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1 Введение

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� ¯®áâà®¥−¨ï á¥â¨ £«ã¡®ª®£® ®¡ãç¥-
−¨ï á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¡¨¡«¨®â¥ª¨ NVIDIA CUDA ¨ á¥à¢¨á� ®¡«�ç−ëå
¢ëç¨á«¥−¨© AWS. ÷¥è�¥âáï §�¤�ç� ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï¤®¢, £¤¥ ¯®¤
¢à¥¬¥−−‚ë¬ àï¤®¬ ¯®−¨¬�¥âáï ã¯®àï¤®ç¥−−ë© ¯® ¢à¥¬¥−¨ −�¡®à ¨§¬¥−¥−¨ï −¥-
ª®â®à®© á«ãç�©−®© ¢¥«¨ç¨−ë. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¨á¯®«ì§ãîâáï ¬¥â®¤ë
£«ã¡®ª®£® ®¡ãç¥−¨ï. �®¤ £«ã¡®ª¨¬ ®¡ãç¥−¨¥¬ ¯®−¨¬�¥âáï ®¡«�áâì ¬�è¨−−®£®
®¡ãç¥−¨ï, ¯®á¢ïé¥−−�ï ¯®áâà®¥−¨î −¥«¨−¥©−ëå ¬®¤¥«¥© ª«�áá¨ä¨ª�æ¨¨ ¨«¨ à¥-
£à¥áá¨¨, í«¥¬¥−âë áã¯¥à¯®§¨æ¨¨ ª®â®àëå ®¯¨áë¢�îâ á®®â¢¥âáâ¢ãîé¨© ãà®¢¥−ì
¯à¨§−�ª®¢®£® �£à¥£¨à®¢�−¨ï ¤�−−ëå [1].

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-37-00488).
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‘¨áâ¥¬ë ¨ áà¥¤áâ¢� £«ã¡®ª®£® ®¡ãç¥−¨ï ¢ §�¤�ç�å ª«�áá¨ä¨ª�æ¨¨

÷¥è¥−¨î ¯à¨ª«�¤−ëå §�¤�ç ¬¥â®¤�¬¨ £«ã¡®ª®£® ®¡ãç¥−¨ï ¯®á¢ïé¥−® §−�-
ç¨â¥«ì−®¥ ç¨á«® á®¢à¥¬¥−−ëå à�¡®â. ÷�¡®âë [2{4] ¯®á¢ïé¥−ë ª«�áá¨ä¨ª�æ¨¨
¢à¥¬¥−−‚ëå àï¤®¢ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ £«ã¡®ª®£® ®¡ãç¥−¨ï. ‚ à�¡®â¥ [3] ¨á-
¯®«ì§ãîâáï à¥ªãàà¥−â−ë¥ −¥©à®−−ë¥ á¥â¨, â. ¥. á¥â¨, á®¤¥à¦�é¨¥ æ¨ª«¨ç¥áª¨¥
á¢ï§¨ [1]. ‚ à�¡®â¥ [4] ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï¤®¢ à�áá¬�âà¨¢�îâ-
áï à�§«¨ç−ë¥ ª®¬¡¨−�æ¨¨ ®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ¬�−�, �¢â®ª®¤¨à®¢é¨ª�
¨ ¤¢ãåá«®©−®© −¥©à®−−®© á¥â¨. ˆáá«¥¤ã¥âáï áã¯¥à¯®§¨æ¨ï, á®áâ®ïé�ï ¨§ ®£à�−¨-
ç¥−−®© ¬�è¨−ë �®«ìæ¬�−�, �¢â®ª®¤¨à®¢é¨ª� ¨ ¤¢ãåá«®©−®© −¥©à®−−®© á¥â¨ [1].

÷�¡®âë [5{8] ¯®á¢ïé¥−ë à¥£ã«ïà¨§�æ¨¨ á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï. ‚ à�-
¡®â�å [9, 10] à�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� −¥ãáâ®©ç¨¢®áâ¨ á¥â¨. ‚ à�¡®â¥ [10]
¨áá«¥¤ã¥âáï ¯®¢¥¤¥−¨¥ ¬®¤¥«¨ £«ã¡®ª®£® ®¡ãç¥−¨ï ª�ª «¨¯è¨æ¥¢®© äã−ªæ¨¨.
÷�¡®âë [11{13] ¯®á¢ïé¥−ë ãáª®à¥−¨î ¯à®æ¥áá� à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−ëå §�-
¤�ç, ¢®§−¨ª�îé¨å ¯à¨ à�¡®â¥ á á¥âï¬¨ £«ã¡®ª®£® ®¡ãç¥−¨ï. ÷�¡®âë [9, 14]
¯®á¢ïé¥−ë ¯®áâà®¥−¨î �¤�¯â¨¢−ëå ¬®¤¥«¥© £«ã¡®ª®£® ®¡ãç¥−¨ï. ÷�¡®â� [15]
¯®á¢ïé¥−� à¥ªãàà¥−â−®© ¬®¤¨ä¨ª�æ¨¨ ¬®¤¥«¨ ®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ-
¬�−� [16] ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï¤®¢. ‘å®¦¨¥ ¨¤¥¨ ¯à¥¤«�£�îâáï
¢ à�¡®â¥ [17], ¯®á¢ïé¥−−®© ¯®áâà®¥−¨î à¥ªãàá¨¢−®£® �¢â®ª®¤¨à®¢é¨ª�.

‚ à�¡®â¥ [18] à�áá¬�âà¨¢�¥âáï à¥£ã«ïà¨§�æ¨ï �¢â®ª®¤¨à®¢é¨ª�, ¯®§¢®«ï-
îé�ï à¥£ã«¨à®¢�âì à�§à¥¦¥−−®áâì ¢−ãâà¥−−¥£® á«®ï �¢â®ª®¤¨à®¢é¨ª�. ‚ à�-
¡®â¥ [19] à�áá¬�âà¨¢�¥âáï ¯à¨−æ¨¯ à�¡®âë ¢�à¨�−â� �¢â®ª®¤¨à®¢é¨ª�, §�¤�ç¥©
ª®â®à®£® ï¢«ï¥âáï ä¨«ìâà�æ¨ï èã¬� ¢å®¤−®£® á¨£−�«�.

‚ ¤�−−®© áâ�âì¥ à¥è�¥âáï ¯à¨ª«�¤−�ï §�¤�ç� ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï-
¤®¢. ‚ ª�ç¥áâ¢¥ ¤�−−ëå ¤«ï ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¨á¯®«ì§ãîâáï ¤�−−ë¥
á �ªá¥«¥à®¬¥âà®¢ ¬®¡¨«ì−ëå â¥«¥ä®−®¢ [20]. �ªá¯¥à¨¬¥−â ¯à®¢®¤¨âáï á ¨á¯®«ì-
§®¢�−¨¥¬ Theano [21, 22] | ¡¨¡«¨®â¥ª¨ ¤«ï ¢ëç¨á«¥−¨© ¤«ï ï§ëª� Python.
Theano �ªâ¨¢−® ¨á¯®«ì§ã¥âáï ¤«ï ¯®áâà®¥−¨ï ¬®¤¥«¥© £«ã¡®ª®£® ®¡ãç¥−¨ï, � â�ª-
¦¥ ¤«ï ¯®áâà®¥−¨ï ¡®«¥¥ á¯¥æ¨�«¨§¨à®¢�−−ëå ¡¨¡«¨®â¥ª [23, 24]. ”ã−ªæ¨¨
¢ëç¨á«¥−¨© Theano ª®¬¯¨«¨àãîâáï, çâ® ¯®§¢®«ï¥â ¢ë¯®«−ïâì ¢ëç¨á«¥−¨ï §�
¯à¨¥¬«¥¬®¥ ¢à¥¬ï. „àã£®© ®â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî Theano ï¢«ï¥âáï ¢®§-
¬®¦−®áâì ¯à¨¬¥−¥−¨ï £à�ä¨ç¥áª®£® ¯à®æ¥áá®à� á ¨á¯®«ì§®¢�−¨¥¬ �àå¨â¥ªâãàë
¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨© CUDA [25]. ’�ª¦¥ ¢ íªá¯¥à¨¬¥−â�«ì−®¬ à¥¦¨¬¥ ¤®-
áâã¯−� ¢®§¬®¦−®áâì ¯à¨¬¥−¨âì ¨−â¥àä¥©á OpenCL [26], çâ® ¯®§¢®«ï¥â ¨á¯®«ì-
§®¢�âì ¤«ï ®¡ãç¥−¨ï −¥©à®á¥â¥© £à�ä¨ç¥áª¨¥ ¯à®æ¥áá®àë −¥ â®«ìª® NVIDIA,
−® ¨ ¤àã£¨å ¯à®¨§¢®¤¨â¥«¥©, −�¯à¨¬¥à Xilinx. ‚ ¤�−−®© à�¡®â¥ ®¯¨áë¢�¥âáï
íªá¯¥à¨¬¥−â, −�¯à�¢«¥−−ë© −� áà�¢−¥−¨¥ íää¥ªâ¨¢−®áâ¨ ®¡ãç¥−¨ï ¨áªãááâ¢¥−-
−ëå −¥©à®−−ëå á¥â¥© −� æ¥−âà�«ì−®¬ ¯à®æ¥áá®à¥ ¨ −� £à�ä¨ç¥áª®¬ ¯à®æ¥áá®à¥
ª®¬¯ìîâ¥à�. �à¨¢®¤ïâáï à¥ª®¬¥−¤�æ¨¨ ¯® â¥å−¨ç¥áª®© à¥�«¨§�æ¨¨ ª«�áá¨-
ä¨ª�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ á¥à¢¨á� ®¡«�ç−ëå ¢ëç¨á«¥−¨© AWS. „«ï
à¥è¥−¨ï §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ ¨á¯®«ì§ã¥âáï �«£®à¨â¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï
®è¨¡®ª á ¯®á«®©−ë¬ ¯à¥¤®¡ãç¥−¨¥¬ á¥â¨ ¨ ¤�«ì−¥©è¥© −�áâà®©ª®© ¯�à�¬¥âà®¢
¢á¥å á«®¥¢ [27]. ‚ ª�ç¥áâ¢¥ �«ìâ¥à−�â¨¢−®£® ¨−áâàã¬¥−â� ¤«ï à¥è¥−¨ï §�¤�ç¨
á ¨á¯®«ì§®¢�−¨¥¬ £«ã¡®ª®£® ®¡ãç¥−¨ï à�áá¬�âà¨¢�¥âáï ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥
¤«ï à¥è¥−¨ï §�¤�ç ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï¤®¢ −� ï§ëª¥ Matlab.
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�. ā. ��åâ¥¥¢, Œ. ‘. �®¯®¢�, ‚. ‚. ‘âà¨¦®¢

2 Формальная постановка задачи

�ãáâì §�¤�−� ¢ë¡®àª�

D = {(xi, yi)} , i = 1, . . . , N , (1)

á®áâ®ïé�ï ¨§ ¬−®¦¥áâ¢� ¯�à ú®¡ê¥ªâ{ª«�ááû, xi ∈ R
n. Š�¦¤ë© ®¡ê¥ªâ x

¯à¨−�¤«¥¦¨â ®¤−®¬ã ¨§ Z ª«�áá®¢ á ¬¥âª®© yi ∈ Y = {1, . . . , Z}.
Œ®¤¥«ìî ª«�áá¨ä¨ª�æ¨¨ ¨«¨ á¥âìî £«ã¡®ª®£® ®¡ãç¥−¨ï f −�§®¢¥¬ áã¯¥à¯®-

§¨æ¨î äã−ªæ¨©

f(w,x) = µ1 (µ2(· · ·µK(x))) : Rn → [0, 1]Z , (2)

£¤¥ µk, k ∈ {1, . . . ,K}, | ¬®¤¥«¨, ¯�à�¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® ¢¥ªâ®à-äã−ª-
æ¨¨; w | ¢¥ªâ®à ¯�à�¬¥âà®¢ ¬®¤¥«¥©; r-î ª®¬¯®−¥−âã ¢¥ªâ®à� f(x,w) ¡ã¤¥¬
¨−â¥à¯à¥â¨à®¢�âì ª�ª ¢¥à®ïâ−®áâì ®â−¥á¥−¨ï ®¡ê¥ªâ� xi ª ª«�ááã á ¬¥âª®© r.

’à¥¡ã¥âáï ¬¨−¨¬¨§¨à®¢�âì äã−ªæ¨î ®è¨¡ª¨ S −� ®¡ãç�îé¥© ¢ë¡®àª¥ D,
£¤¥ S | áã¬¬� ®âà¨æ�â¥«ì−ëå «®£�à¨ä¬®¢ ¯à�¢¤®¯®¤®¡¨ï [28] ¯® ¢á¥¬ ®¡ê¥ªâ�¬
¢ë¡®àª¨

�w = argmin
w

S(w|D),
£¤¥

S(w|D) = −
∑

(x,y)∈D

Z
∑

r=1

[yi = r] log p (y = r|x,w) .

2.1 Структура сети глубокого обучения

�à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¢ ª�ç¥áâ¢¥ �«£®à¨â¬� à¥è¥−¨ï §�¤�ç¨ áã¯¥à¯®§¨-
æ¨î, á®áâ®ïéãî ¨§ âà¥å ®á−®¢−ëå ª®¬¯®−¥−â: ®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ¬�−�,
�¢â®ª®¤¨à®¢é¨ª� ¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á softmax-ª«�áá¨ä¨ª�â®à®¬.

Ограниченная машина Больцмана. �£à�−¨ç¥−−�ï ¬�è¨−� �®«ìæ¬�−� ¯à¥¤-
áâ�¢«ï¥â á®¡®© ¤¢ã¤®«ì−ë© £à�ä, £¤¥ ¯¥à¢�ï ¤®«ï á®®â¢¥âáâ¢ã¥â ¯¥à¥¬¥−−®© x,
� ¢â®à�ï ¤®«ï | ¡¨−�à−®¬ã ¢¥ªâ®àã h ¤«¨−ë n′. ÷�áá¬®âà¨¬ á«ãç�©, ª®£¤�
¢¥ªâ®à x ¯à¨−¨¬�¥â ¡¨−�à−ë¥ §−�ç¥−¨ï. �¯à¥¤¥«¨¬ í−¥à£¨î ¯�àë ¢å®¤−®£®
á«®ï x ¨ áªàëâ®£® á«®ï h á«¥¤ãîé¨¬ ®¡à�§®¬:

E(x,h) = −xT · bvis − hT · bhid − hTWRBMx ,

£¤¥ bvis, bhid ¨WRBM | ¯�à�¬¥âàë ¬®¤¥«¨.
�ãáâì á®¢¬¥áâ−®¥ à�á¯à¥¤¥«¥−¨¥ ¯�àë ¢¥ªâ®à®¢ x, h §�¤�−® á«¥¤ãîé¨¬

®¡à�§®¬:

p(x,h) =
1

Z
exp (−E(x,h)) ,
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‘¨áâ¥¬ë ¨ áà¥¤áâ¢� £«ã¡®ª®£® ®¡ãç¥−¨ï ¢ §�¤�ç�å ª«�áá¨ä¨ª�æ¨¨

£¤¥ Z | −®à¬¨à®¢®ç−ë© ª®íää¨æ¨¥−â:

Z =
∑

x∈{0,1}n,h∈{0,1}n′

exp (−E(x,h)) .

”ã−ªæ¨ï ¢¥à®ïâ−®áâ¥© ¢¥ªâ®à� x ¥áâì áã¬¬� ¢¥à®ïâ−®áâ¥© ¯® ¢á¥¬ áªàëâë¬
á®áâ®ï−¨ï¬ ¢¥ªâ®à� h:

p(x) =
∑

h∈{0,1}n′

p(x,h) .

�¯à¥¤¥«¨¬ í«¥¬¥−â áã¯¥à¯®§¨æ¨¨ (2):

µRBM(x) = E(h|x) . (3)

��áâà®©ª� ¯�à�¬¥âà®¢ ¬®¤¥«¨ (3) ®áãé¥áâ¢«ï¥âáï à¥è¥−¨¥¬ §�¤�ç¨ ®¯â¨¬¨§�æ¨¨:

�WRBM, �bvis, �bhid = argmax
WRBM,bvis,bhid

p (D;W,bvis,bhid) =

=
∏

x∈D

∑

h∈{0,1}n′

1

Z
exp (−E(x,h)) . (4)

‚ ¤�−−®© à�¡®â¥ ¨á¯®«ì§ã¥âáï ¬®¤¨ä¨æ¨à®¢�−−�ï ¢¥àá¨ï ®£à�−¨ç¥−−®© ¬�è¨−ë
�®«ìæ¬�−�, ¯®§¢®«ïîé�ï à�¡®â�âì á −¥¡¨−�à−ë¬¨ ¢å®¤−ë¬¨ ¤�−−ë¬¨ [29].
‚ íâ®© ¬®¤¨ä¨ª�æ¨¨ í−¥à£¨ï E ¯�àë ¢å®¤−®£® á«®ï x ¨ áªàëâ®£® á«®ï h
¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:

E(x,h) =
(x− bvis)2
2σ2

− hT · bhid −
h

σ

T

Wx,

£¤¥ σ | áâ�−¤�àâ−®¥ −®à¬�«ì−®¥ ®âª«®−¥−¨¥ ®¡ê¥ªâ®¢ ¢ë¡®àª¨ D, ¤¥«¥−¨¥
¯à®¨§¢®¤¨âáï ¯®ª®¬¯®−¥−â−®.

„«ï à¥è¥−¨ï §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ (4) ¨á¯®«ì§ã¥âáï �«£®à¨â¬, ®¯¨á�−−ë©
¢ [1].

Автокодировщик. �¢â®ª®¤¨à®¢é¨ª ¯à¥¤−�§−�ç¥− ¤«ï á−¨¦¥−¨ï à�§¬¥à-
−®áâ¨ ¨áå®¤−®£® ¯à®áâà�−áâ¢� ¯à¨§−�ª®¢. �¢â®ª®¤¨à®¢é¨ª ¯à¥¤áâ�¢«ï¥â á®¡®©
áã¯¥à¯®§¨æ¨î ª®¤¨àãîé¥£® ¨ ¤¥ª®¤¨àãîé¥£® ¡«®ª� [1]:

µ′
AE = φ (g(x)) ,

£¤¥ g(x) = σ (Wex+ be)| ª®¤¨àãîé¨© ¡«®ª; φ(g(x)) = σ(Wdg(x) + bd)|
¤¥ª®¤¨àãîé¨© ¡«®ª; σ(t) = (1+exp(−t))−1 | á¨£¬®¨¤−�ï äã−ªæ¨ï;We,Wd,
be ¨ bd | ¯�à�¬¥âàë ¬®¤¥«¨.

‚¢¥¤¥¬ ¤®¯®«−¨â¥«ì−®¥ ®£à�−¨ç¥−¨¥ −� ¬�âà¨æëWe ¨Wd:

We =W
T
d .
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�¯â¨¬¨§�æ¨î ¯�à�¬¥âà®¢ ¬®¤¥«¨We ¡ã¤¥¬ ¯à®¢®¤¨âì â�ª¨¬ ®¡à�§®¬, çâ®¡ë
¯® ®¡à�§ã ¢¥ªâ®à� x, ¯®«ãç�¥¬®¬ã á ¯®¬®éìî ª®¤¨àãîé¥£® ¡«®ª�, ¬®¦−®
¡ë«® ¯®«ãç¨âì ¢¥ªâ®à µAE, ¡«¨§ª¨© ª ¨áå®¤−®¬ã ¢å®¤−®¬ã x, ¯à¨ ¯®¬®é¨
¯à¥®¡à�§®¢�−¨ï ¤¥ª®¤¨àãîé¥£® ¡«®ª�:

�We, �Wd, �be, �be = argmin
We,Wd,be,bd

1

|D|
∑

x∈D

||µAE(x)− x||22 . (5)

‘â®¨â ®â¬¥â¨âì, çâ® ¤¥ª®¤¨àãîé¨© ¡«®ª φ âà¥¡ã¥âáï â®«ìª® ¤«ï à¥è¥−¨ï
§�¤�ç¨ ®¯â¨¬¨§�æ¨¨ (5) ¨ −¥ ¨á¯®«ì§ã¥âáï ¢ áã¯¥à¯®§¨æ¨¨ (2). ’�ª¨¬ ®¡à�§®¬,
í«¥¬¥−â áã¯¥à¯®§¨æ¨¨ (2) ®¯à¥¤¥«¥− ª�ª

µAE = g(x) .

Двухслойная нейросеть. „¢ãåá«®©−�ï á¥âì ¯à¥¤áâ�¢«ï¥â á®¡®© «®£¨áâ¨ç¥-
áªãî ¢¥ªâ®à-äã−ªæ¨î [30]:

a(x) =WT

2 tanh
(

WT

1 x
)

;

µSM(x) =
exp (a(x))

∑Z

j=1
exp (aj(x))

,



















(6)

£¤¥ r-ï ª®¬¯®−¥−â� ¢¥ªâ®à� µSM(x) ¨−â¥à¯à¥â¨àã¥âáï ª�ª ¢¥à®ïâ−®áâì ¯à¨−�¤-
«¥¦−®áâ¨ ®¡ê¥ªâ� x ª«�ááã r. ˆâ®£®¢�ï äã−ªæ¨ï ª«�áá¨ä¨ª�æ¨¨ (2) áâ�¢¨â
¢ á®®â¢¥âáâ¢¨¥ ®¡ê¥ªâã x ¬¥âªã ª«�áá� y, £¤¥ y | ª«�áá, ª ª®â®à®¬ã ¯à¨−�¤«¥-
¦¨â x á −�¨¡®«ìè¥© ¢¥à®ïâ−®áâìî:

f(w,x)(r) =

{

1, ¥á«¨ r = argmaxr′ µSM(µAE(µRBM(x))(r
′) ;

0 ¨−�ç¥.

‡¤¥áì µAE ¨ µRBM | �¢â®ª®¤¨à®¢é¨ª (5) ¨ ®£à�−¨ç¥−−�ï ¬�è¨−� �®«ìæ¬�−� (4)
á®®â¢¥âáâ¢¥−−®; µSM(x)(r) | r-ï ª®¬¯®−¥−â� ¢¥ªâ®à� µSM; f(w,x)(r) | r-ï
ª®¬¯®−¥−â� ¢¥ªâ®à-äã−ªæ¨¨ f .

ˆâ®£®¢�ï §�¤�ç� ®¯â¨¬¨§�æ¨¨ ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:

�— = argmin
∑

x,y∈D

Z
∑

r=1

[y = r] log (µrSM (µAE (µRBM(x)))) ,

£¤¥ �— =
[

�WRBM, �bvis, �bhid, �We, �be,
�WT

2 ,
�WT

1

]

| ¯�à�¬¥âàë ®£à�−¨ç¥−−®© ¬�-

è¨−ë �®«ìæ¬�−� (4), �¢â®ª®¤¨à®¢é¨ª� (5) ¨ ¤¢ãåá«®©−®© á¥â¨ (6).

3 Запуск эксперимента на Amazon Web Services

‚ ¤�−−®¬ à�§¤¥«¥ ªà�âª® ¨§«®¦¥− ¯®àï¤®ª ¤¥©áâ¢¨© ¯® §�¯ãáªã ¢ëç¨á«¨â¥«ì-
−®£® íªá¯¥à¨¬¥−â� ¤«ï à¥è¥−¨ï §�¤�ç¨ (2) −� ¯«�âä®à¬¥ AWS.

8 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016



‘¨áâ¥¬ë ¨ áà¥¤áâ¢� £«ã¡®ª®£® ®¡ãç¥−¨ï ¢ §�¤�ç�å ª«�áá¨ä¨ª�æ¨¨

Необходимое программное обеспечение. „«ï §�¯ãáª� �«£®à¨â¬� −� AWS
âà¥¡ã¥âáï ¯à¥¤¢�à¨â¥«ì−® §�à¥£¨áâà¨à®¢�âìáï ¨ �ªâ¨¢¨à®¢�âì �ªª�ã−â −� á�©â¥
AWS. ’�ª¦¥ á«¥¤ã¥â ãáâ�−®¢¨âì ãâ¨«¨âë PUTTY, PUTTYGen ¨ WinSCP ¤«ï
Windows, «¨¡® scp ¨ ssh ¤«ï Linux ¨ Mac OS.

Настройка экземпляра (instance). �®¤ íª§¥¬¯«ïà®¬ (�−£«. instance) AWS
¯®−¨¬�¥âáï ¯à¥¤®áâ�¢«ï¥¬�ï á¥à¢¨á®¬ ¢ëç¨á«¨â¥«ì−�ï ¯«�âä®à¬�, á ª®â®à®©
¬®¦−® à�¡®â�âì ª�ª á ã¤�«¥−−ë¬ á¥à¢¥à®¬. �®á«¥ �¢â®à¨§�æ¨¨ −� áâà�−¨æ¥ ¯à®-
ä¨«ï AWS á«¥¤ã¥â §�©â¨ −� ª®−á®«ì ã¯à�¢«¥−¨ï [31] ¨ ¢ë¡à�âì ¯ã−ªâ úEC2û,
¢¥¤ãé¨© ¢ ¯®¤à�§¤¥« úEC2 Dashboardû. „«ï −�áâà®©ª¨ −®¢®£® íª§¥¬¯«ïà�
¬�è¨−ë AWS á«¥¤ã¥â −�¦�âì ª−®¯ªã úLaunch Instanceû ¨§ íâ®£® ¯®¤à�§¤¥«�.
‚ −®¢®¬ ®ª−¥ ¡ã¤¥â ¤®áâã¯¥− ¢ë¡®à ®¯¥à�æ¨®−−®© á¨áâ¥¬ë. „«ï §�¯ãáª� ¢ë-
ç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� −� Theano −�¨¡®«¥¥ ¯à®áâë¬ ¢�à¨�−â®¬ ï¢«ï¥âáï
¢ë¡®à ®¯¥à�æ¨®−−®© á¨áâ¥¬ë, áª®−ä¨£ãà¨à®¢�−−®© á®®¡é¥áâ¢®¬ ¤«ï à�¡®âë
á CUDA ¨ Theano, ¯¥à¥ç¥−ì ª®â®àëå ¬®¦−® −�©â¨ −� ¢ª«�¤ª¥ úCommunity
AMIsû. �¥®¡å®¤¨¬® §�©â¨ ¢® ¢ª«�¤ªã úCommunity AMIsû, ¢ áâà®ª¥ ¯®¨áª�
¢¢¥áâ¨ ¨¬ï ª®−ä¨£ãà�æ¨¨ ¨ −�¦�âì ª−®¯ªã úSelectû. ‚ ¤�−−®© à�¡®â¥ ¨á¯®«ì-
§®¢�«�áì ª®−ä¨£ãà�æ¨ï »ami-1797eb27¼, ï¢«ïîé�ïáï ¢¥àá¨¥© ®¯¥à�æ¨®−−®©
á¨áâ¥¬ë Ubuntu á ¯à¥¤ãáâ�−®¢«¥−−ë¬ ¯�ª¥â®¬ Theano (à¨á. 1).

�®á«¥ ¢ë¡®à� ª®−ä¨£ãà�æ¨¨ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë âà¥¡ã¥âáï ¢ë¡à�âì â¨¯
íª§¥¬¯«ïà� ¨ ¥£® å�à�ªâ¥à¨áâ¨ª¨: ®¡ê¥¬ ¦¥áâª®£® ¤¨áª�, ®¡ê¥¬ ®¯¥à�â¨¢−®©
¯�¬ïâ¨, áª®à®áâì á¥â¨, −�«¨ç¨¥ £à�ä¨ç¥áª®£® ãáª®à¨â¥«ï ¨ â. ¯. ‚ ¤�−−®© à�¡®â¥
¨á¯®«ì§ã¥âáï ¯«�â−ë© â¨¯ íª§¥¬¯«ïà� g2.2xlarge, ®¡«�¤�îé¨© ¢®áì¬¨ï¤¥à-

÷¨á. 1 ‚ë¡®à ª®−ä¨£ãà�æ¨¨ −� ª®−á®«¨ AWS
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−ë¬ ¯à®æ¥áá®à®¬, 15 ƒ� ¯�¬ïâ¨ ¨ ¯®¤¤¥à¦ª®© £à�ä¨ç¥áª®£® ãáª®à¨â¥«ï NVIDIA
GRID. ‚ á«ãç�¥ ¥á«¨ −¥ âà¥¡ã¥âáï ¯®¤¤¥à¦ª¨ £à�ä¨ç¥áª®£® ¯à®æ¥áá®à�, ¬®¦−®
¨á¯®«ì§®¢�âì ¡¥á¯«�â−ë© â¨¯ íª§¥¬¯«ïà� t2.micro. „�«ì−¥©è¨¥ −�áâà®©ª¨
íª§¥¬¯«ïà� ®¯æ¨®−�«ì−ë. �®á«¥ §�¢¥àè¥−¨ï −�áâà®©ª¨ á¨áâ¥¬� ¯à¥¤«®¦¨â á®-
§¤�âì ¯�àã ¨§ ®âªàëâ®£® ¨ §�ªàëâ®£® ª«îç� ¤«ï �¢â®à¨§�æ¨¨ ¢ ®¯¥à�æ¨®−−®©
á¨áâ¥¬¥ íª§¥¬¯«ïà� ¨«¨ ¢ë¡à�âì áãé¥áâ¢ãîé¨©. �®á«¥ §�¢¥àè¥−¨ï −�áâà®©ª¨
íª§¥¬¯«ïà� −®¢ë© íª§¥¬¯«ïà ¯®ï¢¨âáï ¢ â�¡«¨æ¥ −� ¢ª«�¤ª¥ úInstancesû, ¤®áâã¯-
−®© ¢ à�§¤¥«¥ úEC2 Dashboardû. ’�¬ ¦¥ ¡ã¤¥â ¤®áâã¯¥− ¨ IP-�¤à¥á íª§¥¬¯«ïà�
(¯®«¥ úPublic IPû).

Доступ к экземпляру. �à¨ à�¡®â¥ á íª§¥¬¯«ïà®¬ ¨§ ®¯¥à�æ¨®−−ëå á¨áâ¥¬
Linux ¨ Mac OS âà¥¡ã¥âáï ¨§¬¥−¨âì ¯à�¢� ¤«ï ä�©«� ª«îç�:

chmod 400 <ÐÕÔØ Ë ËÌÀÞÕ>

„®áâã¯ ª íª§¥¬¯«ïàã ¬®¦−® ¯®«ãç¨âì ¯® ¯à®â®ª®«ã SSH ¯® �¤à¥áã, ãª�-
§�−−®¬ã á¨áâ¥¬®© ¯®á«¥ á®§¤�−¨ï íª§¥¬¯«ïà�. „«ï ¤®áâã¯� ¨§ ®¯¥à�æ¨®−−®©
á¨áâ¥¬ë Linux ¨ Mac OS âà¥¡ã¥âáï ¢¢¥áâ¨ −� ª®−á®«¨ áâà®ªã:

ssh -i <ÐÕÔØ Ë ËÌÀÞÕ> ubuntu@<ip-ÁÄÒÅÓ>

„«ï ¤®áâã¯� ¨§ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë Windows ¬®¦−® ¨á¯®«ì§®¢�âì ¯à®-
£à�¬¬ã PuTTY ¨ PuTTYgen. PuTTYgen ª®−¢¥àâ¨àã¥â §�ªàëâë© ª«îç ¢ ¯à¨¥¬-
«¥¬ë© ¤«ï AWS ¢¨¤. „«ï ª®−¢¥àâ�æ¨¨ ª«îç� âà¥¡ã¥âáï ¢ë¡à�âì ¢ ¯à®£à�¬¬¥

÷¨á. 2 ��áâà®©ª� �ãâ¥−â¨ä¨ª�æ¨¨ Putty
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¯ã−ªâ File-Load private key ¨ ¢ë¡à�âì ¯®«ãç¥−−ë© ®â AWS ª«îç á à�áè¨à¥−¨¥¬
pem. ‡�â¥¬ âà¥¡ã¥âáï ¢ë¡à�âì ª−®¯ªã úSave private keyû ¨ á®åà�−¨âì ¯®«ãç¥−−ë©
ä�©« á à�áè¨à¥−¨¥¬ ppk.

„«ï ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï ª«îç� ¢ Putty âà¥¡ã¥âáï ¢ë¡à�âì ¢ª«�¤ªã
Connection-SSH-Auth, −�¦�âì ª−®¯ªã úBrowseû ¨ ¢ë¡à�âì ppk-ª«îç (à¨á. 2).
�®á«¥ íâ®£® ¬®¦−® §�å®¤¨âì −� á¥à¢¥à, ãª�§�¢ ¢ ¯®«¥ úHost nameû áâà®ªã ¢¨¤�

ubuntu@<ip-ÁÄÒÅÓ>

Обмен файлами с экземпляром. „«ï ®¡¬¥−� ä�©«�¬¨ á íª§¥¬¯«ïà®¬ ¬®¦−®
¨á¯®«ì§®¢�âì ãâ¨«¨âã scp ¤«ï Linux ¨ Mac OS ¨ WinSCP ¤«ï Windows. Š�ª
¨ ¢ á«ãç�¥ á á®¥¤¨−¥−¨¥¬ ¯® SSH (Secure SHell), ¯à¨ à�¡®â¥ á íª§¥¬¯«ïà®¬
¨§ ®¯¥à�æ¨®−−ëå á¨áâ¥¬ Linux ¨ Mac OS âà¥¡ã¥âáï ¨§¬¥−¨âì ¯à�¢� ¤«ï ä�©«�
ª«îç�:

chmod 400 <ÐÕÔØ Ë ËÌÀÞÕ>

„«ï ª®¯¨à®¢�−¨ï ¤�−−ëå −� á¥à¢¥à íª§¥¬¯«ïà� á ¨á¯®«ì§®¢�−¨¥¬ ãâ¨«¨âë
scp âà¥¡ã¥âáï ¢¢¥áâ¨ −� ª®−á®«¨ áâà®ªã

scp -i <ËÌÀÞ> <ÌÏËÁÌØÎÙÊ ÐÕÔØ Ë ÆÁÊÌÕ> ubuntu@<ip-ÁÄÒÅÓ>:

<ÐÕÔØ Ë ÆÁÊÌÕ ÎÁ ÜËÚÅÍÐÌÑÒÅ>

„«ï ª®¯¨à®¢�−¨ï ¤�−−ëå á á¥à¢¥à� íª§¥¬¯«ïà� −� «®ª�«ì−ë© ª®¬¯ìîâ¥à
á ¨á¯®«ì§®¢�−¨¥¬ ãâ¨«¨âë scp âà¥¡ã¥âáï ¢¢¥áâ¨ −� ª®−á®«¨ áâà®ªã

÷¨á. 3 ��áâà®©ª� �ãâ¥−â¨ä¨ª�æ¨¨ WinSCP
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scp -i <ÐÕÔØ Ë ËÌÀÞÕ> ubuntu@<ip-ÁÄÒÅÓ>:

<ÐÕÔØ Ë ÆÁÊÌÕ ÎÁ ÜËÚÅÍÐÌÑÒÅ> <ÌÏËÁÌØÎÙÊ ÐÕÔØ Ë ÆÁÊÌÕ>

‚ á«ãç�¥ ª®¯¨à®¢�−¨ï ¯�¯ª¨ âà¥¡ã¥âáï ¤®¡�¢¨âì ¢ ª®¬�−¤¥ ¯�à�¬¥âà ú{rû:

scp -i <ËÌÀÞ> -r <ÌÏËÁÌØÎÙÊ ÐÕÔØ Ë ÐÁÐËÅ>

ubuntu@<ip-ÁÄÒÅÓ>:<ÐÕÔØ Ë ÐÁÐËÅ ÎÁ ÜËÚÅÍÐÌÑÒÅ>

‚ ®¯¥à�æ¨®−−®© á¨áâ¥¬¥ Windows ¤«ï ª®¯¨à®¢�−¨ï ¤�−−ëå −� á¥à¢¥à íª§¥¬-
¯«ïà� −¥®¡å®¤¨¬® ®âªàëâì ¯à®£à�¬¬ã WinSCP. ‚ ¯®«¥ úHost nameû −ã¦−®
¢¢¥áâ¨ IP-�¤à¥á úPublic IPû, � ¢ ¯®«¥ úUser nameû | áâà®ªã úubuntuû. ‡�â¥¬
âà¥¡ã¥âáï −�¦�âì ª−®¯ªã úAdvancedû, ¢ −®¢®¬ ®ª−¥ ¢ë¡à�âì ¢ª«�¤ªã úSSHû |
úAuthentificationû, −�¦�âì ª−®¯ªã ú. . .û ¨ ¢ë¡à�âì ppk-ä�©«, á£¥−¥à¨à®¢�−−ë©
PuTTYGen (à¨á. 3). ‡�â¥¬ âà¥¡ã¥âáï −�¦�âì ª−®¯ªã úLoginû. �®á«¥ íâ®£® ¬®¦−®
¯¥à¥¤�¢�âì ¤®ªã¬¥−âë ¬¥¦¤ã «®ª�«ì−ë¬ ª®¬¯ìîâ¥à®¬ ¨ íª§¥¬¯«ïà®¬ AWS.

Завершение работы с экземпляром. �® §�¢¥àè¥−¨¨ à�¡®âë á íª§¥¬¯«ïà®¬
âà¥¡ã¥âáï ã−¨çâ®¦¨âì ¥£®, ¢ë¡à�¢ ¥£® −� ª®−á®«¨ ã¯à�¢«¥−¨ï ¨ ¨á¯®«ì§®¢�¢
ª®¬�−¤ã úTerminateû. ‚�¦−®: −� ª®−á®«¨ â�ª¦¥ ¨¬¥¥âáï ª®¬�−¤� úStopû, ®â-
ª«îç�îé�ï íª§¥¬¯«ïà. ‡� åà�−¥−¨¥ ¤�−−ëå −� ®âª«îç¥−−®¬ íª§¥¬¯«ïà¥ ¬®¦¥â
¢§¨¬�âìáï ¤®¯®«−¨â¥«ì−�ï ¯«�â�. Šà®¬¥ â®£®, ¢ 2014 £. ¡ë«� §�ä¨ªá¨à®¢�−�
®è¨¡ª� AWS, ¢§¨¬�¢è�ï ¤®¯®«−¨â¥«ì−ãî ¯«�âã §� ®âª«îç¥−−ë¥ ¨−áâ�−áë [32],
¯®íâ®¬ã à¥ª®¬¥−¤ã¥âáï ã¤�«ïâì íª§¥¬¯«ïà ¯®«−®áâìî. ’�ª¦¥ à¥ª®¬¥−¤ã¥âáï ã¤�-
«¨âì ¢á¥ åà�−¨«¨é� ¤�−−ëå, ¯à¨á®¥¤¨−¥−−ë¥ ª íª§¥¬¯«ïàã (¢ª«�¤ª� Volumes).

Запуск вычислительного эксперимента. „«ï §�¯ãáª� ¢ëç¨á«¨â¥«ì−®£® íªá-
¯¥à¨¬¥−â� á ¨á¯®«ì§®¢�−¨¥¬ Theano âà¥¡ã¥âáï ãª�§�âì ¯�à�¬¥âàë ª®−ä¨£ãà�æ¨¨
Theano ¯¥à¥¤ §�¯ãáª®¬. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¡ã¤¥â ¯à¨−ïâ� ª®−ä¨£ãà�æ¨ï ¯®
ã¬®«ç�−¨î. ��¨¡®«¥¥ ¯à®áâë¬ ¢�à¨�−â®¬ ãáâ�−®¢ª¨ ¯�à�¬¥âà®¢ Theano ï¢«ï¥â-
áï ¢ë§®¢ ¯à®£à�¬¬ë á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¥£® á¨−â�ªá¨á�:

THEANO FLAGS=<ÐÁÒÁÍÅÔÒÙ Theano × ÆÏÒÍÁÔÅ »ËÌÀÞ=ÚÎÁÞÅÎÉÅ¼

ÞÅÒÅÚ ÚÁÐÑÔÕÀ> python <ÐÕÔØ Ë ÓËÒÉÐÔÕ>

„«ï §�¯ãáª� áªà¨¯â� á n ¯à®æ¥áá®à�¬¨ âà¥¡ã¥âáï ¢ë§¢�âì ¥£® á«¥¤ãîé¨¬
®¡à�§®¬:

OMP NUM THREADS=n python <ÐÕÔØ Ë ÓËÒÉÐÔÕ>

„«ï §�¯ãáª� áªà¨¯â� á ¨á¯®«ì§®¢�−¨¥¬ CUDA âà¥¡ã¥âáï ¢ë§¢�âì áªà¨¯â
á«¥¤ãîé¥© ª®¬�−¤®©:

THEANO FLAGS=device=gpu,floatX=float32 python

<ÐÕÔØ Ë ÓËÒÉÐÔÕ>

‡¤¥áì floatX=float32 | ¯�à�¬¥âà, ®â¢¥ç�îé¨© §� ä®à¬�â ¢¥é¥áâ¢¥−−ëå
ç¨á¥« ¯à¨ ®¡à�¡®âª¥ Theano. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¨ à�¡®â¥ á CUDA ¯®¤¤¥à¦¨-
¢�¥âáï â®«ìª® float32.
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Общий план запуска алгоритма. �¨¦¥ ¯à¨¢¥¤¥−� ®¡é�ï ¯®è�£®¢�ï ¨−-
áâàãªæ¨ï §�¯ãáª� �«£®à¨â¬� −� á¥à¢¥à¥ AWS:

{ §�à¥£¨áâà¨à®¢�âìáï −� AWS;

{ áª®−ä¨£ãà¨à®¢�âì íª§¥¬¯«ïà;

{ áª®¯¨à®¢�âì ª®¤ ¨ ¤�−−ë¥ ¯à®¥ªâ� −� á¥à¢¥à (−�¯à¨¬¥à, ¢ ¯�¯ªã
/home/ubuntu/);

{ ¯à¨á®¥¤¨−¨âìáï ª á¥à¢¥àã ¯® ¯à®â®ª®«ã SSH;

{ §�©â¨ ¢ ¯�¯ªã á ¯à®¥ªâ®¬ á ¨á¯®«ì§®¢�−¨¥¬ ª®¬�−¤ë cd;

{ §�¯ãáâ¨âì ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â;

{ áª®¯¨à®¢�âì à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� −� «®ª�«ì−ë© ª®¬¯ìîâ¥à;

{ ã−¨çâ®¦¨âì íª§¥¬¯«ïà.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� §�¯ãáª� ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¬®¦−® ¢ë§¢�âì ª®-
¬�−¤ã sh run8CPU.sh¤«ï §�¯ãáª� íªá¯¥à¨¬¥−â� −� ¢®áì¬¨ ï¤à�å ¯à®æ¥áá®à� ¨«¨
sh runGPU.sh ¤«ï §�¯ãáª� íªá¯¥à¨¬¥−â� −� £à�ä¨ç¥áª®¬ ãáª®à¨â¥«¥. �®¤à®¡−®
¯�à�¬¥âàë §�¯ãáª� ®¯¨á�−ë ¢ Readme-ä�©«¥ ¯à®¥ªâ� [33].

4 Построение сети глубокого обучения заданной структуры на языке
Matlab

‚ ª�ç¥áâ¢¥ −¥§�¢¨á¨¬®£® ¢�à¨�−â� à¥è¥−¨ï §�¤�ç¨ (2) ¯à¥¤«�£�¥âáï ¨á¯®«ì-
§®¢�âì ¨−áâàã¬¥−â�à¨© [34] �¢â®à®¢ [4] −� ï§ëª¥ Matlab. �− ¯à¥¤−�§−�ç¥−
¤«ï ¯®áâà®¥−¨ï −¥©à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï á® áâàãªâãà®©, §�¤�¢�¥¬®©
¯®«ì§®¢�â¥«¥¬.

Описание процедуры запуска инструментария. „«ï −�áâà®©ª¨ ¨ â¥áâ¨à®-
¢�−¨ï á¥â¨ −¥®¡å®¤¨¬ −�¡®à ¤�−−ëå. „�−−ë¥ ¤®«¦−ë ¡ëâì á®åà�−¥−ë ¢ ä®à¬�â¥
csv (comma separated values), � ä�©« ¤®«¦¥− ¡ëâì −�§¢�− dataset.csv. ”�©«
dataset.csv á®áâ®¨â ¨§ N ç¨á«®¢ëå áâà®ª. �¥à¢®¥ ç¨á«® ¢ ª�¦¤®© áâà®ª¥ ä�©«�
¤®«¦−® ¡ëâì æ¥«ë¬ ®â 1 ¤®Z { íâ® ¬¥âª� ª«�áá�. �áâ�¢è¨¥áïm ç¨á¥« ¢ áâà®ª¥ |
íâ® ç¨á«®¢ë¥ ¯à¨§−�ª¨ ®¡ê¥ªâ� (1). „�«¥¥ −¥®¡å®¤¨¬® §�¤�âì ¦¥«�¥¬ãî áâàãªâã-
àã ¬®¤¥«¨. „«ï íâ®£® −ã¦−® á®§¤�âì ä�©« model.csv. �â®â ä�©« á®áâ®¨â ¨§ ®¤−®©
ç¨á«®¢®© áâà®ª¨. �¥à¢®¥ ç¨á«® | íâ® ¦¥«�¥¬®¥ ç¨á«® ãà®¢−¥© áã¯¥à¯®§¨æ¨¨
¬®¤¥«¨. „�«¥¥ ®¡®§−�ç¨¬ ª�ªK. ‘«¥¤ãîé¨¥K ç¨á¥« | ®¯¨á�−¨¥ â¨¯®¢ ãà®¢−¥©
(1 | ®£à�−¨ç¥−−�ï ¬�è¨−� �®«ìæ¬�−�; 2 | �¢â®ª®¤¨à®¢é¨ª; 3 | ¤¢ãåá«®©−�ï
−¥©à®á¥âì); á«¥¤ãîé¨¥ K ç¨á¥« | ç¨á«® −¥©à®−®¢ ¢ ª�¦¤®¬ á«®¥ á ¯¥à¢®£® ¯®
K-© á®®â¢¥âáâ¢¥−−®; á«¥¤ãîé¨¥ K ç¨á¥« { ç¨á«® æ¨ª«®¢ ®¡ãç¥−¨ï ¤«ï ª�¦¤®£®
á«®ï. �®á«¥¤−¥¥ ç¨á«® ¢ áâà®ª¥ | ç¨á«® ®¡ê¥ªâ®¢ ¢ë¡®àª¨, ª®â®àë¥ ¡ã¤ãâ
á«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡à�−ë ¨§ ¢á¥£® −�¡®à� ¤�−−ëå ¤«ï ®¡ãç¥−¨ï ¬®¤¥«¨.

�à¨¬¥à. ‘âà®ª� 3 1 2 3 100 80 50 100 100 200 500 ®¯¨áë¢�¥â á«¥¤ãîéãî ¬®¤¥«ì:
âà¥åá«®©−�ï áã¯¥à¯®§¨æ¨ï ®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ¬�−� á® 100 −¥©à®−�¬¨,
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�¢â®ª®¤¨à®¢é¨ª� á 80 −¥©à®−�¬¨ ¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á 50 −¥©à®−�¬¨. �ã¤¥â
¯à®¢¥¤¥−® 100 æ¨ª«®¢ ®¡ãç¥−¨ï RBM, 100 æ¨ª«®¢ ®¡ãç¥−¨ï �¢â®ª®¤¨à®¢é¨ª�
¨ 200 æ¨ª«®¢ ®¡ãç¥−¨ï ¤¢ãåá«®©−®© −¥©à®á¥â¨. „«ï ®¡ãç¥−¨ï ¬®¤¥«¨ á«ãç�©−ë¬
®¡à�§®¬ ¡ã¤¥â ¢ë¡à�−� ¯®¤¢ë¡®àª� ¬®é−®áâ¨ 500.

‡�¬¥ç�−¨¥. �£à�−¨ç¥−−ë¥ ¬�è¨−ë �®«ìæ¬�−� ¨ �¢â®ª®¤¨à®¢é¨ª¨ ®¡ãç�îâáï
ú¡¥§ ãç¨â¥«ïû ¨ §�¤�îâ ¯à®æ¥¤ãàã ¯®à®¦¤¥−¨ï ¯à¨§−�ª®¢, â. ¥. −� ¢ëå®¤¥ íâ¨å
¬®¤¥«¥© ¯®«ãç�¥âáï ¯à¥®¡à�§®¢�−−�ï ¬�âà¨æ� ¯à¨§−�ª®¢®£® ®¯¨á�−¨ï. „¢ãå-
á«®©−�ï −¥©à®á¥âì ®¡ãç�¥âáï úá ãç¨â¥«¥¬û ¨ −¥¯®áà¥¤áâ¢¥−−® à�§¤¥«ï¥â ®¡ê¥ªâë
−� ª«�ááë. “ç¨âë¢�ï íâ®, áâàãªâãà� K-á«®©−®© ¬®¤¥«¨ ¤®«¦−� ¡ëâì §�¤�-
−� â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¯¥à¢ë¥ K − 1 á«®¥¢ á®áâ®ï«¨ ¨§ ¬�è¨− �®«ìæ¬�−�
¨ �¢â®ª®¤¨à®¢é¨ª®¢, � ¯®á«¥¤−¨© á«®© | ¨§ ¤¢ãåá«®©−®© −¥©à®á¥â¨.

Настройка нейронной сети. �®á«¥ ¯®¤£®â®¢ª¨ ä�©«®¢ á −�¡®à®¬ ¤�−−ëå
¨ ®¯¨á�−¨¥¬ áã¯¥à¯®§¨æ¨¨ ¬®¦−® á®§¤�âì, ®¡ãç¨âì ¨ ¯à®â¥áâ¨à®¢�âì ¬®¤¥«ì.
„«ï íâ®£® −¥®¡å®¤¨¬® ¢ë¯®«−¨âì á«¥¤ãîé¨¥ è�£¨:

(1) §�£àã§¨âì −� ª®¬¯ìîâ¥à ¨−áâàã¬¥−â�à¨© ¨§ à¥¯®§¨â®à¨ï MLAlgorithms [34];

(2) §�¯ãáâ¨âì á¨áâ¥¬ã Matlab;

(3) ¢ ª�ç¥áâ¢¥ à�¡®ç¥© ¤¨à¥ªâ®à¨¨ ¢ Matlab ãáâ�−®¢¨âì ¤¨à¥ªâ®à¨î:
. . . \Popova2015Deeplearning;

(4) ¯®¬¥áâ¨âì ä�©« dataset.csv ¢ ¯�¯ªã . . . \Popova2015Deeplearning\data,
� ä�©« model.csv| ¢ ¯�¯ªã . . . \Popova2015Deeplearning\code;

(5) §�¯ãáâ¨âì ä�©« main.m, ª®â®àë© −�å®¤¨âáï ¢ ¯�¯ª¥:
. . . \Popova2015Deeplearning\code.

�®á«¥ â®£® ª�ª ä�©« main.m §�¢¥àè¨â à�¡®âã, ¢ ¯�¯ª¥
. . . \Popova2015Deeplearning\report ¡ã¤ãâ á®åà�−¥−ë £à�ä¨ª¨ c ROC-ªà¨¢®©
(Receiver Operating Characteristic) ¨ äã−ªæ¨®−�«®¬ AUC (Area Under Curve),
� â�ª¦¥ ä�©« model.mat, ¢ ª®â®à®¬ åà�−¨âáï −�áâà®¥−−�ï ¬®¤¥«ì.

5 Вычислительный эксперимент

‚ ª�ç¥áâ¢¥ ¤�−−ëå ¤«ï ¯à®¢¥¤¥−¨ï ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¨á¯®«ì-
§®¢�«¨áì ¤�−−ë¥ WISDM (WIreless Sensor Data Mining) [20], ¯à¥¤áâ�¢«ïîé¨¥
á®¡®© −�¡®à §�¯¨á¥© �ªá¥«¥à®¬¥âà� ¬®¡¨«ì−®£® â¥«¥ä®−�. Š�¦¤®© §�¯¨á¨ á®-
®â¢¥âáâ¢ãîâ âà¨ ª®®à¤¨−�âë ¯® ®áï¬ �ªá¥«¥à®¬¥âà�. ��¡®à ¤�−−ëå á®¤¥à¦¨â
§�¯¨á¨ ¤¢¨¦¥−¨© ¤«ï 6 ª«�áá®¢ ¯¥à¥¬¥−−®© ¤«¨−ë. �à¨ ¯à®¢¥¤¥−¨¨ ¢ëç¨á«¨-
â¥«ì−®£® íªá¯¥à¨¬¥−â� ¨§ ª�¦¤®© §�¯¨á¨ ¨á¯®«ì§®¢�«¨áì ¯¥à¢ë¥ 200 á¥£¬¥−â®¢.
’�ª ª�ª ¢ë¡®àª� −¥ á¡�«�−á¨à®¢�−�, ¢ −¥¥ ¤®¡�¢«ï«¨áì ¯®¢â®àë §�¯¨á¥© ª«�áá®¢,
á®¤¥à¦�é¨å ª®«¨ç¥áâ¢® §�¯¨á¥©, ¬¥−ìè¥¥ ç¥¬ ã ¡®«ìè¥£® ª«�áá�.

�á−®¢−ë¥ íªá¯¥à¨¬¥−âë | ¨áá«¥¤®¢�−¨¥ §�¢¨á¨¬®áâ¨ ®è¨¡ª¨ ª«�áá¨ä¨ª�-
æ¨¨ ®â ç¨á«� ¯�à�¬¥âà®¢ ¨ à�§¬¥à� ¢ë¡®àª¨ | ¡ë«¨ ¯à®¢¥¤¥−ë ª�ª á ¨á¯®«ì-
§®¢�−¨¥¬ ¨−áâàã¬¥−â�à¨ï −� ¡�§¥ ¡¨¡«¨®â¥ª¨ Theano, â�ª ¨ á ¨á¯®«ì§®¢�−¨¥¬
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÷¨á. 4 ‡�¢¨á¨¬®áâì ®è¨¡ª¨ ®â ç¨á«� −¥©à®−®¢ (�) ¨ ®â à�§¬¥à� ®¡ãç�îé¥© ¢ë¡®àª¨ (¡):
1 | ®è¨¡ª� −� ª®−âà®«ì−®© ¢ë¡®àª¥, Theano; 2 | ®è¨¡ª� −� ®¡ãç�îé¥© ¢ë¡®àª¥,
Theano; 3 | ®è¨¡ª� −� ª®−âà®«ì−®© ¢ë¡®àª¥, Matlab; 4 | ®è¨¡ª� −� ®¡ãç�îé¥©
¢ë¡®àª¥, Matlab

¨−áâàã¬¥−â�à¨ï −� ï§ëª¥ Matlab. „«ï ®æ¥−ª¨ ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ ¡ë«�
¯à®¢¥¤¥−� ¯à®æ¥¤ãà� áª®«ì§ïé¥£® ª®−âà®«ï [35] ¯à¨ á®®â−®è¥−¨¨ ç¨á«� ®¡ê¥ª-
â®¢ ®¡ãç�îé¥© ¨ ª®−âà®«ì−®© ¢ë¡®àª¨ 3 : 1. —¨á«® −¥©à®−®¢ −� ª�¦¤®¬ á«®¥
§�¤�¢�«®áì ¨§ á®®â−®è¥−¨ï 10 : 6 : 3. �à¨ ¯à®¢¥¤¥−¨¨ ¯à®æ¥¤ãàë áª®«ì§ïé¥£®
ª®−âà®«ï ¤«ï ª�¦¤®£® ®âáç¥â� ª®«¨ç¥áâ¢� −¥©à®−®¢ ¡ë«® ¯à®¨§¢¥¤¥−® ¯ïâì §�-
¯ãáª®¢. ‚ íªá¯¥à¨¬¥−â¥ á ¨á¯®«ì§®¢�−¨¥¬ ¨−áâàã¬¥−â�à¨ï −� ¡�§¥ Theano ¯à¨
®¡ãç¥−¨¨ ¤¢ãåá«®©−®© −¥©à®−−®© á¥â¨ ¯à®¢®¤¨«áï ¬ã«ìâ¨áâ�àâ [36], â. ¥. ®¤−®-
¢à¥¬¥−−ë© §�¯ãáª ®¡ãç¥−¨ï á¥â¨ á 8 à�§−ë¬¨ áâ�àâ®¢ë¬¨ §−�ç¥−¨ï¬¨ ¯�à�¬¥âà®¢
¤«ï ¯à¥¤®â¢à�é¥−¨ï ¢®§¬®¦−®£® §�áâà¥¢�−¨ï �«£®à¨â¬� ®¡ãç¥−¨ï ¢ «®ª�«ì−®¬
¬¨−¨¬ã¬¥. �à¨ ®æ¥−ª¥ ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ ¢ë¡¨à�«�áì ¬®¤¥«ì á −�¨-
«ãçè¨¬¨ à¥§ã«ìâ�â�¬¨. ƒà�ä¨ª §�¢¨á¨¬®áâ¨ ®è¨¡ª¨ ª«�áá¨ä¨ª�æ¨¨ ®â ç¨á«�
¨á¯®«ì§ã¥¬ëå −¥©à®−®¢ ¨§®¡à�¦¥− −� à¨á. 4, �.

„«ï ®æ¥−ª¨ §�¢¨á¨¬®áâ¨ ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ ®â à�§¬¥à� ®¡ãç�îé¥© ¢ë-
¡®àª¨ ¡ë«� ¯à®¢¥¤¥−� ªà®áá¢�«¨¤�æ¨ï á ä¨ªá¨à®¢�−−ë¬ ª®«¨ç¥áâ¢®¬ ®¡ê¥ªâ®¢
¢ ®¡ãç�îé¥© ¢ë¡®àª¥ (25% ¨áå®¤−®© ¢ë¡®àª¨) ¨ ¯¥à¥¬¥−−ë¬ à�§¬¥à®¬ ®¡ãç�-
îé¥© ¢ë¡®àª¨. —¨á«® −¥©à®−®¢ ¡ë«® ãáâ�−®¢«¥−® ª�ª 364 : 224 : 112. �à¨
¯à®¢¥¤¥−¨¨ ¯à®æ¥¤ãàë áª®«ì§ïé¥£® ª®−âà®«ï ¤«ï ª�¦¤®£® ®âáç¥â� ¡ë«® ¯à®¨§-
¢¥¤¥−® ¯ïâì §�¯ãáª®¢. ƒà�ä¨ª §�¢¨á¨¬®áâ¨ ®è¨¡ª¨ ª«�áá¨ä¨ª�æ¨¨ ®â à�§¬¥à�
®¡ãç�îé¥© ¢ë¡®àª¨ ¯à¥¤áâ�¢«¥− −� à¨á. 4, ¡.

„«ï ¨áá«¥¤®¢�−¨ï áª®à®áâ¨ à�¡®âë ¯à®æ¥áá� ®¡ãç¥−¨ï −¥©à®á¥â¨ ¢ §�¢¨á¨-
¬®áâ¨ ®â ª®−ä¨£ãà�æ¨¨ Theano ¡ë« á¤¥«�− á«¥¤ãîé¨© íªá¯¥à¨¬¥−â: ¯à®¢®¤¨«®áì
®¡ãç¥−¨¥ ¤¢ãåá«®©−®© −¥©à®á¥â¨ −� ®á−®¢¥ ¯®¤áç¨â�−−ëå §�à�−¥¥ ¯�à�¬¥âà®¢
®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ¬�−� (4) ¨ �¢â®ª®¤¨à®¢é¨ª� (5). �¡ãç¥−¨¥ ¯à®å®¤¨-
«® §� 100 ¨â¥à�æ¨©. �à¨ ®¡ãç¥−¨¨ �«£®à¨â¬ §�¯ãáª�«áï ¯�à�««¥«ì−® á n à�§−ë¬¨
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÷¨á. 5 ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¯® ¨áá«¥¤®¢�−¨î áª®à®áâ¨ ¯à®æ¥áá� ®¡ãç¥−¨ï: 1 |
CPU, 1 ï¤à®; 2 | CPU, 4 ï¤à�; 3 | CPU, 8 ï¤¥à; 4 | GPU

áâ�àâ®¢ë¬¨ ¯®§¨æ¨ï¬¨, n ∈ {1, . . . , 4}. —¨á«® −¥©à®−®¢ ¡ë«® ãáâ�−®¢«¥−® ª�ª
300 : 200 : 100. ‡�¯ãáª ®áãé¥áâ¢«ï«áï á® á«¥¤ãîé¨¬¨ ª®−ä¨£ãà�æ¨ï¬¨ Theano:

{ ¢ëç¨á«¥−¨¥ −� æ¥−âà�«ì−®¬ ¯à®æ¥áá®à¥, §�¤¥©áâ¢®¢�−® ®¤−® ï¤à®;

{ ¢ëç¨á«¥−¨¥ −� æ¥−âà�«ì−®¬ ¯à®æ¥áá®à¥, §�¤¥©áâ¢®¢�−® ç¥âëà¥ ï¤à�;

{ ¢ëç¨á«¥−¨¥ −� æ¥−âà�«ì−®¬ ¯à®æ¥áá®à¥, §�¤¥©áâ¢®¢�−® ¢®á¥¬ì ï¤¥à;

{ ¢ëç¨á«¥−¨¥ −� £à�ä¨ç¥áª®¬ ¯à®æ¥áá®à¥.

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¯à¨¢¥¤¥−ë −� à¨á. 5. Š�ª ¢¨¤−® ¨§ £à�ä¨ª�,
¢ëç¨á«¥−¨¥ á ¨á¯®«ì§®¢�−¨¥¬ CUDA ¯®ª�§ë¢�¥â §−�ç¨â¥«ì−®¥ ãáª®à¥−¨¥ ¯®
áà�¢−¥−¨î á ¢ëç¨á«¥−¨¥¬ −� æ¥−âà�«ì−®¬ ¯à®æ¥áá®à¥.

6 Заключение

‚ ¤�−−®© à�¡®â¥ ¡ë« ¯à®¢¥¤¥− àï¤ ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ á ¨á¯®«ì-
§®¢�−¨¥¬ ¡¨¡«¨®â¥ª¨ Theano ¨ á¥à¢¨á®¬ ®¡«�ç−ëå ¢ëç¨á«¥−¨© AWS. �à®¢¥¤¥−ë
íªá¯¥à¨¬¥−âë ¤«ï ãáâ�−®¢«¥−¨ï §�¢¨á¨¬®áâ¨ ®è¨¡ª¨ ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå
àï¤®¢ á ¨á¯®«ì§®¢�−¨¥¬ á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï ®â à�§¬¥à� ¢ë¡®àª¨ ¨ ç¨á«� ¯�-
à�¬¥âà®¢ á¥â¨. ˆáá«¥¤®¢�«�áì íää¥ªâ¨¢−®áâì ®¡ãç¥−¨ï ¨áªãááâ¢¥−−®© −¥©à®á¥â¨
á ¨á¯®«ì§®¢�−¨¥¬ £à�ä¨ç¥áª®£® ¯à®æ¥áá®à�. �ªá¯¥à¨¬¥−â ¯®ª�§�« §−�ç¨â¥«ì−®¥
ãáª®à¥−¨¥ ¢ëç¨á«¥−¨© −� £à�ä¨ç¥áª®¬ ¯à®æ¥áá®à¥. ˆáå®¤−ë© ª®¤ íªá¯¥à¨¬¥−â®¢
¤®áâã¯¥− ¯® �¤à¥á�¬ [33, 34].
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АНАЛИЗ САМОСИНХРОННОСТИ ЭЛЕКТРОННЫХ СХЕМ
НА НИЖНЕМ УРОВНЕ ИЕРАРХИИ∗

Л. П. Плеханов1

�−−®â�æ¨ï: ‘�¬®á¨−åà®−−ë¥ í«¥ªâà®−−ë¥ áå¥¬ë, ®¡«�¤�îé¨¥ ã−¨ª�«ì−ë¬¨
á¢®©áâ¢�¬¨, âà¥¡ãîâ ®¡ï§�â¥«ì−®£® �−�«¨§� −� á¢®©áâ¢® á�¬®á¨−åà®−−®áâ¨.
�à¨ �−�«¨§¥ −¥®¡å®¤¨¬® ¢ëç¨á«¨âì ¨ ¯à®¢¥à¨âì ¢á¥ à�¡®ç¨¥ á®áâ®ï−¨ï áå¥-
¬ë ¨ ¯¥à¥å®¤ë ¬¥¦¤ã −¨¬¨. ‘ãé¥áâ¢ãîé¨¥ á®¡ëâ¨©−ë¥ ¬¥â®¤ë ®¯¥à¨àãîâ
¢á¥¬¨ ãà�¢−¥−¨ï¬¨ áå¥¬ë ®¤−®¢à¥¬¥−−®. „«ï ¯à�ªâ¨ç¥áª¨å áå¥¬ ¡®«ìè®£®
à�§¬¥à� �−�«¨§ íâ¨¬¨ ¬¥â®¤�¬¨ ¯à¨¢®¤¨â ª −¥¯à¨¥¬«¥¬ë¬ ¢ëç¨á«¨â¥«ì−ë¬
§�âà�â�¬. �à¥¤«®¦¥−−ë© à�−¥¥ �¢â®à®¬ äã−ªæ¨®−�«ì−ë© ¨¥à�àå¨ç¥áª¨©
¬¥â®¤ ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì áå¥¬ë ¯® ç�áâï¬ úá−¨§ã ¢¢¥àåû. “à�¢−¥-
−¨ï áå¥¬ë �−�«¨§¨àãîâáï â®«ìª® −� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨, −� ¢¥àå−¨å
ãà®¢−ïå ¨á¯®«ì§ãîâáï ¢§�¨¬®á¢ï§¨ äà�£¬¥−â®¢ ¨ ¯�à�¬¥âàë, ¯®«ãç¥−−ë¥ −�
−¨¦−¨å ãà®¢−ïå. Œ¥â®¤ ®¡¥á¯¥ç¨¢�¥â íää¥ªâ¨¢−ë© �−�«¨§ áå¥¬ ¢á¥ ¢®§-
à�áâ�îé¨å à�§¬¥à®¢. �®¤à®¡−® ®¯¨á�− äã−ªæ¨®−�«ì−ë© ¬¥â®¤ −� −¨¦−¥¬
ãà®¢−¥ ¨¥à�àå¨¨.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−ë¥ áå¥¬ë; �á¨−åà®−−ë¥ áå¥¬ë; �−�«¨§
á�¬®á¨−åà®−−®áâ¨; ¨¥à�àå¨ç¥áª¨© �−�«¨§
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1 Введение

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

�¤−� ¨§ £«�¢−ëå ¯à®¡«¥¬ ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬ á®áâ®¨â ¢ −¥®¡å®¤¨¬®áâ¨
�−�«¨§� á�¬®á¨−åà®−−®áâ¨ ¯à�ªâ¨ç¥áª¨å áå¥¬, â. ¥. áå¥¬ «î¡®£® à�§¬¥à�. Š«�á-
á¨ç¥áª¨© ¯®¤å®¤, ®á−®¢�−−ë© −� â¥®à¨¨ ¯®«ã¬®¤ã«ïà−®áâ¨ „. …. Œ�««¥à� [4]
¨ à�§¢¨âë© £àã¯¯®© ‚. ˆ. ‚�àè�¢áª®£® [5], ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì ¯®¢¥¤¥−¨¥
áå¥¬ë (¯¥à¥ª«îç¥−¨¥ í«¥¬¥−â®¢) ¨§ ®¤−®£® −�ç�«ì−®£® á®áâ®ï−¨ï. „«ï ¯à�ªâ¨ª¨
íâ®£® ï¢−® −¥¤®áâ�â®ç−®, â�ª ª�ª −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ¯®«ã¬®¤ã«ïà−®áâì ¤«ï

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬�¬ äã−¤�¬¥−-
â�«ì−ëå ¨áá«¥¤®¢�−¨© 2016 £. �à¥§¨¤¨ã¬� ÷�� (¯à®¥ªâ 0063-2015-0015 ÷�� 1.33�) ¨ ¯®¤¯à®-
£à�¬¬¥ ü 4 ��ˆ’ ÷�� −� 2016 £. (¯à®¥ªâ 0063-2015-0016 III.3).

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

¢á¥å ¢®§¬®¦−ëå −�ç�«ì−ëå á®áâ®ï−¨© ¨ ¢å®¤−ëå ¢®§¤¥©áâ¢¨©, çâ® ¯à¨¢®¤¨â
ª ¯à®¡«¥¬¥ ¯®«−®âë �−�«¨§� [6]. �à®¡«¥¬� ¯®«−®âë ¢ ª«�áá¨ç¥áª®¬ ¯®¤å®¤¥
¤�¦¥ −¥ ã¯®¬¨−�«�áì.

’àã¤−®áâ¨ á®§¤�−¨ï ¯à�ªâ¨ç¥áª¨å ‘‘-áå¥¬ å®à®è® ®á¢¥é¥−ë ¢ [1], ®−¨
¦¥ á¯à�¢¥¤«¨¢ë ¨ ¢ −�è¥ ¢à¥¬ï. ‡� à�¬ª�¬¨ ®¡áã¦¤¥−¨©, ®¤−�ª®, ®áâ�«�áì
¯à®¡«¥¬� ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ¯à¨ �−�«¨§¥ ¯®«ãç�¥¬ëå à¥è¥−¨©. �â�
¯à®¡«¥¬� ¨ áâ�«� £«�¢−ë¬ ¯à¥¯ïâáâ¢¨¥¬ −� ¯ãâ¨ ¯à®¥ªâ¨à®¢�−¨ï ¡®«ìè¨å áå¥¬ |
á®áâ®ïé¨å ¨§ ¤¥áïâª®¢ ¨ ¡®«¥¥ í«¥¬¥−â®¢.

Š«�áá¨ç¥áª¨© �−�«¨§ áå¥¬ −� á¢®©áâ¢® ¯®«ã¬®¤ã«ïà−®áâ¨ ®á−®¢�− −� ¨§ãç¥-
−¨¨ á®áâ®ï−¨© áå¥¬ë ¨ ¯¥à¥ª«îç¥−¨© í«¥¬¥−â®¢. ‘®áâ®ï−¨¥ áå¥¬ë | íâ®
¬−®¦¥áâ¢® §−�ç¥−¨© (0 ¨«¨ 1) ¢ëå®¤®¢ ¢á¥å í«¥¬¥−â®¢ áå¥¬ë. �¥à¥¤ â¥¬
ª�ª ¯¥à¥ª«îç¨âìáï, í«¥¬¥−â ¯¥à¥å®¤¨â ¢ ¢®§¡ã¦¤¥−−®¥ á®áâ®ï−¨¥, ¯à¨ ª®â®à®¬
¢ −¥¬ ¯à®¨áå®¤ïâ ¢−ãâà¥−−¨¥ ¯¥à¥å®¤−ë¥ ¯à®æ¥ááë. �â¨ ¯à®æ¥ááë «¨¡® ¬®£ãâ
§�ª®−ç¨âìáï ¥áâ¥áâ¢¥−−® | ¨§¬¥−¥−¨¥¬ ¢ëå®¤�, «¨¡® ¬®£ãâ ¡ëâì ¯à¥à¢�−ë ¡¥§
¨§¬¥−¥−¨ï ¢ëå®¤� ¨§-§� ¨§¬¥−¥−¨© ¢å®¤®¢. �®á«¥¤−ïï á¨âã�æ¨ï −�§ë¢�¥âáï
ª®−ä«¨ªâ®¬ ¨ ï¢«ï¥âáï ¯®â¥−æ¨�«ì−ë¬ ¨áâ®ç−¨ª®¬ á®áâï§�−¨©.

�¥à¢ë© ¬¥â®¤ �−�«¨§�, ¯à¥¤«®¦¥−−ë© Œ�««¥à®¬ [4], | ¬¥â®¤ ¤¨�£à�¬¬
¯¥à¥å®¤®¢ („�). –¥«ì �−�«¨§� | ¢ëï¢¨âì ª®−ä«¨ªâë ¢ à�¡®â¥ áå¥¬ë. ‘å¥¬ë
¡¥§ ª®−ä«¨ªâ®¢ −�§¢�−ë ¯®«ã¬®¤ã«ïà−ë¬¨.

‚ëç¨á«¨â¥«ì−�ï ¯à®¡«¥¬� ¢ ¬¥â®¤¥ „� ¢®§−¨ª�¥â ¢ á¢ï§¨ á â¥¬, çâ® ¯à¨
¨§¬¥−¥−¨¨ á®áâ®ï−¨ï ¬®£ãâ ¢®§¡ã¤¨âìáï −¥áª®«ìª® í«¥¬¥−â®¢, çâ® å�à�ªâ¥à¨§ã¥â
¯�à�««¥«ì−®áâì ¯à®æ¥áá®¢ ¢ áå¥¬¥. �ãáâì N | ç¨á«® ¢®§¡ã¦¤¥−−ëå í«¥¬¥−â®¢
¢ á®áâ®ï−¨¨ (áâ¥¯¥−ì ¯�à�««¥«ì−®áâ¨). �® ¯à�¢¨«�¬ ¯®áâà®¥−¨ï „� ¤�−−®¥
á®áâ®ï−¨¥ ¯®à®¦¤�¥â N á«¥¤ãîé¨å á®áâ®ï−¨©, ¢ ª�¦¤®¬ ¨§ ª®â®àëå N − 1
¢®§¡ã¦¤¥−−ëå í«¥¬¥−â®¢. Š�¦¤®¥ ¨§ íâ¨å á®áâ®ï−¨©, ¢ á¢®î ®ç¥à¥¤ì, ¯®à®¦¤�¥â
N −1 ¯®á«¥¤®¢�â¥«¥©, ¢ ª®â®àëå ¯®N −2 ¢®§¡ã¦¤¥−¨©. ��«¨æ® ä�ªâ®à¨�«ì−�ï
§�¢¨á¨¬®áâì ¢ëç¨á«¥−¨© ®â áâ¥¯¥−¨ ¯�à�««¥«ì−®áâ¨.

�®¢ëè¥−¨¥ ¯�à�««¥«ì−®áâ¨ ¢ëç¨á«¥−¨© | ¬�£¨áâà�«ì−ë© ¯ãâì à�§¢¨â¨ï
í«¥ªâà®−¨ª¨, ¨ ¬¥â®¤ „� áâ�−®¢¨âáï −¥íää¥ªâ¨¢−ë¬. ��¯à¨¬¥à, ¥á«¨ ¢áâà¥â¨â-
áï á®áâ®ï−¨¥ áN = 10, çâ® ¢¯®«−¥ à¥�«ì−®, â® ç¨á«® ¯®à®¦¤¥−−ëå ¨¬ á®áâ®ï−¨©
¯à¥¢ëá¨â 3,6 ¬«−. ’�ª¨¥ á®áâ®ï−¨ï ¬®£ãâ ¢®§−¨ª�âì ¢ à�§−ëå ç�áâïå „�,
¯®á«¥¤®¢�â¥«ì−® ¨ ¯�à�««¥«ì−®.

ƒàã¯¯®© ‚. ˆ. ‚�àè�¢áª®£® ¡ë« à�§à�¡®â�− ¬¥â®¤ ¤¨�£à�¬¬ ¨§¬¥−¥−¨©
(„ˆ) [5]. Œ¥â®¤ ¯®§¢®«ï¥â ¡®«¥¥ ª®¬¯�ªâ−® ¯à¥¤áâ�¢¨âì à�¡®âã áå¥¬ë, ª®£¤�
®¯¨áë¢�îâáï −¥ ¯®«−ë¥ á®áâ®ï−¨ï, � â®«ìª® ¨§¬¥−ïîé¨¥áï ¢ëå®¤ë í«¥¬¥−-
â®¢. Œ¥â®¤ ®á−®¢�− −� �−�«¨§¥ íª¢¨¢�«¥−â−®© „�. �®áª®«ìªã ¢á¥ ¯à®å®¤¨¬ë¥
á®áâ®ï−¨ï áå¥¬ë ¤®«¦−ë ¡ëâì ¯à®�−�«¨§¨à®¢�−ë ¯à¨ ¨¬¥îé¥©áï áâ¥¯¥−¨ ¯�-
à�««¥«ì−®áâ¨, ¢ëç¨á«¨â¥«ì−ë¥ âàã¤−®áâ¨ å®âï ¨ ã¬¥−ìè�îâáï, −® ®áâ�îâáï
¡®«ìè¨¬¨. �−¨ ¯¥à¥å®¤ïâ −� ¤àã£¨¥ �á¯¥ªâë �−�«¨§�, −�¯à¨¬¥à, −� ¯¥à¥å®¤
®â ®¯¨á�−¨ï áå¥¬ë, §�¤�−−®© ¢ í«¥¬¥−â�å, ª „ˆ, ¨ ®á®¡¥−−® −� ®¡à�¡®âªã
¯à®æ¥áá®¢, ¯®à®¦¤¥−−ëå í«¥¬¥−â�¬¨ á ®¯¥à�æ¨¥© úˆ‹ˆû.

�®¤å®¤, à¥�«¨§ã¥¬ë© ®¡®¨¬¨ ¯à¨¢¥¤¥−−ë¬¨ ª«�áá¨ç¥áª¨¬¨ ¬¥â®¤�¬¨, ¡ã¤¥¬
−�§ë¢�âì ¤�«¥¥ á®¡ëâ¨©−ë¬, â�ª ª�ª ¥£® ¬¥â®¤ë ®¯¨áë¢�îâ ¨ �−�«¨§¨àãîâ
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�−�«¨§ á�¬®á¨−åà®−−®áâ¨ í«¥ªâà®−−ëå áå¥¬ −� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨

á®¡ëâ¨ï | ¯¥à¥ª«îç¥−¨¥ í«¥¬¥−â®¢ áå¥¬ë. ‘ íâ®© â®çª¨ §à¥−¨ï „� ¨ „ˆ |
à�§−ë¥ á¯®á®¡ë ¯à¥¤áâ�¢«¥−¨ï á®¡ëâ¨©.

�¡é¥¥ ¤«ï á®¡ëâ¨©−®£® ¯®¤å®¤� â®, çâ® áå¥¬� ¤®«¦−� ¡ëâì ¯à¥¤áâ�¢«¥−�
¢ §�¬ª−ãâ®¬ ¢¨¤¥, £�à�−â¨àãîé¥¬ ¥¥ á�¬®£¥−¥à�æ¨î, � â�ª¦¥ â®, çâ® �−�«¨§
¯à®¨§¢®¤¨âáï −�ç¨−�ï â®«ìª® á ®¤−®£® §�¤�−−®£® −�ç�«ì−®£® á®áâ®ï−¨ï. �¡� íâ¨
®¡áâ®ïâ¥«ìáâ¢� âà¥¡ãîâ ¨áªãááâ¢¥−−ëå ¯®áâà®¥−¨© ¨ §�âàã¤−ïîâ ¯à®¥ªâ¨à®¢�−¨¥
áå¥¬.

„«ï ¯à�ªâ¨ç¥áª¨å æ¥«¥© −¥®¡å®¤¨¬® ¯à®�−�«¨§¨à®¢�âì ¢á¥ á®áâ®ï−¨ï, ª®â®-
àë¥ ¯à®å®¤¨â áå¥¬� ¢ à¥�«ì−®© à�¡®â¥, â. ¥. ®¡¥á¯¥ç¨âì ¯®«−®âã �−�«¨§�.

„«ï ®¡¥á¯¥ç¥−¨ï ¯®«−®âë ¢ á®¡ëâ¨©−®¬ ¯®¤å®¤¥ ¬®¦−® ¯à®¢¥áâ¨ ¬−®¦¥áâ¢®
á¥�−á®¢ �−�«¨§� ¯® ç¨á«ã ¢®§¬®¦−ëå −�ç�«ì−ëå á®áâ®ï−¨©. �®¬¨¬® â®£®, çâ® íâ®
¬−®¦¥áâ¢® íªá¯®−¥−æ¨�«ì−® §�¢¨á¨â ®â ç¨á«� í«¥¬¥−â®¢ áå¥¬ë, â�ª�ï áâà�â¥£¨ï
−¥ à�æ¨®−�«ì−�, â�ª ª�ª −¥ ¢á¥ ¢®§¬®¦−ë¥ á®áâ®ï−¨ï à¥�«¨§ãîâáï ¯à¨ à�¡®â¥
áå¥¬ë.

ˆáâ®ç−¨ª®¬ ¨§¬¥−¥−¨© ¢ áå¥¬¥ ï¢«ïîâáï ¨§¬¥−¥−¨ï ¥¥ ¢å®¤®¢. „«ï �−�«¨-
§� −¥®¡å®¤¨¬® ¯®¤®¡à�âì â�ªãî ¯®á«¥¤®¢�â¥«ì−®áâì ¢å®¤−ëå §−�ç¥−¨©, çâ®¡ë
¯à®©â¨ ¢ ®¤−®¬ á¥�−á¥ ¢á¥ à�¡®ç¨¥ á®áâ®ï−¨ï áå¥¬ë −¥§�¢¨á¨¬® ®â −�ç�«ì−®£®.

�à®¢¥¤¥−−ë¥ ¢ [6] à�áç¥âë ¯®ª�§ë¢�îâ, çâ® ¢ á®¡ëâ¨©−®¬ ¯®¤å®¤¥ £�à�−â¨-
à®¢�âì ¢ë¯®«−¥−¨¥ íâ®£® ãá«®¢¨ï ¬®¦−®, ¯®¤�¢�ï −� ¢å®¤ 22I+M −�¡®à®¢, £¤¥
I | ç¨á«® ¨−ä®à¬�æ¨®−−ëå ¢å®¤®¢, M | ç¨á«® ¯¥à¥¬¥−−ëå ¯�¬ïâ¨, ¨ íâ¨ −�-
¡®àë ¤®«¦−ë á«¥¤®¢�âì ¢ ®¯à¥¤¥«¥−−®¬ ¯®àï¤ª¥. �â® ®§−�ç�¥â, çâ® −¥®¡å®¤¨¬®
áâà®¨âì ¢¥áì¬� á«®¦−®¥ §�¬ëª�−¨¥, ã¢¥«¨ç¨¢�ï ç¨á«® ãà�¢−¥−¨© ¤«ï �−�«¨-
§�. �®¤®¡−®£® ¨«¨ ¤àã£®£® á¯®á®¡� à¥è¥−¨ï ¯à®¡«¥¬ë ¯®«−®âë ¢ á®¡ëâ¨©−®¬
¯®¤å®¤¥ ¤® á¨å ¯®à −¥ ¯à¥¤«®¦¥−®.

ˆ§«®¦¥−−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ âàã¤−®áâ¨ ®£à�−¨ç¨¢�îâ ¯à¨¬¥−¥−¨¥ á®¡ëâ¨©-
−ëå ¬¥â®¤®¢: ¤«ï „� | áå¥¬�¬¨ ¨§ ¤¢ãå{âà¥å ¤¥áïâª®¢ í«¥¬¥−â®¢, ¤«ï „ˆ |
−¥áª®«ìª® ¡®«ìè¥ (¯à�ªâ¨ç¥áª®£® ®¯ëâ� á ¯®«−®â®© ¯®ª� −¥â).

Œ¥â®¤ë á®¡ëâ¨©−®£® ¯®¤å®¤� ï¢«ïîâáï ã−¨¢¥àá�«ì−ë¬¨, ®−¨ �−�«¨§¨àãîâ
«î¡ãî ¯à¥¤êï¢«¥−−ãî áå¥¬ã, ¡¥§ ãç¥â� ¥¥ ®á®¡¥−−®áâ¥©. Š�ª ¨§¢¥áâ−®, ã−¨¢¥à-
á�«ì−ë¥ ¬¥â®¤ë −�¨¡®«¥¥ §�âà�â−ë, ¨ à¥è¥−¨¥ ¯à®¡«¥¬ë, ª�ª ¯à�¢¨«®, á«¥¤ã¥â
¨áª�âì ¢ á¯¥æ¨�«¨§¨à®¢�−−ëå ¬¥â®¤�å.

Šà®¬¥ â®£®, á®¡ëâ¨©−ë¥ ¬¥â®¤ë �−�«¨§¨àãîâ áå¥¬ã æ¥«¨ª®¬. �� ¯à�ªâ¨ª¥
ª®−¥ç−ãî áå¥¬ã ®¡ëç−® ã¦¥ −¥¢®§¬®¦−® �−�«¨§¨à®¢�âì æ¥«¨ª®¬ ¨§-§� ¥¥ à�§¬¥à�,
çâ® −¥ £�à�−â¨àã¥â á¢®©áâ¢� ¯®«ã¬®¤ã«ïà−®áâ¨.

…¤¨−áâ¢¥−−ë¬ ¯ãâ¥¬ �−�«¨§� áå¥¬ «î¡®£® à�§¬¥à� ¯à¥¤áâ�¢«ï¥âáï ¯à¨¬¥−¥-
−¨¥ ¨¥à�àå¨ç¥áª®£® ¬¥â®¤�, £�à�−â¨àãîé¥£® á�¬®á¨−åà®−−®áâì á®áâ�¢−®© áå¥¬ë
−� ®á−®¢�−¨¨ à�−¥¥ ¢ë¯®«−¥−−®£® �−�«¨§� ¥¥ ç�áâ¥©. ‚ á®¡ëâ¨©−®¬ ¯®¤å®¤¥
â�ª®£® ¬¥â®¤� â�ª¦¥ −¥ ¯à¥¤«®¦¥−®.

2 Самосинхронные схемы и иерархический метод

�¯à¥¤¥«¥−¨¥ úá�¬®á¨−åà®−−ë¥ áå¥¬ëû ¡ë«® ¢¢¥¤¥−® ¢ ª−¨£¥ [1, á. 73] (¢ ®à¨-
£¨−�«¥ | �¯¥à¨®¤¨ç¥áª¨¥ ¨«¨ á�¬®á¨−åà®−¨§¨àãîé¨¥áï, −® íâ¨ â¥à¬¨−ë −¥
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‹. �. �«¥å�−®¢

¯à¨¦¨«¨áì) ª�ª áå¥¬ë, ¯à�¢¨«ì−®áâì äã−ªæ¨®−¨à®¢�−¨ï ª®â®àëå −¥ §�¢¨á¨â ®â
¢¥«¨ç¨− §�¤¥à¦¥ª í«¥¬¥−â®¢. ˆ§ â¥®à¨¨ Œ�««¥à� [4] á«¥¤ã¥â, çâ® ¥á«¨ áå¥¬�
§�¬ª−ãâ� ¨ ¯®«ã¬®¤ã«ïà−� −�ç¨−�ï á −¥ª®â®à®£® −�ç�«ì−®£® á®áâ®ï−¨ï, â® ®−�
á�¬®á¨−åà®−−� (−® â®«ìª® á íâ¨¬ −�ç�«ì−ë¬ á®áâ®ï−¨¥¬). ’à�¤¨æ¨®−−® á�¬®á¨−-
åà®−−®áâì ¯à®¢¥àï«�áì ¨¬¥−−® §�¬ëª�−¨¥¬ ¨ �−�«¨§®¬ ¯®«ã¬®¤ã«ïà−®áâ¨.

�¤−�ª® ¤«ï ¯à�ªâ¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï â�ª®© á¯®á®¡ ¯à®¢¥àª¨ ¢á¥© áå¥-
¬ë, ª�ª ãª�§ë¢�«®áì ¢ëè¥, −¥¯à¨¥¬«¥¬ ¨§-§� ¢ëç¨á«¨â¥«ì−ëå âàã¤−®áâ¥©. ˆ¥-
à�àå¨ç¥áª¨© ¬¥â®¤ ¯®¤à�§ã¬¥¢�¥â à�§à�¡®âªã ®â¤¥«ì−ëå á�¬®á¨−åà®−−ëå ç�áâ¥©
(¤�«¥¥ | ‘‘-äà�£¬¥−â®¢) ¨ ®¡ê¥¤¨−¥−¨¥ ¨å ¢ ®¡éãî ‘‘-áå¥¬ã.

‚ ª«�áá¨ç¥áª®¬ ¯®¤å®¤¥ ¯à¨ â�ª®¬ á¯®á®¡¥ ¯à¨å®¤¨âáï §�¬ëª�âì ¨ à�§¬ëª�âì
ª�¦¤ë© ‘‘-äà�£¬¥−â. ’¥®à¥â¨ç¥áª¨ §�¬ëª�−¨¥ | ¨¬¨â�æ¨ï ¯®¢¥¤¥−¨ï áå¥¬ë
á«¥¤ãîé¥£® ¢¥àå−¥£® ãà®¢−ï | ¤®«¦−® ®¡¥á¯¥ç¨¢�âì −¥®¡å®¤¨¬ãî ¯®«−®âã
¯¥à¥ª«îç¥−¨© ¢å®¤®¢ áå¥¬ë. ‚ ª«�áá¨ç¥áª®¬ ¯®¤å®¤¥ íâ� ¯à®¡«¥¬� ¯®ª� −¥
à¥è¥−�. �� ¯à�ªâ¨ª¥, ª�ª ¯®ª�§ë¢�¥â ®¯ëâ, ¨§-§� á«®¦−®áâ¨ ¯®«−®£® §�¬ëª�−¨ï
¥£® −¨ª®£¤� −¥ ¤¥«�îâ, ªà®¬¥ âà¨¢¨�«ì−ëå á«ãç�¥¢.

“¯®¬ï−ãâë¥ ¯à®¡«¥¬ë ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬ ¬®£ãâ ¡ëâì à¥è¥−ë á ¯®-
¬®éìî ¯à¥¤«®¦¥−−®£® à�−¥¥ äã−ªæ¨®−�«ì−®£® ¯®¤å®¤� [7, 8].

�á®¡¥−−®áâ¨ äã−ªæ¨®−�«ì−®£® ¯®¤å®¤�, ¯® áà�¢−¥−¨î á á®¡ëâ¨©−ë¬, á«¥-
¤ãîé¨¥:

{ �−�«¨§¨àãîâáï ãà�¢−¥−¨ï í«¥¬¥−â®¢, á®áâ®ï−¨ï áå¥¬ë −¥ ¢ëç¨á«ïîâáï;

{ à�áá¬�âà¨¢�îâáï à�§®¬ª−ãâë¥ áå¥¬ë, ¡¥§ §�¬ëª�−¨©;

{ ãç¨âë¢�îâáï á¢®©áâ¢� ‘‘-áå¥¬ [1]: á�¬®á¨−åà®−−®¥ ª®¤¨à®¢�−¨¥ ¤�−−ëå,
¤¢ãåä�§−ë© ¯®àï¤®ª à�¡®âë, ¨−¤¨æ¨à®¢�−¨¥ á¨£−�«®¢ ¨ ¤à.

‚ äã−ªæ¨®−�«ì−®¬ ¯®¤å®¤¥ ¯à¨−ïâ® â�ª¦¥ ¤àã£®¥ ®¯à¥¤¥«¥−¨¥ ‘‘-áå¥¬ë,
¡®«¥¥ ã¤®¡−®¥ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï. �â® ®¯à¥¤¥«¥−¨¥ ã¤®¢«¥â¢®àï¥â ®¯à¥¤¥«¥−¨î
¢ [1] ¨ ª®−ªà¥â¨§¨àã¥â ¥£® [8].

‘�¬®á¨−åà®−−�ï áå¥¬� | íâ® à�§®¬ª−ãâ�ï áå¥¬�, ¢® ¢á¥å à¥�«ì−ëå −�ç�«ì-
−ëå ¨ ¯à®å®¤¨¬ëå ¯à¨ à�¡®â¥ á®áâ®ï−¨ïå ¨¬¥îé�ï ¤¢� á¢®©áâ¢�: ®âáãâáâ¢¨¥
á®áâï§�−¨© ¯à¨ «î¡ëå ª®−¥ç−ëå §�¤¥à¦ª�å í«¥¬¥−â®¢ ¨ ®âª�§®¡¥§®¯�á−®áâì
¯® ®â−®è¥−¨î ª ª®−áâ�−â−ë¬ §�«¨¯�−¨ï¬ −� 0 ¨ 1 ¢ëå®¤®¢ í«¥¬¥−â®¢.

�®¤ ®âª�§®¡¥§®¯�á−®áâìî [9] §¤¥áì ¯®−¨¬�¥âáï ®áâ�−®¢ª� à�¡®âë áå¥¬ë ¯à¨
¢®§−¨ª−®¢¥−¨¨ ãª�§�−−ëå −¥¨á¯à�¢−®áâ¥©.

�â¬¥â¨¬, çâ® ¯à¨ íâ®¬ ¯®¤å®¤¥ ‘‘-äà�£¬¥−âë −¥ −ã¦¤�îâáï ¢ §�¬ëª�−¨¨{
à�§¬ëª�−¨¨ ¤«ï �−�«¨§�, � â®«ìª® áå¥¬� æ¥«¨ª®¬ ¢ ª®−¥ç−®¬ ¯à¨¬¥−¥−¨¨ ¤®«¦−�
¡ëâì §�¬ª−ãâ� ¤«ï �¢â®¬�â¨ç¥áª®£® ç¥à¥¤®¢�−¨ï ä�§ | á�¬®£¥−¥à�æ¨¨.

‚ ¨¥à�àå¨ç¥áª®¬ ¬¥â®¤¥ ¢ à�¬ª�å äã−ªæ¨®−�«ì−®£® ¯®¤å®¤� â®«ìª® ‘‘-
äà�£¬¥−âë −¨¦−¥£® ãà®¢−ï ¯à¥¤áâ�¢«ïîâáï ¨ �−�«¨§¨àãîâáï ¢ ä®à¬¥ ¡ã«¥¢ëå
ãà�¢−¥−¨©. �� ¢¥àå−¨å ãà®¢−ïå �−�«¨§¨àãîâáï ¢§�¨¬®á¢ï§¨ äà�£¬¥−â®¢. ‚ à¥-
§ã«ìâ�â¥ ¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì íâ®£® ¬¥â®¤� ¯à�ªâ¨ç¥áª¨ «¨−¥©−� ¯® ç¨á«ã
á¨£−�«®¢ ¨ äà�£¬¥−â®¢, çâ® ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì ú¯®íâ�¦−®û, á−¨§ã ¢¢¥àå,
áå¥¬ë «î¡®£® à�§¬¥à�. ‚ ¯ã¡«¨ª�æ¨ïå [7, 8] �−�«¨§ −� −¨¦−¥¬ ãà®¢−¥ ¯à¨¢®¤¨âáï
¢ ¤®áâ�â®ç−® ®¡é¥¬ ¢¨¤¥.
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�−�«¨§ á�¬®á¨−åà®−−®áâ¨ í«¥ªâà®−−ëå áå¥¬ −� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨

’¥¬®© ¤�−−®© áâ�âì¨ ï¢«ï¥âáï ¡®«¥¥ ¯®¤à®¡−®¥ ¨§«®¦¥−¨¥ �−�«¨§� ‘‘-áå¥¬
−� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨.

3 Постановка задачи

�á®¡¥−−®áâ¨ ‘‘-áå¥¬ §�ª«îç�îâáï ¢ á¯¥æ¨�«ì−®¬ | á�¬®á¨−åà®−−®¬ |
ª®¤¨à®¢�−¨¨ ¨−ä®à¬�æ¨¨ ¨ ¤¢ãåä�§−®¬ à¥¦¨¬¥ à�¡®âë [1]. ‘�¬®á¨−åà®−−�ï
áå¥¬� �¢â®¬�â¨ç¥áª¨ ¯¥à¥å®¤¨â ¯®®ç¥à¥¤−® ¨§ ®¤−®© ä�§ë ¢ ¤àã£ãî, çâ® âà¥¡ã¥âáï
¤«ï ®¡¥á¯¥ç¥−¨ï á�¬®á¨−åà®−−®áâ¨. ”�§ë −®áïâ −�§¢�−¨¥ à�¡®ç¥© ¨ á¯¥©á¥à�
(¯à®¬¥¦ãâ®ç−®©).

ˆáå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï �−�«¨§� ¯®á«ã¦¨â à�§®¬ª−ãâ�ï áå¥¬�, ¯à¥¤áâ�¢-
«¥−−�ï ¢ ¡ã«¥¢ëå ãà�¢−¥−¨ïå í«¥¬¥−â®¢ | §�¢¨á¨¬®áâ¨ ¢ëå®¤−®© ¯¥à¥¬¥−−®©
í«¥¬¥−â� ®â ¢å®¤−ëå ¯¥à¥¬¥−−ëå. (‚ á®®â¢¥âáâ¢¨¨ á â¥®à¨¥© Œ�««¥à� ®¤−®¬ã
ãà�¢−¥−¨î á®®â¢¥âáâ¢ã¥â ®¤¨− í«¥¬¥−â áå¥¬ë.)

’�ª¦¥ −¥®¡å®¤¨¬® ï¢−® ®¡®§−�ç¨âì ¨−â¥àä¥©á áå¥¬ë | ¢á¥ ¢−¥è−¨¥ ¢å®¤ë
¨ ¢ëå®¤ë á ¨å â¨¯�¬¨, á¯¥æ¨ä¨ç−ë¬¨ ¤«ï á�¬®á¨−åà®−−®áâ¨ (‘‘-â¨¯�¬¨).

‚¢¥¤¥¬ ãâ®ç−¥−¨ï ¨ ®¯à¥¤¥«¥−¨ï ¤«ï ¤�«ì−¥©è¥£® ¨§«®¦¥−¨ï.

�‘Ÿ | ¡¨áâ�¡¨«ì−�ï ïç¥©ª� | ¨§¢¥áâ−�ï ¢ í«¥ªâà®−¨ª¥ ¯�à� í«¥¬¥−â®¢
á ¯¥à¥ªà¥áâ−ë¬¨ á¢ï§ï¬¨, ¨¬¥îé�ï ¤¢� áâ�¡¨«ì−ëå á®áâ®ï−¨ï.

‘�¬®á¨−åà®−−ë¥ â¨¯ë á¨£−�«®¢ ¬®£ãâ ¡ëâì á«¥¤ãîé¨¬¨:

“-á¨£−�«ë | ã−�à−ë¥ ¢å®¤−ë¥ ã¯à�¢«ïîé¨¥ á¨£−�«ë;

ˆ-á¨£−�«ë | ã−�à−ë¥ ¢ëå®¤−ë¥ ¨−¤¨æ¨àãîé¨¥ á¨£−�«ë;

�”‘-á¨£−�«ë | ¯�à�ä�§−ë¥ á¨£−�«ë á® á¯¥©á¥à®¬, ¨−ä®à¬�æ¨®−−ë¥ | ¤¢�
á¨£−�«� ¢ ¯�à�ä�§−®¬ ª®¤¥;

”�§®¢ë¥ á¨£−�«ë | á¨£−�«ë, §−�ç¥−¨ï ª®â®àëå ®¯à¥¤¥«ïîâáï â¥ªãé¥© ä�§®©
à�¡®âë, íâ® “-, ˆ- ¨ �”‘-á¨£−�«ë;

�ˆ�-á¨£−�«ë | ¡¨−�à−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨£−�«ë | ¤¢� á¢ï§�−−ëå á¨£−�-
«� (®¡ëç−® íâ® ¢ëå®¤ë ¡¨áâ�¡¨«ì−®© ïç¥©ª¨), −¥ä�§®¢ë¥;

“ˆ�-á¨£−�«ë | ã−�à−ë¥ ¨−ä®à¬�æ¨®−−ë¥ −¥ä�§®¢ë¥ á¨£−�«ë (−�¯à¨¬¥à,
ª�¦¤ë© ¨§ �ˆ�-á¨£−�«®¢, à�áá¬�âà¨¢�¥¬ë© −¥§�¢¨á¨¬®).

