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СОВМЕСТНОЕ СТАЦИОНАРНОЕ РАСПРЕДЕЛЕНИЕ
В СИСТЕМЕGI/M/n/∞ С ОБОБЩЕННЫМ ОБНОВЛЕНИЕМ∗

Т. А. Милованова1, И. С. Зарядов2, Л. А. Мейханаджян3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬−®£®«¨−¥©−�ï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨-
¢�−¨ï (‘Œ�) á ª®−¥ç−ë¬ ç¨á«®¬ ¨¤¥−â¨ç−ëå ¯à¨¡®à®¢ ¨ ®¤−®© ®ç¥à¥¤ìî
−¥®£à�−¨ç¥−−®© ¥¬ª®áâ¨. ‡�ï¢ª¨ ¯®áâã¯�îâ ¢ á¨áâ¥¬ã ¯® ®¤−®© ¢ á®®â¢¥â-
áâ¢¨¨ á à¥ªãàà¥−â−ë¬ ¯®â®ª®¬. ‚à¥¬¥−� ®¡á«ã¦¨¢�−¨ï §�ï¢®ª −� ¯à¨¡®à�å
¨¬¥îâ íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á ®¤−¨¬ ¨ â¥¬ ¦¥ ¯�à�¬¥âà®¬. ‚ á¨á-
â¥¬¥ à¥�«¨§®¢�− ¬¥å�−¨§¬ ®¡®¡é¥−−®£® ®¡−®¢«¥−¨ï: §�ï¢ª�, ®¡á«ã¦¨¢�−¨¥
ª®â®à®© ¡ë«® §�ª®−ç¥−®, ¢ ¬®¬¥−â ãå®¤� ¨§ á¨áâ¥¬ë ã¤�«ï¥â ¨§ ®ç¥à¥¤¨
á«ãç�©−®¥ ç¨á«® §�ï¢®ª ¢ á®®â¢¥âáâ¢¨¨ á §�à�−¥¥ §�¤�−−ë¬ ¢¥à®ïâ−®áâ−ë¬
à�á¯à¥¤¥«¥−¨¥¬. �à¥¤«®¦¥− ¬¥â®¤ −�å®¦¤¥−¨ï á®¢¬¥áâ−®£® áâ�æ¨®−�à−®-
£® à�á¯à¥¤¥«¥−¨ï ®¡é¥£® ç¨á«� §�ï¢®ª ¢ á¨áâ¥¬¥ ¨ ¢à¥¬¥−¨, ¯à®è¥¤è¥£®
á ¬®¬¥−â� ¯®á«¥¤−¥£® ¯®áâã¯«¥−¨ï §�ï¢ª¨ ¢ á¨áâ¥¬ã. �à¥¤áâ�¢«¥−ë ä®à¬ã-
«ë ¢ â¥à¬¨−�å ¯à¥®¡à�§®¢�−¨© ¤«ï ¢ëç¨á«¥−¨ï á®¢¬¥áâ−®£® à�á¯à¥¤¥«¥−¨ï
¢ −¥áâ�æ¨®−�à−®¬ à¥¦¨¬¥.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï; ®¡®¡é¥−−®¥ ®¡−®¢«¥−¨¥;
ã¯à�¢«¥−¨¥ ®ç¥à¥¤ìî

DOI: 10.14357/08696527210301

1 Описание системы

÷�áá¬®âà¨¬ á¨áâ¥¬ã, á®áâ®ïéãî ¨§ n ¨¤¥−â¨ç−ëå ¯à¨¡®à®¢ ¨ ®¤−®© ®ç¥à¥¤¨
−¥®£à�−¨ç¥−−®© ¥¬ª®áâ¨. ˆ§ ®ç¥à¥¤¨ §�ï¢ª¨ ®¡á«ã¦¨¢�îâáï ¯® ®¤−®© ¯® ¯à�¢¨«ã
FIFO (first in, first out), LIFO (last in, first out) ¨«¨ RANDOM. ‚å®¤ïé¨©
¯®â®ª §�ï¢®ª | à¥ªãàà¥−â−ë©, ¯à¨ç¥¬ ¢à¥¬ï ¬¥¦¤ã á®á¥¤−¨¬¨ ¯®áâã¯«¥−¨ï¬¨
§�ï¢®ª ¨¬¥¥â ¯à®¨§¢®«ì−ãî äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï A(x). �â äã−ªæ¨¨ A(x)
¯®âà¥¡ã¥¬, çâ®¡ë áãé¥áâ¢®¢�«� (−¥¯à¥àë¢−�ï ®£à�−¨ç¥−−�ï) ¯«®â−®áâì a(x) =
= A′(x). �®«®¦¨¬

λ(x) =
a(x)

1−A(x)
, x ≥ 0 .

‚à¥¬¥−� ®¡á«ã¦¨¢�−¨ï §�ï¢®ª −� ¯à¨¡®à�å ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨ á«ãç�©−ë¬¨
¢¥«¨ç¨−�¬¨, à�á¯à¥¤¥«¥−−ë¬¨ ¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã á ¯�à�¬¥âà®¬ µ.

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 19-07-00739 ¨ 20-07-
00804).

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, milovanova-ta@rudn.ru
2÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à-

¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, zaryadov-is@rudn.ru
3”¨−�−á®¢ë© ã−¨¢¥àá¨â¥â ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”, lamejkhanadzhyan@fa.ru
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‘®¢¬¥áâ−®¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢ á¨áâ¥¬¥ GI/M/n/∞ á ®¡−®¢«¥−¨¥¬

‚ á¨áâ¥¬¥ à¥�«¨§®¢�− ¬¥å�−¨§¬ ®¡®¡é¥−−®£® ®¡−®¢«¥−¨ï [1{4], à�¡®â�îé¨©
á«¥¤ãîé¨¬ ®¡à�§®¬. ��å®¤ïé�ïáï −� ¯à¨¡®à¥ §�ï¢ª� ¢ ¬®¬¥−â ®ª®−ç�−¨ï
®¡á«ã¦¨¢�−¨ï ®¤−®¢à¥¬¥−−® á® á¢®¨¬ ãå®¤®¬ ¨§ á¨áâ¥¬ë «¨¡® á ¢¥à®ïâ−®áâìî
ql ≥ 0, l = 0, 1, . . . , ã¤�«ï¥â ¨§ ®ç¥à¥¤¨ l §�ï¢®ª, ¥á«¨ ¢ −¥© −�å®¤¨âáï ¡®«¥¥ l
§�ï¢®ª, «¨¡® á ¢¥à®ïâ−®áâìî Ql =

∑

∞

k=l qk ¯®«−®áâìî ®¯ãáâ®è�¥â ®ç¥à¥¤ì, ¥á«¨
¢ −¥© ¡ë«® à®¢−® l §�ï¢®ª. �â¬¥â¨¬, çâ®

Q0 =

∞
∑

l=0

ql = 1 .

‘«¥¤ãï [2], ¢¥à®ïâ−®áâ¨ ql ¡ã¤¥¬ −�§ë¢�âì ¢¥à®ïâ−®áâï¬¨ ®¡−®¢«¥−¨ï.
ˆ−â¥à¥á ª ¬¥å�−¨§¬ã ®¡−®¢«¥−¨ï á¢ï§�−, ¢ ç�áâ−®áâ¨, á ¯®â¥−æ¨�«ì−ë¬¨

¢®§¬®¦−®áâï¬¨ ¥£® ¯à¨¬¥−¥−¨ï ¢ ª�ç¥áâ¢¥ �«£®à¨â¬� �ªâ¨¢−®£® ã¯à�¢«¥−¨ï ®ç¥-
à¥¤ï¬¨ (á¬., −�¯à¨¬¥à, [5]). �¥á¬®âàï −� â® çâ® ®− ¨ ¯®§¢®«ï¥â ¢ë¢¥áâ¨ á¨áâ¥¬ã
−� (¯® ªà�©−¥© ¬¥à¥ â®â ¦¥) ãà®¢¥−ì ¯à®¨§¢®¤¨â¥«ì−®áâ¨, çâ® ¤®áâ¨£�¥âáï ª«�áá¨-
ç¥áª¨¬¨ RED-¯®¤®¡−ë¬¨ (RED | random early detection, ¯à®¨§¢®«ì−®¥ à�−−¥¥
®¡−�àã¦¥−¨¥) �«£®à¨â¬�¬¨ [6], à¥�«¨§�æ¨ï ¢ ã§«�å á¥â¥© á¢ï§¨ íâ®£® ¬¥å�−¨§¬�
¢ â®¬ ¢¨¤¥, ª�ª íâ® ®¯¨á�−® ¢ëè¥, âàã¤−®®áãé¥áâ¢¨¬�. ‘¢ï§�−® íâ® á ¯à¥¤¯¨á�-
−¨¥¬ ®áãé¥áâ¢«ïâì ã¯à�¢«¥−¨¥ ¯®á«¥ ª�¦¤®£® ¬®¬¥−â� ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï.
Š�ª ¯®ª�§ë¢�îâ ¢ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë, ¥áâì á¯®á®¡ë ®âª�§�âìáï ®â íâ®©
ãáâ�−®¢ª¨ ¡¥§ áãé¥áâ¢¥−−®© ¯®â¥à¨ ¢ ª�ç¥áâ¢¥ ã¯à�¢«¥−¨ï. Š ¯à¨¬¥àã, ¬®¦-
−® ú®¡−®¢«ïâìû ®ç¥à¥¤ì ¯¥à¨®¤¨ç¥áª¨ (−�¯à¨¬¥à, ç¥à¥§ §�à�−¥¥ ä¨ªá¨à®¢�−−®¥
ç¨á«® ®ª®−ç�−¨© ®¡á«ã¦¨¢�−¨ï1). ‚�àì¨àãï §−�ç¥−¨ï −®¢®£® ¯�à�¬¥âà� | ¯¥-
à¨®¤� ®¡−®¢«¥−¨ï | ¨ ¢¥à®ïâ−®áâ¥© ®¡−®¢«¥−¨ï {ql, l ≥ 0}, ¬®¦−® ¤®¡¨âìáï
(¢ −¥ª®â®àëå á«ãç�ïå) ¯à�ªâ¨ç¥áª¨ â®£® ¦¥ ãà®¢−ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨, çâ®
¤®áâ¨£�¥âáï á ¯®¬®éìî ª«�áá¨ç¥áª®£® ¢�à¨�−â� ®¡−®¢«¥−¨ï. „àã£�ï, ¢¯®«−¥
¥áâ¥áâ¢¥−−�ï, −® −¥¨§ãç¥−−�ï ¥£® ¬®¤¨ä¨ª�æ¨ï ¯®¤à�§ã¬¥¢�¥â, çâ® ¢¥à®ïâ−®áâì
®¡−®¢«¥−¨ï ql ¯à¨ ª�¦¤®¬ l ï¢«ï¥âáï −¥ ª®−áâ�−â®©, � äã−ªæ¨¥© ª�ª®©-â® (ç¨á-
«¥−−®©) å�à�ªâ¥à¨áâ¨ª¨ á¨áâ¥¬ë ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï; ¯à¨ íâ®¬
ã¯à�¢«¥−¨¥ ¯®-¯à¥¦−¥¬ã ®áãé¥áâ¢«ï¥âáï ¢ ª�¦¤ë© ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã-
¦¨¢�−¨ï. „«ï ¯®«ãç¥−¨ï ª�ª¨å-«¨¡® �−�«¨â¨ç¥áª¨å à¥§ã«ìâ�â®¢ ¤«ï ‘Œ�
á ¯®¤®¡−®© ¬®¤¨ä¨ª�æ¨¥© ¬¥å�−¨§¬� ®¡−®¢«¥−¨ï −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì
á®¢¬¥áâ−ë¥ à�á¯à¥¤¥«¥−¨ï ¥¥ ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª.

‚ [2] ¤«ï ®¯¨á�−−®© ¢ −�ç�«¥ íâ®£® à�§¤¥«� ‘Œ� ¡ë«¨ ¯®«ãç¥−ë ¬�â¥¬�-
â¨ç¥áª¨¥ á®®â−®è¥−¨ï ¤«ï ¢ëç¨á«¥−¨ï áâ�æ¨®−�à−ëå à�á¯à¥¤¥«¥−¨© ®á−®¢−ëå
å�à�ªâ¥à¨áâ¨ª | ç¨á«� §�ï¢®ª ¢ á¨áâ¥¬¥ ¯® ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� ¨ ¯® ¢à¥-
¬¥−¨. ‚ ï¢−®¬ ¢¨¤¥ ¡ë«¨ ¯®«ãç¥−ë à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥− ¯à¥¡ë¢�−¨ï ¢ ®ç¥à¥¤¨
(¯à¨ ¯àï¬®¬ ¯®àï¤ª¥ ®¡á«ã¦¨¢�−¨ï) úã¡¨â®©û, ®¡á«ã¦¥−−®© ¨ ¯à®¨§¢®«ì−®©
§�ï¢®ª. ‘à¥¤¨ ¢á¥¢®§¬®¦−ëå ¢�à¨�−â®¢ §�¢¨á¨¬®áâ¨ ¢¥à®ïâ−®áâ¨ ®¡−®¢«¥−¨ï ql
®â á®áâ®ï−¨ï á¨áâ¥¬ë ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï −�¨¡®«¥¥ ¯à®áâ®© ¨ á®-

1�â¬¥â¨¬, çâ® áç¥âç¨ª ç¨á«� §�¢¥àè¥−¨© ¬®¦−® ®à£�−¨§®¢�âì ¯®-à�§−®¬ã: áç¨â�âì ¢á¥ ®ª®−-
ç�−¨ï ®¡á«ã¦¨¢�−¨ï «¨¡® −�ç¨−�ï á ¬®¬¥−â� −�ç�«� äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë, «¨¡® á ¬®¬¥−â�
¯®á«¥¤−¥£® ®¯ãáâ®è¥−¨ï á¨áâ¥¬ë.
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’. �. Œ¨«®¢�−®¢�, ˆ. ‘. ‡�àï¤®¢, ‹. �. Œ¥©å�−�¤¦ï−

¤¥à¦�â¥«ì−®© ¯à¥¤áâ�¢«ï¥âáï §�¢¨á¨¬®áâì ql ®â ¯à®è¥¤è¥£® ¢à¥¬¥−¨ ®¡á«ã¦¨¢�-
−¨ï1. �¤−�ª® ¯®«ãç¥−¨¥ á®¢¬¥áâ−®£® áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ç¨á«� §�ï¢®ª
¢ á¨áâ¥¬¥ ¨ ¯à®è¥¤è¥£® ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï ¯à¥¤«®¦¥−−ë¬¨ ¢ [2] ¬¥â®¤�-
¬¨ −¥¢®§¬®¦−®. ‚ íâ®© áâ�âì¥ ¯®ª�§�−®, çâ® §�¤�ç� ®¯à¥¤¥«¥−¨ï á®¢¬¥áâ−®£®
áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï á¢®¤¨âáï ª à¥è¥−¨î á¨áâ¥¬ë à¥ªãàà¥−â−ëå ¤¨ä-
ä¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© (¤«ï ¯«®â−®áâ¥©) á ®¡ëç−ë¬¨ £à�−¨ç−ë¬¨ ãá«®¢¨ï¬¨,
¨ ¯à¥¤«®¦¥− à¥�«¨§ã¥¬ë© ¢ ¢ëç¨á«¨â¥«ì−®¬ ¯«�−¥ �«£®à¨â¬ ¥¥ à�áç¥â�.

2 Основная система уравнений

�ãáâì ν(t) | ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t, � ξ(t) | ¢à¥¬ï,
¯à®è¥¤è¥¥ á ¬®¬¥−â� ¯®áâã¯«¥−¨ï ¯®á«¥¤−¥© §�ï¢ª¨ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t. �−�«®-
£¨ç−® â®¬ã, ª�ª íâ® ¤¥«�¥âáï ¤«ï ª«�áá¨ç¥áª®© á¨áâ¥¬ë M/G/1/∞ [7, á. 289],
¯®ª�§ë¢�¥âáï, çâ® {(ν(t), ξ(t)), t ≥ 0} | «¨−¥©ç�âë© ¬�àª®¢áª¨© ¯à®æ¥áá.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

Pj(t, x) = P{ν(t) = j, ξ(t) < x};

pj(t, x) =
∂

∂x
Pj(t, x), x ≥ 0 , j = 0, 1, . . .

�â−®á¨â¥«ì−® ¯«®â−®áâ¥© pj(t, x) ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ®−¨ áãé¥áâ¢ãîâ
¨ ï¢«ïîâáï −¥¯à¥àë¢−ë¬¨ [7, £«. 5]. ÷�áá¬�âà¨¢�ï ¬®¬¥−âë t ¨ t + – ¨ à�á-
áã¦¤�ï áâ�−¤�àâ−ë¬ ®¡à�§®¬, ¯®«ãç�¥¬ á¨áâ¥¬ã «¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå
ãà�¢−¥−¨©:

(

∂

∂t
+

∂

∂x

)

pj(t, x) = −(λ(x) + jµ)pj(t, x) + (j + 1)µpj+1(t, x),

0 ≤ j ≤ n− 2 ; (1)
(

∂

∂t
+

∂

∂x

)

pn−1(t, x) =

= −(λ(x) + (n− 1)µ)pn−1(t, x) + nµ
∞
∑

m=n

pm(t, x)Qm−n ; (2)

(

∂

∂t
+

∂

∂x

)

pj(t, x) = −(λ(x) + nµ)pj(t, x) + nµ

∞
∑

m=j+1

pm(t, x)qm−j−1,

j ≥ n . (3)

�®áª®«ìªã íà£®¤¨ç−®áâì «¨−¥©ç�â®£® ¯à®æ¥áá� íª¢¨¢�«¥−â−� íà£®¤¨ç−®áâ¨ ¥£®
¢«®¦¥−−®© æ¥¯¨, â® ¯à¨ ¢ë¯®«−¥−¨¨ ãá«®¢¨ï (µn

∑

∞

k=0(k + 1)qk)
−1 < EA (¯®-

«ãç¥−−®¬ ¢ [2]) áãé¥áâ¢ãîâ áâ�æ¨®−�à−ë¥ ¢¥à®ïâ−®áâ¨ Pj(x) = limt→∞ Pj(t, x)
(¨ ¯«®â−®áâ¨ pj(x) = P

′

j(x)).

1�â¬¥â¨¬, çâ® §−�ç¥−¨¥ íâ®© å�à�ªâ¥à¨áâ¨ª¨, ¢ ®â«¨ç¨¥ ®â ®áâ�â®ç−®£® ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï,
ï¢«ï¥âáï −�¡«î¤�¥¬ë¬.

6 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 3 2021



‘®¢¬¥áâ−®¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢ á¨áâ¥¬¥ GI/M/n/∞ á ®¡−®¢«¥−¨¥¬

3 Совместное стационарное распределение

‚¢¥¤¥¬ äã−ªæ¨¨ rj(x) = pj(x)/(1 −A(x)). ‘¨áâ¥¬� ãà�¢−¥−¨© ¤«ï rj á«¥-
¤ã¥â ¨§ (1){(3) ¨ ¨¬¥¥â ¢¨¤:

r′j(x) = −jµrj(x) + (j + 1)µrj+1(x), 0 ≤ j ≤ n− 2 ; (4)

r′n−1(x) = −(n− 1)µrn−1(x) + nµ
∞
∑

m=n

rm(x)Qm−n; (5)

r′j(x) = −nµrj(x) + nµ
∞
∑

m=j+1

qm−j−1rm(x), j ≥ n . (6)

„«ï ee à¥è¥−¨ï −¥®¡å®¤¨¬ë ¤®¯®«−¨â¥«ì−ë¥ ãá«®¢¨ï −� rj(0), ª®â®àë¥ ¯®«ãç�-
îâáï ¨§ £à�−¨ç−ëå ãá«®¢¨© ¤«ï pj(0). ‘â�−¤�àâ−ë¥ à�ááã¦¤¥−¨ï (ª®â®àë¥ ¬®£ãâ
¡ëâì ¢®ááâ�−®¢«¥−ë, −�¯à¨¬¥à, ¯® [7, á. 291]) ¯à¨¢®¤ïâ ª à�¢¥−áâ¢�¬:

rj(0) =

∞
∫

0

rj−1(u) dA(u), j ≥ 1 . (7)

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

̺j(s) =

∞
∫

0

e−sxrj(x) dx ;

~̺ = (̺n(s), ̺n+1(s), . . . ) ;

~r =

(

rn(0)

s+ nµ
,
rn+1(0)

s+ nµ
, . . .

)

¨ ¯¥à¥©¤¥¬ ¢ (4){(6) ª ¯à¥®¡à�§®¢�−¨î ‹�¯«�á� (�‹). �¥à¥¯¨áë¢�ï (6) á ãç¥â®¬
â®«ìª® çâ® ¢¢¥¤¥−−ëå ®¡®§−�ç¥−¨©, ¯®«ãç�¥¬ ¬�âà¨ç−®¥ ãà�¢−¥−¨¥ ~̺ T = ~r,
¢ ª®â®à®¬ T | ¯®«ãæ¨àªã«ï−â−�ï ¬�âà¨æ� [8, á. 14] ¢¨¤�

T =

























1 0 0 0 · · ·
− nµ

s+ nµ
q0 1 0 0 · · ·

− nµ

s+ nµ
q1 −

nµ

s+ nµ
q0 1 0 · · ·

− nµ

s+ nµ
q2 −

nµ

s+ nµ
q1 −

nµ

s+ nµ
q0 1 · · ·

...
...

...
...

. . .

























.
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�®áª®«ìªã ¢á¥ ¤¨�£®−�«ì−ë¥ í«¥¬¥−âë ¬�âà¨æë T ®â«¨ç−ë ®â −ã«ï, ®−� ®¡à�â¨¬�
(á¬., −�¯à¨¬¥à, [8, â¥®à¥¬� 1.3]). �¡à�â−�ï ¬�âà¨æ� T

−1, â�ª ¦¥ ª�ª ¨ T, ï¢«ï¥âáï
¯®«ãæ¨àªã«ï−â−®© ¨ ¨¬¥¥â á«¥¤ãîéãî áâàãªâãàã:

T
−1 =













1 0 0 0 · · ·
τ1(s) 1 0 0 · · ·
τ2(s) τ1(s) 1 0 · · ·
τ3(s) τ2(s) τ1(s) 1 · · ·

...
...

...
...

. . .













,

£¤¥

τi(s) =
nµ

s+ nµ
qi−1 +

nµ

s+ nµ

i−1
∑

j=1

τj(s)qi−1−j, i ≥ 1 , s ≥ 0 . (8)

”ã−ªæ¨ï τi ¥áâì �‹ −¥ª®â®à®© −¥¯à¥àë¢−®© ¨ ®£à�−¨ç¥−−®© äã−ªæ¨¨, áª�-
¦¥¬ ti(x), x ≥ 0, ª®â®àãî −¥âàã¤−® −�©â¨, ®¡à�é�ï (8). ‚ ¤�«ì−¥©è¥¬,
®¤−�ª®, ¢¬¥áâ® ï¢−®£® ¢¨¤� ti(x) ¯®−�¤®¡ïâáï «¨èì ¢ëà�¦¥−¨ï ¤«ï äã−ªæ¨©
∫ x
0 ti(u)e

nµu du, x ≥ 0, ª®â®àë¥ ¬®£ãâ ¡ëâì −�©¤¥−ë ¨§ (8) á«¥¤ãîé¨¬ ®¡à�-

§®¬. �®«®¦¨¬ τ(z, s) =
∑

∞

i=1 z
iτi(s), z ∈ [0, 1]. „®¬−®¦�ï ®¡¥ ç�áâ¨ (8) −� zi

¨ áã¬¬¨àãï ¯® ¢á¥¬ i, ¯®«ãç�¥¬:

τ(z, s) =
nµzQ(z)

s+ nµ− nµzQ(z)
,

£¤¥ Q(z) =
∑

∞

i=0 z
iqi | ¯à®¨§¢®¤ïé�ï äã−ªæ¨ï (�”) ç¨á«� §�ï¢®ª, ã¤�«ï¥¬ëå

¨§ á¨áâ¥¬ë ¯à¨ ®¡−®¢«¥−¨¨. �¡à�â−®¥ ¯® s ¯à¥®¡à�§®¢�−¨¥ τ(z, s) ¯à¨¢®¤¨â
ª à�¢¥−áâ¢ã

∞
∑

i=1

zienµuti(u) = nµzQ(z)e
nµzQ(z)u, z ∈ [0, 1], u ≥ 0 ,

¨§ ª®â®à®£®, ¯à®¨−â¥£à¨à®¢�¢ ¯® u ¢ ¯à¥¤¥«�å ®â 0 ¤® ¯à®¨§¢®«ì−®£® x > 0,
¨¬¥¥¬:

∞
∑

i=1

zi

x
∫

0

enµuti(u) du = e
nµzQ(z)x − 1 , z ∈ [0, 1] , x ≥ 0 .

‚¢®¤ï ¤«ï á®ªà�é¥−¨ï §�¯¨á¨ ®¡®§−�ç¥−¨¥ fn(z) = nµzQ(z) ¨ ¤¨ää¥à¥−æ¨àãï
«¥¢ãî ¨ ¯à�¢ãî ç�áâ¨ ¯à¥¤ë¤ãé¥£® á®®â−®è¥−¨ï k à�§ ¯® z ¢ â®çª¥ z = 0,
−�å®¤¨¬

x
∫

0

enµutk(u) du =
1

k!

k
∑

j=1

Bk,j

(

f ′n(0), f
′′

n (0), . . . , f
(k−j+1)
n (0)

)

xj, k ≥ 1 , (9)
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£¤¥ ç¥à¥§ Bk,j ®¡®§−�ç¥−ë ç�áâ¨ç−ë¥ ¯®«¨−®¬ë �¥««�1 [9, á. 46] ¨ [10]. ’�ª¨¬

®¡à�§®¬,
∫ x
0 e

nµutk(u) du ¥áâì −¥ çâ® ¨−®¥, ª�ª ¬−®£®ç«¥− áâ¥¯¥−¨ k ®â ¯¥à¥¬¥−-
−®© x ¡¥§ á¢®¡®¤−®£® ç«¥−�. �â¬¥â¨¬, çâ® ª®íää¨æ¨¥−âë Bk,j ¢ (9) §�¢¨áïâ

â®«ìª® ®â ¯à®¨§¢®¤−ëå äã−ªæ¨¨ fn ¢ −ã«¥ (¯à¨ç¥¬ f
(k)
n (0) = k!nµqk−1) ¨ ¤«ï

¨å à�áç¥â� ¬®¦−® ¤¥©áâ¢®¢�âì áâ�−¤�àâ−ë¬ ®¡à�§®¬ [9, á. 61] ¨«¨ ¨á¯®«ì§®¢�âì
á¯¥æ¨�«ì−ë¥ ¬¥â®¤ë (á¬., −�¯à¨¬¥à, [11,12]).

‚¥à−¥¬áï ª ãà�¢−¥−¨î ~̺T = ~r. ‡�¯¨áë¢�ï ¥£® à¥è¥−¨¥ ¢ áª�«ïà−®© ä®à¬¥
¨ ¯à®¢®¤ï ®¡à�â−®¥ ¯à¥®¡à�§®¢�−¨¥ (á ãç¥â®¬ (9)), ¯®«ãç�¥¬ ï¢−ë© ¢¨¤ äã−ªæ¨© rj
¯à¨ j ≥ n:

rj(x) = e
−nµx

∞
∑

m=j

rm(0)

(m− j)!

m−j
∑

k=0

xkBm−j,k, (10)

¢ ª®â®à®¬, ®¤−�ª®, ª®íää¨æ¨¥−âë rj(0) ®áâ�îâáï −¥¨§¢¥áâ−ë¬¨. „«ï ¨å −�-
å®¦¤¥−¨ï ¢®á¯®«ì§ã¥¬áï £à�−¨ç−ë¬¨ ãá«®¢¨ï¬¨ (7). �¡®§−�ç¨¬ ç¥à¥§ α(s)

�‹ a(x), � ç¥à¥§ α(k)(s)| k-î ¯à®¨§¢®¤−ãî α(s) ¯® s. �®¤áâ�¢«ïï rj(x) ¢ ¯à¨-
¢¥¤¥−−®¬ ¢ëè¥ ¢¨¤¥ ¢ (7), ¯à¨¢®¤ï ¯®¤®¡−ë¥ á«�£�¥¬ë¥, á ãç¥â®¬ ®¡®§−�ç¥−¨©

βn,j(x) = (1/j!)
∑j

k=1(−1)kα(k)(nx)Bjk ¨ βn,0(x) = α(nx), x > 0, ¯®«ãç�¥¬

rj(0) =
∞
∑

k=0

βn,k(µ)rj+k−1(0) j ≥ n+ 1 . (11)

�â¬¥â¨¬, çâ® íâ� á¨áâ¥¬� ãà�¢−¥−¨© (á â®ç−®áâìî ¤® ®¡®§−�ç¥−¨©) á®¢¯�¤�¥â
á á¨áâ¥¬®© ãà�¢−¥−¨© à�¢−®¢¥á¨ï ¤«ï áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© ¯® ¢«®¦¥−−®©
æ¥¯¨ Œ�àª®¢� ¤«ï ª«�áá¨ç¥áª®© á¨áâ¥¬ë G/M/1/∞. �−�«®£¨ç−ë¬ ®¡à�§®¬, −®
¨§ (5) ¨ (7) á−�ç�«� −�å®¤¨âáï ãà�¢−¥−¨¥ ¤«ï rn−1(x), � §�â¥¬ ¨ ¤«ï rn(0):

rn−1(x) = e
−(n−1)µxrn−1(0) +

∞
∑

k=n

gn,k(x;µ)rk(0); (12)

rn(0) = α((n − 1)µ)rn−1(0) +
∞
∑

k=n

γn,k(µ)rk(0), (13)

£¤¥ γn,m(y) =
∫

∞

0 gn,m(u; y)a(u) du, � §−�ç¥−¨ï äã−ªæ¨¨ gn,m ¢ â®çª¥ (x; y)
¢ëç¨á«ïîâáï ¯® ä®à¬ã«¥

gn,m(x; y) = ne
xy

m
∑

j=n

Qj−n

m−j
∑

k=0

k!Bm−j,k

(m− j)!µk

(

e−nµx −
k
∑

i=0

(xy)i

i!
e−(n+1)µx

)

,

x ≥ 0 , y > 0 .
1�â¬¥â¨¬, çâ® B0,0 = 1, B0,m = 0 ¨ Bm,0 = 0, m ≥ 1,
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„«ï à¥è¥−¨ï á¨áâ¥¬ë (11), (13) −¥¤®áâ�¥â â®«ìª® ãà�¢−¥−¨ï ¤«ï rn−1(0)
¨ (ãà�¢−¥−¨©) ¤«ï ¢å®¤ïé¨å ¢ −¥£® á«�£�¥¬ëå, á®¤¥à¦�é¨å −¥¨§¢¥áâ−ë¥ §−�ç¥−¨ï
rn−2(0), . . . , r1(0). ˆå ¢ë¢®¤ −�ç−¥¬ á ãà�¢−¥−¨ï (4), à¥è¥−¨¥ ª®â®à®£® (¬¥â®¤®¬
¢�à¨�æ¨¨ ¯®áâ®ï−−®©) ¨¬¥¥â ¢¨¤:

rj(x) = e
−jµxrj(0) + (j + 1)µe

−jµx

x
∫

0

ejµurj+1(u) du, 0 ≤ j ≤ n− 2 . (14)

ˆá¯®«ì§®¢�−¨¥ ¢ £à�−¨ç−ëå ãá«®¢¨ïå (7) íâ®£® ¯à¥¤áâ�¢«¥−¨ï ¤«ï äã−ªæ¨© rj
§�âàã¤−¨â¥«ì−® ¢¢¨¤ã −�«¨ç¨ï ¨−â¥£à�«� ¢® ¢â®à®¬ á«�£�¥¬®¬ ¢ ¯à�¢®© ç�áâ¨ (14).
�à¥®¤®«¥âì íâã âàã¤−®áâì ¬®¦−®, −�¯à¨¬¥à, ¯ãâ¥¬ á«¥¤ãîé¨å ¯®áâà®¥−¨©.
�ãáâì ¯®á«¥¤®¢�â¥«ì−®áâì ¯®«®¦¨â¥«ì−ëå ¯à¨ x ≥ 0 äã−ªæ¨© {dk(x), k ≥ 1}
â�ª®¢�, çâ®

d1(x) =
1

µ

(

1− e−µx
)

; dk(x) =

x
∫

0

µe−µudk−1(u) du, k ≥ 2 .

�¥¯®áà¥¤áâ¢¥−−®© ¯à®¢¥àª®© −¥âàã¤−® ã¡¥¤¨âìáï, çâ® ®¡é¨© ç«¥− íâ®© ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ à�¢¥−1

dk(x) =

k−1
∑

i=1

(−1)k−i−1

(k − i)!
di(x) +

(−1)k−1
k!

1− e−kµx

µ
, k ≥ 1 .

�®«®¦¨¬ d0(x) ≡ 1. ’®£¤� ¯à¨ 1 ≤ j ≤ n − 2 ¤«ï ¨−â¥£à�«�
∫ x
0 e

jµurj+1(u) du,
á ãç¥â®¬ −�©¤¥−−®£® ¢ (10) ¨ (14) ï¢−®£® ¢¨¤� äã−ªæ¨© rj, ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥
¯à¥¤áâ�¢«¥−¨¥:

x
∫

0

ejµurj+1(u) du =

= e−(n−j)µx
∞
∑

t=n

rt(0)

∞
∑

i=n−j

xi—
(j+1)
t,i +

n−1
∑

i=j+1

i!

(j + 1)!
di−j(x)ri(0) , (15)

£¤¥ ª®íää¨æ¨¥−âë —
(j+1)
t,i ¢ëç¨á«ïîâáï à¥ªãàà¥−â−ë¬ ®¡à�§®¬ (−�ç¨−�ï á j =

= n− 2) ¯® ä®à¬ã«¥

1��¯®¬−¨¬, çâ® ¢áî¤ã ¤«ï á®ªà�é¥−¨ï §�¯¨á¨ ¨á¯®«ì§ã¥âáï á®£«�è¥−¨¥
∑

−1

i=0
= 0.
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—
(j+1)
t,i =



























t
∑

j=n

i−1
∑

k=1

min(i−2,t−j)
∑

s=0

Qj−n
s!n2i−kµi−s−1

i!(t− j)!
Bt−j,s, j = n− 2 ;

i−1
∑

k=n−j−1

—
(j+2)
t,k

k!(j + 2)µ((n − j)µ)i−k−1

i!
, 0 ≤ j ≤ n− 3 .

‚®á¯®«ì§ã¥¬áï â¥¯¥àì £à�−¨ç−ë¬¨ ãá«®¢¨ï¬¨ (7) ¯à¨ 1 ≤ j ≤ n−1. �®¤áâ�¢«ïï
¢ −¨å ¢ëà�¦¥−¨¥ ¤«ï rj−1(x) á ãç¥â®¬ (15) ¨ ¢¢®¤ï ®¡®§−�ç¥−¨¥1

δij =

∞
∫

0

e−jµxµdi−j(x) dA(x),

¯®«ãç�¥¬ ¤®¯®«−¨â¥«ì−ë¥ n− 1 á®®â−®è¥−¨© ¬¥¦¤ã {rj(0), j ≥ 0}:

rj(0) = jµ

∞
∑

t=n

rt(0)

∞
∑

i=n−j+1

(−1)iα(i)(nµ)—(j)t,i +

n−1
∑

i=j−1

i!δi,j−1
(j − 1)! ri(0),

1 ≤ j ≤ n− 1 . (16)

�¥à¥©¤¥¬ ª à¥è¥−¨î á¨áâ¥¬ë ãà�¢−¥−¨© (11), (13), (16). „«ï −�ç�«� §�¬¥â¨¬,
çâ® ¯®áª®«ìªã A(+0) = 0, â® rj(0)/

∑

∞

j=1 rj(0), j ≥ 1, | áãâì áâ�æ¨®−�à−ë¥

¢¥à®ïâ−®áâ¨2 ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� ¯® ¬®¬¥−â�¬ (áà�§ã ¯®á«¥) ¯®áâã¯«¥−¨ï
§�ï¢ª¨ ¢ á¨áâ¥¬ã. �âáî¤� á«¥¤ã¥â, çâ® àï¤

∑

∞

j=1 rj(0) áå®¤¨âáï.

