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Œ¥â®¤ë ¨ áà¥¤áâ¢� ®¯â¨¬�«ì−®£® ¯«�−¨à®¢�−¨ï ¯�à�¬¥âà®¢ ¯à®æ¥áá®¢ ¢ ‘��� ˆ��

1 Введение

‘®¢à¥¬¥−−ë¥ ¯®¤å®¤ë ª ¨á¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå
á¨áâ¥¬ ¢ áä¥à¥ ã¯à�¢«¥−¨ï áâ®¨¬®áâìî †– ˆ�� ®á−®¢�−ë −� ª®−æ¥¯æ¨¨ CALS
¨«¨ ˆ�ˆ [1{3]. ÷�§à�¡�âë¢�¥¬ë¥ ªàã¯−ë¥ ‘��� ¨á¯®«ì§ãîâ ¬¥¦¤ã−�à®¤−ë¥
áâ�−¤�àâë, � â�ª¦¥ ¬¥â®¤ë ¨−â¥£à¨à®¢�−−®© «®£¨áâ¨ç¥áª®© ¯®¤¤¥à¦ª¨ (ˆ‹�).
‘ íâ®© æ¥«ìî á®§¤�îâáï á¯¥æ¨�«¨§¨à®¢�−−ë¥ â¥å−¨ª®-íª®−®¬¨ç¥áª¨¥ ¨−ä®à¬�-
æ¨®−−ë¥ ¬®¤¥«¨ †– ˆ��, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© −®à¬�â¨¢−ë¥ ¡�§ë ¤�−−ëå
(�„) ¨ â¥å−¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨. �â¨ ¬®¤¥«¨ −®áïâ áâ�â¨ç¥áª¨© å�à�ªâ¥à, çâ®
−¥ ¯®§¢®«ï¥â ®¯¥à�â¨¢−® ã¯à�¢«ïâì ª�ç¥áâ¢®¬ ¨ áâ®¨¬®áâìî −� §�¤�−−®¬ ¯¥à¨®¤¥
íªá¯«ã�â�æ¨¨ ¨§¤¥«¨©. �®íâ®¬ã ¤®¯®«−¨â¥«ì−® ¨á¯®«ì§ãîâ �„ ¬®−¨â®à¨−£�
®á−®¢−ëå íªá¯«ã�â�æ¨®−−ëå ¨ ¤àã£¨å −¥®¡å®¤¨¬ëå å�à�ªâ¥à¨áâ¨ª ¨§¤¥«¨ï, ¯®-
§¢®«ïîé¨å ¢ëç¨á«ïâì £«�¢−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï, ¢ª«îç�ï
áâ®¨¬®áâì ¨ â¥å−®«®£¨ç−®áâì íªá¯«ã�â�æ¨¨.

�á−®¢−ë¥ ¯à¨−æ¨¯ë ˆ‹� ¨§«®¦¥−ë ¢ ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ�å MIL STD
1388 (‘˜�) ¨ Def Stan 00-600 \Integrated Logistic Support. Requirements for
MOD Projects", JSP-886 \The defense logistic support chain manual. Volume 7:
Integrated logistic support" ¨ ¤à.

ˆ−â¥£à¨à®¢�−−�ï «®£¨áâ¨ç¥áª�ï ¯®¤¤¥à¦ª� ¯à¥¤áâ�¢«ï¥â á®¡®© ®à£�−¨§�æ¨-
®−−®-â¥å−®«®£¨ç¥áª¨© ª®¬¯«¥ªá ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï, ®¡«�¤�îé¨©
á®¢à¥¬¥−−®© á¨áâ¥¬®© ã¯à�¢«¥−¨ï «®£¨áâ¨ç¥áª¨¬¨ ¯à®æ¥áá�¬¨ −� ®á−®¢¥ ¨−ä®à-
¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© ¨ −®¢ëå â¥å−®«®£¨© ¨−ä®à¬�æ¨®−−®© ¨
¨−â¥««¥ªâã�«ì−®© ¯®¤¤¥à¦ª¨ ¯à¨−¨¬�¥¬ëå à¥è¥−¨©.

�á®¡¥−−®áâìî á¨áâ¥¬ë ˆ‹� ï¢«ï¥âáï â®, çâ® ¥¥ ¯®áâà®¥−¨¥ −�ç¨−�¥âáï ®¤-
−®¢à¥¬¥−−® á á®§¤�−¨¥¬ ˆ�� ¨ ¨¤¥â ¯�à�««¥«ì−® á −¨¬ ¤® áâ�¤¨¨ íªá¯«ã�â�æ¨¨.
„�«¥¥ −� áâ�¤¨¨ íªá¯«ã�â�æ¨¨ á¨áâ¥¬� ˆ‹� ®¡¥á¯¥ç¨¢�¥â íää¥ªâ¨¢−®¥ ¯à¨-
¬¥−¥−¨¥ ˆ��, � −� áâ�¤¨¨ ãâ¨«¨§�æ¨¨ | ã¯à�¢«¥−¨¥ ¯¥à¥à�¡®âª®© ˆ�� ¤«ï
¢â®à¨ç−®£® ¨á¯®«ì§®¢�−¨ï ¬�â¥à¨�«®¢, ¢å®¤ïé¨å ¢ á®áâ�¢ ¨§¤¥«¨©, á æ¥«ìî ¨å
¬�ªá¨¬�«ì−®© à¥�«¨§�æ¨¨.

�¤−�ª® ¯à¨ ¢á¥¬ á®¢¥àè¥−áâ¢¥ ¨ ¬−®£®®¡à�§¨¨ â¥å−®«®£¨© ˆ‹�, ¯à¥¤«�£�-
¥¬ëå íâ¨¬¨ áâ�−¤�àâ�¬¨, ä�ªâ¨ç¥áª¨ ®áâ�¥âáï −¥à¥è¥−−®© £«�¢−�ï ¯à®¡«¥¬� |
¯à®¡«¥¬� ®¯â¨¬�«ì−®£® ¯à®¥ªâ¨à®¢�−¨ï á¨áâ¥¬ë ®¡á«ã¦¨¢�−¨ï, à¥¬®−â� ¨ á−�¡-
¦¥−¨ï ¤«ï ®¡¥á¯¥ç¥−¨ï íªá¯«ã�â�æ¨¨ ¨§¤¥«¨© á ¬¨−¨¬�«ì−®© áâ®¨¬®áâìî −� £®¤ë
¢¯¥à¥¤, ¢¯«®âì ¤® ¨å á¯¨á�−¨ï.

‚ −�áâ®ïé¥© à�¡®â¥ ¯à¥¤áâ�¢«¥−ë −®¢ë¥ −�ãç−ë¥ ¯®¤å®¤ë ª à¥è¥−¨î áä®à-
¬ã«¨à®¢�−−®© ¯à®¡«¥¬ë −� ®á−®¢¥ à�§¢¨â¨ï à¥§ã«ìâ�â®¢ [1, 4{21]. �−¨ ¯®§¢®«ï-
îâ ª�à¤¨−�«ì−® à¥ä®à¬¨à®¢�âì âà�¤¨æ¨®−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à¨ á®§¤�−¨¨
¨ íªá¯«ã�â�æ¨¨ ˆ�� ¯ãâ¥¬ ¢−¥¤à¥−¨ï ¬¥â®¤®¢ ¯à®£−®§¨à®¢�−¨ï ¨ ®¯â¨¬�«ì−®£®
¯«�−¨à®¢�−¨ï ¯à®æ¥áá®¢ à�áå®¤®¢�−¨ï ¢à¥¬¥−−‚ëå, ¬�â¥à¨�«ì−ëå, âàã¤®¢ëå ¨
¤àã£¨å à¥áãàá®¢ ¯® ªà¨â¥à¨ï¬ íª®−®¬¨ç¥áª®© æ¥«¥á®®¡à�§−®áâ¨ ¨ íää¥ªâ¨¢-
−®áâ¨.
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ˆ. �. ‘¨−¨æë−, �. ‘. ˜�«�¬®¢, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

2 Критерии эффективности систем послепродажного обслуживания

Š�ª ¨§¢¥áâ−® [3, 15], áâ�â¨áâ¨ç¥áª¨© �−�«¨§ ¨ ¯�à�¬¥âà¨ç¥áª¨© á¨−â¥§ ‘���
−� ®á−®¢¥ ¢¥à®ïâ−®áâ−ëå ªà¨â¥à¨¥¢ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§ãîâáï ª�ª −� íâ�¯¥
¯à®¥ªâ¨à®¢�−¨ï ‘���, â�ª ¨ ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï.

Š §�¤�ç�¬ −� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï ‘��� ®â−®áïâáï:

{ áà�¢−¥−¨¥ à�§«¨ç−ëå ¯à®¨§¢®¤áâ¢¥−−ëå ¨ ®à£�−¨§�æ¨®−−®-èâ�â−ëå áâàãª-
âãà;

{ ®¯à¥¤¥«¥−¨¥ ®¯â¨¬�«ì−ëå ¯�à�¬¥âà®¢ ¢ ¢ë¡à�−−®© áâàãªâãà¥;

{ áà�¢−¥−¨¥ à�§«¨ç−ëå ¯®«¨â¨ª ¯®¯®«−¥−¨ï à¥áãàá�¬¨;

{ ¢ë¡®à ®¯â¨¬�«ì−ëå ¯�à�¬¥âà®¢ ¯à¨−ïâ®© ¯®«¨â¨ª¨ ¯®¯®«−¥−¨ï;

{ ®¯à¥¤¥«¥−¨¥ âà¥¡®¢�−¨© ª áâàãªâãà¥ ¨ ¯�à�¬¥âà�¬ á¨áâ¥¬, ®¡¥á¯¥ç¨¢�îé¨å
äã−ªæ¨®−¨à®¢�−¨¥ ‘���.

Œ¥â®¤�¬¨ áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï ‘���
à¥è�îâáï á«¥¤ãîé¨¥ äã−ªæ¨®−�«ì−ë¥ §�¤�ç¨:

{ ®¡®á−®¢�−¨¥ ®¯â¨¬�«ì−®£® (à�æ¨®−�«ì−®£®) ¯¥à¥à�á¯à¥¤¥«¥−¨ï ¬�â¥à¨�«ì-
−ëå ¨ «î¤áª¨å à¥áãàá®¢;

{ ¯à®£−®§¨à®¢�−¨¥ á®áâ®ï−¨ï ‘��� −� §�¤�−−®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨;

{ ¢ëà�¡®âª� à¥ª®¬¥−¤�æ¨© ¯® ®¯â¨¬�«ì−®¬ã à�áå®¤®¢�−¨î à¥áãàá®¢;

{ ãâ®ç−¥−¨¥ ¯®«¨â¨ª¨ ¯®¯®«−¥−¨ï à¥áãàá®¢ ¨ ¥¥ ¯�à�¬¥âà®¢.

�®¤ ¢¥à®ïâ−®áâ−ë¬ ªà¨â¥à¨¥¬ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë ¯®−¨¬�îâ ¢¥à®ïâ-
−®áâ−ãî ®æ¥−ªã ¥¥ äã−ªæ¨®−�«� ª�ç¥áâ¢�.

�¯à¥¤¥«¨¬ äã−ªæ¨®−�« ª�ç¥áâ¢� ‘��� ¢ ¢¨¤¥ áª�«ïà−®£® á®®â−®è¥−¨ï

J = J (Y,˜) ,

£¤¥ Y ∈ Rn | ¢¥ªâ®à ä�§®¢ëå ª®®à¤¨−�â ‘���; ˜ ∈ Rn1| ¢¥ªâ®à ¯�à�¬¥âà®¢
á¨áâ¥¬ë. �à®¥ªâ¨àãï ‘��� ¨«¨ ãâ®ç−ïï ¥¥ áâàãªâãàã ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨-
à®¢�−¨ï, −¥®¡å®¤¨¬® áâà¥¬¨âìáï ª â®¬ã, çâ®¡ë ¢ë¯®«−ï«®áì á®®â−®è¥−¨¥

J (Y,˜)→ min
˜

. (1)

„«ï á«ãç�©−®£® ¢¥ªâ®à� Y (t) à¥è¥−¨¥ §�¤�ç¨ (1) ¤�¥â äã−ªæ¨®−�«ì−ãî

§�¢¨á¨¬®áâì ˜ =
⌢

˜(Y ) á® á«ãç�©−ë¬ �à£ã¬¥−â®¬. �®íâ®¬ã ç�áâ® ¯®«ì§ãîâáï
¤àã£¨¬ ªà¨â¥à¨¥¬:

J1 =M [J (Y,˜)]→ min
˜

, (2)

â. ¥. ¬¨−¨¬¨§¨àãîâ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¢¥«¨ç¨−ë J (Y,˜).
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Œ¥â®¤ë ¨ áà¥¤áâ¢� ®¯â¨¬�«ì−®£® ¯«�−¨à®¢�−¨ï ¯�à�¬¥âà®¢ ¯à®æ¥áá®¢ ¢ ‘��� ˆ��

ˆ−®£¤� ®¯à¥¤¥«¥−−ãî à®«ì ¨£à�¥â ¤¨á¯¥àá¨ï ªà¨â¥à¨ï. ‚ íâ®¬ á«ãç�¥ ¢¯®«−¥
¤®¯ãáâ¨¬® −¥áª®«ìª® ¯®áâã¯¨âìáï §−�ç¥−¨¥¬ ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï, çâ®¡ë
ã¬¥−ìè¨âì ¢®§¬®¦−ë© à�§¡à®á à¥§ã«ìâ�â®¢, â. ¥. ã¬¥−ìè¨âì §−�ç¥−¨¥ ¤¨á¯¥àá¨¨
§−�ç¥−¨© ªà¨â¥à¨ï:

J2 =M
[

(J (Y,˜) −J1)2
]

→ min
˜

.

Œ®¦¥â ¢®§−¨ª−ãâì á¨âã�æ¨ï, ª®£¤� ¯à¨ ¢ë¡à�−−®¬ ¢¥ªâ®à¥ ˜ á«¨èª®¬
−¥ã¤®¢«¥â¢®à¨â¥«ì−ë¬ ï¢«ï¥âáï §−�ç¥−¨¥ ªà¨â¥à¨ï (2), ¯®íâ®¬ã ¨á¯®«ì§ã¥âáï
ª®¬¡¨−¨à®¢�−−ë© ªà¨â¥à¨© | ¢â®à®© −�ç�«ì−ë© ¬®¬¥−â ¢¥«¨ç¨−ë (1):

J3 = J 21 + J2 → min
˜

. (3)

÷¥§ã«ìâ�âë ¨á¯®«ì§®¢�−¨ï â�ª®£® ¢¨¤� ªà¨â¥à¨ï −�¨¡®«¥¥ ¯«®¤®â¢®à−ë,
ª®£¤� á«�£�¥¬ë¥ ¢ (3) ¨¬¥îâ ¢§�¨¬−® ¯à®â¨¢®à¥ç¨¢ë© å�à�ªâ¥à.

�¡®¡é¥−−ë¬ ªà¨â¥à¨¥¬ íää¥ªâ¨¢−®áâ¨ ‘��� ï¢«ï¥âáï á«¥¤ãîé¨© ªà¨â¥-
à¨©:

J4 = P (˜)→ max
˜

,

£¤¥ P (˜) | ¢¥à®ïâ−®áâì ¢ë¯®«−¥−¨ï §�¤�ç¨, ®¯à¥¤¥«ï¥¬®© äã−ªæ¨®−�«ì−ë¬
−�§−�ç¥−¨¥¬ ‘���.

‚¥à®ïâ−®áâì P (˜) ®¯à¥¤¥«ï¥âáï ª�ª ¨−â¥£à�« ®â ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨
fy(y; ˜) ¢¥ªâ®à� ä�§®¢ëå ª®®à¤¨−�â Y á¨áâ¥¬ë ¯® ®¡«�áâ¨, á®®â¢¥âáâ¢ãîé¥©
ãá¯¥è−®¬ã à¥è¥−¨î äã−ªæ¨®−�«ì−®© §�¤�ç¨.

�à¨¢¥¤¥−−ë¥ ¢ëè¥ ¢�à¨�−âë ªà¨â¥à¨¥¢ ª�ç¥áâ¢� ¯®§¢®«ïîâ à¥è�âì §�¤�ç¨,
á¢ï§�−−ë¥ á ¯à®¥ªâ¨à®¢�−¨¥¬ ‘���. �à¨ íâ®¬ äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë
à�áá¬�âà¨¢�¥âáï −� −¥ª®â®à®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨ [0, T ], £¤¥ T | ¤®áâ�â®ç−®
¡®«ìè®© ¯¥à¨®¤. ‚ ãá«®¢¨ïå áâ®å�áâ¨ç¥áª®© −¥®¯à¥¤¥«¥−−®áâ¨ −¥ª®â®àëå §�à�-
−¥¥ −¥ ¨§¢¥áâ−ëå ä�ªâ®à®¢, ¢«¨ïîé¨å −� à�¡®âã ‘���, ¬®¤¥«¨à®¢�âì ¯®«¨â¨ªã
¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ ˜ ¢ ¢¨¤¥ äã−ªæ¨© ¢à¥¬¥−¨, ª�ª ¯à�¢¨«®, −¥¢®§¬®¦−®,
¯®íâ®¬ã ¨å ¯®«�£�îâ −¥ª®â®àë¬¨ ª®−áâ�−â�¬¨.

‡−�ç¥−¨ï ªà¨â¥à¨¥¢ íää¥ªâ¨¢−®áâ¨ ¢ëç¨á«ïîâáï −� ¬®¬¥−â ¢à¥¬¥−¨ t = T
(â�ª¨¥ ªà¨â¥à¨¨ −�§ë¢�îâ â¥à¬¨−�«ì−ë¬¨). �à¨ íâ®¬ áâà¥¬ïâáï ª â®¬ã, çâ®¡ë
¯®áâ�−®¢ª� §�¤�ç¨ −� ®¯â¨¬¨§�æ¨î ¢¥ªâ®à� ¯�à�¬¥âà®¢ ˜ ®ª�§ë¢�«�áì ª®àà¥ªâ-
−®©, ¨¡® ¢ ¯à®â¨¢−®¬ á«ãç�¥ ¢ ª®−ªà¥â−®© á¨âã�æ¨¨ íää¥ªâ¨¢−®áâì á¨áâ¥¬ë
¬®¦¥â ¡ëâì à¥§ª® á−¨¦¥−� §� áç¥â −¥á®®â¢¥âáâ¢¨ï §�à�−¥¥ ¢ë¡à�−−ëå ¯�à�¬¥âà®¢
â¥¬ ãá«®¢¨ï¬, ¢ ª®â®àë¥ ¯®¯�¤�¥â ‘���. Š®àà¥ªâ−®áâì ¯®áâ�−®¢ª¨ §�¤�ç¨ ¯®-
§¢®«ï¥â ¨¬¥âì ¤®áâ�â®ç−ë© à¥áãàá ¢®§¬®¦−®áâ¥© ¯® ¬�−¥¢à¨à®¢�−¨î á¨«�¬¨ ¨
áà¥¤áâ¢�¬¨ ¢ ¯à¨¥¬«¥¬ë¥ áà®ª¨ á æ¥«ìî ¢ëà�¢−¨¢�−¨ï á¨âã�æ¨¨ (®áãé¥áâ¢«¥−¨ï
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï) ¡¥§ áãé¥áâ¢¥−−®£® á−¨¦¥−¨ï íää¥ªâ¨¢−®áâ¨ ‘���.

�à¨ ãâ®ç−¥−¨¨ ¯�à�¬¥âà®¢ ˜ ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï ‘��� −�
−¥ª®â®à®¬ áà�¢−¨â¥«ì−® −¥¡®«ìè®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨ [t1, t2] ¯à¨ à¥è¥−¨¨
äã−ªæ¨®−�«ì−ëå §�¤�ç ¢®§¬®¦−® ¤®áâ�â®ç−® â®ç−®¥ ¥£® ®¯¨á�−¨¥ á ¯®¬®éìî
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¢¥à®ïâ−®áâ−®© ¬®¤¥«¨. ‚ à¥§ã«ìâ�â¥ ¢¥ªâ®à ˜ ¬®¦¥â ®ª�§�âìáï ¡®«¥¥ �¤¥ª¢�â−ë¬
à¥�«ì−®© ®¡áâ�−®¢ª¥, ç¥¬ íâ® ¯à¥¤ãá¬®âà¥−® ¯à®¥ªâ®¬ á¨áâ¥¬ë. �� ¯à�ªâ¨ª¥
â�ª®¥ ãâ®ç−¥−¨¥ à¥�«¨§ã¥âáï á ¯®¬®éìî ¢à¥¬¥−−‚ëå ¨§¬¥−¥−¨© ®à£�−¨§�æ¨®−−®-
èâ�â−ëå ¨ ¯à®¨§¢®¤áâ¢¥−−ëå áâàãªâãà ¨ á¢ï§¥© ¢ ‘���. �â® ãâ®ç−¥−¨¥ ¬®¦¥â
¡ëâì ®áãé¥áâ¢«¥−® «¨¡® ¢ ¢¨¤¥ −®¢®£® §−�ç¥−¨ï ¢¥ªâ®à�˜ −� ¢á¥¬ ¯¥à¨®¤¥ [t1, t2],
«¨¡® ¢ ¢¨¤¥ −¥áª®«ìª¨å ¥£® §−�ç¥−¨©, ®â«¨ç�îé¨åáï −� à�§«¨ç−ëå ¯à®¬¥¦ãâª�å
¢à¥¬¥−¨ ¢−ãâà¨ ®âà¥§ª� [t1, t2], «¨¡® ¢ ¢¨¤¥ äã−ªæ¨¨ ¢à¥¬¥−¨ ˜(t).

‚ ¯®á«¥¤−¥¬ á«ãç�¥ à¥è¥−¨¥ §�¤�ç¨ ¯® ®¯à¥¤¥«¥−¨î −�¨«ãçè¥£® ¢¨¤� §�¢¨-
á¨¬®áâ¨ ˜(t) ¯à¨¢®¤¨â ª ®¯â¨¬¨§�æ¨¨ ¢ äã−ªæ¨®−�«ì−®¬ ¯à®áâà�−áâ¢¥ ¨ ¬®¦¥â
âà�ªâ®¢�âìáï ¯à¨ −�«¨ç¨¨ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ á¨áâ¥¬ë ª�ª ®¯â¨¬�«ì−®¥
äã−ªæ¨®−�«ì−®¥ ã¯à�¢«¥−¨¥.

‚ ª«�áá¨ç¥áª®© â¥®à¨¨ ã¯à�¢«¥−¨ï à¥áãàá�¬¨ [22] §�¤�ç� ¯à®¥ªâ¨à®¢�−¨ï á¨á-
â¥¬ â¨¯� úáª«�¤û à¥è�¥âáï −� ®á−®¢¥ áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ãáâ�−®¢¨¢è¨åáï
¯à®æ¥áá®¢ ¯® ªà¨â¥à¨î J1 (2). �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¯à®æ¥ááë ¢ ‘���, ¢
ç�áâ−®áâ¨ −� áª«�¤¥, ¨¬¥îâ −¥¯à¥àë¢−®-¤¨áªà¥â−®¥ ¢à¥¬ï (−¥¯à¥àë¢−ë© á¯à®á
¨ ¤¨áªà¥â−ë¥ ¯®áâ�¢ª¨ ¤«ï ¯®¯®«−¥−¨ï). � ¯®áª®«ìªã â¥®à¨ï â�ª¨å ¯à®æ¥áá®¢ ¤®
á¨å ¯®à à�§à�¡®â�−� −¥¤®áâ�â®ç−® ¨ áãé¥áâ¢ãîâ «¨èì ¯®¤å®¤ë ª à¥è¥−¨î §�¤�ç
¢ ãáâ�−®¢¨¢è¨åáï à¥¦¨¬�å, â® ¢®§¬®¦−®áâ¨ ãç¥â� ¤¨−�¬¨ª¨ −¥áâ�æ¨®−�à−ëå
í«¥¬¥−â®¢ ¢ âà�¤¨æ¨®−−ëå á¨áâ¥¬�å ¯®¤¤¥à¦ª¨ ¯®áâ�¢®ª ®âáãâáâ¢ãîâ.

÷¥è¥−¨¥ ã¯à®é¥−−®© §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ ¯® ®¤−®¬ã ªà¨â¥à¨î ¨§ãç¥−® ¢ [10,
11], ¢ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï á«ãç�© ¬−®£®ªà¨â¥à¨�«ì−®© á®¢¬¥áâ−®©
®¯â¨¬¨§�æ¨¨ ¯�à�¬¥âà®¢ ‘���.

‚ ª�ç¥áâ¢¥ ¡�§®¢®£® à�áá¬®âà¨¬ á«ãç�© á ¯¥à¨®¤¨ç¥áª®© ¯®¤�ç¥© §�ï¢®ª −�
¯®¯®«−¥−¨¥. �ãáâì ª®¬¯®−¥−âë ªà¨â¥à¨ï íää¥ªâ¨¢−®áâ¨ J á¨áâ¥¬ë ®âà�¦�îâ
§�âà�âë −� åà�−¥−¨¥ à¥áãàá®¢, −� ¯®¯®«−¥−¨¥, èâà�äë §� −¥¤®¯®áâ�¢ª¨ ¯®-
âà¥¡¨â¥«ï¬, ¤®å®¤ë ®â ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ ¢ −¥ª®â®àëå â¥å−®«®£¨ç¥áª¨å
¯à®æ¥áá�å, §�âà�âë −� á®§¤�−¨¥ ¤®¯®«−¨â¥«ì−ëå á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï à¥áãàá®¢
¯à¨ ¨å ¢®ááâ�−®¢«¥−¨¨ ¨ ¯®¤£®â®¢ª¥ ª ¯®¢â®à−®¬ã ¨á¯®«ì§®¢�−¨î ¨ â. ¤.

�ãâ¥¬ à�áè¨à¥−¨ï ä�§®¢®£® ¯à®áâà�−áâ¢� ‘��� §−�ç¥−¨¥ ªà¨â¥à¨ï íä-
ä¥ªâ¨¢−®áâ¨ (¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨) ¬®¦−® ¯®«ãç¨âì ¢ «î¡®© â¥ªãé¨©
¬®¬¥−â ¢à¥¬¥−¨ t > t0. …á«¨ ªà¨â¥à¨© J(Y,˜) ®â−®á¨âáï ª â¥à¬¨−�«ì−®¬ã â¨¯ã,
â® ¥£® §−�ç¥−¨¥ ¨¬¥¥â ¯®«¥§−ë© á¬ëá« â®«ìª® −� ª®−æ¥ ®âà¥§ª� [0, T ].

‚¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ä�§®¢®£® ¢¥ªâ®à� Y (t) á¨áâ¥¬ë ®¯¨áë¢�îâáï
¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨, ¯à¨¢¥¤¥−−ë¬¨ ¢ [3, 12]. ‚¥ªâ®à ¯®¯®«−¥−¨ï
š(tj) ï¢«ï¥âáï ¯à®£−®§¨àã¥¬®© ¢¥«¨ç¨−®©, −¥á«ãç�©−ë¬ ¢¥ªâ®à−ë¬ ¯�à�¬¥âà®¬,
¯®¤¡¨à�¥¬ë¬ ¢ ¯à®æ¥áá¥ ®¯â¨¬¨§�æ¨¨ ¢á¥£® ¢¥ªâ®à� ˜.

÷�áá¬®âà¨¬ á¯®á®¡ à¥è¥−¨ï §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ ¯�à�¬¥âà®¢ ˜ ¯® ªà¨â¥-
à¨î (1).

�ãáâì âà¥¡ã¥âáï −�©â¨ â�ªãî á®¢®ªã¯−®áâì á®áâ�¢«ïîé¨å ¢¥ªâ®à� ˜, ¯à¨ ª®-
â®à®© ®¡¥á¯¥ç¨¢�¥âáï maxJ1. �£à�−¨ç¨¬áï à�áá¬®âà¥−¨¥¬ á«ãç�ï £�ãáá®¢áª®£®
à�á¯à¥¤¥«¥−¨ï ‘â� Y (t). ’®£¤� ªà¨â¥à¨© ®¯â¨¬�«ì−®áâ¨ ï¢«ï¥âáï äã−ªæ¨¥©
á®¢®ªã¯−®áâ¨ ¯�à�¬¥âà®¢

J1 = G(m, θ,˜) ,
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£¤¥ m ¨ θ | ¢¥ªâ®à ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¨ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ�
¢¥ªâ®à� Y ; G | áª�«ïà−�ï äã−ªæ¨ï, �¯à¨®à¨ −¥ ¨§¢¥áâ−�ï; ˜ ¨¬¥¥â à�§¬¥à−®áâì
n1 × 1. ‚ ®¡é¥¬ á«ãç�¥ −� �à£ã¬¥−â ˜ äã−ªæ¨¨ G ¬®£ãâ ¡ëâì −�«®¦¥−ë
®£à�−¨ç¥−¨ï, §�¯¨áë¢�¥¬ë¥ ¢ ¢¨¤¥ á®®â−®è¥−¨ï:

M(˜) = 0 , (4)

£¤¥ M(·)| ¢ ®¡é¥¬ á«ãç�¥ ¢¥ªâ®à−�ï äã−ªæ¨ï à�§¬¥à−®áâ¨ n2× 1. �ã¤¥¬ ¯à¥¤-
¯®«�£�âì, çâ® äã−ªæ¨¨ G ¨ M ï¢«ïîâáï ¤¨ää¥à¥−æ¨àã¥¬ë¬¨ ¯® �à£ã¬¥−âã ˜,
¯à¨ç¥¬ ¯à®¨§¢®¤−ë¥ −¥¯à¥àë¢−ë.

�à¨¬¥−¨¬ ¤�«¥¥ ¤«ï ®¯à¥¤¥«¥−¨ï ®¯â¨¬�«ì−®© á®¢®ªã¯−®áâ¨ ˜ £à�¤¨¥−â−ë©
¬¥â®¤. ‘ íâ®© æ¥«ìî ¢¢¥¤¥¬ á−�ç�«� äã−ªæ¨î ‹�£à�−¦�

L(˜) = G(˜) + āTM(˜) , (5)

£¤¥ā| ¢¥ªâ®à−ë© ª®íää¨æ¨¥−â ‹�£à�−¦� à�§¬¥à−®áâ¨ n2×1. ˆ§ −¥®¡å®¤¨¬ëå
ãá«®¢¨© áãé¥áâ¢®¢�−¨ï áâ�æ¨®−�à−®© â®çª¨ á«¥¤ã¥â, çâ®

dL
d˜
= 0 ¨«¨

dG

d˜
+

[

dM
d˜

]T

ā = 0 .

…á«¨ ®£à�−¨ç¥−¨¥ (4) ã¤®¢«¥â¢®à¥−®, â® á¯à�¢¥¤«¨¢® ¯à¨¡«¨¦¥−−®¥ à�¢¥−áâ¢®

–J1 ∼=
[

dL
d˜

]T

–˜ ,

£¤¥ –˜ ¨ –J1 | ¯à¨à�é¥−¨¥ ¢¥ªâ®à� ¯�à�¬¥âà®¢ ˜ ¨ á®®â¢¥âáâ¢ãîé¥¥ ¥¬ã
¯à¨à�é¥−¨¥ ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ J1.

—â®¡ë ¬�ªá¨¬¨§¨à®¢�âì –J1, −¥®¡å®¤¨¬® ¢ëç¨á«¨âì £à�¤¨¥−â dL/d˜ ¨
−�©â¨ −®¢®¥ §−�ç¥−¨¥ J1, ¨§¬¥−ïï –˜ ¢ −�¯à�¢«¥−¨¨ £à�¤¨¥−â�. �®íâ®¬ã
§�¯¨è¥¬

–˜ = ξ
dL
d˜

. (6)

�âáî¤� á«¥¤ã¥â, çâ® ¯à¨ ®¯à¥¤¥«¥−¨¨ ®¯â¨¬ã¬� ¯à¨à�é¥−¨ï ªà¨â¥à¨ï ®¯â¨-
¬�«ì−®áâ¨ J1, á®®â¢¥âáâ¢ãîé¨¥ −�¨áª®à¥©è¥¬ã ¯®¤ê¥¬ã (á¯ãáªã) ¢ áâ®à®−ã
íªáâà¥¬ã¬�, ¬®¦−® ¢ëç¨á«ïâì ¯® ä®à¬ã«¥:

–J1 ∼= ±ξ

[

dL
d˜

]T [dL
d˜

]

,

£¤¥ ξ | −¥ª®â®àë© ª®íää¨æ¨¥−â ¯à®¯®àæ¨®−�«ì−®áâ¨, ¯®¤¡¨à�¥¬ë© ¨§ ãá«®¢¨ï
¬�ªá¨¬�«ì−®© áª®à®áâ¨ ¯®¤ê¥¬� (á¯ãáª�).
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‡�¤�ç� ®¯à¥¤¥«¥−¨ï ®¯â¨¬�«ì−®£® ¢¥ªâ®à� “̃ à¥è�¥âáï á«¥¤ãîé¨¬ ¬¥â®¤®¬
¨â¥à�æ¨©. �ãáâì −¥ª®â®à®¥ §−�ç¥−¨¥˜(i) ¢¥ªâ®à�˜ ã¤®¢«¥â¢®àï¥â âà¥¡®¢�−¨î (4).
��©¤¥¬ ã¤®¢«¥â¢®àïîé¥¥ íâ¨¬ ®£à�−¨ç¥−¨ï¬ §−�ç¥−¨¥ ˜(i+1), ¯à¨ ª®â®à®¬
˜(i+1) − ˜(i) = –˜, � à�§−®áâì [G(˜(i+1) − G(˜(i)] ¬�ªá¨¬�«ì−�.

÷�áá¬®âà¨¬ ¢ëà�¦¥−¨¥ (4). �®áª®«ìªã ®−® ¤®«¦−® ã¤®¢«¥â¢®àïâìáï ¨
¤«ï ˜(i), ¨ ¤«ï ˜(i+1), â® ®âáî¤� á«¥¤ã¥â, çâ® ¤®«¦−® ¢ë¯®«−ïâìáï ãá«®¢¨¥

–M ∼= dM
d˜
–˜ = 0 .

�®¤áâ�¢¨¬ áî¤� ¢ëà�¦¥−¨¥ (6). ‘ ãç¥â®¬ (5) ¯®«ãç¨¬

dM
d˜

[

dG

d˜
+

(

dM
d˜

)T

ā

]

= 0 . (7)

�®á«¥ ¯®¤áâ�−®¢ª¨ §�¤�−−®£® §−�ç¥−¨ï ˜(i) ¯®¤ §−�ª¨ á®®â¢¥âáâ¢ãîé¨å
äã−ªæ¨© ¢ (7) ¯®«ãç�¥¬ ā(i):

ā(i) = −







dM
(

˜(i)
)

d˜(i)





dM
(

˜(i)
)

d˜(i)





T






−1

dM
(

˜(i)
)

d˜(i)

dG
(

˜(i)
)

d˜(i)
. (8)

„�«¥¥ ¯®á«¥ −�å®¦¤¥−¨ï ā(i) ®¯à¥¤¥«ï¥âáï £à�¤¨¥−â äã−ªæ¨¨ ‹�£à�−¦�:

dL
(

˜(i)
)

d˜(i)
=

dG
(

˜(i)
)

d˜(i)
+





dM
(

˜(i)
)

d˜(i)





T

ā(i) .

��ª®−¥æ, ¢ á®®â¢¥âáâ¢¨¨ á (6) ¯®«ãç�¥¬

˜(i+1) = ˜(i) + ξ
dL
(

˜(i)
)

d˜(i)
. (9)

ˆâ¥à�æ¨®−−�ï ¯à®æ¥¤ãà� ®áâ�−�¢«¨¢�¥âáï ¯à¨ ¢ë¯®«−¥−¨¨ ãá«®¢¨ï

G
(

˜(i+1)
)

− G
(

˜(i)
)

< ε , (10)

£¤¥ ε | §�à�−¥¥ §�¤�−−�ï ¤®¯ãáâ¨¬�ï ¢¥«¨ç¨−� ¯®£à¥è−®áâ¨ ®¯à¥¤¥«¥−¨ï ®¯â¨-
¬ã¬�.
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Œ¥â®¤ ¯®§¢®«ï¥â ¯®«ãç¨âì à¥è¥−¨¥, ¯à¨ç¥¬ ¤®áâ�â®ç−® ¡ëáâà®, ¯à¨ ãá«®-
¢¨¨, çâ® ªà¨â¥à¨© ®¯â¨¬�«ì−®áâ¨ ï¢«ï¥âáï ¢ë¯ãª«ë¬ ®â−®á¨â¥«ì−® ˜. �â®
âà¥¡ã¥â ¤®¯®«−¨â¥«ì−ëå ¨áá«¥¤®¢�−¨© á¢®©áâ¢ ªà¨â¥à¨�«ì−®© äã−ªæ¨¨ G(˜).
�¡ëç−® äã−ªæ¨ï G(˜) �¯à¨®à¨ −¥ ¨§¢¥áâ−� ¨ ¬®¦¥â ¡ëâì «¨èì ®¯à¥¤¥«¥−� ª�ª
â�¡ã«¨à®¢�−−�ï §�¢¨á¨¬®áâì ®â ˜. �â® á¢ï§�−® á â¥¬, çâ® §−�ç¥−¨ï äã−ªæ¨¨
G(˜) ®¯à¥¤¥«ïîâáï ¢ à¥§ã«ìâ�â¥ ¨−â¥£à¨à®¢�−¨ï ãà�¢−¥−¨© ¤«ï ¯¥à¢ëå ¤¢ãå
¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯à¨ §�¤�−−®© á®¢®ªã¯−®áâ¨ ¯�à�¬¥âà®¢ ˜. �®íâ®¬ã
®−� ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ª�ª �¯¯à®ªá¨¬�æ¨ï (®£¨¡�îé�ï) ¤¨áªà¥â−®£® àï-
¤� §−�ç¥−¨© G(˜(i)). ‡−�ç¨â, ¢ëç¨á«¥−¨¥ £à�¤¨¥−â®¢ dL/d˜ ¢ â®çª�å ˜(i)

âà¥¡ã¥â ¨á¯®«ì§®¢�−¨ï íää¥ªâ¨¢−ëå ç¨á«¥−−ëå ¬¥â®¤®¢ ¯à¨¡«¨¦¥−¨ï äã−ª-
æ¨© [23]. �à¨¢¥¤¥−−�ï ¨â¥à�æ¨®−−�ï ¯à®æ¥¤ãà� ®¡«�¤�¥â −¥¤®áâ�â®ç−® ¢ëá®ª®©
áå®¤¨¬®áâìî. ’à¥¡ã¥âáï ª®àà¥ªæ¨ï à¥§ã«ìâ�â®¢, ¯®«ãç�¥¬ëå ¯® ä®à¬ã«¥ (9).
�à�ªâ¨ç¥áª¨¥ à¥ª®¬¥−¤�æ¨¨, ¯à¨¢¥¤¥−−ë¥ ¢ [23], á¢®¤ïâáï ª ¨á¯®«ì§®¢�−¨î
¤®¯®«−¨â¥«ì−ëå ¢ëç¨á«¥−¨© ¯® ä®à¬ã«¥:

˜
(i+1)
∗ = ˜(i+1) −

−





dM
(

˜(i)
)

d˜(i)





T










dM
(

˜(i)
)

d˜(i)









dM
(

˜(i)
)

d˜(i)





T






−1

M
(

˜(i+1)
)

. (11)

‚ íâ®¬ á«ãç�¥ ¨â¥à�â¨¢−ë© ¯à®æ¥áá ¯à®¤®«¦�¥âáï ¤® â¥å ¯®à, ¯®ª� ªà®¬¥ (10) −¥
¡ã¤¥â ¤®áâ¨£−ãâ� ¤®áâ�â®ç−�ï ¡«¨§®áâì M(˜(i+1)) ª £¨¯¥à¯®¢¥àå−®áâ¨ M(˜) = 0.

3 Оптимальное планирование параметров процессов в системах
послепродажного обслуживания

‚ ®¡«�áâ¨ ¯à®£−®§¨à®¢�−¨ï ¯à®æ¥áá®¢ á¬¥è�−−®© ¯à¨à®¤ë ¢ ‘��� ˆ��
¢®§¬®¦−� à�§«¨ç−�ï ¯®áâ�−®¢ª� §�¤�ç. ��¨¡®«¥¥ ¢á¥®å¢�âë¢�îé¥© ï¢«ï¥âáï
£«®¡�«ì−�ï ®¯â¨¬¨§�æ¨ï ª®¬¯«¥ªá−®© á¨áâ¥¬ë úíªá¯«ã�â�æ¨ï ˆ�� { ®¡á«ã¦¨-
¢�−¨¥ ¨ à¥¬®−â { ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥û ¯® ªà¨â¥à¨ï¬ áâ®¨¬®áâ¨
¯à¨ ®£à�−¨ç¥−¨¨, −�ª«�¤ë¢�¥¬®¬ −� ª®íää¨æ¨¥−â (ãà®¢¥−ì) â¥å−¨ç¥áª®© £®â®¢-
−®áâ¨. �à¨ íâ®¬ ¯®¤á¨áâ¥¬� íªá¯«ã�â�æ¨¨ ˆ�� ï¢«ï¥âáï ¨áâ®ç−¨ª®¬ ¨áå®¤−®©
¨−ä®à¬�æ¨¨ (¯�à�¬¥âàë ¯�àª� ˆ��, ¨−â¥−á¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¯® −�§−�-
ç¥−¨î ¨ ¤à.). ‚ ç�áâ¨ ¯®¤á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï ¨ à¥¬®−â� ®¯â¨¬¨§�æ¨¨ ¬®£ãâ
¯®¤«¥¦�âì ¯�à�¬¥âàë ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¥¤¯à¨ïâ¨©, ®ª�§ë¢�îé¨å ãá«ã£¨ ¯®
â¥ªãé¥¬ã ®¡á«ã¦¨¢�−¨î ¨ à¥¬®−âã ˆ��, � â�ª¦¥ ¯® ¨å ª�¯¨â�«ì−®¬ã à¥¬®−âã.
‚ ¯®¤á¨áâ¥¬¥ ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¢ ¯¥à¢ãî ®ç¥à¥¤ì −¥®¡å®-
¤¨¬® ®¯â¨¬¨§¨à®¢�âì ¯�à�¬¥âàë ¯®áâ�¢®ª ‡—, ª®¬¯«¥ªâãîé¨å ¨ ®¡®àã¤®¢�−¨ï
(áà®ª¨, ®¡ê¥¬ë), à¥¬®−â�.
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„«ï ¤¥¬®−áâà�æ¨¨ ¯à¥¤«�£�¥¬ëå

÷¨á. 1 ƒà�ä á®áâ®ï−¨© ¯�àª� ¨§¤¥«¨© ¨ ¨å
á®áâ�¢−ëå ç�áâ¥©

¯®¤å®¤®¢ áâ�¢¨âáï §�¤�ç� ®¯â¨¬¨§�-
æ¨¨ §�âà�â §�ª�§ç¨ª� −� ¯®áâ�¢ª¨ ‡—
¨ à¥¬®−â −� £®¤ë ¢¯¥à¥¤, ¢¯«®âì ¤®
á¯¨á�−¨ï ˆ�� ¢ ãá«®¢¨ïå ®£à�−¨ç¥-
−¨© −� ¢ë¤¥«ï¥¬ë¥ ä¨−�−á®¢ë¥ à¥-
áãàáë.

�â� §�¤�ç� ¨¬¥¥â ¢¯®«−¥ á�¬®-
áâ®ïâ¥«ì−®¥ §−�ç¥−¨¥ ¢ ãá«®¢¨ïå, ¢
−¥ª®â®à®¬ á¬ëá«¥ ¤¨ªâã¥¬ëå ®¡áâ®-
ïâ¥«ìáâ¢�¬¨, ª®£¤� ¯®ªã¯�â¥«ì á®-
£«�á¥− á ¯�à�¬¥âà�¬¨ á¨áâ¥¬ë ¯à¥¤-
®áâ�¢«¥−¨ï ãá«ã£ ¯® ®¡á«ã¦¨¢�−¨î ¨
à¥¬®−âã, ®¡ãá«®¢«¥−−ë¬¨ ¯®−ïâ−ë-
¬¨ ¢ë£®¤�¬¨ ¤«ï ¯®áâ�¢é¨ª�.

�ãáâì á®áâ®ï−¨¥ ¯�àª� ®¤−®â¨¯−ëå ˆ�� ¨ ¨å á®áâ�¢−ëå ç�áâ¥© (‘—ˆ)
®¯¨áë¢�¥âáï £à�ä®¬, ¯à¥¤áâ�¢«¥−−ë¬ −� à¨á. 1.

‚¥àè¨−ë £à�ä� ®â®¡à�¦�îâ ¢®§¬®¦−ë¥ á®áâ®ï−¨ï á®áâ�¢−ëå ç�áâ¥© ¨§¤¥«¨ï:
1 | ¨á¯à�¢−ë¥ ‘—ˆ ª�ª ‡— −� áª«�¤¥; 2 | ¨á¯à�¢−ë¥ ‘—ˆ, íªá¯«ã�â¨àã¥¬ë¥
¢ á®áâ�¢¥ ¨§¤¥«¨ï; 3 | −¥¨á¯à�¢−ë¥ ‘—ˆ, −�å®¤ïé¨¥áï −� ¢®ááâ�−®¢¨â¥«ì−®¬
à¥¬®−â¥ ã ¯®âà¥¡¨â¥«ï; 4 | ‘—ˆ ¢ á®áâ®ï−¨¨ á¯¨á�−¨ï; 5 | ¨á¯à�¢−ë¥ ‘—ˆ ¢
á®áâ�¢¥ ˆ��, −�å®¤ïé¨åáï −� ¯à®ä¨«�ªâ¨ç¥áª¨å à�¡®â�å.

‚ ®¡®à®â¥ −�å®¤¨âáï ®¯à¥¤¥«¥−−®¥ ª®«¨ç¥áâ¢® ‘—ˆ ª�¦¤®£® â¨¯�. ‚ á¨«ã
à�§«¨ç−ëå á«ãç�©−ëå ä�ªâ®à®¢ ¢á¥ ®−¨ à�á¯à¥¤¥«ïîâáï á«ãç�©−ë¬ ®¡à�§®¬
¬¥¦¤ã ãª�§�−−ë¬¨ ¢ëè¥ á®áâ®ï−¨ï¬¨.

‘âà¥«ª�¬¨ ¯®ª�§�−ë ¤ã£¨ £à�ä� (á¬. à¨á. 1), ®¯¨áë¢�îé¨¥ ¯¥à¥å®¤ë ‘—ˆ
¨ ¨§¤¥«¨ï ¢ æ¥«®¬ ¨§ ®¤−®£® á®áâ®ï−¨ï ¢ ¤àã£®¥. �¡®§−�ç¥−¨ï ¤ã£ £à�ä� ¯�à�¬¨
æ¨äà kh ®â¬¥ç�îâ ¯¥à¥å®¤ë ¨§ á®áâ®ï−¨ï k ¢ á®áâ®ï−¨¥ h á ¨−â¥−á¨¢−®áâìî ρkh.
‘®áâ®ï−¨ï, ¢ ª®â®àëå −�¤ ‘—ˆ ®áãé¥áâ¢«ïîâáï ª�ª¨¥-«¨¡® ¤¥©áâ¢¨ï, á®®â¢¥â-
áâ¢ãîâ −�å®¦¤¥−¨î ¨å ¢ ®¯à¥¤¥«¥−−ëå â¥å−®«®£¨ç¥áª¨å ä�§�å, à¥�«¨§ã¥¬ëå
á¨áâ¥¬�¬¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�). ‘ç¨â�¥âáï, çâ® ¯¥à¥å®¤ë k{h ®¡ã-
á«®¢«¥−ë á«ãç�©−ë¬¨ ¯ã�áá®−®¢áª¨¬¨ ¯®â®ª�¬¨ á®¡ëâ¨©.

�¥à¨®¤¨ç¥áª¨¥ ¯®¯®«−¥−¨ï å�à�ªâ¥à¨§ãîâáï ¯¥à¨®¤®¬ T1 ¨ ®¡ê¥¬®¬ ¯®¯®«-
−¥−¨ï π1(ti) = π1(jT1).

‚¢¥¤¥¬ ¢ à�áá¬®âà¥−¨¥ ä�§®¢ë© ¢¥ªâ®à á¨áâ¥¬ë Y (t), á®áâ�¢«ïîé¨¥ ª®â®à®£®
Yi(t), i = 1, . . . , n, áãâì ª®«¨ç¥áâ¢® ‘—ˆ ¤�−−®£® â¨¯�, −�å®¤ïé¨åáï ¢ i-¬ á®-
áâ®ï−¨¨.

�¤−¨¬ ¨§ ¢�¦−¥©è¨å ¯®ª�§�â¥«¥© ˆ‹� ï¢«ï¥âáï áà¥¤−¨© ª®íää¨æ¨¥−â
â¥å−¨ç¥áª®© £®â®¢−®áâ¨ (¨á¯à�¢−®áâ¨) −� §�¤�−−®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨ [0, T ],
ª®â®àë© ¯à¨¬¥−¨â¥«ì−® ª à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬¥ ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥:
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Ku(T ) =
1

T

T
∫

0

Y2(τ) + Y5(τ)

N
dτ ,

£¤¥ Y2(t), Y5(t) | ª®«¨ç¥áâ¢® ¨á¯à�¢−ëå ‘—ˆ; N | −�å®¤ïé¥¥áï ¢ íªá-
¯«ã�â�æ¨¨ ª®«¨ç¥áâ¢® ‘—ˆ ¤�−−®£® â¨¯�, áâà®£® á®£«�á®¢�−−®¥ á ª®«¨ç¥áâ¢®¬
íªá¯«ã�â¨àã¥¬ëå ˆ�� (á ãç¥â®¬ ˆ��, −�å®¤ïé¨åáï ¢ ª�¯¨â�«ì−®¬ à¥¬®−â¥).

‡� ªà¨â¥à¨© íää¥ªâ¨¢−®áâ¨ (®¯â¨¬�«ì−®áâ¨) ¯à¨¬¥¬ ¢ëà�¦¥−¨¥:

J = Ck

T
∫

0

(

Ku − Ku ÔÒ

)2
dτ ,

£¤¥ Ku(t) | áà¥¤−¥¥ −� ¨−â¥à¢�«¥ [0, t) §−�ç¥−¨¥ ª®íää¨æ¨¥−â� â¥å−¨ç¥áª®©
£®â®¢−®áâ¨, á«ãç�©−�ï äã−ªæ¨ï; KuÔÒ | §�¤�−−®¥ §�ª�§ç¨ª®¬ (âà¥¡ã¥¬®¥)
§−�ç¥−¨¥ áà¥¤−¥£® −� ¯¥à¨®¤¥ [0, T ] ª®íää¨æ¨¥−â� â¥å−¨ç¥áª®© £®â®¢−®áâ¨ ¯�àª�
ˆ��; Ck | ª®íää¨æ¨¥−â.

’à¥¡ã¥âáï ¯®«ãç¨âì ®¯â¨¬�«ì−ë¥ ¯à®£à�¬¬ë ¯®áâ�¢®ª ‡— ¨ ®¡ê¥¬®¢ à¥¬®−â�
−� §�¤�−−ë© ¯¥à¨®¤ íªá¯«ã�â�æ¨¨ ˆ�� ¤«ï ®¡¥á¯¥ç¥−¨ï §�¤�−−®£® ãà®¢−ï
â¥å−¨ç¥áª®© £®â®¢−®áâ¨ ¨§¤¥«¨©. �à¨ íâ®¬ ¢ á¨áâ¥¬¥ ¤¥©áâ¢ãîâ ä¨−�−á®¢ë¥
®£à�−¨ç¥−¨ï ¢ ¢¨¤¥ £®¤®¢®£® ¡î¤¦¥â�.

‚ ¤�−−®¬ á«ãç�¥ ®£à�−¨ç¥−¨¥ (4) á¢ï§ë¢�¥â ¡î¤¦¥â á à�áå®¤�¬¨ −� §�ªã¯ª¨ ¨
à¥¬®−â ¨ ¯à¨−¨¬�¥â ¢¨¤:

CRjλRj + CPjλPj − Cj = 0 ,

£¤¥ j | â¥ªãé¨© £®¤; Crj | áâ®¨¬®áâì à¥¬®−â� ‘—ˆ; λRj | ¯à®¨§¢®¤¨â¥«ì−®áâì
à¥¬®−â� (‘—ˆ ¢ £®¤); CPj | áâ®¨¬®áâì §�ªã¯ª¨ ®¤−®© ‘—ˆ; λPj | ®¡ê¥¬
¯®áâ�¢ª¨; Cj | £®¤®¢®© ¡î¤¦¥â.

�«£®à¨â¬ (8) ¨ (9) ¢ëç¨á«¥−¨ï ®¯â¨¬�«ì−®£® §−�ç¥−¨ï “̃ ¢¥ªâ®à� ¯�à�¬¥â-
à®¢ á ¨á¯®«ì§®¢�−¨¥¬ £à�¤¨¥−â−®£® ¬¥â®¤� ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ªà¨â¥à¨�«ì−�ï
äã−ªæ¨ï G(˜) ¢ ¬®¬¥−â t = T ï¢«ï¥âáï ¤¨ää¥à¥−æ¨àã¥¬®© ¯® á®¢®ªã¯−®áâ¨
�à£ã¬¥−â®¢, ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨ï¬¨:

λ
(i+1)
Pj = λ

(i)
Pj − ξ





∂G

∂λ
(i)
Pj

− CPj

C2Pj + C2Rj



CPj
∂G

∂λ
(i)
Pj

+ CRj
∂G

∂λ
(i)
Rj







 ;

λ
(i+1)
Rj = λ

(i)
Rj − ξ





∂G

∂λ
(i)
Rj

− CRj

C2Pj + C2Rj



CPj
∂G

∂λ
(i)
Pj

+ CRj
∂G

∂λ
(i)
Rj







 .
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“â®ç−¥−¨¥ à¥§ã«ìâ�â®¢ ¯® ä®à¬ã«¥ (11) ¢ ª�¦¤®© ¨â¥à�æ¨¨ ¯®«ãç�¥âáï á
¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ¢ëà�¦¥−¨©:

λ
(i+1)
Pj = λ

(i)
Pj − ξ2

CPj

C2Pj + C2Rj

(CRjλRj + CPjλPj − Cj) ;

λ
(i+1)
Rj = λ

(i)
Rj − ξ2

CRj

C2Pj + C2Rj

(CRjλRj + CPjλPj − Cj) .

‡−�ç¥−¨ï ç�áâ−ëå ¯à®¨§¢®¤−ëå ∂G/∂m
(i)
10 , ∂G/∂N

(i)
0 ¨ ∂G/∂π

(i)
1 −¥-

®¡å®¤¨¬® ¢ëç¨á«ïâì ç¨á«¥−−ë¬ ¯ãâ¥¬, ¨á¯®«ì§ãï �¯¯à®ªá¨¬�æ¨î äã−ªæ¨¨
G(m1(0), N0,˜).

4 Инструментальный программный комплекс

‚ ˆ�ˆ ÷�� ¢ 2013 £. á®§¤�−� ¢¥àá¨ï 2.0 íªá¯¥à¨¬¥−â�«ì−®£® ¯à®£à�¬¬−®£®
ª®¬¯«¥ªá� ¯à®£−®§¨à®¢�−¨ï ¨ ®¯â¨¬¨§�æ¨¨ ú�¯â¨¬¨§�æ¨ï ‘���û.

�à®£à�¬¬ë ¯®¯®«−¥−¨© ¨ à¥¬®−â®¢ áç¨â�îâáï ®¯â¨¬�«ì−ë¬¨, ¥á«¨ ¯à®-
£−®§¨àã¥¬ë© ¯à¨ íâ¨å ®¡ê¥¬�å ãà®¢¥−ì ¨á¯à�¢−®áâ¨ −� ¯«�−¨àã¥¬®¬ ¯¥à¨®¤¥
íªá¯«ã�â�æ¨¨ ˆ�� ¬¨−¨¬�«ì−® ®â«¨ç�¥âáï ®â §�¤�−−®£® á ãç¥â®¬ ¤¥©áâ¢ãîé¨å
®£à�−¨ç¥−¨© −� ®¡ê¥¬ £®¤®¢®£® ¡î¤¦¥â� ¨ ¯à®¨§¢®¤¨â¥«ì−®áâì à¥¬®−â� ‘—ˆ.

”�ªâ¨ç¥áª¨ íâ® ®§−�ç�¥â, çâ® ¨§-

÷¨á. 2 ‘à¥¤−¨© ª®íää¨æ¨¥−â ¨á¯à�¢−®áâ¨
(¡¥§ ãç¥â� ¡î¤¦¥â�)

«¨èª¨ ‡— −� áª«�¤¥ ¤®«¦−ë ¡ëâì
¬¨−¨¬�«ì−ë¬¨, çâ® ¨ ¯®¤â¢¥à¦¤�-
¥âáï ¢ ç¨á«¥−−®¬ íªá¯¥à¨¬¥−â¥.
�â® à�¢−®§−�ç−® ¬¨−¨¬�«ì−®© áâ®-
¨¬®áâ¨ ¯®áâ�¢®ª.

„�«¥¥ ¯à®¤¥¬®−áâà¨àã¥¬ à¥-
§ã«ìâ�âë à�¡®âë ¯à®£à�¬¬−®-
£® ª®¬¯«¥ªá� ¯à®£−®§¨à®¢�−¨ï ¨
®¯â¨¬¨§�æ¨¨ ¢ à�§«¨ç−ëå à¥¦¨-
¬�å.

÷¨áã−ª¨ 2 ¨ 3 á®®â¢¥âáâ¢ãîâ
à¥¦¨¬ã ¯®¨áª� ¯à®£à�¬¬ §�ªã¯®ª
‡— ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ à¥¬®−â�
¯® £®¤�¬ ¤«ï ¯®¤¤¥à¦�−¨ï §�¤�−-
−®£® ãà®¢−ï ª®íää¨æ¨¥−â� ¨á¯à�¢-

−®áâ¨ 0,75 (á¬. à¨á. 2) ¡¥§ ãç¥â� ä¨−�−á®¢ëå ®£à�−¨ç¥−¨©, ª®â®àë¥ ®¯à¥¤¥«ïîâáï
¢¥«¨ç¨−®© £®¤®¢®£® ¡î¤¦¥â�.

‚ à¥§ã«ìâ�â¥ ¯®¨áª� ¡ë«¨ −�©¤¥−ë á«¥¤ãîé¨¥ ¯à®£à�¬¬ë ¯® £®¤�¬. „«ï
¯®áâ�¢®ª ‡—: 0, 0, 1, 3, 4, 5, 6, 6, 6. „«ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ à¥¬®−â� (‘—ˆ ¢
£®¤): 21, 23, 23, 20, 20, 20, 20, 21, 22. �¡é¨¥ §�âà�âë −� §�ªã¯ªã ¨ à¥¬®−â ¢
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÷¨á. 3 �à®£à�¬¬ë ¯®áâ�¢®ª ¨ à¥¬®−â� ¤«ï ¢ëá®ª®£® (�) ¨ −¨§ª®£® (¡) ãà®¢−¥© ¡î¤¦¥â�:
1 | ¡î¤¦¥â; 2 | ®¡é¨¥ §�âà�âë; 3 | áâ®¨¬®áâì à¥¬®−â�; 4 | áâ®¨¬®áâì §�ªã¯®ª

¤�−−®¬ á«ãç�¥ á®áâ�¢ïâ ®ª®«® 7150 ¤®««. ‘˜�. �� à¨á. 3 ¯®ª�§�−ë áâ®¨¬®áâ¨
−�©¤¥−−ëå ¯à®£à�¬¬ ¢¬¥áâ¥ á ãà®¢−¥¬ ¡î¤¦¥â�. ÷¨áã−®ª 3, � á®®â¢¥âáâ¢ã¥â
á«ãç�î, ª®£¤� §�âà�âë ãª«�¤ë¢�îâáï ¢ ¢ë¤¥«¥−−ë© ¡î¤¦¥â, � à¨á. 3, ¡ | á«ãç�î
−¨§ª®£® ãà®¢−ï ¡î¤¦¥â�. ‚ë¯®«−¥−¨¥ âà¥¡®¢�−¨© â�ª®£® ¡î¤¦¥â� ®ª�§ë¢�¥âáï
−¥¢®§¬®¦−ë¬ ¯à¨ ã¤¥à¦�−¨¨ −¥®¡å®¤¨¬®£® §−�ç¥−¨ï áà¥¤−¥£® ª®íää¨æ¨¥−â�
¨á¯à�¢−®áâ¨.

�� à¨á. 4 ¨ 5 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¯®¨áª� ¯à®£à�¬¬ ¯®áâ�¢®ª ¨ à¥¬®−â�
á ãç¥â®¬ ä¨−�−á®¢ëå ®£à�−¨ç¥−¨©. ‚ ¤�−−®¬ á«ãç�¥ ®¡é¨¥ §�âà�âë −� §�ªã¯ªã
¨ à¥¬®−â −¥ ¯à¥¢ëè�îâ ¢¥«¨ç¨−ã ¢ë¤¥«¥−−®£® ¡î¤¦¥â� −� ª�¦¤ë© £®¤, −®

÷¨á. 4 ‘à¥¤−¨© ª®íää¨æ¨¥−â ¨á¯à�¢-
−®áâ¨ (á ãç¥â®¬ −¨§ª®£® ãà®¢−ï ¡î¤¦¥â�)

÷¨á. 5 �à®£à�¬¬ë ¯®áâ�¢®ª ¨ à¥¬®−â�
(á ãç¥â®¬ −¨§ª®£® ãà®¢−ï ¡î¤¦¥â�): 1 |
¡î¤¦¥â; 2 | ®¡é¨¥ §�âà�âë; 3 | áâ®¨¬®áâì
à¥¬®−â�; 4 | áâ®¨¬®áâì §�ªã¯®ª
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ˆ. �. ‘¨−¨æë−, �. ‘. ˜�«�¬®¢, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

¯à¨ íâ®¬ −¥ ã¤�¥âáï ã¤¥à¦¨¢�âì ª®íää¨æ¨¥−â ¨á¯à�¢−®áâ¨ −� ãà®¢−¥ 0,75 (á¬.
à¨á. 4).

�� à¨á. 5 ¯®ª�§�−ë ¯à®£à�¬¬ë, ¯à¨ ª®â®àëå ¢ë¯®«−ïîâáï ãá«®¢¨ï ¡î¤¦¥â-
−ëå ®£à�−¨ç¥−¨© ¨ ¯®¤¤¥à¦¨¢�¥âáï ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë© ãà®¢¥−ì ª®íää¨-
æ¨¥−â� ¨á¯à�¢−®áâ¨. �ë«¨ ¯®«ãç¥−ë á«¥¤ãîé¨¥ §−�ç¥−¨ï ¯à®£à�¬¬ ¯® £®¤�¬.
„«ï ¯®áâ�¢®ª ‡—: 0, 0, 1, 1, 2, 3, 2, 9, 14. „«ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ à¥¬®−â�
(‘—ˆ ¢ £®¤): 21, 23, 23, 19, 18, 18, 17, 2, 0. �¡é�ï áâ®¨¬®áâì §�âà�â á®áâ�¢¨«�
¯à¨¬¥à−® 5860 ¤®««. ‘˜� ¯à¨ áã¬¬�à−®¬ ¡î¤¦¥â¥ ¢ 5788 ¤®««. ‘˜�.

5 Заключение

÷�§à�¡®â�−−®¥ ¨−áâàã¬¥−â�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ®áãé¥áâ¢«ï¥â �¢-
â®¬�â¨ç¥áª¨© ¯®¨áª ®¯â¨¬�«ì−ëå ¯à®£à�¬¬ ¯®áâ�¢®ª ¨ à¥¬®−â� ¯® £®¤�¬ ¢
ãá«®¢¨ïå ä¨−�−á®¢®-¡î¤¦¥â−ëå ®£à�−¨ç¥−¨©. �−® ¯®§¢®«ï¥â íää¥ªâ¨¢−® à¥-
è�âì §�¤�çã ®¯â¨¬¨§�æ¨¨ −¥ â®«ìª® ¤«ï ã¯à®é¥−−®© á¨áâ¥¬ë, −® ¨ ¢ á«ãç�¥
á«®¦−ëå £¨¡à¨¤−ëå ‘���.

‚ [17, 19] à�§à�¡®â�−ë ¬¥â®¤ë ¨ �«£®à¨â¬ë ®¯â¨¬¨§�æ¨¨ ‘��� −� ¡�§¥
¬¥â®¤®¢ ¨ áà¥¤áâ¢ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨©.

ˆá¯®«ì§®¢�−¨¥ ¯®¤®¡−ëå ª®¬¯«¥ªá®¢ ¯à®£−®§¨à®¢�−¨ï ¨ ®¯â¨¬¨§�æ¨¨ ¨§£®-
â®¢¨â¥«ï¬¨ ¨ §�ª�§ç¨ª�¬¨ ˆ�� ¯®§¢®«¨â ¨¬ íää¥ªâ¨¢−® ¨ ®¯¥à�â¨¢−® à¥è�âì
§�¤�ç¨ ¯à®£−®§¨à®¢�−¨ï, ®æ¥−ª¨ ¨ ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ ¢ ‘���.
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METHODS AND TOOLS FOR OPTIMAL PLANNING OF PROCESS
PARAMETERS IN AFTERSALE SERVICE SYSTEMS OF HIGH

TECHNOLOGY PRODUCTS
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Abstract: The methods and software tools of aftersale systems optimization
are considered based on cost criteria for a given level of technical operability
coefficient are considered. A brief overview of current approaches to product
lifecycle management of high technology products, based on the Western concept
of CALS (Continuous Acquisition and Life cycle Support) and its Russian
analogue | IAS (integrated information support of products) is provided.
A new stochastic approach to modeling of aftersale systems for products of high
technology is presented. This approach is used to solve the actual problem
of optimal design and operation of service system based on cost criteria. The
methods for finding optimal values of service systems using different measures
of efficiency are described. Methodological and instrumental software tools
for cost optimization of spare parts supply and repairs for years to come, until
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the write-off of the device under restrictions on allocated financial resources
and the need to maintain a given level of technical operability coefficient, are
demonstrated.

Keywords: aftersale service system; high technology product; repair and supply
of spare parts; level of technical operability of manufactured product park; cost
of repair and supplies; limited budget; repair and supply of spare parts program
optimization; software tool
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СОГЛАСОВАНИЕ АГРЕГИРОВАННЫХ
И ДЕТАЛИЗИРОВАННЫХ ПРОГНОЗОВ ПРИ РЕШЕНИИ ЗАДАЧ

НЕПАРАМЕТРИЧЕСКОГО ПРОГНОЗИРОВАНИЯ∗

М. М. Стенина1, В. В. Стрижов2

�−−®â�æ¨ï: ˆáá«¥¤ãîâáï §�¤�ç¨, á¢ï§�−−ë¥ á ¯à®£−®§¨à®¢�−¨¥¬ ¡®«ìè®£®
ç¨á«� ¢à¥¬¥−−‚ëå àï¤®¢, ®¡à�§ãîé¨å ¨¥à�àå¨ç¥áªãî áâàãªâãàã. Š ¯à®£−®§�¬
â�ª¨å àï¤®¢, ª�ª ¯à�¢¨«®, ¯à¥¤êï¢«ï¥âáï âà¥¡®¢�−¨¥ á®£«�á®¢�−−®áâ¨ ¯à®-
£−®§®¢ ¯® ãà®¢−ï¬ ¨¥à�àå¨¨. ‚ áâ�âì¥ ¯à¥¤«�£�¥âáï �«£®à¨â¬ á®£«�á®¢�−¨ï
¯à®£−®§®¢ ¨¥à�àå¨ç¥áª¨å ¢à¥¬¥−−ëå àï¤®¢, ®á−®¢�−−ë© −� à¥è¥−¨¨ §�¤�ç¨
®¯â¨¬¨§�æ¨¨ á ®£à�−¨ç¥−¨ï¬¨. �à¥¤«�£�¥¬ë© �«£®à¨â¬ ¯®§¢®«ï¥â ¯à®¢®-
¤¨âì á®£«�á®¢�−¨¥ ¯à®£−®§®¢ ¢ á«ãç�¥ −¥¯«®áª®© ¨¥à�àå¨ç¥áª®© áâàãªâãàë,
� â�ª¦¥ ãç¨âë¢�âì ä¨§¨ç¥áª¨¥ ®£à�−¨ç¥−¨ï −� ¯à®£−®§¨àã¥¬ë¥ ¢¥«¨ç¨−ë,
â�ª¨¥ ª�ª −¥®âà¨æ�â¥«ì−®áâì ¨«¨ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥. ÷�¡®â� �«£®à¨â-
¬� ¤¥¬®−áâà¨àã¥âáï −� ¤�−−ëå ¯®áãâ®ç−®© §�£àã¦¥−−®áâ¨ ¦¥«¥§−®¤®à®¦−ëå
ã§«®¢ ¢ �¬áª®© ®¡«�áâ¨, ª�ç¥áâ¢® ¯à®£−®§®¢ áà�¢−¨¢�¥âáï á ª�ç¥áâ¢®¬ ¯à®-
£−®§®¢ �«£®à¨â¬� ®¯â¨¬�«ì−®£® á®£«�á®¢�−¨ï. ’�ª¦¥ ¤¥¬®−áâà¨àã¥âáï à�¡®â�
¯à¥¤«�£�¥¬®£® �«£®à¨â¬� ¯à¨ −¥¯«®áª®© ¨¥à�àå¨ç¥áª®© áâàãªâãà¥ ¢à¥¬¥−−‚ëå
àï¤®¢.

Š«îç¥¢ë¥ á«®¢�: ¨¥à�àå¨ç¥áª¨¥ ¢à¥¬¥−−‚ë¥ àï¤ë; −¥¯�à�¬¥âà¨ç¥áª®¥ ¯à®-
£−®§¨à®¢�−¨¥; í¬¯¨à¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥; á®£«�á®¢�−¨¥ ¯à®£−®§®¢
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1 Введение

‚® ¬−®£¨å ¯à¨ª«�¤−ëå ®¡«�áâïå ç�áâ® ¢®§−¨ª�îâ §�¤�ç¨, á¢ï§�−−ë¥ á ¯à®-
£−®§¨à®¢�−¨¥¬ ¡®«ìè®£® ç¨á«� ¢à¥¬¥−−‚ëå àï¤®¢, ®¡à�§ãîé¨å ¨¥à�àå¨ç¥áªãî
áâàãªâãàã, ®á−®¢�−−ãî, −�¯à¨¬¥à, −� à�§¡¨¥−¨¨ −� £¥®£à�ä¨ç¥áª¨¥ à�©®−ë ¨«¨
¯® £àã¯¯�¬ â®¢�à®¢ ¨«¨ £àã§®¢. �á−®¢−®¥ âà¥¡®¢�−¨¥, ¯à¥¤êï¢«ï¥¬®¥ ª ¯à®£−®-
§�¬ ¨¥à�àå¨ç¥áª¨å ¢à¥¬¥−−‚ëå àï¤®¢, | á®£«�á®¢�−−®áâì áã¬¬ ¯à®£−®§¨àã¥¬ëå
¢¥«¨ç¨− ¯® ãà®¢−ï¬ ¨¥à�àå¨¨.

‘ãé¥áâ¢ã¥â −¥áª®«ìª® ®á−®¢−ëå ¯®¤å®¤®¢ ª §�¤�ç¥ á®£«�á®¢�−¨ï ¯à®£−®§®¢
¨¥à�àå¨ç¥áª¨å ¢à¥¬¥−−‚ëå àï¤®¢. �®¤å®¤ë top-down ¨ bottom-up ï¢«ïîâáï
á�¬ë¬¨ à�á¯à®áâà�−¥−−ë¬¨. �®¤å®¤ top-down ¯à¥¤¯®«�£�¥â ¯®«ãç¥−¨¥ ¯à®-
£−®§� −� ¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ (�£à¥£¨à®¢�−−ë© ¢à¥¬¥−−®© àï¤), � §�â¥¬
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¤¥�£à¥£¨à®¢�−¨¥ íâ®£® ¯à®£−®§� −� á«¥¤ãîé¨© (¡®«¥¥ −¨§ª¨©) ãà®¢¥−ì ¨¥à�àå¨¨
−� ®á−®¢�−¨¨ ¤®«¥©, −�¡«î¤�¥¬ëå ¢ ¨áâ®à¨¨. �®¤å®¤ bottom-up ¨á¯®«ì§ã-
¥â ¯à®£−®§ë ¢à¥¬¥−−‚ëå àï¤®¢ −¨¦−¥£® ãà®¢−ï ¨¥à�àå¨¨ (−¥�£à¥£¨à®¢�−−ëå), ¨§
ª®â®àëå ¯®«ãç�¥â ¯à®£−®§ë àï¤®¢ ¨§ ¢¥àå−¨å ãà®¢−¥© ¯ãâ¥¬ �£à¥£¨à®¢�−¨ï. ’�ª-
¦¥ ¢áâà¥ç�îâáï ¯®¤å®¤ë, ª®¬¡¨−¨àãîé¨¥ top-down ¨ bottom-up, ¨å −�§ë¢�îâ
middle-out.

�¥â ¥¤¨−®© â®çª¨ §à¥−¨ï −� â®, ª�ª®© ¨§ ¯®¤å®¤®¢ ¯®§¢®«ï¥â ¯®«ãç�âì
¡®«¥¥ â®ç−ë¥ ¯à®£−®§ë. ��¨¡®«¥¥ à�−−¨¥ ¨áá«¥¤®¢�−¨ï ¯à®¢¥¤¥−ë ¢ à�¡®â¥ [1],
£¤¥ �¢â®àë ãâ¢¥à¦¤�îâ, çâ® −¥�£à¥£¨à®¢�−−ë¥ ¤�−−ë¥ á®¤¥à¦�â ¬−®£® ®è¨¡®ª
¨ ¯®íâ®¬ã top-down ¯à®£−®§¨à®¢�−¨¥ ¤�¥â ¡®«¥¥ â®ç−ë¥ ¯à®£−®§ë. Š â�ª¨¬
¦¥ ¢ë¢®¤�¬ ¯à¨å®¤ïâ �¢â®àë à�¡®â [2, 3]. ‚ [4] â�ª¦¥ ¤®ª�§ë¢�¥âáï, çâ®
�£à¥£¨à®¢�−−ë¥ ¯à®£−®§ë ¡®«¥¥ â®ç−ë. ‘ ¤àã£®© áâ®à®−ë, ¢ [5, 6] ¯®ª�§�−®, çâ®
®á−®¢−ë¥ ¯®â¥à¨ ¨−ä®à¬�æ¨¨ ¯à®¨áå®¤ïâ ¯à¨ �£à¥£¨à®¢�−¨¨ ¨ ¯®íâ®¬ã bottom-
up ¯®¤å®¤ ¯à¥¤¯®çâ¨â¥«ì−¥¥. ‚ [7] áà�¢−¨¢�îâáï ®¡� ¯®¤å®¤� ª á®£«�á®¢�−¨î
¯à®£−®§®¢ ¨ ãâ¢¥à¦¤�¥âáï, çâ® bottom-up ¯à¥¤¯®çâ¨â¥«ì−¥¥ ¯à¨ ¢ë¯®«−¥−¨¨
−¥ª®â®àëå ãá«®¢¨© −� áâàãªâãàã ¨¥à�àå¨¨ ¨ £®à¨§®−â ¯à®£−®§�. ‚ [8] ¨áá«¥¤ãîâáï
á¬¥é¥−¨¥ ¨ ãáâ®©ç¨¢®áâì ¯à®£−®§®¢, ¯®«ãç�¥¬ëå á ¯®¬®éìî ®¡®¨å ¯®¤å®¤®¢, ¨
§�ª«îç�¥âáï, çâ® bottom-up −�¤¥¦−¥¥, §� ¨áª«îç¥−¨¥¬ á«ãç�¥¢ á ¯à®¯ãáª�¬¨
§−�ç¥−¨© ¨ ¢ë¡à®á�¬¨ −� −¨¦−¨å ãà®¢−ïå ¨¥à�àå¨¨.

‚ á«¥¤ãîé¨å à�¡®â�å ¯à®¢®¤¨«¨áì â¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï ¯®¤å®¤®¢
bottom-up ¨ top-down, ª®â®àë¥ −¥ ¤�«¨ ¢ë¢®¤®¢ ® â®¬, çâ® ®¤¨− ¨§ ¯®¤å®¤®¢
á®£«�á®¢�−¨ï ¯à®£−®§®¢ ¡®«¥¥ ¯à¥¤¯®çâ¨â¥«¥−, ç¥¬ ¤àã£®©. ‚ [9, 10] ¯à¨¢®-
¤ïâáï â¥®à¥â¨ç¥áª¨¥ �à£ã¬¥−âë ¢ ¯®«ì§ã â®£®, çâ® â®ç−®áâì ¯à®£−®§®¢ §�¢¨á¨â
®â ª®¢�à¨�æ¨®−−®© áâàãªâãàë àï¤®¢ | ª®¬¯®−¥−â®¢ ¨¥à�àå¨ç¥áª®© áâàãªâãàë.
‚ à�¡®â¥ [11] ®¡áã¦¤�¥âáï −¥áª®«ìª® ¬®¤¥«¥© ¢à¥¬¥−−‚ëå àï¤®¢ ¨ ¤¥¬®−áâà¨àã-
¥âáï, çâ® −¥â ®¤−®§−�ç−®£® ¯à¥¢®áå®¤áâ¢� ®¤−®£® ¯®¤å®¤� −�¤ ¤àã£¨¬. ‚ [12]
§�ª«îç�¥âáï, çâ® −¥®¡å®¤¨¬® ª®¬¡¨−¨à®¢�âì ®¡� ¯®¤å®¤�. ‚ [13] ®¡®¡é�îâáï −�-
¯à�¢«¥−¨ï ¯à®£−®§¨à®¢�−¨ï ¨¥à�àå¨ç¥áª¨å ¢à¥¬¥−−‚ëå àï¤®¢, −® −¥ ¯à¥¤«�£�¥âáï
−®¢ëå ¯®¤å®¤®¢.

�¢â®àë áâ�âì¨ [14] ®¡®¡é�îâ áãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ª á®£«�á®¢�−¨î ¨¥à�à-
å¨ç¥áª¨å ¯à®£−®§®¢ ¨ ¯à¥¤«�£�îâ ®¯â¨¬�«ì−®¥ á®£«�á®¢�−¨¥ á ¨á¯®«ì§®¢�−¨¥¬
à¥£à¥áá¨¨. ‚ íâ®© à�¡®â¥ ãâ¢¥à¦¤�¥âáï, çâ® ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ®å¢�âë¢�¥â
¢á¥ ¢®§¬®¦−ë¥ á¯®á®¡ë á®£«�á®¢�−¨ï ¯à®£−®§®¢ ¤«ï ¨¥à�àå¨ç¥áª¨å ¢à¥¬¥−−‚ëå
àï¤®¢. �¤−�ª® ¢ áâ�âì¥ à�áá¬�âà¨¢�îâáï â®«ìª® á¯®á®¡ë á®£«�á®¢�−¨ï, ¢ª«îç�-
îé¨¥ ¢á¥¢®§¬®¦−ë¥ áã¬¬¨à®¢�−¨ï ¯à®£−®§®¢ àï¤®¢ −¨¦−¥£® ãà®¢−ï ¨¥à�àå¨¨
¤«ï ¯®«ãç¥−¨ï ¯à®£−®§®¢ ¢¥àå−¨å ãà®¢−¥© «¨¡® à�§¡¨¥−¨ï ¯à®£−®§®¢ ¢¥àå−¥£®
ãà®¢−ï ¨¥à�àå¨¨ ¤«ï ¯®«ãç¥−¨ï ¯à®£−®§®¢ −¨¦−¥£® ãà®¢−ï.

‚ −�áâ®ïé¥© à�¡®â¥ ¯à¥¤«�£�¥âáï ¯à¨−æ¨¯¨�«ì−® ¨−®© ¯®¤å®¤ ª §�¤�ç¥ á®-
£«�á®¢�−¨ï ¯à®£−®§®¢ ¨¥à�àå¨ç¥áª¨å ¢à¥¬¥−−‚ëå àï¤®¢, ¯®§¢®«ïîé¨© ¯à®¢®¤¨âì
á®£«�á®¢�−¨¥ −¥ â®«ìª® ¤«ï ¨¥à�àå¨© á ¯«®áª®© áâàãªâãà®©, −® ¨ ¤«ï ¨¥à�àå¨©,
¢ ª®â®àëå à�§¡¨¥−¨¥ ¯à®¨§¢®¤¨âáï ¡®«¥¥ ç¥¬ ¯® ®¤−®© à�§¬¥à−®áâ¨ (−�¯à¨-
¬¥à, à�§¡¨¥−¨¥ ¯® â®¢�à�¬ ¨ â¥àà¨â®à¨�«ì−®¥ à�§¡¨¥−¨¥ ¯® ¬¥áâ®¯®«®¦¥−¨î
¬�£�§¨−®¢ ¯à¨ ¯à®£−®§¨à®¢�−¨¨ á¯à®á� ¨«¨ à�§¡¨¥−¨¥ ¯® â¨¯�¬ £àã§®¢ ¨ ¦¥-
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«¥§−®¤®à®¦−ë¬ ¢¥âª�¬ ¯à¨ ¯à®£−®§¨à®¢�−¨¨ ®¡ê¥¬®¢ £àã§®¯¥à¥¢®§®ª). Šà®¬¥
â®£®, ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ¥áâì ¢®§¬®¦−®áâì ãç¨âë¢�âì
ä¨§¨ç¥áª¨¥ ®£à�−¨ç¥−¨ï −� ¯à®£−®§¨àã¥¬ë¥ ¢¥«¨ç¨−ë, â�ª¨¥ ª�ª, −�¯à¨¬¥à,
¨å −¥®âà¨æ�â¥«ì−®áâì. Š®àà¥ªâ¨à®¢ª� ¯à®£−®§®¢ ¯à®¨§¢®¤¨âáï ¯ãâ¥¬ ®¯â¨¬¨§�-
æ¨¨ ª¢�¤à�â¨ç−®£® äã−ªæ¨®−�«� á ®£à�−¨ç¥−¨ï¬¨ â¨¯� à�¢¥−áâ¢� ¨ −¥à�¢¥−áâ¢�.
�£à�−¨ç¥−¨¥-à�¢¥−áâ¢® á®®â¢¥âáâ¢ã¥â âà¥¡®¢�−¨î à�¢¥−áâ¢� ¯à®£−®§� ¢¥àå−¥£®
ãà®¢−ï ¨¥à�àå¨¨ áã¬¬¥ ¯à®£−®§®¢ −¨¦−¥£® ãà®¢−ï ¨¥à�àå¨¨, � ®£à�−¨ç¥−¨ï-
−¥à�¢¥−áâ¢� á¢ï§�−ë á ä¨§¨ç¥áª®© ¯à¨à®¤®© ¯à®£−®§¨àã¥¬ëå ¢¥«¨ç¨− (−�¯à¨-
¬¥à, ª®«¨ç¥áâ¢® ¯à®¤�−−®£® â®¢�à� ¨«¨ ®â¯à�¢«¥−−ëå ¢�£®−®¢ −¥ ¬®¦¥â ¡ëâì
®âà¨æ�â¥«ì−ë¬). �à¨ ¬−®£®ãà®¢−¥¢®© ¨¥à�àå¨ç¥áª®© áâàãªâãà¥ á®£«�á®¢�−¨¥
¯à®¢®¤¨âáï á¢¥àåã ¢−¨§, â. ¥. á¯¥à¢� á®£«�áãîâáï ¯¥à¢ë© ¨ ¢â®à®© ãà®¢−¨, §�â¥¬
¢â®à®© ¨ âà¥â¨© ¨ â. ¤.

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� à�¡®âë ¯à¥¤«�£�¥¬®© ¯à®æ¥¤ãàë á®£«�á®¢�−¨ï ¯à®¢®-
¤¨âáï íªá¯¥à¨¬¥−â ¯® ¯à®£−®§¨à®¢�−¨î ®¡ê¥¬®¢ ¦¥«¥§−®¤®à®¦−ëå £àã§®¯¥à¥-
¢®§®ª 38 â¨¯®¢ £àã§®¢ ¯® 99 ¢¥âª�¬. „«ï ¢�à¨�−â� ¯«®áª®© ¨¥à�àå¨ç¥áª®©
áâàãªâãàë ¯à®¢®¤¨âáï áà�¢−¥−¨¥ ª�ç¥áâ¢� ¯à®£−®§� á �«£®à¨â¬®¬ ®¯â¨¬�«ì−®£®
á®£«�á®¢�−¨ï [14], ª®â®àë©, ª�ª ¯®ª�§�−® ¢ [14], ¯à¥¢®áå®¤¨â ¯® ª�ç¥áâ¢ã ¯à®-
£−®§®¢ ¯®¤å®¤ë top-down ¨ bottom-up. ’�ª¦¥ ®æ¥−¨¢�¥âáï ª�ç¥áâ¢® ¯à®£−®§�
¯à¨ á®£«�á®¢�−¨¨ ¤«ï ¨¥à�àå¨ç¥áª®© áâàãªâãàë á ¤¢ã¬ï à�§¬¥à−®áâï¬¨ (¢¥âª¨ ¨
â¨¯ë £àã§®¢).

‚ ª�ç¥áâ¢¥ �«£®à¨â¬� ¯à®£−®§¨à®¢�−¨ï ¢à¥¬¥−−‚ëå àï¤®¢ ¢ë¡à�− �«£®à¨â¬
−¥¯�à�¬¥âà¨ç¥áª®£® ¯à®£−®§¨à®¢�−¨ï Hist, ®¯¨á�−−ë© ¢ [15].

‚ à�§¤. 2 à�áá¬�âà¨¢�¥âáï ¯à¥¤«�£�¥¬ë© �«£®à¨â¬ á®£«�á®¢�−¨ï, §�â¥¬ ¢
à�§¤. 3 ®¯¨áë¢�¥âáï ¨á¯®«ì§ã¥¬ë© �«£®à¨â¬ ¯à®£−®§¨à®¢�−¨ï, à�§¤. 4 ¯®á¢ïé¥−
®æ¥−ª¥ ª�ç¥áâ¢� à�¡®âë ¯à¥¤«�£�¥¬®£® �«£®à¨â¬� ¨ ¥£® áà�¢−¥−¨î á �«£®à¨â¬®¬
®¯â¨¬�«ì−®£® á®£«�á®¢�−¨ï [14].

2 Задача согласования прогнозов

2.1 Согласование прогнозов при плоской иерахической структуре

÷�áá¬®âà¨¬ ¤¢ãåãà®¢−¥−ãî ¯«®áªãî ¨¥à�àå¨ç¥áªãî áâàãªâãàã, ¢ ª®â®à®© −�
¢¥àå−¥¬ ãà®¢−¥ −�å®¤¨âáï ®¤¨− ¢à¥¬¥−−®© àï¤

X = {Xt} , t = 1, . . . , T .

�ãáâì −� −¨¦−¥¬ ãà®¢−¥ −�å®¤¨âáï n ¢à¥¬¥−−‚ëå àï¤®¢

xi = {xit} , t = 1, . . . , T , i = 1, . . . , n .

‘¢ï§ì ¬¥¦¤ã àï¤®¬ ¢¥àå−¥£® ãà®¢−ï ¨ àï¤�¬¨ −¨¦−¥£® ãà®¢−ï §�¤�¥âáï á®®â−®-
è¥−¨¥¬

Xt =

n
∑

i=1

xit , t = 1, . . . , T .
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ƒà�ä¨ç¥áª¨ íâ� áâàãªâãà� ¨§®¡à�¦¥−� −�

÷¨á. 1 „¢ãåãà®¢−¥¢�ï ¯«®áª�ï ¨¥à�à-
å¨ç¥áª�ï áâàãªâãà�

à¨á. 1.
�ãáâì ¨§¢¥áâ−ë ¯à®£−®§ë ¤«ï ¢à¥-

¬¥−−‚ëå àï¤®¢ −¨¦−¥£® ãà®¢−ï ¨¥à�àå¨¨
�x1, . . . , �xn ¨ ¤«ï ª�¦¤®£® ¯à®£−®§� á¤¥-
«�−� ®æ¥−ª� ¤®¢¥à¨â¥«ì−®£® ¨−â¥à¢�«�
[�x1−d1; �x1+d1] , . . . , [�xn −dn; �xn+dn].

�ãáâì ¯à®£−®§ ¤«ï ¢à¥¬¥−−‚®£® àï-
¤� ¢¥àå−¥£® ãà®¢−ï ¨¥à�àå¨¨ à�¢¥− �X.
�à¥¤«�£�¥âáï, −¥ ª®àà¥ªâ¨àãï ¯à®£−®§

¢¥àå−¥£® ãà®¢−ï �X, ¯®áâà®¨âì áª®àà¥ªâ¨à®¢�−−ë¥ ¯à®£−®§ë yi, ª®â®àë¥ ï¢«ï-
îâáï à¥è¥−¨¥¬ ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ á ®£à�−¨ç¥−¨ï¬¨

Q =

n
∑

i=1

1

d2i
(yi − �xi)

2 −→ min ;
n
∑

i=1

yi = �X ; yi ≥ 0 , i = 1, . . . , n .























(1)

‘ª®àà¥ªâ¨à®¢�−−ë¥ ¯à®£−®§ë yi ¤®«¦−ë ¡ëâì ¬�ªá¨¬�«ì−® ¡«¨§ª¨ ª ¨áå®¤−ë¬
¯à®£−®§�¬ �xi ¢ á¬ëá«¥ ª¢�¤à�â¨ç−®£® ®âª«®−¥−¨ï Q ¨ ¯à¨ áã¬¬¨à®¢�−¨¨ ¤�¢�âì
¯à®£−®§ �X, â. ¥. ¡ëâì á −¨¬ á®£«�á®¢�−−ë¬¨. �£à�−¨ç¥−¨ï-−¥à�¢¥−áâ¢� ¢ íâ®©
®¯â¨¬¨§�æ¨®−−®© §�¤�ç¥ á®®â¢¥âáâ¢ãîâ ä¨§¨ç¥áª¨¬ ®£à�−¨ç¥−¨ï¬ −� ¯à®£−®§¨-
àã¥¬ãî ¢¥«¨ç¨−ã (¢ ¤�−−®¬ á«ãç�¥ à�áá¬�âà¨¢�îâáï â®«ìª® −¥®âà¨æ�â¥«ì−ë¥
¢¥«¨ç¨−ë).

�à¨ ®âáãâáâ¢¨¨ �ªâ¨¢−ëå ®£à�−¨ç¥−¨©-−¥à�¢¥−áâ¢ §�¤�ç� (1) ¨¬¥¥â �−�«¨â¨-
ç¥áª®¥ à¥è¥−¨¥

yi = �xi +
d2i

n
∑

i=1

d2i

(

�X −
n
∑

i=1

�xi

)

,

ª®â®à®¥ ¨¬¥¥â ï¢−ë© ä¨§¨ç¥áª¨© á¬ëá«: à�áá®£«�á®¢�−−®áâì ¯à®£−®§®¢ �X−
n
∑

i=1
�xi

à�á¯à¥¤¥«ï¥âáï ¯® ª®¬¯®−¥−â�¬ ¯à®¯®àæ¨®−�«ì−® è¨à¨−¥ ¨å ¤®¢¥à¨â¥«ì−ëå ¨−-
â¥à¢�«®¢. �à¨ �ªâ¨¢−ëå ®£à�−¨ç¥−¨ïå-−¥à�¢¥−áâ¢�å −¥®¡å®¤¨¬® à¥è�âì §�¤�-
çã (1) á ¯®¬®éìî ¨â¥à�æ¨®−−®£® ¯à®æ¥áá�. �â®â ¯à®æ¥áá áå®¤¨âáï ¤®áâ�â®ç−®
¡ëáâà® ¢ á¨«ã ¢ë¯ãª«®áâ¨ äã−ªæ¨®−�«� Q ¨, á«¥¤®¢�â¥«ì−®, −�«¨ç¨ï ã −¥£®
¥¤¨−áâ¢¥−−®£® £«®¡�«ì−®£® ¬¨−¨¬ã¬�.

�à¨ −�«¨ç¨¨ ¢ ¨¥à�àå¨ç¥áª®© áâàãªâãà¥ ¡®«¥¥ ¤¢ãå ãà®¢−¥© ¯à¥¤«�£�¥âáï
¯à®¢®¤¨âì ®¯¨á�−−ãî ¯à®æ¥¤ãàã á®£«�á®¢�−¨ï ¯® ãà®¢−ï¬ ®â −�¨¬¥−¥¥ ¤¥â�«¨-
§¨à®¢�−−ëå ª ¡®«¥¥ ¤¥â�«¨§¨à®¢�−−ë¬ (á¢¥àåã ¢−¨§). �à¨ íâ®¬ á®£«�á®¢�−¨¥ ¢
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ª�¦¤®¬ ã§«¥ ¤¥à¥¢�, á®®â¢¥âá¢ãîé¥£® ¨¥à�àå¨ç¥áª®© áâàãªâãà¥, à�áá¬�âà¨¢�¥âáï
ª�ª ®â¤¥«ì−�ï ®¯â¨¬¨§�æ¨®−−�ï §�¤�ç� (1).

2.2 Согласование прогнозов при иерархической структуре с разбиением более
чем по одному измерению

÷�áá¬®âà¨¬ ¨¥à�àå¨ç¥áªãî áâàãªâãàã,

÷¨á. 2 ˆ¥à�àå¨ç¥áª�ï áâàãªâãà� á
à�§¡¨¥−¨¥¬ ¯® ¤¢ã¬ ¨§¬¥à¥−¨ï¬

¢ ª®â®à®© à�§¡¨¥−¨¥ ¯à®¢®¤¨âáï ¯® ¤¢ã¬
à�§¬¥à−®áâï¬. ��¯à¨¬¥à, ¤«ï ®¡ê¥¬®¢ ¦¥-
«¥§−®¤®à®¦−ëå ¯¥à¥¢®§®ª â�ª¨¥ à�§¡¨¥−¨ï
¬®¦−® ¯à®¢®¤¨âì ¯® ¢¥âª�¬ ¨ â¨¯�¬ £àã§®¢.
‚ ¯¥à¢®¬ ãà®¢−¥ íâ®© áâàãªâãàë −�å®¤¨âáï
¢à¥¬¥−−®© àï¤ S (à¨á. 2), á®®â¢¥âáâ¢ãîé¨©
áã¬¬�à−®¬ã ®â¯à�¢«¥−¨î ¢á¥å â¨¯®¢ £àã§®¢
á® ¢á¥å ¢¥â®ª. �¡®§−�ç¨¬ ç¨á«® ¢¥â®ª ç¥-
à¥§ m, � ª®«¨ç¥áâ¢® â¨¯®¢ £àã§®¢ ç¥à¥§ n.
…á«¨ à�§¡¨¥−¨¥ ®¡é¥£® ª®«¨ç¥áâ¢� ¢�£®−®¢
¯à®¨§¢®¤¨âáï ¯® ¢¥âª�¬, â® ª�¦¤ë© àï¤
¢â®à®£® ãà®¢−ï Xj, j = 1, . . . ,m, á®®â¢¥â-
áâ¢ã¥â ®â¯à�¢«¥−¨î á ¢¥âª¨ j ¢á¥å â¨¯®¢
£àã§®¢. …á«¨ à�§¡¨¥−¨¥ ¯à®¢®¤¨âáï ¯® £àã-
§�¬, â® ª�¦¤ë© àï¤ ¢â®à®£® ãà®¢−ï Zi, i =
= 1, . . . , n, á®®â¢¥âáâ¢ã¥â ®â¯à�¢«¥−¨î ¢�-
£®−®¢ á â¨¯®¬ £àã§� i á® ¢á¥å ¢¥â®ª. ��
âà¥âì¥¬ ãà®¢−¥ ¨¥à�àå¨¨ à�§¡¨¥−¨¥ ¯à®¢®-
¤¨âáï ®¤−®¢à¥¬¥−−® ¯® ¢¥âª�¬ ¨ â¨¯�¬ £àã§®¢, ¯®íâ®¬ã ã ¢à¥¬¥−−‚ëå àï¤®¢ xij

¤¢®©−�ï ¨−¤¥ªá�æ¨ï. Š�¦¤ë© àï¤ xij á®®â¢¥âáâ¢ã¥â ®â¯à�¢«¥−¨î £àã§� i á ¢¥â-
ª¨ j. �� à¨á. 2 íâ¨ àï¤ë à�§−¥á¥−ë ¤«ï à�§«¨ç−ëå à�§¡¨¥−¨© −� ¢â®à®¬ ãà®¢−¥
¤«ï −�£«ï¤−®áâ¨, −® ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨ íâ® ®¤¨− ¨ â®â ¦¥ −�¡®à ¢à¥¬¥−−‚ëå
àï¤®¢.

‘®®â−®è¥−¨ï, á¢ï§ë¢�îé¨¥ §−�ç¥−¨ï ¢à¥¬¥−−‚ëå àï¤®¢ −� à�§−ëå ãà®¢−ïå
¨¥à�àå¨¨, §�¤�îâáï á«¥¤ãîé¨¬ ®¡à�§®¬:

Zit =

m
∑

j=1

xijt , t = 1, . . . , T , i = 1, . . . , n ;

Xjt =
n
∑

i=1

xijt , t = 1, . . . , T , j = 1, . . . ,m ;

St =

n
∑

i=1

Zit =

m
∑

j=1

Xjt , t = 1, . . . , T .
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�ãáâì ¨§¢¥áâ−ë ¯à®£−®§ë �S, �X1, . . . , �Xm, �Z1, . . . , �Zn, �x11, �x12, . . . , �xnm ¨
¤®¢¥à¨â¥«ì−ë¥ ¨−â¥à¢�«ë [ �X1 − D1; �X1 + D1], . . . , [ �Xm − Dm; �Xm + Dm],

[ �Z1 − E1; �Z1 + E1], . . . , [ �Zn − En; �Zn + En], [�x11 − d11; �x11 + d11],
[�x12 − d12; �x12 + d12], . . . , [�xnm − dnm; �xnm + dnm].

’à¥¡ã¥âáï ¯®áâà®¨âì áª®àà¥ªâ¨à®¢�−−ë¥ ¯à®£−®§ë yij, ª®â®àë¥ ï¢«ïîâáï
à¥è¥−¨¥¬ ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ á ®£à�−¨ç¥−¨ï¬¨

Q =
n
∑

i=1

m
∑

j=1

1

d2ij
(yij − �xij)

2 −→ min ;
n
∑

i=1

yij = �Xj , j = 1, . . . ,m ;

m
∑

j=1

yij = �Zi , i = 1, . . . , n ;

yij ≥ 0 , i = 1, . . . , n , j = 1, . . . ,m .



















































(2)

�¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ áãé¥áâ¢®¢�−¨ï à¥è¥−¨ï §�¤�ç¨ (2) ï¢«ï¥âáï á®£«�á®¢�−-
−®áâì ¯à®£−®§®¢ ¢â®à®£® ãà®¢−ï �Xj, �Zi:

n
∑

i=1

�Zi =

m
∑

j=1

�Xj . (3)

�®áª®«ìªã íâ® ãá«®¢¨¥ ¤«ï ¯à®£−®§®¢, ¯®«ãç¥−−ëå −¥§�¢¨á¨¬® ¤«ï à�§−ëå
¢à¥¬¥−−‚ëå àï¤®¢ −¥ ¡ã¤¥â ¢ë¯®«−ïâìáï ¯®çâ¨ −¨ª®£¤�, −¥®¡å®¤¨¬® −�©â¨ áª®à-
à¥ªâ¨à®¢�−−ë¥ ¯à®£−®§ë Yj, Wi, â. ¥. à¥è¨âì ®¯â¨¬¨§�æ¨®−−ãî §�¤�çã á ®£à�-
−¨ç¥−¨ï¬¨

Q =
m
∑

j=1

1

D2j

(

Yj − �Xj

)2
+

n
∑

i=1

1

E2i

(

Wi − �Zi

)2
−→ min ;

m
∑

j=1

Yj =

n
∑

i=1

Wi;

Yj ≥ 0 , j = 1, . . . ,m ;

Wi ≥ 0 , i = 1, . . . , n .











































(4)

‡�â¥¬ −�©¤¥−−ë¥ áª®àà¥ªâ¨à®¢�−−ë¥ ¯à®£−®§ë Yj, Wi −¥®¡å®¤¨¬® ¯®¤áâ�¢¨âì
¢ (2) ¢¬¥áâ® ¯à®£−®§®¢ �Xj, �Zi ¨ −�©â¨ áª®àà¥ªâ¨à®¢�−−ë¥ ¯à®£−®§ë yij.

�à¨ ®âáãâáâ¢¨¨ �ªâ¨¢−ëå ®£à�−¨ç¥−¨©-−¥à�¢¥−áâ¢ �−�«¨â¨ç¥áª®¥ à¥è¥−¨¥
§�¤�ç¨ (2) §�¯¨áë¢�¥âáï �−�«®£¨ç−® à¥è¥−¨î §�¤�ç¨ (1), ¢ ¯à®â¨¢−®¬ á«ãç�¥
à¥è¥−¨¥ −�å®¤¨âáï á ¯®¬®éìî ¨â¥à�æ¨®−−®£® ¯à®æ¥áá�.
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„«ï ¨¥à�àå¨ç¥áª¨å áâàãªâãà á à�§¡¨¥−¨¥¬ ¯® ¡®«ìè¥¬ã ç¨á«ã ¨§¬¥à¥−¨©
®¯â¨¬¨§�æ¨®−−�ï §�¤�ç� á®£«�á®¢�−¨ï ¯à®£−®§®¢ §�¯¨áë¢�¥âáï �−�«®£¨ç−® §�¤�-
ç¥ (2) ¨ âà¥¡ã¥â ¤«ï ¢ë¯®«−¥−¨ï ãá«®¢¨ï (3) à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−ëå §�¤�ç,
¯®¤®¡−ëå §�¤�ç¥ (4).

3 Алгоритм непараметрического прогнозирования Hist

÷�áá¬®âà¨¬ §�¤�çã á®£«�á®¢�−¨ï ¯à®£−®§®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî �«£®-
à¨â¬� Hist. �â®â �«£®à¨â¬ ¯®¤à®¡−® à�áá¬�âà¨¢�¥âáï ¢ áâ�âì¥ [15]. �à¨¢¥¤¥¬
§¤¥áì ªà�âª®¥ ®¯¨á�−¨¥ ¢�à¨�−â� íâ®£® �«£®à¨â¬�, ¨á¯®«ì§®¢�−−®£® ¢ −�áâ®ïé¥©
áâ�âì¥.

�® §�¤�−−®¬ã ¢à¥¬¥−−‚®¬ã àï¤ã x áâà®¨âáï £¨áâ®£à�¬¬� H | −�¡®à ¯�à

H = {(yk, gk)}K
k=1,

£¤¥ K | ç¨á«® ¨−â¥à¢�«®¢ yk = [y
min
k , ymaxk ] á® áà¥¤−¨¬ §−�ç¥−¨¥¬ �yk, −� ª®â®àë¥

à�§¡¨â� ®áì §−�ç¥−¨© àï¤�; gk | ¢ëá®â� áâ®«¡æ� £¨áâ®£à�¬¬ë −� ¨−â¥à¢�«¥ yk,
ª®â®à�ï à�¢−� ª®«¨ç¥áâ¢ã â®ç¥ª àï¤�, ¯®¯�¢è¨å ¢ íâ®â ¨−â¥à¢�«. �à¥¤¯®«�£�¥âáï,
çâ® à�áá¬�âà¨¢�¥¬ë© ¢à¥¬¥−−®© àï¤ x áâ�æ¨®−�à¥−.

‚ë¡¥à¥¬ £à�−¨æë £¨áâ®£à�¬¬ë, ç¨á«® áâ®«¡æ®¢ ¨ à�§¡¨¥−¨¥ −� áâ®«¡æë
á«¥¤ãîé¨¬ ®¡à�§®¬:

(1) ¯ãáâì n | ç¨á«® â®ç¥ª xt á ¨§¢¥áâ−ë¬¨ §−�ç¥−¨ï¬¨ ¢à¥¬¥−−‚®£® àï¤�;

(2) ¢ë¡¥à¥¬ ç¨á«® áâ®«¡æ®¢ (®¡®á−®¢�−¨¥ á¬. ¢ [16]) K = ⌈3 3√n ⌉, ¥á«¨ K < 5,
â® K = 5, ¥á«¨ K > 100, â® K = 100;

(3) £à�−¨æë ymin1 = min
t=1,...,T

(xt), ymaxk = max
t=1,...,T

(xt);

(4) áâ®«¡æë ¢ë¡¨à�îâáï à�¢−®© è¨à¨−ë.

„«ï ª�¦¤®£® k = 1, . . . ,K ¢ëá®â� áâ®«¡æ� £¨áâ®£à�¬¬ë gk à�¢−�

gk =

T
∑

t=1

[xt ∈ yk] ,

£¤¥ ¨−¤¨ª�â®à−�ï äã−ªæ¨ï [·] à�¢−� 1, ¥á«¨ ¢ áª®¡ª�å áâ®¨â ¨áâ¨−−®¥ «®£¨ç¥áª®¥
¢ëà�¦¥−¨¥, ¨ 0 ¢ ¯à®â¨¢−®¬ á«ãç�¥.

�«£®à¨â¬ −¥¯�à�¬¥âà¨ç¥áª®£® ¯à®£−®§¨à®¢�−¨ï Hist

‚¢¥¤¥¬ äã−ªæ¨î ¯®â¥àì L(�x, x)| èâà�ä §� −¥á®®â¢¥âáâ¢¨¥ ¯à®£−®§¨àã¥¬®£®
§−�ç¥−¨ï �x ¨áâ®à¨ç¥áª®¬ã §−�ç¥−¨î x.
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�à®£−®§¨àã¥¬®¥ §−�ç¥−¨¥ àï¤� �x −�å®¤¨âáï ª�ª §−�ç¥−¨¥ �x ∈ {�y1, . . . , �yK},
á®®â¢¥âáâ¢ãîé¥¥ ®¯â¨¬�«ì−®¬ã §−�ç¥−¨î á¢¥àâª¨ à�á¯à¥¤¥«¥−¨ï {gk}K

k=1 ¨
äã−ªæ¨¨ ¯®â¥àì L:

�x = argmin
z∈{�y1,...,�yK}

K
∑

k=1

gkL(z, �yk) .

‚ â¥ªãé¥© à�¡®â¥ ¨á¯®«ì§®¢�«�áì �¡á®«îâ−�ï äã−ªæ¨ï ¯®â¥àì

L(�x, x) = |�x − x| .

÷�áá¬®âà¨¬ ®á®¡¥−−®áâ¨ §�¤�ç¨ á®£«�á®¢�−¨ï ¯à®£−®§®¢, á¢ï§�−−ë¥ á ¢ë¡®-
à®¬ �«£®à¨â¬� ¯à®£−®§¨à®¢�−¨ï Hist. „®¢¥à¨â¥«ì−ë¥ ¨−â¥à¢�«ë ¯®«ãç¥−−ëå
¯à®£−®§®¢ ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ®¯à¥¤¥«ïîâáï è¨à¨−®© áâ®«¡æ®¢ ¨á¯®«ì§ã¥¬ëå
£¨áâ®£à�¬¬, � ¨¬¥−−®:

[�x − d; �x+ d] =
[

ymink ; ymaxk

]

,

¯®íâ®¬ã
d = 0,5(ymaxk − ymink ).

4 Вычислительный эксперимент

4.1 Экспериментальные данные

‚ íªá¯¥à¨¬¥−â¥ ¨á¯®«ì§®¢�−ë ¤�−−ë¥ ® ¯®áãâ®ç−®© §�£àã¦¥−−®áâ¨ ¦¥«¥§−®-
¤®à®¦−ëå ã§«®¢ ÷†„ á 1 ï−¢�àï 2007 £. ¯® 22 �¯à¥«ï 2008 £. ‚ â�¡«. 1 ¯à¨¢¥¤¥−
¯à¨¬¥à §�¯¨á¨ ¡�§ë ¤�−−ëå.

Š®¤ë áâ�−æ¨© ¯à¥¤áâ�¢«ïîâ á®¡®© è¥áâ¨§−�ç−ë¥ ç¨á«�. ‘â�−æ¨¨, ¢ ª®¤¥
ª®â®àëå ¤¢¥ ¯¥à¢ë¥ æ¨äàë á®¢¯�¤�îâ, ¢å®¤ïâ ¢ ®¤−ã ¦¥«¥§−®¤®à®¦−ãî ¢¥âªã.
‘â�−æ¨© ®â¯à�¢«¥−¨ï 1566, áâ�−æ¨© −�§−�ç¥−¨ï 1902, ¢¥â®ª 99. Š®¤ £àã§� |
−�âãà�«ì−®¥ ç¨á«® ®â 1 ¤® 38; â�ª¦¥ ¨¬¥îâáï ¯¥à¥¢®§ª¨, £¤¥ ª®¤ £àã§� −¥ ãª�§�−.
÷®¤ ¢�£®−� | −�âãà�«ì−®¥ ç¨á«®, ¢ ¨¬¥îé¨åáï ¤�−−ëå 75 à�§«¨ç−ëå à®¤®¢
¢�£®−®¢.

„«ï ¯à®£−®§� ¡ë«¨ ¨á¯®«ì§®¢�−ë ¢à¥¬¥−−‚ë¥ àï¤ë ®â¯à�¢«¥−¨ï ¢�£®−®¢ á
à�§«¨ç−ë¬¨ â¨¯�¬¨ £àã§®¢ ¯® ª�¦¤®© ¢¥âª¥. ‚à¥¬¥−−‚ë¥ àï¤ë á¨«ì−® ¢�àì¨-
àãîâáï ¯® áà¥¤−¨¬ ¨ ¬�ªá¨¬�«ì−ë¬ §−�ç¥−¨ï¬ ¨ ¤¨á¯¥àá¨¨ §−�ç¥−¨©. ’�ª¦¥

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

„�â�
¯®£àã§ª¨

‘â�−æ¨ï
®â¯à�¢«¥−¨ï

‘â�−æ¨ï
−�§−�ç¥−¨ï

Š®«¨-
ç¥áâ¢®
¢�£®−®¢

Š®¤
£àã§�

÷®¤
¢�£®−�

‘ã¬¬�à−ë©
¢¥á £àã§�

�à¨§−�ª
¬�àèàãâ−®©

®â¯à�¢ª¨
2007-01-01 020108 932902 1 1 216 56 9
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áãé¥áâ¢¥−−�ï ç�áâì àï¤®¢ | ¯®áâ®ï−−ë¥ àï¤ë, ¢á¥ í«¥¬¥−âë ª®â®àëå à�¢−ë
−ã«î.

4.2 Оценка качества прогноза

�®áª®«ìªã ¯à®£−®§¨àã¥¬ë¥ ¢à¥¬¥−−‚ë¥ àï¤ë §−�ç¨â¥«ì−® ®â«¨ç�îâáï ¤àã£ ®â
¤àã£�, −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì á¯®á®¡ ®æ¥−ª¨ ª�ç¥áâ¢� ¯à®£−®§�, ¯®§¢®«ïîé¨©
¯à®¢®¤¨âì áà�¢−¥−¨¥ ª�ç¥áâ¢� ¤«ï à�§−®à®¤−ëå àï¤®¢. �®íâ®¬ã ®æ¥−¨¢�«®áì
®â−®è¥−¨¥ �¡á®«îâ−®© ®è¨¡ª¨ ¯à®£−®§� (MAE | mean absolute error) ª ¬�ªá¨-
¬�«ì−® ¢®§¬®¦−®© ®è¨¡ª¥. �à¨ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬� ¯à®£−®§¨à®¢�−¨ï Hist
¬�ªá¨¬�«ì−® ¢®§¬®¦−�ï ®è¨¡ª� ¯à®£−®§� | íâ® à�§−¨æ� ¬¥¦¤ã ¬�ªá¨¬�«ì−ë¬
¨ ¬¨−¨¬�«ì−ë¬ §−�ç¥−¨ï¬¨ ¢à¥¬¥−−‚®£® àï¤�:

error =
|�x − x|

max
t=1,...,T

xt − min
t=1,...,T

xt
=

MAE

max
t=1,...,T

xt − min
t=1,...,T

xt
. (5)

…á«¨ à�§−¨æ� ¬¥¦¤ã ¬�ªá¨¬�«ì−ë¬ ¨ ¬¨−¨¬�«ì−ë¬ §−�ç¥−¨ï¬¨ àï¤� à�¢−�
−ã«î, â® ¯à¥¤¯®«�£�«®áì, çâ® ®è¨¡ª� ¯à®£−®§� â�ª®£® àï¤� à�¢−� −ã«î, â�ª ª�ª
¬¥â®¤ Hist ¯à®£−®§¨àã¥â ¯®áâ®ï−−ë© ¢à¥¬¥−−®© àï¤ ¥£® §−�ç¥−¨¥¬. �è¨¡ª�
ãáà¥¤−ï«�áì ¯® 100 ª®−âà®«ì−ë¬ â®çª�¬ (100 ¯®á«¥¤−¨å ¨§ 478 â®ç¥ª ¨áâ®à¨¨).

�æ¥−¨¢�«®áì ª�ç¥áâ¢® ¯à®£−®§� ¤® ¨ ¯®á«¥ ¯à®æ¥¤ãàë á®£«�á®¢�−¨ï ¯à®£−®-
§®¢.

4.3 Согласование прогнозов для плоской иерархической структуры

÷�áá¬�âà¨¢�«¨áì £àã¯¯ë ¢à¥¬¥−−‚ëå àï¤®¢, ®¡à�§ãîé¨å ¨¥à�àå¨ç¥áª¨¥
áâàãªâãàë â�ª®£® ¢¨¤�, ª�ª −� à¨á. 1, á ¤¢ã¬ï ãà®¢−ï¬¨ ¨¥à�àå¨¨. �®-
áª®«ìªã áâàãªâãà� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ¯®§¢®«ï¥â à�§¡¨¢�âì ¢à¥¬¥−−‚ë¥
àï¤ë ª�ª ¯® â¨¯�¬ £àã§®¢, â�ª ¨ ¯® ¢¥âª�¬, ¡ë«¨ à�áá¬®âà¥−ë á«¥¤ãîé¨¥ §�¤�ç¨
á®£«�á®¢�−¨ï ¯à®£−®§®¢.

1. ‘®£«�á®¢�−¨¥ ¯à®£−®§� áã¬¬�à−®£® ª®«¨ç¥áâ¢� ®â¯à�¢«¥−−ëå á ¢¥âª¨ ¢�-
£®−®¢ á® ¢á¥¬¨ â¨¯�¬¨ £àã§®¢ ¨ ¯à®£−®§®¢ ®â¯à�¢«¥−¨ï ¢á¥å â¨¯®¢ £àã§®¢
¯® ®â¤¥«ì−®áâ¨ á §�¤�−−®© ¢¥âª¨ (¢á¥£® 99 §�¤�ç á®£«�á®¢�−¨ï ¯à®£−®§®¢,
¢ ª�¦¤®© −� ¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ ®¤¨− ¢à¥¬¥−−®© àï¤, −� −¨¦−¥¬
n = 38 àï¤®¢).

2. ‘®£«�á®¢�−¨¥ ¯à®£−®§� ®¡é¥£® ª®«¨ç¥áâ¢� ¢�£®−®¢ á §�¤�−−ë¬ £àã§®¬, ®â-
¯à�¢«¥−−ëå á® ¢á¥å ¢¥â®ª, á ¯à®£−®§®¬ ®â¯à�¢«¥−¨ï ¢�£®−®¢ á íâ¨¬ ¦¥ £àã§®¬
á® ¢á¥å ¢¥â®ª ¯® ®â¤¥«ì−®áâ¨ (¢á¥£® 38 §�¤�ç á®£«�á®¢�−¨ï ¯à®£−®§®¢, ¢ ª�¦-
¤®© −� ¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ ®¤¨− ¢à¥¬¥−−®© àï¤, −� −¨¦−¥¬ n = 99
¢à¥¬¥−−‚ëå àï¤®¢).

‘à¥¤−¨¥ ®è¨¡ª¨ ¯à®£−®§� (ä®à¬ã«� (5)), ¯®«ãç¥−−ë¥ ¤«ï −¥§�¢¨á¨¬ëå ¯à®-
£−®§®¢, ¤«ï �«£®à¨â¬� ®¯â¨¬�«ì−®£® á®£«�á®¢�−¨ï ¨§ [14] ¨ ¤«ï ¯à¥¤«�£�¥¬®£®
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’�¡«¨æ� 2 ‘à¥¤−¨¥ ®è¨¡ª¨ ¯à®£−®§®¢ ¤«ï á®£«�á®¢�−¨ï ¯® £àã§�¬

“à®¢¥−ì ¨¥à�àå¨¨
�¥§�¢¨á¨¬ë¥

¯à®£−®§ë
�¯â¨¬�«ì−®¥

á®£«�á®¢�−¨¥ [14]
�à¥¤«�£�¥¬ë©

�«£®à¨â¬
‚¥àå−¨© 0,0502 0,0579 0,0502
�¨¦−¨© 0,0059 0,0081 0,0058

’�¡«¨æ� 3 ‘à¥¤−¨¥ ®è¨¡ª¨ ¯à®£−®§®¢ ¤«ï á®£«�á®¢�−¨ï ¯® ¢¥âª�¬

“à®¢¥−ì ¨¥à�àå¨¨
�¥§�¢¨á¨¬ë¥

¯à®£−®§ë
�¯â¨¬�«ì−®¥

á®£«�á®¢�−¨¥ [14]
�à¥¤«�£�¥¬ë©

�«£®à¨â¬
‚¥àå−¨© 0,0846 0,0579 0,0846
�¨¦−¨© 0,0059 0,0062 0,0058

�«£®à¨â¬� ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2 ¨ 3. �®áª®«ìªã �«£®à¨â¬ [14] −¥ ¯®§¢®«ï¥â
ãç¨âë¢�âì â®, çâ® ¯à®£−®§¨àã¥¬ë¥ ¢¥«¨ç¨−ë −¥®âà¨æ�â¥«ì−ë, ¯®«ãç¥−−ë¥ ¯à¨
á®£«�á®¢�−¨¨ ®âà¨æ�â¥«ì−ë¥ ¯à®£−®§ë ®¡−ã«ï«¨áì. �à¨ à¥è¥−¨¨ §�¤�ç¨ ®¯â¨-
¬¨§�æ¨¨ (1) ¯à®£−®§ë ¯®áâ®ï−−ëå ¢à¥¬¥−−‚ëå àï¤®¢ (¤«ï ª®â®àëå ¬�ªá¨¬�«ì−®
¢®§¬®¦−�ï ®è¨¡ª� ¯à®£−®§� à�¢−� −ã«î) ¨áª«îç�«¨áì ¨§ à�áá¬®âà¥−¨ï ¨ −¥
ª®àà¥ªâ¨à®¢�«¨áì.

‚ à�¡®â¥ [14] ¡ë«® ®â¬¥ç¥−®, çâ® −� ¯à�ªâ¨ª¥ �«£®à¨â¬ ®¯â¨¬�«ì−®£® á®£«�á®-
¢�−¨ï ¯®§¢®«ï¥â ã¬¥−ìè¨âì ®è¨¡ªã ¯à®£−®§¨à®¢�−¨ï àï¤®¢ ¨§ ¢¥àå−¨å ãà®¢−¥©
¨¥à�àå¨¨, −® ã¢¥«¨ç¨¢�¥â ®è¨¡ªã ¯à®£−®§� ¢à¥¬¥−−‚ëå àï¤®¢ ¨§ −¨¦−¥£® ãà®¢−ï
¨¥à�àå¨¨ ¯® áà�¢−¥−¨î á −¥§�¢¨á¨¬ë¬¨ ¯à®£−®§�¬ ¢á¥å ¢à¥¬¥−−‚ëå àï¤®¢. �à®-
¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®ª�§ë¢�¥â, çâ® ¤«ï ¨á¯®«ì§ã¥¬ëå íªá¯¥à¨¬¥−â�«ì−ëå
¤�−−ëå íâ� â¥−¤¥−æ¨ï á®åà�−ï¥âáï, ¢ â® ¢à¥¬ï ª�ª á®£«�á®¢�−¨¥ ¯à®£−®§®¢ á ¯®-
¬®éìî à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ (1) ¯®§¢®«ï¥â ¯à®¢®¤¨âì á®£«�á®¢�−¨¥
¡¥§ ã¢¥«¨ç¥−¨ï ®è¨¡ª¨ ¯à®£−®§¨à®¢�−¨ï −� ®¡®¨å ãà®¢−ïå ¨¥à�àå¨¨.

4.4 Согласование прогнозов для неплоской иерархической структуры

�à¥¤«�£�¥¬ë© �«£®à¨â¬, ¢ ®â«¨ç¨¥ ®â �«£®à¨â¬� ®¯â¨¬�«ì−®£® á®£«�á®¢�-
−¨ï [14], ¯®§¢®«ï¥â ¯à®¢®¤¨âì á®£«�á®¢�−¨¥ ¯à®£−®§®¢ ¤«ï −¥¯«®áª¨å ¨¥à�àå¨-
ç¥áª¨å áâàãªâãà. ÷�áá¬�âà¨¢�«�áì ¨¥à�àå¨ç¥áª�ï áâàãªâãà�, ¨§®¡à�¦¥−−�ï −�
à¨á. 2. ‚à¥¬¥−−®© àï¤ S ¢ ª®à−¥ áâàãªâãàë á®®â¢¥âáâ¢ã¥â ®â¯à�¢«¥−¨î ¢�£®−®¢
á® ¢á¥¬¨ â¨¯�¬¨ £àã§®¢ á® ¢á¥å ¢¥â®ª. �� á«¥¤ãîé¥¬ ãà®¢−¥ íâ®â àï¤ à�§¤¥«ï«áï:

(1) ¯® £àã§�¬ (m = 38 ¢à¥¬¥−−‚ëå àï¤®¢, á®®â¢¥âáâ¢ãîé¨å ®â¯à�¢«¥−¨î ª�¦-
¤®£® ¨§ 38 £àã§®¢ á® ¢á¥å ¢¥â®ª);

(2) ¯® ¢¥âª�¬ (n = 99 ¢à¥¬¥−−‚ëå àï¤®¢, á®®â¢¥âáâ¢ãîé¨å ®â¯à�¢«¥−¨î á
ª�¦¤®© ¨§ 99 ¢¥â®ª ¢á¥å £àã§®¢).

�� âà¥âì¥¬ ãà®¢−¥ ¨¥à�àå¨¨ à�§¡¨¥−¨¥ ¯à®¨áå®¤¨â ®¤−®¢à¥¬¥−−® ¯® â¨¯�¬ £àã§®¢
¨ ¢¥âª�¬ (38× 99 ¢à¥¬¥−−‚ëå àï¤®¢).
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’�¡«¨æ� 4 ‘à¥¤−¨¥ ®è¨¡ª¨ ¯à®£−®§®¢ ¯à¨ −¥¯«®áª®© ¨¥à�àå¨ç¥áª®© áâàãªâãà¥

“à®¢¥−ì �¥§�¢¨á¨¬ë¥ ¯à®£−®§ë �à¥¤«�£�¥¬ë© �«£®à¨â¬
‚¥àå−¨© ãà®¢¥−ì ¯® ¢¥âª�¬ 0,0502 0,0503
‚¥àå−¨© ãà®¢¥−ì ¯® £àã§�¬ 0,0846 0,0845
�¨¦−¨© ãà®¢¥−ì 0,0059 0,0150

„«ï á®£«�á®¢�−¨ï ¯à®£−®§®¢ ¡ë«¨ à¥è¥−ë ®¯â¨¬¨§�æ¨−−ë¥ §�¤�ç¨ (2) ¨ (4).
�è¨¡ª� ¯à®£−®§� ®æ¥−¨¢�«�áì â�ª¦¥ ¯® ä®à¬ã«¥ (5) −� ¢â®à®¬ ¨ âà¥âì¥¬ ãà®¢−ïå
¨¥à�àå¨¨. ÷¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 4, ¨§ ª®â®à®© ¢¨¤−®, çâ® ®è¨¡ª� ¯à®-
£−®§� −� ¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ ¯à�ªâ¨ç¥áª¨ −¥ ¨§¬¥−ï¥âáï ¯®á«¥ á®£«�á®¢�−¨ï
¯à®£−®§®¢, � −� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ ¥áâì ãåã¤è¥−¨¥ ª�ç¥áâ¢� ¯à®£−®§®¢. ’�-
ª¨¬ ®¡à�§®¬, ¯®¢¥¤¥−¨¥ ¯à¥¤«�£�¥¬®£® �«£®à¨â¬� áå®¦¥ á ¯®¢¥¤¥−¨¥¬ �«£®à¨â¬�
¨§ [14], ª®â®àë© −¥ ¯à¨¬¥−¨¬ ¤«ï ¨¥à�àå¨ç¥áª®© áâàãªâãàë â�ª®£® â¨¯�.

5 Заключение

�à¥¤«®¦¥− �«£®à¨â¬ á®£«�á®¢�−¨ï ¯à®£−®§®¢ ¨¥à�àå¨ç¥áª¨å ¢à¥¬¥−−‚ëå àï-
¤®¢, ®á−®¢�−−ë© −� à¥è¥−¨¨ ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ á ®£à�−¨ç¥−¨ï¬¨. �à¥¤«�-
£�¥¬ë© �«£®à¨â¬ ¯®§¢®«ï¥â ¯à®¢®¤¨âì á®£«�á®¢�−¨¥ ¯à®£−®§®¢ ¢ á«ãç�¥ á«®¦−®©
−¥¯«®áª®© ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¢à¥¬¥−−‚ëå àï¤®¢, � â�ª¦¥ ¯®§¢®«ï¥â ¢ å®¤¥
¯à®æ¥¤ãàë á®£«�á®¢�−¨ï ãç¨âë¢�âì ä¨§¨ç¥áª¨¥ ®£à�−¨ç¥−¨ï −� ¯à®£−®§¨àã¥¬ë¥
¢¥«¨ç¨−ë. �à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®ª�§�«, çâ® ¯à¥¤«�£�¥¬ë© �«£®à¨â¬ −¥
ãáâã¯�¥â ¯® ª�ç¥áâ¢ã ¯à®£−®§®¢ �«£®à¨â¬ã ®¯â¨¬�«ì−®£® á®£«�á®¢�−¨ï ¨ ¯à¨
íâ®¬ ®å¢�âë¢�¥â ¡®«¥¥ è¨à®ª¨© ª«�áá §�¤�ç, −¥¦¥«¨ �«£®à¨â¬ ®¯â¨¬�«ì−®£®
á®£«�á®¢�−¨ï.
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RECONCILIATION OF AGGREGATED AND DISAGGREGATED
TIME SERIES FORECASTS IN NONPARAMETRIC FORECASTING

PROBLEMS
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1Moscow Institute of Physics and Technology, 9 Institutskiy Per., Dolgoprudny,
Moscow Region 141700, Russian Federation
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Abstract: In many applications, there are the problems of forecasting a lot of time
series with hierarchical structure. It is needed to reconcile forecasts across the hi-
erarchy. In this paper, a new algorithm of reconciliation of hierarchical time series
forecasts is proposed. This algorithm is based on solving the optimization problem
with constraints. The proposed algorithm allows to reconcile the forecasts with
nonplanar hierarchical structure and to take into account physical constraints
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of forecasted values such as nonnegativeness or maximal value. The algorithm
performance is illustrated by the railroad stations occupancy data in the Omsk
region. The quality of forecasts is compared with the quality of forecasts made
by the optimal algorithm of reconciliation. Also, the algorithm performance is
demonstrated for the nonplanar hierarchical structure of time series.

Keywords: hierarchical time series; nonparametric forecasting; empirical distri-
bution; forecasts reconciliation
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ОЦЕНИВАНИЕ ЭФФЕКТИВНОЙ ПРОПУСКНОЙ
СПОСОБНОСТИ УЗЛА В ИНФОКОММУНИКАЦИОННОЙ

ТАНДЕМНОЙ СЕТИ∗

А. В. Бородина1, Е. В. Морозов2

�−−®â�æ¨ï: ˆáá«¥¤ãîâáï á¢®©áâ¢� à¥£¥−¥à�â¨¢−®© ®æ¥−ª¨ íää¥ªâ¨¢−®© ¯à®-
¯ãáª−®© á¯®á®¡−®áâ¨ (��‘) ª®¬¬ã−¨ª�æ¨®−−®£® ã§«� â�−¤¥¬−®© á¥â¨. ÷�−¥¥
íâ®â ¢®¯à®á ¡ë« à�áá¬®âà¥− ¤«ï ®â¤¥«ì−®£® ã§«� á ¢å®¤−ë¬ à¥£¥−¥à¨àãîé¨¬
¯à®æ¥áá®¬. ’�ª�ï ¯®áâ�−®¢ª� §�¤�ç¨ ï¢«ï¥âáï ¥áâ¥áâ¢¥−−®© ¤«ï �æ¨ª«¨ç¥áª¨å
á¥â¥©, â�ª ª�ª ¢å®¤−®© ¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï, ¯à®å®¤ï ç¥à¥§ ã§«ë â�ª®©
á¥â¨ ¢ ãá«®¢¨ïå áâ�æ¨®−�à−®áâ¨, ®ª�§ë¢�¥âáï ¯®«®¦¨â¥«ì−® ¢®§¢à�â−ë¬ à¥-
£¥−¥à¨àãîé¨¬ ¯à®æ¥áá®¬. �� ®á−®¢¥ à¥§ã«ìâ�â®¢ â¥®à¨¨ ¡®«ìè¨å ãª«®−¥−¨©
¢ à�¡®â¥ ¯à¥¤«®¦¥−� �¯¯à®ªá¨¬�æ¨ï ¢¥«¨ç¨−ë ��‘, ª�ç¥áâ¢® ª®â®à®© ¯à®-
¢¥à¥−® ¬®¤¥«¨à®¢�−¨¥¬ −� ¯à¨¬¥à¥ àï¤� á¥â¥© â�−¤¥¬−®£® â¨¯�. „«ï ¢à¥¬¥−¨
®¡á«ã¦¨¢�−¨ï ¨ ¢¥«¨ç¨−ë −�£àã§ª¨ ¨á¯®«ì§®¢�«¨áì à�á¯à¥¤¥«¥−¨¥ ‚¥©¡ã««�
á «¥£ª¨¬ å¢®áâ®¬, ãá¥ç¥−−®¥ à�á¯à¥¤¥«¥−¨¥ ��à¥â®, � â�ª¦¥ íªá¯®−¥−æ¨�«ì−®¥
à�á¯à¥¤¥«¥−¨¥, � ç¨á«® ã§«®¢ ¢ á¥â¨ ¢�àì¨à®¢�«®áì ®â 2 ¤® 40. �®ª�§�−®,
çâ® ¯®«ãç¥−−�ï −� ®á−®¢¥ �¯¯à®ªá¨¬�æ¨¨ ®æ¥−ª� ��‘ ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥-
−¨¥ ãá«®¢¨ï: ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯à¥¢ëè¥−¨ï ¯à®æ¥áá®¬ −�£àã§ª¨ §�¤�−−®£®
ãà®¢−ï ¢á¥£¤� ¬¥−ìè¥ §�¤�−−®£® §−�ç¥−¨ï íâ®© ¢¥à®ïâ−®áâ¨ (£�à�−â¨¨ ª�ç¥áâ¢�
á¥à¢¨á�, QoS | quality of service). �â®â à¥§ã«ìâ�â ãª�§ë¢�¥â −� ¢®§¬®¦−®áâì
¨á¯®«ì§®¢�−¨ï ¯à¥¤«®¦¥−−®© �¯¯à®ªá¨¬�æ¨¨ ¯à¨ ¢ë¡®à¥ ¢¥«¨ç¨−ë ��‘
ã§«®¢ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ëå â�−¤¥¬−ëå á¥â¥© ¢ëá®ª®© −�¤¥¦−®áâ¨.
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1 Введение

‚ ª«�áá¨ç¥áª®© â¥®à¨¨ á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï ¬®é−®áâì C ®¡á«ã¦¨¢�îé¥£®
¯à¨¡®à�, â. ¥. ¢¥«¨ç¨−� à�¡®âë, ª®â®àãî ¯à¨¡®à ¬®¦¥â ¢ë¯®«−¨âì §� ¥¤¨−¨æã
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à�¬ª�å à¥�«¨§�æ¨¨ ª®¬¯«¥ªá� ¬¥à®¯à¨ïâ¨© ¯® à�§¢¨â¨î −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨.
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�. ‚. �®à®¤¨−�, …. ‚. Œ®à®§®¢

¢à¥¬¥−¨, ª�ª ¯à�¢¨«®, áç¨â�¥âáï §�¤�−−®© ¨ à�¢−®© 1. �¤−�ª® ¤«ï à¥�«ì−ëå
¢ëç¨á«¨â¥«ì−ëå ¨ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ §−�ç¥−¨¥ ¬®é−®áâ¨ C −¥-
®¡å®¤¨¬® ¢ë¡¨à�âì, çâ®¡ë ®¡¥á¯¥ç¨âì âà¥¡ã¥¬ë© à¥£«�¬¥−â¨à®¢�−−ë© ãà®¢¥−ì
®¡á«ã¦¨¢�−¨ï, ®¡®¡é¥−−® −�§ë¢�¥¬ë© ª�ç¥áâ¢®¬ ®¡á«ã¦¨¢�−¨ï (QoS) (−�¯à¨-
¬¥à, ¢à¥¬ï §�¤¥à¦ª¨, ¢¥«¨ç¨−� ¤¦¨ââ¥à�, ¢¥à®ïâ−®áâì ¯®â¥à¨ ¤�−−ëå ¨ â. ¯.).

÷�áá¬®âà¨¬ á¨áâ¥¬ã á ®¤−¨¬ á¥à¢¥à®¬, ¯®áâ®ï−−®© áª®à®áâìî ®¡á«ã¦¨¢�-
−¨ï C ¨ ª®−¥ç−ë¬ à�§¬¥à®¬ ¡ãä¥à� b, −� ¢å®¤ ª®â®à®© ¯®áâã¯�¥â ¢−¥è−¨©
¯®â®ª −�£àã§ª¨. �ãáâì W ®¡®§−�ç�¥â áâ�æ¨®−�à−ãî −�£àã§ªã, â. ¥. â¨¯¨ç−ãî
−¥§�¢¥àè¥−−ãî à�¡®âã ¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ á¨áâ¥¬ë ¢ ãáâ®©ç¨¢®¬ à¥¦¨¬¥.
…á«¨ âà¥¡®¢�−¨¥¬ QoS ï¢«ï¥âáï ãá«®¢¨¥

Pb := P(W > b) ≤ • , (1)

£¤¥ • | §�¤�−−�ï ¢¥«¨ç¨−� (£�à�−â¨ï QoS), â® ®¡¥á¯¥ç¨¢�îé�ï íâ® âà¥¡®¢�−¨¥
áª®à®áâì C −�§ë¢�¥âáï íää¥ªâ¨¢−®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî á¥à¢¥à�. (‚�à¨-
�−âë íâ®£® ¯®−ïâ¨ï, á¢ï§�−−ë¥ á ¯à¨¬¥−¥−¨ï¬¨ ¢ à�§«¨ç−ëå ª®¬¬ã−¨ª�æ¨®−−ëå
á¨áâ¥¬�å, ¯®¤à®¡−® ®¡áã¦¤�îâáï ¢ [1].)

�ãáâì vi ¥áâì ¢¥«¨ç¨−� −�£àã§ª¨, ¯®áâã¯�îé¥© ¢ á¨áâ¥¬ã ¢ ¨−â¥à¢�«¥ [i, i+1).
�à¥¤¯®«®¦¨¬, çâ® ¢ −¥ª®â®à®© ¯®«®¦¨â¥«ì−®© ®ªà¥áâ−®áâ¨ (0, θ0) ¯�à�¬¥âà� θ
áãé¥áâ¢ã¥â ª®−¥ç−ë© (¯à¨ ¢á¥å θ ∈ (0, θ0)) ¯à¥¤¥«

˜
(n)
V (θ) :=

1

n
lnEe

θ
n−1
∑

i=0
vi

→ ˜V (θ) , n → ∞ . (2)

�â®â ¯à¥¤¥« −�§ë¢�¥âáï (−®à¬¨à®¢�−−®©) ¯à¥¤¥«ì−®© «®£�à¨ä¬¨ç¥áª®© ¯à®¨§¢®-
¤ïé¥© äã−ªæ¨¥© ¬®¬¥−â®¢ ¢å®¤−®£® ¯à®æ¥áá� [1, 2]. ‚ ®¡é¥¬ á«ãç�¥ ¯à¥¤¯®«�-
£�¥âáï, çâ® ¯®á«¥¤®¢�â¥«ì−®áâì {vi} ï¢«ï¥âáï áâ�æ¨®−�à−®© á ¯¥à¥¬¥è¨¢�−¨¥¬,
� ¤«ï áãé¥áâ¢®¢�−¨ï ¯à¥¤¥«� âà¥¡ã¥âáï ¢ë¯®«−¥−¨¥ ãá«®¢¨ï

Eeθv < ∞ ,

£¤¥ v | â¨¯¨ç−ë© í«¥¬¥−â ¯®á«¥¤®¢�â¥«ì−®áâ¨ {vi} (â. ¥. á«ãç�©−�ï ¢¥«¨ç¨−�
(á.¢.) v à�á¯à¥¤¥«¥−� ª�ª «î¡�ï á.¢. vi) [2, 3]. ’®£¤� ��‘ ®¯à¥¤¥«ï¥âáï ª�ª (á¬.,
−�¯à¨¬¥à, [2])

C :=
˜V (θ

∗)

θ∗
, (3)

£¤¥ ¨áª®¬ë© ¯�à�¬¥âà θ∗ ¬®¦¥â ¡ëâì −�©¤¥− ¨§ ãá«®¢¨ï (1) ¨ ¯à¨−æ¨¯� ¡®«ìè¨å
ãª«®−¥−¨© ¤«ï áâ�æ¨®−�à−®£® ¯à®æ¥áá� W , ª®â®àë© ¨¬¥¥â ä®à¬ã:

lim
x→∞

1

x
lnP(W > x) = −θ∗.
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�æ¥−¨¢�−¨¥ íää¥ªâ¨¢−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ã§«� ¢ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨

(’®ç−ë¥ ãá«®¢¨ï ¢ë¯®«−¥−¨ï íâ®£® ¯à¨−æ¨¯� ¤«ï ¯à®æ¥áá®¢ ®¡á«ã¦¨¢�−¨ï ¬®¦−®
−�©â¨, −�¯à¨¬¥à, ¢ [4, 5].) ‚¬¥áâ¥ á (1) íâ® ¤�¥â â�ª®¥ §−�ç¥−¨¥ ¨áª®¬®£®
¯�à�¬¥âà� θ∗,

θ∗ = − ln •
b

> 0 ,

¯®¤áâ�−®¢ª� ª®â®à®£® ¢ (3) ¯®§¢®«ï¥â −�©â¨ âà¥¡ã¥¬®¥ §−�ç¥−¨¥ ��‘.
‚ ¯à¥¤è¥áâ¢ãîé¨å à�¡®â�å [6{8] ¡ë«� ¨áá«¥¤®¢�−� à¥£¥−¥à�â¨¢−�ï ®æ¥−ª�

��‘ ¢ á«ãç�¥ ®â¤¥«ì−®£® ã§«�, −� ¢å®¤ ª®â®à®£® ¯®áâã¯�¥â à¥£¥−¥à¨àãîé�ï
¯®á«¥¤®¢�â¥«ì−®áâì {vi}. ‚ ¤�−−®© à�¡®â¥ íâ®â �−�«¨§ à�á¯à®áâà�−¥− −� ª®¬¬ã-
−¨ª�æ¨®−−ë¥ ã§«ë, ®¡à�§ãîé¨¥ â�−¤¥¬−ãî á¥âì.

2 Методы оценивания эффективной пропускной способности

‚ëç¨á«¨âì ¯à¥¤¥« (2) �−�«¨â¨ç¥áª¨ ¬®¦−® «¨èì ¢ ¯à®áâ¥©è¨å á«ãç�ïå.
(‚ íâ®© á¢ï§¨ ãª�¦¥¬ à�¡®âë [1, 7, 8].) ��¯à¨¬¥à, ¥á«¨ ¢å®¤−�ï ¯®á«¥¤®¢�-
â¥«ì−®áâì {vi} á®áâ®¨â ¨§ −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå (−.®.à.) á.¢.,
â® ˜V (θ) = lnEe

θv. „«ï −¥ª®â®àëå à�á¯à¥¤¥«¥−¨© íâ� äã−ªæ¨ï ¬®¦¥â ¡ëâì
¢ëç¨á«¥−� �−�«¨â¨ç¥áª¨, −®, ª�ª ¯à�¢¨«®, ¯à¨å®¤¨âáï ¨á¯®«ì§®¢�âì ¥¥ á¨«ì−®
á®áâ®ïâ¥«ì−ãî ¢ë¡®à®ç−ãî ®æ¥−ªã

ln
1

k

k−1
∑

i=0

eθvi → ˜V (θ) , k → ∞ .

2.1 Оценивание эффективной пропускной способности по методу группового
среднего

‚ á«ãç�¥ §�¢¨á¨¬ëå á.¢. {vi}, ª®â®àë© à�áá¬�âà¨¢�¥âáï −¨¦¥, ¯à¨å®¤¨âáï
¯à¨¢«¥ª�âì á¯¥æ¨�«ì−ë¥ áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ¨ ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥
¤«ï ®æ¥−¨¢�−¨ï äã−ªæ¨¨ ˜V (θ). �ç¥−ì ¢�¦−® ®â¬¥â¨âì, çâ® §�−¨¦¥−−�ï ®æ¥−ª�
¯�à�¬¥âà� C, ª®â®à�ï −�àãè�¥â £�à�−â¨î (1), á®¢¥àè¥−−® −¥¯à¨¥¬«¥¬� ¯à¨
à�¡®â¥ á¨áâ¥¬ ¢ëá®ª®© −�¤¥¦−®áâ¨ ¨ ¤«ï â�ª¨å á¨áâ¥¬ ®¯à¥¤¥«¥−−®¥ §�¢ëè¥−¨¥
âà¥¡®¢�−¨ï (1), ¡¥§ãá«®¢−®, ¯à¥¤¯®çâ¨â¥«ì−¥¥.

��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬ ¬¥â®¤®¬ ®æ¥−¨¢�−¨ï äã−ªæ¨¨ ˜V ¢ −�áâ®ïé¥¥
¢à¥¬ï ï¢«ï¥âáï ¬¥â®¤ £àã¯¯®¢®£® áà¥¤−¥£® (batch-mean) [9{12]. ‚ íâ®¬ ¬¥â®¤¥
áâà®ïâáï ¡«®ª¨ ä¨ªá¨à®¢�−−®© ¤«¨−ë B,

�Xj =

jB−1
∑

i=(j−1)B

vi , j ≥ 1 ,

ª®â®àë¥ (¯à¨ ¡®«ìè®¬ §−�ç¥−¨¨ B) áç¨â�îâáï −.®.à., å®âï íâ® ãâ¢¥à¦¤¥−¨¥ ¢
®¡é¥¬ á«ãç�¥ ï¢«ï¥âáï �¯¯à®ªá¨¬�æ¨¥©. �à¨ ä¨ªá¨à®¢�−−®¬ à�§¬¥à¥ ¡«®ª� B
¨¬¥¥â ¬¥áâ® áå®¤¨¬®áâì á ¢¥à®ïâ−®áâìî 1 (á ¢. 1) ¢ë¡®à®ç−®© ®æ¥−ª¨
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�̃
k(θ, B) :=

1

B
ln
1

k

k
∑

i=1

eθ �Xi → ˜V (θ, B) :=
lnEeθ �X

B
, k → ∞ ,

£¤¥ ç¥à¥§ �X ®¡®§−�ç¥− â¨¯¨ç−ë© ¡«®ª. ’�ª¨¬ ®¡à�§®¬, ®æ¥−ª� �̃k(θ, B) ï¢«ï¥âáï
á¨«ì−® á®áâ®ïâ¥«ì−®© ®æ¥−ª®© ¨áª®¬®© äã−ªæ¨¨ ˜V (θ, B). ‘®®â¢¥âáâ¢ãîé�ï
®æ¥−ª� ��‘ ®¯à¥¤¥«ï¥âáï â®£¤� á«¥¤ãîé¨¬ ®¡à�§®¬:

�Ck(B) =
�̃

k(θ
∗, B)

θ∗
, (4)

£¤¥, −�¯®¬−¨¬, θ∗ = − ln •/b. �â¬¥â¨¬, çâ® ¢ë¡®à ¢¥«¨ç¨−ë ¡«®ª� B ï¢«ï¥âáï
®â¤¥«ì−®© ¯à®¡«¥¬®©, ¨ çâ®, ª�ª ¯®ª�§�−® ¢ [7, 13], ®æ¥−ª� (4) −� á�¬®¬ ¤¥«¥
á¬¥é¥−� ¢ áâ®à®−ã ¬¥−ìè¨å §−�ç¥−¨©, â. ¥. ¥¥ ¨á¯®«ì§®¢�−¨¥ −¥ £�à�−â¨àã¥â
¢ë¯®«−¥−¨ï ãá«®¢¨ï (1). Š�ª ¡ë«® ®â¬¥ç¥−®, íâ® ®ç¥−ì −¥¦¥«�â¥«ì−® ¢ ª®−â¥ªáâ¥
�−�«¨§� ¢ëá®ª®−�¤¥¦−ëå á¨áâ¥¬.

2.2 Регенеративная оценка эффективной пропускной способности

‚ à�¡®â�å [14, 15] ¡ë«� ¯à¥¤«®¦¥−� à¥£¥−¥à�â¨¢−�ï ®æ¥−ª� äã−ªæ¨¨ ˜V (θ
∗)

¢ â¥å á«ãç�ïå, ª®£¤� ¯®á«¥¤®¢�â¥«ì−®áâì {vi} ï¢«ï¥âáï à¥£¥−¥à¨àãîé¥© á ¬®¬¥−-
â�¬¨ à¥£¥−¥à�æ¨¨ βk ¨ ¯¥à¨®¤�¬¨ à¥£¥−¥à�æ¨¨ αk = βk+1 − βk, k ≥ 0. �®«¥¥
â®ç−®, äà�£¬¥−âë ¢å®¤−®£® ¯à®æ¥áá�

(v0, . . . , vβ1−1), . . . , (vβk−1
, . . . , vβk−1), . . . (5)

®¡à�§ãîâ −.®.à. á«ãç�©−ë¥ í«¥¬¥−âë, ¤«¨−ë ª®â®àëå {αk} â�ª¦¥ −.®.à. á.¢.
‘¢®©áâ¢� ��‘, ¯®«ãç¥−−®© −� ®á−®¢¥ â�ª®© ®æ¥−ª¨, ¡ë«¨ §�â¥¬ ¨áá«¥¤®¢�−ë ¢
à�¡®â�å [7, 8] ¨áå®¤ï ¨§ à¥ªãàá¨¨ ‹¨−¤«¨ ¤«ï ¯à®æ¥áá� −¥§�¢¥àè¥−−®© −�£àã§ª¨
{W (t)} ¢ ¤¨áªà¥â−®¬ ¢à¥¬¥−¨, â. ¥. à¥ªãàá¨¨

W (t+ 1) = [W (t) + vt − C]+ , t = 0, 1, . . . (6)

Š�ª ¯®ª�§�−® ¢ [7, 8], ¯®áâà®¥−−�ï à¥£¥−¥à�â¨¢−�ï ®æ¥−ª� ®¡«�¤�¥â âà¥¡ã¥¬ë¬
á¢®©áâ¢®¬ ª®−á¥à¢�â¨¢−®áâ¨, â. ¥. ®¡¥á¯¥ç¨¢�¥â £�à�−â¨î (1) ¢® ¢á¥å á«ãç�ïå.
�à¨ ¤�−−®¬ ¯®¤å®¤¥ ¢å®¤ïé�ï −�£àã§ª� à�§¡¨¢�¥âáï −� à¥£¥−¥à�â¨¢−ë¥ ¡«®ª¨

�Xk :=

βk+1−1
∑

i=βk

vi , k ≥ 0 , β0 = 0 ,

ª®â®àë¥, ¢ ®â«¨ç¨¥ ®â ¡«®ª®¢, ¯®«ãç�¥¬ëå ¬¥â®¤®¬ £àã¯¯®¢®£® áà¥¤−¥£®, ¤¥©-
áâ¢¨â¥«ì−® ï¢«ïîâáï −.®.à. �á−®¢−ë¥ ¬®¬¥−â−ë¥ ãá«®¢¨ï ä®à¬ã«¨àãîâáï â�ª¨¬
®¡à�§®¬: ¤¨á¯¥àá¨ï (â¨¯¨ç−®©) ¤«¨−ë ¡«®ª� E(α − Eα)2 := σ2 ∈ (0, ∞) ¨ ¢
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−¥ª®â®à®© ¯®«®¦¨â¥«ì−®© ®ªà¥áâ−®áâ¨ (0, θ0) ¯�à�¬¥âà� θ á¯à�¢¥¤«¨¢® ãá«®¢¨¥

Eeθ �X < ∞ (á¬. ¢ëè¥), â�ª çâ® á.¢. �X ¨¬¥¥â ª®−¥ç−ë¥ ¬®¬¥−âë «î¡®£® ¯®àï¤ª�.
‚ à�¡®â¥ [7] ¤«ï á«ãç�ï ¤¨áªà¥â−®£® ¢à¥¬¥−¨ (6) ¯à¥¤«®¦¥−� à¥£¥−¥à�â¨¢−�ï
®æ¥−ª� ¢¨¤�

�̃
k(θ

∗) :=
k

βk

ln
1

k

k
∑

i=1

eθ∗ �Xi ,

ª®â®à�ï áâà®¨âáï ¯® k æ¨ª«�¬ à¥£¥−¥à�æ¨¨ ¨ ¯à¨ k → ∞ áå®¤¨âáï á ¢. 1 ª
äã−ªæ¨¨

˜REG(θ
∗) :=

1

Eα
lnEeθ∗ �X .

(‡¤¥áì ¨á¯®«ì§®¢�− å®à®è® ¨§¢¥áâ−ë© à¥§ã«ìâ�â â¥®à¨¨ ¢®ááâ�−®¢«¥−¨ï: βk/k →
→ Eα.) �â¬¥â¨¬, çâ® ¢ ¯à¥¤¥«ì−®© äã−ªæ¨¨ ˜REG(θ∗) ¯à¨áãâáâ¢ã¥â áà¥¤−ïï
¤«¨−� ¡«®ª� Eα. ’�ª¨¬ ®¡à�§®¬, ¯à¨ ¤�−−®© �¯¯à®ªá¨¬�æ¨¨ ¨áª®¬�ï ��‘
ã¤®¢«¥â¢®àï¥â á®®â−®è¥−¨î:

C =
1

θ∗Eα
lnEeθ∗ �X , (7)

� ¥¥ ®æ¥−ª�, ¯®áâà®¥−−�ï ¯® k æ¨ª«�¬ à¥£¥−¥à�æ¨¨, ¨¬¥¥â â®â ¦¥ ¢¨¤, çâ® ¨
®æ¥−ª� (4):

�Ck(θ
∗) =

�̃
k(θ

∗)

θ∗
.

�à®¢¥¤¥−−ë© ¢ à�¡®â�å [7, 8] �−�«¨§ ¬®¦−® ¯¥à¥−¥áâ¨ ¨ −� à¥ªãàá¨î ‹¨−¤«¨,
¯®áâà®¥−−ãî ¯® ¬®¬¥−â�¬ {tn} ¯à¨å®¤� §�ï¢®ª ¢ á¨áâ¥¬ã. �ãáâì Wn ¥áâì
−¥§�¢¥àè¥−−�ï à�¡®â� ¢ á¨áâ¥¬¥, ª®â®àãî ¢áâà¥ç�¥â §�ï¢ª� n, â. ¥. Wn =W (t−n ),
¨ ¯ãáâì τn = tn+1 − tn ¥áâì ¨−â¥à¢�« ¬¥¦¤ã ¯à¨å®¤®¬ n-© ¨ (n + 1)-© §�ï¢ª¨,
n ≥ 1, t0 = 0. ’®£¤�

Wn+1 = [Wn + vn − Cτn]
+, n ≥ 0 , W0 = 0 , (8)

£¤¥ vn ¥áâì à�¡®â�, ¯à¨−®á¨¬�ï ¢ á¨áâ¥¬ã §�ï¢ª®© n. (�à¨ C = 1 ¯®«ãç�¥¬
ª«�áá¨ç¥áªãî à¥ªãàá¨î ‹¨−¤«¨, £¤¥ vn ¨¬¥¥â á¬ëá« ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï
§�ï¢ª¨ n.) �à¥¤¯®«�£�¥âáï, çâ® ¢å®¤−®© ¯à®æ¥áá ï¢«ï¥âáï à¥£¥−¥à¨àãîé¨¬ c
¬®¬¥−â�¬¨ à¥£¥−¥à�æ¨¨ {βk} (á¬. (5)), â�ª çâ® ¨−â¥à¢�«ë ¢å®¤−®£® ¯à®æ¥áá� −�
¤�−−®¬ æ¨ª«¥, ¢®®¡é¥ £®¢®àï, §�¢¨á¨¬ë. �¡®§−�ç¨¬ ç¥à¥§ Ti ¬®¬¥−â −�ç�«�
i-£® æ¨ª«� à¥£¥−¥à�æ¨¨ ¢å®¤−®£® ¯à®æ¥áá� ¢ −¥¯à¥àë¢−®¬ ¢à¥¬¥−¨, â. ¥. Ti = tβi

,
T0 = tβ0 = 0, ç¥à¥§ Di = Ti+1 − Ti | ¤«¨−ã i-£® æ¨ª«� ¨ ¯ãáâì D ¥áâì â¨¯¨ç−�ï
¤«¨−� æ¨ª«�, â. ¥.

D=st

α−1
∑

k=0

τk = T1
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(=st ®§−�ç�¥â áâ®å�áâ¨ç¥áª®¥ à�¢¥−áâ¢®). �ã¤¥¬ ¯à¥¤¯®«�£�âì ª®−¥ç−®áâì ¤¨á-
¯¥àá¨¨ ¤«¨−ë æ¨ª«�, Var [D] < ∞, Var [α] < ∞, ¢ −¥¯à¥àë¢−®¬ ¨ ¢ ¤¨áªà¥â−®¬
¢à¥¬¥−¨ á®®â¢¥âáâ¢¥−−®. �à®æ¥ááã â¥ªãé¥© −�£àã§ª¨ (8) á®®â¢¥âáâ¢ã¥â á«ãç�©−®¥
¡«ã¦¤�−¨¥

Z(n) =

n−1
∑

i=0

(vi − Cτi) .

‡�¯¨è¥¬ äã−ªæ¨î ˜n(θ) ¢ ¢¨¤¥ (á¬. (6)):

˜n(θ) :=
1

n
lnEeθ Z(n) = ˜

(n)
V (θ) +

1

n
lnEe−θtnC .

‡�â¥¬, ª�ª ¨ ¢ à�¡®â¥ [8], ¯à¨ �−�«¨§¥ ¢â®à®£® á«�£�¥¬®£® á−�ç�«� ¯¥à¥©¤¥¬
®â èª�«ë ¢å®¤−®£® ¯®â®ª� tn ª èª�«¥ ¤«¨− æ¨ª«®¢ Tk, � §�â¥¬ ¨á¯®«ì§ã¥¬
−¥à�¢¥−áâ¢�:

1

n
lnEe−θTk(n)C ≥ 1

n
lnEe−θtnC ≥ 1

n
lnEe−θTk(n)+1C ,

£¤¥ k(n) := max(i : βi ≤ n) ¥áâì ç¨á«® æ¨ª«®¢ à¥£¥−¥à�æ¨¨ ¢å®¤−®£® ¯à®-
æ¥áá� ¢ ¨−â¥à¢�«¥ [0, n]. ÷�ááã¦¤�ï, ª�ª ¢ à�¡®â¥ [8], ¬®¦−® ¯à¨©â¨ ª â�ª®©
�¯¯à®ªá¨¬�æ¨¨ ¤«ï ¢¥«¨ç¨−ë ��‘:

C =
lnEeθ∗ �X

θ∗ ED
. (9)

’�ª¨¬ ®¡à�§®¬, ¢ ¤�−−®¬ á«ãç�¥ ¢ ®æ¥−ª¥ �̃k(θ
∗) ¢¬¥áâ® ¢ë¡®à®ç−®© ®æ¥−ª¨

¢¥«¨ç¨−ë Eα −�¤® ¨á¯®«ì§®¢�âì ¢ë¡®à®ç−ãî ®æ¥−ªã áà¥¤−¥© ¤«¨−ë æ¨ª«� ¢

−¥¯à¥àë¢−®¬ ¢à¥¬¥−¨ ED, â. ¥. 1/k
k
∑

i=1
Di. …á«¨ α | ç¨á«® ¯à¨å®¤®¢ §�ï¢®ª −�

æ¨ª«¥ ï¢«ï¥âáï ¬®¬¥−â®¬ ®áâ�−®¢ª¨ ¯® ®â−®è¥−¨î ª ¯®á«¥¤®¢�â¥«ì−®áâ¨ −.®.à.
¨−â¥à¢�«®¢ {τi}, â® ¯® â®¦¤¥áâ¢ã ‚�«ì¤� ED = EαEτ (£¤¥ τ | â¨¯¨ç−ë©
¨−â¥à¢�«), � â®£¤� (9) ¬®¦−® §�¯¨á�âì ¢ ¢¨¤¥:

C =
lnEeθ∗ �X

θ∗ EαEτ
.

�â¬¥â¨¬, çâ® ¢® ¢á¥å à�áá¬®âà¥−−ëå á«ãç�ïå ¯à®¯ãáª−�ï á¯®á®¡−®áâì C ®¡à�â−®
¯à®¯®àæ¨®−�«ì−� áà¥¤−¥¬ã ¨−â¥à¢�«ã ¢à¥¬¥−¨, −� ª®â®à®¬ ¯®áâã¯�¥â §�¤�−−ë©
®¡ê¥¬ à�¡®âë, çâ® ¯à¥¤áâ�¢«ï¥âáï ¢¯®«−¥ ¥áâ¥áâ¢¥−−ë¬.

�� á�¬®¬ ¤¥«¥, ª�ª ¯®ª�§ë¢�îâ ¢á¥ ¯à®¢¥¤¥−−ë¥ íªá¯¥à¨¬¥−âë, á®®â−®è¥-
−¨¥ (7) (� â�ª¦¥ ¨ (9)) ï¢«ï¥âáï ®æ¥−ª®© á¢¥àåã ¨áª®¬®© ��‘ [7, 8]. ‘¤¥«�¥¬
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§�¬¥ç�−¨¥, ª®â®à®¥ ¤® −¥ª®â®à®© áâ¥¯¥−¨ ¯à®ïá−ï¥â ¯à¨ç¨−ã â�ª®£® ¯¥à¥®æ¥−¨-
¢�−¨ï ¢ á«ãç�¥, ª®£¤� á.¢. {vi} −.®.à. ¨ −¥ §�¢¨áïâ ®â ¤«¨−ë æ¨ª«� α. ’®£¤� ¯®
á¢®©áâ¢ã ãá«®¢−®£® ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï

1

Eα
lnEeθ∗ �X =

1

Eα
lnE

(

E

(

e
θ∗

α
∑

i=1
vi

|α
))

=
1

Eα
lnE

[

Eeθ∗v
]α

,

� ¯® −¥à�¢¥−áâ¢ã ‰¥−á¥−�
1

Eα
lnE

[

Eeθ∗v
]α

≥ lnEe
θ∗v

θ∗
= C .

�â® ¯®ª�§ë¢�¥â, çâ®, ¯® ªà�©−¥© ¬¥à¥ ¤«ï −¥§�¢¨á¨¬ëå {vi}, à�−¤®¬¨§�æ¨ï
¤«¨−ë ¡«®ª� ¢ �¯¯à®ªá¨¬�æ¨¨ (7) ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨ ¤�¥â ¢¥àå−îî £à�−¨æã
¢¥«¨ç¨−ë C.

2.3 Регенеративная структура тандемной сети

„«ï ¯®áâà®¥−¨ï à¥£¥−¥à�â¨¢−®© ®æ¥−ª¨ ª«îç¥¢ë¬ ï¢«ï¥âáï �«£®à¨â¬¨ç¥áª®¥
®¯à¥¤¥«¥−¨¥ ¬®¬¥−â®¢ à¥£¥−¥à�æ¨¨ ¢å®¤ïé¥£® ¯à®æ¥áá� −�£àã§ª¨. ‚ ¤�−−®¬
à�§¤¥«¥ ¤�−® ®¯¨á�−¨¥ íâ®© ¯à®æ¥¤ãàë ¤«ï ã§«®¢ â�−¤¥¬−®© á¥â¨ ¢¨¤� GI/G/1 →
→ · · · → ·/G/1, á®áâ®ïé¥© ¨§ m + 1 ®¤−®á¥à¢¥à−ëå ã§«®¢. �� ¢å®¤ ¯¥à¢®£®
ã§«� ¢ ¬®¬¥−âë {tn} ¯®áâã¯�îâ §�ï¢ª¨, � ¨−â¥à¢�«ë τn = tn+1 − tn ®¡à�§ãîâ
¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï. ‡�¤�ç� á®áâ®¨â ¢ ¢ëç¨á«¥−¨¨ ��‘, â. ¥. áª®à®áâ¨
®¡á«ã¦¨¢�−¨ï C ¢ ã§«¥ m+1, £�à�−â¨àãîé¥© ¢ë¯®«−¥−¨¥ ãá«®¢¨ï (1). ‚å®¤−ë¬
¯®â®ª®¬ ¢ ã§¥« m+1 ï¢«ï¥âáï ¢ëå®¤−®© ¯®â®ª ã§«� m. �®ª�¦¥¬, çâ® íâ®â ¯®â®ª
ï¢«ï¥âáï à¥£¥−¥à�â¨¢−ë¬ ¤«ï à�áá¬�âà¨¢�¥¬®£® ª«�áá� á¥â¥©. �¡®§−�ç¨¬ ç¥à¥§
t
(j)
n ¬®¬¥−â ¯à¨å®¤� n-© §�ï¢ª¨ ¢ ã§¥« j = 1, . . . ,m. ‚ ç�áâ−®áâ¨, t

(1)
n = tn ¥áâì

¬®¬¥−â ¯à¨å®¤� §�ï¢ª¨ n ¢ ¯¥à¢ë© ã§¥«, � t
(m+1)
n | ¬®¬¥−â ¥¥ ¯à¨å®¤� ¢ ã§¥«

m+ 1 (ãå®¤� ¨§ ã§«� m). „«ï §�ï¢ª¨ n ¢ ª�¦¤®¬ ã§«¥ j ¯ãáâì S
(j)
n ¥áâì ¢à¥¬ï ¥¥

®¡á«ã¦¨¢�−¨ï, W
(j)
n | ¢à¥¬ï ¥¥ ®¦¨¤�−¨ï ¨ ¯ãáâì τ

(j)
n := t

(j)
n+1− t

(j)
n | ¨−â¥à¢�«

¬¥¦¤ã ¯à¨å®¤®¬ §�¢®ª n ¨ n+1 ¢ ã§¥« j. �à¥¤¯®«�£�¥âáï, çâ® ¤«ï ª�¦¤®£® j á.¢.

{S(j)n , n ≥ 1} −.®.à. ’®£¤� ¤«ï ª�¦¤®£® ã§«� j = 1, . . . ,m á¯à�¢¥¤«¨¢� à¥ªãàá¨ï
‹¨−¤«¨:

W
(j)
n+1 = (W

(j)
n + S(j)n − (t(j)n+1 − t(j)n ))

+, n ≥ 0 .
�®¤ç¥àª−¥¬, çâ® ¯à¨ �−�«¨§¥ ã§«®¢ j = 1, . . . ,m à�áá¬�âà¨¢�îâáï ¢à¥¬¥−�
®¡á«ã¦¨¢�−¨ï ¯à¨ ãá«®¢¨¨, çâ® áª®à®áâì ®¡á«ã¦¨¢�−¨ï ¢ ª�¦¤®¬ â�ª®¬ ã§«¥
ã¦¥ §�¤�−� ¨ à�¢−� 1 (â®£¤� ¯à¨−®á¨¬�ï §�ï¢ª®© à�¡®â� à�¢−� ¢à¥¬¥−¨ ¥¥
®¡á«ã¦¨¢�−¨ï). �¤−�ª® ¯à®æ¥áá ¢à¥¬¥−¨ ®¦¨¤�−¨ï ¢ ã§«¥ m + 1 ®¯¨áë¢�¥âáï
ã¦¥ à¥ªãàá¨¥© ‹¨−¤«¨ ¢¨¤� (8), â. ¥.

W
(m+1)
n+1 =

[

W (m+1)
n + vn − Cτ (m+1)n

]+
, n ≥ 0 ,
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£¤¥ vn | ¢¥«¨ç¨−� à�¡®âë, ¯à¨−®á¨¬�ï §�ï¢ª®© n, � C | ¨áª®¬�ï ��‘, ¤«ï
®æ¥−¨¢�−¨ï ª®â®à®© ¡ã¤¥â ¨á¯®«ì§®¢�−� �¯¯à®ªá¨¬�æ¨ï (9). Œ®¬¥−â ¯à¨å®¤�
§�ï¢ª¨ n+ 1 ¢ ã§¥« j ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

t
(j)
n+1 = t(j−1)n +W (j−1)

n + S(j−1)n , j = 1, . . . ,m+ 1 .

Œ®¬¥−â à¥£¥−¥à�æ¨¨ ¢å®¤−®£® ¯®â®ª� ¢ ã§¥« m + 1 ®¯à¥¤¥«ï¥âáï ª�ª ¬®¬¥−â
¯à¨å®¤� §�ï¢ª¨ n, â�ª®© çâ®

W (1)
n =W (2)

n = · · · =W (m)
n = 0 , (10)

â. ¥. §�ï¢ª¨, ª®â®à�ï −¥ ®¦¨¤�«� ®¡á«ã¦¨¢�−¨ï −¨ ¢ ®¤−®¬ ¯à¥¤è¥áâ¢ãîé¥¬
ã§«¥ j = 1, . . . ,m. �� á�¬®¬ ¤¥«¥ ¤�−−®¥ ãá«®¢¨¥ ®¯à¥¤¥«ï¥â â�ª −�§ë¢�¥¬ãî
ª¢�§¨à¥£¥−¥à�æ¨î, ª®£¤� §�¢¨á¨¬®áâì ¬¥¦¤ã æ¨ª«�¬¨ à¥£¥−¥à�æ¨¨ −¥ ¨áª«îç�-
¥âáï, −® ï¢«ï¥âáï, ª�ª ¯à�¢¨«®, ¢¥áì¬� á«�¡®©. ’�ª¨¬ ®¡à�§®¬, ¬®¬¥−âë

(ª¢�§¨)à¥£¥−¥à�æ¨¨ ®¯à¥¤¥«ïîâáï ª�ª ¬®¬¥−âë Tn := t
(m+1)
n , ¤«ï ª®â®àëå ¢ë-

¯®«−¥−® ãá«®¢¨¥ (10). (‚ íªá¯¥à¨¬¥−â�å, ®¯¨á�−−ëå ¢ á«¥¤ãîé¥¬ à�§¤¥«¥, ¯®¤
à¥£¥−¥à�æ¨¥© ¯®−¨¬�¥âáï ª¢�§¨à¥£¥−¥à�æ¨ï.) ‘¢ï§ì ª«�áá¨ç¥áª®© à¥£¥−¥à�æ¨¨,
ª¢�§¨à¥£¥−¥à�æ¨¨ ¨ §�−¨¬�îé¥© ¯à®¬¥¦ãâ®ç−®¥ ¯®«®¦¥−¨¥ á«�¡®© à¥£¥−¥à�æ¨¨
¯®¤à®¡−® ®¡áã¦¤�¥âáï ¢ à�¡®â�å [16{18].

3 Результаты численных экспериментов

‚ ¤�−−®¬ à�§¤¥«¥ ¤�−® ¯®áâà®¥−¨¥ à¥£¥−¥à�â¨¢−®© ®æ¥−ª¨ ��‘ ã§«� m+ 1
¢ â�−¤¥¬®© á¥â¨ −� ®á−®¢¥ ä®à¬ã«ë (9), � â�ª¦¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë â¥áâ¨-
à®¢�−¨ï §�¢¨á¨¬®áâ¨ ª�ç¥áâ¢� íâ®© ®æ¥−ª¨ ®â ç¨á«� ã§«®¢ ¨ ¢¨¤� à�á¯à¥¤¥«¥−¨ï
¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï ¢ ã§«�å j = 1, . . . ,m. ˆ−â¥−á¨¢−®áâì ¢å®¤−®£® ¯®â®ª� λ ¢
ã§¥« 1 ¨ ¨−â¥−á¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï µj ¢ ª�¦¤®¬ ã§«¥ j = 1, . . . ,m ¯®¤®¡à�−ë
â�ª, çâ® ª®íää¨æ¨¥−â §�£àã§ª¨ ρj := λ/µj < 1. �â¨ ãá«®¢¨ï ®¡¥á¯¥ç¨¢�îâ ¯®-
«®¦¨â¥«ì−ãî ¢®§¢à�â−®áâì à¥£¥−¥à¨àãîé¥£® ¢å®¤−®£® ¯®â®ª� ¢ ã§¥« m+ 1, â. ¥.
ª®−¥ç−®áâì áà¥¤−¥© ¤«¨−ë ¥£® æ¨ª«� à¥£¥−¥à�æ¨¨ [19]. ‡�â¥¬ áâà®¨âáï ®æ¥−ª� �C
¨áª®¬®© ��‘, ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨î (1).

��¯®¬−¨¬, çâ® ¢à¥¬¥−� ®¡á«ã¦¨¢�−¨ï Sj ¢® ¢á¥å ã§«�å j = 1, . . . ,m, � â�ª¦¥

à�¡®â� vn ¤®«¦−ë ã¤®¢«¥â¢®àïâì ãá«®¢¨ï¬ Eeθ∗Sj < ∞, Eeθ∗ �X < ∞. �¨¦¥
à�áá¬�âà¨¢�îâáï ¯®ª�§�â¥«ì−ë¥ ¢à¥¬¥−� ®¡á«ã¦¨¢�−¨ï, ¢à¥¬¥−� ®¡á«ã¦¨¢�−¨ï,
à�á¯à¥¤¥«¥−−ë¥ ¯® §�ª®−ã ‚¥©¡ã««� á «¥£ª¨¬ å¢®áâ®¬, � â�ª¦¥ ¯® (ãá¥ç¥−−®¬ã)
§�ª®−ã ��à¥â®.
�à¨¬¥à 1. �ãáâì b = 10, • = 0,01, â®£¤� θ∗ = 0,460517. �ãáâì à�¡®â� vi

§�¤�¥âáï ª�ª

vi =
1

i

i
∑

k=1

ηk , (11)
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÷¨á. 1 �à¨¬¥à 1: à¥£¥−¥à�â¨¢−�ï ®æ¥−ª� ��‘ �C (�) ¨ ¢ë¡®à®ç−�ï ¤¨á¯¥àá¨ï ®æ¥−ª¨
��‘ �C (¡) ¢ â�−¤¥¬¥ ¨§ m ã§«®¢

£¤¥ −.®.à. á.¢. {ηk} ¨¬¥îâ ¯®ª�§�â¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥ Fη(x) = 1 − e−0,4x,
x ≥ 0, � i | −®¬¥à §�ï¢ª¨ −� æ¨ª«¥ ª¢�§¨à¥£¥−¥à�æ¨¨, 1 ≤ i ≤ α. ‚à¥¬¥−�
®¡á«ã¦¨¢�−¨ï Sj −� ¢á¥å ã§«�å j = 1, . . . ,m à�á¯à¥¤¥«¥−ë íªá¯®−¥−æ¨�«ì−® á
®¤−¨¬ ¨ â¥¬ ¦¥ ¯�à�¬¥âà®¬ µj = 1.

ˆ−â¥à¢�«ë τi ¬¥¦¤ã ¯à¨å®¤�¬¨ §�ï¢®ª ¢ ¯¥à¢ë© ã§¥« à�á¯à¥¤¥«¥−ë ¯®ª�§�-
â¥«ì−® á ¯�à�¬¥âà®¬ λ = 0,3, â�ª çâ® ρ = 0,3 < 1. �®áª®«ìªã ¢á¥ µj = 1, â®
¨−â¥−á¨¢−®áâì ¢å®¤−®£® ¯®â®ª� ¢ ª�¦¤ë© ã§¥« j = 1, . . . ,m â�ª¦¥ à�¢−� λj = 0,3
¨ ¯®íâ®¬ã ª®íää¨æ¨¥−â §�£àã§ª¨ ¢ ª�¦¤®¬ ¨§ íâ¨å ã§«®¢ ρj = 0,3 < 1 [19].

Š�ª ¯®ª�§ë¢�¥â à¨á. 1, �, á à®áâ®¬ ç¨á«� ã§«®¢ m §−�ç¥−¨¥ ®æ¥−ª¨ ��‘
¬¥−ï¥âáï −¥§−�ç¨â¥«ì−®, � à¨á. 1, ¡ ¯®ª�§ë¢�¥â, çâ® ®æ¥−ª� ¤¨á¯¥àá¨¨ ¡ëáâà®
áâ�¡¨«¨§¨àã¥âáï. ��¯à¨¬¥à, ¤«ï m = 15 ¤¨á¯¥àá¨ï Var

[

�C
]

= 1,76694, � ¤«ï

m = 35 Var
[

�C
]

= 1,63752. �ë«® ¯à®¢¥¤¥−® áà�¢−¥−¨¥ ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨
¯¥à¥¯®«−¥−¨ï �• ¢ á¨áâ¥¬¥, £¤¥ ¢ ª�-

÷¨á. 2 �à¨¬¥à 1: ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯¥-
à¥¯®«−¥−¨ï Pb ¯à¨ • = 0,01 (1 | §�¤�−−ë©
ãà®¢¥−ì; 2 | ®æ¥−ª�)

ç¥áâ¢¥ C ¨á¯®«ì§®¢�«�áì ®æ¥−ª� �C, á
§�¤�−−ë¬ §−�ç¥−¨¥¬ • = 0,01. ‚ë-
ç¨á«¥−¨¥ �C ¯à®¢®¤¨«®áì ¤«ï k =
= 1000 æ¨ª«®¢ à¥£¥−¥à�æ¨¨, � ¤«ï
¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨ ¨á¯®«ì§®¢�-
«�áì 1000 ¤�−−ëå.

ˆ§ à¨á. 2 ¢¨¤−®, çâ® ¯à¨ «î¡®¬
(à�áá¬®âà¥−−®¬) ç¨á«¥ ã§«®¢ ®æ¥−ª�
áâ�æ¨®−�à−®© ¢¥à®ïâ−®áâ¨ ¯¥à¥¯®«-
−¥−¨ï P(W > b) ®ª�§ë¢�¥âáï ¬¥−ì-
è¥ §�¤�−−®£® ãà®¢−ï −�¤¥¦−®áâ¨ •,
çâ® ¯®¤â¢¥à¦¤�¥â ª®−á¥à¢�â¨¢−®áâì
à¥£¥−¥à�â¨¢−®© ®æ¥−ª¨ ��‘.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014 45



�. ‚. �®à®¤¨−�, …. ‚. Œ®à®§®¢

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® á à®áâ®¬ ç¨á«� ã§«®¢ â�ª¦¥ à�áâ¥â ¨ ¯¥à¥®æ¥−¨¢�−¨¥,
â. ¥. ã¢¥«¨ç¥−¨¥ §�¯�á� âà¥¡ã¥¬®© ¬®é−®áâ¨. ��¯à¨¬¥à, ¤«ï 10 ã§«®¢ �• =
= 3,93959·10−4, � ¤«ï 35 ã§«®¢ �• = 5,66406·10−5 (á¬. à¨á. 3). �¤−�ª® ¤«ï á¨áâ¥¬
¢ëá®ª®© −�¤¥¦−®áâ¨ ª®−á¥à¢�â¨¢−®áâì à¥£¥−¥à�â¨¢−®© ®æ¥−ª¨ ï¢«ï¥âáï áª®à¥¥
¯à¥¨¬ãé¥áâ¢®¬, â®£¤� ª�ª §�−¨¦¥−−�ï ®æ¥−ª� (ª®â®àãî ¤�¥â ¬¥â®¤ £àã¯¯®¢®£®
áà¥¤−¥£® [7]) ¬®¦¥â ¯à¨¢¥áâ¨ ª −¥¤®¯ãáâ¨¬®¬ã −�àãè¥−¨î QoS.
�à¨¬¥à 2. ‚à¥¬¥−� ®¡á«ã¦¨¢�−¨ï ¢ ª�¦¤®¬ (¯à¥¤è¥áâ¢ãîé¥¬) ã§«¥ | −¥§�-
¢¨á¨¬ë¥ ¯®ª�§�â¥«ì−ë¥ á.¢. á ¯�à�¬¥âà®¬ µ = 1, � ¨−â¥à¢�«ë ¢å®¤−®£® ¯®â®ª�
¢ ¯¥à¢ë© ã§¥« à�á¯à¥¤¥«¥−ë ¯®ª�§�â¥«ì−® á ¯�à�¬¥âà®¬ λ = 0,3, â�ª çâ® ρ =
= 0,3 < 1. ‡�¢¨á¨¬®áâì ¬¥¦¤ã á.¢. {vi} ¨¬¥¥â â®â ¦¥ ¢¨¤ (11), −® â¥¯¥àì −.®.à.
á.¢. {ηk} ¨¬¥îâ à�á¯à¥¤¥«¥−¨¥ ‚¥©¡ã««� á «¥£ª¨¬ å¢®áâ®¬:

Fη(x) = 1− e−3x
4
, x ≥ 0 . (12)

Šà®¬¥ â®£®, ¨á¯®«ì§®¢�−ë ¯�à�¬¥âàë b = 30, • = 10−5, â�ª çâ® θ∗ = 0,383764.
‚ëç¨á«¥−¨¥ ®æ¥−ª¨ �C ¯à®¢®¤¨«®áì ¤«ï k = 1000 æ¨ª«®¢ à¥£¥−¥à�æ¨¨, � ¤«ï ¥¥
¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨ ¨á¯®«ì§®¢�«�áì 1000 ¤�−−ëå.

�� à¨á. 3, � ¯®ª�§�−®, ª�ª ¬¥−ï¥âáï §−�ç¥−¨¥ ®æ¥−ª¨ �C á à®áâ®¬ ç¨á«� ã§«®¢.
‚ íâ®¬ á«ãç�¥ á à®áâ®¬ ç¨á«� ã§«®¢ à�áâ¥â ¨ ¤¨á¯¥àá¨ï ®æ¥−ª¨ �C (à¨á. 3, ¡),
®¤−�ª® ®æ¥−ª� ®áâ�¥âáï ª®−á¥à¢�â¨¢−®© ¨ £�à�−â¨àã¥â §�¤�−−ë© ãà®¢¥−ì QoS:
¢® ¢á¥å íªá¯¥à¨¬¥−â�å ¢¥«¨ç¨−� – := (• − �•)/• > 0. ‚ ç�áâ−®áâ¨, ¡ë«®
¯®¤áç¨â�−®, çâ® ¤«ï ¤¢ãå ã§«®¢ �• = 2,95426 · 10−6 ¨ – = 0,704574, � ¤«ï ¯ïâ¨
ã§«®¢ �• = 4,9718 · 10−7 ¨ – = 0,950282, â. ¥. ¯¥à¥®æ¥−¨¢�−¨¥ (¯® ®â−®è¥−¨î ª
§�¤�−−®¬ã ãà®¢−î •) á à®áâ®¬ ç¨á«� ã§«®¢ à�áâ¥â, ª�ª ¨ ¢ ¯à¨¬¥à¥ 1.
�à¨¬¥à 3. ‚à¥¬¥−� ®¡á«ã¦¨¢�−¨ï ¨¬¥îâ ¯®ª�§�â¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥, −®
á à�§−ë¬¨ ¯�à�¬¥âà�¬¨ µi, i = 1, . . . ,m. �à¨ íâ®¬ ¤¨á¯¥àá¨ï ¤«¨− æ¨ª«®¢

÷¨á. 3 �à¨¬¥à 2: à¥£¥−à�â¨¢−�ï ®æ¥−ª� ��‘ �C (�) ¨ ¢ë¡®à®ç−�ï ¤¨á¯¥àá¨ï ®æ¥−ª¨
��‘ �C (¡) ¢ â�−¤¥¬¥ ¨§ m ã§«®¢
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à¥£¥−¥à�æ¨¨ ¡®«ìè¥, ç¥¬ ¢ ¯à¥¤ë¤ãé¨å ¯à¨¬¥à�å. �¤−�ª®, ª�ª ¢¨¤−® ¨§ â�¡«. 1,
¢¥«¨ç¨−� ¤¨á¯¥àá¨¨ ®æ¥−ª¨ ��‘ ¡ëáâà® áâ�¡¨«¨§¨àã¥âáï á à®áâ®¬ ç¨á«� ã§«®¢.
‚ â�¡«. 1 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ®æ¥−¨¢�−¨ï ¯à¨ λ = 0,3, • = 10−8, b =
= 40 (¯®íâ®¬ã θ∗ = 0,460517), � ¯�à�¬¥âàë µi ¢ë¡à�−ë â�ª, çâ® ¢ë¯®«−¥−®
ãá«®¢¨¥ áâ�æ¨®−�à−®áâ¨ ρ = λ/µi < 1, −.®.à. á.¢. {ηk} à�á¯à¥¤¥«¥−ë ¯® §�ª®−ã
‚¥©¡ã««� (12), � á.¢. {vi} ä®à¬¨àãîâáï á ¯®¬®éìî (11). ÷�áá¬�âà¨¢�¥âáï
á¥âì, á®¤¥à¦�é�ï m = 2, 4, . . . , 12 ã§«®¢ (¯¥à¢ë© áâ®«¡¥æ â�¡«. 1), ¯à¨ç¥¬ ¤«ï
ª�¦¤®£® m ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ µi, i = 1, . . . ,m, ¢ë¡¨à�îâáï ¯¥à¢ë¥ m
§−�ç¥−¨© ¨§ −�¡®à� {0.8; 0.7; 0.5; 0.9; 0.5; 0.8; 0.6; 0.9; 1; 1; 0.8; 0.7}. —¨á«®
æ¨ª«®¢ à¥£¥−¥à�æ¨¨ ¤«ï ¢ëç¨á«¥−¨ï ®æ¥−ª¨ �C à�¢−® k = 3000, � ¢¥«¨ç¨−�
¢ë¡®àª¨ ¤«ï ¢ëç¨á«¥−¨ï ¤¨á¯¥àá¨¨ �C à�¢−� 1000 ¤�−−ëå.

‚ ¤�−−®¬ ¯à¨¬¥à¥ ¢ë¡®à à�§«¨ç−ëå ¯�à�¬¥âà®¢ µi ¯à¨¢¥« ª §−�ç¨â¥«ì−®-
¬ã ã¢¥«¨ç¥−¨î ¤¨á¯¥àá¨¨ ¤«¨− æ¨ª«®¢ α ¨ D, ®¤−�ª® ¤¨á¯¥àá¨ï ®æ¥−ª¨ �C
áâ�¡¨«¨§¨àã¥âáï á à®áâ®¬ ç¨á«� ã§«®¢ ¤®áâ�â®ç−® ¡ëáâà®.

’�¡«¨æ� 1 �æ¥−¨¢�−¨¥ ��‘ ¯à¨ à�§«¨ç−ëå µi

m �α �D Var [�α] V
[

�D
]

C Var
[

�C
]

2 2,2317 7,4601 5,75 36,51 0,59649 0,07149
4 4,4407 14,7588 42,86 284,89 2,21465 0,29624
6 8,0033 26,4823 152,24 1149,87 2,32183 0,26295
8 10,5023 35,1061 256,80 2015,86 2,35188 0,19200
10 11,9795 40,0484 307,94 2506,86 2,31088 0,19374
12 14,0427 46,6333 428,39 3471,55 2,24337 0,17066

�à¨¬¥à 4. ÷�á¯à¥¤¥«¥−¨ï á âï¦¥«ë¬ å¢®áâ®¬ è¨à®ª® ¨á¯®«ì§ãîâáï ¤«ï ¬®¤¥-
«¨à®¢�−¨ï á®¢à¥¬¥−−®£® ¨−â¥à−¥â-âà�ä¨ª� [20], ®¤−�ª® ¯à¨ ®æ¥−¨¢�−¨¨ ��‘ (¢
á¨«ã ¬®¬¥−â−ëå âà¥¡®¢�−¨©) ¯à¨å®¤¨âáï ¨á¯®«ì§®¢�âì ãá¥ç¥−−ë¥ à�á¯à¥¤¥«¥−¨ï
â�ª®£® ¢¨¤�. �ãáâì ¢à¥¬¥−� ®¡á«ã¦¨¢�−¨ï Sj −� ã§«�å j ¨¬¥îâ à�á¯à¥¤¥«¥−¨¥
‚¥©¡ã««� á ¯�à�¬¥âà�¬¨ γ = 2, c = 3, λ = 0,4 (â®£¤� ρ = 0,44), � ¯®áâã¯�îé�ï
¢ ã§¥« m + 1 −� æ¨ª«¥ −�£àã§ª� {vi} §�¤�¥âáï á®®â−®è¥−¨¥¬ (11), £¤¥ −.®.à.
á.¢. {ηk} ¨¬¥îâ ãá¥ç¥−−®¥ à�á¯à¥¤¥«¥−¨¥ ��à¥â® ¢¨¤�

Fη(x) =

{

1− x−4 , 1 ≤ x ≤ L ;

1 , x ≥ L ,

£¤¥ L | −¥ª®â®à�ï ¯®áâ®ï−−�ï. �ë«¨ ¨á¯®«ì§®¢�−ë ¯�à�¬¥âàë b = 30, • =
= 10−5, çâ® ¤�¥â θ∗ = 0,383764. —¨á«® æ¨ª«®¢ à¥£¥−¥à�æ¨¨ à�¢−® 5000, � à�§¬¥à
¢ë¡®àª¨ à�¢¥− 1000.

÷¥§ã«ìâ�âë ®æ¥−¨¢�−¨ï ¯à¨¢¥¤¥−ë ¢ â�¡«. 2. ‚ ®â«¨ç¨¥ ®â ¯à¨¬¥à� 3, ¤¨á¯¥à-
á¨ï ¤«¨− æ¨ª«®¢ α ¨ D ¯à¨ ã¢¥«¨ç¥−¨¨ ç¨á«� ã§«®¢ ¬¥−ï¥âáï −¥§−�ç¨â¥«ì−®, çâ®,
¯®-¢¨¤¨¬®¬ã, á¢ï§�−® á ¨á¯®«ì§®¢�−¨¥¬ à�á¯à¥¤¥«¥−¨ï ‚¥©¡ã««�. ��¯à¨¬¥à,
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’�¡«¨æ� 2 �æ¥−¨¢�−¨¥ ��‘, ª®£¤� ηk ¨¬¥îâ ãá¥ç¥−−®¥
à�á¯à¥¤¥«¥−¨¥ ��à¥â®

m
L = 10 L = 20

�C Var
[

�C
]

�C Var
[

�C
]

2 0,491 0,0033 0,546 0,1181
4 0,528 0,0096 0,583 0,1175
6 0,561 0,0115 0,623 0,1361
8 0,598 0,0148 0,658 0,1495

10 0,629 0,0270 0,705 0,1611
12 0,652 0,0335 0,736 0,1538
14 0,688 0,0422 0,755 0,1597
16 0,721 0,0477 0,779 0,1428

¤«ï ¤¢ãå ã§«®¢ íªá¯¥à¨¬¥−â ¯®ª�§�«, çâ® ®æ¥−ª¨ Var [�α] = 0,375574, Var
[

�D
]

=

= 11,1578, � ¤«ï 16 ã§«®¢ Var [�α] = 1,44008, Var
[

�D
]

= 13,3772. �®¢¥¤¥−¨¥
®æ¥−ª¨ ��‘ �−�«®£¨ç−®: á à®áâ®¬ ç¨á«� ã§«®¢ à�áâ¥â ¢¥«¨ç¨−� ¯¥à¥®æ¥−¨¢�−¨ï
��‘, � ¤¨á¯¥àá¨ï ®æ¥−ª¨ ®áâ�¥âáï áâ�¡¨«ì−®©.

4 Заключение

‚ ¤�−−®© áâ�âì¥ ¯à®¤®«¦¥−ë ¨áá«¥¤®¢�−¨ï á¢®©áâ¢ à¥£¥−¥à�â¨¢−®© ®æ¥−ª¨
��‘ ã§«� ¨−ä®ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨. ÷�−¥¥ íâ®â ¢®¯à®á ¡ë« ¨áá«¥¤®¢�− ¤«ï
®â¤¥«ì−®£® ã§«� á ¢å®¤−ë¬ à¥£¥−¥à¨àãîé¨¬ ¯à®æ¥áá®¬ ¢ à�¡®â�å [7, 8]. ÷�áá¬�-
âà¨¢�¥¬®¥ ®¡®¡é¥−¨¥ ï¢«ï¥âáï −�¨¡®«¥¥ ¥áâ¥áâ¢¥−−ë¬ ¤«ï �æ¨ª«¨ç¥áª¨å á¥â¥©,
¢ ª®â®àëå ¢å®¤−®© ¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï, ¯à®å®¤ï ç¥à¥§ ã§«ë á¥â¨, ®ª�§ë¢�-
¥âáï ¯®«®¦¨â¥«ì−® ¢®§¢à�â−ë¬ à¥£¥−¥à¨àãîé¨¬ ¯à®æ¥áá®¬ (¯à¨ ãá«®¢¨¨, çâ® ¢
ã§«�å ¢ë¯®«−¥−® ãá«®¢¨¥ áâ�æ¨®−�à−®áâ¨). ‘ ¨á¯®«ì§®¢�−¨¥¬ à¥§ã«ìâ�â®¢ â¥®-
à¨¨ ¡®«ìè¨å ãª«®−¥−¨© ¢ ¤�−−®© à�¡®â¥ ¯à¥¤«®¦¥−� �¯¯à®ªá¨¬�æ¨ï ¢¥«¨ç¨−ë
��‘ ¯® �−�«®£¨¨ á â®©, çâ® ¯®«ãç¥−� ¢ à�¡®â�å [7, 8]. Š�ç¥áâ¢® ¯®«ãç¥−−®© −�
®á−®¢¥ íâ®© �¯¯à®ªá¨¬�æ¨¨ ®æ¥−ª¨ ¯à®¢¥à¥−® ¬®¤¥«¨à®¢�−¨¥¬ ¤«ï àï¤� â�−¤¥¬-
−ëå á¥â¥© á à�áâãé¨¬ ç¨á«®¬ ã§«®¢. „«ï ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï ¨ ¢¥«¨ç¨−ë
−�£àã§ª¨ ¨á¯®«ì§®¢�«¨áì à�á¯à¥¤¥«¥−¨¥ ‚¥©¡ã««� á «¥£ª¨¬ å¢®áâ®¬, ãá¥ç¥−−®¥
à�á¯à¥¤¥«¥−¨¥ ��à¥â®, � â�ª¦¥ íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥, � ç¨á«® ã§«®¢
¢ á¥â¨ ¢�àì¨à®¢�«®áì ®â 2 ¤® 40. �®ª�§�−®, çâ® ¯®«ãç¥−−�ï ®æ¥−ª� ��‘ ¢®
¢á¥å á«ãç�ïå ®¡¥á¯¥ç¨¢�¥â £�à�−â¨î ª�ç¥áâ¢� á¥à¢¨á�: ®æ¥−ª� ¢¥à®ïâ−®áâ¨ Pb

¯à¥¢ëè¥−¨ï ¯à®æ¥áá®¬ −�£àã§ª¨ §�¤�−−®£® ãà®¢−ï b ¢á¥£¤� ¬¥−ìè¥ §�¤�−−®£®
§−�ç¥−¨ï •. �â®â à¥§ã«ìâ�â ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¯à¨ ¢ë¡®à¥ ¢¥«¨ç¨−ë ��‘
¤«ï ã§«®¢ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ¢ëá®ª®© −�¤¥¦−®áâ¨.

�¡áã¤¨¬ àï¤ ¢®¯à®á®¢, ¢®§−¨ª�îé¨å ¢ á¢ï§¨ á ¯à®¢¥¤¥−−ë¬ ¨áá«¥¤®¢�−¨¥¬.
ˆá¯®«ì§®¢�âì −� ¯à�ªâ¨ª¥ ¬®¬¥−âë ª¢�§¨à¥£¥−¥à�æ¨¨ ¤«ï ®æ¥−¨¢�−¨ï £®à�§¤®
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�æ¥−¨¢�−¨¥ íää¥ªâ¨¢−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ã§«� ¢ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨

íää¥ªâ¨¢−¥¥, ç¥¬ ª«�áá¨ç¥áªãî à¥£¥−¥à�æ¨î, ª®â®à�ï ¯®à®¦¤�¥âáï §�ï¢ª�¬¨,
¯à¨å®¤ïé¨¬¨ ¢ ¯®«−®áâìî ¯ãáâãî á¥âì. Œ®¬¥−âë ª«�áá¨ç¥áª®© à¥£¥−¥à�æ¨¨ ¢
á®¢à¥¬¥−−ëå á¥âïå «¨¡® −¥¢®§¬®¦−ë, «¨¡® á«¨èª®¬ à¥¤ª¨, çâ®¡ë ¡ëâì ¯®«¥§−ë-
¬¨ ¤«ï ®æ¥−¨¢�−¨ï âà¥¡ã¥¬ëå ¯�à�¬¥âà®¢ §� ¯à¨¥¬«¥¬®¥ ¢à¥¬ï ¬®¤¥«¨à®¢�−¨ï.
Œ®¬¥−âë ª¢�§¨à¥£¥−¥à�æ¨¨ â�ª¦¥ ï¢«ïîâáï ¡®«¥¥ ç�áâë¬¨, ç¥¬ ¬®¬¥−âë á«�¡®©
à¥£¥−¥à�æ¨¨, ¯à¨ ª®â®à®© áãé¥áâ¢ã¥â §�¢¨á¨¬®áâì ¬¥¦¤ã á®á¥¤−¨¬¨ æ¨ª«�¬¨
à¥£¥−¥à�æ¨¨, −® ¤«¨−ë æ¨ª«®¢ ®áâ�îâáï −¥§�¢¨á¨¬ë¬¨. (�â¨ ¢®¯à®áë ¯®¤à®¡−®
®¡áã¦¤�îâáï ¢ à�¡®â�å [17{19].) �â¬¥â¨¬ â�ª¦¥ −�«¨ç¨¥ ¢«®¦¥−−ëå ¯®á«¥¤®¢�-
â¥«ì−®áâ¥© ª¢�§¨à¥£¥−¥à�æ¨©: §�ï¢ª�, ¯®à®¦¤�îé�ï ª¢�§¨à¥£¥−¥à�æ¨î ã§«� k,
â�ª¦¥ ¯®à®¦¤�¥â ª¢�§¨à¥£¥−¥à�æ¨î ¯®¤á¥â¨, á®¤¥à¦�é¥© ã§«ë 1, . . . , k − 1. ��-
«¨ç¨¥ â�ª¨å ¢«®¦¥−−ëå ¯®¤¯®á«¥¤®¢�â¥«ì−®áâ¥© ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−® ¤«ï
á®ªà�é¥−¨ï ¤¨á¯¥àá¨¨ ¯à¨ ¤®¢¥à¨â¥«ì−®¬ ®æ¥−¨¢�−¨¨ [21].

Š®á−¥¬áï ¢®§¬®¦−ëå ¯à¨ç¨− ¯®«ãç¥−−ëå ¯®«®¦¨â¥«ì−ëå à¥§ã«ìâ�â®¢ ¢ á¥-
âïå á ¡®«ìè¨¬ ç¨á«®¬ ã§«®¢. ‡�¬¥â¨¬, çâ® ¢ à�áá¬�âà¨¢�¥¬®© â�−¤¥¬−®© á¥â¨
®¤−®á¥à¢¥à−ëå ã§«®¢ ¢å®¤−®© ¯à®æ¥áá ¢ ¯®á«¥¤ãîé¨© ã§¥« ï¢«ï¥âáï ª®¬¡¨-
−�æ¨¥© ¯à®æ¥áá®¢ ¢®ááâ�−®¢«¥−¨ï, ¯®à®¦¤¥−−ëå ¢à¥¬¥−�¬¨ ®¡á«ã¦¨¢�−¨ï −�
¯¥à¨®¤�å §�−ïâ®áâ¨ ¯à¥¤è¥áâ¢ãîé¥£® ã§«� ¨ á«¥¤ãîé¨¬¨ §� −¨¬¨ ¯¥à¨®¤�¬¨
¯à®áâ®ï. �â® ¢ ®¯à¥¤¥«¥−−®© ¬¥à¥ ¤®«¦−® ®£à�−¨ç¨¢�âì ¢«¨ï−¨¥ à®áâ� ¤«¨-
−ë æ¨ª«®¢ (ª¢�§¨)à¥£¥−¥à�æ¨¨ (¯®à®¦¤�¥¬®¥ à®áâ®¬ ¤«¨−ë á¥â¨) −� ¤¨á¯¥àá¨î
®æ¥−ª¨ �C. ‡�¬¥â¨¬, çâ® á à®áâ®¬ ¢¥«¨ç¨−ë −�£àã§ª¨ ¤«¨−� ¯¥à¨®¤®¢ ¯à®áâ®ï
¤®«¦−� ã¡ë¢�âì, ¨ ¬®¦−® ®¦¨¤�âì, çâ® ¢å®¤−®© ¯à®æ¥áá ¢ ¨áª®¬®¬ ã§«¥ ¡ã¤¥â
¢á¥ ¡®«¥¥ ®¯à¥¤¥«ïâìáï ¯à®æ¥áá®¬ ¢®ááâ�−®¢«¥−¨ï (¢à¥¬¥−�¬¨ ®¡á«ã¦¨¢�−¨ï)
¯à¥¤è¥áâ¢ãîé¥£® ã§«�. �¤−�ª® ã¢¥«¨ç¥−¨¥ −�£àã§ª¨ ¯à¨¢®¤¨â ª áãé¥áâ¢¥−-
−®¬ã à®áâã ¤«¨−ë æ¨ª«®¢ ª¢�§¨à¥£¥−¥à�æ¨¨. “ª�¦¥¬ â�ª¦¥ −� ¢®§¬®¦−®áâì

¨á¯®«ì§®¢�−¨ï ¡®«¥¥ ¯à®áâ®£®, ç¥¬ (10), ãá«®¢¨¥ ª¢�§¨à¥£¥−¥à�æ¨¨ W
(m)
n = 0,

¯à¨ ª®â®à®¬ ¬®¬¥−â®¬ ª¢�§¨à¥£¥−¥à�æ¨¨ ï¢«ï¥âáï ¯à¨å®¤ §�ï¢ª¨, −¥ ®¦¨¤�îé¥©
®¡á«ã¦¨¢�−¨ï ¢ ã§«¥ m.

‚¢¨¤ã ä®à¬ë §�¢¨á¨¬®áâ¨ (11) á.¢. vi á à®áâ®¬ i á¡«¨¦�¥âáï (¢ á¨«ã §�ª®−�
¡®«ìè¨å ç¨á¥«) á® áà¥¤−¨¬ §−�ç¥−¨¥¬ Eη, ª®£¤� à�áâ¥â ¤«¨−� æ¨ª«� α. �â® ¬®¦−®
¡ë«® ¡ë áç¨â�âì ®¤−¨¬ ¨§ ä�ªâ®à®¢ áâ�¡¨«¨§�æ¨¨ ¤¨á¯¥àá¨¨ ®æ¥−ª¨ �C á à®áâ®¬
¤«¨−ë á¥â¨, ®¤−�ª® â�ª®© íää¥ªâ −�¡«î¤�«áï ¨ ¯à¨ ¤àã£¨å ¢¨¤�å §�¢¨á¨¬®áâ¨.

�â¬¥â¨¬, çâ® ª�ç¥áâ¢® ®æ¥−¨¢�−¨ï ¬®¦¥â §−�ç¨â¥«ì−® ãåã¤è¨âìáï ¢ ¯à®-
¨§¢®«ì−®© �æ¨ª«¨ç¥áª®© á¥â¨, £¤¥ ¬®£ãâ ®¡ê¥¤¨−ïâìáï −¥áª®«ìª® à�§«¨ç−ëå
¢å®¤−ëå ¯à®æ¥áá®¢ ¨ ¯à¨áãâáâ¢®¢�âì ¬−®£®á¥à¢¥à−ë¥ ã§«ë.

‚ á¨áâ¥¬�å ¢ëá®ª®© −�¤¥¦−®áâ¨ ¯¥à¥®æ¥−¨¢�−¨¥ ¯à¥¤¯®çâ¨â¥«ì−¥¥, −® ¯à¨-
¥¬«¥¬�ï ¢¥«¨ç¨−� ¯¥à¥®æ¥−¨¢�−¨ï – ¢á¥ ¦¥ §�¢¨á¨â ®â ª®−ªà¥â−®© á¨âã�-
æ¨¨. �à¥¤¢�à¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® ¤�¦¥ ¬�«®¥ (®â−®á¨â¥«ì−®¥)
ã¬¥−ìè¥−¨¥ ¢¥«¨ç¨−ë C ¬®¦¥â −�àãè¨âì £�à�−â¨î (1), â�ª çâ® ¯®«ãç�¥¬®¥ ¯¥-
à¥®æ¥−¨¢�−¨¥ ¬®¦¥â ¡ëâì íª®−®¬¨ç¥áª¨ ¢¯®«−¥ ®¯à�¢¤�−®. �¤−�ª® íâ®â ¢®¯à®á
âà¥¡ã¥â ¤�«ì−¥©è¥£® ¨§ãç¥−¨ï.

�®áª®«ìªã §−�ç¥−¨ï •, ª�ª ¯à�¢¨«®, ¤®áâ�â®ç−® ¬�«ë, â® á¥àì¥§−®© ¢ë-
ç¨á«¨â¥«ì−®© ¯à®¡«¥¬®© ï¢«ï¥âáï ¯®áâà®¥−¨¥ −�¤¥¦−®© ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ Pb
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¯à¨ ¯à®¢¥àª¥ ª�ç¥áâ¢� ®æ¥−ª¨ �C. •®âï ¤«ï ¢¥«¨ç¨−ë • = 10−2 (á¬. ¯à¨¬¥à 1)
áâ�−¤�àâ−ë© ¬¥â®¤ Œ®−â¥-Š�à«® ¯®§¢®«ï¥â ¯®áâà®¨âì ®æ¥−ªã �• §� ¯à¨¥¬«¥¬®¥
¢à¥¬ï ¬®¤¥«¨à®¢�−¨ï, ®¤−�ª® ®æ¥−¨¢�−¨¥, −�¯à¨¬¥à, ¢¥à®ïâ−®áâ¨ ¯®àï¤ª� 10−8

¤�¦¥ á ¨á¯®«ì§®¢�−¨¥¬ ¢ëç¨á«¨â¥«ì−ëå ¢®§¬®¦−®áâ¥© ª«�áâ¥à� Š�à�– ÷��
(á®¤¥à¦�é¥£® 10 ¢ëç¨á«¨â¥«ì−ëå ã§«®¢ −� ¡�§¥ ç¥âëà¥åêï¤¥à−ëå ¯à®æ¥áá®-
à®¢ Intel Xeon 5430 2,66 GHz) ¯®âà¥¡®¢�«® ®ª®«® 24 ç. ’�ª¨¬ ®¡à�§®¬, ¤«ï
íää¥ªâ¨¢−®£® ®æ¥−¨¢�−¨ï ¢¥à®ïâ−®áâ¨ Pb −¥®¡å®¤¨¬® ¯à¨¬¥−ïâì â¥å−¨ªã ãáª®-
à¥−−®£® ¬®¤¥«¨à®¢�−¨ï à¥¤ª¨å á®¡ëâ¨©, ¢ ç�áâ−®áâ¨ ¬¥â®¤ à�áé¥¯«¥−¨ï (á¬.,
−�¯à¨¬¥à, [22{24]).

‚á¥ §�âà®−ãâë¥ ¢ëè¥ ¢®¯à®áë âà¥¡ãîâ ¤�«ì−¥©è¥£® ¨áá«¥¤®¢�−¨ï.

Литература

1. Kelly F. Notes on effective bandwiths // Stochastic networks: Theory and applica-
tions / Eds. F. P. Kelly, S. Zachary, I. B. Ziedins. Royal Statistical Society lecture
notes ser., 4. | Oxford: Oxford University Press, 1996. P. 141{168.

2. Lewis J. T., Russell R. An introduction to large deviation for teletraffic engineers.
DIAS Technical Report DIAS-STP 97-16, 1997.

3. Crosby S., Leslie I., Huggard M., Lewis J. T., McGurk B., Russel R. Predicting
bandwidth requirements of ATM and Ethernet traffic // 13th IEE UK Teletraffic
Symposium Proceedings. | Glasgow, U.K., 1996. P. 1{45.

4. Glynn P. W., Whitt W. Logarithmic asymptotics for steady-state tail probabilities in
a single-server queue // J. Appl. Probab., 1994. Vol. 31. P. 131{156.

5. Ganesh A., O'Connell N., Wischik D. Big queues. | Berlin: Springer-Verlag, 2004.
260 p.

6. �®à®¤¨−� �. ‚., „î¤¥−ª® ˆ. ‘., Œ®à®§®¢ …. ‚. “áª®à¥−−®¥ ®æ¥−¨¢�−¨¥ ¢¥à®ïâ-
−®áâ¨ ¯¥à¥¯®«−¥−¨ï à¥£¥−¥à�â¨¢−ëå á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï // �¡®§à¥−¨¥ ¯à¨ª«�¤-
−®© ¨ ¯à®¬ëè«¥−−®© ¬�â¥¬�â¨ª¨, 2009. ’. 16. ‚ë¯. 4. C. 577{593.

7. �®à®¤¨−� �. ‚., Œ®à®§®¢ …. ‚. ‘à�¢−¥−¨¥ ¤¢ãå ®æ¥−®ª íää¥ªâ¨¢−®© ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ á¨áâ¥¬ë ®¡á«ã¦¨¢�−¨ï // ’àã¤ë Š�à¥«ìáª®£® −�ãç−®£® æ¥−âà� ÷��,
2012. ‚ë¯. 6. ‘. 8{17.

8. �®à®¤¨−� �. ‚., Œ®à®§®¢ …. ‚. �¡ ®æ¥−¨¢�−¨¨ íää¥ªâ¨¢−®© ¯à®¯ãáª−®© á¯®-
á®¡−®áâ¨ ¢ á¨áâ¥¬¥ á à¥£¥−¥à�â¨¢−ë¬ ¢å®¤−ë¬ ¯à®æ¥áá®¬ // ˆ−ä®à¬�â¨ª� ¨ ¥ñ
¯à¨¬¥−¥−¨ï, 2013. ’. 7. ‚ë¯. 2. ‘. 26{33.

9. Schmeiser B. Batch size effects in the analysis of simulation output // Oper. Res.,
1982. Vol. 30. P. 556{568.

10. Song W. T. On the estimation of optimal batch sizes in the analysis of simulation
output // Eur. J. Oper. Res., 1996. Vol. 88. No. 2. P. 304{319.

11. Song W. T., Mingchang Ch. Implementable mse-optimal dynamic partial-overlapping
batch means estimators for steady-state simulations // 2008 Winter Simulation
Conference Proceedings, 2008. P. 426{435.

12. Dyudenko I., Morozov E., Pagano M., Sandmann W. Comparative study of effective
bandwidth estimators: Batch means and regenerative cycles // 6th St. Petersburg
Workshop on Simulation Proceedings. | St. Petersburg: VVM com. Ltd., 2009.
Vol. II. P. 1003{1007.

50 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014



�æ¥−¨¢�−¨¥ íää¥ªâ¨¢−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ã§«� ¢ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨

13. Rabinovitch P. Statistical estimation of effective bandwidth. | Cambridge: University
of Cambridge, 2000. M.Sc. Thesis. P. 1{75.

14. Vorobieva I., Morozov E., Pagano M., Procissi G. A new regenerative estimator
for effective bandwidth prediction // AMICT'2007 Proceedings. | Petrozavodsk:
Petrozavodsk State University, 2008. Vol. 9. P. 175{187.

15. Dyudenko I., Morozov E., Pagano M. Regenerative estimator for effective band-
width // Mathematical methods for analysis and optimization of information telecom-
munication networks: Proceedings of the International Conference. | Minsk: Belaru-
sian State University, 2009. P. 58{60.

16. Morozov E., Aminova I. Steady-state simulation of some weak regenerative net-
works // Eur. Trans. Telecommunications (ETT), 2002. Vol. 13. No. 4. P. 409{418.

17. Belyy A. V., Aminova I. V. Queueing network simulation based on quasi-weak regen-
eration // Inform. Proc., 2002. Vol. 2. No. 2. P. 146{148.

18. Bodyonov D., Morozov E. Regenerative simulation of a long range dependent process
in a tandem network // 5th St. Petersburg Workshop (International) on Simulation
Proceedings. | St. Petersburg: NII Chemistry St. Petersburg University Publs., 2005.
P. 169{173.

19. Morozov E. Weak regeneration in modeling of queueing processes // Queueing Syst.,
2004. Vol. 46. No. 3{4. P. 295{315.

20. Park K., Willinger W. Self-similar network traffic and performance evaluation. |
New York, NY, USA: John Wiley & Sons, 2000. 576 p.

21. Andradottir S., Calvin J., Glynn P. W. Accelereted regeneration for Markov chain
simulation // Probab. Eng. Inform. Sci., 1995. Vol. 9. P. 497{523.

22. Glasserman P., Heidelberger P., Shahabuddin P., Zajic T. A look at multilevel
splitting // Monte Carlo and quasi Monte Carlo methods / Ed. H. Niederreiter.
Lecture notes in statistics ser. | Berlin: Springer-Verlag, 1996. Vol. 127. P. 99{108.

23. Glasserman P., Heidelberger P., Shahabuddin P., Zajic T. Splitting for rare event
simulation: Analysis of simple cases // 1996 Winter Simulation Conference Proceed-
ings. | San Diego, CA, USA: Academic Press, 1996. P. 302{308.

24. �®à®¤¨−� �. ‚., Œ®à®§®¢ …. ‚. “áª®à¥−−®¥ à¥£¥−¥à�â¨¢−®¥ ¬®¤¥«¨à®¢�−¨¥ ¢¥à®ïâ-
−®áâ¨ ¯¥à¥£àã§ª¨ ®¤−®á¥à¢¥à−®© ®ç¥à¥¤¨ // �¡®§à¥−¨¥ ¯à¨ª«�¤−®© ¨ ¯à®¬ëè«¥−-
−®© ¬�â¥¬�â¨ª¨, 2007. ’. 14. ‚ë¯. 3. C. 385{397.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 22.03.14

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014 51



A. V. Borodina and …. V. Morozov

ESTIMATION OF THE EFFECTIVE BANDWIDTH OF A NODE
IN AN INFO-COMMUNICATION TANDEM NETWORK
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Abstract: The properties of the effective bandwidth (EB) regenerative estimate
of a communication node in the tandem network are investigated. This problem
has been studied earlier for a separate node with regenerative input. This
setting is natural for acyclic networks because the input renewal process becomes
positive recurrent regenerative while crossing the nodes of such a network (under
the steady-state condition). Based on the theory of large deviations results, an
approximation of the EB is proposed which quality is verified by simulation of a
few tandem networks. The Weibull distribution with a light tail, the truncated
Pareto distribution, and the exponential distribution are used for service time
and the arrived workload, and the number of the nodes is varied from 2 to 40.
It is shown that the EB estimator obtained by this approximation ensures the
following condition: the overflow probability estimate is always less than the
required given value (guarantee of quality of service). This result indicates the
possibility to use the proposed approximation for choosing the EB values in the
nodes in info-communication highly reliable tandem networks.

Keywords: tandem network; effective bandwidth; regenerative input; quality
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ИНСТРУМЕНТЫ ДЛЯ СИСТЕМНОЙ ВЕРИФИКАЦИИ
РЕКУРРЕНТНОГО ОБРАБОТЧИКА СИГНАЛОВ∗

В. С. Петрухин1, Д. Ю. Степченков2, Н. В. Морозов3, Ю. А. Степченков4

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¯à®æ¥¤ãà� ¢ë¡®à� ¨ à�§à�¡®âª¨ ª®¬¯«¥ªá� ¯à®-
£à�¬¬−ëå ¨ �¯¯�à�â−ëå ¨−áâàã¬¥−â®¢ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï ¨ ®â«�¤ª¨ −¥âà�-
¤¨æ¨®−−®£® æ¨äà®¢®£® á¨£−�«ì−®£® ¯à®æ¥áá®à� −� ¡�§¥ à¥ªãàà¥−â−®-¤¨−�-
¬¨ç¥áª®© ¯®â®ª®¢®© £¨¡à¨¤−®© �àå¨â¥ªâãàë | à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª�
á¨£−�«®¢ (÷�‘). �ªá¯¥à¨¬¥−â�«ì−ë© å�à�ªâ¥à ®âà�¡�âë¢�¥¬®© �àå¨â¥ªâã-
àë ÷�‘ ¨ −¥®¡å®¤¨¬®áâì −�«¨ç¨ï ®âà�¡®â�−−®£® ã¯à�¢«ïîé¥£® ¯à®æ¥áá®à�
¯à¥¤®¯à¥¤¥«¨«¨ ¢ë¡®à ¢ ª�ç¥áâ¢¥ í«¥¬¥−â−®© ¡�§ë ¥£® à¥�«¨§�æ¨¨ �‹ˆ‘
(¯à®£à�¬¬¨àã¥¬ë¥ «®£¨ç¥áª¨¥ ¨−â¥£à�«ì−ë¥ áå¥¬ë) á¥¬¥©áâ¢� Cyclone V
ä¨à¬ë �«ìâ¥à� ¨, á®®â¢¥âáâ¢¥−−®, áà¥¤ë à�§à�¡®âª¨ | Quartus II. Œ®é−ë¥
¨−áâàã¬¥−âë ¢¥à¨ä¨ª�æ¨¨, ¢å®¤ïé¨¥ ¢ á®áâ�¢ íâ®© áà¥¤ë, ¯®§¢®«ïîâ á®ªà�-
â¨âì ¢à¥¬ï ¯®«ãç¥−¨ï £®â®¢®£® ¯à®¥ªâ� ¨ áãé¥áâ¢¥−−® ã¬¥−ìè¨âì �¯¯�à�â−ë¥
§�âà�âë. �� ®á−®¢¥ áà�¢−¨â¥«ì−®£® �−�«¨§� ¨ ãáâ�−®¢«¥−−ëå ªà¨â¥à¨¥¢ ®¯à¥-
¤¥«¥− á®áâ�¢ ¨ ¯à¥¤«®¦¥−� ®¯â¨¬�«ì−�ï áâàãªâãà� �¯¯�à�â−ëå ¨−áâàã¬¥−â®¢
®â«�¤ª¨ ÷�‘, ¯®§¢®«ïîé�ï áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¯à®æ¥áá ¢¥à¨ä¨ª�æ¨¨ ¨
®â«�¤ª¨ ÷�‘ ¢ à¥�«ì−®¬ �¯¯�à�â−®¬ ®ªàã¦¥−¨¨.

Š«îç¥¢ë¥ á«®¢�: ®â«�¤®ç−ë¥ áà¥¤áâ¢�; ¯®â®ª®¢�ï �àå¨â¥ªâãà�; ¢¥à¨ä¨ª�-
æ¨ï
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1 Введение

‚ ˆ�ˆ ÷�� ¢¥¤ãâáï à�¡®âë ¯® á®§¤�−¨î ¢ëç¨á«¨â¥«ï −¥âà�¤¨æ¨®−−®©
à¥ªãàà¥−â−®© �àå¨â¥ªâãàë, ¯à¥¤−�§−�ç¥−−®£® ¤«ï à¥�«¨§�æ¨¨ ¯�à�««¥«ì−ëå
¢ëç¨á«¥−¨© ¢ ®¡«�áâ¨ æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢ [1]. „«ï �¯à®¡�æ¨¨ �àå¨-
â¥ªâãà−ëå à¥è¥−¨© ¨ ¨áá«¥¤®¢�−¨ï äã−ªæ¨®−¨à®¢�−¨ï à�§à�¡�âë¢�¥¬®£® ÷�‘
®− à¥�«¨§ã¥âáï −� �‹ˆ‘. ‡�¢¥àè�¥¬ë¬ íâ�¯®¬ ¯à®æ¥áá� à�§à�¡®âª¨ ÷�‘ c
¯®â®ª®¢®© �àå¨â¥ªâãà®© [2] ï¢«ï¥âáï ¢¥à¨ä¨ª�æ¨ï ¯à®¥ªâ� ÷�‘ −� ä¨§¨ç¥-
áª®© ¬®¤¥«¨ ¨«¨ á¨áâ¥¬−�ï ®â«�¤ª�, â. ¥. ®â«�¤ª� á ¨á¯®«ì§®¢�−¨¥¬ à¥�«ì−ëå
�¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢. ”ã−ªæ¨®−¨à®¢�−¨¥ �¯¯�à�â−ëå ¨
¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢ ¯à¨ íâ®¬ ®áãé¥áâ¢«ï¥âáï ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥-
¬¥−¨, çâ® áãé¥áâ¢¥−−® ¯®¢ëè�¥â âàã¤®¥¬ª®áâì ®â«�¤ª¨.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬�¬ äã−¤�¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨© ��ˆ’ ÷�� §� 2013 £. (¯à®¥ªâ 1.5) ¨ �à¥§¨¤¨ã¬� ÷�� (¯à®¥ªâ 16).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, cokrat2@rambler.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, stepchenkov@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nmorozov@ipiran.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ystepchenkov@ipiran.ru
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’�ª®© ¢�à¨�−â ®â«�¤ª¨ ¯®§¢®«ï¥â ¯à®¢¥à¨âì à�¡®â®á¯®á®¡−®áâì ÷�‘ ¯à¨
¯®¤�ç¥ −� −¥£® à¥�«ì−ëå á¨£−�«®¢ ¨ ¢ ãá«®¢¨ïå ¯®¬¥å, � â�ª¦¥ ãáâà�−¨âì −¥-
áâëª®¢ª¨ ¨−â¥àä¥©á®¢ à�§«¨ç−ëå ç�áâ¥© ÷�‘ ¨ ¢®§¬®¦−ë¥ ®è¨¡ª¨ à�§¢®¤ª¨
¯¥ç�â−®© ¯«�âë. „®¢®«ì−® ç�áâ® ¨áá«¥¤®¢�−¨ï −¥¯®áà¥¤áâ¢¥−−® −� à¥�«ì−®©
¬®¤¥«¨ ï¢«ïîâáï ¥¤¨−áâ¢¥−−ë¬ áà¥¤áâ¢®¬ ¢¥à¨ä¨ª�æ¨¨ á¨áâ¥¬ë (®á®¡¥−−® ¤«ï
áâ®«ì á«®¦−ëå ¯à®¥ªâ®¢), ¯®áª®«ìªã ¨¬¥îâáï ¯à¨ç¨−ë, ®£à�−¨ç¨¢�îé¨¥ ¢®§-
¬®¦−®áâ¨ ¬®¤¥«¨à®¢�−¨ï (á¨¬ã«ïæ¨¨). ‚®-¯¥à¢ëå, ¯à®æ¥áá ¬®¤¥«¨à®¢�−¨ï
¬®¦¥â §�−¨¬�âì ¤®áâ�â®ç−® ¡®«ìè®¥ ¢à¥¬ï, â�ª ª�ª ¢ ¬®¤¥«ì−®¬ ¢à¥¬¥−¨ ¨áá«¥-
¤®¢�−¨¥ ¢¥¤¥âáï −� −¥áª®«ìª® ¯®àï¤ª®¢ ¬¥¤«¥−−¥¥. ‚®-¢â®àëå, ¤®áâ®¢¥à−®áâì
¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ®£à�−¨ç¨¢�¥âáï á®®â¢¥âáâ¢¨¥¬ ¬®¤¥«¨ ¢å®¤−®£®
¢®§¤¥©áâ¢¨ï à¥�«ì−ë¬ ãá«®¢¨ï¬.

Œ®¦−® ¢ë¤¥«¨âì ¤¢� ®á−®¢−ëå ¬¥â®¤� ¢−ãâà¨áå¥¬−®© ®â«�¤ª¨ �‹ˆ‘ [3]:

(1) ¯à¨¬¥−¥−¨¥ ¢áâà®¥−−ëå ¢ �‹ˆ‘ ®â«�¤®ç−ëå ¨−áâàã¬¥−â®¢ −� ®á−®¢¥ JTAG
(Joint Test Action Group);

(2) ¨á¯®«ì§®¢�−¨¥ ¢−¥è−¥£® ª®−âà®«ì−®-¨§¬¥à¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï: ®áæ¨«-
«®£à�ä®¢ á¬¥è�−−ëå á¨£−�«®¢ ¨ «®£¨ç¥áª¨å �−�«¨§�â®à®¢. ˆá¯®«ì§®¢�−¨¥
¢−¥è−¥£® ®¡®àã¤®¢�−¨ï á¢ï§�−® á® §−�ç¨â¥«ì−ë¬¨ ¬�â¥à¨�«ì−ë¬¨ §�âà�-
â�¬¨.

‚ ª�ç¥áâ¢¥ í«¥¬¥−â−®© ¡�§ë à¥�«¨§�æ¨¨ ÷�‘ ¢ë¡à�−ë �‹ˆ‘ (á¥¬¥©áâ¢®
Cyclone V ä¨à¬ë �«ìâ¥à� [4]), � ¢ ª�ç¥áâ¢¥ ¨−â¥£à¨à®¢�−−®© áà¥¤ë à�§à�¡®âª¨ |
á¨áâ¥¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï (‘��÷) Quartus II, á®¤¥à¦�é�ï
£®â®¢ë¥ ª®¬¯®−¥−âë ¤«ï ¯à®¢¥¤¥−¨ï ¯à®¥ªâ¨à®¢�−¨ï ¨ ®â«�¤ª¨ á¨áâ¥¬. ˆá-
¯®«ì§®¢�−¨¥ â�ª¨å áà¥¤ ¯®§¢®«ï¥â §−�ç¨â¥«ì−® á®ªà�â¨âì ¢à¥¬ï à�§à�¡®âª¨ ¨
ã¬¥−ìè¨âì ¢à¥¬¥−−‚ë¥ §�âà�âë −� ®â«�¤ªã.

�¯à®¡�æ¨ï −®¢ëå �àå¨â¥ªâãà−ëå à¥è¥−¨© ¯à®¢®¤¨«�áì ¢ ãá«®¢¨ïå, á¢ï§�−-
−ëå á® §−�ç¨â¥«ì−ë¬¨ ¢à¥¬¥−−‚ë¬¨ ¨ ä¨−�−á®¢ë¬¨ ®£à�−¨ç¥−¨ï¬¨, ¯®íâ®¬ã
®á−®¢−ë¬¨ ªà¨â¥à¨ï¬¨ ¯à¨ ¢ë¡®à¥ á®áâ�¢� ®â«�¤®ç−ëå áà¥¤áâ¢ ¡ë«® ¬�ªá¨-
¬�«ì−®¥ ¨á¯®«ì§®¢�−¨¥ áâ�−¤�àâ−ëå áà¥¤áâ¢ ®â«�¤ª¨, à¥�«¨§®¢�−−ëå ¢ Quar-
tus II, ¨ ¬¨−¨¬�«ì−®¥ ¯à¨¢«¥ç¥−¨¥ ¤®¯®«−¨â¥«ì−®© �¯¯�à�âãàë. ‚ á®®â¢¥âáâ¢¨¨
á ¢ë¡à�−−ë¬¨ ªà¨â¥à¨ï¬¨ ¯à®¢¥¤¥− �−�«¨§ ¢áâà®¥−−ëå ®â«�¤®ç−ëå áà¥¤áâ¢
Quartus II −� ¯à¥¤¬¥â ¨å ¨á¯®«ì§®¢�−¨ï ¤«ï ®â«�¤ª¨ ãáâà®©áâ¢� ÷�‘.

2 Средства отладки Quartus II

‘à¥¤� à�§à�¡®âª¨ Quartus II ¨¬¥¥â á«¥¤ãîé¨¥ ¢áâà®¥−−ë¥ áà¥¤áâ¢� ®â«�¤-
ª¨ [5, 6] (§¤¥áì ¨ ¤�«¥¥ ¢ à�§¤. 2 ¨á¯®«ì§ã¥âáï ¯¥à¥à�¡®â�−−ë© ¬�â¥à¨�« ¨§
á®®â¢¥âáâ¢ãîé¨å ¯ã−ªâ®¢ ¤�−−ëå ¨áâ®ç−¨ª®¢ ¢ ¯à¥«®¬«¥−¨¨ ª ¯®áâ�¢«¥−−ë¬
æ¥«ï¬ ¨ §�¤�ç�¬):

{ à¥¤�ªâ®à ®â«�¤®ç−ëå ¢ë¢®¤®¢ (SignalProbe Pins);

{ à¥¤�ªâ®à ¨−â¥àä¥©á� ¤«ï ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� (Logic Analyzer
Interface Editor);

56 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014



ˆ−áâàã¬¥−âë ¤«ï á¨áâ¥¬−®© ¢¥à¨ä¨ª�æ¨¨ à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

{ à¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨ (In-System Memory Content
Editor);

{ ¢áâà�¨¢�¥¬ë© «®£¨ç¥áª¨© �−�«¨§�â®à SignalTap II (SignalTap II Logic Ana-
lyzer);

{ à¥¤�ªâ®à ª®−âà®«ì−ëå á¨£−�«®¢ ¢−ãâà¨ �‹ˆ‘ (In-System Sources and Probes
Editor);

{ ¢¨àâã�«ì−ë© JTAG (Virtual JTAG);

{ ®â«�¤®ç−ë¥ áà¥¤áâ¢� ¯à®æ¥áá®à� Nios II.

2.1 Отладочные выводы SignalProbe Pins

�â«�¤®ç−ë¥ ¢ë¢®¤ë SignalProbe Pins | ¯à®áâ¥©è¥¥ áà¥¤áâ¢® ®â«�¤ª¨. ˆá-
¯®«ì§ãï íâ®â ¬¥å�−¨§¬, ¬®¦−® á¤¥«�âì ¤®áâã¯−ë¬¨ ¤«ï −�¡«î¤¥−¨ï ¢−ãâà¥−−¨¥
á¨£−�«ë ¯à®¥ªâ�. „«ï íâ®£® ®−¨ −�§−�ç�îâáï −� −¥ §�−ïâë¥ ¢ ¯à®¥ªâ¥ ¢ë¢®¤ë
�‹ˆ‘. ÷¥¤�ªâ®à ¯®§¢®«ï¥â ¢ë¡à�âì á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¢−ãâà¥−−¨¬¨ á¨£−�«�-
¬¨ ¯à®¥ªâ� ¨ ¢−¥è−¨¬¨ ¢ë¢®¤�¬¨, −�§−�ç¨¢ ¨å á¨£−�«ë −� −¥ §�−ïâë¥ ¢ ¯à®¥ªâ¥
¢ë¢®¤ë ¨ á®®â¢¥âáâ¢ãîé¨¬ ®¡à�§®¬ ¨å ¯¥à¥¨¬¥−®¢�¢.

�à®áâ®â� ¨á¯®«ì§®¢�−¨ï SignalProbe Pins ¨ â®, çâ® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ®â«�-
¤®ç−ëå ¢ë¢®¤®¢ −¥ âà�â¨âáï «®£¨ç¥áª¨© à¥áãàá �‹ˆ‘, ï¢«ïîâáï ¥£® ®á−®¢−ë¬¨
¤®áâ®¨−áâ¢�¬¨. �¥â −¥®¡å®¤¨¬®áâ¨ ¢ ¤®¯®«−¨â¥«ì−®¬ ®¡®àã¤®¢�−¨¨, ¡«�£®¤�-
àï ç¥¬ã á®åà�−ïîâáï å�à�ªâ¥à¨áâ¨ª¨ ¯®«ì§®¢�â¥«ìáª®£® ¯à®¥ªâ� ¨ ®âáãâáâ¢ãîâ
ªàã¯−ë¥ ¤®¯®«−¨â¥«ì−ë¥ �¯¯�à�â−ë¥ ¨ ¢à¥¬¥−−‚ë¥ §�âà�âë. �â® ¤¥«�¥â Sig-
nalProbe Pins ¯à¨¥¬«¥¬ë¬ ¤«ï ®â«�¤ª¨ ®â¤¥«ì−ëå ¡«®ª®¢ áå¥¬ë. �¤−�ª® ¤«ï
ª®¬¯«¥ªá−®© ®â«�¤ª¨ ÷�‘ ®− −¥ ¯®¤å®¤¨â, ¯®â®¬ã çâ® −¥ ¯®§¢®«ï¥â áç¨âë¢�âì
á®¤¥à¦¨¬®¥ ¯�¬ïâ¨. Šà®¬¥ â®£®, ¬®¦¥â −¥ å¢�â¨âì −¥¨á¯®«ì§®¢�−−ëå ¢ë¢®¤®¢.

2.2 Интерфейс для внешнего логического анализатора

�à¨ ¯®¬®é¨ −�¡®à� ã¯à�¢«ï¥¬ëå ¬ã«ìâ¨¯«¥ªá®à®¢ −� ¢å®¤ ¢−¥è−¥£® «®£¨-
ç¥áª®£® �−�«¨§�â®à� ®â¡¨à�îâáï −ã¦−ë¥ á¨£−�«ë �−�«¨§¨àã¥¬®£® ¯à®¥ªâ�. �à¨
íâ®¬ ¢ëå®¤ë ¬ã«ìâ¨¯«¥ªá®à®¢ −�§−�ç�îâáï −� −¥ §�−ïâë¥ ¢ ¯à®¥ªâ¥ ¢ë¢®¤ë
�‹ˆ‘. ‘ ¯®¬®éìî JTAG-¨−â¥àä¥©á� â¥áâ¨àã¥¬®¥ ãáâà®©áâ¢® ¯®¤ª«îç�¥âáï ª
ª®¬¯ìîâ¥àã. �®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¢®§¬®¦−®áâì ã¯à�¢«¥−¨ï ¬ã«ìâ¨-
¯«¥ªá®à�¬¨ §� áç¥â à¥¤�ªâ®à� LAI (Logic Analyzer Interface).

�®á«¥ á®§¤�−¨ï ¨−â¥àä¥©á� ¤«ï ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� âà¥¡ãîâ-
áï ¯®¢â®à−ë¥ ª®¬¯¨«ïæ¨¨ ¯à®¥ªâ�, ãç¨âë¢�îé¨¥ ¨§¬¥−¥−¨ï ¢ ª®¬¬ãâ�æ¨¨, ¨
§�£àã§ª� −� �‹ˆ‘. ‘¬¥−� £àã¯¯ ®âá«¥¦¨¢�¥¬ëå á¨£−�«®¢ ®áãé¥áâ¢«ï¥âáï ú−�
«¥âãû, çâ® ¯®§¢®«ï¥â ®¡®©â¨áì ¢ ¤�«ì−¥©è¥¬ ¡¥§ ¯¥à¥§�£àã§®ª ¨ ¯¥à¥ª®¬¯¨«ïæ¨©.

ˆ−â¥àä¥©á LAI ¬®¦¥â à�§¬¥é�âìáï ¢ ¬¨ªà®áå¥¬�å ®â«�¤®ç−®© ¯«�âë; ¢−ãâ-
à¥−−¨¥ ¡«®ª¨ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ �‹ˆ‘ ¤«ï ¥£® ¨á¯®«ì§®¢�−¨ï −¥ −ã¦−ë.
ˆ−â¥àä¥©á LAI ¯®§¢®«ï¥â à¥è¨âì ¯à®¡«¥¬ã −¥¤®áâ�â®ç−®£® ª®«¨ç¥áâ¢� ¢−¥è-
−¨å ¢ë¢®¤®¢, ¯à¨áãéãî áà¥¤áâ¢ã SignalProbe Pins, §� áç¥â �¯¯�à�â−ëå §�âà�â
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−� à¥�«¨§�æ¨î ¨−â¥àä¥©á� ¨ ¯à¨¢«¥ç¥−¨ï ¢−¥è−¥£® ®¡®àã¤®¢�−¨ï. �à¨¢«¥ç¥-
−¨¥ ¤®à®£®áâ®ïé¥£® ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� −¥ á®®â¢¥âáâ¢ã¥â áä®à-
¬ã«¨à®¢�−−ë¬ ªà¨â¥à¨ï¬ ¢ë¡®à� áà¥¤áâ¢ ¤«ï ®â«�¤ª¨ ÷�‘. �®¬¨¬® íâ®£®,
¨á¯®«ì§®¢�−¨¥ ¢−¥è−¥£® �−�«¨§�â®à� ¬®¦¥â ¢ë§¢�âì ¨§¬¥−¥−¨¥ å�à�ªâ¥à¨áâ¨ª
¯®«ì§®¢�â¥«ìáª®£® ¯à®¥ªâ�. ‘®®â¢¥âáâ¢¥−−®, ¨á¯®«ì§®¢�−¨¥ ¯à¨ ®â«�¤ª¥ ÷�‘
¨−â¥àä¥©á� ¤«ï ¢−¥è−¥£® «®£¨ç¥áª®£® �−�«¨§�â®à� −¥¦¥«�â¥«ì−®.

2.3 Редактор содержимого внутрисхемной памяти

÷¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨ (In-System Memory Content
Editor) ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì ¤�−−ë¥, §�¯¨á�−−ë¥ ¢ ¡«®ª�å ¯�¬ïâ¨ �‹ˆ‘.
�â® ã¯à®é�¥â ®â«�¤ªã ÷�‘, ¯®áª®«ìªã á®¤¥à¦¨¬®¥ ¡«®ª®¢ ¯�¬ïâ¨ ÷�‘ ¬®-
¤¨ä¨æ¨àã¥âáï ¢ ¯à®æ¥áá¥ à�¡®âë. ‘¨¬ã«ïâ®à ¯�ª¥â� Quartus II −¥ ¯®§¢®«ï¥â
à¥è¨âì íâã §�¤�çã −� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨, ¯®íâ®¬ã ®á®¡¥−−® ¢�¦−® à¥è¨âì ¥¥
−� ä¨§¨ç¥áª®© ¬®¤¥«¨. ’�ª ª�ª ¤®áâã¯ ª ¤�−−ë¬ ¢ ¯�¬ïâ¨ ¢ ¯à®æ¥áá¥ à�¡®âë
®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¤®¯®«−¨â¥«ì−ë© ¯®àâ, á®§¤�¢�¥¬ë© à¥¤�ªâ®à®¬ á®¤¥à¦¨-
¬®£® ¯�¬ïâ¨, â® ¢®§¬®¦−®áâì �−�«¨§� ¤®áâã¯−� â®«ìª® ¤«ï ¬®¤ã«¥© ®¤−®¯®àâ®¢®©
¯�¬ïâ¨. ‘¢ï§ì á �‹ˆ‘ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî JTAG. ‘®®â¢¥âáâ¢ãîé¥¥
ª®−ä¨£ãà¨à®¢�−¨¥ ¯®§¢®«ï¥â à¥¤�ªâ®àã á®¤¥à¦¨¬®£® ¯�¬ïâ¨ ¢ë¡¨à�âì −ã¦−ãî
®¡«�áâì ¯�¬ïâ¨ á §�¤�−−ë¬¨ ¨¬¥−�¬¨ ¨ å�à�ªâ¥à¨áâ¨ª�¬¨, ¢ë¯®«−ïâì ®¤−®ªà�â-
−®¥ ¨ æ¨ª«¨ç¥áª®¥ çâ¥−¨¥ á á®®â¢¥âáâ¢ãîé¨¬ ®â®¡à�¦¥−¨¥¬ ¤«ï ¯®«ì§®¢�â¥«ï ¨
¤�¦¥ à¥¤�ªâ¨à®¢�−¨¥.

÷¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨ | ¯®«¥§−ë© ¬¥å�−¨§¬, ¯®¢ë-
è�îé¨© áª®à®áâì ¨ ã¤®¡áâ¢® ®â«�¤ª¨. …£® ®â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî ï¢«ï¥â-
áï ¢®§¬®¦−®áâì à¥¤�ªâ¨à®¢�−¨ï ¯�¬ïâ¨ ¡¥§ ¤®¯®«−¨â¥«ì−®© ¯¥à¥ª®−ä¨£ãà�æ¨¨
�‹ˆ‘, ®âáãâáâ¢¨¥ âà¥¡®¢�−¨ï ª ¨á¯®«ì§®¢�−¨î ¤®¯®«−¨â¥«ì−®© �¯¯�à�âãàë ¨
ª à¥áãàá�¬ �‹ˆ‘. ˆá¯®«ì§®¢�−¨¥ â�ª®£® à¥¤�ªâ®à� ¯à¨ ®â«�¤ª¥ ÷�‘ ¯¥àá¯¥ª-
â¨¢−®.

2.4 Встраиваемый логический анализатор SignalTap II

‚áâà�¨¢�¥¬ë© «®£¨ç¥áª¨© �−�«¨§�â®à SignalTap II ¯®§¢®«ï¥â:

{ ã¯à�¢«ïâì §�¯¨áìî ¢ ¯�¬ïâì −� «®£¨ç¥áª®¬ ï¤à¥ �‹ˆ‘;

{ ¨á¯®«ì§®¢�âì ª®¬¯ìîâ¥à ¢ ª�ç¥áâ¢¥ áà¥¤áâ¢� ®â®¡à�¦¥−¨ï ¨ �−�«¨§� �‹ˆ‘;

{ ¨¬¥âì ¯�¬ïâì −� ¡«®ª�å ¢áâà®¥−−®£® ®¯¥à�â¨¢−®£® §�¯®¬¨−�îé¥£® ãáâà®©áâ¢�
(�‡“) ¤«ï §�¯¨á¨ ®âáç¥â®¢ ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨.

�®¤ª«îç¥−¨¥ ª ¢−ãâà¥−−¨¬ á¨£−�«�¬ ¨ ¢ë¢®¤�¬ ¬¨ªà®áå¥¬ë �‹ˆ‘ ®áãé¥-
áâ¢«ï¥âáï áâ�−¤�àâ−ë¬¨ áà¥¤áâ¢�¬¨ ‘��÷ ¨ ¢−®á¨â ¬¨−¨¬�«ì−ë¥ ¨áª�¦¥−¨ï ¢
−�¡«î¤�¥¬ë¥ á¨£−�«ë. Š SignalTap II, ¯à¥¤áâ�¢«ïîé¥¬ã á®¡®© ¯�à�¬¥âà¨§¨àã-
¥¬ãî ¬¥£�äã−ªæ¨î, ¢®§¬®¦¥− ¤®áâã¯ ª�ª á ¯®¬®éìî à¥¤�ªâ®à� ¯�à�¬¥âà¨§¨àã-
¥¬ëå ¬®¤ã«¥© MegaWizard, â�ª ¨ ç¥à¥§ á¯¥æ¨�«¨§¨à®¢�−−ë© ¯®«ì§®¢�â¥«ìáª¨©
¨−â¥àä¥©á. ‘®®â¢¥âáâ¢¥−−®, ¢®§¬®¦−®áâ¨ SignalTap II çà¥§¢ëç�©−® è¨à®ª¨.
�− ¯®§¢®«ï¥â ¢ë¡¨à�âì á¨£−�«ë ¯à®¥ªâ� ¤«ï −�¡«î¤¥−¨ï, ®áãé¥áâ¢«ïâì §�¯¨áì
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ˆ−áâàã¬¥−âë ¤«ï á¨áâ¥¬−®© ¢¥à¨ä¨ª�æ¨¨ à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

«®£¨ç¥áª¨å á®áâ®ï−¨© íâ¨å á¨£−�«®¢, ¢ë¯®«−ïâì á®¢¬¥áâ−ãî à�¡®âã á ‘��÷
Quartus II, ¯®¤ª«îç�ïáì ª −¥© ç¥à¥§ JTAG-¨−â¥àä¥©á, §�å¢�âë¢�âì −�¡«î¤�-
¥¬ë¥ á¨£−�«ë ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ −� ç�áâ®â�å á¢ëè¥ 300 Œƒæ.

SignalTap II ¨¬¥¥â ¤¢� à¥¦¨¬� ä®à¬¨à®¢�−¨ï á¨£−�«� §�å¢�â�: ¯®á«¥¤®¢�-
â¥«ì−ë© ¨ à¥¦¨¬ ä®à¬¨à®¢�−¨ï ãá«®¢¨© −� ®á−®¢¥ ¬�è¨−ë á®áâ®ï−¨©. �¥à¢ë©
à¥¦¨¬ (sequential) ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¨ ª®¬¡¨−¨à®¢�âì áâ�−¤�àâ−ë¥ ãá«®¢¨ï
§�å¢�â�. ‚â®à®© à¥¦¨¬ (state-based) ¤�¥â ¢®§¬®¦−®áâì á®§¤�¢�âì ®á®¡ë¥ ãá«®¢¨ï
§�å¢�â� á¨£−�«� ¤«ï −�¡«î¤¥−¨ï, −�¯à¨¬¥à: ª®¬¡¨−�æ¨î −¥áª®«ìª¨å á®¡ëâ¨©,
¯®ï¢«¥−¨¥ −¥ª®â®à®£® á®¡ëâ¨ï −¥áª®«ìª® à�§ ¨ â. ¯.

÷�§«¨ç−ë¥ −�áâà®©ª¨ ¯®§¢®«ïîâ ¯à®á¬®âà¥âì ¤�−−ë¥, §�¯¨á�−−ë¥ ¤®, ¢®
¢à¥¬ï ¨«¨ ¯®á«¥ §�å¢�â� á¨£−�«�, çâ® áãé¥áâ¢¥−−® ã¯à®é�¥â ¯à®æ¥áá ®â«�¤ª¨.
Š á®¦�«¥−¨î, −�¡«î¤¥−¨¥ −¥ª®â®àëå ¢−ãâà¥−−¨å á¨£−�«®¢ ¯à®¥ªâ� −¥¢®§¬®¦−®.

Š ®á−®¢−ë¬ ¤®áâ®¨−áâ¢�¬ SignalTap II ¬®¦−® ®â−¥áâ¨ ¢®§¬®¦−®áâì á®¡ë-
â¨©−®© ®â«�¤ª¨, á®§¤�−¨¥ á«®¦−®© á¨áâ¥¬ë ãá«®¢¨©, ¬¨−¨¬�«ì−® ¢−®á¨¬ë¥
¨áª�¦¥−¨ï ¢ −�¡«î¤�¥¬ë¥ á¨£−�«ë, ¢®§¬®¦−®áâì �−�«¨§� ¨§¬¥−¥−¨© á¨£−�«®¢
¤®, ¢® ¢à¥¬ï ¨ ¯®á«¥ §�å¢�â�. �â® ¤¥«�¥â ¥£® ®á®¡¥−−® ã¤®¡−ë¬ ¤«ï ¢¥à¨ä¨ª�æ¨¨
¯à®¥ªâ®¢ −� ®á−®¢¥ �‹ˆ‘ ¢ à¥�«ì−®¬ �¯¯�à�â−®¬ ®ªàã¦¥−¨¨; ®− ¡ã¤¥â ®á−®¢−ë¬
áà¥¤áâ¢®¬ ®â«�¤ª¨ ÷�‘.

2.5 Редактор внутрисхемных сигналов

÷¥¤�ªâ®à ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ (In-System Sources and Probes Editor)
á®áâ®¨â ¨§ ¬¥£�äã−ªæ¨¨ altsource probe ¨ ¨−â¥àä¥©á−®© £à�ä¨ç¥áª®© ®¡®«®çª¨,
ª®â®à�ï ¯®§¢®«ï¥â ª®−âà®«¨à®¢�âì ¢á¥ í«¥¬¥−âë ¬¥£�äã−ªæ¨¨ altsource probe
¢−ãâà¨ ®â«�¦¨¢�¥¬®£® ¯à®¥ªâ� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨. Š�¦¤ë© í«¥¬¥−â ¬¥£�äã−ª-
æ¨¨ altsource probe ¤�¥â ¤«ï ®â®¡à�¦¥−¨ï ¨áå®¤−ë¥ ¢ëå®¤−ë¥ ¯®àâë (¨áâ®ç−¨ª¨)
¨ ®â¢®¤ë ¢å®¤−ëå ¯®àâ®¢ (¯à®¡−¨ª¨). ˆ−â¥àä¥©á−�ï £à�ä¨ç¥áª�ï ®¡®«®çª�
¯®ª�§ë¢�¥â ¢á¥ ¤®áâã¯−ë¥ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ª®−âà®«¨àã¥¬ë¥ í«¥¬¥−âë ¬¥£�-
äã−ªæ¨¨ altsource probe ¢ ¯à®¥ªâ¥ ¨ ®¡¥á¯¥ç¨¢�¥â á®§¤�−¨¥ ¢¨àâã�«ì−®£® ¯ã«ìâ�
(¢¨àâã�«ì−ëå ª−®¯®ª ¨ ¢¨àâã�«ì−®© «¨æ¥¢®© ¯�−¥«¨) ®â«�¤ª¨ à�§à�¡�âë¢�¥¬®£®
¯à®¥ªâ�, ¨¬¨â�æ¨î ¢−¥è−¥£® áç¥âç¨ª� ¤�−−ëå, ®â®¡à�¦¥−¨¥ ¨ à¥¤�ªâ¨à®¢�−¨¥
ª®−áâ�−â ¢® ¢à¥¬ï ¯à®£®−�, ¬¥å�−¨§¬ ¤«ï ¯®¤¢®¤� ¨áá«¥¤ã¥¬ëå á¨£−�«®¢ ¨
áà¥¤áâ¢� á®åà�−¥−¨ï ¤�−−ëå.

÷¥¤�ªâ®à ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ á®áâ®¨â ¨§ âà¥å ¯�−¥«¥©:

(1) ª®−ä¨£ãà�â®à� æ¥¯¨ JTAG, ¯®§¢®«ïîé¥£® à�§à�¡®âç¨ªã ®¯à¥¤¥«ïâì ãáâà®©-
áâ¢® ¯à®£à�¬¬¨à®¢�−¨ï, ªà¨áâ�««, ä�©« −�áâà®¥ª à¥¤�ªâ®à�;

(2) ¬¥−¥¤¦¥à� í«¥¬¥−â®¢, ®â®¡à�¦�îé¥£® ¨−ä®à¬�æ¨î ®¡ í«¥¬¥−â�å, ¯®§¢®«ï-
îé¨å ª®−âà®«¨à®¢�âì ¤�−−ë¥ ¤¨−�¬¨ç¥áª¨;

(3) á®¡áâ¢¥−−® à¥¤�ªâ®à� ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢, á®åà�−ïîé¥£® ¦ãà−�« ¤�−-
−ëå ¤«ï ¨áá«¥¤ã¥¬ëå í«¥¬¥−â®¢ áå¥¬ë, ¯®§¢®«ïîé¥£® ¬®¤¨ä¨æ¨à®¢�âì íâ¨
¤�−−ë¥ ¨ §�¯¨áë¢�âì ¨å ¢ ªà¨áâ�««.
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ˆá¯®«ì§®¢�−¨¥ ¬¥å�−¨§¬®¢ áªà¨¯â¨à®¢�−¨ï Tcl (Tool command language)
¯®§¢®«ï¥â ¯à¨¤�âì ®â®¡à�¦¥−¨î á¨£−�«®¢ ã¤®¡−ë© ¢¨¤, çâ® ¤¥«�¥â ¥£® ®¤−¨¬ ¨§
®á−®¢−ëå áà¥¤áâ¢ ®â«�¤ª¨.

„«ï à�¡®âë à¥¤�ªâ®à� ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ ¢ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥
âà¥¡ã¥âáï ¯à®£à�¬¬−®¥ áà¥¤áâ¢® ‘��÷ Quartus II á −�¡®à®¬ ¥£® ¨−áâàã¬¥−â�«ì-
−ëå áà¥¤áâ¢, §�£àã§®ç−ë© ª�¡¥«ì USB-blaster ¨ ®â«�¤®ç−�ï ¯«�â�.

‘ ¯®¬®éìî à¥¤�ªâ®à� ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ ¬®¦−® á®§¤�âì ¢¨àâã�«ì−ë©
¯ã«ìâ ¤«ï ã¯à�¢«¥−¨ï ®â«�¤ª®© ÷�“. „«ï íâ®£® ¯®«ì§®¢�â¥«ì ä®à¬¨àã¥â −�¡®à
¢¨àâã�«ì−ëå ª−®¯®ª ¨ ¨−¤¨ª�â®à®¢ (‚Šˆ), ¨á¯®«ì§ãï ¯à¨«®¦¥−¨¥ In Source In
Probe. ‚ ¯à®æ¥áá¥ ®â«�¤ª¨ ®− ¬®¦¥â ¯®¤�¢�âì à�§«¨ç−ë¥ á¨£−�«ë −� ¢å®¤ë áå¥¬
÷�“ ¨ á«¥¤¨âì §� á®áâ®ï−¨¥¬ ¢ë¡à�−−ëå ¢ëå®¤®¢ áå¥¬. ‘ ¯®¬®éìî ¢¨àâã�«ì−®-
£® ¯ã«ìâ� ¬®¦−® ¯à®¢®¤¨âì àãç−®¥ â¥áâ¨à®¢�−¨¥ ®â¤¥«ì−ëå áå¥¬ ÷�“. ÷¥¤�ªâ®à
¢−ãâà¨áå¥¬−ëå á¨£−�«®¢ á�¬ ¯® á¥¡¥ −¥ âà¥¡ã¥â ¢−¥è−¨å ãáâà®©áâ¢. �á®¡¥−-
−® íää¥ªâ¨¢−® íâ® áà¥¤áâ¢® ®â«�¤ª¨ ¢ á®ç¥â�−¨¨ á SignalTap II ¨ In-System
Memory Content Editor, ¤�¢�ï −�¨¡®«ìèãî á¢®¡®¤ã ¢ ª®−âà®«¥ −�¤ á¨£−�«�¬¨ ¨
á®§¤�−¨¨ ¢¨àâã�«ì−ëå ¢å®¤®¢. ‚á¥ íâ® ¯®§¢®«¨â áãé¥áâ¢¥−−® á®ªà�â¨âì ¢à¥¬ï
¢¥à¨ä¨ª�æ¨¨ ¯à®¥ªâ�.

2.6 Виртуальный JTAG

ˆ−â¥àä¥©á VJTAG (Virtual JTAG | ¢¨àâã�«ì−ë© JTAG) á®§¤�− ¤«ï ®¡¥á¯¥-
ç¥−¨ï ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã ¯«�â®© ¨ ª®¬¯ìîâ¥à®¬ ç¥à¥§ ª�¡¥«ì USB-blaster.
�â«�¤®ç−�ï ¯«�â� Cyclone V á®¤¥à¦¨â ¢áâà®¥−−ë© ª®−âà®««¥à JTAG, ¯®§¢®-
«ïîé¨© ¯à®£à�¬¬¨à®¢�âì �‹ˆ‘ −¥¯®áà¥¤áâ¢¥−−® ¢ áå¥¬¥. Š®−âà®««¥à JTAG
¯à¥¤áâ�¢«ï¥â á®¡®© ª®−¥ç−ë© �¢â®¬�â: ¤«ï ¯®«ãç¥−¨ï ¤®áâã¯� ª ¥£® á¨£−�«�¬
¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� á ¢−ãâà¥−−¨¬¨ ãáâà®©áâ¢�¬¨ �‹ˆ‘
á«ã¦¨â ¬¥£�äã−ªæ¨ï VJTAG. “¯à�¢«¥−¨¥ ¨−â¥àä¥©á®¬ VJTAG ®áãé¥áâ¢«ï¥â-
áï ¯à®£à�¬¬®© quartus stp, ¢å®¤ïé¥© ¢ á®áâ�¢ ‘��÷ Quartus II, ¯à¨ ¯®¬®é¨
áæ¥−�à¨¥¢ −� ï§ëª¥ Tcl. Š®−¥ç−ë¥ ãáâà®©áâ¢� (ª®−âà®««¥àë ¯�¬ïâ¨, ãáâà®©-
áâ¢� ã¯à�¢«¥−¨ï á¢¥â®¤¨®¤�¬¨ ¨ ¯à.) ®¡¬¥−¨¢�îâáï ¤�−−ë¬¨ ç¥à¥§ ¤¥ª®¤¥à á
VJTAG-¬¥£�äã−ªæ¨¥© [7].

�à¨ à�¡®â¥ á ®â«�¤®ç−®© áå¥¬®©, ¨á¯®«ì§ãîé¥© VJTAG, ¬®¦−® ¢ë¤¥«¨âì
âà¨ â¨¯� äà�£¬¥−â®¢ íâ®© áå¥¬ë: ¢áâà®¥−−ë¥ ¢ �‹ˆ‘ (¯®à®¦¤�îé¨¥ −¥ª®-
â®àë¥ ®£à�−¨ç¥−¨ï ¯® ¨á¯®«ì§®¢�−¨î ¬¥£�äã−ªæ¨©), ®¡ï§�â¥«ì−ë¥ ª®¬¯®−¥−âë
VJTAG (−¥ ¤®¯ãáª�îé¨¥ ¢�à¨�æ¨©) ¨ âà¥¡ãîé¨¥ àãç−®£® ã¯à�¢«¥−¨ï ¨ á®§¤�−¨ï
¯®«ì§®¢�â¥«¥¬ [8].

�à¨ á®§¤�−¨¨ ¨−â¥àä¥©á� ¯¥à¥¤�ç¨ ¤�−−ëå VJTAG âà¥¡ã¥âáï:

{ á®§¤�âì ¬¥£�äã−ªæ¨î VJTAG (¬®¦−® ¨á¯®«ì§®¢�âì sld virtual jtag);

{ á®§¤�âì «®£¨ªã, ®â¢¥âáâ¢¥−−ãî §� ª®¬¬ãâ�æ¨î á¨£−�«®¢ ¨ ¤¥ª®¤¨à®¢�−¨¥
ª®¬�−¤;

{ −�¯¨á�âì áæ¥−�à¨© −� ï§ëª¥ Tcl/Tk (Tool kit);

{ á®§¤�âì (¯®¤ª«îç¨âì) ª®−¥ç−ë¥ «®£¨ç¥áª¨¥ ãáâà®©áâ¢�.
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‚á¥ íâ®, á ®¤−®© áâ®à®−ë, ®¡¥á¯¥ç¨¢�¥â £¨¡ª®áâì ¨ ã−¨ª�«ì−®áâì ®â«�¤®ç-
−®© áå¥¬ë, ¯®áª®«ìªã ¯®§¢®«ï¥â á®§¤�¢�âì áå¥¬ë, §�¢¨áïé¨¥ ®â ª®−ªà¥â−ëå
âà¥¡®¢�−¨©. ‘ ¤àã£®© áâ®à®−ë, íâ® ãá«®¦−ï¥â ¨á¯®«ì§®¢�−¨¥ ¬¥£�äã−ªæ¨¨,
§�áâ�¢«ï¥â ¤¥â�«ì−® ¨§ãç�âì ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï JTAG-ª®−âà®««¥à®¢ ¨ á®§¤�-
−¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¤«ï −¨å. ‚¢¨¤ã −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï
¤®¯®«−¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï ¨ ¯®¢ëè¥−−®© âàã¤®¥¬ª®áâ¨ Virtual JTAG −¥
®â¢¥ç�¥â ªà¨â¥à¨ï¬ ¢ë¡®à� ®â«�¤®ç−ëå áà¥¤áâ¢ ¨ ¥£® ¨á¯®«ì§®¢�−¨¥ ¯à¨ ®â«�¤ª¥
÷�‘ −¥æ¥«¥á®®¡à�§−®.

„®¯®«−¨â¥«ì−ë¥ ®â«�¤®ç−ë¥ áà¥¤áâ¢� ¢ Quartus II ¯®ï¢«ïîâáï ¢ á«ãç�¥
¨á¯®«ì§®¢�−¨ï ¯à®æ¥áá®à� Nios II, ®â«�¤®ç−ë¥ áà¥¤áâ¢� ª®â®à®£® ¯®áâà®¥−ë −�
®á−®¢¥ ¬®¤ã«ï JTAG.

�à®£à�¬¬−ë¥ ¨−áâàã¬¥−âë ®â«�¤ª¨ á¢ï§ë¢�îâáï á ®â«�¤®ç−ë¬ ¬®¤ã«¥¬
JTAG ¨ ¯à¥¤«�£�îâ á«¥¤ãîé¨¥ áà¥¤áâ¢�: §�£àã§ª� ¯à®£à�¬¬ë ¢ ¯�¬ïâì;
¯ãáª/®áâ�−®¢ ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë; ãáâ�−®¢ª� ¯à®£à�¬¬−ëå ¨ �¯¯�à�â−ëå
â®ç¥ª ®áâ�−®¢� ¨ â®ç¥ª ¯à®á¬®âà�; �−�«¨§ à¥£¨áâà®¢ ¨ ¯�¬ïâ¨ ¯à®æ¥áá®à�; −�ª®¯-
«¥−¨¥ á«¥¤®¢ (¤�−−ëå) ¨á¯®«−¥−¨ï ¯à®£à�¬¬ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨.

‘¥àì¥§−® à�áè¨àï¥â ¢®§¬®¦−®áâ¨ ®â«�¤ª¨ á ¯®¬®éìî ¢áâà®¥−−®£® «®£¨ç¥áª®-
£® �−�«¨§�â®à� SignalTap II ¯«�£¨− Nios II. �− ¤®¯®«−ï¥â ®â«�¤®ç−ë¥ áà¥¤áâ¢�
SignalTap II, à�§à¥è�ï §�å¢�âë¢�âì ª®¤ë ®¯¥à�æ¨© ¯à®æ¥áá®à� Nios II.

‚ æ¥«®¬ ¯à®æ¥áá®à Nios II ï¢«ï¥âáï ¬®é−ë¬ ¨−áâàã¬¥−â®¬ ®â«�¤ª¨, −®
âà¥¡ãîé¨¬ ¡®«ìè¨å §�âà�â −� ¯®¤£®â®¢ªã ¨ ¯à®£à�¬¬¨à®¢�−¨¥ ¨, ª á®¦�«¥−¨î,
−¥ ¤�îé¨© ¯®«−®áâìî ¤®áâã¯� ª® ¢á¥¬ ¢å®¤�¬ ¨ ¢ëå®¤�¬ á¨£−�«ì−®£® ¯à®æ¥áá®à�,
¢ á¢ï§¨ á ç¥¬ ¨á¯®«ì§®¢�−¨¥ ¯à®æ¥áá®à� Nios II ¬®¦−® à�áá¬�âà¨¢�âì â®«ìª® ª�ª
¤®¯®«−¨â¥«ì−®¥.

3 Отладка реккурентного обработчика сигналов

”¨à¬� �«ìâ¥à� −¥ à�áªàë¢�¥â ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨ï ¯¥àá®−�«ì−®£® ª®¬-
¯ìîâ¥à� á ®â«�¤®ç−®© ¯«�â®©. �®íâ®¬ã ¯®«ì§®¢�â¥«ì ¢ë−ã¦¤¥− ¨á¯®«ì§®¢�âì
¢áâà®¥−−ë¥ áà¥¤áâ¢� ¢ Quartus ¨«¨ ¯à®¥ªâ¨à®¢�âì á¢®¨ (ã−¨ª�«ì−ë¥) ®â«�¤®ç−ë¥
áà¥¤áâ¢�, −�¯à¨¬¥à −� ®á−®¢¥ ¢¨àâã�«ì−®£® JTAG. ˆá¯®«ì§®¢�−¨¥ ª®¬¯à®¬¨á-
á−®£® ¢�à¨�−â� ¢ ¢¨¤¥ á®ç¥â�−¨ï ¢áâà®¥−−ëå ¨ ¤®¯®«−¨â¥«ì−® á¯à®¥ªâ¨à®¢�−−ëå
áà¥¤áâ¢ ®â«�¤ª¨ ¯®§¢®«ï¥â ®¯â¨¬¨§¨à®¢�âì ¢à¥¬¥−−‚ë¥ ¨ �¯¯�à�â−ë¥ §�âà�âë −�
¨å à¥�«¨§�æ¨î. ‘âàãªâãà� �¯¯�à�â−ëå áà¥¤áâ¢ ÷�‘ á ãç¥â®¬ ¥£® à¥�«¨§�-
æ¨¨ −� ®á−®¢¥ ¯«�âë Cyclone V GX FPGA Development Board ¨§®¡à�¦¥−� −�
à¨áã−ª¥.

÷�§à�¡®â�−−ë© ÷�‘ à¥�«¨§®¢�− ¢ ¢¨¤¥ £¨¡à¨¤−®£® ¤¢ãåãà®¢−¥¢®£® ¢�à¨�−â�
á ¢¥¤ãé¨¬ ä®−-−¥©¬�−®¢áª¨¬ ¯à®æ¥áá®à®¬ −� ¢¥àå−¥¬, ã¯à�¢«ïîé¥¬ ãà®¢-
−¥ (““) ¨ àï¤®¬ ¯®â®ª®¢ëå ¯à®æ¥áá®à®¢ −� −¨¦−¥¬ ãà®¢−¥ | à¥ªãàà¥−â−®¬
®¯¥à�æ¨®−−®¬ ãáâà®©áâ¢¥ (÷�“). “¯à�¢«ïîé¨© ãà®¢¥−ì, à¥�«¨§®¢�−−ë© ¢ ¢¨-
¤¥ ¯à®£à�¬¬ë −� ®á−®¢¥ ¯à®æ¥áá®à� Nios II ÷�“, ¯à¥¤áâ�¢«ï¥â á®¡®© VHDL
(VHSIC (Very High Speed Integrated Circuits) Hardware Description Language)
®¯¨á�−¨ï ¤«ï á¨−â¥§� −� �‹ˆ‘ Cyclone V.
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‘âàãªâãà� �¯¯�à�â−ëå áà¥¤áâ¢ ÷�‘

�¡¬¥− ¤�−−ë¬¨ ¬¥¦¤ã íâ¨¬¨ ãà®¢−ï¬¨ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¡ãä¥à−ãî
¯�¬ïâì (��). „«ï ã¯à®é¥−¨ï ¯à®æ¥áá� ¨§«®¦¥−¨ï ¬�â¥à¨�«� �� ®â−¥á¥−� ª
÷�“. “¯à�¢«ïîé¨© ãà®¢¥−ì á®áâ®¨â ¨§ á«¥¤ãîé¨å ®á−®¢−ëå ¬®¤ã«¥©: ¢ëç¨á-
«¨â¥«ì−®£® ï¤à� Nios II á ¢−ãâà¥−−¨¬ ª®−âà®««¥à®¬ ¯à¥àë¢�−¨© (IIC | internal
interruption controller); á¨áâ¥¬−®© è¨−ë �¢�«®−; ¯�¬ïâ¨ ¯à®æ¥áá®à� Nios II.

‚ á®áâ�¢ ÷�“ ¢å®¤ïâ á«¥¤ãîé¨¥ äã−ªæ¨®−�«ì−ë¥ ¬®¤ã«¨: ¤¢ãå¯®àâ®-
¢�ï ��; ¬ã«ìâ¨¯«¥ªá®à ¯®àâ� 1 §�¯¨á¨ ¢ �� (ŒX); ¯�¬ïâì ª®−áâ�−â (�Š);
à�á¯à¥¤¥«¨â¥«ì; ç¥âëà¥ á¥ªæ¨¨ ®¡à�¡�âë¢�îé¥£® ãáâà®©áâ¢� (�“); ãáâà®©áâ¢®
ã¯à�¢«¥−¨ï; áà¥¤áâ¢� ®â«�¤ª¨.

‚á¥ �¯¯�à�â−ë¥ áà¥¤áâ¢� ÷�‘ ¢§�¨¬®¤¥©áâ¢ãîâ á ª®¬¯ìîâ¥à®¬ (Š) ç¥à¥§ ¨−-
â¥àä¥©á USB 2.0. „«ï ®¡¥á¯¥ç¥−¨ï ¤®áâã¯� ª® ¢á¥¬ äã−ªæ¨®−�«ì−ë¬ í«¥¬¥−â�¬
¨á¯®«ì§ã¥âáï áâ�−¤�àâ−ë© ¨−â¥àä¥©á JTAG, ¢áâà®¥−−ë© «®£¨ç¥áª¨© �−�«¨§�â®à
SignalTap II ¨ à¥¤�ªâ®à á®¤¥à¦¨¬®£® ¢−ãâà¨áå¥¬−®© ¯�¬ïâ¨.

‚ á¢®î ®ç¥à¥¤ì, ¤®¯®«−¨â¥«ì−® à�§à�¡®â�−−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ÷�“ á®-
áâ®ïâ ¨§ á«¥¤ãîé¨å äã−ªæ¨®−�«ì−ëå ¬®¤ã«¥©: áç¥âç¨ª� è�£®¢ (‘˜); ¬®¤ã«ï
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ˆ� 1 (¨áå®¤−¨ª®¢ ¨ ¯à®¡−¨ª®¢) à¥£¨áâà®¢ ÷�“, ¬®¤ã«ï ˆ� 2 (¨áå®¤−¨ª®¢ ¨
¯à®¡−¨ª®¢) ¢¨àâã�«ì−ëå ª«�¢¨è ¨ ¨−¤¨ª�â®à®¢, ¤¢ãå �−�«¨§�â®à®¢ SignalTap II.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® �¯¯�à�â−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ÷�“ â�ª¦¥ ¯à¨¢ï§�−ë
ª áâ�−¤�àâ−®¬ã ¨−â¥àä¥©áã ¤¨�£−®áâ¨ª¨ ¨ ®â«�¤ª¨ áà¥¤áâ¢ JTAG.

‘ç¥âç¨ª è�£®¢ ¨á¯®«−¥−¨ï ÷�“ ¯à¥¤−�§−�ç¥− ¤«ï ª®−âà®«ï ¯à®æ¥áá� ®â«�¤-
ª¨ ¨ �−�«¨§� ¨á¯®«−ï¥¬®© ª�¯áã«ë. �®«ì§®¢�â¥«ì −¥¯®áà¥¤áâ¢¥−−® ¨ ¯à®£à�¬¬�
““ ¬®£ãâ ¨§¬¥−ïâì á®¤¥à¦¨¬®¥ ‘˜ ¢ ¯à®æ¥áá¥ ®â«�¤ª¨ ÷�“.

Œ®¤ã«ì ˆ� 1 ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¨§¬¥−¥−¨ï ¨ ¯à®á¬®âà� á®¤¥à¦¨¬®£®
à¥£¨áâà®¢ �“ ¢ ¯à®æ¥áá¥ ®â«�¤ª¨. Œ®¤ã«ì ˆ� 2 á®¤¥à¦¨â −�¡®à ‚Šˆ,
¯à¥¤−�§−�ç¥−−ëå ¤«ï ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ ®â«�¤ª¨. �− á®¤¥à¦¨â ¤¢¥ £àã¯¯ë
ã¯à�¢«ïîé¨å ¢¨àâã�«ì−ëå ª−®¯®ª:

(1) ä®à¬¨à®¢�−¨ï ®â«�¤®ç−ëå ª®¬�−¤;

(2) ã¯à�¢«¥−¨ï à�¡®â®© ÷�“.

�®«ì§®¢�â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì ä®à¬¨à®¢�âì −¥®¡å®¤¨¬ë© −�¡®à ®â«�¤®ç-
−ëå ª®¬�−¤. „«ï íâ®£® −�¡®à ‚Šˆ á®¥¤¨−¥− á è¨−®© �¢�«®−, çâ® ®¡¥á¯¥ç¨¢�¥â
¢®§¬®¦−®áâì ¯à®£à�¬¬−®£® ¤®áâã¯� á® áâ®à®−ë Nios. �®«ì§®¢�â¥«ì −�¡¨à�¥â
ª®¬�−¤ã ¨ ¨−¨æ¨¨àã¥â ¥¥ ¨á¯®«−¥−¨¥ −� ¯à®æ¥áá®à¥ Nios.

‚áâà®¥−−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ‘��÷ Quartus II −¥ ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦-
−®áâ¨ çâ¥−¨ï ¨ à¥¤�ªâ¨à®¢�−¨ï á®¤¥à¦¨¬®£® ®¯¥à�â¨¢−®© ¤¢ãå¯®àâ®¢®© ¯�¬ïâ¨.
‚ ¤�−−®¬ á«ãç�¥ �� ï¢«ï¥âáï ¤¢ãå¯®àâ®¢®©. �®íâ®¬ã äã−ªæ¨ï çâ¥−¨ï ¨ §�¯¨á¨
¤�−−ëå ¢ ¯�¬ïâì ®áãé¥áâ¢«ï¥âáï ¯à®£à�¬¬−ë¬ á¯®á®¡®¬ á ¯®¬®éìî Nios II ¨
¬®¤ã«ï ˆ� 2.

�à¨«®¦¥−¨¥ SignalTap II ¨¬¥¥â à�áè¨à¥−−ë¥ ¢®§¬®¦−®áâ¨ ¨ ¯®§¢®«ï¥â à�§-
à�¡®âç¨ªã á®§¤�¢�âì ¨ ¢áâà�¨¢�âì ¢ ÷�“ ®¯à¥¤¥«¥−−®¥ ç¨á«® «®£¨ç¥áª¨å �−�«¨§�-
â®à®¢, ®¯¥à�â¨¢−® ¨§¬¥−ïâì ãá«®¢¨ï ä¨ªá�æ¨¨ ¤�−−ëå ¢ ¨å ¯�¬ïâ¨ ¨ ®â®¡à�¦�âì
íâ¨ ¤�−−ë¥ −� íªà�−¥ ª®¬¯ìîâ¥à�. �á®¡¥−−®áâì íâ®£® ¯®¤å®¤� á®áâ®¨â ¢ ¨á-
á«¥¤®¢�−¨¨ ¯®¢¥¤¥−¨ï ¢−ãâà¥−−¨å á¨£−�«®¢ ¡¥§ ¨á¯®«ì§®¢�−¨ï ¤®¯®«−¨â¥«ì−ëå
ª®−â�ªâ®¢ ¢¢®¤�-¢ë¢®¤� ¨ ª�ª®£®-«¨¡® ¢−¥è−¥£® ®¡®àã¤®¢�−¨ï. �®«ì§®¢�â¥«ì
¬®¦¥â ¯®¤á®¥¤¨−ïâì ¥£® ¢å®¤ë ª à�§«¨ç−ë¬ â®çª�¬ áå¥¬ë ÷�“, §�¤�¢�âì ãá«®-
¢¨ï ä¨ªá�æ¨¨ á¨£−�«®¢ ¨ ¤�«¥¥ ¯à®á¬�âà¨¢�âì ¢à¥¬¥−−ë¥ ¤¨�£à�¬¬ë. „«ï íâ¨å
æ¥«¥© ¢ á®áâ�¢ ®â«�¤®ç−ëå áà¥¤áâ¢ ¢¢¥¤¥− «®£¨ç¥áª¨© �−�«¨§�â®à SignalTap II.

“¯à�¢«¥−¨¥ ¯à®æ¥áá®¬ ®â«�¤ª¨ ÷�“ ¯®«ì§®¢�â¥«ì ¬®¦¥â ®áãé¥áâ¢«ïâì ç¥à¥§
¢¨àâã�«ì−ë© ¯ã«ìâ. „«ï íâ®£®, ¨á¯®«ì§ãï à¥¤�ªâ®à ¢−ãâà¨áå¥¬−ëå á¨£−�«®¢,
¯®«ì§®¢�â¥«ì ä®à¬¨àã¥â −�¡®à ‚Šˆ. ‚ ¯à®æ¥áá¥ ®â«�¤ª¨ ®− ¬®¦¥â ¯®¤�¢�âì à�§-
«¨ç−ë¥ á¨£−�«ë −� ¢å®¤ë áå¥¬ ÷�“ ¨ á«¥¤¨âì §� á®áâ®ï−¨¥¬ ¢ë¡à�−−ëå ¢ëå®¤®¢
áå¥¬. ‘ ¯®¬®éìî ¢¨àâã�«ì−®£® ¯ã«ìâ� ¬®¦−® ¯à®¢®¤¨âì àãç−®¥ â¥áâ¨à®¢�−¨¥
®â¤¥«ì−ëå áå¥¬ ÷�“.

�àå¨â¥ªâãà� ÷�“ áãé¥áâ¢¥−−® ®â«¨ç�¥âáï ®â âà�¤¨æ¨®−−®©, ¯®íâ®¬ã ¯à®æ¥áá
®â«�¤ª¨ −®á¨â á®¡ëâ¨©−ë© å�à�ªâ¥à. „«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ −�áâà®©ª¨
¨ ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ ®â«�¤ª¨ ÷�“ ¨á¯®«ì§ã¥âáï ä®à¬¨à®¢�â¥«ì ®â«�¤®ç-
−ëå á®¡ëâ¨©, ¯®áâà®¥−−ë© −� ®á−®¢¥ SignalTap II. �®«ì§®¢�â¥«ì ¢ ¯à¨«®¦¥−¨¨
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SignalTap II ä®à¬¨àã¥â ãá«®¢¨ï ®â«�¤®ç−ëå á®¡ëâ¨©, ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ª®â®-
àëå à�¡®â� ÷�“ ®áâ�−�¢«¨¢�¥âáï ¨ ä®à¬¨àã¥âáï á¨£−�« �à¥àë¢�−¨¥, ª®â®àë©
¨−¨æ¨¨àã¥â ¨á¯®«−¥−¨¥ ¯à®£à�¬¬ë ®¡à�¡®âª¨ ®â«�¤®ç−®£® á®¡ëâ¨ï ¢ Nios.
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System verification tools for recurrent signal processor

SYSTEM VERIFICATION TOOLS FOR RECURRENT SIGNAL
PROCESSOR

V. S. Petrukhin, D. Y. Stepchenkov, N. V. Morozov, and Y. A. Stepchenkov

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

Abstract: A procedure of selecting and developing a software and hardware suite
is studied which is intended for designing and debugging a nontraditional digital
signal processor based on the recurrently-dynamic dataflow architecture | the
recurrent signal processor (RSP). The experimental character of the developed
RSP's architecture as well as a necessity for a finished master processor have
predetermined Cyclone V family FPGA (Field Programmable Gate Array)
(Altera) as the base of RSP implementation and Quartus II design software
for its development. The powerful verification tools contained by Quartus II
allow both reducing the time of obtaining the finished design and reducing the
hardware expenses essentially. On the basis of the comparative analysis and
selected criteria, the tools composition for debugging RSP is determined, and
an optimal structure of hardware for debugging RSP is offered that allow for
essential simplification of the verification process and for debugging RSP in a
real hardware environment.

Keywords: debugging means; dataflow architecture; verification

DOI: 10.14357/08696527140204

Acknowledgments

The research was performed with the partial financial support for Programs of Basic
Research of the Department of Nanotechnologies and Information Technologies of
the Russian Academy of Sciences for 2013 (project 1.5) and the Presidium of the
Russian Academy of Sciences (project 16).

References

1. Volchek, V. N., Yu. A. Stepchenkov, V. S. Petrukhin, A. A. Prokof'ev, and R. A. Ze-
lenov. 2010. Cifrovoy signal'nyy protsessor s netraditsionnoy rekurrentnoy potokovoy
arkhitekturoy [Digital signal processor with nontraditional recurrent dataflow architec-
ture]. Problemy Razrabotki Perspektivnykh Mikro- i Nanoelektronnykh Sistem [Prob-
lems of the Perspective Micro- and Nanoelectronic Systems Development-2010]. Ed.
akad. A. L. Stempkovskij. Moscow: IPPM RAN. 412{417.

2. Shnejder, A. Ju., V. S. Petrukhin, and Yu. A. Stepchenkov. 2012. Printsipy postroeniya
sredstv otladki rekurrentnogo vychislitelya [Development principles of debugging tools

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 2 65



V. S. Petrukhin, D. Y. Stepchenkov, N. V. Morozov, and Y. A. Stepchenkov

for the recurrent computing device]. Problemy razrabotki perspektivnykh mikro- i
nanoelektronnykh sistem [Problems of the perspective micro- and nanoelectronic systems
development-2012]. Ed. acad. A. L. Stempkovskij. Moscow: IPPM RAN. 133{136.

3. Tektronix. 2012. Uproshchenie otladki PLIS Xilinx i Altera [Simplification of de-
bugging FPGA Xilinx and Altera]. Katalog oborudovaniya 2012{2013. Resheniya v
oblasti kontrol'no-izmeritel'noy apparatury [Equipment 2012{2013 directory. Deci-
sions in the field of control instrumentation]. 386{395. http://www.tehencom.com/
Companies/Tektronix/Tektronix Catalog 2012 Rus.pdf (accessed March 31, 2014).

4. Altera Corporation. 2013. Cyclone V GX FPGA Development Board Reference Manu-
al. URL: http://www.altera.com/literature/manual/rm cvgx fpga dev board.pdf (ac-
cessed March 31, 2014).

5. Antonov, A., A. Filippov, and R. Zolotuho. 2008. Sredstva sistemnoy otladki SAPR
Quartus II [System debugging tools of Quartus II CAD]. Komponenty i Tekhnologii
[Components and Technologies] 12:43{50.

6. Altera Corporation. 2013. Quartus II Handbook Version 12.0. Vol. 3: Verifi-
cation. URL: http://www.altera.com/literature/hb/qts/quartusii handbook.pdf (ac-
cessed March 31, 2014).

7. Grebennikov, A. 2010. Interfeys VJTAG dlya otladochnoy platy DK-START-3C25N.
[VJTAG interface for development board DK-START-3C25N]. Sovremennaya Elek-
tronika [The Modern Electronics] 9:60{63.

8. Mihajlov, M., and R. Grushvickij. 2007. Proektirovanie v usloviyakh vremennykh
ogranicheniy: Otladka proektov (Chast' 3). [Design in the time restriction conditions:
Debugging of projects (part 3)]. Komponenty i Tekhnologii [Components and Technolo-
gies] 9:133{138.

Received March 31, 2014

Contributors

Petrukhin Vladimir S. (b. 1949) | senior scientist, Institute of Informatics
Problems, Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation; cokrat2@rambler.ru
Stepchenkov Dmitri Yu. (b. 1973) | senior scientist, Institute of Informatics
Problems, Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation; stepchenkov@mail.ru
Morozov Nikolai V. (b. 1956) | senior scientist, Institute of Informatics Prob-
lems, Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian
Federation; nmorozov@ipiran.ru
Stepchenkov Yuri A. (b. 1951) | Candidate of Science (PhD) in technology, Head
of Department, Institute of Informatics Problems, Russian Academy of Sciences,
44-2 Vavilov Str., Moscow 119333, Russian Federation; ystepchenkov@ipiran.ru

66 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 2



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2014. ’. 24. ü 2. ‘. 67{82

СОЗДАНИЕ ВЫСОКОПРОИЗВОДИТЕЛЬНОГО ГЕНЕРАТОРА
НАГРУЗКИ ДЛЯ ПРОВЕРКИ СИСТЕМ ВЫСОКОЧАСТОТНОЙ

ТОРГОВЛИ∗

Д. К. Гурьев1, М. А. Гай2, И. Л. Иткин3, А. А. Терентьев4

�−−®â�æ¨ï: ‚ á¢ï§¨ á áãé¥áâ¢¥−−ë¬ à®áâ®¬ ç¨á«� â®à£®¢ëå §�ï¢®ª, ¢ë-
§¢�−−ë¬ à�§¢¨â¨¥¬ ¢ëá®ª®ç�áâ®â−®© â®à£®¢«¨, ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¨
áâ�¢¨âáï §�¤�ç� â¥áâ¨à®¢�−¨ï ¡¨à¦¥¢ëå ¨ ¡à®ª¥àáª¨å á¨áâ¥¬ ¢ à¥¦¨¬�å,
¬�ªá¨¬�«ì−® ¯à¨¡«¨¦¥−−ëå ª à¥�«ì−ë¬. „«ï ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� ¢ëá®-
ª®−�£àã¦¥−−ëå âà¥©¤¨−£®¢ëå á¨áâ¥¬ ¢ëá®ª®© ¤®áâã¯−®áâ¨ ¯à¨¬¥−ïîâáï á¯¥-
æ¨�«¨§¨à®¢�−−ë¥ ¨−áâàã¬¥−âë â¥áâ¨à®¢�−¨ï. �á−®¢−ë¥ âà¥¡®¢�−¨ï ª â�ª¨¬
¨−áâàã¬¥−â�¬ | íâ® á¯®á®¡−®áâì á®§¤�¢�âì ¢ëá®ª¨¥ à¥�«¨áâ¨ç−ë¥ −�£àã§ª¨,
¨á¯®«ì§ãï ®£à�−¨ç¥−−ãî �¯¯�à�â−ãî ¡�§ã. ‚ ¤�−−®© áâ�âì¥ ®¯¨áë¢�¥âáï à�§-
à�¡®â�−−ë© £¥−¥à�â®à −�£àã§ª¨ ¤«ï â¥áâ¨à®¢�−¨ï á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®©
â®à£®¢«¨. �à¥¤áâ�¢«¥− ¯®¤å®¤, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â ¢ëá®ªãî ¯à®¨§¢®¤¨-
â¥«ì−®áâì. ‘®§¤�−−ë© ¨ ®¯¨á�−−ë© ¨−áâàã¬¥−â â¥áâ¨à®¢�−¨ï ¨á¯®«ì§ã¥âáï
¯à¨ ¨§¬¥à¥−¨¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨ ¢à¥¬¥− ®âª«¨ª� ªàã¯−®¬�áèâ�¡-
−ëå ¡¨à¦¥¢ëå ¨ ¡à®ª¥àáª¨å ¯«�âä®à¬, ®¡¥á¯¥ç¨¢�îé¨å â¥å−®«®£¨ç¥áªãî
¨−äà�áâàãªâãàã ä¨−�−á®¢ëå àë−ª®¢.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§�æ¨ï â¥áâ¨à®¢�−¨ï; âà¥©¤¨−£®¢ë¥ á¨áâ¥¬ë;
HiVAT
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1 Введение

‚ëá®ª®ç�áâ®â−�ï í«¥ªâà®−−�ï â®à£®¢«ï ä¨−�−á®¢ë¬¨ ¨−áâàã¬¥−â�¬¨
(HFT | High Frequency Trading), ¯®§¢®«ïîé�ï ¬¨−¨¬¨§¨à®¢�âì ¢à¥¬¥−−‚ë¥
§�¤¥à¦ª¨ ¯à¨ á®¢¥àè¥−¨¨ á¤¥«®ª, ¢ëà®á«� ¢ ¯®á«¥¤−¨¥ £®¤ë ¨ á®áâ�¢«ï¥â ¢
−�áâ®ïé¥¥ ¢à¥¬ï ®ª®«® 30% ®â ¢á¥£® ®¡ê¥¬� â®à£®¢«¨ �ªæ¨ï¬¨ ¢ ‚¥«¨ª®¡à¨â�−¨¨
¨, ¢®§¬®¦−®, ¡®«¥¥ 60% ®â ¢á¥£® ®¡ê¥¬� â®à£®¢«¨ �ªæ¨ï¬¨ ¢ ‘˜� [1]. ‚ à¥§ã«ì-
â�â¥ íâ®£® ¡à®ª¥àáª¨¥ ¨ ¡¨à¦¥¢ë¥ á¨áâ¥¬ë ¨á¯ëâë¢�îâ ¢á¥ ¡‚®«ìèãî −�£àã§ªã
®â ¯®â®ª� âà�−§�ªæ¨©, £¥−¥à¨àã¥¬®£® á¨áâ¥¬�¬¨ �¢â®¬�â¨§¨à®¢�−−®© â®à£®¢«¨.
�¯¥à�â®àë âà¥©¤¨−£®¢ëå ¯«�âä®à¬, à¥£ã«¨àãîé¨¥ ®à£�−ë ¨ ãç�áâ−¨ª¨ â®à£®¢

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ \Tools
& Methods of Program Analysis" (úˆ−áâàã¬¥−âë ¨ ¬¥â®¤ë �−�«¨§� ¯à®£à�¬¬û, TMPA-2013,
10{12 ®ªâï¡àï 2013 £., £. Š®áâà®¬�, ÷”).