„àã£¨¥ à�§−®¢¨¤−®áâ¨ á¨£−�«®¢ (à¥¦¨¬−ë¥, ãáâ�−®¢®ç−ë¥ ¨ ¤à.) ¬®£ãâ ¡ëâì
«¥£ª® ãçâ¥−ë ¨ ¤«ï ¯à®áâ®âë à�áá¬�âà¨¢�âìáï −¥ ¡ã¤ãâ.

‚ ¨−â¥àä¥©á¥ áå¥¬ë ¤®«¦−ë ¯à¨áãâáâ¢®¢�âì å®âï ¡ë ¯® ®¤−®¬ã ä�§®¢®¬ã
á¨£−�«ã −� ¢å®¤¥ ¨ ¢ëå®¤¥. ’�ª¦¥ ¤®«¦−ë ¡ëâì ãª�§�−ë §−�ç¥−¨ï á¯¥©á¥-
à®¢, 0 ¨«¨ 1, ¤«ï ¢å®¤−ëå ä�§®¢ëå á¨£−�«®¢.

”�§� | ¯à®æ¥áá, −�ç¨−�îé¨©áï á ¬®¬¥−â� ¯¥à¥å®¤� ¢å®¤−ëå ä�§®¢ëå á¨£−�«®¢
¢ §−�ç¥−¨ï ¤�−−®© ä�§ë ¨ §�ª�−ç¨¢�îé¨©áï ãáâ�−®¢«¥−¨¥¬ ¢á¥å ¢ëå®¤−ëå
ä�§®¢ëå á¨£−�«®¢ ¢ §−�ç¥−¨ï, á®®â¢¥âáâ¢ãîé¨¥ íâ®© ¦¥ ä�§¥.

–¨ª« | ¯à®æ¥áá, á®áâ®ïé¨© ¨§ ¤¢ãå ¯®á«¥¤®¢�â¥«ì−ëå ä�§. �¥à¢�ï ä�§� ¢ æ¨ª-
«¥ −�§ë¢�¥âáï ¯à¥¤ë¤ãé¥©, ¢â®à�ï (®á−®¢−�ï ¤«ï �−�«¨§�) | ®á−®¢−®©. ‚á¥£®
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áãé¥áâ¢ã¥â ¤¢� ¢�à¨�−â� æ¨ª«�: −�ç¨−�îé¨©áï á® á¯¥©á¥à� ¨ −�ç¨−�îé¨©áï
á à�¡®ç¥© ä�§ë.

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

„¨áæ¨¯«¨−®© ¢å®¤−ëå á¨£−�«®¢ ¤�«¥¥ ¡ã¤¥â −�§ë¢�âìáï ¯®àï¤®ª ¨å ¨§¬¥−¥−¨©
®â−®á¨â¥«ì−® ¤àã£ ¤àã£�.

‡�¤�ç� áâ�¢¨âáï â�ª¨¬ ®¡à�§®¬:

{ ãáâ�−®¢¨âì á�¬®á¨−åà®−−®áâì áå¥¬ë ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨¢¥¤¥−−ë¬ ¢ëè¥
®¯à¥¤¥«¥−¨¥¬;

{ ¯®«ãç¨âì ¨−ä®à¬�æ¨î ¤«ï ¢ª«îç¥−¨ï ¢ ¨−â¥àä¥©á ¤«ï �−�«¨§� −� á«¥¤ãîé¥¬
¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨.

4 Метод анализа

Œ¥â®¤ ®á−®¢�− −� ¯à®¢¥àª¥ ¤¢ãå á¢®©áâ¢ ¯à¥¤êï¢«¥−−®© ¤«ï �−�«¨§� áå¥¬ë
¢ á®®â¢¥âáâ¢¨¨ á ¯à¨¢¥¤¥−−ë¬ ¢ëè¥ ®¯à¥¤¥«¥−¨¥¬ ‘‘-áå¥¬ë.

Š�ª ¯®ª�§�−® ¢ [1], á¢®©áâ¢® ®âª�§®¡¥§®¯�á−®áâ¨ ®¡¥á¯¥ç¨¢�¥âáï ¤àã£¨¬
á¢®©áâ¢®¬ ‘‘-áå¥¬, ¡®«¥¥ ã¤®¡−ë¬ ¤«ï �−�«¨§�, | ¨−¤¨æ¨àã¥¬®áâìî.

‘¬ëá« ¨−¤¨æ¨àã¥¬®áâ¨ (áâà®£®¥ ®¯à¥¤¥«¥−¨¥ ¤�−® ¢ [1]) ¢ â®¬, çâ® «î¡®¥
¨§¬¥−¥−¨¥ ¢ëå®¤� ª�¦¤®£® í«¥¬¥−â� áå¥¬ë ¤®«¦−® ú®âá«¥¦¨¢�âìáïû ¥¥ ¢ëå®¤-
−ë¬¨ ä�§®¢ë¬¨ á¨£−�«�¬¨. …á«¨ ¢á¥ ¨§¬¥−¥−¨ï ¢ëå®¤®¢ ¯à®¨§®è«¨, â® ¨ ¢á¥
ä�§®¢ë¥ ¢ëå®¤ë áå¥¬ë ¤®«¦−ë ¯¥à¥©â¨ ª §−�ç¥−¨ï¬ â¥ªãé¥© ä�§ë. …á«¨ å®âï
¡ë ®¤¨− ¢ëå®¤ í«¥¬¥−â� ú§�«¨¯û −� ª®−áâ�−âã 0 ¨«¨ 1, â® å®âï ¡ë ®¤¨− ¨§
ä�§®¢ëå ¢ëå®¤®¢ áå¥¬ë ®áâ�«áï ¢ §−�ç¥−¨¨ ¯à¥¤ë¤ãé¥© ä�§ë.

ˆ−¤¨æ¨àã¥¬®áâì ®¯à¥¤¥«¥−� ¤«ï à�§®¬ª−ãâëå áå¥¬, ¯®áª®«ìªã ¢ §�¬ª−ãâëå
áå¥¬�å ¢å®¤®¢ ¨ ¢ëå®¤®¢ −¥â ¨ ¯®−ïâ¨¥ ä�§ë −¥¯à¨¬¥−¨¬®.

�¤−® ¨§ ®á−®¢−ëå â¥®à¥â¨ç¥áª¨å ¯®«®¦¥−¨© ¤«ï à�§®¬ª−ãâëå áå¥¬ [1]
ãâ¢¥à¦¤�¥â: ú„¢ãåä�§−�ï ª®¬¡¨−�æ¨®−−�ï áå¥¬� ï¢«ï¥âáï �¯¥à¨®¤¨ç¥áª®© â®-
£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ®−� ¨−¤¨æ¨àã¥¬�û.

‡¤¥áì �¯¥à¨®¤¨ç−®áâì ¯®¤à�§ã¬¥¢�¥â ®âáãâáâ¢¨¥ á®áâï§�−¨©.
�â¬¥â¨¬ á¢®©áâ¢� á¨£−�«®¢ ¢ ‘‘-áå¥¬�å, á«¥¤ãîé¨¥ ¨§ â¥®à¨¨ [1].
‹î¡®© á¨£−�« ¢ ª�¦¤®© ¨§ ä�§ ¬®¦¥â ¬¥−ïâìáï −¥ ¡®«¥¥ 1 à�§�.
”�§®¢ë© á¨£−�«, ¥á«¨ ¬¥−ï¥âáï, â® ¢ §�¤�−−®© ä�§¥ ¢á¥£¤� ¢ ®¤−®¬ −�¯à�¢-

«¥−¨¨, «¨¡® ¨§ 0 ¢ 1, «¨¡® ¨§ 1 ¢ 0. �â� ®á®¡¥−−®áâì, ¢ ç�áâ−®áâ¨, ¨ ¯®§¢®«¨«�
¤®ª�§�âì ã¯®¬ï−ãâ®¥ ãâ¢¥à¦¤¥−¨¥.

ˆ−�ï á¨âã�æ¨ï á �ˆ� (“ˆ�) á¨£−�«�¬¨. �â¨ á¨£−�«ë, ¢ ®â«¨ç¨¥ ®â
ä�§®¢ëå, ¢ §�¤�−−®© ä�§¥ ¬®£ãâ ¬¥−ïâìáï ¢ à�§−ëå −�¯à�¢«¥−¨ïå, ¨ â�ª�ï
®á®¡¥−−®áâì ¬®¦¥â ¯®à®¦¤�âì á®áâï§�−¨ï.

’�ª¨¬ ®¡à�§®¬, ¥á«¨ áå¥¬� −¥ ª®¬¡¨−�æ¨®−−�, â® ¥¥ ¨−¤¨æ¨àã¥¬®áâì −¥®¡å®-
¤¨¬�, −® −¥ ¤®áâ�â®ç−�. „«ï á�¬®á¨−åà®−−®áâ¨ âà¥¡ã¥âáï ¯à®¢¥àª� á®áâï§�−¨©.

ˆ¤¥ï �−�«¨§� á®áâ®¨â ¢ â®¬, çâ®¡ë ¢ë¤¥«¨âì ¢ áå¥¬¥ ¨áâ®ç−¨ª¨ �ˆ�-
¨ “ˆ�-á¨£−�«®¢ | �‘Ÿ | ¨ ¯à®�−�«¨§¨à®¢�âì á®áâï§�−¨ï, ª®â®àë¥ ¬®£ãâ
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�−�«¨§ á�¬®á¨−åà®−−®áâ¨ í«¥ªâà®−−ëå áå¥¬ −� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨

¨¬¨ ¯®à®¦¤�âìáï. �à®¢¥àª� á®áâï§�−¨© ¬®¦¥â ¯à®¢®¤¨âìáï ¤«ï ª�¦¤®© �‘Ÿ
®â¤¥«ì−®, çâ® −¥ âà¥¡ã¥â §−�ç¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢. �áâ�¢è�ïáï
ç�áâì áå¥¬ë, ¥á«¨ ®−� ¨−¤¨æ¨àã¥¬�, á®áâï§�−¨© −¥ ¨¬¥¥â.

‘ æ¥«ìî ®¡¥á¯¥ç¥−¨ï ¯®«−®âë ¤«ï ¢á¥å ¢å®¤−ëå ¯�à−ëå á¨£−�«®¢ áå¥¬ë
(�”‘ ¨ �ˆ�) ¢¢®¤ïâáï −¥§�¢¨á¨¬ë¥ ¢¥«¨ç¨−ë | ¯�à�¬¥âàë �−�«¨§� [8].

‡¤¥áì ¨ ¤�«¥¥ ¢ ¡ã«¥¢ëå ¢ëà�¦¥−¨ïå §−�ª ∧ ®¡®§−�ç�¥â ®âà¨æ�−¨¥, §−�ª ∨|
®¯¥à�æ¨î ˆ‹ˆ, ®âáãâáâ¢¨¥ §−�ª� | ®¯¥à�æ¨î ˆ.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï: Ai ¨Bi | á¨£−�«ë i-© �”‘-¯�àë; Cj ¨Dj | á¨£−�«ë
j-© �ˆ�-¯�àë; á¨¬¢®«ë @ ¨ # ¡ã¤ãâ ¯à¨§−�ª�¬¨ ¯�à�¬¥âà®¢.

�−�«¨§ ¯à®¢®¤¨âáï ¤«ï ª�¦¤®£® ¨§ ¤¢ãå æ¨ª«®¢.
‘−�ç�«� ¤¥«�¥âáï à�áç¥â ãáâ�−®¢¨¢è¨åáï §−�ç¥−¨© ¢á¥å í«¥¬¥−â®¢ áå¥¬ë

¢ ¯à¥¤ë¤ãé¥© ä�§¥. ��ç�«ì−ë¥ §−�ç¥−¨ï ¢−ãâà¥−−¨å á¨£−�«®¢ ¢ íâ®© ä�§¥
¯à¨−¨¬�îâáï ¯à®¨§¢®«ì−ë¬¨. �� �”‘-¢å®¤ë, ¥á«¨ ä�§� | á¯¥©á¥à, ¯®¤�îâáï
§−�ç¥−¨ïAi = Bi = Si, £¤¥ Si | ª®−áâ�−â� 0 ¨«¨ 1 | §−�ç¥−¨¥ á®®â¢¥âáâ¢ãîé¥£®
á¯¥©á¥à�. …á«¨ ä�§� à�¡®ç�ï, §−�ç¥−¨ï ¯�àë ¡ã¤ãâ ¨−¢¥àá−ë: Ai = @Ai; Bi =
= ∧@Ai, £¤¥ @Ai | ¯¥à¢ë© ¯�à�¬¥âà ¯�àë. �� �ˆ�-¢å®¤ë ¢á¥£¤� ¯®¤�îâáï
¨−¢¥àá−ë¥ §−�ç¥−¨ï: Cj = @Cj; Dj =

∧@Cj. ‡−�ç¥−¨ï “-¢å®¤®¢ ¤®«¦−ë
á®®â¢¥âáâ¢®¢�âì ä�§¥.

„�«¥¥ ¯à®¢®¤¨âáï à�áç¥â §−�ç¥−¨© ¢ ®á−®¢−®© ä�§¥. ‚−ãâà¥−−¨¥ −�ç�«ì−ë¥
§−�ç¥−¨ï ¤«ï −¥¥ ®áâ�îâáï â¥¬¨, çâ® ¯®«ãç¨«¨áì ¢ ¯à¥¤ë¤ãé¥© ä�§¥. ‚ ®â«¨ç¨¥
®â ¯à¥¤ë¤ãé¥©, −� ¯�à−ë¥ ¢å®¤ë ¯®¤�îâáï ¤àã£¨¥ ¯�à�¬¥âàë. �� �”‘-¢å®¤ë
¢ à�¡®ç¥© ä�§¥ ¯®¤�îâáï §−�ç¥−¨ï Ai = #Ai ¨ Bi =

∧#Ai, −� �ˆ�-¢å®¤ë |
Cj = #Cj ¨ Dj =

∧#Cj.
‚ ª�¦¤®¬ æ¨ª«¥ ¯®á«¥ à�áç¥â� ¢ ¯à¥¤ë¤ãé¥© ä�§¥ á¨£−�«ë, ®áâ�¢è¨¥áï

¯à®¨§¢®«ì−ë¬¨, ¯à¨−�¤«¥¦�â �‘Ÿ, â�ª ª�ª åà�−ïâ á¢®¥ §−�ç¥−¨¥ ¨ á«ã¦�â
¯à¨§−�ª®¬ ¤«ï ¢ëï¢«¥−¨ï íâ¨å �‘Ÿ.

‚á¥ �‘Ÿ áå¥¬ë ®¯à¥¤¥«ïîâáï ¯®á«¥ à�áç¥â®¢ ®¡®¨å æ¨ª«®¢. ‚ëï¢«¥−−ë¥
§−�ç¥−¨ï ¯à®¨§¢®«ì−ëå á¨£−�«®¢ (á ¯à¨§−�ª®¬ $) ¤®¡�¢«ïîâáï ¢ ¯�à�¬¥âàë
�−�«¨§�.

‚¢¥¤¥−−ë¥ ¯�à�¬¥âàë �−�«¨§� ¨ à�áç¥âë ¢ ¤¢ãå æ¨ª«�å ®¡¥á¯¥ç¨¢�îâ −¥®¡-
å®¤¨¬ãî ¯®«−®âã �−�«¨§� ª�ª ¯® §−�ç¥−¨ï¬ ¨ ¨§¬¥−¥−¨ï¬ ¢å®¤−ëå á¨£−�«®¢, â�ª
¨ ¯® −�ç�«ì−ë¬ á®áâ®ï−¨ï¬.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë à�áç¥â®¢ ¢ ª�¦¤®¬ æ¨ª«¥ ¨á¯®«ì§ãîâáï ª�ª ®á−®¢�
¤«ï ¤�«ì−¥©è¥£® �−�«¨§�. ˆ−ä®à¬�æ¨ï ¤«ï ¢¥àå−¥£® ãà®¢−ï ¨¥à�àå¨¨ ¢ëç¨á«ï-
¥âáï ¢ ¯à®æ¥áá¥ �−�«¨§�.

4.1 Проверка индицируемости сигналов

ˆ−¤¨æ¨àã¥¬®áâì ¢−ãâà¥−−¨å á¨£−�«®¢ áå¥¬ë ®¡ï§�â¥«ì−� ¤«ï á�¬®á¨−åà®−-
−®áâ¨. ‚−¥è−¨¥ á¨£−�«ë ¬®£ãâ «¨¡® ¨−¤¨æ¨à®¢�âìáï, «¨¡® −¥â −� ä�§®¢ëå
¢ëå®¤�å áå¥¬ë, ¨ íâ� ¨−ä®à¬�æ¨ï ¢å®¤¨â ¢ ¨−ä®à¬�æ¨î ¤«ï ¢¥àå−¥£® ãà®¢−ï
¨¥à�àå¨¨.
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ˆ−¤¨æ¨àã¥¬®áâì −¥ª®â®à®£® á¨£−�«� A ¢ [1] ®¯à¥¤¥«¥−� ª�ª ¡ã«¥¢� ¯à®¨§-
¢®¤−�ï äã−ªæ¨¨ ¢ëå®¤−®£® í«¥¬¥−â� áå¥¬ë ¯® A á ãç¥â®¬ âà�−á«¨àã¥¬®áâ¨ |
¯¥à¥¤�ç¨ ¨§¬¥−¥−¨© ¯® æ¥¯®çª¥ í«¥¬¥−â®¢ ®â A ¤® ¢ëå®¤�. ’�ª®¥ ®¯à¥¤¥«¥−¨¥
¯®§¢®«ï¥â ãáâ�−®¢¨âì á�¬®á¨−åà®−−®áâì â®«ìª® ª®¬¡¨−�æ¨®−−ëå áå¥¬, çâ® ¨ ®â-
à�¦¥−® ¢ æ¨â¨à®¢�−−®¬ ¢ëè¥ ãâ¢¥à¦¤¥−¨¨. „«ï áå¥¬ á ¯�¬ïâìî âà�á«¨àã¥¬®áâì
−¥ á®¡«î¤�¥âáï, ¨ ¤�−−®¥ ®¯à¥¤¥«¥−¨¥ −¥ ¯®¬®£�¥â �−�«¨§ã.

‚ äã−ªæ¨®−�«ì−®¬ ¯®¤å®¤¥ ¨−¤¨æ¨àã¥¬®áâì ª�ª ®¤−® ¨§ âà¥¡®¢�−¨© ®¯à¥¤¥-
«¥−¨ï á�¬®á¨−åà®−−®áâ¨ ¤®«¦−� ¯à¨¬¥−ïâìáï ª áå¥¬�¬ ®¡é¥£® ¢¨¤�. �®íâ®¬ã
¢ ¤�−−®¬ ¯®¤å®¤¥ ®−� ®¯à¥¤¥«¥−� ª®−áâàãªâ¨¢−® | ¨¬¨â�æ¨¥© §�«¨¯�−¨ï |
¨ ¯à®¢¥àï¥âáï ¯àï¬ë¬ ¬¥â®¤®¬.

„¥«�¥âáï −®¢ë© à�áç¥â ®á−®¢−®© ä�§ë â�ª¨¬ ®¡à�§®¬, ª�ª ¥á«¨ ¡ë �−�«¨§¨-
àã¥¬ë© á¨£−�« §�«¨¯ | −¥ ¬¥−ï«áï ¢ íâ®© ä�§¥. …á«¨ ¢á¥ ä�§®¢ë¥ ¢ëå®¤ë áå¥¬ë
¯¥à¥è«¨ ¢ á®áâ®ï−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ®á−®¢−®© ä�§¥ (ª�ª ¢ ¯¥à¢®−�ç�«ì−®¬
à�áç¥â¥), §�«¨¯�−¨¥ −¥ §�¬¥ç¥−® ¨ á¨£−�« −¥ ¨−¤¨æ¨àã¥âáï. ��à�¬¥âàë �−�«¨§�
¯à¨ íâ®¬ ¤�¤ãâ ¨−ä®à¬�æ¨î ® á¨£−�«�å ¨ ãá«®¢¨ïå íâ®£® −�àãè¥−¨ï, çâ® ¯®-
§¢®«¨â íää¥ªâ¨¢−® ¨á¯à�¢¨âì áå¥¬ã. („«ï áà�¢−¥−¨ï | ¢ á®¡ëâ¨©−ëå ¬¥â®¤�å,
çâ®¡ë ãáâ�−®¢¨âì ¬¥áâ® ¢ áå¥¬¥, ¯®à®¦¤�îé¥¥ −�àãè¥−¨¥ ¯®«ã¬®¤ã«ïà−®áâ¨,
âà¥¡ãîâáï ¤®¯®«−¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï.)

�à®¢¥àª� ¨−¤¨æ¨àã¥¬®áâ¨ á ¯�à�¬¥âà�¬¨ �−�«¨§� ¡®«¥¥ ¯®¤à®¡−® ¨§«®¦¥−�
¢ [8] ¨ §¤¥áì ¯®¢â®àïâìáï −¥ ¡ã¤¥â.

4.2 Проверка состязаний

Š�ª ãª�§ë¢�«®áì ¢ëè¥, ¨áâ®ç−¨ª®¬ ¢®§¬®¦−®£® á®áâï§�−¨ï ¢ ‘‘-áå¥¬�å
ï¢«ï¥âáï “ˆ�-á¨£−�«, � á�¬® á®áâï§�−¨¥ ¬®¦¥â ¢®§−¨ª−ãâì −� í«¥¬¥−â¥, −�
ª®â®àë© íâ®â á¨£−�« ¯®¤�¥âáï.

‚¢¥¤¥¬ â¥à¬¨−ë:

¯«¥ç® | ®¤¨− ¨§ í«¥¬¥−â®¢ �‘Ÿ;

¨áâ®ç−¨ª | ¨áâ®ç−¨ª “ˆ�-á¨£−�«�;

¯®á«¥¤®¢�â¥«ì | í«¥¬¥−â, −� ¢å®¤ ª®â®à®£® ¯®¤�¥âáï “ˆ�-á¨£−�« ®â ¨áâ®ç-
−¨ª�.

ˆáâ®ç−¨ª�¬¨ ¢ áå¥¬¥ ¡ã¤ãâ ¯«¥ç¨ �‘Ÿ, ¢å®¤−ë¥ �ˆ�- ¨ “ˆ�-á¨£−�«ë,
� â�ª¦¥ á¨£−�«ë, ¨¤ãé¨¥ ®â ¨áâ®ç−¨ª®¢ ç¥à¥§ ¨−¢¥àâ®àë ¨«¨ ¯®¢â®à¨â¥«¨.
�®á«¥¤®¢�â¥«ï¬¨ ¬®£ãâ ¡ëâì ª�ª ¯«¥ç¨ ¤àã£¨å �‘Ÿ, â�ª ¨ í«¥¬¥−âë, −¥ ¢å®¤ïé¨¥
¢ �‘Ÿ, −�¯à¨¬¥à ¨−¤¨ª�â®àë.

‘®áâï§�−¨ï ¡ã¤ãâ �−�«¨§¨à®¢�âìáï ¯® ¢§�¨¬®¤¥©áâ¢¨î ¨áâ®ç−¨ª{¯®á«¥¤®¢�-
â¥«ì. ƒ«�¢−ãî à®«ì ¢ ¯à®¢¥àª¥ ¡ã¤¥â ¨£à�âì ¤¨áæ¨¯«¨−� ¨å ¨§¬¥−¥−¨©.

‚¢¥¤¥¬ ¯®−ïâ¨¥ ¡«®ª¨à®¢�−¨ï.
�«¥¬¥−â ¡ã¤¥â áç¨â�âìáï §�¡«®ª¨à®¢�−−ë¬, ¥á«¨ §−�ç¥−¨ï ¥£® ä�§®¢ëå ¢å®¤®¢

−¥ ¯®§¢®«ïîâ ¨§¬¥−ïâìáï ¢ëå®¤−®¬ã á¨£−�«ã.
�� à¨á. 1 ¯®ª�§�−� ¤¨�£à�¬¬� ª®àà¥ªâ−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨áâ®ç−¨ª� ¨ ¯®-

á«¥¤®¢�â¥«ï. ‡¤¥áìQ ¨ Y | á¨£−�«ë á®®â¢¥âáâ¢¥−−® ¨áâ®ç−¨ª� ¨ ¯®á«¥¤®¢�â¥«ï;
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÷¨á. 1 ‚§�¨¬®¤¥©áâ¢¨¥ ¨áâ®ç−¨ª� ¨ ¯®á«¥¤®¢�â¥«ï

BQ ¨ BY | ã¯à�¢«ïîé¨¥ á¨£−�«ë ¨áâ®ç−¨ª� ¨ ¯®á«¥¤®¢�â¥«ï, §−�ç¥−¨ï íâ¨å
á¨£−�«®¢: 0 | ¡«®ª¨à®¢�−®, 1 | à�§à¥è¥−®.

�«®ª¨àãîé�ï ä�§� (¡«®ª-ä�§�) | ä�§�, ¢ ª®â®à®© í«¥¬¥−â ¯¥à¥å®¤¨â ¨§
−¥¡«®ª¨à®¢�−®£® á®áâ®ï−¨ï ¢ §�¡«®ª¨à®¢�−−®¥.

�� à¨á. 1 ¡«®ª-ä�§� ¤«ï ¨áâ®ç−¨ª� | ä�§� 2, ¤«ï ¯®á«¥¤®¢�â¥«ï | ä�§� 1.
Š�ª á«¥¤ã¥â ¨§ à¨á. 1, ¯à¨−æ¨¯¨�«ì−® ¢�¦−®¥ ãá«®¢¨¥ ª®àà¥ªâ−®áâ¨ §�ª«îç�-

¥âáï ¢ â®¬, çâ® á¨£−�« BQ −¥ ¤®«¦¥− ¬¥−ïâìáï à�−ìè¥ á¨£−�«� BY. ‚ ¯à®â¨¢−®¬
á«ãç�¥, ¢ ãá«®¢¨ïå ¯à®¨§¢®«ì−®áâ¨ §�¤¥à¦¥ª ¢ ‘‘-áå¥¬�å, ¢ëå®¤ ¨áâ®ç−¨ª� Q
¨ á¨£−�« BY ¬®£ãâ á®áâï§�âìáï, çâ® ¢ë§®¢¥â −¥¯à¥¤áª�§ã¥¬ë¥ ¨§¬¥−¥−¨ï ¢ëå®¤�
¯®á«¥¤®¢�â¥«ï Y .

‚á«¥¤áâ¢¨¥ −¥®¡å®¤¨¬®© ª®àà¥ªâ−®áâ¨ á¨£−�«ë BQ ¨ BY ¤®«¦−ë ¡ëâì
á¢ï§�−ë, � ¨¬¥−−®: íâ® ¬®¦¥â ¡ëâì ®¤¨− ¨ â®â ¦¥ á¨£−�« «¨¡® BQ ¤®«¦¥− ¢á¥£¤�
¨§¬¥−ïâìáï ¯®§¦¥ BY, â. ¥. BQ ¤®«¦¥− ¡ëâì á®¥¤¨−¥− á BY ç¥à¥§ ¯à®¬¥¦ãâ®ç−ë¥
í«¥¬¥−âë.

“á«®¢¨¥ ª®àà¥ªâ−®áâ¨, â�ª¨¬ ®¡à�§®¬, ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−® ¯® á®¥¤¨−¥−¨-
ï¬ í«¥¬¥−â®¢ áå¥¬ë. �®«¥§−ë¬¨ §¤¥áì ®ª�§ë¢�îâáï ¡«®ª¨àãîé¨¥ äã−ªæ¨¨.

�«®ª¨àãîé¥© äã−ªæ¨¥© (¡«®ª-äã−ªæ¨¥©) í«¥¬¥−â� −�§®¢¥¬ ¡ã«¥¢ã ¯à®¨§¢®¤-
−ãî ¥£® äã−ªæ¨¨ ¯® ¢á¥¬ ¢å®¤−ë¬ “ˆ�-á¨£−�«�¬.

…á«¨ ¡«®ª-äã−ªæ¨ï à�¢−� 0, í«¥¬¥−â §�¡«®ª¨à®¢�−, ¥á«¨ 1, â® ¢ëå®¤ í«¥¬¥−â�
¬®¦¥â ¬¥−ïâìáï.

�«®ª¨àãîé¨¥ á¨£−�«ë (¡«®ª-á¨£−�«ë) | íâ® ä�§®¢ë¥ á¨£−�«ë, ¢å®¤ïé¨¥
¢ ¡«®ª-äã−ªæ¨î.

‚ ‘‘-áå¥¬�å ®¡ëç−® ¡«®ª-äã−ªæ¨¨ ¢ ¯à¥¤áâ�¢«¥−¨¨ „�” ¨¬¥îâ ¢¨¤ ®¤−®©
¨¬¯«¨ª�−âë ¨ ¡«®ª-á¨£−�«ë ¢å®¤ïâ ¢ −¥¥ ª�ª á®¬−®¦¨â¥«¨. ˆ−ë¥ ¢�à¨�−âë
−� ¯à�ªâ¨ª¥ −¥ ¨á¯®«ì§ãîâáï ¨§-§� â®£®, çâ® ¯à¨ íâ®¬ −¥ ã¤�¥âáï ®à£�−¨§®¢�âì
¯à�¢¨«ì−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¨ ¨−¤¨ª�æ¨î. �®íâ®¬ã ¤àã£¨¥ ¢�à¨�−âë ¤�«¥¥ −¥
à�áá¬�âà¨¢�îâáï.

�âáãâáâ¢¨¥ á®áâï§�−¨© ¯®á«¥¤®¢�â¥«ï ¢ëï¢«ï¥âáï ¤¢ã¬ï à�áç¥â�¬¨: ¯à®¢¥à-
ª®© á®¥¤¨−¥−¨© ¡«®ª-á¨£−�«®¢ ¨ ¯à®¢¥àª®© ¬®−®â®−−®áâ¨ ¯¥à¥å®¤®¢ í«¥¬¥−â®¢.
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4.2.1 Проверка соединений блокирующих сигналов

��§®¢¥¬ á¨£−�« A ¨−¨æ¨�â®à®¬ í«¥¬¥−â� U , ¥á«¨ ¢å®¤ íâ®£® í«¥¬¥−â� á®¥¤¨-
−¥− á A ç¥à¥§ æ¥¯®çªã ¯à®¬¥¦ãâ®ç−ëå í«¥¬¥−â®¢.

�ãáâì ¢ëç¨á«¥−ë ¡«®ª-äã−ªæ¨¨ ¨áâ®ç−¨ª� ¨ ¯®á«¥¤®¢�â¥«ï. ’®£¤� ãá«®¢¨¥
ª®àà¥ªâ−®áâ¨ −� à¨á. 1 ¬®¦−® áä®à¬ã«¨à®¢�âì â�ª:

•®âï ¡ë ®¤¨− ¡«®ª-á¨£−�« ¯®á«¥¤®¢�â¥«ï ¤®«¦¥− ¡ëâì «¨¡® ¡«®ª-á¨£−�«®¬
¨áâ®ç−¨ª�, «¨¡® ¨−¨æ¨�â®à®¬ ¡«®ª-á¨£−�«� ¨áâ®ç−¨ª�.

�â® −¥®¡å®¤¨¬®¥ ãá«®¢¨¥ ¤®«¦−® ¢ë¯®«−ïâìáï ¤«ï ¢á¥å ¯�à ¨áâ®ç−¨ª{¯®á«¥-
¤®¢�â¥«ì ¢ áå¥¬¥ ¨ ¯à®¢¥àï¥âáï ¯® á®¥¤¨−¥−¨ï¬ í«¥¬¥−â®¢.

4.2.2 Проверка монотонности переходов последователя

�®á«¥¤®¢�â¥«ì ¬®¦¥â ¨¬¥âì −� ¢å®¤¥ ®¤¨− ¨«¨ −¥áª®«ìª® “ˆ�-á¨£−�«®¢.
…á«¨ “ˆ�-á¨£−�« ®¤¨−, ®− −¥ á®áâï§�¥âáï á® á¢®¨¬¨ ¡«®ª-á¨£−�«�¬¨ ¯® ¯à¥¤ë¤ã-
é¥¬ã ãá«®¢¨î.

…á«¨ ¯®á«¥¤®¢�â¥«ì | ¯«¥ç® �‘Ÿ, â® ã −¥£® −� ¢å®¤¥ ¢á¥£¤� ¤¢� “ˆ�-á¨£−�-
«�, ®¤¨− ¨§ −¨å | ®â ¢â®à®£® ¯«¥ç�. ‘¨£−�« ®â ¢â®à®£® ¯«¥ç�, ¥á«¨ ¨§¬¥−ï¥âáï, â®
¢á¥£¤� ¢ â®¬ ¦¥ −�¯à�¢«¥−¨¨, çâ® ¨ á¨£−�« ¯¥à¢®£® ¯«¥ç�, â�ª ª�ª ®¡� ®−¨ á¢ï§�−ë
¤àã£ á ¤àã£®¬ ç¥à¥§ ¤¢� ¨−¢¥àâ¨àãîé¨å (¨«¨ −¥¨−¢¥àâ¨àãîé¨å) í«¥¬¥−â�. �®
íâ®© ¯à¨ç¨−¥ á®áâï§�−¨© §¤¥áì â�ª¦¥ −¥ ¢®§−¨ª�¥â.

�®áª®«ìªã “ˆ�-á¨£−�«ë ¢ ®¤−®© ä�§¥ ¬®£ãâ ¨§¬¥−ïâìáï ¢ à�§−ëå −�¯à�¢-
«¥−¨ïå, âà¥¡ã¥âáï ¯à®¢¥àïâì ¬®−®â®−−®áâì ¯¥à¥å®¤®¢ ¯®á«¥¤®¢�â¥«ï.

‘®£«�á−® [1] äã−ªæ¨ï f(h1, . . . , hn) −�§ë¢�¥âáï ¨§®â®−−®© ¯® ¯¥à¥¬¥−−®© hi,
¥á«¨ f(hi = 1) ≥ f(hi = 0), ¨ �−â¨â®−−®©, ¥á«¨ f(hi = 1) ≤ f(hi = 0).

�®¤ ¬®−®â®−−®áâìî ¯¥à¥å®¤®¢ ¯®−¨¬�¥âáï ¨§¬¥−¥−¨¥ ¢á¥å ¢å®¤®¢ í«¥¬¥−â�
â�ª, çâ®¡ë ¢ë¯®«−ï«�áì «¨¡® ¨§®â®−−®áâì ¯® ¢á¥¬ ¢å®¤�¬, «¨¡® �−â¨â®−−®áâì ¯®
¢á¥¬ ¢å®¤�¬. �¥¬¥−ïîé¨¥áï ¢å®¤ë −¥ ãç¨âë¢�îâáï.

…á«¨ ¬®−®â®−−®áâì à¥�«¨§ã¥âáï, á®áâï§�−¨© −¥ ¢®§−¨ª�¥â.
’�ª¨¬ ®¡à�§®¬, ¯à®¢¥àª¥ −� ¬®−®â®−−®áâì ¯®¤«¥¦�â ¯®á«¥¤®¢�â¥«¨, −¥ ï¢«ï-

îé¨¥áï ¯«¥ç�¬¨ �‘Ÿ ¨ ¨¬¥îé¨¥ −� ¢å®¤¥ ¡®«¥¥ ®¤−®£® “ˆ�-á¨£−�«�. �à®¢¥àª�
®áãé¥áâ¢«ï¥âáï ¢ ®á−®¢−®© ä�§¥ æ¨ª«�. …á«¨ −� ¢å®¤¥ ¯®á«¥¤®¢�â¥«ï ¥áâì ¡«®ª-
á¨£−�«ë, â® ¯à®¢¥àª� ¤¥«�¥âáï â®«ìª® ¢ −¥¡«®ª¨àãîé¥© ®á−®¢−®© ä�§¥, ¥á«¨
¡«®ª-á¨£−�«®¢ −¥â, â® ¢ ®á−®¢−ëå ä�§�å ®¡®¨å æ¨ª«®¢.

„«ï ¯à®¢¥àª¨ ¬®−®â®−−®áâ¨ ¢¢¥¤¥¬ ¢á¯®¬®£�â¥«ì−ë¥ ¨§®¯¥à¥¬¥−−ë¥ | ¯¥à¥-
¬¥−−ë¥, ¢á¥£¤� ¨§¬¥−ïîé¨¥áï ¨§ 0 ¢ 1.

‚ à¥§ã«ìâ�â¥ ¯à¥¤¢�à¨â¥«ì−®£® à�áç¥â� ¤«ï ¯®á«¥¤®¢�â¥«ï ¯®«ãç¥−ë ¢ëà�-
¦¥−¨ï ¥£® ¢å®¤®¢ ç¥à¥§ ¯�à�¬¥âàë �−�«¨§� ¢ ®¡¥¨å ä�§�å æ¨ª«�.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

P | ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢ �−�«¨§�;

A(P )| ¢ëà�¦¥−¨¥ ¢ëå®¤� ¯®á«¥¤®¢�â¥«ï ¢ ¯à¥¤ë¤ãé¥© ä�§¥;

Z(P )| â® ¦¥ ¢ ®á−®¢−®© ä�§¥;
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Ui(P )| ¢ëà�¦¥−¨¥ i-£® á¨£−�«� ¢ ¯à¥¤ë¤ãé¥© ä�§¥;

Vi(P )| â® ¦¥ ¢ ®á−®¢−®© ä�§¥;

hi | ¨§®¯¥à¥¬¥−−�ï;

H | ¬−®¦¥áâ¢® ¨§®¯¥à¥¬¥−−ëå;

Gi = Ui
∧hi ∨ Vihi | ¢á¯®¬®£�â¥«ì−�ï äã−ªæ¨ï á¨£−�«�.

‚á¯®¬®£�â¥«ì−�ï äã−ªæ¨ï ¯® ¯®áâà®¥−¨î ¬¥−ï¥âáï ®â ¢ëà�¦¥−¨ï á¨£−�«�
¢ ¯à¥¤ë¤ãé¥© ä�§¥ ª ¢ëà�¦¥−¨î ¢ ®á−®¢−®© ä�§¥, ª®£¤� ¨§®¯¥à¥¬¥−−�ï ¬¥−ï¥âáï
¨§ 0 ¢ 1.

‚ íâ¨å ®¡®§−�ç¥−¨ïå ¢ëå®¤ ¯®á«¥¤®¢�â¥«ï ¯¥à¥å®¤¨â ¨§ 0 ¢ 1 ¯à¨ ãá«®¢¨¨
∧A(P )Z(P ) = 1, � ¨§ 1 ¢ 0 | ¯à¨ ãá«®¢¨¨ A(P )∧Z(P ) = 1.

‚ äã−ªæ¨î ¯®á«¥¤®¢�â¥«ï ¯®¤áâ�¢¨¬ ¢¬¥áâ® à¥�«ì−ëå ¯¥à¥¬¥−−ëå ¨å ¢á¯®-
¬®£�â¥«ì−ë¥ äã−ªæ¨¨. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¨âáï ¢ëà�¦¥−¨¥ ¢ëå®¤� ¯®á«¥¤®¢�â¥«ï
ç¥à¥§ ¯�à�¬¥âàë �−�«¨§� ¨ ¨§®¯¥à¥¬¥−−ë¥: F (P,H).

÷�áá¬®âà¨¬ â¥¯¥àì ¤¢¥ ¯à®¢¥à®ç−ë¥ äã−ªæ¨¨:

F1 =
∧A(P )Z(P )F (P,H) ;

F2 = A(P )
∧Z(P )F (P,H).

‘®áâï§�−¨ï ¡ã¤ãâ ®âáãâáâ¢®¢�âì ¯à¨ ¢ë¯®«−¥−¨¨ ¤¢ãå ãá«®¢¨©:

(1) äã−ªæ¨ï F1 ¤®«¦−� «¨¡® à�¢−ïâìáï −ã«î, «¨¡® ¡ëâì ¨§®â®−−®© ¯® ¢á¥¬
¨§®¯¥à¥¬¥−−ë¬;

(2) äã−ªæ¨ï F2 ¤®«¦−� «¨¡® à�¢−ïâìáï −ã«î, «¨¡® ¡ëâì �−â¨â®−−®© ¯® ¢á¥¬
¨§®¯¥à¥¬¥−−ë¬.

…á«¨ ãá«®¢¨ï −�àãè¥−ë, â® â¥ ¯�à�¬¥âàë �−�«¨§� ¨ ¨§®¯¥à¥¬¥−−ë¥, ¯à¨ ª®-
â®àëå −�àãè¥−¨¥ ¯à®¨§®è«®, ¯®ª�¦ãâ ¤¥â�«ì−ãî ¤¨�£−®áâ¨ªã íâ®£® −�àãè¥−¨ï.

Œ®−®â®−−®áâì äã−ªæ¨¨ f(h1, . . . , hn) ¯® ¯¥à¥¬¥−−®© hi ¯à®¢¥àï¥âáï ¯® ãá«®-
¢¨ï¬:

{ ¤«ï ¨§®â®−−®áâ¨: f(hi = 0)
∧f(hi = 1) = 0;

{ ¤«ï �−â¨â®−−®áâ¨: ∧f(hi = 0)f(hi = 1) = 0.

�à¨¬¥à 1. ÷�áá¬®âà¨¬ áå¥¬ã −¥á�¬®á¨−åà®−−®£® ¤¢ãåáâã¯¥−ç�â®£® âà¨££¥à�
(à¨á. 2).

�«¥¬¥−âë âà¨££¥à� ®¯¨áë¢�îâáï ãà�¢−¥−¨ï¬¨:

U1 =
∧(D1C ∨ U2) ;

U2 =
∧(D2C ∨ U1) ;

CZ = C ;

Y1 =
∧((U1 ∨ CZ)Y2) ;

Y2 =
∧(Y1(CZ ∨ U2)) ;

I = ∧(U1Y1 ∨D1U2CZ ∨ CZU1D2 ∨ U2Y2) .
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÷¨á. 2 ’à¨££¥à á ¯®¢â®à¨â¥«¥¬ ¢ æ¥¯¨ “-á¨£−�«�: D1 ¨ D2 | ¢å®¤−ë¥ �ˆ�-á¨£−�«ë;
Y1 ¨ Y2 | ¢ëå®¤−ë¥ �ˆ�-á¨£−�«ë; C | “-á¨£−�«; I | ˆ-á¨£−�«; ¢ áª®¡ª�å ¯®ª�§�−ë
§−�ç¥−¨ï á¯¥©á¥à®¢

‘å¥¬� −¥ á�¬®á¨−åà®−−� ¨§-§� −�«¨ç¨ï ¯®¢â®à¨â¥«ï ¢ æ¥¯¨ “-á¨£−�«�.
�«®ª-äã−ªæ¨¥© ¤«ï ®¡®¨å ¯«¥ç «¥¢®© �‘Ÿ ¡ã¤¥âC; ¤«ï ¯«¥ç ¯à�¢®© �‘Ÿ |

∧CZ ; ¤«ï ¨−¤¨ª�â®à−®£® í«¥¬¥−â� | CZ .
÷�áá¬®âà¨¬ ¯�àã: í«¥¬¥−âë U1 ¨ Y1. �� à¨á. 2 ¢¨¤−®, çâ® ¡«®ª-á¨£−�« CZ

¯®á«¥¤®¢�â¥«ï Y1 −¥ ï¢«ï¥âáï ¨−¨æ¨�â®à®¬ ¡«®ª-á¨£−�«� C ¯«¥ç� U1. ’�ª®¢� ¦¥
á¨âã�æ¨ï ®â−®á¨â¥«ì−® ¯�à U1 ¨ I, U2 ¨ Y2, U2 ¨ I.

�® íâ® −¥ ¥¤¨−áâ¢¥−−®¥ −�àãè¥−¨¥ á�¬®á¨−åà®−−®áâ¨ ¢ áå¥¬¥. �−�«¨§
¨−¤¨ª�æ¨¨ ¯®ª�§ë¢�¥â, çâ® ¢ ä�§¥ á¯¥©á¥à� á¨£−�« CZ −¥ ¨−¤¨æ¨àã¥âáï.

“á«®¢¨¥¬ ¨−¤¨ª�æ¨¨ íâ®£® á¨£−�«� ç¥à¥§ ¯�à�¬¥âàë �−�«¨§� ¡ã¤¥â

∧@D1#D1 $U1 ∨@D1 ∧#D1 ∧$U1 = 0 ,

£¤¥ @D1 ¨ #D1 | ¯�à�¬¥âàë ¯à¥¤ë¤ãé¥© (à�¡®ç¥©) ¨ ®á−®¢−®© ä�§ á®®â¢¥â-
áâ¢¥−−®; $U1 | §�¯®¬−¥−−®¥ §−�ç¥−¨¥ á¨£−�«� U1 ¢ ¯à¥¤ë¤ãé¥© ä�§¥.

��àãè¥−¨¥ ¨−¤¨ª�æ¨¨ à¥�«¨§ã¥âáï, ª®£¤� ®¤−� ¨§ ¨¬¯«¨ª�−â ãá«®¢¨ï ®¡à�-
â¨âáï ¢ 1. �® ¯¥à¢®© ¨¬¯«¨ª�−â¥ −�àãè¥−¨¥ ¡ã¤¥â, ¥á«¨ á¨£−�« U1 ¢ ¯à¥¤ë¤ãé¥©
ä�§¥ §�¯®¬−¨« 1, á¨£−�« D1 ¯¥à¥å®¤¨â ¨§ 0 ¢ 1, � á¨£−�« D2 | ¨§ 1 ¢ 0.
(�à¨ �−�«¨§¥ ãç¨âë¢�¥âáï, çâ® ¢−¥è−ïï áå¥¬� ®¡¥á¯¥ç¨¢�¥â ¤¨áæ¨¯«¨−ã ¢å®¤®¢:
¨§¬¥−¥−¨ï á¨£−�«®¢ D1 ¨ D2 ¯à®¨áå®¤ïâ ¯®á«¥ ¨§¬¥−¥−¨ï á¨£−�«� C.)

�à¨¬¥à 2. �� à¨á. 3 ¯®ª�§�−� ¨§¬¥−¥−−�ï áå¥¬� ¯à¥¤ë¤ãé¥£® ¯à¨¬¥à�, â�ª¦¥
−¥á�¬®á¨−åà®−−�ï.
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÷¨á. 3 „¢ãåáâã¯¥−ç�âë© âà¨££¥à á ¯®¢â®à¨â¥«¥¬ ¢ æ¥¯¨ “ˆ�-á¨£−�«�: D1 ¨ D2 |
¢å®¤−ë¥ �ˆ�-á¨£−�«ë; Y1 ¨ Y2 | ¢ëå®¤−ë¥ �ˆ�-á¨£−�«ë; C | “-á¨£−�«; I |
ˆ-á¨£−�«; ¢ áª®¡ª�å ¤�−ë §−�ç¥−¨ï á¯¥©á¥à®¢

‘å¥¬� ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨:

U1 =
∧ (D1C ∨ U2) ;

U2 =
∧ (U1 ∨CD2) ;

UZ = U1 ;

Y1 =
∧ ((UZ ∨ C)Y2) ;

Y2 =
∧ (Y1(C ∨ U2)) ;

I = ∧ (Y1U1 ∨D1U2C ∨ CU1D2 ∨ U2Y2) .
‚ íâ®© áå¥¬¥ ¢ë¯®«−ïîâáï ãá«®¢¨ï ª®àà¥ªâ−®áâ¨ á®¥¤¨−¥−¨© ¡«®ª¨àãîé¨å
á¨£−�«®¢. �® ¯à®¢¥àª� ¬®−®â®−−®áâ¨ í«¥¬¥−â� I ¢ëï¢«ï¥â −�àãè¥−¨¥ ¢ à�¡®ç¥©
ä�§¥.

‚á¯®¬®£�â¥«ì−ë¥ äã−ªæ¨¨ á¨£−�«®¢ ¢ íâ®© (®á−®¢−®©) ä�§¥ ¨¬¥îâ ¢¨¤ (¨§®-
¯¥à¥¬¥−−ë¥ ®¡®§−�ç¥−ë ¯à¨§−�ª®¬ %):

C = %C ;

D1 = @D1
∧%D1 ∨#D1%D1 ;

D2 =
∧@D1

∧%D2 ∨ ∧#D1%D2 ;

U1 =
∧@D1

∧%U1 ∨ ∧#D1%U1 ;
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U2 = @D1
∧%U2 ∨#D1%U2 ;

Y1 = @D1 ;

Y2 =
∧@D1 ,

£¤¥ @D1 ¨ #D1 | ¯�à�¬¥âàë ¯à¥¤ë¤ãé¥© (á¯¥©á¥à�) ¨ ®á−®¢−®© ä�§ á®®â¢¥â-
áâ¢¥−−®.

�®¤áâ�−®¢ª� ¢á¯®¬®£�â¥«ì−ëå äã−ªæ¨© ¢ äã−ªæ¨î í«¥¬¥−â� I ¤�¥â:

F = @D1#D1
∧%C ∨ ∧#D1

∧%C ∧%U1 ∨ ∧@D1
∧#D1

∧%C ∨
∨ ∧@D1

∧%C ∧%U2 ∨@D1∧#D1 ∧%U1%U2 ∨ ∧@D1#D1%U1
∧%U2 .

‚ à�¡®ç¥© ä�§¥ á¨£−�« I ¯¥à¥å®¤¨â ¨§ 1 ¢ 0, ¯®íâ®¬ã ¥£® ¯¥à¢�ï ¯à®¢¥à®ç-
−�ï äã−ªæ¨ï à�¢−� −ã«î, ¢â®à�ï á®¢¯�¤�¥â á F , ¨ íâ� äã−ªæ¨ï ¤®«¦−� ¡ëâì
�−â¨â®−−®© ¯® ¢á¥¬ ¨§®¯¥à¥¬¥−−ë¬.

�à®¢¥àª� �−â¨â®−−®áâ¨ ¯®ª�§ë¢�¥â, çâ® ¯® ¯¥à¥¬¥−−®© %U1 äã−ªæ¨ï −¥
�−â¨â®−−� ¨ −�àãè¥−¨¥ ¡ã¤¥â ¯à¨ ãá«®¢¨¨

∧@D1#D1%C
∧%U2 = 1 .

�â® ãá«®¢¨¥ ®§−�ç�¥â, çâ® á®áâï§�−¨ï ¢®§¬®¦−ë ¯à¨ ¯¥à¥å®¤¥ á¨£−�«� C ¨§ 0 ¢ 1,
D1 ¨§ 0 ¢ 1,D2 ¨§ 1 ¢ 0, � á¨£−�« U2 ¥é¥ −¥ ãá¯¥« ¨§¬¥−¨âìáï (â�ª ª�ª ¯® ãá«®¢¨î
¤®«¦−® ¡ëâì %U2 = 0).

�−�«®£¨ç−® äã−ªæ¨ï F −¥ �−â¨â®−−� ¨ ¯® ¯¥à¥¬¥−−®© %U2 ¯à¨ ãá«®¢¨¨

@D1
∧#D1%C

∧%U1 = 1 .

4.3 Оценка сложности вычислений на нижнем уровне

�ãáâìN | ç¨á«® í«¥¬¥−â®¢ áå¥¬ë; M | ç¨á«® ¥¥ ¨−ä®à¬�æ¨®−−ëå ¢å®¤®¢;
P | ç¨á«® í«¥¬¥−â®¢ ¯�¬ïâ¨ (âà¨££¥à®¢). �æ¥−¨¢�âìáï ¡ã¤¥â §�¢¨á¨¬®áâì
¢ëç¨á«¥−¨© ®â íâ¨å ¯�à�¬¥âà®¢.

�ã«¥¢ë äã−ªæ¨¨ ¯à¥¤áâ�¢¨¬ ¢ �«£¥¡à�¨ç¥áª®© −®à¬�«ì−®© ä®à¬¥ (��” |
¬−®£®ç«¥− †¥£�«ª¨−�) | áã¬¬ ¯® mod-2 ª®−êî−ªâ¨¢−ëå â¥à¬®¢ �à£ã¬¥−-
â®¢. …á«¨ ç¨á«® �à£ã¬¥−â®¢ äã−ªæ¨¨ à�¢−® n, ¥¥ ��” á®¤¥à¦¨â −¥ ¡®-
«¥¥ 2n− 1 â¥à¬®¢. �¯¥à�æ¨© ¤«ï ¤¢ãå ��” ¬®¦¥â ¡ëâì ¤¢¥: ã¬−®¦¥−¨¥ ¨ áã¬¬�
¯® mod-2. “¬−®¦¥−¨¥ ¤¢ãå ��” á®áâ®¨â ¢ ã¬−®¦¥−¨¨ ª�¦¤®£® â¥à¬� ¯¥à¢®© −�
ª�¦¤ë© â¥à¬ ¢â®à®© (¢á¥£® −¥ ¡®«¥¥ 22n ã¬−®¦¥−¨©), §�â¥¬ ¢ áà�¢−¥−¨¨ ¯®«ãç¥−-
−®£® â¥à¬� á ®áâ�«ì−ë¬¨ (¢á¥£® −¥ ¡®«¥¥ 2n áà�¢−¥−¨©) ¨ ¤®¡�¢«¥−¨¨/ã¤�«¥−¨¨
â¥à¬�. �¯¥à�æ¨¨ −�¤ â¥à¬�¬¨ ¡ã¤¥¬ áç¨â�âì í«¥¬¥−â�à−ë¬¨, ¤«ï ¯à�ªâ¨ç¥áª¨å
áå¥¬ −¥áãé¥áâ¢¥−−® §�¢¨áïé¨¬¨ ®â n.

�à¥¤¢�à¨â¥«ì−ë© à�áç¥â §−�ç¥−¨© ¢ ¤¢ãå æ¨ª«�å ¯à®¢®¤¨âáï á äã−ªæ¨ï¬¨
®â −¥ ¡®«¥¥ ç¥¬ M + P �à£ã¬¥−â®¢, ¨ §�âà�âë −� −¥£® ¯à®¯®àæ¨®−�«ì−ë 4N .
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‡�âà�âë −� ¤®¯®«−¨â¥«ì−ë© à�áç¥â á §�«¨¯�−¨¥¬ ¤«ï ª�¦¤®£® í«¥¬¥−â� ¯à®¯®à-
æ¨®−�«ì−ë 2N , ¤«ï ¢á¥å í«¥¬¥−â®¢ | 2N2. ‘ã¬¬�à−® íâ¨ §�âà�âë §�¢¨áïâ ®â N
¯®«¨−®¬¨�«ì−® á ¯®àï¤ª®¬ 2, � ®â ®áâ�«ì−ëå ¯�à�¬¥âà®¢ | ª�ª 22(M+P ).

‚ëç¨á«¥−¨ï −� á®áâï§�−¨ï ¯à®¢®¤ïâáï ¯® ¯�à�¬. ‘ ãç¥â®¬ â®£®, çâ® ¤«ï
®¤−®£® ¨áâ®ç−¨ª� ¬®¦¥â ¡ëâì −¥áª®«ìª® ¯®á«¥¤®¢�â¥«¥©, ç¨á«® ¯�à ¡ã¤¥â ®â N/2
¤® N − 1. �¯à¥¤¥«¥−¨¥ á®¥¤¨−¥−¨© ¯�à ¯à®¯®àæ¨®−�«ì−® ç¨á«ã ¯�à.

—¨á«® �à£ã¬¥−â®¢ ¯à®¢¥à®ç−ëå äã−ªæ¨© ¯à¨ ¢ëç¨á«¥−¨¨ ¬®−®â®−−®áâ¨ −¥
¡®«¥¥ M + P + L, £¤¥ L | ç¨á«® ¢å®¤®¢ ¯à®¢¥àï¥¬®£® í«¥¬¥−â�. �¡ëç−® L
¬®¦¥â ¤®áâ¨£�âì 7{8, −® −¥ ã¢¥«¨ç¨¢�¥âáï á à®áâ®¬ M ¨«¨ N .

‚ ¨â®£¥ ¬®¦−® §�ª«îç¨âì, çâ® ¢ëç¨á«¨â¥«ì−ë¥ §�âà�âë §�¢¨áïâ ®â N ¯®«¨-
−®¬¨�«ì−® á ¯®àï¤ª®¬ 2, � ®â ®áâ�«ì−ëå ¯�à�¬¥âà®¢ | ª�ª 22(M+P ).

4.4 Информация для верхнего уровня

„«ï áå¥¬ë −� ¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ â�ª¦¥ ¤®«¦−ë ¢ë¯®«−ïâìáï ãá«®¢¨ï
á�¬®á¨−åà®−−®áâ¨, â. ¥. ®¡¥á¯¥ç¨¢�âìáï ¨−¤¨ª�æ¨ï ¥¥ á¨£−�«®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨¥
¨áâ®ç−¨ª®¢ ¨ ¯®á«¥¤®¢�â¥«¥© ¯® ¬¥å�−¨§¬ã, ¯®ª�§�−−®¬ã −� à¨á. 1.

�ãáâì −� ¢å®¤¥ áå¥¬ë ¥áâì ¢å®¤−®© “ˆ�-á¨£−�« R. ‚−ãâà¨ áå¥¬ë íâ®â
á¨£−�« ¬®¦¥â ¨¬¥âì −¥áª®«ìª® ¯®á«¥¤®¢�â¥«¥©. ‚ ª�ç¥áâ¢¥ ®¡é¥© ¡«®ª-äã−ªæ¨¨
¤«ï R −¥®¡å®¤¨¬® ¡à�âì ¡ã«¥¢ã áã¬¬ã ¡«®ª-äã−ªæ¨© ¢á¥å ¥£® ¯®á«¥¤®¢�â¥«¥©.
�«®ª-á¨£−�«�¬¨ ¤«ï R ¡ã¤ãâ á¨£−�«ë ¨§ ®¡é¥© äã−ªæ¨¨.

�� ¢¥àå−¥¬ ãà®¢−¥ á¨£−�« R ¡ã¤¥â ¨£à�âì à®«ì ¯®á«¥¤®¢�â¥«ï, ¯®íâ®¬ã ¤«ï
¢ë¯®«−¥−¨ï ¤¨áæ¨¯«¨−ë −¥®¡å®¤¨¬® §−�âì, ª�ª¨¬¨ ä�§®¢ë¬¨ ¢å®¤�¬¨ áå¥¬ë
íâ®â á¨£−�« ¡«®ª¨àã¥âáï ¨ ¥áâì «¨ §�¤¥à¦ª¨ ¢ æ¥¯ïå ¡«®ª¨à®¢�−¨ï. „«ï
ª�¦¤®£® ¡«®ª-á¨£−�«�R ¯® á®¥¤¨−¥−¨ï¬ í«¥¬¥−â®¢ á«¥¤ã¥â ®¯à¥¤¥«¨âì, ï¢«ï¥âáï
«¨ ®− ä�§®¢ë¬ ¢å®¤®¬ áå¥¬ë ¨«¨ ®− á®¥¤¨−¥− á ä�§®¢ë¬¨ ¢å®¤�¬¨ ç¥à¥§
¯à®¬¥¦ãâ®ç−ë¥ í«¥¬¥−âë.

…á«¨ å®âï ¡ë ¤«ï ®¤−®£® ¡«®ª-á¨£−�«� R −¥ −�©¤¥−® á®¥¤¨−¥−¨¥ á ä�§®¢ë¬¨
¢å®¤�¬¨ áå¥¬ë, −� ¢¥àå−¥¬ ãà®¢−¥ −¥¢®§¬®¦−® á®¡«îáâ¨ âà¥¡ã¥¬ãî ¤¨áæ¨¯«¨−ã
¨ �−�«¨§¨àã¥¬�ï áå¥¬� ¯à¨§−�¥âáï −¥á�¬®á¨−åà®−−®©.

…á«¨ ¢á¥ ¡«®ª-á¨£−�«ë R ï¢«ïîâáï â�ª¦¥ ¢å®¤�¬¨ áå¥¬ë, ¤«ï ¢¥àå−¥£®
ãà®¢−ï ¤®áâ�â®ç−® ¯à¨¢¥áâ¨ ¨å á¯¨á®ª.

÷�áá¬®âà¨¬ á«ãç�©, ª®£¤� ¢−ãâà¥−−¨© ¡«®ª-á¨£−�« A á®¥¤¨−¥− á ä�§®¢ë¬
¢å®¤®¬ áå¥¬ë U ç¥à¥§ æ¥¯®çªã í«¥¬¥−â®¢. „«ï á®¡«î¤¥−¨ï ¤¨áæ¨¯«¨−ë −�
¢¥àå−¥¬ ãà®¢−¥ á¨£−�« A ¤®«¦¥− ¡ëâì ¨−¨æ¨�â®à®¬ á¨£−�«� U . …¤¨−áâ¢¥−−®©
¢®§¬®¦−®áâìî ¤«ï íâ®£® ¡ã¤¥â á®¥¤¨−¥−¨¥ á¨£−�«� A ç¥à¥§ æ¥¯®çª¨ í«¥¬¥−â®¢
á ä�§®¢ë¬¨ ¢ëå®¤�¬¨ áå¥¬ë ¨ §�â¥¬ ç¥à¥§ ¢−¥è−îî ®¡à�â−ãî á¢ï§ì á®¥¤¨−¥−¨¥
á á¨£−�«®¬ U . „«ï ¢¥àå−¥£® ãà®¢−ï ¢ íâ®¬ á«ãç�¥ á«¥¤ã¥â ¯à¨¢¥áâ¨ á¨£−�« U
¨ ä�§®¢ë¥ ¢ëå®¤ë, á®¥¤¨−¥−−ë¥ á á¨£−�«®¬ A.

‚ëå®¤−ë¥ �ˆ�- ¨ “ˆ�-á¨£−�«ë −� ¢¥àå−¥¬ ãà®¢−¥ ¡ã¤ãâ ¨£à�âì à®«ì
¨áâ®ç−¨ª®¢, ¨ §�¤¥à¦ª� §¤¥áì −¥ ¨¬¥¥â §−�ç¥−¨ï.

’�ª¨¬ ®¡à�§®¬, ¨−ä®à¬�æ¨ï, ¯®¤�¢�¥¬�ï −�¢¥àå ® áå¥¬¥ −¨¦−¥£® ãà®¢−ï,
¤®«¦−� á®¤¥à¦�âì á«¥¤ãîé¥¥:
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(1) ¤«ï ¢ëå®¤−ëå ä�§®¢ëå á¨£−�«®¢ | á¯¨á®ª ¨−¤¨æ¨àã¥¬ëå ¨¬¨ ¢å®¤−ëå
¨ ¢ëå®¤−ëå á¨£−�«®¢ áå¥¬ë ¢ ª�¦¤®© ä�§¥;

(2) ¤«ï ª�¦¤®£® ¢å®¤−®£® �ˆ�- ¨ “ˆ�-á¨£−�«� | ¡«®ª-ä�§ã ¨ ¢å®¤−ë¥ ¡«®ª-
á¨£−�«ë. …á«¨ ¢å®¤−®© ¡«®ª-á¨£−�« ¨¬¥¥â §�¤¥à¦ªã ¢ æ¥¯¨ ¡«®ª¨à®¢�−¨ï,
â® ãª�§ë¢�îâáï á®®â¢¥âáâ¢ãîé¨¥ ä�§®¢ë¥ ¢ëå®¤ë áå¥¬ë;

(3) ¤«ï ª�¦¤®£® ¢ëå®¤−®£® �ˆ�- ¨ “ˆ�-á¨£−�«� | ¡«®ª-ä�§ã ¨ ¢å®¤−ë¥
¡«®ª-á¨£−�«ë.

�à¨¬¥à 3. ‘�¬®á¨−åà®−−�ï áå¥¬� à�§àï¤� à¥£¨áâà� á¤¢¨£� [10] (à¨á. 4).

÷¨á. 4 ÷�§àï¤ à¥£¨áâà� á¤¢¨£�: D1 ¨ D2 | ¢å®¤−ë¥ �ˆ�-á¨£−�«ë; Y1 ¨ Y2 |
¢ëå®¤−ë¥ �ˆ�-á¨£−�«ë; C ¨ E | “-á¨£−�«ë; I1 ¨ I2 | ˆ-á¨£−�«ë; ¢ áª®¡ª�å |
§−�ç¥−¨ï á¯¥©á¥à®¢

�� ¢¥àå−¨© ãà®¢¥−ì ¡ã¤¥â ¯¥à¥¤�¢�âìáï á«¥¤ãîé�ï ¨−ä®à¬�æ¨ï.
‚ á¯¥©á¥à¥ −� ¢ëå®¤¥ I1 ¨−¤¨æ¨àãîâáï á¨£−�«ëC, Y1, Y2 ¨ I2, −� ¢ëå®¤¥ I2|

á¨£−�« C. ‚ à�¡®ç¥© ä�§¥ −� ¢ëå®¤¥ I1 ¨−¤¨æ¨àãîâáï á¨£−�«ë C ¨ I2, −�
¢ëå®¤¥ I2 | á¨£−�« C.

„«ï �ˆ�-¢å®¤®¢ D1 ¨ D2 ¡«®ª-äã−ªæ¨ï F = ∧I2, ¢−¥è−¨© ¡«®ª¨àãîé¨©
á¨£−�« | C á §�¤¥à¦ª®©, � â�ª¦¥ ¢ëå®¤−ë¥ á¨£−�«ë I2 ¨ I1.

„«ï �ˆ�-¢ëå®¤®¢ Y1 ¨ Y2 ¡«®ª¨àãîé�ï äã−ªæ¨ï F = EI2, � ¢−¥è−¨¥
¡«®ª¨àãîé¨¥ á¨£−�«ë | C ¨ E.

�à¨¬¥à 4. ‘�¬®á¨−åà®−−ë© âà¨££¥à á ãá¨«¥−−ë¬¨ ¢ëå®¤�¬¨ [11] (à¨á. 5).
�� ¢¥àå−¨© ãà®¢¥−ì ¡ã¤¥â ¯¥à¥¤�¢�âìáï á«¥¤ãîé�ï ¨−ä®à¬�æ¨ï.
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÷¨á. 5 �¤−®áâã¯¥−ç�âë© âà¨££¥à á ãá¨«¥−−ë¬¨ ¢ëå®¤�¬¨:D1 ¨D2 | �”‘-á¨£−�«ë;
Q1 ¨ Q2 | �ˆ�-á¨£−�«ë; I | ˆ-á¨£−�«; ¢ áª®¡ª�å | §−�ç¥−¨ï á¯¥©á¥à®¢

‚ á¯¥©á¥à¥ −� ¢ëå®¤¥ I ¨−¤¨æ¨àãîâáï á¨£−�«ë D1 ¨ D2, ¢ à�¡®ç¥© ä�§¥ −�
−¥¬ ¨−¤¨æ¨àãîâáï á¨£−�«ë D1, D2, Q1 ¨ Q2.

„«ï ¢ëå®¤−ëå �ˆ�-á¨£−�«®¢ Q1 ¨ Q2 ¢−¥è−¨¬¨ ¡«®ª-á¨£−�«�¬¨ ¡ã¤ãâ D1
¨ D2.

5 Заключение

�¤−®© ¨§ £«�¢−ëå âàã¤−®áâ¥© ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬ ¯à�ªâ¨ç¥áª¨å à�§-
¬¥à®¢ ï¢«ï¥âáï �−�«¨§ á�¬®á¨−åà®−−®áâ¨. ‚® ¢á¥å á«ãç�ïå âà¥¡ã¥âáï ¢ëç¨á«¨âì
¨ ¯à®¢¥à¨âì ¢á¥ à�¡®ç¨¥ á®áâ®ï−¨ï áå¥¬ë ¨ ¯¥à¥å®¤ë ¬¥¦¤ã −¨¬¨.

‘ãé¥áâ¢ãîé¨¥ á®¡ëâ¨©−ë¥ ¬¥â®¤ë ®¯¥à¨àãîâ ãà�¢−¥−¨ï¬¨ ¢á¥© áå¥¬ë æ¥-
«¨ª®¬. �à¨ ã¢¥«¨ç¥−¨¨ à�§¬¥à� áå¥¬ë ¢ëç¨á«¨â¥«ì−ë¥ §�âà�âë −� �−�«¨§ íâ¨¬¨
¬¥â®¤�¬¨ áâ�−®¢ïâáï −¥¯à¨¥¬«¥¬ë¬¨, çâ® −¥ ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì áå¥¬ë ¢á¥
ã¢¥«¨ç¨¢�îé¨åáï à�§¬¥à®¢.

‚ ¯à¥¤«®¦¥−−®¬ à�−¥¥ äã−ªæ¨®−�«ì−®¬ ¨¥à�àå¨ç¥áª®¬ ¬¥â®¤¥ ¯® ãà�¢−¥−¨ï¬
í«¥¬¥−â®¢ �−�«¨§¨àãîâáï â®«ìª® äà�£¬¥−âë −¨¦−¥£® ãà®¢−ï. �� á«¥¤ãîé¨å
ãà®¢−ïå ¨á¯®«ì§ãîâáï ¢§�¨¬®á¢ï§¨ äà�£¬¥−â®¢ ¨ ¨−ä®à¬�æ¨ï, ¯®«ãç¥−−�ï −�
−¨¦¥«¥¦�é¥¬ ãà®¢−¥.

�� −¨¦−¥¬ ãà®¢−¥ á«®¦−®áâì ¢ëç¨á«¥−¨© ¯®«¨−®¬¨�«ì−� ¯®àï¤ª� 2 ®â ç¨á«�
í«¥¬¥−â®¢ �−�«¨§¨àã¥¬®© áå¥¬ë ¨ §�¢¨á¨â ®â ç¨á«� ¥¥ ¨−ä®à¬�æ¨®−−ëå ¢å®¤®¢M
¨ ç¨á«� âà¨££¥à®¢ P ª�ª 22(M+P ).

’�ª�ï §�¢¨á¨¬®áâì ¯®ª�§ë¢�¥â ¯ãâì à�æ¨®−�«ì−®£® à�§¡¨¥−¨ï ¡®«ìè®© áå¥¬ë
−� ‘‘-äà�£¬¥−âë. ‚® äà�£¬¥−â�å æ¥«¥á®®¡à�§−® ¨¬¥âì −¥¡®«ìè®¥ ç¨á«® ¨−-
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ä®à¬�æ¨®−−ëå ¢å®¤®¢ ¨ ¢−ãâà¥−−¨å âà¨££¥à®¢, � ¤àã£¨å í«¥¬¥−â®¢ ¬®¦¥â ¡ëâì
¯à�ªâ¨ç¥áª¨ «î¡®¥ ª®«¨ç¥áâ¢®.
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Abstract: Self-timed circuits (independent on element's delay) have the unique
properties of a lack of competitions and safe on Out-Stack-At-Fault (OSAF).
They require analysis on self-timing. In the traditional approach | analyzing
of elements switching, computational complexity is so great that it does not
allow analyzing the most practical circuits. The functional hierarchical method,
previously proposed by the author, analyzes logic equations only at the lower
level, and at the upper levels, it examines only the relationships between blocks.
The suggested method makes it possible to analyze circuits of any size effectively.
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ЛЕКСИЧЕСКИЙ АНАЛИЗ ДИНАМИЧЕСКИ ФОРМИРУЕМЫХ
СТРОКОВЫХ ВЫРАЖЕНИЙ∗

М. И. Полубелова1, С. В. Григорьев2

�−−®â�æ¨ï: ‘âà®ª®¢ë¥ ¢ëà�¦¥−¨ï ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ä®à¬¨à®¢�−¨ï
¨ ¯®á«¥¤ãîé¥£® ¨á¯®«−¥−¨ï ª®¤� ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï ®á−®¢−®© ¯à®£à�¬-
¬ë. ’�ª®© ¯®¤å®¤ ®¡«�¤�¥â ¢ëá®ª®© ¢ëà�§¨â¥«ì−®áâìî, ®¤−�ª® §�âàã¤−ï¥â
à�§à�¡®âªã, ®â«�¤ªã ¨ á®¯à®¢®¦¤¥−¨¥, � â�ª¦¥ ï¢«ï¥âáï ¨áâ®ç−¨ª®¬ â�ª¨å
ãï§¢¨¬®áâ¥©, ª�ª ¢−¥¤à¥−¨¥ SQL (Structural Query Language) ¨ ¬¥¦á�©â®¢ë©
áªà¨¯â¨−£. ‘â�â¨ç¥áª¨© �−�«¨§ áâà®ª®¢ëå ¢ëà�¦¥−¨© ¯à¥¤−�§−�ç¥− ¤«ï ¡®àì-
¡ë á −¥¤®áâ�âª�¬¨ ¯®¤å®¤� ¯®áà¥¤áâ¢®¬ ¯à®¢¥àª¨ â®£®, çâ® ¢á¥ ä®à¬¨àã¥¬ë¥
¢ëà�¦¥−¨ï ã¤®¢«¥â¢®àïîâ −¥ª®â®àë¬ á¢®©áâ¢�¬, ¡¥§ §�¯ãáª� ¯à®£à�¬¬ë.
‹¥ªá¨ç¥áª¨© �−�«¨§, ¨«¨ â®ª¥−¨§�æ¨ï ä®à¬¨àã¥¬®£® ª®¤�, ï¢«ï¥âáï ¢�¦−ë¬
è�£®¬ â�ª®£® áâ�â¨ç¥áª®£® �−�«¨§�. ‚ áâ�âì¥ ®¯¨á�− �¢â®¬�â¨§¨à®¢�−−ë©
¯®¤å®¤ ª á®§¤�−¨î «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£®
ª®¤�, ª®â®àë© ¯®§¢®«¨â ã¯à®áâ¨âì á®§¤�−¨¥ ¨−áâàã¬¥−â®¢, ¯à¥¤−�§−�ç¥−−ëå
¤«ï áâ�â¨ç¥áª®£® �−�«¨§� â�ª®£® ª®¤�.

Š«îç¥¢ë¥ á«®¢�: �−�«¨§ áâà®ª®¢ëå ¢ëà�¦¥−¨©; £¥−¥à�â®à «¥ªá¨ç¥áª¨å
�−�«¨§�â®à®¢; «¥ªá¨ç¥áª¨© �−�«¨§; ¢áâà®¥−−ë¥ ï§ëª¨

DOI: 10.14357/08696527160203

1 Введение

Œ−®£¨¥ ï§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï ¯®§¢®«ïîâ à�¡®â�âì á® áâà®ª®¢ë¬¨ ¢ë-
à�¦¥−¨ï¬¨. �®á«¥¤−¨¥ ¬®£ãâ ä®à¬¨à®¢�âìáï ¤¨−�¬¨ç¥áª¨ á ¨á¯®«ì§®¢�−¨¥¬
áâà®ª®¢ëå ®¯¥à�æ¨© ¨ ï§ëª®¢ëå ª®−áâàãªæ¨©, −�¯à¨¬¥à ãá«®¢−ëå ®¯¥à�â®à®¢
¨ æ¨ª«®¢. ’�ª¨¥ ¢ëà�¦¥−¨ï è¨à®ª® ¨á¯®«ì§ãîâáï ¢ ¯à®£à�¬¬−ëå ¨−â¥àä¥©á�å
ODBC (Open DataBase Connectivity), ADO.NET (ActiveX Data Objects.NET)
¨ JDBC (Java DataBase Connectivity), ¯à¥¤−�§−�ç¥−−ëå ¤«ï ä®à¬¨à®¢�−¨ï
§�¯à®á®¢ ª ¡�§¥ ¤�−−ëå −� ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï C++, C# ¨ Java á®®â¢¥â-
áâ¢¥−−®, � â�ª¦¥ ¢ web-¯à®£à�¬¬¨à®¢�−¨¨. �¥ª®â®àë¥ ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï
¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ëå áâà®ª®¢ëå ¢ëà�¦¥−¨© ¯à¥¤áâ�¢«¥−ë ¢ «¨áâ¨−£¥ 1.

„¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ë¥ áâà®ª®¢ë¥ ¢ëà�¦¥−¨ï ¢®á¯à¨−¨¬�îâáï ª®¬¯¨«ï-
â®à®¬ ª�ª ®¡ëç−ë¥ áâà®ª¨, çâ® ãá«®¦−ï¥â à�§à�¡®âªã ¨ á®¯à®¢®¦¤¥−¨¥ á¨áâ¥¬ë.
‚®-¯¥à¢ëå, ® −�«¨ç¨¨ ®è¨¡®ª, â�ª¨å ª�ª «¥ªá¨ç¥áª¨¥ ¨«¨ á¨−â�ªá¨ç¥áª¨¥,

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ úTools
& Methods of Program Analysisû (úˆ−áâàã¬¥−âë ¨ ¬¥â®¤ë �−�«¨§� ¯à®£à�¬¬û, TMPA-2015),
‘�−ªâ-�¥â¥à¡ãà£, 12{14 −®ï¡àï 2015 £.

1‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, polubelovam@gmail.com
2‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, Semen.Grigorev@jetbrains.com
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Œ. ˆ. �®«ã¡¥«®¢�, ‘. ‚. ƒà¨£®àì¥¢

<?php
//Embedded SQL
$query = £SELECT * FROM £. $my_table;
$res = mysql_query($query);
//HTML markup generation
echo "<table>\n";
while($line=mysql_fetch_array($res, MYSQL_ASSOC))
{echo "\t<tr>\n";
foreach ($line as $col_value)
{echo "\t\t<td>$col_value$</td>\n";}
echo "\t</tr>\n";}

echo "</table>\n";
?>

‹¨áâ¨−£ 1 ˆá¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å ¢áâà®¥−−ëå ¢ PHP ï§ëª®¢

¢ áä®à¬¨à®¢�−−®¬ ¢ëà�¦¥−¨¨ áâ�−®¢¨âáï ¨§¢¥áâ−® â®«ìª® ¢ ¬®¬¥−â ¢ë¯®«−¥−¨ï
¯à®£à�¬¬ë, ª®£¤� ®−® −�ç¨−�¥â ¢ë¯®«−ïâìáï ¢ á¢®¥¬ ¯à®£à�¬¬−®¬ ®ªàã¦¥−¨¨.
‚®-¢â®àëå, ¯à¨ −¥−�¤«¥¦�é¥© ®¡à�¡®âª¥ ¯®«ì§®¢�â¥«ìáª®£® ¢¢®¤� á¨áâ¥¬� áâ�-
−®¢¨âáï ãï§¢¨¬®©, −�¯à¨¬¥à ¤«ï SQL-¨−ê¥ªæ¨© ¨«¨ ¬¥¦á�©â®¢®£® áªà¨¯â¨−£�.
“ª�§�−−ë¥ ¯à®¡«¥¬ë ¬®¦−® à¥è¨âì, ¢ª«îç¨¢ ®¡à�¡®âªã áâà®ª®¢ëå ¢ëà�¦¥−¨©
¢ áâ�â¨ç¥áª¨© �−�«¨§ ¯à®£à�¬¬ë.

Š«�áá¨ç¥áª¨© ¯®¤å®¤ ª áâ�â¨ç¥áª®¬ã �−�«¨§ã §�ª«îç�¥âáï ¢ ¯à®¢¥¤¥−¨¨ «¥ª-
á¨ç¥áª®£® �−�«¨§� ¨ á¨−â�ªá¨ç¥áª®£® à�§¡®à� ¨áå®¤−®£® ª®¤�. ‘¨−â�ªá¨ç¥áª¨©
�−�«¨§ áâà®¨â áâàãªâãà−®¥ ¯à¥¤áâ�¢«¥−¨¥, ª®â®à®¥ ¨á¯®«ì§ã¥âáï ¢ ¤�«ì−¥©è¥¬,
−�¯à¨¬¥à, ¤«ï á¥¬�−â¨ç¥áª®£® �−�«¨§� ¨«¨ âà�−áä®à¬�æ¨©, ¯à®¢®¤¨¬ëå ¢ ª®−-
â¥ªáâ¥ à¥¨−¦¨−¨à¨−£�. ‚ à�¬ª�å ¤�−−®£® ¯®¤å®¤� è¨à®ª® à�á¯à®áâà�−¥− �¢-
â®¬�â¨§¨à®¢�−−ë© á¯®á®¡ á®§¤�−¨ï «¥ªá¨ç¥áª¨å ¨ á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢
â�ª¨¬¨ £¥−¥à�â®à�¬¨, ª�ª Lex, Yacc ¨ ¨å ¯®â®¬ª�¬¨. ˆá¯®«ì§®¢�−¨¥ ¯®¤®¡−ëå
¨−áâàã¬¥−â®¢ á®ªà�é�¥â §�âà�âë −� á®§¤�−¨¥ ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢, âà¥¡ã-
îé¨å ¯®áâà®¥−¨ï áâàãªâãà−®£® ¯à¥¤áâ�¢«¥−¨ï ª®¤�. �¤−�ª® áãé¥áâ¢ãîé¨¥
£¥−¥à�â®àë «¥ªá¨ç¥áª¨å ¨ á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢ −¥ ¯à¨¬¥−¨¬ë ¤«ï á®-
§¤�−¨ï ¨−áâàã¬¥−â®¢ ®¡à�¡®âª¨ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤� ¨§-§� â®£®, çâ®
â�ª®© ª®¤, ª�ª ¯à�¢¨«®, −¥ ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ «¨−¥©−®£® ¯®â®ª�, ¯à¨−¨¬�¥¬®£®
−� ¢å®¤ ª«�áá¨ç¥áª¨¬¨ �−�«¨§�â®à�¬¨.

’�ª¨¬ ®¡à�§®¬, ¥áâì −¥®¡å®¤¨¬®áâì ¢ á®§¤�−¨¨ £¥−¥à�â®à� «¥ªá¨ç¥áª¨å �−�-
«¨§�â®à®¢ ¤«ï ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤�, ª®â®àë© ¯à¥¤®áâ�¢«ï¥â äã−ª-
æ¨®−�«ì−®áâì, �−�«®£¨ç−ãî ª«�áá¨ç¥áª®¬ã. �â® ¯®§¢®«¨â ã¯à®áâ¨âì á®§¤�−¨¥
¨−áâàã¬¥−â®¢, ª®â®àë¥ ¯à¥¤−�§−�ç¥−ë ¤«ï à¥è¥−¨ï §�¤�ç, ¢®§−¨ª�îé¨å ¯à¨
®¡à�¡®âª¥ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤�. �à¨¬¥à�¬¨ â�ª¨å §�¤�ç ï¢«ïîâáï
âà�−áä®à¬�æ¨ï §�¯à®á®¢ á ®¤−®£® ï§ëª� −� ¤àã£®©, ¢®§−¨ª�îé�ï ¢ ª®−â¥ªá-
â¥ à¥¨−¦¨−¨à¨−£� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¯®¤á¢¥âª� á¨−â�ªá¨á� ¨ ®è¨¡®ª
¢ ¨−â¥£à¨à®¢�−−ëå áà¥¤�å à�§à�¡®âª¨, � â�ª¦¥ ¯®¤áç¥â à�§«¨ç−ëå ¬¥âà¨ª.
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‹¥ªá¨ç¥áª¨© �−�«¨§ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ëå áâà®ª®¢ëå ¢ëà�¦¥−¨©

‚ ¤�−−®© áâ�âì¥ ®¯¨á�− �¢â®¬�â¨§¨à®¢�−−ë© ¯®¤å®¤ ª á®§¤�−¨î «¥ªá¨ç¥áª®£®
�−�«¨§�â®à� ¤«ï ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤�. ‚ à�¬ª�å à�¡®âë ¡ë« à�§-
à�¡®â�− �«£®à¨â¬ «¥ªá¨ç¥áª®£® �−�«¨§� ¨ £¥−¥à�â®à «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢,
§� ®á−®¢ã ª®â®à®£® ¡ë«� ¢§ïâ� ¡¨¡«¨®â¥ª� FsLex1. “ª�§�−−ë¥ ª®¬¯®−¥−âë ¡ë«¨
à¥�«¨§®¢�−ë ª�ª ç�áâì ¯à®¥ªâ� YaccConstructor2, ª®â®àë© á«ã¦¨â ¬®¤ã«ì−ë¬
¨−áâàã¬¥−â®¬ ¤«ï ¯à®¢¥¤¥−¨ï «¥ªá¨ç¥áª®£® �−�«¨§� ¨ á¨−â�ªá¨ç¥áª®£® à�§¡®à�,
� â�ª¦¥ ¯«�âä®à¬®© ¤«ï ¯®¤¤¥à¦ª¨ ¢áâà®¥−−ëå ï§ëª®¢.

2 Обзор

‚ ¤�−−®¬ à�§¤¥«¥ à�áá¬�âà¨¢�îâáï áãé¥áâ¢ãîé¨¥ ¨−áâàã¬¥−âë, ¯à¥¤−�-
§−�ç¥−−ë¥ ¤«ï à�¡®âë á ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ë¬¨ ¢ëà�¦¥−¨ï¬¨, £¥−¥à�â®à
«¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ FsLex ¨ ¯à®¥ªâ YaccConstrucor, ¢ ª®â®à®¬ ¢¥¤¥âáï
à�§à�¡®âª� �¢â®¬�â¨§¨à®¢�−−®£® ¯®¤å®¤� ª á®§¤�−¨î «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢
¤«ï ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤�.

2.1 Обзор существующих инструментов

„«ï à�¡®âë á ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ë¬¨ áâà®ª®¢ë¬¨ ¢ëà�¦¥−¨ï¬¨ áãé¥-
áâ¢ã¥â àï¤ ¨−áâàã¬¥−â®¢. �®çâ¨ ¢á¥ ®−¨ ¯à¥¤−�§−�ç¥−ë ¤«ï à¥è¥−¨ï ª�ª®©-â®
®¤−®© ª®−ªà¥â−®© §�¤�ç¨: «¨¡® ¯à®¢¥àª¨ ¢ëà�¦¥−¨ï −� á®®â¢¥âáâ¢¨¥ ®¯¨á�-
−¨î −¥ª®â®à®© íâ�«®−−®© £à�¬¬�â¨ª¨, «¨¡® áâ�â¨ç¥áª®£® �−�«¨§� ¯à®£à�¬¬ë
−� ãï§¢¨¬®áâì. ’�ª ª�ª £¥−¥à�æ¨ï ¢á¥å §−�ç¥−¨© ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£®
¢ëà�¦¥−¨ï §−�ç¨â¥«ì−® á−¨¦�¥â áª®à®áâì ¯à®¢¥¤¥−¨ï �−�«¨§� ¨ ¢®§¬®¦−ë á¨âã-
�æ¨¨, ª®£¤� ç¨á«® ¯à¨−¨¬�¥¬ëå ¢ëà�¦¥−¨¥¬ §−�ç¥−¨© ¬®¦¥â ¡ëâì ¡¥áª®−¥ç−ë¬,
â® æ¥«¥á®®¡à�§−® ¨¬¥âì ª®−¥ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬−®¦¥áâ¢� §−�ç¥−¨© ¤�−−®£®
¢ëà�¦¥−¨ï ¨ ã¦¥ −�¤ −¨¬ ¯à®¢®¤¨âì �−�«¨§.

Š®−¥ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬−®¦¥áâ¢� §−�ç¥−¨© áâà®ª®¢®£® ¢ëà�¦¥−¨ï ¢¯¥à¢ë¥
¡ë«® ¨á¯®«ì§®¢�−® ¢ ¨−áâàã¬¥−â¥ Java String Analyzer [1]. �â®â ¨−áâàã¬¥−â
¯à¥¤−�§−�ç¥− ¤«ï �−�«¨§� áâà®ª ¨ áâà®ª®¢ëå ®¯¥à�æ¨© ¢ Java-¯à®£à�¬¬¥. ÷¥-
§ã«ìâ�â®¬ íâ®£® ¯à¨¡«¨¦¥−¨ï áâ�« ª®−¥ç−ë© �¢â®¬�â, ª®â®àë© ¨á¯®«ì§ã¥âáï
¤«ï ¯à®¢¥àª¨ ¢ª«îç¥−¨ï ï§ëª®¢: ¯à®¢¥àï¥âáï ¢ª«îç¥−¨¥ ï§ëª�, ¯®à®¦¤�¥¬®£®
¯à®£à�¬¬®©, ¢ ï§ëª, ®¯¨á�−−ë© ¯®«ì§®¢�â¥«¥¬. ‡�â¥¬ ¨−áâàã¬¥−â PHP String
Analyzer [2], ¨á¯®«ì§®¢�¢ ¨¤¥î ¯à¥¤ë¤ãé¥£® ¨−áâàã¬¥−â�, ãâ®ç−¨« ¯à®¢®¤¨¬ãî
�¯¯à®ªá¨¬�æ¨î, à¥§ã«ìâ�â®¬ ª®â®à®© áâ�«� ª®−â¥ªáâ−®-á¢®¡®¤−�ï £à�¬¬�â¨ª�.
�â®â ¨−áâàã¬¥−â ¯à¨¬¥−ï¥âáï ¤«ï áâ�â¨ç¥áª®© ¢�«¨¤�æ¨¨ HTML-áâà�−¨æ, £¥−¥-
à¨àã¥¬ëå ¢ PHP-¯à®£à�¬¬¥.

‚ ¨−áâàã¬¥−â¥ Pixy [3], ¯à¥¤−�§−�ç¥−−®¬ ¤«ï ¯®¨áª� SQL-¨−ê¥ªæ¨© ¨ ¬¥¦-
á�©â®¢®£® áªà¨¯â¨−£� ¢ PHP-¯à®£à�¬¬�å, ¯à¨¬¥−ï¥âáï â¥å−¨ª� path pruning,
¯®§¢®«ïîé�ï ¯à®¢®¤¨âì �−�«¨§ â®«ìª® â¥å §−�ç¥−¨© áâà®ª®¢®£® ¢ëà�¦¥−¨ï,

1http://fsprojects.github.io/FsLexYacc/.
2https://github.com/YaccConstructor/YaccConstructor.
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ª®â®àë¥ ®−® ¬®¦¥â ¯à¨−ïâì ¢ ¬®¬¥−â ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë. ˆ−áâàã¬¥−â
Stranger [4] à�áè¨àï¥â ãª�§�−−ë© ¯®¤å®¤, ¨á¯®«ì§ãï ¢ ª�ç¥áâ¢¥ áâàãªâãà−®£®
¯à¥¤áâ�¢«¥−¨ï ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤� ª®−¥ç−ë© �¢â®¬�â −�¤ �«ä�¢¨-
â®¬ á¨¬¢®«®¢ ®¡à�¡�âë¢�¥¬®£® ï§ëª�. �à¨ íâ®¬ à�áá¬�âà¨¢�¥âáï ®¡é¨© á«ãç�©,
ª®£¤� �à£ã¬¥−â�¬¨ áâà®ª®¢ëå ®¯¥à�æ¨© ï¢«ïîâáï ª®−¥ç−ë¥ �¢â®¬�âë. ‚ ¨−áâàã-
¬¥−â¥ Stranger à�§à�¡®â�− �«£®à¨â¬, ª®â®àë© ¢ëç¨á«ï¥â à¥§ã«ìâ�â íâ¨å ®¯¥à�æ¨©
¨ ¢®§¢à�é�¥â ¥£® ¢ ¢¨¤¥ ª®−¥ç−®£® �¢â®¬�â�, çâ® ¯®§¢®«ï¥â ¤®áâ¨çì ¡®«¥¥ ¢ëá®ª®©
â®ç−®áâ¨ �−�«¨§� ¯® áà�¢−¥−¨î á �−�«®£�¬¨.

÷�§à�¡®âç¨ª¨ á«¥¤ãîé¥£® ¨−áâàã¬¥−â� à�áè¨à¨«¨ ªàã£ à¥è�¥¬ëå §�¤�ç,
áä®à¬ã«¨à®¢�¢ ¢®¯à®áë ¡¥§®¯�á−®áâ¨, ª®àà¥ªâ−®áâ¨ ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨
áä®à¬¨à®¢�−−ëå §�¯à®á®¢ á ¨á¯®«ì§®¢�−¨¥¬ â�ª¨å ¯à®£à�¬¬−ëå ¨−â¥àä¥©-
á®¢, ª�ª ADO.NET ¨ JDBC. �¯¨á�−¨¥ íâ®£® ¨−áâàã¬¥−â� ¤�¥âáï ¢ áâ�âì¥ [5],
¢ ª®â®à®© â�ª¦¥ ¡ë«� ãª�§�−� à�§à�¡®â�−−�ï äã−ªæ¨®−�«ì−®áâì: ¯®¨áª SQL-
¨−ê¥ªæ¨©, ¨§¢«¥ç¥−¨¥ ¬−®¦¥áâ¢� ¢á¥å §−�ç¥−¨© ¤«ï áâà®ª®¢®£® ¢ëà�¦¥−¨ï, ã¤�-
«¥−¨¥ −¥¨á¯®«ì§ã¥¬ëå ¯¥à¥¬¥−−ëå ¢ ä®à¬¨àã¥¬®¬ §�¯à®á¥, � â�ª¦¥ ¯à®¢¥àª� −�
á®®â¢¥âáâ¢¨¥ â¨¯®¢ ¢®§¢à�é�¥¬®£® §�¯à®á®¬ §−�ç¥−¨ï ®¦¨¤�¥¬ë¬ ¢ ¯à®£à�¬¬¥.

ˆ−áâàã¬¥−â SAFELI [6], â�ª¦¥ ¯à¥¤−�§−�ç¥−−ë© ¤«ï ¯®¨áª� ãï§¢¨¬®áâ¥©
¢ ¢¥¡-¯à¨«®¦¥−¨ïå, ®â«¨ç�¥âáï ®â à�áá¬®âà¥−−ëå â¥¬, çâ® áâàãªâãà−ë¬ ¯à¥¤-
áâ�¢«¥−¨¥¬ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤� ï¢«ï¥âáï á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢®
à�§¡®à�. ÷¥§ã«ìâ�â ¯®«ãç�¥âáï ¯®áà¥¤áâ¢®¬ á®¯®áâ�¢«¥−¨ï ¯®«ãç¥−−®£® ¤¥à¥¢�
á á¨−â�ªá¨ç¥áª¨¬ ¤¥à¥¢®¬ è�¡«®−� ãï§¢¨¬®áâ¨, ¯�à�¬¥âà¨§®¢�−−®£® à¥�«ì−ë¬¨
¤�−−ë¬¨. �¤−�ª® SAFELI −¥ ¯®¤¤¥à¦¨¢�¥â ®¡à�¡®âªã áâà®ª®¢ëå ¢ëà�¦¥−¨©,
ª®â®àë¥ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¯à¨ ãç�áâ¨¨ áâà®ª®¢ëå ®¯¥à�æ¨©.

„«ï ¯à®¢¥¤¥−¨ï «¥ªá¨ç¥áª®£® �−�«¨§� ¨ á¨−â�ªá¨ç¥áª®£® à�§¡®à� ¬−®¦¥áâ¢�
§−�ç¥−¨© áâà®ª®¢®£® ¢ëà�¦¥−¨ï ¡ë« à�§à�¡®â�− ¨−áâàã¬¥−â Alvor [7], ª®â®àë©
ï¢«ï¥âáï à�áè¨à¥−¨¥¬ ¤«ï áà¥¤ë à�§à�¡®âª¨ Eclipse, ¯à¥¤−�§−�ç¥−−ë¬ ¤«ï áâ�-
â¨ç¥áª®© ¢�«¨¤�æ¨¨ SQL-¢ëà�¦¥−¨©, ¢áâà®¥−−ëå ¢ ¯à®£à�¬¬ë −� Java. �¤−�
¨§ ¢®§¬®¦−®áâ¥© ¨−áâàã¬¥−â� | ¯®¨áª «¥ªá¨ç¥áª¨å ¨ á¨−â�ªá¨ç¥áª¨å ®è¨¡®ª,
®¤−�ª® ¯®¤¤¥à¦ª� −®¢®£® ï§ëª� £¥−¥à¨àã¥¬®£® ª®¤� ï¢«ï¥âáï −¥âà¨¢¨�«ì−®©
§�¤�ç¥© ¨§-§� ®âáãâáâ¢¨ï £¥−¥à�â®à®¢ «¥ªá¨ç¥áª¨å ¨ á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®-
à®¢. Šà®¬¥ â®£®, Alvor −¥ ¯®¤¤¥à¦¨¢�¥â ®¡à�¡®âªã ¢ëà�¦¥−¨©, ¯®«ãç¥−−ëå
á ¯®¬®éìî áâà®ª®¢ëå ®¯¥à�æ¨© (ªà®¬¥ ª®−ª�â¥−�æ¨¨) ¨ æ¨ª«®¢.

2.2 Инструмент YaccConstructor

YaccConstructor [8] ï¢«ï¥âáï ¬®¤ã«ì−ë¬ ¨−áâàã¬¥−â®¬ á ®âªàëâë¬ ¨áå®¤-
−®¬ ª®¤®¬, ¯à¥¤−�§−�ç¥−−ë¬ ¤«ï ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ «¥ªá¨ç¥áª®£® �−�«¨§�
¨ á¨−â�ªá¨ç¥áª®£® à�§¡®à�, � â�ª¦¥ ¯«�âä®à¬®© ¤«ï ¯®¤¤¥à¦ª¨ ¢áâà®¥−−ëå ï§ë-
ª®¢ [9]. „�−−ë© ¨−áâàã¬¥−â à¥�«¨§®¢�− −� ¯«�âä®à¬¥ Microsoft .NET, ®á−®¢−®©
ï§ëª à�§à�¡®âª¨ | F#.

÷�§à�¡®â�−−ë© ¬¥å�−¨§¬ �−�«¨§� ¢áâà®¥−−ëå ï§ëª®¢ à�−¥¥ ¨¬¥« ®£à�−¨ç¥−¨ï
−� áâàãªâãàã ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ¢ëà�¦¥−¨ï: «¥ªá¨ç¥áª¨© ¨ á¨−â�ªá¨ç¥-
áª¨© �−�«¨§�â®àë ¬®£«¨ ®¡à�¡�âë¢�âì â®«ìª® �¯¯à®ªá¨¬�æ¨î, ¯à¥¤áâ�¢«¥−−ãî
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‹¥ªá¨ç¥áª¨© �−�«¨§ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ëå áâà®ª®¢ëå ¢ëà�¦¥−¨©

¢ ¢¨¤¥ ®à¨¥−â¨à®¢�−−®£® �æ¨ª«¨ç¥áª®£® £à�ä�. �â® −¥ ¯®§¢®«ï«® ª®àà¥ªâ−®
®¡à�¡�âë¢�âì ¢ëà�¦¥−¨ï, ¯®«ãç¥−−ë¥ á ¯®¬®éìî æ¨ª«®¢.