�ãáâì ρ | à¥è¥−¨¥ ãà�¢−¥−¨ï ρ =
∑

∞

k=0 βn,k(µ)ρ
k; â�ª®¥ ρ áãé¥áâ¢ã¥â,

¥¤¨−áâ¢¥−−® ¨ ρ ∈ (0, 1). �®«®¦¨¬ rj(0) = rn(0)ρ
j−n. ’®£¤� ¢¬¥áâ® ¡¥áª®−¥ç−®©

á¨áâ¥¬ë (11), (13), (16) ¤«ï {rj(0), j ≥ 0} ¨¬¥¥¬ á«¥¤ãîéãî á¨áâ¥¬ã «¨−¥©−ëå
�«£¥¡à�¨ç¥áª¨å ãà�¢−¥−¨© ¤«ï {rj(0), 0 ≤ j ≤ n}:

rj(0) = α((j − 1)µ)rj−1(0) +
n−1
∑

i=j

i!δi,j−1
(j − 1)! ri(0) + γjrn(0), 1 ≤ j ≤ n , (17)

1�â¬¥â¨¬, çâ® ª®−áâ�−âë δij ¬®£ãâ ¡ëâì à�ááç¨â�−ë à¥ªãàà¥−â−® (¯à¨ ä¨ªá¨à®¢�−−®¬ j
¯®á«¥¤®¢�â¥«ì−® ¯® i) ¯® ä®à¬ã«¥:

δij =

i−j−1
∑

m=1

(−1)i−j−m−1

(i − j − m)!
δm+j,j +

(−1)i−j−1

(i − j)!
(α(jµ) − α(iµ)) .

2Š®â®àë¥ áãé¥áâ¢ãîâ ¯à¨ ¢ë¯®«−¥−¨¨ ãá«®¢¨ï, ¯à¨¢¥¤¥−−®£® ¢ ª®−æ¥ à�§¤. 2.
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£¤¥

γj =























jµ

∞
∑

t=n

ρt−n
∞
∑

i=n−j+1

(−1)iα(i)(nµ)—(j)t,i , 1 ≤ j ≤ n− 1 ;
∞
∑

k=n

γn,k(µ)ρ
k−n, j = n .

Š�ª ®¡ëç−®, ª â�ª®© á¨áâ¥¬¥ ãà�¢−¥−¨© −¥®¡å®¤¨¬® ¤®¡�¢¨âì ãá«®¢¨¥ −®à¬¨à®¢-
ª¨, ª®â®à®¥ ¨¬¥¥â ¢¨¤:

∞
∑

j=0

∞
∫

0

rj(u)(1 −A(u)) du = 1 .

�®á«¥ −¥ª®â®àëå ¯à®áâëå, −® ãâ®¬¨â¥«ì−ëå ¯à¥®¡à�§®¢�−¨© ¥£® ¬®¦−® ¯¥à¥¯¨-
á�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

r0(0)EA +
n−1
∑

i=1

ri(0)
i
∑

j=0

i!µ

j!

∞
∫

0

e−jµx(1 −A(x))di−j(x) dx +

+ rn(0)
∞
∑

l=n





n−2
∑

j=0

∞
∑

k=n−j

k!(j + 1)µ—
(j+1)
l,k ρl−n

(nµ)k+1

(

1−
k
∑

i=0

(−nµ)i
i!

α(i)(nµ)

)

+

+

l
∑

j=n

l−j
∑

k=0

k!Bl−j,kρ
l−n

(nµ)k+1(l − j)!

{

1− nk+2α((n − 1)µ)− n

n− 1 Qj−n +

+

k
∑

i=0

(−nµ)i
i!

α(i)(nµ)

(

nk−i+2 − n

n− 1 Qj−n − 1
)}



 = 1 . (18)

÷¥è¥−¨¥ á¨áâ¥¬ë (17), (18) ã¦¥ −¥ á¢ï§�−® á ¯à¨−æ¨¯¨�«ì−ë¬¨ âàã¤−®áâï¬¨
¨ ¬®¦¥â ¡ëâì ¯®«ãç¥−® ¬−®£¨¬¨ á¯®á®¡�¬¨: −�¯à¨¬¥à, å®à®è¨© à¥§ã«ìâ�â
¤�¥â ¬¥â®¤ ¨áª«îç¥−¨ï á®áâ®ï−¨© (á¬. [13, à�§¤. 2] ¨ [7, 14]). �®á«¥ à�áç¥â�
{rj(0), 0 ≤ j ≤ n} ¨ ®¯à¥¤¥«¥−¨ï ®áâ�«ì−ëå §−�ç¥−¨© {rj(0), j ≥ n + 1} ¯®

ä®à¬ã«¥ rj(0) = rn(0)ρ
j−n, ¢ëç¨á«ïîâáï äã−ªæ¨¨ rj(x) ¯® ä®à¬ã«�¬ (10),

(12), (14), á®¢¯�¤�îé¨¥ á® áâ�æ¨®−�à−ë¬¨ ¯«®â−®áâï¬¨ pj(x) á â®ç−®áâìî ¤®
¬−®¦¨â¥«ï (1−A(x)).

4 Заключение

‚ â®¬ á«ãç�¥, ª®£¤� A(x) ï¢«ï¥âáï äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¬�àª®¢áª®£®
â¨¯�, æ¥«¥á®®¡à�§−¥¥ ¯¥à¥©â¨ (á §�¬¥−®© −¥¯à¥àë¢−®£® �à£ã¬¥−â� −� ¤¨áªà¥â−ë©)
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‘®¢¬¥áâ−®¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢ á¨áâ¥¬¥ GI/M/n/∞ á ®¡−®¢«¥−¨¥¬

ª ¨§¢¥áâ−ë¬ ¬�âà¨ç−ë¬ ¬¥â®¤�¬ �−�«¨§� ¬�àª®¢áª¨å á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï [15].
…á«¨ ¦¥ ¥¬ª®áâì ®ç¥à¥¤¨ ®£à�−¨ç¥−�, â® ¢ëç¨á«¥−¨ï −¥áª®«ìª® ã¯à®é�îâáï:
®â¯�¤�¥â −¥®¡å®¤¨¬®áâì áã¬¬¨à®¢�âì àï¤ë á ¡¥áª®−¥ç−ë¬ ç¨á«®¬ á«�£�¥¬ëå
¨ ¯«®â−®áâ¨ pj(x) ¬®£ãâ ¡ëâì ¢ëç¨á«¥−ë à¥ªãàà¥−â−ë¬ ®¡à�§®¬.

‘ª�¦¥¬ −¥áª®«ìª® á«®¢ ¨ ® à�áç¥â¥ −¥áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï pj(t, x).
„�¦¥ ¢ ¯à®áâ¥©è¥¬ á«ãç�¥, ª®£¤� n = 1, ¨§«®¦¥−−ë¥ ¢ áâ�âì¥ à¥§ã«ìâ�âë −¥
¯®§¢®«ïîâ ¯à®¤¢¨−ãâìáï ¤�«¥ª®. �ã¤¥¬ áç¨â�âì, çâ® ¢ ¬®¬¥−â −�ç�«� äã−ª-
æ¨®−¨à®¢�−¨ï (t = 0) á¨áâ¥¬� ¯ãáâ�. ‘ ãç¥â®¬ íâ®£® −�ç�«ì−ë¥ ãá«®¢¨ï ¤«ï
á¨áâ¥¬ë (1)|(3) ¢ë¡¥à¥¬ á«¥¤ãîé¨¬ ®¡à�§®¬:

p0(0, x) =
1−A(x)

EA
; pj(0, x) = 0 , j ≥ 1 , x ≥ 0 .

’®£¤�, ¯à¨¬¥−ïï ª á¨áâ¥¬¥ «¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ¢ ç�áâ−ëå
¯à®¨§¢®¤−ëå ¯¥à¢®£® ¯®àï¤ª� (1)|(3) ¤¢®©−®¥ �‹ (¯® t ¨ ¯® x), á ãç¥â®¬
®¡®§−�ç¥−¨ï

̺j(v, x) =

∞
∫

0

e−vxrj(t, x) dt

¯à¨å®¤¨¬ ª á¨áâ¥¬¥ ãà�¢−¥−¨©, ª®â®àãî ¬®¦−® à¥è¨âì, á«¥¤ãï ¯® ¨§«®¦¥−-
−®¬ã ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¯ãâ¨. �à®¤¥«�¢ íâ® ¨ ¯à®¨§¢¥¤ï ®¡à�â−®¥ ¯® s
¯à¥®¡à�§®¢�−¨¥, −�å®¤¨¬

̺0(v, x) =
1

v EA

(

1− e−vx
)

+ e−vx̺0(v, 0) + µe
−vx

∞
∑

m=1

Qm−1

x
∫

0

evu̺m(v, u) du ;

̺j(v, x) = e
−(v+µ)x̺j(v, 0) + e

−(v+µ)x
∞
∑

m=j+1

̺j(v, 0)

m−j
∑

i=1

Bm−j,i

(m− j)!
xi , j ≥ 1 .

�¤−�ª® ¢ íâ¨å á®®â−®è¥−¨ïå −¥¨§¢¥áâ−ë §−�ç¥−¨ï äã−ªæ¨© ̺j ¢ â®çª¥ (v, 0);
®−¨ (ª�ª ¢ëè¥ §−�ç¥−¨ï rj(0)) ¬®£ãâ ¡ëâì −�©¤¥−ë ¯ãâ¥¬ à¥è¥−¨ï á¨áâ¥¬ë
ãà�¢−¥−¨©:

̺1(v, 0) =
1

v EA
(1− α(v)) + α(v)̺0(v, 0) +

∞
∑

m=1

γ1,m(v + µ)̺m(v, 0) ;

̺j(v, 0) =
∞
∑

k=0

β1,k(v + µ)̺j+k−1(v, 0), j ≥ 2 ,

á ãá«®¢¨¥¬
∞
∑

j=0

∞
∫

0

̺j(v, u)(1 −A(u)) du = v−1.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 3 2021 13



’. �. Œ¨«®¢�−®¢�, ˆ. ‘. ‡�àï¤®¢, ‹. �. Œ¥©å�−�¤¦ï−

�¤−�ª® â�ª®© à¥§ã«ìâ�â âàã¤−® ¨á¯®«ì§®¢�âì −� ¯à�ªâ¨ª¥. „¥©áâ¢¨â¥«ì−®,
−�¯à¨¬¥à, ¤«ï à�áç¥â� áà¥¤−¥£® ç¨á«� §�ï¢®ª ¢ á¨áâ¥¬¥ ¢ −¥ª®â®àë© ®¤¨− ¬®¬¥−â
¢à¥¬¥−¨ −¥®¡å®¤¨¬® ®¡à�â¨âì (¢®á¯®«ì§®¢�¢è¨áì ¨§¢¥áâ−ë¬¨ ¬¥â®¤�¬¨, á¬.,
−�¯à¨¬¥à, [16,17]) ¢ëà�¦¥−¨¥

∞
∑

j=1

j

∞
∫

0

̺j(v, u)(1 −A(u)) du ,

çâ® ¯®âà¥¡ã¥â1 ¬−®£®ªà�â−®£® à¥è¥−¨ï ¯à¨¢¥¤¥−−®© ¢ëè¥ á¨áâ¥¬ë ãà�¢−¥−¨©.
�¥á®¬−¥−−ë© ¨−â¥à¥á ¢ ¯«�−¥ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© ¯à¥¤áâ�¢«ïîâ ¤¢�

¢®¯à®á�. �¥à¢ë© | íâ® áãé¥áâ¢®¢�−¨¥ äã−ªæ¨®−�«ì−®© §�¢¨á¨¬®áâ¨ ¢¥à®ïâ-
−®áâ¥© ql ®â ¯à®è¥¤è¥£® ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï, ª®â®à�ï ¯®§¢®«¨«� ¡ë à¥è¨âì
á¨áâ¥¬ã (1)|(3) (å®âï ¡ë ¢ áâ�æ¨®−�à−®¬ á«ãç�¥), á«¥¤ãï «¨¡® ¯® −�¬¥ç¥−−®-
¬ã ¢ëè¥ ¯ãâ¨, «¨¡® ¯® ª�ª®¬ã-â® ¤àã£®¬ã. ‚â®à®© ¢®¯à®á | íâ® à�§à�¡®âª�
íää¥ªâ¨¢−ëå ¬¥â®¤®¢ à�áç¥â� −¥áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï pj(t, x).
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JOINT STATIONARY DISTRIBUTION IN THEGI/M/n/∞ QUEUE
WITH GENERAL RENOVATION
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Abstract: Multiserver queuing system with a finite number of identical servers
and one queue of unlimited capacity is being considered. Customers enter
the system one by one in accordance with a recurrent flow. Service times
are exponentially distributed with the same parameter. General renovation
mechanism is implemented in the system: a customer, whose service has been
completed, upon leaving the system removes a random number of other customers
from the queue according to a given probability distribution. The method is
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proposed for finding the joint stationary distribution of the total number of
customers in the system and the time elapsed since the last arrival. Expressions
(in terms of transforms) for the calculation of the transient joint distribution are
presented.
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НЕКОТОРЫЕ ВЕРОЯТНОСТНО-СТАТИСТИЧЕСКИЕ
СВОЙСТВА ГАММА-ЭКСПОНЕНЦИАЛЬНОГО

РАСПРЕДЕЛЕНИЯ∗

М. О. Воронцов1, А. А. Кудрявцев2, О. В. Шестаков3

�−−®â�æ¨ï: ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¡®«ìè®¥ ¢−¨¬�−¨¥ ¨áá«¥¤®¢�â¥«¥© ã¤¥«ï¥âáï
®¡®¡é¥−¨ï¬ ¨§¢¥áâ−ëå ¬�â¥¬�â¨ç¥áª¨å ®¡ê¥ªâ®¢ á æ¥«ìî ¯®«ãç¥−¨ï �¤¥ª¢�â-
−ëå ¬®¤¥«¥©, ®¯¨áë¢�îé¨å à¥�«ì−ë¥ ï¢«¥−¨ï. �®«ìèãî à®«ì ¢ ¯à¨ª«�¤−®©
â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¥ ¨£à�¥â £�¬¬�-ª«�áá à�á-
¯à¥¤¥«¥−¨©, §�à¥ª®¬¥−¤®¢�¢è¨© á¥¡ï ã¤®¡−ë¬ ¨ íää¥ªâ¨¢−ë¬ ¨−áâàã¬¥−â®¬
¯à¨ ¬®¤¥«¨à®¢�−¨¨ ¬−®£¨å à¥�«ì−ëå ¯à®æ¥áá®¢. ƒ�¬¬�-ª«�áá ¤®¢®«ì−®
è¨à®ª ¨ ¢ª«îç�¥â à�á¯à¥¤¥«¥−¨ï, ®¡«�¤�îé¨¥ â�ª¨¬¨ ¯®«¥§−ë¬¨ á¢®©áâ¢�-
¬¨, ª�ª, −�¯à¨¬¥à, ¡¥§£à�−¨ç−�ï ¤¥«¨¬®áâì ¨ ãáâ®©ç¨¢®áâì, çâ® ¯®§¢®«ï¥â
¨á¯®«ì§®¢�âì à�á¯à¥¤¥«¥−¨ï ¨§ íâ®£® ª«�áá� ¢ ª�ç¥áâ¢¥ �á¨¬¯â®â¨ç¥áª¨å �¯-
¯à®ªá¨¬�æ¨© ¢ à�§«¨ç−ëå ¯à¥¤¥«ì−ëå â¥®à¥¬�å. �¤−®© ¨§ ¢�¦−¥©è¨å §�¤�ç
¯à¨ª«�¤−®© áâ�â¨áâ¨ª¨ ï¢«ï¥âáï ¯®«ãç¥−¨¥ ®æ¥−®ª ¯�à�¬¥âà®¢ ¬®¤¥«ì−®£®
à�á¯à¥¤¥«¥−¨ï ¨§ ¨¬¥îé¨åáï à¥�«ì−ëå ¤�−−ëå. ‚ à�¡®â¥ à�áá¬�âà¨¢�¥â-
áï £�¬¬�-íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥, ¯à¥¤áâ�¢«ïîé¥¥ á®¡®© ®¡®¡é¥-
−¨¥ à�á¯à¥¤¥«¥−¨© ¨§ £�¬¬�-ª«�áá�. �à¨¢®¤ïâáï ®æ¥−ª¨ ¨ �á¨¬¯â®â¨ç¥áª¨¥
¤®¢¥à¨â¥«ì−ë¥ ¨−â¥à¢�«ë ¤«ï −¥ª®â®àëå ¯�à�¬¥âà®¢ íâ®£® à�á¯à¥¤¥«¥−¨ï.
�¡áã¦¤�¥âáï ¢®¯à®á ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï à¥�«¨§�æ¨© ¢ë¡®à®ª ¨§
£�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¨ ç¨á«¥−−®£® ®æ¥−¨¢�−¨ï ¯�à�¬¥â-
à®¢ ¯® ¢ë¡®àª¥. ÷¥§ã«ìâ�âë à�¡®âë ¬®£ãâ −�©â¨ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¯à¨
¨§ãç¥−¨¨ ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©, ®á−®¢�−−ëå −� −¥¯à¥àë¢−ëå à�á¯à¥¤¥«¥-
−¨ïå á −¥®£à�−¨ç¥−−ë¬ −¥®âà¨æ�â¥«ì−ë¬ −®á¨â¥«¥¬.

Š«îç¥¢ë¥ á«®¢�: ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥; ®æ¥−¨¢�−¨¥ ¯�à�¬¥âà®¢;
£�¬¬�-íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥; á¬¥è�−−ë¥ à�á¯à¥¤¥«¥−¨ï; ®¡®¡-
é¥−−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥

DOI: 10.14357/08696527210302

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20{07{00655); ¨á-
á«¥¤®¢�−¨ï ¯à®¢®¤¨«¨áì ¢ à�¬ª�å ¯à®£à�¬¬ë Œ®áª®¢áª®£® æ¥−âà� äã−¤�¬¥−â�«ì−®© ¨ ¯à¨ª«�¤−®©
¬�â¥¬�â¨ª¨.

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, m.vtsov@mail.ru

2Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, nubigena@mail.ru

3Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, oshestakov@cs.msu.su
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�¥ª®â®àë¥ ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� £�¬¬� à�á¯à¥¤¥«¥−¨ï

1 Введение

�à®¡«¥¬� ®æ¥−¨¢�−¨ï −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¨£à�¥â âà�¤¨æ¨®−−® ¢�¦−ãî
à®«ì ¢ §�¤�ç�å ¯à¨ª«�¤−®© ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨. �à¨ íâ®¬ á æ¥«ìî
¯®¢ëè¥−¨ï á®£«�á®¢�−−®áâ¨ ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© ¨ �−�«¨§¨àã¥¬ëå à¥�«ì-
−ëå ¯à®æ¥áá®¢ ¨áá«¥¤®¢�â¥«¨ à�áá¬�âà¨¢�îâ ¢á¥ ¡®«¥¥ á«®¦−ë¥ ¬�â¥¬�â¨ç¥áª¨¥
�¡áâà�ªæ¨¨. �à¨¬¥−¨â¥«ì−® ª ¬®¤¥«ï¬, ®¯¨áë¢�îé¨¬ à¥�«ì−ë¥ ï¢«¥−¨ï ¯à¨ ¯®-
¬®é¨ −¥¯à¥àë¢−ëå à�á¯à¥¤¥«¥−¨©, ¨¬¥îé¨å −¥®£à�−¨ç¥−−ë¥ −¥®âà¨æ�â¥«ì−ë¥
−®á¨â¥«¨, âà�¤¨æ¨®−−® ¨á¯®«ì§ãîâáï ç�áâ−ë¥ á«ãç�¨ ®¡®¡é¥−−®£® £�¬¬�-à�á-
¯à¥¤¥«¥−¨ï ¨ ®¡®¡é¥−−®£® ¡¥â�-à�á¯à¥¤¥«¥−¨ï ¢â®à®£® à®¤�. ‚ à�¡®â¥ à�á-
á¬�âà¨¢�¥âáï §�¤�ç� ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ ¯à¥¤«®¦¥−−®£® ¢ [1] à�á¯à¥¤¥«¥−¨ï,
â¥á−® á¢ï§�−−®£® á ¯¥à¥ç¨á«¥−−ë¬¨ ¯®¯ã«ïà−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨.

�¯à¥¤¥«¥−¨¥ 1. �ã¤¥¬ £®¢®à¨âì, çâ® á«ãç�©−�ï ¢¥«¨ç¨−� ζ ¨¬¥¥â £�¬¬�-íªá-
¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ GE(r, ν, s, t, δ) á ¯�à�¬¥âà�¬¨ ¨§£¨¡� 0 ≤ r < 1,
ä®à¬ë ν 6= 0, ª®−æ¥−âà�æ¨¨ s, t > 0 ¨ ¬�áèâ�¡� δ > 0, ¥á«¨ ¥¥ ¯«®â−®áâì ¯à¨
x > 0 §�¤�¥âáï á®®â−®è¥−¨¥¬

gE(x) =
|ν|xtν−1

δtν•(s)•(t)
Ger, tr+s

(

−
(

x

δ

)ν)

, (1)

£¤¥ E = (r, ν, s, t, δ); Geα, β(x)| £�¬¬�-íªá¯®−¥−æ¨�«ì−�ï äã−ªæ¨ï [2]:

Geα, β(x) =

∞
∑

k=0

xk

k!
•(αk + β), x ∈ R , 0 ≤ α < 1 , β > 0 . (2)

”ã−ªæ¨ï (2) ®¡®¡é�¥â −� á«ãç�© β 6= 1 ¯à¥®¡à�§®¢�−¨¥, ¢¢¥¤¥−−®¥ �. ‹¥-
àã� [3] ¤«ï ¨áá«¥¤®¢�−¨ï ¯à®¨§¢®¤ïé¨å äã−ªæ¨© á¯¥æ¨�«ì−®£® ¢¨¤�. Šà®¬¥ â®£®,
äã−ªæ¨î (2) ¬®¦−® à�áá¬�âà¨¢�âì (¯à¨ −¥ª®â®àëå ¤®¯ãé¥−¨ïå) ª�ª ç�áâ−ë©
á«ãç�© äã−ªæ¨¨ ‘à¨¢�áâ�¢�{’®¬®¢áª¨ [4], ®¡®¡é�îé¥© äã−ªæ¨î Œ¨ââ�£-‹¥ä-
ä«¥à� [5].

‚ à�¡®â¥ ¡ë«® ¯®ª�§�−®, çâ® à�á¯à¥¤¥«¥−¨¥ (1) �¤¥ª¢�â−® ®¯¨áë¢�¥â ¡�©¥-
á®¢áª¨¥ ¬®¤¥«¨ ¡�«�−á� [6]. �â® ¯à¥¦¤¥ ¢á¥£® ¢ë§¢�−® â¥¬, çâ® à�á¯à¥¤¥«¥−¨¥
á ¯«®â−®áâìî (1) ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−® [1] ª�ª ¬�áèâ�¡−�ï á¬¥áì ¤¢ãå á«ãç�©-
−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å ®¡®¡é¥−−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥ [1].

‚ á¢®î ®ç¥à¥¤ì, ®¡®¡é¥−−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥ GG(v, q, θ) á ¯«®â−®áâìî

f(x) =
|v|xvq−1e−(x/θ)v

θvq•(q)
, v 6= 0 , q > 0 , θ > 0 , x > 0 , (3)

¯à¥¤«®¦¥−−®¥ ¢ 1925 £. ¨â�«ìï−áª¨¬ íª®−®¬¨áâ®¬ ‹. �¬®à®§® ¤«ï ¨§ãç¥−¨ï íª®-
−®¬¨ç¥áª®© â¥®à¨¨ ¤¨−�¬¨ç¥áª®£® à�¢−®¢¥á¨ï [7], �ªâ¨¢−® ¯à¨¬¥−ï¥¬®¥ ¢ £¨¤à®-
«®£¨¨ −�ç¨−�ï á 1940-å ££. ‘. �. Šà¨æª¨¬ ¨ Œ. ”. Œ¥−ª¥«¥¬ [8,9], −® §�ç�áâãî
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Œ. �. ‚®à®−æ®¢, �. �. Šã¤àï¢æ¥¢, �. ‚. ˜¥áâ�ª®¢

�áá®æ¨¨àãîé¥¥áï á ¨¬¥−¥¬ …. ‘âí©á¨, à�áá¬®âà¥¢è¥£® ¢ 1962 £. ç�áâ−ë© á«ãç�©
à�á¯à¥¤¥«¥−¨ï �¬®à®§® [10], ¤®ª�§�«® á¢®î á®áâ®ïâ¥«ì−®áâì ¢® ¬−®£¨å ¯à¨ª«�¤-
−ëå §�¤�ç�å, ¨á¯®«ì§ãîé¨å ¤«ï ¬®¤¥«¨à®¢�−¨ï −¥¯à¥àë¢−ë¥ à�á¯à¥¤¥«¥−¨ï
á −¥®£à�−¨ç¥−−ë¬ −¥®âà¨æ�â¥«ì−ë¬ −®á¨â¥«¥¬. …é¥ ¢® ¢â®à®© ¯®«®¢¨−¥ XIX ¢.
à�á¯à¥¤¥«¥−¨¥ ÷í«¥ï ¨á¯®«ì§®¢�«®áì ¤«ï ®¯¨á�−¨ï à¥§ã«ìâ¨àãîé¥© �¬¯«¨âã-
¤ë ¢ §�¤�ç¥ áã¬¬¨à®¢�−¨ï ª®«¥¡�−¨© á® á«ãç�©−ë¬¨ ä�§�¬¨, � à�á¯à¥¤¥«¥−¨¥
Œ�ªá¢¥««�{�®«ìæ¬�−� | ¤«ï áâ�â¨áâ¨ç¥áª®£® ®¯¨á�−¨ï ¯®¢¥¤¥−¨ï ¯�à�¬¥âà®¢
ç�áâ¨æ ¨¤¥�«ì−®£® £�§�. Š«�áá à�á¯à¥¤¥«¥−¨© (3) ¤®áâ�â®ç−® è¨à®ª ¨ ¢ª«îç�¥â
ªà®¬¥ ¯¥à¥ç¨á«¥−−ëå íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥; χ2-à�á¯à¥¤¥«¥−¨¥; à�á-
¯à¥¤¥«¥−¨¥ �à«�−£�; £�¬¬�-à�á¯à¥¤¥«¥−¨¥; ¯®«ã−®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥, ¨«¨
à�á¯à¥¤¥«¥−¨¥ ¬�ªá¨¬ã¬� ¯à®æ¥áá� ¡à®ã−®¢áª®£® ¤¢¨¦¥−¨ï; χ-à�á¯à¥¤¥«¥−¨¥;
m-à�á¯à¥¤¥«¥−¨¥ ��ª�£�¬¨; à�á¯à¥¤¥«¥−¨¥ ‚¨«ìá®−�{•¨«ìä¥àâ¨; à�á¯à¥¤¥«¥-
−¨¥ ‚¥©¡ã««�{ƒ−¥¤¥−ª® ¨ ¬−®£¨¥ ¤àã£¨¥, ¢ª«îç�ï ¬�áèâ�¡¨à®¢�−−ë¥ ¨ ®¡à�â−ë¥
�−�«®£¨ ¯¥à¥ç¨á«¥−−ëå.

ˆá¯®«ì§®¢�−¨¥ ®¡®¡é¥−−®£® £�¬¬�-à�á¯à¥¤¥«¥−¨ï (3) ¨ ¥£® ç�áâ−ëå ¢¨¤®¢
¨ á¬¥á¥© ¤«ï ®¯¨á�−¨ï à�§«¨ç−ëå ¬®¤¥«¥© −�àï¤ã á à¥è¥−¨¥¬ ¯à®¡«¥¬ë ®æ¥−¨-
¢�−¨ï ¥£® ¯�à�¬¥âà®¢ ¨¬¥¥â ¡®£�âãî ¨áâ®à¨î ¨ ¤® á¨å ¯®à �ªâã�«ì−®. ��¯à¨¬¥à,
¢ [11{14] ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì à�á¯à¥¤¥«¥−¨ï ¨§ £�¬¬�-ª«�áá� ¢ §�¤�-
ç�å ®¡à�¡®âª¨ à�¤¨®«®ª�æ¨®−−ëå á¨£−�«®¢ ¨ ¨§®¡à�¦¥−¨©, ¤«ï ¨áá«¥¤®¢�−¨ï
¯à®ç−®áâ¨ ¬�â¥à¨�«®¢ ¨ −�¤¥¦−®áâ¨ ®¡®àã¤®¢�−¨ï, ¤«ï ®æ¥−ª¨ ª®−æ¥−âà�æ¨¨
¢à¥¤−ëå £�§®¢ ¢ ¯à®¬ëè«¥−−ëå §®−�å, � â�ª¦¥ ¨§ãç¥−¨ï ¯¥à¨®¤� à¥¬¨áá¨¨
®−ª®«®£¨ç¥áª¨å ¡®«ì−ëå. Œ®¦−® ¯à¨¢¥áâ¨ àï¤ ¤àã£¨å ¯à¨¬¥à®¢. ƒ�¬¬�-íªá¯®-
−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥, à�áá¬�âà¨¢�¥¬®¥ ¢ áâ�âì¥, ®¡®¡é�¥â à�á¯à¥¤¥«¥−¨¥
�¬®à®§®. �®íâ®¬ã ¬®¦−® ãâ¢¥à¦¤�âì, çâ® à¥§ã«ìâ�âë áâ�âì¨ ¡ã¤ãâ ¢®áâà¥¡®¢�−ë
¯à¨ ¨§ãç¥−¨¨ à�§«¨ç−ëå ¬®¤¥«¥©, ®¯¨áë¢�îé¨å à¥�«ì−ë¥ ¯à®æ¥ááë á ¯®¬®éìî
à�á¯à¥¤¥«¥−¨© á −¥®âà¨æ�â¥«ì−ë¬ −¥®£à�−¨ç¥−−ë¬ −®á¨â¥«¥¬.

‚ à�¡®â¥ [1] ¡ë«® ¯®ª�§�−®, çâ® £�¬¬�-íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥
®¡«�¤�¥â á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨.

‹¥¬¬� 1. 1. �ãáâì −¥§�¢¨á¨¬ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë λ ¨ µ ¨¬¥îâ á®®â-
¢¥âáâ¢¥−−® à�á¯à¥¤¥«¥−¨ï GG(v, q, θ) ¨ GG(u, p, α), uv > 0. ’®£¤� à�á-
¯à¥¤¥«¥−¨¥ λ á®¢¯�¤�¥â á GE (0, v, ·, q, θ); à�á¯à¥¤¥«¥−¨¥ λ/µ ¯à¨ |u| > |v|
á®¢¯�¤�¥â á GE(v/u, v, p, q, θ/α); à�á¯à¥¤¥«¥−¨¥ λ/µ ¯à¨ |v| > |u| á®¢¯�¤�¥â
á GE(u/v,−u, q, p, θ/α).

2. �à¨ 0 < r < 1 ¯«®â−®áâì gE(x), E = (r, ν, s, t, δ), á®¢¯�¤�¥â á ¯«®â-
−®áâìî ®â−®è¥−¨ï −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å ®¡®¡é¥−−ë¥ £�¬-
¬�-à�á¯à¥¤¥«¥−¨ï GG(ν, t, δ) ¨ GG(ν/r, s, 1).

‚®§¬®¦−®áâì ¯à¥¤áâ�¢«¥−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï ª�ª
ç�áâ−®£® á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å ®¡®¡é¥−−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥, ¯®-
§¢®«ï¥â ¯à¨¬¥−ïâì ¥£® ¢ è¨à®ª®¬ ªàã£¥ ¯à¨ª«�¤−ëå §�¤�ç. ’�ª, ¢ ¤¥¬®£à�ä¨¨
ãà®¢¥−ì ¬«�¤¥−ç¥áª®© á¬¥àâ−®áâ¨ ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥ ç¨á«� ã¬¥àè¨å
¢ ¢®§à�áâ¥ ¤® £®¤� ª ç¨á«ã à®¤¨¢è¨åáï §� −¥ª®â®àë© ¯¥à¨®¤ ¢à¥¬¥−¨ [15], � ¨−¤¥ªá
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�¥ª®â®àë¥ ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� £�¬¬� à�á¯à¥¤¥«¥−¨ï

à�§¢®¤¨¬®áâ¨ | ª�ª ®â−®è¥−¨¥ ª®-

÷¨á. 1 �«®â−®áâ¨ £�¬¬�-íªá¯®−¥−æ¨�«ì−®£®
à�á¯à¥¤¥«¥−¨ï ¯à¨ à�§«¨ç−ëå §−�ç¥−¨ïå ¯�-
à�¬¥âà®¢: 1 | E = (0,7;−6; 1,5; 0,4; 0,5);
2 | E = (0,2; 5; 2; 0,2; 1,4); 3 |
E = (0,4; 3; 2; 0,4; 1); 4 | E =
= (0,4; 2,7; 2; 0,33; 1); 5 | E =
= (0,7; 0,4; 1,5; 2; 0,2)

íää¨æ¨¥−â� áã¬¬�à−®© à�§¢®¤¨-
¬®áâ¨ ª ª®íää¨æ¨¥−âã áã¬¬�à−®©
¡à�ç−®áâ¨ [16]; ¢ ä¨§¨ª¥ ª®íää¨æ¨-
¥−â âà�−áä®à¬�æ¨¨ | íâ® ®â−®è¥-
−¨¥ ¢ëå®¤−®£® −�¯àï¦¥−¨ï ª ¢å®¤-
−®¬ã, � ã−¨¢¥àá�«ì−�ï äã−ªæ¨ï
Š¨àå£®ä� | ®â−®è¥−¨¥ ¨§«ãç�-
â¥«ì−®© á¯®á®¡−®áâ¨ â¥«� ª ¯®£«®-
é�â¥«ì−®© [17]; ¢ â¥®à¨¨ ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï ®â−®è¥−¨¥ ¨−â¥−á¨¢-
−®áâ¨ ¢å®¤ïé¥£® ¯®â®ª� ª ¨−â¥−á¨¢-
−®áâ¨ ®¡á«ã¦¨¢�−¨ï ®¯à¥¤¥«ï¥â ª®-
íää¨æ¨¥−â §�£àã§ª¨ á¨áâ¥¬ë [18];
¯à¨ ¬®¤¥«¨à®¢�−¨¨ çà¥§¢ëç�©−ëå
á¨âã�æ¨© ¯®¦�à®®¯�á−®áâì ®¡ê¥ª-
â� ®¯à¥¤¥«ï¥âáï ®â−®è¥−¨¥¬ ã£à®-
§ë ¢®§−¨ª−®¢¥−¨ï ¯®¦�à� ª ä�ª-
â®àã ¯®¦�à®§�é¨âë [19]; ¢ â¥®à¨¨
−�¤¥¦−®áâ¨ ®¦¨¤�¥¬®¥ ¢à¥¬ï ¡¥§®âª�§−®© à�¡®âë ¯à¥¤áâ�¢¨¬® ¢ ¢¨¤¥ ®â−®è¥−¨ï
áà¥¤−¥£® ¢à¥¬¥−¨ ¡¥§®âª�§−®© à�¡®âë ª áà¥¤−¥¬ã ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï [20].
÷ï¤ ¯à¨¬¥à®¢ ¬®¦−® ¯à®¤®«¦¨âì. Š�¦¤ãî ¨§ â�ª¨å å�à�ªâ¥à¨áâ¨ª ¬®¦−®
à�áá¬�âà¨¢�âì ª�ª ¨−¤¥ªá ¡�«�−á� á¨áâ¥¬ë [6]. �à¨¬¥−¥−¨¥ à�−¤®¬¨§�æ¨®−−®£®
¡�©¥á®¢áª®£® ¯®¤å®¤� ª ®¯¨á�−−ë¬ ¬®¤¥«ï¬ ¤�¥â ¢®§¬®¦−®áâì ¨§ãç�âì å�à�ªâ¥-
à¨áâ¨ª¨ ¨−¤¥ªá� ¡�«�−á� ª�ª ¬�áèâ�¡−®© á¬¥á¨ ¢¥à®ïâ−®áâ−ëå §�ª®−®¢.

�®¬¨¬® ¯¥à¥ç¨á«¥−−ëå á¢®©áâ¢ ¯ïâ¨¯�à�¬¥âà¨ç¥áª®¥ £�¬¬�-íªá¯®−¥−æ¨-
�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ¬®¦¥â ¯à¨¬¥−ïâìáï ¤«ï ¬®¤¥«¨à®¢�−¨ï è¨à®ª®£® ªàã£�
à¥�«ì−ëå ï¢«¥−¨© ¢¢¨¤ã ¡®«ìè®£® à�§−®®¡à�§¨ï ¥£® ¢®§¬®¦−ëå ¯«®â−®áâ¥©
(à¨á. 1).

