à¥¤¥«¥-
−¨¨ á¢®©áâ¢, ª®â®àë¬¨ ¤®«¦−� ®¡«�¤�âì á¨áâ¥¬� ¤«ï ¢ë¯®«−¥−¨ï âà¥¡ã¥¬ëå
äã−ªæ¨©. „«ï ®¯à¥¤¥«¥−¨ï â�ª¨å á¢®©áâ¢ à�áá¬�âà¨¢�¥âáï −¥ª®â®à�ï ª®−-
ä«¨ªâ−�ï á¨âã�æ¨ï, ¢ ª®â®à®© ¤¢¥ ¯à®â¨¢®¡®àáâ¢ãîé¨¥ £àã¯¯¨à®¢ª¨ à¥è�îâ
§�¤�ç¨ ¤®áâ¨¦¥−¨ï ¯à¥¤¯®çâ¨â¥«ì−ëå ¤«ï ª�¦¤®© ¨§ −¨å á®áâ®ï−¨©. �à¨-
−ïâ®, çâ® ¯à¨®à¨â¥â−®© §�¤�ç¥© ª®−ä«¨ªâãîé¥© áâ®à®−ë ï¢«ï¥âáï ¢ë¢¥¤¥−¨¥
¨§ áâà®ï ˆ’‘, äã−ªæ¨®−¨àãîé¥© ¢ á®áâ�¢¥ ªà¨â¨ç¥áª¨ ¢�¦−®© ¨−ä®à¬�æ¨-
®−−®© ¨−äà�áâàãªâãàë ¢ ãá«®¢¨ïå ¯à¥¤−�¬¥à¥−−ëå ¯®à�¦�îé¨å ¤¥©áâ¢¨©.
�à¨ íâ®¬ −¨ª�ª¨å ®£à�−¨ç¥−¨© −� ¯à¨¬¥−ï¥¬ë¥ áà¥¤áâ¢� ¯®à�¦¥−¨ï −¥ −�-
ª«�¤ë¢�¥âáï. ‚ë¯®«−¥− �−�«¨§ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë,
®¯à¥¤¥«¥−ë á¢®©áâ¢� ¦¨¢ãç¥áâ¨ ˆ’‘. „«ï ®¯à¥¤¥«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå å�-
à�ªâ¥à¨áâ¨ª á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ¢¢¥¤¥−® ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® ¨ −� ¥£®
®á−®¢¥ ¯à¥¤«®¦¥−ë ¥¤¨−¨ç−ë¥ ¨ ª®¬¯«¥ªá−ë¥ ¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨. „�−ë
à¥ª®¬¥−¤�æ¨¨ ¯® ¨á¯®«ì§®¢�−¨î ¥¤¨−¨ç−ëå ¨ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥© ¯à¨
¯à®¥ªâ¨à®¢�−¨¨, ¯à®¨§¢®¤áâ¢¥ ¨ íªá¯«ã�â�æ¨¨ ˆ’‘.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¥â¨; ãá«®¢¨ï
íªá¯«ã�â�æ¨¨; ¯®à�¦�îé¨¥ ä�ªâ®àë; á«ãç�©−�ï ¢¥«¨ç¨−�; á¢®©áâ¢�; ¦¨¢ã-
ç¥áâì; ¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨
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1 Введение

‡�¤�ç� à�§à�¡®âª¨ ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ï¢«ï¥âáï á®áâ�¢−®© ç�áâìî ¬¥â®-
¤®«®£¨¨ �−�«¨§� ¨ á¨−â¥§� ¦¨¢ãç¥áâ¨ á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬, ¢ â®¬ ç¨á«¥
¨ ˆ’‘ [1{15]. �â® ®¡êïá−ï¥âáï â¥¬, çâ® ®¡ê¥ªâ¨¢−®¥ ¨áá«¥¤®¢�−¨¥ ¦¨¢ãç¥áâ¨
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Œ¥â®¤ ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘

á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬ −¥¢®§¬®¦−® ¡¥§ ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨. ÷�§−®®¡à�§¨¥ ˆ’‘, ¯à®æ¥áá®¢ ¨å à�§àãè¥−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï
¤¥«�îâ ¯à®¡«¥¬ã à�§à�¡®âª¨ ¬¥â®¤¨ç¥áª¨å ®á−®¢ ä®à¬¨à®¢�−¨ï ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨ ªà�©−¥ ¢®áâà¥¡®¢�−−®©.

‚ ã¯®¬ï−ãâëå ¢ëè¥ ¯ã¡«¨ª�æ¨ïå ¯à¥¤«�£�¥âáï ¡®«ìè®¥ ç¨á«® ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨ á«®¦−ëå á¨áâ¥¬. �à¨ íâ®¬ ¢ −¥ª®â®àëå à�¡®â�å [6, 7, 16] ¤�¥âáï
¤®áâ�â®ç−® á®¤¥à¦�â¥«ì−�ï ª«�áá¨ä¨ª�æ¨ï á¢®©áâ¢ ¨ ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨.
�¤−�ª® ¬¥â®¤¨ª¨ ®¯à¥¤¥«¥−¨ï ¯®ª�§�â¥«¥© ¢ ¯à¨¢¥¤¥−−ëå à�¡®â�å −¥ ¢ ¯®«−®©
¬¥à¥ ãç¨âë¢�îâ ¢«¨ï−¨¥ −� ¦¨¢ãç¥áâì ˆ’‘ ãá«®¢¨© ¯à¨¬¥−¥−¨ï ®¡ê¥ªâ� ¨áá«¥-
¤®¢�−¨ï. ˆ¬¥−−® íâ¨¬ ¨ ®¡êïá−ï¥âáï ¡®«ìè®¥ ç¨á«® ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ¨
®âáãâáâ¢¨¥ ª�ª®©-«¨¡® ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã −¨¬¨. ÷�áá¬®âà¨¬ ªà�âª® í¢®«îæ¨î
¯®−ïâ¨ï ú¦¨¢ãç¥áâìû ¯à¨¬¥−¨â¥«ì−® ª à�§«¨ç−ë¬ á¨áâ¥¬�¬.

‚ ¡®«ìè¨−áâ¢¥ ¯ã¡«¨ª�æ¨© [2,3,5] ¯®¤ ¦¨¢ãç¥áâìî á¥â¨ ¯®−¨¬�îâáï à�§«¨ç-
−ë¥ á¢®©áâ¢� á¨áâ¥¬ ¨ á¥â¥© á¢ï§¨, å�à�ªâ¥à¨§ãîé¨¥ ¨å ãáâ®©ç¨¢®áâì ª ®âª�§�¬
í«¥¬¥−â®¢.

‚ [7] ¯®¤ ¦¨¢ãç¥áâìî á¨áâ¥¬ë á¢ï§¨ ¯®−¨¬�¥âáï úãáâ®©ç¨¢®áâì á¨áâ¥¬ë
á¢ï§¨ ª ¯®¢à¥¦¤¥−¨î í«¥¬¥−â®¢ áâ¨å¨©−ë¬¨ ä�ªâ®à�¬¨ ¨ ¯à¥¤−�¬¥à¥−−ë¬¨
¢®§¤¥©áâ¢¨ï¬¨ ¯à®â¨¢−¨ª�û.

‚ [10, 11, 13{15] ¯®¤ ¦¨¢ãç¥áâìî (ª�â�áâà®ä®ãáâ®©ç¨¢®áâìî) á¨áâ¥¬ë ¯®−¨-
¬�¥âáï úá¯®á®¡−®áâì á¨áâ¥¬ë á®åà�−ïâì ªà¨â¨ç¥áª¨ ¢�¦−ë¥ ¨−ä®à¬�æ¨®−−ë¥
¨ ¯à®£à�¬¬−ë¥ à¥áãàáë ¨ ¯à®¤®«¦�âì ¢ë¯®«−¥−¨¥ á¢®¨å äã−ªæ¨© ¢ ãá«®¢¨ïå
¤¥£à�¤�æ¨¨ �àå¨â¥ªâãàë á¨áâ¥¬ë ¢ à¥§ã«ìâ�â¥ áâ¨å¨©−ëå ¡¥¤áâ¢¨©, â¥å−®£¥−−ëå
�¢�à¨© ¨ ª�â�áâà®ä, æ¥«¥−�¯à�¢«¥−−®£® ¢®§¤¥©áâ¢¨ï «î¤¥©û.

‚ [1] ú¯®¤ ¦¨¢ãç¥áâìî á¨áâ¥¬ë ¯®−¨¬�¥âáï ¥¥ á¯®á®¡−®áâì ¤«¨â¥«ì−®¥ ¢à¥¬ï,
á ãç¥â®¬ ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© á¨áâ¥¬ë, ¯à¨ ª®â®àëå ®−� ¥é¥ ®áâ�¥âáï à�¡®-
â®á¯®á®¡−®©, á®åà�−ïâì á¢®¨ å�à�ªâ¥à¨áâ¨ª¨ ¨ ®¡¥á¯¥ç¨¢�âì ¢ë¯®«−¥−¨¥ á¢®¨å
äã−ªæ¨© ¯à¨ ®¯à¥¤¥«¥−−ëå ¬¥â®¤�å ¨ ãá«®¢¨ïå ¥¥ íªá¯«ã�â�æ¨¨û.

‚ [6] ¯®¤ ¦¨¢ãç¥áâìî ¯®−¨¬�¥âáï úá¢®©áâ¢® á¨áâ¥¬ë á¢ï§¨ á®åà�−ïâì ¨ ¢®á-
áâ�−�¢«¨¢�âì á¯®á®¡−®áâì ª ¢ë¯®«−¥−¨î ®á−®¢−ëå äã−ªæ¨© ¢ §�¤�−−®¬ ®¡ê¥¬¥ ¨
¢ â¥ç¥−¨¥ §�¤�−−®© −�à�¡®âª¨ ¯à¨ ¨§¬¥−¥−¨¨ áâàãªâãàë á¨áâ¥¬ë ¨ (¨«¨) �«£®à¨â-
¬®¢ ¨ ãá«®¢¨© ¥¥ äã−ªæ¨®−¨à®¢�−¨ï ¢á«¥¤áâ¢¨¥ −¥¡«�£®¯à¨ïâ−ëå ¢®§¤¥©áâ¢¨©û.

ˆ, −�ª®−¥æ, ¢ [12] ¤�−® ®¯à¥¤¥«¥−¨¥ ¦¨¢ãç¥áâ¨ ¯à¨¬¥−¨â¥«ì−® ª á¨áâ¥¬¥
¢®¥−−®© á¢ï§¨: ú‘¯®á®¡−®áâì á¨áâ¥¬ë ¢®¥−−®© á¢ï§¨ ®¡¥á¯¥ç¨¢�âì ã¯à�¢«¥−¨¥
¢®©áª�¬¨, á¨«�¬¨ ¨ ®àã¦¨¥¬ ¢ ãá«®¢¨ïå ¢®§¤¥©áâ¢¨ï ®¡ëç−®£® ¨ ï¤¥à−®£® ®àã¦¨ï
¯à®â¨¢−¨ª�û.

�à¨ �−�«¨§¥ ¢ëè¥¯à¨¢¥¤¥−−ëå ®¯à¥¤¥«¥−¨© ®¡à�â¨¬ ¢−¨¬�−¨¥ −� á«¥¤ã-
îé¥¥. ‚®-¯¥à¢ëå, ¦¨¢ãç¥áâì à�áá¬�âà¨¢�¥âáï ¯à¨¬¥−¨â¥«ì−® ª á«®¦−ë¬ â¥å−¨-
ç¥áª¨¬ á¨áâ¥¬�¬ [1,6,10,13], á¨áâ¥¬�¬ ¨ á¥âï¬ á¢ï§¨ [4,5,7,8]. ‚®-¢â®àëå, ¦¨-
¢ãç¥áâì à�áá¬�âà¨¢�¥âáï ª�ª ¢−ãâà¥−−¥¥ á¢®©áâ¢® á¨áâ¥¬ë, ª®â®àë¬ ®−� ®¡«�¤�¥â
−¥§�¢¨á¨¬® ®â ãá«®¢¨© ¯à¨¬¥−¥−¨ï ¨ ¯à®ï¢«ï¥âáï â®«ìª® ¯à¨ ¢®§¤¥©áâ¢¨¨ −¥-
¡«�£®¯à¨ïâ−ëå ¢−¥è−¨å ä�ªâ®à®¢ (�‚) ¨ ¯®à�¦�îé¨å ä�ªâ®à®¢ (�”) ®àã¦¨ï.
ˆ, −�ª®−¥æ, ¢-âà¥âì¨å, ¦¨¢ãç¥áâì ®¯à¥¤¥«ï¥âáï ª�ª á¢®©áâ¢® á«®¦−®© á¨áâ¥¬ë
á®åà�−ïâì (¢®ááâ�−�¢«¨¢�âì) á¯®á®¡−®áâì ª ¢ë¯®«−¥−¨î ®á−®¢−ëå äã−ªæ¨©.
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‘ ãç¥â®¬ ¢ëè¥¨§«®¦¥−−®£® ¦¨¢ãç¥áâì ˆ’‘ ®¯à¥¤¥«¨¬ ª�ª á¢®©áâ¢®, ®¡¥á¯¥-
ç¨¢�îé¥¥ ¥¥ ãáâ®©ç¨¢®áâì ª −¥¡«�£®¯à¨ïâ−ë¬ ¢−¥è−¨¬ ¢®§¤¥©áâ¢¨ï¬, ä�ªâ®à�¬
®¡ëç−®£® ¨ á¯¥æ¨�«ì−®£® ®àã¦¨ï, � â�ª¦¥ á¯®á®¡−®áâì ¯®«−®£® ¨«¨ ¬¨−¨¬�«ì−®
−¥®¡å®¤¨¬®£® ¢®ááâ�−®¢«¥−¨ï ®á−®¢−ëå äã−ªæ¨© ¢ §�¤�−−ëå ãá«®¢¨ïå ¯à¨¬¥−¥-
−¨ï.

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

2 Основные факторы, влияющие на устойчивость функционирования
информационно-телекоммуникационных сетей

�®¢à¥¦¤¥−¨ï ¨ à�§àãè¥−¨ï ˆ’‘ ¯à®¨áå®¤ïâ ¢ à¥§ã«ìâ�â¥ ¢®§¤¥©áâ¢¨ï �”
®¡ëç−®£®, á¯¥æ¨�«ì−®£® ®àã¦¨ï ¨ �‚. �®¤ ®¡ëç−ë¬ ®àã¦¨¥¬ ¡ã¤¥¬ ¯®−¨-
¬�âì áà¥¤áâ¢� ¯®à�¦¥−¨ï (‘÷�), ¯à¨¬¥−ïîé¨¥ à�§«¨ç−ë¥ ¢¨¤ë ¡®¥¯à¨¯�á®¢ ¢
®¡ëç−®¬ á−�àï¦¥−¨¨.

Š á¯¥æ¨�«ì−®¬ã ®àã¦¨î ®â−®á¨âáï ï¤¥à−®¥ ®àã¦¨¥ ¨ â�ª −�§ë¢�¥¬®¥ ®àã-
¦¨¥ äã−ªæ¨®−�«ì−®£® ¢®§¤¥©áâ¢¨ï −� ˆ’‘, ®áãé¥áâ¢«ï¥¬®£® á ¨á¯®«ì§®¢�−¨¥¬
¬®é−ëå ¨¬¯ã«ìá®¢ í«¥ªâà®¬�£−¨â−ëå ¨§«ãç¥−¨© (ˆ�ˆ).

Ÿ¤¥à−®¥ ®àã¦¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®© −�¨¡®«¥¥ à�§àãè¨â¥«ì−ë© ¢¨¤ ®àã¦¨ï
á è¨à®ª¨¬ −�¡®à®¬ �”, ®á−®¢−ë¬¨ ¨§ ª®â®àëå ï¢«ïîâáï ¢®§¤ãè−�ï ã¤�à−�ï
¢®«−�, á¢¥â®¢®¥ ¨§«ãç¥−¨¥, ¯à®−¨ª�îé�ï à�¤¨�æ¨ï ¨ à�¤¨®�ªâ¨¢−®¥ §�à�¦¥−¨¥
¬¥áâ−®áâ¨ [17{19].

—â® ª�á�¥âáï ®àã¦¨ï äã−ªæ¨®−�«ì−®£® ¢®§¤¥©áâ¢¨ï, â® �” ï¢«ïîâáï ¨−-
â¥−á¨¢−®áâì ¯®«ï ¨§«ãç¥−¨ï −� í«¥¬¥−â�å ˆ’‘ ¨ á¯¥ªâà�«ì−ë© á®áâ�¢ ¯®â®ª�
¨§«ãç¥−¨ï. ˆ¬¯ã«ìáë í«¥ªâà®¬�£−¨â−ëå ¨§«ãç¥−¨© ®ª�§ë¢�îâ ª®¬¯«¥ªá−®¥
¢®§¤¥©áâ¢¨¥ −� ˆ’‘ §� áç¥â ¢ëá®ª®© ¯à®−¨ª�îé¥© á¯®á®¡−®áâ¨ ç¥à¥§ �−â¥−−®-
ä¨¤¥à−ë¥ ãáâà®©áâ¢�. �â® ¢ë§ë¢�¥â à�§«¨ç−ë¥ äã−ªæ¨®−�«ì−ë¥ ¯®¢à¥¦¤¥−¨ï ¢
à�¤¨®¯à¨¥¬−ëå, à�¤¨®¯¥à¥¤�îé¨å ãáâà®©áâ¢�å ¨ ¢ á¨áâ¥¬¥ í«¥ªâà®á−�¡¦¥−¨ï.

”®à¬�«¨§ã¥¬ ãá«®¢¨ï ¯à¨¬¥−¥−¨ï (“�) ˆ’‘. „«ï íâ®£® ¢¢¥¤¥¬ á«¥¤ãîé¨¥
®¡®§−�ç¥−¨ï:

e0 ∈ E0 | ¬−®¦¥áâ¢® ¢−¥è−¨å ¢®§¤¥©áâ¢ãîé¨å ä�ªâ®à®¢ (‚‚”);
eðæ ∈ Eðæ | ¬−®¦¥áâ¢® �”.
’®£¤� E = E0 ∪ Eðæ | ãá«®¢¨ï ¯à¨¬¥−¥−¨ï ˆ’‘.
„�«¥¥ ¢ à�¡®â¥ à�áá¬�âà¨¢�îâáï “�, á¢ï§�−−ë¥ â®«ìª® á ¢®§¤¥©áâ¢¨¥¬ �”,

â. ¥. eðæ, eðæ ∈ Eðæ.

3 Основные свойства информационно-телекоммуникационных сетей

��¨¡®«¥¥ ®¡é¨¬ á¢®©áâ¢®¬ á¨áâ¥¬ë á¢ï§¨, ®âà�¦�îé¨¬ ¢«¨ï−¨¥ ¢á¥å ä�ª-
â®à®¢, ¯à¨¢®¤ïé¨å ª ®âª�§�¬ á¨áâ¥¬ë, ï¢«ï¥âáï ãáâ®©ç¨¢®áâì.

“áâ®©ç¨¢®áâì | á¢®©áâ¢® á¨áâ¥¬ë á¢ï§¨, §�ª«îç�îé¥¥áï ¢ ¥¥ á¯®á®¡−®áâ¨
®áãé¥áâ¢«ïâì á¢®¥¢à¥¬¥−−ãî ¯¥à¥¤�çã ¨−ä®à¬�æ¨¨ ¢ −¥®¡å®¤¨¬®¬ ®¡ê¥¬¥ ¨ á
ª�ç¥áâ¢®¬, −¥ åã¦¥ §�¤�−−®£® ¯à¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨ïå äã−ªæ¨®−¨à®¢�−¨ï.
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Œ¥â®¤ ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘

‚ §�¢¨á¨¬®áâ¨ ®â ãá«®¢¨© äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¬®¦−® ¢ë¤¥«¨âì á«¥¤ã-
îé¨¥ á¢®©áâ¢�:

{ áâàãªâãà� | á¢®©áâ¢® á¨áâ¥¬ë, ®¡ãá«®¢«¥−−®¥ −�«¨ç¨¥¬ á®¢®ªã¯−®áâ¨ í«¥-
¬¥−â®¢ ¨ ãáâ®©ç¨¢®© ¢§�¨¬®á¢ï§ìî ¬¥¦¤ã −¨¬¨;

{ áâ®©ª®áâì í«¥¬¥−â®¢ ª �” | á¢®©áâ¢® í«¥¬¥−â®¢, ®¡¥á¯¥ç¨¢�îé¥¥ ¨å áâ®©-
ª®áâì ª ¢®§¤¥©áâ¢¨î �”;

{ ¢®ááâ�−�¢«¨¢�¥¬®áâì | á¢®©áâ¢® á¨áâ¥¬ë, ®¡ãá«®¢«¥−−®¥ ¢®§¬®¦−®áâìî
ãáâà�−¥−¨ï ¯®¢à¥¦¤¥−¨© ¨ ¢®ááâ�−®¢«¥−¨ï ¥¥ à�¡®â®á¯®á®¡−®áâ¨;

{ ã¯à�¢«ï¥¬®áâì | á¢®©áâ¢® á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥¥ á®åà�−¥−¨¥ âà¥¡ã¥¬®-
£® ãà®¢−ï à�¡®â®á¯®á®¡−®áâ¨ §� áç¥â ã¯à�¢«¥−¨ï ¬�àèàãâ¨§�æ¨¥© ®¡¬¥−�
¨−ä®à¬�æ¨¥© ¬¥¦¤ã �¡®−¥−â�¬¨ á¥â¨ ¨«¨ ¥¥ à¥ª®−ä¨£ãà�æ¨¨;

{ à�§¢¥¤§�é¨é¥−−®áâì | á¢®©áâ¢® á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥¥ −¥¢®§¬®¦−®áâì
¨¤¥−â¨ä¨ª�æ¨¨ ¥¥ í«¥¬¥−â®¢ áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª�.

�� à¨áã−ª¥ ¯à¨¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï (¤¥à¥¢®) á¢®©áâ¢, ®¯à¥¤¥«ïîé¨å ¦¨-
¢ãç¥áâì ˆ’‘.

Š«�áá¨ä¨ª�æ¨ï (¤¥à¥¢®) á¢®©áâ¢, ®¯à¥¤¥«ïîé¨å ¦¨¢ãç¥áâì ˆ’‘

�¥à¥ç¨á«¥−−ë¥ ¢ëè¥ á¢®©áâ¢� ®¡ãá«®¢«¨¢�îâ á®®â¢¥âáâ¢ãîé¨¥ ¥¤¨−¨ç−ë¥
¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨ ˆ’‘.

‘âàãªâãà−�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® á¨áâ¥¬ë á®åà�−ïâì ¢ë¯®«−¥−¨¥ á¢®¨å
äã−ªæ¨© å®âï ¡ë −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ ¢ â¥ç¥−¨¥ âà¥¡ã¥¬®£®
¢à¥¬¥−¨ ¯à¨ ¯�áá¨¢−®¬ ¯à®â¨¢®¤¥©áâ¢¨¨ ¯®¢à¥¦¤¥−¨ï¬ í«¥¬¥−â®¢ á¨áâ¥¬ë.

”ã−ªæ¨®−�«ì−�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® á¨áâ¥¬ë á®åà�−ïâì âà¥¡ã¥¬ë© ãà®-
¢¥−ì à�¡®â®á¯®á®¡−®áâ¨ §� áç¥â ¯à¨−ïâ®£® �«£®à¨â¬� ã¯à�¢«¥−¨ï ¬�àèàãâ¨§�æ¨¥©
®¡¬¥−� ¨−ä®à¬�æ¨¥© ¬¥¦¤ã �¡®−¥−â�¬¨ á¨áâ¥¬ë ¨«¨ ¥¥ à¥ª®−ä¨£ãà�æ¨¨.

’¥å−¨ç¥áª�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® á¨áâ¥¬ë á®åà�−ïâì ¢ë¯®«−¥−¨¥ á¢®¨å
äã−ªæ¨© §� áç¥â ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ¥¥ í«¥¬¥−â®¢.

�«¥¬¥−â−�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® í«¥¬¥−â®¢ ˆ’‘, å�à�ªâ¥à¨§ãîé¥¥ ¨å
áâ®©ª®áâì ª ¢®§¤¥©áâ¢¨î �” ¨ á¯®á®¡−®áâì ¢®ááâ�−�¢«¨¢�âì à�¡®â®á¯®á®¡−®áâì.

÷�§¢¥¤§�é¨é¥−−®áâì ¢ ¤�−−®¬ á«ãç�¥ â�ª¦¥ ï¢«ï¥âáï ®¤−¨¬ ¨§ ¥¤¨−¨ç−ëå
á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ˆ’‘.

�â¬¥â¨¬, çâ® −�¡®à á¢®©áâ¢, ¯à¥¤áâ�¢«¥−−ëå −� à¨áã−ª¥, −¥ ï¢«ï¥âáï §�-
¬ª−ãâë¬, ¥£® ¬®¦−® à�áè¨à¨âì ¨«¨ áã§¨âì. �â® ®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© ¢§£«ï¤®¢
(¯à¨−æ¨¯®¢) −� ®¡¥á¯¥ç¥−¨¥ ¦¨¢ãç¥áâ¨ ˆ’‘.
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4 Пространство элементарных событий

�®¤ ¯à®áâà�−áâ¢®¬ í«¥¬¥−â�à−ëå á®¡ëâ¨© ¢ ¤�−−®¬ á«ãç�¥ ¯®−¨¬�¥âáï á®¢®-
ªã¯−®áâì á«ãç�©−ëå á®¡ëâ¨©, ®¯à¥¤¥«ïîé¨å ãáâ®©ç¨¢®áâì äã−ªæ¨®−¨à®¢�−¨ï
ˆ’‘ ¢ ãá«®¢¨ïå ¯à¨¬¥−¥−¨ï.

�á−®¢®© ¤«ï ¯®áâà®¥−¨ï ¯à®áâà�−áâ¢� í«¥¬¥−â�à−ëå á®¡ëâ¨© ¨ á¨áâ¥¬ë
¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘ ï¢«ï¥âáï ¯à¨¢¥¤¥−−®¥ ¢ëè¥ ¤¥à¥¢® á¢®©áâ¢ ¨ ¨å
¢®§¬®¦−ë¥ ¢�à¨�−âë ¯à®ï¢«¥−¨ï ¢ “�.

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ¡�§¨àã¥âáï −� áâà¥¬«¥−¨¨ á®¢¬¥áâ¨âì áã¡ê¥ªâ¨¢−ë¥
¯à¥¤áâ�¢«¥−¨ï ® ¦¨¢ãç¥áâ¨ ˆ’‘ á ¤®áâ�â®ç−®© áâ¥¯¥−ìî ®¡ê¥ªâ¨¢−®áâ¨ ¥¥
®æ¥−ª¨.

„«ï ®æ¥−ª¨ ¦¨¢ãç¥áâ¨, � á®®â¢¥âáâ¢¥−−®, ¨ á¢®¥¢à¥¬¥−−®áâ¨ ¯à¥¤®áâ�¢«¥−¨ï
âà¥¡ã¥¬ëå ãá«ã£ ¯®«ì§®¢�â¥«î ¯à¥¤«�£�îâáï á«¥¤ãîé¨¥ áâ®å�áâ¨ç¥áª¨¥ ¯�à�-
¬¥âàë:

1. ‘«ãç�©−�ï ¢¥«¨ç¨−� (‘‚) ξÖÉ×(e, t), å�à�ªâ¥à¨§ãîé�ï á®áâ®ï−¨¥ à�¡®â®á¯®-
á®¡−®áâ¨ ˆ’‘, ª®â®à®¥ ®â®¦¤¥áâ¢«ï¥âáï á ¦¨¢ãç¥áâìî, ¢ ª�ç¥áâ¢¥ ¢®§¬®¦−ëå
í«¥¬¥−â�à−ëå á®¡ëâ¨© ¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) úˆ’‘ −�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û, ¥á«¨ ¢ ¯à®æ¥áá¥ ¨−ä®à¬�æ¨-
®−−®£® ®¡¬¥−�, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t ¨ ¯à®â¥ª�îé¥£® ¢ ãá«®¢¨ïå e,
e ∈ E, ˆ’‘ ®¡¥á¯¥ç¨¢�¥â ¯®«ì§®¢�â¥«î ¢®§¬®¦−®áâì à¥è¥−¨ï ¢á¥å §�¤�ç
¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¡) úˆ’‘ −�å®¤¨âáï ¢ −¥¨á¯à�¢−®¬, −® à�¡®â®á¯®á®¡−®¬ á®áâ®ï−¨¨û, ¥á«¨
¤«ï ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t ¢ ãá«®¢¨ïå e,
e ∈ E, ˆ’‘ ¨¬¥¥â ¯®¢à¥¦¤¥−¨ï ¨/¨«¨ −�å®¤¨âáï ¢ á®áâ®ï−¨¨ ¢®ááâ�-
−®¢«¥−¨ï ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï (‘’�)
ˆ’‘ ¨ ¯®«ì§®¢�â¥«î ®¡¥á¯¥ç¨¢�¥âáï ®£à�−¨ç¥−−�ï (−� ãà®¢−¥ −¥ −¨¦¥
¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®£®) ¢®§¬®¦−®áâì à¥è¥−¨ï §�¤�ç ¯® ã¯à�¢«¥−¨î
®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¢) úˆ’‘ −�å®¤¨âáï ¢ −¥à�¡®â®á¯®á®¡−®¬ á®áâ®ï−¨¨û, ¥á«¨ ¤«ï ¨−ä®à¬�-
æ¨®−−®£® ®¡¬¥−�, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t ¢ ãá«®¢¨ïå e, e ∈ E, ˆ’‘
¨¬¥¥â ¯®¢à¥¦¤¥−¨ï, −¥ ¯®§¢®«ïîé¨¥ ¯®«ì§®¢�â¥«î à¥è�âì §�¤�ç¨ ¯®
ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨, ¤�¦¥ −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ á ãç¥â®¬
¢®§¬®¦−®áâ¥© ‘’� ˆ’‘ ¯® ¥¥ ¢®ááâ�−®¢«¥−¨î.

�¥®¡å®¤¨¬® ¯®¤ç¥àª−ãâì, çâ® ¥á«¨ í«¥¬¥−âë ˆ’‘ ¨¬¥îâ áªàëâë¥ ¤¥ä¥ªâë ¨
¢ à¥�«ì−®áâ¨ á¨áâ¥¬� äã−ªæ¨®−¨àã¥â −¥−®à¬�«ì−® ¢á«¥¤áâ¢¨¥ −�«¨ç¨ï áªàëâ-
−ëå ¤¥ä¥ªâ®¢ (¢®§¬®¦¥−, −�¯à¨¬¥à, úá¡®© ¢ à�¡®â¥ ®ª®−¥ç−ëå ãáâà®©áâ¢û),
−® ¯®«ì§®¢�â¥«ì −¥ ¯®¤®§à¥¢�¥â ® á¡®ïå ¢ à�¡®â¥, ¢á¥ à�¢−® â�ª®¥ á®áâ®ï−¨¥
ˆ’‘ ¡ã¤¥¬ ®â−®á¨âì ª §−�ç¥−¨î úˆ’‘ −�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û.

2. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÓÔÒ(e, t), å�à�ªâ¥à¨§ãîé�ï ¢«¨ï−¨¥ áâàãªâãàë −� ¦¨-
¢ãç¥áâì (áâàãªâãà−�ï ¦¨¢ãç¥áâì) ˆ’‘ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
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t ∈ Tð, ¯à¨ ®£à�−¨ç¥−¨ïå −� ¢®ááâ�−®¢«¥−¨¥ ¨ ¦¨¢ãç¥áâì í«¥¬¥−â®¢, ¯à¨−¨-
¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû, ¥á«¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥
¢à¥¬¥−¨ t, t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï á¢ï§−®áâì á¨áâ¥¬ë −� ãà®¢−¥, ¤®áâ�-
â®ç−®¬ ¤«ï à¥è¥−¨ï ¢á¥å §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¡) ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¤®¯ãáâ¨¬®£® ãà®¢−ïû, ¥á«¨ ¢ “� e, e ∈
∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï á¢ï§−®áâì −� ãà®¢−¥,
®¡¥á¯¥ç¨¢�îé¥¬ à¥è¥−¨¥ ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬®£® ®¡ê¥¬� §�¤�ç ¯®
ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¢) ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû, ¥á«¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥
¢à¥¬¥−¨ t, t ∈ Tð, á¢ï§−®áâì á¨áâ¥¬ë −¥ ®¡¥á¯¥ç¨¢�¥â à¥è¥−¨¥ §�¤�ç ¤�¦¥
¢ ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬®¬ ®¡ê¥¬¥.

3. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÔÖ(e, t), å�à�ªâ¥à¨§ãîé�ï ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®-
á®¡−®áâ¨ ˆ’‘ (â¥å−¨ç¥áª�ï ¦¨¢ãç¥áâì), ¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ ‘’� ˆ’‘û,
¥á«¨ ¢à¥¬ï τ ãáâà�−¥−¨ï ¯®¢à¥¦¤¥−¨©, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t, −¥
¯à¥¢ëè�¥â τÚÁÄ ¨ ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û;

(¡) ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨ ‘’�
ˆ’‘û, ¥á«¨ t× ≤ t× ÄÏÐ (£¤¥ t× ÄÏÐ | ¤®¯ãáâ¨¬®¥ ¢à¥¬ï ¢®ááâ�−®¢«¥-
−¨ï) ¨ ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ −¥¨á¯à�¢−®¬, −® à�¡®â®á¯®á®¡−®¬
á®áâ®ï−¨¨û;

(¢) ú‚®ááâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ t× > t× ÄÏÐ ¯à¨ ¬¥¤«¥−−®©
à¥�ªæ¨¨ ‘’� ˆ’‘ ¨ ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ −¥à�¡®â®á¯®á®¡−®¬
á®áâ®ï−¨¨.

�à¨ íâ®¬ ¡ëáâà�ï à¥�ªæ¨ï ‘’� ˆ’‘ ®§−�ç�¥â −� ¯à�ªâ¨ª¥ ãáâà�−¥−¨¥ ¯®-
¢à¥¦¤¥−¨© ˆ’‘ §� ãáâ�−®¢«¥−−®¥ ¢à¥¬ï. ‚®ááâ�−®¢«¥−¨¥ ¯à¨ ¬¥¤«¥−−®©
à¥�ªæ¨¨ ‘’� ˆ’‘ ®§−�ç�¥â ãáâà�−¥−¨¥ ¯®¢à¥¦¤¥−¨© ˆ’‘ §� ¬¨−¨¬�«ì−®
¤®¯ãáâ¨¬®¥ ¢à¥¬ï, ¯à¨ ¯à¥¢ëè¥−¨¨ ª®â®à®£® ¬®¦¥â ¢®§−¨ª−ãâì ã£à®§� −¥-
¢ë¯®«−¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨. Œ¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ¯®áâà®¥−¨ï ‘’�
ˆ’‘, ®¡¥á¯¥ç¨¢�îé¨¥ ¢®ááâ�−®¢«¥−¨¥ í«¥¬¥−â®¢ á¨áâ¥¬ë §� âà¥¡ã¥¬®¥ ¢à¥-
¬ï, ¯à¨¢¥¤¥−ë ¢ à�¡®â¥ [20].

4. „«ï ®æ¥−ª¨ äã−ªæ¨®−�«ì−®© ¦¨¢ãç¥áâ¨ ˆ’‘ ¯à¥¤«�£�¥âáï áâ®å�áâ¨ç¥áª¨©
¯�à�¬¥âà ξÆÖ(e, t). ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÆÖ(e, t) å�à�ªâ¥à¨§ã¥â áâ¥¯¥−ì
ã¯à�¢«ï¥¬®áâ¨ ˆ’‘ ¨ ¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ �‘“û, ¥á«¨
¢à¥¬ï tÕ ¯à¥¤®áâ�¢«¥−¨ï ¯®«ì§®¢�â¥«î ãá«ã£ ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð,
¢ “� e, e ∈ E, −¥ ¯à¥¢ëè�¥â §�¤�−−®£®, tÕ ≤ tÕ ÚÁÄ Â, ¨ ξÖÉ×(e, t) = úˆ’‘
−�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û;

(¡) ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨ �‘“û, ¥á«¨
¢à¥¬ï tÕ ¯à¥¤®áâ�¢«¥−¨ï ¯®«ì§®¢�â¥«î ãá«ã£ −¥ ¯à¥¢ëè�¥â §�¤�−−®£®,
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tÕ ≤ tÕ ÚÁÄÍ (£¤¥ tÕ ÚÁÄÍ ¨ tÕ ÚÁÄ Â | §�¤�¢�¥¬ë¥ ®£à�−¨ç¥−¨ï −� ¢à¥¬ï
¯à¥¤®áâ�¢«¥−¨ï �‘“ ãá«ã£ | ¢¥àå−ïï ¨ −¨¦−ïï £à�−¨æë), −¥á¬®âàï −�
â® çâ® ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ −¥¨á¯à�¢−®¬ á®áâ®ï−¨¨û;

(¢) ú“¯à�¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ξÖÉ× = úˆ’‘ −�å®¤¨âáï ¢ −¥¨á-
¯à�¢−®¬ á®áâ®ï−¨¨û.

5. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÜÖ(e, t) | å�à�ªâ¥à¨§ã¥â ¦¨¢ãç¥áâì í«¥¬¥−â� ˆ’‘ ¨
¯à¨−¨¬�¥â ®¤−® ¨§ á«¥¤ãîé¨å §−�ç¥−¨©:

(�) ú�«¥¬¥−â−�ï ¦¨¢ãç¥áâì ¢ëá®ª�ïû, ¥á«¨ §� ¢à¥¬ï t, t ≥ TÂÄ, ¢ ãá«®¢¨ïå e,
e ∈ E, ®¡¥á¯¥ç¨¢�¥âáï áâ®©ª®áâì ª ¢®§¤¥©áâ¢¨î �”;

(¡) ú�«¥¬¥−â−�ï ¦¨¢ãç¥áâì −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û, ¥á«¨ §� ¢à¥¬ï t, t ≥
≥ Tð, ¢ ãá«®¢¨ïå e, e ∈ E, áâ®©ª®áâì í«¥¬¥−â®¢ ª �” ®¡¥á¯¥ç¨¢�¥âáï −�
¤®¯ãáâ¨¬®¬ ãà®¢−¥;

(¢) ú�«¥¬¥−â−�ï ¦¨¢ãç¥áâì −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ §� ¢à¥¬ï t, t ≥ Tð, ¢
ãá«®¢¨ïå e, e ∈ E, áâ®©ª®áâì í«¥¬¥−â®¢ ª �” −¥ ®¡¥á¯¥ç¨¢�¥âáï.

6. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÒÚ×(e, t), å�à�ªâ¥à¨§ãîé�ï à�§¢¥¤§�é¨é¥−−®áâì ˆ’‘,
¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú÷�§¢¥¤§�é¨é¥−−®áâì í«¥¬¥−â®¢ ˆ’‘ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ §� ¢à¥¬ï t,
t ≥ TÂÄ, ¢ ãá«®¢¨ïå e, e ∈ E, áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª� −¥ ¬®£ãâ
¡ëâì ¨¤¥−â¨ä¨æ¨à®¢�−ë í«¥¬¥−âë ‘‚‘;

(¡) ú÷�§¢¥¤§�é¨é¥−−®áâì í«¥¬¥−â®¢ ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û, ¥á«¨ §�
¢à¥¬ï t, t ≥ TÂÄ, ¢ “� e, e ∈ E, áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª�
¨¤¥−â¨ä¨æ¨à®¢�−® ¤®¯ãáâ¨¬®¥ ç¨á«® í«¥¬¥−â®¢ ˆ’‘;

(¢) ú÷�§¢¥¤§�é¨é¥−−®áâì í«¥¬¥−â®¢ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ §� ¢à¥-
¬ï t, t ≥ TÂÄ, ¢ “�� e, e ∈ E, áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª�
¨¤¥−â¨ä¨æ¨à®¢�−® ç¨á«® í«¥¬¥−â®¢ ˆ’‘ ¡®«ìè¥ ¤®¯ãáâ¨¬®£®.

�à¨ −¥®¡å®¤¨¬®áâ¨ ãç¥â� ¤àã£¨å ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì ˆ’‘,
−�¯à¨¬¥à §� áç¥â ¡¥§®¯�á−®áâ¨ á¢ï§¨, ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® ¦¨¢ãç¥áâ¨
ˆ’‘ ¬®¦¥â ¡ëâì à�áè¨à¥−® ¨ ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥

ξÂÓ(e, t) = ϕ(ξ×ÉÒ(e, t), ξÕÍÙÛÌ(e, t)) ,

£¤¥ ξÂÓ(e, t), ξ×ÉÒ(e, t) ¨ ξÕÍÙÛÌ(e, t) | á«ãç�©−ë¥ ¢¥«¨ç¨−ë, å�à�ªâ¥à¨§ãîé¨¥
á®®â¢¥âáâ¢¥−−® ¡¥§®¯�á−®áâì á¢ï§¨, −�«¨ç¨¥ ¨«¨ ®âáãâáâ¢¨¥ áªàëâëå ¢¨àãá−ëå
¨áª�¦¥−¨©, ã¬ëè«¥−−ë¥ ¤¥©áâ¢¨ï ¯à®â¨¢−¨ª� ¯® ¨áª�¦¥−¨î ¨−ä®à¬�æ¨¨; ϕ |
−¥¨§¢¥áâ−�ï äã−ªæ¨ï.

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¯à®áâà�−áâ¢® í«¥¬¥−â�à−ëå á®¡ëâ¨© ¤«ï ¢¢¥¤¥−−ëå
¯�à�¬¥âà®¢ ¬®¦¥â ¡ëâì áã¦¥−®. Š ¯à¨¬¥àã, ¤«ï ξÔÖ(e, t) ¢®§¬®¦−® ®áâ�¢¨âì
¢¬¥áâ® âà¥å á®¡ëâ¨© ¤¢�: ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘û (®¡ê¥¤¨−ïîé¥¥
¯¥à¢ë¥ ¤¢�) ¨ ú‚®ááâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû.
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‚á¥ ¬−®¦¥áâ¢® á«ãç�©−ëå ¢¥«¨ç¨−, å�à�ªâ¥à¨§ãîé¨å ¦¨¢ãç¥áâì ˆ’‘, à�§-
¤¥«¨¬ −� âà¨ ¯®¤¬−®¦¥áâ¢�, ¤�îé¨å ¢®§¬®¦−®áâì ®æ¥−¨âì ¢ æ¥«®¬ ãà®¢¥−ì ¥¥
¦¨¢ãç¥áâ¨.

†¨¢ãç¥áâì ˆ’‘ ¯à¥¤«�£�¥âáï å�à�ªâ¥à¨§®¢�âì áâ®å�áâ¨ç¥áª¨¬ ¯�à�¬¥âà®¬
ξÖÉ×(e, t):

{ ú†¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû, ¥á«¨:
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû;
ξÔÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ ‘’�
ˆ’‘û;
ξÜÖ(e, t) = ú†¨¢ãç¥áâì í«¥¬¥−â®¢ ˆ’‘ ¢ëá®ª�ïû;
ξÆÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ �‘“û;
ξÒÚ×(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì ¢ëá®ª�ïû;

{ ú†¨¢ãç¥áâì ˆ’‘ ¤®¯ãáâ¨¬®£® ãà®¢−ïû, ¥á«¨:
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¤®¯ãáâ¨¬®£® ãà®¢−ïû;
ξÔÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘ ¯à¨
¬¥¤«¥−−®© à¥�ªæ¨¨ ‘’�û;
ξÜÖ(e, t) = ú†¨¢ãç¥áâì í«¥¬¥−â®¢ ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û;
ξÆÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨
�‘“û;
ξÒÚ×(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û;

{ ú†¨¢ãç¥áâì ˆ’‘ −¨§ª®£® ãà®¢−ïû, ¥á«¨:
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû;
ξÔÖ(e, t) = ú‚®ááâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû;
ξÜÖ(e, t) = ú†¨¢ãç¥áâì í«¥¬¥−â®¢ ˆ’‘ −¨§ª�ïû;
ξÆÖ(e, t) = ú“¯à�¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû;
ξÒÚ×(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì −� −¨§ª®¬ ãà®¢−¥û;

{ ú†¨¢ãç¥áâì ˆ’‘ á®¬−¨â¥«ì−®£® ãà®¢−ïû ¯à¨ ¢á¥å ®áâ�«ì−ëå á®ç¥â�−¨ïå
¯�à�¬¥âà®¢ ξÓÔÒ(e, t), ξÔÖ(e, t), ξÜÖ(e, t), ξÆÖ(e, t) ¨ ξÒÚ×(e, t).

5 Система показателей живучести
информационно-телекоммуникационных систем

�� ®á−®¢¥ à�§à�¡®â�−−®£® ¢ëè¥ ¢¥à®ïâ−®áâ−®£® ¯à®áâà�−áâ¢� ¯à¥¤«®¦¨¬
á¨áâ¥¬ã ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘.

�ãáâì ª�¦¤®¥ ¨§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ á¢®©áâ¢ ¢ “� ¯à®ï¢«ï¥âáï á«ãç�©−ë¬
®¡à�§®¬. ’�ª®¥ ¯à¥¤¯®«®¦¥−¨¥ ¢¯®«−¥ ¥áâ¥áâ¢¥−−® ¨ −¥ âà¥¡ã¥â ¯®ïá−¥−¨©.

’®£¤� ‘‚ ξÖÉ×(e, t), å�à�ªâ¥à¨§ãîéãî á¯®á®¡−®áâì ˆ’‘ ®¡¥á¯¥ç¨¢�âì
ã¯à�¢«¥−¨¥ ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “�, ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ ¬−®¦¥áâ¢�, ¢ª«î-
ç�îé¥£® á«¥¤ãîé¨¥ í«¥¬¥−â�à−ë¥ á®¡ëâ¨ï:

ξÖÉ×(e, t) = {ξÓÔÒ(e, t), ξÔÖ(e, t), ξÚÖ(e, t), ξÆÖ(e, t), ξÒÚ×(e, t)} , (1)
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£¤¥ ξÓÔÒ(e, t) | ‘‚, å�à�ªâ¥à¨§ãîé�ï ¢«¨ï−¨¥ áâàãªâãàë −� ¦¨¢ãç¥áâì ˆ’‘ ¢
“� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð; ξÔÖ(e, t) | ‘‚, å�à�ªâ¥à¨§ãîé�ï
¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘; ξÜÖ(e, t)| ‘‚, å�à�ªâ¥à¨§ãîé�ï ¦¨-
¢ãç¥áâì í«¥¬¥−â� ˆ’‘; ξÆÖ(e, t)| ‘‚, å�à�ªâ¥à¨§ãîé�ï áâ¥¯¥−ì ã¯à�¢«ï¥¬®áâ¨
ˆ’‘; ξÒÚ×(e, t)| ‘‚, å�à�ªâ¥à¨§ãîé�ï à�§¢¥¤§�é¨é¥−−®áâì ˆ’‘.

�� ®á−®¢¥ ¯®«ãç¥−−®£® ¢¥à®ïâ−®áâ−®£® ¯à®áâà�−áâ¢� ¯à¥¤«®¦¨¬ á¨áâ¥¬ã
¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘. ”®à¬¨à®¢�−¨¥ á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¯à®¨§¢¥¤¥¬ á
¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ¬¥â®¤¨ç¥áª¨å ¯®«®¦¥−¨©.

‚¢¥¤¥¬ ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® (Q,S, P ), £¤¥ Q | ª®−¥ç−®¥ ¯à®áâà�−-
áâ¢® í«¥¬¥−â�à−ëå á®¡ëâ¨©, ¢¢¥¤¥−−®¥ ¢ëè¥; S | ª«�áá ¢á¥å ¯®¤¬−®¦¥áâ¢
¬−®¦¥áâ¢� Q, ã¤®¢«¥â¢®àïîé¨© á¢®©áâ¢�¬ σ-�«£¥¡àë ¤«ï áä®à¬¨à®¢�−−®£®
¯à®áâà�−áâ¢� ‘‚; P | ¢¥à®ïâ−®áâ−�ï ¬¥à� −� ¯à®áâà�−áâ¢¥ í«¥¬¥−â�à−ëå á®¡ë-
â¨©. �à¨ íâ®¬, ¯®áª®«ìªã Ÿ = (ωk) ª®−¥ç−®, ¤®áâ�â®ç−® ãáâ�−®¢¨âì ®â®¡à�¦¥−¨¥
ωk → pk = P (ωk) â�ª®¥, çâ® pk ≥ 0 ¨

∑
k

pk = 1. ’�ª®¥ á®®â¢¥âáâ¢¨¥ ¯à¥¤«�£�¥âáï

−� ®á−®¢¥ ä®à¬�«¨§�æ¨¨ ¯à®æ¥áá®¢ ®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ ˆ’‘ ¯ãâ¥¬ ¯à¨¬¥-
−¥−¨ï ¯à¥¤¥«ì−®© â¥®à¥¬ë ¤«ï à¥£¥−¥à¨àãîé¨å ¯à®æ¥áá®¢ ¨ ¨á¯®«ì§®¢�−¨ï
à¥§ã«ìâ�â®¢ �−�«¨§� ®¤−®- ¨ ¬−®£®«¨−¥©−ëå á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï [4].
‚ë¤¥«¨¬ ¯à¨ íâ®¬ á¨áâ¥¬ã ¥¤¨−¨ç−ëå ¨ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥©.

�®¤ ¥¤¨−¨ç−ë¬¨ ¯®ª�§�â¥«ï¬¨ ¡ã¤¥¬ ¯®−¨¬�âì ¢¥à®ïâ−®áâì á¢¥àè¥−¨ï ª�¦-
¤®£® í«¥¬¥−â�à−®£® á®¡ëâ¨ï à�áá¬®âà¥−−®£® ¢ëè¥ ¯à®áâà�−áâ¢�.

PÓÔÒ(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï à�¡®â®á¯®á®¡−®áâì ˆ’‘ −� ãà®¢−¥, ¤®áâ�â®ç−®¬ ¤«ï
à¥è¥−¨ï âà¥¡ã¥¬®£® ®¡ê¥¬� §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤-
−®å®§ï©áâ¢¥−−®£® −�§−�ç¥−¨ï ¡¥§ ãç¥â� ¢®ááâ�−®¢«¥−¨ï (¢¥à®ïâ−®áâì â®£®, çâ®
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ¢ëá®ª�ïû).
“PÓÔÒ.Ä(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥-

−¨ t, t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï à�¡®â®á¯®á®¡−®áâì ˆ’‘ −� ãà®¢−¥, ¯®§¢®«ïîé¥¬
à¥è�âì ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬ë© (¤®¯ãáâ¨¬ë©) ®¡ê¥¬ §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê-
¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−−®£® −�§−�ç¥−¨ï (¢¥à®ïâ−®áâì â®£®, çâ®
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û).

P ÓÔÒ.Î(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® à�¡®â®á¯®á®¡−®áâì ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥â
à¥è¥−¨ï §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−−®£®
−�§−�ç¥−¨ï ¤�¦¥ −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥
¢à¥¬¥−¨ t, t ∈ Tð (¢¥à®ïâ−®áâì â®£®, çâ® ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû).

PÖÆ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ ¤®«¦−®áâ−®¬ã
«¨æã ¤«ï ®¡¥á¯¥ç¥−¨ï ã¯à�¢«¥−¨ï ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−-
−®£® −�§−�ç¥−¨ï ¢ “� e, e ∈ E, −¥ ¯à¥¢ëá¨â §�¤�−−®£® t, t ∈ Tð (¢¥à®ïâ−®áâì
â®£®, çâ® ξÕÐÒ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨
�‘“û).
“PÕÆ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï ¤®«¦−®áâ−®¬ã «¨æã

ãá«ã£ ¤«ï à¥è¥−¨ï §�¤�ç ã¯à�¢«¥−¨ï ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−-
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−®£® −�§−�ç¥−¨ï ¢ “� e, e ∈ E, −¥ ¯à¥¢ëè�¥â ¤®¯ãáâ¨¬®£® t, t ∈ Tð (¢¥à®ïâ−®áâì
â®£®, çâ® ξcÆÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï �¢â®¬�â¨§¨à®¢�−−®¥ ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨
¬¥¤«¥−−®© à¥�ªæ¨¨ �‘“û).

PÆÖ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï ¤®«¦−®áâ−®¬ã «¨æã
ãá«ã£ −¥ ®¡¥á¯¥ç¨¢�¥â ã¯à�¢«¥−¨¥ ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−-
−®£® −�§−�ç¥−¨ï ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð (¢¥à®ïâ−®áâì â®£®,
çâ® ξÕÐÒ(e, t) = ú�¢â®¬�â¨§¨à®¢�−−®¥ ã¯à�¢«¥−¨¥ á¨áâ¥¬®© −¥ ®¡¥á¯¥ç¨¢�¥âáïû).

PÔÖ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï §�¤�−−®£® ãà®¢−ï à�-
¡®â®á¯®á®¡−®áâ¨ ˆ’‘ á¨áâ¥¬®© â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘ §� ãáâ�−®¢«¥−−®¥
¢à¥¬ï t× ¢ “� e, e ∈ E, −¥ ¯à¥¢ëè�¥â ¤®¯ãáâ¨¬®£® tÄÏÐ (¢¥à®ïâ−®áâì â®£®, çâ®
ξ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘ ¯à¨ ¡ëáâà®©
à¥�ªæ¨¨ ‘’� ˆ’‘û).
“PÔÖ(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï t× à�¡®â®á¯®á®¡−®-

áâ¨ ˆ’‘ á¨áâ¥¬®© â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘ ¯à¥¢ëè�¥â ¤®¯ãáâ¨¬®¥, −®
¬¥−ìè¥ Tð ¢ “� e, e ∈ E (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï
¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨ ‘’� ˆ’‘û).

P ÔÖ(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨
ˆ’‘ ¢ “� e, e ∈ E, ¯à¥¢ëè�¥â ¢à¥¬ï Tð (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú‚®á-
áâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû).

PÒÚ×(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® áà¥¤áâ¢�¬¨ ®¡−�àã¦¥−¨ï ¨ à�§¢¥¤ª¨ ¯à®-
â¨¢−¨ª� ¢ “�� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ TÂÄ, −¥ ¡ã¤ãâ ¨¤¥−â¨ä¨æ¨à®-
¢�−ë í«¥¬¥−âë ‘‚‘ (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì ‘‚‘
®¡¥á¯¥ç¨¢�¥âáïû).
“PÒÚ×(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® áà¥¤áâ¢�¬¨ ®¡−�àã¦¥−¨ï ¨ à�§¢¥¤ª¨ ¯à®-

â¨¢−¨ª� ¢ “�� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ TÂÄ, ç¨á«® ¢áªàëâëå í«¥¬¥−â®¢
‘‚‘ ¡ã¤¥â −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥ (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú÷�§¢¥¤§�é¨-
é¥−−®áâì ‘‚‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û).

P ÒÚ×(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ç¨á«® ¢áªàëâëå áà¥¤áâ¢�¬¨ ®¡−�àã¦¥−¨ï
¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª� í«¥¬¥−â®¢ ‘‚‘ “�� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
t ∈ TÂÄ, ¯à¥¢ëá¨â ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú÷�§¢¥¤-
§�é¨é¥−−®áâì ‘‚‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû).

„¨ää¥à¥−æ¨�«ì−®¥ ¢ëà�¦¥−¨¥ ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘ ¯à¥¤áâ�¢«ï¥â
á®¡®© à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© ˆ’‘ ¨ ¨¬¥¥â ¢¨¤:

{(PÓÔÒ(e, t), “PÓÔÒ(e, t), P ÓÔÒ(e, t)); (PÆÖ(e, t), “PÆÖ(e, t), P ÆÖ(e, t));

(PÔÖ(e, t), “PÔÖ(e, t), P ÔÖ(e, t)); (PÜÖ(e, t), “PÜÖ(e, t), P ÜÖ(e, t));

(PÒÚ×(e, t), “PÒÚ×(e, t), P ÒÚ×(e, t))} .
ˆ−â¥£à�«ì−�ï ®æ¥−ª� ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© à�á¯à¥¤¥-

«¥−¨¥ ¬¥à ¦¨¢ãç¥áâ¨ ¯® ®¡®¡é¥−−ë¬ á®áâ®ï−¨ï¬ ˆ’‘:

PÖÉ×(e, t) = {PÖÉ×.×(e, t), PÖÉ×.Ä(e, t), PÖÉ×.Î(e, t)} ,
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ª®â®à�ï ®âà�¦�¥â à�á¯à¥¤¥«¥−¨¥ ¦¨¢ãç¥áâ¨ ˆ’‘ ¯à¨ à¥è¥−¨¨ §�¤�ç ¯® ã¯à�-
¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð.
‡¤¥áì:

PÖÉ×.×(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ˆ’‘ á¯®á®¡−� ®¡¥á¯¥ç¨âì ¯®«ì§®¢�â¥«î
¢ «î¡®© ¬®¬¥−â t, t ∈ Tð, ¢á¥ ¯à¥¤ãá¬®âà¥−−ë¥ ãá«ã£¨ ¯® ã¯à�¢«¥−¨î
®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð
(¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú†¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû);

PÖÉ×.Ä(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® á¨áâ¥¬� á¯®á®¡−� ¢ë¯®«−ïâì §�¤�ç¨ ¯®
ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥-
−¨ t, t ∈ Tð, −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ (¢¥à®ïâ−®áâì â®£®, çâ®
ξ(e, t) = ú†¨¢ãç¥áâì ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û);

PÖÉ×.Î(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® á¨áâ¥¬� −¥ ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ §�¤�ç
¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
t ∈ Tð (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú†¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû).

’�ª¨¬ ®¡à�§®¬, ¯®áâà®¥−® ¯à®áâà�−áâ¢® í«¥¬¥−â�à−ëå á®¡ëâ¨© ¨ ¯à¥¤«®¦¥−�
á¨áâ¥¬� ¯®ª�§�â¥«¥© ¤«ï ®æ¥−ª¨ ¨ �−�«¨§� ¦¨¢ãç¥áâ¨ ˆ’‘.

‚¢¥¤¥−¨¥ ¤¨ää¥à¥−æ¨�«ì−®£® ¨ ¨−â¥£à�«ì−®£® ¢ëà�¦¥−¨© ¤«ï ª®¬¯«¥ªá−®©
®æ¥−ª¨ ¦¨¢ãç¥áâ¨ ˆ’‘ ®¡ãá«®¢«¥−® −�«¨ç¨¥¬ à�§«¨ç−ëå á¯®á®¡®¢ ¤�«ì−¥©è¥£®
¯à¨¬¥−¥−¨ï, à�§à�¡�âë¢�¥¬ëå ¬¥â®¤®¢ ®æ¥−ª¨ ¦¨¢ãç¥áâ¨. ’�ª, ¤«ï ¡®«¥¥ £«ã¡®-
ª®£® ¯à¥¤áâ�¢«¥−¨ï ® à�§«¨ç−ëå á¢®©áâ¢�å ˆ’‘, ¢ë¡®à� ¬¥−¥¥ ¤®à®£®áâ®ïé¨å
¯ãâ¥© ¯®¢ëè¥−¨ï ¦¨¢ãç¥áâ¨, � â�ª¦¥ ¢ëï¢«¥−¨ï ã§ª¨å ¬¥áâ ¯à¨ ¯à¨¬¥−¥−¨¨
ˆ’‘ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¤¨ää¥à¥−æ¨�«ì−®¥ ¢ëà�¦¥−¨¥ ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨. ‚ â® ¦¥ ¢à¥¬ï, ¥á«¨ ¯à¥¤áâ®¨â áà�¢−¥−¨¥ −¥áª®«ìª¨å ˆ’‘ ¨«¨ ¯à¥¤-
«�£�¥¬ëå (à¥�«¨§®¢�−−ëå) á¯®á®¡®¢ §�é¨âë, â® §�ç�áâãî â®«ìª® ¨−â¥£à�«ì−ë¥
¢ëà�¦¥−¨ï ¯®ª�§�â¥«¥© ¯®§¢®«ïîâ á¤¥«�âì ®ª®−ç�â¥«ì−ë© ¢ë¡®à.

6 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥− �−�«¨§ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë. �à®-
¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ®á−®¢−ëå á¢®©áâ¢ ˆ’‘. ÷�§à�¡®â�− ¬¥â®¤ ä®à¬¨à®¢�−¨ï
¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘ á ãç¥â®¬ ¢«¨ï−¨ï ãá«®¢¨© ¯à¨¬¥−¥−¨ï ˆ’‘.

�à¥¤«®¦¥− ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨-
¢ãç¥áâ¨ ˆ’‘, ®á−®¢�−−ë© −� �−�«¨§¥ ãá«®¢¨© ¨å ¯à¨¬¥−¥−¨ï, ®æ¥−ª¥ ä�ªâ®à®¢,
¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë, ¨ ®¯à¥¤¥«¥−¨¨ á¢®©áâ¢, ª®â®àë¬¨ ¤®«¦−�
®¡«�¤�âì á¨áâ¥¬� ¤«ï ¢ë¯®«−¥−¨ï âà¥¡ã¥¬ëå äã−ªæ¨©.

„«ï ®¯à¥¤¥«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ¯à¥¤-
«®¦¥−ë ¥¤¨−¨ç−ë¥ ¨ ª®¬¯«¥ªá−ë¥ ¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨. „�−ë à¥ª®¬¥−¤�æ¨¨
¯® ¨á¯®«ì§®¢�−¨î ¥¤¨−¨ç−ëå ¨ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥© ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨,
¯à®¨§¢®¤áâ¢¥ ¨ íªá¯«ã�â�æ¨¨ ˆ’‘.
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METHOD OF FORMING THE SYSTEM OF INDICATORS
OF INFORMATION AND TELECOMMUNICATION SYSTEMS

VITALITY

A. A. Zatsarinnyy1, N. G. Buromensky2, and A. I. Garanin1

1Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119333, Russian Federation
2Branch of the Federal State Government Institution \46 Central Research Institute
of Defence Ministry of Russia," Mytishchi 141006, Moscow Region, Russian
Federation

Abstract: For objective investigation of the properties of survivability of
information and telecommunication systems (ITS) as complex technical systems,
a qualitative assessment of these properties is needed. Each property of ITS should
have a quantitative characteristic, which is determined by the respective indicator
of vitality. For quantitative characterization of the full list of properties of ITS,
it is necessary to create a system of indicators of vitality. The article suggests
methodical approaches used to form a system of indicators of survivability of ITS
based on the analysis of the conditions of their application, evaluation of factors
influencing survivability of the system, and definition of the properties that a
system should have in order to perform the required functions. To determine these
properties, the paper consideres some conflict situation in which two opposing
factions solve the task of achieving a preference for each of them. It was decided
that the priority for each of the conflicting sides is the disabling of its functioning
in the critical information infrastructure in conditions of intentional damaging
effects. No limitation on the means used for defeat is imposed. The analysis
of factors affecting vitality of the system defined the properties survivability
ITS. To determine the quantitative characteristics of survivability properties,
the paper introduces a probability area and on its basis single and comprehensive
measures of survivability are offered. The paper provides recommendations for
using single and complex indices to design, manufacture, and operate ITS.

Keywords: information and telecommunication systems; operating conditions;
affecting factors; random variable; property; survivability; indicators of surviv-
ability
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ФУНКЦИОНАЛЬНАЯ ГИБРИДНАЯ ИНТЕЛЛЕКТУАЛЬНАЯ
СИСТЕМА ДЛЯ ПОДДЕРЖКИ ПРИНЯТИЯ РЕШЕНИЙ

ПРИ ДИАГНОСТИКЕ АРТЕРИАЛЬНОЙ ГИПЕРТЕНЗИИ

И. А. Кириков1, А. В. Колесников2, С. Б. Румовская3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬®¤¥«¨à®¢�−¨¥ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© á«®¦−®© §�¤�ç¨ ¤¨�£−®áâ¨ª¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨ (‘‡„�ƒ) ¢
à�¬ª�å ¯à®¡«¥¬−®-áâàãªâãà−®© (�‘) ¬¥â®¤®«®£¨¨ äã−ªæ¨®−�«ì−ëå £¨¡à¨¤-
−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ (”ƒ¨ˆ‘). �à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë à�§à�-
¡®âª¨ £¥â¥à®£¥−−®£® ¬®¤¥«ì−®£® ¯®«ï ‘‡„�ƒ, á¯¥æ¨ä¨ª�æ¨¨ ®¡«�áâ¥© à¥-
«¥¢�−â−®áâ¨ �¢â®−®¬−ëå ¬®¤¥«¥© ¯®¤§�¤�ç ¨ à�§à�¡®âª¨ �«£®à¨â¬®¢ á¨−â¥§�
¨−â¥£à¨à®¢�−−®£® ¬¥â®¤� ¨ ¬®¤¥«¨ à¥è¥−¨ï á«®¦−®© (£¥â¥à®£¥−−®©) §�¤�ç¨.
ˆ−â¥£à¨à®¢�−−ë© ¬¥â®¤ ¨ ¬®¤¥«¨ ¯à®¥ªâ¨àãîâáï ¢ á®®â¢¥âáâ¢¨¨ á à¥ª®¬¥−-
¤�æ¨ï¬¨ ¯® ¤¨�£−®áâ¨ª¥ ¨ «¥ç¥−¨î �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨ (�ƒ) ‚á¥à®á-
á¨©áª®£® −�ãç−®£® ®¡é¥áâ¢� ª�à¤¨®«®£®¢. ÷¥§ã«ìâ�â®¬ à�¡®âë �«£®à¨â¬�
á¨−â¥§� ¬¥â®¤� à¥è¥−¨ï £¥â¥à®£¥−−®© §�¤�ç¨ áâ�«� �àå¨â¥ªâãà� ¢¨àâã�«ì−®£®
¬¥¤¨æ¨−áª®£® ª®−á¨«¨ã¬�, ¤¨�£−®áâ¨àãîé¥£® �ƒ ¨ ¯®§¢®«ïîé¥£® ¤¨−�¬¨ç−®
á¨−â¥§¨à®¢�âì −�¤ −¥®¤−®à®¤−ë¬ ¬®¤¥«ì−ë¬ ¯®«¥¬ −®¢ë© ¬¥â®¤ ¢ëà�¡®âª¨
¤¨�£−®§� ¤«ï ª�¦¤®£® ¯�æ¨¥−â� ¨−¤¨¢¨¤ã�«ì−®.

Š«îç¥¢ë¥ á«®¢�: äã−ªæ¨®−�«ì−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬�;
£¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥; ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤ à¥è¥−¨ï £¥â¥à®£¥−−®©
§�¤�ç¨; ¤¨�£−®áâ¨ª� �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨; ¢¨àâã�«ì−ë© ¬¥¤¨æ¨−áª¨©
ª®−á¨«¨ã¬
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ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. �. ÷ã¬®¢áª�ï

1. „¨�£−®áâ¨ç¥áª¨¥ á¨âã�æ¨¨ ¨ −�ª®¯«¥−−ë¥ ¢ â¥®à¥â¨ç¥áª®© ¨ ¯à�ªâ¨ç¥áª®©
¬¥¤¨æ¨−¥ §−�−¨ï ®¡ �ƒ £¥â¥à®£¥−−ë, çâ® ¯à®ï¢«ï¥âáï ¢ áãé¥áâ¢¥−−®¬ à�§-
−®®¡à�§¨¨ (ª�à¤¨®«®£¨ï, í−¤®ªà¨−®«®£¨ï, äã−ªæ¨®−�«ì−�ï ¤¨�£−®áâ¨ª�,
®äâ�«ì¬®«®£¨ï, â¥à�¯¨ï, −¥¢à®«®£¨ï ¨ ¤à.), §−�ç¨â¥«ì−®¬ ®¡ê¥¬¥ ¨−ä®à¬�-
æ¨¨ (®ª®«® 800 ¯�à�¬¥âà®¢ á®áâ®ï−¨ï ¡®«ì−®£®), ¯à¨áãâáâ¢¨¨ ¢ à�ááã¦¤¥−¨ïå
�…-ä�ªâ®à®¢ �. ‘. ��à¨−ìï−¨ (−¥¯®«−®â�, −¥â®ç−®áâì, −¥¤®®¯à¥¤¥«¥−−®áâì
�−�â®¬¨ç¥áª¨å, ä¨§¨®«®£¨ç¥áª¨å ¨ ¯�â®«®£¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ¯�æ¨¥−-
â�) [1], ª®«¨ç¥áâ¢¥−−ëå, ª�ç¥áâ¢¥−−ëå, £à�ä¨ç¥áª¨å ¤�−−ëå (í«¥ªâà®ª�à-
¤¨®£à�¬¬ (�Šƒ), íå®ª�à¤¨®£à�¬¬ (�å®Šƒ), à¥−â£¥−®¢áª¨å á−¨¬ª®¢ ¨ ¤à.),
ª®â®àãî ¢à�ç á ®¯ëâ®¬ à�¡®âë ¤® 5 «¥â ¨ â¥¬ ¡®«¥¥ −�ç¨−�îé¨© ¢à�ç
−¥ ¢ á®áâ®ï−¨¨ ¨§ãç¨âì, ®æ¥−¨âì ¨ ¨á¯®«ì§®¢�âì ¯à¨ ¯®áâ�−®¢ª¥ ¤¨�£−®§�.
Š�ª á«¥¤áâ¢¨¥, á«®¦−�ï ¤¨�£−®áâ¨ç¥áª�ï §�¤�ç� à¥«¥¢�−â−� ¬®¤¥«¨ ú£¥â¥à®-
£¥−−�ï §�¤�ç�û [2] ¨ âà¥¡ã¥â ª®««¥ªâ¨¢−ëå ãá¨«¨© ¨ ¬¥¦¤¨áæ¨¯«¨−�à−ëå
¨−áâàã¬¥−â�à¨¥¢.

2. �âáãâáâ¢ã¥â áâ�−¤�àâ¨§�æ¨ï ¢ â¥à¬¨−®«®£¨¨, ä®à¬�â¥ ¨ ¯�à�¬¥âà¨ç¥áª¨å
èª�«�å ¨§¬¥à¨â¥«ì−®£® ¤¨�£−®áâ¨ç¥áª®£® ®¡®àã¤®¢�−¨ï. “−¨¢¥àá�«¨§¬
¤¨�£−®áâ¨ç¥áª®£® ª®¤¨à®¢�−¨ï ¢áâã¯¨« ¢ ¯à®â¨¢®à¥ç¨¥ á �ªâã�«ì−®áâìî ¤¥-
â�«¨§�æ¨¨ −®¬¥−ª«�âãàë ¯à¨§−�ª®¢ ¨ á¨¬¯â®¬®¢, ä®à¬�â®¢ ¤«ï à¥£¨áâà�æ¨¨
¤�−−ëå, � â�ª¦¥ ®à£�−¨§�æ¨¥© §�¯¨á¥© ¤«ï ª�¦¤®£® ¯�æ¨¥−â� ¨−¤¨¢¨¤ã-
�«ì−®, §�−®¢®, ¤¨−�¬¨ç−®. �®íâ®¬ã −¥ áãé¥áâ¢ã¥â ®¤−®£®-¥¤¨−áâ¢¥−−®£®,
¯à¨¬¥−¨¬®£® ¢ «î¡®© á¨âã�æ¨¨ ¬¥â®¤� ¤¨�£−®áâ¨ª¨. �− ¤®«¦¥− ¡ëâì ¢áïª¨©
à�§ ¯à¥¤¢�à¨â¥«ì−® á¨−â¥§¨à®¢�− á®®¡à�§−® á¯¥æ¨ä¨ç¥áª¨¬ å�à�ªâ¥à¨áâ¨-
ª�¬ ¯�æ¨¥−â�, � §�â¥¬ ã¦¥ ¯à¨¬¥−¥− á ãç¥â®¬ ¨¬¥îé¥©áï �¯¯�à�âãàë,
¬¥¦¤¨áæ¨¯«¨−�à−ëå §−�−¨© ¨ ®¯ëâ�.

3. ‚ è¨à®ª®© ª«¨−¨ç¥áª®© ¯à�ªâ¨ª¥ −¥ ¯à¨¬¥−ïîâáï ¬®¡¨«ì−ë¥ ª®¬¯«¥ªá−ë¥
¤¨�£−®áâ¨ç¥áª¨¥ á¨áâ¥¬ë, ®á−�é¥−−ë¥ á®¢à¥¬¥−−®© ¨§¬¥à¨â¥«ì−®© �¯¯�à�-
âãà®© ¨ ª®¬¯ìîâ¥à−ë¬¨ á¨áâ¥¬�¬¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (Š‘��÷),
ª®â®àë¥ ¢à�ç ¬®£ ¡ë ¨á¯®«ì§®¢�âì ¨−¤¨¢¨¤ã�«ì−®, á®®¡à�§−® á¢®¨¬ â¥®à¥-
â¨ç¥áª¨¬, ¯à®ä¥áá¨®−�«ì−ë¬ §−�−¨ï¬ ¨ ®¯ëâã.

4. �¥á®¢¥àè¥−−ë ¬¥â®¤ë ¨ áà¥¤áâ¢� ¬¥¤¨æ¨−áª®© ¨−ä®à¬�â¨ª¨ ¤«ï ª®−áã«ì-
â�æ¨© ¢à�ç�, ¢ëà�¡�âë¢�îé¥£® ¤¨�£−®§ �ƒ ¢ ãá«®¢¨ïå ®£à�−¨ç¥−−®áâ¨
à¥áãàá®¢, −¥¤®áâ�âª� ¢à¥¬¥−¨, ¤¥ä¨æ¨â� íªá¯¥àâ®¢, −¥®¯à¥¤¥«¥−−®áâ¨ ¨−-
ä®à¬�æ¨¨ ®¡ ®ªàã¦�îé¥¬ ¬¨à¥ ¨ ¨áá«¥¤ã¥¬®¬ ¯�æ¨¥−â¥.

÷�§à�¡®âª� Š‘��÷ ¯®§¢®«¨â ¯¥à¥©â¨ ª ¤¨ää¥à¥−æ¨�«ì−®© ¤¨�£−®áâ¨ª¥
áà¥¤¨ ¤¥áïâª®¢, á®â¥− ¨ ¤�¦¥ âëáïç −®§®«®£¨ç¥áª¨å ¥¤¨−¨æ, á®ªà�â¨âì ç¨á«®
®è¨¡®ª ¢ á¨âã�æ¨ïå ÷. ÷¨£¥«ì¬�−� [3]: (1) ç�áâ® ¢áâà¥ç�îé¨åáï §�¡®«¥¢�−¨©,
−® á �â¨¯¨ç−ë¬¨ á¨¬¯â®¬�¬¨; (2) −�«¨ç¨¥¬ á¨¬¯â®¬®¢-¬¨à�¦¥©, ã¢ï§ë¢�¥¬ëå á
¯�â®«®£¨¥©, −® −¥ ¨¬¥îé¨å ª −¥© −¨ª�ª®£® ®â−®è¥−¨ï, ¨ ¡®«¥§−¥©-å�¬¥«¥®−®¢,
¬�áª¨àãîé¨åáï ¯®¤ ¤àã£ãî ¯�â®«®£¨î; (3) ¯à¨ ¯®¨áª¥ §¥¡à, ª®¬¡¨−�æ¨© à¥¤ª¨å
¡®«¥§−¥©.

„«ï á®§¤�−¨ï Š‘��÷ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ë ”ƒ¨ˆ‘ [2] | ¨á-
ªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬, ¬®¤¥«¨àãîé¨å ª®««¥ªâ¨¢−ë¥ à¥è¥−¨ï (ª®−-
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á¨«¨ã¬ë), à�§−®®¡à�§¨¥ åà�−¨¬®© ¨ ¯¥à¥à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ ¢ ª®â®àëå
à¥«¥¢�−â−® à�§−®®¡à�§¨î ¨−ä®à¬�æ¨¨ ¢ ¤¨�£−®áâ¨ç¥áª¨å á¨âã�æ¨ïå. ’�ª¨¥
á¨áâ¥¬ë, ¨−ë¬¨ á«®¢�¬¨ ú¢¨àâã�«ì−ë¥ ª®−á¨«¨ã¬ëû, ¯®â¥−æ¨�«ì−® á¯®á®¡−ë
¤¨−�¬¨ç−® á¨−â¥§¨à®¢�âì −�¤ −¥®¤−®à®¤−ë¬ ¬®¤¥«ì−ë¬ ¯®«¥¬ −®¢ë© ¬¥â®¤ ¢ë-
à�¡®âª¨ ¤¨�£−®§� �ƒ ¤«ï ª�¦¤®£® ¯�æ¨¥−â� ¨−¤¨¢¨¤ã�«ì−® ¨ ¯à¨¬¥−ïâì ¥£®.
�® ¬−¥−¨î íªá¯¥àâ�-ª�à¤¨®«®£� Š�Š�, à�§à�¡®âª� ¯®¤®¡−ëå ¢¨àâã�«ì−ëå
¬¥¤¨æ¨−áª¨å ª®−á¨«¨ã¬®¢, ¢ ç�áâ−®áâ¨ ¤«ï ¤¨�£−®áâ¨ª¨ �ƒ, ¨ ¨å íªá¯«ã�â�-
æ¨ï �ªâã�«ì−ë ¢ «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å ãçà¥¦¤¥−¨ïå è¨à®ª®£® ¯à®ä¨«ï:
ä¥«ì¤è¥àáª®-�ªãè¥àáª¨å ¯ã−ªâ�å, �¬¡ã«�â®à¨ïå, ¬¥¤¨ª®-á�−¨â�à−ëå ç�áâïå,
¯®«¨ª«¨−¨ª�å, | ®−¨ ¯®¢ëáïâ ª�ç¥áâ¢® ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© ¢ ¯®¤®¡−ëå
«¥ç¥¡−ëå ãçà¥¦¤¥−¨ïå, −¥á¬®âàï −� ¢®§¬®¦−®¥ ã¤®à®¦�−¨¥ ¤¨�£−®áâ¨ª¨ ¯�æ¨-
¥−â®¢.