‚ ¤�−−®© à�¡®â¥ â�ª®¥ ®£à�−¨ç¥−¨¥ á−¨¬�¥âáï: «¥ªá¨ç¥áª¨© �−�«¨§�â®à
à�¡®â�¥â á ¯à®¨§¢®«ì−ë¬ ª®−¥ç−ë¬ �¢â®¬�â®¬ −�¤ �«ä�¢¨â®¬ á¨¬¢®«®¢ ®¡à�¡�-
âë¢�¥¬®£® ï§ëª�. ÷�§à�¡®â�−−ë© ¬®¤ã«ì ¤«ï «¥ªá¨ç¥áª®£® �−�«¨§�, ª®â®àë©
á®áâ®¨â ¨§ £¥−¥à�â®à� «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ ¨ ¨−â¥à¯à¥â�â®à�, á®®â¢¥âáâ¢ã-
îé¥£® ¯à¥¤«®¦¥−−®¬ã �«£®à¨â¬ã «¥ªá¨ç¥áª®£® �−�«¨§�, ¢−¥¤à¥− ¢ ¨−áâàã¬¥−â
YaccConstructor.

2.3 Генератор лексических анализаторов FsLex

�à¨ ¯à®¢¥¤¥−¨¨ «¥ªá¨ç¥áª®£® �−�«¨§� ç�áâ® ¨á¯®«ì§ãîâáï £¥−¥à�â®àë «¥ªá¨-
ç¥áª¨å �−�«¨§�â®à®¢, ª®â®àë¥ ¯® á¯¥æ¨ä¨ª�æ¨¨ ®¡à�¡�âë¢�¥¬®£® ï§ëª� áâà®ïâ
®¯¨á�−¨¥ ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï, −� ®á−®¢¥ ª®â®à®£® ¢å®¤−®© ¯®â®ª á¨¬-
¢®«®¢ ¯à¥®¡à�§ã¥âáï ¢ ¯®â®ª â®ª¥−®¢. ‚ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â� ¤«ï ¯à®¢¥¤¥−¨ï
«¥ªá¨ç¥áª®£® �−�«¨§� ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤� ¡ë« ¢ë¡à�− £¥−¥à�â®à
«¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ FsLex. �â®â ¢ë¡®à ®¡ãá«®¢«¥− â¥¬, çâ® à¥�«¨§®¢�−-
−ë© ¬¥å�−¨§¬ ï¢«ï¥âáï ª®¬¯®−¥−â®¬ ¨−áâàã¬¥−â� YaccConstructor, ®á−®¢−ë¬
ï§ëª®¬ à�§à�¡®âª¨ ª®â®à®£® á«ã¦¨â ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï F#.

ƒ¥−¥à�â®à «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ −� ¢å®¤ ¯à¨−¨¬�¥â ä�©« á à�áè¨à¥−¨¥¬
.fsl, ¢ ª®â®à®¬ ®¯¨á�−� «¥ªá¨ç¥áª�ï á¯¥æ¨ä¨ª�æ¨ï ï§ëª�, ä®à¬�â ®¯à¥¤¥«¥−¨ï
ª®â®à®© ¯à¥¤áâ�¢«¥− ¢ «¨áâ¨−£¥ 2.

÷¥§ã«ìâ�â®¬ à�¡®âë £¥−¥à�â®à� ï¢«ï¥âáï ä�©« á à�áè¨à¥−¨¥¬ .fs á ª®¤®¬
F# ¤«ï «¥ªá¨ç¥áª®£® �−�«¨§�â®à�. �â®â ä�©« á®¤¥à¦¨â ª®¤, ãª�§�−−ë© ¢ §�-
£®«®¢ª¥ á¯¥æ¨ä¨ª�æ¨¨, ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì ¨ äã−ªæ¨¨, ª®â®àë¥ ¡ë«¨
á®§¤�−ë −� ª�¦¤ãî â®çªã ¢å®¦¤¥−¨ï, � â�ª¦¥ ¢ë§®¢ äã−ªæ¨¨ ¨−â¥à¯à¥â�â®à�

{
module Lexer
// header: any valid F# code can appear here
open Parser //specifies type of tokens
}
// regex macros
let ident = regexp ...
// rules
rule entrypoint = parse
| regexp { action }
| ...
and entrypoint = parse
...

‹¨áâ¨−£ 2 ”®à¬�â ®¯à¥¤¥«¥−¨ï á¯¥æ¨ä¨ª�æ¨¨ ¤«ï ï§ëª�
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¯®áâà®¥−−®£® ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï. —â®¡ë ¨á¯®«ì§®¢�âì â�ª®© «¥ªá¨ç¥-
áª¨© �−�«¨§�â®à, ¯®«ãç¥−−ë© ä�©« ¢¬¥áâ¥ á ®¯¨á�−¨¥¬ â¨¯®¢ â®ª¥−®¢, ª®â®àë¥
�¢â®¬�â¨ç¥áª¨ áâà®ïâáï ¯® £à�¬¬�â¨ª¥ íâ�«®−−®£® ï§ëª�, −¥®¡å®¤¨¬® ¤®¡�¢¨âì
¢ ¬®¤ã«ì, ¯à¥¤−�§−�ç¥−−ë© ¤«ï «¥ªá¨ç¥áª®£® �−�«¨§�.

3 Лексический анализ

�á−®¢−�ï §�¤�ç� «¥ªá¨ç¥áª®£® �−�«¨§� | ¯à¥®¡à�§®¢�−¨¥ ¢å®¤−®£® ¯®â®-
ª� á¨¬¢®«®¢ ¢ ¯®â®ª â®ª¥−®¢, á®®â¢¥âáâ¢ãîé¨å á¯¥æ¨ä¨ª�æ¨¨ ®¡à�¡�âë¢�¥¬®£®
ï§ëª�, ¨ á®åà�−¥−¨¥ ¯à¨¢ï§ª¨ «¥ªá¨ç¥áª¨å ¥¤¨−¨æ ª ¨áå®¤−®¬ã ª®¤ã. ‚ ª«�áá¨-
ç¥áª®¬ á«ãç�¥ ¢å®¤−®© ¯®â®ª ï¢«ï¥âáï «¨−¥©−ë¬. „«ï ¯à®¢¥¤¥−¨ï «¥ªá¨ç¥áª®£®
�−�«¨§� ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ¢ëà�¦¥−¨ï −¥®¡å®¤¨¬� áâàãªâãà�, ª®â®à�ï
¢ëáâã¯�¥â ª®−¥ç−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬ ¬−®¦¥áâ¢� §−�ç¥−¨© íâ®£® ¢ëà�¦¥−¨ï. „«ï
¯®áâà®¥−¨ï �¯¯à®ªá¨¬�æ¨¨ ¨á¯®«ì§ã¥âáï �«£®à¨â¬, ¯à¥¤«®¦¥−−ë© ¢ áâ�âì¥ [10],
¯®íâ®¬ã â�ª®© áâàãªâãà®© á«ã¦¨â ª®−¥ç−ë© �¢â®¬�â −�¤ �«ä�¢¨â®¬ á¨¬¢®«®¢
®¡à�¡�âë¢�¥¬®£® ï§ëª�.

÷¥§ã«ìâ�â®¬ à�¡®âë «¥ªá¨ç¥áª®£® �−�«¨§� ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® áâà®-
ª®¢®£® ¢ëà�¦¥−¨ï ï¢«ï¥âáï ª®−¥ç−ë© �¢â®¬�â −�¤ �«ä�¢¨â®¬ â®ª¥−®¢ íâ�«®−−®©
£à�¬¬�â¨ª¨ ï§ëª�. ‚ ª«�áá¨ç¥áª®¬ «¥ªá¨ç¥áª®¬ �−�«¨§¥ â®ª¥− ¬®¦−® ¯à¥¤áâ�-
¢¨âì ¢ ¢¨¤¥ áâàãªâãàë, á®¤¥à¦�é¥© ¨¤¥−â¨ä¨ª�â®à â®ª¥−� ¨ ¯®á«¥¤®¢�â¥«ì−®áâì
á¨¬¢®«®¢, ¢ë¤¥«¥−−ëå ¨§ ¢å®¤−®£® ¯®â®ª�. ‚ ª®−â¥ªáâ¥ ¤�−−®© áâ�âì¨ â®ª¥−
¯à¥¤áâ�¢«ï¥â á®¡®© áâàãªâãàã, á®¤¥à¦�éãî ¨¤¥−â¨ä¨ª�â®à â®ª¥−� ¨ ª®−¥ç−ë©
�¢â®¬�â, ®¯¨áë¢�îé¨© ¢á¥ ¢®§¬®¦−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¨¬¢®«®¢ ¤«ï ¤�−-
−®£® â®ª¥−� ¢ ¤�−−®© ¯®§¨æ¨¨. �à¨ íâ®¬ ¤«ï ª�¦¤®£® á¨¬¢®«� åà�−¨âáï ¨−ä®à-
¬�æ¨ï: ¨§ ª�ª®© áâà®ª¨ ¯®«ãç¥− íâ®â á¨¬¢®« ¨ ª®®à¤¨−�âë ¥£® ¯®§¨æ¨© ¢−ãâà¨
íâ®© áâà®ª¨. �â® −¥®¡å®¤¨¬® ¤«ï â®£®, çâ®¡ë á®åà�−¨âì ¨−ä®à¬�æ¨î ® ¯à®¨á-
å®¦¤¥−¨¨ â®ª¥−�, â�ª ª�ª ®− ¬®£ ¡ëâì áä®à¬¨à®¢�− ¨§ à�§«¨ç−ëå áâà®ª®¢ëå
¯¥à¥¬¥−−ëå ¢ ¨áå®¤−®¬ ª®¤¥.

’�ª¨¬ ®¡à�§®¬, ®á−®¢−�ï §�¤�ç� «¥ªá¨ç¥áª®£® �−�«¨§� ¤¨−�¬¨ç¥áª¨ ä®à-
¬¨àã¥¬®£® áâà®ª®¢®£® ¢ëà�¦¥−¨ï §�ª«îç�¥âáï ¢ ¯¥à¥¢®¤¥ ª®−¥ç−®£® �¢â®¬�â�
−�¤ �«ä�¢¨â®¬ á¨¬¢®«®¢ ®¡à�¡�âë¢�¥¬®£® ï§ëª� ¢ ª®−¥ç−ë© �¢â®¬�â −�¤ �«ä�-
¢¨â®¬ â®ª¥−®¢ íâ�«®−−®© £à�¬¬�â¨ª¨ ï§ëª� á á®åà�−¥−¨¥¬ ¯à¨¢ï§ª¨ «¥ªá¨ç¥áª¨å
¥¤¨−¨æ ª ¨áå®¤−®¬ã ª®¤ã.

‚ ¤�−−®© áâ�âì¥ ¤«ï ª®−¥ç−ëå �¢â®¬�â®¢ ¨ ª®−¥ç−ëå ¯à¥®¡à�§®¢�â¥«¥© ¨á-
¯®«ì§ãîâáï ®¯à¥¤¥«¥−¨ï, ¯à¥¤áâ�¢«¥−−ë¥ −¨¦¥.

Š®−¥ç−ë¬ �¢â®¬�â®¬ −�§ë¢�¥âáï ª®àâ¥¦ A = 〈Q,›,–, q0, F 〉, £¤¥ Q |
ª®−¥ç−®¥ ¬−®¦¥áâ¢® á®áâ®ï−¨©; ›| ¢å®¤−®© �«ä�¢¨â;– §�¤�¥â −� ¬−®¦¥áâ¢¥ Q
áâàãªâãàã ®à¨¥−â¨à®¢�−−®£® £à�ä�, ¤ã£¨ ª®â®à®£® ¯®¬¥ç¥−ë á¨¬¢®«�¬¨ (x),
£¤¥ x ∈ › ∪ {ε}; q0 | −�ç�«ì−®¥ á®áâ®ï−¨¥; F ⊆ Q | ¬−®¦¥áâ¢® ª®−¥ç−ëå
á®áâ®ï−¨©.

Š®−¥ç−ë¬ ¯à¥®¡à�§®¢�â¥«¥¬ −�§ë¢�¥âáï ª®àâ¥¦ M = 〈Q,›,›′,–, q0, F 〉,
£¤¥Q| ª®−¥ç−®¥ ¬−®¦¥áâ¢® á®áâ®ï−¨©; › ¨›′ | ¢å®¤−®© ¨ ¢ëå®¤−®© �«ä�¢¨âë
á®®â¢¥âáâ¢¥−−®; – §�¤�¥â −� ¬−®¦¥áâ¢¥ Q áâàãªâãàã ®à¨¥−â¨à®¢�−−®£® £à�ä�,
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¤ã£¨ ª®â®à®£® ¯®¬¥ç¥−ë ¯�à�¬¨ (x : y), £¤¥ x ∈ › ¨ y ∈ ›′∪{ε}; q0| −�ç�«ì−®¥
á®áâ®ï−¨¥; F ⊆ Q | ¬−®¦¥áâ¢® ª®−¥ç−ëå á®áâ®ï−¨©.

‚ �«£®à¨â¬¥ «¥ªá¨ç¥áª®£® �−�«¨§� ¨á¯®«ì§ã¥âáï ®¯¥à�æ¨ï ª®¬¯®§¨æ¨¨ −�¤
¤¢ã¬ï ª®−¥ç−ë¬¨ ¯à¥®¡à�§®¢�â¥«ï¬¨. Š®¬¯®§¨æ¨ï ª®−¥ç−ëå ¯à¥®¡à�§®¢�â¥-
«¥© [11] | íâ® ¤¢� ¯®á«¥¤®¢�â¥«ì−® ¢§�¨¬®¤¥©áâ¢ãîé¨å ª®−¥ç−ëå ¯à¥®¡à�§®-
¢�â¥«ï: ¢ëå®¤ ¯¥à¢®£® ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï á«ã¦¨â ¢å®¤®¬ ¤«ï ¢â®à®£®
ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï.

3.1 Генератор лексических анализаторов

„«ï ¯à®¢¥¤¥−¨ï «¥ªá¨ç¥áª®£® �−�«¨§� ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ¢ëà�-
¦¥−¨ï ª ¤¢ã¬ ª®−¥ç−ë¬ ¯à¥®¡à�§®¢�â¥«ï¬ ¯à¨¬¥−ï¥âáï ®¯¥à�æ¨ï ª®¬¯®§¨æ¨¨,
ª®â®à�ï ¨á¯®«ì§ã¥â ï¢−®¥ ¯à¥¤áâ�¢«¥−¨¥ íâ¨å ¯à¥®¡à�§®¢�â¥«¥©, çâ® ¯®à®¦¤�¥â
®£à�−¨ç¥−¨ï −� ä®à¬�â ®¯à¥¤¥«¥−¨ï «¥ªá¨ç¥áª®© á¯¥æ¨ä¨ª�æ¨¨ ¤«ï ï§ëª�.

ƒ¥−¥à�â®à «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ FsLex áâà®¨â ª®−¥ç−ë© ¯à¥®¡à�§®¢�-
â¥«ì, ¢ ª®â®à®¬ ¢å®¤−ë¬ �«ä�¢¨â®¬ ï¢«ïîâáï á¨¬¢®«ë, ¨¬¥îé¨¥ ª®¤¨à®¢ªã
ASCII ¨«¨ Unicode, ¢ëå®¤−ë¬ �«ä�¢¨â®¬ | äã−ªæ¨¨, â¨¯ ¢®§¢à�é�¥¬ëå §−�-
ç¥−¨© ª®â®àëå á®®â¢¥âáâ¢ã¥â â¨¯ã Token. �â¨ äã−ªæ¨¨ á®®â¢¥âáâ¢ãîâ ¤¥©áâ¢¨ï¬
(action), ª®â®àë¥ ®¯à¥¤¥«¥−ë ¢ á¯¥æ¨ä¨ª�æ¨¨ ¤«ï ï§ëª�. �¤−�ª® ¡ë¢�îâ
á¨âã�æ¨¨, ª®£¤� −ã¦−® ¨áª«îç¨âì −¥ª®â®àë¥ ¢ëà�¦¥−¨ï, −�¯à¨¬¥à ¯à®¡¥«ë
¨ ª®¬¬¥−â�à¨¨, ¨§ à¥§ã«ìâ�â�. �¡ëç−® íâ® ¯à®¨áå®¤¨â −� íâ�¯¥ ¯à®¢¥¤¥−¨ï
«¥ªá¨ç¥áª®£® �−�«¨§�: ¢ á®®â¢¥âáâ¢ãîé¥¬ ¤¥©áâ¢¨¨ −¥ ¯à®¨áå®¤¨â ¢®§¢à�é¥−¨ï
â®ª¥−�, ®¤−�ª® ¢®§¢à�é�¥¬®¥ §−�ç¥−¨¥ ¤®«¦−® ¨¬¥âì â¨¯ Token. ‚ ª«�áá¨ç¥áª®¬
á«ãç�¥ ¯à®¨áå®¤¨â ¢ë§®¢ äã−ªæ¨¨, á®®â¢¥âáâ¢ãîé¥© â®çª¥ ¢å®¦¤¥−¨ï, ®â ¨§¬¥-
−¥−−®£® á®áâ®ï−¨ï ¡ãä¥à� «¥ªá¨ç¥áª®£® �−�«¨§�â®à�. ’�ª®© á¯®á®¡ −¥ ¯à¨¬¥−¨¬
¤«ï «¥ªá¨ç¥áª®£® �−�«¨§� ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®¤�, ª®£¤� ¨á¯®«ì§ã¥â-
áï ®¯¥à�æ¨ï ª®¬¯®§¨æ¨¨, ¨§-§� ®£à�−¨ç¥−¨© −� ¢ëå®¤−®© �«ä�¢¨â. ‚ ¤�−−®©
à�¡®â¥ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ á«¥¤ãîé¨å â¨¯®¢ Option: Some ®¡®§−�ç�¥â
¢®§¢à�é¥−¨¥ â®ª¥−�; None| ¥£® ®âáãâáâ¢¨¥.

ˆá¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å â®ç¥ª ¢å®¦¤¥−¨ï ¢ ®¯à¥¤¥«¥−¨¨ á¯¥æ¨ä¨ª�æ¨¨
®§−�ç�¥â à¥ªãàá¨¢−®¥ ®¯à¥¤¥«¥−¨¥ äã−ªæ¨©, ª®â®àë¥ á®§¤�îâáï −� ª�¦¤ãî
â®çªã ¢å®¦¤¥−¨ï: ¢ á®®â¢¥âáâ¢ãîé¥¬ ¤¥©áâ¢¨¨ ¯à®¨áå®¤¨â ¢ë§®¢ ®¤−®© ¨§ íâ¨å
äã−ªæ¨©. �¡ëç−® â�ª®© ¯®¤å®¤ ¨á¯®«ì§ãîâ ¤«ï ®¡à�¡®âª¨ ¢«®¦¥−−ëå ª®−áâàãª-
æ¨©, −�¯à¨¬¥à ª®¬¬¥−â�à¨¥¢. „�−−ë© á«ãç�© −¥ ãç¨âë¢�¥âáï ¢ à¥�«¨§®¢�−−®¬
¨−áâàã¬¥−â¥, çâ® á®§¤�¥â ®£à�−¨ç¥−¨¥ −� ç¨á«® ¨á¯®«ì§ã¥¬ëå â®ç¥ª ¢å®¦¤¥−¨ï:
¬®¦−® ¨á¯®«ì§®¢�âì â®«ìª® ®¤−ã â®çªã ¢å®¦¤¥−¨ï.

—â®¡ë ¯®ª�§�âì ¢¢¥¤¥−−ë¥ ®£à�−¨ç¥−¨ï, ¢ «¨áâ¨−£�å 3 ¨ 4 ãª�§�−� á¯¥æ¨-
ä¨ª�æ¨ï ¤«ï ï§ëª� �à¨ä¬¥â¨ç¥áª¨å ¢ëà�¦¥−¨©, ª®â®àãî ¯à¨−¨¬�îâ −� ¢å®¤
£¥−¥à�â®à FsLex ¨ à�§à�¡®â�−−ë© ¨−áâàã¬¥−â á®®â¢¥âáâ¢¥−−®.

‚ à¥§ã«ìâ�â¥ á¢®¥© à�¡®âë £¥−¥à�â®à á®§¤�¥â ä�©« á à�áè¨à¥−¨¥¬ .fs á ª®¤®¬
−� ï§ëª¥ F# ¤«ï «¥ªá¨ç¥áª®£® �−�«¨§�â®à�. ‚ íâ®¬ ä�©«¥ á®¤¥à¦¨âáï ª®¤, ãª�-
§�−−ë© ¢ §�£®«®¢ª¥ á¯¥æ¨ä¨ª�æ¨¨, ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì, ¬�áá¨¢ ¤¥©áâ¢¨©
¨ äã−ªæ¨ï tokenize. ”ã−ªæ¨ï tokenize ®áãé¥áâ¢«ï¥â «¥ªá¨ç¥áª¨© à�§¡®à.
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rule token = parse
| whitespace { token lexbuf }
| [£-£]? digit+ (£.£digit+)?
([£e£ £E£] digit+)?

{ NUMBER(lexbuf) }
| £-£ { MINUS(lexbuf) }
| £/£ { DIV(lexbuf) }
| £+£ { PLUS(lexbuf) }
| "**" { POW(lexbuf) }
| £*£ { MULT(lexbuf) }

‹¨áâ¨−£ 3 FsLex

rule token = parse
| whitespace { None }
| [£-£]? digit+ (£.£digit+)?
([£e£ £E£] digit+)?

{ Some(NUMBER(gr)) }
| £-£ { Some(MINUS(gr)) }
| £/£ { Some(DIV(gr)) }
| £+£ { Some(PLUS(gr)) }
| "**" { Some(POW(gr)) }
| £*£ { Some(MULT(gr)) }

‹¨áâ¨−£ 4 YaccConstructor

[| (fun (gr:FSA<_>) -> None );
(fun (gr:FSA<_>) -> Some(NUMBER(gr)));
(fun (gr:FSA<_>) -> Some(MINUS(gr)));
(fun (gr:FSA<_>) -> Some(DIV(gr)));
(fun (gr:FSA<_>) -> Some(PLUS(gr)));
(fun (gr:FSA<_>) -> Some(POW(gr)));
(fun (gr:FSA<_>) -> Some(MULT(gr))); |]

‹¨áâ¨−£ 5 Œ�áá¨¢ ¤¥©áâ¢¨© ¤«ï á¯¥æ¨ä¨ª�æ¨¨ ï§ëª�, ãª�§�−−®£® ¢ «¨áâ¨−£¥ 4

Œ�áá¨¢ ¤¥©áâ¢¨© á®áâ®¨â ¨§ äã−ªæ¨©, §�¤�îé¨å ®â®¡à�¦¥−¨¥ ¨§ −¥ª®â®à®£® ª®-
−¥ç−®£® �¢â®¬�â� ¢ â¨¯ Option<£token>. „«ï á¯¥æ¨ä¨ª�æ¨¨ ï§ëª� ¨§ «¨áâ¨−£� 4
¬�áá¨¢ ¤¥©áâ¢¨© ¯à¥¤áâ�¢«¥− ¢ «¨áâ¨−£¥ 5.

3.2 Алгоритм лексического анализа

�� íâ�¯¥ ¯®áâà®¥−¨ï �¯¯à®ªá¨¬�æ¨¨ ¬−®¦¥áâ¢� §−�ç¥−¨© ¤¨−�¬¨ç¥áª¨ ä®à-
¬¨àã¥¬®£® áâà®ª®¢®£® ¢ëà�¦¥−¨ï ¯à®¨áå®¤¨â á®åà�−¥−¨¥ ¯à¨¢ï§ª¨: á ª�¦¤ë¬
á¨¬¢®«®¬ á®åà�−ïîâáï ª®®à¤¨−�âë ¯®§¨æ¨© íâ®£® á¨¬¢®«� ¢ ¨áå®¤−®© áâà®ª¥,
� â�ª¦¥ ¯à¨¢ï§ª� íâ®© áâà®ª¨ ª ¨áå®¤−®¬ã ª®¤ã. ÷¥§ã«ìâ�â®¬ íâ®£® íâ�¯� ï¢«ï-
¥âáï ª®−¥ç−ë© �¢â®¬�â A, ¢ ª®â®à®¬ ¢å®¤−®© �«ä�¢¨â á®áâ®¨â ¨§ í«¥¬¥−â®¢ ¢¨¤�
(£ÓÉÍ×ÏÌ£, ÐÒÉ×ÑÚËÁ).

��¤ ª®−¥ç−ë¬ �¢â®¬�â®¬ A §�¯ãáª�¥âáï ¯à®æ¥¤ãà� ¯®áâà®¥−¨ï ¤¥â¥à¬¨−¨à®-
¢�−−®£® ª®−¥ç−®£® �¢â®¬�â�. �à¨ íâ®¬ ª®−¥ç−ë© �¢â®¬�â ¤¥â¥à¬¨−¨à®¢�− â�ª,
çâ®¡ë −� ¤ã£�å ¨§ ®¤−®© ¢¥àè¨−ë −¥ ¡ë«® ¤¢ãå ®¤¨−�ª®¢ëå á¨¬¢®«®¢ á ®¤¨-
−�ª®¢®© ¯à¨¢ï§ª®©. ˆ§ ¯®«ãç¥−−®£® ª®−¥ç−®£® �¢â®¬�â� A′ = 〈Q,›,–′, q0, F 〉
áâà®¨âáï ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì M = 〈Q,›,›′,–, q0, F 〉 ¤«ï «¥ªá¨ç¥áª®£®
�−�«¨§�â®à�, ¢ ª®â®à®¬ ¢ëå®¤−®© �«ä�¢¨â ›′ = {s |(s, ) ∈ ›}, â. ¥. ¤ã£¨ £à�ä�,
ï¢«ïîé¥£®áï ¯à¥¤áâ�¢«¥−¨¥¬ ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï M , ¯®¬¥ç¥−ë ¯�à�¬¨
((£ÓÉÍ×ÏÌ£, ÐÒÉ×ÑÚËÁ) : £ÓÉÍ×ÏÌ£). �â®¡à�¦¥−¨¥ – ®â«¨ç�¥âáï ®â ®â®¡à�-
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¦¥−¨ï –′ â®«ìª® â¥¬, çâ® ¯®ï¢¨«áï ¢ëå®¤−®© �«ä�¢¨â. ’�ª®¥ ¯à¥®¡à�§®¢�−¨¥
−¥®¡å®¤¨¬® ¤«ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ ª®¬¯®§¨æ¨¨.

‚ ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì M −¥®¡å®¤¨¬® ¤®¡�¢¨âì ¯¥à¥å®¤ ¯® á¨¬¢®«ã
£eof£ ¨§ ¢á¥å ª®−¥ç−ëå á®áâ®ï−¨© ¢ −®¢®¥ á®áâ®ï−¨¥, ª®â®à®¥ â¥¯¥àì áâ�−¥â
ª®−¥ç−ë¬. �â®â á¨¬¢®« ®§−�ç�¥â ®ª®−ç�−¨¥ áâà®ª¨ ¨ −¥®¡å®¤¨¬ ¤«ï ª®àà¥ªâ-
−®© à�¡®âë «¥ªá¨ç¥áª®£® �−�«¨§�â®à�, â�ª ª�ª ¢ëç¨á«¥−¨¥ ¤¥©áâ¢¨ï (action)
ª −�ª®¯«¥−−®© áâà®ª¥ ¯à®¨áå®¤¨â ¯à¨ çâ¥−¨¨ á«¥¤ãîé¥£® á¨¬¢®«�.

�� ¢å®¤ «¥ªá¨ç¥áª¨© �−�«¨§�â®à ¯à¨−¨¬�¥â ¤¢� ª®−¥ç−ëå ¯à¥®¡à�§®¢�â¥«ï,
®¤¨− ¨§ ª®â®àëå ¯®«ãç¥− ¢ à¥§ã«ìâ�â¥ ¯®áâà®¥−¨ï �¯¯à®ªá¨¬�æ¨¨, � ¢â®à®© |
¨§ ®¯¨á�−¨ï, ¯®áâà®¥−−®£® £¥−¥à�â®à®¬ «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢. �à¥¤«�£�-
¥¬ë© �«£®à¨â¬ ¤«ï ¯à®¢¥¤¥−¨ï «¥ªá¨ç¥áª®£® �−�«¨§� ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£®
¢ëà�¦¥−¨ï á®áâ®¨â ¨§ ¤¢ãå íâ�¯®¢.

�â�¯ 1. ‚ë¯®«−¥−¨¥ ®¯¥à�æ¨¨ ª®¬¯®§¨æ¨¨ −�¤ ¤¢ã¬ï ¢å®¤−ë¬¨ ª®−¥ç−ë¬¨
¯à¥®¡à�§®¢�â¥«ï¬¨. ÷¥§ã«ìâ�â®¬ íâ®© ®¯¥à�æ¨¨ ï¢«ï¥âáï «¨¡® −�¡®à «¥ªá¨ç¥-
áª¨å ®è¨¡®ª, «¨¡® ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì M1 = 〈Q1,›1,›′

1,–1, q01, F1〉.
��«¨ç¨¥ «¥ªá¨ç¥áª¨å ®è¨¡®ª ¢®§¬®¦−® ¢ ¤¢ãå á«ãç�ïå: «¨¡® ª®−¥ç−ë© ¯à¥-
®¡à�§®¢�â¥«ì M á®¤¥à¦¨â á¨¬¢®«ë, ª®â®àëå −¥â ¢ «¥ªá¨ç¥áª®© á¯¥æ¨ä¨ª�æ¨¨,
«¨¡® ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ìM ¯®à®¦¤�¥â â�ª®© ï§ëª, ª®â®àë© −¥ ¯à¨−¨¬�¥â
−� ¢å®¤ «¥ªá¨ç¥áª¨© �−�«¨§�â®à. ‚®§¬®¦−� â�ª¦¥ á¨âã�æ¨ï, ª®£¤� ª®−¥ç−ë©
¯à¥®¡à�§®¢�â¥«ì M ¯®à®¦¤�¥â ï§ëª, ¢ ª®â®à®¬ ¥áâì á«®¢�, −¥ ¯à¨−¨¬�¥¬ë¥ −�
¢å®¤ «¥ªá¨ç¥áª¨¬ �−�«¨§�â®à®¬.

�â�¯ 2. …á«¨ ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì M1 ¯®«ãç¥−, â® ¯à®¨áå®¤¨â íâ�¯ ¥£®
¨−â¥à¯à¥â�æ¨¨, à¥§ã«ìâ�â®¬ ª®â®à®© áâ�−¥â ª®−¥ç−ë© �¢â®¬�â Atoken −�¤ �«ä�-
¢¨â®¬ â®ª¥−®¢. ‚ ª®−¥ç−®¬ ¯à¥®¡à�§®¢�â¥«¥ M1 ¢ë¤¥«ïîâáï action-¢¥àè¨−ë |
íâ® ¢¥àè¨−ë, ¨§ ª®â®àëå ¢ëå®¤¨â å®-

÷¨á. 1 ‚¥àè¨−ë 1 ¨ 2 ï¢«ïîâáï action-¢¥à-
è¨−�¬¨, −® ¨§ ¢¥àè¨−ë 1 â®ª¥− ¯à®¤®«¦�¥â
−�ª�¯«¨¢�âìáï

âï ¡ë ®¤−� ¤ã£�, á®¤¥à¦�é�ï äã−ª-
æ¨î, ¢®§¢à�é�îéãî Some(token).
�®á«¥ action-¢¥àè¨−ë ¢á¥£¤� ¢®§¢à�-
é�¥âáï ®¤¨− â¨¯ â®ª¥−�, −® ¬®¦¥â
¢ëå®¤¨âì ¤ã£�, ¯®¬¥ç¥−−�ï á¨¬¢®-
«®¬ ( , ε) ¨ ®§−�ç�îé�ï, çâ® â®ª¥−
¯à®¤®«¦�¥â −�ª�¯«¨¢�âìáï. �à¨-
¬¥à â�ª®£® ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥-
«ï ¯à¥¤áâ�¢«¥− −� à¨á. 1. ˆ§ ®¤−®©
action-¢¥àè¨−ë ¬®£ãâ ¡ëâì ¤®áâ¨¦¨¬ë −¥áª®«ìª® ¤àã£¨å action-¢¥àè¨−. —¨á-
«® ¤®áâ¨¦¨¬ëå ¢¥àè¨− á®®â¢¥âáâ¢ã¥â ç¨á«ã â®ª¥−®¢, ª®â®àë¥ −ã¦−® ¢ë¤¥«¨âì
¢ ª®−¥ç−®¬ ¯à¥®¡à�§®¢�â¥«¥ M1 ¤«ï ¤�−−®© action-¢¥àè¨−ë.

�â®â íâ�¯ á®áâ®¨â ¨§ è�£®¢, ¯à¥¤áâ�¢«¥−−ëå −¨¦¥. �� −¨å ¨á¯®«ì§ã¥âáï
áâàãªâãà� GraphAction, ª®â®à�ï ¯à¥¤−�§−�ç¥−� ¤«ï ¢ë¤¥«¥−¨ï â®ª¥−®¢ ¢ ª®-
−¥ç−®¬ ¯à¥®¡à�§®¢�â¥«¥ M1 ¨ á®¤¥à¦¨â ¯®«ï ¤«ï áâ�àâ®¢®© ¢¥àè¨−ë, −�¡®à�
ª®−¥ç−ëå ¢¥àè¨− ¨ ª®−¥ç−®£® �¢â®¬�â�. ‘â�àâ®¢®© ¢¥àè¨−®© ¬®¦¥â ¡ëâì â®«ìª®
action-¢¥àè¨−� ¨«¨ −�ç�«ì−®¥ á®áâ®ï−¨¥, ª®−¥ç−®© ¢¥àè¨−®© | action-¢¥àè¨−�
¨«¨ ª®−¥ç−®¥ á®áâ®ï−¨¥.
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‚ ®¯¨á�−¨¨ �«£®à¨â¬� ¤«ï ¤ã£¨ ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï M1 ¨á¯®«ì§ã¥âáï
−®â�æ¨ï e = (u, (a, b), v), £¤¥ u | −�ç�«ì−�ï ¢¥àè¨−� ¤ã£¨; v | ª®−¥ç−�ï
¢¥àè¨−�; (a, b) | ¬¥âª� ¤ã£¨; a ∈ ›1, y ∈ ›′

1 ∪ {ε}. „®¡�¢«¥−¨¥ ¤ã£¨ ¢ ª®-
−¥ç−ë© �¢â®¬�â, ª®â®àë© á®¤¥à¦¨âáï ¢ áâàãªâãà¥ GraphAction, ®áãé¥áâ¢«ï¥âáï
á ¯®¬®éìî äã−ªæ¨¨ graphAction.fsa.AddEdge(e), ª®â®à�ï ¤®¡�¢«ï¥â ¤ã£ã ¨§
¢¥àè¨−ë u ¢ ¢¥àè¨−ã v, ¯®¬¥ç¥−−ãî á¨¬¢®«®¬ a, ¢ á®®â¢¥âáâ¢ãîé¨© ª®−¥ç−ë©
�¢â®¬�â. ‚ �«£®à¨â¬¥ ¨á¯®«ì§ãîâáï ®ç¥à¥¤ì Q, ¤«ï â®£® çâ®¡ë ª®−âà®«¨à®¢�âì
¯®àï¤®ª ®¡å®¤� ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï, ¨ áâàãªâãà� GraphAction grAct ¤«ï
¢ë¤¥«¥−¨ï ª®−¥ç−®£® �¢â®¬�â�, ª®â®àë© á®¤¥à¦¨â â®ª¥−.

˜�£ 1. „«ï ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï M1 áâà®¨âáï −�¡®à ¢¥àè¨− actV,
ª®â®àë¥ ï¢«ïîâáï action-¢¥àè¨−�¬¨.

˜�£ 2. „«ï −�ç�«ì−®£® á®áâ®ï−¨ï ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï M1 ¨ ¢¥àè¨−
¨§ −�¡®à� actV §�¯ãáª�¥âáï ®¡å®¤, ª®â®àë© −�ª�¯«¨¢�¥â ¤«ï â®ª¥−� ª®−¥ç−ë©
�¢â®¬�â. �®àï¤®ª ®¡å®¤� ¯à¥¤áâ�¢«¥− ¢ �«£®à¨â¬¥ 1. ÷¥§ã«ìâ�â®¬ ®¡å®¤�

�«£®à¨â¬ 1 �®àï¤®ª ®¡å®¤� ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï ¤«ï á®åà�−¥−¨ï ¯à¨¢ï§ª¨
«¥ªá¨ç¥áª¨å ¥¤¨−¨æ ª ¨áå®¤−®¬ã ª®¤ã

function BFS(vStart,M1)
grAct.startV ← vStart
Q.Enqueue(vStart)
while Q is not empty do
v ← Q.Dequeue()
if v is not visited then
VISIT(v)
for all e = (v, , u) in M1 do

if e = (v, ( , ε), u) then
c← v is init state of M1
if v 6= vStart or c then
grAct.fsa.AddEdge(e)
if u = vStart then
grAct.endV.Add(u)

Q.Enqueue(u)
else
if v = vStart then
grAct.fsa.AddEdge(e)
if u is final state in M1 then
grAct.endV.Add(u)
else
Q.Enqueue(u)

else
grAct.endV.Add(v)
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�«£®à¨â¬ 2 �®àï¤®ª ®¡å®¤� ¨−¢¥àâ¨à®¢�−−®£® ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï
¤«ï á®åà�−¥−¨ï ¯à¨¢ï§ª¨ «¥ªá¨ç¥áª¨å ¥¤¨−¨æ ª ¨áå®¤−®¬ã ª®¤ã

function BFSINV (vStart,M2,M1)
grAct.startV ← vStart
Q.Enqueue(vStart)
while Q is not empty do
v ← Q.Dequeue()
if v is not visited then

VISIT(v)
for all e = (v, , u) in M2 do
grAct.fsa.AddEdge(e)
c← u is action-vertex or init state of M2
if c then

if ∃e = (u, ( , ε), ) in M1 then
Q.Enqueue(u)

else
Q.Enqueue(u)

¤«ï ¢á¥å ¢¥àè¨− ï¢«ï¥âáï ª®««¥ªæ¨ï tokenAct, á®áâ®ïé�ï ¨§ í«¥¬¥−â®¢ â¨¯�
GraphAction.

˜�£ 3. „«ï â®ç−®£® ®¯à¥¤¥«¥−¨ï ª®−¥ç−®£® �¢â®¬�â�, á®åà�−ïîé¥£® á¢ï§ì
¬¥¦¤ã â®ª¥−®¬ ¨ ¨áå®¤−ë¬ ª®¤®¬, −¥®¡å®¤¨¬® ¯à®©â¨ ª®−¥ç−ë© ¯à¥®¡à�§®¢�-
â¥«ì M1 ¢ ®¡à�â−®¬ −�¯à�¢«¥−¨¨. ’�ª�ï −¥®¡å®¤¨¬®áâì ¢®§−¨ª�¥â ¢ á«ãç�¥, ¥á«¨
ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ìM1 á®¤¥à¦¨â æ¨ª«ë. �� íâ®¬ è�£¥ â�ª¦¥ §�¯ãáª�¥âáï
®¡å®¤ ¤«ï ¢¥àè¨− ¨§ −�¡®à� actV ¨ −�ç�«ì−®£® á®áâ®ï−¨ï ª®−¥ç−®£® ¯à¥®¡à�§®-
¢�â¥«ïM2, ª®â®àë© ï¢«ï¥âáï ¨−¢¥àâ¨à®¢�−−ë¬ ª®−¥ç−ë¬ ¯à¥®¡à�§®¢�â¥«¥¬M1.
�®àï¤®ª ®¡å®¤� ¯à¥¤áâ�¢«¥− ¢ �«£®à¨â¬¥ 2. ÷¥§ã«ìâ�â®¬ ®¡å®¤� ¤«ï ¢á¥å ¢¥àè¨−
ï¢«ï¥âáï ª®««¥ªæ¨ï tokenActInv, á®áâ®ïé�ï ¨§ í«¥¬¥−â®¢ â¨¯� GraphAction.

˜�£ 4. ˆéãâáï ¯¥à¥á¥ç¥−¨ï ª®−¥ç−ëå �¢â®¬�â®¢, ¯®«ãç¥−−ëå −�
¤¢ãå ¯à¥¤ë¤ãé¨å è�£�å, ¯à¨ ãá«®¢¨¨, çâ® tokenAct.endV.current =
= tokenActInv.startV. ’®ª¥− ®¯à¥¤¥«ï¥âáï äã−ªæ¨¥©, «¥¦�é¥© −� ¤ã£¥, ¨á-
å®¤ïé¥© ¨§ ¢¥àè¨−ë tokenAct.endV.current, ¢ −¥£® §�¯¨áë¢�¥âáï à¥§ã«ìâ�â
¯¥à¥á¥ç¥−¨ï. �à¨ íâ®¬ ¢ ª®−¥ç−ë© �¢â®¬�â Atoken ¤®¡�¢«ï¥âáï ¯¥à¥å®¤ ¯® íâ®¬ã
â®ª¥−ã ¨§ ¢¥àè¨−ë tokenAct.startV ¢ ¢¥àè¨−ã tokenAct.endV.current.

’�ª ª�ª á¨¬¢®« £eof£ ï¢«ï¥âáï ¢á¯®¬®£�â¥«ì−ë¬ á¨¬¢®«®¬ ¤«ï «¥ªá¨ç¥áª®£®
�−�«¨§�, â® ¤«ï ¢á¥å ¢¥àè¨−, ¨§ ª®â®àëå ¢ëå®¤¨â ¤ã£�, ¯®¬¥ç¥−−�ï £eof£,
¤®¡�¢«ï¥âáï ¯¥à¥å®¤ ¢ −®¢®¥ á®áâ®ï−¨¥ ¯® â®ª¥−ã EOF ¢ ª®−¥ç−ë© �¢â®¬�â Atoken,
ª®â®à®¥ â¥¯¥àì áâ�−®¢¨âáï ª®−¥ç−ë¬ á®áâ®ï−¨¥¬ Atoken. ��¤ ¯®«ãç¥−−ë¬ ª®−¥ç-
−ë¬ �¢â®¬�â®¬ §�¯ãáª�¥âáï ¯à®æ¥¤ãà� ¯®áâà®¥−¨ï ¤¥â¥à¬¨−¨à®¢�−−®£® ª®−¥ç−®£®
�¢â®¬�â�. �à¨ íâ®¬ �¢â®¬�â ¤¥â¥à¬¨−¨à®¢�− â�ª, çâ®¡ë −� ¤ã£�å ¨§ ®¤−®© ¢¥àè¨-
−ë −¥ ¡ë«® ¤¢ãå â®ª¥−®¢ á ®¤¨−�ª®¢ë¬ ¨¤¥−â¨ä¨ª�â®à®¬ ¨ ª®−¥ç−ë¬ �¢â®¬�â®¬.
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3.3 Пример

÷�áá¬®âà¨¬ à�¡®âã �«£®à¨â¬� «¥ªá¨ç¥áª®£® �−�«¨§� −� ¯à¨¬¥à¥. �ãáâì
à¥§ã«ìâ�â®¬ �¯¯à®ªá¨¬�æ¨¨ ï¢«ï¥âáï ª®−¥ç−ë© �¢â®¬�â A, ¯à¥¤áâ�¢«¥−−ë© −�
à¨á. 2, �. �à¥®¡à�§ã¥¬ íâ®â ª®−¥ç−ë© �¢â®¬�â ¢® ¢å®¤−ãî áâàãªâãàã ¤«ï �«£®-
à¨â¬�. „«ï íâ®£® á¯¥à¢� áâà®¨âáï ¤¥â¥à¬¨−¨à®¢�−−ë© ª®−¥ç−ë© �¢â®¬�â A′

(à¨á. 2, ¡), §�â¥¬ ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì M (à¨á. 2, ¢).
„«ï ®¡à�¡®âª¨ ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï M ¨á¯®«ì§ã¥âáï á¯¥æ¨ä¨ª�æ¨ï

¤«ï ï§ëª� �à¨ä¬¥â¨ç¥áª¨å ¢ëà�¦¥−¨© (á¬. «¨áâ¨−£ 4). ÷¥§ã«ìâ�â ª®¬¯®§¨-
æ¨¨ ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï M á ª®−¥ç−ë¬ ¯à¥®¡à�§®¢�â¥«¥¬, ¯®áâà®¥−−ë¬
£¥−¥à�â®à®¬ «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢, ¯®ª�§�− −� à¨á. 3.

�� à¨á. 3 æ¨äàë á®®â¢¥âáâ¢ãîâ ¨−¤¥ªá�¬ ¢ ¬�áá¨¢¥ ¤¥©áâ¢¨©, ª®â®àë¥
¯à¥¤áâ�¢«¥−ë ¢ «¨áâ¨−£¥ 5 (−ã¬¥à�æ¨ï í«¥¬¥−â®¢ ¢ ¬�áá¨¢¥ −�ç¨−�¥âáï á 0). ˆ−-
¤¥ªá 4 á®®â¢¥âáâ¢ã¥â äã−ªæ¨¨, ª®â®à�ï ¢®§¢à�é�¥â â®ª¥− Some(PLUS), 5 | â®ª¥−
Some(POW), 6 | â®ª¥− Some(MULT). ’�ª ª�ª «¥ªá¨ç¥áª¨å ®è¨¡®ª ¯®«ãç¥−® −¥
¡ë«®, â® ¯à®¨áå®¤¨â íâ�¯ ¨−â¥à¯à¥â�æ¨¨ ¯®«ãç¥−−®£® ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥-
«ïM1, ª®â®àë© á®áâ®¨â ¨§ 4 è�£®¢. �¨¦¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï
ª�¦¤®£® è�£�.

˜�£ 1. ‚ −�¡®à actV ¤®¡�¢«ïîâáï action-¢¥àè¨−ë 1, 2 ¨ 3.

÷¨á. 2 �®«ãç¥−¨¥ ª®−¥ç−®£® ¯à¥®¡à�§®¢�â¥«ï ¤«ï «¥ªá¨ç¥áª®£® �−�«¨§�: (�) ª®−¥ç−ë©
�¢â®¬�â A; (¡) ª®−¥ç−ë© �¢â®¬�â A′; (¢) ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì M

÷¨á. 3 ÷¥§ã«ìâ�â ª®¬¯®§¨æ¨¨
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’�¡«¨æ� 1 Š®««¥ªæ¨ï tokenAct ¤«ï è�£� 2

startV FSA endV

0 1

1 2,3

2 2,3

3 4

˜�£ 2. ‡�¯ãáª�¥âáï ®¡å®¤, ¯à¥¤áâ�¢- ’�¡«¨æ� 2 Š®««¥ªæ¨ï tokenActInv
¤«ï è�£� 3

startV FSA

1

2

3

4

«¥−−ë© ¢ �«£®à¨â¬¥ 1, ¤«ï ¢¥àè¨− ¨§ −�¡®à�
actV ¨ −�ç�«ì−®£® á®áâ®ï−¨ï ª®−¥ç−®£® ¯à¥-
®¡à�§®¢�â¥«ï M1 (¢¥àè¨−� 0). ÷¥§ã«ìâ�â®¬
®¡å®¤� ¤«ï ¢á¥å ¢¥àè¨− ï¢«ï¥âáï ª®««¥ª-
æ¨ï tokenAct, ª®â®à�ï ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥
â�¡«. 1.

˜�£ 3. ‡�¯ãáª�¥âáï ®¡å®¤, ¯à¥¤áâ�-
¢«¥−−ë© ¢ �«£®à¨â¬¥ 2, ¤«ï ¢¥àè¨− ¨§ −�¡®-
à� actV ¨ −�ç�«ì−®£® á®áâ®ï−¨ï ª®−¥ç−®£®
¯à¥®¡à�§®¢�â¥«ï M2 (¢¥àè¨−� 49). ÷¥§ã«ì-
â�â®¬ ®¡å®¤� ¤«ï ¢á¥å ¢¥àè¨− ï¢«ï¥âáï ª®«-
«¥ªæ¨ïtokenActInv, ª®â®à�ï ¯à¥¤áâ�¢«¥−�
¢ ¢¨¤¥ â�¡«. 2.

˜�£ 4. ‚ë¯®«−ïîâáï ®¯¥à�æ¨¨ ¯¥à¥á¥-
ç¥−¨ï ª®−¥ç−ëå �¢â®¬�â®¢, à¥§ã«ìâ�âë ª®-
â®àëå ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 3.

÷¥§ã«ìâ�â®¬ «¥ªá¨ç¥áª®£® �−�«¨§� ¢ëáâã¯�¥â ª®−¥ç−ë© �¢â®¬�â, ¯à¥¤áâ�¢-
«¥−−ë© −� à¨á. 4. Š�¦¤�ï ¤ã£� £à�ä� á®¤¥à¦¨â â®ª¥−, ª®â®àë© åà�−¨â ¢ á¥¡¥
ª®−¥ç−ë© �¢â®¬�â. ��¯à¨¬¥à, ¤ã£� ®â ¢¥àè¨−ë 1 ª ¢¥àè¨−¥ 3 á®¤¥à¦¨â

’�¡«¨æ� 3 ÷¥§ã«ìâ�â ¯¥à¥á¥ç¥−¨ï ª®−¥ç−ëå �¢â®¬�â®¢ ¨§ â�¡«. 1 ¨ 2
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÷¨á. 4 ÷¥§ã«ìâ�â «¥ªá¨ç¥áª®£® �−�«¨§�

â®ª¥− POW, ã ª®â®à®£® åà�−¨âáï ª®−¥ç−ë© �¢â®¬�â á ¯¥à¥å®¤�¬¨ ®â á®áâ®ï−¨ï 1
ª á®áâ®ï−¨î 2 ¯® á¨¬¢®«ã '*', ®â 2 ª 3 | ¯® á¨¬¢®«ã '*', ¯®«ãç¥−−ë© ¢ à¥§ã«ìâ�â¥
¯¥à¥á¥ç¥−¨ï ª®−¥ç−ëå �¢â®¬�â®¢.

4 Архитектура модуля лексического анализа

�àå¨â¥ªâãà� ¨−áâàã¬¥−â�, à¥�«¨§ãîé¥£® à�áá¬®âà¥−−ë© ¬¥å�−¨§¬, ¯à¥¤-
áâ�¢«¥−� −� à¨á. 5.

Š®¬¯®−¥−â ‹¥ªá¨ç¥áª¨© �−�«¨§�â®à á®áâ®¨â ¨§ ƒ¥−¥à�â®à� «¥ªá¨ç¥áª¨å
�−�«¨§�â®à®¢ ¨ ˆ−â¥à¯à¥â�â®à�. ƒ¥−¥à�â®à «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ áâà®-
¨â ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì, ®¯¨á�−¨¥ ª®â®à®£® ¢§ïâ® ¨§ �¨¡«¨®â¥ª¨ ¤«ï
ª®−¥ç−ëå �¢â®¬�â®¢ ¨ ª®−¥ç−ëå ¯à¥®¡à�§®¢�â¥«¥©, ¨ á®åà�−ï¥â à¥§ã«ìâ�â
¢ ®â¤¥«ì−ë© ä�©«. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¬−®£®ªà�â−® ¨á¯®«ì§®¢�âì ¤�−−ë©
ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì ¤«ï ®¡à�¡®âª¨ ª®¤�, −�¯¨á�−−®£® −� ®¤−®¬ ï§ëª¥.
ˆ−â¥à¯à¥â�â®à ¯à¨−¨¬�¥â −� ¢å®¤ ¤¢� ª®−¥ç−ëå ¯à¥®¡à�§®¢�â¥«ï, ®¤¨− ¨§ ª®â®-

÷¨á. 5 �àå¨â¥ªâãà� ¬®¤ã«ï ¤«ï «¥ªá¨ç¥áª®£® �−�«¨§�
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àëå ¯®«ãç¥− ¢ à¥§ã«ìâ�â¥ ¯®áâà®¥−¨ï �¯¯à®ªá¨¬�æ¨¨ (§� íâ® ®â¢¥ç�¥â ª®¬¯®−¥−â
÷¥£ã«ïà−�ï �¯¯à®ªá¨¬�æ¨ï áâà®ª®¢®£® ¢ëà�¦¥−¨ï), � ¢â®à®© ¯®áâà®¥− £¥−¥à�-
â®à®¬ «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢. ÷¥§ã«ìâ�â®¬ à�¡®âë ˆ−â¥à¯à¥â�â®à� ï¢«ï¥âáï
«¨¡® ª®−¥ç−ë© �¢â®¬�â −�¤ �«ä�¢¨â®¬ â®ª¥−®¢ íâ�«®−−®© £à�¬¬�â¨ª¨ ï§ëª�,
«¨¡® á¯¨á®ª ®¡−�àã¦¥−−ëå «¥ªá¨ç¥áª¨å ®è¨¡®ª.

�¨¡«¨®â¥ª� ¤«ï ª®−¥ç−ëå �¢â®¬�â®¢ ¨ ª®−¥ç−ëå ¯à¥®¡à�§®¢�â¥«¥© ¯à¥¤-
®áâ�¢«ï¥â àï¤ ®¯¥à�æ¨©, ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ¯®áâà®¥−¨ï �¯¯à®ªá¨¬�æ¨¨
¨ ¯à®¢¥¤¥−¨ï «¥ªá¨ç¥áª®£® �−�«¨§�. „«ï ª®−¥ç−ëå �¢â®¬�â®¢ ¨á¯®«ì§ãîâáï
®¯¥à�æ¨¨: ª®−ª�â¥−�æ¨ï, replace, ¤®¯®«−¥−¨¥, ¯¥à¥á¥ç¥−¨¥, � ¤«ï ª®−¥ç−ëå
¯à¥®¡à�§®¢�â¥«¥© | ª®¬¯®§¨æ¨ï.

5 Апробация

‚ ¤�−−®¬ à�§¤¥«¥ ®¯¨á�− ¬¥å�−¨§¬ ¨á¯®«ì§®¢�−¨ï à¥�«¨§®¢�−−®£® ¨−áâàã-
¬¥−â�, � â�ª¦¥ à�áá¬®âà¥−ë ¯à¨¬¥àë, ¤¥¬®−áâà¨àãîé¨¥ à�§à�¡®â�−−ãî äã−ª-
æ¨®−�«ì−®áâì.

„«ï ®áãé¥áâ¢«¥−¨ï «¥ªá¨ç¥áª®£® à�§¡®à� −¥®¡å®¤¨¬® ¢ë¯®«−¨âì á«¥¤ãîé¨¥
è�£¨.

˜�£ 1. ‡�¯ãáâ¨âì £¥−¥à�â®à, ãª�§�¢ ¯ãâì ª ä�©«ã á à�áè¨à¥−¨¥¬ .fsl,
¢ ª®â®à®¬ −�¯¨á�−� á¯¥æ¨ä¨ª�æ¨ï. ‚ à¥§ã«ìâ�â¥ á®§¤�¥âáï ä�©« á à�áè¨à¥−¨¥¬
.fs, á®¤¥à¦�é¨© ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì ¨ ¢á¯®¬®£�â¥«ì−ë¥ äã−ªæ¨¨.

˜�£ 2. �¥®¡å®¤¨¬® ¢ ®â¤¥«ì−®¬ ä�©«¥ á à�áè¨à¥−¨¥¬ .fs ãª�§�âì ®¯¨á�−¨¥
â¨¯®¢ â®ª¥−®¢, ª®â®àë¥ �¢â®¬�â¨ç¥áª¨ áâà®ïâáï ¯® £à�¬¬�â¨ª¥ íâ�«®−−®£® ï§ëª�.
�®«ãç¥−−ë¥ ä�©«ë ¯®¤ª«îç¨âì ª ¬®¤ã«î, ¯à¥¤−�§−�ç¥−−®¬ã ¤«ï ¯®«ãç¥−¨ï
à¥§ã«ìâ�â� «¥ªá¨ç¥áª®£® à�§¡®à�.

˜�£ 3. �®«ãç¨âì ª®−¥ç−ë© �¢â®¬�â, �¯¯à®ªá¨¬¨àãîé¨© ¬−®¦¥áâ¢® §−�ç¥-
−¨© áâà®ª®¢®£® ¢ëà�¦¥−¨ï ¨ ã¤®¢«¥â¢®àïîé¨© ®¯¨á�−¨î ¨á¯®«ì§ã¥¬®© ¡¨¡«¨®-
â¥ª¨ ¤«ï ª®−¥ç−ëå �¢â®¬�â®¢ ¨ ª®−¥ç−ëå ¯à¥®¡à�§®¢�â¥«¥©. �à¥®¡à�§®¢�âì íâ®â
ª®−¥ç−ë© �¢â®¬�â ¢ ª®−¥ç−ë© ¯à¥®¡à�§®¢�â¥«ì (á¬. ¯®¤à�§¤. 3.2).

˜�£ 4. ‚ë§¢�âì äã−ªæ¨î tokenize ¨§ á£¥−¥à¨à®¢�−−®£® ä�©«�. ÷¥§ã«ìâ�-
â®¬ ¤¥©áâ¢¨ï íâ®© äã−ªæ¨¨ ¡ã¤¥â «¨¡® ª®−¥ç−ë© �¢â®¬�â −�¤ �«ä�¢¨â®¬ â®ª¥−®¢
íâ�«®−−®© £à�¬¬�â¨ª¨ ï§ëª�, «¨¡® á¯¨á®ª «¥ªá¨ç¥áª¨å ®è¨¡®ª.

÷�áá¬®âà¨¬ ¯à¨¬¥àë, ª®â®àë¥ ¯®ª�§ë¢�îâ ¯à¥¨¬ãé¥áâ¢� à¥�«¨§®¢�−−®£® à¥-
è¥−¨ï, � ¨¬¥−−®: ¢®§¬®¦−®áâì á®åà�−¥−¨ï ª®−¥ç−®£® �¢â®¬�â� ¢−ãâà¨ áâàãªâãàë
â®ª¥−� ¨ ®¡à�¡®âª¨ æ¨ª«®¢ ¢® ¢å®¤−®¬ ª®−¥ç−®¬ �¢â®¬�â¥.

�à¨¬¥à 1. ÷�áá¬®âà¨¬ ¯à¨¬¥à ª®¤� («¨áâ¨−£ 6).
÷¥§ã«ìâ�â®¬ �¯¯à®ªá¨¬�æ¨¨ ¢ëà�¦¥−¨ï query ï¢«ï¥âáï ª®−¥ç−ë© �¢â®¬�â,

¯à¥¤áâ�¢«¥−−ë© −� à¨á. 6. ÷¥§ã«ìâ�â «¥ªá¨ç¥áª®£® �−�«¨§� ¯à¥¤áâ�¢«¥− −�
à¨á. 7. ‚ à¥§ã«ìâ¨àãîé¥¬ ª®−¥ç−®¬ �¢â®¬�â¥ ãç¨âë¢�îâáï ¤¢¥ á¨âã�æ¨¨: æ¨ª«
−¥ ¢ë¯®«−ï¥âáï (¯ãâì 0 → · · · → 7 → 9) ¨ ¢ë¯®«−ï¥âáï (¯ãâì 0 → · · · → 7 →
→ 8 → 10 → 8 → · · · → 10 → 9), çâ® ¯®§¢®«ï¥â ãâ®ç−¨âì ¯à®¢®¤¨¬ë© �−�«¨§
¢ æ¥«®¬.
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private void Go(int number){
String query = "SELECT nameX FROM tableY WHERE x < ";
while(query.Length < number){
query += "+ 1 ";

}
Program.ExecuteImmediate(query);

}

‹¨áâ¨−£ 6 �à¨¬¥à ä®à¬¨à®¢�−¨ï ¢ëà�¦¥−¨ï ¢ æ¨ª«¥

÷¨á. 6 ÷¥§ã«ìâ�â �¯¯à®ªá¨¬�æ¨¨

÷¨á. 7 ÷¥§ã«ìâ�â «¥ªá¨ç¥áª®£® �−�«¨§�

�à¨¬¥à 2. ÷�áá¬®âà¨¬ ¯à¨¬¥à ª®¤�, ¢ ª®â®à®¬ ª®−¥ç−ë© �¢â®¬�â â®ª¥−�
á®¤¥à¦¨â æ¨ª« («¨áâ¨−£ 7).

÷¥§ã«ìâ�â®¬ «¥ªá¨ç¥áª®£® �−�«¨§� ¡ã¤¥â ª®−¥ç−ë© �¢â®¬�â, ¯à¥¤áâ�¢«¥−−ë©
−� à¨á. 8. Š®−¥ç−ë© �¢â®¬�â ¯¥à¢®£® â®ª¥−� IDENT, á®¤¥à¦�é¨© æ¨ª«, ¯à¥¤-
áâ�¢«¥− −� à¨á. 9. �� íâ®¬ ¦¥ à¨áã−ª¥ ¯®ª�§�−� á®åà�−¥−−�ï ¯à¨¢ï§ª� á¨¬¢®«®¢
ª ¨áå®¤−®¬ã ª®¤ã. ’�ª¨¬ ®¡à�§®¬, ¥á«¨ æ¨ª« á®¤¥à¦¨âáï â®«ìª® ¢ ª®−¥ç−®¬
�¢â®¬�â¥ â®ª¥−�, â® ¢ à¥§ã«ìâ¨àãîé¥¬ ª®−¥ç−®¬ �¢â®¬�â¥ æ¨ª«ë ®âáãâáâ¢ãîâ,
çâ® ¯®§¢®«ï¥â ã¯à®áâ¨âì áâàãªâãàã ¢å®¤−ëå ¤�−−ëå ¤«ï ¤�«ì−¥©è¥£® �−�«¨§�.

�� ¯à�ªâ¨ª¥ ®á−®¢−ë¬ áæ¥−�à¨¥¬ ¤«ï ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ¢ëà�¦¥-
−¨ï ï¢«ï¥âáï á¨âã�æ¨ï, ¯à¥¤áâ�¢«¥−−�ï −� à¨á. 10, £¤¥ áâà®ª¨ x1, x2, . . . , xn

String query = "SELECT name";
for(int i = 0; i < 10; i++){
query += "X";

}
query += " FROM tableY";
Program.ExecuteImmediate(query);

‹¨áâ¨−£ 7 �à¨¬¥à ª®¤�, ¢ ª®â®à®¬ ª®−¥ç−ë© �¢â®¬�â â®ª¥−� á®¤¥à¦¨â æ¨ª«
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‹¥ªá¨ç¥áª¨© �−�«¨§ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ëå áâà®ª®¢ëå ¢ëà�¦¥−¨©

÷¨á. 8 ÷¥§ã«ìâ�â «¥ªá¨ç¥áª®£® �−�«¨§�

÷¨á. 9 Š®−¥ç−ë© �¢â®¬�â ¯¥à¢®£® â®ª¥−� IDENT, á®¤¥à¦�é¨© æ¨ª«

¢®§¢à�é�îâ ®¤¨−�ª®¢ë© ¨¤¥−â¨-

÷¨á. 10 Š®−¥ç−ë© �¢â®¬�â

ä¨ª�â®à â®ª¥−�. ÷�§à�¡®â�−−ë©
¬¥å�−¨§¬ «¥ªá¨ç¥áª®£® �−�«¨§�
¢¥à−¥â ®¤¨− â®ª¥− ¯à¨ ¯¥à¥å®¤¥ ¨§
á®áâ®ï−¨ï 1 ¢ á®áâ®ï−¨¥ 2, çâ® §−�-
ç¨â¥«ì−® ã¯à®áâ¨â ¢å®¤−ë¥ ¤�−−ë¥
¤«ï á¨−â�ªá¨ç¥áª®£® à�§¡®à�.

6 Заключение

‚ ¤�−−®© à�¡®â¥ ®¯¨á�− �«£®à¨â¬ «¥ªá¨ç¥áª®£® �−�«¨§� ¨ ®á−®¢�−−ë© −�
−¥¬ £¥−¥à�â®à «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ ¤«ï ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ª®-
¤�. „�−−ë© �«£®à¨â¬ ¡ë« à¥�«¨§®¢�− ¢ ¯à®¥ªâ¥ YaccConstructor −� ï§ëª¥
¯à®£à�¬¬¨à®¢�−¨ï F#. ÷�§à�¡®â�−−ë© �«£®à¨â¬ ¯®§¢®«ï¥â ¯à¨ ¯à®¢¥¤¥−¨¨
«¥ªá¨ç¥áª®£® �−�«¨§� ¤«ï â®ª¥−� á®åà�−ïâì ª®−¥ç−ë© �¢â®¬�â, çâ® §−�ç¨â¥«ì−®
ã¯à®é�¥â ¢å®¤−ë¥ ¤�−−ë¥ ¤«ï á¨−â�ªá¨ç¥áª®£® à�§¡®à� ¨ ¯à¨¢ï§ªã «¥ªá¨ç¥áª¨å
¥¤¨−¨æ ª ¨áå®¤−®¬ã ª®¤ã, ª®â®à�ï −¥®¡å®¤¨¬� ¤«ï ¯®§¨æ¨®−¨à®¢�−¨ï ¬¥áâ�
®è¨¡®ª ¨«¨ −�¢¨£�æ¨¨ ¯® ª®¤ã. ÷�§à�¡®â�−−ë© £¥−¥à�â®à «¥ªá¨ç¥áª¨å �−�«¨§�-
â®à®¢ ¯®§¢®«ï¥â ¯®«ãç�âì ¯® á¯¥æ¨ä¨ª�æ¨¨ ï§ëª� á®®â¢¥âáâ¢ãîé¨© �−�«¨§�â®à,
¨á¯®«ì§ãîé¨© ®¯¨á�−−ë© �«£®à¨â¬. ’�ª¨¬ ®¡à�§®¬, ¡ë« à�§à�¡®â�− �¢â®¬�-
â¨§¨à®¢�−−ë© ¯®¤å®¤ ª á®§¤�−¨î «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ ¤«ï ¤¨−�¬¨ç¥áª¨
ä®à¬¨àã¥¬®£® ª®¤�.

‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï á−ïâì ®£à�−¨ç¥−¨ï −� ä®à¬�â −�¯¨á�−¨ï á¯¥-
æ¨ä¨ª�æ¨¨, ¯® ª®â®à®¬ã £¥−¥à�â®à «¥ªá¨ç¥áª¨å �−�«¨§�â®à®¢ áâà®¨â á®®â¢¥â-
áâ¢ãîé¨© �−�«¨§�â®à, � â�ª¦¥ ®¯â¨¬¨§¨à®¢�âì ¯®«ãç¥−−ë© ¨−áâàã¬¥−â §� áç¥â
¯®¤¡®à� áâàãªâãà ¤�−−ëå ¨ �«£®à¨â¬®¢ ¤«ï à�¡®âë á ª®−¥ç−ë¬¨ �¢â®¬�â�-
¬¨ [12].
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Lexical analysis of dynamically generated string expressions

LEXICAL ANALYSIS OF DYNAMICALLY GENERATED STRING
EXPRESSIONS

M. I. Polubelova and S. V. Grigorev

Saint Petersburg State University, 7/9 Universitetskaya Nab., St. Petersburg
199034, Russian Federation

Abstract: There is a class of applications which utilizes the idea of string
embedding of one language into another. In this approach, a host program
generates string representation of clauses in some external language, which are
then passed to a dedicated runtime component for analysis and execution. Despite
providing better expressiveness and flexibility, this technique makes the behavior
of the system less predictable, complicates maintenance, and is a source of
such vulnerabilities as SQL injections and cross-site scripting. Static analysis
of strings is intended to minimize the drawbacks of the approach by checking
well-formedness of a set of all dynamically-generated clauses at compile-time.
Lexical analysis, or tokenization, is an important step of static analysis. The
paper presents an automated approach to lexical analyzers construction which
simplifies implementation of static analyzers of dynamically generated code.

Keywords: string analysis; lexing; string-embedded language; lexer generator
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НОРМАЛЬНЫЕ ФИЛЬТРЫ ПУГАЧЁВА
ДЛЯ АВТОКОРРЕЛИРОВАННЫХ СТОХАСТИЧЕСКИХ

СИСТЕМ, ЛИНЕЙНЫХ ОТНОСИТЕЛЬНО СОСТОЯНИЯ

И. Н. Синицын1, Э. Р. Корепанов2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï â¥®à¨ï �−�«¨â¨ç¥áª®£® á¨−â¥§� −¥¯à¥àë¢−ëå
ãá«®¢−®-®¯â¨¬�«ì−ëå ä¨«ìâà®¢ �ã£�çñ¢� ¤«ï ®¡à�¡®âª¨ ¯à®æ¥áá®¢ ¢ £�ãáá®¢-
áª¨å áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‘â‘), «¨−¥©−ëå ®â−®á¨â¥«ì−® ¢¥ªâ®à� á®áâ®ï-
−¨ï. „«ï £�ãáá®¢áª¨å á¨áâ¥¬ ¯¥à¢ë¥ à�¡®âë ¯® ä¨«ìâà�æ¨¨ ¡ë«¨ ¢ë¯®«−¥−ë
‹¨¯æ¥à®¬ ¨ ˜¨àï¥¢ë¬, � ¤«ï −¥£�ãáá®¢áª¨å | �ã£�çñ¢ë¬ ¨ ‘¨−¨æë−ë¬.
�à¨¢®¤ïâáï �«£®à¨â¬ë −®à¬�«ì−ëå ä¨«ìâà®¢ ¤«ï á¨áâ¥¬ á −¥ª®àà¥«¨à®-
¢�−−ë¬¨ ¨ á �¢â®ª®àà¥«¨à®¢�−−ë¬¨ ¯®¬¥å�¬¨. �à¨¢¥¤¥− â¥áâ®¢ë© ¯à¨¬¥à.
�®«ãç¥−−ë¥ �«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨¥ (StS-
Filter, 2016). �à¨¢¥¤¥−ë −¥ª®â®àë¥ ®¡®¡é¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: �¢â®ª®àà¥«¨à®¢�−−�ï ‘â‘; ¤¨ää¥à¥−æ¨�«ì−�ï ‘â‘; ¬¥â®¤
−®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) �¯®áâ¥à¨®à−®© ¯«®â−®áâ¨; ¬¥â®¤ áâ�â¨-
áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹); −®à¬�«ì−ë© ä¨«ìâà �ã£�çñ¢� (�”�); áâ®-
å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘); ‘â‘, «¨−¥©−�ï ®â−®á¨â¥«ì−® á®áâ®ï−¨ï; ãá«®¢¨ï
‹¨¯æ¥à�{˜¨àï¥¢�; ä¨«ìâà ‹¨¯æ¥à�{˜¨àï¥¢� (”‹˜)

DOI: 10.14357/08696527160204

1 Введение

�¡à�¡®âª� ¯à®æ¥áá®¢ ¢ àï¤¥ á®¢à¥¬¥−−ëå §�¤�ç áâ�â¨áâ¨ç¥áª¨å −�ãç−ëå ¨á-
á«¥¤®¢�−¨© ®á−®¢�−� −� ¨á¯®«ì§®¢�−¨¨ â¥®à¨¨ −¥«¨−¥©−®© ä¨«ìâà�æ¨¨ ¢ ‘â‘,
«¨−¥©−ëå ®â−®á¨â¥«ì−® á®áâ®ï−¨ï [1{5]. „«ï £�ãáá®¢áª¨å ‘â‘ ¯¥à¢ë¥ à�¡®âë
¢ íâ®¬ −�¯à�¢«¥−¨¨ ¢ë¯®«−¥−ë ‹¨¯æ¥à®¬ ¨ ˜¨àï¥¢ë¬ [1], � ¤«ï −¥£�ãáá®¢-
áª¨å ‘â‘ −� ®á−®¢¥ −¥«¨−¥©−®© áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ | �ã£�çñ¢ë¬
¨ ‘¨−¨æë−ë¬ (á¬., −�¯à¨¬¥à, [3]). ‚ [4, 5] à�áá¬®âà¥−ë ¢®¯à®áë á¨−â¥§�
�«£®à¨â¬®¢ −®à¬�«ì−ëå ãá«®¢−®-®¯â¨¬�«ì−ëå ä¨«ìâà®¢ ¨ íªáâà�¯®«ïâ®à®¢ �ã-
£�çñ¢� (�”��) ¤«ï ®¡à�¡®âª¨ ¯à®æ¥áá®¢ ¢ −¥¯à¥àë¢−ëå ¨ ¤¨áªà¥â−ëå ‘â‘,
«¨−¥©−ëå ®â−®á¨â¥«ì−® á®áâ®ï−¨ï, −� ®á−®¢¥ ¬¥â®¤®¢ −®à¬�«ì−®© �¯¯à®ªá¨¬�-
æ¨¨ (Œ��) ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹). �á®¡¥ ¢−¨¬�−¨¥ ã¤¥«¥−®
á¨−â¥§ã �”�� ¤«ï ‘â‘ ¯à¨ ãá«®¢¨ïå ‹¨¯æ¥à�{˜¨àï¥¢� −� ¡�§¥ �¯¯à®ªá¨-
¬�æ¨¨ −®à¬�«ì−ë¬ áã¡®¯â¨¬�«ì−ë¬ ª¢�§¨«¨−¥©−ë¬ ä¨«ìâà®¬, ®á−®¢�−−®¬ −�

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ekorepanov@ipiran.ru
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Œ‘‹ ¤«ï −¥«¨−¥©−ëå äã−ªæ¨©, §�¢¨áïé¨å ®â −�¡«î¤¥−¨©. „«ï ‘â‘ ¢ëá®ª®©
à�§¬¥à−®áâ¨ ¯ãâ¥¬ ¢ë¡®à� áâàãªâãà−ëå äã−ªæ¨©, ®âà�¦�îé¨å �−�«¨â¨ç¥áªãî
¯à¨à®¤ã −�¡«î¤�¥¬®© á¨áâ¥¬ë, á¨−â¥§¨à®¢�−ë �”��, ¯à®áâë¥ ¢ ª®¬¯ìîâ¥à−®©
à¥�«¨§�æ¨¨ ¨ ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à�¡®âë ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨. �«£®-
à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
úStS-Filter, 2015û.

��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ á¨−â¥§� �”� ¤«ï ®¡à�¡®âª¨ ¯à®-
æ¥áá®¢ ¢ −¥¯à¥àë¢−ëå ‘â‘, «¨−¥©−ëå ®â−®á¨â¥«ì−® á®áâ®ï−¨ï. ‚ à�§¤. 2 ¨ 3
¯à¨¢®¤ïâáï �«£®à¨â¬ë −®à¬�«ì−ëå ä¨«ìâà®¢ ¤«ï ‘â‘ á −¥ª®àà¥«¨à®¢�−−ë¬¨
¯®¬¥å�¬¨, � ¢ à�§¤. 2 ¨ 4 | ¤«ï ‘â‘ á �¢â®ª®àà¥«¨à®¢�−−ë¬¨ ¯®¬¥å�¬¨. ÷�§-
¤¥« 5 á®¤¥à¦¨â â¥áâ®¢ë© ¯à¨¬¥à. �®«ãç¥−−ë¥ �«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã
¬®¤ã«ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï úStS-Filter, 2016û.

2 Автокоррелированные гауссовские стохастические системы,
линейные относительно состояния

÷�áá¬®âà¨¬ á−�ç�«� −¥«¨−¥©−ãî −¥¯à¥àë¢−ãî (¤¨ää¥à¥−æ¨�«ì−ãî) ‘â‘
á −¥ª®àà¥«¨à®¢�−−ë¬¨ £�ãáá®¢áª¨¬¨ ¯®¬¥å�¬¨ [3]:

‘Xt = ϕ+ ψV0 ; Xt0 = X0 ;
‘Yt = ϕ1 + ψ1V0 , Yt0 = Y0 . (1)

‡¤¥áìXt ¨ Yt | ¢¥ªâ®àë á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï à�§¬¥à−®áâ¨ nx ¨ ny; V0 = ‘W0,
£¤¥W0| ¯®¬¥å� | ¢¥ªâ®à−ë© £�ãáá®¢áª¨© áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�), ®¡«�-
¤�îé¨© −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ¬�âà¨æ¥© ¨−â¥−á¨¢−®áâ¥© ν = νv0 ;
ϕ = ϕ(Xt, Yt, t); ψ = ψ(Xt, Yt, t), ϕ1 = ϕ1(Xt, Yt, t) ¨ ψ1 = ψ1(Xt, Yt, t) |
¨§¢¥áâ−ë¥ äã−ªæ¨¨ à�§¬¥à−®áâ¨ (nx × 1), (nx × nv), (ny × 1) ¨ (ny × nv)
¨ ã¤®¢«¥â¢®àïîé¨¥ á«¥¤ãîé¨¬ ãá«®¢¨ï¬ ‹¨¯æ¥à�{˜¨àï¥¢� [3]:

{ äã−ªæ¨¨ ϕ ¨ ϕ1 «¨−¥©−ë ®â−®á¨â¥«ì−® á®áâ®ï−¨ï Xt, � äã−ªæ¨¨ ψ ¨ ψ1 −¥
§�¢¨áïâ ®â á®áâ®ï−¨ï Xt:

ϕ (Xt, Yt, t) = a1 (Yt, t)Xt + a0 (Yt, t) ;

ϕ1 (Xt, Yt, t) = b1 (Yt, t)Xt + b0 (Yt, t) ;

ψ (Xt, Yt, t) = �ψ (Yt, t) ;

ψ1 (Xt, Yt, t) = �ψ1 (Yt, t) .























(2)

“à�¢−¥−¨ï ‘â‘ (1), (2) ¯®−¨¬�îâáï ¢ á¬ëá«¥ ˆâ® ¨ ¨¬¥îâ à¥è¥−¨¥ ¢ áà¥¤−¥¬
ª¢�¤à�â¨ç¥áª®¬ (á.ª.) [3].

‘¨áâ¥¬ã (1), (2) ¡ã¤¥¬ −�§ë¢�âì £�ãáá®¢áª®©, ¥á«¨ X0 ¨ Y0 | £�ãáá®¢áª¨¥
á«ãç�©−ë¥ ¢¥«¨ç¨−ë.

‚�¦−ë© ç�áâ−ë© á«ãç�© (1), (2) á®áâ�¢«ïîâ ãà�¢−¥−¨ï á �¤¤¨â¨¢−ë¬¨ ¯®¬¥-
å�¬¨, ª®£¤�

�ψ (Yt, t) = ψ0(t) ; �ψ1 (Yt, t) = ψ10(t) . (3)
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�®à¬�«ì−ë¥ ä¨«ìâàë �ã£�çñ¢� ¤«ï �¢â®ª®àà¥«¨à®¢�−−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬

Š�ª ¨§¢¥áâ−® [3], ®¡ëç−® á®áâ®ï−¨¥ á¨áâ¥¬ë ¨ ¯®¬¥å� ®¯à¥¤¥«ïîâáï à�§-
«¨ç−ë¬¨, −¥§�¢¨á¨¬ë¬¨ ®¤−® ®â ¤àã£®£® áâ®å�áâ¨ç¥áª¨¬¨ ¤¨ää¥à¥−æ¨�«ì−ë-
¬¨ ãà�¢−¥−¨ï¬¨ (ãà�¢−¥−¨¥¬ á®áâ®ï−¨ï á¨áâ¥¬ë ¨ ãà�¢−¥−¨¥¬ ä®à¬¨àãîé¥£®
ä¨«ìâà� ¯®¬¥å¨). �¤−�ª® ¤«ï ®¡é−®áâ¨ æ¥«¥á®®¡à�§−® ¯à¨ ¯®áâà®¥−¨¨ â¥®à¨¨
à�áá¬�âà¨¢�âì á«ãç�©, ª®£¤� á®áâ®ï−¨¥ Xt ¨ ¯®¬¥å� Nt ®¯à¥¤¥«ïîâáï á®¢¬¥áâ-
−ë¬¨ áâ®å�áâ¨ç¥áª¨¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨. ’�ª¨¬ ®¡à�§®¬, ¤«ï
§�¤�ç¨ ä¨«ìâà�æ¨¨ ¯à¨ −�«¨ç¨¨ �¢â®ª®àà¥«¨à®¢�−−®© ¯®¬¥å¨ ¢ −�¡«î¤¥−¨ïå
¡ã¤¥¬ §�¯¨áë¢�âì ãà�¢−¥−¨ï −�¡«î¤¥−¨ï, á¨áâ¥¬ë ¨ ä®à¬¨àãîé¥£® ä¨«ìâà�
¯®¬¥å¨ ¢ ¢¨¤¥:

‘Xt = ϕ (Xt, Yt, Nt, t) + ψ (Xt, Yt, Nt, t)V0 ; (4)

‘Yt = ϕ1 (Xt, Yt, Nt, t) ; (5)

‘Nt = ϕ0 (Xt, Yt, Nt, t) + ψ0 (Xt, Yt, Nt, t)V0 . (6)

“á«®¢¨ï ‹¨¯æ¥à�{˜¨àï¥¢� (2) ¤«ï à�áá¬�âà¨¢�¥¬ëå �¢â®ª®àà¥«¨à®¢�−−ëå ‘â‘
¡ã¤ãâ ¯®«ãç¥−ë ¢ à�§¤. 4.

3 Нормальные фильтры для стохастических систем
с некоррелированными гауссовскими помехами

„«ï £�ãáá®¢áª®© ‘â‘ (1), (2) ¢ ãá«®¢¨ïå −¥¢ëà®¦¤¥−−®áâ¨ ¤¨ääã§¨®−−®©
¬�âà¨æë σ1 = σ1(Yt, t) = ψ1ν0ψ

T
1 (Yt, t) ¨§¢¥áâ−ë á«¥¤ãîé¨¥ â®ç−ë¥ ãà�¢−¥−¨ï

−¥«¨−¥©−®© ä¨«ìâà�æ¨¨ ¯® ªà¨â¥à¨î ¬¨−¨¬ã¬� á.ª. ®è¨¡ª¨ [3]:

‘�X t =
[

a1 (Yt, t) �Xt + a0 (Yt, t)
]

+
[

Rtb1 (Yt, t)
T +

(

�ψν0 �ψ
T
1

)

(Yt, t)
]

×

×
(

�ψ1ν0 �ψ
T
1

)−1
(Yt, t)

{

‘Yt −
[

b1 (Yt, t) �Xt + b0 (Yt, t)
]}

, �Xt0 =
�X0; (7)

‘Rt = a1 (Yt, t)Rt +Rta1 (Yt, t)
T +

(

�ψν0 �ψ
T
)

(Yt, t)−
[

Rtb1 (Yt, t)
T +

+
(

�ψν0 �ψ
T
1

)

(Yt, t)
] (

�ψ1ν0 �ψ
T
1

)−1
(Yt, t)

[

b1 (Yt, t)Rt +
(

�ψ1ν0 �ψ
T
)

(Yt, t)
]

,

Rt0 = R0 , (8)

£¤¥ �Xt | á.ª. ®æ¥−ª� ‘â� Xt; Rt | ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� ®è¨¡ª¨ ä¨«ìâà�-

æ¨¨, à�¢−®© Xt − �Xt.
�â¬¥â¨¬, çâ®, ª�ª ¨ ¢ á«ãç�¥ «¨−¥©−®© ä¨«ìâà�æ¨¨ ¯à¨ �¤¤¨â¨¢−ëå èã-

¬�å [3], ãà�¢−¥−¨ï ¤¨ää¥à¥−æ¨�«ì−®£® ä¨«ìâà� ‹¨¯æ¥à�{˜¨àï¥¢� (”‹˜)

¯à¥¤áâ�¢«ïîâ á®¡®© §�¬ª−ãâãî á¨áâ¥¬ã ãà�¢−¥−¨©, ®¯à¥¤¥«ïîéãî �Xt ¨ Rt.

�®íâ®¬ã á.ª. ®¯â¨¬�«ì−ãî ®æ¥−ªã ‘â� �Xt ¢¥ªâ®à� á®áâ®ï−¨ï á¨áâ¥¬ë Xt ¨ ¥£®
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�¯®áâ¥à¨®à−ãî ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã Rt, å�à�ªâ¥à¨§ãîéãî â®ç−®áâì á.ª.

®¯â¨¬�«ì−®© ®æ¥−ª¨ ‘â� �Xt, ¬®¦−® ¢ëç¨á«ïâì ¯® ¬¥à¥ ¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢
−�¡«î¤¥−¨© á®¢¬¥áâ−ë¬ ¨−â¥£à¨à®¢�−¨¥¬ ãà�¢−¥−¨© (7) ¨ (8). ‚ ¯à®â¨¢®¯®-
«®¦−®áâì «¨−¥©−®© ä¨«ìâà�æ¨¨ ¤«ï ”‹˜ −¥«ì§ï ¢ëç¨á«¨âì Rt §�à�−¥¥ (¤®
¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨©), â�ª ª�ª ®â ¯®á«¥¤−¨å §�¢¨áïâ ª®íää¨-
æ¨¥−âë ãà�¢−¥−¨ï (8). �®íâ®¬ã ”‹˜ ¢ ¤�−−®¬ á«ãç�¥ ¤®«¦¥− ¢ë¯®«−ïâì
¨−â¥£à¨à®¢�−¨¥ ®¡®¨å ãà�¢−¥−¨© (7) ¨ (8). �â® ¯à¨¢®¤¨â ª áãé¥áâ¢¥−−®¬ã
¯®¢ëè¥−¨î ¯®àï¤ª� ®¯â¨¬�«ì−®£® ä¨«ìâà�. …á«¨ «¨−¥©−ë© ä¨«ìâà ¢á¥£¤� ®¯¨-
áë¢�¥âáï ãà�¢−¥−¨ï¬¨ ¯®àï¤ª� nx, â® ¢ à�áá¬�âà¨¢�¥¬®¬ ¡®«¥¥ ®¡é¥¬ á«ãç�¥
á.ª. ®¯â¨¬�«ì−ë© ä¨«ìâà ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ á«¥¤ãîé¥£® ¯®àï¤ª�

Qæìû = nx +
nx(nx + 1)

2
=
nx(nx + 3)

2
.

�ç¥¢¨¤−®, çâ® ”‹˜ ¡ã¤¥â á®¢¯�¤�âì á ®¡®¡é¥−−ë¬ (¯à¨¡«¨¦¥−−ë¬) ä¨«ìâà®¬
Š�«¬�−�{�ìîá¨, ä¨«ìâà�¬¨ ¢â®à®£® ¯®àï¤ª�, £�ãáá®¢ë¬¨ ä¨«ìâà�¬¨ [2, 3].

‚ [4, 5] ¯®ª�§�−®, çâ® ¤«ï £�ãáá®¢áª®© ‘â‘ (1){(4) áã¡®¯â¨¬�«ì−ë¥ �” −�
®á−®¢¥ Œ�� ®¤−®¬¥à−®© �¯®áâ¥à¨®à−®© ¯«®â−®áâ¨ ¨ ”‹˜ á®¢¯�¤�îâ.

�ã¤¥¬ ¨áª�âì ãá«®¢−®-®¯â¨¬�«ì−ë© ä¨«ìâà �ã£�çñ¢� (”�) ¤«ï ®æ¥−ª¨

‘â� �Xt ¢ ¢¨¤¥ á«¥¤ãîé¥£® ãà�¢−¥−¨ï [3{5]:

d �Xt = αtξ
(

�Xt, Yt, t
)

dt+ βtη
(

�Xt, Yt, t
)

dYt + γt dt . (9)

‡¤¥áì ξ = ξ
(

�Xt, Yt, t
)

¨ η = η
(

�Xt, Yt, t
)

| −¥ª®â®àë¥ ¨§¢¥áâ−ë¥ áâàãªâãà−ë¥

äã−ªæ¨¨ â¥ªãé¨å §−�ç¥−¨© ®æ¥−ª¨ −�¡«î¤�¥¬®£® ‘â� Yt, �Xt ¨ ¢à¥¬¥−¨ t; αt,
βt ¨ γt | −¥¨§¢¥áâ−ë¥ äã−ªæ¨¨ ¢à¥¬¥−¨. …á«¨ ¡ë ª®íää¨æ¨¥−âë αt, βt ¨ γt
¢ (9) ¡ë«¨ ¨§¢¥áâ−ë¬¨ äã−ªæ¨ï¬¨ ¢à¥¬¥−¨, â® ãà�¢−¥−¨¥ (9) ®¯à¥¤¥«¨«® ¡ë
ä¨«ìâà â®£® ¦¥ ¯®àï¤ª� nx, çâ® ¨ ¯¥à¢®¥ ãà�¢−¥−¨¥ (1). �®íâ®¬ã, ¥áâ¥áâ¢¥−−®,
¢®§−¨ª�¥â ¬ëá«ì ¯®¯ëâ�âìáï −¥¯®áà¥¤áâ¢¥−−® ®¯à¥¤¥«¨âì ª®íää¨æ¨¥−âë αt, βt
¨ γt ¢ ãà�¢−¥−¨¨ (9) ª�ª äã−ªæ¨¨ ¢à¥¬¥−¨ ¨§ ãá«®¢¨ï ¬¨−¨¬ã¬� á.ª. ®è¨¡ª¨
¯à¨ ¢á¥å t > t0. �â® ¯à¨¢®¤¨â ª â¥®à¨¨ ãá«®¢−®-®¯â¨¬�«ì−®£® ”�, ª®£¤�
ãà�¢−¥−¨¥ ”� §�¤�¥âáï §�à�−¥¥, � ®¯â¨¬¨§¨àãîâáï â®«ìª® ª®íää¨æ¨¥−âë íâ®£®
ãà�¢−¥−¨ï.

ˆâ�ª, ¯à¨å®¤¨¬ ª ¨¤¥¥ −�å®¦¤¥−¨ï ®¯â¨¬�«ì−®£® ä¨«ìâà� ¢ −¥ª®â®à®¬
ª«�áá¥ ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢, ®¯à¥¤¥«ï¥¬®¬ ãá«®¢¨¥¬, çâ® ¯®¢¥¤¥−¨¥ ä¨«ìâ-
à� ®¯¨áë¢�¥âáï ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ §�¤�−−®£® ¯®àï¤ª� ¨ §�¤�−−®©
ä®à¬ë.

’�ª¨¬ ®¡à�§®¬, ¬ë ®âª�§ë¢�¥¬áï ®â �¡á®«îâ−®© ®¯â¨¬¨§�æ¨¨ ¨ ®£à�−¨-
ç¨¢�¥¬áï ãá«®¢−®© ®¯â¨¬¨§�æ¨¥© ¢ §�¤�−−®¬ ®£à�−¨ç¥−−®¬ ª«�áá¥ ä¨«ìâà®¢.
�¯à¥¤¥«¨¢ ª«�áá ¤®¯ãáâ¨¬ëå ”�, á«¥¤ã¥â à¥è¨âì ¢®¯à®á ® â®¬, ª�ª®© ä¨«ìâà
¢ íâ®¬ ª«�áá¥ áç¨â�¥âáï ®¯â¨¬�«ì−ë¬. ‘«¥¤ãï �ã£�çñ¢ã [3], ¡ã¤¥¬ áç¨â�âì ®¯â¨-
¬�«ì−ë¬ â�ª®© ä¨«ìâà, ª®â®àë© ¤�¥â ¢ ¨§¢¥áâ−®¬ á¬ëá«¥ −�¨«ãçèãî ®æ¥−ªã

66 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016



�®à¬�«ì−ë¥ ä¨«ìâàë �ã£�çñ¢� ¤«ï �¢â®ª®àà¥«¨à®¢�−−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬

¯à¨ ¢á¥å t > t0. ˆ−ë¬¨ á«®¢�¬¨, §�¤�ç� ®¯â¨¬¨§�æ¨¨ ä¨«ìâà� ¯à¨ ¢á¥å t > t0
ï¢«ï¥âáï §�¤�ç¥© ¬−®£®ªà¨â¥à¨�«ì−®© ®¯â¨¬¨§�æ¨¨. ’�ª¨¥ §�¤�ç¨, ª�ª ¯à�¢¨«®,
−¥ ¨¬¥îâ à¥è¥−¨ï.

”¨«ìâà Š�«¬�−�{�ìîá¨, ¤�îé¨© ®¯â¨¬�«ì−ãî «¨−¥©−ãî ®æ¥−ªã á®áâ®ï−¨ï
«¨−¥©−®© á¨áâ¥¬ë ¢ ª�¦¤ë© ¬®¬¥−â t > t0, ï¢«ï¥âáï ¨áª«îç¥−¨¥¬ [3]. ‡−�ç¨â,
−�¤® ®¯à¥¤¥«¨âì â�ªãî ®¯â¨¬�«ì−®áâì ä¨«ìâà�, ¯à¨ ª®â®à®© ¢®§¬®¦−® à¥è¥−¨¥
§�¤�ç¨. �ã¤¥¬ áç¨â�âì ãá«®¢−®-®¯â¨¬�«ì−ë¬ â�ª®© ¤®¯ãáâ¨¬ë© ä¨«ìâà, ª®â®àë©
−� ª�¦¤®¬ ¡¥áª®−¥ç−® ¬�«®¬ ¨−â¥à¢�«¥ ¢à¥¬¥−¨ á®¢¥àè�¥â ®¯â¨¬�«ì−ë© ¯¥à¥å®¤
¨§ â®£® á®áâ®ï−¨ï, ¢ ª®â®à®¬ ®− ¡ë« ¢ −�ç�«¥ íâ®£® ¨−â¥à¢�«�, ¢ −®¢®¥ á®áâ®ï−¨¥.
’�ª®© ¤®¯ãáâ¨¬ë© ä¨«ìâà ¡ã¤¥¬ −�§ë¢�âì ãá«®¢−®-®¯â¨¬�«ì−ë¬, ¨«¨ ”�.
’®£¤� §�¤�ç� ä¨«ìâà�æ¨¨ á¢¥¤¥âáï ª −�å®¦¤¥−¨î ®¯â¨¬�«ì−ëå §−�ç¥−¨© αt, βt
¨ γt ¢ «î¡®© ¬®¬¥−â t ≥ t0, ®¡¥á¯¥ç¨¢�îé¨å ¬¨−¨¬ã¬ á.ª. ®è¨¡ª¨ ä¨«ìâà�æ¨¨
¢ ¡¥áª®−¥ç−® ¡«¨§ª¨© ¡ã¤ãé¨© ¬®¬¥−â s > t, s→ t.

‚ [3] ¤®ª�§�−®, çâ® ”� ®¡«�¤�¥â â¥¬ á¢®©áâ¢®¬, çâ® ¢ ¤�−−®¬ ª«�áá¥ ¤®-
¯ãáâ¨¬ëå ä¨«ìâà®¢ −¥ áãé¥áâ¢ã¥â ä¨«ìâà�, ª®â®àë© ¯à¨ ¤�−−®¬ −�ç�«ì−®¬

à�á¯à¥¤¥«¥−¨¨ ‘â� Yt,Xt ¨ �Xt ¢ ¬®¬¥−â t0 ¡ë« ¡ë «ãçè¥ ãá«®¢−®-®¯â¨¬�«ì−®£®
¯à¨ ¢á¥å t > t0. �â® §−�ç¨â, çâ® ¢ â¥à¬¨−®«®£¨¨ â¥®à¨¨ ¬−®£®ªà¨â¥à¨�«ì−®©
®¯â¨¬¨§�æ¨¨ ”� ¯à¥¤áâ�¢«ï¥â á®¡®© ®¤¨− ¨§ ¬−®¦¥áâ¢� ¤®¯ãáâ¨¬ëå ä¨«ìâ-
à®¢ | ®¯â¨¬�«ì−ë© ¯® ��à¥â® [5]. �¡é�ï â¥®à¨ï ”� ¯® á.ª. ªà¨â¥à¨î à�§¢¨â�
¤«ï ãà�¢−¥−¨© ®¡é¥£® ¢¨¤� ¨ ¯®¤à®¡−® ¨§«®¦¥−� ¢ [3].

’¥®à¨ï ”� ®¡«�¤�¥â ¤¢ã¬ï −¥á®¬−¥−−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¯® áà�¢−¥−¨î
á ¬¥â®¤�¬¨ áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ [3].

‚®-¯¥à¢ëå, ®−� ¯®§¢®«ï¥â ¯®«ãç�âì ä¨«ìâàë ¡®«¥¥ −¨§ª®£® ¯®àï¤ª� ¨, á«¥-
¤®¢�â¥«ì−®, ¡®«¥¥ ¯à®áâë¥ ¢ à¥�«¨§�æ¨¨.

‚®-¢â®àëå, ®−� ¤�¥â ¢®§¬®¦−®áâì ¯®«ãç�âì ä¨«ìâàë −¥ ¬¥−ìè¥©, � ¯à¨ ¦¥«�-
−¨¨ ¤�¦¥ ¡®«ìè¥© â®ç−®áâ¨, ç¥¬ ä¨«ìâàë, ¤�¢�¥¬ë¥ ¬¥â®¤�¬¨ áã¡®¯â¨¬�«ì−®©
−¥«¨−¥©−®© ä¨«ìâà�æ¨¨.

�à¨¬¥−ïï â¥®à¨î ”� [3] ª −®à¬�«ì−ë¬ ¯à®æ¥áá�¬ ¢ £�ãáá®¢áª®© ‘â‘ (1),
(2), ¯à¨¤¥¬ ª −®à¬�«ì−®¬ã ”� ¢¨¤� (9). ‚å®¤ïé¨¥ ¢ (9) ª®íää¨æ¨¥−âë αt, βt
¨ γt ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ãà�¢−¥−¨ï¬¨:

αtm1 + βtm2 + γt = m0 ;

m0 = M
N [ϕ] , m1 = M

N [ξ] , m2 = M
N [η] ;

βt = κ02κ
−1
22 ;

κ02 = M
N
[(

Xt − �Xt

)

(a1Xt + a0)
T ηT

]

+MN
[

�ψν0 �ψ
T
1 η
T
]

;



























(10)

κ22 = M
N
[

η �ψ1ν0 �ψ
T
1 η
T
]

; (11)

αtκ11 +M
N

[

(

�Xt −Xt

)(

ξTαTt + γ
T
t

) ∂ξT

∂ �Xt

]

= κ′01 − βtκ′21 ; (12)
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κ′21 = M
N
{

[η (b1Xt + b0)−m2] ξT
}

;

κ′01 = κ01 +M
N

[

(

Xt − �Xt

) ∂ξT

∂t

]

+MN
{

(

Xt − �Xt

)

(b1Xt + b0)
T +

+ �ψν0 �ψ
T
1 − βtη �ψ1ν0 �ψT1

}

(

∂

∂Yt
+ ηTβTt

∂

∂ �Xt

)

ξT +

+
1

2
MN

[

(

Xt − �Xt

)

{

tr

[

�ψ1ν0 �ψ
T
1

(

∂

∂Yt
+ 2ηTβTt

∂

∂ �Xt

)

∂T

∂Yt

]

+

+ tr

[

βtη �ψ1ν0 �ψ
T
1 η
TβTt

∂

∂ �Xt

∂T

∂ �Xt

]}

ξT

]

;

κ11 = M
N
{

[ξ −m1] ξT
}

;

κ21 = M
N
{

[b1Xt + b0 −m2] ξT
}

;

κ01 = M
N
{

[a1Xt + a0 −m0] ξT
}

.







































































































(13)

‡¤¥áìMN | á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï.
’®ç−®áâì �”� ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨¥¬:

‘Rt = M
N
[

(Xt − �Xt) (a1Xt + a0)
T + (a1Xt + a0)

(

XTt − �XTt
)

−

− βtη
(

Yt, �Xt, t
)

�ψ1ν0 �ψ1η
(

Yt, �Xt, t
)T

βTt +
�ψν0 �ψ

]

, Rt0 = R0 . (14)

’�ª¨¬ ®¡à�§®¬, á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥ [4, 5].