�� ¯à�ªâ¨ª¥ ¨áá«¥¤®¢�â¥«ì ¨¬¥¥â ¤¥«® á −�¡«î¤�¥¬ë¬¨ ¢¥«¨ç¨−�¬¨, ®âà�¦�-
îé¨¬¨ ¯à®ï¢«¥−¨¥ �−�«¨§¨àã¥¬®£® à¥�«ì−®£® ¯à®æ¥áá�, ¢ ®â−®è¥−¨¨ ª®â®àëå
¤¥«�îâáï −¥ª®â®àë¥ ¬®¤¥«ì−ë¥ ¯à¥¤¯®«®¦¥−¨ï ® ¢¨¤¥ ¨å à�á¯à¥¤¥«¥−¨ï. ‚ á«ã-
ç�¥ ¬®¤¥«¨à®¢�−¨ï à¥�«ì−®£® ¯à®æ¥áá� ¯à¨ ¯®¬®é¨ £�¬¬�-íªá¯®−¥−æ¨�«ì−®£®
à�á¯à¥¤¥«¥−¨ï −¥¨§¡¥¦−® ¢®§−¨ª�¥â ¢®¯à®á ®æ¥−¨¢�−¨ï −¥¨§¢¥áâ−ëå ¯�à�¬¥â-
à®¢ ¯® à¥�«ì−ë¬ ¤�−−ë¬. ‚¢¨¤ã ¯à¥¤áâ�¢«¥−¨ï ¯«®â−®áâ¨ gE(x) ¢ â¥à¬¨−�å
á¯¥æ¨�«ì−®© £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ (2) ¬¥â®¤ ¬�ªá¨¬�«ì−®£® ¯à�¢-
¤®¯®¤®¡¨ï ¯à¥¤áâ�¢«ï¥âáï §�âàã¤−¨â¥«ì−ë¬. ’® ¦¥ ¬®¦−® áª�§�âì ¨ ® ¯àï¬®¬
¬¥â®¤¥ ¬®¬¥−â®¢. �® íâ®© ¯à¨ç¨−¥ ¢ à�¡®â�å [21,22] ¡ë«® ¯à¥¤«®¦¥−® ®æ¥−¨¢�âì
¯�à�¬¥âàë £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¯à¨ ¯®¬®é¨ ¬®¤¨ä¨æ¨à®-
¢�−−®£® ¬¥â®¤�, ®á−®¢�−−®£® −� «®£�à¨ä¬¨ç¥áª¨å ¬®¬¥−â�å.

‚ áâ�âì¥ ®¡áã¦¤�îâáï ¢ëç¨á«¨â¥«ì−ë¥ �á¯¥ªâë ¯®áâà®¥−¨ï à¥�«¨§�æ¨© ¢ë¡®-
à®ª ¨§ £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¨ −î�−áë ç¨á«¥−−®£® ®æ¥−¨¢�−¨ï
−¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢.
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2 Оценки параметров гамма-экспоненциального распределения

�à¨¢¥¤¥¬ ¨§¢¥áâ−ë¥ ®æ¥−ª¨ ¯�à�¬¥âà®¢ £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥-
«¥−¨ï. „«ï íâ®£® ¢¢¥¤¥¬ ¢ à�áá¬®âà¥−¨¥ ¤¨£�¬¬�-äã−ªæ¨î ψ(z) = •′(z)/•(z)
¨ äã−ªæ¨¨

R(x) =

√

ν2x− ψ′(t)

ψ′(s)
; (4)

Dr(x, y) = exp







x− ψ(t)

ν
+
ψ(s)

ν

√

ν2y − ψ′(t)

ψ′(s)







;

V (x) =
3

√

ψ′′(t)− r3ψ′′(s)

x
; (5)

Dν(x, y) = exp

{

x− (ψ(t)− rψ(s)) 3

√

y

ψ′′(t)− r3ψ′′(s)

}

.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨¥ ¤«ï ¢ë¡®à®ç−ëå «®£�à¨ä¬¨ç¥áª¨å ¬®¬¥−â®¢ á«ãç�©−®©
¢¥«¨ç¨−ë ζ:

Lk(X) =
1

n

n
∑

i=1

lnkXi ,

£¤¥ X = (X1, . . . ,Xn)| ¢ë¡®àª� ¨§ à�á¯à¥¤¥«¥−¨ï ζ.
‚ à�¡®â¥ [21] ¡ë«¨ ¤®ª�§�−ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.

‹¥¬¬� 2. �à¨ ä¨ªá¨à®¢�−−ëå ¯�à�¬¥âà�å ν, t ¨ s à�á¯à¥¤¥«¥−¨ï
GE(r, ν, s, t, δ) ®æ¥−ª¨

�r(X) = R
(

L2(X)− L21(X)
)

; (6)

�δr(X) = Dr

(

L1(X), L2(X) − L21(X)
)

(7)

¯�à�¬¥âà®¢ r ¨ δ ®¡«�¤�îâ á¢®©áâ¢®¬ á¨«ì−®© á®áâ®ïâ¥«ì−®áâ¨.

‹¥¬¬� 3. �à¨ ä¨ªá¨à®¢�−−ëå ¯�à�¬¥âà�å r, t ¨ s à�á¯à¥¤¥«¥−¨ï
GE(r, ν, s, t, δ) ®æ¥−ª¨

�ν(X) = V
(

L3(X) − 3L1(X)L2(X) + 2L31(X)
)

; (8)

�δν(X) = Dν

(

L1(X), L3(X)− 3L1(X)L2(X) + 2L31(X)
)

(9)

¯�à�¬¥âà®¢ ν ¨ δ ®¡«�¤�îâ á¢®©áâ¢®¬ á¨«ì−®© á®áâ®ïâ¥«ì−®áâ¨.
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�á−®¢ë¢�ïáì −� ¯à¨¢¥¤¥−−ëå ®æ¥−ª�å ¨ ¨å �á¨¬¯â®â¨ç¥áª®© −®à¬�«ì-
−®áâ¨ [22], ¬®¦−® ¯®áâà®¨âì �á¨¬¯â®â¨ç¥áª¨¥ ¤®¢¥à¨â¥«ì−ë¥ ¨−â¥à¢�«ë ¤«ï
®æ¥−®ª (6){(9) [22]. „«ï íâ®£® ¯®−�¤®¡ïâáï á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï ¯à®¨§¢®¤−ëå
äã−ªæ¨© (4) ¨ (5):

R1(x) ≡
dR

dx
(x) =

ν2

2ψ′(s)

√

ψ′(s)

ν2x− ψ′(t)
; (10)

V1(x) ≡
dV

dx
(x) = −ψ

′′(t)− r3ψ′′(s)

3x2
3

√

x2

(ψ′′(t)− r3ψ′′(s))2
. (11)

‚ ¤�«ì−¥©è¨å à�ááã¦¤¥−¨ïå ¯®−�¤®¡ïâáï −¥ª®â®àë¥ ¬®¬¥−â−ë¥ å�à�ªâ¥à¨-
áâ¨ª¨ £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï (1), ¯®«ãç�¥¬ë¥ ¯ãâ¥¬ ¤¨ää¥-
à¥−æ¨à®¢�−¨ï å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ «®£�à¨ä¬� á«ãç�©−®© ¢¥«¨ç¨−ë ζ,
¨¬¥îé¥© £�¬¬�-íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ (¯®¤à®¡−¥¥ á¬. [21, 22]). �à¨
ä¨ªá¨à®¢�−−ëå ¯�à�¬¥âà�å t ¨ s ¯®«ãç�¥¬:

σ21(r, ν) ≡ D ln ζ =
ψ′(t) + r2ψ′(s)

ν2
;

σ22(r, ν, δ) ≡ D ln2 ζ =
4(ψ′(t) + r2ψ′(s))[ν ln δ + ψ(t)− rψ(s)]2

ν4
+

+
4(ψ′′(t)− r3ψ′′(s))[ν ln δ + ψ(t)− rψ(s)]

ν4
+

+
2(ψ′(t) + r2ψ′(s))2

ν4
+
ψ′′′(t) + r4ψ′′′(s)

ν4
; (12)

σ23(r, ν, δ) ≡ D ln3 ζ =
9
(

ψ′ (t) + r2ψ′ (s)
)

[ν ln δ + ψ (t)− rψ (s)]4

ν6
+

+
18
[

ψ′′ (t)− r3ψ′′ (s)
]

[ν ln δ + ψ (t)− rψ (s)]3

ν6
+

+
36
[

ψ′ (t) + r2ψ′ (s)
]2
[ν ln δ + ψ (t)− rψ (s)]2

ν6
+

+
15
[

ψ′′′ (t) + r4ψ′′′ (s)
]

[ν ln δ + ψ (t)− rψ (s)]2

ν6
+

+
34
[

ψ′′ (t)− r3ψ′′ (s)
] [

ψ′ (t) + r2ψ′ (s)
]

[ν ln δ + ψ (t)− rψ (s)]

ν6
+
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+
6
[

ψ(4) (t)− r5ψ(4) (s)
]

[ν ln δ + ψ (t)− rψ (s)]

ν6
+

+
15
[

ψ′ (t) + r2ψ′ (s)
]3

ν6
+
9
[

ψ′′ (t)− r3ψ′′ (s)
]2

ν6
+

+
15
[

ψ′′′ (t) + r4ψ′′′ (s)
] [

ψ′ (t) + r2ψ′ (s)
]

ν6
+

[

ψ(5) (t) + r6ψ(5) (s)
]

ν6
. (13)

‚¢¥¤¥¬ ¤®¯®«−¨â¥«ì−ë¥ ®¡®§−�ç¥−¨ï:

σ12(r, ν) =
ψ′′(t)− r3ψ′′(s)

ν3
;

s12(r, ν, δ) =
ψ′′′(t) + r4ψ′′′(s)

ν4
;

s21(r, ν, δ) = δ
2σ21(r, ν) +

νδ2ψ(s)σ12(r, ν)

rψ′(s)
+
ν2δ2ψ2(s)σ22(r, ν, δ)

4r2(ψ′(s))2
; (14)

s22(r, ν, δ) = δ
2σ21(r, ν) −

2ν2δ2(ψ(t)− rψ(s))s12(r, ν, δ)

3(ψ′′(t)− r3ψ′′(s))
+

+
ν4δ2(ψ(t)− rψ(s))2σ23(r, ν, δ)

9(ψ′′(t)− r3ψ′′(s))2
. (15)

‚ à�¡®â¥ [22] ¡ë«® ¯®ª�§�−®, çâ® ¤®¢¥à¨â¥«ì−ë¥ ¨−â¥à¢�«ë ¤«ï −¥¨§¢¥áâ−ëå
¯�à�¬¥âà®¢ r, ν ¨ δ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤. —¥à¥§ uγ ¡ã¤¥¬ ®¡®§−�ç�âì ª¢�−â¨«ì
¯®àï¤ª� (1 + γ)/2 áâ�−¤�àâ−®£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï.

‹¥¬¬� 4. �á¨¬¯â®â¨ç¥áª¨© ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�« á ãà®¢−¥¬ ¤®¢¥à¨ï γ,
®á−®¢�−−ë© −� ®æ¥−ª¥ (6) −¥¨§¢¥áâ−®£® ¯�à�¬¥âà� r, ¨¬¥¥â ¢¨¤:

(Sr(X), Tr(X)) =

(

�r(X)− uγ√
n
Ar(X), �r(X) +

uγ√
n
Ar(X)

)

,

£¤¥

Ar(X) =

√

(

R1(L2(X)− L21(X))
)2
σ22(�r(X), ν,

�δr(X)) ,

äã−ªæ¨¨ R1 ¨ σ22 §�¤�îâáï á®®â−®è¥−¨ï¬¨ (10) ¨ (12), � áâ�â¨áâ¨ª¨ �r(X)

¨ �δr(X) ®¯à¥¤¥«¥−ë ¢ (6) ¨ (7).

‹¥¬¬� 5. �á¨¬¯â®â¨ç¥áª¨© ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�« á ãà®¢−¥¬ ¤®¢¥à¨ï γ,
®á−®¢�−−ë© −� ®æ¥−ª¥ (7) −¥¨§¢¥áâ−®£® ¯�à�¬¥âà� δ, ¨¬¥¥â ¢¨¤:

(Sδr
(X), Tδr

(X)) =

(

�δr(X)−
uγ√
n
Aδr
(X), �δr(X) +

uγ√
n
Aδr
(X)

)

,
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£¤¥

Aδr
(X) =

√

s21(�r(X), ν,
�δr(X)) ,

äã−ªæ¨ï s21 §�¤�¥âáï á®®â−®è¥−¨¥¬ (14), � áâ�â¨áâ¨ª¨ �r(X) ¨ �δr(X) ®¯à¥¤¥-
«¥−ë ¢ (6) ¨ (7).

‹¥¬¬� 6. �á¨¬¯â®â¨ç¥áª¨© ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�« á ãà®¢−¥¬ ¤®¢¥à¨ï γ,
®á−®¢�−−ë© −� ®æ¥−ª¥ (8) −¥¨§¢¥áâ−®£® ¯�à�¬¥âà� ν, ¨¬¥¥â ¢¨¤:

(Sν(X), Tν(X)) =

(

�ν(X)− uγ√
n
Aν(X), �ν(X) +

uγ√
n
Aν(X)

)

,

£¤¥

Aν(X) =

√

(

V1(L3(X)− 3L1(X)L2(X) + 2L31(X))
)2
σ23(r, �ν(X),

�δν(X)) ,

äã−ªæ¨¨ V1 ¨ σ23 §�¤�îâáï á®®â−®è¥−¨ï¬¨ (11) ¨ (13), � áâ�â¨áâ¨ª¨ �ν(X)

¨ �δν(X) ®¯à¥¤¥«¥−ë ¢ (8) ¨ (9).

‹¥¬¬� 7. �á¨¬¯â®â¨ç¥áª¨© ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�« á ãà®¢−¥¬ ¤®¢¥à¨ï γ,
®á−®¢�−−ë© −� ®æ¥−ª¥ (9) −¥¨§¢¥áâ−®£® ¯�à�¬¥âà� δ, ¨¬¥¥â ¢¨¤:

(Sδν
(X), Tδν

(X)) =

(

�δν(X)−
uγ√
n
Aδν
(X), �δν (X) +

uγ√
n
Aδν
(X)

)

,

£¤¥

Aδν
(X) =

√

s22(r, �ν(X),
�δν(X)) ,

äã−ªæ¨ï s22 §�¤�¥âáï á®®â−®è¥−¨¥¬ (15), � áâ�â¨áâ¨ª¨ �ν(X) ¨ �δν(X) ®¯à¥¤¥-
«¥−ë ¢ (8) ¨ (9).

3 Алгоритм построения реализаций выборок
из гамма-экспоненциального распределения

ˆá¯®«ì§ãï «¥¬¬ã 1 ¨ å®à®è® ¨§¢¥áâ−®¥ à�¢¥−áâ¢® ¤«ï á«ãç�©−®© ¢¥«¨ç¨−ë λ,
¨¬¥îé¥© ®¡®¡é¥−−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥ GG(ν, t, δ),

λ
d
=δξ1/ν ,

£¤¥ á«ãç�©−�ï ¢¥«¨ç¨−� ξ ¨¬¥¥â £�¬¬�-à�á¯à¥¤¥«¥−¨¥GG(1, t, 1), «¥£ª® ¯®«ãç¨âì
�−�«®£¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤«ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï.
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‹¥¬¬� 8. �ãáâì ξ ¨ η | −¥§�¢¨á¨¬ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë, ¨¬¥îé¨¥ á®®â¢¥â-
áâ¢¥−−® £�¬¬�-à�á¯à¥¤¥«¥−¨ï GG(1, t, 1) ¨ GG(1, s, 1), � á«ãç�©−�ï ¢¥«¨ç¨−�
ζ ¨¬¥¥â £�¬¬�-íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ GE(r, ν, s, t, δ). ’®£¤�

ζ
d
=δ(ξη−r)1/ν .

�á−®¢ë¢�ïáì −� «¥¬¬¥ 8, ¬®¦−® ¯à¥¤«®¦¨âì á«¥¤ãîé¨© �«£®à¨â¬ ¯®áâà®¥−¨ï
¢ë¡®àª¨ Z1, . . . , Zn ¨§ £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ïGE(r, ν, s, t, δ).
�� ¯¥à¢®¬ íâ�¯¥ (−�¯à¨¬¥à, á ¯®¬®éìî ¬¥â®¤� ¢ë¡®àª¨ á ®âª«®−¥−¨¥¬ [23])
áâà®ïâáï −¥§�¢¨á¨¬ë¥ ¢ë¡®àª¨X1, . . . ,Xn ¨ Y1, . . . , Yn á®®â¢¥âáâ¢¥−−® ¨§ £�¬¬�-
à�á¯à¥¤¥«¥−¨© GG(1, t, 1) ¨ GG(1, s, 1). �� ¢â®à®¬ íâ�¯¥ ¯à¨¬¥−ï¥âáï «¥¬¬� 8
¨ áâà®ïâáï ª®¬¯®−¥−âë

Zk = δ
(

XkY
−r
k

)1/ν
.

4 Вычисление оценок параметров изгиба, формы и масштаба

�à¨ ¯®¬®é¨ ®¯¨á�−−®£® ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ �«£®à¨â¬� à¥�«¨§�æ¨¨ ¢ë-
¡®à®ª ¨ «¥¬¬ 2 ¨ 3 ¬®¦−® ¯®áâà®¨âì £¨áâ®£à�¬¬ë ¯® ¢ë¡®àª¥ ¨§ ¬®¤¥«ì−®£®
£�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï á ¨§¢¥áâ−ë¬¨ ¯�à�¬¥âà�¬¨ ¨ ®æ¥−¨âì
¯® à¥�«¨§®¢�−−®© ¢ë¡®àª¥ ¯�àë ¯�à�¬¥âà®¢ ¨§£¨¡�{¬�áèâ�¡� ¨ ä®à¬ë{¬�áèâ�¡�
¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ®−¨ −¥¨§¢¥áâ−ë. ƒ¨áâ®£à�¬¬ë −� à¨á. 2{4 á®®â¢¥âáâ¢ãîâ
¢ë¡®àª¥ X = (X1, . . . ,Xn) ®¡ê¥¬� n = 10000 ¨§ à�á¯à¥¤¥«¥−¨ï á ¯�à�¬¥âà�¬¨
E = (r, ν, s, t, δ).

÷¨á. 2 ˆ««îáâà�æ¨ï ¢ëç¨á«¥−¨ï ®æ¥-
−®ª ¯�à�¬¥âà®¢ ä®à¬ë ¨ ¬�áèâ�¡�:
1 | £¨áâ®£à�¬¬�; 2 | ¨áâ¨−−�ï
¯«®â−®áâì á E = (0,4;1,7, 1,8; 1,4;1);
3 | ®æ¥−¥−−�ï ¯«®â−®áâì á E =
= (0,4;1,663; 1,8; 1,4;0,998)

÷¨á. 3 ˆ««îáâà�æ¨ï ¢ëç¨á«¥−¨ï ®æ¥−®ª
¯�à�¬¥âà®¢ ä®à¬ë ¨ ¬�áèâ�¡�: 1 | £¨áâ®-
£à�¬¬�; 2 | ¨áâ¨−−�ï ¯«®â−®áâì á E =
= (0,3;0,8, 3; 0,8;1,5); 3 | ®æ¥−¥−−�ï
¯«®â−®áâì áE = (0,3;0,790; 3; 0,8;1,486)
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÷¨á. 4 ˆ««îáâà�æ¨ï ¢ëç¨á«¥−¨ï ®æ¥−®ª ¯�à�¬¥âà®¢ ¨§£¨¡� ¨ ¬�áèâ�¡�: 1 | £¨áâ®-
£à�¬¬�; 2 | ¨áâ¨−−�ï ¯«®â−®áâì á E = (0,4; 2,7, 2; 0,33;1); 3 | ®æ¥−¥−−�ï ¯«®â−®áâì
á E = (0,458; 2,7; 2; 0,33;1,012)

‚ â�¡«. 1{6 ¯à¨¢¥¤¥−ë §−�ç¥−¨ï ®æ¥−®ª ¨§ «¥¬¬ 2 ¨ 3 ¨ �á¨¬¯â®â¨ç¥áª¨¥
¤®¢¥à¨â¥«ì−ë¥ ¨−â¥à¢�«ë ¨§ «¥¬¬ 4{7; ãà®¢¥−ì ¤®¢¥à¨ï γ à�¢¥− 95%, ®¡ê¥¬
¢ë¡®àª¨ à�¢¥− n.

‚ â�¡«. 7{9 ¯à¨¢¥¤¥−® ç¨á«® ¢ë¡®à®ª (¨§ N = 1000 ¢ë¡®à®ª) ¨§ ¬®¤¥«ì−®£®
à�á¯à¥¤¥«¥−¨ï á à�§«¨ç−ë¬ −�¡®à®¬ ¯�à�¬¥âà®¢, ¯à¨ ®æ¥−ª¥ ª®â®àëå �á¨¬¯-
â®â¨ç¥áª¨© ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�« á ãà®¢−¥¬ ¤®¢¥à¨ï 95% ¯®ªàë« ¨áâ¨−−®¥
§−�ç¥−¨¥ ¯�à�¬¥âà�.

’�¡«¨æ� 1 �æ¥−ª¨ ¯�à�¬¥âà®¢ r ¨ δ á á®®â¢¥âáâ¢ãîé¨¬¨ ¤®¢¥à¨â¥«ì−ë¬¨ ¨−â¥à¢�«�¬¨,
¯®áâà®¥−−ë¥ ¯® ¢ë¡®àª¥ ¨§ ¬®¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,7; 0,5; 5,2; 3,7; 1)

n �r(X) Sr(X) Tr(X) �δr(X) Sδr
(X) Tδr

(X)

102 0,5832 0,1227 1,0437 0,6637 −0,2579 1,5854
103 0,6979 0,5673 0,8285 1,0239 0,6178 1,4300
104 0,7367 0,6964 0,7769 1,1130 0,9766 1,2495
105 0,6904 0,6772 0,7035 0,9704 0,9317 1,0091

’�¡«¨æ� 2 �æ¥−ª¨ ¯�à�¬¥âà®¢ ν ¨ δ á á®®â¢¥âáâ¢ãîé¨¬¨ ¤®¢¥à¨â¥«ì−ë¬¨ ¨−â¥à¢�«�¬¨,
¯®áâà®¥−−ë¥ ¯® ¢ë¡®àª¥ ¨§ ¬®¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,7; 0,5; 5,2; 3,7; 1)

n �ν(X) Sν(X) Tν(X) �δν(X) Sδν
(X) Tδν

(X)

102 0,4413 −0,0029 0,8857 0,9323 0,6030 1,2615
103 0,5164 0,3530 0,6798 1,0359 0,9382 1,1336
104 0,5024 0,4521 0,5528 0,9941 0,9634 1,0247
105 0,5029 0,4869 0,5188 1,0006 0,9909 1,0103
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’�¡«¨æ� 3 �æ¥−ª¨ ¯�à�¬¥âà®¢ r ¨ δ á á®®â¢¥âáâ¢ãîé¨¬¨ ¤®¢¥à¨â¥«ì−ë¬¨ ¨−â¥à¢�«�¬¨,
¯®áâà®¥−−ë¥ ¯® ¢ë¡®àª¥ ¨§ ¬®¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,3; 2,3; 1,2; 1,7; 3,5)

n �r(X) Sr(X) Tr(X) �δr(X) Sδr
(X) Tδr

(X)

102 0,1776 −2,2194 2,5747 3,7180 2,5285 4,9075
103 0,2080 −0,4260 0,8422 3,5452 3,2394 3,8509
104 0,2905 0,1406 0,4403 3,5084 3,4337 3,5830
105 0,3074 0,2621 0,3526 3,4981 3,4755 3,5208

’�¡«¨æ� 4 �æ¥−ª¨ ¯�à�¬¥âà®¢ ν ¨ δ á á®®â¢¥âáâ¢ãîé¨¬¨ ¤®¢¥à¨â¥«ì−ë¬¨ ¨−â¥à¢�«�¬¨,
¯®áâà®¥−−ë¥ ¯® ¢ë¡®àª¥ ¨§ ¬®¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,3; 2,3; 1,2; 1,7; 3,5)

n �ν(X) Sν(X) Tν(X) �δν(X) Sδν
(X) Tδν

(X)

102 2,6075 −8,3730 13,5882 3,4872 2,3907 4,5838
103 2,2301 −0,0267 4,4871 3,4345 3,1850 3,6840
104 2,2634 1,5055 3,0214 3,4936 3,4075 3,5797
105 2,2827 2,0376 2,5278 3,4942 3,4665 3,5219

’�¡«¨æ� 5 �æ¥−ª¨ ¯�à�¬¥âà®¢ r ¨ δ á á®®â¢¥âáâ¢ãîé¨¬¨ ¤®¢¥à¨â¥«ì−ë¬¨ ¨−â¥à¢�«�¬¨,
¯®áâà®¥−−ë¥ ¯® ¢ë¡®àª¥ ¨§ ¬®¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,7;−4; 2,6; 0,4; 0,5)

n �r(X) Sr(X) Tr(X) �δr(X) Sδr
(X) Tδr

(X)

102 0,4900 −8,4680 9,4481 0,5635 −0,3439 1,4710
103 0,8747 −0,6446 2,3941 0,4889 0,3604 0,6175
104 0,8298 0,3268 1,3328 0,4895 0,4468 0,5322
105 0,7949 0,6291 0,9607 0,4923 0,4781 0,5065

’�¡«¨æ� 6 �æ¥−ª¨ ¯�à�¬¥âà®¢ ν ¨ δ á á®®â¢¥âáâ¢ãîé¨¬¨ ¤®¢¥à¨â¥«ì−ë¬¨ ¨−â¥à¢�«�¬¨,
¯®áâà®¥−−ë¥ ¯® ¢ë¡®àª¥ ¨§ ¬®¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,7;−4; 2,6; 0,4; 0,5)

n �ν(X) Sν(X) Tν(X) �δν(X) Sδν
(X) Tδν

(X)

102 −4,6608 −7,5225 −1,7991 0,6044 0,3666 0,8421
103 −4,0980 −4,8447 −3,3512 0,5147 0,4472 0,5822
104 −3,9794 −4,2072 −3,7516 0,4995 0,4784 0,5207
105 −3,9611 −4,0327 −3,8894 0,4974 0,4907 0,5041
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’�¡«¨æ� 7 —¨á«® ¢ë¡®à®ª (¨§ N = 1000 ¢ë¡®à®ª)
¨§ ¬®¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,3; 2,3; 1,2; 1,7; 3,5)

n r δr ν δν

102 1000 991 1000 940
103 1000 999 1000 996
104 1000 999 1000 999
105 1000 1000 1000 1000

’�¡«¨æ� 8 —¨á«® ¢ë¡®à®ª (¨§ N =
= 1000 ¢ë¡®à®ª) ¨§ ¬®¤¥«ì−®£® à�á¯à¥-
¤¥«¥−¨ï á à�§«¨ç−ë¬ −�¡®à®¬ ¯�à�¬¥âà®¢
E = (0,7; 0,5; 5,2; 3,7; 1)

n r δr ν δν

102 957 920 871 839
103 957 944 971 945
104 935 940 995 976
105 949 946 997 965

’�¡«¨æ� 9 —¨á«® ¢ë¡®à®ª (¨§ N =
= 1000 ¢ë¡®à®ª) ¨§ ¬®¤¥«ì−®£® à�á-
¯à¥¤¥«¥−¨ï á −�¡®à®¬ ¯�à�¬¥âà®¢ E =
= (0,7;−4; 2,6; 0,4; 0,5)

n r δr ν δν

102 725 910 987 981
103 772 832 985 981
104 901 906 978 986
105 967 969 982 985

5 Связь гамма-экспоненциального распределения
с обобщенным бета-распределением второго рода

÷�−¥¥ (−�¯à¨¬¥à, ¢ à�¡®â¥ [24]) ®â¬¥ç�«�áì á¢ï§ì ®â−®è¥−¨ï ¤¢ãå −¥§�¢¨á¨-
¬ëå á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å ®¡®¡é¥−−ë¥ £�¬¬�-à�á¯à¥¤¥«¥−¨ï á ®¤¨−�-
ª®¢ë¬¨ ¯�à�¬¥âà�¬¨ ä®à¬ë, á ®¡®¡é¥−−ë¬ ¡¥â�-à�á¯à¥¤¥«¥−¨¥¬ ¢â®à®£® à®¤�
GB2(ν, δ, t, s) [25] á ¯«®â−®áâìî

fβ(x) =
|ν| (x/δ)tν−1 (1 + (x/δ)ν)−t−s

δ B(s, t)
, x > 0 , (16)

ç�áâ−ë¥ á«ãç�¨ ª®â®à®£® ¯à¥¤áâ�¢«ïîâ á®¡®© à�á¯à¥¤¥«¥−¨¥ �ãàà�, ¨«¨ à�á¯à¥-
¤¥«¥−¨¥ ‘¨−£å{Œ�¤¤�«�, à�á¯à¥¤¥«¥−¨¥ „�£ã¬�, à�á¯à¥¤¥«¥−¨¥ ‹®¬�ªá�, F-à�á-
¯à¥¤¥«¥−¨¥ ”¨è¥à�{‘−¥¤¥ª®à� ¨ ¤à. �à¥¤áâ�¢«¥−¨¥ £�¬¬�-íªá¯®−¥−æ¨�«ì−®£®
à�á¯à¥¤¥«¥−¨ï ª�ª ¬�áèâ�¡−®© á¬¥á¨ ®¡®¡é¥−−ëå £�¬¬�-à�á¯à¥¤¥«¥−¨©, â�ª¨¬
®¡à�§®¬, ¯à¨¢®¤¨â ª §�ª®−®¬¥à−®¬ã ¢®¯à®áã ® ¥£® �á¨¬¯â®â¨ª¥ ¯à¨ r → 1 ¨ á¢ï§¨
á ®¡®¡é¥−−ë¬ ¡¥â�-à�á¯à¥¤¥«¥−¨¥¬ ¢â®à®£® à®¤�.

�® �−�«®£¨¨ á® á¢®©áâ¢®¬ 19 ¨§ [26] ¬®¦−® ¯®ª�§�âì á¯à�¢¥¤«¨¢®áâì á«¥¤ã-
îé¥£® ãâ¢¥à¦¤¥−¨ï.
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‹¥¬¬� 9. „«ï x ≤ 0, t > 0, s > 0 á¯à�¢¥¤«¨¢® à�¢¥−áâ¢®:

lim
r→1
Ger, tr+s(x) =

•(t+ s)

(1− x)t+s .

�¡®§−�ç¨¬ äã−ªæ¨î £�¬¬�-íªá¯®−¥−æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï á ¯«®â−®áâìî
gE(x), ®¯à¥¤¥«¥−−®© ¢ (1), ç¥à¥§ GE(x), £¤¥ E = (r, ν, s, t, δ). �¡®§−�ç¨¬
äã−ªæ¨î ®¡®¡é¥−−®£® ¡¥â�-à�á¯à¥¤¥«¥−¨ï ¢â®à®£® à®¤� á ¯«®â−®áâìî (16) ç¥-
à¥§ Fβ(x).

‘¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 1. �à¨ r → 1 £�¬¬�-íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á«�¡® áå®¤¨âáï
ª ®¡®¡é¥−−®¬ã ¡¥â�-à�á¯à¥¤¥«¥−¨î ¢â®à®£® à®¤�:

GE (r, ν, s, t, δ) =⇒ GB2 (ν, δ, t, s) .

„ ® ª � § � â ¥ « ì á â ¢ ® . �®ª�¦¥¬, çâ® gE(x) −→ fβ(x) ¤«ï ¢á¥å ¤¥©áâ¢¨â¥«ì−ëå x
¯à¨ r → 1. „«ï x ≤ 0 ãâ¢¥à¦¤¥−¨¥ ®ç¥¢¨¤−®; ¯à¨ x > 0, ¨á¯®«ì§ãï «¥¬¬ã 9,
¨¬¥¥¬:

lim
r→1

gE(x) =
|ν|xtν−1

δtν•(s)•(t)
lim
r→1
Ger, tr+s(−(x/δ)ν) =

|ν| (x/δ)tν−1

δ(1 + (x/δ)ν )t+s

•(t+ s)

•(s)•(t)
.

ˆá¯®«ì§ãï íâ®â ä�ªâ ¨ â¥®à¥¬ã ˜¥ää¥ [27], ¯®«ãç�¥¬ (®â−®á¨â¥«ì−® ¬¥àë
‹¥¡¥£� l):

lim
r→1

sup
A∈B(R)

∣

∣

∣

∣

∣

∣

∫

A

gE dl −
∫

A

f dl

∣

∣

∣

∣

∣

∣

= 0 .

‘«¥¤®¢�â¥«ì−®,
lim
r→1
sup

x
|GE(x)− Fβ(x)| = 0 ,

çâ® ¤®ª�§ë¢�¥â ãâ¢¥à¦¤¥−¨¥ â¥®à¥¬ë.

6 Заключение

’à�¤¨æ¨®−−® ç�áâ−ë¥ á«ãç�¨ ®¡®¡é¥−−®£® £�¬¬�-à�á¯à¥¤¥«¥−¨ï ¨ ®¡®¡é¥−-
−®£® ¡¥â�-à�á¯à¥¤¥«¥−¨ï ¢â®à®£® à®¤� �ªâ¨¢−® ¯à¨¬¥−ïîâáï ¯à¨ ¬®¤¥«¨à®¢�−¨¨
¢á¥¢®§¬®¦−ëå à¥�«ì−ëå ¯à®æ¥áá®¢. ’¥á−�ï á¢ï§ì £�¬¬�-íªá¯®−¥−æ¨�«ì−®£®
à�á¯à¥¤¥«¥−¨ï á ¯¥à¥ç¨á«¥−−ë¬¨ ¯®¯ã«ïà−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨ ¤�¥â ¢®§¬®¦-
−®áâì ãâ¢¥à¦¤�âì, çâ® ¯à¨¢¥¤¥−−ë¥ ¢ áâ�âì¥ à¥§ã«ìâ�âë ¬®£ãâ −�©â¨ è¨à®ª®¥
¯à¨¬¥−¥−¨¥ ¢ ¨áá«¥¤®¢�−¨ïå, ¨á¯®«ì§ãîé¨å ¤«ï ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨ï
á −¥®£à�−¨ç¥−−ë¬¨ −¥®âà¨æ�â¥«ì−ë¬¨ −®á¨â¥«ï¬¨.
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SOME PROBABILITY-STATISTICAL PROPERTIES
OF THE GAMMA-EXPONENTIAL DISTRIBUTION
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Abstract: Currently, much attention of researchers is paid to generalizations of
well-known mathematical objects in order to obtain adequate models describing
real phenomena. An important role in the applied theory of probability and
mathematical statistics is played by the gamma class of distributions, which has
proven to be a convenient and effective tool for modeling a lot of real processes.
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The gamma class is quite wide and includes distributions that have such useful
properties as, for example, infinite divisibility and stability, which makes it
possible to use distributions from this class as asymptotic approximations in
various limit theorems. One of the most important tasks of applied statistics
is to obtain estimates of the parameters of the model distribution from the
available real data. The paper considers the gamma-exponential distribution
which is a generalization of the distributions from the gamma class. Estimates and
asymptotic confidence intervals are given for some parameters of this distribution.
The problems of computer modeling of sample realizations from the gamma-
exponential distribution and the numerical estimation of parameters for the
sample are discussed. The results of the work can be widely used in the study
of probabilistic models based on continuous distributions with an unbounded
nonnegative support.