1��� úˆ’‘-�Š‘�…÷’û, £. ‘�à�â®¢, Dmitry.Guriev@exactprosystems.com
2��� úˆ’‘-�Š‘�…÷’û, £. Œ®áª¢�, Maria.Gai@exactprosystems.com
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„. Š. ƒãàì¥¢, Œ. �. ƒ�©, ˆ. ‹. ˆâª¨−, �. �. ’¥à¥−âì¥¢

¤®«¦−ë ¡ëâì ã¢¥à¥−ë ¢ −�¤¥¦−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¨−äà�áâàãªâã-
àë â®à£®¢ëå ¯«®é�¤®ª [2] ¢ ãá«®¢¨ïå ¯®áâ®ï−−® à�áâãé¨å −�£àã§®ª.

‚ å®¤¥ à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï ¢ëï¢«¥−¨ï ¬�ªá¨¬�«ì−®©
¯à®¯ãáª−®© á¯®á®¡−®áâ¨, ¢®§¬®¦−ëå ã§ª¨å ¬¥áâ ¨ ®¯à¥¤¥«¥−¨ï ¯à®¡«¥¬−ëå í«¥-
¬¥−â®¢ á¨áâ¥¬ë ¯à¨¬¥−ïîâ ¬¥â®¤ë −�£àã§®ç−®£® â¥áâ¨à®¢�−¨ï. �®¤ −�£àã§®ç−ë¬
â¥áâ¨à®¢�−¨¥¬ ¯®−¨¬�¥âáï ¯à®æ¥áá ®â¯à�¢ª¨ á¨áâ¥¬¥ ¡®«ìè®£® ç¨á«� §�¯à®á®¢,
¯à®¢¥àª� á¢®¥¢à¥¬¥−−®áâ¨ ¨ ª®àà¥ªâ−®áâ¨ ¯®«ãç¥−−ëå ®â −¥¥ ®âª«¨ª®¢, � â�ª¦¥
¯à®¢¥àª� ¢−ãâà¥−−¥£® á®áâ®ï−¨ï á¨áâ¥¬ë.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¤«ï −�£àã§®ç−®£® â¥áâ¨à®¢�−¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï è¨à®ª® ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ª®¬¬¥àç¥áª¨¥ ¨ á¢®¡®¤−® à�á¯à®áâà�−ï-
¥¬ë¥ £¥−¥à�â®àë −�£àã§ª¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ á«¥¤ãîé¨¥
¯à®¤ãªâë: Apache JMeter, HP Load Runner, IBM Rational Performance Tester,
Borland Silk Performer ¨ ¤à. [3{6]. �á−®¢−�ï ¨¤¥ï, §�«®¦¥−−�ï ¢ íâ¨å ¯à®¤ãª-
â�å, á®áâ®¨â ¢ á®§¤�−¨¨ ¬−®¦¥áâ¢� ¢¨àâã�«ì−ëå ¯®«ì§®¢�â¥«¥©, í¬ã«¨àãîé¨å
¯®¢¥¤¥−¨¥ à¥�«ì−ëå ¯®«ì§®¢�â¥«¥© ¤«ï ¬®¤¥«¨à®¢�−¨ï ãá«®¢¨©, ¯à¨ ª®â®àëå
¯à®£à�¬¬�/á¨áâ¥¬� ¡ã¤¥â äã−ªæ¨®−¨à®¢�âì ¢ à¥�«ì−®áâ¨. �à¨ ¨¬¨â�æ¨¨ ¨ ¯®¤-
¤¥à¦ª¥ á®¥¤¨−¥−¨ï á ¡®«ìè¨¬ ª®«¨ç¥áâ¢®¬ ¯®«ì§®¢�â¥«¥© ¨ ¢ëá®ª®© −�£àã§ª¥
ã ¨−áâàã¬¥−â®¢ â¥áâ¨à®¢�−¨ï ¬®£ãâ ¢®§−¨ª�âì ®£à�−¨ç¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨,
à�§®¡à�−−ë¥ ¢® ¢â®à®© ç�áâ¨ ¤�−−®© áâ�âì¨.

‚ ª®¬¯�−¨¨ Exactpro Systems LLC à�§à�¡®â�− ¨−áâàã¬¥−â ¤«ï â¥áâ¨à®¢�−¨ï
¢ëá®ª®−�£àã¦¥−−ëå âà¥©¤¨−£®¢ëå á¨áâ¥¬, ®¡«�¤�îé¨© −¥®¡å®¤¨¬®© ¯à®¨§¢®-
¤¨â¥«ì−®áâìî ¨ ¨á¯®«ì§®¢�−−ë© −� ¯à�ªâ¨ª¥ ¯à¨ ¯à®¢¥àª¥ −¥ª®â®àëå ¨§ ªàã¯-
−¥©è¨å ¡¨à¦¥¢ëå â¥å−®«®£¨ç¥áª¨å ¨−äà�áâàãªâãà ¢ ‡�¯�¤−®© …¢à®¯¥ [7, 8].
÷�§à�¡®â�−−ë© ¨−áâàã¬¥−â ¯®¤¤¥à¦¨¢�¥â ¯à®â®ª®«ë: FIX (Financial Informa-
tion eXchange) (¢á¥ ¢¥àá¨¨), ITCH, LSE (London Stock Exchange) Native, Sola
Access Information Language (SAIL) & High-Speed Vendor Feed (HSVF), HTTP
(HyperText Transfer Protocol), SOAP (Simple Object Access Protocol), � â�ª¦¥
à�§«¨ç−ë¥ ¡¨−�à−ë¥ ¯à®â®ª®«ë âà¥©¤¨−£®¢ëå á¨áâ¥¬. Œ−®£®¯à®â®ª®«ì−®áâì
ï¢«ï¥âáï ®¤−®© ¨§ �àå¨â¥ªâãà−ëå ®á®¡¥−−®áâ¥© à�§à�¡®â�−−®£® ¨−áâàã¬¥−â� ¤«ï
â¥áâ¨à®¢�−¨ï, ¢á«¥¤áâ¢¨¥ ç¥£® ¤®¡�¢«¥−¨¥ −®¢ëå ¯à®â®ª®«®¢ ¨ −®¢ëå ¢¥àá¨© ã¦¥
¯®¤¤¥à¦¨¢�¥¬ëå ¯à®â®ª®«®¢ ¯à¥¤áâ�¢«ï¥â á®¡®© ®â−®á¨â¥«ì−® ¬�«®§�âà�â−ãî
§�¤�çã. ‚ âà¥âì¥© ç�áâ¨ áâ�âì¨ à�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ ¯®¤£®â®¢ª¨ ¤�−−ëå ¤«ï
−�£àã§®ç−®£® â¥áâ¨à®¢�−¨ï. ‚ ç¥â¢¥àâ®© ç�áâ¨ ¯à¥¤áâ�¢«¥−ë ¢®§¬®¦−®áâ¨ ¯®
−�áâà®©ª¥ ¨−áâàã¬¥−â�, ¢ª«îç�ï §�¤�−¨¥ ¯à®ä¨«ï −�£àã§ª¨.

2 Оптимизация процесса создания нагрузки

�¡é¥¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¯à®æ¥áá¥ á®§¤�−¨ï −�£àã§ª¨ ¤�¥âáï ¢ àï¤¥ à�¡®â,
¢ ç�áâ−®áâ¨ ¢ [9]. ƒ¥−¥à�â®àë −�£àã§ª¨ ¤¥«ïâ −� ®á−®¢�−−ë¥ −� ¨§¬¥à¥−¨ïå
(measurement-based) ¨ ®á−®¢�−−ë¥ −� ¬®¤¥«ïå (model-based) [10]. �á−®¢�−-
−ë¥ −� ¨§¬¥à¥−¨ïå £¥−¥à�â®àë ã¤®¡−ë ¤«ï −�å®¦¤¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨
â¥áâ¨àã¥¬®© á¨áâ¥¬ë ¨ ¯®áâà®¥−¨ï §�¢¨á¨¬®áâ¥© ¢à¥¬¥− ®âª«¨ª� ®â −�£àã§-
ª¨. ƒ¥−¥à�â®àë −�£àã§ª¨, ®á−®¢�−−ë¥ −� ¬®¤¥«ïå, −�¯à�¢«¥−ë −� á¨¬ã«ïæ¨î
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‘®§¤�−¨¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® £¥−¥à�â®à� −�£àã§ª¨ ¤«ï ¯à®¢¥àª¨ á¨áâ¥¬

à�á¯à¥¤¥«¥−¨ï ¢å®¤−ëå ¤�−−ëå, ¬�ªá¨¬�«ì−® ¯à¨¡«¨¦¥−−ãî ª à¥�«ì−®¬ã ¯à®-
¬ëè«¥−−®¬ã ¨á¯®«ì§®¢�−¨î á¨áâ¥¬ë. ‚ à�§à�¡®â�−−®¬ �¢â®à�¬¨ ¢ëá®ª®¯à®-
¨§¢®¤¨â¥«ì−®¬ £¥−¥à�â®à¥ −�£àã§ª¨ ¯®¤¤¥à¦¨¢�îâáï ®¡� ®¯¨á�−−ëå ¢�à¨�−â�.
„�−−ë¥ ¬®¤¥«¨ ¨á¯®«ì§ãîâáï ¯à¨ á®§¤�−¨¨ ª®−ä¨£ãà�æ¨®−−ëå ä�©«®¢ ¯¥à¥¤
§�¯ãáª®¬ £¥−¥à�â®à�. ’�ª¨¬ ®¡à�§®¬, ¨−áâàã¬¥−â ¬®¦¥â −¥ âà�â¨âì à¥áãàáë
−� ®¡à�¡®âªã ¨−ä®à¬�æ¨¨, ®â−®áïé¥©áï ª ¬®¤¥«¨, −¥¯®áà¥¤áâ¢¥−−® ¢® ¢à¥¬ï
¢ë¯®«−¥−¨ï â¥áâ®¢.

ƒ¥−¥à�â®àë −�£àã§ª¨ ¯®¤à�§¤¥«ïîâáï −� à�¡®â�îé¨¥ ¯® ¯à¨−æ¨¯�¬ §�ªàëâ®-
£® (closed-cycle) ¨ ®âªàëâ®£® æ¨ª«� (open-cycle) [11]. �®á«¥ ¯®áë«ª¨ á®®¡é¥−¨ï
¨á¯®«−ï¥¬ë© ¯®â®ª ¢ £¥−¥à�â®à¥ §�ªàëâ®£® â¨¯� ¤®¦¨¤�¥âáï ®â¢¥â� ®â á¨áâ¥¬ë,
¯à¥¦¤¥ ç¥¬ ¯à¨áâã¯¨âì ª ¯®áë«ª¥ á«¥¤ãîé¨å §�¯à®á®¢. ƒ¥−¥à�â®à ®âªàëâ®£®
æ¨ª«� ¯à®¤®«¦�¥â ¯®áë«ªã á®®¡é¥−¨©, −¥ ¤®¦¨¤�ïáì ®â¢¥â� ®â â¥áâ¨àã¥¬®© á¨á-
â¥¬ë. �®«ìè¨−áâ¢® ¨−áâàã¬¥−â®¢ ¤«ï â¥áâ¨à®¢�−¨ï ¢¥¡-¯à¨«®¦¥−¨© ï¢«ïîâáï
£¥−¥à�â®à�¬¨ §�ªàëâ®£® æ¨ª«�. �â® á¢ï§�−® á ¨á¯®«ì§®¢�−¨¥¬ ª®−æ¥¯æ¨¨ ¢¨à-
âã�«ì−ëå ¯®«ì§®¢�â¥«¥©, ª�¦¤ë© ¨§ ª®â®àëå ¯®á«¥¤®¢�â¥«ì−® ¢ë¯®«−ï¥â è�£¨
®¯à¥¤¥«¥−−®£® áæ¥−�à¨ï. ƒ¥−¥à�â®à §�ªàëâ®£® æ¨ª«� âà¥¡ã¥â áãé¥áâ¢¥−−® ¡®«ì-
è¥£® ª®«¨ç¥áâ¢� ¯®â®ª®¢ ¨á¯®«−¥−¨ï ¨ ¯¥à¥ª«îç¥−¨© ¬¥¦¤ã −¨¬¨ ¢ áà�¢−¥−¨¨
á £¥−¥à�â®à®¬ ®âªàëâ®£® æ¨ª«�. ‚ £¥−¥à�â®à�å §�ªàëâ®£® æ¨ª«� ç�áâ® ®¡à�¡®â-
ª� ¨áå®¤ïé¨å ¨§ á¨áâ¥¬ë ®â¢¥â®¢ ¯à®¨áå®¤¨â ¢ â®¬ ¦¥ ¯®â®ª¥, çâ® ¨ ¯®áë«ª�
¢å®¤ïé¨å á®®¡é¥−¨©, ¤®¯®«−¨â¥«ì−® á−¨¦�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ¨−áâàã¬¥−â� ¨
¨−®£¤� ¤�¦¥ ¢«¨ïï −� ¥£® �ªªãà�â−®áâì. ’�ª¨¬ ®¡à�§®¬, £¥−¥à�â®àë ®âªàëâ®£®
æ¨ª«� âà¥¡ãîâ ¬¥−ìè¥© �¯¯�à�â−®© ¡�§ë ¤«ï á®§¤�−¨ï âà¥¡ã¥¬®£® ãà®¢−ï −�-
£àã§ª¨. �−¨ â�ª¦¥ −¥ âà¥¡ãîâ ¯®à®¦¤¥−¨ï «¨è−¨å ¯®â®ª®¢ ¨ ¨å á¨−åà®−¨§�æ¨¨
¤«ï ¯à®¨§¢®¤áâ¢� ä¨ªá¨à®¢�−−®£® ãà®¢−ï −�£àã§ª¨. �à¥¤áâ�¢«¥−−ë© ¢ áâ�âì¥
¨−áâàã¬¥−â à�¡®â�¥â ª�ª £¥−¥à�â®à ®âªàëâ®£® æ¨ª«�.

�à¨ à�§à�¡®âª¥ ¨−áâàã¬¥−â� ¤«ï −�£àã§®ç−®£® â¥áâ¨à®¢�−¨ï à�áá¬�âà¨¢�«áï
¢®¯à®á ® −¥®¡å®¤¨¬®áâ¨ ¯à¨¢ï§ª¨ ¨á¯®«−ï¥¬ëå ¯®â®ª®¢ ª ï¤à�¬ ¯à®æ¥áá®à� ¤«ï
á£«�¦¨¢�−¨ï à�á¯à¥¤¥«¥−¨ï ¢å®¤ïé¨å ¢ á¨áâ¥¬ã á®®¡é¥−¨© ¯® ¢à¥¬¥−¨ [12].
�¢â®àë ¯à¨è«¨ ª ¢ë¢®¤ã, çâ® ¬¨««¨á¥ªã−¤−®¥ à�§à¥è¥−¨¥ á¨áâ¥¬−ëå â�©¬¥-
à®¢, ¯à¨áãâáâ¢ãîé¥¥ ¢ ¡®«ìè¨−áâ¢¥ á®¢à¥¬¥−−ëå Linux-á¨áâ¥¬, ¤®áâ�â®ç−® ¤«ï
á®§¤�−¨ï à¥�«¨áâ¨ç−®© âà¥©¤¨−£®¢®© −�£àã§ª¨, � ®âáãâáâ¢¨¥ ¯à¨¢ï§ª¨ ª ï¤à�¬
¯à®æ¥áá®à� ®á¢®¡®¦¤�¥â −¥ª®â®àë© ¤®¯®«−¨â¥«ì−ë© ®¡ê¥¬ �¯¯�à�â−ëå à¥áãà-
á®¢ −� £¥−¥à�â®à¥ −�£àã§ª¨, ¯®§¢®«ïï æ¥−âà�«¨§®¢�−−® §�¯ãáª�âì ®¯â¨¬�«ì−®¥
ç¨á«® ¯®â®ª®¢. ÷�§à�¡®â�−−ë© ¨−áâàã¬¥−â ¨á¯®«ì§ã¥â æ¥−âà�«ì−ë© ª®−âà®«-
«¥à, ¯®§¢®«ïï §�à�−¥¥ §�¤�âì ¢ ª®−ä¨£ãà�æ¨¨ ª®«¨ç¥áâ¢® ¨ á®áâ�¢ ¯à®â®ª®«ì−ëå
á®¥¤¨−¥−¨©, ª®â®àë¥ ¡ã¤ãâ à�¡®â�âì ¢ ª�¦¤®¬ ¯®â®ª¥. ��«¨ç¨¥ æ¥−âà�«ì−®£®
ª®−âà®««¥à� â�ª¦¥ ¯®§¢®«ï¥â ¢ë¤�¢�âì ª®¬�−¤ã −� ¢ë¯®«−¥−¨¥ áª®®à¤¨−¨à®¢�−-
−ëå ¤¥©áâ¢¨© ¢á¥¬¨ ¯®â®ª�¬¨: −�¯à¨¬¥à, ®¤−®¢à¥¬¥−−ë© áâ�àâ ¯®â®ª� á®®¡é¥−¨©
¨«¨ ®¤−®¢à¥¬¥−−®¥ ®âª«îç¥−¨¥ ãáâ�−®¢«¥−−ëå á®¥¤¨−¥−¨©.

�à¨ â¥áâ¨à®¢�−¨¨ âà¥©¤¨−£®¢®© á¨áâ¥¬ë £¥−¥à�â®à −�£àã§ª¨ §�¬¥−ï¥â ¡®«ì-
è®¥ ç¨á«® á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®© â®à£®¢«¨, ¨á¯®«ì§ãîé¨å ¬−®¦¥áâ¢®
á¥à¢¥à®¢. �¤−�ª® �¯¯�à�â−�ï ¡�§�, ¤®áâã¯−�ï ¤«ï à�§¬¥é¥−¨ï ¨−áâàã¬¥−â®¢
â¥áâ¨à®¢�−¨ï, ¢á¥£¤� ®£à�−¨ç¥−� á®®¡à�¦¥−¨ï¬¨ íª®−®¬¨¨ [13]. ‚ ãá«®¢¨ïå ¯à®-
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¤®«¦�îé¥©áï ä¨−�−á®¢®© −¥áâ�¡¨«ì−®áâ¨ ¤�¦¥ ªàã¯−¥©è¨¥ ä¨−�−á®¢ë¥ ¨−áâ¨-
âãâë à�¡®â�îâ ¢ à¥¦¨¬¥ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®© ®¯â¨¬¨§�æ¨¨ §�âà�â. ’à¥¡ã¥âáï
áãé¥áâ¢¥−−® ®¡«¥£ç¨âì ¯à®æ¥áá á®§¤�−¨ï ¨áå®¤ïé¨å á®®¡é¥−¨©. „«ï ®¯â¨¬¨-
§�æ¨¨ ¯à®æ¥áá� á®§¤�−¨ï −�£àã§ª¨ −¥®¡å®¤¨¬® ¤® ¢ë¯®«−¥−¨ï â¥áâ� §�£®â®¢¨âì
è�¡«®−ë á®®¡é¥−¨©, á®ªà�â¨¢ ¯à®æ¥áá®à−®¥ ¢à¥¬ï −� á¥à¢¥à�å, á®¤¥à¦�é¨å
¨−áâàã¬¥−âë ¤«ï â¥áâ¨à®¢�−¨ï. ‘å®¤−ë¥ á®®¡à�¦¥−¨ï §�«®¦¥−ë ¢ £¥−¥à�â®à −�-
£àã§ª¨, á®§¤�−−ë© à�§à�¡®âç¨ª�¬¨ ªàã¯−¥©è¥£® à®áá¨©áª®£® ¯®¨áª®¢¨ª� úŸ−-
¤¥ªáû. ˆ−áâàã¬¥−â ¤«ï â¥áâ¨à®¢�−¨ï á ®âªàëâë¬ ª®¤®¬ úŸ−¤¥ªá.’�−ªû ¯à¥¤-
−�§−�ç¥− ¤«ï £¥−¥à�æ¨¨ ®£à®¬−ëå ®¡ê¥¬®¢ á®®¡é¥−¨© ¯® ¯à®â®ª®«ã HTTP [14].
‚ëá®ª�ï ¯à®¨§¢®¤¨â¥«ì−®áâì úŸ−¤¥ªá.’�−ªû ¤®áâ¨£�¥âáï ª®−æ¥−âà�æ¨¥© −�£àã§-
ª¨ ¢ ®¤−®© á¥áá¨¨ ¨ ®¤−®¬ ¯®â®ª¥, � â�ª¦¥ ¨á¯®«ì§®¢�−¨¥¬ §�£®â®¢«¥−−®£® ä�©«�
á® áâ�â¨ç¥áª¨¬¨ §�¯à®á�¬¨. ƒ¥−¥à�â®àë −�£àã§ª¨ ¤«ï âà¥©¤¨−£®¢ëå á¨áâ¥¬ −¥
¬®£ãâ ¨á¯®«ì§®¢�âì áâ�â¨ç¥áª¨¥ ¤�−−ë¥ ¨ ®¡«�¤�îâ àï¤®¬ ¤àã£¨å ®£à�−¨ç¥−¨©,
à�áá¬�âà¨¢�¥¬ëå ¢ á«¥¤ãîé¥© ç�áâ¨.

3 Особенности нагрузочного тестирования торговых систем

‚ [15] à�§®¡à�−ë ®á−®¢−ë¥ âà¥¡®¢�−¨ï ª ¬®¤¥«¨à®¢�−¨î −�£àã§ª¨ ¤«ï á¨áâ¥¬
¢ëá®ª®ç�áâ®â−®© â®à£®¢«¨. ‹®£¨ª� à�¡®âë â�ª¨å á¨áâ¥¬ áãé¥áâ¢¥−−® §�âàã¤−ï¥â
¨á¯®«ì§®¢�−¨¥ áâ�â¨ç−ëå, à�−¥¥ §�¯¨á�−−ëå ¨«¨ ¯à¥¤®¯à¥¤¥«¥−−ëå ¤�−−ëå.
‚ íâ®¬ à�§¤¥«¥ à�áá¬�âà¨¢�îâáï −¥ª®â®àë¥ ¨§ ®á®¡¥−−®áâ¥© á®§¤�−¨ï −�£àã§ª¨ ¨
¯®¤£®â®¢ª¨ ¢å®¤−ëå ¤�−−ëå ¤«ï â¥áâ¨à®¢�−¨ï âà¥©¤¨−£®¢ëå á¨áâ¥¬.

3.1 Создание сообщений из шаблонов

‚á«¥¤áâ¢¨¥ â®£®, çâ® â®à£®¢«ï −¥ �−®−¨¬−�, ¤«ï ¯®¤¤¥à¦�−¨ï á¥áá¨¨ á¥à¢¥à
¤®«¦¥− ¯®«ãç�âì ¨¬¥−� áãé¥áâ¢ãîé¨å ¯®«ì§®¢�â¥«¥©, ª®àà¥ªâ−ë¥ ¯®àï¤ª®¢ë¥
−®¬¥à� á®®¡é¥−¨©, � â�ª¦¥ ¢à¥¬¥−� ®â¯à�¢ª¨ ª�¦¤®£® á®®¡é¥−¨ï. �à®¢¥¤¥−−ë©
�−�«¨§ ¯®ª�§�«, çâ® ¯®áâà®¥−¨¥ á®®¡é¥−¨© −¥¯®áà¥¤áâ¢¥−−® ¯¥à¥¤ ®â¯à�¢ª®© á
¨á¯®«ì§®¢�−¨¥¬ á«®¢�à¥© ®¡å®¤¨âáï ®ç¥−ì ¤®à®£® á â®çª¨ §à¥−¨ï ¨á¯®«ì§ã¥¬ëå
á¨áâ¥¬−ëå à¥áãàá®¢. �®íâ®¬ã ¡ë«® à¥è¥−® ¨á¯®«ì§®¢�âì §�£®â®¢ª¨, ¢ ª®â®àëå
¯®àï¤®ª ¯®«¥© ¨ −�¡®à ª«îç¥¢ëå §−�ç¥−¨© §�¤�−ë ¤® −�ç�«� â¥áâ�. ��¯à¨¬¥à,
¢ FIX-á®®¡é¥−¨¨ NewOrderSingle ¯¥à¥¤ ¬®¬¥−â®¬ ®â¯à�¢ª¨ ¡ã¤ãâ ¨§¬¥−ïâì-
áï ¢á¥£® −¥áª®«ìª® ¯�à�¬¥âà®¢, ª®â®àë¥ ¤®«¦−ë ¡ëâì ã−¨ª�«ì−ë (−�¯à¨¬¥à,
ClOrdID(11) | −®¬¥à ª«¨¥−âáª®© §�ï¢ª¨) ¨ §�¢¨á¥âì ®â â¥ªãé¥£® ¢à¥¬¥−¨
(ExpireTime(126) | ¢à¥¬ï ¨áâ¥ç¥−¨ï áà®ª� §�ï¢ª¨, ExpireDate(432) | ¤¥−ì
¨áâ¥ç¥−¨ï áà®ª� §�ï¢ª¨). �áâ�«ì−ë¥ ¯�à�¬¥âàë −®¢®© §�ï¢ª¨ −¥ ¨§¬¥−ïîâáï.
„«ï ¯®¤¤¥à¦�−¨ï á¥áá¨¨ ¨§¬¥−ïîâáï á«ã¦¥¡−ë¥ ¯�à�¬¥âàë:
BodyLength(9) | ¤«¨−� á®®¡é¥−¨ï;
SenderCompID(49) | −�§¢�−¨¥ ª®¬¯�−¨¨, ª®â®à�ï ®â¯à�¢¨«� §�ï¢ªã;
TargetCompID(56) | −�§¢�−¨¥ ª®¬¯�−¨¨, ª®â®à®© ¡ë«� ®â¯à�¢«¥−� §�ï¢ª�;
MsgSeqNum(34) | ã−¨ª�«ì−ë© −®¬¥à á®®¡é¥−¨ï;
SendingTime(52) | â¥ªãé¥¥ ¢à¥¬ï;
CheckSum(10) | ¯à®¢¥à®ç−®¥ ç¨á«®.

70 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014



‘®§¤�−¨¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® £¥−¥à�â®à� −�£àã§ª¨ ¤«ï ¯à®¢¥àª¨ á¨áâ¥¬

‚ á®®¡é¥−¨ï OrderCancelReplaceRequest ¨ OrderCancelRequest ¯®¤áâ�¢«ï-
îâáï ¢á¥ −¥®¡å®¤¨¬ë¥ ¯�à�¬¥âàë, ¢§ïâë¥ ¨§ á®®¡é¥−¨ï NewOrderSingle, â�ª¨¥
ª�ª:
OrderID(37) | ¨¤¥−â¨ä¨ª�â®à §�ï¢ª¨;
Price(44) | æ¥−� §�ï¢ª¨;
Quantity(53) | à�§¬¥à §�ï¢ª¨;
Side(54) | áâ®à®−� §�ï¢ª¨ (¯®ªã¯ª� ¨«¨ ¯à®¤�¦�);
Symbol(55) | á¨¬¢®«¨ç¥áª®¥ ®¡®§−�ç¥−¨¥ ¨−áâàã¬¥−â�.
�à¥¤¯®«®¦¥−¨¥, çâ® ¢á¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ¢¥à−ë, ¯®§¢®«ï¥â áãé¥áâ¢¥−−®

íª®−®¬¨âì ¢à¥¬ï −� ¯à®¢¥àªã §−�ç¥−¨© ¯®«¥© ¨ ¯à�¢¨«ì−®áâ¨ ¨å ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ ¢ á®®¡é¥−¨¨.

3.2 Воспроизведение ранее записанных данных

�â¯à�¢ª� §�à�−¥¥ ¯®¤£®â®¢«¥−−ëå §�¯¨á�−−ëå ¤�−−ëå ¯à¨¢®¤¨â ª ¨áª�¦¥-
−¨î â¥áâ�. �à¨ ¯®áâà®¥−¨¨ ¤�−−ëå ¤«ï â¥áâ¨à®¢�−¨ï −¥®¡å®¤¨¬® ¯à¨¤¥à¦¨¢�âì-
áï â®© ¦¥ ¯à®¯®àæ¨¨ â®à£®¢ëå á®¡ëâ¨©, ª®â®à�ï −�¡«î¤�¥âáï ¢ à¥�«ì−®© ¦¨§−¨.
�−�«¨§ à¥�«ì−ëå â®à£®¢ ¯®ª�§ë¢�¥â, çâ® −� ®¤−ã á¤¥«ªã ¬®¦¥â ¯à¨å®¤¨âìáï
¡®«¥¥ 20 ¨§¬¥−¥−¨© §�ï¢®ª.

‡�¯¨á�−−ë¥ ¤�−−ë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© á®¢®ªã¯−®áâì −®¢ëå §�ï¢®ª, ¨å
¨§¬¥−¥−¨ï ¨ ®â¬¥−ë. ’�ª ª�ª §�ï¢ª¨ ®â¯à�¢«ïîâáï ¨§ à�§−ëå ¯®â®ª®¢ −� ®¤−ã
¨ âã ¦¥ ª−¨£ã §�ï¢®ª, ®−¨ ¬®£ãâ ¯à¨å®¤¨âì −� àë−®ª ¢ ¯®àï¤ª¥, ®â«¨ç−®¬
®â â®£®, ª�ª¨¬ ®− ¡ë« ¯à¨ §�¯¨á¨. „�¦¥ ¥á«¨ ¢à¥¬ï ¯®ï¢«¥−¨ï §�ï¢ª¨ −�
àë−ª¥ ¡ã¤¥â ®â«¨ç�âìáï −¥§−�ç¨â¥«ì−®, íâ® ¬®¦¥â ¯à¨¢¥áâ¨ ª −¥¦¥«�â¥«ì−ë¬
¯®á«¥¤áâ¢¨ï¬. ��¯à¨¬¥à, ª ¬®¬¥−âã ¯®«ãç¥−¨ï àë−ª®¬ §�ï¢ª¨ ¤àã£¨¥ §�ï¢ª¨
¬®£ãâ à�á¯®«�£�âìáï ¢ ª−¨£¥ §�ï¢®ª ¢ ¯®àï¤ª¥, ®â«¨ç−®¬ ®â â®£®, ª®â®àë© ¡ë«
¯à¨ §�¯¨á¨, ¨ ®−¨ ¬®£ãâ ¯à®â®à£®¢�âìáï ¢ ¤àã£®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. ˆ§ íâ®£®
á«¥¤ã¥â, çâ® ¯®á«¥¤ãîé¨¥ ¨§¬¥−¥−¨ï ¨«¨ ®â¬¥−� §�ï¢ª¨ ¡ã¤ãâ −¥¢®§¬®¦−ë,
â�ª ª�ª §�ï¢ª� ¯à®â®à£®¢�«�áì ¨ ¡ë«� ã¤�«¥−� ¨§ ª−¨£¨ §�ï¢®ª. ’�ª�ï á¨âã�æ¨ï
¢«¥ç¥â §� á®¡®© á¡®© ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ áæ¥−�à¨ï â¥áâ¨à®¢�−¨ï, ¨ ¢ ¤�«ì−¥©è¥¬
¡ã¤¥â ¯®«ãç¥− áæ¥−�à¨©, ®â«¨ç−ë© ®â §�¯¨á�−−®£®. ’�ª¨¬ ®¡à�§®¬, −� àë−ª¥
¡ã¤ãâ ¯à®¨áå®¤¨âì á®¡ëâ¨ï, ®â«¨ç−ë¥ ®â â¥å, çâ® ¡ë«¨ ¯à¨ §�¯¨á¨ áæ¥−�à¨ï.
��¯à¨¬¥à, àë−®ª ¡ã¤¥â ®â¯à�¢«ïâì §−�ç¨â¥«ì−® ¡®«ìè¥ ®âª�§®¢ −� ¨§¬¥−¥−¨¥
¨«¨ ®â¬¥−ã §�ï¢®ª. �à¨ íâ®¬ ®â«¨ç¨ï ®â ¯¥à¢®−�ç�«ì−®£® áæ¥−�à¨ï ¬®£ãâ
−�ª�¯«¨¢�âìáï ¨ à¥�«ì−�ï ¯à®¯®àæ¨ï â®à£®¢ëå á®¡ëâ¨© ¬®¦¥â á¨«ì−® ®â«¨ç�âìáï
®â ¨áå®¤−®©.

3.3 Использование детерминированных сценариев

„àã£�ï ¢®§¬®¦−®áâì ®à£�−¨§®¢�âì â¥áâ §�ª«îç�¥âáï ¢ ¯®¤£®â®¢ª¥ ¤¢ãå £àã¯¯
§�ï¢®ª: ª ¯¥à¢®© £àã¯¯¥ ®â−®áïâáï §�ï¢ª¨, ® ª®â®àëå §�à�−¥¥ ¨§¢¥áâ−®, çâ®
®−¨ ¡ã¤ãâ ãç�áâ¢®¢�âì ¢ á¤¥«ª�å (�ªâ¨¢−ë¥ §�ï¢ª¨); ¢â®à�ï £àã¯¯� á®áâ®¨â ¨§
§�ï¢®ª, ª®â®àë¥ −¥ ¤®«¦−ë â®à£®¢�âìáï (¯�áá¨¢−ë¥ §�ï¢ª¨). �¤−�ª® ¢ íâ®¬
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á«ãç�¥ á«¥¤ã¥â ãç¨âë¢�âì ¢®§¬®¦−ë¥ ®á«®¦−¥−¨ï á® áâ®à®−ë á¨áâ¥¬ë ¬®−¨â®-
à¨−£� ¨ ª®−âà®«ï àë−ª®¢ (�−£«. Market Surveillance System). �¤−� ¨§ äã−ªæ¨©
íâ®£® ª®¬¯®−¥−â� §�ª«îç�¥âáï ¢ â®¬, çâ® ®− ¤®«¦¥− ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨
®âá«¥¦¨¢�âì ú¤®£®¢®à−ë¥û §�ï¢ª¨, â. ¥. ª�ª à�§ â¥ §�ï¢ª¨, ª®â®àë¥ ¤®«¦−ë ¯à®-
â®à£®¢�âìáï ¯à¨ ¯à®¢¥¤¥−¨¨ â¥áâ¨à®¢�−¨ï, ¨ á®®¡é�âì ® â�ª¨å á®¡ëâ¨ïå á«ã¦¡¥,
á«¥¤ïé¥© §� ¬�−¨¯ã«¨à®¢�−¨¥¬ æ¥−�¬¨ −� àë−ª¥. �ç¥¢¨¤−®, çâ® â�ª®© ¢�à¨�−â
−¥ ¯®¤å®¤¨â ¤«ï á®§¤�−¨ï áæ¥−�à¨ï â¥áâ¨à®¢�−¨ï. ‚ á¢ï§¨ á íâ¨¬ á¯¥æ¨�«¨áâ�¬¨
ª®¬¯�−¨¨ ¡ë« á®§¤�− à�−¤®¬¨§¨à®¢�−−ë© £¥−¥à�â®à −�£àã§ª¨ á ¨á¯®«ì§®¢�−¨¥¬
¬¥å�−¨§¬� ®¡à�â−®© á¢ï§¨. ÷�−¤®¬¨§�æ¨ï ¨á¯®«ì§ã¥âáï ¤«ï £¥−¥à�æ¨¨ −®¢®© æ¥-
−ë ¯à¨ ®â¯à�¢ª¥ ¨§¬¥−¥−¨ï §�ï¢ª¨. „«ï £¥−¥à�æ¨¨ ¨á¯®«ì§ãîâáï âà¨ ¯�à�¬¥âà�:
−�ç�«ì−�ï æ¥−�, ¤¨�¯�§®− ¨§¬¥−¥−¨ï æ¥−ë ¨ è�£ ¨§¬¥−¥−¨ï æ¥−ë.

��ç�«ì−�ï æ¥−� §�¤�¥âáï ¢ ¬�áá¨¢¥ ¤�−−ëå ¤«ï ª�¦¤®£® ¨−áâàã¬¥−â� ¨ ¤«ï
ª�¦¤®© áâ®à®−ë (¯®ªã¯ª¨ ¨«¨ ¯à®¤�¦¨). ��ç�«ì−ë¥ æ¥−ë ¤®«¦−ë ã¤®¢«¥â¢®àïâì
á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

{ æ¥−� ¯®ªã¯ª¨ ¤®«¦−� ¡ëâì ¬¥−ìè¥ æ¥−ë ¯à®¤�¦¨;

{ à�§−¨æ� −�ç�«ì−ëå æ¥− ¯à®¤�¦¨ ¨ ¯®ªã¯ª¨ ¤®«¦−� á®áâ�¢«ïâì ®ª®«® 2%{3%
®â æ¥−ë ®âªàëâ¨ï àë−ª�.

„¨�¯�§®− ¨§¬¥−¥−¨ï æ¥−ë ¯®ªã¯ª¨ ¨ ¯à®¤�¦¨ ¢ë¡¨à�¥âáï â�ª¨¬ ®¡à�§®¬,
çâ®¡ë æ¥−ë ¢áâà¥ç−ëå ¯à¥¤«®¦¥−¨© ¯¥à¥á¥ª�«¨áì, ®¡¥á¯¥ç¨¢�ï â®à£®¢«î, ¨
çâ®¡ë æ¥−ë ¯à¥¤«®¦¥−¨© −¥ ¢ëå®¤¨«¨ §� 10%-−ë© ¡�àì¥à | ãá«®¢¨¥, ¯à¨ −¥-
á®¡«î¤¥−¨¨ ª®â®à®£® ¢®§¬®¦−� ®áâ�−®¢ª� â®à£®¢«¨ −� ¤�−−®¬ ¨−áâàã¬¥−â¥ ¨«¨
−� æ¥«®¬ á¥£¬¥−â¥ ¨−áâàã¬¥−â®¢. �â¨ ¯�à�¬¥âàë ¯®§¢®«ïîâ £¨¡ª® ¯®¤¡¨à�âì
¦¥«�¥¬®¥ áà¥¤−¥¥ á®®â−®è¥−¨¥ ª®«¨ç¥áâ¢� á¤¥«®ª ¨ ç¨á«� ¨§¬¥−¥−¨©, ¯à¨å®¤ï-
é¨åáï ¢ áà¥¤−¥¬ −� ®¤−ã §�ï¢ªã. —¥¬ ¬¥−ìè¥ ®¡«�áâì ¯¥à¥á¥ç¥−¨ï æ¥− ¯®ªã¯ª¨
¨ ¯à®¤�¦¨, â¥¬ ¬¥−ìè¥ ¡ã¤¥â á¤¥«®ª ¨ §�ï¢ª� ¢ áà¥¤−¥¬ ¡ã¤¥â ¨§¬¥−ïâìáï ¡®«ì-
è¥¥ ª®«¨ç¥áâ¢® à�§. ��¤® §�¬¥â¨âì, çâ® íâ® ®â−®è¥−¨¥ −¥«¨−¥©−® §�¢¨á¨â ®â
¨−â¥à¢�«� ¯¥à¥á¥ç¥−¨ï æ¥−. �®áª®«ìªã æ¥−ë §�¤�îâáï ¤«ï ª�¦¤®£® ¨−áâàã¬¥−â�
¢ ®â¤¥«ì−®áâ¨, áâ�−®¢¨âáï ¢®§¬®¦−ë¬ −�áâà®¨âì à�§−®¥ ç¨á«® á¤¥«®ª −� à�§−ëå
¨−áâàã¬¥−â�å ¢ ®¤−®¬ â¥áâ¥.

˜�£ ¨§¬¥−¥−¨ï æ¥−ë §�¤�¥âáï ¨áå®¤ï ¨§ ª®−ä¨£ãà�æ¨¨ ¨−áâàã¬¥−â�. ��¯à¨-
¬¥à, ®¤−¨ ¨−áâàã¬¥−âë ¬®£ãâ â®à£®¢�âìáï á è�£®¬ æ¥−ë 0,05, ¤àã£¨¥ | á è�£®¬
æ¥−ë 0,10.

Œ¥å�−¨§¬ ®¡à�â−®© á¢ï§¨ −¥®¡å®¤¨¬, çâ®¡ë ®âá«¥¦¨¢�âì á®áâ®ï−¨¥ §�ï¢ª¨
−� àë−ª¥ ¨ ®¡¥á¯¥ç¨¢�âì ¢®§¬®¦−®áâì ¨§¬¥−¥−¨ï ¨«¨ ®â¬¥−ë §�ï¢ª¨. ‡�ï¢ª�
¬®¦¥â ¨¬¥âì á«¥¤ãîé¨¥ á®áâ®ï−¨ï:
New| §�ï¢ª� ¥é¥ −¥ ¯à¨−ï«� ãç�áâ¨¥ ¢ â®à£®¢«¥;
PartFilled| §�ï¢ª� ¢ë¯®«−¥−� ç�áâ¨ç−®;
Filled| §�ï¢ª� ¢ë¯®«−¥−� ¯®«−®áâìî;
Canceled| §�ï¢ª� ®â¬¥−¥−� ª«¨¥−â®¬;
Expired| §�ï¢ª� á ¨áâ¥ªè¨¬ áà®ª®¬ ¤¥©áâ¢¨ï;
Rejected| §�ï¢ª� ®âª«®−¥−� ¡¨à¦¥©.
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’®«ìª® §�ï¢ª¨ ¢ á®áâ®ï−¨ïå New ¨ PartFilled ¬®£ãâ ãç�áâ¢®¢�âì ¢ â®à£®¢«¥.
Š�ª â®«ìª® §�ï¢ª� ¯¥à¥å®¤¨â ¢ ¤àã£®¥ á®áâ®ï−¨¥, ®−� ¯¥à¥áâ�¥â ¡ëâì ¨−â¥à¥á−®©
¨ ¨−ä®à¬�æ¨ï ® −¥© âãâ ¦¥ ã¤�«ï¥âáï.

4 Пример настройки разработанного генератора нагрузки

‚ íâ®© ç�áâ¨ áâ�âì¨ ¯®¤à®¡−¥¥ ®áâ�−®¢¨¬áï −� −¥áª®«ìª¨å ¢�à¨�−â�å −�áâà®©-
ª¨ à�§à�¡®â�−−®£® �¢â®à�¬¨ £¥−¥à�â®à� −�£àã§ª¨ ¤«ï â¥áâ¨à®¢�−¨ï âà¥©¤¨−£®¢ëå
á¨áâ¥¬ −� ®á−®¢¥ ¯à®â®ª®«� FIX [16].

��áâà®©ª� â¥áâ� ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ç¥âëà¥å â¨¯®¢ ª®−ä¨£ãà�æ¨®−-
−ëå ä�©«®¢, ª®â®àë¥ á®¤¥à¦�â:

(1) −�áâà®©ªã ¯�à�¬¥âà®¢ −�£àã§ª¨;

(2) ª®−ä¨£ãà�æ¨î á¥áá¨©;

(3) §�£®â®¢ªã á®®¡é¥−¨©;

(4) à�á¯à¥¤¥«¥−¨¥ ¯® á®®¡é¥−¨ï¬.

4.1 Формат файла параметров нагрузки

„«ï −�áâà®©ª¨ ¯�à�¬¥âà®¢ −�£àã§ª¨ ¨á¯®«ì§ã¥âáï ä�©«, ¨¬¥îé¨© á«¥¤ã-
îé¨© ä®à¬�â:
#ëÏÎÆÉÇÕÒÁÃÉÏÎÎÙÊ ÆÁÊÌ Ó ÎÁÓÔÒÏÊËÁÍÉ ÓÅÓÓÉÊ:
CONNECTIONS CONFIG = ¦xConnections.cfg
#õËÁÚÁÎÉÅ ÉÓÐÏÌØÚÕÅÍÙÈ ÓÅÓÓÉÊ ÉÚ ÆÁÊÌÁ Ó ÓÅÓÓÉÑÍÉ:
CONNECTIONS RANGE = 1-3, 5, 7-
#æÁÊÌ Ó ÚÁÇÏÔÏ×ËÁÍÉ ÓÏÏÂÝÅÎÉÊ:
MESSAGE TEMPLATES = ¦xMessageTemplates.dat
#æÁÊÌ Ó ÒÁÓÐÒÅÄÅÌÅÎÉÅÍ ÐÏ ÓÏÏÂÝÅÎÉÑÍ:
MESSAGE RATES = messageRates.cfg
#ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÄÅÊÓÔ×ÉÊ ÄÏ ÎÁÞÁÌÁ ÔÅÓÔÁ:
INIT CONFIG = connect(100ms), logon(3s)
#ëÏÎÆÉÇÕÒÁÃÉÑ ÎÁÇÒÕÚËÉ:
LOAD CONFIG = const(1000,5m)
#úÁÄÁÅÔÓÑ ÐÏÓÔÏÑÎÎÁÑ ÎÁÇÒÕÚËÁ 1000 ÓÏÏÂÝÅÎÉÊ × ÓÅËÕÎÄÕ
#ÎÁ ÐÒÏÔÑÖÅÎÉÉ ÐÑÔÉ ÍÉÎÕÔ.
#ëÏÌÉÞÅÓÔ×Ï ÐÏ×ÔÏÒÅÎÉÊ ÎÁÇÒÕÚÏÞÎÏÇÏ ÓÃÅÎÁÒÉÑ, ÚÁÄÁÎÎÏÇÏ
#ÐÁÒÁÍÅÔÒÏÍ LOAD CONFIG:
NUMBER REPETITIONS = 10
#ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÄÅÊÓÔ×ÉÊ ÐÏÓÌÅ ÏËÏÎÞÁÎÉÑ ÔÅÓÔÁ:
SHUTDOWN CONFIG = logout(1s), disconnect(10ms)
#ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÄÅÊÓÔ×ÉÊ ÐÒÉ ×ÎÅÚÁÐÎÏÍ ÏÂÒÙ×Å
#ÓÏÅÄÉÎÅÎÉÑ:
ON RECONNECT CONFIG = connect(10ms), logon(3s)
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#æÌÁÇ ÎÁ ×ÙÐÏÌÎÅÎÉÅ ÄÅÊÓÔ×ÉÊ, ÕËÁÚÁÎÎÙÈ ×
#ON RECONNECT CONFIG ÐÒÉ ÏÂÒÙ×Å ÓÏÅÄÉÎÅÎÉÑ:
HOLD CONNECTION = 1
#åÓÌÉ ÚÎÁÞÅÎÉÅ = 0, ÄÅÊÓÔ×ÉÑ × ON RECONNECT CONFIG
#ÎÅ ×ÙÐÏÌÎÑÀÔÓÑ É ÓÏÅÄÉÎÅÎÉÅ ÎÅ ×ÏÓÓÔÁÎÁ×ÌÉ×ÁÅÔÓÑ.
#÷ÒÅÍÑ ÚÁÄÅÒÖËÉ ÍÅÖÄÕ Á×ÔÏÒÉÚÁÃÉÅÊ ÓÅÓÓÉÊ × ÍÉÌÌÉÓÅËÕÎÄÁÈ
LOGON INTERVAL = 1000

�®áª®«ìªã ã ª«¨¥−â®¢ ¥áâì ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì á®¡áâ¢¥−−ë¥ ¯à®-
£à�¬¬ë ¤«ï â®à£®¢«¨, áãé¥áâ¢ã¥â ¢¥à®ïâ−®áâì â®£®, çâ® ¯® ª�ª®©-â® ¯à¨ç¨−¥,
−�¯à¨¬¥à ¢ á«ãç�¥ ®â¯à�¢ª¨ â®à£®¢®© á¨áâ¥¬®© ¡®«ìè®£® ®¡ê¥¬� á®®¡é¥−¨©,
ª«¨¥−âáª¨¥ ¯à®£à�¬¬ë −¥ á¬®£ãâ ¢®¢à¥¬ï ¯à®ç¨â�âì íâ¨ ¤�−−ë¥. �â® ¬®¦¥â
−¥£�â¨¢−ë¬ ®¡à�§®¬ ¯®¢«¨ïâì −� ¯®¢¥¤¥−¨¥ â®à£®¢®© á¨áâ¥¬ë. „«ï â¥áâ¨à®¢�−¨ï
â�ª®© ¢®§¬®¦−®áâ¨ ¢ à�§à�¡®â�−−®¬ ¯à®£à�¬¬−®¬ ¯à®¤ãªâ¥ áãé¥áâ¢ã¥â á¯¥æ¨-
�«ì−®¥ ®£à�−¨ç¥−¨¥ ¯® ª®«¨ç¥áâ¢ã ç¨â�¥¬ëå ¤�−−ëå ¢ á¥ªã−¤ã ¤«ï í¬ã«ïæ¨¨
¬¥¤«¥−−ëå ª«¨¥−â®¢.

4.2 Формат файла конфигурации сессий

��áâà®©ª¨ ¯�à�¬¥âà®¢ á®¥¤¨−¥−¨© §�¤�îâáï ¢ ä�©«¥ á«¥¤ãîé¥£® ä®à¬�â�:
‚ á¥ªæ¨¨ COMMON §�¤�îâáï ®¡é¨¥ ¯�à�¬¥âàë á®¥¤¨−¥−¨©:

[COMMON]
HOST = 10.10.10.10
PORT = 5555
TARGET COMP ID = FGW

‚ á¥ªæ¨¨ [FIX] §�¤�îâáï ã−¨ª�«ì−ë¥ ¯�à�¬¥âàë ®â¤¥«ì−®£® á®¥¤¨−¥−¨ï:
[FIX]
SENDER COMP ID = LOAD 1
RESET SEQ NUM AFTER LOGOUT = 0
PARTY ID = LOAD 1

‘¥ªæ¨ï [FIX] ¤®«¦−� ¯®¢â®àïâìáï áâ®«ìª® à�§, áª®«ìª® ¯à¥¤¯®«�£�¥âáï ¨á-
¯®«ì§®¢�âì á®¥¤¨−¥−¨©. �à¨ íâ®¬ á®¥¤¨−¥−¨ï, ª®â®àë¬ ¯à¥¤áâ®¨â ãç�áâ¢®¢�âì
¢ â¥áâ¥, §�¤�îâáï ¯�à�¬¥âà®¬ CONNECTIONS RANGE ¢ ä�©«¥ á ¯�à�¬¥âà�¬¨
−�£àã§ª¨.

4.3 Формат файла заготовок сообщений

”�©« á®¤¥à¦¨â ¬�áá¨¢ ¨¬¥−®¢�−−ëå á®®¡é¥−¨©-§�£®â®¢®ª. �â¨ §�£®â®¢ª¨
¨¬¥îâ ¯à�¢¨«ì−ë© ä®à¬�â ¨ ¯®á«¥¤®¢�â¥«ì−®áâì ¯®«¥© ¢ á®®¡é¥−¨ïå. �¥ª®â®àë¥
¯®«ï ¡ã¤ãâ §�¬¥−ïâìáï ª®àà¥ªâ−ë¬¨ ¤�−−ë¬¨ −¥¯®áà¥¤áâ¢¥−−® ¯¥à¥¤ ®â¯à�¢ª®©
á®®¡é¥−¨ï.
Logon

8=FIXT.1.1|9=61|35=A|34=1|49=SenderCompID|56=TargetCompID|98=0|108
=3600|554=password|1137=9|10=135| EOM
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NewOrderBuy
8=FIXT.1.1|9=199|35=D|34=1|49=SenderCompID|56=TargetCompID|1
=CLIENT|11=ClOrdID|38=200|40=2|44=9.8|54=1|55=Symbol|59=6|60=
20130728-13:34:03.194|432=20130730|528=P|581=3|1138=60000|9303=I|453
=1|448=PartyID|447=D¡452=76| 10=047| EOM
NewOrderSell

8=FIXT.1.1|9=199|35=D|34=1|49=SenderCompID|56=TargetCompID|1
=CLIENT|11 =ClOrdID|38=150|40=2|44=10.2|54=2|55=Symbol|59=6|60=
20130728-13:34:03.194|432=20130730|528=P|581=3|1138=60000|9303=I|453
=1|448=PartyID|447=D|452=76|10=047|EOM
Cancel

8=FIXT.1.1|9=134|35=F|34=1|49=SenderCompID|56=TargetCompID|11=
ClOrdID|41=OrigClOrdID|54=1|55=Symbol|60=20130728-13:34:03.178|9303=I|
453=1|448=PartyID|447=D|452=76|10=050|EOM
Replace

8=FIXT.1.1|9=179|35=G|34=1|49=SenderCompID|56=TargetCompID|1=
CLIENT|11=ClOrdID|38=180|40=2|41=OrigClOrdID|54=1|55=Symbol|60=
20130728-13:34:03.178|432=20130730|1138=70000|9303=I|453=1|448=
PartyID|447=D|452=76|10=077|EOM
Logout

8=FIXT.1.1|9=29|35=5|34=111|49=SenderCompID|56=TargetCompID|
10=249|EOM

4.4 Формат файла распределения нагрузки по сообщениям

”�©« á®¤¥à¦¨â á®®â−®è¥−¨¥ ª®«¨ç¥áâ¢� á®®¡é¥−¨©, ãª�§�−−ëå ¢ ¤®«ïå ¤«ï
ª�¦¤®£® â¨¯� á®®¡é¥−¨ï:
NewOrderBuy = 15
Replace = 50
Cancel = 5

‚ §�¢¨á¨¬®áâ¨ ®â −�áâà®©ª¨, MESSAGE SELECTION ORDER = sequential
¨«¨ random, á®®¡é¥−¨ï ¡ã¤ãâ ¢ë¡¨à�âìáï ¨«¨ ¯®á«¥¤®¢�â¥«ì−®, ¨«¨ á«ãç�©−ë¬
®¡à�§®¬.

4.5 Упрощенная схема работы алгоритма

�� à¨á. 1 ¯à¨¢¥¤¥−� ¡«®ª-áå¥¬� �«£®à¨â¬� ¯® ¢ë¡®àã ¨ ®â¯à�¢ª¥ á®®¡é¥−¨©.
�� ¯¥à¢®¬ íâ�¯¥ ¯à®¨áå®¤¨â çâ¥−¨¥ ¢å®¤ïé¨å ¤�−−ëå. ‚ â®¬ á«ãç�¥, ¥á«¨ ¤�−−ë¥
¥áâì, ¯à®¨áå®¤¨â �−�«¨§ ¯®«ãç¥−−ëå ®â¢¥â®¢ ¨ ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï §�ï¢®ª ¨«¨ ¨å
¯�à�¬¥âà®¢. �®á«¥ íâ®£® á«ãç�©−ë¬ ¬¥â®¤®¬ ¨«¨ ¯®á«¥¤®¢�â¥«ì−ë¬ ¯¥à¥¡®à®¬
¢ë¡¨à�¥âáï −®¢®¥ á®®¡é¥−¨¥. …á«¨ ¡ë« ¢ë¡à�− ¯à¨ª�§ −� á®§¤�−¨¥ −®¢®© §�ï¢ª¨,
¥£® ¯�à�¬¥âàë á®åà�−ïîâáï ¢ ¯�¬ïâ¨ ¤«ï ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï. ‚ á«ãç�¥
¢ë¡®à� á®®¡é¥−¨ï ¤«ï ¨§¬¥−¥−¨ï ¨«¨ ®â¬¥−ë §�ï¢ª¨, ¢ë¡¨à�¥âáï §�ï¢ª�, ¤«ï
ª®â®à®© −¥â ®áâ�¢«¥−−®£® ¡¥§ ®â¢¥â� §�¯à®á�. …¥ ¯�à�¬¥âàë ¯®¤áâ�¢«ïîâáï ¢
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÷¨á. 1 �«®ª-áå¥¬� ¯®«ãç¥−¨ï ¨ ®â¯à�¢ª¨ á®®¡é¥−¨ï
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á®®¡é¥−¨¥ ¨ ¯®áë«�îâáï ¢ â®à£®¢ãî á¨áâ¥¬ã. �®á«¥ íâ®£® ¢ëç¨á«ï¥âáï ¢à¥¬ï,
¯à®è¥¤è¥¥ á −�ç�«� ¨â¥à�æ¨¨. �−® áà�¢−¨¢�¥âáï á à�áç¥â−ë¬ áà¥¤−¨¬ ¢à¥¬¥−¥¬
−� ®¤−ã ¨â¥à�æ¨î, ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¤¥«�¥âáï ¯�ã§�. �®á«¥¤®¢�â¥«ì−®áâì
úç¨â�âì{®â¯à�¢¨âì{¦¤�âìû ¯®§¢®«ï¥â ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥ ¢á¥ ¯®á«¥¤−¨¥
¨§¬¥−¥−¨ï ¢−ãâà¨ â¥áâ¨àã¥¬®© á¨áâ¥¬ë ¨ −� ¨å ®á−®¢¥ ¯®áë«�âì ª®àà¥ªâ−ë¥ á
äã−ªæ¨®−�«ì−®© â®çª¨ §à¥−¨ï á®®¡é¥−¨ï.

‡�¯ãáª â¥áâ� á ¬�ªá¨¬�«ì−®© −�£àã§ª®© −� Intel(R) Xeon(R) CPU X5570 @
2,93 GHz ¤�¥â −� ¢ëå®¤¥ á ®¤−®£® ï¤à� ¤® 70 000 á®®¡é¥−¨© ¢ á¥ªã−¤ã ¨ «¨−¥©-
−® ¬�áèâ�¡¨àã¥âáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¡®«ìè¥£® ç¨á«� ï¤¥à. ÷¥§ã«ìâ�âë ¡ë«¨
¯®¤â¢¥à¦¤¥−ë ¯à¨ à�á¯à¥¤¥«¥−¨¨ £¥−¥à¨àãîé¨å ¯®â®ª®¢ ¯® 8 ï¤à�¬ ¨ ¨á¯®«ì-
§®¢�−¨¨ ¯à®¬ëè«¥−−®© ¡¨à¦¥¢®© á¨áâ¥¬ë ¢ ª�ç¥áâ¢¥ ¬¨è¥−¨. “ª�§�−−ë© ®¡ê¥¬
−�£àã§ª¨, á®§¤�¢�¥¬®© á ®¤−®£® á¥à¢¥à�, ¯à¥¢ëè�¥â ¯à®¯ãáª−ãî á¯®á®¡−®áâì áã-
é¥áâ¢ãîé¨å á¨áâ¥¬ â®à£®¢«¨ �ªæ¨ï¬¨. �®ª�§�â¥«ì 70 000 ¨áå®¤ïé¨å á®®¡é¥−¨©
¢ á¥ªã−¤ã á ®¤−®£® ï¤à� á®®â¢¥âáâ¢ã¥â ¬�ªá¨¬�«ì−ë¬ ¯®ª�§�â¥«ï¬ ¨−áâàã¬¥−â®¢
¤«ï â¥áâ¨à®¢�−¨ï ¢¥¡-¨−äà�áâàãªâãà á ¯®¬®éìî áâ�â¨ç¥áª¨å §�¯à®á®¢ [17].

4.6 Настройка профиля нагрузки

‚ íâ®© ç�áâ¨ áâ�âì¨ ®¯¨áë¢�¥âáï −�áâà®©ª� ¯à®ä¨«ï −�£àã§ª¨. ��£àã§ª�
§�¤�¥âáï ¯�à�¬¥âà®¬:
LOAD CONFIG = ÆÁÚÁ1 [, ÆÁÚÁ2, . . . , ÆÁÚÁN]
��£àã§®ç−�ï ä�§� ¬®¦¥â ¡ëâì á«¥¤ãîé¥©:

{ const(freq, dur)| ¯®áâ®ï−−�ï −�£àã§ª� c ç�áâ®â®© freq ¨ ¤«¨â¥«ì−®áâìî dur.
‚®§¬®¦−® â�ª¦¥ ¨á¯®«ì§®¢�âì á®ªà�é¥−−ë© ä®à¬�â | freq:dur;

{ step(freq, delta, steps, dur) | ã¢¥«¨ç¨¢�îé�ïáï −�£àã§ª� á −�ç�«ì−®© ç�-
áâ®â®© freq, è�£®¬ ¨§¬¥−¥−¨ï ç�áâ®âë delta, ª®«¨ç¥áâ¢®¬ è�£®¢ steps ¨
¤«¨â¥«ì−®áâìî ®¤−®£® è�£� dur;

{ connect(dur)| ¢á¥ á¥áá¨¨ ¤®«¦−ë ãáâ�−®¢¨âì á®¥¤¨−¥−¨¥ á §�¤¥à¦ª®© dur;

{ disconnect(dur)| ¢á¥ á¥áá¨¨ ¤®«¦−ë ®¡®à¢�âì á®¥¤¨−¥−¨¥ á §�¤¥à¦ª®© dur;

{ logon(dur)| ¢á¥ á¥áá¨¨ ¤®«¦−ë ¯®á«�âì á®®¡é¥−¨¥ á �¢â®à¨§�æ¨¥© á §�¤¥à¦-
ª®© dur;

{ logout(dur)| ¢á¥ á¥áá¨¨ ¤®«¦−ë ¯®á«�âì á®®¡é¥−¨¥ ® ¯à¥ªà�é¥−¨¨ á¥áá¨¨ á
§�¤¥à¦ª®© dur;

�¡àë¢ á®¥¤¨−¥−¨ï á�¬ ¯® á¥¡¥ −¥ ï¢«ï¥âáï ªà¨â¨ç¥áª®© ¯à®¡«¥¬®©. ��-
¯à¨¬¥à, ¢á¥ ¢¥¡-á®¥¤¨−¥−¨ï, ¨ ®á®¡¥−−® á®¥¤¨−¥−¨ï ¢ ¬®¡¨«ì−ëå ¯à¨«®¦¥−¨ïå,
à�ááç¨â�−ë −� â®, çâ® ®−¨ ¡ã¤ãâ ¯à¥àë¢�âìáï. „«ï ä¨−�−á®¢ëå ¯à®â®ª®«®¢ íâ®
á®¡ëâ¨¥ ¬®¦¥â ®§−�ç�âì ¯®â¥àî ãç�áâ−¨ª®¬ â®à£®¢«¨ ª®−âà®«ï −�¤ ¥£® §�ï¢ª�¬¨,
¨ ¬−®£¨¥ á¨áâ¥¬ë −�áâà®¥−ë −� ®â¬¥−ã ¢á¥å ®âªàëâëå §�ï¢®ª. …á«¨ ª«¨¥−â
�ªâ¨¢−® ¢¥¤¥â â®à£®¢«î ¨ ¢ëáâ�¢«ï¥â ¬−®£® §�ï¢®ª, ¯®â¥àï á®¥¤¨−¥−¨ï ¯à¨¢¥¤¥â
ª â®¬ã, çâ® ¥£® §�ï¢ª¨ ¡ã¤ãâ ¬�áá®¢® ®â¬¥−¥−ë á¨áâ¥¬®©, çâ® ¢ë§®¢¥â ¯®¢ë-
è¥−−ãî −�£àã§ªã −� ï¤à® á¨áâ¥¬ë. ’�ª¦¥ −¥®¡å®¤¨¬® §−�âì, ª�ª ¯®¢¥¤¥â á¥¡ï
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÷¨á. 2 �à®áâ¥©è¨¥ ¢�à¨�−âë ¯à®ä¨«¥© −�£àã§ª¨: (�) const; (¡) step; (¢) microburst

á¨áâ¥¬� ¯à¨ ¢®ááâ�−®¢«¥−¨¨ á®¥¤¨−¥−¨ï ¨ �¢â®à¨§�æ¨¨ ¯®¤ −�£àã§ª®©. �ç¥−ì
¢�¦−® ¨¬¥âì ¢®§¬®¦−®áâì ¢®á¯à®¨§¢®¤¨âì ¢−¥§�¯−ë© ®¡àë¢ ¨ ¢®ááâ�−®¢«¥−¨¥
á®¥¤¨−¥−¨ï ¯®¤ −�£àã§ª®©. „«ï íâ®© æ¥«¨ ¡ë«¨ á®§¤�−ë ¢ëè¥®¯¨á�−−ë¥ ä�§ë:
connect, disconnect, logon, logout.

�� à¨á. 2 ¨§®¡à�¦¥−ë à�§«¨ç−ë¥ −�£àã§®ç−ë¥ ¯à®ä¨«¨ const, step ¨ mi-
croburst:
const: LOAD CONFIG = const(1000, 20m);
step: LOAD CONFIG = step(500, 500, 4, 4m);
microburst: LOAD CONFIG = 200:5m, 40 000:10ms, 200:5m, 75 000:10ms,
200:5m, 100 000:10 ms, 200:5m.

�®á«¥¤−¨© ¯à®ä¨«ì á®§¤�¥âáï ¯à¨ ¯®¬®é¨ ä�§ë const á ¬�«®© ¤«¨â¥«ì−®áâìî
¨ ¢ëá®ª®© −�£àã§ª®©.

ˆ§ ®¯ëâ� �¢â®à®¢, −�£àã§ª� ¢ ä®à¬¥ áâã¯¥−¥© (step) ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨
¯®¤å®¤¨â ¤«ï ®¯à¥¤¥«¥−¨ï ¬�ªá¨¬�«ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ë. ��-
£àã§ª� ¢ ä®à¬¥ ¬¨ªà®¢á¯«¥ªá� ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ ¢®á¯à®¨§¢®¤¨â ¯®¢¥¤¥−¨¥
á®¢à¥¬¥−−ëå ¢ëá®ª®−�£àã¦¥−−ëå âà¥©¤¨−£®¢ëå á¨áâ¥¬.

5 Заключение

�¯¨á�−−ë© ¢ áâ�âì¥ ¨−áâàã¬¥−â ãá¯¥è−® ¨á¯®«ì§ã¥âáï ¢ à�¬ª�å ¯à®¥ªâ®¢,
®áãé¥áâ¢«ï¥¬ëå ¯à¨ ¯®¤¤¥à¦ª¥ ª®¬¯�−¨¨ Exactpro Systems LLC. „®áâ¨£−ãâë¥
à¥§ã«ìâ�âë ¯®¤â¢¥à¦¤�îâ íää¥ªâ¨¢−®áâì ¢ë¡à�−−ëå ¬¥â®¤®¢ à�¡®âë: ã¯à�¢«¥-
−¨ï ¨á¯®«−ï¥¬ë¬¨ ¯®â®ª�¬¨ ¯®áà¥¤áâ¢®¬ æ¥−âà�«ì−®£® ª®−âà®««¥à� ¨ ¨á¯®«ì-
§®¢�−¨ï §�£®â®¢«¥−−ëå è�¡«®−®¢ ¯à¨ £¥−¥à�æ¨¨ ¯®â®ª� á®®¡é¥−¨©.

�«�−¨àã¥âáï ¤�«ì−¥©è¥¥ à�áè¨à¥−¨¥ á¯¨áª� ®âªàëâëå ¨ ª®¬¬¥àç¥áª¨å ¯à®-
â®ª®«®¢ ª®¬¬ã−¨ª�æ¨©, ¯®¤¤¥à¦¨¢�¥¬ëå ¤�−−ë¬ ¨−áâàã¬¥−â®¬ ¤«ï â¥áâ¨à®¢�-
−¨ï. �¥á¬®âàï −� â® çâ® áãé¥áâ¢ãîé�ï ¯à®¨§¢®¤¨â¥«ì−®áâì £¥−¥à�â®à� −�£àã§ª¨
¯®§¢®«ï¥â á®§¤�âì à¥�«¨áâ¨ç−ë© ¯®â®ª ¤�−−ëå, ¨á¯®«ì§ãï ®¤¨− á¥à¢¥à, ¤®áâ�-
â®ç−ë© ¤«ï ¯¥à¥£àã§ª¨ «î¡®© ¨§ áãé¥áâ¢ãîé¨å â®à£®¢ëå ¯«®é�¤®ª, � â�ª¦¥
¤«ï ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� âà¥©¤¨£®¢ëå á¨áâ¥¬, ª®â®àë¥ ¯®ï¢ïâáï ¢ ¡«¨¦�©è¨¥
£®¤ë, ¯«�−¨àã¥âáï à�§à�¡®âª� ¬�áèâ�¡¨àã¥¬®£® ¬®¤ã«ï, ¯®§¢®«ïîé¥£® ª®−âà®-
«¨à®¢�âì −�£àã§ªã, á®§¤�¢�¥¬ãî á −¥áª®«ìª¨å á¥à¢¥à®¢.
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‘®§¤�−¨¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® £¥−¥à�â®à� −�£àã§ª¨ ¤«ï ¯à®¢¥àª¨ á¨áâ¥¬

�á−®¢−ë¬ −�¯à�¢«¥−¨¥¬ ¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë áâ�−¥â á®¢¥àè¥−áâ¢®¢�-
−¨¥ ¬¥å�−¨§¬®¢ ®¡à�¡®âª¨ ®¡à�â−®£® ¯®â®ª� ¤�−−ëå ¤«ï ¯®¢ëè¥−¨ï á«®¦−®áâ¨ ¨
à¥�«¨áâ¨ç−®áâ¨ áæ¥−�à¨¥¢ −�£àã§®ç−®£® â¥áâ¨à®¢�−¨ï â®à£®¢ëå ¯«�âä®à¬. �à¨
íâ®¬ ¢ëá®ª�ï íª®−®¬¨ç−®áâì ¨ íää¥ªâ¨¢−®áâì ¨á¯®«ì§ã¥¬ëå ¤«ï â¥áâ¨à®¢�−¨ï
¨−áâàã¬¥−â®¢ á®åà�−¨âáï.
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Abstract: The growing volume of orders generated by HFT (high-frequency
trading) systems has posed the challenge of conducting exchange and brokerage
systems testing in production-like environments. Specialized testing tools are
used to ensure quality of high-load trading systems with high availability. The
main requirement for such tools is that they should be capable of creating
realistic, high loads using limited hardware infrastructure. The article describes
a load injection tool developed for testing automated trading systems and an
approach that ensures high performance. The tool is used when throughput and
response times of large-scale exchange and brokerage platforms, the backbone of
the technological infrastructure of financial markets, are measured.
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ИСПОЛЬЗОВАНИЕ ИНСТРУМЕНТОВ ДЛЯ ПАССИВНОГО
ТЕСТИРОВАНИЯ ПРИ СЕРТИФИКАЦИИ КЛИЕНТОВ

ТРЕЙДИНГОВЫХ СИСТЕМ∗

А. Н. Алексеенко1, А. А. Аверина2, Д. С. Шаров3, П. А. Проценко4,
И. Л. Иткин5

�−−®â�æ¨ï: †¨§−¥−−ë© æ¨ª« à�§à�¡®âª¨ ¡¨à¦¥¢®£® ¨ ¡à®ª¥àáª®£® ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¯®¬¨¬® ¯à®¢¥àª¨ äã−ªæ¨®−�«ì−ëå ¨ â¥å−¨ç¥áª¨å
å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë ¢ª«îç�¥â ¢ á¥¡ï ®¡ï§�â¥«ì−ë© íâ�¯ ¨−â¥£à�æ¨®−−®£®
â¥áâ¨à®¢�−¨ï, −�§ë¢�¥¬ë© á¥àâ¨ä¨ª�æ¨¥© ª«¨¥−â®¢. �â®â íâ�¯ ¯à¨§¢�− ®¡¥á-
¯¥ç¨âì á®¢¬¥áâ¨¬®áâì á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®© â®à£®¢«¨, ¯®¤ª«îç�¥¬ëå ª
¡¨à¦¥ ¨«¨ ¡à®ª¥àã ¯®áà¥¤áâ¢®¬ ä¨−�−á®¢ëå ¯à®â®ª®«®¢ (â�ª¨å ª�ª Financial
Information eXchange (FIX)/FAST, ITCH ¨«¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¡¨−�à-
−ë¥ ¨−â¥àä¥©áë ¤®áâã¯�). ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥− ®à¨£¨−�«ì−ë© ¨−áâàã¬¥−â,
à�§à�¡®â�−−ë© ¤«ï ¯à®¢¥àª¨ á®¢¬¥áâ¨¬®áâ¨ â®à£®¢ëå á¨áâ¥¬. �â«¨ç¨â¥«ì−�ï
®á®¡¥−−®áâì à�§à�¡®â�−−®£® ¨−áâàã¬¥−â� | ã−¨ä¨æ¨à®¢�−−ë© á¯®á®¡ ¯®¤-
¤¥à¦ª¨ ¬−®¦¥áâ¢� ¯à®â®ª®«®¢. �à¨¢¥¤¥−ë ¯à¨¬¥àë ¥£® ¨á¯®«ì§®¢�−¨ï ¯à¨
á�¬®áâ®ïâ¥«ì−®© á¥àâ¨ä¨ª�æ¨¨ ãç�áâ−¨ª®¢ â®à£®¢, � â�ª¦¥ ¯à¨ ¬�áèâ�¡−ëå
¬¨£à�æ¨ïå âà¥©¤¨−£®¢ëå ¯«�âä®à¬.

Š«îç¥¢ë¥ á«®¢�: ä¨−�−á®¢ë¥ ¯à®â®ª®«ë; FIX-¯à®â®ª®«; â¥áâ¨à®¢�−¨¥
á®¢¬¥áâ¨¬®áâ¨; á�¬®áâ®ïâ¥«ì−�ï á¥àâ¨ä¨ª�æ¨ï; â®à£®¢ë© ¡à®ª¥à; ¡¨à¦�
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1 Введение

�¤�¯â�æ¨ï −®¢ëå ª«¨¥−â®¢ ª âà¥©¤¨−£®¢®© ¯«�âä®à¬¥ ¨ ¨å ¯®¤¤¥à¦ª� ¯à¨ ®¡-
−®¢«¥−¨ïå ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï | íâ® ®¤¨− ¨§ ª«îç¥¢ëå ¡¨§−¥á-¯à®æ¥áá®¢
¡¨à¦¥¢ëå ¨ ¡à®ª¥àáª¨å ®à£�−¨§�æ¨© [1{3]. ‘ãé¥áâ¢¥−−®© á®áâ�¢«ïîé¥© íâ®£®
¯à®æ¥áá� á«ã¦¨â â¥áâ¨à®¢�−¨¥, ¯à®¢®¤¨¬®¥ ¤«ï ¢ëï¢«¥−¨ï ¯à®¡«¥¬ á á®¢¬¥áâ¨-
¬®áâìî âà¥©¤¨−£®¢®© ¯«�âä®à¬ë á á¨áâ¥¬�¬¨, ¯à¨−�¤«¥¦�é¨¬¨ ¯®¤ª«îç�¥¬ë¬
ª ¡¨à¦¥ ¨«¨ ¡à®ª¥àã ãç�áâ−¨ª�¬ â®à£®¢, −�§ë¢�¥¬®¥ á¥àâ¨ä¨ª�æ¨¥© ª«¨¥−â®¢ [4].

∗‘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-2013,
10{12 ®ªâï¡àï 2013 £., £. Š®áâà®¬�, ÷”).
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�. �. �«¥ªá¥¥−ª®, �. �. �¢¥à¨−�, „. ‘. ˜�à®¢ ¨ ¤à.

‘¥àâ¨ä¨ª�æ¨ï ª«¨¥−â®¢ ®¡ï§�â¥«ì−� ¤«ï «î¡®£® ®¯¥à�â®à� ¡¨à¦¥¢®© ¨«¨
¡à®ª¥àáª®© ¯«�âä®à¬ë, ¯à¥¤®áâ�¢«ïîé¥© ¢®§¬®¦−®áâì ®áãé¥áâ¢«ïâì ä¨−�−-
á®¢ë¥ âà�−§�ªæ¨¨, ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï è¨à®ª® ¨á¯®«ì§ã¥âáï ¢ ä¨−�−á®¢®©
¨−¤ãáâà¨¨ [5]. ‘áë«ª¨ −� ¯à�¢¨«� á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢ ¨ á®®â¢¥âáâ¢ãîéãî
¤®ªã¬¥−â�æ¨î ¬®¦−® −�©â¨ −� ®ä¨æ¨�«ì−ëå á�©â�å á®®â¢¥âáâ¢ãîé¨å ®à£�−¨§�-
æ¨© [6{9].

�à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, à�−¥¥ ãá¯¥è−® ¯à®è¥¤è¥¥ ¢−ãâà¥−−¥¥ ¨−â¥£à�æ¨-
®−−®¥ â¥áâ¨à®¢�−¨¥, ¯à®å®¤¨â ¯®á«¥ íâ®£® ç¥à¥§ §�¢¥àè�îé¨© â¥áâ | ¨−â¥£à�æ¨î
á ª«¨¥−â�¬¨ (®¡ëç−® îà¨¤¨ç¥áª¨¬¨ «¨æ�¬¨). �¡é¥¯à¨−ïâ®© ¯à�ªâ¨ª®© ï¢«ï¥âáï
á¨âã�æ¨ï, ª®£¤� ª«¨¥−âë ¨ ®¯¥à�â®à âà¥©¤¨−£®¢®© ¯«�âä®à¬ë §�¤�îâ ¢à¥¬¥−−®©
¨−â¥à¢�« ¤«ï ¢ë¯®«−¥−¨ï �ªâ¨¢−®£® â¥áâ¨à®¢�−¨ï ¨ ®æ¥−¨¢�îâ ¥£® à¥§ã«ìâ�âë á
®¡¥¨å áâ®à®−.

‚ á¢ï§¨ á â¥¬, çâ® ¢ ¯à®æ¥áá á¥àâ¨ä¨ª�æ¨®−−®£® â¥áâ¨à®¢�−¨ï ¢®¢«¥ç¥−ë
«î¤¨, ¯à¥¤áâ�¢«ïîé¨¥ à�§−ë¥ ª®¬¯�−¨¨, ¤�−−ë© ¯à®æ¥áá âà¥¡ã¥â §−�ç¨â¥«ì−®©
áâ¥¯¥−¨ ª®®à¤¨−�æ¨¨ ¨ á«�¦¥−−®áâ¨ à�¡®âë. �â® çà¥§¢ëç�©−® ¢�¦−® ª�ª á
ä¨−�−á®¢®©, â�ª ¨ á à¥¯ãâ�æ¨®−−®© â®çª¨ §à¥−¨ï. ‹î¡®© ¤¥ä¥ªâ ¯à®£à�¬-
¬−®£® ®¡¥á¯¥ç¥−¨ï, ®¡−�àã¦¥−−ë© −� íâ�¯¥ á¥àâ¨ä¨ª�æ¨®−−®£® â¥áâ¨à®¢�−¨ï,
ï¢«ï¥âáï ¤®áâ�â®ç−® ¤®à®£®áâ®ïé¨¬ á â®çª¨ §à¥−¨ï ¥£® ãáâà�−¥−¨ï, ¯®áª®«ìªã
¢á¥ áâ�¤¨¨ ¦¨§−¥−−®£® æ¨ª«� ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ã¦¥ ¯à®©¤¥−ë [10], �
«î¡�ï §�¤¥à¦ª� á ®¡−�àã¦¥−¨¥¬ ¯à®¡«¥¬ á®¢¬¥áâ¨¬®áâ¨ ¢−®á¨â áãé¥áâ¢¥−−ë¥
¤®¯®«−¨â¥«ì−ë¥ §�âà�âë.

Š å�à�ªâ¥à−ë¬ ¯à®¡«¥¬�¬, á ª®â®àë¬¨ ¯à¨å®¤¨âáï áâ�«ª¨¢�âìáï ¯à¨ ¯à®¢¥-
¤¥−¨¨ á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢, ®â−®áïâáï:

{ −�«¨ç¨¥ ç�á®¢ëå ¯®ïá®¢ ¨ ¢®§−¨ª�îé¨¥ ¢ á¢ï§¨ á íâ¨¬ á«®¦−®áâ¨ ¢ ¯«�−¨à®-
¢�−¨¨ ¨ ª®®à¤¨−�æ¨¨ ¯à®¢¥¤¥−¨ï â¥áâ¨à®¢�−¨ï ª®¬�−¤�¬¨ ¯à®ä¥áá¨®−�«®¢,
−�å®¤ïé¨¬¨áï ä¨§¨ç¥áª¨ ¢ à�§−ëå ç�áâïå §¥¬−®£® è�à�;

{ ¯à®¨§¢®¤¨â¥«ì−®áâì: á¥àâ¨ä¨ª�æ¨ï ¬®¦¥â ¯®âà¥¡®¢�âìáï −¥áª®«ìª¨¬ ª«¨¥−-
â�¬ ®¤−®¢à¥¬¥−−® ¨§-§� ¡¨§−¥á- ¨«¨ â¥å−¨ç¥áª¨å á®¡ëâ¨©, â�ª¨å ª�ª ¢ëå®¤
−®¢ëå ¢¥àá¨© ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¨§¬¥−¥−¨ï −®à¬�â¨¢−ëå ¨«¨ â¥å-
−¨ç¥áª¨å âà¥¡®¢�−¨©;

{ ª®¬¯¥â¥−â−®áâì: á¯¥æ¨�«¨áâ ¯® ®¡¥á¯¥ç¥−¨î ª�ç¥áâ¢� ¯à®£à�¬¬−®£® ®¡¥á-
¯¥ç¥−¨ï, ¯à®¢®¤ïé¨© á¥àâ¨ä¨ª�æ¨î, ®¡ï§�− ®¡«�¤�âì ¤®«¦−ë¬ ãà®¢−¥¬
â¥å−¨ç¥áª¨å ¨ ¡¨§−¥á-§−�−¨©;

{ ¯®ªàëâ¨¥: á¥àâ¨ä¨ª�æ¨®−−ë¥ â¥áâë ¤®«¦−ë ¡ëâì ®á−®¢�−ë −� â¨¯¨ç−ëå
áæ¥−�à¨ïå ¨ ®¡¥á¯¥ç¨¢�âì §−�ç¨¬ë¥ à¥§ã«ìâ�âë.

‚ âà¥©¤¨−£®¢®© ¨−¤ãáâà¨¨ −�ç¨−�¥â ä®à¬¨à®¢�âìáï ¯®−¨¬�−¨¥ â®£®, çâ®
®¤−¨¬ ¨§ á¯®á®¡®¢ ¯à¥®¤®«¥−¨ï íâ¨å ¯à®¡«¥¬ ¬®¦¥â áâ�âì á®§¤�−¨¥ ¡®«¥¥ á®¢¥à-
è¥−−ëå à¥è¥−¨© ¯® �¢â®¬�â¨§�æ¨¨ á¥àâ¨ä¨ª�æ¨®−−®£® â¥áâ¨à®¢�−¨ï ¨ �−�«¨§ã
¥£® à¥§ã«ìâ�â®¢ [11]. �¥á¬®âàï −� �ªâã�«ì−®áâì �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá� á¥àâ¨ä¨-
ª�æ¨¨ ¡¨à¦¥¢ëå/¡à®ª¥àáª¨å ª«¨¥−â®¢, ¤�−−�ï ¯à®¡«¥¬�â¨ª� ¯®ª� ¯à�ªâ¨ç¥áª¨
−¥ ®á¢¥é¥−� ¢ ®â¥ç¥áâ¢¥−−®© ¨ §�àã¡¥¦−®© −�ãç−®© «¨â¥à�âãà¥.
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ˆá¯®«ì§®¢�−¨¥ ¨−áâàã¬¥−â®¢ ¤«ï ¯�áá¨¢−®£® â¥áâ¨à®¢�−¨ï ¯à¨ á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢

�� àë−ª¥ ¯à¨áãâáâ¢ãîâ −¥áª®«ìª® ª®¬¬¥àç¥áª¨å ¨−áâàã¬¥−â®¢ â¥áâ¨à®¢�−¨ï,
á®§¤�−−ëå ¤«ï ãáª®à¥−¨ï ¯à®æ¥áá� á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢:

{ FIX Conductor ®â ª®¬¯�−¨¨ Lasalletech [12];

{ FACTS (FIX Automated Certification and Testing Service) ®â B2BITS, EPAM
Systems [13];

{ CertiFIX ®â Greenline [14];

{ Catalys Studio ®â Cameron [15];

{ Ignition ®â FIXFlyer [16];

{ VegaFABS ®â Pravega Financial Technologies [17];

{ Certpoint ®â Tradepoint Systems [18];

{ Certification Platform ®â FixSpec.com [19].

�¨à¦¥¢ë¥ ¯«�âä®à¬ë ¨á¯®«ì§ãîâ ¤¢� ®á−®¢−ëå ¯®¤å®¤� ª á¥àâ¨ä¨ª�æ¨¨:

(1) ¯à¥¤®áâ�¢«¥−¨¥ ª«¨¥−â�¬ á¯¥æ¨�«¨§¨à®¢�−−®£® á¨¬ã«ïâ®à� ¤«ï ¯à®¢¥¤¥-
−¨ï á¥àâ¨ä¨ª�æ¨¨ [20{22]. Š«¨¥−âë ¯à®¢®¤ïâ â¥áâ¨à®¢�−¨¥, ¨á¯®«ì§ãï
¯à¥¤®áâ�¢«¥−−ë© ¨−áâàã¬¥−â, ¨ ¯à¥¤®áâ�¢«ïîâ «®£¨ á¥àâ¨ä¨ª�æ¨¨;

(2) ¯à¥¤®áâ�¢«¥−¨¥ ¤®áâã¯� ª á¯¥æ¨�«¨§¨à®¢�−−®¬ã â¥áâ®¢®¬ã ®ªàã¦¥−¨î, ª®-
â®à®¥ ï¢«ï¥âáï ã¬¥−ìè¥−−®© ª®¯¨¥© ¯à®¬ëè«¥−−®© á¨áâ¥¬ë; ¤®ªã¬¥−â¨-
à®¢�−¨¥ ¯à®æ¥¤ãàë; á®¢¬¥áâ−®¥ ¯à®¢¥¤¥−¨¥ á¥àâ¨ä¨ª�æ¨¨ á ª«¨¥−â®¬ «¨¡®
¨á¯®«ì§®¢�−¨¥ á�¬®áâ®ïâ¥«ì−®© á¥àâ¨ä¨ª�æ¨¨ [23]; ¨á¯®«ì§®¢�−¨¥ ¯�áá¨¢-
−ëå ¬¥â®¤®¢, â�ª¨å ª�ª ¯¥à¥å¢�â âà�ä¨ª� á¥â¥¢ëå ¯®¤ª«îç¥−¨© ¨«¨ ¤�−−ë¥
¨§ «®£-ä�©«®¢, ¤«ï �−�«¨§� ãá¯¥è−®áâ¨ ¨ ¯®«−®âë ¯à®¢¥¤¥−−®© ¯à®æ¥¤ãàë
á¥àâ¨ä¨ª�æ¨¨.

�¡� ¯®¤å®¤� ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ à¥�«¨§®¢�−ë ¢ áãé¥áâ¢ãîé¨å ª®¬¬¥à-
ç¥áª¨å à¥è¥−¨ïå.

�á−®¢−®¥ ¤®áâ®¨−áâ¢® ¬¥â®¤�, ®á−®¢�−−®£® −� ¨á¯®«ì§®¢�−¨¨ á¨¬ã«ïâ®à®¢, |
íâ® á−¨¦¥−¨¥ −�£àã§ª¨ −� á¥àâ¨ä¨æ¨àãîéãî ®à£�−¨§�æ¨î ¨ ª«¨¥−â®¢, ®¡¥á¯¥-
ç¨¢�¥¬®¥ ¢®§¬®¦−®áâìî ¯à®¢®¤¨âì á¥àâ¨ä¨ª�æ¨î ¢ «î¡®¥ ¢à¥¬ï áãâ®ª, � −¥
â®«ìª® ¢ ¯¥à¨®¤ ®âªàëâ®£® â®à£®¢®£® ¤−ï. �à®¡«¥¬�, á¯¥æ¨ä¨ç−�ï ¤«ï ¢á¥å
á¨¬ã«ïâ®à®¢, | ®âáãâáâ¢¨¥ £�à�−â¨¨, çâ® ä�ªâ¨ç¥áª®¥ á®®¡é¥−¨¥, ®â¯à�¢«¥−−®¥
á ¥£® ¯®¬®éìî, ¨¤¥−â¨ç−® á®®¡é¥−¨ï¬, ®â¯à�¢«ï¥¬ë¬ à¥�«ì−ë¬ ¯à®£à�¬¬−ë¬
®¡¥á¯¥ç¥−¨¥¬ [24].

��áá¨¢−®¥ â¥áâ¨à®¢�−¨¥ ï¢«ï¥âáï, −� ¢§£«ï¤ �¢â®à®¢, −�¨¡®«¥¥ ª®àà¥ªâ−ë¬
¬¥â®¤®¬ ¯à®¢¥¤¥−¨ï á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢. �¡é�ï ª®−æ¥¯æ¨ï ¯�áá¨¢−®£® â¥á-
â¨à®¢�−¨ï ¨ ¥¥ ¯à¥¨¬ãé¥áâ¢� ®¯¨á�−ë ¢ [25], à�§«¨ç−ë¥ �«£®à¨â¬ë ¯�áá¨¢−®£®
â¥áâ¨à®¢�−¨ï ¯à¥¤«®¦¥−ë ¢ [26, 27]. �á−®¢−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ ¯�áá¨¢−®-
£® â¥áâ¨à®¢�−¨ï ï¢«ï¥âáï â®, çâ® ¨−áâàã¬¥−â ¤«ï â¥áâ¨à®¢�−¨ï −¥ ®ª�§ë¢�¥â
¢«¨ï−¨ï −� â¥áâ¨àã¥¬ãî á¨áâ¥¬ã ¨ −¥ ¯à¨¢®¤¨â ª á®§¤�−¨î ¯®â®ª®¢ ¤®¯®«−¨-
â¥«ì−ëå á®®¡é¥−¨©. „�−−®¥ ¯à¥¨¬ãé¥áâ¢®, ®¤−�ª®, ®¤−®¢à¥¬¥−−® ï¢«ï¥âáï ¨
−¥¤®áâ�âª®¬: ¤«ï ãá¯¥è−®£® ¯à®¢¥¤¥−¨ï ¯�áá¨¢−®£® â¥áâ¨à®¢�−¨ï −¥®¡å®¤¨¬ë¥
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á®®¡é¥−¨ï ¤®«¦−ë ¡ëâì ª¥¬-â® á®§¤�−ë. ‚ á«ãç�¥ á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢
âà¥¡ã¥âáï ¯à¨¢«¥ª�âì ¯à¥¤áâ�¢¨â¥«¥© ¤àã£®© ª®¬¯�−¨¨ ¤«ï á®§¤�−¨ï ¢å®¤ïé¥£®
¯®â®ª� á®®¡é¥−¨©.

„�−−�ï ¯à�ªâ¨ª� −¥¨§¡¥¦−� ¯à¨ ¯¥à¢¨ç−®© á¥àâ¨ä¨ª�æ¨¨. �¤−�ª® á æ¥«ìî
á−¨¦¥−¨ï ¢à¥¬¥−−‚ëå §�âà�â áâ®à®−−¨å ®à£�−¨§�æ¨© âà¥¡ã¥âáï ¨á¯®«ì§®¢�âì ¡®-
«¥¥ íää¥ªâ¨¢−ë¥ ¬¥â®¤ë: −�¯à¨¬¥à, ¯à¥¤«®¦¥−−ë© ¢ [28] ¯®¤å®¤. ˆá¯®«ì-
§ãï ¤�−−ë¥ ¯¥à¢¨ç−®© á¥àâ¨ä¨ª�æ¨¨ ¤«ï �¢â®¬�â¨§¨à®¢�−−®£® á®§¤�−¨ï −®¢ëå
áæ¥−�à¨¥¢ â¥áâ¨à®¢�−¨ï ¯à¨ á®åà�−¥−¨¨ −¥¨§¬¥−−®© á¯¥æ¨ä¨ª�æ¨¨ ¯à®â®ª®-
«� ¤®áâã¯�, ®¯¥à�â®à âà¥©¤¨−£®¢®© ¯«�âä®à¬ë ¯®«ãç�¥â ¢®§¬®¦−®áâì ¯à®¢¥áâ¨
¯®¢â®à−ãî á¥àâ¨ä¨ª�æ¨î ª«¨¥−â� á�¬®áâ®ïâ¥«ì−®.

�à¨áãâáâ¢ãîé¨¥ −� àë−ª¥ ¨−áâàã¬¥−âë ¤«ï á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢ ®¡«�¤�-
îâ á«¥¤ãîé¨¬¨ ®£à�−¨ç¥−¨ï¬¨:

{ á¯¥æ¨�«¨§�æ¨ï −� ®¤−®¬ ä¨ªá¨à®¢�−−®¬ ¯à®â®ª®«¥, −�¯à¨¬¥à FIX [29];

{ ¨−â¥à�ªâ¨¢−ë¥ ¨−áâàã¬¥−âë �−�«¨§� ¤�−−ëå ¨ á®§¤�−¨ï −®¢ëå áæ¥−�à¨¥¢
¬�«®¯à¨£®¤−ë ¤«ï ®¡à�¡®âª¨ ¤¥©áâ¢¨â¥«ì−® ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå ®
£¥â¥à®£¥−−ëå ª«¨¥−âáª¨å ¯®¤ª«îç¥−¨ïå.

�¢â®àë ¯à¨−¨¬�îâ ãç�áâ¨¥ ¢ à�§à�¡®âª¥ ¨ ¨á¯®«ì§®¢�−¨¨ ¯à®£à�¬¬−®£®
à¥è¥−¨ï ª®¬¯�−¨¨ Exactpro Systems LLC, −�¯à�¢«¥−−®£® −� ¯à¥®¤®«¥−¨¥ ãª�-
§�−−ëå ®£à�−¨ç¥−¨© [30, 31]. ‘®§¤�−−ë© ¨−áâàã¬¥−â ®¯¨áë¢�¥âáï ¢® ¢â®à®©
ç�áâ¨ ¤�−−®© áâ�âì¨. ’à¥âìï ç�áâì á®¤¥à¦¨â ®¯¨á�−¨¥ ¯à�ªâ¨ç¥áª®£® ¨á¯®«ì-
§®¢�−¨ï á®§¤�−−®£® ¨−áâàã¬¥−â� ¤«ï á�¬®áâ®ïâ¥«ì−®© á¥àâ¨ä¨ª�æ¨¨ ãç�áâ−¨ª®¢
¡¨à¦¥¢ëå â®à£®¢. —¥â¢¥àâ�ï ç�áâì ®¯¨áë¢�¥â ¨á¯®«ì§®¢�−¨¥ à�§à�¡®â�−−®£®
¨−áâàã¬¥−â� ¯à¨ ¬�áèâ�¡−ëå ¬¨£à�æ¨ïå ¡à®ª¥àáª¨å á¨áâ¥¬.

2 Многопротокольное решение для пассивного тестировання
трейдинговых систем

ˆ−áâàã¬¥−â ¤«ï ¯�áá¨¢−®£® â¥áâ¨à®¢�−¨ï á¥â¥¢ëå ¯®¤ª«îç¥−¨© ª âà¥©¤¨−-
£®¢ë¬ á¨áâ¥¬�¬ à�§à�¡®â�− á ¨á¯®«ì§®¢�−¨¥¬ ï§ëª� Java ¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¡�§�¬¨ ¤�−−ëå MySQL. ‚ ®á−®¢¥ ¯®¤å®¤� | ã−¨ä¨æ¨à®¢�−−®¥ ®¯¨á�−¨¥ áâàãª-
âãàë ¯à®â®ª®«ì−ëå á®®¡é¥−¨©: á¨áâ¥¬� á«®¢�à¥©. „«ï ª�¦¤®£® ¯à®â®ª®«�
á®§¤�¥âáï á«®¢�àì. „«ï £àã¯¯ ¯à®â®ª®«®¢ ¬®¦¥â ¯®âà¥¡®¢�âìáï −�¯¨á�−¨¥ á¯¥-
æ¨�«ì−ëå ¬®¤ã«¥©, ¯à¨¢®¤ïé¨å á¥â¥¢ë¥ ¯®â®ª¨ ¤�−−ëå ª ã−¨ä¨æ¨à®¢�−−®¬ã
¢−ãâà¥−−¥¬ã ä®à¬�âã −� ®á−®¢¥ á«®¢�à¥©. Š®−æ¥¯æ¨ï ¡«¨§ª� ª «®£¨ª¥ Complex
Events Processing [32]. „«ï á®§¤�−¨ï è�¡«®−� á«®¢�àï ¡ë« ¢§ïâ ¨ ¤®à�¡®â�− ¤«ï
¡®«ìè¥© ®¡é−®áâ¨ è�¡«®− á«®¢�à¥©, ¨á¯®«ì§ã¥¬ë© ¢ á¨áâ¥¬¥ QuickFIX/J [33].

÷�§à�¡®â�−−ë© ¨−áâàã¬¥−â ¬®¦¥â ¯®«ãç�âì ¢å®¤ïé¨¥ ¤�−−ë¥ ® ¯¥à¥å¢�-
ç¥−−ëå á¥â¥¢ëå á®®¡é¥−¨ïå, ¯®«ãç¥−−ëå á ¨á¯®«ì§®¢�−¨¥¬ tcpdump [34] ¨«¨
à�§«¨ç−ëå ¯à®ªá¨-á¥à¢¥à®¢ [35]. �®«ì§®¢�â¥«î â�ª¦¥ ¯à¥¤®áâ�¢«¥−� ¢®§¬®¦-
−®áâì §�£àã¦�âì «®£-ä�©«ë, á®¤¥à¦�é¨¥ ¬�áá¨¢ á®®¡é¥−¨©, ¢ −�áâà�¨¢�¥¬®¬
ä®à¬�â¥.
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�á−®¢−�ï â�¡«¨æ� ¢ ¡�§¥ ¤�−−ëå á®¤¥à¦¨â ¨−ä®à¬�æ¨î ® ª�¦¤®¬ ¯¥à¥-
å¢�ç¥−−®¬ ¯�ª¥â¥, ¢ª«îç�ï ¯®¢â®à−ãî ¯¥à¥áë«ªã TCP (Transmission Control
Protocol) ¤�−−ëå. …á«¨ âà¥©¤¨−£®¢�ï á¨áâ¥¬� −�å®¤¨âáï ¯®¤ −�£àã§ª®©, á¥â¥-
¢®© ¯�ª¥â ¬®¦¥â á®¤¥à¦�âì −¥áª®«ìª® á®®¡é¥−¨© ¨«¨ ¦¥ á®®¡é¥−¨¥ ¬®¦¥â ¡ëâì
à�§¡¨â® ¬¥¦¤ã −¥áª®«ìª¨¬¨ TCP-¯�ª¥â�¬¨. ‚ë¤¥«¨¢ á®®¡é¥−¨ï ¨§ á¥â¥¢ëå

÷¨á. 1 �à®æ¥áá ®¡à�¡®âª¨ á®®¡é¥−¨© ¢ ¨−áâàã¬¥−â¥ â¥áâ¨à®¢�−¨ï ¨ á¥àâ¨ä¨ª�æ¨¨
(UDP | User Datagram Protocol; CCP | Compression Control Protocol; PCAP |
packet capture; LAS | Live Access Server; XML | eXtensible Markup Language
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¯�ª¥â®¢, ¨−áâàã¬¥−â ¤¥«�¥â ¯®¯ëâªã ª®−¢¥àâ�æ¨¨ ¢ ã−¨ä¨æ¨à®¢�−−ë© ä®à¬�â
−� ®á−®¢¥ á«®¢�à¥©. ˆ−ä®à¬�æ¨ï ® á¥â¥¢ëå ¯�ª¥â�å ¨ á®®¡é¥−¨ïå, −¥ ¯à®è¥¤-
è¨å ¯à®¢¥àªã ¯®áà¥¤áâ¢®¬ á«®¢�à¥©, §�−®á¨âáï ¢ ®â¤¥«ì−ãî â�¡«¨æã, ¯® áãâ¨
á®¤¥à¦�éãî á¯¨á®ª ¯à®¡«¥¬ á¥àâ¨ä¨ª�æ¨¨ ¯¥à¢®£® ãà®¢−ï.

„¥â�«¨ ¯¥à¥å¢�ç¥−−ëå ¨ ãá¯¥è−® ®¡à�¡®â�−−ëå á®®¡é¥−¨© ¬®£ãâ ¡ëâì á®-
åà�−¥−ë ¢ à¥«ïæ¨®−−ãî ¡�§ã ¤�−−ëå ¯®áà¥¤áâ¢®¬ ¤¢ãå ®á−®¢−ëå ¬¥â®¤®¢:

(1) ¨á¯®«ì§®¢�−¨ï ®¡é¥© â�¡«¨æë, á®¤¥à¦�é¥© ¨¤¥−â¨ä¨ª�â®àë á®®¡é¥−¨ï,
¨¬ï ¯�à�¬¥âà� ¨ ¥£® §−�ç¥−¨¥;

(2) ¨á¯®«ì§®¢�−¨ï ¨−¤¨¢¨¤ã�«ì−®© â�¡«¨æë ¤«ï ª�¦¤®£® â¨¯� á®®¡é¥−¨ï, à�§-
¬¥é�ï ¯�à�¬¥âàë á®®¡é¥−¨ï ¢ á®®â¢¥âáâ¢ãîé¨å ª®«®−ª�å á ¨¬¥−�¬¨, ¯à®-
¨§¢¥¤¥−−ë¬¨ ®â ¨¬¥− ¯�à�¬¥âà®¢.

�à¥¨¬ãé¥áâ¢® ¯¥à¢®£® ¯®¤å®¤� | íâ® ¡®«ìè�ï ®¡é−®áâì. �à¥¨¬ãé¥áâ¢®
¢â®à®£® ¯®¤å®¤� | ã¤®¡áâ¢® à�¡®âë á SQL (Structured Query Language) §�¯à®á�-
¬¨ ª ¡�§¥ ¤�−−ëå. ‚ à�§à�¡®â�−−®¬ ¨−áâàã¬¥−â¥ ¨á¯®«ì§ã¥âáï ª®¬¡¨−�æ¨ï ®¡®¨å
¯®¤å®¤®¢: ¤«ï ª�¦¤®£® â¨¯� á®®¡é¥−¨© á®§¤�−� ¨−¤¨¢¨¤ã�«ì−�ï â�¡«¨æ�, �
¤�−−ë¥ ¨§ ¯®¢â®àïîé¨åáï £àã¯¯ åà�−ïâáï ¢ ®¡é¥© â�¡«¨æ¥. ÷¨áã−®ª 1 á®¤¥à¦¨â
áå¥¬ã ¨á¯®«ì§®¢�−¨ï à�§à�¡®â�−−®£® ¨−áâàã¬¥−â� ¤«ï ¯¥à¥å¢�â� ¨ åà�−¥−¨ï
á¥â¥¢ëå á®®¡é¥−¨©.

÷¨á. 2 ƒà�ä¨ç¥áª¨© ¯®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á ¨−áâàã¬¥−â� â¥áâ¨à®¢�−¨ï ¨ á¥àâ¨-
ä¨ª�æ¨¨
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�¥à¥å¢�ç¥−−ë¥ á®®¡é¥−¨ï ¤¥ª®¤¨àãîâáï ¨ áª«�¤ë¢�îâáï ¢ ¡�§ã ¤�−−ëå
¨−áâàã¬¥−â�. ‚á¥ ®âç¥âë ¯® á¥àâ¨ä¨ª�æ¨¨ åà�−ïâáï ¢ ¢¨¤¥ SQL-§�¯à®á®¢. �à¨
¤®¡�¢«¥−¨¨ −®¢®£® ¢¨¤� ®âç¥â®¢ ¨«¨ ¨−®£® âà¥¡®¢�−¨ï −¥â −¥®¡å®¤¨¬®áâ¨ ¬¥−ïâì
ª®¤ á�¬®£® ¨−áâàã¬¥−â�.

‘ ¯®¬®éìî SQL-§�¯à®á� ¬®¦−® −�©â¨ á®®¡é¥−¨ï ¯® á¯¨áªã ¨ ¨å áâ�âãá
¨ ¢ë¤¥«¨âì ¨å æ¢¥â®¬ á ¯®¬®éìî ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á� ¤«ï «ãçè¥£®
§à¨â¥«ì−®£® ¢®á¯à¨ïâ¨ï. SQL-§�¯à®áë â�ª¦¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï −�-
å®¦¤¥−¨ï −¥®¡å®¤¨¬®© áâ�â¨áâ¨ª¨ ¯® á®®¡é¥−¨ï¬, ç¨á«ã §�å®¤®¢ ¢ ¯à¨«®¦¥−¨ï,
á¨−â�ªá¨ç¥áª¨ −¥ ¯à®�−�«¨§¨à®¢�−−ë¬ á®®¡é¥−¨ï¬ ¨ â. ¤.

ƒà�ä¨ç¥áª¨© ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï à�§à�¡®â�−−®£® ¨−áâàã¬¥−â� ¯®§¢®«ï¥â
�−�«¨â¨ªã, ®â¢¥ç�îé¥¬ã §� á¥àâ¨ä¨ª�æ¨î ¨«¨ ®¡¥á¯¥ç¥−¨¥ ª�ç¥áâ¢� âà¥©¤¨−£®-
¢®© ¯«�âä®à¬ë, ¯à®á¬�âà¨¢�âì ¢ à¥�«ì−®¬ à¥¦¨¬¥ ¢à¥¬¥−¨ á®®¡é¥−¨ï ¨ á®¡ëâ¨ï,
¢ª«îç�ï ¤¥â�«¨ á¥â¥¢ëå ¯�ª¥â®¢, à¥§ã«ìâ�âë ¢¥à¨ä¨ª�æ¨¨ ¯®áà¥¤áâ¢®¬ á¨áâ¥¬ë
á«®¢�à¥©, §−�ç¥−¨ï ¨−¤¨¢¨¤ã�«ì−ëå ¯®«¥© ¨ ¨áå®¤−ë¥ ¡¨−�à−ë¥ ¤�−−ë¥.

‘¥àâ¨ä¨ª�æ¨®−−ë¥ â¥áâë ¨ á¢¥àª¨ ¤�−−ëå ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë ¯®-
áà¥¤áâ¢®¬ ®¡ëç−ëå SQL-§�¯à®á®¢. ˆ−áâàã¬¥−â ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì
¯®¤á¢¥âª¨ ¨ �−�«¨§� á®®¡é¥−¨©, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï â®£® ¨«¨
¨−®£® §�¯à®á�. �� à¨á. 2 ¯à¥¤áâ�¢«¥− ¯à¨¬¥à ®ª−� £à�ä¨ç¥áª®£® ¨−â¥àä¥©á�
à�§à�¡®â�−−®£® ¨−áâàã¬¥−â�.

3 Самостоятельная сертификация участников биржевых торгов

÷¥£ã«¨àãîé¨¥ ®à£�−ë âà¥¡ãîâ ®â ®¯¥à�â®à®¢ ¡¨à¦¥¢®© á¨áâ¥¬ë ¯à¥¤®áâ�¢-
«¥−¨ï íª¢¨¢�«¥−â−®£® ¤®áâã¯� ¢á¥¬ ãç�áâ−¨ª�¬ â®à£®¢ [36]. �à¨ ¢−¥á¥−¨¨
¨§¬¥−¥−¨© ¢ â¥å−®«®£¨ç¥áªãî ¯«�âä®à¬ã ¡¨à¦¨ ¥¥ ®¯¥à�â®à ®¡ï§�− ¯à®¢¥áâ¨
á¥àâ¨ä¨ª�æ¨î ¢á¥å ¯®¤ª«îç¥−−ëå â®à£®¢ëå á¨áâ¥¬ ¢ ª®à®âª¨© ¯à®¬¥¦ãâ®ª
¢à¥¬¥−¨. „�−−�ï ®á®¡¥−−®áâì ¯à®æ¥áá� á®§¤�¥â áãé¥áâ¢¥−−ãî −�£àã§ªã −�
®â¤¥«ë ®à£�−¨§�æ¨¨ | ®¯¥à�â®à� ¡¨à¦¥¢®© ¯«®é�¤ª¨, ®â¢¥ç�îé¨¥ §� ¯®¤¤¥à¦ªã
ª«¨¥−â®¢. „«ï á−¨¦¥−¨ï íâ®© −�£àã§ª¨ ¡¨à¦¥¢ë¥ ¯«®é�¤ª¨ ¨á¯®«ì§ãîâ ¬¥â®¤
á�¬®áâ®ïâ¥«ì−®© á¥àâ¨ä¨ª�æ¨¨.

Š«¨¥−â�¬ ¯à¥¤®áâ�¢«ï¥âáï ¤®áâã¯ ª â¥áâ®¢®¬ã ®ªàã¦¥−¨î ¨ áæ¥−�à¨© ¢ë-
¯®«−¥−¨ï á¥àâ¨ä¨ª�æ¨®−−ëå â¥áâ®¢. �®á«¥ ¢ë¯®«−¥−¨ï è�£®¢ ¯à¥¤®áâ�¢«¥−−®£®
áæ¥−�à¨ï ª«¨¥−â ¢ëáë«�¥â «®£¨ ¯à®æ¥áá� ¢ á¥àâ¨ä¨æ¨àãîéãî ®à£�−¨§�æ¨î, £¤¥
®−¨ ¯à®å®¤ïâ ¤®¯®«−¨â¥«ì−ãî ¯à®¢¥àªã.

��áá¨¢−®¥ â¥áâ¨à®¢�−¨¥ §−�ç¨â¥«ì−® ã¯à®é�¥â ¯à®æ¥áá á¥àâ¨ä¨ª�æ¨¨ ¤«ï
ãç�áâ−¨ª®¢ â®à£®¢. �à¨ ¤�−−®¬ ¯®¤å®¤¥ ®â −¨å âà¥¡ã¥âáï â®«ìª® ¯®¤ª«îç¨âìáï
ª â¥áâ®¢®¬ã ®ªàã¦¥−¨î ¨ ®â¯à�¢¨âì §�ï¢ª¨, ®¡®§−�ç¥−−ë¥ ¢ â¥áâ®¢®¬ áæ¥−�-
à¨¨. ’�ª¨¬ ®¡à�§®¬, ãç�áâ−¨ª¨ â®à£®¢ ¨§¡�¢«¥−ë ®â ¢ë¯®«−¥−¨ï «î¡ëå è�£®¢
(â�ª¨å ª�ª ãáâ�−®¢ª� ¤®¯®«−¨â¥«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, á¡®à «®£®¢
¨ â. ¤.), ªà®¬¥ â¥å, ª®â®àë¥ −¥¯®áà¥¤áâ¢¥−−® −¥®¡å®¤¨¬ë ¤«ï ¯®¤ª«îç¥−¨ï ª
â¥å−®«®£¨ç¥áª®© ¯«�âä®à¬¥ ¡¨à¦¨.

÷�§à�¡®â�−−ë© ¨−áâàã¬¥−â ¯¥à¥å¢�âë¢�¥â ¢á¥ á®®¡é¥−¨ï, ¯¥à¥¤�−−ë¥ ®â
ª«¨¥−â� ª ¡¨à¦¥ ¨«¨ ¢ ®¡à�â−ãî áâ®à®−ã, à�§¡¨à�¥â áâàãªâãàã ¨ á®¤¥à¦¨¬®¥
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ª�¦¤®£® á®®¡é¥−¨ï ¨ á®åà�−ï¥â ¢á¥ ¢ à¥«ïæ¨®−−ãî ¡�§ã ¤�−−ëå. ˆá¯®«ì§ãï
SQL-§�¯à®áë, �−�«¨â¨ª á¥àâ¨ä¨æ¨àãîé¥© ®à£�−¨§�æ¨¨ ¬®¦¥â ¯®«ãç¨âì áâ�â¨-
áâ¨ªã ¯® ¯®¯ëâª�¬ ¢ë¯®«−¥−¨ï è�£®¢ â¥áâ®¢®£® áæ¥−�à¨ï ¨ ¨å ãá¯¥è−®áâ¨ ¤«ï
ª�¦¤®£® ¨§ ãç�áâ−¨ª®¢ â®à£®¢. „�−−ë¥ ® á¥â¥¢ëå ¯�ª¥â�å ¯®§¢®«ïîâ â�ª¦¥ ®¡−�-
àã¦¨âì ¤®¯®«−¨â¥«ì−ë¥ ¯à®¡«¥¬ë, â�ª¨¥ ª�ª à�§àë¢ë á®¥¤¨−¥−¨© ¨«¨ ¯à®¡«¥¬ë
á ¡ãä¥à¨§�æ¨¥© á®®¡é¥−¨©.

�à¨¢¥¤¥¬ ¯à¨¬¥à á¥àâ¨ä¨ª�æ¨®−−®£® SQL-áæ¥−�à¨ï, ¯à®¢¥àïîé¥£® ãá¯¥è-
−®áâì à�§¬¥é¥−¨ï ª«¨¥−â®¬ �£à¥áá¨¢−®© àë−®ç−®© §�ï¢ª¨, ¢ à¥§ã«ìâ�â¥ ¯®ï¢«¥-
−¨ï ª®â®à®© ¯® ¨á¯®«−¥−¨¨ ¥¥ ¯à®â¨¢ §�ï¢®ª, à�§¬¥é¥−−ëå −� ¯à®â¨¢®¯®«®¦−®©
áâ®à®−¥ áâ�ª�−� §�ï¢®ª, ®¡à�§®¢�«¨áì ¤¢¥ ¨ ¡®«¥¥ á¤¥«ª¨:
insert into t_native_testcases
(user,sourceip,sourceport,testcase,timestamp,clordid,ord
erid,otherid)
select distinct n.user, n.sourceip, n.sourceport, £MEx-
012.2 Agg. MO£ as testcase, n.timestamp, n.clordid,
e.orderid, ££
from t_lsenative_neworder n
, t_lsenative_executionreport e
, t_lsenative_executionreport e2
where n.user=e.user
and n.sourceip=e.destinationip and
n.sourceport=e.destinationport
and n.clordid=e.clordid and n.user=e2.user and
n.sourceip=e2.destinationip
and n.sourceport=e2.destinationport and
n.clordid=e2.clordid
and n.ordertype=1 and e.ordstatus=1 and
e.tradeliquidityindicator=£R£
and e2.typeoftrade=£2£ and e2.ordstatus in (1,2)
and e2.tradeliquidityindicator=£R£ and
e2.typeoftrade=£2£
and e.execid <> e2.execid
order by user, clordid, orderid

„«ï −¥áª®«ìª¨å ¡¨à¦¥¢ëå ¯«�âä®à¬ ¡ë«¨ à�§à�¡®â�−ë á®¢®ªã¯−®áâ¨ SQL-
áæ¥−�à¨¥¢, ¯®ªàë¢�îé¨¥ ¢á¥ âà¥¡®¢�−¨ï ¯® á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−âáª¨å á®¥¤¨−¥-
−¨©, ®¯ã¡«¨ª®¢�−−ë¥ ®à£�−¨§�â®à®¬ â®à£®¢ [8].

4 Миграция брокерской платформы с большим числом гетерогенных
клиентских подключений

‚ áà�¢−¥−¨¨ á ¡¨à¦¥¢ë¬¨ ¯«�âä®à¬�¬¨ ¡à®ª¥àáª¨¥ á¨áâ¥¬ë ®¡ëç−® ¯à¥¤®-
áâ�¢«ïîâ áãé¥áâ¢¥−−® ¡®«¥¥ è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¯® −�áâà®©ª¥ ¯à®â®ª®«� ¢§�-
¨¬®¤¥©áâ¢¨ï á á¨áâ¥¬�¬¨ ª«¨¥−â®¢: −�¯à¨¬¥à, ¨á¯®«ì§ãï ¢®§¬®¦−®áâ¨ â�ª¨å
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á¨áâ¥¬, ª�ª UL Bridge [37]. �¤¨− ¨ â®â ¦¥ ª«¨¥−â ¬®¦¥â ¨á¯®«ì§®¢�âì ®¤−®-
¢à¥¬¥−−® −¥áª®«ìª® ¡à®ª¥à®¢ ¤«ï ¯®«ãç¥−¨ï ¤®áâã¯� −� ¡¨à¦ã. —�áâ® ¡à®ª¥àë
áâ�à�îâáï á−¨§¨âì ª®«¨ç¥áâ¢® ¨§¬¥−¥−¨© ¢ ¯à®â®ª®«�å ª®¬¬ã−¨ª�æ¨¨, ª®â®àë¥
ª®−ªà¥â−ë© ª«¨¥−â ¢ë−ã¦¤¥− ¨¬¯«¥¬¥−â¨à®¢�âì á® á¢®¥© áâ®à®−ë. �¡«¥£ç�ï
¢§�¨¬®¤¥©áâ¢¨¥ á ª«¨¥−â®¬, íâ®â ¯®¤å®¤ ®¤−®¢à¥¬¥−−® ¯à¨¢®¤¨â ª ¯®ï¢«¥−¨î
¡®«ìè®£® ª®«¨ç¥áâ¢� £¥â¥à®£¥−−ëå ª®−ä¨£ãà�æ¨© á® áâ®à®−ë ¡à®ª¥àáª®© âà¥©-
¤¨−£®¢®© ¯«�âä®à¬ë. �à¨ ¢−ãâà¥−−¨å ¨§¬¥−¥−¨ïå ¡à®ª¥àáª®© ¯«�âä®à¬ë
¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢ à¥£à¥áá¨®−−®¬ â¥áâ¥ −� á®¢¬¥áâ¨¬®áâì á ª«¨¥−âáª¨¬¨
á¨áâ¥¬�¬¨.

÷�§à�¡®â�−−ë© ¨−áâàã¬¥−â ¯®§¢®«ï¥â ®¡à�¡®â�âì ¨¬¥îé¨¥áï ¤�−−ë¥ ¨§ â¥á-
â®¢ëå ¨ ¯à®¬ëè«¥−−ëå ®ªàã¦¥−¨© ¨ á®§¤�âì −¥®¡å®¤¨¬ë© −�¡®à �ªâ¨¢−ëå
â¥áâ®¢ëå áæ¥−�à¨¥¢. ‚ë¯®«−¨¢ íâ¨ áæ¥−�à¨¨ ¯à®â¨¢ â¥áâ®¢®£® ®ªàã¦¥−¨ï ¡¥§
¯à¨¢«¥ç¥−¨ï ª®−¥ç−ëå ª«¨¥−â®¢, â¥áâ®¢ë© ¨−áâàã¬¥−â §�¯ãáª�¥â SQL-áæ¥−�à¨¨,
¢ë¯®«−ïîé¨¥ á¢¥àªã ®â¢¥â®¢ ¡à®ª¥àáª®© ¯«�âä®à¬ë ¤® ¨ ¯®á«¥ ¨§¬¥−¥−¨©. �á®-
¡¥−−®áâì á®§¤�−−®£® �¢â®à�¬¨ ¨−áâàã¬¥−â� á®áâ®¨â ¢ â®¬, çâ® ®− ¯®§¢®«ï¥â ¯à®-
¢®¤¨âì íâ®â ¯à®æ¥áá ®¤−®¢à¥¬¥−−® ¤«ï ¡®«ìè®£® ç¨á«� ª«¨¥−â®¢, ¯®¤ª«îç¥−¨©,
àë−ª®¢ ¨ â¨¯®¢ á®®¡é¥−¨©. ƒ¨¡ª®áâì ¯à¨ á®§¤�−¨¨ á¢¥àïîé¨å SQL-§�¯à®á®¢
¯®§¢®«ï¥â −¥ â®«ìª® ¨áª«îç¨âì ¨§ áà�¢−¥−¨ï ¯®«ï, ¯à® ª®â®àë¥ §�à�−¥¥ ¨§¢¥áâ−®,
çâ® ¨å §−�ç¥−¨ï ¤®«¦−ë à�§«¨ç�âìáï (−�¯à¨¬¥à, sequence numbers, timestamps
¨ ¤à.), −® ¨ §�¤�âì âà¥¡®¢�−¨ï ¯® ®¡à�¡®âª¥ ¡®«¥¥ á«®¦−ëå à�áå®¦¤¥−¨©.

÷¨á. 3 ‘å¥¬�â¨ç−ë© ¯à¨¬¥à à¥�«¨§�æ¨¨ ¯à¥¤«�£�¥¬®£® à¥è¥−¨ï
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�®¤å®¤ ¤®ª�§�« á¢®î ¦¨§−¥á¯®á®¡−®áâì ¨ íää¥ªâ¨¢−®áâì ¯à¨ ¬¨£à�æ¨¨ âà¥©-
¤¨−£®¢®© ¯«�âä®à¬ë ®¤−®£® ¨§ ªàã¯−¥©è¨å ¬¥¦¤ã−�à®¤−ëå ¡à®ª¥à®¢, ¯à¥¤®-
áâ�¢«ïîé¥£® ¤®áâã¯ ª â®à£®¢«¥ ¯à®¨§¢®¤−ë¬¨ ä¨−�−á®¢ë¬¨ ¨−áâàã¬¥−â�¬¨.
�®á«¥¤®¢�â¥«ì−®áâì è�£®¢ ®â®¡à�¦¥−� −� áå¥¬¥ (à¨á. 3).

‹®£¨ ¨§ ¯à®¬ëè«¥−−®© á¨áâ¥¬ë §�£àã¦�îâáï ¢ ¡�§ã ¤�−−ëå ¨−áâàã¬¥−â�
¤«ï â¥áâ¨à®¢�−¨ï ¨ á¥àâ¨ä¨ª�æ¨¨. ƒ¥−¥à�â®à áªà¨¯â®¢ ¨á¯®«ì§ã¥â ¤�−−ãî
¡�§ã ¤«ï á®§¤�−¨ï á®¢®ªã¯−®áâ¨ â¥áâ®¢ëå áæ¥−�à¨¥¢, ¨á¯®«−ï¥¬ëå �ªâ¨¢−ë¬
¨−áâàã¬¥−â®¬ ¤«ï äã−ªæ¨®−�«ì−®£® â¥áâ¨à®¢�−¨ï. ‹®£¨ ¢ë¯®«−¥−¨ï â¥áâ®¢ëå
áæ¥−�à¨¥¢ §�£àã¦�îâáï ¢ ¡�§ã ¤�−−ëå ¤«ï áà�¢−¥−¨ï á ¤�−−ë¬¨, ¯®«ãç¥−−ë¬¨
¨§ ¯à®¬ëè«¥−−®© á¨áâ¥¬ë.

5 Заключение

‘ à®áâ®¬ ®¡ê¥¬®¢ �¢â®¬�â¨§¨à®¢�−−®© í«¥ªâà®−−®© â®à£®¢«¨ áâ�¡¨«ì−®áâì ¨
ãáâ®©ç¨¢®áâì ä¨−�−á®¢ëå àë−ª®¢ ¡ã¤ãâ ¢® ¢á¥ ¡®«ìè¥© áâ¥¯¥−¨ §�¢¨á¥âì ®â ª®à-
à¥ªâ−®© á®¢¬¥áâ−®© à�¡®âë ¯«�âä®à¬, ®¡¥á¯¥ç¨¢�îé¨å ¨−äà�áâàãªâãàã àë−ª®¢,
¨ ¯®¤ª«îç¥−−ëå ª −¨¬ �¢â®¬�â¨§¨à®¢�−−ëå âà¥©¤¨−£®¢ëå á¨áâ¥¬. ‘â®¨¬®áâì
¯à®æ¥áá®¢ ¯®¤ª«îç¥−¨ï −®¢ëå ª«¨¥−â®¢, ¨å á¥àâ¨ä¨ª�æ¨¨ ¨ á®åà�−¥−¨ï á®-
¢¬¥áâ¨¬®áâ¨ ¯à¨ à¥£ã«ïà−® ¢−®á¨¬ëå ¨§¬¥−¥−¨ïå áãé¥áâ¢¥−−® ¢«¨ï¥â −� ®¡éãî
áâ®¨¬®áâì äã−ªæ¨®−¨à®¢�−¨ï ¡¨à¦¥¢ëå ¨ ¡à®ª¥àáª¨å á¨áâ¥¬.

�à¥¤áâ�¢«¥−−ë© ¢ áâ�âì¥ ¨−áâàã¬¥−â ¨á¯®«ì§ã¥âáï á æ¥«ìî ¯®¢ëè¥−¨ï íä-
ä¥ªâ¨¢−®áâ¨ ¨ íª®−®¬¨ç−®áâ¨ ãª�§�−−ëå ¯à®æ¥áá®¢. ˆ¬¥¥âáï ¯®§¨â¨¢−ë© ®¯ëâ
¥£® ¯à¨¬¥−¥−¨ï ¢ à�¬ª�å ¯à®¥ªâ®¢ ª®¬¯�−¨¨ Exactpro Systems LLC −� §�-
ª«îç¨â¥«ì−ëå íâ�¯�å ¢ë¯ãáª� ¢ ¯à®¬ëè«¥−−ãî íªá¯«ã�â�æ¨î ªàã¯−®¬�áèâ�¡-
−ëå âà¥©¤¨−£®¢ëå á¨áâ¥¬ ¤«ï â®à£®¢«¨ ä¨−�−á®¢ë¬¨ ¨−áâàã¬¥−â�¬¨ à�§−ëå
ª«�áá®¢.

‚ áâ�âì¥ ®¯¨á�−ë ¨á¯®«ì§ã¥¬ë¥ ¢ ¨−¤ãáâà¨¨ ¬¥â®¤ë á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â-
áª¨å ¯®¤ª«îç¥−¨© ¨ á¤¥«�−ë ¢ë¢®¤ë ® ¯à¥¨¬ãé¥áâ¢�å ¯®¤å®¤�, ®á−®¢�−−®£®
−� ¨á¯®«ì§®¢�−¨¨ ¬−®£®¯à®â®ª®«ì−®£® ¯�áá¨¢−®£® ¨−áâàã¬¥−â�, á®åà�−ïîé¥£®
¤�−−ë¥ ¢ à¥«ïæ¨®−−ãî á¨áâ¥¬ã ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå. ÷�áá¬®âà¥− â�ª-
¦¥ ¢�à¨�−â ¨á¯®«ì§®¢�−¨ï ¤�−−®£® ¨−áâàã¬¥−â� á æ¥«ìî á®§¤�−¨ï �ªâ¨¢−ëå
â¥áâ®¢ ¨ á®ªà�é¥−¨ï §�âà�â ¯à¨ ¬�áèâ�¡−ëå ¬¨£à�æ¨ïå á¨áâ¥¬ á ¬−®¦¥áâ¢®¬
£¥â¥à®£¥−−ëå ª«¨¥−âáª¨å ¯®¤ª«îç¥−¨©.

„�«ì−¥©è¨¥ ¨áá«¥¤®¢�−¨ï ¡ã¤ãâ −�¯à�¢«¥−ë −� ®¯â¨¬¨§�æ¨î áâàãªâãàë
¡�§ë ¤�−−ëå: ¢ ç�áâ−®áâ¨, ¢ ¢®¯à®á¥ à�á¯à®áâà�−¥−¨ï à�§à�¡®â�−−ëå ¬¥â®¤®¢
−� âà¥©¤¨−£®¢ë¥ ¯à®â®ª®«ë, ®á−®¢�−−ë¥ −¥ −� á¥â¥¢ëå ¢§�¨¬®¤¥©áâ¢¨ïå, � −�
¯à®£à�¬¬−ëå ¨−â¥àä¥©á�å ¤®áâã¯� (API).
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Abstract: The life cycle of exchange and brokerage software development,
along with verification of functional and technical characteristics of the system,
includes a mandatory stage of integration testing called clients certification.
The stage is designed to ensure the compatibility of automated trading systems
which are connected by means of financial protocols (such as FIX/FAST,
ITCH, or specialized binary access interfaces) to an exchange or a broker. The
article presents a bespoke tool developed to verify the compatibility of trading
systems. The distinctive feature of the tool is a unified way of supporting
multiple protocols. The article also provides a few examples of using the tool
in self-certification of trading participants and during large-scale migrations of
trading platforms.
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ТЕХНОЛОГИЯ АНАЛИЗА ИСХОДНОГО КОДА
ПРОГРАММНОГО ОБЕСПЕЧЕНИЯ И ЧАСТИЧНЫХ
СПЕЦИФИКАЦИЙ ДЛЯ АВТОМАТИЗИРОВАННОЙ

ГЕНЕРАЦИИ ТЕСТОВ∗

А. А. Андрианова1, В. М. Ицыксон2

�−−®â�æ¨ï: �®¢ëè¥−¨¥ ª�ç¥áâ¢� á®§¤�¢�¥¬®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
(��) ï¢«ï¥âáï ®¤−®© ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨. �¤−¨¬
¨§ ¯ãâ¥© ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¯à®£à�¬¬ ï¢«ï¥âáï �¢â®¬�â¨§¨àã¥¬�ï £¥−¥à�æ¨ï
â¥áâ®¢. ‚ −�áâ®ïé¥© áâ�âì¥ ¯à¥¤«�£�¥âáï â¥å−®«®£¨ï �¢â®¬�â¨§¨à®¢�−−®£® á®-
§¤�−¨ï ¬®¤ã«ì−ëå â¥áâ®¢, ª®¬¡¨−¨àãîé�ï äã−ªæ¨®−�«ì−ë© ¨ áâàãªâãà−ë©
¯®¤å®¤ë. „«ï ®¡¥á¯¥ç¥−¨ï ¯®ªàëâ¨ï â¥áâ�¬¨ ¯ãâ¥© ¯à®£à�¬¬ë ¨á¯®«ì§ã¥âáï
¨−ä®à¬�æ¨ï, ¨§¢«¥ª�¥¬�ï ¨§ ¨áå®¤−®£® ª®¤� ¯à®£à�¬¬ë, � ¤«ï ä®à¬¨à®¢�−¨ï
â¥áâ®¢ëå ®à�ªã«®¢ ¨ ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ â¥áâ®¢ ¨á¯®«ì§ãîâáï ç�áâ¨ç−ë¥
á¯¥æ¨ä¨ª�æ¨¨, §�¤�−−ë¥ ¢ ä®à¬¥ ª®−âà�ªâ®¢. ÷�§à�¡®â�−−ë© ¯®¤å®¤ à¥�«¨-
§®¢�− ¢ ¢¨¤¥ ¨−áâàã¬¥−â�«ì−®£® ¯à®â®â¨¯�, �−�«¨§¨àãîé¥£® ¯à®£à�¬¬ë −�
ï§ëª¥ Java ¨ ä®à¬¨àãîé¥£® â¥áâ-ª¥©áë ¤«ï ¬¥â®¤®¢ ª«�áá®¢ ¢ ä®à¬�â¥ JUnit,
¨á¯®«ì§ãï CoFoJa (Contracts For Java) ¤«ï §�¤�−¨ï ª®−âà�ªâ®¢. ˆá¯ëâ�−¨¥
à�§à�¡®â�−−®£® áà¥¤áâ¢� −� àï¤¥ â¥áâ®¢ ¯®ª�§�«® à�¡®â®á¯®á®¡−®áâì ¯®¤å®¤�.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§¨à®¢�−−®¥ â¥áâ¨à®¢�−¨¥ ¯à®£à�¬¬; £¥−¥à�æ¨ï
â¥áâ®¢; ç�áâ¨ç−ë¥ á¯¥æ¨ä¨ª�æ¨¨; ª®−âà�ªâ−®¥ ¯à®£à�¬¬¨à®¢�−¨¥; �−�«¨§
ª®¤�; SMT-solver

DOI: 10.14357/08696527140207

1 Введение

1.1 Автоматизация тестирования программного обеспечения
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ï¢«ï¥âáï â¥áâ¨à®¢�−¨¥. ÷�§«¨ç−ë¥ â¥å−®«®£¨¨ â¥áâ¨à®¢�−¨ï �ªâ¨¢−® ¨á¯®«ì§ã-
îâáï ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å ª®¬¯�−¨ïå, §�−¨¬�îé¨åáï à�§à�¡®âª®© ��. �¤−�ª®
íää¥ªâ¨¢−®áâì ¯à®¢¥¤¥−¨ï â¥áâ¨à®¢�−¨ï ®¯à¥¤¥«ï¥âáï −¥ â®«ìª® ª®«¨ç¥áâ¢®¬
à�§à�¡®â�−−ëå â¥áâ®¢, −® ¨ ¨å ª�ç¥áâ¢®¬. ‡�ç�áâãî ª�ç¥áâ¢® â¥áâ®¢ §�¢¨á¨â
â®«ìª® ®â ¯à®ä¥áá¨®−�«ì−ëå −�¢ëª®¢ â¥áâ¨à®¢é¨ª�, ¢ â® ¢à¥¬ï ª�ª âà¥¡ã¥âáï,
çâ®¡ë ª�ç¥áâ¢® á®§¤�¢�¥¬ëå â¥áâ®¢ ¡®«ìè¥ §�¢¨á¥«® ®â à�§à�¡®â�−−®£® �� ¨
á¯¥æ¨ä¨ª�æ¨¨ âà¥¡®¢�−¨©. �®íâ®¬ã ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï �ªâ¨¢−® à�§¢¨¢�¥âáï
−�¯à�¢«¥−¨¥ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨, á¢ï§�−−®¥ á �¢â®¬�â¨§�æ¨¥© £¥−¥à�æ¨¨
â¥áâ®¢ −� ®á−®¢¥ à�§«¨ç−ëå ¯à®¥ªâ−ëå �àâ¥ä�ªâ®¢. ‚ ª�ç¥áâ¢¥ â�ª¨å �àâ¥ä�ªâ®¢
¢ à�§−ëå ¨áá«¥¤®¢�−¨ïå ¨á¯®«ì§ãîâáï á¯¥æ¨ä¨ª�æ¨¨ âà¥¡®¢�−¨©, �−−®â�æ¨¨,
ª®−âà�ªâë, ¨áå®¤−ë© ª®¤ �� ¨ â. ¯.

�à¨ ä®à¬¨à®¢�−¨¨ â¥áâ®¢ ¯¥à¥¤ à�§à�¡®âç¨ª�¬¨ ¢áâ�îâ á«¥¤ãîé¨¥ ®á−®¢−ë¥
§�¤�ç¨:

{ ®¡¥á¯¥ç¥−¨¥ ¬�ªá¨¬�«ì−®£® ¯®ªàëâ¨ï â¥áâ�¬¨ ¯à®£à�¬¬ë, ¯à¨ íâ®¬ ®¡ëç−®
à�áá¬�âà¨¢�¥âáï ®¤¨− ¨§ á«¥¤ãîé¨å ªà¨â¥à¨¥¢ ¯®ªàëâ¨ï: ¯®ªàëâ¨¥ ®¯¥à�-
â®à®¢, ¯®ªàëâ¨¥ ¢¥â¢«¥−¨© ¨«¨ ¯®ªàëâ¨¥ ¯ãâ¥©;

{ ä®à¬¨à®¢�−¨¥ â¥áâ®¢, ¯®ªàë¢�îé¨å ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë© ¤¨�¯�§®−
¢å®¤−ëå §−�ç¥−¨© äã−ªæ¨© ¨ ¬¥â®¤®¢;

{ ¯à®¢¥àª� ¬�ªá¨¬�«ì−® ¢®§¬®¦−®£® ç¨á«� âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª ¯à®-
£à�¬¬¥.

‚ ¤�−−®© áâ�âì¥ ®¯¨áë¢�¥âáï à�§à�¡®â�−−ë© �¢â®à�¬¨ ¯®¤å®¤, æ¥«ï¬¨ ª®â®-
à®£® ¡ë«® à¥è¥−¨¥ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ §�¤�ç. �®¤å®¤ ®á−®¢�− −� ¨−â¥£à�æ¨¨
¤¢ãå ¬¥â®¤®¢ â¥áâ¨à®¢�−¨ï: áâàãªâãà−®£®, ¡�§¨àãîé¥£®áï −� �−�«¨§¥ ¨áå®¤−®£®
ª®¤� ¯à®£à�¬¬ë, ¨ äã−ªæ¨®−�«ì−®£®, ¨á¯®«ì§ãîé¥£® á¯¥æ¨ä¨ª�æ¨¨. ÷�§-
à�¡®â�−ë ¬¥â®¤ë �¢â®¬�â¨§�æ¨¨ á®§¤�−¨ï â¥áâ®¢, ãç¨âë¢�îé¨¥ ª�ª ¢−ãâà¥−−¥¥
ãáâà®©áâ¢® ¯à®£à�¬¬ë, â�ª ¨ äã−ªæ¨®−�«ì−ë¥ âà¥¡®¢�−¨ï ª −¥©. „«ï ¯®áâà®¥−¨ï
¬®¤¥«¨ ¯à®£à�¬¬ë ¨ ¨§¢«¥ç¥−¨ï âà�áá ¢ë¯®«−¥−¨ï ¨á¯®«ì§ãîâáï ¬¥â®¤ë áâ�â¨-
ç¥áª®£® �−�«¨§�. ‚ ª�ç¥áâ¢¥ ¨áå®¤−ëå âà¥¡®¢�−¨© ª �� ¢ëáâã¯�îâ ç�áâ¨ç−ë¥
á¯¥æ¨ä¨ª�æ¨¨ ¢ ä®à¬¥ ª®−âà�ªâ®¢, ¯®§¢®«ïîé¨¥ ®¯¨áë¢�âì âà¥¡®¢�−¨ï, ¯à¥¤ê-
ï¢«ï¥¬ë¥ ª ®â¤¥«ì−ë¬ ¬¥â®¤�¬ ¨ ª«�áá�¬. ‘®¢¬¥áâ−ë© �−�«¨§ ¨§¢«¥ç¥−−ëå
âà�áá ¨ ª®−âà�ªâ®¢ ¯®§¢®«ï¥â ä®à¬¨à®¢�âì ª®¬¯«¥ªâë â¥áâ®¢, ®¡¥á¯¥ç¨¢�îé¨å
¯®ªàëâ¨¥ ¯ãâ¥© ¯à®£à�¬¬ë. �®¤å®¤ à¥�«¨§®¢�− ¢ ¢¨¤¥ ¨−áâàã¬¥−â�«ì−®£® áà¥¤-
áâ¢� £¥−¥à�æ¨¨ â¥áâ®¢ −� ®á−®¢¥ �−�«¨§� Java-¯à®£à�¬¬ ¨ á¨áâ¥¬ë ª®−âà�ªâ®¢
CoFoJa [1].

1.2 Результаты

‚ ¤�−−®© à�¡®â¥ ¯®«ãç¥−ë á«¥¤ãîé¨¥ â¥®à¥â¨ç¥áª¨¥ ¨ ¯à�ªâ¨ç¥áª¨¥ à¥§ã«ì-
â�âë:

{ à�§à�¡®â�−ë ¯à¨−æ¨¯ë £¥−¥à�æ¨¨ â¥áâ®¢, ä®àá¨àãîé¨å ¯à®å®¦¤¥−¨¥ ¢ë-
¡à�−−®© âà�ááë ¯à®£à�¬¬ë;
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’¥å−®«®£¨ï �−�«¨§� ¨áå®¤−®£® ª®¤� �� ¨ ç�áâ¨ç−ëå á¯¥æ¨ä¨ª�æ¨©

{ à�§à�¡®â�−ë ¬¥â®¤ë ª®¬¯«¥ªá¨à®¢�−¨ï äã−ªæ¨®−�«ì−®£® ¨ áâàãªâãà−®£®
¯®¤å®¤®¢, ®á−®¢�−−ë¥ −� ®¡ê¥¤¨−¥−¨¨ �−�«¨§� ª®¤� ¨ ª®−âà�ªâ®¢;

{ ¯à¥¤«®¦¥−ë ¬¥â®¤ë ä®à¬¨à®¢�−¨ï ¬−®¦¥áâ¢¥−−ëå â¥áâ®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï
¯®ªàëâ¨ï ¢á¥© ®¡«�áâ¨ ®¯à¥¤¥«¥−¨ï;

{ à�§à�¡®â�−® ¨−áâàã¬¥−â�«ì−®¥ áà¥¤áâ¢® £¥−¥à�æ¨¨ â¥áâ®¢ ¤«ï Java-¯à®£à�¬¬.

1.3 Структура статьи

�áâ�¢è�ïáï ç�áâì áâ�âì¨ ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚â®à®© à�§-
¤¥« á®¤¥à¦¨â ®¯¨á�−¨¥ à�§à�¡®â�−−®£® �¢â®à�¬¨ ¯®¤å®¤� ª £¥−¥à�æ¨¨ â¥áâ®¢.
�®¤à®¡−® à�áá¬�âà¨¢�¥âáï ¯®áâà®¥−¨¥ ¬®¤¥«¨ ¯à®£à�¬¬ë, ¨§¢«¥ç¥−¨¥ âà�áá
¨á¯®«−¥−¨ï ¨ ä®à¬¨à®¢�−¨¥ á¨áâ¥¬ë ãâ¢¥à¦¤¥−¨© ¤«ï SMT-á®«¢¥à®¢ (¨−áâàã-
¬¥−â®¢ à�§à¥è¥−¨ï «®£¨ç¥áª¨å ä®à¬ã«, Satisfiability Modulo Theories), � â�ª¦¥
£¥−¥à�æ¨ï ¬−®¦¥áâ¢¥−−ëå â¥áâ®¢. ’à¥â¨© à�§¤¥« ¯®á¢ïé¥− ®¯¨á�−¨î á®§¤�−−®£®
¯à®â®â¨¯� £¥−¥à�â®à� â¥áâ®¢. ‚ ç¥â¢¥àâ®¬ à�§¤¥«¥ ¯à¨¢®¤¨âáï ¨−ä®à¬�æ¨ï ®¡
�¯à®¡�æ¨¨ ¯®¤å®¤�. �ïâë© à�§¤¥« á®¤¥à¦¨â ®¡§®à â¥ªãé¥£® á®áâ®ï−¨ï ¤¥« ¢
®¡«�áâ¨ �¢â®¬�â¨§¨à®¢�−−®© £¥−¥à�æ¨¨ â¥áâ®¢ −� ®á−®¢¥ �−�«¨§� ¯à®£à�¬¬ë ¨
ãç¥â� ª®−âà�ªâ®¢. ‚ §�ª«îç¥−¨¨ ¯®¤¢®¤¨âáï ¨â®£ ¯à®¢¥¤¥−−®© à�¡®âë, ä®à¬ã-
«¨àãîâáï −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.