��áâ®ïé�ï à�¡®â� ¯®á¢ïé¥−� à¥§ã«ìâ�â�¬ á®§¤�−¨ï £¥â¥à®£¥−−®£® ¬®¤¥«ì-
−®£® ¯®«ï ‘‡„�ƒ, á¯¥æ¨ä¨ª�æ¨¨ ®¡«�áâ¥© à¥«¥¢�−â−®áâ¨ �¢â®−®¬−ëå ¬®¤¥«¥©
¯®¤§�¤�ç ‘‡„�ƒ ¨ à�§à�¡®âª¨ �«£®à¨â¬®¢ á¨−â¥§� ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤�
¨ ¬®¤¥«¨ à¥è¥−¨ï ‘‡„�ƒ, à¥«¥¢�−â−®© ¯à�ªâ¨ª¥ ª®−á¨«¨ã¬®¢ ¢ ª«¨−¨ç¥áª®©
¬¥¤¨æ¨−¥ ¨ ¢ à�¬ª�å �‘ ¬¥â®¤®«®£¨¨ ”ƒ¨ˆ‘.

2 Автономные модели подзадач и гетерогенное модельное поле

�� íâ®¬ íâ�¯¥ ¢ á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®«®£¨ï¬¨ í«¥¬¥−â®¢ ”ƒ¨ˆ‘ [2] à�§à�¡�-
âë¢�¥âáï £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ MODa (¢®§¬®¦−®, ¨ ®¤−®í«¥¬¥−â−®¥) ¤«ï
à¥è¥−¨ï ®¤−®à®¤−ëå §�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ −¥®¤−®à®¤−®© ‘‡„�ƒ, á ª®â®à®©
¬®¦−® ®§−�ª®¬¨âìáï ¢ [4]: §�¤�ç� ú÷�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨ï í«¥ªâà®-
ª�à¤¨®£à�¬¬ëû (prbhòüëç, ÷�Šƒ), §�¤�ç� ú�−�«¨§ áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï

�àâ¥à¨�«ì−®£® ¤�¢«¥−¨ïû (prbhóíáä, ‘Œ�„), £àã¯¯� ¨§ ¤¥¢ïâ¨ â¥å−®«®£¨ç¥áª¨å

¯®¤§�¤�ç ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�-
£−®áâ¨ª¥ §�¡®«¥¢�−¨© ¨§ ®¡«�áâ¥© 1{9û (prbhððó1{9, ��‘1{9), £àã¯¯� ¨§ ¤¥¢ïâ¨
äã−ªæ¨®−�«ì−ëå ¯®¤§�¤�ç ú„¨�£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®-
£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û (prbhäáç1{9, „�ƒ1{9) ¨ §�¤�ç� ú�æ¥−ª�
áâ¥¯¥−¨ ¨ áâ�¤¨¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª� á¥à¤¥ç−®-á®áã¤¨áâëå
§�¡®«¥¢�−¨©û (prbhCCC, ‘‘‘). �¡«�áâ¨ 1{9 | íâ® ®¡«�áâ¨ ®¤−®à®¤−ëå ¯�à�-
¬¥âà®¢, ¯®«ãç¥−−ë¥ à¥¤ãªæ¨¥© á«®¦−®© §�¤�ç¨, ®â®¡à�¦¥−−ë¥ ¢ ¤¥ª®¬¯®§¨æ¨¨
‘‡„�ƒ ¨ á®¤¥à¦�é¨¥ ¯®¤§�¤�ç¨ ¤¨�£−®áâ¨ª¨: ¯®à�¦¥−¨© ®à£�−®¢ ¬¨è¥−¥© (¨−-
¤¥ªá 1), ä�ªâ®à®¢ à¨áª� (2), æ¥à¥¡à®¢�áªã«ïà−ëå ¡®«¥§−¥© (3), ¬¥â�¡®«¨ç¥áª®£®
á¨−¤à®¬� ¨ á�å�à−®£® ¤¨�¡¥â� (4), §�¡®«¥¢�−¨© ¯¥à¨ä¥à¨ç¥áª¨å �àâ¥à¨© (5),
¨è¥¬¨ç¥áª®© ¡®«¥§−¨ á¥à¤æ� (6), í−¤®ªà¨−−®© �ƒ (7), ¯�à¥−å¨¬�â®§−®© −¥äà®-
¯�â¨¨ (8) ¨ à¥−®¢�áªã«ïà−®© �ƒ (9) á®®â¢¥âáâ¢¥−−®.

Šà®¬¥ â®£®, −� íâ�¯¥ ¢ë¡®à� ¬¥â®¤®¢ à¥è¥−¨ï ®¤−®à®¤−ëå §�¤�ç ¢ [4]
ãáâ�−®¢«¥−® −�«¨ç¨¥ �«ìâ¥à−�â¨¢−®áâ¨ (äã−ªæ¨®−�«ì−®© ¨§¡ëâ®ç−®áâ¨) ¨−-
áâàã¬¥−â�à¨¥¢ à¥è¥−¨ï: ¯®¤§�¤�ç¥ prbhóíáä ¡ë«® á®¯®áâ�¢«¥−® ¬−®¦¥-
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áâ¢® ¬¥â®¤®¢ {metan 1,metae 2}, � ¯®¤§�¤�ç¥ prbhóóó | ¬−®¦¥áâ¢® ¬¥â®¤®¢{
metaf 1,met

a
e 2

}
¨ ¤«ï ¨å à¥è¥−¨ï −¥®¡å®¤¨¬® à�§à�¡�âë¢�âì ¯® ¤¢¥ ¬®¤¥«¨ |

{
modanóíáä,mod

a
eóíáä

}
¨
{
modaf óóó,mod

a
eóóó

}
á®®â¢¥âáâ¢¥−−®. �áâ�«ì-

−ë¬ 19 ¯®¤§�¤�ç�¬ ¡ë«® á®¯®áâ�¢«¥−® ®¤−®í«¥¬¥−â−®¥ ¬−®¦¥áâ¢® ¬¥â®¤®¢ à¥-
è¥−¨ï: ª�¦¤®© ¯®¤§�¤�ç¥ ¨§ £àã¯¯ë prbhððó1{9 |

{
metag

}
, ª�¦¤®© ¯®¤§�¤�ç¥

¨§ £àã¯¯ë prbhäáç1{9 |
{
metaf

}
¨ ¯®¤§�¤�ç¥ prbhòüëç | {metan}. ‡¤¥áì n |

¨áªãááâ¢¥−−ë¥ −¥©à®−−ë¥ á¥â¨ (ˆ�‘); e | íªá¯¥àâ−ë¥ á¨áâ¥¬ë; f | −¥ç¥âª¨¥
á¨áâ¥¬ë; g | £¥−¥â¨ç¥áª¨¥ �«£®à¨â¬ë (ƒ�).

’�ª¨¬ ®¡à�§®¬, ‘‡„�ƒ à¥¤ãæ¨à®¢�−� −� 21 ¯®¤§�¤�çã, ¤«ï à¥è¥−¨ï ª®â®àëå
¯® à¥§ã«ìâ�â�¬ íâ�¯� ¢ë¡®à� ¬¥â®¤®¢ à¥è¥−¨ï ®¤−®à®¤−ëå §�¤�ç −¥®¡å®¤¨¬®
à�§à�¡®â�âì 23 ¬®¤¥«¨, çâ®¡ë ¯¥à¥©â¨ ª íâ�¯ã á¨−â¥§� ¬¥â®¤� à¥è¥−¨ï ‘‡„�ƒ.

2.1 Автономные модели, решающие подзадачи РЭКГ и СМАД
искусственными нейронными сетями

Œ®¤¥«ì ˆ�‘�Šƒ ¯®¤§�¤�ç¨ ÷�Šƒ ®¡à�¡�âë¢�¥â �Šƒ-®¡à�§ë ¨ á¢¥¤¥−�
ª §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨, â. ¥. ®â−¥á¥−¨ï �Šƒ-®¡à�§� ª ®¤−®¬ã ¨§ á¥¬¨ ª«�á-
á®¢: −®à¬�, £¨¯¥àâà®ä¨ï «¥¢®£® ¦¥«ã¤®çª� (ƒ‹†) (¯�â®«®£¨ï 1), ®âª«®−¥−¨¥
í«¥ªâà¨ç¥áª®© ®á¨ á¥à¤æ� ¢«¥¢® (¯�â®«®£¨ï 2), ¡«®ª�¤� «¥¢®© −®¦ª¨ ¯ãçª� ƒ¨á�
(¯�â®«®£¨ï 3), àã¡æ®¢®¥ ¯®à�¦¥−¨¥ ¬¨®ª�à¤� | −¨§ª�ï á®ªà�â¨¬®áâì, á¨áâ®«¨-
ç¥áª�ï ¤¨áäã−ªæ¨ï (¯�â®«®£¨ï 4), ¯à¨§−�ª¨ ¯¥à¥£àã§ª¨ «¥¢®£® ¯à¥¤á¥à¤¨ï |
è¨à®ª¨© §ã¡¥æ ¨«¨ ¤¢ã£®à¡ë© ÷ (¯�â®«®£¨ï 5), �à¨â¬¨ï ¦¥«ã¤®çª®¢�ï ¨ ¬¥àæ�-
â¥«ì−�ï (¯�â®«®£¨ï 6).

�«¥ªâà®ª�à¤¨®£à�¬¬� (à¨á. 1) | íâ® £à�ä¨ç¥áª®¥ ®â®¡à�¦¥−¨¥ (à¥£¨áâà�æ¨ï)
¯à®å®¦¤¥−¨ï í«¥ªâà¨ç¥áª®£® ¨¬¯ã«ìá� ¯® ¯à®¢®¤ïé¥© á¨áâ¥¬¥ á¥à¤æ� [5].

�à®å®¦¤¥−¨¥ ¨¬¯ã«ìá� ¯® ¯à®¢®¤ïé¥© á¨áâ¥¬¥ á¥à¤æ� £à�ä¨ç¥áª¨ §�¯¨áë-
¢�¥âáï ¯® ¢¥àâ¨ª�«¨ ¢ ¢¨¤¥ ¯¨ª®¢ | ¯®¤ê¥¬®¢ ¨ á¯�¤®¢ ªà¨¢®© «¨−¨¨. �â¨ ¯¨ª¨

÷¨á. 1 PQRST-ª®¬¯«¥ªá �Šƒ
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÷¨á. 2 Œ®¤ã«ì−ë© ¢�à¨�−â ¯®áâà®¥−¨ï −¥©à®−−®© á¥â¨ ¤«ï à�á¯®§−�¢�−¨ï ¯�â®«®£¨©
á¥à¤æ� ¯® �Šƒ

¯à¨−ïâ® −�§ë¢�âì §ã¡æ�¬¨ �Šƒ ¨ ®¡®§−�ç�âì «�â¨−áª¨¬¨ ¡ãª¢�¬¨ P, Q, R, S
¨ T. �®¬¨¬® à¥£¨áâà�æ¨¨ §ã¡æ®¢ −� �Šƒ ¯® £®à¨§®−â�«¨ §�¯¨áë¢�¥âáï ¢à¥¬ï, ¢
â¥ç¥−¨¥ ª®â®à®£® ¨¬¯ã«ìá ¯à®å®¤¨â ¯® ®¯à¥¤¥«¥−−ë¬ ®â¤¥«�¬ á¥à¤æ�. �âà¥§®ª
−� �Šƒ, ¨§¬¥à¥−−ë© ¯® á¢®¥© ¯à®¤®«¦¨â¥«ì−®áâ¨ ¢® ¢à¥¬¥−¨ (¢ á¥ªã−¤�å), −�-
§ë¢�îâ ¨−â¥à¢�«®¬ (−� à¨á. 1 è¨à¨−� §ã¡æ� P | 0,1 á, ¤«¨−� ¨−â¥à¢�«� P{Q |
0,2 á, ¯à®¤®«¦¨â¥«ì−®áâì QRS-ª®¬¯«¥ªá� | 0,1 á, è¨à¨−� §ã¡æ� T | 0,25 á,
¤«¨−� ¨−â¥à¢�«� Q{T | 0,5 á).

÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¬®§£� ç¥«®¢¥ª� ¯®ª�§ë¢�îâ, çâ® ®− ¯®áâà®¥− ¯®
äã−ªæ¨®−�«ì−®¬ã ¯à¨−æ¨¯ã (§à¥−¨¥, ¬®â®à−ë¥ äã−ªæ¨¨ ¨ ¤à.) [3]. �−�«®£¨ç−ë©
¯à¨−æ¨¯ ¯®«®¦¥− ¨ ¢ ®á−®¢ã ¯®áâà®¥−¨ï ˆ�‘ ¤«ï à�á¯®§−�¢�−¨ï ¯�â®«®£¨©
á¥à¤æ�. �� à¨á. 2 ¯à¥¤«�£�¥âáï ¬®¤ã«ì−�ï áâàãªâãà� −¥©à®á¥â¥¢ëå ¡«®ª®¢,
®â¢¥ç�îé¨å §� à�á¯®§−�¢�−¨¥ â®«ìª® ®¤−®© ¯�â®«®£¨¨.

�àå¨â¥ªâãàë ¬®¤ã«¥© ¬®£ãâ ¡ëâì à�§«¨ç−ë, � á�¬¨ ¬®¤ã«¨ −¥ á¢ï§�−ë ¤àã£ á
¤àã£®¬. ‘¨£−�« ®¡à�§� �Šƒ ¯®áâã¯�¥â −� ¢á¥ ¬®¤ã«¨ ®¤−®¢à¥¬¥−−®. ’�ª�ï áâàãª-
âãà� ¯®§¢®«ï¥â ¬®¤¥à−¨§¨à®¢�âì á¥âì ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¯®¢ëè¥−¨ï ª®«¨ç¥áâ¢�
¢ëï¢«ï¥¬ëå ¯�â®«®£¨© ¯ãâ¥¬ ¤®¡�¢«¥−¨ï −®¢ëå ¬®¤ã«¥© ¡¥§ ¯¥à¥®¡ãç¥−¨ï ¢á¥å
¬®¤ã«¥© á¥â¨.

‚ ª�ç¥áâ¢¥ â®¯®«®£¨¨ ¬®¤ã«¥© ˆ�‘÷�Šƒ ¢ë¡à�−ë á¥â¨ ¡¥§ ®¡à�â−ëå á¢ï§¥©
¢¢¨¤ã ¯à®áâ®âë à¥�«¨§�æ¨¨ ¨ £�à�−â¨à®¢�−−®© áå®¤¨¬®áâ¨ á¥â¨ ¯®á«¥ ®¡ãç¥-
−¨ï. �àå¨â¥ªâãà� ¬®¤ã«¥© | ¬−®£®á«®©−ë¥ á¥â¨ á ¯àï¬ë¬ à�á¯à®áâà�−¥−¨¥¬
á¨£−�«�, â�ª ª�ª ¤«ï −¨å å�à�ªâ¥à−® ¯®á«¥¤®¢�â¥«ì−®¥ ¢ë¤¥«¥−¨¥ ¯à¨§−�ª®¢ ¨§
¨áå®¤−®£® ®¡à�§�, çâ® á¯®á®¡áâ¢ã¥â íää¥ªâ¨¢−®¬ã à�á¯®§−�¢�−¨î. �«£®à¨â¬
®¡ãç¥−¨ï −¥©à®á¥â¥© | ú®¡à�â−®¥ à�á¯à®áâà�−¥−¨¥ ®è¨¡ª¨û | ¯®¯ã«ïà−ë©
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¨ à¥�«¨§®¢�−−ë© ¢ MATLAB¥ �«£®à¨â¬ ®¡ãç¥−¨ï á¥â¥© ¢ë¡à�−−®© â®¯®«®£¨¨.
‚ ª�ç¥áâ¢¥ ¯�à�¤¨£¬ë ®¡ãç¥−¨ï ¢ë¡à�−® ®¡ãç¥−¨¥ á ãç¨â¥«¥¬ [6], â�ª ª�ª ¨¬¥¥âáï
¤®áâ�â®ç−®¥ ª®«¨ç¥áâ¢® ¢å®¤®¢ ¨ �áá®æ¨¨àã¥¬ëå á −¨¬¨ ¢ëå®¤®¢.

‚ ª�ç¥áâ¢¥ äã−ªæ¨¨ �ªâ¨¢�æ¨¨ ¢ë¡à�−� «®£¨áâ¨ç¥áª�ï äã−ªæ¨ï fA(x)P =
= 1/(1 + e−ax) [6], −�¨¡®«¥¥ ¯à¨¬¥−ï¥¬�ï ¤«ï ¬−®£®á«®©−ëå á¥â¥© á ¯àï¬ë¬
à�á¯à®áâà�−¥−¨¥¬ á¨£−�«� ¢ á¢ï§¨ á ¥¥ £«�¤ª®áâìî ¨ −¥¯à¥àë¢−®áâìî, ¯®§¢®«ï-
îé¨¬¨ ®¡ãç�âì á¥âì ¬¥â®¤®¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡ª¨. Šà®¬¥ â®£®,
¯à®¨§¢®¤−�ï «¥£ª® ¢ëà�¦�¥âáï ç¥à¥§ á�¬ã äã−ªæ¨î, çâ® ãáª®àï¥â ®¡ãç¥−¨¥. ˆ§
¢ëà�¦¥−¨ï ¤«ï äã−ªæ¨¨ �ªâ¨¢�æ¨¨ ¢¨¤−®, çâ® �¬¯«¨âã¤� ¢ëå®¤−ëå á¨£−�«®¢
−¥©à®−®¢ ˆ�‘ [6] | ¤¥©áâ¢¨â¥«ì−®¥ ç¨á«®, «¥¦�é¥¥ ¢ ¨−â¥à¢�«¥ [0, 1].

—¨á«® −¥©à®−®¢ ¢å®¤−®£® á«®ï ˆ�‘÷�Šƒ | 0,85 · 150 = 128 | ®¡ãá«®¢-
«¥−® ¢à¥¬¥−−‚ë¬ ®ª−®¬ �−�«¨§� í«¥ªâà®ª�à¤¨®á¨£−�«� (�Š‘) (0,85 á) ¨ ç�áâ®â®©
¤¨áªà¥â¨§�æ¨¨ �Šƒ, â¨¯¨ç−®© ¤«ï á®¢à¥¬¥−−ëå ¬®−¨â®à®¢ (150 ƒæ). —¨á«®
−¥©à®−®¢ ¢ áªàëâ®¬ á«®¥ ª�¦¤®£® ¨§ ¬®¤ã«¥© ¨§¬¥−ï¥âáï ®â 1 ¤® 50 á è�£®¬ 10
(¯à¨ â�ª®¬ è�£¥ áãé¥áâ¢¥−−® −¥ á−¨¦�¥âáï ¨−ä®à¬�â¨¢−®áâì ¨áá«¥¤®¢�−¨ï, �
§�âà�âë ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ®áâ�îâáï ¯à¨¥¬«¥¬ë¬¨) ¨ ¢ë¡¨à�¥âáï −�
®á−®¢¥ §−�ç¥−¨ï ®è¨¡ª¨ ®¡ãç¥−¨ï ª�¦¤®£® ¬®¤ã«ï. �� ¢å®¤ ª�¦¤®© á¥â¨
¯¥à¥¤�¥âáï ®¤¨− ¨ â®â ¦¥ ®¡à�§ �Š‘, â. ¥. ®¡à�§ �Š‘, á®®â¢¥âáâ¢ãîé¨© â®© ¨«¨
¨−®© ¯�â®«®£¨¨.

„«ï ®¡ãç¥−¨ï á ãç¨â¥«¥¬ ¨ à�¡®âë ˆ�‘÷�Šƒ −� ¢å®¤ ¯®¤�îâ-
áï ®¡ãç�îé�ï ¨ â¥áâ¨àãîé�ï ¯®á«¥¤®¢�â¥«ì−®áâ¨, á®áâ®ïé¨¥ ¨§ ¯à¨¬¥à®¢
(X1, . . . ,XO;Y0, Y1, . . . , Y6), £¤¥ X1, . . . ,XO | íâ® ¢¥ªâ®à ®¡à�§®¢ �Š‘, á®-
áâ®ïé¨© ¨§ ç¨á¥« ¨−â¥à¢�«� [0, 1], � O = 128 ¢å®¤®¢ ˆ�‘; Y0 | ¢ëå®¤,
á®®â¢¥âáâ¢ãîé¨© −®à¬¥, Y1, . . . , Y6 | ¢ëå®¤ë, á®®â¢¥âáâ¢ãîé¨¥ è¥áâ¨ ¤¨�£−®-
áâ¨àã¥¬ë¬ −� �Šƒ ¯�â®«®£¨ï¬: Y0, Y1, . . . , Y6 ¯à¨−¨¬�îâ §−�ç¥−¨¥ 1, ¥á«¨ −®à¬�
¨«¨ á®®â¢¥âáâ¢ãîé�ï ¯�â®«®£¨ï ¨¬¥îâ ¬¥áâ®, ¨ 0 ¢ ¯à®â¨¢−®¬ á«ãç�¥.

�â �«£®à¨â¬� ¯®¤£®â®¢ª¨ â�ª¨å ®¡à�§®¢ §�¢¨á¨â ª�ç¥áâ¢® à�á¯®§−�¢�−¨ï
�Š‘. ’¥å−®«®£¨ï ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨ á¨£−�«� �−�«®£¨ç−� [7]. �®¤£®â®¢-
ª� ®¡à�§®¢ �Šƒ-§�¯¨á¥© ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬: ¢−�ç�«¥ ®áãé¥áâ¢«ï-
¥âáï æ¨ª« ¯¥à¥¡®à� R-§ã¡æ®¢, ª�ª −�¨¡®«¥¥ ¢ëà�¦¥−−ëå [5], ¤®¬¨−¨àãîé¨å −�
¡®«ìè¨−áâ¢¥ §�¯¨á¥©; §�â¥¬ ¯® §ã¡æ�¬ ¢ë¤¥«ïîâáï ª�à¤¨®æ¨ª«ë (á¬. à¨á. 2),
§�â¥¬ ®áãé¥áâ¢«ï¥âáï ¯¥à¥¤¨áªà¥â¨§�æ¨ï �Šƒ ¤® ç�áâ®âë 150 ƒæ, ®¯à¥¤¥«¥−¨¥
¬¨−¨¬ã¬®¢ ¨ ¬�ªá¨¬ã¬®¢ ª�à¤¨®ª®¬¯«¥ªá� ¨ «¨−¥©−�ï −®à¬�«¨§�æ¨ï ¤® ¤¨�-
¯�§®−� −¥©à®−®¢ [0; 1]. ‚ ¨â®£¥ áä®à¬¨à®¢�−� ¡�§� ¤�−−ëå (�„), á®áâ®ïé�ï ¨§
400 ®¡à�§®¢ �Šƒ-§�¯¨á¥©.

„«ï ¯®¤£®â®¢ª¨ �„ â¥áâ®¢ëå ¨ ®¡ãç�îé¨å ®¡à�§®¢ ¢−�ç�«¥ ¨§ ®¡é¥£® ¬�áá¨-
¢� ®¡à�§®¢ �Šƒ ¢ë¡¨à�îâáï ®¡ãç�îé¨¥ ¨ â¥áâ®¢ë¥ ®¡à�§ë ¤«ï ª�¦¤®© ¨§ è¥áâ¨
¯�â®«®£¨© ¯® ®â¤¥«ì−®áâ¨, � â�ª¦¥ ¤«ï −®à¬ë �Šƒ ¯�æ¨¥−â�, §�â¥¬ ®¡ãç�îé¨¥
®¡à�§ë ®¡ê¥¤¨−ïîâáï ¢ �„ ®¡ãç�îé¨å íâ�«®−®¢, � â¥áâ®¢ë¥ ®¡à�§ë ®¡ê¥¤¨−ïîâ-
áï ¢ �„ íâ�«®−®¢. „«ï ®¡ãç�îé¨å ¨ â¥áâ®¢ëå �„ ¯®¤£®â®¢«¥−® ¯® 200 ¯à¨¬¥à®¢.
„«ï á®§¤�−¨ï �„ ¨á¯®«ì§®¢�− �àå¨¢ PhysioBank | áâàãªâãà¨à®¢�−−ë© ¬�áá¨¢
æ¨äà®¢ëå §�¯¨á¥© �Šƒ Physikalish-Technishe Bundesanstalt [8].
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�à¨ à¥�«¨§�æ¨¨ ˆ�‘ ®¤¨− ¨§ ¢�¦−ëå íâ�¯®¢ ¯à®æ¥¤ãà | −®à¬�«¨§�æ¨ï, â. ¥.
¯à¥¤¢�à¨â¥«ì−�ï ®¡à�¡®âª� ¤�−−ëå ®¡ãç�îé¨å ¨ â¥áâ®¢ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©,
¯à¨ ª®â®à®© §−�ç¥−¨ï ¯à¨§−�ª®¢, ®¡à�§ãîé¨å ¢¥ªâ®à, ¯à¨¢®¤ïâáï ª −¥ª®â®à®¬ã
§�¤�−−®¬ã ¤¨�¯�§®−ã. „«ï ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨ ¤�−−ëå ¨ ¯à¨¢¥¤¥−¨ï
¨å ª ¤¨�¯�§®−ã [0, 1] ¢ë¡à�−� «¨−¥©−�ï −®à¬�«¨§�æ¨ï, −¥ ¨áª�¦�îé�ï ä®à¬ã
á¨£−�«� ¨ −¥ ¤®¡�¢«ïîé�ï ¢ −¥£® −®¢ëå ¯à¨§−�ª®¢ ¢ ®â«¨ç¨¥ ®â íªá¯®−¥−æ¨-
�«ì−®© −®à¬�«¨§�æ¨¨. ÷¥§ã«ìâ�â à�¡®âë ˆ�‘ ®æ¥−¨¢�¥âáï á ¬¥à�¬¨ â®ç−®áâ¨
(®è¨¡ª�¬¨ ®¡ãç¥−¨ï), ¢ëç¨á«ï¥¬ë¬¨ �«£®à¨â¬®¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ¯®
ä®à¬ã«¥ [6]:

δi = y
3
i − di , (1)

£¤¥ y3i | ¯®«ãç¥−−®¥ §−�ç¥−¨¥ ¢ëå®¤� i-£® −¥©à®−� ¢ëå®¤−®£® âà¥âì¥£® á«®ï;
di | âà¥¡ã¥¬®¥ §−�ç¥−¨¥ i-£® ¢ëå®¤�, i = 0, 6.

Œ®¤¥«ì ˆ�‘‘Œ�„ ¯®¤§�¤�ç¨ ‘Œ�„ à¥è�¥â §�¤�çã ¯à®£−®§¨à®¢�−¨ï ¨
ª®−âà®«ï ¤�−−ëå áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �àâ¥à¨�«ì−®£® ¤�¢«¥−¨ï ¯�æ¨¥−â�
¨ á®áâ®¨â ¨§ ¤¢ãå −¥©à®á¥â¥©.

�¡ãç�îé¨¥ ¨ â¥áâ®¢ë¥ ¢ë¡®àª¨ áä®à¬¨à®¢�−ë −� ®á−®¢¥ �àå¨¢� ¤�−−ëå
áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �àâ¥à¨�«ì−®£® ¤�¢«¥−¨ï Š�Š�.

‚ ª�ç¥áâ¢¥ â®¯®«®£¨¨ ¬®¤ã«¥© ˆ�‘‘Œ�„ ¢ë¡à�−ë á¥â¨ ¡¥§ ®¡à�â−ëå
á¢ï§¥©. �àå¨â¥ªâãà� −¥©à®á¥â¥© | íâ® ¬−®£®á«®©−ë¥ á¥â¨ á ¯àï¬ë¬ à�á¯à®áâà�-
−¥−¨¥¬ á¨£−�«� á ®¡à�â−ë¬ à�á¯à®áâà�−¥−¨¥¬ ®è¨¡ª¨ ¨ «®£¨áâ¨ç¥áª®© äã−ªæ¨¥©
�ªâ¨¢�æ¨¨. —¨á«® −¥©à®−®¢ ¢å®¤−®£® á«®ï ®¡¥¨å á¥â¥© ˆ�‘‘Œ�„ | ¤¢� (¯®«
¨ ¢®§à�áâ ¯�æ¨¥−â�). ‚ ¢ëå®¤−®¬ á«®¥ | 24 −¥©à®−�, çâ® ®¡ãá«®¢«¥−® â¥¬,
çâ® §�¬¥àë á¨áâ®«¨ç¥áª®£® ¨ ¤¨�áâ®«¨ç¥áª®£® ¤�¢«¥−¨ï ã ¯�æ¨¥−â� ¯à®¨§¢®¤ïâáï
ª�¦¤ë¥ ¯®«ç�á�, � §�â¥¬ ¤�−−ë¥ §� ç�á ãáà¥¤−ïîâáï ¨ ¯¥à¥¤�îâáï −� ¢å®¤ á®-
®â¢¥âáâ¢ãîé¥© −¥©à®á¥â¨. ˆáå®¤−®¥ ç¨á«® −¥©à®−®¢ ¢ áªàëâ®¬ á«®¥ ¬¥−ï¥âáï ¢
¯à®æ¥áá¥ íªá¯¥à¨¬¥−â®¢ á ¬®¤¥«ìî ®â 1 ¤® 10 ¨ ¯®¤¡¨à�¥âáï ¯® §−�ç¥−¨î ®è¨¡ª¨
®¡ãç¥−¨ï (1). �� ®á−®¢�−¨¨ ¤�−−ëå ® ¯®«¥ ¨ ¢®§à�áâ¥ ¡®«ì−®£® ¢ á¥â¨ à�á-
áç¨âë¢�îâáï −®à¬�«ì−ë¥ ¯®ª�§�â¥«¨ áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �àâ¥à¨�«ì−®£®
¤�¢«¥−¨ï, ¨ ®−¨ áà�¢−¨¢�îâáï á ¯®ª�§�â¥«ï¬¨ ¯�æ¨¥−â�.

„«ï ®¡ãç¥−¨ï á ãç¨â¥«¥¬ ¨ à�¡®âë ˆ�‘‘Œ�„ −� ¢å®¤ ¯®¤�îâ-
áï ®¡ãç�îé�ï ¨ â¥áâ¨àãîé�ï ¯®á«¥¤®¢�â¥«ì−®áâ¨, á®áâ®ïé¨¥ ¨§ ¯à¨¬¥à®¢
(X1,X2;Y1 1, . . . , Y1 24;Y2 1, . . . , Y2 24), £¤¥ X1,X2 | íâ® ¢¥ªâ®à ¢å®¤®¢ ˆ�‘,
á®¤¥à¦�é¨© ¤�−−ë¥ ¯®«� (0 | ¬ã¦áª®©, 1 | ¦¥−áª¨©) ¨ ¢®§à�áâ� (−®à¬�«¨-
§ãîâáï ¤® §−�ç¥−¨© ¢ ¨−â¥à¢�«¥ [0; 1]); Y1 1, . . . , Y1 24;Y2 1, . . . , Y2 24 | ¢ëå®¤ë
1-© ¨ 2-© −¥©à®á¥â¥© á®®â¢¥âáâ¢¥−−® á ¤�−−ë¬¨ ¯® á¨áâ®«¨ç¥áª®¬ã ¨ ¤¨�áâ®-
«¨ç¥áª®¬ã ¤�¢«¥−¨î á®®â¢¥âáâ¢¥−−® (−®à¬�«¨§ãîâáï ¤® §−�ç¥−¨© ¢ ¨−â¥à¢�«¥
[0; 1]). ÷¥§ã«ìâ�â à�¡®âë ˆ�‘ ®æ¥−¨¢�¥âáï á ¯®¬®éìî ®è¨¡ª¨ ®¡ãç¥−¨ï ˆ�‘
¯® ä®à¬ã«¥ (1) ¯à¨ i = 1, 24. �à¥¤¢�à¨â¥«ì−�ï ®¡à�¡®âª� ¤�−−ëå ®¡ãç�îé¨å
¨ â¥áâ®¢ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¢¥¤¥âáï «¨−¥©−®© −®à¬�«¨§�æ¨¥©, ¯à¨ ª®â®à®©
§−�ç¥−¨ï ¯à¨§−�ª®¢, ®¡à�§ãîé¨å ¢¥ªâ®à, ¯à¨¢®¤ïâáï ª ¤¨�¯�§®−ã [0, 1].

ˆ�‘‘Œ�„ ¨ ˆ�‘÷�Šƒ à¥�«¨§ãîâáï áà¥¤áâ¢�¬¨ Neural Network Tool-
box ¯�ª¥â� MATLAB ¯®íâ�¯−®: (1) ä®à¬¨àã¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì ¢å®¤®¢ ¨
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¢ëå®¤®¢; (2) á®§¤�¥âáï −®¢�ï −¥©à®á¥âì (¢ë¡¨à�¥âáï â¨¯ −¥©à®á¥â¨, §�¤�îâáï
¤¨�¯�§®−ë ¢å®¤�, äã−ªæ¨ï ®¡ãç¥−¨ï, äã−ªæ¨ï ®è¨¡ª¨ ®¡ãç¥−¨ï, ç¨á«® á«®¥¢,
ç¨á«® −¥©à®−®¢ ¢ á«®¥ ¨ äã−ªæ¨ï �ªâ¨¢�æ¨¨ á«®¥¢); (3) ¨−¨æ¨�«¨§�æ¨ï á¥â¨
(§�¤�−¨¥ −�ç�«ì−ëå ¢¥á®¢ ¨ á¬¥é¥−¨©); (4) ¬®¤¥«¨à®¢�−¨¥; (5) ®¡ãç¥−¨¥ ¨
�¤�¯â�æ¨ï. ‚ë¯®«−¥−ë ç¥âëà¥ íâ�¯� ¨ §�¯«�−¨à®¢�−ë ®¡ãç¥−¨¥ ¨ �¤�¯â�æ¨ï
−¥©à®á¥â¥©, à¥è�îé¨å ¯®¤§�¤�ç¨ ‘Œ�„ ¨ ÷�Šƒ.

Š®−æ¥¯âã�«ì−ë¥ ¬®¤¥«¨ i-£® ¬®¤ã«ï ˆ�‘ ¯®¤§�¤�ç ÷�Šƒ ¨ ‘Œ�„ ®¡®¡-
é¥−ë ¢ áå¥¬ã, ¯®áâà®¥−−ãî −� ¡�§¥ (3.24) [2] ¨ à�áè¨à¥−−ãî á¢®©áâ¢�¬¨ (â¨¯
−®à¬�«¨§�æ¨¨, �àå¨â¥ªâãà� ˆ�‘ ¨ ¬®¤¥«ì −¥©à®−®¢ ˆ�‘) ¨ à¥áãàá�¬¨ (¢å®¤ë
¨ ¢ëå®¤ë ˆ�‘, ®¡ãç�îé�ï ¨ â¥áâ¨àãîé�ï ¯®á«¥¤®¢�â¥«ì−®áâ¨):

modanZ = R
met prb

(
meth1Z ,prb

h
nZ

)
◦Rmet pr

(
meth1Z ,pr

k
kon

)
◦

◦Rmet pr
(
meth1Z ,pr

sh
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)
◦Rmet pr

(
meth1Z ,pr

mlang
m

)
◦Rmet pr

(
meth1Z ,pr
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)
◦

◦Rmet pr
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solpr
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)
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)
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(
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Z

)
◦
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(
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in
Z

)
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(
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)
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(
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Z

)
◦
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(
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Z

)
◦Rmet pr

(
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norm
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)
◦

◦Rmetmod
(
meth1Z , N

)
|Z ∈ {óíáä,òüëç} , (2)

£¤¥ meth1Z | ¬¥â®¤; prkkon | ª«�áá¨ä¨ª�â®à ¬¥â®¤�: úª®−−¥ªæ¨®−¨áâáª¨©û;

prshbbox | ¬®¤¥«ì-áå¥¬� ¬¥â®¤�: úç¥à−ë© ïé¨ªû; pr
mlang
m | ï§ëª ®¯¨á�−¨ï ¬®¤¥-

«¨: ú¬�âà¨æëû; prmlangeq | ï§ëª ®¯¨á�−¨ï ¬®¤¥«¨: úãà�¢−¥−¨ïû; prsolprdirect | ¯à®-

æ¥¤ãà� ¯®«ãç¥−¨ï à¥è¥−¨ï: ú¯àï¬®¥ à�á¯à®áâà�−¥−¨¥ ¢ −¥©à®á¥âïåû; pr
learnalg
invdist |

�«£®à¨â¬ ®¡ãç¥−¨ï −¥©à®á¥â¥©: ú®¡à�â−®¥ à�á¯à®áâà�−¥−¨¥û; prbhnZ | áå¥¬ë
à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¯®¤§�¤�ç ‘‡„�ƒ, à¥è�¥¬ëå −¥©à®á¥âï¬¨,
ª®â®àë¥ ®¯à¥¤¥«¥−ë áå¥¬®© (2) ¢ [4]; resarch| �àå¨â¥ªâãà� ˆ�‘; resin ¨ resout |
¢å®¤ë ¨ ¢ëå®¤ë ˆ�‘ (á®®â¢¥âáâ¢ãîâXòüëç ¨ Yòüëç); resed test | ®¡ãç�îé�ï ¨
â¥áâ¨àãîé�ï ¯®á«¥¤®¢�â¥«ì−®áâ¨; N | ¬®¤¥«ì −¥©à®−� (á¬. (3) −¨¦¥); prnormlin |
â¨¯ −®à¬�«¨§�æ¨¨: ú«¨−¥©−�ïû; EVnZ | á¯¥æ¨ä¨ª�â®à, ¢ª«îç�îé¨© §−�-
−¨ï ® áà¥¤−¥© ®è¨¡ª¥ ®¡ãç¥−¨ï (5.5.37){(5.5.38) ¨§ [9] ¨ §−�−¨ï ® £¨¡à¨¤−ëå
¢®§¬®¦−®áâïå (â�¡«. 7.2 ¨ 8.6 ¨§ [9]).

Œ®¤¥«ì −¥©à®−®¢ ˆ�‘�Šƒ ¨ ˆ�‘‘Œ�„ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ª�ª

NP =
〈
XÎP , yP ,SwP , f

›(x)P , f
A(x)P

〉 ∣∣P ∈ {òüëç,óíáä} , (3)

£¤¥ XÎP ⊆ XP , XÎP | ¬−®¦¥áâ¢® ¢å®¤®¢ −¥©à®−�, Xn
òüëç ⊂ Xòüëç =

=
{
xiniòüëç

}
|i = 1, 128 | ¬−®¦¥áâ¢® −¥©à®−®¢ ¢å®¤−®£® á«®ï ª�¦¤®£® ¬®-
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¤ã«ï, X inóíáä ⊂ Xóíáä =
{
xinióíáä

}
|i = 2 | ¬−®¦¥áâ¢® −¥©à®−®¢ ¢å®¤-

−®£® á«®ï ª�¦¤®© −¥©à®á¥â¨ ¢ ˆ�‘‘Œ�„, yP ∈ YP | ¢ëå®¤−®© á¨£−�«,

Y outòüëç ⊂ Yòüëç =
{
youtj òüëç

}
|j = 1 | ¬−®¦¥áâ¢® −¥©à®−®¢ ¢ëå®¤−®£® á«®ï

ª�¦¤®£® ¬®¤ã«ï, Y outóáä ⊂ Yóíáä =
{
youtj óíáä

}
|j = 24 | ¬−®¦¥áâ¢® −¥©à®−®¢

¢ëå®¤−®£® á«®ï ª�¦¤®£® ¬®¤ã«ï, f›(x)P =
∑
i
wijxij | äã−ªæ¨ï áã¬¬¨à®¢�−¨ï,

fA(x)P | äã−ªæ¨ï �ªâ¨¢�æ¨¨, SwP | ¬�âà¨æ�-áâ®«¡¥æ á¨−�¯â¨ç¥áª¨å ¢¥á®¢
−¥©à®−� (¤® ®¡ãç¥−¨ï ¨¬¥¥â ¯à®¨§¢®«ì−ë¥ −¥−ã«¥¢ë¥ §−�ç¥−¨ï í«¥¬¥−â®¢).

2.2 Автономные модели, решающие девять подзадач из группы ППС1–9
посредством генетических алгоритмов

Œ®¤¥«¨ ƒ���‘1{9 ¯®¤§�¤�ç ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�-
ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥ §�¡®«¥¢�−¨© ¨§ ®¡«�áâ¥© 1{9û à¥è�îâ §�¤�ç¨
¡¥§ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ −� ¬−®¦¥áâ¢¥ ¯à¨§−�ª®¢, ¯® ª®â®àë¬ ¤¨�£−®áâ¨àãîâáï
§�¡®«¥¢�−¨ï ¨§ ®¡«�áâ¥© 1{9 ¤¥ª®¬¯®§¨æ¨¨ ‘‡„�ƒ (á¬. ¢ëè¥), ¨ ¨áª«îç�îâ
¨§ à�áá¬®âà¥−¨ï ¨§¡ëâ®ç−ë¥ ¨ ¢§�¨¬®§�¢¨á¨¬ë¥ ¯à¨§−�ª¨ §�¡®«¥¢�−¨©, çâ® ¬¨-
−¨¬¨§¨àã¥â ®¡é¥¥ ç¨á«® ¢å®¤−ëå ¯¥à¥¬¥−−ëå (¯à¨§−�ª®¢, á¨¬¯â®¬®¢) −� ¢å®¤¥
−¥ç¥âª¨å á¨áâ¥¬, à¥è�îé¨å §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¯�â®«®£¨ç¥áª®£® á®áâ®ï−¨ï
§¤®à®¢ìï ¯�æ¨¥−â� îóäáç1, . . . ,îóäáç9. �â® ã¬¥−ìè�¥â ®¡ê¥¬ ¨−ä®à¬�æ¨¨
® ¯®ª�§�â¥«ïå á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â�, ¢¢®¤¨¬ëå ¢à�ç®¬ ¢ á¨áâ¥¬ã, çâ®
á−¨¦�¥â ¢à¥¬ï ®¯à®á�, ®á¬®âà� ¨ ®¡á«¥¤®¢�−¨ï ¯�æ¨¥−â� ¢à�ç®¬.

Š�¦¤ë© ª«�áá¨ç¥áª¨© ƒ� [9] ¨§ ƒ���‘1{9 á«ãç�©−ë¬ ®¡à�§®¬ £¥−¥à¨àã¥â
¯®¯ã«ïæ¨î ¢ 20 ®á®¡¥©. ÷�§¬¥à ¨−¤¨¢¨¤ãã¬� à�¢¥− ®¡é¥¬ã ç¨á«ã ãç¨âë¢�¥¬ëå
¯à¨§−�ª®¢ ¢ á®®â¢¥âáâ¢ãîé¥© ¯®¤§�¤�ç¥ ¨§ £àã¯¯ë „�ƒ1{9 ¤«ï ¯®¤§�¤�ç ��‘1{
��‘9 ¨ à�¢−� 50, 20, 80, 20, 70, 85, 200, 215, 30 £¥−�¬ á®®â¢¥âáâ¢¥−−®, ¯à¨ç¥¬
§−�ç¥−¨¥ £¥−�, à�¢−®¥ 1, á®®â¢¥âáâ¢ã¥â á¨¬¯â®¬ã (¯à¨§−�ªã), ¯à¨−�¤«¥¦�é¥¬ã
¬−®¦¥áâ¢ã ú“ç¨âë¢�¥¬ë¥ ¯à¨§−�ª¨û, � 0 | ¯à¨§−�ªã, −¥ ¢ª«îç¥−−®¬ã ¢ íâ®
¬−®¦¥áâ¢®.

„�«¥¥ ª�¦¤ë© ¨§ Në÷ ¨−¤¨¢¨¤ãã¬®¢ ¯®¯ã«ïæ¨¨ −�ª«�¤ë¢�¥âáï ª�ª ¬�áª�
−� á®®â¢¥âáâ¢ãîéãî −®¬¥àã ƒ� −¥ç¥âªãî á¨áâ¥¬ã, ãç¨âë¢�îéãî â®«ìª® â¥ á¨¬-
¯â®¬ë, ª®â®àë¥ ¯à¨−¨¬�îâ §−�ç¥−¨ï 1 ã ¨−¤¨¢¨¤ãã¬�. ‡�â¥¬ ¢ëç¨á«ïîâáï Në÷
áà¥¤−¥ª¢�¤à�â¨ç−ëå ®è¨¡®ª ¯®áâ�−®¢ª¨ ¤¨�£−®§� ¨ äã−ªæ¨¨ ¯à¨á¯®á®¡«¥−−®áâ¨
¨−¤¨¢¨¤ãã¬®¢ ª�ª ¬¨−¨¬ã¬ fi áà¥¤−¥ª¢�¤à�â¨ç−®© ®è¨¡ª¨ ª«�áá¨ä¨ª�æ¨¨ á®-
®â¢¥âáâ¢ãîé¥© −¥ç¥âª®© á¨áâ¥¬ë ¯®¤ −®¬¥à®¬ Z −� â¥áâ®¢®© ¢ë¡®àª¥ ¯à¨§−�ª®¢
(á¨¬¯â®¬®¢) á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â� (á®áâ�¢«ï¥â 15 −�¡«î¤¥−¨©):

fi =
1

Nk

√√√√√
Nk∑

l=1


 1
N

N∑

j=1

δij



2

,

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 161



ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. �. ÷ã¬®¢áª�ï

£¤¥ i = 1, NKB | −®¬¥à ¨−¤¨¢¨¤ãã¬� ¢ ¯®¯ã«ïæ¨¨, j | ç¨á«® −�¡«î¤¥−¨© ¢
â¥áâ®¢®© ¢ë¡®àª¥ (N = 15); fi | áà¥¤−¥ª¢�¤à�â¨ç¥áª�ï ®è¨¡ª� ª«�áá¨ä¨ª�æ¨¨
k-© �‘ −� â¥áâ®¢®© ¢ë¡®àª¥ ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢) á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â�
(á®áâ�¢«ï¥â 15 −�¡«î¤¥−¨©); δlj | ®è¨¡ª� ª«�áá¨ä¨ª�æ¨¨ ¯® l-¬ã ¢ëå®¤ã k-©
�‘ (à�¢−� 1, ¥á«¨ á®¢¯�¤�¥â á íâ�«®−®¬ ¨ 0 | ¥á«¨ −¥â), Nk | ç¨á«® ¢ëå®¤®¢
k-© �‘.

�â¡®à à®¤¨â¥«¥© ¨¤¥â ¬¥â®¤®¬ âãà−¨à−®© á¥«¥ªæ¨¨ (à�§¬¥à âãà−¨à� | 2):
¢ë¡¨à�îâáï «ãçè¨¥ ®á®¡¨, ¨§ ª®â®àëå ¯®à®¦¤�îâáï −®¢ë¥ ®á®¡¨-¯®â®¬ª¨ á
¯®¬®éìî ®¯¥à�â®à®¢ ¬ãâ�æ¨¨ (¢¥à®ïâ−®áâì 0,01) ¨ áªà¥é¨¢�−¨ï (¢¥à®ïâ−®áâì
0,5) ¨ ¯®à®¦¤�¥âáï −®¢�ï ¯®¯ã«ïæ¨ï.

ˆ¬¨â�æ¨ï í¢®«îæ¨¨ ¯®¯ã«ïæ¨¨ ¨¤¥â ¢ 100 ¨â¥à�æ¨©, §�â¥¬ ¢ë¡¨à�¥âáï
−�¨«ãçè�ï ®á®¡ì, ®¯â¨¬�«ì−ë© −�¡®à ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢), | íâ® ¨ ¥áâì
¬�áª¨àãîé�ï ¨−ä®à¬�æ¨ï, �à£ã¬¥−â äã−ªæ¨¨ ¬®¤¨ä¨ª�æ¨¨ á®®â¢¥âáâ¢ãîé¥©
−¥©à®−−®© á¥â¨ (¯® ã¬®«ç�−¨î á®¤¥à¦¨â ¢¥áì −�¡®à ¯à¨§−�ª®¢, ®â®¡à�−−ë©
íªá¯¥àâ�¬¨).

Š®−æ¥¯âã�«ì−ë¥ ¬®¤¥«¨ ¤«ï ƒ���‘1{9 ¯®áâà®¥−ë −� ¡�§¥ (3.28) [2], ®¡®¡-
é¥−ë ¢ (4) ¨ à�áè¨à¥−ë á¢®©áâ¢�¬¨ (ª«�áá ƒ�, ¡�§� §−�−¨©, ç¨á«® ¨â¥à�æ¨©
�«£®à¨â¬�, äã−ªæ¨ï ®æ¥−ª¨ ¯à¨á¯®á®¡«¥−−®áâ¨ ¨−¤¨¢¨¤ãã¬®¢, ¬¥â®¤ á¥«¥ªæ¨¨):

modag Z = R
met prb
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◦
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)
◦
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(
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sel
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) ∣∣Z ∈
{
ððói|i = 1, 9

}
, (4)

£¤¥ meth1Z | ¬¥â®¤; prkev | ª«�áá¨ä¨ª�â®à ¬¥â®¤�: úí¢®«îæ¨®−−ë©û; prshev |

¬®¤¥«ì-áå¥¬� ¬¥â®¤�: úí¢®«îæ¨ïû; prklkl | ª«�áá¨ç¥áª¨© £¥−¥â¨ç¥áª¨© �«£®à¨â¬;

pr
mlang
al | ï§ëª ®¯¨á�−¨ï ¬®¤¥«¨: ú�«£®à¨â¬û; pr

solpr
mexp | ¯à®æ¥¤ãà� ¯®«ãç¥−¨ï

à¥è¥−¨ï: ú¬�è¨−−ë¥ íªá¯¥à¨¬¥−âë á ¬®¤¥«¨àãîé¨¬ (£¥−¥â¨ç¥áª¨¬) �«£®à¨â-
¬®¬û; prbhg Z | áå¥¬ë à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¯®¤§�¤�ç ‘‡„�ƒ,

à¥è�¥¬ëå ƒ�, ª®â®àë¥ ®¯à¥¤¥«¥−ë áå¥¬®© (2) ¢ [4]; prë÷Z | áå¥¬� ¡�§ë §−�−¨©

ë÷ =
{
Ij |j = 1, Në÷

}
,Në÷ = 20; Ij = g1◦· · ·◦gq ◦· · ·◦gNI

| ¬¨ªà®ãà®¢−¥¢®¥
¯à¥¤áâ�¢«¥−¨¥ ¨−¤¨¢¨¤ãã¬�, � gq | £¥−, ¯à¨−¨¬�îé¨© §−�ç¥−¨ï 1 ¨«¨ 0; NI |

ç¨á«® £¥−®¢ ¢ à¥è¥−¨¨; N | ç¨á«® ¨â¥à�æ¨©; prselrul | ¬¥â®¤ á¥«¥ªæ¨¨ (¬¥â®¤
àã«¥âª¨); fz | äã−ªæ¨ï ¯à¨á¯®á®¡«¥−−®áâ¨; EVg Z | §−�−¨ï ® £¨¡à¨¤−ëå
¢®§¬®¦−®áâïå (â�¡«. 7.2 ¨ 8.6 ¨§ [9]).
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2.3 Автономные модели, решающие девять подзадач из группы ДАГ1–9
и подзадачу ССС посредством методологии нечетких систем

Œ®¤¥«¨ −¥ç¥âª¨å á¨áâ¥¬ îóäáç1, . . . ,îóäáç9 ¯®¤§�¤�ç: ¤¨�£−®áâ¨-
ª� ¯®à�¦¥−¨© ®à£�−®¢-¬¨è¥−¥© (�‘„�ƒ1), ¤¨�£−®áâ¨ª� ä�ªâ®à®¢ à¨áª� �ƒ
(�‘„�ƒ2), ¤¨�£−®áâ¨ª� æ¥à¥¡à®¢�áªã«ïà−ëå ¡®«¥§−¥© (�‘„�ƒ3), ¤¨�£−®áâ¨ª�
¬¥â�¡®«¨ç¥áª®£® á¨−¤à®¬� ¨ á�å�à−®£® ¤¨�¡¥â� (�‘„�ƒ4), ¤¨�£−®áâ¨ª� §�¡®-
«¥¢�−¨© ¯¥à¨ä¥à¨ç¥áª¨å �àâ¥à¨© (�‘„�ƒ5), ¤¨�£−®áâ¨ª� ¨è¥¬¨ç¥áª®© ¡®«¥§-
−¨ á¥à¤æ� (�‘„�ƒ6), ¤¨�£−®áâ¨ª� í−¤®ªà¨−−®© �ƒ (�‘„�ƒ7), ¤¨�£−®áâ¨ª�
¯�à¥−å¨¬�â®§−®© −¥äà®¯�â¨¨ (�‘„�ƒ8) ¨ ¤¨�£−®áâ¨ª� à¥−®¢�áªã«ïà−®© �ƒ
(�‘„�ƒ9), ®¡ê¥¤¨−¥−−ëå ¤«ï ®¯¨á�−¨ï ¢ £àã¯¯ã ú„¨�£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−-
ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û („�ƒ1{9) ¨ à¥è�î-
é¨å §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¯�â®«®£¨ç¥áª®£® á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â�.

Œ®¤¥«ì −¥ç¥âª®© á¨áâ¥¬ë �‘‘‘‘ ¯®¤§�¤�ç¨ ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �à-
â¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª� á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�−¨©û ª«�á-
á¨ä¨æ¨àã¥â áâ¥¯¥−ì �ƒ ¯® ¤�−−ë¬ á¨áâ®«¨ç¥áª®£® ¨ ¤¨�áâ®«¨ç¥áª®£® ¤�¢«¥−¨ï
¨/¨«¨ ¤�−−ë¬ ®â ˆ�‘‘Œ�„, áâ�¤¨î íáá¥−æ¨�«ì−®© �ƒ (¨«¨ £¨¯¥àâ®−¨ç¥áª®©
¡®«¥§−¨) ¢ á«ãç�¥ ®âáãâáâ¢¨ï ¢â®à¨ç−®© �ƒ (¤¨�£−®áâ¨àã¥âáï �‘„�ƒ7{9) ¯®
¤�−−ë¬ ®â �‘„�ƒ1{3 ¨ �‘„�ƒ5, �‘„�ƒ6 ¨ ª«�áá¨ä¨æ¨àã¥â ®¡é¨© à¨áª á¥à-
¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�−¨© ã ¡®«ì−®£® ¯® ¤�−−ë¬ ®â �‘„�ƒ1{6 ¨ ä®à¬¨àã¥â
¤¨�£−®§.

„«ï ¨¬¨â�æ¨¨ à�¡®âë íªá¯¥àâ� −�¤ ¯®¤§�¤�ç¥© ¤«ï ª�¦¤®© ¨§ �‘
(îóäáç1, . . . ,îóäáç9, �‘‘‘‘) ¢ë¡à�− �«£®à¨â¬ −¥ç¥âª¨å à�ááã¦¤¥−¨© ‘ã-
£¥−®, â�ª ª�ª ¯®áë«ª¨ ¯à�¢¨« ¡�§ë §−�−¨© §�¤�−ë −¥ç¥âª¨¬¨ ¬−®¦¥áâ¢�¬¨, �
§�ª«îç¥−¨ï | ç¥âª¨¬¨ ç¨á«�¬¨: 1 (¨áâ¨−�) ¨«¨ 0 («®¦ì). �¯à¥¤¥«¥−® ¯à®áâà�−-
áâ¢® ¢ëå®¤®¢ Y = Y1 × · · · × YNY

| ç¥âª¨å ª®−áâ�−â, ¯à¨−¨¬�îé¨å §−�ç¥−¨¥ 0
¨«¨ 1, à�§¬¥à−®áâì ª®â®à®£® (ç¨á«® ª«�áá®¢) NY = 3, 7, 3, 2, 3, 3, 7, 3, 3, 15
á®®â¢¥âáâ¢¥−−®, ¨ ¯à®áâà�−áâ¢® ¢å®¤®¢ X = X1 × · · · × XNX

| −¥ç¥âª¨å «¨−-
£¢¨áâ¨ç¥áª¨å ¯¥à¥¬¥−−ëå (−�¯à¨¬¥à, ú§�£àã¤¨−−ë¥ ¡®«¨û, ú¡®«¨ ¢ ¦¨¢®â¥û,
ú¢�à¨�¡¥«ì−ë¥ ¡®«¨û á â¥à¬�¬¨ ú¨−â¥−á¨¢−ë¥û, úã¬¥à¥−−ë¥û, úá«�¡ë¥û ¨«¨
ú®âáãâáâ¢ãîâû, äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ª®â®àëå ®âà�¦¥−ë −� à¨á. 3, �, ¨«¨
úç�áâ®â� ¤ëå�â¥«ì−ëå ¤¢¨¦¥−¨©û á â¥à¬�¬¨ úà¥¤ª�ïû, ú−®à¬�«ì−�ïû, ú¯®¢ë-
è¥−−�ïû, úã¤ãèì¥û, äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ª®â®àëå ¯®ª�§�−ë −� à¨á. 3, ¡).
‚ −¥ç¥âª¨å á¨áâ¥¬�å ¨á¯®«ì§ã¥âáï ¤¢� â¨¯� äã−ªæ¨© (á¬. à¨á. 3) | á¨£¬®¨¤−�ï
µ(u) = 1/(1+exp(−a(u−c))), £¤¥ a| ª®íää¨æ¨¥−â ªàãâ¨§−ë, c| ª®®à¤¨−�â�
¯¥à¥å®¤� ç¥à¥§ 0,5, ¨ âà¥ã£®«ì−�ï

µ(u) =





0 , ¥á«¨ u ≤ a ¨«¨ u ≥ c ;
u− a

b− a
, ¥á«¨ a < u ≤ b ;

c− u

b− c
, ¥á«¨ b < u < c ,

£¤¥ (a, c) | −®á¨â¥«ì −¥ç¥âª®£® ¬−®¦¥áâ¢�; b | ª®®à¤¨−�â� ¬�ªá¨¬ã¬�.
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÷¨á. 3 ”ã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ â¥à¬®¢ −¥ç¥âª¨å ¯¥à¥¬¥−−ëå ú§�£àã¤¨−−ë¥ ¡®«¨û,
ú¡®«¨ ¢ ¦¨¢®â¥û, ú¢�à¨�¡¥«ì−ë¥ ¡®«¨û, úç�áâ®â� ¤ëå�â¥«ì−ëå ¤¢¨¦¥−¨©û

��à�¬¥âàë äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 3: â¥à¬
ú¨−â¥−á¨¢−ë¥û | âà¥ã£®«ì−�ï á ¯�à�¬¥âà�¬¨ a = 4, c = 9, b = 9; â¥à¬ úã¬¥à¥−-
−ë¥û | âà¥ã£®«ì−�ï á ¯�à�¬¥âà�¬¨ a = 1,5, c = 4, b = 9; â¥à¬ úá«�¡ë¥û |
äã−ªæ¨ï ¯à¨−�¤«¥¦−®áâ¨ ¢ ¢¨¤¥ à�§−®áâ¨ ¤¢ãå á¨£¬®¨¤−ëå äã−ªæ¨© á ¯�à�-
¬¥âà�¬¨ a1 = 1,5, c1 = 1,124, a2 = 2,75, c2 = 5,25; â¥à¬ ú®âáãâáâ¢ãîâû |
âà¥ã£®«ì−�ï á ¯�à�¬¥âà�¬¨ a = 1,5, c = 1,5, b = 4; â¥à¬ úà¥¤ª�ïû | âà¥ã£®«ì−�ï
á ¯�à�¬¥âà�¬¨ a = 10,5, c = 10,5, b = 18; â¥à¬ ú−®à¬�«ì−�ïû | âà¥ã£®«ì−�ï
á ¯�à�¬¥âà�¬¨ a = 10,5, c = 18, b = 35; â¥à¬ ú¯®¢ëè¥−−�ïû | âà¥ã£®«ì−�ï
á ¯�à�¬¥âà�¬¨ a = 18, c = 35, b = 65; â¥à¬ úã¤ãèì¥û | âà¥ã£®«ì−�ï á ¯�-
à�¬¥âà�¬¨ a = 35, c = 65, b = 65. ”ã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¢á¥å ¢å®¤−ëå
«¨−£¢¨áâ¨ç¥áª¨å ¯¥à¥¬¥−−ëå ¯®áâà®¥−ë ¬¥â®¤®¬ íªá¯¥àâ−®£® ®¯à®á� [10].

�à®áâà�−áâ¢� ¢å®¤®¢ ¨ ¢ëå®¤®¢ X,Y ¨ ¡�§� §−�−¨© (�‡) KB ¤«ï ª�¦¤®©
−¥ç¥âª®© á¨áâ¥¬ë áâà®ïâáï ¯® à¥ª®¬¥−¤�æ¨ï¬ ª®¬¨â¥â� íªá¯¥àâ®¢ ‚á¥à®áá¨©áª®£®
−�ãç−®£® ®¡é¥áâ¢� ª�à¤¨®«®£®¢ (‚��Š) ¯® ¤¨�£−®áâ¨ª¥ ¨ «¥ç¥−¨î �ƒ [11],
¨áá«¥¤®¢�−¨© Staessen et al. [12] ¨ à¥§ã«ìâ�â�¬ �−�«¨§� ¡¥á¥¤ á íªá¯¥àâ®¬ ŠŠ��.
�à¨ç¥¬ à�§¬¥àë ¡�§ §−�−¨© ¤«ï îóäáç1, . . . ,îóäáç9, �‘‘‘‘ à�¢−ë 10,
14, 15, 10, 30, 20, 30, 20, 24, 70 á®®â¢¥âáâ¢¥−−® ¨ á®¤¥à¦�â −¥ç¥âª¨¥ ¯à�¢¨«�
¢¨¤� (x1j = a1j —j . . .—j xhj = anj) ⇒ y = dj, £¤¥ j | −®¬¥à ¯à�¢¨«� ¢ ¡�§¥
§−�−¨©, —j | «®£¨ç¥áª�ï ®¯¥à�æ¨ï, � dj | ç¥âª®¥ ç¨á«® (1 | ¨áâ¨−�, 0 |
«®¦ì), −�¯à¨¬¥à: ú…á«¨ ¡®«¨ §� £àã¤¨−®© = ¨−â¥−á¨¢−ë¥ ˆ −� �Šƒ àã¡æ®¢ë¥
¨§¬¥−¥−¨ï = ¥áâì ˆ −� �å®Šƒ §®−ë �ª¨−¥§� ¬¨®ª�à¤� = ¥áâì, â® ¨−ä�àªâ
¬¨®ª�à¤� = ¨áâ¨−�û. „«ï ¤¥ä�§§¨ä¨ª�æ¨¨ ¨á¯®«ì§ã¥âáï ¬®¤¨ä¨æ¨à®¢�−−ë©
¢�à¨�−â ¬¥â®¤� æ¥−âà� âï¦¥áâ¨ ¤«ï ®¤−®â®ç¥ç−ëå ¬−®¦¥áâ¢:

y =

n∑

i=1

xiµ(xi)

(
n∑

i=1

µ(xi)

)−1

,

¯à¨¬¥−ï¥¬ë© ¯à¨ −¥ç¥âª®¬ «®£¨ç¥áª®¬ ¢ë¢®¤¥ ‘ã£¥−® (7.15) ¢ [13].
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Š®−æ¥¯âã�«ì−ë¥ ¬®¤¥«¨ ¤«ï �‘„�ƒ1{9 ¨ �‘‘‘‘ ¯®áâà®¥−ë −� ¡�-
§¥ (3.22) [2], ®¡®¡é¥−ë −¨¦¥ ¨ à�áè¨à¥−ë à¥áãàá�¬¨ (¯à®áâà�−áâ¢� ¢å®¤−ëå
¨ ¢ëå®¤−ëå ¯¥à¥¬¥−−ëå, ¡�§� §−�−¨© á¨áâ¥¬ë, ¬−®¦¥áâ¢® äã−ªæ¨© ¯à¨−�¤«¥¦-
−®áâ¨, ¬¥â®¤ ¤¥ä�§§¨ä¨ª�æ¨¨):

modaf Z = R
met prb

(
meth1Z ,prb

h
f Z

)
◦Rmet pr

(
meth1Z ,pr

k
lgl

)
◦

◦Rmet pr
(
meth1Z ,pr

mlang
prod

)
◦Rmet pr

(
meth1Z ,pr

solpr
fuzz

)
◦Rmet pr

(
meth1Z ,EVf Z

)
◦

◦Rmet pr
(
meth1Z ,pr

ë÷
Z

)
◦Rmet pr

(
meth1Z ,X

)
◦Rmet pr

(
meth1Z , Y

)
◦

◦Rmet pr
(
meth1Z , F

µ
)
◦Rmet pr

(
meth1Z ,MET

Def
)
◦Rmet pr

(
meth1Z ,pr

sh
gbox

)
◦

◦Rmet pr
(
meth1Z ,pr

a lg fuzz
cyg

) ∣∣∣Z ∈
{
äáçi,óóó|i = 1, 9

}
, (5)

£¤¥ meth1, Z | ¬¥â®¤; prklgl | ª«�áá¨ä¨ª�â®à ¬¥â®¤�: ú«®£¨ª®-«¨−£¢¨áâ¨ç¥áª¨©

(á¨¬¢®«ì−ë©)û; prshgbox | ¬®¤¥«ì-áå¥¬� ¬¥â®¤�: úá¥àë© ïé¨ªû; pr
mlang
prod |

ï§ëª ®¯¨á�−¨ï ¬®¤¥«¨: ú¯à®¤ãªæ¨¨û; prsolprfuzz | ¯à®æ¥¤ãà� ¯®«ãç¥−¨ï à¥è¥−¨ï:

ú−¥ç¥âª¨© ¢ë¢®¤û; prbhf Z | áå¥¬� à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¯®¤§�¤�ç

‘‡„�ƒ, à¥è�¥¬ëå −¥©à®−−®© á¥âìî, ª®â®à�ï ®¯à¥¤¥«¥−� áå¥¬®© (2) ¢ [4];
EVf Z | §−�−¨ï ® £¨¡à¨¤−ëå ¢®§¬®¦−®áâïå (â�¡«. 7.2 ¨ 8.6 ¨§ [9]); prë÷Z | áå¥¬�
�‡ KB ª�ª ¬−®¦¥áâ¢® ¨§ k = 1, . . . , Në÷ ¯à�¢¨«; Fµ | ¬−®¦¥áâ¢® äã−ªæ¨©
¯à¨−�¤«¥¦−®áâ¨ ¯à®áâà�−áâ¢� ¢å®¤®¢ X = X1 × · · · × XNX

¨ ¯à®áâà�−áâ¢�

¢ëå®¤®¢ Y = Y1 × · · · × YNY
; pr

a lg fuzz
cyg | �«£®à¨â¬ −¥ç¥âª®£® ¢ë¢®¤� (¢ë¡à�−

�«£®à¨â¬ ‘ã£¥−®); METDef | ¬¥â®¤ ¤¥ä�§§¨ä¨ª�æ¨¨.

2.4 Автономная модель, решающая подзадачи ССС и СМАД посредством
методологии экспертных систем

Œ®¤¥«ì ¯à®¤ãªæ¨®−−®© �‘‘‘‘ ¯®¤§�¤�ç¨ ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �àâ¥-
à¨�«ì−®© £¨¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª� á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�−¨©û ª«�á-
á¨ä¨æ¨àã¥â áâ¥¯¥−ì �ƒ (7 ª«�áá®¢), áâ�¤¨î �ƒ (íáá¥−æ¨�«ì−®©) ¯à¨ ®âáãâáâ¢¨¨
¢â®à¨ç−®© �ƒ ã ¡®«ì−®£® (3 ª«�áá�) ¨ ®¡é¨© à¨áª á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®«¥-
¢�−¨© (5 ª«�áá®¢).

Œ®¤¥«ì �‘‘Œ�„ ¯®¤§�¤�ç¨ ú�−�«¨§ áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �àâ¥à¨-
�«ì−®£® ¤�¢«¥−¨ïû ¯à®£−®§¨àã¥â ¯®ª�§�â¥«¨ áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �„ ¨
ª®−âà®«¨àã¥â ¨å ®âª«®−¥−¨¥ ®â −®à¬ë.

„«ï ®¡¥¨å íªá¯¥àâ−ëå á¨áâ¥¬ ¯® à¥§ã«ìâ�â�¬ �−�«¨§� à¥ª®¬¥−¤�æ¨© ª®¬¨-
â¥â� íªá¯¥àâ®¢ ‚��Š [11], ¨áá«¥¤®¢�−¨© Staessen et al. [12] ¨ à¥§ã«ìâ�â�¬
�−�«¨§� ¡¥á¥¤ á íªá¯¥àâ®¬ ŠŠ�� à�§à�¡�âë¢�¥âáï ¡�§� ä�ªâ®¢ (�”), á®¤¥à-
¦�é�ï á¨¬¢®«ì−®¥ ®¯¨á�−¨¥ à¥áãàá®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ (à�§¬¥à−®áâì �”
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�‘‘‘‘ | 30 á¨¬¢®«ì−ëå ®¯¨á�−¨© à¥áãàá®¢ ¯®¤§�¤�ç¨ ‘‘‘, à�§¬¥à−®áâì
�” �‘‘Œ�„ | 60 á¨¬¢®«ì−ëå ®¯¨á�−¨© à¥áãàá®¢ ¯®¤§�¤�ç¨ ‘Œ�„), ¨ �‡
ª�ª á®¢®ªã¯−®áâì á¨¬¢®«ì−ëå ¯à�¢¨«-¯à®¤ãªæ¨©, ¨¬¨â¨àãîé¨å ¬¨−¨¬�«ì−®
¢®§¬®¦−ãî ª®−áâàãªæ¨î â®ç−ëå à�ááã¦¤¥−¨© íªá¯¥àâ�-¢à�ç� (à�§¬¥à−®áâì �‡
�‘‘‘‘ | 45 ¯à�¢¨«, �‡ �‘‘Œ�„ | 50 ¯à�¢¨«).

Š®−æ¥¯âã�«ì−ë¥ ¬®¤¥«¨ ¤«ï �‘‘‘‘ ¨ �‘‘�„„�„ ®¡ê¥¤¨−¥−ë ¢ (6),
¯®áâà®¥−ë −� ¡�§¥ (3.14) [2] ¨ à�áè¨à¥−ë à¥áãàá�¬¨ (�” ¨ �‡ á¨áâ¥¬ë):

modaeZ = R
met prb

(
meth1Z ,pr

h
eZ

)
◦Rmet pr

(
meth1Z ,pr

k
lgl

)
◦

◦Rmet pr
(
meth1Z ,pr

mlang
prod

)
◦Rmet pr

(
meth1Z ,pr

solpr
forw

)
◦Rmet pr

(
meth1Z ,EVe Z

)
◦

◦Rmet pr
(
meth1Z ,pr

ë÷
Z

)
◦Rmet pr

(
meth1Z ,pr

sh
ifthen

)
◦

◦Rmet pr
(
meth1Z ,pr

FB
Z

) ∣∣∣Z ∈ {óíáä, óóó} , (6)

£¤¥ meth1,Z | ¬¥â®¤; prklgl | ª«�áá¨ä¨ª�â®à ¬¥â®¤� | ú«®£¨ª®-«¨−£¢¨áâ¨ç¥áª¨©

(á¨¬¢®«ì−ë©)û; prshifthen | ¬®¤¥«ì-áå¥¬� ¬¥â®¤�: úãá«®¢¨¥{¤¥©áâ¢¨¥û; prmlangprod |

ï§ëª ®¯¨á�−¨ï ¬®¤¥«¨: ú¯à®¤ãªæ¨¨û; prsolprforw | ¯à®æ¥¤ãà� ¯®«ãç¥−¨ï à¥è¥−¨ï:

ú¯àï¬®© ¢ë¢®¤û; prbheZ | áå¥¬� ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ ¯®¤§�¤�ç¨ ‘‡„�ƒ,
à¥è�¥¬®© íªá¯¥àâ−®© á¨áâ¥¬®©, ª®â®à�ï ®¯à¥¤¥«¥−� áå¥¬®© (2) ¢ [1]; EVeZ |
§−�−¨ï ® £¨¡à¨¤−ëå ¢®§¬®¦−®áâïå (â�¡«. 7.2 ¨ 8.6 ¨§ [9]); prë÷Z | áå¥¬� �‡ KB;

prë÷Z | �” íªá¯¥àâ−®© á¨áâ¥¬ë.
’�ª¨¬ ®¡à�§®¬, ¯® á¯à®¥ªâ¨à®¢�−−ë¬ ®¤−®à®¤−ë¬ ¬®¤¥«ï¬ (2){(6) ¬®¦−®

á¤¥«�âì §�ª«îç¥−¨¥, çâ® §�¤�ç¥ prbuóúäáç | á®®â¢¥âáâ¢ã¥â £¥â¥à®£¥−−®¥ ¬®¤¥«ì-

−®¥ ¯®«¥ Ma à�§¬¥à−®áâ¨ Nm = 23 (à¨á. 4).
�� à¨á. 4 ¤«ï ã¤®¡áâ¢� ¢®á¯à¨ïâ¨ï â¥å−®«®£¨ç¥áª¨¥ ¯®¤§�¤�ç¨ ¨§ £àã¯¯ë

ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥
§�¡®«¥¢�−¨© ¨§ ®¡«�áâ¥© 1{9û (prbhððó1{9) à�§¡¨âë −� 2 ¯®¤£àã¯¯ë prbhððó1{3 ¨

prbhððó4{9, � ¯®¤§�¤�ç¨ ¤¨�£−®áâ¨ª¨ ¨§ £àã¯¯ë ú„¨�£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨

á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã ¯�æ¨¥−â�û (prbhäáç1{9 ) | −�

prbhäáç1{3 ¨ prbhäáç4{9. �−�«®£¨ç−® −� à¨á. 4 ¡ë«¨ ®¡ê¥¤¨−¥−ë ¨ á®®â¢¥âáâ¢ã-
îé¨¥ ¬®¤¥«¨ ¨§ £¥â¥à®£¥−−®£® ¬®¤¥«ì−®£® ¯®«ï.

ˆ§ à¨á. 4 ¢¨¤−®, çâ® ¤«ï à¥è¥−¨ï ¯®¤§�¤�ç¨ prbhóíáä à�§à�¡®â�−ë ¤¢¥

¬®¤¥«¨: −¥©à®¢ëç¨á«¥−¨© ¨ à�ááã¦¤¥−¨© −� �‡. „«ï à¥è¥−¨ï ¯®¤§�¤�ç¨ prbhóóó
â�ª¦¥ à�§à�¡®â�−ë ¤¢¥ ¬®¤¥«¨: −¥ç¥âª¨å à�ááã¦¤¥−¨© ¨ à�ááã¦¤¥−¨© −� �‡.
„«ï ®áâ�«ì−ëå ¯®¤§�¤�ç, ¢ â®¬ ç¨á«¥ ¨ ¤«ï à¥è¥−¨ï ª�¦¤®© ¨§ â¥å−®«®£¨ç¥áª¨å
§�¤�ç, ª®â®àë¥ ®¡®§−�ç¥−ë −� à¨á. 4 ¯ã−ªâ¨à−ë¬¨ ®¢�«�¬¨, à�§à�¡®â�−® ¯®
®¤−®© ¬®¤¥«¨.
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÷¨á. 4 „¥ª®¬¯®§¨æ¨ï ‘‡„�ƒ ¨ £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥: 1 | ®â−®è¥−¨ï úæ¥«®¥{

ç�áâìû Rprb prb2 ; 2 | ®â−®è¥−¨ï ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¨¥ Rprbprb3

�«ìâ¥à−�â¨¢−®áâì ¨−áâàã¬¥−â�à¨¥¢ ¯à¨¬¥−¨â¥«ì−® ª à¥è¥−¨î ®¤−®© ¨ â®©
¦¥ ¯®¤§�¤�ç¨ (äã−ªæ¨®−�«ì−�ï ¨§¡ëâ®ç−®áâì), ¨¬¥îé�ï ¬¥áâ® ¤«ï ¯®¤§�¤�ç
prbhóíáä ¨ prbhóóó, ãª�§ë¢�¥â −� −¥®¡å®¤¨¬®áâì á¯¥æ¨ä¨ª�æ¨¨ ®¡«�áâ¥© à¥«¥-
¢�−â−®áâ¨ | ¬−®¦¥áâ¢ §−�ç¥−¨© ¯�à�¬¥âà®¢ ¢−¥è−¥© áà¥¤ë ¨ å�à�ªâ¥à¨áâ¨ª
à¥áãàá®¢, ãç¨âë¢�¥¬ëå ¢ ®¯¨á�−¨¨ á®áâ®ï−¨ï ‘��÷, ª®â®àë¥ ¢¯®á«¥¤áâ¢¨¨
¯à¨ á¨−â¥§¥ ¬¥â®¤� ¬®¤¥«¨à®¢�−¨ï ¤«ï −¥®¤−®à®¤−®© §�¤�ç¨ ¢«¨ïîâ −� ¢ë¡®à
®¤−®£® ¬¥â®¤� ¤«ï ª�¦¤®© ®¤−®à®¤−®© ¯®¤§�¤�ç¨ ¨§ �«ìâ¥à−�â¨¢−®£® ¬−®¦¥áâ¢�
¬¥â®¤®¢.