’¥®à¥¬� 1. �ãáâì ¤«ï £�ãáá®¢áª®© á¨áâ¥¬ë (1), (2) ¢ë¯®«−¥−ë ãá«®¢¨ï −¥¢ë-
à®¦¤¥−−®áâ¨ ¬�âà¨æë κ22 (11) ¨ ª®−¥ç−®áâ¨ ¢¥«¨ç¨− κij (i, j = 0, 1, 2). ’®£¤�
�«£®à¨â¬ �”� ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨¥¬ (9), � ª®íää¨æ¨¥−âë αt, βt ¨ γt |
(10){(14).

’¥®à¨ï �”� −¥ ¯®§¢®«ï¥â ¯®«ãç¨âì −®à¬�«ì−ë¥ á.ª. ®¯â¨¬�«ì−ë¥ ä¨«ìâàë.
Œ®¦−® ¯®«ãç¨âì â®«ìª® ”�, ª®â®àë¥ ¢ ®¡é¥¬ á«ãç�¥ åã¦¥ á.ª. ®¯â¨¬�«ì−ëå,

−® §�â® «¥£ª® à¥�«¨§ã¥¬ë. �¤−�ª® ¥á«¨ á.ª. ®¯â¨¬�«ì−�ï ®æ¥−ª� ‘â� �Xt

¢¥ªâ®à� Xt ã¤®¢«¥â¢®àï¥â ãà�¢−¥−¨î ¤®¯ãáâ¨¬®£® ä¨«ìâà� (9) ¯à¨ ª�ª¨å-«¨¡®
ª®íää¨æ¨¥−â�å ¢à¥¬¥−¨αt, βt ¨ γt, â® ãà�¢−¥−¨ï â¥®à¥¬ë 1, ª®−¥ç−®, ®¯à¥¤¥«ïîâ
¨¬¥−−® íâ¨ αt, βt ¨ γt ¨ �”� ¡ã¤¥â á.ª. ®¯â¨¬�«ì−ë¬ (¯®á«¥¤−¨© ¢ ¤�−−®¬
á«ãç�¥ ¡ã¤¥â ¤®¯ãáâ¨¬ë¬ ¨, á«¥¤®¢�â¥«ì−®, ®¯â¨¬�«ì−ë¬ ¢ ª«�áá¥ ¤®¯ãáâ¨¬ëå
ä¨«ìâà®¢). Šà®¬¥ â®£®, â¥®à¨ï �”� ¤�¥â ¢®§¬®¦−®áâì ®æ¥−¨¢�âì −¥ ¢á¥
ª®¬¯®−¥−âë ¢¥ªâ®à� á®áâ®ï−¨ï á¨áâ¥¬ë (¢ ®¡é¥¬ á«ãç�¥ à�áè¨à¥−−®£®), � â®«ìª®
−¥ª®â®àë¥ ¨§ −¨å. „«ï íâ®£® ¤®áâ�â®ç−® ¢§ïâì áâàãªâãà−ë¥ äã−ªæ¨¨ ξ ¨ η

¢ (9), §�¢¨áïé¨¬¨ «¨èì ®â á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â ¢¥ªâ®à� �Xt. Š ¯à¨¬¥àã,
¢§ï¢ ξ ¨ η ¢ (18) (á¬. à�§¤. 4) §�¢¨áïé¨¬¨ «¨èì ®â Yt, t ¨ ®æ¥−®ª −¥¨§¢¥áâ−ëå
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�®à¬�«ì−ë¥ ä¨«ìâàë �ã£�çñ¢� ¤«ï �¢â®ª®àà¥«¨à®¢�−−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬

¯�à�¬¥âà®¢ á¨áâ¥¬ë, ¬®¦−® ®æ¥−¨¢�âì â®«ìª® ¯�à�¬¥âàë á¨áâ¥¬ë, −¥ ®æ¥−¨¢�ï
¥¥ á®áâ®ï−¨ï. ‚ â�ª¨å á«ãç�ïå ¡ã¤ãâ ¯®«ãç�âìáï �”�, ¯®àï¤®ª ª®â®àëå ¬¥−ìè¥
à�§¬¥à−®áâ¨ nx à�áè¨à¥−−®£® ¢¥ªâ®à� á®áâ®ï−¨ï.

�á®¡®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¨¬¥¥â á«ãç�© (1){(3) á �¤¤¨â¨¢−ë¬¨ (¢ ®¡é¥¬
á«ãç�¥ −¥£�ãáá®¢áª¨¬¨) èã¬�¬¨. ‘«¥¤ãï [3], ¯à®¢¥¤¥¬ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨-
§�æ¨î −¥«¨−¥©−ëå (®â−®á¨â¥«ì−® Yt) äã−ªæ¨©:

a1 (Yt, t)Xt ≈ (ka1x0x − ka1x1x )mx
t +

(

ka1x0y − ka1x1y
)

my
t + k

a1y
x Xt + k

a1x
0y Yt;

b1 (Yt, t)Xt ≈
(

kb1x0x − kb1x1x
)

mx
t +

(

kb1x0y − kb1x1y
)

my
t + k

b1y
x Xt + k

b1x
0y Yt;

a0 (Yt, t) ≈
(

ka00y − ka01y
)

my
t + k

a0
0yYt , b0 (Yt, t) ≈

(

kb00y − kb01y
)

my
t + k

b0
0yYt .

’®£¤� (1){(5) ¯à¨¢®¤ïâáï ª íª¢¨¢�«¥−â−®© £�ãáá®¢áª®© á¨áâ¥¬¥ | «¨−¥©−®©
®â−®á¨â¥«ì−® X0t , Y 0t ¨ −¥«¨−¥©−®© ®â−®á¨â¥«ì−® mx

t , my
t :

‘Xt = �aYt + �a1Xt + �a0 + �ψV ; ‘Yt = �bYt +�b1Xt +�b0 + �ψ1V . (15)

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

�a = ka1xy + ka0y ; �a1 = k
a1x
x ; a0 =

(

ka00y − ka01y
)

my
t ;

�b = kb1xy ; �b1 = k
b1x
x ; �b0 = (k

b0
0y − kb01y)my

t .

�à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (15) §�¢¨áïâ ®â ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®-
£® ¯®àï¤ª� ¨ ®¯à¥¤¥«ïîâáï ¨§ á«¥¤ãîé¥© «¨−¥©−®© ¤¨ää¥à¥−æ¨�«ì−®© á¨áâ¥¬ë

¤«ï á®áâ�¢−®£® ¢¥ªâ®à� Zt =
[

XTt Y
T
t

]T
:

‘�mz
t = cm

z
t + c0 ; ‘K

�z
t = cK

z
t +K

z
t c
T + lνlT , (16)

£¤¥

c =

[

�a1 �a
�b1 �b

]

; c0 =

[

�ao
�b0

]

; l =

[

�ψt
�ψ1t

]

.

ˆá¯®«ì§ãï â¥®à¨î ª¢�§¨«¨−¥©−®© ä¨«ìâà�æ¨¨ [3], ¯®«ãç¨¬ á«¥¤ãîé¨¥ ãà�¢-
−¥−¨ï ª¢�§¨«¨−¥©−®£® áã¡®¯â¨¬�«ì−®£® �”�:

‘�Xt = �aYt + �a1 �Xt + �a0 + βt

[

‘Yt −
(

�bYt +�b1 �Xt +�b0

)]

;

βt = Rt�b
T
1 +

(

�ψν �ψT1
) (

�ψ1ν �ψ
T
1

)−1
;

‘Rt = �a1Rt +Rt�a
T
1 +

�ψν �ψT −
(

Rt�b
T
1 +

�ψν �ψT1
)(

�ψ1ν �ψ
T
1

)−1(�bRt + �ψ1ν �ψ
T
1

)

.



















(17)

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¨© à¥§ã«ìâ�â [4, 5].

’¥®à¥¬� 2. �ãáâì ãà�¢−¥−¨ï £�ãáá®¢áª®© ‘â‘ (1){(3) á �¤¤¨â¨¢−ë¬¨ ¯®¬¥å�-
¬¨ ¤®¯ãáª�îâ ¯à¨¬¥−¥−¨¥ Œ‘‹. ’®£¤� ãà�¢−¥−¨ï �«£®à¨â¬� ª¢�§¨«¨−¥©−®£®
�”� ¨¬¥îâ ¢¨¤ (13).
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4 Нормальные фильтры для стохастической системы
с автокоррелированными помехами

‚ [3] ¯®ª�§�−®, çâ® §�¤�ç¨ ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨ ¯à¨¢®¤ïâáï ª á«ãç�î
¡¥«®£® èã¬� ¢ −�¡«î¤¥−¨ïå ¯à¥®¡à�§®¢�−¨¥¬ −�¡«î¤�¥¬®£® á¨£−�«� á¨áâ¥¬®©,
®¡à�â−®© ä®à¬¨àãîé¥¬ã ä¨«ìâàã, ¨«¨ ¤¨ää¥à¥−æ¨à®¢�−¨¥¬ ãà�¢−¥−¨ï −�¡«î-
¤¥−¨ï. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ à¥§ã«ìâ�â�¬¨ ¨ â¥®à¨¥© ãá«®¢−®-®¯â¨¬�«ì−®©
ä¨«ìâà�æ¨¨ ¡ã¤¥¬ ¢¢®¤¨âì ¢ ãà�¢−¥−¨ï ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢ ¯à®¨§¢®¤−ë¥ −�-
¡«î¤�¥¬®£® á¨£−�«� ¤® s-£® ¯®àï¤ª� ¢ª«îç¨â¥«ì−®, ¥á«¨ ¥£® s-ï ¯à®¨§¢®¤−�ï
á®¤¥à¦¨â ¡¥«ë© èã¬. �à¨ íâ®¬ ¯à®¨§¢®¤−ë¥, −¥ á®¤¥à¦�é¨¥ ¡¥«®£® èã¬�, ¬®£ãâ
¢å®¤¨âì ¢ ãà�¢−¥−¨ï ä¨«ìâà®¢ −¥«¨−¥©−®. ‚ íâ®¬ á«ãç�¥ §�¤�ç¨ ãá«®¢−®-®¯â¨-
¬�«ì−®© ä¨«ìâà�æ¨¨ ã¤�¥âáï à¥è�âì ¯à¨ ¯à®¨§¢®«ì−ëå ãà�¢−¥−¨ïå −�¡«î¤¥−¨ï
¨ ä®à¬¨àãîé¥£® ä¨«ìâà� ¯®¬¥å¨, −¥ âà¥¡ãï ¨å «¨−¥©−®áâ¨, ª�ª íâ® ¯à¨å®¤¨âáï
¤¥«�âì ¢ â¥®à¨¨ ®¯â¨¬�«ì−®© «¨−¥©−®© ä¨«ìâà�æ¨¨.

�� ®á−®¢�−¨¨ áª�§�−−®£® ®¯à¥¤¥«¨¬ ª«�áá ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢ ¢ á«ãç�¥
�¢â®ª®àà¥«¨à®¢�−−®© ¯®¬¥å¨ ¢ −�¡«î¤¥−¨ïå ãà�¢−¥−¨¥¬:

‘�Xt = αtξ
(

Yt, ‘Yt, . . . , Y
(s)
t , �Xt, t

)

+βtη
(

Yt, ‘Yt, . . . , Y
(s)
t , �Xt, t

)

‘Y
(s)
t +γt . (18)

�â¬¥â¨¬, çâ® ¬®¦−® ¨ −¥ ¢¢®¤¨âì ¯à®¨§¢®¤−ë¥ −�¡«î¤�¥¬®£® á¨£−�«� ¢ ãà�¢-
−¥−¨ï ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢ ¨«¨ ¢¢®¤¨âì ¯à®¨§¢®¤−ë¥ ¤® ¯®àï¤ª� h < s. „«ï

íâ®£® ¤®áâ�â®ç−® ¢§ïâì äã−ªæ¨î ξ −¥§�¢¨á¨¬®© ®â Y
(h+1)
t , . . . , Y

(s)
t ¨ ¯®«®¦¨âì

η ≡ 0. �¤−�ª® ª�ç¥áâ¢® ä¨«ìâà�æ¨¨ §−�ç¨â¥«ì−® ã«ãçè�¥âáï ¯à¨ ¢¢®¤¥ ¯à®¨§-
¢®¤−ëå −�¡«î¤�¥¬®£® á¨£−�«� ¤® ¯®àï¤ª� s ¢ª«îç¨â¥«ì−®.

‘âàãªâãà−ë¥ äã−ªæ¨¨ ξ ¨ η ¢ (18) ¬®¦−® ¢§ïâì ¯à®¨§¢®«ì−®. �¤−�ª®
æ¥«¥á®®¡à�§−® ¨å ¢ë¡¨à�âì, ¯à¨¢¥¤ï á−�ç�«� §�¤�çã ª á«ãç�î ¡¥«®£® èã¬�
¢ −�¡«î¤¥−¨ïå ¯ãâ¥¬ s-ªà�â−®£® ¤¨ää¥à¥−æ¨à®¢�−¨ï ãà�¢−¥−¨ï −�¡«î¤¥−¨ï
¨ ¨áª«îç¥−¨ï −¥ª®â®àëå ª®¬¯®−¥−â ¯®¬¥å¨ á ¯®¬®éìî ãà�¢−¥−¨ï −�¡«î¤¥−¨ï
¨ ãà�¢−¥−¨©, ¯®«ãç¥−−ëå ¨§ −¥£® (s− 1)-ªà�â−ë¬ ¤¨ää¥à¥−æ¨à®¢�−¨¥¬.

�à¨ à¥è¥−¨¨ §�¤�ç ãá«®¢−®-®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¤«ï �¢â®ª®àà¥«¨à®-
¢�−−®© ¯®¬¥å¨ ¢ −�¡«î¤¥−¨ïå ®£à�−¨ç¨¬áï á«ãç�¥¬ £�ãáá®¢áª®£® ¡¥«®£® èã¬�
¢ ãà�¢−¥−¨ïå (4){(6). „«ï ¯à¨¢¥¤¥−¨ï §�¤�ç¨ ä¨«ìâà�æ¨¨ ª á«ãç�î ¡¥«®£® èã¬�
¢ −�¡«î¤¥−¨ïå ¡ã¤¥¬ ¤¨ää¥à¥−æ¨à®¢�âì ãà�¢−¥−¨ï −�¡«î¤¥−¨ï ¯® ä®à¬ã«¥
ˆâ® [3] ¤® ¯®ï¢«¥−¨ï ¡¥«®£® èã¬� ¢ ¯à�¢®© ç�áâ¨.

„¨ää¥à¥−æ¨àãï ãà�¢−¥−¨¥ (4) ¯® ä®à¬ã«¥ ˆâ®, ¯®«ãç�¥¬, ®¯ãáª�ï ¤«ï
ªà�âª®áâ¨ �à£ã¬¥−âë äã−ªæ¨©,

d

dt
‘Yt =

(

ϕ1t + ϕ
T
1yϕ1 + ϕ

T
1xϕ+ ϕ

T
1nϕ0 +

1

2
�1 : ānν0ā

T

)

+

+
(

ϕT1xψ1 + ϕ
T
1nψ0

)

V0 ,

£¤¥, ª�ª ®¡ëç−®, ϕ1t = ∂ϕ1/∂t, ϕ1y = (∂/∂Yt)ϕ
T
1 , ϕ1x = (∂/∂Xt)ϕ

T
1 , ϕ1n =

= (∂/∂Nt)ϕ
T
1 , ¬�âà¨æ� ā ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© ā =

[

0ψT ψT0
]T

, � �1 :
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�®à¬�«ì−ë¥ ä¨«ìâàë �ã£�çñ¢� ¤«ï �¢â®ª®àà¥«¨à®¢�−−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬

āνāT ¯à¥¤áâ�¢«ï¥â á®¡®© ¬�âà¨æã-áâ®«¡¥æ (ny×1), í«¥¬¥−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¨¨ ϕ1 ¯® ¢á¥¬ ª®¬¯®−¥−â�¬ ¢¥ªâ®à®¢ ‘â� Yt, Xt, Nt ¨ ¬�âà¨æë
āνāT. …á«¨ ϕT1xψ + ϕ

T
1nψ0 6= 0, â® s = 1 ¨ ¯®«ãç¥−−®¥ ãà�¢−¥−¨¥ ï¢«ï¥âáï

áâ®å�áâ¨ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬, ®¯à¥¤¥«ïîé¨¬ ‘â� ‘Yt. …á«¨
¦¥ ϕT1xψ + ϕ

T
1nψ0 ≡ 0, â® ¯®«ãç¨¬ ®¡ëª−®¢¥−−®¥ ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥.

‚ íâ®¬ á«ãç�¥ ¤¨ää¥à¥−æ¨à®¢�−¨¥ −�¤® ¯à®¤®«¦�âì.
�à¥¤¯®«®¦¨¬, çâ® ®â«¨ç−®¥ ®â −ã«ï á«�£�¥¬®¥ ¢ ¢ëà�¦¥−¨¨ ¤«ï V0 ¯®ï¢«ï¥â-

áï â®«ìª® ¯®á«¥ s-ªà�â−®£® ¤¨ää¥à¥−æ¨à®¢�−¨ï (4), ª®â®à®¥ −¥ ¬®¦¥â á®¤¥à¦�âì
¬¥−ìè¥ ny −¥§�¢¨á¨¬ëå ª®¬¯®−¥−â ¯®¬¥å¨, � íâ® ¬®¦¥â ¡ëâì â®«ìª® ¯à¨ nN ≥
≥ sny. ’®£¤�, ¯®«®¦¨¢ Y

(0)
t = Yt, Y

(k+1)
t = dY

(k)
t /dt (k = 0, 1, . . . , s − 1),

¡ã¤¥¬ ¨¬¥âì:

Y
(k+1)
t = ϕk+1

(

Xt, Y
(0)
t , Nt, t

)

(k = 0, 1, . . . , s− 1) , (19)

£¤¥ äã−ªæ¨¨ ϕ2, . . . , ϕs ®¯à¥¤¥«ïîâáï à¥ªãàà¥−â−®© ä®à¬ã«®©

ϕk+1 (Xt, Yt, Nt, t) = ϕkt (Xt, Yt, Nt, t)+ϕky (Xt, Yt, Nt, t)
T ϕ1 (Xt, Yt, Nt, t)+

+ ϕkx (Xt, Yt, Nt, t)
T ϕ (Xt, Yt, Nt, t) + ϕkn (Xt, Yt, Nt, t)

T ϕ0 (Xt, Yt, Nt, t) +

+
1

2

(

�k : āν0ā
T
)

(Xt, Yt, Nt, t) (k = 1, . . . , s− 1) .

‚ íâ®© ä®à¬ã«¥ �k : āν0ā
T | (ny × 1)-¬�âà¨æ�, í«¥¬¥−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¨¨ ϕk ¯® ¢á¥¬ ª®¬¯®−¥−â�¬ ¢¥ªâ®à®¢ Yt, Xt, Nt ¨ ¬�âà¨æë
āν0ā

T. „¨ää¥à¥−æ¨à®¢�−¨¥ ¯®á«¥¤−¥£® ãà�¢−¥−¨ï (19), á®®â¢¥âáâ¢ãîé¥£®
k = s− 1, ¯à¨¢®¤¨â ª ãà�¢−¥−¨î:

d

dt
Y
(s)
t = ϕs+1

(

Xt, Y
(0)
t , Nt, t

)

+ ψ1

(

Xt, Y
(0)
t , Nt, t

)

V0 , (20)

£¤¥

ϕs+1 = ϕs+1 (Xt, Yt, Nt, t) =

= ϕst (Xt, Yt, Nt, t) + ϕsy (Xt, Yt, Nt, t)
T ϕ1 (Xt, Yt, Nt, t) +

+ ϕsx (Xt, Yt, Nt, t)
T ϕ (Xt, Yt, Nt, t) + ϕsn (Xt, Yt, Nt, t)

T ϕ0 (Xt, Yt, Nt, t) +

+
1

2

(

�s : āν0ā
T
)

(Xt, Yt, Nt, t) ;

ψ1 = ψ1 (Xt, Yt, Nt, t) =

= ϕsx (Xt, Yt, Nt, t)
T ψ (Xt, Yt, Nt, t) + ϕsn (Xt, Yt, Nt, t)

T ψ0 (Xt, Yt, Nt, t) .
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’�ª¨¬ ®¡à�§®¬, ¢ à¥§ã«ìâ�â¥ s-ªà�â−®£® ¤¨ää¥à¥−æ¨à®¢�−¨ï ãà�¢−¥−¨ï −�-
¡«î¤¥−¨ï ãà�¢−¥−¨¥ (6) §�¬¥−ï¥âáï ãà�¢−¥−¨ï¬¨ (19) ¨ áâ®å�áâ¨ç¥áª¨¬ ãà�¢−¥-
−¨¥¬ (20). �â¨ ãà�¢−¥−¨ï ¬®¦−® ¯¥à¥¯¨á�âì ¢ ¢¨¤¥:

d

dt
Y
(k)
t = Y

(k+1)
t (k = 0, 1, . . . , s− 1) ,

d

dt
Y
(s)
t = ϕs+1

(

Xt, Y
(0)
t , Nt, t

)

+ ψ1

(

Xt, Y
(0)
t , Nt, t

)

V0 .















(21)

“à�¢−¥−¨ï (21) ¢¬¥áâ¥ á (5) ¨ (6), £¤¥ Yt = Y
(0)
t , ¯à¥¤áâ�¢«ïîâ á®-

¡®© á¨áâ¥¬ã ãà�¢−¥−¨© ¢¨¤� (1), (2) á à�áè¨à¥−−ë¬ ¢¥ªâ®à®¬ á®áâ®ï−¨ï

X ′
t =

[

XTt N
T
t

]T
(¢¬¥áâ® Xt) ¨ à�áè¨à¥−−ë¬ −�¡«î¤�¥¬ë¬ ¢¥ªâ®à®¬ Y ′

t =

=
[

Y
(0)T
t , Y

(1)T
t , . . . , Y

(s)T
t

]T
(¢¬¥áâ® Yt). �®àï¤®ª íâ®© á¨áâ¥¬ë ãà�¢−¥−¨©,

ª�ª ¯à�¢¨«®, ¬®¦−® ¯®−¨§¨âì, ¨áª«îç¨¢ −¥ª®â®àë¥ ¨«¨ ¢á¥ ª®¬¯®−¥−âë ¢¥ªâ®à�
¯®¬¥å¨ Nt á ¯®¬®éìî ãà�¢−¥−¨© (19).

‚ íâ®¬ á«ãç�¥ ®¡®¡é¥−−ë¥ ãá«®¢¨ï ‹¨¯æ¥à�{˜¨àï¥¢� (2) ¯à¨−¨¬�îâ á«¥¤ã-
îé¨© ¢¨¤:

ϕs+1 = a1,s+1 (Y
′
t , t)X

′
t + a0,s+1 (Y

′
t , t) ; ψ1 =

�ψ1 (Yt, t) ;

ϕ1 = a1,1 (Y
′
t , t)X

′
t + a1,0 (Y

′
t ) ;

ϕ0 = a1,0 (Y
′
t , t)X

′
t + a0,0 (Y

′
t , t) ; ψ0 =

�ψ0 (Y
′
t , t) .











(22)

ˆá¯®«ì§ãï â¥®à¥¬ë 1 ¨ 2 ¤«ï à�áè¨à¥−−®£® ¢¥ªâ®à� á®áâ®ï−¨ï, ¯à¨¤¥¬
ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬. „«ï íâ®£® ¢¢¥¤¥¬ á−�ç�«� ®¡®§−�ç¥−¨ï:

m0 = M
N [ϕ(X ′

t, Yt, t)] ; m1 = M
N
[

ξ
(

Y ′
t , �Xt, t

)]

;

m2 = M
N
[

η
(

Y ′
t , �Xt, t

)

ϕs+1 (X
′
t, Y

′
t , t)

]

;

κ02 = M
N
[(

Xt − �Xt

)

ϕs+1 (X
′
t, Yt, t)

T +
(

�ψν0 �ψ
T
1

)

(X ′
t, Yt, t)

]

;

κ22 = M
N

[

η
(

Y ′
t , �Xt, t

)

(

�ψ1ν0 �ψ
T
1

)

(X ′
t, Yt, t) η

(

Y ′
t , �Xt, t

)T
]

;

κ01 = M
N

{

[ϕt (X
′
t, Yt, t)−m0] ξ

(

Y ′,
t
�Xt, t

)T
}

;

κ11 = M
N

{

[

ξ
(

Y ′
t , �Xt, t

)

−m1
]

ξ
(

Y ′
t , �Xt, t

)T
}

;

κ21 = M
N

{

[ϕs+1 (X
′
t, Yt, t)−m2] ξ

(

Y ′
t ,
�Xt, t

)T
}

;

κ′21 = M
N

{

[

η
(

Y ′
t ,
�Xt, t

)

ϕs+1 (X
′
t, Yt, t)−m2

]

ξ
(

Y ′
t ,
�Xt, t

)T
}

;







































































































(23)
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κ′01 = M
N
[

(ϕ−m0) ξT
]

+MN

[

(

Xt − �Xt

) ∂ξT

∂t

]

+

+
s−1
∑

k=1

MN

[

(

Xt − �Xt

)

Y
(k+1)T
t

∂ξT

∂Y
(k)
t

]

+MN
{(

Xt − �Xt

)

ϕTs+1 +

+ �ψν0 �ψ
T
1 − βtη �ψ1ν0 �ψT1

}

(

∂

∂Y
(s)
t

+ ηTβTt
∂

∂ �Xt

)

ξT +

+
1

2
MN

[

(

Xt − �Xt

)

{

tr

[

�ψ1ν0 �ψ
T
1

(

∂

∂Y
(s)
t

+ 2ηTβTt
∂

∂ �Xt

)

∂T

∂Y
(s)
t

]

+

+ tr

[

βtη �ψ1ν0 �ψ
T
1 η
TβTt

∂

∂ �Xt

∂T

∂ �Xt

]}

ξT

]

. (24)

‡¤¥áì ¢á¥ äã−ªæ¨¨ ¡¥§ ãª�§�−¨ï �à£ã¬¥−â®¢ ¯à¥¤áâ�¢«ïîâ á®¡®© ¨å §−�ç¥−¨ï

¢ ¬®¬¥−â t, −�¯à¨¬¥à ξ = ξ(Y
(0)
t , Y

(1)
t , . . . , Y

(s)
t , �Xt, t).

‚ ç�áâ−®áâ¨, ¨§

ξ(Y
(0)
t , Y

(1)
t , . . . , Y

(s)
t , �Xt, t) =

[

ξ(Y
(0)T
t , Y

(1)T
t , . . . , Y

(s)T
t , �XTt )

]T
;

η(Y
(0)
t , Y

(1)
t , . . . , Y

(s)
t , �Xt, t) = I

á«¥¤ã¥â, çâ® κ′21 = κ21 ¨ κ′01 = κ01.
Œ¥¦¤ã ª®íää¨æ¨¥−â�¬¨ �”� ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ãà�¢−¥−¨¥ á¢ï§¨ [3]:

αtκ11 +M
N

[

(

�Xt −Xt

)(

ξTt α
T
t + γ

T
t

) ∂ξT

∂ �Xt

]

= κ′01 − βtκ′21.

’®£¤� (24) ¯à¨−¨¬�¥â ¢¨¤:

αt = κ01 − βtκ21)κ−111 .
„«ï ®¯à¥¤¥«¥−¨ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¢ (23) ¨ (24) ¤®áâ�â®ç−® §−�âì

á®¢¬¥áâ−®¥ −®à¬�«ì−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ¯à®æ¥áá®¢ Y
(0)
t , Y

(1)
t , . . .

. . . Y
(s)
t ,Xt, Nt ¨ �Xt.

�à¨ à�áç¥â¥ ¯�à�¬¥âà®¢ á®¢¬¥áâ−®£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¬®¦−® ¯à¨-
¬¥−¨âì ¬¥â®¤ë áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
−� ®á−®¢¥ Œ�� (Œ‘‹) [3].

”®à¬ã«� ¤«ï ¯à®¨§¢®¤−®© ¯® ¢à¥¬¥−¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ®è¨¡ª¨
ä¨«ìâà� �ã£�çñ¢� ¨¬¥¥â ¢¨¤:
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‘Rt = M
N
[(

Xt − �Xt

)

ϕ (Xt, t)
T + ϕ (Xt, t)

(

XTt − �XTt
)

+ �ψν0 �ψ
T −

− βtη
(

Y ′
t , �Xt, t

)

�ψ1ν0(t)ψψ
T
1 η
(

Y ′
t , �Xt, t

)T
]

.

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîéãî â¥®à¥¬ã.

’¥®à¥¬� 3. �ãáâì ¤«ï £�ãáá®¢áª®© �¢â®ª®àà¥«¨à®¢�−−®© ‘â‘ (4){(6) ¢ë¯®«−¥−ë
ãá«®¢¨ï (22), ª®−¥ç−ë ®¤−®¬¥à−ë¥ ¬®¬¥−âë ¨ ¨−â¥£à�«ë (23){(24). ’®£¤� �«£®-
à¨â¬ �”� ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ â¥®à¥¬ë 1 ¤«ï à�áè¨à¥−−ëå ¢¥ªâ®à®¢
á®áâ®ï−¨ï X ′

t ¨ Y ′
t .

‚ ®á−®¢¥ ª¢�§¨«¨−¥©−®£® �”� ¤«ï ‘â‘ á �¤¤¨â¨¢−ë¬¨ ¯®¬¥å�¬¨ (4){(6)
«¥¦�â ãà�¢−¥−¨ï â¥®à¥¬ë 2, −® ¤«ï à�áè¨à¥−−ëå ¢¥ªâ®à®¢ á®áâ®ï−¨ï X ′

t ¨ Y ′
t .

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ â¥®à¥¬ë 4 ¤«ï Z ′
t =

[

X ′T
t Y

′T
t

]T
«¥¦�â á«¥¤ãîé¨¥ á®-

®â−®è¥−¨ï:

‘X ′
t = �a

′Y ′
t + �a

′
1X

′
t + �a

′
0 +
�ψ′V0 ; ‘Y

′
t =
�b′Y ′

t +
�b′1X

′
t +
�b′0 +

�ψ′
1V0;

‘�mz′
t = c

′mz′
t + c

′
0 ; ‘K �z

′

t = c
′Kz′

t +K
z′
t c

′T + l′ν0l
′T;

‘�X ′
t = �a

′ �X′

t + �a′1 �X
′
t + �a

′
0 + β

′
t

[

‘Y ′
t − (�b′Y ′

t +
�b′1 �X

′
t +
�b′0)
]

;

β′t = R
′
t
�b′T1 +

(

�ψ′ν0 �ψ
′T
)(

�ψ′
1ν0
�ψ′T
1

)

;

‘R′
t = �a

′
1R

′
t +R

′
t�a

′T
1 +

�ψ′ν0 �ψ
′T −

−
(

R′
t
�b′T1 +

�ψ′ν0 �ψ
′T
)(

�ψ′
1ν0
�ψ′T
1

)−1 (
�b′R′

t +
�ψ′
1ν0
�ψ′T
1

)

.

5 Тестовый пример

‘«¥¤ãï [3], à�áá¬®âà¨¬ ”� ¤«ï ®æ¥−¨¢�−¨ï −¥¨§¢¥áâ−®£® ¯�à�¬¥âà� θ ¢ ãà�¢-
−¥−¨¨ á¨áâ¥¬ë

‘Xt = −θXt + V1

¯® à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨ï á®áâ®ï−¨ï Xt á¨áâ¥¬ë á �¤¤¨â¨¢−®© ¯®¬¥å®©, ¯à¥¤-
áâ�¢«ïîé¥© á®¡®© −¥§�¢¨á¨¬ãî ®â Xt −®à¬�«ì−® à�á¯à¥¤¥«¥−−ãî áâ�æ¨®−�à−ãî

á«ãç�©−ãî äã−ªæ¨î Nt á ª®¢�à¨�æ¨®−−®© äã−ªæ¨¥© kn(τ) = De
−a |τ | .

‚ ¤�−−®¬ á«ãç�¥ −�¯¨è¥¬ ãà�¢−¥−¨ï (4){(6) ¢ ¢¨¤¥:

‘Yt = Zt = Xt +Nt . (25)

‡¤¥áì
‘Xt = −Xt—t + V1 ; ‘—t = 0 ; ‘Nt = −aNt + V2 ,
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£¤¥ V1 ¨ V2 | −¥§�¢¨á¨¬ë¥ −®à¬�«ì−® à�á¯à¥¤¥«¥−−ë¥ ¡¥«ë¥ èã¬ë, ¯à¨ç¥¬
¨−â¥−á¨¢−®áâì ¡¥«®£® èã¬� V2 à�¢−� ν2 = 2Da.

—â®¡ë −�©â¨ ¯®¤å®¤ïé¨© ª«�áá ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢, ¯à¨¢¥¤¥¬ §�¤�çã
ä®à¬�«ì−® ª á«ãç�î ¡¥«®£® èã¬� ¢ −�¡«î¤¥−¨ïå ¨ ¯à¨¬¥−¨¬ Œ�� [4, 5].
„¨ää¥à¥−æ¨àãï ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï, §�¬¥−¨¬ ¥£® ãà�¢−¥−¨¥¬:

‘Zt = −Xt—t − aNt + V1 + V2 .

�â® ãà�¢−¥−¨¥ ¢¬¥áâ¥ á ãà�¢−¥−¨ï¬¨, ®¯à¥¤¥«ïîé¨¬¨ à�áè¨à¥−−ë© ¢¥ªâ®à

á®áâ®ï−¨ï X ′
t = [Xt—tNt]

T, ®¡à�§ã¥â á¨áâ¥¬ã ãà�¢−¥−¨© ¢¨¤� (1){(4) á

ϕ(Zt,Xt,—t, Nt, t) = [−Xt—t 0 − aNt]
T ;

ϕ1 (Zt,Xt,—t, Nt, t) = −Xt—t − aNt ;

ψ(Zt,Xt,—t, Nt, t) =

[

1 0 0
0 0 1

]T

; ψ1(Zt, t) = [1 1] ; ν =

[

ν1 0
0 ν2

]

,

¤«ï ª®â®à®© á¯à�¢¥¤«¨¢ë ãà�¢−¥−¨ï â¥®à¥¬ë 1. “à�¢−¥−¨ï ¤«ï �Xt ¨ �—t,
¯®«ãç¥−−ë¥ ¢ [4, 5], ¨¬¥îâ ¢¨¤:

‘�Xt = − �Xt
�—t −R12 −

− (ν1 + ν2)−1
(

�XtR12 + �—tR11 + aR13

)(

‘Zt − �Xt
�—t −R12 − a �Nt

)

;

‘�—t = − (ν1 + ν2)−1
(

�XtR22 + �—tR12 + aR23

)(

‘Zt − �Xt
�—t −R12 − a �Nt

)

,

£¤¥Rij (i, j = 1, 2, 3)| í«¥¬¥−âë ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ¢¥ªâ®à� [Xt—tNt]
T.

�à�¢�ï ç�áâì ãà�¢−¥−¨ï ¤«ï �—t ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®«¨−®¬ ¢â®à®© áâ¥¯¥−¨

®â−®á¨â¥«ì−® �—t ¨ ‘Zt, á®¤¥à¦�é¨© ç«¥−ë �—, �—2t , ‘Zt ¨ �—t ‘Zt á ª®íää¨æ¨¥−-

â�¬¨, §�¢¨áïé¨¬¨ ®â ¤àã£¨å −¥¨§¢¥áâ−ëå äã−ªæ¨© ¢à¥¬¥−¨ �Xt, �Nt, R12, R22
¨ R23. ‘®£«�á−® ®á−®¢−®© ¨¤¥¥ â¥®à¨¨ ãá«®¢−®-®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¢á¥ íâ¨
¢¥«¨ç¨−ë á«¥¤ã¥â ¢ª«îç¨âì ¢ ãà�¢−¥−¨ï ¯®¤«¥¦�é¨å ®¯à¥¤¥«¥−¨î ª®íää¨æ¨-
¥−â®¢. ’®£¤�, ¤®¡�¢¨¢ ¥é¥ ç«¥− á Zt (®ç¥¢¨¤−®, íâ® −¥ ¬®¦¥â ãåã¤è¨âì ª�ç¥áâ¢®
ä¨«ìâà�æ¨¨), ¯®«ãç¨¬ ãà�¢−¥−¨¥ ª«�áá� ¤®¯ãáâ¨¬ëå ”�:

‘�—t = α1 �—t + α2 �—
2
t + α3Zt +

(

β1 + β2 �—t

)

‘Zt + γt .

‚ ¤�−−®¬ á«ãç�¥ ϕ2(Xt,—t, Nt, t) = −Xt—t− aNt = aXt−Xt—t− aZt (¯à¨
−�å®¦¤¥−¨¨ ª«�áá� ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢ äã−ªæ¨ï ϕ2 ¨£à�¥â à®«ì äã−ªæ¨¨ ϕ1
¢ ãà�¢−¥−¨ïå â¥®à¨¨ ®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨), çâ® ¯®§¢®«ï¥â ¯®«ãç¨âì ¤«ï
®¯â¨¬�«ì−ëå β1 ¨ β2 ãà�¢−¥−¨ï:

(ν1 + ν2) (β1 +m0001β2) =

= m0111 −m0120 + a(m1001 −m1010 +m0110 −m0101) + ν1 ;
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(ν1 + ν2) (m0001β1 +m0002β2) =

= m0112 −m0121 + a(m1002 −m1011 +m0111 −m0102) + ν1m0001 ,

£¤¥ mijkl = M
N
[

ZitX
j
t—

k
t
�—lt

]

. �à¨ íâ®¬ ãà�¢−¥−¨ï ¤«ï ®¯â¨¬�«ì−ëå α1, α2, α3
¨ γt ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

(

m0002 −m20001
)

α1+(m0003 −m0002m0001)α2+(m1001 −m1000m0001)α3 =
= β1 [m0111 + am0101 − (m0110 + am1000 − am0100)m0001] +
+ β2 [m0112 + am1002 − am0102 − (m0111 + am1001 − am0101)m0001] ;

(m0003 −m0001m0002)α1 +
(

3m0004 − 2m0013 −m20003
)

α2 +

+ (3m1002 − 2m1011 −m1000m0002)α3 = β1 [m0112 + am1002 − am0102 −
− (m0110 + am1000 − am0100)m0002] + β2 [3 (m0113 + am1003 − am0103)−
− 2 (m0122 + am1012 − am0112) + (2ν1 −m0111 − am1001 + am0101)m0002] +

+ 2 (ν1 + ν2)
[

β21 (m0010 −m0001) + β1β2 (2m0011 − 3m0002) +
+ β22 (m0012 − 2m0003)

]

;

(m1001 −m1000m0001)α1+(m1002 −m1000m0002)α2+
(

m2000 −m21000
)

α3 =

= β1 [m1110 + am2000 − am1100 − (m0110 + am1000 − am0100)m1000] +
+ β2 [m1111 + am2001 − am1101 − (m0111 + am1001 − am0101)m1000] .

�¯â¨¬�«ì−®¥ §−�ç¥−¨¥ γt ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©:

γt = −α1m0001 − α2m0002 − α3m1000 + β1 (m0110 + am1000 − am0100) +
+ β2 (m0111 + am1001 − am0101) .

�à¨ ¨á¯®«ì§®¢�−¨¨ [6] ¤«ï á¨−â¥§� �«£®à¨â¬®¢ �”� ¡ë«® à�§à�¡®â�−®
íªá¯¥à¨¬¥−â�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ −� ®á−®¢¥ −®à¬�«ì−ëå áã¡- ¨ ãá«®¢-
−®-®¯â¨¬�«ì−ëå ”� ¤«ï ãà�¢−¥−¨ï (25). �®ª�§�−®, çâ® «¨−¥©−ë© �”� ¯à®é¥
”‹˜ ¨ ®¡¥á¯¥ç¨¢�¥â ¯®£à¥è−®áâì 20%{30%. “ç¥â ç«¥−®¢ ¢â®à®£® ¯®àï¤ª�
¯®§¢®«ï¥â á−¨§¨âì ®è¨¡ªã ¤® 10%, çâ® ¤®áâ�â®ç−®, −�¯à¨¬¥à, ¤«ï ¯à¨¬¥−¥−¨©
¢ ®¡«�áâ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬.

6 Заключение

÷�§à�¡®â�−� â¥®à¨ï �−�«¨â¨ç¥áª®£® á¨−â¥§� −¥¯à¥àë¢−ëå �”� ¤«ï ®¡à�-
¡®âª¨ ¯à®æ¥áá®¢ ¢ £�ãáá®¢áª¨å á¨áâ¥¬�å, «¨−¥©−ëå ®â−®á¨â¥«ì−® á®áâ®ï−¨ï, ¯à¨
−¥ª®àà¥«¨à®¢�−−ëå ¨ �¢â®ª®àà¥«¨à®¢�−−ëå ¯®¬¥å�å.
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�«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï úStS-Filterû (ver-
sion 2016) ¤«ï áâ®å�áâ¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© [6]. �à¨¢¥¤¥−
â¥áâ®¢ë© ¯à¨¬¥à.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© �−�«¨â¨ç¥áª®£® á¨−â¥§� −®à-
¬�«ì−ëå íªáâà�¯®«ïâ®à®¢ ¨ ¨−â¥à¯®«ïâ®à®¢ �ã£�çñ¢�.

‚�¦−®¥ ¯à¨ª«�¤−®¥ §−�ç¥−¨¥ ¨¬¥îâ §�¤�ç¨ ®¡®¡é¥−¨ï à¥§ã«ìâ�â®¢ −� á«ãç�©
−¥¯à¥àë¢−ëå ‘â‘ á −¥£�ãáá®¢áª¨¬¨ ¯®¬¥å�¬¨ ¨ ¤¨áªà¥â−ëå ‘â‘ −� ®á−®¢¥ [7].
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NORMAL PUGACHEV FILTERS FOR STATE LINEAR
AUTOCORRELATED STOCHASTIC SYSTEMS

I. N. Sinitsyn and E. R. Korepanov

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

Abstract: The analytical synthesis theory of continuous conditionally optimal
Pugachev filters for processing in linear state stochastic systems (StS) with
uncorrelated and autocorrelated noises is presented. For non-Gaussian StS, first
works belong to Pugachev and Sinitsyn. Basic algorithms for state linear StS with
uncorrelated noises are given. Generalization of algorithms for autocorrelated
state linear Sts is presented. A test example for the software tool úStS-Filter,
2016û is described in details. Some generalizations are mentioned.
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1 Введение

‚ [1] ¯à¥¤áâ�¢«¥−� â¥®à¨ï ‘�” −� ¡�§¥ ¬¥â®¤®¢ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨
(Œ��) ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹), � â�ª¦¥ ¬¥â®¤� ®àâ®£®−�«ì−ëå
à�§«®¦¥−¨© (Œ�÷) ¤«ï Œ‘â‘ á ¢¨−¥à®¢áª¨¬¨ èã¬�¬¨ ¢ ãà�¢−¥−¨ïå −�¡«î¤¥-
−¨ï ¨ ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨ ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï. ‚ ®á−®¢ã
‘�” ¡ë«¨ ¯®«®¦¥−ë â®ç−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï ¤«ï �¯®áâ¥à¨®à−®£® ®¤−®-
¬¥à−®£® à�á¯à¥¤¥«¥−¨ï.

‚ [2] à�áá¬®âà¥−® à�§¢¨â¨¥ −� á«ãç�©, ª®£¤� �¯®áâ¥à¨®à−®¥ ®¤−®¬¥à−®¥ à�á-
¯à¥¤¥«¥−¨¥ ®è¨¡ª¨ ä¨«ìâà�æ¨¨ ¤®¯ãáª�¥â í««¨¯á®¨¤�«ì−ãî �¯¯à®ªá¨¬�æ¨î [3].
�®«ãç¥−ë â®ç−ë¥ ä¨«ìâà�æ¨®−−ë¥ ãà�¢−¥−¨ï, � â�ª¦¥ ãà�¢−¥−¨ï â®ç−®áâ¨

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02244).
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¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vsinitsin@ipiran.ru
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, �. ÷. Š®à¥¯�−®¢

¨ çã¢áâ¢¨â¥«ì−®áâ¨ −� ®á−®¢¥ Œ�÷, ¤�−ë í«¥¬¥−âë í««¨¯á®¨¤�«ì−®£® �−�«¨-
§� à�á¯à¥¤¥«¥−¨©, ¢ë¢¥¤¥−ë ãà�¢−¥−¨ï �‘�” ¯® ¬¥â®¤�¬ í««¨¯á®¨¤�«ì−®©
�¯¯à®ªá¨¬�æ¨¨ (Œ��) ¨ í««¨¯á®¨¤�«ì−®© «¨−¥�à¨§�æ¨¨ (Œ�‹).

÷�áá¬®âà¨¬ â¥®à¨î �−�«¨â¨ç¥áª®£® á¨−â¥§� Œ�‘�” −� ®á−®¢¥ ¯à¨¡«¨¦¥−-
−®£® à¥è¥−¨ï ¯® Œ�� (Œ�‹) [2] «¨−¥©−®£® ä¨«ìâà�æ¨®−−®£® ãà�¢−¥−¨ï ¤«ï
−¥−®à¬¨à®¢�−−®© �¯®áâ¥à¨®à−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ ¢ ãá«®¢¨ïå [2].

2 Точные фильтрационные уравнения для ненормированных
распределений

�ã¤¥¬ à�áá¬�âà¨¢�âì §�¤�çã ä¨«ìâà�æ¨¨ á®áâ®ï−¨ï á¨áâ¥¬, ¬®¤¥«ï¬¨ ª®â®-
àëå ¬®£ãâ á«ã¦¨âì áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï, ¯®−¨¬�¥¬ë¥
¢ á¬ëá«¥ ˆâ®. �à¨ íâ®¬ áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¬®¤¥«¨
¨§ãç�¥¬®© á¨áâ¥¬ë ¬®£ãâ ¨¬¥âì −¥¨§¢¥áâ−ë¥ ¯�à�¬¥âàë ¨, ª�ª ¯à�¢¨«®, ¢á¥£¤�
á®¤¥à¦�â ¯�à�¬¥âàë, ¨§¢¥áâ−ë¥ á ®£à�−¨ç¥−−®© â®ç−®áâìî. �®íâ®¬ã ¢®§−¨ª�¥â
§�¤�ç� −¥¯à¥àë¢−®£® ®æ¥−¨¢�−¨ï −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ á¨áâ¥¬ë (â®ç−¥¥, ¥¥
¬®¤¥«¨) ¯® à¥§ã«ìâ�â�¬ −¥¯à¥àë¢−ëå −�¡«î¤¥−¨©. �à¥¤¯®«®¦¨¬, çâ® ¯à�¢ë¥
ç�áâ¨ ãà�¢−¥−¨© §�¢¨áïâ ®â ª®−¥ç−®£® ¬−®¦¥áâ¢� −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢, ª®-
â®àë¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì ª�ª ª®¬¯®−¥−âë ¢¥ªâ®à� ¯�à�¬¥âà®¢ θ. �¤−¨¬ ¨§
¢®§¬®¦−ëå ¯®¤å®¤®¢ ¢ â�ª¨å á«ãç�ïå ï¢«ï¥âáï á«¥¤ãîé¨© ¯à¨¥¬: −¥¨§¢¥áâ-
−ë© ¢¥ªâ®à−ë© ¯�à�¬¥âà θ áç¨â�îâ áâ®å�áâ¨ç¥áª¨¬ ¯à®æ¥áá®¬ (‘â�) — = —t,

ª®â®àë© ®¯à¥¤¥«ï¥âáï ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ ‘—t = 0, ¨ ¢ª«îç�îâ ª®¬-
¯®−¥−âë íâ®£® ¢¥ªâ®à−®£® ¯à®æ¥áá� ¢ ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë (úà�áè¨àïîâû
¢¥ªâ®à á®áâ®ï−¨ï ¯ãâ¥¬ ¢ª«îç¥−¨ï ¢ −¥£® −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¢ ª�ç¥áâ¢¥
¤®¯®«−¨â¥«ì−ëå ª®¬¯®−¥−â). ’�ª¨¬ ®¡à�§®¬, §�¤�ç� −¥¯à¥àë¢−®£® ®æ¥−¨¢�−¨ï
−¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨ á¨áâ¥¬ë á¢®¤¨âáï ª §�¤�ç¥ −¥¯à¥àë¢−®£® ®æ¥−¨-
¢�−¨ï á®áâ®ï−¨ï á¨áâ¥¬ë á à�áè¨à¥−−ë¬ ¢¥ªâ®à®¬ á®áâ®ï−¨ï. �â −¥¨§¢¥áâ−ëå
¯�à�¬¥âà®¢ ¬®£ãâ §�¢¨á¥âì ¨ ãà�¢−¥−¨ï −�¡«î¤¥−¨ï. �â¨ ¯�à�¬¥âàë á«¥¤ã¥â
¢ª«îç¨âì ¢ ¢¥ªâ®à — ¨, á«¥¤®¢�â¥«ì−®, ¢ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï.

�ãáâì ¢¥ªâ®à−ë© ‘â�
[

XTt Y
T
t

]T
®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© ¢¥ªâ®à−ëå áâ®å�-

áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ˆâ® [4]:

dXt = ϕ (Xt, Yt,—, t) dt+ ψ
′ (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′ (Xt, Yt,—, t, v)P
0(dt, dv) , X (t0) = X0 ; (1)

dYt = ϕ1 (Xt, Yt,—, t) dt+ ψ
′
1 (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′
1 (Xt, Yt,—, t, v)P

0(dt, dv), Y (t0) = Y0 . (2)
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Œ®¤¨ä¨æ¨à®¢�−−ë¥ í««¨¯á®¨¤�«ì−ë¥ ‘�” ¤«ï −¥«¨−¥©−ëå Œ‘â‘

‡¤¥áì Yt = Y (t) | ny-¬¥à−ë© −�¡«î¤�¥¬ë© ‘â�, Yt ∈ –y (–y | £«�¤-
ª®¥ ¬−®£®®¡à�§¨¥ −�¡«î¤¥−¨©); Xt = X(t) | nx-¬¥à−ë© −¥−�¡«î¤�¥¬ë©
‘â� (¢¥ªâ®à á®áâ®ï−¨ï), Xt ∈ –x (–x | £«�¤ª®¥ ¬−®£®®¡à�§¨¥ á®áâ®ï−¨©);
W0 = W0(t) | nw-¬¥à−ë© ¢¨−¥à®¢áª¨© ‘â� (nw ≥ ny) ¨−â¥−á¨¢−®áâ¨ ν0 =
= ν0(—, t); P

0(–, A) = P (–, A) − µP (–, A), P (–, A) ¯à¥¤áâ�¢«ï¥â á®¡®© ¤«ï
«î¡®£® ¬−®¦¥áâ¢� A ¯à®áâ®© ¯ã�áá®−®¢áª¨© ‘â�, � µP (–, A) | ¥£® ¬�â¥¬�â¨-
ç¥áª®¥ ®¦¨¤�−¨¥, ¯à¨ç¥¬

µP (–, A) = MP (–, A) =

∫

–

νP (τ,A) dτ ;

νP (–, A) | ¨−â¥−á¨¢−®áâì á®®â¢¥âáâ¢ãîé¥£® ¯ã�áá®−®¢áª®£® ¯®â®ª� á®¡ë-
â¨©, – = (t1, t2]; ¨−â¥£à¨à®¢�−¨¥ ¯® v à�á¯à®áâà�−ï¥âáï −� ¢á¥ ¯à®-
áâà�−áâ¢® Rq á ¢ëª®«®âë¬ −�ç�«®¬ ª®®à¤¨−�â; — | ¢¥ªâ®à á«ãç�©−ëå
¯�à�¬¥âà®¢ à�§¬¥à−®áâ¨ n—; ϕ = ϕ(Xt, Yt,—, t), ϕ1 = ϕ1(Xt, Yt,—, t),
ψ′ = ψ′(Xt, Yt,—, t) ¨ ψ′

1 = ψ′
1(Xt, Yt,—, t) | ¨§¢¥áâ−ë¥ äã−ªæ¨¨, ®â®¡à�-

¦�îé¨¥ Rnx × Rny × R á®®â¢¥âáâ¢¥−−® ¢ Rnx, Rny , Rnxnw ¨ Rnynw ; ψ′′ =
= ψ′′(Xt, Yt,—, t, v) ¨ ψ′′

1 (Xt, Yt,—, t, v) | ¨§¢¥áâ−ë¥ äã−ªæ¨¨, ®â®¡à�¦�îé¨¥

Rnx × Rny × Rq ¢ Rnx ¨ Rny . ’à¥¡ã¥âáï −�©â¨ ®æ¥−ªã �Xt ‘â� Xt ¢ ª�¦-
¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t ¯® à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨ï ‘â� Y (τ) ¤® ¬®¬¥−â� t,
Y Tt0 = {Y (τ) : t0 ≤ τ < t}.

�à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«−¥−ë ãá«®¢¨ï

{ ãà�¢−¥−¨¥ á®áâ®ï−¨ï ¨¬¥¥â ¢¨¤ (1);

{ ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï (2), ¢®-¯¥à¢ëå, −¥ á®¤¥à¦¨â ¯ã�áá®−®¢áª®£® èã¬�
(ψ′′
1 ≡ 0), � ¢®-¢â®àëå, ª®íää¨æ¨¥−â ¯à¨ ¢¨−¥à®¢áª®¬ èã¬¥ ψ′

1 ¢ ãà�¢−¥−¨ïå
−�¡«î¤¥−¨ï −¥ §�¢¨á¨â ®â á®áâ®ï−¨ï (ψ′

1(Xt, Yt,—, t) = ψ
′
1(Yt,—, t)).

‚ íâ®¬ á«ãç�¥ ãà�¢−¥−¨ï §�¤�ç¨ −¥«¨−¥©−®© ä¨«ìâà�æ¨¨ ¨¬¥îâ á«¥¤ãîé¨©
¢¨¤:

dXt = ϕ (Xt, Yt,—, t) dt + ψ
′ (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′ (Xt, Yt,—, t, v)P
0(dt, dv) , X (t0) = X0 ; (3)

dYt = ϕ1 (Xt, Yt,—, t) dt+ ψ1 (Yt,—, t) dW0 , Y (t0) = Y0 . (4)

�ã¤¥¬ áç¨â�âì, çâ® ¢ë¯®«−¥−ë ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨
‘â�, ®¯à¥¤¥«ï¥¬®£® (3) ¨ (4) ¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå [4, 5].

Š�ª ¨§¢¥áâ−® [5, 6], ¤«ï «î¡ëå ‘â� Xt ¨ Yt ®¯â¨¬�«ì−�ï ®æ¥−ª� �XT, ¬¨−¨-
¬¨§¨àãîé�ï áà¥¤−¨© ª¢�¤à�â ®è¨¡ª¨ ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t, ¯à¥¤áâ�¢«ï¥â
á®¡®© �¯®áâ¥à¨®à−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ‘â� Xt:

�Xt = M
[

Xt | Y Tt0
]

.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016 81



ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, �. ÷. Š®à¥¯�−®¢

—â®¡ë −�©â¨ íâ® ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, −¥®¡å®¤¨¬® §−�âì pt = pt(x)
¨ gt = gt(λ) | �¯®áâ¥à¨®à−ãî ®¤−®¬¥à−ãî ¯«®â−®áâì ¨ å�à�ªâ¥à¨áâ¨ç¥áªãî
äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï ‘â�Xt. ‘®®â¢¥âáâ¢ãîé¨¥ â®ç−ë¥ ãà�¢−¥−¨ï «¨−¥©−®©
ä¨«ìâà�æ¨¨ ¯à¨¢¥¤¥−ë ¢ [2].

‚¢¥¤¥¬ −¥−®à¬¨à®¢�−−ë¥ ®¤−®¬¥à−ë¥ �¯®áâ¥à¨®à−ë¥ ¯«®â−®áâì “pt(x,—)
¨ å�à�ªâ¥à¨áâ¨ç¥áªãî äã−ªæ¨î “gt(λ,—) á®£«�á−® ä®à¬ã«�¬:

“pt(x,—) = µtpt(x,—) ; “gt(λ,—) = M
pt

–x

[

eiλ
TXtµt

]

= µtgt(λ,—) .

’®£¤�, ®¡®¡é�ï [6] −� á«ãç�© ãà�¢−¥−¨© (3) ¨ (4), ¯®«ãç¨¬ á«¥¤ãîé¥¥ â®ç−®¥
ãà�¢−¥−¨¥ áà¥¤−¥ª¢�¤à�â¨ç¥áª®© (á.ª.) ®¯â¨¬�«ì−®© −¥«¨−¥©−®© ä¨«ìâà�æ¨¨:

d“gt(λ,—) = M
“pt

–x

{[

iλTϕ (X,Yt,—, t)−
1

2

(

ψ′ν0ψ
′T
)

(X,Yt,—, t) +

+

∫

Rq
0

[

eiλ
Tψ′′(X,Yt,—,t,v) − 1− iλTψ′′ (X,Yt,—, t, v)

]

νP (—, t, dv)

]

eiλ
TX

}

dt+

+M“pt

–x

{[

ϕ1 (X,Yt,—, t)
T + iλT

(

ψ′ν0ψ
′T
)

(X,Yt,—, t)
]

eiλ
TX
}

×

×
(

ψ′ν0ψ
′T
)−1
(Yt,—, t) dYt . (5)

…á«¨, á«¥¤ãï [7], äã−ªæ¨ï ψ′′ ¢ (3) ¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥

ψ′′ = ψ′ω(—, v) ,

£¤¥ P 0(–, A) = P 0((0, t], dv), â® ãà�¢−¥−¨ï (3) ¨ (4) ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤:

‘Xt = ϕ (Xt, Yt,—, t) + ψ
′ (Xt, Yt,—, t)V (—, t) , X (t0) = X0 ;

‘Yt = ϕ (Xt, Yt,—, t) + ψ1 (Yt,—, t)V0(—, t) , Y (t0) = Y0 .

}

(6)

‡¤¥áì

V0(—, t) = ‘W0(—, t) ; V (—, t) = ‘�W (—, t) ;

�W (—, t) =W0(—, t) +

∫

Rq
0

ω(—, v)P 0((0, t], dv) ,

£¤¥ νP (—, t, v) dv = [∂µ(—, t, v)/∂t] dv | ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ¯®â®ª�
áª�çª®¢, à�¢−ëåω(—, t). �à¨ íâ®¬ «®£�à¨ä¬¨ç¥áª¨¥ ¯à®¨§¢®¤−ë¥ ®â ®¤−®¬¥à−ëå
å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨© ®¯à¥¤¥«ïîâáï ¨§¢¥áâ−ë¬¨ ä®à¬ã«�¬¨:
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χW0(ρ; —, t) = −1
2
ρTν0(—, t)ρ ;

χ
�W (ρ; —, t) = −1

2
ρT(—, t)ρT +

∫

Rq
0

[

eiρ
Tω(—,v) − 1− iρTω(—, v)

]

νP (—, t, v) dv .

‚ â�ª®¬ á«ãç�¥ ¨−â¥£à�«ì−ë© ç«¥− ¢ (5) ¤®¯ãáª�¥â á«¥¤ãîéãî §�¯¨áì:

γ =

=

∫

Rq
0

[

eiλ
Tψ′′(Xt,Yt,—,t)ω(—,v) − 1− iλTψ′′ (Xt, Yt,—, t)ω(—, v)

]

νP (—, t, v) dv. (7)

�ç¥¢¨¤−®, çâ® ¤«ï £�ãáá®¢áª®© Œ‘â‘ γ ≡ 0. ’®£¤� ¯à¨å®¤¨¬ ª à¥§ã«ìâ�-
â�¬ [8].

’�ª¨¬ ®¡à�§®¬, ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï à�§¤. 2.

’¥®à¥¬� 2.1. �ãáâì ¤«ï −¥£�ãáá®¢áª®© Œ‘â‘ (3), (4) ¢ë¯®«−¥−ë ãá«®¢¨ï áã-
é¥áâ¢®¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨. ’®£¤� ãà�¢−¥−¨¥ á.ª. ®¯â¨¬�«ì−®© −¥«¨−¥©−®©
ä¨«ìâà�æ¨¨ ¤«ï −¥−®à¬¨à®¢�−−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ “gt(λ,—) ¨¬¥¥â
¢¨¤ (5).

’¥®à¥¬� 2.2 [7]. �ãáâì ¤«ï £�ãáá®¢áª®© Œ‘â‘ (6) ¢ë¯®«−¥−ë ãá«®¢¨ï áãé¥-
áâ¢®¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨. ’®£¤� ãà�¢−¥−¨¥ á.ª. ®¯â¨¬�«ì−®© −¥«¨−¥©−®©
ä¨«ìâà�æ¨¨ ¤«ï −¥−®à¬¨à®¢�−−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ ¨¬¥¥â ¢¨¤ (5)
¯à¨ ãá«®¢¨¨ (7).

�¥®¡å®¤¨¬®áâì ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨© ¢ à¥�«ì−®¬ ¬�áèâ�¡¥
¢à¥¬¥−¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ íªá¯¥à¨¬¥−â� ¯à¨¢¥«� ª ¯®ï¢«¥−¨î àï-
¤� ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢ ®¯â¨¬�«ì−®© −¥«¨−¥©−®© ä¨«ìâà�æ¨¨, −�§ë¢�¥¬ëå
®¡ëç−® ¬¥â®¤�¬¨ áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ [6]. �¤−¨ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë
®á−®¢�−ë −� ¯à¨¡«¨¦¥−−®¬ à¥è¥−¨¨ ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨©, � ¤àã£¨¥ | −�
¯à¥¢à�é¥−¨¨ ä®à¬ã« ¤«ï áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«®¢ ®¯â¨¬�«ì−®© ®æ¥−-

ª¨ �Xt ¨ �¯®áâ¥à¨®à−®© ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ®è¨¡ª¨ Rt ¢ áâ®å�áâ¨ç¥áª¨¥

¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¤«ï �Xt ¨ Rt ¯ãâ¥¬ à�§«®¦¥−¨ï äã−ªæ¨© ϕ, ϕ1
¨ ψ1 ¨«¨ ϕ, ϕ1, ψ

′, ψ′′, ψ ¨ ψ1 ¢ áâ¥¯¥−−ë¥ àï¤ë ¨ ®â¡à�áë¢�−¨ï ®áâ�â®ç−ëå
ç«¥−®¢.

„«ï ¯à¨¡«¨¦¥−−®£® à¥è¥−¨ï ãà�¢−¥−¨ï ¤«ï �¯®áâ¥à¨®à−®© ®¤−®¬¥à−®© å�-
à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ g1(λ,—) ¢¥ªâ®à� Xt ¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë
�−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï, ®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨§�æ¨¨ ®¤−®¬¥à−ëå
à�á¯à¥¤¥«¥−¨© ‘â�, ®¯à¥¤¥«ï¥¬®£® áâ®å�áâ¨ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢-
−¥−¨¥¬ [6]. �â¨ ¬¥â®¤ë ¯®§¢®«ïîâ ¨§ãç¨âì áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥
ãà�¢−¥−¨ï ¤«ï ¯�à�¬¥âà®¢ �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï. �à®áâ¥©è¨¬ â�ª¨¬
¬¥â®¤®¬ ï¢«ï¥âáï Œ�� �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï. ˆáª«îç¨â¥«ì−® ¢�¦−®¥
¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¨¬¥îâ ª¢�§¨«¨−¥©−ë¥ ä¨«ìâàë, ¯®«ãç�¥¬ë¥ á ¯®¬®éìî
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¬¥â®¤®¢ íª¢¨¢�«¥−â−®© «¨−¥�à¨§�æ¨¨ [6]. �««¨¯á®¨¤�«ì−ë¥ ‘�”, ®á−®¢�−-
−ë¥ −� ¯à¨¡«¨¦¥−−®¬ à¥è¥−¨¨ ãà�¢−¥−¨© ¤«ï −®à¬¨à®¢�−−ëå à�á¯à¥¤¥«¥−¨©,
à�áá¬®âà¥−ë ¢ [2].

3 Основные результаты

3.1. �¯¯à®ªá¨¬¨àã¥¬ −¥−®à¬¨à®¢�−−ãî �¯®áâ¥à¨®à−ãî ¯«®â−®áâì ¢¥à®ïâ-
−®áâ¨ ä®à¬ã«®©:

“pt(x) ≈ p∗t (u) = w(u)
[

µ+

N
∑

ν=1

cνpν(u)

]

. (8)

ˆ¬¥¥¬

cν = µtM
üá [qν(Ut)] =

[

qν (Uλ) “g
üá
t (λ)

]

λ=0
,

¯à¨ç¥¬

u =
(

xT − �XTt
)

Ct(x− �Xt) ; Ut =
(

XTt − �XTt
)

Ct

(

Xt − �Xt

)

;

Uλ =

(

∂T

i∂λ
− �Xt

)

Ct

(

∂

i∂λ
− �Xt

)

.

—â®¡ë á®áâ�¢¨âì áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¤«ï ª®íä-
ä¨æ¨¥−â®¢ cν, −�¤® −�©â¨ áâ®å�áâ¨ç¥áª¨© ¤¨ää¥à¥−æ¨�« ˆâ® ¯à®¨§¢¥¤¥−¨ï

qχ(u)“gt(λ), ¨¬¥ï ¢ ¢¨¤ã, çâ® u §�¢¨á¨â ®â �Xt = mt/µt ¨ çâ®mt ¨ µt ®¯à¥¤¥«ïîâáï
áâ®å�áâ¨ç¥áª¨¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨. �®â®¬ á«¥¤ã¥â §�¬¥−¨âì
¯¥à¥¬¥−−ë¥ x ¨ u ®¯¥à�â®à�¬¨ ∂/i∂λ ¨ Uλ, ¢ë¯®«−¨âì ¤¨ää¥à¥−æ¨à®¢�−¨¥
¨ ¯®á«¥ íâ®£® ¯®«®¦¨âì λ = 0.

3.2. “à�¢−¥−¨ï ¤«ï mt ¨ µt á äã−ªæ¨¥© �ϕ1, ®¯à¥¤¥«ï¥¬®© ä®à¬ã«®©

�ϕ1 = M
pt

–x [ϕ1] ,

c ãç¥â®¬ ®¡®§−�ç¥−¨©

σ0 = ψν0ψ
T ; σ1 = ψν0ψ

T
1 ; σ2 = ψ1ν0ψ

T
1

¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥:

dmt =

[

µtf0

(

Yt, �Xt,—, t
)

+

N
∑

ν=1

cνfν

(

Yt, �Xt,—, t
)

]

dt+

+

[

µth0

(

Yt, �Xt,—, t
)

+
N
∑

ν=1

cνhν

(

Yt, �Xt,—, t
)

]

dYt ; (9)

dµt =

[

µtb0

(

Yt, �Xt, t
)

+

N
∑

ν=1

cνbν

(

Yt, �Xt,—, t
)

]

dYt , (10)
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£¤¥

f0 = f0

(

Yt, �Xt, ,—, t
)

= Mw–x [ϕ] ;

fν = fν

(

Yt, �Xt, ,—, t
)

= Mwpν

–x [ϕ] ;

h0 = h0

(

Yt, �Xt,—, t
)

=

= Mw
–U

[

σ1 (Yt,—, t) +Xϕ1 (X,Yt,—, t)
T
]

σ2 (Yt,—, t)
−1 ;

hν = hν

(

Yt, �Xt,—, t
)

=

= Mwpν

–U

[

σ1 (X,Yt,—, t) +Xϕ1 (X,Yt,—, t)
T
]

σ2 (Yt,—, t)
−1 ;

b0 = b0

(

Yt, �Xt,—, t
)

= Mw
–U

[

ϕ1 (X,Yt,—, t)
T
]

σ2 (Yt,—, t)
−1 ;

bν = bν

(

Yt, �Xt,—, t
)

= Mwpν

–U [ϕ1 (X,Yt,—, t)]σ2 (Yt,—, t)
−1 .























































































(11)

3.3. ‡�¯¨è¥¬ ãà�¢−¥−¨ï (9) ¨ ãà�¢−¥−¨¥ ¤«ï −¥−®à¬¨à®¢�−−®© å�à�ªâ¥à¨-
áâ¨ç¥áª®© äã−ªæ¨¨ ¢ ¢¨¤¥:

dmt = fdt+ hdYt ; dµt = b dYt ; d“gt = Adt+B dYt .

‡¤¥áì ®¡®§−�ç¥−®:

f = µtf0 +
N
∑

ν=1

cνfν ; h = µth0 +
N
∑

ν=1

cνhν ; b = µtb0 +
N
∑

ν=1

cνbν ;

A = M“pt

–x

{

iλTϕ (X,Yt,—, t)−
1

2
λT
(

ψ′ν0ψ
′T
)

(X,Yt,—, t)λ×

×
∫

Rq
0

[

eiλ
Tψ′′(X,Yt,—,t,v) − 1− iλTψ′′ (X,Yt,—, t, v)

]

νP (t, dv)e
iλTX

}

;

B = M“pt

–x

[

ϕ1 (X,Yt,—, t)
T + iλT

(

ψ′ν0ψ
′T
1

)

(X,Yt,—, t)
]

×

× eiλTX
(

ψ′
1ν0ψ

′T
1

)−1
(X,Yt,—, t) .

3.4. ‚ëç¨á«¨¬ ¤¨ää¥à¥−æ¨�« ˆâ® ¯®«¨−®¬� qχ(u),

u =

(

xT − mTt
µt

)

Ct

(

x− mt

µt

)

.
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ˆ¬¥ï ¢ ¢¨¤ã, çâ® �Xt = mt/µt, −�å®¤¨¬:

dqχ(u) =







q′χ(u)
(

xT − �XTt
)

‘Ct

(

x− �Xt

)

+

+
2q′′χ(u) tr

[

Ct

(

x− �Xt

)(

xT − �XTt
)

Cthσ2h
T
]

µ2t
+

+
q′χ(u) tr

[

Cthσ2h
T
]

µ2t
−
4q′′χ(u)

�XTt Ct

(

x− �Xt

)(

xT − �XTt
)

Cthσ2b
T

µ2t
−

−
2q′χ(u)

�XTt Cthσ2b
T

µ2t
+
2q′χ(u)

(

xT − �XTt
)

Cthσ2b
T

µ2t
+

+
2q′′χ(u)

�XTt Ct

(

x− �Xt

)(

xT − �XTt
)

Ct �Xtbσ2b
T

µ2t
−

−
2q′χ(u) �X

T
t Ct

(

x− �Xt

)

bσ2b
T

µ2t
+
q′χ(u)

�XTt Ct
�Xtbσ2b

T

µ2t







dt−

−
2q′χ(u)(x

T − �XTt )Ctdmt

µt
+
2q′χ(u) �X

T
t Ct

(

x− �Xt

)

dµt

µt
. (12)

„�«¥¥ −�©¤¥¬ ¤¨ää¥à¥−æ¨�« ˆâ® ¯à®¨§¢¥¤¥−¨ï qχ(u)“gt(λ). �® ä®à¬ã«¥ ¤«ï
¤¨ää¥à¥−æ¨�«� ˆâ® ¯à®¨§¢¥¤¥−¨ï ¤¢ãå ¯à®æ¥áá®¢ ¯®«ãç¨¬:

d [qχ(u)“gt(λ)] =

= qχ(u) d“gt(λ) + dqχ(u)“gt(λ) +
2q′χ(u)(x

T − �XTt )Ct(h+ �Xtb)σ2B
Tdt

µt
. (13)

‚ëç¨á«¨¬ ª�¦¤®¥ ¨§ âà¥å á«�£�¥¬ëå ¢ (13) ®â¤¥«ì−®, §�¬¥−¨¢ ¯à¥¤¢�à¨â¥«ì−®
¯¥à¥¬¥−−ë¥ x ¨ u ®¯¥à�â®à�¬¨ ∂/i∂λ ¨ Uλ á®®â¢¥âáâ¢¥−−®.

‘−�ç�«� −�å®¤¨¬ ¯¥à¢®¥ á«�£�¥¬®¥:

[qχ(u) d“gt(λ)]λ=0 = M
“p∗t
–U

{

q′χ(u)2ϕ
TCt

(

x− �Xt

)

+

+ tr (Ctσ0) + 2q
′′
χ(u)

(

xT − �XTt
)

Ctσ0Ct

(

x− �Xt

)

+
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+

∫

Rq
0

[

qχ (�u)− qχ(u)− 2q′χ(u)
(

xT − �XTt
)

Ctψ
′′
]

νP (t, dv)

}

dt+

+M
“p∗t
–U

{

qχ(u)ϕ
T
1 ++q

′
χ(u)

(

xT − �XTt
)

Ctσ1

} dYt
σ2

, (14)

£¤¥ σ0 = bν0b
T;

�u =
(

xT + ψ′′T − �XTt
)

Ct

(

x+ ψ′′ − �Xt

)

.

„«ï ¢ëç¨á«¥−¨ï ¢â®à®£® á«�£�¥¬®£® ¢ ¯à�¢®© ç�áâ¨ (13) §�¬¥â¨¬, çâ® ¤«ï
«î¡®£® ¯®«¨−®¬� p(X) ¢ á¨«ã (14) ¨¬¥¥¬:

[

p

(

∂

i∂λ

)

“gt(λ)

]

λ=0

= Mp–x [“pt] .

�®«ì§ãïáì �¯¯à®ªá¨¬�æ¨¥© (8) −¥−®à¬¨à®¢�−−®© ¯«®â−®áâ¨ “pt(x), ¯®«ãç�¥¬:

[dqχ(Uλ)“gt(λ)]λ=0 = M
p∗

–x









q′χ(u)
(

xT − �XTt
)

‘Ct(x− �Xt) +

+
2q′′χ(u) tr

[

Ct

(

x− �Xt

)(

xT − �XTt
)

Cthσ2h
T
]

µ2t
+

+
q′χ tr

(

Cthσ2h
T
)

µ2t
−
4q′′χ(u) �X

T
t Ct

(

xT − �XTt
)

Cthσ2b
T

µ2t
−

−
2q′χ(u)

�XTt Cthσ2b
T

µ2t
+
2q′χ(u)(x

T − �XTt )Cthσ2bT

µ2t
+

+
2q′′χ(u) �X

T
t Ct

(

x− �Xt

)(

xT − �XTt
)

Ct �Xtbσ2b
T

µ2t
−

−
2q′χ(u)

�XTt Ct

(

x− �Xt

)

bσ2b
T

µ2t
+
q′χ(u)

�XTt Ct
�Xtbσ2b

T

µ2t



 dt−

−
2q′χ(u)

(

xT − �XTt
)

Ct dmt

µt
+
2q′χ(u) �X

T
t Ct

(

x− �Xt

)

dµt

µt







. (15)
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ˆ¬¥ï ¢ ¢¨¤ã, çâ® µ ¨ ¬�âà¨æë Ct, h, b, σ2 = ψ1νψ
T
1 ¨ �Xt ®â X −¥ §�¢¨áïâ

¨ (XT − �XTt ) ‘Ct(X − �Xt) = tr
[

‘Ct(X − �Xt)(x
T − �XTt )

]

, ¯à¨å®¤¨¬ ª ¢ë¢®¤ã,

çâ® ¯à¨ �¯¯à®ªá¨¬�æ¨¨ (8) äã−ªæ¨¨ “pt(x) −¥®¡å®¤¨¬® ¢ëç¨á«¨âì ç¥âëà¥ â¨¯�
¨−â¥£à�«®¢ (−�¯®¬−¨¬, çâ® p0(u) = 1):

I1 = M
wpν

–x

[

q′χ(U)
(

X − �Xt

)]

;

I2 = M
wpν

–x

[

q′χ(U)
(

X − �Xt

)(

XT − �XTt
)]

;

I3 = M
wpν

–x

[

q′′χ(U)
(

X − �Xt

)(

XT − �XTt
)]

;

I4 = M
wpν

–x

[

q′χ(U)
(

X − �Xt

)]

.

3.5. ‘«¥¤ãï [6], −¥âàã¤−® ¯à®¢¥àª®© ã¡¥¤¨âìáï, çâ® I1 = 0, �

I2 =

∞
∫

−∞

q′χ(u)
(

x− �Xt

)(

xT − �XTt
)

w(u)pν(u)dx =

=
Kt

2n/2+1 •(n/2 + 1)

∞
∫

−∞

q′χ(u)pν(u)u
n/2e−u/2 du (16)

(¤«ï £�ãáá®¢áª®© ¯«®â−®áâ¨ w(u)). ’�ª ¦¥ ¢ëç¨á«ï¥âáï ¨−â¥£à�«

I3 =

∞
∫

−∞

q′′χ(u)
(

x− �Xt

)(

xT − �XTt
)

w(u)pν(u) dx =

=
Kt

2n/2+1 •(n/2 + 1)

∞
∫

−∞

q′′χ(u)pν(u)u
n/2e−u/2du . (17)

‚á«¥¤áâ¢¨¥ ®àâ®£®−�«ì−®áâ¨ áâ¥¯¥−¥© uλ ¯®«¨−®¬ã pν(u) á ¢¥á®¬

w(u) =
1

2n/2 •(n/2)
un/2−1e−u/2

¯à¨ λ < ν ¨−â¥£à�« ¢ (16) à�¢¥− −ã«î ¯à¨ ¢á¥å ν > χ. �®à¬�«ì−®¬ã à�á¯à¥-

¤¥«¥−¨î N (0,Kt), Kt = C−1
t , n-¬¥à−®£® á«ãç�©−®£® ¢¥ªâ®à� Xt á®®â¢¥âáâ¢ã¥â

χ2-à�á¯à¥¤¥«¥−¨¥ á n áâ¥¯¥−ï¬¨ á¢®¡®¤ë ª¢�¤à�â¨ç−®© ä®à¬ë Ut = XTt CtXt.
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�® â®© ¦¥ ¯à¨ç¨−¥ ¨ ¢ á¨«ã ¡¨®àâ®−®à¬�«ì−®áâ¨ ¯®«¨−®¬®¢ pν(u) ¨ qν(u) ¯à¨
ν = χ −�å®¤¨¬ ¨§ (17), çâ®

I3 =
Ktχ

n
.

�−�«®£¨ç−® ¯ãâ¥¬ ¨−â¥£à¨à®¢�−¨ï ¯® ç�áâï¬ ã¡¥¦¤�¥¬áï ¢ â®¬, çâ® ¨−â¥£à�«
¢ (16) à�¢¥− −ã«î ¯à¨ ¢á¥å ν < χ− 1, � ¯à¨ ν = χ− 1 ¤«ï I2 ¨¬¥¥¬

I2 =
Kt

2n
.

ˆ−â¥£à�« ¢ (16) à�¢¥− −ã«î ¯à¨ ¢á¥å ν > χ− 1, � ¯à¨ ν = χ− 1

I2 =
Kt(χ− 1)

2n(n+ 2χ− 2) .

�à¨ ν < χ− 1 ¨−â¥£à¨à®¢�−¨¥¬ ¯® ç�áâï¬ (17) −�å®¤¨¬:

∞
∫

0

q′′χ(u)pν(u)u
n/2e−u/2 du = −

∞
∫

0

q′χ(u)p
′
ν(u)u

n/2e−u/2 du−

− n

2

∞
∫

0

q′χ(u)pν(u)u
n/2−1e−u/2 du+

1

2

∞
∫

0

q′χ(u)pν(u)u
n/2e−u/2 du =

=

∞
∫

0

qχ(u)p
′′
ν(u)u

n/2e−u/2 du+
n

2

∞
∫

0

qχ(u)p
′
ν(u)u

n/2−1e−u/2 du−

− 1
2

∞
∫

0

qχ(u)p
′
ν(u)u

n/2e−u/2 du− n

2

∞
∫

0

q′χ(u)pν(u)u
n/2−1e−u/2 du+

+
1

2

∞
∫

0

q′χ(u)pν(u)u
n/2e−u/2 du .

�¥à¢ë¥ âà¨ ¨−â¥£à�«� ¢ ¯®á«¥¤−¥© ç�áâ¨ íâ¨å à�¢¥−áâ¢ à�¢−ë −ã«î ¢á«¥¤áâ¢¨¥
®àâ®£®−�«ì−®áâ¨ qχ(u) áâ¥¯¥−ï¬ uλ ¯à¨ λ ≤ ν − 1 < χ− 2. �®á«¥¤−¨© ¨−â¥£à�«
â®¦¥ à�¢¥− −ã«î ¯à¨ ν < χ− 1.

‘«¥¤®¢�â¥«ì−®, ¯à¨ ν < χ− 1

I3 = −
Kt

2n/2+1 •(n/2)

∞
∫

0

q′χ(u)pν(u)u
n/2−1e−u/2 du = −1

2
KtI4 .
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�âáî¤� ¯à¨ ¯®¤áâ�−®¢ª¥ ¢ (15) ¢ëà�¦¥−¨ï äã−ªæ¨¨ “p∗t (u) (8) ¢á¥ ¢ëà�¦¥−¨ï,
á®¤¥à¦�é¨¥ ¨−â¥£à�«ë I3 ¨ I4, á®ªà�âïâáï, ªà®¬¥ á®®â¢¥âáâ¢ãîé¨å §−�ç¥−¨î
ν = χ− 1. ˆ−â¥£à�« I4 ¯à¨ ν = χ− 1 ¨¬¥¥â ¢¨¤:

I4 = −
1

2n/2•(n/2)

∞
∫

0

q′χ(u)pχ−1(u)u
n/2−1e−u/2 du = − 1

2(n + 2χ− 2) .

‚ à¥§ã«ìâ�â¥ ä®à¬ã«ã (15) ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

[dqχ (Uλ) “gt(λ)]λ=0 =







1

n

(

cχ−1
2
+ χcχ

)

tr
(

‘CtKt

)

+

+
cχ−1
2n
·
tr
[

Cthσ2h
T
]

− 2 �XTt Cthσ2bT + �XTt Ctbσ2bT

µ2t







dt . (18)

‚ëç¨á«¨¬ ¯®á«¥¤−¥¥ á«�£�¥¬®¥ ¢ (13) ¯à¨ x = ∂/i∂λ, u = Uλ ¨ λ = 0. “çâï,
çâ® ®â λ ¢ íâ®¬ á«�£�¥¬®¬ §�¢¨á¨â â®«ìª®

B = Mp
∗

–x

{[

(ϕT1 + iλ
Tσ1)e

iλTX
]

σ−12

}

,

¨ ¢ë¯®«−¨¢ ¤¨ää¥à¥−æ¨à®¢�−¨¥, á®¢¥àè¥−−® â�ª ¦¥, ª�ª ¯à¨ ¢ë¢®¤¥ ä®à¬ã-
«ë (14), ¯®«ãç¨¬ ¯à¨ �¯¯à®ªá¨¬�æ¨¨ (8) äã−ªæ¨¨ “pt(x) á«¥¤ãîé¥¥ ¢ëà�¦¥−¨¥:

[

q′χ(Uλ)

(

∂T

i∂λ
− �XTt

)

Ct

(

h+ �Xtb
)

σ2B
T

]

λ=0

=

= Mp
∗

–x

{

q′χ(Uλ)
(

XT − �XTt
)

Ct

(

h+ �Xtb
)

ϕ1 +

+ 2q′′χ (Uλ) tr
[(

h+ �Xtb
)

σT1 Ct

(

X − �Xt

)(

XT − �XTt
)

Ct

]

+

+ q′χ (Uλ) tr
[(

h+ �Xtb
)

σT1 Ct

]} dt

µ
. (19)

3.6. �®¤áâ�¢¨¢ ¢ëà�¦¥−¨ï (14), (18) ¨ (19) ¢ (12) ¯à¨ x = ∂/i∂λ, u = Uλ,
¯®á«¥ §�¬¥−ë ¨−¤¥ªá� ν −� χ ¯®«ãç�¥¬ ãà�¢−¥−¨¥:

dcχ = M
p∗

–x







q′χ(u)(2ϕ
TCt

(

X − �Xt

)

+ tr [Ctσ0]) +

+ 2q′′χ(u)
(

XT − �XTt
)

Ctσ0Ct

(

X − �Xt

)

+

90 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016



Œ®¤¨ä¨æ¨à®¢�−−ë¥ í««¨¯á®¨¤�«ì−ë¥ ‘�” ¤«ï −¥«¨−¥©−ëå Œ‘â‘

+

∫

Rq
0

[

qχ(�u)− qχ(u)− 2q′χ(u)
(

XT − �XTt
)

Ctψ
′′
]

νP (t, dv) −

−
q′χ(u)

(

XT − �XTt
)

Ct

(

h+ �Xtb
)

ϕ1

µt
+
q′χ(u) tr

[(

h+ �Xtb
)

σT1 Ct

]

µt
+

+
2q′′χ(u)tr

[(

h+ �Xtb
)

σT1 Ct

(

X − �Xt

)(

XT − �XTt
)

Ct

]

µt







dt +

+







1

2n
(cχ−1 + 2χcχ) tr

[

‘CtKt

]

+

+
cχ−1
2n
·
tr
[

Cthσ2h
T
]

− 2 �XTt Cthσ2bT + �XTt Ct �Xtbσ2b
T

µ2t







dt+

+Mp
∗

–x







qχ(u)ϕ
T
1 + q

′
χ(u)

(

XT − �XTt
)

Ctσ1

σ2







dYt . (20)

�à¨¬¥¬ ¢ ¤®¯®«−¥−¨¥ ª ®¡®§−�ç¥−¨ï¬ (11) á«¥¤ãîé¨¥:

γχ0 = γχ0

(

Yt, �Xt,—, t
)

=

= Mw–x

{

q′χ(u)
(

2ϕ (X,Yt,—, t)
T Ct

(

X − �Xt

)

+ tr [Ctσ0 (X,Yt,—, t)]
)

+

+ 2q′′χ(u)
(

XT − �XTt
)

Ctσ0 (X,Yt,—, t)Ct

(

X − �Xt

)

+

+

∫

Rq
0

[

qχ (�u)− qχ(u)− 2q′χ(u)
(

XT − �XTt
)

Ctψ
′′ (X,Yt,—, t, v)

]

νP (t, dv)

}

;

γχν = γχν

(

Yt, �Xt,—, t
)

=

= Mwpν

–x

{

q′χ(u)
(

2ϕ (X,Yt,—, t)
TCt

(

X − �Xt

)

+ tr [Ctσ0 (X,Yt,—, t)]
)

+

+ 2q′′χ(u)
(

XT − �XTt
)

Ctσ0 (X,Yt,—, t)Ct

(

X − �Xt

)

+

+

∫

Rq
0

[

qχ (�u)− qχ(u)− 2q′χ(u)
(

XT − �XTt
)

Ctψ
′′ (X,Yt,—, t, v)

]

νP (t, dv)

}

;
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εχ0 = εχ0

(

Yt, �Xt,—, t
)

=

= Mw–x

{

q′χ(u)
[

σ1

(

X,Yt,—, t)
T − ϕ1(X,Yt,—, t

)(

XT − �XTt
)]

+

+ 2q′′χ(u)σ1 (X,Yt,—, t)
T Ct

(

X − �Xt

)(

XT − �XTt
)

}

;

εχν = εχν

(

Yt, �Xt,—, t
)

=

= Mwpν

–x

{

q′χ(u)
[

σ1 (X,Yt,—, t)
T − ϕ1 (X,Yt,—, t)

(

XT − �XTt
)]

+

+ 2q′′χ(u)σ1 (X,Yt,—, t)
TCt

(

X − �Xt

)(

XT − �XTt
)}

;

ηχ0 = ηχ0

(

Yt, �Xt,—, t
)

=

=
Mw–x

{

qχ(u)ϕ1 (X,Yt,—, t)
T + q′χ(u)

(

XT − �XTt
)

Ctσ1 (X,Yt,—, t)
}

σ2 (Yt,—, t)
;

ηχν = ηχν

(

Yt, �Xt,—, t
)

=

=
Mwpν

–x

{

qχ(u)ϕ1 (X,Yt,—, t)
T + q′χ(u)

(

XT − �XTt
)

Ctσ1 (X,Yt,—, t)
}

σ2 (Yt,—, t)
.

’®£¤�, ¨¬¥ï ¢ ¢¨¤ã, çâ® uTFv = tr
[

FvuT
]

¤«ï «î¡®© ª¢�¤à�â−®© ¬�âà¨æë F
¨ ¢¥ªâ®à®¢ u ¨ v, ¬®¦¥¬ ¯¥à¥¯¨á�âì ãà�¢−¥−¨ï (20) ¢ ¢¨¤¥:

dcχ =











µtγχ0

(

Yt, �Xt,—, t
)

+
N
∑

ν=1

cνγχν

(

Yt, �Xt,—, t
)

+

+ tr





{

µt

(

h0

(

Yt, �Xt,—, t
)

+ �Xtb0

(

Yt, �Xt,—, t
))}

+

+
N
∑

ν=1

cν

(

hν

(

Yt, �Xt,—, t
)

+ �Xtbν

(

Yt, �Xt,—, t
))

×

×







εχ0

(

Yt, �Xt,—, t
)

+
N
∑

ν=1

cνεχν

(

Yt, �Xt,—, t
)

µt







Ct



+

+
1

2n
(cχ−1 + 2χcχ) tr

[

‘CtKt

]

+
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+
cχ−1
2n
tr



Ct



h0

(

Yt, �Xt,—, t
)

+

N
∑

ν=1

cνhν

(

Yt, �Xt, t
)

µt



×

× σ2 (Yt,—, t)






h0

(

Yt, �Xt,—, t
)T
+

N
∑

ν=1

cνhν

(

Yt, �Xt,—, t
)T

µt












−

− 2 �XTt Ct



h0

(

Yt, �Xt,—, t
)

+

N
∑

ν=1

cνhν

(

Yt, �Xt,—, t
)

µt



×

× σ2 (Yt,—, t)






b0

(

Yt, �Xt,—, t
)T
+

N
∑

ν=1

cνbν

(

Yt, �Xt,—, t
)T

µt






+

+ �XTt Ct
�Xt



b0

(

Yt, �Xt,—, t
)

+
N
∑

ν=1

cνbν

(

Yt, �Xt,—, t
)

µt



×

× σ2 (Yt,—, t)






b0

(

Yt, �Xt,—, t
)

+

N
∑

ν=1

cνbν

(

Yt, �Xt,—, t
)T

µt

















dt +

+

{

µtηχ0

(

Yt, �Xt,—, t
)

+
N
∑

ν=1

cνηχν

(

Yt, �Xt,—, t
)

}

dYt

(χ = 1, . . . , N) . (21)

3.7. “à�¢−¥−¨ï (9), (10), (21) ¨ á®®â−®è¥−¨¥ �Xt = mt/µt ¯à¨ −�ç�«ì−ëå
ãá«®¢¨ïå

m (t0) = M [X0 | Y0] ; µ (t0) = 1 ; cχ (t0) = cχ0 (χ = 1, . . . , N) (22)

(cχ0 (χ = 1, . . . , N)| ª®íää¨æ¨¥−âë à�§«®¦¥−¨ï (8) ãá«®¢−®© ¯«®â−®áâ¨ ¢¥à®-
ïâ−®áâ¨ “pt0(x) = p0(x | Y0) ¢¥ªâ®à� X0 ®â−®á¨â¥«ì−® Y0) ®¯à¥¤¥«ïîâ Œ�‘�”.
�®á«¥ à¥è¥−¨ï ãà�¢−¥−¨© (10) ¨ (21) á.ª. ®¯â¨¬�«ì−�ï ®æ¥−ª� ¢¥ªâ®à� á®áâ®ï−¨ï
¨ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� ®è¨¡ª¨ ä¨«ìâà�æ¨¨ ¢ Œ�‘�” ®¯à¥¤¥«ïîâáï ¯®
á«¥¤ãîé¨¬ ¯à¨¡«¨¦¥−−ë¬ ä®à¬ã«�¬:

�Xt =
mt

µt
; (23)
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Rt = M
w
–x

[

(

X − mt

µt

)

(

XT − mTt
µt

)]

+

+

N
∑

ν=1

cν
µt
Mwpν

–x

[

(

X − mt

µt

)

(

XT − mTt
µt

)]

. (24)

�®àï¤®ª Œ�‘�” ®á®¡¥−−® ¯à¨ ¡®«ìè®© à�§¬¥à−®áâ¨ n ¢¥ªâ®à� á®áâ®ï−¨ï
á¨áâ¥¬ë §−�ç¨â¥«ì−® −¨¦¥ ¯®àï¤ª� ¤àã£¨å ‘�”. ’�ª, ¯à¨ ãç¥â¥ ¢ à�§«®¦¥-
−¨¨ (10) ¬®¬¥−â®¢ ¤® ¤¥áïâ®£® ¯®àï¤ª�, ª®£¤� ã¦¥ ¯à¨ n > 3, N = 5 ¨¬¥¥¬
n + N + 1 ≤ n(n + 3)/2. �à¨ n > 3, N = 5 �‘�” ¨¬¥¥â ¡®«¥¥ −¨§ª¨©
¯®àï¤®ª, ç¥¬ ä¨«ìâàë Œ��, ®¡®¡é¥−−ë© ä¨«ìâà Š�«¬�−�{�ìîá¨, ä¨«ìâàë
¢â®à®£® ¯®àï¤ª� ¨ £�ãáá®¢áª¨© ä¨«ìâà.

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ �«£®à¨â¬� í««¨¯á®¨¤�«ì−®© áã¡®¯â¨¬�«ì−®© −¥«¨-
−¥©−®© ä¨«ìâà�æ¨¨ «¥¦�â á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.

’¥®à¥¬� 3.1. ‚ ãá«®¢¨ïå â¥®à¥¬ë 2.1, ¥á«¨ �‘�” áãé¥áâ¢ã¥â, â® ®−
®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ (9), (10) ¨ (21) ¯à¨ ãá«®¢¨ïå (22){(24).

’¥®à¥¬� 3.2. ‚ ãá«®¢¨ïå â¥®à¥¬ë 2.2, ¥á«¨ �‘�” áãé¥áâ¢ã¥â, â® ®−
®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ â¥®à¥¬ë 3.1 ¯à¨ ãá«®¢¨ïå (7).

3.8. �à¨¬¥−ïï ¬¥â®¤ë â¥®à¨¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¤«ï ¯à¨¡«¨¦¥−−®£® �−�«¨§�
ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨© ¨ ãç¨âë¢�ï á«ãç�©−®áâì ¯�à�¬¥âà®¢ —, ¯à¨¤¥¬
ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬ ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£® ¯®àï¤ª� [2]:

d∇— �Xs = ∇—A �Xsdt+∇—B �Xs dYt , ∇—B �Xs (t0) = 0 ;

d∇—Rsq = ∇—ARsqdt+∇—BRsq dYt , ∇—Rsq (t0) = 0 ;
d∇—cκ = ∇—Acκdt +∇—Bcκ dYt , ∇—cκ (t0) = 0 .

‡¤¥áì ¯à®æ¥¤ãà� ¢§ïâ¨ï ¯à®¨§¢®¤−ëå ®áãé¥áâ¢«ï¥âáï ¯® ¢á¥¬ ¢å®¤ïé¨¬ ¯¥à¥-
¬¥−−ë¬, � ª®íää¨æ¨¥−âë çã¢áâ¢¨â¥«ì−®áâ¨ ¢ëç¨á«ïîâáï ¯à¨ — = m—. �à¨
íâ®¬ ¯à¥¤¯®«�£�¥âáï ¬�«®áâì ¤¨á¯¥àá¨© ¯® áà�¢−¥−¨î á ¨å ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨-
¤�−¨ï¬¨. �ç¥¢¨¤−®, çâ® ¯à¨ ¤¨ää¥à¥−æ¨à®¢�−¨¨ ¯® — (∇— = ∂/∂—) ¯®àï¤®ª
ãà�¢−¥−¨© ¢®§à�áâ�¥â ¯à®¯®àæ¨®−�«ì−® ç¨á«ã ¯à®¨§¢®¤−ëå. �−�«®£¨ç−® á®áâ�¢-
«ïîâáï ãà�¢−¥−¨ï ¤«ï í«¥¬¥−â®¢ ¬�âà¨æ ¢â®àëå äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨.

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� �‘�”, á«¥¤ãï [1, 2], ¯à¨ £�ãáá®¢áª¨å — á ¬�â¥¬�â¨ç¥-
áª¨¬ ®¦¨¤�−¨¥¬ m— ¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æ¥©K— ¢¢¥¤¥¬ ãá«®¢−ãî äã−ªæ¨î
¯®â¥àì, ¤®¯ãáª�îéãî ª¢�¤à�â¨ç−ãî �¯¯à®ªá¨¬�æ¨î:

ρ
�Xs = ρ

�Xs(—) = ρ
(

m—
)

+
n—
∑

ii=1

ρ′i

(

m—
)

—0s +
n—
∑

n—
∑

i,j=1

ρ′′ij

(

m—
)

—0i—
0
j ,

� â�ª¦¥ ¯®ª�§�â¥«ì ε
ε = ε

1/4
2 .
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Œ®¤¨ä¨æ¨à®¢�−−ë¥ í««¨¯á®¨¤�«ì−ë¥ ‘�” ¤«ï −¥«¨−¥©−ëå Œ‘â‘

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

ε2 = M
üá
[

ρ(—)2
]

− ρ
(

m—
)2
;

Müá
[

ρ(—)2
]

= ρ
(

m—
)2
+ ρ′

(

m—
)T

K—ρ′
(

m—
)

+

+2ρ
(

m—
)

tr
[

ρ′′
(

m—
)

K—
]

+
{

tr
[

ρ′′
(

m—
)

K—
]}2
+2 tr

[

ρ′′
(

m—
)

K—
]2
,

� äã−ªæ¨¨ ρ′ ¨ ρ′′ ¯® ¨§¢¥áâ−ë¬ ä®à¬ã«�¬ [1, 2] ®¯à¥¤¥«ïîâáï −� ®á−®¢¥ ¯¥à¢ëå
¨ ¢â®àëå äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨.