2 Предлагаемый подход

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ¯®¤å®¤ ª �¢â®¬�â¨§�æ¨¨ á®§¤�−¨ï ¬®¤ã«ì−ëå
â¥áâ®¢, ®¡¥á¯¥ç¨¢�îé¨© ¯®ªàëâ¨¥ ¯ãâ¥© ¯à®£à�¬¬ë. „�«¥¥ ¢ íâ®© à�¡®â¥, −¥
ã¬�«ïï ®¡é−®áâ¨, ¡ã¤¥¬ à�áá¬�âà¨¢�âì á®§¤�−¨¥ â¥áâ®¢ ¤«ï ®¤−®£® ¬¥â®¤� ª�-
ª®£®-«¨¡® ª«�áá�. „«ï ®¡¥á¯¥ç¥−¨ï ¯®ªàëâ¨ï ¯ãâ¥© ¬¥â®¤� −¥®¡å®¤¨¬® ¤«ï
ª�¦¤®© ¢®§¬®¦−®© âà�ááë ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë á£¥−¥à¨à®¢�âì â�ª®© −�¡®à
§−�ç¥−¨© �à£ã¬¥−â®¢ ¬¥â®¤�, ª®â®àë© ä®àá¨àã¥â ¯à®å®¦¤¥−¨¥ ¯à®£à�¬¬®© íâ®©
âà�ááë, â. ¥. −¥®¡å®¤¨¬® â�ª ¯®¤®¡à�âì §−�ç¥−¨ï �à£ã¬¥−â®¢, çâ®¡ë ¯à¨ ª�¦-
¤®¬ ¢®§¬®¦−®¬ ¢¥â¢«¥−¨¨ ¢ë¡¨à�«�áì âà¥¡ã¥¬�ï ¢¥â¢ì ¯à®£à�¬¬ë. �®áâà®¥−¨¥
¤«ï §�¤�−−ëå §−�ç¥−¨© �à£ã¬¥−â®¢ á®®â¢¥âáâ¢ãîé¨å âà�áá ¨á¯®«−¥−¨ï ï¢«ï-
¥âáï ¯àï¬®© §�¤�ç¥©. ‚ëç¨á«¥−¨¥ ¦¥ âà¥¡ã¥¬ëå §−�ç¥−¨© �à£ã¬¥−â®¢ ¬¥â®¤�
¤«ï ã¤®¢«¥â¢®à¥−¨ï §�¤�−−®© âà�ááë | íâ® ®¡à�â−�ï §�¤�ç�. ‚ ®¡é¥¬ á«ãç�¥
®¡à�â−�ï §�¤�ç� | á«®¦−�ï −�ãç−�ï NP-¯®«−�ï ¯à®¡«¥¬�, âà¥¡ãîé�ï à¥è¥−¨ï
á«®¦−ëå á¨áâ¥¬ ãà�¢−¥−¨©. ‚ ¤�−−®© áâ�âì¥ ®¯¨áë¢�¥âáï á¯®á®¡ à¥è¥−¨ï íâ®©
§�¤�ç¨ á ®¯à¥¤¥«¥−−ë¬¨ ®£à�−¨ç¥−¨ï¬¨, ¯®§¢®«ïîé¨© ¢ëç¨á«¨âì âà¥¡ã¥¬ë¥
§−�ç¥−¨ï �à£ã¬¥−â®¢ §� ¯à¨¥¬«¥¬®¥ ¢à¥¬ï. …á«¨ ®£à�−¨ç¨âìáï ä®à¬¨à®¢�−¨¥¬
¬®¤ã«ì−ëå â¥áâ®¢ â®«ìª® −� ®á−®¢¥ ªà¨â¥à¨ï ¯®ªàëâ¨ï, â® ¯®«ãç¥−−ë¥ â¥áâë
−¨ª�ª −¥ ¡ã¤ãâ ãç¨âë¢�âì âà¥¡®¢�−¨ï, ¯à¥¤êï¢«ï¥¬ë¥ ª® ¢á¥© ¯à®£à�¬¬¥ ¢®®¡é¥
¨«¨ ª ª®−ªà¥â−®¬ã ¬¥â®¤ã ¢ ç�áâ−®áâ¨. —â®¡ë ¨á¯®«ì§®¢�âì ¨−ä®à¬�æ¨î ® âà¥-
¡®¢�−¨ïå, ®¯¨á�−−ë© á¯®á®¡ ä®à¬¨à®¢�−¨ï â¥áâ®¢ −� ®á−®¢¥ �−�«¨§� ¯à®£à�¬¬ë
¬®¦¥â ¡ëâì à�áè¨à¥− á ¯®¬®éìî ãç¥â� á¯¥æ¨ä¨ª�æ¨©. ‘¯¥æ¨ä¨ª�æ¨ï (¨«¨
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ç�áâ¨ç−�ï á¯¥æ¨ä¨ª�æ¨ï) ¬®¦¥â ¡ëâì §�¤�−� á ¯®¬®éìî ª®−âà�ªâ®¢ [2]. �−�«¨§
¯à¥¤ãá«®¢¨© ¬¥â®¤� ¨ ¨−¢�à¨�−â®¢ ª«�áá� ¬®¦¥â áã§¨âì ¬−®¦¥áâ¢® ¢®§¬®¦−ëå
§−�ç¥−¨© ¯�à�¬¥âà®¢ â¥áâ®¢, ¨áª«îç¨¢ ¨§ −¨å −¥ á®®â¢¥âáâ¢ãîé¨¥ ª®−âà�ª-
âã. �®áâãá«®¢¨ï ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ä®à¬¨à®¢�−¨ï §�£®â®¢ª¨ â¥áâ®¢ëå
®à�ªã«®¢, ã¯à®é�ï â¥¬ á�¬ë¬ à�¡®âã à�§à�¡®âç¨ª®¢ â¥áâ®¢.

�à¥¤«�£�¥¬ë© �¢â®à�¬¨ ¯®¤å®¤ ¯®¤à�§ã¬¥¢�¥â ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å è�-
£®¢:
(1) ä®à¬¨à®¢�−¨¥ ¬®¤¥«¨ ¯à®£à�¬¬ë;
(2) ä®à¬¨à®¢�−¨¥ á¯¨áª� ¯ãâ¥© ¢ë¯®«−¥−¨ï ¬¥â®¤�;
(3) ¯à¥®¡à�§®¢�−¨¥ ª�¦¤®£® ¯ãâ¨ ¢ æ¥¯®çªã ãâ¢¥à¦¤¥−¨©, ¢¥à−ëå ¤«ï íâ®£®

¯ãâ¨;
(4) ¤®¯®«−¥−¨¥ æ¥¯®çª¨ ãâ¢¥à¦¤¥−¨© á®áâ�¢«ïîé¨¬¨ ª®−âà�ªâ®¢: ¯à¥¤ãá«®¢¨-

ï¬¨ ¬¥â®¤� ¨ ¨−¢�à¨�−â�¬¨ ª«�áá�;
(5) à�§à¥è¥−¨¥ á¨áâ¥¬ë ãâ¢¥à¦¤¥−¨© ®â−®á¨â¥«ì−® �à£ã¬¥−â®¢ ¬¥â®¤�;
(6) ä®à¬¨à®¢�−¨¥ íª§¥¬¯«ïà�/íª§¥¬¯«ïà®¢ â¥áâ� −� ®á−®¢¥ à¥è¥−¨ï á¨áâ¥¬ë

ãâ¢¥à¦¤¥−¨©;
(7) ä®à¬¨à®¢�−¨¥ â¥áâ®¢®£® ®à�ªã«� −� ®á−®¢¥ ¯®áâãá«®¢¨© ¬¥â®¤� ¨ ¨−¢�à¨�−-

â®¢ ª«�áá�.
÷�áá¬®âà¨¬ ¯¥à¥ç¨á«¥−−ë¥ è�£¨ ¯®¤à®¡−¥¥.

2.1 Модель анализируемой программы

„«ï ¨§¢«¥ç¥−¨ï ®â¤¥«ì−ëå ¯ãâ¥© ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë −¥®¡å®¤¨¬® ¨á-
¯®«ì§®¢�âì â�ªãî ¬®¤¥«ì, ª®â®à�ï, á ®¤−®© áâ®à®−ë, á®¤¥à¦¨â ¢á¥ −¥®¡å®¤¨¬ë¥
¤�−−ë¥ ¤«ï ¯®áâà®¥−¨ï âà�áá, � á ¤àã£®© | ï¢«ï¥âáï ¤®¢®«ì−® ª®¬¯�ªâ−®©. ’�ª
ª�ª âà¥¡ã¥âáï ¨§¢«¥ª�âì ¨−ä®à¬�æ¨î ® ¤¨−�¬¨ª¥ ¯à®£à�¬¬ë, â® ¢ ª�ç¥áâ¢¥ ¬®¤¥-
«¨ −¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï áâàãªâãà−ë¥ ¬®¤¥«¨ (−�¯à¨¬¥à, �¡áâà�ªâ−®¥ á¨−â�ª-
á¨ç¥áª®¥ ¤¥à¥¢®), −¥ á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨¨ ® ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ë¯®«−¥−¨ï
®¯¥à�â®à®¢, ¨á¯®«ì§®¢�−¨¥ ¦¥ £¨¡à¨¤−ëå ¬®¤¥«¥© (−�¯à¨¬¥à, �¡áâà�ªâ−®£® á¥-
¬�−â¨ç¥áª®£® £à�ä�) −¥®¯à�¢¤�−−®, â�ª ª�ª â�ª¨¥ ¬®¤¥«¨ á«¨èª®¬ ¨§¡ëâ®ç−ë.
‘à¥¤¨ ¯®¢¥¤¥−ç¥áª¨å ¬®¤¥«¥© ¯à®£à�¬¬ ¤«ï à¥è¥−¨ï §�¤�ç¨ ¨§¢«¥ç¥−¨ï ¯ãâ¥©
−�¨¡®«¥¥ ¯®¤å®¤ïâ ¬®¤¥«¨, ®á−®¢�−−ë¥ −� ¯®â®ª¥ ã¯à�¢«¥−¨ï, â�ª¨¥ ª�ª £à�ä
¯®â®ª� ã¯à�¢«¥−¨ï (Control Flow Graph, CFG) ¨«¨ ¬®¤¥«ì áâ�â¨ç¥áª®£® ®¤−®-
ªà�â−®£® ¯à¨á¢�¨¢�−¨ï (Single Static Assignment, SSA). ‚ ¤�−−®© à�¡®â¥ −� ä�§¥
¯®áâà®¥−¨ï ®£à�−¨ç¨¬áï ¯®áâà®¥−¨¥¬ ª«�áá¨ç¥áª®£® £à�ä� ¯®â®ª� ã¯à�¢«¥−¨ï,
í«¥¬¥−âë ¦¥ ®¤−®ªà�â−®£® áâ�â¨ç¥áª®£® ¯à¨á¢�¨¢�−¨ï ¨á¯®«ì§ãîâáï ¯®§¦¥ −�
íâ�¯¥ ¯à¥®¡à�§®¢�−¨ï ¯ãâ¥© ¢ æ¥¯®çª¨ ãâ¢¥à¦¤¥−¨©.

2.2 Извлечение трасс исполнения

ˆ§¢«¥ç¥−¨¥ âà�áá ¨á¯®«−¥−¨ï ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî �−�«¨§� £à�ä�
¯®â®ª� ã¯à�¢«¥−¨ï. „«ï íâ®£® ¯à¨¬¥−ï¥âáï à¥ªãàá¨¢−ë© �«£®à¨â¬ ¯®¨áª�, ¢ë-
ï¢«ïîé¨© ¢á¥ ¢®§¬®¦−ë¥ ã−¨ª�«ì−ë¥ ¯ãâ¨ ®â −�ç�«ì−®© â®çª¨ ª ª®−¥ç−®©.
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�à¨ íâ®¬ ¯®-à�§−®¬ã ®¡à�¡�âë¢�îâáï ã§«ë, á®®â¢¥âáâ¢ãîé¨¥ ¢ëç¨á«¨â¥«ì−ë¬
®¯¥à�â®à�¬ ¨ ®¯¥à�â®à�¬ ¢¥â¢«¥−¨ï. „«ï ¢ëç¨á«¨â¥«ì−ëå ã§«®¢ ¢ á¯¨á®ª í«¥-
¬¥−â®¢ ¯ãâ¨ ¤®¡�¢«ïîâáï ®¯¥à�â®àë, á®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ ã§«�¬. „«ï ã§«®¢
¢¥â¢«¥−¨ï ¢¨¤� úif (condition) . . . û ¢ á¯¨á®ª ¤®¡�¢«ï¥âáï ãá«®¢¨¥ úconditionû
¨«¨ ú∼conditionû ¢ §�¢¨á¨¬®áâ¨ ®â ¢ë¡à�−−®© ¯à¨ ®¡å®¤¥ £à�ä� ¢¥â¢¨ ãá«®¢−®£®
®¯¥à�â®à�. ’�ª¨¬ ®¡à�§®¬, ¤«ï ª�¦¤®£® ¯ãâ¨ £à�ä� ¡ã¤¥â á®¡à�− á¯¨á®ª ®¯¥à�-
â®à®¢ ¨ ãá«®¢¨©, ª®â®àë¥ ¤®«¦−ë ¢ë¯®«−¨âìáï ¤«ï â®£®, çâ®¡ë ¤�−−ë© ¯ãâì ¡ë«
¯à®©¤¥−.

2.3 Формирование системы утверждений

„«ï â®£® çâ®¡ë ¯® ¯®áâà®¥−−®¬ã ¯ãâ¨ ¢ëç¨á«¨âì ¯®¤å®¤ïé¨¥ §−�ç¥−¨ï
�à£ã¬¥−â®¢, ä®àá¨àãîé¨å ¢ë¯®«−¥−¨¥ íâ®£® ¯ãâ¨, −¥®¡å®¤¨¬® à¥è¨âì ®¡à�â−ãî
§�¤�çã. „«ï íâ®£® âà¥¡ã¥âáï ¯à¥®¡à�§®¢�âì ¯®«ãç¥−−ë© ¯ãâì ¢ á¨áâ¥¬ã ãà�¢−¥−¨©
¨ à�§à¥è¨âì ¥¥ ®â−®á¨â¥«ì−® �à£ã¬¥−â®¢ ¬¥â®¤�. „«ï íâ®£® −¥®¡å®¤¨¬® ¤«ï
ª�¦¤®£® −�ª®¯«¥−−®£® ¯ãâ¨ ¯à®¤¥«�âì á«¥¤ãîé¨¥ ®¯¥à�æ¨¨:

{ ¯à¥®¡à�§®¢�âì ¯ãâì ¢ ä®à¬ã ®¤−®ªà�â−®£® áâ�â¨ç¥áª®£® ¯à¨á¢�¨¢�−¨ï (SSA);

{ ¢á¥ ¯à¨á¢�¨¢�−¨ï ¯à¥®¡à�§®¢�âì ¢ ãâ¢¥à¦¤¥−¨ï úà�¢¥−áâ¢�û;

{ ¢á¥ ãá«®¢¨ï ¯à¥®¡à�§®¢�âì ¢ á®®â¢¥âáâ¢ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.

„«ï â®£® çâ®¡ë ¯®áâà®¨âì â�ªãî á¨áâ¥¬ã ãà�¢−¥−¨©, −¥®¡å®¤¨¬® ª�¦¤®©
ª®−áâàãªæ¨¨ á®åà�−¥−−®© âà�ááë ¯®áâ�¢¨âì ¢ á®®â¢¥âáâ¢¨¥ �«£¥¡à�¨ç¥áª®¥ ãà�¢-
−¥−¨¥. „«ï íâ®£® ¢á¥ ¯à¨á¢�¨¢�−¨ï ¯à¥®¡à�§ãîâáï ¢ �«£¥¡à�¨ç¥áª¨¥ à�¢¥−áâ¢�,
� á®åà�−¥−−ë¥ ãá«®¢¨ï ¢¥â®ª ¢¥â¢«¥−¨ï | ¢ «®£¨ç¥áª¨¥ ãâ¢¥à¦¤¥−¨ï. Šà®¬¥
â®£®, −¥®¡å®¤¨¬® ¯¥à¥©â¨ ®â ¯¥à¥¬¥−−ëå ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï, ãâ¢¥à¦¤¥−¨ï
−�¤ ª®â®àë¬¨ ¨áâ¨−−ë â®«ìª® ¢ ®¯à¥¤¥«¥−−®¬ ª®−â¥ªáâ¥ ¢ë¯®«−¥−¨ï, ª �«£¥¡-
à�¨ç¥áª¨¬ ¯¥à¥¬¥−−ë¬, ¨áâ¨−−®áâì ãâ¢¥à¦¤¥−¨© −�¤ ª®â®àë¬¨ −¥ ¬¥−ï¥âáï ¢®
¢à¥¬¥−¨.

�à¨¬¥à ¯à®áâ®© ¯à®£à�¬¬ë:

x = 10;
y = 20;
if (z > 5) {
x = x + y;
}

‘®®â¢¥âáâ¢ãîé�ï á¨áâ¥¬� ãâ¢¥à¦¤¥−¨© ¤«ï ¯ãâ¨, ¯à®å®¤ïé¥£® ç¥à¥§ ¢¥âªã
úthenû:

1: x=10
2: y=20
3: z>5
4: x=x+y

�ç¥¢¨¤−®, çâ® â�ª�ï á¨áâ¥¬� ãâ¢¥à¦¤¥−¨© −¥à�§à¥è¨¬�, â�ª ª�ª, á ®¤−®©
áâ®à®−ë, x = 10 (áâà®ª� 1), � á ¤àã£®© áâ®à®−ë, x = 30 (áâà®ª� 4). ’�ª�ï
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ª®««¨§¨ï ®¡ãá«®¢«¥−� ª�à¤¨−�«ì−ë¬¨ á¥¬�−â¨ç¥áª¨¬¨ ®â«¨ç¨ï¬¨ ¯¥à¥¬¥−−ëå
¨¬¯¥à�â¨¢−ëå ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ®â ¯¥à¥¬¥−−ëå, ¨á¯®«ì§ã¥¬ëå ¢ «®£¨-
ª�å. „«ï à�§à¥è¥−¨ï íâ®© ª®««¨§¨¨ ¨á¯®«ì§ã¥âáï ¨§¢¥áâ−ë© ¯®¤å®¤, ¯à¨¬¥−ï-
¥¬ë© ¯à¨ ¯®áâà®¥−¨¨ ¬®¤¥«¨ SSA ¨ ®á−®¢�−−ë© −� ¢¢¥¤¥−¨¨ ¤®¯®«−¨â¥«ì−ëå
�«£¥¡à�¨ç¥áª¨å ¯¥à¥¬¥−−ëå, ®âà�¦�îé¨å á®áâ®ï−¨ï ¯¥à¥¬¥−−ëå ï§ëª� ¯à®-
£à�¬¬¨à®¢�−¨ï ¯®á«¥ ¢ë¯®«−¥−¨ï ¯à¨á¢�¨¢�−¨ï. ’�ª¨¥ ¯¥à¥¬¥−−ë¥ −�§ë¢�îâáï
¢¥àá¨ï¬¨ ¨áå®¤−®© ¯¥à¥¬¥−−®©, � á�¬� ®¯¥à�æ¨ï | ¢¢¥¤¥−¨¥¬ ¢¥àá¨®−¨à®¢�−¨ï.
’�ª¨¬ ®¡à�§®¬, ¯®á«¥ ¢¢¥¤¥−¨ï ¢¥àá¨®−¨à®¢�−¨ï ª�¦¤®© ¢¥àá¨®−¨à®¢�−−®© ¯¥-
à¥¬¥−−®© ¢ á¨áâ¥¬¥ ãà�¢−¥−¨© §−�ç¥−¨¥ ¡ã¤¥â ¯à¨á¢®¥−® â®«ìª® ®¤¨− à�§. „«ï
¯à¨¢¥¤¥−−®£® ¯à¨¬¥à� á¨áâ¥¬� ãà�¢−¥−¨© ¡ã¤¥â á«¥¤ãîé¥©:

1: x1=10
2: y1=20
3: z1>5
4: x2=x1+y1

�®«ãç¥−−�ï â�ª¨¬ ®¡à�§®¬ á¨áâ¥¬� áâ�−®¢¨âáï �«£¥¡à�¨ç¥áª¨ à�§à¥è¨¬®©.
�−� ®â−®á¨âáï ª ª«�ááã SMT [3]. Š�ª á«¥¤áâ¢¨¥, ®−� ¬®¦¥â ¡ëâì à�§à¥è¥−� á
¯®¬®éìî ª�ª®£®-«¨¡® SMT-á®«¢¥à�. „«ï íâ®£® −¥®¡å®¤¨¬®:

{ ¯à¥®¡à�§®¢�âì á¨áâ¥¬ã ãâ¢¥à¦¤¥−¨© ¢ ä®à¬�â, ï¢«ïîé¨©áï ¢å®¤−ë¬ ¤«ï
SMT-á®«¢¥à�;

{ §�¯ãáâ¨âì SMT-á®«¢¥à ¤«ï à¥è¥−¨ï á¨áâ¥¬ë ãà�¢−¥−¨©;

{ ¯à®¨−â¥à¯à¥â¨à®¢�âì à¥§ã«ìâ�âë à�¡®âë á®«¢¥à�.

‚ á«ãç�¥ ãá¯¥å� ¨§ à¥§ã«ìâ�â®¢ ¨§¢«¥ª�îâáï §−�ç¥−¨ï �à£ã¬¥−â®¢ ¬¥â®¤�,
ä®àá¨àãîé¨¥ ¢ë¯®«−¥−¨¥ ãª�§�−−®£® ¯ãâ¨. …á«¨ á®«¢¥à −¥ á¬®£ à�§à¥è¨âì
á¨áâ¥¬ã ãà�¢−¥−¨©, â® íâ® á¢¨¤¥â¥«ìáâ¢ã¥â «¨¡® ® −�«¨ç¨¨ ¢ ¯à®£à�¬¬¥ ú¬¥àâ¢®-
£®û ª®¤�, «¨¡® ® −¥ª®àà¥ªâ−®áâ¨ ¤®¯ãé¥−¨©, á¤¥«�−−ëå ¯à¨ ¯®áâà®¥−¨¨ ¬®¤¥«¨
¯à®£à�¬¬ë, «¨¡® ® −¥¤®áâ�â®ç−®© ¬®é−®áâ¨ ¬�â¥¬�â¨ç¥áª®£® �¯¯�à�â� «®£¨ª¨
¯¥à¢®£® ¯®àï¤ª�, «¨¡® ® −¥¤®áâ�â®ç−®© ¬®é−®áâ¨ á�¬®£® á®«¢¥à�. ‚® ¢á¥å á«ãç�-
ïå ¡ã¤¥â ¯à¨−ïâ® à¥è¥−¨¥ ® −¥¢®§¬®¦−®áâ¨ á®§¤�−¨ï â¥áâ� ¤«ï ¯®ªàëâ¨ï ¤�−−®£®
¯ãâ¨.

2.4 Расширение системы утверждений с помощью контрактов

�®áâà®¥−−ë¥ â¥áâë ®¡¥á¯¥ç¨¢�îâ ¯à®å®¦¤¥−¨¥ ¯à®£à�¬¬®© á®®â¢¥âáâ¢ãî-
é¨å âà�áá ¨á¯®«−¥−¨ï, ¯à¨ íâ®¬ §−�ç¥−¨ï �à£ã¬¥−â®¢ ¬¥â®¤®¢ à�á¯®«®¦¥−ë ¢
®¡«�áâ¨ ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ¯à®¨§¢®«ì−®, ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨ ¢ë¢®¤�
à¥è¥−¨© ¢ë¡à�−−®£® SMT-á®«¢¥à� [3]. �â® ®§−�ç�¥â, çâ® á£¥−¥−à¨à®¢�−−ë¥
§−�ç¥−¨ï �à£ã¬¥−â®¢ ¬®£ãâ −�àãè�âì ª®−âà�ªâë ¬¥â®¤®¢, ®¯à¥¤¥«ïîé¨¥áï á ¯®-
¬®éìî ¯à¥¤ãá«®¢¨©, ¯®áâãá«®¢¨© ¨ ¨−¢�à¨�−â®¢ [2]. Š®−ªà¥â−® ¢ ¤�−−®¬ á«ãç�¥
¬®£ãâ −�àãè�âìáï ¯à¥¤ãá«®¢¨ï ¬¥â®¤®¢ ¨«¨ ¨−¢�à¨�−âë ª«�áá®¢. ÷¥è¥−¨¥ íâ®©
¯à®¡«¥¬ë §�ª«îç�¥âáï ¢ à�áè¨à¥−¨¨ ¯®áâà®¥−−®© á¨áâ¥¬ë ãâ¢¥à¦¤¥−¨© á ¯®-
¬®éìî ¨−¢�à¨�−â®¢ ª«�áá®¢ ¨ ¯à¥¤ãá«®¢¨© ¬¥â®¤®¢. ’�ª ª�ª ª®−âà�ªâë ã¦¥
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§�¤�îâáï ¢ ä®à¬¥ ãâ¢¥à¦¤¥−¨© «®£¨ª¨ ¯¥à¢®£® ¯®àï¤ª�, â® ¯à¥®¡à�§®¢�−¨¥ ¨å ¢
ãâ¢¥à¦¤¥−¨ï ¤«ï SMT-á®«¢¥à� −¥ ¯à¥¤áâ�¢«ï¥â −¨ª�ª®£® âàã¤�.

‚ à¥§ã«ìâ�â¥ ¯®á«¥ à¥è¥−¨ï à�áè¨à¥−−®© á¨áâ¥¬ë ãâ¢¥à¦¤¥−¨© ¡ã¤ãâ −�å®-
¤¨âìáï �à£ã¬¥−âë ¬¥â®¤�, ã¤®¢«¥â¢®àïîé¨¥ ª®−âà�ªâã �−�«¨§¨àã¥¬®£® ¬¥â®¤�.

2.5 Генерация тестовых оракулов

„«ï £¥−¥à�æ¨¨ ¯®«−®æ¥−−®© á¨áâ¥¬ë â¥áâ®¢ ªà®¬¥ §−�ç¥−¨© �à£ã¬¥−â®¢ ¬¥-
â®¤®¢ −¥®¡å®¤¨¬® â�ª¦¥ ä®à¬¨à®¢�âì â¥áâ®¢ë¥ ®à�ªã«ë, ¯à®¢¥àïîé¨¥ ª®à-
à¥ªâ−®áâì ¢ë¯®«−¥−¨ï â¥áâ®¢. �®áâãá«®¢¨ï, ¨á¯®«ì§ã¥¬ë¥ ¢ ª®−âà�ªâ−®¬ ¯à®-
£à�¬¬¨à®¢�−¨¨, ï¢«ïîâáï ç�áâìî á¯¥æ¨ä¨ª�æ¨© ¬¥â®¤®¢ ¨ §�¤�îâ á¢®©áâ¢�,
£�à�−â¨àã¥¬ë¥ ¬¥â®¤®¬ ¯®á«¥ ¥£® §�¢¥àè¥−¨ï ¢ á«ãç�¥ ¢ë¯®«−¥−¨ï ¯à¥¤ãá«®¢¨©.
‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï £¥−¥à¨à®¢�âì ®á−®¢ã â¥áâ®¢ëå ®à�ªã«®¢ −� ¡�§¥
¯®áâãá«®¢¨© ¬¥â®¤®¢ ¨ ¨−¢�à¨�−â®¢ ª«�áá®¢, ª�ª íâ® á¤¥«�−® ¢ [4].

‡�¤�−−ë¥ ¢ ä®à¬¥ «®£¨ç¥áª¨å ãâ¢¥à¦¤¥−¨© ¯®áâãá«®¢¨ï ¨ ¨−¢�à¨�−âë âà�−á-
«¨àãîâáï ¢ íª¢¨¢�«¥−â−ë¥ ª®−áâàãªæ¨¨ −� æ¥«¥¢®¬ ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ¨
¨−â¥£à¨àãîâáï ¢ á®§¤�−−ë¥ â¥áâë. �à¨ íâ®¬ ã â¥áâ¨à®¢é¨ª� ®áâ�¥âáï ¢®§¬®¦-
−®áâì à�áè¨à¨âì á£¥−¥à¨à®¢�−−ë¥ �¢â®¬�â¨ç¥áª¨ ®à�ªã«ë ¤®¯®«−¨â¥«ì−ë¬¨
¯à®¢¥àª�¬¨.

2.6 Формирование множественных тестов

�à¥¤áâ�¢«¥−−�ï â¥å−®«®£¨ï ä®à¬¨à®¢�−¨ï â¥áâ®¢ ®¡¥á¯¥ç¨¢�¥â £¥−¥à�æ¨î ¯®
®¤−®¬ã −�¡®àã â¥áâ®¢ ¤«ï ª�¦¤®£® ª«�áá� íª¢¨¢�«¥−â−®áâ¨. �â®£® ¤®áâ�â®ç−® ¤«ï
â®£®, çâ®¡ë ¯® ®¤−®¬ã à�§ã ¯à®â¥áâ¨à®¢�âì ¢á¥ ¯ãâ¨ ¢ £à�ä¥ ¯®â®ª� ã¯à�¢«¥−¨ï.
�¤−�ª® −� ¯à�ªâ¨ª¥ ç�áâ® ¨¬¥¥â á¬ëá« ¨¬¥âì −¥áª®«ìª® â¥áâ®¢ ¤«ï ª�¦¤®£® ª«�áá�
íª¢¨¢�«¥−â−®áâ¨, â�ª ª�ª −¥®¡å®¤¨¬® ¯à®¢¥à¨âì −¥ â®«ìª® á�¬ ä�ªâ ¯à®å®¦¤¥−¨ï
¯à®£à�¬¬ë ¯® §�¤�−−®© âà�áá¥, −® ¨ ¤àã£¨¥ á¢®©áâ¢�.

��¯à¨¬¥à, ç�áâ® âà¥¡ã¥âáï ¯à®¢¥àïâì ª®àà¥ªâ−®áâì à�¡®âë ¯à®£à�¬¬ë −�
£à�−¨ç−ëå §−�ç¥−¨ïå ¨−â¥à¢�«®¢, ¯à�¢¨«ì−®áâì ®âà�¡®âª¨ −�ç�«� ¨ ª®−æ� æ¨ª«�
¨ â. ¯. „«ï íâ®£® −¥®¡å®¤¨¬® ¤«ï ª�¦¤®£® ª«�áá� íª¢¨¢�«¥−â−®áâ¨ £¥−¥à¨à®¢�âì
¬−®¦¥áâ¢® â¥áâ®¢, ®¡¥á¯¥ç¨¢�îé¨å ®¯à¥¤¥«¥−−®¥ ¯®ªàëâ¨¥ ®¡«�áâ¨ ¤®¯ãáâ¨¬ëå
§−�ç¥−¨© �à£ã¬¥−â®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¢ë¡à�−−®© í¢à¨áâ¨ª®©.

‚ ¤�−−®© à�¡®â¥ à¥�«¨§®¢�− ¬¥â®¤ ä®à¬¨à®¢�−¨ï ¬−®¦¥áâ¢¥−−ëå â¥áâ®¢,
®á−®¢�−−ë© −� ¯®á«¥¤®¢�â¥«ì−®© £¥−¥à�æ¨¨ −®¢ëå â¥áâ®¢ ¤«ï ª«�áá®¢ íª¢¨¢�-
«¥−â−®áâ¨ §� áç¥â ¢ëç¨á«¥−¨ï ®¡«�áâ¨ ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ¤«ï �à£ã¬¥−â®¢
¬¥â®¤�. ˆáå®¤ï ¨§ ª®«¨ç¥áâ¢� â¥áâ®¢, ª®â®àë¥ ¤®«¦−ë ¡ëâì á£¥−¥à¨à®¢�−ë ¤«ï
ª�¦¤®£® ª«�áá� íª¢¨¢�«¥−â−®áâ¨ (§�¤�−® ¯®«ì§®¢�â¥«¥¬), áâà®¨âáï à�¢−®¬¥à−®¥
¯®ªàëâ¨¥ n-¬¥à−®£® ¯à®áâà�−áâ¢� �à£ã¬¥−â®¢ äã−ªæ¨¨ −� ®á−®¢¥ ®£à�−¨ç¥−¨©
®¡«�áâ¨ ¤®¯ãáâ¨¬ëå §−�ç¥−¨©, §�¤�−−ëå ¢ ª®−âà�ªâ�å. „«ï ª�¦¤®£® −�¡®à�
¯�à�¬¥âà®¢ £¥−¥à¨àã¥âáï á¢®© ¬®¤ã«ì−ë© â¥áâ ¢ à¥§ã«ìâ¨àãîé¥¬ â¥áâ®¢®¬ −�¡®-
à¥. �«£®à¨â¬ ä®à¬¨à®¢�−¨ï à�¢−®¬¥à−®£® ¯®ªàëâ¨ï ¯à®áâà�−áâ¢� �à£ã¬¥−â®¢ á
®£à�−¨ç¥−¨ï¬¨ ¨¬¥¥â ¨â¥à�â¨¢−ë© å�à�ªâ¥à, � ¥£® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¢ëå®¤¨â
§� à�¬ª¨ −�áâ®ïé¥© áâ�âì¨.
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‚ ¤�«ì−¥©è¥¬ �¢â®àë ¯à¥¤¯®«�£�îâ ¨á¯®«ì§®¢�âì ¡®«¥¥ á«®¦−ë¥ í¢à¨áâ¨ª¨
¤«ï ä®à¬¨à®¢�−¨ï â¥áâ®¢ëå −�¡®à®¢, ¡®«¥¥ çã¢áâ¢¨â¥«ì−ëå ª áâ�−¤�àâ−ë¬
®è¨¡ª�¬, ¢áâà¥ç�îé¨¬áï ¢ ¯à®£à�¬¬�å.

3 Описание созданного прототипа

÷�§à�¡®â�−−ë© ¯®¤å®¤ ¡ë« à¥�«¨§®¢�− ¢ ¢¨¤¥ ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢�
£¥−¥à�æ¨¨ â¥áâ®¢ ¤«ï ï§ëª� Java. ‚ ª�ç¥áâ¢¥ á¨áâ¥¬ë §�¤�−¨ï ª®−âà�ªâ®¢ ¨á-
¯®«ì§ã¥âáï CoFoJa [1]. ‚ ª�ç¥áâ¢¥ SMT-á®«¢¥à� ¯à¨¬¥−ï¥âáï á®«¢¥à Z3 [3],
à�§à�¡®â�−−ë© Microsoft Research, â¥áâë £¥−¥à¨àãîâáï ¢ ä®à¬�â¥ JUnit. �¡é�ï
�àå¨â¥ªâãà� á¨áâ¥¬ë ¢¬¥áâ¥ á �àâ¥ä�ªâ�¬¨ ¨§®¡à�¦¥−� −� à¨áã−ª¥. �«®ª�¬¨ ¡¥-
«®£® æ¢¥â� ¨§®¡à�¦¥−ë ¬®¤ã«¨, à�§à�¡®â�−−ë¥ �¢â®à�¬¨, á¥àë¬ æ¢¥â®¬ ®â¬¥ç¥−ë
áâ®à®−−¨¥ ª®¬¯®−¥−âë.

�� ¢å®¤ á¨áâ¥¬ë ¯®¤�¥âáï ä�©«, á®¤¥à¦�é¨© ¨áå®¤−ë¥ ª®¤ë ¨áá«¥¤ã¥¬®©
¯à®£à�¬¬ë −� ï§ëª¥ Java. �®áâà®¨â¥«ì AST ä®à¬¨àã¥â �¡áâà�ªâ−®¥ á¨−â�ªá¨ç¥-
áª®¥ ¤¥à¥¢®, ª®â®à®¥ ï¢«ï¥âáï ¢å®¤®¬ ¤«ï ¯®áâà®¨â¥«ï £à�ä� ¯®â®ª� ã¯à�¢«¥−¨ï
(CFG builder). �¡áâà�ªâ−®¥ á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢® �−�«¨§¨àã¥âáï, ¨ −� ®á−®-
¢¥ á¥¬�−â¨ª¨ ï§ëª� Java áâà®¨âáï £à�ä ¯®â®ª� ã¯à�¢«¥−¨ï. ˆ§¢«¥ç¥−¨¥ âà�áá

�¡é�ï áå¥¬� á¨áâ¥¬ë £¥−¥à�æ¨¨ â¥áâ®¢
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¨á¯®«−¥−¨ï (Path extractor) ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî �−�«¨§� £à�ä� ¯®â®ª�
ã¯à�¢«¥−¨ï. �®«ãç¥−−ë¥ ¯ãâ¨ ¯à¥®¡à�§ãîâáï ª ä®à¬¥ ®¤−®ªà�â−®£® áâ�â¨ç¥-
áª®£® ¯à¨á¢�¨¢�−¨ï ¯®áâà®¨â¥«¥¬ SSA (SSA builder). �à¥®¡à�§®¢�−¨¥ ¯ãâ¨ ¢
ä®à¬ã SSA á ¢¥àá¨®−¨à®¢�−¨¥¬ ¯®§¢®«ï¥â à�áá¬�âà¨¢�âì ¥£® ª�ª á¨áâ¥¬ã �«-
£¥¡à�¨ç¥áª¨å ãà�¢−¥−¨©. �®«ãç¥−−�ï á¨áâ¥¬� ãâ¢¥à¦¤¥−¨© ¢ á®¢®ªã¯−®áâ¨ á
¨−¢�à¨�−â�¬¨ ª«�áá� ¨ ¯à¥¤ãá«®¢¨ï¬¨ ¬¥â®¤� ¯à¨¢®¤¨âáï ª ä®à¬�âã SMT-LIB
¤«ï ¢−¥è−¥£® SMT-á®«¢¥à� Z3 ¨ ¯¥à¥¤�¥âáï ¥¬ã ¤«ï à¥è¥−¨ï. ƒ¥−¥à�æ¨ï â¥áâ®¢
®áãé¥áâ¢«ï¥âáï ¬®¤ã«¥¬ Test generator, ª®â®àë© ¨á¯®«ì§ã¥â à¥§ã«ìâ�âë à�¡®âë
á®«¢¥à�, ¯à¨ íâ®¬ £¥−¥à�æ¨ï â¥áâ®¢ëå ®à�ªã«®¢, ¯à®¢¥àïîé¨å ª®àà¥ªâ−®áâì
¢ë¯®«−¥−¨ï â¥áâ®¢, ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ �−�«¨§� ¯®áâãá«®¢¨© ¬¥â®¤� ¨
¨−¢�à¨�−â®¢ ª«�áá�.

÷¥§ã«ìâ�â®¬ à�¡®âë á¨áâ¥¬ë ï¢«ïîâáï á£¥−¥à¨à®¢�−−ë¥ ¬®¤ã«ì−ë¥ â¥áâë,
®¡¥á¯¥ç¨¢�îé¨¥ ®¯à¥¤¥«¥−−ë© §�¤�−−ë© ãà®¢¥−ì ¯®ªàëâ¨ï ¨áå®¤−®£® ª®¤�.

4 Экспериментальные исследования

�ë«® ¯à®¢¥¤¥−® ¨á¯ëâ�−¨¥ à�§à�¡®â�−−®£® ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� −�
â¥áâ®¢®¬ −�¡®à¥ ¯à®£à�¬¬. ��¡®à á®áâ®ï« ¨§ ¨áªãááâ¢¥−−ëå â¥áâ®¢ ¨ −¥áª®«ìª¨å
à¥�«ì−ëå ¯à®£à�¬¬, á®¤¥à¦�é¨å à�§«¨ç−ë¥ ª®−áâàãªæ¨¨ ï§ëª� Java: á®áâ�¢−ë¥
¢ëà�¦¥−¨ï, ¯à®áâë¥ ¨ á«®¦−ë¥ ¢¥â¢«¥−¨ï, æ¨ª«ë ¨ â. ¯. ˆáªãááâ¢¥−−ë¥ â¥áâë
¡ë«¨ ¯à¨§¢�−ë ¯à®¢¥à¨âì ª®àà¥ªâ−®áâì äã−ªæ¨®−¨à®¢�−¨ï à�§−ëå ¢®§¬®¦−®-
áâ¥©, §�«®¦¥−−ëå ¢ à�§à�¡®â�−−®¬ �−�«¨§�â®à¥. ÷¥�«ì−ë¥ Java-¯à®£à�¬¬ë
¨á¯®«ì§®¢�«¨áì ¤«ï ¯à®¢¥àª¨ �−�«¨§�â®à� ¢ à¥�«ì−ëå ãá«®¢¨ïå äã−ªæ¨®−¨à®-
¢�−¨ï.

�� ¢á¥å ¨áªãááâ¢¥−−ëå ¨ à¥�«ì−ëå ¯à¨¬¥à�å ¡ë«¨ ¯®«ãç¥−ë à¥§ã«ìâ�âë,
á®®â¢¥âáâ¢ãîé¨¥ ®¦¨¤�¥¬ë¬, � á£¥−¥à¨à®¢�−−ë¥ â¥áâë ¤¥©áâ¢¨â¥«ì−® ®¡¥á¯¥ç¨-
¢�«¨ ¯à®¢¥àªã ¢á¥å ¯ãâ¥© ¨áá«¥¤ã¥¬ëå ¯à®£à�¬¬. �ªá¯¥à¨¬¥−âë á £¥−¥à�æ¨¥©
¬−®¦¥áâ¢¥−−ëå â¥áâ®¢ â�ª¦¥ ¯®ª�§�«¨ à�¡®â®á¯®á®¡−®áâì ¯®¤å®¤�.

5 Обзор существующих подходов в области генерации тестов

÷�§«¨ç−ë¥ �á¯¥ªâë �¢â®¬�â¨§�æ¨¨ â¥áâ¨à®¢�−¨ï �� ¨ ¯®¤å®¤ë ª ®à£�−¨-
§�æ¨¨ áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® �−�«¨§� ï¢«ïîâáï ¯®¯ã«ïà−ë¬¨ −�¯à�¢«¥-
−¨ï¬¨ ¨áá«¥¤®¢�−¨©. ‘ãé¥áâ¢ã¥â æ¥«ë© àï¤ ª®¬¬¥àç¥áª¨å ¨ á¢®¡®¤−® à�á¯à®-
áâà�−ï¥¬ëå áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ â¥áâ¨à®¢�−¨ï, äà¥©¬¢®àª®¢ ¤«ï ®à£�−¨§�æ¨¨
à�§à�¡®âª¨ á¨áâ¥¬ ¤«ï £¥−¥à�æ¨¨ â¥áâ®¢. Œ−®£¨¥ ¨§ −¨å ¨á¯®«ì§ãîâ ¢ ª�ç¥-
áâ¢¥ ®á−®¢ë ¯®¤å®¤ á¨−â¥â¨ç¥áª®£® áâàãªâãà−®£® â¥áâ¨à®¢�−¨ï. ‚ íâ®¬ á«ãç�¥
¯®á«¥ ¯¥à¢®£® á«ãç�©−® ¢ë¡à�−−®£® â¥áâ� ®áâ�«ì−ë¥ â¥áâë £¥−¥à¨àãîâáï �¢â®-
¬�â¨ç¥áª¨ â�ª, çâ®¡ë ®¡¥á¯¥ç¨âì ¯®ªàëâ¨¥ ¥é¥ −¥ ¯®ªàëâëå à�−¥¥ í«¥¬¥−â®¢
ª®¤�. „«ï ¢ë¡®à� ¯®¤å®¤ïé¨å â¥áâ®¢ëå ¤�−−ëå ¨á¯®«ì§ãîâáï à¥è�â¥«¨, ãç¨âë-
¢�îé¨¥ á¨¬¢®«¨ç¥áªãî ¨−ä®à¬�æ¨î ®¡ ®£à�−¨ç¥−¨ïå −� ¤�−−ë¥, ®â¤¥«ïîé¨¥
¯à®è¥¤è¨¥ â¥áâë ®â ¥é¥ −¥ ¯®ªàëâ®£® ª®¤�, � ¤«ï ¯®áâà®¥−¨ï −ã¦−ëå ¯®á«¥-
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�. �. �−¤à¨�−®¢�, ‚. Œ. ˆæëªá®−

¤®¢�â¥«ì−®áâ¥© ¢®§¤¥©áâ¢¨© | á«ãç�©−�ï £¥−¥à�æ¨ï, −�¯à�¢«ï¥¬�ï ª�ª íâ®© ¦¥
á¨¬¢®«¨ç¥áª®© ¨−ä®à¬�æ¨¥©, â�ª ¨ −¥ª®â®àë¬¨ í¢à¨áâ¨ç¥áª¨¬¨ �¡áâà�ªæ¨ï¬¨,
ã¬¥−ìè�îé¨¬¨ ¯à®áâà�−áâ¢® á®áâ®ï−¨© ¯à®¢¥àï¥¬®© á¨áâ¥¬ë. ‚ à�¬ª�å íâ®£®
¯®¤å®¤� ¨−â¥£à¨àãîâáï áâ�â¨ç¥áª¨© �−�«¨§ ª®¤�, á¨¬¢®«¨ç¥áª®¥ ¨á¯®«−¥−¨¥,
áâàãªâãà−®¥ â¥áâ¨à®¢�−¨¥ ¨ ¤¥¤ãªâ¨¢−ë© �−�«¨§, ¢ë¯®«−ï¥¬ë© à¥è�â¥«ï¬¨.
�¤−¨¬¨ ¨§ ¯à¥¤áâ�¢¨â¥«¥© íâ®£® ª«�áá� ï¢«ïîâáï Microsoft Pex and Moles, ¤¢�
¨áá«¥¤®¢�â¥«ìáª¨å ¯à®¥ªâ�, −�¯à�¢«¥−−ëå −� ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨
â¥áâ¨à®¢é¨ª®¢ ¨ ª�ç¥áâ¢� ª®¤�.

Microsoft Pex [5, 6] | −�¡®à ¨−áâàã¬¥−â®¢, ¢ë¯®«−ïîé¨å �−�«¨§ â¥áâ¨àã-
¥¬®£® ª®¤� ¨ ¯®¤¡¨à�îé¨© ¯�à�¬¥âàë, ª®â®àë¥ ¯®§¢®«ïîâ ¯®ªàëâì ¬�ªá¨¬�«ì−®
¢®§¬®¦−ë© ®¡ê¥¬ ª®¤�. Microsoft Pex à�¡®â�¥â ¢ ¯¥â«¥ ®¡à�â−®© á¢ï§¨: ª®¤ ¢ë-
¯®«−ï¥âáï −¥áª®«ìª® à�§ ¨ ¯à®¨§¢®¤¨âáï �−�«¨§ ¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë −� ãà®¢−¥
¯à®¬¥¦ãâ®ç−®£® ï§ëª� .NET CIL (Common Intermediate Language) á ¯®¬®éìî
¬®−¨â®à¨−£� ¯®â®ª� ã¯à�¢«¥−¨ï ¨ ¯®â®ª� ¤�−−ëå. �®á«¥ ª�¦¤®£® §�¯ãáª� Pex
¢ë¡¨à�¥â ¢¥â¢ì, ª®â®à�ï −¥ ¡ë«� ¯®ªàëâ� à�−¥¥, á®§¤�¥â á¨áâ¥¬ã ®£à�−¨ç¥−¨©,
ª®â®à�ï ®¯¨áë¢�¥â, ª�ª ¤®áâ¨çì íâ®© ¢¥â¢¨, ¨á¯®«ì§ã¥â à¥è�â¥«ì Z3 ¤«ï ®¯à¥¤¥-
«¥−¨ï −®¢ëå §−�ç¥−¨© ¢å®¤−ëå ¤�−−ëå, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ ®£à�−¨ç¥−¨ï¬,
¥á«¨ â�ª®¢ë¥ áãé¥áâ¢ãîâ. Š®¤ ¢ë¯®«−ï¥âáï á−®¢� á −®¢ë¬ −�¡®à®¬ ¢å®¤−ëå
§−�ç¥−¨©, ¨ ¯à®æ¥áá ¯®¢â®àï¥âáï. ‚ à¥§ã«ìâ�â¥ à�¡®âë á®§¤�¥âáï ®âç¥â, ª®â®-
àë© ¬®¦−® ¯à®�−�«¨§¨à®¢�âì ¢àãç−ãî, ¨ −�¡®à unit-â¥áâ®¢ ¤«ï ¤�«ì−¥©è¥£®
¨á¯®«ì§®¢�−¨ï. Microsoft Moles [6, 7] | äà¥©¬¢®àª, â�ª¦¥ à�§à�¡®â�−−ë© ¢ «�-
¡®à�â®à¨¨ Microsoft Research ¨ ¯®§¢®«ïîé¨© à�§à�¡®âç¨ª�¬ á®§¤�¢�âì â¥áâ®¢ë¥
§�£«ãèª¨ ¨ ¨§¡¥£�âì −¥¯®áà¥¤áâ¢¥−−®£® ¢ë§®¢� ¬¥â®¤®¢ ¢ .NET. Moles à�áè¨àï-
¥â Pex §� áç¥â ä®à¬¨à®¢�−¨ï â¥áâ®¢®£® ®ªàã¦¥−¨ï ¨ £¨¡ª®£® ¬�−¨¯ã«¨à®¢�−¨ï
¤à�©¢¥à�¬¨ ¨ §�£«ãèª�¬¨. ‘ãé¥áâ¢ã¥â àï¤ ®£à�−¨ç¥−¨© ¯à¨ ¨á¯®«ì§®¢�−¨¨ ãª�-
§�−−ëå ¨−áâàã¬¥−â®¢. ‚®-¯¥à¢ëå, −¥¢®§¬®¦−® ®¡−�àã¦¨¢�âì ®è¨¡ª¨, ª®â®àë¥
¢−®áïâáï ¯à¨ ¯�à�««¥«ì−®¬ ¢ë¯®«−¥−¨¨ §�¤�ç. ‚®-¢â®àëå, ãª�§�−−ë¥ áà¥¤áâ¢�
−¥ ¬®£ãâ á¯à�¢¨âìáï á −¥¤¥â¥à¬¨−¨§¬®¬. �â® ¯à¨¢®¤¨â ª à�§−ë¬ à¥§ã«ìâ�â�¬ ¯à¨
ª�¦¤®¬ §�¯ãáª¥ Pex. ‚-âà¥âì¨å, Pex ¨ Moles −¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï
�−�«¨§� ª®¤�, ª®â®àë© −¥ à�¡®â�¥â ¯®¤ ã¯à�¢«¥−¨¥¬ .NET. Œ−®¦¥áâ¢® ¯®¤¤¥à-
¦¨¢�¥¬ëå ï§ëª®¢ ®£à�−¨ç¥−® â®«ìª® ï§ëª®¬ C#. ‚®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï
¢−¥è−¥£® á®«¢¥à�, ®â«¨ç−®£® ®â Z3, â�ª¦¥ −¥ ¯à¥¤ãá¬®âà¥−�.

…é¥ ®¤¨− ¯®¤å®¤ ª �¢â®¬�â¨§�æ¨¨ ¬®¤ã«ì−®£® â¥áâ¨à®¢�−¨ï ¡ë« ¯à¥¤«®¦¥−
Engel ¨ H�ahnle. ‚ à�¡®â¥ [8] à�áá¬�âà¨¢�¥âáï ¬¥â®¤ �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨
â¥áâ®¢ ¤«ï JAVA CARD, ¡�§¨àãîé¨©áï −� ä®à¬�«ì−®© ¯à®¢¥àª¥ ¢ë¯®«−¥−¨ï
â¥áâ¨àã¥¬®£® ª®¤�. ‚ ¥£® ®á−®¢¥ «¥¦�â ¤¢� ¯®¤å®¤� ª â¥áâ¨à®¢�−¨î: ¯® ¬¥â®¤ã
ú¡¥«®£®û ¨ úç¥à−®£®û ïé¨ª�. �¢â®−®¬−ë¥ ¬®¤ã«ì−ë¥ â¥áâë ¢ ä®à¬�â¥ JUnit
£¥−¥à¨àãîâáï �¢â®¬�â¨ç¥áª¨. Verification-based test generation (VBT) ¨á¯®«ì§ã¥â
¯®«−ãî ¨−ä®à¬�æ¨î, á®¤¥à¦�éãîáï ¢ ä®à¬�«ì−®© á¯¥æ¨ä¨ª�æ¨¨ ¨ «¥¦�éãî
¢ ®á−®¢¥ à¥�«¨§�æ¨¨ â¥áâ¨àã¥¬®£® ª®¤� (implementation under test, IUT). ‚ ª�-
ç¥áâ¢¥ ï§ëª� ®¯¨á�−¨ï á¯¥æ¨ä¨ª�æ¨¨ ¨á¯®«ì§ã¥âáï Java Modeling Language
(JML). �à¨ íâ®¬ ¯®«−�ï äã−ªæ¨®−�«ì−�ï á¯¥æ¨ä¨ª�æ¨ï â¥áâ¨àã¥¬®£® ª®¤� −¥
âà¥¡ã¥âáï, ¯®áª®«ìªã £¥−¥à�æ¨ï â¥áâ®¢ à¥�«¨§ã¥âáï −� ®á−®¢¥ á¨¬¢®«¨ç¥áª®£®

108 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014



’¥å−®«®£¨ï �−�«¨§� ¨áå®¤−®£® ª®¤� �� ¨ ç�áâ¨ç−ëå á¯¥æ¨ä¨ª�æ¨©

¨á¯®«−¥−¨ï, � §�¤�−−ë¥ ¢ ¯à¥¤- ¨ ¯®áâãá«®¢¨ïå ®£à�−¨ç¥−¨ï âà¥¡ãîâáï â®«ìª®
¤«ï ä®à¬¨à®¢�−¨ï â¥áâ®¢ëå ®à�ªã«®¢.

‘¨áâ¥¬� Kiasan [9, 10] ¯à¥¤áâ�¢«ï¥â á®¡®© ¬¥å�−¨§¬ á¨¬¢®«¨ç¥áª®£® ¨á¯®«-
−¥−¨ï ¤«ï ¯®á«¥¤®¢�â¥«ì−ëå Java-¯à®£à�¬¬, ®á−®¢�−−ë© −� äà¥©¬¢®àª¥ Bogor,
¨á¯®«ì§ãîé¥¬ â¥å−®«®£¨î ¯à®¢¥àª¨ ¬®¤¥«¨ (model checking). �à¥¤«®¦¥−−ë©
¯®¤å®¤ ¡ë« ¯®§¤−¥¥ à�áè¨à¥− ¢ äà¥©¬¢®àª¥ KUnit [10], ª®â®àë© �¢â®¬�â¨ç¥áª¨
£¥−¥à¨àã¥â â¥áâë ¤«ï ª®−âà�ªâ−®-�−−®â¨à®¢�−ëå ¬¥â®¤®¢ ¨ ®â®¡à�¦�¥â ¬−®¦¥-
áâ¢® ®¡ê¥ªâ®¢ (heap objects), ¯®«ãç�¥¬ëå ¨ ¢®§¢à�é�¥¬ëå ¬¥â®¤�¬¨, çâ® ¬®¦¥â
¡ëâì ¨á¯®«ì§®¢�−® à�§à�¡®âç¨ª�¬¨ ¤«ï �−�«¨§� á«®¦−ëå ¬¥â®¤®¢ ¨ ¤¨�£−®áâ¨-
ª¨ ¯à¨ç¨− ®è¨¡®ª ¢ ¯à®£à�¬¬¥. ”à¥©¬¢®àª KUnit ¨á¯®«ì§ã¥â â¥áâ¨à®¢�−¨¥
¯® ¬¥â®¤ã ç¥à−®£® ïé¨ª� á ¯®¬®éìî £¥−¥à�æ¨¨ ¢å®¤−ëå §−�ç¥−¨© −� ®á−®¢¥
á¨¬¢®«¨ç¥áª®£® ¨á¯®«−¥−¨ï, ¯®áâãá«®¢¨ï ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ â¥áâ®¢ëå ®à�-
ªã«®¢. �à¨ −�«¨ç¨¨ ä®à¬�«ì−®© á¯¥æ¨ä¨ª�æ¨¨ ¯®¤å®¤, ¨á¯®«ì§ã¥¬ë© ¢ KUnit,
¬®¦¥â à¥�«¨§®¢ë¢�âì â�ª¨¥ â¥å−¨ª¨ â¥áâ¨à®¢�−¨ï, ª�ª à�§¤¥«¥−¨¥ −� ª«�ááë
íª¢¨¢�«¥−â−®áâ¨ ¨ �−�«¨§ £à�−¨ç−ëå §−�ç¥−¨©. ‚ ®¡é¥¬ á«ãç�¥ âà�¤¨æ¨®−−®¥
â¥áâ¨à®¢�−¨¥ ®¡ëç−® −¥ ®á−®¢ë¢�¥âáï −� ä®à¬�«ì−®© á¯¥æ¨ä¨ª�æ¨¨, ¢ â® ¢à¥¬ï
ª�ª KUnit âà¥¡ã¥â ä®à¬�«ì−®£® ®¯¨á�−¨ï âà¥¡®¢�−¨©.

ˆ−áâàã¬¥−â Unit Meister [11], à�§à�¡®â�−−ë© ª®¬¯�−¨¥© Microsoft, ¨á-
¯®«ì§ã¥â á¨¬¢®«¨ç¥áª®¥ ¨á¯®«−¥−¨¥ ¤«ï �−�«¨§� âà�áá ¯à®£à�¬¬ë. �®¤å®¤ ¢®
¬−®£®¬ áå®¦ á Kiasan, ®¤−�ª® áãé¥áâ¢ã¥â àï¤ ®â«¨ç¨©. Unit Meister ¢ª«îç�¥â
äã−ªæ¨®−�«ì−ë¥ á¨¬¢®«ë ¤«ï ª®¬¯®§¨æ¨®−−®© ¯à®¢¥àª¨, ¢ â® ¢à¥¬ï ª�ª Kiasan
¤®¯ãáª�¥â â®«ìª® ¨áå®¤−ë¥ á¨¬¢®«ë, � ª®¬¯®§¨æ¨®−−�ï ¯à®¢¥àª� ®áãé¥áâ¢«ï¥âáï
á ¯®¬®éìî á¯¥æ¨ä¨ª�æ¨©. ˆ ¥á«¨ Kiasan ï¢«ï¥âáï ¯®«−®áâìî �¢â®¬�â¨ç¥áª¨¬, â®
Unit Meister âà¥¡ã¥â ®â ¯®«ì§®¢�â¥«ï ãª�§�−¨ï ®¡«�áâ¨ ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢.

Symstra [12] | ¥é¥ ®¤−® áà¥¤áâ¢® á¨¬¢®«¨ç¥áª®£® ¨á¯®«−¥−¨ï ¤«ï á®§¤�-
−¨ï ¬¨−¨¬�«ì−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ë§®¢®¢ ¯ã¡«¨ç−ëå ¬¥â®¤®¢ ¤«ï ¯à®¢¥àª¨
ª«�áá�. Symstra ¨á¯®«ì§ã¥â ¯à¨¬¨â¨¢−ë¥ á¨¬¢®«¨ç¥áª¨¥ §−�ç¥−¨ï, ª®−ªà¥â−ë¥
áâàãªâãàë ¬−®¦¥áâ¢ ¨ ¯à¥¤¯®«�£�¥¬ë¥ á®áâ®ï−¨ï ¤«ï £¥−¥à�æ¨¨ −¥¨§®¬®àä−ëå
ª®−¥ç−ëå á®áâ®ï−¨©. „«ï £¥−¥à�æ¨¨ ¯®¤¬−®¦¥áâ¢� ¢®§¬®¦−ëå ¯à¥¤¢�à¨â¥«ì-
−ëå á®áâ®ï−¨© ¢ Symstra ¯à¨¬¥−ïîâáï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ë§®¢®¢ ¯ã¡«¨ç−ëå
¬¥â®¤®¢. ‚ à�§à�¡®â�−−®¬ ¯à®â®â¨¯¥ ¯à¥¤¢�à¨â¥«ì−ë¥ á®áâ®ï−¨ï §�¤�îâáï
¯à¥¤ãá«®¢¨ï¬¨ ¨ ¨−¢�à¨�−â�¬¨. �®«ì§®¢�â¥«ì ¬®¦¥â ¨§¬¥−ïâì ¯à¥¤ãá«®¢¨ï ¨
¨−¢�à¨�−âë, ¡®«¥¥ â®ç−® ®¯à¥¤¥«ïï ¨å §−�ç¥−¨ï.

�¤−¨¬ ¨§ ¨−áâàã¬¥−â®¢, ®à¨¥−â¨à®¢�−−ëå −� ¨á¯®«ì§®¢�−¨¥ ª®−âà�ªâ−ëå
á¯¥æ¨ä¨ª�æ¨© ¢ ¯à®æ¥áá¥ á®§¤�−¨ï â¥áâ®¢, ï¢«ï¥âáï AutoTest framework [4]. �−
�¢â®¬�â¨§¨àã¥â ¯à®æ¥áá â¥áâ¨à®¢�−¨ï ��, ®¯¨à�ïáì −� ¯à®£à�¬¬ë, á®¤¥à¦�-
é¨¥ ¨−áâàã¬¥−âë ¨å á®¡áâ¢¥−−®© ¯à®¢¥àª¨, ¢ ä®à¬¥ ª®−âà�ªâ®¢ ¤«ï ª«�áá®¢ ¨
®â¤¥«ì−ëå ¬¥â®¤®¢. �à¥¤ãá«®¢¨ï ¨ ¨−¢�à¨�−âë ¯®§¢®«ïîâ ®£à�−¨ç¨âì ¬−®¦¥-
áâ¢® ¢å®¤−ëå ¤�−−ëå ¤«ï â¥áâ¨à®¢�−¨ï, ¯®áâãá«®¢¨ï ¯à¥®¡à�§ãîâáï ¢ â¥áâ®¢ë¥
®à�ªã«ë. �á−®¢−�ï ®á®¡¥−−®áâì AutoTest §�ª«îç�¥âáï ¢ á¯®á®¡¥ £¥−¥à�æ¨¨
â¥áâ®¢. ’¥áâ®¢ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ä®à¬¨àãîâáï á«ãç�©−®, ®¯¨à�ïáì â®«ì-
ª® −� ¯à¥¤áã«®¢¨ï ¬¥â®¤®¢ ¨ ¨−¢�à¨�−âë ª«�áá®¢. “á¯¥è−®áâì ¯à®å®¦¤¥−¨ï
â¥áâ®¢ �−�«¨§¨àã¥âáï ¢ â¥áâ®¢ëå ®à�ªã«�å. �â¤¥«ì−® áâ®¨â ®â¬¥â¨âì ¬¥å�−¨§¬
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Test Extraction, ª®â®àë© �¢â®¬�â¨ç¥áª¨ á®§¤�¥â â¥áâë ¯® à¥§ã«ìâ�â�¬ ®âª�§®¢
¯à®£à�¬¬ë. �á−®¢−ë¬¨ ®£à�−¨ç¥−¨ï¬¨ ¯®¤å®¤� ï¢«ïîâáï ®âáãâáâ¢¨¥ £�à�−â¨©
¯®ªàëâ¨ï ¯ãâ¥© (¨§-§� áã£ã¡® á«ãç�©−®© £¥−¥à�æ¨¨ â¥áâ®¢), � â�ª¦¥ ¯®¤¤¥à¦ª�
â®«ìª® ï§ëª� Eiffel ¨ áà¥¤ë EiffelStudio.

‚á¥ à�áá¬®âà¥−−ë¥ ¯®¤å®¤ë ¯®¤â¢¥à¦¤�îâ íää¥ªâ¨¢−®áâì ¨−â¥£à�æ¨¨ à�§-
«¨ç−ëå ¬¥â®¤®«®£¨© ¯à®æ¥áá� â¥áâ¨à®¢�−¨ï −� ¯à�ªâ¨ª¥. ’¥¬ −¥ ¬¥−¥¥, −¥á¬®âàï
−� ¤®áâ¨£−ãâë¥ ãá¯¥å¨, ª�¦¤ë© ¨§ ¨¬¥îé¨åáï ¯®¤å®¤®¢ ¨á¯®«ì§ã¥â «¨èì ç�áâì
¨¬¥îé¥£®áï ¯®â¥−æ¨�«�, ®£à�−¨ç¥− �−�«¨§®¬ ¯à®£à�¬¬, −�¯¨á�−−ëå −� ª�ª®¬-â®
®¯à¥¤¥«¥−−®¬ ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï, ¨ −¥ ¯à¥¤®áâ�¢«ï¥â ¥¤¨−®© ¨−â¥£à�æ¨-
®−−®© ¯«�âä®à¬ë ¤«ï ¢á¥£® ¬−®£®®¡à�§¨ï à�§«¨ç−ëå â¥å−¨ª ¢¥à¨ä¨ª�æ¨¨ ��.
Šà®¬¥ â®£®, ¡®«ìè¨−áâ¢® ¨§ à�áá¬®âà¥−−ëå ¯®¤å®¤®¢ ï¢«ïîâáï �ª�¤¥¬¨ç¥áª¨¬¨
¨ −¥ ¯à¨¬¥−¨¬ë ¤«ï �−�«¨§� á«®¦−ëå ¯à®£à�¬¬−ëå á¨áâ¥¬ [13, 14].

6 Заключение

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï à�§à�¡®â�− ¯®¤å®¤ ª £¥−¥à�æ¨¨ â¥á-
â®¢ ¤«ï ï§ëª� Java, ®¡¥á¯¥ç¨¢�îé¨å ¯®ªàëâ¨¥ âà�áá ¨á¯®«−¥−¨ï ¬¥â®¤®¢. ÷�§-
à�¡®â�−−ë¥ ¬¥â®¤ë á ¯®¬®éìî ¯à¨¬¥−¥−¨ï SMT-á®«¢¥à� £¥−¥à¨àãîâ ¯�à�¬¥âàë
¬®¤ã«ì−ëå â¥áâ®¢, ä®àá¨àãîé¨¥ à¥�«¨§�æ¨î §�¤�−−ëå âà�áá ¨á¯®«−¥−¨ï. “ç¥â
ª®−âà�ªâ®¢ ¬¥â®¤®¢ ¯®§¢®«ï¥â, á ®¤−®© áâ®à®−ë, á ¯®¬®éìî ¯®áâãá«®¢¨© ç�á-
â¨ç−® �¢â®¬�â¨§¨à®¢�âì £¥−¥à�æ¨î â¥áâ®¢ëå ®à�ªã«®¢, � á ¤àã£®© | á ¯®¬®éìî
¯à¥¤ãá«®¢¨© ®£à�−¨ç¨¢�âì £¥−¥à�æ¨î ¯�à�¬¥âà®¢ â¥áâ®¢. �à¨¬¥−¥−¨¥ à�§à�-
¡®â�−−®£® −� ®á−®¢¥ ¯®¤å®¤� ¯à®â®â¨¯� −� −�¡®à¥ â¥áâ®¢ëå ¯à¨¬¥à®¢ ¯®ª�§�«®
¯®«−ãî à�¡®â®á¯®á®¡−®áâì ¯à¥¤«®¦¥−−ëå ¬¥â®¤®¢. �á−®¢−ë¬¨ −�¯à�¢«¥−¨ï¬¨
à�§¢¨â¨ï â¥®à¥â¨ç¥áª¨å ¨ ¯à�ªâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ï¢«ïîâáï:

{ à�§à�¡®âª� −®¢ëå �«£®à¨â¬®¢ £¥−¥à�æ¨¨ ¬−®¦¥áâ¢¥−−ëå â¥áâ®¢, ¡®«¥¥ íä-
ä¥ªâ¨¢−® à�á¯à¥¤¥«ïîé¨å §−�ç¥−¨ï ¯¥à¥¬¥−−ëå ¯® ®¡«�áâ¨ ®¯à¥¤¥«¥−¨ï;

{ á®¢¥àè¥−áâ¢®¢�−¨¥ �−�«¨§�â®à� (¯à®â®â¨¯�) á æ¥«ìî ®¡¥á¯¥ç¥−¨ï �−�«¨§�
¡®«¥¥ è¨à®ª®£® ª«�áá� Java-¯à®£à�¬¬;

{ à�áè¨à¥−¨¥ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¨ à¥�«¨§�æ¨ï ¯®¤å®¤� £¥−¥à�æ¨¨
¬®¤ã«ì−ëå â¥áâ®¢ ¤«ï ¯à®£à�¬¬, −�¯¨á�−−ëå −� ¤àã£¨å ï§ëª�å ¯à®£à�¬¬¨-
à®¢�−¨ï.
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Abstract: Low level of software quality is one of the main problems of software
engineering. Automated testing is one of the most effective strategies used to
improve the quality of the software. This paper describes a technique of automated
unit tests creation combining both functional and structural approaches of
software testing. In this method, information extracted from the original program
is used to ensure test coverage of program paths. Partial specifications given in
the form of contracts are used to form test oracles and to distribute parameters of
tests on definition domain. The developed approach was implemented as a tool
that analyzes Java programs and generates test cases for class methods in JUnit
format, using CoFoJa to specify the contracts. Designed tool testing on a number
of test cases showed efficiency of the approach.
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ОБНАРУЖЕНИЕ ГОНОК В JAVA-ПРОГРАММАХ
С ПРИМЕНЕНИЕМ СИНХРОНИЗАЦИОННЫХ КОНТРАКТОВ∗

Д. И. Цителов1, В. Ю. Трифанов2

�−−®â�æ¨ï: ‘®áâ®ï−¨¥ £®−ª¨ (data race) ¢®§−¨ª�¥â ¢ ¬−®£®¯®â®ç−®© ¯à®-
£à�¬¬¥, ª®£¤� −¥áª®«ìª® ¯®â®ª®¢ ®¤−®¢à¥¬¥−−® ®¡à�é�îâáï ª ®¤−®¬ã ¨ â®¬ã
¦¥ à�§¤¥«ï¥¬®¬ã ãç�áâªã ¯�¬ïâ¨, £¤¥ å®âï ¡ë ®¤−® ®¡à�é¥−¨¥ | §�¯¨áì.
‘®áâ®ï−¨ï £®−ª¨ âàã¤−®¢®á¯à®¨§¢®¤¨¬ë ¨ ¬®£ãâ ¯à¨¢®¤¨âì ª ¯®¢à¥¦¤¥−¨î
£«®¡�«ì−ëå áâàãªâãà ¤�−−ëå, ¯®íâ®¬ã ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ �¢â®¬�â¨ç¥-
áª®£® ¯®¨áª� £®−®ª ¢¥¤ãâáï ã¦¥ ¡®«¥¥ 20 «¥â. ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï
¢®¯à®á ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¤¨−�¬¨ç¥áª®£® ¯®¨áª� £®−®ª ¢ Java-
¯à®£à�¬¬�å ¡¥§ áãé¥áâ¢¥−−®© ¯®â¥à¨ â®ç−®áâ¨. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨
¨á¯®«ì§ãîâáï á¨−åà®−¨§�æ¨®−−ë¥ ª®−âà�ªâë | ç�áâ¨ç−ë¥ á¯¥æ¨ä¨ª�æ¨¨
¯®¢¥¤¥−¨ï ¯à®£à�¬¬−ëå ¬¥â®¤®¢ ¨ ª«�áá®¢ ¢ ¬−®£®¯®â®ç−®© áà¥¤¥. �à¨¬¥−¥-
−¨¥ ª®−âà�ªâ®¢ ¯®§¢®«ï¥â ¨áª«îç�âì ¨§ �−�«¨§� −¥ ¨−â¥à¥á−ë¥ á â®çª¨ §à¥−¨ï
¯®¨áª� £®−®ª ç�áâ¨ æ¥«¥¢®£® ¯à¨«®¦¥−¨ï (−�¯à¨¬¥à, áâ®à®−−¨¥ ¡¨¡«¨®â¥ª¨).
‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ¯à¥¨¬ãé¥áâ¢� ¨ ®£à�−¨ç¥−¨ï ¯®¤å®¤�, ®¯¨áë¢�¥âáï
ï§ëª á¯¥æ¨ä¨ª�æ¨¨ ª®−âà�ªâ®¢ ¨ −¥ª®â®àë¥ â¥å−¨ç¥áª¨¥ ¤¥â�«¨ à¥�«¨§�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¬−®£®¯®â®ç−®áâì; á®áâ®ï−¨¥ £®−ª¨; ¤¨−�¬¨ç¥áª¨© �−�«¨§;
�¢â®¬�â¨ç¥áª®¥ ®¡−�àã¦¥−¨¥ ®è¨¡®ª

DOI: 10.14357/08696527140208

1 Введение

‘ à�§¢¨â¨¥¬ ¬−®£®ï¤¥à−ëå ¨ ¬−®£®¯à®æ¥áá®à−ëå á¨áâ¥¬ ¢á¥ ¡®«ìè¥¥ ª®«¨ç¥-
áâ¢® ¯à®£à�¬¬ á®§¤�îâáï ¬−®£®¯®â®ç−ë¬¨. ˆá¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å ¯®â®ª®¢
¢ë¯®«−¥−¨ï ¬®¦¥â ¯à¨¢®¤¨âì ª ¤®¯®«−¨â¥«ì−ë¬ ®è¨¡ª�¬, á¢ï§�−−ë¬ á −¥-
ª®àà¥ªâ−®© ®à£�−¨§�æ¨¥© ¢§�¨¬®¤¥©áâ¢¨ï íâ¨å ¯®â®ª®¢. ’�ª¨¥ ®è¨¡ª¨ á«®¦−®
¨áª�âì ¢àãç−ãî, ¯®áª®«ìªã ç¥à¥¤®¢�−¨¥ ®¯¥à�æ¨© ¢ ¯®â®ª�å ®¡«�¤�¥â ¢ëá®ª®©
áâ¥¯¥−ìî −¥®¯à¥¤¥«¥−−®áâ¨ ¨ ¯à®£à�¬¬¨áâã −ã¦−® ¯®«−®áâìî ¯à®áç¨â�âì ¢á¥
¢®§¬®¦−ë¥ á¨âã�æ¨¨. �¤−®© ¨§ â¨¯¨ç−ëå ®è¨¡®ª ¬−®£®¯®â®ç−ëå ¯à®£à�¬¬
ï¢«ï¥âáï −�«¨ç¨¥ ¢ −¨å á®áâ®ï−¨© £®−ª¨ (data races). �−¨ ¢®§−¨ª�îâ, ª®£¤�
−¥áª®«ìª® ¯®â®ª®¢ ¡¥§ ¤®«¦−®© á¨−åà®−¨§�æ¨¨ ®¡à�é�îâáï ª ®¤−®¬ã ¨ â®¬ã ¦¥
à�§¤¥«ï¥¬®¬ã ãç�áâªã ¯�¬ïâ¨, £¤¥ å®âï ¡ë ®¤−® ®¡à�é¥−¨¥ | §�¯¨áì [1]. „®¯®«-
−¨â¥«ì−�ï âàã¤−®áâì á ®¡−�àã¦¥−¨¥¬ £®−®ª á®áâ®¨â ¢ â®¬, çâ® ®−¨, ª�ª ¯à�¢¨«®,

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ \Tools
& Methods of Program Analysis" (úˆ−áâàã¬¥−âë ¨ ¬¥â®¤ë �−�«¨§� ¯à®£à�¬¬û, TMPA-2013,
10{12 ®ªâï¡àï 2013, £. Š®áâà®¬�, ÷”).

1��� ú�ªá¯¥àâ-‘¨áâ¥¬�û, tsitelov@acm.org
2��� ú�ªá¯¥àâ-‘¨áâ¥¬� ‘‡û, vitaly.trifanov@gmail.com
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�¡−�àã¦¥−¨¥ £®−®ª ¢ Java-¯à®£à�¬¬�å á ¯à¨¬¥−¥−¨¥¬ á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢

−¥ ¯à¨¢®¤ïâ ª −¥¬¥¤«¥−−®¬ã á¡®î ¨ ®âª�§ã ¯à®£à�¬¬ë. ��¯à®â¨¢, ¯à¨«®¦¥−¨¥
¯à®¤®«¦�¥â à�¡®â�âì á ¯®¢à¥¦¤¥−−ë¬¨ £«®¡�«ì−ë¬¨ áâàãªâãà�¬¨ ¤�−−ëå, çâ®
¯à¨¢®¤¨â ª âàã¤−®®¡êïá−¨¬ë¬ íää¥ªâ�¬ ¢¯®á«¥¤áâ¢¨¨.

‡� −¥áª®«ìª® ¯®á«¥¤−¨å ¤¥áïâª®¢ «¥â ¡ë«® à�§à�¡®â�−® −¥áª®«ìª® áâ�â¨ç¥-
áª¨å ¨ ¤¨−�¬¨ç¥áª¨å ¯®¤å®¤®¢ ª ®¡−�àã¦¥−¨î £®−®ª. ‘â�â¨ç¥áª¨¥ ¤¥â¥ªâ®-
àë [2{4] �−�«¨§¨àãîâ ¢á¥ ¯ãâ¨ ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë, −¥ âà¥¡ãîâ ¥¥ §�¯ãáª�,
−® ®¡«�¤�îâ −¨§ª®© â®ç−®áâìî. „¨−�¬¨ç¥áª¨¥ [5{12] �−�«¨§¨àãîâ ¯à®£à�¬-
¬ã ¢® ¢à¥¬ï ¥¥ à�¡®âë, −® ®£à�−¨ç¥−ë «¨èì ä�ªâ¨ç¥áª¨¬ ¯ãâ¥¬ ¢ë¯®«−¥−¨ï
¯à®£à�¬¬ë. •®âï ¤¨−�¬¨ç¥áª¨¥ �«£®à¨â¬ë ¨ ®¡«�¤�îâ ¯®«−®© ¨−ä®à¬�æ¨¥© ®
ª®−ªà¥â−®¬ ¯ãâ¨ ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë, −� ¯à�ªâ¨ª¥ ¨å â®ç−®áâì ®£à�−¨ç¥−�
−�ª«�¤−ë¬¨ à�áå®¤�¬¨, ª®â®àë¥ ®−¨ ¢−®áïâ. �à®¡«¥¬� ¤®áâ¨¦¥−¨ï ¢ëá®ª®©
â®ç−®áâ¨ ®¡−�àã¦¥−¨ï £®−®ª ¨ ®âáãâáâ¢¨ï «®¦−ëå áà�¡�âë¢�−¨© (false positives)
¯à¨ á®åà�−¥−¨¨ ¯à¨¥¬«¥¬®£® ãà®¢−ï ¯®âà¥¡«¥−¨ï �¯¯�à�â−ëå à¥áãàá®¢ ï¢«ï¥âáï
ªà�¥ã£®«ì−®© â¥å−¨ç¥áª®© ¯à®¡«¥¬®© ¤¨−�¬¨ç¥áª®£® �−�«¨§�.

„�−−�ï à�¡®â� ¯à¥¤«�£�¥â á¯®á®¡ ¯®−¨¦¥−¨ï −�ª«�¤−ëå à�áå®¤®¢ −� ¤¨−�¬¨-
ç¥áª®¥ ®¡−�àã¦¥−¨¥ £®−®ª ¢ Java-¯à®£à�¬¬�å ¡¥§ ¯®â¥à¨ â®ç−®áâ¨. �á−®¢−�ï ¨¤¥ï
§�ª«îç�¥âáï ¢ á®ªà�é¥−¨¨ ®¡«�áâ¨ ¯à®£à�¬¬ë, £¤¥ ®âá«¥¦¨¢�îâáï ¢á¥ ®¯¥à�æ¨¨
á¨−åà®−¨§�æ¨¨. —â®¡ë íâ® −¥ ¯à¨¢¥«® ª ¯®â¥à¥ ¨−ä®à¬�æ¨¨ ® á¨−åà®−¨§�æ¨¨
¬¥¦¤ã ¯®â®ª�¬¨ ¨, ª�ª á«¥¤áâ¢¨¥, ª «®¦−ë¬ áà�¡�âë¢�−¨ï¬, ¢¢®¤¨âáï ¯®−ï-
â¨¥ á¨−åà®−¨§�æ¨®−−®£® ª®−âà�ªâ�, ª®â®à®¥ ¯®§¢®«ï¥â ¢ ¤®áâ�â®ç−®© áâ¥¯¥−¨
®¯¨á�âì ¯®¢¥¤¥−¨¥ ¨áª«îç¥−−®£® ª®¤� ¢ ¬−®£®¯®â®ç−®© áà¥¤¥. „�«¥¥ ¢® ¢à¥¬ï
à�¡®âë ¤¥â¥ªâ®à à�á¯®§−�¥â íâ¨ ª®−âà�ªâë ¨, ¢áâà¥â¨¢ ¬¥â®¤ë, á®®â¢¥âáâ¢ãîé¨¥
¨¬, ®¡à�¡�âë¢�¥â íâ¨ ¬¥â®¤ë ª�ª ¢ëá®ª®ãà®¢−¥¢ë¥ á¨−åà®−¨§�æ¨®−−ë¥ á®¡ëâ¨ï.
’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¢®á¯®«−¨âì −¥®âá«¥¦¥−−ë¥ ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨ ¨
®¡¥á¯¥ç¨âì ¢ëá®ªãî â®ç−®áâì ¯®¨áª�.

„�«ì−¥©è�ï ç�áâì áâ�âì¨ ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚® ¢â®à®© £«�¢¥
®¯¨áë¢�¥âáï ®â−®è¥−¨¥ happens-before ¨ ¯à¨¢®¤¨âáï ä®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥
¯®−ïâ¨ï £®−ª¨ ¢ â¥à¬¨−�å á¯¥æ¨ä¨ª�æ¨¨ Java, ¯®á«¥ ç¥£® ®¯¨áë¢�¥âáï â®ç−ë©
�«£®à¨â¬ ¯®¨áª� £®−®ª, ®á−®¢�−−ë© −� ®âá«¥¦¨¢�−¨¨ íâ®£® ®â−®è¥−¨ï. ’à¥âìï
£«�¢� �ªæ¥−â¨àã¥âáï −� ¯à®¡«¥¬¥ ®¡¥á¯¥ç¥−¨ï â®ç−®áâ¨ ¤¨−�¬¨ç¥áª®£® ¯®¨áª�
£®−®ª ¨ ®¤−®¢à¥¬¥−−® ¯à¨¥¬«¥¬®£® ãà®¢−ï −�ª«�¤−ëå à�áå®¤®¢. ‚ ç¥â¢¥àâ®©
£«�¢¥ ¨§«�£�¥âáï ª®−æ¥¯æ¨ï á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢, ¢ ¯ïâ®© £«�¢¥ |
¥¥ à¥�«¨§�æ¨ï ¢ à�§à�¡®â�−−®¬ �¢â®à�¬¨ ¤¨−�¬¨ç¥áª®¬ ¤¥â¥ªâ®à¥ £®−®ª jDRD.
˜¥áâ�ï £«�¢� ¯®á¢ïé¥−� ¯à¥¨¬ãé¥áâ¢�¬ ¨ −¥¤®áâ�âª�¬ ¯®¤å®¤� ¨ á®¤¥à¦¨â
−¥ª®â®àë¥ íªá¯¥à¨¬¥−â�«ì−ë¥ à¥§ã«ìâ�âë. ‚ §�ª«îç¥−¨¨ ¯®¤¢®¤¨âáï ¨â®£ ¨
ãª�§ë¢�îâáï ¤�«ì−¥©è¨¥ ¢®§¬®¦−ë¥ −�¯à�¢«¥−¨ï à�¡®âë. ‚ ¯à¨«®¦¥−¨¨ ®¯¨á�−
ï§ëª ®¯¨á�−¨ï ª®−âà�ªâ®¢, ¨á¯®«ì§ã¥¬ë© ¢ jDRD.

2 Happens-before-алгоритм поиска гонок

�â−®è¥−¨¥ happens-before ¡ë«® ¯à¥¤«®¦¥−® ‹¥á«¨ ‹�¬¯®àâ®¬ ¢ à�¡®â¥ [13]
¤«ï ãáâ�−®¢«¥−¨ï ç�áâ¨ç−®£® ¯®àï¤ª� −� ¬−®¦¥áâ¢¥ ¢á¥å á®¡ëâ¨© à�á¯à¥¤¥«¥−−®©
á¨áâ¥¬ë, ¢ ª®â®à®© ¥¤¨−áâ¢¥−−ë© á¯®á®¡ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ãç�áâ−¨ª�¬¨ |

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014 115



„. ˆ. –¨â¥«®¢, ‚. ā. ’à¨ä�−®¢

íâ® ®¡¬¥− á®®¡é¥−¨ï¬¨. „�−−ë© ¯®¤å®¤ å®à®è® ¯¥à¥−®á¨âáï −� ¬−®£®¯®â®ç−ë¥
á¨áâ¥¬ë, ¥á«¨ à�áá¬�âà¨¢�âì ª�¦¤ë© ¯®â®ª ª�ª ®â¤¥«ì−®£® ãç�áâ−¨ª� á¨áâ¥¬ë,
� ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨ | ª�ª ¯¥à¥¤�çã á®®¡é¥−¨©. Ÿ§ëª ¯à®£à�¬¬¨à®¢�-
−¨ï Java ¡ë« ®¤−¨¬ ¨§ ¯¥à¢ëå ï§ëª®¢ á á®¡áâ¢¥−−®© �àå¨â¥ªâãà−®-−¥§�¢¨á¨¬®©
¬®¤¥«ìî ¯�¬ïâ¨, ®¯à¥¤¥«ïîé¥© á¥¬�−â¨ªã ¢§�¨¬®¤¥©áâ¢¨ï ¯®â®ª®¢ ç¥à¥§ ®â-
−®è¥−¨¥ happens-before ¨ à�á¯à®áâà�−ïîé¥© íâ® ®â−®è¥−¨¥ −� ¢á¥ ®¯¥à�æ¨¨ ¢
¯à®£à�¬¬¥.

„«ï íâ®£® ¢ á¯¥æ¨ä¨ª�æ¨¨ Java [14] á−�ç�«� ¢¢®¤¨âáï ®â−®è¥−¨¥ á¨−åà®−¨§¨-
à®¢�−−®áâ¨ (synchronized-with) | ¯®«−®¥ ®â−®è¥−¨¥ ¯®àï¤ª� −� ¬−®¦¥áâ¢¥ ¢á¥å
®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨ ¢ ¯à®£à�¬¬¥. ’�ª:

{ ®á¢®¡®¦¤¥−¨¥ ¬®−¨â®à� á¨−åà®−¨§¨à®¢�−® á ¥£® ¯®á«¥¤ãîé¨¬¨ §�å¢�â�¬¨;

{ §�¯¨áì volatile-¯¥à¥¬¥−−®© á¨−åà®−¨§¨à®¢�−� á ¥¥ ¯®á«¥¤ãîé¨¬¨ çâ¥−¨ï¬¨;

{ §�¯ãáª ¯®â®ª� á¨−åà®−¨§¨à®¢�− á ¯¥à¢ë¬ ¤¥©áâ¢¨¥¬ ¢ ¯®â®ª¥;

{ ¯®á«¥¤−¥¥ ¤¥©áâ¢¨¥ ¢ ¯®â®ª¥ T1 á¨−åà®−¨§¨à®¢�−® á «î¡ë¬ ¤¥©áâ¢¨¥¬ ¢ ¤àã£®¬
¯®â®ª¥, á«ãç¨¢è¥¬áï ¯®á«¥ â®£®, ª�ª â®â ®¡−�àã¦¨«, çâ® T1 §�¢¥àè¨«áï;

{ ¯à¥àë¢�−¨¥ ¯®â®ª� T1 á¨−åà®−¨§¨à®¢�−® á «î¡ë¬ ¤¥©áâ¢¨¥¬ ¢ ¤àã£®¬ ¯®â®ª¥,
ª®â®à®¥ ®¡−�àã¦¨â, çâ® T1 ¯®«ãç¨« á¨£−�« ¯à¥àë¢�−¨ï.

‘®¡ëâ¨ï á«¥¢� (−�¯à¨¬¥à, ®á¢®¡®¦¤¥−¨¥ ¬®−¨â®à�) ¡ã¤¥¬ −�§ë¢�âì ®â¯à�¢-
ª®©, � á¯à�¢� (§�å¢�â ¬®−¨â®à�) | ¯à¨¥¬®¬ á¨−åà®−¨§�æ¨®−−®£® á®®¡é¥−¨ï.
�¡à�â¨¬ ¢−¨¬�−¨¥, çâ® ¢® ¢á¥å á«ãç�ïå á á¨−åà®−¨§�æ¨®−−ë¬ á®®¡é¥−¨¥¬
¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ �áá®æ¨¨à®¢�− ã−¨ª�«ì−ë© ®¡ê¥ªâ | ¬®−¨â®à, volatile-
¯¥à¥¬¥−−�ï ¨«¨ ®¡ê¥ªâ ¯®â®ª�. �®íâ®¬ã ¤�«¥¥ ¡ã¤¥¬ áç¨â�âì, çâ® á ª�¦¤®©
¯�à®© á¨−åà®−¨§¨à®¢�−−ëå á®¡ëâ¨© á¢ï§�− −¥ª¨© ã−¨ª�«ì−ë© á¨−åà®−¨§�æ¨®−-
−ë© ®¡ê¥ªâ.

�¡ê¥¤¨−¥−¨¥ ®â−®è¥−¨ï á¨−åà®−¨§¨à®¢�−−®áâ¨ á ¥áâ¥áâ¢¥−−ë¬ â¥¬¯®à�«ì-
−ë¬ ®â−®è¥−¨¥¬ ¯®àï¤ª� ¢ à�¬ª�å ®¯¥à�æ¨© ®¤−®£® ¯®â®ª� ¤�¥â ç�áâ¨ç−®¥
®â−®è¥−¨¥ ¯®àï¤ª� | ®â−®è¥−¨¥ ¯à¥¤è¥áâ¢®¢�−¨ï (happens-before), ®¯à¥¤¥«¥−-
−®¥ ã¦¥ −� ¬−®¦¥áâ¢¥ ¢á¥å ®¯¥à�æ¨© ¢ ¯à®£à�¬¬¥. ”�ªâ úá®¡ëâ¨¥ x ¯à®¨§®è«®
¯¥à¥¤ á®¡ëâ¨¥¬ yû §�¯¨áë¢�¥âáï ª�ª hb (x, y). ‘�¬® ®â−®è¥−¨¥ ®¯à¥¤¥«ï¥âáï
á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¥á«¨ x ¨ y | ®¯¥à�æ¨¨ ¢ ®¤−®¬ ¯®â®ª¥ ¨ x ¯à®¨§®è«® à�−ìè¥ y, â® hb (x, y);

{ §�¢¥àè¥−¨¥ ª®−áâàãªâ®à� ®¡ê¥ªâ� ¯à¥¤è¥áâ¢ã¥â §�¯ãáªã ¥£® ä¨−�«¨§�â®à�;

{ ¥á«¨ á®¡ëâ¨ï x ¨ y á¨−åà®−¨§¨à®¢�−ë, â® hb (x, y);

{ âà�−§¨â¨¢−®áâì: ¥á«¨ hb (x, y) ¨ hb (y, z), â® hb (x, z).

�âá«¥¦¨¢�−¨¥ ®â−®è¥−¨ï happens-before ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì, ¯®«ãç¨«
«¨ −¥ª®â®àë© ¯®â®ª ¨−ä®à¬�æ¨î ® ¤¥©áâ¢¨ïå ¤àã£®£® ¯®â®ª� | −�¯à¨¬¥à,
¨§¬¥−¥−¨ï ¢ à�§¤¥«ï¥¬®© ¯�¬ïâ¨, −®¢ë¥ §−�ç¥−¨ï ¯¥à¥¬¥−−ëå ¨ â. ¤.

��ª®−¥æ, á¯¥æ¨ä¨ª�æ¨ï Java ä®à¬�«ì−® ®¯à¥¤¥«ï¥â ¯®−ïâ¨¥ £®−ª¨: ¤¢�
®¡à�é¥−¨ï x ¨ y ª à�§¤¥«ï¥¬®© ¯¥à¥¬¥−−®© ¨§ à�§«¨ç−ëå ¯®â®ª®¢, å®âï ¡ë ®¤−®
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�¡−�àã¦¥−¨¥ £®−®ª ¢ Java-¯à®£à�¬¬�å á ¯à¨¬¥−¥−¨¥¬ á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢

¨§ ª®â®àëå | §�¯¨áì, ®¡à�§ãîâ £®−ªã, ¥á«¨ −¨ ®¤−® ¨§ −¨å −¥ ¯à¥¤è¥áâ¢ã¥â
¤àã£®¬ã:

DR(x, y)⇔!hb (x, y) :=!hb (y, x) .

’�ª¨¬ ®¡à�§®¬, ¤«ï â®ç−®£® ®¡−�àã¦¥−¨ï £®−®ª ¢ ¯à®£à�¬¬¥ ¤®áâ�â®ç−® ®â-
á«¥¦¨¢�âì ª®−ä«¨ªâãîé¨¥ ®¡à�é¥−¨ï à�§«¨ç−ëå ¯®â®ª®¢ ª à�§¤¥«ï¥¬ë¬ ¯¥à¥-
¬¥−−ë¬, −¥ ã¯®àï¤®ç¥−−ë¥ ®â−®è¥−¨¥¬ happens-before. „«ï íâ®£® âà�¤¨æ¨®−−®
¨á¯®«ì§ãîâáï ¢¥ªâ®à−ë¥ ç�áë (vector clock)1, ¯à¥¤«®¦¥−−ë¥ ¢ à�¡®â¥ [15]. ‚¥ª-
â®à−ë¥ ç�áë ¯à¥¤áâ�¢«ïîâ á®¡®© ¤¨−�¬¨ç¥áª¨© ¬�áá¨¢ −¥®âà¨æ�â¥«ì−ëå ç¨á¥«,
à�¢−ë© ¯® à�§¬¥àã ª®«¨ç¥áâ¢ã ¯®â®ª®¢ ¢ ¯à®£à�¬¬¥. ��¤ ¢¥ªâ®à−ë¬¨ ç�á�¬¨
®¯à¥¤¥«¥−� ®¯¥à�æ¨ï á«¨ï−¨ï:

merge (V1, V2) : for each i ∈ [1, . . . , n] V1[i] := max(V1[i], V2[i]) .

Š�¦¤ë© ¯®â®ª åà�−¨â á¢®¨ ¢¥ªâ®à−ë¥ ç�áë, ®âà�¦�îé¨¥ ¥£® §−�−¨ï ® á¨áâ¥-
¬¥: i-ï ª®¬¯®−¥−â� ¥£® ç�á®¢ à�¢−� ¯®á«¥¤−¥© ª®¬¯®−¥−â¥ i-£® ¯®â®ª�, ª®â®àë¥ ®−
−�¡«î¤�«2. Š®¬¯®−¥−â�, á®®â¢¥âáâ¢ãîé�ï ¥¬ã á�¬®¬ã, −�§ë¢�¥âáï á®¡áâ¢¥−−®©
ª®¬¯®−¥−â®©. ˆ§−�ç�«ì−® á®¡áâ¢¥−−�ï ª®¬¯®−¥−â� ç�á®¢ ¯®â®ª� ¯à®¨−¨æ¨�«¨-
§¨à®¢�−� ¥¤¨−¨æ¥©, � ®áâ�«ì−ë¥ | −ã«ï¬¨. �¥à¥¤ ª�¦¤®© ®¯¥à�æ¨¥© á¨−åà®-
−¨§�æ¨¨ x ¢ ¯®â®ª¥ T1 á®¡áâ¢¥−−�ï ª®¬¯®−¥−â� ç�á®¢ ¯®â®ª� T1 ã¢¥«¨ç¨¢�¥âáï
−� ¥¤¨−¨æã, � ç�áë §�£àã¦�îâáï ¢ ç�áë á®®â¢¥âáâ¢ãîé¥£® á¨−åà®−¨§�æ¨®−−®£®
®¡ê¥ªâ�. Š®£¤� ¢ ¤àã£®¬ ¯®â®ª¥ T2 ¯à®¨áå®¤¨â á®¡ëâ¨¥ y â�ª®¥, çâ® x á¨−åà®−¨-
§¨à®¢�−−® á y, ¢ ç�áë ¯®â®ª�T2 §�£àã¦�îâáï ç�áë á¨−åà®−¨§�æ¨®−−®£® ®¡ê¥ªâ�.
�â® ¯®§¢®«ï¥â ®âá«¥¤¨âì ®â−®è¥−¨¥ synchronized-with.

„«ï ®âá«¥¦¨¢�−¨ï ®â−®è¥−¨ï happens-before −ã¦−® ¯à®�áá®æ¨¨à®¢�âì ¢¥ª-
â®à−ë¥ ç�áë á ª�¦¤®© à�§¤¥«ï¥¬®© ¯¥à¥¬¥−−®© ¢ ¯à®£à�¬¬¥. Š®£¤� ¯®â®ª T1
®¡à�é�¥âáï ª â�ª®© ¯¥à¥¬¥−−®©, ®− ¯®ª®¬¯®−¥−â−® áà�¢−¨¢�¥â á¢®¨ ç�áë á ç�-
á�¬¨ ¯¥à¥¬¥−−®©. …á«¨ ¥áâì ª®¬¯®−¥−â� ç�á®¢ ¯®â®ª�, ª®â®à�ï −¥ ¯à¥¢®áå®¤¨â
á®®â¢¥âáâ¢ãîé¥© ª®¬¯®−¥−âë ç�á®¢ ¯¥à¥¬¥−−®©, ®¡−�àã¦¥−� £®−ª�. „�«¥¥ ¯®â®ª
§�£àã¦�¥â á¢®¨ ç�áë ¢ ç�áë ¯¥à¥¬¥−−®©.

…á«¨ ¢ ¯à®£à�¬¬¥ N ¯®â®ª®¢, â® åà�−¥−¨¥ ®¤−¨å ¢¥ªâ®à−ëå ç�á®¢ âà¥¡ã¥â
O(N) ¯�¬ïâ¨ ¨ ®á−®¢−ë¥ ®¯¥à�æ¨¨ −�¤ −¨¬¨ â�ª¦¥ ¨¬¥îâ á«®¦−®áâì O(N).
‚ à�¡®â¥ [10] ¯®ª�§�−®, çâ® ¤«ï ®âá«¥¦¨¢�−¨ï ®â−®è¥−¨ï happens-before ¢¬¥áâ®
¯®«−ëå ç�á®¢ ¯¥à¥¬¥−−®© ¤®áâ�â®ç−® åà�−¨âì −®¬¥à ¨ á®¡áâ¢¥−−ãî ª®¬¯®−¥−-
âã ¯®â®ª�, ª®â®àë© ¯®á«¥¤−¨¬ ®¡à�é�«áï ª íâ®© ¯¥à¥¬¥−−®©. ’�ª¨¬ ®¡à�§®¬,
§−�ç¨â¥«ì−�ï ç�áâì ®¯¥à�æ¨© ¡ã¤¥â âà¥¡®¢�âì O(1) ¨ á−¨§¨âáï ª®«¨ç¥áâ¢® ¯®-
âà¥¡«ï¥¬®© ¯�¬ïâ¨, çâ® ¯®§¢®«¨«® �«£®à¨â¬ã happens-before ¤®áâ¨çì ãà®¢−ï
¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¬¥−¥¥ â®ç−ëå ¤¨−�¬¨ç¥áª¨å �«£®à¨â¬®¢.

1�ª¢¨¢�«¥−â−®¥ −�§¢�−¨¥ | «®£¨ç¥áª¨¥ ç�áë (logical clocks).
2�¥ ã¬�«ïï ®¡é−®áâ¨, ¯à¥¤¯®«�£�¥âáï, çâ® ¢á¥ ¯®â®ª¨ ¯à®−ã¬¥à®¢�−ë ®â 1 ¤® n.
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3 Точность поиска и накладные расходы

Š á®¦�«¥−¨î, â®ç¥ç−ë¥ ®¯â¨¬¨§�æ¨¨ �«£®à¨â¬�, å®âï ¨ ¯à®¨§¢®¤ïâ ¡¥§-
ãá«®¢−ë© ¯®«®¦¨â¥«ì−ë© íää¥ªâ (çâ® ¯®¤â¢¥à¦¤�¥â ¬−®¦¥áâ¢® ¨áá«¥¤®¢�−¨©),
−¥ ¬®£ãâ ®¡¥á¯¥ç¨âì ¯à¨¥¬«¥¬ë© ãà®¢¥−ì −�ª«�¤−ëå à�áå®¤®¢ −� ¯à¨«®¦¥−¨ïå,
á®áâ®ïé¨å å®âï ¡ë ¨§ −¥áª®«ìª¨å âëáïç ª«�áá®¢ ¨ ¨á¯®«ì§ãîé¨å 10{20 ¯®-
â®ª®¢3. �®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ¨áá«¥¤®¢�â¥«ìáª¨å à�¡®â ®áâ�−�¢«¨¢�¥âáï
−� ¯à®â®â¨¯¥ ¤¥â¥ªâ®à� ¨ ¬®¤¥«ì−®¬ â¥áâ¨à®¢�−¨¨. �®¤à®¡−ë© ®¡§®à á®áâ®ï−¨ï
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®¦−® −�©â¨ ¢ à�¡®â�å [16, 17]. �¢â®à�¬ ã¤�«®áì ®¡−�àã¦¨âì
«¨èì ¤¢� £®â®¢ëå ª ¨á¯®«ì§®¢�−¨î ¤¥â¥ªâ®à� (IBM MSDK [11] ¨ TSan [12]),
−® ¯®¯ëâª¨ ¨á¯®«ì§®¢�âì ¨å −� ªàã¯−ëå ¯à¨«®¦¥−¨ïå ¯à¨¢®¤¨«¨ «¨¡® ª −¥¬¥¤-
«¥−−®¬ã ®âª�§ã, «¨¡® ª ¯¥à¥¯®«−¥−¨î ¯�¬ïâ¨. � áå®¦¨å ¯à®¡«¥¬�å á®®¡é�îâ
â�ª¦¥ �¢â®àë à�¡®âë [8].

„«ï ®¡¥á¯¥ç¥−¨ï â®ç−®áâ¨ ¯®¨áª� −ã¦−® ®âá«¥¦¨¢�âì ¢á¥ ®¯¥à�æ¨¨ ®¡à�-
é¥−¨ï ª à�§¤¥«ï¥¬ë¬ ¤�−−ë¬ ¨ ¢á¥ ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨. �¥à¢ë¥ ¬®¦−®
®£à�−¨ç¨âì ¯ãâ¥¬ ®âá¥ç¥−¨ï ®¡«�áâ¥© ª®¤�, ¢ ª®â®àëå £®−ª¨ −¥ ¯à¥¤áâ�¢«ïîâ
¨−â¥à¥á�, | −�¯à¨¬¥à, áâ®à®−−¨¥ ¡¨¡«¨®â¥ª¨ ¨«¨ áâ�−¤�àâ−ë¥ Java-ª«�ááë.
„«ï ¡®«ìè¨−áâ¢� à�§à�¡�âë¢�¥¬ëå ¯à®£à�¬¬−ëå á¨áâ¥¬ à¥è¥−¨¥ ®¡ ¨á¯®«ì§®-
¢�−¨¨ áâ®à®−−¨å ª®¬¯®−¥−â ¯à¨−¨¬�¥âáï −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï, ª®£¤� ã¦¥
¨§¢¥áâ−ë âà¥¡®¢�−¨ï ¯® −�¤¥¦−®áâ¨ ¨ ¡¥§®âª�§−®áâ¨ á¨áâ¥¬ë, ¯®íâ®¬ã ¥áâì á¬ëá«
áç¨â�âì, çâ® áâ®à®−−¨¥ ª®¬¯®−¥−âë ®¡«�¤�îâ ¤®áâ�â®ç−®© áâ¥¯¥−ìî −�¤¥¦−®áâ¨,
¨ ª®−æ¥−âà¨à®¢�âìáï −� ®¡−�àã¦¥−¨¨ ®è¨¡®ª ¢ −¥¯®áà¥¤áâ¢¥−−® à�§à�¡�âë-
¢�¥¬®¬ ¯à®£à�¬¬−®¬ ª®¤¥ ¨ ¯à®¢¥àª¥ ª®àà¥ªâ−®áâ¨ ¨á¯®«ì§®¢�−¨ï áâ®à®−−¨å
ª®¬¯®−¥−â.

�¤−�ª® ¨áª«îç¨âì â�ª¨¬ ¦¥ ®¡à�§®¬ ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨ −¥«ì§ï, ¯®-
áª®«ìªã ¨å ¯à®¯ãáª ¯à¨¢¥¤¥â ª −¥¯®«ãç¥−¨î ¨−ä®à¬�æ¨¨ ® ¯¥à¥¤�ç¥ ®â−®è¥−¨ï
happens-before ¨, ª�ª á«¥¤áâ¢¨¥, ª «®¦−ë¬ áà�¡�âë¢�−¨ï¬ | ¤¥â¥ªâ®à ¡ã¤¥â á¨£-
−�«¨§¨à®¢�âì ® £®−ª�å, ª®â®àëå ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨ −¥ ¯à®¨§®è«®. Š®«¨ç¥áâ¢®
íâ¨å ®¯¥à�æ¨© ¢¥«¨ª® ¨ íªá¯®−¥−æ¨�«ì−® à�áâ¥â á ã¢¥«¨ç¥−¨¥¬ ç¨á«� ¯®â®ª®¢ ¢
¯à®£à�¬¬¥, çâ® ¢ á®¢®ªã¯−®áâ¨ á −¥®¡å®¤¨¬®áâìî ®âá«¥¦¨¢�âì ®¯¥à�æ¨¨ ®¡à�é¥-
−¨ï ª à�§¤¥«ï¥¬ë¬ ¤�−−ë¬ ¢ ¨â®£¥ ¨ ¯à¨¢®¤¨â ª ®¯¨á�−−ë¬ íää¥ªâ�¬.

4 Синхронизационные контракты

�à¨−æ¨¯ ¨−ª�¯áã«ïæ¨¨ ¢ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®¬ ¯®¤å®¤¥ ª ¯à®£à�¬-
¬¨à®¢�−¨î, ª®â®à®¬ã á«¥¤ã¥â Java, ¯à¥¤¯®«�£�¥â, çâ® ¨á¯®«ì§®¢�−¨¥ ®¡ê¥ªâ�
®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ¢ë§®¢� ¥£® ¯ã¡«¨ç−ëå ¬¥â®¤®¢. �®íâ®¬ã ¢ ¨¤¥�-
«¥ ¤®áâ�â®ç−® ¨¬¥âì ¢®§¬®¦−®áâì ®¯¨á�âì ¯à�¢¨«� ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¢ ¨á-
ª«îç¥−−ëå ª«�áá®¢ ¢ ¬−®£®¯®â®ç−®© áà¥¤¥. ‚®§¬®¦−ë á«¥¤ãîé¨¥ ¢�à¨�−âë:

(1) ¬¥â®¤ −¥ ¯®â®ª®¡¥§®¯�á¥−, â. ¥. ¥£® ®¤−®¢à¥¬¥−−®¥ ¨á¯®«ì§®¢�−¨¥ −¥áª®«ì-
ª¨¬¨ ¯®â®ª�¬¨ −¥ ¯à¥¤ãá¬®âà¥−® ¨ âà¥¡ã¥â ¢−¥è−¥© á¨−åà®−¨§�æ¨¨;

3�¡à�â¨¬ ¢−¨¬�−¨¥, çâ® å�à�ªâ¥à¨áâ¨ª¨ ¬−®£¨å ¯à®¬ëè«¥−−ëå ¯à®£à�¬¬−ëå á¨áâ¥¬ ¬®£ãâ ¢
¤¥áïâª¨ ¨ âëáïç¨ à�§ ¯à¥¢®áå®¤¨âì ãª�§�−−ë¥.
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(2) ¬¥â®¤ ¯®â®ª®¡¥§®¯�á¥−; ®− ¬®¦¥â ¡ëâì ¢ë§¢�− (¨ ¢ −¥ª®â®à®¬ á¬ëá«¥
¯à¥¤−�§−�ç¥− ¤«ï íâ®£®) −¥áª®«ìª¨¬¨ ¯®â®ª�¬¨ ®¤−®¢à¥¬¥−−® ¡¥§ ¢−¥è−¥©
á¨−åà®−¨§�æ¨¨.

‚ë§®¢ë ¬¥â®¤®¢ ¯¥à¢®£® â¨¯� −¥®¡å®¤¨¬® ®âá«¥¦¨¢�âì ¨ ®¡à�¡�âë¢�âì ¯®
�«£®à¨â¬ã happens-before ª�ª ®¡à�é¥−¨ï ª ®¡ê¥ªâã-¢«�¤¥«ìæã ¬¥â®¤� −� çâ¥−¨¥,
¥á«¨ ¬¥â®¤ −¥¬®¤¨ä¨æ¨àãîé¨©, ¨«¨ −� §�¯¨áì ¢ ¯à®â¨¢−®¬ á«ãç�¥. ÷�§à�-
¡®â�−−ë© �¢â®à�¬¨ ¤¥â¥ªâ®à jDRD âà�ªâã¥â ¯® ã¬®«ç�−¨î ¢á¥ ®¡à�é¥−¨ï ª�ª
¬®¤¨ä¨æ¨àãîé¨¥ ¨ ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì −� ãà®¢−¥ ª®−ä¨£ãà�æ¨¨ ãª�-
§�âì, çâ® −¥ª®â®àë¥ ª®−ªà¥â−ë¥ ¬¥â®¤ë ï¢«ïîâáï −¥¬®¤¨ä¨æ¨àãîé¨¬¨.

‘ ¢ë§®¢�¬¨ ¬¥â®¤®¢ ¢â®à®£® â¨¯� −¥¬−®£® á«®¦−¥©. ‚®®¡é¥ £®¢®àï, ¨å ¬®¦−®
¨£−®à¨à®¢�âì, ¯®áª®«ìªã ®−¨ ¯à¥¤−�§−�ç¥−ë ¤«ï ¬−®£®¯®â®ç−®£® ¨á¯®«ì§®¢�−¨ï.
�¤−�ª® ¨¬¥−−® ¢ íâã £àã¯¯ã ¬¥â®¤®¢ ¯®¯�¤�îâ â¥, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ á¨−-
åà®−¨§�æ¨î ¬¥¦¤ã ¯®â®ª�¬¨. Š�ª ¯à�¢¨«®, â�ª¨¥ ¬¥â®¤ë á®¤¥à¦�âáï ¢ ª«�áá�å,
á®§¤�−−ëå ª�ª áà¥¤áâ¢® ®¡¥á¯¥ç¥−¨ï ª®àà¥ªâ−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯®â®ª®¢, çâ®
ç¥âª® ¤¥ª«�à¨à®¢�−® ¢ ¨å ®¯¨á�−¨¨. ’�ª, −�ç¨−�ï á ¢¥àá¨¨ 1.5 ¢ Java ¯®ï¢¨-
«¨áì ¢ëá®ª®ãà®¢−¥¢ë¥ áà¥¤áâ¢� á¨−åà®−¨§�æ¨¨, ®â«¨ç−ë¥ ®â §�å¢�â®¢/¡«®ª¨-
à®¢®ª ¬®−¨â®à®¢ ¨ volatile-¯¥à¥¬¥−−ëå. ‚ ®á−®¢−®¬ ®−¨ á®¤¥à¦�âáï ¢ ¯�ª¥â¥
java.util.concurrent ¨ ¥£® ¯®¤¯�ª¥â�å. ��¯à¨¬¥à, â�¬ ¥áâì ¯®â®ª®¡¥§®¯�á−�ï
å¥è-â�¡«¨æ� ConcurrentHashMap, ª®â®à�ï £�à�−â¨àã¥â, çâ® ¢ë§®¢ ¬¥â®¤� put ¯®
−¥ª®â®à®¬ã ª«îçã ¯à¥¤è¥áâ¢ã¥â ¯®á«¥¤ãîé¥¬ã ¢ë§®¢ã ¬¥â®¤� get −� â®¬ ¦¥
®¡ê¥ªâ¥ ¯® â®¬ã ¦¥ ª«îçã [18].

�®«¥¥ ä®à¬�«ì−® íâ® ®§−�ç�¥â, çâ® ¬¥¦¤ã á®¡ëâ¨ï¬¨ ¢ë§®¢� ¬¥â®¤� put ¢
¯¥à¢®¬ ¯®â®ª¥ ¨ ¬¥â®¤� get ¢® ¢â®à®¬ ¯®â®ª¥ ¥áâì æ¥¯®çª� á®¡ëâ¨©, ç¥à¥§ ª®â®àë¥
¯¥à¥¤�¥âáï ®â−®è¥−¨¥ happens-before. …á«¨ ¤¥â¥ªâ®à ®âá«¥¦¨¢�¥â ¢á¥ ®¯¥à�æ¨¨
á¨−åà®−¨§�æ¨¨, â® ®− ®¡−�àã¦¨â íâã æ¥¯®çªã ¨ ¢ëç¨á«¨â, çâ® íâ¨ ¤¢� ¢ë§®¢�
¬¥â®¤®¢ â�ª¦¥ ã¯®àï¤®ç¥−ë ®â−®è¥−¨¥¬ happens-before.

’¥¯¥àì ¯à¥¤¯®«®¦¨¬, çâ® −¥®¡å®¤¨¬® ¨áª«îç¨âì ª«�áá ConcurrentHashMap
¨§ ®¡«�áâ¨ �−�«¨§�, â. ¥. −¥ ®âá«¥¦¨¢�âì ¢ −¥¬ ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨. ‚ íâ®¬
á«ãç�¥ ¤¥â¥ªâ®à −¥ ¯®«ãç¨â ¨−ä®à¬�æ¨¨ ® â®¬, çâ® ¢ë§®¢ put ¯à¥¤è¥áâ¢ã¥â
¢ë§®¢ã get. ‘«¥¤®¢�â¥«ì−®, ¥¬ã ¥¥ −ã¦−® ï¢−® á®®¡é¨âì. �â¬¥â¨¬, çâ® ¤«ï
íâ®£® −¥ ¯®¤å®¤ïâ �−−®â�æ¨¨, ¯®áª®«ìªã ¢ á«ãç�¥ ¡¨¡«¨®â¥ç−ëå ª«�áá®¢ −¥â
¢®§¬®¦−®áâ¨ ¬®¤¨ä¨æ¨à®¢�âì ¨áå®¤−ë© ª®¤. �¢â®à�¬¨ ¡ë« à�§à�¡®â�− ¬¥â®¤
ª®−ä¨£ãà¨à®¢�−¨ï −� ¡�§¥ xml (extensible markup language).

÷�áá¬®âà¨¬ ¤¢� ¬¥â®¤�: ¬¥â®¤ f(P11, . . . , P1n) ®¡ê¥ªâ� O1 ¨ ¬¥â®¤
g(P21, . . . , P2m) ®¡ê¥ªâ� O2, £¤¥ n,m ≥ 0. �¡ê¥ªâ O1 ¡ã¤¥¬ −�§ë¢�âì ®¡ê¥ª-
â®¬-¢«�¤¥«ìæ¥¬ ¬¥â®¤� f , � O2 | ®¡ê¥ªâ®¬-¢«�¤¥«ìæ¥¬ ¬¥â®¤� g. Œ¥¦¤ã íâ¨¬¨
¬¥â®¤�¬¨ ¬®¦¥â ¡ëâì ¯à¨¬¨â¨¢−�ï ï¢−�ï á¢ï§ì ®¤−®£® ¨§ âà¥å â¨¯®¢:

(1) á¢ï§ì ú¢«�¤¥«¥æ{¢«�¤¥«¥æû: O1 = O2, â. ¥. ¬¥â®¤ë ¯à¨−�¤«¥¦�â ®¤−®¬ã
®¡ê¥ªâã;

(2) á¢ï§ì ú¢«�¤¥«¥æ{¯�à�¬¥âàû: n > 0, ∃ i ∈ [1, . . . , n]: O2 = P1i ¨«¨ m >
> 0, ∃ j ∈ [1, . . . ,m]: O1 = P2j , â. ¥. ¯�à�¬¥âà ®¤−®£® ¬¥â®¤� ï¢«ï¥âáï
®¡ê¥ªâ®¬-¢«�¤¥«ìæ¥¬ ¤àã£®£® ¬¥â®¤�;
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„. ˆ. –¨â¥«®¢, ‚. ā. ’à¨ä�−®¢

<Sync>
<Links>
<Link send="owner" receive="owner"/>
<Link send="param" send-number="0" receive="param" receive-number="0"/>

</Links>
<Send>
<MethodCall owner="java.util.concurrent.ConcurrentMap" name="put"

descriptor="(Ljava/lang/Object;Ljava/lang/Object;) Ljava/lang/Object;"/>
</Send>
<Receive>
<MethodCall owner="java.util.concurrent.ConcurrentMap" name="get"

descriptor="(Ljava/lang/Object;)Ljava/lang/Object;"/>
</Receive>
</Sync>

÷¨á. 1 �à¨¬¥à á¨−åà®−¨§�æ¨®−−®£® ª®−âà�ªâ�

(3) á¢ï§ì ú¯�à�¬¥âà{¯�à�¬¥âàû: n,m > 0, ∃ i ∈ [1, . . . , n], j ∈ [1, . . . ,m]:
P1i = P2j, â. ¥. i-© ¯�à�¬¥âà ¬¥â®¤� f ¨ j-© ¯�à�¬¥âà ¬¥â®¤� g ï¢«ïîâáï
®¤−¨¬ ¨ â¥¬ ¦¥ ®¡ê¥ªâ®¬.

�ã¤¥¬ −�§ë¢�âì ï¢−®© á¢ï§ìî ª®¬¡¨−�æ¨î «î¡®£® ª®«¨ç¥áâ¢� ¯à¨¬¨â¨¢−ëå
á¢ï§¥©.

�ã¤¥¬ −�§ë¢�âì á¨−åà®−¨§�æ¨®−−ë¬ ª®−âà�ªâ®¬ ®¯¨á�−¨¥ ¯�àë ï¢−® á¢ï§�−-
−ëå ¬¥â®¤®¢, ª®â®àë¥, ¡ã¤ãç¨ ¢ë§¢�−−ë¬¨ ¢ ®¯à¥¤¥«¥−−®¬ ¯®àï¤ª¥, £�à�−â¨àã-
îâ á¨−åà®−¨§�æ¨î ¯®â®ª®¢. ÷�áá¬®âà¨¬ ¯à¨¬¥à á ª«�áá®¬ ConcurrentHashMap.
‘¨−åà®−¨§�æ¨®−−ë© ª®−âà�ªâ −� ¬¥â®¤ë put ¨ get | íâ® ï¢−�ï á¢ï§ì, ®¡à�§®-
¢�−−�ï ¨§ á¢ï§¥© ¯¥à¢®£® (à¥çì ¨¤¥â ® ¬¥â®¤�å ®¤−®© ¨ â®© ¦¥ map) ¨ âà¥âì¥£®
(¤®«¦¥− ¡ëâì ®¤¨− ¨ â®â ¦¥ ª«îç | ¯¥à¢ë© ¯�à�¬¥âà ª�¦¤®£® ¬¥â®¤�) â¨¯�.
�¯¨á�−¨¥ íâ®£® ª®−âà�ªâ� −� ï§ëª¥ ª®−ä¨£ãà¨à®¢�−¨ï jDRD ¯à¥¤áâ�¢«¥−® −�
à¨á. 1. �®¤à®¡−®¥ ®¯¨á�−¨¥ ï§ëª� á¬. ¢ ¯à¨«®¦¥−¨¨.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¯à¨¬¨â¨¢−®© á¢ï§¨ ¢â®à®£® â¨¯� ¬®¦−® ¯à¨¢¥áâ¨ ª®−-
âà�ªâ ¬¥â®¤� execute ª«�áá� Executor, ®¡¥á¯¥ç¨¢�îé¨© �á¨−åà®−−®¥ ¢ë¯®«−¥−¨¥
§�¤�ç¨. �− ¯à¨−¨¬�¥â ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà� ®¡ê¥ªâ â¨¯� Runnable ¨ ¢¯®á«¥¤áâ¢¨¨
¢ë§ë¢�¥â ¥£® ¬¥â®¤ run ¢ ¤àã£®¬ ¯®â®ª¥. ‘¯¥æ¨ä¨ª�æ¨ï ¬¥â®¤� execute £�à�−-
â¨àã¥â, çâ® ¥£® ¢ë§®¢ ¯à¥¤è¥áâ¢ã¥â ¯®á«¥¤ãîé¥¬ã ¢ë§®¢ã ¬¥â®¤� run ®¡ê¥ªâ�,
¯¥à¥¤�−−®£® ¢ ¬¥â®¤ execute ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà�.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¡ã¤¥â ¯à¥¤áâ�¢«¥− á®§¤�−−ë© �¢â®à�¬¨ ¤¥â¥ªâ®à jDRD
¨ ¯®ª�§�−� à¥�«¨§�æ¨ï á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢ ¢ −¥¬.

5 Реализация

„«ï ®âá«¥¦¨¢�−¨ï à�§«¨ç−ëå ®¯¥à�æ¨© ¢ ¯à®£à�¬¬¥ −¥®¡å®¤¨¬® ¢−¥¤à¨âìáï
¢ å®¤ ¥¥ ¢ë¯®«−¥−¨ï ¨ ¯¥à¥å¢�âë¢�âì ®¡à�é¥−¨ï ª ¬¥â®¤�¬, ¯¥à¥¬¥−−ë¬ ¨ â. ¤.
‚ Java íâ® âà�¤¨æ¨®−−® à¥�«¨§ã¥âáï −� ãà®¢−¥ ¡�©â-ª®¤�. �â® ã¤®¡−®, ¯®áª®«ìªã
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®− å®à®è® áâàãªâãà¨à®¢�− ¨ ¢¬¥áâ¥ á â¥¬ ¤®áâ�â®ç−® ¯à®áâ® ®à£�−¨§®¢�−. Šà®¬¥
â®£®, ¢ ®â«¨ç¨¥ ®â ¨áå®¤−®£® ª®¤�, ¡�©â-ª®¤ ª«�áá®¢ ¤®áâã¯¥− ¢á¥£¤�.

‚¨àâã�«ì−�ï Java ¬�è¨−� (JVM) ¯®§¢®«ï¥â ¯®¤ª«îç¨âì ª −¥© ª®¬¯®−¥−âã,
à¥�«¨§ãîéãî ®á®¡ë© ¨−â¥àä¥©á java-a£¥−â�, ª®â®àë© ¡ã¤¥â ¯®«ãç�âì ã¯à�¢-
«¥−¨¥ ¯¥à¥¤ §�£àã§ª®© ®ç¥à¥¤−®£® −®¢®£® ª«�áá�. �£¥−âã ¯¥à¥¤�¥âáï ¬�áá¨¢
¡�©â®¢, á®¤¥à¦�é¨© ¡�©â-ª®¤ §�£àã¦�¥¬®£® ª«�áá�, ª®â®àë© �£¥−â ¬®¦¥â âà�−á-
ä®à¬¨à®¢�âì. ‚ jDRD à¥�«¨§®¢�− íâ®â ¨−â¥àä¥©á ¢ ®â¤¥«ì−®© ª®¬¯®−¥−â¥.
jDRD-�£¥−â �−�«¨§¨àã¥â ¡�©â-ª®¤ §�£àã¦�¥¬ëå ª«�áá®¢ á ¯®¬®éìî ¡¨¡«¨®â¥-
ª¨ ASM, −�å®¤¨â ¨−â¥à¥áãîé¨¥ ¨−áâàãªæ¨¨ (§�å¢�â/®á¢®¡®¦¤¥−¨¥ ¬®−¨â®à�,
®¡à�é¥−¨¥ ª à�§¤¥«ï¥¬®© ¯¥à¥¬¥−−®©, §�¯ãáª ¯®â®ª� ¨ â. ¤.) ¨ ¢áâ�¢«ï¥â ¯®á«¥
−¨å á®®â¢¥âáâ¢ãîé¨¥ ¢−ãâà¥−−¨¥ ¢ë§®¢ë ¤¥â¥ªâ®à�.

’�ª¨¬ ®¡à�§®¬, jDRD ¯®«ãç�¥â ¨−ä®à¬�æ¨î ®¡ ®¯¥à�æ¨ïå á¨−åà®−¨§�æ¨¨ ¨
®¡à�é¥−¨ïå ª à�§¤¥«ï¥¬ë¬ ¤�−−ë¬ ¢ ¯à®£à�¬¬¥. „�«¥¥ ®− ®¡à�¡�âë¢�¥â ¨å ¯®
�«£®à¨â¬ã happens-before.

�áâ�−®¢¨¬áï ¯®¤à®¡−¥© −� ®¡à�¡®âª¥ ®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨. Š®£¤� jDRD
¢áâà¥ç�¥â á®¡ëâ¨¥ ®â¯à�¢ª¨ á¨−åà®−¨§�æ¨®−−®£® á®®¡é¥−¨ï, ®− ¤®«¦¥− ã¢¥-
«¨ç¨âì á®¡áâ¢¥−−ãî ª®¬¯®−¥−âã ç�á®¢ ¯®â®ª� −� ¥¤¨−¨æã. �®á«¥ íâ®£® ¥¬ã
−ã¦−® á®åà�−¨âì á¢®¨ ç�áë â�ª, çâ®¡ë ®−¨ ¡ë«¨ ¤®áâã¯−ë ¤àã£®¬ã ¯®â®ªã, ¢
ª®â®à®¬ ¯à®¨§®©¤¥â á®®â¢¥âáâ¢ãîé¥¥ á®¡ëâ¨¥ ¯à¨¥¬� á¨−åà®−¨§�æ¨®−−®£® á®®¡-
é¥−¨ï. Š�ª ®â¬¥ç�«®áì ¢ëè¥, á ª�¦¤ë¬ á¨−åà®−¨§�æ¨®−−ë¬ á®¡ëâ¨¥¬ ¬®¦−®
á¢ï§�âì ã−¨ª�«ì−ë© á¨−åà®−¨§�æ¨®−−ë© ®¡ê¥ªâ. jDRD ¯®«ì§ã¥âáï íâ¨¬ ä�ª-
â®¬ ¨ á®åà�−ï¥â ç�áë ¯®â®ª®¢ ¢ å¥è-â�¡«¨æ¥, ª«îç�¬¨ ¢ ª®â®à®© ï¢«ïîâáï
â¥ á�¬ë¥ á¨−åà®−¨§�æ¨®−−ë¥ ®¡ê¥ªâë. „«ï á®¡ëâ¨ï ®á¢®¡®¦¤¥−¨ï ¬®−¨â®à�
â�ª¨¬ ª«îç®¬ ¡ã¤¥â ááë«ª� −� ®¡ê¥ªâ | ¢«�¤¥«¥æ ¬®−¨â®à�, � ¤«ï volatile-
¯¥à¥¬¥−−®© | ¯�à� (−�§¢�−¨¥ ¯¥à¥¬¥−−®©, ááë«ª� −� ®¡ê¥ªâ | ¢«�¤¥«¥æ ¯¥à¥-

¬¥−−®©)1.
�¥à¥©¤¥¬ ª ®âá«¥¦¨¢�−¨î á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢. ˆå −ã¦−® âà�ª-

â®¢�âì ª�ª ¢ëá®ª®ãà®¢−¥¢ë¥ ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨ ¨ �áá®æ¨¨à®¢�âì á íâ¨¬¨
®¯¥à�æ¨ï¬¨ ¨áªãááâ¢¥−−ë© á¨−åà®−¨§�æ¨®−−ë© ®¡ê¥ªâ. �®áª®«ìªã ®¯¨á�−¨¥
ª®−âà�ªâ®¢ á®¤¥à¦¨âáï ¢ ®â¤¥«ì−®¬ xml-ä�©«¥, ®−¨ ç¨â�îâáï ¨ �−�«¨§¨àãîâáï
¯®á«¥ §�¯ãáª� ¤¥â¥ªâ®à�. „�«¥¥ ¤«ï ª�¦¤®£® ª®−âà�ªâ� ¤¨−�¬¨ç¥áª¨ £¥−¥à¨àã¥âáï
ª«�áá, áãé−®áâ¨ ª®â®à®£® ¢¯®á«¥¤áâ¢¨¨ ¡ã¤ãâ ¨á¯®«ì§®¢�âìáï ª�ª á¨−åà®−¨§�æ¨-
®−−ë¥ ®¡ê¥ªâë ¤«ï ¤�−−®£® ª®−âà�ªâ�. ��¯à¨¬¥à, ¤«ï ª®−âà�ªâ� á à¨á. 1 ¡ã¤¥â
á®§¤�− á«¥¤ãîé¨© ª«�áá:

class CompositeKey1 {
Object o1; //ÄÌÑ ÐÒÉÍÉÔÉ×ÎÏÊ Ó×ÑÚÉ ×ÌÁÄÅÌÅÃ-×ÌÁÄÅÌÅÃ
Object o2; //ÄÌÑ ÐÒÉÍÉÔÉ×ÎÏÊ Ó×ÑÚÉ ÐÁÒÁÍÅÔÒ-ÐÁÒÁÍÅÔÒ

}

1„«ï ¯à¥¤®â¢à�é¥−¨ï ãâ¥ç¥ª ¯�¬ïâ¨ ¢ å¥è-â�¡«¨æ¥ ¨á¯®«ì§ãîâáï −¥ ®¡ëç−ë¥ (á¨«ì−ë¥, strong
reference) ááë«ª¨ −� ª«îç¨, � á«�¡ë¥ (weak reference). Š«îç¥¢®¥ á¢®©áâ¢® ¯®á«¥¤−¨å §�ª«îç�¥âáï
¢ â®¬, çâ® ¥á«¨ −� ®¡ê¥ªâ ®áâ�îâáï â®«ìª® á«�¡ë¥ ááë«ª¨, â® ®− ¬®¦¥â ¡ëâì ã¤�«¥− á¡®àé¨ª®¬
¬ãá®à�.
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Š®£¤� jDRD ¢áâà¥â¨â ¢ë§®¢ ¬¥â®¤� ConcurrentMap.put, ®− ®¡−�àã¦¨â, çâ® íâ®â
¬¥â®¤ ï¢«ï¥âáï ç�áâìî á¨−åà®−¨§�æ¨®−−®£® ª®−âà�ªâ�. ‚ íâ®â ª®−âà�ªâ ¢å®¤ïâ
¤¢¥ ¯à¨¬¨â¨¢−ë¥ á¢ï§¨, ª�¦¤�ï ¨§ ª®â®àëå ®¯¨à�¥âáï −� Object. jDRD ®âëé¥â
á®®â¢¥âáâ¢ãîé¨© ª«�áá-ª«îç (¢ ¤�−−®¬ á«ãç�¥ íâ® ª«�áá CompositeKey1) ¨ á®-
§¤�áâ −®¢ë© ®¡ê¥ªâ íâ®£® â¨¯�, ª®â®àë© ¨ ¡ã¤¥â á¨−åà®−¨§�æ¨®−−ë¬ ®¡ê¥ªâ®¬
¤«ï ¤�−−®£® ¨á¯®«−¥−¨ï ª®−âà�ªâ�. „�«¥¥ ç�áë ¯®â®ª� ¡ã¤ãâ ã¢¥«¨ç¥−ë −�
¥¤¨−¨æã ¨ §�¯¨á�−ë ¢ å¥è-â�¡«¨æã. �®á«¥ íâ®£® jDRD ¯¥à¥áâ�¥â ®âá«¥¦¨¢�âì
®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨ ¤® â®£® ¬®¬¥−â�, ª®£¤� ¬¥â®¤ put §�¢¥àè¨âáï. —â®¡ë
à�á¯à®áâà�−¨âì ¨−ä®à¬�æ¨î ® â®¬, çâ® ®âá«¥¦¨¢�−¨¥ ®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨
¢ ¤�−−®¬ ¯®â®ª¥ áâ®¨â ¯à¨®áâ�−®¢¨âì, ¢ ¢¥ªâ®à−ëå ç�á�å ¯®â®ª� ¥áâì ¯¥à¥¬¥−-
−�ï-ä«�£, ª®â®à�ï ¢ëáâ�¢«ï¥âáï ¢ true, ª®£¤� ¯®â®ª ¢å®¤¨â ¢−ãâàì ª®−âà�ªâ−®£®
¬¥â®¤�, ¨ á¡à�áë¢�¥âáï ®¡à�â−® ¢ false ¯à¨ ¢ëå®¤¥ ¨§ −¥£®. …á«¨ ª®−âà�ªâ−ë©
¬¥â®¤ ¢ë§ë¢�¥âáï á ã¦¥ ãáâ�−®¢«¥−−ë¬ ä«�£®¬, â® ä«�£ ®áâ�¢«ï¥âáï ¡¥§ ¨§¬¥−¥-
−¨©. ’�ª¨¬ ®¡à�§®¬, á®åà�−ï¥âáï ¢®§¬®¦−®áâì ª®àà¥ªâ−®© à�¡®âë á ª®−âà�ªâ�¬¨
à�§«¨ç−®£® ãà®¢−ï, ç�áâì ¨§ ª®â®àëå ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¯à¨ à¥�«¨§�æ¨¨
¤àã£¨å. �à¨ ¯¥à¥å¢�â¥ «î¡®© ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨ jDRD ¢ ¯¥à¢ãî ®ç¥à¥¤ì
¯à®¢¥àï¥â á®áâ®ï−¨¥ ä«�£�, ¨ ¥á«¨ ®−® à�¢−® true, ®− ¯à®áâ® ¨£−®à¨àã¥â íâã
®¯¥à�æ¨î.

6 Преимущества и ограничения подхода

�«£®à¨â¬ ®¡−�àã¦¥−¨ï £®−®ª, ¯à¨¬¥−ï¥¬ë© ¢ jDRD, ¡�§¨àã¥âáï −� ãç¥â¥
¢á¥å ®â−®è¥−¨© happens-before ¤«ï ¢ëïá−¥−¨ï ª®àà¥ªâ−®áâ¨ ¯à®¨§¢®¤¨¬®© ®¯¥-
à�æ¨¨ ¤®áâã¯� ª ¤�−−ë¬. �®áª®«ìªã ®â−®è¥−¨ï happens-before ¯à¨ ¢ë¯®«−¥−¨¨
®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨, §�¤�−−ë¥ ¬®¤¥«ìî ¯�¬ïâ¨ Java, úâ®â�«ì−ëû (ãáâ�−�¢-
«¨¢�îâ ®â−®è¥−¨¥ á® ¢á¥¬¨ ®¯¥à�æ¨ï¬¨, ¯à¥¤è¥áâ¢ãîé¨¬¨ â®çª¥ á¨−åà®−¨§�-
æ¨¨), «î¡®¥ á®¡ëâ¨¥ á¨−åà®−¨§�æ¨¨ ¢ ª®¤¥ ¯à®£à�¬¬ë ¨¬¥¥â −¥®£à�−¨ç¥−−®¥
¢®§¤¥©áâ¢¨¥ −� ¢á¥ ®âá«¥¦¨¢�¥¬ë¥ ¯¥à¥¬¥−−ë¥ ¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ ¯®â®ª¨.

‡�¤�ç� ¤¥â¥ªâ®à� ¢ ¨¤¥�«ì−®¬ á«ãç�¥ | ¯à®¢¥à¨âì ª®àà¥ªâ−®áâì ¨á¯®«−ï¥¬®-
£® ª®¤� â®«ìª® á ãç¥â®¬ ï¢−® ®¡®§−�ç¥−−ëå ª®−âà�ªâ®¢ ¨á¯®«ì§ã¥¬ëå ¡¨¡«¨®â¥ª.
�®áâà®¥−¨¥ ®â−®è¥−¨ï happens-before á ãç¥â®¬ ¢á¥å ¯à®¨§®è¥¤è¨å ®¯¥à�æ¨©
á¨−åà®−¨§�æ¨¨ ¤«ï ª®¤�, ª®−âà�ªâ ª®â®à®£® −¥ §�¤�¥â ï¢−ëå ãá«®¢¨© á¨−åà®-
−¨§�æ¨¨, ¬®¦¥â ¯à¨¢¥áâ¨ ª â®¬ã, çâ® ª®¤, ª®â®àë© á ä®à¬�«ì−®© â®çª¨ §à¥−¨ï
−¥¤®áâ�â®ç−® á¨−åà®−¨§¨à®¢�−, ¡ã¤¥â áç¨â�âìáï ª®àà¥ªâ−ë¬ ¯à¨ à�áá¬®âà¥−¨¨
¢á¥å ¯à®¬¥¦ãâ®ç−ëå ®¯¥à�æ¨©. ��¯à¨¬¥à, ¢ë§®¢ áâ�−¤�àâ−®£® java-¬¥â®¤�
System.out.err.print (¨á¯®«ì§ã¥âáï ¤«ï ¢ë¢®¤� á®®¡é¥−¨ï ®¡ ®è¨¡ª¥) á®¤¥à¦¨â
¢−ãâà¨ á¥¡ï ªà¨â¨ç¥áªãî á¥ªæ¨î. …á«¨ ¤¢� ¯®â®ª� ¢ë§ë¢�îâ íâ®â ¬¥â®¤ ¯®®ç¥-
à¥¤−®, ®−¨ á¨−åà®−¨§¨àãîâáï ¬¥¦¤ã á®¡®©, −® íâ® ï¢«ï¥âáï ¤¥â�«ìî à¥�«¨§�æ¨¨
¤�−−®£® ¬¥â®¤�, ¯®¡®ç−ë¬ íää¥ªâ®¬, � −¥ ¤¥ª«�à¨à®¢�−−ë¬ á¢®©áâ¢®¬. �®-
¤®¡−ë¥ á¨−åà®−¨§�æ¨®−−ë¥ á®¡ëâ¨ï −¥ â®«ìª® −¥ ¯à¥¤áâ�¢«ïîâ ¨−â¥à¥á�, −® ¨
á®§¤�îâ ¤®¯®«−¨â¥«ì−ë© úèã¬û, §�âàã¤−ïîé¨© ®¡−�àã¦¥−¨¥ £®−®ª.

’�ª¨¬ ®¡à�§®¬, ¯à®¨§¢®¤¨¬ë¥ −� ®á−®¢¥ ®¯¨á�−−ëå ª®−âà�ªâ®¢ ¨§êïâ¨ï
¯à®¬¥¦ãâ®ç−ëå á¨−åà®−¨§�æ¨®−−ëå á®¡ëâ¨© ¯®§¢®«ïîâ −¥ â®«ìª® ã¬¥−ìè¨âì
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�¡−�àã¦¥−¨¥ £®−®ª ¢ Java-¯à®£à�¬¬�å á ¯à¨¬¥−¥−¨¥¬ á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢

®¡é¨© ®¡ê¥¬ à�¡®âë �−�«¨§�â®à�, −® ¨ ã¢¥«¨ç¨âì ¢¥à®ïâ−®áâì ®¡−�àã¦¥−¨ï £®−®ª
¢ −¥ª®àà¥ªâ−® á¨−åà®−¨§¨à®¢�−−®¬ ª®¤¥, â. ¥. ¯®¢ëè�îâ â®ç−®áâì ¬¥â®¤�.

�â® ¯®¤â¢¥à¦¤�¥âáï «�¡®à�â®à−ë¬¨ íªá¯¥à¨¬¥−â�¬¨, ª®â®àë¥ ¯à®¢®¤¨«¨áì
−� âà¥å ¯à¨«®¦¥−¨ïå:

(1) JTT | ¯®«ì§®¢�â¥«ìáª®¥ ª«¨¥−âáª®¥ ¯à¨«®¦¥−¨¥ ª á¨áâ¥¬¥ ®âá«¥¦¨¢�−¨ï
®è¨¡®ª | ¯®àï¤ª� 400 ª«�áá®¢, 10 ¯®â®ª®¢;

(2) QDTest | −�£àã§®ç−ë© â¥áâ á¨áâ¥¬ë à�á¯à®áâà�−¥−¨ï ª®â¨à®¢®ª |
700 ª«�áá®¢, 15 ¯®â®ª®¢;

(3) MARS | ªàã¯−�ï ¬−®£®æ¥«¥¢�ï ¬®−¨â®à¨−£®¢�ï á¨áâ¥¬� | 2000 ª«�áá®¢,
30 ¯®â®ª®¢. ÷¥§ã«ìâ�âë ¯à¨¢®¤ïâáï ®â¤¥«ì−® ¤«ï ª«¨¥−âáª®© ¨ á¥à¢¥à−®©
ç�áâ¥© ¯à¨«®¦¥−¨ï.

jDRD §�¯ãáª�«áï −� Oracle JDK. „«ï ®¡¥á¯¥ç¥−¨ï ª®àà¥ªâ−®© ®¡à�¡®âª¨
¢á¥å −¨§ª®ãà®¢−¥¢ëå áà¥¤áâ¢ á¨−åà®−¨§�æ¨¨ Java, ®á−®¢�−−ëå −� �â®¬�à−ëå
¨−áâàãªæ¨ïå ¯à®æ¥áá®à�, ¡ë«® ¤®¡�¢«¥−® ®âá«¥¦¨¢�−¨¥ ¢ë§®¢®¢ ¬¥â®¤®¢ ª«�áá�
sun.misc.Unsafe1.

„¥â¥ªâ®à jDRD §�¯ãáª�«áï −� ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ ¯à¨«®¦¥−¨ïå ¢ ¤¢ãå
à¥¦¨¬�å:

(1) ¡�§®¢ë© à¥¦¨¬ | ®âá«¥¦¨¢�−¨¥ ®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨ ¢® ¢á¥¬ ª®¤¥
¯à®£à�¬¬ë á ¨á¯®«ì§®¢�−¨¥¬ ª®−âà�ªâ®¢ ª«�áá� Unsafe;

(2) juc-à¥¦¨¬ | ¤®¯®«−¨â¥«ì−® ®¯¨á�−ë ª®−âà�ªâë ¤«ï ¢á¥å ª«�áá®¢ ¯�ª¥â�
java.util.concurrent, ¨á¯®«ì§ã¥¬ëå ¯à¨«®¦¥−¨ï¬¨.

‚ â�¡«¨æ¥ ¯à¥¤áâ�¢«¥−ë ªà�âª¨¥ à¥§ã«ìâ�âë íâ¨å §�¯ãáª®¢.

—¨á«® ®¡à�¡�âë¢�¥¬ëå á¨−åà®−¨§�æ¨®−−ëå ®¯¥à�æ¨©/ª®−âà�ªâ®¢ ¢ ¬¨−ãâã ¨ ª®«¨-
ç¥áâ¢® åà�−¨¬ëå á®®â¢¥âáâ¢ãîé¨å ¢¥ªâ®à−ëå ç�á®¢ ¢ à�§«¨ç−ëå à¥¦¨¬�å à�¡®âë
jDRD

�à¨«®¦¥−¨¥ ÷¥¦¨¬

Š®«¨ç¥áâ¢®
á¨−åà®−−ëå

®¯¥à�æ¨©
¢ ¬¨−ãâã

Š®«¨ç¥áâ¢®
á¨−åà®−−ëå

ç�á®¢

Š®«¨ç¥áâ¢®
ª®−âà�ªâ®¢

¢ ¬¨−

Š®«¨ç¥áâ¢®
ª®−âà®«ì-
−ëå ç�á®¢

��©¤¥−®
£®−®ª

JTT
��§®¢ë© 115 000 13 000 2 300 8 500 8

Juc 28 000 7 000 600 750 10

QDTest
��§®¢ë© 15 000 000 6 100 209 000 1 400 000 1

Juc 7 200 000 230 130 000 1 400 000 6

MARS client
��§®¢ë© 7 400 000 85 000 980 000 17 000 1

Juc 4 300 000 72 000 730 000 24 000 5

MARS server
��§®¢ë© 1 650 000 15 000 360 000 5 500 2

Juc 800 000 14 000 904 000 5 500 2
1‚ áâ�−¤�àâ−®© à¥�«¨§�æ¨¨ JVM ª«�áá sun.misc.Unsafe á®¤¥à¦¨â −¨§ª®ãà®¢−¥¢ë¥ ¯à¨¬¨â¨¢ë

(−�¯à¨¬¥à, ®¯¥à�æ¨¨ â¨¯� compare-and-swap). ‚á¥ áà¥¤áâ¢� á¨−åà®−¨§�æ¨¨ Java ¡�§¨àãîâáï −�
synchronized/volatile/unsafe. „«ï ¤àã£¨å à¥�«¨§�æ¨© JVM −ã¦−® ¡ã¤¥â ¤¥©áâ¢®¢�âì ¨−�ç¥.
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ˆá¯®«ì§®¢�−¨¥ ª®−âà�ªâ®¢ á−¨§¨«® á®¢®ªã¯−®¥ ª®«¨ç¥áâ¢® åà�−¨¬ëå ¢¥ªâ®à-
−ëå ç�á®¢ ¨ ª®«¨ç¥áâ¢® ®¡à�¡�âë¢�¥¬ëå ®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨. �â®, ¢ á¢®î
®ç¥à¥¤ì, á−¨§¨«® −�£àã§ªã −� ¯à¨«®¦¥−¨ï ¨ ¯®§¢®«¨«® ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
®¡−�àã¦¨âì ¡®«ìè¥ £®−®ª. ‚á¥ £®−ª¨, ®¡−�àã¦¥−−ë¥ ¢ ¡�§®¢®¬ à¥¦¨¬¥, ¡ë«¨
â�ª¦¥ ®¡−�àã¦¥−ë ¨ ¢ juc-à¥¦¨¬¥, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¯®¢ëè¥−¨¨ â®ç−®áâ¨
¯®¨áª� £®−®ª.