’�ª¨¬ ®¡à�§®¬, ¤«ï §�¤�ç¨ prbhóíáä áä®à¬¨à®¢�−® ¬−®¦¥áâ¢® ¨§ ¤¢ãå ¯�à

ú¬®¤¥«ì{¨−â¥à¢�«ëû: {modan{intnsex, intnage},modae{intesex, inteage, inteSAD, inteDAD,
intetime}}, £¤¥ intnsex = {1, 0} | ¯®« ¬ã¦áª®© (1) ¨«¨ ¦¥−áª¨© (0);
intnage = [18, 100] | ¢®§à�áâ; intesex = {ú¬ã¦áª®©û, ú¦¥−áª¨©û}, inteage =
= intnage, inteSAD = [50, 250] | á¨áâ®«¨ç¥áª®¥ �àâ¥à¨�«ì−®¥ ¤�¢«¥−¨¥;

inteDAD = [0, 200] | ¤¨�áâ®«¨ç¥áª®¥ �àâ¥à¨�«ì−®¥ ¤�¢«¥−¨¥; intetime =
= {úãâà®û,ú¤¥−ìû, ú−®çìû, úáãâª¨û}.
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„«ï §�¤�ç¨ prbhóóó ¬−®¦¥áâ¢® ¨§ ¤¢ãå ¯�à ú¬¥â®¤{¨−â¥à¢�«ëû:

{modaf{intfäáç1{9 , int
f
óíáä, int

f
SAD, int

f
DAD},modae{inteäáç1{9 , int

e
óíáä, int

e
SAD,

inteDAD}}, £¤¥ intfäáç1{9
= inteäáç1{9 = {[0, 1], [0, 10]} | ¨−ä®à¬�æ¨ï ® ä�ª-

â®à�å à¨áª� �ƒ, ¯®à�¦¥−¨ïå ®à£�−®¢-¬¨è¥−¥©, �áá®æ¨�â¨¢−ëå ª«¨−¨ç¥áª¨å

á®áâ®ï−¨ïå, ¢â®à¨ç−®© í−¤®ªà¨−−®© ¨«¨ ¯®ç¥ç−®© �ƒ; intfóíáä = int
e
óíáä =

= [0, 100] | áâ¥¯¥−ì ®âª«®−¥−¨ï ¤�−−ëå áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �„ ®â
−®à¬ë; inteSAD = [50, 250]; inteDAD = [0, 200].

�®á«¥ ¯®áâà®¥−¨ï £¥â¥à®£¥−−®£® ¬®¤¥«ì−®£® ¯®«ï ¨ á¯¥æ¨ä¨ª�æ¨¨ ®¡«�áâ¥©
à¥«¥¢�−â−®áâ¨ ¬®¦−® ¯¥à¥©â¨ ª ä®à¬¨à®¢�−¨î â�¡«¨æë £¨¡à¨¤−ëå áâà�â¥£¨© ¨
ª®−áâàã¨à®¢�−¨î ¬¥â®¤� à¥è¥−¨ï −¥®¤−®à®¤−®© §�¤�ç¨ ‘‡„�ƒ.

3 Алгоритм синтеза метода решения неоднородной задачи

„«ï à�§à�¡®âª¨ �«£®à¨â¬� ¢¢¥¤¥¬ ®â−®è¥−¨ï á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ¨áå®¤−ë¬¨
¤�−−ë¬¨ ¨ æ¥«ï¬¨ −¥®¤−®à®¤−®© §�¤�ç¨ prbuóúäáç, � â�ª¦¥ æ¥«ï¬¨ ¨ ¨áå®¤−ë¬¨

¤�−−ë¬¨ ®¤−®à®¤−ëå ¯®¤§�¤�ç á®®â¢¥âáâ¢¥−−® Rprb prb4 [2].

�â®¡à�¦¥−¨ï (fGL1 , fGL2 , fGL3 , fGL4 , fGL5 á®®â¢¥âáâ¢¥−−®) GLuóúäáç (¤¨�-

£−®§ | §�ª«îç¥−¨¥ ® áãé−®áâ¨ ¡®«¥§−¨ ¨ á®áâ®ï−¨¨ ¯�æ¨¥−â�) −� GLhòüëç
(¤¨�£−®áâ¨à®¢�−¨¥ ¯�â®«®£¨ç¥áª¨å á®áâ®ï−¨© −� �Šƒ, ãáâ�−®¢«¥−¨¥ á®®â¢¥âáâ¢¨ï
á®áâ®ï−¨ï ¯�æ¨¥−â� −®à¬¥), GLhóíáä (¤¨�£−®áâ¨à®¢�−¨¥ ®âª«®−¥−¨ï ¯®ª�§�−¨©

‘Œ�„ ¯�æ¨¥−â� ®â −®à¬ë ¤«ï ¯®á«¥¤ãîé¥© ®æ¥−ª¨ áâ¥¯¥−¨ �ƒ), GLhððó1{9
(®¯â¨¬¨§�æ¨ï −�¡®à� á¨¬¯â®¬®¢ ¤«ï ¤¨�£−®áâ¨ª¨ §�¡®«¥¢�−¨© ¨ à¨áª®¢ �ƒ),
GLhäáç1{9 (¢ëï¢«¥−¨¥ ä�ªâ®à®¢ à¨áª� �ƒ, ¯®à�¦¥−¨© ®à£�−®¢-¬¨è¥−¥©, �áá®-

æ¨�â¨¢−ëå ª«¨−¨ç¥áª¨å á®áâ®ï−¨©, ¢â®à¨ç−®© í−¤®ªà¨−−®© ¨«¨ ¯®ç¥ç−®© �ƒ
«¨¡® ®æ¥−ª� á®áâ®ï−¨ï ¯�æ¨¥−â� ª�ª ú−®à¬�û) ¨ GLhCCC (®æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨
�ƒ, à¨áª� á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�−¨©) ï¢«ïîâáï áîàê¥ªæ¨ï¬¨, â�ª ª�ª
®¡«�áâì §−�ç¥−¨© GLuóúäáç á®¢¯�¤�¥â á® ¢á¥¬ ¬−®¦¥áâ¢®¬ GLhòüëç, GLhóíáä,

GLhððó1{9, GLhäáç1{9 ¨ GLhóóó á®®â¢¥âáâ¢¥−−®.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï: DATuóúäáç | íâ® ¯®ª�§�â¥«¨ á®áâ®ï−¨ï §¤®à®¢ìï ¯�-

æ¨¥−â� ¨ ¨å §−�ç¥−¨ï (x1), � â�ª¦¥ ¬−®¦¥áâ¢� áã¡ê¥ªâ®¢ (x2), ®¡ê¥ªâ®¢ (x3)
¨ §�¤�ç ¤¨�£−®áâ¨ª¨ (x4); DAThòüëç | ®¡à�§ í«¥ªâà®ª�à¤¨®á¨£−�«� ¯�æ¨¥−-

â� (x5); DAThóíáä | ¯®« (x6), ¢®§à�áâ (x7) ¨ ¤�−−ë¥ ‘Œ�„ ¯�æ¨¥−â� (x8);

DAThððó1{9 | ¬−®¦¥áâ¢® Ssimp = {Ssimp|i = 1, 9} ¯®¤¬−®¦¥áâ¢ á¨¬¯â®¬®¢ §�-

¡®«¥¢�−¨© ({x9i}); DAThäáç1{9 | ¬−®¦¥áâ¢® á¨¬¯â®¬®¢ ¨§ ®¡«�áâ¥© 1{9 ({x10i});

DAThóóó| ®âª«®−¥−¨¥ ®â −®à¬ë–óíáä ∈ {0; 100} (x11); à¥§ã«ìâ�â−®¥ ¬−®¦¥-
áâ¢® ¤¨�£−®§� Rez (x12) ¨ ¬−®¦¥áâ¢® ¯®ª�§�â¥«¥© §¤®à®¢ìï Ssimp10 ¤«ï ¯®¤§�¤�ç¨
‘‘‘ (x13).
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’®£¤� ¨¬¥îâ ¬¥áâ® ®â®¡à�¦¥−¨ï

fDAT1 : DATuóúäáç → DAThòüëç;
fDAT2 : DATuóúäáç → DAThóíáä;
fDAT3 : DATuóúäáç → DAThððó1{9 ;
fDAT4 : DATuóúäáç → DAThäáç1{9 ;
fDAT5 : DATuóúäáç → DAThóóó,

ª®â®àë¥ ¨−ê¥ªâ¨¢−ë, â�ª ª�ª ®¡à�§®¢�−ë á«¥¤ãîé¨¬¨ ¯�à�¬¨:
{(x1, x5)}, {(x1, x6), (x1, x7), (x1, x8)}, {(x1, x91), . . . , (x1, x99)}, {(x1, x101), . . .
. . . , (x1, x109)} ¨ {(x1, x11), (x1, x13), (x4, x12)} á®®â¢¥âáâ¢¥−−®, â. ¥. ª�¦¤ë© í«¥-
¬¥−â ¨§ ®¡«�áâ¨ ¨å §−�ç¥−¨© ¨¬¥¥â ¥¤¨−áâ¢¥−−ë© ¯à®®¡à�§.

�®á«¥ ãáâ�−®¢«¥−¨ï ®â−®è¥−¨© á®®â¢¥âáâ¢¨ï §�¬¥−¨¬ ®â−®è¥−¨ï ¤¥ª®¬¯®§¨-

æ¨¨ Rprb prb3 , ª®â®àë¥ ãáâ�−®¢«¥−ë ¬¥¦¤ã ®¤−®à®¤−ë¬¨ ¯®¤§�¤�ç�¬¨ ¨§ ¤¥ª®¬-

¯®§¨æ¨¨ §�¤�ç¨ pebuóúäáç, ®â−®è¥−¨ï¬¨ ¨−â¥£à�æ¨¨ ψφRtint [2], £¤¥ ψ ¨ φ |
íâ® ¯®¤§�¤�ç¨, §−�−¨ï ª®â®àëå ãç�áâ¢ãîâ ¢ ¨−â¥£à�æ¨¨, � t | â¨¯ ®â−®è¥−¨ï
¨−â¥£à�æ¨¨, ¨ ¢¢¥¤¥¬ ¨−â¥àä¥©áë �¢â®−®¬−ëå ¬®¤¥«¥© [2]:

(1) ®â−®è¥−¨¥ ¤¥ª®¬¯®§¨æ¨¨ R
prbh

òüëçprb
h
äáç1

3 §�¬¥−ï¥âáï ®â−®è¥−¨¥¬ ¨−â¥£à�-

æ¨¨
prbh

òüëç prb
h
äáç1Rdopint ¤®¯®«−¥−¨ï ®¤−¨å §−�−¨© ¤àã£¨¬¨ | «®£¨ç¥áª¨¥

§−�−¨ï £®â®¢ïâ ¨−ä®à¬�æ¨î ® ¯�â®«®£¨ïå á¥à¤æ� ç¥«®¢¥ª� ¢ ¯®¤§�¤�ç¥
à�á¯®§−�¢�−¨ï ¨ ¨−â¥à¯à¥â�æ¨¨ �Šƒ ¨ ¯¥à¥¤�îâ ¯®áà¥¤áâ¢®¬ ¨−â¥àä¥©á�
prbh

òüëç prb
h
äáç1 ζuóúäáç ¤«ï à�¡®âë «¨−£¢¨áâ¨ç¥áª¨å §−�−¨© ¢ §�¤�ç¥ ¤¨�£−®-

áâ¨ª¨ ¯®à�¦¥−¨© ®à£�−®¢-¬¨è¥−¥©;

(2) ®â−®è¥−¨¥ ¤¥ª®¬¯®§¨æ¨¨ R
prbh

ððó1{9 prb
h
äáç1{9

3 §�¬¥−ï¥âáï ®â−®è¥−¨¥¬ ¨−-

â¥£à�æ¨¨ ú¯à¥¯à®æ¥áá¨ïû
prbh

ððó1{9 prb
h
äáç1{9Ruprint | ú¯à¥¯à®æ¥áá¨ïû £¥−¥-

â¨ç¥áª¨¬¨ §−�−¨ï¬¨ £àã¯¯ë ¯®¤§�¤�ç ú�®áâà®¥−¨¥ ¨−ä®à¬�â¨¢−®£® −�¡®-
à� ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥ §�¡®«¥¢�−¨© ¨§ ®¡«�áâ¥© 1{9û
«¨−£¢¨áâ¨ç¥áª¨å §−�−¨© á®®â¢¥âáâ¢ãîé¨å ¯®¤§�¤�ç ¨§ £àã¯¯ë ú„¨�£−®-
áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã
¯�æ¨¥−â�û (¯®áà¥¤áâ¢®¬ á®®â¢¥âáâ¢ãîé¨å ¤¥¢ïâ¨ ®¤−®â¨¯−ëå ¨−â¥àä¥©á®¢
prbh

ððó1{9 prb
h
äáç1{9 ζuóäúáç);

(3) ®â−®è¥−¨¥ ¤¥ª®¬¯®§¨æ¨¨ R
prbh

äáç1{9 prb
h
óóó

3 §�¬¥−ï¥âáï ®â−®è¥−¨¥¬ ¨−â¥-

£à�æ¨¨
prbh

äáç1{9 prb
h
óóóRdopint ¤®¯®«−¥−¨ï ®¤−¨å §−�−¨© ¤àã£¨¬¨ | «¨−£¢¨-

áâ¨ç¥áª¨¥ §−�−¨ï £®â®¢ïâ ¨−ä®à¬�æ¨î ® ¯�â®«®£¨ïå ®à£�−¨§¬� ç¥«®¢¥ª�
¨ ¤�−−ë¥ ® ¯à¨§−�ª�å á®áâ®ï−¨ï §¤®à®¢ìï ¢ ¯®¤§�¤�ç�å ¨§ £àã¯¯ë ú„¨�-
£−®áâ¨ª� ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª� ¨ ¢â®à¨ç−®© �ƒ ã
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¯�æ¨¥−â�û ¤«ï à�¡®âë «®£¨ç¥áª¨å §−�−¨© ¢ ¯®¤§�¤�ç¥ ú�æ¥−ª� áâ¥¯¥−¨ ¨
áâ�¤¨¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª� á¥à¤¥ç−®-á®áã¤¨áâëå §�-
¡®«¥¢�−¨©û (¯®áà¥¤áâ¢®¬ á®®â¢¥âáâ¢ãîé¨å ¤¥¢ïâ¨ ®¤−®â¨¯−ëå ¨−â¥àä¥©á®¢
prbh

äáç1{9 prb
h
óóóζuóúäáç);

(4) ®â−®è¥−¨¥ ¤¥ª®¬¯®§¨æ¨¨ R
prbh

óíáäprb
h
óóó

3 §�¬¥−ï¥âáï ®â−®è¥−¨¥¬ ¨−â¥£à�-

æ¨¨ prb
h
óíáäprb

h
óóóRdopint ¤®¯®«−¥−¨ï ®¤−¨å §−�−¨© ¤àã£¨¬¨ | «¨−£¢¨áâ¨ç¥-

áª¨¥ §−�−¨ï £®â®¢ïâ ¨−ä®à¬�æ¨î ® ¤�−−ëå ¯® ‘Œ�„ ¯�æ¨¥−â� ¢ ¯®¤§�¤�ç¥
ú�−�«¨§ áãâ®ç−®£® ¬®−¨â®à¨à®¢�−¨ï �àâ¥à¨�«ì−®£® ¤�¢«¥−¨ïû ¤«ï à�¡®âë
«®£¨ç¥áª¨å §−�−¨© ¢ ¯®¤§�¤�ç¥ ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �àâ¥à¨�«ì−®© £¨-
¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª� á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�−¨©û (¯®áà¥¤áâ¢®¬

¨−â¥àä¥©á�
prbh

óíáäprb
h
óóó1 ξhóúäáç).

„�«¥¥ ¤«ï â®£®, çâ®¡ë ®â®¡à�§¨âì ¢ëè¥®¯à¥¤¥«¥−−ë¥ á¢ï§¨ ¬¥¦¤ã ®¤−®-
à®¤−ë¬¨ ¯®¤§�¤�ç�¬¨ á ãç¥â®¬ �¯à¨®à−ëå §−�−¨© ® −�¨«ãçè¨å £¨¡à¨¤−ëå
áâà�â¥£¨ïå [9, â�¡«. 8.6], çâ®¡ë ¯®ª�§�âì ¨§¬¥−ç¨¢ë© á®áâ�¢ ¨ áâàãªâãàã ¬®¤¥«¨
−¥®¤−®à®¤−®© §�¤�ç¨ ‘‡„�ƒ, � â�ª¦¥ ¢�à¨�−âë áâà�â¥£¨© £¨¡à¨¤¨§�æ¨¨ ¤«ï ¯®-
á«¥¤ãîé¥£® á¨−â¥§� ”ƒ¨ˆ‘, ä®à¬¨àã¥âáï â�¡«¨æ� £¨¡à¨¤−ëå áâà�â¥£¨© (’ƒ‘)
(á¬. â�¡«¨æã).

’�¡«¨æ� £¨¡à¨¤−ëå áâà�â¥£¨© §�¤�¥âáï ¬�âà¨æ¥© ú®¤−®à®¤−�ï §�¤�-
ç�/¬®¤¥«¨ ®¤−®à®¤−ëå §�¤�ç | ®â−®è¥−¨ï ¨−â¥£à�æ¨¨ { ®¤−®à®¤−�ï §�¤�-
ç�/¬®¤¥«¨ ®¤−®à®¤−ëå §�¤�çû ¨ ¢¯®á«¥¤áâ¢¨¨ ¢¬¥áâ¥ á ¤¥ª®¬¯®§¨æ¨¥© á«®¦−®©
§�¤�ç¨, £¥â¥à®£¥−−ë¬ ¬®¤¥«ì−ë¬ ¯®«¥¬ ¨ ®â−®è¥−¨ï¬¨ ¨−â¥£à�æ¨¨ ¨ á®®â¢¥â-
áâ¢¨ï ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ ¢å®¤−ëå ¤�−−ëå ¤«ï �«£®à¨â¬� á¨−â¥§� à¥è¥−¨ï
−¥®¤−®à®¤−®© §�¤�ç¨ (�«£®à¨â¬ á¬. −¨¦¥).

‚ ïç¥©ª�å ’ƒ‘ ãª�§�−ë ®â−®è¥−¨ï ¨−â¥£à�æ¨¨ ¯®¤§�¤�ç ‘‡„�ƒ −� ¬®¤¥«ïå,
¯®áà¥¤áâ¢®¬ ª®â®àëå ®−¨ à¥è�îâáï, � ¢ áª®¡ª�å | íªá¯¥àâ−ë¥ ®æ¥−ª¨ ª�ç¥áâ¢�
á®®â¢¥âáâ¢ãîé¨å £¨¡à¨¤−ëå á¨áâ¥¬ [9, â�¡«. 8.6].

”ã−ªæ¨®−�«ì−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬� �¢â®¬�â¨§¨à®¢�−−®©
¤¨�£−®áâ¨ª¨ �ƒ (”ƒ¨ˆ‘�„�ƒ) | íâ® á¨áâ¥¬�, ¨á¯®«ì§ãîé�ï ¤«ï à¥è¥−¨ï
á«®¦−®© §�¤�ç¨ ¤¨�£−®áâ¨ª¨ �ƒ −¥áª®«ìª® ¬¥â®¤®¢ ¨¬¨â�æ¨¨ ¨−â¥««¥ªâã�«ì−®©
¤¥ïâ¥«ì−®áâ¨ ç¥«®¢¥ª� (¬¥â®¤ë −¥©à®á¥â¥©, −¥ç¥âª¨å á¨áâ¥¬, ƒ�), ®¡ê¥¤¨−¥−-
−ëå ¢ £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥, ¨ ¬®¤¥«¨àãîé�ï −¥®¤−®à®¤−®áâì ¯à®æ¥áá�
¤¨�£−®áâ¨ª¨ �ƒ.

‡�¤�¤¨¬ �«£®à¨â¬ á¨−â¥§� áâà�â¥£¨¨ à¥è¥−¨ï −¥®¤−®à®¤−®© §�¤�ç¨, à�§-
à�¡®â�−−ë© −� ®á−®¢¥ �«£®à¨â¬� 6.4 ¨§ [2], ¨−¨æ¨�«¨§¨àãîé¥£® �àå¨â¥ªâãàã
”ƒ¨ˆ‘�„�ƒ, ¨−â¥à¯à¥â�æ¨ï ª®â®à®© à�áá¬�âà¨¢�¥âáï ª�ª ¬¥â®¤ à¥è¥−¨ï −¥®¤-
−®à®¤−®© §�¤�ç¨. „�−−ë© �«£®à¨â¬ ¬®¤¥«¨àã¥â ¯à¨−ïâ¨¥ à¥è¥−¨© ¬¥¤¨æ¨−áª¨¬
ª®−á¨«¨ã¬®¬ («�â. consilium | á®¢¥é�−¨¥, ®¡áã¦¤¥−¨¥) | á®¢¥é�−¨¥¬ ¢à�ç¥©
à�§−ëå á¯¥æ¨�«ì−®áâ¥© á æ¥«ìî ¢ëà�¡®âª¨ §�ª«îç¥−¨ï ® á®áâ®ï−¨¨ §¤®à®¢ìï
®¡á«¥¤ã¥¬®£®, ãáâ�−®¢«¥−¨ï ¤¨�£−®§� ¡®«¥§−¨, ®¯à¥¤¥«¥−¨ï ¥¥ ¯à®£−®§�, â�ªâ¨ª¨
®¡á«¥¤®¢�−¨ï ¨ «¥ç¥−¨ï ¡®«ì−®£® [14], â. ¥. ¬®¤¥«¨àã¥â ¤¥ïâ¥«ì−®áâì ‹�÷ («¨æ�,
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¯à¨−¨¬�îé¥£® à¥è¥−¨¥) (ª�à¤¨®«®£�) ¯® ®à£�−¨§�æ¨¨ ª®−á¨«¨ã¬�, ¢§�¨¬®¤¥©-
áâ¢¨î á íªá¯¥àâ�¬¨ (¢à�ç�¬¨ ã§ª¨å á¯¥æ¨�«¨§�æ¨©) ¨ ¯à¨−ïâ¨î ®ª®−ç�â¥«ì−®£®
à¥è¥−¨ï. �à¨ íâ®¬ −� ¢å®¤ �«£®à¨â¬� ¯®áâã¯�¥â £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®-
«¥ (á¬. à�§¤. 2) | ¬®¤¥«ì à�§−®à®¤−ëå §−�−¨© íªá¯¥àâ®¢, ¢à�ç¥© á¬¥¦−ëå
á¯¥æ¨�«ì−®áâ¥©, ¯à®ä¥áá¨®−�«ì−® «ãçè¥, ç¥¬ ‹�÷, §−�îé¨å ®â¤¥«ì−ë¥ �á¯¥ª-
âë §�¤�ç¨, ®¡«�¤�îé¨å á¯¥æ¨�«ì−ë¬¨ §−�−¨ï¬¨ ¨ ®¯ëâ®¬ ¤«ï á¯¥æ¨ä¨ª�æ¨¨
®¡«�áâ¥© à¥«¥¢�−â−®áâ¨ áãé¥áâ¢¥−−ëå ¯�à�¬¥âà®¢ ¢−¥è−¥© áà¥¤ë, ¢«¨ïîé¥© −�
‘��÷, ¨ å�à�ªâ¥à¨áâ¨ª à¥áãàá®¢, ãç¨âë¢�¥¬ëå ¯à¨ ®¯¨á�−¨¨ ‘��÷, � â�ª¦¥
¤�−−ë¬¨ ¤«ï ¢ëà�¡®âª¨ ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï, ª®â®àë¥ ¢ëáª�§ë¢�îâ á¢®¥ «¨ç−®¥,
áã¡ê¥ªâ¨¢−®¥ ¬−¥−¨¥, çâ® ¯®¬®£�¥â ‹�÷ ¢ ®ª®−ç�â¥«ì−®¬ à¥è¥−¨¨.

�� ¢å®¤ �«£®à¨â¬� ¯®¤�îâáï:

(1) ¤¥ª®¬¯®§¨æ¨ï prbuóúäáç =
(
PRBh, rprb prb3

)
¢ ¢¨¤¥ á¥â¨ (®à¨¥−â¨à®¢�−−®£®

£à�ä� ¡¥§ ¯¥â¥«ì), £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ ‘Ma ¨ â�¡«¨æ� £¨¡à¨¤−ëå
áâà�â¥£¨©, ª®â®àë¥ §�¤�îâ ¢§�¨¬−® ®¤−®§−�ç−ë¥ á®®â¢¥âáâ¢¨ï:

Rprbprb3

(
prbhððó1{9 ,prb

h
äáç1{9

)
↔ Ruprint ;

Rprbprb3

(
prbhóíáä,prb

h
óóó

)
↔ Rdopint ;

Rprbprb3

(
prbhòüëç,prb

h
äáç1

)
↔ Rdopint ;

Rprb prb3

(
prbhäáç1{9 ,prb

h
óóó

)
↔ Rdopint ;

(2) ¬−®¦¥áâ¢® ®â−®è¥−¨© á®®â¢¥âáâ¢¨ï æ¥«¥© ¨ ¨áå®¤−ëå ¤�−−ëå ®¤−®à®¤-
−ëå §�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ PRBh, � â�ª¦¥ æ¥«¥© ¨ ¨áå®¤−ëå ¤�−−ëå
prbuóäúáç | fGL1 , fGL2 , fGL3 , fGL4 , fGL5 , fDAT1 , fDAT2 , fDAT3 , fDAT4 , fDAT5 ;

(3) ¬−®¦¥áâ¢® ¨−â¥à¯à¥â�â®à®¢ �¢â®−®¬−ëå ¬®¤¥«¥© I
‘Ma
= {Ie, Ig, If , In};

¬−®¦¥áâ¢® ¬¥¦¬®¤¥«ì−ëå ¨−â¥àä¥©á®¢
{
prbh

óíáä prb
h
CCC1 ζuóúäáç,

prbh
äáç1{9 prb

h
óóóζuóúäáç,

prbh
ððó1{9 prb

h
äáç1{9 ξuóúäáç,

prbh
òüëç prb

h
äáç1Rdopint

}

¨ ¬−®¦¥áâ¢® ¬®¤¥«¥©, à¥è�îé¨å §�¤�ç¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨ prbuóúäáç,

{modagððó1{9, modanóíáä, modaeóíáä, modaf äáç1{9, modaÎòüëç,

modaeóóó, modaf óóó}.

(4) ¯®àï¤®ª à¥è¥−¨ï ¯®¤§�¤�ç ‘‡„�ƒ ¯à¨ ¯®¬®é¨ ¨−¤¥ªá� In
(
Inprbh

)
, ®¯à¥-

¤¥«ïîé¥£® ¯®á«¥¤®¢�â¥«ì−®áâì à¥è¥−¨ï ¯®¤§�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ PRBh :
1prbhððó1{9 ,

2prbhóíáä,
2prbhòüëç,

2prbhäáç2{9 ,
3prbhäáç1 ,

4prbhóóó. ’�ª¨¬
®¡à�§®¬, ¢−�ç�«¥ à¥è�îâáï §�¤�ç¨ ¨§ £àã¯¯ë ��‘1{9, §�â¥¬ §�¤�ç¨ ‘Œ�„,
÷�Šƒ ¨ ¨§ £àã¯¯ë „�ƒ2{9. �®¤§�¤�ç� „�ƒ1 à¥è�¥âáï â®«ìª® âà¥âì¥© ¯®
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”ƒ¨ˆ‘ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¤¨�£−®áâ¨ª¥ �ƒ

®ç¥à¥¤−®áâ¨, â�ª ª�ª ¤«ï ¥¥ à¥è¥−¨ï âà¥¡ã¥âáï ¨−ä®à¬�æ¨ï ® à¥è¥−¨¨
¯®¤§�¤�ç¨ ÷�Šƒ. �®á«¥¤−¥© à¥è�¥âáï ¯®¤§�¤�ç� ‘‘‘, ®¡à�¡�âë¢�îé�ï
¨−ä®à¬�æ¨î, ¯¥à¥¤�−−ãî à¥è¥−¨¥¬ ¯®¤§�¤�ç ‘Œ�„ ¨ „�ƒ1{9. �®¤§�¤�ç¨
á In = 1 §�¯¨è¥¬ ¢ ¬�áá¨¢ M1, á In = 2| ¢ ¬�áá¨¢ M2 ¨ â. ¤.

�� ¢ëå®¤¥ �«£®à¨â¬� | á¯¨á®ª Lsm =
{
rint

(
modax,mod

a
y

) ∣∣ξ
γ

}
, ¢ ª®â®-

à®¬ §−�ª¨ ®¤−®à®¤−ëå §�¤�ç §�¬¥−¥−ë −� §−�ª¨ ¢ë¡à�−−ëå ¢ á®®â¢¥âáâ¢¨¨ á
®¡«�áâï¬¨ à¥«¥¢�−â−®áâ¨ ¬®¤¥«¥©, ª�¦¤®© ¬®¤¥«¨ ¯®áâ�¢«¥− ¢ á®®â¢¥âáâ¢¨¥ ¨−-
â¥à¯à¥â�â®à ¤«ï ¨¬¨â�æ¨¨ à�ááã¦¤¥−¨© ¨ ®¯à¥¤¥«¥−ë ¨−â¥àä¥©áë ¤«ï ®¡¬¥−�
¨−ä®à¬�æ¨¥©; x, y | §�¤�ç¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨ prbuóúäáç, ¯à¨ç¥¬ ª�¦¤®© ¬®¤¥«¨
á®¯®áâ�¢«¥− ¨−â¥à¯à¥â�â®à Iν, � ª�¦¤®¬ã ®â−®è¥−¨î ¨−â¥£à�æ¨¨ á®¯®áâ�¢«¥−
¨−â¥àä¥©á x

yζ
u
óúäáç ¨«¨ y

xζuóúäáç. ‘¯¨á®ª Lsm | ¨áå®¤−�ï ¨−ä®à¬�æ¨ï ¤«ï
¨−â¥à¯à¥â�æ¨¨ ”ƒ¨ˆ‘, ª®â®à�ï à�áá¬�âà¨¢�¥âáï ª�ª ¬¥â®¤ à¥è¥−¨ï á«®¦−®©
§�¤�ç¨, íâ® ¬−®¦¥áâ¢®, ®¯¨áë¢�îé¥¥ �àå¨â¥ªâãàã ”ƒ¨ˆ‘�„�ƒ.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

{ El =
{
Elj

}
, j = 1, Nôò | ¬−®¦¥áâ¢® ¬�âà¨æ ú¬®¤¥«ì{¬®¤¥«ìû, áâà®ª¨

ª®â®àëå á®®â¢¥âáâ¢ãîâ ¬®¤¥«ï¬ §�¤�ç¨ prbhξ , � áâ®«¡æë | ¬®¤¥«ï¬ §�¤�ç¨

prbhγ ¤«ï ¬−®¦¥áâ¢� âà®¥ª
{
rint

(
prbhξ ,prb

h
γ

)}
, ®¡à�¡�âë¢�¥¬®¥ −� l-¬ è�£¥;

{ NM | ç¨á«® l-å è�£®¢, á®®â¢¥âáâ¢ãîé¥¥ ç¨á«ã ¬�áá¨¢®¢, åà�−ïé¨å ¯®àï¤®ª
à¥è¥−¨ï ¯®¤§�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ ‘‡„�ƒ (¢ ¤�−−®¬ á«ãç�¥ NM = 4, l =
= 1, 4 ¨ −� ¯¥à¢®¬ è�£¥ �«£®à¨â¬� ¡ã¤ãâ ®¡à�¡®â�−ë 9 âà®¥ª, −� ¢â®à®¬ |
10 âà®¥ª, −� âà¥âì¥¬ | 1, � l = 4 ï¢«ï¥âáï ¯à¨§−�ª®¬ §�¢¥àè¥−¨ï à�¡®âë
�«£®à¨â¬�).

�à¨ç¥¬ ¢¢¥¤¥¬ ®£à�−¨ç¥−¨¥: ¨§ ¯®¤§�¤�ç prbhγ ¡¥àãâáï â¥, In ª®â®àëå ¡®«ìè¥ In

¯®¤§�¤�ç¨ prbhξ .
�«£®à¨â¬:

1. ��ç�«®, l = 1, In = l.

2. ‚ë¡à�âì ¨§ ¤¥ª®¬¯®§¨æ¨¨ prbuóúäáç =
(
PRBh, rprb prb3

)
¯®¤¬−®¦¥áâ¢® âà®-

¥ª PRBhβ =
{
rprb prb3

(
Inprbhξ ,

In>l prbhγ
)} ∣∣β = 1, Nðî.

3. β = 1, j = β, Nôò = 0.

4. „«ï β-© ¯�àë ¨§ PRBh
β ¨−¨æ¨�«¨§¨à®¢�âì ¬�âà¨æã Elj, ¯®¬¥ç�ï ¥¥ áâà®ª¨ q

¨ áâ®«¡æë ψ ¬®¤¥«ï¬¨ moda ¯®¤§�¤�ç prbhξ ¨ prbhγ. „®¡�¢¨âì ¬�âà¨æã Elj
¢ El. Nôò = Nôò + 1.

5. Nôò = Nðî? …á«¨ ú−¥âû, â® ¯®«®¦¨âì β = β + 1 ¨ ¢¥à−ãâìáï ª ¯. 3. …á«¨
ú¤�û, â® ¯¥à¥©â¨ ª ¯. 6.

6. ��ç�«® æ¨ª«� ®¡à�¡®âª¨ ¬−®¦¥áâ¢� ¬�âà¨æ El, j = 1.
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7. �¥à¥âáï Elj ¨ ¢ á®®â¢¥âáâ¢¨¨ á T u ¤�¥âáï ®æ¥−ª� â®«ìª® â¥¬ ¬®¤¥«ï¬ {modaq},

ã ª®â®àëå ¥áâì ®â−®è¥−¨ï ¨−â¥£à�æ¨¨ á {modaψ}. …á«¨ â�ª�ï ®æ¥−ª� ã¦¥
¥áâì, â® §�−¥áâ¨ ¥¥ ¢ §−�¬¥−�â¥«ì ¨ ¯¥à¥©â¨ ª ¯. 8, ¨−�ç¥, ¨á¯®«ì§ãï −¥ç¥âªãî
¨«¨ íªá¯¥àâ−ãî á¨áâ¥¬ã (�«£®à¨â¬ 1 ¨ â�¡«. 4.1{4.4 ¯à¨«®¦¥−¨ï 4 ¢ [9]),
¯®«ãç¨âì ®æ¥−ª¨ ¬®¤¥«¥© {modaq} ¨ §�−¥áâ¨ ¨å ¢ §−�¬¥−�â¥«¨ ¤à®¡¥©-í«¥-

¬¥−â®¢ εjq ψ ¬�âà¨æë Elj.

8. Œ®¤¥«¨à®¢�âì à¥è¥−¨ï prbhξ −� ª�¦¤®© ¨§ {modaq} ¨ ¯®«ãç¥−−ë¥ §−�ç¥−¨ï

¢ëå®¤®¢ ¯®¤�âì −� ¢å®¤ë ¬®¤¥«¥© {modaψ}. ˆá¯®«ì§ãï −¥ç¥âªãî ¨«¨
íªá¯¥àâ−ãî á¨áâ¥¬ë (�«£®à¨â¬ 1 ¨ â�¡«. 4.1{4.4 ¯à¨«®¦¥−¨ï 4 ¢ [9]),
¯®«ãç¨âì ®æ¥−ª¨ ¬®¤¥«¥© {modaψ} §�¤�ç¨ prbhγ, §�−®áï ®æ¥−ª¨ ¢ ç¨á«¨â¥«¨

¤à®¡¥©-í«¥¬¥−â®¢ εjq ψ ¬�âà¨æë Elj. ‚ë¡à�âì max
qψ

{εjqψ} ¯�àã ¬®¤¥«¥© ¨

§�−¥áâ¨ ¥¥ ¢ á¯¨á®ª Lsm.

9. j = Nðî? …á«¨ ú−¥âû, â® j = j + 1 ¨ ¯¥à¥©â¨ ª ¯. 7, ¨−�ç¥ | ª ¯. 10.

10. l = NM? …á«¨ ú−¥âû, â® l = l + 1 ¨ ¯¥à¥©â¨ ª ¯. 2, ¨−�ç¥ | ª ¯. 11.

11. „®¯®«−¨âì á¯¨á®ª Lsm ¨−â¥à¯à¥â�â®à�¬¨ ¬®¤¥«¥© ¨ ¬¥¦¬®¤¥«ì−ë¬¨ ¨−â¥à-
ä¥©á�¬¨. ˆ−¨æ¨�«¨§¨à®¢�âì ”ƒ¨ˆ‘ ¢ á®®â¢¥âáâ¢¨¨ á Lsm.

12. Š®−¥æ.

�«£®à¨â¬ «¥£ª® ¯à®£à�¬¬¨àã¥¬, â�ª ª�ª ï¢−® ¯®ª�§�−� á¢ï§ì ®ç¥à¥¤−®áâ¨ à¥-
è¥−¨ï §�¤�ç¨ á ä®à¬¨à®¢�−¨¥¬ (¢−¥è−¨© æ¨ª«, ¯¥à¥¬¥−−�ï l ¨ ¢¢¥¤¥−® ®£à�−¨ç¥-
−¨¥ −� ä®à¬¨à®¢�−¨¥ âà®¥ª) ¨ ®¡à�¡®âª®© âà®¥ª (¢−ãâà¥−−¨© æ¨ª«, ¯¥à¥¬¥−−�ï β)

rprbprb3

(
Inprbhξ ,

In>l prbhγ
)
.

’�ª¨¬ ®¡à�§®¬, ®¯à¥¤¥«¥− �«£®à¨â¬ ¢ë¡®à� áâà�â¥£¨¨ à¥è¥−¨ï á«®¦−®© ¤¨�-
£−®áâ¨ç¥áª®© §�¤�ç¨, ®¯à¥¤¥«¥−ë ¥£® ¢å®¤ë ¨ ¢ëå®¤ ¨ ¬®¦−® ¯¥à¥©â¨ ª á¨−â¥§ã
�àå¨â¥ªâãàë ”ƒ¨ˆ‘ á ¯®¬®éìî �«£®à¨â¬�, ®¯¨á�−−®£® ¢ëè¥, ¨ ¨¬¨â¨à®¢�âì
à�¡®âã ”ƒ¨ˆ‘ −� �‚Œ, â. ¥. ¢ ®¯à¥¤¥«¥−−®¬ ¤¥ª®¬¯®§¨æ¨¥© ¯®àï¤ª¥ á¬®¤¥-
«¨à®¢�âì à¥è¥−¨¥ ®¤−®à®¤−ëå §�¤�ç ¨, ¢ á®®â¢¥âáâ¢¨¨ á ®â−®è¥−¨ï¬¨ ¬¥¦¤ã
æ¥«ï¬¨ ¨ ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ®¤−®à®¤−ëå §�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ prbh, � â�ª¦¥
æ¥«ï¬¨ ¨ ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ‘‡„�ƒ, prbuóúäáç, ¯®«ãç¨âì à¥§ã«ìâ¨àãîéãî

¨−ä®à¬�æ¨î (¤¨�£−®§).

4 Архитектура функциональной гибридной интеллектуальной системы

÷¥§ã«ìâ�â à�¡®âë �«£®à¨â¬� á¨−â¥§� ¬¥â®¤� à¥è¥−¨ï §�¤�ç¨ ‘‡„�ƒ |
®¯¨á�−¨¥ �àå¨â¥ªâãàë ”ƒ¨ˆ‘�„�ƒ (¢¨àâã�«ì−®£® ¬¥¤¨æ¨−áª®£® ª®−á¨«¨ã¬�
¯® ¤¨�£−®áâ¨ª¥ �ƒ). ‘¨áâ¥¬� à¥�«¨§ã¥âáï ¢ ¯�ª¥â¥ MATLAB 7 ¨ Simulink.

„®¯®«−¨¬ ®¯¨á�−¨¥ �àå¨â¥ªâãàë ”ƒ¨ˆ‘�„�ƒ ¨−â¥àä¥©á�¬¨ ¯®«ì§®¢�â¥«ï
(à¨á. 5). �àå¨â¥ªâãà� ”ƒ¨ˆ‘�„�ƒ | ¬®¤ã«ì−�ï ¨ £¨¡ª�ï ¤«ï úá¡®àª¨û £¨¡-
à¨¤−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë á ãç¥â®¬ §�¯à®á� ¯®«ì§®¢�â¥«ï. ‚ Simulink
á®§¤�¥âáï ¡¨¡«¨®â¥ª� ”ƒ¨ˆ‘�„�ƒ á ¡«®ª�¬¨ ¢á¥å ˆ�‘, �‘ ¨ ƒ�, çâ® ¤�¥â
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”ƒ¨ˆ‘ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¤¨�£−®áâ¨ª¥ �ƒ

÷¨á. 5 �àå¨â¥ªâãà� ”ƒ¨ˆ‘�„�ƒ

¢®§¬®¦−®áâì ¬¥â®¤®¬ Drag&Drop á®§¤�¢�âì ¨ �«£®à¨â¬¨ç¥áª¨ ¨§¬¥−ïâì á®áâ�¢
£¨¡à¨¤�, −�¯à¨¬¥à, ¨áª«îç¨¢ ¨§ −¥£® ˆ�‘‘Œ�„, ¥á«¨ −¥â −¥®¡å®¤¨¬®áâ¨ ¢
�−�«¨§¥ ‘Œ�„; ¨«¨ −¥ ¢ª«îç�âì ˆ�‘÷�Šƒ, ¥á«¨ ¤�−−ë¥ ¯® �Šƒ ã¦¥ ¥áâì ¨
−¥â −¥®¡å®¤¨¬®áâ¨ ¢ �¢â®¬�â¨§¨à®¢�−−®¬ �−�«¨§¥ ®¡à�§� �Šƒ; ¨«¨ −¥ ¢ª«îç�âì
ƒ� (¢á¥ ¨«¨ −¥ª®â®àë¥ ¨§ −¨å), ¥á«¨, ¯® ¬−¥−¨î à�§à�¡®âç¨ª� (¯®«ì§®¢�â¥-
«ï) £¨¡à¨¤�, −¥â −¥®¡å®¤¨¬®áâ¨ ¢ ¬®¤¨ä¨ª�æ¨¨ ¬−®¦¥áâ¢ ¢å®¤−ëå ¯à¨§−�ª®¢
(á¨¬¯â®¬®¢), ¯® ª®â®àë¬ ¤¨�£−®áâ¨àã¥âáï á®áâ®ï−¨¥ ¯�æ¨¥−â�.

�� à¨á. 5 ¬®¤ã«ì úŒ®¤¨ä¨ª�æ¨ï áâàãªâãàë ‘��÷û ®âªàë¢�¥â ¨−â¥àä¥©á
¯®«ì§®¢�â¥«ï (‹�÷, ¢à�ç�-ª�à¤¨®«®£�), á ¯®¬®éìî ª®â®à®£® ¬®¦−® ®¯à¥¤¥«¨âì,
¡ã¤¥â «¨ ”ƒ¨‘�„�ƒ à¥è�âì ¯®¤§�¤�ç¨ ‘Œ�„ (à¥è�¥âáï ¯®áà¥¤áâ¢®¬ ˆ�‘),
÷�Šƒ (à¥è�¥âáï ¯®áà¥¤áâ¢®¬ ˆ�‘), ��‘1{9 (à¥è�¥âáï ¯®áà¥¤áâ¢®¬ ƒ�) ¨ ¢á¥
«¨ „�ƒ1{9 (à¥è�¥âáï ¯®áà¥¤áâ¢®¬ �‘).

…á«¨ ��‘1{9 ¢ë¡à�−ë ¤«ï à¥è¥−¨ï, â® �ªâ¨¢¨àã¥âáï ¡«®ª ú��‘1{9û, á ª®-
â®à®£® ¯¥à¥¤�¥âáï ¨−ä®à¬�æ¨ï −� ¡«®ª úŒ®¤¨ä¨ª�æ¨ï ¯®¤á¨áâ¥¬ ¤¨�£−®áâ¨ª¨û
¢ á®®â¢¥âáâ¢¨¨ á à¥§ã«ìâ�â�¬¨ à¥è¥−¨ï â¥å−®«®£¨ç¥áª¨å ¯®¤§�¤�ç ú�®áâà®¥−¨¥
¨−ä®à¬�â¨¢−®£® −�¡®à� ¯à¨§−�ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨�£−®áâ¨ª¥ §�¡®«¥¢�−¨©û,
ª®â®àë© ª®àà¥ªâ¨àã¥â à�¡®âã ¡«®ª®¢ ¤¨�£−®áâ¨ª¨ ¯®à�¦¥−¨© ®à£�−®¢-¬¨è¥−¥©,
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ä�ªâ®à®¢ à¨áª�, æ¥à¥¡à®¢�áªã«ïà−ëå ¡®«¥§−¥©, ¬¥â�¡®«¨ç¥áª®£® á¨−¤à®¬� ¨
á�å�à−®£® ¤¨�¡¥â�, §�¡®«¥¢�−¨© ¯¥à¨ä¥à¨ç¥áª¨å �àâ¥à¨©, ¨è¥¬¨ç¥áª®© ¡®«¥§−¨
á¥à¤æ�, í−¤®ªà¨−−®© �ƒ, ¯�à¥−å¨¬�â®§−®© −¥äà®¯�â¨¨ ¨ à¥−®¢�áªã«ïà−®© �ƒ
(¡«®ª¨ äáç1, . . . ,äáç9 á®®â¢¥âáâ¢¥−−®) ¨ ®âªàë¢�¥â ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï,
á ¯®¬®éìî ª®â®à®£® ¢¢®¤ïâáï ¯®ª�§�â¥«¨ á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â� (á¨¬-
¯â®¬ë). �«®ª¨ äáç1, . . . ,äáç9 ¯¥à¥¤�îâ ¡«®ªã ‘‘‘ (à¥è�îé¥¬ã ¯®¤§�¤�çã
ú�æ¥−ª� áâ¥¯¥−¨ ¨ áâ�¤¨¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª� á¥à¤¥ç−®-
á®áã¤¨áâëå §�¡®«¥¢�−¨©û) ¨−ä®à¬�æ¨î ® ¢ëï¢«¥−−ëå ã ¯�æ¨¥−â� ¯�â®«®£¨ïå,
ï¢«ïîéãîáï à¥§ã«ìâ�â®¬ ¬®¤¥«¨à®¢�−¨ï ¯à¨−ïâ¨ï à¥è¥−¨ï íªá¯¥àâ�¬¨ (¢à�ç�-
¬¨ á¬¥¦−ëå á¯¥æ¨�«ì−®áâ¥©). �®¤§�¤�ç¨ äáç1, . . . ,äáç9,óóó à¥è�îâáï á
¯®¬®éìî −¥ç¥âª¨å á¨áâ¥¬.

5 Заключение

‚ à�¡®â¥ ¤�−ë à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ Š” ˆ�ˆ ÷�� ¯à¨¬¥−¨â¥«ì−® ª
§�¤�ç¥ ¤¨�£−®áâ¨ª¨ �ƒ ¢ à�¬ª�å ®¤−®£® ¨§ ª«�áá®¢ ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå
á¨áâ¥¬ | äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ | ¨ á¢ï§�−−ë¥
á á¨−â¥§®¬ ¬¥â®¤� à¥è¥−¨ï ‘‡„�ƒ ¢ à�¬ª�å �‘-¬¥â®¤®«®£¨¨. „«ï à¥è¥−¨ï
21 ¯®¤§�¤�ç¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨ á«®¦−®© §�¤�ç¨ prbuóúäáç á¯à®¥ªâ¨à®¢�−® £¥â¥-
à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ ¨§ 23 ®¤−®à®¤−ëå ¬®¤¥«¥©, ç¨á«® ª®â®àëå ¯à¥¢ëè�¥â
ç¨á«® ¯®¤§�¤�ç ¢ ¤¥ª®¬¯®§¨æ¨¨, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® äã−ªæ¨®−�«ì−®© ¨§¡ëâ®ç-
−®áâ¨ ¨−áâàã¬¥−â�à¨¥¢ à¥è¥−¨ï ®¤−®© ¨ â®© ¦¥ ¯®¤§�¤�ç¨ (¯®¤§�¤�ç¨ prbhóíáä
¨ ¯®¤§�¤�ç¨ prbhóóó). ‚á«¥¤áâ¢¨¥ äã−ªæ¨®−�«ì−®© ¨§¡ëâ®ç−®áâ¨ ¡ë«¨ á¯¥æ¨-

ä¨æ¨à®¢�−ë ®¡«�áâ¨ à¥«¥¢�−â−®áâ¨ ¤«ï ¬−®¦¥áâ¢ ¬®¤¥«¥© ¯®¤§�¤�ç prbhóíáä
¨ prbhóóó ¨ ¯®áâà®¥−� ’ƒ‘ | à¥§ã«ìâ�â ¢¢®¤� ®â−®è¥−¨© á®®â¢¥âáâ¢¨ï ¬¥¦¤ã
¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¨ æ¥«ï¬¨ −¥®¤−®à®¤−®© §�¤�ç¨ prbuóúäáç, � â�ª¦¥ ¨áå®¤−ë-
¬¨ ¤�−−ë¬¨ ¨ æ¥«ï¬¨ ®¤−®à®¤−ëå ¯®¤§�¤�ç á®®â¢¥âáâ¢¥−−®, ¢¢®¤� ¨−â¥àä¥©á®¢
�¢â®−®¬−ëå ¬®¤¥«¥© ¨ §�¬¥−ë ®â−®è¥−¨© ¬¥¦¤ã ¯®¤§�¤�ç�¬¨ −� ®â−®è¥−¨ï
¨−â¥£à�æ¨¨.

„«ï ¨−¨æ¨�«¨§�æ¨¨ ”ƒ¨ˆ‘�„�ƒ, ¬®¤¥«¨àãîé¥© £¥â¥à®£¥−−®áâì ¯à®æ¥áá�
¤¨�£−®áâ¨ª¨ �ƒ, à�§à�¡®â�− �«£®à¨â¬ á¨−â¥§� áâà�â¥£¨¨ à¥è¥−¨ï −¥®¤−®à®¤−®©
§�¤�ç¨, ¬®¤¥«¨àãîé¨© ¢¨àâã�«ì−®¥ ¯à¨−ïâ¨¥ à¥è¥−¨© ¬¥¤¨æ¨−áª¨¬ ª®−á¨«¨ã-
¬®¬ ¯à¨ ¤¨�£−®áâ¨ª¥ �ƒ. ÷¥§ã«ìâ�â®¬ à�¡®âë �«£®à¨â¬� á¨−â¥§� ¬¥â®¤� à¥è¥−¨ï
£¥â¥à®£¥−−®© §�¤�ç¨ ‘‡„�ƒ ï¢«ï¥âáï ®¯¨á�−¨¥ �àå¨â¥ªâãàë ”ƒ¨ˆ‘�„�ƒ.

�à®¤®«¦�îâáï à�¡®âë ¯® ¨¬¨â�æ¨¨ ”ƒ¨ˆ‘ −� �‚Œ áà¥¤áâ¢�¬¨ ¯�ª¥â�
MATLAB 7 { Simulink, ¬®¤¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¨ ¨−â¥à¯à¥â�æ¨ï ¨å à¥§ã«ìâ�-
â®¢.
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Abstract: The paper introduces an approach to modeling decision support sys-
tem for diagnostics of the arterial hypertension within the problem-structured
methodology of functional artificial heterogeneous systems. The results of inte-
grated method design are presented, including the following tasks: development
of the heterogeneous model field for the complex problem of arterial hypertension
diagnostics, region specification of subtasks autonomous model pertinence, and
development of the algorithm for designing the integrated method and the model
for solving the complex (heterogeneous) task. The models are designed in ac-
cordance with the recommendations of the Society of Cardiology of the Russian
Federation for diagnostics and treatment of arterial hypertension. The architec-
ture of the virtual physician's consultation diagnostics of arterial hypertension is
the result of the algorithm synthesizing the method for solving the heterogeneous
task. Such systems allow to synthesize dynamically a new method for elaborating
diagnosis for each patient individually.

Keywords: functional hybrid intelligent system; heterogeneous model field;
integrated method for solving the heterogeneous task; diagnostics of arterial
hypertension
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ВОПРОСЫ ВЫБОРА МЕДИЦИНСКОЙ ИНФОРМАЦИОННОЙ
СИСТЕМЫ И ОБЛАЧНЫЕ ТЕХНОЛОГИИ

Г. Я. Илюшин1, В. И. Лиманский2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¢®¯à®áë ¢ë¡®à� ¬¥¤¨æ¨−áª¨å ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ (Œˆ‘) ¤«ï �¢â®¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å
ãçà¥¦¤¥−¨© (‹�“) −� ®á−®¢�−¨¨ ¨å å�à�ªâ¥à¨áâ¨ª ¨ á®®â¢¥âáâ¢¨ï Œˆ‘
âà¥¡®¢�−¨ï¬ §�ª®−� ÷” ú� ¯¥àá®−�«ì−ëå ¤�−−ëåû ¨ ¢¥¤®¬áâ¢¥−−ë¬ ¯à¨ª�-
§�¬ ¯® ¢§�¨¬®¤¥©áâ¢¨î á ¥¤¨−®© £®áã¤�àáâ¢¥−−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬®©
¢ áä¥à¥ §¤à�¢®®åà�−¥−¨ï (…ƒˆ‘‡). ��àï¤ã á âà�¤¨æ¨®−−ë¬¨ ªà¨â¥à¨ï-
¬¨ ¢ë¡®à� Œˆ‘ ¯® ¨å äã−ªæ¨®−�«ì−ë¬ å�à�ªâ¥à¨áâ¨ª�¬, ¯® ªà¨â¥à¨ï¬
ª«¨−¨ç¥áª®©, ®à£�−¨§�æ¨®−−®© ¨ íª®−®¬¨ç¥áª®© íää¥ªâ¨¢−®áâ¨ à�áá¬®âà¥−ë
¢®¯à®áë ¢ë¡®à� Œˆ‘ ¯® ªà¨â¥à¨ï¬ íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï ®¡«�ç−ëå
à¥�«¨§�æ¨© Œˆ‘ ¤«ï ª®−ªà¥â−ëå ¢¨¤®¢ ‹�“. �à¨¢¥¤¥− �−�«¨§ ¯à®¡«¥¬
¢−¥¤à¥−¨ï ¢ ‹�“ Œˆ‘ ®¡«�ç−ëå à¥�«¨§�æ¨©, ¯®ª�§�−ë ¨å −¥¤®áâ�âª¨ ¨
¯à¥¨¬ãé¥áâ¢�, ¤�−ë à¥ª®¬¥−¤�æ¨¨ ® æ¥«¥á®®¡à�§−®áâ¨ ¯à¨¬¥−¥−¨ï ®¡«�ç−ëå
à¥�«¨§�æ¨© ¢ §�¢¨á¨¬®áâ¨ ®â −�§−�ç¥−¨ï ¨ áâàãªâãàë «¥ç¥¡−®£® ãçà¥¦¤¥−¨ï.
÷¥ª®¬¥−¤®¢�−® ¯à¨¬¥−¥−¨¥ ®¡«�ç−ëå Œˆ‘ ¤«ï �¢â®¬�â¨§�æ¨¨ «¥ç¥¡−ëå
ãçà¥¦¤¥−¨© ¯®«¨ª«¨−¨ç¥áª®£® â¨¯�, £¤¥ ¨å ¯à¨¬¥−¥−¨¥ ¬®¦¥â ¤�âì §�¬¥â−ë©
íª®−®¬¨ç¥áª¨© íää¥ªâ ¨ ¯®¢ëá¨âì ª�ç¥áâ¢® ®¡á«ã¦¨¢�−¨ï −�á¥«¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¬¥¤¨æ¨−áª¨¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; ªà¨â¥à¨¨ ¢ë¡®à�
Œˆ‘; ‹�“; ®¡«�ç−ë¥ â¥å−®«®£¨¨; ¥¤¨−�ï £®áã¤�àáâ¢¥−−�ï ¨−ä®à¬�æ¨®−−�ï
á¨áâ¥¬� ¢ áä¥à¥ §¤à�¢®®åà�−¥−¨ï; …ƒˆ‘‡

DOI: 10.14357/08696527140111

1 Рынок медицинских информационных систем для автоматизации
деятельности медицинских организаций

„¨−�¬¨ª� àë−ª� Œˆ‘ ¯®ª�§ë¢�¥â ¯®áâ®ï−−® ¢®§à�áâ�îé¨© ¨−â¥à¥á ¬¥¤¨-
æ¨−áª¨å ®à£�−¨§�æ¨© (Œ�) «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª®£® â¨¯� ª �¢â®¬�â¨§�æ¨¨
¯à®æ¥áá®¢ ¨å ¤¥ïâ¥«ì−®áâ¨ [1], çâ® ®¡ãá«®¢«¥−® ¦¥«�−¨¥¬ ®¡¥á¯¥ç¨âì ¬�ªá¨¬�«ì-
−ãî íää¥ªâ¨¢−®áâì «¥ç¥¡−®£® ¯à®æ¥áá� á ®¤−®¢à¥¬¥−−ë¬ á®ªà�é¥−¨¥¬ §�âà�â.
�® ¤�−−ë¬ Œ¨−¨áâ¥àáâ¢� §¤à�¢®®åà�−¥−¨ï ÷” [2] ç¨á«® â®«ìª® £®áã¤�àáâ¢¥−−ëå
‹�“ á®áâ�¢«ï«® −� ª®−¥æ 2010 £. 8960 ¥¤¨−¨æ, ¨§ −¨å ¡®«ì−¨æ ¨ ¤¨á¯�−á¥à®¢,
¨¬¥îé¨å áâ�æ¨®−�àë, | 5705. �® ¨−ä®à¬�æ¨¨, ¯à¨¢¥¤¥−−®© ¢ [3], −� −�ç�«®
2012 £. ¢ ÷®áá¨¨ ¢ë¯®«−¥−ë ¯®áâ�¢ª¨ Œˆ‘ ¢ 4930 ‹�“ ¢á¥å ä®à¬ á®¡áâ¢¥−-
−®áâ¨. „¨−�¬¨ª� ¯®áâ�¢®ª Œˆ‘ §� 2005{2011 ££., ¯® ¤�−−ë¬ â®£® ¦¥ ¨áâ®ç−¨ª�,

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ilushin@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vlimansky@ipiran.ru
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‚®¯à®áë ¢ë¡®à� ¬¥¤¨æ¨−áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¨ ®¡«�ç−ë¥ â¥å−®«®£¨¨

„¨−�¬¨ª� ¯®áâ�¢®ª Œˆ‘ §� 2005{2011 £. [3]

ƒ®¤
−�¡«î¤¥−¨ï

Š®«¨ç¥áâ¢® ‹�“,
¢ ª®â®àë¥ ¡ë«¨ ¯®áâ�¢«¥−ë Œˆ‘

—¨á«®
�¢â®¬�â¨§¨à®¢�−−ëå

à�¡®ç¨å ¬¥áâ
2005 206 6 âëá.
2007 1000 34,8 âëá.
2009 2800 53,9 âëá.
2010 2440 52,3 âëá.
2011 4930 104,2 âëá.

®âà�¦¥−� ¢ â�¡«¨æ¥. �à¨¢¥¤¥−−ë¥ æ¨äàë á¢¨¤¥â¥«ìáâ¢ãîâ ® −�à�áâ�−¨¨ â¥¬¯�
�¢â®¬�â¨§�æ¨¨ ‹�“ ¨ ¡®«ìè®¬ ¯®â¥−æ¨�«¥ àë−ª� Œˆ‘.

—¨á«® á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ Œ�, ¯à¥¤«�£�¥¬ëå −� àë−ª¥,
¤®áâ�â®ç−® ¢¥«¨ª®. ‚ ª�â�«®£¥ �áá®æ¨�æ¨¨ à�§¢¨â¨ï ¬¥¤¨æ¨−áª¨å ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨© (�÷Œˆ’) [4] ¢ à�§¤¥«¥ úŒ¥¤¨æ¨−áª¨¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë
(Œˆ‘)û ¢ àã¡à¨ª�å úŒˆ‘ ¬−®£®¯à®ä¨«ì−ëå ¬¥¤ãçà¥¦¤¥−¨© (¯®«¨ª«¨−¨ª¨,
¤¨�£−®áâ¨ç¥áª¨¥ æ¥−âàë, áâ�æ¨®−�àë, ª«¨−¨ª¨ ¨ ¤à.)û, úŒˆ‘ ¤«ï áâ®¬�â®«®-
£¨ç¥áª¨å ¬¥¤ãçà¥¦¤¥−¨©û ¨ úŒˆ‘ ¤«ï á¯¥æ¨�«¨§¨à®¢�−−ëå ¬¥¤ãçà¥¦¤¥−¨© ¨
¯®¤à�§¤¥«¥−¨©û −� ¤�−−ë© ¬®¬¥−â §�à¥£¨áâà¨à®¢�−® 90, 14 ¨ 16 ¬¥¤ãçà¥¦¤¥−¨©
á®®â¢¥âáâ¢¥−−®.

‚ ¯ã¡«¨ª�æ¨¨ [5] ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ª«�áá¨ä¨ª�æ¨¨ 190 Œˆ‘ ¢á¥å
â¨¯®¢ ¨ −�§−�ç¥−¨© ¯® ¢¨¤�¬ à¥è�¥¬ëå §�¤�ç (à¨á. 1). ‘¢¥¤¥−¨ï ® Œˆ‘,

÷¨á. 1 Š«�áá¨ä¨ª�æ¨ï Œˆ‘ ¯® ¢¨¤�¬ à¥è�¥¬ëå §�¤�ç [5]: 1 | ¯®«¨ª«¨−¨ç¥áª¨¥;
2 | «�¡®à�â®à−ë¥; 3 | áâ®¬�â®«®£¨ç¥áª¨¥; 4 | ®¡à�¡®âª� ¨§®¡à�¦¥−¨©; 5 | ¨−â¥à−¥â-
¯®àâ�«ë ¨ à�§à�¡®âª� Œˆ‘; 6 | ã¯à�¢«¥−¨¥ §¤à�¢®®åà�−¥−¨¥¬; 7 | ®à£�−¨§�æ¨®−−®-
íª®−®¬¨ç¥áª¨¥; 8 | ª®¬¯«¥ªá−ë¥; 9 | «¥ç¥¡−®-¤¨�£−®áâ¨ç¥áª¨¥
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¨§ãç¥−−ëå ¨ ¯à®�−�«¨§¨à®¢�−−ëå ¢ å®¤¥ ãª�§�−−®£® ¨áá«¥¤®¢�−¨ï, à�§¬¥é¥−ë ¢
¢¨¤¥ â�¡«¨æë [6] −� á�©â¥ â¥«¥¬¥¤¨æ¨−áª®£® æ¥−âà� ’�¬¡®¢áª®£® £®áã¤�àáâ¢¥−−®£®
â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â�, £¤¥ ãª�§�−ë −�§¢�−¨ï Œˆ‘, ¨å à�§à�¡®âç¨ª¨, �¤à¥á�
¢ ˆ−â¥à−¥â¥ ¨ ªà�âª¨¥ ®¯¨á�−¨ï ª�¦¤®© Œˆ‘.

�à¨¢¥¤¥−−ë¥ á¢¥¤¥−¨ï ¯®ª�§ë¢�îâ à�§−®®¡à�§¨¥ ¨ ¡®«ìè®¥ ç¨á«® Œˆ‘,
¯à¥¤«�£�¥¬ëå −� àë−ª¥ ¤«ï �¢â®¬�â¨§�æ¨¨ Œ�. �®¬¨¬® ¯¥à¥ç¨á«¥−−ëå âà�¤¨-
æ¨®−−ëå à¥�«¨§�æ¨© Œˆ‘ −� àë−ª¥ �¢â®¬�â¨§�æ¨¨ ‹�“ ¯®ï¢¨«áï −®¢ë© ¨£à®ª
¢ ¢¨¤¥ ®¡«�ç−ëå Œˆ‘, à¥�«¨§ã¥¬ëå ¢ à�¬ª�å á®§¤�−¨ï …ƒˆ‘‡ ¨ ¯à¥¤«�£�-
¥¬ëå Œ¨−¨áâ¥àáâ¢®¬ §¤à�¢®®åà�−¥−¨ï ¤«ï ¢−¥¤à¥−¨ï ¢ ‹�“. �¡«�ç−ë¥ Œˆ‘
¬®£ãâ à�§¬¥é�âìáï ª�ª −� ¯«®é�¤ª¥ ä¥¤¥à�«ì−®£® æ¥−âà� ®¡à�¡®âª¨ ¤�−−ëå
(–�„), â�ª ¨ −� ¯«®é�¤ª�å à¥£¨®−�«ì−ëå –�„ …ƒˆ‘‡. ‚ë¡®à ª®−ªà¥â−®©
Œˆ‘ ¤«ï à�§¬¥é¥−¨ï −� à¥£¨®−�«ì−®¬ ãà®¢−¥ …ƒˆ‘‡ ®áãé¥áâ¢«ï¥âáï ®à£�−�¬¨
ã¯à�¢«¥−¨ï §¤à�¢®®åà�−¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å à¥£¨®−®¢.

2 Критерии оценки традиционных реализаций медицинских
информационных систем

„«ï ¢ë¡®à� Œˆ‘ ¬®¦−®, −� ¯¥à¢ë© ¢§£«ï¤, ¢®á¯®«ì§®¢�âìáï à¥ª«�¬−®©
¨−ä®à¬�æ¨¥©, à�§¬¥é�¥¬®© à�§à�¡®âç¨ª�¬¨ −� á¢®¨å á�©â�å ¨ ¢ à¥ª«�¬−ëå
¯ã¡«¨ª�æ¨ïå. �¤−�ª® ¯à¥¤áâ�¢«¥−−ë¥ ¢ â�ª¨å ¬�â¥à¨�«�å ¤�−−ë¥ −®áïâ ¯®-
¢¥àå−®áâ−ë© å�à�ªâ¥à, ¢ ¬�¦®à−ëå â®−�å ®¯¨áë¢�îâ ¤®áâ®¨−áâ¢� á¨áâ¥¬ ¨ −¥
à�áªàë¢�îâ ¨å à¥�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨.

„àã£¨¬ ¯®¤å®¤®¬ ª ¢ë¡®àã Œˆ‘ ï¢«ï¥âáï á¡®à ¨ �−�«¨§ ¨−ä®à¬�æ¨¨ ®
à¥§ã«ìâ�â�å ¢−¥¤à¥−¨ï Œˆ‘ ¢ ¤àã£¨å ‹�“. „«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥-
−¥−¨ï Œˆ‘ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¨−â¥£à�«ì−ë¥ ªà¨â¥à¨¨ | ª«¨−¨ç¥áªãî,
®à£�−¨§�æ¨®−−ãî ¨ íª®−®¬¨ç¥áªãî íää¥ªâ¨¢−®áâì ¢−¥¤à¥−¨ï [7]. ‚ ª�ç¥áâ¢¥ ªà¨-
â¥à¨¥¢ ª«¨−¨ç¥áª®© íää¥ªâ¨¢−®áâ¨ íªá¯¥àâë −�§ë¢�îâ â�ª¨¥ ¯®ª�§�â¥«¨, ª�ª
ã¬¥−ìè¥−¨¥ ª®«¨ç¥áâ¢� ¢à�ç¥¡−ëå ®è¨¡®ª ¯à¨ −�§−�ç¥−¨¨ ¯à¥¯�à�â®¢ ¨ −�¯à�¢-
«¥−¨¨ −� ®¡á«¥¤®¢�−¨¥, ¯®¢ëè¥−¨¥ â®ç−®áâ¨, ®¯¥à�â¨¢−®áâ¨ ¨ ¨−ä®à¬�â¨¢−®áâ¨
¤¨�£−®áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ã¬¥−ìè¥−¨¥ ç¨á«� ®¡®áâà¥−¨© åà®−¨ç¥áª¨å §�-
¡®«¥¢�−¨© §� ®¯à¥¤¥«¥−−ë© ¯¥à¨®¤ ¢à¥¬¥−¨, ®¡é¥¥ á−¨¦¥−¨¥ §�¡®«¥¢�¥¬®áâ¨,
¯®¢ëè¥−¨¥ áâ¥¯¥−¨ á®®â¢¥âáâ¢¨ï «¥ç¥−¨ï ãáâ�−®¢«¥−−ë¬ áâ�−¤�àâ�¬. ��¨¡®«¥¥
�¤¥ª¢�â−ë¬ ¯®ª�§�â¥«¥¬ ®à£�−¨§�æ¨®−−®© íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë, ¯® ¤�−−ë¬
â®£® ¦¥ ¨áâ®ç−¨ª�, ¡®«ìè¨−áâ¢® íªá¯¥àâ®¢ áç¨â�îâ ã¬¥−ìè¥−¨¥ §�âà�â à�¡®-
ç¥£® ¢à¥¬¥−¨ ¬¥¤¨æ¨−áª®£® ¯¥àá®−�«� ¯à¨ ¯®¤£®â®¢ª¥ ®âç¥â−®© ¤®ªã¬¥−â�æ¨¨.
�ª®−®¬¨ç¥áª�ï íää¥ªâ¨¢−®áâì ¢ëà�¦�¥âáï ¢ à®áâ¥ ¤®å®¤®¢ ‹�“, ¢ íª®−®¬¨¨
ä®−¤� §�à�¡®â−®© ¯«�âë, ®¯â¨¬¨§�æ¨¨ à�áå®¤®¢ −� ¬¥¤¨ª�¬¥−âë, ¢ ¢®§¬®¦−®áâ¨
àãª®¢®¤áâ¢� ‹�“ ª®−âà®«¨à®¢�âì à�¡®âã ãçà¥¦¤¥−¨ï ¢ à¥�«ì−®¬ ¢à¥¬¥−¨. �¯¨-
á�−−ë© ¯®¤å®¤ ¨−âã¨â¨¢−® ¯®−ïâ¥−, ¢¥¤ì ¢ ª®−¥ç−®¬ áç¥â¥ ¢−¥¤à¥−¨¥ Œˆ‘ ¢
‹�“ ¯à¥á«¥¤ã¥â æ¥«¨, ®âà�¦¥−−ë¥ ¢ ¨−â¥£à�«ì−ëå ªà¨â¥à¨ïå íää¥ªâ¨¢−®áâ¨.
�¤−�ª® æ¨äà®¢®¥ ¢ëà�¦¥−¨¥ ¯¥à¥ç¨á«¥−−ëå ªà¨â¥à¨¥¢ ¯®«ãç¨âì ¤®¢®«ì−®
âàã¤−®.
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‚®¯à®áë ¢ë¡®à� ¬¥¤¨æ¨−áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¨ ®¡«�ç−ë¥ â¥å−®«®£¨¨

�®«¥¥ ¯à®áâë¬ ¨ ¤®áâã¯−ë¬ á¯®á®¡®¬ ¢ë¡®à� ¯à¥¤¯®çâ¨â¥«ì−®© Œˆ‘ ï¢«ï-
¥âáï ®æ¥−ª� Œˆ‘ ¯® ®¯à¥¤¥«¥−−®¬ã −�¡®àã ªà¨â¥à¨¥¢. ’�ª®© ¯®¤å®¤ ª ¢ë¡®àã
Œˆ‘ ¯®§¢®«ï¥â ¯à¨ áà�¢−¨â¥«ì−® −¥¡®«ìè¨å §�âà�â�å ¢à¥¬¥−¨ ¨ áà¥¤áâ¢ ¢ë-
¡à�âì ¨§ ¬−®¦¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ −¥áª®«ìª® −�¨¡®«¥¥ ¯®¤å®¤ïé¨å.
‡�â¥¬ á«¥¤ã¥â ¯à®¢¥áâ¨ ¡®«¥¥ ¤¥â�«ì−ë© �−�«¨§ á¨áâ¥¬-¯à¥â¥−¤¥−â®¢, ¯à¨¬¥−ïï
ªà¨â¥à¨¨ ¨−â¥£à�«ì−®£® �−�«¨§�. �à¨ �−�«¨§¥ á¨áâ¥¬ á«¥¤ã¥â ®¡à�é�âì ¢−¨¬�-
−¨¥ −¥ −� ¯¥à¥ç¥−ì äã−ªæ¨© ¨ ¢®§¬®¦−®áâ¥©, � −� ª�ç¥áâ¢®, £«ã¡¨−ã ¨ £¨¡ª®áâì
à¥�«¨§®¢�−−ëå à¥è¥−¨©.

��¡®à ªà¨â¥à¨¥¢ ¤«ï ®æ¥−ª¨ Œˆ‘ ¤®áâ�â®ç−® è¨à®ª® ®á¢¥é�¥âáï ¢ à�§-
«¨ç−ëå ¯ã¡«¨ª�æ¨ïå [7{9]. ‘à¥¤¨ ¬−®¦¥áâ¢� ¯à¥¤«�£�¥¬ëå ªà¨â¥à¨¥¢ ¬®¦−®
¢ë¤¥«¨âì á«¥¤ãîé¨¥ £àã¯¯ë:

1. ”ã−ªæ¨®−�«ì−ë¥ ªà¨â¥à¨¨ | −�«¨ç¨¥ ¨ ª�ç¥áâ¢® à¥�«¨§�æ¨¨ ¡¨§−¥á-¯à®-
æ¥áá®¢ ¢ ‹�“, ¢ â®¬ ç¨á«¥ �¬¡ã«�â®à−®¥ ¨ áâ�æ¨®−�à−®¥ «¥ç¥−¨¥, ¬¥¤¨ª�-
¬¥−â®§−®¥ ®¡¥á¯¥ç¥−¨¥, ãç¥â ¯à¥¤®áâ�¢«¥−−ëå ¯® à�§«¨ç−ë¬ ¢¨¤�¬ ®¯«�âë
¬¥¤¨æ¨−áª¨å ãá«ã£, ®âç¥â−®áâì ¨ â. ¤.

2. ‘â®¨¬®áâì Œˆ‘ | §�âà�âë −� ¯à¨®¡à¥â¥−¨¥, ¢ â®¬ ç¨á«¥ ®¡é¥á¨áâ¥¬−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, −� ¢−¥¤à¥−¨¥, íªá¯«ã�â�æ¨î ¨ â¥å−¨ç¥áªãî
¯®¤¤¥à¦ªã á¨áâ¥¬ë.

3. ‚§�¨¬®¤¥©áâ¢¨¥ á ¤àã£¨¬¨ á¨áâ¥¬�¬¨ | á¨áâ¥¬�¬¨ �¢â®¬�â¨§�æ¨¨ ¤àã£¨å
‹�“, ®à£�−®¢ §¤à�¢®®åà�−¥−¨ï, ¯®áâ�¢é¨ª�¬¨ «¥ª�àáâ¢¥−−ëå áà¥¤áâ¢ ¨
¬¥¤¨æ¨−áª¨å ¯à¥¯�à�â®¢.

4. �¤¬¨−¨áâà¨à®¢�−¨¥ Œˆ‘ | ã¯à�¢«¥−¨¥ á¨áâ¥¬®©, ¢ â®¬ ç¨á«¥ ¯à�¢�¬¨
¤®áâã¯� ¯®«ì§®¢�â¥«¥© ª ¤�−−ë¬ ¨ äã−ªæ¨ï¬ á¨áâ¥¬ë, �ã¤¨â ¤¥©áâ¢¨©
¯®«ì§®¢�â¥«¥©, à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ¨ ¢®ááâ�−®¢«¥−¨¥, ®¡−®¢«¥−¨¥ ¢¥àá¨©
á¥à¢¥à−®£® ¨ ª«¨¥−âáª®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

�®¬¨¬® ®æ¥−ª¨ Œˆ‘ ¯® ªà¨â¥à¨ï¬ ®¦¨¤�¥¬®© íää¥ªâ¨¢−®áâ¨ ¢−¥¤à¥−¨ï ¨
äã−ªæ¨®−�«ì−ë¬ å�à�ªâ¥à¨áâ¨ª�¬ á«¥¤ã¥â ®¡à�é�âì ¢−¨¬�−¨¥ −� á®®â¢¥âáâ¢¨¥
Œˆ‘ âà¥¡®¢�−¨ï¬ àï¤� −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢, ¢ ç�áâ−®áâ¨ ”¥¤¥à�«ì−®¬ã
§�ª®−ã ü 152 ú� ¯¥àá®−�«ì−ëå ¤�−−ëåû, ¨ ¨−â¥£à�æ¨¨ Œˆ‘ á …ƒˆ‘‡.