ˆ§«®¦¥−−ë¥ ¢ëè¥ ¬¥â®¤ë á¨−â¥§� �‘�” ¤�îâ ¯à¨−æ¨¯¨�«ì−ãî ¢®§¬®¦-
−®áâì ¯®«ãç¨âì ä¨«ìâà, ¡«¨§ª¨© ª ®¯â¨¬�«ì−®¬ã ¯® ®æ¥−ª¥ á «î¡®© áâ¥¯¥−ìî
â®ç−®áâ¨. —¥¬ ¢ëè¥ ¬�ªá¨¬�«ì−ë© ¯®àï¤®ª ãç¨âë¢�¥¬ëå ¬®¬¥−â®¢, ª®íää¨-
æ¨¥−â í««¨¯á®¨¤�«ì−®© �¯¯à®ªá¨¬�æ¨¨, â¥¬ ¢ëè¥ ¡ã¤¥â â®ç−®áâì ¯à¨¡«¨¦¥−¨ï
ª ®¯â¨¬�«ì−®© ®æ¥−ª¥. �¤−�ª® ç¨á«® ãà�¢−¥−¨©, ®¯à¥¤¥«ïîé¨å ¯�à�¬¥âàë
�¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® í««¨¯á®¨¤�«ì−®£® à�á¯à¥¤¥«¥−¨ï, ¡ëáâà® à�áâ¥â
á ã¢¥«¨ç¥−¨¥¬ ç¨á«� ãç¨âë¢�¥¬ëå ¯�à�¬¥âà®¢.

4 Заключение

÷�§à�¡®â�−� â¥®à¨ï �−�«¨â¨ç¥áª®£® á¨−â¥§� Œ�‘�” ¤«ï −¥«¨−¥©−ëå ¤¨ä-
ä¥à¥−æ¨�«ì−ëå Œ‘â‘ (3){(4) ¨ (6). ÷�áá¬®âà¥−ë á«ãç�¨ £�ãáá®¢áª¨å ¨ −¥£�ãá-
á®¢áª¨å ‘â‘. �«£®à¨â¬ë �‘�” ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï íªá¯¥à¨¬¥−â�«ì−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï úStS-Filterû (version 2016).

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© ¤¨áªà¥â−ëå ‘â‘, � â�ª¦¥ �¢â®-
ª®àà¥«¨à®¢�−−ëå Œ‘â‘.

’¥®à¥â¨ç¥áª¨© ¨ ¯à�ªâ¨ç¥áª¨© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â â¥®à¨ï �‘�” ¤«ï
Œ‘â‘ (1) ¨ (2).
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on the nonnormed a posteriori characteristic function is developed. Gaussian
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СОЗДАНИЕ РЕАЛИСТИЧНЫХ НАБОРОВ ДАННЫХ
ДЛЯ АЛГОРИТМОВ ТРЕХМЕРНОЙ РЕКОНСТРУКЦИИ

С ПОМОЩЬЮ ВИРТУАЛЬНОЙ СЪЕМКИ КОМПЬЮТЕРНОЙ
МОДЕЛИ

О. А. Яковлев1, А. В. Гасилов2

�−−®â�æ¨ï: ÷�áá¬®âà¥− á¯®á®¡ á®§¤�−¨ï −�¡®à®¢ ¤�−−ëå ¤«ï �«£®à¨â¬®¢
à�§à¥¦¥−−®© à¥ª®−áâàãªæ¨¨ ¯ãâ¥¬ ¢¨àâã�«ì−®© áê¥¬ª¨ áæ¥−ë, ¯à¥¤áâ�¢«¥−-
−®© ª®¬¯ìîâ¥à−®© ¬®¤¥«ìî. ‚¨àâã�«ì−�ï áê¥¬ª� ¯®§¢®«ï¥â ¢ ¨−â¥à�ªâ¨¢−®¬
à¥¦¨¬¥ ¤¥«�âì á−¨¬ª¨ á à�§«¨ç−ëå à�ªãàá®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî ¯à®-
¥ªâ¨¢−®© ª�¬¥àë. ÷¥§ã«ìâ�â®¬ ¢¨àâã�«ì−®© áê¥¬ª¨ ï¢«ï¥âáï −�¡®à á−¨¬ª®¢,
ª�¦¤ë© ¨§ ª®â®àëå ®¯¨áë¢�¥âáï ¯�à�¬¥âà�¬¨ ª�¬¥àë ¨ á¯¨áª®¬ −�¡«î¤�¥¬ëå
â®ç¥ª. ’�ª®© −�¡®à ¤�−−ëå ¬®¦¥â ¯®¤�¢�âìáï −� ¢å®¤ ¯à®£à�¬¬�¬, à¥�«¨-
§ãîé¨¬ �«£®à¨â¬ë à¥ª®−áâàãªæ¨¨, §−�ç¨â¥«ì−® ã¯à®é�ï ¨å â¥áâ¨à®¢�−¨¥
¨ ®æ¥−ªã ª�ç¥áâ¢�. ÷¥�«¨áâ¨ç−®áâì à¥§ã«ìâ�â� ®¡¥á¯¥ç¨¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨
á −�¨¡®«¥¥ §−�ç¨¬ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ à¥�«ì−ëå −�¡®à®¢ ¤�−−ëå. �â¬¥ç¥-
−ë ®á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ ¢¨àâã�«ì−®© áê¥¬ª¨ á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª¨
OpenCV ¨ ¯à¥¤áâ�¢«¥−® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��), à�§à�¡®â�−−®¥ ¢ á®-
®â¢¥âáâ¢¨¨ á ¨§«®¦¥−−ë¬ ¬�â¥à¨�«®¬.

Š«îç¥¢ë¥ á«®¢�: âà¥å¬¥à−�ï à¥ª®−áâàãªæ¨ï; ¨áªãááâ¢¥−−ë¥ ¤�−−ë¥; ¢¨à-
âã�«ì−�ï áê¥¬ª�; OpenCV

DOI: 10.14357/08696527160206

1 Введение

‡�¤�ç� âà¥å¬¥à−®© (3D) à¥ª®−áâàãªæ¨¨ á®áâ®¨â ¢ ãáâ�−®¢«¥−¨¨ âà¥å¬¥à−®©
áâàãªâãàë áæ¥−ë ¯® −�¡®àã á−¨¬ª®¢, á¤¥«�−−ëå á à�§«¨ç−ëå à�ªãàá®¢. ‚ ¤�−-
−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� à�§à¥¦¥−−®© à¥ª®−áâàãªæ¨¨ (structure from
motion, SfM) [1], à¥§ã«ìâ�â®¬ à¥è¥−¨ï ª®â®à®© ï¢«ï¥âáï ®¡«�ª® â®ç¥ª, ¯à¨−�¤«¥-
¦�é¨å áæ¥−¥. ‚á¥ �«£®à¨â¬ë à¥ª®−áâàãªæ¨¨ ¢ª«îç�îâ ¯à¥¤¢�à¨â¥«ì−ë© íâ�¯ |
¢ë¤¥«¥−¨¥ ®á®¡ëå â®ç¥ª −� á−¨¬ª�å, ¯®¨áª á®®â¢¥âáâ¢¨© ¬¥¦¤ã íâ¨¬¨ â®çª�¬¨
¨ ¯®áâà®¥−¨¥ £à�ä� áæ¥−ë. �®¤ £à�ä®¬ áæ¥−ë ¯®−¨¬�¥âáï −¥®à¨¥−â¨à®¢�−−ë©
£à�ä, ¢¥àè¨−�¬¨ ª®â®à®£® á«ã¦�â ®á®¡ë¥ â®çª¨ −� á−¨¬ª�å, � à¥¡à� ¯®ª�§ë¢�îâ
á®®â¢¥âáâ¢¨ï ¬¥¦¤ã íâ¨¬¨ â®çª�¬¨. ’�ª ª�ª íâ�¯ ¯®áâà®¥−¨ï £à�ä� áæ¥−ë ï¢«ï-

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

2�à«®¢áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gasilov.av@ya.ru
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‘®§¤�−¨¥ à¥�«¨áâ¨ç−ëå −�¡®à®¢ ¤�−−ëå ¤«ï �«£®à¨â¬®¢ âà¥å¬¥à−®© à¥ª®−áâàãªæ¨¨

¥âáï ®¡é¨¬ ¤«ï ¢á¥å �«£®à¨â¬®¢, ¬®¦−® ãâ¢¥à¦¤�âì, çâ® £à�ä áæ¥−ë ¨ á«ã¦¨â
¨áå®¤−ë¬ ¬�â¥à¨�«®¬ ¤«ï �«£®à¨â¬®¢ à¥ª®−áâàãªæ¨¨.

�à¨ à�§à�¡®âª¥, ¬®¤¨ä¨ª�æ¨¨ ¨«¨ ¨áá«¥¤®¢�−¨¨ à�§«¨ç−ëå �«£®à¨â¬®¢
à¥ª®−áâàãªæ¨¨ ¢®§−¨ª�îâ â�ª¨¥ §�¤�ç¨, ª�ª â¥áâ¨à®¢�−¨¥ ¨ ®æ¥−ª� ª�ç¥áâ¢�
à¥ª®−áâàãªæ¨¨.

‘ãé¥áâ¢ã¥â ¬−®¦¥áâ¢® −�¡®à®¢ ¤�−−ëå ¤«ï â¥áâ¨à®¢�−¨ï �«£®à¨â¬®¢ à¥ª®−-
áâàãªæ¨¨, ¯à¥¤áâ�¢«¥−−ëå ª®««¥ªæ¨ï¬¨ á−¨¬ª®¢. �¤−�ª® ¯à®æ¥áá ¢ë¤¥«¥−¨ï
®á®¡ëå â®ç¥ª −� á−¨¬ª�å ¨ ¯®¨áª� á®®â¢¥âáâ¢¨© ¬¥¦¤ã −¨¬¨ ®áâ�¥âáï çà¥§¢ëç�©−®
§�âà�â−ë¬ á â®çª¨ §à¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© −�¨-
¡®«¥¥ âàã¤®¥¬ª¨© íâ�¯ ¢ �«£®à¨â¬�å, à¥�«¨§ãîé¨å ¯®á«¥¤®¢�â¥«ì−ë© ¯à¨−æ¨¯
à¥ª®−áâàãªæ¨¨ [2].

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¯à¥¦¤¥ ¢á¥£® −¥®¡å®¤¨¬ íâ�«®− à¥ª®−áâàãªæ¨¨. ‚ §�¤�ç¥
¬−®£®¢¨¤®¢®£® áâ¥à¥®§à¥−¨ï [3], à¥§ã«ìâ�â®¬ à¥è¥−¨ï ª®â®à®© ï¢«ï¥âáï ¯®«¨£®-
−�«ì−�ï ¨«¨ ¢®ªá¥«ì−�ï ¬®¤¥«ì ¯®¢¥àå−®áâ¨, ¯®«ãç¨âì íâ�«®− ¬®¦−® á ¯®¬®éìî
á¯¥æ¨�«ì−®£® ®¡®àã¤®¢�−¨ï. ‚ à�¡®â¥ [4] ®¯¨á�−� ¬¥â®¤¨ª� ®æ¥−ª¨ ª�ç¥áâ¢� à¥-
ª®−áâàãªæ¨¨ ¢ §�¤�ç¥ ¬−®£®¢¨¤®¢®£® áâ¥à¥®§à¥−¨ï, � â�ª¦¥ �¢â®àë ¯à¥¤®áâ�¢¨«¨
¤¢� −�¡®à� ¤�−−ëå ¨ íâ�«®−ë à¥ª®−áâàãªæ¨¨ ¤«ï −¨å, ¯®«ãç¥−−ë¥ á ¯®¬®éìî
3D-áª�−¥à�. �®áâà®¥−¨¥ íâ�«®−� ¢ §�¤�ç¥ à�§à¥¦¥−−®© à¥ª®−áâàãªæ¨¨ ¤�¦¥
¯à¨ −�«¨ç¨¨ 3D-áª�−¥à� §−�ç¨â¥«ì−® ãá«®¦−ï¥âáï â¥¬, çâ® á®áâ�¢ ®¡«�ª� â®ç¥ª
£«�¢−ë¬ ®¡à�§®¬ ®¯à¥¤¥«ï¥âáï �«£®à¨â¬®¬ ¢ë¤¥«¥−¨ï ¨ á®¯®áâ�¢«¥−¨ï ®á®¡ëå
â®ç¥ª.

ˆ§«®¦¥−−ë¥ �à£ã¬¥−âë ¯à¨¢®¤ïâ ª ¢ë¢®¤ã ® â®¬, çâ® ¯à®¡«¥¬� â¥áâ¨à®¢�−¨ï
¨ ®æ¥−ª¨ ª�ç¥áâ¢� à¥ª®−áâàãªæ¨¨ ¬®¦¥â ¡ëâì à¥è¥−� ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï
¨áªãááâ¢¥−−ëå −�¡®à®¢ ¤�−−ëå, á®§¤�−−ëå á ¯®¬®éìî ¢¨àâã�«ì−®© áê¥¬ª¨
ª®¬¯ìîâ¥à−ëå ¬®¤¥«¥©. ‚ ¤�−−®© à�¡®â¥ ¤¥â�«ì−® à�áá¬�âà¨¢�¥âáï §�¤�ç�
£¥−¥à�æ¨¨ à¥�«¨áâ¨ç−ëå −�¡®à®¢ ¤�−−ëå ¯ãâ¥¬ áê¥¬ª¨ ¯®«¨£®−�«ì−ëå ¬®¤¥«¥©,
¯à¨¢®¤ïâáï �«£®à¨â¬ë à¥è¥−¨ï á®¯ãâáâ¢ãîé¨å §�¤�ç, � â�ª¦¥ ®á®¡¥−−®áâ¨
¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª¨ OpenCV.

2 Модель камеры

�à®æ¥áá ä®à¬¨à®¢�−¨ï á−¨¬ª� −�¨«ãçè¨¬ ®¡à�§®¬ ®¯¨áë¢�¥âáï ¬®¤¥«ìî
ª�¬¥àë-®¡áªãàë, ¨«¨ ¯à®¥ªâ¨¢−®© ª�¬¥àë. ‘®£«�á−® ¬®¤¥«¨ ª�¬¥àë-®¡áªãàë
®¡à�§ â®çª¨ (X,Y,Z), ¨¬¥îé¨© ª®®à¤¨−�âë (x, y) −� á−¨¬ª¥, ¯®«ãç�¥âáï ¯ãâ¥¬
æ¥−âà�«ì−®£® ¯à®¥æ¨à®¢�−¨ï á æ¥−âà®¬ ¯à®¥ªæ¨¨, á®¢¯�¤�îé¨¬ á ®¯â¨ç¥áª¨¬
æ¥−âà®¬ ª�¬¥àë, â. ¥.

(

x
y
1

)

∼ K[R t]







X
Y
Z
1






, (1)

£¤¥ K | ¬�âà¨æ� ¢−ãâà¥−−¨å ¯�à�¬¥âà®¢ ª�¬¥àë; R ¨ t | ¬�âà¨æ� ¯®¢®à®â�
¨ ¢¥ªâ®à ¯¥à¥−®á� á®®â¢¥âáâ¢¥−−®, ®¯¨áë¢�îé¨¥ ¯à¥®¡à�§®¢�−¨¥ ¨§ ¬¨à®¢®© á¨-

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016 99



�. �. Ÿª®¢«¥¢, �. ‚. ƒ�á¨«®¢

áâ¥¬ë ª®®à¤¨−�â (‘Š) ¢ ‘Š ª�¬¥àë; [R t] | á«¨ï−¨¥ ¬�âà¨æë ¨ ¢¥ªâ®à� ¯ãâ¥¬
¤®¡�¢«¥−¨ï áâ®«¡æ�. ‘¨¬¢®« ∼ ®¡®§−�ç�¥â ®â−®è¥−¨¥ íª¢¨¢�«¥−â−®áâ¨ ¢ ¯à®¥ª-
â¨¢−®¬ ¯à®áâà�−áâ¢¥. Œ�âà¨æ� [R t] ®¯¨áë¢�¥â ¯®«®¦¥−¨¥ ª�¬¥àë ®â−®á¨â¥«ì−®
áæ¥−ë ¨ −�§ë¢�¥âáï ¬�âà¨æ¥© ¢−¥è−¨å ¯�à�¬¥âà®¢.

‹¨−§ë ª�¬¥àë ¢−®áïâ −¥«¨−¥©−ë¥ ¨áª�¦¥−¨ï ¢ ¯®«ãç�¥¬ë© á−¨¬®ª | à�-
¤¨�«ì−ë¥ ¤¨áâ®àá¨¨. „«ï ¬®¤¥«¨à®¢�−¨ï á®¢à¥¬¥−−ëå ª�¬¥à ®£à�−¨ç¨¢�îâáï
¤¢ã¬ï ¯®àï¤ª�¬¨ ¤¨áâ®àá¨©. „¨áâ®àá¨ï ï¢«ï¥âáï −¥«¨−¥©−ë¬ ¯à¥®¡à�§®¢�−¨¥¬,
¤«ï ¥¥ §�¯¨á¨ −¥®¡å®¤¨¬® à�áªàëâì ¢ëà�¦¥−¨¥ (1). �ãáâì

(

u
v
w

)

= R

(

X
Y
Z

)

+ t ,

â®£¤�

x =
fxu

w

(

1 + k1r
2 + k2r

4
)

+ cx ; y =
fyv

w

(

1 + k1r
2 + k2r

4
)

+ cy ,

£¤¥ r = (1/w)
√
u2 + v2; k1 ¨ k2 | ª®íää¨æ¨¥−âë ¤¨áâ®àá¨¨; fx, fy, cx ¨ cy |

¢−ãâà¥−−¨¥ ¯�à�¬¥âàë ª�¬¥àë.
Œ®¤ã«ì Viz ¡¨¡«¨®â¥ª¨ OpenCV ¯®§¢®«ï¥â ¢¨§ã�«¨§¨à®¢�âì æ¥−âà�«ì−ãî

¯à®¥ªæ¨î âà¥å¬¥à−®© áæ¥−ë ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî ¯à®¥ªâ¨¢−®© ª�¬¥àë. „«ï
®¯¨á�−¨ï â¥ªãé¥£® ¢¨¤� áæ¥−ë ¬®¤ã«ì Viz ¨á¯®«ì§ã¥â ª®−æ¥¯æ¨î −�¡«î¤�â¥-
«ï. ��¡«î¤�â¥«ì, ¯®¤®¡−® ª�¬¥à¥, å�à�ªâ¥à¨§ã¥âáï ¯®«®¦¥−¨¥¬ ¢ ¯à®áâà�−áâ¢¥
®â−®á¨â¥«ì−® áæ¥−ë ¨ ¢−ãâà¥−−¨¬¨ ¯�à�¬¥âà�¬¨. ‚−ãâà¥−−¨¥ ¯�à�¬¥âàë −�¡«î-
¤�â¥«ï ¯®«−®áâìî á®¢¯�¤�îâ á â�ª®¢ë¬¨ ã ª�¬¥àë, � ¯®«®¦¥−¨¥ −�¡«î¤�â¥«ï
®¯à¥¤¥«ï¥â ¯à¥®¡à�§®¢�−¨¥ ¨§ ¥£® ‘Š ¢ ¬¨à®¢ãî. ’�ª¨¬ ®¡à�§®¬, ¯à¥®¡à�-
§®¢�−¨¥, §�¤�¢�¥¬®¥ ¢−¥è−¨¬¨ ¯�à�¬¥âà�¬¨ ª�¬¥àë, ®¡à�â−® ¯à¥®¡à�§®¢�−¨î,
®¯à¥¤¥«ï¥¬®¬ã ¢−¥è−¨¬¨ ¯�à�¬¥âà�¬¨ −�¡«î¤�â¥«ï. �ãáâì ¬�âà¨æ� ¯®¢®à®-
â�Rc ¨ ¢¥ªâ®à ¯¥à¥−®á� tc ®¯¨áë¢�îâ ¯®«®¦¥−¨¥ ª�¬¥àë, � ¬�âà¨æ� ¯®¢®à®â� Rv
¨ ¢¥ªâ®à ¯¥à¥−®á� tv | ¯®«®¦¥−¨¥ −�¡«î¤�â¥«ï, â®£¤�

Rc = R
−1
v ; Tc = −R−1

v tv .

3 Виртуальная съемка

Œ®¤ã«ì Viz ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì ¨−â¥à�ªâ¨¢−®£® ¯¥à¥¬¥é¥−¨ï −�-
¡«î¤�â¥«ï ®â−®á¨â¥«ì−® áæ¥−ë á ¯®¬®éìî ãáâà®©áâ¢ ¢¢®¤� [5], çâ® ¯®§¢®«ï¥â
¨¬¨â¨à®¢�âì ¯à®æ¥áá áê¥¬ª¨ áæ¥−ë. ‚ ¯à®æ¥áá¥ ¢¨àâã�«ì−®© áê¥¬ª¨ ®¯¥à�â®à
¯®§¨æ¨®−¨àã¥â ª�¬¥àã ¨ ¤¥«�¥â á−¨¬ª¨ á −¥®¡å®¤¨¬ëå à�ªãàá®¢. ‚ ª�ç¥áâ¢¥
áæ¥−ë ¢ íâ®¬ á«ãç�¥ ¢ëáâã¯�¥â ¯®«¨£®−�«ì−�ï ¬®¤¥«ì. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ¯®-
«¨£®−�«ì−�ï ¬®¤¥«ì á®áâ®¨â ¨§ ã¯®àï¤®ç¥−−®£® ¬−®¦¥áâ¢� ¢¥àè¨− ¨ ¬−®¦¥áâ¢�
£à�−¥©, ª�¦¤�ï ¨§ ª®â®àëå §�¤�−� á¯¨áª®¬ á®áâ�¢«ïîé¨å ¥¥ ¢¥àè¨−. Š�¦¤�ï
£à�−ì ¤®«¦−� ¡ëâì ¯«®áª®©, ¯®íâ®¬ã −�¨¡®«ìè¥¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«¨ ¬®-
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‘®§¤�−¨¥ à¥�«¨áâ¨ç−ëå −�¡®à®¢ ¤�−−ëå ¤«ï �«£®à¨â¬®¢ âà¥å¬¥à−®© à¥ª®−áâàãªæ¨¨

¤¥«¨, £à�−ï¬¨ ª®â®àëå ï¢«ïîâáï âà¥ã£®«ì−¨ª¨, â�ª ª�ª âà¨ â®çª¨, −¥ «¥¦�é¨¥
−� ®¤−®© ¯àï¬®©, ®¤−®§−�ç−® ®¯à¥¤¥«ïîâ ¯«®áª®áâì. ‘ãé¥áâ¢ãîâ −¥áª®«ìª®
à�á¯à®áâà�−¥−−ëå ä®à¬�â®¢ åà�−¥−¨ï âà¥å¬¥à−ëå ¬®¤¥«¥©. �áâ�−®¢¨¬áï −�
ä®à¬�â¥ PLY, â�ª ª�ª ®− ¯®¤¤¥à¦¨¢�¥âáï ¡¨¡«¨®â¥ª®© OpenCV. ‚ á¥â¨ ˆ−â¥à−¥â
¯à¨áãâáâ¢ãîâ åà�−¨«¨é� PLY-¬®¤¥«¥©, ¯®«ãç¥−−ëå ª�ª ¯ãâ¥¬ áª�−¨à®¢�−¨ï
à¥�«ì−ëå ®¡ê¥ªâ®¢ [6{8], â�ª ¨ ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï ¢ £à�ä¨ç¥áª¨å áà¥¤�å [9].

Š�¦¤ë© á−¨¬®ª å�à�ªâ¥à¨§ã¥âáï ¯�à�¬¥âà�¬¨ ª�¬¥àë ¨ −�¡«î¤�¥¬ë¬¨ −�
íâ®¬ á−¨¬ª¥ â®çª�¬¨ áæ¥−ë á ª®®à¤¨−�â�¬¨ ¨å ¯à®¥ªæ¨©. „«ï â®£® çâ®¡ë
ãª�§�âì, çâ® ¯à®¥ªæ¨¨ −� à�§−ëå á−¨¬ª�å á®®â¢¥âáâ¢ãîâ ®¤−®© ¨ â®© ¦¥ â®çª¥
áæ¥−ë, ¨á¯®«ì§ã¥âáï ã−¨ª�«ì−ë© ¤¥áªà¨¯â®à. …á«¨ ¯à¨ ä®à¬¨à®¢�−¨¨ á−¨¬ª�
ãç¨âë¢�âì â®«ìª® ¢¥àè¨−ë ¬®¤¥«¨, â® ¢ ª�ç¥áâ¢¥ ¤¥áªà¨¯â®à� ¬®¦−® à�áá¬�â-
à¨¢�âì −®¬¥à ¢¥àè¨−ë. „¥áªà¨¯â®à â®çª¨ ¢¬¥áâ¥ á ª®®à¤¨−�â�¬¨ ¯à®¥ªæ¨¨
¡ã¤¥¬ −�§ë¢�âì −�¡«î¤¥−¨¥¬. ’®çª¨, −�¡«î¤�¥¬ë¥ â®«ìª® −� ®¤−®¬ á−¨¬ª¥, −¥
¯®¤«¥¦�â à¥ª®−áâàãªæ¨¨; á«¥¤®¢�â¥«ì−®, ®−¨ −¥ ¤®«¦−ë ¯à¨áãâáâ¢®¢�âì ¢ ¢ë-
å®¤−ëå ¤�−−ëå ¢¨àâã�«ì−®© áê¥¬ª¨. ‚®§¬®¦−� á¨âã�æ¨ï, ª®£¤� ¢ ¯à®æ¥áá¥
áê¥¬ª¨ −¥ ¡ã¤ãâ ®å¢�ç¥−ë ¢á¥ ¢¥àè¨−ë ¯®«¨£®−�«ì−®© ¬®¤¥«¨, çâ® ¯®¢«¥ç¥â §�
á®¡®© −¥¯®á«¥¤®¢�â¥«ì−®áâì ¤¥áªà¨¯â®à®¢ ¨ −¥®¡å®¤¨¬®áâì ¨å ¯¥à¥−ã¬¥à�æ¨¨.
‘ ãç¥â®¬ ¢ëè¥áª�§�−−®£® ¬®¦−® §�ª«îç¨âì, çâ® §�¯¨áì ¤�−−ëå á−¨¬ª� ¢ ä�©«
−¥¯®áà¥¤áâ¢¥−−® ¯à¨ ¥£® ¢§ïâ¨¨ −¥¢®§¬®¦−�. ‚¬¥áâ® íâ®£® ¡ã¤¥¬ á®åà�−ïâì ¨å
¢ −¥ª®â®à®© áâàãªâãà¥ ¤�−−ëå, � ¯® ®ª®−ç�−¨¨ ¢¨àâã�«ì−®© áê¥¬ª¨ ¨áª«îç¨¬
â®çª¨, −�¡«î¤�¥¬ë¥ â®«ìª® á ®¤−®£® á−¨¬ª�, ¨ ¯¥à¥−ã¬¥àã¥¬ ®áâ�¢è¨¥áï, ¯à¨-
¢¥¤ï ¤¥áªà¨¯â®àë ª ¤¨�¯�§®−ã [0; n), £¤¥ n | ç¨á«® −�¡«î¤�¥¬ëå â®ç¥ª.

‚ë¤¥«¥−¨¥ â®ç¥ª, −¥ ¯®¤«¥¦�é¨å à¥ª®−áâàãªæ¨¨, ¨ ¯¥à¥−ã¬¥à�æ¨ï ¤¥áªà¨¯-
â®à®¢ ï¢«ïîâáï âà¨¢¨�«ì−ë¬¨ §�¤�ç�¬¨ ¨ ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë à�§−ë¬¨
¬¥â®¤�¬¨. …á«¨ ¨á¯®«ì§®¢�âì á®àâ¨à®¢ªã ¯®¤áç¥â®¬, â® ¢ëç¨á«¨â¥«ì−�ï á«®¦-
−®áâì á®áâ�¢¨âO(N) ¯® ¢à¥¬¥−¨ ¨ ¯�¬ïâ¨, £¤¥N | ç¨á«® ¢¥àè¨− ¯®«¨£®−�«ì−®©
¬®¤¥«¨. …á«¨ ¯à¨¬¥−¨âì á®àâ¨à®¢ªã, ®á−®¢�−−ãî −� áà�¢−¥−¨ïå, â® ¬®¦−® ¤®-
¡¨âìáï á«®¦−®áâ¨ O(n log n) ¯® ¢à¥¬¥−¨, £¤¥ n | ®¡é¥¥ ç¨á«® −�¡«î¤¥−¨©.

‚®§¬®¦−®áâì ¨§¬¥−¥−¨ï ¢−ãâà¥−−¨å ¯�à�¬¥âà®¢ ª�¬¥àë ¬®¦−® ®¡¥á¯¥ç¨âì,
¤®¡�¢¨¢ ¤®¯®«−¨â¥«ì−ë¥ í«¥¬¥−âë £à�ä¨ç¥áª®£® ¨−â¥àä¥©á�, ¯®§¢®«ïîé¨¥ ¨§-
¬¥−ïâì ä®ªãá−®¥ à�ááâ®ï−¨¥ ¨ ª®íää¨æ¨¥−âë ¤¨áâ®àá¨¨. “áâ�−®¢¨âì ¢−ãâ-
à¥−−¨¥ ¯�à�¬¥âàë ª�¬¥àë ¤«ï ®ª−� ¢¨§ã�«¨§�æ¨¨ ¬®¦−® á ¯®¬®éìî äã−ªæ¨¨
Viz3d::setCamera(. . .), � ¯®«ãç¨âì â¥ªãé¨¥ ¯�à�¬¥âàë | Viz3d::getCamera(. . .).
‚−¥è−¨¥ ¯�à�¬¥âàë ª�¬¥àë ¬®¦−® ã§−�âì, ®¡à�â¨¢ ¬�âà¨æã �ää¨−−®£® ¯à¥®¡à�-
§®¢�−¨ï, ¢®§¢à�é�¥¬ãî äã−ªæ¨¥© Viz3d::getViewerPose(. . .), ¨ ¢ë¤¥«¨¢ ¢ ¯®-
«ãç¥−−®¬ ¯à¥®¡à�§®¢�−¨¨ á®áâ�¢«ïîéãî ¯®¢®à®â� ¨ á®áâ�¢«ïîéãî ¯¥à¥−®á�
á ¯®¬®éìî äã−ªæ¨© A©ne3d::rotation() ¨ A©ne3d::translation().

ˆá¯®«ì§®¢�−¨¥ ¢ëá®ª®ãà®¢−¥¢®£® ¬®¤ã«ï Viz −�ª«�¤ë¢�¥â àï¤ ®£à�−¨ç¥-
−¨©, ¢ ç¨á«¥ ª®â®àëå −¥¢®§¬®¦−®áâì ®â®¡à�¦¥−¨ï ¬®¤¥«¨ á ãç¥â®¬ à�¤¨�«ì−ëå
¨áª�¦¥−¨©; §−�ç¨â, ¤¨áâ®àá¨¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë â®«ìª® ¢ à�áç¥â�å.

�¨¡«¨®â¥ª� OpenCV ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì á®åà�−¥−¨ï áâàãªâãà ¤�−-
−ëå ¢ ä�©«ë ä®à¬�â®¢ XML ¨ YAML, çâ® ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï á®åà�−¥−¨ï
à¥§ã«ìâ�â� ¢¨àâã�«ì−®© áê¥¬ª¨.
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4 Реалистичность набора данных

�ã¤¥¬ ®¡¥á¯¥ç¨¢�âì à¥�«¨áâ¨ç−®áâì ¯®«ãç¥−−®£® −�¡®à� ¤�−−ëå, ®á−®¢ë¢�-
ïáì −� âà¥å ¯à¨§−�ª�å: ®âáãâáâ¢¨¥ −¥¢¨¤¨¬ëå â®ç¥ª, −¥â®ç−®áâì «®ª�«¨§�æ¨¨
¯à®¥ªæ¨©, −�«¨ç¨¥ «®¦−ëå á®®â¢¥âáâ¢¨©.

�¥¢¨¤¨¬ë¥ â®çª¨ ¬®¦−® à�§¤¥«¨âì −� ¤¢¥ £àã¯¯ë: â®çª¨, ¯®¯�¢è¨¥ §�
¯à¥¤¥«ë ¯®«ï §à¥−¨ï ª�¬¥àë, ¨ â®çª¨, §�ªàëâë¥ ¢¨¤¨¬®© ç�áâìî áæ¥−ë. ’®çª�
¯®¯�¤�¥â ¢ ¯®«¥ §à¥−¨ï ª�¬¥àë, ¥á«¨ ®−� «¥¦¨â á¯¥à¥¤¨ ª�¬¥àë ¨ ª®®à¤¨−�âë ¥¥
¯à®¥ªæ¨¨ −¥ ¢ëå®¤ïâ §� £à�−¨æë á−¨¬ª�. �ãáâì â®çª� (X,Y,Z) ¨¬¥¥â ª®®à¤¨−�âë
(X ′, Y ′, Z ′) ¢ ‘Š, á¢ï§�−−®© á ª�¬¥à®©, ¨ ¯à®¥æ¨àã¥âáï ¢ â®çªã (x, y) −� á−¨¬ª¥.
’®£¤� â®çª� ¯®¯�¤�¥â ¢ ¯®«¥ §à¥−¨ï ª�¬¥àë, ¥á«¨ Z ′ > 0, 0 ≤ x ≤ W ¨ 0 ≤
≤ y ≤ H, £¤¥ W ¨ H | è¨à¨−� ¨ ¢ëá®â� á−¨¬ª� á®®â¢¥âáâ¢¥−−®. …á«¨ Z ′ ≤ 0,
â® ª®®à¤¨−�âë ¯à®¥ªæ¨¨ ¬®¦−® −¥ ¢ëç¨á«ïâì | â®çª� §�¢¥¤®¬® −�å®¤¨âáï §�
¯à¥¤¥«�¬¨ ¯®«ï §à¥−¨ï.

’®çª¨, ¯®¯�¤�îé¨¥ ¢ ¯®«¥ §à¥−¨ï ª�¬¥àë, ¬®£ãâ ¡ëâì ¯¥à¥ªàëâë ¤àã£¨¬¨
ç�áâï¬¨ áæ¥−ë. ƒ¥®¬¥âà¨ç¥áª¨ ãá«®¢¨¥ ¢¨¤¨¬®áâ¨ â®çª¨ ¬®¦−® áä®à¬ã«¨à®¢�âì
â�ª: â®çª� ¡ã¤¥â ¢¨¤¨¬� â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ®âà¥§®ª, á®¥¤¨−ïîé¨© íâã
â®çªã á æ¥−âà®¬ ¯à®¥ªæ¨¨, −¥ ¨¬¥¥â ®¡é¨å â®ç¥ª á® áæ¥−®©, ªà®¬¥ â®©, ª®â®à�ï
ï¢«ï¥âáï ¥£® ª®−æ®¬.

‡�¤�ç� ®¯à¥¤¥«¥−¨ï ¢¨¤¨¬ëå ç�áâ¥© áæ¥−ë à¥è�¥âáï £à�ä¨ç¥áª¨¬ �¤�¯â¥à®¬
á ¯®¬®éìî Z-¡ãä¥à¨§�æ¨¨ ¢® ¢à¥¬ï à¥−¤¥à¨−£� ¬®¤¥«¨ [10]. ‚ Z-¡ãä¥à¥ ¤«ï
ª�¦¤®£® ¯¨ªá¥«ï ¯®«ãç¥−−®£® ¨§®¡à�¦¥−¨ï ¬®¤¥«¨ §�ª®¤¨à®¢�−� ª®®à¤¨−�â� Z
¢ ‘Š, á¢ï§�−−®© á ª�¬¥à®©. ‡−�ç¨â, ¤«ï ®¯à¥¤¥«¥−¨ï ¢¨¤¨¬®áâ¨ −¥ª®â®à®© â®çª¨
−¥®¡å®¤¨¬® áà�¢−¨âì ¥¥ Z-ª®®à¤¨−�âã á® §−�ç¥−¨¥¬ ¢ Z-¡ãä¥à¥ ¤«ï á®®â¢¥âáâ¢ã-
îé¥£® ¥© ¯¨ªá¥«ï. �� ãà®¢−¥ ¬®¤ã«ï Viz ®âáãâáâ¢ã¥â ¤®áâã¯ ªZ-¡ãä¥àã, ¯®íâ®¬ã
¬®¤ã«ì Viz ¡ë« ¬®¤¨ä¨æ¨à®¢�− ¤®¡�¢«¥−¨¥¬ äã−ªæ¨¨ Viz3d::getDepth(. . .), ¯®§-
¢®«ïîé¥© ®¡à�â¨âìáï ª «î¡®© ïç¥©ª¥ ¡ãä¥à� £«ã¡¨−ë. �¨¡«¨®â¥ª� OpenCV
á ¬®¤¨ä¨æ¨à®¢�−−ë¬ ¬®¤ã«¥¬ Viz −�å®¤¨âáï ¢ ®âªàëâ®¬ à¥¯®§¨â®à¨¨1.

�¥â®ç−®áâì ¢ ª®®à¤¨−�â�å ¯à®¥ªæ¨© ï¢«ï¥âáï −¥®âê¥¬«¥¬ë¬ ¯à¨§−�ª®¬ à¥-
�«ì−ëå á−¨¬ª®¢ ¨ ¢®§−¨ª�¥â ¢¢¨¤ã ¤¨áªà¥â¨§�æ¨¨ ¨§®¡à�¦¥−¨ï. �à®áâ®© á¯®á®¡
¢−¥áâ¨ ®è¨¡ªã | ®ªàã£«¨âì ª®®à¤¨−�âë ¤® æ¥«ëå, ¨−ë¬¨ á«®¢�¬¨, §�¬¥−¨âì
ª®®à¤¨−�âë â®çª¨ ª®®à¤¨−�â�¬¨ ¡«¨¦�©è¥£® ª −¥© ¯¨ªá¥«ï. �¥¤®áâ�â®ª â�ª®£®
¢�à¨�−â� | −¥¢®§¬®¦−®áâì à¥£ã«¨à®¢�âì áâ¥¯¥−ì −¥â®ç−®áâ¨ ª®®à¤¨−�â. „àã£®©
á¯®á®¡, ¯®«ãç¨¢è¨© §−�ç¨â¥«ì−®¥ ¯à¨§−�−¨¥ ¢ ®¡«�áâ¨ ª®¬¯ìîâ¥à−®£® §à¥−¨ï,
á®áâ®¨â ¢ ¤®¡�¢«¥−¨¨ ª ª®®à¤¨−�â�¬ −®à¬�«ì−® à�á¯à¥¤¥«¥−−®© á«ãç�©−®© ¢¥-
«¨ç¨−ë N(0, σ2). “¢¥«¨ç¨¢�ï §−�ç¥−¨¥ áà¥¤−¥ª¢�¤à�â¨ç¥áª®£® ®âª«®−¥−¨ï σ,
¬®¦−® ã¢¥«¨ç¨¢�âì à�§¡à®á ª®®à¤¨−�â ®â−®á¨â¥«ì−® ¨å ¨áâ¨−−ëå §−�ç¥−¨©,
çâ® ¯®§¢®«ï¥â ¨áá«¥¤®¢�âì ãáâ®©ç¨¢®áâì �«£®à¨â¬®¢ à¥ª®−áâàãªæ¨¨ ª ¢¥«¨ç¨−¥
®è¨¡ª¨ ¢ ª®®à¤¨−�â�å ¯à®¥ªæ¨©.

�¨ ®¤¨− ¨§ áãé¥áâ¢ãîé¨å �«£®à¨â¬®¢ ¢ë¤¥«¥−¨ï ®á®¡ëå â®ç¥ª ¨ ¯®¨áª� á®-
®â¢¥âáâ¢¨© ¬¥¦¤ã −¨¬¨ −¥ ¬®¦¥â £�à�−â¨à®¢�âì ®âáãâáâ¢¨¥ «®¦−ëå á®®â¢¥âáâ¢¨©.

1https://github.com/helgui/opencv.
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÷¨á. 1 �«®ª-áå¥¬� ¯à®æ¥áá� ¢¨àâã�«ì−®© áê¥¬ª¨
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�. �. Ÿª®¢«¥¢, �. ‚. ƒ�á¨«®¢

„®¡�¢«¥−¨¥ «®¦−ëå á®®â¢¥âáâ¢¨© ¢ à¥§ã«ìâ�âë ¢¨àâã�«ì−®© áê¥¬ª¨ âà¨¢¨�«ì-
−®, ¢�¦−® «¨èì ¯à¥¤ãá¬®âà¥âì ¢®§¬®¦−®áâì ¢�àì¨à®¢�âì ¨å �¡á®«îâ−®¥ ¨«¨
®â−®á¨â¥«ì−®¥ ª®«¨ç¥áâ¢®.

‚−¥á¥−¨¥ ®è¨¡ª¨ ¢ ª®®à¤¨−�âë ¯à®¥ªæ¨© ¨ ¤®¡�¢«¥−¨¥ «®¦−ëå á®®â¢¥â-
áâ¢¨© ¤®«¦−ë ¡ëâì ®â¤¥«¥−ë ®â ¯à®æ¥áá� ¢¨àâã�«ì−®© áê¥¬ª¨, çâ®¡ë ã¯à®áâ¨âì
á®§¤�−¨¥ −�¡®à®¢ ¤�−−ëå, ®â«¨ç�îé¨åáï «¨èì ¯�à�¬¥âà�¬¨ à¥�«¨áâ¨ç−®áâ¨.
’�ª®© ¯®¤å®¤ â�ª¦¥ §−�ç¨â¥«ì−® ã¯à®é�¥â ¤®¡�¢«¥−¨¥ ¤àã£¨å ªà¨â¥à¨¥¢ à¥�«¨-
áâ¨ç−®áâ¨ ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ®¯¥à�æ¨©. �� à¨á. 1 ¨§®¡à�¦¥−� ¡«®ª-áå¥¬�
¯à®æ¥áá� ¢¨àâã�«ì−®© áê¥¬ª¨ á ãç¥â®¬ ¢ëè¥¨§«®¦¥−−ëå ¯à®æ¥¤ãà.

5 Заключение

÷�áá¬®âà¥− ¬¥â®¤ ¢¨àâã�«ì−®© áê¥¬ª¨, ¯®§¢®«ïîé¨© á®§¤�¢�âì −�¡®àë ¤�−-
−ëå ¤«ï �«£®à¨â¬®¢ âà¥å¬¥à−®© à¥ª®−áâàãªæ¨¨, ®â¬¥ç¥−ë ®á®¡¥−−®áâ¨ ¥£® à¥�-
«¨§�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª¨ OpenCV. ‚ á®®â¢¥âáâ¢¨¨ á ¨§«®¦¥−−ë¬
¬�â¥à¨�«®¬ ¡ë«® à�§à�¡®â�−® ��, ¨áå®¤−ë© ª®¤ ª®â®à®£® −� ï§ëª¥ C++ à�§¬¥-
é¥− ¢ ®âªàëâ®¬ à¥¯®§¨â®à¨¨1.

÷�§à�¡®â�−−®¥ �� ¯®§¢®«ï¥â á®§¤�¢�âì −�¡®àë ¤�−−ëå ¢ ¨−â¥à�ªâ¨¢−®¬
à¥¦¨¬¥, ®áãé¥áâ¢«ïâì ¨å ¯à®á¬®âà, ¨§¬¥−ïâì −�¡®àë ¤�−−ëå ¢ á®®â¢¥âáâ¢¨¨
á ªà¨â¥à¨ï¬¨ à¥�«¨áâ¨ç−®áâ¨. �¥®¡å®¤¨¬�ï ¯à®æ¥¤ãà� ¨ ¥¥ ¯�à�¬¥âàë ãª�§ë-
¢�îâáï ¢ áâà®ª¥ §�¯ãáª� ¯à®£à�¬¬ë. „«ï á®§¤�−¨ï −�¡®à� ¤�−−ëå ¨á¯®«ì§ã¥âáï
ª®¬�−¤� gen, ¤«ï ¯à®á¬®âà� á®§¤�−−®£® −�¡®à� | ª®¬�−¤� view, ¤«ï ¢−¥á¥−¨ï
¯®£à¥è−®áâ¨ ¢ ª®®à¤¨−�âë ¯à®¥ªæ¨© | ª®¬�−¤� noisp, ¤«ï ¤®¡�¢«¥−¨ï «®¦−ëå
á®®â¢¥âáâ¢¨© | ª®¬�−¤� falsm. ��à�¬¥âàë ª�¦¤®© ¨§ ¯à®æ¥¤ãà ¯®¤à®¡−® à�á-
á¬®âà¥−ë ¢ á¯à�¢®ç−®¬ ä�©«¥, −�å®¤ïé¥¬áï ¢ à¥¯®§¨â®à¨¨ á ¨áå®¤−ë¬ ª®¤®¬.
�à®£à�¬¬� ¯®¤¤¥à¦¨¢�¥â ä�©«ë ä®à¬�â®¢ PLY (3D-¬®¤¥«ì), YAML, XML
¨ TXT (−�¡®àë ¤�−−ëå).

÷¨á. 2 ‚¨àâã�«ì−�ï áê¥¬ª�

1https://github.com/helgui/SfmDataGenerator.
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÷¨á. 3 ‚¨§ã�«¨§�æ¨ï −�¡®à� ¤�−−ëå

�à¨ á®§¤�−¨¨ −�¡®à� ¤�−−ëå ®¯¥à�â®àã ¤®áâã¯−® ®ª−® ¢¨àâã�«ì−®© áê¥¬ª¨
¨ ®ª−® ¨§¬¥−¥−¨ï ¢−ãâà¥−−¨å ¯�à�¬¥âà®¢ ª�¬¥àë (à¨á. 2). �®§¨æ¨®−¨à®¢�−¨¥
ª�¬¥àë ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¬ëè¨ ¨ ª«�¢¨�âãàë ¢ á®®â¢¥âáâ¢¨¨ á ¤®ªã¬¥−-
â�æ¨¥© ¬®¤ã«ï Viz [5]. „«ï ä¨ªá�æ¨¨ á−¨¬ª� ¨á¯®«ì§ã¥âáï ª«�¢¨è� ú¯à®¡¥«û.
„«ï §�¢¥àè¥−¨ï ¢¨àâã�«ì−®© áê¥¬ª¨ ¤®áâ�â®ç−® §�ªàëâì ®ª−® ¢¨§ã�«¨§�æ¨¨ ¨«¨
−�¦�âì ª«�¢¨èã úQû.

�à¨ ¯à®á¬®âà¥ −�¡®à� ¤�−−ëå ®¯¥à�â®àã ®â®¡à�¦�îâáï ¯®§¨æ¨¨, ¨§ ª®â®-
àëå ¡ë«¨ á¤¥«�−ë á−¨¬ª¨, ¨ ®¡«�ª® â®ç¥ª (à¨á. 3). “¯à�¢«¥−¨¥ ¯à®á¬®âà®¬
®áãé¥áâ¢«ï¥âáï â�ª ¦¥, ª�ª ¨ ¯à¨ á®§¤�−¨¨ −�¡®à� ¤�−−ëå.

‚ ª�ç¥áâ¢¥ ¤�«ì−¥©è¥£® à�§¢¨â¨ï à�¡®âë à�áá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì ¢¨-
§ã�«¨§�æ¨¨ ¬®¤¥«¨ á ãç¥â®¬ ¤¨áâ®àá¨©, à�§à�¡®âª� ¬¥â®¤� ®æ¥−ª¨ ª�ç¥áâ¢�
à¥ª®−áâàãªæ¨¨, ¨−¢�à¨�−â−®£® ª ¯à¥®¡à�§®¢�−¨î ¬�áèâ�¡¨à®¢�−¨ï.
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Abstract: The paper presents the virtual photography method of generating
structure-from-motion datasets. Virtual photography is an interactive process
of making shots from different viewpoints and with arbitrary camera intrinsics
according to the pinhole camera model. The result of virtual photography may
be considered as input data for the structure-from-motion software. The paper
provides realistic datasets according to the most significant properties of real
datasets. Implementation of the virtual photography method using the OpenCV
library is described.
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ИЕРАРХИЧЕСКАЯ ФОРМА ПРЕДСТАВЛЕНИЯ
БИОГРАФИЧЕСКОГО ФАКТА

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: „�−−�ï áâ�âìï ¯®á¢ïé¥−� ä�ªâã ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬ ¨áá«¥-
¤®¢�−¨¨. �®ª�§�−� á¯¥æ¨ä¨ª� ¡¨®£à�ä¨ç¥áª®£® ä�ªâ� (�”), ¯à®ï¢«ïîé�ïáï
¢ ¥£® ¤¢®©áâ¢¥−−®áâ¨, ®âà�¦�îé¥© ¥£® á¢ï§¨ ª�ª á à¥�«ì−ë¬ ¬¨à®¬, â�ª
¨ á ¨−ä®à¬�æ¨®−−ë¬ ¯à®áâà�−áâ¢®¬ (ˆ�). �¯¨á�−� ¨¥à�àå¨ç¥áª�ï ä®à¬�
¯à¥¤áâ�¢«¥−¨ï �”, ¨á¯®«ì§ãîé�ïáï ¢ á¨áâ¥¬¥ ’-¯�àá¥à ¤«ï �¢â®¬�â¨ç¥áª®£®
¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢. „®ª�§�−® á®®â¢¥âáâ¢¨¥ ¤�−−®£® ¯à¥¤áâ�¢«¥−¨ï
ä®à¬�«ì−ë¬ á¢®©áâ¢�¬ �”. �¯à¥¤¥«¥−ë ¨ ®¯¨á�−ë ®¯¥à�æ¨¨ «®£¨ª¨ ä�ªâ®¢
¤«ï ¤�−−®£® ¯à¥¤áâ�¢«¥−¨ï. ’�ª¦¥ ¯à®¤¥¬®−áâà¨à®¢�−� á¢ï§ì ¨¥à�àå¨ç¥áª®-
£® ¯à¥¤áâ�¢«¥−¨ï ä�ªâ®¢ á ®−â®«®£¨¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¢ëâ¥ª�îé�ï ¨§
íâ®£® ¯¥àá¯¥ªâ¨¢−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï ¢ �¢â®¬�â¨§¨à®¢�−−ëå ¯à®æ¥¤ãà�å
®¡à�¡®âª¨ ä�ªâ®¢. �®ª�§�−� ¢®§¬®¦−®áâì ç�áâ¨ç−®© ä®à¬�«¨§�æ¨¨ ä�ªâ®¢
−� íâ�¯¥ ¨å ¢ë¤¥«¥−¨ï. �¯¨á�−� â¥å−®«®£¨ï ®¡à�¡®âª¨ ¤�−−ëå ¢ ¡¨®£à�-
ä¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨, �¢â®¬�â¨§¨àãîé�ï ª�ª íâ�¯ á¡®à� ¨−ä®à¬�æ¨¨, â�ª
¨ íâ�¯ á®¯®áâ�¢«¥−¨ï ¢ëï¢«¥−−ëå ä�ªâ®¢ á æ¥«ìî ¢§�¨¬®ã¢ï§ë¢�−¨ï ¨ à�§-
à¥è¥−¨ï ¯à®â¨¢®à¥ç¨©, ¢ª«îç�îé�ï ¯®«−ãî ä®à¬�«¨§�æ¨î ä�ªâ®¢ −� ¡�§¥
®−â®«®£¨¨. �®ª�§�−ë ¯à®¡«¥¬ë íâ®£® ¯®¤å®¤� ¨ −�¬¥ç¥−ë ¯ãâ¨ ¨å à¥è¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¡¨®£à�ä¨ç¥áª¨© ä�ªâ; ¨¥à�àå¨ç¥áª�ï ä®à¬� ä�ªâ�; �¢â®-
¬�â¨§¨à®¢�−−�ï â¥å−®«®£¨ï ®¡à�¡®âª¨ ä�ªâ®¢; ®−â®«®£¨ï; «®£¨ª� ä�ªâ®¢
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1 Введение

‘¯¥æ¨ä¨ª� ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ¢ æ¥−âà¥ ¢−¨¬�-
−¨ï ¨áá«¥¤®¢�â¥«ï −�å®¤¨âáï ª®−ªà¥â−�ï «¨ç−®áâì ¨ ¢á¥ ¡¥§ ¨áª«îç¥−¨ï áâ®à®−ë
(á®æ¨�«ì−ë¥, íª®−®¬¨ç¥áª¨¥, ¯®«¨â¨ç¥áª¨¥, íâ−¨ç¥áª¨¥, åã¤®¦¥áâ¢¥−−ë¥ ¨ â. ¯.)
¥¥ à¥�«ì−®© ¦¨§−¨ [1]. ‘®®â¢¥âáâ¢¥−−® �”, ¢ëï¢«ï¥¬ë¥ ¢ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�-
−¨ï, ®â«¨ç�îâáï ¡®«ìè¨¬ ¬−®£®®¡à�§¨¥¬ ª�ª ¯® á®áâ�¢ã å�à�ªâ¥à¨áâ¨ª, â�ª ¨ ¯®
á¢ï§ï¬ ¬¥¦¤ã −¨¬¨.

“¦¥ à�§à�¡®â�−ë ¨ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ ®¡à�¡®âª¨ �”
(áà�¢−¥−¨ï, −®à¬�«¨§�æ¨¨, ¢ëï¢«¥−¨ï á¢ï§¥©, à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨©, ¢ë¢®-
¤� −®¢ëå ä�ªâ®¢). �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì à�§à�¡®â�−−�ï ¢ ˆ�ˆ ”ˆ– ˆ“

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
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÷�� á¨áâ¥¬� ú”�ªâ®£à�äû [2], ®¡¥á¯¥ç¨¢�îé�ï ä®à¬�«¨§�æ¨î, åà�−¥−¨¥, ¨−â¥-
£à�æ¨î, �−�«¨â¨ª®-á¨−â¥â¨ç¥áªãî ®¡à�¡®âªã �”, ¯®«ãç�¥¬ëå ¨§ £¥â¥à®£¥−−ëå
¨áâ®ç−¨ª®¢. �® ¢ëï¢«¥−¨¥ �” ®áâ�¥âáï ®ç¥−ì âàã¤®¥¬ª¨¬ ¯à®æ¥áá®¬ ¨ ®â−¨-
¬�¥â ã ¨áá«¥¤®¢�â¥«ï ¬−®£® á¨« ¨ ¢à¥¬¥−¨ [3], ¯®íâ®¬ã ®ç¥−ì ¢®áâà¥¡®¢�−−ë¬¨
ï¢«ïîâáï á¨áâ¥¬ë �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−-
−®¬ ï§ëª¥ (…Ÿ), ¢ â®¬ ç¨á«¥ ¡¨®£à�ä¨ç¥áª®© ¨ åã¤®¦¥áâ¢¥−−®-¨áâ®à¨ç¥áª®©
−�¯à�¢«¥−−®áâ¨.

÷�¡®âë ¯® ¨−â¥««¥ªâã�«ì−®© ®¡à�¡®âª¥ …Ÿ-â¥ªáâ®¢ ¨ ¨§¢«¥ç¥−¨î ¨§ −¨å
áâàãªâãà §−�−¨© ¤�¢−® ¢¥¤ãâáï ¢ «�¡®à�â®à¨¨ Š®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ¨ ª®-
£−¨â¨¢−ëå â¥å−®«®£¨© ®¡à�¡®âª¨ â¥ªáâ®¢ ˆ�ˆ ”ˆ– ˆ“ ÷��. ‚ ®á−®¢¥ íâ¨å
à�¡®â «¥¦¨â á®§¤�−−�ï ˆ. �. Šã§−¥æ®¢ë¬ ª®−æ¥¯æ¨ï ä®à¬�«¨§¬� ¯à¥¤áâ�¢«¥-
−¨ï §−�−¨©, ¯®«ãç¨¢è¥£® −�§¢�−¨¥ úà�áè¨à¥−−ë¥ á¥¬�−â¨ç¥áª¨¥ á¥â¨û (÷‘‘),
� â�ª¦¥ à�§à�¡®â�−−ë© ¨¬ ï§ëª „…Š‹, ®¡¥á¯¥ç¨¢�îé¨© £¨¡ª®¥ ¯à¥®¡à�§®¢�−¨¥
áâàãªâãà ÷‘‘, ¢ª«îç�ï ¯®¨áª ¨ ¯®à®¦¤¥−¨¥ −®¢ëå §−�−¨© [4{8]. ‚ à�¬ª�å
¤�«ì−¥©è¥£® à�§¢¨â¨ï íâ®£® ¯®¤å®¤� ¡ë«� à�§à�¡®â�−� á¨áâ¥¬� ’-¯�àá¥à [9]
¤«ï ¨§¢«¥ç¥−¨ï áâàãªâãà¨à®¢�−−ëå ¤�−−ëå ¨§ â¥ªáâ� ¯à¨ ¯®¬®é¨ ª®−â¥ªáâ-
−®-á¢®¡®¤−ëå £à�¬¬�â¨ª. ’-¯�àá¥à ®¯¨à�¥âáï −� ¨¥à�àå¨ç¥áª®¥ (¤à¥¢®¢¨¤−®¥)
¯à¥¤áâ�¢«¥−¨¥ ä�ªâ�. �à¨−æ¨¯¨�«ì−�ï �¤¥ª¢�â−®áâì â�ª®£® ¯à¥¤áâ�¢«¥−¨ï áãâ¨
�” ¡ë«� −�£«ï¤−® ¯®ª�§�−� ¢ [9], −®, ¢®®¡é¥ £®¢®àï, ãâ¢¥à¦¤¥−¨¥ ® áâà®£®¬ á®-
®â¢¥âáâ¢¨¨ ¤�−−®£® ¯à¥¤áâ�¢«¥−¨ï ä®à¬�«ì−ë¬ ¯à¨§−�ª�¬ �” âà¥¡ã¥â áâà®£®£®
®¡®á−®¢�−¨ï, çâ® ¨ ï¢«ï¥âáï ®á−®¢−®© æ¥«ìî ¤�−−®© áâ�âì¨.

’�ª¦¥ ¯®ª�§�−� á¢ï§ì ¤�−−®© áâàãªâãàë á ®−â®«®£¨¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¢ëâ¥ª�îé�ï ¨§ íâ®£® ¯¥àá¯¥ªâ¨¢−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï ¢ �¢â®¬�â¨§¨à®¢�−−ëå
¯à®æ¥¤ãà�å ®¡à�¡®âª¨.

2 Специфика биографического факта

‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ ®¯à¥¤¥«¥−¨ï ä�ªâ� ¢ −�ãç−®¬ á¬ëá«¥ íâ®£® á«®¢�
(−�ãç−®£® ä�ªâ�). �® ¢á¥ ®−¨ á¢®¤ïâáï ª â®¬ã, çâ® −�ãç−ë© ä�ªâ ®âà�¦�¥â ®¡ê¥ª-
â¨¢−ë¥ á¢®©áâ¢� à¥�«ì−ëå ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢. „�¦¥ ¢ ®¡«�áâïå, £¤¥ −¥¢®§¬®¦-
−® −¥¯®áà¥¤áâ¢¥−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ á ®¡ê¥ªâ®¬ (−�¯à¨¬¥à, ¢ ¯�«¥®−â®«®£¨¨),
¨áá«¥¤®¢�â¥«ì ¨¬¥¥â ¤¥«® á ®¡ê¥ªâ¨¢−ë¬¨ á¢¨¤¥â¥«ìáâ¢�¬¨ (®ª�¬¥−¥«®áâï¬¨, ¨á-
ª®¯�¥¬ë¬¨ ®áâ�−ª�¬¨). ‘®¢á¥¬ ¤àã£®¥ ¤¥«® | ä�ªâ ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬
¨áá«¥¤®¢�−¨¨ (ç�áâ−ë¬ á«ãç�¥¬ ª®â®à®£® ï¢«ï¥âáï ¡¨®£à�ä¨ç¥áª®¥ ¨áá«¥¤®¢�-
−¨¥). ˆáá«¥¤®¢�â¥«ì, ª�ª ¯à�¢¨«®, ¨¬¥¥â ¤¥«® á áã¡ê¥ªâ¨¢−ë¬¨ á¢¨¤¥â¥«ìáâ¢�¬¨
¨ ®æ¥−ª�¬¨. „�¦¥ ¢ á¨âã�æ¨¨, ª®£¤�, ª�§�«®áì ¡ë, ¬®¦−® ®¯¥à¥âìáï −� ®¡ê¥ªâ¨¢-
−ë¥ ¤�−−ë¥, −¥¢®§¬®¦−® ¨áª«îç¨âì áã¡ê¥ªâ¨¢−ãî á®áâ�¢«ïîéãî. ��¯à¨¬¥à,
¨−ä®à¬�æ¨î ® à®áâ¥ ¯¥àá®−ë | ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï ¬®¦−® ¯®«ãç¨âì ®¡ê¥ª-
â¨¢−ë¬ ¨§¬¥à¥−¨¥¬, ¥á«¨ á®åà�−¨«�áì ¥£® ®¤¥¦¤�. �® ä�ªâ ¯à¨−�¤«¥¦−®áâ¨ íâ®©
®¤¥¦¤ë ¨áª®¬®© ¯¥àá®−¥ ãáâ�−�¢«¨¢�¥âáï ¨áª«îç¨â¥«ì−® ¯® á¥¬¥©−ë¬ ¯à¥¤�−¨-
ï¬, çì¨¬-â® á¢¨¤¥â¥«ìáâ¢�¬ ¨ â. ¯., â. ¥. −� ®á−®¢�−¨¨ áã¡ê¥ªâ¨¢−®© ¨−ä®à¬�æ¨¨.

ˆ−ä®à¬�æ¨ï, §�ä¨ªá¨à®¢�−−�ï ¤®ªã¬¥−â�«ì−®, ®¡à�§ã¥â ˆ� | ¡ã¬�¦−ë¥
¨ ¤àã£¨¥ â¢¥à¤ë¥ −®á¨â¥«¨, � ¢ ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï ¨ í«¥ªâà®−−ë¥ à¥áãà-
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áë [10]. ˆ−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ä®à¬¨àã¥â ®¡à�§ à¥�«ì−®£® ¬¨à�,
¢ ª®â®à®¬ à¥�«ì−ë¥ ®¡ê¥ªâë (÷�) ¨¬¥îâ á¢®¥ ®âà�¦¥−¨¥. ˆ−ä®à¬�æ¨®−−ë©
®¡à�§ (ˆ�) ¯à¨ íâ®¬ −¥ â®¦¤¥áâ¢¥−¥− ÷�. ‘«¥¤®¢�â¥«ì−®, ä�ªâë, á®¤¥à¦�é¨¥áï
¢ ¤®ªã¬¥−â�å, �¤¥ª¢�â−® ®¯¨áë¢�îâ ®¡à�§ë ÷�, −® −¥ á�¬¨ ®¡ê¥ªâë. �®«¥¥ â®£®,
®¤¨− ÷� ¬®¦¥â ¨¬¥âì −¥áª®«ìª® ˆ� ¢ ˆ�. –¥«ì ¦¥ ¨áá«¥¤®¢�â¥«ï | ãáâ�−®¢-
«¥−¨¥ −�ãç−ëå ä�ªâ®¢, ¯®«ãç¥−¨¥ ®¡ê¥ªâ¨¢−®© ¨−ä®à¬�æ¨¨ ® ÷� ¨áá«¥¤®¢�−¨ï
(−�áª®«ìª® íâ® ¢®®¡é¥ ¢®§¬®¦−® ¢ −�ãç−®¬ ¨áá«¥¤®¢�−¨¨). �®íâ®¬ã ¡¨®£à�ä
à�¡®â�¥â á ä�ªâ�¬¨ ¤¢ãå â¨¯®¢:

(1) ä�ªâë, ®¯¨áë¢�îé¨¥ ˆ� (i-ä�ªâë). �¡«�¤�îâ á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨
¨ ¯à®â¨¢®à¥ç¨¢®áâ¨. �¥ áãé¥áâ¢ãîâ ¢ ®âàë¢¥ ®â á¢®¨å ¬¥â�¤�−−ëå, â. ¥.
¨−ä®à¬�æ¨¨ ® ¤®ªã¬¥−â¥-¨áâ®ç−¨ª¥.

�®«ãç¥−¨¥ íâ¨å ä�ªâ®¢ | −¥®¡å®¤¨¬�ï ¨ −�¨¡®«¥¥ âàã¤®¥¬ª�ï áâ�¤¨ï ¡¨®-
£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, á®áâ®ïé�ï ¢ à�¡®â¥ ¢ �àå¨¢�å ¨ ¯à®á¬®âà¥
®£à®¬−®£® ç¨á«� ¤®ªã¬¥−â®¢. �¢â®¬�â¨§�æ¨ï íâ®£® íâ�¯� ï¢«ï¥âáï ¢�¦-
−®© ¨ �ªâã�«ì−®© §�¤�ç¥© ¢ á¢ï§¨ á® ¢á¥ ã¢¥«¨ç¨¢�îé¨¬áï ®¡é¥áâ¢¥−−ë¬
¨−â¥à¥á®¬ ª á¥¬¥©−®© ¨áâ®à¨¨;

(2) ä�ªâë, ®¯¨áë¢�îé¨¥ ÷� (r-ä�ªâë), â. ¥. ®¡ê¥ªâ¨¢−®¥ §−�−¨¥ ®¡ ®¡ê¥ªâ¥
¨áá«¥¤®¢�−¨ï. ÷�¡®â� ¨áá«¥¤®¢�â¥«ï −� ¢â®à®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï á®áâ®-
¨â ¢ á®¯®áâ�¢«¥−¨¨ i-ä�ªâ®¢ ¬¥¦¤ã á®¡®©, � â�ª¦¥ á à�−¥¥ ¢ëï¢«¥−−ë¬¨
r-ä�ªâ�¬¨, ®â−®áïé¨¬¨áï ª ®¡ê¥ªâã ¨áá«¥¤®¢�−¨ï, ¨ á −®à¬�«ï¬¨ (−�¡®à�-
¬¨ ¯à�¢¨«, à¥£«�¬¥−â¨àãîé¨å §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ä�ªâ�¬¨) [11] á æ¥«ìî
¢§�¨¬®ã¢ï§ë¢�−¨ï ¨ à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨©. �à¨ íâ®¬ r-ä�ªâë ¯®á«¥
¯ã¡«¨ª�æ¨¨ à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨ï ¬®£ãâ ¢ëáâã¯�âì i-ä�ªâ�¬¨ ¢ ª�ª®¬-
«¨¡® ¤àã£®¬ ¨áá«¥¤®¢�−¨¨.

3 Иерархическая форма представления биографического факта

”®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¬®£ãâ ¡ëâì á�¬ë¬¨ à�§«¨ç−ë¬¨, −® −¥
¢á¥ ®−¨ ¯®¤å®¤ïâ ª �” ¢ á¨«ã ¨å á¯¥æ¨ä¨ª¨: â�ª, á¥¬�−â¨ç¥áª�ï á¥âì, ¯à¥¤-
áâ�¢«ïîé�ï á®¡®© ã§«ë, á®®â¢¥âáâ¢ãîé¨¥ ®¡ê¥ªâ�¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¨ ¤ã£¨,
á¢ï§ë¢�îé¨¥ ã§«ë ¨ ®¯¨áë¢�îé¨¥ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨, ¢¯®«−¥ ¯à¨£®¤−�
¤«ï åà�−¥−¨ï ¨−ä®à¬�æ¨¨ [12], −® i-ä�ªâë ¯à¨−æ¨¯¨�«ì−® äà�£¬¥−â�à−ë, � ®â-
−®è¥−¨ï, §�¤�¢�¥¬ë¥ ¨¬¨, −¥ç¥âª¨, −¥®¤−®§−�ç−ë ¨ ¢§�¨¬−® ¯à®â¨¢®à¥ç¨¢ë.
’�ª, ¯à¨ ¨§ãç¥−¨¨ ¤�¦¥ â�ª¨å ®ä¨æ¨�«ì−ëå ¤®ªã¬¥−â®¢, ª�ª ¬¥âà¨ç¥áª¨¥ ª−¨£¨
¨ ¤�−−ë¥ ¯¥à¥¯¨á¨ −�á¥«¥−¨ï, ç�áâ® ¯à¨å®¤¨âáï áâ�«ª¨¢�âìáï á à�§−ë¬ ãª�§�−¨-
¥¬ ¤�âë à®¦¤¥−¨ï ®¤−®£® ¨ â®£® ¦¥ ç¥«®¢¥ª� ¢ à�§−ëå ¤®ªã¬¥−â�å. „�¦¥ áâ¥¯¥−ì
à®¤áâ¢� ¬®¦¥â ¡ëâì ãª�§�−� ¯®-à�§−®¬ã. —â® ¦¥ ª�á�¥âáï â�ª®© ¨−ä®à¬�æ¨¨,
ª�ª ¯à¨ç¨−� á¬¥àâ¨ ¢ à�§¤¥«¥ ú�¡ ã¬¥àè¨åû, â® ¥¥ ¤®áâ®¢¥à−®áâì ªà�©−¥ −¨§ª�,
¯®áª®«ìªã ®−� ãáâ�−�¢«¨¢�«�áì ¡¥§ ãç�áâ¨ï ¬¥¤¨æ¨−áª¨å à�¡®â−¨ª®¢.

�¡à�§®¢�âì ç¥âªãî á¥âì ¬®£ãâ â®«ìª® r-ä�ªâë, çâ®, á®¡áâ¢¥−−®, ¨ ï¢«ï¥âáï
æ¥«ìî ¨áá«¥¤®¢�−¨ï, −® íâ® ¨å á¢®©áâ¢® −¨ª�ª −¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−®
¢ ¯à®æ¥áá¥ ¥£® ¯à®¢¥¤¥−¨ï.
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’�ª¦¥ áãé¥áâ¢ãîâ ¤®áâ�â®ç−® ã−¨¢¥àá�«ì−ë¥ ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï, ¢ ¯à¨−-
æ¨¯¥ ¯®¤å®¤ïé¨¥ ¨ ¤«ï �”. Š ¯à¨¬¥àã, ¢ ’®¬¨â�-¯�àá¥à¥ ª®¬¯�−¨¨ Ÿ−¤¥ªá |
áà¥¤áâ¢¥ ¤«ï ¨§¢«¥ç¥−¨ï áâàãªâãà¨à®¢�−−ëå ¤�−−ëå ¨§ â¥ªáâ� −� …Ÿ [13] |
¨á¯®«ì§ã¥âáï â�¡«¨ç−�ï ä®à¬� ¯à¥¤áâ�¢«¥−¨ï ä�ªâ®¢. ’�ª�ï ä®à¬� ¯®§¢®«ï¥â
íää¥ªâ¨¢−® ®¯¨áë¢�âì áâàãªâãàã ä�ªâ�, å®âï ¨ âà¥¡ã¥â −¥áª®«ìª® £à®¬®§¤ª®£®
¬¥å�−¨§¬� ®¡ê¥¤¨−¥−¨ï â�¡«¨æ ¤«ï á¢¥¤¥−¨ï ä�ªâ®¢ ¢ ä�ªâë ¡®«¥¥ ¢ëá®ª®-
£® ãà®¢−ï, −¥®¡å®¤¨¬®áâì ¢ ç¥¬ ®¡ãá«®¢«¨¢�¥âáï ¬−®£®¯à®å®¤−®© â¥å−®«®£¨¥©
¨§¢«¥ç¥−¨ï ¨−ä®à¬�æ¨¨. ‚ á«ãç�¥ ¦¥ ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á�¬� áâàãª-
âãà� ¨§¢«¥ª�¥¬®£® ¨§ ¨áâ®ç−¨ª� ä�ªâ� −¥ ¢á¥£¤� ¬®¦¥â ¡ëâì ®¯¨á�−� §�à�−¥¥.
‘«¥¤®¢�â¥«ì−®, áâàãªâãà� �” ¤®«¦−� ¡ëâì �¤�¯â¨à®¢�−�:

{ ª á¯¥æ¨ä¨ª¥ ¡¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨;

{ ª â¥å−®«®£¨¨ ¯®¨áª� ä�ªâ®¢;

{ ª â¥å−®«®£¨¨ ¤�«ì−¥©è¥© à�¡®âë á −¨¬¨ á ãç¥â®¬ ¢®§¬®¦−®áâ¨ ¨å �¢â®¬�â¨-
§¨à®¢�−−®© ®¡à�¡®âª¨.

‚ [3] ¯à¥¤«®¦¥−� ¨¥à�àå¨ç¥áª�ï ä®à¬� ¯à¥¤áâ�¢«¥−¨ï ä�ªâ� ¨ ¯®ª�§�−® ¥¥ á®-
®â¢¥âáâ¢¨¥ á¯¥æ¨ä¨ª¥ ¡¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ ã¤®¡áâ¢® ¥¥ ¨á¯®«ì§®¢�−¨ï
¤«ï ®¯¨á�−−®© â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ ¡¨®£à�ä¨ç¥-
áª¨å ¨ åã¤®¦¥áâ¢¥−−®-¨áâ®à¨ç¥áª¨å â¥ªáâ®¢ á ¯®¬®éìî á¨áâ¥¬ë ’-¯�àá¥à. ’�ª¦¥
¡ë«® ¯®ª�§�−® ¯à¨−æ¨¯¨�«ì−®¥ á®®â¢¥âáâ¢¨¥ ¤�−−®© áâàãªâãàë á�¬®¬ã ¯®−ïâ¨î
�”. ’�ª, ¢ á®®â¢¥âáâ¢¨¨ á [10], ¯®¤ �” ¯®−¨¬�¥âáï ãâ¢¥à¦¤¥−¨¥, çâ® −¥ª�ï
å�à�ªâ¥à¨áâ¨ª� −¥ª®â®à®£® ®¡ê¥ªâ� ¯à¨−¨¬�¥â −¥ª®â®à®¥ ª®−ªà¥â−®¥ §−�ç¥−¨¥.
�à¨¬¥−¨â¥«ì−® ª ’-¯�àá¥àã å�à�ªâ¥à¨áâ¨ª®©, ¯®¤à�§ã¬¥¢�îé¥© −�«¨ç¨¥ á¢®¥£®
®¡ê¥ªâ�, ï¢«ï¥âáï ¯à�¢¨«®, � §−�ç¥−¨¥¬ | ¢ë¤¥«¥−−ë© íâ¨¬ ¯à�¢¨«®¬ äà�£¬¥−â
à�§¡¨à�¥¬®£® ¯à¥¤«®¦¥−¨ï. ’�ª, ¯à�¢¨«® úä�¬¨«¨ïû, ¢ë¤¥«¨¢è¥¥ ¢ â¥ªáâ¥

÷¨á. 1 �à¨¬¥à ä�ªâ� úà®¦¤¥−¨¥û
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äà�£¬¥−â úˆ¢�−®¢û, áä®à¬¨àã¥â ä�ªâ, çâ® −¥ªâ® ¨¬¥¥â ä�¬¨«¨î ˆ¢�−®¢, â. ¥.
áãé¥áâ¢ã¥â ®¡ê¥ªâ, ã ª®â®à®£® å�à�ªâ¥à¨áâ¨ª� úä�¬¨«¨ïû ¯à¨−¨¬�¥â §−�ç¥−¨¥
úˆ¢�−®¢û.

‚ á®®â¢¥âáâ¢¨¨ á «®£¨ª®© à�¡®âë ’-¯�àá¥à� à¥§ã«ìâ�â ¯à¨¬¥−¥−¨ï ¯à�¢¨«�,
¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â ¡ëâì ¢ë¤¥«¥− −¥ª¨¬ ¯à�¢¨«®¬, çâ® ä®à¬¨àã¥â ¨¥à�àå¨î
ä�ªâ®¢, â. ¥. ¯®¤ ä�ªâ®¬ ¢ ’-¯�àá¥à¥ ¯®−¨¬�¥âáï ¨¥à�àå¨ç¥áª�ï áâàãªâãà� ¨¬¥-
−®¢�−−ëå ¯®−ïâ¨©, â¥à¬¨−�«ì−ë¥ ã§«ë ª®â®à®© á®¤¥à¦�â ¢ë¤¥«¥−−ë¥ ¨§ äà�§ë
á«®¢� ¨«¨ á«®¢®á®ç¥â�−¨ï, ª®â®àë¥ ¨−â¥à¯à¥â¨àãîâáï ª�ª ¨å §−�ç¥−¨ï (à¨á. 1).

‚®®¡é¥ £®¢®àï, ¤«ï ¨¥à�àå¨ç¥áª®£® ¯à¥¤áâ�¢«¥−¨ï ä�ªâ� −¥ ï¢«ï¥âáï ¯à¨−-
æ¨¯¨�«ì−ë¬, çâ® §−�ç¥−¨ï ¨¬¥îâ â®«ìª® â¥à¬¨−�«ì−ë¥ ã§«ë. „«ï ®¡é−®áâ¨
á«¥¤ã¥â áç¨â�âì, çâ® §−�ç¥−¨ï ¥áâì ã ª�¦¤®£® ã§«� ¨ §−�ç¥−¨¥¬ ¯® ã¬®«ç�−¨î
ï¢«ï¥âáï ä�ªâ ¥£® −�«¨ç¨ï. ’�ª, ¥á«¨ ¢ ¯à¨¢¥¤¥−−®¬ ¯à¨¬¥à¥ ã¡à�âì §−�ç¥-
−¨¥ úˆ¢�−®¢¨çû ã ã§«� ú�âç¥áâ¢®û, â® íâ® á«¥¤ã¥â ¨−â¥à¯à¥â¨à®¢�âì ª�ª ä�ªâ
−�«¨ç¨ï ®âç¥áâ¢� ã ¯¥àá®−ë.

4 Соответствие основным свойствам биографического факта

Š�ª ¯®ª�§�−® ¢ [10], �” ¤®«¦¥− ¯®¤ç¨−ïâìáï ¯à�¢¨«�¬ «®£¨ª¨ ä�ªâ®¢,
â. ¥. ¤«ï �” ¤®«¦−ë ¡ëâì ®¯à¥¤¥«¥−ë ª®−êî−ªæ¨ï, ¤¨§êî−ªæ¨ï, ¨¬¯«¨ª�æ¨ï
¨ ®âà¨æ�−¨¥. ’�ª¦¥ ¤«ï �” ¤®«¦−ë ¡ëâì á¯à�¢¥¤«¨¢ë ®á−®¢−ë¥ á¢®©áâ¢�:
á¨¬¬¥âà¨ï, âà�−§¨â¨¢−®áâì ¨ ¢�à¨�â¨¢−®áâì. �®ª�¦¥¬, çâ® ¯à¥¤áâ�¢«¥−¨¥ ä�ªâ�
ª�ª ¨¥à�àå¨ç¥áª®© áâàãªâãàë −¥ ¯à®â¨¢®à¥ç¨â íâ¨¬ âà¥¡®¢�−¨ï¬.

Š®−¥ç−® ¦¥, áãé¥áâ¢ã¥â âà¨¢¨�«ì−�ï âà�ªâ®¢ª� íâ®£® âà¥¡®¢�−¨ï: «î¡®©
ä�ªâ, −¥§�¢¨á¨¬® ®â ä®à¬ë ¥£® ¯à¥¤áâ�¢«¥−¨ï, ¬®¦−® âà�ªâ®¢�âì ª�ª ¢ëáª�-
§ë¢�−¨¥, ¬®£ãé¥¥ ¡ëâì ª�ª ¨áâ¨−−ë¬, â�ª ¨ «®¦−ë¬ (i-ä�ªâ ¢¯®«−¥ ¬®¦¥â
¡ëâì «®¦−ë¬, ¥á«¨ ®¡ê¥ªâ ˆ�, ª®â®àë© ®− ®¯¨áë¢�¥â, −¥�¤¥ª¢�â−® ®âà�¦�¥â
á®®â¢¥âáâ¢ãîé¨© ®¡ê¥ªâ à¥�«ì−®£® ¬¨à�), � ¯®íâ®¬ã ª −¨¬ ¯à¨¬¥−¨¬ë ¢á¥ «®£¨-
ç¥áª¨¥ ®¯¥à�æ¨¨ ¡ã«¥¢®© �«£¥¡àë. �® â�ª®© ¯®¤å®¤ −¥ ï¢«ï¥âáï ª®−áâàãªâ¨¢−ë¬
¤«ï �”, ¯®áª®«ìªã ¨áâ¨−−®áâì i-ä�ªâ� §�à�−¥¥ −¥ ¨§¢¥áâ−� ¨ ¥¥ â®«ìª® âà¥¡ã-
¥âáï ãáâ�−®¢¨âì ¢ ¯à®æ¥áá¥ ¨áá«¥¤®¢�−¨ï. �®íâ®¬ã á«¥¤ã¥â à�áá¬®âà¥âì ¡®«¥¥
ª®−áâàãªâ¨¢−ë¥, á¯¥æ¨ä¨ç¥áª¨¥ ¤«ï ¢ë¡à�−−®© ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ä�ªâ®¢,
�−�«®£¨ ®á−®¢−ëå «®£¨ç¥áª¨å ®¯¥à�æ¨©.

4.1 Формальное описание факта

‚¢¥¤¥¬ àï¤ ®¡®§−�ç¥−¨© ¨ ¯®−ïâ¨©. „«ï íâ®£® ®¯¨è¥¬ ¨¥à�àå¨ç¥áª¨© ä�ªâ
Tree ª�ª á®¢®ªã¯−®áâì ã§«®¢, ¯à¥¤áâ�¢«ïîé¨å á®¡®© á®¢®ªã¯−®áâì ¨¬¥−®¢�−−®£®
¯®−ïâ¨ï ¨ §−�ç¥−¨ï, ª®â®à®¥, ¢®®¡é¥ £®¢®àï, ¬®¦¥â ¡ëâì ¯ãáâ®, à¥ªãàà¥−â−®©
ä®à¬ã«®©

Tree = {Node, {Treei|i = 1, . . . ,m}} ,
â. ¥. ¤¥à¥¢® ¯à¥¤áâ�¢«ï¥â á®¡®© ª®à−¥¢®© ã§¥« ¨ ¬−®¦¥áâ¢® ¥£® ¯®¤¤¥à¥¢ì¥¢
¢ ª®«¨ç¥áâ¢¥ m èâãª. „«ï â¥à¬¨−�«ì−ëå ã§«®¢ ¬−®¦¥áâ¢® ¯®¤¤¥à¥¢ì¥¢ ¯ãáâ®,
â. ¥. m = 0. Š®à−¥¢®© ã§¥« «î¡®£® (¢ â®¬ ç¨á«¥ ï¢«ïîé¥£®áï ç�áâìî ¤àã£®£®
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÷¨á. 2 „¢� íª¢¨¢�«¥−â−ëå ¤¥à¥¢�: (�) Tree, (¡) Tree′ = Eq (Tree)
Node2

¤¥à¥¢�) ¤¥à¥¢� ¡ã¤¥¬ ®¡®§−�ç�âì ª�ª Rt, â. ¥. Node = Rt(Tree). �¡à�â−ãî
®¯¥à�æ¨î ®¡®§−�ç¨¬ ª�ª Tr, â. ¥. Tree ≡ Tr(Rt(Tree)).

„«ï «î¡®£® ã§«� Noden, ã¤�«¥−−®£® ®â ª®à−¥¢®£® −� à�ááâ®ï−¨¥ n, áãé¥áâ¢ã¥â
¯®á«¥¤®¢�â¥«ì−®áâì {Node0, . . . ,Noden−1} ¢ëè¥áâ®ïé¨å ã§«®¢, £¤¥ Node0 |
ª®à−¥¢®© ã§¥«. ’®£¤� ¨¥à�àå¨ç¥áª¨© ä�ªâ ¬®¦−® ®¯¨á�âì ä®à¬ã«®©:

Tree =
{

Node0,
{

Tree0i |Rt
(

Tree0i
)

6= Node1
}

,

Node1,
{

Tree1i |Rt
(

Tree1i
)

6= Node2
}

, . . .

. . . ,Noden−1,
{

Treen−1i |Rt
(

Treen−1i

)

6= Noden
}

,Noden, {Treeni }
}

.

�ã¤¥¬ £®¢®à¨âì, çâ® ¤¥à¥¢®Tree′ íª¢¨¢�«¥−â−® ¤¥à¥¢ã Tree ®â−®á¨â¥«ì−® ã§«�
Noden, ¥á«¨

Tree′ =
{

Noden, {Treeni } ,Noden−1,
{

Treen−1i |Rt
(

Treen−1i

)

6= Noden
}

, . . .

. . . ,Node1,
{

Tree1i |Rt
(

Tree1i
)

6= Node2
}

,

Node0,
{

Tree0i |Rt
(

Tree0i
)

6= Node1
}}

,

â. ¥. á®áâ�¢ ã§«®¢ ¢ Tree′ á®¢¯�¤�¥â á Tree, ¯®àï¤®ª ã§«®¢ ¤«ï æ¥¯®çª¨
{Node0, . . . ,Noden} ¬¥−ï¥âáï −� ®¡à�â−ë©, � ¤«ï ®áâ�«ì−ëå á®åà�−ï¥âáï. Š®à-
−¥¢ë¬ ã§«®¬ ¢ Tree′ áâ�−®¢¨âáï Noden (à¨á. 2). Šà�âª® ¡ã¤¥¬ §�¯¨áë¢�âì íâ®â
ä�ªâ ª�ª Tree′ = Eq (Tree)Noden.

„�«¥¥ ä�ªâë ¡ã¤¥¬ ®¡®§−�ç�âì §�£«�¢−ë¬¨ «�â¨−áª¨¬¨ ¡ãª¢�¬¨. „«ï i-ä�ª-
â®¢, −¥ áãé¥áâ¢ãîé¨å ¢ ®âàë¢¥ ®â á¢®¥© ¬¥â�¨−ä®à¬�æ¨¨, ¢¢®¤¨¬ á®®â¢¥âáâ¢ã-
îé¥¥ ®¡®§−�ç¥−¨¥: ä�ªâ A á ¬¥â�¨−ä®à¬�æ¨¥© M ¡ã¤¥¬ ®¡®§−�ç�âì ª�ª A|M .

4.2 Операции над фактами

’¥¯¥àì à�áá¬®âà¨¬ �−�«®£¨ ®á−®¢−ëå «®£¨ç¥áª¨å ®¯¥à�æ¨© ¯à¨¬¥−¨â¥«ì−®
ª �” ¢ ¨¥à�àå¨ç¥áª®© ä®à¬¥, ¤«ï ª®â®àëå ¢¢¥¤¥¬ á®®â¢¥âáâ¢ãîé¨¥ ®¡®§−�ç¥−¨ï:
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1. F -ª®−êî−ªæ¨ï (&F ).

�¯à¥¤¥«¨¬ F -ª®−êî−ªæ¨î á«¥¤ãîé¨¬ ®¡à�§®¬:

∃N1 ∈ A|M1 , N2 ∈ B|M2 : Tr (N1) = Tr (N2)⇒ A|M1&FB|M2 = Tr (N1) ,

â. ¥. ®¯¥à�æ¨ï ®¯à¥¤¥«¥−� ¨ ¨¬¥¥â á¬ëá« â®«ìª® ¤«ï i-ä�ªâ®¢, ¯à¨ç¥¬ á à�§-
«¨ç−®© ¬¥â�¨−ä®à¬�æ¨¥©, çâ® á®®â¢¥âáâ¢ã¥â ä�ªâ�¬, ¯®«ãç¥−−ë¬ ¨§ à�§−ëå
¨áâ®ç−¨ª®¢. …á«¨ íâ¨ ä�ªâë ¨¬¥îâ á®¢¯�¤�îé¥¥ ¯®¤¤¥à¥¢® (â. ¥. ®¡é¨© ¯®¤-
ä�ªâ), â® íâ®â ¯®¤ä�ªâ ¬®¦−® áç¨â�âì ¨¬¥îé¨¬ −¥§�¢¨á¨¬®¥ ¯®¤â¢¥à¦¤¥−¨¥
¨§ à�§−ëå ¨áâ®ç−¨ª®¢ ¨, á«¥¤®¢�â¥«ì−®, ¤®áâ®¢¥à−ë¬. ‘®®â¢¥âáâ¢¥−−®,
¤�−−ë© ¯®¤ä�ªâ ¬®¦−® áç¨â�âì −®¢ë¬ r-ä�ªâ®¬, ï¢«ïîé¨¬áï à¥§ã«ìâ�â®¬
F -ª®−êî−ªæ¨¨ ¨áå®¤−ëå i-ä�ªâ®¢. ’�ª¨¬ ®¡à�§®¬, ®¯¥à�æ¨î F -ª®−êî−ª-
æ¨¨ ¬®¦−® −�§¢�âì ®¯¥à�æ¨¥© á¢¥àª¨.

2. F -¤¨§êî−ªæ¨ï (∨F ).

�¯à¥¤¥«¨¬ F -¤¨§êî−ªæ¨î á«¥¤ãîé¨¬ ®¡à�§®¬:

∃N1 ∈ A, N2 ∈ B : Tr (N1) = Tr (N2)⇒ A∨F B = Eq (A)N1 ∪Eq (B)N2 .

�¯¥à�æ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê¥¤¨−¥−¨¥ ¤¢ãå ä�ªâ®¢ ¢ ®¤¨−. ‘«¥¤®-
¢�â¥«ì−®, ®−� ®¯à¥¤¥«¥−� ¨ ¨¬¥¥â á¬ëá« â®«ìª® ¤«ï ä�ªâ®¢ á ®¤¨−�ª®¢®©
¬¥â�¨−ä®à¬�æ¨¥©, çâ® á®®â¢¥âáâ¢ã¥â ä�ªâ�¬, ¯®«ãç¥−−ë¬ ¨§ ®¤−®£® ¨á-
â®ç−¨ª�, ¨«¨ ¤«ï r-ä�ªâ®¢. ”�ªâë ¯à¨¢®¤ïâáï ª íª¢¨¢�«¥−â−®¬ã ¢¨¤ã
®â−®á¨â¥«ì−® ª®à−¥¢ëå ã§«®¢ ®¡é¥£® ¯®¤¤¥à¥¢� ¨ ®¡ê¥¤¨−ïîâáï ¢ ¥¤¨−®¥
¤¥à¥¢®.

3. F -¨¬¯«¨ª�æ¨ï (⇒F ).

�¯à¥¤¥«¨¬ F -¨¬¯«¨ª�æ¨î á«¥¤ãîé¨¬ ®¡à�§®¬:

A⇒F B = B|A .

�â® −¥ä®à¬�«ì−�ï ®¯¥à�æ¨ï | ®¤¨− ¨§ ¢�¦−ëå í«¥¬¥−â®¢ íâ�¯� ®¡à�¡®âª¨
ä�ªâ®¢ ¢ ¡¨®£à�ä¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨. Š�ª ¯®ª�§�−® ¢ [3], ¯®¨áª ¨−ä®à-
¬�æ¨¨ ¢ ¡¨®£à�ä¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨ ¯à®å®¤¨â ¨â¥à�æ¨®−−® ¨ −�¯à�¢«¥−¨¥
¯®¨áª� −� ¯®á«¥¤ãîé¨å íâ�¯�å §�¢¨á¨â ®â à¥§ã«ìâ�â®¢ ¯®¨áª� −� ¯à¥¤ë¤ã-
é¥¬ íâ�¯¥. ’�ª, ®¯¥à�æ¨î ¢ëï¢«¥−¨ï −®¢®£® −�¯à�¢«¥−¨ï ¢ ¨áá«¥¤®¢�−¨¨
§�¤�¥â ¨¬¥−−® F -¨¬¯«¨ª�æ¨ï, â. ¥. ä®à¬¨à®¢�−¨¥ ¢�¦−®£® á â®çª¨ §à¥−¨ï
¨áá«¥¤®¢�−¨ï ä�ªâ�, «®£¨ç¥áª¨ §�¢¨áïé¥£® (ª�ª ¯à�¢¨«®, −� ®á−®¢�−¨¨ −¥-
ª®â®àëå −®à¬�«¥©) ®â ¨áâ¨−−®áâ¨ −¥ª®â®à®£® i-ä�ªâ�, ª®â®àë© á�¬ ¯® á¥¡¥
¬®¦¥â ª�§�âìáï ¬�«®§−�ç¨¬ë¬. ’�ª, ä�ªâ á«ã¦¡ë ¢ �à¬¨¨ −¥ª®â®à®© ¯¥à-
á®−ë ¢ ®¯à¥¤¥«¥−−®¥ ¢à¥¬ï ¬®¦¥â ®§−�ç�âì −¥¢®§¬®¦−®áâì ¥£® ãç�áâ¨ï ¢ íâ®
¢à¥¬ï ¢ −¥ª®â®à®¬ ¢�¦−®¬ á®¡ëâ¨¨. ‘ ¯®§¨æ¨© ®¯¨áë¢�¥¬®© áâàãªâãàë íâ®
á®®â¢¥âáâ¢ã¥â −®¢®¬ã i-ä�ªâã, ¢ ª�ç¥áâ¢¥ ¬¥â�¤�−−ëå ª®â®à®£® ¯à¨−¨¬�¥âáï
íâ®â ¬�«®§−�ç¨¬ë© ä�ªâ.
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4. F -®âà¨æ�−¨¥ (¬N ).

F -®âà¨æ�−¨¥ ï¢«ï¥âáï ®¡ëç−ë¬ ¡ã«¥¢áª¨¬ ®âà¨æ�−¨¥¬ ¨ ¯®íâ®¬ã −¥ âà¥¡ã¥â
á¯¥æ¨�«ì−®£® §−�çª� F ¢ ®¡®§−�ç¥−¨¨, −®, ¯®áª®«ìªã ¯à¨¬¥−ï¥âáï ª ª®−-
ªà¥â−®¬ã ã§«ã ä�ªâ�, ®¡®§−�ç¥−¨¥ ¢ª«îç�¥â ã§¥«. ’�ª, B = ¬NA ®§−�ç�¥â,
çâ® ä�ªâ B á®¢¯�¤�¥â á ä�ªâ®¬ A, ªà®¬¥ §−�ç¥−¨ï ã§«� N , ª®â®à®¥ §�¬¥−¥−®
−� ¥£® «®£¨ç¥áª®¥ ®âà¨æ�−¨¥.

4.3 Свойства фактов

‚ á®®â¢¥âáâ¢¨¨ á [10] �” ¤®«¦¥− ®¡«�¤�âì á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨:

1. ‘¨¬¬¥âà¨ï.

„«ï ¡®«ìè¨−áâ¢� ¤¢ã¬¥áâ−ëå ®â−®è¥−¨© ä�ªâã β(p, q), £¤¥ p ¨ q | ®¡ê¥ªâë,
®¤−®§−�ç−® á®®â¢¥âáâ¢ã¥â ä�ªâ β′(q, p).

�à¨¬¥à: Œ¥áâ®÷�¡®âë(úˆ¢�−®¢û, úŠ®−â®à�û)⇔ ‘®âàã¤−¨ª(úŠ®−â®à�û,
úˆ¢�−®¢û).

„�−−®¥ á¢®©áâ¢® ¤«ï �” ¢ ¨¥à�àå¨ç¥áª®¬ ¯à¥¤áâ�¢«¥−¨¨ ¡¥§ãá«®¢−® ¢ë-
¯®«−ï¥âáï. ’�ª, ¥á«¨ β ¥áâì ä�ªâ á ¨¥à�àå¨¥© (”ˆ� = úˆ¢�−®¢û)→ (÷�-
¡®â� = úŠ®−â®à�û), â® β′ = Eq (β)òÁÂÏÔÁ.

2. ’à�−§¨â¨¢−®áâì.

”�ªâë, ®á−®¢�−−ë¥ −� â�ª¨å å�à�ªâ¥à¨áâ¨ª�å, ª�ª ¨¥à�àå¨ï, ®¡«�¤�-
îâ á¢®©áâ¢®¬ âà�−§¨â¨¢−®áâ¨. �à¨¬¥à: ÷�¡®â� (úˆ¢�−®¢û, úŠ®−â®-
à�û) ∧Œ¥áâ® (úŠ®−â®à�û, úŒ®áª¢�û)⇒Œ¥áâ® (úˆ¢�−®¢û, úŒ®áª¢�û).

ˆ¥à�àå¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ �” �¢â®¬�â¨ç¥áª¨ ¯®¤¤¥à¦¨¢�¥â á¢®©áâ¢�,
®á−®¢�−−ë¥ −� ¨¥à�àå¨¨ ¯®−ïâ¨©. ’�ª, ¨§ ¨¥à�àå¨¨ ¯®−ïâ¨©, ¯à¨¢¥¤¥−−ëå
−� à¨á. 3, ¢ë¤¥«ïîâáï æ¥¯®çª¨:

�) ˆ¢�−®¢{Š®−â®à�: (”�¬¨«¨ï = úˆ¢�−®¢û)← (�¥àá®−�)→ (÷�¡®â�) →
→ (��§¢�−¨¥ = úŠ®−â®à�û);

¡) ˆ¢�−®¢{Œ®áª¢�: (”�¬¨«¨ï = úˆ¢�−®¢û)← (�¥àá®−�)→ (÷�¡®â�) →
→ (Œ¥áâ® = úŒ®áª¢�û).

÷¨á. 3 �à¨¬¥à ¨¥à�àå¨¨ ¯®−ïâ¨©
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3. ‚�à¨�â¨¢−®áâì. „«ï ¢�à¨�â¨¢−ëå å�à�ªâ¥à¨áâ¨ª, −�¯à¨¬¥à ¨¬¥−®¢�-
−¨ï, §−�ç¥−¨ï à�§¡¨¢�îâáï −� ª«�ááë íª¢¨¢�«¥−â−®áâ¨, ®¯à¥¤¥«ï¥¬ë¥
−®à¬�«ï¬¨, � ä®à¬ã«� (à¥çì ¨¤¥â ® ú−®à¬�«¨§®¢�−−®©û §�¯¨á¨ ä�ªâ�
(∀ t ∈ –t)β(p, q, t) = a, ®§−�ç�îé¥©, çâ® −¥ª�ï å�à�ªâ¥à¨áâ¨ª� ®¡ê¥ªâ�
¨«¨ ®¡ê¥ªâ®¢ ¢ −¥ª¨© ¬®¬¥−â ¢à¥¬¥−¨ ¯à¨−¨¬�¥â ®¯à¥¤¥«¥−−®¥ §−�ç¥−¨¥)
¯à¨−¨¬�¥â ¢¨¤ ¯à¨−�¤«¥¦−®áâ¨ ¤�−−®¬ã ª«�ááã.