Keywords: computer modeling; parameter estimation; gamma-exponential
distribution; mixed distributions; generalized gamma distribution
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ИССЛЕДОВАНИЕ ПРОБЛЕМЫ УПРАВЛЕНИЯ ЗАПАСОМ
НЕПРЕРЫВНОГО ПРОДУКТА В СТОХАСТИЧЕСКОЙ МОДЕЛИ

РЕГЕНЕРАЦИИ ПРИ НАЛИЧИИ ДВУХ ПАРАМЕТРОВ
ОПТИМИЗАЦИИ

П. В. Шнурков1, К. А. Адамова2

�−−®â�æ¨ï: �à¥¤«�£�¥âáï ¨ ¨áá«¥¤ã¥âáï −®¢�ï áâ®å�áâ¨ç¥áª�ï ¬®¤¥«ì ã¯à�¢-
«¥−¨ï §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ áå¥¬¥ à¥£¥−¥à�æ¨¨. ‘®áâ®ï−¨¥¬
á¨áâ¥¬ë ï¢«ï¥âáï ®¡ê¥¬ §�¯�á� ¢ ¯à®¨§¢®«ì−ë© ¬®¬¥−â ¢à¥¬¥−¨. ��à�-
¬¥âà�¬¨ ã¯à�¢«¥−¨ï á«ã¦�â ¤¥â¥à¬¨−¨à®¢�−−ë© ¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬ë©
®¡ê¥¬ §�¯�á� ¨ á«ãç�©−®¥ ¢à¥¬ï ®â ¬®¬¥−â� ®ç¥à¥¤−®£® ¯®¯®«−¥−¨ï ¤® á«¥-
¤ãîé¥£® ¬®¬¥−â� §�ª�§�. �®«ãç¥−® ï¢−®¥ �−�«¨â¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤«ï
áâ�æ¨®−�à−®£® áâ®¨¬®áâ−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï | áà¥¤-
−¥© ã¤¥«ì−®© ¯à¨¡ë«¨. �® á¢®¥© áâàãªâãà¥ íâ®â ¯®ª�§�â¥«ì ¯à¥¤áâ�¢«ï¥â
á®¡®© ¤à®¡−®-«¨−¥©−ë© ¨−â¥£à�«ì−ë© äã−ªæ¨®−�« ®â à�á¯à¥¤¥«¥−¨ï á«ãç�©-
−®£® ¯�à�¬¥âà� ã¯à�¢«¥−¨ï. �à¨ íâ®¬ ¯®¤ë−â¥£à�«ì−ë¥ äã−ªæ¨¨ ç¨á«¨â¥«ï
¨ §−�¬¥−�â¥«ï ãª�§�−−®£® äã−ªæ¨®−�«� §�¢¨áïâ ®â ¢â®à®£® ¤¥â¥à¬¨−¨à®¢�−-
−®£® ¯�à�¬¥âà� ã¯à�¢«¥−¨ï. „«ï à¥è¥−¨ï §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ ¨á¯®«ì§ã¥âáï
á¯¥æ¨�«ì−�ï ä®à¬� â¥®à¥¬ë ®¡ íªáâà¥¬ã¬¥ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£®
äã−ªæ¨®−�«�. �à®¢¥¤¥−® �−�«¨â¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ ®á−®¢−®© äã−ªæ¨¨ íâ®-
£® äã−ªæ¨®−�«� −� £«®¡�«ì−ë© íªáâà¥¬ã¬. �� ®á−®¢�−¨¨ íâ®£® ¨áá«¥¤®¢�−¨ï
ãáâ�−®¢«¥−ë �−�«¨â¨ç¥áª¨¥ á¢®©áâ¢� ¨áå®¤−ëå å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨, ¯à¨
¢ë¯®«−¥−¨¨ ª®â®àëå áãé¥áâ¢ã¥â ®¯â¨¬�«ì−®¥ à¥è¥−¨¥ §�¤�ç¨ ã¯à�¢«¥−¨ï,
� â�ª¦¥ ¯®«ãç¥−® ®¯¨á�−¨¥ íâ®£® à¥è¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ã¯à�¢«¥−¨¥ §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ�; ã¯à�¢«ï¥¬ë©
à¥£¥−¥à¨àãîé¨© ¯à®æ¥áá; ¤à®¡−®-«¨−¥©−ë© ¨−â¥£à�«ì−ë© äã−ªæ¨®−�«
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ˆáá«¥¤®¢�−¨¥ ¯à®¡«¥¬ë ã¯à�¢«¥−¨ï §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ�

¬®¤¥«¨ ã¯à�¢«¥−¨ï §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ�, ®á−®¢ã ª®â®àëå á®áâ�¢«ï«
à¥£¥−¥à¨àãîé¨© ¯à®æ¥áá. �¡é�ï áâ®å�áâ¨ç¥áª�ï ¬®¤¥«ì ¢ ä®à¬¥ à¥£¥−¥à�æ¨¨,
¨áá«¥¤®¢�−−�ï ¢ íâ¨å à�¡®â�å, ¯à¥¤áâ�¢«ï¥â á®¡®© à�§¢¨â¨¥ ª«�áá¨ç¥áª®© ¤¥â¥à-
¬¨−¨à®¢�−−®© ¬®¤¥«¨ á ¯®¢â®àïîé¨¬¨áï æ¨ª«�¬¨, ª®â®à�ï −¥®¤−®ªà�â−® ¨§«�-
£�«�áì ¢ à�¡®â�å ¬®−®£à�ä¨ç¥áª®£® å�à�ªâ¥à�, ¯®á¢ïé¥−−ëå â¥®à¨¨ ã¯à�¢«¥−¨ï
§�¯�á�¬¨ [5{7]. „àã£®¥ −�¯à�¢«¥−¨¥ ¢ á®¢à¥¬¥−−®© â¥®à¨¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï
§�¯�á�¬¨ ®¡à�§ãîâ ¨áá«¥¤®¢�−¨ï áâ®å�áâ¨ç¥áª¨å ¯®«ã¬�àª®¢áª¨å ¬®¤¥«¥©. �â-
¬¥â¨¬ −¥ª®â®àë¥ à�¡®âë ¨§ ¤�−−®£® −�¯à�¢«¥−¨ï, ®¯ã¡«¨ª®¢�−−ë¥ ¢ ¯®á«¥¤−¨¥
£®¤ë [8, 9].

‘â®å�áâ¨ç¥áª�ï ¬®¤¥«ì ã¯à�¢«¥−¨ï §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ�, à�áá¬�â-
à¨¢�¥¬�ï ¢ −�áâ®ïé¥© à�¡®â¥, ¯à¨−�¤«¥¦¨â ª ª«�ááã à¥£¥−¥à�æ¨®−−ëå ¬®¤¥«¥©.
’�ª¨¬ ®¡à�§®¬, ¤�−−�ï à�¡®â� ¯à®¤®«¦�¥â æ¨ª« ¨áá«¥¤®¢�−¨© áâ®å�áâ¨ç¥áª¨å
ã¯à�¢«ï¥¬ëå ¬®¤¥«¥©, ®¡à�§ã¥¬ë© ã¯®¬ï−ãâë¬¨ ¢ëè¥ à�¡®â�¬¨ [1{4]. �á−®¢−�ï
®â«¨ç¨â¥«ì−�ï ®á®¡¥−−®áâì íâ®© ¬®¤¥«¨ §�ª«îç�¥âáï ¢ −�«¨ç¨¨ ¤¢ãå ¯�à�¬¥âà®¢
ã¯à�¢«¥−¨ï: ¤¥â¥à¬¨−¨à®¢�−−®£® ãà®¢−ï ¯®¯®«−¥−¨ï §�¯�á� ¨ á«ãç�©−®£® ¢à¥-
¬¥−¨ ¤® ¬®¬¥−â� §�ª�§� −� ¯®¯®«−¥−¨¥ â®¢�à�.

�® á¢®¥¬ã ¬�â¥¬�â¨ç¥áª®¬ã á®¤¥à¦�−¨î ¯à®¡«¥¬� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï
§�¯�á®¬, à�áá¬�âà¨¢�¥¬�ï ¢ ¤�−−®© à�¡®â¥, ¯à¥¤áâ�¢«ï¥â á®¡®© §�¤�çã −�å®¦¤¥-
−¨ï ¡¥§ãá«®¢−®£® íªáâà¥¬ã¬� áâ�æ¨®−�à−®£® áâ®¨¬®áâ−®£® ¯®ª�§�â¥«ï íää¥ª-
â¨¢−®áâ¨ ã¯à�¢«¥−¨ï (áà¥¤−¥© ã¤¥«ì−®© ¯à¨¡ë«¨). Š�ª ¨ ¢ ¯à¥¤è¥áâ¢ãîé¨å
¨áá«¥¤®¢�−¨ïå, íâ®â ¯®ª�§�â¥«ì ¯® á¢®¥© �−�«¨â¨ç¥áª®© ä®à¬¥ ¯à¥¤áâ�¢«ï¥â
á®¡®© ¤à®¡−®-«¨−¥©−ë© ¨−â¥£à�«ì−ë© äã−ªæ¨®−�«, §�¤�−−ë© −� ¬−®¦¥áâ¢¥ à�á-
¯à¥¤¥«¥−¨© á«ãç�©−®£® ¯�à�¬¥âà� ã¯à�¢«¥−¨ï. �¤−�ª®, ¢ ®â«¨ç¨¥ ®â ã¯®¬ï−ãâëå
¨áá«¥¤®¢�−¨©, ¢ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ ¯®¤ë−â¥£à�«ì−ë¥ äã−ªæ¨¨ ç¨á«¨â¥«ï
¨ §−�¬¥−�â¥«ï íâ®£® äã−ªæ¨®−�«� §�¢¨áïâ ®â ¢â®à®£®, ¤¥â¥à¬¨−¨à®¢�−−®£® ¯�-
à�¬¥âà� ã¯à�¢«¥−¨ï. ‚ á¢ï§¨ á íâ¨¬ ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ −¥«ì§ï
−¥¯®áà¥¤áâ¢¥−−® ¨á¯®«ì§®¢�âì ¨§¢¥áâ−ë¥ à¥§ã«ìâ�âë ®¡ íªáâà¥¬ã¬¥ ¤à®¡−®-«¨-
−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«� [10,11].

’¥®à¥â¨ç¥áªãî ®á−®¢ã à¥è¥−¨ï à�áá¬�âà¨¢�¥¬®© §�¤�ç¨ ®¡à�§ã¥â á¯¥æ¨-
�«ì−ë© ¢�à¨�−â ãâ¢¥à¦¤¥−¨ï ®¡ íªáâà¥¬ã¬¥ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£®
äã−ªæ¨®−�«�, áä®à¬ã«¨à®¢�−−ë© ¨ ¤®ª�§�−−ë© �¢â®à�¬¨ −�áâ®ïé¥£® ¨áá«¥¤®-
¢�−¨ï ¢ à�¡®â�å [12,13]. ‡�¬¥â¨¬, çâ® ¢ −®¢®¬ ¢�à¨�−â¥ ãª�§�−−®£® ãâ¢¥à¦¤¥−¨ï
¯à®¡«¥¬� áãé¥áâ¢®¢�−¨ï à¥è¥−¨ï §�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï, � â�ª¦¥
¨ −¥¯®áà¥¤áâ¢¥−−®£® −�å®¦¤¥−¨ï íâ®£® ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï, ®¯à¥¤¥«ï¥â-
áï íªáâà¥¬�«ì−ë¬¨ á¢®©áâ¢�¬¨ â�ª −�§ë¢�¥¬®© ®á−®¢−®© äã−ªæ¨¨ ¤à®¡−®-«¨-
−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«�, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â á®¡®© ®â−®è¥−¨¥
¯®¤ë−â¥£à�«ì−ëå äã−ªæ¨© ç¨á«¨â¥«ï ¨ §−�¬¥−�â¥«ï, ¯à¨ç¥¬ §�¢¨á¨â ®â ¤®¯®«-
−¨â¥«ì−®£® ¤¥â¥à¬¨−¨à®¢�−−®£® ¯�à�¬¥âà� ®¯â¨¬¨§�æ¨¨. ‚ á¢ï§¨ á íâ¨¬ ¢ ¤�−−®©
à�¡®â¥ ¯à®¢®¤¨âáï �−�«¨â¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ ®á−®¢−®© äã−ªæ¨¨ −� íªáâà¥¬ã¬
¯® ¤¢ã¬ ¯�à�¬¥âà�¬ ®¯â¨¬¨§�æ¨¨. ‚ à¥§ã«ìâ�â¥ ã¤�¥âáï ãáâ�−®¢¨âì �−�«¨â¨-
ç¥áª¨¥ ãá«®¢¨ï −� ¨áå®¤−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®àëå
®¯â¨¬�«ì−®¥ à¥è¥−¨¥ áãé¥áâ¢ã¥â, � â�ª¦¥ ®å�à�ªâ¥à¨§®¢�âì ®á®¡¥−−®áâ¨ íâ®£®
à¥è¥−¨ï.
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2 Описание функционирования системы и математическая модель

÷�áá¬®âà¨¬ −¥ª®â®àãî â®à£®¢ãî á¨áâ¥¬ã (áª«�¤, ¬�£�§¨−), ¯à¥¤−�§−�ç¥−−ãî
¤«ï ¢à¥¬¥−−®£® åà�−¥−¨ï ¨ ¯®áâ�¢ª¨ ®¤−®£® ®¯à¥¤¥«¥−−®£® ¢¨¤� ¯à®¤ãªâ�. �à¥¤-
¯®«®¦¨¬, çâ® ¬−®¦¥áâ¢® §−�ç¥−¨© ®¡ê¥¬� íâ®£® ¯à®¤ãªâ� ¯à¥¤áâ�¢«ï¥â á®¡®©
−¥ª®â®à®¥ ¯®¤¬−®¦¥áâ¢® ¬−®¦¥áâ¢� ¢¥é¥áâ¢¥−−ëå ç¨á¥«. �¡®§−�ç¨¬ ç¥à¥§ x(t)
á«ãç�©−ë© ¯à®æ¥áá, §−�ç¥−¨¥¬ ª®â®à®£® ï¢«ï¥âáï ®¡ê¥¬ §�¯�á� ¤�−−®£® ¯à®¤ãª-
â� ¢ ¬®¬¥−â ¢à¥¬¥−¨ t, t ≥ 0. �®âà¥¡«¥−¨¥ ¯à®¤ãªâ� ¨§ á¨áâ¥¬ë ¯à®¨áå®¤¨â
á ¯®áâ®ï−−®© §�¤�−−®© áª®à®áâìî α > 0.

�¡®§−�ç¨¬ ç¥à¥§ tn, n = 0, 1, 2 . . ., t0 = 0, á«ãç�©−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨,
¢ ª®â®àë¥ ¯à®¨áå®¤¨â ¯®á«¥¤®¢�â¥«ì−®¥ ¯®¯®«−¥−¨¥ §�¯�á� ¯à®¤ãªâ�. ��§®¢¥¬
¨−â¥à¢�«ë ¢à¥¬¥−¨ [tn, tn+1], n = 0, 1, 2, . . ., ¯¥à¨®¤�¬¨ äã−ªæ¨®−¨à®¢�−¨ï
¤�−−®© á¨áâ¥¬ë. �à¨¢¥¤¥¬ ®¯¨á�−¨¥ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë −� ®¤−®¬
¯¥à¨®¤¥.

1. ‚ ¬®¬¥−â −�ç�«� ®ç¥à¥¤−®£® ¯¥à¨®¤� äã−ªæ¨®−¨à®¢�−¨ï áª«�¤áª®© á¨áâ¥-
¬ë tn ®¡ê¥¬ ¯à®¤ãªâ� −� áª«�¤¥ ¯à¨−¨¬�¥â ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ §−�ç¥-
−¨¥ τ . ‡�¬¥â¨¬, çâ® ¢ ¤�−−®© ¬®¤¥«¨ ¯�à�¬¥âà τ ¯à¨−¨¬�¥â ®¤−® ¨ â® ¦¥
§−�ç¥−¨¥ ¤«ï ¢á¥å ¯¥à¨®¤®¢ äã−ªæ¨®−¨à®¢�−¨ï, ®¤−�ª® á�¬® íâ® §−�ç¥−¨¥
®¯à¥¤¥«ï¥âáï ¢ å®¤¥ à¥è¥−¨ï §�¤�ç¨ ®¯â¨¬¨§�æ¨¨.

2. �¯à¥¤¥«ï¥âáï ¢à¥¬ï ¤® á«¥¤ãîé¥£® §�ª�§� −� ¯®¯®«−¥−¨¥ §�¯�á� ª�ª à¥�-

«¨§�æ¨ï −¥ª®â®à®© −¥®âà¨æ�â¥«ì−®© á«ãç�©−®© ¢¥«¨ç¨−ë η(n). ‘«ãç�©−ë¥
¢¥«¨ç¨−ë η(n), n = 0, 1, 2 . . ., ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨ ¨ ®¤¨−�ª®¢® à�á¯à¥-
¤¥«¥−−ë¬¨, ¨¬¥îé¨¬¨ à�á¯à¥¤¥«¥−¨¥ G(y) = P(η(n) < y), n = 0, 1, 2 . . .
…á«¨ á«ãç�©−�ï ¢¥«¨ç¨−� η(n) ¯à¨−¨¬�¥â ä¨ªá¨à®¢�−−®¥ §−�ç¥−¨¥ η(n) = u,
â® á«¥¤ãîé¨© §�ª�§ −� ¯®¯®«−¥−¨¥ ¤¥«�¥âáï ¢ ¬®¬¥−â ¢à¥¬¥−¨ t′n = tn + u.
‚ íâ®â ¬®¬¥−â −�ç¨−�¥âáï ¯¥à¨®¤ §�¤¥à¦ª¨ ¯®áâ�¢ª¨, ª®â®àë© ¯à®¤®«¦�¥âáï
¤¥â¥à¬¨−¨à®¢�−−®¥ ¢à¥¬ï z. ‚¥«¨ç¨−� z ¯à¥¤¯®«�£�¥âáï ¨§¢¥áâ−®©. ‚ â¥-
ç¥−¨¥ ¯¥à¨®¤� §�¤¥à¦ª¨ ¯®âà¥¡«¥−¨¥ ¯à®¤ãªâ� ¯à®¤®«¦�¥âáï á ¯®áâ®ï−−®©
áª®à®áâìî α > 0.

‚ ¬®¬¥−â ¢à¥¬¥−¨ tn+1 = tn + η
(n) + z = tn + u+ z ¯à®¨áå®¤¨â ¯®¯®«−¥−¨¥

§�¯�á�, ª®â®à®¥ ®áãé¥áâ¢«ï¥âáï ¬£−®¢¥−−®. „�«ì−¥©è�ï í¢®«îæ¨ï ¯à®æ¥áá� x(t)
¯®á«¥ ¬®¬¥−â� tn+1 ¯à®¨áå®¤¨â −¥§�¢¨á¨¬® ®â ¯à®è«®£® ¨ ¯® ®¯¨á�−−ë¬ ¢ëè¥
¯à�¢¨«�¬.

�à¨ ãª�§�−−ëå ãá«®¢¨ïå âà�¥ªâ®à¨ï á«ãç�©−®£® ¯à®æ¥áá� x(t) ¬®¦¥â ¡ëâì
§�¤�−� á«¥¤ãîé¨¬ á®®â−®è¥−¨¥¬ (á¬. à¨áã−®ª):

x(t) = τ − α(t− tn) , tn ≤ t ≤ tn+1 = tn + η
(n) + z , n = 0, 1, 2 . . .

‘â®å�áâ¨ç¥áª¨© ®¡ê¥ªâ x(t) ¯à¨−�¤«¥¦¨â ª ã¯à�¢«ï¥¬ë¬ à¥£¥−¥à¨àãîé¨¬
¯à®æ¥áá�¬. “¯à�¢«¥−¨¥ íâ¨¬ ¯à®æ¥áá®¬ ¯à®¨áå®¤¨â ¢ ¬®¬¥−âë à¥£¥−¥à�æ¨¨ tn,
n = 0, 1, 2, . . . �¡é�ï â¥®à¨ï à¥£¥−¥à¨àãîé¨å á«ãç�©−ëå ¯à®æ¥áá®¢ ¨§«®¦¥−�,
−�¯à¨¬¥à, ¢ à�¡®â¥ [14].
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“¯à�¢«¥−¨¥ ¯à®æ¥áá®¬, ¨«¨ ¯à¨-

’à�¥ªâ®à¨ï á«ãç�©−®£® ¯à®æ¥áá� x(t)

−¨¬�¥¬®¥ à¥è¥−¨¥, §�ª«îç�¥âáï
¢ ¢ë¡®à¥ §−�ç¥−¨© ¤¢ãå −¥§�¢¨á¨¬ëå

¯�à�¬¥âà®¢ (τ (n), η(n)), £¤¥ τ (n) |
¤¥â¥à¬¨−¨à®¢�−−ë© ¯�à�¬¥âà, ª®â®-
àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê¥¬ ¯à®-
¤ãªâ� ¯®á«¥ ®ç¥à¥¤−®£® ¯®¯®«−¥−¨ï;

η(n) | á«ãç�©−ë© ¯�à�¬¥âà, ª®â®-
àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ¢à¥¬ï ¤®
á«¥¤ãîé¥£® §�ª�§� −� ¯®¯®«−¥−¨¥.
‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ¯à¥¤¯®-
«�£�¥âáï, çâ® §−�ç¥−¨¥ ¯�à�¬¥âà� τ (n) −¥ §�¢¨á¨â ®â −®¬¥à� ¯¥à¨®¤� à¥£¥−¥à�-
æ¨¨ n: τ (n) = τ , n = 0, 1, 2, . . ., � á«ãç�©−ë¥ ¯�à�¬¥âàë η(n)) ¨¬¥îâ ®¤¨−�ª®¢®¥

à�á¯à¥¤¥«¥−¨¥ G(y) = P(η(n) < y) ¯à¨ «î¡®¬ §−�ç¥−¨¨ n = 0, 1, 2, . . .
‡�¤�ç� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï á«ãç�©−ë¬ à¥£¥−¥à¨àãîé¨¬ ¯à®æ¥áá®¬

x(t) ¡ã¤¥â ä®à¬�«ì−® ¯à¥¤áâ�¢«ïâì á®¡®© §�¤�çã ¯®¨áª� íªáâà¥¬ã¬� −¥ª®â®à®-
£® áâ®¨¬®áâ−®£® ¯®ª�§�â¥«ï I(τ,G(·)), §�¤�−−®£® −� ¬−®¦¥áâ¢¥ ¯�à ®¡ê¥ªâ®¢
(τ,G(·)), £¤¥ τ ∈ S | ¬−®¦¥áâ¢® ¢®§¬®¦−ëå §−�ç¥−¨© ¯�à�¬¥âà� τ ; G(·) ∈ •|
¬−®¦¥áâ¢® äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï −¥®âà¨æ�â¥«ì−ëå á«ãç�©−ëå ¢¥«¨ç¨−.

�¯à¥¤¥«¨¬ ¨áå®¤−ë¥ áâ®¨¬®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨.
÷�áá¬®âà¨¬ á−�ç�«� äã−ªæ¨¨, ®¯¨áë¢�îé¨¥ à�§«¨ç−ë¥ ¢¨¤ë §�âà�â.

1. ”ã−ªæ¨ï c0(y) ®¯¨áë¢�¥â §�âà�âë, á¢ï§�−−ë¥ á ¯®¯®«−¥−¨¥¬ ®¡ê¥¬� §�¯�á�
−� áª«�¤¥ −� ¢¥«¨ç¨−ã y. ”ã−ªæ¨ï ®¯à¥¤¥«¥−� ¯à¨ y ≥ 0. ‘ç¨â�¥¬, çâ®
c0(y) = 0 ¯à¨ y = 0.

2. ”ã−ªæ¨ï c1(x) ¯à¥¤áâ�¢«ï¥â á®¡®© §�âà�âë, á¢ï§�−−ë¥ á åà�−¥−¨¥¬ ¯à®¤ãª-
æ¨¨ ®¡ê¥¬� x −� áª«�¤¥ ¢ ¥¤¨−¨æã ¢à¥¬¥−¨, c1(x) = 0 ¯à¨ x ≤ 0, c1(x) ≥ 0
¯à¨ x > 0.

3. ”ã−ªæ¨ï c2(x) ¯à¥¤áâ�¢«ï¥â á®¡®© §�âà�âë ¨«¨ ¯®â¥à¨, á¢ï§�−−ë¥ á ¤¥ä¨æ¨-
â®¬ ¯à®¤ãªâ� ®¡ê¥¬®¬ x ¢ á¨áâ¥¬¥ ¢ ¥¤¨−¨æã ¢à¥¬¥−¨. ˆ−�ç¥ £®¢®àï, ¤�−−ë©
¢¨¤ §�âà�â ¢®§−¨ª�¥â, ¥á«¨ à¥�«ì−ë© §�¯�á ¯à®¤ãªâ� ¨áç¥à¯�− ¨ ®¡à�§ã¥âáï
−¥ã¤®¢«¥â¢®à¥−−ë© á¯à®á ®¡ê¥¬� x. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® c2(x) = 0
¯à¨ x ≥ 0, c2(x) > 0 ¯à¨ x < 0.

’¥¯¥àì ¢¢¥¤¥¬ ¤¢¥ äã−ªæ¨¨, å�à�ªâ¥à¨§ãîé¨¥ ¤®å®¤ á¨áâ¥¬ë, á¢ï§�−−ë©
á ®¯«�â®© §� ¯®áâ�¢ªã â®¢�à� ¯®âà¥¡¨â¥«î.

1. ”ã−ªæ¨ï d1(x) ¯à¥¤áâ�¢«ï¥â á®¡®© æ¥−ã §� ¯®áâ�¢ªã ¥¤¨−¨æë â®¢�à� ¢ ¥¤¨-
−¨æã ¢à¥¬¥−¨ ¯à¨ ãá«®¢¨¨, çâ® ¢ á¨áâ¥¬¥ ¨¬¥¥âáï à¥�«ì−ë© §�¯�á ®¡ê¥¬�
x > 0. �à¨ íâ®¬ d1(x) ≥ 0, x > 0; d1(x) = 0, x ≤ 0.

2. ”ã−ªæ¨ï d2(x) ¯à¥¤áâ�¢«ï¥â á®¡®© æ¥−ã §� ¯®áâ�¢ªã ¥¤¨−¨æë â®¢�à� ¢ ¥¤¨-
−¨æã ¢à¥¬¥−¨ ¯à¨ ãá«®¢¨¨, çâ® ¢ á¨áâ¥¬¥ ®¡à�§®¢�«áï ¤¥ä¨æ¨â ®¡ê¥¬� x. �à¨
íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® ¯®âà¥¡«¥−¨¥ ¬®¦¥â ¡ëâì ®à£�−¨§®¢�−® á à¥§¥à¢−®£®
áª«�¤�. ‚ íâ®¬ á«ãç�¥ d2(x) ≥ 0, x < 0; d2(x) = 0, x ≥ 0.
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�¯¨á�−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®âà�¦�îâ íª®−®¬¨ç¥áªãî áãâì à¥�«ì−ëå ¯à®æ¥á-
á®¢.

3 Постановка задачи оптимального управления

‚¢¥¤¥¬ �¤¤¨â¨¢−ë© áâ®¨¬®áâ−ë© äã−ªæ¨®−�« V (t), á¢ï§�−−ë© á® á«ãç�©−ë¬
¯à®æ¥áá®¬ x(t). �® á¢®¥¬ã ¯à¨ª«�¤−®¬ã á®¤¥à¦�−¨î §−�ç¥−¨¥ íâ®£® äã−ªæ¨®-
−�«� ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¯à¨¡ë«ì, −�ª®¯«¥−−ãî
§� ¯¥à¨®¤ ¢à¥¬¥−¨ [0, t]. ’�ª¨¥ äã−ªæ¨®−�«ë ç�áâ® ¨á¯®«ì§ãîâáï ¢ ¬®¤¥-
«ïå ã¯à�¢«¥−¨ï á«ãç�©−ë¬¨ ¯à®æ¥áá�¬¨. ’¥®à¥â¨ç¥áª¨¥ ¢®¯à®áë, á¢ï§�−−ë¥
á ¯®áâà®¥−¨¥¬ â�ª¨å äã−ªæ¨®−�«®¢ ¨ ¨å ¢�¦−¥©è¨¬¨ á¢®©áâ¢�¬¨, ¨§«®¦¥−ë,
¢ ç�áâ−®áâ¨, ¢ ª«�áá¨ç¥áª®© à�¡®â¥ [15].

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

Vn = V (tn)| §−�ç¥−¨¥ äã−ªæ¨®−�«� ¢ ¬®¬¥−â à¥£¥−¥à�æ¨¨ tn, n = 0, 1, 2, . . .;

–Vn = Vn+1−Vn | ¯à¨à�é¥−¨¥ äã−ªæ¨®−�«� §� ¯¥à¨®¤ à¥£¥−¥à�æ¨¨ [tn, tn+1],
n = 0, 1, 2, . . .;

–tn = tn+1−tn | á«ãç�©−�ï ¤«¨â¥«ì−®áâì ¯¥à¨®¤� à¥£¥−¥à�æ¨¨, n = 0, 1, 2, . . .

‡�¬¥â¨¬, çâ® ¯à¨à�é¥−¨¥ ¤�−−®£® äã−ªæ¨®−�«� §� ¯à®¨§¢®«ì−ë© ¯¥à¨®¤ à¥-
£¥−¥à�æ¨¨ ¯®«−®áâìî ®¯à¥¤¥«ï¥âáï §�¤�−−ë¬¨ áâ®¨¬®áâ−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨
¬®¤¥«¨. ‚ å®¤¥ ¨áá«¥¤®¢�−¨ï ¡ë«¨ ¯®«ãç¥−ë ï¢−ë¥ �−�«¨â¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥-
−¨ï ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© íâ¨å ¯à¨à�é¥−¨© ç¥à¥§ ãª�§�−−ë¥ å�à�ªâ¥à¨-
áâ¨ª¨.

ˆ§¢¥áâ−®, çâ® ¤«ï áâ®¨¬®áâ−ëå �¤¤¨â¨¢−ëå äã−ªæ¨®−�«®¢ á¯à�¢¥¤«¨¢ë â�ª
−�§ë¢�¥¬ë¥ íà£®¤¨ç¥áª¨¥ â¥®à¥¬ë [15]. ‚ ç�áâ−®áâ¨, ¤«ï à¥£¥−¥à¨àãîé¥£®
¯à®æ¥áá� ¯à¨ ¤®áâ�â®ç−® ®¡é¨å ãá«®¢¨ïå, � ¨¬¥−−® ¯à¨ E–tn > 0, ¢ë¯®«−ï¥âáï
á®®â−®è¥−¨¥:

I = lim
t→∞

EV (t)

t
=
E–Vn

E–tn
=
V

T
,

£¤¥ V = E–Vn | ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¯à¨¡ë«¨, ¯®«ãç¥−−®© §� ¯¥à¨®¤
à¥£¥−¥à�æ¨¨; T = E–tn | ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¤«¨â¥«ì−®áâ¨ ¯¥à¨®¤�
à¥£¥−¥à�æ¨¨.

�® á¢®¥¬ã ¯à¨ª«�¤−®¬ã á®¤¥à¦�−¨î ¯®ª�§�â¥«ì I ¯à¥¤áâ�¢«ï¥â á®¡®© áà¥¤-
−îî ã¤¥«ì−ãî ¯à¨¡ë«ì. ‘«¥¤ãï [15], ¡ã¤¥¬ à�áá¬�âà¨¢�âì I ª�ª ¯®ª�§�â¥«ì
íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï ¢ ¨áá«¥¤ã¥¬®© áâ®å�áâ¨ç¥áª®© ¬®¤¥«¨.

�®áâ�¢¨¬ ä®à¬�«ì−® §�¤�çã ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¤«ï à¥£¥−¥à¨àãîé¥£®
¯à®æ¥áá� x(t):

I(τ,G)→ max , τ ∈ S , G ∈ • ,

£¤¥ •| ¬−®¦¥áâ¢® ¢á¥å à�á¯à¥¤¥«¥−¨© −¥®âà¨æ�â¥«ì−ëå á«ãç�©−ëå ¢¥«¨ç¨−.
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4 Основное утверждение о представлении стационарного
стоимостного показателя

�¤−¨¬ ¨§ ®á−®¢−ëå à¥§ã«ìâ�â®¢ ¤�−−®£® ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ãâ¢¥à¦¤¥−¨¥,
¢ ª®â®à®¬ ®¯à¥¤¥«ï¥âáï ï¢−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤«ï ¯®ª�§�â¥«ï áà¥¤−¥© ã¤¥«ì−®©
¯à¨¡ë«¨ ¢ ä®à¬¥ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«�.

’¥®à¥¬� 1. ‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ à¥£¥−¥à�æ¨¨ áâ�æ¨®−�à−ë© äã−ªæ¨®−�«
áà¥¤−¥© ã¤¥«ì−®© ¯à¨¡ë«¨ ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

I(τ,G) =
V

T
=

∫

∞

0
A(τ, u) dG(u)

∫

∞

0
B(τ, u) dG(u)

,

£¤¥ A(τ, u) | ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¯à¨¡ë«¨, ¯®«ãç¥−−®© §�
¯¥à¨®¤ à¥£¥−¥à�æ¨¨, ¯à¨ ãá«®¢¨¨, çâ® ¯�à�¬¥âàë ã¯à�¢«¥−¨ï ¯à¨−¨¬�îâ ä¨ª-
á¨à®¢�−−ë¥ §−�ç¥−¨ï τ, u; B(τ, u) | ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¤«¨-
â¥«ì−®áâ¨ ¯¥à¨®¤� à¥£¥−¥à�æ¨¨, ª®â®à®¥ ®¯à¥¤¥«ï¥âáï ¯à¨ â¥å ¦¥ ãá«®¢¨ïå.

“ª�§�−−ë¥ ¯®¤ë−â¥£à�«ì−ë¥ äã−ªæ¨¨ ¯à¥¤áâ�¢«ïîâáï á«¥¤ãîé¨¬¨ ä®à¬ã-
«�¬¨.

1. ‚ á«ãç�¥, ª®£¤� z > τ/α, u ≥ 0,

A(τ, u) =

τ/α
∫

0

[αd1(τ − αt)− c1(τ − αt)] dt +

+

u+z
∫

τ/α

[αd2(τ − αt)− c2(τ − αt)] dt− c0 (α (u+ z)) . (1)

2. ‚ á«ãç�¥, ª®£¤� 0 < z < τ/α,

A(τ, u) =















































































u+z
∫

0

[αd1(τ − αt)− c1(τ − αt)] dt− c0 (α(u+ z)) ,

0 ≤ u <
τ

α
− z ;

τ/α
∫

0

[αd1(τ − αt)− c1(τ − αt)] dt+

+

u+z
∫

τ/α

[αd2(τ − αt)− c2(τ − αt)] dt− c0 (α(u+ z)) ,

u >
τ

α
− z .

(2)
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”ã−ªæ¨ï B(τ, u) ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

B(τ, u) = u+ z , u ≥ 0 . (3)

„ ® ª � § � â ¥ « ì á â ¢ ® â¥®à¥¬ë 1 ¯à¨¢¥¤¥−® ¢ ¯à¨«®¦¥−¨¨ ª ¤�−−®© à�¡®â¥ [16].

5 Аналитическое исследование проблемы управления запасом

5.1 Аналитическое представление основной функции дробно-линейного
интегрального функционала

Š�ª á«¥¤ã¥â ¨§ ãâ¢¥à¦¤¥−¨ï â¥®à¥¬ë ®¡ íªáâà¥¬ã¬¥ ¤à®¡−®-«¨−¥©−®£® ¨−-
â¥£à�«ì−®£® äã−ªæ¨®−�«�, §�¢¨áïé¥£® ®â ¯�à�¬¥âà� [12, 13], à¥è¥−¨¥ §�¤�ç¨
®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¯®«−®áâìî ®¯à¥¤¥«ï¥âáï íªáâà¥¬�«ì−ë¬¨ á¢®©áâ¢�¬¨
®á−®¢−®© äã−ªæ¨¨

C(τ, u) =
A(τ, u)

B(τ, u)
,

£¤¥ äã−ªæ¨¨ A(τ, u) ¨ B(τ, u) §�¤�îâáï ä®à¬ã«�¬¨ (1){(3).

�à¥¤¯®«®¦¨¬, çâ® τ ∈ [τ0, τ1], £¤¥ 0 ≤ τ0 < τ1 < ∞, â. ¥. τ ¯à¨−�¤«¥¦¨â
§�¬ª−ãâ®¬ã ®£à�−¨ç¥−−®¬ã ¨−â¥à¢�«ã.

‚ë¯¨è¥¬ ï¢−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤«ï ®á−®¢−®© äã−ªæ¨¨ ¯à¨ à�§«¨ç−ëå á®®â-
−®è¥−¨ïå ¬¥¦¤ã ¨áå®¤−ë¬¨ ¯�à�¬¥âà�¬¨.

÷�áá¬®âà¨¬ ¢�à¨�−â, ª®£¤� αz ∈ [τ0, τ1]. ’®£¤� ¨§ á®®â−®è¥−¨© (1){(3)
á«¥¤ã¥â:

(1) ¢ á«ãç�¥, ª®£¤� τ0 ≤ τ < αz, u ≥ 0,

C(τ, u) =

∫ τ/α

0
[αd1(τ − αt)− c1(τ − αt)] dt

u+ z
+

+

∫ u+z

τ/α
[αd2(τ − αt)− c2(τ − αt)] dt − c0(α(u+ z))

u+ z
;
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(2) ¢ á«ãç�¥, ª®£¤� αz < τ ≤ τ1,

C(τ, u) =























































































∫ τ/α

0
[αd1(τ − αt)− c1(τ − αt)] dt − c0(α(u+ z))

u+ z
,

0 ≤ u <
τ

α
− z ;

∫ τ/α

0
[αd1(τ − αt)− c1(τ − αt)] dt

u+ z
+

+

∫ u+z

τ/α
[αd2(τ − αt)− c2(τ − αt)] dt − c0(α(u+ z))

u+ z
,

u >
τ

α
− z .