”¥¤¥à�«ì−ë© §�ª®− ú� ¯¥àá®−�«ì−ëå ¤�−−ëåû à¥£ã«¨àã¥â ®â−®è¥−¨ï, á¢ï-
§�−−ë¥ á ®¡à�¡®âª®© ¯¥àá®−�«ì−ëå ¤�−−ëå, ®áãé¥áâ¢«ï¥¬®©, ¢ ç�áâ−®áâ¨, îà¨-
¤¨ç¥áª¨¬¨ «¨æ�¬¨ á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨. ‚á¥ ¨−ä®à¬�æ¨-
®−−ë¥ á¨áâ¥¬ë, à�§à�¡®â�−−ë¥ ¤® ¢áâã¯«¥−¨ï ¤�−−®£® §�ª®−� ¢ á¨«ã, ¤®«¦−ë
¡ë«¨ ¡ëâì ¯à¨¢¥¤¥−ë ¢ á®®â¢¥âáâ¢¨¥ á §�ª®−®¬ ¤® 1 ¨î«ï 2011 £. �¥®¡å®¤¨-
¬ë¬ ãá«®¢¨¥¬ á®®â¢¥âáâ¢¨ï á¨áâ¥¬ë âà¥¡®¢�−¨ï¬ §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå
ï¢«ï¥âáï −�«¨ç¨¥ ¬®¤¥«¨ ã£à®§ ¡¥§®¯�á−®áâ¨ ¯¥àá®−�«ì−ëå ¤�−−ëå [10]. Œ®-
¤¥«ì ã£à®§ ä®à¬¨àã¥âáï ¨ ãâ¢¥à¦¤�¥âáï ®¯¥à�â®à®¬ ¯¥àá®−�«ì−ëå ¤�−−ëå ¢
á®®â¢¥âáâ¢¨¨ á ¬¥â®¤¨ç¥áª¨¬¨ ¤®ªã¬¥−â�¬¨, à�§à�¡®â�−−ë¬¨ ¢ á®®â¢¥âáâ¢¨¨ á
¯. 2 �®áâ�−®¢«¥−¨ï �à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 17 −®ï¡àï 2007 £.
ü 781 ú�¡ ãâ¢¥à¦¤¥−¨¨ �®«®¦¥−¨ï ®¡ ®¡¥á¯¥ç¥−¨¨ ¡¥§®¯�á−®áâ¨ ¯¥àá®−�«ì−ëå
¤�−−ëå ¯à¨ ¨å ®¡à�¡®âª¥ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¯¥àá®−�«ì−ëå ¤�−−ëåû.
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ƒ. Ÿ. ˆ«îè¨−, ‚. ˆ. ‹¨¬�−áª¨©

‚ ¯à®æ¥áá¥ ¢−¥¤à¥−¨ï á¨áâ¥¬ë ¢ ‹�“ ¤®«¦−� ¡ëâì áä®à¬¨à®¢�−� ¨ ãâ¢¥à¦¤¥−�
—�áâ−�ï ¬®¤¥«ì ã£à®§ [11, 12] ¨ á®¢¬¥áâ−® á ¯®áâ�¢é¨ª®¬ Œˆ‘ à�§à�¡®â�−�
¤®ªã¬¥−â�æ¨ï, −¥®¡å®¤¨¬�ï ¤«ï íªá¯«ã�â�æ¨¨ á¨áâ¥¬ ®¡à�¡®âª¨ ¯¥àá®−�«ì−ëå
¤�−−ëå.

Š®−æ¥¯æ¨ï á®§¤�−¨ï …ƒˆ‘‡ [13] ¯à¥¤ãá¬�âà¨¢�¥â á®§¤�−¨¥ ¢ ¥¥ á®áâ�¢¥
àï¤� ä¥¤¥à�«ì−ëå ¨ à¥£¨®−�«ì−ëå á¥à¢¨á®¢, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ¯®¤¤¥à¦ª¨
¤¥ïâ¥«ì−®áâ¨ ‹�“. Œ¥¤¨æ¨−áª�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� «î¡®£® ‹�“ ¤®«¦−�
¢ ®¡ï§�â¥«ì−®¬ ¯®àï¤ª¥ ¢§�¨¬®¤¥©áâ¢®¢�âì á àï¤®¬ æ¥−âà�«¨§®¢�−−ëå á¨áâ¥¬ ¨
á¥à¢¨á®¢ …ƒˆ‘‡, ¢ ç¨á«¥ ª®â®àëå:

{ æ¥−âà�«¨§®¢�−−�ï á¨áâ¥¬� í«¥ªâà®−−®© §�¯¨á¨ −� ¯à¨¥¬ ª ¢à�çã (í«¥ªâà®−−�ï
à¥£¨áâà�âãà� | �÷);

{ æ¥−âà�«¨§®¢�−−�ï á¨áâ¥¬� ¢¥¤¥−¨ï ¨−â¥£à¨à®¢�−−®© í«¥ªâà®−−®© ¬¥¤¨æ¨−-
áª®© ª�àâë (ˆ�ŒŠ);

{ æ¥−âà�«¨§®¢�−−�ï á¨áâ¥¬� ¢ë¤�ç¨ ¨ ãç¥â� ¢ë¯¨á�−−ëå «ì£®â−ëå à¥æ¥¯â®¢,
®¡¥á¯¥ç¨¢�îé�ï ¯¥àá®−¨ä¨æ¨à®¢�−−ë© ãç¥â ®ª�§�−−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨
¨ «¥ª�àáâ¢¥−−®£® ®¡¥á¯¥ç¥−¨ï;

{ ¯®¤á¨áâ¥¬� �¤¬¨−¨áâà�â¨¢−®-å®§ï©áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ (�•„);

{ ¯®¤á¨áâ¥¬� ¤®áâã¯� ª ª�â�«®£ã ¯®«ì§®¢�â¥«¥© á¨áâ¥¬ë;

{ ¯®¤á¨áâ¥¬� ¤®áâã¯� ª −®à¬�â¨¢−®-á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨ ¨ á«®¢�àï¬ ¬¥¤¨-
æ¨−áª¨å â¥à¬¨−®«®£¨©;

{ ¨−äà�áâàãªâãà� ®âªàëâëå ª«îç¥© ¨ í«¥ªâà®−−®© æ¨äà®¢®© ¯®¤¯¨á¨.

�® ¬¥à¥ à�§à�¡®âª¨ ¨ ¢−¥¤à¥−¨ï ¯¥à¥ç¨á«¥−−ëå, � â�ª¦¥ ¤àã£¨å á¨áâ¥¬ ¨
á¥à¢¨á®¢ …ƒˆ‘‡ ¢á¥ Œˆ‘ ¤®«¦−ë ¡ëâì ¬®¤¥à−¨§¨à®¢�−ë ¢ á®®â¢¥âáâ¢¨¨ á
âà¥¡®¢�−¨ï¬¨ …ƒˆ‘‡. �®íâ®¬ã ¯à¨ ¢ë¡®à¥ Œˆ‘ á«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥
−� â¥ªãé¥¥ á®áâ®ï−¨¥ Œˆ‘ ¯® ®¡¥á¯¥ç¥−¨î ¢§�¨¬®¤¥©áâ¢¨ï á …ƒˆ‘‡ ¨ −� ¢®§-
¬®¦−®áâ¨ ¯®áâ�¢é¨ª� Œˆ‘ à¥�«¨§®¢�âì íâ¨ âà¥¡®¢�−¨ï …ƒˆ‘‡ ¢ ¤�«ì−¥©è¥¬.

3 Выбор медицинской информационной системы облачной
реализации

�æ¥−ª� äã−ªæ¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª Œˆ‘ ®¡«�ç−®© à¥�«¨§�æ¨¨ ¨ áâ¥-
¯¥−¨ ¥¥ á®®â¢¥âáâ¢¨ï −ã¦¤�¬ ‹�“ ¬®¦¥â ®áãé¥áâ¢«ïâìáï ¯® ªà¨â¥à¨ï¬ ®æ¥−ª¨
âà�¤¨æ¨®−−ëå Œˆ‘, à�§¬¥é�¥¬ëå −� ¯«®é�¤ª�å ‹�“. �á®¡®¥ ¢−¨¬�−¨¥ ¯à¨
¢ë¡®à¥ ¤«ï ¢−¥¤à¥−¨ï ¢ ‹�“ Œˆ‘ ®¡«�ç−®© à¥�«¨§�æ¨¨ á«¥¤ã¥â ã¤¥«ïâì â¥¬
¯à¥¨¬ãé¥áâ¢�¬, � â�ª¦¥ â¥¬ ¯à®¡«¥¬�¬ ¨ à¨áª�¬, ª®â®àë¥ ¯à¨áãé¨ ®¡«�ç-
−ë¬ à¥è¥−¨ï¬. ‚ è¨à®ª®¬ á¬ëá«¥, ¯¥à¥å®¤ ª ®¡«�ç−ë¬ â¥å−®«®£¨ï¬ ®§−�ç�¥â
�ãâá®àá¨−£ âà�¤¨æ¨®−−ëå ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥-
áª¨¬¨ (ˆ’) ¨−äà�áâàãªâãà�¬¨ ¯à®ä¥áá¨®−�«ì−ë¬¨ ¢−¥è−¨¬¨ ¯®áâ�¢é¨ª�¬¨.
‚ ª�ç¥áâ¢¥ ®á−®¢−ëå ¯à¥¨¬ãé¥áâ¢ ¨á¯®«ì§®¢�−¨ï ®¡«�ç−ëå à¥è¥−¨© ®¡ëç−®
−�§ë¢�îâ:
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‚®¯à®áë ¢ë¡®à� ¬¥¤¨æ¨−áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¨ ®¡«�ç−ë¥ â¥å−®«®£¨¨

{ á®ªà�é¥−¨¥ áà®ª®¢ ¢−¥¤à¥−¨ï à¥è¥−¨© −� ¯à¥¤¯à¨ïâ¨¨;

{ á−¨¦¥−¨¥ à�áå®¤®¢ −� ¨−äà�áâàãªâãàã;

{ á−¨¦¥−¨¥ §�âà�â −� ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥;

{ á®ªà�é¥−¨¥ íªá¯«ã�â�æ¨®−−ëå à�áå®¤®¢;

{ ¬�áèâ�¡¨àã¥¬®áâì ¨ ¤¨−�¬¨ç¥áª®¥ ¢ë¤¥«¥−¨¥ −¥®¡å®¤¨¬ëå ¤«ï äã−ªæ¨®−¨-
à®¢�−¨ï à¥è¥−¨ï à¥áãàá®¢.

‚ á«ãç�¥ á ®¡«�ç−ë¬¨ à¥�«¨§�æ¨ï¬¨ Œˆ‘ ¢á¥ ¯¥à¥ç¨á«¥−−ë¥ ¯à¥¨¬ãé¥áâ¢�
â�ª¦¥ ¨¬¥îâ ¬¥áâ®, çâ® ¤¥«�¥â, ¯® ªà�©−¥© ¬¥à¥ −� ¯¥à¢ë© ¢§£«ï¤, ¨å ¢−¥¤à¥−¨¥ ¢
‹�“ ¤®¢®«ì−® ¯à¨¢«¥ª�â¥«ì−ë¬. �¤−�ª® ¯à¨ íâ®¬ ¢−¥¤à¥−¨¥ ®¡«�ç−ëå à¥è¥−¨©
áâ�¢¨â ¯¥à¥¤ ‹�“ àï¤ −®¢ëå ¯à®¡«¥¬ ¨ ¤®¯®«−¨â¥«ì−ëå à¨áª®¢. Š�ª ¡ë«®
áª�§�−® ¢ëè¥, ®¡«�ç−ë¥ â¥å−®«®£¨¨ ®§−�ç�îâ �ãâá®àá¨−£ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï
ˆ’-¨−äà�áâàãªâãà®© ¯à®ä¥áá¨®−�«ì−ë¬¨ ¢−¥è−¨¬¨ ¯®áâ�¢é¨ª�¬¨, ª®â®àë¥
ï¢«ïîâáï á¯¥æ¨�«¨áâ�¬¨ ¢ á¢®¥© ®¡«�áâ¨, −® −¥ ¢ ®¡«�áâ¨ ¯à¥¤«�£�¥¬ëå ¨¬¨
¯à¨ª«�¤−ëå à¥è¥−¨©.

�à®æ¥áá ¢−¥¤à¥−¨ï Œˆ‘ ¢ ‹�“ ¯à¥¤¯®«�£�¥â, ¢ ç�áâ−®áâ¨, ¢ë¯®«−¥−¨¥ à�-
¡®â ¯® −�áâà®©ª¥ á¨áâ¥¬ë ¤«ï ¤�−−®£® ª®−ªà¥â−®£® ‹�“. �â¨ à�¡®âë ¢ª«îç�îâ:
®¯¨á�−¨¥ ¨−äà�áâàãªâãàë ‹�“ ¨ ¯à®ä¨«¥© ¬¥â®¤®¢ ¤¨�£−®áâ¨ª¨ ¨ «¥ç¥−¨ï,
¢¢®¤ á¯¨á®ç−®£® á®áâ�¢� ‹�“, á®§¤�−¨¥ ¨ −�áâà®©ªã à�¡®ç¨å ¬¥áâ ¯¥àá®−�«�,
®¯¨á�−¨¥ ¯à�¢ ¨å ¤®áâã¯� ¨ ¬−®¦¥áâ¢® ¤àã£¨å ¯®¤£®â®¢¨â¥«ì−ëå ¤¥©áâ¢¨© ¨
¬�−¨¯ã«ïæ¨©, −¥®¡å®¤¨¬ëå ¤«ï §�¯ãáª� Œˆ‘ ¢ íªá¯«ã�â�æ¨î. ‡�¯ãáª Œˆ‘
¢ íªá¯«ã�â�æ¨î ¢ «î¡®¬ ‹�“ ¯à¥¤¯®«�£�¥â â�ª¦¥ ®¡ãç¥−¨¥ ¯¥àá®−�«� ‹�“
−�¢ëª�¬ à�¡®âë á ¤�−−®© á¨áâ¥¬®©. ‚ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ ç�áâ® ¢®§−¨ª�¥â
−¥®¡å®¤¨¬®áâì ¢ ¯¥à¥−�áâà®©ª¥ ¨«¨ ¢®ááâ�−®¢«¥−¨¨ à�¡®â®á¯®á®¡−®áâ¨ á¨áâ¥¬ë,
−�àãè¥−−®© ¢ à¥§ã«ìâ�â¥ íªá¯«ã�â�æ¨®−−ëå ®è¨¡®ª, ¨§¬¥−¥−¨© ¢−¥è−¨å âà¥¡®-
¢�−¨© ¨«¨ ª®−ä¨£ãà�æ¨¨ ‹�“. ‚á¥ íâ¨ à�¡®âë ®¡ëç−® ¢ë¯®«−ï«¨áì à�§à�¡®â-
ç¨ª�¬¨ á¨áâ¥¬ë ¨«¨ á¯¥æ¨�«ì−® ¯®¤£®â®¢«¥−−ë¬¨ ¨¬¨ £àã¯¯�¬¨ ¯® ¢−¥¤à¥−¨î
¨ á®¯à®¢®¦¤¥−¨î ¤�−−®© Œˆ‘ ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨, ¯®áª®«ìªã ¢ë¯®«−¥−¨¥
ãª�§�−−ëå à�¡®â âà¥¡ã¥â §−�−¨ï ®á®¡¥−−®áâ¥© à¥�«¨§�æ¨¨ ª®−ªà¥â−®© Œˆ‘ ¨
¯à¨ª«�¤−®© ®¡«�áâ¨, � −¥ ˆ’-â¥å−®«®£¨©. �à¨ ¢−¥¤à¥−¨¨ ¢ ‹�“ Œˆ‘ ®¡«�ç−®©
à¥�«¨§�æ¨¨ ¤«ï ¢ë¯®«−¥−¨ï ¯¥à¥ç¨á«¥−−ëå à�¡®â ‹�“ ¤®«¦−® ¡ã¤¥â §�ª«îç�âì
¤®¯®«−¨â¥«ì−ë¥ ¤®£®¢®àë −� ¢−¥¤à¥−¨¥ ¨ á®¯à®¢®¦¤¥−¨¥ ®¡«�ç−®© Œˆ‘ á ¥¥
à�§à�¡®âç¨ª�¬¨ ¨«¨ á® á¯¥æ¨�«ì−ë¬¨ áâàãªâãà�¬¨, ª®â®àë¥ ¤®«¦−ë á®§¤�¢�âì-
áï ¯à¨ á®®â¢¥âáâ¢ãîé¨å –�„, ¯à¥¤«�£�îé¨å ®¡«�ç−ë¥ à¥�«¨§�æ¨¨ Œˆ‘ ¤«ï
¢−¥¤à¥−¨ï. �â® ¯à¨¢¥¤¥â ª ã¤®à®¦�−¨î ¢−¥¤à¥−¨ï ¨ íªá¯«ã�â�æ¨¨ Œˆ‘ ¨ ¢ §−�-
ç¨â¥«ì−®© áâ¥¯¥−¨ −¨¢¥«¨àã¥â íª®−®¬¨ç¥áª¨© íää¥ªâ ®â ¯à¨¬¥−¥−¨ï ®¡«�ç−ëå
â¥å−®«®£¨©.

�¤−�ª® ¢á¥ íâ¨ ®à£�−¨§�æ¨®−−ë¥ ¯à®¡«¥¬ë ¢á¥ ¦¥ ¬®£ãâ ¡ëâì à¥è¥−ë ¯à¨
¤®«¦−®¬ ¢−¨¬�−¨¨ á® áâ®à®−ë Œ¨−¨áâ¥àáâ¢� §¤à�¢®®åà�−¥−¨ï ¨ ¥£® à¥£¨®−�«ì-
−ëå áâàãªâãà. �®«ìè¨¥ ®¯�á¥−¨ï ¢ë§ë¢�¥â â®â ä�ªâ, çâ® −� ¯ãâ¨ ¢−¥¤à¥−¨ï
®¡«�ç−ëå Œˆ‘ ¢ ‹�“ −�àï¤ã á ®à£�−¨§�æ¨®−−ë¬¨ ¯à®¡«¥¬�¬¨ áãé¥áâ¢ãîâ ¨
â¥å−¨ç¥áª¨¥ âàã¤−®áâ¨ | £«�¢−ë¬ ®¡à�§®¬ íâ® ®£à�−¨ç¥−−�ï ¯à®¯ãáª−�ï á¯®á®¡-
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−®áâì ¨ ¯®â¥−æ¨�«ì−�ï −¥−�¤¥¦−®áâì «¨−¨© á¢ï§¨ £«®¡�«ì−®© á¥â¨, á¢ï§ë¢�îé¥©
‹�“ á á®®â¢¥âáâ¢ãîé¨¬ ®¡«�ª®¬.

�âáãâáâ¢¨¥ â¥å−¨ç¥áª¨å ¯à®¡«¥¬ ¯à¨ ¢−¥¤à¥−¨¨ ®¡«�ç−ëå à¥�«¨§�æ¨© Œˆ‘
¢ ‹�“ ¢ §−�ç¨â¥«ì−®© ¬¥à¥ §�¢¨á¨â ®â ¯à¥¤¯®«�£�¥¬®© áâ¥¯¥−¨ �¢â®¬�â¨§�æ¨¨
ãçà¥¦¤¥−¨ï, � â�ª¦¥ ®â ¥£® −�§−�ç¥−¨ï ¨ áâàãªâãàë. �à¨ ®áãé¥áâ¢«¥−¨¨ −�-
ç�«ì−®© ä�§ë �¢â®¬�â¨§�æ¨¨ ‹�“ ¯®«¨ª«¨−¨ç¥áª®£® â¨¯�, ¯à¥¤ãá¬�âà¨¢�îé¥©
¢¥¤¥−¨¥ à�á¯¨á�−¨ï ¯à¨¥¬� ¯�æ¨¥−â®¢ ¨ �¢â®¬�â¨§�æ¨î à�¡®âë à¥£¨áâà�âãàë,
−¨ª�ª¨å â¥å−¨ç¥áª¨å ¯à®¡«¥¬ ¢®§−¨ª�âì −¥ ¤®«¦−®, ¯®áª®«ìªã ¢ ¤�−−®¬ á«ãç�¥
¯à¥¤¯®«�£�¥âáï ¨−â¥à�ªâ¨¢−ë© ¢¢®¤ ¨ ¯®«ãç¥−¨¥ áà�¢−¨â¥«ì−® −¥¡®«ìè¨å ®¡ê-
¥¬®¢ ¤�−−ëå ¨ −¥ âà¥¡ã¥âáï ®á®¡® ¢ëá®ª®© −�¤¥¦−®áâ¨ ª�−�«®¢ á¢ï§¨. �® â¥¬
¦¥ á�¬ë¬ á®®¡à�¦¥−¨ï¬ −¥ ¢ë§®¢¥â ®á«®¦−¥−¨© ¨ �¢â®¬�â¨§�æ¨ï à�¡®ç¨å ¬¥áâ
¢à�ç¥©, ¥á«¨ ¨å äã−ªæ¨¨ ®£à�−¨ç¥−ë ¢¥¤¥−¨¥¬ í«¥ªâà®−−®© ¨áâ®à¨¨ ¡®«¥§−¥© ¯�-
æ¨¥−â®¢ ¨/¨«¨ ¢ë¯®«−¥−¨¥¬ âà¨¢¨�«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å ¬�−¨¯ã«ïæ¨© (ã«ìâ-
à�§¢ãª®¢®¥ ¨áá«¥¤®¢�−¨¥, æ¨äà®¢®© à¥−â£¥− ¨ â. ¯.). �¤−�ª® ¤�¦¥ ¢ íâ¨å á«ãç�ïå
−� ¯«®é�¤ª¥ ‹�“ ¯®¬¨¬® ª®¬¯ìîâ¥à®¢ à�¡®ç¨å áâ�−æ¨© ¢á¥ ¦¥ ¤®«¦−ë ¡ëâì
ãáâ�−®¢«¥−ë −¥ª®â®àë¥ â¥å−¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ¯à¥¤−�§−�ç¥−−ë¥
¤«ï á®§¤�−¨ï «®ª�«ì−®© á¥â¨ ‹�“ ¨ ®à£�−¨§�æ¨¨ ¯®¤ª«îç¥−¨ï á®âàã¤−¨ª®¢
‹�“ ª ®¡«�ªã á® á¢®¨å à�¡®ç¨å ¬¥áâ, â. ¥. á®¢á¥¬ ¡¥§ ˆ’-¨−äà�áâàãªâãàë |
á¥â¥¢®£® ¨ á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï | ¢ ‹�“ ®¡®©â¨áì −¥ ã¤�áâáï, � §−�ç¨â,
ª�ª¨¥-â® á¨«ë ¨ áà¥¤áâ¢� −� ¯®¤¤¥à¦ªã ¨−äà�áâàãªâãàë ¢ á�¬®¬ ‹�“ ¯®âà�â¨âì
¢á¥ ¦¥ ¯à¨¤¥âáï.

÷�áá¬®âà¨¬ â¥¯¥àì −� ¯à¨¬¥à¥ à�¡®ç¨å ¬¥áâ ¢à�ç¥©-¤¨�£−®áâ®¢, çìï ¤¥ï-
â¥«ì−®áâì á¢ï§�−� á ¯à¨¬¥−¥−¨¥¬ ¢ëá®ª®â¥å−®«®£¨ç−®£® æ¨äà®¢®£® ®¡®àã¤®¢�-
−¨ï, ¢®§¬®¦−ë¥ ¯à®¡«¥¬ë �¢â®¬�â¨§�æ¨¨ ¨å à�¡®âë ¢ à�¬ª�å ®¡«�ç−ëå Œˆ‘.
�� à¨á. 2 ¯à¥¤áâ�¢«¥−� áâàãªâãà−�ï áå¥¬� ª®¬¯«¥ªá� �¯¯�à�â−®-¯à®£à�¬¬−ëå
áà¥¤áâ¢ (��Š) à�¤¨®«®£¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë (÷ˆ‘) úƒ�ŒŒ�
Œ“‹œ’ˆ‚�Š‘û [14]. �â®â ¨«¨ ¤àã£¨¥ ¯®¤®¡−ë¥ ¥¬ã ª®¬¯«¥ªáë ¯à¨¬¥−ïîâáï
¢ ªàã¯−ëå æ¥−âà�å ¨ ª«¨−¨ª�å −¥ â®«ìª® ¨ −¥ áâ®«ìª® ¤«ï ¯®«ãç¥−¨ï ¨ åà�-
−¥−¨ï ®â¤¥«ì−ëå ¨§®¡à�¦¥−¨©. ƒ«�¢−®© æ¥«ìî ¯à¨¬¥−¥−¨ï â�ª¨å ª®¬¯«¥ªá®¢
ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨© ¤«ï ®¡à�¡®âª¨, ¢¨§ã�«¨§�æ¨¨
¨ á¨áâ¥¬−®£® �−�«¨§� ¬¥¤¨æ¨−áª¨å ¤¨�£−®áâ¨ç¥áª¨å ¨§®¡à�¦¥−¨©, à¥§ã«ìâ�â®¢
äã−ªæ¨®−�«ì−®© ¤¨�£−®áâ¨ª¨, ¡¨®ä¨§¨ç¥áª¨å ¨ ¡¨®å¨¬¨ç¥áª¨å ¬¥â®¤®¢ ¨áá«¥-
¤®¢�−¨ï ¤«ï ¯®áâà®¥−¨ï ¢¨àâã�«ì−®© âà¥å¬¥à−®© ¤¨−�¬¨ç¥áª®© ¬�â¥¬�â¨ç¥áª®©
¬®¤¥«¨ ¨áá«¥¤ã¥¬ëå áâàãªâãà ¨ ®à£�−®¢ ¯�æ¨¥−â� ¤«ï ¤¨�£−®áâ¨ª¨, ¯«�−¨à®¢�-
−¨ï ¨ ®æ¥−ª¨ à¥§ã«ìâ�â®¢ ª®−á¥à¢�â¨¢−®£® ¨«¨ å¨àãà£¨ç¥áª®£® «¥ç¥−¨ï [15].

��¯à¨¬¥à, ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï §�¤�ç ¯® ¤¨�£−®áâ¨ª¥ ¨ ¯®¤£®â®¢ª¥ ª ®¯¥-
à�æ¨ï¬ ¢à�ç®¬-¤¨�£−®áâ®¬ ®¡à�¡�âë¢�îâáï ¨ á®åà�−ïîâáï −� á¥à¢¥à¥ ®£à®¬−ë¥
®¡ê¥¬ë ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ëå áã£ã¡® ¤«ï ¢−ãâà¨¡®«ì−¨ç−®£® ¨á¯®«ì§®¢�−¨ï
¢ ¯à®æ¥áá¥ «¥ç¥−¨ï ¡®«ì−®£®, ¨ «¨èì −¥§−�ç¨â¥«ì−�ï ¨å ç�áâì ¤®«¦−� ¢¯®á«¥¤-
áâ¢¨¨ �ªªã¬ã«¨à®¢�âìáï ¢ ¨áâ®à¨¨ ¡®«¥§−¨ ¨ ¯¥à¥¤�¢�âìáï ¢ á¥à¢¨áë …ƒˆ‘‡.
…á«¨ á¥à¢¥àë ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¯®¤®¡−®£® ª®¬¯«¥ªá� ¡ã¤ãâ ¢ë−¥á¥−ë
¢ á®áâ�¢¥ Œˆ‘ ¢ ®¡«�ª®, â®£¤� ª�ª à�¡®ç¨¥ áâ�−æ¨¨ ¨ ¤¨�£−®áâ¨ç¥áª®¥ ®¡®-
àã¤®¢�−¨¥ ®áâ�−ãâáï −� ú§¥¬«¥û, ¢ ‹�“, â® ¢®§−¨ª−¥â ®£à®¬−ë© âà�ä¨ª, á
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÷¨á. 2 ‘âàãªâãà−�ï áå¥¬� ÷ˆ‘ úƒ�ŒŒ� Œ“‹œ’ˆ‚�Š‘û

ª®â®àë¬ ¥¤¢� «¨ á¯à�¢ïâáï «¨−¨¨ á¢ï§¨ £«®¡�«ì−®© á¥â¨, � ®¡à�¡®âª� ¨§®¡à�-
¦¥−¨© à¥§ª® §�¬¥¤«¨âáï, çâ® �¡á®«îâ−® −¥¯à¨¥¬«¥¬® ¨ −¥®¯à�¢¤�−−®. …á«¨
¦¥ â�ª®© ª®¬¯«¥ªá ¢¬¥áâ¥ á ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ ¨ á¥à¢¥à�¬¨ ¢ë¢¥áâ¨
¨§ ®¡«�ª� ¨ ¯®«−®áâìî à�§¬¥áâ¨âì −� ¯«®é�¤ª¥ ‹�“, â® ¢áâ�−¥â ¢®¯à®á ® ¥£®
á®¯àï¦¥−¨¨ á ¡�§®¢®© Œˆ‘ ¢ ®¡«�ª¥. ÷¥è¥−¨¥ â�ª®© §�¤�ç¨ ¢¯®«−¥ à¥�«ì−®,
¥á«¨ −�¤® ¢ë¯®«−¨âì á®¯àï¦¥−¨¥ ®¤−®© Œˆ‘ á ®¤−¨¬ ��Š ¨ ®¤−®© ÷ˆ‘. �®
¯à®¡«¥¬� §�ª«îç�¥âáï ¢ â®¬, çâ® â¨¯®¢�ï ®¡«�ç−�ï Œˆ‘ ®¤−�, � â�ª¨å ��Š
¨ á®®â¢¥âáâ¢ãîé¨å ÷ˆ‘ ¬®¦¥â ¡ëâì −¥áª®«ìª®, ¨ ¢ ª�¦¤®¬ ª®−ªà¥â−®¬ á«ã-
ç�¥ §�ªã¯ªã ¤¨�£−®áâ¨ç¥áª®£® ®¡®àã¤®¢�−¨ï ¨ ÷ˆ‘ ®áãé¥áâ¢«ï¥â ¬¥¤¨æ¨−áª¨©
æ¥−âà, ¨áå®¤ï ¨§ á¢®¥£® ¯®−¨¬�−¨ï §�¤�ç, ¯®âà¥¡−®áâ¥© ¨ á ãç¥â®¬ ¢ë¤¥«¥−−ëå
ä¨−�−á®¢ëå áà¥¤áâ¢. � à�§à�¡®â�âì â¨¯®¢ãî Œˆ‘, ª®â®à�ï á¬®¦¥â ¢§�¨¬®¤¥©-
áâ¢®¢�âì á «î¡®© ÷ˆ‘ ¡¥§ �¤�¯â�æ¨¨ ª ª®−ªà¥â−®¬ã ®¡®àã¤®¢�−¨î ¨ á¯¥æ¨ä¨ª¥
¬¥¤¨æ¨−áª®© ¤¥ïâ¥«ì−®áâ¨ áâ�æ¨®−�à�, −� ¤�−−®¬ íâ�¯¥ −¥à¥�«ì−®. Šà®¬¥ â®-
£®, â�ª®© ª®¬¯«¥ªá, à�§¬¥é¥−−ë© ¢ ‹�“, −�¤® ®¡á«ã¦¨¢�âì ¨ ¨¬ ã¯à�¢«ïâì,
çâ® ®¯ïâì-â�ª¨ ¢®§¢à�é�¥â ª −¥®¡å®¤¨¬®áâ¨ �ãâá®àá¨−£� á¨«�¬¨ à�§à�¡®âç¨ª®¢,
¯à¨ç¥¬ ª�ª Œˆ‘, â�ª ¨ ÷ˆ‘.

„àã£¨¬¨ ¯à¨¬¥à�¬¨ ¢ëá®ª®â¥å−®«®£¨ç−ëå ª®¬¯«¥ªá®¢, ¢ á®áâ�¢ ª®â®àëå
¢å®¤¨â à�§«¨ç−®¥ ®¡®àã¤®¢�−¨¥, ¯à®£à�¬¬−®¥ ¨ �¯¯�à�â−®¥ ®¡¥á¯¥ç¥−¨¥, ï¢«ï-
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îâáï ú–¨äà®¢�ï ®¯¥à�æ¨®−−�ïû | ®á−�é¥−¨¥ ®¯¥à�æ¨®−−ëå ¡«®ª®¢ | ¨ «�-
¡®à�â®à−ë¥ ª®¬¯«¥ªáë. �à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ â�ª¨å ª®¬¯®−¥−â®¢ ¯® á®-
®¡à�¦¥−¨ï¬ −�¤¥¦−®áâ¨ ¨ ¢ëá®ª®£® ¢−ãâà¨ª®¬¯®−¥−â−®£® âà�ä¨ª� −¨ ¯à¨ ª�ª¨å
ãá«®¢¨ïå −¥ ¬®¦¥â ¡ëâì ¯®¤−ïâ® ¢ ®¡«�ª® ¨ à�§¬¥é¥−® −� á¥à¢¥à�å –�„ ¢
á®áâ�¢¥ ¡�§®¢®© Œˆ‘. �â¨ ¢ëá®ª®â¥å−®«®£¨ç−ë¥ ª®¬¯®−¥−âë −�àï¤ã á ¤àã£¨¬¨,
¢ ç�áâ−®áâ¨ úå®§ï©áâ¢¥−−ë¬¨û, â�ª¨¬¨ ª�ª ú�ãå£�«â¥à¨ïû, ú�¯â¥ª�û, ú�¨â�-
−¨¥û, ¯à¥¤«�£�îâáï à�§«¨ç−ë¬¨ ¯®áâ�¢é¨ª�¬¨ ¨ â�ª¦¥ ¢áâà�¨¢�îâáï ¢ ¡�§®¢ãî
Œˆ‘ ¢ ¯à®æ¥áá¥ ¥¥ ¢−¥¤à¥−¨ï, â. ¥. ¤«ï ®¤−®© ¨ â®© ¦¥ ¡�§®¢®© Œˆ‘ −�¡®à
â�ª¨å ª®¬¯®−¥−â®¢ ¢ à�§«¨ç−ëå ‹�“ ¬®¦¥â ®â«¨ç�âìáï ¨«¨ ®−¨ ¢®®¡é¥ ¬®£ãâ
®âáãâáâ¢®¢�âì. “ª�§�−−ë¥ ª®¬¯®−¥−âë ª�ª ¢ëá®ª®â¥å−®«®£¨ç−ë¥, â�ª ¨ å®§ï©-
áâ¢¥−−ë¥, ¤®«¦−ë ¤®áâ�â®ç−® â¥á−® ¢§�¨¬®¤¥©áâ¢®¢�âì á −�å®¤ïé¥©áï ¢ ®¡«�ª¥
¡�§®¢®© ¬¥¤¨æ¨−áª®© á¨áâ¥¬®© ¨ á ¤àã£¨¬¨ ª®¬¯®−¥−â�¬¨ ª�ª ¯® ¢å®¤ã, â�ª ¨ ¯®
¢ëå®¤ã, â. ¥. ®áãé¥áâ¢«ïâì á −¨¬¨ ®¡¬¥− ¤�−−ë¬¨.

ˆâ�ª, ¯à¨ ¢−¥¤à¥−¨¨ Œˆ‘ ¢ ªàã¯−ëå ¬¥¤¨æ¨−áª¨å æ¥−âà�å ¨ ª«¨−¨ª�å ¢
á®áâ�¢¥ Œˆ‘ ¡ã¤ãâ ¯à¨áãâáâ¢®¢�âì ¢ëá®ª®â¥å−®«®£¨ç−ë¥ ª®¬¯®−¥−âë, ª®â®àë¥
¯® á®®¡à�¦¥−¨ï¬ −�¤¥¦−®áâ¨ ¨/¨«¨ à¨áª� á®§¤�−¨ï −¥¯à¨¥¬«¥¬®£® âà�ä¨ª� −¨
¯à¨ ª�ª¨å ãá«®¢¨ïå −¥ ¬®£ãâ ¡ëâì ¯®¤−ïâë ¢ ®¡«�ª® ¨ ¤®«¦−ë à�§¬¥é�âìáï −�
¯«®é�¤ª¥ ‹�“ ¢ ¥£® «®ª�«ì−®© á¥â¨. �à¨ íâ®¬ ¢ «®ª�«ì−®© á¥â¨ −� â¥àà¨â®à¨¨
‹�“ ¡ã¤¥â ãáâ�−®¢«¥−® ¡®«ìè®¥ ª®«¨ç¥áâ¢® à�¡®ç¨å áâ�−æ¨©, á¥à¢¥à®¢ á ¨å
¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬, ¤«ï á®¯à®¢®¦¤¥−¨ï ¨ ¯®¤¤¥à¦�−¨ï à�¡®â®á¯®á®¡-
−®áâ¨ ª®â®à®£® ¯®âà¥¡ãîâáï ¨ á¯¥æ¨�«¨áâë ¢ ®¡«�áâ¨ ˆ’-â¥å−®«®£¨©. ‚ â�ª¨å
ãá«®¢¨ïå íª®−®¬¨ç¥áª¨© íää¥ªâ ®â à�§¬¥é¥−¨ï ¡�§®¢®© ç�áâ¨ Œˆ‘ ¢ ®¡«�ª¥
−� ®¡®àã¤®¢�−¨¨ á®®â¢¥âáâ¢ãîé¥£® –�„ ¯à�ªâ¨ç¥áª¨ ¨áç¥§�¥â. �à¨ íâ®¬ ¢®§-
−¨ª�îâ, ¢®§¬®¦−®, −¥à�§à¥è¨¬ë¥ ¯à®¡«¥¬ë ¯® ¨−â¥£à�æ¨¨ ®â¤¥«ì−® áâ®ïé¨å
ª®¬¯®−¥−â®¢ á ®¡«�ç−®© à¥�«¨§�æ¨¥© Œˆ‘, ®¡é¥©, ¯® ªà�©−¥© ¬¥à¥ ¢ ¤�−−®¬
à¥£¨®−¥, ¤«ï ¢á¥å ‹�“.

“ç¨âë¢�ï áª�§�−−®¥, ¬®¦−® ãâ¢¥à¦¤�âì, çâ® ¯à¨¬¥−¥−¨¥ ®¡«�ç−ëå à¥�«¨-
§�æ¨© Œˆ‘ ¤«ï �¢â®¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ ªàã¯−ëå ª«¨−¨ª ¨ ¬¥¤¨æ¨−áª¨å
æ¥−âà®¢, ¨á¯®«ì§ãîé¨å ¢ á¢®¥© à�¡®â¥ ¢ëá®ª®â¥å−®«®£¨ç−ë¥ ª®¬¯«¥ªáë, −¥æ¥-
«¥á®®¡à�§−® ª�ª ¯® íª®−®¬¨ç¥áª¨¬, â�ª ¨ ¯® â¥å−¨ç¥áª¨¬ á®®¡à�¦¥−¨ï¬. ‚¬¥áâ¥
á â¥¬ ¯à¨¬¥−¥−¨¥ ®¡«�ç−ëå â¥å−®«®£¨© ¯à¨ �¢â®¬�â¨§�æ¨¨ ¡®«ìè¨−áâ¢� «¥-
ç¥¡−ëå ãçà¥¦¤¥−¨© ¯®«¨ª«¨−¨ç¥áª®£® â¨¯� ¨ ¡®«ì−¨æ à�©®−−®£® ãà®¢−ï, −¥
®á−�é¥−−ëå à�¤¨®«®£¨ç¥áª¨¬¨ ª®¬¯«¥ªá�¬¨ ¨ æ¨äà®¢ë¬¨ ®¯¥à�æ¨®−−ë¬¨, ¬®-
¦¥â ¤�âì §�¬¥â−ë© íª®−®¬¨ç¥áª¨© íää¥ªâ ¨ áãé¥áâ¢¥−−® á®ªà�â¨âì áà®ª¨ ¨å
�¢â®¬�â¨§�æ¨¨.

4 Заключение

‚ áâ�âì¥ ¨§«®¦¥−ë ¯®¤å®¤ë ª ¢ë¡®àã Œˆ‘ ¤«ï ¢−¥¤à¥−¨ï ¢ ‹�“ −� ®á−®¢¥
®æ¥−ª¨ ¨å äã−ªæ¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¨ íää¥ªâ¨¢−®áâ¨ ¢−¥¤à¥−¨ï Œˆ‘
¢ ¤àã£¨å ‹�“ ¯® ¨−â¥£à�«ì−ë¬ ªà¨â¥à¨ï¬ á ãç¥â®¬ à¥�«¨§�æ¨¨ âà¥¡®¢�−¨©
”¥¤¥à�«ì−®£® §�ª®−� ü 152 ú� ¯¥àá®−�«ì−ëå ¤�−−ëåû ¨ ¨−â¥£à�æ¨¨ Œˆ‘ á
…ƒˆ‘‡.
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÷�áá¬®âà¥−ë ¯à¥¨¬ãé¥áâ¢�, � â�ª¦¥ ¯à®¡«¥¬ë ¨ à¨áª¨, ¢®§−¨ª�îé¨¥ ¯à¨
¢ë¡®à¥ ¤«ï ¢−¥¤à¥−¨ï ¢ ‹�“ Œˆ‘ ®¡«�ç−®© à¥�«¨§�æ¨¨. �� ®á−®¢¥ �−�«¨§�
á¢®©áâ¢ Œˆ‘, ¨¬¥îé¨å ¢ á¢®¥¬ á®áâ�¢¥ ª®¬¯®−¥−âë, ã¯à�¢«ïîé¨¥ äã−ªæ¨®-
−¨à®¢�−¨¥¬ ¢ëá®ª®â¥å−®«®£¨ç−®£® ¬¥¤¨æ¨−áª®£® ®¡®àã¤®¢�−¨ï, á¤¥«�− ¢ë¢®¤ ®
−¥æ¥«¥á®®¡à�§−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¤«ï â�ª¨å Œˆ‘ ®¡«�ç−ëå â¥å−®«®£¨©. ÷¥ª®-
¬¥−¤®¢�−® ¯à¨¬¥−¥−¨¥ ®¡«�ç−ëå Œˆ‘ ¤«ï �¢â®¬�â¨§�æ¨¨ «¥ç¥¡−ëå ãçà¥¦¤¥−¨©
¯®«¨ª«¨−¨ç¥áª®£® â¨¯� ¨ ¡®«ì−¨æ à�©®−−®£® ãà®¢−ï, £¤¥ ¨å ¯à¨¬¥−¥−¨¥ ¬®¦¥â
¤�âì §�¬¥â−ë© íª®−®¬¨ç¥áª¨© íää¥ªâ, á®ªà�â¨âì áà®ª¨ �¢â®¬�â¨§�æ¨¨ Œ� ¨
¯®¢ëá¨âì ª�ç¥áâ¢® ®¡á«ã¦¨¢�−¨ï −�á¥«¥−¨ï.
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QUESTIONS OF CHOOSING A MEDICAL INFORMATION SYSTEM
AND CLOUD TECHNOLOGIES

G. I. Ilyushin and V. I. Limansky

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: The article covers the questions of choosing medical information sys-
tems (MIS) for automation of medical-prophylactic institutions work on the basis
of their characteristics and their compliance with the MIS statutory requirements
of the Russian Federation \About personal data" and their compliance with
departmental orders regarding interaction with the unified state information
system in the field of healthcare. Along with the traditional criterions of MIS
chose based on their functional characteristics and clinical, organizational, and
economic efficacy criterions, the problems of choosing MIS in accordance with
criterions of efficient use of \cloud" MIS realization for the specific kinds of
medical-prophylactic institutions are considered. The article gives the analysis
of application of cloud realizations in MIS of medical-prophylactic institutions,
shows their merits and demerits, and gives recommendations on expediency of
cloud realization depending on medical institution structure and specialization.
This article recommends to use cloud MIS for automation of medical institutions
like polyclinics where their use can give visible economic effect and raise the
quality of medical service.

Keywords: medical information systems; criterions of MIS choice; medical-
prophylactic institutions; cloud technologies; unified state information system in
the field of healthcare

DOI: 10.14357/08696527140111

References

1. Gusev, A. V. 2009. Obzor rynka kompleksnykh meditsinskikh informatsionnykh sistem
[Review of the market of complex medical information systems]. Vrach i Informatsionnye
Tekhnologii [Doctor and Information Technologies] 6:4{17.

2. Resursy i deyatel'nost' uchrezhdeniy zdravookhraneniya [Resources and activity of
healthcare institutions]. Available at: http://www.rosminzdrav.ru/documents/6996-
statisticheskaya-informatsiya/ (accessed February 12, 2014).

190 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 1



Questions of choosing a medical information system and cloud technologies

3. Gusev, A. V. 2012. Rynok meditsinskikh informatsionnykh sistem: Obzor, izmeneniya,
trendy [Market of medical information systems: Review, changes, trends]. Vrach i
Informatsionnye Tekhnologii [Doctor and Information Technologies] 3:6{15.

4. El'yanov, M. M. 2011. Meditsinskie informatsionnye tekhnologii: Katalog [Medical
information technologies: Catalog]. Moscow: CapitalPress. Release 11. 320 p.

5. Frolov, S. V. S. N. Makoveev, S. V. Semenova, and S. G. Farea. 2010. Sovremennye
tendentsii razvitiya rynka meditsinskikh informatsionnykh sistem [Current trends of
development of the market of medical information systems]. Vestnik TGTU [TGTU
Bulletin] 16:267{272.

6. Perechen' osnovnykh MIS [List of the main MIS]. Available at: http://www.
telemed.tstu.ru/images/my/Tabl MIS.doc (accessed February 12, 2014).

7. Laprun, I. 2008. Effektivnost' vnedreniya meditsinskikh informatsionnykh sistem
[Efficiency of introduction of medical information systems]. PC Week Doctor 1(1).
Available at: http://www.pcweek.ru/idea/article/detail.php?ID= 108436 (accessed
February 12, 2014).

8. Gusev, A. V. 2006. Obzor funktsional'nykh vozmozhnostey rossiyskikh meditsinskikh
informatsionnykh sistem [Review of functionality of the Russian medical information
systems]. Menedzher Zdravookhraneniya [Manager of Health Care] 12:22{30.

9. Kharitonov, A. A., and P. A. Fatin. 2008. Kriterii otsenki meditsinskikh informat-
sionnykh sistem [Criteria of an assessment of medical information systems]. Vrach i
Informatsionnye Tekhnologii [Doctor and Information Technologies] 5:15{19.

10. Model' ugroz tipovoy meditsinskoy informatsionnoy sistemy (MIS) tipovogo lechebno-
profilakticheskogo uchrezhdeniya (LPU) [Model of threats of the standard medical
information system (MIS) of the standard treatment-and-prophylactic establishment
(TPE)]. Informatsionnoe pis'mo Minzdrava No. 328-29 ot 5 marta 2010 g. [The
information letter of Ministry of Health 328-29 of March 5, 2010].

11. Metodicheskie rekomendatsii po sostavleniyu Chastnoy modeli ugroz bezopasnosti per-
sonal'nykh dannykh pri ikh obrabotke v informatsionnykh sistemakh personal'nykh
dannykh uchrezhdeniy zdravookhraneniya, sotsial'noy sfery, truda i zanyatosti [Me-
thodical recommendations about drawing up Private model of threats of safety of
personal information at their processing in information systems of personal information
of healthcare institutions, social sphere, work and employment]. Rekomendatsii Minz-
drava ot 24 dekabrya 2009 g [Recommendations of Ministry of Health of December 24,
2009].

12. Metodicheskie rekomendatsii dlya organizatsii zashchity informatsii pri obrabotke
personal'nykh dannykh v uchrezhdeniyakh zdravookhraneniya, sotsial'noy sfery, truda
i zanyatosti [Methodical recommendations for the information security organization
when processing personal information in healthcare institutions, social sphere, work
and employment]. Rekomendatsii Minzdrava ot 24 dekabrya 2009 g. [Recommendations
of Ministry of Health of December 24, 2009].

13. Kontseptsiya sozdaniya edinoy gosudarstvennoy informatsionnoy sistemy v sfere
zdravookhraneniya [The concept of national information system creation in the health
care sphere]. Prilozhenie k prikazu Ministerstva zdravookhraneniya i sotsial'nogo razvi-
tiya Rossiyskoy Federatsii ot 28 aprelya 2011 g. No. 364 [The annex to the order of
the Ministry of Health and Social Development of the Russian Federation of April 28,
2011. No. 364].

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 1 191



G. I. Ilyushin and V. I. Limansky

14. Avtomatizirovannaya radiologicheskaya informatsionnaya sistema MULTIVOX (ARIS
MULTIVOX) [The automated radiological information MULTIVOX system (ARIS
MULTIVOX)]. 2004. Meditsinskaya Tekhnika dlya Luchevoy Diagnostiki [Medical
Equipment for Radiodiagnostics]. Moscow: Intelforum. 124{126.

15. Gavrilov, A. V. 3D tsifrovoy patsient [3D digital patient]. Available at: http://
i-russia.ru/media/¦les/41d3304b0f52b2eabbdf.pdf (accessed February 12, 2014).

Received September 30, 2013

Contributors

Ilyushin Gennadiy Y. (b. 1947) | Candidate of Science (PhD) in technology, Head
of Laboratory, Institute of Information Problems, Russian Academy of Sciences,
44-2 Vavilov Str., Moscow 119333, Russian Federation; ilushin@ipiran.ru

Limansky Valery I. (b. 1952) | Candidate of Science (PhD) in technology, senior
scientist, Institute of Information Problems, Russian Academy of Sciences, 44-2
Vavilov Str., Moscow 119333,Moscow, Russian Federation; vlimansky@ipiran.ru

192 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 1



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2014. ’. 24. ü 1. ‘. 193{212

ВНЕДРЕНИЕ И ИСПОЛЬЗОВАНИЕ В УНИВЕРСИТЕТЕ
ТЕХНОЛОГИИ ВИРТУАЛИЗАЦИИ РАБОЧИХ МЕСТ

М. А. Вышиванов1, Д. В. Гмарь2, В. В. Крюков3, К. С. Нагорняк4,
К. И. Шахгельдян5

�−−®â�æ¨ï: ÷�áá¬®âà¥−® à¥è¥−¨¥ §�¤�ç¨ ¢¨àâã�«¨§�æ¨¨ ª®¬¯ìîâ¥à−ëå à�-
¡®ç¨å ¬¥áâ ã−¨¢¥àá¨â¥â�. ‘¤¥«�− �−�«¨§ ¨ ®¡®á−®¢�− ¢ë¡®à â¥å−®«®£¨¨
−ã«¥¢ëå ª«¨¥−â®¢ c ¬¨ªà®áå¥¬®© Teradici ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��)
VMware View. �¯¨á�−� ®¡«�ç−�ï ¨−äà�áâàãªâãà� ã−¨¢¥àá¨â¥â�, ¯à¥¤áâ�¢«¥-
−ë à¥§ã«ìâ�âë à¥�«¨§�æ¨¨ ¯à®¥ªâ� ¯® ¢−¥¤à¥−¨î â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨
à�¡®ç¨å ¬¥áâ −� ®á−®¢¥ VMware View ¨ −ã«¥¢ëå ª«¨¥−â®¢ (330 à�¡®ç¨å ¬¥áâ),
¯®ª�§�−ë ¯à¥¨¬ãé¥áâ¢� ¯à¨¬¥−¥−¨ï íâ¨å à¥è¥−¨©, á¤¥«�−� ®æ¥−ª� íää¥ªâ¨¢-
−®áâ¨ ¨á¯®«ì§®¢�−¨ï −ã«¥¢ëå ª«¨¥−â®¢ ¢ ã−¨¢¥àá¨â¥â¥. �à¨ ¨á¯®«ì§®¢�−¨¨
â¥å−®«®£¨¨ −ã«¥¢ëå ª«¨¥−â®¢ áâ®¨¬®áâì ¢«�¤¥−¨ï à�¡®ç¨¬ ¬¥áâ®¬ §� 5 «¥â
á−¨¦�¥âáï ¢ 1,5 à�§�, ¯à¨ íâ®¬ §−�ç¨â¥«ì−® ã¬¥−ìè�îâáï í−¥à£®¯®âà¥¡«¥−¨¥ ¨
ãà®¢¥−ì èã¬�, ¯®¢ëè�îâáï á®åà�−−®áâì ¤�−−ëå, áª®à®áâì à�§¢¥àâë¢�−¨ï −®-
¢ëå à�¡®ç¨å ¬¥áâ ¨ ®¡−®¢«¥−¨ï ��, ã¢¥«¨ç¨¢�¥âáï íää¥ªâ¨¢−®áâì §�£àã§ª¨
�ã¤¨â®à−®£® ä®−¤� ã−¨¢¥àá¨â¥â�.

Š«îç¥¢ë¥ á«®¢�: ¢¨àâã�«¨§�æ¨ï à�¡®ç¨å ¬¥áâ; −ã«¥¢ë¥ ª«¨¥−âë; ®¡«�ç−ë¥
â¥å−®«®£¨¨

DOI: 10.14357/08696527140112

1 Введение

‘®¢à¥¬¥−−ë© ã−¨¢¥àá¨â¥â, â�ª ¦¥ ª�ª ¨ «î¡�ï ªàã¯−�ï ®à£�−¨§�æ¨ï, à�−®
¨«¨ ¯®§¤−® áâ�«ª¨¢�¥âáï á á¨âã�æ¨¥©, ª®£¤� ¨−ä®à¬�æ¨®−−�ï ¨−äà�áâàãªâãà�
(ˆ’-¨−äà�áâàãªâãà�) ¤®áâ¨£�¥â â�ª¨å à�§¬¥à®¢ ¨ â�ª®© á«®¦−®áâ¨, çâ® −� ¥¥ ¯®¤-
¤¥à¦ªã ãå®¤¨â ¡®«ìè®© ®¡ê¥¬ ¢à¥¬¥−−‚ëå, ¬�â¥à¨�«ì−ëå ¨ âàã¤®¢ëå à¥áãàá®¢.
�à®¡«¥¬ë, á ª®â®àë¬¨ áâ�«ª¨¢�¥âáï ªàã¯−�ï ®à£�−¨§�æ¨ï, ¨¬¥îé�ï à�§¢¨âãî
ˆ’-¨−äà�áâàãªâãàã, ¯à¨ ¯®¤¤¥à¦�−¨¨ ¦¨§−¥−−®£® æ¨ª«� ®¡®àã¤®¢�−¨ï ¨ ��
¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

1‚«�¤¨¢®áâ®ªáª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â íª®−®¬¨ª¨ ¨ á¥à¢¨á�,
maksim.vyshivanov@vvsu.ru

2‚«�¤¨¢®áâ®ªáª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â íª®−®¬¨ª¨ ¨ á¥à¢¨á�, dimer@vvsu.ru
3‚«�¤¨¢®áâ®ªáª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â íª®−®¬¨ª¨ ¨ á¥à¢¨á�, kryukov@vvsu.ru
4‚«�¤¨¢®áâ®ªáª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â íª®−®¬¨ª¨ ¨ á¥à¢¨á�,

konstantin.nagornyak@vvsu.ru
5‚«�¤¨¢®áâ®ªáª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â íª®−®¬¨ª¨ ¨ á¥à¢¨á�, carinash@vvsu.ru
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Œ. �. ‚ëè¨¢�−®¢, „. ‚. ƒ¬�àì, ‚. ‚. Šàîª®¢ ¨ ¤à.

{ §−�ç¨â¥«ì−ë¥ à�áå®¤ë −� ®¡−®¢«¥−¨¥ ¨ á®¯à®¢®¦¤¥−¨¥ ¯à¨¬¥−¥−¨ï �Š (à¥-
¬®−â, ¬®¤¥à−¨§�æ¨î, í«¥ªâà®í−¥à£¨î, ¯®¤¤¥à¦ªã ª«¨¬�â� ¨ â. ¯.);

{ à®áâ ª®«¨ç¥áâ¢� �Š (çâ® ®á®¡¥−−® á¢®©áâ¢¥−−® ã−¨¢¥àá¨â¥â�¬) ¯à¨¢®¤¨â ª
ã¢¥«¨ç¥−¨î èâ�â� ˆ’-á¯¥æ¨�«¨áâ®¢;

{ ˆ’-á¯¥æ¨�«¨áâë ¢ë−ã¦¤¥−ë âà�â¨âì ¡‚®«ìèãî ç�áâì á¢®¥£® à�¡®ç¥£® ¢à¥¬¥−¨
−� ¯®¤¤¥à¦ªã áãé¥áâ¢ãîé¥© ¨−äà�áâàãªâãàë, � −¥ −� ¥¥ à�§¢¨â¨¥;

{ −¥¢ëá®ª�ï íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ −� à�-
¡®ç¨å ¬¥áâ�å (¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë �Š ¨á¯®«ì§ãîâáï −¥ ¡®«¥¥ ç¥¬ −�
10%);

{ −¥®¡å®¤¨¬®áâì ®¯¥à�â¨¢−®£® ®á−�é¥−¨ï ª®¬¯ìîâ¥à�¬¨ ¨ ¯à¨«®¦¥−¨ï¬¨
¡®«ìè®£® ª®«¨ç¥áâ¢� −®¢ëå à�¡®ç¨å ¬¥áâ;

{ −¥®¡å®¤¨¬®áâì ª®¯¨à®¢�−¨ï ¤�−−ëå ¨§ à�§−ëå ¨áâ®ç−¨ª®¢ −� ¯¥à¥−®á−®©
−®á¨â¥«ì ¤«ï à�¡®âë ¢−¥ ®á−®¢−®£® à�¡®ç¥£® ¬¥áâ�;

{ ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï ª®à¯®à�â¨¢−®© ¬®¡¨«ì−®áâ¨ «¨æ¥−§¨®−−®£® �� |
®¯¥à�â¨¢−®£® ¯¥à¥−®á� �� −� ®¯à¥¤¥«¥−−ë¥ ª®¬¯ìîâ¥àë (¤«ï ã−¨¢¥àá¨â¥â�,
−�¯à¨¬¥à, | ¢ ®¯à¥¤¥«¥−−ë¥ ãç¥¡−ë¥ ª«�ááë, ª®â®àë¥ ãª�§�−ë ¢ à�á¯¨á�−¨¨
§�−ïâ¨©);

{ −¥á�−ªæ¨®−¨à®¢�−−®¥ à�§ãª®¬¯«¥ªâ®¢�−¨¥ (¨«¨ ¯®¤¬¥−� ª®¬¯«¥ªâãîé¨å)
ª®¬¯ìîâ¥à®¢ −� à�¡®ç¨å ¬¥áâ�å;

{ ¯¥à¨®¤¨ç¥áª¨¥ ¯®â¥à¨ ä�©«®¢ −� �Š ¨§-§� ¢ëå®¤� ¨§ áâà®ï ¦¥áâª¨å ¤¨áª®¢.

‚ëá®ª¨¥ â¥¬¯ë à®áâ� á¨áâ¥¬−ëå âà¥¡®¢�−¨© ª ¯¥àá®−�«ì−®¬ã à�¡®ç¥¬ã ¬¥á-
âã, ã¢¥«¨ç¥−¨¥ ç¨á«� à�¡®ç¨å ¬¥áâ, â�à¨ä®¢ −� í«¥ªâà®í−¥à£¨î, áâ®¨¬®áâ¨ âàã¤�
ˆ’-á¯¥æ¨�«¨áâ®¢ áâ�¢ïâ ¢®¯à®á ® â�ª¨å ¨§¬¥−¥−¨ïå ¢ ˆ’-¨−äà�áâàãªâãà¥,
ª®â®àë¥ ®¡¥á¯¥ç¨¢�«¨ ¡ë −¥ â®«ìª® á®ªà�é¥−¨¥ ¨§¤¥à¦¥ª, −® ¨ ¯®¢ëè¥−¨¥ íä-
ä¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© −� ª®à¯®à�â¨¢−®¬ ãà®¢−¥
¢ ¤«¨â¥«ì−®© ¯¥àá¯¥ªâ¨¢¥.

÷¥è¥−¨¥ ¢ëè¥®¯¨á�−−ëå ¯à®¡«¥¬ ¢®§¬®¦−® −� ®á−®¢¥ ¯à¨¬¥−¥−¨ï â¥å−®«®-
£¨© ¢¨àâã�«¨§�æ¨¨ ¯à¨¬¥−¥−¨ï ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ −� à�¡®ç¨å ¬¥áâ�å
á®âàã¤−¨ª®¢ ¨ ãç¥¡−ëå ¬¥áâ�å ¢ ª®¬¯ìîâ¥à−ëå ª«�áá�å (Virtual Desktop In-
frastructure, VDI). ‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ â¥å−®«®£¨¨ VDI, á ®¤−®© áâ®-
à®−ë, áâ�¢¨â ¯¥à¥¤ ã−¨¢¥àá¨â¥â�¬¨ á«®¦−ë¥ ®à£�−¨§�æ¨®−−ë¥ ¨ â¥å−¨ç¥áª¨¥
§�¤�ç¨, á ¤àã£®© | ®¡¥á¯¥ç¨¢�¥â íää¥ªâ¨¢−®áâì à�§¢¨â¨ï ¨ íªá¯«ã�â�æ¨¨ ˆ’-
¨−äà�áâàãªâãàë. �¢â®à�¬¨ ¢ 2012{2013 ££. ®áãé¥áâ¢«¥−® ¢−¥¤à¥−¨¥ VDI ¢®
‚«�¤¨¢®áâ®ªáª®¬ £®áã¤�àáâ¢¥−−®¬ ã−¨¢¥àá¨â¥â¥ íª®−®¬¨ª¨ ¨ á¥à¢¨á� (‚ƒ“�‘).
�à®¡«¥¬ë ¨ à¥§ã«ìâ�âë ¯à®¥ªâ� ¢−¥¤à¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï VDI ®¡áã¦¤�îâáï
¢ íâ®© à�¡®â¥.
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‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

2 Внедрение виртуальных рабочих мест в университетах
и используемые технологии

“−¨¢¥àá¨â¥â �¥àª«¨ (‘˜�) ®¤−¨¬ ¨§ ¯¥à¢ëå ¢ 2008{2009 ££. à¥�«¨§®¢�« ¯¨-
«®â−ë© ¯à®¥ªâ ¯® â¥áâ¨à®¢�−¨î â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ VDI [1]. ’¥å−®«®£¨ï
VDI ï¢«ï¥âáï á¥à¢¥à®-æ¥−âà¨ç−®© ¢ëç¨á«¨â¥«ì−®© ¬®¤¥«ìî, ¥áâ¥áâ¢¥−−ë¬ ¯à®-
¤®«¦¥−¨¥¬ ¬®¤¥«¨ â®−ª®£® ª«¨¥−â�. �á−®¢−ë¥ ¯à¥¨¬ãé¥áâ¢� ¯®«ãç¥−ë â�¬, £¤¥
à�¡®ç¨¥ ¬¥áâ� ¬®£ãâ ¡ëâì áâ�−¤�àâ¨§®¢�−ë ¯à¨ á®¡«î¤¥−¨¨ ¡�«�−á� ¬¥¦¤ã æ¥−®©
¨ ¯à®¨§¢®¤¨â¥«ì−®áâìî. ‚ ¯à®¥ªâ¥ ã−¨¢¥àá¨â¥â� �¥àª«¨ ¢ë¡®à ®áãé¥áâ¢«ï«áï
¬¥¦¤ã â¥å−®«®£¨ï¬¨ VMware, Citrix, MokaFive. �à®¥ªâ à¥�«¨§®¢ë¢�«áï −�
®á−®¢¥ VMware View. ‚ ª�ç¥áâ¢¥ ª«¨¥−â� ¨á¯®«ì§®¢�«¨áì à�§«¨ç−ë¥ â®−ª¨¥
ª«¨¥−âë ®â Wyse á ®¯¥à�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ Wyse ThinOS ¨«¨ Windows XP
Embedded. �á−®¢−ë¥ ¯à®¡«¥¬ë, ¢ëï¢«¥−−ë¥ ¯à¨ à¥�«¨§�æ¨¨ ¯à®¥ªâ�, á®áâ®ï«¨
¢ á«¥¤ãîé¥¬:

{ á«®¦−®áâ¨ ¯à¨ á®§¤�−¨¨ −®¢ëå ¢¨àâã�«ì−ëå ¬�è¨− ¢ ¯ã«¥;

{ ¯®â¥à¨ ¯à®ä�©«®¢ ¯®á«¥ à¥ª®¬¯®§¨æ¨¨;

{ ¬¥¤«¥−−ë© ¢å®¤ ¢ á¨áâ¥¬ã, çâ® ¢¥«® ª à�§àë¢ã á¥áá¨©;

{ ã¤�«¥−¨¥ ¢¨àâã�«ì−ëå ¬�è¨− ¨−®£¤� âà¥¡®¢�«® á«¨èª®¬ ¬−®£® ¢à¥¬¥−¨;

{ −¥®¡å®¤¨¬®áâì ãáâ�−�¢«¨¢�âì VMware Infrastructure Client (VIC) −� ª�¦¤®¥
à�¡®ç¥¥ ¬¥áâ® ¤«ï �¤¬¨−¨áâà�â¨¢−®£® ¤®áâã¯� ª ¢¨àâã�«ì−®© ¬�è¨−¥, çâ®
âà¥¡ã¥â ¤®¯®«−¨â¥«ì−®£® ®¡ãç¥−¨ï, � â�ª¦¥ ¡®«¥¥ �ªªãà�â−®£® ¯à¨¬¥−¥−¨ï
ãç¥â−ëå §�¯¨á¥© Active Directory (AD), çâ®¡ë ¨§¡¥¦�âì −¥à¥£«�¬¥−â¨à®¢�−-
−®£® ¤®áâã¯�;

{ ¯à®¡«¥¬ë á ¯à®¨§¢®¤¨â¥«ì−®áâìî ¢ ç�áâ¨ à�§¢¥àâë¢�−¨ï ¯ã«®¢ ¨ ¨å ¨§¬¥−¥-
−¨©;

{ ¯à®¡«¥¬ë á¢ï§¨ á ¤¨áª®¬ ¢¨àâã�«ì−ëå ¬�è¨−;

{ ¯à®¡«¥¬ë á ä«¥è-¤à�©¢¥à�¬¨, −¥ ¢á¥ ¨§ ª®â®àëå à�¡®â�«¨ á VIC;

{ ¯à®¡«¥¬ë ¢å®¤� ¢ á¨áâ¥¬ã ¯®«ì§®¢�â¥«¥©, ª®£¤� ®ª®«® 10% ¯®«ì§®¢�â¥«¥© −¥
¬®£«¨ ¢®©â¨ ¢ á¨áâ¥¬ã ¯® −¥®¯à¥¤¥«¥−−ë¬ ¯à¨ç¨−�¬;

{ ¯à®¡«¥¬ë ¢ë¡®à� ¯ã«�, ¥á«¨ ã ¯®«ì§®¢�â¥«ï ¡ë«¨ ¯à�¢� −� −¥áª®«ìª® ¯ã«®¢;

{ −¥å¢�âª� ¯�¬ïâ¨ ¨ ¯à®¡«¥¬ë ¯®¤ª«îç¥−¨ï ®¯â¨ç¥áª®£® ¤¨áª� ã â®−ª¨å ª«¨-
¥−â®¢ Wyse.

‚ §�ª«îç¥−¨¨ à�¡®âë [1] á¤¥«�− ¢ë¢®¤ ® −¥¤®áâ�â®ç−®© §à¥«®áâ¨ â¥å−®«®£¨¨
¨ ¯à¥¤«®¦¥−® ®â«®¦¨âì ¢−¥¤à¥−¨¥.

‚ ‘âí−¤ä®à¤áª®¬ ã−¨¢¥àá¨â¥â¥ à�áá¬�âà¨¢�îâ â¥å−®«®£¨î VDI ª�ª ¬¥-
å�−¨§¬ á®ªà�é¥−¨ï áâ®¨¬®áâ¨ ¢«�¤¥−¨ï ®¡®àã¤®¢�−¨¥¬ ¨ ��, ª�ª áà¥¤áâ¢®
®¡¥á¯¥ç¥−¨ï ¤®áâã¯−®áâ¨ à�¡®ç¥£® ¬¥áâ� ¨§ «î¡®© â®çª¨ [2]. ‚ â® ¦¥ ¢à¥¬ï ®â¬¥-
ç�¥âáï ¢ëá®ª�ï áâ®¨¬®áâì á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï, ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï
®¤−®£® á¥à¢¥à� «¨èì ¤«ï 30{80 ¢¨àâã�«ì−ëå à�¡®ç¨å ¬¥áâ.
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‚ ā¦−®-“à�«ìáª®¬ £®áã¤�àáâ¢¥−−®¬ ã−¨¢¥àá¨â¥â¥ §�¢¥àè¥− ¯à®¥ªâ ¯® á®-
§¤�−¨î ¨−äà�áâàãªâãàë ¢¨àâã�«ì−ëå à�¡®ç¨å ¬¥áâ −� ¡�§¥ Microsoft Hyper-V
Server [3]. ˆ−äà�áâàãªâãà� ¢¨àâã�«ì−ëå à�¡®ç¨å áâ®«®¢ à�§¢¥à−ãâ� −� ¡�-
§¥ Citrix XenDesktop VDI Edition ¨ ¯à®¤ãªâ®¢ Microsoft System Center, çâ®
¨á¯®«ì§ã¥âáï ¢ −¥áª®«ìª¨å ãç¥¡−ëå ª®¬¯ìîâ¥à−ëå ª«�áá�å, ¯«�−¨àã¥âáï ®áãé¥-
áâ¢¨âì ¯¥à¥å®¤ −� íâã ¯«�âä®à¬ã §� 2{3 £®¤�.

‚ ÷®áá¨©áª®¬ £®áã¤�àáâ¢¥−−®¬ â®à£®¢®-íª®−®¬¨ç¥áª®¬ ã−¨¢¥àá¨â¥â¥ à¥�«¨-
§®¢�− ¯à®¥ªâ ¢¨àâã�«¨§�æ¨¨ á¥à¢¥à−ëå ¬®é−®áâ¥© ¨ à�¡®ç¨å ¬¥áâ ¯®«ì§®¢�â¥«¥©
â�ª¦¥ −� ¡�§¥ Microsoft Hyper-V Server [4]. ‚−¥¤à¥−¨¥ ¢ë¯®«−¥−® ¢ £«�¢−®¬
ª®à¯ãá¥ −� ¯®«®¢¨−¥ à�¡®ç¨å ¬¥áâ ¨ ¢ ª®¬¯ìîâ¥à−ëå ª«�áá�å. „«ï ®à£�−¨§�æ¨¨
�¢â®¬�â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ ¨á¯®«ì§®¢�«�áì â¥à¬¨−�«ì−�ï â¥å−®«®£¨ï −�
®á−®¢¥ â®−ª¨å ª«¨¥−â®¢ Sun Ray 2. ‚ æ¥−âà�«ì−®© á¥à¢¥à−®© ¯®áâà®¥−� ä¥à¬� ¨§
¢®áì¬¨ c¥à¢¥à®¢ SunFire X2200M2. ‘¨áâ¥¬� åà�−¥−¨ï ¤�−−ëå á®¡à�−� á ¨á¯®«ì-
§®¢�−¨¥¬ ª�ª ª«�áá¨ç¥áª¨å ¤¨áª®¢ëå ¬�áá¨¢®¢ Sun StorageTek 2500, â�ª ¨ −®¢ëå
£¨¡à¨¤−ëå åà�−¨«¨é SunStorage 7000. �¯ëâ ¢−¥¤à¥−¨ï ¯®ª�§�« §−�ç¨â¥«ì−ãî
íª®−®¬¨î í«¥ªâà®í−¥à£¨¨ [5].

�� â¥ªãé¨© ¬®¬¥−â ¤«ï ¤®áâã¯� ª ¢¨àâã�«ì−ë¬ à�¡®ç¨¬ áâ®«�¬ VDI áã-
é¥áâ¢ã¥â ¤¢� â¨¯� ª«¨¥−â®¢: −ã«¥¢ë¥ ¨ â®−ª¨¥. ‚á¥ ¢ëè¥®¯¨á�−−ë¥ ¯à¨¬¥àë
ª�á�«¨áì â¥å−®«®£¨¨ â®−ª¨å ª«¨¥−â®¢. ‚ â®−ª¨å ª«¨¥−â�å ¯à®è¨â� ®¡«¥£ç¥−−�ï
®¯¥à�æ¨®−−�ï á¨áâ¥¬� [6]. „«ï −ã«¥¢ëå ª«¨¥−â®¢ −¥ âà¥¡ã¥âáï ®¯¥à�æ¨®−−®©
á¨áâ¥¬ë, â�ª ª�ª ¨á¯®«ì§ã¥âáï ¯à®â®ª®« ¯¥à¥¤�ç¨ ¤�−−ëå PCoIP (PC over
IP | �Š ¯® ¯à®â®ª®«ã IP) ¬¥¦¤ã á¥à¢¥à®¬ ¢¨àâã�«¨§�æ¨¨ ¨ â¥à¬¨−�«ì−ë¬
ãáâà®©áâ¢®¬. ’à¥¡®¢�−¨ï ª ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¢ëç¨á«¨â¥«ì−®© á¥â¨ ¤«ï
¯à®â®ª®«� PCoIP ¢�àì¨àãîâáï ®â 64 Š¡¨â/á ¤® 300 Œ¡¨â/á ¢ §�¢¨á¨¬®áâ¨ ®â
à¥è�¥¬®© −� â¥à¬¨−�«�å á −ã«¥¢ë¬¨ ª«¨¥−â�¬¨ §�¤�ç¨. �â® ¯®§¢®«ï¥â ®£à�−¨-
ç¨âìáï −� â¥à¬¨−�«ì−®¬ ãáâà®©áâ¢¥ ¯à®£à�¬¬¨àã¥¬®© «®£¨ç¥áª®© ¨−â¥£à�«ì−®©
áå¥¬®© â¨¯� FPGA (field-programmable gate array) ¨«¨ ¬¨ªà®¯à®æ¥áá®à®¬ â¨¯�
Teradici [7].

�ã«¥¢ë¥ ª«¨¥−âë −� ®á−®¢¥ Teradici ¯®¤¤¥à¦¨¢�îâ �¯¯�à�â−ë© ®¡à�¡®â-
ç¨ª ¯à®â®ª®«� PCoIP, ¯®íâ®¬ã ®−¨ ®¡«�¤�îâ ¢ëá®ª®© ¯à®¨§¢®¤¨â¥«ì−®áâìî.
�á−®¢−ë¬ −¥¤®áâ�âª®¬ â�ª¨å ãáâà®©áâ¢ ï¢«ï¥âáï ¦¥áâª�ï ®à¨¥−â¨à®¢�−−®áâì −�
¨−äà�áâàãªâãàã VMware View. “áâà®©áâ¢� íâ®£® â¨¯� ¢ë¯ãáª�îâ Wyse, LG,
Samsung, Cisco. �ã«¥¢ë¥ ª«¨¥−âë −� ®á−®¢¥ FPGA á®¤¥à¦�â â®«ìª® ®¡à�¡®âç¨ª
á®¡áâ¢¥−−®£® ¯à®â®ª®«� ¯¥à¥¤�ç¨ ¢¨¤¥®¨§®¡à�¦¥−¨ï. �á−®¢−ë¬ −¥¤®áâ�âª®¬
ï¢«ï¥âáï −¥¢®§¬®¦−®áâì ¯¥à¥¯à®£à�¬¬¨à®¢�−¨ï FPGA ¨, á®®â¢¥âáâ¢¥−−®, ®âáãâ-
áâ¢¨¥ ®¡−®¢«¥−¨ï ¯à¨ ¢ëå®¤¥ −®¢ëå ¢¥àá¨© ¯à®â®ª®«®¢.

’®−ª¨¥ ª«¨¥−âë ¯à¥¤áâ�¢«ïîâ á®¡®© ¬¨−¨ª®¬¯ìîâ¥àë á® ¢áâà®¥−−®© ®¯¥à�-
æ¨®−−®© á¨áâ¥¬®© ¨ ¯®¤¤¥à¦¨¢�îâ −¥áª®«ìª® ¯à®â®ª®«®¢ (PCoIP, RDP (Remote
Desktop Protocol) ¨ ¤à.). ‚ ª�ç¥áâ¢¥ −¥¤®áâ�âª� â®−ª¨å ª«¨¥−â®¢ −ã¦−® ®â¬¥â¨âì
−¨§ªãî ¯® áà�¢−¥−¨î á −ã«¥¢ë¬¨ ª«¨¥−â�¬¨ ¯à®¨§¢®¤¨â¥«ì−®áâì (®á®¡¥−−® ¢
ç�áâ¨ £à�ä¨ª¨ ¨ ¢®á¯à®¨§¢¥¤¥−¨ï ¢¨¤¥®¯®â®ª�) ¨§-§� â®£®, çâ® â®−ª¨¥ ª«¨¥−âë
¢ë¯®«−ïîâ ¯à®£à�¬¬−®¥ ¤¥ª®¤¨à®¢�−¨¥, � −ã«¥¢ë¥ | �¯¯�à�â−®¥ [8]. �à®¨§¢®-
¤¨â¥«ï¬¨ â®−ª¨å ª«¨¥−â®¢ ï¢«ïîâáï â�ª¨¥ ª®¬¯�−¨¨, ª�ª Wyse, HP ¨ ¤à.
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�®¬¨¬® VMware −� àë−ª¥ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ ¥áâì à¥è¥−¨ï Citrix,
Microsoft, NComputing. „«ï ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬¨ à�¡®ç¨¬¨ ¬¥áâ�¬¨ ¬®¦-
−® ¨á¯®«ì§®¢�âì, −�¯à¨¬¥à, Citrix Xeon Desktop [9]. Š ¯à¥¨¬ãé¥áâ¢�¬ Citrix
á«¥¤ã¥â ®â−¥áâ¨ ¢®§¬®¦−®áâì à�¡®âë á à�§−ë¬¨ £¨¯¥à¢¨§®à�¬¨ (VMware Virtu-
al Infrastructure ¨ Microsoft Hyper-V). Š −¥¤®áâ�âª�¬ | á«®¦−®áâì ãáâ�−®¢ª¨
¨ −�áâà®©ª¨, ®âáãâáâ¢¨¥ ¢áâà®¥−−®© ¯®¤¤¥à¦ª¨ ¯ã«®¢, ¢ ª®â®àëå ¢¨àâã�«ì−�ï
¬�è¨−� �¢â®¬�â¨ç¥áª¨ §�ªà¥¯«ï¥âáï §� ¯®«ì§®¢�â¥«¥¬, ¢ëá®ªãî áâ®¨¬®áâì ��.
�¥¤®áâ�âª®¬ à¥è¥−¨© Microsoft ï¢«ï¥âáï ¢¥áì¬� ®£à�−¨ç¥−−ë© á¯¨á®ª ¯®¤¤¥à-
¦¨¢�¥¬ëå ®¯¥à�æ¨®−−ëå á¨áâ¥¬, ®âáãâáâ¢¨¥ ¯®«−®æ¥−−®© ú¦¨¢®©û ¬¨£à�æ¨¨
¢¨àâã�«ì−ëå ¬�è¨− ¨ ¢ æ¥«®¬ ¬¥−¥¥ £®â®¢ë© ¯® áà�¢−¥−¨î á VMware ¯à®-
¤ãªâ [9].