C ¤àã£®© áâ®à®−ë, ¯®¤å®¤ ®¡«�¤�¥â àï¤®¬ ®£à�−¨ç¥−¨©.
‚®-¯¥à¢ëå, á ¯®¬®éìî ¯à¥¤«®¦¥−−ëå á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢ ¢®§-

¬®¦−® ®¯¨á�−¨¥ «¨èì ï¢−® á¢ï§�−−ëå ¬¥â®¤®¢. Œ®¦−® ¯à¥¤áâ�¢¨âì á¥¡¥ ¨ −¥ï¢-
−ãî á¢ï§ì, −® íâ® áª®à¥¥ ¨áª«îç¥−¨¥, ç¥¬ ¯à�¢¨«®. ‚ ¯�ª¥â¥ java.util.concurrent
¥áâì −¥áª®«ìª® â�ª¨å ¬¥â®¤®¢, −�¯à¨¬¥à ¬¥â®¤ newCondition ®¡ê¥ªâ� â¨¯� Lock.
�â®â ¬¥â®¤ ¢®§¢à�é�¥â ®¡ê¥ªâ â¨¯� Condition, ¢−ãâà¥−−¥ á¢ï§�−−ë© á ¨áå®¤−ë¬
®¡ê¥ªâ®¬ â¨¯� Lock. ‚ íâ®¬ á«ãç�¥ ¤¥â¥ªâ®à ¯à®áâ® úè�£−¥âû ¢−ãâàì íâ¨å ª«�áá®¢
¨ ¡ã¤¥â ¯à®¤®«¦�âì �−�«¨§.

‚®-¢â®àëå, jDRD âà�ªâã¥â ¬¥â®¤ë, ï¢«ïîé¨¥áï ç�áâìî á¨−åà®−¨§�æ¨®−−ëå
ª®−âà�ªâ®¢, ª�ª �â®¬�à−ë¥, ¢ â® ¢à¥¬ï ª�ª ®−¨ â�ª®¢ë¬¨ −¥ ï¢«ïîâáï. �¯¥à�æ¨ï
¢ ¯à®£à�¬¬¥, ª®â®à�ï −¥¯®áà¥¤áâ¢¥−−® ®¡¥á¯¥ç¨¢�¥â á¨−åà®−¨§�æ¨î ¯®â®ª®¢,
®¡ëç−® −�å®¤¨âáï £¤¥-â® ¢−ãâà¨ ¬¥â®¤� ¨ ¬®¦¥â ¡ëâì áãé¥áâ¢¥−−® ®â¤¥«¥−� ¯®
¢à¥¬¥−¨ ®â â®ç¥ª ¢å®¤� ¨ ¢ëå®¤� ¨§ −¥£®. ‘«¥¤®¢�â¥«ì−®, −� ¬®¬¥−â §�¢¥àè¥−¨ï
à�¡®âë ¬¥â®¤� ¨−ä®à¬�æ¨ï ¬®¦¥â ®ª�§�âìáï ãáâ�à¥¢è¥©, çâ® ¬®¦¥â ¯à¨¢¥áâ¨ ª
«®¦−ë¬ áà�¡�âë¢�−¨ï¬. „�−−�ï á¨âã�æ¨ï â¨¯¨ç−� ¤«ï «î¡ëå −¥¡«®ª¨àãîé¨å
áà¥¤áâ¢ á¨−åà®−¨§�æ¨¨. ‚ ¯à®¬¥¦ãâ®ª ¬¥¦¤ã á�¬®© ®¯¥à�æ¨¥© ¨ ¥¥ ®¡à�¡®â-
ª®© ¯®â®ª ¬®¦¥â ¡ëâì ¯à¨®áâ�−®¢«¥−, ã¯à�¢«¥−¨¥ ¯¥à¥©¤¥â ¤àã£¨¬ ¯®â®ª�¬ ¨
á®áâ®ï−¨¥ á¨áâ¥¬ë ¨§¬¥−¨âáï. �à¨−ã¤¨â¥«ì−®¥ ¦¥ §�ª«îç¥−¨¥ ®¯¥à�æ¨¨ ¨ ¥¥
®¡à�¡®âª¨ ¢ �â®¬�à−ãî á¥ªæ¨î á«¨èª®¬ á¨«ì−® ã¢¥«¨ç¨â −�ª«�¤−ë¥ à�áå®¤ë
−� ¯à®£à�¬¬ã. ‘¥©ç�á ¨¤¥â à�¡®â� −�¤ ¤¢ãåä�§−ë¬ ¬¥å�−¨§¬®¬ ®¡−®¢«¥−¨ï
¢¥ªâ®à−ëå ç�á®¢ ¯à¨ ®¡à�¡®âª¥ ¯®¤®¡−ëå ®¯¥à�æ¨©.

‚-âà¥âì¨å, ¢ à�¬ª�å ¯à¥¤«®¦¥−−®£® ¯®¤å®¤� ¬¥â®¤ë ¨áª«îç¥−−ëå ®¡ê¥ªâ®¢
à�áá¬�âà¨¢�îâáï ª�ª ®¯¥à�æ¨¨ «¨èì −�¤ ¤�−−ë¬¨, á®¤¥à¦�é¨¬¨áï ¢ ¨å ®¡ê¥ªâ¥-
¢«�¤¥«ìæ¥. ÷�§ã¬¥¥âáï, íâ® −¥ ¢á¥£¤� â�ª ¨ ¤®¢®«ì−® ç�áâ® ¬¥â®¤ë ¬®¤¨ä¨æ¨àãîâ
®¡ê¥ªâë, ¯¥à¥¤�−−ë¥ ¨¬ ª�ª ¯�à�¬¥âàë. „�−−®¥ ®¡áâ®ïâ¥«ìáâ¢® á«ã¦¨â â¥ªãé¨¬
â¥å−¨ç¥áª¨¬ ®£à�−¨ç¥−¨¥¬ à¥�«¨§�æ¨¨ ¯®¤å®¤� ¨ ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¤«ï ¤�«ì-
−¥©è¥© ¤®à�¡®âª¨ ¤¥â¥ªâ®à�. �¥à¥¤�ç� ®¡ê¥ªâ� ¢ ¬¥â®¤ ¤®«¦−� à�áá¬�âà¨¢�âìáï
ª�ª ®¡à�é¥−¨¥ ª íâ®¬ã ®¡ê¥ªâã ª�ª ¬¨−¨¬ã¬ −� çâ¥−¨¥, � ¢®§¬®¦−®, ¨ −� §�¯¨áì,
¨ −ã¦−® ¨¬¥âì ¢®§¬®¦−®áâì íâ® ª®−ä¨£ãà¨à®¢�âì.

��ª®−¥æ, ¯à¥¤«®¦¥−−ë© ï§ëª ®¯¨á�−¨ï ª®−âà�ªâ®¢ ¯®§¢®«ï¥â ®¯¨áë¢�âì
â®«ìª® ¢−¥è−¨¥, ¤¥ª«�à¨à®¢�−−ë¥ â®çª¨ ú¢å®¤�û ¢ ª®−âà�ªâ ¨ ú¢ëå®¤�û ¨§
−¥£®. �¤−�ª® ®¯¨á�−−ë© ª®−âà�ªâ�¬¨ ¨ ¨áª«îç¥−−ë© ¨§ �−�«¨§� ®¡ê¥ªâ
¬®¦¥â á�¬ ¢ë§ë¢�âì ¬¥â®¤ë ¯¥à¥¤�−−ëå ¥¬ã ¯�à�¬¥âà®¢. ��¯à¨¬¥à, Con-
currentHashMap ¢ë§ë¢�¥â ã ¯¥à¥¤�−−ëå ¥© ®¡ê¥ªâ®¢-ª«îç¥© ¬¥â®¤ equals, �
ª«�áá Executor ¤«ï ¢¥¤¥−¨ï ¢−ãâà¥−−¥£® ¦ãà−�«� ¬®¦¥â ®¡à�â¨âìáï ª ¯¥à¥-
¤�−−®© ¥¬ã §�¤�ç¥ §� â¥ªáâ®¢ë¬ ¯à¥¤áâ�¢«¥−¨¥¬, ¢ë§¢�¢ ¥¥ ¬¥â®¤ toString.
�¯¨á�−¨¥ ¯®¤®¡−ëå á¨âã�æ¨© ¨ ¨å ª®àà¥ªâ−�ï ¤¨−�¬¨ç¥áª�ï ®¡à�¡®âª� â�ª-
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¦¥ ¯à¥¤áâ�¢«ïîâ á®¡®© ®¤−® ¨§ ¢�¦−ëå −�¯à�¢«¥−¨© ¤�«ì−¥©è¥£® ¨áá«¥¤®-
¢�−¨ï.

7 Заключение

�¤−®© ¨§ ¯à¨−æ¨¯¨�«ì−ëå ¯à®¡«¥¬ ¤¨−�¬¨ç¥áª®£® �−�«¨§� ¯à®£à�¬¬ ï¢«ï-
¥âáï ®¡¥á¯¥ç¥−¨¥ á®ç¥â�−¨ï â®ç−®áâ¨ ¨ £«ã¡¨−ë �−�«¨§� ¨ ¯à¨¥¬«¥¬®£® ãà®¢−ï
−�ª«�¤−ëå à�áå®¤®¢. ‚ §�¤�ç¥ �¢â®¬�â¨ç¥áª®£® ¯®¨áª� £®−®ª íâ� ¯à®¡«¥¬� ®á®-
¡¥−−® �ªâã�«ì−�, ¯®áª®«ìªã ª®«¨ç¥áâ¢® ®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨ ¨ ®¡à�é¥−¨©
ª à�§¤¥«ï¥¬ë¬ ¤�−−ë¬ ®ç¥−ì ¢¥«¨ª®. …á«¨ ®¡«�áâì ¯à®£à�¬¬ë, ¢ ª®â®à®© −¥-
®¡å®¤¨¬® ®âá«¥¦¨¢�âì ®¡à�é¥−¨ï ª à�§¤¥«ï¥¬ë¬ ¯¥à¥¬¥−−ë¬ ï¢«ï¥âáï áª®à¥¥
¢®¯à®á®¬ ª®−ä¨£ãà�æ¨¨ ¨ ¢ë¤¥«¥−¨ï −�¨¡®«¥¥ ú¨−â¥à¥á−ëåû ¨ ®¯�á−ëå ãç�áâª®¢
ª®¤�, â® ®¯¥à�æ¨¨ á¨−åà®−¨§�æ¨¨ −ã¦−® ®âá«¥¦¨¢�âì ¢® ¢á¥¬ ª®¤¥ ¯à®£à�¬¬ë,
çâ®¡ë −¥ ¯à®¯ãáâ¨âì ¨−ä®à¬�æ¨î ® á¨−åà®−¨§�æ¨¨ ¯®â®ª®¢.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ª®−æ¥¯æ¨ï á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢,
¢ ®á−®¢¥ ª®â®à®© «¥¦¨â ¨¤¥ï ®âá«¥¦¨¢�−¨ï −¥ ¢á¥å ®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨,
¯à®¨áå®¤ïé¨å ¢ ¯à®£à�¬¬¥, � «¨èì ï¢−® ¤¥ª«�à¨à®¢�−−ëå. ‚¢®¤¨âáï ¯®−ïâ¨¥
á¨−åà®−¨§�æ¨®−−®£® ª®−âà�ªâ� ª�ª ¯�àë ï¢−® á¢ï§�−−ëå ¬¥â®¤®¢ ¨ ¯à¥¤«�£�¥âáï
ï§ëª ¤«ï ¨å ®¯¨á�−¨ï, ®á−®¢�−−ë© −� xml-−®â�æ¨¨. �®¤¤¥à¦ª� ¨ ª®àà¥ªâ−�ï
®¡à�¡®âª� ®¯¨á�−−ëå â�ª¨¬ ®¡à�§®¬ ª®−âà�ªâ®¢ ¡ë«� à¥�«¨§®¢�−� ¢ ¤¥â¥ªâ®à¥
jDRD, ª®â®àë© ¯®áà¥¤áâ¢®¬ âà�−áä®à¬¨à®¢�−¨ï ¡�©â-ª®¤� ¢−¥¤àï¥âáï ¢ java-
¯à®£à�¬¬ã, ®âá«¥¦¨¢�¥â ¢ −¥© ¢�¦−ë¥ á®¡ëâ¨ï (¢ â®¬ ç¨á«¥ ¨ ¬¥â®¤ë, ®¯¨á�−−ë¥
¢ ª®−âà�ªâ�å) ¨ ®¡à�¡�âë¢�¥â ¨å ¯® �«£®à¨â¬ã happens-before. ‹�¡®à�â®à−®¥
â¥áâ¨à®¢�−¨¥ ¯®ª�§ë¢�¥â íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ª®−âà�ªâ®¢ | á®ªà�-
é�¥âáï ª�ª ç¨á«® ®¡à�¡�âë¢�¥¬ëå ®¯¥à�æ¨© á¨−åà®−¨§�æ¨¨, â�ª ¨ ª®«¨ç¥áâ¢®
¢¥ªâ®à−ëå ç�á®¢, ª®â®àë¥ −¥®¡å®¤¨¬® åà�−¨âì ¤«ï ®âá«¥¦¨¢�−¨ï ®â−®è¥−¨ï
happens-before.

�®¤å®¤ ®¡«�¤�¥â àï¤®¬ ®£à�−¨ç¥−¨©, −�¤ ãáâà�−¥−¨¥¬ ª®â®àëå ¯«�−¨àã¥âáï
¯à®¤®«¦¨âì à�¡®âã. ’�ª¦¥ ¯à®¢®¤¨âáï ¢−¥¤à¥−¨¥ jDRD ¢ ¯à®æ¥áá à�§à�¡®âª¨
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¥£® ¯à®¬ëè«¥−−�ï �¯à®¡�æ¨ï, à¥§ã«ìâ�âë ª®â®à®©
¯«�−¨àã¥âáï ®¯ã¡«¨ª®¢�âì ¢ ¤�«ì−¥©è¥¬.

Приложение

Язык описания синхронизационных контрактов

„«ï ®¯¨á�−¨ï happens-before ª®−âà�ªâ®¢ ¯�à ¬¥â®¤®¢ à�§«¨ç−ëå ª«�áá®¢ ¯à¥¤−�-
§−�ç¥− â¥£ Syncs, á®¤¥à¦�é¨© −¥áª®«ìª® â¥£®¢ Sync| ¯® ®¤−®¬ã −� ª�¦¤ë© ª®−âà�ªâ.
‚ ®¯¨á�−¨¨ ª®−âà�ªâ� ãª�§ë¢�îâáï ¢á¥ ¯à¨¬¨â¨¢−ë¥ á¢ï§¨, ®¡à�§ãîé¨¥ á¢ï§ì ¬¥¦¤ã
¬¥â®¤�¬¨ (â¥£ Links á®¤¥à¦¨â ¯® ®¤−®¬ã â¥£ã −� ª�¦¤ãî ¯à¨¬¨â¨¢−ãî á¢ï§ì), ¨ ®¯¨á�−¨¥
¢ë§®¢®¢ ¬¥â®¤®¢, ï¢«ïîé¨åáï ®â¯à�¢ª®© ¨ ¯à¨¥¬ª®© ®â−®è¥−¨ï happens-before (â¥£¨
Send ¨ Receive á®®â¢¥âáâ¢¥−−®):
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<!ELEMENT Syncs ( Sync+ ) >
<!ELEMENT Sync ( Links, Send, Receive ) >
<!ELEMENT Receive ( MethodCall ) >
<!ELEMENT Send ( MethodCall ) >
<!ELEMENT Links ( Link+ ) >

‚ë§®¢ ¬¥â®¤� ®¯¨áë¢�¥âáï ¢ â¥£¥ MethodCall: ãª�§ë¢�¥âáï ª«�áá-¢«�¤¥«¥æ ¬¥â®¤�,
−�§¢�−¨¥ ¬¥â®¤� ¨ ¥£® ¤¥áªà¨¯â®à ¢® ¢−ãâà¥−−¥© −®â�æ¨¨ JVM.

�à¨¬¨â¨¢−�ï á¢ï§ì ®¯¨áë¢�¥âáï â¥£®¬ Link:

<!ELEMENT Link EMPTY >
<!ATTLIST Link

receive (owner|param) #REQUIRED >
receive-number CDATA #IMPLIED >
send (owner|param) #REQUIRED >
send-number CDATA #IMPLIED >

�âà¨¡ãâë send ¨ send-number á®®â¢¥âáâ¢ãîâ «¥¢®© ç�áâ¨ ¯à¨¬¨â¨¢−®© á¢ï§¨, �
receive ¨ receive-number | ¯à�¢®©. �¡¥ ®−¨ ¬®£ãâ ¡ëâì «¨¡® â¨¯� ú¢«�¤¥«¥æû,
«¨¡® â¨¯� ú¯�à�¬¥âàû. …á«¨ ¯à�¢�ï ç�áâì â¨¯� ú¢«�¤¥«¥æû, â® receive ¨¬¥¥â §−�ç¥−¨¥
úownerû, � receive-number −¥ ãª�§ë¢�¥âáï. ‚ ¤àã£®¬ á«ãç�¥ receive ¨¬¥¥â §−�ç¥−¨¥
úparamû, � receive-number á®¤¥à¦¨â −®¬¥à ¯�à�¬¥âà� ¢ á¨£−�âãà¥ ¬¥â®¤� (−ã¬¥à�æ¨ï
−�ç¨−�¥âáï á −ã«ï). �−�«®£¨ç−® ¤«ï �âà¨¡ãâ®¢ send ¨ send-number. �à¨¬¥à â�ª®£®
ª®−âà�ªâ� ¯à¨¢¥¤¥− −� à¨á. 1.

…á«¨ −ã¦−® ®¯¨á�âì ª®−âà�ªâë −¥áª®«ìª¨å ¯�à ¬¥â®¤®¢ ®¤−®£® ¨ â®£® ¦¥ ª«�áá�,
íâ® ¬®¦−® á¤¥«�âì á ¯®¬®éìî â¥£� Multiple-Syncs, á®áâ®ïé¥£® ¨§ −¥áª®«ìª¨å â¥£®¢
Multiple-Sync, ª�¦¤ë© ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â ®¤−®¬ã ª«�ááã. �®«−®¥ ¨¬ï ª«�áá�
ãª�§ë¢�¥âáï ¢ �âà¨¡ãâ¥ owner, � á¢ï§ì ¬¥¦¤ã ¢ë§®¢�¬¨ ¬¥â®¤®¢ ®¯¨áë¢�¥âáï ¢ â¥£¥
Multiple-Links:

<!ATTLIST Multiple-Sync owner ID #REQUIRED >
<!ELEMENT Multiple-Syncs ( Multiple-Sync+ ) >
<!ELEMENT Multiple-Sync ( Multiple-Links, Call+ ) >
<!ELEMENT Multiple-Links ( Multiple-Link+ ) >

�à¨¬¥à â�ª®£® ª®−âà�ªâ� ¯à¨¢¥¤¥− −� à¨á. 2.

<Multiple-Sync owner="java.util.concurrent.atomic.AtomicBoolean">
<Multiple-Links>

<Multiple-Link type="owner"/>
</Multiple-Links>
<Call type="receive" name="get" descriptor="()Z"/>
<Call type="full" name="compareAndSet" descriptor="(ZZ)Z"

shouldReturnTrue="true"/>
<Call type="send" name="set" descriptor="(Z)V"/>
<Call type="full" name="getAndSet" descriptor="(Z)Z"/>

</Multiple-Sync>

÷¨á. 2 �à¨¬¥à ®¯¨á�−¨ï á¨−åà®−¨§�æ¨®−−ëå ª®−âà�ªâ®¢ ¤«ï −¥áª®«ìª¨å ¬¥â®¤®¢
®¤−®£® ª«�áá�
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Abstract: Data race occurs in a multithreaded program when several threads
simultaneously access the same memory location and at least one of them has a
write access. Data races are hardly reproducible and can damage global data
structures; so, research in the area of automatic race detection methods has been
carried out for more than 20 years. This article focuses on the issue of improving
performance of dynamic race detection in Java programs without loss of precision.
Synchronization contracts | partial specifications of multithreaded behavior |
are introduced for solving this problem. Using contracts allows excluding parts
of application's code that are not interesting from the race detection perspective
(e. g., external libraries). The paper also covers advantages and restrictions of the
approach, the contracts specification language, and some implementation details.
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МЕТОДИКА ИЗВЛЕЧЕНИЯ ПОСЛОВНЫХ ПЕРЕВОДНЫХ
СООТВЕТСТВИЙ ИЗ ПАРАЛЛЕЛЬНЫХ ТЕКСТОВ

С ПРИМЕНЕНИЕМ МОДЕЛЕЙ ДИСТРИБУТИВНОЙ
СЕМАНТИКИ

Ю. И. Морозова1, Е. Б. Козеренко2, М. М. Шарнин3

�−−®â�æ¨ï: „�−−�ï à�¡®â� ¯®á¢ïé¥−� �ªâã�«ì−ë¬ ¯à®¡«¥¬�¬ ¨áá«¥¤®¢�−¨ï
«¨−£¢¨áâ¨ç¥áª¨å ¥¤¨−¨æ á ¨á¯®«ì§®¢�−¨¥¬ ª®à¯ãá−ëå ¬¥â®¤®¢. ‚ à�¡®â¥ ¤�¥â-
áï ®¯à¥¤¥«¥−¨¥ §�¤�ç¨ ¨§¢«¥ç¥−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå
â¥ªáâ®¢, à�áá¬�âà¨¢�îâáï áãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ª à¥è¥−¨î ¤�−−®© §�¤�ç¨
¨ ¯à¥¤«�£�¥âáï ¯®¤å®¤, ®á−®¢�−−ë© −� ¯à¨¬¥−¥−¨¨ ¬®¤¥«¥© ¤¨áâà¨¡ãâ¨¢-
−®© á¥¬�−â¨ª¨. �à¨¢®¤¨âáï ®¯¨á�−¨¥ à�§à�¡®â�−−®© �¢â®à�¬¨ â¥®à¥â¨ç¥áª®©
¬®¤¥«¨ ¨§¢«¥ç¥−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©, � â�ª¦¥ ¥¥ ª®¬¯ìîâ¥à−®© à¥�-
«¨§�æ¨¨. „«ï æ¥«¥© ¨áá«¥¤®¢�−¨ï ¡ë« á®§¤�− â¥áâ®¢ë© ¯�à�««¥«ì−ë© ª®à¯ãá,
á®¤¥à¦�é¨© â¥ªáâë ¯�â¥−â®¢ −� àãááª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å. �à¨¢®¤ïâáï
à¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ¤¨áâà¨¡ãâ¨¢−®-á¥¬�−â¨ç¥áª®© ¬¥â®¤¨ª¨, ¯®«ãç¥−−ë¥
¢ à�¬ª�å íªá¯¥à¨¬¥−â� ¯® ¨§¢«¥ç¥−¨î ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ â¥áâ®¢®£®
ª®à¯ãá�.

Keywords: ¢ëà�¢−¨¢�−¨¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢; ¯�à�««¥«ì−ë© ª®à¯ãá;
¤¨áâà¨¡ãâ¨¢−�ï á¥¬�−â¨ª�; ¬®¤¥«ì ¢¥ªâ®à−ëå ¯à®áâà�−áâ¢

DOI: 10.14357/08696527140209

1 Введение

‚ â¥ç¥−¨¥ ¯®á«¥¤−¨å ¤¢ãå ¤¥áïâ¨«¥â¨© ¯®ï¢¨«®áì ¡®«ìè®¥ ª®«¨ç¥áâ¢® â¥ª-
áâ®¢ëå ¬�áá¨¢®¢ −� à�§«¨ç−ëå ï§ëª�å ¢ ¬�è¨−®ç¨â�¥¬®¬ ä®à¬�â¥. ’¥ªáâ®¢ë¥
ª®à¯ãáë ï¢«ïîâáï ¢�¦−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ® äã−ªæ¨®−¨à®¢�−¨¨ ï§ë-
ª®¢®© á¨áâ¥¬ë. Œ¥â®¤ë ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ¯®§¢®«ïîâ �¢â®¬�â¨ç¥áª¨
¨§¢«¥ª�âì ¨−ä®à¬�æ¨î ® ¬®àä®«®£¨ç¥áª¨å, á¨−â�ªá¨ç¥áª¨å ¨ á¥¬�−â¨ç¥áª¨å
á¢®©áâ¢�å ï§ëª®¢ëå ¥¤¨−¨æ ¨§ â¥ªáâ®¢ëå ª®à¯ãá®¢. „�−−�ï ¨−ä®à¬�æ¨ï ¨á¯®«ì-
§ã¥âáï ¢ á¨áâ¥¬�å �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢, ¯®¢ëè�ï ª�ç¥áâ¢® à�¡®âë
á¨áâ¥¬.

�¤−®© ¨§ à�§−®¢¨¤−®áâ¥© â¥ªáâ®¢ëå ª®à¯ãá®¢ ï¢«ïîâáï ª®à¯ãáë ¯�à�««¥«ì-
−ëå â¥ªáâ®¢, á®¤¥à¦�é¨¥ â¥ªáâë −� −¥áª®«ìª¨å ï§ëª�å, ï¢«ïîé¨¥áï ¢§�¨¬−ë¬¨

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, yulia-ipi@yandex.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, kozerenko@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, keywen1@mail.ru
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¯¥à¥¢®¤�¬¨. �®¤®¡−ë¥ ª®à¯ãáë ï¢«ïîâáï æ¥−−ë¬ à¥áãàá®¬ ¤«ï á®§¤�−¨ï á¨á-
â¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤�, â�ª ª�ª ®−¨ á®¤¥à¦�â ¢ á¥¡¥ ¨−ä®à¬�æ¨î ® ¯à�¢¨«�å
¯¥à¥¢®¤� ª�ª −� ãà®¢−¥ ®â¤¥«ì−ëå á«®¢ ¨ á«®¢®á®ç¥â�−¨©, â�ª ¨ −� ãà®¢−¥
á¨−â�ªá¨ç¥áª¨å ª®−áâàãªæ¨©.

‡�¤�ç� ¨§¢«¥ç¥−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ï¢«ï-
¥âáï �ªâã�«ì−®© ¤«ï á®§¤�−¨ï á¨áâ¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤� ¢ á¢ï§¨ á −¥®¡å®¤¨-
¬®áâìî �¢â®¬�â¨ç¥áª®£® ¯®¯®«−¥−¨ï ¯¥à¥¢®¤−ëå á«®¢�à¥© ¨ ¨å −�áâà®©ª¨ −�
à�§«¨ç−ë¥ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨. „�−−�ï §�¤�ç� ï¢«ï¥âáï ç�áâìî ¡®«¥¥ ®¡é¥©
§�¤�ç¨ ¢ëà�¢−¨¢�−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢, ª®â®à�ï §�ª«îç�¥âáï ¢ −�å®¦¤¥−¨¨
äà�£¬¥−â®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢, á®®â¢¥âáâ¢ãîé¨å ¤àã£ ¤àã£ã: ¤®ªã¬¥−â®¢,
�¡§�æ¥¢, ¯à¥¤«®¦¥−¨©, á«®¢®á®ç¥â�−¨© ¨ á«®¢.

�®á«®¢−®¥ ¢ëà�¢−¨¢�−¨¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¯®−¨¬�¥âáï ª�ª ®¡ê¥ªâ, ãª�-
§ë¢�îé¨© á®®â¢¥âáâ¢ãîé¨¥ ¤àã£ ¤àã£ã á«®¢� ¢ ¯�à�««¥«ì−®¬ â¥ªáâ¥ [1]. ‚®
¬−®£¨å á«ãç�ïå áãé¥áâ¢ã¥â −¥áª®«ìª® à�¢−®¯à�¢−ëå ¢�à¨�−â®¢ ãáâ�−®¢«¥−¨ï
á®®â¢¥âáâ¢¨© (−�¯à¨¬¥à, ¯à¨ ¯¥à¥¢®¤¥ ¨¤¨®¬�â¨ç¥áª¨å ª®−áâàãªæ¨©), ¯®íâ®¬ã
¯®−ïâ¨¥ −�¨¡®«¥¥ ¯à�¢¨«ì−®£® ¢ëà�¢−¨¢�−¨ï ï¢«ï¥âáï áã¡ê¥ªâ¨¢−ë¬.

�à¨¢¥¤¥¬ ¬�â¥¬�â¨ç¥áª®¥ ®¯à¥¤¥«¥−¨¥ ¯®á«®¢−®£® ¢ëà�¢−¨¢�−¨ï. �ãáâì
¤�−ë ¤¢� ¯à¥¤«®¦¥−¨ï, ï¢«ïîé¨¥áï ¢§�¨¬−ë¬¨ ¯¥à¥¢®¤�¬¨. �à¥¤«®¦¥−¨ï
à�áá¬�âà¨¢�îâáï ª�ª ¤¢¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á«®¢: ®¤−� −� ¨áå®¤−®¬ ï§ëª¥,
®¡®§−�ç�¥¬�ï ª�ª sJ

1 = s1, . . . , sJ (®â �−£«. source language), � ¤àã£�ï | −�
æ¥«¥¢®¬ ï§ëª¥, ®¡®§−�ç�¥¬�ï ª�ª tI1 = t1, . . . , tI (®â �−£«. target language). �®¤
¢ëà�¢−¨¢�−¨¥¬ a ¬¥¦¤ã ¤¢ã¬ï ¯à¥¤«®¦¥−¨ï¬¨ ¯®−¨¬�¥âáï ®â®¡à�¦¥−¨¥ ¬−®¦¥-
áâ¢� ¯®§¨æ¨© á«®¢ ¨áå®¤−®£® ¯à¥¤«®¦¥−¨ï {1, . . . , J} ¢® ¬−®¦¥áâ¢® ¯®§¨æ¨© á«®¢
æ¥«¥¢®£® ¯à¥¤«®¦¥−¨ï {1, . . . , I}:

a : j → i .

‚ëà�¢−¨¢�−¨¥ ®¡ëç−® ¨§®¡à�¦�¥âáï á ¯®¬®éìî ç¨á¥« | ¨¤¥−â¨ä¨ª�â®-
à®¢ á«®¢, ¨§ ª®â®àëå á®áâ®ïâ ¯�à�««¥«ì−ë¥ ¯à¥¤«®¦¥−¨ï. �à¨¢¥¤¥¬ ¯à¨-
¬¥à, ¯®«ãç¥−−ë© ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à®£à�¬¬ë ¤«ï ¯®á«®¢−®£® ¢ëà�¢−¨¢�−¨ï
GIZA++ [2].

��à� ¯�à�««¥«ì−ëå ¯à¥¤«®¦¥−¨© á ¨¤¥−â¨ä¨ª�â®à�¬¨ á«®¢:
�à¥¤«®¦¥−¨¥ −� ¨áå®¤−®¬ ï§ëª¥:
˜â¨äâ (1) ¤«ï (2) ¨á¯®«ì§®¢�−¨ï (3) ¢ (4) áâ®¬�â®«®£¨¨ (5).
�¥à¥¢®¤ −� æ¥«¥¢®© ï§ëª:
NULL (0) Implant (1) �a (2) usage (3) dentaire (4).
�®«ãç¥−−®¥ ¢ëà�¢−¨¢�−¨¥:
a : {1→ 1, 2→ 0, 3→ 3, 4→ 0, 5→ 4}.
ˆ§ ¤�−−®£® ¢ëà�¢−¨¢�−¨ï á«¥¤ã¥â, çâ® á«®¢� àãááª®£® ¯à¥¤«®¦¥−¨ï á −®¬¥à�-

¬¨ 2 ¨ 4 (¤«ï, ¢) −¥ ¨¬¥îâ á®®â¢¥âáâ¢¨© ¢® äà�−æã§áª®¬ ï§ëª¥ (®−¨ á®®â¢¥âáâ¢ãîâ
¯ãáâ®¬ã á«®¢ã NULL). „«ï ®áâ�«ì−ëå á«®¢ ãáâ�−�¢«¨¢�îâáï á«¥¤ãîé¨¥ á®®â¢¥â-
áâ¢¨ï: èâ¨äâ → implant, ¨á¯®«ì§®¢�−¨ï → usage, áâ®¬�â®«®£¨¨ → dentaire.
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Œ¥â®¤¨ª� ¨§¢«¥ç¥−¨ï ¯®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢

‚ëà�¢−¨¢�−¨¥ â�ª¦¥ ¬®¦¥â ¡ëâì

÷¨á. 1 �®á«®¢−®¥ ¢ëà�¢−¨¢�−¨¥ ¬¥¦¤ã
¤¢ã¬ï ¯à¥¤«®¦¥−¨ï¬¨

¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥ à¨áã−ª�, çâ® ¯®§-
¢®«ï¥â ¡ëáâà® ®æ¥−¨âì áâ¥¯¥−ì áå®¤-
áâ¢� ¯®àï¤ª� á«®¢ ¢ ¤¢ãå ï§ëª�å. „«ï
¯à¨¢¥¤¥−−®© ¯�àë ¢ëà�¢−¨¢�−¨¥ ®â-
à�¦¥−® −� à¨á. 1.

‚ á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥−¨¥¬ ¢ë-
à�¢−¨¢�−¨ï ª�¦¤®¥ á«®¢® ¨áå®¤−®£®
ï§ëª� ä®à¬�«ì−® ¤®«¦−® ¨¬¥âì á®-
®â¢¥âáâ¢¨¥ ¢ ¢¨¤¥ ®¤−®£® á«®¢� æ¥«¥-
¢®£® ï§ëª�, ¤�¦¥ ¥á«¨ á®¤¥à¦�â¥«ì−®
íâ® á«®¢® ¢ ¤�−−®© ¯�à¥ ¯à¥¤«®¦¥−¨©
®áâ�¥âáï ¡¥§ ¯¥à¥¢®¤�. „«ï ¢ë¯®«−¥-
−¨ï íâ®£® âà¥¡®¢�−¨ï ª á«®¢�¬ æ¥«¥-
¢®£® ï§ëª� ¤®¡�¢«ï¥âáï á¯¥æ¨�«ì−®¥
ú¯ãáâ®¥û á«®¢®. ‘«®¢� æ¥«¥¢®£® ï§ë-
ª� ¬®£ãâ −¥ ¨¬¥âì á®®â¢¥âáâ¢¨© ¢ ¨á-
å®¤−®¬ ï§ëª¥ (¢ ¤�−−®¬ ¯à¨¬¥à¥ äà�−æã§áª®¥ á«®¢® �a −¥ ¨¬¥¥â á®®â¢¥âáâ¢¨©
¢ àãááª®¬ ï§ëª¥) ¨«¨ ¦¥ á®®â¢¥âáâ¢®¢�âì −¥áª®«ìª¨¬ á«®¢�¬ (¢ ¤�−−®¬ ¯à¨-
¬¥à¥ ¯ãáâ®¥ á«®¢® NULL á®®â¢¥âáâ¢ã¥â −¥áª®«ìª¨¬ á«®¢�¬, ®¤−�ª® ¨ −¥¯ãáâë¥
á«®¢� æ¥«¥¢®£® ï§ëª� â®¦¥ ¬®£ãâ á®®â¢¥âáâ¢®¢�âì −¥áª®«ìª¨¬ á«®¢�¬ ¨áå®¤−®£®
ï§ëª�). ˆ−ë¬¨ á«®¢�¬¨, ®â−®è¥−¨ï ¬¥¦¤ã ¤¢ã¬ï ï§ëª�¬¨ ¢ ¤�−−®© ¬®¤¥«¨
¢ëà�¢−¨¢�−¨ï −¥ ï¢«ïîâáï á¨¬¬¥âà¨ç−ë¬¨.

2 Модели выравнивания параллельных текстов

‘ãé¥áâ¢ã¥â ¤¢� ®á−®¢−ëå â¨¯� áâ�â¨áâ¨ç¥áª¨å ¬®¤¥«¥© ¯®á«®¢−®£® ¢ëà�¢-
−¨¢�−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢: í¢à¨áâ¨ç¥áª¨¥ ¨ á�¬®®¡ãç�îé¨¥áï ¬®¤¥«¨. ‚®
¬−®£¨å à�¡®â�å â�ª¦¥ ¯à¥¤«�£�¥âáï ¤®¯®«−¨â¥«ì−® ¨á¯®«ì§®¢�âì «¨−£¢¨áâ¨-
ç¥áª¨¥ ä¨«ìâàë, çâ®¡ë ®â¡à�áë¢�âì −¥¯à�¢¨«ì−ë¥ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï,
¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ à�¡®âë áâ�â¨áâ¨ç¥áª¨å �«£®à¨â¬®¢.

�¢à¨áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¨á¯®«ì§ãîâ äã−ªæ¨î ¯®¤®¡¨ï (�áá®æ¨�â¨¢−ë¥ ¬¥àë)
¬¥¦¤ã á«®¢�¬¨ ¤¢ãå ï§ëª®¢. —�é¥ ¢á¥£® ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ¢�à¨�−âë
ä®à¬ã«ë „�©á�:

dice (i, j) =
2C(ti, sj)

C(ti)C(sj)
,

£¤¥ sj | á«®¢®, áâ®ïé¥¥ ¢ ¯à¥¤«®¦¥−¨¨ ¨áå®¤−®£® ï§ëª� −� ¯®§¨æ¨¨ j; ti |
á«®¢®, áâ®ïé¥¥ ¢ ¯à¥¤«®¦¥−¨¨ æ¥«¥¢®£® ï§ëª� −� ¯®§¨æ¨¨ i; C(ti, sj)| ç�áâ®â�
á®¢¬¥áâ−®© ¢áâà¥ç�¥¬®áâ¨ ¤�−−ëå á«®¢ ¢ á®®â¢¥âáâ¢ãîé¨å ¤àã£ ¤àã£ã äà�£¬¥−â�å
¯�à�««¥«ì−®£® ª®à¯ãá�; C(sj) | ç�áâ®â� ¢áâà¥ç�¥¬®áâ¨ á«®¢� sj ¢ â¥ªáâ�å −�
¨áå®¤−®¬ ï§ëª¥; C(ti) | ç�áâ®â� ¢áâà¥ç�¥¬®áâ¨ á«®¢� ti ¢ â¥ªáâ�å −� æ¥«¥¢®¬
ï§ëª¥.
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„«ï ª�¦¤®© ¯�àë á®®â¢¥âáâ¢ãîé¨å ¤àã£ ¤àã£ã ¯à¥¤«®¦¥−¨© áâà®¨âáï ¬�âà¨-
æ� á® §−�ç¥−¨ï¬¨ �áá®æ¨�â¨¢−ëå ¬¥à ¬¥¦¤ã ª�¦¤ë¬ á«®¢®¬ ¨áå®¤−®£® ¯à¥¤«®-
¦¥−¨ï ¨ ª�¦¤ë¬ á«®¢®¬ æ¥«¥¢®£® ¯à¥¤«®¦¥−¨ï. ‚ ª�ç¥áâ¢¥ ¢ëà�¢−¨¢�−¨ï aj = i
¤«ï ¯®§¨æ¨¨ j ¢ë¡¨à�¥âáï â�ª®¥ á«®¢®, ã ª®â®à®£® ¬¥à� �áá®æ¨�æ¨¨ ï¢«ï¥âáï
−�¨¡®«ìè¥©:

aj = arg max
i

{dice (i, j)} .

�¢à¨áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¯à®áâë ¤«ï ¯®−¨¬�−¨ï ¨ à¥�«¨§�æ¨¨, ¯®íâ®¬ã ®−¨ è¨-
à®ª® ¯à¨¬¥−ïîâáï ¤«ï ¯®á«®¢−®£® ¢ëà�¢−¨¢�−¨ï. �¥¤®áâ�âª®¬ ¤�−−ëå ¬®¤¥«¥©
ï¢«ï¥âáï ¯à®¨§¢®«ì−® §�¤�−−�ï äã−ªæ¨ï ¯®¤®¡¨ï. �à®¨§¢®«ì−®áâì ¤¥«�¥â í¢à¨-
áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¬¥−¥¥ á®áâ®ïâ¥«ì−ë¬¨, ç¥¬ ¬®¤¥«¨, ®á−®¢�−−ë¥ −� ®¡ãç¥−¨¨.

‚ à�¬ª�å ¯®¤å®¤�, ®á−®¢�−−®£® −� ®¡ãç¥−¨¨, ¬®¤¥«¨àã¥âáï ¢¥à®ïâ−®áâì
¯¥à¥¢®¤� Pr

(

tI1|sJ
1

)

, ®¯¨áë¢�îé�ï ®â−®è¥−¨ï ¬¥¦¤ã ¯à¥¤«®¦¥−¨¥¬ −� ¨áå®¤−®¬
ï§ëª¥ sJ

1 ¨ ¯à¥¤«®¦¥−¨¥¬ −� æ¥«¥¢®¬ ï§ëª¥ tI1. Œ®¤¥«ì ¯¥à¥¢®¤� ¯à¥¤áâ�¢«ï¥âáï
¢ ¢¨¤¥ á®ç¥â�−¨ï ¬®¤¥«¨ ¯¥à¥¢®¤� ¨ ¬®¤¥«¨ ï§ëª� á ¨á¯®«ì§®¢�−¨¥¬ ¯à�¢¨«�
��©¥á�. ‚¥à®ïâ−®áâì ¯¥à¥¢®¤� ¯à¥¤«®¦¥−¨ï ¨áå®¤−®£® ï§ëª� sJ

1 ¯à¥¤«®¦¥−¨¥¬
æ¥«¥¢®£® ï§ëª� tI1 ¯à¥¤áâ�¢«ï¥âáï ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

arg max
tI1

Pr
(

tI1|sJ
1

)

= arg max
tI1

Pr
(

sJ
1 |tI1

)

· Pr(tI1) ,

£¤¥ Pr
(

tI1|sJ
1

)

| ¢¥à®ïâ−®áâì â®£®, çâ® ¯à¥¤«®¦¥−¨¥ tI1 ï¢«ï¥âáï ¯¥à¥¢®¤®¬
¯à¥¤«®¦¥−¨ï sJ

1 ; Pr(sJ
1 |tI1) | ¢¥à®ïâ−®áâì ¯¥à¥¢®¤� ¢ ®¡à�â−®¬ ¯®àï¤ª¥ (¢

á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«®¬ ��©¥á�); Pr(tI1) | ¢¥à®ïâ−®áâì ¯à¥¤«®¦¥−¨ï tI1. ‚ á�-
¬®®¡ãç�îé¨åáï ¬®¤¥«ïå ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥©,
ª®â®àë¥ ®¯à¥¤¥«ïîâ ¢¥à®ïâ−®áâì ¯¥à¥¢®¤� Pr(sJ

1 |tI1) ¨ ¢¥à®ïâ−®áâì ¯à¥¤«®¦¥-
−¨ï tI1. ÷�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© �¢â®¬�â¨ç¥áª¨ ®¯à¥¤¥«ïîâáï −� íâ�¯¥
®¡ãç¥−¨ï á¨áâ¥¬ë ¯® ª®à¯ãáã â¥ªáâ®¢. ��à�¬¥âàë ®¯â¨¬¨§¨àãîâáï á ãç¥â®¬ ªà¨-
â¥à¨ï ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï, ¤«ï ç¥£® ®¡ëç−® ¨á¯®«ì§ã¥âáï �«£®à¨â¬
¬�ªá¨¬¨§�æ¨¨ ®¦¨¤�−¨ï.

��¨¡®«¥¥ ¨§¢¥áâ−ë¬¨ ¬®¤¥«ï¬¨ ¢ëà�¢−¨¢�−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢, ®á−®-
¢�−−ë¬¨ −� ®¡ãç¥−¨¨, ï¢«ïîâáï áªàëâ�ï ¬�àª®¢áª�ï ¬®¤¥«ì ¢ëà�¢−¨¢�−¨ï,
®¯¨á�−−�ï ¢ [3], ¨ ¬®¤¥«¨ IBM üü 1{5, ¯à¨¢¥¤¥−−ë¥ ¢ [1].

ˆá¯®«ì§®¢�−¨¥ «¨−£¢¨áâ¨ç¥áª¨å §−�−¨© ¯®§¢®«ï¥â ®â¡à�áë¢�âì −¥¯à�¢¨«ì-
−ë¥ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ à�¡®âë áâ�â¨áâ¨ç¥áª¨å
¬®¤¥«¥©, ¨ ã«ãçè�âì â®ç−®áâì à�¡®âë á¨áâ¥¬ë [4]. ��¯à¨¬¥à, ¢ à�¡®â¥ [5] ¯à¥¤-
«�£�¥âáï ¬¥â®¤ ¢ëà�¢−¨¢�−¨ï ¯® á«®¢�¬, ®â−®áïé¨¬áï ª §−�ç¨¬ë¬ ç�áâï¬ à¥ç¨,
¯à¨ íâ®¬ á«ã¦¥¡−ë¥ á«®¢� −¥ ãç¨âë¢�îâáï. ‚ à�¡®â¥ [6] ¯à¥¤«�£�¥âáï ¤®¯®«−ïâì
áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ¢ëà�¢−¨¢�−¨ï «¨−£¢¨áâ¨ç¥áª¨¬ á®¯®áâ�¢«¥−¨¥¬ á«®¢ −�
á«¥¤ãîé¨å ãà®¢−ïå: ®àä®£à�ä¨ç¥áª®¬ (−�¯à¨¬¥à, organization ¢ �−£«¨©áª®¬
ï§ëª¥ ¨ organizaci‚on ¢ ¨á¯�−áª®¬ ï§ëª¥); «¥ªá¨ç¥áª®¬ (¯à¨ −�«¨ç¨¨ ¯¥à¥¢®¤−ëå
á«®¢�à¥© ¤«ï ¨§ãç�¥¬ëå ï§ëª®¢); ¬®àä®«®£¨ç¥áª®¬ (á®¢¯�¤¥−¨¥ ç�áâ¥© à¥ç¨);
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Œ¥â®¤¨ª� ¨§¢«¥ç¥−¨ï ¯®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢

á¨−â�ªá¨ç¥áª®¬ (á®¢¯�¤¥−¨¥ á¨−â�ªá¨ç¥áª¨å äã−ªæ¨©); á¥¬�−â¨ç¥áª®¬ (á®¢¯�¤¥-
−¨¥ á¥¬�−â¨ç¥áª¨å ª«�áá®¢).

‚ à�¡®â¥ [2] ®¯¨á�− íªá¯¥à¨¬¥−â ¯® áà�¢−¥−¨î à�§«¨ç−ëå áâ�â¨áâ¨ç¥áª¨å
¬®¤¥«¥© ¢ëà�¢−¨¢�−¨ï. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ®
á�¬®®¡ãç�îé¨¥áï ¬®¤¥«¨ ¤�îâ ¡®«¥¥ â®ç−ë¥ à¥§ã«ìâ�âë, ç¥¬ í¢à¨áâ¨ç¥áª¨¥
¬®¤¥«¨.

3 Модели дистрибутивной семантики

„¨áâà¨¡ãâ¨¢−ë© �−�«¨§ | íâ® ¬¥â®¤ ¨áá«¥¤®¢�−¨ï ï§ëª�, ®á−®¢�−−ë© −�
¨§ãç¥−¨¨ ®ªàã¦¥−¨ï (¤¨áâà¨¡ãæ¨¨, à�á¯à¥¤¥«¥−¨ï) ®â¤¥«ì−ëå ¥¤¨−¨æ ¢ â¥ªáâ¥ ¨
−¥ ¨á¯®«ì§ãîé¨© á¢¥¤¥−¨© ® ¯®«−®¬ «¥ªá¨ç¥áª®¬ ¨«¨ £à�¬¬�â¨ç¥áª®¬ §−�ç¥−¨¨
íâ¨å ¥¤¨−¨æ [7]. „¨áâà¨¡ãâ¨¢−ë© �−�«¨§ ¡ë« ¢¯¥à¢ë¥ ¯à¥¤«®¦¥− ‹. �«ã¬ä¨«-
¤®¬ ¢ 1920-å ££. ¨ ¯à¨¬¥−ï«áï, £«�¢−ë¬ ®¡à�§®¬, ¢ ä®−®«®£¨¨ ¨ ¬®àä®«®£¨¨.
‚ å®¤¥ ¨áá«¥¤®¢�−¨© ¢ëïá−¨«®áì, çâ®, ¨á¯®«ì§ãï ª®−â¥ªáâë ¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå
¤�−−ëå, ¬®¦−® ¢ë¤¥«¨âì ®á−®¢−ë¥ ¥¤¨−¨æë ï§ëª� (ä®−¥¬ë, ¬®àä¥¬ë, á«®¢�,
á«®¢®á®ç¥â�−¨ï), ®¡ê¥¤¨−¨âì ¨å ¢ ª«�ááë ¨ ãáâ�−®¢¨âì ®â−®è¥−¨ï á®ç¥â�¥¬®áâ¨
¬¥¦¤ã íâ¨¬¨ ª«�áá�¬¨.

‚ â¥ç¥−¨¥ ¯®á«¥¤−¨å ¤¢ãå ¤¥áïâ¨«¥â¨© ¡ë«® ¯à¥¤¯à¨−ïâ® ¬−®¦¥áâ¢® ãá¯¥è-
−ëå ¯®¯ëâ®ª ¯à¨¬¥−¥−¨ï ¬¥â®¤� ¤¨áâà¨¡ãâ¨¢−®£® �−�«¨§� ª ¨§ãç¥−¨î á¥¬�−â¨ª¨.
�ë«� à�§à�¡®â�−� ¤¨áâà¨¡ãâ¨¢−®-á¥¬�−â¨ç¥áª�ï ¬¥â®¤¨ª�, ¯®§¢®«ïîé�ï ¢ �¢â®-
¬�â¨ç¥áª®¬ à¥¦¨¬¥ á®¯®áâ�¢«ïâì ª®−â¥ªáâë, ¢ ª®â®àëå ¢áâà¥ç�îâáï à�§«¨ç−ë¥
á«®¢�, ¨ ãáâ�−�¢«¨¢�âì á¥¬�−â¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã −¨¬¨.

‚ ª�ç¥áâ¢¥ ¢ëç¨á«¨â¥«ì−®£® ¨−áâàã¬¥−â� ¤¨áâà¨¡ãâ¨¢−®-á¥¬�−â¨ç¥áª®© ¬¥-
â®¤¨ª¨ ¨á¯®«ì§ã¥âáï «¨−¥©−�ï �«£¥¡à�. ˆ−ä®à¬�æ¨ï ® ¤¨áâà¨¡ãæ¨¨ «¨−£¢¨áâ¨-
ç¥áª¨å ¥¤¨−¨æ ¯à¥¤áâ�¢«ï¥âáï ¢

÷¨á. 2 ‘«®¢¥á−®¥ ¯à®áâà�−áâ¢® ¤«ï á«®¢ �−-
£«¨©áª®£® ï§ëª� coffee ¨ tea

¢¨¤¥ ¬−®£®à�§àï¤−ëå ¢¥ªâ®à®¢,
ª®â®àë¥ ®¡à�§ãîâ á«®¢¥á−®¥ ¯à®-
áâà�−áâ¢®. ‚¥ªâ®àë á®®â¢¥âáâ-
¢ãîâ «¨−£¢¨áâ¨ç¥áª¨¬ ¥¤¨−¨æ�¬
(á«®¢�¬ ¨«¨ á«®¢®á®ç¥â�−¨ï¬), �
¨§¬¥à¥−¨ï ¢¥ªâ®à®¢ á®®â¢¥âáâ¢ã-
îâ ª®−â¥ªáâ�¬. ÷�§¬¥à ª®−â¥ªáâ�
®¯à¥¤¥«ï¥âáï æ¥«ï¬¨ ¨áá«¥¤®¢�-
−¨ï. „«ï ãáâ�−®¢«¥−¨ï á¨−â�-
£¬�â¨ç¥áª¨å á¢ï§¥© ¨á¯®«ì§ãîâáï
ª®−â¥ªáâë, ®£à�−¨ç¥−−ë¥ ®¤−¨¬
¨«¨ ¤¢ã¬ï á®á¥¤−¨¬¨ á«®¢�¬¨, ¤«ï ãáâ�−®¢«¥−¨ï ¯�à�¤¨£¬�â¨ç¥áª¨å á¢ï§¥©
¨á¯®«ì§ã¥âáï ª®−â¥ªáâ−®¥ ú®ª−®û à�§¬¥à®¬ 5{10 á«®¢, ¤«ï ãáâ�−®¢«¥−¨ï â¥¬�-
â¨ç¥áª¨å á¢ï§¥© ¨á¯®«ì§ãîâáï ª®−â¥ªáâë à�§¬¥à®¬ 50 á«®¢ ¨ ¡®«ìè¥. ‚¥ªâ®àë
á®áâ®ïâ ¨§ ç¨á¥«, ª®â®àë¥ ¯®ª�§ë¢�îâ, áª®«ìª® à�§ ¤�−−®¥ á«®¢® ¨«¨ á«®¢®á®-
ç¥â�−¨¥ ¢áâà¥â¨«®áì ¢ ¤�−−®¬ ª®−â¥ªáâ¥ ¢ ¤�−−®¬ ª®à¯ãá¥ â¥ªáâ®¢. �� à¨á. 2 ¢
áå¥¬�â¨ç¥áª®¬ ¢¨¤¥ ¯à¥¤áâ�¢«¥− ¯à¨¬¥à á«®¢¥á−®£® ¯à®áâà�−áâ¢�, ª®â®à®¥ ®¯¨-
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áë¢�¥â ¤¨áâà¨¡ãâ¨¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ «¥ªá¥¬ �−£«¨©áª®£® ï§ëª� (¢ ª�ç¥áâ¢¥
ª®−â¥ªáâ� ¨á¯®«ì§ã¥âáï á®á¥¤−¥¥ á«®¢® á«¥¢�).

‘¥¬�−â¨ç¥áª�ï ¡«¨§®áâì ¬¥¦¤ã «¨−£¢¨áâ¨ç¥áª¨¬¨ ¥¤¨−¨æ�¬¨ ¢ëç¨á«ï¥âáï
ª�ª à�ááâ®ï−¨¥ ¬¥¦¤ã ¢¥ªâ®à�¬¨. ��¨¡®«¥¥ ¯®¯ã«ïà−®© ¬¥à®© ¡«¨§®áâ¨ ¬¥¦¤ã
¢¥ªâ®à�¬¨ ¢ «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå ï¢«ï¥âáï ª®á¨−ãá−�ï ¬¥à�, ¢ëç¨á-
«ï¥¬�ï ¯® ä®à¬ã«¥

sim (~x, ~y)
xy

|x| · |y| =

n
∑

i=1

xiyi

√

√

√

√

n
∑

i=1

x2i ·
n
∑

i=1

y2i

,

£¤¥ x, y | ®¡®§−�ç¥−¨ï ¤¢ãå ¢¥ªâ®à®¢; xi, yi | §−�ç¥−¨ï í«¥¬¥−â®¢ á«®¢¥á−®£®
¯à®áâà�−áâ¢�, á®®â¢¥âáâ¢ãîé¨å i-¬ã ¨§¬¥à¥−¨î ¢¥ªâ®à®¢.

Œ®¤¥«¨ ¤¨áâà¨¡ãâ¨¢−®© á¥¬�−â¨ª¨ −�å®¤ïâ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¢ ¨áá«¥¤®-
¢�−¨ïå, á¢ï§�−−ëå á á¥¬�−â¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨ ¥áâ¥áâ¢¥−−®£® ï§ëª�, ¨ ¨¬¥îâ
à�§−®®¡à�§−ë© á¯¥ªâà ¯®â¥−æ¨�«ì−ëå ¨ ¤¥©áâ¢ãîé¨å ¯à¨«®¦¥−¨©. „¨áâà¨¡ã-
â¨¢−ë¥ ¬®¤¥«¨ ¡ë«¨ ãá¯¥è−® ¯à¨¬¥−¥−ë ¤«ï à¥è¥−¨ï á«¥¤ãîé¨å §�¤�ç �¢â®¬�-
â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ�:

{ ¢ëï¢«¥−¨¥ á¥¬�−â¨ç¥áª®© ¡«¨§®áâ¨ á«®¢ ¨ á«®¢®á®ç¥â�−¨©;

{ �¢â®¬�â¨ç¥áª�ï ª«�áâ¥à¨§�æ¨ï á«®¢ ¯® áâ¥¯¥−¨ ¨å á¥¬�−â¨ç¥áª®© ¡«¨§®áâ¨;

{ �¢â®¬�â¨ç¥áª�ï £¥−¥à�æ¨ï â¥§�ãàãá®¢ ¨ ¤¢ãï§ëç−ëå á«®¢�à¥©;

{ à�§à¥è¥−¨¥ «¥ªá¨ç¥áª®© −¥®¤−®§−�ç−®áâ¨;

{ à�áè¨à¥−¨¥ §�¯à®á®¢ §� áç¥â �áá®æ¨�â¨¢−ëå á¢ï§¥©;

{ ®¯à¥¤¥«¥−¨¥ â¥¬�â¨ª¨ ¤®ªã¬¥−â�;

{ ª«�áâ¥à¨§�æ¨ï ¤®ªã¬¥−â®¢ ¤«ï ¨−ä®à¬�æ¨®−−®£® ¯®¨áª�;

{ ¨§¢«¥ç¥−¨¥ §−�−¨© ¨§ â¥ªáâ®¢;

{ ¯®áâà®¥−¨¥ á¥¬�−â¨ç¥áª¨å ª�àâ à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©;

{ ¬®¤¥«¨à®¢�−¨¥ ¯¥à¨äà�§;

{ ®¯à¥¤¥«¥−¨¥ â®−�«ì−®áâ¨ ¢ëáª�§ë¢�−¨ï;

{ ¬®¤¥«¨à®¢�−¨¥ á®ç¥â�¥¬®áâ−ëå ®£à�−¨ç¥−¨© £«�£®«�.

‚¥ªâ®à−ë¥ ¬®¤¥«¨ ¡ë«¨ ãá¯¥è−® ¯à¨¬¥−¥−ë ¤«ï à¥è¥−¨ï §�¤�ç¨ ¨§¢«¥ç¥−¨ï
¯¥à¥¢®¤−ëå íª¢¨¢�«¥−â®¢ ¨§ ¯�à�««¥«ì−ëå ª®à¯ãá®¢ â¥ªáâ®¢. ‚ à�¡®â¥ [8] ¬¥-
â®¤¨ª� ¤¨áâà¨¡ãâ¨¢−®© á¥¬�−â¨ª¨ ¨á¯®«ì§®¢�«�áì ¤«ï ¨§¢«¥ç¥−¨ï ®¤−®á«®¢−ëå
¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¤¢ãå ª®à¯ãá®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢ §�ª®−®¤�â¥«ì-
−ëå �ªâ®¢: è¢¥¤áª®-¨á¯�−áª®£® ¨ �−£«®-−¥¬¥æª®£®, ¢ëà®¢−¥−−ëå −� ãà®¢−¥
¤®ªã¬¥−â®¢. ’¥ªáâë ¡ë«¨ ¯®¤¢¥à£−ãâë «¥¬¬�â¨§�æ¨¨, §�â¥¬ «¥¬¬ë ¨§ ®¡®¨å
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Œ¥â®¤¨ª� ¨§¢«¥ç¥−¨ï ¯®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢

ï§ëª®¢ ¡ë«¨ ¯®¬¥é¥−ë ¢ ¥¤¨−®¥ á«®¢¥á−®¥ ¯à®áâà�−áâ¢®, ¢ ª®â®à®¬ ¢ ª�ç¥áâ¢¥
ª®−â¥ªáâ®¢ ¨á¯®«ì§®¢�«¨áì ¨¤¥−â¨ä¨ª�æ¨®−−ë¥ −®¬¥à� ¤®ªã¬¥−â®¢. ‚ ª�ç¥áâ¢¥
¯¥à¥¢®¤� ¤«ï á«®¢� ¨áå®¤−®£® ï§ëª� ¢ë¡¨à�«®áì á«®¢® æ¥«¥¢®£® ï§ëª�, ¨¬¥-
îé¥¥ −�¨¡®«¥¥ ¡«¨§ª¨© ¢¥ªâ®à ¢ á®®â¢¥âáâ¢¨¨ á ª®á¨−ãá−®© ¬¥à®©. �¥à¥¢®¤ë,
¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ à�¡®âë ¯à®£à�¬¬ë, ¡ë«¨ áà�¢−¥−ë á áãé¥áâ¢ãîé¨¬¨
¯¥à¥¢®¤−ë¬¨ á«®¢�àï¬¨: ¥á«¨ ¯¥à¥¢®¤ ¡ë« −�©¤¥− ¢ á«®¢�à¥, â® ¯¥à¥¢®¤−®¥
á®®â¢¥âáâ¢¨¥ §�áç¨âë¢�«®áì ª�ª ¢¥à−®¥ (¤�¦¥ ¢ â®¬ á«ãç�¥ ¥á«¨ á«®¢® ï¢«ï«®áì
ç�áâìî á®áâ�¢−®£® á«®¢� ¨«¨ ç�áâìî ãáâ®©ç¨¢®£® á«®¢®á®ç¥â�−¨ï). „«ï ®æ¥−ª¨ à¥-
§ã«ìâ�â®¢ ¨á¯®«ì§®¢�«�áì ¬¥à� â®ç−®áâ¨ (precision), ¢ëç¨á«ï¥¬�ï ¯® á«¥¤ãîé¥©
ä®à¬ã«¥:

precision =
C

S
,

£¤¥ C | ª®«¨ç¥áâ¢® ¯à�¢¨«ì−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¢ ¯®«ãç¥−−®¬ á«®¢�à¥;
S | à�§¬¥à á«®¢�àï.

‘à¥¤−¨© ¯®ª�§�â¥«ì ãà®¢−ï â®ç−®áâ¨ ¯à¨ á®¯®áâ�¢«¥−¨¨ á áãé¥áâ¢ãîé¨¬¨
á«®¢�àï¬¨ á®áâ�¢¨« 60%. „«ï ¯à®¢¥àª¨ íâ®£® ¯®ª�§�â¥«ï íªá¯¥àâ®¢-¯¥à¥¢®¤ç¨ª®¢
¯®¯à®á¨«¨ ¯à®á¬®âà¥âì ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï, ª®â®àë¥ −¥ ¯à®è«¨ ¯à®¢¥àªã
−� á®®â¢¥âáâ¢¨¥ ú§®«®â®¬ã áâ�−¤�àâãû (áãé¥áâ¢ãîé¥¬ã ¯¥à¥¢®¤−®¬ã á«®¢�àî).
‚ëïá−¨«®áì, çâ® 30% ®â¡à®è¥−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¯à¥¤áâ�¢«ïîâ á®¡®©
¯à�¢¨«ì−ë¥ ¯¥à¥¢®¤ë. ’�ª¨¬ ®¡à�§®¬, ¯à¨ àãç−®© ®æ¥−ª¥ à¥§ã«ìâ�â®¢ â®ç−®áâì
¢ë¤¥«¥−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© á®áâ�¢¨«� 72%.

‚ à�¡®â¥ [6] ¤«ï ¨§¢«¥ç¥−¨ï ®¤−®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨á¯®«ì-
§®¢�«¨áì âà¨ à�§−ëå ¬¥â®¤�: �«£®à¨â¬ K-Vec á ¡ã«¥¢ë¬¨ ç�áâ®â�¬¨, �«£®à¨â¬
K-Vec á �¡á®«îâ−ë¬¨ ç�áâ®â�¬¨ ¨ ¬®¤¥«ì IBM ü 2. ‚−�ç�«¥ â¥ªáâë ¨áå®¤-
−®£® ¨ æ¥«¥¢®£® ï§ëª®¢ ¡ë«¨ à�§¤¥«¥−ë −� á¥£¬¥−âë ¯à®¨§¢®«ì−®£® à�§¬¥à� ®â
¯�à�£à�ä� ¤® −¥áª®«ìª¨å á«®¢. ‡�â¥¬ á«®¢� ¡ë«¨ ¯®¬¥é¥−ë ¢ ¢¥ªâ®à−®¥ ¯à®-
áâà�−áâ¢®, ¢ ª®â®à®¬ ¢ ª�ç¥áâ¢¥ ª®−â¥ªáâ®¢ ¢ëáâã¯�«¨ â¥ªáâ®¢ë¥ á¥£¬¥−âë. „«ï
ª�¦¤®£® á«®¢� ¡ë« áä®à¬¨à®¢�− á¯¨á®ª ¢®§¬®¦−ëå ¯¥à¥¢®¤®¢, ¨§ ª®â®à®£® ¡ë«
¢ë¡à�− −�¨«ãçè¨© ¯¥à¥¢®¤ á ¯®¬®éìî ¬¥à �áá®æ¨�æ¨¨: Pointwise Mutual Infor-
mation, T-score, Log-likelihood ratio, Dice coefficient. ‡�â¥¬ íâ� ¯à®æ¥¤ãà� ¡ë«�
¯®¢â®à¥−� ¢ ¯à®â¨¢®¯®«®¦−®¬ −�¯à�¢«¥−¨¨ ¯¥à¥¢®¤�. Š®−¥ç−ë¬ à¥§ã«ìâ�â®¬
áâ�« ãáà¥¤−¥−−ë© à¥§ã«ìâ�â ®¡®¨å íªá¯¥à¨¬¥−â®¢. ‚ ¤�−−®© à�¡®â¥ â�ª¦¥ ¡ë«®
¯à¨¬¥−¥−® á®¯®áâ�¢«¥−¨¥ á«®¢ −� ãà®¢−¥ ¡ãª¢, ¯®§¢®«ïîé¥¥ −�å®¤¨âì ¯¥à¥¢®¤-
−ë¥ á®®â¢¥âáâ¢¨ï à®¤áâ¢¥−−ëå á«®¢ ¨ ¨¬¥− á®¡áâ¢¥−−ëå. ‚ ª�ç¥áâ¢¥ ¬�â¥à¨�«�
¡ë«¨ ¢ë¡à�−ë â¥ªáâë åã¤®¦¥áâ¢¥−−ëå ¯à®¨§¢¥¤¥−¨© −� ¨á¯�−áª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å, ¢ëà®¢−¥−−ë¥ −� ãà®¢−¥ ¯à¥¤«®¦¥−¨©. �® à¥§ã«ìâ�â�¬ àãç−®© ®æ¥−ª¨
â®ç−®áâì ¢ë¤¥«¥−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© á®áâ�¢¨«� 53%.

4 Эксперимент по применению моделей дистрибутивной семантики
для извлечения переводных соответствий из параллельных текстов

–¥«ì ¤�−−®© à�¡®âë §�ª«îç�«�áì ¢ à�§à�¡®âª¥ ¤¨áâà¨¡ãâ¨¢−®-á¥¬�−â¨ç¥-
áª®© ¬®¤¥«¨ ¨ ¥¥ ¯à®¢¥àª¥ −� â¥áâ®¢®¬ ¯à¨¬¥à¥. ‚ å®¤¥ ¨áá«¥¤®¢�−¨ï ¡ë« á®§¤�−
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ª®à¯ãá ¯�à�««¥«ì−ëå â¥ªáâ®¢ −�ãç−ëå ¯�â¥−â®¢ −� àãááª®¬ ¨ äà�−æã§áª®¬
ï§ëª�å. ’¥ªáâë ¯�â¥−â®¢ ¡ë«¨ ¯®«ãç¥−ë á á�©â� …¢à®¯¥©áª®£® ¯�â¥−â−®£®
�£¥−âáâ¢� [9]. ‚ ¯à®æ¥áá¥ á®§¤�−¨ï ¨áá«¥¤®¢�â¥«ìáª®£® ª®à¯ãá� ¡ë«¨ ¯à®©¤¥−ë
á«¥¤ãîé¨¥ íâ�¯ë:

1. ÷�§¤¥«¥−¨¥ â¥ªáâ®¢ −� ¯à¥¤«®¦¥−¨ï á ¯®¬®éìî ¯à®£à�¬¬ë, ï¢«ïîé¥©áï
ç�áâìî á¨áâ¥¬ë ¬®àä®«®£¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢, à�§à�¡®â�−−®© ¢ «�¡®-
à�â®à¨¨ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ˆ�ˆ ÷�� [10].

2. ‚ëà�¢−¨¢�−¨¥ â¥ªáâ®¢ −� ãà®¢−¥ ¯à¥¤«®¦¥−¨© á ¯®¬®éìî ¯à®£à�¬¬ë Bilin-
gual Sentence Aligner [11] á ¯®á«¥¤ãîé¨¬ àãç−ë¬ à¥¤�ªâ¨à®¢�−¨¥¬ ¢ ¢¨§ã-
�«ì−®¬ à¥¤�ªâ®à¥ Make Bilingua [12].

3. ‡�£àã§ª� â¥ªáâ®¢ ¢ ®−«�©−-á¨áâ¥¬ã ¢¥¤¥−¨ï ª®à¯ãá®¢ Sketch Engine [13].

�à¨ §�£àã§ª¥ â¥ªáâ®¢ ¢ á¨áâ¥¬ã Sketch Engine �¢â®¬�â¨ç¥áª¨ ¯à®¨§¢®¤¨âáï
¬®àä®«®£¨ç¥áª�ï à�§¬¥âª�: á«®¢®ä®à¬ë á−�¡¦�îâáï ¨−ä®à¬�æ¨¥© ® −�ç�«ì−®©
ä®à¬¥ á«®¢�, ç�áâ¨ à¥ç¨ ¨ £à�¬¬�â¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª�å. Œ®¤ã«ì ¬®àä®-
«®£¨ç¥áª®£® �−�«¨§� á¨áâ¥¬ë Sketch Engine ¡ë« à�§à�¡®â�− ¢ à�¬ª�å ¯à®¥ªâ�
¯® á®§¤�−¨î áâ�â¨áâ¨ç¥áª®© á¨áâ¥¬ë ¬®àä®«®£¨ç¥áª®£® �−�«¨§� Tree Tagger,
®á−®¢�−−®© −� ¤¥à¥¢ìïå à¥è¥−¨© [14]. Œ®¤ã«ì ¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¤«ï
àãááª®£® ï§ëª� ¡ë« à�§à�¡®â�− ˜�à®¢ë¬ ¨ �¨¢à¥ [15].

„«ï à¥è¥−¨ï §�¤�ç¨ ¨§¢«¥ç¥−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨á¯®«ì§®¢�«¨áì
¬¥â®¤ë ¤¨áâà¨¡ãâ¨¢−®© á¥¬�−â¨ª¨. �ë«� ¯®áâà®¥−� ¬®¤¥«ì á¥¬�−â¨ç¥áª®£®
¢¥ªâ®à−®£® ¯à®áâà�−áâ¢� á® á«¥¤ãîé¨¬¨ ¯�à�¬¥âà�¬¨:

{ â¨¯ ¨§ãç�¥¬ëå ¥¤¨−¨æ: «¥ªá¥¬ë;

{ â¨¯ ª®−â¥ªáâ�: ¯�àë ¢ëà®¢−¥−−ëå ¯à¥¤«®¦¥−¨©;

{ ª®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� ç�áâ®âë ¢áâà¥ç�¥¬®áâ¨ ¨§ãç�¥¬®© ¥¤¨−¨æë ¢ ¤�−−®¬
ª®−â¥ªáâ¥: ¡ã«¥¢� ç�áâ®â� (1 | ¥á«¨ á«®¢® ¢áâà¥â¨«®áì ¢ ¤�−−®¬ ª®−â¥ªáâ¥,
0 | ¢ ¯à®â¨¢−®¬ á«ãç�¥);

{ ¬¥â®¤ ¢ëç¨á«¥−¨ï à�ááâ®ï−¨ï ¬¥¦¤ã ¢¥ªâ®à�¬¨: ª®á¨−ãá−�ï ¬¥à�.

Š®¬¯ìîâ¥à−�ï à¥�«¨§�æ¨ï ¬®¤¥«¨ á¥¬�−â¨ç¥áª®£® ¢¥ªâ®à−®£® ¯à®áâà�−áâ¢�
¡ë«� ¢ë¯®«−¥−� Œ. Œ. ˜�à−¨−ë¬ á ª®««¥£�¬¨ [16]. �«£®à¨â¬ à�¡®âë ¯à®£à�¬-
¬ë á®áâ®¨â ¨§ á«¥¤ãîé¨å íâ�¯®¢:

1. ˆ§ ¢á¥å á«®¢ ¢ë¤¥«ï¥âáï 1000 á�¬ëå ç�áâëå á«®¢ ¤«ï ®¡®¨å ï§ëª®¢.

2. „«ï ¢ë¤¥«¥−−ëå á«®¢ áâà®¨âáï á«®¢¥á−®¥ ¯à®áâà�−áâ¢®.

3. ‚ëç¨á«ï¥âáï ¬¥à� ¡«¨§®áâ¨ ¬¥¦¤ã ¢¥ªâ®à�¬¨ ¤�−−®£® ¯à®áâà�−áâ¢� (á ¨á-
¯®«ì§®¢�−¨¥¬ ª®á¨−ãá−®© ¬¥àë).

4. ‚ ª�ç¥áâ¢¥ ¯¥à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï ¤«ï ª�¦¤®£® á«®¢� àãááª®£® ï§ëª�
¢ë¡¨à�¥âáï −�¨¡®«¥¥ ¡«¨§ª®¥ ª −¥¬ã á«®¢® äà�−æã§áª®£® ï§ëª�.

‚ à¥§ã«ìâ�â¥ ¯à¨¬¥−¥−¨ï ¬®¤¥«¨ á¥¬�−â¨ç¥áª®£® ¢¥ªâ®à−®£® ¯à®áâà�−-
áâ¢� ¡ë« ¯®«ãç¥− á¯¨á®ª ®¤−®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©, −�¯à¨¬¥à:
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Œ¥â®¤¨ª� ¨§¢«¥ç¥−¨ï ¯®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢

‘à�¢−¥−¨¥ ¤�−−®© à�¡®âë á à�¡®â�¬¨ ¤àã£¨å �¢â®à®¢

ˆáâ®ç−¨ª †�−à Š®−â¥ªáâ
‹¨−£¢¨áâ¨ç¥áª¨©

ä¨«ìâà ’®ç−®áâì

„�−−�ï à�¡®â� „¥«®¢�ï ¯à®§� �à¥¤«®¦¥−¨¥ „� 89%
[6] •ã¤®¦¥áâ¢¥−−ë© â¥ªáâ �à¥¤«®¦¥−¨¥ „� 53%
[8] „¥«®¢�ï ¯à®§� „®ªã¬¥−â �¥â 73%

moyen → áà¥¤áâ¢®, exemple → −�¯à¨¬¥à, caract �eriser → ®â«¨ç�âì. ‡�â¥¬ ª
¤�−−®¬ã á¯¨áªã ¡ë« ¯à¨¬¥−¥− «¨−£¢¨áâ¨ç¥áª¨© ä¨«ìâà: á«®¢�, ¯à¨−�¤«¥¦�é¨¥
ª à�§−ë¬ ç�áâï¬ à¥ç¨, ¡ë«¨ ¨áª«îç¥−ë ¨§ á¯¨áª�. �ë«� ¯à®¨§¢¥¤¥−� àãç−�ï
®æ¥−ª� ¯®«ãç¨¢è¥£®áï á¯¨áª�, ¢ à¥§ã«ìâ�â¥ ª®â®à®© ¢ëïá−¨«®áì, çâ® â®ç−®áâì
¨§¢«¥ç¥−¨ï ®¤−®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© á®áâ�¢«ï¥â 89%.

‚ â�¡«¨æ¥ ¯à¨¢®¤¨âáï áà�¢−¥−¨¥ à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå ¢ ¤�−−®© à�¡®â¥, á
à¥§ã«ìâ�â�¬¨ ¤¢ãå à�¡®â ¯® ¨§¢«¥ç¥−¨î ®¤−®á«®¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©,
®¯¨á�−−ëå ¢ à�§¤. 3.

�®«¥¥ ¢ëá®ª¨© ¯®ª�§�â¥«ì â®ç−®áâ¨, ¯®«ãç¥−−ë© �¢â®à�¬¨ áâ�âì¨, ¬®¦¥â ®¡ê-
ïá−ïâìáï â¥¬, çâ® ¢ íªá¯¥à¨¬¥−â¥ ¨á¯®«ì§®¢�«áï ª®à¯ãá ¯�à�««¥«ì−ëå â¥ªáâ®¢
¢ëá®ª®£® ª�ç¥áâ¢�: â¥ªáâë ¡ë«¨ ¢ëà®¢−¥−ë −� ãà®¢−¥ ¯à¥¤«®¦¥−¨©, � −¥ ¤®ªã-
¬¥−â®¢, ¢ëà�¢−¨¢�−¨¥ ¡ë«® ¯à®¢¥à¥−® ¢àãç−ãî. �à¨¬¥−¥−¨¥ «¨−£¢¨áâ¨ç¥áª®£®
ä¨«ìâà� −� á®¢¯�¤¥−¨¥ ç�áâ¥© à¥ç¨ ¯®§¢®«¨«® ®â¡à®á¨âì ¬−®¦¥áâ¢® −¥¢¥à−ëå á®-
®â¢¥âáâ¢¨©. ˆá¯®«ì§®¢�−¨¥ â¥ªáâ®¢ ¤¥«®¢®© ¯à®§ë, � −¥ åã¤®¦¥áâ¢¥−−ëå â¥ªáâ®¢
¬®£«® â�ª¦¥ ¢−¥áâ¨ á¢®© ¢ª«�¤ ¢ ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ¢ë¤¥«¥−¨ï ¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨©.

5 Заключение

ˆ§¢«¥ç¥−¨¥ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢ | �ªâã�«ì−�ï
§�¤�ç�, ª®â®à�ï ¢®§−¨ª�¥â ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á¨áâ¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤�, â�ª
ª�ª ¯¥à¥¢®¤−ë¥ á«®¢�à¨ −ã¦−® ¯®¯®«−ïâì ¨ −�áâà�¨¢�âì −� à�§«¨ç−ë¥ ¯à¥¤¬¥â-
−ë¥ ®¡«�áâ¨. ‚ à�¡®â¥ ¤�¥âáï ®¡§®à áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª à¥è¥−¨î ¤�−−®©
§�¤�ç¨, ¯à¨ íâ®¬ −�¨¡®«ìè¥¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¤¨áâà¨¡ãâ¨¢−®-á¥¬�−â¨ç¥áª®-
¬ã ¯®¤å®¤ã. �¢â®à�¬¨ ¡ë«� à�§à�¡®â�−� ¤¨áâà¨¡ãâ¨¢−®-á¥¬�−â¨ç¥áª�ï ¬®¤¥«ì
¨§¢«¥ç¥−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢. �ªá¯¥à¨¬¥−âë
¯®ª�§�«¨, çâ® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®© ¬®¤¥«¨ â®ç−®áâì ¨§¢«¥ç¥−¨ï ¯¥à¥¢®¤-
−ëå á®®â¢¥âáâ¢¨© á®áâ�¢«ï¥â 89%, çâ® ¯à¥¢®áå®¤¨â à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥
¤àã£¨¬¨ �¢â®à�¬¨. „�«ì−¥©è¨¥ ¨áá«¥¤®¢�−¨ï ¡ã¤ãâ −�¯à�¢«¥−ë −� ¨§¢«¥ç¥−¨¥
¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© −� ãà®¢−¥ á«®¢®á®ç¥â�−¨©.
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Method for extracting single-word translation correspondences from parallel texts

METHOD FOR EXTRACTING SINGLE-WORD TRANSLATION
CORRESPONDENCES FROM PARALLEL TEXTS

USING DISTRIBUTIONAL SEMANTICS MODELS

Yu. I. Morozova, E. B. Kozerenko, and M. M. Sharnin

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

Abstract: The paper deals with problems of corpus research of linguistic units.
The task of extracting translation correspondences from a parallel corpus is
defined. An overview of existing approaches to this task is provided. The
paper focuses on the approach to extracting translation correspondences based
on distributional semantics models. The paper describes the theoretical model
developed by the authors as well as its software implementation. A test parallel
corpus of patent texts in French and English was compiled for the purpose of
this research. The paper provides results of an experiment aimed at extracting
single-word translation correspondences from the test parallel corpus.
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О ПРОБЛЕМАХ РЕАЛИЗАЦИИ СЕМАНТИЧЕСКОЙ
ГЕОИНТЕРОПЕРАБЕЛЬНОСТИ В SEMANTIC WEB∗

С. К. Дулин1, Н. Г. Дулина2, Д. А. Никишин3

�−−®â�æ¨ï: �à®¡«¥¬� á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ §�ª«îç�¥âáï ¢
®¡¥á¯¥ç¥−¨¨ á®£«�á®¢�−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á¯¥æ¨�«¨áâ®¢ ¤«ï à¥è¥−¨ï §�¤�ç,
âà¥¡ãîé¨å á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï £¥®à¥áãàá®¢, ¯à¨ ãá«®¢¨¨ �¤¥ª¢�â−®-
£® ¯®−¨¬�−¨ï ¨¬¨ á¥¬�−â¨ª¨ íâ¨å £¥®à¥áãàá®¢. �¡¥á¯¥ç¥−¨¥ á¥¬�−â¨ç¥áª®©
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¥¤¯®«�£�¥â, çâ® à�§à�¡®âª� áà¥¤áâ¢ á®£«�á®¢�−−®-
£® ¯®−¨¬�−¨ï £¥®¤�−−ëå ¤®«¦−� ®áãé¥áâ¢«ïâìáï −� ®á−®¢¥ áà�¢−¨â¥«ì−®£®
�−�«¨§� áãé¥áâ¢ãîé¨å ¬¥â�áå¥¬ ¡�§ £¥®¤�−−ëå á ãç¥â®¬ ¬−®£®ä�ªâ®à−®áâ¨
¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© ¨ á¥¬�−â¨ª¨, §�«®¦¥−−®© ¢ ¯à®áâà�−áâ¢¥−−ë¥
®−â®«®£¨¨ ¨/¨«¨ £¥®â¥§�ãàãáë ¨ ª«�áá¨ä¨ª�â®àë. Š«îç¥¢®© §�¤�ç¥© á¥¬�−-
â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ï¢«ï¥âáï á®§¤�−¨¥ ¥¤¨−®© ª®−æ¥¯âã�«ì−®©
¬®¤¥«¨ ¯à¥¤áâ�¢«¥−¨ï ¨ á®£«�á®¢�−−®£® ¯®−¨¬�−¨ï ¯®«ì§®¢�â¥«ï¬¨ £¥®¤�−-
−ëå −� ®á−®¢¥ ¨−â¥£à�æ¨¨ ¯à®áâà�−áâ¢¥−−®-à�á¯à¥¤¥«¥−−®© ¨−ä®à¬�æ¨¨.
÷�¡®â� ¯®á¢ïé¥−� ®¡áã¦¤¥−¨î ¯®−ïâ¨ï á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨,
�á¯¥ªâ�¬ à¥�«¨§�æ¨¨ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ £¥®£à�ä¨ç¥áª®©
¨−ä®à¬�æ¨¨ (ƒˆ) ¨ áâ�−¤�àâ�¬ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: £¥®¤�−−ë¥; á¥¬�−â¨ç¥áª�ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì; ®−â®-
«®£¨¨; Semantic Web

DOI: 10.14357/08696527140210

1 Введение

‚ à�¡®â¥ ®¡áã¦¤�¥âáï â¥ªãé¥¥ á®áâ®ï−¨¥ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ƒˆ ¨ ª�ª ®−®
¬®¦¥â ¡ëâì ã«ãçè¥−®. �à¨−ïâ¨¥ áâ�−¤�àâ®¢ | ¢�¦−®¥ áà¥¤áâ¢® ¤«ï ä®à¬¨-
à®¢�−¨ï ¨ à�§¢¨â¨ï ¢§�¨¬®¤¥©áâ¢ãîé¨å £¥®¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¨ á«ã¦¡.
�¡«�áâì ƒˆ ¤®«¦−� ®á−®¢ë¢�âìáï −� −¥¬−®£¨å á®£«�á®¢�−−ëå ¨ å®à®è® ¯à®-
¤ã¬�−−ëå áâ�−¤�àâ�å ¨ ¤¥©áâ¢¨ïå, ¯à¨ç¥¬ íâ® æ¥«ì −¥ �ª�¤¥¬¨ç¥áª®£® ¨áá«¥-
¤®¢�−¨ï, ¢¥¤ì ¨¬¥−−® àë−®ª ¨−ä®à¬�æ¨®−−ëå ãá«ã£ §�¨−â¥à¥á®¢�− ¢ ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨, çâ® ¯®¤â¢¥à¦¤�¥âáï −¥¤�¢−¨¬¨ á®¢¬¥áâ−ë¬¨ ¤¥©áâ¢¨ï¬¨ ¢¥¤ãé¨å
®à£�−¨§�æ¨© ¯® áâ�−¤�àâ¨§�æ¨¨ | Š®−á®àæ¨ã¬� £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�-
æ¨¨ (Open Geospatial Consortium | OGC) ¨ ’¥å−¨ç¥áª®£® ª®¬¨â¥â� Œ¥¦¤ã-

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 14-07-00040 ¨ 14-07-00785).
1��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨-

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

2‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ngdulina@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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−�à®¤−®© ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨ 211 (ISO's Technical Committee 211
(Geomatics, Geographic Information)).

�à¥£à�¤ë ¤«ï à¥�«¨§�æ¨¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ á¥àì¥§−® ®£à�−¨ç¨¢�îâ ¤¥ï-
â¥«ì−®áâì ¬−®£¨å ä¨à¬ ¨ ¯®«ì§®¢�â¥«¥© ¢ ®¡«�áâ¨ ƒˆ ¨§-§� ã¢¥«¨ç¨¢�îé¥©áï
¯®âà¥¡−®áâ¨ ¢ ¨−â¥£à�æ¨¨ ¡®«ìè®£® ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ¢ ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬�å ¯à¥¤¯à¨ïâ¨©. ‘â�−¤�àâ¨§�æ¨ï ¯à®â®ª®«®¢, ä®à¬�â®¢ ¨ ®á®¡¥−−® ¨−-
â¥àä¥©á®¢ ¬®¦¥â ¯®¬®çì ¯à¥®¤®«¥âì íâ¨ ¯à¥£à�¤ë, −® íâ® −¥ ¢á¥, çâ® −ã¦−®
á¤¥«�âì. ˆ−â¥à®¯¥à�¡¥«ì−®áâì ¡ã¤¥â ¤®áâ¨£−ãâ� â®«ìª® ¢ à¥§ã«ìâ�â¥ áª®®à¤¨−¨-
à®¢�−−®£® ãá¨«¨ï à�§−®®¡à�§−ëå ãç�áâ−¨ª®¢: ¯à®¢�©¤¥à®¢ ¤�−−ëå, â¥å−®«®£®¢ ¨
¯®áâ�¢é¨ª®¢ ãá«ã£, ®à£�−¨§�â®à®¢ áâ�−¤�àâ®¢ ¨ £àã¯¯ë ¯®«ì§®¢�â¥«¥© àë−ª� ƒˆ.

‚®§¬®¦−®áâì á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï £¥®¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¡ë«�
®¤−¨¬ ¨§ ®á−®¢−ëå âà¥¡®¢�−¨© −�ç¨−�ï á à�§à�¡®âª¨ ¯¥à¢®© £¥®¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬ë (ƒˆ‘). ‘ãé¥áâ¢ãîé¨¥ £¥®¤�−−ë¥ ¡ë«¨ ¯®«ãç¥−ë −¥§�¢¨á¨¬® ¤àã£ ®â
¤àã£� à�§−ë¬¨ ®à£�−¨§�æ¨ï¬¨ á ¯®¬®éìî à�§«¨ç−ëå á¨áâ¥¬ ¨ ¨á¯®«ì§ãîâáï ¢®
¬−®¦¥áâ¢¥ ¯à¨«®¦¥−¨© â�ª¦¥ −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�. •�à�ªâ¥à−ë ¢ íâ®¬
á¬ëá«¥ â®¯®£à�ä¨ç¥áª¨¥ ¤�−−ë¥, ª®â®àë¥ «¥¦�â ¢ ®á−®¢¥ ¯à®áâà�−áâ¢¥−−®£®
�−�«¨§�, ¨á¯®«ì§ã¥¬®£® ¤«ï íª®«®£¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ªà¨â¨ç¥áª®£® ¯®«®¦¥-
−¨ï ®¯®«§−¥©, à�§¬ë¢®¢, ã¯à�¢«¥−¨ï âà�−á¯®àâ−ë¬¨ ¯®â®ª�¬¨, ¡¥§®¯�á−®áâ¨,
á¥«ìáª®£® å®§ï©áâ¢� ¨ â. ¤.

�¥á¬®âàï −� â® çâ® ¯à®è«ë¥ ¤¢� ¤¥áïâ¨«¥â¨ï ¡ë«¨ ®ç¥−ì ¯à®¤ãªâ¨¢−ë-
¬¨ á â®çª¨ §à¥−¨ï à�§¢¨â¨ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ®¡«¥£ç�îé¥© á®¢¬¥áâ−®¥
¨á¯®«ì§®¢�−¨¥ £¥®£à�ä¨ç¥áª¨å ¤�−−ëå, £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì ¯®ª� ¥é¥ −¥
áâ�«� ®¡é¥§−�ç¨¬®©. •®âï áâ�−¤�àâë, à�§à�¡®â�−−ë¥ ISO/TC 211 ¨ OGC,
®¡¥á¯¥ç¨«¨ ®á−®¢ã ¤«ï ¥¥ à�§¢¨â¨ï ¨ ¢ ¬¥¦¤ã−�à®¤−ëå ®à£�−¨§�æ¨ïå (Canadi-
an Geospatial Data Infrastructure (CGDI), National Spatial Data Infrastructure
(NSDI), Infrastructure for Spatial Information in Europe (INSPIRE), Global Spa-
tial Data Infrastructure (GSDI)) ¢®§−¨ª«¨ ¯à®áâà�−áâ¢¥−−ë¥ ¨−äà�áâàãªâãàë
¤�−−ëå, à¥�«¨§�æ¨ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢á¥ ¦¥ −�å®¤¨âáï −� −�ç�«ì−®©
áâ�¤¨¨.

‘ ¤àã£®© áâ®à®−ë, §� íâ¨ ¤¢� ¤¥áïâ¨«¥â¨ï ¯à®¨§®è«® ¢−ãè¨â¥«ì−®¥ à�§¢¨â¨¥
ˆ−â¥à−¥â� ¨ Web. �à£�−¨§�æ¨ï Web −�ç�«�áì á ®ç¥−ì ¯à®áâ®© ¯ã¡«¨ª�æ¨¨
á®¥¤¨−¥−−ëå ¬¥¦¤ã á®¡®© ¢¥¡-áâà�−¨æ. ’¥¯¥àì Web á®áâ�¢«¥−� ¨§ ¯®àâ�«®¢,
á¥à¢¨á®¢, ¤�−−ëå, ¤®ªã¬¥−â®¢, ¢¨¤¥®, ¬ã§ëª¨, ¯¥à¬�−¥−â−® ¯®¯®«−ïïáì ª®««¥ª-
æ¨ï¬¨ ¤�−−ëå à�§«¨ç−ëå ¢¨¤®¢ â¨¯� wikis, ª�àâë Google, OpenStreetMap ¨ â. ¤.
‚ −�áâ®ïé¥¥ ¢à¥¬ï Web á®¢¥àè¥−áâ¢ã¥âáï ¤® Semantic Web (¨«¨ Web 3.0), í¢®-
«îæ¨®−¨àãï ®â ¢¥¡-¤®ªã¬¥−â®¢ ¤® ¢¥¡-¤�−−ëå, ¯à¥¢à�é�ïáì ¢ ¬¥¦¤ã−�à®¤−ãî
®âªàëâãî ¡�§ã ¤�−−ëå. ‚á¥ íâ® ¢−ãè�¥â ®¯à¥¤¥«¥−−ë© ®¯â¨¬¨§¬ ¢ ®â−®è¥−¨¨
à¥�«¨§�æ¨¨ £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨.

‘â�âìï á®áâ®¨â ¨§ ¢®áì¬¨ à�§¤¥«®¢. ÷�§¤¥« 2 ¯®á¢ïé¥− ¯®−ïâ¨î ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨. ‚ à�§¤. 3 ¯à¥¤áâ�¢«¥−ë ãà®¢−¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ‚ à�§¤. 4
®¡áã¦¤�¥âáï ¯®−ïâ¨¥ ®−â®«®£¨¨, ï¢«ïîé¥¥áï ®á−®¢®¯®«�£�îé¨¬ ¯®−ïâ¨¥¬ ¢
¨áá«¥¤®¢�−¨¨ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ÷�§¤¥« 5 ¢¢®¤¨â ®á−®¢-
−ë¥ ¯®−ïâ¨ï, á¢ï§�−−ë¥ á á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâìî. „�«¥¥ ¢
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� ¯à®¡«¥¬�å à¥�«¨§�æ¨¨ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ Semantic Web

à�§¤. 6 à�áá¬�âà¨¢�îâáï áâ�−¤�àâë á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ ª®−-
â¥ªáâ¥ ƒˆ, ª®â®àë¥ ¯®¤¤¥à¦¨¢�îâ £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì ¤«ï £¥®£à�ä¨ç¥áª¨å
¨−ä®à¬�æ¨®−−ëå ¨ ¯à®áâà�−áâ¢¥−−ëå ¨−äà�áâàãªâãà ¤�−−ëå. ÷�§¤¥« 7 ¯®-
á¢ïé¥− Semantic Web, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¢�¦−ãî ¯®¤¤¥à¦ªã á¥¬�−â¨ç¥áª®©
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¨¬¥−¨â¥«ì−® ª ¯à®áâà�−áâ¢¥−−ë¬ ¨−äà�áâàãªâãà�¬
¤�−−ëå ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© á¨¬¡¨®§ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨
á¥¬�−â¨ç¥áª®© á¥â¨. ÷�§¤¥« 8 á®¤¥à¦¨â §�ª«îç¨â¥«ì−ë¥ §�¬¥ç�−¨ï.

2 Понятие интероперабельности

‘ãé¥áâ¢¨â¥«ì−®¥ ú¨−â¥à®¯¥à�¡¥«ì−®áâìû ®§−�ç�¥â á¯®á®¡−®áâì ®¤−®©
á¨áâ¥¬ë ¨á¯®«ì§®¢�âì ç�áâ¨ ¤àã£®© á¨áâ¥¬ë (‘«®¢�àì Merriam-Webster,
http://www.m-w.com) ¡¥§ á¯¥æ¨�«ì−®£® ãá¨«¨ï á® áâ®à®−ë ª«¨¥−â�; â. ¥. ®−�
¯à¥¢ëè�¥â ¢®§¬®¦−®áâ¨ ª®¬¬ã−¨ª�æ¨¨ (http://www.dictionary.com). ‡¤¥áì á
¯®§¨æ¨¨ ¨−ä®à¬�â¨ª¨ ®á−®¢−�ï áãâì ®¯à¥¤¥«¥−¨ï | íâ® á¯®á®¡−®áâì ¨á¯®«ì-
§®¢�âì ¨−ä®à¬�æ¨î, ¯®«ãç¥−−ãî ¢ à¥§ã«ìâ�â¥ ®¡¬¥−�. Œ¥¦¤ã−�à®¤−�ï ®à-
£�−¨§�æ¨ï ¯® áâ�−¤�àâ¨§�æ¨¨ ISO 19119 ¯à¥¤«�£�¥â á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥
(http://www.wmo.int/pages/prog/www/TEM/ET-WISC-I/ISO 191xx.doc):

úˆ−â¥à®¯¥à�¡¥«ì−®áâì ¯à¥¤áâ�¢«ï¥â á®¡®© á¯®á®¡−®áâì á®¥¤¨−ïâìáï, ¢ë-
¯®«−ïâì ¯à®£à�¬¬ë ¨«¨ ¯¥à¥¤�¢�âì ¤�−−ë¥ áà¥¤¨ à�§«¨ç−ëå äã−ªæ¨®−�«ì−ëå
¬®¤ã«¥© á¯®á®¡®¬, ª®â®àë© −¥ âà¥¡ã¥â, çâ®¡ë ¯®«ì§®¢�â¥«ì ¨¬¥« §−�−¨ï ® å�-
à�ªâ¥à¨áâ¨ª�å íâ¨å ¬®¤ã«¥©û.

„¢� ª®¬¯®−¥−â� A ¨ B (à¨á. 1) ¬®£ãâ ¢§�¨¬®¤¥©áâ¢®¢�âì (ï¢«ïîâáï ¨−â¥à-
®¯¥à�¡¥«ì−ë¬¨), ¥á«¨ A ¬®¦¥â ¯®á«�âì ®á−®¢�−−ë¥ −� ¢§�¨¬−®¬ ¯®−¨¬�−¨¨ A
¨ B §�¯à®áë Q ¤«ï ¨á¯®«ì§®¢�−¨ï á¥à¢¨á®¢, −�å®¤ïé¨åáï ã B, ¨ ¥á«¨ B ¬®¦¥â
¯®¤®¡−ë¬ ®¡à�§®¬ ¢®§¢à�â¨âì ¢§�¨¬−® ¯®−ïâ−ë¥ ®â¢¥âë R ª A.

�â® ®§−�ç�¥â, çâ® ¤¢¥ ¨−â¥à®¯¥à�¡¥«ì−ë¥ á¨áâ¥¬ë ¬®£ãâ ¢§�¨¬®¤¥©áâ¢®¢�âì
á®¢¬¥áâ−® ¤«ï ¢ë¯®«−¥−¨ï §�¤�ç¨.

„«ï £¥®£à�ä¨ç¥áª®© ®¡«�áâ¨ ¯à¨¬¥−¨¬® á«¥¤ãîé¥¥ ®¯¨á�−¨¥ â¥à¬¨−� ú£¥®-
£à�ä¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâìû (http://www.wmo.int/pages/prog/www/
TEM/ET-WISC-I/ISO 191xx.doc):

÷¨á. 1 ˆ−â¥à®¯¥à�¡¥«ì−®áâì
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úƒ¥®£à�ä¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì | íâ® á¯®á®¡−®áâì ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ª (1) á¢®¡®¤−®¬ã ®¡¬¥−ã ¢á¥¬¨ ¢¨¤�¬¨ ¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨ ®
‡¥¬«¥ ¨ ®¡ ®¡ê¥ªâ�å ¨ ï¢«¥−¨ïå −�, ¢ëè¥ ¨ −¨¦¥ ¯®¢¥àå−®áâ¨ ‡¥¬«¨ ¨ (2) á®¢¬¥áâ-
−®¬ã á¥â¥¢®¬ã ¨á¯®«ì§®¢�−¨î ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¯à¥¤−�§−�ç¥−−®£® ¤«ï
ã¯à�¢«¥−¨ï â�ª®© ¨−ä®à¬�æ¨¥©û.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® íâ® ®¯à¥¤¥«¥−¨¥ −¥ ¯à¥¤¯®«�£�¥â, çâ® ª�¦¤ë© ª®¬¯®-
−¥−â ¨á¯®«ì§ã¥â ®¤¨− ¨ â®â ¦¥ ä®à¬�â ¤�−−ëå (á®¢¯�¤¥−¨¥ ä®à¬�â®¢ á®®â¢¥âáâ¢ã-
¥â ®¡ëç−® −¥¯à�¢¨«ì−®¬ã ¢®á¯à¨ïâ¨î ¬−®£¨¬¨ «î¤ì¬¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨), �
áª®à¥¥ ¯à®¢®§£«�è�¥â á¯®á®¡−®áâì ¯®−¨¬�âì ä®à¬�â(ë) ¤àã£ ¤àã£�.

�� â¥å−¨ç¥áª®¬ ãà®¢−¥ ¨−â¥à®¯¥à�¡¥«ì−®áâì ¢ª«îç�¥â ª®¬¬ã−¨ª�æ¨î, ®¯à¥-
¤¥«¥−−ãî á®®â¢¥âáâ¢ãîé¨¬ ¯à®â®ª®«®¬ ª®¬¬ã−¨ª�æ¨¨, �¯¯�à�â−ë¬¨ áà¥¤áâ¢�-
¬¨, ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ ¨ ãà®¢−ï¬¨ á®¢¬¥áâ¨¬®áâ¨ ¤�−−ëå. ‚ â® ¢à¥-
¬ï ª�ª ¢ëè¥ã¯®¬ï−ãâ®¥ ¬®¦−® ¡ë«® ¡ë −�§¢�âì ®¡¥á¯¥ç¥−¨¥¬ á¨−â�ªá¨ç¥áª®©
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ á¬ëá«¥ ¯¥à¥¤�ç¨ ¯�à�¬¥âà®¢, á¥¬�−â¨ç¥áª�ï ¨−â¥à®¯¥-
à�¡¥«ì−®áâì ¨¬¥¥â ¤¥«® á® §−�−¨ï¬¨ ¯à®¡«¥¬−®© ®¡«�áâ¨, −¥®¡å®¤¨¬ë¬¨ ¤«ï
á¥à¢¨á®¢ ¨−ä®à¬�â¨ª¨, çâ®¡ë ú¯®−ïâìû ¬®â¨¢�æ¨¨ ¨ ªà¥�â¨¢ë ¤àã£ ¤àã£�. �à¨
íâ®¬ ¤«ï à�§à®§−¥−−ëå á¥à¢¨á®¢ −¥®¡å®¤¨¬® ¢§�¨¬®¤¥©áâ¢®¢�âì, á®§¤�¢�ï á¥à-
¢¨á−ë¥ æ¥¯®çª¨ ®¡á«ã¦¨¢�−¨ï ¢ á¥â¨. ‚�¦−®áâì ¯®−ïâ¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨
¯®áâ®ï−−® ¢®§à�áâ�¥â ¤«ï ¯à®¤ãªâ®¢ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¢ à�¬ª�å ª®−-
æ¥¯æ¨¨ úá¥âì | íâ® ª®¬¯ìîâ¥àû, ª®â®à�ï áâ�−®¢¨âáï ¤¥©áâ¢¨â¥«ì−®áâìî.

ˆ−â¥à®¯¥à�¡¥«ì−®áâì ¨¬¥¥â ¬−®£® §−�ç¥−¨©, ¢ª«îç�ï ¯®−ïâ¨ï ª®¬¬ã−¨ª�-
æ¨¨, ®¡¬¥−�, ª®®¯¥à�æ¨¨ ¨ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ à�§«¨ç−ë¬¨
á¨áâ¥¬�¬¨. ’�ª¨¬ ®¡à�§®¬, áãé−®áâì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ | ¢ à¥�«¨§�æ¨¨
®â−®è¥−¨© ¬¥¦¤ã á¨áâ¥¬�¬¨, £¤¥ ª�¦¤®¥ ®â−®è¥−¨¥ | á¯®á®¡ ª®¬¬ã−¨ª�æ¨¨,
®¡¬¥−�, ª®®¯¥à�æ¨¨ ¨ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢. ‘®¢à¥¬¥−−�ï ƒˆ‘
¬®¦¥â ¡ëâì á®áâ�¢«¥−� ¨§ −¥áª®«ìª¨å ª®¬¯®−¥−â®¢ �¯¯�à�â−ëå áà¥¤áâ¢, ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, à¥áãàá®¢, ¯à�¢¨« ã¯à�¢«¥−¨ï, ¯à®æ¥¤ãà ¨ «î¤¥©, ª®-
â®àë¥ åà�−ïâ, ®¡à�¡�âë¢�îâ ¨ ®¡¥á¯¥ç¨¢�îâ ¤®áâã¯ ª ƒˆ. �â¨ ª®¬¯®−¥−âë
âà�¤¨æ¨®−−® ¯à¥¤®áâ�¢«ïîâ ¯®«ì§®¢�â¥«ï¬ £®¬®£¥−−ë© ¯®¤å®¤, ®á−®¢�−−ë© −�
®¡à�¡®âª¥ ®â¤¥«ì−®£® ¯à®¤ãªâ� ƒˆ‘ ¨ ¨á¯®«ì§®¢�−¨¨ â¥å−®«®£¨¨ á¨áâ¥¬ë ª�ª
ä�ªâ¨ç¥áª®£® áâ�−¤�àâ�. ‚ ¯à®â¨¢®¯®«®¦−®áâì íâ®¬ã ƒˆ‘, ®¡«�¤�îé�ï ¨−â¥à-
®¯¥à�¡¥«ì−®áâìî, ®¡à�¡�âë¢�¥â áà¥¤ë, ¢ ª®â®àëå à�§−®®¡à�§¨¥ â¥å ¦¥ á�¬ëå
ª®¬¯®−¥−â®¢ á®áãé¥áâ¢ã¥â ¨ ¢§�¨¬®¤¥©áâ¢ã¥â.

‚ ª®−â¥ªáâ¥ ƒˆ ¨−â¥à®¯¥à�¡¥«ì−®áâì −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−� á ƒˆ‘. ƒ¥®-
¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¯à¥¤áâ�¢«ï¥â á®¡®© ®á−®¢−ãî áà¥¤ã ¤«ï à¥�«¨§�æ¨¨
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¯®â®¬ã çâ® ¢ −¥© ¢ æ¥−âà¥ ¢−¨¬�−¨ï ¯à®áâà�−áâ¢¥−−ë¥
¤�−−ë¥, ª®â®àë¥ ¡®«¥¥ á«®¦−ë, ç¥¬ ®¡ëç−ë¥ â¥ªáâ®¢ë¥ ¤�−−ë¥, á®åà�−¥−−ë¥ ¢
à¥«ïæ¨®−−ëå ¡�§�å ¤�−−ëå. •�à�ªâ¥à¨áâ¨ª¨ ƒˆ −¥ ¯à¥¤ãá¬®âà¥−ë ¤«ï ®â®¡à�-
¦¥−¨ï à¥«ïæ¨®−−®© ¬®¤¥«ìî, � ®¡ê¥ªâ−�ï ¬®¤¥«ì ï¢«ï¥âáï á«¨èª®¬ ®¡é¥© ¤«ï
−¥§�¢¨á¨¬®£® ¢ë¯®«−¥−¨ï ®¯¥à�æ¨© «î¡®£® ¢¨¤�, çâ® ¯à¥¯ïâáâ¢ã¥â ¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨. �® ®¡é¥¬ã ¬−¥−¨î, ¬−®£¨¥ ¨§ ¯à®¡«¥¬ £¥®¤�−−ëå ¢ ®¡«�áâ¨ ƒˆ
¡ë«¨ á®§¤�−ë á�¬¨¬¨ á¯¥æ¨�«¨áâ�¬¨ íâ®© ®¡«�áâ¨, â�ª ª�ª ª�¦¤ë© à�§à�¡®â-
ç¨ª áâà¥¬¨«áï á®§¤�âì −®¢ë¥ á¯®á®¡ë ¯à¥¤áâ�¢«¥−¨ï £¥®¬¥âà¨ç¥áª¨å ®¡ê¥ªâ®¢,
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¨§®¡à�¦¥−¨© ¨ �âà¨¡ãâ¨¢−ëå ¤�−−ëå. �â� á¨âã�æ¨ï á¨«ì−® ®â«¨ç�¥âáï ®â £®¬®-
£¥−−ëå á¯®á®¡®¢ ¯à¥¤áâ�¢«¥−¨ï ¤àã£¨å ¤�−−ëå, −�¯à¨¬¥à ¤�−−ëå ¢ í«¥ªâà®−−ëå
â�¡«¨æ�å ¨ ¢ ¡�§�å ¤�−−ëå. �à®¡«¥¬ë ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ƒˆ ¢ë£«ï¤ïâ ¥é¥
¡®«¥¥ á¥àì¥§−ë¬¨, ¥á«¨ ¤®¡�¢¨âì ª ¯à¨áãé¥© ƒˆ á«®¦−®áâ¨ £¥®¤�−−ëå ¨−áâ¨âã-
æ¨®−�«ì−ë¥ ¨ îà¨¤¨ç¥áª¨¥ ®á«®¦−¥−¨ï [1]. �â¨¬, ¯®-¢¨¤¨¬®¬ã, ¨ ®¡êïá−ï¥âáï
áãé¥áâ¢®¢�−¨¥ ¤®¢®«ì−® ¡®«ìè®£® ç¨á«� −¥®¡å®¤¨¬ëå áâ�−¤�àâ®¢.

‚ ®á−®¢¥ à¥�«¨§�æ¨¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ «î¡®£® â¨¯� «¥¦¨â ª®¬¬ã−¨ª�æ¨ï.
ˆáá«¥¤®¢�−¨¥ ª®¬¬ã−¨ª�æ¨¨ −�ç�«®áì á ˜¥−−®−� ¨ ‚¨−¥à� | ®á−®¢®¯®«®¦−¨ª®¢
â¥®à¨¨ ¨−ä®à¬�æ¨¨ ¨ ª¨¡¥à−¥â¨ª¨. Š¨¡¥à−¥â¨ª�, ¯® áãé¥áâ¢ã, ¨§ãç�¥â ¯à®æ¥ááë
ª®¬¬ã−¨ª�æ¨¨ ¨ ã¯à�¢«¥−¨ï, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¢ á¨áâ¥¬�å ¤«ï ¯®¤¤¥à¦�−¨ï
¯®àï¤ª�, ®à£�−¨§�æ¨¨ ¨ à�¢−®¢¥á¨ï. ˆ−ä®à¬�æ¨ï á®®â¢¥âáâ¢ã¥â á®¤¥à¦�−¨î,
ª®â®àë¬ á¨áâ¥¬� ®¡¬¥−¨¢�¥âáï á ¤àã£¨¬¨ á¨áâ¥¬�¬¨. •®à®è¥¥ ¢ë¯®«−¥−¨¥
§�¤�−¨ï −�¯àï¬ãî §�¢¨á¨â ®â ¯®«ãç¥−−®© ¨−ä®à¬�æ¨¨ ¨ ª®¬¬ã−¨ª�æ¨¨ á ¤àã£¨¬¨
á¨áâ¥¬�¬¨. ˆ−ä®à¬�æ¨®−−ë© ®¡¬¥− ¬¥¦¤ã á¨áâ¥¬�¬¨ | íâ® ¢®¯à®á íää¥ªâ¨¢−®©
ª®¬¬ã−¨ª�æ¨¨ ¨ ã¯à�¢«¥−¨ï. �à¨−ïâ® áç¨â�âì, çâ® ¯à®æ¥áá ª®¬¬ã−¨ª�æ¨¨
á®áâ®¨â ¨§ âà¥å ª®¬¯®−¥−â®¢: ¨áâ®ç−¨ª�, á®®¡é¥−¨ï ¨ �¤à¥á�â�.

…á«¨ �¤à¥á�â −¥ ¨¬¥¥â −¨ª�ª®£® ®¡é¥£® §−�−¨ï á ¨áâ®ç−¨ª®¬, ª®¬¬ã−¨ª�æ¨ï
−¥ ¬®¦¥â ¡ëâì íää¥ªâ¨¢−®©, ¨ ¯®íâ®¬ã �¤à¥á�â −¥ ¬®¦¥â ¤¥ª®¤¨à®¢�âì ¨ ¨−-
â¥à¯à¥â¨à®¢�âì á®®¡é¥−¨¥ ¤®«¦−ë¬ ®¡à�§®¬. ��¯à¨¬¥à, ¤¢� ç¥«®¢¥ª� ¤®«¦−ë
¨¬¥âì ®¡é¥¥ §−�−¨¥ ® ï§ëª¥, ª®â®àë© ®−¨ ¨á¯®«ì§ãîâ, çâ®¡ë ¢§�¨¬®¤¥©áâ¢®¢�âì.
‚ ¯à®â¨¢−®¬ á«ãç�¥ ª®¬¬ã−¨ª�æ¨ï −¥¢®§¬®¦−�. �®¬¨¬® ¨å §−�−¨ï ® ï§ëª¥ ®−¨
¤®«¦−ë â�ª¦¥ á®¢¬¥áâ−® ¨á¯®«ì§®¢�âì ®¯à¥¤¥«¥−−®¥ ç¨á«® ¯®¤®¡−ëå ¯®−ïâ¨© ¨§
−¥ª®â®à®£® â¥à¬¨−®«®£¨ç¥áª®£® á«®¢�àï.

3 Уровни интероперабельности

ˆáá«¥¤®¢�−¨ï ¯®á«¥¤−¨å «¥â ¢ ®¡«�áâ¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ãª�§ë¢�îâ −�
−¥®¡å®¤¨¬®áâì á®§¤�−¨ï ¬®¤¥«¥© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ª®â®àë¥ ¬®£ãâ £�à�−â¨-
à®¢�âì, çâ® ¨−â¥à®¯¥à�¡¥«ì−®áâì ãáâ�−�¢«¨¢�¥âáï ¬¥¦¤ã á¨áâ¥¬�¬¨ ¢ á®®â¢¥â-
áâ¢¨¨ á à�§«¨ç−ë¬¨ æ¥«ï¬¨ ¨ ª®−â¥ªáâ�¬¨ [2].

‘ãé¥áâ¢ã¥â −¥áª®«ìª® ¯®¤å®¤®¢ ª ä®à¬¨à®¢�−¨î ƒˆ‘ ¯®áà¥¤áâ¢®¬ ¬®¤¥«¥©
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ [3]. Š�¦¤ë© ¯®¤å®¤ ¨¬¥¥â ¯à¥¨¬ãé¥áâ¢� ¨ −¥¤®áâ�âª¨ ®â−®-
á¨â¥«ì−® ¤®áâ¨¦¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ ®¯à¥¤¥«¥−−®¬ ª®−â¥ªáâ¥. �á−®¢−ë¥
¯à¥¨¬ãé¥áâ¢� ¬®¤¥«¥© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ | íâ® ¢®§¬®¦−®áâì (�) ®¯à¥¤¥«¥−¨ï
®¡é¥£® á«®¢�àï, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â ¥¤¨−®®¡à�§¨¥ á¥¬�−â¨ª¨ ¨ ¢®§¬®¦−®áâì
�−�«¨§�; (¡) �«ìâ¥à−�â¨¢ë ¯à¥¤«®¦¥−¨© ®â−®á¨â¥«ì−® áâàãªâãàë à¥è¥−¨© ¨,
−�ª®−¥æ, (¢) ®æ¥−ª¨ −®¢ëå ¨¤¥© ¨ ¤®¡�¢«¥−¨ï à�§«¨ç−ëå ®¯æ¨©. �¥§ á®¬−¥−¨ï,
á�¬®© −¥¨áá«¥¤®¢�−−®© ¯à®¡«¥¬®© ƒˆ‘, ®¡«�¤�îé¥© ¨−â¥à®¯¥à�¡¥«ì−®áâìî, ¢á¥
¥é¥ ®áâ�¥âáï «¨ª¢¨¤�æ¨ï à�§àë¢� ¬¥¦¤ã à�§«¨ç−ë¬¨ ¬®¤¥«ï¬¨, çâ® ®¡¥á¯¥ç¨«®
¡ë á®§¤�−¨¥ ®¡ê¥¤¨−¥−−®£® ¬¥â®¤�, ãç¨âë¢�îé¥£® á¨«ì−ë¥ áâ®à®−ë ¨ á«�¡®áâ¨
ª�¦¤®© ®â¤¥«ì−®© ¬®¤¥«¨ ¯à¨ ¨å ¨−â¥£à�æ¨¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ª�¦¤�ï ¬®¤¥«ì
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ ƒˆ‘ ®¯à¥¤¥«ï¥â ®¡éãî â�ªá®−®¬¨î, ª®â®à�ï ¯®¤¤¥à-
¦¨¢�¥â à�§«¨ç−ë¥ æ¥«¨ ¨á¯®«ì§®¢�−¨ï, ¤®áâ¨£�ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ à�§−ëå
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‘. Š. „ã«¨−, �. ƒ. „ã«¨−�, „. �. �¨ª¨è¨−

ª®−â¥ªáâ�å. ‘«®¨, ¨§¬¥à¥−¨ï, ãà®¢−¨ ¨«¨

÷¨á. 2 “à®¢−¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨

®¡«�áâ¨ | íâ® ¯®−ïâ¨ï, ª®â®àë¥ ®¡ëç−®
®¯à¥¤¥«ïîâ â�ªãî â�ªá®−®¬¨î. �−¨ §�¢¨-
áïâ ®â â¨¯� ª®−â¥ªáâ� ¨ ¯à¨¬¥−ï¥¬®© ¬®-
¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤«ï ä®à¬¨à®¢�-
−¨ï ƒˆ‘ á ¨−â¥à®¯¥à�¡¥«ì−®áâìî.

�à¨¬¥à�¬¨ ¬®¤¥«¥© ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨, ª®â®àë¥ ¡ë«¨ ãá¯¥è−® ¯à¨¬¥−¥-
−ë ¢−¥ á¯¥æ¨ä¨ª¨ ƒˆ‘-®¡«�áâ¨, ï¢«ïîâ-
áï C4ISR Architectures Working Group's
Levels of IT Systems Interoperability (LISI)
model, the Enterprise Interoperability Ma-
turity Model (EIMM), the Organisational
Interoperability Maturity Model (OIMM) ¨
the Organisational Interoperability Agility
Model (OIAM). „¢¥ ¬®¤¥«¨ | the Lev-
els of Conceptual Interoperability Model
(LCIM) ¨ the Intermodel5 ¨á¯®«ì§®¢�«¨áì
¢ ƒˆ‘-®¡«�áâ¨. ‚á¥ íâ¨ ¬®¤¥«¨ ¢ ®á−®¢−®¬
¨á¯®«ì§ãîâáï −� á�¬ëå ¢ëá®ª¨å ãà®¢−ïå
®à£�−¨§�æ¨®−−®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨§
âà�¤¨æ¨®−−ëå á¥¬¨ ãà®¢−¥©: ãà®¢−ï −ã-
«¥¢®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, â¥å−¨ç¥áª®©,
á¨−â�ªá¨ç¥áª®©, á¥¬�−â¨ç¥áª®©, ¯à�£¬�â¨-
ç¥áª®©, ¤¨−�¬¨ç¥áª®© ¨ ª®−æ¥¯âã�«ì−®©
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ (à¨á. 2) [3].

�� â¥å−¨ç¥áª®¬ ãà®¢−¥ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ®¡ëç−® à�áá¬�âà¨¢�îâáï ¯à¥¤-
áâ�¢«¥−¨¥ ¨ ®¡¬¥− ¤�−−ë¬¨, ¤®áâã¯−®áâì ¨ å�à�ªâ¥à¨áâ¨ª¨ ¡¥§®¯�á−®áâ¨ â¨¯�
¯à®â®ª®«®¢, ¨−â¥àä¥©á®¢, ä®à¬�â®¢ ¤®ªã¬¥−â�, ª®¤¨à®¢�−¨ï ¤�−−ëå, � â�ª¦¥
¬¥àë ¤®áâã¯−®áâ¨ ¨ à¥è¥−¨ï ¡¥§®¯�á−®áâ¨. ‡¤¥áì ¢�¦−ë â¥å−¨ç¥áª¨¥ �á¯¥ªâë
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ à�á¯à¥¤¥«¥−−®© ¢ëç¨á«¨â¥«ì−®© áà¥¤ë, á¥â¥© ª®¬¬ã−¨-
ª�æ¨¨, −¥¯®áà¥¤áâ¢¥−−® â¥å−®«®£¨© ¨ à�á¯à¥¤¥«¥−−ëå ¯«�âä®à¬ ¢ëç¨á«¥−¨ï.
’¥å−¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì ¢ ®á−®¢−®¬ ¯®§¨æ¨®−¨àã¥âáï ª�ª á¢ï§ì ¬¥¦¤ã
ª®¬¯ìîâ¥à−ë¬¨ á¨áâ¥¬�¬¨ ¨ á¥à¢¨á�¬¨.

’¥å−¨ç¥áª¨© ãà®¢¥−ì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ | íâ® ®á−®¢�, ª®â®à�ï ¯®§¢®«ï¥â
¯à®¢�©¤¥à�¬ ƒˆ ¯®áâ�¢«ïâì ¤�−−ë¥ ¨ á¥à¢¨áë á −¥§−�ç¨â¥«ì−ë¬¨ §�âà�â�¬¨,
¯®«ãç�ï ¯à¨¡ë«ì ®â ¨å ¨á¯®«ì§®¢�−¨ï.

‘¨−â�ªá¨ç¥áª¨© ãà®¢¥−ì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ®¡¥á¯¥ç¨¢�¥â ®¡éãî áâàãªâã-
àã ®¡¬¥−� ¨−ä®à¬�æ¨¥©, ¢ ª®â®à®© ¯à¨¬¥−ï¥âáï ãáâ�−®¢«¥−−ë© ä®à¬�â ¤�−−ëå.
‚ ª®−â¥ªáâ¥ ƒˆ‘ á¨−â�ªá¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì ®¯à¥¤¥«ï¥âáï ª�ª á¯¥æ¨-
ä¨ª�æ¨ï ®¡é¨å ä®à¬�â®¢ á®®¡é¥−¨ï ¤«ï ®¡¬¥−� ¯à®áâà�−áâ¢¥−−ë¬¨ ¤�−−ë¬¨,
®¡à�§æ�¬¨ ¨ á¢ï§ï¬¨. �� íâ®¬ ãà®¢−¥ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯®âà¥¡−®áâì âà�−á-
«¨à®¢�âì ¬¥â�¤�−−ë¥ ®â ®¤−®£® ¯à¨ª«�¤−®£® ª®−â¥ªáâ� ª ¤àã£®¬ã | ¢�¦−®¥
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âà¥¡®¢�−¨¥, ª®â®à®¬ã ã¤¥«¥−® −¥¤®áâ�â®ç−® ¢−¨¬�−¨ï ¢ ®¡«�áâ¨ ƒˆ‘. ˆáá«¥-
¤®¢�−¨¥ ª�ç¥áâ¢� ¬¥â�¤�−−ëå ¯®«�£�¥âáï −� ¯®−¨¬�−¨¥, −�áª®«ìª® ¬¥â�¤�−−ë¥
á®®â¢¥âáâ¢ãîâ áãé¥áâ¢ãîé¥¬ã ®¡¬¥−ã ¤�−−ë¬¨ −� á¨−â�ªá¨ç¥áª®¬ ãà®¢−¥ ¤«ï
¤¨�¯�§®−� ¢®§¬®¦−ëå ¯à¨«®¦¥−¨© ¢® ¢§�¨¬®¤¥©áâ¢ãîé¥© ƒˆ‘. ’�ª®¥ ¨áá«¥¤®-
¢�−¨¥ ®¡ëç−® −�ç¨−�¥âáï á ¨¤¥−â¨ä¨ª�æ¨¨ �âà¨¡ãâ®¢ ª�−¤¨¤�â� ¢ ¬¥â�¤�−−ë¥ ¨
¯à®¤®«¦�¥âáï �−�«¨§®¬ ¢§�¨¬®§�¬¥−ï¥¬®áâ¨ ¬¥â�¤�−−ëå.

‘¥¬�−â¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì á¢ï§�−� á® §−�ç¥−¨¥¬ á®¢¬¥áâ−® ®¡à�¡�-
âë¢�¥¬®© ¨−ä®à¬�æ¨¨ ¨«¨, ¤àã£¨¬¨ á«®¢�¬¨, á® á¬ëá«®¬ ¤�−−ëå, ¢®á¯à¨−¨-
¬�¥¬ë¬ à�§−ë¬¨ «î¤ì¬¨. ÷�§«¨ç¨ï ¢ ¨−ä®à¬�æ¨®−−®¬ ª®−â¥ªáâ¥ ¯à®¨áå®¤ïâ
®¡ëç−® ¨§-§� à�§−ëå §−�ç¥−¨© ®¤−®£® ¨ â®£® ¦¥ à¥�«ì−®£® ®¡ê¥ªâ�, ª®â®àë©
á®åà�−¥− ¢ à�§−ëå ¡�§�å ¤�−−ëå.

�ç¥¢¨¤−®, çâ® ¢á¥£¤� ¡ã¤¥â ¢®§−¨ª�âì ¯à®¡«¥¬�, á¢ï§�−−�ï á â¥¬, çâ® £¥®£à�-
ä¨ç¥áª®¥ ¯à®áâà�−áâ¢® ¬®¦¥â ¨¬¥âì ¡®«ìè¥ ç¥¬ ®¤−® ®¯¨á�−¨¥ ¢ ¡�§�å ¤�−−ëå
ƒˆ‘, ª®â®à�ï ®¡á«ã¦¨¢�¥â à�§«¨ç−ë¥ ¤¨áæ¨¯«¨−ë, ¯à¨¢®¤ï, ª�ª á«¥¤áâ¢¨¥,
ª á¥¬�−â¨ç¥áª®© à�§−®à®¤−®áâ¨. „àã£�ï ¯à®¡«¥¬� á®áâ®¨â ¢ â®¬, çâ® à�§−ë¥
¯®«ì§®¢�â¥«¨ ƒˆ‘ ¤®«¦−ë ¡ëâì ¢ á®áâ®ï−¨¨ ¯®−ïâì §−�ç¥−¨¥ ¨−ä®à¬�æ¨¨, ¯®-
«ãç¥−−®© ¢ à¥§ã«ìâ�â¥ ®¡¬¥−�. ‚ íâ®¬ á«ãç�¥ á¥¬�−â¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì
¤®«¦−� ®¡¥á¯¥ç¨âì �¤¥ª¢�â−®¥ ¯®−¨¬�−¨¥ §−�ç¥−¨ï ¯®«ãç¥−−®© ¨−ä®à¬�æ¨¨ «î-
¡ë¬ ¤àã£¨¬ ¯à¨«®¦¥−¨¥¬. ˆ§¢¥áâ−® −¥áª®«ìª® ¯®¯ëâ®ª á®§¤�−¨ï áâ�−¤�àâ¨-
§¨à®¢�−−ëå â�ªá®−®¬¨© −� ®á−®¢¥ ƒ¥®£à�ä¨ç¥áª®£® áâ�−¤�àâ� åà�−¥−¨ï ƒˆ ¤«ï
¨−â¥««¥ªâã�«ì−ëå âà�−á¯®àâ−ëå á¨áâ¥¬ [4].

Š ¯à�£¬�â¨ç¥áª®¬ã ãà®¢−î ®â−®áïâáï −�¬¥à¥−¨ï, ®¡ï§�−−®áâ¨ ¨ ¯®á«¥¤áâ¢¨ï
áä®à¬ã«¨à®¢�−−ëå ãâ¢¥à¦¤¥−¨©. �à�£¬�â¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì ¬®¦¥â
¡ëâì ¤®¢¥¤¥−� ¤® â�ª®© áâ¥¯¥−¨, çâ® ¯®«ì§®¢�â¥«¨ ¢§�¨¬®¤¥©áâ¢ãîé¨å á¥à¢¨-
á®¢ ¡ã¤ãâ ¨¬¥âì á®¢¬¥áâ−ë¥ −�¬¥à¥−¨ï, ®¡ï§�−−®áâ¨ ¨ à¥§ã«ìâ�âë ¢ à�¬ª�å
¢§�¨¬®¤¥©áâ¢ãîé¨å á¥à¢¨á®¢ ¨ ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�. ‚ ª®−â¥ªáâ−®© ¯à�£-
¬�â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ®á®¡¥−−® ¢�¦¥− â®â ä�ªâ, çâ® ¢á¥ áâ®à®−ë,
¢®¢«¥ç¥−−ë¥ ¢ ®¡¥á¯¥ç¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ á¥à¢¨á®¢, −¥áãâ ®¯à¥¤¥«¥−−ãî ®â-
¢¥âáâ¢¥−−®áâì. �â®â ãà®¢¥−ì ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ, ª®£¤� ¢§�¨¬®¤¥©áâ¢ãîé¨¥
á¨áâ¥¬ë ®á¢¥¤®¬«¥−ë ®¡ ¨á¯®«ì§ã¥¬ëå ¬¥â®¤�å ¨ ¯à®æ¥¤ãà�å. „àã£¨¬¨ á«®¢�-
¬¨, ¨á¯®«ì§®¢�−¨¥ ¤�−−ëå ¨«¨ ª®−â¥ªáâ� ¨å ¯à¨«®¦¥−¨ï ¤®«¦−® ¡ëâì ¯®−ïâ−®
ãç�áâ¢ãîé¨¬ á¨áâ¥¬�¬. �á−®¢−�ï ¨áá«¥¤®¢�â¥«ìáª�ï ¯à®¡«¥¬� §¤¥áì á¢ï§�−� á
â¥¬, ª�ª ®¡¥á¯¥ç¨âì ¬¥å�−¨§¬ë ¯à�£¬�â¨ç¥áª®£® ãà®¢−ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢
á¥à¢¨á−®-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãà¥ (SOA). ‘¥à¢¨á−®-®à¨¥−â¨à®¢�−−�ï �à-
å¨â¥ªâãà� ¯à¥¤áâ�¢«ï¥â äã−ªæ¨¨ ¬®¤ã«ï¬¨ ¨«¨ á¥à¢¨á�¬¨, ª®â®àë¥ à�§à�¡®â-
ç¨ª¨ ¤¥«�îâ ¤®áâã¯−ë¬¨ ¢ á¥â¨, çâ®¡ë ¯®«ì§®¢�â¥«¨ ¬®£«¨ ª®¬¡¨−¨à®¢�âì ¨å
¨ ¬−®£®ªà�â−® ¨á¯®«ì§®¢�âì ¢ ƒˆ‘-¯à¨«®¦¥−¨ïå [5]. ÷�§à�¡®âª� á¥â¥¢ëå ¨
¡�§¨àã¥¬ëå −� SOA áà¥¤ −� ¯à�£¬�â¨ç¥áª®¬ ãà®¢−¥ ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï áâ�«�
ªà¨â¨ç¥áª¨ ¢�¦−®©.

„¨−�¬¨ç¥áª¨© â¨¯ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨¬¥¥â ¬¥áâ®, ª®£¤� á¨áâ¥¬ë ¢ á®áâ®-
ï−¨¨ ¢®á¯à¨−¨¬�âì ¨§¬¥−¥−¨ï á®áâ®ï−¨ï, ª®â®àë¥ ¯à®¨áå®¤ïâ á ¯à¥¤¯®«®¦¥−¨-
ï¬¨ ¨ ®£à�−¨ç¥−¨ï¬¨, á¤¥«�−−ë¬¨ ¢ â¥ç¥−¨¥ ¤®«£®£® ¢à¥¬¥−¨, ¨ ¢ á®áâ®ï−¨¨
¨á¯®«ì§®¢�âì íâ¨ ¨§¬¥−¥−¨ï ¢ á¢®¨å ¨−â¥à¥á�å.
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„¨−�¬¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì ¬®¦¥â ¡ëâì à�áá¬®âà¥−� ¢ íâ®¬ á«ãç�¥ ¢
¤¢ãå �á¯¥ªâ�å: ¤¨−�¬¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì ¤�−−ëå ¨ ¤¨−�¬¨ç¥áª�ï á¥-
â¥¢�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì. „¨−�¬¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì ¤�−−ëå ¤®«¦−�
£�à�−â¨à®¢�âì ®¡¬¥− ¨¬¨ ¨ ¨−â¥£à�æ¨î áç¨âë¢�¥¬ëå ¤�−−ëå á ¤àã£¨¬¨ ¢¨¤�¬¨
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. ‘ ¤àã£®© áâ®à®−ë, æ¥«ì á¥â¥¢®© ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ | ¨−â¥£à�æ¨ï á¥â¥¢ëå ª®¬¯®−¥−â®¢, ª®â®àë¥ ¤®«¦−ë ®¡¬¥−¨¢�âìáï ¤�−-
−ë¬¨ ¨ ¢§�¨¬®¤¥©áâ¢®¢�âì á ¨−ä®à¬�æ¨¥©, ¯®áâ�¢«ï¥¬®© ¤àã£¨¬¨ ª®¬¯®−¥−â�¬¨
¨«¨ ¢−¥è−¨¬¨ á¥âï¬¨. Š®¬¯®−¥−âë ¨ á¥â¨ ¤®«¦−ë á®¢¬¥áâ−® ¨á¯®«ì§®¢�âì
¯�¬ïâì, ª®¬¬ã−¨ª�æ¨î ¨ à¥áãàáë áç¨âë¢�−¨ï. �®íâ®¬ã ¤¨−�¬¨ç¥áª�ï ¨−â¥à-
®¯¥à�¡¥«ì−®áâì −¥®¡å®¤¨¬�, çâ®¡ë ¢ë¯®«−¨âì ª®¬¬ã−¨ª�æ¨î ¬¥¦¤ã á¥â¥¢ë¬
è«î§®¬ ¨ ¯®«ì§®¢�â¥«ï¬¨, � â�ª¦¥ ¢ á¥âïå, çâ®¡ë ®¡¬¥−¨¢�âìáï á®®¡é¥−¨ï¬¨ ¨
®¡à�¡�âë¢�âì á¥â¥¢ë¥ á®®¡é¥−¨ï.

“áâ�−®¢«¥−®, çâ® ª®−æ¥¯âã�«ì−ë© â¨¯ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¬®¦¥â ¡ëâì ¤®-
áâ¨£−ãâ, ª®£¤� ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì §�à¥£¨áâà¨à®¢�−� â¥å−¨ç¥áª¨¬¨ ¬¥â®¤�¬¨
â�ª, çâ®¡ë ®−� ¬®£«� ¨−â¥à¯à¥â¨à®¢�âìáï ¨ ®æ¥−¨¢�âìáï âà¥âì¨¬ «¨æ®¬. …á«¨
ª®−æ¥¯âã�«ì−ë¥ ¬®¤¥«¨ (â. ¥. ¯à¥¤¯®«®¦¥−¨ï ¨ ®£à�−¨ç¥−¨ï §−�ç¨¬®© �¡áâà�ª-
æ¨¨ ¤¥©áâ¢¨â¥«ì−®áâ¨) §�ä¨ªá¨à®¢�−ë, â® ¤®áâ¨£−ãâ á�¬ë© ¢ëá®ª¨© ãà®¢¥−ì
¨−â¥à®¯¥à�¡¥«ì−®áâ¨.

4 Онтологии

‘¥£®¤−ï ¢¥¤ãé¥© ¯�à�¤¨£¬®© áâàãªâãà¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®£® ª®−â¥−â�
ï¢«ïîâáï ®−â®«®£¨¨, ¨«¨ ¨¥à�àå¨ç¥áª¨¥ ª®−æ¥¯âã�«ì−ë¥ áâàãªâãàë, ª®â®àë¥
ä®à¬¨àãîâáï �−�«¨â¨ª®¬ −� ®á−®¢¥ ¨§ãç¥−¨ï ¨ áâàãªâãà¨à®¢�−¨ï ¯®â®ª®¢ ¨−-
ä®à¬�æ¨¨, ¤®ªã¬¥−â®¢, ¯à®â®ª®«®¢ ¨§¢«¥ç¥−−ëå §−�−¨© ¨ ¤àã£¨å ¨áâ®ç−¨ª®¢.
‘ ¬¥â®¤¨ç¥áª®© â®çª¨ §à¥−¨ï íâ® ®¤¨− ¨§ −�¨¡®«¥¥ á¨áâ¥¬�â¨ç¥áª¨å ¨ −�£«ï¤−ëå
á¯®á®¡®¢ áâàãªâãà¨à®¢�−¨ï ¨ ä®à¬�«¨§�æ¨¨ §−�−¨©.

�−â®«®£¨ï ¢ ¨−ä®à¬�â¨ª¥ á®£«�á−® á®¢à¥¬¥−−ë¬ â®«ª®¢�−¨ï¬ ï¢«ï¥âáï úíªá-
¯«¨æ¨â−®© á¯¥æ¨ä¨ª�æ¨¥© ª®−æ¥¯âã�«¨§�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨û [6], −® á
®¯à¥¤¥«¥−−ë¬¨ ®£à�−¨ç¥−¨ï¬¨ ¢ §�¢¨á¨¬®áâ¨ ®â ®¡«�áâ¨ ¨−â¥à¥á®¢ ¨ ¤®«¦−�
¢ª«îç�âì á«®¢�àì â¥à¬¨−®¢ ¨ −¥ª®â®àë¥ á¯¥æ¨ä¨ª�æ¨¨ ¨å §−�ç¥−¨©. ˆá¯®«ì-
§®¢�−¨¥ ®−â®«®£¨© á¯®á®¡áâ¢ã¥â á®§¤�−¨î �¤¥ª¢�â−ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥©,
®¡¥á¯¥ç¨¢�ï ª�ç¥áâ¢¥−−®¥, ª®−âà®«¨àã¥¬®¥ ¨−ä®à¬�æ¨®−−®¥ ¨−â¥£à¨à®¢�−¨¥.

�−â®«®£¨¨ | á®¤¥à¦�â¥«ì−ë¥ â¥®à¨¨, ª®â®àë¥ ¢ª«îç�îâ ®¡é¨© −�¡®à à�á-
¯à®áâà�−ï¥¬ëå ä�ªâ®¢, çì¥ ®á−®¢−®¥ −�§−�ç¥−¨¥ | ¨¤¥−â¨ä¨æ¨à®¢�âì ®¯à¥¤¥-
«¥−−ë¥ ª«�ááë ®¡ê¥ªâ®¢ ¨ ®â−®è¥−¨©, ª®â®àë¥ áãé¥áâ¢ãîâ ¢ −¥ª®â®à®© ç�áâ¨
¯à¥¤¬¥â−®© ®¡«�áâ¨. ’�ª¨¬ ®¡à�§®¬, −¥ä®à¬�«ì−® ®¯à¥¤¥«¥−−ë¥ ®−â®«®£¨¨ |
íâ® á®£«�è¥−¨ï ®¡ ®¡é¥¤®áâã¯−®© ª®−æ¥¯âã�«¨§�æ¨¨. ”®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥
®á−®¢ë¢�«®áì ¡ë −� â®¬, çâ® ®−â®«®£¨ï ï¢«ï¥âáï (¢®§¬®¦−®, −¥¯®«−®©) �ªá¨®-
¬�â¨§�æ¨¥© ¤®¯ãáâ¨¬ëå ¯à¨ª«�¤−ëå ¬®¤¥«¥©. „àã£¨¬¨ á«®¢�¬¨, ®−â®«®£¨ï á®-
áâ®¨â ¨§ ®á−®¢−®£® á«®¢�àï ¨ ®â−®è¥−¨©, ¨á¯®«ì§ã¥¬ëå ¤«ï ®¯¨á�−¨ï −¥ª®â®àëå
�á¯¥ªâ®¢ ¤¥©áâ¢¨â¥«ì−®áâ¨, ¢ª«îç�ï àï¤ �ªá¨®¬, á¢ï§�−−ëå á ¯à¥¤¯®«�£�¥¬ë¬
§−�ç¥−¨¥¬ á«®¢�àï.
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� ¯à®¡«¥¬�å à¥�«¨§�æ¨¨ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ Semantic Web

�¥á¬®âàï −� ¡®«ìè®© −�ª®¯«¥−−ë© ®¯ëâ á¡®à�, ®¡à�¡®âª¨ ¨ �−�«¨§� ¤�−-
−ëå ¨ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¨§®¡à�¦¥−¨© ¯®¢¥àå−®áâ¨ ‡¥¬«¨, ®−â®«®£¨ç¥áª¨©
áâ�âãá â�ª¨å ¨§®¡à�¦¥−¨© ®áâ�¥âáï ®âªàëâ®© ¯à®¡«¥¬®©. “¤¨¢¨â¥«ì−®, −® −¥
¢á¥£¤� ¯à®áâ® ®â¢¥â¨âì −� í«¥¬¥−â�à−ë© ¢®¯à®á: ú—â® −�å®¤¨âáï −� ¨§®¡à�¦¥−¨¨
§¥¬−®© ¯®¢¥àå−®áâ¨?û ¨«¨ ¯¥à¥äà�§¨à®¢�âì â®â ¦¥ á�¬ë© ¢®¯à®á ¯®-¤àã£®¬ã:
ú—â® ï¢«ï¥âáï ®−â®«®£¨ç¥áª¨¬ áâ�âãá®¬ ¨−ä®à¬�æ¨®−−®£® á®¤¥à¦�−¨ï ¨§®¡à�-
¦¥−¨©, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ¤¨áâ�−æ¨®−−®£® áª�−¨à®¢�−¨ï ¨«¨ ä®â®áê¥¬ª¨
¯®¢¥àå−®áâ¨ ‡¥¬«¨?û

„«ï ®â¢¥â� −� íâ®â ¢®¯à®á −¥®¡å®¤¨¬® à¥è¨âì ª�ª ¬¨−¨¬ã¬ ¤¢¥ ¯à®¡«¥-
¬ë: (1) à�§à�¡®â�âì ª®−æ¥¯âã�«ì−®¥ ®á−®¢�−¨¥ ¤«ï ¢á¥å â¨¯®¢ ª®¬¯ìîâ¥à−ëå
¯à¥¤áâ�¢«¥−¨© £¥®£à�ä¨ç¥áª®£® ¯à®áâà�−áâ¢�, ¢ª«îç�ï ¨§®¡à�¦¥−¨ï, ¢¥ªâ®à−ë¥
¤�−−ë¥, ¨−ä®à¬�æ¨î ® à�á¯®«®¦¥−¨¨ ¨ æ¨äà®¢ë¥ ¬®¤¥«¨ «�−¤è�äâ�; (2) à�§à�-
¡®â�âì â¥å−®«®£¨î ƒˆ‘, ª®â®à�ï ¬®£«� ¡ë ®¡ê¥¤¨−¨âì ¨§®¡à�¦¥−¨ï ¡¥§ à�§àë¢®¢
¢ ¯à®áâà�−áâ¢¥−−ãî ¡�§ã ¤�−−ëå −� ®á−®¢¥ ¯®−¨¬�−¨ï ®−â®«®£¨ç¥áª®£® áâ�âãá�
¨§®¡à�¦¥−¨©, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ¤¨áâ�−æ¨®−−®£® áª�−¨à®¢�−¨ï. ’�ª�ï
¨−â¥£à�æ¨ï ®á®¡¥−−® �ªâã�«ì−� ¢ ª®−â¥ªáâ¥ −®¢®£® ¯®ª®«¥−¨ï ¯à®áâà�−áâ¢¥−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ª®â®àë¥, ª�ª ®¦¨¤�¥âáï, ®¡¥á¯¥ç�â ¯à¥¤áâ�¢«¥−¨¥ ¨
¨á¯®«ì§®¢�−¨¥ ®−â®«®£¨©.