„«ï ¤àã£¨å ¢�à¨�−â®¢ á®®â−®è¥−¨© ¨áå®¤−ëå ¯�à�¬¥âà®¢, � ¨¬¥−−® αz <
< τ0 ¨ αz > τ1, á®®â−®è¥−¨¥ ¤«ï äã−ªæ¨¨ C(τ, u) ¢ë¯¨áë¢�¥âáï �−�«®£¨ç−®
á ¨á¯®«ì§®¢�−¨¥¬ ä®à¬ã« (1){(3).

„«ï ¤®ª�§�â¥«ìáâ¢� áãé¥áâ¢®¢�−¨ï ¨ −�å®¦¤¥−¨ï £«®¡�«ì−®£® íªáâà¥¬ã¬�
¬®¦−® ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï �−�«¨â¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï:

(1) ¨áá«¥¤®¢�−¨¥ äã−ªæ¨¨ C(τ, u) −� −¥¯à¥àë¢−®áâì ¯® á®¢®ªã¯−®áâ¨ ¯¥à¥¬¥−-
−ëå (τ, u) ¢ à�áá¬�âà¨¢�¥¬®© ®¡«�áâ¨ §−�ç¥−¨© �à£ã¬¥−â®¢;

(2) ¨áá«¥¤®¢�−¨¥ ¬®−®â®−−®áâ¨ äã−ªæ¨¨ C(τ, u) ¬¥â®¤®¬ �−�«¨§� ç�áâ−ëå ¯à®-
¨§¢®¤−ëå.

5.2 Аналитическое исследование основной функции дробно-линейного
интегрального функционала

ˆ¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï ®¡ �−�«¨â¨ç¥áª¨å á¢®©áâ¢�å ®á−®¢−®©
äã−ªæ¨¨.

’¥®à¥¬� 2. �à¥¤¯®«®¦¨¬, çâ® äã−ªæ¨¨ c0(x), d1(x) ¨ c1(x) −¥¯à¥àë¢−ë ¯à¨
x ≥ 0, � äã−ªæ¨¨ d2(x) ¨ c2(x) −¥¯à¥àë¢−ë ¯à¨ x ≤ 0. ’®£¤� ®á−®¢−�ï äã−ªæ¨ï
C(τ, u) −¥¯à¥àë¢−� ¯à¨ «î¡ëå §−�ç¥−¨ïå �à£ã¬¥−â®¢: τ0 ≤ τ ≤ τ1, u ≥ 0.

‚¢¥¤¥¬ ¤®¯®«−¨â¥«ì−ë¥ ®¡®§−�ç¥−¨ï:

r1(x) = αd1(x)− c1(x) ; r2(x) = αd2(x)− c2(x) .

’¥®à¥¬� 3. �à¥¤¯®«®¦¨¬, çâ® äã−ªæ¨ï r1(x) −¥ã¡ë¢�îé�ï ¯® x, x ≥ 0,
� r2(x) −¥ã¡ë¢�îé�ï ¯® x, x ≤ 0. ’®£¤� ®á−®¢−�ï äã−ªæ¨ï C(τ, u) ¬®−®â®−−®
¢®§à�áâ�¥â ¯® τ , τ0 ≤ τ ≤ τ1, ¤«ï «î¡®£® ä¨ªá¨à®¢�−−®£® u, u ≥ 0.
„ ® ª � § � â ¥ « ì á â ¢ � â¥®à¥¬ 2 ¨ 3 ¯à¨¢¥¤¥−ë ¢ ¯à¨«®¦¥−¨¨ ª ¤�−−®© à�¡®â¥ [16].
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�� ®á−®¢�−¨¨ â¥®à¥¬ë 2 ¬®¦−® ãáâ�−®¢¨âì áãé¥áâ¢®¢�−¨¥ £«®¡�«ì−®£® íªá-
âà¥¬ã¬� ®á−®¢−®© äã−ªæ¨¨ C(τ, u) ¢ §�¤�−−®© ®¡«�áâ¨ §−�ç¥−¨© �à£ã¬¥−â®¢.
ˆ§ â¥®à¥¬ë 3 á«¥¤ã¥â, çâ® ®¯â¨¬�«ì−ë¬ §−�ç¥−¨¥¬ ¯�à�¬¥âà� τ ï¢«ï¥âáï ¥£®
¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ τ = τ1.

6 Заключение

“â¢¥à¦¤¥−¨¥ ® ¡¥§ãá«®¢−®¬ íªáâà¥¬ã¬¥ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£®
äã−ªæ¨®−�«�, §�¢¨áïé¥£® ®â ¯�à�¬¥âà� [12, 13], ¬®¦¥â á«ã¦¨âì â¥®à¥â¨ç¥áª®©
®á−®¢®© ¤«ï ¨áá«¥¤®¢�−¨ï ¬−®£¨å á®¤¥à¦�â¥«ì−ëå ¬®¤¥«¥© â¥®à¨¨ ã¯à�¢«¥−¨ï
§�¯�á�¬¨ ¨ ¤àã£¨å ¯à¨ª«�¤−ëå áâ®å�áâ¨ç¥áª¨å ¬®¤¥«¥©. �−® á®§¤�¥â â¥®à¥â¨-
ç¥áªãî ¢®§¬®¦−®áâì ¤«ï à¥è¥−¨ï á®®â¢¥âáâ¢ãîé¨å §�¤�ç, ¢ ª®â®àëå ¯�à�¬¥âàë
®¯â¨¬¨§�æ¨¨ ¬−®£®¬¥à−ë¥. �à¨ íâ®¬ ç�áâì ¯�à�¬¥âà®¢ ®¯â¨¬¨§�æ¨¨ ¬®£ãâ ¡ëâì
¤¥â¥à¬¨−¨à®¢�−−ë¬¨, � ®áâ�«ì−ë¥ ¬®£ãâ ¨¬¥âì á«ãç�©−ë© å�à�ªâ¥à. �−�«¨â¨ç¥-
áª¨¥ à¥§ã«ìâ�âë, á¢ï§�−−ë¥ á ®¯â¨¬�«ì−ë¬ à¥è¥−¨¥¬ ¨ ¯®¤®¡−ë¥ â¥¬, ª®â®àë¥
¯®«ãç¥−ë ¢ −�áâ®ïé¥© à�¡®â¥, ¡ã¤ãâ ¯®ï¢«ïâìáï â®«ìª® ¢ á¯¥æ¨�«ì−ëå ¢�à¨�−-
â�å ¬®¤¥«¥©. �¤−�ª® ®âªàë¢�îâáï ¯à�ªâ¨ç¥áª¨ −¥®£à�−¨ç¥−−ë¥ ¢®§¬®¦−®áâ¨
ç¨á«¥−−®£® ¨áá«¥¤®¢�−¨ï á®®â¢¥âáâ¢ãîé¨å §�¤�ç ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï, á¢ï-
§�−−ë¥ á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ á®¢à¥¬¥−−®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨.
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INVESTIGATION OF THE PROBLEM OF CONTINUOUS
PRODUCT STOCK CONTROL IN A STOCHASTIC MODEL

OF REGENERATION WITH TWO OPTIMIZATION PARAMETERS

P. V. Shnurkov1 and K. A. Adamova2

1National Research University Higher School of Economics, 34 Tallinskaya Str.,
Moscow 123458, Russian Federation
2Academician Pilugin Scientific-Production Center of Automatics and Instrument-
Making, 1 Vvedenskogo Str., Moscow 117342, Russian Federation

Abstract: The paper proposes and analyzes a new stochastic model of regeneration
of continuous product stock control. The volume of stock at an arbitrary moment
of time is the status of the system. The control parameters are a maximum
deterministic allowable stock volume and a random time from replenishment
until the next order. For a stationary value indicator of the efficiency of
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control | medium specific profit, an explicit analytical representation was
obtained. By its structure, this indicator is a fractional linear integral functional
from the distribution of a random control parameter. The integrands in the
numerator and the denominator of the specified functional depend on the second
deterministic control parameter. A special form of the theorem on the extremum
of a fractional linear integral functional is used to solve the optimization
problem. An analytical study of the main function of this functional on the
global extremum was conducted. Based on this study, analytical properties of
the original characteristics of the model, under which there is an optimal solution
of the management task, are established and a description of this solution is
obtained.

Keywords: continuous product stock control; controlled regenerating process;
linear-fractional integral functional
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Š«îç¥¢ë¥ á«®¢�: ®æ¨äà®¢ë¢�−¨¥; æ¨äà®¢¨§�æ¨ï; æ¨äà®¢�ï âà�−áä®à¬�-
æ¨ï; ¨−â¥à®¯¥à�¡¥«ì−®áâì; á¥¬�−â¨ç¥áª�ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì

DOI: 10.14357/08696527210304

1 Введение

�æ¨äà®¢ë¢�−¨¥, æ¨äà®¢¨§�æ¨ï ¨ æ¨äà®¢�ï âà�−áä®à¬�æ¨ï | íâ® à�§«¨ç-
−ë¥ ¯à®æ¥ááë, ª®â®àë¥ ¯®-à�§−®¬ã ¨á¯®«ì§ãîâáï ¢ à�§«¨ç−ëå ®âà�á«ïå ¯à®-
¬ëè«¥−−®áâ¨. ’¥¬ −¥ ¬¥−¥¥ ¢ áä¥à¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) ®−¨, ª�ª
¯à�¢¨«®, ®§−�ç�îâ á«¥¤ãîé¥¥:

{ ®æ¨äà®¢ë¢�−¨¥ ®§−�ç�¥â ¯à¥®¡à�§®¢�−¨¥ −¥ª®â®à®£® ¨−ä®à¬�æ¨®−−®£® à¥-
áãàá� ¨§ �−�«®£®¢®£® ¯à¥¤áâ�¢«¥−¨ï ¢ æ¨äà®¢®¥. ��¯à¨¬¥à, áª�−¨à®¢�−¨¥
àãª®¯¨á¥© ¨ åà�−¥−¨¥ ¨å ¢ í«¥ªâà®−−®© ¡¨¡«¨®â¥ª¥;

{ æ¨äà®¢¨§�æ¨ï ®§−�ç�¥â ¢−¥¤à¥−¨¥ â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� ¢ ®¡«�áâ¨ â¥å-
−®«®£¨© ¨ á®®â¢¥âáâ¢ãîé¥£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. ‘¥à¢¨á ®−«�©−-¯®-
ªã¯®ª ¢ ¨−â¥à−¥â¥ á«ã¦¨â ¯à¨¬¥à®¬ æ¨äà®¢®£® ¡¨§−¥á-¯à®æ¥áá�, ®¡ê¥¤¨−ï-
îé¥£® ®ä®à¬«¥−−ë¥ í«¥ªâà®−−® ¯®ªã¯ªã ¨ ¤®áâ�¢ªã;

{ æ¨äà®¢�ï âà�−áä®à¬�æ¨ï ®§−�ç�¥â, çâ® á®§¤�−ë ¯à®æ¥ááë, ®á−®¢�−−ë¥ −�
¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨, ª®â®àë¥ ¬®£ãâ à�§¢¨¢�âìáï, çâ®¡ë ¯®¢ëá¨âì £¨¡-
ª®áâì ª®¬¯�−¨¨ ¨ ¥¥ ª®−ªãà¥−â®á¯®á®¡−®áâì. ˆ−®£¤� ¢ ¡¨§−¥á¥ íâ® −�§ë¢�¥âáï
úŠ®−ªãà¨à®¢�âì ®−«�©− ¨«¨ ã¬¥à¥âìû. Œ®¦−® ¯à¨¢¥áâ¨ á«¥¤ãîé¥¥ ®¯à¥-
¤¥«¥−¨¥: ú–¨äà®¢�ï âà�−áä®à¬�æ¨ï | íâ® ¯à®æ¥áá ¨−â¥£à�æ¨¨ æ¨äà®¢ëå

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�‘), I.Rozenberg@vniias.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥-
¬¨¨ −�ãª; ��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�‘), skdulin@mail.ru

3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ngdulina@mail.ru
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ˆ−â¥à®¯¥à�¡¥«ì−®áâì ª�ª ª«îç¥¢®¥ ãá«®¢¨¥ à¥�«¨§�æ¨¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨

â¥å−®«®£¨© ¢® ¢á¥ �á¯¥ªâë ¡¨§−¥á-¤¥ïâ¥«ì−®áâ¨, âà¥¡ãîé¨© ¢−¥á¥−¨ï ª®-
à¥−−ëå ¨§¬¥−¥−¨© ¢ â¥å−®«®£¨¨, ªã«ìâãàã, ®¯¥à�æ¨¨ ¨ ¯à¨−æ¨¯ë á®§¤�−¨ï
−®¢ëå ¯à®¤ãªâ®¢ ¨ ãá«ã£û [1].

2 Стандарты цифровизации

�� á¥£®¤−ï ¢¥¤ãé¥© ¨−¨æ¨�â¨¢®© ¤«ï ª�¦¤®£® ˆ’-¬¥−¥¤¦¥à� áâ�«� æ¨ä-
à®¢¨§�æ¨ï. –¨äà®¢¨§�æ¨ï á®§¤�¥â ¡¥á¯à¥æ¥¤¥−â−ë© á¯à®á −� á¯¥æ¨�«¨áâ®¢,
ª®â®àë¥ §−�îâ, ª�ª à¥�«¨§®¢�âì ¡¨§−¥á-¯à®æ¥ááë ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨
(à�§à�¡®âç¨ª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ �àå¨â¥ªâ®àë) ¨ á¯¥æ¨�«¨áâ®¢, ª®-
â®àë¥ §−�îâ, ª�ª ã¯à�¢«ïâì á«®¦−ë¬¨ á¨áâ¥¬�¬¨ ¯à¨«®¦¥−¨© ¢ ¯à®¨§¢®¤áâ¢¥
á ¢ëá®ª®© −�¤¥¦−®áâìî ¨ ¯à®¨§¢®¤¨â¥«ì−®áâìî.

��¨¡®«¥¥ ¢�¦−ë¬ �àå¨â¥ªâãà−ë¬ ¨§¬¥−¥−¨¥¬ áâ�−®¢¨âáï ¯¥à¥å®¤ ª �àå¨-
â¥ªâãà¥, ª®â®à�ï ¯®§¢®«ï¥â á�¬®áâ®ïâ¥«ì−® à�¡®â�âì á ª�¦¤ë¬ ¬¨ªà®á¥à¢¨á®¬,
çâ® ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®¬ã á®ªà�é¥−¨î áà®ª®¢ à�§à�¡®âª¨ ¯à¨«®¦¥−¨©, §−�-
ç¨â¥«ì−®¬ã ¯®¢ëè¥−¨î â¥å−¨ç¥áª®© ¨ ¤¥«®¢®© £¨¡ª®áâ¨ ¨ à¥§ª®¬ã ¯®¢ëè¥−¨î
®−«�©−®¢®© ª®−ªãà¥−â®á¯®á®¡−®áâ¨.

Š®£¤� ¤¥«® ¤®å®¤¨â ¤® æ¨äà®¢®© âà�−áä®à¬�æ¨¨, â® ¯®−¨¬�−¨¥ ¯à®æ¥áá®¢
¢ ¯à®¡«¥¬−®© ®¡«�áâ¨ âà¥¡ã¥â §−�ç¨â¥«ì−® ¡®«ìè¥£® ¢à¥¬¥−¨, ¨ íâ® §−�ç¨â¥«ì−®
á«®¦−¥¥, ç¥¬ ¯à®áâ® �¤�¯â¨à®¢�âì ¨å ª −®¢ë¬ æ¨äà®¢ë¬ â¥å−®«®£¨ï¬. ‚ æ¨ä-
à®¢®© âà�−áä®à¬�æ¨¨ ¨éãâáï −®¢ë¥ à¥è¥−¨ï, ¯®áª®«ìªã ¯®ï¢«ïîâáï ¯à®¡«¥¬ë,
ª®â®àë¥ à¥è�îâáï á ¯®¬®éìî −®¢ëå â¥å−®«®£¨©. ��¯à¨¬¥à, ¤®ªã¬¥−â −¥ ¯à®áâ®
®æ¨äà®¢ë¢�¥âáï, −® ®¡à�¡�âë¢�¥âáï ¨ �−�«¨§¨àã¥âáï, ¨§ãç�¥âáï ¢®¯à®á ® â®¬,
−ã¦¥− «¨ ª®−ªà¥â−ë© ¯à®æ¥áá ¨«¨ ¦¥ ¥£® ¬®¦−® ã¯à®áâ¨âì á ¯®¬®éìî −®¢®©
â¥å−®«®£¨¨. �®íâ®¬ã æ¨äà®¢�ï âà�−áä®à¬�æ¨ï | íâ® −¥ çâ® ¨−®¥, ª�ª à¥è¥−¨¥
¯à®¡«¥¬ á ¯®¬®éìî −�¨«ãçè¨å â¥å−¨ç¥áª¨å áà¥¤áâ¢. ‚ ®¯à¥¤¥«¥−−®© áâ¥¯¥−¨
íâ® ®â−®á¨âáï ¨ ª â�ª¨¬ â¥¬�¬, ª�ª ú£¨¡ª®¥ ¤¨§�©−¥àáª®¥ ¬ëè«¥−¨¥û, ú¬®§£®¢®©
èâãà¬û ¨ ¤àã£¨¬ ªà¥�â¨¢−ë¬ á¯®á®¡�¬ à�¡®âë, ¯®áª®«ìªã ®−¨ −¥®¡å®¤¨¬ë ¤«ï
â®£®, çâ®¡ë à�áè¨à¨âì ¢§£«ï¤ −� ¯à®¡«¥¬ë. Œ®¦−® à¥è¨âì ¨å â¥å−¨ç¥áª¨¬¨
áà¥¤áâ¢�¬¨ á ¨á¯®«ì§®¢�−¨¥¬ −®¢ëå â¥å−®«®£¨©, â®«ìª® ¥á«¨ ¥áâì ¯®−¨¬�−¨¥
íâ¨å ¯à®¡«¥¬.

–¨äà®¢¨§�æ¨ï ¯à¨¢¥«� ª â®¬ã, çâ® ¯®ï¢¨«áï æ¨äà®¢®© ª®−â¥−â. �â®â ª®−-
â¥−â ¬®¦¥â ¡ëâì ®¡à�¡®â�− æ¨äà®¢ë¬¨ ¯à®æ¥áá�¬¨, � −®¢ë¥ â¥å−®«®£¨¨ ¯à¨¢¥¤ãâ
ª à�§à�¡®âª¥ æ¨äà®¢®© ¡¨§−¥á-áâà�â¥£¨¨. �® æ¨äà®¢�ï âà�−áä®à¬�æ¨ï ¤�¥â §−�-
ç¨â¥«ì−® ¡®«ìè¥. Š®−¥ç−®, æ¨äà®¢®© ª®−â¥−â, æ¨äà®¢ë¥ ¯à®æ¥ááë ¨ æ¨äà®¢�ï
¡¨§−¥á-¬®¤¥«ì −¥®¡å®¤¨¬ë, −® ¯à¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨ à�áá¬�âà¨¢�îâáï
¢á¥ ¯à®¨§¢®¤áâ¢¥−−ë¥ �á¯¥ªâë. –¨äà®¢�ï âà�−áä®à¬�æ¨ï | íâ® à�¡®â�, ª®â®-
à�ï ¤®«¦−� ¡ëâì âé�â¥«ì−® á¯«�−¨à®¢�−� ¨ §�−¨¬�¥â ¬−®£® ¢à¥¬¥−¨ (3{5 «¥â).
‚ ®â«¨ç¨¥ ®â æ¨äà®¢¨§�æ¨¨ æ¨äà®¢�ï âà�−áä®à¬�æ¨ï −¥ ¯à®áâ® âà¥¡ã¥â ®â ¯à¥¤-
¯à¨ïâ¨© ¯à¨¬¥−¥−¨ï ¡®«ìè®£® ç¨á«� ¯¥à¥¤®¢ëå â¥å−®«®£¨© ¢ á¢®¥© ¤¥ïâ¥«ì−®áâ¨
¨ −¥ ¬®¦¥â ¡ëâì §�¢¥àè¥−� ¢ ®¤−®¬ ¯à®¥ªâ¥. ’�ª¨¬ ®¡à�§®¬, ¬®¦−® á¤¥«�âì
¢ë¢®¤, çâ® ¤®à®¦−�ï ª�àâ� æ¨äà®¢®© âà�−áä®à¬�æ¨¨ ¡ã¤¥â ¢ª«îç�âì ¢ á¥¡ï
¬−®¦¥áâ¢® ¯à®¥ªâ®¢ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬ (à¨á. 1) [2].
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ˆ. �. ÷®§¥−¡¥à£, ‘. Š. „ã«¨−, �. ƒ. „ã«¨−�

÷¨á. 1 �æ¥−ª� íää¥ªâ� æ¨äà®¢¨§�æ¨¨ (¯® ¤�−−ë¬ ®¯à®á� KPMG, MarketsandMarkets,
PWC): IIoT\AI | Industrial Internet of Things\Artificial Intellect, ¯à®¬ëè«¥−−ë©
¨−â¥à−¥â ¢¥é¥©/¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ

÷¥�«¨§�æ¨î à�§¢¨â¨ï æ¨äà®¢®© âà�−áä®à¬�æ¨¨ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥
âà¥å íâ�¯®¢.

I. ‚−¥¤à¥−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ë¬¨ â¥å−®«®£¨ï¬¨ ¨ á¥à-
¢¨á�¬¨.

II. ÷�§à�¡®âª� ¨ ¢−¥¤à¥−¨¥ á¥à¢¨á� ¯® �−�«¨§ã ¨á¯®«ì§®¢�−¨ï, ®æ¥−ª¨ ¨ ¯®-
¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ æ¨äà®¢ëå â¥å−®«®£¨©.

III. �¥à¥å®¤ ®â æ¨äà®¢®£® á¥à¢¨á� ª á¥à¢¨áã −� ®á−®¢¥ ¨áªãááâ¢¥−−®£® ¨−â¥«-
«¥ªâ�, ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ¡®«ìè¨å ¤�−−ëå ¤«ï ã¯à�¢«¥−¨ï æ¨äà®¢ë¬¨
â¥å−®«®£¨ï¬¨.

�ïâ®£® �¢£ãáâ� 2020 £. ¡ë«¨ ãâ¢¥à¦¤¥−ë ¯¥à¢ë¥ áâ�−¤�àâë æ¨äà®¢®© ¯à®-
¬ëè«¥−−®áâ¨ ¢ ÷®áá¨¨. �−¨ à�§à�¡®â�−ë â¥å−¨ç¥áª¨¬ ª®¬¨â¥â®¬ úŠ¨¡¥à-ä¨§¨-
ç¥áª¨¥ á¨áâ¥¬ëû −� ¡�§¥ ÷®áá¨©áª®© ¢¥−çãà−®© ª®¬¯�−¨¨ ¯à¨ ¯®¤¤¥à¦ª¥ Œ¨−-
¯à®¬â®à£� ÷”. Š�ª ®â¬¥ç�¥âáï ¢ á®®¡é¥−¨¨ ¢¥¤®¬áâ¢�, áâ�−¤�àâë −�¯à�¢«¥−ë −�
íää¥ªâ¨¢−®¥ ¢−¥¤à¥−¨¥ æ¨äà®¢ëå â¥å−®«®£¨© ¢ à®áá¨©áªãî ¯à®¬ëè«¥−−®áâì,
à�§¢¨â¨¥ ª�ç¥áâ¢¥−−ëå ¨ −¥§�¢¨á¨¬ëå à¥è¥−¨©, � â�ª¦¥ −� ®¡¥á¯¥ç¥−¨¥ ¨å á®-
¢¬¥áâ¨¬®áâ¨. ‘â�−¤�àâ¨§�æ¨ï, ®â ª®â®à®© −�¯àï¬ãî §�¢¨á¨â ãá¯¥å æ¨äà®¢®©
âà�−áä®à¬�æ¨¨, á¯®á®¡−� ¯à¨−®á¨âì ¢ ¢�«®¢®© ¢−ãâà¥−−¨© ¯à®¤ãªâ áâà�−ë ¤® 1%
¢ £®¤ ¨ ®ª®«® 3% ¢ à�§¢¨â¨¥ íªá¯®àâ�.

�¥à¥ç¥−ì ãâ¢¥à¦¤¥−−ëå áâ�−¤�àâ®¢:

{ ¯à¥¤¢�à¨â¥«ì−ë© −�æ¨®−�«ì−ë© áâ�−¤�àâ (��‘’) ú“¬−®¥ ¯à®¨§¢®¤áâ¢®.
„¢®©−¨ª¨ æ¨äà®¢ë¥ ¯à®¨§¢®¤áâ¢�. —�áâì 1. �¡é¨¥ ¯®«®¦¥−¨ïû;
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ˆ−â¥à®¯¥à�¡¥«ì−®áâì ª�ª ª«îç¥¢®¥ ãá«®¢¨¥ à¥�«¨§�æ¨¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. „¢®©−¨ª¨ æ¨äà®¢ë¥ ¯à®¨§¢®¤áâ¢�. —�áâì 2.
’¨¯®¢�ï �àå¨â¥ªâãà�û;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. „¢®©−¨ª¨ æ¨äà®¢ë¥ ¯à®¨§¢®¤áâ¢�. —�áâì 3.
–¨äà®¢®¥ ¯à¥¤áâ�¢«¥−¨¥ ä¨§¨ç¥áª¨å ¯à®¨§¢®¤áâ¢¥−−ëå í«¥¬¥−â®¢û;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. „¢®©−¨ª¨ æ¨äà®¢ë¥ ¯à®¨§¢®¤áâ¢�. —�áâì 4.
�¡¬¥− ¨−ä®à¬�æ¨¥©û;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. „¢®©−¨ª¨ æ¨äà®¢ë¥ ¯à®¨§¢®¤áâ¢�. �«¥¬¥−âë
¢¨§ã�«¨§�æ¨¨ æ¨äà®¢ëå ¤¢®©−¨ª®¢ ¯à®¨§¢®¤áâ¢�û;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. “−¨ä¨æ¨à®¢�−−�ï �àå¨â¥ªâãà� OPC. —�áâì 1.
�¡é¨¥ ¯®«®¦¥−¨ïû;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. ˆ−â¥àä¥©áë ¤«ï ãå®¤� §� �¢â®¬�â¨§¨à®¢�−−®©
¬�è¨−®©. —�áâì 1. �¡é¨¥ ¯®«®¦¥−¨ïû;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. ˆ−â¥à®¯¥à�¡¥«ì−®áâì ¥¤¨−¨æ ¢®§¬®¦−®áâ¥©
¤«ï ¯à®¬ëè«¥−−ëå ¯à¨ª«�¤−ëå à¥è¥−¨©. —�áâì 1. Šà¨â¥à¨¨ ¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨ ¥¤¨−¨æ ¢®§¬®¦−®áâ¥© á®£«�á−® âà¥¡®¢�−¨ï¬ ª ¯à¨¬¥−¥−¨îû;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. ˆ−â¥à®¯¥à�¡¥«ì−®áâì ¥¤¨−¨æ ¢®§¬®¦−®áâ¥©
¤«ï ¯à®¬ëè«¥−−ëå ¯à¨ª«�¤−ëå à¥è¥−¨©. —�áâì 2. ˜�¡«®−ë ¢®§¬®¦−®áâ¥©
¨ ª�â�«®£¨§�æ¨ï ¯à®£à�¬¬−ëå ¡«®ª®¢û;

{ ��‘’ ú“¬−®¥ ¯à®¨§¢®¤áâ¢®. ˆ−â¥à®¯¥à�¡¥«ì−®áâì ¥¤¨−¨æ ¢®§¬®¦−®áâ¥©
¤«ï ¯à®¬ëè«¥−−ëå ¯à¨ª«�¤−ëå à¥è¥−¨©. —�áâì 3. ‚¥à¨ä¨ª�æ¨ï ¨ ¢�«¨¤�-
æ¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¥¤¨−¨æ ¢®§¬®¦−®áâ¥©û.

3 Семантическая интероперабельность и понимание

‘«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥ −� ¯®á«¥¤−¨¥ âà¨ áâ�−¤�àâ�, ¯®á¢ïé¥−−ëå â¥à¬¨-
−ã ú¨−â¥à®¯¥à�¡¥«ì−®áâìû, á«ã¦�é¥¬ã −¥ â®«ìª® ¡�§®¢ë¬ ¯®−ïâ¨¥¬ ¯«�âä®à¬ë
ˆ−¤ãáâà¨ï 4.0, −® ¨ â¥á−® á¢ï§�−−ë¬ á ®¡áã¦¤�¥¬ë¬¨ ¢ëè¥ ¯®−ïâ¨ï¬¨ úæ¨ä-
à®¢¨§�æ¨ïû ¨ úæ¨äà®¢�ï âà�−áä®à¬�æ¨ïû. ÷�á¯®àï¦¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ®â
28 ¨î«ï 2017 £. ü 1632-à ¯®¤â¢¥à¦¤¥−� ¢�¦−®áâì à¥è¥−¨ï ¯à®¡«¥¬ë ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨ ¤«ï £®áã¯à�¢«¥−¨ï ¨ ¤«ï ®¡¥á¯¥ç¥−¨ï ®¡®à®−®á¯®á®¡−®áâ¨ áâà�−ë.
‘®£«�á−® ƒ�‘’ã (ISO/IEC/IEEE 24765:2010. ƒ�‘’÷ 55062-2012), ú¨−-
â¥à®¯¥à�¡¥«ì−®áâì | á¯®á®¡−®áâì ¤¢ãå ¨«¨ ¡®«¥¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨«¨
ª®¬¯®−¥−â®¢ ª ®¡¬¥−ã ¨−ä®à¬�æ¨¥© ¨ ª ¨á¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®©
¢ à¥§ã«ìâ�â¥ ®¡¬¥−�û.

ˆáá«¥¤®¢�−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¨¢¥«¨ ª −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï ¬®¤¥-
«¥© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ãáâ�−®¢«¥−¨¥ ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ ¬¥¦¤ã á¨áâ¥¬�¬¨ ¢ á®®â¢¥âáâ¢¨¨ á à�§«¨ç−ë¬¨ æ¥«ï¬¨ ¨ ª®−â¥ªáâ�¬¨ [3].

Œ®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯®§¢®«ïîâ: (1) áä®à¬¨à®¢�âì ®¡é¨© â¥§�ãàãá,
ª®â®àë© ®¡¥á¯¥ç¨¢�¥â á®£«�á®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ á¥¬�−â¨ª¨; (2) áä®à¬ã«¨à®-
¢�âì ¯à¥¤«®¦¥−¨ï ¯® ¢ëà�¡®âª¥ à¥è¥−¨©; (3) ®æ¥−¨âì ¢®§¬®¦−ë¥ ¬®¤¨ä¨ª�æ¨¨
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÷¨á. 2 ˆá¯®«ì§®¢�−¨¥ ¬®¤¥«¥© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨

áãé¥áâ¢ãîé¨å ¨ ¤®¡�¢«¥−¨¥ −®¢ëå ®¯æ¨©. �â¤¥«ì−®© ¯à®¡«¥¬®© ®ª�§ë¢�¥âáï
á®£«�á®¢�−¨¥ ¯à¥¤áâ�¢«¥−¨© ¬®¤¥«¥©, −¥®¡å®¤¨¬®¥ ¤«ï à�§à�¡®âª¨ á¯¥æ¨�«ì-
−®£® ¬¥â®¤� ¨−â¥£à�æ¨¨ ¬®¤¥«¥©. ‘ãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨
¨á¯®«ì§ãîâáï −� 6 à�§«¨ç−ëå ãà®¢−ïå ®à£�−¨§�æ¨®−−®© ¨−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−®¬ | ¨ ¯à¨¬¥−ïîâáï ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å áä¥à�å ¤¥ïâ¥«ì−®áâ¨
ç¥«®¢¥ª� (à¨á. 2) [4].

‘�¬ë¬ �ªâã�«ì−ë¬ ¨ ¢�¦−ë¬ ¨§ ãà®¢−¥© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ −� á¥£®¤−ïè-
−¨© ¤¥−ì áâ�« ãà®¢¥−ì á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¯®áª®«ìªã «¨èì
¯à¨ ¤®áâ¨¦¥−¨¨ íâ®£® ãà®¢−ï ¬®¦−® £®¢®à¨âì ® ¯à®¢¥¤¥−¨¨ æ¨äà®¢®© âà�−á-
ä®à¬�æ¨¨. ‘¥¬�−â¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì áâ�«� ª«îç¥¢ë¬ ä�ªâ®à®¬,
¯®§¢®«ïîé¨¬ ¢§�¨¬®¤¥©áâ¢ãîé¨¬ á¨áâ¥¬�¬ ¯®−¨¬�âì ¤�−−ë¥ ¨ ®¡à�¡�âë¢�âì
¨å −� ®á−®¢¥ íâ®£® ¯®−¨¬�−¨ï. ‚§�¨¬®¤¥©áâ¢ãîé¨¥ á¨áâ¥¬ë ¯à¥¤áâ�¢«ïîâ á®¡®©
ª®¬¯®−¥−âë ¨ ¨−áâàã¬¥−âë ¢ ¦¨§−¥−−®¬ æ¨ª«¥ ¨§£®â®¢«¥−¨ï ¯à®¤ãªæ¨¨ ¨ ®ª�-
§�−¨ï ãá«ã£. ‘â�−¤�àâë á«ã¦�â ®¤−¨¬ ¨§ áà¥¤áâ¢ ¤®áâ¨¦¥−¨ï á¥¬�−â¨ç¥áª®©
¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¯®áª®«ìªã ®¡¥á¯¥ç¨¢�îâ ç¥âª® ®¯à¥¤¥«¥−−ë¥ ¨ á®£«�á®-
¢�−−ë¥ âà¥¡®¢�−¨ï ª ¤�−−ë¬, å®âï ®−¨ §�ç�áâãî −�áâ®«ìª® ã§ª® ®¯à¥¤¥«¥−ë,
çâ® −¥ ¬®£ãâ ®¡¥á¯¥ç¨âì ¯®«−ãî ¨−ä®à¬�æ¨®−−ãî ¬®¤¥«ì, −¥®¡å®¤¨¬ãî ¤«ï
¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ’¥¬ −¥ ¬¥−¥¥ ¬®¤¥«¨, á¢ï§�−−ë¥ á® áâ�−¤�àâ�¬¨, ¬®£ãâ
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¡ëâì «¥£ª® ¨−â¥£à¨à®¢�−ë, ®¡¥á¯¥ç¨¢�ï ¤®áâ�â®ç−® è¨à®ªãî ¬®¤¥«ì ¯à¥¤¬¥â−®©
®¡«�áâ¨. ‘â�−¤�àâë ®¡¥á¯¥ç¨¢�îâ −¥®¡å®¤¨¬ãî ®á−®¢ã ¤«ï «î¡®© ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨. „«ï á®§¤�−¨ï ¨−â¥««¥ªâã�«ì−ëå ¨−äà�áâàãªâãà −¥®¡å®¤¨¬ ¡®«¥¥
æ¥«®áâ−ë© ®¡¬¥− ¨−ä®à¬�æ¨¥© ¬¥¦¤ã à�§«¨ç−ë¬¨ ¯à¥¤¬¥â−ë¬¨ ®¡«�áâï¬¨, çâ®
âà¥¡ã¥â ã−¨¢¥àá�«ì−®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ®á−®¢�−−®© −� ®¡é¨å á¥¬�−â¨ç¥-
áª¨å ¨ ®−â®«®£¨ç¥áª¨å ®á−®¢�å á ¡¥§ãá«®¢−ë¬ −�«¨ç¨¥¬ ¯®−¨¬�−¨ï.

��àï¤ã á ¯à®¡«¥¬®© ¯®−¨¬�−¨ï ¢®®¡é¥ áãé¥áâ¢ã¥â ¯à®¡«¥¬� ¯®−¨¬�−¨ï
á¥¬�−â¨ª¨ £¥®¤�−−ëå [5].