Š ãª�§�−−ë¬ ¢ëè¥ ¯à¥¨¬ãé¥áâ¢�¬ VMware ¬®¦−® ¤®¡�¢¨âì §−�ç¨â¥«ì−®
¬¥−ìè¨© à�§¬¥à £¨¯¥à¢¨§®à� ¯® áà�¢−¥−¨î á Microsoft, ¡®«ìè®¥ ç¨á«® ¯®¤¤¥à-
¦¨¢�¥¬ëå £®áâ¥¢ëå ®¯¥à�æ¨®−−ëå á¨áâ¥¬, ¯®«−®æ¥−−ãî ú¦¨¢ãîû ¬¨£à�æ¨î,
¯à®áâ®¥ �¤¬¨−¨áâà¨à®¢�−¨¥ ¨ â®, çâ® VMware | −�¤¥¦−® äã−ªæ¨®−¨àãîé¨©
¯à®¤ãªâ. Š −¥¤®áâ�âª�¬ VMware −ã¦−® ®â−¥áâ¨ ¤®áâ�â®ç−® ¢ëá®ªãî áâ®¨-
¬®áâì ��.

3 Виртуализация рабочих мест в университете

3.1 Информационная инфраструктура университета

‚ 2012 £. ¢® ‚ƒ“�‘ ¡ë«� à�§à�¡®â�−� ª®−æ¥¯æ¨ï �«¥ªâà®−−®£® ª�¬¯ãá�,
¯à¥¤áâ�¢«¥−−�ï ¢ à�¡®â¥ [10]. �� ®á−®¢¥ à�§à�¡®â�−−®© ª®−æ¥¯æ¨¨ ®áãé¥áâ¢«¥−
¯¥à¥å®¤ ª ç�áâ−®© ®¡«�ç−®© ¨−äà�áâàãªâãà¥, çâ® ¢ë§¢�−® −¥®¡å®¤¨¬®áâìî ¬®-
¤¥à−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®© ¨ á¥â¥¢®© ¨−äà�áâàãªâãàë ¢ á®®â¢¥âáâ¢¨¨ á −®¢ë¬¨
âà¥¡®¢�−¨ï¬¨: ¯®¢ëè¥−¨¥¬ ª�ç¥áâ¢� á¥à¢¨á� ¯à¨ íªá¯«ã�â�æ¨¨ ¨−ä®à¬�æ¨®−-
−ëå á¨áâ¥¬ ¨ á¥à¢¨á®¢ �«¥ªâà®−−®£® ª�¬¯ãá� (−�¤¥¦−®áâ¨, ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¢ë¯®«−¥−¨ï §�¯à®á®¢), á−¨¦¥−¨¥¬ íªá¯«ã�â�æ¨®−−ëå §�âà�â −� ¨á¯®«ì§®¢�−¨¥
á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï ¨ ª«¨¥−âáª¨å à�¡®ç¨å ¬¥áâ, ã¬¥−ìè¥−¨¥¬ ¢à¥¬¥−−‚ëå
§�âà�â −� à�§¢¥àâë¢�−¨¥ −®¢ëå à�¡®ç¨å áâ�−æ¨© ¨ ¯à¨ª«�¤−®£® ��, ã¯à®-
é¥−¨¥¬ ã¯à�¢«¥−¨ï «¨æ¥−§¨ï¬¨ −� ��, ã¢¥«¨ç¥−¨¥¬ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨
¬¥¦á¥à¢¥à−ëå ª®¬¬ã−¨ª�æ¨© ¢ æ¥−âà¥ ®¡à�¡®âª¨ ¤�−−ëå (–�„), � â�ª¦¥ ¬¥¦¤ã
–�„ ¨ ª®¬¬ãâ�â®à�¬¨ ãà®¢−ï à�á¯à¥¤¥«¥−¨ï, ã«ãçè¥−¨¥¬ ã¯à�¢«ï¥¬®áâ¨ ¨
¡¥§®¯�á−®áâ¨ ¢ëç¨á«¨â¥«ì−®© á¥â¨.

’¥å−®«®£¨ç¥áª®© ®á−®¢®© �«¥ªâà®−−®£® ª�¬¯ãá� ï¢«ï¥âáï –�„, ®¡¥á¯¥ç¨-
¢�îé¨© −�¤¥¦−®áâì äã−ªæ¨®−¨à®¢�−¨ï ¨ âà¥¡ã¥¬ãî ¯à®¨§¢®¤¨â¥«ì−®áâì á¨áâ¥¬
¨ á¥à¢¨á®¢ ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®© áà¥¤ë (Šˆ‘) ¢ã§�.

Š ª®−æã 2012 £. ¢® ‚ƒ“�‘ ¢ë¯®«−¥−� ¬®¤¥à−¨§�æ¨ï âà�−á¯®àâ−®© á¥â¨
¯¥à¥¤�ç¨ ¤�−−ëå, çâ® ¯®âà¥¡®¢�«® ¢−¥¤à¥−¨ï −®¢®£® ª®¬¬ãâ�â®à� ï¤à� á¥â¨
(Cisco 6509) ¨ ç�áâ¨ç−®£® ®¡−®¢«¥−¨ï ®¯â¨ç¥áª¨å «¨−¨© á¢ï§¨. �®á«¥ ¬®¤¥à-
−¨§�æ¨¨ –�„ ¢á¥ ä¨§¨ç¥áª¨¥ á¥à¢¥àë ¢ª«îç¥−ë −¥¯®áà¥¤áâ¢¥−−® ¢ ï¤à® á¥â¨,
çâ® ®¡¥á¯¥ç¨¢�¥â −¥¡«®ª¨àã¥¬ãî ª®¬¬ãâ�æ¨î −� áª®à®áâ¨ 1 ƒ¡¨â/á ¨ ¯®§¢®-
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÷¨á. 1 �àå¨â¥ªâãà� –�„ ‚ƒ“�‘

«ï¥â à�áè¨à¨âìáï ¤® 10 ƒ¡¨â/á. �®áâà®¥−ë ¤¢� ª«�áâ¥à�: ª«�áâ¥à á¥à¢¥à−®©
¢¨àâã�«¨§�æ¨¨ ¨ ª«�áâ¥à ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ (à¨á. 1).

‚ ¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãà¥ ®áãé¥áâ¢«¥− ¯¥à¥å®¤ ®â ¢¨àâã�«¨§�æ¨¨
á¥à¢¥à®¢ ª á®§¤�−¨î ç�áâ−®£® ®¡«�ª� −� ®á−®¢¥ â¥å−®«®£¨¨ VMware. ‚ à¥§ã«ìâ�â¥
®¡¥á¯¥ç¥−® ¯®¢ëè¥−¨¥ −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¢á¥å á¥à¢¨á®¢ ¨ á¨áâ¥¬ Šˆ‘, ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¯®âà¥¡«¥−¨ï à¥áãàá®¢
¨ íª®−®¬¨ï §� áç¥â à�æ¨®−�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâ¥©
¯® §�¤�ç�¬ ¢ á®®â¢¥âáâ¢¨¨ á ¨å à¥�«ì−®© ¯®âà¥¡−®áâìî, ã¬¥−ìè¥−¨¥ ¢à¥¬¥−¨
¯à®áâ®ï ®¡®àã¤®¢�−¨ï, ¬¨−¨¬¨§�æ¨ï ¢à¥¬¥−¨ à�§¢¥àâë¢�−¨ï á¨áâ¥¬ ¨ §�âà�â −�
¨å á®¯à®¢®¦¤¥−¨¥.

3.2 Выбор технологии виртуализации рабочих мест

„«ï à�§¢¥àâë¢�−¨ï ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ −¥®¡å®¤¨¬® ¯à¥¦¤¥ ¢á¥£®
¢ë¡à�âì â¥å−®«®£¨î â®−ª®£® ¨«¨ −ã«¥¢®£® ª«¨¥−â�. ‘¥àì¥§−ë¬ −¥¤®áâ�âª®¬
â®−ª®£® ª«¨¥−â� ï¢«ï¥âáï ¥£® ¡®«¥¥ −¨§ª�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ¯® áà�¢−¥−¨î á
−ã«¥¢ë¬ ª«¨¥−â®¬. ��«¨ç¨¥ ¢áâà®¥−−®© ®¯¥à�æ¨®−−®© á¨áâ¥¬ë â�ª¦¥ ã¬¥−ìè�¥â
¯à¨¢«¥ª�â¥«ì−®áâì â¥å−®«®£¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢ ã−¨¢¥àá¨â¥â¥, £¤¥ ¯à¥¤¯®-
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‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

’�¡«¨æ� 1 ‘à�¢−¨â¥«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤«ï ¢ë¡®à� ¬¥¦¤ã â®−ª¨¬ ¨ −ã«¥¢ë¬
ª«¨¥−â®¬

•�à�ªâ¥à¨áâ¨ª� ’®−ª¨© ª«¨¥−â �ã«¥¢®© ª«¨¥−â
1. �à®¨§¢®¤¨â¥«ì−®áâì (ª®«¨ç¥áâ¢®
¢®á¯à®¨§¢®¤¨¬ëå ¯¨ªá¥«®¢ −� íªà�−¥
¢ á¥ªã−¤ã), MPx

5{8
(¯à®£à�¬¬−®¥

¤¥ª®¤¨à®¢�−¨¥)

50
(�¯¯�à�â−®¥

¤¥ª®¤¨à®¢�−¨¥)
2. ‚áâà®¥−−�ï ®¯¥à�æ¨®−−�ï á¨áâ¥¬� �¡ï§�â¥«ì−� �âáãâáâ¢ã¥â
3. �à¨¥¬«¥¬ë© áà®ª íªá¯«ã�â�æ¨¨ 5 «¥â 10 «¥â

4. �®âà¥¡«¥−¨¥ í«¥ªâà®í−¥à£¨¨ 65 ‚â/ç + ¬®−¨â®à
6 ‚â/ç

(29 ‚â/ç á ¬®−¨â®à®¬)
5. ��«¨ç¨¥ §�¬¥−ï¥¬ëå ª®¬¯«¥ªâã-
îé¨å „� �¥â

6. ÷¨áª ¢ëå®¤� ¨§ áâà®ï ‘à¥¤−¨© �¨§ª¨©
7. ‘ª®à®áâì à�§¢¥àâë¢�−¨¥ −®¢ëå
à�¡®ç¨å ¬¥áâ ‘à¥¤−ïï ‚ëá®ª�ï

8. �®¤¤¥à¦ª� ¯à®â®ª®«®¢ ‹î¡ë¥ PCoIP
9. ‚®§¬®¦−®áâì ¯®«ãç¥−¨ï ¯¨â�−¨ï
ç¥à¥§ ª®¬¬ãâ�â®à (â¥å−®«®£¨ï POE) �¥â …áâì

10. ‘â®¨¬®áâì, àã¡. 25 000 (á ¬®−¨â®à®¬) 19 500 (á ¬®−¨â®à®¬)

çâ¨â¥«ì−¥¥ ¯®«−®¥ æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥. ‘®¯®áâ�¢«¥−¨¥ å�à�ªâ¥à¨áâ¨ª
¤«ï ¢ë¡®à� â®−ª®£® ¨ −ã«¥¢®£® ª«¨¥−â� ¯à¨¢¥¤¥−® ¢ â�¡«. 1.

�¥á¬®âàï −� â® çâ® â®−ª¨¥ ª«¨¥−âë ¨¬¥îâ ¡‚®«ìèãî £¨¡ª®áâì ¯® áà�¢−¥−¨î
á −ã«¥¢ë¬¨ ª«¨¥−â�¬¨ ¢ ç�áâ¨ ¤®áâã¯−ëå ¯à®â®ª®«®¢, ¢ë¡®à ¢ ¯®«ì§ã −ã«¥¢®£®
ª«¨¥−â� ®ç¥¢¨¤¥−.

‚ë¡®à ¬¥¦¤ã −ã«¥¢ë¬¨ ª«¨¥−â�¬¨ Teradici ¨ Pano Logic (FPGA) ®áãé¥-
áâ¢«ï«áï á ãç¥â®¬ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ ¢®§¬®¦−®áâ¨ ®¡−®¢«¥−¨ï. �ªá¯¥à¨¬¥−-
âë ¯à®¢®¤¨«¨áì á ãáâà®©áâ¢�¬¨ ®¡®¨å â¨¯®¢ ¨ ¯®§¢®«¨«¨ á¤¥«�âì ®¤−®§−�ç−ë©
¢ë¡®à ¢ ¯®«ì§ã â¥å−®«®£¨¨ −� ¬¨ªà®¯à®æ¥áá®à�å â¨¯� Teradici, −¥á¬®âàï −� ¡®«¥¥
−¨§ª®¥ í−¥à£®¯®âà¥¡«¥−¨¥ ãáâà®©áâ¢, à�¡®â�îé¨å −� ¡�§¥ FPGA (â�¡«. 2).

’�¡«¨æ� 2 ‘à�¢−¨â¥«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤«ï ¢ë¡®à� ¬¥¦¤ã Teradici ¨ Pano Logic

•�à�ªâ¥à¨áâ¨ª¨ Teradici Pano Logic
1. �à®¨§¢®¤¨â¥«ì−®áâì ‚ëá®ª�ï ‘à¥¤−ïï
2. �� ª�ª®© ¡�§¥ ¯®áâà®¥−ë �à®æ¥áá®à Tera 1 FPGA
3. �¡−®¢«¥−¨¥ ¯à®è¨¢ª¨ ‚®§¬®¦−® �¥¢®§¬®¦−®
4. �à¨¢ï§ª� ª ®¯à¥¤¥«¥−−®©

â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ …áâì (VMware) �¥â

5. �−¥à£®¯®âà¥¡«¥−¨¥, ‚â/ç 6,5 5
6. �«�¢−®áâì ¢ ®â®¡à�¦¥−¨¨ ‚ëá®ª�ï �¨§ª�ï
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‚ æ¥«®¬ ¯® à¥§ã«ìâ�â�¬ �−�«¨§� ¨ íªá¯¥à¨¬¥−â®¢ ¢ë¡à�−� â¥å−®«®£¨ï VDI á
§�¬¥−®© �Š −ã«¥¢ë¬¨ ª«¨¥−â�¬¨ −� ¬¨ªà®¯à®æ¥áá�å â¨¯� Teradici.

‚ë¡®à â¥å−®«®£¨¨ £¨¯¥à¢¨§®à� ¨ ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬¨ à�¡®ç¨¬¨ ¬¥áâ�-
¬¨ ®á−®¢ë¢�«áï, ¢®-¯¥à¢ëå, −� â®¬, çâ® ¢¨àâã�«¨§�æ¨ï ¢ –�„ ‚ƒ“�‘ ¯®áâà®¥−�
−� ®á−®¢¥ VMware, ¢®-¢â®àëå, −� áà�¢−¥−¨¨ £¨¯¥à¢¨§®à®¢ (â�¡«. 3).

‚ë¡®à â¥å−®«®£¨¨ VMware View ®¯à¥¤¥«ï«áï, ¢®-¯¥à¢ëå, ¯®¤¤¥à¦ª®© â¥å-
−®«®£¨¨ −ã«¥¢ëå ª«¨¥−â®¢ (−� ¬®¬¥−â ¢−¥¤à¥−¨ï | â®«ìª® ã VMware View).
‚®-¢â®àëå, ¨á¯®«ì§®¢�−¨¥ VMware ¯à®â®ª®«®¢ PCoIP ¨ HTML Access ¯®§¢®-
«ï¥â áãé¥áâ¢¥−−® á−¨§¨âì âà¥¡®¢�−¨ï ª ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«®¢ á¢ï§¨
¨ ®¡¥á¯¥ç¨âì à�¡®âã ¢ ª®à¯®à�â¨¢−®© á¥â¨ ¨§ ã¤�«¥−−ëå â®ç¥ª. ‚-âà¥âì¨å, ¨−-
äà�áâàãªâãà� �«¥ªâà®−−®£® ª�¬¯ãá� ¢ã§� ®¡ê¥¤¨−ï¥â ¡®«ìè®¥ ç¨á«® á¥à¢¥à®¢ á
à�§«¨ç−ë¬¨ ®¯¥à�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨, ¤«ï ç¥£® «ãçè¥ ¯à¨á¯®á®¡«¥−� â¥å−®-
«®£¨ï VMware, ª®â®à�ï ¯®¤¤¥à¦¨¢�¥â ¡®«ìè¥¥ ç¨á«® £®áâ¥¢ëå ®¯¥à�æ¨®−−ëå
á¨áâ¥¬. ‚-ç¥â¢¥àâëå, VMware View ã¤®¡−¥¥ ¢ �¤¬¨−¨áâà¨à®¢�−¨¨. Šà®¬¥ â®£®,
¯®¤¤¥à¦ª� ¯¥à¥¤�ç¨ ¨ ®¡à�¡®âª¨ ¢¨¤¥®¨−ä®à¬�æ¨¨, �¢â®¬�â¨§�æ¨ï à�§¢¥àâë¢�-
−¨ï à�¡®ç¨å áâ�−æ¨© ã VMware à¥�«¨§®¢�−� «ãçè¥.

’�ª¨¬ ®¡à�§®¬, ¤«ï ¢−¥¤à¥−¨ï ¢® ‚ƒ“�‘ ®¡«�ç−®© ¨−äà�áâàãªâãàë ¢ë¡à�−�
â¥å−®«®£¨ï VMware View á −ã«¥¢ë¬¨ ª«¨¥−â�¬¨ −� ®á−®¢¥ ¬¨ªà®¯à®æ¥áá®à�
Teradici.

3.3 Внедрение технологии виртуализации рабочих мест

„«ï ¢−¥¤à¥−¨ï ¢ ã−¨¢¥àá¨â¥â¥ ¢¨àâã�«ì−ëå à�¡®ç¨å ¬¥áâ −� ®á−®¢¥ −ã«¥¢ëå
ª«¨¥−â®¢ −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âìáï á ¯¨«®â−ë¬¨ ¯«®é�¤ª�¬¨. ‚ ã−¨¢¥àá¨â¥â¥
¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ¯®¤à�§¤¥«¥−¨ï ¤«ï ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ:

{ ª®¬¯ìîâ¥à−ë© æ¥−âà á −¥áª®«ìª¨¬¨ �ã¤¨â®à¨ï¬¨, ¢ ª®â®àëå áâã¤¥−âë à�§-
«¨ç−ëå á¯¥æ¨�«ì−®áâ¥© ¢ë¯®«−ïîâ «�¡®à�â®à−ë¥ ¨ ¯à�ªâ¨ç¥áª¨¥ §�¤�−¨ï −�
ª®¬¯ìîâ¥à�å;

{ ª®¬¯ìîâ¥à−ë¥ ª«�ááë ª�ä¥¤à ¨ ¤àã£¨å ãç¥¡−ëå ¯®¤à�§¤¥«¥−¨©, ¢ ª®â®àëå
áâã¤¥−âë ¡«¨§ª¨å −�¯à�¢«¥−¨© ¨ á¯¥æ¨�«ì−®áâ¥© ¢ë¯®«−ïîâ «�¡®à�â®à−ë¥
¨ ¯à�ªâ¨ç¥áª¨¥ §�¤�−¨ï −� ª®¬¯ìîâ¥à�å;

{ ¡¨¡«¨®â¥ª�, ¢ ª®â®à®© à�¡®ç¨¥ ¬¥áâ� −ã¦−ë ¤«ï ¤®áâã¯� ª ¨−ä®à¬�æ¨®−−ë¬
à¥áãàá�¬;

{ à�¡®ç¨¥ ¬¥áâ� ¯à¥¯®¤�¢�â¥«¥© ¨ á®âàã¤−¨ª®¢ ª�ä¥¤à, £¤¥ à�¡®ç¥¥ ¬¥áâ® ¬®¦¥â
¨¬¥âì ¬−®£®¯®«ì§®¢�â¥«ìáª¨© ¤®áâã¯;

{ à�¡®ç¨¥ ¬¥áâ� á®âàã¤−¨ª®¢ ã−¨¢¥àá¨â¥â�, ª®â®àë¥ ¢ ®¤−®¯®«ì§®¢�â¥«ìáª®¬
à¥¦¨¬¥ à¥�«¨§ãîâ ¯à®æ¥ááë á ¯®¬®éìî á¨áâ¥¬ ¨ á¥à¢¨á®¢ �«¥ªâà®−−®£®
ª�¬¯ãá�.

��¨¡®«ìèãî ¢ë£®¤ã −ã«¥¢ë¥ ª«¨¥−âë ¤�îâ â�¬, £¤¥ ¨á¯®«ì§ãîâáï ®¤−®-
â¨¯−ë¥ à�¡®ç¨¥ ¬¥áâ�. �â®, ¯à¥¦¤¥ ¢á¥£®, ª®¬¯ìîâ¥à−ë¥ ª«�ááë ¢ ª®¬¯ìîâ¥à-
−®¬ æ¥−âà¥, ¡¨¡«¨®â¥ª� ¨ ª®¬¯ìîâ¥à−ë¥ ª«�ááë −� ª�ä¥¤à�å. Š®¬¯ìîâ¥à−ë©
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‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

’�¡«¨æ� 3 ‘à�¢−¨â¥«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤«ï ¢ë¡®à� ¬¥¦¤ã VMware, Microsoft ¨
Citrix

•�à�ªâ¥à¨áâ¨ª� VMware Microsoft Citrix
1. ˆá¯®«ì§ã¥¬ë©
£¨¯¥à¢¨§®à
¢ –�„

VMware ESX
VMware ESXi Microsoft Hyper-V

ƒ¨¯¥à¢¨§®à
VMware ¨«¨

Microsoft
2. �¡ê¥¬ ¯�¬ïâ¨,
¢ë¤¥«ï¥¬ë©
£¨¯¥à¢¨§®àã, ƒ�

2
10 | ¤«ï Windows Server 2008
2,6 | ¤«ï Windows Server Core

‡�¢¨á¨â ®â
¢ë¡à�−−®£®
£¨¯¥à¢¨§®à�

3. �¯¥à�æ¨®−−�ï
á¨áâ¥¬�
£¨¯¥à¢¨§®à�

‚áâà®¥−−�ï
Windows 2008 x64

Standard/Enterprise/
Datacenter Editions

‡�¢¨á¨â ®â
¢ë¡à�−−®£®
£¨¯¥à¢¨§®à�

4. �®¤¤¥à¦ª�
−ã«¥¢ëå
ª«¨¥−â®¢

„� �¥â „�

5. �®¤¤¥à¦¨¢�-
¥¬ë¥ ®¯¥à�æ¨®−-
−ë¥ á¨áâ¥¬ë

Microsoft Windows,
Red Hat,

SUSE Linux,
FreeBSD,
NetWare,
Solaris 10

Microsoft Windows,
SUSE Enterprise Linux

Microsoft
Windows

6. “¤®¡áâ¢® �¤¬¨-
−¨áâà¨à®¢�−¨ï ‚ëá®ª®¥ �¨§ª®¥

‡�¢¨á¨â ®â
¢ë¡à�−−®£®
£¨¯¥à¢¨§®à�

7. †¨¢�ï
¬¨£à�æ¨ï∗ …áâì

—�áâ¨ç−®
(¢® ¢à¥¬ï ¬¨£à�æ¨¨
−¥«ì§ï ¯®«ì§®¢�âìáï

¢¨àâã�«ì−®© ¬�è¨−®©,
−® ¤�−−ë¥ −¥ â¥àïîâáï)

…áâì

8. �à®â®ª®«ë
á®¥¤¨−¥−¨ï
ª«¨¥−â�
á á¥à¢¥à®¬

RDP,
PCoIP,

HTML Access
RDP HDX

9. ’à¥¡®¢�−¨ï
ª ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨
á¥â¨

‡�¢¨á¨â ®â
¢ë¡à�−−®£®
¯à®â®ª®«�

(¤«ï PCoIP |
−¥¢ëá®ª¨¥,

¤«ï HTML Access |
−¨§ª¨¥)

‚ëá®ª¨¥ �¥¢ëá®ª¨¥

∗†¨¢�ï ¬¨£à�æ¨ï | ¯¥à¥−®á ¢¨àâã�«ì−®© ¬�è¨−ë á ®¤−®£® ä¨§¨ç¥áª®£® á¥à¢¥à� −� ¤àã£®© ¡¥§
¯à¥ªà�é¥−¨ï à�¡®âë ¢¨àâã�«ì−®© ¬�è¨−ë ¨ ®áâ�−®¢ª¨ á¥à¢¨á®¢.
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÷¨á. 2 ‘å¥¬� ¯®¤ª«îç¥−¨ï â¥à¬¨−�«®¢ ¤«ï ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

æ¥−âà | íâ® ¬¥áâ®, £¤¥ âà¥¡ã¥âáï ¡®«ìè®¥ ª®«¨ç¥áâ¢® ®¤−®â¨¯−ëå à�¡®ç¨å ¬¥áâ á
ç�áâ® ¬¥−ïîé¨¬áï ¯à¨ª«�¤−ë¬ �� ¨ ¯®¢ëè¥−−ë¬ à¨áª®¬ ¯®â¥à¨ à�¡®â®á¯®á®¡-
−®áâ¨ ¯à¨«®¦¥−¨© ¨§-§� −¥ã¬¥«ëå ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«¥©. �®íâ®¬ã −� ¯¥à¢®¬
íâ�¯¥ à¥�«¨§�æ¨¨ ¯à®¥ªâ� ¢ 2012 £. ¢® ‚ƒ“�‘ ¯¥à¥®¡®àã¤®¢�−ë 4 ª®¬¯ìîâ¥à−ëå
ª«�áá�, £¤¥ ãáâ�−®¢«¥−ë −ã«¥¢ë¥ ª«¨¥−âë á ¯à®æ¥áá®à®¬ Tera 1, ¢áâà®¥−−ë¬ ¢
â¥à¬¨−�«ë Samsung NC240 á ¤¨�£®−�«ìî 23,6′′ (90 ãç¥¡−ëå ¬¥áâ). ÷ãª®¢®¤áâ¢ã-
ïáì íâ¨¬ ãá¯¥è−ë¬ ®¯ëâ®¬ ¢¨àâã�«¨§�æ¨¨ ãç¥¡−ëå ¬¥áâ, ¢ 2013 £. ¢−¥¤à¥−® ¥é¥
240 −ã«¥¢ëå ª«¨¥−â®¢ (â¥à¬¨−�«ë LG −� ¡�§¥ ¯à®æ¥áá®à� Teradici 2: 23CAV42K
LG CAV42K V-Series Zero Client Cloud Monitor). ’¥à¬¨−�«ë LG ®â«¨ç�îâáï
®â Samsung −�«¨ç¨¥¬ ¡®«ìè¥£® ç¨á«� USB-¯®àâ®¢, IPS-¬�âà¨æ¥© ¨ −®¢ë¬, ¢
−¥áª®«ìª® à�§ ¡®«¥¥ ¯à®¨§¢®¤¨â¥«ì−ë¬, ç¥¬ Tera 1, ¯à®æ¥áá®à®¬ Tera 2.

’¥à¬¨−�«ë, ¯®¤¤¥à¦¨¢�îé¨¥ â¥å−®«®£¨î −ã«¥¢ëå ª«¨¥−â®¢, ãáâ�−®¢«¥−ë
−¥ â®«ìª® ¢ ª®¬¯ìîâ¥à−ëå ª«�áá�å ª®¬¯ìîâ¥à−®£® æ¥−âà� ¨ ª�ä¥¤à, −® ¨ ¢
¡¨¡«¨®â¥ª¥ ¨ −� à�¡®ç¨å ¬¥áâ�å ¯¥àá®−�«� ã−¨¢¥àá¨â¥â�. ’¥à¬¨−�«ë ¯®¤ª«îç¥−ë
ª ª«�áâ¥àã ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ. Š«�áâ¥à ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ
¯®¤ª«îç¥− ª ¤¢ã¬ åà�−¨«¨é�¬ ¤�−−ëå ¢ë¤¥«¥−−®© á¥â¨ åà�−¥−¨ï ¢ á®®â¢¥âáâ¢¨¨
á �àå¨â¥ªâãà®© SAN ç¥à¥§ ¤¢� ª®¬¬ãâ�â®à� SAS2 (à¨á. 2).

��¤¥¦−®áâì äã−ªæ¨®−¨à®¢�−¨ï −ã«¥¢ëå ª«¨¥−â®¢ ®¡¥á¯¥ç¨¢�¥âáï ¤ã¡«¨à®-
¢�−¨¥¬ á¢ï§¥© ¨ ã§«®¢ (ª«�áâ¥à ¯®¤ª«îç¥− ª ¤¢ã¬ ª®¬¬ãâ�â®à�¬, ª ª®â®àë¬ á
¤àã£®© áâ®à®−ë ¯®¤ª«îç¥−ë ¤¢� åà�−¨«¨é�), ¯à®¨§¢®¤¨â¥«ì−®áâì ®¡¥á¯¥ç¨¢�-
¥âáï ¤ã¡«¨à®¢�−¨¥¬ ª�−�«®¢ á¢ï§¨. ‚ëå®¤ ¨§ áâà®ï «î¡®£® ã§«� ¢ ¨á¯®«ì§ã¥¬®©
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‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

’�¡«¨æ� 4 ÷�§¢¥àâë¢�−¨¥ −ã«¥¢ëå ª«¨¥−â®¢ ¢ ã−¨¢¥àá¨â¥â¥

Œ¥áâ® à�§¢¥àâë¢�−¨ï Š®«¨ç¥áâ¢®
1. Š®¬¯ìîâ¥à−ë© æ¥−âà 220
2. Š«�ááë ª�ä¥¤à ¨ ¯®¤à�§¤¥«¥−¨© 50
3. �¨¡«¨®â¥ª� 30
4. ÷�¡®ç¨¥ ¬¥áâ� á®âàã¤−¨ª®¢ 30
ˆâ®£® 330

áå¥¬¥ ¯®¤ª«îç¥−¨ï −¥ ¯à¨¢¥¤¥â ª ¯¥à¥¡®ï¬ ¢ äã−ªæ¨®−¨à®¢�−¨¨ ¨−äà�áâàãªâã-
àë �«¥ªâà®−−®£® ª�¬¯ãá� ã−¨¢¥àá¨â¥â�.

�� á¥à¢¥à−®© áâ®à®−¥ ¢¨àâã�«¨§�æ¨î à�¡®ç¨å ¬¥áâ ®¡¥á¯¥ç¨¢�îâ ç¥âëà¥ £¨-
¯¥à¢¨§®à�, �‡“ 2 ’�, 256 ï¤¥à (AMD), 4 ª�àâë à�§£àã§ª¨ ¯à®æ¥áá� APEX2800,
¤¢¥ á¨áâ¥¬ë åà�−¥−¨ï ¤�−−ëå IBM DS3524 (48× 900 ƒ�), LSI SAS6160, á¥à¢¥à
åà�−¥−¨ï ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥© á ¤¨áª®¢ë¬ ¬�áá¨¢®¬ 72 ’�.

�� â¥ªãé¨© ¬®¬¥−â ¢® ‚ƒ“�‘ äã−ªæ¨®−¨àã¥â 330 â¥à¬¨−�«®¢ á ¯®¤¤¥à¦ª®©
â¥å−®«®£¨¨ −ã«¥¢ëå ª«¨¥−â®¢ ¯®¤ ã¯à�¢«¥−¨¥¬ â¥å−®«®£¨¨ WMWare (â�¡«. 4).

3.4 Опыт развертывания и использования технологии виртуализации
рабочих мест

‚ ª®¬¯ìîâ¥à−®¬ æ¥−âà¥ −ã«¥¢ë¥ ª«¨¥−âë ¨á¯®«ì§ãîâáï ¡®«ìè¨¬ ç¨á«®¬
áâã¤¥−â®¢ ¯à¨ ¢ëá®ª®© −�£àã§ª¥. �ã«¥¢ë¥ ª«¨¥−âë, à�§¢¥à−ãâë¥ −� ¯¥à¢®¬
íâ�¯¥, ¯à®è«¨ �¯à®¡�æ¨î ¢ â¥ç¥−¨¥ £®¤�, −ã«¥¢ë¥ ª«¨¥−âë, à�§¢¥à−ãâë¥ −�
¢â®à®¬ íâ�¯¥, | 1 á¥¬¥áâà�. �®«ì§®¢�â¥«¨ −ã«¥¢ëå ª«¨¥−â®¢ à�¡®â�îâ ¢
®¯¥à�æ¨®−−®© á¨áâ¥¬¥ Windows 7 x86, ¨á¯®«ì§ãîâ ¯�ª¥â Microsoft Office 2013
¨ à�§«¨ç−®¥ ¯à¨ª«�¤−®¥ ��.

�¥à¢ë© ¢®¯à®á, ª®â®àë© −¥®¡å®¤¨¬® à¥è¨âì ¯à¨ à�§¢¥àâë¢�−¨¨ −ã«¥¢ëå
ª«¨¥−â®¢, | á®§¤�−¨¥ ¡�§®¢®£® (íâ�«®−−®£®) ®¡à�§� ¤«ï ¡®«ìè®£® ç¨á«� à�¡®-
ç¨å ¬¥áâ. „«ï ãç¥¡−ëå ª«�áá®¢ ª®¬¯ìîâ¥à−®£® æ¥−âà� ¨ ª�ä¥¤à ¬®£ãâ ¡ëâì
¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥ áâà�â¥£¨¨:

1. �¤¨− ®¡à�§ | ®¤−� �ã¤¨â®à¨ï, íâ® ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì ®â¤¥«ì−ë¥ −�áâà®©-
ª¨ ¨ �� ¤«ï ª�¦¤®£® ãç¥¡−®£® ª«�áá�.

2. �¤¨− ®¡à�§ −� ¢á¥ �ã¤¨â®à¨¨, íâ® ¯®§¢®«ï¥â §−�ç¨â¥«ì−® ã¯à®áâ¨âì ã¯à�¢-
«¥−¨¥ �� ¢ ª®¬¯ìîâ¥à−®¬ æ¥−âà¥ ¨ ãç¥¡−ëå ª«�áá�å ª�ä¥¤à.

3. �à®¬¥¦ãâ®ç−ë© ¢�à¨�−â: ¤¢� ¨ ¡®«¥¥ ®¡à�§®¢ á® á¢®¨¬ −�¡®à®¬ ��, íâ¨¬
®¡¥á¯¥ç¨¢�¥âáï ª�ª ¢ëá®ª�ï íää¥ªâ¨¢−®áâì ã¯à�¢«¥−¨ï ��, â�ª ¨ §�é¨â�
®â −¥á�−ªæ¨®−¨à®¢�−−®£® §�¯ãáª�.

�¥à¢�ï áâà�â¥£¨ï −¥ ã¤®¢«¥â¢®àï¥â âà¥¡®¢�−¨î ¯® íää¥ªâ¨¢−®¬ã ¨á¯®«ì§®¢�-
−¨î �ã¤¨â®à¨© ¯à¨ á®áâ�¢«¥−¨¨ à�á¯¨á�−¨ï, â�ª ª�ª ®£à�−¨ç¨¢�¥â ¨á¯®«ì§®¢�−¨¥
á¯¥æ¨�«¨§¨à®¢�−−®£® �� ¢ ®¯à¥¤¥«¥−−®© �ã¤¨â®à¨¨ ª®¬¯ìîâ¥à−®£® æ¥−âà� ¨«¨
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ª�ä¥¤àë. …á«¨ ¦¥ −¥ ¤¥«�âì ¦¥áâªãî ¯à¨¢ï§ªã ¯ã«� ª �ã¤¨â®à¨¨, â® ¡®«ìè®©
¢ë¡®à ¯ã«®¢ ¯à¨ §�£àã§ª¥ §−�ç¨â¥«ì−® ãá«®¦−ï¥â ª®àà¥ªâ−ãî §�£àã§ªã ¡®«ìè®£®
ç¨á«� ¯®«ì§®¢�â¥«¥© (áâã¤¥−âë ç�áâ® ®è¨¡�îâáï ¯à¨ ¢ë¡®à¥ ¯ã«�). Šà®¬¥ â®£®,
®¡á«ã¦¨¢�−¨¥ ¡®«ìè®£® ç¨á«� ¯ã«®¢ á−¨¦�¥â íää¥ªâ¨¢−®áâì ˆ’-¯®¤¤¥à¦ª¨,
â�ª ª�ª âà¥¡ã¥âáï ¬−®£® ¢à¥¬¥−¨ −� ®¡−®¢«¥−¨¥ �� ¢ íâ�«®−−ëå ®¡à�§�å.

‚â®à®© ¯®¤å®¤, ¡ã¤ãç¨ á¢®¡®¤−ë¬ ®â íâ¨å −¥¤®áâ�âª®¢, ¬®¦¥â á®§¤�¢�âì ¯à®¡-
«¥¬ë ¯à¨ ¨á¯®«ì§®¢�−¨¨ «¨æ¥−§¨®−−®£® �� á ª®−ªà¥â−ë¬¨ «¨æ¥−§¨ï¬¨, ª®£¤�
áâã¤¥−âë −¥á�−ªæ¨®−¨à®¢�−−® §�¯ãáª�îâ â�ª®¥ «¨æ¥−§¨®−−®¥ ��, çâ® ¯à¨¢®¤¨â
ª ¯à®¡«¥¬�¬ ¥£® ¨á¯®«ì§®¢�−¨ï ¤àã£¨¬¨ áâã¤¥−â�¬¨. ÷¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë
á®áâ®¨â ¢ á®§¤�−¨¨ ¢â®à®£® íâ�«®−−®£® ®¡à�§� (¨«¨ ¥é¥ −¥áª®«ìª¨å íâ�«®−−ëå
®¡à�§®¢) á® á¯¥æ¨�«¨§¨à®¢�−−ë¬ �� ¨ ã¤�«¥−¨¨ â�ª®£® á¯¥æ¨�«¨§¨à®¢�−−®£®
�� á ª®−ªãà¥−â−ë¬¨ «¨æ¥−§¨ï¬¨ ¨§ ¡�§®¢®£® íâ�«®−−®£® ®¡à�§�. �ã« ¢¨àâã-
�«ì−ëå ¬�è¨−, á®§¤�−−ëå −� ®á−®¢¥ íâ�«®−−®£® ®¡à�§� á® á¯¥æ¨�«¨§¨à®¢�−−ë¬
��, ¯®¤�¥âáï ¢® ¢à¥¬ï ¯¥à¥¬¥−ë ¯¥à¥¤ §�−ïâ¨¥¬ ¢ ª®¬¯ìîâ¥à−ë¥ ª«�ááë, £¤¥
¯® à�á¯¨á�−¨î ¯à®¢®¤ïâáï §�−ïâ¨ï á® á¯¥æ¨�«¨§¨à®¢�−−ë¬ ��. ˆá¯®«ì§®¢�-
−¨¥ ¥¤¨−áâ¢¥−−®£® ¯ã«�, ¡¥áá¯®à−®, §−�ç¨â¥«ì−® ã¯à®é�¥â ˆ’-¯®¤¤¥à¦ªã, −®
ãá«®¦−ï¥â à�¡®âã ®â¤¥«ì−ëå ¯®«ì§®¢�â¥«¥© ¨ −¥ ¬®¦¥â ®¡¥á¯¥ç¨âì −¥®¡å®¤¨¬®©
¨−¤¨¢¨¤ã�«¨§�æ¨¨ ®¡á«ã¦¨¢�−¨ï.

��¨¡®«¥¥ ã¤®¡−ë¬ ï¢«ï¥âáï âà¥â¨© ¢�à¨�−â, ª®£¤� á®§¤�¥âáï ¡®«¥¥ ®¤−®£®
®¡à�§�, −® −�¬−®£® ¬¥−ìè¨¬ ç¨á«®¬, ç¥¬ ª®«¨ç¥áâ¢® ª®¬¯ìîâ¥à−ëå ª«�áá®¢.
��¯à¨¬¥à, ¬®¦−® ®¡®©â¨áì 2{4 ®¡à�§�¬¨. „«ï ¯¥à¢®£® ¡�§®¢®£® ®¡à�§� ¯à¥¤«�-
£�¥âáï ¨á¯®«ì§®¢�âì â®«ìª® ¡�§®¢®¥ ��, ¢ª«îç�ï ¢ −¥£® ¯®¬¨¬® ®¯¥à�æ¨®−−®©
á¨áâ¥¬ë â�ª¨¥ ¯�ª¥âë, ª�ª MS Office, ¨ −¥ª®â®àë¥ ¤àã£¨¥. „«ï ¢â®à®£® ¨ âà¥âì¥-
£® ®¡à�§®¢ ¬®¦−® ¢ë¤¥«¨âì ¯®¬¨¬® ¡�§®¢®£® �� á¯¥æ¨�«¨§¨à®¢�−−®¥ �� (��
¤«ï ¤¨§�©−¥à®¢, �� ¤«ï ¬�â¥¬�â¨ª®¢ ¨ â. ¯.) ¨«¨ ¨á¯®«ì§®¢�âì ¨−®© ¯à¨−æ¨¯
ä®à¬¨à®¢�−¨ï ¡�§®¢®£® ®¡à�§�.

�ã«ë ¢¨àâã�«ì−ëå ¬�è¨− á®§¤�îâáï ¯® â¥å−®«®£¨¨ Linked clone (á¢ï§�−-
−ëå ª«®−®¢). �â� â¥å−®«®£¨ï ¯®§¢®«ï¥â à�§¢®à�ç¨¢�âì ¢¨àâã�«ì−ë¥ ¬�è¨−ë ¨§
¡�§®¢®£® ®¡à�§�, −� ª®â®àë© ¨§−�ç�«ì−® áâ�¢¨âáï ¢á¥ −¥®¡å®¤¨¬®¥ ��, ¨ ¯à¨
íâ®¬ íª®−®¬¨âáï ¤¨áª®¢®¥ ¯à®áâà�−áâ¢®. �¥§ ¨á¯®«ì§®¢�−¨ï íâ®© â¥å−®«®£¨¨
á®§¤�−−ë¥ ª«®−ë (¢¨àâã�«ì−ë¥ ¬�è¨−ë) ¨á¯®«ì§ãîâ áâ®«ìª® ¦¥ ¤¨áª®¢®£® ¯à®-
áâà�−áâ¢�, áª®«ìª® ¨á¯®«ì§ã¥â íâ�«®−−�ï ¬�è¨−�. ‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥
¨á¯®«ì§ã¥âáï ¤®¯®«−¨â¥«ì−ë© ¤¨áª, −� ª®â®à®¬ åà�−¨âáï â®«ìª® à�§−¨æ� ¬¥¦¤ã
¤¨áª®¬ íâ�«®−−®£® ®¡à�§� ¨ ª«®−�. ‚�¦−® â�ª¦¥ ¨á¯®«ì§®¢�âì à¥áãàá−ë¥ ¯ã«ë,
â. ¥. ¯ã«ë, ª®â®àë¥ ¯®§¢®«ïîâ ®£à�−¨ç¨¢�âì ¯®âà¥¡−®áâ¨ ¢¨àâã�«ì−ëå ¬�è¨− ¢
à¥áãàá�å ¢ à�¬ª�å ®¤−®£® ¯ã«�. �â® §−�ç¨â¥«ì−® ã¬¥−ìè�¥â ¢¥à®ïâ−®áâì â®£®,
çâ® ®â¤¥«ì−ë¥ §�¤�ç¨ ¯®¬¥è�îâ à�¡®â¥ ¬−®¦¥áâ¢� ¢¨àâã�«ì−ëå ¬�è¨− ª«�áâ¥à�.

„«ï −ã«¥¢ëå ª«¨¥−â®¢ ®¡¥á¯¥ç¥−� ¢®§¬®¦−®áâì ¯®¤ª«îç¥−¨ï ª® ¢á¥© −¥®¡-
å®¤¨¬®© ¯¥à¨ä¥à¨¨: ¯à¨−â¥à�¬, áª�−¥à�¬, ¬−®£®äã−ªæ¨®−�«ì−ë¬ ãáâà®©áâ¢�¬,
¯à®¥ªâ®à�¬, á¬�àâ-¤®áª�¬ ¨ íªà�−�¬, ¢¥¡-ª�¬¥à�¬, ª®«®−ª�¬, −�ãè−¨ª�¬, áê¥¬-
−ë¬ ¦¥áâª¨¬ ¤¨áª�¬.

„® ¯®á«¥¤−¥£® ¢à¥¬¥−¨ â¥å−®«®£¨ï −ã«¥¢ëå ª«¨¥−â®¢ −¥ ¯®§¢®«ï«� ¢ ¯®«−®©
¬¥à¥ ¯à¨¬¥−ïâì ¥¥ ¤«ï á«®¦−ëå £à�ä¨ç¥áª¨å ¯à®£à�¬¬, ®á®¡¥−−® ¤«ï 3D-£à�ä¨-
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‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

ª¨. �®íâ®¬ã ®¤¨− ¨§ ª«�áá®¢ ª®¬¯ìîâ¥à−®£® æ¥−âà�, £¤¥ ¨á¯®«ì§ã¥âáï ¯à®£à�¬¬�
AutoCAD, −¥ ¯¥à¥¢¥¤¥− −� â¥å−®«®£¨î −ã«¥¢ëå ª«¨¥−â®¢. ’�ª�ï ¢®§¬®¦−®áâì
¯®ï¢¨âáï ¢ ¡«¨¦�©è¥¥ ¢à¥¬ï §� áç¥â ¨á¯®«ì§®¢�−¨ï ¢ ª«�áâ¥à¥ ¢¨àâã�«¨§�æ¨¨
à�¡®ç¨å ¬¥áâ á¥à¢¥à� á �ªá¥«¥à�â®à�¬¨ NVIDIA GRID K2 ¤«ï ¯ã«� ¢¨àâã�«ì−ëå
à�¡®ç¨å ¬¥áâ á £à�ä¨ç¥áª¨¬¨ ¯�ª¥â�¬¨ ¨ ¢¨¤¥®®¡à�¡®âª®©. Šà®¬¥ â®£®, ¢ ãç¥¡-
−®¬ ¯à®æ¥áá¥ ¨á¯®«ì§ã¥âáï −¥áª®«ìª® ãáâ�à¥¢è¨å ¯�ª¥â®¢ ¯à¨ª«�¤−ëå ¯à®£à�¬¬
(−�¯à¨¬¥à, Statistica), à�¡®â� ª®â®àëå −� −ã«¥¢ëå ª«¨¥−â�å −¥¢®§¬®¦−�, ¢ â®
¦¥ ¢à¥¬ï áâ®¨¬®áâì ¢¥àá¨¨, á¯®á®¡−®© à�¡®â�âì −� −®¢®© â¥å−®«®£¨¨, á«¨èª®¬
¢¥«¨ª�. ‚ ¤�−−®¬ á«ãç�¥ à�áá¬�âà¨¢�¥âáï ¢®¯à®á ® §�¬¥−¥ −� ¯�ª¥â á «ãçè¨¬ á®-
®â−®è¥−¨¥¬ æ¥−�/ª�ç¥áâ¢® (£¤¥ ¢ å�à�ªâ¥à¨áâ¨ª¨ ª�ç¥áâ¢� ¢ª«îç¥−® âà¥¡®¢�−¨¥
à�¡®âë −� −ã«¥¢ëå ª«¨¥−â�å).

„«ï à�¡®âë ¢ ¡¨¡«¨®â¥ª¥ ®¯â¨¬�«ì−® ¯®¤å®¤¨â ¯¥à¢ë© ¡�§®¢ë© ®¡à�§, â�ª
ª�ª ¢á¥ −¥®¡å®¤¨¬ë¥ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¡¨¡«¨®â¥ç−ë¥ ¯à®£à�¬¬ë ¨¬¥îâ ¢¥¡-
¨−â¥àä¥©á.

“áâ�−®¢ª� −ã«¥¢ëå ª«¨¥−â®¢ ã á®âàã¤−¨ª®¢ ã−¨¢¥àá¨â¥â� ¯®âà¥¡®¢�«� ¤®-
¯®«−¨â¥«ì−ëå −�áâà®¥ª. ‚®-¯¥à¢ëå, −¥á¬®âàï −� â® çâ® á®âàã¤−¨ª¨ ¨á¯®«ì§ãîâ
à�§«¨ç−®¥ ��, −¥®¡å®¤¨¬® ®¡ê¥¤¨−¨âì ¨å ¢ ¬�ªá¨¬�«ì−® ¡®«ìè¨¥ £àã¯¯ë ¨ ¤«ï
íâ¨å £àã¯¯ à�§¢¥à−ãâì ¯ã«ë ¢¨àâã�«ì−ëå ¬�è¨−. �á−®¢−ë¬ ªà¨â¥à¨¥¬ ®¯â¨-
¬¨§�æ¨¨ £àã¯¯ ï¢«ï¥âáï ¨å ç¨á«®, � íâ® ¬®¦¥â ¯à¨¢¥áâ¨ ª â®¬ã, çâ® −¥ª®â®àë¥
á®âàã¤−¨ª¨ ¯®«ãç�â ¤®áâã¯ ª ��, ª®â®à®¥ ¨¬ −¥ −ã¦−®. ‡¤¥áì ¬®¦¥â ¯®¬®çì
â®, çâ® ¯¥àá®−¨ä¨æ¨à®¢�−−ë¬ ¤®áâã¯®¬ ª �� ¬®¦−® ã¯à�¢«ïâì −� ãà®¢−¥ ¯à�¢
ãç¥â−ëå §�¯¨á¥© á«ã¦¡ë ª�â�«®£®¢ á¥à¢¨á� â¨¯� Identity Management ¨«¨ ¨−ë¬¨
áà¥¤áâ¢�¬¨ ã¯à�¢«¥−¨ï ¤®áâã¯®¬, ¨¬¥îé¨¬¨áï ¢ −�«¨ç¨¨ ã ��. …á«¨ íâ®£® −¥-
¤®áâ�â®ç−®, â® ¬®¦−® ¢®á¯®«ì§®¢�âìáï â¥¬ ¦¥ ¯®¤å®¤®¬, çâ® ¨ ¤«ï ª®¬¯ìîâ¥à−®£®
æ¥−âà�: á®§¤�−¨¥¬ −¥áª®«ìª¨å íâ�«®−−ëå ®¡à�§®¢. ‚®-¢â®àëå, ¯à¨ à�§¢¥àâë-
¢�−¨¨ −ã«¥¢ëå ª«¨¥−â®¢ ã á®âàã¤−¨ª®¢ âà¥¡ã¥âáï ¤®¯®«−¨â¥«ì−®¥ ¢à¥¬ï ¤«ï
¯¥à¥−®á� ¤�−−ëå ¯®«ì§®¢�â¥«ï ¨ ¯®¤ª«îç¥−¨ï ¯¥à¨ä¥à¨©−ëå ãáâà®©áâ¢. ��-
¯à¨¬¥à, ¤«ï ãáâ�−®¢ª¨ ¯à¨−â¥à� −¥®¡å®¤¨¬® ¯®¤ª«îç¨âìáï ª −¥¬ã á íâ�«®−−®£®
®¡à�§�, ãáâ�−®¢¨âì ¤à�©¢¥àë ¨ ¯®á«¥ íâ®£® á−®¢� à�§¢¥à−ãâì ¢¨àâã�«ì−ë¥ ¬�è¨-
−ë, ¯à¨ç¥¬, ¤�¦¥ ¥á«¨ ¢® ¢á¥© ®à£�−¨§�æ¨¨ ãáâ�−®¢«¥−ë ®¤¨−�ª®¢ë¥ ¯à¨−â¥àë,
¯®¤ª«îç�âìáï ¯à¨¤¥âáï ª ª�¦¤®¬ã ãáâà®©áâ¢ã. „«ï ¯®¢ëè¥−¨ï ãà®¢−ï ¡¥§®¯�á-
−®áâ¨ ¢ ¡«¨¦�©è¥¥ ¢à¥¬ï ¯«�−¨àã¥âáï á¤¥«�âì à�§«¨ç−ë¥ ¯ã«ë ¤«ï á®âàã¤−¨ª®¢
−¥ â®«ìª® ¯® −�¡®àã ��, −® ¨ ¯® á¥â¨, â. ¥. ã á®âàã¤−¨ª� ¡ã¤¥â ¢®§¬®¦−®áâì ¯®«ã-
ç�âì ¤®áâã¯ â®«ìª® ª â¥¬ à¥áãàá�¬, ¤«ï ¨á¯®«ì§®¢�−¨ï ª®â®àëå ã −¥£® ¤®áâ�â®ç−®
¯à�¢.

“áâ�−®¢ª� â¥à¬¨−�«®¢ ¯®§¢®«¨«� á®âàã¤−¨ª�¬ ¨¬¥âì ¤®áâã¯ ª á¢®¥¬ã à�¡®-
ç¥¬ã ¬¥áâã á «î¡®£® â¥à¬¨−�«� ¨«¨ �Š (ç¥à¥§ ¯à®£à�¬¬ã View Client ¨«¨ «î¡®©
¡à�ã§¥à ¢−¥ ã−¨¢¥àá¨â¥â�). �®ï¢¨«�áì ¢®§¬®¦−®áâì ¤®áâã¯� ª á¢®¥¬ã à�¡®ç¥¬ã
áâ®«ã á ¬®¡¨«ì−ëå ãáâà®©áâ¢ −� ¯«�âä®à¬�å iOS ¨ Android.

„«ï ¯à®¢¥¤¥−¨ï à�¡®â −� á¥à¢¥à¥ £¨¯¥à¢¨§®àë ¯¥à¥¢®¤ïâáï ¢ à¥¦¨¬ ¯®¤-
¤¥à¦ª¨ (maintenance), ¢¨àâã�«ì−ë¥ ¬�è¨−ë ¬¨£à¨àãîâ á â�ª®£® £¨¯¥à¢¨§®à�
−¥§�¬¥â−® ¤«ï ¯®«ì§®¢�â¥«ï (¢®§¬®¦−� §�¬®à®§ª� íªà�−� −¥ ¡®«¥¥ ç¥¬ −� 5 á)
¨ ¯®«ì§®¢�â¥«ì ¯à®¤®«¦�¥â à�¡®â�âì −� ¤àã£®¬ á¥à¢¥à¥. ÷¥áãàáë á¥à¢¥à−®©
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£àã¯¯ë ¯«�−¨àãîâáï ¯® áå¥¬¥N +1, ¨ ¢ëå®¤ ®¤−®£® á¥à¢¥à� −¥ ¢«¨ï¥â −� à�¡®âã
¯®«ì§®¢�â¥«¥©.

3.5 Анализ результатов внедрения и использования технологии виртуализации
рабочих мест

‚−¥¤à¥−¨¥ −ã«¥¢ëå ª«¨¥−â®¢ ¢ ã−¨¢¥àá¨â¥â¥ ¤�¥â á«¥¤ãîé¨¥ ¯à¥¨¬ãé¥áâ¢�:

{ á−¨¦�¥âáï ãà®¢¥−ì èã¬� ¢ �ã¤¨â®à¨ïå ¨ ª�ª á«¥¤áâ¢¨¥ á®§¤�îâáï £®à�§¤®
¡®«¥¥ ª®¬ä®àâ−ë¥ ãá«®¢¨ï ¤«ï ®¡ãç¥−¨ï áâã¤¥−â®¢;

{ íª®−®¬¨ï í«¥ªâà®í−¥à£¨¨ ¨ ¢ëá¢®¡®¦¤¥−¨¥ ¨áâ®ç−¨ª®¢ ¡¥á¯¥à¥¡®©−®£® ¯¨â�-
−¨ï. ��¯à¨¬¥à, −� ª«�áá á 30 �Š âà¥¡®¢�«®áì 3 ¨áâ®ç−¨ª� ¡¥á¯¥à¥¡®©−®£®
¯¨â�−¨ï ¬®é−®áâìî 3000 ‚â, ¤«ï ª«�áá� ¦¥, ¢ ª®â®à®¬ ãáâ�−®¢«¥−® 30 −ã«¥-
¢ëå ª«¨¥−â®¢, ¤®áâ�â®ç−® ®¤−®£® â�ª®£® ¨áâ®ç−¨ª� ¡¥á¯¥à¥¡®©−®£® ¯¨â�−¨ï,
¯à¨ç¥¬ ¥£® §�£àã§ª� ¡ã¤¥â ®ª®«® 50%{70%;

{ −�¤¥¦−®áâì à�¡®ç¨å ¬¥áâ: â¥à¬¨−�«ë ¯à�ªâ¨ç¥áª¨ −¥ ¢ëå®¤ïâ ¨§ áâà®ï, ¢á¥
ãç¥¡−ë¥ ¬¥áâ� ¢ ª®¬¯ìîâ¥à−®¬ ª«�áá¥ ¨á¯®«ì§ãîâáï;

{ −�¤¥¦−®áâì à�¡®âë ��, â�ª ª�ª ¢ë¯®«−ï¥âáï ¯®«−®¥ ®¡−®¢«¥−¨¥ ¢¨àâã�«ì−ëå
¬�è¨− ¤® ¨áå®¤−®£® á®áâ®ï−¨ï ¯®á«¥ §�¢¥àè¥−¨ï á¥�−á� ¯®«ì§®¢�â¥«ï¬¨,
®âáãâáâ¢ãîâ á¡®¨ ¢ à�¡®â¥ ��, ¢®§−¨ª�îé¨¥ ¯® ¢¨−¥ ¯®«ì§®¢�â¥«ï;

{ ¢ëá®ª�ï áª®à®áâì ãáâ�−®¢ª¨ ¨ ®¡−®¢«¥−¨ï ��. �à®£à�¬¬� ãáâ�−�¢«¨¢�¥âáï
®¤¨− à�§ −� íâ�«®−−ë© ®¡à�§, � ¯®â®¬ ®¡à�§ à�§¢®à�ç¨¢�¥âáï −� ¢á¥ −¥®¡å®-
¤¨¬ë¥ ¢¨àâã�«ì−ë¥ ¬�è¨−ë;

{ ¢®§¢à�â à�¡®ç¥© áâ�−æ¨¨ ¤® íâ�«®−−®£® ®¡à�§� ¯®á«¥ ª�¦¤®£® ¢ëå®¤� ¯®«ì§®-
¢�â¥«ï ¨§ á¨áâ¥¬ë (¯à¨ íâ®¬ ¤®ªã¬¥−âë ¨ −�áâà®©ª¨ á®åà�−ïîâáï);

{ æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¨−äà�áâàãªâãà®© (â¥à¬¨−�«�¬¨ ¨ ¢¨àâã�«ì-
−ë¬¨ ¬�è¨−�¬¨), ¢ª«îç�ï −�áâà®©ªã, ®¡−®¢«¥−¨¥ �� ¨ ª®−âà®«ì à�¡®â®-
á¯®á®¡−®áâ¨;

{ ¡ëáâà®¥ à�§¢¥àâë¢�−¨¥ −®¢®£® à�¡®ç¥£® ¬¥áâ� (2 ç¥«®¢¥ª®-ç�á� −� ª«�áá ¨§
30 −®¢ëå à�¡®ç¨å ¬¥áâ);

{ −¥§�¢¨á¨¬®áâì á®áâ�¢«¥−¨ï à�á¯¨á�−¨ï ®â â¨¯� −¥®¡å®¤¨¬®£® �� (−ã¦−®¥
�� ¡ã¤¥â ¯®¤�−® ¢ âã �ã¤¨â®à¨î, ª®â®à�ï ãª�§�−� ¢ à�á¯¨á�−¨¨);

{ ¥¤¨−ë© ¯à®ä¨«ì ¯®«ì§®¢�â¥«ï ¢® ¢á¥å �ã¤¨â®à¨ïå, â. ¥. á ª�ª®£® ¡ë â¥à-
¬¨−�«� ¨ ª ª�ª®© ¡ë ¢¨àâã�«ì−®© ¬�è¨−¥ ¢ ¯à¥¤¥«�å ¨−äà�áâàãªâãàë −¨
¯®¤ª«îç¨«áï ¯®«ì§®¢�â¥«ì, ¢á¥ ¥£® ¤®ªã¬¥−âë ¨ −�áâà®©ª¨ á®åà�−ïîâáï;

{ æ¥−âà�«¨§�æ¨ï åà�−¥−¨ï ¤�−−ëå | á®åà�−−®áâì ¢á¥© ¨−ä®à¬�æ¨¨ ®¡¥á¯¥-
ç¨¢�¥âáï á¥à¢¥à−ë¬ ®¡®àã¤®¢�−¨¥¬, � −¥ ®â¤¥«ì−ë¬ ª®¬¯ìîâ¥à®¬; ¢ëå®¤ ¨§
áâà®ï −ã«¥¢®£® ª«¨¥−â� −¥ ¯®¢«¥ç¥â §� á®¡®© ¯®â¥àî ¤�−−ëå ¯®«ì§®¢�â¥«ï.
�à¨¬¥−ïîâáï â¥å−®«®£¨¨ ¨§¡ëâ®ç−®£® åà�−¥−¨ï: áà¥¤áâ¢� æ¥−âà�«¨§®¢�−−®-
£® à¥§¥à¢−®£® ¨ �àå¨¢−®£® ª®¯¨à®¢�−¨ï.
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‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

“áâ�−®¢ª� −ã«¥¢ëå ª«¨¥−â®¢ ¯®§¢®«¨«� ®¯â¨¬¨§¨à®¢�âì ª�¤à®¢ë© á®áâ�¢
ˆ’-¯®¤à�§¤¥«¥−¨© ã−¨¢¥àá¨â¥â�. ��¯à¨¬¥à, ç¨á«® áâ�¢®ª −¨§ª®ª¢�«¨ä¨æ¨à®-
¢�−−®£® ¯¥àá®−�«� ª®¬¯ìîâ¥à−®£® æ¥−âà� á®ªà�é¥−® −� 30%, ¯à¨ íâ®¬ ¯®¢ëè¥−ë
âà¥¡®¢�−¨ï ª ãà®¢−î ¯à®ä¥áá¨®−�«¨§¬� ¨−¦¥−¥à®¢ ª®¬¯ìîâ¥à−®£® æ¥−âà�, à�á-
è¨à¥−� ¨å §®−� ®â¢¥âáâ¢¥−−®áâ¨, â�ª ª�ª ®−¨ §�−¨¬�îâáï ¯®¤¤¥à¦ª®© à�¡®âë
¢á¥å −ã«¥¢ëå ª«¨¥−â®¢ ã−¨¢¥àá¨â¥â�. Š®«¨ç¥áâ¢® ®¡á«ã¦¨¢�¥¬ëå à�¡®ç¨å ¬¥áâ
−� ®¤−®£® á®âàã¤−¨ª� ã¢¥«¨ç¨«®áì ¢ 2 à�§�, −® −� â¥ªãé¨© ¬®¬¥−â −¥ ¯®ªàë¢�¥â
100% à�¡®ç¥£® ¢à¥¬¥−¨ ˆ’-á¯¥æ¨�«¨áâ®¢, çâ® ¯®§¢®«ï¥â ã¢¥«¨ç¨¢�âì ¯à®¨§-
¢®¤¨â¥«ì−®áâì âàã¤� ¯à¨ à�áè¨à¥−¨¨ ¢−¥¤à¥−¨ï −ã«¥¢ëå ª«¨¥−â®¢ ¨ ¤�«ìè¥.
‚ á®®â¢¥âáâ¢¨¨ á ¯«�−�¬¨ ¢ 2014 £. ¢ ã−¨¢¥àá¨â¥â¥ ¡ã¤¥â ãáâ�−®¢«¥−® 500 −®¢ëå
â¥à¬¨−�«®¢.

�ã¦−® ®â¬¥â¨âì, çâ® ¢−¥¤à¥−¨¥ −ã«¥¢ëå ª«¨¥−â®¢ ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢«¥ç¥â §�
á®¡®© á®ªà�é¥−¨¥ −¨§ª®ª¢�«¨ä¨æ¨à®¢�−−®£® ¯¥àá®−�«� | ®¯¥à�â®à®¢, â¥å−¨ª®¢.
�â® ®¡êïá−ï¥âáï â¥¬, çâ® −¥ âà¥¡ã¥âáï −¥¯®áà¥¤áâ¢¥−−® ã¯à�¢«ïâì ª�¦¤ë¬
ãáâà®©áâ¢®¬ ¨ ã¬¥−ìè�îâáï ¯¥à¥¡®¨ ¢ à�¡®â¥ ®¡®àã¤®¢�−¨ï −� à�¡®ç¨å ¬¥áâ�å
(â¥à¬¨−�« ¡®«¥¥ −�¤¥¦¥−, ç¥¬ �Š).

�â¤¥«ì−® å®â¥«®áì ¡ë ¢ë¤¥«¨âì ä¨−�−á®¢ãî á®áâ�¢«ïîéãî ¯à®æ¥áá� §�¬¥−ë
�Š −� −ã«¥¢ë¥ ª«¨¥−âë. Š®−¥ç−®, íâ® ¢«¥ç¥â §� á®¡®© §−�ç¨â¥«ì−ë¥ §�âà�âë −�
§�ªã¯ªã á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï, â¥à¬¨−�«®¢ ¨ ��, −® íâ¨ §�âà�âë ¤®áâ�â®ç−®
¡ëáâà® ®ªã¯�îâáï §� áç¥â íª®−®¬¨¨. �¢â®à�¬ ã¤�«®áì ¤®¡¨âìáï §−�ç¨â¥«ì−®©
íª®−®¬¨¨ §� áç¥â ¢−¥¤à¥−¨ï −ã«¥¢ëå ª«¨¥−â®¢ ¯® á«¥¤ãîé¨¬ ¯à¨ç¨−�¬:

{ §�à¯«�â� ¯¥àá®−�«� | á®ªà�é¥−¨¥ áâ�¢®ª ¤�«® íª®−®¬¨î ®ª®«® 1,2 ¬«− àã¡.
¢ £®¤;

{ íª®−®¬¨ï −� áâ®¨¬®áâ¨ ¢«�¤¥−¨ï ®¡®àã¤®¢�−¨¥¬, ¢ª«îç�ï à�áå®¤ë −� í«¥ª-
âà®í−¥à£¨î.

‚ â�¡«. 5 ¯à¥¤áâ�¢«¥−ë ¯à¨¡«¨§¨â¥«ì−ë¥ à�áç¥âë −� 5 «¥â.
�ª®−®¬¨ï á ãç¥â®¬ ã¦¥ ãáâ�−®¢«¥−−ëå 330 −ã«¥¢ëå ª«¨¥−â®¢ á®áâ�¢¨â ®ª®«®

1,3 ¬«− àã¡. ¢ £®¤ (¡¥§ ãç¥â� íª®−®¬¨¨ −� §�à¯«�â¥). �à¨ íâ®¬ −ã¦−® ãç¨âë¢�âì,
çâ® áà®ª á«ã¦¡ë −ã«¥¢ëå ª«¨¥−â®¢, áª®à¥¥ ¢á¥£®, á®áâ�¢¨â ¡®«ìè¥ 5 «¥â, â�ª

’�¡«¨æ� 5 ‘â®¨¬®áâì ¢«�¤¥−¨ï �Š ¨ −ã«¥¢ë¬ ª«¨¥−â®¬ §� 5 «¥â íªá¯«ã�â�æ¨¨

‘â�âì¨ à�áå®¤®¢
÷�áå®¤ë §� 5 «¥â

�Š �ã«¥¢®© ª«¨¥−â
Š«¨¥−âáª®¥ ãáâà®©áâ¢® 19 000 19 500
Windows + SA/VDA 3500 + 3000 4500
VMware View 5.2 0 5600
÷¥áãàáë –�„ 0 4000
‡�à¯«�â� á −�«®£�¬¨ 25 000 (125 ç) 5000 (25 ç)
�«¥ªâà®í−¥à£¨ï 8400 1200
ˆáâ®ç−¨ª ¡¥á¯¥à¥¡®©−®£® ¯¨â�−¨ï 1200 200
ˆâ®£® 6 100 40 500
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’�¡«¨æ� 6 ‘à�¢−¥−¨¥ íªá¯«ã�â�æ¨®−−ëå å�à�ªâ¥à¨áâ¨ª �Š ¨ −ã«¥¢ëå ª«¨¥−â®¢

•�à�ªâ¥à¨áâ¨ª� 1 �Š 330 �Š 1 â¥à¬¨−�« 330 â¥à¬¨−�«®¢
�−¥à£®¯®âà¥¡«¥−¨¥,
‚â/ç

320{420
(¢ áà¥¤−¥¬ 370) 122 100 29 9570

÷�áå®¤ í«¥ªâà®í−¥à£¨¨
§� 6 ¬¥á., ª‚â 260 85 800 21 6930

�¥à¢¨ç−�ï ãáâ�−®¢ª� ��,
ç¥«®¢¥ª®-ç�á®¢ 6 54 7 16

�¡á«ã¦¨¢�−¨¥ ��,
ç¥«®¢¥ª®-ç�á®¢ §� 6 ¬¥á. 24 7920 24 152

‚à¥¬¥−−ë¥ §�âà�âë −� ãáâà�−¥−¨¥
−¥¯®«�¤®ª §� 6 ¬¥á., ç | 9900 | 632

Š®«¨ç¥áâ¢® ¯®«®¬®ª ãáâà®©áâ¢,
ãáâà�−¥−−ëå ¯à¨ ¯®¬®é¨ á«ã¦¡ë
à¥¬®−â� §� 6 ¬¥á., èâ.

| 64 |
4 (¡à�ª

¯à¨ ¯®áâ�¢ª¥)

ª�ª ®−¨ ãáâ�à¥¢�îâ §−�ç¨â¥«ì−® ¬¥¤«¥−−¥¥ �Š (íâ® ¯à¥¤¯®«®¦¥−¨¥ ®á−®¢�−® −�
®¯ëâ¥ ¯à¨¬¥−¥−¨ï ¢ ã−¨¢¥àá¨â¥â¥ â¥à¬¨−�«®¢ Sun Ray ¢ â¥ç¥−¨¥ 10 «¥â).

�à¥¨¬ãé¥áâ¢� ¯à¨¬¥−¥−¨ï −ã«¥¢ëå ª«¨¥−â®¢ á¢¥¤¥−ë ¢ â�¡«. 6.
ˆá¯®«ì§®¢�−¨¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ −� ®á−®¢¥ −ã«¥¢ëå

ª«¨¥−â®¢, ¯® áà�¢−¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ �Š, −¥¢®§¬®¦−® ¯à¨ ®âáãâáâ¢¨¨
á¥â¥¢ëå á®¥¤¨−¥−¨©. �® â�ª ª�ª ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ «¨−¨¨ á¢ï§¨ ¤® ®¯®à−ëå
â¥å−¨ç¥áª¨å æ¥−âà®¢ (á¥â¨ à�á¯à¥¤¥«¥−¨ï) à¥§¥à¢¨àãîâáï, â® ¯à®¡«¥¬� ¬®¦¥â
¢®§−¨ª−ãâì â®«ìª® −� ãç�áâª¥ á¥â¨ ¤®áâã¯�. ’�ª�ï �¢�à¨ï ¬®¦¥â ¯®¢«¨ïâì −�
à�¡®âã −¥ ¡®«¥¥ 24{48 −ã«¥¢ëå ª«¨¥−â®¢.

�¯ëâ ¢−¥¤à¥−¨ï −ã«¥¢ëå ª«¨¥−â®¢ ¯®ª�§�«, çâ® ®á−®¢−ë¥ ¯à®¡«¥¬ë ¢®§−¨-
ª�îâ ¯à¨ ¯®¤ª«îç¥−¨¨ ¯à¨−â¥à®¢ ª ¢¨àâã�«ì−ë¬ à�¡®ç¨¬ ¬¥áâ�¬. ‚ á«ãç�¥,
ª®£¤� ¯à¨−â¥à á¥â¥¢®©, ¤«ï ¯®¤ª«îç¥−¨ï −¥®¡å®¤¨¬® ãáâ�−®¢¨âì ¥£® ¤à�©¢¥àë
−� íâ�«®−−ë© ®¡à�§. �ã« ¢¨àâã�«ì−ëå ¬�è¨− ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¡®«ìè¨¬
ç¨á«®¬ ¯®«ì§®¢�â¥«¥© á à�§−ë¬¨ ãáâà®©áâ¢�¬¨ ¯¥ç�â¨, çâ® âà¥¡ã¥â §−�ç¨â¥«ì−ëå
¢à¥¬¥−−‚ëå §�âà�â −� ãáâ�−®¢ªã à�§−ëå ¤à�©¢¥à®¢, á®®â¢¥âáâ¢ãîé¨å à�§−ë¬
ãáâà®©áâ¢�¬ ¯¥ç�â¨, ¨ ¯¥à¥á®§¤�−¨ï ¢á¥å ¢¨àâã�«ì−ëå ¬�è¨− ¯ã«�.

…é¥ ®¤−� ¯à®¡«¥¬� á¢ï§�−� á â¥¬, çâ® ¯à¨ §�¯ãáª¥ −ã«¥¢®£® ª«¨¥−â� ¬®¦¥â
¯à®¨áå®¤¨âì ¢ë¡®à ¯ã«� ¢¨àâã�«ì−ëå ¬�è¨− ¨ ¯®«ì§®¢�â¥«ì ¬®¦¥â ¢ë¡à�âì ¯ã«,
¢ ª®â®à®¬ −¥ ãáâ�−®¢«¥−ë ¤à�©¢¥àë ¤«ï ¥£® ¯à¨−â¥à�.

„«ï à¥è¥−¨ï íâ¨å ¯à®¡«¥¬ á ãáâ�−®¢ª®© ¤à�©¢¥à®¢ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−
¯à®£à�¬¬−ë© ª®¬¯«¥ªá ThinPrint, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© à¥è¥−¨¥ ¤«ï
®¯â¨¬¨§�æ¨¨ ¯¥ç�â¨ ¢ á¥à¢¥à−ëå ®ªàã¦¥−¨ïå. �â� ¯à®£à�¬¬� ¤�¥â á«¥¤ãîé¨¥
¯à¥¨¬ãé¥áâ¢�:

{ ¨áª«îç�¥âáï −¥®¡å®¤¨¬®áâì ãáâ�−®¢ª¨ à®¤−ëå ¤à�©¢¥à®¢ ¤«ï ª�¦¤®£® ¯à¨−-
â¥à� −� íâ�«®−−ë© ®¡à�§;
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‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ

{ ®¡¥á¯¥ç¨¢�¥âáï ¢®§¬®¦−®áâì �¢â®¬�â¨ç¥áª®£® ¯®¤ª«îç¥−¨ï ¡«¨¦�©è¥£® ª
¯®«ì§®¢�â¥«î ¯à¨−â¥à�.

‚ á¨âã�æ¨¨, ª®£¤� ¯à¨−â¥à ¯®¤ª«îç¥− −¥¯®áà¥¤áâ¢¥−−® ª à�¡®ç¥¬ã ¬¥áâã,
¨á¯®«ì§®¢�−¨¥ −ã«¥¢®£® ª«¨¥−â� âà¥¡ã¥â ¤®¯®«−¨â¥«ì−ëå ¤¥©áâ¢¨© ¯® ¯®¤ª«îç¥-
−¨î. Š ¢ëè¥®¯¨á�−−ë¬ ¯à®æ¥¤ãà�¬ ¤®¡�¢«ï¥âáï −¥®¡å®¤¨¬®áâì ¯à®¡à®á� ¯®¤-
ª«îç¥−¨ï ¯à¨−â¥à� ª íâ�«®−−®¬ã ®¡à�§ã, −® ¤�¦¥ ¯®á«¥ íâ®£® −¥ ¢á¥ ¯à¨−â¥àë ¡ã-
¤ãâ ª®àà¥ªâ−® à�¡®â�âì. �â� ¯à®¡«¥¬� ®¡ãá«®¢«¥−� ®£à�−¨ç¥−¨¥¬ ¬�ªá¨¬�«ì−®©
áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ç¥à¥§ USB-¯®àâ −ã«¥¢®£® ª«¨¥−â� (¤® 15 Œ¡¨â/c), çâ®
¯à¨¢®¤¨â ª á¡®ï¬ ¯¥ç�â¨ £à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ −� −¥ª®â®àëå ¬®¤¥«ïå ¯à¨−-
â¥à®¢. ‚ëå®¤ ¨§ ®¯¨á�−−®© á¨âã�æ¨¨ | ¨á¯®«ì§®¢�−¨¥ á¥â¥¢ëå ¯à¨−â¥à®¢ ¨«¨
¯à¨−â-á¥à¢¥à®¢ (áâ®¨¬®áâì ®¤−®£® ãáâà®©áâ¢� ¯à¨−â-á¥à¢¥à� 1000{1500 àã¡.).

4 Выводы

‚ â¥ç¥−¨¥ £®¤� ¢ ã−¨¢¥àá¨â¥â¥ �¢â®à�¬¨ áâ�âì¨ à¥�«¨§®¢�− ¯à®¥ªâ ¯® ¢−¥¤-
à¥−¨î ¢¨àâã�«ì−ëå à�¡®ç¨å ¬¥áâ −� ®á−®¢¥ â¥å−®«®£¨¨ −ã«¥¢ëå ª«¨¥−â®¢. ‡�
íâ® ¢à¥¬ï −ã«¥¢ë¬¨ ª«¨¥−â�¬¨ ¢®á¯®«ì§®¢�«¨áì 4042 ¯®«ì§®¢�â¥«ï, ®¤−®¢à¥-
¬¥−−® à�¡®â�«® ¬�ªá¨¬�«ì−® 300 ¯�à�««¥«ì−ëå á¥áá¨©. �¯ëâ ¢−¥¤à¥−¨ï ¨
¨á¯®«ì§®¢�−¨ï ¯®ª�§�« á«¥¤ãîé¨¥ ¯à¥¨¬ãé¥áâ¢� ¯à¨ ¯¥à¥å®¤¥ ª â¥å−®«®£¨¨
−ã«¥¢ëå ª«¨¥−â®¢ −� ¡�§¥ VMware: §−�ç¨â¥«ì−® ¯®¢ëá¨«�áì íää¥ªâ¨¢−®áâì
ˆ’-¯®¤¤¥à¦ª¨ ãç¥¡−ëå ¨ à�¡®ç¨å ¬¥áâ ¯®«ì§®¢�â¥«¥©, á®ªà�â¨«¨áì ¨§¤¥à¦ª¨
−� â¥å−¨ç¥áª®¥ á®¯à®¢®¦¤¥−¨¥, §−�ç¨â¥«ì−® ã¬¥−ìè¨«®áì í−¥à£®¯®âà¥¡«¥−¨¥,
ã«ãçè¨«�áì íà£®−®¬¨ª�, ¯®¢ëá¨«®áì ª�ç¥áâ¢® ¯à¥¤®áâ�¢«ï¥¬ëå ˆ’-ãá«ã£.