‘�¬� ¯® á¥¡¥ ¨¥à�àå¨ç¥áª�ï ä®à¬� ¯à¥¤áâ�¢«¥−¨ï ä�ªâ� −¥ −�ª«�¤ë¢�¥â
−¨ª�ª¨å ¤®¯®«−¨â¥«ì−ëå ®£à�−¨ç¥−¨© −� ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨© å�à�ª-
â¥à¨áâ¨ª, −®, ª�ª ¡ã¤¥â ¯®ª�§�−® ¤�«¥¥, «¥£ª® ¬®¦¥â ¡ëâì ã¢ï§�−� á ®−â®«®£¨¥©,
−¥®¡å®¤¨¬®© ¤«ï ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ä�ªâ®¢, çâ® à¥è�¥â ¯à®¡«¥¬ã ¢�à¨�â¨¢-
−®áâ¨ §� áç¥â ä®à¬�«¨§�æ¨¨ ¯®−ïâ¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨.

5 Связь иерархической формы факта с онтологией

‘¯¥æ¨ä¨ª� i-ä�ªâ®¢ â�ª®¢�, çâ® ¨å ¯à¥¢à�é¥−¨¥ ¢ r-ä�ªâë, â. ¥. ¢ ä�ªâë
¢ −�ãç−®¬ ¯®−¨¬�−¨¨ íâ®£® á«®¢�, ¯à¥¤áâ�¢«ï¥â á®¡®© ¢¥áì¬� −¥âà¨¢¨�«ì−ãî
¨ −¥ ä®à¬�«¨§ã¥¬ãî −� 100% ¯à®æ¥¤ãàã. �® â�ª�ï ¥¥ ¢�¦−�ï á®áâ�¢«ïîé�ï,
ª�ª ¯à®æ¥¤ãà� á®¯®áâ�¢«¥−¨ï i-ä�ªâ®¢ á æ¥«ìî ¢ëï¢«¥−¨ï ¨−ä®à¬�æ¨®−−ëå
«�ªã− ¨ ¯à®â¨¢®à¥ç¨©, ¢¯®«−¥ ¬®¦¥â ¡ëâì �¢â®¬�â¨§¨à®¢�−�. ‘ãé¥áâ¢ã¥â
á¯¥æ¨�«¨§¨à®¢�−−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, à�§à�¡®â�−−®¥ á¯¥æ¨�«ì−® ¤«ï
á®¯®áâ�¢«¥−¨ï ¡¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ [2]. �® ¤«ï «î¡®© �¢â®¬�â¨§¨à®-
¢�−−®© ¯à®æ¥¤ãàë ®¡à�¡®âª¨ ¤�−−ë¥ (â. ¥. ä�ªâë) ¤®«¦−ë ¡ëâì ä®à¬�«¨§®¢�−ë.
� ¯®áª®«ìªã �” ä®à¬¨àãîâáï ¨§ â¥ªáâ®¢ −� …Ÿ, ¤«ï ãá¯¥è−®£® ®¯à¥¤¥«¥−¨ï
§−�ç¥−¨© á«®¢ ¨ ¯à�¢¨«ì−ëå á¢ï§¥© ¬¥¦¤ã −¨¬¨ −¥®¡å®¤¨¬® §−�−¨¥ ¬¨à�, ª®â®-
àë© ®¯¨áë¢�¥âáï ¢ â¥ªáâ¥. ’�ª®¥ §−�−¨¥ ¯à¥¤®áâ�¢«ï¥âáï ®−â®«®£¨¥©. �−â®«®£¨ï
¯à¥¤áâ�¢«ï¥â á®¡®© ä®à¬�«¨§�æ¨î §−�−¨© ® ¢§�¨¬®á¢ï§ïå ®¡ê¥ªâ®¢ ¨ æ¥«ëå
ª«�áá®¢ ®¡ê¥ªâ®¢ à¥�«ì−®£® ¬¨à�, ª®â®à�ï ¯®§¢®«ï¥â ª®¬¯ìîâ¥àã ¨á¯®«ì§®¢�âì
íâ¨ §−�−¨ï ¨ ¤�¦¥ ¤®¯®«−ïâì ¨−ä®à¬�æ¨î ®¡ ®â¤¥«ì−ëå ®¡ê¥ªâ�å á ¯®¬®éìî
«®£¨ç¥áª®£® ¢ë¢®¤� [14]. �®¤å®¤ë ª §�¤�ç�¬ ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ −�
…Ÿ á ®¯®à®© −� ®−â®«®£¨¨ �ªâ¨¢−® à�§à�¡�âë¢�îâáï ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï [15{17].
�®«¥¥ â®£®, ®¤−® ¨§ ®¯à¥¤¥«¥−¨© ä�ªâ� §¢ãç¨â ª�ª úá®¤¥à¦�é�ïáï ¢ â¥ªáâ¥
¨ ¬¥â�¤�−−ëå ¤®ªã¬¥−â� á®¢®ªã¯−®áâì á¢ï§¥© ¬¥¦¤ã áãé−®áâï¬¨, ®¯¨áë¢�¥¬ë¬¨
¢ ®−â®«®£¨¨ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ëû [18].

—�áâ¨ç−�ï ä®à¬�«¨§�æ¨ï −� ®á−®¢¥ ®−â®«®£¨¨ á®áâ�¢«ïîé¨å �” ¢ ¨¥à�àå¨-
ç¥áª®¬ ¯à¥¤áâ�¢«¥−¨¨ ¢¯®«−¥ ¢®§¬®¦−� ¨ ¢ëâ¥ª�¥â ¨§ â¥å−®«®£¨¨ ä®à¬¨à®¢�−¨ï
â�ª¨å ä�ªâ®¢. ’�ª, −� à¨á. 4 áå¥¬�â¨ç¥áª¨ ¯à¥¤áâ�¢«¥−� â¥å−®«®£¨ï ä®à¬¨à®-
¢�−¨ï �”, ¯®§¢®«ïîé�ï ¯à¨¬¥−ïâì �¢â®¬�â¨§�æ¨î ª�ª −� íâ�¯¥ ä®à¬¨à®¢�−¨ï
i-ä�ªâ®¢, â�ª ¨ −� íâ�¯¥ ä®à¬¨à®¢�−¨ï r-ä�ªâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ ®−â®«®£¨¨.
’¥å−®«®£¨ï ¯à¥¤¯®«�£�¥â ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å íâ�¯®¢:

1. ”®à¬¨àãîâáï ¯à�¢¨«� ®¯à¥¤¥«¥−¨ï ä�ªâ®¢. ˆ¬¥−� ¯à�¢¨« ¯à¨¢ï§ë¢�îâáï
ª ®−â®«®£¨¨.
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ˆ¥à�àå¨ç¥áª�ï ä®à¬� ¯à¥¤áâ�¢«¥−¨ï ¡¨®£à�ä¨ç¥áª®£® ä�ªâ�

÷¨á. 4 �¢â®¬�â¨§¨à®¢�−−�ï â¥å−®«®£¨ï ä®à¬¨à®¢�−¨ï r-ä�ªâ®¢

2. �®áà¥¤áâ¢®¬ ’-¯�àá¥à� á ¨á¯®«ì§®¢�−¨¥¬ ¯®¤£®â®¢«¥−−ëå ¯à�¢¨« ¨§ â¥ªáâ®¢
−� …Ÿ ¢ëç«¥−ïîâáï i-ä�ªâë ¢ ¨¥à�àå¨ç¥áª®© ä®à¬¥. ˆ¬¥−� ã§«®¢ ¨¥à�àå¨¨
¯à¨ íâ®¬ ä®à¬�«¨§®¢�−ë §� áç¥â ¯à¨¢ï§ª¨ ¨§¢«¥ª�îé¨å ¯à�¢¨« ª ®−â®«®-
£¨¨. ’¥¬ á�¬ë¬, ¯®áª®«ìªã ¨¬¥−� å�à�ªâ¥à¨áâ¨ª ¤«ï ¡®«ìè¨−áâ¢� ã§«®¢
¨ ®¯à¥¤¥«ïîâ §−�ç¥−¨ï â¨¯� úä�ªâ −�«¨ç¨ïû, ç�áâì §−�ç¥−¨© áâ�−®¢¨âáï
ä®à¬�«¨§®¢�−−®© ã¦¥ −� íâ®¬ íâ�¯¥.

3. ”®à¬�«¨§ãîâáï −¥¯ãáâë¥ §−�ç¥−¨ï ã§«®¢. ‚ ¤�−−ë© ¬®¬¥−â íâ® ®áãé¥-
áâ¢«ï¥âáï ¢àãç−ãî, ¯®áª®«ìªã ¯à¨¬¥−¥−¨¥ ú”�ªâ®£à�ä�û ®áãé¥áâ¢«ï«®áì
¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¨§ ã¦¥ ç�áâ¨ç−® ä®à¬�«¨§®¢�−−ëå
¨áâ®ç−¨ª®¢ | ¬¥âà¨ç¥áª¨å ª−¨£ ¨ ¨á¯®¢¥¤−ëå ¢¥¤®¬®áâ¥©. ‚ ¤�«ì−¥©è¥¬
¯à¨ ¨á¯®«ì§®¢�−¨¨ ¡®«ìè®£® ®¡ê¥¬� ¤�−−ëå, ¯®«ãç¥−−ëå ¨§ â¥ªáâ®¢ −� …Ÿ,
¯®âà¥¡ã¥âáï �¢â®¬�â¨§�æ¨ï ¨ íâ®£® ¯à®æ¥áá�.

4. ‘ ¨á¯®«ì§®¢�−¨¥¬ ¬®¤ã«ï ú”�ªâ®£à�äû ä®à¬¨àãîâáï r-ä�ªâë. ‚ ¯¥àá¯¥ª-
â¨¢¥ ¢®§¬®¦−® â�ª¦¥ ¨á¯®«ì§®¢�−¨¥ ¨−ëå ¬®¤ã«¥©, ®âà�¦�îé¨å á¯¥æ¨ä¨ªã
¨§ãç�¥¬ëå ®¡ê¥ªâ®¢ ¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨.

6 Выводы

�¯¨á�−® ¨ ®¡®á−®¢�−® ¨¥à�àå¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ �”. �¯¨á�−� �¢â®¬�-
â¨§¨à®¢�−−�ï â¥å−®«®£¨ï ä®à¬¨à®¢�−¨ï �” ¨§ â¥ªáâ®¢ −� …Ÿ. ��¬¥ç¥−ë ¯ãâ¨
à�§¢¨â¨ï ¤�−−®© â¥å−®«®£¨¨. �à¨ íâ®¬ á«¥¤ã¥â ®â¬¥â¨âì ¨ ¯à®¡«¥¬ë, ¯à¨áãé¨¥
¯à¥¤«®¦¥−−®¬ã ¯®¤å®¤ã:

{ á«®¦−®áâì á®§¤�−¨ï ®−â®«®£¨¨ á ãç¥â®¬ è¨à®âë ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¡¨®-
£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï. ‚ ª�ç¥áâ¢¥ à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¬®£ãâ ¡ëâì
¯à¥¤«®¦¥−ë á«¥¤ãîé¨¥ ¯®¤å®¤ë:
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(�) ¤¥æ¥−âà�«¨§�æ¨ï á®§¤�−¨ï ®−â®«®£¨¨ [19];

(¡) �¢â®¬�â¨§�æ¨ï á®§¤�−¨ï ®−â®«®£¨¨ [20];

{ ®âáãâáâ¢¨¥ �¢â®¬�â¨§¨à®¢�−−®© ¯à®æ¥¤ãàë ä®à¬�«¨§�æ¨¨ −¥¯ãáâëå §−�ç¥−¨©
ã§«®¢. „�−−�ï ¯à®¡«¥¬� −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−� á ¯à®¡«¥¬®© á®§¤�−¨ï
®−â®«®£¨¨ ¨ ¬®¦¥â ¡ëâì «¥£ª® à¥è¥−� ¯à¨ −�«¨ç¨¨ â�ª®¢®©. ‚¨¤¨âáï
æ¥«¥á®®¡à�§−ë¬ ®¡ê¥¤¨−¥−¨¥ ¯à®æ¥¤ãàë ä®à¬�«¨§�æ¨¨ −� ®á−®¢¥ ®−â®«®£¨¨
á ¯à®æ¥¤ãà®© ¯�àá¨−£� â¥ªáâ� −� …Ÿ, â. ¥. ¤®®á−�é¥−¨¥ ’-¯�àá¥à� áà¥¤áâ¢�¬¨
¢§�¨¬®¤¥©áâ¢¨ï á ®−â®«®£¨¥©.

�®áª®«ìªã í«¥¬¥−âë ®¯¨á�−−®© â¥å−®«®£¨¨ ã¦¥ ¯à¨¬¥−ïîâáï ¨ ¯®ª�§�«¨
á¢®î íää¥ªâ¨¢−®áâì ¤«ï àï¤� §�¤�ç ¡¨®£à�ä¨ç¥áª®£® ¯®¨áª�, á«¥¤ã¥â áç¨â�âì
¢ë¡à�−−ãî ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï �” ¯à¨¥¬«¥¬®©, � ¯à¥¤«®¦¥−−ãî â¥å−®«®-
£¨î | ¯¥àá¯¥ªâ¨¢−®©.
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Abstract: This article focuses on the facts in the specific historical studies. The
specific duality of a biographical fact, which is evidenced in its connections with
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the real world and with the information space, is mentioned. The hierarchical
format of a biographical fact, which is used in the \T-parser" system of automatic
extraction of facts from texts in natural language, is described in detail. The
accordance of this format with the formal properties of a biographical fact is
proven. The logic of biographical facts operators for this format is explored
and described. The relation of the hierarchical format of facts with the domain
ontology and the prospects of its usage in automated systems of facts processing
are also demonstrated. The possibility of partial formalization at the stage of fact
extraction is analyzed. The technology of biographical data processing, which
automates the fact extraction stage and the stage of facts comparison with the
purpose of integration and conflict resolution, including full fact formalization
on the basis of an ontology, is proposed and analyzed. The problems of this
approach are described and the possible ways of their solution are proposed.

Keywords: biographical fact; hierarchical format of fact; automated technology
of facts processing; ontology; logic of facts
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1 Введение

�à®£à�¬¬−®-�«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¢ ®¡«�áâ¨ íª®«®£¨ç¥áª®© ¨ ¯à®-
¬ëè«¥−−®© ¡¥§®¯�á−®áâ¨ ®â«¨ç�¥âáï ¬−®£®®¡à�§¨¥¬ ¡«�£®¤�àï ¡®«ìè®¬ã ç¨á«ã
à¥è�¥¬ëå §�¤�ç ¨ ¨á¯®«ì§ã¥¬ëå ¢ −¨å ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ ¬¥â®¤¨ª. Š −¨¬
®â−®áïâáï, ¢ ç�áâ−®áâ¨, «®£¨ª®-£à�ä¨ç¥áª¨¥ ¨ ¢¥à®ïâ−®áâ−ë¥ ¬®¤¥«¨ �−�«¨§�
¨ ®æ¥−ª¨ à¨áª�, ¬®¤¥«¨ ¨ ¬¥â®¤¨ª¨ à�áá¥ï−¨ï §�£àï§−ïîé¨å ¢¥é¥áâ¢ ¢ à¥-
§ã«ìâ�â¥ �¢�à¨©−®£® ¨«¨ ¯®áâ®ï−−® ¤¥©áâ¢ãîé¥£® ¢ë¡à®á�, ¬¥â®¤¨ª¨ ®æ¥−ª¨
íª®«®£¨ç¥áª®£® ¨ á®æ¨�«ì−®£® ãé¥à¡� [1]. ‚á«¥¤áâ¢¨¥ á«®¦−ëå ¢ëç¨á«¨â¥«ì−ëå
à�áç¥â®¢, −¥¨§¬¥−−® −¥®¡å®¤¨¬ëå ¤«ï ¯®«ãç¥−¨ï, −�¯à¨¬¥à, ¯®«¥© ª®−æ¥−âà�-
æ¨¨ §�£àï§−ïîé¨å ¢¥é¥áâ¢ ¨ ¤¨−�¬¨ª¨ ¥¥ ¨§¬¥−¥−¨ï ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¢−¥è−¨å

1÷®áá¨©áª¨© å¨¬¨ª®-â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â ¨¬. „. ˆ. Œ¥−¤¥«¥¥¢�, dudarov@hotbox.ru
2÷®áá¨©áª¨©å¨¬¨ª®-â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â ¨¬. „. ˆ. Œ¥−¤¥«¥¥¢�, papaev.p.l@inbox.ru
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ä�ªâ®à®¢, ª�¦¤�ï ¬®¤¥«ì ¨«¨ ¬¥â®¤¨ª� ®æ¥−ª¨ ¯®á«¥¤áâ¢¨© ¢ë¡à®á®¢ ¤®«¦−�
¡ëâì ®¡¥á¯¥ç¥−� á®®â¢¥âáâ¢ãîé¨¬ ¯à®£à�¬¬−ë¬ ¨−áâàã¬¥−â�à¨¥¬.

‚ á¢®î ®ç¥à¥¤ì, á®¢à¥¬¥−−ë© ãà®¢¥−ì à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå ª®¬¯ìî-
â¥à−ëå â¥å−®«®£¨©, å�à�ªâ¥à¨§ãîé¨©áï −¥ â®«ìª® ¢ëá®ª¨¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨
¬®é−®áâï¬¨, −® ¨ ¢ë¤�îé¨¬¨áï ¢®§¬®¦−®áâï¬¨ áà¥¤áâ¢ £à�ä¨ç¥áª®© ¢¨§ã�-
«¨§�æ¨¨, åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¤�−−ëå, ¯à¥¤êï¢«ï¥â ®á®¡ë¥ âà¥¡®¢�−¨ï ª ®à-
£�−¨§�æ¨¨ ¨ äã−ªæ¨®−�«ì−ë¬ ¢®§¬®¦−®áâï¬ ¨−ä®à¬�æ¨®−−®-¬®¤¥«¨àãîé¨å
á¨áâ¥¬ [2], à�§à�¡�âë¢�¥¬ëå ¢ â®¬ ç¨á«¥ −� ®á−®¢¥ á¯¥æ¨�«ì−®£® ¬�â¥¬�â¨-
ç¥áª®£® ¨ ¬¥â®¤¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¢ ®¡«�áâ¨ íª®«®£¨ç¥áª®© ¡¥§®¯�á−®áâ¨.
ˆ¬¥−−® á ãç¥â®¬ â�ª¨å âà¥¡®¢�−¨© ¡ë«� à�§à�¡®â�−� ˆ‘ ïç¥¥ç−®-−¥©à®á¥â¥¢®£®
¬®¤¥«¨à®¢�−¨ï, à�áá¬®âà¥−−�ï ¢ ¤�−−®© áâ�âì¥. …¥ ®á−®¢−®¥ −�§−�ç¥−¨¥ | ¬®¤¥-
«¨à®¢�−¨¥ ¯à®æ¥áá� à�áá¥ï−¨ï ¯à¨¬¥á¨ §�£àï§−ïîé¥£® ¢¥é¥áâ¢� ¢ �â¬®áä¥à−®¬
¢®§¤ãå¥ ¢ à¥§ã«ìâ�â¥ �¢�à¨©−®£® ¢ë¡à®á� −� ®¯�á−®¬ ¯à®¨§¢®¤áâ¢¥−−®¬ ®¡ê¥ªâ¥
¨, −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï, ®æ¥−ª� íª®«®£¨ç¥áª¨å ¨ á®æ¨�«ì−ëå
¯®á«¥¤áâ¢¨© ¯à®¨§®è¥¤è¥© �¢�à¨¨.

2 Ячеечно-нейросетевые модели в задачах экологической
безопасности

�®¤à®¡−�ï ª«�áá¨ä¨ª�æ¨ï ïç¥¥ç−®-−¥©à®á¥â¥¢ëå ¬®¤¥«¥©, ¯à¨−æ¨¯ë ¨å
à�¡®âë ¨ ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï ¤«ï à¥è¥−¨ï ¯à¨ª«�¤−ëå §�¤�ç ¢ ®¡«�áâ¨
íª®«®£¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ¨§«®¦¥−ë ¢ à�¡®â�å [3, 4]. „«ï ¯®−¨¬�−¨ï ®¡ê¥¬®¢
à�¡®âë ¨ á«®¦−®áâ¨ §�¤�ç, à¥è�¢è¨åáï ¯à¨ à¥�«¨§�æ¨¨ ®¯¨áë¢�¥¬®© ¨−ä®à¬�-
æ¨®−−®-¬®¤¥«¨àãîé¥© á¨áâ¥¬ë, ®â¬¥â¨¬ á«¥¤ãîé¥¥.

Ÿç¥¥ç−®-−¥©à®á¥â¥¢ë¥ ¬®¤¥«¨, ª�ª á«¥¤ã¥â ¨§ −�§¢�−¨ï, | íâ® á¨−â¥§ ïç¥-
¥ç−ëå ¬®¤¥«¥© ¨ ¨áªãááâ¢¥−−ëå −¥©à®−−ëå á¥â¥©, � â®ç−¥¥ | ®¤−®á«®©−ëå
¨ ¬−®£®á«®©−ëå ¯¥àæ¥¯âà®−®¢ [3]. ’¥àà¨â®à¨ï, ¯®¤¢¥à£�îé�ïáï §�£àï§−¥−¨î,
à�§¡¨¢�¥âáï −� ãç�áâª¨ (ïç¥©ª¨) ®¤¨−�ª®¢®© ä®à¬ë â�ª®£® à�§¬¥à�, ¯à¨ ª®â®à®¬
á ¤®¯ãáâ¨¬®© ¯®£à¥è−®áâìî ¬®¦−® áç¨â�âì, çâ® ¯¥à¥¬¥−−ë¥ ®¡ê¥ªâ� ¬®¤¥«¨à®-
¢�−¨ï (�â¬®áä¥à−®£® ¢®§¤ãå�) ¨ ¢−¥è−¥© áà¥¤ë −¥¨§¬¥−−ë ¢ «î¡®© â®çª¥ ïç¥©ª¨.
�à®æ¥áá à�áá¥ï−¨ï ¯à¨¬¥á¨ ¯à¨ íâ®¬ ®¯à¥¤¥«ï¥âáï ¥¥ ¯¥à¥à�á¯à¥¤¥«¥−¨¥¬ ¬¥¦¤ã
á®á¥¤−¨¬¨ ïç¥©ª�¬¨ ¢ ª�¦¤ë© ¤¨áªà¥â−ë© ¬®¬¥−â ¢à¥¬¥−¨ á ¢ë¡à�−−ë¬ è�-
£®¬. ‚ ª�ç¥áâ¢¥ ¬�â¥¬�â¨ç¥áª®£® ®¯¨á�−¨ï íâ®£® ¯à®æ¥áá� ¢ëáâã¯�îâ §�à�−¥¥
®¡ãç¥−−ë¥ ®¤−®á«®©−ë¥ ¨«¨ ¬−®£®á«®©−ë¥ ¯¥àæ¥¯âà®−ë.

Š á®¦�«¥−¨î, ¤«ï à¥è¥−¨ï §�¤�ç¨ ¬®¤¥«¨à®¢�−¨ï à�áá¥ï−¨ï ¯à¨¬¥á¨ §�-
£àï§−ïîé¥£® ¢¥é¥áâ¢� −¥¢®§¬®¦−® á®¡à�âì ¤®áâ�â®ç−ë© ®¡ê¥¬ ¯à�ªâ¨ç¥áª¨å
−�¡«î¤¥−¨©, çâ®¡ë å®à®è® ®¡ãç¨âì ¯¥àæ¥¯âà®−. �®íâ®¬ã ®¡ãç�îé�ï ¢ë¡®àª�
ä®à¬¨àã¥âáï −� ®á−®¢¥ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�, ¯®«ãç¥−−®£® ¯® ¤àã£¨¬,
áâ�−¤�àâ−ë¬ à�áç¥â−ë¬ ¬¥â®¤¨ª�¬, −�¯à¨¬¥à [5]. �¥¤®áâ�â®ª íâ¨å ¬¥â®¤¨ª |
¢®§¬®¦−®áâì à�ááç¨âë¢�âì ¯®«¥ ª®−æ¥−âà�æ¨¨ §�£àï§−ïîé¥£® ¢¥é¥áâ¢� ¨áª«îç¨-
â¥«ì−® ¤«ï ¯®áâ®ï−−ëå ¬¥â¥®à®«®£¨ç¥áª¨å ãá«®¢¨© ¨ ãá«®¢¨© ¬¥áâ−®áâ¨, ¯à¨ç¥¬
ª�ª −� ª®à®âª¨¥ (¤® 1 ç), â�ª ¨ −� ¯à®¤®«¦¨â¥«ì−ë¥ (¤¥áïâª¨ ç�á®¢) ¨−â¥à¢�-
«ë ¢à¥¬¥−¨. �«�£®¤�àï ¢à¥¬¥−−‚®© ¨ ¯à®áâà�−áâ¢¥−−®© ¤¨áªà¥â¨§�æ¨¨ ¯®«¥©
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ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© �¢�à¨©

ª®−æ¥−âà�æ¨¨ ¨ ¨á¯®«ì§®¢�−¨î ¢ ®¤−®© ®¡ãç�îé¥© ¢ë¡®àª¥ ¯à¨¬¥à®¢, ¯®«ãç¥−-
−ëå ¯à¨ à�§«¨ç−ëå ¨áå®¤−ëå ¤�−−ëå, ¢ ïç¥¥ç−®-−¥©à®á¥â¥¢ëå ¬®¤¥«ïå ¬®¦−®
§�¤�¢�âì áæ¥−�à¨¨ ¨§¬¥−¥−¨ï ãá«®¢¨© ¢−¥è−¥© áà¥¤ë ¨, â�ª¨¬ ®¡à�§®¬, ¯®«ã-
ç�âì ¯®«ï ª®−æ¥−âà�æ¨¨, ¢ ¡®«ìè¥© áâ¥¯¥−¨ á®®â¢¥âáâ¢ãîé¨¥ à¥�«ì−®© ª�àâ¨−¥,
¨, ª�ª á«¥¤áâ¢¨¥, â®ç−¥¥ à�ááç¨âë¢�âì íª®«®£¨ç¥áª¨¥ ¨ á®æ¨�«ì−ë¥ ¯®á«¥¤áâ¢¨ï
å¨¬¨ç¥áª¨å �¢�à¨©.

3 Организационная структура информационно-моделирующей
системы

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë á®§¤�−¨ï ¯à®£à�¬¬−®-�«£®à¨â-
¬¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¤«ï ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© å¨¬¨ç¥áª¨å �¢�à¨© −�
®¯�á−ëå ¯à®¨§¢®¤áâ¢¥−−ëå ®¡ê¥ªâ�å á ¨á¯®«ì§®¢�−¨¥¬ ïç¥¥ç−®-−¥©à®á¥â¥¢ëå
¬®¤¥«¥©, ¯à¥¤«®¦¥−−ëå ¢ áâ�âìïå [3, 4]. �−® à¥�«¨§®¢�−® ¢ ¨−â¥£à¨à®¢�−−®©
áà¥¤¥ à�§à�¡®âª¨ ¯à¨«®¦¥−¨© Delphi 7. ‘ ¥£® ¯®¬®éìî ¬®¦−® ¯®«ãç¨âì ª®−-
æ¥−âà�æ¨¨ §�£àï§−ïîé¥£® ¢¥é¥áâ¢� ¢ â®çª¥ ¨/¨«¨ −¥ª®â®à®© «®ª�«ì−®© ®ªà¥áâ-
−®áâ¨, ¯à®ä¨«¨ ª®−æ¥−âà�æ¨¨ ¢® ¢à¥¬¥−¨, ¯®«ï ª®−æ¥−âà�æ¨¨ §�£àï§−ïîé¥£®
¢¥é¥áâ¢�, ¯à®ä¨«¨ ª®−æ¥−âà�æ¨¨ ¢¤®«ì ®á¥© ª®®à¤¨−�â ¨ ¯à®ä¨«¨ â®ªá®¤®§
¤«ï «î¡®© â®çª¨ ¯à®£−®§¨àã¥¬®£® ¯®«ï ª®−æ¥−âà�æ¨¨. �¡é�ï ¯®áâ�−®¢ª� §�-
¤�ç¨, ª®â®à�ï áâ�¢¨«�áì ¯¥à¥¤ à�§à�¡®âª®© ¤�−−®© á¨áâ¥¬ë, ¯®¤à®¡−® ®¯¨á�−�
¢ à�¡®â¥ [4].

�à£�−¨§�æ¨®−−�ï áâàãªâãà� «î¡®© ˆ‘ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ á�¬®áâ®ïâ¥«ì-
−ëå ¡«®ª®¢, ¨¬¥îé¨å á®¡áâ¢¥−−ãî, −¥ ¢á¥£¤� ®¤¨−�ª®¢ãî ¯à®£à�¬¬−ãî ¨«¨
â¥å−®«®£¨ç¥áªãî ¯«�âä®à¬ã. ’�ª¦¥ ®−� ¯à¥¤¯®«�£�¥â ãç�áâ¨¥ ç¥«®¢¥ª�. �â®
¬®£ãâ ¡ëâì à�§«¨ç−ë¥ £àã¯¯ë ¯®«ì§®¢�â¥«¥©: �¤¬¨−¨áâà�â®à, ®¯¥à�â®à, àãª®-
¢®¤¨â¥«ì, | ¯à¨−¨¬�îé¨¥ à¥è¥−¨¥ ª�¦¤ë© −� á¢®¥¬ ãà®¢−¥, ¢ ¯à¥¤¥«�å á¢®¥©
ª®¬¯¥â¥−æ¨¨. �«®ª¨ ®à£�−¨§�æ¨®−−®© áâàãªâãàë ¨ ¯®«ì§®¢�â¥«¨ á¨áâ¥¬ë á¢ï-
§ë¢�îâáï ¬¥¦¤ã á®¡®© ¨−ä®à¬�æ¨®−−ë¬¨ ¨ ã¯à�¢«ïîé¨¬¨ ¯®â®ª�¬¨ ¤�−−ëå.
÷�§à�¡®â�−−�ï ˆ‘ ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© å¨¬¨ç¥-
áª¨å �¢�à¨© −� ®¯�á−ëå å¨¬¨ç¥áª¨å ®¡ê¥ªâ�å ®à£�−¨§®¢�−� ¢ á®®â¢¥âáâ¢¨¨ á®
áâàãªâãà®©, ¯à¨¢¥¤¥−−®© −� à¨á. 1.

‚ á®áâ�¢ ®à£�−¨§�æ¨®−−®© áâàãªâãàë ¢å®¤ïâ:

{ ¯®¤á¨áâ¥¬� â¥å−¨ç¥áª¨å áà¥¤áâ¢, ¢ª«îç�îé�ï ¢ëç¨á«¨â¥«ì−ë¥ áà¥¤áâ¢�,
� â�ª¦¥ áà¥¤áâ¢� ¢¢®¤� ¤�−−ëå ¨ ¢ë¢®¤� (¯à¥¤áâ�¢«¥−¨ï) ¨−ä®à¬�æ¨¨ ¯®«ì-
§®¢�â¥«î, ¡�§¨àãîé¨¥áï −� á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−-
−ëå â¥å−®«®£¨ïå;

{ ¯®¤á¨áâ¥¬� ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¢ª«îç�îé�ï áâ�−¤�àâ−®¥ ¨ á¯¥æ¨�«¨§¨à®-
¢�−−®¥ ¯à®£à�¬¬−®-�«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥, ¢§�¨¬®¤¥©áâ¢¨¥ á ª®â®àë¬
¯¥àá®−�«� ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï á¨áâ¥¬ë.

‘â�−¤�àâ−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, ¢ á¢®î ®ç¥à¥¤ì, ¢ª«îç�¥â á®¢à¥-
¬¥−−ë¥ ®¯¥à�æ¨®−−ãî á¨áâ¥¬ã, á¨áâ¥¬ã ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå ¨ áà¥¤áâ¢�
¤«ï à�¡®âë á í«¥ªâà®−−ë¬¨ ¤®ªã¬¥−â�¬¨ ¨ â�¡«¨æ�¬¨. ‘¯¥æ¨�«¨§¨à®¢�−−®¥
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÷¨á. 1 �à£�−¨§�æ¨®−−�ï áâàãªâãà� ˆ‘

¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ | íâ® ª®¬¯«¥ªá ¬�â¥¬�â¨ç¥áª®£® ¨ ¯à®£à�¬¬−®-�«£®-
à¨â¬¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï, ¢ ª®â®à®¬ à¥�«¨§®¢�−� ¢áï ¬¥â®¤¨ç¥áª�ï ¡�§� ¨ ãçâ¥−�
á¯¥æ¨ä¨ª� à¥è�¥¬ëå §�¤�ç íª®«®£¨ç¥áª®© ¡¥§®¯�á−®áâ¨ �â¬®áä¥àë ¯à®¬ëè«¥−-
−ëå â¥àà¨â®à¨©.

4 Функциональная структура информационно-моделирующей
системы

”ã−ªæ¨®−�«ì−�ï áâàãªâãà� «î¡®© ˆ‘ ¢ª«îç�¥â ¢ á¥¡ï ª®¬¯«¥ªá ¯®¤á¨áâ¥¬,
ª�¦¤�ï ¨§ ª®â®àëå ¨¬¥¥â á¢®¥ á®¡áâ¢¥−−®¥, ¤®áâ�â®ç−® ç¥âª® ®£à�−¨ç¥−−®¥ −�-
§−�ç¥−¨¥. ‚ ®á−®¢−®¬ ¯®¤á¨áâ¥¬ë à¥�«¨§ãîâáï ¢ ¢¨¤¥ á�¬®áâ®ïâ¥«ì−ëå ¬®¤ã«¥©
¯à®£à�¬¬−®-�«£®à¨â¬¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï, á«ã¦�é¨å ¤«ï ®áãé¥áâ¢«¥−¨ï ç¥-
«®¢¥ª®-¬�è¨−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨ ¨ ¡�§®© ¤�−−ëå
á¨áâ¥¬ë. ‘�¬® ç¥«®¢¥ª®-¬�è¨−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ®¡ãá«®¢«¨¢�¥âáï ¬®¤¥«ï¬¨
¨ ¬¥â®¤�¬¨, à¥�«¨§®¢�−−ë¬¨ ¢ ¯à®£à�¬¬−®¬ ª®¬¯«¥ªá¥.

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� äã−ªæ¨®−�«ì−�ï áâàãªâãà� à�§à�¡®â�−−®© ¨−ä®à-
¬�æ¨®−−®-¬®¤¥«¨àãîé¥© á¨áâ¥¬ë. ‚ −¥©, ¨áå®¤ï ¨§ ¨å äã−ªæ¨®−�«ì−®£® −�-
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ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© �¢�à¨©

÷¨á. 2 ”ã−ªæ¨®−�«ì−�ï áâàãªâãà� ˆ‘

§−�ç¥−¨ï, ¢ë¤¥«ïîâáï ¯ïâì ®á−®¢−ëå ¯®¤á¨áâ¥¬. ‡� ®á−®¢ã ¢§ïâ�, ¯¥à¥à�¡®â�−�
¨ ¤®¯®«−¥−� äã−ªæ¨®−�«ì−�ï áâàãªâãà�, à�−¥¥ ®¯¨á�−−�ï ¢ à�¡®â¥ [6].

�®¤á¨áâ¥¬� ¢¢®¤� ¨ ¢ë¢®¤� ¤�−−ëå ¯à¥¤−�§−�ç¥−� ¤«ï §�£àã§ª¨ ¨ ¢ë£àã§ª¨
ã−¨¢¥àá�«ì−®© ¨ ®¡ãç�îé¥© ¢ë¡®à®ª, ¨á¯®«ì§ãîé¨åáï ¤«ï ®¡ãç¥−¨ï −¥©à®á¥-
â¥¢ëå ¬®¤¥«¥©, ¢¢®¤� ¨ á®åà�−¥−¨ï −�áâà®¥ª ïç¥¥ç−®-−¥©à®á¥â¥¢ëå ¬®¤¥«¥©,
¨áå®¤−ëå ¤�−−ëå ¯® ãá«®¢¨ï¬ ¬®¤¥«¨à®¢�−¨ï, á®åà�−¥−¨ï à¥§ã«ìâ�â®¢ ¬®¤¥«¨-
à®¢�−¨ï ¢ ä�©«�å ¤�−−ëå ¨ ®âç¥â®¢. ˆáâ®ç−¨ª®¬ ¨ æ¥«ìî −�§−�ç¥−¨ï ãª�§�−−®©
¨−ä®à¬�æ¨¨ ¢ §�¢¨á¨¬®áâ¨ ®â ¥¥ å�à�ªâ¥à� ¨ ¨á¯®«ì§ãîé¥© ¯®¤á¨áâ¥¬ë ï¢«ïîâáï
à�¡®ç¨¥ ä�©«ë á¨áâ¥¬ë, ä�©«ë ®âç¥â®¢ ¨ ¡�§� ¤�−−ëå.

‚ ¯®¤á¨áâ¥¬¥ à�¡®âë á ¢ë¡®àª�¬¨ à¥�«¨§®¢�− ¯®«−ë© ¯¥à¥ç¥−ì äã−ªæ¨©
¤«ï ä®à¬¨à®¢�−¨ï ¨ �−�«¨§� á®áâ�¢� ®¡ãç�îé¨å ¢ë¡®à®ª: ¯à®¢¥àª� −�«¨ç¨ï
¨ ¨áª«îç¥−¨¥ ¯®¢â®àïîé¨åáï ¨ ¯à®â¨¢®à¥ç¨¢ëå ¯à¨¬¥à®¢, −®à¬�«¨§�æ¨ï ¨ ¤¥-
−®à¬�«¨§�æ¨ï, ¬�áèâ�¡¨à®¢�−¨¥, �−�«¨§ à¥¯à¥§¥−â�â¨¢−®áâ¨, ª®àà¥«ïæ¨®−−ë©
�−�«¨§.
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�®¤á¨áâ¥¬� ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®§¢®«ï¥â ¯®«ãç�âì ¬®-
¤¥«¨ ¯¥à¥−®á� ¨«¨ à�á¯à¥¤¥«¥−¨ï §�£àï§−ïîé¥© ¯à¨¬¥á¨ ¬¥¦¤ã ïç¥©ª�¬¨ −�
®á−®¢¥ ®¡ãç¥−−ëå −¥©à®−−ëå á¥â¥©, � â�ª¦¥ ¯à®¨§¢®¤¨âì à�áç¥âë á ¨á¯®«ì§®¢�-
−¨¥¬ ¯®«ãç¥−−ëå ¬®¤¥«¥©.

�®¤á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© à¥�«¨§ã¥â á®®â¢¥âáâ¢ãîéãî äã−ª-
æ¨î −� ®á−®¢¥ ¬®¤¥«¥© ¯à¨−ïâ¨ï à¥è¥−¨© ¯® ã¯à�¢«¥−¨î íª®«®£¨ç¥áª®© ¡¥§®¯�á-
−®áâìî, §�«®¦¥−−ëå ¢ ¨−ä®à¬�æ¨®−−®-¬®¤¥«¨àãîé¥© á¨áâ¥¬¥.

�«�£®¤�àï ¯®¤á¨áâ¥¬¥ ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï −� íªà�−
¬®−¨â®à� ¯®«ì§®¢�â¥«î ¢ë¢®¤ïâáï ¢á¥ à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¢ ã¤®¡−®© ¤«ï
−¥£® ä®à¬¥: £à�ä¨ç¥áª®©, â�¡«¨ç−®©, â¥ªáâ®¢®©.

5 База данных информационно-моделирующей системы

�®«ìè®© ®¡ê¥¬ ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¢ á¨áâ¥¬¥ ¤«ï ®¡ãç¥−¨ï ïç¥¥ç−®-−¥©-
à®á¥â¥¢ëå ¬®¤¥«¥©, ¨å −�áâà®©ª¨, åà�−¥−¨ï ¨ ¤àã£¨å æ¥«¥© ®¡ãá«®¢¨« −¥®¡-
å®¤¨¬®áâì à�§à�¡®âª¨ ¡�§ë ¤�−−ëå. „«ï ¥¥ à¥�«¨§�æ¨¨ ¨á¯®«ì§ã¥âáï á¨áâ¥¬�
ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå MySQL. ‘âàãªâãà� á¢ï§¥© ¤�−−ëå ¨ ¨å á®áâ�¢
¯à¨¢¥¤¥− ¢ ¨−ä®à¬�æ¨®−−®-«®£¨ç¥áª®© ¬®¤¥«¨ −� à¨á. 3.

’�¡«¨æ� ú“−¨¢¥àá�«ì−ë¥ ¢ë¡®àª¨û á®¤¥à¦¨â ®¯¨á�−¨¥, � â�ª¦¥ å�à�ªâ¥-
à¨áâ¨ª¨ ¨áâ®ç−¨ª� ¢ë¡à®á� ¨ ¬¥â¥®à®«®£¨ç¥áª¨å ãá«®¢¨©, ¯à¨ ª®â®àëå ¡ë«¨
¯®«ãç¥−ë ¯à¨¬¥àë, ¢å®¤ïé¨¥ ¢ á®áâ�¢ â�ª¨å ¢ë¡®à®ª. ‘�¬¨ ¯à¨¬¥àë à�á¯®«�-
£�îâáï ¢ ®â¤¥«ì−®© ®¤−®¨¬¥−−®© â�¡«¨æ¥. Š�¦¤�ï §�¯¨áì á®¤¥à¦¨â ááë«®ç−ë©
ª«îç −� ã−¨¢¥àá�«ì−ãî ¢ë¡®àªã, ª ª®â®à®© ®â−®á¨âáï ¤�−−ë© ¯à¨¬¥à. ‘®áâ�¢
¯®«¥© â�¡«¨æë ú�à¨¬¥àë ¢ë¡®àª¨û â�ª®¢, çâ® ¢ −¥© ¬®¦−® åà�−¨âì ®¡ãç�îé¨¥
¨ â¥áâ®¢ë¥ ¤�−−ë¥ ¤«ï «î¡ëå ¢¨¤®¢ ®ªà¥áâ−®áâ¥© ïç¥¥ç−®-−¥©à®á¥â¥¢ëå ¬®¤¥«¥©.
�®«ï, −¥ ¨á¯®«ì§ã¥¬ë¥ ¤«ï ®ªà¥áâ−®áâ¥© æ¥«¥¢®£® ¢¨¤�, ®áâ�îâáï ¯ãáâë¬¨.

’¥®à¥â¨ç¥áª¨ ¢ ¡�§¥ ¤�−−ëå ¬®£ãâ á®¤¥à¦�âìáï ¯à¨¬¥àë, ¯®«ãç¥−−ë¥ ª�ª
¢ å®¤¥ −�âãà−®£®, â�ª ¨ ¢ å®¤¥ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�. �� ¯à�ªâ¨ª¥,
¢ á¢ï§¨ á ®âáãâáâ¢¨¥¬ −�âãà−ëå íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ¤«ï ª�ª¨å-«¨¡® ¢¨¤®¢
®ªà¥áâ−®áâ¥© ïç¥¥ç−®-−¥©à®á¥â¥¢ëå ¬®¤¥«¥©, ¢ ¡�§¥ åà�−ïâáï ¨ ¨á¯®«ì§ãîâáï
¤«ï ®¡ãç¥−¨ï −¥©à®−−ëå á¥â¥© â®«ìª® ¯à¨¬¥àë, ¯®«ãç¥−−ë¥ ¯® ¬¥â®¤¨ª¥ ®æ¥−ª¨
¯®á«¥¤áâ¢¨© å¨¬¨ç¥áª¨å �¢�à¨© [5].

�à¨ ä®à¬¨à®¢�−¨¨ ¢ë¡®à®ª ¤«ï ®â¤¥«ì−ëå −¥©à®á¥â¥¢ëå ¬®¤¥«¥© ¨§ ã−¨¢¥à-
á�«ì−®© ¢ë¡®àª¨ ¨¬¯®àâ¨àãîâáï −¥®¡å®¤¨¬ë¥ ¤�−−ë¥. ‚ â�¡«¨æ¥ ú�¥©à®á¥â¥-
¢ë¥ ¬®¤¥«¨û ¤«ï ª�¦¤®© ¯¥à¥¬¥−−®© ãª�§ë¢�¥âáï ¥¥ ¢¨¤ (¢å®¤−�ï ¨«¨ ¢ëå®¤−�ï)
¨, ¯à¨ ¯®¬®é¨ ááë«®ç−®£® ª«îç� −� â�¡«¨æã ú‘¢®©áâ¢� ¯¥à¥¬¥−−ëåû, á¯®á®¡
¬�áèâ�¡¨à®¢�−¨ï. �®«¥ â�ª¦¥ ®áâ�¥âáï ¯ãáâë¬, ¥á«¨ ¯¥à¥¬¥−−�ï −¥ §�¤¥©áâ¢ã-
¥âáï ¢ ®ªà¥áâ−®áâ¨ ¬®¤¥«¨. ’�ª¦¥ ¢ â�¡«¨æ¥ ú�¥©à®á¥â¥¢ë¥ ¬®¤¥«¨û åà�−ïâáï
¢á¥ −�áâà®©ª¨ −¥©à®−−®© á¥â¨ ¨ �«£®à¨â¬� ¥¥ ®¡ãç¥−¨ï.

‚ à¥§ã«ìâ�â¥ ã¤®¢«¥â¢®à¨â¥«ì−®£® ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨ ¯®«ãç¥−−ë¥ ¢¥-
á®¢ë¥ ª®íää¨æ¨¥−âë á®åà�−ïîâáï ¢ ®¤−®¨¬¥−−ãî â�¡«¨æã.

‚á¥ á®åà�−¥−−ë¥ ¢ ¡�§¥ ¤�−−ëå −¥©à®á¥â¥¢ë¥ ¬®¤¥«¨ ¬®£ãâ ¯à¨¬¥−ïâìáï
¢ ®¡®¡é�îé¥© ¬®¤¥«¨, ª®â®à�ï ¨á¯®«ì§ã¥âáï ¤«ï ä®à¬¨à®¢�−¨ï ¯®«¥© ª®−æ¥−-
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ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© �¢�à¨©

÷¨á. 3 ˆ−ä®à¬�æ¨®−−®-«®£¨ç¥áª�ï ¬®¤¥«ì ¡�§ë ¤�−−ëå ¨−ä®à¬�æ¨®−−®-¬®¤¥«¨àã-
îé¥© á¨áâ¥¬ë

âà�æ¨¨ ¢ à�§«¨ç−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¯®á«¥ �¢�à¨©−®£® ¢ë¡à®á� å¨¬¨ç¥áª®£®
¢¥é¥áâ¢�. �â® áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¡«�£®¤�àï â®¬ã, çâ® ª�¦¤�ï ¬®¤¥«ì à¥è�¥â
á¢®î ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ãî à�áç¥â−ãî §�¤�çã: ¨−â¥à¯®«¨à®¢�−¨¥ ¨ íªáâà�¯®-
«¨à®¢�−¨¥ ª®−æ¥−âà�æ¨¨ ¯à¨¬¥á¨ ¢ ïç¥©ª�å, à�áç¥â ¯à®¤®«ì−ëå ¨ ¯®¯¥à¥ç−ëå
¯à®ä¨«¥©, ¯à®£−®§¨à®¢�−¨¥ ª®−æ¥−âà�æ¨¨ −� §�¤�−−ë© è�£ ¯® ¢à¥¬¥−¨. ˆ¤¥−-
â¨ä¨ª�â®àë ¡�§®¢ëå ¬®¤¥«¥© (−¥ ¬¥−¥¥ ¤¢ãå ¨ −¥ ¡®«¥¥ ¯ïâ¨), ¢å®¤ïé¨å ¢ ®¤−ã
®¡®¡é�îéãî ¬®¤¥«ì, ¯¥à¥ç¨á«ïîâáï ¢ â�¡«¨æ¥ ú�¡®¡é�îé¨¥ ¬®¤¥«¨û.

6 Реализация программно-алгоритмического обеспечения

÷�§à�¡®â�−−®¥ ¯à®£à�¬¬−®-�«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¨¬¥¥â áâ�−¤�àâ−ë©
£à�ä¨ç¥áª¨©, ¨−âã¨â¨¢−® ¯®−ïâ−ë©, ¤àã¦¥áâ¢¥−−ë© ¯®«ì§®¢�â¥«î ¨−â¥àä¥©á.
�à¨ à¥�«¨§�æ¨¨ ˆ‘ ¨á¯®«ì§®¢�«¨áì áâ�−¤�àâ−ë¥ í«¥¬¥−âë ¨−â¥àä¥©á� windows-
¯à¨«®¦¥−¨© (à¨á. 4): £«�¢−®¥ ¬¥−î, ¯�−¥«ì ¢ª«�¤®ª, ¯�−¥«ì ¨−áâàã¬¥−â®¢ ¤«ï
ª�¦¤®© ¨§ ¢ª«�¤®ª ¨ à�¡®ç¥¥ ¯®«¥ ¯à®£à�¬¬ë, ®à£�−¨§®¢�−−®¥ á ¨á¯®«ì§®¢�−¨¥¬
áâ�−¤�àâ−ëå í«¥¬¥−â®¢ ¨−â¥àä¥©á� (â�¡«¨æ, £à�ä¨ª®¢, ¯®«¥© ¢¢®¤�, ª−®¯®ª
ã¯à�¢«¥−¨ï ¨ ¤à.).
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÷¨á. 4 �à¨¬¥à íªà�−−®© ä®à¬ë ¯à®£à�¬¬−®-�«£®à¨â¬¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�-
æ¨®−−®-¬®¤¥«¨àãîé¥© á¨áâ¥¬ë

�à¨ à¥è¥−¨¨ §�¤�ç¨ ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï §�£àï§−¥−¨ï ¢®§-
¤ãå� ¢ à¥§ã«ìâ�â¥ �¢�à¨©−®£® ¢ë¡à®á� à�¡®âã ¢ ¯à®£à�¬¬¥ ¬®¦−® à�§¤¥«¨âì
−� 4 íâ�¯�:

(1) à�¡®â� á ¢ë¡®àª�¬¨ ¤�−−ëå;

(2) ®¡ãç¥−¨¥ −¥©à®−−®© á¥â¨;

(3) à�¡®â� á ¡�§®¢ë¬¨ ¬®¤¥«ï¬¨;

(4) à�¡®â� á ®¡®¡é�îé¥© ¬®¤¥«ìî.

ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¯®áâà®¥−� â�ª¨¬ ®¡à�§®¬, çâ® ¬®¦−® −�ç�âì à�¡®âã
¢ −¥© á «î¡®£® íâ�¯�, ¯à¥¤¢�à¨â¥«ì−® §�£àã§¨¢ −¥®¡å®¤¨¬ë¥ ¤�−−ë¥ ¨§ ¡�§ë
¤�−−ëå ¨/¨«¨ ä�©«�.

�� ¯¥à¢®¬ íâ�¯¥, ¯à®¨««îáâà¨à®¢�−−®¬ −� à¨á. 4, ¨§ ã−¨¢¥àá�«ì−®© ¢ë¡®àª¨
ä®à¬¨àãîâáï ®¡ãç�îé�ï ¨ â¥áâ®¢�ï ¢ë¡®àª¨ á ãª�§�−¨¥¬ á¢®©áâ¢ ¯¥à¥¬¥−−ëå
¤«ï ¯®á«¥¤ãîé¥£® ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨. „«ï −�ç�«� à�¡®âë −¥®¡å®¤¨¬®
§�£àã§¨âì ã−¨¢¥àá�«ì−ãî ¢ë¡®àªã ¨§ ¡�§ë ¤�−−ëå. �à¨ íâ®¬ áä®à¬¨àã¥âáï
â�¡«¨æ� ú“−¨¢¥àá�«ì−�ï ¢ë¡®àª�û ¢ à�¡®ç¥¬ ¯®«¥ ¯à®£à�¬¬ë. „�«¥¥ ¬®¦−®
¯à¨áâã¯¨âì ª ä®à¬¨à®¢�−¨î ¢ë¡®àª¨ ¯à¨¬¥à®¢ ¯®¤ âã ¨«¨ ¨−ãî ¬®¤¥«ì, ãª�§ë-
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ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© �¢�à¨©

¢�ï ¢¨¤ ¯¥à¥¬¥−−®© (¢å®¤−�ï ¨«¨ ¢ëå®¤−�ï) ¨ á¯®á®¡ ¥¥ ¬�áèâ�¡¨à®¢�−¨ï, ¥á«¨
íâ® −¥®¡å®¤¨¬®.

‚â®à®© íâ�¯ | ®¡ãç¥−¨¥ −¥©à®−−®© á¥â¨. ˆ¬¯®àâ¨à®¢�¢ ®¡ãç�îéãî ¢ë¡®à-
ªã ¨§ à�§¤¥«� ú÷�¡®â� á ¢ë¡®àª�¬¨û ¨«¨ ¨§ ¡�§ë ¤�−−ëå, −¥®¡å®¤¨¬® §�¤�âì
−�áâà®©ª¨ −¥©à®−−®© á¥â¨: ãª�§�âì ¥¥ áâàãªâãàã (ª®«¨ç¥áâ¢® áªàëâëå á«®¥¢
¨ −¥©à®−®¢ ¢ ª�¦¤®¬ ¨§ −¨å; ç¨á«® ¢å®¤®¢ ¨ ¢ëå®¤®¢ áç¨â�¥âáï �¢â®¬�â¨ç¥-
áª¨), −�áâà®©ª¨ −¥©à®−®¢ (¢¨¤ ¨ ¯�à�¬¥âà �ªâ¨¢�æ¨®−−®© äã−ªæ¨¨), −�áâà®©ª¨
�«£®à¨â¬� ®¡ãç¥−¨ï (ª®«¨ç¥áâ¢® í¯®å, ª®íää¨æ¨¥−â áª®à®áâ¨). �®á«¥ íâ®£® ¬®¦-
−® ¯à¨áâã¯¨âì −¥¯®áà¥¤áâ¢¥−−® ª ¯à®æ¥ááã ®¡ãç¥−¨ï, −�¦�¢ á®®â¢¥âáâ¢ãîéãî
ã¯à�¢«ïîéãî ª−®¯ªã. „«ï ®¯â¨¬¨§�æ¨¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¢ á¨áâ¥¬¥ ¨á-
¯®«ì§®¢�− �«£®à¨â¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡ª¨. ÷�ááç¨â�−−ë¥ ¢¥á®¢ë¥
ª®íää¨æ¨¥−âë ¨ −�áâà®©ª¨ á¥â¨ á®åà�−ïîâáï ¢ ¡�§ã ¤�−−ëå.

Š�¦¤�ï ®¡ãç¥−−�ï −¥©à®−−�ï á¥âì á®®â¢¥âáâ¢ã¥â ®¯à¥¤¥«¥−−®© ¡�§®¢®© ïç¥¥ç-
−®-−¥©à®á¥â¥¢®© ¬®¤¥«¨. �� âà¥âì¥¬ íâ�¯¥ à¥�«¨§®¢�−� à�¡®â� á à�−¥¥ á®åà�−¥−-
−ë¬¨ ¬®¤¥«ï¬¨. ÷�¡®ç¥¥ ¯®«¥ ¯à®£à�¬¬ë ¢ íâ®¬ à�§¤¥«¥ ¤¥«¨âáï −� âà¨ äà¥©¬�:
−�áâà®©ª¨ ¬®¤¥«¨, ¢å®¤−ë¥ ¤�−−ë¥ ¨ à¥§ã«ìâ�âë (à¨á. 5). ‘®¤¥à¦¨¬®¥ äà¥©¬®¢
¢�àì¨àã¥âáï ¢ §�¢¨á¨¬®áâ¨ ®â ¢ë¡à�−−®© ¬®¤¥«¨ ¨ à¥è�¥¬®© «®ª�«ì−®© §�¤�ç¨.

�� ¯®á«¥¤−¥¬ íâ�¯¥, ª®£¤� ã¦¥ ¯®«ãç¥−ë ¢á¥ ¡�§®¢ë¥ ¬®¤¥«¨, à¥�«¨§®¢�−�
à�¡®â� á ®¡®¡é�îé¥© ¬®¤¥«ìî. ‘ ¥¥ ¯®¬®éìî ¬®¦−® à�ááç¨â�âì ¨ ¯®áâà®¨âì

÷¨á. 5 �à¨¬¥à à�¡®âë á £®â®¢®© ïç¥¥ç−®-−¥©à®á¥â¥¢®© ¬®¤¥«ìî
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÷¨á. 6 ˆ−â¥àä¥©á íªà�−−®© ä®à¬ë ú�¡®¡é�îé�ï ¬®¤¥«ìû (¢ª«�¤ª� ú�®«¥û)

¯à®ä¨«¨ ¨ ¯®«ï ª®−æ¥−âà�æ¨¨ ¨ â®ªá®¤®§ §�£àï§−ïîé¥£® ¢¥é¥áâ¢� ¢ â�¡«¨ç−®©
¨ £à�ä¨ç¥áª®© ä®à¬�å ¢ à�§«¨ç−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨. „�−−ë© íâ�¯ (à¨á. 6)
¯à¥¤ãá¬�âà¨¢�¥â ¢¢®¤ −�áâà®¥ª ®¡®¡é�îé¥© ¬®¤¥«¨ (¢ª«�¤ª� ú��áâà®©ª¨û),
¢¢®¤ §−�ç¥−¨© ª®−æ¥−âà�æ¨¨ ¯à¨¬¥á¨ ¢ ®¯à¥¤¥«¥−−ëå â®çª�å ¢ ¨§¢¥áâ−ë¥ ¬®¬¥−-
âë ¢à¥¬¥−¨ (¢ª«�¤ª� ú’�¡«¨æ�û) ¨ ¯®«ãç¥−¨¥ à¥§ã«ìâ�â®¢ à�áç¥â� −� ¢ª«�¤ª�å
ú�®«¥û ¨ ú�à®ä¨«¨û.

‚ å®¤¥ −�áâà®©ª¨ ®¡®¡é�îé¥© ¬®¤¥«¨ §�¤�îâáï à�§¬¥àë ¨áá«¥¤ã¥¬®© â¥àà¨-
â®à¨¨, ç¨á«® ¢à¥¬¥−−‚ëå ®âà¥§ª®¢ ¨ ¬¥â¥®à®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ (áª®à®áâì
¨ −�¯à�¢«¥−¨¥ ¢¥âà�). �à¨ ãª�§�−¨¨ å�à�ªâ¥à¨áâ¨ª ¢¥âà� ¢®§¬®¦−ë ¤¢� á«ãç�ï:
¯®áâ®ï−−ë¥ ¨ ¯¥à¥¬¥−−ë¥ ¬¥â¥®ãá«®¢¨ï. ‘ãé¥áâ¢ãîé¨¥ ¬¥â®¤¨ª¨, ¢ª«îç�ï [5],
¯®§¢®«ïîâ à�ááç¨â�âì ¯®«ï ª®−æ¥−âà�æ¨¨ ¨ â®ªá®¤®§ â®«ìª® ¤«ï ¯®áâ®ï−−®© ª®¬-
¡¨−�æ¨¨ ¬¥â¥®ãá«®¢¨©. �à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚�ï ¤¨áªà¥â¨§�æ¨ï ¢ ïç¥¥ç−®-
−¥©à®á¥â¥¢ëå ¬®¤¥«ïå ¤�¥â ¢®§¬®¦−®áâì ¯®«ãç¨âì à¥§ã«ìâ�âë ¨ ¤«ï ¯¥à¥¬¥−−ëå
¬¥â¥®ãá«®¢¨©. ‘®®â¢¥âáâ¢ãîé¨¥ ¯à¨¬¥àë ¯à¨¢¥¤¥−ë ¢ à�¡®â�å [3, 4]. �à¨ ¢ë¡®-
à¥ ¯¥à¥¬¥−−®£® â¨¯� ¬¥â¥®ãá«®¢¨© ¯®«ì§®¢�â¥«î −¥®¡å®¤¨¬® ¢¢¥áâ¨ −�¯à�¢«¥−¨¥
¨ áª®à®áâì ¢¥âà�, ¯à®£−®§¨àã¥¬ë¥ ¤«ï ª�¦¤®£® ®âà¥§ª� ¢à¥¬¥−¨.

„®¯ãáª�¥âáï −¥ â®«ìª® á¯«®è−®©, −® ¨ äà�£¬¥−â�à−ë© ¢¢®¤ ¨áå®¤−ëå §−�-
ç¥−¨© ª®−æ¥−âà�æ¨¨ ¯à¨¬¥á¨. Š®®à¤¨−�âë ¢ §�£®«®¢ª�å áâ®«¡æ®¢ ¨ áâà®ª −�
¢ª«�¤ª¥ ú’�¡«¨æ�û ®¯à¥¤¥«ïîâ æ¥−âà ïç¥©ª¨ ®ªà¥áâ−®áâ¨.
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�®á«¥ ¢¢®¤� ¢á¥å −�áâà®¥ª ®¡®¡é�îé¥© ¬®¤¥«¨ ¨ ¨áå®¤−ëå ª®−æ¥−âà�æ¨©
¬®¦−® ¯¥à¥©â¨ ª à�áç¥âã. �«£®à¨â¬, à¥�«¨§®¢�−−ë© ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨
¨−ä®à¬�æ¨®−−®-¬®¤¥«¨àãîé¥© á¨áâ¥¬ë �¢â®¬�â¨ç¥áª¨, ¢ ¨â¥à�æ¨®−−®¬ à¥¦¨¬¥
¯®¤¡¥à¥â ¡�§®¢ë¥ ¬®¤¥«¨ ¤«ï §�¯®«−¥−¨ï ¯ãáâ®â ¢ ¨áå®¤−ëå ¤�−−ëå. ‘®®â¢¥â-
áâ¢ãîé¨¥ à¥§ã«ìâ�âë ®â®¡à�¦�îâáï −� ¢ª«�¤ª�å ú�®«¥û ¨ ú�à®ä¨«¨û. �à¨¬¥à
¯®áâà®¥−−®£® ¯®«ï ª®−æ¥−âà�æ¨¨ ¯à¨¢¥¤¥− −� à¨á. 6. �� ¢ª«�¤ª¥ ú�à®ä¨«¨û
®â®¡à�¦�îâáï £à�ä¨ª¨ â®ªá®¤®§ ¨ ª®−æ¥−âà�æ¨¨ §�£àï§−ïîé¥£® ¢¥é¥áâ¢� ¢®
¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢¥. ‚á¥ ¢®§¬®¦−ë¥ £à�ä¨ª¨ ¤«ï «î¡®© ª®®à¤¨−�âë ¬®¦−®
¯à�ªâ¨ç¥áª¨ ¬£−®¢¥−−® ¯®«ãç¨âì, ¢ë¡à�¢ −ã¦−ãî ïç¥©ªã −� ¢ª«�¤ª¥ ú�®«¥û.

7 Заключение

÷�§à�¡®â�−−�ï ˆ‘ ¡ë«� ¨á¯®«ì§®¢�−� ¤«ï à¥è¥−¨ï §�¤�ç ¬®¤¥«¨à®¢�−¨ï
¯®á«¥¤áâ¢¨© £¨¯®â¥â¨ç¥áª®© �¢�à¨¨ á ¢ë¡à®á®¬ £�§®®¡à�§−®£® �¬¬¨�ª� [4] ¯à¨
¯®áâ®ï−−ëå ¨ ¯¥à¥¬¥−−ëå ¬¥â¥®ãá«®¢¨ïå, � â�ª¦¥ ¤«ï à¥�«ì−® ¨¬¥¢è¥£® ¬¥áâ®
¢ë¡à®á� �¬¬¨�ª� 13 ¨î«ï 1973 £. ¢ �®âç¥äáâàã¬¥ (ā�÷) [7]. ÷¥§ã«ìâ�âë ¬®-
¤¥«¨à®¢�−¨ï á ¯®¬®éìî á¨áâ¥¬ë ¯®¤â¢¥à¤¨«¨áì ¨§¢¥áâ−ë¬¨ ¤�−−ë¬¨ ® ¦¥àâ¢�å
à�áá¬®âà¥−−®© �¢�à¨¨.

�¯¨á�−−�ï ˆ‘ ïç¥¥ç−®-−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© å¨¬¨ç¥-
áª¨å �¢�à¨© −� ®¯�á−ëå ¯à®¨§¢®¤áâ¢¥−−ëå ®¡ê¥ªâ�å ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï
à¥è¥−¨ï ¯à®¨§¢®¤áâ¢¥−−ëå, −�ãç−ëå ¨ ãç¥¡−ëå §�¤�ç íª®«®£¨ç¥áª®© ¡¥§®¯�á-
−®áâ¨ �â¬®áä¥àë ¯à®¬ëè«¥−−ëå â¥àà¨â®à¨©. ’�ª¦¥ ®−� ¬®¦¥â ¡ëâì ¨−â¥à¥á−�
¢ ª�ç¥áâ¢¥ ¯à®â®â¨¯� ¯à¨ à�§à�¡®âª¥ ˆ‘ áå®¦¥£® −�§−�ç¥−¨ï á á®¡áâ¢¥−−ë¬
¬�â¥¬�â¨ç¥áª¨¬ ¨ ¬¥â®¤¨ç¥áª¨¬ ®¡¥á¯¥ç¥−¨¥¬.

�¥àá¯¥ªâ¨¢ë à�§¢¨â¨ï ®¯¨á�−−®© ¨−ä®à¬�æ¨®−−®-¬®¤¥«¨àãîé¥© á¨áâ¥¬ë
á¢ï§�−ë ¯à¥¦¤¥ ¢á¥£® á à¥�«¨§�æ¨¥© ¬®¤¥«¥©, �«£®à¨â¬®¢, ¯®«ì§®¢�â¥«ìáª®£®
¨−â¥àä¥©á� ¨ äã−ªæ¨© ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ à�¡®âë ¯®¤á¨áâ¥¬ë ¯®¤¤¥à¦ª¨
¯à¨−ïâ¨ï à¥è¥−¨©.
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INFORMATION SYSTEM OF CELLULAR AND NEURAL NETWORK
MODELING OF CHEMICAL ACCIDENT CONSEQUENCES

AT DANGEROUS INDUSTRIAL FACILITIES
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Moscow 125047, Russian Federation

Abstract: An information system intended for modeling the process of dissipation
of contaminant in free air as a result of emergency emission at dangerous facility is
described. The information system can also solve the task of emission consequences
evaluation using pollution and toxic lesion areas calculation. Cellular and
neural network models are applied as mathematical means of modeling. They
combine advantages of both cellular models and artificial neural networks. The
architecture of the developed information system is presented by organizational
and functional structures as well as by the information-logical model of its
database. The stages of the software use such as data samples processing, neural
network training, work with the base and generalizing models are described
thoroughly.

Keywords: cellular and neural network modeling; ecological safety; chemical
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structure; information system functional structure; database; information-logical
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МЕТОДЫ ПОСТРОЕНИЯ СХЕМОТЕХНИЧЕСКИХ СИСТЕМ
АВТОМАТИЗИРОВАННОГО ПРОЕКТИРОВАНИЯ

С ИСПОЛЬЗОВАНИЕМ СЕРВИС-ОРИЕНТИРОВАННОГО
ПОДХОДА НА БАЗЕ ПРОТОКОЛА WEBSOCKET∗

В. И. Анисимов1, В. Н. Гридин2, С. А. Васильев3

�−−®â�æ¨ï: �à¨¢®¤ïâáï ®á−®¢−ë¥ ªà¨â¥à¨¨, ª®â®àë¬ ¤®«¦¥− á®®â¢¥âáâ¢®-
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1 Введение

‚ á®¢à¥¬¥−−®¬ ¬¨à¥ ¯à�ªâ¨ç¥áª¨ ¢áï ¨−ä®à¬�æ¨ï ¯®«ãç�¥â í«¥ªâà®−−®¥
¢®¯«®é¥−¨¥, å�à�ªâ¥à¨§ã¥¬®¥ ¡®«ìè¨¬¨ ®¡ê¥¬�¬¨ ¤�−−ëå, ®¡à�¡®âª®© ª®â®-
àëå §�−¨¬�îâáï á¥à¢¨áë, ®â¢¥ç�îé¨¥ §� ¯à¥®¡à�§®¢�−¨¥, ¯à¥¤®áâ�¢«¥−¨¥ ¨«¨
åà�−¥−¨¥ ¤�−−ëå.

Š�ª â®«ìª® á¥à¢¨á −�ç¨−�¥â ¯à¥¤áâ�¢«ïâì á®¡®© ª®¬¬¥àç¥áª¨ ¢ë£®¤−ë© ¯à®-
¤ãªâ, áâà�â¥£¨ç¥áª¨ ¢�¦−®¥ £®áã¤�àáâ¢¥−−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¨«¨ á®æ¨-
�«ì−® §−�ç¨¬ãî á«ã¦¡ã, ®− −�ç¨−�¥â à�§¢¨¢�âìáï | ã¢¥«¨ç¨¢�¥âáï ª®«¨ç¥áâ¢®
®¡à�é¥−¨© ¨«¨ −�£àã§ª� ¢ ¢¨¤¥ ®¡ê¥¬� à¥è�¥¬ëå §�¤�ç. ‚ íâ® ¢à¥¬ï ¢áâ�¥â
¢®¯à®á ® −�¤¥¦−®áâ¨ ¨ ®âª�§®ãáâ®©ç¨¢®áâ¨, ® áâ®¨¬®áâ¨, ® ¤®áâã¯−®áâ¨ ¤�−-
−®£® á¥à¢¨á� ¨, á�¬®¥ ¢�¦−®¥, ® ¡ëáâà®¤¥©áâ¢¨¨, ¯à¨ íâ®¬ ¯®¤ ¤®áâã¯−®áâìî
¯®−¨¬�¥âáï ã¤®¡áâ¢® ¨á¯®«ì§®¢�−¨ï | ã¤�«¥−−ë© ¤®áâã¯, � â�ª¦¥ ¯®¤¤¥à¦ª�
ªà®áá¯«�âä®à¬¥−−®áâ¨ ª«¨¥−âáª®© áâ®à®−ë.

„¥©áâ¢¨â¥«ì−®, ã−¨¢¥àá�«ì−®£® à¥è¥−¨ï ¤«ï á®§¤�−¨ï ¡ëáâà®£® ¨ −�¤¥¦−®£®,
−¥¤®à®£®£® ¨ ¤®áâã¯−®£® ¤«ï è¨à®ª®© �ã¤¨â®à¨¨ (ã¤®¡−®£®) ¢¥¡-á¥à¢¨á� −¥
áãé¥áâ¢ã¥â.

�à¨¬¥−¨â¥«ì−® ª á¯¥æ¨ä¨ª¥ §�¤�ç¨ ¯®áâà®¥−¨ï ‘��÷ ¨ à�áç¥â� í«¥ªâà®−−ëå
áå¥¬ á«¥¤ã¥â ®¯à¥¤¥«¨âì ®á−®¢−ë¥ ¯à®¡«¥¬ë, ª®â®àë¥ ¯®âà¥¡ã¥âáï à�§à¥è¨âì [1].

1. ÷�¡®â� á ¡®«ìè¨¬ ®¡ê¥¬®¬ æ¥−−ëå ¤�−−ëå. �®«ìè¨¥ ¤�−−ë¥ (Big data) |
íâ® âà¥−¤, ª®â®àë© ¥é¥ ¢ 2011 £. ¡ë« ®â¬¥ç¥− ª�ª ®¤¨− ¨§ á�¬ëå �ªâã�«ì−ëå
−�à�¢−¥ á ¢¨àâã�«¨§�æ¨¥©, í−¥à£®á¡¥à¥¦¥−¨¥¬ ¨ ¬®−¨â®à¨−£®¬, � á 2013 £.
¯à®ç−® §�−ï« á¢®¥ ¬¥áâ® ¢ ¨−¤ãáâà¨¨.

2. ÷�¡®â� á ¤�−−ë¬¨ à�§«¨ç−ëå á«®¦−ëå â¨¯®¢. ‚ £¥â¥à®£¥−−ëå áà¥¤�å
à�¡®â� á® á«®¦−ë¬¨ â¨¯�¬¨ ¤�−−ëå ¢¥áì¬� âàã¤®¥¬ª� ¨ âà¥¡ã¥â ¤®¯®«−¨-
â¥«ì−®£® ¢−¨¬�−¨ï ¨ ª®−âà®«ï ª�ª á á¥à¢¥à−®©, â�ª ¨ á ª«¨¥−âáª®© áâ®à®−ë,
çâ®¡ë ¨§¡¥¦�âì ¢®§¬®¦−ëå ®è¨¡®ª ¢−ãâà¨ ¨á¯®«−ï¥¬®£® ª®¤� ¨«¨ ®è¨¡®ç-
−®£® ¨§¬¥−¥−¨ï «¨¡® ¯®â¥à¨ ¤�−−ëå.

3. �¥à¥¤�ç� ¤�−−ëå, §�é¨â� á®¤¥à¦¨¬®£®, âà�−§�ªæ¨®−−ë¥ ¬¥â®¤ë ¯¥à¥-
¤�ç¨, áª®à®áâì. ‚ á¨−åà®−−®© áå¥¬¥ ú§�¯à®á{®¡à�¡®âª�{®â¢¥âû | íâ® ®¤−�
¯¥â«ï HTTP, ª®â®à�ï −¥ ¨¬¥¥â ¦¥áâª®£® ª®−âà®«ï §�¢¥àè¥−−®áâ¨ ¨ «¥£ª®
¬®¦¥â ¯à¥à¢�âìáï. ‚ �á¨−åà®−−®© | âà¨ ®â¤¥«ì−ëå ¯à®æ¥áá�: §�¯à®á (®â-
¯à�¢«¥− ¨ ¯®¤â¢¥à¦¤¥−), ®¡à�¡®âª� (á ¯®¢â®à®¬ ¢ á«ãç�¥ á¡®ï), ¤®áâ�¢ª�
®â¢¥â� (á £�à�−â¨¥©), è¨äà�æ¨ï á®¤¥à¦¨¬®£® á®®¡é¥−¨ï. �á¨−åà®−−�ï ¯¥-
à¥¤�ç� ¤�−−ëå å�à�ªâ¥à¨§ã¥âáï −¥¢®§¬®¦−®áâìî ¯¥à¥å¢�â� ¨«¨ ¯®¤¬¥−ë á®-
®¡é¥−¨ï, ¯à¥àë¢�−¨¥¬ ¯®áà¥¤áâ¢®¬ ¤®¯®«−¨â¥«ì−ëå ãç�áâ−¨ª®¢ á¥â¨, â�ª¨å
ª�ª ¯à®ªá¨-á¥à¢¥àë, ®âáãâáâ¢¨¥¬ ¡®«ìè®£® ª®«¨ç¥áâ¢� á«ã¦¥¡−®© ¨−ä®à-
¬�æ¨¨ ¢ §�¯à®á�å ¨ ®â¢¥â�å, −¥ ¨¬¥îé¥© §−�ç¥−¨ï ¢ ¡¨§−¥á-¯à¥¤−�§−�ç¥−¨¨
á¥à¢¨á�.

4. ÷�¡®â� á ¡®«ìè¨¬ ç¨á«®¬ §�¯à®á®¢. ‘®§¤�−¨¥ á¨áâ¥¬ë, ®¯â¨¬¨§¨àãîé¥©
äà®−â ¢å®¤ïé¨å á®®¡é¥−¨© ¯® £àã¯¯¥ ¢ëç¨á«¨â¥«ì−ëå áâ�−æ¨© ¨ ®¯à¥¤¥«ï-
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îé¥© §�£àã¦¥−−®áâì á¥à¢¨á®¢ ¯ãâ¥¬ §�¤�−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨©
¯® ®¡¥á¯¥ç¥−¨î ¯�à�««¥«ì−®áâ¨ ¢ëç¨á«¥−¨© ¨ åà�−¥−¨ï §�¯à®á®¢.

5. ‘�¬®¤¨�£−®áâ¨ª� ã§«®¢. �à®¢¥àª� æ¥«®áâ−®áâ¨ ¨ ª�ç¥áâ¢� ¯�ª¥â� ¢å®¤ïé¨å
¤�−−ëå ¤® ¢å®¦¤¥−¨ï ¢ ã§¥« ¨ ¯®á«¥ ¥£® ®¡à�¡®âª¨ ¯à¨ ¯®¬®é¨ á¨áâ¥¬ë
¯à®¢¥àª¨ áâ�âãá� á�¬®£® ã§«�

6. Œ®¤¥à−¨§�æ¨ï ¡¨§−¥á-«®£¨ª¨. ‘«�¡�ï á¢ï§�−−®áâì ®â¤¥«ì−ëå ã§«®¢ (á¥à-
¢¨á®¢), ¯®§¢®«ïîé�ï ¡ëáâà® ¨ ¡¥§ ¯®â¥à¨ ¤�−−ëå §�¬¥−¨âì í«¥¬¥−â ®¡à�¡®â-
ª¨ ¤�−−ëå −®¢ë¬ í«¥¬¥−â®¬ â�ª, çâ®¡ë −¥ ¯®âà¥¡®¢�«®áì ¯®«−®© ®áâ�−®¢ª¨
¢á¥© á¨áâ¥¬ë, ¨ ¢ª«îç�îé�ï ¢ á¥¡ï §�¢¥àè¥−¨¥ ¢ë¯®«−¥−¨ï −�ç�âëå ¯à®-
æ¥áá®¢ áâ�àë¬ ª®¤®¬, ¤«ï â®£® çâ®¡ë −¥ ¢®§−¨ª«® ª®−ä«¨ªâ®¢ ¯à¨ ®¡à�¡®âª¥
¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ ç�áâ¨ç−® áâ�à®£®, ç�áâ¨ç−® −®¢®£® ª®¤�.

�à¨¢¥¤¥−−ë¬ ªà¨â¥à¨ï¬ ã¤®¢«¥â¢®àï¥â á¥à¢¨á-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤
(SOA) ª ä®à¬¨à®¢�−¨î ¡¨§−¥á-«®£¨ª¨ ¯à®¤ãªâ�, ãá¯¥è−® §�à¥ª®¬¥−¤®¢�¢è¨©
á¥¡ï ¢ ¯®áâà®¥−¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. �®«ìè®© ®¡ê¥¬ ¯¥à¥¤�¢�¥¬ëå á«®¦-
−® áâàãªâãà¨à®¢�−−ëå ¤�−−ëå ¤¥«�¥â �ªâã�«ì−®© §�¤�çã ®à£�−¨§�æ¨¨ ¢§�¨¬®-
¤¥©áâ¢¨ï á á¥à¢¥à®¬ −� ®á−®¢¥ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ®¡¥á¯¥ç¨¢�îé¨å ¢ëá®ªãî
áª®à®áâì �á¨−åà®−−®© ¯¥à¥¤�ç¨ ¤�−−ëå.

–¥«ì −�áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï | ¯à¨¬¥−¥−¨¥ á¥à¢¨á-®à¨¥−â¨à®¢�−−®© �à-
å¨â¥ªâãàë ª ¯®áâà®¥−¨î áå¥¬®â¥å−¨ç¥áª®© ‘��÷ á ¨á¯®«ì§®¢�−¨¥¬ ¯®«−®¤ã-
¯«¥ªá−®£® ¯à®â®ª®«� á¢ï§¨ WebSocket. ‚¢¨¤ã ¯à¨¬¥−¥−¨ï ¯à®â®ª®«� WebSocket
(áâ�−¤�àâ RFC 6455) â�ª¦¥ âà¥¡ã¥âáï ¯à®¨§¢¥áâ¨ ¨áá«¥¤®¢�−¨¥ ¬¥â®¤®¢ ¯¥à¥¤�ç¨
¤�−−ëå ¯® ãª�§�−−®¬ã ¯à®â®ª®«ã.

2 Архитектура построения веб-сервиса на основе протокола
WebSocket

‚¥¡-á¥à¢¨á, ¨«¨ ¢¥¡-á«ã¦¡�, | ¯à®£à�¬¬−�ï á¨áâ¥¬�, ®¡«�¤�îé�ï §�à�−¥¥
®¯¨á�−−ë¬ ¨−â¥àä¥©á®¬. „«ï â®£® çâ®¡ë ª«¨¥−âë §−�«¨, ª�ª ¯à�¢¨«ì−® áä®à-
¬ã«¨à®¢�âì §�¯à®á ¨ ¢ ª�ª®¬ ¢¨¤¥ ¤®«¦−ë ¯®«ãç¨âì −� −¥£® ®â¢¥â, � â�ª¦¥ ¤«ï
¢§�¨¬®¤¥©áâ¢¨ï á�¬¨å á¥à¢¨á®¢ á ¤àã£¨¬¨ á«ã¦¡�¬¨, áãé¥áâ¢ãîâ ¯à®â®ª®«ë á¢ï-
§¨ ¨ ã¯�ª®¢ª¨ ¤�−−ëå (¢ ª«�áá¨ç¥áª®¬ ¯®−¨¬�−¨¨ SOAP, ¨«¨ REST, ¨«¨ HTTP
¡¥§ −�¤áâà®¥ª). „® ä®à¬¨à®¢�−¨ï ¯®−ïâ¨ï SOA (−�ç�«® 2000-å ££.) ¯®áâà®¥−¨î
¡¨§−¥á-«®£¨ª¨ ¯à¨«®¦¥−¨ï −¥ ã¤¥«ï«®áì ¤®«¦−®£® ¢−¨¬�−¨ï, ®âáãâáâ¢®¢�«® ¥¤¨-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ ® á®§¤�−¨¨ ¢¥¡-á«ã¦¡ [2].

�á−®¢−ë¬ ®â«¨ç¨¥¬ ®¡®¡é¥−¨ï «ãçè¨å ¯à�ªâ¨ª á®§¤�−¨ï ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ¯®¤ −�§¢�−¨¥¬ SOA ï¢«ï¥âáï ¢®§¬®¦−®áâì ª ¯®áâ®ï−−®© �¤�¯â�æ¨¨ ¨ ¤¨-
−�¬¨ç¥áª®¬ã à�§¢¨â¨î −¥ â®«ìª® ¯ãâ¥¬ ¬�áèâ�¡¨à®¢�−¨ï, −® ¨ ¯ãâ¥¬ á®¡áâ¢¥−−®©
à¥®à£�−¨§�æ¨¨ ¨ ¬®¤¥à−¨§�æ¨¨. SOA á®áâ®¨â ¨§ −¥áª®«ìª¨å á«�¡®á¢ï§�−−ëå ª®¬-
¯®−¥−â®¢, ¡«�£®¤�àï ç¥¬ã ®−¨ ¬®£ãâ ¡ëâì «¥£ª® §�¬¥−¥−ë ¨«¨ ¬®¤¥à−¨§¨à®¢�−ë.
‘¥à¢¨á−�ï è¨−� (enterprise service bus, ESB) á«ã¦¨â ¤«ï ®¡¬¥−� á®®¡é¥−¨ï¬¨
ç¥à¥§ ¥¤¨−ãî â®çªã, ¡«�£®¤�àï ª®â®à®¬ã ¯à®¨áå®¤¨â âà�−§�ªæ¨®−−ë© ª®−âà®«ì
®¡¬¥−� ¤�−−ë¬¨. SOA-à¥¥áâà (SOA Registry) | í«¥ªâà®−−ë© ª�â�«®£ ¢á¥å

138 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016



Œ¥â®¤ë ¯®áâà®¥−¨ï áå¥¬®â¥å−¨ç¥áª¨å á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï

‘¥à¢¨á-®à¨¥−â¨à®¢�−−�ï �àå¨â¥ªâãà� (SOA)

¤®áâã¯−ëå −� â¥ªãé¨© ¬®¬¥−â á¥à¢¨á®¢, á®¤¥à¦�é¨© ¨−ä®à¬�æ¨î ® á¥à¢¨á¥.
Š ª®¬¯®−¥−â�¬ ®â−®á¨âáï â�ª¦¥ ¬®¤ã«ì ã¯à�¢«¥−¨ï à�¡®ç¨¬¨ ¯à®æ¥áá�¬¨ (Work-
flow engine), á®¤¥à¦�é¨© ¬®¤¥«¨ ¯®â®ª� ¢ë¯®«−ï¥¬ëå à�¡®â ¤«ï ®¯à¥¤¥«¥−¨ï
¯à®â®ª®«� ¨å ¨á¯®«−¥−¨ï, � â�ª¦¥ ¢®§¬®¦−®áâ¨ ¯�à�««¥«ì−®© ¨ �á¨−åà®−−®©
à�¡®âë −�¤ §�¤�ç�¬¨. ‘¥à¢¨á−ë© ¡à®ª¥à (Service broker) ª®®à¤¨−¨àã¥â à�¡®âã
¡¨§−¥á-á¥à¢¨á®¢ ¤«ï ¢ë¯®«−¥−¨ï §�¤�ç¨, ¯®«ãç�ï ¨−ä®à¬�æ¨î ® áãâ¨ §�¯à®á�,
§�¯à�è¨¢�¥â ã Workflow engine ¬®¤¥«ì à�¡®âë á §�¯à®á®¬, ®¯à�è¨¢�¥â á¥à¢¨-
áë ç¥à¥§ SOA-à¥¥áâà (WSDL-å�à�ªâ¥à¨áâ¨ª¨) ® £®â®¢−®áâ¨ ¨å ª ¢ë¯®«−¥−¨î
§�¤�ç, §�¯ãáª�¥â ¯à®æ¥áá. �¤−� ¨§ ®á−®¢−ëå §�¤�ç SOA-áã¯¥à¢¨§®à� (SOA
supervisor) | ®âá«¥¦¨¢�âì à�¡®âã à�§«¨ç−ëå ª®¬¯®−¥−â®¢ ¢−ãâà¨ SOA-á¨áâ¥¬ë,
®æ¥−¨¢�âì ª®àà¥ªâ−®áâì ¨å äã−ªæ¨®−¨à®¢�−¨ï, � â�ª¦¥ ª®−âà®«¨à®¢�âì §�¯à®áë,
¯®á«�−−ë¥ ¢® ¢−¥è−¨¥ á¨áâ¥¬ë. ‚§�¨¬®¤¥©áâ¢¨¥ ¢á¥å íâ¨å ª®¬¯®−¥−â®¢ ¯®ª�§�−®
−� à¨áã−ª¥.

�à¨ ¨á¯®«ì§®¢�−¨¨ á¥à¢¨á-®à¨¥−â¨à®¢�−−®£® ¯®¤å®¤� ¯®ï¢«ï¥âáï ¢®§¬®¦-
−®áâì ¯à¨¬¥−ïâì ¯à®£à�¬¬−ë¥ ª®¬¯®−¥−âë ¬−®£®ªà�â−®, çâ® ¯®§¢®«ï¥â á−¨§¨âì
âàã¤®¥¬ª®áâì à�§à�¡®âª¨ áå¥¬®â¥å−¨ç¥áª®© ‘��÷ ¨ áâ®¨¬®áâì à�§à�¡®âª¨ ¨ ¬®-
¤¥à−¨§�æ¨¨ ��, ¯®áâà®¥−−®£® á ¯à¨¬¥−¥−¨¥¬ �àå¨â¥ªâãàë SOA.

÷�−¥¥ á¥à¢¨á-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ ª ¯®áâà®¥−¨î ¢¥¡-á¥à¢¨á®¢ ¢ ®á−®¢−®¬
¨á¯®«ì§®¢�«áï ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¢¢¨¤ã á¯¥æ¨ä¨ª¨ ¤�−−®© ®¡«�áâ¨ |
¢ë¯®«−¥−¨ï ¡®«ìè®£® ç¨á«� ®¤−®â¨¯−ëå §�¯à®á®¢ á ¬�«®© −�£àã§ª®© (−¥¡®«ì-
è¨¬ ®¡ê¥¬®¬ ¢ëç¨á«¥−¨© ¨«¨ ¨å ®âáãâáâ¢¨¥¬). ‚ −�áâ®ïé¥¥ ¢à¥¬ï SOA �ªâ¨¢−®
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¨á¯®«ì§ã¥âáï ¨ ¤«ï ¯®áâà®¥−¨ï ‘��÷ [3]. „�−−�ï â¥å−®«®£¨ï ã¦¥ ãá¯¥è−® ¢−¥-
¤à¥−� −¥áª®«ìª¨¬¨ ¯à®£à¥áá¨¢−ë¬¨ ª®¬¯�−¨ï¬¨, §�−¨¬�îé¨¬¨áï à�§à�¡®âª®©
‘��÷, ¢ ç�áâ−®áâ¨ à¥è¥−¨¥¬ úá¢ï§�−−ëåû §�¤�ç ã¯àã£®áâì{¤¨−�¬¨ª�{¯à®ç-
−®áâì, â¥¯«®¯¥à¥¤�ç� { −�¯àï¦¥−−®-¤¥ä®à¬¨à®¢�−−®¥ á®áâ®ï−¨¥, ¬®¤¥«¨à®¢�-
−¨¥¬ ¬¥å�âà®−−ëå á¨áâ¥¬, ¢®¯à®á�¬¨ à�§àãè¥−¨ï ª®¬¯®§¨â−ëå ª®−áâàãªæ¨©,
á«®¦−®£® ª®−â�ªâ−®£® ¢§�¨¬®¤¥©áâ¢¨ï, | MSC Software.

MSC SimEnterprise | á¥¬¥©áâ¢® ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¤«ï ®à£�−¨§�æ¨¨
¨ ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬ ¬®¤¥«¨à®¢�−¨¥¬, �−�«¨§®¬ ¨ ®¯â¨¬¨§�æ¨¥© à�§à�-
¡�âë¢�¥¬ëå ¨§¤¥«¨© ¢ à�¬ª�å ¯à¥¤¯à¨ïâ¨ï. ‘¥¬¥©áâ¢® MSC SimEnterprise
¢ª«îç�¥â á¨áâ¥¬ë MSC SimXpert, MSC SimDesigner, MSC SimManager, ¢−¥¤-
à¥−¨¥ ¨ ¯à¨¬¥−¥−¨¥ ª®â®àëå ®¡¥á¯¥ç¨¢�îâ:

{ ¬−®£®¤¨áæ¨¯«¨−�à−ë© ¨−¦¥−¥à−ë© �−�«¨§ ¢ ¥¤¨−®© áà¥¤¥;

{ −�ª®¯«¥−¨¥ §−�−¨© −� ¡�§¥ è�¡«®−®¢ (áæ¥−�à¨¥¢) à¥è¥−¨ï á«®¦−ëå §�¤�ç;

{ �¢â®¬�â¨§�æ¨î ¢ë¯®«−¥−¨ï ¨−¦¥−¥à−ëå à�áç¥â®¢ (¢ â®¬ ç¨á«¥ ¬−®£®¢�à¨-
�−â−ëå) á ®âá«¥¦¨¢�−¨¥¬ «®£¨ç¥áª¨å á¢ï§¥© ¨áå®¤−ëå ¤�−−ëå ¨ ¯®«ãç�¥¬ëå
à¥§ã«ìâ�â®¢, � â�ª¦¥ �¢â®¬�â¨§�æ¨î £¥−¥à�æ¨¨ ®âç¥â®¢;

{ −�ª®¯«¥−¨¥ ¨ á¨áâ¥¬�â¨§�æ¨î à�áç¥â−ëå ¬®¤¥«¥©, à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨©,
â¥å−¨ç¥áª¨å ®âç¥â®¢ ¨ â. ¯.;

{ ª®−âà®«ì ¤®áâã¯� ª ¤�−−ë¬;

{ ®à£�−¨§�æ¨î ¨ ª®−âà®«ì §�¤�−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨ ¯®«−®âë ¢ë¯®«−¥−¨ï
®â¤¥«ì−ëå íâ�¯®¢ à�áç¥â−ëå à�¡®â.

�à¨¬¥−¨â¥«ì−® ª áå¥¬®â¥å−¨ç¥áª¨¬ ‘��÷ ¬®¦−® áä®à¬ã«¨à®¢�âì àï¤
®á−®¢−ëå §�¤�ç, ¢®áâà¥¡®¢�−−ëå ª à¥è¥−¨î ¢ ¢¨¤¥ ¯à¥¤®áâ�¢«ï¥¬®£® á¥à¢¨-
á� [4]:

{ à�áç¥â áâ�æ¨®−�à−®£® à¥¦¨¬� «¨−¥©−ëå áå¥¬;

{ à�áç¥â ç�áâ®â−ëå å�à�ªâ¥à¨áâ¨ª «¨−¥©−ëå áå¥¬;

{ à�áç¥â áâ�æ¨®−�à−®£® à¥¦¨¬� −¥«¨−¥©−ëå áå¥¬;

{ à�áç¥â ¤¨−�¬¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª −¥«¨−¥©−ëå áå¥¬;

{ à�áç¥â çã¢áâ¢¨â¥«ì−®áâ¨ áå¥¬ ª ¢�à¨�æ¨¨ ¯�à�¬¥âà®¢ ¢−¥è−¨å ¢®§¤¥©áâ¢¨©.

�®«ì§®¢�â¥«î á¥à¢¨á� ¬®¦¥â ¯®âà¥¡®¢�âìáï ª�ª à¥è¥−¨¥ ®¤−®© ¨§ ¯à¥¤®áâ�¢-
«ï¥¬ëå §�¤�ç, â�ª ¨ à�§«¨ç−ë¥ ª®¬¡¨−�æ¨¨ §�¤�ç ¯® à�áç¥âã áå¥¬. ��¯à¨¬¥à,
à¥è¥−¨¥ §�¤�ç¨ à�áç¥â� ç�áâ®â−ëå å�à�ªâ¥à¨áâ¨ª «¨−¥©−®© áå¥¬ë ¨ à�áç¥â
áâ�æ¨®−�à−®£® à¥¦¨¬� «¨−¥©−®© áå¥¬ë á ¯®á«¥¤ãîé¨¬ ¢ëç¨á«¥−¨¥¬ ç�áâ®â−®©
å�à�ªâ¥à¨áâ¨ª¨.

‘�¬ë¬ §−�ç¨â¥«ì−ë¬ ¨§¬¥−¥−¨¥¬ ¢ ª«�áá¨ç¥áª®© ¬®¤¥«¨ á¥à¢¨á-®à¨¥−â¨à®-
¢�−−®© �àå¨â¥ªâãàë −� á¥£®¤−ïè−¨© ¤¥−ì ï¢«ï¥âáï ¯à®â®ª®« ¯¥à¥¤�ç¨ ¤�−−ëå
¬¥¦¤ã á«�¡®á¢ï§�−−ë¬¨ ã§«�¬¨. ‚ áâ�−¤�àâ−®¬ ¯®−¨¬�−¨¨ ¢¥¡-á«ã¦¡ë ¤«ï
¯¥à¥¤�ç¨ ¤�−−ëå ¨á¯®«ì§ã¥âáï −�¤áâà®©ª� −�¤ ¯à®â®ª®«®¬ HTTP | ¯à®â®ª®«
SOAP ¤«ï ®¡¬¥−� á®®¡é¥−¨ï¬¨ ¢ ä®à¬�â¥ XML, ª®â®àë© −¥ «¨è¥− −¥¤®áâ�âª®¢:
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Œ¥â®¤ë ¯®áâà®¥−¨ï áå¥¬®â¥å−¨ç¥áª¨å á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï

¨á¯®«ì§®¢�−¨¥ SOAP-¯à®â®ª®«� ¤«ï ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¬¥¦¤ã ã§«�¬¨ ã¢¥«¨-
ç¨¢�¥â ¨å ®¡ê¥¬ ¨ á−¨¦�¥â áª®à®áâì ®¡à�¡®âª¨. „«ï ã¢¥«¨ç¥−¨ï áª®à®áâ¨ ®¡ëç−®
¨á¯®«ì§ã¥âáï ¯¥à¥áë«ª� XML-¤®ªã¬¥−â®¢ ç¥à¥§ HTTP −�¯àï¬ãî, � á�¬¨ ¯�-
à�¬¥âàë â¥ªãé¥£® §�¯à®á� ¯¥à¥¤�îâáï ª�ª ®¡ëç−ë¥ HTTP-¯�à�¬¥âàë. •®âï
SOAP ï¢«ï¥âáï áâ�−¤�àâ®¬, −¥ª®â®àë¥ ¯à®£à�¬¬ë ç�áâ® £¥−¥à¨àãîâ á®®¡é¥−¨ï
¢ −¥á®¢¬¥áâ¨¬®¬ ä®à¬�â¥. ��§®¢ë© ¯à®â®ª®« ¯®¤à�§ã¬¥¢�¥â ®¦¨¤�−¨¥ ®â¢¥â�
ª�¦¤ë© à�§ ¯à¨ ®â¯à�¢ª¥ §�¯à®á�, à¨áªãï ¯à¥à¢�âìáï, ¯à¥®¤®«¥¢�ï ¤¢®©−ãî
¤¨áâ�−æ¨î ®â ®â¯à�¢¨â¥«ï ¤® ¯®«ãç�â¥«ï ¨ á−®¢� ¤® ®â¯à�¢¨â¥«ï, −¥ £®¢®àï ã¦¥
® â®¬, çâ® §�¯à®á ¬®¦¥â ¡ëâì ®â¯à�¢«¥− ¢¯ãáâãî, ¥á«¨ ®â¢¥â −¥ £®â®¢, â¥¬ á�¬ë¬
¥é¥ à�§ ¯à¨â®à¬®§¨¢ ¯®«ãç�â¥«ï ¢ ä®à¬¨à®¢�−¨¨ ®â¢¥â� á¢®¨¬ ¢−¥®ç¥à¥¤−ë¬
§�¯à®á®¬.

„«ï ã¢¥«¨ç¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï âà¥¡ã¥âáï â�ª�ï ®à£�−¨§�æ¨ï ®¡é¥© è¨−ë
ESB, çâ®¡ë á¥à¢¨áë ¬®£«¨ ®â¯à�¢«ïâì ¨ ¯®«ãç�âì á®¡ëâ¨ï �á¨−åà®−−®, −¥ ®¦¨-
¤�ï ¤àã£ ¤àã£�. �â® §−�ç¨â, çâ® á¥à¢¨á-®â¯à�¢¨â¥«ì ¤®«¦¥− ¨¬¥âì ¢®§¬®¦−®áâì
®â¯à�¢«ïâì áª®«ìª® ã£®¤−® á®¡ëâ¨© ¢ ESB ¡¥§ ¢à¥¬¥−−‚ëå §�¤¥à¦¥ª ¨ ¯¥à¥å®-
¤¨âì ª à¥è¥−¨î á«¥¤ãîé¨å §�¤�ç. � á¥à¢¨áë-¯®«ãç�â¥«¨ ¤®«¦−ë ¯®«ãç�âì
−®¢ë¥ á®¡ëâ¨ï â�ª¦¥ �á¨−åà®−−®, −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�, áà�§ã ¦¥ ¯® §�-
¢¥àè¥−¨¨ ®¡à�¡®âª¨ ¯à¥¤ë¤ãé¥£® á®¡ëâ¨ï. ÷¥è¥−¨¥¬ ¤�−−®© ¯à®¡«¥¬ë ¬®¦¥â
áâ�âì ¨á¯®«ì§®¢�−¨¥ ¯à®â®ª®«� ¤¢ãáâ®à®−−¥© ¯®«−®¤ã¯«¥ªá−®© á¢ï§¨ WebSocket
(áâ�−¤�àâ RFC 6455).