‘à¥¤¨ ®¯à¥¤¥«¥−¨© ¯®−ïâ¨ï ú¯®−¨¬�−¨¥û ¤«ï §�¤�ç ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨ −�¨¡®«¥¥ ¯®¤å®¤¨â á«¥¤ãîé¥¥: ú�®−¨¬�−¨¥ (ãá¢®¥−¨¥) | á®®â−¥á¥-
−¨¥, áà�¢−¥−¨¥ ¢−®¢ì ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨ (â¥ªáâ�, ®¡à�§�, à¥ç¨, ¯®¢¥¤¥−¨ï,
ï¢«¥−¨ï ¨ â. ¯.) á ã¦¥ ¨§¢¥áâ−®©, −�ª®¯«¥−−®© ¨ áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¥©
(â. ¥. áãâì §−�−¨¥¬) ¯®áà¥¤áâ¢®¬ ª®£−¨â¨¢−ëå áâàãªâãà, áå¥¬ ¯®¢¥¤¥−¨ï, ¯®−ïâ¨©
¨ ª�â¥£®à¨© ¯®−ïâ¨©; ¨ ¥¥ ®æ¥−ª� á ®¯à¥¤¥«¥−−ëå ¯®§¨æ¨©, −� ®á−®¢¥ −¥ª®â®à®£®
®¡à�§æ�, áâ�−¤�àâ�, −®à¬ë, ¯à¨−æ¨¯� ¨ â. ¯., −�¯à¨¬¥à −�ª®¯«¥−−®£® ®¯ëâ�
¨«¨ ®¡áâ®ïâ¥«ìáâ¢, ¢ ª®â®àëå ¯à®¨áå®¤¨â ¯à®æ¥áá ¢®á¯à¨ïâ¨ï ¨ ¯®−¨¬�−¨ï,
®á®¡¥−−®áâ¥© ª®£−¨â¨¢−®© á¨áâ¥¬ë/ª®£−¨â¨¢−®£® áâ¨«ï ç¥«®¢¥ª�û [5].

�¥¯®−¨¬�−¨¥ ç�é¥ ¢á¥£® ®¡ãá«®¢«¥−® −¥®¡®á−®¢�−−®áâìî, −¥®ç¥¢¨¤−®áâìî
¨«¨ ®âáãâáâ¢¨¥¬ â�ª®£® áâ�−¤�àâ�, � â�ª¦¥ ¬®¦¥â ¡ëâì ¢ë§¢�−® ¢®§−¨ª�îé¨¬
ª®£−¨â¨¢−ë¬ ¤¨áá®−�−á®¬ (¢ â¥à¬¨−®«®£¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ | −�àã-
è¥−¨¥¬ æ¥«®áâ−®áâ¨ áãé¥áâ¢ãîé¥£® §−�−¨ï), � â�ª¦¥, ¢ á«ãç�¥ ®áãé¥áâ¢«¥−¨ï
¯à®æ¥áá� ¯®−¨¬�−¨ï ç¥«®¢¥ª®¬, áã¡ê¥ªâ¨¢−ë¬¨ ä�ªâ®à�¬¨ ¢®á¯à¨ïâ¨ï (−¥¡«�-
£®¯à¨ïâ−ë¬¨ ãá«®¢¨ï¬¨ ¤«ï ¢®á¯à¨ïâ¨ï ¨ ¯®−¨¬�−¨ï/ãá¢®¥−¨ï ¨−ä®à¬�æ¨¨).
‚ ¯®á«¥¤−¥¬ á«ãç�¥ ¯®−¨¬�−¨¥ â�ª¦¥ ¬®¦¥â ¯à®¨áå®¤¨âì −¥ áà�§ã, � á §�¤¥à¦ª®©,
−�¯à¨¬¥à:

{ ¯® ¯à®è¥áâ¢¨¨ ®¯à¥¤¥«¥−−®£® ¢à¥¬¥−¨ | ¡ë«® ¢à¥¬ï ú¯®¤ã¬�âìû ¨«¨ á®§¤�-
«¨áì ¡«�£®¯à¨ïâ−ë¥ ãá«®¢¨ï ¤«ï ®¡¤ã¬ë¢�−¨ï;

{ ¯à¨ ¨§¬¥−¥−¨¨ ãá«®¢¨© | ¡ë«� ¯®«ãç¥−� ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï,
áª�¦¥¬, ¯à®¨§®è«¨ ®¯à¥¤¥«¥−−ë¥ á®¡ëâ¨ï, çâ® ¤®¯®«−¨«®, ú¯à®â®«ª−ã«®û
−¥¤®¯®−ïâãî à�−¥¥ ¨−ä®à¬�æ¨î, ú¯®áâ�¢¨«® ¢á¥ −� á¢®¨ ¬¥áâ�û.

�®−¨¬�−¨¥ (� â®ç−¥¥ áª�§�âì, ®á¬ëá«¥−−®¥ §−�−¨¥) ¤�¥â ¢®§¬®¦−®áâì ®áã-
é¥áâ¢«ïâì ¤¥©áâ¢¨ï á −®¢ë¬¨ ¯à¥¤¬¥â�¬¨ −� ®á−®¢¥ ã¦¥ á«®¦¨¢è¨åáï ã¬¥−¨©
¨ −�¢ëª®¢, � â�ª¦¥ à¥ä«¥ªá¨à®¢�âì ® ¯®−ïâ®©/ãá¢®¥−−®© ¨−ä®à¬�æ¨¨ (§−�−¨¨),
¢ë¢®¤¨âì ¨§ −¥¥ à�§−ë¥ á«¥¤áâ¢¨ï.

�â−®á¨â¥«ì−® ¯à®æ¥áá� ¯®−¨¬�−¨ï (¨−â¥à¯à¥â�æ¨¨) ¬®¦−® áä®à¬ã«¨à®¢�âì
á«¥¤ãîé¥¥: �¢â®à (£¥−¥à�â®à) ¢ëà�¦�¥â á¢®¨ áã¡ê¥ªâ¨¢−ë¥ ®¡à�§ë ¨«¨ áã¦¤¥−¨ï
¢ ä®à¬�«¨§®¢�−−®¬ ¢¨¤¥ (â¥ªáâ�, à¥ç¨), � ¨−â¥à¯à¥â�â®à ¢®ááâ�−�¢«¨¢�¥â íâ®â
®¡à�§ ¨«¨ áã¦¤¥−¨¥ ¢ á®¡áâ¢¥−−®¬ áã¡ê¥ªâ¨¢−®¬ ª®−â¥ªáâ¥. �â®â áã¡ê¥ªâ¨¢−ë©
ª®−â¥ªáâ ®¯à¥¤¥«ï¥âáï ¯à¥¤ë¤ãé¨¬ ®¯ëâ®¬ áã¡ê¥ªâ� ¨ â¥ªãé¨¬¨ ®¡áâ®ïâ¥«ì-
áâ¢�¬¨, ¢ ª®â®àëå ¯à®¨áå®¤¨â ¨−â¥à¯à¥â�æ¨ï. ’�ª¨¬ ®¡à�§®¬, ï§ëª ¢ëáâã¯�¥â
úã−¨¢¥àá�«ì−®© ®−â®«®£¨¥©û, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¨−â¥à®¯¥à�¡¥«ì−®áâì áã¡ê-
¥ªâ®¢ | −®á¨â¥«¥© ï§ëª� (â®ç−¥¥ £®¢®àï, ¯®«ì§®¢�â¥«¥© ï§ëª�).
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÷¨á. 3 ‘âàãªâãà� á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨

„«ï £¥−¥à�â®à� −¥ áãé¥áâ¢ã¥â (áª®à¥¥, ®−� ¤«ï −¥£® −¥§�¬¥â−�) ¯à®¡«¥¬ë
®¬®−¨¬¨¨ á«®¢/â¥à¬¨−®¢ (−¥®¤−®§−�ç−®áâ¨ ¨á¯®«ì§ã¥¬®£® á«®¢�/â¥à¬¨−�), ¯®-
áª®«ìªã ®− §−�¥â ¯®¤à�§ã¬¥¢�¥¬®¥ ¯®¤ −¨¬ §−�ç¥−¨¥. � ¢®â ¨−â¥à¯à¥â�â®à
áâ�«ª¨¢�¥âáï á â�ª®© ¯à®¡«¥¬®© ¨ ¢ë−ã¦¤¥− ¥¥ à¥è�âì ¯®áà¥¤áâ¢®¬ ®¯®àë −�
ª®−â¥ªáâ á®®¡é¥−¨ï, � ¥á«¨ íâ® −¥ ¯®¬®£�¥â, â® ¢ë−ã¦¤¥− ¨á¯®«ì§®¢�âì ¢¥à®ïâ-
−®áâ−ë¥ (ç�áâ®â−ë¥) ¨«¨ −¥ç¥âª¨¥ ®æ¥−ª¨ (â¨¯� ú�¢â®à, ¯® ¢á¥© ¢¨¤¨¬®áâ¨, ¨¬¥«
¢ ¢¨¤ã á«¥¤ãîé¥¥û ¨«¨ ú�¢â®à ¬®£ ¨¬¥âì ¢ ¢¨¤ã «¨¡® â®, «¨¡® íâ®û). �®¨áª
−¥ï¢−®/−¥ç¥âª® ¢ëà�¦¥−−®£® á®¤¥à¦�−¨ï ¯à®¨áå®¤¨â ¢ à¥§ã«ìâ�â¥ ®¡à�é¥−¨ï
ª §−�−¨ï¬, ¨¬¥îé¨¬ ®â−®è¥−¨¥ ª ¤�−−®¬ã â¥ªáâã (à¨á. 3)

‘¥¬¨®â¨ç¥áª�ï ª®¬¬ã−¨ª�æ¨ï ¯à¥¤¯®«�£�¥â ãç�áâ¨¥ ®â¯à�¢¨â¥«ï ¨ ¯®«ãç�-
â¥«ï ¨−ä®à¬�æ¨®−−®£® á®®¡é¥−¨ï, ¯à¨ç¥¬ ¢ ¯à®æ¥áá¥ ®¡é¥−¨ï ª�¦¤ë© ¨§ −¨å
¢ëáâã¯�¥â ¢ à®«¨ â® £¥−¥à�â®à�, â® ¨−â¥à¯à¥â�â®à� á®®¡é¥−¨ï.

‚ ¯à�ªâ¨ç¥áª®¬ ¯«�−¥ ¯à®¡«¥¬� ¯®−¨¬�−¨ï ¢®§−¨ª�¥â, ª®£¤� ¢§�¨¬®¤¥©áâ¢ã-
îé¨¥ �£¥−âë áâ�«ª¨¢�îâáï á úá¨âã�æ¨ï¬¨ −¥®¯à¥¤¥«¥−−®áâ¨ ª«îç¥¢ëå ¯®−ïâ¨©,
á −¥ç¥âª¨¬¨ ¯®áâ�−®¢ª�¬¨ §�¤�ç, á «¥ªá¨ç¥áª®© ¯®«¨á¥¬¨¥© ¨ ¤àã£¨¬¨ ¯à¥¯ïâ-
áâ¢¨ï¬¨ ª ®¤−®§−�ç−®© ¨ íªá¯«¨æ¨â−®© âà�ªâ®¢ª¥ â¥à¬¨−®¢, ¨å á¬ëá«®¢ëå á¢ï§¥©
¨ ¨å ¢®á¯à¨ïâ¨ï á¯¥æ¨�«¨áâ�¬¨ ¨§ à�§−ëå ®¡«�áâ¥©û [5].

4 Семантическая геоинтероперабельность

ƒ¥®¨−â¥à®¯¥à�¡¥«ì−®áâì | íâ® á¯®á®¡−®áâì £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬
(1) ª ®¡¬¥−ã £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¥© ®¡ ®¡ê¥ªâ�å ¨ ¯à®æ¥áá�å −�,
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ˆ−â¥à®¯¥à�¡¥«ì−®áâì ª�ª ª«îç¥¢®¥ ãá«®¢¨¥ à¥�«¨§�æ¨¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨

¢ëè¥ ¨ −¨¦¥ ¯®¢¥àå−®áâ¨ ‡¥¬«¨; (2) ª á®¢¬¥áâ−®¬ã á¥â¥¢®¬ã ¨á¯®«ì§®¢�−¨î
¯à®£à�¬¬−®© áà¥¤ë ¤«ï ¯¥à¥à�¡®âª¨ â�ª®© ¨−ä®à¬�æ¨¨. ‘¥¬�−â¨ç¥áª�ï £¥®¨−-
â¥à®¯¥à�¡¥«ì−®áâì ®á−®¢ë¢�¥âáï −� á®£«�á®¢�−−®¬ ¯®−¨¬�−¨¨ á¬ëá«� £¥®¤�−−ëå,
−�¯à¨¬¥à ¢ ¯à®æ¥áá¥ ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© £¥®¯®àâ�«®¢ ¯à¨ à¥è¥−¨¨ §�-
¤�ç, âà¥¡ãîé¨å á®¢¬¥áâ−®© ®¡à�¡®âª¨ ¨ ¨á¯®«ì§®¢�−¨ï ¨¬¨ £¥®¤�−−ëå, ¨«¨ ¯à¨
à¥è¥−¨¨ §�¤�ç ª®−æ¥¯âã�«ì−®£® ¯®¨áª� ¢ ¡�§�å £¥®¤�−−ëå. ‘¥¬�−â¨ç¥áª�ï £¥®-
¨−â¥à®¯¥à�¡¥«ì−®áâì ¯à¨−æ¨¯¨�«ì−® ®â«¨ç�¥âáï ®â á¨−â�ªá¨ç¥áª®© [6], â�ª ª�ª
¢ ¯®á«¥¤−¥¬ á«ãç�¥ à¥çì ¨¤¥â â®«ìª® ®¡ ®¡¥á¯¥ç¥−¨¨ á®£«�á®¢�−−®© ®¡à�¡®âª¨
¨ ®¡¬¥−� £¥®¤�−−ë¬¨ −� −¥áª®«ìª¨å ãà®¢−ïå ¢§�¨¬®¤¥©áâ¢¨ï (á¥â¥¢®¬, ®¡¬¥−−ëå
ä®à¬�â®¢, ¢ë§®¢�å ã¤�«¥−−ëå ¯à®æ¥¤ãà, §�¯à®á®¢ ª ¡�§�¬ £¥®¤�−−ëå).

�à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ §�ª«îç�¥â-
áï ¢ ®¡¥á¯¥ç¥−¨¨ á®£«�á®¢�−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á¯¥æ¨�«¨áâ®¢, à¥è�îé¨å §�-
¤�ç¨, âà¥¡ãîé¨¥ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¨¬¨ £¥®à¥áãàá®¢, ¯à¨ ãá«®¢¨¨
�¤¥ª¢�â−®£® ¯®−¨¬�−¨ï ¨¬¨ á¥¬�−â¨ª¨ £¥®¤�−−ëå, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�-
â¥ ®¡¬¥−�. �¡¥á¯¥ç¥−¨¥ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¥¤¯®«�£�-
¥â, çâ® à�§à�¡®âª� �àå¨â¥ªâãàë áà¥¤áâ¢ á®£«�á®¢�−¨ï ¯®−¨¬�−¨ï £¥®¤�−−ëå
ï¢«ï¥âáï à¥§ã«ìâ�â®¬ áà�¢−¨â¥«ì−®£® �−�«¨§� áãé¥áâ¢ãîé¨å ¬¥â�áå¥¬ ¡�§ £¥®-
¤�−−ëå á ãç¥â®¬ −¥áª®«ìª¨å ãà®¢−¥© ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¬−®£®ä�ªâ®à−®áâ¨
¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥©, ¢ª«îç�ï íªá¯¥àâ®¢, −� ®á−®¢¥ £¥®¨−ä®à¬�-
æ¨®−−ëå ®¯¨á�−¨© ¨ á¥¬�−â¨ª¨, §�«®¦¥−−®© ¢ ¯à®áâà�−áâ¢¥−−ë¥ ®−â®«®£¨¨
/̈̈ «¨ £¥®â¥§�ãàãáë ¨ ª«�áá¨ä¨ª�â®àë. Š«îç¥¢®© ¬®¬¥−â ®¡¥á¯¥ç¥−¨ï á¥¬�−-

â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ | á®§¤�−¨¥ ¥¤¨−®© ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨
¯à¥¤áâ�¢«¥−¨ï ¨ á®£«�á®¢�−¨ï ¯®−¨¬�−¨ï ¯®«ì§®¢�â¥«ï¬¨ £¥®¤�−−ëå −� ®á−®-
¢¥ ¨−â¥£à�æ¨¨ ¯à®áâà�−áâ¢¥−−® à�á¯à¥¤¥«¥−−®© ¨−ä®à¬�æ¨¨ (á¥¬�−â¨ç¥áª®©,
¬¥âà¨ç¥áª®© ¨ â®¯®«®£¨ç¥áª®©), åà�−¨¬®© ¢ £¥®¨−ä®à¬�æ¨®−−ëå ¡�§�å ¤�−-
−ëå.

–¨äà®¢�ï âà�−áä®à¬�æ¨ï £¥®¤�−−ëå, ¢®§¬®¦−�ï â®«ìª® ¯à¨ −�«¨ç¨¨ á¥-
¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨, âà¥¡ã¥â ¯à¥¤¢�à¨â¥«ì−®© æ¨äà®¢¨§�æ¨¨
¢á¥å £¥®¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ª®â®à�ï ãá«®¦−ï¥âáï ¯à¨áãé¥© £¥®¤�−−ë¬
£¥â¥à®£¥−−®áâìî. �à¨ íâ®¬ −¥®¡å®¤¨¬ë â®ç−ë¥ ¨ �ªâã�«ì−ë¥ £¥®¤�−−ë¥ ® à�á-
¯®«®¦¥−¨¨ ¯à®áâà�−áâ¢¥−−ëå ®¡ê¥ªâ®¢, ¨å á¢®©áâ¢�å ¨ å�à�ªâ¥à¨áâ¨ª�å, ¨å
¯¥à¥¬¥é¥−¨¨ ¨«¨ ¨§¬¥−¥−¨¨ ¢® ¢à¥¬¥−¨, ¢§�¨¬®¤¥©áâ¢¨¨ á ¤àã£¨¬¨ ®¡ê¥ªâ�¬¨,
â. ¥. à¥çì ¨¤¥â −¥ ® à�áè¨à¥−¨¨ �âà¨¡ãâ¨¢−ëå ¤�−−ëå, � ® á®§¤�−¨¨ ¯à®áâà�−-
áâ¢¥−−®© ®á−®¢ë ¤«ï æ¨äà®¢®© âà�−áä®à¬�æ¨¨. �®«ãç¥−−ë¥ −� íâ®© ®á−®¢¥
£¥®¨−ä®à¬�æ¨®−−ë¥ à¥è¥−¨ï ¯®§¢®«ïâ ª�ª ã¯®àï¤®ç¨âì ¨ ®à£�−¨§®¢�âì à�§-
«¨ç−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¯®â®ª¨, â�ª ¨ ¯®«ãç�âì −¥§�¢¨á¨¬ë¥ á¢®¥¢à¥¬¥−−ë¥
�−�«¨â¨ç¥áª¨¥ ®âç¥âë ® â¥å ¨«¨ ¨−ëå ¯à®áâà�−áâ¢¥−−ëå ®¡ê¥ªâ�å ¨ ¯à®¨áå®¤ï-
é¨å á −¨¬¨ á®¡ëâ¨ïå.

�æ¨äà®¢�−−ë¥ £¥®¤�−−ë¥ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¢ à¥§ã«ìâ�â¥ ¨á¯®«ì§®¢�-
−¨ï á®¢à¥¬¥−−ëå â¥å−¨ç¥áª¨å áà¥¤áâ¢ á¯ãâ−¨ª®¢®£® áª�−¨à®¢�−¨ï §®−¤¨à®¢�−¨ï
¨ ¯®§¨æ¨®−¨à®¢�−¨ï ¨«¨ á ¯®¬®éìî �¢¨�æ¨®−−ëå áà¥¤áâ¢ �íà®ä®â®áê¥¬ª¨ §¥¬-
−®© ¯®¢¥àå−®áâ¨. ‘ãé¥áâ¢¥−−ë© ¢ª«�¤ ¢ ä®à¬¨à®¢�−¨¥ £¥®ª®−â¥−â� ®ª�§ë¢�¥â
ä®â®£à�¬¬¥âà¨ï ¨ ¬®¡¨«ì−®¥ «�§¥à−®¥ áª�−¨à®¢�−¨¥.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 3 2021 55



ˆ. �. ÷®§¥−¡¥à£, ‘. Š. „ã«¨−, �. ƒ. „ã«¨−�

÷¨á. 4 ÷¥�«¨§�æ¨ï æ¨äà®¢®© âà�−áä®à¬�æ¨¨ ¯«�âä®à¬®© úƒ¥®�−�«¨â¨ª�û

�¯à¥¤¥«¥−−ë© ãá¯¥å ¢ ¯à®¤¢¨¦¥−¨¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨ £¥®¤�−−ëå
¬®¦−® ®â¬¥â¨âì ã ª®¬¯�−¨¨ ú‘®¢§®−¤û, ª®â®à�ï −� ¯à®âï¦¥−¨¨ 25 «¥â à�¡®â�¥â
¢ áä¥à¥ £¥®¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå, ¢−¥¤àïï æ¨äà®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ £¥®-
â¥å−®«®£¨¨. ‚−¥¤à¥−¨¥ á®¢à¥¬¥−−ëå æ¨äà®¢ëå â¥å−®«®£¨© −�¡«î¤¥−¨ï ¨ ¯à®-
áâà�−áâ¢¥−−®£® �−�«¨§� ¯®§¢®«¨«® áãé¥áâ¢¥−−® à�áè¨à¨âì ¢®§¬®¦−®áâ¨ ª®−-
âà®«ï ¢ ç�áâ¨ ¨á¯®«ì§®¢�−¨ï £®áã¤�àáâ¢¥−−ëå áà¥¤áâ¢, ¯®«ãç�âì −¥§�¢¨á¨¬ë¥
®æ¥−ª¨ ¯® ¨á¯®«ì§®¢�−¨î ¯à¨à®¤−ëå à¥áãàá®¢ ¨ â¥àà¨â®à¨©, ª®−âà®«¨à®¢�âì
á®¡¨à�¥¬®áâì −�«®£®¢ ¨ â. ¤. ‘¯¥æ¨�«¨áâ�¬¨ ª®¬¯�−¨¨ à�§à�¡®â�−� á®¢à¥¬¥−−�ï
£¥®¨−ä®à¬�æ¨®−−�ï ®¡«�ç−�ï ¯«�âä®à¬� úƒ¥®�−�«¨â¨ª�û [7], à¥è�îé�ï è¨-
à®ª¨© á¯¥ªâà §�¤�ç ¯® ¯®«ãç¥−¨î, åà�−¥−¨î ¨ �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¥
¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨ (à¨á. 4).

‘¯¥æ¨�«¨áâë ®â¬¥ç�îâ ®¯à¥¤¥«¥−−ë¥ ¤®áâ®¨−áâ¢� ¯«�âä®à¬ë úƒ¥®�−�«¨â¨-
ª�û, áà¥¤¨ ª®â®àëå:

{ à�¡®â� á ¯®â®ª�¬¨ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå, �«£®à¨â¬ë BIG DATA;

{ æ¥−âà�«¨§®¢�−−®¥ åà�−¥−¨¥ ¨ à�á¯à¥¤¥«¥−−ë© ¤®áâã¯ ª ¤�−−ë¬;

{ �¢â®¬�â¨§¨à®¢�−−ë¥ ¯à®æ¥ááë ®¡à�¡®âª¨ ¨ �−�«¨§� à�§−®à®¤−ëå ¤�−−ëå,
¨−â¥à�ªâ¨¢−�ï �−�«¨â¨ª�, ¬®¤¥«¨à®¢�−¨¥ ¨ ¬�è¨−−®¥ ®¡ãç¥−¨¥;

{ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ú®¡«�ç−ë¥û á¥à¢¨áë.
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ˆ−â¥à®¯¥à�¡¥«ì−®áâì ª�ª ª«îç¥¢®¥ ãá«®¢¨¥ à¥�«¨§�æ¨¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨

5 Заключение

‚ à�¡®â¥ à�áá¬®âà¥−ë íâ�¯ë ¯¥à¥å®¤� ª æ¨äà®¢®¬ã ª®−â¥−âã: ®æ¨äà®-
¢ë¢�−¨¥, æ¨äà®¢¨§�æ¨ï, æ¨äà®¢�ï âà�−áä®à¬�æ¨ï. �â¬¥ç¥−® ®¯à¥¤¥«ïîé¥¥
§−�ç¥−¨¥ á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤«ï à¥�«¨§�æ¨¨ æ¨äà®¢®© âà�−á-
ä®à¬�æ¨¨. ÷�áè¨à¥−¨¥ á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤® á¥¬�−â¨ç¥áª®©
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯®§¢®«¨â ¨á¯®«ì§®¢�âì æ¨äà®¢ãî âà�−áä®à¬�æ¨î ¤�−-
−ëå ® ¯à®áâà�−áâ¢¥−−ëå ®¡ê¥ªâ�å ¨ ¯à®æ¥áá�å ¤«ï ¢á¥© ®ªàã¦�îé¥© áà¥¤ë.

Литература

1. —â® â�ª®¥ æ¨äà®¢�ï âà�−áä®à¬�æ¨ï? | Hewlett Packard Enterprise, 2020. https://
www.hpe.com/ru/ru/what-is/digital-transformation.html.

2. “á«®¢¨ï ¨ ¯®àï¤®ª ®â¡®à� ¯à®¥ªâ®¢ ¤«ï ä¨−�−á¨à®¢�−¨ï ¯® ¯à®£à�¬¬¥ ú–¨äà®-
¢¨§�æ¨ï ¯à®¬ëè«¥−−®áâ¨û: ‘â�−¤�àâ ”®−¤� ü ‘”-ˆ-116. ÷¥¤�ªæ¨ï 2.5. | Œ.:
”®−¤ à�§¢¨â¨ï ¯à®¬ëè«¥−−®áâ¨, 2021. 31 á. https://frprf.ru/download/usloviya-
programmy- tsifrovizatsiya-promyshlennosti -.pdf.

3. Œ�ª�à¥−ª® ‘. ˆ., �«¥©−¨ª®¢ �. Ÿ., —¥à−¨æª�ï ’. …. Œ®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ // ‘¨áâ¥¬ë ã¯à�¢«¥−¨ï, á¢ï§¨ ¨ ¡¥§®¯�á−®áâ¨, 2019. ü 4.
‘. 215{245.

4. Turnitsa C., Tolk A. Battle management language: A triangle with five sides //
Spring Simulation Interoperability Workshop Proceedings. | Simulation Interoper-
ability Standards Organization, 2006. Vol. 1. P. 91{100.

5. ’�à�á®¢ ‚. �. �à®¡«¥¬� ¯®−¨¬�−¨ï: −�áâ®ïé¥¥ ¨ ¡ã¤ãé¥¥ ¨áªãááâ¢¥−−®£® ¨−â¥«-
«¥ªâ� // �âªàëâë¥ á¥¬�−â¨ç¥áª¨¥ â¥å−®«®£¨¨ ¯à®¥ªâ¨à®¢�−¨ï ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬: Œ�â-«ë V Œ¥¦¤ã−�à. −�ãç−.-â¥å−¨ç. ª®−ä. | Œ¨−áª: �ƒ“ˆ÷, 2015.
‘. 25{42.

6. „ã«¨− ‘. Š., „ã«¨−� �. ƒ. �â á®£«�á®¢�−−®áâ¨ £¥®¤�−−ëå ª á¥¬�−â¨ç¥áª®© £¥®¨−â¥-
à®¯¥à�¡¥«ì−®áâ¨. | Œ.: ‚– ÷��, 2014. 28 á.

7. �−®−á ®¡−®¢«¥−¨© ƒˆ‘-¯«�âä®à¬ë úƒ¥®�−�«¨â¨ª�û // ƒ¥®¤¥§¨ï ¨ ª�àâ®£à�-
ä¨ï, 25.09.2018. https://geocartography.ru/news/industrynews/anons-obnovleniy-
gis-platformy-geoanalitika.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 09.12.20

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 3 2021 57



I. N. Rozenberg, S. K. Dulin, and N. G. Dulina

INTEROPERABILITY AS A KEY CONDITION
FOR THE IMPLEMENTATION OF DIGITAL TRANSFORMATION

I. N. Rozenberg1, S. K. Dulin1,2, and N. G. Dulina2

1Research & Design Institute for Information Technology, Signalling and Telecom-
munications on Railway Transport, 27-1 Nizhegorodskaya Str., Moscow 109029,
Russian Federation
2Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: The paper analyzes the processes typical for the digitization of infor-
mation, and the standardization of digitization in the information environment.
Three stages of information digitization and their features are considered. It is
noted that the most important condition for digital transformation is to ensure
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БЕЗОПАСНОЕ МАСШТАБИРОВАНИЕ ЭЛЕКТРОННЫХ
БУХГАЛТЕРСКИХ КНИГ НА ОСНОВЕ ТАНГЛА∗

А. А. Грушо1, А. А. Зацаринный2, Е. Е. Тимонина3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï í«¥ªâà®−−�ï ¡ãå£�«â¥àáª�ï ª−¨£� (��Š), ®á−®-
¢�−−�ï −� ª®−æ¥¯æ¨¨ ¡«®ªç¥©−�. ÷�§¢¨â¨¥¬ âà�¤¨æ¨®−−®£® ¡«®ªç¥©−� áâ�«
â�−£« (tangle), ª®â®àë© ¯à¥¤áâ�¢«ï¥âáï ®à¨¥−â¨à®¢�−−ë¬ �æ¨ª«¨ç¥áª¨¬ £à�-
ä®¬ (DAG | Directed Acyclic Graph) ¨ ª®â®àë© ¡¥§®¯�á−® åà�−¨â ¨−ä®à-
¬�æ¨î ® âà�−§�ªæ¨ïå. –¥−âà�«¨§®¢�−−ë© ª®−á¥−áãá ¯à¥¤¯®«�£�¥â ª®−æ¥−-
âà�æ¨î äã−ªæ¨© ª®−âà®«ï ¢ ¥¤¨−®¬ ®à£�−¥. Œ�áèâ�¡¨à®¢�−¨¥ ��Š ¢ àï¤¥
á«ãç�¥¢ ¯®à®¦¤�¥â ã£à®§ë ª®ààã¯æ¨¨ ¨ ¬®è¥−−¨ç¥áâ¢�. ÷�áá¬�âà¨¢�îâáï âà¨
â¨¯� ã£à®§, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ª®ààã¯æ¨¥© ¨ á£®¢®à®¬ îà¨¤¨ç¥áª¨å «¨æ.
�¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ ¬�áèâ�¡¨à®¢�−¨¨ ��Š |
íâ® −�¯à�¢«¥−¨¥, ª®â®à®¥ −�ç¨−�¥â à�§¢¨¢�âìáï ¢ á¢ï§¨ á à®áâ®¬ æ¨äà®¢®©
íª®−®¬¨ª¨.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; â�−£«; ¡«®ªç¥©−; ã£à®§ë
ª®ààã¯æ¨¨ ¨ ¬®è¥−−¨ç¥áâ¢�

DOI: 10.14357/08696527210305

1 Введение

�«¥ªâà®−−�ï ¡ãå£�«â¥àáª�ï ª−¨£� ®á−®¢�−� −� ª®−æ¥¯æ¨¨ ¡«®ªç¥©−� [1, 2].
“¯à�¢«¥−¨¥ §�¯¨áï¬¨ ¢ ¡«®ªç¥©−¥ ®¯à¥¤¥«ï¥âáï ª®−á¥−áãá®¬ [3]. ‚á¥ ª®−á¥−áãáë
¬®¦−® à�§¤¥«¨âì −� æ¥−âà�«¨§®¢�−−ë¥ ¨ ¤¥æ¥−âà�«¨§®¢�−−ë¥. ‘ â¥å−¨ç¥áª®©
â®çª¨ §à¥−¨ï æ¥−âà�«¨§®¢�−−ë¥ ¨ ¤¥æ¥−âà�«¨§®¢�−−ë¥ ª®−á¥−áãáë áå®¦¨, â�ª
ª�ª ª�¦¤ë© ã§¥« á¥â¨ ¨−¤¨¢¨¤ã�«ì−® ®â¢¥âáâ¢¥− §� ¡¥§®¯�á−®áâì ¨ åà�−¥−¨¥
á®¢¬¥áâ−® ¨á¯®«ì§ã¥¬ëå ¤«ï ��Š ¤�−−ëå. –¥−âà�«¨§®¢�−−ë© ª®−á¥−áãá ¯à¥¤-
¯®«�£�¥â ª®−æ¥−âà�æ¨î äã−ªæ¨© ª®−âà®«ï ¢ ¥¤¨−®¬ ®à£�−¥. �â® ®§−�ç�¥â, çâ®
¨¬¥¥âáï ¥¤¨−ë© ª®−â�ªâ−ë© ã§¥« ä®à¬¨à®¢�−¨ï ¨ åà�−¥−¨ï ¡«®ªç¥©−®¢.

÷�§¢¨â¨¥¬ âà�¤¨æ¨®−−ëå ¡«®ªç¥©−®¢ áâ�« â�−£« [4], ª®â®àë© ¯à¥¤áâ�¢«ï¥âáï
®à¨¥−â¨à®¢�−−ë¬ �æ¨ª«¨ç¥áª¨¬ £à�ä®¬ (DAG) ¨ ª®â®àë© ¡¥§®¯�á−® åà�−¨â
¨−ä®à¬�æ¨î ® âà�−§�ªæ¨ïå. ‚¥àè¨−ë (ã§«ë) ¢ DAG | íâ® âà�−§�ªæ¨¨. ‘¥âì
â�−£«� á®áâ®¨â ¨§ ¢¥àè¨−, ª®â®àë¥ ï¢«ïîâáï áãé−®áâï¬¨, ®âà�¦�îé¨¬¨ âà�−§-
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�¥§®¯�á−®¥ ¬�áèâ�¡¨à®¢�−¨¥ í«¥ªâà®−−ëå ¡ãå£�«â¥àáª¨å ª−¨£ −� ®á−®¢¥ â�−£«�

�ªæ¨¨ ¨ ®¡¥á¯¥ç¨¢�îé¨¬¨ ¢�«¨¤�æ¨î âà�−§�ªæ¨© á ¯®¬®éìî ®à¨¥−â¨à®¢�−−ëå
¤ã£.

�á−®¢−�ï ¨¤¥ï â�−£«� á®áâ®¨â ¢ â®¬, çâ® ¯®«ì§®¢�â¥«¨ ¯à¨ à¥£¨áâà�æ¨¨ âà�−-
§�ªæ¨¨ ª�ª ã§«� â�−£«� ¤®«¦−ë ¯à®¢¥áâ¨ ®¯à¥¤¥«¥−−ãî à�¡®âã ¤«ï ú®¤®¡à¥−¨ïû
¤àã£¨å à�−¥¥ ®¯à¥¤¥«¥−−ëå âà�−§�ªæ¨©. ’�ª¨¬ ®¡à�§®¬, ª�¦¤ë© ¯®«ì§®¢�â¥«ì,
á®§¤�îé¨© âà�−§�ªæ¨î, ¢−®á¨â ¢ª«�¤ ¢ ¡¥§®¯�á−®áâì á¥â¨. “§«ë ¯à®¢¥àïîâ,
çâ®¡ë ú®¤®¡à¥−−ë¥û âà�−§�ªæ¨¨ ¡ë«¨ −¥ª®−ä«¨ªâ−ë¬¨. …á«¨ ã§¥« ¢ëïá−ï¥â,
çâ® âà�−§�ªæ¨ï ª®−ä«¨ªâã¥â á ¨áâ®à¨¥© ¢ â�−£«¥, â® íâ®â ã§¥« −¥ ú®¤®¡à¨âû
ª®−ä«¨ªâ−ãî âà�−§�ªæ¨î.

„«ï á®§¤�−¨ï âà�−§�ªæ¨© ã§¥« ¢ë¯®«−ï¥â á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

(1) ¢ë¡¨à�¥â ¤¢¥ ¨«¨ ¡®«¥¥ âà�−§�ªæ¨© ¤«ï ú®¤®¡à¥−¨ïû;

(2) ¯à®¢¥àï¥â −¥¯à®â¨¢®à¥ç¨¢®áâì ¢ë¡à�−−ëå ¤«ï ú®¤®¡à¥−¨ïû âà�−§�ªæ¨©;

(3) ¨á¯®«ì§ã¥â ªà¨¯â®£à�ä¨ç¥áª¨¥ ¬¥â®¤ë ¤«ï ä®à¬¨à®¢�−¨ï á¯¥æ¨�«ì−ëå,
á«®¦−® ¢ëç¨á«¨¬ëå ¤�−−ëå ¨§ ú®¤®¡à¥−−ëåû âà�−§�ªæ¨© ¨ á®¡áâ¢¥−−®©
¨−ä®à¬�æ¨¨.

�¥à¢ë¥ âà�−§�ªæ¨¨ ¢ â�−£«¥ −�§ë¢�îâáï £¥−¥§¨á®¬. ‚á¥ âà�−§�ªæ¨¨ ¢ â�−£«¥
¯àï¬® ¨«¨ ª®á¢¥−−® ®¤®¡àïîâ £¥−¥§¨á.