÷¥�«¨§�æ¨ï á¥à¢¥à−®© ç�áâ¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ −� ®á−®¢¥ ®âª�-
§®ãáâ®©ç¨¢®£® ª«�áâ¥à� (á¬. à¨á. 1) ¨ à¥§¥à¢¨à®¢�−¨¥ ¡à®ª¥à� á®¥¤¨−¥−¨© (á¬.
à¨á. 2) ®¡¥á¯¥ç¨¢�îâ ¢ëá®ªãî −�¤¥¦−®áâì à�¡®âë ª«¨¥−âáª¨å ¬¥áâ.

“á¯¥å ¯à®¥ªâ� ¯®§¢®«ï¥â ¯à®¤®«¦¨âì ¢−¥¤à¥−¨¥ íâ®£® à¥è¥−¨ï, ¨ ¢ 2014 £.
¯«�−¨àã¥âáï ¢−¥¤à¨âì ¥é¥ 500 â¥à¬¨−�«®¢. Šà®¬¥ íâ®£®, ¢ 2014 £. ¯à¥¤¯®«�£�¥âáï
−�ç�âì ¨á¯®«ì§®¢�âì −ã«¥¢ë¥ ª«¨¥−âë ¤«ï à�¡®âë á 3D-¯�ª¥â�¬¨.
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Abstract: Deployment of desktop virtualization at university is the main subject
of the paper. The authors have analyzed and justified the choice of the zero
client technology with the Teradici chip and the VMWare View software. They
describe the cloud infrastructure of the university, present the results of the
project to deploy the virtualization technology based on VMWare View and zero
clients (330 zero clients), the advantages of using these solutions, and assessment
of effectiveness of using zero clients at the university. Using the zero client
technology reduces the cost of workplace ownership for 5 years by 1.5 times,
minimizing noise and power consumption, increasing data integrity, speed of
deployment of new workplaces and software update, efficiency of loading the
university's classrooms.
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МЕТОДИКА ПОСТРОЕНИЯ ВЕБ-СЕРВИСОВ
РАСПРЕДЕЛЕННЫХ ПЛАТФОРМЕННО-НЕЗАВИСИМЫХ

СИСТЕМ АВТОМАТИЗИРОВАННОГО ПРОЕКТИРОВАНИЯ

В. Н. Гридин1, Г. Д. Дмитревич1, Д. А. Анисимов2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¢−¥¤à¥−¨ï ¨−â¥à−¥â-â¥å−®«®£¨© ¢
á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï (‘��÷) ¯ãâ¥¬ ¯¥à¥å®¤� ª à�á-
¯à¥¤¥«¥−−ë¬ á¨áâ¥¬�¬, ¯®áâà®¥−−ë¬ −� ®á−®¢¥ à¥�«¨§�æ¨¨ §�¤�ç ª®¬¬ã−¨-
ª�æ¨¨ ¨ ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� ¬¥¦¤ã ¯à¨«®¦¥−¨ï¬¨. ’�ª¨¥ −¥§�¢¨á¨¬®
ã¯à�¢«ï¥¬ë¥ ¯à¨«®¦¥−¨ï ï¢«ïîâáï �¢â®−®¬−ë¬¨ ¨ ¬®£ãâ ¢§�¨¬®¤¥©áâ¢®¢�âì
¤àã£ á ¤àã£®¬ ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï ®¡é¥© §�¤�ç¨. �à®â®ª®«ë ¨−â¥à-
−¥â-â¥å−®«®£¨© ¯à¥¤áâ�¢«ïîâ −�¤¥¦−ãî ¡�§ã ¤«ï á¢ï§ë¢�−¨ï ¯®¤á¨áâ¥¬ ¨
−¥ âà¥¡ãîâ á®£«�á®¢�−−®£® ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢, −�å®¤ïé¨åáï ¢ à�§−ëå
ã§«�å á¥â¨, çâ® áãé¥áâ¢¥−−® ã¯à®é�¥â ¯à®æ¥áá ¯®áâà®¥−¨ï ¨ íªá¯«ã�â�æ¨¨
à�á¯à¥¤¥«¥−−®© ‘��÷. �á−®¢−ë¬ âà¥¡®¢�−¨¥¬ ¤«ï ¢®§¬®¦−®áâ¨ à¥�«¨§�-
æ¨¨ â�ª®© à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ï¢«ï¥âáï á®£«�á®¢�−−®áâì ¨−â¥àä¥©á®¢,
¯®áà¥¤áâ¢®¬ ª®â®àëå á¢ï§�−ë ®â¤¥«ì−ë¥ ¯®¤á¨áâ¥¬ë. �à¨¢®¤¨âáï áà�¢−¨-
â¥«ì−�ï ®æ¥−ª� ¢®§¬®¦−ëå á¯®á®¡®¢ ¯®áâà®¥−¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
à�á¯à¥¤¥«¥−−ëå ¯«�âä®à¬¥−−®-−¥§�¢¨á¨¬ëå ‘��÷ −� ®á−®¢¥ â¥å−®«®£¨¨
¢¥¡-á¥à¢¨á®¢. „�¥âáï ®¯¨á�−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï ®á−®¢−ëå ¯à®â®ª®«®¢ äã−ª-
æ¨®−¨à®¢�−¨ï ¢¥¡-á¥à¢¨á®¢ ¢ à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬�å �¢â®¬�â¨§¨à®¢�−−®£®
¯à®¥ªâ¨à®¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï; ¢¥¡-â¥å−®-
«®£¨¨; ¢¥¡-á¥à¢¨áë; á¥à¢¨á-®à¨¥−â¨à®¢�−−�ï �àå¨â¥ªâãà�; à�á¯à¥¤¥«¥−−ë¥
á¨áâ¥¬ë
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1 Введение

�¤−®© ¨§ �ªâã�«ì−ëå §�¤�ç ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ï¢«ï¥â-
áï ¢−¥¤à¥−¨¥ ¢ á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï ¢¥¡-â¥å−®«®£¨©,
çâ® ¯®§¢®«ï¥â à¥�«¨§®¢�âì ¯®áâà®¥−¨¥ á¨áâ¥¬ á á¥à¢¨á−®-®à¨¥−â¨à®¢�−−®© �à-
å¨â¥ªâãà®©, ¯à¨ ª®â®à®© ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¤®áâ�¢«ïîâáï ¯®âà¥¡¨â¥«ï¬
¯®áà¥¤áâ¢®¬ ¢¥¡-á¥à¢¨á®¢ [1, 2]. ’¥å−®«®£¨ï ¢¥¡-á¥à¢¨á®¢ ¯®§¢®«ï¥â ¯®«ãç¨âì

1–¥−âà ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
info@ditc.ras.ru

2‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© í«¥ªâà®â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â ú‹�’ˆû ¨¬.
‚. ˆ. “«ìï−®¢� (‹¥−¨−�) (‘�¡ƒ�’“), anisimovdenis2009@yandex.ru
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¤®áâ�â®ç−ãî �¡áâà�ªæ¨î ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ‘��÷, ¯à¨ ª®â®à®© ¯à¨-
«®¦¥−¨ï ¬®£ãâ ¡ëâì ¢á¥£¤� ¨á¯®«ì§®¢�−ë ¯®«ì§®¢�â¥«ï¬¨, à�¡®â�îé¨¬¨ â®«ìª®
−� ãà®¢−¥ ¯®¤£®â®¢ª¨ ¤�−−ëå ¨ ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢. Š®−ªà¥â−�ï ¬¥â®¤¨ª�
à¥�«¨§�æ¨¨ ¢¥¡-á¥à¢¨á®¢ áãé¥áâ¢¥−−® §�¢¨á¨â ®â ¢ë¡à�−−®£® ï§ëª� ¯à®£à�¬¬¨-
à®¢�−¨ï, ¯à¨ íâ®¬ £«�¢−ë¬ âà¥¡®¢�−¨¥¬ ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¯«�âä®à¬¥−−®©
−¥§�¢¨á¨¬®áâ¨ à¥�«¨§®¢�−−ëå à¥è¥−¨©.

Š ¯«�âä®à¬¥−−®-−¥§�¢¨á¨¬ë¬ ï§ëª�¬ ®â−®á¨âáï ï§ëª Java [3], � â�ª¦¥
ï§ëª¨, à¥�«¨§®¢�−−ë¥ ¢ .NET Framework (−�¯à¨¬¥à, C#) [4]. �® ¨¬¥îé¨¬áï
¢®§¬®¦−®áâï¬, � â�ª¦¥ ¯® ¨¬¥îé¥©áï ¨−áâàã¬¥−â�«ì−®© ¯®¤¤¥à¦ª¥ ï§ëª¨ Java ¨
C# ¯à¨¬¥à−® á®¯®áâ�¢¨¬ë, ®¤−�ª® ¯à¥¤¯®çâ¥−¨¥ ¯à¨ ¢ë¡®à¥ ï§ëª� ¤«ï ¢¥¡-á¥à-
¢¨á®¢ á«¥¤ã¥â ®â¤�âì ï§ëªã Java, ¯®áª®«ìªã ¢¥¡-á¥à¢¨á, à¥�«¨§®¢�−−ë© −� â�ª®¬
ï§ëª¥, ¬®¦¥â ¡ëâì à�§¢¥à−ãâ −� á¥à¢¥à¥, £¤¥ ¨¬¥¥âáï «î¡�ï Java-¢¨àâã�«ì−�ï
¬�è¨−� (JVM), çâ® ¢á¥£¤� ®¡¥á¯¥ç¨¢�¥âáï. ‚¬¥áâ¥ á â¥¬ ¤«ï äã−ªæ¨®−¨à®¢�−¨ï
¢¥¡-á¥à¢¨á� −� ®á−®¢¥ C# âà¥¡ã¥âáï ¯à¥¤¢�à¨â¥«ì−�ï ãáâ�−®¢ª� −� á¥à¢¥à¥ áà¥-
¤ë .NET Framework, çâ® ¢ àï¤¥ á«ãç�¥¢ ¬®¦¥â ®£à�−¨ç¨âì ¢ë¡®à ¯à®¢�©¤¥à�.
‘ ãç¥â®¬ ¢®§¬®¦−®áâ¨ à�¡®âë ¢¥¡-á¥à¢¨á®¢ ¢ £¥â¥à®£¥−−ëå áà¥¤�å ¨á¯®«ì§®¢�−¨¥
ï§ëª� Java ¤«ï ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢, ¥áâ¥áâ¢¥−−®, −¥ ®£à�−¨ç¨¢�¥â à�§à�-
¡®âç¨ª®¢ ¢ ¢ë¡®à¥ «î¡®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï ¤«ï ¯®áâà®¥−¨ï ª«¨¥−âáª¨å
¯à¨«®¦¥−¨©.

2 Постановка задачи

ˆ−áâàã¬¥−â�«ì−�ï ¯®¤¤¥à¦ª� ¯®áâà®¥−¨ï ¢¥¡-®à¨¥−â¨à®¢�−−ëå ¯à¨«®¦¥−¨©
−� Java ®¡¥á¯¥ç¨¢�¥âáï ¯«�âä®à¬®© Web Tools Platform (WTP), ª®â®à�ï ï¢«ï¥âáï
¢¥àå−¨¬ ãà®¢−¥¬ ¯à®¥ªâ� Eclipse [3]. �®«ìè¨−áâ¢® à�§à�¡®âç¨ª®¢ ®¡é¥á¨áâ¥¬-
−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¯à¨−ï«® WTP ¢ ª�ç¥áâ¢¥ à�¡®ç¥© áà¥¤ë ¤«ï
á®§¤�−¨ï ª®à¯®à�â¨¢−ëå ¨ ¢¥¡-¯à¨«®¦¥−¨© (BEA WebLogic Workshop, Code
Gear JBuilder, My Eclipse Genuitec, IBM Rational Application Developer, JBoss
IDE, SAP NetWeaver).

�® ¨¬¥îé¨¬áï ®æ¥−ª�¬, ¯à®¥ªâ WTP ¤®¡¨«áï −�¨¡®«ìè¥£® ãá¯¥å� ¢ ¤®-
áâ¨¦¥−¨¨ æ¥«¨ ®¡¥á¯¥ç¥−¨ï ®¡é¥£® ¨−áâàã¬¥−â�«ì−®£® á®¯à®¢®¦¤¥−¨ï ¯à®æ¥áá�
à�§à�¡®âª¨ ¢¥¡-®à¨¥−â¨à®¢�−−ëå ¯à¨«®¦¥−¨©. �«�âä®à¬� WTP ®â−®á¨âáï ª
¯à®¥ªâ�¬ á ®âªàëâë¬ ª®¤®¬ ¨ ¬®¦¥â ¡ëâì à�§¢¥à−ãâ� −� ª®¬¯ìîâ¥à¥ ¢¬¥áâ¥ á
¯«�âä®à¬®© Eclipse. „«ï ¨−áâàã¬¥−â�«ì−®© ¯®¤¤¥à¦ª¨ à�§à�¡®âª¨ ¢¥¡-á¥à¢¨á®¢
¬®¦−® â�ª¦¥ ¨á¯®«ì§®¢�âì «î¡ãî ¨§ ã¯®¬ï−ãâëå ¢ëè¥ ¨−â¥£à¨à®¢�−−ëå áà¥¤.
�à®¥ªâ WTP á®¤¥à¦¨â ¤¢� ¯®¤¯à®¥ªâ� | WST (Web Standard Tools), ª®â®àë©
¯®¤¤¥à¦¨¢�¥â ¢¥¡-áâ�−¤�àâë, −¥§�¢¨á¨¬ë¥ ®â â¥å−®«®£¨¨ à¥�«¨§�æ¨¨, ¨ JST
(J2EE Standard Tools), ¯®¤¤¥à¦¨¢�îé¨© â¥å−®«®£¨î à�§à�¡®âª¨ Java-¯à¨«®¦¥-
−¨© J2EE ¢ ª�ç¥áâ¢¥ ®á−®¢−®© â¥å−®«®£¨¨ à¥�«¨§�æ¨¨.

‚ ¯®¤¯à®¥ªâ WST ¢å®¤ïâ ¨−áâàã¬¥−âë ¨ ¯à®£à�¬¬−ë¥ ¨−â¥àä¥©áë, ¯à¥¤−�-
§−�ç¥−−ë¥ ¤«ï ¯®áâà®¥−¨ï ¢¥¡-¯à¨«®¦¥−¨© −� ¡�§¥ áâ�−¤�àâ®¢, −¥ §�¢¨áïé¨å ®â
â¥å−®«®£¨¨ à¥�«¨§�æ¨¨. �®áª®«ìªã ¢¥¡-¯à¨«®¦¥−¨ï ¢ë¯®«−ïîâáï −� á¥à¢¥à¥,
ª®â®àë© ã¯à�¢«ï¥â ¯à¨«®¦¥−¨¥¬, � −¥ ¯à®áâ® ®¡á«ã¦¨¢�¥â ¢¥¡-áâà�−¨æë, â®
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Œ¥â®¤¨ª� ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢ à�á¯à¥¤¥«¥−−ëå ¯«�âä®à¬¥−−®-−¥§�¢¨á¨¬ëå á¨áâ¥¬

¯®¤¤¥à¦ª� ¡�§®¢ëå äã−ªæ¨© á¥à¢¥à®¢ ¢å®¤¨â ¢ ¯®¤¯à®¥ªâ WST. ‘à¥¤� WST
¯à¥¤®áâ�¢«ï¥â ¯à®£à�¬¬−ë¥ ¨−â¥àä¥©áë, ®¡¥á¯¥ç¨¢�îé¨¥ ¢ë¯®«−¥−¨¥ á¥à¢¥à®¢
¢ Eclipse ¯à¨ ¯®¬®é¨ ¯®¤ª«îç�¥¬®£® ¬®¤ã«ï, ª®â®àë© ¯®¤¤¥à¦¨¢�¥â áà¥¤ã ¢ë-
¯®«−¥−¨ï á¥à¢¥à� ¨ ®¡ëç−® −�§ë¢�¥âáï �¤�¯â¥à®¬ á¥à¢¥à�. �à¨ ¯®¬®é¨ �¤�¯â¥à�
á¥à¢¥à� ¬®¦−® ª®−ä¨£ãà¨à®¢�âì, áâ�àâ®¢�âì, ®áâ�−�¢«¨¢�âì, ¯¥à¥§�¯ãáª�âì, ®â-
«�¦¨¢�âì á¥à¢¥à ¨ ¯ã¡«¨ª®¢�âì −� −¥¬ à�§à�¡�âë¢�¥¬®¥ ¢¥¡-¯à¨«®¦¥−¨¥.

�®¤¯à®¥ªâ WST á®¤¥à¦¨â ¨−â¥à−¥â-¯®¤á¨áâ¥¬ã, ¢áâà®¥−−ãî ¢ áà¥¤ã Eclipse
ª�ª ª®¬¯®−¥−â â¥ªáâ®¢®£® à¥¤�ªâ®à� ¨ ¢ë¯®«−ïîéãî äã−ªæ¨î á®¡áâ¢¥−−®£® ¢¥¡-
¡à�ã§¥à�. �®íâ®¬ã ¯à¨ à¥�«¨§�æ¨¨ ¢¥¡-¯à¨«®¦¥−¨© ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¡¥§
¢ëå®¤� ¨§ áà¥¤ë à�§à�¡®âª¨ ®áãé¥áâ¢«ïâì ¢å®¤ ¢ á¥âì ˆ−â¥à−¥â ¤«ï ®§−�ª®¬«¥−¨ï
á à¥¥áâà�¬¨ á¨áâ¥¬ë UDDI (Universal Description, Discovery, and Integration),
®¡¥á¯¥ç¨¢�âì ¬®−¨â®à¨−£ ¯à®â®ª®«� TCP/IP, �−�«¨§¨à®¢�âì á®®¡é¥−¨ï, ¯®áë-
«�¥¬ë¥ −� §�¤�−−ë© ¯®àâ ¨«¨ ¯®«ãç�¥¬ë¥ ®â −¥£®. ‚ª«îç¥−−ë© ¢ á®áâ�¢ WST
¯à®¢®¤−¨ª ¢¥¡-á¥à¢¨á®¢ (Web Service Explorer) ¯®§¢®«ï¥â ¢ë¯®«−ïâì ¯®¨áª à¥-
¥áâà®¢ ¤«ï ¢¥¡-á¥à¢¨á®¢, ¤¨−�¬¨ç¥áª¨ â¥áâ¨à®¢�âì ã¤�«¥−−ë¥ ¢¥¡-á¥à¢¨áë. Web
Service Explorer ¯®¤¤¥à¦¨¢�¥â ¤¢� áâ�−¤�àâ� à�á¯®§−�¢�−¨ï (discovery) ¢¥¡-á¥à-
¢¨á®¢: ¯à®â®ª®« UDDI à�¡®âë á® á«®¦−ë¬¨ à¥¥áâà�¬¨ ¨ ï§ëª ¨−á¯¥ªâ¨à®¢�−¨ï
¢¥¡-á¥à¢¨á®¢ WSIL (Web Service Inspection Language), ª®â®àë© ¨¬¥¥â ä®à-
¬�â ¯à®áâ®£® ¤®ªã¬¥−â� XML. Š®−¥ç−ë¬ à¥§ã«ìâ�â®¬ ¯à®æ¥áá� à�á¯®§−�¢�−¨ï
ï¢«ï¥âáï ¤«ï ®¡®¨å á«ãç�¥¢ ®¯à¥¤¥«¥−¨¥ ¬¥áâ®−�å®¦¤¥−¨ï ¤®ªã¬¥−â� WSDL,
®¯¨áë¢�îé¥£® âà¥¡ã¥¬ë© ¢¥¡-á¥à¢¨á. ‘à¥¤� WST ¯à¥¤®áâ�¢«ï¥â ¯®«ì§®¢�â¥«î
¬−®£®äã−ªæ¨®−�«ì−ë© à¥¤�ªâ®à ¤®ªã¬¥−â®¢ WSDL, ª®â®àë© ¯à¨¬¥−ï¥âáï ª�ª
¤«ï ¯®áâà®¥−¨ï −®¢ëå ¤®ªã¬¥−â®¢ WSDL, â�ª ¨ ¤«ï à¥¤�ªâ¨à®¢�−¨ï áãé¥áâ¢ã-
îé¨å. �®á«¥ §�¢¥àè¥−¨ï à�§à�¡®âª¨ á®¡áâ¢¥−−®£® ¢¥¡-á¥à¢¨á� ¯à®¢®¤−¨ª Web
Service Explorer ¯®§¢®«ï¥â §�à¥£¨áâà¨à®¢�âì ¤®ªã¬¥−â WSDL á ®¯¨á�−¨¥¬ íâ®£®
á¥à¢¨á� ¢ à¥¥áâà¥ UDDI.

�®¤¯à®¥ªâ WST á®¤¥à¦¨â ¢¥áì¬� íää¥ªâ¨¢−ë© à�áè¨àï¥¬ë© ¬�áâ¥à Web
Service, á¢ï§ë¢�îé¨© ¢¬¥áâ¥ ¢á¥ §�¤�ç¨, ¢®§−¨ª�îé¨¥ ¯à¨ ¯®áâà®¥−¨¨ ¢¥¡-
á¥à¢¨á®¢. �®¬¨¬® à�á¯®§−�¢�−¨ï ¨ ¯ã¡«¨ª�æ¨¨ ¢¥¡-á¥à¢¨á®¢ ª â�ª¨¬ §�¤�ç�¬
®â−®áïâáï á®§¤�−¨¥, à�§¢¥àâë¢�−¨¥, â¥áâ¨à®¢�−¨¥ ¢¥¡-á¥à¢¨á®¢, � â�ª¦¥ ®¡¥á¯¥-
ç¥−¨¥ ®¡à�é¥−¨ï ª −¨¬ ª«¨¥−â®¢. ‚ á®áâ�¢ WST ¢å®¤¨â ¯®¤á¨áâ¥¬� â¥áâ¨à®¢�−¨ï,
¯®§¢®«ïîé�ï ¯à®¢¥àïâì à�§à�¡®â�−−ë© ¢¥¡-á¥à¢¨á. ˆ−áâàã¬¥−âë â¥áâ¨à®¢�−¨ï
¨¬¥îâ �−�«¨§�â®à á®®¡é¥−¨© SOAP (Simple Object Access Protocol), � â�ª¦¥
¢�«¨¤�â®à ¤®ªã¬¥−â®¢ WSDL, ª®â®àë© ¨−â¥£à¨à®¢�− ¢ à¥¤�ªâ®à WSDL.

3 Разработка веб-сервисов по базовым стандартам J2EE

÷�§à�¡®âª� ¢¥¡-á¥à¢¨á®¢ á®£«�á−® ¡�§®¢ë¬ áâ�−¤�àâ�¬ J2EE ¬®¦¥â ¡ëâì ¢¥áì-
¬� íää¥ªâ¨¢−® à¥�«¨§®¢�−� ¢ ¯®¤¯à®¥ªâ¥ JST, ª®â®àë© à�áè¨àï¥â ¢®§¬®¦−®áâ¨
WST. ‚ JST ¢å®¤ïâ ¨−áâàã¬¥−âë ¨ ¯à®£à�¬¬−ë¥ ¨−â¥àä¥©áë, ª®â®àë¥ ¯®¤¤¥à-
¦¨¢�îâ à�§à�¡®âªã ¢¥¡-¯à¨«®¦¥−¨© á®£«�á−® ¡�§®¢ë¬ áâ�−¤�àâ�¬ J2EE. �â®â
¯®¤¯à®¥ªâ à�áè¨àï¥â á¥à¢¥à−ë¥ ¨−áâàã¬¥−âë WST ¢®§¬®¦−®áâìî ¯®¤¤¥à¦ª¨
á¥à¢¥à®¢ ¯à¨«®¦¥−¨© J2EE, ¯à¨ íâ®¬ �¤�¯â¥àë á¥à¢¥à®¢ ¬®£ãâ à�§à�¡�âë¢�âìáï
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á ¨á¯®«ì§®¢�−¨¥¬ ¯à®£à�¬¬−ëå ¨−â¥àä¥©á®¢ Java, � â�ª¦¥ á ¯®¬®éìî ®¡®¡é¥−-
−ëå áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ¯à¨ ¯®¬®é¨ XML-á®®¡é¥−¨©. ‚ á®áâ�¢ JST −¥ ¢å®¤ïâ
ª�ª¨¥-«¨¡® áà¥¤ë ¢ë¯®«−¥−¨ï á¥à¢¥à®¢, −® íâ� áà¥¤� á®¤¥à¦¨â �¤�¯â¥àë ¤«ï
¬−®£¨å è¨à®ª® à�á¯à®áâà�−¥−−ëå á¥à¢¥à®¢ (Apache Tomcat, Apache Geronimo,
JBoss, IBM WebSphera, Object Web Jonas, BEA WebLogic).

‘à¥¤� JST ®¡¥á¯¥ç¨¢�¥â ¯®¤¤¥à¦ªã à�§à�¡®â®ª ¯à®¥ªâ®¢ J2EE, ¯à¥¤®áâ�¢-
«ïï ¯à®£à�¬¬−ë¥ ¨−â¥àä¥©áë ¤®áâã¯� ª ®¡ê¥ªâ�¬, ¨§ ª®â®àëå á®áâ®ïâ ¬®¤ã«¨
¯à®¥ªâ�. ��¨¡®«¥¥ à�á¯à®áâà�−¥−−�ï ä®à¬� ¢¥¡-¯à¨«®¦¥−¨© J2EE ®á−®¢�−�
−� ¯à¨¬¥−¥−¨¨ ª®−â¥©−¥à� á¥à¢«¥â®¢, ª®â®àë© á®¤¥à¦¨â ª�ª á¥à¢«¥âë, â�ª ¨
JSP-áâà�−¨æë. ‚ JST ¢å®¤¨â ¬−®£®äã−ªæ¨®−�«ì−ë© à¥¤�ªâ®à áâà�−¨æ JSP,
ï¢«ïîé¨©áï à�áè¨à¥−¨¥¬ à¥¤�ªâ®à� HTML ¨ ¯®¬®£�îé¨© ãáâ�−�¢«¨¢�âì â¥£¨
HTML ¨ JSP ¨ ¢áâà�¨¢�¥¬ë¥ ¢ JSP-áâà�−¨æã äà�£¬¥−âë Java. ‚ J2EE ¢å®¤¨â
àï¤ áâ�−¤�àâ®¢ ¯® ¢¥¡-á¥à¢¨á�¬, ®á−®¢−ë¬¨ ¨§ ª®â®àëå ï¢«ïîâáï JAX-RPC,
®¯à¥¤¥«ïîé¨© á¢ï§ì Java á WSDL ¨ ¯à¥¤®áâ�¢«ïîé¨© á®®â¢¥âáâ¢ãîéãî ¬®-
¤¥«ì ¯à®£à�¬¬¨à®¢�−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï, ¨ JSR 109, ®¯à¥¤¥«ïîé¨©
à�§¢¥àâë¢�−¨¥ ¢¥¡-á¥à¢¨á�. �®¤¯à®¥ªâ JST à�áè¨àï¥â ¬�áâ¥à Web Service,
¯à¥¤®áâ�¢«ïï ¥¬ã ¢®§¬®¦−®áâì ¯®¤¤¥à¦¨¢�âì áâ�−¤�àâë JAX-RPC ¨ JSR 109.

�®¤¯à®¥ªâ JST ¯®¤¤¥à¦¨¢�¥â ¯à®£à�¬¬−ë© ¯à®¤ãªâ Axis (Apache eXtensible
Interaction System), á®¤¥à¦�é¨© −�¡®à ª«�áá®¢, à¥�«¨§ãîé¨å ¨−â¥àä¥©áë ¯�ª¥-
â®¢ Sun Microsystems SAAJ, JAXM, JAX-RPC. ‘à¥¤� Axis (−�§ë¢�¥¬�ï ¨−®£¤�
Apache Axis) ®¡¥á¯¥ç¨¢�¥â ¯®¤¤¥à¦ªã ¯®áâà®¥−¨ï ¨ ¯®á«¥¤ãîé¥£® à�§¢¥àâë¢�-
−¨ï ¢¥¡-á¥à¢¨á®¢, � â�ª¦¥ ®à£�−¨§�æ¨î ¤®áâã¯� ª«¨¥−â®¢. �à¨ íâ®¬ ¢¥¡-á¥à¢¨áë
¬®£ãâ á®§¤�¢�âìáï ª�ª −¨áå®¤ïé¨¬ (Top-Down), â�ª ¨ ¢®áå®¤ïé¨¬ (Bottom-Up)
¬¥â®¤�¬¨.

‚ −¨áå®¤ïé¥¬ ¬¥â®¤¥ á−�ç�«� á®§¤�¥âáï âà¥¡ã¥¬ë© ¤®ªã¬¥−â WSDL, � §�â¥¬
−� ¥£® ®á−®¢¥ ä®à¬¨àã¥âáï ª®¤ ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á�. ‚® ¢â®à®¬ ¬¥â®¤¥ á−�ç�«�
á®§¤�¥âáï Java-ª«�áá ¢¥¡-á¥à¢¨á�, � §�â¥¬ á®£«�á−® ¥£® áâàãªâãà¥ £¥−¥à¨àã¥âáï
WSDL-¤®ªã¬¥−â.

�®áª®«ìªã ¯à¨ ¨á¯®«ì§®¢�−¨¨ −¨áå®¤ïé¥£® ¬¥â®¤� −¥®¡å®¤¨¬® á®§¤�−¨¥
¤®ªã¬¥−â� WSDL, ã¤®¢«¥â¢®àïîé¥£® ãá«®¢¨ï¬ ¯®áâ�¢«¥−−®© §�¤�ç¨ ¯®áâà®¥−¨ï
¢¥¡-á¥à¢¨á�, â® à�§à�¡®âç¨ª ¢¥¡-á¥à¢¨á� ¤®«¦¥− ãç¨âë¢�âì ®á®¡¥−−®áâ¨ ¡�§®¢®©
áâàãªâãàë á¯¥æ¨ä¨ª�æ¨¨ WSDL ¨ ¤®¯ãáâ¨¬ëå ¬®¤¨ä¨ª�æ¨© íâ®© áâàãªâãàë.

Š®à−¥¢ë¬ í«¥¬¥−â®¬ XML-®¯¨á�−¨ï ¤®ªã¬¥−â� WSDL ï¢«ï¥âáï í«¥¬¥−â
〈definitions〉, á®¤¥à¦�é¨© ®¯¨á�−¨ï ¯à®áâà�−áâ¢ ¨¬¥− ¨ ¨¬¥îé¨© −¥®¡ï§�-
â¥«ì−ë© �âà¨¡ãâ name. ‚ ª®à−¥¢®© í«¥¬¥−â ¢«®¦¥−ë è¥áâì ®¡ï§�â¥«ì−ëå ¨
¤¢� −¥®¡ï§�â¥«ì−ëå í«¥¬¥−â�. �¡ï§�â¥«ì−ë¬¨ í«¥¬¥−â�¬¨ ï¢«ïîâáï 〈types〉,
〈message〉, 〈portType〉, 〈serviceType〉, 〈binding〉, 〈service〉, ª −¥®¡ï§�â¥«ì−ë¬
®â−®áïâáï 〈import〉 ¨ 〈documentation〉.

÷�§¤¥« 〈types〉 ®¯à¥¤¥«ï¥â −� ®á−®¢�−¨¨ ï§ëª� XSD ¢á¥ ¨á¯®«ì§ã¥¬ë¥ ¢¥¡-
á¥à¢¨á®¬ á«®¦−ë¥ â¨¯ë ¤�−−ëå. �«¥¬¥−â 〈types〉 | íâ® ¢«®¦¥−−�ï XML-áå¥-
¬�, ¨ ¢á¥ â¨¯ë ¤�−−ëå, ®¯à¥¤¥«¥−−ë¥ ¢ áâ�−¤�àâ¥ XML Schema, ï¢«ïîâáï
¤®¯ãáâ¨¬ë¬¨. …á«¨ ¢¥¡-á¥à¢¨á ¨á¯®«ì§ã¥â ¯à®áâë¥ â¨¯ë ¤�−−ëå, ®¯¨á�−−ë¥ ¢
XSD, â® í«¥¬¥−â 〈types〉 ¢ ¤®ªã¬¥−â¥ WSDL ®âáãâáâ¢ã¥â.
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Œ¥â®¤¨ª� ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢ à�á¯à¥¤¥«¥−−ëå ¯«�âä®à¬¥−−®-−¥§�¢¨á¨¬ëå á¨áâ¥¬

÷�§¤¥« 〈message〉 á®¤¥à¦¨â ¨−ä®à¬�æ¨î ® á®®¡é¥−¨ïå §�¯à®á� ¨ ®â¢¥â�,
¨á¯®«ì§ã¥¬ëå ¤«ï ¢§�¨¬−®£® ®¡¬¥−� ¤�−−ë¬¨ á ¢¥¡-á¥à¢¨á®¬. ‡¤¥áì ®¯¨áë¢�¥âáï
ª�¦¤®¥ ¯®á«�−¨¥ SOAP (§�¯à®á, ®â¢¥â, ¯¥à¥áë«ª� ¤®ªã¬¥−â®¢) ¨ ¢ª«�¤ë¢�îâáï
í«¥¬¥−âë 〈part〉, ¢ ª®â®àëå ®¯¨áë¢�îâáï ®â¤¥«ì−ë¥ ç�áâ¨ ¯®á«�−¨ï, ï¢«ïîé¨¥áï
−¥¤¥«¨¬ë¬¨ á®£«�á−® ¤®ªã¬¥−âã WSDL.

÷�§¤¥« 〈portType〉 á®¤¥à¦¨â ®¯¨á�−¨¥ ¨−â¥àä¥©á� ¢¥¡-á¥à¢¨á�, ª®â®àë© ¢
WSDL −�§ë¢�¥âáï endpoint (¯ã−ªâ −�§−�ç¥−¨ï) ¨«¨ port (¯®àâ). �â®â à�§¤¥«
®¯¨áë¢�¥âáï −�¡®à®¬ ¢¥¡-ãá«ã£, −�§ë¢�¥¬ëå ¢ WSDL ®¯¥à�æ¨ï¬¨ ¨ ®¯¨áë¢�-
¥¬ëå í«¥¬¥−â�¬¨ 〈operation〉. Š�¦¤�ï ãá«ã£� §�¤�¥âáï ¤¥©áâ¢¨ï¬¨, à�§¡¨âë¬¨
−� ç¥âëà¥ ¢¨¤�: ¯®«ãç¥−¨¥ ¯®á«�−¨ï, ®â¯à�¢ª� ®â¢¥â�, ®â¯à�¢ª� ¯®á«�−¨ï á
¯®«ãç¥−¨¥¬ ®â¢¥â�, ¯®«ãç¥−¨¥ ¯®á«�−¨ï á ®â¯à�¢ª®© ®â¢¥â�. �®«ãç¥−¨¥ ¨
®â¯à�¢ª� ¯®á«�−¨ï ®¯¨áë¢�îâáï í«¥¬¥−â�¬¨ 〈input〉 ¨ 〈output〉.

÷�§¤¥« 〈serviceType〉 ¯¥à¥ç¨á«ï¥â á¢®¨¬¨ ¢«®¦¥−−ë¬¨ í«¥¬¥−â�¬¨ 〈portType〉
−�¡®à ¯®àâ®¢, ª®â®àë¥ á¢ï§�−ë á ®¤−¨¬ ¢¥¡-á¥à¢¨á®¬.

÷�§¤¥« 〈binding〉 á®¤¥à¦¨â ®¯¨á�−¨¥ ª®−ªà¥â−®£® ä®à¬�â� ¯¥à¥áë«ª¨ ¯®á«�-
−¨ï: ¯à®â®ª®«ë (SOAP ¨«¨ HTTP), ¢ë¡à�−−ë¥ á¯®á®¡ë ã¯�ª®¢ª¨ ¯®á«�−¨ï,
â¨¯ á®¤¥à¦¨¬®£® ¯®á«�−¨ï (HTML, XML). ‘ ¯®¬®éìî í«¥¬¥−â� 〈binding〉
WSDL-¤®ªã¬¥−â ®¯¨áë¢�¥â −¨§ª®ãà®¢−¥¢ë© ¯à®â®ª®« á¢ï§¨, ª®â®àë© ¬®¦−®
¨á¯®«ì§®¢�âì á ¢¥¡-á¥à¢¨á®¬.

÷�§¤¥« 〈service〉 ãª�§ë¢�¥â à�á¯®«®¦¥−¨¥ ¢¥¡-á¥à¢¨á� ¢ ¢¨¤¥ ®¤−®£® ¨«¨ á®¢®-
ªã¯−®áâ¨ ¯®àâ®¢. Š�¦¤ë© ¨§ ¯®àâ®¢ ®¯¨áë¢�¥âáï á®®â¢¥âáâ¢ãîé¨¬ ¢«®¦¥−−ë¬
í«¥¬¥−â®¬ 〈port〉, ª®â®àë© á®¤¥à¦¨â �¤à¥á ¨−â¥àä¥©á� ¢¥¡-á¥à¢¨á�, §�¤�−−ë©
á®£«�á−® ¯à�¢¨«�¬, ¢ë¡à�−−ë¬ ¢ í«¥¬¥−â¥ 〈binding〉 á¯®á®¡� ¯¥à¥áë«ª¨.

÷�§¤¥« 〈import〉 á®¤¥à¦¨â ä�©«, ¢ ª®â®à®¬ ®¯¨á�−� XSD-áå¥¬� ¤®ªã¬¥−â�
WSDL.

÷�§¤¥« 〈documentation〉 ®¯¨áë¢�¥â ¯à®¨§¢®«ì−ë¥ ª®¬¬¥−â�à¨¨. �â®â à�§¤¥«
¬®¦−® ¢ª«îç�âì ¢ «î¡ë¥ í«¥¬¥−âë ®¯¨á�−¨ï WSDL-¤®ªã¬¥−â�.

÷�§à�¡®â�−−ë© −¨áå®¤ïé¨¬ ¬¥â®¤®¬ ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢ WSDL-¤®ªã-
¬¥−â ¤®«¦¥− ã¤®¢«¥â¢®àïâì ¡�§®¢®© áâàãªâãà¥ WSDL ¨ â¥å−¨ç¥áª®¬ã §�¤�−¨î
−� ¢¥¡-á¥à¢¨á, ¢ª«îç�îé¥¬ã ¢ á¥¡ï ®¯¨á�−¨¥ ¯�à�¬¥âà®¢, ¯¥à¥¤�¢�¥¬ëå ¢ë-
§ë¢�¥¬®¬ã ¬¥â®¤ã, � â�ª¦¥ ¢®§¢à�é�¥¬ëå ¬¥â®¤®¬ §−�ç¥−¨©. �®á«¥ á®§¤�−¨ï
WSDL-¤®ªã¬¥−â� ¢®§¬®¦−® cä®à¬¨à®¢�âì ¯à¨ ¯®¬®é¨ ¬�áâ¥à� Web Service áª¥-
«¥â Java-ª«�áá�, ª®â®àë© §�â¥¬ ¤®¯®«−ï¥âáï ¯à®£à�¬¬−ë¬ ª®¤®¬, à¥�«¨§ãîé¨¬
¡¨§−¥á-«®£¨ªã ¢¥¡-á¥à¢¨á�.

„®áâ®¨−áâ¢®¬ −¨áå®¤ïé¥£® ¬¥â®¤� ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢ á«¥¤ã¥â áç¨â�âì
¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¯à®¨§¢®«ì−ëå á«®¦−ëå â¨¯®¢ ¤�−−ëå, ª®â®àë¥,
¥áâ¥áâ¢¥−−®, ¤®«¦−ë ¡ëâì ®¡ï§�â¥«ì−® ®¯¨á�−ë ¢ ¤®ªã¬¥−â¥ WSDL. ‘¥àì¥§−ë¬
−¥¤®áâ�âª®¬ â�ª®£® ¯®¤å®¤� ª à�§à�¡®âª¥ ¢¥¡-á¥à¢¨á®¢ ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì
¨¬¥âì ¤®áâ�â®ç−ë¥ −�¢ëª¨ ¯à®¥ªâ¨à®¢�−¨ï ¤®ªã¬¥−â®¢ á ¨á¯®«ì§®¢�−¨¥¬ ï§ëª®¢
XSD ¨ WSDL. �à®æ¥áá à�§à�¡®âª¨ ¢¥¡-á¥à¢¨á®¢ ¯à¨ −¨áå®¤ïé¥¬ ¬¥â®¤¥ ¯à®-
¥ªâ¨à®¢�−¨ï ®á«®¦−ï¥âáï â�ª¦¥ ¨ â¥¬, çâ® áãé¥áâ¢ãîé¨¥ à¥¤�ªâ®àë WSDL −¥
¢ë¯®«−ïîâ ¯®«−®áâìî ¢�«¨¤�æ¨î ¤®áâ®¢¥à−®áâ¨ á®§¤�−−®£® WSDL-¤®ªã¬¥−â�.
�®íâ®¬ã ¢®§¬®¦−ë¥ ®è¨¡ª¨ ¤®ªã¬¥−â� ®¡−�àã¦¨¢�îâáï â®«ìª® ¯à¨ â¥áâ¨à®¢�-
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−¨¨ áä®à¬¨à®¢�−−®£® ¢¥¡-á¥à¢¨á�, çâ® áãé¥áâ¢¥−−® §�âàã¤−ï¥â, � ¨−®£¤� ¤¥«�¥â
¢®®¡é¥ −¥¢®§¬®¦−ë¬ §�¢¥àè¥−¨¥ à�§à�¡®âª¨ ¢¥¡-á¥à¢¨á®¢ −¨áå®¤ïé¨¬ ¬¥â®¤®¬.

�à®¥ªâ¨à®¢�−¨¥ ¢¥¡-á¥à¢¨á®¢ ¢®áå®¤ïé¨¬ ¬¥â®¤®¬ ¯®«−®áâìî ãáâà�−ï¥â ãª�-
§�−−ãî ¯à®¡«¥¬ã, â�ª ª�ª ¤«ï íâ®£® á«ãç�ï WSDL-¤®ªã¬¥−â ä®à¬¨àã¥âáï −�
®á−®¢�−¨¨ á®§¤�−−®£® §�à�−¥¥ Java-ª«�áá�, £¤¥ ®¯¨á�−ë ¢á¥ ¯¥à¥¤�¢�¥¬ë¥ ¬¥â®¤ã
¢¥¡-á¥à¢¨á� ¯�à�¬¥âàë, � â�ª¦¥ ¢®§¢à�é�¥¬ë¥ íâ¨¬ ¬¥â®¤®¬ §−�ç¥−¨ï. ‚áï ¨¬¥-
îé�ïáï ¢ Java-ª«�áá¥ ¨−ä®à¬�æ¨ï �¢â®¬�â¨ç¥áª¨ ¯à¥®¡à�§ã¥âáï ¬�áâ¥à®¬ Web
Service ¢ á®®â¢¥âáâ¢ãîé¨© WSDL-¤®ªã¬¥−â, á®¤¥à¦�−¨¥ ª®â®à®£® â®ç−® á®®â-
¢¥âáâ¢ã¥â ¡�§®¢®© áâàãªâãà¥ á¯¥æ¨ä¨ª�æ¨¨ WSDL ¨ ®á−®¢−ë¬ å�à�ªâ¥à¨áâ¨ª�¬
¢ë§ë¢�¥¬®£® ¬¥â®¤� ¢¥¡-á¥à¢¨á�. �à®¤ãªâ¨¢−®áâì à�§à�¡®âª¨ ¢¥¡-á¥à¢¨á®¢ à¥§ª®
¯®¢ëè�¥âáï, ¨ ®¡¥á¯¥ç¨¢�¥âáï ¯®«−�ï ¤®áâ®¢¥à−®áâì ¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥©-
áï ¢ ¤®ªã¬¥−â¥ WSDL. �à¨ íâ®¬ ¯à®£à�¬¬¨áâ ¬®¦¥â ¢®®¡é¥ −¥ à�áá¬�âà¨¢�âì
á®¤¥à¦¨¬®¥ á®§¤�−−®£® ¬�áâ¥à®¬ Web Service ¤®ªã¬¥−â� WSDL, å®âï ®§−�ª®¬-
«¥−¨¥ á WSDL-¤®ªã¬¥−â®¬, ¡¥§ãá«®¢−®, ¯®«¥§−®, −® â®«ìª® ¤«ï ¡®«¥¥ ¯®«−®£®
¯à¥¤áâ�¢«¥−¨ï ® ª®−ªà¥â−®© à¥è�¥¬®© §�¤�ç¥ ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á�.

4 Реализация технологии построения веб-сервисов восходящим
методом

„«ï à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ ¯à®¥ªâ¨à®¢�−¨ï ¢¥¡-á¥à¢¨á� ¢®áå®¤ïé¨¬ ¬¥-
â®¤®¬ á«¥¤ã¥â á®§¤�âì ¤¨−�¬¨ç¥áª¨© ¢¥¡-¯à®¥ªâ ¨ Java-ª«�áá, à¥�«¨§ãîé¨©
¢¥¡-á¥à¢¨á ¨ á®¤¥à¦�é¨© ®¯¨á�−¨¥ ¢ë§ë¢�¥¬ëå ¬¥â®¤®¢. ‘«¥¤ã¥â §�¬¥â¨âì,
çâ® å®à®è® á¯à®¥ªâ¨à®¢�−−ë© ¢¥¡-á¥à¢¨á ¤®«¦¥− ¢ë¯®«−ïâì âé�â¥«ì−ãî ¢�«¨-
¤�æ¨î ¢á¥å ¢å®¤−ëå ¤�−−ëå ¨ £¥−¥à¨à®¢�âì ¨−ä®à¬�â¨¢−ë¥ ¨áª«îç¥−¨ï ¯à¨
−¥¤®áâ®¢¥à−®áâ¨ íâ¨å ¤�−−ëå. �à®æ¥áá à�§¢¥àâë¢�−¨ï Java-ª«�áá� ¢ ª�ç¥áâ¢¥
¢¥¡-á¥à¢¨á� §�ª«îç�¥âáï ¢ ¥£® ¤®¡�¢«¥−¨¨ ¢ ª®−ä¨£ãà�æ¨î SOAP-¯à®æ¥áá®à�.
�à¨ ¨á¯®«ì§®¢�−¨¨ ¬�áâ¥à� Web Service íâ®â ¯à®æ¥áá ¯®«−®áâìî �¢â®¬�â¨§¨-
à®¢�− ¨ ®â ¯à®£à�¬¬¨áâ� −¥ âà¥¡ã¥âáï −¨ª�ª¨å ãá¨«¨©. „®áâ�â®ç−® ¢ë¡à�âì ¢
¯à®¥ªâ¥ á®§¤�−−ë© Java-ª«�áá ¨ ¢ë¯®«−¨âì ¢ ª®−â¥ªáâ−®¬ ¬¥−î ª®¬�−¤ã Web
Service>Create Web service.

�®á«¥ ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á� Java æ¥«¥á®®¡à�§−® ¯à®¢®¤¨âì ¥£® ¯à¥¤¢�-
à¨â¥«ì−®¥ â¥áâ¨à®¢�−¨¥. �à¥¤¢�à¨â¥«ì−ë¬ â¥áâ¨à®¢�−¨¥¬ ¢¥¡-á¥à¢¨á®¢ ¡ã¤¥¬
−�§ë¢�âì ¯à®æ¥¤ãàã ¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨ ¢−®¢ì á®§¤�−−®£® ¢¥¡-á¥à¢¨á�,
ª®â®àãî −¥®¡å®¤¨¬® ¢ë¯®«−ïâì ¥é¥ ¤® ¯®áâà®¥−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï.
‘ãé¥áâ¢ã¥â −¥áª®«ìª® á¯®á®¡®¢ ¯à®¢¥àª¨ à¥§ã«ìâ�â®¢ ¯à®æ¥áá� ¯®áâà®¥−¨ï ¢¥¡-
á¥à¢¨á� ¤® á®§¤�−¨ï ª«¨¥−âáª¨å ¯à¨«®¦¥−¨©.

��¨¡®«¥¥ ¯à®áâ® â�ª�ï §�¤�ç� à¥è�¥âáï ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï c®§¤�−−®£®
á¨áâ¥¬®© WTP á¥à¢«¥â� AxisServlet, ª®â®àë© ¤�¥â ¢®§¬®¦−®áâì ã¡¥¤¨âìáï, çâ®
Web Service ãá¯¥è−® ¯à®¢¥« à�§¢¥àâë¢�−¨¥ á®§¤�−−®£® á¥à¢¨á� ¨ ¯®áâà®¨«
¢å®¤ïé¨¥ ¢ −¥£® ¬¥â®¤ë. „«ï ¢ë§®¢� á¥à¢«¥â� á«¥¤ã¥â ¢ë¡à�âì ¢ ¯à®¥ªâ¥
á¥à¢«¥â AxisServlet ¨ ¢ë¯®«−¨âì ª®¬�−¤ã Run as>Run on Server. �à¨ íâ®¬
®âªà®¥âáï ¢áâà®¥−−ë© ¢ WTP ¢¥¡-¡à�ã§¥à, á®¤¥à¦�é¨© ¨¬ï á®§¤�−−®£® ¢¥¡-
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Œ¥â®¤¨ª� ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢ à�á¯à¥¤¥«¥−−ëå ¯«�âä®à¬¥−−®-−¥§�¢¨á¨¬ëå á¨áâ¥¬

á¥à¢¨á�, á®¢¯�¤�îé¥¥ á ¨¬¥−¥¬ ¯à®¥ªâ�, � â�ª¦¥ á¯¨á®ª ¤®áâã¯−ëå ¤«ï ¢ë§®¢�
¬¥â®¤®¢ á¥à¢¨á�. �à�ã§¥à á®¤¥à¦¨â â�ª¦¥ ááë«ªã −� ä�©« WSDL, ¯à¨ ¢ë¡®à¥
ª®â®à®© ®âªà®¥âáï á®§¤�−−ë© WSDL-¤®ªã¬¥−â.

��¨¡®«ìèãî ¨−ä®à¬�æ¨î ® ¯®áâà®¥−−®¬ ¢¥¡-á¥à¢¨á¥ ¬®¦−® ¯®«ãç¨âì, ¨á-
¯®«ì§ãï ¢å®¤ïéãî ¢ ¯«�âä®à¬ã WTP ¬−®£®äã−ªæ¨®−�«ì−ãî ¨−áâàã¬¥−â�«ì−ãî
áà¥¤ã Web Services Explorer. �®áª®«ìªã ª®−æ¥¯æ¨ï à�á¯à¥¤¥«¥−−ëå á¥à¢¨á-®à¨-
¥−â¨à®¢�−−ëå ‘��÷ ¯à¥¤¯®«�£�¥â á®§¤�−¨¥ ¨ ¯®áâ®ï−−®¥ á®¢¥àè¥−áâ¢®¢�−¨¥
ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© ¯à®£à�¬¬¨áâ�¬¨, ª®â®àë¥ −¥ ¯à¨−¨¬�«¨ ãç�áâ¨ï ¢
¯®áâà®¥−¨¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢¥¡-á¥à¢¨á®¢, â® ¢á¥ à�§à�¡�âë¢�¥¬ë¥
¢¥¡-á¥à¢¨áë ¤®«¦−ë ¡ëâì á�¬®¤®ªã¬¥−â¨àã¥¬ë¬¨. �®á«¥¤−¥¥ ®§−�ç�¥â, çâ®
ª�¦¤ë© ¢¥¡-á¥à¢¨á ¤®«¦¥− ¢ª«îç�âì ¢ á¥¡ï ¨−ä®à¬�æ¨®−−ë© ¬¥â®¤, −�¯à¨¬¥à
getInf(), −¥ ¨¬¥îé¨© ¯�à�¬¥âà®¢ ¨ ¢®§¢à�é�îé¨© ¯à®áâãî áâà®ª®¢ãî ¯¥à¥-
¬¥−−ãî, á¢ï§�−−ãî á â¥ªáâ®¬, £¤¥ ¤®«¦−ë á®¤¥à¦�âìáï á¢¥¤¥−¨ï ® ¬¥â®¤�å,
ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¡¨§−¥á-«®£¨ªã ¢¥¡-á¥à¢¨á�, � â�ª¦¥ ®¯¨á�−¨¥ ä®à¬�â®¢
¯¥à¥¤�¢�¥¬ëå ¯�à�¬¥âà®¢ ¨ ¢®§¢à�é�¥¬ëå ¬¥â®¤�¬¨ ¤�−−ëå [5{8].

‘âàãªâãà� ¨−ä®à¬�æ¨®−−®£® ¬¥â®¤� getInf() ®¯à¥¤¥«ï¥âáï á¯¥æ¨ä¨ª®© à�á-
¯à¥¤¥«¥−−®© ‘��÷. ‚ ç�áâ−®áâ¨, ¤«ï á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ áå¥¬®â¥å−¨ç¥áª®£®
¯à®¥ªâ¨à®¢�−¨ï ¬®¦¥â ¡ëâì ¯à¥¤«®¦¥−� á«¥¤ãîé�ï ã−¨ä¨æ¨à®¢�−−�ï áâàãªâãà�
¨−ä®à¬�æ¨®−−®£® ¬¥â®¤� getInf():

{ �¯¨á�−¨¥ ª®¬¯®−¥−â®¢ áå¥¬ë (ç¨á«® ª®¬¯®−¥−â®¢ ¤�−−®£® â¨¯�, ¬�áá¨¢
¢ª«îç¥−¨ï, ¬�áá¨¢ §−�ç¥−¨© ¯�à�¬¥âà®¢ ¨ ¯®àï¤®ª ä®à¬¨à®¢�−¨ï íâ¨å ¬�á-
á¨¢®¢ ¤«ï ª�¦¤®£® â¨¯� ª®¬¯®−¥−â�, ¨á¯®«ì§ã¥¬®£® ¢ ¬¥â®¤�å ¢¥¡-á¥à¢¨á�).

{ �à¥®¡à�§®¢�−¨¥ ¬�áá¨¢®¢ ®¯¨á�−¨ï ª®¬¯®−¥−â®¢ áå¥¬ë ª ã−¨ä¨æ¨à®¢�−−®¬ã
¢¨¤ã.

{ ‘¨−â�ªá¨á ä®à¬¨à®¢�−¨ï ¯à®ªá¨-®¡ê¥ªâ� ¨ ¨¬ï à�¡®ç¥© ¤¨à¥ªâ®à¨¨ ¤«ï
¢§�¨¬®¤¥©áâ¢¨ï ¢¥¡-á¥à¢¨á� á ª«¨¥−âáª¨¬¨ ¯à¨«®¦¥−¨ï¬¨.

{ ‡�£®«®¢ª¨ à�¡®ç¨å ¬¥â®¤®¢ ¢¥¡-á¥à¢¨á�.

{ �¯¥à�â®àë ä®à¬¨à®¢�−¨ï ¯à®ªá¨-®¡ê¥ªâ� ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ¢¥¡-á¥à¢¨á� á
ª«¨¥−âáª¨¬¨ ¯à¨«®¦¥−¨ï¬¨.

{ �¯¨á�−¨¥ ¢®§¢à�é�¥¬ëå à¥§ã«ìâ�â®¢ à�¡®âë ¬¥â®¤®¢ ¢¥¡-á¥à¢¨á� ¢ ã−¨ä¨-
æ¨à®¢�−−®© ä®à¬¥.

{ �¯¨á�−¨¥ ¯à¥®¡à�§®¢�−¨ï ã−¨ä¨æ¨à®¢�−−®© ä®à¬ë ¢®§¢à�é�¥¬ëå à¥§ã«ì-
â�â®¢ ¬¥â®¤®¢ ¢¥¡-á¥à¢¨á� ª ¢¨¤ã, âà¥¡ã¥¬®¬ã ¤«ï ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢
à�¡®âë ¢¥¡-á¥à¢¨á� ¢ ª«¨¥−âáª¨å ¯à¨«®¦¥−¨ïå.

�®áª®«ìªã ®á−®¢−�ï ª®−æ¥¯æ¨ï à�§à�¡®âª¨ ¨ ¤�«ì−¥©è¥£® à�§¢¨â¨ï à�á¯à¥-
¤¥«¥−−®© á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï ¯à¥¤¯®«�£�¥â ¢®§¬®¦-
−®áâì ¯®áâà®¥−¨ï ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© ¯®«ì§®¢�â¥«ï¬¨ ‘��÷, ª®â®àë¥ −¥
ãç�áâ¢®¢�«¨ ¢ á®§¤�−¨¨ ¢¥¡-á¥à¢¨á®¢, â® −�«¨ç¨¥ ¢ à�á¯®àï¦¥−¨¨ à�§à�¡®âç¨ª®¢
ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© ¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥©áï ¢ ¨−ä®à¬�æ¨®−−®¬ ¬¥â®¤¥
getInf(), ï¢«ï¥âáï ®¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬.
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‚ë§®¢ ¬¥â®¤� getInf() ¬®¦−® ®áãé¥áâ¢¨âì −¥¯®áà¥¤áâ¢¥−−® ¨§ áà¥¤ë à�§-
à�¡®âª¨ ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï ¥é¥ ¤® à¥�«¨§�æ¨¨ íâ®£® ¯à¨«®¦¥−¨ï ¯ãâ¥¬
¢ë§®¢� ¨−áâàã¬¥−â� Web Services Explorer, £¤¥ ¯® URL-�¤à¥áã á¥à¢¨á� ¬®¦−®
®à£�−¨§®¢�âì ¢ëå®¤ ª Soap-®â¢¥âã ¬¥â®¤� getInf(). Š®−¢¥àâ íâ®£® ®â¢¥â� Soap Re-
sponse Envelope á®¤¥à¦¨â ®âä®à¬�â¨à®¢�−−ë© â¥ªáâ á ¯®«−®© ¨−ä®à¬�æ¨¥© ®¡®
¢á¥å ®á−®¢−ëå ¬¥â®¤�å, ª®â®àë¥ ¬®£ãâ ¡ëâì ¢ë§¢�−ë ¨§ ¢ë¡à�−−®£® ¢¥¡-á¥à¢¨á�,
¢ª«îç�ï ä®à¬�âë ¢á¥å ¯¥à¥¤�¢�¥¬ëå ¨ ¢®§¢à�é�¥¬ëå íâ¨¬¨ ¬¥â®¤�¬¨ ¤�−−ëå.

�â� ¨−ä®à¬�æ¨ï ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì á®£«�á®¢�−¨ï ¨−â¥àä¥©á®¢ ª«¨¥−-
â� ¨ á¥à¢¥à� ¨ ¤®«¦−� ¡ëâì ãçâ¥−� ¯à®£à�¬¬¨áâ�¬¨, à¥�«¨§ãîé¨¬¨ ¯à¨«®¦¥−¨ï
ª«¨¥−â� ¤«ï á®®â¢¥âáâ¢ãîé¥£® á¥à¢¨á�. �� à¨áã−ª¥ ¯à¨¢¥¤¥− ¯à¨¬¥à áâàãªâãàë
¨−áâàã¬¥−â�«ì−®© áà¥¤ë Web Services Explorer, ¢ ª®â®à®© ®áãé¥áâ¢«¥− ¢ë§®¢
§�¯à®á� Soap ¨ Soap-®â¢¥â� ¤«ï ¨−ä®à¬�æ¨®−−®£® ¬¥â®¤� getInf() ¢¥¡-á¥à¢¨á�
ModService Java, ¢å®¤ïé¥£® ¢ à�á¯à¥¤¥«¥−−ãî á¨áâ¥¬ã �¢â®¬�â¨§�æ¨¨ áå¥¬®-
â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï. �®áª®«ìªã íâ®â ¬¥â®¤ −¥ á®¤¥à¦¨â ¯�à�¬¥âà®¢, â®
ª®−¢¥àâ Soap Request Envelope ¨¬¥¥â â®«ìª® §�£®«®¢®ª, ¯à¨ íâ®¬ ª®−¢¥àâ Soap
Response Envelope á®¤¥à¦¨â ®¯¨á�−¨¥ ¢®§¢à�é�¥¬®© áâà®ª¨.

�ª®−ç�â¥«ì−�ï ¯à®¢¥àª� à�¡®â®á¯®á®¡−®áâ¨ à�§à�¡�âë¢�¥¬®£® ¢¥¡-á¥à¢¨á�
¢®§¬®¦−� «¨èì ¯®á«¥ á®§¤�−¨ï á®£«�á®¢�−−®£® á −¨¬ ¯® ¨−â¥àä¥©áã ª«¨¥−âáª®£®

Soap-§�¯à®á ¨ Soap-®â¢¥â ¤«ï ¨−ä®à¬�æ¨®−−®£® ¬¥â®¤� getInf()
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Œ¥â®¤¨ª� ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢ à�á¯à¥¤¥«¥−−ëå ¯«�âä®à¬¥−−®-−¥§�¢¨á¨¬ëå á¨áâ¥¬

¯à¨«®¦¥−¨ï ¨ â¥áâ¨à®¢�−¨ï §�¤�ç¨ ¯ãâ¥¬ ¢ë§®¢� ¨§ ¯à¨«®¦¥−¨ï ª«¨¥−â� ¢ë¡à�−-
−®£® ¬¥â®¤� ¢¥¡-á¥à¢¨á�. …á«¨ −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì á®§¤�¢�¥¬ë© ¢¥¡-á¥à¢¨á
¢ £¥â¥à®£¥−−ëå áà¥¤�å, â�ª¨¥ ¯à¨«®¦¥−¨ï ¤®«¦−ë á®§¤�¢�âìáï ¨ â¥áâ¨à®¢�âìáï
¤«ï «î¡®£® â¨¯� áà¥¤ë.

5 Заключение

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë á®¤¥à¦�â ®¡éãî ¬¥â®¤¨ªã ¯®áâà®¥−¨ï ¢®áå®¤ïé¨¬
¬¥â®¤®¬ ¢¥¡-á¥à¢¨á®¢ Java ¨ á®®â¢¥âáâ¢ãîé¨å WSDL-¤®ªã¬¥−â®¢ −� ®á−®¢¥
â¥å−®«®£¨¨ JST, � â�ª¦¥ ¤®áâ�¢ª¨ ¨å −� á¥à¢¥à à�á¯à¥¤¥«¥−−®© ‘��÷ ¯®á«¥
¯à®¢¥¤¥−¨ï �¢â®−®¬−®£® â¥áâ¨à®¢�−¨ï ¢ áà¥¤¥ à�§à�¡®âª¨. ‚−¥¤à¥−¨¥ íâ®©
¬¥â®¤¨ª¨ ¯à¥¤®áâ�¢«ï¥â è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¤«ï ¯®áâà®¥−¨ï à�á¯à¥¤¥«¥−−ëå
¯«�âä®à¬¥−−®-−¥§�¢¨á¨¬ëå ‘��÷, à¥�«¨§ãîé¨å ¢§�¨¬®¤¥©áâ¢¨¥ ª«¨¥−âáª¨å
¯à¨«®¦¥−¨© ¨ ¢¥¡-á¥à¢¨á®¢ ¢ £¥â¥à®£¥−−ëå áà¥¤�å.
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ЗАДАЧИ ИДЕНТИФИКАЦИИ ИНФОРМАЦИОННЫХ
ОБЪЕКТОВ В РАСПРЕДЕЛЕННЫХ МАССИВАХ ДАННЫХ

М. М. Гершкович1, Т. К. Бирюкова2

�−−®â�æ¨ï: �à¥¤«�£�îâáï ¯®¤å®¤ë ª à¥è¥−¨î §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨−-
ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ (ˆ�) ¢ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨á-
â¥¬�å (�ˆ‘), ¯à¥¤−�§−�ç¥−−ëå ¤«ï á¡®à�, åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¤�−−ëå,
¨¬¥îé¨å ¡®«ìè®¥ ª®«¨ç¥áâ¢® ã§«®¢ ¨ ¯®«ãç�îé¨å ¤�−−ë¥ ¨§ à�§«¨ç−ëå
¨áâ®ç−¨ª®¢. Œ�áá¨¢ ¤�−−ëå ¢ à�áá¬�âà¨¢�¥¬ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å,
ª�ª ¯à�¢¨«®, ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®áâ®ï−−® ¯®¯®«−ï¥¬ë© ¦ãà−�« á®¡ëâ¨©.
Š�¦¤�ï §�¯¨áì ® á®¡ëâ¨¨ á®¤¥à¦¨â å�à�ªâ¥à¨áâ¨ª¨ ãç�áâ−¨ª� á®¡ëâ¨ï |
ˆ� ¨ ®¡áâ®ïâ¥«ìáâ¢� á®¡ëâ¨ï. „«ï à¥è¥−¨ï �−�«¨â¨ç¥áª¨å §�¤�ç, á¢ï§�−-
−ëå á ˆ�, −¥®¡å®¤¨¬® ¨¤¥−â¨ä¨æ¨à®¢�âì ˆ�, â. ¥. ®¯à¥¤¥«¨âì ¬−®¦¥áâ¢®
ˆ�, ¯à¥¤áâ�¢«ïîé¨å á®¡®© á −¥ª®â®à®© ¢¥à®ïâ−®áâìî ®¤−ã ¨ âã ¦¥ áãé−®áâì.
‚ à�¡®â¥ áä®à¬ã«¨à®¢�−� ¯®áâ�−®¢ª� §�¤�ç ¨¤¥−â¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå
®¡ê¥ªâ®¢, ç�áâ® ¢áâà¥ç�îé¨åáï −� ¯à�ªâ¨ª¥ ¯à¨ á®§¤�−¨¨ ¡®«ìè¨å ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬: á«¨ï−¨¥ ˆ� ¨ ª«�áâ¥à¨§�æ¨ï ˆ�, â. ¥. á®áâ�¢«¥−¨¥ á®¢®-
ªã¯−®áâ¥© ˆ�, ú¯®å®¦¨åû ¯® −¥ª®â®à®¬ã ªà¨â¥à¨î. �â¬¥ç¥−®, çâ® á §�¤�ç¥©
¨¤¥−â¨ä¨ª�æ¨¨ â¥á−® á¢ï§�−� §�¤�ç� ¯®¨áª� á¢ï§¥© ¬¥¦¤ã ˆ�, ¯®áª®«ìªã ¢¥-
à®ïâ−®áâì ¨¤¥−â¨ç−®áâ¨ ¤¢ãå ˆ� ¯®¢ëè�¥âáï, ¥á«¨ ¢ëï¢«ï¥âáï á¢ï§ì ª�¦¤®£®
¨§ −¨å, −�¯à¨¬¥à, á −¥ª®â®àë¬ âà¥âì¨¬ ˆ�. “ª�§�−ë á¯®á®¡ë à¥è¥−¨ï íâ¨å
§�¤�ç, ®â¬¥ç¥−� á¯¥æ¨ä¨ª� ¨¤¥−â¨ä¨ª�æ¨¨ ˆ� ¢ ¯®â®ª¥ á®¡ëâ¨©, ¯à¨¢¥¤¥−
¬¥â®¤ ª®àà¥«ïæ¨®−−®£® ¯®¨áª� ¤«ï ¢ëï¢«¥−¨ï á¢ï§¨ ¬¥¦¤ã ˆ�. �à¨¢¥¤¥−ë
¬¥â®¤ë áà�¢−¥−¨ï ¨¬¥− á®¡áâ¢¥−−ëå á ãç¥â®¬ ¢®§¬®¦−ëå ¨áª�¦¥−¨© ¢ −¨å |
ä®−¥â¨ç¥áª¨å, âà�−áªà¨¯æ¨®−−ëå, � â�ª¦¥ ¯à®áâ® ®¯¥ç�â®ª. “ª�§�−� æ¥«¥á®-
®¡à�§−®áâì ¨á¯®«ì§®¢�−¨ï ¯à¨ ¨¤¥−â¨ä¨ª�æ¨¨ ä¨§¨ç¥áª¨å «¨æ (”‹) ¤�−−ëå
ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë ¨ ¢ ª¨à¨««¨æ¥, ¨ ¢ «�â¨−¨æ¥.

Š«îç¥¢ë¥ á«®¢�: ¨¤¥−â¨ä¨ª�æ¨ï ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢; ¨¤¥−â¨ä¨ª�-
æ¨ï ®¡ê¥ªâ®¢; ª®àà¥«ïæ¨®−−ë© ¯®¨áª; ¯®¨áª á¢ï§¥©; ¨¤¥−â¨ç−®áâì ®¡ê¥ªâ®¢;
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‡�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ à�á¯à¥¤¥«¥−−ëå ¬�áá¨¢�å ¤�−−ëå

1 Введение

�à¨ á®§¤�−¨¨ �ˆ‘, ¯à¥¤−�§−�ç¥−−ëå ¤«ï á¡®à�, åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¤�−-
−ëå, á®áâ®ïé¨å ¨§ ¬−®¦¥áâ¢� â¥àà¨â®à¨�«ì−®-à�á¯à¥¤¥«¥−−ëå í«¥¬¥−â®¢ (ã§«®¢)
¨ ¯®«ãç�îé¨å ¤�−−ë¥ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, −¥®¡å®¤¨¬® à¥è¨âì ¬−®¦¥áâ¢®
§�¤�ç à�§«¨ç−®£® å�à�ªâ¥à� [1{3]. �¤−®© ¨§ áãé¥áâ¢¥−−ëå §�¤�ç, à¥è¥−¨¥ ª®â®-
à®© ®¯à¥¤¥«ï¥â ¢®§¬®¦−®áâ¨ á¨áâ¥¬ë ¯® ®¡à�¡®âª¥ ¨ �−�«¨§ã ¤�−−ëå, ï¢«ï¥âáï
§�¤�ç� ¨¤¥−â¨ä¨ª�æ¨¨ ˆ�.

÷�áá¬®âà¨¬ �ˆ‘, ¢ ª®â®àãî ¨§ ¨áâ®ç−¨ª®¢ à�§«¨ç−®£® â¨¯� ¯®áâã¯�îâ
¤�−−ë¥ ® á®¡ëâ¨ïå, ¯à®¨áå®¤ïé¨å á −¥ª®â®àë¬¨ áã¡ê¥ªâ�¬¨ | −�¯à¨¬¥à, á
”‹, îà¨¤¨ç¥áª¨¬¨ «¨æ�¬¨, âà�−á¯®àâ−ë¬¨ áà¥¤áâ¢�¬¨.

Œ�áá¨¢ ¤�−−ëå ¢ à�áá¬�âà¨¢�¥¬ëå �ˆ‘, ª�ª ¯à�¢¨«®, ¯à¥¤áâ�¢«ï¥â á®¡®©
¯®áâ®ï−−® ¯®¯®«−ï¥¬ë© ¦ãà−�« −¥ª®â®àëå ¯à®¨áå®¤ïé¨å á®¡ëâ¨©. ‚ ª�¦¤®©
§�¯¨á¨ ® á®¡ëâ¨¨ ãª�§�−® ¢à¥¬ï á®¡ëâ¨ï, áã¡ê¥ªâ á®¡ëâ¨ï | ˆ� | ¨ ®¡áâ®ï-
â¥«ìáâ¢� á®¡ëâ¨ï. Š�ª ˆ�, â�ª ¨ ®¡áâ®ïâ¥«ìáâ¢� å�à�ªâ¥à¨§ãîâáï �âà¨¡ãâ�¬¨,
¨«¨ ¯à¨§−�ª�¬¨, ¯à¥¤áâ�¢«ïîé¨¬¨ á®¡®© ¨«¨ ç¨á«®¢ë¥ ¤�−−ë¥, ¨«¨ â¥ªáâ,
¨«¨ ¨§®¡à�¦¥−¨ï, ¯à¨ç¥¬ −�¡®à ¯à¨§−�ª®¢, å�à�ªâ¥à¨§ãîé¨å ˆ�, ¬®¦¥â ¡ëâì
à�§−ë¬ ¤«ï ¨áâ®ç−¨ª®¢ à�§«¨ç−®£® â¨¯�.

„«ï à¥è¥−¨ï �−�«¨â¨ç¥áª¨å §�¤�ç, á¢ï§�−−ëå á ˆ�, ªà�©−¥ ¢�¦−ë¬ ï¢«ï-
¥âáï ¨¤¥−â¨ä¨æ¨à®¢�âì ˆ� (®¯à¥¤¥«¨âì ¬−®¦¥áâ¢® ˆ�, ¯à¥¤áâ�¢«ïîé¨å á®¡®©
á −¥ª®â®à®© ¢¥à®ïâ−®áâìî ®¤−ã ¨ âã ¦¥ áãé−®áâì). �à¨ íâ®¬, á ®¤−®© áâ®à®−ë, ¢
¨áª®¬®¥ ¬−®¦¥áâ¢® ˆ� ¤®«¦−® ¡ëâì ®â®¡à�−® ®¡®§à¨¬®¥ ç¨á«® ®¡ê¥ªâ®¢, ¨−�ç¥
à¥§ã«ìâ�âë ¡ã¤ãâ ¯à�ªâ¨ç¥áª¨ ¡¥á¯®«¥§−ë¬¨. ‘ ¤àã£®© áâ®à®−ë, ¨§-§� ¢®§¬®¦-
−ëå ¨áª�¦¥−¨© ¢ §�¯¨áïå −¥«ì§ï çà¥§¬¥à−® áâà®£® ä¨«ìâà®¢�âì ¨å, ¨−�ç¥ ¬®¦−®
®âá¥çì −ã¦−ë¥ ®¡ê¥ªâë. ˆ−â¥à¥á−ë¥ à¥§ã«ìâ�âë ¯® ¯à®¡«¥¬¥ ¨¤¥−â¨ä¨ª�æ¨¨
ˆ� −� ®á−®¢¥ ¯à¨§−�ª®¢-¨§®¡à�¦¥−¨© (� ¨¬¥−−® ¡¨®¬¥âà¨ç¥áª¨å ¤�−−ëå) ¯®«ã-
ç¥−ë ¢ à�¡®â¥ [4]. ‚ −�áâ®ïé¥© áâ�âì¥ ®á−®¢−®© ã¯®à á¤¥«�− −� ¨¤¥−â¨ä¨ª�æ¨î
ˆ� ¯® ç¨á«®¢ë¬ ¨ ®á®¡¥−−® ¯® â¥ªáâ®¢ë¬ ¯à¨§−�ª�¬.

�á−®¢−�ï æ¥«ì ¨¤¥−â¨ä¨ª�æ¨¨ á®áâ®¨â ¢ â®¬, çâ®¡ë ¢® ¬−®¦¥áâ¢¥ á®¡ëâ¨© áã-
¬¥âì ®¡ê¥¤¨−¨âì á®¡ëâ¨ï, ª®â®àë¥ ¯à®¨áå®¤¨«¨ á ®¤−¨¬ ®¡ê¥ªâ®¬ á ãç¥â®¬ â®£®,
çâ® ¯�à�¬¥âàë ®¡ê¥ªâ� ¬®£ãâ ¡ëâì á«ãç�©−ë¬ ®¡à�§®¬ ¨áª�¦¥−ë ¨«¨ á¨áâ¥¬−ë¬
®¡à�§®¬ ¨§¬¥−¥−ë. ��¯à¨¬¥à, ä�¬¨«¨ï ®¡ê¥ªâ�, ¯à¥¤áâ�¢«ïîé¥£® á®¡®© ”‹,
¬®¦¥â ¡ëâì á«ãç�©−ë¬ ®¡à�§®¬ ¨áª�¦¥−� ¯à¨ ¢¢®¤¥ ¢ ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã
«¨¡® ¨§¬¥−¥−� §�ª®−−ë¬ ®¡à�§®¬. �−�«®£¨ç−®, −®¬¥à ¯�á¯®àâ� ”‹ ¬®¦¥â ¡ëâì
¨áª�¦¥− ¯à¨ ¢¢®¤¥ ¢ á¨áâ¥¬ã, ”‹ ¬®¦¥â ¯ãâ¥è¥áâ¢®¢�âì á à�§−ë¬¨ ¯�á¯®àâ�¬¨
(á ¯�á¯®àâ®¬ £à�¦¤�−¨−� ÷”, á §�£à�−¨ç−ë¬ ¯�á¯®àâ®¬) ¨«¨ ¯®«ãç¨âì −®¢ë©
¯�á¯®àâ ¢§�¬¥− áâ�à®£®.

‚ §�¤�ç¥ ¨¤¥−â¨ä¨ª�æ¨¨ ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ç�áâ−ë¥ §�¤�ç¨, à¥è¥-
−¨¥ ª®â®àëå âà¥¡ã¥âáï ç�é¥ ¢á¥£® −� ¯à�ªâ¨ª¥ [5, 6]:

{ ä®à¬¨à®¢�−¨¥ ˆ� ¨§ ¯®â®ª� ¤�−−ëå ® á®¡ëâ¨ïå, ¯à®¨áå®¤ïé¨å á ˆ�;

{ á«¨ï−¨¥ ˆ�;
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Œ. Œ. ƒ¥àèª®¢¨ç, ’. Š. �¨àîª®¢�

{ á®áâ�¢«¥−¨¥ ú‘«®¦−ëå ˆ�û | á®¢®ªã¯−®áâ¥© ˆ�, ú¯®å®¦¨åû ¯® −¥ª®â®-
à®¬ã ªà¨â¥à¨î.