��¨¡®«¥¥ è¨à®ª® ¯à¨−ïâ�ï ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¤�−−ëå ¤«ï ¯à®áâà�−-
áâ¢¥−−®© ¨−ä®à¬�æ¨¨ ¯à¥¤¯®«�£�¥â, çâ® £¥®£à�ä¨ç¥áª�ï ¤¥©áâ¢¨â¥«ì−®áâì ¯à¥¤-
áâ�¢«¥−� ¨«¨ ª�ª ¯®«−®áâìî ®¯à¥¤¥«¨¬ë¥ áãé−®áâ¨ (®¡ê¥ªâë), ¨«¨ ª�ª −¥¯à¥àë¢-
−®¥ ¯à®áâà�−áâ¢¥−−®¥ ¨§¬¥−¥−¨¥ (®¡«�áâì, ¯®«¥). Œ®¤¥«ì ®¡ê¥ªâ� ¯à¥¤áâ�¢«ï¥â
¬¨à ª�ª ¯®¢¥àå−®áâì, §�−ïâãî ¤¨áªà¥â−ë¬¨ ®¡ê¥ªâ�¬¨ á £¥®¬¥âà¨ç¥áª¨¬ ¯à¥¤-
áâ�¢«¥−¨¥¬ ¨ ®¯¨á�â¥«ì−ë¬¨ ¯à¨§−�ª�¬¨. Œ®¤¥«ì −� ®á−®¢¥ ¯�à�¤¨£¬ë ¯®«ï
¯à¥¤áâ�¢«ï¥â £¥®£à�ä¨ç¥áªãî ¤¥©áâ¢¨â¥«ì−®áâì ª�ª àï¤ ¯à®áâà�−áâ¢¥−−ëå à�á-
¯à¥¤¥«¥−¨© ¢ £¥®£à�ä¨ç¥áª®¬ ¯à®áâà�−áâ¢¥. •®âï íâ� ¯à®áâ�ï ¤¨å®â®¬¨ï ¡ë«�
−¥®¤−®ªà�â−® ¯®¤¢¥à£−ãâ� ªà¨â¨ª¥, ®−� ®ª�§�«�áì ¯®«¥§−®© á¨áâ¥¬®© ¢§£«ï¤®¢
¨ ¡ë«� ¯à¨−ïâ� á −¥ª®â®àë¬¨ ãâ®ç−¥−¨ï¬¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ â¥å−®«®£¨©
ƒˆ‘ [7].

„¨å®â®¬¨ï ®¡ê¥ªâ� á −¥¯à¥àë¢−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ | å�à�ªâ¥à−®¥ £¥®-
£à�ä¨ç¥áª®¥ ¯®−ïâ¨¥, −¥ ¯à¥¤−�§−�ç¥−−®¥, â¥¬ −¥ ¬¥−¥¥, ®¡¥á¯¥ç¨¢�âì ¯®¤¤¥à¦ªã
á¯¥æ¨ä¨ª¨ á¥¬�−â¨ª¨ à�§«¨ç−ëå â¨¯®¢ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå. �â®â −¥¤®-
áâ�â®ª §�áâ�¢¨« ¬−®£¨å ¨áá«¥¤®¢�â¥«¥© ¯¥à¥−¥áâ¨ �ªæ¥−â −� ¨á¯®«ì§®¢�−¨¥ ®−â®-
«®£¨© ª�ª áà¥¤áâ¢� ¤¨áá¥¬¨−�æ¨¨ §−�−¨© ¢ £àã¯¯�å ¯®«ì§®¢�â¥«¥© á à�§«¨ç−ë¬¨
¨−â¥à¥á�¬¨, â¥¬ á�¬ë¬ ã«ãçè�ï äã−ªæ¨®−�«ì−ãî á®¢¬¥áâ¨¬®áâì á à�§«¨ç−ë-
¬¨ ¡�§�¬¨ £¥®¤�−−ëå. �à¨ íâ®¬ ¤¨áá¥¬¨−�æ¨ï §−�−¨© −�¯àï¬ãî §�¢¨á¨â ®â
ãá¯¥è−®áâ¨ âà�−áä®à¬�æ¨¨ −¥ï¢−ëå §−�−¨© ¢ ï¢−ë¥. ”®à¬�«¨§�æ¨ï −¥ï¢−ëå
§−�−¨© ¯à¥¤áâ�¢«ï¥â ¡®«ìèãî á«®¦−®áâì, ¯®áª®«ìªã ®−¨ ¢® ¬−®£¨å á«ãç�ïå
−®áïâ «¨ç−®áâ−ë© å�à�ªâ¥à, ª®−â¥ªáâ−® §�¢¨á¨¬ë ¨ âàã¤−® ¢ëï¢«ï¥¬ë.

�� à¨á. 3 ¯à¨¢¥¤¥−� ª«�áá¨ç¥áª�ï áå¥¬� ¯à¥®¡à�§®¢�−¨ï −¥ï¢−ëå §−�−¨© ¢
ï¢−ë¥, á®áâ®ïé�ï ¨§ ç¥âëà¥å ®á−®¢−ëå íâ�¯®¢: ®¡®¡é¥áâ¢«¥−¨ï, ä®à¬�«¨§�æ¨¨,
¤¨áá¥¬¨−�æ¨¨ ¨ ãá¢®¥−¨ï [8]. �®¤ ®¡®¡é¥áâ¢«¥−¨¥¬ ¯®−¨¬�¥âáï ®¡®¡é¥−−ë©
¯à®æ¥áá ¢ëà�¡®âª¨ −¥ï¢−ëå §−�−¨©. ”®à¬�«¨§�æ¨ï ¯à¥¤¯®«�£�¥â ¨§«®¦¥−¨¥
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÷¨á. 3 �à¥®¡à�§®¢�−¨¥ §−�−¨©

á¢®¨å §−�−¨© ¢ â®© ¨«¨ ¨−®© ï¢−®©, −�£«ï¤−®© ¨«¨ ç¨â�¥¬®© ä®à¬¥. —â®¡ë
®§−�ª®¬¨âì á à¥§ã«ìâ�â�¬¨ á¢®¥£® âàã¤� ¤àã£¨å á¯¥æ¨�«¨áâ®¢, −¥®¡å®¤¨¬® ¯à¥-
®¡à�§®¢�âì §−�−¨ï ¨§ ®¤−®© ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¢ ¤àã£ãî ¨ à�á¯à®áâà�−¨âì ¨å
¯® ¤®áâã¯−ë¬ ª�−�«�¬ á¢ï§¨. �â®â ¯à®æ¥áá −�§¢�− ¤¨áá¥¬¨−�æ¨¥©. �� ç¥â¢¥àâ®¬
íâ�¯¥ ¯à®¨áå®¤¨â ¨§ãç¥−¨¥ ¯®«ãç¥−−®£® §−�−¨ï, ¥£® ®á®§−�−¨¥ ¨ ãá¢®¥−¨¥.

‘«¥¤ã¥â §�¬¥â¨âì, çâ® á¯¥æ¨ä¨ª� £¥®£à�ä¨ç¥áª®£® ¬¨à� ¢ ¤®áâ�â®ç−®© ¬¥-
à¥ ®¯à¥¤¥«ï¥â ¯�à�¬¥âàë á®§¤�−¨ï ®−â®«®£¨©. —â®¡ë �¤¥ª¢�â−® ¯à¥¤áâ�¢«ïâì
£¥®£à�ä¨ç¥áª¨© ¬¨à, −¥®¡å®¤¨¬® ¨¬¥âì ª®¬¯ìîâ¥à−ë¥ ¯à¥¤áâ�¢«¥−¨ï £¥®£à�-
ä¨ç¥áª¨å §−�−¨© (¢ ¯¥à¢ãî ®ç¥à¥¤ì | ¨§®¡à�¦¥−¨©), ª®â®àë¥ á¯®á®¡−ë ä¨ª-
á¨à®¢�âì −¥ â®«ìª® ®¯¨á�â¥«ì−ë¥ �âà¨¡ãâë ¯®«ì§®¢�â¥«ìáª¨å ª®−æ¥¯æ¨©, −®
â�ª¦¥ ¨ ®¯¨áë¢�âì £¥®¬¥âà¨ç¥áª¨¥ ¨ ¯®§¨æ¨®−−ë¥ ª®¬¯®−¥−âë íâ¨å ª®−æ¥¯æ¨©.
�â¨ ¯à¥¤áâ�¢«¥−¨ï â�ª¦¥ ¤®«¦−ë ä¨ªá¨à®¢�âì ¯à®áâà�−áâ¢¥−−ë¥ ¨ ¢à¥¬¥−−‚ë¥
§�¢¨á¨¬®áâ¨ ¬¥¦¤ã íª§¥¬¯«ïà�¬¨ íâ¨å ª®−æ¥¯æ¨©. ‚ ®â«¨ç¨¥ ®â á«ãç�ï ®¡ëç-
−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¡®«ìè¨−áâ¢® ¯à®áâà�−áâ¢¥−−ëå ¨ ¢à¥¬¥−−‚ëå
§�¢¨á¨¬®áâ¥© −¥ ¯à¥¤áâ�¢«¥−ë ¢ ƒˆ‘ ¨ ç�é¥ ¢á¥£® ¬®£ãâ ¯à®áâ® ¢ë¢®¤¨âìáï
¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï à�§«¨ç−ëå £¥®£à�ä¨ç¥áª¨å äã−ªæ¨©. �®íâ®¬ã ®¡ï§�â¥«ì−®
¤®«¦−� ¡ëâì ¯à¨¢−¥á¥−� ¤®¯®«−¨â¥«ì−�ï á¥¬�−â¨ª� ¢ áå¥¬ã £¥®£à�ä¨ç¥áª®£®
¯à¨«®¦¥−¨ï, á¥¬�−â¨ç¥áª¨¥ á¯¥æ¨ä¨ª�æ¨¨ ª®â®à®©, ï¢«ïîé¨¥áï ç�áâìî ®−â®«®-
£¨¨ íâ®£® ¯à¨«®¦¥−¨ï, §�ä¨ªá¨à®¢�−ë à�§à�¡®âç¨ª®¬ ¬®¤¥«¨. �®¢®¥ ¯®ª®«¥−¨¥
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¤®«¦−® ®¡«�¤�âì á¯®á®¡−®áâìî ®¡à�¡�âë¢�âì á¥¬�−â¨-
ç¥áªãî −¥®¤−®à®¤−®áâì, ¢®§−¨ª�îéãî ¢ à¥§ã«ìâ�â¥ ¨á¯®«ì§®¢�−¨ï à�§−®à®¤−ëå
¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨.

ˆá¯®«ì§®¢�−¨¥ ¬−®¦¥áâ¢¥−−ëå ®−â®«®£¨© áâ�−®¢¨âáï ®á−®¢−®© ®á®¡¥−−®áâìî
á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¥á«¨ ¢ −¨å ¯à¥¤¯®«�£�¥âáï ¯®¤¤¥à¦ª� á¥-
¬�−â¨ª¨ ¯à¨ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨¨. �−â®«®£¨¨ ¬®£ãâ ä¨ªá¨à®¢�âì á¥¬�−â¨ªã
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¨−ä®à¬�æ¨¨, ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ ä®à¬�«ì−®¬ ï§ëª¥ ¨ ¬®£ãâ â�ª¦¥ ¨á-
¯®«ì§®¢�âìáï, çâ®¡ë åà�−¨âì á¢ï§�−−ë¥ ¬¥â�¤�−−ë¥, ¤®¯ãáª�ï, â�ª¨¬ ®¡à�§®¬,
á¥¬�−â¨ç¥áª¨© ¯®¤å®¤ ª ¨−ä®à¬�æ¨®−−®¬ã ¨−â¥£à¨à®¢�−¨î [9].

�à¥¤áâ�¢«¥−¨¥ ¯®«ì§®¢�â¥«ìáª¨å ®−â®«®£¨© ¯à¨ª«�¤−®© ®¡«�áâ¨ à�áá¬�âà¨-
¢�¥âáï ª�ª áãé¥áâ¢¥−−�ï ç�áâì ä¨ªá�æ¨¨ ª®−æ¥¯æ¨© ¨−ä®à¬�æ¨®−−®£® ¯à®-
áâà�−áâ¢� [10]. ˆáá«¥¤®¢�−¨¥ ®−â®«®£¨ç¥áª®£® áâ�âãá� ¯à®áâà�−áâ¢¥−−ëå â¨¯®¢
¤�−−ëå | −�¨¡®«¥¥ �ªâã�«ì−®¥ −�¯à�¢«¥−¨¥ ¢ £¥®¨−ä®à¬�â¨ª¥. ‚ [11] ¢¯¥à¢ë¥
¡ë«® ¢¢¥¤¥−® ¯®−ïâ¨¥ ƒˆ‘, ã¯à�¢«ï¥¬®© ®−â®«®£¨ï¬¨, ¯à¨§¢�−−®© ®¡¥á¯¥ç¨¢�âì
¯®«ì§®¢�â¥«¥© ƒˆ ¢®§¬®¦−®áâìî ¤®áâ¨£−ãâì á®£«�è¥−¨ï ¯® ®á−®¢−ë¬ áãé−®áâï¬
£¥®£à�ä¨ç¥áª®£® ¬¨à�. ˆ¤¥ï ã¯à�¢«¥−¨ï á ¯®¬®éìî ®−â®«®£¨© §�ª«îç�¥âáï ¢
â®¬, çâ® áãé¥áâ¢¥−−�ï ç�áâì £¥®£à�ä¨ç¥áª®£® §−�−¨ï §�ä¨ªá¨à®¢�−� ¯à®æ¥¤ã-
à�¬¨, ª®â®àë¥ ¨§¢«¥ª�îâ ¨−ä®à¬�æ¨î ¨§ ¯à®áâà�−áâ¢¥−−ëå −�¡®à®¢ ¤�−−ëå,
â. ¥. ¤«ï íâ®£® −¥®¡å®¤¨¬® á®§¤�âì ®−â®«®£¨¨ −¥ â®«ìª® ¤«ï ®¡ê¥ªâ®¢ −¥ª®â®à®©
®¡«�áâ¨, −® â�ª¦¥ ¨ ¤«ï −�¬¥ç¥−−ëå ¤¥©áâ¢¨©, ª®â®àë¥ ¢ëà�¦¥−ë ¯à®æ¥¤ãà�¬¨,
¯à¨¬¥−¨¬ë¬¨ ª −�¡®àã ¤�−−ëå, ¯à¥¤−�§−�ç¥−−®¬ã ¤«ï ¨§¢«¥ç¥−¨ï §−�−¨ï.

5 Семантическая геоинтероперабельность

ˆ−â¥à®¯¥à�¡¥«ì−®áâì ï¢«ï¥âáï ¯®ª�§�â¥«¥¬ íää¥ªâ¨¢−®© ª®¬¬ã−¨ª�æ¨¨
¬¥¦¤ã á¨áâ¥¬�¬¨. ÷¥�«¨§�æ¨ï ª®¬¬ã−¨ª�æ¨¨ á¢ï§�−� ª�ª á á¨−â�ªá¨ç¥áª¨-
¬¨, â�ª ¨ á á¥¬�−â¨ç¥áª¨¬¨ ¯à®¡«¥¬�¬¨. �¤−�ª® £¥®£à�ä¨ç¥áª¨¥ ¡�§ë ¤�−−ëå
¨ ¯à¥¤áâ�¢«¥−¨ï ¯®«ì§®¢�â¥«ï¬¨ à¥�«ì−ëå ï¢«¥−¨© å�à�ªâ¥à¨§ãîâáï ¡®«ìè®©
£¥â¥à®£¥−−®áâìî, ª®â®à�ï ¯à¥¯ïâáâ¢ã¥â íää¥ªâ¨¢−®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨.
Š�ª ¯à�¢¨«®, £¥â¥à®£¥−−®áâì ¤¥ª®¬¯®§¨àã¥âáï −� ç¥âëà¥ ãà®¢−ï: á¨áâ¥¬−ë©,
á¨−â�ªá¨ç¥áª¨©, áâàãªâãà−ë© ¨ á¥¬�−â¨ç¥áª¨©.

��§ë ¤�−−ëå ç�áâ® à�á¯®«�£�îâáï ¢ à�§−ëå á¨áâ¥¬�å, ¨ ¤«ï ¯®¤¤¥à¦-
ª¨ £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ âà¥¡ã¥âáï ãáâ�−®¢«¥−¨¥ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã −¨¬¨.
‘ à�§¢¨â¨¥¬ á¥â¥© ¨ ¯à®â®ª®«®¢ ª®¬¬ã−¨ª�æ¨¨, â�ª¨å ª�ª Ethernet, Transmission
Control Protocol/Internet Protocol (TCP/IP), Remote Procedure Call (RPC),
File Transfer Protocol (FTP), Hypertext Transfer Protocol (HTTP) ¨ ¤à., áâ�«�
¢®§¬®¦−� ¢§�¨¬®á¢ï§ì á¨áâ¥¬, à�¡®â�îé¨å ¯®¤ à�§«¨ç−ë¬¨ ®¯¥à�æ¨®−−ë¬¨ á¨á-
â¥¬�¬¨ (Linux, Windows, Mac OS ¨ ¤à.). Šà®¬¥ â®£®, ¡�§ë ¤�−−ëå à�§«¨ç−ëå
â¨¯®¢ â�ª¦¥ ¬®£ãâ ¡ëâì á¢ï§�−ë á æ¥«ìî á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¤�−−ëå ç¥-
à¥§ ¯à¨«®¦¥−¨ï ¯®áà¥¤áâ¢®¬ ¨−â¥àä¥©á®¢ Open Database Connectivity (ODBC),
Java Database Connectivity (JDBC) ¨ ¤à.

‘¨−â�ªá¨ç¥áª�ï £¥â¥à®£¥−−®áâì §�¢¨á¨â ®â á¯®á®¡�, ª®â®àë¬ ¤�−−ë¥ ¯à¥¤-
áâ�¢«¥−ë ä¨§¨ç¥áª¨, ¨á¯®«ì§ã¥¬ëå §−�ª®¢ ¨ ¨å ¯®àï¤ª� ¢ á®®¡é¥−¨¨. ‘¨−-
â�ªá¨á ãáâ�−�¢«¨¢�¥â §−�ª¨ ¨ ¯à�¢¨«�, ª®â®àë¥ ®¯à¥¤¥«ïîâ ¯®àï¤®ª §−�ª®¢ ¢
á®®¡é¥−¨¨. ”®à¬� á®®¡é¥−¨ï ¨¬¥¥â §¤¥áì ®á−®¢−®¥ §−�ç¥−¨¥ ¯® áà�¢−¥−¨î
á ¥£® á®¤¥à¦�−¨¥¬, −� ®á−®¢¥ �−�«¨§� ª®â®à®£® ¤¥ª®¤¨àãîâáï §−�ª¨ á®®¡é¥-
−¨ï. ”®à¬� ¤®«¦−� á®®â¢¥âáâ¢®¢�âì ä®à¬�âã ®¡¬¥−� ¤�−−ë¬¨, çâ®¡ë ®¡¥á¯¥-
ç¨âì ¤®áâ�¢ªã ¤�−−ëå, −�¯à¨¬¥à, ª�ª ¢ Geography Markup Language (http://
www.opengeospatial.org/standards/gml). ‘¨−â�ªá¨ç¥áª�ï £¥â¥à®£¥−−®áâì ãç¨-
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âë¢�¥â â�ª¦¥ ¨ à�§«¨ç−ë¥ ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå: −�¯à¨¬¥à, ƒˆ ¬®¦¥â
¯à¨−ïâì ä®à¬ã ¯®ªàëâ¨ï ¤�−−ëå á ª®®à¤¨−�â−®© ¯à¨¢ï§ª®© ¨ ¢¥ªâ®à−ëå ¤�−−ëå.

‘âàãªâãà−�ï £¥â¥à®£¥−−®áâì ®¯à¥¤¥«ï¥âáï à�§«¨ç¨ï¬¨ ¯à¨ ¬®¤¥«¨à®¢�−¨¨
¤�−−ëå. ‚ −¥ª®â®àëå ¡�§�å ¤�−−ëå çâ®-â® ¬®¦¥â ¡ëâì ®¯¨á�−® ª�ª ¯®−ïâ¨¥, � ¢
¤àã£¨å | ª�ª å�à�ªâ¥à¨áâ¨ª� ¯®−ïâ¨ï. ��¯à¨¬¥à, úˆ§¬�©«®¢áª¨© ¯�àªû ¬®¦¥â
¡ëâì ®¯à¥¤¥«¥− ª�ª ¯®−ïâ¨¥ ¢ ®¤−®© ¡�§¥ ¤�−−ëå, â®£¤� ª�ª íâ® ¯®−ïâ¨¥ ¬®¦¥â
¡ëâì ®¯¨á�−® ª�ª å�à�ªâ¥à¨áâ¨ª� ú‚®áâ®ç−®© «¥á®¯�àª®¢®© §®−ë £. Œ®áª¢ëû ¢
¤àã£®©. ‘âàãªâãà−ë¥ ª®−ä«¨ªâë ¢ ƒˆ ¬®£ãâ ¢®§−¨ª�âì −� á«¥¤ãîé¨å ãà®¢−ïå:
¯®−ïâ¨¥, á¢®©áâ¢®, £¥®¬¥âà¨ï ¨ ¢à¥¬¥−−®© å�à�ªâ¥à.

‘¥¬�−â¨ç¥áª�ï £¥â¥à®£¥−−®áâì á¢ï§�−� á à�§«¨ç¨ï¬¨ §−�ç¥−¨© ¯®−ïâ¨©. �®-
−ïâ¨¥ ï¢«ï¥âáï à¥§ã«ìâ�â®¬ á¢ï§¥© á® §−�ª®¬ ¨ ®¡ê¥ªâ®¬. ÷�§«¨ç¨ï ¢ ª®£−¨â¨¢-
−ëå ¬®¤¥«ïå à�§−ëå «î¤¥©, ª®â®àë¥ á¢ï§ë¢�îâ ¨¤¥−â¨ç−ë¥ §−�ª¨ á à�§«¨ç−ë¬¨
ï¢«¥−¨ï¬¨ ¨ ®¤−¨ ¨ â¥ ¦¥ ï¢«¥−¨ï á à�§«¨ç−ë¬¨ §−�ª�¬¨, ¨««îáâà¨àãîâ ¯à®¡-
«¥¬ã á¥¬�−â¨ç¥áª®© £¥â¥à®£¥−−®áâ¨. Š®−â¥ªáâ ¨£à�¥â §¤¥áì áãé¥áâ¢¥−−ãî à®«ì,
â�ª ª�ª ª®£−¨â¨¢−ë¥ ¬®¤¥«¨ à�§à�¡�âë¢�îâáï ¢ ®¯à¥¤¥«¥−−ëå ª®−â¥ªáâ�å. ”�ª-
â¨ç¥áª¨ ¨¬¥−−® ª®−â¥ªáâ §�¤�¥â á¥¬�−â¨ªã à¥�«ì−ëå ï¢«¥−¨©; ®− ®¯à¥¤¥«ï¥â,
ª�ª ï¢«¥−¨ï ¢®á¯à¨−¨¬�îâáï ¨ �¡áâà�£¨àãîâáï, ¨ §�â¥¬ ¢«¨ï¥â −� ¨å ®¯à¥¤¥«¥-
−¨¥ ¢ â¥à¬¨−�å ¯®−ïâ¨©. �¥®¡å®¤¨¬® ãç¨âë¢�âì ª®−â¥ªáâ ¨ ¯à¨ à�ááã¦¤¥−¨¨,
�−�«¨§¨àãï á¥¬�−â¨ç¥áªãî £¥â¥à®£¥−−®áâì ¨ ¯®¤®¡¨¥ ¯®−ïâ¨©.

ƒ¥®¨−â¥à®¯¥à�¡¥«ì−®áâì ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª ¤¢ã−�¯à�¢«¥−−ë© ¬¥å�−¨§¬
¢ ¯à®â¨¢®¯®«®¦−®áâì ª®−¢¥©¥àã, ®¡à�¡�âë¢�îé¥¬ã ¨−ä®à¬�æ¨î â®«ìª® ¢ ®¤−®¬
−�¯à�¢«¥−¨¨ (®â ¨áâ®ç−¨ª� ª �¤à¥á�âã). “áâ�−®¢«¥−¨¥ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à-
®¯¥à�¡¥«ì−®áâ¨ ¢ëå®¤¨â §� ¯à¥¤¥«ë ¯à®áâ®© ¢®§¬®¦−®áâ¨ ¯®«ãç¨âì ¤®áâã¯ ª
¨−ä®à¬�æ¨¨ £¥®£à�ä¨ç¥áª¨å ¡�§ ¤�−−ëå −� ¤¨á¯«¥¥ ¨«¨ −�¯¥ç�â�−−®© −� ¡ã¬�£¥.
�−® âà¥¡ã¥â ¡®«ìè¥ ¢à¥¬¥−¨, §�à�−¥¥ ¤®«¦¥− ¡ëâì ¨§¢¥áâ¥− â®ç−ë© á«®¢�àì
£¥®£à�ä¨ç¥áª¨å ¡�§ ¤�−−ëå, çâ®¡ë ¯®«ãç¨âì á®®â¢¥âáâ¢ãîéãî ¨−ä®à¬�æ¨î.
�® á�¬®¥ áãé¥áâ¢¥−−®¥, çâ® ãáâ�−®¢«¥−¨¥ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ ¯à¥¤¯®«�£�¥â, çâ® ¯®«ì§®¢�â¥«¨ ¨ ¯à®¢�©¤¥àë ¤®«¦−ë ¨¬¥âì à¥«¥¢�−â−®¥
¯®−¨¬�−¨¥ á¥¬�−â¨ª¨ §�¯à®á®¢ ¨ ®â¢¥â®¢. ‚ ª®−â¥ªáâ¥ Semantic Web â�ª�ï
¢®§¬®¦−®áâì áâ�−®¢¨âáï ¢á¥ ¡®«¥¥ ¨ ¡®«¥¥ ¤®áâã¯−®©.

Œ®¤¥«¨à®¢�−¨¥ á¥¬�−â¨ª¨ £«ã¡®ª® ¢−¥¤à¥−® ¢ áâàãªâãàã £¥®¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ ¨, â�ª¨¬ ®¡à�§®¬, ®¡¥á¯¥ç¨¢�¥â ¨áç¥à¯ë¢�îé¥¥ ®¯¨á�−¨¥ á¥¬�−â¨ç¥áª®©
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ æ¥«®¬, ª®â®à�ï «¥¦¨â ¢ ®á−®¢¥ à�§¢¨â¨ï á¥¬�−â¨ç¥áª®©
¯à®áâà�−áâ¢¥−−®© ¨−äà�áâàãªâãàë ¤�−−ëå ¨ Semantic Web £¥®¯à®áâà�−áâ¢¥−−®©
¨−ä®à¬�æ¨¨.

ƒ¥®¨−â¥à®¯¥à�¡¥«ì−®áâì ¯à¥¤áâ�¢«ï¥â á®¡®© ®á−®¢ã ¤«ï à�§¢¨â¨ï ¨ à¥�«¨§�-
æ¨¨ ¯à®áâà�−áâ¢¥−−ëå ¨−äà�áâàãªâãà ¤�−−ëå (Spatial Data Infrastructures |
SDIs) [12]. –¥«ì SDIs á®áâ®¨â ¢ â®¬, çâ®¡ë ª®®à¤¨−¨à®¢�âì ¯®«¥§−ë© ®¡¬¥−
¨ á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ ƒˆ á ¨á¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¨å á¥à¢¨á®¢.
SDIs | íâ® áà¥¤áâ¢� à�§à�¡®âª¨ äã−ªæ¨®−�«ì−®© á®¢¬¥áâ¨¬®áâ¨ ¤«ï ƒˆ. SDIs
á®áâ�¢«¥−ë ¨§ ¯ïâ¨ í«¥¬¥−â®¢: ¬¥â®¤¨ª¨, â¥å−®«®£¨¨, áâ�−¤�àâë, ç¥«®¢¥ç¥áª¨¥
à¥áãàáë ¨ à¥«¥¢�−â−ë¥ ¤¥©áâ¢¨ï, âà¥¡ã¥¬ë¥ ¤«ï á¡®à�, ®¡à�¡®âª¨, ã¯à�¢«¥−¨ï,
¤®áâã¯�, ¯®áâ�¢ª¨ ¨ ¨á¯®«ì§®¢�−¨ï ƒˆ. SDIs ¡ë«¨ à�§à�¡®â�−ë −� ®á−®¢¥ à¥-
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ä¥à¥−á−®© ¬®¤¥«¨ ¤«ï Open distributed processing (RM-ODP) [13]. RM-ODP
áâàãªâãà−® ®¡ê¥¤¨−ï¥â ¯ïâì à�§¤¥«®¢: à�§¤¥« ¯à¥¤¯à¨ïâ¨ï, ¨−ä®à¬�æ¨®−−ë©
à�§¤¥«, ¢ëç¨á«¨â¥«ì−ë© à�§¤¥«, â¥å−¨ç¥áª¨© à�§¤¥« ¨ à�§¤¥« â¥å−®«®£¨¨. ‚ ª®−-
â¥ªáâ¥ SDIs à�§¤¥« ¯à¥¤¯à¨ïâ¨ï ®¯¨áë¢�¥â æ¥«¨ ¨ ¢®§¬®¦−®áâ¨, ¬¥â®¤¨ª¨,
®¡ï§�−−®áâ¨ ¨ ¡¨§−¥á-¯à®æ¥ááë SDIs. ˆ−ä®à¬�æ¨®−−ë© à�§¤¥«, ¯® áãé¥áâ¢ã,
¯®á¢ïé¥− ¨−ä®à¬�æ¨¨, ¤®áâã¯−®© ç¥à¥§ SDIs ¨ −¥®¡å®¤¨¬®© ¤«ï á¥¬�−â¨ç¥áª®©
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ‚ëç¨á«¨â¥«ì−ë© à�§¤¥« ª�á�¥âáï äã−ªæ¨®−�«ì−®©
¤¥ª®¬¯®§¨æ¨¨ SDIs ¢ á¥à¢¨áë á ¨−â¥àä¥©á�¬¨ ¨ ®¯¥à�æ¨ï¬¨. �â®â à�§¤¥«
¯à¥¤áâ�¢«ï¥â ¡®«ìè®© ¨−â¥à¥á ¤«ï ®¯à¥¤¥«¥−¨ï á¥¬�−â¨ç¥áª¨å ª®¬¯®−¥−â®¢ ¨
á¥à¢¨á®¢. ’¥å−¨ç¥áª¨© à�§¤¥« £«�¢−ë¬ ®¡à�§®¬ á¢ï§�− á ¢§�¨¬®¤¥©áâ¢¨¥¬ ¬¥¦¤ã
¤�−−ë¬¨, á¥à¢¨á�¬¨ ¨ á¨áâ¥¬−ë¬¨ ¢§�¨¬®á¢ï§ï¬¨. ��ª®−¥æ, à�§¤¥« â¥å−®«®£¨¨
®â−®á¨âáï ª ®¯à¥¤¥«¥−−® ¢ë¡à�−−®© â¥å−®«®£¨¨ ¤«ï à¥�«¨§�æ¨¨ SDIs.

�¥à¢ë¥ âà¨ ¨§ ãª�§�−−ëå à�§¤¥«®¢ ®á®¡¥−−® ¢�¦−ë á â®çª¨ §à¥−¨ï á¥¬�−â¨-
ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ˆ¬¥−−® ¢ à�§¤¥«¥ ¯à¥¤¯à¨ïâ¨ï æ¥«ì ¤®áâ¨¦¥-
−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤®«¦−� ¡ëâì ç¥âª® áä®à¬ã«¨à®¢�−�.
÷�§¤¥« ¯à¥¤¯à¨ïâ¨ï ¤®«¦¥− ¨¤¥−â¨ä¨æ¨à®¢�âì «î¡®© à¥¯®§¨â®à¨©, ª®â®àë©
¤®«¦¥− ãç�áâ¢®¢�âì ¢ SDIs, � â�ª¦¥ ¯®áâ�¢é¨ª®¢ ¤�−−ëå, ª®â®àë¥ ¯®¬®£ãâ
¯®«ì§®¢�â¥«ï¬ ¨ ¯à®¢�©¤¥à�¬ ¢ ¯®¨áª¥ á®®â¢¥âáâ¢ãîé¨å ¤�−−ëå, à¥«¥¢�−â−ëå
¨å á«®¢�àî ¨ á¥¬�−â¨ª¥. ‚àï¤ «¨ ¢á¥ ¯®«ì§®¢�â¥«¨ ¬®£ãâ §−�âì §�à�−¥¥ â®ç-
−ë© á«®¢�àì ¨ á¥¬�−â¨ªã, ¨á¯®«ì§ã¥¬ãî £¥®¨−ä®à¬�æ¨®−−ë¬¨ ¨áâ®ç−¨ª�¬¨,
¤®áâã¯−ë¬¨ ¢ SDIs. �®íâ®¬ã ¯®«ì§®¢�â¥«¨ ¤®«¦−ë ¡ëâì ¢ á®áâ®ï−¨¨ ¢§�¨¬®-
¤¥©áâ¢®¢�âì á SDIs, ¨á¯®«ì§ãï á¢®© á®¡áâ¢¥−−ë© á«®¢�àì, ¨ −�å®¤¨âì ¤�−−ë¥,
ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ¨å ®¯à¥¤¥«¥−−®© æ¥«¨. ‘«¥¤®¢�â¥«ì−®, ¨−ä®à¬�æ¨®−-
−ë© à�§¤¥« ¤®«¦¥− ¢ª«îç�âì −¥®¡å®¤¨¬ë¥ ¨−ä®à¬�æ¨®−−ë¥ ª®¬¯®−¥−âë, çâ®¡ë
®¡¥á¯¥ç¨âì á¥¬�−â¨ç¥áª¨¥ §�¯à®áë (â. ¥. §�¯à®áë, á¤¥«�−−ë¥ ¢ á«®¢�à¥ ¯®«ì§®-
¢�â¥«ï ¨ ¯à�¢¨«ì−® ¨−â¥à¯à¥â¨àã¥¬ë¥ ¨−ä®à¬�æ¨®−−ë¬ á¥à¢¥à®¬). �−â®«®£¨¨
¯®íâ®¬ã ¤®«¦−ë ¡ëâì ®¡ê¥¤¨−¥−ë ª�ª ç�áâì ¨−ä®à¬�æ¨®−−®£® à�§¤¥«�, ®¡¥á-
¯¥ç¨¢�ï äã−¤�¬¥−â�«ì−®¥ §−�−¨¥ ¤«ï à�ááã¦¤¥−¨ï, ¨−â¥à¯à¥â�æ¨¨ §�¯à®á� ¨
¢ë¤�ç¨ á®®â¢¥âáâ¢ãîé¨å ®â¢¥â®¢. ‚ëç¨á«¨â¥«ì−ë© à�§¤¥« −ã¦¤�¥âáï â�ª¦¥ ¢
®¯à¥¤¥«¥−−®¬ ¢−¨¬�−¨¨, çâ®¡ë ¬®¦−® ¡ë«® à¥è�âì á¥¬�−â¨ç¥áª¨¥ ¯à®¡«¥¬ë
®¯à¥¤¥«¥−¨ï á¥¬�−â¨ç¥áª¨å ¨−â¥àä¥©á®¢, á¢ï§�−−ëå á ®−â®«®£¨ï¬¨, ¢ª«îç�ï
®¯¥à�æ¨¨ ¨ äã−ªæ¨¨ «®£¨ç¥áª®£® ¢ë¢®¤�, ª®â®àë¥ ¯®¬®£�îâ ¨−â¥à¯à¥â�æ¨¨ §�-
¯à®á®¢ ¨ ®â¢¥â®¢. �â®â à�§¤¥« ¢ª«îç�¥â â�ª¦¥ ª®¤¨à®¢�−¨¥ ®−â®«®£¨©, çâ®¡ë
ãáâ�−�¢«¨¢�âì á ¯®¬®éìî ¨−â¥àä¥©á� á¢ï§ì á á¥¬�−â¨ç¥áª¨¬¨ á¥à¢¨á�¬¨.

“ç¥â á¥¬�−â¨ª¨ −� à�−−¥¬ íâ�¯¥ à�§à�¡®âª¨ SDIs ®¡«¥£ç�¥â ¨å ¤¨§�©− ¨
¯®§¢®«ï¥â ¨¤¥−â¨ä¨æ¨à®¢�âì ®−â®«®£¨¨ ¨ âà¥¡ã¥¬ë¥ á¥¬�−â¨ç¥áª¨¥ á¥à¢¨áë.

6 Геоинформационные стандарты для семантической
геоинтероперабельности

‘â�−¤�àâë | íâ® ãáâ�−®¢«¥−−®¥ á®£«�á¨¥, ¯à¥¤áâ�¢«¥−−®¥ ª�ª ¬®¤¥«ì ¨«¨
¯à¨¬¥à (http://www.m-w.com/). ‚ ª®−â¥ªáâ¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ®−¨

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014 155



‘. Š. „ã«¨−, �. ƒ. „ã«¨−�, „. �. �¨ª¨è¨−

¯®¤à�§ã¬¥¢�îâ á®£«�è¥−¨ï ® ¯à¥¤-

÷¨á. 4 ˆ−â¥à®¯¥à�¡¥«ì−®áâì ¨ áâ�−¤�àâë

áâ�¢«¥−¨¨ ¨−ä®à¬�æ¨¨ ¢ â�ª®¬ ¢¨-
¤¥, çâ®¡ë ª®¬¯ìîâ¥àë ¬®£«¨ ú¯®-
−ïâìû ®¡é¨© ï§ëª, ®¡¥á¯¥ç¨¢�îé¨©
¯®−¨¬�−¨¥ ¨ á®âàã¤−¨ç¥áâ¢®. ‘â�−-
¤�àâ¨§�æ¨ï ª�á�¥âáï £«�¢−ë¬ ®¡à�-
§®¬ â¥å−¨ç¥áª®£® ¨ á¥¬�−â¨ç¥áª®£®
ãà®¢−¥© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨. Š�ª
¢¨¤−® ¨§ à¨á. 4 (http://www.ec-
gis.org/etemii), ¯®¬¨¬® áâ�−¤�àâ®¢,
¨¬¥îé¨å ¤¥«® á ¬�−¨¯ã«ïæ¨¥© £¥®-
£à�ä¨ç¥áª¨¬¨ ¤�−−ë¬¨ (¯à®áâà�−-
áâ¢¥−−ë¥ áâ�−¤�àâë, ®¡¥á¯¥ç¨¢�-
îé¨¥ ¨−â¥àä¥©áë ¤«ï áâ�−¤�àâ−ëå

¬¥â®¤®¢), áãé¥áâ¢ãîâ â�ª¦¥ ¨ áâ�−¤�àâë ¤«ï ¤®áâã¯� ª £¥®£à�ä¨ç¥áª¨¬ ¤�−−ë¬
¨§ ¬¥â�¤�−−ëå ¨ áâ�−¤�àâë ¬¥â�¤�−−ëå, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï ª�â�«®£®¢,
®¯¨áë¢�îé¨å á®¤¥à¦�−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¯à®áâà�−áâ¢¥−−ëå ¤�−-
−ëå. �â¨ à¥áãàáë −¥®¡å®¤¨¬ë, çâ®¡ë ¬®¦−® ¡ë«® −�©â¨ £¥®¤�−−ë¥ ¢ á¥â¨, ¨
¯®íâ®¬ã ®−¨ ¤®«¦−ë ¡ëâì ¢ áâ�−¤�àâ−ëå ä®à¬�â�å (áâ�−¤�àâ�å ¬¥â�¤�−−ëå).

‘â�−¤�àâë ¨á¯®«ì§ãîâáï â�ª¦¥, çâ®¡ë ª®àà¥á¯®−¤¨à®¢�âìáï á ¤àã£¨¬¨ à¥-
áãàá�¬¨ â¨¯� ®âªàëâëå ¢¥¡-á¥à¢¨á®¢ (www.opengis.org/ows) ¤«ï á®¢¬¥áâ−®£®
¨á¯®«ì§®¢�−¨ï ¨«¨ ä®à¬¨à®¢�−¨ï æ¥¯®çª¨ á¥à¢¨á®¢.

‘â�−¤�àâ¨§�æ¨ï ¢ ®¡«�áâ¨ æ¨äà®¢®© ƒˆ −¥®¡å®¤¨¬� ¤«ï ®¡¥á¯¥ç¥−¨ï £�-
à�−â¨¨, çâ® ¯à®áâà�−áâ¢¥−−�ï ¨−ä®à¬�æ¨ï ¬®¦¥â á¢®¡®¤−® à�á¯à®áâà�−ïâìáï ¢
£«®¡�«ì−®© áà¥¤¥. ÷�§à�¡®âª� ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ ¯à®¤¢¨£�¥âáï çà¥§¢ë-
ç�©−® ¡ëáâàë¬¨ â¥¬¯�¬¨. ‡¤¥áì, ª�ª ã¦¥ ®â¬¥ç�«®áì ¢ëè¥, ®¯à¥¤¥«¨«¨áì ¤¢�
£«�¢−ëå à�§à�¡®âç¨ª�: OGC ¨ ISO/TC211 á è¨à®ª® ¨§¢¥áâ−ë¬¨ à¥§ã«ìâ�â�¬¨
á®¢¬¥áâ−®£® á®âàã¤−¨ç¥áâ¢�.

TC 211 | ®¤¨− ¨§ ¬−®¦¥áâ¢� â¥å−¨ç¥áª¨å ª®¬¨â¥â®¢, §�à¥£¨áâà¨à®¢�−−ëå
¢ ISO (Œ¥¦¤ã−�à®¤−®© ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨). �− ¡ë« áä®à¬¨-
à®¢�− ¤«ï à�§¢¨â¨ï áâ�−¤�àâ¨§�æ¨¨ ¢ ®¡«�áâ¨ æ¨äà®¢®© ƒˆ. �á−®¢−�ï æ¥«ì
TC 211 | ãáâ�−®¢¨âì áâàãªâãà¨à®¢�−−ë© −�¡®à áâ�−¤�àâ®¢ ¤«ï ¨−ä®à¬�æ¨¨
®â−®á¨â¥«ì−® ®¡ê¥ªâ®¢ ¨«¨ ï¢«¥−¨©, ª®â®àë¥ ¯àï¬® ¨«¨ ª®á¢¥−−® á¢ï§�−ë
á ¬¥áâ®¯®«®¦¥−¨¥¬ ®â−®á¨â¥«ì−® ‡¥¬«¨. �â¨ áâ�−¤�àâë ¬®£ãâ á¯¥æ¨ä¨æ¨-
à®¢�âì ƒˆ, ¬¥â®¤ë, ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢� ¨ á¥à¢¨áë ¤«ï ®à£�−¨§�æ¨¨
¤�−−ëå (¢ª«îç�ï ®¯à¥¤¥«¥−¨¥ ¨ ®¯¨á�−¨¥), ¯à¨®¡à¥â¥−¨ï, ®¡à�¡®âª¨, �−�«¨-
§�, ¤®áâã¯�, ¯à¥¤áâ�¢«¥−¨ï ¨ ¯¥à¥¤�ç¨ â�ª¨å ¤�−−ëå ¢ æ¨äà®¢®©/í«¥ªâà®−−®©
ä®à¬¥ ¬¥¦¤ã à�§«¨ç−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨, á¨áâ¥¬�¬¨ ¨ ¬¥áâ®¯®«®¦¥−¨ï¬¨.
TC 211 á¢ï§�− á à�§à�¡®âª®© −�¡®à� áâ�−¤�àâ®¢, ¤®¯ãáª�îé¨å £¥®¨−â¥à®¯¥-
à�¡¥«ì−®áâì. �â¨ áâ�−¤�àâë ¯®¤¤¥à¦¨¢�îâ ¯®−¨¬�−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ƒˆ,
ã«ãçè�îâ ¥¥ ¤®áâã¯−®áâì, ¨−â¥£à�æ¨î, á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ ¨ à�§à�-
¡®âªã SDIs. ‚á¥ íâ® ®¡¥á¯¥ç¨¢�¥â äã−¤�¬¥−â�«ì−ãî áâàãªâãàã ¨ á¥¬�−â¨-
ªã ¤«ï ®¯¨á�−¨ï ¨ ¯à¥¤áâ�¢«¥−¨ï ƒˆ. ‚ ¨å ®á−®¢¥ «¥¦¨â à¥ä¥à¥−á−�ï ¬®-
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� ¯à®¡«¥¬�å à¥�«¨§�æ¨¨ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ Semantic Web

¤¥«ì, ®á−®¢�−−�ï −� RM-ODP, ¢ ª®â®à®© ¡®«ìè®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® á¥¬�−-
â¨ª¥.

Open Geospatial Consortium, Inc. | −¥ª®¬¬¥àç¥áª�ï ®à£�−¨§�æ¨ï, ®á−®-
¢�−−�ï ¢ 1994 £. ¤«ï ¯®¤¤¥à¦ª¨ à�§à�¡®â®ª ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ á¨áâ¥¬, ª®-
â®àë¥ ®¡à�¡�âë¢�îâ £¥®¤�−−ë¥, � â�ª¦¥ ¬¥¦¤ã â�ª¨¬¨ á¨áâ¥¬�¬¨ ¨ äã−ª-
æ¨®−¨àãîé¨¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ á¨áâ¥¬�¬¨ (http://www.Opengis.org/info/
brochure/brochure0599.pdf). „¥ïâ¥«ì−®áâì OGC ¯® à�§¢¨â¨î â¥å−®«®£¨© áãé¥-
áâ¢¥−−® ¯®¢«¨ï«� −� £«®¡�«ì−ãî ®à£�−¨§�æ¨î £¥®¤�−−ëå ¨ á®§¤�−¨¥ áâ�−¤�àâ®¢
®¡à�¡®âª¨ £¥®¤�−−ëå ¨ ¯à®¤¥¬®−áâà¨à®¢�«� ¯à¥¨¬ãé¥áâ¢� ®âªàëâëå â¥å−®«®£¨©
ƒˆ‘, ª®â®àë¥ ®¡ê¥¤¨−ïîâ ®¡à�¡®âªã £¥®¤�−−ëå á à�á¯à¥¤¥«¥−−®© �àå¨â¥ªâãà®©
¨ ¨−â¥à−¥â-¢ëç¨á«¥−¨ï.

„¥ïâ¥«ì−®áâì OGC ä®ªãá¨àã¥âáï −� ¢ë¯®«−¥−¨¨ ¤¢ãå ¯à®£à�¬¬: ¯à®£à�¬-
¬ë á¯¥æ¨ä¨ª�æ¨¨ ¨ ¯à®£à�¬¬ë ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, á ï¢−ë¬ ¯à¨®à¨â¥â®¬ ¢
®â−®è¥−¨¨ ¯®á«¥¤−¥©.

�à®£à�¬¬� á¯¥æ¨ä¨ª�æ¨¨ | ¯à®£à�¬¬� ãáâ�−®¢«¥−¨ï á®£«�á¨ï áà¥¤¨ ç«¥−®¢
ª®−á®àæ¨ã¬�, ®¡«�¤�îé¨å ¯à�¢®¬ £®«®á�. ‚® ¬−®£®¬ íâ� ¯à®£à�¬¬� ¯®¤®¡−�
¯à®æ¥ááã á®§¤�−¨ï ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢. �á−®¢−ë¥ à�§«¨ç¨ï §¤¥áì á¢ï-
§�−ë á ®à£�−¨§�æ¨¥© á�¬®£® ¯à®æ¥áá� á®£«�á®¢�−¨ï, ¯®¤å®¤� ª à¥è¥−¨î, ªâ®
¡ã¤¥â ¢®§¤¥©áâ¢®¢�âì −� à�§à�¡®âªã íâ®£® á®£«�á¨ï á® áâ®à®−ë ®á−®¢−®© £àã¯¯ë
á®âàã¤−¨ª®¢ OGC, à�§à�¡®âç¨ª®¢ ¨ −¥§�¢¨á¨¬ëå ª®−áã«ìâ�−â®¢.

�à®£à�¬¬� ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ à�§¢¨¢�¥âáï ®â−®á¨â¥«ì−® −¥¤�¢−®. ‚ −¥©
ãáâ�−®¢«¥−� −¥®¡å®¤¨¬®áâì £�à�−â¨à®¢�âì §�¨−â¥à¥á®¢�−−®¬ã «¨æã, çâ® ¥£® âà¥-
¡®¢�−¨ï ¡ã¤ãâ ¯à¨−ïâë ¢® ¢−¨¬�−¨¥ −� à�−−¥© áâ�¤¨¨ ¨ çâ® ®−¨ ¡ã¤ãâ ¢«¨ïâì
−� ª®−¥ç−ë¥ à¥§ã«ìâ�âë, � á®£«�á®¢�−¨¥ á¥¬�−â¨ª¨ ª®−æ¥¯æ¨¨ ®¯à¥¤¥«¥−® ª�ª
®á−®¢−�ï ¢¥å� ¢á¥© à�¡®âë: ¯®á«¥ á®£«�á®¢�−¨ï á¥¬�−â¨ª¨ ª®−æ¥¯æ¨¨ ¥¥ −®-
¢�ï á¯¥æ¨ä¨ª�æ¨ï ¯à®å®¤¨â ç¥à¥§ ¯à®£à�¬¬ã á¯¥æ¨ä¨ª�æ¨¨. ‚ ª®−â¥ªáâ¥ íâ®©
ä®à¬ã«¨à®¢ª¨ ¬®¦¥â ¡ëâì §�¬¥ç¥−®, çâ® ¢§�¨¬®á¢ï§�−−ë¥ âà¥¡®¢�−¨ï ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨ ¬−®¦¥áâ¢� á®âàã¤−¨ç�îé¨å §�¨−â¥à¥á®¢�−−ëå «¨æ ¤®«¦−ë ¡ëâì
ã¤®¢«¥â¢®à¥−ë ¢ à�¬ª�å ª®−ªà¥â−®£® ¯à®¥ªâ�, ¢ à¥§ã«ìâ�â¥ ç¥£® §�¨−â¥à¥á®¢�−-
−ë¥ «¨æ� áâ�−®¢ïâáï ¨−â¥à®¯¥à�¡¥«ì−ë¬¨ [14].

‚á¥ ¯®−ïâ¨ï, ®¯à¥¤¥«¥−−ë¥ ¢ ISO £¥®£à�ä¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå áâ�−¤�à-
â®¢, á®áâ�¢«ïîâ ¢−ãè¨â¥«ì−ãî ®−â®«®£¨î ¤«ï £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨®−−®©
®¡«�áâ¨. �®−ïâ¨ï ä®à¬�«¨§®¢�−ë £à�ä¨ç¥áª¨ á ¯®¬®éìî ã−¨¢¥àá�«ì−®£® ï§ë-
ª� ¬®¤¥«¨à®¢�−¨ï (UML). •®âï UML ¨¬¥¥â ¤®áâ�â®ç−ãî ¢ëà�§¨â¥«ì−®áâì ¤«ï
®¯à¥¤¥«¥−¨ï ¯®−ïâ¨© á ISO/TC 211, ¯®«ãç�îé¨¥áï ¤¨�£à�¬¬ë −¥ ¯à¥¤−�-
§−�ç¥−ë, çâ®¡ë ¡ëâì ¬�è¨−®ç¨â�¥¬ë¬¨ ¨ ®¡à�¡�âë¢�¥¬ë¬¨, ¨ −¥ ¬®£ãâ ¨á-
¯®«ì§®¢�âìáï −¥¯®áà¥¤áâ¢¥−−®, çâ®¡ë ¯®¤¤¥à¦�âì «®£¨ç¥áª¨© ¢ë¢®¤ −� ®á−®¢¥
®−â®«®£¨¨.

7 Semantic Web геопространственной информации

‚ 2001 £. ¡ë«� ¢ë¤¢¨−ãâ� ¨¤¥ï Semantic Web [15]. ‚ ¥¥ ®á−®¢¥ «¥¦�«®
¯à¥¤«®¦¥−¨¥ ¬®¤¥à−¨§¨à®¢�âì Web ®â ãà®¢−ï ¤®ªã¬¥−â®¢ ¤® ãà®¢−ï ¤�−−ëå ¨
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¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï. ‚ Semantic Web ¤�−−ë¥ ¤®«¦−ë ¡ëâì ¯®−ïâ-
−ë¬¨ ¨ ®¡à�¡�âë¢�¥¬ë¬¨, ¨ ¯®íâ®¬ã Semantic Web ¤®«¦−� ¡ëâì á¯®á®¡−®© ª
®â¢¥âã −� ¢®¯à®áë, ¢ ®â«¨ç¨¥ ®â ¯à®áâ®© ¯¥à¥¤�ç¨ ¤®ªã¬¥−â®¢ ¨«¨ ¢¥¡-áâà�−¨æ,
á®®â¢¥âáâ¢ãîé¨å ®¯à¥¤¥«¥−−ë¬ ªà¨â¥à¨ï¬ ª«îç¥¢®£® á«®¢�. Semantic Web |
íâ® Web −¥§�¢¨á¨¬ëå ®â ¯à¨«®¦¥−¨ï ¤�−−ëå, ª®â®àë¥ ¬®£ãâ ¡ëâì á®áâ�¢«¥−ë ¨§
¬−®£¨å ¨áâ®ç−¨ª®¢; ¤�−−ëå, à�§¬¥é¥−−ëå ¢ á¨áâ¥¬¥ ª«�áá®¢; ¤�−−ëå, ª®â®àë¥
ï¢«ïîâáï ç�áâìî ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ®¡ê¥¤¨−¥−−®© ¯®áà¥¤áâ¢®¬ ®−â®«®-
£¨©. „�−−ë¥ ¢ Semantic Web −�¬−®£® ¡®«¥¥ �¤�¯â¨¢−ë ¯® áà�¢−¥−¨î á Web.
�� á�¬®¬ −¨§ª®¬ ãà®¢−¥ ¤�−−ë¥ ¬®£ãâ ¯à¨−ïâì ä®à¬ã ¤®ªã¬¥−â®¢ ¨ §�¯¨á¥© ¢
í«¥ªâà®−−ëå â�¡«¨æ�å ¨«¨ ¡�§�å ¤�−−ëå. ‘à¥¤−¨© ãà®¢¥−ì ¬®¦¥â ¡ëâì à�á-
è¨àï¥¬ë¬ ï§ëª®¬ à�§¬¥âª¨ (XML, eXtensible Markup Language) ¤®ªã¬¥−â®¢
á á®®â¢¥âáâ¢ãîé¨¬¨ á«®¢�àï¬¨. �� ¢¥àå−¥¬ ãà®¢−¥ ¤�−−ë¥ åà�−ïâáï ¢¬¥áâ¥ á
®−â®«®£¨ï¬¨ ¨ á ¢®§¬®¦−®áâï¬¨ ¢ë¢®¤� −®¢®£® §−�−¨ï. �−â®«®£¨¨ ¢¥áì¬� áãé¥-
áâ¢¥−−ë ¤«ï Semantic Web. �−¨ ®¯à¥¤¥«ïîâ §−�ç¥−¨ï ¤�−−ëå ¨ ®¯¨áë¢�îâ ¨å
¢ ä®à¬�â¥, ª®â®àë© ï¢«ï¥âáï ¢ëç¨á«¨¬ë¬ ¨ ç¨â�¥¬ë¬ ¯à¨«®¦¥−¨ï¬¨. Semantic
Web −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−� á ãáâ�−®¢«¥−¨¥¬ £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤�−−ëå
¢ Web.

�−â®«®£¨¨ ¢¥áì¬� áãé¥áâ¢¥−−ë ¤«ï Semantic Web. �−¨ ®¯à¥¤¥«ïîâ §−�ç¥−¨ï
¤�−−ëå ¨ ®¯¨áë¢�îâ ¨å ¢ ä®à¬�â¥, ª®â®àë© ï¢«ï¥âáï ¢ëç¨á«¨¬ë¬ ¨ ç¨â�¥¬ë¬
¯à¨«®¦¥−¨ï¬¨. ’�ª¨¬ ®¡à�§®¬, ª®£¤� ¯à¨«®¦¥−¨ï ¨á¯®«ì§ãîâ ¤�−−ë¥, ®−¨
¬®£ãâ ¨á¯®«ì§®¢�âì ¢à®¦¤¥−−ãî á¥¬�−â¨ªã ¤�−−ëå ¨ ¢ â® ¦¥ á�¬®¥ ¢à¥¬ï á¤¥«�âì

¨å ¡®«¥¥ ¤®áâ®¢¥à−ë¬¨. �â� ¤®¯®«−¨-

÷¨á. 5 �àå¨â¥ªâãà� Semantic Web

â¥«ì−�ï ¢®§¬®¦−®áâì ®¡«¥£ç�¥â ¨−â¥£-
à�æ¨î £¥â¥à®£¥−−ëå ¤�−−ëå, §�ä¨ª-
á¨à®¢�−−ëå à�§«¨ç−ë¬¨ £àã¯¯�¬¨
¯®«ì§®¢�â¥«¥©, −� ®á−®¢�−¨¨ ¯®¤®¡¨ï
á¥¬�−â¨ª¨.

Semantic Web âà¥¡ã¥â «®£¨ç¥áª¨å
ãâ¢¥à¦¤¥−¨©, ª«�áá¨ä¨ª�æ¨¨ ¯®−ï-
â¨©, ä®à¬�«ì−ëå ¬®¤¥«¥©, ¯à�¢¨« ¨
¯à®â®ª®«®¢ ¡¥§®¯�á−®áâ¨ ¨ ¤®¢¥à¨ï.
�àå¨â¥ªâãà� Semantic Web ¡ë«� ¯®-
¤à®¡−® ®¯¨á�−� ¢® ¬−®£¨å ¯ã¡«¨ª�æ¨-
ïå [16]. Š�ª ¯®ª�§�−® −� à¨á. 5 [16],

®−� ®á−®¢�−� −� Uniform Resource Identifiers (URI), ã−¨¢¥àá�«ì−®¬ −�¡®à¥ á¨¬-
¢®«®¢ (Unicode), ¨ XML.

URIs | áâà®ª¨ á¨¬¢®«®¢, ª®â®àë¥ á«ã¦�â ã−¨ª�«ì−ë¬¨ ¨¤¥−â¨ä¨ª�â®à�¬¨,
çâ®¡ë ãª�§�âì à¥áãàá ¢ á¥â¨ (ä¨§¨ç¥áª¨© ¨«¨ �¡áâà�ªâ−ë©). URIs ¨¬¥îâ ®¯à¥-
¤¥«¥−−ë© á¨−â�ªá¨á ¢ á®®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ�¬¨ 3986. URIs ¢ª«îç�îâ ª�ª
Uniform Resource Locators (URLs), â�ª ¨ Uniform Resource Names (URNs). URL
¨¤¥−â¨ä¨æ¨àã¥â ¬¥áâ®, £¤¥ à¥áãàá ¤®áâã¯¥− ¢ ˆ−â¥à−¥â¥ ¨ ª�ª ¤®¡à�âìáï ¤® −¥£®.

Unicode | ¯à®¬ëè«¥−−ë© áâ�−¤�àâ, ª®â®àë© ¨á¯®«ì§ã¥âáï ª�ª ®á−®¢� ¤«ï
¯à¥¤áâ�¢«¥−¨ï â¥ªáâ� ¢ Semantic Web. �− ¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥ â¥ªáâ®-
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¢ëå áâà®ª ¨ ¬�−¨¯ã«ïæ¨î ¨¬¨ −� à�§−®®¡à�§−ëå ï§ëª�å ç¥à¥§ áâ�−¤�àâ¨§�æ¨î
á¨¬¢®«ì−®£® −�¡®à� ¨ á¨¬¢®«ì−ëå ª®¤®¢, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ áâ�−¤�àâã
ISO 10646 ˆ−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© | Universal Multiple-Octet Coded
Character Set (UCS). “−¨ª�«ì−®¥ ç¨á«® ®¯à¥¤¥«ï¥â ª�¦¤ë© á¨¬¢®« −¥§�¢¨á¨¬®
®â á¨áâ¥¬ë, ¯à¨«®¦¥−¨ï ¨ ï§ëª�. ‘®®â¢¥âáâ¢¥−−®, Unicode ¯®§¢®«ï¥â á¨áâ¥-
¬�¬ ¨ ¯à¨«®¦¥−¨ï¬ ®¡¬¥−¨¢�âìáï á¨¬¢®«ì−®-®à¨¥−â¨à®¢�−−®© ¨−ä®à¬�æ¨¥© ¨
¯à®á¬�âà¨¢�âì ¨−ä®à¬�æ¨î ¢¥¡-áâà�−¨æë ¡¥§ ¯®â¥à¨ ¨−ä®à¬�æ¨¨.

XML | á¨−â�ªá¨ç¥áª�ï ®á−®¢� Semantic Web. �� íâ®© ®á−®¢¥ ª®−á®àæ¨ã-
¬®¬ World Wide Web ¡ë« à�§à�¡®â�− áâ¥ª á¨−â�ªá¨á®¢ ¨ á«®¢�àì XML: RDF,
RDF-S, Web Ontology Language (OWL), SPARQL Protocol and RDF Query
Language (SPARQL) ¨ Rules Interchange Format (RIF). �¥à¢ë¬ ¡ë« à�§à�¡®â�−
Resource Description Framework (RDF). RDF ¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥ ¨−ä®à-
¬�æ¨¨ ®¡ ®¯à¥¤¥«¥−−ëå à¥áãàá�å, ª®â®àë¥ áãé¥áâ¢ãîâ ¢ á¥â¨. �− ¨á¯®«ì§ã¥â
®¡ëç−® âà®©−ãî áâàãªâãàã, −�§ë¢�¥¬ãî úáã¡ê¥ªâ{¯à¥¤¨ª�â{®¡ê¥ªâû, ¯®å®¦ãî
−� á¥¬�−â¨ç¥áª¨© âà¥ã£®«ì−¨ª ”à¥£¥ (ª®−æ¥¯â{§−�ª{¤¥−®â�â).

‘å¥¬� RDF (RDF-S) ®¯à¥¤¥«ï¥â ª«�ááë ¨ á¢®©áâ¢�, âà¥¡ã¥¬ë¥ ¤«ï ®¯¨á�−¨ï
ª«�áá®¢, á¢®©áâ¢ ¨ ¤àã£¨å à¥áãàá®¢. �−� ®á−®¢�−� −� RDF. ÷¥áãàáë RDF-S
á«ã¦�â ¤«ï á®§¤�−¨ï ¯à¨ª«�¤−ëå ¨«¨ ®¯à¥¤¥«¥−−ëå ¯®«ì§®¢�â¥«ìáª¨å á«®¢�à¥©
RDF ¨, ªà®¬¥ â®£®, ¤«ï á®§¤�−¨ï ª«�áá®¢ á¯¥æ¨�«ì−ëå ¤�−−ëå.

SPARQL, ª®â®àë© ¢ª«îç�¥â ¯à®â®ª®« SPARQL ¨ ï§ëª §�¯à®á®¢ RDF,
ï¢«ï¥âáï ï§ëª®¬ Semantic Web, ®¡¥á¯¥ç¨¢�îé¨¬ ¤®áâã¯ ª ¨áâ®ç−¨ª�¬ ¤�−−ëå
RDF ¨ ®−â®«®£¨ï¬ −� ï§ëª¥ OWL.

Ÿ§ëª OWL ¡ë« à�§à�¡®â�− ¤«ï ¯à¥¤áâ�¢«¥−¨ï §−�−¨©. �− ¯®§¨æ¨®−¨àã-
¥âáï ª�ª à�§¢¨â¨¥ áãé¥áâ¢ãîé¨å ï§ëª®¢ DAML+OIL (DAML: DARPA Agent
Markup Language; OIL: Ontology Inference Layer) ¨ ®á−®¢�− −� RDF ¨ RDF-S.
OWL | äã−¤�¬¥−â�«ì−�ï ç�áâì Semantic Web ¤«ï ¢ë¯®«−¥−¨ï à�ááã¦¤¥−¨©,
¨−â¥à¯à¥â�æ¨¨ ¨ ¢ë¢®¤�. �−â®«®£¨¨ ¯®¤¤¥à¦¨¢�îâ ¯à®£à�¬¬−ëå �£¥−â®¢ ¤«ï
¨−â¥à¯à¥â�æ¨¨ ¯®áâã¯�îé¨å í«¥¬¥−â®¢ ¤�−−ëå. �à®£à�¬¬−ë¥ �£¥−âë ¬®£ãâ
�¢â®¬�â¨ç¥áª¨ ¯à¨¯¨áë¢�âì §−�ç¥−¨ï ¯®áâã¯�îé¨¬ á®®¡é¥−¨ï¬ (§�¯à®á�¬ ¨«¨
¤�−−ë¬). ’�ª�ï äã−ªæ¨ï à¥�«¨§ã¥âáï á®¯®áâ�¢«¥−¨¥¬ ®−â®«®£¨© ¨«¨ ®æ¥−ª®©
¯®¤®¡¨ï.

‚ ¯à®áâà�−áâ¢¥−−®© ®¡«�áâ¨ ¯®¤®¡¨¥ ¬¥¦¤ã £¥®¬¥âà¨ç¥áª¨¬¨ ª®−áâàãªæ¨-
ï¬¨ (â®çª�, «¨−¨ï, ¯®¢¥àå−®áâì ¨ â¥«®) ®¡ëç−® ¨¤¥−â¨ä¨æ¨àã¥âáï ¬�âà¨æ¥©
¯¥à¥á¥ç¥−¨© ¢−ãâà¥−−¥© ®¡«�áâ¨, £à�−¨æë ¨ ¢−¥è−¥© ®¡«�áâ¨ ¤¢ãå £¥®¬¥âà¨ç¥-
áª¨å ®¡ê¥ªâ®¢. •®âï ª®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï ¤®áâ�â®ç−®
¨−â¥à¥á−�, ª�ç¥áâ¢¥−−�ï ®æ¥−ª� á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï ¢á¥ ¦¥ ¡«¨¦¥ ª ª®£−¨-
â¨¢−®¬ã à�ááã¦¤¥−¨î. �®¤å®¤ −� ®á−®¢¥ £¥®á¥¬�−â¨ç¥áª®© ¡«¨§®áâ¨ | íâ®
¨á¯®«ì§®¢�−¨¥ ¬�âà¨æ ¯¥à¥á¥ç¥−¨© ¤«ï ®æ¥−ª¨ á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï ¬¥¦¤ã
ª®−â¥ªáâ�¬¨ ¤¢ãå £¥®¯à®áâà�−áâ¢¥−−ëå ¯®−ïâ¨©. ÷�ááã¦¤¥−¨¥ ¨ ¢ë¢®¤ ¬®£ãâ
¯à¨¢¥áâ¨ ª è¨à®ª®¬ã ¤¨�¯�§®−ã ¢®§¬®¦−®áâ¥©, á¢ï§�−−ëå á £¥®¨−â¥à®¯¥à�¡¥«ì-
−®áâìî: ®¡−�àã¦¥−¨¥ ¤�−−ëå, ®â¢¥â −� §�¯à®á, ª®¬¯®§¨æ¨ï £¥®¤�−−ëå ¨§ ¬−®£¨å
¨áâ®ç−¨ª®¢, ¨á¯®«ì§®¢�−¨¥ £¥®¤�−−ëå ¢ à�§−ëå ®¡«�áâïå, ¨−â¥£à�æ¨ï ¤�−−ëå
¨ â. ¤.
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”®à¬�â ®¡¬¥−� ¯à�¢¨«�¬¨ (RIF) ®â−®á¨âáï ª àï¤ã ä®à¬�â®¢ World Wide Web
¨ ®¯à¥¤¥«ï¥â à�§«¨ç−ë¥ ¢¨¤ë á¨áâ¥¬ ¯à�¢¨« ¤«ï ¯®¤¤¥à¦ª¨ äã−ªæ¨®−�«ì−®©
á®¢¬¥áâ¨¬®áâ¨ áà¥¤¨ ï§ëª®¢ ¯à�¢¨«, � â�ª¦¥ ¤«ï ®¡¬¥−� ¯à�¢¨«�¬¨ ¢ á¨áâ¥¬�å,
®á−®¢�−−ëå −� ¯à�¢¨«�å ¢ Semantic Web.

‚ á®áâ�¢¥ Semantic Web −¥ â®«ìª® ¤�−−ë¥, −® â�ª¦¥ ¨ ¢¥¡-á¥à¢¨áë. ‚ −�áâ®-
ïé¥¥ ¢à¥¬ï ¨á¯®«ì§®¢�−¨¥ ¨ ¢§�¨¬®¤¥©áâ¢¨¥ ¢¥¡-á¥à¢¨á®¢ ¢á¥ ¥é¥ âà¥¡ã¥â ãç�áâ¨ï
ç¥«®¢¥ª�, å®âï ¢ ¯¥àá¯¥ªâ¨¢¥ Semantic Web ¬®£«� ¡ë ®¡«¥£ç¨âì ¢§�¨¬®¤¥©áâ¢¨¥
á ¢¥¡-á¥à¢¨á�¬¨, ¨á¯®«ì§ãï á¥¬�−â¨ªã. Semantic Web ¬®¦¥â ¯®¤¤¥à¦¨¢�âì
¢¥¡-á¥à¢¨áë, çâ®¡ë �¢â®¬�â¨§¨à®¢�âì ¨å ®âªàëâ¨¥ ¨ ®¯â¨¬¨§¨à®¢�âì ¨å á®áâ�¢,
®¡¥á¯¥ç¨¢�ï ¨å ¢§�¨¬®¤¥©áâ¢¨¥ á ¬¨−¨¬�«ì−ë¬ ç¥«®¢¥ç¥áª¨¬ ãç�áâ¨¥¬.

ˆ¤¥ï á®§¤�−¨ï £¥®¯à®áâà�−áâ¢¥−−®© Semantic Web ¢¯¥à¢ë¥ ¡ë«� ¯à¥¤áâ�¢-
«¥−� ¢ 2002 £. [17]. �−� ¤®«¦−� à�áè¨à¨âì ¯®−ïâ¨¥ Semantic Web, ã«ãçè¨¢
á¥¬�−â¨ç¥áªãî äã−ªæ¨®−�«ì−ãî á®¢¬¥áâ¨¬®áâì ƒˆ ¢ Web.

‡� íâ® ¢à¥¬ï ãá¨«¨ï ¯® áâ�−¤�àâ¨§�æ¨¨ ISO/TC 211 ¨ OGC ¨ à�§¢¨â¨¥ £¥®-
¨−ä®à¬�â¨ª¨ ®¡¥á¯¥ç¨«¨ ¢ ¡®«ìè®© áâ¥¯¥−¨ ®á−®¢ã ¤«ï á®§¤�−¨ï £¥®¯à®áâà�−-
áâ¢¥−−®© Semantic Web. Œ¥¦¤ã−�à®¤−ë¥ áâ�−¤�àâë ISO/TC 211 ®¯à¥¤¥«¨«¨
®−â®«®£¨î £¥®¯à®áâà�−áâ¢¥−−ëå ¯®−ïâ¨©, ª®â®àë¥ ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨ ®â
¯à¨«®¦¥−¨©. �â� ®−â®«®£¨ï | ®á−®¢� ®¯¨á�−¨ï ƒˆ, ª®â®à�ï ¢ª«îç�¥â ¯®−ïâ¨ï
¤«ï ®¯¨á�−¨ï £¥®¬¥âà¨¨, â®¯®«®£¨¨, ¢à¥¬¥−−‚®© ¨−ä®à¬�æ¨¨, ¯à®áâà�−áâ¢¥−-
−ëå á¨áâ¥¬ á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨, ®á®¡¥−−®áâ¥©, å�à�ªâ¥à¨áâ¨ª, ¯®¢¥¤¥−¨©,
®â−®è¥−¨©, ª�ç¥áâ¢�, ¬¥â�¤�−−ëå, á¥à¢¨á®¢ (¯®§¨æ¨®−¨à®¢�−¨¥, ¨§®¡à�¦¥−¨¥,
¬¥áâ®¯®«®¦¥−¨¥ ¨ â. ¤.); ®¡à�§ë, à¥è¥âª¨, ®å¢�â, ¤�âç¨ª¨, ¯¥à¥¬¥é�¥¬ë¥ ®á®-
¡¥−−®áâ¨ ¨ â. ¤. �ë«¨ à�§à�¡®â�−ë ¤®¯®«−¨â¥«ì−® á¥à¢¨á−ë¥ ¨−â¥àä¥©áë ¤«ï
®¡−�àã¦¥−¨ï, ®¡à�é¥−¨ï á §�¯à®á®¬ ¨ ¯®«ãç¥−¨ï ƒˆ, ¢ª«îç�ï Web Map Server
(WMS), Web Feature Service (WFS), Filter Encoding, Web Coverage Service
(WCS), Catalogue Services for the Web (CSW), Web Processing Service (WPS)
¨ ¤à. [18]. �â¨ á¥à¢¨á−ë¥ ¨−â¥àä¥©áë ®¯à¥¤¥«ïîâ ¯à¨−ïâãî ä®à¬ã §�¯à®á®¢
Web ¨¬¥−−® ¤«ï ƒˆ. ÷�§à�¡®âç¨ª¨ ®−â®«®£¨© ¨ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨ ã¤¥«¨«¨ §−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥ ¯à®¡«¥¬�¬ á®®â¢¥âáâ¢¨ï ¯®−ïâ¨© ¨
¨−â¥£à�æ¨¨ ®−â®«®£¨© −� ®á−®¢¥ ¨áá«¥¤®¢�−¨ï ¯®¤®¡¨ï ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¨ ¨å
¡«¨§®áâ¨. Œ®¦−® ¯à¥¤¢¨¤¥âì, çâ® ¢ à¥§ã«ìâ�â¥ ¡ã¤¥â á®§¤�− ª®¬¯«¥ªá á¥à¢¨á®¢
¨ ¯à¨«®¦¥−¨© ¤«ï ã¢¥«¨ç¥−¨ï ¢®§¬®¦−®áâ¥© ¢ë¢®¤� ¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
£¥®¤�−−ë¬¨, ¯®«ãç¥−−ë¬¨ ¨§ ¬−®£¨å ¨áâ®ç−¨ª®¢ Web.

8 Заключение

‘¥¬�−â¨ç¥áª�ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì áâ�«� ®¡«�áâìî �ªâ¨¢−ëå −�ãç−ëå
¨áá«¥¤®¢�−¨© £¥®¨−ä®à¬�â¨ª¨ [19]. �à¥¤áâ�¢«¥−−�ï à�¡®â� −®á¨â ®¡§®à−ë© å�-
à�ªâ¥à ¨ ¯®á¢ïé¥−� ®¯¨á�−¨î á®áâ�¢«ïîé¨å, ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï à�§¢¨â¨ï
á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨.

‘¥¬�−â¨ç¥áªãî £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì ¬®¦−® áà�¢−¨âì á íää¥ªâ¨¢−ë¬ ¯à®-
æ¥áá®¬ ¤¢ã−�¯à�¢«¥−−®© á¢ï§¨, £¤¥ ¯®«ì§®¢�â¥«ì ¨ ¯®áâ�¢é¨ª ƒˆ ¢§�¨¬®¤¥©áâ¢ã-
îâ ç¥à¥§ §�¯à®áë ¨ ®â¢¥âë, ¯®−¨¬�ï ¤àã£ ¤àã£� ¡«�£®¤�àï ¨å §−�−¨ï¬ ¨ ¯à®æ¥áá�¬
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à�ááã¦¤¥−¨ï. �à®áâà�−áâ¢¥−−ë¥ ¨−äà�áâàãªâãàë ¤�−−ëå ¤«ï ®áãé¥áâ¢«¥−¨ï
äã−ªæ¨®−�«ì−®© á®¢¬¥áâ¨¬®áâ¨ ƒˆ ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ã¦¥ à�§à�¡®â�−ë.
‘«¥¤ãîé¨© è�£ ¤®«¦¥− ¡ëâì á¤¥«�− ¢ −�¯à�¢«¥−¨¨ à¥�«¨§�æ¨¨ á¥¬�−â¨ç¥áª®©
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ‚¢¥¤¥−¨¥ ¯�à�¤¨£¬ë Semantic Web ®¡¥á¯¥ç¨¢�¥â −®¢ë¥
¢®§¬®¦−®áâ¨ ¤«ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ƒˆ â¨¯� �¢â®¬�â¨ç¥áª®© ¨−â¥à¯à¥â�-
æ¨¨, à�ááã¦¤¥−¨ï ¨ ¢ë¢®¤�.
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Abstract: The problem of semantic geointeroperability consists in supporting
coordinated interaction of experts for solving tasks demanding georesources
shared use, under condition of adequate understanding of semantics of the
georesources. Support of semantic geointeroperability assumes that development
of tools of coordinated understanding of geodata should be carried out on the basis
of the comparative analysis of existing metaschemes of bases of geodata in view
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of multifactor interactions of users and semantics incorporated in space ontology
and/or geothesauruses and qualifiers. The key task of semantic geointeroperabil-
ity is creation of a uniform conceptual model of representation and coordinated
understanding of geodata on the basis of integration of the space-distributed
information. The paper is devoted to discussion of the concept of semantic
interoperability, aspects of implementation of semantic geointeroperability of the
geographical information, and standards of semantic geointeroperability.
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АНАЛИТИЧЕСКИЕ АСПЕКТЫ МУЛЬТИАГЕНТНЫХ
РАСПРЕДЕЛЕННЫХ СИСТЕМ УПРАВЛЕНИЯ

А. П. Сучков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¯à¨¬¥−¥−¨ï ¬ã«ìâ¨�£¥−â−®£® ¯®¤-
å®¤� ª á®§¤�−¨î ¨−â¥£à¨à®¢�−−ëå á¨áâ¥¬ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï á
ãç¥â®¬ ¨å å�à�ªâ¥à−ëå ®á®¡¥−−®áâ¥©, â�ª¨å ª�ª á«®¦−®áâì áà¥¤ë ¢§�¨¬®-
¤¥©áâ¢¨ï, −¥§�¢¨á¨¬®áâì, �¢â®−®¬−®áâì, ¤¥æ¥−âà�«¨§�æ¨ï. ˆ§ãç�¥âáï ®à£�−¨-
§�æ¨ï ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ áâàãªâãà� �£¥−â�, à¥�«¨§ãîé¥£®
¬®¤¨ä¨æ¨à®¢�−−ë© æ¨ª« ã¯à�¢«¥−¨ï ��÷„ (−�¡«î¤¥−¨¥{®à¨¥−â¨à®¢�−¨¥{
à¥è¥−¨¥{¤¥©áâ¢¨¥) ¤«ï á®§¤�−¨ï á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−-
âà®¢ (‘÷‘–). ‘¨áâ¥¬�â¨§¨à®¢�−ë ¬¥â®¤ë �−�«¨§� ¤�−−ëå −� ¢á¥å áâ�¤¨ïå
æ¨ª«� ã¯à�¢«¥−¨ï. ˆ§ãç�¥âáï áâàãªâãà� áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï à�á¯à¥¤¥-
«¥−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¨¢�îé¥© ®¡¬¥− −¥ â®«ìª® á®¡ëâ¨©−®©
¨−ä®à¬�æ¨¥©, −® ¨ ¤�−−ë¬¨ �−�«¨â¨ª¨ á æ¥«ìî ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢ ¯à¨-
−ïâ¨ï à¥è¥−¨© ¯à¨ à¥�«¨§�æ¨¨ æ¥«¥© ã¯à�¢«ïîé¥© á¨áâ¥¬ë. ÷�§à�¡®â�−ë
á¯®á®¡ë ä®à¬�«¨§�æ¨¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå á ãç¥â®¬ ¢á¥å á®áâ�¢«ïîé¨å
ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢� à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ¢ª«î-
ç�ï æ¥«¥¢ãî ®¡áâ�−®¢ªã, ª®−âà®«¨àã¥¬ë¥ ®¡ê¥ªâë, ª®−âà®«¨àã¥¬ë¥ à¥áãàáë,
−¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë.

Š«îç¥¢ë¥ á«®¢�: ¬ã«ìâ¨�£¥−â−�ï á¨áâ¥¬�; á¨âã�æ¨®−−ë© æ¥−âà; à�á¯à¥¤¥-
«¥−−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï; �−�«¨â¨ç¥áª¨¥ ¤�−−ë¥
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1 Введение

‘â�âìï ¯®á¢ïé¥−� ®á®¡¥−−®áâï¬ ®à£�−¨§�æ¨¨ �á¨−åà®−−ëå ¯à®æ¥áá®¢ ¨−ä®à-
¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ á«®¦−ëå á¥â¥æ¥−âà¨ç¥áª¨å á¨áâ¥¬�å ã¯à�¢«¥−¨ï.
Œã«ìâ¨�£¥−â−ë© ¯®¤å®¤ ª á®§¤�−¨î á«®¦−ëå á¥â¥¢ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï ¬®-
¦¥â ¡ëâì �ªâã�«¥− ¯à¨ à¥�«¨§�æ¨¨ “ª�§� �à¥§¨¤¥−â� ÷” ú� ä®à¬¨à®¢�−¨¨
á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢, à�¡®â�îé¨å ¯® ¥¤¨−®¬ã à¥£«�-
¬¥−âã ¢§�¨¬®¤¥©áâ¢¨ïû ¨ ¨−â¥£à�æ¨¨ ¤àã£¨å à�§−®à®¤−ëå �¢â®¬�â¨§¨à®¢�−−ëå
¢¥¤®¬áâ¢¥−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï.

–¥«ìî á®§¤�−¨ï ‘÷‘– ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®©
¯®¤¤¥à¦ª¨ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï, áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ ¬®-
−¨â®à¨−£� à¥�«¨§�æ¨¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ÷®áá¨©áª®©

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, asuchkov@ipiran.ru
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�−�«¨â¨ç¥áª¨¥ �á¯¥ªâë ¬ã«ìâ¨�£¥−â−ëå à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï

”¥¤¥à�æ¨¨, ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¢ ¯®¢á¥-
¤−¥¢−®¬ à¥¦¨¬¥, � â�ª¦¥ ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ªà¨§¨á−ëå ¨/¨«¨ çà¥§¢ëç�©−ëå
á¨âã�æ¨© −� ®á−®¢¥ ¨−ä®à¬�æ¨®−−ëå ¨ â¥å−®«®£¨ç¥áª¨å ¢®§¬®¦−®áâ¥© á¨âã�-
æ¨®−−ëå æ¥−âà®¢ (‘–) ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ (�ƒ‚), ®¡¥á¯¥ç¨¢�îé¨å
�−�«¨§, ®æ¥−ªã, ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ ¨ ¯®¤¤¥à¦ªã ¯à¨−ïâ¨ï
ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©.

„«ï ¤®áâ¨¦¥−¨ï ãª�§�−−®© æ¥«¨ ¢ ç¨á«¥ ¯à®ç¨å ¯à¥¤ãá¬�âà¨¢�¥âáï ®¡¥á¯¥-
ç¨âì ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å §�¤�ç:

{ á®§¤�−¨¥ −®¢ëå ¨ ¬®¤¥à−¨§�æ¨ï ¤¥©áâ¢ãîé¨å ‘– ¢ �ƒ‚ ÷®áá¨©áª®© ”¥¤¥-
à�æ¨¨ á ¯à¨¬¥−¥−¨¥¬ ¯¥àá¯¥ªâ¨¢−ëå â¨¯®¢ëå à¥è¥−¨© ¯® á®áâ�¢ã ¯à®£à�¬-
¬−®-â¥å−¨ç¥áª¨å ª®¬¯«¥ªá®¢, ®¡¥á¯¥ç¨¢�îé¨å íää¥ªâ¨¢−®¥ ¨−ä®à¬�æ¨®−-
−®¥ ¨ â¥å−®«®£¨ç¥áª®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¢ ‘÷‘–, � â�ª¦¥ ¯®¢ëè¥−¨¥ ª�ç¥áâ¢�
â¥å−¨ç¥áª®£® ®á−�é¥−¨ï �ƒ‚;

{ ä®à¬¨à®¢�−¨¥ â¥àà¨â®à¨�«ì−®-à�á¯à¥¤¥«¥−−®£® ¨−ä®à¬�æ¨®−−®£® ä®−¤�
‘÷‘–, ®¡¥á¯¥ç¨¢�îé¥£® ¤®áâã¯ ª ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬ ‘– �ƒ‚
−� ®á−®¢¥ ¯®àâ�«ì−®© â¥å−®«®£¨¨;

{ ®à£�−¨§�æ¨ï ã¯à�¢«¥−¨ï ‘÷‘– ¨ ª®®à¤¨−�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ‘– �ƒ‚ ¢
á¨áâ¥¬¥ −� ®á−®¢¥ ¥¤¨−®£® à¥£«�¬¥−â�.

Šà®¬¥ â®£®, ¢ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ®á−®¢−ëå ¯à¨−æ¨¯®¢ á®§¤�−¨ï ‘÷‘– ¢ë-
¤¢¨£�¥âáï ¯à¨−æ¨¯ ¬�âà¨ç−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ®¡¥á¯¥ç¨¢�îé¨© ®¤−®¢à¥¬¥−−®¥
¨á¯®«ì§®¢�−¨¥ ¤¢ãå â¨¯®¢ ¢§�¨¬®¤¥©áâ¢¨ï ‘–: ¨¥à�àå¨ç¥áª¨© ¨ á¥â¥¢®©. ˆ¥à�à-
å¨ç¥áª¨© â¨¯ ¨á¯®«ì§ã¥âáï ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ‘– ¢ à�¬ª�å ¢¥àâ¨ª�«¥© ¢¥¤®¬-
áâ¢¥−−®©, â¥àà¨â®à¨�«ì−®© ¨ ®âà�á«¥¢®© ¯®¤ç¨−¥−−®áâ¨. ‘¥â¥¢®¥ ¢§�¨¬®¤¥©áâ¢¨¥
®áãé¥áâ¢«ï¥âáï ¢ à�¬ª�å ®¡¬¥−� ¨−ä®à¬�æ¨¥© â¥¬�â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ á
«î¡ë¬¨ ‘– ¢ à¥¦¨¬¥ ®¯¥à�â¨¢−ëå á®¢¥é�−¨©, ¢ â®¬ ç¨á«¥ ¯à¨ ¢®§−¨ª−®¢¥−¨¨
çà¥§¢ëç�©−ëå á¨âã�æ¨©.

’�ª¨¬ ®¡à�§®¬, ‘÷‘– å�à�ªâ¥à¨§ã¥âáï ª�ª à�á¯à¥¤¥«¥−−�ï á¥â¥æ¥−âà¨ç¥-
áª�ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï. ÷�á-
á¬®âà¨¬ ¯®¤å®¤ë ª á®§¤�−¨î ‘÷‘– á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨© ¬ã«ìâ¨�£¥−â-
−ëå á¨áâ¥¬ ¨ ®á®¡¥−−®áâ¨ ¨å à¥�«¨§�æ¨¨ á â®çª¨ §à¥−¨ï à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©.

2 Мультиагентная распределенная система управления

�®¤ ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬®© ã¯à�¢«¥−¨ï ¯®−¨¬�¥âáï á¨áâ¥¬�, ®¡à�§®¢�−−�ï
−¥áª®«ìª¨¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ �£¥−â�¬¨, ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ ¬¥¦¤ã á®¡®©
¨ á ¢−¥è−¥© áà¥¤®©. ‚ á¢ï§¨ á íâ¨¬ ¢ ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬¥ ®à£�−¨§ã¥âáï
áà¥¤� ¢§�¨¬®¤¥©áâ¢¨ï, ®¡¥á¯¥ç¨¢�îé�ï ®¡¬¥− ¨−ä®à¬�æ¨¥© ¬¥¦¤ã ®â¤¥«ì−ë¬¨
�£¥−â�¬¨ (−�¯à¨¬¥à, á®®¡é¥−¨ï¬¨ ® á®¡ëâ¨ïå, §�¯à®á�¬¨, ¨−áâàãªæ¨ï¬¨), �
â�ª¦¥ ®¯à¥¤¥«¥−−ë¬ ®¡à�§®¬ áâàãªâãà¨àã¥âáï ¨−ä®à¬�æ¨ï ® ¢−¥è−¥© áà¥¤¥
(à¨á. 1).
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÷¨á. 1 �¡®¡é¥−−�ï áâàãªâãà� ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬ë

ˆ−â¥««¥ªâã�«ì−ë© �£¥−â | áãé−®áâì, ¯®«ãç�îé�ï ¨−ä®à¬�æ¨î ç¥à¥§ á¨á-
â¥¬ã á¥−á®à®¢ ® á®áâ®ï−¨¨ ã¯à�¢«ï¥¬ëå ¥î ¯à®æ¥áá®¢, �−�«¨§¨àãîé�ï ¥¥ ¨
®áãé¥áâ¢«ïîé�ï æ¥«¥−�¯à�¢«¥−−®¥ ¢«¨ï−¨¥ −� −¨å ç¥à¥§ á¨áâ¥¬ã �ªâã�â®à®¢.

‚ ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬¥ �£¥−âë −¥§�¢¨á¨¬ë å®âï ¡ë ç�áâ¨ç−®, ®¡«�¤�îâ
á¯®á®¡−®áâìî ª á�¬®®à£�−¨§�æ¨¨, â. ¥., à�á¯®«�£�ï á®¡áâ¢¥−−ë¬¨ à¥áãàá�¬¨, á¯®-
á®¡−ë �¤�¯â¨à®¢�âìáï ª ¨§¬¥−¥−¨ï¬ ¢−¥è−¥© áà¥¤ë, � â�ª¦¥ ¤¥æ¥−âà�«¨§®¢�−ë,
â. ¥. −¥â �£¥−â®¢, ã¯à�¢«ïîé¨å ¢á¥© á¨áâ¥¬®©.

„«ï â®£® çâ®¡ë ª®−ªà¥â¨§¨à®¢�âì áâàãªâãàã ¨−â¥««¥ªâã�«ì−®£® �£¥−â�, à¥-
�«¨§ãîé¥£® äã−ªæ¨¨ ã¯à�¢«¥−¨ï, ¬®¦−® ¨á¯®«ì§®¢�âì ®¤−ã ¨§ �¤¥ª¢�â−ëå
¬®¤¥«¥© ã¯à�¢«¥−ç¥áª®£® æ¨ª«� ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥-
¬¥−¨ | ¬®¤¥«ì OODA (��÷„). ‚ ª®−æ¥ 1970-å ££. �®©¤ á®§¤�« ¤�−−ãî ¬®¤¥«ì
¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¢¥¤¥−¨¨ ¡®¥¢ëå ¤¥©áâ¢¨© [1]. ‚ −�áâ®ïé¥¥ ¢à¥¬ï
íâ� ¬®¤¥«ì �ªâ¨¢−® ¨á¯®«ì§ã¥âáï ¢® ¬−®£¨å á¨áâ¥¬�å ã¯à�¢«¥−¨ï ¢ ãá«®¢¨ïå
ª®−ªãà¥−â−®© áà¥¤ë. �á−®¢−ë¥ í«¥¬¥−âë æ¨ª«�:

{ −�¡«î¤¥−¨¥ (observation) | íâ® ¯à®æ¥áá á¡®à� ¨−ä®à¬�æ¨¨ ª�ª ®â ¢−¥è−¨å,
â�ª ¨ ®â ¢−ãâà¥−−¨å ¨áâ®ç−¨ª®¢, −¥®¡å®¤¨¬®© ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï;

{ ®à¨¥−â¨à®¢�−¨¥ (orientation) | íâ�¯ ®à¨¥−â¨à®¢�−¨ï á®áâ®¨â ¢ ®¯à¥¤¥«¥−¨¨
â®£®, ï¢«ï¥âáï «¨ á¨âã�æ¨ï ¨§¢¥áâ−®© (â¨¯®¢®©) ¨«¨ á®¢®ªã¯−®áâìî â¨¯®¢ëå
á¨âã�æ¨©, ¤«ï ª®â®àëå ã «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨¥ (‹�÷), ¨¬¥¥âáï ¯«�−
à¥è¥−¨ï;

{ à¥è¥−¨¥ (decision) | ‹�÷ −� ¤�−−®¬ íâ�¯¥ ®áãé¥áâ¢«ï¥â ¢ë¡®à −�¨«ãçè¥£®
¨§ �«ìâ¥à−�â¨¢−ëå ¢�à¨�−â®¢ ¤¥©áâ¢¨© ¤«ï ¯®á«¥¤ãîé¥© à¥�«¨§�æ¨¨;
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{ ¤¥©áâ¢¨¥ (action) | à¥�«¨§�æ¨ï ¨§¡à�−−®£® ¯«�−� ¤¥©áâ¢¨© ¨ ª®−âà®«ì
¨á¯®«−¥−¨ï ¯ãâ¥¬ ¯¥à¥å®¤� ª íâ�¯ã −�¡«î¤¥−¨¥.

Š�¦¤�ï áâ�¤¨ï æ¨ª«� ã¯à�¢«¥−¨ï, á¢ï§�−−�ï á ¯à®æ¥áá®¬ ¯à¨−ïâ¨ï à¥è¥−¨©,
®¯¨à�¥âáï −� á®¢®ªã¯−®áâì ¬¥â®¤®¢ �−�«¨§� ¤�−−ëå, ®¡¥á¯¥ç¨¢�îéãî ¨−â¥««¥ª-
âã�«ì−ãî ¯®¤¤¥à¦ªã ¨å äã−ªæ¨®−�«ì−®áâ¨.

‘â�¤¨ï −�¡«î¤¥−¨¥ ¨á¯®«ì§ã¥â ¬¥â®¤ë �−�«¨§� á¨£−�«®¢, ä�ªâ®¢ ¨ ä®à¬�-
«¨§�æ¨¨ ¤�−−ëå:

{ �−�«¨§ á¨£−�«®¢, à�á¯®§−�¢�−¨¥ ®¡à�§®¢, ®æ¥−ª� −¥−�¡«î¤�¥¬ëå í«¥¬¥−â®¢
®¡áâ�−®¢ª¨;

{ �−�«¨§ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¨ á«�¡®áâàãªâãà¨à®¢�−−ëå ¤�−−ëå á
æ¥«ìî ¢ë¤¥«¥−¨ï ¨§ −¨å ª®−âà®«¨àã¥¬ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ ¨ ¨å ¢§�¨¬®á¢ï§¥©;

{ ä®à¬¨à®¢�−¨¥ á¥¬�−â¨ç¥áª®© á¥â¨ á®¡ëâ¨©−®© ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ ¨−â¥-
£à�æ¨¨ ¢á¥å ¯®áâã¯�îé¨å ¤�−−ëå ®¡ ®¡áâ�−®¢ª¥ (¨¤¥−â¨ä¨ª�æ¨ï ¨ à¥£¨áâà�-
æ¨ï ®¡ê¥ªâ®¢ ¨ ãáâ�−®¢«¥−¨¥ ¨å ¢§�¨¬®á¢ï§¥©);

{ �¢â®¬�â¨§¨à®¢�−−ë© ãç¥â, àã¡à¨æ¨à®¢�−¨¥, à¥ä¥à¨à®¢�−¨¥ ¨ ¯¥à¥¢®¤ ¤®ªã-
¬¥−â®¢.

‘â�¤¨ï ®à¨¥−â¨à®¢�−¨¥ ¨á¯®«ì§ã¥â ¬¥â®¤ë �−�«¨§� ¢§�¨¬®á¢ï§¥© −� ¤¨á-
ªà¥â−®© ¬®¤¥«¨, � â�ª¦¥ �−�«¨§ ¬�áá®¢ëå ¯®â®ª®¢ á®¡ëâ¨©:

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

{ ¯®¨áª áå®¦¨å ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚ëå ª®−ä¨£ãà�æ¨© á®¡ëâ¨© (¨¤¥−â¨-
ä¨ª�æ¨ï á¨âã�æ¨©);

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

{ ä®à¬¨à®¢�−¨¥ ¢ë¡®à®ª, àï¤®¢ ¨ OLAP (online analytic processing) ªã¡®¢;

{ íªá¯à¥áá-�−�«¨§ á¨âã�æ¨©;

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

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

{ �−�«¨§ ¢à¥¬¥−−‚ëå àï¤®¢;

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

‘â�¤¨¨ à¥è¥−¨¥ ¨ ¤¥©áâ¢¨¥ ®¯¨à�îâáï −� ª®¬¯«¥ªá ¨−ä®à¬�æ¨®−−®-à�á-
ç¥â−ëå ¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å §�¤�ç, á¢ï§�−−ëå á ¯«�−¨à®¢�−¨¥¬
¯à¨¬¥−¥−¨ï á¨« ¨ áà¥¤áâ¢:

{ ª�àâ®¬¥âà¨ç¥áª¨¥ §�¤�ç¨ (£¥®¬®¤¥«¨à®¢�−¨¥ ¨ £¥®¯à®£−®§¨à®¢�−¨¥);

{ â¥¬�â¨ç¥áª¨© �−�«¨§ §®−;

{ à�áç¥âë §®− ¤®áâ¨¦¨¬®áâ¨ ¨ ®¯â¨¬�«ì−ëå ¬�àèàãâ®¢;

{ à�áç¥âë ¢¥à®ïâ−®áâ¥© ¢ë¯®«−¥−¨ï §�¤�ç.
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ƒà�−â ¢ 2005 £. ¯à¥¤«®¦¨« ¬®¤¥«ì ¨−â¥««¥ªâã�«ì−®£® �£¥−â� −� ®á−®¢¥
¬®¤¨ä¨æ¨à®¢�−−®£® æ¨ª«� ��÷„ [2]. �á®¡¥−−®áâìî íâ®© ¬®¤¥«¨ ï¢«ï¥âáï ãç¥â
−�«¨ç¨ï èâ�â−ëå ¨ −¥èâ�â−ëå á¨âã�æ¨© ¨ æ¥«¥á®®¡à�§−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
á¨áâ¥¬ë ã¯à�¢«¥−¨ï. �− ¢¢¥« ¢ á®áâ�¢ �£¥−â� ¡�§ã ¤�−−ëå (�„) â¨¯®¢ëå
á¨âã�æ¨© ¨ ¯«�−®¢ ¨å −®à¬�«¨§�æ¨¨, �„ â¥ªãé¨å æ¥«¥© ã¯à�¢«¥−¨ï, áâ�¤¨î
à¥è¥−¨¥ ®− à�§¡¨« −� âà¨ á®áâ�¢«ïîé¨å: ¯«�−¨à®¢�−¨¥ ¯à¨¬¥−¥−¨ï á¨« ¨ áà¥¤áâ¢
¯® â¨¯®¢ë¬ á¨âã�æ¨ï¬, ¢ëà�¡®âª� ¯«�−®¢ à¥è¥−¨© ¯® −¥èâ�â−ë¬ á¨âã�æ¨ï¬
£àã¯¯®© íªá¯¥àâ®¢ ¨ −¥¯®áà¥¤áâ¢¥−−® ¯à¨−ïâ¨¥ à¥è¥−¨ï ¢ ã¢ï§ª¥ á â¥ªãé¨¬¨
æ¥«ï¬¨ ã¯à�¢«¥−¨ï. �à¨ íâ®¬ ¢ áà¥¤ã ¢§�¨¬®¤¥©áâ¢¨ï â�ª¨å �£¥−â®¢ ®− ¢ª«îç¨«
−¥ â®«ìª® á¨£−�«ë ¢−¥è−¥© áà¥¤ë ¨ à¥£¨áâà¨àã¥¬ë¥ á®¡ëâ¨ï, −® ¨ ¨−áâàãªæ¨¨ |
ãª�§�−¨ï ¨«¨ §�¯à®áë −� à¥è¥−¨¥ ã¯à�¢«¥−ç¥áª®© §�¤�ç¨.

‚ 2008 £. ¢ à�¡®â¥ ˆ¢«¥¢� [3] à�áá¬®âà¥−� ¢®§¬®¦−®áâì á®§¤�−¨ï á¥â¥¢®©
áâàãªâãàë ã¯à�¢«¥−¨ï −� ®á−®¢¥ æ¨ª«� ��÷„, £¤¥ ª�¦¤�ï áâ�¤¨ï à¥�«¨§ã¥âáï,
¯® áãâ¨, ¢ ¢¨¤¥ á�¬®áâ®ïâ¥«ì−®£® �£¥−â� ��÷„, ¯à¨ íâ®¬ áâàãªâãà� áà¥¤ë
¢§�¨¬®¤¥©áâ¢¨ï ¤®¯®«−ï¥âáï â�ª¨¬¨ í«¥¬¥−â�¬¨, ª�ª úá¨âã�æ¨ïû ¨ ú¯«�−û.

’�ª¨¬ ®¡à�§®¬, à�áá¬�âà¨¢�ï ¬ã«ìâ¨�£¥−â−ãî á¨áâ¥¬ã ã¯à�¢«¥−¨ï, ¬®¦−®
®â¬¥â¨âì á«¥¤ãîé¥¥: ¢−¥è−ïï áà¥¤� à�§¡¨â� −� §®−ë ®â¢¥âáâ¢¥−−®áâ¨ �£¥−-
â®¢, ¢ ª®â®àëå ä¨ªá¨àãîâáï á®¡ëâ¨ï, å�à�ªâ¥à¨§ãîé¨¥ ¨§¬¥−¥−¨ï á®áâ®ï−¨ï
ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢. ‘®¡ëâ¨ï £àã¯¯¨àãîâáï ¢ á¨âã�æ¨¨, ¯à¨ íâ®¬ èâ�â-
−ë¥ á¨âã�æ¨¨ −®à¬�«¨§ãîâáï á¨«�¬¨ ®â¢¥âáâ¢¥−−®£® �£¥−â�, � −¥èâ�â−ë¥ |
¢ ®á−®¢−®¬ ¢ëå®¤ïé¨¥ §� ¯à¥¤¥«ë ®¤−®© §®−ë ®â¢¥âáâ¢¥−−®áâ¨ | ¯¥à¥¤�îâáï
¢ áà¥¤ã ¢§�¨¬®¤¥©áâ¢¨ï ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬ë ¤«ï ¥¥ −®à¬�«¨§�æ¨¨ á¨«�-
¬¨ ¨ áà¥¤áâ¢�¬¨ −¥áª®«ìª¨å �£¥−â®¢. „«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¯à¨−ïâ¨ï
á®¢¬¥áâ−ëå à¥è¥−¨© −¥®¡å®¤¨¬ â�ª¦¥ ®¡¬¥− ä®à¬�«¨§®¢�−−ë¬¨ ¨ −¥ä®à¬�«¨-
§®¢�−−ë¬¨ �−�«¨â¨ç¥áª¨¬¨ ¤�−−ë¬¨, ª®â®àë¥ â�ª¦¥ áâ�−®¢ïâáï ¤®áâã¯−ë¬¨
¢ áà¥¤¥ ¢§�¨¬®¤¥©áâ¢¨ï. �¡¬¥−¨¢�âìáï à¥§ã«ìâ�â�¬¨ �−�«¨â¨ª¨ ¬®¦¥â ¡ëâì
¢ë£®¤−®, â�ª ª�ª à¥áãàá®¥¬ª¨¥ ¯à®¤ãªâë, á¢ï§�−−ë¥ á ®æ¥−ª�¬¨ §−�ç¥−¨© −¥-
−�¡«î¤�¥¬ëå ¯�à�¬¥âà®¢ ¢−¥è−¥© áà¥¤ë, á ¯à®£−®§®¬ à�§¢¨â¨ï å�à�ªâ¥à¨áâ¨ª
í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨, á¢ï§�−−ë¥ á ¢ëï¢«¥−−ë¬¨ §�ª®−®¬¥à−®áâï¬¨ ¨ áå®¦¨¬¨
¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚ë¬¨ ª®−ä¨£ãà�æ¨ï¬¨ á®¡ëâ¨©, ï¢«ïîâáï ¢® ¬−®£®¬
ã−¨ª�«ì−ë¬¨ ¨ ¨å ¬−®£®�á¯¥ªâ−®¥ ¨á¯®«ì§®¢�−¨¥ ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì ¢á¥©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï.

3 Состав среды взаимодействия системы распределенных
ситуационных центров

‘¨áâ¥¬� à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢ ¯à¨§¢�−� ®¡ê¥¤¨−¨âì ã¦¥
á®§¤�−−ë¥ ¨ ¢−®¢ì á®§¤�¢�¥¬ë¥ ‘– æ¥−âà�«ì−ëå ®à£�−®¢ ¢«�áâ¨, ä¥¤¥à�«ì−ëå
¢¥¤®¬áâ¢, ¯®«−®¬®ç−ëå ¯à¥¤áâ�¢¨â¥«¥© �à¥§¨¤¥−â� ÷” ¢ ä¥¤¥à�«ì−ëå ®ªàã£�å,
£«�¢ áã¡ê¥ªâ®¢ ÷” ç¨á«®¬ ¡®«¥¥ 70. ‚ á®áâ�¢¥ ‘÷‘– ¤®«¦¥− ¡ëâì á®§¤�− –¥−âà
ã¯à�¢«¥−¨ï ¨ ª®®à¤¨−�æ¨¨, ®áãé¥áâ¢«ïîé¨© à¥�«¨§�æ¨î ¥¤¨−®£® à¥£«�¬¥−â�
¢§�¨¬®¤¥©áâ¢¨¨, ¢ª«îç�ï (à¨á. 2):
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÷¨á. 2 ‘âàãªâãà� ‘÷‘–

{ ¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®-«¨−£¢¨áâ¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ (ˆ‹�) ‘÷‘–;
{ ¥¤¨−ë¥ à¥£«�¬¥−âë ¢§�¨¬®¤¥©áâ¢¨ï, à¥�«¨§ãîé¨¥ áà¥¤ã ¢§�¨¬®¤¥©áâ¢¨ï

¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬ë ¢ ç�áâ¨:

• á®¡ëâ¨©−®© ¨−ä®à¬�æ¨¨;
• à�á¯®§−�−−ëå ¨ −¥à�á¯®§−�−−ëå á¨âã�æ¨©;
• ¨−áâàãªæ¨© (¯«�−®¢, æ¥«¥©, §�¤�ç);

{ ¢¥¤¥−¨¥ ¢á¯®¬®£�â¥«ì−ëå �„:

• á®¡ëâ¨©;

• â¨¯®¢ëå á¨âã�æ¨© (â¨¯®¢ëå à¥è¥−¨©);
• â¥ªãé¨å æ¥«¥© á¨áâ¥¬ë ã¯à�¢«¥−¨ï;

{ �−�«¨â¨ç¥áª¨¥ ¬�â¥à¨�«ë.
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÷¨á. 3 ‘®áâ�¢ ¨ áâàãªâãà� áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘–

‚ á®áâ�¢¥ ª�¦¤®£® ‘– −¥®¡å®¤¨¬® −� ®á−®¢¥ â¨¯®¢ëå à¥è¥−¨© á®§¤�âì
�£¥−âë, à¥�«¨§ãîé¨¥ ¢ áà¥¤¥ ¢§�¨¬®¤¥©áâ¢¨ï �á¨−åà®−−ë¥ ®¡¬¥−ë ¤�−−ë¬¨
¢ à�¬ª�å à¥�«¨§�æ¨¨ æ¨ª«� ã¯à�¢«¥−¨ï ��÷„ (à¨á. 3). ”ã−ªæ¨®−�« â�ª¨å
�£¥−â®¢ ¤®áâ�â®ç−® ¯à®áâ | ®−¨ ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì âà�−á«ïæ¨î á®®â¢¥âáâ¢ã-
îé¨å à¥£«�¬¥−â¨à®¢�−−ëå ¤�−−ëå ¨§ ‘– ¢ áà¥¤ã ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¢ ®¡à�â−®¬
−�¯à�¢«¥−¨¨.

4 Формализация аналитических данных

÷�áá¬®âà¨¬ á¯®á®¡ë ä®à¬�«¨§�æ¨¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå ¢ áà¥¤¥ ¢§�¨-
¬®¤¥©áâ¢¨ï ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï á â®çª¨ §à¥−¨ï
¯®¤¤¥à¦ª¨ ¢ ‘÷‘– ¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£® áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.
�â¨ ¯à®æ¥ááë ®¡ãá«®¢«¥−ë à¥è¥−¨¥¬ §�¤�ç ã¯à�¢«¥−¨ï, á¢ï§�−−ëå á �−�«¨§®¬
¬�áá®¢ëå ¯®â®ª®¢ á®¡ëâ¨© ¯® ¢á¥¬ −�¯à�¢«¥−¨ï¬ ¤¥ïâ¥«ì−®áâ¨ £®áã¤�àáâ¢� |
¯®«¨â¨ç¥áª®¬ã, íª®−®¬¨ç¥áª®¬ã, á®æ¨�«ì−®¬ã, ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§-
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®¯�á−®áâ¨. „«ï �−�«¨§� ®¡áâ�−®¢ª¨ ¨ ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨©
−� íâ¨å ãà®¢−ïå ¯à¨¬¥−ïîâáï ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§�
¯®â®ª®¢ á®¡ëâ¨© á æ¥«ìî á®§¤�−¨ï ¤¨−�¬¨ç¥áª¨å ¬®¤¥«¥© ¯à®æ¥áá®¢. �� ¨å
®á−®¢¥ ®áãé¥áâ¢«ï¥âáï �−�«¨§ â¥ªãé¥£® á®áâ®ï−¨ï, áà�¢−¨â¥«ì−ë© �−�«¨§ á ¯à®-
è¥¤è¨¬ ¯¥à¨®¤®¬ ¢à¥¬¥−¨, ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨© ¨ �−®¬�«¨© ¢ ¯®â®ª�å á®¡ëâ¨©,
¯à®£−®§¨à®¢�−¨¥ à�§¢¨â¨ï á¨âã�æ¨© ¨ ã£à®§, ¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï à¥è¥−¨©.

‚®-¯¥à¢ëå, ¯à¨¬¥−¥−¨¥ ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢ �−�«¨§� ¯à¥¤¯®«�£�¥â ®æ¨ä-
à®¢ªã ¨§ãç�¥¬ëå ¯à®æ¥áá®¢. ‘¨âã�æ¨®−−ë© �−�«¨§, à¥�«¨§ãîé¨© ¯à®æ¥ááë
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï, ®¯¨à�¥âáï −� â�ª¨¥ ¯®-
−ïâ¨ï, ª�ª á®¡ëâ¨¥, ®¡áâ�−®¢ª�, á¨âã�æ¨ï, ã¯à�¢«¥−¨¥. ‘¨âã�æ¨ï ®¯à¥¤¥«ï¥âáï
á®áâ®ï−¨¥¬ ¢§�¨¬®á¢ï§�−−ëå í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®áâà�−-
áâ¢¥, ¨§¬¥−¥−¨ï á®áâ®ï−¨ï í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ®¯à¥¤¥«ïîâáï á®¡ëâ¨ï¬¨. �à¨
íâ®¬ ¯®¤ ã¯à�¢«¥−¨¥¬ ¯®−¨¬�¥âáï æ¥«¥−�¯à�¢«¥−−®¥ ¢®§¤¥©áâ¢¨¥ ®à£�−� ã¯à�¢-
«¥−¨ï −� ¯®¤ç¨−¥−−ë¥ ¥¬ã ¨«¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ í«¥¬¥−âë ®¡áâ�−®¢ª¨ (à¥áãà-
áë) [4, 5].

‘ æ¥«ìî ä®à¬�«¨§�æ¨¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå ®¡®¡é¥−−ãî ®¡áâ�−®¢ªã
(¢−¥è−îî áà¥¤ã) ‘– ¬®¦−® áâàãªâãà¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

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

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

¤¥©áâ¢ãîé¨¥ à¥áãàáë);
{ −¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë, −�¯à¨¬¥à ¯à®â¨¢®¡®àáâ¢ãîé¨¥ à¥áãàáë (á¨«ë,

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

�á−®¢−ë¬¨ ¯®ª�§�â¥«ï¬¨ ¤¨−�¬¨ª¨ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ ï¢«ïîâáï ¨−â¥-
£à�«ì−ë¥ ¯®ª�§�â¥«¨, á¢ï§�−−ë¥ á ¯®â®ª�¬¨ ¯à®¨áå®¤ïé¨å á®¡ëâ¨© [5]. ��-
¯à¨¬¥à, ¯à®áâ¥©è¨© ¯®ª�§�â¥«ì | ª®«¨ç¥áâ¢® á®¡ëâ¨© ®¯à¥¤¥«¥−−®£® â¨¯�, ¢
®¯à¥¤¥«¥−−®¬ ¬¥áâ¥ ¨ §� ®¯à¥¤¥«¥−−®¥ ¢à¥¬ï ¨«¨ áã¬¬�à−�ï ç¨á«®¢�ï å�à�ª-
â¥à¨áâ¨ª� í«¥¬¥−â� ®¡áâ�−®¢ª¨ (−�¯à¨¬¥à, ¯«®é�¤ì «¥á−ëå ¯®¦�à®¢). –¥«¨
ã¯à�¢«¥−¨ï ®¯à¥¤¥«ïîâáï æ¥«¥¢ë¬¨ ¯®ª�§�â¥«ï¬¨ ¨ ¨å ¯«�−®¢ë¬¨ §−�ç¥−¨ï¬¨.
–¥«¥¢®© ¯®ª�§�â¥«ì ¬®¦−® ®¯à¥¤¥«¨âì ª�ª äã−ªæ¨î ®â −�¡®à� ¨−â¥£à�«ì−ëå
¯®ª�§�â¥«¥© ®¡áâ�−®¢ª¨, −�¯à¨¬¥à íâ® ¬®¦¥â ¡ëâì ¢§¢¥è¥−−�ï áã¬¬� â�ª¨å
¯®ª�§�â¥«¥©. „«ï ª�¦¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ‘÷‘– −¥®¡å®¤¨¬® áä®à¬¨à®-
¢�âì −�¡®àë ¨−â¥£à�«ì−ëå ¨ æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¨ ®à£�−¨§®¢�âì á¡®à ¤�−−ëå
® á®¡ëâ¨ïå ¢ §®−�å ®â¢¥âáâ¢¥−−®áâ¨, ¯®§¢®«ïîé¨© ¯®«ãç¨âì −�¡®àë ¤�−−ëå
®æ¨äà®¢�−−®© ®¡áâ�−®¢ª¨.

‚®-¢â®àëå, ®à£�−¨§®¢�−−ë¥ ¢ ¢¨¤¥ ¢à¥¬¥−−‚ëå àï¤®¢ ¤�−−ë¥ ®¡ ®¡áâ�−®¢ª¥
¯®§¢®«ïîâ ¯à¨¬¥−ïâì à�§«¨ç−ë¥ ¢¨¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§�, á®áâ�¢ ª®â®-
àëå ®¡áã¦¤¥− ¢ëè¥. Œ®¦−® ¢ë¤¥«¨âì ¯ïâì áâ�¤¨© á¨âã�æ¨®−−®£® �−�«¨§�,
®á−®¢�−−ëå −� ¯®¤å®¤¥ ��÷„:
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�. �. ‘ãçª®¢

(1) ®æ¥−ª� ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −� ®á−®-
¢¥ ¢ë¡®à®ç−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå ¯® à¥§ã«ìâ�â�¬ ¬®−¨â®à¨−£�;

(2) ®¯¥à�â¨¢−ë© �−�«¨§ ®¡áâ�−®¢ª¨ ¯ãâ¥¬ ¥¥ áà�¢−¥−¨ï á ¯à®è¥¤è¨¬ ¯¥à¨®¤®¬
(¡¥§ ¨§¬¥−¥−¨©, åã¦¥, «ãçè¥, �−®¬�«¨ï) á æ¥«ìî ¢ëï¢«¥−¨ï á¨âã�æ¨©,
âà¥¡ãîé¨å −¥¬¥¤«¥−−®£® à¥�£¨à®¢�−¨ï;

(3) ®æ¥−ª� á¨âã�æ¨¨ á æ¥«ìî ®¯à¥¤¥«¥−¨ï −¥®¡å®¤¨¬®áâ¨ ¢ëà�¡®âª¨ à¥è¥−¨©
¯® ¥¥ −®à¬�«¨§�æ¨¨ ¨ áâ¥¯¥−¨ á«®¦−®áâ¨ á¨âã�æ¨¨ | èâ�â−�ï, ªà¨â¨ç¥áª�ï,
çà¥§¢ëç�©−�ï;

(4) ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ | ¡¥§ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï, á
ã¯à�¢«ïîé¨¬ ¢®§¤¥©áâ¢¨¥¬, áæ¥−�à−®¥ ¯à®£−®§¨à®¢�−¨¥ á ãç¥â®¬ ¢−¥è−¨å
ä�ªâ®à®¢;

(5) ¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© | �¤�¯â�æ¨ï â¨¯®¢ëå à¥è¥-
−¨© ¨ ¢ëà�¡®âª� −¥â¨¯®¢ëå à¥è¥−¨© (á ãç¥â®¬ ¯à®£−®§¨à®¢�−¨ï).

‘®áâ�¢ ¨ £àã¯¯¨à®¢ª� í«¥¬¥−â®¢ áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï

�¡áâ�−®¢ª�:
¢¨¤ë �−�«¨§�

�¡áâ�−®¢ª�: �«¥¬¥−âë áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘– (¯à¨¬¥àë)
–¥«¥¢�ï

®¡áâ�−®¢ª�
Š®−âà®«¨àã¥¬ë¥

®¡ê¥ªâë
Š®−âà®«¨àã¥¬ë¥

à¥áãàáë
�¥ª®−âà®«¨àã¥¬ë¥

ä�ªâ®àë
�æ¨äà®¢ª�
®¡áâ�−®¢ª¨

–¥«¥¢ë¥
¯®ª�§�â¥«¨

ˆ−â¥£à�«ì−ë¥
¯®ª�§�â¥«¨

ˆ−â¥£à�«ì−ë¥
¯®ª�§�â¥«¨

ˆ−â¥£à�«ì−ë¥
¯®ª�§�â¥«¨

�æ¥−ª� áªàëâëå
í«¥¬¥−â®¢
®¡áâ�−®¢ª¨

�æ¥−ª�
¯�à�¬¥âà�

�æ¥−ª�
¯�à�¬¥âà�

�æ¥−ª�
¯�à�¬¥âà�

�¯¥à�â¨¢−ë©
�−�«¨§ ®¡áâ�−®¢ª¨ ‘¨âã�æ¨¨ ‘¨âã�æ¨¨ ‘¨âã�æ¨¨ ‘¨âã�æ¨¨

�æ¥−ª� á¨âã�æ¨¨ �æ¥−ª� �æ¥−ª� �æ¥−ª� �æ¥−ª�

�à®£−®§¨à®¢�−¨¥
¨§¬¥−¥−¨ï
®¡áâ�−®¢ª¨

�à®£−®§
§−�ç¥−¨ï
æ¥«¥¢ëå

¯®ª�§�â¥«¥©

�à®£−®§
§−�ç¥−¨ï

¨−â¥£à�«ì−ëå
¯®ª�§�â¥«¥©

�à®£−®§
§−�ç¥−¨ï

¨−â¥£à�«ì−ëå
¯®ª�§�â¥«¥©

�à®£−®§
§−�ç¥−¨ï

¨−â¥£à�«ì−ëå
¯®ª�§�â¥«¥©

�®¤¤¥à¦ª�
¯à¨−ïâ¨ï
ã¯à�¢«¥−ç¥áª¨å
à¥è¥−¨©

‘æ¥−�à−ë©
¯à®£−®§.
÷¥è¥−¨¥

‘æ¥−�à−ë©
¯à®£−®§

‘æ¥−�à−ë©
¯à®£−®§.

ˆ−áâàãªæ¨¨

‘æ¥−�à−ë©
¯à®£−®§

‚ á®®â¢¥âáâ¢¨¨ á ¯à¨¢¥¤¥−−®© áâàãªâãà¨§�æ¨¥© ®¡áâ�−®¢ª¨ ¨ áâ�¤¨ï¬¨ á¨âã-
�æ¨®−−®£® �−�«¨§� ¬®¦−® ®¯à¥¤¥«¨âì ®à¨¥−â¨à®¢®ç−ë© á®áâ�¢ í«¥¬¥−â®¢ áà¥¤ë
¢§�¨¬®¤¥©áâ¢¨ï ¬ã«ìâ¨�£¥−â−®© ‘÷‘– ¨ ¨å £àã¯¯¨à®¢ªã ¢ §�¢¨á¨¬®áâ¨ ®â ¢¨¤�
à¥è�¥¬®© ã¯à�¢«¥−ç¥áª®© §�¤�ç¨ (á¬. â�¡«¨æã).

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ¯à¥¤¯®«®¦¨âì, çâ® ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ¢ à�¬ª�å
‘÷‘– ¢ ¯«�−¥ �−�«¨â¨ª¨ ¤®áâ�â®ç−® ¯à¨¬¥−¥−¨¥ á«¥¤ãîé¨å ª®àâ¥¦¥© ¤�−−ëå:

{ ¤«ï §−�ç¥−¨© ¯®ª�§�â¥«¥©: 〈¨áâ®ç−¨ª, ¤�â�, â¨¯ ¯�à�¬¥âà� (æ¥«¥¢®©, ¨−-
â¥£à�«ì−ë©), −�§¢�−¨¥ ¯�à�¬¥âà�, §−�ç¥−¨¥, ¥¤¨−¨æ� ¨§¬¥à¥−¨ï〉;
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�−�«¨â¨ç¥áª¨¥ �á¯¥ªâë ¬ã«ìâ¨�£¥−â−ëå à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï

{ ¤«ï ®æ¥−ª¨ ¯�à�¬¥âà�: 〈¨áâ®ç−¨ª, ¤�â�, −�§¢�−¨¥ ¯�à�¬¥âà�, §−�ç¥−¨¥,
¥¤¨−¨æ� ¨§¬¥à¥−¨ï, ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�«, ¢¥à®ïâ−®áâì〉;

{ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ®æ¥−ª¨ á¨âã�æ¨©: 〈¨áâ®ç−¨ª, ¤�â�, â¨¯ á¨âã�æ¨¨
(èâ�â−�ï, çà¥§¢ëç�©−�ï, ªà¨â¨ç¥áª�ï), ¢¨¤ á¨âã�æ¨¨ (¯® ª«�áá¨ä¨ª�â®-
àã), «®ª�«¨§�æ¨ï (¯® ª«�áá¨ä¨ª�â®àã)〉;

{ ¤«ï ®¡¬¥−� ¯à®£−®§−ë¬¨ ¤�−−ë¬¨: 〈¨áâ®ç−¨ª, ¤�â�, â¨¯ ¯�à�¬¥âà� (æ¥-
«¥¢®©, ¨−â¥£à�«ì−ë©), −�§¢�−¨¥ ¯�à�¬¥âà�, ¢à¥¬¥−−®© ¢¥ªâ®à, ¢¥ªâ®à
§−�ç¥−¨©, ¥¤¨−¨æ� ¨§¬¥à¥−¨ï, ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�«, ¢¥à®ïâ−®áâì〉;

{ ¤«ï ®¡¬¥−� ¤�−−ë¬¨ ¯® áæ¥−�à−®¬ã ¯à®£−®§¨à®¢�−¨î: 〈¨áâ®ç−¨ª, ¤�â�,
â¨¯ ¯�à�¬¥âà� (æ¥«¥¢®©, ¨−â¥£à�«ì−ë©), −�§¢�−¨¥ ¯�à�¬¥âà�, áæ¥−�à¨©
(¯® ª«�áá¨ä¨ª�â®àã), ¢à¥¬¥−−®© ¢¥ªâ®à, ¢¥ªâ®à §−�ç¥−¨©, ¥¤¨−¨æ� ¨§¬¥à¥-
−¨ï, ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�«, ¢¥à®ïâ−®áâì〉;

{ ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå ¯® à¥è¥−¨ï¬: 〈¨áâ®ç−¨ª, ¤�â�, á¨âã�æ¨ï (à¥£¨áâà�æ¨-
®−−ë© ü), ¤¥©áâ¢¨¥ (¯® ª«�áá¨ä¨ª�â®àã), ¨á¯®«−¨â¥«ì, áà®ª ¨á¯®«−¥−¨ï,
−�§¢�−¨¥ æ¥«¥¢®£® ¯�à�¬¥âà�, ¯«�−®¢®¥ §−�ç¥−¨¥, ¥¤¨−¨æ� ¨§¬¥à¥−¨ï〉.
Š�ª ¢¨¤−®, ¯à¨¢¥¤¥−−�ï ä®à¬�«¨§�æ¨ï �−�«¨â¨ç¥áª¨å ¤�−−ëå ¤®«¦−� ®¯¨-

à�âìáï −� ¥¤¨−ãî á¨áâ¥¬ã ª«�áá¨ä¨ª�æ¨¨ ¨ ¥¤¨−ãî á¨áâ¥¬ã ãç¥â� ®á−®¢−ëå
í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ¨ á®¡ëâ¨©−®© ¨−ä®à¬�æ¨¨. ‘à¥¤� ¢§�¨¬®¤¥©áâ¢¨ï ¤®«¦−�
â�ª¦¥ ¯®¤¤¥à¦¨¢�âì ®¡¬¥−ë −¥ä®à¬�«¨§®¢�−−ë¬¨ ¤�−−ë¬¨, ®¡¥á¯¥ç¨¢�ï â¥¬
á�¬ë¬ ¯®«−®âã ¬−®£®®¡à�§−®© ª�àâ¨−ë á¨âã�æ¨®−−ëå ¤�−−ëå.

5 Выводы

1. ‘®§¤�−¨¥ á¥â¥¢ëå ¬ã«ìâ¨�£¥−â−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï ï¢«ï¥âáï ¯¥àá¯¥ª-
â¨¢−ë¬ −�¯à�¢«¥−¨¥¬, ®á®¡¥−−® ¢ §�¤�ç�å ¨−â¥£à�æ¨¨ ã¦¥ áãé¥áâ¢ãîé¨å
¬−®£®ç¨á«¥−−ëå �¢â®¬�â¨§¨à®¢�−−ëå ¢¥¤®¬áâ¢¥−−ëå ¨ ª®à¯®à�â¨¢−ëå á¨á-
â¥¬ ã¯à�¢«¥−¨ï.

2. �à¨ à�§à�¡®âª¥ â�ª¨å ¨−â¥£à¨à®¢�−−ëå á¨áâ¥¬, ª�ª ‘÷‘–, æ¥«¥á®®¡à�§−®
¨á¯®«ì§®¢�âì ¬®¤¨ä¨æ¨à®¢�−−ãî ¬®¤¥«ì æ¨ª«� ã¯à�¢«¥−¨ï ��÷„ ¢ ¥£®
�£¥−â−®© à¥�«¨§�æ¨¨.

3. „«ï á®§¤�−¨ï ¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬ë ¨§ ã¦¥ áãé¥áâ¢ãîé¨å �¢â®¬�â¨§¨à®-
¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì áà¥¤ã ¢§�¨¬®¤¥©áâ¢¨ï
¨ −�¡®àë �£¥−â®¢ | âà�−á«ïâ®à®¢ ¤�−−ëå.

4. ‚ á®áâ�¢ áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ¤®«¦−ë ¢ª«îç�âìáï ä®à¬�«¨§®¢�−−ë¥ ¨
−¥ä®à¬�«¨§®¢�−−ë¥ �−�«¨â¨ç¥áª¨¥ ¤�−−ë¥.
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Abstract: The paper considers the issues of application of the multiagent
approach for creation of integrated systems of situational management, taking
into account their specific features: complexity of environment interaction,
independence, autonomy, and decentralization. The paper studies organization
of multiagent control systems and agent framework, implements a modified
management cycle OODA (observation{orientation{decision{action) to create a
system of distributed situational centers. The methods of data analysis used at all
stages of the management cycle were systematized. The structure of a collaborative
environment for distributed control system was studied. The system exchanges
not only event information, but also data analytics to support decision making
while realizing the objectives of the control system. The ways of formalizing the
analytical data were developed with regard to all components of the control area
of the distributed control system, including targeted environment, controlled
objects, controlled resources, and uncontrolled factors.
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СРЕДСТВА ПОДДЕРЖКИ ИНТЕРНЕТ-ПОИСКА
ПРИ ПРОВЕДЕНИИ БИОГРАФИЧЕСКИХ ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §−�ç¨¬�ï ç�áâì ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�-
−¨ï (�ˆ) | ¯®¨áª ¨−ä®à¬�æ¨¨ ¢ á¥â¨ ˆ−â¥à−¥â. ˆáá«¥¤ãîâáï ¯à¨ç¨−ë
âàã¤®¥¬ª®áâ¨ íâ®£® ¯®¨áª�. ‘ íâ®© æ¥«ìî ¢ à�¡®â¥ à�áá¬�âà¨¢�îâáï ¢¨¤ë
¨−ä®à¬�æ¨®−−ëå ¯®âà¥¡−®áâ¥© ¯®«ì§®¢�â¥«ï ¯à¨ ¯à®¢¥¤¥−¨¨ �ˆ. ‚ë¤¥«¥−ë
á¯¥æ¨ä¨ç¥áª¨¥ ¤«ï �ˆ ¨−ä®à¬�æ¨®−−ë¥ ¯®âà¥¡−®áâ¨ ¨ ®¯¨á�− á¢ï§�−−ë© á
−¨¬¨ ¢¨¤ ¯®¨áª� | úª®á¢¥−−ë© ¯®¨áªû. ‘ä®à¬ã«¨à®¢�−ë âà¥¡®¢�−¨ï ª â¥å-
−®«®£¨¨ ¨−â¥à−¥â-¯®¨áª�, ¯®¤¤¥à¦¨¢�îé¥© ª®á¢¥−−ë© ¯®¨áª ¨ ¯à¨§¢�−−®©
áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¥£® ¯à®¢¥¤¥−¨¥. �¯¨á�− ¨ ¯à®�−�«¨§¨à®¢�− ¯à¨¬¥à
â�ª®© â¥å−®«®£¨¨, ®à£�−¨§®¢�−−®© ¢ ä®à¬¥ −�¡®à� ¯à�¢¨« ¡¥§ ¯à¨¢«¥ç¥−¨ï
á¯¥æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��). �� ®á−®¢�−¨¨ �−�«¨§� −¥¤®-
áâ�âª®¢ íâ®© â¥å−®«®£¨¨ áä®à¬ã«¨à®¢�−ë âà¥¡®¢�−¨ï ª á¯¥æ¨�«ì−®¬ã ��
¯®¤¤¥à¦ª¨ ¯®¨áª�. �¯¨á�−� â¥å−®«®£¨ï, ¡�§¨àãîé�ïáï −� â�ª®¬ ��, á¢®-
¡®¤−�ï ®â ¢ëï¢«¥−−ëå −¥¤®áâ�âª®¢, ¯®§¢®«ïîé�ï ®áãé¥áâ¢«ïâì íää¥ªâ¨¢−ë©
¡¨®£à�ä¨ç¥áª¨© ¯®¨áª ¨ ¯®¤¤¥à¦¨¢�îé�ï åà�−¥−¨¥ ¥£® à¥§ã«ìâ�â®¢ ¨ ¤®áâã¯
ª −¨¬. „�−−�ï â¥å−®«®£¨ï ¯à¥¤−�§−�ç¥−� ¤«ï è¨à®ª®£® ªàã£� −¥ ï¢«ïîé¨åáï
¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©, çâ® �ªâã�«ì−®
¢ á¢ï§¨ á® ¢á¥ ã¢¥«¨ç¨¢�îé¨¬áï ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª á¥¬¥©−®© ¨áâ®à¨¨.

Š«îç¥¢ë¥ á«®¢�: ¡¨®£à�ä¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; â¥å−®«®£¨ï ¨−â¥à−¥â-¯®-
¨áª�

DOI: 10.14357/08696527140212

1 Введение

Š�ª ¯à�¢¨«®, ¢ à�¡®â�å, ¯®á¢ïé¥−−ëå ¬¥â®¤®«®£¨ç¥áª¨¬ ¢®¯à®á�¬ �ˆ [1{5]
−¥¤®áâ�â®ç−® ¢−¨¬�−¨ï ã¤¥«ï¥âáï ®à£�−¨§�æ¨¨ ¨−â¥à−¥â-¯®¨áª�, å®âï ®− ï¢«ï¥âáï
§−�ç¨¬®© ç�áâìî ¨áá«¥¤®¢�−¨ï, çâ® −�¯àï¬ãî ¢ëâ¥ª�¥â ¨§ á¯¥æ¨ä¨ª¨ �ˆ,
¯®¤à®¡−® à�§®¡à�−−®© á íâ®© â®çª¨ §à¥−¨ï ¢ à�§¤. 2 −�áâ®ïé¥© áâ�âì¨.

�à¨ íâ®¬, ª�ª ¯®ª�§ë¢�¥â ®¯ëâ á�¬®áâ®ïâ¥«ì−ëå ¨áá«¥¤®¢�−¨©, −¥á¬®âàï
−� ª�¦ãéãîáï ¤®áâã¯−®áâì ¢ á¥â¨ ˆ−â¥à−¥â ¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¯®
á�¬ë¬ à�§−®®¡à�§−ë¬ â¥¬�¬, ¡¨®£à�ä¨ç¥áª¨© ¨−â¥à−¥â-¯®¨áª (�ˆ�) ï¢«ï¥âáï
®ç¥−ì âàã¤®¥¬ª¨¬ ¨ ®â−¨¬�¥â ã ¨áá«¥¤®¢�â¥«ï ¬−®£® á¨« ¨ ¢à¥¬¥−¨.

–¥«ìî −�áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¨ ®¡®á−®¢�−¨¥ −®¢®©
â¥å−®«®£¨¨ ¯®¨áª�, ¯®§¢®«ïîé¥© íää¥ªâ¨¢−® ®áãé¥áâ¢«ïâì �ˆ�. „«ï íâ®£®:

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Adam@amsd.com
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
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‘à¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¨−â¥à−¥â-¯®¨áª� ¯à¨ ¯à®¢¥¤¥−¨¨ ¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

{ ¡ë«¨ ¯à®�−�«¨§¨à®¢�−ë ¯à¨ç¨−ë, §�âàã¤−ïîé¨¥ �ˆ�. ‘ íâ®© æ¥«ìî ¢
à�§¤. 3 ¡ë«� ¯à®¨§¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ¢¨¤®¢ ¨−ä®à¬�æ¨®−−ëå ¯®âà¥¡−®-
áâ¥© ¯®«ì§®¢�â¥«ï ¯à¨ ¯à®¢¥¤¥−¨¨ �ˆ. �ë«� ¢ë¤¥«¥−� á¯¥æ¨ä¨ç¥áª�ï ¤«ï
�ˆ ¨−ä®à¬�æ¨®−−�ï ¯®âà¥¡−®áâì ¨ á¢ï§�−−ë© á −¥© ¢¨¤ ¯®¨áª� (ª®á¢¥−−ë©
¨−â¥à−¥â-¯®¨áª | Šˆ�), ¯®¤à®¡−® ¯à®�−�«¨§¨à®¢�−−ë© ¢ à�§¤. 4;

{ −� ®á−®¢�−¨¨ à¥§ã«ìâ�â®¢ �−�«¨§� á¯¥æ¨ä¨ª¨ Šˆ� ¢ à�§¤. 5 ¡ë«¨ áä®à¬ã-
«¨à®¢�−ë âà¥¡®¢�−¨ï ª â¥å−®«®£¨¨, ¯®¤¤¥à¦¨¢�îé¥© ¤�−−ë© ¢¨¤ ¯®¨áª�.
�� ®á−®¢�−¨¨ íâ¨å âà¥¡®¢�−¨© ¨ ¢ ª�ç¥áâ¢¥ ®¡®¡é¥−¨ï ¯à¨¥¬®¢ ¯®¨áª�, ¢ë-
à�¡®â�−−ëå ¯à¨ ¯à®¢¥¤¥−¨¨ à¥�«ì−ëå ¨áá«¥¤®¢�−¨©, ¯à¥¤«®¦¥−� ¨ ®¯¨á�−� ¢
à�§¤. 6 â¥å−®«®£¨ï ¯®¨áª�, ®à£�−¨§®¢�−−�ï ¢ ¢¨¤¥ −�¡®à� ¯à�¢¨« (â¥å−®«®£¨ï
��) ¡¥§ ¯à¨¢«¥ç¥−¨ï á¯¥æ¨�«ì−®£® ��;

{ ¯à®¢¥¤¥− �−�«¨§ ¯à¥¤«®¦¥−−®© â¥å−®«®£¨¨ ¢ à�§¤. 7. ‚ëï¢«¥−ë −¥¤®áâ�âª¨
®¯¨á�−−®£® ¯®¤å®¤� ¨ á¤¥«�− ¢ë¢®¤ ® −¥®¡å®¤¨¬®áâ¨ ¬®¤¨ä¨ª�æ¨¨ â¥å−®«®-
£¨¨ ¨ á®§¤�−¨ï á¯¥æ¨�«ì−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¥¥ ¯®¤¤¥à¦ª¨. ’à¥¡®¢�−¨ï
ª −¨¬ ®¯¨á�−ë ¢ à�§¤. 8;

{ ¯à¥¤«®¦¥−� ¨ ®¯¨á�−� ¢ à�§¤. 9 â¥å−®«®£¨ï ¡¨®£à�ä¨ç¥áª®£® ¯®¨áª�, á¢®¡®¤-
−�ï ®â −¥¤®áâ�âª®¢ â¥å−®«®£¨¨ ��, ¯®§¢®«ïîé�ï ®áãé¥áâ¢«ïâì íää¥ªâ¨¢−ë©
�ˆ�, � â�ª¦¥ ¯®¤¤¥à¦¨¢�îé�ï åà�−¥−¨¥ à¥§ã«ìâ�â®¢ ¯®¨áª� ¨ ¤®áâã¯ ª −¨¬.

��ãç−�ï −®¢¨§−� à�¡®âë á®áâ®¨â:

{ ¢ −®¢®¬ ¯®¤å®¤¥ ª ª«�áá¨ä¨ª�æ¨¨ ¢¨¤®¢ ¯®¨áª� ¨áå®¤ï ¨§ ¢¨¤®¢ ¨−ä®à¬�-
æ¨®−−®© ¯®âà¥¡−®áâ¨, á¯¥æ¨ä¨ç¥áª®© ¤«ï �ˆ, ¢ ®â«¨ç¨¥ ®â âà�¤¨æ¨®−−ëå
¯®¤å®¤®¢ ª ª«�áá¨ä¨ª�æ¨¨ ¯®¨áª®¢ëå §�¯à®á®¢ «¨¡® ¯® ä®à¬�«ì−ë¬ ¯à¨-
§−�ª�¬ [6], «¨¡® ¯® ¢¨¤�¬ ¨−ä®à¬�æ¨®−−ëå ãá«ã£ [7];

{ ¢ á®§¤�−¨¨ −®¢®£® ¬¥â®¤� à¥è¥−¨ï §�¤�ç¨ �ˆ�, ®á−®¢ë¢�îé¥£®áï −� ®à¨£¨-
−�«ì−®© ®¡®á−®¢�−−®© â¥å−®«®£¨¨.

�ªâã�«ì−®áâì ¨ §−�ç¨¬®áâì à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨ï ¢ëâ¥ª�¥â ¨§ áãé¥áâ¢¥−-
−®£® à®áâ� ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¨−â¥à¥á� ª �ˆ, ¢ â®¬ ç¨á«¥ á® áâ®à®−ë −¥¯à®-
ä¥áá¨®−�«ì−ëå ¨áá«¥¤®¢�â¥«¥© [8], á ®¤−®© áâ®à®−ë, ¨ ®âáãâáâ¢¨ï ãáâ®ï¢è¥©áï
¨ ®¡®á−®¢�−−®© ¬¥â®¤®«®£¨¨ íâ¨å ¨áá«¥¤®¢�−¨© [9], á ¤àã£®© áâ®à®−ë. ‘®ªà�-
é¥−¨î íâ®£® à�§àë¢� ¬¥¦¤ã ¢®§à®áè¥© ¯®âà¥¡−®áâìî ¨ ®âáãâáâ¢¨¥¬ ¤®áâ�â®ç−®©
¬¥â®¤®«®£¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¨ á®®â¢¥âáâ¢ãîé¥£® ¨−áâàã¬¥−â�à¨ï ¤®«¦−� á«ã-
¦¨âì à�§à�¡®â�−−�ï ¢ à�¬ª�å ¤�−−®£® ¨áá«¥¤®¢�−¨ï â¥å−®«®£¨ï ¨ á®§¤�¢�¥¬®¥
¤«ï ¥¥ ¯®¤¤¥à¦ª¨ á¯¥æ¨�«¨§¨à®¢�−−®¥ ��.

2 Специфика биографических исследований

‘¯¥æ¨ä¨ª� �ˆ 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−®© ¦¨§−¨ [10]. Œ−®-
£®®¡à�§¨¥ ¨§ãç�¥¬ëå �á¯¥ªâ®¢ ¦¨§−¨ ¨−¤¨¢¨¤ãã¬�, áâ®ïé¥£® ¢ æ¥−âà¥ ¨áá«¥¤®¢�-
−¨ï, ¯à¨¢®¤¨â ª ®£à®¬−®¬ã ç¨á«ã −�¯à�¢«¥−¨© ¯®¨áª� ¨−â¥à¥áãîé¥© ¡¨®£à�ä�
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

¨−ä®à¬�æ¨¨. ‘¨âã�æ¨ï ¤«ï ¨áá«¥¤®¢�â¥«ï, ª�ª ¯à�¢¨«®, ãáã£ã¡«ï¥âáï ã−¨-
ª�«ì−®áâìî ®¡áâ®ïâ¥«ìáâ¢ ¦¨§−¨ ¨§ãç�¥¬®£® ¨−¤¨¢¨¤ãã¬� ¨ äà�£¬¥−â�à−®áâìî,
−¥á¨áâ¥¬�â¨§¨à®¢�−−®áâìî ¨ −¨§ª®© ¤®áâ®¢¥à−®áâìî ¨áå®¤−®© ¨−ä®à¬�æ¨¨ ®
−¥¬ [11]. ‘«¥¤áâ¢¨¥¬ íâ®£® ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï �¡á®«îâ-
−® ¢á¥å ¤®áâã¯−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨. ‘à¥¤¨ −¨å ˆ−â¥à−¥â, −�àï¤ã á
�àå¨¢�¬¨ ¨ á¯¥æ¨�«ì−®© «¨â¥à�âãà®©, ï¢«ï¥âáï ®¤−¨¬ ¨§ −�¨¡®«¥¥ §−�ç¨¬ëå.