“ ¯à®â®ª®«� SOAP ¨ áâ�−¤�àâ−®£® ¯®¤å®¤� ª ¯®áâà®¥−¨î ¢¥¡-á«ã¦¡ ¥áâì
ã−¨ä¨æ¨à®¢�−−®¥ ®¯¨á�−¨¥ á�¬®£® á¥à¢¨á�, −¥á¬®âàï −� â® çâ® §�ç�áâãî íâ®
®¯¨á�−¨¥ −¥ ¢á¥£¤� ¤®áâ�â®ç−® ¤«ï á®§¤�−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï ¨«¨ ®à-
£�−¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ SOA-à¥¥áâà� | ®−® ¨¬¥¥âáï ¨ ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥
WSDL-ä�©«�. WSDL ¢ §�¢¨á¨¬®áâ¨ ®â ¨á¯®«ì§ã¥¬®© ¢¥àá¨¨ ¬®¦¥â ¨¬¥âì
à�§«¨ç−®¥ ®ä®à¬«¥−¨¥, −® ¯® áãâ¨ −¥á¥â ¢ á¥¡¥ ç¥âëà¥ ®á−®¢−ë¥ «®£¨ç¥áª¨¥
ç�áâ¨:

(1) ®¯à¥¤¥«¥−¨¥ â¨¯®¢ ¤�−−ëå (types) | ®¯à¥¤¥«¥−¨¥ ¢¨¤� ®â¯à�¢«ï¥¬ëå ¨ ¯®-
«ãç�¥¬ëå á¥à¢¨á®¬ XML-á®®¡é¥−¨©;

(2) í«¥¬¥−âë ¤�−−ëå (message) | á®®¡é¥−¨ï, ¨á¯®«ì§ã¥¬ë¥ ¢¥¡-á¥à¢¨á®¬;

(3) �¡áâà�ªâ−ë¥ ®¯¥à�æ¨¨ (portType) | á¯¨á®ª ®¯¥à�æ¨©, ª®â®àë¥ ¬®£ãâ ¡ëâì
¢ë¯®«−¥−ë á á®®¡é¥−¨ï¬¨;

(4) á¢ï§ë¢�−¨¥ á¥à¢¨á®¢ (binding) | á¯®á®¡, ª®â®àë¬ á®®¡é¥−¨¥ ¡ã¤¥â ¤®áâ�¢-
«¥−®.

WSDL-§�¯¨á¨ ¬®£ãâ ¡ëâì á®§¤�−ë �¢â®¬�â¨ç¥áª¨ áà¥¤®© à�§à�¡®âª¨ ¯ã-
â¥¬ ¢ë¡®à� è�¡«®−� úá®§¤�−¨¥ ¢¥¡-á«ã¦¡û. „«ï ¯à®¥ªâ¨à®¢�−¨ï á¥à¢¨á®¢ −�
¡�§¥ ¯®«−®¤ã¯«¥ªá−®£® ¯à®â®ª®«� á¢ï§¨ WebSocket âà¥¡ã¥âáï á�¬®áâ®ïâ¥«ì−®
¯à¥¤ãá¬®âà¥âì áà¥¤áâ¢� ¤«ï ¨−ä®à¬¨à®¢�−¨ï ¯®â¥−æ¨�«ì−ëå ª«¨¥−â®¢ ® â¨¯�å
®¯¥à�æ¨© ¨ ¯à®â®ª®«�å, ¨á¯®«ì§ã¥¬ëå ¤�−−®© á«ã¦¡®© ¢ ¢¨¤¥ ¢á¥¬ ¯à¨¢ëç−®£®
WSDL-ä�©«�. �¤−�ª® WSDL −¥ ¯®§¢®«ï¥â à�§à¥è¨âì ¢á¥ ¢®¯à®áë, á¢ï§�−−ë¥
á ¨−â¥àä¥©á®¬ à�¡®âë ¢¥¡-á¥à¢¨á�.
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�à®¡«¥¬� ¯¥à¥¤�ç¨ á«®¦−ëå â¨¯®¢ ¤�−−ëå ¢ ®â−®è¥−¨¨ ¯®áâà®¥−¨ï ¢¥¡-
¯à¨«®¦¥−¨ï áå¥¬®â¥å−¨ç¥áª®© ‘��÷ §�ª«îç�¥âáï ¢ ¯®âà¥¡−®áâ¨ ¯¥à¥¤�¢�âì
¡®«ìè®© ®¡ê¥¬ á«®¦−® áâàãªâãà¨à®¢�−−ëå ¤�−−ëå, ª®â®àë¥ ¢ £¥â¥à®£¥−−ëå
áà¥¤�å ¬®£ãâ ä®à¬¨à®¢�âìáï ¯® à�§−ë¬ ¯à¨−æ¨¯�¬ ¨ ¨−â¥à¯à¥â¨à®¢�âìáï á®®â-
¢¥âáâ¢¥−−®, çâ® ¬®¦¥â ¯®á«ã¦¨âì ¯à¨ç¨−®© ®è¨¡ª¨ ¢ à�áç¥â�å.

‘ ãç¥â®¬ á¯¥æ¨ä¨ª¨ ¯à®â®ª®«� WebSocket, � â�ª¦¥ ¢ æ¥«ïå ¯à¥¤®â¢à�é¥-
−¨ï ®è¨¡®ª ¯à¨ ¨−â¥à¯à¥â�æ¨¨ ¤�−−ëå á«¥¤ã¥â ¯à¨¢¥áâ¨ ¯¥à¥¤�¢�¥¬ë¥ ¤�−−ë¥
ª áâà®ª®¢®¬ã â¨¯ã String, ¢¢¥áâ¨ áâà®£¨© ¯®àï¤®ª §−�ç¥−¨© ¯¥à¥¬¥−−ëå ¨ ®£à�−¨-
ç¨âì ¥£® à�¬ª�¬¨ | á¯¥æ¨�«ì−ë¬¨ §�à¥§¥à¢¨à®¢�−−ë¬¨ á¨¬¢®«�¬¨, ¡«�£®¤�àï
ª®â®àë¬ ®¯à¥¤¥«ï¥âáï, ª ª�ª®¬ã ®¡ê¥ªâã ®â−®á¨âáï ¤�−−®¥ ¨−ä®à¬�æ¨®−−®¥
®¯¨á�−¨¥. ’�ª¨¬ ®¡à�§®¬, −� á¥à¢¥à ¯¥à¥¤�¥âáï −¥ ¬−®£®¬¥à−�ï áâàãªâãà�,
� áâà®ª�, £¤¥ ª�¦¤ë© ª®íää¨æ¨¥−â ¨¬¥¥â á¢®¥ áâà®£®¥ ¬¥áâ®, � ¤�−−ë¥, ®â−®áï-
é¨¥áï ª à�§−ë¬ ®¡ê¥ªâ�¬, à�§¤¥«ïîâáï á¯¥æ¨�«ì−ë¬¨ á¨¬¢®«�¬¨. ��¯à¨¬¥à,
áâà®ª� ú1*2*0,1*2*3*1*2*0*10*3*0*1*1*0*3*0*0,16*0*0*1*û §�ª«îç�¥â ¢ á¥-
¡¥ ¤�−−ë¥ ® à¥§¨áâ®à�å, ª�âãèª¥ ¨−¤ãªâ¨¢−®áâ¨, ¥¬ª®áâ−®¬ í«¥¬¥−â¥, ¢å®¤−ëå
¨ ¢ëå®¤−ëå ã§«�å, � â�ª¦¥ ¯�à�¬¥âà�å à�áç¥â�.

„«ï â®£® çâ®¡ë à�áè¨äà®¢�âì áâà®ªã, −¥®¡å®¤¨¬® ¨¬¥âì á¯¥æ¨�«ì−ë© ª«îç,
ª®â®àë© ¢ á¢®¥¬ ¯à¨ª«�¤−®¬ ¢�à¨�−â¥ ¯à¥¤áâ�¢«ï¥â ª«�áá ¨«¨ äã−ªæ¨î Parser
(¨−â¥à¯à¥â�â®à). �ç¥¢¨¤−®, çâ® á¥à¢¥à ¨¬¥¥â â�ªãî äã−ªæ¨î ¨«¨ ª«�áá ¤«ï
¤¥ª®¤¨à®¢�−¨ï ¤�−−ëå, ¤«ï à�§à�¡®âç¨ª� ª«¨¥−âáª®© á®áâ�¢«ïîé¥© ¤�−−ë©
ª«îç −¥¨§¢¥áâ¥−, ¥£® á«¥¤ã¥â à�§¬¥áâ¨âì ¢ WSDL-ä�©«¥. �«ìâ¥à−�â¨¢−ë¬
¢�à¨�−â®¬ ¯à¥¤®áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ® á¥à¢¨á¥ ¬®¦¥â ¯®á«ã¦¨âì ®¯¨á�−¨¥
¬¥â®¤®«®£¨¨ à�¡®âë ¢¥¡-á«ã¦¡ë −� á�©â¥.

„«ï ¯®áâà®¥−¨ï ¢¥¡-á¥à¢¨á� −� ®á−®¢¥ á¥à¢¨á-®à¨¥−â¨à®¢�−−®£® ¯®¤å®¤�
á ¯à¨¬¥−¥−¨¥¬ ¯®«−®¤ã¯«¥ªá−®£® ¯à®â®ª®«� WebSocket −ã¦−® ãç¨âë¢�âì ¤¢¥
á®áâ�¢«ïîé¨¥: ¯®áâà®¥−¨¥ è¨−ë ESB −� ®á−®¢¥ �á¨−åà®−−®£® ¯à®â®ª®«� ¨ ¯®-
áâà®¥−¨¥ ¯à�¢¨« ¨ ¯à®â®ª®«� ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¥© áà¥¤®© â�ª¦¥ −� ®á−®¢¥
¤�−−®£® â¨¯� á¢ï§¨.

‚ ¯¥à¢®¬ á«ãç�¥ âà¥¡ã¥âáï WSDL-ä�©« ¤«ï SOA-à¥¥áâà�, ª®â®àë© ¬®¦-
−® ®à£�−¨§®¢�âì ç¥à¥§ á¯¥æ¨�«ì−ãî áâàãªâãàã (¯®å®¦ãî ¯® ¨−ä®à¬�æ¨®−−®¬ã
−�¯®«−¥−¨î −� WSDL), ¯®¤å®¤ïéãî ¤«ï ¤�−−®£® ª®−ªà¥â−®£® á«ãç�ï, ¨ à�§¬¥á-
â¨âì ¤�−−ë© ª®¬¯®−¥−â ¢ ¢¨¤¥ ¬®¤¥«¨ ¢ ã§«¥ Workflow engine ¤«ï ¢®§¬®¦−®áâ¨
¡ëáâà® §�¬¥−¨âì ¥£®. �à¨ íâ®¬ ¯à¨ §�¬¥−¥ á¥à¢¨á� −� −®¢ë© ¬®¦−® ¯à¥¤ãá¬®â-
à¥âì ¢ áâàãªâãà¥ ¨−ä®à¬�æ¨¨ ® á¥à¢¨á¥ ®¡à�â−ãî á®¢¬¥áâ¨¬®áâì ¤«ï áâ�à®£®
ª®¬¯®−¥−â� ¨ −®¢®£® á®®â¢¥âáâ¢¥−−® [5].

‚® ¢â®à®¬ á«ãç�¥, ª®£¤� ¯à®â®ª®« á¢ï§¨ WebSoket ¨á¯®«ì§ã¥âáï ®â â®çª¨
¢å®¤� ¤® ª®−¥ç−®£® ¯®«ì§®¢�â¥«ï, ¢ ¨¤¥�«ì−®© á¨âã�æ¨¨ ¯®âà¥¡ã¥âáï ¯à¥¤ã-
á¬®âà¥âì ¢�à¨�−â §�¯à®á� WSDL-ä�©«� ç¥à¥§ URL ¨ ®à£�−¨§®¢�âì ¢®§¬®¦−®áâì
¯à¥¤®áâ�¢«¥−¨ï áâàãªâãàë WSDL-ä�©«� −� ®¡®§à¥−¨¥ ª®−¥ç−®¬ã ¯®«ì§®¢�â¥«î.

�à¨ à�áá¬®âà¥−¨¨ ¯à®â®ª®«� WebSocket ¤«ï ¯®áâà®¥−¨ï ESB-è¨−ë ¢¥¡-
á¥à¢¨á� ¢¨¤¨âáï àï¤ ¯à¥¨¬ãé¥áâ¢, á¢ï§�−−ëå ¢ ¯¥à¢ãî ®ç¥à¥¤ì á® áª®à®áâìî
®¡¬¥−� ¤�−−ë¬¨ [6]:
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Œ¥â®¤ë ¯®áâà®¥−¨ï áå¥¬®â¥å−¨ç¥áª¨å á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï

{ ¢®§¬®¦−®áâì �á¨−åà®−−®£® ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã á¥à¢¨á�¬¨;

{ ¢®§¬®¦−®áâì ¯à®¢¥¤¥−¨ï �á¨−åà®−−®© à�¡®âë −�¤ ¨á¯®«−ï¥¬ë¬¨ §�¤�ç�¬¨;

{ ®âáãâáâ¢¨¥ ¯®âà¥¡−®áâ¨ ¢ ¯®áâ®ï−−®¬ ®¯à®á¥ á¥à¢¨á®¢ ¯® HTTP/SOAP-¯¥â-
«¥ (ã¬¥−ìè¥−¨¥ ¯¥à¥¤�¢�¥¬®£® âà�ä¨ª� §� áç¥â á−¨¦¥−¨ï ç¨á«� §�¯à®á®¢,
ã¬¥−ìè¥−¨¥ −�£àã§ª¨ −� á�¬ ®¯à�è¨¢�¥¬ë© á¥à¢¨á);

{ ã¬¥−ìè¥−¨¥ âà�ä¨ª� ¯® á¥â¨ §� áç¥â á−¨¦¥−¨ï ®¡ê¥¬� á�¬¨å ¯�ª¥â®¢ (®á®¡¥−-
−®áâì ¯à®â®ª®«� WebSocket);

{ �ªâ¨¢�æ¨ï á®¥¤¨−¥−¨ï âà¥¡ã¥âáï ¥¤¨−áâ¢¥−−ë© à�§ ¯à¨ �ªâ¨¢�æ¨¨ ¢¥¡-á¥à¢¨-
á� «¨¡® ¯®á«¥ ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ ª®¬¯®−¥−âë á¥à¢¨á�;

{ ¤ã¡«¨à®¢�−¨¥ â®çª¨ ¢å®¤�, ¯®áª®«ìªã WebSocket ¬®¦−® ¤ã¡«¨à®¢�âì −¥®£à�-
−¨ç¥−−®¥ ç¨á«® à�§, â�ª ª�ª ®¡é¥−¨¥ ¬¥¦¤ã −¨¬ ¨ ª«¨¥−â®¬ ã−¨ä¨æ¨à®¢�−®
¨ ®â¢ï§�−® ®â ¢−ãâà¥−−®áâ¥© á¨áâ¥¬ë, � ®¡é¥−¨¥ ¬¥¦¤ã −¨¬ ¨ á¨áâ¥¬®©,
¢ á¢®î ®ç¥à¥¤ì, ®â¢ï§�−® ®â ª®¬¬ã−¨ª�æ¨© á ª«¨¥−â®¬.

‘ â®çª¨ §à¥−¨ï ¨á¯®«ì§®¢�−¨ï ¯à®â®ª®«� WebSocket ¤«ï ®¡¬¥−� ¨−ä®à¬�-
æ¨¥© á ª«¨¥−âáª¨¬ ¯à¨«®¦¥−¨¥¬ â�ª¦¥ ¨¬¥¥âáï àï¤ ¯à¥¨¬ãé¥áâ¢:

{ ¨−â¥à�ªâ¨¢−®áâì ¯à¨«®¦¥−¨ï §� áç¥â �á¨−åà®−−®£® ¯®¤å®¤� ª ®¡¬¥−ã ¯�ª¥-
â�¬¨;

{ ®âáãâáâ¢¨¥ «¨è−¥© −�£àã§ª¨ −� á¥à¢¥à §� áç¥â ¯®áë«�¥¬ëå §�¯à®á®¢ (®â¢¥â
¯à¨¤¥â á�¬ â®£¤�, ª®£¤� ¡ã¤¥â £®â®¢);

{ ã¬¥−ìè¥−¨¥ âà�ä¨ª� ¯® á¥â¨ §� áç¥â ã¬¥−ìè¥−¨ï ®¡ê¥¬� á�¬¨å ¯�ª¥â®¢
(®á®¡¥−−®áâì ¯à®â®ª®«� WebSocket).

�®¤®¡−ë© ¯®¤å®¤ ª ¯®áâà®¥−¨î ¢¥¡-á«ã¦¡ á®®â¢¥âáâ¢ã¥â ¢á¥¬ è¥áâ¨ áä®à-
¬ã«¨à®¢�−−ë¬ ¢ëè¥ ªà¨â¥à¨ï¬, ¯à¥¤êï¢«ï¥¬ë¬ ª á®¢à¥¬¥−−ë¬ £«®¡�«ì−ë¬
¢¥¡-á¥à¢¨á�¬ | ®âª�§®ãáâ®©ç¨¢ë¬, ã¤®¡−ë¬ ¨ ®¡«�¤�îé¨¬ ¢ëá®ª¨¬ ¡ëáâà®-
¤¥©áâ¢¨¥¬.

3 Заключение

ˆá¯®«ì§®¢�−¨¥ ¯®«−®¤ã¯«¥ªá−®£® ¯à®â®ª®«� á¢ï§¨ WebSocket ¤«ï ¯®áâà®-
¥−¨ï ªàã¯−ëå á¥à¢¨á®¢ −� ®á−®¢¥ á¥à¢¨á-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãàë ¤�¥â
¬−®£® ¯à¥¨¬ãé¥áâ¢ ¯® áà�¢−¥−¨î á® áâ�−¤�àâ−ë¬ ¬¥â®¤®¬ ®à£�−¨§�æ¨¨ ¢¥¡-
á«ã¦¡ (¯à®â®ª®« SOAP). WebSocket | íâ® �ªâã�«ì−®¥ ¨ «®£¨ç−®¥ ¤®¯®«−¥−¨¥
ª ª«�áá¨ç¥áª®© ¬®¤¥«¨ SOA, ¯®§¢®«ïîé¥¥ à�áè¨à¨âì ¥¥ ¢®§¬®¦−®áâ¨: ãáª®à¨âì
®¡¬¥− ¤�−−ë¬¨, ãáª®à¨âì à¥è¥−¨¥ §�¤�ç §� áç¥â �á¨−åà®−−®áâ¨ ¢ë¯®«−¥−¨ï
¯à®æ¥áá� à�§−ë¬¨ ª®¬¯®−¥−â�¬¨; ªà®¬¥ â®£®, ã¢¥«¨ç¨âì −�¤¥¦−®áâì à�¡®âë
á¥à¢¨á� §� áç¥â ã¬¥−ìè¥−¨ï ç¨á«� §�¯à®á®¢ ¤«ï ¯®«ãç¥−¨ï áâ�âãá� ¨ ¨−ä®à¬�-
æ¨¨ (®â¢¥â ¡ã¤¥â â®£¤�, ª®£¤� ¡ã¤¥â £®â®¢). �à¨ íâ®¬ à�áè¨à¨âì ¢®§¬®¦−®áâ¨
¬�áèâ�¡¨à®¢�−¨ï §� áç¥â ¢®§¬®¦−®áâ¨ ¤ã¡«¨à®¢�−¨ï â®çª¨ ¢å®¤�.

‘ãé¥áâ¢ãîâ ¨ ®âà¨æ�â¥«ì−ë¥ áâ®à®−ë ¯à¨¬¥−¥−¨ï ¤�−−®£® ¯à®â®ª®«� |
àãç−®¥ ä®à¬¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ® á¥à¢¨á¥ ¢ â®¬ ¨«¨ ¨−®¬
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¢¨¤¥. �® ¬¥à¥ à�á¯à®áâà�−¥−¨ï ¨ ¢®§¬®¦−®© ¬®¤¥à−¨§�æ¨¨ ¯à®â®ª®«� â�ª®©
−¥¤®áâ�â®ª, ¢®§¬®¦−®, ¡ã¤¥â ¨á¯à�¢«¥−.
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METHODS OF CREATION OF A CIRCUITRY CAD
USING THE SERVICE-ORIENTED APPROACH

ON THE BASIS OF THE WEBSOCKET PROTOCOL
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Abstract: The main criteria to which the web service of circuitry design shall
correspond are given. The classical approach to creation of service-oriented
systems is described. The article reveals the internal architecture of a web
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service on the basis of service-oriented architecture (SOA) and the main stages
of functioning. The article describes application of SOA for automated design
engineering systems, in particular circuitry CAD (computer-aided design). An
example of successful implementation of the SOA architecture in automated
design engineering systems is given. A number of circuitry tasks for creation
of an automated design engineering system on the basis of the service-oriented
approach are formulated and described. The article considers the advantages
and shortcomings of use of the WebSocket full-duplex communication protocol
(RFC 6455 standard) as the basis of an ESB bus of a service-oriented automated
design engineering system in comparison with the SOA protocol. The advantages
and shortcomings of use of the WebSocket protocol for performing external
communications of a web service are given. The question of transmission of
complex data types in heterogeneous software environments using the WebSocket
full-duplex data protocol (RFC 6455 standard) is taken up. The advantages and
shortcomings of implementation of the WebSocket communication protocol in
automated design engineering systems, in particular circuitry design systems, on
the basis of SOA are specified.

Keywords: SOA; CAD; web service; WebSocket; environment .NET; bus ESB;
cross-platform; asynchrony; heterogeneous environment; frequency response;
stationary mode; circuit engineering; difficult data types; network traffic;
high-speed performance
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НОРМАЛИЗАЦИЯ БАНКОВСКИХ ОНЛАЙН-СЕРВИСОВ

В. Д. Ильин1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ §�¤�ç¨, à¥è�¥¬ë¥ á ¯®¬®éìî ¡�−ª®¢-
áª¨å ®−«�©−-á¥à¢¨á®¢ −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� (��Œ).
�à¨¢¥¤¥− á®áâ�¢ ®á−®¢−ëå ®−«�©−-á¥à¢¨á®¢ ¡�−ª�-à¥£ã«ïâ®à�, ¡�−ª®¢-¯à®-
¢�©¤¥à®¢ ¨ ¯¥àá®−�«ì−ëå í«¥ªâà®−−ëå ¡�−ª®¢. �®«¥¥ ¯®¤à®¡−® à�áá¬®âà¥−ë
®−«�©−-á¥à¢¨áë £®áã¤�àáâ¢¥−−®£® ã¤®áâ®¢¥à¥−¨ï ®¯¥à�æ¨© −�¤ ¡�−ª®¢áª¨¬¨
áç¥â�¬¨, ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢ ¨ ¤®«£®¢®© ¤¥−¥¦−®© í¬¨áá¨¨.

Š«îç¥¢ë¥ á«®¢�: −®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬; ¡�−ª-à¥£ã«ï-
â®à; ¡�−ª-¯à®¢�©¤¥à; ¯¥àá®−�«ì−ë© í«¥ªâà®−−ë© ¡�−ª; ¡�−ª®¢áª¨© ®−«�©−-
á¥à¢¨á
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1 Введение

÷¥§ã«ìâ�â¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï á®¢à¥¬¥−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§-
¬� (�Œ) ¢® ¬−®£®¬ ®¯à¥¤¥«ï¥âáï ª�ç¥áâ¢®¬ ¡�−ª®¢áª¨å ®−«�©−-á¥à¢¨á®¢, ¨−-
ä®à¬�æ¨®−−®£® ®¡á«ã¦¨¢�−¨ï ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (í¤-
ãç�áâ−¨ª®¢) ¨ ¤®ªã¬¥−â�«ì−®£® ®â®¡à�¦¥−¨ï á¤¥«®ª ¨ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢
í¤-ãç�áâ−¨ª®¢. ˆ§¬¥−¥−¨ï ¢ íª®−®¬¨ç¥áª¨å ®â−®è¥−¨ïå ¨ ¨−ä®à¬�æ¨®−−ëå â¥å-
−®«®£¨ïå ¤®«¦−ë ®âà�¦�âìáï ¢ ¨§¬¥−¥−¨ïå ãáâà®©áâ¢� �Œ, ¢ª«îç�ï ¡�−ª®¢áª¨¥
®−«�©−-á¥à¢¨áë.

‚àï¤ «¨ íª®−®¬¨áâë, ¯®¤¤¥à¦¨¢�îé¨¥ ¤¥©áâ¢ãîéãî íª®−®¬¨ç¥áªãî ¬®¤¥«ì
íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë á ¡�−ª®¢áª®© á¨áâ¥¬®©, á¯®á®¡áâ¢ãîé¥© ä¨−�−á®-
¢®¬ã ¬®è¥−−¨ç¥áâ¢ã, á®£«�áïâáï ¯à¨§−�âì á¯à�¢¥¤«¨¢®áâì íâ®£® ãâ¢¥à¦¤¥−¨ï.
�à¨¢ëªè¨¥ à�ááã¦¤�âì ® å®§ï©áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ ª�ª ® á«�¡®¨§ãç¥−−®©
áâ¨å¨¨ (úªà¨§¨á à�§à�§¨«áïû ¨ â. ¯.) ¨ �§�àâ−®© ¨£à¥ (ú¨£à� −� ¯®¢ëè¥−¨¥û
¨ ¯à.), ®−¨ ¯à®¤®«¦�îâ ®âáâ�¨¢�âì íª®−®¬¨ç¥áª¨¥ ¬®¤¥«¨ [1{6], �¤¥ª¢�â−®áâì
ª®â®àëå −¥¢®§¬®¦−® ®æ¥−¨âì, ª�ª íâ® ¯à¨−ïâ® ¢ −�ãª¥ ¨ â¥å−¨ª¥.

÷�§¢¥à−ãâë© ªà¨â¨ç¥áª¨© �−�«¨§ íª®−®¬¨ç¥áª®© ¬®¤¥«¨ íªáâ¥àà¨â®à¨�«ì−®©
¢ë£®¤ë ¨ ®¯¨á�−¨¥ �«ìâ¥à−�â¨¢−®© ¬®¤¥«¨ −®à¬�«¨§®¢�−−®© íª®−®¬¨ª¨ [7{12],
®à¨¥−â¨à®¢�−−®© −� à�§¢¨â¨¥ −�æ¨®−�«ì−®£® ¯®â¥−æ¨�«�, ¯à¨¢¥¤¥−ë ¢ [13].

‚ −�è¨ ¤−¨ à®áá¨©áª¨¥ ¡�−ª¨ ¯à®¤®«¦�îâ à�§¢¨¢�âì ®−«�©−-á¥à¢¨áë ú¯®
á¢®¥¬ã ãá¬®âà¥−¨îû, � ��−ª ÷®áá¨¨ ãª«®−ï¥âáï ®â àãª®¢®¤ïé¥© à®«¨ ¢ ¢ëà�¡®âª¥
âà¥¡®¢�−¨© ª á®áâ�¢ã ¨ ª�ç¥áâ¢ã äã−ªæ¨®−¨à®¢�−¨ï ¡�−ª®¢áª¨å ®−«�©−-á¥à¢¨á®¢.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@ipiran.ru
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“−¨ä¨ª�æ¨ï â¥å−®«®£¨¨ ¤¨áâ�−æ¨®−−®£® ¡�−ª®¢áª®£® ®¡á«ã¦¨¢�−¨ï −� ®á−®-
¢¥ ®−«�©−-á¥à¢¨á®¢ ¯à¥¤¯®«�£�¥â ¯®íâ�¯−ãî ã−¨ä¨ª�æ¨î ¡�−ª®¢áª®© ¨−äà�-
áâàãªâãàë (¥¥ ¢«�áâ−®-ª®®à¤¨−�æ¨®−−®© á®áâ�¢«ïîé¥©, ®−«�©−-á¥à¢¨á®¢, ¡�−-
ª®¢áª¨å á¥â¥© ¨ ¤à.), ª®â®à�ï ¢ −�è¨ ¤−¨ −¥ ¬¥−¥¥ ¢�¦−�, ç¥¬ âà�−á¯®àâ−�ï
¨−äà�áâàãªâãà�.

� ¯®ª� ¢ à®áá¨©áª®© ¡�−ª®¢áª®© ¯à�ªâ¨ª¥ ¯à®¤®«¦�¥âáï á¯®á®¡áâ¢ãîé¥¥
¡�−ª®¢áª®¬ã ¬®è¥−−¨ç¥áâ¢ã ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨© −�¤ ¡�−ª®¢áª¨¬¨ áç¥â�¬¨
¡¥§ ®¡ï§�â¥«ì−ëå ®−«�©−-¯®¤â¢¥à¦¤¥−¨© ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨©, ¯à¥¤¢�à¨-
â¥«ì−® ¯®«ãç¥−−ëå ®â ¢«�¤¥«ìæ¥¢ áç¥â®¢. ��−ª¨ ãª«®−ïîâáï ®â ¯à¥¤®áâ�¢-
«¥−¨ï ®−«�©−-á¥à¢¨á� ¯«�â¥¦¥© ¯® áå¥¬¥: 〈¯«�â¥¦−®¥ ¯®àãç¥−¨¥ ¯«�â¥«ì-
é¨ª� á ãª�§�−¨¥¬ à¥ª¢¨§¨â®¢ ¥£® áç¥â�, áç¥â� ¯®«ãç�â¥«ï ¯«�â¥¦� ¨ áã¬¬ë
¯«�â¥¦�〉 ⇒ 〈¯®¤â¢¥à¦¤¥−¨¥ ¯«�â¥«ìé¨ª� (¢ ®â¢¥â −� §�¯à®á á¥à¢¨á� ¯®¤â¢¥à-
¤¨âì ¯«�â¥¦−®¥ ¯®àãç¥−¨¥)〉 ⇒ 〈¯®¤â¢¥à¦¤¥−¨¥ ¯®«ãç�â¥«ï ¯«�â¥¦� ® á®£«�á¨¨
¯®«ãç¨âì ¯«�â¥¦〉 ⇒ 〈−¥§�¬¥¤«¨â¥«ì−®¥ ¯¥à¥ç¨á«¥−¨¥ ãª�§�−−®© áã¬¬ë á® áç¥â�
¯«�â¥«ìé¨ª� −� áç¥â ¯®«ãç�â¥«ï ¯«�â¥¦�〉 ⇒ 〈®−«�©−-ª¢¨â�−æ¨ï ¯«�â¥«ìé¨ªã
® ¢ë¯®«−¥−¨¨ ¯«�â¥¦�〉.

1.1 Выделение фрагментов текста статьи

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
áà¥¤áâ¢�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);
♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.

Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-
á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

1.2 Научно-исследовательская работа, результаты которой представлены
в статье

÷¥§ã«ìâ�âë, ¯à¥¤áâ�¢«¥−−ë¥ ¢ áâ�âì¥, ¯®«ãç¥−ë ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï
−�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë (�ˆ÷) ú‘®§¤�−¨¥ ¬¥â®¤®«®£¨¨ ¨−ä®à¬�â¨-
§�æ¨¨ −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� ¨ ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï
ª®¬¯«¥ªá� íªá¯¥àâ−®£® ¯«�−¨à®¢�−¨ï à¥áãàá®¢ −� ®á−®¢¥ ¨−â¥à−¥â-á¥à¢¨á®¢û.

�¥à¢�ï ®ç¥à¥¤ì áà¥¤áâ¢ ¨−ä®à¬�â¨§�æ¨¨ −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®-
£® ¬¥å�−¨§¬� ¢ª«îç�¥â ª®¬¯«¥ªá ¨−â¥à−¥â-á¥à¢¨á®¢ íªá¯¥àâ−®£® ¯«�−¨à®¢�−¨ï
à¥áãàá®¢. ‚ 2015 £. §�¢¥àè¥−ë à�¡®âë ¯® á®§¤�−¨î â¥®à¥â¨ç¥áª¨å ®á−®¢ ¬¥-
â®¤®«®£¨¨ ¨−ä®à¬�â¨§�æ¨¨ ��Œ [13]. �¯ã¡«¨ª®¢�−ë ãá®¢¥àè¥−áâ¢®¢�−−ë©
¬¥â®¤ à¥è¥−¨ï §�¤�ç¨, ¯à¨−æ¨¯ë à¥�«¨§�æ¨¨ ¨ ®¯¨á�−¨¥ ¯à¨¬¥−¥−¨ï ¨−â¥à-
−¥â-á¥à¢¨á� ú�«�−¨à®¢�−¨¥ à�áå®¤®¢û [14]. ‘ ¬¥â®¤®«®£¨ç¥áª¨¬ ®á−®¢�−¨¥¬
¨ ¯à¨¬¥−¥−¨¥¬ íâ®£® á¥à¢¨á� á¢ï§�−ë à¥§ã«ìâ�âë, ®¯ã¡«¨ª®¢�−−ë¥ ¢ [15{18].
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�®à¬�«¨§�æ¨ï ¡�−ª®¢áª¨å ®−«�©−-á¥à¢¨á®¢

2 Онлайн-сервис: определение и истолкование

� �−«�©−-á¥à¢¨á (�−£«. online service) | ª®¬¯«¥ªá ®−«�©−-ãá«ã£ ®¯à¥¤¥«¥−-
−®£® −�§−�ç¥−¨ï (í«¥ªâà®−−�ï ¯®çâ�, ¯®¨áª ¨ ¤à.), à¥�«¨§®¢�−−ë© ¢ s-áà¥¤¥ [19].�

�−«�©−-á¥à¢¨áë | ¢®¯«®é¥−¨¥ ¨−ä®à¬�â¨§�æ¨¨ [19] ú¯®¤ ª«îçû à�§«¨ç-
−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ [®¡à�§®¢�â¥«ì−®© (¤¨áâ�−æ¨®−−®¥ ®¡à�§®¢�−¨¥ ¨ ¯à.),
íª®−®¬¨ç¥áª®© (¡�−ª®¢áª¨¥ á¥à¢¨áë ¨ ¯à.) ¨ ¤à.]. �®«ì§®¢�â¥«ì ®−«�©−-á¥à¢¨-
á�, §�¯«�â¨¢ á¥à¢¨á-¯à®¢�©¤¥àã, ¯®«ãç�¥â ¢ë¡à�−−ë¥ ¨¬ ãá«ã£¨ (¢ ¢¨¤¥ à¥è¥−¨ï
¨−â¥à¥áãîé¨å ¥£® §�¤�ç), ®á¢®¡®¦¤�ïáì ®â −¥®¡å®¤¨¬®áâ¨ à�§¡¨à�âìáï ¢ �¯¯�à�â-
−ëå ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢�å s-¬�è¨− [19], §�¡®â¨âìáï ®¡ �¯£à¥©¤�å ¨ �¯¤¥©â�å.

ˆ−â¥à−¥â-á¥à¢¨áë | ç�áâì ®−«�©−-á¥à¢¨á®¢ s-áà¥¤ë (© ‚¥¡, í«¥ªâà®−−�ï
¯®çâ�, IP-â¥«¥ä®−¨ï, ¯®¨áª®¢¨ª¨, á¥à¢¨áë á®æ¨�«ì−ëå á¥â¥© ¨ ¤à.©). „àã£�ï
ç�áâì ®−«�©−-á¥à¢¨á®¢ (−¥ ¨á¯®«ì§ãîé�ï ˆ−â¥à−¥â) äã−ªæ¨®−¨àã¥â ¢ á¥âïå £®-
áã¤�àáâ¢¥−−ëå ¢¥¤®¬áâ¢, ª®à¯®à�æ¨© ¨ ¨−¤¨¢¨¤ã�«ì−ëå ¯à¥¤¯à¨−¨¬�â¥«¥© [19].

3 Нормализованная банковская система и ее онлайн-сервисы

��−ª®¢áª�ï á¨áâ¥¬� −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� ¢ª«îç�¥â
¯¥àá®−�«ì−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ä¨§¨ç¥áª¨å «¨æ (���ë), ª®à¯®à�â¨¢−ë¥ í«¥ª-
âà®−−ë¥ ¡�−ª¨ (Š��ë), ¡�−ª¨-¯à®¢�©¤¥àë ¨ ¡�−ª-à¥£ã«ïâ®à, ¯®¤ ã¯à�¢«¥−¨¥¬
ª®â®à®£® äã−ªæ¨®−¨àãîâ ¢á¥ ¤àã£¨¥ ¡�−ª¨ [13].

Ÿ¤à®¬ −®à¬�«¨§®¢�−−®© ¡�−ª®¢áª®© á¨áâ¥¬ë ï¢«ï¥âáï á¨áâ¥¬� ¨¬ãé¥áâ¢¥−-
−ëå áâ�âãá®¢ (¨á-á¨áâ¥¬�) | ¯à®£à�¬¬−® à¥�«¨§ã¥¬�ï ¢ s-cà¥¤¥ á¨áâ¥¬� ¤®ªã-
¬¥−â�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ¤¥−¥¦−®© ¨ −¥¤¥−¥¦−®© á®áâ�¢«ïîé¨å ¨¬ãé¥áâ¢¥−-
−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. „¥−¥¦−�ï á®áâ�¢«ïîé�ï
¢ëà�¦¥−� §−�ç¥−¨ï¬¨ áã¬¬ −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ à�§¤¥«�å ã−¨ª�«ì−ëå £«®-
¡�«ì−ëå áç¥â®¢ í¤-ãç�áâ−¨ª®¢ (¨á-áç¥â®¢).

�¥¤¥−¥¦−�ï á®áâ�¢«ïîé¨ï ¨¬ãé¥áâ¢¥−−®£® áâ�âãá� í¤-ãç�áâ−¨ª� ¯à¥¤áâ�¢-
«¥−� ¤®ªã¬¥−â�¬¨, ¯®¤â¢¥à¦¤�îé¨¬¨ ¯à�¢® á®¡áâ¢¥−−®áâ¨ −� −¥¤¢¨¦¨¬®áâì,
âà�−á¯®àâ ¨ ¤àã£®¥ ¨¬ãé¥áâ¢®, ª®â®à®¥ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â à�áá¬�âà¨-
¢�âìáï ª�ª §�«®£®¢®¥.

�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ (�„) | ã−¨¢¥àá�«ì−®¥ í«¥ªâà®−−®¥ áà¥¤áâ¢® ª®«¨-
ç¥áâ¢¥−−®£® −¥�−®−¨¬−®£® ¤®ªã¬¥−â¨à®¢�−¨ï ¨¬ãé¥áâ¢¥−−ëå ®â−®è¥−¨©, ã¤®-
áâ®¢¥àï¥¬ëå £®áã¤�àáâ¢®¬.

�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ { −¥ �«ìâ¥à−�â¨¢−�ï ¢�«îâ�, � ®¡ê¥¤¨−¥−¨¥ −�-
æ¨®−�«ì−ëå ¢�«îâ, ¯à�¢¨«� í¬¨áá¨¨ ¨ ¯à¨¬¥−¥−¨ï ª®â®àëå −®à¬�«¨§®¢�−ë.
�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯à¥¤áâ�¢«¥−¨ï áâ®¨¬®áâ¨ â®¢�à®¢
¨ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢, ¤«ï ®¯«�âë â®¢�à®¢, ¤®£®¢®à−®£®
¤¥−¥¦−®£® ¨−¢¥áâ¨à®¢�−¨ï ¨ −�ª®¯«¥−¨ï ¡®£�âáâ¢�; �„-áã¬¬ë ¯à¥¤áâ�¢«¥−ë §�-
¯¨áï¬¨ ¢ ¨á-áç¥â�å, ã¤®áâ®¢¥àïîé¨¬¨ ¨¬ãé¥áâ¢¥−−®¥ ¯à�¢® −� ¤®«î áâ®¨¬®áâ¨
â®¢�à®¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬ë ¨ ¨¬ãé¥áâ¢¥−−ë¥ ®¡ï§�â¥«ìáâ¢� ¯® ®â−®è¥−¨î
ª ¤àã£¨¬ í¤-ãç�áâ−¨ª�¬, ¢ëà�¦¥−−ë¥ áã¬¬�¬¨ ¤®«£®¢ ¨ ¯®«ãç¥−−ëå ¨−¢¥áâ¨æ¨©.
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‚. „. ˆ«ì¨−

“−¨¢¥àá�«ì−®áâì �„ ¢ëà�¦�¥âáï ¢ ¯à¨¬¥−¨¬®áâ¨ ¢® ¢á¥å â¨¯�å ¢−ãâà¥−-
−¨å ¨ ¢−¥è−¨å íª®−®¬¨ç¥áª¨å á¤¥«®ª, à�§à¥è¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢�, ¯®¤
îà¨á¤¨ªæ¨¥© ª®â®à®£® äã−ªæ¨®−¨àã¥â íª®−®¬¨ç¥áª�ï á¨áâ¥¬�.

�¥�−®−¨¬−®áâì �„ á®áâ®¨â ¢ â®¬, çâ® −¥ áãé¥áâ¢ã¥â �„-áã¬¬ ¢ ¨á-áç¥-
â�å, ¯à¨−�¤«¥¦−®áâì ¨ ¯à®¨áå®¦¤¥−¨¥ ª®â®àëå −¥ ¡ë«¨ ¡ë ¤®ªã¬¥−â�«ì−®
®¯à¥¤¥«¥−ë. Š�¦¤�ï ¨§ −¨å ®âà�¦�¥â à¥§ã«ìâ�â ¤®¯ãáâ¨¬®© á¤¥«ª¨ (â®à£®¢®©,
¨−¢¥áâ¨æ¨®−−®© ¨«¨ ¤à.) ¬¥¦¤ã ª®−ªà¥â−ë¬¨ í¤-ãç�áâ−¨ª�¬¨ [13].

‚ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ á®¢®ªã¯−�ï �„-áã¬¬�, §�¯¨á�−−�ï ¢ ¨á-áç¥-
â�å, ®¡¥á¯¥ç¥−� à¥�«ì−ë¬¨ â®¢�à�¬¨, ¯à¥¤«�£�¥¬ë¬¨ −� ¯®«¨¢�«îâ−®¬ àë−ª¥,
£¤¥ àë−®ç−�ï áâ®¨¬®áâì â®¢�à®¢ ï¢«ï¥âáï ¨â®£®¬ áâ®¨¬®áâ−ëå ª®¬¯à®¬¨áá®¢
¯à®¤�¢æ®¢ á ¯®ªã¯�â¥«ï¬¨ ¨ ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨¥¬ á¯à®á� ¨ ¯à¥¤«®¦¥−¨ï.

„«ï �„-áã¬¬ ®¯à¥¤¥«¥−ë ¤¢� á®áâ®ï−¨ï: ú−�§−�ç¥−−ë¥û (¤®«£, ®¡à�§®-
¢�¢è¨©áï ¯à¨ ¯®ªã¯ª¥ â®¢�à�; ¨−¢¥áâ¨æ¨ï; −�«®£ ¨«¨ ¤àã£�ï áã¬¬�, ª®â®àãî
−¥®¡å®¤¨¬® §�¯«�â¨âì) ¨ ú−¥−�§−�ç¥−−ë¥û (áã¬¬ë ¢ à�§¤¥«�å ú÷�á¯®«�£�îû áç¥-
â®¢). ú��§−�ç¥−−ë¥û �„-áã¬¬ë ¬®£ãâ ¨á¯®«ì§®¢�âìáï â®«ìª® ¯® ®¯à¥¤¥«¥−−®¬ã
−�§−�ç¥−¨î [© ¯®«ãç¥−−ë¥ ®â ¨−¢¥áâ®à®¢ | ¢ á®®â¢¥âáâ¢¨¨ á ¨−¢¥áâ¨æ¨®−−ë-
¬¨ ¤®£®¢®à�¬¨ (§�ªã¯ª� −®¢®£® ®¡®àã¤®¢�−¨ï ¨ â. ¤.) ©]. ú�¥−�§−�ç¥−−ë¥û
�„-áã¬¬ë ¨á¯®«ì§ãîâáï ¯® ãá¬®âà¥−¨î ¢«�¤¥«ìæ� áç¥â� (¢ «î¡ëå ¤®¯ãáâ¨¬ëå
á¤¥«ª�å).

ˆá-áç¥â | ã−¨ª�«ì−ë© ¯®«¨¢�«îâ−ë© ¡�−ª®¢áª¨© áç¥â í¤-ãç�áâ−¨ª� (ä¨-
§¨ç¥áª®£® ¨«¨ îà¨¤¨ç¥áª®£® «¨æ�). �à¥¤áâ�¢«ï¥â á®¡®© ã−¨ä¨æ¨à®¢�−−ë©
í«¥ªâà®−−ë© ¤®ªã¬¥−â, á®áâ®ïé¨© ¨§ ¢�«îâ−ëå ç�áâ¥© (�ªâ¨¢¨àã¥¬ëå ¡�−ª®¬-
à¥£ã«ïâ®à®¬). Š�¦¤�ï ¨§ −¨å ¨¬¥¥â à�§¤¥«ë: ú÷�á¯®«�£�îû, úŠà¥¤¨â®¢�−¨¥û,
úˆ−¢¥áâ¨à®¢�−¨¥û, ú��«®£¨ ¨ á¡®àëû, ú„�à¥−¨¥û, ú�®¦¥àâ¢®¢�−¨¥û. ‘®-
¢®ªã¯−®áâì ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨© (¯à¨ ¤®ªã¬¥−â¨à®¢�−¨¨ á¤¥«®ª) ®¯à¥¤¥«ï¥âáï
¯à¨−�¤«¥¦−®áâìî áã¬¬ë ª ¯®¤à�§¤¥«ã áç¥â� (© áã¬¬� ¨§ ¯®¤à�§¤¥«� ú�®-
«ãç¥−®û à�§¤¥«� úˆ−¢¥áâ¨à®¢�−¨¥û ¬®¦¥â ¨á¯®«ì§®¢�âìáï â®«ìª® ¤«ï ®¯«�âë
â®¢�à®¢, â¨¯ë ª®â®àëå ¯¥à¥ç¨á«¥−ë ¢ ¨−¢¥áâ¨æ¨®−−ëå ¤®£®¢®à�å©). �®áª®«ì-
ªã ¨á-áç¥â ¨¬¥¥â ¯®«¨¢�«îâ−ãî áâàãªâãàã, ®− ¯à¨¬¥−¨¬ ¤«ï ¤®ªã¬¥−â¨à®¢�−¨ï
à¥§ã«ìâ�â®¢ ¢−ãâà¥−−¥© ¨ ¢−¥è−¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. ‘ãé¥áâ¢®¢�−¨¥
¨á-áç¥â� ¯à¥¤¯®«�£�¥â, çâ® ¥£® ¢«�¤¥«¥æ ¨¬¥¥â ã−¨ª�«ì−ë© £«®¡�«ì−ë© ¨¤¥−â¨-
ä¨ª�â®à [13].

3.1 Банк-регулятор и его онлайн-сервисы

� ��−ª-à¥£ã«ïâ®à | £®áã¤�àáâ¢¥−−®¥ ãçà¥¦¤¥−¨¥, ã¯à�¢«ïîé¥¥ äã−ªæ¨®-
−¨à®¢�−¨¥¬ ¡�−ª®¢áª®© á¨áâ¥¬ë ��Œ.

‡�¤�ç¨ ¡�−ª�-à¥£ã«ïâ®à�, à¥�«¨§ã¥¬ë¥ ¯®áà¥¤áâ¢®¬ ®−«�©−-á¥à¢¨á®¢:

{ ¢ë¤�ç� ¨ ®â§ë¢ «¨æ¥−§¨© −� ¯à�¢® ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨ (¢«�¤¥«ìæ�¬
���®¢, Š��®¢ ¨ ¡�−ª®¢-¯à®¢�©¤¥à®¢);

{ �ªâ¨¢�æ¨ï ¨ ¤¥�ªâ¨¢�æ¨ï ¢�«îâ−ëå ç�áâ¥© ¨á-áç¥â®¢;

{ £®áã¤�àáâ¢¥−−®¥ ã¤®áâ®¢¥à¥−¨¥ ®¯¥à�æ¨© −�¤ ¨á-áç¥â�¬¨ í¤-ãç�áâ−¨ª®¢;
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{ ®¡á«ã¦¨¢�−¨¥ §�¯à®á®¢ −� ¤®áà®ç−ë© ¢®§¢à�â ¤®«£®¢ ¨ ¢ë¯®«−¥−¨¥ ¤®«£®¢®©
¤¥−¥¦−®© í¬¨áá¨¨ (¯à¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨¨ ¤®«£®¢®© â®à£®¢«¨);

{ ª®−âà®«ì ¢ë¯®«−¥−¨ï í¤-ãç�áâ−¨ª�¬¨ ¯à�¢¨« ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨;

{ �−�«¨§ ä¨−�−á®¢®© á®áâ�¢«ïîé¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¯à¥¤áâ�¢«¥-
−¨¥ à¥§ã«ìâ�â®¢ ¢ ¯®àï¤ª¥, ãáâ�−®¢«¥−−®¬ §�ª®−®¬;

{ à�§à�¡®âª�, ¬®¤¨ä¨ª�æ¨ï ¨ ãâ¢¥à¦¤¥−¨¥ ¯à®è¥¤è¨å â¥áâ¨à®¢�−¨¥ ã−¨ä¨-
æ¨à®¢�−−ëå ä®à¬ ¡�−ª®¢áª¨å ¤®ªã¬¥−â®¢ (¢ª«îç�ï ¨á-áç¥â�);

{ ª®−âà®«ì íää¥ªâ¨¢−®áâ¨ à�§¬¥é¥−¨ï áà¥¤áâ¢ £®áã¤�àáâ¢¥−−®£® ¤¥−¥¦−®£®
à¥§¥à¢�, ä®−¤®¢ £®áã¤�àáâ¢¥−−®© á®æ¨�«ì−®© §�é¨âë, ¤àã£¨å £®áã¤�àáâ¢¥−-
−ëå ä®−¤®¢ ¨ ä®−¤®¢ á £®áã¤�àáâ¢¥−−ë¬ ãç�áâ¨¥¬. �

��−ª-à¥£ã«ïâ®à à�á¯®«�£�¥â á¥âìî á¥à¢¥à®¢, à�§¬¥é¥−−ëå −� â¥àà¨â®à¨¨
áâà�−ë, ¯®¤ îà¨á¤¨ªæ¨¥© ª®â®à®© −�å®¤¨âáï íª®−®¬¨ç¥áª�ï á¨áâ¥¬�.

3.1.1 Онлайн-сервис государственного удостоверения операций
над ис-счетами

ˆ§¬¥−¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� ¬®¦¥â ¡ëâì à¥�«¨§®¢�−® â®«ìª® ¯®á«¥ ¯®«ã-
ç¥−¨ï £®áã¤�àáâ¢¥−−®£® ã¤®áâ®¢¥à¥−¨ï ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤ ¨á-áç¥â®¬.
“¤®áâ®¢¥à¥−¨¥ ¢ë¤�¥â á¯¥æ¨�«ì−ë© ®−«�©−-á¥à¢¨á ¡�−ª�-à¥£ã«ïâ®à�. �á−®¢�-
−¨¥¬ ¤«ï ¯®«ãç¥−¨ï ã¤®áâ®¢¥à¥−¨ï á«ã¦�â ¤�−−ë¥ á®¢¥àè�¥¬®© ®¯¥à�æ¨¨ (á¤¥«ª�
ªã¯«¨-¯à®¤�¦¨, ¤®£®¢®à−®£® ¨−¢¥áâ¨à®¢�−¨ï ¨«¨ ¤à.).

’�ª¨¬ á¯®á®¡®¬ ¨áª«îç�îâáï ¢®§¬®¦−®áâ¨ −�àãè¥−¨ï ãáâ�−®¢«¥−−ëå §�ª®-
−®¬ ¯à�¢¨« â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (−¥¤®¯ãáâ¨¬ë¥ íª®−®¬¨ç¥áª¨¥ á¤¥«ª¨,
−¥ã¯«�â� ãáâ�−®¢«¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢¥−−ëå á¡®à®¢ ¨ ¤à.).

3.1.2 Онлайн-сервис досрочного возврата долгов и долговой денежной эмиссии

‚ ®¡é¥¬ á«ãç�¥ ¢®§¢à�â ¤®«£� ¯®ªã¯�â¥«ï ¯à®¤�¢æã ®¯à¥¤¥«ï¥âáï ¨å ¤®ªã-
¬¥−â�«ì−® ®ä®à¬«¥−−ë¬ ¤®£®¢®à®¬. �à¨¬¥−¨â¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï
¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨ ¯à¨®à¨â¥â−ëå ¦¨§−¥−−®-−¥®¡å®¤¨¬ëå â®¢�à®¢, ¬®£ãâ
¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢ ¯à®¤�¢æ�¬ ¨§ áà¥¤áâ¢ ¡�−ª�-à¥-
£ã«ïâ®à�. �â¨ ¯à�¢¨«� ®¯à¥¤¥«ïîâáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ ¨ ¤¥©áâ¢ãîâ ¯à¨¬¥−¨-
â¥«ì−® ª ¯à®¤�¢æ�¬ â®¢�à®¢, ¢å®¤ïé¨å ¢ ãâ¢¥à¦¤¥−−ë© §�ª®−®¬ ¯à¨®à¨â¥â−ë©
á¯¨á®ª. �à®¤�¢æ�¬ â�ª¨å â®¢�à®¢ ¤®«£®¢�ï ç�áâì áâ®¨¬®áâ¨ ¯®ªã¯ª¨ ¬®¦¥â ¡ëâì
¢®§¢à�é¥−� ¢ ®â−®á¨â¥«ì−® ª®à®âª¨¥ áà®ª¨ (à�−ìè¥, ç¥¬ ¯à¥¤ãá¬®âà¥−® ¤®£®¢®à-
−ë¬ £à�ä¨ª®¬ ¢®§¢à�â� ¤®«£�). „¥«�¥âáï íâ® ¯® §�¯à®á�¬ ¯à®¤�¢æ®¢ ¢ ¤®«£®¢®©
®â¤¥« ¡�−ª�-à¥£ã«ïâ®à�, −�¯à�¢«ï¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬ á®®â¢¥áâ¢ãîé¥£® ®−-
«�©−-á¥à¢¨á�. �à¨ ¯®«®¦¨â¥«ì−®¬ à¥è¥−¨¨ ¡�−ª-à¥£ã«ïâ®à ¯¥à¥¢®¤¨â −� ¨á-áç¥â
¯à®¤�¢æ� áã¬¬ã ¤®«£�, � ¯®ªã¯�â¥«ì ¯®á«¥ íâ®£® ¢ë¯«�ç¨¢�¥â ¤®«£ −¥ ¯à®¤�¢æã,
� ¤®«£®¢®¬ã ®â¤¥«ã ¡�−ª�-à¥£ã«ïâ®à�.

„®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï ¢ë¯®«−ï¥âáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ â®«ìª® â®£¤�,
ª®£¤� áã¬¬� ¢®§¢à�é¥−−ëå ¯®ªã¯�â¥«ï¬¨ ¤®«£®¢ ¬¥−ìè¥ ®ç¥à¥¤−®© ¤®«£®¢®©
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áã¬¬ë, §�¯à®è¥−−®© ¤«ï ¢®§¢à�â� ¯à®¤�¢æã. �¬¨â¨àã¥¬�ï áã¬¬� à�¢−� à�§−®áâ¨
§�¯à®è¥−−®© ¤®«£®¢®© áã¬¬ë ¨ áã¬¬ë −� áç¥âã ¤®«£®¢®£® ®â¤¥«�.

„®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï á«ã¦¨â áà¥¤áâ¢®¬ £®áã¤�àáâ¢¥−−®£® à¥£ã«¨à®-
¢�−¨ï ®¡é¥© áã¬¬ë −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬¥. ’�ª¨¬
á¯®á®¡®¬ ®áãé¥áâ¢«ï¥âáï £®áã¤�àáâ¢¥−−®¥ à¥£ã«¨à®¢�−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥-
−¥£.

♦ �à�¢¨«� í¬¨áá¨¨ ¤®«£®¢ëå áã¬¬ ¨áª«îç�îâ ¢®§¬®¦−®áâì í¬¨áá¨¨ ¤¥−¥¦-
−ëå áã¬¬, −¥ ®¡¥á¯¥ç¥−−ëå â®¢�à�¬¨. ♦

3.2 Банки-провайдеры и их онлайн-сервисы

� ��−ª¨-¯à®¢�©¤¥àë | ª®¬¬¥àç¥áª¨¥ ¯à¥¤¯à¨ïâ¨ï, ãçà¥¦¤¥−−ë¥ îà¨¤¨-
ç¥áª¨¬¨ «¨æ�¬¨ (¨«¨ ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ ä¨§¨-
ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å «¨æ), §�−¨¬�îé¨¬¨áï
¯à®¨§¢®¤áâ¢®¬ â®¢�à®¢ ¨«¨ ¨å à¥�«¨§�æ¨¥©.

�−«�©−-á¥à¢¨áë ¡�−ª�-¯à®¢�©¤¥à� ¯à¥¤−�§−�ç¥−ë:

{ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ¢«�¤¥«ìæ¥¢ ¨á-áç¥â®¢, −�¯à�¢«ï¥¬ëå ¯®áà¥¤-
áâ¢®¬ ���®¢ ¨ Š��®¢ ¯à¨ á®¢¥àè¥−¨¨ á¤¥«®ª (¢ª«îç�ï §�¯à®áë −� ã¤®-
áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â®¢ ¯�àâ−¥à®¢ ¯® á¤¥«ª�¬, −�¯à�¢«ï¥¬ë¥ á ¨å
à�§à¥è¥−¨ï);

{ åà�−¥−¨ï ¨ ®¡−®¢«¥−¨ï §�è¨äà®¢�−−ëå ª®¯¨© ¨á-áç¥â®¢ ª«¨¥−â®¢ ¡�−ª�-
¯à®¢�©¤¥à�;

{ �−�«¨§� ¨−¢¥áâ¨æ¨®−−ëå §�¯à®á®¢ ª«¨¥−â®¢ (¯®â¥−æ¨�«ì−ëå ¨−¢¥áâ®à®¢ ¨ ¯®-
«ãç�â¥«¥© ¨−¢¥áâ¨æ¨©); ¡�−ª¨-¯à®¢�©¤¥àë ¬®£ãâ ¢ë¯®«−ïâì §�ª�§ë ¯®«ãç�â¥-
«¥© ¨−¢¥áâ¨æ¨© −� ª®−á®«¨¤�æ¨î §�ï¢®ª ¨−¢¥áâ®à®¢, çâ®¡ë ª®¬¯«¥ªá¨à®¢�âì
§�ª�§�−−ãî áã¬¬ã ¨−¢¥áâ¨æ¨¨;

{ à¥£¨áâà�æ¨¨ §�ª«îç¥−−ëå ¤®£®¢®à®¢ (á ª®−âà®«¥¬ ¤®¯ãáâ¨¬®áâ¨ á¤¥«®ª) ¨ ¢¥-
¤¥−¨ï ¡�§ ¤�−−ëå â�ª¨å ¤®£®¢®à®¢;

{ îà¨¤¨ç¥áª®£® á®¯à®¢®¦¤¥−¨ï à¥�«¨§ã¥¬ëå á¤¥«®ª. �

‚ ¡�§�å ¤�−−ëå ¡�−ª®¢-¯à®¢�©¤¥à®¢ ¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ª®¯¨¨
¤®ªã¬¥−â®¢ ¯® ¢á¥¬ ®¡á«ã¦¥−−ë¬ á¤¥«ª�¬ (§� ¯¥à¨®¤ ¢à¥¬¥−¨, ãáâ�−®¢«¥−−ë©
§�ª®−®¬).

��−ª-¯à®¢�©¤¥à à�á¯®«�£�¥â ®¡ê¥¤¨−¥−−ë¬¨ ¢ á¥âì á¥à¢¥à�¬¨, ¯à¥¤−�§−�ç¥−-
−ë¬¨ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ®â ���®¢ ¨ Š��®¢ ª«¨¥−â®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨ï
á á¥à¢¥à�¬¨ ¡�−ª�-à¥£ã«ïâ®à�. „«ï ãáâ®©ç¨¢®£® äã−ªæ¨®−¨à®¢�−¨ï ��Œ æ¥«¥-
á®®¡à�§−®, çâ®¡ë ãçà¥¤¨â¥«ï¬¨ ¡�−ª®¢-¯à®¢�©¤¥à®¢ ¡ë«¨ îà¨¤¨ç¥áª¨¥ ¨ ä¨§¨-
ç¥áª¨¥ «¨æ�, §�−¨¬�îé¨¥áï ¯à®¨§¢®¤áâ¢®¬, à�á¯à¥¤¥«¥−¨¥¬ ¨ à¥§¥à¢¨à®¢�−¨¥¬
à¥�«ì−ëå â®¢�à®¢ ¨ ¨¬¥îé¨¥ ¤«ï íâ®£® ¤®áâ�â®ç−ë¥ −¥ â®«ìª® ¤¥−¥¦−ë¥, −®
¨ −¥¤¥−¥¦−ë¥ ¨¬ãé¥áâ¢¥−−ë¥ ®á−®¢�−¨ï. �à�¢¨«�, ®¯à¥¤¥«ïîé¨¥ ¯à®æ¥ááë
ãçà¥¦¤¥−¨ï, äã−ªæ¨®−¨à®¢�−¨ï ¨ «¨ª¢¨¤�æ¨¨ ¡�−ª®¢-¯à®¢�©¤¥à®¢, ¤®«¦−ë
¡ëâì ãáâ�−®¢«¥−ë §�ª®−®¬.
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�®à¬�«¨§�æ¨ï ¡�−ª®¢áª¨å ®−«�©−-á¥à¢¨á®¢

3.3 Персональные и корпоративные электронные банки

�¥àá®−�«ì−ë¥ ¨ ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ (ª�ª ¯à®£à�¬¬−®-�¯¯�-
à�â−ë¥ áà¥¤áâ¢�) | íâ®, ª�ª ¯à�¢¨«®, ¯¥à¥−®á−ë¥ s-¬�è¨−ë (â¨¯� ¯«�−è¥â®¢),
−�¤¥«¥−−ë¥ äã−ªæ¨ï¬¨ á¬�àâä®−®¢. Š®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ¬®£ãâ
¡ëâì à¥�«¨§®¢�−ë ¨ −� ®á−®¢¥ áâ�æ¨®−�à−ëå s-¬�è¨−. ‚ ����å ¨ Š���å
¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ®à¨£¨−�«ë ¨á-áç¥â®¢ ¨ ¤®ªã¬¥−â®¢ ¯® á¤¥«-
ª�¬. Š®¬¯«¥ªá ¯à®£à�¬¬ ¬®¡¨«ì−®£® ¡�−ª¨−£� | ï¤à® ¯à¨«®¦¥−¨© ���� ¨«¨
Š���. ‡�è¨äà®¢�−−�ï ¡�§� ¤�−−ëå ¨á-áç¥â� åà�−¨âáï ¢ ¯�¬ïâ¨ ãáâà®©áâ¢�,
� ¥¥ ª®¯¨ï | −� ª�àâ¥ ¯�¬ïâ¨. �à®£à�¬¬−® à¥�«¨§ã¥¬ë¥ §�¯¨á¨ ¢ ä�©«�å
¨á-áç¥â®¢ ¨¬¥îâ ¯à�¢® ¨−¨æ¨¨à®¢�âì â®«ìª® ¢«�¤¥«ìæë ¨á-áç¥â®¢, á®¢¥àè�îé¨¥
á¤¥«ªã. ‡�¯à®áë −� ®¡á«ã¦¨¢�−¨¥ á¤¥«ª¨ (ã¤®áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â�
¨ á®åà�−¥−¨¥ ®¡−®¢«¥−−®© ª®¯¨¨ ¨á-áç¥â�) ¯®«ãç�îâ ¡�−ª¨-¯à®¢�©¤¥àë, á¥à¢¨-
á�¬¨ ª®â®àëå ¯®«ì§ãîâáï á®¢¥àè�îé¨¥ á¤¥«ªã í¤-ãç�áâ−¨ª¨.

4 Онлайн-сервис подтверждения операций над ис-счетами

�â®â á¥à¢¨á à¥�«¨§ã¥â ¯à®¢¥àªã ¢ë¯®«−¥−¨ï �ªá¨®¬ë ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨©
−�¤ ¨á-áç¥â�¬¨.

� �¨ª�ª®¥ ¨§¬¥−¥−¨¥ áã¬¬ ¨á-áç¥â� −¥ ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−® ¡¥§ ¤®ªã-
¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï ¢«�¤¥«ìæ� ¨á-áç¥â� (� ¢ −¥®à¤¨-
−�à−ëå á¨âã�æ¨ïå | ¯®á«¥ ¤®ªã¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï
®¯à¥¤¥«¥−−®£® §�ª®−®¬ £®áã¤�àáâ¢¥−−®£® ®à£�−�). �

‚ ��Œ íâ®â á¥à¢¨á ¯à¥¤®áâ�¢«ï¥âáï ¢á¥¬¨ ¡�−ª�¬¨ (����¬¨, Š���¬¨,
¡�−ª�¬¨-¯à®¢�©¤¥à�¬¨ ¨ ¡�−ª®¬-à¥£ã«ïâ®à®¬) ¨ à¥�«¨§ã¥âáï −� ¯à®£à�¬¬−®-�¯-
¯�à�â−®¬ ãà®¢−¥. �¯¥à�æ¨ï −�¤ ¨á-áç¥â®¬ áâ�−®¢¨âáï ¤®¯ãáâ¨¬®© (¯à¨ á¤¥«ª�å
ªã¯«¨-¯à®¤�¦¨, ¨−¢¥áâ¨à®¢�−¨ï ¨ ¤à.) â®«ìª® â®£¤�, ª®£¤� ®â ¢«�¤¥«ìæ� ª�¦¤®£®
¨á-áç¥â�, ¢®¢«¥ç¥−−®£® ¢ ®¯¥à�æ¨î, ¯®«ãç¥−® §�è¨äà®¢�−−®¥ á®£«�á¨¥. Š�¦¤®¥
â�ª®¥ ¯®¤â¢¥à¦¤¥−¨¥ ¢å®¤¨â ¢ á®áâ�¢ ¤®ªã¬¥−â�, ®âà�¦�îé¥£® ®¯¥à�æ¨î −�¤ ¨á-
áç¥â®¬. „®ªã¬¥−â ¯®«ãç�îâ ¢«�¤¥«ìæë ¨á-áç¥â®¢; ¥£® ª®¯¨ï åà�−¨âáï ãáâ�−®¢-
«¥−−®¥ ¢à¥¬ï −� á¥à¢¥à�å ¡�−ª®¢-¯à®¢�©¤¥à®¢ [¨ ¯à¨ á®¢¥àè¥−¨¨ àï¤� ®¯¥à�æ¨©
(© ¢ ç�áâ−®áâ¨, ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢©) | −� á¥à¢¥à�å ¡�−ª�-à¥£ã«ïâ®à�].

5 О прогнозе изменений в банковской системе

♦ �à®è«® ¡®«¥¥ ¯ïâ¨ «¥â á® ¢à¥¬¥−¨ àãááª®ï§ëç−®© ¯ã¡«¨ª�æ¨¨ ¯¥à¢®©
¢¥àá¨¨ ¬®¤¥«¨ −®à¬�«¨§®¢�−−®© íª®−®¬¨ª¨ [7] ¨ ¡®«¥¥ ¤¢ãå «¥â á® ¢à¥¬¥−¨
�−£«®ï§ëç−®© ¯ã¡«¨ª�æ¨¨ ¢â®à®© ¢¥àá¨¨ íâ®© ¬®¤¥«¨ [9], ¢ ª�¦¤®© ¨§ ª®â®àëå
¡ë«® ¯à¨¢¥¤¥−® ¨ ®¯¨á�−¨¥ ¯¥àá®−�«ì−ëå í«¥ªâà®−−ëå ¡�−ª®¢.

‚ −�ç�«¥ 2015 £. �¨«« ƒ¥©âá á áã¯àã£®© á®®¡é¨«¨ ®¡ ¨å ¯à®£−®§¥ ¨§¬¥−¥−¨©
¢ ¡�−ª®¢áª®© á¨áâ¥¬¥ ª 2030 £. ú‚ â¥ç¥−¨¥ 15 «¥â æ¨äà®¢®© ¡�−ª¨−£ ¤�áâ ¡¥¤−ë¬
¡®«ìè¨© ª®−âà®«ì −�¤ ¨å ¨¬ãé¥áâ¢®¬ ¨ ¯®¬®¦¥â ¨¬ ¨§¬¥−¨âì ¦¨§−ì. Š«îç®¬
ª íâ®¬ã áâ�−ãâ ¬®¡¨«ì−ë¥ â¥«¥ä®−ë. Š 2030 £. ¤¢� ¬¨««¨�à¤� ç¥«®¢¥ª, ã ª®â®àëå
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á¥©ç�á −¥â ¡�−ª®¢áª®£® áç¥â�, á¬®£ãâ ¨á¯®«ì§®¢�âì â¥«¥ä®− ¤«ï ã¯à�¢«¥−¨ï
áç¥â®¬ ¨ ®â¯à�¢ª¨ ¯«�â¥¦¥©. � §�â¥¬ ¬®¡¨«ì−ë¥ ¯à®¢�©¤¥àë ®¡¥á¯¥ç�â ¢¥áì
á¯¥ªâà ãá«ã£, ¢ª«îç�ï ¤¥¯®§¨âë, ªà¥¤¨âë ¨ áâà�å®¢ªãû [20]. ♦

6 Заключение

��−ª-à¥£ã«ïâ®à ¨ ¡�−ª¨-¯à®¢�©¤¥àë −®à¬�«¨§®¢�−−®© íª®−®¬¨ç¥áª®© á¨áâ¥-
¬ë á«ã¦�â ï¤à®¬ á¨áâ¥¬ë ¤®ªã¬¥−â¨à®¢�−¨ï à¥§ã«ìâ�â®¢ íª®−®¬¨ç¥áª®© ¤¥ï-
â¥«ì−®áâ¨. �à¨ á®¢¥àè¥−¨¨ á¤¥«®ª ¨å ®−«�©−-á¥à¢¨áë ®¡à�¡�âë¢�îâ §�¯à®áë
í¤-ãç�áâ−¨ª®¢, ¢ë¯®«−ï¥¬ë¥ á ¯®¬®éìî Š��®¢ ¨ ���®¢. �−«�©−-á¥à¢¨á
¯®¤â¢¥à¦¤¥−¨ï ®¯¥à�æ¨© −�¤ ¨á-áç¥â�¬¨ ¯à¥¤®áâ�¢«ï¥âáï ¢á¥¬¨ ¡�−ª�¬¨ ��Œ.

„«ï íää¥ªâ¨¢−®© à�¡®âë ��Œ ®á®¡®¥ §−�ç¥−¨¥ ¨¬¥îâ á«¥¤ãîé¨¥ ®−«�©−-
á¥à¢¨áë ¡�−ª� à¥£ã«ïâ®à�:

{ £®áã¤�àáâ¢¥−−®¥ ã¤®áâ®¢¥à¥−¨¥ ®¯¥à�æ¨© −�¤ ¨á-áç¥â�¬¨ í¤-ãç�áâ−¨ª®¢;

{ ®¡á«ã¦¨¢�−¨¥ §�¯à®á®¢ −� ¤®áà®ç−ë© ¢®§¢à�â ¤®«£®¢ ¨ ¢ë¯®«−¥−¨¥ ¤®«£®¢®©
¤¥−¥¦−®© í¬¨áá¨¨ (¯à¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨¨ ¤®«£®¢®© â®à£®¢«¨ [12, 13]).
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КОГНИТИВНЫЕ АСПЕКТЫ ИНФОРМАЦИОННОГО
МОДЕЛИРОВАНИЯ ПРИ ПРОЕКТИРОВАНИИ СЛОЖНЫХ

ИНФОРМАЦИОННЫХ СИСТЕМ

Г. В. Лукьянов1, Д. А. Никишин2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¯à®¡«¥¬�â¨ª¥ ¬®¤¥«¨à®¢�−¨ï á«®¦−ëå ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘). ÷�áá¬®âà¥−ë ª®£−¨â¨¢−ë¥ �á¯¥ªâë ¨−ä®à¬�æ¨®−-
−®£® ¬®¤¥«¨à®¢�−¨ï, ª®â®àë¥ ¢ëáâã¯�îâ −� ¯¥à¢ë© ¯«�− ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨
¨ á®§¤�−¨¨ á«®¦−ëå ˆ‘ á ¯à¨¢«¥ç¥−¨¥¬ ¡®«ìè®£® ª®««¥ªâ¨¢� ¨−â¥−á¨¢-
−® ¢§�¨¬®¤¥©áâ¢ãîé¨å ¬¥¦¤ã á®¡®© ¤¨áâ�−æ¨®−−® ã¤�«¥−−ëå á¯¥æ¨�«¨áâ®¢.
�á®¡®¥ ¢−¨¬�−¨¥ ®¡à�é¥−® −� íª®−®¬¨ç¥áªãî æ¥«¥á®®¡à�§−®áâì ¤¥â�«ì−®£®
¨ âé�â¥«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨ á®§¤�−¨¨ á«®¦−ëå ¨ ¤®-
à®£®áâ®ïé¨å á¨áâ¥¬. ‚á¥ ®¡®á−®¢�−¨ï ¨ ¢ë¢®¤ë ¯®¤ªà¥¯«¥−ë ¯à¨¬¥à�¬¨ ¨§
¯à�ªâ¨ª¨ ¯à®¥ªâ¨à®¢�−¨ï ¨ à�§à�¡®âª¨ á«®¦−ëå ¨ ¤®à®£®áâ®ïé¨å á¨áâ¥¬,
¢ ®á−®¢−®¬ �¢¨�æ¨®−−ëå ª®¬¯«¥ªá®¢.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì; ª®£−¨â¨¢−®¥ ¬®¤¥«¨à®¢�−¨¥;
¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; ¯à®¥ªâ¨à®¢�−¨¥ ¨ à�§à�¡®âª�
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1 Введение

�à®¥ªâ¨à®¢�−¨¥ á®¢à¥¬¥−−ëå ˆ‘ ¯à¥¤áâ�¢«ï¥â á®¡®© ¨áª«îç¨â¥«ì−® á«®¦-
−ë© ¯à®æ¥áá, ®á®¡¥−−® ¢ â¥å á«ãç�ïå, ª®£¤� �¢â®¬�â¨§�æ¨¨ ¢ à¥§ã«ìâ�â¥ ¢−¥¤à¥−¨ï
ˆ‘ ¯®¤«¥¦¨â á«®¦−�ï, ¬−®£®£à�−−�ï ¨ ¬�áèâ�¡−�ï ¤¥ïâ¥«ì−®áâì. �à®¢¥¤¥−−ë¥
¨áá«¥¤®¢�−¨ï [1, 2] ¯®§¢®«¨«¨ á¤¥«�âì ¢ë¢®¤, çâ® ª â�ª¨¬ á«®¦−ë¬ ¢¨¤�¬ ¤¥ï-
â¥«ì−®áâ¨ ¬®¦¥â ¡ëâì ®â−¥á¥− ¯à®æ¥áá ¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨, ¢ ç�áâ−®áâ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨.
‚ íâ®â ¯à®æ¥áá ¢®¢«¥ç¥−� ¡®«ìè�ï ç�áâì à®áá¨©áª¨å ¬¨−¨áâ¥àáâ¢ ¨ ¢¥¤®¬áâ¢,
àãª®¢®¤ïé¨© á®áâ�¢ ¢á¥å áã¡ê¥ªâ®¢ ”¥¤¥à�æ¨¨, � â�ª¦¥ àï¤ ªàã¯−ëå ª®¬¯�-
−¨© ¢®¥−−®-¯à®¬ëè«¥−−®£® ª®¬¯«¥ªá�, ¬�è¨−®áâà®¥−¨ï ¨ £®à−®¤®¡ë¢�îé¥©
®âà�á«¨. ‚ ¯à®æ¥áá¥ ¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï ®¡®¡é¥−¨î ¯®¤«¥¦�â á®â−¨
à�§−®à®¤−ëå ª�ç¥áâ¢¥−−ëå ¨ ª®«¨ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©, ¢ëç¨á«¥−¨¥ ¨ −®à¬�-
«¨§�æ¨ï ª®â®àëå ®áãé¥áâ¢«ïîâáï −� ®á−®¢¥ ¤¥áïâª®¢ ¬¥â®¤¨ª. ‚ á¢ï§¨ á íâ¨¬
ª ª�ç¥áâ¢ã ¯à®¥ªâ¨à®¢�−¨ï ¯à¥¤êï¢«ïîâáï ¯®¢ëè¥−−ë¥ âà¥¡®¢�−¨ï, â�ª ª�ª ¯®-
á«¥¤ãîé�ï ¬®¤¨ä¨ª�æ¨ï −¥¤®áâ�â®ç−® âé�â¥«ì−® ¯à®à�¡®â�−−®£® ¯à®¥ªâ� ˆ‘

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnik@a170.ipi.ac.ru
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Š®£−¨â¨¢−ë¥ �á¯¥ªâë ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ‘

á¢ï§�−� −¥ â®«ìª® á® §−�ç¨â¥«ì−ë¬¨ §�âà�â�¬¨ ä¨−�−á®¢ëå, ¬�â¥à¨�«ì−ëå
¨ «î¤áª¨å à¥áãàá®¢, −® ¨ á ¢à¥¬¥−−‚ë¬¨ ¯®â¥àï¬¨, çâ® ï¢«ï¥âáï ªà¨â¨ç−ë¬
¢ á¨áâ¥¬¥ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

�à¨ á®§¤�−¨¨ ˆ‘ ¯®¤®¡−®£® ãà®¢−ï ®£à�−¨ç¥−® ¯à¨¬¥−¥−¨¥ æ¨ª«¨ç¥áª¨å
¬¥â®¤®¢ ¯à®¥ªâ¨à®¢�−¨ï, ¯®íâ®¬ã ¯à¨å®¤¨âáï ¨áå®¤¨âì ¨áª«îç¨â¥«ì−® ¨§ úª�á-
ª�¤−®£®û ¬¥â®¤� à�§à�¡®âª¨ ¨ á®§¤�−¨ï ˆ‘ [3, 4]. Š�ç¥áâ¢® ¯à®¥ªâ� ¨ á¤�¢�¥¬®©
¢ ¯à®¬ëè«¥−−ãî íªá¯«ã�â�æ¨î ˆ‘ §�¢¨á¨â ®â àï¤� ®¡áâ®ïâ¥«ìáâ¢, ®¤−�ª® −¥-
¬�«®¢�¦−ë¬ ä�ªâ®à®¬ áâ�−®¢¨âáï ¨−ä®à¬�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥, −� ª®â®à®¬
¡�§¨àã¥âáï à�§à�¡®âª� �«£®à¨â¬®¢ à¥è¥−¨ï áâ®ïé¨å ¯¥à¥¤ ˆ‘ §�¤�ç ¨ ¯®á«¥¤ã-
îé�ï à¥�«¨§�æ¨ï ¢á¥© ˆ‘ [5, 6].

��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� �−�«¨§ã à®«¨ ¬®¤¥«¥© ¢ á®§¤�−¨¨ á«®¦−ëå ˆ‘.
�á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï íª®−®¬¨ç¥áª®© á®áâ�¢«ïîé¥© ¬®¤¥«¨à®¢�−¨ï ª�ª
®¡®á−®¢�−−®¬ã ¡�«�−áã ¬¥¦¤ã à�áå®¤�¬¨ −� ¬®¤¥«¨à®¢�−¨¥ ¨ áâ¥¯¥−ìî ®âà�-
¦¥−¨ï ¢ ¯®«ãç¥−−®© ¬®¤¥«¨ á¢®©áâ¢ ¨ å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨àã¥¬®© ¯à¥¤¬¥â−®©
®¡«�áâ¨.

2 Роль информационной модели в проектировании информационной
системы

‘ â®çª¨ §à¥−¨ï ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ à¥è¥−¨¥ «î¡®© ¯à®¨§¢®¤áâ¢¥−−®© ¨«¨
−�ãç−®© §�¤�ç¨ ¢ ®¡é¥¬ ¢¨¤¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−® â¥å−®«®£¨ç¥áª®© æ¥¯®çª®©,
¯®ª�§�−−®© −� à¨á. 1.

�� íâ®¬ à¨áã−ª¥ ¢¬¥áâ® ˆ‘ ¯à¥¤áâ�¢«¥−� ú�à®£à�¬¬�û, â�ª ª�ª á â®çª¨
§à¥−¨ï «®£¨ª¨ à¥è¥−¨ï ¯à¨ª«�¤−®© §�¤�ç¨ à¥è�îé�ï à®«ì ¢ ˆ‘ ¯à¨−�¤«¥-
¦¨â ¨¬¥−−® ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î. ‚¬¥áâ¥ á â¥¬ −¥®¡å®¤¨¬® ®â¬¥â¨âì,
çâ® ˆ‘ ª�ª ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª�ï á¨áâ¥¬� á«ã¦¨â ®á−®¢®©, −� ª®â®à®©
à�§¢¥àâë¢�¥âáï ¨ äã−ªæ¨®−¨àã¥â ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥.

Šà®¬¥ â®£®, ¢ íâ®© æ¥¯®çª¥ ¢�¦−ãî à®«ì ¨£à�¥â §¢¥−® ú¨−ä®à¬�æ¨®−−�ï
¬®¤¥«ìû ª�ª −¥®¡å®¤¨¬ë© ¨ ®¡ï§�â¥«ì−ë© ª®¬¯®−¥−â ˆ‘. �®¤ ¨−ä®à¬�æ¨®−−®©

÷¨á. 1 –¨ª« ¯à®¥ªâ¨à®¢�−¨ï
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¬®¤¥«ìî ¯®−¨¬�¥âáï ¢¨àâã�«ì−ë© ®¡à�§ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¥¥ ®¡ê¥ªâ®¢ ¨«¨
¯à®æ¥áá®¢, ®âà�¦�îé¨© ¨å áãé¥áâ¢¥−−ë¥ á¢®©áâ¢� á â®çª¨ §à¥−¨ï æ¥«¥© ¨ §�¤�ç
¯à®¥ªâ¨à®¢�−¨ï [7].

÷¨áã−®ª 1 ¨««îáâà¨àã¥â −¥áª®«ìª® ¯®«®¦¥−¨©. ‚®-¯¥à¢ëå, ª�ç¥áâ¢® ¨−ä®à-
¬�æ¨®−−®© ¬®¤¥«¨ ¢® ¬−®£®¬ ®¯à¥¤¥«ï¥â ¨ ª�ç¥áâ¢® á®§¤�¢�¥¬®£® −� ¥¥ ®á−®¢¥
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, � §−�ç¨â, ¨ áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï æ¥«¥© ¯à®¥ªâ¨à®¢�-
−¨ï ˆ‘ (®á−®¢−�ï æ¥«ì | íää¥ªâ¨¢−®¥ ¨ íª®−®¬¨ç¥áª¨ ®¡®á−®¢�−−®¥ à¥è¥−¨¥
áâ®ïé¨å ¯¥à¥¤ ˆ‘ §�¤�ç). ‚®-¢â®àëå, ¢ àï¤¥ á«ãç�¥¢ ¯®á«¥ §�¢¥àè¥−¨ï à�§-
à�¡®âª¨ ˆ‘ ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ª®àà¥ªæ¨¨ ¬®¤¥«¨. ��ª®−¥æ, ¢-âà¥âì¨å,
¯®«ãç¥−−ë© à¥§ã«ìâ�â ¢ −¥ª®â®àëå á«ãç�ïå ¯®§¢®«ï¥â ¯à¨−ïâì à¥è¥−¨¥ ® −¥-
®¡å®¤¨¬®áâ¨ ª®àà¥ªâ¨à®¢ª¨ ¯à¥¤áâ�¢«¥−¨© ª�ª ® ¯à®¨§¢®¤áâ¢¥−−ëå ¯à®æ¥áá�å,
â�ª ¨ ® á�¬®© ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, � â�ª¦¥ ®¡ ãâ®ç−¥−¨¨
æ¥«¥© ¨ §�¤�ç, à¥è�¥¬ëå ˆ‘.

3 Основные подходы к моделированию

—�é¥ ¢á¥£® ¬®¤¥«ì à�áá¬�âà¨¢�¥âáï ª�ª ã¬¥−ìè¥−−�ï ª®¯¨ï ¬®¤¥«¨àã¥¬®£®
®¡ê¥ªâ� [8]. ‚ −¥ª®â®àëå á«ãç�ïå ¬®¤¥«ì ¢ë¯®«−ï¥âáï ¢ ¬�áèâ�¡¥ ®¤¨− ª ®¤-
−®¬ã ª ®à¨£¨−�«ã. ’�ª, ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¢®¥−−®-âà�−á¯®àâ−®£® á�¬®«¥â�
ú�−-12û ª®−áâàãªâ®à�¬¨ ¡ë«� á®§¤�−� ¥£® ¯®«−®à�§¬¥à−�ï ¬®¤¥«ì ¨§ ¤¥à¥¢�.
�â® ¯®§¢®«¨«® ¢ ¤¥â�«ïå ¨§ãç¨âì ¢�à¨�−âë ¯®£àã§ª¨ ¨ ¢ë£àã§ª¨ ¡®¥¢®© â¥å−¨ª¨
¨ «¨ç−®£® á®áâ�¢�, � â�ª¦¥ ®á®¡¥−−®áâ¨ ¤¥á�−â¨à®¢�−¨ï ¨§ á�¬®«¥â�. ��ª®−¥æ,
¢ àï¤¥ á«ãç�¥¢ ® à�§¬¥à�å ¬®¤¥«¨ −¥â á¬ëá«� £®¢®à¨âì ¢®®¡é¥. �â® å�à�ªâ¥à-
−® ¤«ï ¬®¤¥«¨à®¢�−¨ï �¡áâà�ªâ−ëå ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢, −�¯à¨¬¥à ¯à®æ¥áá®¢
ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì−®áâ¨.

�¥ª®â®àë¥ �¢â®àë ãª�§ë¢�îâ [9], çâ® ¬®¤¥«ì ®â«¨ç�¥âáï ®â ®à¨£¨−�«� ¬�â¥-
à¨�«®¬ ¨á¯®«−¥−¨ï, çâ® â�ª¦¥ −¥¢¥à−®. ‚ ç�áâ−®áâ¨, ¤«ï ¯®«ãç¥−¨ï ®á−®¢−ëå
�íà®¤¨−�¬¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª á�¬®«¥â� ¥£® ã¬¥−ìè¥−−ãî ¬®¤¥«ì â�ª¦¥ ¨§-
£®â®¢«ïîâ ¨§ ¤îà�«î¬¨−¨ï. �® ¤�¦¥ ¢ á«ãç�¥ ¯à¨¬¥−¥−¨ï ¤«ï ¬®¤¥«¨ ¤àã£®£®
¬�â¥à¨�«�, ª�ª íâ® ¨¬¥«® ¬¥áâ® ¢ ®¯¨á�−−®¬ ¢ëè¥ á«ãç�¥ á á�¬®«¥â®¬ ú�−-12û,
�¢â®àë −�ãç−ëå à�¡®â −¥ à�áªàë¢�îâ ¯à¨ç¨−ã â�ª®£® ¢ë¡®à�. � ¢¥¤ì ¢ ¤�−−®¬
á«ãç�¥ à¥çì ¨¤¥â ¯à¥¦¤¥ ¢á¥£® ®¡ íª®−®¬¨ç¥áª¨ ®¡®á−®¢�−−®¬ à¥è¥−¨¨ | ¢ë¡®à¥
¡®«¥¥ ¤¥è¥¢®£® ¬�â¥à¨�«�, ®¡à�¡®âª� ª®â®à®£® ª â®¬ã ¦¥ âà¥¡ã¥â §−�ç¨â¥«ì−®
¬¥−ìè¨å âàã¤®§�âà�â.

‘ ¤àã£®© áâ®à®−ë, �¢â®àë àï¤� −�ãç−ëå à�¡®â ¯®¤ç¥àª¨¢�îâ [9], çâ® ¬®-
¤¥«ì | íâ® ã¯à®é¥−−®¥ ¯®¤®¡¨¥ à¥�«ì−®£® ®¡ê¥ªâ�. ’�ª, −�¯à¨¬¥à, ã¯à®é¥−-
−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à¨ á®§¤�−¨¨ §−�¬¥−¨â®£® ¯¨ª¨àãîé¥£® ¡®¬¡�à¤¨à®¢é¨ª�
ú�¥-2û ¯à¨¢¥«® ª â®¬ã, çâ® á�¬®«¥â ®ª�§�«áï −¥¤®áâ�â®ç−® ãáâ®©ç¨¢ë¬ ¯® â�−-
£�¦ã ¨ àëáª�−ìî, ¢á«¥¤áâ¢¨¥ ç¥£® −� −¥¬ ¡ë«® ¯à®¡«¥¬�â¨ç−® ®áãé¥áâ¢«ïâì
¡®¬¡®¬¥â�−¨¥ ¤�¦¥ á £®à¨§®−â�«ì−®£® ¯®«¥â�, −¥ £®¢®àï ã¦¥ ® ªàãâ®¬ ¯¨ª¨à®-
¢�−¨¨.

‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª�¥â ¢®¯à®á ® −¥®¡å®¤¨¬®áâ¨ ã¯à®é¥−¨ï. ˆ ¢® ¬−®£¨å
á«ãç�ïå ¤¥«® §¤¥áì −¥ ¢ á«®¦−®áâ¨ ®¡ê¥ªâ�, −� çâ® ®¡ëç−® ¤¥«�¥âáï ááë«ª�
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¢ −�ãç−ëå áâ�âìïå, � ¢ áâ®¨¬®áâ¨ ¬®¤¥«¨à®¢�−¨ï ¢á¥£® ª®¬¯«¥ªá� å�à�ªâ¥à¨áâ¨ª
®¡ê¥ªâ�. �¤−�ª® è�¡«®−−ë¥ à¥è¥−¨ï ã¬¥áâ−ë −¥ ¢á¥£¤� ¨ ¨§¢¥áâ−ë ¯à¨¬¥àë,
ª®£¤� ª®−áâàãªâ®àë ¨ à�§à�¡®âç¨ª¨ ¨¬¥îâ ¢®§¬®¦−®áâì ¨§¡¥¦�âì ã¯à®é¥−¨©.
�à¨¬¥à®¬ íâ®¬ã ¬®¦¥â á«ã¦¨âì ¨áâ®à¨ï ¯à®¥ªâ¨à®¢�−¨ï á®¢¥âáª®£® áâà�â¥£¨ç¥-
áª®£® ¡®¬¡�à¤¨à®¢é¨ª� ú’ã-4û. ‘®§¤�−¨¥ íâ®© ¡®¥¢®© ¬�è¨−ë ®áãé¥áâ¢«ï«®áì
¬¥â®¤®¬ ú®¡à�â−®© à�§à�¡®âª¨û, â. ¥. ª®¯¨à®¢�−¨ï ¯® ®¡à�§æã �¬¥à¨ª�−áª®£®
¡®¬¡�à¤¨à®¢é¨ª� úB-29û. “ ª®¬�−¤ë �. �. ’ã¯®«¥¢� ¨¬¥«®áì ¢ à�á¯®àï¦¥−¨¨
âà¨ ¯®«−®äã−ªæ¨®−�«ì−ëå á�¬®«¥â� úB-29û, ®¤¨− ¨§ ª®â®àëå ¡ë« ¯®«−®áâìî
à�§®¡à�− á æ¥«ìî ¨§ãç¥−¨ï ¥£® ã§«®¢ ¨ �£à¥£�â®¢; ¢â®à®© ¡ë« á®åà�−¥− ª�ª
®à¨£¨−�«, � âà¥â¨© á�¬®«¥â à�§à�¡®âç¨ª¨ ¨á¯®«ì§®¢�«¨ ¢ ª�ç¥áâ¢¥ «¥â�îé¥© «�-
¡®à�â®à¨¨. ��«¨ç¨¥ ¯®«−®äã−ªæ¨®−�«ì−®£® ®¡à�§æ� á�¬®«¥â� úB-29û ¢ ª�ç¥áâ¢¥
¬®¤¥«¨ ¨áª«îç¨«® −¥®¡å®¤¨¬®áâì á®§¤�¢�âì ¥£® ã¯à®é¥−−ãî ¬®¤¥«ì.

‘ ãç¥â®¬ ¯à¨¢¥¤¥−−ëå §�¬¥ç�−¨© ¨ ª®¬¬¥−â�à¨¥¢ ¬®¦−® ¯à¥¤«®¦¨âì á«¥¤ã-
îé¨© ¢�à¨�−â ®¯à¥¤¥«¥−¨ï:

Œ®¤¥«ì | íâ® ¨¬¨â�æ¨ï ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¢ −¥-
®¡å®¤¨¬®© áâ¥¯¥−¨ ®âà�¦�îé�ï ¥¥ ¢�¦−¥©è¨¥ á¢®©áâ¢� ¨ §�¢¨á¨¬®áâ¨
¢ ª®−â¥ªáâ¥ æ¥«¥© ¨ §�¤�ç ¬®¤¥«¨à®¢�−¨ï, á®§¤�¢�¥¬�ï á íª®−®¬¨ç¥áª¨ ®¡®-
á−®¢�−−ë¬¨ §�âà�â�¬¨ ¬�â¥à¨�«ì−ëå, ä¨−�−á®¢ëå, «î¤áª¨å, ¢à¥¬¥−−‚ëå
¨ ¤àã£¨å ¢¨¤®¢ à¥áãàá®¢.

„«ï ¯®ïá−¥−¨ï ¯à¨¢¥¤¥−−®© ä®à¬ã«¨à®¢ª¨ æ¥«¥á®®¡à�§−® ¢¥à−ãâìáï ª ã¯®-
¬ï−ãâ®© ¢ëè¥ ¯à®¡«¥¬¥ ã¯à®é¥−¨ï: ¤«ï ¨§ãç¥−¨ï á«®¦−®£® ®¡ê¥ªâ�, ¨ ¢ ç�áâ-
−®áâ¨ ¨áå®¤ï ¨§ ¯à¨−æ¨¯� íª®−®¬¨ç¥áª®© æ¥«¥á®®¡à�§−®áâ¨, ¯à¨¡¥£�îâ ª ¬®¤¥-
«¨à®¢�−¨î â®«ìª® −¥®¡å®¤¨¬ëå ¨ ¤®áâ�â®ç−ëå ¤«ï æ¥«¥© ¨ §�¤�ç ¨áá«¥¤®¢�−¨ï
å�à�ªâ¥à¨áâ¨ª, ¨¬¥ï ¢ ¢¨¤ã ¢®§¬®¦−ë¥ −¥â®ç−®áâ¨ ¨ ¤�¦¥ ¨áª�¦¥−¨ï.

’�ª, ¤«ï ¨§ãç¥−¨ï ®á−®¢−ëå �íà®¤¨−�¬¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª á�¬®«¥â� ¬®¦-
−® ¯à¥−¥¡à¥çì ¬®¤¥«¨à®¢�−¨¥¬ ¥£® á¨«®¢®© ãáâ�−®¢ª¨, á¨áâ¥¬ ã¯à�¢«¥−¨ï ¢®®àã-
¦¥−¨¥¬ ¨«¨ ª�â�¯ã«ìâ¨à®¢�−¨ï, §¤¥áì ¤®áâ�â®ç−® ã¬¥−ìè¥−−®© â¢¥à¤®â¥«ì−®©
¬®¤¥«¨ ¯«�−¥à� á�¬®«¥â�. �¤−�ª® ¢ á«ãç�¥ ªàë«� ¨§¬¥−ï¥¬®© £¥®¬¥âà¨¨ ¢ íâ®©
¬®¤¥«¨ −¥®¡å®¤¨¬® ¯à¥¤ãá¬®âà¥âì úá−ïâ¨¥û �íà®¤¨−�¬¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª
å®âï ¡ë ¢ −¥áª®«ìª¨å ä¨ªá¨à®¢�−−ëå ¯®«®¦¥−¨ïå ªàë«�: ®¡ï§�â¥«ì−® ¢ ªà�©−¨å
¨ ¢ ¤¢ãå{âà¥å ¯à®¬¥¦ãâ®ç−ëå, â. ¥. ¨ ¢ ¤�−−®¬ á«ãç�¥ −¥®¡ï§�â¥«ì−® ¬®¤¥«¨à®-
¢�âì ¢áî á¨áâ¥¬ã ã¯à�¢«¥−¨ï ªàë«®¬, â�ª ª�ª ®−�, ¢®-¯¥à¢ëå, ¯à¨ ¨áá«¥¤®¢�−¨¨
�íà®¤¨−�¬¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª −¥ âà¥¡ã¥âáï, � ¢®-¢â®àëå, �íà®¤¨−�¬¨ç¥áª¨¥
å�à�ªâ¥à¨áâ¨ª¨ ¤«ï ¯à®¨§¢®«ì−®£® ¯®«®¦¥−¨ï ªàë«� ¬®¦−® ¤®¢®«ì−® â®ç−®
à�ááç¨â�âì ¬¥â®¤®¬ ¨−â¥à¯®«ïæ¨¨ ¯® ¯®«ãç¥−−ë¬ íªá¯¥à¨¬¥−â�«ì−ë¬ â®çª�¬.

4 Информационная модель

ˆ§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ¯®ïá−¥−¨© á«¥¤ã¥â, çâ® ¬®¤¥«ì | íâ® ¤®¢®«ì−® è¨à®-
ª®¥ ¯®−ïâ¨¥, ¢ª«îç�îé¥¥ ¢ á¥¡ï ¬−®¦¥áâ¢® á¯®á®¡®¢ ¯à¥¤áâ�¢«¥−¨ï ¨§ãç�¥¬®©
¯à¥¤¬¥â−®© ®¡«�áâ¨. ƒà�−¨æë ¬¥¦¤ã ¬®¤¥«ï¬¨ à�§«¨ç−ëå â¨¯®¢ ¨«¨ ª«�áá®¢ ç�-
é¥ ¢á¥£® ãá«®¢−ë. ��¨¡®«¥¥ à�á¯à®áâà�−¥−ë á«¥¤ãîé¨¥ ¯à¨§−�ª¨, ¯® ª®â®àë¬
ª«�áá¨ä¨æ¨àãîâáï ¬®¤¥«¨ [9]:
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−

{ æ¥«ì ¯à¨¬¥−¥−¨ï;

{ ®¡«�áâì §−�−¨© (¯à¥¤¬¥â−�ï ®¡«�áâì);

{ ä�ªâ®à ¢à¥¬¥−¨;

{ á¯®á®¡ ¯à¥¤áâ�¢«¥−¨ï.