‘ §�¤�ç¥© ¨¤¥−â¨ä¨ª�æ¨¨ â¥á−® á¢ï§�−� §�¤�ç� ¯®¨áª� á¢ï§¥© ¬¥¦¤ã ˆ�.
‘ ®¤−®© áâ®à®−ë, ¤«ï ¯®¨áª� á¢ï§¥© ¬¥¦¤ã ®¡ê¥ªâ�¬¨ −¥®¡å®¤¨¬® à¥è¨âì §�¤�çã
¨¤¥−â¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢. ‘ ¤àã£®© áâ®à®−ë, á�¬® ¯® á¥¡¥ à¥è¥−¨¥ §�¤�ç¨ ¯®¨áª�
á¢ï§¥© ¯®§¢®«ï¥â ãâ®ç−ïâì £¨¯®â¥§ë ¯® §�¤�ç¥ ¨¤¥−â¨ä¨ª�æ¨¨.

‚ á«¥¤ãîé¨å à�§¤¥«�å à�áá¬®âà¥−� ¯®áâ�−®¢ª� §�¤�ç, ®â−®áïé¨åáï ª ¨¤¥−-
â¨ä¨ª�æ¨¨ ˆ�, ¨ −�¬¥ç¥−ë ¯ãâ¨ ¨å à¥è¥−¨ï.

2 Постановка задач идентификации информационных объектов

Задача 1. Формирование информационных объектов из потока данных
о событиях

÷�áá¬®âà¨¬ �ˆ‘, ¢ ª®â®àãî ¯®áâã¯�¥â ¨ á®åà�−ï¥âáï ¢ ¡�§¥ ¤�−−ëå (�„)
¨−ä®à¬�æ¨ï ® á®¡ëâ¨ïå, ¯à®¨áå®¤ïé¨å á ˆ�. ‘®¡ëâ¨ï á®¤¥à¦�â ¬−®¦¥áâ¢®
�âà¨¡ãâ®¢, áà¥¤¨ ª®â®àëå ¥áâì ¤�−−ë¥ ®¡ ˆ� | ãç�áâ−¨ª�å á®¡ëâ¨©. ‡�¤�ç�
ä®à¬¨à®¢�−¨ï ˆ� ¨§ ¯®â®ª� ¤�−−ëå ® á®¡ëâ¨ïå á®áâ®¨â ¢ ä®à¬¨à®¢�−¨¨ ¢ �„
®â¤¥«ì−®£® ¬−®¦¥áâ¢� ˆ�, ª®â®àë¥ ãç�áâ¢®¢�«¨ ¢ á®¡ëâ¨ïå. ’�ª, ®¤−® ¨ â® ¦¥
”‹ ¬®¦¥â ãç�áâ¢®¢�âì ¢® ¬−®£¨å á®¡ëâ¨ïå, ¨ á¨áâ¥¬� ¤®«¦−� ã¬¥âì ú¢ë¤¥«ïâìû
¤�−−ë¥ ® ”‹ ¨§ ¤�−−ëå ® á®¡ëâ¨¨.

‘ íâ®© §�¤�ç¥© ¢¯«®â−ãî á¢ï§�−ë §�¤�ç¨ á«¨ï−¨ï ˆ� ¨ á®áâ�¢«¥−¨ï ú‘«®¦-
−ëå ˆ�û.

Задача 2. Слияние информационных объектов

‘«¨ï−¨¥ ˆ� | íâ® ¢ëï¢«¥−¨¥ ¢ �„ ( ¨/¨«¨ ¢ ¯®â®ª¥ á®¡ëâ¨©) ˆ�,
ª®â®àë¥ ¯® ®¯à¥¤¥«¥−−®¬ã ªà¨â¥à¨î á«¨ï−¨ï ï¢«ïîâáï ®¤−¨¬ ¨ â¥¬ ¦¥ ˆ�, ¨
¯®á«¥¤ãîé¥¥ ®¡ê¥¤¨−¥−¨¥ ¢ëï¢«¥−−ëå ˆ� (¢ à¥§ã«ìâ�â¥ ä®à¬¨àã¥âáï ®¤¨− ˆ�
á �âà¨¡ãâ�¬¨, ¢®§¬®¦−®, ¢§ïâë¬¨ ¨§ ¢á¥å ¯®áâã¯¨¢è¨å ˆ�, ã¤®¢«¥â¢®àïîé¨å
ªà¨â¥à¨î á«¨ï−¨ï).

‡�¤�ç� á«¨ï−¨ï ˆ� ¢®§−¨ª�¥â, −�¯à¨¬¥à, ¢ ¨¥à�àå¨ç¥áª¨å á¨áâ¥¬�å á ¤à¥¢®-
¢¨¤−®© áâàãªâãà®© | ª®£¤� ¤�−−ë¥ ¨§ ã§«®¢ −¨¦−¨å ãà®¢−¥© ¨¥à�àå¨¨ ¯®áâã¯�îâ
¢ ¢ëè¥áâ®ïé¨¥ ã§«ë ¨ âà¥¡ã¥âáï ®¯à¥¤¥«ïâì, ï¢«ïîâáï «¨ ˆ�, ¯®áâã¯¨¢è¨¥ ¨§
à�§−ëå ã§«®¢, ä�ªâ¨ç¥áª¨ ®¤−¨¬ ¨ â¥¬ ¦¥ ˆ�.

Задача 3. Кластеризация информационных объектов — составление
«Сложного информационного объекта»

ú‘«®¦−ë© ˆ�û | íâ® á®¢®ªã¯−®áâì ˆ�, á¢ï§�−−ëå ¯® §�¤�−−®¬ã ªà¨â¥à¨î.
‘®áâ�¢«¥−¨¥ ú‘«®¦−®£® ˆ�û §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë á¢ï§�âì ú¯®å®¦¨¥û ˆ�,
ª®â®àë¥ á §�¤�−−®© ¢¥à®ïâ−®áâìî ¯à¥¤áâ�¢«ïîâ á®¡®© ®¤¨− ¨ â®â ¦¥ ˆ� (−¥
®¡ê¥¤¨−ïï ¨å ¢ �„, ª�ª ¢ á«ãç�¥ á«¨ï−¨ï, � ãáâ�−�¢«¨¢�ï á¢ï§¨ ¬¥¦¤ã ˆ�).
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‡�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ à�á¯à¥¤¥«¥−−ëå ¬�áá¨¢�å ¤�−−ëå

’�ª¨¬ ®¡à�§®¬, ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì �−�«¨§¨à®¢�âì ¢á¥ ¬−®¦¥áâ¢® á®¡ëâ¨©,
¯à®¨§®è¥¤è¨å á® ú‘«®¦−ë¬ ˆ�û. ‡�¤�çã ä®à¬¨à®¢�−¨ï ú‘«®¦−ëå ˆ�û
¬®¦−® à�áá¬�âà¨¢�âì ª�ª §�¤�çã ª«�áâ¥à¨§�æ¨¨, â. ¥. à�§¡¨¥−¨ï ¢á¥£® ¬−®¦¥áâ¢�
ˆ� ¢ �„ −� ¯®¤¬−®¦¥áâ¢� ˆ�, á¢ï§�−−ëå ¬¥¦¤ã á®¡®©.

‚ §�¤�ç�å 2 ¨ 3 −¥®¡å®¤¨¬® à�§à�¡®â�âì á®®â¢¥âáâ¢¥−−® ªà¨â¥à¨¨ á«¨ï−¨ï ¨
ªà¨â¥à¨¨ ª«�áâ¥à¨§�æ¨¨.

‘«®¦−®áâì à�§à�¡®âª¨ ªà¨â¥à¨¥¢ á«¨ï−¨ï ¨ ª«�áâ¥à¨§�æ¨¨ ¤«ï ª®−ªà¥â−®©
�ˆ‘ á®áâ®¨â ¢ â®¬, çâ® ¤�−−ë¥, ¯®áâã¯�îé¨¥ ®â à�§«¨ç−ëå ¢−¥è−¨å á¨áâ¥¬,
¬®£ãâ ®â«¨ç�âìáï ¯® á®¤¥à¦¨¬®¬ã ¤«ï ˆ� ®¤−®£® ¨ â®£® ¦¥ â¨¯�.

‚ §�¢¨á¨¬®áâ¨ ®â ª®−ªà¥â−ëå âà¥¡®¢�−¨© ¯® à¥è¥−¨î §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨
¬®¦¥â áãé¥áâ¢¥−−® à�§«¨ç�âìáï ¥¥ à¥áãàá®¥¬ª®áâì. ’�ª, ¯à®é¥ ¢á¥£® ¢ë¯®«−ïâì
¨¤¥−â¨ä¨ª�æ¨î ¢ �„, ®ª®−ç�â¥«ì−® §�¯®«−¥−−®© ª ¬®¬¥−âã ¯®¨áª�. �¤−�ª® ¢®
¬−®£¨å á«ãç�ïå âà¥¡ã¥âáï ¯à®¢®¤¨âì �¢â®¬�â¨ç¥áª¨© ¬®−¨â®à¨−£ �„ ¯à¨ ¯®áâã¯-
«¥−¨¨ −®¢®£® ˆ� (â. ¥. ¯à¨ ¢ë¤¥«¥−¨¨ −®¢®£® ˆ� ¨§ ¯®â®ª� ¢å®¤ïé¨å á®¡ëâ¨©)
¨ ú−� å®¤ãû ¯à®¢®¤¨âì á«¨ï−¨¥ ˆ� ¨/¨«¨ ä®à¬¨à®¢�−¨¥ ú‘«®¦−ëå ˆ�û, ª
ª®â®àë¬ ú¯à¨¢ï§�−ëû ˆ� ¯® ®¯à¥¤¥«¥−−ë¬ ¯à¨§−�ª�¬. �à¨ ¡®«ìè¨å ®¡ê¥¬�å
¤�−−ëå ¢ �„ ¨ ¯à¨ ¨−â¥−á¨¢−®¬ ¢å®¤ïé¥¬ ¯®â®ª¥ ¤�−−ëå â�ª¨¥ §�¤�ç¨ áâ�-
−®¢ïâáï ®ç¥−ì à¥áãàá®¥¬ª¨¬¨, ¨ �«£®à¨â¬ë ¨¤¥−â¨ä¨ª�æ¨¨ ¤®«¦−ë ãç¨âë¢�âì
¢à¥¬¥−−‚ë¥ à�¬ª¨ ®¡à�¡®âª¨ á®¡ëâ¨©. „«ï ã¯à®é¥−¨ï §�¤�ç� ¬®¦¥â áâ�¢¨âìáï
â�ª, çâ® ú‘«®¦−ë¥ ˆ�û ä®à¬¨àãîâáï ¯®«ì§®¢�â¥«¥¬ (¯®¨áª ¢ �„ úª�−¤¨¤�-
â®¢û ¤«ï úá¢ï§ë¢�−¨ïû ¯à®¢®¤¨âáï ¯® §�¯à®áã ¯®«ì§®¢�â¥«ï «¨¡® ¯®«ì§®¢�â¥«ì
á�¬ ú¯à¨¢ï§ë¢�¥âû ˆ� ª úá«®¦−®¬ã ˆ�û | −�¯à¨¬¥à, ¨§ ¯à¥¤¢�à¨â¥«ì−®
á®áâ�¢«¥−−®£® ¯® §�¯à®áã á¯¨áª� ú¯®å®¦¨åû ˆ�).

„«ï ®¯à¥¤¥«¥−¨ï ú¯®å®¦¨åû ˆ� æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë áà�¢-
−¥−¨ï, ãç¨âë¢�îé¨¥:

{ ä®−¥â¨ç¥áª¨¥ ¨ âà�−áªà¨¯æ¨®−−ë¥ ¨áª�¦¥−¨ï ¤�−−ëå;

{ −�¯¨á�−¨¥ â¥ªáâ®¢ëå �âà¨¡ãâ®¢, å�à�ªâ¥à¨§ãîé¨å ®¤¨− ¨ â®â ¦¥ ˆ�, «�â¨-
−¨æ¥© ¨ ª¨à¨««¨æ¥© (¤«ï ¨¬¥− á®¡áâ¢¥−−ëå);

{ ¢®§¬®¦−ë¥ ®¯¥ç�âª¨ ¢ −¥áª®«ìª® ¡ãª¢ ¢ â¥ªáâ®¢ëå �âà¨¡ãâ�å ˆ�.

�®¤ ä®−¥â¨ç¥áª¨¬¨ ¨áª�¦¥−¨ï¬¨ ¯®−¨¬�îâáï ¨áª�¦¥−¨ï ¯à¨ ¢−¥á¥−¨¨ ¢ �„
â¥ªáâ®¢ëå �âà¨¡ãâ®¢ ˆ�, áå®¦¨å ¯® §¢ãç�−¨î. ’à�−áªà¨¯æ¨®−−ë¥ ¨áª�¦¥−¨ï
¢®§−¨ª�îâ ¨§-§� ¢®§¬®¦−ëå à�§«¨ç¨© ¢ −�¯¨á�−¨¨ â¥ªáâ®¢ëå �âà¨¡ãâ®¢ ˆ�
¯à¨ ¯¥à¥¢®¤¥ ¨§ «�â¨−¨æë ¢ ª¨à¨««¨æã ¨ ¨§ ª¨à¨««¨æë ¢ «�â¨−¨æã (−�¯à¨¬¥à,
¯à¨ ¯¥à¥¢®¤¥ ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë (”ˆ�) ¨§ ª¨à¨««¨æë ¢ «�â¨−¨æã ¢
®¡é¥£à�¦¤�−áª¨å §�£à�−¨ç−ëå ¯�á¯®àâ�å £à�¦¤�− ÷” à�−¥¥ ¨á¯®«ì§®¢�«�áì
äà�−æã§áª�ï âà�−áªà¨¯æ¨ï, � â¥¯¥àì | �−£«¨©áª�ï).

„«ï áà�¢−¥−¨ï â¥ªáâ®¢ëå �âà¨¡ãâ®¢ á ä®−¥â¨ç¥áª¨¬¨ ¨ âà�−áªà¨¯æ¨®−−ë¬¨
¨áª�¦¥−¨ï¬¨ ¯à¨¬¥−ïîâáï â�ª −�§ë¢�¥¬ë¥ úä®−¥â¨ç¥áª¨¥ ª«îç¨û, áâà®ïé¨¥áï
á ãç¥â®¬ ®á®¡¥−−®áâ¥© ï§ëª� (á¬. ¯®¤à�§¤. 8.2). ’�ª, áå®¦¥ §¢ãç�é¨¥ ¨¬¥−� ¨
ä�¬¨«¨¨ ¨¬¥îâ ®¤¨−�ª®¢ë© ä®−¥â¨ç¥áª¨© ª«îç ¨ ¯à¨ ¯®¨áª¥ áà�¢−¨¢�îâáï −¥
á�¬¨ â¥ªáâ®¢ë¥ ¯®«ï, � ¨å ä®−¥â¨ç¥áª¨¥ ª«îç¨.
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Œ. Œ. ƒ¥àèª®¢¨ç, ’. Š. �¨àîª®¢�

„«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯®¨áª� ”‹ æ¥«¥á®®¡à�§−® â�ª¦¥ ¢ë¯®«−ïâì
¯¥à¥¢®¤ ¢ «�â¨−¨æã ”ˆ�, ¨áå®¤−® §�¤�−−ëå ¢ ª¨à¨««¨æ¥, � â�ª¦¥ ¯¥à¥¢®¤ ¢
ª¨à¨««¨æã ”ˆ�, ¨áå®¤−® §�¤�−−ëå ¢ «�â¨−¨æ¥ (á¬. ¯®¤à�§¤. 8.3), ¨ á®åà�−ïâì
¯¥à¥¢¥¤¥−−ë© ¢�à¨�−â. ’�ª¨¬ ®¡à�§®¬ ®¡¥á¯¥ç¨¢�¥âáï ¢®§¬®¦−®áâì ¯®¨áª� ¯®
”ˆ� ª�ª ¢ ª¨à¨««¨æ¥, â�ª ¨ ¢ «�â¨−¨æ¥.

„«ï à�áè¨à¥−¨ï ¢®§¬®¦−®áâ¥© ¯®¨áª� ¤®¡�¢«ïîâáï ¬¥â®¤ë, ãç¨âë¢�îé¨¥
¢®§¬®¦−ë¥ ®è¨¡ª¨ ¢ −¥áª®«ìª® ¡ãª¢ ¢á«¥¤áâ¢¨¥ ®¯¥ç�â®ª (á¬. ¯®¤à�§¤. 8.4).

“áâ�−®¢ª� à�§«¨ç−ëå ¢¥á®¢ ¤«ï �âà¨¡ãâ®¢ ˆ� ¯®§¢®«ï¥â ¢ë¯®«−ïâì ¯®¨áª
¤�−−ëå á® §−�ç¨â¥«ì−ë¬¨ ¨áª�¦¥−¨ï¬¨.

Задача 4. Задача поиска связей между объектами

‡�¤�ç¨ ¯®¨áª� á¢ï§¥© ¬¥¦¤ã ˆ� ¢®§−¨ª�îâ, ª®£¤� ¯®«ì§®¢�â¥«î �„ −¥-
¤®áâ�â®ç−® â®© ¨−ä®à¬�æ¨¨, ª®â®à�ï −¥¯®áà¥¤áâ¢¥−−® á®¤¥à¦¨âáï ¢ ¯à¨§−�ª�å
ˆ�, ¨ ®− å®ç¥â ¨¬¥âì −¥ª®â®àãî −®¢ãî ¨−ä®à¬�æ¨î, ª®â®à�ï ¬®¦¥â ¡ëâì ¯®-
«ãç¥−� −� ®á−®¢¥ ¨¬¥îé¥©áï. ��¯à¨¬¥à, ¥á«¨ ã ¤¢ãå ä¨§¨ç¥áª¨å «¨æ A ¨ B
®¤¨−�ª®¢ë ä�¬¨«¨ï ¨ ¬¥áâ® ¦¨â¥«ìáâ¢�, ®âç¥áâ¢®A á®®â¢¥âáâ¢ã¥â ¨¬¥−¨B ¨ ¯à¨
íâ®¬ A ¤®áâ�â®ç−® ¬®«®¦¥ B, â® á ¡®«ìè®© ¢¥à®ïâ−®áâìî ¬®¦−® ãâ¢¥à¦¤�âì, çâ®
¬¥¦¤ã A ¨ B ¯àï¬�ï à®¤áâ¢¥−−�ï á¢ï§ì, å®âï ®¡ íâ®¬ ¢ ¡�§¥ ¤�−−ëå á¢¥¤¥−¨©
−¥â. �â®â í«¥¬¥−â�à−ë© ¯à¨¬¥à ¯®¬®£�¥â ¯®−ïâì, áª®«ì ¬−®£®®¡à�§−ë ¬®£ãâ
¡ëâì §�¯à®áë ¯®«ì§®¢�â¥«ï ¨ ª�ª ¢�¦−� à�§à�¡®âª� á¯®á®¡®¢ ¯®¨áª� á¢ï§¥©.

Š�ª ®â¬¥ç�«®áì ¢® ¢¢¥¤¥−¨¨, ãáâ�−®¢ª� á¢ï§¥© ¤�¥â ¢®§¬®¦−®áâì ãâ®ç−¨âì
£¨¯®â¥§ë ¯à¨ ¨¤¥−â¨ä¨ª�æ¨¨ ˆ�. ��¯à¨¬¥à, ¥á«¨ ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ¨¤¥−â¨-
ä¨ª�æ¨¨ ¯®«ãç¨«®áì, çâ® ®¡ê¥ªâë x′1 ¨ x′′1 ï¢«ïîâáï á −¥ª®â®à®© ¢¥à®ïâ−®áâìî
®¤−¨¬ ®¡ê¥ªâ®¬ x1, � ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ¯®¨áª� á¢ï§¥© ¢ëï¢«¥−®, çâ® ®¡ê¥ªâë
x′1 ¨ x′′1 á¢ï§�−ë á ®¡ê¥ªâ®¬ y, â® íâ®â ä�ªâ ãâ®ç−ï¥â £¨¯®â¥§ã ¨¤¥−â¨ä¨ª�æ¨¨ x′1
¨ x′′1 ª�ª ®¤−®£® ®¡ê¥ªâ�.

Šà¨â¥à¨¨ á¢ï§¨ ¬¥¦¤ã ˆ� §�¢¨áïâ ®â ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ª®−ªà¥â−®©
¯®áâ�−®¢ª¨ §�¤�ç¨.

3 Задача слияния информационных объектов

÷�áá¬�âà¨¢�¥âáï X | ¬−®¦¥áâ¢® ˆ�, ª�¦¤ë© ¨§ ª®â®àëå §�¤�¥âáï −�¡®à®¬
¯à¨§−�ª®¢ D. �à¨§−�ª¨ d ∈ D −¥®¤−®à®¤−ë: ç�áâì ¨§ −¨å ç¨á«®¢ë¥, ç�áâì |
â¥ªáâ®¢ë¥ (−®¬¨−�«ì−ë¥), ¬®£ãâ ¡ëâì ¨ ¯à¨§−�ª¨ ¢ ¢¨¤¥ ¨§®¡à�¦¥−¨©. Šà®¬¥
â®£®, −�¡®à ¯à¨§−�ª®¢ −¥ ®¤¨−�ª®¢ ¤«ï ¢á¥å ˆ�, −® ®¤¨−�ª®¢ ¤«ï ˆ�, ¯à®¨á-
å®¤ïé¨å ¨§ ®¤−®£® ¨áâ®ç−¨ª�. …á«¨ ç¨á«® ¨áâ®ç−¨ª®¢ K, � −�¡®à ¯à¨§−�ª®¢

k-£® (1 ≤ k ≤ K) ¨áâ®ç−¨ª� ¥áâì Dk, â® D =
K∪
k=1

Dk, � D0 =
K∩
k=1

Dk, ¯à¨ç¥¬

D0 −¥ ¯ãáâ® (à¨á. 1). ��ª®−¥æ, −¥ª®â®àë¥ ¯à¨§−�ª¨ ¬®£ãâ ¡ëâì ¢§�¨¬®á¢ï§�−ë.
’�ª, ¬®¦¥â áãé¥áâ¢®¢�âì äã−ªæ¨ï, ¯à¥®¡à�§ãîé�ï ¯à¨§−�ª di, di ∈ Di\D0, ¢
¯à¨§−�ª dj ∈ Dj\D0.

÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−® ãá«®¦−ïîé¨¥áï §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ˆ�.
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‡�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ à�á¯à¥¤¥«¥−−ëå ¬�áá¨¢�å ¤�−−ëå

�à®áâ¥©è�ï §�¤�ç� | ®¯à¥¤¥-

÷¨á. 1 �¥à¥á¥ç¥−¨¥ ¬−®¦¥áâ¢ ¯à¨§−�ª®¢ ˆ�

«¥−¨¥ â®£®, ï¢«ïîâáï «¨ x1 ¨ x2,
x1 ∈ X, x2 ∈ X, D(x1) = D(x2) =
= D ¨¤¥−â¨ç−ë¬¨. �ç¥¢¨¤−®, çâ®
á ¯®«−®© ã¢¥à¥−−®áâìî ãâ¢¥à¦¤�âì,
çâ® x1 ¨ x2 ¨¤¥−â¨ç−ë, ¬®¦−® ¢ â®¬
¨ â®«ìª® â®¬ á«ãç�¥, ¥á«¨ §−�ç¥−¨ï δ
¢á¥å ¯à¨§−�ª®¢ d ∈ D á®¢¯�¤�îâ:

∀ i : di ∈ D di(x1) = di(x2) .

‘ ¤àã£®© áâ®à®−ë, ¥á«¨ §−�ç¥-
−¨ï ¢á¥å ¯à¨§−�ª®¢ à�§«¨ç−ë, â�ª-
¦¥ á ¯®«−®© ã¢¥à¥−−®áâìî ¬®¦−®
ãâ¢¥à¦¤�âì, çâ® x1 ¨ x2 −¥ ¨¤¥−-
â¨ç−ë.

‚ á«ãç�ïå ¦¥, ª®£¤� §−�ç¥−¨ï ¯à¨§−�ª®¢ ç�áâ¨ç−® á®¢¯�¤�îâ ¨«¨ ¦¥ ¢ ª�ª®©-
â® áâ¥¯¥−¨ ¡«¨§ª¨ ¤àã£ ¤àã£ã, áã¦¤¥−¨¥ ®¡ ¨¤¥−â¨ç−®áâ¨ x1 ¨ x2 ¬®¦−® ¢ë−®á¨âì
â®«ìª® á −¥ª®â®à®© ¢¥à®ïâ−®áâìî P , 0 ≤ P ≤ 1.

�® ®æ¥−ª¥ ¢¥à®ïâ−®áâ¨ P (x1, x2) ¬®¦−® ¡ã¤¥â ¯à¨−ïâì à¥è¥−¨¥ ®¡ ¨¤¥−-
â¨ç−®áâ¨ x1 ¨ x2, ¢¢¥¤ï ªà¨â¨ç¥áª®¥ §−�ç¥−¨¥ PËÒ. …á«¨ P (x1, x2) ≥ PËÒ, â®
¢ë−®á¨âáï à¥è¥−¨¥ ®¡ ¨¤¥−â¨ç−®áâ¨. ‘�¬® §−�ç¥−¨¥ PËÒ ¢ë¡¨à�¥âáï ¨§ á®®¡à�-
¦¥−¨©, «¥¦�é¨å §� ¯à¥¤¥«�¬¨ à¥è�¥¬®© §�¤�ç¨: ¥á«¨ ¡®«ìè¥ ®¯�á�âìáï ®è¨¡®ª
¢â®à®£® à®¤� (¯à¨−ïâì à�§«¨ç−ë¥ ˆ� §� ¨¤¥−â¨ç−ë¥), â® á«¥¤ã¥â ¢ë¡¨à�âì ¡®«¥¥
¬®é−ë© ªà¨â¥à¨©, ¥á«¨ ¡‚®«ìèãî ®¯�á−®áâì ¯à¥¤áâ�¢«ïîâ ®è¨¡ª¨ ¯¥à¢®£® à®¤�
(−¥ à�á¯®§−�âì ¨¤¥−â¨ç−ë¥ ˆ�), â® ¬®é−®áâì ªà¨â¥à¨ï ¯®−¨¦�îâ, á−¨¦�ï ¯à¨
íâ®¬ ¨ ãà®¢¥−ì §−�ç¨¬®áâ¨.

”ã−ªæ¨ï P (x1, x2) ï¢«ï¥âáï, ¯® áãâ¨, ¬¥à®© ¡«¨§®áâ¨ x1 ¨ x2, ®æ¥−¨¢�¥¬®©
¯® áâ¥¯¥−¨ ¡«¨§®áâ¨ ª�¦¤®£® ¨§ ¯à¨§−�ª®¢. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ íâ® ¤¥«�¥âáï ¯®
¯à�¢¨«ã áà¥¤−¥¢§¢¥è¥−−®£®:

P (x1, x2) =
∑

i: di∈D

αiϕi(δ
1
i , δ
2
i ) ,

£¤¥ αi | ¢¥á, ¯à¨¯¨áë¢�¥¬ë© ¯à¨§−�ªã di,
∑
i
αi = 1; ϕi | äã−ªæ¨ï ®æ¥−ª¨

¡«¨§®áâ¨ ¯® ¯à¨§−�ªã di, ®¡«�áâì §−�ç¥−¨© ª�¦¤®© äã−ªæ¨¨ | [0, 1]; δ1i ¨ δ2i |
§−�ç¥−¨ï ¯à¨§−�ª� di ¤«ï x1 ¨ x2.

�ç¥¢¨¤−®, çâ® äã−ªæ¨¨ ϕi ¤«ï à�§−ëå ¯à¨§−�ª®¢ ¬®£ãâ áãé¥áâ¢¥−−® ®â«¨-
ç�âìáï ¤àã£ ®â ¤àã£�. ‚ à�§¤. 7 −�áâ®ïé¥© áâ�âì¨ ¤¥â�«ì−® à�áá¬�âà¨¢�îâáï
®á®¡¥−−®áâ¨ äã−ªæ¨© ϕi ¤«ï â¥ªáâ®¢ëå ¯à¨§−�ª®¢.

Š®−¥ç−®, ¬®£ãâ ¡ëâì ¨ ¡®«¥¥ á«®¦−ë¥ ¢ëà�¦¥−¨ï ¤«ï ¢¥à®ïâ−®áâ−®© ¬¥àë
P (x1, x2), ãç¨âë¢�îé¨¥ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã ¯à¨§−�ª�¬¨ di, ®ª�§ë¢�îé¨¥ ¢«¨-
ï−¨¥ −� ¢¥á� αi ¨ äã−ªæ¨¨ ϕi. �®ïá−¨¬, çâ® ¨¬¥¥âáï ¢ ¢¨¤ã. „«ï −�£«ï¤−®áâ¨

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 229



Œ. Œ. ƒ¥àèª®¢¨ç, ’. Š. �¨àîª®¢�

à�ááã¦¤¥−¨© ¡ã¤¥¬ ¯à®¢®¤¨âì ¨å −� ª®−ªà¥â−®¬ ¯à¨¬¥à¥, ª®£¤� ˆ� ®âà�¦�îâ
á¢¥¤¥−¨ï ® ”‹, � ¯à¨§−�ª�¬¨ á«ã¦�â ú¨¬ïû, úä�¬¨«¨ïû, ú−®¬¥à ¯�á¯®àâ�û,
ú¤�â� à®¦¤¥−¨ïû ¨ â. ¯. …áâ¥áâ¢¥−−®, çâ® â�ª®© ¯à¨§−�ª, ª�ª ú−®¬¥à ¯�á¯®àâ�û,
¤®«¦¥− ¨¬¥âì ®â−®á¨â¥«ì−® ¡®«ìè®© ¢¥á α, ¯®áª®«ìªã ¯à¨ á®¢¯�¤¥−¨¨ −®¬¥à�
¯�á¯®àâ� ¥áâì ®ç¥−ì ¡®«ìè¨¥ ®á−®¢�−¨ï áç¨â�âì, çâ® ˆ� ¨¤¥−â¨ç−ë, ¤�¦¥ ¥á«¨
¢ â¥ªáâ®¢ëå ¯à¨§−�ª�å ¥áâì −¥ª®â®àë¥ à�§−®çâ¥−¨ï. �®, á ¤àã£®© áâ®à®−ë, ¥á«¨
®áâ�«ì−ë¥ ¯à¨§−�ª¨ á®¢¯�¤�îâ, � −®¬¥à ¯�á¯®àâ� á®¢¥àè¥−−® ¤àã£®©, â® â®¦¥
¥áâì ®ç¥−ì ¡®«ìè�ï ¢¥à®ïâ−®áâì ¨¤¥−â¨ç−®áâ¨ ˆ�, â�ª ª�ª ç¥«®¢¥ª ¬®£ ¯à®áâ®
¯®¬¥−ïâì ¯�á¯®àâ. ˆ ¢ íâ®¬ á«ãç�¥ á«¥¤®¢�«® ¡ë ¯à¨¯¨áë¢�âì ¯à¨§−�ªã ú−®¬¥à
¯�á¯®àâ�û ¬�«ë© ¢¥á. „®¯ãáâ¨¬, çâ® ãç¨âë¢�¥âáï J á¨âã�æ¨©. …á«¨ ç¥à¥§ αij
®¡®§−�ç¨âì ¢¥á i-£® ¯à¨§−�ª� ¢ j-© á¨âã�æ¨¨ ¨§ ç¨á«� ãç¨âë¢�¥¬ëå, â® ¬®¦−®
P (x1, x2) ®æ¥−¨¢�âì ¯® ä®à¬ã«¥:

P (x1, x2) = max
1≤j≤J



∑

i:di∈D

αijϕi
(
δ1i , δ

2
i

)

 ,

¯à¨ç¥¬ ∀ j ∑
i
αij = 1.

…é¥ à�§ã¬−¥¥ ¡ë«® ¡ë ¯®«ì§®¢�âìáï −¥ ¥¤¨−®© äã−ªæ¨¥© ¡«¨§®áâ¨ ϕi ¢
à�§«¨ç−ëå á¨âã�æ¨ïå, � ¢¢¥áâ¨ −�¡®à äã−ªæ¨© ϕij, −® íâ® ¯®¢«¥ç¥â §� á®¡®© à®áâ
®¡ê¥¬� ¢ëç¨á«¥−¨©, çâ® áâ�−¥â ¯à¥¯ïâáâ¢¨¥¬ ¤«ï §�¤�ç ¬®−¨â®à¨−£� ¢ à¥�«ì−®¬
¢à¥¬¥−¨.

�á®¡® −�¤® ¯®£®¢®à¨âì ® ¢¨¤¥ äã−ªæ¨© ¡«¨§®áâ¨ ϕi ¤«ï â¥ªáâ®¢ëå ¯à¨§−�-
ª®¢. �®−ïâ−®, çâ® ®−¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì §�¢¨áïâ ®â ª®«¨ç¥áâ¢� à�§−®çâ¥−¨©
¬¥¦¤ã δ1i ¨ δ2i . �® ¨ úª�ç¥áâ¢®û à�§−®çâ¥−¨© ¢¥áì¬� áãé¥áâ¢¥−−®. ˆ−âã¨-
â¨¢−® ïá−®, çâ® −�¯¨á�−¨ï ú�ã£�ç¥¢û ¨ ú�ã£�ç®¢û ¡«¨¦¥ ¤àã£ ª ¤àã£ã, ç¥¬
ú�ã£�ç¥¢û ¨ ú�ã§�ç¥¢û ¨«¨ ú÷ã£�ç¥¢û, å®âï ¢¥§¤¥ à�§−¨æ� ¢ ®¤−ã ¡ãª¢ã. „«ï
ãç¥â� íâ®£® ®¡áâ®ïâ¥«ìáâ¢� �¢â®à�¬¨ ¡ë«¨ ¢¢¥¤¥−ë úä®−¥â¨ç¥áª¨¥ ª«îç¨û (á¬.
¯®¤à�§¤. 8.1), ¯¥à¥¢®¤ïé¨¥ ¨áå®¤−®¥ −�¯¨á�−¨¥ ¢ ¯®á«¥¤®¢�â¥«ì−®áâì §−�ª®¢,
áà�¢−¥−¨¥ ª®â®àëå ¡ã¤¥â ¡®«¥¥ ®¤−®à®¤−®. ”®−¥â¨ç¥áª¨¥ ª«îç¨ áâà®ïâáï ¯®
¯à�¢¨«�¬, ãç¨âë¢�îé¨¬ ä®−¥â¨ç¥áª¨¥ ®á®¡¥−−®áâ¨ ï§ëª�. �®-à�§−®¬ã ¯¨èã-
é¨¥áï, −® áå®¦¥ §¢ãç�é¨¥ ¨¬¥−� ¨ ä�¬¨«¨¨ ¨¬¥îâ ®¤¨−�ª®¢ë© ä®−¥â¨ç¥áª¨©
ª«îç, ¨ ¯à¨ ¯®¨áª¥ ãç¨âë¢�îâáï −¥ á�¬¨ â¥ªáâ®¢ë¥ ¯®«ï, � ¨å ä®−¥â¨ç¥áª¨¥
ª«îç¨. ’�ª¨¬ ®¡à�§®¬, ¬¥àã ¡«¨§®áâ¨ ¬®¦−® ¢ëç¨á«ïâì ¯® ä®à¬ã«¥:

P (x1, x2) = max
1≤j≤J



∑

i: di∈D

αijϕi
(
ψ
(
δ1i
)
, ψ
(
δ2i
))

 ,

£¤¥ ψ ¥áâì äã−ªæ¨ï ¯¥à¥¢®¤� ¯à¨§−�ª� ¢ ¥£® ä®−¥â¨ç¥áª¨© ª«îç. „«ï ãáª®à¥−¨ï
¯à®æ¥áá� áç¥â� äã−ªæ¨ï ψ ¯à¨¬¥−ï¥âáï ®¤−®ªà�â−® ¯à¨ à�áá¬®âà¥−¨¨ −®¢®£® ˆ�
¨ ¯®¯®«−ï¥â ¥£® ¯à¨§−�ª¨.
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“á«®¦−¨¬ ¨áå®¤−ãî §�¤�çã. �®-

÷¨á. 2 �¥à¥á¥ç¥−¨¥ ¬−®¦¥áâ¢ ¯à¨§−�-
ª®¢ ˆ� ¯à¨ −�«¨ç¨¨ äã−ªæ¨®−�«ì−®© á¢ï§¨
¬¥¦¤ã ¯à¨§−�ª�¬¨

¯à¥¦−¥¬ã x1 ∈ X, x2 ∈ X, −® D(x1)
−¥ á®¢¯�¤�¥â áD(x2), â. ¥. −�¡®àë ¯à¨-
§−�ª®¢ ã x1 ¨ x2 à�§«¨ç−ë (à¨á. 2).

�ç¥¢¨¤−®, çâ® â®£¤� áã¬¬¨à®¢�-
−¨¥ −�¤® ¯à®¢®¤¨âì ¤«ï â¥å ¯à¨§−�-
ª®¢, ª®â®àë¥ ¢å®¤ïâ ¢ ®¡éãî ®¡«�áâì
D0 = D(x1) ∩ D(x2). �® ¢ëè¥ ã¦¥
®â¬¥ç�«®áì, çâ® ¢ ®áâ�îé¨åáï ®¡«�-
áâïå D(x1)\D0 ¨ D(x2)\D0 ¬®£ãâ
áãé¥áâ¢®¢�âì ¢§�¨¬®á¢ï§�−−ë¥ ¯à¨-
§−�ª¨ | â�ª¨¥, çâ® áãé¥áâ¢ã¥â
äã−ªæ¨ï f , ¯¥à¥¢®¤ïé�ï §−�ç¥−¨¥

¯à¨§−�ª� d
(1)
m (x1) ¢ d

(2)
m (x1), £¤¥ d

(1)
m ∈

∈ D(x1)\D0, � d
(2)
m ∈ D(x2)\D0, �

â�ª¦¥ ®¡à�â−�ï ¥© äã−ªæ¨ï f−1, ¯¥-

à¥¢®¤ïé�ï §−�ç¥−¨¥ ¯à¨§−�ª� d
(2)
m (x2)

¢ d
(1)
m (x2). ÷¥çì ¨¤¥â ® â�ª¨å ¯à¨§−�ª�å, ª�ª ú¨¬ï ª¨à¨««¨æ¥©û ¨ ú¨¬ï «�â¨−¨-

æ¥©û, ¯à¨ç¥¬ ¤«ï ˆ�, ¯®«ãç¥−−ëå ¨§ à�§−ëå ¨áâ®ç−¨ª®¢, ®¤¨− ¯à¨§−�ª §�¤�−,
� ¤àã£®© | −¥â. �® ®−¨ ¯® ®¯à¥¤¥«¥−−®© ¯à®æ¥¤ãà¥ ¬®£ãâ ¤àã£ ¢ ¤àã£� ¯¥à¥-
¢®¤¨âìáï. ‚ ¯à�ªâ¨ç¥áª¨å ãá«®¢¨ïå −¥ ®áãé¥áâ¢«ï¥âáï ¯®«−�ï ®¤−®§−�ç−®áâì
â�ª¨å ¯à¥®¡à�§®¢�−¨©, ª®â®à�ï ¢ ¨¤¥�«¥ ¬®£«� ¡ë ¡ëâì. ’�ª, ¯à¨ âà�−á«¨â¥-
à�æ¨¨ ¨¬¥−¨ Šá¥−¨ï ¯® ¯à�¢¨«�¬ ®ä®à¬«¥−¨ï §�£à�−¯�á¯®àâ®¢ (¯à¨ª�§ Œ‚„
÷” ü 1047 ®â 31 ¤¥ª�¡àï 2003 £.) ¤®«¦−® ¯®«ãç�âìáï Kseniya, −® ¢áâà¥ç�îâáï
−�¯¨á�−¨ï Xenia, Ksenia, Xeniya, ¯à¨ç¥¬ ¨¬¥−−® Ksenia à¥ª®¬¥−¤ã¥âáï ¯à¨«®-
¦¥−¨¥¬ ü 7 ª â®¬ã ¦¥ ¯à¨ª�§ã. �¤−�ª® ¨á¯®«ì§®¢�−¨¥ ä®−¥â¨ç¥áª¨å ª«îç¥©
¯®§¢®«ï¥â ®¡®©â¨ ¯®¤®¡−ãî −¥®¤−®§−�ç−®áâì. ’�ª¨¬ ®¡à�§®¬, ¯®«ãç�¥¬ ä®à¬ã«ã
¤«ï ¢¥à®ïâ−®áâ−®© ¬¥àë P (x1, x2):

P (x1, x2) = max
1≤j≤J




∑

i: di∈D0

αijϕi
(
ψ
(
δ1i
)
, ψ
(
δ2i
))
+

+
∑

m: dm∈DM

αmjϕm
(
ψ
(
δ1m
)
, ψ
(
δ2m
))

 .

‡¤¥áì DM =
{
d
(2)
m : ∃ f, f(d(1)m )⇒ d

(2)
m , £¤¥ d

(1)
m ∈ D1\D0, d(2)m ∈ D2\D0

}
.

„«ï ¯à�ªâ¨ç¥áª®© à�¡®âë �«£®à¨â¬� ¯à¨ ¯à¨−ïâëå ¯à®æ¥¤ãà�å âà�−á«¨â¥à�-
æ¨¨ f ¨ ¢§ïâ¨ï ä®−¥â¨ç¥áª®£® ª«îç� ψ −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì §−�ç¥−¨ï ¢¥á®¢ α
¨ ®æ¥−®ª ¡«¨§®áâ¨ ϕ, � â�ª¦¥ ªà¨â¨ç¥áª®£® §−�ç¥−¨ï PËÒ. �â® ¬®¦−® á¤¥«�âì
â®«ìª® ¬¥â®¤®¬ íªá¯¥àâ−ëå ®æ¥−®ª, áâà¥¬ïáì ¯®¤®¡à�âì ¯�à�¬¥âàë â�ª, çâ®¡ë

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 231



Œ. Œ. ƒ¥àèª®¢¨ç, ’. Š. �¨àîª®¢�

à¥§ã«ìâ�âë à�¡®âë �«£®à¨â¬� ¡ë«¨ ª�ª ¬®¦−® ¡«¨¦¥ ª áã¦¤¥−¨ï¬ ç¥«®¢¥ª�-
íªá¯¥àâ�, ª®â®àë© ¢§ï«áï ¡ë áã¤¨âì ®¡ ¨¤¥−â¨ç−®áâ¨ x1 ¨ x2 ¯® §−�ç¥−¨ï¬ ¨å
¯à¨§−�ª®¢.

�à®æ¥áá ¯®¤¡®à� ¯�à�¬¥âà®¢ ¬®¦−® −¥áª®«ìª® ®¡«¥£ç¨âì §� áç¥â ç�áâ¨ç−®©
�¢â®¬�â¨§�æ¨¨ ¯à¨ ¯®¤£®â®¢ª¥ ¬�â¥à¨�«�, ¤¥«�ï á¯¥æ¨�«ì−ë¥ ¢ë¡®àª¨ ¨§ ®¡é¥£®
¬�áá¨¢� X. �®«ì§ãïáì à�−¥¥ ®â¬¥ç¥−−ë¬ ®¡áâ®ïâ¥«ìáâ¢®¬, çâ® á®¢¯�¤¥−¨¥
−®¬¥à� ¯�á¯®àâ� ¯®çâ¨ £�à�−â¨àã¥â ¨¤¥−â¨ç−®áâì ˆ�, ¬®¦−® ¯®¤¡¨à�âì ¢¥á�
¤«ï ®áâ�«ì−ëå ¯à¨§−�ª®¢ â�ª, çâ®¡ë ¢ë¢®¤ë �«£®à¨â¬� ¨ ç¥«®¢¥ª� ¯à�ªâ¨ç¥áª¨
á®¢¯�¤�«¨. �à¨ à�¡®â¥ á â�ª¨¬¨ á¯¥æ¨�«ì−ë¬¨ ¢ë¡®àª�¬¨ ®á®¡® −�£«ï¤−�
íää¥ªâ¨¢−®áâì (¨«¨ −¥íää¥ªâ¨¢−®áâì) �«£®à¨â¬�.

�®áª®«ìªã ¨áª�¦¥−¨ï ¬®£ãâ −®á¨âì −¥ ä®−¥â¨ç¥áª¨© ¨«¨ âà�−áªà¨¯æ¨®−−ë©
å�à�ªâ¥à, � ¡ëâì ¢ë§¢�−ë ¯à®áâ® ®¯¥ç�âª®©, á«¥¤ã¥â ®á®¡ë¬ ®¡à�§®¬ à�áá¬�âà¨-
¢�âì §�¯¨á¨, ¢ ª®â®àëå â¥ªáâ®¢®¥ ¯®«¥ à�§«¨ç�¥âáï −¥ ¡®«¥¥ ç¥¬ −� ®¯à¥¤¥«¥−−®¥
ç¨á«® ¡ãª¢, ¯à¨ç¥¬ ¡®«¥¥ á−¨áå®¤¨â¥«ì−® âà�ªâãîâáï â�ª¨¥ ç�áâë¥ á«ãç�¨ ®¯¥-
ç�â®ª, ª�ª ¯¥à¥áâ�−®¢ª� ¡ãª¢ ¨«¨ §�¬¥−� ¡ãª¢ë −� ¤àã£ãî, −�å®¤ïéãîáï −�
á®á¥¤−¥© ª«�¢¨è¥.

Œ®¦−® ¯à¥¤ãá¬®âà¥âì ãç¥â §−�ç¨â¥«ì−ëå ¨áª�¦¥−¨© ¯ãâ¥¬ ¯à¨¯¨áë¢�−¨ï
¬�«®£® ¢¥á� â¥ªáâ®¢ë¬ �âà¨¡ãâ�¬ ¨ ¡®«ìè®£® ¢¥á� | �âà¨¡ãâ�¬, ¨¬¥îé¨¬
ç¨á«¥−−ë¥ ¨«¨ ¤¨áªà¥â−ë¥ §−�ç¥−¨ï.

4 Задача кластеризации информационных объектов

÷�áá¬�âà¨¢�¥âáï X | ¬−®¦¥áâ¢®

÷¨á. 3 Š«�áâ¥à¨§�æ¨ï ¬−®¦¥áâ¢� ˆ�

ˆ�. ’à¥¡ã¥âáï à�§¡¨âì ¥£® −� −¥¯¥à¥á¥-
ª�îé¨¥áï ¯®¤¬−®¦¥áâ¢� (ª«�áâ¥àë) â�ª,
çâ®¡ë ª�¦¤ë© ª«�áâ¥à á®áâ®ï« ¨§ ®¡ê-
¥ªâ®¢, ¡«¨§ª¨å ¯® ¬¥âà¨ª¥ ρ(x1, x2), �
®¡ê¥ªâë à�§−ëå ª«�áâ¥à®¢ áãé¥áâ¢¥−−®
à�§«¨ç�«¨áì.

‚ ª�ç¥áâ¢¥ ¬¥âà¨ª¨ ρ(x1, x2) ¥áâ¥-
áâ¢¥−−® ¯à¨−ïâì ¤®¯®«−¥−¨¥ ª ¢¥à®ïâ-
−®áâ−®© ¬¥à¥ ¨¤¥−â¨ç−®áâ¨ P (x1, x2):

ρ(x1, x2) = 1− P (x1, x2) .

‚ §�¤�ç�å ª«�áâ¥à¨§�æ¨¨, ¢ ®â«¨ç¨¥
®â §�¤�ç ª«�áá¨ä¨ª�æ¨¨, −¥ ãª�§ë¢�¥âáï
§�à�−¥¥ âà¥¡ã¥¬®¥ ç¨á«® ¯®¤¬−®¦¥áâ¢, �

â�ª¦¥ −¥ ¤�¥âáï ®¡ãç�îé¥© ¢ë¡®àª¨ | ç¨á«® ª«�áâ¥à®¢ ®¯à¥¤¥«ï¥âáï ¢ à¥§ã«ìâ�â¥
à�¡®âë �«£®à¨â¬�. �� à¨á. 3 ¯à¥¤áâ�¢«¥−® à�§¡¨¥−¨¥ ¬−®¦¥áâ¢� ˆ� −� ª«�áâ¥àë.

�¡à�â¨¬ ¢−¨¬�−¨¥ −� ¯®«−ãî �−�«®£¨ç−®áâì æ¨ª«¨ç¥áª®© §�¤�ç¨ ¢−ãâà¨
�«£®à¨â¬� ª«�áâ¥à¨§�æ¨¨ ¨ ¢ëè¥à�áá¬®âà¥−−®© §�¤�ç¨ ¯®¨áª� ˆ�, ¨¤¥−â¨ç−®£®
−®¢®¬ã í«¥¬¥−âã.

232 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014



‡�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ à�á¯à¥¤¥«¥−−ëå ¬�áá¨¢�å ¤�−−ëå

„¥©áâ¢¨â¥«ì−®, ¯ãáâì −� n-¬ è�£¥ à�¡®âë �«£®à¨â¬� ª«�áâ¥à¨§�æ¨¨ ¢ à�á-
á¬®âà¥−¨¥ ¡¥à¥âáï í«¥¬¥−â xn. �à¥¤ë¤ãé¨¥ n − 1 í«¥¬¥−â®¢ ã¦¥ à�§¡¨âë −�
R ª«�áâ¥à®¢, R ≤ n− 1.

‚¢¥¤¥¬ ¯®−ïâ¨¥ â¨¯¨ç−®£® ¯à¥¤áâ�¢¨â¥«ï r-£® ª«�áâ¥à�, 0 ≤ r ≤ R. �−
¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê¥¤¨−¥−¨¥ §−�ç¥−¨© ¯à¨§−�ª®¢ δ(r), −�¨¡®«¥¥ ç�áâ® ¢áâà¥-
ç�îé¨åáï áà¥¤¨ í«¥¬¥−â®¢, á®áâ�¢«ïîé¨å ª«�áâ¥à Yr (¨«¨ ¨¬¥îé¨å ¡®«ìè¥
¯à�¢ ¯à¥¤áâ�¢«ïâì ¤�−−ë© ª«�áâ¥à: â�ª, −®¬¥à ¯�á¯®àâ� −�¤® ãª�§ë¢�âì ¡®«¥¥
−®¢ë©, � −¥ ¡®«¥¥ ç�áâ® ¢áâà¥ç�îé¨©áï):

yr =
⋃

d∈D

δ(r) .

�®á«¥ ª�¦¤®£® ¯®¯®«−¥−¨ï ª«�áâ¥à� ¥£® â¨¯¨ç−ë© ¯à¥¤áâ�¢¨â¥«ì ¯¥à¥áç¨âë-
¢�¥âáï.

�à®¨§¢®¤¨âáï áà�¢−¥−¨¥ xn á® ¢á¥¬¨ â¨¯¨ç−ë¬¨ ¯à¥¤áâ�¢¨â¥«ï¬¨ à�−¥¥
¢ë¤¥«¥−−ëå ª«�áâ¥à®¢ ¨ ¢ë¡¨à�¥âáï ¡«¨¦�©è¨© ª«�áâ¥à:

ρmin = min
1≤r≤R

ρ(xn, yr) ; r(n) = argmin
1≤r≤R

ρ(xn, yr) . (1)

…á«¨ à�ááâ®ï−¨¥ ρmin, ¢ëç¨á«¥−−®¥ ¯® ä®à¬ã«¥ (1), ®ª�§ë¢�¥âáï ¤®áâ�â®ç−®
¬�«ë¬ (ρmin ≤ ρËÒ), í«¥¬¥−â xn ¢ª«îç�îâ ¢ ª«�áâ¥à á −®¬¥à®¬ r(n), ¢ ¯à®-
â¨¢−®¬ á«ãç�¥ ®− ª«�¤¥â −�ç�«® −®¢®¬ã ª«�áâ¥àã YR+1 ¨ á«ã¦¨â ¥£® â¨¯¨ç−ë¬
¯à¥¤áâ�¢¨â¥«¥¬.

Šà¨â¨ç¥áª�ï ¢¥«¨ç¨−� ρËÒ ¢ë¡¨à�¥âáï ¨§ á®®¡à�¦¥−¨©, ª�ª¨å ®è¨¡®ª á«¥¤ã¥â
¡®«ìè¥ ®¯�á�âìáï | ¯¥à¢®£® ¨«¨ ¢â®à®£® à®¤�. …á«¨ −¥â ¯à¨ç¨− ¤«ï ¨−®£®
¢ë¡®à�, ¬®¦−® ¢ ª�ç¥áâ¢¥ ρËÒ ¯à¨−ïâì 1− PËÒ.

5 Корреляционный поиск

Š®àà¥«ïæ¨®−−ë© ¯®¨áª | íâ® ¯®¨áª ¤¢ãå ¨«¨ −¥áª®«ìª¨å ®¡ê¥ªâ®¢, ¬¥¦¤ã
ª®â®àë¬¨ ¯à®á«¥¦¨¢�¥âáï ¯®«®¦¨â¥«ì−�ï ª®àà¥«ïæ¨®−−�ï á¢ï§ì. Š®àà¥«ïæ¨-
®−−�ï á¢ï§ì ¯à¥¤áâ�¢«ï¥â á®¡®© ¬�â¥¬�â¨ª®-áâ�â¨áâ¨ç¥áª®¥ ¯®−ïâ¨¥, ¨ −¥ ¢á¥£¤�
−�«¨ç¨¥ ª®àà¥«ïæ¨®−−®© á¢ï§¨ á¢¨¤¥â¥«ìáâ¢ã¥â ® −�«¨ç¨¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−-
−®© á¢ï§¨. ’¥¬ −¥ ¬¥−¥¥, ¢ àï¤¥ á«ãç�¥¢ ª®àà¥«ïæ¨®−−ë© ¯®¨áª ¬®¦¥â ¡ëâì
¯®«¥§¥− ¨¬¥−−® ¤«ï ¯à¥¤¯®«®¦¥−¨© ® áãé¥áâ¢®¢�−¨¨ á¢ï§¨ ¯® áãé¥áâ¢ã.

��¯à¨¬¥à, âà¥¡ã¥âáï ¯® ®¤−®¬ã áã¡ê¥ªâã á®¡ëâ¨ï −�©â¨ ¨−ëå áã¡ê¥ªâ®¢,
ª®â®àë¥ ç�é¥ ¤àã£¨å ®¤−®¢à¥¬¥−−® á −¨¬ ãç�áâ¢®¢�«¨ ¢ �−�«®£¨ç−ëå á®¡ëâ¨ïå.
‡¤¥áì ú®¤−®¢à¥¬¥−−®áâìû ¯®−¨¬�¥âáï ª�ª à�áå®¦¤¥−¨¥ ¢® ¢à¥¬¥−¨ á®¡ëâ¨ï −¥
¡®«¥¥ ç¥¬ −� ®¯à¥¤¥«¥−−ë© ¯à®¬¥¦ãâ®ª, � ú�−�«®£¨ç−®áâìû á®¡ëâ¨ï | ª�ª
á®¢¯�¤¥−¨¥ ®¯à¥¤¥«¥−−ëå �âà¨¡ãâ®¢ á®¡ëâ¨ï.

Š®íää¨æ¨¥−â ª®àà¥«ïæ¨¨ ¢ ®¡ëç−®¬ á¬ëá«¥ §¤¥áì −¥ ¬®¦¥â ¡ëâì à�ááç¨-
â�−, ¯®áª®«ìªã à�áá¬�âà¨¢�¥âáï −¥ á«ãç�©−�ï ¢¥«¨ç¨−�, � á®¡ëâ¨¥, ® ª®â®à®¬
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¨§¢¥áâ−® «¨èì, ¯à®¨§®è«® ®−® ¨«¨ −¥ ¯à®¨§®è«®. ‚ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¥
¢ â�ª¨å á«ãç�ïå ¯®«ì§ãîâáï â�ª −�§ë¢�¥¬®© ú¬¥à®© ¡«¨§®áâ¨û. „«ï ¥¥ ®æ¥−ª¨
áãé¥áâ¢ã¥â àï¤ ä®à¬ã«, ¯à¥¤«®¦¥−−ëå à�§«¨ç−ë¬¨ �¢â®à�¬¨. Œ¥à� ¡«¨§®áâ¨
à�ááç¨âë¢�¥âáï ¯® ç¥âëà¥¬ ç¨á«�¬: a | áª®«ìª® à�§ ¯à®¨§®è«® ¨ X, ¨ Y ; b |
áª®«ìª® à�§ ¯à®¨§®è«® X ¡¥§ Y ; c | áª®«ìª® à�§ ¯à®¨§®è«® Y ¡¥§ X; d | −¥
¯à®¨§®è«® −¨ X, −¨ Y .

‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ ç¨á«® d ¯à¨−æ¨¯¨�«ì−® −¥ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−®,
¯®áª®«ìªã ä¨ªá¨àãîâáï â®«ìª® ¯à®¨§®è¥¤è¨¥ á®¡ëâ¨ï. �® àï¤ ä®à¬ã« ãç¨âë-
¢�¥â ¨ â�ªãî ¢®§¬®¦−®áâì. ’�ª®¢ë, −�¯à¨¬¥à, ä®à¬ã«� †�ªª�à� (Jaccard):

JACCARD =
a

a+ b+ c
;

¤¢¥ ä®à¬ã«ë Šã«ìç¨−áª®£®:

K1 =
1

b+ c
;

K2 =
1

2

(
a

a+ b
+

a

a+ c

)
;

ä®à¬ã«� „�©á� (Dice):

DICE =
2a

2a+ b+ c
;

¢â®à�ï ä®à¬ã«� ‘®ª�«� ¨ ‘−¨â� (Sokal & Sneath):

SS2 =
a

a+ 2(b+ c)
;

ä®à¬ã«� �â¨�¨ (Ochiai):

OCHIAI =

√
a

a+ b

a

a+ c

¨ ¤à. [7].
‚¨¤ ¯à¨¬¥−ï¥¬®© ä®à¬ã«ë ¨ ªà¨â¥à¨�«ì−®¥ §−�ç¥−¨¥ ¬¥àë ¡«¨§®áâ¨ ®¯à¥-

¤¥«ïîâáï ¯®á«¥ à¥è¥−¨ï −¥ª®â®à®£® ç¨á«� ®¤−®â¨¯−ëå §�¤�ç ¯® íªá¯¥àâ−ë¬
®æ¥−ª�¬ ¯®«ãç�¥¬ëå à¥§ã«ìâ�â®¢. ‘ ¤àã£®© áâ®à®−ë, ¥á«¨ á¤¥«�âì ªà¨â¥à¨-
�«ì−®¥ §−�ç¥−¨¥ ¯«�¢�îé¨¬ ¢ §�¢¨á¨¬®áâ¨ ®â âà¥¡ã¥¬®£® ç¨á«� ®âëáª¨¢�¥¬ëå
§�¯¨á¥©, à�§«¨ç¨¥ ¬¥¦¤ã ä®à¬ã«�¬¨ −¨¢¥«¨àã¥âáï.
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6 Фасетный поиск

”�á¥â−ë© ¯®¨áª [8] ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®è�£®¢ë© ¨−â¥à�ªâ¨¢−ë© ¯à®æ¥áá
¯®áâà®¥−¨ï ä®à¬ã«ë §�¯à®á�.

Š�¦¤®¬ã ®¡ê¥ªâã ¬�áá¨¢� á®®â¢¥âáâ¢ã¥â ¥£® ä�á¥â−�ï ä®à¬ã«� | á®¢®ªã¯-
−®áâì ¯à¨§−�ª®¢, ¤«ï ª�¦¤®£® ¨§ ª®â®àëå ãª�§�−ë §−�ç¥−¨ï íâ®£® ¯à¨§−�ª�.
”�á¥â−�ï â�¡«¨æ�, á¢®¤ïé�ï ¢®¥¤¨−® ¢á¥ ä�á¥â−ë¥ ä®à¬ã«ë, á«ã¦¨â ¡�§¨á®¬
¤«ï ¢ëï¢«¥−¨ï ¢§�¨¬®á¢ï§¥© à�§«¨ç−ëå ˆ�.

”�á¥â−ë© ¯®¨áª ã¤®¡¥− â¥¬, çâ® −� ª�¦¤®¬ è�£¥ ¯à¨ ®¡à�é¥−¨¨ ª ª®−ªà¥â−®-
¬ã ¯à¨§−�ªã ¯®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¯¥à¥ç¥−ì ¥£® ¢®§¬®¦−ëå §−�ç¥−¨©.
‚ë¡¨à�ï ®¤−® ¨«¨ −¥áª®«ìª® §−�ç¥−¨© ¨§ ¯à¥¤«®¦¥−−®£® ¯¥à¥ç−ï, ¯®«ì§®¢�â¥«ì
ª�¦¤ë© à�§ ¯®«ãç�¥â −¥¯ãáâ®¥ ¬−®¦¥áâ¢® à¥§ã«ìâ�â®¢. �®á«¥¤®¢�â¥«ì−® ®áãé¥-
áâ¢«ïï ã¯à�¢«¥−¨¥ âà�¥ªâ®à¨¥© ¯®¨áª�, ¯®«ì§®¢�â¥«ì ãâ®ç−ï¥â ä®à¬ã«ã §�¯à®á�,
á ª�¦¤ë¬ à�§®¬ ¢á¥ ¡®«¥¥ ¯à¨¡«¨¦�ïáì ª ¨áª®¬®¬ã ®¡ê¥ªâã.

”�á¥â−ë© ¯®¨áª ã¤®¡¥− ¥é¥ ¨ â¥¬, çâ® ¤®¯ãáª�¥â −¥ â®«ìª® ¯®á«¥¤®¢�â¥«ì−®¥
ãá¥ç¥−¨¥ à¥§ã«ìâ¨àãîé¥£® ¬−®¦¥áâ¢�, −® ¨ ¤®¯®«−¥−¨¥ ¥£® −®¢ë¬¨ ®¡ê¥ªâ�¬¨,
ª®â®àë¥ «¨èì ç�áâ¨ç−® ®â¢¥ç�îâ ¯®«−®© ä®à¬ã«¥ §�¯à®á�, −® §�â® ®â¢¥ç�îâ
−� âã ç�áâì §�¯à®á�, ª®â®à�ï ¡ë«� á¤¥«�−� −� ¯®á«¥¤−¥¬ è�£¥. �â® ¯®§¢®«ï¥â
®âëáª¨¢�âì ®¡ê¥ªâë, ª®â®àë¥ �áá®æ¨�â¨¢−® á¢ï§�−ë á ã¦¥ ¢ª«îç¥−−ë¬¨ ¢ à¥-
§ã«ìâ¨àãîé¥¥ ¬−®¦¥áâ¢®, ¯à¨ç¥¬ �áá®æ¨�æ¨¨ ¬®£ãâ ¡ëâì ¯à®¨§¢®«ì−®© áâ¥¯¥−¨
¤�«ì−®áâ¨ | íâ®â ¯à®æ¥áá ¤®¯®«−¥−¨ï â�ª¦¥ ¨¤¥â ¯®¤ ª®−âà®«¥¬ ¯®«ì§®¢�â¥«ï.
’�ª¨¬ ®¡à�§®¬, ä�á¥â−ë© ¯®¨áª ¬®¦¥â à�¡®â�âì ¨ ª�ª ã§ª® ¨§¡¨à�â¥«ì−ë©, ¨ ª�ª
è¨à®ª¨© �áá®æ¨�â¨¢−ë© ¯®¨áª.

7 Идентификация информационных объектов в потоке событий

‡�¤�çã ¨¤¥−â¨ä¨ª�æ¨¨ ˆ� ¢ ¯®â®ª¥ á®¡ëâ¨© ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ã-
îé¨¬ ®¡à�§®¬.

�ãáâì ¢ â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨ ¬−®¦¥áâ¢® ˆ� X ¯®¯®«−ï¥âáï −®¢ë¬
í«¥¬¥−â®¬ xnew. ’à¥¡ã¥âáï ãáâ�−®¢¨âì, ¥áâì «¨ ¢® ¬−®¦¥áâ¢¥ X ˆ�, ¨¤¥−â¨ç-
−ë¥ xnew. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ −�¤® ¯®«ì§®¢�âìáï â®© ¦¥ ¢¥à®ïâ−®áâ−®©
¬¥à®© P (xnew, x), ¯®á«¥¤®¢�â¥«ì−® ¯®¤áâ�¢«ïï ¢ ª�ç¥áâ¢¥ x ¢á¥ í«¥¬¥−âë X.

‚à¥¬ï à�áç¥â®¢ ¬®¦¥â áãé¥áâ¢¥−−® §�¢¨á¥âì ®â â®£®, âà¥¡ã¥âáï «¨ −�©â¨ å®âì
®¤¨− í«¥¬¥−â, ¨¤¥−â¨ç−ë© xnew, ¨«¨ ¢á¥ â�ª¨¥ í«¥¬¥−âë.

�â� §�¤�ç� à¥è�¥âáï íää¥ªâ¨¢−¥¥, ¥á«¨ ¯à¥¤¢�à¨â¥«ì−® à¥è¨âì §�¤�çã ª«�á-
â¥à¨§�æ¨¨ | ¢á¥ ¬−®¦¥áâ¢® X à�§¡¨âì −� £àã¯¯ë, ¢−ãâà¨ ª®â®àëå í«¥¬¥−âë á
¤®áâ�â®ç−® ¡®«ìè®© ¢¥à®ïâ−®áâìî ¨¤¥−â¨ç−ë.

8 Методы сравнения для имен собственных с искажениями

8.1 Исходные положения

‘®¡áâ¢¥−−ë¥ ¨¬¥−� ¯à¨ ¯¥à¥å®¤¥ ¢ ¤àã£ãî ï§ëª®¢ãî áà¥¤ã ç�áâ® ¯à¥â¥à¯¥-
¢�îâ ä®−¥â¨ç¥áª¨¥ ¨áª�¦¥−¨ï. �à¨ç¨−ë íâ®£® á«¥¤ãîé¨¥.
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1. �®«−®¥ ¨ ¢§�¨¬−® ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ ä®−¥â¨ç¥áª®£® á®áâ�¢� ï§ëª� ¨
¨á¯®«ì§ã¥¬®£® ¨¬ �«ä�¢¨â� | íâ® à¥¤ª®¥ ¨áª«îç¥−¨¥, � −¥ ¯à�¢¨«®.

2. �à¨ íâ®¬ à�§−ë¥ ï§ëª¨, ¤�¦¥ ¨á¯®«ì§ãîé¨¥ ®¤−ã ¨ âã ¦¥ £à�ä¨ªã, ¤«ï
®¤−¨å ¨ â¥å ¦¥ ä®−¥¬ ¯à¨¬¥−ïîâ à�§«¨ç−ë¥ á¯®á®¡ë ¨å ¯¥à¥¤�ç¨. ’�ª, §¢ãª
úèû ¢ �−£«¨©áª®¬ ï§ëª¥ ¯¥à¥¤�¥âáï úshû, ¢® äà�−æã§áª®¬ úchû, ¢ −¥¬¥æª®¬
úschû, ¢ ¨â�«ìï−áª®¬ úsciû, ¢ ¯®«ìáª®¬ úszû ¨ â. ¤.

3. Šà®¬¥ â®£®, ¢ ®â¤¥«ì−ëå ï§ëª�å áãé¥áâ¢ãîâ ä®−¥¬ë, ¢ ¯à¨−æ¨¯¥ −¥ ¯¥-
à¥¤�¢�¥¬ë¥ áà¥¤áâ¢�¬¨ ¤àã£¨å ï§ëª®¢. ’�ª, ¢ ¨á¯�−áª®¬ áãé¥áâ¢ã¥â §¢ãª,
¯à®¬¥¦ãâ®ç−ë© ¬¥¦¤ã ú¡û ¨ ú¢û, ¢ «�âëèáª®¬ | §¢ãª, ¯à®¬¥¦ãâ®ç−ë©
¬¥¦¤ã úªû ¨ úâû, ¨ â. ¤.

4. ‘«ãç�¥âáï ¨ ®¡à�â−®¥ ï¢«¥−¨¥, ª®£¤� ¢ ¤�−−®¬ ï§ëª¥ ®âáãâáâ¢ãîâ ä®−¥¬ë,
è¨à®ª® à�á¯à®áâà�−¥−−ë¥ ¢ ¤àã£¨å ï§ëª�å, ¨, á«¥¤®¢�â¥«ì−®, ¢ ¯à¨−æ¨¯¥
−¥ áãé¥áâ¢ã¥â ¢®§¬®¦−®áâ¨ ¨å ®â®¡à�¦¥−¨ï. ��¯à¨¬¥à, ¢ ï¯®−áª®¬ ï§ëª¥
®âáãâáâ¢ã¥â §¢ãª ú«û.

5. ‚ ï§ëª�å, ¨á¯®«ì§ãîé¨å «�â¨−áª¨© �«ä�¢¨â, ¯à¨−ïâ® ¯à¨ ¯¥à¥¤�ç¥ ¨−®-
áâà�−−ëå á®¡áâ¢¥−−ëå ¨¬¥− á®åà�−ïâì ¨å −�¯¨á�−¨¥. �à¨ íâ®¬ ä�ªâ¨ç¥áª¨
¯à¥−¥¡à¥£�îâ ¯à®¨§−®è¥−¨¥¬ íâ¨å ¨¬¥−.

6. „®¯®«−¨â¥«ì−ë¬ ¨áâ®ç−¨ª®¬ ¨áª�¦¥−¨© ï¢«ï¥âáï ¯à¨−ïâ�ï ¯à�ªâ¨ª� ®â¡à�-
áë¢�âì ¤¨�ªà¨â¨ç¥áª¨¥ §−�ª¨, ¨á¯®«ì§ã¥¬ë¥, −�¯à¨¬¥à, §�¯�¤−®á«�¢ï−áª¨-
¬¨ ï§ëª�¬¨. ’�ª, §�ç�áâãî ç¥èáª¨¥ ¡ãª¢ë ú�sû (§¢ãª úèû) ¨ ú�cû (§¢ãª úçû)
¯¥à¥å®¤ïâ á®®â¢¥âáâ¢¥−−® ¢ úsû ¨ úcû.

7. ‚ ÷®áá¨¨ ¨ ¢® ¬−®£¨å ¤àã£¨å áâà�−�å, −¥ ¨á¯®«ì§ãîé¨å «�â¨−áª¨© �«ä�¢¨â,
¯à¨−ïâ�, −�®¡®à®â, âà�−áªà¨¯æ¨ï ¨−®áâà�−−ëå ¨¬¥− ¨ −�§¢�−¨©, ª®£¤�
¯ëâ�îâáï ¢ ¯à¥¤¥«�å ¢®§¬®¦−®£® ¯¥à¥¤�âì ¯à®¨§−®è¥−¨¥, ä®−¥â¨ªã á«®¢�.
‚ â¥å á«ãç�ïå, ª®£¤� ¯®¤«¨−−®¥ ¯à®¨§−®è¥−¨¥ −¥¨§¢¥áâ−®, ¯®«ì§ãîâáï
ã¯à®é¥−−ë¬¨ ¯à�¢¨«�¬¨ âà�−áªà¨¯æ¨¨, ®â®¡à�¦�îé¨¬¨, ª�ª íâ® á«®¢®
¤®«¦−® ¡ë ç¨â�âìáï ¢ ¨áå®¤−®¬ ï§ëª¥, ¥á«¨ ®−® â�¬ ç¨â�¥âáï ¯® ¯à�¢¨«�¬.

8. �à¨ ¯¥à¥¤�ç¥ à®áá¨©áª¨å ä�¬¨«¨© ¨ −�§¢�−¨© −� «�â¨−¨æ¥ ¨á¯®«ì§ã¥âáï ¬¥-
â®¤ âà�−á«¨â¥à�æ¨¨ | ¯¥à¥¤�ç¨ ª�¦¤®© ¡ãª¢ë ®â¤¥«ì−®, ¯® ®¯à¥¤¥«¥−−ë¬
¯à�¢¨«�¬. Œ¥â®¤®¢ âà�−á«¨â¥à�æ¨¨ áãé¥áâ¢ã¥â ¬−®£®, −¥ª®â®àë¥ §�ªà¥¯«¥-
−ë ƒ�‘’®¬ (16976-71, 7.79-2000), −® ç�áâ® ¨á¯®«ì§ãîâáï ¨ ¢¥¤®¬áâ¢¥−−ë¥
¨−áâàãªæ¨¨. ’�ª, ¯à¨ ¢ë¤�ç¥ §�£à�−¯�á¯®àâ®¢ àãª®¢®¤áâ¢ãîâáï úˆ−áâàãª-
æ¨¥© ® ¯®àï¤ª¥ ®ä®à¬«¥−¨ï ¨ ¢ë¤�ç¨ ¯�á¯®àâ®¢ £à�¦¤�−�¬ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨û, ¯à¨ç¥¬ ¯à¨«®¦¥−¨¥ ü 6 ® ¡«�−ª�å ¯�á¯®àâ®¢ á á¨¬¢®«¨ª®©
‘‘‘÷ ®¡ï§ë¢�¥â ¯à¨¤¥à¦¨¢�âìáï ¯à�¢¨« äà�−æã§áª®£® −�¯¨á�−¨ï, ª�ª íâ®
¡ë«® ¯à¨−ïâ® ¢ ‘®¢¥âáª®¬ ‘®î§¥, � ¯à¨«®¦¥−¨¥ ü 7 ® ¡«�−ª�å á à®áá¨©áª®©
á¨¬¢®«¨ª®© | ¯à�¢¨« �−£«¨©áª®£® −�¯¨á�−¨ï.

9. ‚ ¡ë¢è¨å à¥á¯ã¡«¨ª�å ‘®¢¥âáª®£® ‘®î§� ç�áâ¨ç−® ®â¬¥−¥−� ¯à�ªâ¨ª� ¯¥à¥-
¤�ç¨ ä�¬¨«¨© á ¨á¯®«ì§®¢�−¨¥¬ àãááª®£® ï§ëª� ¢ ª�ç¥áâ¢¥ ¯à®¬¥¦ãâ®ç−®£®.
ˆ−®£¤� íâ® ¢¥¤¥â ª ¤®¯®«−¨â¥«ì−ë¬ ¨áª�¦¥−¨ï¬. ’�ª, ¥á«¨ à�−ìè¥ ¢ ‹�â¢¨¨
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®ª®−ç�−¨¥ ú-sû, ¤®¡�¢«ï¥¬®¥ ª −¥«�âëèáª¨¬ ä�¬¨«¨ï¬ ¯® ç¨áâ® £à�¬¬�â¨ç¥-
áª¨¬ âà¥¡®¢�−¨ï¬ «�âëèáª®£® ï§ëª� ª�ª ¯®ª�§�â¥«ì ¨¬¥−¨â¥«ì−®£® ¯�¤¥¦�,
¯à¨ ¢ë¤�ç¥ §�£à�−¯�á¯®àâ� ®â¡à�áë¢�«®áì, â® â¥¯¥àì ®−® á®åà�−ï¥âáï | ¯®
ú®¡é¥¥¢à®¯¥©áª®¬ãû ®¡à�§æã.

‘ ¤àã£®© áâ®à®−ë, ¢ �§¥à¡�©¤¦�−¥, ¯¥à¥è¥¤è¥¬ −� «�â¨−¨æã −� ®á−®¢¥
âãà¥æª®£® �«ä�¢¨â� (á ¤®¡�¢«¥−¨¥¬ âà¥å ¡ãª¢), −¥ ¯à¨¤¥à¦¨¢�îâáï íâ®©
ú®¡é¥¥¢à®¯¥©áª®©û ¯à�ªâ¨ª¨ ¨ ¯à¨ ¢ë¤�ç¥ ¯�á¯®àâ®¢ §�¬¥−ïîâ ¡ãª¢ã úcû
−� údzhû, ¡ãª¢ã ú�û (¡¥§ â®çª¨) | −� úyû, ¡ãª¢ã ú eû | −� úaû ¨«¨ úeû.

10. ˆ−®£¤� −¥¯à�¢®¬¥à−®¥ ¨á¯®«ì§®¢�−¨¥ ¯à®¬¥¦ãâ®ç−®£® ï§ëª� ¯à¨¢®¤¨â ª
¨áª�¦¥−¨ï¬ ¨−®£® à®¤�. ��¯à¨¬¥à, áãé¥áâ¢ãîâ ®¯à¥¤¥«¥−−ë¥ ¯à�¢¨«�
¯¥à¥å®¤� ®â «�â¨−¨æë ª ª¨à¨««¨æ¥ ¨ ®¡à�â−® ¤«ï ï§ëª®¢, −¥ ¨á¯®«ì§ãîé¨å
−¨ âã, −¨ ¤àã£ãî £à�ä¨ªã, −�¯à¨¬¥à ï¯®−áª®£® ¨«¨ ª¨â�©áª®£®. …á«¨
¯ëâ�âìáï ¯à®ç¥áâì ¨å ¯®-�−£«¨©áª¨, −¥¬¨−ã¥¬ë ®è¨¡ª¨.

11. „«ï ï§ëª®¢, ¨á¯®«ì§ãîé¨å ª®−á®−�−â−®¥ ¯¨áì¬® (¥¢à¥©áª®¥, �à�¡áª®¥),
å�à�ªâ¥à−ë ¢�à¨�â¨¢−ë¥ àï¤ë £«�á−ëå, â. ¥. ®¤−® ¨ â® ¦¥ ¨¬ï ¬®¦¥â ¢
§�¢¨á¨¬®áâ¨ ®â ¢à¥¬¥−¨ ¨«¨ ¬¥áâ� ¯à®¨§−®á¨âìáï á ¡«¨§ª¨¬¨, −® à�§«¨ç−ë¬¨
£«�á−ë¬¨: ú�û ¬®¦¥â ¯¥à¥å®¤¨âì ¢ ú®û, ú®û ¢ úãû, ú¥û ¢ ú¨û ¨ â. ¤.