�á−®¢®© ®¡¥á¯¥ç¥−¨ï îà¨¤¨ç¥áª®© §−�ç¨¬®áâ¨ í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ á«ã¦�â ¤®£®¢®àë (á®£«�è¥−¨ï, ª®−âà�ª-
âë), ª®â®àë¥ á®¤¥à¦�â âà¨ ¯�à�¬¥âà�:

(1) §�¤�çã, ª®â®àãî −�¤«¥¦¨â à¥è¨âì;

(2) æ¥−ã à¥è¥−¨ï §�¤�ç¨, ª®â®àãî −�¤«¥¦¨â à¥è¨âì;

(3) ¢à¥¬ï, §� ª®â®à®¥ −�¤«¥¦¨â à¥è¨âì §�¤�çã.

„®£®¢®à, ª�ª ¯à�¢¨«®, á¢ï§ë¢�¥â ¤¢ãå ãç�áâ−¨ª®¢: §�ª�§ç¨ª� ¨ ¨á¯®«−¨â¥«ï.
�â® ®â−®è¥−¨¥ ¬®¦−® ®âà�¦�âì −� ®â¤¥«ì−®¬ £à�ä¥ ¢ ¢¨¤¥ ®à¨¥−â¨à®¢�−−®©
¤ã£¨, −� ª®â®à®© áâ�¢¨âáï ¬¥âª� ¢ ¢¨¤¥ ¢¥ªâ®à� ¨§ §−�ç¥−¨© âà¥å ãª�§�−−ëå
¯�à�¬¥âà®¢.

÷¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï ¤®£®¢®à®¢ â�ª¦¥ ®âà�¦�îâáï ¢ â�−£«¥ ¢ ä®à¬¥ âà�−-
§�ªæ¨©. �à¨ ¢ë¯®«−¥−¨¨ ¤®£®¢®à®¢ ¢ âà�−§�ªæ¨ïå ®âà�¦�îâáï �ªâë ® à¥è¥-
−¨¨ §�¤�ç¨, ¤®ªã¬¥−âë −� ®¯«�âã ¢ë¯®«−¥−−ëå à�¡®â ¨«¨ −� ¯à¥¤®áâ�¢«¥−¨¥
�¢�−á®¢ëå ¯«�â¥¦¥©. �â¨ ¤�−−ë¥ â�ª¦¥ ¬®¦−® ®â®¡à�¦�âì ¢ ¢¨¤¥ ¤àã£®£®
®à¨¥−â¨à®¢�−−®£® £à�ä�. ’�ª¨¬ ®¡à�§®¬, í«¥ªâà®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ãç�áâ-
−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ æ¨äà®¢®© íª®−®¬¨ª¨ ¤®«¦−® ®¡¥á¯¥ç¨¢�âì
¤¨áâ�−æ¨®−−®¥ §�ª«îç¥−¨¥ ¤®£®¢®à� ¨ îà¨¤¨ç¥áª®¥ ¯®¤â¢¥à¦¤¥−¨¥ ¨−ä®à¬�æ¨¨
® ¢ë¯®«−¥−¨¨ ¨«¨ −¥¢ë¯®«−¥−¨¨ ¤®£®¢®à�.

ˆ¤¥ï ��Š á®áâ®¨â ¢ â®¬, çâ® ª�¦¤ë© áã¡ê¥ªâ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨
®¡«�¤�¥â â�−£«®¬, åà�−ïé¨¬áï ã −¥£® ¨ ¢ ã§«¥, à¥�«¨§ãîé¥¬ æ¥−âà�«¨§®¢�−−ë©
ª®−á¥−áãá. ‚ íâ®¬ â�−£«¥ ä¨ªá¨àãîâáï ¢á¥ ¤®£®¢®à−ë¥ ®¡ï§�â¥«ìáâ¢� ¨ à¥§ã«ì-
â�âë ¨å ¢ë¯®«−¥−¨ï. �á−®¢−�ï ¨¤¥ï ¡ãå£�«â¥àáª®© ª−¨£¨ [5] á®áâ®¨â ¢ ¤¢®©−®©
§�¯¨á¨, ª®â®à�ï ®âà�¦¥−� ¢ £«�¢−®© ¡ãå£�«â¥àáª®© ª−¨£¥. ‚ ��Š ª�¦¤�ï
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âà�−§�ªæ¨ï ¤®«¦−� −�©â¨ ®âà�¦¥−¨¥ ¯® ªà�©−¥© ¬¥à¥ ¢ ¤¢ãå â�−£«�å, ª®â®-
àë¥ ¯à¨−�¤«¥¦�â ¢§�¨¬®¤¥©áâ¢ãîé¨¬ ãç�áâ−¨ª�¬ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨.
‚ íâ®¬ á®áâ®¨â −¥¯à®â¨¢®à¥ç¨¢®áâì âà�−§�ªæ¨¨, ª®â®à�ï ¯à®¢¥àï¥âáï −� ã§«¥,
à¥�«¨§ãîé¥¬ æ¥−âà�«¨§®¢�−−ë© ª®−á¥−áãá.

‚ à�¬ª�å ®¤−®© ��Š ¢®¯à®áë ¢§�¨¬®¤¥©áâ¢¨© ¨ ¡¥§®¯�á−®áâ¨ à�áá¬®âà¥−ë
¢ à�¡®â¥ [6].

2 Масштабирование электронной бухгалтерской книги

Œ�áèâ�¡¨àã¥¬®áâì ��Š ¯®¤à�§ã¬¥¢�¥â ¢§�¨¬®¤¥©áâ¢¨¥ −¥áª®«ìª¨å ��Š.
‚ á¢ï§¨ á íâ¨¬ à�áá¬®âà¨¬ −®¢ë© ¢¨¤ ª®−á¥−áãá�, ª®â®àë© −�§®¢¥¬ á«®¦−ë¬
æ¥−âà�«¨§®¢�−−ë¬ ª®−á¥−áãá®¬ (‘–Š). ‘«®¦−ë© æ¥−âà�«¨§®¢�−−ë© ª®−á¥−áãá
¯à¥¤¯®«�£�¥â ¢§�¨¬®¤¥©áâ¢¨¥ −¥áª®«ìª¨å ��Š, ª�¦¤�ï ¨§ ª®â®àëå ®à£�−¨§®¢�−�
−� ¡�§¥ á¢®¥£® æ¥−âà�«¨§®¢�−−®£® ª®−á¥−áãá�.

�á−®¢−�ï ¨¤¥ï ‘–Š á®áâ®¨â ¢ ¯®áâà®¥−¨¨ ¨¥à�àå¨¨ ��Š. �à¥¤¯®«®¦¨¬, çâ®
¤®«¦¥− ¡ëâì ¢ë¯®«−¥− ¡®«ìè®© ¯à®¥ªâ, á®§¤�¢�¥¬ë© −� ®á−®¢�−¨¨ −®à¬�â¨¢−®-
£® �ªâ� (��) ¨ ®¡¥á¯¥ç¨¢�îé¨© ¢ë¯®«−¥−¨¥ ¯à®¥ªâ� ä¨−�−á¨à®¢�−¨ï, ª®â®à®¥
®¯à¥¤¥«ï¥âáï ä¨−�−á®¢ë¬ ¤®ªã¬¥−â®¬ (”„). ÷¥�«¨§�æ¨ï ¯à®¥ªâ� ¯à¥¤¯®«�£�¥â
−�ç�«ì−®¥ ãç�áâ¨¥ ®à£�−¨§�æ¨© O1, . . . , Ok, ª�¦¤�ï ¨§ ª®â®àëå á¢ï§�−� á® á¢®-
¥© ��Š. ’®£¤� ¬®¦−® á®§¤�âì −®¢ë© â�−£«, £¥−¥§¨á ª®â®à®£® á®áâ®¨â ¨§ ¤¢ãå
¢¥àè¨− �� ¨ ”„, îà¨¤¨ç¥áª�ï §−�ç¨¬®áâì ª®â®àëå ¬®¦¥â ¡ëâì ®ä®à¬«¥−� á®-
®â¢¥âáâ¢ãîé¨¬¨ ¤®ªã¬¥−â�¬¨ ¨ ¯®¤¯¨áï¬¨. �â®â â�−£« ¬®¦−® −�§¢�âì ª®à¥−−ë¬
¤«ï ¯à®¥ªâ�. �−�«®£¨ç−® ª�¦¤�ï ��Š ¬®¦¥â á®§¤�âì ª®à¥−−ë¥ â�−£«ë ¢ á¢®¨å
��Š, ¢ ª®â®àëå £¥−¥§¨áë ¡ã¤ãâ ®¯à¥¤¥«ïâìáï ¤®£®¢®à�¬¨ ®¡ ãç�áâ¨¨ ¢ ¯à®¥ªâ¥
¬¥¦¤ã ª®à¥−−ë¬ â�−£«®¬ ¯à®¥ªâ� ¨ ª®à¥−−ë¬¨ â�−£«�¬¨ ®à£�−¨§�æ¨© ¨ á®®â¢¥â-
áâ¢ãîé¨¬¨ ”„. ‚®®¡é¥ ¤®£®¢®à ¬¥¦¤ã ª®à¥−−ë¬ â�−£«®¬ ¯à®¥ªâ� ¨ â�−£«®¬
®à£�−¨§�æ¨¨ ¬®¦−® áà�§ã á®§¤�¢�âì −� ®á−®¢¥ ã¦¥ á¤¥«�−−ëå à�−¥¥ ¯à®¥ªâ®¢
®à£�−¨§�æ¨©, å®âï ®−¨ ®â−®áïâáï ª à�§−ë¬ ��Š. ��«¨ç¨¥ ®¡é¥£® ã¤®áâ®¢¥àï-
îé¥£® æ¥−âà� í«¥ªâà®−−ëå ¯®¤¯¨á¥© ¯®§¢®«ï¥â íâ® á¤¥«�âì. �á−®¢−�ï ¯à®¡«¥¬�
á®áâ®¨â ¢ ®¡¥á¯¥ç¥−¨¨ ¡¥§®¯�á−®áâ¨ (ª®−âà®«ï) ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ à�§«¨ç−ëå
��Š ¯à¨ ¢ë¯®«−¥−¨¨ ¯à®¥ªâ�.

‚ à�¡®â¥ à�áá¬�âà¨¢�¥âáï àï¤ ã£à®§, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâáï áãé¥áâ¢¥−−ë¬¨
¯à¨ à¥�«¨§�æ¨¨ «î¡®£® ªàã¯−®£® ¯à®¥ªâ�, ¨ ¨áá«¥¤ã¥âáï ¯à®¡«¥¬� ¬®−¨â®à¨−£�
á æ¥«ìî ¢ëï¢«¥−¨ï ¯à¨§−�ª®¢ à¥�«¨§�æ¨¨ íâ¨å ã£à®§. ˆáá«¥¤®¢�−¨¥ ®£à�−¨ç¥−®
ã£à®§�¬¨, á¢ï§�−−ë¬¨ á ®à£�−¨§�æ¨¥© ¤®£®¢®à−ëå ®â−®è¥−¨© ¨ ä¨−�−á¨à®¢�−¨ï
íâ¨å ®â−®è¥−¨©. ‚®¯à®áë ¢ë¯®«−¥−¨ï ¤®£®¢®à−ëå ®â−®è¥−¨© ¢ íâ®© áâ�âì¥ −¥
à�áá¬�âà¨¢�îâáï.

3 Угрозы безопасности при масштабировании электронной
бухгалтерской книги

÷�áá¬�âà¨¢�îâáï âà¨ â¨¯� ã£à®§, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ª®ààã¯æ¨¥© ¨ á£®¢®-
à®¬ îà¨¤¨ç¥áª¨å «¨æ.
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�¥§®¯�á−®¥ ¬�áèâ�¡¨à®¢�−¨¥ í«¥ªâà®−−ëå ¡ãå£�«â¥àáª¨å ª−¨£ −� ®á−®¢¥ â�−£«�

�¥à¢ë© ª«�áá ã£à®§ ¡ã¤¥¬ −�§ë¢�âì æ¨ª«�¬¨. �ãáâì ®à£�−¨§�æ¨ï O1 ¯®«ã-
ç¨«� ¯®¤àï¤ −� ¢ë¯®«−¥−¨¥ ®¤−®© ¨§ §�¤�ç T ¯à®¥ªâ� á ®¡ê¥¬®¬ ä¨−�−á¨à®¢�-
−¨ï F . ‚ å®¤¥ ®à£�−¨§�æ¨¨ áã¡¯®¤àï¤−ëå à�¡®â −¥áª®«ìª® îà¨¤¨ç¥áª¨å «¨æ
O2, . . . , Ok ¬®£ãâ ¤®£®¢®à¨âìáï ® ¯®á«¥¤®¢�â¥«ì−®¬ ¢ë¯®«−¥−¨¨ §�¤�ç¨ T . Š�¦-
¤�ï ¨§ ®à£�−¨§�æ¨© O2, . . . , Ok ¯®«ãç�¥â ¤®«î ä¨−�−á¨à®¢�−¨ï α2F, . . . , αkF ,
£¤¥ α2 + · · · + αk = α < 1. �à¨ íâ®¬ áã¡¯®¤àï¤ç¨ª¨ O2, . . . , Ok −¥ ¬®£ãâ ¨ −¥
á®¡¨à�«¨áì à¥è�âì §�¤�çã æ¥«¨ª®¬, −® ¤®£®¢®à¨«¨áì (§� ¨áª«îç¥−¨¥¬ −¥ª®â®à®£®
¯à®æ¥−â� ®â F ) −¥«¥£�«ì−® ¯¥à¥¤�âì ¤¥−ì£¨ O1, §�ª«îç¨¢ ¤®£®¢®à ¬¥¦¤ãOk ¨O1
−� à¥è¥−¨¥ ¨áå®¤−®© §�¤�ç¨ T §� ®¡ê¥¬ ä¨−�−á¨à®¢�−¨ï (1 − α)F . �®«ãç¨«-
áï æ¨ª«, ¢ ª®â®à®¬ ®¤−ã ¨ âã ¦¥ §�¤�çã T ¯à¥¤«�£�¥âáï à¥è�âì §� à�§«¨ç−ë¥
¤¥−ì£¨ ®¤−®© ¨ â®© ¦¥ ®à£�−¨§�æ¨¨ O1. �â®â æ¨ª« ¯®§¢®«ï¥â ¯¥à¥à�á¯à¥¤¥«ïâì
¨«¨ ®¡−�«¨ç¨¢�âì áà¥¤áâ¢�, ¢ë¤¥«¥−−ë¥ −� ¯à®¥ªâ. ‘î¤� â�ª¦¥ ¢å®¤¨â áå¥¬�
®â¬ë¢�−¨ï ¤¥−¥£ á ¯®¬®éìî ä¨à¬-®¤−®¤−¥¢®ª.

‚â®à®© ª«�áá ã£à®§ ¡ã¤¥¬ −�§ë¢�âì ª®ààã¯æ¨¥©. �ãáâì ®à£�−¨§�æ¨ïO ¤®«¦−�
®à£�−¨§®¢�âì à¥è¥−¨¥ §�¤�ç¨ á âàã¤®¥¬ª®áâìî T ¨ á ®¡ê¥¬®¬ ä¨−�−á¨à®¢�−¨ï F ,
ªà�âª® (T, F ). „«ï à¥è¥−¨ï §�¤�ç¨ ¯à¨¢«¥ª�îâáï ¤¢¥ ®à£�−¨§�æ¨¨ O1 ¨ O2.
‘ ¯¥à¢®© ®à£�−¨§�æ¨¥©O1 ¥áâì ¤®£®¢®à¥−−®áâì ®¡ ú®âª�â¥û. ’®£¤� à�á¯à¥¤¥«¥−¨¥
à�¡®âë ¨ ä¨−�−á¨à®¢�−¨ï ¬®¦−® ®à£�−¨§®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

{ O1 ¯®«ãç�¥â ¤®£®¢®à (T/10, 9F/10);

{ O2 ¯®«ãç�¥â ¤®£®¢®à (9T/10, F/10).

’à¥â¨© ª«�áá ã£à®§ á®áâ®¨â ¢ áãé¥áâ¢®¢�−¨¨ ¯¥à¢®¯à¨ç¨−ë §�¤¥à¦ª¨ ¢ë¯®«-
−¥−¨ï ¯à®¥ªâ� å®âï ¡ë ®¤−¨¬ ¨§ ªà¨â¨ç¥áª¨å ã§«®¢ à¥�«¨§�æ¨¨ ¯à®¥ªâ�, ª®â®à�ï
¯®§¢®«¨â ã¢¥«¨ç¨âì ä¨−�−á¨à®¢�−¨¥, âà¥¡ã¥¬®¥ −� ¯®ªàëâ¨¥ ®áâ�−®¢� ¢® ¢à¥¬ï
§�¤¥à¦ª¨.

„«ï ¢ëï¢«¥−¨ï à¥�«¨§�æ¨¨ íâ¨å ã£à®§ −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì, ª�ª ¨ ª�-
ªãî ¨−ä®à¬�æ¨î −�¤® á®¡¨à�âì ¨ £¤¥ ¥¥ ®¡à�¡�âë¢�âì. Šà®¬¥ â®£®, −¥®¡å®-
¤¨¬® ®¯à¥¤¥«¨âì ¢á¯®¬®£�â¥«ì−ãî ¨−ä®à¬�æ¨î ¤«ï �−�«¨§� ¤�−−ëå ¬®−¨â®-
à¨−£�.

4 Вспомогательные данные для анализа данных мониторинга
выполнения проекта

�ãáâì ®à£�−¨§�æ¨ï, ®¡¥á¯¥ç¨¢�îé�ï ãá«®¢¨ï äã−ªæ¨®−¨à®¢�−¨ï ª®à¥−−®£®
â�−£«�, ï¢«ï¥âáï æ¥−âà®¬ ¬®−¨â®à¨−£� ¡¥§®¯�á−®áâ¨ à¥�«¨§�æ¨¨ ¯à®¥ªâ�. „«ï
á¡®à�, åà�−¥−¨ï ¨ �−�«¨§� ¤�−−ëå ¬®−¨â®à¨−£� ¡¥§®¯�á−®áâ¨ ¤®«¦¥− áãé¥-
áâ¢®¢�âì ¢ëç¨á«¨â¥«ì−ë© æ¥−âà ¯à®¥ªâ� (‚–�), £¤¥ ¢ ¡�§�å ¤�−−ëå åà�−ïâáï
á«¥¤ãîé¨¥ ¢á¯®¬®£�â¥«ì−ë¥ ¤�−−ë¥.

1. �à¨ ¯®¤£®â®¢ª¥ ª à¥�«¨§�æ¨¨ ¯à®¥ªâ� ¤®«¦−� ¡ëâì à�§à�¡®â�−� −®¬¥−ª«�-
âãà� §�¤�ç, ª®â®àë¥ −¥®¡å®¤¨¬® à¥è¨âì ¯à¨ à¥�«¨§�æ¨¨ ¯à®¥ªâ�, � ¨¬¥−−®:
¯® ª�¦¤®© á®®â¢¥âáâ¢ãîé¥© §�¤�ç¥ ¤®«¦−ë ¡ëâì å®âï ¡ë ®à¨¥−â¨à®¢®ç−®
ãª�§�−ë:
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{ à�§à�¡®âª�/æ¥−�/¢à¥¬ï;

{ £®â®¢®¥ ¨§¤¥«¨¥/æ¥−�/¢à¥¬ï;

{ ¢®§¬®¦−®áâì á®¢¬¥áâ¨¬®áâ¨/æ¥−�/¢à¥¬ï ¤®áâ¨¦¥−¨ï á®¢¬¥áâ¨¬®áâ¨.

2. �¯¨á�−¨¥ ¯à®¥ªâ�:

{ áâàãªâãà−�ï ¬®¤¥«ì;

{ à�§¡¨¥−¨¥ −� ¯®¤á¨áâ¥¬ë;

{ æ¥−ë/áà®ª¨/â¥áâ¨à®¢�−¨¥ à¥§ã«ìâ�â®¢.

3. �¡−®¢«ï¥¬�ï ¡�§� ¤�−−ëå ¤®£®¢®à−ëå ®â−®è¥−¨© ãç�áâ−¨ª®¢ ¯à®¥ªâ� (−¥-
§�¢¨á¨¬® ®â ��Š), â. ¥. á®¢®ªã¯−®áâì ¤ã£ ¬¥¦¤ã ãç�áâ−¨ª�¬¨ ¤®£®¢®à−ëå
®â−®è¥−¨© á ¬¥âª�¬¨ (§�¤�ç�/æ¥−�/¢à¥¬ï). ‘®®¡é¥−¨ï ® §�ªàëâ¨¨ ¤®£®-
¢®à� ¯à¨ ¥£® ¢ë¯®«−¥−¨¨. �â¨ ¤�−−ë¥ ®¡−®¢«ïîâáï ¨ ¯¥à¥¤�îâáï ¢ æ¥−âà
¬®−¨â®à¨−£� ®à£�−¨§�æ¨ï¬¨, ¯®¤¤¥à¦¨¢�îé¨¬¨ æ¥−âà�«¨§®¢�−−ë¥ ª®−á¥−-
áãáë ª�¦¤®© ��Š. �à¨ íâ®¬ á�¬¨ â�−£«ë íª®−®¬¨ç¥áª¨å áã¡ê¥ªâ®¢ ¨«¨ ¨å
äà�£¬¥−âë −¥ ¯¥à¥¤�îâáï, ªà®¬¥ ª�ª ¯® ®â¤¥«ì−ë¬ §�¯à®á�¬.

4. ‘à¥¤áâ¢� ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� ¤�−−ëå (ˆ�„).

„�«¥¥ ¯®ª�§�−®, çâ® íâ¨å ¤�−−ëå ¤®áâ�â®ç−® ¤«ï ¢ëï¢«¥−¨ï ¯à¨§−�ª®¢
à¥�«¨§�æ¨¨ ãª�§�−−ëå ¢ëè¥ ã£à®§. ÷�áá¬®âà¨¬ ¬¥â®¤ë ¢ëï¢«¥−¨ï ¯à¨§−�ª®¢
ã£à®§.

5 Методы анализа безопасности при масштабировании электронной
бухгалтерской книги

÷�áá¬®âà¨¬ ¬¥â®¤ë ¢ëï¢«¥−¨ï æ¨ª«®¢. ‚ ¯®áâã¯�îé¨å ¤�−−ëå ®¡−®¢«¥−¨©
¤®£®¢®à®¢ ¬®¦−® ¢ëï¢«ïâì ä�ªâë, ª®£¤� áã¡ê¥ªâ O §�ª«îç�¥â ¤®£®¢®à (¨áå®¤ï-
é�ï ¤ã£�) ¨ áã¡ê¥ªâO ¯®§¦¥ (áà�¢−¥−¨¥ ¬¥â®ª ¢à¥¬¥−¨) áâ�−®¢¨âáï ¨á¯®«−¨â¥«¥¬
(¢å®¤ïé�ï ¤ã£�). „�−−ë© ä�ªâ ¬®¦¥â áç¨â�âìáï ¯à¨§−�ª®¬ ¢®§¬®¦−®£® æ¨ª«�.
’®£¤� ¢ë¤¥«ïîâáï ¤ã£¨, ¯® ª®â®àë¬ ¬®¦−® ¯®áâà®¨âì ®à¨¥−â¨à®¢�−−ë¥ ¯ãâ¨,
¨áå®¤ïé¨¥ ¨§ O, ¨ ®à¨¥−â¨à®¢�−−ë¥ ¯ãâ¨, ¢å®¤ïé¨¥ ¢ O. ‘ãé¥áâ¢®¢�−¨¥ å®âï
¡ë ®¤−®£® ¯¥à¥á¥ç¥−¨ï −� ¬−®¦¥áâ¢�å íâ¨å ¯ãâ¥© ®§−�ç�¥â áãé¥áâ¢®¢�−¨¥ æ¨ª«�.
�®«¥¥ â®£®, ¯®áâà®¥−¨¥ ¢á¥å æ¨ª«®¢ ¯®§¢®«ï¥â ¢ëï¢¨âì ¢á¥ £àã¯¯ë á£®¢®à� á O.
„¥â�«ì−ë© �−�«¨§ ¬¥â®ª −� íâ¨å æ¨ª«�å ¯®§¢®«¨â ¢®ááâ�−®¢¨âì áå¥¬ã ¨ ¯à¨ç¨−ë
®¡à�§®¢�−¨ï æ¨ª«®¢.

÷�áá¬®âà¨¬ ¬¥â®¤ë ¢ëï¢«¥−¨ï áå¥¬ ª®ààã¯æ¨¨. „«ï ª�¦¤®© ¢¥àè¨−ë, ¨§
ª®â®à®© ¢ëå®¤ïâ −¥áª®«ìª® ¤®£®¢®à−ëå ¤ã£, −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ áà�¢−¥−¨¥
¬¥â®ª íâ¨å ¤ã£. ‘ íâ®© æ¥«ìî −�¤® ¨á¯®«ì§®¢�âì ¡�§ã ¤�−−ëå −®¬¥−ª«�âãàë
à¥è�¥¬ëå §�¤�ç ¯à®¥ªâ�. …á«¨ ª®¬¯«¥ªá−�ï §�¤�ç� ¢−¥á¥−� ¢ íâã ¡�§ã, â® ¤®«¦−®
áãé¥áâ¢®¢�âì à�§¡¨¥−¨¥ íâ®© §�¤�ç¨ −� ¯®¤§�¤�ç¨, ¨−�ç¥ §�ç¥¬ −ã¦−ë −¥áª®«ìª®
áã¡¯®¤àï¤ç¨ª®¢? ’®£¤� ¯®¤§�¤�ç¨ â�ª¦¥ ¤®«¦−ë ¯à¨áãâáâ¢®¢�âì ¢ −®¬¥−ª«�âã-
à¥ §�¤�ç ¯à®¥ªâ�, ¤«ï íâ®£® −�¤® á¬®âà¥âì áâàãªâãà−®¥ ®¯¨á�−¨¥ ¯à®¥ªâ�. „«ï
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ª�¦¤®© §�¤�ç¨, ¯® ãá«®¢¨î, ¥áâì ¤�−−ë¥ ® ¥¥ ä®à¬ã«¨à®¢ª¥ ¨ ®à¨¥−â¨à®¢®ç−®©
æ¥−¥. �â® ¤�¥â ¢®§¬®¦−®áâì áà�¢−¨¢�âì ãá«®¢¨ï ¤®£®¢®à®¢ áã¡¯®¤àï¤ç¨ª®¢ ¯®
á«®¦−®áâ¨ áâ®ïé¨å §�¤�ç ¨ æ¥−¥ §� à¥è¥−¨¥ íâ¨å §�¤�ç. �âáî¤� áà�§ã ¬®¦−®
ã¢¨¤¥âì á«¥¤ë ª®ààã¯æ¨¨. …á«¨ ®¯¨á�−¨ï ¯®¤§�¤�ç ®âáãâáâ¢ãîâ, â® ¥¤¨−áâ¢¥−-
−ë© á¯®á®¡ ¨å á®§¤�âì | íâ® ª¢�«¨ä¨æ¨à®¢�−−�ï íªá¯¥àâ¨§�. Š á®¦�«¥−¨î,
áå¥¬ ª®ààã¯æ¨¨, ¯®¤®¡−®© ®¯¨á�−−®©, ¬®¦¥â ¡ëâì ¬−®£®, −® ¡�§®¢�ï ®á−®-
¢� ã ¡®«ìè¨−áâ¢� â�ª¨å áå¥¬ ®¤¨−�ª®¢�ï. �â® ¯®§¢®«ï¥â �¯à¨®à¨ á®§¤�¢�âì
¢á¯®¬®£�â¥«ì−ë¥ ¤�−−ë¥ ¤«ï ¢ëï¢«¥−¨ï ¯®¤®¡−ëå áå¥¬.

÷�áá¬®âà¨¬ âà¥â¨© ª«�áá ã£à®§, á¢ï§�−−ë© á ¯®¢ëè¥−¨¥¬ æ¥−ë ¯à®¥ªâ� §�
áç¥â §�¤¥à¦¥ª ¢ à¥è¥−¨¨ ®â¤¥«ì−ëå §�¤�ç. �à®¡«¥¬� á®áâ®¨â ¢ â®¬, çâ® áã-
é¥áâ¢ãîâ −¥áª®«ìª® á¯®á®¡®¢ ¯àïâ�âì ¯¥à¢®¯à¨ç¨−ã §�¤¥à¦¥ª ¨ ®¡êïá−ïâì ¢á¥
ú®¡ê¥ªâ¨¢−ë¬¨û ®¡áâ®ïâ¥«ìáâ¢�¬¨. ‘�¬ë© ¯à®áâ®© á¯®á®¡ á®áâ®¨â ¢ ä®à¬¨à®¢�-
−¨¨ ãá«®¢¨©, ª®£¤� ®âáãâáâ¢ã¥â ®â¢¥âáâ¢¥−−®áâì §� ¯®à®¦¤¥−¨¥ §�¤¥à¦ª¨. �ãáâì
áã¡ê¥ªâ O ¤®«¦¥− à¥è¨âì á«®¦−ãî §�¤�çã T = (T1, T2), ¢ ª®â®à®© T1 á®áâ®¨â
¢ á®§¤�−¨¨ á®äâ� ¤«ï ®¡à�¡®âª¨ ¤�−−ëå ¢ §�¤�ç¥ T2. ‘ã¡ê¥ªâ O, §�¨−â¥à¥á®-
¢�−−ë© ¢ á®§¤�−¨¨ §�¤¥à¦ª¨, à�á¯à¥¤¥«ï¥â §�¤�ç¨ ¬¥¦¤ã áã¡ê¥ªâ�¬¨ O1 ¨ O2.
‘®§¤�−−ë© á®äâ â¥áâ¨àã¥âáï ¢ O1 ¨ ¯®ª�§ë¢�¥â å®à®è¨¥ à¥§ã«ìâ�âë. �¤−�ª®
¢ O2 íâ®â á®äâ −¥ à�¡®â�¥â. ‚ëï¢«¥−¨¥ ¯à¨ç¨− ®âª�§� à�¡®âë á®äâ� ¨ −¥®¡å®-
¤¨¬ë¥ à�¡®âë ¯® ¬®¤¥à−¨§�æ¨¨ ¯®à®¦¤�îâ âà¥¡ã¥¬ãî ¤«ï O §�¤¥à¦ªã. �à¨
íâ®¬ O −¥ −¥á¥â ®â¢¥âáâ¢¥−−®áâ¨ §� §�¤¥à¦ªã, â�ª ª�ª −¥ ãç�áâ¢ã¥â ¢ à�§à�¡®âª¥
á®äâ� ¨ ¥£® ¯à¨¬¥−¥−¨¨. ‘ã¡ê¥ªâO1 ®âª�§ë¢�¥âáï −¥áâ¨ ®â¢¥âáâ¢¥−−®áâì, â�ª ª�ª
ã −¥£® á®äâ å®à®è® à�¡®â�¥â. ‘ã¡ê¥ªâ O2 ®âª�§ë¢�¥âáï −¥áâ¨ ®â¢¥âáâ¢¥−−®áâì §�
§�¤¥à¦ªã ¯®â®¬ã, çâ® á®äâ á®§¤�¢�« −¥ ®−. ‚ ¤�−−®¬ ¯à®áâ¥©è¥¬ á«ãç�¥ ¯¥à-
¢®¯à¨ç¨−ã «¥£ª® −�©â¨. �−� á®áâ®¨â ¢ â®¬, çâ® O −¥ª®àà¥ªâ−® ¯®áâ�¢¨« §�¤�çã
¨ −¥ ®à£�−¨§®¢�« ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã O1 ¨ O2. �¥ª®àà¥ªâ−®áâì ¯®áâ�−®¢ª¨
§�¤�ç¨ á®áâ®¨â ¢ â®¬, çâ® ¢ ãá«®¢¨¨ §�¤�ç¨ T1 ¤®«¦−® ¯à¨áãâáâ¢®¢�âì ãá«®¢¨¥
® −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�âì äã−ªæ¨®−�« á®äâ� ¢ §�¤�ç¥ T2, ª®â®à�ï ¡ã¤¥â
à¥è�âìáï ¢ O2. „«ï íâ®£® â¥áâ¨à®¢�−¨¥ á®äâ� ¤®«¦−® ¢¥áâ¨áì −¥ â®«ìª® ¢ O1, −®
â�ª¦¥ ®¤−®¢à¥¬¥−−® ¨ ¢ O2.

÷�áá¬®âà¨¬, ª�ª ¬®¦−® ¢ëï¢¨âì ¯¥à¢®¯à¨ç¨−ã §�¤¥à¦ª¨ −� ‚–�. ‚ à�áá¬�â-
à¨¢�¥¬®¬ ¯à®áâ¥©è¥¬ á«ãç�¥ §�¤¥à¦ª� ¯à®¥ªâ� ®¯à¥¤¥«ï¥âáï −¥¢®§¬®¦−®áâìî O
à¥è¨âì á«®¦−ãî §�¤�çã T , −® ®â¢¥âáâ¢¥−−®áâì §� §�¤¥à¦ªã O −¥ ¡¥à¥â. ’®-
£¤� ¯® §�¯à®áã ‚–� ®à£�−¨§�æ¨¨, à¥�«¨§ãîé¨¥ æ¥−âà�«¨§®¢�−−ë¥ ª®−á¥−áãáë
¨ ¨¬¥îé¨¥ ª®¯¨¨ â�−£«®¢ O, O1 ¨ O2, ¤¥«�îâ ª®¯¨¨ ¤®£®¢®à®¢ ¨ ¢ëáë«�îâ
‚–�. …á«¨ −¨ ¢ ®¤−®¬ ¤®£®¢®à¥ −¥ ã¯®¬¨−�¥âáï §�¤�ç� �¤�¯â�æ¨¨ á®äâ� ¤«ï
à¥è¥−¨ï §�¤�ç¨ T2 ¢ O2, â® ®â¢¥âáâ¢¥−−®áâì §� §�¤¥à¦ªã «®¦¨âáï −� O. …á-
«¨ O1 ¯à®¨£−®à¨à®¢�« âà¥¡®¢�−¨¥ �¤�¯â�æ¨¨ ¢ O2, â® ®â¢¥âáâ¢¥−−®áâì «®¦¨âáï
−� O1. …á«¨ O2 ¤¥ª«�à¨àã¥â −¥à�¡®â®á¯®á®¡−®áâì á®äâ�, −® O1 ¯®ª�§ë¢�¥â
¯®«®¦¨â¥«ì−ë¥ à¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï á®äâ� ¢ O2, â® ®â¢¥âáâ¢¥−−®áâì §� §�-
¤¥à¦ªã «®¦¨âáï −� O2. ˆ¤¥−â¨ä¨ª�æ¨ï ®â¢¥âáâ¢¥−−®áâ¨ ¢«¥ç¥â ¡®«ìè¨¥ ¯®â¥à¨
¤«ï ®â¢¥âáâ¢¥−−®£® §� §�¤¥à¦ªã (èâà�ä, ª®¬¯¥−á�æ¨ï ãé¥à¡� ¨ â. ¤.). ’®£¤�
¢á¥ §¢¥−ìï à¥�«¨§�æ¨¨ ¯à®¥ªâ� áâ�−®¢ïâáï §�¨−â¥à¥á®¢�−−ë¬¨ ¢ −¥¤®¯ãé¥−¨¨
§�¤¥à¦¥ª ¢ë¯®«−¥−¨ï ¯à®¥ªâ�.
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�. �. ƒàãè®, �. �. ‡�æ�à¨−−ë©, …. …. ’¨¬®−¨−�

÷�áá¬®âà¥−−ë¥ ¯à®áâ¥©è¨¥ ¯à¨¬¥àë à¥�«¨§�æ¨¨ ã£à®§ −¥ ¨áç¥à¯ë¢�îâ ¢á¥£®
¬−®£®®¡à�§¨ï ª®−ªà¥â−ëå áæ¥−�à¨¥¢ à¥�«¨§�æ¨¨ à�áá¬�âà¨¢�¥¬ëå ã£à®§. �¤−�-
ª® ¢¨¤−®, çâ® ¯®â¥−æ¨�«ì−ë© ¤®áâã¯ ª â�−£«�¬ ¨ ¨¬¥îé¨¥áï ¢á¯®¬®£�â¥«ì−ë¥
¤�−−ë¥ ¢ £«�¢−®¬ â�−£«¥ ¯®§¢®«ïîâ íää¥ªâ¨¢−® ¢¥áâ¨ �−�«¨§ ¯®ï¢«¥−¨ï ¯à¨-
§−�ª®¢ à¥�«¨§�æ¨¨ ã£à®§. ��¨¡®«¥¥ ç�áâ® ¢áâà¥ç�¥âáï ª®ààã¯æ¨ï. ‚ëï¢«¥−¨¥
ª®ààã¯æ¨¨ −¥ ¤�¥â ¤®áâ�â®ç−®© ¨−ä®à¬�æ¨¨ ¤«ï ¢ëï¢«¥−¨ï ¯à¨ç¨− ª®ààã¯æ¨¨
¨ §�¨−â¥à¥á®¢�−−ëå «¨æ. �®íâ®¬ã ¢ à�¡®â¥ à�áá¬®âà¥−ë §�¤�ç¨ â®«ìª® ¬®−¨â®-
à¨−£� à¥�«¨§�æ¨¨ ¯à®¥ªâ�. ’�ª¦¥ −¥ à�áá¬®âà¥−ë §�¤�ç¨ ¯®¨áª� ¯¥à¢®¯à¨ç¨−
−¥ï¢−ëå á¡®¥¢ [7{9], ¯®à®¦¤�îé¨å §�¤¥à¦ª¨. ’�ª¨¥ á¡®¨ ¬®£ãâ ¯®à®¦¤�âì-
áï −¥ â®«ìª® §�¨−â¥à¥á®¢�−−ë¬¨ ¨á¯®«−¨â¥«ï¬¨ ¯à®¥ªâ�, −® â�ª¦¥ −�«¨ç¨¥¬
¢à¥¤®−®á−®£® ª®¤� ¢ ¨¬¯®àâ−ëå ¯à®£à�¬¬�å [10] ¨«¨ ¤�¦¥ áªàëâë¬¨ ¤¢¥àï¬¨
(Backdoors), ¨§¢¥áâ−ë¬¨ â®«ìª® ¯à®â¨¢−¨ªã [11]. ��¯à¨¬¥à, ¯à¨ −�áâã¯«¥−¨¨
®¯à¥¤¥«¥−−ëå á®¡ëâ¨© ¢®§¬®¦¥− á¡à®á ª®−ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢, ¨á¯®«ì-
§ã¥¬ëå ¤«ï á®£«�á®¢�−−®© à�¡®âë à�§«¨ç−ëå ¯à¨«®¦¥−¨© [12].