3 Виды информационных потребностей исследователя
при проведении биографических исследований

Š�ª ¡ë«® ¯®ª�§�−® ¢ëè¥, ¨−â¥à−¥â-¯®¨áª ï¢«ï¥âáï ¢�¦−®© ç�áâìî �ˆ.
‘¥©ç�á ¯à¨ª«�¤ë¢�îâáï ¡®«ìè¨¥ ãá¨«¨ï ¯® ¯®¢ëè¥−¨î íää¥ªâ¨¢−®áâ¨ ¯®¨áª�
¨−ä®à¬�æ¨¨ ¢ á¥â¨ ˆ−â¥à−¥â, ¢ â®¬ ç¨á«¥ ã¢¥«¨ç¥−¨¥ ¬®é−®áâ¨ ï§ëª� §�¯à®-
á®¢ ¨ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¬¥å�−¨§¬®¢ à�−¦¨à®¢�−¨ï [12]. �® ¯® ®¯ëâã
¯à®¢¥¤¥−¨ï à¥�«ì−ëå �ˆ ¬®¦−® ª®−áâ�â¨à®¢�âì, çâ® íâ®â ¯®¨áª ï¢«ï¥âáï ¢¥áì¬�
âàã¤®¥¬ª¨¬ ¨ âà¥¡ã¥â §−�ç¨â¥«ì−ëå ¢à¥¬¥−−‚ëå à¥áãàá®¢. �¡êïá−ï¥âáï íâ® â¥¬,
çâ® áãé¥áâ¢ãîé¨¥ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ¯®¨áª� ¢ á¥â¨ ˆ−â¥à−¥â ®à¨¥−â¨à®¢�-
−ë −� á¨âã�æ¨î, ª®£¤� ¨−ä®à¬�æ¨®−−�ï ¯®âà¥¡−®áâì ¯®«ì§®¢�â¥«ï ¢ ¯à¨−æ¨¯¥
¬®¦¥â ¡ëâì ¢ëà�¦¥−� ¢ ¨−â¥à−¥â-§�¯à®á¥, â. ¥. ¯¥àâ¨−¥−â−®áâì (áã¡ê¥ªâ¨¢−�ï
¬¥à� á®®â¢¥âáâ¢¨ï ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥ ¯®¨áª�, ¯®âà¥¡−®áâ¨
¯®«ì§®¢�â¥«ï) ¢®á¯à¨−¨¬�¥âáï ª�ª á®ç¥â�−¨¥ �¤¥ª¢�â−®áâ¨ §�¯à®á� (á®®â¢¥âáâ¢¨¥
¬¥¦¤ã ¨−ä®à¬�æ¨®−−®© ¯®âà¥¡−®áâìî ¯®«ì§®¢�â¥«ï ¨ ä®à¬�«¨§®¢�−−ë¬ §�¯à®-
á®¬) ¨ à¥«¥¢�−â−®áâ¨ (¬¥à� á®®â¢¥âáâ¢¨ï á¯¨áª� à¥§ã«ìâ�â®¢ §�¯à®á� á�¬®¬ã
§�¯à®áã) [13]. �â®â ¯®¤å®¤ ®à¨¥−â¨à®¢�− −� ¬�áá®¢®£® ¨−â¥à−¥â-¯®«ì§®¢�â¥«ï,
ª®â®àë© ®áãé¥áâ¢«ï¥â ¯®¨áª, ª�ª ¯à�¢¨«®, ¢ ¯®¢á¥¤−¥¢−ëå, ¡ëâ®¢ëå æ¥«ïå.
’�ª®© ¯®¨áª, ª®£¤� ¨−ä®à¬�æ¨®−−�ï ¯®âà¥¡−®áâì ¢ëà�¦�¥âáï ¢ ä®à¬�«ì−®¬
§�¯à®á¥, ¡ã¤¥¬ −�§ë¢�âì ¯àï¬ë¬ ¨−â¥à−¥â-¯®¨áª®¬ (�ˆ�). Š á®¦�«¥−¨î, ¡¨®-
£à�ä¨ç¥áª¨© ¯®¨áª ¢ á¥â¨ ˆ−â¥à−¥â ç�áâ® −¥ á¢®¤¨âáï ª �ˆ�. ‘¯¥æ¨ä¨ª� �ˆ
ç�áâ® ¯®à®¦¤�¥â ¤¢� ¢¨¤� ¨−ä®à¬�æ¨®−−®© ¯®âà¥¡−®áâ¨, ª®â®àë¥ −¥ ¬®£ãâ ¡ëâì
à�§ã¬−ë¬ ®¡à�§®¬ ¢ëà�¦¥−ë ¢ ®¤−®¬ ¨−â¥à−¥â-§�¯à®á¥:

(1) á«¨èª®¬ ®¡é�ï ¯®âà¥¡−®áâì;

(2) á«¨èª®¬ ç�áâ−�ï ¯®âà¥¡−®áâì.

‘«¨èª®¬ ®¡é�ï ¨−ä®à¬�æ¨®−−�ï ¯®âà¥¡−®áâì ¢®§−¨ª�¥â, ª®£¤� ¢®¯à®á, ª®-
â®àë© ¨áá«¥¤®¢�â¥«ì áâ�¢¨â ¯¥à¥¤ á®¡®© ¢ à�¬ª�å ¨áá«¥¤®¢�−¨ï, ¯®ª� ¥é¥ −¥-
¤®áâ�â®ç−® ª®−ªà¥â¨§¨à®¢�−, çâ®¡ë ¡ëâì áä®à¬ã«¨à®¢�−−ë¬ ¤«ï ¯®¨áª� ¢ á¥â¨
ˆ−â¥à−¥â. �®«¥¥ â®£®, �ˆ á®¡áâ¢¥−−® ¨ −�ç¨−�¥âáï á á�¬®£® ®¡é¥£® ¢®¯à®-
á�: úŠ�ª®¢� ¡¨®£à�ä¨ï ¤�−−®© ¯¥àá®−ë?û | ¨ á®áâ®¨â ¢ ¥£® ¯®á«¥¤®¢�â¥«ì−®©
ª®−ªà¥â¨§�æ¨¨. �à¨ç¥¬ ª®−ªà¥â¨§�æ¨ï áâ�−®¢¨âáï ¢®§¬®¦−� â®«ìª® ¯®á«¥ −�å®-
¦¤¥−¨ï ª�ª®©-â® ¨−ä®à¬�æ¨¨ ¯® ¡®«¥¥ ®¡é¥¬ã ¢®¯à®áã. ’�ª, ¯¥à¥å®¤ ®â ¡®«¥¥
®¡é¥£® ¢®¯à®á� úŠ�ª®¢� ¡¨®£à�ä¨ï ¤�−−®£® ç¥«®¢¥ª�?û ª ¡®«¥¥ ç�áâ−®¬ã úŠ®£¤�
¨ £¤¥ ¤�−−ë© ç¥«®¢¥ª ¯à®å®¤¨« ¢®¨−áªãî á«ã¦¡ã?û ¢®§¬®¦−� â®«ìª® ¢ á«ãç�¥,
¥á«¨, ¯ëâ�ïáì −�©â¨ ®â¢¥â −� ®¡é¨© ¢®¯à®á ® ¡¨®£à�ä¨¨, ¨áá«¥¤®¢�â¥«ì −�è¥«
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‘à¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¨−â¥à−¥â-¯®¨áª� ¯à¨ ¯à®¢¥¤¥−¨¨ ¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

ä�ªâë, ¯®§¢®«ïîé¨¥ å®âï ¡ë ¯à¥¤¯®«®¦¨âì, çâ® ä�ªâ ¯à®å®¦¤¥−¨ï ¢®¨−áª®©
á«ã¦¡ë ¨¬¥« ¬¥áâ®. ’�ª¨¬ ®¡à�§®¬, ¨áá«¥¤®¢�â¥«ì, ¯à®¢®¤ï ¡¨®£à�ä¨ç¥áª¨¥
¨§ëáª�−¨ï, ¯®áâ®ï−−® ¢ë−ã¦¤¥− ¨áª�âì ®â¢¥âë −� ¢®¯à®áë á«¨èª®¬ ®¡é¨¥,
çâ®¡ë ¯à¥¤¯®«�£�âì −�«¨ç¨¥ ¢ á¥â¨ ˆ−â¥à−¥â ¯àï¬ëå ®â¢¥â®¢ −� −¨å, ¥áâ¥áâ¢¥−-
−®, ¥á«¨ à¥çì −¥ ¨¤¥â ® ¡¨®£à�ä¨¨ ®ç¥−ì ¨§¢¥áâ−®© ¯¥àá®−ë. ’�ª, −� ¢®¯à®á
ú�¨®£à�ä¨ï �. ‘. �ãèª¨−�û ¬®¦−® −�©â¨ ¯àï¬®© ®â¢¥â ¢ ˆ−â¥à−¥â¥, −® íâ® ¤®-
áâ�â®ç−® à¥¤ª�ï á¨âã�æ¨ï, ¢®§−¨ª�îé�ï â®«ìª® â®£¤�, ª®£¤� ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï
¡ë« ª�ª-â® á¢ï§�− á ¨§¢¥áâ−®© ¯¥àá®−®©, ¤«ï ª®â®à®© ¯®¤à®¡−®¥ �ˆ ã¦¥ ¡ë«®
¯à®¨§¢¥¤¥−® ¨ ¥£® à¥§ã«ìâ�âë ¯à¥¤áâ�¢«ïîâ ¨−â¥à¥á ¤«ï ¤®áâ�â®ç−® è¨à®ª®£®
ªàã£� «¨æ.

‘«¨èª®¬ ç�áâ−�ï ¨−ä®à¬�æ¨®−−�ï ¯®âà¥¡−®áâì ¢®§−¨ª�¥â, ª®£¤� ¢®¯à®á ¤®-
áâ�â®ç−® ª®−ªà¥â¨§¨à®¢�−, −® ¨áá«¥¤®¢�â¥«î −¥ á«¥¤ã¥â ®¦¨¤�âì −�«¨ç¨ï ¢ á¥â¨
ˆ−â¥à−¥â ¯àï¬®£® ®â¢¥â� −� −¥£® ¢ á¨«ã ¥£® á«¨èª®¬ ç�áâ−®£® å�à�ªâ¥à�. ��¯à¨-
¬¥à, ¢®¯à®á úƒ¤¥ −�å®¤¨«áï ¤®¬ ¯®¤®«ìáª®£® ¬¥é�−¨−� â�ª®£®-â®?û �¡á®«îâ−®
ª®−ªà¥â¥−, −® â®«ìª® ¥á«¨ ¤�−−ë© ¬¥é�−¨− −¥ ¡ë« ¬¥áâ−®© §−�¬¥−¨â®áâìî, ®â¢¥â
−� −¥£® ¢ £®â®¢®¬ ¢¨¤¥ −¨ª�ª −¥ ¬®¦¥â á®¤¥à¦�âìáï ¢ á¥â¨ ˆ−â¥à−¥â ¯à®áâ®
¯®â®¬ã, çâ® à�−¥¥ íâ®â ¢®¯à®á −¨ª®£® −¥ ¨−â¥à¥á®¢�«.

’�ª¨¬ ®¡à�§®¬, ¨áá«¥¤®¢�â¥«ì, ª�ª ¯à�¢¨«®, −¥ ¬®¦¥â à�ááç¨âë¢�âì, çâ®
¯àï¬ë¥ ¢®¯à®áë, áâ®ïé¨¥ ¯¥à¥¤ −¨¬ −� ¤�−−®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï, ¬®£ãâ ¡ëâì
−¥¯®áà¥¤áâ¢¥−−® ¯à¥®¡à�§®¢�−ë ¢ −¥ª®â®àë¥ ¨−â¥à−¥â-§�¯à®áë, −� ª®â®àë¥ ¯®-
¨áª®¢ë¥ ¬�è¨−ë (�Œ) ¢ë¤�¤ãâ ¨−ä®à¬�æ¨î, á®¤¥à¦�éãî áâ®«ì ¦¥ ¯àï¬ë¥
®â¢¥âë −� −¨å. �− ¡ã¤¥â ¢ë−ã¦¤¥−, ®¯¨à�ïáì −� ã¦¥ ¨§¢¥áâ−ãî ¥¬ã, ª�ª ¯à�-
¢¨«®, äà�£¬¥−â�à−ãî, ¯à®â¨¢®à¥ç¨¢ãî ¨ −¥¤®áâ®¢¥à−ãî ¨−ä®à¬�æ¨î ¯® â¥¬¥
¨áá«¥¤®¢�−¨ï, ¯à¨¤ã¬ë¢�âì ¨ ä®à¬ã«¨à®¢�âì ª®á¢¥−−ë¥ ¢®¯à®áë, ¯®áâ¥¯¥−-
−® §�¯®«−ïï ¨−ä®à¬�æ¨®−−ë¥ «�ªã−ë. ’�ª®© ¨−â¥à−¥â-¯®¨áª ¡ã¤¥¬ −�§ë¢�âì
ª®á¢¥−−ë¬ ¨−â¥à−¥â-¯®¨áª®¬.

4 Специфика косвенного интернет-поиска

�à¨ ¯à®¢¥¤¥−¨¨ Šˆ� ¨áá«¥¤®¢�â¥«î ¯à¨å®¤¨âáï ¬−®£®ªà�â−® ¯¥à¥ä®à¬ã-
«¨à®¢�âì §�¯à®á, ¯®ª� à¥§ã«ìâ�âë ¯®¨áª� ¥£® −¥ ã¤®¢«¥â¢®àïâ, â. ¥. ®áãé¥áâ¢«ïâì
¨â¥à�æ¨®−−ë© ¯®¨áª. �−�«¨§ à¥§ã«ìâ�â®¢, −�©¤¥−−ëå −� ¯à¥¤ë¤ãé¥¬ è�£¥
¨â¥à�æ¨¨, ãâ®ç−ï¥â −�¯à�¢«¥−¨¥ ¯®¨áª� −� ¯®á«¥¤ãîé¥¬ è�£¥. ’�ª¨å ãâ®ç−¥-
−¨© −� ®¤−®¬ è�£¥ ¬®¦¥â ¡ëâì −¥áª®«ìª®, ¯®íâ®¬ã Šˆ� ï¢«ï¥âáï −¥ â®«ìª®
¨â¥à�æ¨®−−ë¬, −® ¨ ¢¥â¢ïé¨¬áï ¯à®æ¥áá®¬.

�� ª�¦¤®¬ è�£¥ ¨â¥à�æ¨¨ ¨−â¥à¥áãîé¨© ¨áá«¥¤®¢�â¥«ï à¥§ã«ìâ�â á ¡®«ìè®©
¢¥à®ïâ−®áâìî ¡ã¤¥â −�å®¤¨âìáï ®â−î¤ì −¥ ¢ ¯¥à¢ëå áâà®çª�å ¢ë¤�ç¨. �â®
®¡êïá−ï¥âáï â¥¬, çâ® á®¢à¥¬¥−−ë¥ �«£®à¨â¬ë à�−¦¨à®¢�−¨ï à¥§ã«ìâ�â®¢ ¢ë¤�ç¨
ãç¨âë¢�îâ �¢â®à¨â¥â−®áâì áâà�−¨æë, ª®â®àãî ®−¨ ¢ëç¨á«ïîâ ¯® ª®«¨ç¥áâ¢ã ¨
ª�ç¥áâ¢ã ááë«®ª −� −¥¥ á ¤àã£¨å á�©â®¢ [7]. ˆ−â¥à¥á ¦¥ ¤«ï ¨áá«¥¤®¢�â¥«ï ç�áâ®
¯à¥¤áâ�¢«ï¥â ¬�«®¨§¢¥áâ−�ï ¨−ä®à¬�æ¨ï.

’�ª¦¥ ®â«¨ç¨â¥«ì−®© ç¥àâ®© Šˆ� ï¢«ï¥âáï â®, çâ® ¨áá«¥¤®¢�â¥«ì ç�áâ®
¢® ¢à¥¬ï ¯®¨áª� −¥ ¬®¦¥â ¡ëâì �¡á®«îâ−® ã¢¥à¥−, á®¤¥à¦¨âáï «¨ ¢ ¯®«−®©
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¬¥à¥ ¨−â¥à¥áãîé�ï ¥£® ¨−ä®à¬�æ¨ï ¢ ã¦¥ −�©¤¥−−ëå ¤®ªã¬¥−â�å ¨«¨ ¥é¥ −¥â,
¯®áª®«ìªã ®â¢¥â −� íâ®â ¢®¯à®á âà¥¡ã¥â âé�â¥«ì−®£® ¨§ãç¥−¨ï íâ¨å ¤®ªã¬¥−â®¢.
�®íâ®¬ã Šˆ�, ª�ª ¯à�¢¨«®, ¯à®¢®¤¨âáï ¤® â¥å ¯®à, ¯®ª� −®¢ë¥ ¤®ªã¬¥−âë −�
¨−â¥à¥áãîéãî â¥¬�â¨ªã −¥ ¯¥à¥áâ�−ãâ ¯®ï¢«ïâìáï ¢ ¢ë¤�ç¥ ¨«¨ ¯®ª� −�©¤¥−−ëå
¤®ªã¬¥−â®¢ −¥ −�¡¥à¥âáï ¤®áâ�â®ç−® ¬−®£®, â. ¥. ¯®¨áª −®¢ëå −�ç−¥â ¯à¨¢®¤¨âì
ª −¥®¯à�¢¤�−−®¬ã ã¢¥«¨ç¥−¨î ¨å ª®«¨ç¥áâ¢� ¤® ®¡ê¥¬®¢, §�âàã¤−¨â¥«ì−ëå ¤«ï
¨§ãç¥−¨ï ¢ à�§ã¬−®¥ ¢à¥¬ï.

’�ª¨¬ ®¡à�§®¬, á¯¥æ¨ä¨ª� Šˆ� á®áâ®¨â ¢ â®¬, çâ® ®−:

{ ¯à®¨§¢®¤¨âáï, ª�ª ¯à�¢¨«®, ¨â¥à�æ¨®−−® á ¢¥â¢«¥−¨ï¬¨;
{ âà¥¡ã¥â −� ª�¦¤®© ¨â¥à�æ¨¨ ¯à®á¬®âà� §−�ç¨â¥«ì−®£® ®¡ê¥¬� à¥§ã«ìâ�â®¢

¢ë¤�ç¨;
{ ®áãé¥áâ¢«ï¥âáï ú¤® ã¯®à�û, � −¥ ¤® −�å®¦¤¥−¨ï ¯¥à¢®© ã¤®¢«¥â¢®àïîé¥©

¨áá«¥¤®¢�â¥«ï ááë«ª¨.

5 Требования к технологии интернет-поиска
при проведении биографических исследований

�ää¥ªâ¨¢−ë© ¯®¨áª −¥ ¬®¦¥â ¡ëâì ¡¥áá¨áâ¥¬−ë¬ ¨ ®¡ï§�â¥«ì−® âà¥¡ã¥â
á«¥¤®¢�−¨ï −¥ª®â®àë¬ ¯à�¢¨«�¬, ¯à¥¤áâ�¢«ïîé¨¬ á®¡®© −¥ª®â®àãî â¥å−®«®£¨î
�ˆ�. ’à¥¡®¢�−¨ï ª â¥å−®«®£¨¨ �ˆ� ¢ëâ¥ª�îâ ¨§ á¯¥æ¨ä¨ª¨ Šˆ� ¨ −¥®¡-
å®¤¨¬®áâ¨ á®åà�−¥−¨ï ¨ á¨áâ¥¬�â¨§�æ¨¨ −�©¤¥−−®© ¨−ä®à¬�æ¨¨ ¢ ¨−â¥à¥á�å
¢¥¤ãé¥£®áï ¨áá«¥¤®¢�−¨ï, â. ¥. â¥å−®«®£¨ï �ˆ� ¤®«¦−� ¯®¤¤¥à¦¨¢�âì:

{ ¨â¥à�æ¨®−−ë© å�à�ªâ¥à ¯®¨áª�;
{ ¢®§¬®¦−®áâì ¢¥â¢«¥−¨© ¯®¨áª�;
{ ¯à®á¬®âà §−�ç¨â¥«ì−®£® ®¡ê¥¬� à¥§ã«ìâ�â®¢ ¢ë¤�ç¨;
{ åà�−¥−¨¥ −�©¤¥−−®© ¨−ä®à¬�æ¨¨;
{ á¨áâ¥¬�â¨§�æ¨î −�©¤¥−−®© ¨−ä®à¬�æ¨¨.

Š á®¦�«¥−¨î, ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¢ ¯®«−®© ¬¥à¥ ¯®¤¤¥à¦¨¢�îé¨å ¤�−−ë¥
âà¥¡®¢�−¨ï, −¥â, å®âï áãé¥áâ¢ãîâ áà¥¤áâ¢� á¨áâ¥¬�â¨§�æ¨¨ ¨ åà�−¥−¨ï ¡¨®£à�-
ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ [14]. ˆ ¤�¦¥ ¨â¥à�æ¨®−−ë© ¯®¨áª ¡ë« à¥�«¨§®¢�− ¥é¥
¢ 1968 £. ƒ¥à�à¤®¬ ‘í«â®−®¬ ¢ ¯®¨áª®¢®© á¨áâ¥¬¥ SMART (Salton's Magical
Automatic Retriever of Text) [15]. �®íâ®¬ã ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï à¥�«ì−ëå �ˆ
¡ë«� ¢ëà�¡®â�−� â¥å−®«®£¨ï ¡¥§ ¯à¨¬¥−¥−¨ï á¯¥æ¨�«ì−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢
¯®¤¤¥à¦ª¨ ¨ à¥�«¨§®¢�−� ¢ ¢¨¤¥ −�¡®à� ¯à�¢¨« ¨á¯®«ì§®¢�−¨ï áâ�−¤�àâ−ëå
�Œ ¨ áà¥¤áâ¢ ®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨ ®ä¨á−ëå ¯à®£à�¬¬ (â¥å−®«®£¨ï ��). �®
¢á¥© ¢¨¤¨¬®áâ¨, â¥å−®«®£¨ï �� −¥ ï¢«ï¥âáï ¥¤¨−áâ¢¥−−® ¢®§¬®¦−®©, −® á«¥¤ã¥â
¯®«�£�âì, çâ® ®â«¨ç¨ï ¢®§¬®¦−ë â®«ìª® ¢ ¤¥â�«ïå.

6 Описание технологии, основанной на наборе правил

÷�¡®â� ¨áá«¥¤®¢�â¥«ï ¢ á®®â¢¥âáâ¢¨¨ á â¥å−®«®£¨¥© �� ®áãé¥áâ¢«ï¥âáï ¯®-
íâ�¯−®. �¥à¢ë© íâ�¯ | á®¡áâ¢¥−−® ¯®¨áª (�ˆ� ¨ Šˆ�). �® §�¢¥àè¥−¨¨
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÷¨á. 1 ‘å¥¬� à�¡®âë ¢ á®®â¢¥âáâ¢¨¨ á â¥å−®«®£¨¥© ��

á®¡áâ¢¥−−® ¯®¨áª� −�ç¨−�¥âáï á«¥¤ãîé¨© íâ�¯ | ®æ¥−ª�, á®àâ¨à®¢ª� ¨ á¨áâ¥¬�-
â¨§�æ¨ï −�©¤¥−−®© ¨−ä®à¬�æ¨¨. ‡�¢¥àè¥−¨¥ ¯¥à¢®£® íâ�¯� ¯à®¨áå®¤¨â ¢ ®¤−®¬
¨§ ¤¢ãå á«ãç�¥¢:

(1) −¥á®¬−¥−−®¥ −�å®¦¤¥−¨¥ ¨−â¥à¥áãîé¥© ¨−ä®à¬�æ¨¨, ¯®«−®áâìî ã¤®¢«¥-
â¢®àïîé¥© ¤�−−ãî ¨−ä®à¬�æ¨®−−ãî ¯®âà¥¡−®áâì;

(2) ®âáãâáâ¢¨¥ −®¢ëå ¨¤¥© ¤«ï á®§¤�−¨ï −®¢ëå §�¯à®á®¢.

Š á®¦�«¥−¨î, ¯® ®¯ëâã à¥�«ì−ëå �ˆ, ¯¥à¢ë© ¢�à¨�−â (−¥á®¬−¥−−®¥ −�-
å®¦¤¥−¨¥ ¨−â¥à¥áãîé¥© ¨−ä®à¬�æ¨¨) ï¢«ï¥âáï ¡®«¥¥ à¥¤ª¨¬, ç¥¬ ¢â®à®©. �®
¢â®à®© ¢�à¨�−â (®âáãâáâ¢¨¥ −®¢ëå ¨¤¥©) −¨ª®¨¬ ®¡à�§®¬ −¥ ®§−�ç�¥â −¥ã¤�çã
¯®¨áª�, ¯®áª®«ìªã ¨−â¥à¥áãîé�ï ¨−ä®à¬�æ¨ï ¯àï¬® ¨«¨ ª®á¢¥−−® ¢¯®«−¥ ¬®¦¥â
á®¤¥à¦�âìáï ¢ −�©¤¥−−ëå ¤®ªã¬¥−â�å, −® ¥¥ ¨§¢«¥ç¥−¨¥ ¨ ®á®§−�−¨¥ âà¥¡ã¥â
®â¤¥«ì−®© �−�«¨â¨ç¥áª®© à�¡®âë, ¤«ï ç¥£® ¨ á«ã¦¨â ¢â®à®© íâ�¯ ¯®¨áª�. ÷�¡®â�
¨áá«¥¤®¢�â¥«ï ¢ á®®â¢¥âáâ¢¨¨ á ®¯¨áë¢�¥¬®© â¥å−®«®£¨¥© áå¥¬�â¨ç¥áª¨ ®âà�¦¥−�
−� à¨á. 1.

6.1 Правила первого этапа

1. �®¨áª ®áãé¥áâ¢«ï¥âáï ¨â¥à�æ¨®−−® ¢ ®¡ëç−®¬ ¡à�ã§¥à¥. ‚ ¯¥à¢®© ¢ª«�¤ª¥
¡à�ã§¥à� ®âªàë¢�¥âáï ¯®¨áª®¢�ï á¨áâ¥¬� (−�¯à¨¬¥à, Ÿ−¤¥ªá). �� ª�¦¤®©
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¨â¥à�æ¨¨ §�¯à®á ¯¥à¥ä®à¬ã«¨àã¥âáï á ãç¥â®¬ à¥§ã«ìâ�â®¢ ¯à¥¤ë¤ãé¨å §�-
¯à®á®¢.

2. ÷¥§ã«ìâ�â ¢ë¤�ç¨ (á¯¨á®ª �−−®â�æ¨© ¤®ªã¬¥−â®¢) ¯à®á¬�âà¨¢�¥âáï ¤®áâ�â®ç-
−® £«ã¡®ª®, −¥ ®£à�−¨ç¨¢�ïáì ¯¥à¢®© áâà�−¨æ¥©.

3. „®ªã¬¥−âë, ¯à¨§−�−−ë¥ ¯® �−−®â�æ¨¨ ¨¬¥îé¨¬¨ ®â−®è¥−¨¥ ª â¥¬¥ ¯®¨áª�,
®âªàë¢�îâáï ¢ −®¢®© ¢ª«�¤ª¥ ¡à�ã§¥à� ¯®ª� ¡¥§ ¢¨§ã�«ì−®£® ¯à®á¬®âà�.

4. �à¨ −¥®¡å®¤¨¬®áâ¨ á®§¤�âì ¢¥â¢«¥−¨¥ (ª®£¤� á®®¡à�¦¥−¨ï ¤«ï −®¢®© ä®à-
¬ã«¨à®¢ª¨ §�¯à®á� ¯®ï¢«ïîâáï ¤® ®ª®−ç�−¨ï ¯à®á¬®âà� á¯¨áª� �−−®â�-
æ¨©, á®®â¢¥âáâ¢ãîé¥£® â¥ªãé¥¬ã §�¯à®áã) ®âªàë¢�¥âáï −®¢®¥ ®ª−® ¡à�ã§¥à�,
¢ ¯¥à¢®© ¢ª«�¤ª¥ ª®â®à®£® ®âªàë¢�¥âáï ¯®¨áª®¢�ï á¨áâ¥¬� ¨ ¢ë¯®«−ï¥âáï
−®¢ë© §�¯à®á.

5. �® ®ª®−ç�−¨¨ ¯à®á¬®âà� á¯¨áª� �−−®â�æ¨© ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® ¯¥à¥-
ä®à¬ã«¨à®¢�−¨¨ §�¯à®á� ¤«ï á«¥¤ãîé¥© ¨â¥à�æ¨¨. „«ï â�ª®£® à¥è¥−¨ï,
ª�ª ¯à�¢¨«®, ¤®áâ�â®ç¥− �−�«¨§ �−−®â�æ¨©. ‚ à¥¤ª¨å á«ãç�ïå −¥®¡å®¤¨¬
¯à®á¬®âà á�¬®£® ¤®ªã¬¥−â�.

6. �à¨ −�ª®¯«¥−¨¨ ®âªàëâëå ¤®ªã¬¥−â®¢ ¢® ¢ª«�¤ª�å ¡à�ã§¥à� á¢¥àå à�§ã¬−®-
£® ª®«¨ç¥áâ¢� ¯à®¨áå®¤¨â ¨å ¯à¥¤¢�à¨â¥«ì−ë© ¯à®á¬®âà ¨ ¯à¨−ïâ¨¥ à¥è¥−¨ï
® á®åà�−¥−¨¨ ¨«¨ ã¤�«¥−¨¨. „®ªã¬¥−âë, ¯à¨§−�−−ë¥ ¯® à¥§ã«ìâ�â�¬ ¯à¥¤-
¢�à¨â¥«ì−®£® ¯à®á¬®âà� ¨¬¥îé¨¬¨ ®â−®è¥−¨¥ ª ¯à¥¤¬¥âã ¨áá«¥¤®¢�−¨ï,
á®åà�−ïîâáï ¢ −¥ª®â®à®¬ ª�â�«®£¥. ‚ª«�¤ª¨ ¡à�ã§¥à� á ®âªàëâë¬¨ ¤®ªã-
¬¥−â�¬¨ §�ªàë¢�îâáï, ¨ ¯®¨áª ¯à®¤®«¦�¥âáï.

6.2 Правила второго этапа

1. Š�¦¤ë© ¤®ªã¬¥−â ¯à®á¬�âà¨¢�¥âáï, ¯à¨ −�å®¦¤¥−¨¨ ¢ ¤®ªã¬¥−â¥ äà�£¬¥−â�,
¢�¦−®£® á â®çª¨ §à¥−¨ï ¨áá«¥¤®¢�−¨ï, íâ®â äà�£¬¥−â ª®¯¨àã¥âáï ¢ ®â¤¥«ì−ë©
â¥ªáâ®¢ë© ä�©« á ãª�§�−¨¥¬ ¨áâ®ç−¨ª�. ‘�¬ ¦¥ ¤®ªã¬¥−â ¯¥à¥−®á¨âáï ¢
¡¨¡«¨®â¥ªã | á¨áâ¥¬ã ¨¥à�àå¨ç¥áª¨ ®à£�−¨§®¢�−−ëå ¯® â¥¬�¬ ª�â�«®£®¢
−� ¤¨áª¥ | «¨¡® ã¤�«ï¥âáï, ¥á«¨ ¯à¨ âé�â¥«ì−®¬ ¯à®á¬®âà¥ ¤®ªã¬¥−â
¯à¨§−�¥âáï −¥ á®¤¥à¦�é¨¬ ¨−â¥à¥á−ëå á â®çª¨ §à¥−¨ï ¨áá«¥¤®¢�−¨© ¨«¨
−®¢ëå ¤�−−ëå.

2. „«ï ¤�«ì−¥©è¥© à�¡®âë ¯® â¥¬¥ ¨áá«¥¤®¢�−¨© ¨á¯®«ì§ã¥âáï áä®à¬¨à®¢�−-
−ë© ä�©« äà�£¬¥−â®¢, � â�ª¦¥, ¯à¨ −¥®¡å®¤¨¬®áâ¨ çâ®-«¨¡® ãâ®ç−¨âì,
¡¨¡«¨®â¥ª� ¤®ªã¬¥−â®¢.

7 Недостатки технологии, основанной на наборе правил

�¯¨á�−−�ï ¢ëè¥ â¥å−®«®£¨ï, −¥á¬®âàï −� á¢®î íää¥ªâ¨¢−®áâì, á®¤¥à¦¨â
àï¤ áãé¥áâ¢¥−−ëå −¥¤®áâ�âª®¢, ¯à¨¢®¤ïé¨å ª −¥®¯à�¢¤�−−®© âà�â¥ ¢à¥¬¥−−‚ëå
à¥áãàá®¢ ¨ ¯®¢ëè�îé¨å ¢¥à®ïâ−®áâì ¯à®¯ãáª� ¢�¦−®£® ¤®ªã¬¥−â�:
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1. ‚ ¢ë¤�ç¥ ¯® §�¯à®áã ç�áâ® ¯à¨áãâáâ¢ãîâ ®¤¨−�ª®¢ë¥ ¨«¨ ®¤¨−�ª®¢ë¥ ¢
áãé¥áâ¢¥−−®© ç�áâ¨ �−−®â�æ¨¨. �â® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ â®£®, çâ® ¢ ˆ−â¥à-
−¥â¥ ¬−®£¨¥ ¨áâ®ç−¨ª¨ æ¨â¨àãîâ ¤àã£ ¤àã£�. �â® áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢�¥â
−¥á®¤¥à¦�â¥«ì−ë© ®¡ê¥¬ ¢ë¤�ç¨ ¨ â¥¬ á�¬ë¬ §�âàã¤−ï¥â ¯à®á¬®âà.

2. ��©¤¥−−ë¥ −� ¯à¥¤ë¤ãé¨å è�£�å ¨â¥à�æ¨¨ ¤®ªã¬¥−âë, ®â−®á¨â¥«ì−® ª®-
â®àëå ã¦¥ ¡ë«� á¤¥«�−� ¯à¥¤¢�à¨â¥«ì−�ï ®æ¥−ª� ¨å æ¥−−®áâ¨ ¨ ª®â®àë¥
ã¦¥, ¢®§¬®¦−®, ¯à¨áãâáâ¢ãîâ ¢ ®âªàëâëå ¢ª«�¤ª�å ¡à�ã§¥à�, ¢á¥ à�¢−® á
¡®«ìè®© ¢¥à®ïâ−®áâìî ¯®¯�¤ãâ ¢ ¢ë¤�çã −� á«¥¤ãîé¥¬ è�£¥ ¨â¥à�æ¨¨, çâ®
â�ª¦¥ áãé¥áâ¢¥−−® ú§�¬ãá®à¨¢�¥âû ¢ë¤�çã.

3. ‚ ¢ë¤�çã ¯®¯�¤�îâ ¤®ªã¬¥−âë, −¥ ¨¬¥îé¨¥ ®â−®è¥−¨ï ª â¥¬¥ ¨áá«¥¤®¢�−¨ï
â®«ìª® ¯®â®¬ã, çâ® ®¡ëç−ë¥ �Œ ¢ ®á−®¢−®¬ ¨á¯®«ì§ãîâ â¥ªáâ®¢ë© ¯®¨áª,
â. ¥. ¯®¨áª ¯® ª«îç¥¢ë¬ á«®¢�¬ á ãç¥â®¬ ¡«¨§®áâ¨ á«®¢ ¢ â¥ªáâ¥. �¥á¬®âàï −�
â® çâ® ¢ ¯®¨áª®¢ë¥ ¬¥å�−¨§¬ë ¯®áâ®ï−−® ¢¢®¤ïâáï à�áè¨à¥−¨ï, ¯®§¢®«ïîé¨¥
ãç¨âë¢�âì á¥¬�−â¨ªã, ¤® à¥�«¨§�æ¨¨ ¯®«−®æ¥−−®£® á¥¬�−â¨ç¥áª®£® ¯®¨áª�
¥é¥ ®ç¥−ì ¤�«¥ª®. ‚ à¥§ã«ìâ�â¥ ¢ ¢ë¤�ç¥ ç�áâ® ¢áâà¥ç�îâáï �−−®â�æ¨¨, ¢
ª®â®àëå ª«îç¥¢ë¥ á«®¢� ®ª�§ë¢�îâáï −¥á¢ï§�−−ë¬¨. ��¯à¨¬¥à, ¯à¨ ¯®¨áª¥
ç¥«®¢¥ª� ¯® ”ˆ� (çâ® â¨¯¨ç−® ¤«ï �ˆ) áà�¢−¨â¥«ì−® ç�áâ® ¢ë¤�îâáï
¯à¥¤«®¦¥−¨ï, £¤¥ ¨¤¥â ¯¥à¥ç¨á«¥−¨¥ «¨æ, −® §�¯à�è¨¢�¥¬ë¥ ä�¬¨«¨ï,
¨¬ï, ®âç¥áâ¢® ®â−®áïâáï ª à�§−ë¬ «¨æ�¬, ª®â®àë¥ à�á¯®«®¦¥−ë àï¤®¬ [16].
�à¨¢®¤¨â íâ® ª â®¬ã ¦¥ ú§�¬ãá®à¨¢�−¨îû ¢ë¤�ç¨.

4. �à¨ á®åà�−¥−¨¨ ¤®ªã¬¥−â� −� ¤¨áª, ª�ª ¯à�¢¨«®, â¥àï¥âáï ¥£® �¤à¥á ¢
ˆ−â¥à−¥â¥, ª®â®àë© −¥®¡å®¤¨¬, ¢®-¯¥à¢ëå, ¤«ï ª®àà¥ªâ−®£® ®ä®à¬«¥−¨ï
¡¨¡«¨®£à�ä¨ç¥áª¨å ááë«®ª, � ¢®-¢â®àëå, à¥áãàá, á®¤¥à¦�é¨© ¤®ªã¬¥−â, ¬®-
¦¥â ¡ëâì ¨−â¥à¥á¥− á�¬ ¯® á¥¡¥ ¨ á®¤¥à¦�âì ¨−ãî ¢�¦−ãî ¤«ï ¨áá«¥¤®¢�â¥«ï
¨−ä®à¬�æ¨î.

5. �à£�−¨§�æ¨ï ¡¨¡«¨®â¥ª¨ á®åà�−¥−−ëå ¤®ªã¬¥−â®¢ áà¥¤áâ¢�¬¨ ä�©«®¢®©
á¨áâ¥¬ë �‘ ¢«¥ç¥â §� á®¡®© á«¥¤ãîé¨¥ ¯à®¡«¥¬ë:

{ ®−� ç�áâ® âà¥¡ã¥â àãç−®£® ¯¥à¥¨¬¥−®¢�−¨ï ä�©«®¢ á æ¥«ìî ¯à¨á¢®¥−¨ï
¨¬ á®¤¥à¦�â¥«ì−ëå ¨¬¥−;

{ ¯à¨á¢®¥−−ë¥ ¨¬¥−� ¬®£ãâ ¡ëâì á«¨èª®¬ ¤«¨−−ë¬¨ ¤«ï ª®¬ä®àâ−®£® ¨å
¯à®á¬®âà� ¨ ¤«ï ¯à®£à�¬¬ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï;

{ á®åà�−¥−−ë© ¤®ªã¬¥−â ¬®¦¥â ¯à¥¤áâ�¢«ïâì á®¡®© −¥ ®¤¨− ä�©«, � á¨áâ¥¬ã
ä�©«®¢ ¨ ª�â�«®£®¢. �â® §�âàã¤−ï¥â ¯à®á¬®âà ¨ ¢ë§ë¢�¥â ¯à®¡«¥¬ë ¯à¨
−¥®¡å®¤¨¬®áâ¨ ª®¯¨à®¢�−¨ï ¨«¨ ¯¥à¥¨¬¥−®¢�−¨ï ¤®ªã¬¥−â�;

{ á¨áâ¥¬� ª�â�«®£®¢ ¯®¤¤¥à¦¨¢�¥â â®«ìª® ¨¥à�àå¨ç¥áªãî ®à£�−¨§�æ¨î,
ª®â®à�ï ¢å®¤¨â ¢ ª®−ä«¨ªâ á ¬ã«ìâ¨â¥¬−®áâìî ¤®ªã¬¥−â®¢.

6. �à£�−¨§�æ¨ï ú¢ë¦¨¬ª¨û −�¨¡®«¥¥ §−�ç¨¬ëå äà�£¬¥−â®¢ ¢ ¢¨¤¥ â¥ªáâ®¢®£®
ä�©«� âà¥¡ã¥â àãç−®© ¯à¨¢ï§ª¨ (¢ ¢¨¤¥ −¥ª®â®à®© ááë«ª¨) äà�£¬¥−â� ª ¤®ªã-
¬¥−âã, ¢ ª®â®à®¬ ®− ¨áå®¤−® á®¤¥à¦�«áï. �¥®¡å®¤¨¬®áâì ¯¥à¥á®àâ¨à®¢ë¢�âì
¤®ªã¬¥−âë ¨ ¬¥−ïâì ¨å à�á¯®«®¦¥−¨¥ −� ¤¨áª¥ ¯à¨¢®¤¨â ª −¥¢®§¬®¦−®áâ¨
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¨á¯®«ì§®¢�−¨ï ááë«®ª, ¤®¯ãáª�îé¨å ¯àï¬®© ¯¥à¥å®¤ ¯® −¨¬. ‘®®â¢¥âáâ¢¥−-
−®, ¯®¨áª ¤®ªã¬¥−â� ¯® ááë«ª¥ ¤®«¦¥− ¯à®¨§¢®¤¨âìáï ¢àãç−ãî.

7. �¥à¥á®àâ¨à®¢ª� äà�£¬¥−â®¢ ¢ â¥ªáâ®¢®¬ ä�©«¥ §�âàã¤−¨â¥«ì−�.

8 Требования к средствам поддержки технологии

ˆ§ ¢ëè¥áª�§�−−®£® ¢ëâ¥ª�¥â −�áâ®ïâ¥«ì−�ï ¯®âà¥¡−®áâì ¢ á®§¤�−¨¨ áà¥¤áâ¢
¯®¤¤¥à¦ª¨ (‘�) â¥å−®«®£¨¨ �ˆ�, ¯®§¢®«ïîé¨å à¥�«¨§®¢�âì â¥å−®«®£¨î ¯®¨áª�
(â¥å−®«®£¨î ‘�), á¢®¡®¤−ãî ®â ¯¥à¥ç¨á«¥−−ëå −¥¤®áâ�âª®¢.

‘à¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì:

{ á¨áâ¥¬�â¨§�æ¨î §�¤�ç ¯®«ì§®¢�â¥«ï, ¯à¨¢ï§ªã ¯®¨áª� ª §�¤�ç¥;
{ ¯®¤¤¥à¦ªã ¨â¥à�æ¨®−−®£® ¢¥â¢ïé¥£®áï ¯®¨áª� á ¯à®á¬®âà®¬ á¯¨áª� �−−®â�-

æ¨© ¤®ªã¬¥−â®¢ −� ª�¦¤®© ¨â¥à�æ¨¨;
{ ¢®§¬®¦−®áâì ¯à®á¬®âà� ¤®ªã¬¥−â� ¯® ¥£® �−−®â�æ¨¨;
{ −�áâà�¨¢�¥¬ãî ¢®§¬®¦−®áâì ¯®ª�§�âì −� â¥ªãé¥¬ ¨ ¯®á«¥¤ãîé¨å è�£�å

¨â¥à�æ¨¨ ¢ á¯¨áª¥ �−−®â�æ¨© ¨§ ¬−®£¨å ¤®ªã¬¥−â®¢ á á®¢¯�¤�îé¨¬¨ �−−®â�-
æ¨ï¬¨ â®«ìª® ®¤−®£® ¯à¥¤áâ�¢¨â¥«ï;

{ −�áâà�¨¢�¥¬ãî ¢®§¬®¦−®áâì ¤«ï ¨áá«¥¤®¢�â¥«ï ¢ë¤¥«¨âì ¢ �−−®â�æ¨¨ ¤®ªã-
¬¥−â� á®¤¥à¦�â¥«ì−ãî ç�áâì, á â¥¬ çâ®¡ë −� â¥ªãé¥¬ ¨ ¯®á«¥¤ãîé¨å è�£�å
¨â¥à�æ¨¨ ¯®ª�§�âì ¢ á¯¨áª¥ �−−®â�æ¨© ¨§ ¬−®£¨å ¤®ªã¬¥−â®¢, á®¤¥à¦�â¥«ì-
−ë¥ ç�áâ¨ �−−®â�æ¨© ª®â®àëå á®¢¯�¤�îâ, â®«ìª® ®¤−®£® ¯à¥¤áâ�¢¨â¥«ï;

{ ¢®§¬®¦−®áâì §�¤�âì á¯¨á®ª úáâ®¯-á«®¢û (¢ª«îç�ï ¢ëà�¦¥−¨ï ¨§ −¥áª®«ìª¨å
á«®¢), á â¥¬ çâ®¡ë �−−®â�æ¨¨, ª®â®àë¥ á®¤¥à¦�â å®âï ¡ë ®¤−® á«®¢® ¨§ íâ®£®
á¯¨áª�, ¡ë«¨ ¨áª«îç¥−ë ¨§ ®â®¡à�¦¥−¨ï −� â¥ªãé¥¬ ¨ ¯®á«¥¤ãîé¨å è�£�å
¨â¥à�æ¨¨;

{ ¢®§¬®¦−®áâì ¤«ï ¨áá«¥¤®¢�â¥«ï ®â¬¥â¨âì ¤®ªã¬¥−â ¢ ¢ë¤�ç¥ ª�ª ú¯®â¥−æ¨-
�«ì−® ¨−â¥à¥á−ë©û (�ˆ) ¨«¨ ª�ª úâ®ç−® −¥¨−â¥à¥á−ë©û (’�), á â¥¬ çâ®¡ë −�
¯®á«¥¤ãîé¨å è�£�å ¨â¥à�æ¨¨ ®â¬¥ç¥−−ë¥ ¤®ªã¬¥−âë ¬®¦−® ¡ë«® ¨áª«îç¨âì
¨§ ¢ë¤�ç¨;

{ �¢â®¬�â¨ç¥áª®¥ á®åà�−¥−¨¥ ¢á¥å ¤®ªã¬¥−â®¢, ¯®¬¥ç¥−−ëå ª�ª �ˆ, ¢ ¡¨¡«¨®-
â¥ªã á ¯à¨¢ï§ª®© ª §�¤�ç¥ ¯®«ì§®¢�â¥«ï, ª §�¯à®áã ¨ ª ¨å �¤à¥áã ¢ á¥â¨
ˆ−â¥à−¥â;

{ ¯®«−®â¥ªáâ®¢ë© ¯®¨áª ¯® ¤®ªã¬¥−â�¬, á®åà�−¥−−ë¬ ¢ ¡¨¡«¨®â¥ª¥, ¨å ¯à®-
á¬®âà, ¬�àª¨à®¢ªã â¥£�¬¨ ¨ ¯®¨áª ¯® â¥£�¬;

{ ¢ë¤¥«¥−¨¥, á®åà�−¥−¨¥, ª®¬¯®−®¢ªã ¨ ¯à®á¬®âà äà�£¬¥−â®¢ ¤®ªã¬¥−â®¢.

9 Описание технологии, опирающейся на средства поддержки

÷�¡®â� ¨áá«¥¤®¢�â¥«ï ¢ á®®â¢¥âáâ¢¨¨ á −®¢®© â¥å−®«®£¨¥© (â¥å−®«®£¨¥© ‘�)
áå¥¬�â¨ç¥áª¨ ®âà�¦¥−� −� à¨á. 2. „¥©áâ¢¨ï ¯®«ì§®¢�â¥«ï ¢® ¬−®£®¬ ¯®¤®¡-
−ë ¤¥©áâ¢¨ï¬, ¯à¥¤ãá¬®âà¥−−ë¬ â¥å−®«®£¨¥© ��, −® §� áç¥â â®£®, çâ® á¢ï§¨

186 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014



‘à¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¨−â¥à−¥â-¯®¨áª� ¯à¨ ¯à®¢¥¤¥−¨¨ ¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

÷¨á. 2 ‘å¥¬� à�¡®âë ¢ á®®â¢¥âáâ¢¨¨ á â¥å−®«®£¨¥© ‘�

¬¥¦¤ã ®ª−�¬¨ ¨ á¢ï§�−−ë¬¨ á −¨¬¨ ®¡ê¥ªâ�¬¨ ¯®¤¤¥à¦¨¢�îâáï ¯à®£à�¬¬−®
¨ ¯®«ì§®¢�â¥«î −¥ âà¥¡ã¥âáï ã¤¥à¦¨¢�âì ¨å ¢ ¯�¬ïâ¨, ï¢−®¥ à�§¤¥«¥−¨¥ ¤¥©-
áâ¢¨© ¯®«ì§®¢�â¥«ï −� ¤¢� íâ�¯� ã¦¥ −¥ âà¥¡ã¥âáï. ‚á¥ ¢®§¬®¦−®áâ¨ â¥å−®«®£¨¨
¤®áâã¯−ë ¯®«ì§®¢�â¥«î ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨.

�¨¦¥ ®¯¨á�−ë í«¥¬¥−âë ¯à®£à�¬¬ë ¨ á¢ï§�−−ë¥ á −¨¬¨ ¢®§¬®¦−®áâ¨, à¥�-
«¨§ãîé¨¥ ¢ á®¢®ªã¯−®áâ¨ −®¢ãî â¥å−®«®£¨î.

9.1 Вход в систему

�à¨ ¢å®¤¥ ¢ á¨áâ¥¬ã ¯®«ì§®¢�â¥«ì ¢ë¡¨à�¥â ¨áá«¥¤®¢�−¨¥ ¨§ á¯¨áª� ¨«¨
á®§¤�¥â −®¢®¥ ¨áá«¥¤®¢�−¨¥. �â® −¥®¡å®¤¨¬®, ¯®áª®«ìªã −¥áª®«ìª® −¥§�¢¨á¨-
¬ëå ¨áá«¥¤®¢�−¨© ¬®¦¥â ¢¥áâ¨áì ¯®«ì§®¢�â¥«¥¬ ®¤−®¢à¥¬¥−−®. �à¨ ¢ë¡®à¥
áãé¥áâ¢ãîé¥£® ¨áá«¥¤®¢�−¨ï ¢®ááâ�−�¢«¨¢�¥âáï á®áâ®ï−¨¥ ®ª®− ¯à®£à�¬¬ë.

9.2 Работа с окном запросов

�ª−® á«ã¦¨â ¤«ï ¢¢®¤� ¨−â¥à−¥â-§�¯à®á� ¨ ®â®¡à�¦¥−¨ï �−−®â�æ¨© à¥§ã«ì-
â�â®¢ ¯®¨áª� á ãç¥â®¬ â¥ªãé¨å ä¨«ìâà®¢. �ª−� ®¡ê¥¤¨−¥−ë ¢ £àã¯¯ë, á®®â¢¥â-
áâ¢ãîé¨¥ ®¤−®© ¨−ä®à¬�æ¨®−−®© ¯®âà¥¡−®áâ¨. �®¢ë© §�¯à®á ¬®¦¥â ¡ëâì §�¤�−
ª�ª ¢ áãé¥áâ¢ãîé¥¬ ®ª−¥, â�ª ¨ ¢ −®¢®¬ ®ª−¥ §�¯à®á�. �®¢®¥ ®ª−® ¬®¦¥â ¡ëâì
®âªàëâ® ª�ª ¢ áãé¥áâ¢ãîé¥© £àã¯¯¥, â�ª ¨ ¢ −®¢®© £àã¯¯¥. ‡� áç¥â íâ®£® ®¡¥á-
¯¥ç¨¢�¥âáï ¨â¥à�æ¨®−−ë© ¢¥â¢ïé¨©áï ¯®¨áª. ”¨«ìâàë ®â®¡à�¦¥−¨ï ¥¤¨−ë ¤«ï
£àã¯¯ë ®ª®−. ”¨«ìâà�æ¨ï (ã¤�«¥−¨¥ �−−®â�æ¨© ¨§ ¯à®á¬®âà�) ®áãé¥áâ¢«ï¥âáï
¯® á«¥¤ãîé¨¬ ªà¨â¥à¨ï¬:
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{ á®¢¯�¤�îé¨¥ �−−®â�æ¨¨;
{ �−−®â�æ¨¨ á á®¢¯�¤�îé¨¬ ï¤à®¬;
{ �−−®â�æ¨¨, á®¤¥à¦�é¨¥ á«®¢� ¨§ á¯¨áª� áâ®¯-á«®¢;
{ �−−®â�æ¨¨, ã¦¥ ¯®¬¥ç¥−−ë¥ ª�ª ’�;
{ �−−®â�æ¨¨, ã¦¥ ¯®¬¥ç¥−−ë¥ ª�ª �ˆ.

„®ªã¬¥−âë, �−−®â�æ¨¨ ª®â®àëå ¡ë«¨ ¯®¬¥ç¥−ë ¯®«ì§®¢�â¥«¥¬ ª�ª �ˆ,
�¢â®¬�â¨ç¥áª¨ á®åà�−ïîâáï ¢ ¡�§¥ ¤�−−ëå ¡¨¡«¨®â¥ª¨. �à¨ íâ®¬ ¤«ï −¨å
á®åà�−ïîâáï â�ª¦¥ ¨å §�£®«®¢®ª, à�á¯®«®¦¥−¨¥ ¤®ªã¬¥−â� ¢ á¥â¨ ˆ−â¥à−¥â
(URL | uniform resource locator), â¥¬� â¥ªãé¥£® ¨áá«¥¤®¢�−¨ï, á¢ï§�−−ë©
¯®¨áª®¢ë© §�¯à®á, â¥ªãé�ï ¤�â�.

„«ï «î¡®© �−−®â�æ¨¨ á¢ï§�−−ë© ¤®ªã¬¥−â ¬®¦¥â ¡ëâì ®âªàëâ ¢ −®¢®¬ ®ª−¥
¤®ªã¬¥−â®¢.

9.3 Окно документа

�ª−® á«ã¦¨â ¤«ï ¯à®á¬®âà� ®¤−®£® ¤®ªã¬¥−â� ¨ ¥£® ¬¥â�¨−ä®à¬�æ¨¨:

{ §�£®«®¢ª� ¤®ªã¬¥−â�;
{ á¢ï§�−−®£® ¯®¨áª®¢®£® §�¯à®á�;
{ URL;
{ ¤�âë −�å®¦¤¥−¨ï;
{ ª®¬¬¥−â�à¨ï ¯®«ì§®¢�â¥«ï;
{ á¯¨áª� â¥£®¢.

‡�£®«®¢®ª, ª®¬¬¥−â�à¨© ¨ á¯¨á®ª â¥£®¢ ¬®£ãâ ¡ëâì ®âà¥¤�ªâ¨à®¢�−ë ¯®«ì§®-
¢�â¥«¥¬.

‚ ¤®ªã¬¥−â¥ â�ª¦¥ ¬®£ãâ ¡ëâì ¢ë¤¥«¥−ë ¨ á®åà�−¥−ë äà�£¬¥−âë â¥ªáâ�,
¯à¥¤áâ�¢«ïîé¨¥ ®á®¡ë© ¨−â¥à¥á ¤«ï ¨áá«¥¤®¢�â¥«ï.

9.4 Окно библиотеки

�ª−® ¡¨¡«¨®â¥ª¨ ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¤®¡�¢«¥−¨¥ ¤®ªã¬¥−â� ¢ ¡�§ã ¤�−-
−ëå ¡¨¡«¨®â¥ª¨ ¨§ ä�©«�, ®â¡®à ¤®ªã¬¥−â®¢ ¯® à�§«¨ç−ë¬ ¯®¨áª®¢ë¬ ªà¨â¥à¨ï¬,
¨å ®â®¡à�¦¥−¨¥ ¢ ®ª−¥ ¤®ªã¬¥−â®¢ ¨«¨ ¨å ã¤�«¥−¨¥.

„®ªã¬¥−âë ¬®£ãâ ¡ëâì ®â®¡à�−ë:

{ ¯® §�£®«®¢ªã;
{ ¯® ¤�â¥;
{ ¯® §�¯à®áã;
{ ¯® URL;
{ ¯® â¥£�¬;
{ ¯®«−®â¥ªáâ®¢ë¬ ¯®¨áª®¬ ¢ ª®¬¬¥−â�à¨¨;
{ ¯®«−®â¥ªáâ®¢ë¬ ¯®¨áª®¬ ¢® ¢á¥¬ ¤®ªã¬¥−â¥;
{ ¯®«−®â¥ªáâ®¢ë¬ ¯®¨áª®¬ ¢ ¢ë¤¥«¥−−ëå äà�£¬¥−â�å ¤®ªã¬¥−â�.
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10 Заключение

�à¥¤«®¦¥−−�ï â¥å−®«®£¨ï ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¨ ãáª®à¨âì �ˆ
¢ â�ª®© ¥¥ §−�ç¨¬®© ç�áâ¨, ª�ª ¯®¨áª ¨−ä®à¬�æ¨¨ ¢ á¥â¨ ˆ−â¥à−¥â, â. ¥. á¤¥«�âì
¨áá«¥¤®¢�−¨¥ ¡®«¥¥ ¤®áâã¯−ë¬ ¤«ï è¨à®ª®£® ªàã£� −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®-
−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©, çâ® ®ç¥−ì �ªâã�«ì−® ¢ á¢ï§¨
á® ¢á¥ ã¢¥«¨ç¨¢�îé¨¬áï ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨.
‚ −�áâ®ïé¥¥ ¢à¥¬ï ®áãé¥áâ¢«ï¥âáï ¯à®â®â¨¯−�ï à¥�«¨§�æ¨ï á®®â¢¥âáâ¢ãîé¥-
£® ¨−áâàã¬¥−â�à¨ï. ‘à¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¯®¨áª� à¥�«¨§ãîâáï ª�ª −�¤áâà®©ª�
−�¤ áâ�−¤�àâ−ë¬¨ �Œ. �¨¡«¨®â¥ª� ¤®ªã¬¥−â®¢ à¥�«¨§ã¥âáï −� ¡�§¥ á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå.

�à®¡−�ï íªá¯«ã�â�æ¨ï â¥å−®«®£¨¨ ‘� ¢ à¥�«ì−ëå �ˆ ¤®«¦−� ¢ëï¢¨âì
¯à®¡«¥¬ë ¨ ¯¥àá¯¥ªâ¨¢ë ¥¥ ¤�«ì−¥©è¥£® à�§¢¨â¨ï.
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Abstract: The article examines the role and specificity of Internet search as
a part of biographic investigation. The reasons of possible problems occuring
during search are explored. With this purpose, the types of user's biographical
information necessities were analyzed. The specific biographical information
necessities were found and the type of search associated with them | \indirect
search" was described. The requirements for Internet search technology which
supports and simplifies indirect search are formulated. An example of such
technology which does not use any special software and is based on a set of
rules is described and analyzed. The requirements for special search support
software were formulated as the result of analysis of faults of this technology.
The technology of effective biographical search based on such software, free of
analyzed faults and supporting storage and access to search results was described.
This technology is meant for a wide range of users which are not professional
historians or biographers. This is important today because of increasing public
interest in family history.
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ИНФОРМАЦИОННОЕ ОБЕСПЕЧЕНИЕ МОНИТОРИНГА
НАЦИОНАЛЬНОЙ БЕЗОПАСНОСТИ В РЕГИОНАЛЬНОМ

РАЗРЕЗЕ

Г. В. Лукьянов1, Д. А. Никишин2, Г. Ф. Веревкин3

�−−®â�æ¨ï: Œ®−¨â®à¨−£ ¨ ®æ¥−ª� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ (¤�«¥¥ | ��÷”) ¯à¥¤¯®«�£�¥â ®¡à�¡®âªã ¨ ãç¥â −¥áª®«ìª¨å
¤¥áïâª®¢ ¯à¥¤ãá¬®âà¥−−ëå ¤«ï íâ®£® à�§−®®¡à�§−ëå ¯®ª�§�â¥«¥©. �¯à¨®à¨
¯à¥¤¯®«�£�¥âáï, çâ® ¯®ª�§�â¥«¨ «¨¡® −¥ ¯®¤¢¥à¦¥−ë à¥£¨®−�«ì−®© á¯¥æ¨-
ä¨ª¥, «¨¡® íâ® ¢«¨ï−¨¥ −¥§−�ç¨â¥«ì−®. ’¥¬ −¥ ¬¥−¥¥, ¯à®¢¥¤¥−−ë© �−�«¨§
¯®ª�§�«, çâ® §−�ç¨â¥«ì−�ï ç�áâì ¯®ª�§�â¥«¥© ¢ë¢®¤¨âáï ¨§ à¥£¨®−�«ì−ëå ª®¬-
¯®−¥−â ¨ ¬®¦¥â ¡ëâì ¯®«ãç¥−� â®«ìª® ¨§ à¥£¨®−�«ì−ëå ¨áâ®ç−¨ª®¢, ¯à¨ç¥¬
íâ¨ ¯®ª�§�â¥«¨ á¥àì¥§−® ¢�àì¨àãîâ ®â à¥£¨®−� ª à¥£¨®−ã, � à�§«¨ç¨ï ¨¬¥îâ −¥
â®«ìª® ª®«¨ç¥áâ¢¥−−ë©, −® ¨ ª�ç¥áâ¢¥−−ë© å�à�ªâ¥à. �á−®¢−ë¬¨ ä�ªâ®à�¬¨
à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨ ¢ëáâã¯�îâ áãé¥áâ¢¥−−ë¥ à�§«¨ç¨ï ¢ ¯à¨à®¤−ëå,
ª«¨¬�â¨ç¥áª¨å ¨ £¥®«®£¨ç¥áª¨å ãá«®¢¨ïå, å®âï −¥ª®â®àë¥ íªá¯¥àâë ®â¬¥ç�-
îâ ¨ −¥à�¢−ë¥ úáâ�àâ®¢ë¥û ¢®§¬®¦−®áâ¨ à�§«¨ç−ëå à¥£¨®−®¢. …é¥ ®¤−�
®á®¡¥−−®áâì áâ�â¨áâ¨ç¥áª¨å ¯®ª�§�â¥«¥© á®áâ®¨â ¢ ¨å ¤®áâ�â®ç−® ä®à¬�«ì−®¬
å�à�ªâ¥à¥, ¨−®£¤� ¢¥áì¬� ®¯®áà¥¤®¢�−−® ®âà�¦�îé¥¬ áãâì ï¢«¥−¨ï, ª®â®à®¥
®−¨ ®æ¥−¨¢�îâ. ˆ â®«ìª® ã£«ã¡«¥−−®¥ ¨§ãç¥−¨¥ á¨âã�æ¨¨ ¯®§¢®«ï¥â ¢ëïá−¨âì
¯à¨ç¨−ã â�ª¨å à�áå®¦¤¥−¨©. �â¨ ®¡áâ®ïâ¥«ìáâ¢� ¤¨ªâãîâ −¥®¡å®¤¨¬®áâì
à�§à�¡®âª¨ á¯¥æ¨�«¨§¨à®¢�−−ëå ¬¥â®¤¨ª, ãç¨âë¢�îé¨å à¥£¨®−�«ì−ãî á¯¥-
æ¨ä¨ªã ¯à¨ à�áç¥â¥ ®á−®¢−ëå (ä¥¤¥à�«ì−ëå) ¯®ª�§�â¥«¥© ��÷”. ‚ ª�ç¥áâ¢¥
â�ª®£® à¥è¥−¨ï ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− à¥£¨®−�«ì−ë© ¯®¯à�¢®ç−ë© ª®íää¨-
æ¨¥−â (÷�Š), ª®â®àë© ¯®§¢®«ï« ¡ë ª®àà¥ªâ¨à®¢�âì àï¤ −�¨¡®«¥¥ §−�ç¨¬ëå
á â®çª¨ §à¥−¨ï ��÷” áâ�â¨áâ¨ç¥áª¨å ¯®ª�§�â¥«¥© ¢ ¨−â¥à¥á�å ¤®áâ¨¦¥−¨ï
¡®«ìè¥© ®¡ê¥ªâ¨¢−®áâ¨.

Keywords: ¨−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥; ¬®−¨â®à¨−£; à¥£¨®−�«ì−�ï ¤¨ä-
ä¥à¥−æ¨�æ¨ï; à¥£¨®−�«ì−�ï á¯¥æ¨ä¨ª�; −�æ¨®−�«ì−�ï ¡¥§®¯�á−®áâì; �¤¬¨−¨-
áâà�â¨¢−®-â¥àà¨â®à¨�«ì−®¥ ãáâà®©áâ¢®; áã¡ê¥ªâë ”¥¤¥à�æ¨¨
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−

á¨âã�æ¨î ¢ æ¥«®¬ ¯® áâà�−¥. Œ−®£¨¥ ¨§ −¨å ä®à¬¨àãîâáï, ¢ á¢®î ®ç¥à¥¤ì, −�
®á−®¢¥ �£à¥£¨à®¢�−¨ï (¢ ç�áâ−®áâ¨, ãáà¥¤−¥−¨ï, á«®¦¥−¨ï ¨ â. ¯.) �−�«®£¨ç−ëå
¯®ª�§�â¥«¥©, å�à�ªâ¥à¨§ãîé¨å ¯®«®¦¥−¨¥ ¤¥« ¢ ª�¦¤®¬ ¨§ ®â¤¥«ì−® ¢§ïâëå
áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨. ‚¬¥áâ¥ á â¥¬ ÷®áá¨ï | íâ® á�¬�ï ¡®«ìè�ï ¯®
â¥àà¨â®à¨¨ áâà�−� ¢ ¬¨à¥. �−� ®â«¨ç�¥âáï ®â ¢á¥å ®áâ�«ì−ëå áâà�− ã−¨ª�«ì−ë¬
á®ç¥â�−¨¥¬ £¥®¯®«¨â¨ç¥áª¨å ãá«®¢¨©, ¤«ï ¡®«ìè¨−áâ¢� ¨§ ª®â®àëå å�à�ªâ¥à−�
¢ëá®ª�ï áâ¥¯¥−ì à¥£¨®−�«ì−®© ¤¨ää¥à¥−æ¨�æ¨¨ á â®çª¨ §à¥−¨ï ªã«ìâãà−®£®
¨ ®¡à�§®¢�â¥«ì−®£® ãà®¢−ï, á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï, ¯®«¨â¨ç¥áª®©
�ªâ¨¢−®áâ¨ −�á¥«¥−¨ï, ¯à¨à®¤−®-ª«¨¬�â¨ç¥áª¨å ãá«®¢¨© ¨ −¥ª®â®àëå ¤àã£¨å
ä�ªâ®à®¢ [1].

�à®¢¥¤¥−−ë© �¢â®à�¬¨ áâ�âì¨ �−�«¨§ ¯®ª�§�â¥«¥©, à¥ª®¬¥−¤®¢�−−ëå ª ãç¥âã
¤«ï ®æ¥−ª¨ á®áâ®ï−¨ï ��÷”, ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ¨å ª�â¥£®à¨§�æ¨î ¯® áâ¥¯¥−¨
¢«¨ï−¨ï −� íâ¨ ¯®ª�§�â¥«¨ à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨. „¥©áâ¢¨â¥«ì−®, àï¤ ¯®-
ª�§�â¥«¥© «¨¡® −¥ ¯®¤¢¥à¦¥− à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¥, «¨¡® íâ® ¢«¨ï−¨¥ áâ®«ì
−¥§−�ç¨â¥«ì−®, çâ® ãç¨âë¢�âì ¥£® ¯à®áâ® −¥æ¥«¥á®®¡à�§−®. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢
¬®¦−® ¯à¨¢¥áâ¨ â�ª¨¥ ¯®ª�§�â¥«¨, ª�ª:

{ ãà®¢¥−ì £®áã¤�àáâ¢¥−−®£® ¢−¥è−¥£® ¨ ¢−ãâà¥−−¥£® ¤®«£�;

{ ¤®«ï «¥ª�àáâ¢¥−−ëå áà¥¤áâ¢ ¨¬¯®àâ−®£® ¯à®¨§¢®¤áâ¢�;

{ ãà®¢¥−ì ¨−ä«ïæ¨¨ ¢ áâà�−¥.

‚¬¥áâ¥ á â¥¬ §−�ç¨â¥«ì−�ï ç�áâì ¯®ª�§�â¥«¥© ¢ë¢®¤¨âáï ¨áª«îç¨â¥«ì−® ¨§
à¥£¨®−�«ì−ëå ª®¬¯®−¥−â ¨ ¬®¦¥â ¡ëâì ¯®«ãç¥−� â®«ìª® ¨§ à¥£¨®−�«ì−ëå ¨áâ®ç-
−¨ª®¢. Š â�ª®¢ë¬, −�¯à¨¬¥à, ®â−®áïâáï:

{ ãà®¢¥−ì ¡¥§à�¡®â¨æë;

{ ¤®«ï −�á¥«¥−¨ï á ¤®å®¤�¬¨ −¨¦¥ ¯à®¦¨â®ç−®£® ¬¨−¨¬ã¬�;

{ ®â−®á¨â¥«ì−�ï à®¦¤�¥¬®áâì.

‚á¥ íâ¨ ¯®ª�§�â¥«¨ á¥àì¥§−® ¢�àì¨àãîâ ®â à¥£¨®−� ª à¥£¨®−ã. „�¦¥ ¥á«¨
÷®áá¨î áà�¢−¨âì á ¤àã£¨¬¨ áâà�−�¬¨, −�¯à¨¬¥à á Š¨â�¥¬ (31 ¯à®¢¨−æ¨ï) ¨«¨
‘˜� (51 èâ�â), ¢á¥ à�¢−® −¥«ì§ï −¥ ¯à¨§−�âì, çâ® ®−¨ ¯® á®¢®ªã¯−®áâ¨ £¥®¯®«¨-
â¨ç¥áª¨å ä�ªâ®à®¢ áãé¥áâ¢¥−−® ãáâã¯�îâ ÷®áá¨¨ á ¥¥ ã−¨ª�«ì−®© ¤¥©áâ¢¨â¥«ì-
−®áâìî. ��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� �−�«¨§ã áâ¥¯¥−¨ ¢«¨ï−¨ï à¥£¨®−�«ì−®©
á¯¥æ¨ä¨ª¨ −� ��÷” ¨ ¯à¥¤«®¦¥−¨ï¬ ¯® ¥¥ ãç¥âã ¯à¨ à�§à�¡®âª¥ ¨−ä®à¬�æ¨-
®−−®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ ¬®−¨â®à¨−£� ��÷”. �«�£®¯à¨ïâ−ë¬ ä�ªâ®à®¬ ¤«ï
ãç¥â� à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨ ¯à¨ ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�
��÷” ï¢«ï¥âáï á«®¦¨¢è�ïáï ¢ ÷®áá¨¨ á¨áâ¥¬� áâ�â¨áâ¨ç¥áª¨å −�¡«î¤¥−¨©,
ª®â®à�ï àï¤ ¯®ª�§�â¥«¥© ¯à¥¤áâ�¢«ï¥â ¢ à¥£¨®−�«ì−®¬ à�§à¥§¥. �â® ®¡áâ®ïâ¥«ì-
áâ¢® ¯®§¢®«ï¥â −� ¤®áâ�â®ç−® ¡®«ìè®¬ ¢à¥¬¥−−‚®¬ ¨−â¥à¢�«¥ ¯à®¢¥áâ¨ ¤¥â�«ì−ë¥
¨áá«¥¤®¢�−¨ï à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨ ¨ ¥¥ ¢«¨ï−¨ï −� ��÷”.

�� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¤�−−®£® �−�«¨§� ¢ ¤�«ì−¥©è¥¬ ¯à¥¤¯®«�£�¥âáï à�§-
à�¡®â�âì ª®−æ¥¯âã�«ì−ë¥ ¯®¤å®¤ë ª à�§à�¡®âª¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï
á¨áâ¥¬ ¬®−¨â®à¨−£� ��÷” á ãç¥â®¬ à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨.
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ˆ−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ ¬®−¨â®à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨

2 Качественный «разрез» региональной специфики

‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§«¨ç¨ï à®áá¨©áª¨å à¥£¨®−®¢ ¨¬¥îâ −¥ â®«ìª® ïàª® ¢ë-
à�¦¥−−ë© ª®«¨ç¥áâ¢¥−−ë©, −® ¨ à�áè¨à¥−−ë© ª�ç¥áâ¢¥−−ë© å�à�ªâ¥à. ‚ ç�áâ-
−®áâ¨, ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â¬¥ç�¥âáï ¢¥áì¬� ª®−âà�áâ−�ï à¥£¨®−�«ì−�ï
�á¨¬¬¥âà¨ï ¯® á«¥¤ãîé¨¬ −�¯à�¢«¥−¨ï¬:

1. ú‘¥¢¥à{ā£û (è¨à®â−�ï §®−�«ì−®áâì). ‚ −�áâ®ïé¥¥ ¢à¥¬ï â�ª −�§ë¢�¥¬ë©
‘¥¢¥à, á®áâ�¢«ïîé¨© ®ª®«® ¯®«®¢¨−ë â¥àà¨â®à¨¨ ÷®áá¨¨, ¤�¥â ¬−®£® ¡®«¥¥
¯®«®¢¨−ë æ¥−−®£® áëàìï, −® ®á¢®¥− ¨ §�á¥«¥− ªà�©−¥ −¥à�¢−®¬¥à−® [2]. ā£
÷®áá¨¨ ®â−®á¨â¥«ì−® −¥¢¥«¨ª ¨ −¥¡®£�â, −® ¢¥áì¬� ¯«®â−® §�á¥«¥−.

2. ú‡�¯�¤{‚®áâ®ªû. �� ¥¢à®¯¥©áªãî ÷®áá¨î, §�−¨¬�îéãî «¨èì ç¥â¢¥àâì
â¥àà¨â®à¨¨ áâà�−ë, ¯à¨å®¤¨âáï ¤® 80% ¥¥ −�á¥«¥−¨ï ¨ ¡®«¥¥ 70% ‚‚�, ¢ â®
¢à¥¬ï ª�ª ¢®áâ®ç−ë¥ à¥£¨®−ë ¤¥¬®−áâà¨àãîâ −¨§ªãî ¯«®â−®áâì −�á¥«¥−¨ï ¨
®â−®á¨â¥«ì−® −¥¡®«ìè®© ãà®¢¥−ì ¯à®¬ëè«¥−−®£® ¯®â¥−æ¨�«�.

3. ú–¥−âà{¯¥à¨ä¥à¨ïû (úï¤à®{¯¥à¨ä¥à¨ïû). ‘¥£®¤−ï ¢ ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨ −�¡«î¤�îâáï ¢¥áì¬� §−�ç¨â¥«ì−ë¥ à�§«¨ç¨ï ¢ ãà®¢−¥ á®æ¨�«ì−®-íª®-
−®¬¨ç¥áª®£® à�§¢¨â¨ï −¥ â®«ìª® ¬¥¦¤ã áâ®«¨æ¥© ¨ ®áâ�«ì−ë¬¨ áã¡ê¥ªâ�¬¨
”¥¤¥à�æ¨¨, −® ¨ ¬¥¦¤ã æ¥−âà�¬¨ íâ¨å áã¡ê¥ªâ®¢ ¨ ¨å â¥àà¨â®à¨ï¬¨, ¯à¨-
ç¥¬ à�§«¨ç¨ï ¢−ãâà¨ áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ §�ç�áâãî á¨«ì−¥¥,
ç¥¬ à�§«¨ç¨ï ¬¥¦¤ã áã¡ê¥ªâ�¬¨. �â® ®¡áâ®ïâ¥«ìáâ¢®, −�àï¤ã á ¯à®ç¨¬¨,
¯à¨¢®¤¨â ª ®ââ®ªã −�á¥«¥−¨ï á ¯¥à¨ä¥à¨¨ ¨ ¥£® ¯¥à¥â¥ª�−¨î ¢ ªàã¯−ë¥ íª®-
−®¬¨ç¥áª¨¥, ¯®«¨â¨ç¥áª¨¥ ¨ ªã«ìâãà−ë¥ æ¥−âàë áâà�−ë, ®á®¡¥−−® ¢ Œ®áª¢ã
¨ Œ®áª®¢áªãî ®¡«�áâì.

Š íâ®© ª�àâ¨−¥ ª�ç¥áâ¢¥−−®£® úà�§à¥§�û à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨ á«¥¤ã¥â
¤®¡�¢¨âì ¥é¥ ¨ â®â ä�ªâ, çâ® âà�−áä®à¬�æ¨®−−ë© á¯�¤ ¯à®¬ëè«¥−−®áâ¨ ¢
à¥£¨®−�å ¢ à¥§ã«ìâ�â¥ ¯®«¨â¨ç¥áª¨å ¨ á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¯à¥®¡à�§®¢�−¨©
¢ à�§−ëå à¥£¨®−�å â�ª¦¥ ®ª�§�«áï ¢¥áì¬� ¤¨ää¥à¥−æ¨à®¢�−−ë¬. ‚ à¥§ã«ìâ�â¥
íâ®£® á¯�¤� á®®â−®è¥−¨¥ ¬¥¦¤ã ‘¥¢¥à®¬ ¨ ā£®¬ ¯® ¯®ª�§�â¥«î áà¥¤−¥¤ãè¥¢ëå
¤®å®¤®¢ −�á¥«¥−¨ï ¤®áâ¨£«® ¯ïâ−�¤æ�â¨ªà�â−®£® à�§àë¢� ¨ ¢ 2000 £. «¥¦�«® ¢
¤¨�¯�§®−¥ 270{4017 àã¡. ¢ ¬¥áïæ −� ®¤−®£® ¦¨â¥«ï.

‚ ¯®á«¥¤ãîé¥¬ á¨âã�æ¨ï ¯® íâ®¬ã ¯®ª�§�â¥«î áãé¥áâ¢¥−−® ã«ãçè¨«�áì, â¥¬
−¥ ¬¥−¥¥ §−�ç¨â¥«ì−ë¥ ¤¨á¯à®¯®àæ¨¨ ¬¥¦¤ã à¥£¨®−�¬¨ ¢á¥ ¦¥ á®åà�−¨«¨áì ¤® á¨å
¯®à. ‚á¥ íâ¨ ¤¨á¯à®¯®àæ¨¨ ¯à¨¢¥«¨ ª −¥®¡à�â¨¬ë¬ ï¢«¥−¨ï¬ ¢ ¬¥¦ªã«ìâãà−ëå,
¬¥¦íâ−¨ç¥áª¨å ¨ ¬¥¦à¥«¨£¨®§−ëå ®â−®è¥−¨ïå, ¨¬¥îé¨å ïàª® ¢ëà�¦¥−−ãî
à¥£¨®−�«ì−ãî á¯¥æ¨ä¨ªã, ª®â®àãî −¥®¡å®¤¨¬® ®âà�¦�âì ¯à¨ ¨−ä®à¬�æ¨®−−®¬
¬®−¨â®à¨−£¥ ��÷”.

3 Оценка степени региональной дифференциации

�¤−®© ¨§ −�¨¡®«¥¥ §−�ç¨¬ëå á â®çª¨ §à¥−¨ï ��÷” ¯®«¨â¨ç¥áª¨å ®á®¡¥−-
−®áâ¥© ÷®áá¨¨ ï¢«ï¥âáï ¥¥ ¤®¢®«ì−® á«®¦−®¥, −¥ ¨¬¥îé¥¥ ¬¨à®¢ëå �−�«®£®¢
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’�¡«¨æ� 1 �á®¡¥−−®áâ¨ ª�â¥£®à¨© áã¡ê¥ªâ®¢

‘ã¡ê¥ªâ �á®¡¥−−®áâ¨

÷¥á¯ã¡«¨ª� { �å�à�ªâ¥à¨§®¢�−� ª�ª ú£®áã¤�àáâ¢®û
{ ‚¯à�¢¥ ãáâ�−�¢«¨¢�âì á¢®¨ £®áã¤�àáâ¢¥−−ë¥ ï§ëª¨

Šà�©, ®¡«�áâì, £®à®¤
ä¥¤¥à�«ì−®£® §−�ç¥−¨ï

{ ‘â�âãá ®¯à¥¤¥«ï¥âáï Š®−áâ¨âãæ¨¥© ÷®áá¨¨ ¨ á®¡-
áâ¢¥−−ë¬ ãáâ�¢®¬∗

�¢â®−®¬−�ï ®¡«�áâì { ‘â�âãá ®¯à¥¤¥«ï¥âáï Š®−áâ¨âãæ¨¥© ÷®áá¨¨ ¨ á®¡-
áâ¢¥−−ë¬ ãáâ�¢®¬∗

{ Œ®¦¥â ¡ëâì ¯à¨−ïâ ä¥¤¥à�«ì−ë© §�ª®− ®¡ �¢â®−®¬-
−®© ®¡«�áâ¨

�¢â®−®¬−ë© ®ªàã£ { ‘â�âãá ®¯à¥¤¥«ï¥âáï Š®−áâ¨âãæ¨¥© ÷®áá¨¨ ¨ á®¡-
áâ¢¥−−ë¬ ãáâ�¢®¬∗

{ Œ®¦¥â ¡ëâì ¯à¨−ïâ ä¥¤¥à�«ì−ë© §�ª®− ®¡ �¢â®−®¬-
−®¬ ®ªàã£¥

{ �â−®è¥−¨ï �¢â®−®¬−ëå ®ªàã£®¢, ¢å®¤ïé¨å ¢ á®áâ�¢
ªà�ï ¨«¨ ®¡«�áâ¨, ¬®£ãâ à¥£ã«¨à®¢�âìáï ä¥¤¥à�«ì-
−ë¬ §�ª®−®¬ ¨ ¤®£®¢®à®¬ ¬¥¦¤ã á®®â¢¥âáâ¢ãîé¨¬
�¢â®−®¬−ë¬ ®ªàã£®¬ ¨ ªà�¥¬ ¨«¨ ®¡«�áâìî

∗“áâ�¢ ¯à¨−¨¬�¥âáï §�ª®−®¤�â¥«ì−ë¬ ¯à¥¤áâ�¢¨â¥«ì−ë¬ ®à£�−®¬ á®®â¢¥âáâ¢ãîé¥£® áã¡ê¥ªâ�.

ä¥¤¥à�«ì−®¥ ãáâà®©áâ¢®, ¢ á®®â¢¥âáâ¢¨¨ á ª®â®àë¬ ÷®áá¨©áª�ï ”¥¤¥à�æ¨ï ¢
á¢®¥¬ á®áâ�¢¥ ®¡ê¥¤¨−ï¥â 83 áã¡ê¥ªâ�1. �à¨ç¥¬ ¢å®¤ïé¨¥ ¢ á®áâ�¢ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ áã¡ê¥ªâë ªà�©−¥ −¥®¤−®à®¤−ë ª�ª ¯® á¢®¥¬ã �¤¬¨−¨áâà�â¨¢−®¬ã
ãáâà®©áâ¢ã, â�ª ¨ ¯® ®á−®¢−ë¬ ¯�à�¬¥âà�¬ ®æ¥−ª¨ (â¥àà¨â®à¨¨, −�á¥«¥−−®áâ¨
¨ â. ¯.), çâ®, á®¡áâ¢¥−−® £®¢®àï, ¨ ï¢«ï¥âáï £«�¢−ë¬ ®â«¨ç¨â¥«ì−ë¬ ¯à¨§−�ª®¬.
’�ª, −� −�ç�«® 2014 £. ¢ á®áâ�¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢å®¤¨«¨ 21 à¥á¯ã¡«¨-
ª�, 9 ªà�¥¢, 46 ®¡«�áâ¥©, ¤¢� £®à®¤� ä¥¤¥à�«ì−®£® §−�ç¥−¨ï, ®¤−� �¢â®−®¬−�ï
®¡«�áâì ¨ ç¥âëà¥ �¢â®−®¬−ëå ®ªàã£�.

‘®£«�á−® ¤¥©áâ¢ãîé¥© Š®−áâ¨âãæ¨¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ¢á¥ ¢å®¤ïé¨¥ ¢
¥¥ á®áâ�¢ áã¡ê¥ªâë à�¢−®¯à�¢−ë ¢® ¢§�¨¬®®â−®è¥−¨ïå á ä¥¤¥à�«ì−ë¬¨ ®à£�−�¬¨
¢«�áâ¨ (¡¥§ ¯à�¢� ¢ëå®¤� ¨§ á®áâ�¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨), −® ¤«ï ª�¦¤®©
ª�â¥£®à¨¨ ¯à¥¤ãá¬®âà¥−ë −¥ª®â®àë¥ ¯à�¢®¢ë¥ ®á®¡¥−−®áâ¨, ª®â®àë¥ ®âà�¦¥−ë
¢ â�¡«. 1.

’�ª¨¬ ®¡à�§®¬, Š®−áâ¨âãæ¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, á ®¤−®© áâ®à®−ë,
¤¥ª«�à¨àã¥â à�¢¥−áâ¢® ¢á¥å áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, � á ¤àã£®© |
§�ªà¥¯«ï¥â ¨å à�§−ë© áâ�âãá, çâ® á®¤¥©áâ¢ã¥â �á¨¬¬¥âà¨ç−®¬ã à¥£¨®−�«ì−®¬ã
à�§¢¨â¨î. ’�ª®¥ ä®à¬�«ì−®¥ ¤¥«¥−¨¥ áã¡ê¥ªâ®¢ −� ª�â¥£®à¨¨ (−¥ £®¢®àï ã¦¥ ®
¤àã£¨å ä�ªâ®à�å) ¢¥¤¥â ª ¯à¨á¢®¥−¨î −¥ª®â®àë¬¨ à¥£¨®−�¬¨ ¯®«−®¬®ç¨© ä¥¤¥-
à�«ì−®© ¢«�áâ¨ ¨ ¯à¥¤¯®«�£�¥â ¯®â¥−æ¨�«ì−® à�§−ãî áâ¥¯¥−ì ¢«¨ï−¨ï ®â¤¥«ì−ëå

1�® á®áâ®ï−¨î −� 1 ï−¢�àï 2014 £.
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ˆ−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ ¬®−¨â®à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨

’�¡«¨æ� 2 ‘®®â−®è¥−¨¥ ¬¥¦¤ã £®à®¤áª¨¬ ¨ á¥«ìáª¨¬ −�á¥«¥−¨¥¬

�®áâ®ï−−®¥ −�á¥«¥−¨¥
−� 01.01.2010

‚á¥
−�á¥«¥−¨¥,
âëá. ç¥«.

‚ â®¬ ç¨á«¥,
âëá. ç¥«. (¢ % ª −�á¥«¥−¨î)

ƒ®à®¤ ‘¥«®
÷®áá¨©áª�ï ”¥¤¥à�æ¨ï 141 914,5 103 705,3 (73,1) 38 209,2 (26,9)
–¥−âà�«ì−ë© ä¥¤¥à�«ì−ë© ®ªàã£ 37 118,0 30 032,0 (80,9) 7 086,0 (19,1)
‘¥¢¥à®-‡�¯�¤−ë© ä¥¤¥à�«ì−ë© ®ªàã£ 13 437,1 11 085,5 (82,5) 2 351,6 (17,5)
ā¦−ë© ä¥¤¥à�«ì−ë© ®ªàã£ 13 713,5 8 516,2 (62,1) 5 197,3 (37,9)
‘¥¢¥à®-Š�¢ª�§áª¨© ä¥¤¥à�«ì−ë© ®ªàã£ 9 254,9 4 525,9 (48,9) 4 729,0 (51,1)
�à¨¢®«¦áª¨© ä¥¤¥à�«ì−ë© ®ªàã£ 30 109,4 21 164,3 (70,3) 8 945,1 (29,7)
“à�«ìáª¨© ä¥¤¥à�«ì−ë© ®ªàã£ 12 280,1 9 736,5 (79,3) 2 543,6 (20,7)
‘¨¡¨àáª¨© ä¥¤¥à�«ì−ë© ®ªàã£ 19 561,1 13 861,6 (70,9) 5,5 (29,1)
„�«ì−¥¢®áâ®ç−ë© ä¥¤¥à�«ì−ë© ®ªàã£ 6 440,4 4 783,3 (74,3) 1,1 (25,7)

áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ��÷”, çâ® ®âà�¦�¥âáï −� −¥áª®«ìª¨å
§−�ç¨¬ëå á â®çª¨ §à¥−¨ï ��÷” ¯®ª�§�â¥«ïå. �� íâã ¤¨ää¥à¥−æ¨�æ¨î ¯®
ª�â¥£®à¨ï¬ ¢å®¤ïé¨å ¢ á®áâ�¢ áâà�−ë áã¡ê¥ªâ®¢ −�ª«�¤ë¢�îâáï ªà�©−¥ à�§−®-
®¡à�§−ë¥ à¥£¨®−�«ì−ë¥ ãá«®¢¨ï, á¢ï§�−−ë¥ á® á¯¥æ¨ä¨ç¥áª¨¬ £¥®¯®«¨â¨ç¥áª¨¬
¯®«®¦¥−¨¥¬ ª�¦¤®£® ¨§ áã¡ê¥ªâ®¢ ÷®áá¨¨.

��£«ï¤−® ¢ëá®ªãî áâ¥¯¥−ì à¥£¨®−�«ì−®© ¤¨ää¥à¥−æ¨�æ¨¨ ¤¥¬®−áâà¨àã-
¥â á®®â−®è¥−¨¥ ¬¥¦¤ã £®à®¤áª¨¬ ¨ á¥«ìáª¨¬ −�á¥«¥−¨¥¬, ª�ª ¯à¥¤áâ�¢«¥−® ¢
â�¡«. 2 [3].

ˆ§ ¯à¨¢¥¤¥−−ëå ¤�−−ëå, ¢ ç�áâ−®áâ¨, á«¥¤ã¥â, çâ® ¤®«ï £®à®¤áª®£® −�á¥«¥−¨ï
¢ ‘¥¢¥à®-‡�¯�¤−®¬ ä¥¤¥à�«ì−®¬ ®ªàã£¥ ¯®çâ¨ ¢ ¤¢� à�§� ¢ëè¥, ç¥¬ ¢ ‘¥¢¥à®-
Š�¢ª�§áª®¬ ä¥¤¥à�«ì−®¬ ®ªàã£¥ ¨ íâ® −¥ ¬®¦¥â −¥ ®¯à¥¤¥«ïâì áãé¥áâ¢¥−−ãî
à�§−¨æã, −�¯à¨¬¥à, ¢ ¯®«¨â¨ç¥áª®© �ªâ¨¢−®áâ¨ ¦¨â¥«¥© ®¡®¨å ®ªàã£®¢. ‚ á¢®î
®ç¥à¥¤ì, íâ® ®¡áâ®ïâ¥«ìáâ¢® ®¯à¥¤¥«ï¥â à�§−ãî áâ¥¯¥−ì ¢«¨ï−¨ï −� ��÷” ®¡®-
¨å ãª�§�−−ëå ä¥¤¥à�«ì−ëå ®ªàã£®¢. …á«¨ ¦¥ íâ®â ¯®ª�§�â¥«ì à�áá¬®âà¥âì
¯à¨¬¥−¨â¥«ì−® ª −¥ª®â®àë¬ �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−ë¬ ¥¤¨−¨æ�¬ á ®á®-
¡ë¬ áâ�âãá®¬, ª�ª ¯à¥¤áâ�¢«¥−® ¢ â�¡«. 3 [3], â® á¨âã�æ¨ï ®ª�¦¥âáï ¥é¥ ¡®«¥¥
¢¯¥ç�â«ïîé¥©.

Š�ª ¢¨¤−® ¨§ â�¡«. 3, ¢ Š®¬¨-�¥à¬ïæª®¬ ®ªàã£¥ ¤®«ï £®à®¤áª®£® −�á¥«¥−¨ï
á®áâ�¢«ï¥â ¬¥−¥¥ 25% á® ¢á¥¬¨ ¢ëâ¥ª�îé¨¬¨ ¨§ íâ®£® ¯®á«¥¤áâ¢¨ï¬¨. ‚ â®
¦¥ ¢à¥¬ï ’�©¬ëàáª¨© �¢â®−®¬−ë© ®ªàã£ ¯® íâ®¬ã ¯®ª�§�â¥«î ¯à¨¡«¨¦�¥âáï ª
áà¥¤−¥¬ã §−�ç¥−¨î ¯® ÷®áá¨©áª®© ”¥¤¥à�æ¨¨.

��¨¡®«¥¥ §−�ç¨¬ë¬ ä�ªâ®à®¬ (¯®á«¥ ¯à¨à®¤−®-£¥®£à�ä¨ç¥áª¨å), ®¡®áâà¨¢-
è¨¬ à¥£¨®−�«ì−ãî ¤¨ää¥à¥−æ¨�æ¨î ¨ ¤�¦¥ ¬¥¦à¥£¨®−�«ì−ë¥ ¯à®â¨¢®à¥ç¨ï,
áâ�« ¯¥à¥å®¤ ÷®áá¨¨ −� à¥«ìáë àë−®ç−®© íª®−®¬¨ª¨. ‚ ÷®áá¨¨ ¢®§−¨ª«�
¡¥á¯à¥æ¥¤¥−â−�ï −¥à�¢−®¬¥à−®áâì à¥£¨®−�«ì−®£® à�§¢¨â¨ï, ¯à¥¤áâ�¢«ïîé�ï á®-
¡®© ¯àï¬ãî ã£à®§ã ¥¥ â¥àà¨â®à¨�«ì−®© æ¥«®áâ−®áâ¨, ¢¯«®âì ¤® ¢®§−¨ª−®¢¥−¨ï
«®ª�«ì−ëå ¢®®àã¦¥−−ëå ª®−ä«¨ªâ®¢ ¬¥¦¤ã æ¥−âà®¬ ¨ à¥£¨®−�«ì−ë¬¨ á¥¯�à�-
â¨áâáª¨¬¨ £àã¯¯¨à®¢ª�¬¨.
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’�¡«¨æ� 3 �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−ë¥ ¥¤¨−¨æë á ®á®¡ë¬ áâ�âãá®¬

�®áâ®ï−−®¥ −�á¥«¥−¨¥
−� 01.01.2010

‚á¥ −�á¥«¥−¨¥,
âëá. ç¥«.

‚ â®¬ ç¨á«¥,
âëá. ç¥«. (¢ % ª −�á¥«¥−¨î)

ƒ®à®¤ ‘¥«®
Š®¬¨-�¥à¬ïæª¨© ®ªàã£ 127,1 30,7 (24,2) 96,4 (75,8)
�£¨−áª¨© �ãàïâáª¨© ®ªàã£ 78,3 31,3 (39,9) 47,0 (60,1)
’�©¬ëàáª¨© �¢â®−®¬−ë© ®ªàã£ 36,6 24,5 (66,9) 12,1 (33,1)
�¢¥−ª¨©áª¨© �¢â®−®¬−ë© ®ªàã£ 16,3 5,4 (33,0) 10,9 (67,0)
“áâì-�à¤ë−áª¨© �ãàïâáª¨© ®ªàã£ 135,3 | (|) 135,3 (100,0)
Š®àïªáª¨© ®ªàã£ 20,4 5,6 (27,5) 14,8 (72,5)

’�ª¨¬ ®¡à�§®¬, ¢ −¥ª®â®àëå á«ãç�ïå à¥£¨®−�«ì−�ï á¯¥æ¨ä¨ª� ï¢«ï¥âáï ïà-
ª® ¢ëà�¦¥−−®©, ¨ íâ® ®¡áâ®ïâ¥«ìáâ¢® −�â�«ª¨¢�¥â −� ¬ëá«ì ® à�§−®© áâ¥¯¥−¨
¢«¨ï−¨ï −� ��÷” −¥ª®â®àëå ¯®ª�§�â¥«¥© ¢ à�§«¨ç−ëå à¥£¨®−�å ÷®áá¨©áª®©
”¥¤¥à�æ¨¨. �â® ®¡áâ®ïâ¥«ìáâ¢®, ¢ á¢®î ®ç¥à¥¤ì, ¯à¥¤¯®«�£�¥â à�§à�¡®âªã á¯¥æ¨-
�«¨§¨à®¢�−−ëå ¬¥â®¤¨ª à�áç¥â� àï¤� ¯®ª�§�â¥«¥© ��÷” ¨ ãç¥â� à¥£¨®−�«ì−®©
á¯¥æ¨ä¨ª¨ ¯à¨ à�§à�¡®âª¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ ¬®−¨â®à¨−£�
��÷”.

4 Формальный характер статистических показателей

…é¥ ®¤−� ®á®¡¥−−®áâì áâ�â¨áâ¨ç¥áª¨å ¯®ª�§�â¥«¥© á®áâ®¨â ¢ ¨å ¤®áâ�â®ç−®
ä®à¬�«ì−®¬ å�à�ªâ¥à¥, ¢¥áì¬� ®¯®áà¥¤®¢�−−® ®âà�¦�îé¥¬ áãâì á�¬®£® ï¢«¥−¨ï,
ª®â®à®¥ ®−¨ ®æ¥−¨¢�îâ, â. ¥. ¯®ª�§�â¥«¨ á�¬¨ ¯® á¥¡¥ −¥ ¢á¥£¤� ®â¢¥ç�îâ −�
¢®¯à®á ® ¯à¨ç¨−�å ¨å −¨§ª¨å ¨«¨ ¢ëá®ª¨å §−�ç¥−¨©. Š ¯à¨¬¥àã, ¯à¨ �−�«¨§¥
à�áå®¤®¢ −� ¯à®ª«�¤ªã ª®¬¬ã−¨ª�æ¨© ¡à®á�¥âáï ¢ £«�§� â®â ä�ªâ, çâ® áâ®¨¬®áâì
¥¤¨−¨æë áâà®¨â¥«ìáâ¢� ®â à¥£¨®−� ª à¥£¨®−ã ¬®¦¥â ®â«¨ç�âìáï ¯®çâ¨ ¢ ¤¥áïâì
à�§. ˆ â®«ìª® ã£«ã¡«¥−−®¥ ¨§ãç¥−¨¥ á¨âã�æ¨¨ ¯®§¢®«ï¥â ¢ëïá−¨âì ¯à¨ç¨−ã
â�ª¨å à�áå®¦¤¥−¨©. ‚ ¤�−−®¬ á«ãç�¥ ®á−®¢−ë¬ ä�ªâ®à®¬ ¢ëáâã¯�îâ á¥àì¥§−ë¥
®â«¨ç¨ï ¢ ¯à¨à®¤−ëå, ª«¨¬�â¨ç¥áª¨å ¨ £¥®«®£¨ç¥áª¨å ãá«®¢¨ïå, å®âï −¥ª®â®àë¥
íªá¯¥àâë ®â¬¥ç�îâ ¨ −¥à�¢−ë¥ úáâ�àâ®¢ë¥û ¢®§¬®¦−®áâ¨ à�§«¨ç−ëå à¥£¨®−®¢.

…é¥ ®¤¨− ¢�¦−¥©è¨© á â®çª¨ §à¥−¨ï ��÷” ¯®ª�§�â¥«ì | íâ® ãà®¢¥−ì
¦¨§−¨ −�á¥«¥−¨ï, −� ª®â®àë© áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ ®ª�§ë¢�îâ ª«¨¬�â¨ç¥áª¨¥
ãá«®¢¨ï. „¥©áâ¢¨â¥«ì−®, ¤�¦¥ ¯à¨ à�¢−®© §�à�¡®â−®© ¯«�â¥ ¨ à�¢−ëå æ¥−�å
−� â®¢�àë «î¤¨, ¦¨¢ãé¨¥ ¢ ãá«®¢¨ïå å®«®¤−®£® ª«¨¬�â�, ¢ë−ã¦¤¥−ë −¥áâ¨
§−�ç¨â¥«ì−® ¡‚®«ìè¨¥ à�áå®¤ë −� ¯à¨®¡à¥â¥−¨¥ â¥¯«®© ®¤¥¦¤ë, ®¯«�âã ãá«ã£ ¯®
®¡®£à¥¢ã ¨ á®¤¥à¦�−¨î ¦¨«ìï, ç¥¬ ¦¨â¥«¨ à¥£¨®−®¢ á ¡®«¥¥ ¬ï£ª¨¬ ª«¨¬�â®¬.
…é¥ åã¦¥ á¨âã�æ¨ï ¢ à¥£¨®−�å á à¥§ª® ª®−â¨−¥−â�«ì−ë¬ ª«¨¬�â®¬, £¤¥ âà¥¡ã¥âáï
¯®áâ®ï−−® ¨¬¥âì −¥áª®«ìª® ª®¬¯«¥ªâ®¢ ®¤¥¦¤ë ¨ −¥áâ¨ §−�ç¨â¥«ì−ë¥ à�áå®¤ë −�
®¡®£à¥¢ ¨ ª®−¤¨æ¨®−¨à®¢�−¨¥ ¯®¬¥é¥−¨© (¦¨«ëå ¨«¨ ®ä¨á−ëå). ˆ«¨, −�¯à¨¬¥à,
£¨¤à®«®£¨ï | ¯à¨ ®¤¨−�ª®¢®© ¤®áâã¯−®áâ¨ ¢®¤−ëå ¨áâ®ç−¨ª®¢ ¢®¤� ¢ ®¤−®¬
á«ãç�¥ ¬®¦¥â ¡ëâì ¯à¨£®¤−� ¤«ï ¯¨âìï, � ¢ ¤àã£®¬ | á®¢¥àè¥−−® −¥¯à¨¥¬«¥¬®©
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ˆ−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ ¬®−¨â®à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨

¤«ï ®à£�−¨§¬� ç¥«®¢¥ª�, çâ® ¢ë−ã¦¤�¥â ¯à¨¬¥−ïâì ¤®à®£®áâ®ïéãî â¥å−®«®£¨î
®ç¨áâª¨ ¢®¤ë.

‚ ®¡é¥¬¨à®¢®© ¯à�ªâ¨ª¥ ®æ¥−ª¨ ¡«�£®á®áâ®ï−¨ï −�á¥«¥−¨ï ¢�¦−ë¬ ¯®ª�§�â¥-
«¥¬ ï¢«ï¥âáï −�«¨ç¨¥ (¨«¨ ®âáãâáâ¢¨¥) ¢ á¥¬ì¥ �¢â®¬®¡¨«ï. ‚ ®â«¨ç¨¥ ®â ¡ëâ®¢®©
â¥å−¨ª¨ (å®«®¤¨«ì−¨ª, â¥«¥¢¨§®à, ¬¨ªà®¢®«−®¢�ï ¯¥çì, ¯�à®¢�àª�), ª®â®à�ï
à�á¯à®áâà�−¥−� ¯®¢á¥¬¥áâ−®, ¯®ªã¯ª� ¨ á®¤¥à¦�−¨¥ �¢â®¬®¡¨«ï ®áâ�¥âáï ã¤¥«®¬
¤®áâ�â®ç−® ®¡¥á¯¥ç¥−−ëå £à�¦¤�−. �¤−�ª® −¥¢®§¬®¦−® â®«ìª® á® áâ�â¨áâ¨ç¥-
áª¨å ¯®§¨æ¨© ®¡êïá−¨âì £¥®£à�ä¨ç¥áªãî ª�àâ¨−ã à�á¯à¥¤¥«¥−¨ï �¢â®¬®¡¨«¥© ¢
à�áç¥â¥ −� ®¤−ã á¥¬ìî (¨«¨ −� ¤ãèã −�á¥«¥−¨ï). ‘à¥¤¨ «¨¤¥à®¢ ¯® ª®«¨ç¥áâ¢ã �¢-
â®¬®¡¨«¥© −� ¤ãèã −�á¥«¥−¨ï ¢ëáâã¯�îâ â�ª¨¥ à¥£¨®−ë, ª�ª �à¨¬®àáª¨© ªà�©,
‘�å�«¨−áª�ï ¨ Š�«¨−¨−£à�¤áª�ï ®¡«�áâ¨, � áà¥¤¨ ú®âáâ�îé¨åû | á¥¢¥à−ë¥
�¢â®−®¬−ë¥ ®ªàã£�. …á«¨ ¨áå®¤¨âì â®«ìª® ¨§ áâ�â¨áâ¨ç¥áª¨å ¯®ª�§�â¥«¥©, ¬®¦¥â
¯®ª�§�âìáï, çâ® ¡«�£®á®áâ®ï−¨¥ ¦¨â¥«¥©, −�¯à¨¬¥à, ‘�å�«¨−áª®© ®¡«�áâ¨ ï¢−®
¢ëè¥, ç¥¬ ®¡¨â�â¥«¥© ‘¥¢¥à�. �¤−�ª® íâ® −¥ â�ª, §¤¥áì −�ç¨−�îâ ¨£à�âì à®«ì
á®¢á¥¬ ¤àã£¨¥ ä�ªâ®àë, ¯à¨ç¥¬ ¢¥áì¬� ¤�«¥ª¨¥ ®â íª®−®¬¨ç¥áª®© á¯¥æ¨ä¨ª¨,
−�¯à¨¬¥à ªã«ìâãà�, ¨áâ®à¨ï ¨«¨ ¤�¦¥ à¥«¨£¨ï. ’�ª, ¦¨â¥«¨ á¥¢¥à−ëå à�©®−®¢
−�è¥© áâà�−ë ¢ �¢â®¬®¡¨«ïå ¯à®áâ® −¥ −ã¦¤�îâáï: ¤«ï −¨å ¡®«ìè¥¥ §−�ç¥−¨¥
¨¬¥îâ á�−¨, −�àâë, á®¡�çì¨ ã¯àï¦ª¨.

�à¨¢¥¤¥−−ë¥ ¯à¨¬¥àë ã¡¥¤¨â¥«ì−® ¤¨ªâãîâ −¥®¡å®¤¨¬®áâì ¢¢¥¤¥−¨ï −¥ª®â®-
à®£® ÷�Š, ª®â®àë© ¯®§¢®«ï« ¡ë ª®àà¥ªâ¨à®¢�âì àï¤ −�¨¡®«¥¥ §−�ç¨¬ëå á â®çª¨
§à¥−¨ï ��÷” áâ�â¨áâ¨ç¥áª¨å ¯®ª�§�â¥«¥© ¢ ¨−â¥à¥á�å ¤®áâ¨¦¥−¨ï ¡®«ìè¥©
®¡ê¥ªâ¨¢−®áâ¨. �à¨ à�§à�¡®âª¥ ª®−ªà¥â−ëå §−�ç¥−¨© ÷�Š ã¬¥áâ−® ®¯¨à�âìáï
−� à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ˆ−áâ¨âãâ� £¥®£à�ä¨¨ ÷�� ¯® ¨§ãç¥−¨î ãá«®¢¨©
Šà�©−¥£® ‘¥¢¥à� ¨ ¯à¨à�¢−¥−−ëå ª −¨¬ ¬¥áâ−®áâ¥©, ®å¢�âë¢�îé¨å 60% â¥àà¨-
â®à¨¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨. ‚ å®¤¥ íâ¨å ¨áá«¥¤®¢�−¨© ¡ë«® ¢ë¤¥«¥−® ¯ïâì
§®− ãá«®¢¨©, ¯à�¢¤�, â®«ìª® ¯® ª«¨¬�â¨ç¥áª¨¬ ä�ªâ®à�¬ [4].

��¯à¨¬¥à, ãç¥−ë¥ ¨§ ˆ−áâ¨âãâ� £¥®£à�ä¨¨ ÷�� ¢ ª�ç¥áâ¢¥ ¨−¤¨ª�â®à�,
å�à�ªâ¥à¨§ãîé¥£® ãà®¢¥−ì ¦¨§−¨ ¢ à¥£¨®−¥, ¯à¥¤«�£�îâ âà�−á¯®àâ−ãî ¤®áâã¯-
−®áâì, � ¨¬¥−−®: á®®â−®è¥−¨¥ ¬¥¦¤ã ¯à®âï¦¥−−®áâìî �¢â®¬®¡¨«ì−ëå ¤®à®£ ¨
áà¥¤−¨¬ à�ááâ®ï−¨¥¬, −� ª®â®à®¥ ¥¦¥¤−¥¢−® ¯¥à¥¬¥é�¥âáï −�á¥«¥−¨¥ à¥£¨®−�.
‘ íâ¨¬ ¬®¦−® ®âç�áâ¨ á®£«�á¨âìáï, ¨áå®¤ï ¨§ ¨§¢¥áâ−®© àãááª®© ¯®á«®¢¨æë ¨ ¯®-
−¨¬�−¨ï â®£®, çâ® âà�−á¯®àâ−�ï ®á¢®¥−−®áâì â¥àà¨â®à¨¨ ¢ ®¯à¥¤¥«¥−−®© áâ¥¯¥−¨
á«ã¦¨â ¬¥à¨«®¬ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. „¥©áâ¢¨â¥«ì−®, á®áâ®ï−¨¥ ¤®à®¦-
−®© á¥â¨ ¨ âà�−á¯®àâ−®© á¨áâ¥¬ë ¢ æ¥«®¬ ï¢«ï¥âáï à¥è�îé¨¬ ¤«ï ¤®áâã¯� ª â�ª¨¬
¡«�£�¬ æ¨¢¨«¨§�æ¨¨, ª�ª ¬¥¤¨æ¨−áª¨¥, ®¡à�§®¢�â¥«ì−ë¥, ªã«ìâãà−ë¥ ¨ �¤¬¨-
−¨áâà�â¨¢−ë¥ ãçà¥¦¤¥−¨ï (−®â�à¨�«ì−ë¥ ª®−â®àë, â¥�âàë, ¡�áá¥©−ë, èª®«ë,
¢ã§ë, ¡¨¡«¨®â¥ª¨). ‚ ÷®áá¨¨ 75% ¬�«ëå £®à®¤®¢ ã¤�«¥−ë ®â ®¡«�áâ−®£® æ¥−âà�
−� 80 ¨ ¡®«¥¥ ª¨«®¬¥âà®¢, � 10% | −� à�ááâ®ï−¨¥ ¡®«¥¥ 500 ª¬. ‚¬¥áâ¥ á â¥¬
â�ª®© ¯®¤å®¤ ¢®§¬®¦¥− â®«ìª® ¤«ï ¯à®¢¥àª¨ à¥�«¨§ã¥¬®áâ¨ ®¡é¥© ª®−æ¥¯æ¨¨,
®¤−�ª® ¢ ¯®á«¥¤ãîé¥¬ âà¥¡ã¥â ¡®«¥¥ £«ã¡®ª®£® ¨§ãç¥−¨ï íâ®© ¯à®¡«¥¬ë.

�¥ª®â®àë¥ ¨§ ®â¬¥ç¥−−ëå à�§«¨ç¨© ¨¬¥îâ £«ã¡®ª¨¥ ¨áâ®à¨ç¥áª¨¥ ª®à−¨,
®¡ãá«®¢«¥−−ë¥ â¥¬, çâ® ¢ ¯à®è«ë¥ ¢¥ª� ¢ ÷®áá¨î ¢®è«¨ â¥àà¨â®à¨¨ ¨ á®æ¨�«ì−ë¥
®¡é−®áâ¨, −�å®¤ïé¨¥áï −� à�§−ëå áâ�¤¨ïå ¨áâ®à¨ç¥áª®£® ¨ á®æ¨�«ì−®-íª®-
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−

−®¬¨ç¥áª®£® à�§¢¨â¨ï [5]. ‚ á®¢¥âáª®¥ ¢à¥¬ï ®áâà®â� ®â¤¥«ì−ëå à�§«¨ç¨©
á£«�¦¨¢�«�áì ¯ãâ¥¬ ¯«�−®¢®© ¯®«¨â¨ª¨ ¢ëà�¢−¨¢�−¨ï ãà®¢−¥© á®æ¨�«ì−®-íª®-
−®¬¨ç¥áª®£® à�§¢¨â¨ï ª�ª £à�¦¤�−, â�ª ¨ à¥£¨®−®¢. ’�ª¨¬ ®¡à�§®¬, ãç¥â
â®«ìª® ¯à¨à®¤−®-ª«¨¬�â¨ç¥áª¨å ãá«®¢¨© ¬®¦¥â ¡ëâì «¨èì ¯¥à¢ë¬ è�£®¬ ¢
®¡é¥© ¬¥â®¤®«®£¨¨ ®æ¥−ª¨ à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨ ¢ ¨−â¥à¥á�å à�§à�¡®âª¨
¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ ¬®−¨â®à¨−£� ��÷”.

5 Показатели национальной безопасности Российской Федерации
в региональном аспекте

ˆáå®¤ï ¨§ ¬¥¦¤ã−�à®¤−®£® ®¯ëâ�, ¢ ç�áâ−®áâ¨ ®¯ëâ� ¤¥ïâ¥«ì−®áâ¨ „¥¯�àâ�-
¬¥−â� −�æ¨®−�«ì−®© (¢−ãâà¥−−¥©) ¡¥§®¯�á−®áâ¨ ‘˜� (Department of Homeland
Security), −�¨¡®«¥¥ §�¢¨á¨¬ë¬¨ ®â à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨ (¯® ¯à¥®¡«�¤�îé¥¬ã
ç¨á«ã ¯®ª�§�â¥«¥©) áä¥à�¬¨ ®æ¥−¨¢�−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ï¢«ïîâáï:

{ íª®−®¬¨ç¥áª�ï áä¥à� (§� ¨áª«îç¥−¨¥¬ ä¨−�−á®¢®© á¨áâ¥¬ë);
{ á®æ¨�«ì−�ï áä¥à�;
{ ¤ãå®¢−�ï ¨ ¨−ä®à¬�æ¨®−−�ï áä¥à�1;

{ íª®«®£¨ç¥áª�ï áä¥à�;
{ áä¥à� ®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨.

‡�¢¨á¨¬ë¬¨ ¯® ®â¤¥«ì−ë¬ ¯®ª�§�â¥«ï¬ ï¢«ïîâáï:

{ ¢−ãâà¨¯®«¨â¨ç¥áª�ï áä¥à�;
{ áä¥à� ®¡à�§®¢�−¨ï ¨ −�ãª¨.

�à�ªâ¨ç¥áª¨ −¥§�¢¨á¨¬ë¬¨ ®â à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨ ï¢«ïîâáï:

{ ¬¥¦¤ã−�à®¤−�ï áä¥à�;
{ ¢®¥−−�ï ¨ ®¡®à®−−®-¯à®¬ëè«¥−−�ï áä¥à�;
{ ä¨−�−á®¢�ï á¨áâ¥¬� íª®−®¬¨ç¥áª®© áä¥àë.

ˆ§ �−�«¨§� à¥§ã«ìâ�â®¢ −�ãç−ëå ¨§ëáª�−¨© ¨ ¤¥©áâ¢ãîé¨å ¯à�¢®¢ëå −®à¬ [6]
á«¥¤ã¥â, çâ® ®¡ï§�â¥«ì−ë¬¨ ¯®ª�§�â¥«ï¬¨ ¤«ï ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ��÷”,
ª®â®àë¥ −�¨¡®«¥¥ áãé¥áâ¢¥−−® ¢«¨ïîâ −� á®áâ®ï−¨¥ ��÷” ¨ ª®â®àë¥ §�¢¨áïâ
®â à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨, −�àï¤ã á ¯à®ç¨¬¨ ¬®£ãâ ¡ëâì á«¥¤ãîé¨¥:

{ ¤®«ï −�á¥«¥−¨ï, ¢ª«îç¥−−®£® ¢ �ªæ¨¨ ¯à®â¥áâ� á âà¥¡®¢�−¨ï¬¨ ¯®«¨â¨ç¥áª®£®
å�à�ªâ¥à�;

{ ãà®¢¥−ì ¡¥§à�¡®â¨æë;
{ ¤®«ï −�á¥«¥−¨ï á ¤®å®¤�¬¨ −¨¦¥ ¯à®¦¨â®ç−®£® ¬¨−¨¬ã¬�;
{ á®®â−®è¥−¨¥ ¤®å®¤®¢ 10% −�¨¡®«¥¥ ¨ 10% −�¨¬¥−¥¥ ®¡¥á¯¥ç¥−−®£® −�á¥«¥−¨ï

(¤¥æ¨«ì−ë© ª®íää¨æ¨¥−â);
1‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ú¤ãå®¢−�ï ¨ ¨−ä®à¬�æ¨®−−�ï áä¥à�û ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¥¤áâ�¢«¥−�,

¢ ®á−®¢−®¬, ¨−ä®à¬�æ¨®−−ë¬¨ ¯®ª�§�â¥«ï¬¨.
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ˆ−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ ¬®−¨â®à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨

’�¡«¨æ� 4 „®«ï −�á¥«¥−¨ï á ¤®å®¤�¬¨ −¨¦¥ ¯à®¦¨â®ç−®£® ¬¨−¨¬ã¬�

÷¥£¨®−
ƒ®¤

2007 2013 2017 2020
Œãà¬�−áª�ï ®¡«�áâì 20,2% 18,0% 15,0% 11,0%
�àå�−£¥«ìáª�ï ®¡«�áâì
(¡¥§ �¥−¥æª®£® �¢â®−®¬−®£® ®ªàã£�) 23,2% 18,1% 15,4% 10,3%

�¥−¥æª¨© �¢â®−®¬−ë© ®ªàã£ 5,7% 4,6% 3,7% 2,3%
÷¥á¯ã¡«¨ª¨ ‘�å� (Ÿªãâ¨ï) 20,1% 17,3% 14,9% 11,2%
—ãª®âáª¨© �¢â®−®¬−ë© ®ªàã£ 12,4% 12,1% 11,7% 11,5%
�àªâ¨ç¥áª�ï §®−� ÷®áá¨¨ 14,9% 12,5% 10,6% 8,0%

’�¡«¨æ� 5 “à®¢¥−ì ¡¥§à�¡®â¨æë

÷¥£¨®−
ƒ®¤

2007 2013 2017 2020
Œãà¬�−áª�ï ®¡«�áâì 5,6% 7,8% 5,5% 4,2%
�àå�−£¥«ìáª�ï ®¡«�áâì 7,3% 6,5% 5,3% 4,1%
�¥−¥æª¨© �¢â®−®¬−ë© ®ªàã£ 6,4% 5,7% 4,2% 2,5%
÷¥á¯ã¡«¨ª� ‘�å� (Ÿªãâ¨ï) 7,4% 4,3% 3,6% 3,1%
—ãª®âáª¨© �¢â®−®¬−ë© ®ªàã£ 3,6% 3,3% 2,9% 2,5%
�àªâ¨ç¥áª�ï §®−� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ 5,6% 5,1% 3,9% 3,0%

{ á®áâ®ï−¨¥ ®ªàã¦�îé¥© áà¥¤ë ¨ íª®«®£¨¨ ¢ æ¥«®¬;

{ ¤®«ï −�á¥«¥−¨ï, ¯à®¦¨¢�îé¥£® −� â¥àà¨â®à¨ïå, −� ª®â®àëå á®áâ®ï−¨¥ ®ªàã-
¦�îé¥© áà¥¤ë −¥ á®®â¢¥âáâ¢ã¥â −®à¬�â¨¢�¬ ª�ç¥áâ¢�;

{ ãà®¢¥−ì ¯à¥áâã¯−®áâ¨.

÷¥£¨®−�«ì−ãî á¯¥æ¨ä¨ªã ¤¥¬®−áâà¨àã¥â ¯®ª�§�â¥«ì ¤®«¨ −�á¥«¥−¨ï á ¤®å®-
¤�¬¨ −¨¦¥ ¯à®¦¨â®ç−®£® ¬¨−¨¬ã¬� ®â ®¡é¥© ç¨á«¥−−®áâ¨ −�á¥«¥−¨ï ¢ −¥ª®â®àëå
¯¥à¨ä¥à¨©−ëå à¥£¨®−�å, ª�ª íâ® ¯à¥¤áâ�¢«¥−® ¢ â�¡«. 4 [7].

ˆ§ ¯à¨¢¥¤¥−−ëå ¤�−−ëå á«¥¤ã¥â, çâ® ¯® ¯«�−ã −� 2017 £. ¢á¥ ¯¥à¨ä¥à¨©-
−ë¥ à¥£¨®−ë ¤®«¦−ë ¨¬¥âì ¯à¨¬¥à−® ®¤¨−�ª®¢ë¥ §−�ç¥−¨ï ¤®«¨ −�á¥«¥−¨ï á
¤®å®¤�¬¨ −¨¦¥ ¯à®¦¨â®ç−®£® ãà®¢−ï. ’¥¬ −¥ ¬¥−¥¥ à¥§ª¨¬ ª®−âà�áâ®¬ ¢ëáâã-
¯�¥â �¥−¥æª¨© �¢â®−®¬−ë© ®ªàã£, å®âï ®− ä®à¬�«ì−® ¬�«® ç¥¬ ®â«¨ç�¥âáï ®â
�àå�−£¥«ìáª®© ®¡«�áâ¨.

�¥ ¬¥−¥¥ ¢¯¥ç�â«ïîéãî ª�àâ¨−ã ¯à¥¤áâ�¢«ï¥â ¨ à�á¯à¥¤¥«¥−¨¥ ¡¥§à�¡®â¨æë
¯® à¥£¨®−�¬, ª�ª íâ® ¢¨¤−® ¨§ â�¡«. 5 [3].

Š�ª á«¥¤ã¥â ¨§ ¤�−−ëå, ¯à¨¢¥¤¥−−ëå ¢ â�¡«. 5, á�¬ë© ¢ëá®ª¨© ãà®¢¥−ì ¡¥§-
à�¡®â¨æë ¢ 2017 £. ¯à¥¤¯®«�£�¥âáï ¢ Œãà¬�−áª®© ®¡«�áâ¨, £¤¥ ®− ¯®çâ¨ ¢ 2 à�§�
¯à¥¢ëè�¥â íâ®â ¯®ª�§�â¥«ì ¤«ï —ãª®âáª®£® �¢â®−®¬−®£® ®ªàã£�. Š 2020 £. ¯«�−¨-
àã¥âáï áãé¥áâ¢¥−−®¥ ¢ëà�¢−¨¢�−¨¥ íâ®£® ¯®ª�§�â¥«ï, ¯®íâ®¬ã ¯à¨ ¯®á«¥¤ãîé¥©
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−

¯¥à¥à�¡®âª¥ ª®«¨ç¥áâ¢� ¨ ª�ç¥áâ¢� ¨−¤¨ª�â®à®¢ ¢®§¬®¦−® ¯¥à¥à�á¯à¥¤¥«¥−¨¥
áä¥à ¯® áâ¥¯¥−¨ §�¢¨á¨¬®áâ¨ ®â à¥£¨®−�«ì−®© á¯¥æ¨ä¨ª¨.

6 Выводы

�à¨¢¥¤¥−−ë© ¬�â¥à¨�« ã¡¥¤¨â¥«ì−® ¤¥¬®−áâà¨àã¥â §−�ç¥−¨¥ ãç¥â� à¥£¨®-
−�«ì−®© á¯¥æ¨ä¨ª¨ ª�ª ¬¨−¨¬ã¬ ¯® ¤¢ã¬ áãé¥áâ¢¥−−ë¬ á â®çª¨ §à¥−¨ï ®¡®¡-
é¥−−®© ®æ¥−ª¨ ��÷” −�¯à�¢«¥−¨ï¬:

(1) ¤¨á¯à®¯®àæ¨¨ ¢ à¥£¨®−�«ì−ëå ¯®ª�§�â¥«ïå −�áâ®«ìª® ¢¥«¨ª¨, çâ® ¢ëç¨á«¥-
−¨¥ ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï âà�¤¨æ¨®−−ë¬ á¯®á®¡®¬ ãáà¥¤−¥−¨ï ¯à¨¢®¤¨â
ª ¯®á«¥¤ãîé¥© ¨áª�¦¥−−®© ®æ¥−ª¥ ��÷”;

(2) −¥ª®â®àë¥ à¥£¨®−�«ì−ë¥ ¯®ª�§�â¥«¨ ¬®£ãâ ®ª�§�âì −� ��÷” ¢ æ¥«®¬ §−�-
ç¨â¥«ì−® ¡®«ìè¥¥ ¢«¨ï−¨¥, ç¥¬ âà�¤¨æ¨®−−ë¥ ¯®ª�§�â¥«¨ ä¥¤¥à�«ì−®£®
ãà®¢−ï, −�¯à¨¬¥à ¤®«ï ¡®¥£®â®¢ëå á®¥¤¨−¥−¨©.

’�ª¨¬ ®¡à�§®¬, ¯à¨ à�§à�¡®âª¥ ª®−æ¥¯âã�«ì−ëå ¯®¤å®¤®¢ ª á®§¤�−¨î ¨−-
ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ ¬®−¨â®à¨−£� ��÷” ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
−¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì −¥ ¯®ª�§�â¥«¨, ®¡®¡é¥−−ë¥ ®à£�−�¬¨ £®áã¤�àáâ¢¥−−®©
áâ�â¨áâ¨ª¨ ¨ ¤àã£¨¬¨ ä¥¤¥à�«ì−ë¬¨ ®à£�−�¬¨ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨, � ¨áå®¤-
−ë¥ −¥à¥¤ãæ¨à®¢�−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë á à¥£¨®−�«ì−®©, ¢à¥¬¥−−‚®© ¨
¨−®© ¤¥â�«¨§�æ¨¥© [8]. ’�ª, ¨§ ®ä¨æ¨�«ì−ëå ¨−ä®à¬�æ¨®−−ëå ¨áâ®ç−¨ª®¢ á«¥-
¤ã¥â, çâ® ª 2020 £. ¯à¥¤¯®«�£�¥âáï á£«�¦¨¢�−¨¥ à¥£¨®−�«ì−®© ¤¨ää¥à¥−æ¨�æ¨¨
¯® ªà�©−¥© ¬¥à¥ ¯® −�¨¡®«¥¥ §−�ç¨¬ë¬ ¯®ª�§�â¥«ï¬, â�ª¨¬ ª�ª ¤®«ï −�á¥«¥−¨ï
á ¤®å®¤�¬¨ −¨¦¥ ¯à®¦¨â®ç−®£® ¬¨−¨¬ã¬� ¨ ãà®¢¥−ì ¡¥§à�¡®â¨æë. �¤−�ª® ¥á«¨
®â®©â¨ ®â áâ�â¨áâ¨ç¥áª¨å ¯®ª�§�â¥«¥© ¨ ¢−¨ª−ãâì ¢ áãâì ¯à®¡«¥¬ë, â® ¢ëïá−¨âáï,
çâ® â�ª®¥ ú¢ëà�¢−¨¢�−¨¥û ¤®áâ¨£�¥âáï −¥ §� áç¥â à®áâ� íª®−®¬¨ç¥áª®© �ªâ¨¢−®áâ¨
®âáâ�îé¨å à¥£¨®−®¢, � ¯ãâ¥¬ à�áè¨à¥−¨ï ¬�áèâ�¡®¢ ¤®â�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨.
‘ª®à¥¥ ¢á¥£®, â�ª®© ¯®¤å®¤ ¯à¨¢¥¤¥â ª ¥é¥ ¡‚®«ìè¨¬ á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨¬
¨ ¯®«¨â¨ç¥áª¨¬ à¥£¨®−�«ì−ë¬ ¯¥à¥ª®á�¬, ã£«ã¡«¥−¨î ¬¥¦à¥£¨®−�«ì−ëå ¯à®â¨-
¢®à¥ç¨©, � §−�ç¨â, ¯à¨¬¥−ïâì ®¡®¡é¥−−ë¥ áâ�â¨áâ¨ç¥áª¨¥ ¯®ª�§�â¥«¨ ¤«ï ®æ¥−ª¨
��÷” ¢ ¤�−−®¬ á«ãç�¥ ¯à®áâ® −¥¯à¨¥¬«¥¬®. ‚ á¢ï§¨ á íâ¨¬, ¢®§¬®¦−®, ¢ −¥ª®-
â®àëå á«ãç�ïå ¢®§−¨ª−¥â −¥®¡å®¤¨¬®áâì á¡®à� ¤®¯®«−¨â¥«ì−ëå áâ�â¨áâ¨ç¥áª¨å
¤�−−ëå á âà¥¡ã¥¬®© ¤¥â�«¨§�æ¨¥©.
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Abstract: Monitoring and estimating of national security of the Russian
Federation (NSRF) assumes processing of several tens of various parameters
envisioned for this purpose. A priori it is supposed that these parameters are
not subject to regional specificity or this influence is insignificant. The analysis
carried out by the authors has shown that a significant part of parameters is
injected from the regional components and can be received only from regional
sources. Thus, these parameters vary seriously from region to region and their
distinctions have not only quantitative, but also qualitative character. Essential
distinctions in natural, climatic, and geological conditions are the major factors
of regional specificity though some experts also specify unequal \starting"
capabilities of various regions. One more feature of general statistics is reflected
in its quite formal character, sometimes rather indirectly reflecting the essence
of the phenomenon which the appropriate indices estimate. Only a profound
study of the situation allows to straighten out the reason of such divergences.
These circumstances dictate the necessity of working out specialized techniques
considering regional specificity while calculating basic (federal) parameters of
NSRF. One of the solutions could be applying the regional correction coefficient
which would allow to correct a number of statistics that are the most significant
from the point of view of NSRF in order to achieve better objectivity.
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МЕТОДЫ ИНТЕГРАЦИИ ОБЛАЧНЫХ СЕРВИСОВ
НА ПРИМЕРЕ ЗДРАВООХРАНЕНИЯ

Г. Я. Илюшин1, В. И. Лиманский2

�−−®â�æ¨ï: �à®¢¥¤¥− �−�«¨§ âà�¤¨æ¨®−−ëå ¯®¤å®¤®¢ ª ¨−â¥£à�æ¨¨ ¬−®-
¦¥áâ¢� −¥§�¢¨á¨¬ëå ¯à¨«®¦¥−¨© ¢ ¥¤¨−ãî ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã (ˆ‘),
à�áá¬®âà¥−ë ¨å ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�âª¨. ˆ§«®¦¥−ë ¯®¤å®¤ë ª ¯®áâà®-
¥−¨î íää¥ªâ¨¢−®£® à¥è¥−¨ï ¯® ¨−â¥£à�æ¨¨ ¯à¨«®¦¥−¨© ¢ à�¬ª�å ¥¤¨−®©
ˆ‘ ¨ áä®à¬ã«¨à®¢�−ë âà¥¡®¢�−¨ï ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ −� ¡�-
§¥ ¯®áâà®¥−¨ï á¯¥æ¨�«ì−®£® ¨−â¥£à�æ¨®−−®£® á«®ï ˆ‘. “ª�§�−−®¥ à¥è¥−¨¥
¯®áâà®¥−® −� ¯à¨−æ¨¯�å á¥à¢¨á−®-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãàë, ¯®§¢®«ï-
¥â ¨á¯®«ì§®¢�âì á®¢à¥¬¥−−ë¥ ¨−â¥£à�æ¨®−−ë¥ ¯à®¤ãªâë à�§«¨ç−ëå ª®¬¯�-
−¨© ¨ ¯à¥¤«�£�¥â ¤®¯®«−¨â¥«ì−ë¥ �àå¨â¥ªâãà−ë¥ áà¥¤áâ¢� ¬�áèâ�¡¨à®¢�−¨ï,
®¡¥á¯¥ç¨¢�îé¨¥ ¢®§¬®¦−®áâì ®¯â¨¬�«ì−®© §�£àã§ª¨ ¯à®£à�¬¬−®-�¯¯�à�â−ëå
áà¥¤áâ¢ ¨−â¥£à�æ¨®−−®£® á«®ï, −�ç¨−�ï ®â −¥¡®«ìè¨å ˆ‘ ãà®¢−ï ¯à¥¤¯à¨ïâ¨ï
¨ ¢¯«®âì ¤® ¬�áèâ�¡−ëå, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå ˆ‘. ‚ ç�áâ−®áâ¨,
¯®ª�§�−� ¢®§¬®¦−®áâì ¨ æ¥«¥á®®¡à�§−®áâì ¯à¨¬¥−¥−¨ï à�áá¬®âà¥−−®£® ¨−-
â¥£à�æ¨®−−®£® á«®ï ¯à¨ à¥�«¨§�æ¨¨ ¥¤¨−®© £®áã¤�àáâ¢¥−−®© ˆ‘ ¢ ®¡«�áâ¨
§¤à�¢®®åà�−¥−¨ï (…ƒˆ‘‡) ¤«ï à¥è¥−¨ï §�¤�ç¨ ¨−â¥£à�æ¨¨ ¥¥ ª®¬¯®−¥−â®¢ ¢
¥¤¨−ãî ˆ‘.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; á¥à¢¨á−®-®à¨¥−â¨à®¢�−−�ï
�àå¨â¥ªâãà�; SOAP; ¢¥¡-á¥à¢¨áë; ¨−â¥£à�æ¨ï ª®¬¯®−¥−â®¢ ˆ‘; ¯à®¬¥¦ã-
â®ç−ë© á«®©; ¥¤¨−�ï £®áã¤�àáâ¢¥−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¢ áä¥à¥ §¤à�-
¢®®åà�−¥−¨ï; …ƒˆ‘‡
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1 Введение

�®¯ëâª¨ à¥è¥−¨ï §�¤�ç ®à£�−¨§�æ¨¨ í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
à�§−®à®¤−ë¬¨ ˆ‘ ª�ª ¢−ãâà¨ ¢¥¤®¬áâ¢, â�ª ¨ ¬¥¦¤ã ¢¥¤®¬áâ¢�¬¨ §� ¯®á«¥¤−¨¥
£®¤ë ¯à¥¤¯à¨−¨¬�«¨áì −¥®¤−®ªà�â−®. �¤−�ª® −¨ ®¤−� ¨§ íâ¨å ¯®¯ëâ®ª −¥ ã¢¥−ç�-
«�áì ¯®«−ë¬ ãá¯¥å®¬. �¤−®© ¨§ ¯à¨ç¨− −¥ã¤�ç ï¢«ï¥âáï ¯®¯ëâª� à�§à�¡®âç¨ª®¢
à¥�«¨§®¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ ã−�á«¥¤®¢�−−ëå á¨áâ¥¬ á ï¤à®¬ á¨áâ¥¬ë ¨−â¥£à�-
æ¨¨ ú¢ «®¡û | ¯ãâ¥¬ à�§à�¡®âª¨ ¬−®¦¥áâ¢� −¥§�¢¨á¨¬ëå ®¡«�ç−ëå á¥à¢¨á®¢,
à¥è�îé¨å ®â¤¥«ì−ë¥ ¯®¤§�¤�ç¨ ¢§�¨¬®¤¥©áâ¢¨ï. �®«ì§®¢�â¥«ï¬ íâ¨å á¥à¢¨á®¢
(¬®¤¥à−¨§¨àã¥¬ë¬ à�§−®à®¤−ë¬ ˆ‘) ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì −®¢ë¥ á¥à¢¨áë

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ilushin@atik.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vlimansky@ipiran.ru
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ƒ. Ÿ. ˆ«îè¨−, ‚. ˆ. ‹¨¬�−áª¨©

¨ â¥å−®«®£¨¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢§�¬¥− à�−¥¥ à�§à�¡®â�−−ëå ¨ ã¦¥
äã−ªæ¨®−¨àãîé¨å API (application programming interface). ’�ª¨¬ ®¡à�§®¬,
®á−®¢−ë¥ §�âà�âë −� ¨−â¥£à�æ¨î −¥ï¢−® ¯¥à¥−®áïâáï −� ¬®¤¥à−¨§�æ¨î ¤¥©áâ¢ã-
îé¨å á¨áâ¥¬ ¨ ª®¬¯«¥ªá−ãî ®â«�¤ªã −®¢®£® ¨−â¥£à¨à®¢�−−®£® ¯à®£à�¬¬−®£®
¯à®¤ãªâ�. ÷�§¬¥à íâ¨å âàã¤®§�âà�â áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ §�¢¨á¨â ®â ¨á¯®«ì§ã-
¥¬ëå ¡�§®¢ëå ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¨ ¯à¥¤«�£�¥¬ëå ä®à¬�â®¢ á¥à¢¨á®¢.

�à¨ −�¯¨á�−¨¨ áâ�âì¨ �¢â®àë ¨á¯®«ì§®¢�«¨ á®¡áâ¢¥−−ë© ®¯ëâ, ¯®«ãç¥−−ë©
¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ ¢ ˆ�ˆ ÷�� −¥áª®«ìª¨å á¨áâ¥¬ ¨−â¥£à�æ¨¨ ¬−®¦¥áâ¢�
à�§−®à®¤−ëå ¯à¨«®¦¥−¨©, áà¥¤¨ ª®â®àëå:

{ ¯®¤á¨áâ¥¬� ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ �‚„ ”’� …ˆ� (2007{
2009 ££.) [1{3];

{ á¨áâ¥¬� ¡à®−¨à®¢�−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£ ¢ «¥ç¥¡−ëå ãçà¥¦¤¥−¨ïå £. Œ®áª-
¢ë ú“¤�«¥−−�ï à¥£¨áâà�âãà�û (2003{2005 ££.) [4] ¢ à�¬ª�å ¯à®¥ªâ� ú�«¥ª-
âà®−−�ï Œ®áª¢�û (äã−ªæ¨®−�«ì−ë© �−�«®£ á®¢à¥¬¥−−®© ¯®¤á¨áâ¥¬ë ”�÷
…ƒˆ‘‡);

{ ¡®«¥¥ à�−−¨¥ ¯à®¥ªâë, ¢ â®¬ ç¨á«¥ á¨áâ¥¬� ¡à®−¨à®¢�−¨ï ¬¥¤¨ª�¬¥−â®¢ [5].

�¢â®àë â�ª¦¥ ¨á¯®«ì§®¢�«¨ à¥§ã«ìâ�âë íªá¯¥àâ¨§ë à¥�«¨§�æ¨¨ ¯¥à¢®© ®ç¥-
à¥¤¨ á¨áâ¥¬ë ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (‘Œ�‚) ¨ ®¡é¥-
¤®áâã¯−ãî ¨−ä®à¬�æ¨î ® à¥�«¨§�æ¨¨ …ƒˆ‘‡.

2 Способы организации взаимодействия компонентов
информационной системы

‚ á¥à¢¨á−®-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãà¥ áãé¥áâ¢ã¥â ¤¢� ¬¥â®¤� ®à£�−¨§�-
æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¨−â¥£à¨àã¥¬ëå ª®¬¯®−¥−â®¢ á¨áâ¥¬ë. �¥à¢ë© §�ª«îç�¥âáï
¢ ®à£�−¨§�æ¨¨ ¯àï¬®£® ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ ¯® ¯à¨−æ¨¯ã úâ®çª�{â®ç-
ª�û. ‚â®à®© | ¢® ¢§�¨¬®¤¥©áâ¢¨¨ ¢á¥å ª®¬¯®−¥−â®¢ ç¥à¥§ ú¥¤¨−ë© ã§¥«û.
Š�ª ¯à�¢¨«®, −� −�ç�«ì−ëå íâ�¯�å �¢â®¬�â¨§�æ¨¨ ¢ë¡¨à�¥âáï ¯¥à¢ë© ¯ãâì ª�ª
−�¨¡®«¥¥ ¯à®áâ®© ¢ à¥�«¨§�æ¨¨ ¨ −¥ âà¥¡ãîé¨© à�§à�¡®âª¨ ¤®¯®«−¨â¥«ì−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. ‘ãâì ¤�−−®£® ¬¥â®¤� §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬:
®â¤¥«ì−ë¥ ª®¬¯®−¥−âë ˆ‘ ¯à¥¤®áâ�¢«ïîâ á¥à¢¨áë, ï¢«ïîé¨¥áï ¨−â¥àä¥©á�¬¨
ª ¨å ¡¨§−¥á-«®£¨ª¥. ‚§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ à¥�«¨§®¢�−® ¢ à�¬ª�å
¡¨§−¥á-¯à®æ¥áá®¢, −� ®â¤¥«ì−ëå è�£�å ª®â®àëå ®áãé¥áâ¢«ïîâáï ¢ë§®¢ë â®£®
¨«¨ ¨−®£® á¥à¢¨á�: ®â á¥à¢¨á�-¯®âà¥¡¨â¥«ï ®¤−®£® ª®¬¯®−¥−â� ª á¥à¢¨áã-¯®áâ�¢-
é¨ªã ¤àã£®£® ª®¬¯®−¥−â�. Š®£¤� ¢§�¨¬®¤¥©áâ¢ãîé¨å ª®¬¯®−¥−â®¢ áâ�−®¢¨âáï
¬−®£®, â® ª®−âà®«ì ¨ ã¯à�¢«¥−¨¥ äã−ªæ¨®−¨à®¢�−¨¥¬ ª®¬¯®−¥−â®¢ ãá«®¦−ï¥â-
áï, � áâ®¨¬®áâì á®¯à®¢®¦¤¥−¨ï ¨−â¥£à¨à®¢�−−®© â�ª¨¬ ®¡à�§®¬ ˆ‘ áâ�−®¢¨âáï
−¥¯à¨¥¬«¥¬® ¢ëá®ª®©. ‘«¥¤ã¥â â�ª¦¥ ãç¨âë¢�âì, çâ® ¢ à�¡®â¥ ˆ‘ ¬®£ãâ ¨á-
¯®«ì§®¢�âìáï −¥ â®«ìª® á®¡áâ¢¥−−ë¥ á¥à¢¨áë-¯®áâ�¢é¨ª¨ (á¥à¢¨áë ª®¬¯®−¥−â®¢
á¢®¥© ˆ‘), −® ¨ á¥à¢¨áë-¯®áâ�¢é¨ª¨ áâ®à®−−¨å (¢−¥è−¨å) ˆ‘, ª®â®àë¥ ¢ ®¡é¥¬
á«ãç�¥ ú¨£à�îâû ¯® á¢®¨¬ ¯à�¢¨«�¬.
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Œ¥â®¤ë ¨−â¥£à�æ¨¨ ®¡«�ç−ëå á¥à¢¨á®¢ −� ¯à¨¬¥à¥ §¤à�¢®®åà�−¥−¨ï

�à£�−¨§�æ¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¯à®£à�¬¬−ëå ª®¬¯®−¥−â®¢ ¯ãâ¥¬ ¯àï¬®£® ®¡à�-
é¥−¨ï á¥à¢¨á�-¯®âà¥¡¨â¥«ï ®¤−®£® ª®¬¯®−¥−â� ª á¥à¢¨áã-¯®áâ�¢é¨ªã ¤àã£®£® −¥
¦¥«�â¥«ì−� ¤«ï æ¥«®áâ−®© á¨áâ¥¬ë, ¯®áª®«ìªã ¨¬¥¥â àï¤ áãé¥áâ¢¥−−ëå ¨§êï−®¢
¨ −¥¤®áâ�âª®¢:

{ −¥¢®§¬®¦−® á®§¤�−¨¥ æ¥−âà�«¨§®¢�−−®© á¨áâ¥¬ë à�§£à�−¨ç¥−¨ï ¤®áâã¯� ª
á¥à¢¨á�¬-¯®áâ�¢é¨ª�¬ ª®¬¯®−¥−â®¢ á¢®¥© ˆ‘, � â�ª¦¥ ª á¥à¢¨á�¬-¯®áâ�¢-
é¨ª�¬ áâ®à®−−¨å ˆ‘. ‚ ¤�−−®¬ á«ãç�¥ ¢á¥ áà¥¤áâ¢� à�§£à�−¨ç¥−¨ï ¤®áâã¯�
¡ã¤ãâ á®áà¥¤®â®ç¥−ë ¢ á¥à¢¨á�å-¯®áâ�¢é¨ª�å ª®¬¯®−¥−â®¢;

{ ®âáãâáâ¢ã¥â ¢®§¬®¦−®áâì ®à£�−¨§�æ¨¨ æ¥−âà�«¨§®¢�−−®£® ª®−âà®«ï á®áâ®ï−¨ï
(¬®−¨â®à¨−£�) äã−ªæ¨®−¨à®¢�−¨ï ¨ ®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï ¤®áâã¯−®áâìî
á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢;

{ −¥¢®§¬®¦−� ®à£�−¨§�æ¨ï á¨áâ¥¬ë æ¥−âà�«¨§®¢�−−®£® ¯à®â®ª®«¨à®¢�−¨ï ¨−-
ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢, ¢ª«îç�ï ®¡à�¡®âªã ¢®§¬®¦−ëå
®è¨¡®ª ¢§�¨¬®¤¥©áâ¢¨ï, á æ¥«ìî ¯®á«¥¤ãîé¥£® ¯®«ãç¥−¨ï áâ�â¨áâ¨ç¥áª¨å
¤�−−ëå ¨ ¯à®¢¥¤¥−¨ï �ã¤¨â�.