12. ‚ àãááª®¬ −�¯¨á�−¨¨ ¢®áâ®ç−ëå ¨¬¥− á«ãç�îâáï à�§−®çâ¥−¨ï ®¤¨−�à−®£®
¨«¨ á¤¢®¥−−®£® á®£«�á−®£® ¢ ¯®«®¦¥−¨¨ ¬¥¦¤ã £«�á−ë¬¨: ú•ãá¥©−û ¨
ú•ãáá¥©−û, ú�¡¤ãà�å¬�−û ¨ ú�¡¤ãàà�å¬�−û ¨ â. ¤.

13. ��ª®−¥æ, ¥é¥ ®¤−®© ¯à¨ç¨−®©, á¯®á®¡−®© §�âàã¤−¨âì ¯®¨áª, ï¢«ï¥âáï ¯à�ª-
â¨ª� −¥¯®«−®£® á«¥¤®¢�−¨ï ¨−áâàãªæ¨ï¬. ’�ª, ®¡ëç−® ¡ãª¢� úñû ¯¨è¥âáï
ª�ª ú¥û ¨ á®®â¢¥âáâ¢¥−−® âà�−á«¨â¥à¨àã¥âáï, ¬ï£ª¨© §−�ª ç�áâ® ®¯ãáª�¥âáï.
�ª®−ç�−¨¥ ú-ë©û −¥à¥¤ª® §�¯¨áë¢�¥âáï ª�ª ú-yû, � −¥ ª�ª ú-yyû.

ˆ§ ¢ëè¥¨§«®¦¥−−®£® á«¥¤ã¥â, çâ® ¯®¨áª á ãç¥â®¬ ¢®§¬®¦−ëå ä®−¥â¨ç¥áª¨å,
âà�−áªà¨¯æ¨®−−ëå ¨ âà�−á«¨â¥à�æ¨®−−ëå ¨áª�¦¥−¨© ¬®¦¥â ¯à®¨§¢®¤¨âìáï £®-
à�§¤® ª�ç¥áâ¢¥−−¥¥, ¥á«¨ ¨§¢¥áâ−� áâà�−�, ¢ë¤�¢è�ï ¯�á¯®àâ, � â�ª¦¥ íâ−¨ç¥áª�ï
¯à¨−�¤«¥¦−®áâì ¢«�¤¥«ìæ� ä�¬¨«¨¨.

„«ï ¡®«¥¥ è¨à®ª®© ¯®áâ�−®¢ª¨ §�¤�ç¨ ¡ã¤¥¬ áç¨â�âì, çâ® íâ¨ á¢¥¤¥−¨ï
®âáãâáâ¢ãîâ. ’®£¤� §�¤�ç� á®áâ®¨â ¢ â®¬, çâ®¡ë ¯® ¤�−−®¬ã −�¯¨á�−¨î ä�¬¨«¨¨
(ª¨à¨««¨æ¥© ¨«¨ «�â¨−¨æ¥©) ¯à¥¤¯®«®¦¨âì, ª�ª¨¥ ¥¥ −�¯¨á�−¨ï ¥é¥ ¢®§¬®¦−ë:

(1) ¥á«¨ ¨áå®¤−�ï ä�¬¨«¨ï −�¯¨á�−� «�â¨−¨æ¥©, ¯à¥¦¤¥ ¢á¥£® ¢ëïá−ï¥âáï,
á®¤¥à¦�âáï «¨ â�¬ ¡ãª¢ë á ¤¨�ªà¨â¨ç¥áª¨¬¨ §−�ª�¬¨. …á«¨ −¥â, â®,
áª®à¥¥ ¢á¥£®, íâ® äà�−æã§áª®¥ ¨«¨ �−£«¨©áª®¥ −�¯¨á�−¨¥ (¨«¨ ¬®¦¥â â�ª¨¬
áç¨â�âìáï). �â® ¯à¨−¨¬�¥âáï ¢ ª�ç¥áâ¢¥ ®á−®¢−®© £¨¯®â¥§ë, � ¢ ª�ç¥áâ¢¥
¤®¯®«−¨â¥«ì−®© | çâ® íâ® ã¯à®é¥−−ë© ¢�à¨�−â −�¯¨á�−¨ï, ¯à¨ ª®â®à®¬
¤¨�ªà¨â¨ª� ¡ë«� ¯à®áâ® ®â¡à®è¥−�;

(2) ¥á«¨ ¢ á«®¢¥ ¨á¯®«ì§ãîâáï ¡ãª¢ë újû, úxû ¨«¨ ¢áâà¥ç�îâáï á®ç¥â�−¨ï
úiouû, úiaû, úgueû, úguiû, úguyû, útchû, â® íâ® äà�−æã§áª®¥ −�¯¨á�−¨¥.
‚ ¯à®â¨¢−®¬ á«ãç�¥ ¯à¥¤¯®«�£�¥âáï, çâ® íâ® �−£«¨©áª®¥ −�¯¨á�−¨¥.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 237



Œ. Œ. ƒ¥àèª®¢¨ç, ’. Š. �¨àîª®¢�

„«ï íää¥ªâ¨¢−®£® ¯®¨áª� ¨¬¥− á®¡áâ¢¥−−ëå á ¢®§¬®¦−ë¬¨ ¨áª�¦¥−¨ï¬¨, �
â�ª¦¥ á ãç¥â®¬ −�¯¨á�−¨ï ¨¬¥− −� à�§−ëå ï§ëª�å ¯à¨¬¥−ïîâáï ¬¥â®¤ë ¯®áâà®-
¥−¨ï ä®−¥â¨ç¥áª¨å ª«îç¥©, ¯à¨¢¥¤¥−−ë¥ ¢ ¯®¤à�§¤. 8.2, ¨ á¯®á®¡ë ¯¥à¥¢®¤� ¨§
«�â¨−¨æë ¢ ª¨à¨««¨æã ¨ ¨§ ª¨à¨««¨æë ¢ «�â¨−¨æã (á¬. ¯®¤à�§¤. 8.3). Œ¥â®¤
áà�¢−¥−¨ï áâà®ª, ãç¨âë¢�îé¨© ¢®§¬®¦−ë¥ ®è¨¡ª¨ ¢ −¥áª®«ìª® ¡ãª¢ ¢á«¥¤áâ¢¨¥
®¯¥ç�â®ª, ¯à¨¢¥¤¥− ¢ ¯®¤à�§¤. 8.4.

8.2 Построение фонетических ключей для поиска имен собственных
с фонетическими и транскрипционными искажениями

‘ãâì ¬¥â®¤� ¯®áâà®¥−¨ï ä®−¥â¨ç¥áª¨å ª«îç¥© á®áâ®¨â ¢ á®¯®áâ�¢«¥−¨¨ áå®-
¦¨¬ ¯® ¯à®¨§−®è¥−¨î á«®¢�¬ ®¤¨−�ª®¢ëå ª®¤®¢, çâ® ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì
áà�¢−¥−¨¥ â�ª¨å á«®¢ −� ®á−®¢¥ ¨å ä®−¥â¨ç¥áª®£® áå®¤áâ¢�. ‘ãé¥áâ¢ã¥â −¥-
áª®«ìª® ¨§¢¥áâ−ëå �«£®à¨â¬®¢ ¯®áâà®¥−¨ï ä®−¥â¨ç¥áª¨å ª«îç¥© ¢ «�â¨−¨æ¥ |
Soundex, Daitch-Mokotoff Soundex, NYSIIS, Metaphone ¨ ¤à.

„«ï ¯®áâà®¥−¨ï �−£«¨©áª¨å ä®−¥â¨ç¥áª¨å ª«îç¥© æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì
�«£®à¨â¬ Metaphone (�¢â®à | L. Philips, �«£®à¨â¬ á®§¤�− ¢ 1990 £. [9]), ¯à¥®¡à�-
§ãîé¨© ¨áå®¤−®¥ á«®¢® á ãç¥â®¬ ¯à�¢¨« �−£«¨©áª®£® ï§ëª�, ¨á¯®«ì§ãï §�¬¥â−®
¡®«¥¥ á«®¦−ë¥ ¯à�¢¨«�, ç¥¬ ¢ ¤àã£¨å ¯¥à¥ç¨á«¥−−ëå �«£®à¨â¬�å, ¡«�£®¤�àï
ç¥¬ã ¯à¨ ¯à¥®¡à�§®¢�−¨¨ â¥àï¥âáï §−�ç¨â¥«ì−® ¬¥−ìè¥ ¨−ä®à¬�æ¨¨.

�«£®à¨â¬ ®á−®¢�− −� à�§¡¨¥−¨¨ ¢á¥å ¡ãª¢ −� £àã¯¯ë ¯® §¢ãç�−¨î | £«�á−ë¥
¨ á®£«�á−ë¥, £«ãå¨¥ ¨ §¢®−ª¨¥. ‡¢®−ª¨¥ á®£«�á−ë¥ ¯à¥®¡à�§ãîâáï ¢ á®®â¢¥â-
áâ¢ãîé¨¥ ¨¬ ¯�à−ë¥ £«ãå¨¥, ®¡ê¥¤¨−ïîâáï úá«¨¢�îé¨¥áïû ¯à¨ ¯à®¨§−®è¥−¨¨
¯®á«¥¤®¢�â¥«ì−®áâ¨ ¡ãª¢ ¨ ¯à®¢®¤ïâáï −¥ª®â®àë¥ ¤àã£¨¥ ¤¥©áâ¢¨ï.

„«ï ¯®áâà®¥−¨ï ä®−¥â¨ç¥áª¨å ª«îç¥© àãááª¨å á«®¢ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®-
¢�âì �«£®à¨â¬ ú÷ãááª¨© Metaphoneû, ¯à¥¤«®¦¥−−ë© �. Š�−ìª®¢áª¨ ¢ 2002 £. [10]
¨ ¯®ª�§ë¢�îé¨© −� ¯à�ªâ¨ª¥ ®ç¥−ì å®à®è¨¥ à¥§ã«ìâ�âë. �â®â �«£®à¨â¬ ¯à¥-
®¡à�§ã¥â ¨áå®¤−ë¥ á«®¢� ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨ ¨ −®à¬�¬¨ àãááª®£® ï§ëª�,
ãç¨âë¢�ï ä®−¥â¨ç¥áª®¥ §¢ãç�−¨¥ ¡¥§ã¤�à−ëå £«�á−ëå ¨ ¢®§¬®¦−ë¥ úá«¨ï−¨ïû
á®£«�á−ëå ¯à¨ ¯à®¨§−®è¥−¨¨. �−�«®£¨ç−® �«£®à¨â¬ã Metaphone ¤«ï �−£«¨©áª¨å
á«®¢ ¢á¥ ¡ãª¢ë à�§¡¨¢�îâáï −� £àã¯¯ë ¯® §¢ãç�−¨î (£«�á−ë¥ ¨ á®£«�á−ë¥, £«ã-
å¨¥ ¨ §¢®−ª¨¥), §¢®−ª¨¥ á®£«�á−ë¥ ¯à¥®¡à�§ãîâáï ¢ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ £«ãå¨¥,
®¡ê¥¤¨−ïîâáï úá«¨¢�îé¨¥áïû ¯à¨ ¯à®¨§−®è¥−¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¡ãª¢.

8.3 Перевод из латиницы в кириллицу и из кириллицы в латиницу

�¢â®à�¬¨ à�§à�¡®â�−ë ¨ à¥�«¨§®¢�−ë ç¥âëà¥ �«£®à¨â¬� ¯¥à¥¢®¤� ¨¬¥− á®¡-
áâ¢¥−−ëå ¨§ ®¤−®© £à�ä¨ª¨ ¢ ¤àã£ãî.

�¥à¢ë© �«£®à¨â¬ ®áãé¥áâ¢«ï¥â ¯¥à¥¢®¤ ¨§ ª¨à¨««¨æë ¢ «�â¨−¨æã ¢ á®®â-
¢¥âáâ¢¨¨ á ¯à¨−ïâë¬ ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ §�¯®«−¥−¨¥¬ ¡«�−ª� ¯�á¯®àâ�.
‚ ®á−®¢−®¬ ®− á«¥¤ã¥â ¨−áâàãªæ¨¨ Œ‚„, � â�ª¦¥ ãç¨âë¢�¥â á«®¦¨¢èãîáï
¯à�ªâ¨ªã §�¯®«−¥−¨ï, −¥áª®«ìª® ®âáâã¯�îéãî ®â íâ®© ¨−áâàãªæ¨¨.

‚â®à®© �«£®à¨â¬ ®áãé¥áâ¢«ï¥â ®¡à�â−ë© ¯¥à¥¢®¤ ¨§ «�â¨−¨æë ¢ ª¨à¨««¨æã
−� ®á−®¢�−¨¨ â¥å ¦¥ ¯à�¢¨«. ‘«¥¤ã¥â §�¬¥â¨âì, çâ® ¢ ¨−áâàãªæ¨¨ ®¡à�â−ë© ¯¥à¥-
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‡�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ à�á¯à¥¤¥«¥−−ëå ¬�áá¨¢�å ¤�−−ëå

¢®¤ −¥ ¯à¥¤ãá¬®âà¥−, ¨ å®âï ¯àï¬®© ¯¥à¥¢®¤ ï¢«ï¥âáï ®¤−®§−�ç−ë¬, â® ®¡à�â−ë©
¯¥à¥¢®¤ ®â−î¤ì −¥ ®¤−®§−�ç¥−. ‚ ¯à¥¤«�£�¥¬®¬ �«£®à¨â¬¥ ®áãé¥áâ¢«ïîâáï −�¨-
¡®«¥¥ ¢¥à®ïâ−ë¥ ¢�à¨�−âë ¢®ááâ�−®¢«¥−¨ï ª¨à¨««¨ç¥áª®£® −�¯¨á�−¨ï ¨áå®¤−®£®
¨¬¥−¨ ¨ ä�¬¨«¨¨.

’à¥â¨© �«£®à¨â¬ ¯à¥¤−�§−�ç¥− ¤«ï ¯¥à¥¢®¤� ¨§ «�â¨−¨æë ¢ ª¨à¨««¨æã ¤«ï
ª¨â�©áª¨å ¨¬¥−. ‘ç¨â�¥âáï, çâ® ª¨â�©áª®¥ ¨¬ï §�¯¨á�−® −�¨¡®«¥¥ à�á¯à®áâà�-
−¥−−®© á¨áâ¥¬®© ú¯¨−ì¨−ìû ¨ ®−® ¯¥à¥¢®¤¨âáï ¢ á¨áâ¥¬ã ��««�¤¨ï, âà�¤¨æ¨®−−®
¨á¯®«ì§ã¥¬ãî ¤«ï ª¨à¨««¨ç¥áª®£® −�¯¨á�−¨ï. �®á«®£®¢ë© ¯¥à¥¢®¤ ï¢«ï¥âáï
−¥áª®«ìª® £à®¬®§¤ª¨¬, −® ¢ ¯à¨−æ¨¯¥ §�âàã¤−¥−¨ï −¥ ¢ë§ë¢�¥â, � ¢®â á�¬®
à�§¡¨¥−¨¥ −� á«®£¨ á¢ï§�−® á® á«®¦−®áâï¬¨. ’¥¬ −¥ ¬¥−¥¥ ®−® −¥®¡å®¤¨¬®, â�ª
ª�ª ®¤−¨ ¨ â¥ ¦¥ ¡ãª¢ë ¢ −�ç�«¥ ¨ ª®−æ¥ á«®£� ¬®£ãâ ®¡®§−�ç�âì áãé¥áâ¢¥−−®
à�§−ë¥ ä®−¥¬ë.

—¥â¢¥àâë© �«£®à¨â¬ ¯¥à¥¢®¤¨â ¨§ «�â¨−¨æë ¢ ª¨à¨««¨æã ï¯®−áª¨¥ ¨¬¥−�.
�à¥¤¯®«�£�¥âáï, çâ® ï¯®−áª®¥ ¨¬ï §�¯¨á�−® ¯® âà�¤¨æ¨®−−®© á¨áâ¥¬¥ •í¯¡ñà−�
¨ ®−® ¯¥à¥¢®¤¨âáï ¢ ª¨à¨««¨ç¥áªãî á¨áâ¥¬ã �®«¨¢�−®¢�. �¢â®à�¬¨ ¯à¥¤«®¦¥−
®à¨£¨−�«ì−ë© ¯à¨¥¬: ¯¥à¥¢®¤ ®áãé¥áâ¢«ï¥âáï ¢ ¤¢� íâ�¯� | −� ¯¥à¢®¬ á¨áâ¥¬�
•í¯¡ñà−� ¯¥à¥¢®¤¨âáï ¢ ãá«®¢−ãî á¨áâ¥¬ã −� «�â¨−áª®© ®á−®¢¥, −�¯®¬¨−�îéãî
−ë−¥ −¥ ¨á¯®«ì§ã¥¬ãî ú−¨å®−-á¨ª¨û, ¤«ï â®£® çâ®¡ë ª¨à¨««¨§�æ¨ï −� ¢â®à®¬
íâ�¯¥ ¡ë«� ¯®«−®áâìî ¥¤¨−®®¡à�§−®©.

8.4 Сравнение строк с ошибками в несколько букв

‚á«¥¤áâ¢¨¥ ®¯¥ç�â®ª, � â�ª¦¥ ¯à¨ ¢−¥á¥−¨¨ â¥ªáâ®¢ëå ¤�−−ëå (−�¯à¨¬¥à,
”ˆ�) ¢ �„ úá® á«ãå�û ¬®£ãâ ¢®§−¨ª�âì ®è¨¡ª¨ ¢ −¥áª®«ìª® ¡ãª¢. �à¨ ¯®¨áª¥
â¥ªáâ®¢ëå áâà®ª ¤«ï ãç¥â� ¢®§¬®¦−®áâ¨ â�ª¨å ®è¨¡®ª áà�¢−¥−¨¥ ¤¢ãå áâà®ª
æ¥«¥á®®¡à�§−® ®áãé¥áâ¢«ïâì ¯ãâ¥¬ ¢ëç¨á«¥−¨ï à�ááâ®ï−¨ï ‹¥¢¥−èâ¥©−� [11].
÷�ááâ®ï−¨¥ ‹¥¢¥−èâ¥©−� ¬¥¦¤ã ¤¢ã¬ï áâà®ª�¬¨ S1 ¨ S2 | íâ® ¬¨−¨¬�«ì−®¥
ç¨á«® ®¯¥à�æ¨© ¢áâ�¢ª¨ ®¤−®£® á¨¬¢®«�, ã¤�«¥−¨ï ®¤−®£® á¨¬¢®«� ¨ §�¬¥−ë
®¤−®£® á¨¬¢®«� −� ¤àã£®©, −¥®¡å®¤¨¬ëå ¤«ï ¯à¥®¡à�§®¢�−¨ï S1 ¢ S2.

‚ ®á−®¢¥ �«£®à¨â¬� ¢ëç¨á«¥−¨ï à�ááâ®ï−¨ï ‹¥¢¥−èâ¥©−� «¥¦¨â à¥ªãàà¥−â−�ï
ä®à¬ã«�:

D(i, j) =

= min (D(i, j − 1) + 1,D(i − 1, j) + 1,D(i− 1, j − 1) +m(S1[i], S2[j])) ,

£¤¥ S1[i] ¨ S2[j]| i-© á¨¬¢®« áâà®ª¨ S1 ¨ j-© á¨¬¢®« áâà®ª¨ S2 á®®â¢¥âáâ¢¥−−®;

m(a, b) =

{
0 , ¥á«¨ a = b ;

1 , ¥á«¨ a 6= b .

�à¥¤áâ�¢«ï¥âáï à�§ã¬−ë¬ (á¬. ¯®«®¦¥−¨ï 11 ¨ 12 ¢ ¯®¤à�§¤. 8.1) −¥áª®«ìª®
¬®¤¨ä¨æ¨à®¢�âì à¥ªãàà¥−â−ãî ä®à¬ã«ã. ’�ª, ¤«ï ¨£−®à¨à®¢�−¨ï á¤¢®¥−−ëå
¡ãª¢ −¥®¡å®¤¨¬® áç¨â�âì
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D(i, j) = min (D(i, j − 1) +m(S2[j − 1], S2[j]),
D(i− 1, j) +m(S1[i− 1], S1[i]),D(i − 1, j − 1) +m(S1[i], S2[j])) .

Šà®¬¥ â®£®, ¬®¦−® ¤«ï úà®¤áâ¢¥−−ëåû £«�á−ëå (� ≈ ®, ¥ ≈ ¨, ® ≈ ã) ¢¢¥áâ¨
¤à®¡−ë¥ §−�ç¥−¨ï äã−ªæ¨¨ m:

m(a, b) =





0 , ¥á«¨ a = b ;

0,5 , ¥á«¨ a ≈ b ;

1 ¢ ®áâ�«ì−ëå á«ãç�ïå.

„«ï ãç¥â� ®¯¥ç�â®ª áãé¥áâ¢ã¥â ¬®¤¨ä¨ª�æ¨ï à�ááâ®ï−¨ï ‹¥¢¥−èâ¥©−�, ãç¨-
âë¢�îé�ï ¯¥à¥áâ�−®¢ªã ¡ãª¢, | à�ááâ®ï−¨¥ „�¬¥à�ã{‹¥¢¥−èâ¥©−� [12]. �à¨
íâ®¬ ¯¥à¥áâ�−®¢ª� ¡ãª¢ ®æ¥−¨¢�¥âáï −¥ ¢ ¤¢¥ à¥¤�ªæ¨®−−ë¥ ®¯¥à�æ¨¨, � ¢ ®¤-
−ã. �¢â®àë −�áâ®ïé¥© áâ�âì¨ ¯à¥¤«®¦¨«¨ ¬®¤¨ä¨æ¨à®¢�âì íâã äã−ªæ¨î ¥é¥
¤�«¥¥, çâ®¡ë ãç¥áâì â�ªãî ç�áâãî ®¯¥ç�âªã, ª�ª §�¬¥−ã ®¤−®© ¡ãª¢ë ¤àã£®©,
−�å®¤ïé¥©áï −� á®á¥¤−¥© ª«�¢¨è¥, ¢¢®¤ï ¯®−¨¦¥−−ãî æ¥−ã â�ª®© ®¯¥à�æ¨¨:
m(a, b) = 0,5, ¥á«¨ a ¨ b −� á®á¥¤−¨å ª«�¢¨è�å.

9 Выводы

1. ‚ à�¡®â¥ áä®à¬ã«¨à®¢�−� ¯®áâ�−®¢ª� §�¤�ç ¨¤¥−â¨ä¨ª�æ¨¨ ˆ�, ç�áâ® ¢áâà¥-
ç�îé¨åáï −� ¯à�ªâ¨ª¥ ¯à¨ á®§¤�−¨¨ ¡®«ìè¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬,
®¡à�¡�âë¢�îé¨å ¤�−−ë¥, ¯®áâã¯�îé¨¥ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢.

2. “ª�§�−ë á¯®á®¡ë à¥è¥−¨ï §�¤�ç á«¨ï−¨ï ¨ ª«�áâ¥à¨§�æ¨¨ ˆ�, ®â¬¥ç¥−�
á¯¥æ¨ä¨ª� ¨¤¥−â¨ä¨ª�æ¨¨ ˆ� ¢ ¯®â®ª¥ á®¡ëâ¨©, ¯à¨¢¥¤¥− ¬¥â®¤ ª®àà¥«ï-
æ¨®−−®£® ¯®¨áª� ¤«ï ¢ëï¢«¥−¨ï á¢ï§¨ ¬¥¦¤ã ˆ�.

3. �à¨¢¥¤¥−ë ¬¥â®¤ë áà�¢−¥−¨ï ¨¬¥− á®¡áâ¢¥−−ëå á ãç¥â®¬ ¢®§¬®¦−ëå ¨áª�-
¦¥−¨© ¢ −¨å | ä®−¥â¨ç¥áª¨å, âà�−áªà¨¯æ¨®−−ëå, � â�ª¦¥ ¯à®áâ® ®¯¥ç�â®ª.
“ª�§�−� æ¥«¥á®®¡à�§−®áâì ¨á¯®«ì§®¢�−¨ï ¯à¨ ¨¤¥−â¨ä¨ª�æ¨¨ ”‹ ¤�−−ëå
ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë ª�ª ¢ ª¨à¨««¨æ¥, â�ª ¨ ¢ «�â¨−¨æ¥ ¨ ¯à¨¢¥¤¥−ë
á¯®á®¡ë ¯¥à¥¢®¤� á«®¢ ¨§ ª¨à¨««¨æë ¢ «�â¨−¨æã ¨ ¨§ «�â¨−¨æë ¢ ª¨à¨««¨æã.
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THE TASKS OF IDENTIFICATION OF INFORMATIONAL OBJECTS
IN AREA-SPREAD DATA ARRAYS

M. M. Gershkovich and T. K. Birukova

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: An approach for identification of informational objects (IO) in
automatic informational systems employed for data collection, storage, and
processing is presented. Information systems consist of multiple nodes and acquire
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data from multiple sources. In majority of cases, a data array of informational
systems is presented as continuously filled event's diary. Each event's record
includes characteristics of the event's participant | IO | and of the event's
conditions. In order to solve analytical problems related to IO, one should
identify IO, i. e., define the array of IOs that are, with certain probability, the
same entity. The paper defines typical IO identification tasks for elaboration
of large-scale informational systems: IO fusion and IO clustering | forming
an aggregate of IOs similar with respect to certain criteria. The identification
task is closely connected to the task of identification of links between IOs, as
the probability of IO's identity is higher if each IO is associated with another
object. The methods for solving these tasks are presented, special features of
IO identification in the flow of events are studied, and the correlation search
method for detection of associations between IOs is described. The method
for comparison of proper names considering probable distortions (phonetic and
transcriptional) and misprints is presented. The efficacy of simultaneous Cyrillic
and Latin first name { second name blocks application for personal identification
is substantiated and the methods for translation from Cyrillic to Latin and vice
versa are presented.

Keywords: identification of informational objects; identification of objects;
correlation search; search for associations; identity of objects; fusion of infor-
mational objects; fusion of objects; text attributes; data distortions; phonetic
distortions; transcriptional errors; Latin to Cyrillic transcription; Cyrillic to
Latin transcription; Metaphone; Levenstein's distance; spread systems; area-
spread systems; hierarchical systems; flow of events
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1 Введение

‚�¦−ë¬ ª®¬¯®−¥−â®¬ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨ ï¢«ï¥âáï
¯à¥¤áâ�¢«¥−¨¥ à¥§ã«ìâ�â®¢ à�¡®âë ¢ −�ãç−ëå áâ�âìïå. �ã¡«¨ª�æ¨¨, ¢ë§ë¢�-
îé¨¥ ¨−â¥à¥á, æ¨â¨àãîâáï ¤àã£¨¬¨ �¢â®à�¬¨. �¨¡«¨®¬¥âà¨ç¥áª¨© �−�«¨§ æ¨â¨-
à®¢�−¨ï ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ãà®¢¥−ì ¢®áâà¥¡®¢�−−®áâ¨ ¨ §−�ç¨¬®áâ¨ −�ãç−®©
à�¡®âë. ‚ëç¨á«ï¥¬ë¥ ¡¨¡«¨®¬¥âà¨ç¥áª¨¥ ¯®ª�§�â¥«¨ ï¢«ïîâáï ª®«¨ç¥áâ¢¥−−®©
å�à�ªâ¥à¨áâ¨ª®© ¯à®¤ãªâ¨¢−®áâ¨ ãç¥−®£®.

1.1 Библиометрические показатели

�®ª�§�â¥«ì æ¨â¨àã¥¬®áâ¨ ãç¥−®£® ®â®¡à�¦�¥â ®¡é¥¥ ç¨á«® à�á¯à¥¤¥«¥−−ëå
¯® £®¤�¬ ááë«®ª −� ¯ã¡«¨ª�æ¨¨, £¤¥ ¤�−−ë© ¨áá«¥¤®¢�â¥«ì ä¨£ãà¨àã¥â ¢ ª�ç¥áâ¢¥
�¢â®à� ¨«¨ á®�¢â®à�.
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2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, obuhova@amsd.com
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, soloviev@amsd.com
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�¨¡«¨®£à�ä¨ç¥áª�ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� ˆ�ˆ ÷��

÷¨á. 1 ‚ëç¨á«¥−¨¥ h-¨−¤¥ªá�

ˆ−¤¥ªá •¨àè� (h-¨−¤¥ªá), ¯à¥¤«®¦¥−−ë© �¬¥à¨ª�−áª¨¬ ä¨§¨ª®¬ Jorge
E. Hirsch [1], ®á−®¢ë¢�¥âáï −� ª®«¨ç¥áâ¢¥ ¯ã¡«¨ª�æ¨© ãç¥−®£® ¨ ç¨á«¥ æ¨-
â¨à®¢�−¨© íâ¨å ¯ã¡«¨ª�æ¨©. ˆ−¤¥ªá ¢ëç¨á«ï¥âáï −� ®á−®¢¥ à�á¯à¥¤¥«¥−¨ï
æ¨â¨à®¢�−¨© à�¡®â ¤�−−®£® ¨áá«¥¤®¢�â¥«ï ¯® áå¥¬¥: úãç¥−ë© ¨¬¥¥â ¨−¤¥ªá h,
¥á«¨ h ¨§ ¥£® Np áâ�â¥© æ¨â¨àãîâáï ª�ª ¬¨−¨¬ã¬ h à�§ ª�¦¤�ï, ¢ â® ¢à¥¬ï ª�ª
®áâ�¢è¨¥áï (Np − h) áâ�â¥© æ¨â¨àãîâáï −¥ ¡®«¥¥ ç¥¬ h à�§ ª�¦¤�ïû.

ƒà�ä¨ç¥áª�ï ¨««îáâà�æ¨ï ¢ëç¨á«¥−¨ï h-¨−¤¥ªá� ¯à¨¢¥¤¥−� −� à¨á. 1.
ˆ¬¯�ªâ-ä�ªâ®à (ˆ”, ¨«¨ IF) | ç¨á«¥−−ë© ¯®ª�§�â¥«ì ¢«¨ïâ¥«ì−®áâ¨ −�-

ãç−®£® ¦ãà−�«�, ¨§¬¥àï¥¬ë© ¯ãâ¥¬ ¢ëç¨á«¥−¨ï áà¥¤−¥£® ç¨á«� æ¨â¨à®¢�−¨© −�
áâ�âìî §� ®¯à¥¤¥«¥−−ë© ¯à®¬¥¦ãâ®ª ¢à¥¬¥−¨. ‘ 1960-å ££. ®− ¥¦¥£®¤−® à�ááç¨-
âë¢�¥âáï ˆ−áâ¨âãâ®¬ −�ãç−®© ¨−ä®à¬�æ¨¨ (Institute of Scientific Information,
ISI) ‘˜� ¤«ï ¢¥¤ãé¨å ¨§¤�−¨© ¬¨à� ¨ ¯ã¡«¨ªã¥âáï ¢ ¦ãà−�«¥ Journal Citation
Report (JCR) [2].

÷�áç¥â ¨¬¯�ªâ-ä�ªâ®à� ®á−®¢�− −� âà¥å«¥â−¥¬ ¯¥à¨®¤¥. ��¯à¨¬¥à, ¨¬¯�ªâ-
ä�ªâ®à ¦ãà−�«� ¢ 2013 £. I2013 ¢ëç¨á«¥− á«¥¤ãîé¨¬ ®¡à�§®¬:

I2013 =
A

B
,

£¤¥ A | ç¨á«® æ¨â¨à®¢�−¨© ¢ â¥ç¥−¨¥ 2013 £. ¢ ¦ãà−�«�å, ®âá«¥¦¨¢�¥¬ëå ISI,
áâ�â¥©, ®¯ã¡«¨ª®¢�−−ëå ¢ ¤�−−®¬ ¦ãà−�«¥ ¢ 2011{2012 ££.; B | ç¨á«® áâ�â¥©,
®¯ã¡«¨ª®¢�−−ëå ¢ ¤�−−®¬ ¦ãà−�«¥ ¢ 2011{2012 ££.

’�ª¨¬ ®¡à�§®¬, ¨¬¯�ªâ-ä�ªâ®à ï¢«ï¥âáï ¬¥à®©, ®¯à¥¤¥«ïîé¥© ç�áâ®âã, á
ª®â®à®© æ¨â¨àã¥âáï áà¥¤−¥áâ�â¨áâ¨ç¥áª�ï áâ�âìï ¦ãà−�«�.
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1.2 Индексы цитирования

ˆ−ä®à¬�æ¨®−−®© ¡�§®© ¤«ï ¯®«ãç¥−¨ï ¡¨¡«¨®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥© á«ã-
¦�â à¥ä¥à�â¨¢−®-¡¨¡«¨®£à�ä¨ç¥áª¨¥ �„ −�ãç−®£® æ¨â¨à®¢�−¨ï, ª®â®àë¥ ¤«ï
ªà�âª®áâ¨ −�§ë¢�îâáï ¨−¤¥ªá�¬¨ æ¨â¨à®¢�−¨ï.

ˆ§−�ç�«ì−® â¥à¬¨− ú¨−¤¥ªá æ¨â¨à®¢�−¨ïû ¢¢¥« ā. ƒ�àä¨«¤, ®á−®¢�â¥«ì
ISI, ¢−¥áè¨© á¥àì¥§−ë© ¢ª«�¤ ¢ á®§¤�−¨¥ ¬¥â®¤®«®£¨¨ ¨ ¨−áâàã¬¥−â�à¨ï ¡¨¡«¨®-
¬¥âà¨ç¥áª®£® �−�«¨§� [3]: ú. . .íâ® ã¯®àï¤®ç¥−−ë© á¯¨á®ª æ¨â¨à®¢�−−ëå áâ�â¥©,
ª�¦¤�ï ¨§ ª®â®àëå á®¯à®¢®¦¤�¥âáï á¯¨áª®¬ æ¨â¨àãîé¨å áâ�â¥©. –¨â¨àãîé�ï
áâ�âìï ®¯à¥¤¥«ï¥âáï ª�ª ¨áâ®ç−¨ª, � æ¨â¨àã¥¬�ï | ª�ª ááë«®ç−�ï. ‹î¡�ï
áâ�âìï-¨áâ®ç−¨ª ¬®¦¥â ¢¯®á«¥¤áâ¢¨¨ áâ�âì ááë«®ç−®©û.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯®−ïâ¨¥ ú¨−¤¥ªá� æ¨â¨à®¢�−¨ïû ¨á¯®«ì§ã¥âáï ¤«ï ®¡®§−�-
ç¥−¨ï à¥ä¥à�â¨¢−®© �„ −�ãç−ëå ¯ã¡«¨ª�æ¨©, ¨−¤¥ªá¨àãîé¥© ááë«ª¨, ãª�§�−-
−ë¥ ¢ ¯à¨áâ�â¥©−ëå á¯¨áª�å íâ¨å ¯ã¡«¨ª�æ¨©, ¨ ¯à¥¤®áâ�¢«ïîé¥© ¨−ä®à¬�æ¨î
® ª®«¨ç¥áâ¢¥−−ëå ¯®ª�§�â¥«ïå, â�ª¨å ª�ª áã¬¬�à−ë© ¯®ª�§�â¥«ì æ¨â¨àã¥¬®áâ¨,
¨−¤¥ªá •¨àè�. ’�ª�ï �„ ¯®§¢®«ï¥â −�å®¤¨âì ª�ª ¯ã¡«¨ª�æ¨¨, æ¨â¨àã¥¬ë¥
¢ ®â¤¥«ì−® ¢§ïâ®© áâ�âì¥, â�ª ¨ ¯ã¡«¨ª�æ¨¨, æ¨â¨àãîé¨¥ íâã áâ�âìî. ’�ª¨¬
®¡à�§®¬, ¯®«ì§®¢�â¥«ì ¬®¦¥â ¯à®¢®¤¨âì íää¥ªâ¨¢−ë© ¯®¨áª ¢á¥© ¡¨¡«¨®£à�ä¨¨
¯® ¨−â¥à¥áãîé¥¬ã ¥£® ¢®¯à®áã.

1.3 Библиометрические показатели как оценка эффективности научных
исследований

‚ −�ãç−®¬ á®®¡é¥áâ¢¥ −¥â ¥¤¨−®£® ¬−¥−¨ï ¯® ¢®¯à®áã, ¯à�¢®¬¥à−® «¨ ¨á-
¯®«ì§®¢�âì ¯®ª�§�â¥«¨ æ¨â¨àã¥¬®áâ¨ ¤«ï ®¯à¥¤¥«¥−¨ï ¯«®¤®â¢®à−®áâ¨ à�¡®âë
ãç¥−ëå. ˆá¯®«ì§®¢�−¨¥ áâ�â¨áâ¨ª¨ æ¨â¨à®¢�−¨© ¢ ª�ç¥áâ¢¥ ®á−®¢−®© ¬¥àë ª�-
ç¥áâ¢� ¨áá«¥¤®¢�−¨© −¥ ãç¨âë¢�¥â á¬ëá«� æ¨â¨à®¢�−¨ï, ª®â®à®¥ á�¬® ¯® á¥¡¥
¤®áâ�â®ç−® áã¡ê¥ªâ¨¢−® [4]. ‚ ®âç¥â¥ Œ¥¦¤ã−�à®¤−®£® ¬�â¥¬�â¨ç¥áª®£® á®î§�,
¯®á¢ïé¥−−®¬ ¢®¯à®á�¬ áâ�â¨áâ¨ç¥áª®© ®æ¥−ª¨ âàã¤� ãç¥−ëå [5], ¤�−® §�ª«îç¥-
−¨¥: ú„�−−ë¥ æ¨â¨à®¢�−¨© ¤�îâ «¨èì ®£à�−¨ç¥−−®¥ ¨ −¥¯®«−®¥ ¯à¥¤áâ�¢«¥−¨¥
® ª�ç¥áâ¢¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©û.

�®, â¥¬ −¥ ¬¥−¥¥, Œ¨−¨áâ¥àáâ¢® ®¡à�§®¢�−¨ï ¨ −�ãª¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨
¨§¤�«® ¯à¨ª�§ [6] ®¡ ¨á¯®«ì§®¢�−¨¨ ¤«ï ®æ¥−ª¨ ¤¥ïâ¥«ì−®áâ¨ −�ãç−ëå ª®««¥ªâ¨-
¢®¢ ¨ ®â¤¥«ì−ëå ãç¥−ëå ¡¨¡«¨®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥©, ª®â®àë¥ ®¯à¥¤¥«ïîâáï
−� ®á−®¢�−¨¨ ¤�−−ëå ÷ˆ�– ¨ ¬¥¦¤ã−�à®¤−ëå à¥ä¥à�â¨¢−ëå �„.

2 Международные и отечественные реферативные базы научного
цитирования

�� ¬¨à®¢®¬ àë−ª¥ −�ãç−®© ¨−ä®à¬�æ¨¨ −�¨¡®«¥¥ ¨§¢¥áâ−ë ¨ è¨à®ª® ¯à¥¤-
áâ�¢«¥−ë ¬¥¦¤ã−�à®¤−ë¥ ¨−¤¥ªáë æ¨â¨à®¢�−¨ï: WoS ª®¬¯�−¨¨ Thomson Reuters
(‘˜�) ¨ Scopus ª®¬¯�−¨¨ Elsevier (�¨¤¥à«�−¤ë). �¡� íâ¨ ¯à®¥ªâ� ï¢«ïîâáï
ª®¬¬¥àç¥áª¨¬¨, ¤®áâã¯ ª −¨¬ ®áãé¥áâ¢«ï¥âáï −� ¯«�â−®© ®á−®¢¥. Šà®¬¥ â®£®,
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§−�ç¨â¥«ì−®¥ ç¨á«® ¨§¤�−¨©, ¨−¤¥ªá¨àã¥¬ëå ¢ ¡�§�å WoS ¨ Scopus, ¯ã¡«¨ªã¥â
áâ�âì¨ −¥ ¨áå®¤ï ¨§ ªà¨â¥à¨¥¢ ª�ç¥áâ¢� ¯ã¡«¨ª�æ¨©, � −� ¯«�â−®© ®á−®¢¥, çâ®
áãé¥áâ¢¥−−® á−¨¦�¥â ¤®¢¥à¨¥ ª á®®â¢¥âáâ¢ãîé¨¬ ¨−¤¥ªá�¬, ® ç¥¬ ¢ −�áâ®ïé¥¥
¢à¥¬ï ¨¬¥¥âáï ¬−®£® ¯ã¡«¨ª�æ¨© ¢ ¬¨à®¢®© −�ãç−®© ¯¥ç�â¨.

‡�¤�ç� ¨−¤¥ªá¨à®¢�−¨ï ¯ã¡«¨ª�æ¨© à®áá¨©áª¨å ãç¥−ëå ¨ ãç¥â ¨å æ¨â¨à®¢�-
−¨ï ¢ë¯®«−ï¥âáï ÷ˆ�–, �„ ª®â®à®£® ¤®áâã¯−� −� ¯«�âä®à¬¥ eLibrary.ru.

2.1 Web of Science

Thomson Reuters WoS [7] | à¥ä¥à�â¨¢−ë¥ �„, á®¤¥à¦�é¨¥ ª�â�«®£¨ ¯ã-
¡«¨ª�æ¨© ¢ −�ãç−ëå ¦ãà−�«�å ¨ ááë«®ª −� −¨å. Web of Science ¢å®¤¨â ¢ á®áâ�¢
ª®¬¯«¥ªá� á¥à¢¨á®¢ ¡¨¡«¨®¬¥âà¨ç¥áª®£® �−�«¨§� ISI Web of Knowledge [8].

Š −¥¤®áâ�âª�¬ WoS ª�ª ¬¥¦¤ã−�à®¤−®£® ¨−¤¥ªá� æ¨â¨à®¢�−¨ï ®â−®á¨âáï
¯à¨−æ¨¯ ¯®¤¡®à� à¥æ¥−§¨àã¥¬ëå ¦ãà−�«®¢ á ï¢−ë¬ ¯à¥¤¯®çâ¥−¨¥¬ ¨§¤�−¨ï¬
‘˜�. „¨�£à�¬¬� à�á¯à¥¤¥«¥−¨ï ¯® áâà�−�¬ −�ãç−ëå ¦ãà−�«®¢, ¨−¤¥ªá¨àã¥¬ëå
WoS, ¯ã¡«¨ªã¥¬®£® ¢ ¦ãà−�«¥ JCR ª®¬¯�−¨¨ Thomson Reuters ¯à¨ ¯®¤¤¥à¦ª¥
ISI Web of Knowledge [9], ¯à¥¤áâ�¢«¥−� −� à¨á. 2.

÷¨á. 2 „¨�£à�¬¬� à�á¯à¥¤¥«¥−¨ï −�ãç−ëå ¦ãà−�«®¢, ¨−¤¥ªá¨àã¥¬ëå WoS, ¯® áâà�−�¬:
1 | �à�§¨«¨ï; 2 | ˆ−¤¨ï; 3 | ÷®áá¨ï; 4 | ˜¢¥©æ�à¨ï; 5 | ”à�−æ¨ï; 6 | Ÿ¯®−¨ï;
7 | ƒ¥à¬�−¨ï; 8 | �¨¤¥à«�−¤ë; 9 | �−£«¨ï; 10 | ‘˜�
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‘¯¨á®ª ®â¥ç¥áâ¢¥−−ëå ¦ãà−�«®¢ á®áâ®¨â ¨§ 150 −�¨¬¥−®¢�−¨© ¯® ¢á¥¬ −�ãç-
−ë¬ ¤¨áæ¨¯«¨−�¬. „«ï áà�¢−¥−¨ï á¯¨á®ª à¥ª®¬¥−¤®¢�−−ëå ‚ëáè¥© �ââ¥áâ�æ¨-
®−−®© ª®¬¨áá¨¥© (‚�Š) à¥æ¥−§¨àã¥¬ëå −�ãç−ëå ¦ãà−�«®¢ ¤«ï ®¯ã¡«¨ª®¢�−¨ï
®á−®¢−ëå −�ãç−ëå à¥§ã«ìâ�â®¢ ¤¨áá¥àâ�æ¨© −� á®¨áª�−¨¥ ãç¥−ëå áâ¥¯¥−¥© ¤®ª-
â®à� ¨ ª�−¤¨¤�â� −�ãª −�áç¨âë¢�¥â ¡®«¥¥ 2000 −�§¢�−¨©.

�á®¡¥−−® ®áâà® ¢®¯à®á −¥¤®áâ�â®ç−®£® ¯à¥¤áâ�¢¨â¥«ìáâ¢� ¢ WoS ª�á�¥âáï
¯ã¡«¨ª�æ¨© ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¨ ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨©. ‚ áâ�âì¥ [10]
�¢â®àë ¤®ª�§�«¨, çâ® 66% ¯ã¡«¨ª�æ¨© ¯® ¨−ä®à¬�â¨ª¥ −¥ ãç¨âë¢�¥âáï ¢
WoS.

2.2 Scopus

Scopus | ¬ã«ìâ¨¤¨áæ¨¯«¨−�à−�ï à¥ä¥à�â¨¢−�ï ¡�§�, ª®â®à�ï ¢ª«îç�¥â ¢
á¥¡ï 50 ¬«− §�¯¨á¥© (¨§ ª®â®àëå 70% á®¤¥à¦�â à¥ä¥à�âë) ¨§ 21 000 −�¨¬¥−®¢�−¨©
¨§¤�−¨©, ¢ª«îç�îé¨å ¡®«¥¥ 20 000 à¥æ¥−§¨àã¥¬ëå ¦ãà−�«®¢ (¢ â®¬ ç¨á«¥ 2600
¦ãà−�«®¢ Open Access ¨ ®ª®«® 300 à®áá¨©áª¨å ¦ãà−�«®¢ −� �−£«¨©áª®¬ ï§ëª¥),
5,5 ¬«− ¤®ª«�¤®¢ ª®−ä¥à¥−æ¨©. �â® á�¬�ï ªàã¯−�ï ¢ ¬¨à¥ à¥ä¥à�â¨¢−�ï �„,
ª®â®à�ï ®¡−®¢«ï¥âáï ¥¦¥¤−¥¢−® [11].

2.3 Российский индекс научного цитирования

‡�¤�ç� ¨−¤¥ªá¨à®¢�−¨ï ¯ã¡«¨ª�æ¨© à®áá¨©áª¨å ãç¥−ëå ¨ ãç¥â ¨å æ¨â¨à®-
¢�−¨ï ¢ ¤®áâ�â®ç−® ¯à¥¤áâ�¢¨â¥«ì−®¬ ®¡ê¥¬¥ áâ®¨â ¯¥à¥¤ ÷ˆ�–, �„ ª®â®à®£®
¯à¥¤áâ�¢«¥−� −� ¢¥¡-à¥áãàá¥ eLibrary.ru. ÷ˆ�– −�å®¤¨âáï ¢ áâ�¤¨¨ áâ�−®¢«¥−¨ï,
−® ã¦¥ á¥©ç�á ï¢«ï¥âáï á¥àì¥§−ë¬ ¨−áâàã¬¥−â®¬ ãç¥â� ¨ ¨§ãç¥−¨ï ¯ã¡«¨ª�æ¨®−-
−®© �ªâ¨¢−®áâ¨ à®áá¨©áª¨å ãç¥−ëå, ¢ â®¬ ç¨á«¥ ¨ ¢ §�àã¡¥¦−ëå ¨§¤�−¨ïå.

÷¥ä¥à�â¨¢−ë¥ ¡�§ë −�ãç−®£® æ¨â¨à®¢�−¨ï WoS, Scopus ¨ ÷ˆ�–, ¨á¯®«ì§ã-
¥¬ë¥ ¤«ï ¯®¤áç¥â� à¥©â¨−£®¢ ª�ª ®â¤¥«ì−ëå ãç¥−ëå, â�ª ¨ −�ãç−ëå ¨−áâ¨âãâ®¢,
¨−¤¥ªá¨àãîâ â®«ìª® ç�áâì à�¡®â �¢â®à®¢. �®íâ®¬ã ¯à¥¤áâ�¢«ï¥âáï ¨−â¥à¥á−®© ¨
¢�¦−®© §�¤�ç� �ªªã¬ã«ïæ¨ï ¢á¥å ¤�−−ëå ® ¯ã¡«¨ª�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ −�ãç-
−ëå á®âàã¤−¨ª®¢ �ˆˆ ¢ ¥¤¨−®¬ à¥áãàá¥. ‘ íâ®© æ¥«ìî ¡ë«� à�§à�¡®â�−� �ˆ�‘
ˆ�ˆ ÷�� [12].

3 Структура БИАС ИПИ РАН

3.1 Цели и задачи

�à®£à�¬¬−�ï á¨áâ¥¬� �ˆ�‘ ¯à¥¤−�§−�ç¥−� ¤«ï á¡®à�, åà�−¥−¨ï ¨ ¯à¥¤®-
áâ�¢«¥−¨ï ¢¥¡-¤®áâã¯� ª ¨−ä®à¬�æ¨¨, ¢ª«îç�îé¥©:

{ ¯®«−ë¥ á¯¨áª¨ −�ãç−ëå âàã¤®¢ á®âàã¤−¨ª®¢ ˆ�ˆ ÷��;

{ á¯¨áª¨ æ¨â¨à®¢�−¨© ¯ã¡«¨ª�æ¨© �¢â®à®¢.
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��ãç−ë¬¨ âàã¤�¬¨ áç¨â�îâáï ¦ãà−�«ì−ë¥ áâ�âì¨ ¢ ®â¥ç¥áâ¢¥−−ëå ¨ §�àã-
¡¥¦−ëå ¨§¤�−¨ïå, ¬®−®£à�ä¨¨, ãç¥¡−¨ª¨ ¨ ãç¥¡−ë¥ ¯®á®¡¨ï, ®âç¥âë ¯® â¥¬�¬
�ˆ÷, ®¡ê¥ªâë ¨−â¥««¥ªâã�«ì−®© á®¡áâ¢¥−−®áâ¨, ¤¨áá¥àâ�æ¨¨, ¯ã¡«¨ª�æ¨¨ ¤®-
ª«�¤®¢ ¨ â¥§¨á®¢ ¤®ª«�¤®¢ ¢ ¬�â¥à¨�«�å ª®−ä¥à¥−æ¨©.

‚ §�¤�ç¨ á¨áâ¥¬ë ¢å®¤¨â ä®à¬¨à®¢�−¨¥ ¡¨¡«¨®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥©
¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨: ¯®ª�§�â¥«¥© æ¨â¨àã¥¬®áâ¨ ¨ ¨−¤¥ªá� •¨àè� �¢â®-
à�. ‚�¦−®© §�¤�ç¥© �ˆ�‘ ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ áâ�â¨áâ¨ç¥áª¨å ®âç¥â®¢ ®
¯ã¡«¨ª�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ ˆ�ˆ ÷��.

�à®£à�¬¬−�ï á¨áâ¥¬� á®áâ®¨â ¨§ âà¥å ª®¬¯®−¥−â®¢:

(1) �¤¬¨−¨áâà�â¨¢−®£® ¬®¤ã«ï, ¯à¥¤−�§−�ç¥−−®£® ¤«ï §�¯®«−¥−¨ï ¨ à¥¤�ªâ¨à®-
¢�−¨ï �„ ¯ã¡«¨ª�æ¨©;

(2) ¬®¤ã«ï ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�, ®¡¥á¯¥ç¨¢�îé¥£® ¤®áâã¯ ª ¤�−−ë¬;
(3) ¬®¤ã«ï ä®à¬¨à®¢�−¨ï áâ�â¨áâ¨ç¥áª¨å ®âç¥â®¢.

3.2 Программные средства

�à®£à�¬¬−�ï á¨áâ¥¬� �ˆ�‘ à¥�«¨§®¢�−� ¢ ¢¨¤¥ á¥à¢¥à−®£® ¯à¨«®¦¥−¨ï,
äã−ªæ¨®−¨àãîé¥£® ¢ áà¥¤¥ ¢¥¡-á¥à¢¥à�.

ˆá¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�:

{ áà¥¤� à�§à�¡®âª¨ ¢¥¡-¯à¨«®¦¥−¨©: Yii PHP framework (Yiiframework
1.1.10);

{ ï§ëª à�§à�¡®âª¨: PHP 5.3.13;
{ ¢¥¡-á¥à¢¥à: Apache HTTP Server 2.2.22;
{ ‘“�„: Microsoft SQL Server 2005.

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−� íªá¯«ã�â�æ¨®−−�ï ¬®¤¥«ì, ¯à®å®¤ïé�ï ®¯ëâ−®¥ â¥áâ¨-
à®¢�−¨¥.

3.3 Административный режим

�â® ¯à¨¢¨«¥£¨à®¢�−−ë© à¥¦¨¬ à�¡®âë á¨áâ¥¬ë, ¢å®¤ ¤®áâã¯¥− ¤«ï §�à¥£¨-
áâà¨à®¢�−−ëå ¯®«ì§®¢�â¥«¥© á á®®â¢¥âáâ¢ãîé¨¬¨ ¯®«−®¬®ç¨ï¬¨. Š ¯à¨¢¨«¥£¨-
à®¢�−−ë¬ ¯®«ì§®¢�â¥«ï¬ ®â−®áïâáï, ¢ ç�áâ−®áâ¨, �¤¬¨−¨áâà�â®àë ¨ ¬®¤¥à�â®àë
á¨áâ¥¬ë.

‚ �¤¬¨−¨áâà�â¨¢−®¬ à¥¦¨¬¥ ¯à®¨áå®¤¨â §�−¥á¥−¨¥ ¨ à¥¤�ªâ¨à®¢�−¨¥ ¨−ä®à-
¬�æ¨¨ ¢ �„:

{ ®¡ �¢â®à�å,

{ ® ¯ã¡«¨ª�æ¨ïå,

{ ®¡ ¨§¤�−¨ïå,

{ ®¡ ¨§¤�â¥«ìáâ¢�å,

{ ® â¨¯�å ¯ã¡«¨ª�æ¨©.
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”®à¬� ¤«ï §�¯®«−¥−¨ï ¨−ä®à¬�æ¨¨ ® ¯ã¡«¨ª�æ¨ïå

‘ æ¥«ìî −�¨¡®«¥¥ ¯®«−®£® ¯à¥¤áâ�¢«¥−¨ï ¯ã¡«¨ª�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ �¢-
â®à®¢ ¯à¨ §�¯®«−¥−¨¨ �„ �ˆ�‘ ¨á¯®«ì§ãîâáï à�§−®®¡à�§−ë¥ ¨áâ®ç−¨ª¨, ª�ª
íâ® ¯à¥¤áâ�¢«¥−® −� à¨á. 3.

�®áª®«ìªã ¨−ä®à¬�æ¨ï ® ¯ã¡«¨ª�æ¨ïå §�−®á¨âáï ¨§ ¨áâ®ç−¨ª®¢, ¨¬¥îé¨å
à�§«¨ç�îé¨¥ ä®à¬�âë ¡¨¡«¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨, � â�ª¦¥ −¥â®ç−®áâ¨ ¨
®è¨¡ª¨ ¢ ¡¨¡«¨®£à�ä¨ç¥áª¨å ®¯¨á�−¨ïå, ä®à¬¨à®¢�−¨¥ â®ç−®© ¨−ä®à¬�æ¨¨ ®
¯ã¡«¨ª�æ¨ïå âà¥¡ã¥â àãç−®© ¤®à�¡®âª¨ ¬®¤¥à�â®à�¬¨ á¨áâ¥¬ë. ‚ �¤¬¨−¨áâà�-
â¨¢−®¬ à¥¦¨¬¥ ¨á¯®«ì§ã¥âáï á¯¥æ¨�«ì−�ï ä®à¬� §�−¥á¥−¨ï ¨ à¥¤�ªâ¨à®¢�−¨ï
§�¯¨á¥© ® ¯ã¡«¨ª�æ¨ïå, ª®â®à�ï ¯à¥¤áâ�¢«¥−� −� à¨á. 4.

Š�¦¤�ï ¯ã¡«¨ª�æ¨ï ¢ �„ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ −�¡®à®¬ á¢®©áâ¢:

{ −�§¢�−¨¥;

{ â¨¯ ¯ã¡«¨ª�æ¨¨;

{ ¨§¤�−¨¥ (á®¢¬¥áâ−® á ¢ëå®¤−ë¬¨ ¤�−−ë¬¨ ¯ã¡«¨ª�æ¨¨);

{ £®¤;

{ á¯¨á®ª �¢â®à®¢;

{ á¯¨á®ª ¡¨¡«¨®£à�ä¨ç¥áª¨å ááë«®ª;

÷¨á. 3 ˆáâ®ç−¨ª¨ §�¯®«−¥−¨ï �ˆ�‘
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÷¨á. 4 ”®à¬� §�−¥á¥−¨ï ¨ à¥¤�ªâ¨à®¢�−¨ï §�¯¨á¥© ® ¯ã¡«¨ª�æ¨ïå
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{ ¯à¨§−�ª¨ ¨−¤¥ªá�æ¨¨, ª ª®â®àë¬ ®â−®áïâáï:

• ¯à¨§−�ª ¨−¤¥ªá�æ¨¨ ¢ WoS;

• ¯à¨§−�ª ¨−¤¥ªá�æ¨¨ ¢ Scopus;

• ¯à¨§−�ª ¨−¤¥ªá�æ¨¨ ¢ ÷ˆ�– −� ¯«�âä®à¬¥ eLibrary;

• ¯à¨§−�ª ¨§¤�−¨ï ‚�Š.

„�−−ë¥ á¢®©áâ¢� ¯ã¡«¨ª�æ¨© ¨á¯®«ì§ãîâáï ¤«ï §�¤�−¨ï «®£¨ç¥áª¨å ¯®¨á-
ª®¢ëå §�¯à®á®¢ ª �„ ¤«ï ä®à¬¨à®¢�−¨ï áâ�â¨áâ¨ç¥áª¨å ®âç¥â®¢, ®âà�¦�îé¨å
¯ã¡«¨ª�æ¨®−−ãî �ªâ¨¢−®áâì −�ãç−ëå á®âàã¤−¨ª®¢ ˆ�ˆ ÷��.

3.4 Концептуальная модель базы данных

„«ï à¥�«¨§�æ¨¨ §�¤�ç ¢¥¡-¤®áâã¯� ª ¨−ä®à¬�æ¨¨, ®¯à¥¤¥«ïîé¥© ¯ã¡«¨ª�-
æ¨®−−ãî �ªâ¨¢−®áâì �¢â®à®¢, à�§à�¡®â�−� ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì �„, ¢ ª®â®à®©
®¯à¥¤¥«¥−ë â¨¯ë ®¡ê¥ªâ®¢ ¨ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï á¢ï§¥© ¬¥¦¤ã −¨¬¨.

„«ï ®¯¨á�−¨ï â¨¯®¢ ®¡ê¥ªâ®¢ ¯à¨¬¥−ïîâáï ¬¥â®¤ë ä�á¥â−®© −�¢¨£�æ¨¨,
à�§à�¡®â�−−®© �¢â®à�¬¨ [13, 14]. ˆ−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë (ˆ�) ú¯ã¡«¨ª�-
æ¨ïû ¯à¥¤áâ�¢«ïîâáï ä�á¥â−®© ä®à¬ã«®© ®¡ê¥ªâ®¢ (””�) ¢ ¢¨¤¥ ¬−®¦¥áâ¢�
á®¢®ªã¯−®áâ¥©: 〈ä�á¥â−ë© ¯à¨§−�ª: á¯¨á®ª §−�ç¥−¨©〉. Š�¦¤ë© ä�á¥â−ë© ¯à¨-
§−�ª á ¬−®¦¥áâ¢®¬ §−�ç¥−¨© ®¯à¥¤¥«ï¥â ®¡ê¥ªâ úä�á¥âû. �¡ê¥ªâë ®¤−®£® â¨¯�
®¯à¥¤¥«ïîâ ª«�áá. ‚ ¯à¥¤«�£�¥¬®© ¬®¤¥«¨ ¤�−−ëå ®¯à¥¤¥«¥−ë ª«�ááë.

SpecializedDataEntity | ª«�áá, íª§¥¬¯«ïà�¬¨ ª®â®à®£® ï¢«ïîâáï ˆ� ú¯ã¡-
«¨ª�æ¨ïû. ‡−�ç¥−¨ï ®¤−®à®¤−ëå á¢®©áâ¢ ®¡ê¥ªâ� ú¯ã¡«¨ª�æ¨ïû á£àã¯¯¨à®¢�−ë
¢ ª«�ááë Facet1, . . . ,Facetn.

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

1. Œ−®¦¥áâ¢® X =
{
Xi
j |i = 0, . . . , n, j = 1, . . . , ni

}
, £¤¥ ¨−¤¥ªá i ®¯à¥¤¥«ï¥â

−®¬¥à ª«�áá�, � j ®¯à¥¤¥«ï¥â −®¬¥à íª§¥¬¯«ïà� ¤�−−®£® ª«�áá�, ®¯à¥¤¥«ï¥â
¬−®¦¥áâ¢® ¢á¥å ®¡ê¥ªâ®¢.

2. X0m | íª§¥¬¯«ïàë ª«�áá� SpecializedDataEntity,m = 1, . . . ,m0, £¤¥m0 |
ª®«¨ç¥áâ¢® íª§¥¬¯«ïà®¢ ¤�−−®£® ª«�áá�.

3. Xf
k | íª§¥¬¯«ïàë ª«�áá®¢ Facetf , f = 1, . . . , n, k = 1, . . . , kf , kf | ª®«¨-

ç¥áâ¢® íª§¥¬¯«ïà®¢ á®®â¢¥âáâ¢ãîé¥£® ª«�áá�.

4. �¤−®¬¥áâ−ë© ¯à¥¤¨ª�â S
(
X0m,X

f
k

)
®¡®§−�ç�¥â, çâ® ®¡ê¥ªâ X0m ¨¬¥¥â á¢®©-

áâ¢® Xf
k , £¤¥ m ⊆ {1, . . . m0}; f ⊆ {1, . . . , n}; k ⊆ {1, . . . , kf}.

�®áª®«ìªã ¯®−ïâ¨ï ú¡¨−�à−®¥ ®â−®è¥−¨¥û ¨ ú¯à¨§−�ª (á¢®©áâ¢®)û ¨¤¥−â¨ç−ë
¢ á«ãç�¥, ¥á«¨ §−�ç¥−¨¥¬ á¢®©áâ¢� ï¢«ï¥âáï ®¡ê¥ªâ ¤àã£®£® ª«�áá�, â® ®¯à¥¤¥«¨¬
¨â¥à�æ¨®−−ãî ¬®¤¥«ì ¯®áâà®¥−¨ï á¢ï§¥© ®¡ê¥ªâ®¢.

˜�£ 1. „¢ãå¬¥áâ−ë© ¯à¥¤¨ª�â R2f1f2(X
f1
i1
,Xf2

i2
) ®¡®§−�ç�¥â ¡¨−�à−®¥ ®â-

−®è¥−¨¥ ¤¢ãå ®¡ê¥ªâ®¢ Xf1
i1

¨ Xf2
i2

ª«�áá®¢ Facetf1 ¨ Facetf2, £¤¥ f1 6= f2,
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i1 ⊆ {1, . . . , kf1}, i2 ⊆ {1, . . . , kf2}, kf1, kf2 | ª®«¨ç¥áâ¢® ®¡ê¥ªâ®¢ á®®â¢¥â-
áâ¢ãîé¥£® ä�á¥â�.

�à¥¤¨ª�â R2f1f2(X
f1
i1
,Xf2

i2
) ¯à¨−¨¬�¥â §−�ç¥−¨¥ ú¨áâ¨−�û (¤«ï ªà�âª®áâ¨

§�¯¨á¨: = true), ¥á«¨ ∃ ®¡ê¥ªâ X0m, ¤«ï ª®â®à®£® §�¤�−ë á¢®©áâ¢� Xf1
i1

¨ Xf2
i2

,

â. ¥. áãé¥áâ¢ãîâ S(X0m,X
f1
i1
) ¨ S(X0m,X

f2
i2
).

ˆ−ë¬¨ á«®¢�¬¨, ¤¢� á¢®©áâ¢� á¢ï§�−ë, ¥á«¨ áãé¥áâ¢ã¥â â�ª®© ˆ�, ã ª®â®à®£®
§�¤�−® ª�¦¤®¥ ¨§ íâ¨å á¢®©áâ¢.

˜�£ 2. ’à¥å¬¥áâ−ë© ¯à¥¤¨ª�â R3f1f2f3(X
f1
i1
,Xf2

i2
,Xf3

i3
), £¤¥ f1, f2, f3 ⊆

⊆ {1, . . . , n}, i1 ⊆ {1, . . . , kf1}, i2 ⊆ {1, . . . , kf2}, i3 ⊆ {1, . . . , kf3}, kf1, kf2,
kf3 | ª®«¨ç¥áâ¢® ®¡ê¥ªâ®¢ á®®â¢¥âáâ¢ãîé¥£® ä�á¥â�, ¢ëà�¦�îé¨© ®â−®è¥−¨¥

âà¥å ®¡ê¥ªâ®¢, ¯à¨−¨¬�¥â §−�ç¥−¨¥ ú¨áâ¨−�û, ¥á«¨ R2f1f2(X
f1
i1
,Xf2

i2
) = true ¨ ∃

®¡ê¥ªâ Xf3
i3

â�ª®©, çâ®

R2f1f3(X
f1
i1
,Xf3

i3
) = true ;

R2f2f3(X
f2
i2
,Xf3

i3
) = true.

˜�£ n. N-¬¥áâ−ë© ¯à¥¤¨ª�â RNf1f2···fN
(Xf1

i1
,Xf2

i2
, . . . ,XfN

iN
), £¤¥

f1, f2, . . . , fN ⊆ {1, . . . , n}, i1 ⊆ {1, . . . , kf1}, i2 ⊆ {1, . . . , kf2}, . . . ,
iN ⊆ {1, . . . , kfN

}, kf1 , kf2 , . . . , kfN
| ª®«¨ç¥áâ¢® ®¡ê¥ªâ®¢ á®®â¢¥âáâ¢ãîé¥-

£® ª«�áá�, ¢ëà�¦�îé¨© ®â−®è¥−¨¥ N ®¡ê¥ªâ®¢, ¯à¨−¨¬�¥â §−�ç¥−¨¥ ¨áâ¨−�,
¥á«¨

RN−1
f1,f2···fN−1

(Xf1
i1
,X

fN−1

iN−1
) = true

¨ ∃ ®¡ê¥ªâ XfN

iN
â�ª®©, çâ® ¤«ï ∀Xfj

ij
, j ∈ {1, . . . , N − 1},

R2fj
(X

fj

ij
,XfN

iN
) = true .

�®áâà®¥−−�ï ¬®¤¥«ì ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ á«¥¤ãîé¥£® �«£®à¨â¬� ¯®¨áª�
ˆ� ¯® §�¤�−−®© −¥¯à®â¨¢®à¥ç¨¢®© á®¢®ªã¯−®áâ¨ á¢®©áâ¢.

�â�¯ 1. ”¨ªá¨àã¥¬ á¢®©áâ¢® Xf
1 .

‚ë¡¨à�¥¬ ¯®¤¬−®¦¥áâ¢® ˆ�, ã ª®â®àëå §�¤�−® ¤�−−®¥ á¢®©áâ¢®. ‚ ª�¦¤®¬ ¨§
ä�á¥â®¢ ®áâ�îâáï â®«ìª® â¥ ®¡ê¥ªâë, ã ª®â®àëå áãé¥áâ¢ã¥â ¡¨−�à−®¥ ®â−®è¥−¨¥

á Xf
1 .

�â�¯ 2. ”¨ªá¨àã¥¬ á«¥¤ãîé¥¥ á¢®©áâ¢® Xf
2 .

�®¤¬−®¦¥áâ¢® ˆ� ®¯à¥¤¥«ï¥âáï ãá«®¢¨¥¬ â®£®, çâ® ã ¢á¥å ®¡ê¥ªâ®¢ §�¤�−®

ª�¦¤®¥ ¨§ á¢®©áâ¢ Xf
1 ¨ Xf

2 . ‘®®â¢¥âáâ¢¥−−® ¢ ª�¦¤®¬ ¨§ ä�á¥â®¢ ®áâ�îâáï

â®«ìª® â¥ ®¡ê¥ªâë, ã ª®â®àëå áãé¥áâ¢ã¥â ¡¨−�à−®¥ ®â−®è¥−¨¥ á Xf
1 ¨ á Xf

2 .
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—¨á«® íâ�¯®¢ ¢ë¡®à� ®ç¥à¥¤−®£® á¢®©áâ¢� ®¯à¥¤¥«ï¥âáï ª®«¨ç¥áâ¢®¬ á¢®©áâ¢.
�� ª�¦¤®¬ íâ�¯¥ ¯®«ãç�¥¬ ¯®¤¬−®¦¥áâ¢® ˆ�, ¨¬¥îé¨å §�¤�−−ë© −�¡®à á¢®©áâ¢.
Š�¦¤ë© ä�á¥â ®â®¡à�¦�¥â ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå §−�ç¥−¨© á¢®©áâ¢ áä®à¬¨à®-
¢�−−®£® ¯®¤¬−®¦¥áâ¢� ˆ�.

�à¥¨¬ãé¥áâ¢® ¤�−−®© ¬®¤¥«¨ §�ª«îç�¥âáï ¢ â®¬, çâ® ¢á¥ á¢ï§¨ ¢ëç¨á«ïîâáï
¤¨−�¬¨ç¥áª¨, çâ® ¯®§¢®«ï¥â à�áè¨àïâì á¯¨á®ª á¢®©áâ¢, −¥ ¬¥−ïï ¯à®£à�¬¬−ãî
à¥�«¨§�æ¨î. ˆ ¢â®à®¥ ¯à¥¨¬ãé¥áâ¢® §�ª«îç�¥âáï ¢ â®¬, çâ® ¯®á«¥¤®¢�â¥«ì−®áâì
¢ë¡®à� á¢®©áâ¢ ¬®¦¥â ¡ëâì ¯à®¨§¢®«ì−®©. �® ¯à¨ íâ®¬ −� ª�¦¤®¬ íâ�¯¥
®¡¥á¯¥ç¨¢�¥âáï ¢ë¡®à â®«ìª® ¤®¯ãáâ¨¬ëå á¢®©áâ¢.

3.5 Пользовательский интерфейс

�®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á, ¯à¥¤áâ�¢«¥−−ë© −� à¨á. 5, ¯®§¢®«ï¥â ®áãé¥-
áâ¢«ïâì ¯®¨áª −�ãç−ëå âàã¤®¢ ¯® á«¥¤ãîé¨¬ ¯à¨§−�ª�¬:

÷¨á. 5 �®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á
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{ ¯® −�§¢�−¨î;

{ ¯® �¢â®àã, ¢ â®¬ ç¨á«¥ áà¥¤¨ á®�¢â®à®¢;

{ ¯® £®¤ã;

{ ¯® −�¯à�¢«¥−¨î −�ãç−ëå ¨áá«¥¤®¢�−¨© ˆ�ˆ ÷��;

{ ¯® ¯®¤à�§¤¥«¥−¨î;

{ ¯® ¯à¨§−�ª�¬ ¨−¤¥ªá�æ¨¨.

3.6 Режим формирования отчетов

�â® ¯à¨¢¨«¥£¨à®¢�−−ë© à¥¦¨¬ à�¡®âë á¨áâ¥¬ë. ‘®¤¥à¦¨â ä®à¬ã á®§¤�−¨ï
§�¯à®á®¢ −� ¢ë¤�çã áâ�â¨áâ¨ç¥áª¨å ®âç¥â®¢. ‘¯¨á®ª ¯�à�¬¥âà®¢, ¯® ª®â®àë¬
ä®à¬¨àã¥âáï áâ�â¨áâ¨ç¥áª¨© ®âç¥â, ®¯à¥¤¥«ï¥âáï ¤¨−�¬¨ç¥áª¨ ¢ §�¢¨á¨¬®áâ¨ ®â
¯®áâ�¢«¥−−®© §�¤�ç¨. ‚ë¢®¤ ®áãé¥áâ¢«ï¥âáï ¢ excel-ä�©«.

4 Заключение

‚ áâ�â¨áâ¨ç¥áª¨å ®âç¥â�å �ˆ�‘

÷¨á. 6 „¨�£à�¬¬ë ¯à¥¤áâ�¢«¥−−®áâ¨
¯ã¡«¨ª�æ¨© á®âàã¤−¨ª®¢ ˆ�ˆ ÷�� ¢
�ˆ�‘, ÷ˆ�– ¨ Google Scholar

ˆ�ˆ ÷�� ä®à¬¨àãîâáï á¢¥¤¥−¨ï ®
¯ã¡«¨ª�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ �¢â®à®¢.
Š�¦¤�ï ¯ã¡«¨ª�æ¨ï á®¯à®¢®¦¤�¥âáï
¨−ä®à¬�æ¨¥© ®¡ ¨−¤¥ªá�æ¨¨ ¢ ¡�§�å
−�ãç−®£® æ¨â¨à®¢�−¨ï WoS, Scopus,
÷ˆ�–. �ã¡«¨ª�æ¨¨ ¢ ¨§¤�−¨ïå, ¢å®-
¤ïé¨å ¢ ¯¥à¥ç¥−ì ‚�Š, ¯®¬¥ç�îâáï á®-
®â¢¥âáâ¢ãîé¨¬ ¯à¨§−�ª®¬. „«ï ª�¦-
¤®© áâ�âì¨ ãª�§ë¢�¥âáï ¨¬¯�ªâ-ä�ªâ®à
¦ãà−�«� ¯® ¢¥àá¨¨ JCR ¤«ï ¨−®áâà�−-
−ëå ¨§¤�−¨© ¨ ¯® ¢¥àá¨¨ ÷ˆ�– ¤«ï
®â¥ç¥áâ¢¥−−ëå ¨§¤�−¨©.

Š ¤®áâ®¨−áâ¢�¬ �„ �ˆ�‘ ˆ�ˆ
÷�� −ã¦−® ®â−¥áâ¨ â®â ä�ªâ, çâ® ¢
−¥© á®¡à�−� ¯®«−�ï ¨ ¤®áâ®¢¥à−�ï ¨−-
ä®à¬�æ¨ï ® ¯ã¡«¨ª�æ¨ïå á®âàã¤−¨ª®¢
¨−áâ¨âãâ�, ¢ª«îç�ï ¤®ª«�¤ë ¨ â¥§¨áë ¤®ª«�¤®¢ −� ¬¥¦¤ã−�à®¤−ëå ¨ ®â¥ç¥-
áâ¢¥−−ëå ª®−ä¥à¥−æ¨ïå. �®áª®«ìªã ¤«ï â�ª¨å áâà¥¬¨â¥«ì−® à�§¢¨¢�îé¨åáï
®¡«�áâ¥© §−�−¨©, ª�ª ¨−ä®à¬�â¨ª�, ª®−ä¥à¥−æ¨¨ | −�¨¡®«¥¥ ¡«�£®¯à¨ïâ−�ï
¨ ®¯¥à�â¨¢−�ï áà¥¤� ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¨ ®¡áã¦¤¥−¨ï −®¢ëå ¨¤¥©, ¢ª«îç¥−¨¥
¡¨¡«¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ® ¤®ª«�¤�å ¢ �„ ï¢«ï¥âáï ä�ªâ®à®¬ ¯®«−®âë
−�¯®«−¥−¨ï �„.

„¨�£à�¬¬ë á®¯®áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ §�¯®«−¥−¨ï �„ ÷ˆ�– ¨ �„ ¯ã¡-
«¨ª�æ¨© á®âàã¤−¨ª®¢ ˆ�ˆ ÷�� (�ˆ�‘ ˆ�ˆ ÷��) ¯à¨¢¥¤¥−ë −� à¨á. 6
¨ 7.
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÷¨á. 7 „¨�£à�¬¬ë ¯à¥¤áâ�¢«¥−−®áâ¨ ¯ã¡«¨ª�æ¨© á®âàã¤−¨ª®¢ ˆ�ˆ ÷�� ¢ �ˆ�‘ (1)
¨ ÷ˆ�– (2) ¯® ª�â¥£®à¨ï¬

Œ®¤ã«ì−�ï áâàãªâãà� ¯®áâà®¥−¨ï á¨áâ¥¬ë �ˆ�‘ ¯®§¢®«ï¥â ¤®¡�¢«ïâì −®¢ë¥
äã−ªæ¨®−�«ì−ë¥ ¡«®ª¨ ¢ ¯à®æ¥áá¥ à�¡®âë á¨áâ¥¬ë, −¥ ¢«¨ïï −� áãé¥áâ¢ãîé¨¥ ¨
®â«�¦¥−−ë¥ á¥à¢¨áë. �¯ëâ−�ï íªá¯«ã�â�æ¨ï ¯®§¢®«¨â ®¯à¥¤¥«¨âì −�¯à�¢«¥−¨ï
à�§¢¨â¨ï á¨áâ¥¬ë.
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¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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¬¨¨ −�ãª; ¯à®ä¥áá®à −�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ï¤¥à−®£® ã−¨¢¥àá¨â¥â�
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‘®«®¢ì¥¢ ˆ¢�− ‚«�¤¨¬¨à®¢¨ç (à. 1976) | ¯à®£à�¬¬¨áâ 1-© ª�â¥£®à¨¨ ˆ−áâ¨-
âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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˜�å£¥«ì¤ï− Š�à¨−� ˆ®á¨ä®¢−� (à. 1967) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤®-
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−¥ ¯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−®¥
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÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
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−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 ¨«¨
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