�® æ¥«ï¬ ¨á¯®«ì§®¢�−¨ï ¢ë¤¥«ïîâ ¬®¤¥«¨ ãç¥¡−ë¥, ®¯ëâ−ë¥, ¨¬¨â�æ¨-
®−−ë¥, ¨£à®¢ë¥, −�ãç−®-â¥å−¨ç¥áª¨¥. �® ®¡«�áâ¨ §−�−¨© ¬®¤¥«¨ ¬®£ãâ ¡ëâì
¡¨®«®£¨ç¥áª¨¬¨, íª®−®¬¨ç¥áª¨¬¨, ¨áâ®à¨ç¥áª¨¬¨, á®æ¨®«®£¨ç¥áª¨¬¨ ¨ ¤à. �®
ä�ªâ®àã ¢à¥¬¥−¨ à�§¤¥«ïîâ ¬®¤¥«¨ −� ¤¨−�¬¨ç¥áª¨¥ ¨ áâ�â¨ç¥áª¨¥: áâ�â¨ç¥-
áª�ï ¬®¤¥«ì ®¯¨áë¢�¥â ¯à¥¤¬¥â−ãî ®¡«�áâì (®¡ê¥ªâ, ¯à®æ¥áá) ¢ ä¨ªá¨à®¢�−−ë©
¬®¬¥−â ¢à¥¬¥−¨, â. ¥. ¤�¥â úáâ�â¨ç¥áª¨© áà¥§û ¯à¥¤¬¥â−®© ®¡«�áâ¨; ¤¨−�¬¨ç¥-
áª�ï ¬®¤¥«ì ®âà�¦�¥â ¯à®æ¥áá ¨§¬¥−¥−¨ï ¨«¨ äã−ªæ¨®−¨à®¢�−¨ï ®¡ê¥ªâ� ¨«¨
à�§¢¨â¨ï ¯à®æ¥áá� ¢® ¢à¥¬¥−¨. �® á¯®á®¡ã ¯à¥¤áâ�¢«¥−¨ï ¬®¤¥«¨ ¤¥«ïâáï −�
¬�â¥à¨�«ì−ë¥ (−�âãà−ë¥) ¨ ¨¤¥�«ì−ë¥ (�¡áâà�ªâ−ë¥).

Œ�â¥à¨�«ì−ë¥ ¬®¤¥«¨ | íâ® ¢¥é¥áâ¢¥−−ë¥ ®¡à�§ë, ¢®á¯à®¨§¢®¤ïé¨¥ ¢−¥è-
−¨¥ á¢®©áâ¢�, ¢−ãâà¥−−¥¥ áâà®¥−¨¥ «¨¡® ¤¥©áâ¢¨ï ¬®¤¥«¨àã¥¬ëå ®¡ê¥ªâ®¢. �â®â
¢¨¤ ¬®¤¥«¨à®¢�−¨ï å�à�ªâ¥à¥− ¤«ï íªá¯¥à¨¬¥−â�«ì−®£® (®¯ëâ−®£®) ¬¥â®¤� ¯®§−�-
−¨ï. ��¯à¨¬¥à, ã¬¥−ìè¥−−�ï ¢ −¥áª®«ìª® à�§ ¨ ¯®íâ®¬ã ®â−®á¨â¥«ì−® ¤¥è¥¢�ï
−�âãà−�ï ¬®¤¥«ì á�¬®«¥â� ¯®§¢®«ï¥â ¯à®¢®¤¨âì ¥¥ ¯à®¤ã¢ªã ¢ �íà®¤¨−�¬¨ç¥áª®©
âàã¡¥ ¨ ¨áá«¥¤®¢�âì �íà®¤¨−�¬¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¡ã¤ãé¥£® «¥â�â¥«ì−®£®
�¯¯�à�â�.

ˆ¤¥�«ì−ë¥ ¬®¤¥«¨ −¥à�§àë¢−® á¢ï§�−ë á ç¥«®¢¥ç¥áª¨¬ ¬ëè«¥−¨¥¬, á ¢®-
®¡à�¦¥−¨¥¬ ¨ ¢®á¯à¨ïâ¨¥¬ ç¥«®¢¥ª®¬ ®ªàã¦�îé¥£® ¬¨à�. �¡áâà�ªâ−®¥ ¬®¤¥-
«¨à®¢�−¨¥ ®à¨¥−â¨à®¢�−® −� â¥®à¥â¨ç¥áª¨© ¬¥â®¤ ¯®§−�−¨ï [10]. �¡áâà�ªâ−ë¥
¬®¤¥«¨ ¤¥«ïâáï −� ¢®®¡à�¦�¥¬ë¥ ¨ ¨−ä®à¬�æ¨®−−ë¥.

‚®®¡à�¦�¥¬®¥ (¬ëá«¥−−®¥, ¨«¨ ¨−âã¨â¨¢−®¥) ¬®¤¥«¨à®¢�−¨¥ | íâ® ¬ëá«¥−-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡ ®¡ê¥ªâ¥. ‚®®¡à�¦�¥¬ë¥ ¬®¤¥«¨ ä®à¬¨àãîâáï ¢ ¢®®¡à�¦¥-
−¨¨ ç¥«®¢¥ª� ¨ á®¯ãâáâ¢ãîâ ¥£® ¯®§−�¢�â¥«ì−®© (ª®£−¨â¨¢−®©) ¤¥ïâ¥«ì−®áâ¨.

ˆ−ä®à¬�æ¨®−−�ï ¬®¤¥«ì | íâ® á®¢®ªã¯−®áâì ¨−ä®à¬�æ¨¨ ®¡ ®¡ê¥ªâ�å,
¯à®æ¥áá�å, ¨å á¢®©áâ¢�å, ¢§�¨¬®á¢ï§ïå ¨ ®â−®è¥−¨ïå, áãé¥áâ¢ãîé¨å
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¨á¯®«ì§ã¥¬®© ¢ ª®−â¥ªáâ¥ æ¥«¥© ¨ §�¤�ç ¯à®¥ª-
â¨à®¢�−¨ï ¨ §�ä¨ªá¨à®¢�−−®© −� ¬�â¥à¨�«ì−®¬ −®á¨â¥«¥.
ˆ−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨ ¯à¥¤áâ�¢«ïîâ ®¡ê¥ªâë ¢ ¢¨¤¥:

{ á«®¢¥á−ëå ®¯¨á�−¨©, â¥ªáâ®¢;

{ à¨áã−ª®¢, íáª¨§®¢, ä®â®£à�ä¨©, ª¨−®ä¨«ì¬®¢;

{ â�¡«¨æ, áå¥¬, ç¥àâ¥¦¥©, ª�àâ;

{ ä®à¬ã«, «®£¨ç¥áª¨å ¢ëà�¦¥−¨©.

‚ §�¢¨á¨¬®áâ¨ ®â ä®à¬ë, á¯®á®¡� ¯à¥¤áâ�¢«¥−¨ï ¨ ®¯¨á�−¨ï à�§«¨ç�îâ
¢¥à¡�«ì−ë¥, −�£«ï¤−ë¥, ®¡à�§−®-§−�ª®¢ë¥ ¨ ¤àã£¨¥ §−�ª®¢ë¥ ¬®¤¥«¨, ª�ª íâ®
¨§®¡à�¦¥−® −� à¨á. 2.

‚ ¢¥à¡�«ì−ëå ¬®¤¥«ïå ¤«ï ®âà�¦¥−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ à¥�«ì−®£® ¨«¨
�¡áâà�ªâ−®£® ¬¨à� ¨á¯®«ì§ãîâáï ¥áâ¥áâ¢¥−−ë¥ ï§ëª¨. ”®à¬� ¯à¥¤áâ�¢«¥−¨ï
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÷¨á. 2 ‘¯®á®¡ë ¯à¥¤áâ�¢«¥−¨ï ¬®¤¥«¥©

â�ª®© ¬®¤¥«¨ | ãáâ−®¥ ¨«¨ ¯¨áì¬¥−−®¥ á®®¡é¥−¨¥. �à¨¬¥à�¬¨ á«ã¦�â ãç¥¡−ë¥
¯®á®¡¨ï ¨ á«®¢�à¨, ¨−áâàãªæ¨¨ ¯® ¯à¨¬¥−¥−¨î ãáâà®©áâ¢ ¨ á¨áâ¥¬, à¥£«�¬¥−âë
®¡á«ã¦¨¢�−¨ï ¨ íªá¯«ã�â�æ¨¨, −�áâ�¢«¥−¨ï ¨ â. ¤.

‚ −�£«ï¤−ëå ¬®¤¥«ïå á¢®©áâ¢� ®à¨£¨−�«� ¢ëà�¦�îâáï á ¯®¬®éìî ¥£® ®¡à�-
§®¢: íáª¨§®¢, à¨áã−ª®¢, ä®â®£à�ä¨©, ª¨−®ä¨«ì¬®¢. ‘î¤� ¦¥ ®â−®áïâáï £à�ä¨-
ç¥áª¨¥ ¬®¤¥«¨, ¢ â®¬ ç¨á«¥ £¥®¬¥âà¨ç¥áª¨¥ ä¨£ãàë ¨ â¥«�. ��¯à¨¬¥à, á®§¤�−¨î
−�âãà−®© ¬®¤¥«¨ á�¬®«¥â� ¯à¥¤è¥áâ¢ã¥â íáª¨§−®¥ ¬®¤¥«¨à®¢�−¨¥ | à�§à�¡®âª�
à¨áã−ª®¢ (íáª¨§®¢) ¢ −¥áª®«ìª¨å ¯à®¥ªæ¨ïå, çâ® ¯®§¢®«ï¥â ¥é¥ ¤® ¨§£®â®¢«¥-
−¨ï −�âãà−®© (¬�â¥à¨�«ì−®©) ¬®¤¥«¨ ¬ëá«¥−−® ¨áá«¥¤®¢�âì ®¡ê¥ªâ, ¢ ¤�−−®¬
á«ãç�¥ | ¡ã¤ãé¨© á�¬®«¥â, á®£«�á®¢�âì á íªá¯¥àâ�¬¨ ¨ á §�ª�§ç¨ª�¬¨ ¥£® �íà®-
¤¨−�¬¨ç¥áªãî ä®à¬ã ¨ ®¡éãî ª®¬¯®−®¢ªã ¨ ¢−¥áâ¨ ª®àà¥ªâ¨¢ë ¢ íáª¨§.

‚ ®¡à�§−®-§−�ª®¢ëå ¬®¤¥«ïå ¯à¨¬¥−ïîâáï ãá«®¢−ë¥ §−�ª®¢ë¥ ®¡à�§ë: áå¥-
¬ë, £à�äë, â�¡«¨æë, ç¥àâ¥¦¨, £à�ä¨ª¨, ¯«�−ë, ª�àâë. ��¯à¨¬¥à: £¥®£à�ä¨-
ç¥áª�ï ª�àâ�, ¯«�− ª¢�àâ¨àë, à®¤®á«®¢−®¥ ¤¥à¥¢®, ¡«®ª-áå¥¬�. Š íâ®© £àã¯¯¥
®â−®áïâáï áâàãªâãà−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï −�£«ï¤-
−®£® ¨§®¡à�¦¥−¨ï áâàãªâãàë, á®áâ�¢−ëå ç�áâ¥© ¨ á¢ï§¥© ®¡ê¥ªâ®¢.

‡−�ª®¢ë¥ ¬®¤¥«¨ ¨á¯®«ì§ãîâ �«ä�¢¨âë ä®à¬�«ì−ëå ï§ëª®¢ (ãá«®¢−ë¥ §−�-
ª¨, á¯¥æ¨�«ì−ë¥ á¨¬¢®«ë, ¡ãª¢ë, æ¨äàë) ¨ ¯à�¢¨«� ¢ë¯®«−¥−¨ï ®¯¥à�æ¨©
á í«¥¬¥−â�¬¨ íâ¨å �«ä�¢¨â®¢. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ¬®¦−® −�§¢�âì ä¨§¨ç¥-
áª¨¥ ¨«¨ å¨¬¨ç¥áª¨¥ ä®à¬ã«ë, ¬�â¥¬�â¨ç¥áª¨¥ ¢ëà�¦¥−¨ï ¨ ä®à¬ã«ë, −®â−ãî
§�¯¨áì.

�¤−¨¬ ¨§ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ëå ä®à¬�«ì−ëå ï§ëª®¢ ¢ §−�ª®¢®¬ ¬®-
¤¥«¨à®¢�−¨¨ ï¢«ï¥âáï �«£¥¡à�¨ç¥áª¨© ï§ëª ä®à¬ã« ¢ ¬�â¥¬�â¨ª¥, ª®â®àë©
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¯®§¢®«ï¥â ®¯¨áë¢�âì äã−ªæ¨®−�«ì−ë¥ §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ¯¥à¥¬¥−−ë¬¨ ¨ ª®−-
áâ�−â�¬¨.

Œ�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ®á−®¢�−ë −� ä®à¬�«ì−ëå ï§ëª�å −�¤ ª®−¥ç−ë¬¨
�«ä�¢¨â�¬¨, � ¨§ãç�¥¬®¥ ï¢«¥−¨¥ ¨«¨ ¯à®æ¥áá ¢ −¨å ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥
�¡áâà�ªâ−ëå ®¡ê¥ªâ®¢, ¢ëà�¦�îé¨å:

{ §�ª®−ë ¯à¨à®¤ë;

{ ¢−ãâà¥−−¨¥ á¢®©áâ¢� á�¬¨å ®¡ê¥ªâ®¢;

{ ¯à�¢¨«� «®£¨ç¥áª¨å à�ááã¦¤¥−¨©.

��¯à¨¬¥à, ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ª�ç¥áâ¢� ªàë«� á�¬®«¥â�1 ®á−®¢ë¢�¥âáï −�
§�ª®−�å ¯à¨à®¤ë ¢ ®¡«�áâ¨ �íà®¤¨−�¬¨ª¨, � ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì −�ç¨á«¥−¨ï
§�à�¡®â−®© ¯«�âë | −� ¯à�¢¨«�å, ãáâ�−®¢«¥−−ëå ¢ íª®−®¬¨ª¥.

Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì | íâ® ç�áâ® á¨áâ¥¬� ãà�¢−¥−¨©, ®¯¨áë¢�îé�ï ä¨§¨-
ç¥áª¨¥, å¨¬¨ç¥áª¨¥, ¡¨®«®£¨ç¥áª¨¥ ¨«¨ ¨−ë¥ ¯à®æ¥ááë, ¯à¨−�¤«¥¦�é¨¥ â®© ¨«¨
¨−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ á¨áâ¥¬ã ¬�â¥¬�â¨-
ç¥áª¨å ãà�¢−¥−¨© ¤«ï ¢ëç¨á«¥−¨ï ¤®å®¤� ¨ ¯à¨¡ë«¨ ¯à¥¤¯à¨ïâ¨ï ¢ á®®â¢¥âáâ¢¨¨
á −¥ª®â®à®© ¯à¨−ïâ®© ¬¥â®¤¨ª®©.

‚ â¥å á«ãç�ïå, ª®£¤� ¬®¤¥«¨à®¢�−¨¥ ®à¨¥−â¨à®¢�−® −� ¨áá«¥¤®¢�−¨¥ ¬®¤¥«¥©
á ¯®¬®éìî ª®¬¯ìîâ¥à�, ®¤−¨¬ ¨§ ¥£® íâ�¯®¢ ï¢«ï¥âáï à�§à�¡®âª� ª®¬¯ìîâ¥à−®©
¬®¤¥«¨.

Š®¬¯ìîâ¥à−�ï ¬®¤¥«ì | íâ® ¢¨àâã�«ì−ë© ®¡à�§, á®§¤�−−ë© §� áç¥â ¢ëç¨á-
«¨â¥«ì−ëå à¥áãàá®¢, ª�ç¥áâ¢¥−−® ¨ ª®«¨ç¥áâ¢¥−−® ®âà�¦�îé¨© ¢−ãâà¥−-
−¨¥ á¢®©áâ¢�, ¢−¥è−¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ á¢ï§¨ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ�
¢ ª®−â¥ªáâ¥ æ¥«¥© ¨ §�¤�ç ¯à®¥ªâ¨à®¢�−¨ï.

Š®¬¯ìîâ¥à−�ï ¬®¤¥«ì ¯®§¢®«ï¥â ¢®á¯à®¨§¢®¤¨âì ¨ �−�«¨§¨à®¢�âì ¢−¥è−¨©
¢¨¤, áâà®¥−¨¥ ¨«¨ ¤¥©áâ¢¨¥ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ� ¨ äã−ªæ¨®−¨àã¥â ¯®áà¥¤-
áâ¢®¬ í«¥ªâà®¬�£−¨â−ëå (à¥¦¥ ®¯â¨ç¥áª¨å) á¨£−�«®¢. ÷�§à�¡®âª¥ ª®¬¯ìîâ¥à−®©
¬®¤¥«¨ ¯à¥¤è¥áâ¢ã¥â á®§¤�−¨¥ ¢¥à¡�«ì−ëå, −�£«ï¤−ëå ®¡à�§−ëå ¨ ®¡à�§−®-§−�-
ª®¢ëå ¬®¤¥«¥© | ¢á¥ íâ¨ ¬®¤¥«¨ −�å®¤ïâ á¢®¥ ¢®¯«®é¥−¨¥ ¢ ¢¨àâã�«ì−®¬ ®¡à�§¥,
ä®à¬¨àã¥¬®¬ ¢ ¢ëç¨á«¨â¥«ì−®© áà¥¤¥.

�à®¥ªâ¨à®¢�−¨¥ ˆ‘ ®á−®¢ë¢�¥âáï −� ¨¤¥�«ì−ëå (�¡áâà�ªâ−ëå) ¬®¤¥«ïå,
¯à¥¨¬ãé¥áâ¢¥−−® ®¡à�§−ëå ¨ ®¡à�§−®-§−�ª®¢ëå. ‚¥à¡�«ì−®¥ ¬®¤¥«¨à®¢�−¨¥
®à¨¥−â¨à®¢�−® −� à�§à�¡®âªã ®¯¨á�−¨©, ¨−áâàãªæ¨©, à¥£«�¬¥−â®¢, ¯®«®¦¥−¨©.
‚ àï¤¥ á«ãç�¥¢ ¯à¨ á®§¤�−¨¨ ˆ‘ ¯à¨¡¥£�îâ ª −�£«ï¤−®¬ã ¬®¤¥«¨à®¢�−¨î,
−�¯à¨¬¥à, ¤«ï ®âà�¦¥−¨ï ª®¬¯®−®¢ª¨ ®¡®àã¤®¢�−¨ï ˆ‘ ¨«¨ ¯à¨ à¥è¥−¨¨ íà£®-
−®¬¨ç¥áª¨å §�¤�ç. ˆ ¢á¥ ¦¥ £«�¢−®¥ ¯à¥¤−�§−�ç¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥©
¤«ï ˆ‘ §�ª«îç�¥âáï ¢ ®¯¨á�−¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢ ¢ ¬®¤¥-
«¨àã¥¬®© ¯à¥¤¬¥â−®© ®¡«�áâ¨.

1Š�ç¥áâ¢® ªàë«� ®¯à¥¤¥«ï¥âáï ®â−®è¥−¨¥¬ ¥£® ¯®¤ê¥¬−®© á¨«ë ª «®¡®¢®¬ã á®¯à®â¨¢«¥−¨î.
—¥¬ ¢ëè¥ íâ®â ¯®ª�§�â¥«ì, â¥¬ «ãçè¥ �íà®¤¨−�¬¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ªàë«�. ‚¬¥áâ¥ á â¥¬
ª�ç¥áâ¢® ªàë«� | íâ® −¥ ¯®áâ®ï−−�ï ¢¥«¨ç¨−�: ®−� §�¢¨á¨â ®â áª®à®áâ¨ −�¡¥£�îé¥£® ¯®â®ª� ¨ ã£«�
�â�ª¨.
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5 Когнитивное моделирование

ˆ§ áâàãªâãàë á¯®á®¡®¢ ¯à¥¤áâ�¢«¥−¨ï ¬®¤¥«¥©, ¨§®¡à�¦¥−−®© −� à¨á. 2,
á«¥¤ã¥â ¢ë¢®¤, çâ® ¨áå®¤−ë¬ íâ�¯®¬ «î¡®£® ¬®¤¥«¨à®¢�−¨ï ï¢«ï¥âáï ä®à¬¨àã-
¥¬�ï ¢ á®§−�−¨¨ ç¥«®¢¥ª� ¢®®¡à�¦�¥¬�ï ¬®¤¥«ì, ¯à¥¤è¥áâ¢ãîé�ï á®§¤�−¨î ª�ª
¬�â¥à¨�«ì−®©, â�ª ¨ �¡áâà�ªâ−®© (¨−ä®à¬�æ¨®−−®©) ¬®¤¥«¨. �®íâ®¬ã á ãç¥â®¬
á®¢à¥¬¥−−ëå ¤®áâ¨¦¥−¨© ª®£−¨â¨¢−®© −�ãª¨ ¨ ¯á¨å®«®£¨¨ ¯à¥¤áâ�¢«ï¥âáï æ¥«¥-
á®®¡à�§−ë¬ ¢ à�¬ª�å ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï à�áá¬®âà¥âì ¥¥
ª®£−¨â¨¢−ãî á®áâ�¢«ïîéãî [11, 12]. �®−ïâ¨ï ª®£−¨â¨¢−®© ¬®¤¥«¨ ¨ ª®£−¨â¨¢-
−®£® ¬®¤¥«¨à®¢�−¨ï −¥à�§àë¢−® á¢ï§�−ë á áãé−®áâìî ¨−ä®à¬�æ¨¨ ª�ª áà¥¤áâ¢�
¯®§−�−¨ï ®ªàã¦�îé¥£® ¬¨à� ç¥«®¢¥ª®¬.

‚ ç�áâ−®áâ¨, ¤«ï ¨§¢«¥ç¥−¨ï ¨−ä®à¬�æ¨¨ ¨§ ¤�−−ëå, §�ä¨ªá¨à®¢�−−ëå −�
¬�â¥à¨�«ì−®¬ −®á¨â¥«¥ (−�¯à¨¬¥à, −� «¨áâ¥ ¡ã¬�£¨) ¢ ä®à¬¥ â¥ªáâ�, −¥®¡å®¤¨¬
æ¥«ë© ª®¬¯«¥ªá ¬¥â®¤®¢ ¤®áâã¯� ª íâ¨¬ ¤�−−ë¬: ®á¢¥é¥−¨¥, §à¥−¨¥, §−�−¨¥
ï§ëª�, −� ª®â®à®¬ ¨§«®¦¥− ¬�â¥à¨�«, ¢«�¤¥−¨¥ ª«îç®¬ è¨äà®¢�−¨ï (¤¥è¨äà®-
¢�−¨ï), ¥á«¨ â¥ªáâ §�è¨äà®¢�−.

��¯à¨¬¥à, ¨−ä®à¬�æ¨ï ¬®¦¥â ¡ëâì ¨§¢«¥ç¥−� á «¨áâª� ¡ã¬�£¨ ¯ãâ¥¬ ¥£® −�-
£à¥¢�, ¥á«¨ á®®¡é¥−¨¥ −�¯¨á�−® â�ª −�§ë¢�¥¬ë¬¨ á¨¬¯�â¨ç¥áª¨¬¨ (−¥¢¨¤¨¬ë¬¨)
ç¥à−¨«�¬¨, ª®â®àë¥ ú¯à®ï¢«ïîâáïû ¯à¨ −�£à¥¢¥ ¨«¨ ¯à¨ ®¡à�¡®âª¥ á¯¥æ¨�«ì−ë-
¬¨ å¨¬¨ç¥áª¨¬¨ ¢¥é¥áâ¢�¬¨. Œ®¦−® ¯à¨¢¥áâ¨ ¥é¥ ¡®«¥¥ á«®¦−ë© ¯à¨¬¥à, ª®£¤�
¨−ä®à¬�æ¨ï ¯¥à¥¤�¥âáï á ¯®¬®éìî §�¯�å� ¤ãå®¢ (¨«¨ ®¤¥ª®«®−�) −�−¥á¥−−ëå −�
«¨áâ ¡ã¬�£¨ á −¥©âà�«ì−ë¬ (−¨ç¥£® −¥ §−�ç�é¨¬ ¤«ï ¯®«ãç�â¥«ï) â¥ªáâ®¬.

÷®«ì ¨ §−�ç¥−¨¥ ¯à¨¢¥¤¥−−ëå ¯®ïá−¥−¨© á â®çª¨ §à¥−¨ï ª®£−¨â¨¢−ëå ¬¥â®-
¤®¢ ¨ ¬®¤¥«¥© ¢ëâ¥ª�¥â ¨§ ®¡é¥© ª®−æ¥¯æ¨¨ ¬®¤¥«¨à®¢�−¨ï, ª®â®à®¥ −�ç¨−�¥âáï
á ¢®®¡à�¦�¥¬®£® ¬®¤¥«¨à®¢�−¨ï, â. ¥. ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ¬®¤¥«¨ (¯à¥¤-
áâ�¢«¥−¨ï) ¢ á®§−�−¨¨ ç¥«®¢¥ª� −� ®á−®¢�−¨¨ −¥ª®â®àëå ¨áå®¤−ëå ¤�−−ëå [13].
�â �¤¥ª¢�â−®áâ¨ íâ¨å ¯à¥¤áâ�¢«¥−¨© ®¡ ®¡ê¥ªâ�å ¨ áâàãªâãà¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨
§�¢¨á¨â à¥§ã«ìâ�â ¯®á«¥¤ãîé¥£® ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¨ ª�ç¥áâ¢® à¥-
è¥−¨ï §�¤�ç −� ®á−®¢¥ íâ®© ¬®¤¥«¨. ‚ ç�áâ−®áâ¨, ¢ ®¡à�§−®© ¬®¤¥«¨ ç¥«®¢¥ª −¥
¢ á®áâ®ï−¨¨ ¢®á¯à®¨§¢¥áâ¨ ¢á¥, ¤�¦¥ −�¨¡®«¥¥ áãé¥áâ¢¥−−ë¥ ¤¥â�«¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨.

‚®-¯¥à¢ëå, á¨âã�æ¨ï ¯à¥¤−�¬¥à¥−−® ã¯à®é�¥âáï. ‚®-¢â®àëå, ä®à¬¨à®¢�−¨¥
®¡à�§−®© ¬®¤¥«¨ ¯à¨ ª®««¥ªâ¨¢−®¬ ¨§ãç¥−¨¨ ¯à®¡«¥¬ë §�¢¨á¨â ®â á¯®á®¡� ¨−â¥à-
¯à¥â�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ª�¦¤ë¬ ç«¥−®¬ ª®««¥ªâ¨¢�. ��ª®−¥æ, ¢-âà¥âì¨å,
ç¥«®¢¥ªã ¢ ¯à¨−æ¨¯¥ −¥ á¢®©áâ¢¥−−® ¬ëá«¨âì ¢ ª®«¨ç¥áâ¢¥−−ëå â¥à¬¨−�å | ®−
¯à¥¦¤¥ ¢á¥£® ¬ëá«¨â ª�ç¥áâ¢¥−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ [14]. ’�ª¨¬ ®¡à�§®¬,
à�§à�¡®âª� ®¡à�§−®© ¬®¤¥«¨ | íâ® ¯®¨áª ®¡é¥£® §�¬ëá«� à¥è¥−¨ï, ª®â®à®¥
¢ ¤�«ì−¥©è¥¬ ã¦¥ ¡ã¤¥â ¯®¤à®¡−® úà�áªàëâ®û ¢ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨, ¯®-
íâ®¬ã ª®£−¨â¨¢−�ï á®áâ�¢«ïîé�ï ¬®¤¥«¨à®¢�−¨ï ¢ëáâã¯�¥â −� ¯¥à¢ë© ¯«�−.

Š®£−¨â¨¢−ë© ¯®¤å®¤ ¯à¨ ä®à¬¨à®¢�−¨¨ ®¡à�§−®© ¬®¤¥«¨ ¢ ®¡é¥¬ á«ãç�¥
¯à¥¤áâ�¢«¥− −� à¨á. 3. �à¥¤áâ�¢«¥−−ë© ¯®¤å®¤ ¡�§¨àã¥âáï −� â®¬ ¯®«®¦¥−¨¨,
çâ® ª�àâ¨−� ¬¨à� ¢ª«îç�¥â ¢ á¥¡ï −�¡®à ã¡¥¦¤¥−¨©, ®á®¡¥−−®áâ¥© ¢®á¯à¨ï-
â¨ï, æ¥−−®áâ−ëå ¨ ¯à�ªâ¨ç¥áª¨å ãáâ�−®¢®ª, ª®â®àë¬¨ ç¥«®¢¥ª àãª®¢®¤áâ¢ã¥âáï
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¢ á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ¨ ª®â®àë¥ ¢«¨ïîâ −�

÷¨á. 3 Š®£−¨â¨¢−ë© ¯®¤å®¤ ¯à¨
¬®¤¥«¨à®¢�−¨¨

¯à®æ¥áá ¯à¨−ïâ¨ï à¥è¥−¨ï, ¢ ¤�−−®¬ á«ã-
ç�¥ | −� ä®à¬¨à®¢�−¨¥ ®¡à�§−®© ¬®¤¥-
«¨ [15]. ‚ ¯à®æ¥áá¥ ¢®á¯à¨ïâ¨ï ¨áå®¤−ëå
¤�−−ëå ¨ ¯à®¢¥àª¨ £¨¯®â¥§ ª�¦¤ë© ãç�áâ-
−¨ª ª®««¥ªâ¨¢� ¨áå®¤¨â ¨§ á¢®¨å «¨ç−ëå
æ¥−−®áâ−ëå ãáâ�−®¢®ª, −® á ãç¥â®¬ §�¬¥ç�-
−¨© ¨ ¯à¥¤«®¦¥−¨© ¤àã£¨å ç«¥−®¢.

ˆáå®¤ï ¨§ ¯à¨¢¥¤¥−−ëå ®á®¡¥−−®áâ¥©
ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï, «®£¨ªã ¯à®-
æ¥áá� ¬®¤¥«¨à®¢�−¨ï ¬®¦−® ¯à¥¤áâ�¢¨âì
¢ ¢¨¤¥ æ¥¯®çª¨ ¤¥©áâ¢¨©, ¨§®¡à�¦¥−−ëå −�
à¨á. 4.

ˆ§ ¯à¥¤áâ�¢«¥−−®© −� à¨á. 4 «®£¨ª¨
¯à®æ¥áá� ¬®¤¥«¨à®¢�−¨ï á«¥¤ã¥â, çâ® ¯® à¥-

§ã«ìâ�â�¬ íªá¯¥à¨¬¥−â�«ì−ëå «¨¡® â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ãâ®ç−ï¥âáï ¢®-
®¡à�¦�¥¬�ï ¬®¤¥«ì, � ¯®«ãç¥−−ë¥ ¨§¬¥−¥−¨ï ¢®¯«®é�îâáï ¢ −�âãà−®© «¨¡®
�¡áâà�ªâ−®© ¬®¤¥«¨. ��¯à¨¬¥à, íªá¯¥à¨¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï �íà®¤¨−�¬¨-
ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ã¬¥−ìè¥−−®© ¬®¤¥«¨ «¥â�â¥«ì−®£® �¯¯�à�â� ¬®£ãâ ¢ë−ã-
¤¨âì ¨§¬¥−¨âì ¯à¥¤áâ�¢«¥−¨¥ ® ¯à¨−æ¨¯�å à�¡®âë ¨ ª®−ä¨£ãà�æ¨¨ ªàë«� ¨«¨
äî§¥«ï¦�. �� ®á−®¢�−¨¨ íâ¨å ¯à¥¤áâ�¢«¥−¨© ¢−®áïâáï ¨§¬¥−¥−¨ï ¨ ¢ −�âãà−ãî
¬®¤¥«ì, ¯®á«¥ ç¥£® ¯à®¢®¤¨âáï ®ç¥à¥¤−�ï ¨â¥à�æ¨ï | á¥à¨ï íªá¯¥à¨¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨© ¨ ¯®á«¥¤ãîé¨© �−�«¨§ ¨å à¥§ã«ìâ�â®¢.

÷¨á. 4 ‹®£¨ª� ¬®¤¥«¨à®¢�−¨ï

6 Заключение

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬®âà¥− âà�¤¨æ¨®−−ë© æ¨ª« ¬®¤¥«¨à®¢�−¨ï, £¤¥
¢�¦−¥©èãî à®«ì ¨£à�¥â íâ�¯ á®§¤�−¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨. �à®æ¥áá ¨−-
ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¤®«¦¥− ®¡¥á¯¥ç¨¢�âì �¤¥ª¢�â−®áâì á®§¤�¢�¥¬®©
¬®¤¥«¨ æ¥«ï¬ ¨ §�¤�ç�¬ �¢â®¬�â¨§¨àã¥¬®© ¤¥ïâ¥«ì−®áâ¨, íª®−®¬¨ç¥áªãî æ¥«¥-
á®®¡à�§−®áâì ¥¥ à¥�«¨§�æ¨¨, £¨¡ª®áâì ¨ ¬�áèâ�¡¨àã¥¬®áâì ¬®¤¥«¨ ¨ ˆ‘ ¢ æ¥«®¬
¢ ãá«®¢¨ïå ¬¥−ïîé¨åáï æ¥«¥© ¨ §�¤�ç äã−ªæ¨®−¨à®¢�−¨ï [16, 17]. �ë«� à�á-
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á¬®âà¥−� á¯¥æ¨ä¨ª� ¬®¤¥«¥©, ¯à®¢¥¤¥−ë ¯�à�««¥«¨ ¬¥¦¤ã ª«�áá�¬¨ ¬®¤¥«¥©
¨ ¨å ®á®¡¥−−®áâï¬¨, � â�ª¦¥ à¥è�¥¬ë¬¨ −� ¨å ®á−®¢¥ ¯à�ªâ¨ç¥áª¨¬¨ §�¤�ç�¬¨.
��¬¥ç¥− ¯®¤å®¤ ª ¯®−¨¬�−¨î áãé−®áâ¨ ¨ ®á®¡¥−−®áâ¥© ª®£−¨â¨¢−®© á®áâ�¢«ï-
îé¥© ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï. �à¥¤«®¦¥−� áå¥¬� (æ¥¯®çª�) íâ�¯®¢
¯à®æ¥áá� ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï.
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COGNITIVE FEATURES OF INFORMATION MODELING
DURING DESIGN OF COMPLEX INFORMATION SYSTEMS

G. V. Lukyanov and D. A. Nikishin

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

Abstract: The article is devoted to the problems of information modeling of
complex information systems. Two of the most controversial and debatable issues
of information modeling are considered: the business case for simulation and
its cognitive aspects. The article shows that the \driving" force of modeling is
the economic feasibility of this activity in the process of designing and creating
complex and expensive systems. Cognitive aspects come to the fore during design
and creation of complex information systems involving a large team of intensively
interacting specialists. All studies and findings are backed up with convincing
examples from the practice of design and development of complex and expensive
systems, mainly, aircraft systems.

Keywords: information model; cognitive modeling; information system; design
and development
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ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ И ОБРАЗОВАНИЕ
В ЕВРОСОЮЗЕ: ФОРМИРОВАНИЕ НОВЫХ

ПРОФЕССИОНАЛОВ

Д. А. Богданова1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï á¨âã�æ¨ï −¥á®®â¢¥âáâ¢¨ï −� àë−ª¥ âàã¤�, áãé¥-
áâ¢ãîé�ï, −¥á¬®âàï −� ¢ëá®ª¨© ãà®¢¥−ì ¡¥§à�¡®â¨æë ¢ …¢à®¯¥©áª®¬ C®î§¥,
¬¥¦¤ã á¯à®á®¬ −� á¯¥æ¨�«¨áâ®¢ ¯® ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ë¬ â¥å-
−®«®£¨ï¬ (ˆŠ’) ¨ ¯à¥¤«®¦¥−¨¥¬. �−�«¨§¨àãîâáï ¯à¨ç¨−ë áãé¥áâ¢ãîé¥£®
¤¨á¡�«�−á�, ¢ë§¢�−−®£® ¢ ®á−®¢−®¬ −¥¤®áâ�â®ç−ë¬ ãà®¢−¥¬ áä®à¬¨à®¢�−−ëå
æ¨äà®¢ëå ª®¬¯¥â¥−æ¨© ã §−�ç¨â¥«ì−®© ç�áâ¨ âàã¤®á¯®á®¡−®£® −�á¥«¥−¨ï.
�à¨¢®¤ïâáï ®â¤¥«ì−ë¥ ¯®«®¦¥−¨ï à¨¦áª®© ¤¥ª«�à�æ¨¨ úe-Skills for Jobsû,
à�§à�¡®â�−−®© ¤«ï ¨§¬¥−¥−¨ï áãé¥áâ¢ãîé¥© á¨âã�æ¨¨. ‡−�ç¨â¥«ì−�ï à®«ì
¢ ª®¬¯¥−á�æ¨¨ ¤¨á¡�«�−á� ®â¢®¤¨âáï èª®«ì−ë¬ ãç¨â¥«ï¬, ª®â®àë¥, ª�ª ¯®-
ª�§ë¢�îâ à¥§ã«ìâ�âë ¯à®¢®¤¨¬ëå ¨áá«¥¤®¢�−¨©, −¥¤®áâ�â®ç−® ¨á¯®«ì§ãîâ
¨«¨ ¨§¡¥£�îâ ¨á¯®«ì§®¢�−¨ï ˆŠ’ ¢ ãç¥¡−®¬ ¯à®æ¥áá¥. �¥à¥ç¨á«ïîâáï ¬¥àë,
¯à¥¤¯à¨−¨¬�¥¬ë¥ ¤«ï ¯®¢ëè¥−¨ï ª¢�«¨ä¨ª�æ¨¨ ãç¨â¥«¥©, −�¯à¨¬¥à ¬�áá®-
¢ë¥ ®âªàëâë¥ ®−«�©−-ªãàáë, â¥¬�â¨ª� ª®â®àëå ®à¨¥−â¨à®¢�−� −� à�§«¨ç−ë¥
�á¯¥ªâë ¨á¯®«ì§®¢�−¨ï ˆŠ’ ¢ ¯à¥¯®¤�¢�−¨¨ ª�ª ®¡é¥®¡à�§®¢�â¥«ì−ëå ¤¨á-
æ¨¯«¨−, â�ª ¨ ¨−ä®à¬�â¨ª¨.

Š«îç¥¢ë¥ á«®¢�: æ¨äà®¢ë¥ ª®¬¯¥â¥−æ¨¨; æ¨äà®¢ë¥ â¥å−®«®£¨¨; ˆŠ’;
¯®¢ëè¥−¨¥ ª¢�«¨ä¨ª�æ¨¨; ®¡ãç¥−¨¥ ãç¨â¥«¥©; ¬�áá®¢ë¥ ®âªàëâë¥ ®−«�©−-
ªãàáë; ¡¥§®¯�á−®áâì ¤¥â¥© ¢ á¥â¨ ˆ−â¥à−¥â; á�¬®®æ¥−¨¢�−¨¥; à®¡®â®â¥å−¨ª�;
¯à®£à�¬¬¨à®¢�−¨¥

DOI: 10.14357/08696527160212

�¥á¬®âàï −� ¢ëá®ª¨© ãà®¢¥−ì ¡¥§à�¡®â¨æë, ¢ …¢à®¯¥ ®éãé�¥âáï ¢á¥ ¢®§-
à�áâ�îé�ï −¥å¢�âª� á¯¥æ¨�«¨áâ®¢ ¢ ®¡«�áâ¨ ˆŠ’. ’ëáïç¨ ®¡êï¢«¥−¨© ® −®¢ëå
à�¡®ç¨å ¬¥áâ�å ®áâ�îâáï −¥¢®áâà¥¡®¢�−−ë¬¨. ‚ £®áã¤�àáâ¢�å …¢à®á®î§� ®ç¥−ì
¢ëá®ª ãà®¢¥−ì ¡¥§à�¡®â¨æë áà¥¤¨ ¬®«®¤¥¦¨ ¢®§à�áâ� 15{24 «¥â, � §�à¯«�âë
áãé¥áâ¢¥−−® −¨¦¥, ç¥¬ ¢ ‘˜� ¨«¨ áâà�−�å �§¨�âáª®-’¨å®®ª¥�−áª®£® à¥£¨®−�.
‘¯¥æ¨�«¨áâë £®¢®àïâ ® −¥®¡å®¤¨¬®áâ¨ ã¢¥«¨ç¥−¨ï ç¨á«� «î¤¥©, ®¡«�¤�îé¨å
á®®â¢¥âáâ¢ãîé¨¬¨ ¯à®ä¥áá¨®−�«ì−ë¬¨ −�¢ëª�¬¨. �â® ®á®¡¥−−® á¯à�¢¥¤«¨¢®
á¥£®¤−ï, ¯®áª®«ìªã ˆŠ’ âà�−áä®à¬¨àãîâ ¯à�ªâ¨ç¥áª¨ ª�¦¤ãî ®¡«�áâì íª®−®-
¬¨ç¥áª®© ¦¨§−¨. ‡�¤�ç� ®¡ãç¥−¨ï −¥®¡å®¤¨¬ë¬ −�¢ëª�¬ ¥¢à®¯¥©áª®£® àë−ª�
à�¡®ç¥© á¨«ë áâ�«� ¯à®¡«¥¬®© −®¬¥à ®¤¨− ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢ á¢ï§¨ á ¢®§à�áâ�-
îé¥© ¨−ä®à¬�â¨§�æ¨¥© ¥¤¨−®£® ¥¢à®¯¥©áª®£® ¯à®áâà�−áâ¢�.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, d.a.bogdanova@mail.ru
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‚ ¬�àâ¥ 2015 £. ¢ ÷¨£¥ áâ�àâ®¢�«� ¯à®£à�¬¬�, à�ááç¨â�−−�ï −� 2015{2016 ££.,
¯®¤ −�§¢�−¨¥¬ úThe Riga Declaration on e-Skills for Jobsû | à¨¦áª�ï ¤¥ª«�à�æ¨ï
® æ¨äà®¢ëå (í«¥ªâà®−−ëå) ã¬¥−¨ïå ¤«ï à�¡®âë, áâ�¢ïé�ï á¢®¥© æ¥«ìî ¯à¨¢«¥çì
¢−¨¬�−¨¥ áâà�−-ãç�áâ−¨æ ª à�áâãé¥© ¯à®¡«¥¬¥ [1]. ÷�§à�¡®âç¨ª¨ ¯à®£à�¬¬ë ã¢¥-
à¥−ë, çâ® æ¨äà®¢ë¥ â¥å−®«®£¨¨ ®âªà®îâ ¬¨à ¤«ï ¥¢à®¯¥©áª®£® ¡¨§−¥á� ¨ …¢à®¯ã
¤«ï ¬¨à®¢®£® àë−ª�, áâ¨¬ã«¨àãï ¥¢à®¯¥©áª¨å ¯à®¨§¢®¤¨â¥«¥© ª ¯®¢ëè¥−¨î ª®−-
ªãà¥−â®á¯®á®¡−®áâ¨. ‚ à�¬ª�å à¨¦áª®© „¥ª«�à�æ¨¨ ¡ë« à�§à�¡®â�− ¯¥à¥ç¥−ì ¨§
á®à®ª� æ¨äà®¢ëå ª®¬¯¥â¥−æ¨© úThe e-Competence Frameworkû ¤«ï ¡ã¤ãé¨å á®-
¨áª�â¥«¥© à�¡®âë ¢ ®¡«�áâ¨ ˆŠ’, ¢ª«îç�îé¨© ¨ à�§à�¡®â�−−ë© à�−¥¥ ¯¥à¥ç¥−ì
®á−®¢−ëå ã¬¥−¨© ¤«ï ¢ë¯ãáª−¨ª®¢ èª®« ¨ ª®««¥¤¦¥© [2]. �® ¬−¥−¨î à�§à�¡®â-
ç¨ª®¢, ¬®«®¤ë¥ «î¤¨ ¤®«¦−ë ¡ã¤ãâ ã¬¥âì ®à£�−¨§®¢ë¢�âì ú¡íª�¯û ¢ ®¡«�ª�å,
à¥¤�ªâ¨à®¢�âì −� ¡�§®¢®¬ ãà®¢−¥ ä®â® ¨ ¢¨¤¥®, ª®−¢¥àâ¨à®¢�âì ä®à¬�âë ä�©-
«®¢, ¯®«ì§®¢�âìáï ¡�−ª®¢áª¨¬¨ ®−«�©−-ãá«ã£�¬¨, ¡à¥−¤¨à®¢�âì á¥¡ï ¢ æ¨äà®¢®¬
á®®¡é¥áâ¢¥, §−�âì Google docs, Microsoft Office, HTML ¨ ¢«�¤¥âì ¡�§®¢ë¬¨
−�¢ëª�¬¨ ¯à®£à�¬¬¨à®¢�−¨ï.

�¥à¥å®¤ ®â ¡�§®¢ëå æ¨äà®¢ëå ª®¬¯¥â¥−æ¨© ª à�áè¨à¥−−ë¬ −�¢ëª�¬ ¤®«¦¥−
¯à®¨áå®¤¨âì ¯®íâ�¯−®, −� ®á−®¢�−¨¨ à¥�«¨§�æ¨¨ æ¥«®áâ−®£® ¯®¤å®¤�, á®ç¥â�-
îé¥£® −¥ä®à¬�«ì−®¥ ¨ ä®à¬�«ì−®¥ ¯à¥¯®¤�¢�−¨¥, ®¡ê¥¤¨−¥−¨¥ �ª�¤¥¬¨ç¥áª¨å
§−�−¨© ¨ ¯à�ªâ¨ç¥áª®£® ®¯ëâ�, −¥®¡å®¤¨¬ëå ¤«ï à�¡®âë ¨ ¦¨§−¨ ¢ æ¨äà®¢®¬
¬¨à¥. �à®£à�¬¬� ¯à¥¤¯®«�£�¥â ®¢«�¤¥−¨¥ ¢ ¯¥àá¯¥ªâ¨¢¥ ¨ â�ª¨¬¨ ¯à®¤¢¨−ãâë¬¨
ˆŠ’, ª�ª ¬®¡¨«ì−ë¥ ª®¬¬ã−¨ª�æ¨¨, á®æ¨�«ì−ë¥ ¬¥¤¨�, ®¡«�ç−ë¥ â¥å−®«®£¨¨,
ã¬¥−¨¥ à�¡®â�âì á big data ¨ ˆ−â¥à−¥â®¬ ¢¥é¥©. �ç¥¢¨¤−®, çâ® ®¤−®© ¨§
¢�¦−¥©è¨å, ¯¥à¢®®ç¥à¥¤−ëå §�¤�ç ¢ à�¬ª�å à¥�«¨§�æ¨¨ ¯®«®¦¥−¨© ¯à®£à�¬¬ë
ï¢«ï¥âáï á®¢¥àè¥−áâ¢®¢�−¨¥ èª®«ì−ëå ãç¥¡−ëå ¯à®£à�¬¬ §� áç¥â ¢ª«îç¥−¨ï
¢ −¨å ¨−ä®à¬�â¨ª¨ ¨ ¯à®£à�¬¬¨à®¢�−¨ï, � â�ª¦¥ à�áè¨à¥−¨¥ ¨−ä®à¬�æ¨®−−®©
¨−äà�áâàãªâãàë [1].

�¤−�ª® ¤«ï íää¥ªâ¨¢−®© à¥�«¨§�æ¨¨ ¯à®£à�¬¬ë á®¢à¥¬¥−−ë¥ ãç¨â¥«ï ¤®«¦-
−ë ¡ëâì å®à®è® ¯®¤£®â®¢«¥−ë ª ¯à¥¯®¤�¢�−¨î á ¨á¯®«ì§®¢�−¨¥¬ á®¢à¥¬¥−−ëå
ˆŠ’. �â� ¯à®¡«¥¬� �ªâã�«ì−� ¤«ï ¬−®£¨å ¥¢à®¯¥©áª¨å £®áã¤�àáâ¢. ‚ ¡®«ìè¨−-
áâ¢¥ £®áã¤�àáâ¢ …¢à®á®î§�, −�¯à¨¬¥à, ã¬¥−¨¥ ¨á¯®«ì§®¢�âì â¥å−®«®£¨¨ ¨ §−�−¨¥
â®£®, ª�ª¨¬ ®¡à�§®¬ ®−¨ ¬®£ãâ ®¡¥á¯¥ç¨âì á®¢à¥¬¥−−ë© ãà®¢¥−ì ¯à¥¯®¤�¢�−¨ï,
¯®ª� ¥é¥ −¥ áâ�«® −¥®âê¥¬«¥¬®© á®áâ�¢«ïîé¥© âà¥¡®¢�−¨© ª ¯à®ä¥áá¨®−�«ì−ë¬
ã¬¥−¨ï¬ á¥£®¤−ïè−¥£® ãç¨â¥«ï. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¢ …¢à®á®î§¥ à¥£ã-
«ïà−® ¯à¥¤¯à¨−¨¬�îâáï á¥àì¥§−ë¥ è�£¨. ‚ ç�áâ−®áâ¨, ¤«ï ®¡é¥¥¢à®¯¥©áª®£®
®¡à�§®¢�â¥«ì−®£® ¯®àâ�«� ã¦¥ 6 «¥â −�§�¤, ¯à�ªâ¨ç¥áª¨ áà�§ã ¯®á«¥ ¥£® §�¯ãá-
ª�, ¡ë« à�§à�¡®â�− 21 �¢â®−®¬−ë© ¨−ä®à¬�æ¨®−−ë© ¬®¤ã«ì, ®¡¥á¯¥ç¨¢�îé¨©
¢®§¬®¦−®áâ¨ ¤«ï á�¬®®¡ãç¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â ¯¥à¢®−�ç�«ì−®£® ãà®¢−ï ˆŠ’-
ª®¬¯¥â¥−â−®áâ¨ ãç¨â¥«ï ¨ ¥£® ®¯ëâ� à�¡®âë á ¬¥â�¤�−−ë¬¨ ¨ åà�−¨«¨é�¬¨ [3].
�à¥¤¯®«�£�«®áì, çâ® ¢ à¥§ã«ìâ�â¥ ¯à®å®¦¤¥−¨ï ®¡ãç¥−¨ï ãç¨â¥«ï á¬®£ãâ: ®áã-
é¥áâ¢«ïâì ¯®¨áª ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢ −� à�§«¨ç−ëå ¯®àâ�«�å; ®¯à¥¤¥«ïâì,
ª�ª à¥áãàá ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−; �¤�¯â¨à®¢�âì ¥£® ª á¢®¨¬ æ¥«ï¬; ®¡¬¥−¨-
¢�âìáï ®¡à�§®¢�â¥«ì−ë¬ ª®−â¥−â®¬ ç¥à¥§ á®æ¨�«ì−ë¥ á¥â¨ ¨ â. ¤. �� ¯à®âï¦¥−¨¨
¯®á«¥¤−¥£® ¢à¥¬¥−¨ …¢à®ª®¬¨áá¨ï ¢ à�¬ª�å à¥�«¨§�æ¨¨ ¯à®£à�¬¬ë úDigital
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ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ®¡à�§®¢�−¨¥ ¢ …¢à®á®î§¥

agenda for Europe 2020û, áâ�àâ®¢�¢è¥© ¢ 2010 £., ®¤¨− à�§ ¢ ¤¢� £®¤� ®à£�−¨§ã¥â
®¡ãç¥−¨¥ èª®«ì−ëå ãç¨â¥«¥© ¨á¯®«ì§®¢�−¨î ˆŠ’ −� ãà®ª�å.

�¤−�ª® ¨áá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ãà®¢¥−ì ¨á¯®«ì§®¢�−¨ï ˆŠ’ ¢ ãç¥¡-
−®¬ ¯à®æ¥áá¥ ¯®-¯à¥¦−¥¬ã ®âáâ�¥â ®â â¥¬¯®¢ à�§¢¨â¨ï á�¬¨å áà¥¤áâ¢. ˆáá«¥-
¤®¢�â¥«¨ ¢ë¤¢¨£�îâ à�§−ë¥ ®¡êïá−¥−¨ï: ®â −¥ã¢¥à¥−−®áâ¨ ¢ á¢®¨å á¨«�å ¤®
ª®¬¯«¥ªá� ¯à¨ç¨−, ¢ª«îç�îé¨å ¤®áâã¯−®áâì ˆŠ’, � â�ª¦¥ ª®¬¯¥â¥−â−®áâì,
¬®â¨¢�æ¨î ¨ ¨−ë¥ ®¡ê¥ªâ¨¢−ë¥ ¨ «¨ç−®áâ−ë¥ ä�ªâ®àë.

‚ëáâã¯�ï −� ª®−ä¥à¥−æ¨¨ BETT-2015, ‚. ”¨«¨¯á, ¤¨à¥ªâ®à ¯® ®¡à�§®¢�-
−¨î ”®−¤� �¨««� ¨ Œ¥«¨−¤ë ƒ¥©âá, ¯à¥¤«®¦¨«� á¢®¥ ¢¨¤¥−¨¥ ¯à®¡«¥¬ë. �−�
áç¨â�¥â, çâ® ¯à®¤�¢æë â¥å−®«®£¨© ¡®«ìè¥ §�¨−â¥à¥á®¢�−ë ¢ ¯à®¤ãªâ�å, á ª®â®-
àë¬¨ ¨¬ á�¬¨¬, � −¥ ¯®â¥−æ¨�«ì−ë¬ ¯®«ì§®¢�â¥«ï¬, ¡ã¤¥â ¯à®é¥ ¨¬¥âì ¤¥«®.
Š®£¤� ¦¥ ¤¥«® ¤®å®¤¨â ¤® èª®«ì−®© �¤¬¨−¨áâà�æ¨¨, â® ®−� ¢ ¯¥à¢ãî ®ç¥à¥¤ì
á¬®âà¨â −� áã¬¬ã, ª®â®àãî ¯à¨¤¥âáï §�¯«�â¨âì. ’�ª¨¬ ®¡à�§®¬, −¨ ®¤¨− ¨§ í«¥-
¬¥−â®¢ æ¥¯®çª¨ ¯à®¨§¢®¤¨â¥«ì{¯®âà¥¡¨â¥«ì −¥ ¯à¥¤ãá¬�âà¨¢�¥â ãç¥â� à¥�«ì−ëå
¯®âà¥¡−®áâ¥© ãç¨â¥«ï [4]. ˆ íâ®, ¯® ¥¥ ¬−¥−¨î, £®à�§¤® ¡®«¥¥ á¥àì¥§−ë© ¢®¯à®á,
ç¥¬ ¬®¦¥â ¯®ª�§�âìáï −� ¯¥à¢ë© ¢§£«ï¤. �à¨ â�ª®¬ ¯®¤å®¤¥ í−âã§¨�áâë â¥àïîâ
¢¥àã ¨ ®âª�§ë¢�îâáï ®â ¯à®¥ªâ®¢. ú’¥å−®«®£¨¨ á�¬¨ ¯® á¥¡¥ −¥ ¬®£ãâ ãáâ�−®¢¨âì
á¢ï§ì á ãç¥−¨ª®¬, −¥ ¬®£ãâ àãª®¢®¤¨âì ¯à®¥ªâ®¬, −¥ ¬®£ãâ ¢ëïá−¨âì ¯à¨ç¨−ã,
¯® ª®â®à®© ã −¥£® −¥ ¨¤ãâ ¤¥«�û. ’¥å−®«®£¨¨ ¬®£«¨ ¡ë á¤¥«�âì ãç¨â¥«ï ¡«¨¦¥
ª á¢®¨¬ ãç�é¨¬áï, −® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯®ªã¯�â¥«¥¬ ï¢«ï¥âáï −¥ ãç¨â¥«ì. �à¨-
§−�¢�ï á¯à�¢¥¤«¨¢®áâì áª�§�−−®£®, â¥¬ −¥ ¬¥−¥¥ å®ç¥âáï ®â¬¥â¨âì, çâ® ¤«ï â®£®,
çâ®¡ë áä®à¬ã«¨à®¢�âì á¢®¨ ¯®âà¥¡−®áâ¨, ãç¨â¥«ì ¤®«¦¥− ¡ëâì ª®¬¯¥â¥−â−ë¬,
ã¢¥à¥−−ë¬ ¯®«ì§®¢�â¥«¥¬ ˆŠ’.

�¥ã¢¥à¥−−®áâì ¢ á¢®¨å á¨«�å ¢ ®¯à¥¤¥«¥−−®© áâ¥¯¥−¨ ãª«�¤ë¢�¥âáï ¢ ¯®−ïâ¨¥
úâ¥å−®«®£¨ç¥áª¨© à�§àë¢ ¯®ª®«¥−¨©û, ª®£¤� ãç�é¨¥áï ¨«¨ ¬®«®¤ë¥ ãç¨â¥«ï
ï¢«ïîâáï ¡®«¥¥ ã¢¥à¥−−ë¬¨ ¨ �ªâ¨¢−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨ ˆŠ’. ‚ ª®−æ¥ �¢-
£ãáâ� 2014 £. Œ¨−¨áâ¥àáâ¢® á¢ï§¨ ‚¥«¨ª®¡à¨â�−¨¨ ®¯ã¡«¨ª®¢�«® à¥§ã«ìâ�âë
á¢®¥£® ¥¦¥£®¤−®£® ¬�àª¥â¨−£®¢®£® ¨áá«¥¤®¢�−¨ï. �ë«® ®¯à®è¥−® 2000 ¢§à®-
á«ëå ¨ 800 ¤¥â¥©. ‚ ¨áá«¥¤®¢�−¨¨ ¡ë« ¨á¯®«ì§®¢�− −®¢ë© ¯®ª�§�â¥«ì: ª®-
íää¨æ¨¥−â æ¨äà®¢®© ã¢¥à¥−−®áâ¨ (digital confidence quotient). �− ¯®ª�§ë¢�¥â
ãà®¢¥−ì ¯®«ì§®¢�â¥«ìáª¨å ã¬¥−¨© ¢® ¢§�¨¬®¤¥©áâ¢¨ïå á æ¨äà®¢ë¬¨ â¥å−®«®£¨-
ï¬¨. �ª�§�«®áì, çâ® á�¬ë¬¨ ã¢¥à¥−−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨ ï¢«ïîâáï ¯®¤à®áâª¨
¢®§à�áâ� 14{15 «¥â. „¥â¨ 6-«¥â−¥£® ¢®§à�áâ� ¯® ãà®¢−î ã¬¥−¨© áà�¢−ï«¨áì
á 45-«¥â−¨¬¨ ¢§à®á«ë¬¨ [5].

÷¥§ã«ìâ�âë ¯®á«¥¤−¨å ¨áá«¥¤®¢�−¨© …¢à®ª®¬¨áá¨¨, ¢ ª®â®àëå ¯à¨−ï«® ãç�á-
â¨¥ ¡®«¥¥ 190 000 ãç¨â¥«¥©, ãç�é¨åáï ¨ ¤¨à¥ªâ®à®¢ èª®« ¨§ 31 áâà�−ë (27 £®áã-
¤�àáâ¢ …¢à®á®î§�, � â�ª¦¥ •®à¢�â¨¨, ˆá«�−¤¨¨, �®à¢¥£¨¨ ¨ ’ãàæ¨¨), ¯à®¢¥¤¥−-
−ëå ¢ 2011{2012 ££., ¡ë«¨ ®¯ã¡«¨ª®¢�−ë ¢ 2013 £. [6]. ‚ áà¥¤−¥¬ ¯® …¢à®á®î§ã
ãç�é¨¥áï ®â¢¥â¨«¨, çâ® ã −¨å ¡ë¢�îâ §�−ïâ¨ï á ¨á¯®«ì§®¢�−¨¥¬ ˆŠ’ ®â ®¤−®£®
¤® −¥áª®«ìª¨å à�§ ¢ ¬¥áïæ. —�áâì ®¯à®è¥−−ëå ãç¨â¥«¥© ®â¢¥â¨«¨, çâ® ¨á¯®«ì-
§®¢�−¨¥ ˆŠ’ −¥ ¯à¨−®á¨â ª�ª®©-«¨¡® ®éãâ¨¬®© ¯®«ì§ë −� ãà®ª�å. �ç¥¢¨¤−®,
çâ® ¯® áà�¢−¥−¨î á ¯à¥¤ë¤ãé¨¬ ¨áá«¥¤®¢�−¨¥¬ [7] ãç¨â¥«ï ¡®«¥¥ ¯®¤£®â®¢«¥−ë,
¯à¨§−�îâ ¢®§¬®¦−®¥ ¯®«®¦¨â¥«ì−®¥ ¢«¨ï−¨¥ ¨á¯®«ì§®¢�−¨ï ˆŠ’ ¢ ãç¥¡−®¬
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„. �. �®£¤�−®¢�

¯à®æ¥áá¥ −� ãç�é¨åáï. �¡ãç¥−¨¥ ãç¨â¥«¥© ¨á¯®«ì§®¢�−¨î ˆŠ’ ¢ ãç¥¡−®¬ ¯à®-
æ¥áá¥ ¢ à¥¤ª¨å áâà�−�å ï¢«ï¥âáï ®¡ï§�â¥«ì−ë¬. �¥ ¡®«¥¥ 25%{30% ãç�é¨åáï
®¡ãç�îâ â¥ ãç¨â¥«ï, ¤«ï ª®â®àëå ¯®¤®¡−�ï ¯®¤£®â®¢ª� ¡ë«� ®¡ï§�â¥«ì−®©.

ˆáá«¥¤®¢�−¨¥ ¢ æ¥«®¬ ¯®ª�§�«®, çâ® ª�ª ãç�é¨¥áï, â�ª ¨ ãç¨â¥«ï ç�áâ®
¨á¯®«ì§ãîâ ˆŠ’ ¢ à�§«¨ç−ëå ãç¥¡−ëå §�−ïâ¨ïå. �â¬¥ç¥−� ¢ëá®ª�ï ¬®â¨-
¢�æ¨ï ãç�é¨åáï ¨ å®à®è¨¥ à¥§ã«ìâ�âë ¢ â¥å èª®«�å, £¤¥ ¢ à�¬ª�å èª®«ì−®©
¢−ãâà¥−−¥© ¯®«¨â¨ª¨ áãé¥áâ¢ãîâ ®¯à¥¤¥«¥−−ë¥ âà¥¡®¢�−¨ï ¯® ¢−¥¤à¥−¨î ˆŠ’
¨ ¯®®éà¥−¨¥ ãç¨â¥«¥© §� ¨á¯®«ì§®¢�−¨¥ ˆŠ’, á®ç¥â�îé¨¥áï á ¯®¤¤¥à¦ª®© á®
áâ®à®−ë �¤¬¨−¨áâà�æ¨¨ ¢ ¯«�−¥ ¯®¢ëè¥−¨ï ª¢�«¨ä¨ª�æ¨¨. „¨à¥ªâ®à� â�ª¨å
èª®« ¯à�ªâ¨ç¥áª¨ ¥¤¨−®£«�á−® £®¢®àïâ ® −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�−¨ï ˆŠ’
¢ ãç¥¡−®¬ ¯à®æ¥áá¥, â�ª ª�ª íâ®â �á¯¥ªâ ï¢«ï¥âáï ®ç¥−ì ¢�¦−ë¬ ¢ ¯®¤£®â®¢ª¥
ãç�é¨åáï ª à�¡®â¥ ¨ ¦¨§−¨ ¢ XXI ¢., � ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ãç�é¨åáï
£®¢®àïâ ® â®¬, çâ® ¨á¯®«ì§®¢�−¨¥ ˆŠ’ −� ãà®ª¥ ¬¥−ï¥â ®¡éãî �â¬®áä¥àã ¨ ª�ç¥-
áâ¢¥−−® ¨§¬¥−ï¥â ¢ «ãçèãî áâ®à®−ã ¯à®æ¥áá ®¡ãç¥−¨ï. ‚ áà¥¤−¥¬ ¯® …¢à®á®î§ã
¯à¨¬¥à−® 20%{25% ãç�é¨åáï ãç�âáï ã ˆŠ’-ª®¬¯¥â¥−â−ëå ãç¨â¥«¥©, ¨¬¥îé¨å
¤®áâã¯ ª â¥å−®«®£¨ï¬ ¨ −¥ ¨á¯ëâë¢�îé¨å §�âàã¤−¥−¨© ¢ ¨å ¨á¯®«ì§®¢�−¨¨.
�®«¥¥ ¯®¤à®¡−ë¥ à¥§ã«ìâ�âë ¤�îâ â�ªãî ª�àâ¨−ã: ®â 30% ¤® 50% ãç�é¨åáï
4{8 ª«�áá®¢ ®¡ãç�îâ ˆŠ’-ª®¬¯¥â¥−â−ë¥ ãç¨â¥«ï ¢ �®«£�à¨¨, �áâ®−¨¨, ˆà-
«�−¤¨¨, �®àâã£�«¨¨, ‘«®¢�ª¨¨, ‘«®¢¥−¨¨ ¨ ˜¢¥æ¨¨. ˆ −�®¡®à®â, ¬¥−¥¥ 10%
â�ª¨å ãç¨â¥«¥© ¯à¥¯®¤�îâ ¢ èª®«�å �¢áâà¨¨, �¥«ì£¨¨, Š¨¯à�, ”à�−æ¨¨, ƒà¥-
æ¨¨ ¨ ‹îªá¥¬¡ãà£�. �à¨ íâ®¬ à¥§ã«ìâ�âë ®¯à®á®¢ ãç�é¨åáï §�ç�áâãî £®¢®àïâ
® â®¬, çâ® ª®¬¯¥â¥−â−ë¥ ãç¨â¥«ï ç�é¥ ¨á¯®«ì§ãîâ ˆŠ’ −� ãà®ª�å, −¥á¬®âàï
−� ®£à�−¨ç¥−−ë© ¤®áâã¯ ¨ áãé¥áâ¢ãîé¨¥ ¯à¥¯ïâáâ¢¨ï. ˆ, −¥á¬®âàï −� å®à®è¥¥
®á−�é¥−¨¥ èª®«, à¥¦¥ ¯à¨¡¥£�îâ ª ¨á¯®«ì§®¢�−¨î ˆŠ’ â¥ ãç¨â¥«ï, ª®â®àë¥ −¥
çã¢áâ¢ãîâ á¥¡ï ã¢¥à¥−−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨.

‘à¥¤−¨© ãà®¢¥−ì â¥å−¨ç¥áª®© ®á−�é¥−−®áâ¨ èª®« ¯® …¢à®á®î§ã â�ª®¢:
3{7 ãç�é¨åáï −� ®¤¨− ª®¬¯ìîâ¥à, ¯à¨ íâ®¬ ç¥¬ áâ�àè¥ ãç�é¨¥áï, â¥¬ −¨¦¥
íâ®â ¯®ª�§�â¥«ì ¢ ¡®«ìè¨−áâ¢¥ áâà�−. ‚ áà¥¤−¥¬ ¡®«¥¥ 100 ãç�é¨åáï ¯à¨å®¤¨âáï
−� ®¤−ã ¨−â¥à�ªâ¨¢−ãî ¤®áªã ¨ 50 | −� ¯à®¥ªâ®à. �®«¥¥ 90% ãç�é¨åáï ¨¬¥îâ
¢ èª®«�å è¨à®ª®¯®«®á−®¥ ¯®¤ª«îç¥−¨¥ ª ˆ−â¥à−¥âã á® áª®à®áâìî 2{30 Œ¡/á.
�®«ìè¨−áâ¢® èª®« ¨¬¥îâ ¡�§®¢®¥ ¯®¤ª«îç¥−¨¥: ¯®¤¤¥à¦¨¢�îâ á�©â, í«¥ªâà®−-
−ãî ¯®çâã ¤«ï ãç�é¨åáï ¨ ãç¨â¥«¥© ¨«¨ ¢¨àâã�«ì−ãî ®¡ãç�îéãî áà¥¤ã.

�â¬¥ç�¥âáï, çâ® ª®¬¯ìîâ¥à®¢ ¢ èª®«�å áâ�«® ¢ 2 à�§� ¡®«ìè¥, ç¥¬ ¡ë«®
¢ 2006 £., ª®£¤� ¯à®¢®¤¨«®áì �−�«®£¨ç−®¥ ¨áá«¥¤®¢�−¨¥, −® −� ®á−®¢¥ ¤àã£®©
¬¥â®¤¨ª¨ [7]. �¤−�ª® ¤�−−ë¥ ¯® áâà�−�¬ ®ç¥−ì á¨«ì−® ®â«¨ç�îâáï. �â¬¥ç¥-
−� â¥−¤¥−æ¨ï ª ¨á¯®«ì§®¢�−¨î ª®¬¯ìîâ¥à®¢ ¬¥−ìè¥£® à�§¬¥à� ¯® áà�¢−¥−¨î
á 2006 £. ¨ ã¢¥«¨ç¥−¨¥ ª®«¨ç¥áâ¢� «¨ç−ëå ãáâà®©áâ¢, −�¯à¨¬¥à ¬®¡¨«ì−ëå
â¥«¥ä®−®¢. —¨á«® ãç¨â¥«¥©, ¨á¯®«ì§ãîé¨å ª®¬¯ìîâ¥à ¤«ï ¯®¤£®â®¢ª¨ ãà®ª�,
¯à�ªâ¨ç¥áª¨ ã¤¢®¨«®áì ¨ ¢ëà®á«® ¤® ¯®çâ¨ 90% á 2006 £., ®¤−�ª® ª®«¨ç¥áâ¢®
ãç¨â¥«¥©, ¨á¯®«ì§ãîé¨å ˆŠ’ −� ¡®«¥¥ ç¥¬ 25% á¢®¨å ãà®ª®¢, ¯à�ªâ¨ç¥áª¨ −¥
¨§¬¥−¨«®áì á 2006 £.

“ç�é¨¥áï ¨¬¥îâ ¡®«¥¥ ¯à®¤®«¦¨â¥«ì−ë© ®¯ëâ §�−ïâ¨© á ª®¬¯ìîâ¥à®¬ ¤®¬�,
ç¥¬ ¢ èª®«¥. �à¨¬¥à−® 80%{90% ãç�é¨åáï ¨¬¥îâ ¡®«¥¥ ç¥¬ ç¥âëà¥å«¥â−¨©
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ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ®¡à�§®¢�−¨¥ ¢ …¢à®á®î§¥

®¯ëâ ¯®«ì§®¢�−¨ï ¤®¬�è−¨¬ ª®¬¯ìîâ¥à®¬ ¯® áà�¢−¥−¨î á 40%{60% á â�ª¨¬ ¦¥
¯®ª�§�â¥«¥¬ ¢ èª®«¥. “ ¨áá«¥¤®¢�â¥«¥© ¢ë§¢�« ¡¥á¯®ª®©áâ¢® −¨§ª¨© ãà®¢¥−ì
¨á¯®«ì§®¢�−¨ï æ¨äà®¢ëå ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢ ¨ í«¥ªâà®−−ëå ãç¥¡−¨ª®¢.
�à¨ íâ®¬ â®«ìª® ¯®àï¤ª� 30% ãç�é¨åáï ¨á¯®«ì§ãîâ í«¥ªâà®−−ë¥ ãç¥¡−¨ª¨
¨ ¬ã«ìâ¨¬¥¤¨©−ë© ¨−áâàã¬¥−â�à¨© ®â ®¤−®£® ¤® −¥áª®«ìª¨å à�§ ¢ −¥¤¥«î, ¢ â®
¢à¥¬ï ª�ª 50% ãç�é¨åáï ¢á¥å ¢®§à�áâ®¢ −¨ª®£¤� −¥ ¯®«ì§ãîâáï â�ª¨¬¨ à¥áãà-
á�¬¨. �¥á¬®âàï −� à�§«¨ç¨¥ ¢ ¬¥â®¤¨ª�å ¨áá«¥¤®¢�−¨©, à¥§ã«ìâ�âë 2006{2009
¨ 2011{2013 ££. ¢®§¬®¦−® áà�¢−¨¢�âì. ‚ ãá«®¢¨ïå §�¬¥â−®£® à®áâ� ç¨á«� ª®¬-
¯ìîâ¥à®¢ ¢ èª®«�å ¨áá«¥¤®¢�â¥«¨, â¥¬ −¥ ¬¥−¥¥, −¥ ¢ëï¢¨«¨ ª®àà¥«ïæ¨¨ ¬¥¦¤ã
®á−�é¥−−®áâìî èª®«ë ª®¬¯ìîâ¥à�¬¨ ¨ ç�áâ®â®© ¨å ¨á¯®«ì§®¢�−¨ï ãç¨â¥«ï¬¨
¨ ãç�é¨¬¨áï. �ç¥¢¨¤−®, çâ® ¬−®£®¥ ¯®-¯à¥¦−¥¬ã §�¢¨á¨â ®â «¨ç−®áâ¨ ãç¨â¥«ï.

ˆ §¤¥áì å®ç¥âáï ®â¬¥â¨âì, çâ® áà¥¤¨ á¯¥æ¨�«¨áâ®¢, ®á®¡¥−−® ¢ ¯®á«¥¤−¨¥ £®¤ë,
¡®«ìè®© ¯®¯ã«ïà−®áâìî ¯®«ì§ã¥âáï ¬¥â�ä®à� ª�à�−¤�è� | úpencil metaphorû,
®âà�¦�îé�ï à�§−®¢¨¤−®áâ¨ à¥�ªæ¨¨ ãç¨â¥«¥© −� ¢−¥¤à¥−¨¥ ˆŠ’ [8]. ƒ®¤ ¯®-
ï¢«¥−¨ï íâ®© ¬¥â�ä®àë −¥ ¨§¢¥áâ¥−, ®¤−�ª® ¢ 2006 £. −� ª®−ä¥à¥−æ¨¨ ISTE
(International Society Technology for Education) ®−� ã¦¥ ¡ë«� ¢ å®¤ã, � ¢ 2012 £.
íâ� ¬¥â�ä®à� ¡ë«� ¨á¯®«ì§®¢�−� ¤«ï ¯à¥§¥−â�æ¨¨ −� ª®−ä¥à¥−æ¨¨ ¢ ā¦−®©
�äà¨ª¥. �¥â ãª�§�−¨ï ¨ −� à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨©, ª®â®àë¥ ¡ë ¯à®¢®¤¨«¨áì
á ¨á¯®«ì§®¢�−¨¥¬ íâ®© ¬¥â�ä®àë. �â® ¢á¥£® «¨èì ¬¥â�ä®à�. �® ®−� ¤®¢®«ì−®
ç�áâ® ã¯®¬¨−�¥âáï, ª®£¤� à¥çì ¨¤¥â ®¡ ãç¨â¥«ïå ¨ ¨á¯®«ì§®¢�−¨¨ ˆŠ’. Š�à�−-
¤�è ãá«®¢−® ¤¥«¨âáï −� 6 ç�áâ¥©: 1 | §�â®ç¥−−ë© £à¨ä¥«ì; 2 | ç�áâì §�â®ç¥−−®£®
¤¥à¥¢ï−−®£® ª®à¯ãá�; 3 | ¤¥à¥¢ï−−ë© ª®à¯ãá; 4 | ®¡®¤ −�ª®−¥ç−¨ª�; 5 | −�ª®-
−¥ç−¨ª; 6 | «�áâ¨ª. Š�â¥£®à¨ï, ®â−®áïé�ïáï ª ¯¥à¢®© £àã¯¯¥, | íâ® −®¢�â®àë,
£®â®¢ë¥ ¯à¨−ïâì ¨ �¤�¯â¨à®¢�âì â¥å−®«®£¨¨ ¢ á¢®¥© à�¡®â¥. �−¨ á í−âã§¨�§¬®¬
£®â®¢ë ¤¥«¨âìáï −�ª®¯«¥−−ë¬ ®¯ëâ®¬. ˆ, ¯®¤®¡−® £à¨ä¥«î, −¥ª®â®àë¥ ¨§ −¨å
¤®¢®«ì−® ¡ëáâà® â¥àïîâ í−âã§¨�§¬ ¨ −ã¦¤�îâáï ¢ ú¯¥à¥§�â®çª¥û. �à¥¤áâ�¢¨â¥-
«¨ ¢â®à®© ª�â¥£®à¨¨ −�¡«î¤�îâ §� ¤¥©áâ¢¨ï¬¨ ¯¥à¢®®âªàë¢�â¥«¥©, §�¨¬áâ¢ãîâ
¨ ¯à¨¬¥−ïîâ ¤®áâ¨¦¥−¨ï ¢ á¢®¥© ¯à�ªâ¨ª¥, ãç¨âë¢�ï ®è¨¡ª¨ ¯à¥¤è¥áâ¢¥−−¨ª®¢,
¨ ¤®áâ¨£�îâ §−�ç¨â¥«ì−ëå ãá¯¥å®¢ ¢ á¢®¥© ¯¥¤�£®£¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. ’à¥âìï
£àã¯¯� | íâ® ¤¥à¥¢ï−−ë© ª®à¯ãá. �â� ª�â¥£®à¨ï £®â®¢� ¯à¨−ïâì ¨ ¨á¯®«ì§®¢�âì
â¥å−®«®£¨¨ ¢ â®¬ á«ãç�¥, ¥á«¨ ªâ®-â® ¯®«ãç¨â ¨ ãáâ�−®¢¨â −¥®¡å®¤¨¬®¥ ®¡®àã-
¤®¢�−¨¥, ®¡ãç¨â ¨å ¨ ¡ã¤¥â ¯à¨á¬�âà¨¢�âì, çâ®¡ë ¢áñ ¨ ¢á¥ äã−ªæ¨®−¨à®¢�«¨.
…á«¨ ¨å ç¥¬ã-−¨¡ã¤ì −�ãç¨â ç¥«®¢¥ª ¨§ ¯¥à¢®© £àã¯¯ë, ®−¨ íâ® ¯à¨¬ãâ ¨ ¡ã¤ãâ
¤¥©áâ¢®¢�âì, ª�ª ®¡ãç¥−ë. ‘«¥¤ãîé�ï ç�áâì | íâ® ®¡®¤ −�ª®−¥ç−¨ª�, � ¢ ¨−®©
¬®¤¥«¨ ª�à�−¤�è� | íâ® ç�áâì ¤¥à¥¢ï−−®£® ª®à¯ãá�, ª®â®à�ï −¨ª®£¤� −¥ áâ�−¥â
®áâà®©, ª�ª¨¬ ¡ë ¬�«¥−ìª¨¬ −¨ áâ�−®¢¨«áï ª�à�−¤�è. �â� ª�â¥£®à¨ï áâà®£®
¯à¨¤¥à¦¨¢�¥âáï â®£®, çâ® §−�¥â, ï¢«ï¥âáï áâ®à®−−¨ª®¬ âà�¤¨æ¨®−−ëå ¬¥â®¤®¢
®¡ãç¥−¨ï ¨ áç¨â�¥â, çâ® ¢® ¢−¥¤à¥−¨¨ â¥å−®«®£¨© ¢ ¨å ¯à�ªâ¨ªã −¥â −¨ª�ª®©
−¥®¡å®¤¨¬®áâ¨. ‘«¥¤ãîé�ï ª�â¥£®à¨ï | −�ª®−¥ç−¨ª. �â� £àã¯¯� ¯®á¥é�¥â ¢á¥
á¥¬¨−�àë, ¢á¥ §�−ïâ¨ï, ¢á¥£¤� ¢á¥ ª®−á¯¥ªâ¨àã¥â, ¢á¥£¤� ¯à®¨§−®á¨â ¯à�¢¨«ì−ë¥
á«®¢�, −® −¨ª®£¤� −¨ç¥£® −¥ ¤¥«�¥â. ˆ, −�ª®−¥æ, «�áâ¨ª. �® á¢®¥© ¯à¨à®-
¤¥ «î¤¨ íâ®© £àã¯¯ë ï¢«ïîâáï ¯à®â¨¢−¨ª�¬¨ −®¢è¥áâ¢ ¨ áâ�à�îâáï ®â¬¥−¨âì,
�−−ã«¨à®¢�âì â®, çâ® ¡ë«® á¤¥«�−® í−âã§¨�áâ�¬¨.
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„. �. �®£¤�−®¢�

�® ¬−¥−¨î á¯¥æ¨�«¨áâ®¢, íâ® ã¤�ç−�ï �««¥£®à¨ï, ¨á¯®«ì§ãîé�ï ®¡à�§ ª�-
à�−¤�è� ª�ª ®¤−®£® ¨§ ¯¥à¢ëå ¨−áâàã¬¥−â®¢ ¢ ®¡ãç¥−¨¨.

‘®§−�¢�ï ¢�¦−®áâì áâ®ïé¨å §�¤�ç ¨ −¥®¡å®¤¨¬®áâì ¯®¢ëè¥−¨ï ãà®¢−ï æ¨ä-
à®¢ëå ª®¬¯¥â¥−æ¨© ãç¨â¥«¥©, ®â¢¥âáâ¢¥−−ë¥ «¨æ� ¢ …¢à®á®î§¥ §�¯ãáâ¨«¨ ¬�á-
á®¢ë¥ ®âªàëâë¥ ®−«�©−-ªãàáë −� ¯«�âä®à¬¥ á®¡áâ¢¥−−®© à�§à�¡®âª¨ European
Schoolnet Academy. Š ¬®¬¥−âã −�¯¨á�−¨ï áâ�âì¨ ã¦¥ ¡ë«® ¯à®¢¥¤¥−® ¡®-
«¥¥ 10 ªãàá®¢, ¯®á¢ïé¥−−ëå ¢®¯à®á�¬ ¨á¯®«ì§®¢�−¨ï ˆŠ’ ¢ ãç¥¡−®¬ ¯à®æ¥áá¥
(¤¢� ¨§ −¨å �¢â®à ãá¯¥è−® ®ª®−ç¨«). ’¥¬�â¨ª� ®å¢�âë¢�¥â á�¬ë¥ à�§−ë¥ �á¯¥ªâë:
®â ¨á¯®«ì§®¢�−¨ï ¨£à ¢ ®¡ãç¥−¨¨ ¤® â¢®àç¥áª®£® ¨á¯®«ì§®¢�−¨ï ¯«�−è¥â®¢ −�
ãà®ª�å, ®â à®¡®â®â¥å−¨ª¨ ¨ ®¡ãç¥−¨ï ¯à®£à�¬¬¨à®¢�−¨î ¤® ¢®§¬®¦−ëå áæ¥-
−�à¨¥¢ ®¡ãç¥−¨ï ¢ ¡ã¤ãé¥¬. �â� ç�áâì §�−ïâ¨© ®à¨¥−â¨à®¢�−� −� ¢�à¨�−âë
¨á¯®«ì§®¢�−¨ï ˆŠ’ −� ãà®ª�å. �á®¡ë¥ −�¤¥¦¤ë á¢ï§�−ë á ®¡ãç¥−¨¥¬ ¯à®-
£à�¬¬¨à®¢�−¨î ª�ª ®¤−¨¬ ¨§ ¯ãâ¥© ¯à®ä¨«�ªâ¨ª¨ ®è¨¡®ç−®£® ¯®¢¥¤¥−¨ï ¤¥â¥©
¢ á¥âïå. ‘â®à®−−¨ª¨ â�ª®£® ¯®å®¤� áç¨â�îâ, çâ®, ¥á«¨ ¤¥â¨ ¡ã¤ãâ §−�âì, ª�ª
‚á¥¬¨à−�ï ¯�ãâ¨−� ãáâà®¥−� ¨§−ãâà¨, ®−¨ ¡ã¤ãâ ¡®«¥¥ ¡«�£®à�§ã¬−ë ¢ á¢®¥¬ á¥-
â¥¢®¬ ¯®¢¥¤¥−¨¨. ‡−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¯®¬®é¨ ãç¨â¥«ï¬ ¢ ®á¢®¥−¨¨
ˆŠ’. ‡¤¥áì ¨¬¥¥âáï ¢ ¢¨¤ã, çâ®, ª�ª ¯à�¢¨«®, ãç¨â¥«ï ®á¢�¨¢�îâ −®¢ë¥ −�¢ëª¨
¨ ¯à¨®¡à¥â�îâ ¤®¯®«−¨â¥«ì−ë¥ §−�−¨ï §� áç¥â á¢®¥£® «¨ç−®£® ¢à¥¬¥−¨, çâ® ®á®¡®
®â¬¥ç�¥âáï ®à£�−¨§�â®à�¬¨ ªãàá®¢ ¢ ¨−ä®à¬�æ¨®−−ëå ¬�â¥à¨�«�å. �®íâ®¬ã
ª�¦¤ë© ªãàá, á® áà¥¤−¥© ¯à®¤®«¦¨â¥«ì−®áâìî 6{7 −¥¤., á¯à®¥ªâ¨à®¢�− â�ª¨¬
®¡à�§®¬, çâ®¡ë §�−ïâì −¥ ¡®«¥¥ âà¥å ç�á®¢ «¨ç−®£® ãç¨â¥«ìáª®£® ¢à¥¬¥−¨ ¢ −¥¤¥-
«î. ˆ ¯®¬¨¬® ¬¥â®¤¨ç¥áª¨å �á¯¥ªâ®¢ ãç¨â¥«¥© §−�ª®¬ïâ á −®¢ë¬ à�§à�¡®â�−−ë¬
¨−áâàã¬¥−â�à¨¥¬, â�ª¨¬ ª�ª, −�¯à¨¬¥à, Learning Designer, à�§à�¡®âª� London
Knowledge Lab | Institute of Education, ¯à®£à�¬¬�-¯®¬®é−¨ª ¢ ¯®¤£®â®¢ª¥
¯«�−®¢ ãà®ª®¢.

‘«¥¤ã¥â ®á®¡® ®â¬¥â¨âì, çâ® ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ®á®¡®¥ ¢−¨¬�−¨¥ ¢ …¢à®¯¥
ã¤¥«ï¥âáï â¥å−®«®£¨ï¬ á�¬®®æ¥−¨¢�−¨ï. ˆ íâ®¬ã −�¯à�¢«¥−¨î (Mentoring tech-
nology enhanced pedagogy) ¡ã¤¥â ¯®á¢ïé¥− æ¥«ë© æ¨ª« ªãàá®¢. �¥à¢ë© ¨§ −¨å
ã¦¥ á®áâ®ï«áï, ¨ íâ® ¡ë« ®¤¨− ¨§ ã¯®¬ï−ãâëå à�−¥¥ ¤¢ãå ªãàá®¢, −� ª®â®àëå �¢â®à
¯à®è¥« ®¡ãç¥−¨¥. ‚ ¬®¬¥−â ¯à®¢¥¤¥−¨ï §�−ïâ¨© á«ãè�â¥«ï¬ ªãàá� ¡ë«� ¯à¥¤-
«®¦¥−� ¯à®£à�¬¬�-â¥áâ −®à¢¥¦áª®© à�§à�¡®âª¨, ¯®§¢®«ïîé�ï ®æ¥−¨âì ãà®¢¥−ì
á®¡áâ¢¥−−®© ˆŠ’-ª®¬¯¥â¥−â−®áâ¨ ¨ ¯®«ãç¨âì −� ®á−®¢�−¨¨ áä®à¬¨à®¢�¢è¥©áï
®æ¥−ª¨ §�¯à®£à�¬¬¨à®¢�−−ë© á®¢¥â, −� çâ® á«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥. ��àï¤ã
á á�¬®®æ¥−¨¢�−¨¥¬ â�ª¦¥ ¤®¢®«ì−® è¨à®ª® ¯à®¤¢¨£�¥âáï ¢§�¨¬−®¥ ®æ¥−¨¢�−¨¥
ª®««¥£.

—â® ª�á�¥âáï ¯à¨¬¥−¥−¨© ˆŠ’ −� ãà®ª�å, ¯à¥¤«�£�¥¬ëå á«ãè�â¥«ï¬ ªãàá®¢
¤«ï ®§−�ª®¬«¥−¨ï, §¤¥áì ¯�«¨âà� ¤¥¬®−áâà¨àã¥¬ëå áà¥¤áâ¢ ¨ ¬¥â®¤¨ª ¤®áâ�â®ç−®
è¨à®ª�ï. �à¥¤«�£�îâáï ¯à¨¬¥àë á�¬ëå à�§−®®¡à�§−ëå á®¢à¥¬¥−−ëå ãç¨â¥«ì-
áª¨å ¯à�ªâ¨ª: íâ® ¨ â�−æ¥¢�«ì−ë© ª®¢à¨ª, ¨ ¨−â¥à�ªâ¨¢−�ï ¤®áª�, ¨ ¯«�âë
á ¬¨ªà®ª®−âà®««¥à�¬¨, ¨ à®¡®â®â¥å−¨ª�, ¨ áà¥¤ë ¯à®£à�¬¬¨à®¢�−¨ï, ¨ á®æ¨-
�«ì−ë¥ á¥â¨. Šà®¬¥ â®£®, ãç¨â¥«ï¬ ¤�¥âáï ®¡§®à â¥å−®«®£¨ç¥áª¨å ¨§¬¥−¥−¨©
¢ ¢®¯à®á�å −�©¬� (¨−â¥à¢ìî, à¥§î¬¥, ¯®àâä®«¨®), ®à£�−¨§�æ¨¨ à�¡®ç¨å ¬¥áâ
¨ à�¡®ç¨å ª®««¥ªâ¨¢®¢ (¤¨áâ�−æ¨®−−�ï à�¡®â�), á¯®á®¡®¢ ¤®áâ¨¦¥−¨ï à¥§ã«ìâ�-
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ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ®¡à�§®¢�−¨¥ ¢ …¢à®á®î§¥

â®¢ ¨ â. ¤. �®«−ë© �−�«¨§ á®¤¥à¦�−¨ï ¨ ¬¥â®¤®¢ ®à£�−¨§�æ¨¨ §�−ïâ¨©, ¢ ª®â®àëå
¯à¨−ï« ãç�áâ¨¥ �¢â®à, ¬®¦¥â ¡ëâì ¯à¥¤¬¥â®¬ ®â¤¥«ì−®£® ¬�â¥à¨�«�.

–¨äà®¢ë¥ ã¬¥−¨ï ®áâ�−ãâáï −� ¯®¢¥áâª¥ ¤−ï ¢ ¡«¨¦�©è¥© ¨ ¡®«¥¥ ®â¤�«¥−−®©
íª®−®¬¨ç¥áª®© ¯¥àá¯¥ªâ¨¢¥. �â� â¥¬� ®áâà® áâ®¨â −¥ â®«ìª® ¢ …¢à®á®î§¥, −®
¨ ¢ ‘®¥¤¨−¥−−ëå ˜â�â�å �¬¥à¨ª¨. �à®¨§®è¥« ¯¥à¥á¬®âà ãç¥¡−ëå ¯à®£à�¬¬
¢ áâ®à®−ã ®¡ãç¥−¨ï ¯à®£à�¬¬¨à®¢�−¨î ¢ èª®«�å, � «®§ã−£ úNo child left behindû
(ú�¨ ®¤¨− à¥¡¥−®ª −¥ §�¡ëâû) ¡ë« §�¬¥−¥− −®¢ë¬: úEvery student succeedsû
(úŠ�¦¤ë© ãç¥−¨ª ¯à¥ãá¯¥¢�¥âû). Š®¬¯�−¨ï Google ¢â®à®© £®¤ ¯à®¢®¤¨â «¥â−¨¥
èª®«ë ¯® ®¡ãç¥−¨î ¯à®£à�¬¬¨à®¢�−¨î. �ª�¤¥¬¨ï •�−� ¯à®¢®¤¨â ¬¥¦¤ã−�à®¤-
−ë© ¯à®£à�¬¬¨áâáª¨© ä«¥è¬®¡ ú—�á ¯à®£à�¬¬¨à®¢�−¨ïû, ¢ ª®â®à®¬ ¢ ¯à®è«®¬
£®¤ã ¯à¨−ï«¨ ãç�áâ¨¥ ¨ à®áá¨©áª¨¥ èª®«ë. �à¥§¨¤¥−â �¡�¬� −¥¤�¢−® ®¡à�â¨«áï
ª Š®−£à¥ááã á ¯à®áì¡®© ® ¤®¯®«−¨â¥«ì−®¬ ¢ë¤¥«¥−¨¨ 4 ¬«à¤ ¤®««�à®¢ −� ¯¥-
à¥áâà®©ªã á¨áâ¥¬ë ®¡à�§®¢�−¨ï á æ¥«ìî ¢¢¥¤¥−¨ï ¢ èª®«ì−ë¥ ®¡à�§®¢�â¥«ì−ë¥
¯à®£à�¬¬ë èâ�â®¢ ®¡ãç¥−¨ï ¯à®£à�¬¬¨à®¢�−¨î [9]. �à®¡«¥¬� á ¤¥ä¨æ¨â®¬ ¯®¤-
£®â®¢«¥−−ëå ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© á¯¥æ¨�«¨áâ®¢ −�¬¥â¨«�áì
¨ ¢ ÷®áá¨¨ | ¨ ¤«ï ¥¥ à¥è¥−¨ï â�ª¦¥ −�ç�«¨ ¯à¥¤¯à¨−¨¬�âìáï ®¯à¥¤¥«¥−−ë¥
è�£¨: ã¢¥«¨ç¥−® ç¨á«® ¡¥á¯«�â−ëå ¬¥áâ ¯à¨ ¯à¨¥¬¥ ¢ ¢ã§ë −� á¯¥æ¨�«ì−®áâ¨,
á¢ï§�−−ë¥ á ¯à®£à�¬¬¨à®¢�−¨¥¬; à�áè¨àï¥âáï ¬¥â®¤®«®£¨ï ®à£�−¨§�æ¨¨ ¨ ª®«¨-
ç¥áâ¢® ¯à®¢®¤¨¬ëå ®«¨¬¯¨�¤ ¤«ï èª®«ì−¨ª®¢ ¯® ¯à®£à�¬¬¨à®¢�−¨î. –¨äà®-
¢ë¥ ã¬¥−¨ï ¡ã¤ãâ á¯®á®¡áâ¢®¢�âì ¯®¢ëè¥−¨î ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢ à¥§ã«ìâ�â¥
¨á¯®«ì§®¢�−¨ï æ¨äà®¢ëå â¥å−®«®£¨© ¨ ¯à¨¢¥¤ãâ ¢ á®®â¢¥âáâ¢¨¥ à�áâãé¨¥ ¯®-
âà¥¡−®áâ¨ ¯à®¬ëè«¥−−®áâ¨ ¢ ª¢�«¨ä¨æ¨à®¢�−−®¬ ¯¥àá®−�«¥ §� áç¥â à�áè¨à¥−¨ï
¢®§¬®¦−®áâ¥© ¤«ï ª�¦¤®£® ®â¤¥«ì−®£® ç¥«®¢¥ª� ¢ á«®¦−ëå ãá«®¢¨ïå, áãé¥-
áâ¢ãîé¨å −� ¥¢à®¯¥©áª®¬ àë−ª¥ âàã¤�. •®ç¥âáï ¢¥à¨âì, çâ® áâ®«ì á¥àì¥§−ë©
ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª à¥è¥−¨î ¯à®¡«¥¬ ä®à¬¨à®¢�−¨ï ¨ ¯®¢ëè¥−¨ï ãà®¢−ï
æ¨äà®¢®© £à�¬®â−®áâ¨ âàã¤®á¯®á®¡−®£® −�á¥«¥−¨ï ¨ ¯®¤à�áâ�îé¥£® ¯®ª®«¥−¨ï
¢ £®áã¤�àáâ¢�å …¢à®á®î§� ¯à¨−¥á¥â á¢®¨ ¯«®¤ë. � ¥é¥ ®ç¥−ì å®ç¥âáï, çâ®¡ë
¨ ÷®áá¨ï ¨−â¥−á¨ä¨æ¨à®¢�«� ¨ à�áè¨à¨«� á¯¥ªâà ¯à¨−¨¬�¥¬ëå ¬¥à, çâ®¡ë −¥
à�áâ¥àïâì, � á®åà�−¨âì á¢®¨ ¯®§¨æ¨¨ −� ä®−¥ áâ®«ì á¥àì¥§−ëå ãá¨«¨©, ¯à¥¤¯à¨-
−¨¬�¥¬ëå ¢ …¢à®¯¥ ¨ ¢ ¬¨à¥. ’�ª¨¬ ®¡à�§®¬, á«¥¤ã¥â ª®−áâ�â¨à®¢�âì, çâ® ¦¨§−ì
¤®ª�§ë¢�¥â á¯à�¢¥¤«¨¢®áâì â¥§¨á� �ª�¤¥¬¨ª� �. �. …àè®¢�: ú�à®£à�¬¬¨à®¢�-
−¨¥ | ¢â®à�ï £à�¬®â−®áâìû.
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Abstract: The situation in the labour market mismatch between the availability
and demand for information and communications technologies specialists that
exists in the European Union despite the high level of unemployment is con-
sidered. The reasons for the existing imbalance that has mainly been caused by
insufficient level of digital competences among the significant part of the working
population are analyzed. Certain aspects of \The Riga Declaration on e-skills"
designed to change the current situation are presented. A significant role in the
imbalance compensation is assigned to school teachers, who either insufficiently
use or avoid the ICT usage in the learning process, which has been proved by the
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research results. The measures taken to improve the teachers qualification level
are listed. The Massive Open Online Courses focused on various aspects of the
ICT use in teaching both general subjects and computer science are given as an
example.
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à�§¬¥é¥− ¯® �¤à¥áã http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à
¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¡ã¬�¦−®¬ ¢¨¤¥ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥
(®âáª�−¨à®¢�−−�ï ª®¯¨ï ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.
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7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;

{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;

{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®
�¢â®à�;

{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë
−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.

‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.
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�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −� á�©-
â¥ http://www.translit.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:

’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)

2. ‚ �−£«®ï§ëç−®© ç�áâ¨:

Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016 185



�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.

11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å
¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;

{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);

{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ
áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: rust@ipiran.ru (‘¥©äã«ì-Œã«îª®¢ ÷ãáâ¥¬ ��¤à¨¥¢¨ç)

http://www.ipiran.ru/journal/collected

186 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 2 2016



Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;

{ architecture and software of computational complexes and networks; and

{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.
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6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.

Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.

The recommended manuscript size: not more than 20 pages of the specified format.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.

All pages of the manuscript should be numbered.

The templates for the manuscript typesetting are presented on site:

http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.ru, option BGN).

Please take into account the following examples of Russian references appearance:

Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
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