‚â®à®© ¬¥â®¤ ¨−â¥£à�æ¨¨ ª®¬¯®−¥−â®¢ ˆ‘ §�ª«îç�¥âáï ¢ ®à£�−¨§�æ¨¨ ¢§�¨-
¬®¤¥©áâ¢¨ï ¢á¥å ª®¬¯®−¥−â®¢ á¨áâ¥¬ë ç¥à¥§ ¥¤¨−ë© ã§¥«. „«ï ¯®áâà®¥−¨ï á¨áâ¥¬
¨−â¥£à�æ¨¨ ª®¬¯®−¥−â®¢ ˆ‘ ¯® íâ®¬ã ¬¥â®¤ã àë−®ª ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
¯à¥¤«�£�¥â ¤®áâ�â®ç−® è¨à®ª¨© ¢ë¡®à ¯à®¤ãªâ®¢. ‚ ç�áâ−®áâ¨, �¢â®à�¬ −¥áª®«ì-
ª® «¥â −�§�¤ ¤®¢¥«®áì ¯à¨−ïâì −¥¯®áà¥¤áâ¢¥−−®¥ ãç�áâ¨¥ ¢ à¥�«¨§�æ¨¨ ¯®å®¦¥£®
¯à®¥ªâ� −� ¯«�âä®à¬¥ Microsoft [6]. ‘ â¥å ¯®à ¯à®£à�¬¬−ë¥ ¯«�âä®à¬ë ¨−â¥-
£à�æ¨¨ áãé¥áâ¢¥−−® ãá®¢¥àè¥−áâ¢®¢�−ë. ÷�áá¬®âà¨¬, ª�ª ¬®¦−® à¥è¨âì §�¤�çã
¨−â¥£à�æ¨¨ ª®¬¯®−¥−â®¢ ˆ‘ ç¥à¥§ ¥¤¨−ë© ã§¥« á ¨á¯®«ì§®¢�−¨¥¬ á®¢à¥¬¥−−ëå
¯à®¤ãªâ®¢ ª®¬¯�−¨¨ Oracle ¢ á¥à¢¨á−®-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãà¥ (SOAP).

�à®¤ãªâ ª®¬¯�−¨¨ Oracle Web Services Manager (WSM) | íâ® ª®¬¯«¥ªá−®¥
áà¥¤áâ¢® ã¯à�¢«¥−¨ï à¥è¥−¨ï¬¨ ¢ SOAP-�àå¨â¥ªâãà¥. �−® ¯®§¢®«ï¥â æ¥−âà�«¨-
§®¢�−−® §�¤�¢�âì ¯®«¨â¨ª¨ ã¯à�¢«¥−¨ï à�¡®â®© ¢¥¡-á¥à¢¨á®¢ (¯®«¨â¨ª¨ ¤®áâã¯�,
¯®«¨â¨ª¨ ¯à®â®ª®«¨à®¢�−¨ï, ¯®«¨â¨ª¨ à�á¯à¥¤¥«¥−¨ï −�£àã§ª¨ ¨ ¤à.), � §�â¥¬
¯à¨¬¥−ïâì ¨å ª ¢¥¡-á¥à¢¨á�¬ ¡¥§ ¢−¥á¥−¨ï ª�ª¨å-«¨¡® ¨§¬¥−¥−¨© ¢ á�¬¨ á¥à¢¨-
áë [7{9]. Šà®¬¥ â®£®, Oracle WSM á®¡¨à�¥â ¤�−−ë¥ ¬®−¨â®à¨−£� ¤«ï ®æ¥−ª¨
¤®áâã¯−®áâ¨ ¨ ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï. �à¨¬¥−¥−¨¥ Oracle WSM ¯®¢ëè�¥â
ã¯à�¢«ï¥¬®áâì ¨ ª�ç¥áâ¢® ¬®−¨â®à¨−£� ¢¥¡-á¥à¢¨á®¢. Š«îç¥¢ë¬¨ ª®¬¯®−¥−â�¬¨
Oracle WSM ï¢«ïîâáï:

{ ¬¥−¥¤¦¥à ¯®«¨â¨ª¨;

{ ª®¬¯®−¥−âë ¯à¨¬¥−¥−¨ï ¯®«¨â¨ª¨ (�£¥−âë ¨ è«î§ë).

„«ï ®¡¥á¯¥ç¥−¨ï ¬�ªá¨¬�«ì−®© £¨¡ª®áâ¨ Oracle WSM ¯à¥¤®áâ�¢«ï¥â ¤¢�
¢¨¤� ª®¬¯®−¥−â®¢ ¯à¨¬¥−¥−¨ï ¯®«¨â¨ª¨: è«î§ë ¯®«¨â¨ª (Policy Gateways)
¨ �£¥−âë ¯®«¨â¨ª (Policy Agents). ˜«î§ë ¯®«¨â¨ª (à¨á. 1) ¯¥à¥å¢�âë¢�îâ
§�¯à®áë ª á¥à¢¨á�¬ á æ¥«ìî ¯à¨¬¥−¥−¨ï ¯®«¨â¨ª ¨ ãáâ�−�¢«¨¢�îâáï ¯¥à¥¤
£àã¯¯®© ¯à¨«®¦¥−¨© ¨«¨ á¥à¢¨á®¢:
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ƒ. Ÿ. ˆ«îè¨−, ‚. ˆ. ‹¨¬�−áª¨©

÷¨á. 1 ‡�é¨é¥−−ë© ¤®áâã¯ ª ¢¥¡-á¥à¢¨áã á ¨á¯®«ì§®¢�−¨¥¬ è«î§�

˜�£ 1. Š«¨¥−â ®âáë«�¥â §�¯à®á ¢¥¡-á¥à¢¨áã.

˜�£ 2. ˜«î§ ¯¥à¥å¢�âë¢�¥â §�¯à®á, ¯à¨¬¥−ï¥â ¯®«¨â¨ª¨ ¤®áâã¯� (−�¯à¨¬¥à,
¤¥è¨äà®¢�−¨¥, ¢¥à¨ä¨ª�æ¨ï, �ãâ¥−â¨ä¨ª�æ¨ï, �¢â®à¨§�æ¨ï) ¨ ®â¯à�¢«ï¥â
§�¯à®á ¢¥¡-á¥à¢¨áã.

˜�£ 3. ‚¥¡-á¥à¢¨á ®¡à�¡�âë¢�¥â §�¯à®á ¨ ¢®§¢à�é�¥â ®â¢¥â.

˜�£ 4. ˜«î§ ¯¥à¥å¢�âë¢�¥â ®â¢¥â, ¯à¨¬¥−ï¥â ¯®«¨â¨ª¨ ¤®áâã¯� (−�¯à¨¬¥à,
è¨äà®¢�−¨¥) ¨ ¯¥à¥¤�¥â ®â¢¥â ª«¨¥−âã.

�£¥−âë ¯®«¨â¨ª (à¨á. 2) ®¡¥á¯¥ç¨¢�îâ ¤®¯®«−¨â¥«ì−ë© ¤¨ää¥à¥−æ¨à®¢�−-
−ë© ãà®¢¥−ì ¡¥§®¯�á−®áâ¨ ¨ à�§¬¥é�îâáï −� ¢¥¡-á¥à¢¨á�å:

˜�£ 1. Š«¨¥−â ®âáë«�¥â §�¯à®á ¢¥¡-á¥à¢¨áã.

˜�£ 2. �£¥−â ¯¥à¥å¢�âë¢�¥â §�¯à®á, ¯à¨¬¥−ï¥â ¯®«¨â¨ª¨ ¤®áâã¯� (−�¯à¨¬¥à,
¤¥è¨äà®¢�−¨¥, ¢¥à¨ä¨ª�æ¨ï, �ãâ¥−â¨ä¨ª�æ¨ï, �¢â®à¨§�æ¨ï) ¨ ®â¯à�¢«ï¥â
§�¯à®á ¢¥¡-á¥à¢¨áã.

˜�£ 3. ‚¥¡-á¥à¢¨á ®¡à�¡�âë¢�¥â §�¯à®á ¨ ¢®§¢à�é�¥â ®â¢¥â.

˜�£ 4. �£¥−â ¯¥à¥å¢�âë¢�¥â ®â¢¥â, ¯à¨¬¥−ï¥â ¯®«¨â¨ª¨ ¤®áâã¯� (−�¯à¨¬¥à,
è¨äà®¢�−¨¥) ¨ ¯¥à¥¤�¥â ®â¢¥â ª«¨¥−âã.

÷¨á. 2 ‡�é¨é¥−−ë© ¤®áâã¯ ª ¢¥¡-á¥à¢¨áã á ¨á¯®«ì§®¢�−¨¥¬ �£¥−â� á¥à¢¨á�

…é¥ ®¤¨− ¯à®¤ãªâ ¨−â¥£à�æ¨®−−®© ¯«�âä®à¬ë Oracle, Service Registry, ¯à¥¤-
−�§−�ç¥− ¤«ï á®§¤�−¨ï à¥¯®§¨â®à¨ï á¥à¢¨á®¢. �á−®¢−ë¥ äã−ªæ¨¨ à¥¯®§¨â®à¨ï:

{ ¯ã¡«¨ª�æ¨ï á¥à¢¨á®¢ ¨ á¢ï§�−−ëå á −¨¬¨ ¬¥â�¤�−−ëå;

{ ¯®¨áª á¥à¢¨á®¢ ¯® ¡®«ìè®¬ã ç¨á«ã ¯®¨áª®¢ëå ªà¨â¥à¨¥¢;

{ ª«�áá¨ä¨ª�æ¨ï á¥à¢¨á®¢ −� ®á−®¢¥ ¯à®¨§¢®«ì−ëå ªà¨â¥à¨¥¢;
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Œ¥â®¤ë ¨−â¥£à�æ¨¨ ®¡«�ç−ëå á¥à¢¨á®¢ −� ¯à¨¬¥à¥ §¤à�¢®®åà�−¥−¨ï

{ ã¢¥¤®¬«¥−¨¥ ®¡ ¨§¬¥−¥−¨ïå, ¯à®¨§®è¥¤è¨å á á¥à¢¨á®¬ −� «î¡®¬ ¨§ íâ�¯®¢
¥£® ¦¨§−¥−−®£® æ¨ª«�.

÷�áá¬®âà¥−−ë¥ ¯à®¤ãªâë ª®¬¯�−¨¨ Oracle, ¨á¯®«ì§®¢�−−ë¥, ¢ ç�áâ−®áâ¨,
¯à¨ á®§¤�−¨¨ ¢ à�¬ª�å à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ í«¥ªâà®−−®£® ¯à�¢¨â¥«ìáâ¢� [10]
á¨áâ¥¬ë ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï [11], ¯®§¢®«ïîâ à¥-
�«¨§®¢ë¢�âì ¨−â¥£à�æ¨î ª®¬¯®−¥−â®¢ ˆ‘ ç¥à¥§ ú¥¤¨−ë© ã§¥«û, ®áãé¥áâ¢«ïâì
æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ á¥à¢¨á�¬¨ ¨−â¥£à¨àã¥¬ëå ª®¬¯®−¥−â®¢ ˆ‘, ®¡¥á-
¯¥ç¨¢�âì −�§−�ç¥−¨¥ ¨ ¯à¨¬¥−¥−¨¥ −ã¦−ëå ¯®«¨â¨ª ¤®áâã¯�, ®áãé¥áâ¢«ïâì ¬®-
−¨â®à¨−£, á¡®à áâ�â¨áâ¨ª¨ ¨ ¯à®¢¥¤¥−¨¥ �ã¤¨â�. ‚¬¥áâ¥ á â¥¬ â�ª®¬ã à¥è¥−¨î
¯à¨áãé æ¥«ë© àï¤ −¥¤®áâ�âª®¢:

1. �¤¨− ª®¬¯®−¥−â ˆ‘ ¢§�¨¬®¤¥©áâ¢ã¥â, ª�ª ¯à�¢¨«®, á −¥áª®«ìª¨¬¨ á¥à¢¨-
á�¬¨-¯®áâ�¢é¨ª�¬¨, ¤«ï ª�¦¤®£® ¨§ ª®â®àëå ¢ á®áâ�¢¥ ¤�−−®£® ª®¬¯®−¥−â�
−¥®¡å®¤¨¬® à¥�«¨§®¢�âì á¢®© á¯¥æ¨ä¨ç¥áª¨© ª«¨¥−â ¤®áâã¯� ª ª�¦¤®¬ã
á¥à¢¨áã-¯®áâ�¢é¨ªã.

2. ÷�§«¨ç−ë¥ ª®¬¯®−¥−âë ˆ‘ ¬®£ãâ ¢§�¨¬®¤¥©áâ¢®¢�âì á ®¤−¨¬ ¨ â¥¬ ¦¥ á¥à¢¨-
á®¬-¯®áâ�¢é¨ª®¬, ¯®íâ®¬ã ¢ á®áâ�¢¥ à�§«¨ç−ëå ª®¬¯®−¥−â®¢ ¤®«¦−ë ¡ëâì
à¥�«¨§®¢�−ë ª«¨¥−âë ¤®áâã¯� ª íâ¨¬ á¥à¢¨á�¬-¯®áâ�¢é¨ª�¬, ¢ à¥§ã«ìâ�â¥
ç¥£® ®¤−¨ ¨ â¥ ¦¥ à¥è¥−¨ï úà�§¬�§ë¢�îâáïû ¯® ª®¬¯®−¥−â�¬ ˆ‘.

3. �à¨ ¨á¯®«ì§®¢�−¨¨ ¤«ï à�§à�¡®âª¨ ª«¨¥−â� á¥à¢¨á�-¯®áâ�¢é¨ª� ¨−áâàã¬¥−-
â�«ì−ëå áà¥¤áâ¢, ®â«¨ç−ëå ®â áà¥¤áâ¢ à�§à�¡®âª¨ á�¬®£® á¥à¢¨á�, ¨«¨ ¯à¨
à�§¬¥é¥−¨¨ á¥à¢¨á� ¨ ¥£® ª«¨¥−â� −� à�§−ëå ¯à®£à�¬¬−ëå ¯«�âä®à¬�å ¯à®-
æ¥áá á®§¤�−¨ï ª«¨¥−â� ¤�«¥ª® −¥ ¢á¥£¤� á¢®¤¨âáï ª ¯à®áâ®© ª®¬¯¨«ïæ¨¨ ¥£®
WSDL-áå¥¬ë. —�áâ® ¯®á«¥ £¥−¥à�æ¨¨ ª«¨¥−â� ¯® WSDL-áå¥¬¥ âà¥¡ã¥âáï
úàãç−�ï ¤®¢®¤ª�û, â. ¥. ¯® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï ¤®«¦−� ®áãé¥áâ¢«ïâìáï
ª®àà¥ªâ¨à®¢ª� ª®¤� ª«¨¥−â� ¨/¨«¨ ¨§¬¥−¥−¨¥ −�áâà®¥ª ¥£® ª®−ä¨£ãà�æ¨-
®−−ëå ä�©«®¢. ��¯à¨¬¥à, ¯à¨ ®¡à�é¥−¨¨ ª ¢¥¡-á¥à¢¨áã Windows .NET á®
áâ®à®−ë Java-ª«¨¥−â�:

{ −¥á®®â¢¥âáâ¢¨ï ¢ âà¥¡®¢�−¨ïå ª á®áâ�¢ã §�£®«®¢ª®¢ HTTP-¯�ª¥â� ¯à¨¢®-
¤ïâ ª ®âª�§ã ®â ¯à¨¥¬� á®®¡é¥−¨ï ¢¥¡-á¥à¢¥à®¬ IIS (Internet Information
Service);

{ á¥à¨�«¨§�æ¨ï ¬�áá¨¢®¢ ¨ á¯¨áª®¢ ¢ ¯�à�¬¥âà�å ¬¥â®¤®¢ ¢ â¥«¥;

{ Soap-á®®¡é¥−¨ï ¬®£ãâ ¨¬¥âì à�§−ë¥ áå¥¬ë ¨ ¤à.

4. �à¨ ¨§¬¥−¥−¨¨ á¥à¢¨á�-¯®áâ�¢é¨ª� ¨«¨ ¯à¨ ¯¥à¥å®¤¥ ª ¥£® −®¢®© ¢¥àá¨¨
¬®¦¥â ¯®âà¥¡®¢�âìáï ª®àà¥ªâ¨à®¢ª� ¢á¥å ª®¬¯®−¥−â®¢ ˆ‘, ¢ ª®â®àëå íâ®â
á¥à¢¨á-¯®áâ�¢é¨ª ¡ë« ¨á¯®«ì§®¢�−.

5. �à¨ ®¡à�é¥−¨¨ ª á¥à¢¨á�¬-¯®áâ�¢é¨ª�¬ ¢−¥è−¨å ˆ‘ âà¥¡ã¥âáï á®§¤�¢�âì
¤®¯®«−¨â¥«ì−ë© è«î§, ª®â®àë© á®åà�−ï« ¡ë ã¯à�¢«¥−¨¥ −�¤ á¥à¢¨á®¬
(¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨, ¬®−¨â®à¨−£, ¯à®â®ª®«¨à®¢�−¨¥) ¢ ¨áå®¤−®© ˆ‘,
−® ¯®«¨â¨ª¨ ¤®áâã¯� ª®â®à®£® ãç¨âë¢�«¨ ¡ë á¯¥æ¨ä¨ç¥áª¨¥ âà¥¡®¢�−¨ï
¢−¥è−¥£® á¥à¢¨á�-¯®áâ�¢é¨ª�.
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3 Интеграционный слой как база интеграции компонентов
информационных систем

÷�§à�¡®â�−ë â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¯® ¨−â¥£à�æ¨¨ ª®¬¯®−¥−â®¢ ˆ‘, ®á−®-
¢�−−ë¥ −� ¢−¥¤à¥−¨¨ ¢ á¨áâ¥¬ã á¯¥æ¨�«ì−®£® ¨−â¥£à�æ¨®−−®£® (¯à®¬¥¦ãâ®ç−®£®)
á«®ï, à¥�«¨§ãîé¥£® äã−ªæ¨¨ ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï ¢á¥¬¨ ¢§�¨¬®¤¥©áâ¢¨ï¬¨
¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ˆ‘ ¨ ¯®§¢®«ïîé¥£® ãáâà�−¨âì ¨«¨ áãé¥áâ¢¥−−® ¬¨−¨-
¬¨§¨à®¢�âì ¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ −¥¤®áâ�âª¨ ¨−â¥£à�æ¨¨ ª®¬¯®−¥−â®¢ ˆ‘ ç¥à¥§
¥¤¨−ë© ã§¥«. „�−−ë¥ à¥è¥−¨ï ¡ë«¨ �¯à®¡¨à®¢�−ë ¯à¨ à¥�«¨§�æ¨¨ ¯à®¥ªâ� ¨−â¥-
£à�æ¨¨ à�§−®à®¤−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ®à£�−®¢ ¢−ãâà¥−−¨å ¤¥« ¢ ¥¤¨−®¥
¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ¨ ¨§«®¦¥−ë �¢â®à�¬¨ ¢ à�¡®â¥ [3]. �àå¨â¥ªâãàã
¯à¥¤«�£�¥¬®£® à¥è¥−¨ï ¬®¦−® ¯à¥¤áâ�¢¨âì á«¥¤ãîé¨¬ ®¡à�§®¬:

1. „«ï ¨−â¥£à�æ¨¨ ª®¬¯®−¥−â®¢ ˆ‘ á®§¤�¥âáï á¯¥æ¨�«ì−ë© ¨−â¥£à�æ¨®−−ë©
á«®©, ¯à¥¤−�§−�ç¥−−ë© ¤«ï à¥�«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¢á¥¬¨ �¡®-
−¥−â�¬¨1 á¨áâ¥¬ë ¨ ¢á¥¬¨ ¥¥ á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨, ¯à¥¤áâ�¢«¥−−ë¬¨
ª�ª ª®¬¯®−¥−â�¬¨ ¤�−−®© ˆ‘, â�ª ¨ á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ¢−¥è−¨å ˆ‘.

2. ˆ−â¥£à�æ¨®−−ë© á«®© ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ ¢§�¨¬®¤¥©áâ¢ã-
îé¨å ¤àã£ á ¤àã£®¬ ã§«®¢ ¤¢ãå â¨¯®¢ | ã§«®¢ ¢§�¨¬®¤¥©áâ¢¨ï á �¡®−¥−â�¬¨
ˆ‘ ¨ ã§«®¢ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ˆ‘.

3. ‚ ¨−â¥£à�æ¨®−−®¬ á«®¥ ®áãé¥áâ¢«ï¥âáï ¯ã¡«¨ª�æ¨ï à¥áãàá®¢ ˆ‘ ¢ ¢¨¤¥
§�ï¢®ª −� ¢ë¯®«−¥−¨¥ ®¯à¥¤¥«¥−−ëå ®¯¥à�æ¨© ¨ ¤¥©áâ¢¨© (ª®¤ë, ®¯¨á�−¨ï
§�ï¢®ª, ®¯¨á�−¨¥ ¯�à�¬¥âà®¢, áå¥¬ë ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ ¨á¯®«−¥−¨ï
§�ï¢®ª ¨ â. ¯.), ¤®áâã¯−ëå ¤«ï �¡®−¥−â®¢ ¨−â¥£à¨àã¥¬®© á¨áâ¥¬ë ¨ ¨á¯®«−ï-
¥¬ëå ¢ ª®−¥ç−®¬ áç¥â¥ ª®−ªà¥â−ë¬¨ á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨.

4. „«ï ¢§�¨¬®¤¥©áâ¢¨ï á �¡®−¥−â�¬¨ ˆ‘ ®¯à¥¤¥«ï¥âáï ¥¤¨−�ï (¢®§¬®¦−® à�á-
¯à¥¤¥«¥−−�ï) â®çª� ¤®áâã¯�, à¥�«¨§®¢�−−�ï ¢ ¢¨¤¥ ã−¨¢¥àá�«ì−®£® á¥à¢¨á�
¢§�¨¬®¤¥©áâ¢¨ï (“‘‚), ®¡¥á¯¥ç¨¢�îé¥£® ¯à¨¥¬ −� ¨á¯®«−¥−¨¥ ®â �¡®−¥−â®¢
ˆ‘ ¢á¥å ®¯ã¡«¨ª®¢�−−ëå ¢ ¨−â¥£à�æ¨®−−®¬ á«®¥ §�ï¢®ª.

5. “−¨¢¥àá�«ì−ë¥ á¥à¢¨áë ¢§�¨¬®¤¥©áâ¢¨ï à�§¬¥é�îâáï ¢ ã§«�å ¢§�¨¬®¤¥©-
áâ¢¨ï á �¡®−¥−â�¬¨ á¨áâ¥¬ë, £¤¥ ®áãé¥áâ¢«ï¥âáï ¯à¥¤¢�à¨â¥«ì−�ï ®¡à�¡®âª�
§�ï¢®ª, ¢ â®¬ ç¨á«¥ �ãâ¥−â¨ä¨ª�æ¨ï, �¢â®à¨§�æ¨ï �¡®−¥−â®¢, ¯à®¢¥àª� −�-
«¨ç¨ï ã −¨å ¯à�¢ −� ¢ë¯®«−¥−¨¥ ª®−ªà¥â−ëå §�ï¢®ª, ä®à¬�«ì−®-«®£¨ç¥áª¨©
ª®−âà®«ì ª®àà¥ªâ−®áâ¨ ¯�à�¬¥âà®¢ §�ï¢®ª. Šà®¬¥ â®£®, ¢ ã§«¥ ¢§�¨¬®¤¥©-
áâ¢¨ï á �¡®−¥−â�¬¨ ¢¥¤¥âáï á¡®à ¤�−−ëå ¤«ï ¬®−¨â®à¨−£� ¯à®æ¥áá®¢ ¢§�¨¬®-
¤¥©áâ¢¨ï ˆ‘ á �¡®−¥−â�¬¨ á¨áâ¥¬ë, ®áãé¥áâ¢«ï¥âáï ¬�àèàãâ¨§�æ¨ï §�ï¢®ª
¨ ¨å ¯¥à¥¤�ç� −� ¨á¯®«−¥−¨¥ ã§«�¬ ¢§�¨¬®¤¥©áâ¢¨ï á á®®â¢¥âáâ¢ãîé¨¬¨
á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨.

1�®¤ �¡®−¥−â�¬¨ á¨áâ¥¬ë §¤¥áì ¨ ¤�«¥¥ ¡ã¤¥¬ ¯®¤à�§ã¬¥¢�âì ª®¬¯®−¥−âë, ¢ á®áâ�¢¥ ª®â®àëå
à¥�«¨§®¢�−ë á¥à¢¨áë-¯®âà¥¡¨â¥«¨, ¢§�¨¬®¤¥©áâ¢ãîé¨¥ á ¨−â¥£à�æ¨®−−ë¬ á«®¥¬ ¤�−−®© ˆ‘.

210 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014



Œ¥â®¤ë ¨−â¥£à�æ¨¨ ®¡«�ç−ëå á¥à¢¨á®¢ −� ¯à¨¬¥à¥ §¤à�¢®®åà�−¥−¨ï

6. “§«ë ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ®áãé¥áâ¢«ïîâ ¯à¥®¡à�§®-
¢�−¨¥ ¯�à�¬¥âà®¢ §�ï¢®ª ¨§ ã−¨¢¥àá�«ì−®£® ä®à¬�â�, ¢ ª®â®à®¬ ®−¨ ¯®-
áâã¯�îâ ®â �¡®−¥−â®¢, ¢ ä®à¬�âë ¢ë§®¢®¢ á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤®¢ á¥à¢¨-
á®¢-¯®áâ�¢é¨ª®¢, ®à£�−¨§ãîâ ®ç¥à¥¤¨ á®®¡é¥−¨© ª á¥à¢¨á�¬-¯®áâ�¢é¨ª�¬,
¢ë¯®«−ïîâ ¢ë§®¢ë ¨ ¯¥à¥¯®¢â®àë ¢ë§®¢®¢ á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢, ¢¥¤ãâ
¯à®â®ª®«¨à®¢�−¨¥ ¨ ¬®−¨â®à¨−£ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨
ˆ‘.

7. “§«ë ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ¢−¥è−¨å ˆ‘ ®áãé¥áâ¢«ï-
îâ, ¯®¬¨¬® ¢á¥£® ¯à®ç¥£®, �¤�¯â�æ¨î âà¥¡®¢�−¨© ¡¥§®¯�á−®áâ¨ ¤�−−®© ˆ‘ ª
ãá«®¢¨ï¬ ¨å ¯à¨¬¥−¥−¨ï ¢® ¢−¥è−¨å ˆ‘ ¨, á®¡«î¤�ï âà¥¡®¢�−¨ï ¢−¥è−¨å
ˆ‘ ¯® ¢§�¨¬®¤¥©áâ¢¨î, ¯¥à¥¤�îâ §�¯à®áë −� ¨á¯®«−¥−¨¥ á¥à¢¨á�¬-¯®áâ�¢-
é¨ª�¬ íâ¨å ˆ‘.

‚á¥ ¯�à�¬¥âàë “‘‚ à�§¤¥«¥−ë −� âà¨ ª�â¥£®à¨¨: ¯�à�¬¥âàë ¢§�¨¬®¤¥©-
áâ¢¨ï �¡®−¥−â� ¨ “‘‚, ¯�à�¬¥âà áâàãªâãà¨à®¢�−−ëå ¤�−−ëå §�ï¢ª¨, ¯�à�¬¥âà
−¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå ¨ ¤®ªã¬¥−â®¢ §�ï¢ª¨.

��à�¬¥âàë ¢§�¨¬®¤¥©áâ¢¨ï −¥ §�¢¨áïâ ®â ª®−ªà¥â−®© ¯¥à¥¤�¢�¥¬®© −� ®¡-
à�¡®âªã §�ï¢ª¨ ¨ ¯à¥¤−�§−�ç¥−ë ¤«ï ®¯¨á�−¨ï æ¥«¨, áâ®à®− ¨ à¥¦¨¬� ¢§�¨¬®-
¤¥©áâ¢¨ï. ‚ á®áâ�¢ ¯�à�¬¥âà®¢ íâ®© £àã¯¯ë ¢å®¤ïâ: ª®¤ �¡®−¥−â�, ª®¤ §�ï¢ª¨,
à¥¦¨¬ ¢§�¨¬®¤¥©áâ¢¨ï �¡®−¥−â� á “‘‚ (á¨−åà®−−ë©, �á¨−åà®−−ë©, ª®¬¡¨−¨à®-
¢�−−ë©), ¢à¥¬¥−−‚ë¥ ®£à�−¨ç¥−¨ï −� ¢à¥¬ï ¨á¯®«−¥−¨ï §�ï¢ª¨ (timeout) ¨ ¤àã£¨¥
¯�à�¬¥âàë.

��à�¬¥âà áâàãªâãà¨à®¢�−−ëå ¤�−−ëå á®¤¥à¦¨â á¢¥¤¥−¨ï ® ª®−ªà¥â−®© §�-
ï¢ª¥ ¢ ¢¨¤¥ XML-áâàãªâãàë ¯à®¨§¢®«ì−®© ª®−ä¨£ãà�æ¨¨. ‚ íâ®¬ ¯�à�¬¥âà¥
á®¤¥à¦�âáï áª�«ïà−ë¥ ¤�−−ë¥ ¨ áâà®ª¨, � ®£à�−¨ç¥−¨ï −� ¥£® ¯à¥¤áâ�¢«¥−¨¥
(XSD-áå¥¬�) §�−®áïâáï ¢ à¥¥áâà §�ï¢®ª ˆ‘ ¯à¨ à¥£¨áâà�æ¨¨ ¢ −¥¬ ª�¦¤®© ª®−-
ªà¥â−®© §�ï¢ª¨. �â¨ á¢¥¤¥−¨ï ¨á¯®«ì§ãîâáï “‘‚ ¤«ï ª®−âà®«ï ª®àà¥ªâ−®áâ¨
¯à¥¤áâ�¢«¥−−ëå á¥à¢¨áã ¤�−−ëå. �à¨ −¥®¡å®¤¨¬®áâ¨ ¢ à¥¥áâà §�ï¢®ª ¬®¦¥â
§�−®á¨âìáï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï, −¥®¡å®¤¨¬�ï ¤«ï ª®−¢¥àâ�æ¨¨ áâàãª-
âãà¨à®¢�−−ëå ¤�−−ëå ¨§ ã−¨¢¥àá�«ì−®£® ä®à¬�â� “‘‚ ¢ ä®à¬�â ¯�à�¬¥âà®¢
ª®−ªà¥â−®£® á¥à¢¨á�-¯®áâ�¢é¨ª�.

��à�¬¥âà á −¥áâàãªâãà¨à®¢�−−ë¬¨ ¤�−−ë¬¨ ¨ ¤®ªã¬¥−â�¬¨ â�ª¦¥ ®â−®á¨â-
áï ª ¯¥à¥¤�−−®© −� ®¡à�¡®âªã §�ï¢ª¥, ®¤−�ª® ¯à¥¤−�§−�ç¥− ¤«ï ¯¥à¥¤�ç¨ “‘‚
¤�−−ëå ¡®«ìè¨å ®¡ê¥¬®¢ | £à�ä¨ª¨, â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ ¨ ¯à. ‚ë¤¥«¥−¨¥
íâ¨å ¤�−−ëå ¢ ®â¤¥«ì−ë© ¯�à�¬¥âà ¯®§¢®«ï¥â ¯à¨ −¥®¡å®¤¨¬®áâ¨ ®¯â¨¬¨§¨à®-
¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ ¢¥¡-á¥à¢¨á� �¡®−¥−â� ¨ “‘‚, ®à£�−¨§®¢�¢ ¨å ¯¥à¥¤�çã ¢
¯®â®ª®¢®¬ à¥¦¨¬¥, ª®£¤� ¨å ¯à¥¤áâ�¢«¥−¨¥ ¢ â¥«¥ SOAP-á®®¡é¥−¨ï ®á−®¢−®£®
á¥�−á� ¢§�¨¬®¤¥©áâ¢¨ï áâ�−®¢¨âáï −¥¯à¨¥¬«¥¬ë¬.

�� à¨á. 3 ¯à¥¤áâ�¢«¥−� áå¥¬� ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ ¨−â¥£à�æ¨®−−®£®
á«®ï ¢ ¯à®æ¥áá¥ ¯à¨¥¬� §�ï¢®ª ®â �¡®−¥−â®¢ ˆ‘, ¨å ®¡à�¡®âª¨ ¨ ¨á¯®«−¥−¨ï.

‚ ¯à®æ¥áá¥ ®¡à�¡®âª¨ §�ï¢ª¨ ¢ ¨−â¥£à�æ¨®−−®¬ á«®¥ ®áãé¥áâ¢«ïîâáï á«¥¤ã-
îé¨¥ ¤¥©áâ¢¨ï:

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 2 2014 211



ƒ. Ÿ. ˆ«îè¨−, ‚. ˆ. ‹¨¬�−áª¨©

÷¨á. 3 ‚§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ ¨−â¥£à�æ¨®−−®£® á«®ï

˜�£ 1. Š«¨¥−â ®âáë«�¥â §�¯à®á ¢ “‘‚ ¨−â¥£à�æ¨®−−®£® á«®ï.

˜�£ 2. ‚ë¯®«−ï¥âáï �ãâ¥−â¨ä¨ª�æ¨ï, �¢â®à¨§�æ¨ï �¡®−¥−â�, ¯à®¢¥àï¥âáï −�-
«¨ç¨¥ ã −¥£® ¯à�¢ −� ¢ë¯®«−¥−¨¥ ¯®¤�−−®© §�ï¢ª¨, ®áãé¥áâ¢«ï¥âáï ä®à¬�«ì-
−®-«®£¨ç¥áª¨© ª®−âà®«ì ª®àà¥ªâ−®áâ¨ ¯�à�¬¥âà®¢ §�ï¢ª¨.

˜�£ 3. �áãé¥áâ¢«ï¥âáï ¬�àèàãâ¨§�æ¨ï §�ï¢ª¨ ¨ ¥¥ ®â¯à�¢ª� −� ¢ë¯®«−¥−¨¥
ã§«ã ¢§�¨¬®¤¥©áâ¢¨ï á á®®â¢¥âáâ¢ãîé¨¬ á¥à¢¨á®¬-¯®áâ�¢é¨ª®¬.

˜�£ 4. ‚ë¯®«−ï¥âáï ¯à¥®¡à�§®¢�−¨¥ ¯�à�¬¥âà®¢ §�ï¢ª¨ ¨§ ã−¨¢¥àá�«ì−®£®
ä®à¬�â� ¢ ä®à¬�â ¢ë§®¢� á®®â¢¥âáâ¢ãîé¥£® ¬¥â®¤� á¥à¢¨á�-¯®áâ�¢é¨ª�,
®à£�−¨§ãîâáï ®ç¥à¥¤¨ á®®¡é¥−¨© ª á¥à¢¨á�¬-¯®áâ�¢é¨ª�¬, ¢ë¯®«−ïîâáï
¢ë§®¢ë ¨ ¯¥à¥¯®¢â®àë ¢ë§®¢®¢ á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢, ¢¥¤¥âáï ¯à®â®ª®«¨à®-
¢�−¨¥ ¨ ¬®−¨â®à¨−£ ¢§�¨¬®¤¥©áâ¢¨ï ˆ‘ á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨.

˜�£ 5. ‚¥¡-á¥à¢¨á-¯®áâ�¢é¨ª ®¡à�¡�âë¢�¥â §�¯à®á ¨ ¢®§¢à�é�¥â ®â¢¥â.

˜�£ 6. ‚ë¯®«−ï¥âáï ä®à¬�«ì−®-«®£¨ç¥áª�ï ¯à®¢¥àª� ª®àà¥ªâ−®áâ¨ ¯®«ãç¥−-
−®£® ®â¢¥â�.

˜�£ 7. �áãé¥áâ¢«ï¥âáï ¯à®â®ª®«¨à®¢�−¨¥ ¯® à¥§ã«ìâ�â�¬ ¯®«ãç¥−¨ï ®â¢¥â�.

˜�£ 8. �â¢¥â ¢®§¢à�é�¥âáï ª«¨¥−âã, ¨−¨æ¨¨à®¢�¢è¥¬ã ¤�−−ë© §�¯à®á.
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Œ¥â®¤ë ¨−â¥£à�æ¨¨ ®¡«�ç−ëå á¥à¢¨á®¢ −� ¯à¨¬¥à¥ §¤à�¢®®åà�−¥−¨ï

„«ï à¥�«¨§�æ¨¨ ¡®«ìè¥© ç�áâ¨ äã−ªæ¨© ã§«®¢ ¨−â¥£à¨àãîé¥£® á«®ï ¬®£ãâ
¡ëâì ¨á¯®«ì§®¢�−ë à�§«¨ç−ë¥ ¨−â¥£à�æ¨®−−ë¥ ¯à®¤ãªâë. ‚®§¬®¦−ë© ¢�à¨�−â
à¥�«¨§�æ¨¨ ¨−â¥£à�æ¨®−−®£® á«®ï á ¨á¯®«ì§®¢�−¨¥¬ ¯à®¤ãªâ®¢ ª®¬¯�−¨¨ Oracle
¯à¨¢¥¤¥− −� à¨á. 4. ‘ ¯®¬®éìî �£¥−â®¢ WSM à¥�«¨§ãîâáï ¯®«¨â¨ª¨ ¤®áâã¯�
(¤¥è¨äà®¢�−¨¥, �ãâ¥−â¨ä¨ª�æ¨ï, �¢â®à¨§�æ¨ï, ¬®−¨â®à¨−£ ¨ ¯à®â®ª®«¨à®¢�−¨¥)
¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ ª�ª á ª«¨¥−â�¬¨ ¢¥¡-á¥à¢¨á®¢ (�¡®−¥−â�¬¨ ˆ‘), â�ª ¨ ¬¥¦¤ã
ã§«�¬¨ ¨−â¥£à�æ¨®−−®£® á«®ï. Œ�àèàãâ¨§�æ¨ï, ¯¥à¥¤�ç� §�ï¢®ª ¬¥¦¤ã ã§«�-
¬¨, ¯à¥®¡à�§®¢�−¨¥ ã−¨¢¥àá�«ì−®© ä®à¬ë ¯�à�¬¥âà®¢ §�ï¢®ª ¢ ¢ë§®¢ë ¬¥â®¤®¢
á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢, ä®à¬¨à®¢�−¨¥ ®ç¥à¥¤¥© á®®¡é¥−¨© ¨ ®à£�−¨§�æ¨ï ¢§�¨-
¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� á ¨á¯®«ì§®¢�−¨¥¬
äã−ªæ¨®−�«� Enterprise Service Bus (ESB).

‘«¥¤ã¥â ®â¬¥â¨âì −¥ª®â®àë¥ ¢�¦−ë¥ á¢®©áâ¢� à�áá¬�âà¨¢�¥¬®£® à¥è¥−¨ï,
� ¨¬¥−−®: è¨à®ª¨© ¤¨�¯�§®− ¬�áèâ�¡¨à®¢�−¨ï, −¥§�¢¨á¨¬®áâì ¯à®â®ª®«� ¢§�-
¨¬®¤¥©áâ¢¨ï �¡®−¥−â®¢ á á¨áâ¥¬®© ®â ¯à®â®ª®«®¢ ¢§�¨¬®¤¥©áâ¢¨ï á¥à¢¨á®¢-¯®-
áâ�¢é¨ª®¢ (¯à¥®¡à�§®¢�−¨¥ ¯à®â®ª®«®¢ ¢§�¨¬®¤¥©áâ¢¨ï), £¨¡ª®áâì ¢ ®à£�−¨§�æ¨¨
¢¨¤®¢ ¤®áâã¯� (á¨−åà®−−ë©/�á¨−åà®−−ë©) �¡®−¥−â®¢ ª á¨áâ¥¬¥.

‚ ¯à¥¤áâ�¢«¥−−®¬ −� à¨á. 4 à¥è¥−¨¨ ¯®ª�§�− ®¤¨− ã§¥« ¢§�¨¬®¤¥©áâ¢¨ï á �¡®-
−¥−â�¬¨ ¨ −¥áª®«ìª® ã§«®¢ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨. ‚ á«ãç�¥
¯à¨¬¥−¥−¨ï à¥è¥−¨ï ¤«ï ¨−â¥£à�æ¨¨ −¥¡®«ìè¨å á¨áâ¥¬ ãà®¢−ï ¯à¥¤¯à¨ïâ¨ï á
−¨§ª®© ¨−â¥−á¨¢−®áâìî §�ï¢®ª ®â ª«¨¥−â®¢ äã−ªæ¨®−�« ã§«®¢ ®¡®¨å â¨¯®¢ ¬®¦¥â
¡ëâì ®¡ê¥¤¨−¥− ¢ ®¤−®¬ ã§«¥, ®¡á«ã¦¨¢�îé¥¬ ¢á¥å �¡®−¥−â®¢ á¨áâ¥¬ë ¨ ®à-
£�−¨§ãîé¥¬ ¢§�¨¬®¤¥©áâ¢¨¥ á −¥áª®«ìª¨¬¨ á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ˆ‘. �à¨
¡®«¥¥ ¢ëá®ª®© ¨−â¥−á¨¢−®áâ¨ §�¯à®á®¢ ¢ ¨−â¥£à�æ¨®−−®¬ á«®¥ ¬®¦¥â ¡ëâì à�§-
¢¥à−ãâ® ¯à®¨§¢®«ì−®¥ ª®«¨ç¥áâ¢® �¡®−¥−âáª¨å ã§«®¢. ÷�á¯à¥¤¥«¥−¨¥ −�£àã§ª¨
¬¥¦¤ã �¡®−¥−âáª¨¬¨ ã§«�¬¨ ¬®¦¥â ®áãé¥áâ¢«ïâìáï áâ�â¨ç¥áª¨, ¯ãâ¥¬ ú¯à¨ªà¥¯-
«¥−¨ïû �¡®−¥−â®¢ ª á®®â¢¥âáâ¢ãîé¨¬ �¡®−¥−âáª¨¬ ã§«�¬, ¨«¨ ¤¨−�¬¨ç¥áª¨, ¯à¨
à�§¬¥é¥−¨¨ �¡®−¥−âáª¨å ã§«®¢ ¯®á«¥ ¡�«�−á¨à®¢é¨ª� −�£àã§ª¨. �à¨ á®§¤�-
−¨¨ ªàã¯−ëå, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ �¡®−¥−âáª¨¥ ã§«ë ¬®£ãâ
ãáâ�−�¢«¨¢�âìáï ¢−¥ §�é¨é¥−−®© §®−ë ¯à¥¤¯à¨ïâ¨ï ¢ à�§«¨ç−ëå £¥®£à�ä¨ç¥-
áª¨å â®çª�å, ¬�ªá¨¬�«ì−® ¯à¨¡«¨¦¥−−ëå ª £àã¯¯�¬ �¡®−¥−â®¢ á¨áâ¥¬ë. �â®
−¥ −�àãè�¥â âà¥¡®¢�−¨ï ¡¥§®¯�á−®áâ¨, â�ª ª�ª ¤«ï ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï
�¡®−¥−âáª¨å ã§«®¢ ¨ ã§«®¢ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ¨á¯®«ì-
§ãîâáï §�é¨é¥−−ë¥ ¯à®â®ª®«ë HTTPS (HyperText Transfer Protocol Secured)
(SSL/TLS | Secure Socket Layer / Transport Layer Security).

‘¥à¢¨áë-¯®áâ�¢é¨ª¨ ˆ‘ ¬®£ãâ ¨á¯®«ì§®¢�âì ¤«ï ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©-
áâ¢¨ï à�§«¨ç−ë¥ ¯à®â®ª®«ë (HTTP/SOAP (Simple Object Access Protocol),
FTP/File, JMS ¨ ¯à.). ‚ à�áá¬�âà¨¢�¥¬®¬ à¥è¥−¨¨ ¢á¥ ®á®¡¥−−®áâ¨ ®à£�−¨§�-
æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ «®ª�«¨§®¢�−ë ¢ á®®â¢¥âáâ¢ãîé¨å
ã§«�å, � ¯®«ãç¥−−ë© à¥§ã«ìâ�â, ª�ª ¨ §�¯à®á, ¢á¥£¤� ¯à¥¤®áâ�¢«ï¥âáï �¡®−¥−âã
ç¥à¥§ HTTP/SOAP-á®¥¤¨−¥−¨¥. ‚§�¨¬®¤¥©áâ¢¨¥ �¡®−¥−â� á ã§«®¬ ¨−â¥£à�-
æ¨®−−®£® á«®ï ®¯à¥¤¥«ï¥âáï, ¢®®¡é¥ £®¢®àï, −¥§�¢¨á¨¬® ®â á¯®á®¡� ¤®áâã¯� ª
á¥à¢¨áã ¯®áâ�¢é¨ª�, ¨á¯®«−ïîé¥£® ¢ ª®−¥ç−®¬ áç¥â¥ íâ®â §�¯à®á.
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÷¨á. 4 ÷¥�«¨§�æ¨ï ¨−â¥£à�æ¨®−−®£® á«®ï á ¨á¯®«ì§®¢�−¨¥¬ ¯à®¤ãªâ®¢ ª®¬¯�−¨¨ Oracle

Š�ª á¥à¢¨áë-¯®áâ�¢é¨ª¨ ¤�−−ëå, â�ª ¨ �¡®−¥−âë ¬®£ãâ à¥�«¨§®¢ë¢�âì ¢§�-
¨¬®¤¥©áâ¢¨¥ ¢ á¨−åà®−−®¬ ¨«¨ �á¨−åà®−−®¬ à¥¦¨¬¥ ¤®áâã¯�. …¤¨−áâ¢¥−−®¥
®£à�−¨ç¥−¨¥, ¢«¨ïîé¥¥ −� ¢®§¬®¦−®áâì ®à£�−¨§�æ¨¨ á¨−åà®−−®£® à¥¦¨¬� ¢§�-
¨¬®¤¥©áâ¢¨ï �¡®−¥−â� á á¨áâ¥¬®©, §�ª«îç�¥âáï ¢ ¢¥«¨ç¨−¥ ¨−â¥à¢�«� ¢à¥¬¥−¨,
¢ â¥ç¥−¨¥ ª®â®à®£® ®¦¨¤�¥âáï ¯®«ãç¥−¨¥ ®â¢¥â� ®â á¥à¢¨á�-¯®áâ�¢é¨ª�. �à¨
�á¨−åà®−−®¬ à¥¦¨¬¥ ¢§�¨¬®¤¥©áâ¢¨ï ¯¥à¢�ï ä�§� ¨á¯®«−¥−¨ï §�ï¢ª¨ §�¢¥àè�-
¥âáï ¯à¨−ïâ¨¥¬ ¥¥ −� ®¡à�¡®âªã, �¡®−¥−âáª¨© ã§¥« ¢ë¯®«−ï¥â ¯à¥¤¢�à¨â¥«ì−ãî
®¡à�¡®âªã §�ï¢ª¨ ¨ ¢®§¢à�é�¥â �¡®−¥−âã ¢ ª�ç¥áâ¢¥ à¥§ã«ìâ�â� ã−¨ª�«ì−ë© ¨¤¥−-
â¨ä¨ª�â®à ®¦¨¤�¥¬®£® ®â¢¥â�, � ¯à¨−ïâ�ï §�ï¢ª� ¯¥à¥¤�¥âáï á¥à¢¨áã-¯®áâ�¢é¨ªã
−� ¨á¯®«−¥−¨¥. ‚® ¢â®à®© ä�§¥ �¡®−¥−âáª¨© ã§¥«, ®âá«¥¦¨¢�ï ¬®¬¥−â ¯®áâã¯-
«¥−¨ï ®â¢¥â� −� §�ï¢ªã, ¨−¨æ¨¨àã¥â ¯¥à¥¤�çã à¥§ã«ìâ�â®¢ ¨á¯®«−¥−¨ï §�ï¢ª¨
¨−¨æ¨�â®àã §�ï¢ª¨ ç¥à¥§ ®â¤¥«ì−ë© âà�ªâ, −�¯à¨¬¥à ®â ª«¨¥−â� á¥à¢¨á�-¯®áâ�¢-
é¨ª� ª ¢¥¡-á¥à¢¨áã �¡®−¥−â�1.

1’à�ªâ ¢§�¨¬®¤¥©áâ¢¨ï ã§«®¢ ¨−â¥£à�æ¨®−−®£® á«®ï ¨ �¡®−¥−â®¢ á¨áâ¥¬ë ¤«ï ¯¥à¥¤�ç¨ à¥§ã«ì-
â�â®¢ ¨á¯®«−¥−¨ï §�ï¢®ª ¢ �á¨−åà®−−®¬ à¥¦¨¬¥ ¢§�¨¬®¤¥©áâ¢¨ï −� à¨á. 4 −¥ ¯®ª�§�−.
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ˆâ�ª, ¯®¤¢¥¤¥¬ −¥ª®â®àë¥ ¨â®£¨.

1. ‚ à¥§ã«ìâ�â¥ ¯¥à¥å®¤� ®â ¯ã¡«¨ª�æ¨¨ á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢ ¨ ¨å ¬¥â®¤®¢
ª ¯ã¡«¨ª�æ¨¨ §�ï¢®ª −� ¢ë¯®«−¥−¨¥ ®¯à¥¤¥«¥−−ëå ®¯¥à�æ¨© ¨ ¤¥©áâ¢¨©
¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì à¥�«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï �¡®−¥−â®¢ á ˆ‘ ç¥à¥§
¥¤¨−ãî â®çªã ¤®áâã¯�, ª®â®à�ï à¥�«¨§ã¥âáï ¢ ¢¨¤¥ ã−¨¢¥àá�«ì−®£® ¢¥¡-á¥à-
¢¨á�.

2. �¥§�¢¨á¨¬® ®â ç¨á«� ¨á¯®«ì§ã¥¬ëå ¢ ®â¤¥«ì−ëå ª®¬¯®−¥−â�å ˆ‘ à�§«¨ç−ëå
á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢ ¢ ª�¦¤®¬ ª®¬¯®−¥−â¥ ˆ‘ à¥�«¨§ã¥âáï â®«ìª® ®¤¨−
ª«¨¥−â, ®áãé¥áâ¢«ïîé¨© ¢§�¨¬®¤¥©áâ¢¨¥ á ¨−â¥£à�æ¨®−−ë¬ á«®¥¬ ¯ãâ¥¬
¯¥à¥¤�ç¨ ¥¬ã −� ¨á¯®«−¥−¨¥ «î¡ëå ®¯ã¡«¨ª®¢�−−ëå ¢ ¨−â¥£à�æ¨®−−®¬ á«®¥
§�ï¢®ª.

3. ‚§�¨¬®¤¥©áâ¢¨¥ á ª�¦¤ë¬ á¥à¢¨á®¬-¯®áâ�¢é¨ª®¬ «®ª�«¨§®¢�−® ¢ ®¤−®©
â®çª¥ ¨−â¥£à�æ¨®−−®£® á«®ï | ¢ ã§«¥ ¢§�¨¬®¤¥©áâ¢¨ï á ª®−ªà¥â−ë¬ á¥à¢¨-
á®¬-¯®áâ�¢é¨ª®¬.

4. ‚§�¨¬®¤¥©áâ¢¨¥ �¡®−¥−â®¢ ˆ‘ á ã−¨¢¥àá�«ì−ë¬ á¥à¢¨á®¬ ¯à¨¥¬� §�ï¢®ª ¬®-
¦¥â ®áãé¥áâ¢«ïâìáï ¢ á¨−åà®−−®¬ ¨«¨ �á¨−åà®−−®¬ à¥¦¨¬¥. ÷¥¦¨¬ ¤®áâã¯�
§�¤�¥âáï �¡®−¥−â®¬ ¢−¥ §�¢¨á¨¬®áâ¨ ®â à¥�«¨§�æ¨¨ á¥à¢¨á�-¯®áâ�¢é¨ª�,
¨á¯®«−ïîé¥£® ¢ ª®−¥ç−®¬ áç¥â¥ íâã §�ï¢ªã.

5. ˆ§¬¥−¥−¨ï à¥�«¨§�æ¨¨ á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢ ¨«¨ ¨å ¯¥à¥å®¤ −� −®¢ë¥ ¢¥à-
á¨¨, −¥ §�âà�£¨¢�îé¨¥ äã−ªæ¨®−�«ì−ëå ¨−â¥àä¥©á®¢, âà¥¡ãîâ ¢ë¯®«−¥−¨ï
ª®àà¥ªâ¨à®¢®ª â®«ìª® ¢ ®¤−®© â®çª¥ (ã§«¥ ¢§�¨¬®¤¥©áâ¢¨ï á á®®â¢¥âáâ¢ãîé¨¬
á¥à¢¨á®¬-¯®áâ�¢é¨ª®¬) ¨ −¥ §�âà�£¨¢�îâ à¥�«¨§�æ¨î �¡®−¥−â®¢ ˆ‘.

6. �à¥¤áâ�¢«¥−−®¥ à¥è¥−¨¥ ¯à¥¤«�£�¥â ¤®¯®«−¨â¥«ì−ë¥ (�àå¨â¥ªâãà−ë¥) áà¥¤-
áâ¢� ¬�áèâ�¡¨à®¢�−¨ï, ®¡¥á¯¥ç¨¢�îé¨¥ ¢®§¬®¦−®áâì ®¯â¨¬�«ì−®© §�£àã§ª¨
�¯¯�à�â−ëå áà¥¤áâ¢ ¨−â¥£à�æ¨®−−®£® á«®ï, −�ç¨−�ï ®â −¥¡®«ìè¨å ˆ‘ ãà®¢−ï
¯à¥¤¯à¨ïâ¨ï ¨ ¢¯«®âì ¤® ¬�áèâ�¡−ëå, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå ˆ‘.

4 Текущее состояние разработки и предложения по интеграции
прикладных компонентов единой государственной
информационной системы в сфере здравоохранения

‚ −�ç�«¥ 2013 £. §�¢¥àè¨«®áì á®§¤�−¨¥ ¯¥à¢®© ®ç¥à¥¤¨ …ƒˆ‘‡. ‚ ª®−-
ªãàá−®© ¤®ªã¬¥−â�æ¨¨ [12] −� ¢ë¯®«−¥−¨¥ à�¡®â ¯® á®§¤�−¨î ¢â®à®© ®ç¥à¥¤¨
…ƒˆ‘‡ ¢ ª�ç¥áâ¢¥ ®á−®¢−®© æ¥«¨ ®¯à¥¤¥«¥−� íää¥ªâ¨¢−�ï ¨−ä®à¬�æ¨®−−�ï
¯®¤¤¥à¦ª� ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®¬¯®−¥−â�¬¨ …ƒˆ‘‡, à�§à�¡®âª� −®¢ëå ¨
à�§¢¨â¨¥ äã−ªæ¨®−�«ì−®áâ¨ áãé¥áâ¢ãîé¨å ª®¬¯®−¥−â®¢ …ƒˆ‘‡, � ¢ ª�ç¥áâ¢¥
®¤−®© ¨§ §�¤�ç ®¡®§−�ç¥−® âà¥¡®¢�−¨¥ ® −¥®¡å®¤¨¬®áâ¨ à�§à�¡®âª¨ ¯®¤á¨áâ¥¬ë
¨−â¥£à�æ¨¨ ¯à¨ª«�¤−ëå á¨áâ¥¬ (ˆ�‘) …ƒˆ‘‡.

‚ á®áâ�¢ ¯¥à¢®© ®ç¥à¥¤¨ …ƒˆ‘‡, à�§à�¡�âë¢�¥¬®© ¢ á®®â¢¥âáâ¢¨¨ á ª®−-
æ¥¯æ¨¥© …ƒˆ‘‡ [13], ¢®è«¨ á¥¬ì ®á−®¢−ëå ¯à¨ª«�¤−ëå ˆ‘ ä¥¤¥à�«ì−®£®
á¥£¬¥−â�:
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(1) æ¥−âà�«¨§®¢�−−�ï á¨áâ¥¬� í«¥ªâà®−−®© §�¯¨á¨ −� ¯à¨¥¬ ª ¢à�çã (ä¥¤¥à�«ì-
−�ï í«¥ªâà®−−�ï à¥£¨áâà�âãà� | ”�÷);

(2) æ¥−âà�«¨§®¢�−−�ï á¨áâ¥¬� ¢¥¤¥−¨ï ¨−â¥£à¨à®¢�−−®© í«¥ªâà®−−®© ¬¥¤¨æ¨−-
áª®© ª�àâë (ˆ�ŒŠ);

(3) ¯®¤á¨áâ¥¬� �¤¬¨−¨áâà�â¨¢−®-å®§ï©áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ (�•„);

(4) ¯®¤á¨áâ¥¬� ¤®áâã¯� ª −®à¬�â¨¢−®-á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨ (�‘ˆ) ¨ á«®¢�-
àï¬ ¬¥¤¨æ¨−áª¨å â¥à¬¨−®¢;

(5) ä¥¤¥à�«ì−ë© á¥à¢¨á ú‚§�¨¬®¤¥©áâ¢¨¥ «¥ª�àáâ¢¥−−ëå áà¥¤áâ¢û (‚‹‘);

(6) ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� (ˆ�‘);

(7) ¥¤¨−�ï ¯®¤á¨áâ¥¬� ¨¤¥−â¨ä¨ª�æ¨¨, �ãâ¥−â¨ä¨ª�æ¨¨ ¨ �¢â®à¨§�æ¨¨ ¯®«ì§®-
¢�â¥«¥© (…‘ˆ�¨�) …ƒˆ‘‡.

�¥à¥ç¨á«¥−−ë¥ ª®¬¯®−¥−âë á®§¤�¢�«¨áì à�§«¨ç−ë¬¨ ª®¬¯�−¨ï¬¨ ª�ª á�¬®-
áâ®ïâ¥«ì−ë¥ ˆ‘ ¯à¨ ®âáãâáâ¢¨¨ ¥¤¨−®£® ¯à®¥ªâ� ¨ ¡¥§ ¯à¨−ïâ¨ï á®£«�á®¢�−−ëå
â¥å−¨ç¥áª¨å à¥è¥−¨©. Š®¬¯®−¥−âë …ƒˆ‘‡ ¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ á¢®¨å ¡¨§-
−¥á-¯à®æ¥áá®¢ ®áãé¥áâ¢«ïîâ ¨−ä®à¬�æ¨®−−ë© ®¡¬¥− ª�ª ¬¥¦¤ã á®¡®©, â�ª ¨ á
ª®¬¯®−¥−â�¬¨ ¢−¥è−¨å ˆ‘, ¢ â®¬ ç¨á«¥:

{ ä¥¤¥à�«ì−ë¬ à¥£¨áâà®¬ ¬¥¤¨æ¨−áª®£® ¯¥àá®−�«� (”÷Œ�) ¨−ä®à¬�æ¨®−−®-
�−�«¨â¨ç¥áª®© á¨áâ¥¬ë Œ¨−§¤à�¢� ÷®áá¨¨;

{ ¥¤¨−ë¬ à¥¥áâà®¬ §�áâà�å®¢�−−ëå «¨æ (…÷‡) ”¥¤¥à�«ì−®£® ä®−¤� ®¡ï§�â¥«ì-
−®£® ¬¥¤¨æ¨−áª®£® áâà�å®¢�−¨ï (””�Œ‘);

{ ˆ‘ â¥àà¨â®à¨�«ì−ëå ”�Œ‘ (’”�Œ‘) (¢ë£àã§ª� à¥¥áâà®¢ áç¥â®¢, ¯®«ã-
ç¥−¨¥ ¤�−−ëå ®¡ ®¯«�â¥ áç¥â®¢);

{ ¥¤¨−ë¬ ¯®àâ�«®¬ £®áã¤�àáâ¢¥−−ëå ãá«ã£ (…�ƒ“) ¯®áà¥¤áâ¢®¬ á¨áâ¥¬ë ¬¥¦-
¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (‘Œ�‚);

{ ‘Œ�‚;

{ ¬¥¤¨æ¨−áª¨¬¨ ˆ‘ «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å ãçà¥¦¤¥−¨© (‹�“).

‚§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ ¯¥à¢®© ®ç¥à¥¤¨ …ƒˆ‘‡ ®à£�−¨§®¢�−® á«¥¤ã-
îé¨¬ ®¡à�§®¬:

1. Š�¦¤ë© ª®¬¯®−¥−â ä¥¤¥à�«ì−®£® á¥£¬¥−â� …ƒˆ‘‡ ï¢«ï¥âáï á¥à¢¨á®¬-¯®-
áâ�¢é¨ª®¬ ¤�−−ëå ¨ ¨¬¥¥â ®¤¨− ¨«¨ −¥áª®«ìª® ¯à®£à�¬¬−ëå ¨−â¥àä¥©á®¢,
¯®§¢®«ïîé¨å ¯®¬¥áâ¨âì −¥ªãî ¨−ä®à¬�æ¨î ¢ á®®â¢¥âáâ¢ãîéãî ˆ‘ ¨«¨
¯®«ãç¨âì ®â −¥¥ −ã¦−ë¥ ¤�−−ë¥.

2. �à®£à�¬¬−ë¥ ¨−â¥àä¥©áë á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢ ª®¬¯®−¥−â®¢ …ƒˆ‘‡ à¥�-
«¨§®¢�−ë ¢ ¢¨¤¥ ®¤−®£® ¨«¨ −¥áª®«ìª¨å ¢¥¡-á¥à¢¨á®¢.

3. Š�¦¤ë© ª®¬¯®−¥−â ä¥¤¥à�«ì−®£® á¥£¬¥−â� …ƒˆ‘‡, ¢ á¢®î ®ç¥à¥¤ì, ¢§�¨-
¬®¤¥©áâ¢ã¥â á −¥áª®«ìª¨¬¨ ¤àã£¨¬¨ ª®¬¯®−¥−â�¬¨ ä¥¤¥à�«ì−®£® á¥£¬¥−â�
…ƒˆ‘‡ ¨ á −¥áª®«ìª¨¬¨ áâ®à®−−¨¬¨ ˆ‘ (®¡ê¥ªâ�¬¨ ¤®áâã¯�).
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4. �¥à¥ç¥−ì ®¡ê¥ªâ®¢ ¤®áâã¯� ¤«ï ª�¦¤®£® ª®¬¯®−¥−â� ä¥¤¥à�«ì−®£® á¥£¬¥−â�
…ƒˆ‘‡ ¨−¤¨¢¨¤ã�«¥−, ®¤−�ª® ®¤−¨ ¨ â¥ ¦¥ ®¡ê¥ªâë ¤®áâã¯� ¯à¨áãâáâ¢ãîâ
¢ ¯¥à¥ç−¥ ®¡ê¥ªâ®¢ ¤®áâã¯� −¥áª®«ìª¨å à�§−ëå ª®¬¯®−¥−â®¢ …ƒˆ‘‡.

5. �à®£à�¬¬−ë¥ áà¥¤áâ¢� ¢§�¨¬®¤¥©áâ¢¨ï á ®¡ê¥ªâ�¬¨ ¤®áâã¯� (á¥à¢¨á�¬¨-
¯®âà¥¡¨â¥«ï¬¨) ¢áâà®¥−ë ¢ ª�¦¤ë© ª®¬¯®−¥−â …ƒˆ‘‡ ¨, á«¥¤®¢�â¥«ì−®,
¤ã¡«¨àãîâ ¤àã£ ¤àã£� ¢ à�§«¨ç−ëå ª®¬¯®−¥−â�å …ƒˆ‘‡.

6. ‚ ª�ç¥áâ¢¥ á¥à¢¨á®¢-¯®âà¥¡¨â¥«¥© ª®¬¯®−¥−â®¢ ä¥¤¥à�«ì−®£® á¥£¬¥−â�
…ƒˆ‘‡ ¢ëáâã¯�îâ −¥ â®«ìª® ¤àã£¨¥ ª®¬¯®−¥−âë ä¥¤¥à�«ì−®£® á¥£¬¥−â�,
−® ¨ ª®¬¯®−¥−âë à¥£¨®−�«ì−ëå á¥£¬¥−â®¢ …ƒˆ‘‡, � â�ª¦¥ ¬¥¤¨æ¨−áª¨å
®à£�−¨§�æ¨© ÷”.

Š�ª ¢¨¤−®, ¢ ¯¥à¢®© ®ç¥à¥¤¨ …ƒˆ‘‡ à¥�«¨§®¢�−® ¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®-
−¥−â®¢ ¯® ¬¥â®¤ã úâ®çª�{â®çª�û á® ¢á¥¬¨ à�áá¬®âà¥−−ë¬¨ à�−¥¥ ¯à®¡«¥¬�¬¨
¨ −¥¤®áâ�âª�¬¨. ‡�¯«�−¨à®¢�−−�ï ª à¥�«¨§�æ¨¨ ¢® ¢â®à®© ®ç¥à¥¤¨ ¯®¤á¨áâ¥¬�
ˆ�‘ ¤®«¦−� à¥�«¨§®¢ë¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ ç¥à¥§ ú¥¤¨−ë© ã§¥«û
¨ ®¡¥á¯¥ç¨¢�âì:

{ ¥¤¨−ãî â®çªã ¯®¤ª«îç¥−¨ï ¨ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯®¤á¨áâ¥¬,
¢å®¤ïé¨å ¢ á®áâ�¢ á¥£¬¥−â� æ¥−âà�«¨§®¢�−−ëå ®¡é¥á¨áâ¥¬−ëå ª®¬¯®−¥−â®¢,
� â�ª¦¥ ¯®¤á¨áâ¥¬, ¢å®¤ïé¨å ¢ á®áâ�¢ á¥£¬¥−â� ¯à¨ª«�¤−ëå ª®¬¯®−¥−â®¢
à¥£¨®−�«ì−®£® ãà®¢−ï ¯à¨ ®¡à�é¥−¨¨ ª ª®¬¯®−¥−â�¬ ä¥¤¥à�«ì−®£®;

{ ¯¥à¢¨ç−ë© ª®−âà®«ì ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨© −� á®®â¢¥âáâ¢¨¥ ä®à¬�â�¬;

{ ª®−âà®«ì ª®àà¥ªâ−®áâ¨ ¨ ¯à�¢®¬¥à−®áâ¨ ¢ë§®¢� á¥à¢¨á®¢ ä¥¤¥à�«ì−ëå ¯à¨-
ª«�¤−ëå ª®¬¯®−¥−â®¢;

{ ¬�àèàãâ¨§�æ¨î ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨© (�¤à¥á�æ¨î á®®¡é¥−¨© ¢ á®®â-
¢¥âáâ¢ãîé¨© à¥£¨®−�«ì−ë© á¥£¬¥−â);

{ ¬®−¨â®à¨−£ á®áâ®ï−¨ï á¥à¢¨á®¢ ä¥¤¥à�«ì−ëå ¯à¨ª«�¤−ëå ª®¬¯®−¥−â®¢;

{ á¡®à áâ�â¨áâ¨ç¥áª®© ¨−ä®à¬�æ¨¨ ®¡ ®¡ê¥¬¥ ¨ ª�ç¥áâ¢¥ ¨−ä®à¬�æ¨®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï;

{ £�à�−â¨à®¢�−−ãî ¤®áâ�¢ªã −¥¨áª�¦¥−−ëå á®®¡é¥−¨© ®â ®â¯à�¢¨â¥«ï ª ¯®«ã-
ç�â¥«î ¢ ãáâ�−®¢«¥−−ë¥ (à¥£«�¬¥−â¨à®¢�−−ë¥) áà®ª¨.

�®¤á¨áâ¥¬� ˆ�‘ ¤®«¦−� ¡ëâì à�§à�¡®â�−� á ¯®¤¤¥à¦ª®© �¯¯�à�â−®© ¬�á-
èâ�¡¨àã¥¬®áâ¨ ¨ ¢ª«îç�âì áà¥¤áâ¢� −�áâà®©ª¨, ¬®−¨â®à¨−£� ¨ ¦ãà−�«¨à®¢�−¨ï
¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï. ‚ ®á−®¢ã ¯à®¥ªâ¨à®¢�−¨ï á¥à¢¨á� ˆ�‘
¤®«¦¥− ¡ëâì ¯®«®¦¥− ¯à¨−æ¨¯ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®© æ¥−âà�«¨§�æ¨¨ ¤®áâã-
¯� ª á¥à¢¨á�¬ á ãç¥â®¬ à�á¯à¥¤¥«¥−−®£® å�à�ªâ¥à� ¢§�¨¬®¤¥©áâ¢¨ï ¢ à�¬ª�å
¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ ¢ áä¥à¥ §¤à�¢®®åà�−¥−¨ï ¨ ä�à¬�ª®«®£¨¨.

�à¥¤êï¢«ï¥¬ë¥ ª ¯®¤á¨áâ¥¬¥ ˆ�‘ âà¥¡®¢�−¨ï ¯à�ªâ¨ç¥áª¨ ¯®«−®áâìî á®®â-
¢¥âáâ¢ãîâ à�áá¬®âà¥−−ë¬ à�−¥¥ á¢®©áâ¢�¬ ¨−â¥£à�æ¨®−−®£® á«®ï, ¨§ ç¥£® á«¥¤ã-
¥â, çâ® à�áá¬®âà¥−−�ï �àå¨â¥ªâãà� ¨−â¥£à�æ¨®−−®£® á«®ï ¬®¦¥â ¡ëâì á ãá¯¥å®¬
¯à¨¬¥−¥−� ¯à¨ á®§¤�−¨¨ ¯®¤á¨áâ¥¬ë ˆ�‘ …ƒˆ‘‡.
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5 Заключение

‚ à¥§ã«ìâ�â¥ �−�«¨§� à�§«¨ç−ëå ¯®¤å®¤®¢ ª ¨−â¥£à�æ¨¨ ¯à¨«®¦¥−¨© ¢ ¥¤¨-
−ãî ˆ‘, ¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ ¨−â¥£à�æ¨®−−ëå ¯à®¤ãªâ®¢ ¯«�âä®à¬ë
Oracle SOA Suite, ¢ëï¢«¥−ë ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�âª¨ íâ¨å à¥è¥−¨©. ÷�§à�¡®-
â�−® á¢®¡®¤−®¥ ®â ¢ëï¢«¥−−ëå −¥¤®áâ�âª®¢ à¥è¥−¨¥ ¯® ¨−â¥£à�æ¨¨ ¯à¨«®¦¥−¨©
¢ ¥¤¨−ãî ˆ‘ −� ¡�§¥ ¯®áâà®¥−¨ï á¯¥æ¨�«ì−®£® ¨−â¥£à�æ¨®−−®£® á«®ï ˆ‘. �â-
«¨ç¨â¥«ì−ë¬¨ ®á®¡¥−−®áâï¬¨ ¤�−−®£® ¯®¤å®¤� ï¢«ïîâáï:

{ ¯¥à¥å®¤ ®â ¯ã¡«¨ª�æ¨¨ á¥à¢¨á®¢-¯®áâ�¢é¨ª®¢ ¨ ¨å ¬¥â®¤®¢ (ª�ª ¨−â¥àä¥©á�
ˆ‘) ª ¯ã¡«¨ª�æ¨¨ §�ï¢®ª −� ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨© ¨ ¤¥©áâ¢¨© ¢ ¨−â¥£à¨à®-
¢�−−®© ˆ‘;

{ ¯à¥¤®áâ�¢«¥−¨¥ ¢á¥¬ �¡®−¥−â�¬ ˆ‘ ¥¤¨−®£® ã−¨¢¥àá�«ì−®£® á¥à¢¨á� ¢§�¨¬®-
¤¥©áâ¢¨ï, ®áãé¥áâ¢«ïîé¥£® ¯à¨¥¬ −� ¢ë¯®«−¥−¨¥ ¢á¥å §�à¥£¨áâà¨à®¢�−−ëå
¢ ¨−â¥£à�æ¨®−−®¬ á«®¥ §�ï¢®ª;

{ «®ª�«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á�¬¨-¯®áâ�¢é¨ª�¬¨ ¢ ®¤−®© â®çª¥ ¨−â¥-
£à�æ¨®−−®£® á«®ï.

�®ª�§�−®, çâ® ¯à¨ à¥�«¨§�æ¨¨ ¤�−−®£® ¯®¤å®¤� ã¤�¥âáï áãé¥áâ¢¥−−® á®ªà�-
â¨âì §�âà�âë −� à�§à�¡®âªã ¨ á®¯à®¢®¦¤¥−¨¥ â�ª®© ˆ‘, ¯®¢ëá¨âì ãáâ®©ç¨¢®áâì
á¨áâ¥¬ë ª ¨§¬¥−¥−¨ï¬ ãá«®¢¨© ¥¥ äã−ªæ¨®−¨à®¢�−¨ï, ã¯à®áâ¨âì ¬®¤¥à−¨§�æ¨î
¨ à�§¢¨â¨¥ ˆ‘, � â�ª¦¥ à�áè¨à¨âì ¢®§¬®¦−®áâ¨ ¥¥ ¬�áèâ�¡¨à®¢�−¨ï.

�à®¢¥¤¥− �−�«¨§ á®áâ®ï−¨ï å®¤� à�§à�¡®âª¨ …ƒˆ‘‡ á â®çª¨ §à¥−¨ï ¨−-
â¥£à�æ¨®−−ëå à¥è¥−¨©. ÷�áá¬®âà¥−ë âà¥¡®¢�−¨ï ª á®§¤�¢�¥¬®© ¯®¤á¨áâ¥¬¥
¨−â¥£à�æ¨¨ ¯à¨ª«�¤−ëå á¨áâ¥¬ …ƒˆ‘‡. �®ª�§�−®, çâ® ¨§«®¦¥−−®¥ ¢ áâ�âì¥
à¥è¥−¨¥ ¯® ¨−â¥£à�æ¨¨ ˆ‘ −� ¡�§¥ ¨−â¥£à�æ¨®−−®£® á«®ï ¬®¦¥â ¡ëâì á ãá¯¥å®¬
¯à¨¬¥−¥−® ¤«ï à¥�«¨§�æ¨¨ ¯®¤á¨áâ¥¬ë ˆ�‘ …ƒˆ‘‡.
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METHODS OF CLOUD SERVICE INTEGRATION
BY THE EXAMPLE OF HEALTHCARE

G. Ilushin and V. Limansky

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

Abstract: The article gives a review of traditional approaches to integra-
tion of many independent applications into a unified information system
(IS), their merits and demerits. The approaches to integration of appli-
cations in the context of the unified IS and requirements for solution of
this task based on constructing a special integration layer of an IS are de-
scribed. The solution is built on the principles of the service-oriented
architecture, allows to use modern integration products of different com-
panies, and offers additional architectural tools of ranging. These tools
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give an opportunity of optimum loading of software and hardware tools of
the integration layer, starting with small IS like enterprises and up to scaled
geographically distributed IS. Particularly, the article shows possibility and
expediency of using the integration layer mentioned above for implementing the
unified state IS in the field of healthcare for serving the task of integration of its
components into the unified IS.

Keywords: information systems; service-oriented architecture; web services;
integration of components of IS; intermediate layer; unified state information
system in the field of healthcare
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ПРИМЕНЕНИЕ ВЕБ-РЕСУРСОВ СИСТЕМЫ ЗНАНИЙ
ИНФОРМАТИКИ СИНФ В УЧЕБНОМ ПРОЦЕССЕ

Б. Н. Куров1

�−−®â�æ¨ï: �−�«¨§¨àã¥âáï ®¯ëâ ¯à¨¬¥−¥−¨ï ¢¥¡-à¥áãàá®¢ à�á¯à¥¤¥«¥−−®©
£¨¯¥à¬¥¤¨©−®© á¨áâ¥¬ë §−�−¨© ¨−ä®à¬�â¨ª¨ ‘ˆ�” ¯à¨ ®¡ãç¥−¨¨ áâã¤¥−-
â®¢. ‚ á®áâ�¢ ‘ˆ�” ¢å®¤¨â ¦ãà−�« úˆ−ä®à¬�â¨ª�: S-¬®¤¥«¨à®¢�−¨¥û
¨ í−æ¨ª«®¯¥¤¨ï ¨−ä®à¬�â¨ª¨ úˆ−ä®¯¥¤¨ïû. ‚ ¦ãà−�«¥ ¯ã¡«¨ªãîâáï ¬®-
−®£à�ä¨¨, áâ�âì¨, ãç¥¡−ë¥ ¬�â¥à¨�«ë, à¥æ¥−§¨¨, ª®¬¬¥−â�à¨¨ ¨ à�§«¨ç−ë¥
§�¬¥âª¨. ‚ í−æ¨ª«®¯¥¤¨¨ ¯à¨¢®¤ïâáï ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨© ¨−ä®à¬�â¨ª¨
¨ ¤�îâáï −¥®¡å®¤¨¬ë¥ ª −¨¬ ¯®ïá−¥−¨ï. �á®¡¥−−®áâìî ‘ˆ�” ï¢«ï¥âáï
¯®áâ®ï−−®¥ à�áè¨à¥−¨¥ á¨áâ¥¬ë §−�−¨© ¯ãâ¥¬ ã¢¥«¨ç¥−¨ï ®¡ê¥¬� ¤®áâã¯-
−ëå −�ãç−ëå ¨ ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢. �®ª�§�−®, çâ® ¨á¯®«ì§ã¥¬ë¥ ¢
ãç¥¡−®¬ ¯à®æ¥áá¥ ¢¥¡-à¥áãàáë á¨áâ¥¬ë §−�−¨© ¨−ä®à¬�â¨ª¨ ‘ˆ�” ®¡¥á¯¥-
ç¨¢�îâ ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ®¡ãç¥−¨ï áâã¤¥−â®¢. �â®¬ã â�ª¦¥ á¯®á®¡áâ¢ã¥â
¯à¨¬¥−ï¥¬�ï ¬¥â®¤¨ª� ®¡ãç¥−¨ï, ®á−®¢�−−�ï −� á®ç¥â�−¨¨ �ã¤¨â®à−ëå §�−ï-
â¨© á ¤¨áâ�−æ¨®−−ë¬¨ (¢¨¤¥®§�−ïâ¨ï, ã¤®¡−�ï ¤«ï áâã¤¥−â®¢ skype-á¢ï§ì á
¯à¥¯®¤�¢�â¥«¥¬).

Š«îç¥¢ë¥ á«®¢�: ¢¥¡-à¥áãàáë; á¨áâ¥¬� §−�−¨© ¨−ä®à¬�â¨ª¨; ¦ãà−�« úˆ−-
ä®à¬�â¨ª�: S-¬®¤¥«¨à®¢�−¨¥û; í−æ¨ª«®¯¥¤¨ï ¨−ä®à¬�â¨ª¨ úˆ−ä®¯¥¤¨ïû;
ãç¥¡−ë© ¯à®æ¥áá

DOI: 10.14357/08696527140215

1 Введение

‘ãé¥áâ¢ãîé¨¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ®¡à�§®¢�â¥«ì−ë¥ ¨−â¥à−¥â-à¥áãàáë ¤®-
áâ�â®ç−® à�§−®®¡à�§−ë: ®¡à�§®¢�â¥«ì−ë¥ ªãàáë (�¤à¥áã¥¬ë¥ è¨à®ª®¬ã á¯¥ªâàã
®¡ãç�îé¨åáï), í−æ¨ª«®¯¥¤¨¨, ¡¨¡«¨®â¥ç−ë¥ á¨áâ¥¬ë, á«®¢�à¨, ¯¥à¥¢®¤ç¨ª¨
¨ ¤à.

‘à¥¤¨ ®¡à�§®¢�â¥«ì−ëå ªãàá®¢ −�¨¡®«¥¥ ¯à®¤¢¨−ãâë¬¨ ï¢«ïîâáï ªãàáë,
á®§¤�¢�¥¬ë¥ ¢ à�¬ª�å ¯à®¥ªâ� edX [1], ª®â®àë© à�§à�¡®â�− Œ�áá�çãá¥âáª¨¬
â¥å−®«®£¨ç¥áª¨¬ ¨−áâ¨âãâ®¬ (Œ’ˆ) ¨ ƒ�à¢�à¤áª¨¬ ã−¨¢¥àá¨â¥â®¬. �âªàëâ�ï
¯à®£à�¬¬−�ï ¯«�âä®à¬� IMT, −� ª®â®à®© áâà®ïâáï ªãàáë, ¯à¥¤ãá¬�âà¨¢�¥â ¢¨-
¤¥®§�−ïâ¨ï, ¢áâà®¥−−ë¥ ®¯à®áë, ¬£−®¢¥−−ãî ®¡à�â−ãî á¢ï§ì á ¯à¥¯®¤�¢�â¥«ï¬¨,
®−«�©−®¢ë¥ «�¡®à�â®à¨¨ ¨ ®¡ãç¥−¨¥ ¢ â¥¬¯¥, ¯à¥¤¯®ç¨â�¥¬®¬ áâã¤¥−â®¬. �â�
¯«�âä®à¬� à�§à�¡®â�−� Œ’ˆ (¢ ®á−®¢−®¬, −� ï§ëª¥ Python). �¡¥á¯¥ç¨¢�¥â-
áï á¢®¡®¤−ë© ¤®áâã¯ à�§à�¡®âç¨ª®¢ ªãàá®¢ ª IMT. ‘®¤¥à¦�−¨¥ ªãàá®¢ ¨¬¥¥â

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, bnkurov@yandex.ru
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�à¨¬¥−¥−¨¥ ¢¥¡-à¥áãàá®¢ á¨áâ¥¬ë §−�−¨© ¨−ä®à¬�â¨ª¨ ‘ˆ�” ¢ ãç¥¡−®¬ ¯à®æ¥áá¥

®ç¥−ì ¢ëá®ª¨© ãà®¢¥−ì, ¯®áª®«ìªã ¤«ï ¨å á®§¤�−¨ï ¯à¨¢«¥ª�îâáï «ãçè¨¥ ¯à¥-
¯®¤�¢�â¥«¨ ¢ã§®¢ ¨§ à�§«¨ç−ëå áâà�− (¢ ÷®áá¨¨, −�¯à¨¬¥à, ¨§ ”¨§â¥å�). ‚á¥
®−«�©−-ªãàáë à�á¯à®áâà�−ïîâáï ¢ ˆ−â¥à−¥â¥ ¡¥á¯«�â−®.

ˆ§ ¤¨áâ�−æ¨®−−ëå ªãàá®¢ ¬®¦−® â�ª¦¥ ®â¬¥â¨âì ¯«�â−ë¥ ¯®¤£®â®¢¨â¥«ì−ë¥
ªãàáë “ç¥¡−®£® æ¥−âà� ä�ªã«ìâ¥â� ‚ŒŠ Œƒ“, ®à¨¥−â¨à®¢�−−ë¥ −� áâ�àè¥ª«�á-
á−¨ª®¢ [2]. ‚−¨¬�−¨ï §�á«ã¦¨¢�¥â ¨å ª�ç¥áâ¢¥−−®¥ −�¯®«−¥−¨¥ (â¥®à¥â¨ç¥áª¨©
¬�â¥à¨�«, §�¤�−¨ï −� á�¬®áâ®ïâ¥«ì−ãî à�¡®âã, â¥áâë).

�®¯ã«ïà−ë¬¨ ¢¥¡-à¥áãàá�¬¨ ï¢«ïîâáï à�§«¨ç−ë¥ ã−¨¢¥àá�«ì−ë¥ í−æ¨ª«®-
¯¥¤¨¨. ��¯à¨¬¥à, ¯«�â−�ï Encyclopedia Britannica [3] ¨ −�¡¨à�îé�ï ¯®¯ã«ïà-
−®áâì ¡¥á¯«�â−�ï ‚¨ª¨¯¥¤¨ï. Encyclopedia Britannica ¯à¥¢®áå®¤¨â ‚¨ª¨¯¥¤¨î
ª�ª ¯® £«ã¡¨−¥, â�ª ¨ ¯® è¨à®â¥ ®å¢�âë¢�¥¬®£® ¬�â¥à¨�«�. Š�¦¤�ï ¨§ ¯¥à¥-
ç¨á«¥−−ëå í−æ¨ª«®¯¥¤¨© −�áç¨âë¢�¥â ¬¨««¨®−ë ¯®«ì§®¢�â¥«¥© ¨§ à�§−ëå áâà�−
¬¨à�.

�á®¡¥−−®áâìî à�áá¬�âà¨¢�¥¬ëå ¢ áâ�âì¥ ®¡à�§®¢�â¥«ì−ëå ¢¥¡-à¥áãàá®¢ á¨á-
â¥¬ë §−�−¨© ¨−ä®à¬�â¨ª¨ ‘ˆ�” ï¢«ï¥âáï â®, çâ® ®−¨ ®à¨¥−â¨à®¢�−ë −�
ª®−ªà¥â−ãî ®¡«�áâì §−�−¨© | ¨−ä®à¬�â¨ªã, ¯à¥¤¬¥â®¬ ª®â®à®© ï¢«ï¥âáï á¨¬-
¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢ ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥
(s-¬®¤¥«¨à®¢�−¨¥) [4].

‚¥¡-à¥áãàáë ‘ˆ�” ¨á¯®«ì§ãîâáï ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï áâã¤¥−â®¢ ¨ ¬�£¨-
áâà�−â®¢ ä�ªã«ìâ¥â� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© Œˆ÷�� ¢ à�¬ª�å ¤¨áæ¨¯-
«¨− ú‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¢ ¨−ä®à¬�â¨ª¥û, ú’¥®à¨ï s-¬®¤¥«¨à®¢�−¨ï
¨ ¥¥ ¯à¨¬¥−¥−¨¥û (ç¨â�¥¬ëå ¯à®ä¥áá®à®¬ ‚. „. ˆ«ì¨−ë¬) ¨ ú�«£®à¨â¬¨§�-
æ¨ï ¨ à¥è¥−¨¥ §�¤�ç ã¯à�¢«¥−¨ï ¢ s-áà¥¤¥û (�÷‡“) (¯à¥¯®¤�¢�â¥«ì | ¤®æ¥−â
�. �. Šãà®¢). ‘ãé¥áâ¢¥−−ãî ç�áâì á®¤¥à¦�−¨ï ª�¦¤®© ¨§ ¤¨áæ¨¯«¨− á®áâ�¢«ï-
îâ à�§¤¥«ë â¥®à¨¨ s-¬®¤¥«¨à®¢�−¨ï, �¢â®à�¬¨ ª®â®à®© ï¢«ïîâáï ‚. „. ˆ«ì¨− ¨
�. ‚. ˆ«ì¨− [4].

2 СИНФ как научно-образовательные ресурсы

‘¨áâ¥¬� §−�−¨© ¨−ä®à¬�â¨ª¨ ‘ˆ�” ®à¨¥−â¨à®¢�−� −� ¨áá«¥¤®¢�â¥«¥©,
à�§à�¡®âç¨ª®¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¯à¥¯®¤�¢�â¥«¥© ¢ã§®¢, �á¯¨à�−â®¢
¨ áâã¤¥−â®¢ ¯à®ä¨«ì−ëå á¯¥æ¨�«ì−®áâ¥©. ‘ˆ�” | íâ® â¨¯ í«¥ªâà®−−®£® ¨§¤�-
−¨ï, ¢ ª®â®à®¬ ¯ã¡«¨ªã¥¬ë¥ ¬�â¥à¨�«ë ¯à¥¤áâ�¢«¥−ë ¢ ä®à¬¥ £¨¯¥à¬¥¤¨©−ëå
¤®ªã¬¥−â®¢; ªà®¬¥ â®£®, ¯®¤¤¥à¦¨¢�¥âáï ¢®§¬®¦−®áâì á®§¤�−¨ï ¯à¥§¥−â�æ¨© ¨
¢¨¤¥®á®®¡é¥−¨©.

‘�©â £¨¯¥à¬¥¤¨©−®£® −�ãç−®£® ¨§¤�−¨ï ‘ˆ�” [5] ¨¬¥¥â −�¡®à á¥à¢¨á®¢,
−¥®¡å®¤¨¬ëå ¤«ï à¥£¨áâà�æ¨¨ ¯à¥¤¯®«�£�¥¬ëå �¢â®à®¢, ¯à¥¤áâ�¢«¥−¨ï ¨ á¨áâ¥-
¬�â¨§�æ¨¨ ¬�â¥à¨�«®¢.

„«ï ¯ã¡«¨ª�æ¨¨ ¬�â¥à¨�«®¢ ¤®áâ�â®ç−®, çâ®¡ë ®−¨ á®®â¢¥âáâ¢®¢�«¨ â¥¬�â¨ª¥
¨ ¡ë«¨ ®ä®à¬«¥−ë ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ ‘ˆ�”.

‚�¦−®© ®á®¡¥−−®áâìî ‘ˆ�” ï¢«ï¥âáï ¥¦¥£®¤−®¥ à�áè¨à¥−¨¥ á¨áâ¥¬ë §−�-
−¨© ¯ãâ¥¬ ã¢¥«¨ç¥−¨ï ®¡ê¥¬� ¤®áâã¯−ëå −�ãç−ëå ¨ ®¡à�§®¢�â¥«ì−ëå à¥áãà-
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á®¢ [6{9]. Œ¥¦¤ã â¥¬�â¨ç¥áª¨ ¡«¨§ª¨¬¨ à¥áãàá�¬¨ áãé¥áâ¢ã¥â ¯à¥¥¬áâ¢¥−−®áâì:
−®¢ë¥ ¬�â¥à¨�«ë ¤®¯®«−ïîâ à�−¥¥ ®¯ã¡«¨ª®¢�−−ë¥.

Ÿ¤à®¬ ‘ˆ�” ï¢«ïîâáï ¦ãà−�« úˆ−ä®à¬�â¨ª�: S-¬®¤¥«¨à®¢�−¨¥û ¨ í−-
æ¨ª«®¯¥¤¨ï ¨−ä®à¬�â¨ª¨ úˆ−ä®¯¥¤¨ïû.

–¥«ì ¦ãà−�«� | ¯à¥¤áâ�¢«¥−¨¥ ¨ ®¡áã¦¤¥−¨¥ −�ãç−ëå à¥§ã«ìâ�â®¢, ¯à¥¤-
áâ�¢«¥−−ëå ¢ ¢¨¤¥ áâ�â¥© ¨ ª−¨£, á®¤¥à¦�é¨å ®¯¨á�−¨¥ ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç
s-¬®¤¥«¨à®¢�−¨ï ¨ ¨å ¯à¨¬¥−¥−¨ï ¢ à�§à�¡®âª�å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®-
£¨©, á¥à¢¨á®¢, ¯à®£à�¬¬−ëå ¨ �¯¯�à�â−ëå áà¥¤áâ¢, −�ãç−ëå ¨ ®¡à�§®¢�â¥«ì−ëå
à¥áãàá®¢.

ˆ−ä®¯¥¤¨ï á«ã¦¨â �ªªã¬ã«ïâ®à®¬ �¯à®¡¨à®¢�−−ëå §−�−¨©, ¯à¥¤áâ�¢«ï-
îé¨å ®¡−®¢«ïîé¨©áï ¯®−ïâ¨©−ë© �¯¯�à�â ¨−ä®à¬�â¨ª¨.

–¥−−®áâì ˆ−ä®¯¥¤¨¨ −¥ â®«ìª® ¢ ¥¥ á®áâ�¢¥, −® ¨ ¢ â®¬, çâ® ¯®«ì§®¢�â¥«ì
¨¬¥¥â ¢®§¬®¦−®áâì ¡ëáâà® ®á¢�¨¢�âì −®¢ë¥ ¯®−ïâ¨ï. ��«¨ç¨¥ £¨¯¥àááë«®ª −�
¨á¯®«ì§ã¥¬ë¥ ¢ ®¯à¥¤¥«¥−¨ïå ¯®−ïâ¨ï ¯®§¢®«ï¥â ¯®«ì§®¢�â¥«î ã¢¨¤¥âì á¢ï§¨
¯®−ïâ¨© ¨ â�ª¨¬ ®¡à�§®¬ ¯à¨©â¨ ª ¯®−¨¬�−¨î ¨áå®¤−®£® ®¯à¥¤¥«¥−¨ï.

3 Об использовании СИНФ в практике преподавания

‚ ¯à�ªâ¨ª¥ ¯à¥¯®¤�¢�−¨ï ¤¨áæ¨¯«¨−ë �÷‡“ ¨á¯®«ì§®¢�«¨áì ¢¥¡-à¥áãàáë
‘ˆ�”, á®¤¥à¦�é¨¥áï ª�ª ¢ ¦ãà−�«¥ úˆ−ä®à¬�â¨ª�: S-¬®¤¥«¨à®¢�−¨¥û, â�ª ¨
¢ í−æ¨ª«®¯¥¤¨¨ ¨−ä®à¬�â¨ª¨ úˆ−ä®¯¥¤¨ïû.

��¯à¨¬¥à, ¯à¨ ¨§ãç¥−¨¨ â¥¬ë ú‘à�¢−¥−¨¥ �«£®à¨â¬®¢ ã¯à�¢«¥−¨ïû [10]
ä®à¬ã«¨à®¢ª¨ §�¤�ç, ¬¥â®¤ë ¨ �«£®à¨â¬ë §�¯¨áë¢�«¨áì á ¨á¯®«ì§®¢�−¨¥¬ ï§ë-
ª� TSM á¯¥æ¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ s-¬®¤¥«¨à®¢�−¨ï [4, 6]. �à¥¨¬ãé¥áâ¢® â�ª®£®
®¯¨á�−¨ï ¢ â®¬, çâ® ®−¨ ¯à¨®¡à¥â�îâ ¢¨¤, ¯à¨¢ëç−ë© ¤«ï à�§à�¡®âç¨ª®¢ ¯à®-
£à�¬¬−® à¥�«¨§ã¥¬ëå �«£®à¨â¬®¢ ¨ ¯à®£à�¬¬¨áâ®¢.

„«ï ¨««îáâà�æ¨¨ ¯à¨¢¥¤¥¬ äà�£¬¥−â ®¯¨á�−¨ï ®¤−®© ¨§ à�áá¬�âà¨¢�¥¬ëå
§�¤�ç.

�à¥¤¯®«®¦¨¬, çâ® í−¥à£®á¨áâ¥¬� (�‘) ¢ª«îç�¥â n í«¥ªâà®áâ�−æ¨©, íª®−®-
¬¨ç−®áâì à�¡®âë ª®â®àëå ®¯à¥¤¥«ï¥âáï à�áå®¤−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ | äã−ª-
æ¨ï¬¨ §�âà�â −� â®¯«¨¢® y[j](x[j]), £¤¥ x[j] | −�£àã§ª� j-© áâ�−æ¨¨. ˆ§¢¥áâ−�
áã¬¬�à−�ï −�£àã§ª� í−¥à£®á¨áâ¥¬ë x[c; ] (c | ¯®¬¥â�), ¢ª«îç�îé�ï ¯®â¥à¨ ¢
í«¥ªâà¨ç¥áª®© á¥â¨.

‡�¤�ç� ®¯â¨¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï −�£àã§®ª ¬¥¦¤ã í«¥ªâà®áâ�−æ¨ï¬¨ §�-
ª«îç�¥âáï ¢ ¬¨−¨¬¨§�æ¨¨ §�âà�â:

y = sum[j . . . n]y[j](x[j]) → min

¯à¨ ®£à�−¨ç¥−¨ïå, §�¤�−−ëå ãá«®¢¨¥¬ ¡�«�−á� ¢ �‘:

sum[j . . . n]x[j]− x[c; ] = 0
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�à¨¬¥−¥−¨¥ ¢¥¡-à¥áãàá®¢ á¨áâ¥¬ë §−�−¨© ¨−ä®à¬�â¨ª¨ ‘ˆ�” ¢ ãç¥¡−®¬ ¯à®æ¥áá¥

¨ ¤®¯ãáâ¨¬ë¬¨ ¨§¬¥−¥−¨ï¬¨ −�£àã§®ª áâ�−æ¨©:

x[min; j] ≤ x[j] ≤ x[max; j] .

÷¥è¥−¨¥ áä®à¬ã«¨à®¢�−−®© §�¤�ç¨ á¢®¤¨âáï ª à¥è¥−¨î á¨áâ¥¬ë −¥«¨−¥©−ëå
ãà�¢−¥−¨©

dy[j]/dx[j] + λ = 0 ;

sum[j . . . n]x[j]− x[c; ] = 0 .

�� ¯à�ªâ¨ª¥ §−�ç¥−¨ï äã−ªæ¨© y[j](x[j]) ¯®«ãç�îâ ¯ãâ¥¬ −�âãà−ëå ¨á¯ëâ�−¨©
¤«ï §�¤�−−®£® −�¡®à� §−�ç¥−¨© x[j], â. ¥. y[j](x[j]) | íâ® â�¡«¨ç−ë¥ äã−ªæ¨¨.
‚ �«£®à¨â¬�å ®¯â¨¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¯à¥¤ãá¬�âà¨¢�¥âáï ¨å ¨−â¥à¯®«¨à®-
¢�−¨¥.

‚®§−¨ª�¥â §�¤�ç� áà�¢−¥−¨ï ¤¢ãå �«£®à¨â¬®¢, ¢ ª®â®àëå ¨á¯®«ì§ãîâáï
à�§«¨ç−ë¥ á¯®á®¡ë ¯®áâà®¥−¨ï ¨−â¥à¯®«ïæ¨®−−ëå äã−ªæ¨©. ‚ ¯¥à¢®¬ ¨§
−¨å (�«£®à¨â¬¥ A[1]) áâà®¨âáï ¨−â¥à¯®«ïæ¨®−−ë© ªã¡¨ç¥áª¨© á¯«�©− ¯® â®ç-
ª�¬ (x[0], y[0]), (x[1], y[1]), . . . , (x[N ], y[N ]) ¯à®¨§¢®«ì−®© à�áå®¤−®© å�à�ªâ¥à¨-
áâ¨ª¨.

‘¯«�©−-äã−ªæ¨ï S(f, x) ï¢«ï¥âáï ¬−®£®ç«¥−®¬ âà¥âì¥© áâ¥¯¥−¨ −� ª�¦¤®¬
¨§ ®âà¥§ª®¢ [x[i − 1], x[i]]:

S(f, x) = f [i](x) = a[i0] + a[i1] ∗ x+ a[i2] ∗ x ∗ ∗2 + a[i3] ∗ x ∗ ∗3

¯à¨ x[i − 1] ≤ x ≤ x[i], i = 1, . . . , N , ¨ ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

f [i](x[i]) = y[i] ; f [1](x[0]) = y[0] ;

f [k; j](x[j]) = f [k; j + 1](x[j]), k = 1, 2; j = 1, . . . , N − 1 ,

£¤¥ k | ¯®àï¤®ª ¯à®¨§¢®¤−®©.
„«ï ®âëáª�−¨ï ª®íää¨æ¨¥−â®¢ a[i0], a[i1], a[i2] ¨ a[i3] äã−ªæ¨¨ S(f, x)

¬¥â®¤®¬ ¯à®£®−ª¨ à¥è�¥âáï á¨áâ¥¬� «¨−¥©−ëå ãà�¢−¥−¨© (®â−®á¨â¥«ì−® ¢â®àëå
¯à®¨§¢®¤−ëå á¯«�©−� ¢ §�¤�−−ëå â®çª�å z[0], z[1], . . . , z[N ]).

‚ ª®−ªãà¨àãîé¥¬ �«£®à¨â¬¥ A[2] áâà®¨âáï ªã¡¨ç¥áª¨© á¯«�©− úá à�áâï-
¦¥−¨¥¬û, ª®£¤� ¢¬¥áâ® «¨−¥©−®áâ¨ ¢â®àëå ¯à®¨§¢®¤−ëå âà¥¡ã¥âáï «¨−¥©−®áâì
à�§−®áâ¨ f [′′; i](x) − α ∗ f [i](x) −� [x[i − 1], x[i]] (′′ | ¯®¬¥â�, ®¡®§−�ç�îé�ï
¢â®àãî ¯à®¨§¢®¤−ãî ®â f ):

f [′′; i](x) − α ∗ f [i](x) =

= (z[i−1]−α∗y[i−1])∗(x[i]−x)/h[i]+(z[i]−α∗y[i])∗(x−x[i−1])/h[i] , α > 0 .

÷¥è¥−¨¥¬ íâ®£® ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï ï¢«ï¥âáï äã−ªæ¨ï f(x):
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f [i](x) = z[i − 1]/α ∗ sh(α ∗ ∗(1/2) ∗ (x[i]− x))/sh(α ∗ ∗(1/2) ∗ h[i]) +

+ (y[i − 1]− z[i − 1])/α ∗ (x[i]− x)/h[i] +

+ z[i]/α ∗ sh(α ∗ ∗(1/2) ∗ (x − x[i − 1]))/sh(α ∗ ∗(1/2) ∗ h[i]) +

+ (y[i]− z[i]/α) ∗ (x[i] − x[i − 1])/h[i] .

�à®¤¨ää¥à¥−æ¨à®¢�¢ íâ® ¢ëà�¦¥−¨¥ ¨ ¯à¨−ï¢ ¢® ¢−¨¬�−¨¥ −¥¯à¥àë¢−®áâì ¯¥à-
¢ëå ¯à®¨§¢®¤−ëå, ®¡à�§ã¥¬ á¨áâ¥¬ã ¨§ (N − 1) «¨−¥©−®£® ãà�¢−¥−¨ï. „�«ì−¥©-
è¨¥ ¤¥©áâ¢¨ï �−�«®£¨ç−ë â¥¬, ª®â®àë¥ ¢ë¯®«−ïîâáï ¤«ï ªã¡¨ç¥áª®£® á¯«�©−�.

�â®â ¯à¨¬¥à ¯®ª�§ë¢�¥â, çâ® áâà®ç−�ï §�¯¨áì à�§−®®¡à�§−ëå á¨¬¢®«ì−ëå
¢ëà�¦¥−¨© −� ï§ëª¥ TSM ã¯à®é�¥â ¯¥à¥å®¤ ®â ¯®áâ�−®¢ª¨ §�¤�ç¨ ª �«£®à¨â¬¨-
§�æ¨¨ ¨ ¯à®£à�¬¬¨à®¢�−¨î.

„àã£®© ¯à¨¬¥à ¯à¨¬¥−¥−¨ï ¢¥¡-à¥áãàá®¢ ‘ˆ�” [4, 6] á¢ï§�− á à¥è¥−¨¥¬
à�§«¨ç−ëå §�¤�ç ã¯à�¢«¥−¨ï ¯à¨ ¨§ãç¥−¨¨ â¥¬ë ú÷¥è¥−¨¥ ®¯â¨¬¨§�æ¨®−−ëå
§�¤�ç ®à£�−¨§�æ¨®−−®£® ã¯à�¢«¥−¨ï áà¥¤áâ¢�¬¨ â�¡«¨ç−ëå ¯à®æ¥áá®à®¢û. ÷�á-
á¬�âà¨¢�îâáï «¨−¥©−ë¥ ¨ −¥«¨−¥©−ë¥ §�¤�ç¨. �� ¯à¥¤¢�à¨â¥«ì−®¬ íâ�¯¥ �−�-
«¨§¨àãîâáï ª®−ªà¥â−ë¥ ¯à®¨§¢®¤áâ¢¥−−ë¥ ãá«®¢¨ï | ã¯à�¢«¥−ç¥áª�ï á¨âã�æ¨ï.
‚ à¥§ã«ìâ�â¥ íªá¯¥àâ−®£® �−�«¨§� ¢®§−¨ª�¥â á®¤¥à¦�â¥«ì−�ï ¯®áâ�−®¢ª� §�¤�-
ç¨: ¢ëï¢«ïîâáï ã¯à�¢«ï¥¬ë¥ ¯¥à¥¬¥−−ë¥ (“�), ®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï ª®â®àëå
¤®«¦−ë ¡ëâì −�©¤¥−ë, ¢á¥ ®£à�−¨ç¥−¨ï, ãç¥â ª®â®àëå ®¡ï§�â¥«¥− ¯à¨ ¯®¨áª¥
§−�ç¥−¨© “�, ä®à¬ã«¨àãîâáï æ¥«ì ã¯à�¢«¥−¨ï ¢ â¥à¬¨−�å âà¥¡®¢�−¨©, ¯à¥¤ê-
ï¢«ï¥¬ëå ª §−�ç¥−¨ï¬ “�. �â¬¥â¨¬, çâ® à¥§ã«ìâ�âë �−�«¨§�, ¯®«ãç¥−−ë¥ −�
íâ®¬ íâ�¯¥, −¥ ä®à¬�«¨§®¢�−ë. Š â®¬ã ¦¥ −�¡®à ¯®−ïâ¨© áãé¥áâ¢¥−−® ¨§¬¥−ï¥âáï
¯à¨ ¯¥à¥å®¤¥ ®â ®¤−®© §�¤�ç¨ ª ¤àã£®©.

‘«¥¤ãîé¨© íâ�¯ | íâ® ¯¥à¥å®¤ ®â á®¤¥à¦�â¥«ì−®© ¯®áâ�−®¢ª¨ ª ¯®áâà®¥−¨î
§�¤�ç−®£® ª®−áâàãªâ¨¢−®£® ®¡ê¥ªâ� (s-§�¤�ç¨) [4, 6]. S-§�¤�ç� | íâ® ç¥â¢¥àª�
Formul, Rulsys, Alg, Prog, £¤¥ Formul | ¯®áâ�−®¢ª�; Rulsys | ¬−®¦¥áâ¢®
á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨« à¥è¥−¨ï §�¤�ç¨, ¯®áâ�¢«¥−−ëå
¢ á®®â¢¥âáâ¢¨¥ Formul; Alg | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ �«£®à¨â¬®¢, ª�¦¤®¥ ¨§
ª®â®àëå á®®â¢¥âáâ¢ã¥â ®¤−®¬ã í«¥¬¥−âã ¨§ Rulsys; Prog | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢
¯à®£à�¬¬, ª�¦¤®¥ ¨§ ª®â®àëå ¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ ®¤−®¬ã ¨§ í«¥¬¥−â®¢
Alg. �−�«¨§ á®¤¥à¦�â¥«ì−®© ¯®áâ�−®¢ª¨ ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì, ª ª�ª®¬ã â¨¯ã
®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ ®−� ®â−®á¨âáï («¨−¥©−�ï, æ¥«®ç¨á«¥−−�ï «¨−¥©−�ï,
−¥«¨−¥©−�ï ¨ ¤à.). ’¨¯ §�¤�ç¨ ®¯à¥¤¥«ï¥â á¨áâ¥¬ã ¯®−ïâ¨© s-§�¤�ç¨, ª®â®à�ï
¨−¢�à¨�−â−� ª á®¤¥à¦�â¥«ì−ë¬ ¯®áâ�−®¢ª�¬ §�¤�ç íâ®£® â¨¯�.

�¥ ¡ã¤¥¬ ¯à¨¢®¤¨âì á®¤¥à¦�â¥«ì−ãî ¯®áâ�−®¢ªã à�áá¬�âà¨¢�¥¬®© ¤�«¥¥
ãç¥¡−®© §�¤�ç¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢. ‘à�§ã ¦¥ ¯¥à¥©¤¥¬ ª Formul, ¯à¨−¨¬�ï
¢® ¢−¨¬�−¨¥, çâ® æ¥«ìî ï¢«ï¥âáï ¨§ãç¥−¨¥ á®áâ�¢«ïîé¨å í«¥¬¥−â®¢ s-§�¤�-
ç¨ ¨ çâ® ®¤−®© ¯®áâ�−®¢ª¥ Formul ¬®¦−® ¯®áâ�¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¬−®¦¥áâ¢®
à�§«¨ç−ëå á®¤¥à¦�â¥«ì−ëå ¯®áâ�−®¢®ª (â�ª®¥ §�¤�−¨¥ ¤�¥âáï áâã¤¥−â�¬ ¢ ®¤−®©
¨§ «�¡®à�â®à−ëå à�¡®â). �â¬¥â¨¬ â®«ìª®, çâ® �−�«¨§ á®¤¥à¦�â¥«ì−®© ¯®áâ�−®¢ª¨
®¯à¥¤¥«ï¥â â¨¯ §�¤�ç¨. ‚ ¤�−−®¬ á«ãç�¥ | íâ® §�¤�ç� «¨−¥©−®£® æ¥«®ç¨á«¥−−®£®
¯à®£à�¬¬¨à®¢�−¨ï.
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‚−�ç�«¥ ¯à¨¢¥¤¥¬ Formul ¤«ï ¯à®¨§¢®«ì−®£® ç¨á«� ã¯à�¢«ï¥¬ëå ¯¥à¥¬¥−−ëå
¨ ®£à�−¨ç¥−¨©.

Formul s-§�¤�ç¨:

Mem (��¬ïâì)
Inp (‚å®¤):

‚¥ªâ®à ª®íää¨æ¨¥−â®¢ æ¥«¥¢®© äã−ªæ¨¨: c[j = 1, . . . , n].
Œ�âà¨æ� ª®íää¨æ¨¥−â®¢ ®£à�−¨ç¥−¨©: a[i = 1, . . . ,m, j = 1, . . . , n].
‚¥ªâ®à ¯à�¢ëå ç�áâ¥© ®£à�−¨ç¥−¨©: b[i = 1, . . . ,m].

Out (‚ëå®¤): ¢¥ªâ®à x[max; j = 1, . . . , n].
�à�¢¨«® rul ¬�ªá¨¬¨§�æ¨¨ ¯® x[j = 1, . . . , n] æ¥«¥¢®© äã−ªæ¨¨ c[j =

= 1, . . . , n] ∗ x[j = 1, . . . , n] ¯à¨ ®£à�−¨ç¥−¨ïå a[i = 1, . . . ,m, j = 1, . . . , n]∗
∗x[j = 1, . . . , n] ≤ b[i = 1, . . . ,m] ¨ x[j = 1, . . . , n] : elemN1 ¨¬¥¥â á«¥¤ãîé¨©
¢¨¤:

max[x[j = 1, . . . , n] ::

:: (a[i = 1, . . . ,m, j = 1, . . . , n] ∗ x[j = 1, . . . , n] ≤ b[i = 1, . . . ,m]) ::

:: x[j = 1, . . . , n] : elem N ](c[j = 1, . . . , n] ∗ x[j = 1, . . . , n]) .

‡�¬¥â¨¬, çâ® ¢¢¥¤¥−−�ï á¨áâ¥¬� ¯®−ïâ¨© ã¦¥ −¥ ®âà�¦�¥â íª®−®¬¨ç¥áª®£®
á¬ëá«� ã¯à�¢«¥−ç¥áª®© á¨âã�æ¨¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢, � ®¯¥à¨àã¥â ç¨áâ®
�«£¥¡à�¨ç¥áª¨¬¨ ¯®−ïâ¨ï¬¨. �â® ¢�¦−®¥ ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â ¨á¯®«ì-
§®¢�âì ¢ ¤�«ì−¥©è¥¬ �−�«®£¨ç−ë¥ ä®à¬ã«¨à®¢ª¨ ¨ ¢ ¤àã£¨å ã¯à�¢«¥−ç¥áª¨å
á¨âã�æ¨ïå (âà�−á¯®àâ−ë¥ §�¤�ç¨, §�¤�ç¨ á®áâ�¢«¥−¨ï á¬¥á¥©, §�¤�ç¨ −�§−�ç¥−¨©
¨ ¤à.). �¤−�ª® ¯à¨ �−�«¨§¥ à¥§ã«ìâ�â®¢ à¥è¥−¨ï −ã¦−® ¡ã¤¥â ¢®§¢à�é�âìáï ª
á®¤¥à¦�â¥«ì−®© ¯®áâ�−®¢ª¥ §�¤�ç¨.

’¥¯¥àì á−�¡¤¨¬ Formul ¤�−−ë¬¨, ¨§¢«¥ç¥−−ë¬¨ ¨§ á®¤¥à¦�â¥«ì−®© ¯®áâ�-
−®¢ª¨. ˆ¬¥¥¬ ¤¢¥ æ¥«®ç¨á«¥−−ë¥ ã¯à�¢«ï¥¬ë¥ ¯¥à¥¬¥−−ë¥ (¢¨¤ë ¨§¤¥«¨©)
¨ ç¥âëà¥ ¯à®¨§¢®¤áâ¢¥−−ëå ®£à�−¨ç¥−¨ï. �¥à¢ë¥ ¤¢� ®£à�−¨ç¥−¨ï (¢ −¨¦¥-
á«¥¤ãîé¥© ä®à¬ã«¨à®¢ª¥ s-§�¤�ç¨) ®âà�¦�îâ à�áå®¤ë ¤¢ãå ¢¨¤®¢ à¥áãàá®¢,
á«¥¤ãîé¨¥ ¤¢� | à¥£«�¬¥−â¨àãîâ ¬¨−¨¬�«ì−®¥ ª®«¨ç¥áâ¢® ¢ë¯ãáª�¥¬ëå ¨§-
¤¥«¨©, � ¯®á«¥¤−¥¥ ®âà�¦�¥â ä�ªâ −¥¤¥«¨¬®áâ¨ ¨§¤¥«¨©. –¥«ì ã¯à�¢«¥−¨ï |
¬�ªá¨¬¨§¨à®¢�âì ¤®å®¤ (−� §�¤�−−®¬ ®âà¥§ª¥ ¢à¥¬¥−¨), ¥á«¨ ¨§¢¥áâ¥− ¤®å®¤ ®â
à¥�«¨§�æ¨¨ ¥¤¨−¨æë ª�¦¤®£® ¢¨¤� ¨§¤¥«¨ï.

Formul s-§�¤�ç¨ (á ¤�−−ë¬¨):

Mem (��¬ïâì)
Inp (‚å®¤):

‚¥ªâ®à ª®íää¨æ¨¥−â®¢ æ¥«¥¢®© äã−ªæ¨¨: c[j = 1, 2] = c[16; 60].
Œ�âà¨æ� ª®íää¨æ¨¥−â®¢ ®£à�−¨ç¥−¨©: a[1; 5; 3,5; 10;−1; 0; 0;−1].
‚¥ªâ®à ¯à�¢ëå ç�áâ¥© ®£à�−¨ç¥−¨©: b[80; 180;−10;−12].

1‡¤¥áì N | ®¡®§−�ç¥−¨¥ ¬−®¦¥áâ¢� ç¨á¥« 0, 1, 2, . . .
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Out (‚ëå®¤):
x[max; j = 1, 2].

�à�¢¨«® rul ¬�ªá¨¬¨§�æ¨¨ ¯® x[j = 1, 2] æ¥«¥¢®© äã−ªæ¨¨

16 ∗ x[1] + 60 ∗ x[2]

¯à¨ ®£à�−¨ç¥−¨ïå

x[1] + 5 ∗ x[2] ≤ 80; 3,5 ∗ x[1] + 10 ∗ x[2] ≤ 180 ;
−x[1] ≤ −10; −x[2] ≤ −12 ;

x[1], x[2] : elem N

§�¯¨è¥âáï â�ª:

max[x[1, 2] :: [(x[1]+5∗x[2] ≤ 80 ; 3,5∗x[1]+10∗x[2] ≤ 180 ; −x[1] ≤ −10 ;
− x[2] ≤ −12) :: x[1], x[2] : elem N ](16 ∗ x[1] + 60 ∗ x[2]) .

÷¥è¥−¨¥ áä®à¬ã«¨à®¢�−−®© s-§�¤�ç¨:

x[max; 1] = 20 ; x[max; 2] = 12 .

�−® ¡ë«® −�©¤¥−® áà¥¤áâ¢�¬¨ Excel 2007 (−�¤áâà®©ª� ú�®¨áª à¥è¥−¨ïû, £¤¥
à¥�«¨§®¢�− ¬¥â®¤ ¢¥â¢¥© ¨ £à�−¨æ).

�à¨¢¥¤¥−−ë© ç¨á«®¢®© ¯à¨¬¥à ¯®§¢®«ï¥â ¤�âì £¥®¬¥âà¨ç¥áªãî ¨−â¥à¯à¥â�-
æ¨î �«£¥¡à�¨ç¥áª®© ä®à¬ã«¨à®¢ª¨ Formul ¨ è�£®¢ �«£®à¨â¬� (çâ® ®¡«¥£ç�¥â
áâã¤¥−â�¬ ¯®−¨¬�−¨¥ ¬�â¥à¨�«�). „«ï íâ®£® ãáâ�−�¢«¨¢�¥âáï á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã
�«£¥¡à�¨ç¥áª¨¬¨ ¨ £¥®¬¥âà¨ç¥áª¨¬¨ á¨áâ¥¬�¬¨ ¯®−ïâ¨© (−¥à�¢¥−áâ¢� | ¯®-
«ã¯«®áª®áâ¨, £à�¤¨¥−â æ¥«¥¢®© äã−ªæ¨¨ | ¢¥ªâ®à, −�¯à�¢«¥−−ë© ¨§ −�ç�«�
ª®®à¤¨−�â ¢ â®çªã c[j = 1, 2] ¨ â. ¤). �®áª®«ìªã −� ¯¥à¢®¬ è�£¥ �«£®à¨â¬�, à¥�-
«¨§ãîé¥£® ¬¥â®¤ ¢¥â¢¥© ¨ £à�−¨æ, á−¨¬�¥âáï ãá«®¢¨¥ æ¥«®ç¨á«¥−−®áâ¨ à¥è¥−¨ï,
¯�à�««¥«ì−® ¤�¥âáï £¥®¬¥âà¨ç¥áª�ï ¨−â¥à¯à¥â�æ¨ï �«£®à¨â¬� á¨¬¯«¥ªá-¬¥â®¤�.
ƒ¥®¬¥âà¨ç¥áª�ï ¨−â¥à¯à¥â�æ¨ï �«£®à¨â¬®¢ ¯®«¥§−� ¨ ¯à¨ ®¡áã¦¤¥−¨¨ æ¥«¥á®-
®¡à�§−®áâ¨ ®ªàã£«¥−¨ï æ¥«®ç¨á«¥−−ëå à¥è¥−¨©, ®æ¥−ª¨ ¢«¨ï−¨ï ¯®£à¥è−®áâ¥©
¤�−−ëå −� à¥§ã«ìâ�â à¥è¥−¨ï. ‚á¥ íâ® £®¢®à¨â ® ¯®«ì§¥ ª®−áâàã¨à®¢�−¨ï à�§-
«¨ç−ëå á¨áâ¥¬ ¯®−ïâ¨© ¨ ãáâ�−®¢«¥−¨ï á®®â¢¥âáâ¢¨ï ¬¥¦¤ã −¨¬¨.

‚ à�áá¬®âà¥−−®© s-§�¤�ç¥ æ¥¯®çª� á®áâ�¢«ïîé¨å Formul → Rulsys →
→ Alg → Prog −¥ ¨¬¥«� ¢¥â¢«¥−¨©. ‚ ¡®«¥¥ á«®¦−®© «�¡®à�â®à−®© à�¡®â¥
(¯à¥¤«�£�¥¬®© ¬�£¨áâà�−â�¬) −�àï¤ã á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� ¢¥â¢¥© ¨ £à�−¨æ
âà¥¡®¢�«®áì à¥è¨âì íâã §�¤�çã ¨ ¬¥â®¤®¬ ƒ®¬®à¨, á�¬®áâ®ïâ¥«ì−® à�§à�¡®â�¢
¯à®£à�¬¬ã −� ¢ë¡à�−−®¬ ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï. ’�ª¨¬ ®¡à�§®¬, ¯®áâ�−®¢ª¥
§�¤�ç¨ Formul á®®â¢¥âáâ¢®¢�«¨ ¤¢� í«¥¬¥−â� Rulsys. ‚ à¥§ã«ìâ�â¥ áà�¢−¨¢�-
«¨áì à¥è¥−¨ï, ¯®«ãç¥−−ë¥ ¨ á ¯®¬®éìî Excel, ¨ ¯® à�§à�¡®â�−−®© ¯à®£à�¬¬¥.
�â® ¯®§¢®«ï«® ®æ¥−¨âì æ¥«¥á®®¡à�§−®áâì ¯à¨¬¥−¥−¨ï â®£® ¨«¨ ¨−®£® ¬¥â®¤� ¯à¨
à�§−ëå ¢å®¤−ëå ¤�−−ëå.
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’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ §�¤�ç−®£® ª®−áâàãªâ¨¢−®£® ®¡ê¥ªâ� ¯®§¢®«ï«®
−�¨¡®«¥¥ ¯®«−® ¯à¥¤áâ�¢¨âì ¯à®æ¥áá à¥è¥−¨ï à�áá¬�âà¨¢�¥¬ëå §�¤�ç. �â¬¥â¨¬
â�ª¦¥, çâ® ¯à¨ ¨§ãç¥−¨¨ ¢á¥å â¥¬ ¯à¨å®¤¨«®áì ç�áâ® ®¡à�é�âìáï ª ®¯à¥¤¥«¥−¨ï¬
¯®−ïâ¨© s-¬®¤¥«¨à®¢�−¨ï, ¯à¥¤áâ�¢«¥−−ë¬ ¢ ˆ−ä®¯¥¤¨¨.

‚ ¤®¯®«−¥−¨¥ ª á®¤¥à¦�−¨î ¤¨áæ¨¯«¨−ë �÷‡“ ¤«ï ã£«ã¡«¥−−®£® ¨§ãç¥−¨ï
¯®áâ�−®¢®ª §�¤�ç à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢, ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ ¨å à¥è¥−¨ï
áâã¤¥−â�¬ à¥ª®¬¥−¤®¢�«¨áì à�§¤¥«ë ¬®−®£à�ä¨¨ [8]. ‚ ¬®−®£à�ä¨¨, ¢ ç�áâ-
−®áâ¨, ¯à¥¤«�£�¥âáï ®à¨£¨−�«ì−�ï ¯®áâ�−®¢ª� §�¤�ç¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢.
�®áâ�−®¢ª� §�¤�ç¨ ®à¨¥−â¨à®¢�−� −� à¥¦¨¬ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�.
÷�§à�¡®â�−−ë¥ ¬¥â®¤ ¨ �«£®à¨â¬ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï [11] ¯®§¢®«ïîâ
íªá¯¥àâã-¯«�−¨à®¢é¨ªã −�å®¤¨âì à¥è¥−¨ï, ã¤®¢«¥â¢®àïîé¨¥ âà¥¡®¢�−¨ï¬ à¥-
�«¨§ã¥¬®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ (ª®£¤� âà�¤¨æ¨®−−ë¥ ®¯â¨¬¨§�æ¨®−−ë¥ ¬¥â®¤ë ¨
�«£®à¨â¬ë ¡¥áá¨«ì−ë). �®¤ íää¥ªâ¨¢−ë¬ à¥è¥−¨¥¬ ¯®−¨¬�¥âáï −¥ ®¡ï§�â¥«ì−®
íªáâà¥¬�«ì−®¥ à¥è¥−¨¥. �®−ïâ¨¥ ®¡ íää¥ªâ¨¢−®áâ¨, §�¢¨áïé¥¥ ¨ ®â ª®−ªà¥â-
−ëå ®£à�−¨ç¥−¨© ¯® à¥áãàá�¬, ¨ ®â ¯à¨¬¥−ï¥¬ëå ¯®ª�§�â¥«¥© íª®−®¬¨ç−®áâ¨
à¥è¥−¨©, ä®à¬¨àã¥âáï íªá¯¥àâ®¬-¯«�−¨à®¢é¨ª®¬.

’�ª¦¥ ®¡à�é�«®áì ¢−¨¬�−¨¥ áâã¤¥−â®¢ −� á®¢à¥¬¥−−ë© ¯®¤å®¤ ª ¯à®£à�¬¬−®©
à¥�«¨§�æ¨¨ ¯à¥¤«®¦¥−−ëå �«£®à¨â¬®¢ ¢ á®áâ�¢¥ ¨−â¥à−¥â-á¥à¢¨á®¢. ˆá¯®«ì§®-
¢�−¨¥ ¨−â¥à−¥â-á¥à¢¨á®¢ ¢®¯«®é�¥â ª®−æ¥¯æ¨î SaaS (Software as a Service).
�«£®à¨â¬ë ¢ëç¨á«¥−¨© à¥�«¨§ãîâáï ¢ á¥à¢¥à−®¬ ¯à¨«®¦¥−¨¨ (á¥à¢¨á¥), � £à�-
ä¨ç¥áª¨© ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï | ¢ ª«¨¥−âáª®¬. ‚ ª«¨¥−âáª®¬ ¯à¨«®¦¥−¨¨
¢¢®¤ïâáï ¯®«ì§®¢�â¥«ìáª¨¥ ¤�−−ë¥ ¨ ®â¯à�¢«ïîâáï á¥à¢¨áã ç¥à¥§ ˆ−â¥à−¥â ¢ â¥«¥
§�¯à®á� −� à�áç¥âë. ‘¥à¢¨á, ¯®«ãç¨¢ §�¯à®á, ¢ë¯®«−ï¥â à�áç¥âë, � à¥§ã«ìâ�âë
®â¯à�¢«ï¥â ª«¨¥−âáª®¬ã ¯à¨«®¦¥−¨î.

�®áâ�−®¢ª� §�¤�ç¨, à�§à�¡®â�−−ë¥ ¬¥â®¤ë à¥è¥−¨ï ¨ ¯à®£à�¬¬−® ¢®¯«®-
é¥−−ë¥ �«£®à¨â¬ë áãé¥áâ¢¥−−® à�áè¨àïîâ �àá¥−�« ¢ëç¨á«¨â¥«ì−ëå áà¥¤áâ¢
à¥è¥−¨ï «¨−¥©−ëå §�¤�ç à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢.

�®á«¥¤ãîé¨¥ ®¡áã¦¤¥−¨ï á® áâã¤¥−â�¬¨ ¬�â¥à¨�«®¢ ¬®−®£à�ä¨¨ [8] ¯®¤-
â¢¥à¤¨«¨ ¥¥ ¡¥§ãá«®¢−ãî ¯®«¥§−®áâì.

4 Организация учебного процесса

Œ¥â®¤¨ª� ¯à¥¯®¤�¢�−¨ï ¤¨áæ¨¯«¨− á®¢¬¥é�¥â �ã¤¨â®à−ãî ¨ ¤¨áâ�−æ¨®−-
−ãî ä®à¬ã ®¡ãç¥−¨ï. �� ¯¥à¢ëå §�−ïâ¨ïå, ¯à®¢®¤¨¬ëå ¢ �ã¤¨â®à¨¨, áâã¤¥−âë
¯®«ãç�îâ ¯®¤à®¡−ë¥ á¢¥¤¥−¨ï ® á®¤¥à¦�−¨¨ ¤¨áæ¨¯«¨−, á®áâ�¢¥ ¨ áà®ª�å ¢ë¯®«-
−¥−¨ï «�¡®à�â®à−ëå à�¡®â ¨ ªãàá®¢®£® ¯à®¥ªâ�. •�à�ªâ¥à¨§ãîâáï ¢¥¡-à¥áãàáë
‘ˆ�”, ª®â®àë¥ á«¥¤ã¥â ¨á¯®«ì§®¢�âì ¯à¨ ®á¢®¥−¨¨ ¤¨áæ¨¯«¨−. �®«ìè¨−áâ¢®
á«¥¤ãîé¨å §�−ïâ¨© ¯à®¢®¤¨âáï ¤¨áâ�−æ¨®−−® ¢ à¥¦¨¬¥ ®−«�©− á ¨á¯®«ì§®¢�−¨¥¬
Skype.

„¨áæ¨¯«¨−ë à�§¡¨âë −� â¥¬ë (12{15 â¥¬). �� ª�¦¤®¬ §�−ïâ¨¨ (ª®â®àë¥, ª�ª
¯à�¢¨«®, ¯à®å®¤ïâ à�§ ¢ −¥¤¥«î) áâã¤¥−â�¬ à�§êïá−ï¥âáï á®¤¥à¦�−¨¥ ®ç¥à¥¤−®©
â¥¬ë, à¥ª®¬¥−¤ãîâáï ¬�â¥à¨�«ë ¦ãà−�«� úˆ−ä®à¬�â¨ª�: S-¬®¤¥«¨à®¢�−¨¥û ¨
áâ�âì¨ í−æ¨ª«®¯¥¤¨¨ úˆ−ä®¯¥¤¨ïû, ª®â®àë¥ −¥®¡å®¤¨¬® ¨§ãç¨âì. �á®¡¥−−®áâì
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£àã¯¯ áâã¤¥−â®¢-áâ�àè¥ªãàá−¨ª®¢ ¨ ¬�£¨áâà�−â®¢ | ¨å −¥¬−®£®ç¨á«¥−−®áâì (−¥
¡®«¥¥ 10 ç¥«®¢¥ª). �â® ¯®§¢®«ï¥â ¯à¥¯®¤�¢�â¥«î −� ®ç¥à¥¤−®¬ skype-§�−ïâ¨¨ ¢
à¥¦¨¬¥ £àã¯¯®¢®© á¢ï§¨ ¢ëïá−ïâì, −�áª®«ìª® áâã¤¥−âë ®á¢®¨«¨ ¬�â¥à¨�«ë â¥¬ë
¨ £®â®¢ë «¨ ®−¨ ª ¢ë¯®«−¥−¨î «�¡®à�â®à−ëå à�¡®â. ‚ ª®−æ¥ ª�¦¤®£® §�−ïâ¨ï
áâã¤¥−â�¬ á®®¡é�¥âáï ®ç¥à¥¤−�ï â¥¬� ¨ ¯®¢â®àïîâáï ¢á¥ ¬¥â®¤¨ç¥áª¨¥ ¯à¨¥¬ë,
ª®â®àë¥ ¨á¯®«ì§®¢�«¨áì ¯à¨¬¥−¨â¥«ì−® ª ¯à¥¤ë¤ãé¥© â¥¬¥.

‹�¡®à�â®à−ë¥ à�¡®âë ¨£à�îâ à®«ì â¥áâ®¢. ‡�¤�−¨ï −� «�¡®à�â®à−ë¥ à�¡®-
âë áâã¤¥−âë ¯®«ãç�îâ ¢ ¢¨¤¥ ä�©«®¢ (ç¥à¥§ Skype ¨«¨ ¯® í«¥ªâà®−−®© ¯®çâ¥).
�â¢¥âë −� ¢®¯à®áë ¯® â¥®à¥â¨ç¥áª®¬ã ¬�â¥à¨�«ã ¨ «�¡®à�â®à−ë¬ à�¡®â�¬ áâã-
¤¥−âë â�ª¦¥ ¯®«ãç�îâ ç¥à¥§ Skype. �¯¥à�â¨¢−® à�§®¡à�âìáï á ¢®§−¨ªè¨¬¨
¢®¯à®á�¬¨ ¯®¬®£�¥â à¥¦¨¬ ú¤¥¬®−áâà�æ¨¨ íªà�−�û, ª®£¤� ¯à¥¯®¤�¢�â¥«ì ¯®ª�-
§ë¢�¥â áâã¤¥−â�¬ à�¡®ç¨© áâ®« ¨ ¢ë¯®«−ï¥â ¤¥©áâ¢¨ï, ¯®¬®£�îé¨¥ ¨¬ ¯à¥®¤®«¥âì
§�âàã¤−¥−¨ï.

�á®¡¥−−®áâì ¬¥â®¤¨ª¨ ¯à¥¯®¤�¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® áâã¤¥−âë ¬¥¦¤ã
§�−ïâ¨ï¬¨ ¢ ¤®¯®«−¨â¥«ì−ë¥ ¤−¨ ¢ ä¨ªá¨à®¢�−−ë¥ ¨−â¥à¢�«ë ¢à¥¬¥−¨ ¬®£ãâ
¢ë©â¨ −� skype-á¢ï§ì á ¯à¥¯®¤�¢�â¥«¥¬ ¤«ï ¢ëïá−¥−¨ï ¢®§−¨ªè¨å ¢®¯à®á®¢ ¯®
â¥®à¥â¨ç¥áª®¬ã ¬�â¥à¨�«ã ¨ «�¡®à�â®à−ë¬ à�¡®â�¬.

�® à¥§ã«ìâ�â�¬ á®¡¥á¥¤®¢�−¨© ¨ ¬�â¥à¨�«�¬ ¢ë¯®«−¥−−ëå «�¡®à�â®à−ëå
à�¡®â áâã¤¥−â ¤¢� à�§� ¢ ¬¥áïæ ¯®«ãç�¥â â¥ªãéãî ®æ¥−ªã ãá¯¥¢�¥¬®áâ¨. �ª§�¬¥−
áâã¤¥−âë á¤�îâ ¢ �ã¤¨â®à¨¨.

Œ−®£®«¥â−ïï ¯à�ªâ¨ª� ¯à¥¯®¤�¢�−¨ï ¯®§¢®«ï¥â §�ª«îç¨âì [12], çâ® â�ª ®à-
£�−¨§®¢�−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¯à¥¯®¤�¢�â¥«ï á® áâã¤¥−â�¬¨ ¢®¢à¥¬ï ãáâà�−ï¥â
¢®§−¨ª�îé¨¥ ã áâã¤¥−â®¢ ¯à®¡«¥¬ë ¨ ®¡¥á¯¥ç¨¢�¥â ãá¯¥è−®¥ ®á¢®¥−¨¥ ¤¨áæ¨¯-
«¨− ¢ §�¤�−−ë¥ áà®ª¨.

5 Заключение

ˆá¯®«ì§ã¥¬ë¥ ¢ ãç¥¡−®¬ ¯à®æ¥áá¥ ¢¥¡-à¥áãàáë á¨áâ¥¬ë §−�−¨© ¨−ä®à¬�â¨ª¨
‘ˆ�” ®¡¥á¯¥ç¨¢�îâ ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ®¡ãç¥−¨ï áâã¤¥−â®¢ ¨ ¬�£¨áâà�−â®¢
ä�ªã«ìâ¥â� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© Œˆ÷��. �®¢ëè¥−¨î íää¥ªâ¨¢−®áâ¨
®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá� á¯®á®¡áâ¢ã¥â ¨ ¯à¨¬¥−ï¥¬�ï ¬¥â®¤¨ª� ®¡ãç¥−¨ï, ®á−®-
¢�−−�ï −� á®ç¥â�−¨¨ �ã¤¨â®à−®£® ¨ ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï.
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APPLICATION OF WEB RESOURCES OF THE SINF INFORMATICS
KNOWLEDGE SYSTEM IN EDUCATIONAL PROCESS
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Moscow 119333, Russian Federation

Abstract: The article analyzes the experience of using web resources of the
distributed hypermedia system of informatics knowledge (SINF) for teaching
students. SINF consists of the journal \INFORMATICS: S-modeling" and the
informatics encyclopedia \INFOPEDIYA." The journal publishes monographs,
articles, tutorials, reviews, comments, and various notes. The encyclopedia
provides definitions of informatics concepts and gives necessary explanations.
The feature of SINF is continuous expansion of knowledge system by increasing
the amount of available scientific and educational resources. It is shown that
the SINF web resources, which are used in educational process, contribute
to enhancement of its quality. The quality of teaching is also improved by
combination of classroom and remote studies (video lectures, Skype sessions with
lecturer).
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¤®æ¥−â ‘�−ªâ-�¥â¥à¡ãà£áª®£® £®áã¤�àáâ¢¥−−®£® ¯®«¨â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â�
Š®§¥à¥−ª® …«¥−� �®à¨á®¢−� (à. 1959) | ª�−¤¨¤�â ä¨«®«®£¨ç¥áª¨å −�ãª, §�-
¢¥¤ãîé�ï «�¡®à�â®à¨¥© ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
Š®à¥¯�−®¢ �¤ã�à¤ ÷ã¤®«ìä®¢¨ç (à. 1966) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
Šãà®¢ �®à¨á �¨ª®«�¥¢¨ç (à. 1939) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‹¨¬�−áª¨© ‚�«¥à¨© ˆ¢�−®¢¨ç (à. 1952) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‹ãªìï−®¢ ƒ¥−−�¤¨© ‚¨ªâ®à®¢¨ç (à. 1952) | ª�−¤¨¤�â ¢®¥−−ëå −�ãª, ¤®æ¥−â;
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
Œ®à®§®¢ …¢á¥© ‚¨ªâ®à®¢¨ç (à. 1947) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à¨ª«�¤−ëå ¬�â¥¬�â¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨© Š�à¥«ìáª®£® −�ãç−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª;
¯à®ä¥áá®à �¥âà®§�¢®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Œ®à®§®¢� ā«¨ï ˆ£®à¥¢−� (à. 1984) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
�¥âàãå¨− ‚«�¤¨¬¨à ‘¥à£¥¥¢¨ç (à. 1949) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
�à®æ¥−ª® ��¢¥« �«¥ªá�−¤à®¢¨ç (à. 1983) | áâ�àè¨© ¬¥−¥¤¦¥à ¯à®¥ªâ®¢
ª®¬¯�−¨¨ \Exactpro Systems", ‘˜�, Š�«¨ä®à−¨ï, ‘�−-÷�ä�í«ì
‘¥à£¥¥¢ ˆ£®àì ‚¨ªâ®à®¢¨ç (à. 1965) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¬¥áâ¨â¥«ì
¤¨à¥ªâ®à� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘â¥−¨−� Œ�à¨ï Œ¨å�©«®¢−� (à. 1991) | áâã¤¥−âª� Œ®áª®¢áª®£® ä¨§¨ª®-â¥å-
−¨ç¥áª®£® ¨−áâ¨âãâ�
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�¡ �¢â®à�å

‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥-
¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘âà¨¦®¢ ‚�¤¨¬ ‚¨ªâ®à®¢¨ç (à. 1967) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, ¤®æ¥−â, −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’¥à¥−âì¥¢ �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¤¨à¥ªâ®à ¯® ¨áá«¥¤®¢�−¨ï¬ ��� úˆ’‘-�Š‘�…÷’û
’à¨ä�−®¢ ‚¨â�«¨© āàì¥¢¨ç (à. 1988) | áâ�àè¨© ¨−¦¥−¥à-¯à®£à�¬¬¨áâ ���
ú�ªá¯¥àâ-‘¨áâ¥¬� ‘‡û
–¨â¥«®¢ „¬¨âà¨© ˆ£®à¥¢¨ç (à. 1974) | àãª®¢®¤¨â¥«ì ¯à®¥ªâ� ��� ú�ªá¯¥àâ-
‘¨áâ¥¬�û
˜�«�¬®¢ �−�â®«¨© ‘â¥¯�−®¢¨ç (à. 1947) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, ª®−áã«ìâ�−â ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜�à−¨− Œ¨å�¨« Œ¨å�©«®¢¨ç (à. 1959) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜�à®¢ „�−¨¨« ‘¥à£¥¥¢¨ç (à. 1991) | ¯à®£à�¬¬¨áâ ��� úˆ’‘-�Š‘�…÷’û
˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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Правила подготовки рукописей статей для публикации в журнале
«Системы и средства информатики»

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥ ¨
¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

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

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

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

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

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥ ¨
−¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï −¥ ¤®«¦−� −�àãè�âì §�ª®− ®¡ �¢â®àáª¨å ¯à�¢�å.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ ¢á¥ ¯à�¢� á®¡áâ¢¥−−¨ª®¢ ¤�−−®©
àãª®¯¨á¨ ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ −¥¨áª«îç¨â¥«ì−ë¥ ¯à�¢�
−� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥− ®â àãááª®-
£®) ¨ −� ¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. �¢â®àë ¤®«¦−ë ¯à¥¤®áâ�¢¨âì ¢
à¥¤�ªæ¨î ¯¨áì¬® ¢ á«¥¤ãîé¥© ä®à¬¥:
‘®£«�è¥−¨¥ ® ¯¥à¥¤�ç¥ ¯à�¢� −� ¯ã¡«¨ª�æ¨î:

úŒë, −¨¦¥¯®¤¯¨á�¢è¨¥áï, �¢â®àë àãª®¯¨á¨ ú. . . û, ¯¥à¥¤�¥¬ ãçà¥¤¨â¥«ï¬ ¨
à¥¤ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û −¥¨áª«îç¨â¥«ì−®¥
¯à�¢® ®¯ã¡«¨ª®¢�âì ¤�−−ãî àãª®¯¨áì áâ�âì¨ −� àãááª®¬ ï§ëª¥ ª�ª ¢ ¯¥ç�â−®©,
â�ª ¨ ¢ í«¥ªâà®−−®© ¢¥àá¨ïå ¦ãà−�«�. Œë ¯®¤â¢¥à¦¤�¥¬, çâ® ¤�−−�ï ¯ã¡«¨ª�æ¨ï
−¥ −�àãè�¥â �¢â®àáª¨å ¯à�¢ ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©.

�®¤¯¨á¨ �¢â®à®¢: (ä. ¨. ®., ¤�â�, �¤à¥á)û.

�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
¢�−−®© ª®¯¨¨ (á ¯®¤¯¨áï¬¨ �¢â®à®¢).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨ á
¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì ¢
à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.



7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ ��§¢�−¨¥ áâ�âì¨.

{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î.

{ Œ¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®
�¢â®à�.

{ ‘¢¥¤¥−¨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«.

{ Š«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«®¢�¬¨.

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¨£¨−�«�.
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