6 Заключение

÷¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ áâ�âì¥, ï¢«ïîâáï à�§¢¨â¨¥¬ á¥à¨¨ à�¡®â �¢â®-
à®¢ [2,6], ¯®á¢ïé¥−−ëå ¯®áâà®¥−¨î ��Š −� ¡�§¥ æ¥−âà�«¨§®¢�−−ëå ª®−á¥−áãá®¢
¨ â�−£«®¢ ¯à¨¬¥−¨â¥«ì−® ª á®¢à¥¬¥−−ë¬ ¯à®¡«¥¬�¬ æ¨äà®¢®© âà�−áä®à¬�æ¨¨.
’�ª, ��Š −� ®á−®¢¥ â�−£«®¢ á«ã¦¨â, ¯® áãé¥áâ¢ã, ¯à¨¬¥à®¬ ®¤−®£® ¨§ ¢®§¬®¦-
−ëå ¯®¤å®¤®¢ ª à¥�«¨§�æ¨¨ æ¨äà®¢®© íª®−®¬¨ª¨.

�®ª�§�−®, çâ® ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ ¬�áèâ�¡¨-
à®¢�−¨¨ ��Š áâ�−®¢¨âáï −®¢ë¬ −�¯à�¢«¥−¨¥¬, ®¡ãá«®¢«¥−−ë¬ ¨−â¥−á¨¢−ë¬
à�§¢¨â¨¥¬ æ¨äà®¢®© íª®−®¬¨ª¨. �à¨ íâ®¬ áãé¥áâ¢¥−−ãî à®«ì ¨£à�îâ ¡«®ªç¥©−-
â¥å−®«®£¨¨ ¨ ¨å à�§«¨ç−ë¥ ¬®¤¨ä¨ª�æ¨¨.

‚ à�¬ª�å ¬�áèâ�¡¨àã¥¬®áâ¨ ��Š, á®áâ®ïé¥© ¢® ¢§�¨¬®¤¥©áâ¢¨¨ −¥áª®«ìª¨å
��Š, ®¡ê¥ªâ¨¢−® ¢®§−¨ª�¥â −®¢ë© ¢¨¤ ª®−á¥−áãá�, ®¯à¥¤¥«¥−−ë© ª�ª ‘–Š.
�á−®¢−�ï ¨¤¥ï ‘–Š á®áâ®¨â ¢ ¯®áâà®¥−¨¨ ¨¥à�àå¨¨ ��Š.

Œ�áèâ�¡¨à®¢�−¨¥ ��Š ¯®à®¦¤�¥â ¢ àï¤¥ á«ãç�¥¢ ã£à®§ë ª®ààã¯æ¨¨ ¨ ¬®-
è¥−−¨ç¥áâ¢�. �à¥¤«®¦¥−� ª«�áá¨ä¨ª�æ¨ï ã£à®§ ¢ë¯®«−¥−¨ï ªàã¯−ëå ¯à®¥ªâ®¢,
®¡ãá«®¢«¥−−ëå ª®ààã¯æ¨¥© ¨ á£®¢®à®¬ îà¨¤¨ç¥áª¨å «¨æ. �¯à¥¤¥«¥−ë ¨ ä®à¬�-
«¨§®¢�−ë âà¨ â¨¯� ã£à®§.

�à¥¤«®¦¥−ë ¬¥â®¤ë �−�«¨§� ¡¥§®¯�á−®áâ¨ ¯à¨ ¬�áèâ�¡¨à®¢�−¨¨ ��Š ¯à¨-
¬¥−¨â¥«ì−® ª âà¥¬ â¨¯�¬ ã£à®§. �à¨¢¥¤¥−ë ¯à®áâ¥©è¨¥ ¯à¨¬¥àë à¥�«¨§�æ¨¨
ã£à®§.
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Abstract: The paper deals with an electronic ledger based on the concept
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Acyclic Graph) and which securely stores transaction information. A centralized
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scaling up of e-books in some cases poses threats of corruption and fraud. Three
types of threats are considered that are determined by corruption and collusion
of legal entities. Ensuring information security when scaling electronic books is
a direction that begins to develop in connection with the growth of the digital
economy.

Keywords: information security; tangle; blockchain; threats of corruption and
fraud

DOI: 10.14357/08696527210305

Acknowledgments

The paper was partially supported by the Russian Foundation for Basic Research
(project 18-29-03124-mk).

References

1. Leloup, L. 2017. Blockchain: La revolution de la confiance. Paris: Groupe Eyrolles.
160 p.

2. Grusho, A. A., A. A. Zatsarinny, and E. E. Timonina. 2019. Elektronnaya bukhgal-
terskaya kniga na baze situatsionnykh tsentrov dlya tsifrovoy ekonomiki [The electronic
ledger on the basis of the situational centers for digital economy]. Sistemy i Sredstva
Informatiki | Systems and Means of Informatics 29(2):4{11.

3. Wahab, A., and W. Mahmood. 2018. Survey of consensus protocols. Available
at: https://www.researchgate.net/publication/328160285 Survey of Consensus
Protocols (accessed April 24, 2021).

4. Popov, S. 2018. The tangle. Available at: https://assets.ctfassets.net/r1dr6vzfxhev/
2t4uxvslqk0EUau6g2sw0g/45eae33637ca92f85dd9f4a3a218elec/iotal 4 3.pdf (ac-
cessed August 24, 2021).

5. Brykova, N. V. 2011. Teoriya bukhgalterskogo ucheta: Balans i sistema schetov [Ac-
counting theory: Balance sheet and system of accounts]. 2nd ed. Moscow: Akademiya.
80 p.

6. Grusho, A. A., A. A. Zatsarinny, and E. E. Timonina. 2020. Opisanie dinamiki
tsifrovoy ekonomiki s pomoshch'yu elektronnoy bukhgalterskoy knigi [Description

68 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2021 vol 31 no 4



Secure scaling of electronic ledgers based on tangles

of digital economy dynamics using an electronic ledger]. Sistemy i Sredstva Informati-
ki | Systems and Means of Informatics 30(1):108{114.

7. Grusho, A., N. Grusho, M. Zabezhailo, A. Zatsarinny, and E. Timonina. 2017.
Information security of SDN on the basis of metadata. Computer network security. Eds.
J. Rak, J. Bay, I. V. Kotenko, et al. Lecture notes in computer science ser. Springer.
10446:339{347.

8. Grusho, N. A., A. A. Grusho, and E. E. Timonina. 2020. Lokalizatsiya sboev s po-
moshch'yu metadannykh [Localizing failures with metadata]. Problemy informatsionnoy
bezopasnosti. Komp'yuternye sistemy [Information Security Problems. Computer Sys-
tems] 3:9{15.

9. Grusho, A. A., N. A. Grusho, M. I. Zabezhailo, and E. E. Timonina. 2020. Loka-
lizatsiya iskhodnoy prichiny anomalii [Root cause anomaly localization]. Problemy
informatsionnoy bezopasnosti. Komp'yuternye sistemy [Information Security Problems.
Computer Systems] 4:9{16.

10. Grusho, A. A., N. A. Grusho, and E. E. Timonina. 2009. Metody zashchity informatsii
ot atak s pomoshch'yu skrytykh kanalov i vrazhdebnykh programmno-apparatnykh
agentov v raspredelennykh sistemakh [Methods of information protection against covert
channels attacks and malicious software/hardware agents in distributed systems].
Vestnik RGGU. Ser. Dokumentovedenie i arkhivovedenie. Informatika. Zashchita
informatsii i informatsionnaya bezopasnost' [RGGU Bulletin. Document Science and
Archive Science. Informatics. Information security and information security ser.] 10:33{
45.

11. Grusho, A. A., N. A. Grusho, M. I. Zabezhailo, and E. E. Timonina. 2021. \Zakladki"
bez vredonosnogo koda [Hidden impact without malicious code]. Sistemy i Sredstva
Informatiki | Systems and Means of Informatics 31(2):4{15.

12. Grusho, A. A., M. I. Zabezhailo, A. A. Zatsarinny, A. V. Nikolaev, V. O. Piskovski,
and E. E. Timonina. 2017. Klassifikatsiya oshibochnykh sostoyaniy v raspredelennykh
vychislitel'nykh sistemakh i istochniki ikh vozniknoveniya [Erroneous states classi-
fication in dictributed computing systems and sources of their occurence]. Sistemy
i Sredstva Informatiki | Systems and Means of Informatics 27(2):29{40.

Received July 23, 2021

Contributors

Grusho Alexander A. (b. 1946) | Doctor of Science in physics and mathematics,
professor, principal scientist, Institute of Informatics Problems, Federal Research
Center \Computer Science and Control" of the Russian Academy of Sciences,
44-2 Vavilov Str., Moscow 119133, Russian Federation; grusho@yandex.ru

Zatsarinny Alexander A. (b. 1951) | Doctor of Science in technology, professor,
principal scientist, Institute of Informatics Problems, Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119133, Russian Federation; AZatsarinny@ipiran.ru

Timonina Elena E. (b. 1952) | Doctor of Science in technology, professor, leading
scientist, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119133, Russian Federation; eltimon@yandex.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2021 vol 31 no 4 69



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2021. ’. 31. ü 3. ‘. 70{79

ВЫЧИСЛЕНИЯ НА ОСНОВЕ ВЕРОЯТНОСТНОЙ МОДЕЛИ
АНАЛИЗА ГЛАВНЫХ КОМПОНЕНТ

М. П. Кривенко1

�−−®â�æ¨ï: �ää¥ªâ¨¢−®¥ à¥è¥−¨¥ §�¤�ç �−�«¨§� ¬−®£®¬¥à−ëå ¤�−−ëå âà¥-
¡ã¥â ¯à¨¬¥−¥−¨ï á«®¦−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©, áà¥¤¨ ª®â®àëå ¤®áâ®©−®¥
¬¥áâ® §�−¨¬�¥â ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì �−�«¨§� £«�¢−ëå ª®¬¯®−¥−â (PPCA |
Probabilistic Principal Component Analysis). �−� ¯®§¢®«ï¥â �¤¥ª¢�â−® ®¯¨-
áë¢�âì à¥�«ì−ë¥ ¤�−−ë¥, ä®à¬�«ì−® áâ�¢¨âì ¨ à¥è�âì §�¤�çã ¢ë¡®à� ¥¥
¯�à�¬¥âà®¢. �à¨¬¥−¥−¨¥ PPCA −� ¯à�ªâ¨ª¥ á®¯àï¦¥−® á ¡®«ìè¨¬ ®¡ê¥¬®¬
âàã¤®¥¬ª¨å ¢ëç¨á«¥−¨©. ÷�áá¬�âà¨¢�îâáï ¯à¨¥¬ë áãé¥áâ¢¥−−®£® á−¨¦¥-
−¨ï ¢à¥¬¥−−ëå §�âà�â ¯à¨ ¢ëç¨á«¥−¨¨ ¯«®â−®áâ¨ ¬−®£®¬¥à−®£® −®à¬�«ì−®£®
à�á¯à¥¤¥«¥−¨ï. „«ï íâ®£® ®¡®á−®¢ë¢�¥âáï æ¥«¥á®®¡à�§−®áâì ¯à¨¬¥−¥−¨ï à�§-
«®¦¥−¨ï •®«¥æª®£® ¤«ï ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ¨ â®¦¤¥áâ¢� ‚ã¤¡¥à¨ ¤«ï ¥¥
PPCA-ä�ªâ®à¨§�æ¨¨. �à¨¢®¤¨âáï ªà�âª®¥ ®¯¨á�−¨¥ íªá¯¥à¨¬¥−â®¢, ¯®§¢®-
«ïîé¨å ®æ¥−¨âì à¥�«ì−ë¥ ¢à¥¬¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ �«£®à¨â¬®¢ ¨ ¢ëï¢¨âì
ãá«®¢¨ï ¨å íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï. �®¯ãâ−® ¤�îâáï à¥ª®¬¥−¤�æ¨¨ ¯®
à¥�«¨§�æ¨¨ ®â¤¥«ì−ëå ®¯¥à�æ¨©.

Š«îç¥¢ë¥ á«®¢�: ¢ëç¨á«¥−¨ï ¤«ï ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå
ª®¬¯®−¥−â; ä�ªâ®à¨§�æ¨ï •®«¥æª®£®; ¬�âà¨ç−®¥ â®¦¤¥áâ¢® ‚ã¤¡¥à¨; ª®¬-
¯ìîâ¥à−ë© íªá¯¥à¨¬¥−â

DOI: 10.14357/08696527210306

1 Введение

�âà¨¡ãâ�¬¨ ¬®¤¥«¨ ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå ï¢«ïîâáï �¤¥ª¢�â−®áâì, �−�«¨-
â¨ç¥áª�ï ¨ ¢ëç¨á«¨â¥«ì−�ï ¤®áâã¯−®áâì, íää¥ªâ¨¢−®áâì ¯®«ãç�¥¬ëå −� ¥¥ ®á−®¢¥
à¥è¥−¨©. ‘ â¥®à¥â¨ç¥áª®© ¨ ¯à�ªâ¨ç¥áª®© â®ç¥ª §à¥−¨ï ¯«®¤®â¢®à−ë¬ ®ª�§ë-
¢�¥âáï ¯à¥¤¯®«®¦¥−¨¥ ® á¬¥á¨ −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨© −�¡«î¤¥−¨©. ‡� áç¥â
áâàãªâãà−ëå ãá«®¦−¥−¨© ®−® ¯®§¢®«ï¥â «ãçè¥ ®¯¨áë¢�âì ¬−®£®®¡à�§¨¥ à¥�«ì-
−ëå ¤�−−ëå, ®áâ�¢«ïï ¢ á¨«¥ ¯à¥¨¬ãé¥áâ¢� ®â−®á¨â¥«ì−® ¯à®áâëå �−�«¨â¨ç¥áª¨å
à¥è¥−¨© â¨¯®¢ëå ¢¥à®ïâ−®áâ−ëå §�¤�ç. �® ¢ á«ãç�¥ �−�«¨§� ¬−®£®¬¥à−ëå ¤�−-
−ëå ¨á¯®«ì§®¢�−¨¥ á¬¥á¨ ¯à¨¢®¤¨â ª ¯à®¡«¥¬�¬ ¯à®ª«ïâ¨ï à�§¬¥à−®áâ¨. �â®,
¢ á¢®î ®ç¥à¥¤ì, �ªâã�«¨§¨àã¥â ¢®¯à®áë ¢ë¡®à� ¢�à¨�−â� ¬®¤¥«¨ ¨ ¯®à®¦¤�¥â
−¥®¡å®¤¨¬®áâì á−¨¦¥−¨ï à�§¬¥à−®áâ¨ ¤�−−ëå.

Š −�¨¡®«¥¥ ¯à®áâë¬ ¨ è¨à®ª® ¨á¯®«ì§ã¥¬ë¬ ¬¥â®¤�¬ á−¨¦¥−¨ï à�§¬¥à-
−®áâ¨ ¯ãâ¥¬ ¯à¥®¡à�§®¢�−¨ï ®â−®áïâáï «¨−¥©−ë¥, � áà¥¤¨ −¨å | �−�«¨§ £«�¢−ëå
ª®¬¯®−¥−â (PCA | Principal Component Analysis). ‘ãé¥áâ¢¥−−®£® ¯à®£à¥áá�

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, mkrivenko@ipiran.ru
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‚ëç¨á«¥−¨ï −� ®á−®¢¥ ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ �−�«¨§� £«�¢−ëå ª®¬¯®−¥−â

¢ ¯à¨¬¥−¥−¨¨ PCA ¤«ï ¤�−−ëå, ¤¥¬®−áâà¨àãîé¨å −¥«¨−¥©−®áâì, ã¤�«®áì ¤®-
¡¨âìáï ¢ à�¬ª�å ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â (PPCA)
¨ ¥¥ ®¡®¡é¥−¨ï ¤® á®®â¢¥âáâ¢ãîé¥© á¬¥á¨. ‚ [1] à�áá¬�âà¨¢�«¨áì ¢®§¬®¦−®áâ¨
à�§−ëå ¯®¤å®¤®¢ ª ¢ë¡®àã áâàãªâãà−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨. „«ï à¥�«¨§�æ¨¨
¢ë¡®à� à�§¬¥à−®áâ¥© ¯à¨¬¥−¨â¥«ì−® ª §�¤�ç�¬ ª«�áá¨ä¨ª�æ¨¨ ¯à¥¤«�£�«®áì
¨á¯®«ì§®¢�âì ª®¬¡¨−�æ¨î ¨§¢¥áâ−ëå ¬¥â®¤®¢ ¢ë¡®à� à�§¬¥à−®áâ¥© ¯à¨−ïâ®©
¬®¤¥«¨, � ¤«ï ®æ¥−¨¢�−¨ï ª�ç¥áâ¢� ®¡ãç�¥¬®© ª«�áá¨ä¨ª�æ¨¨ ¤�−−ëå | ¬¥-
â®¤ë ã¯à�¢«¥−¨ï ¢ë¡®àª®©, ¯à¨¬¥−¥−¨¥ ª®â®àëå −¥¬ëá«¨¬® ¡¥§ ¯à¨¬¥−¥−¨ï
íää¥ªâ¨¢−ëå ¢ëç¨á«¨â¥«ì−ëå �«£®à¨â¬®¢.

��§®¢�ï ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì PPCA ¤«ï á−¨¦¥−−®© à�§¬¥à−®áâ¨ ®á−®¢ë¢�-
¥âáï −� ¯à¥¤áâ�¢«¥−¨¨

y =Wx+ µ+ ε ,

£¤¥ y| −�¡«î¤�¥¬�ï (d×1)-¯¥à¥¬¥−−�ï, y ∼ N(µ,C(k));W| (d×k)-¬�âà¨æ�
¯à¥®¡à�§®¢�−¨ï; x| «�â¥−â−�ï (k×1)-¯¥à¥¬¥−−�ï, x ∼ N(0, I); ε ∼ N(0, σ2I);
C(k) =WWT+ σ2I. ‡¤¥áì d| ¨áå®¤−�ï à�§¬¥à−®áâì ¤�−−ëå; k | á−¨¦¥−−�ï
à�§¬¥à−®áâì ¤�−−ëå; µ, W ¨ σ2 áãâì ¯�à�¬¥âàë ¬®¤¥«¨. ‚ á«ãç�¥ ¬®¤¥«¨
á¬¥á¨ PPCA ª�¦¤®¬ã í«¥¬¥−âã á¬¥á¨ á®®â¢¥âáâ¢ã¥â á¢®© −�¡®à ¯¥à¥ç¨á«¥−−ëå
¯�à�¬¥âà®¢, � â�ª¦¥ ¢¥á í«¥¬¥−â� á¬¥á¨.

„«ï ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ PPCA ¯à¨ ä¨ªá¨à®¢�−−ëå §−�ç¥−¨ïå áâàãªâãà-
−ëå ¯�à�¬¥âà®¢ áãé¥áâ¢ãîâ, á®£«�á−® [2], ¤¢� ®á−®¢−ëå ¢�à¨�−â�:

(1) ¯®íâ�¯−ë© á ¯®¬®éìî á¯¥ªâà�«ì−®£® à�§«®¦¥−¨ï ª®¢�à¨�æ¨®−−ëå ¬�âà¨æ,
ª®£¤� á−�ç�«� −�å®¤ïâáï ®æ¥−ª¨ ¯�à�¬¥âà®¢ á¬¥á¨ −®à¬�«ì−ëå à�á¯à¥¤¥«¥-
−¨© ¤«ï ¨áå®¤−ëå §−�ç¥−¨© d, §�â¥¬ ®áãé¥áâ¢«ï¥âáï ä�ªâ®à¨§�æ¨ï ª®¢�-
à¨�æ¨®−−ëå ¬�âà¨æ í«¥¬¥−â®¢ á¬¥á¨ ¯à¨ §�¤�−−ëå §−�ç¥−¨ïå á−¨¦¥−−®©
à�§¬¥à−®áâ¨ ¨, −�ª®−¥æ, áâà®ïâáï ®æ¥−ª¨ ¯�à�¬¥âà®¢W ¨ σ2;

(2) ®¤−®¢à¥¬¥−−ë© á ¯®¬®éìî EM-�«£®à¨â¬� (Expectation-Maximization) ¤«ï
−�å®¦¤¥−¨ï ®æ¥−®ª ¢á¥å ¯�à�¬¥âà®¢ ¢ á®¢®ªã¯−®áâ¨.

�®á«¥¤−¨© ¢�à¨�−â ¨§-§� á¯¥æ¨ä¨ç¥áª®© ®à£�−¨§�æ¨¨ ¨â¥à�æ¨®−−®£® ¯à®æ¥á-
á� ®¡«�¤�¥â ¢ëç¨á«¨â¥«ì−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨, çâ® ¬®¦¥â áâ�âì áãé¥áâ¢¥−−ë¬
¯à¨ à�§®¢®¬ ®æ¥−¨¢�−¨¨. �® á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ −� ®á−®¢¥ ¢ë¡®à� ª®−ªà¥â-
−®© ¬®¤¥«¨ ¯®¤à�§ã¬¥¢�¥â ¬−®£®ªà�â−®¥ ®æ¥−¨¢�−¨¥ ¥¥ ¯�à�¬¥âà®¢. �®íâ®¬ã
¯®íâ�¯−ë© ¢�à¨�−â ®æ¥−¨¢�−¨ï áâ�−®¢¨âáï ¡®«¥¥ ¯à¨¢«¥ª�â¥«ì−ë¬, â�ª ª�ª ¯®-
§¢®«ï¥â ¥¤¨−®¦¤ë ¯®«ãç�âì ¯à¥¤áâ�¢«¥−¨ï ª®¢�à¨�æ¨®−−ëå ¬�âà¨æ í«¥¬¥−â®¢
á¬¥á¨, � §�â¥¬ ¬−®£®ªà�â−® ä®à¬¨à®¢�âì ¨§ −¨å −ã¦−ë¥ ®æ¥−ª¨.

Š«îç¥¢ë¬ í«¥¬¥−â®¬ ¢á¥å ¢�à¨�−â®¢ ®¡à�¡®âª¨ ®¡ãç�îé¥© ¢ë¡®àª¨ ®ª�§ë-
¢�îâáï ¢ëç¨á«¥−¨ï, ª�á�îé¨¥áï ¯«®â−®áâ¨ ¬−®£®¬¥à−®£® −®à¬�«ì−®£® à�á¯à¥-
¤¥«¥−¨ï ¯à¨ §�¤�−−®© ä�ªâ®à¨§�æ¨¨ ¥£® ª®¢�à¨�æ¨®−−®© ¬�âà¨æë. �−¨ ¬−®-
£®ªà�â−® ¯®¢â®àïîâáï ¯à¨ ®æ¥−¨¢�−¨¨ ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¨ ¯à¨ ¨áá«¥¤®¢�−¨ïå
�¤¥ª¢�â−®áâ¨ ¢ë¡à�−−®© ¬®¤¥«¨. �¥íää¥ªâ¨¢−�ï à¥�«¨§�æ¨ï á®®â¢¥âáâ¢ãîé¨å
¯à®æ¥¤ãà ¯à¨¢®¤¨â ª ¢ë−ã¦¤¥−−®¬ã á®ªà�é¥−¨î ¢�à¨�−â®¢ ®¡à�¡®âª¨ ¤�−−ëå
¨, ª�ª á«¥¤áâ¢¨¥, ª ¨áª�¦¥−−ë¬ à¥§ã«ìâ�â�¬ ¨áá«¥¤®¢�−¨©.
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Œ. �. Šà¨¢¥−ª®

2 Методы вычислений

÷�áá¬®âà¨¬ ç�áâ−ãî §�¤�çã ¢ëç¨á«¥−¨ï ¯«®â−®áâ¨ ¬−®£®¬¥à−®£® −®à¬�«ì−®-
£® à�á¯à¥¤¥«¥−¨ï á −ã«¥¢ë¬ áà¥¤−¨¬ ¨ −¥¢ëà®¦¤¥−−®© ª®¢�à¨�æ¨®−−®© ¬�âà¨-
æ¥© C

ϕ(x) =
1

(2π)d/2|C|1/2
exp

(

−1
2
xTC−1x

)

.

„«ï ¥¥ à¥è¥−¨ï ®¡ëç−® ¨á¯®«ì§ã¥âáï á¯¥ªâà�«ì−®¥ à�§«®¦¥−¨¥ á¨¬¬¥âà¨ç-
−®© ¬�âà¨æë C, −� ®á−®¢¥ ª®â®à®£® ¯®¤áç¨âë¢�¥âáï ®¯à¥¤¥«¨â¥«ì ¨ −�å®¤¨âáï
®¡à�â−�ï ¬�âà¨æ�, â. ¥. ¨á¯®«ì§ã¥âáï à�§«®¦¥−¨¥

C = V˜VT ,

£¤¥VVT = VTV = I; ˜| ¤¨�£®−�«ì−�ï ¬�âà¨æ� á λii > 0. ’®£¤�

|C| =
d
∏

i=1

λii; C−1 = V˜−1VT.

„�«¥¥ ¯®«ãç�¥¬ ¤«ï ¯®ª�§�â¥«ï íªá¯®−¥−âë h ¢ ¢ëà�¦¥−¨¨ ¤«ï ϕ(x):

h = xTC−1x =
∥

∥

∥
˜−1/2VTx

∥

∥

∥

2
.

‘®®â¢¥âáâ¢ãîé¨© ¬¥â®¤ ¢ëç¨á«¥−¨ï ϕ(x), ¨á¯®«ì§ãîé¨© á¯¥ªâà�«ì−®¥ à�§-
«®¦¥−¨¥ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë, ®¡®§−�ç¨¬ ª�ª SC.

„àã£¨¬ ¯®¤å®¤®¬ ¬®¦¥â áâ�âì ¨á¯®«ì§®¢�−¨¥ à�§«®¦¥−¨ï •®«¥æª®£®. „«ï
¯®«®¦¨â¥«ì−® ®¯à¥¤¥«¥−−®© á¨¬¬¥âà¨ç−®© ¬�âà¨æë áãé¥áâ¢ã¥â ¥¤¨−áâ¢¥−−�ï

−¨¦−ïï âà¥ã£®«ì−�ï ¬�âà¨æ� �L à�§¬¥à� d× d á ¯®«®¦¨â¥«ì−ë¬¨ ¤¨�£®−�«ì−ë¬¨
í«¥¬¥−â�¬¨ â�ª�ï, çâ®

C = �L�LT .

�®á«¥ â®£® ª�ª �L ¯®«ãç¥−�, ¨¬¥¥¬:

|C| =
d
∏

i=1

�l2ii;

C−1 =
(

�L−1
)T
�L−1 . (1)

„«ï ¯à®¨§¢®«ì−®© −¨¦−¥© âà¥ã£®«ì−®© −¥¢ëà®¦¤¥−−®© ¬�âà¨æë L ¯®«ãç¨âì
T = L−1 ¤®áâ�â®ç−® ¯à®áâ®. ˆ§ ®¯à¥¤¥«¥−¨ï ®¡à�â−®© ¬�âà¨æë, ï¢«ïîé¥©áï
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‚ëç¨á«¥−¨ï −� ®á−®¢¥ ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ �−�«¨§� £«�¢−ëå ª®¬¯®−¥−â

â�ª¦¥ −¨¦−¥© âà¥ã£®«ì−®©, ¤«ï −�å®¦¤¥−¨ï ¥¥ í«¥¬¥−â®¢ á ¨−¤¥ªá�¬¨ (i, j)
¯®«ãç�¥¬ ãà�¢−¥−¨ï:

i
∑

k=j

liktkj =

{

1 , i = j ;

0 , i 6= j .

�−¨ ¯à¨ ª�¦¤®¬ j = 1, 2, . . . , d ¯®á«¥¤®¢�â¥«ì−® ¤«ï i = j + 1, . . . , d ¤�îâ
à¥è¥−¨ï:

tij =



















1

lij
, i = j ;

−

∑i−1

k=j
liktkj

lii
, i > j .

‘å®¦¨¥ ä®à¬ã«ë ¯à¨¢¥¤¥−ë ¢ [3, à�§¤. 11.2.2].
‚ á«ãç�¥ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ¯à¥¤áâ�¢«¥−¨¥ (1) ¯®§¢®«ï¥â ¯®á«¥ ¯¥à¥-

¬−®¦¥−¨ï ¬�âà¨æ ¯®«ãç¨âì ¨áª®¬ë¥ í«¥¬¥−âë C−1.
�® ¢ −�å®¦¤¥−¨¨ C−1 −¥â −¥®¡å®¤¨¬®áâ¨, â�ª ª�ª ä�ªâ¨ç¥áª¨ −ã¦−� ¢¥«¨-

ç¨−� h ¯®ª�§�â¥«ï íªá¯®−¥−âë, ¯à¨−¨¬�îé�ï ¢¨¤:

h =
(

�L−1x
)T (

�L−1x
)

=
∥

∥

∥

�L−1x
∥

∥

∥

2
.

„«ï ¥¥ ¯®«ãç¥−¨ï ¤®áâ�â®ç−® ®â−®á¨â¥«ì−® −¥¨§¢¥áâ−®£® z à¥è¨âì ãà�¢−¥−¨¥
�Lz = x á −¨¦−¥© âà¥ã£®«ì−®© ¬�âà¨æ¥© ª®íää¨æ¨¥−â®¢ ¯àï¬®© ¯®¤áâ�−®¢ª®©,
� §�â¥¬ ¢ëç¨á«¨âì h = ‖z‖2.

’�ª¨¬ ®¡à�§®¬, ¯à¨ §�¤�−−ëå C ¨ x ¯®«ãç�¥¬ áå¥¬ã ¢ëç¨á«¥−¨©:

{ −�å®¦¤¥−¨¥ à�§«®¦¥−¨ï •®«¥æª®£® C = �L�LT;

{ à¥è¥−¨¥ ®â−®á¨â¥«ì−® z ãà�¢−¥−¨ï �Lz = x;

{ ¯®¤áç¥â |C| ¨ h.

�¯¨á�−−ë© ¬¥â®¤ −�§®¢¥¬ CC, ãª�§ë¢�ï −� ¨á¯®«ì§®¢�−¨¥ ¤«ï ª®¢�à¨�æ¨®−−®©
¬�âà¨æë à�§«®¦¥−¨ï •®«¥æª®£®.

�® ¤�−−�ï áå¥¬� −¥ ãç¨âë¢�¥â ¢ á«ãç�¥ PPCA á¯¥æ¨ä¨ª¨ ä�ªâ®à¨§�æ¨¨
ª®¢�à¨�æ¨®−−®© ¬�âà¨æë

C = σ2I+WWT .

�−� á®§¤�¥â ¯à¥¤¯®áë«ª¨ ¤«ï ã¯à®é¥−¨ï á«®¦−®áâ¨ ¢ëç¨á«¥−¨© ¯à¨ á−¨¦¥−−®©
à�§¬¥à−®áâ¨ ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢�, ª®£¤� k < d, � ¬�âà¨æ� W ¨¬¥¥â
à�§¬¥àë d×k. „«ï íâ®£® ¥áâ¥áâ¢¥−−® ®¡à�â¨âìáï ª â®¦¤¥áâ¢ã ‚ã¤¡¥à¨ ¨ ¯®«ãç¨âì
¯à¥¤áâ�¢«¥−¨¥ (¤�«¥¥ ¯à¨è«®áì ¢¢¥áâ¨ á¯¥æ¨ä¨ç¥áª®¥ ®¡®§−�ç¥−¨¥ ¤«ï ¥¤¨−¨ç−®©
¬�âà¨æë ¬¥−ìè¨å à�§¬¥à®¢):

(

σ2I+WWT
)

−1
=
1

σ2

[

I−W
(

σ2Ik×k +W
TW

)

−1
WT

]

.
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Šà®¬¥ íâ®£®,
∣

∣

∣σ2I+WWT
∣

∣

∣ =
(

σ2
)d−k

∣

∣

∣σ2Ik×k +W
TW

∣

∣

∣ .

Œ�âà¨æ� úá−¨¦¥−−®£® à�§¬¥à�û k × k ¢ «¨â¥à�âãà¥ ¯® PPCA ®¡ëç−® ®¡®§−�-
ç�¥âáï ª�ª M = σ2Ik×k +W

TW. �®−ïâ−®, çâ® ®−� ï¢«ï¥âáï á¨¬¬¥âà¨ç−®©
¨ −¥®âà¨æ�â¥«ì−® ®¯à¥¤¥«¥−−®©. „�«¥¥ ¤®¯®«−¨â¥«ì−® ª íâ®¬ã ¯®âà¥¡ã¥¬, çâ®¡ë
¬�âà¨æ�WTW ¡ë«� −¥¢ëà®¦¤¥−−®©. �â® ¢¯®«−¥ ¥áâ¥áâ¢¥−−® ¢ á«ãç�¥ PPCA,
ª®£¤� áâ®«¡æë ¬�âà¨æë W ¯à¥¤áâ�¢«ïîâ ¡�§¨á ¢ ¯à®áâà�−áâ¢¥ á−¨¦¥−−®© à�§-
¬¥à−®áâ¨.

‘ ãç¥â®¬ à�§«®¦¥−¨ï •®«¥æª®£®M = “L“LT ¯®«ãç�¥¬:

|C| = σ2d−2k
k
∏

i=1

“l2ii ; h =
1

σ2

[

‖x‖2 −
∥

∥

∥

“L−1
(

WTx
)∥

∥

∥

2
]

.

Š�ª ¨ à�−¥¥, â¥¯¥àì ®áâ�«®áì à¥è¨âì ®â−®á¨â¥«ì−® −¥¨§¢¥áâ−®£® z ãà�¢−¥−¨¥
“Lz =WTx á ¯à®áâ®© ¬�âà¨æ¥© ª®íää¨æ¨¥−â®¢, ¯®á«¥ ç¥£® ¢ëç¨á«¨âì h = ‖z‖2.
��¯®¬−¨¬, çâ® ¬�âà¨æ� “L ¨¬¥¥â à�§¬¥àë k × k. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¨«¨ ¬¥â®¤
CM, ¯®¤ç¥àª¨¢�ï ¢ −�§¢�−¨¨ ¨á¯®«ì§®¢�−¨¥ ¬�âà¨æëM, � −¥ C.

„«ï ¬¥â®¤� CM ¢®§−¨ª�¥â ¤®¯®«−¨â¥«ì−�ï ¢®§¬®¦−®áâì á®ªà�é¥−¨ï ¢à¥¬¥−¨

¢ëç¨á«¥−¨©. ÷�áá¬®âà¨¬ ®â¤¥«ì−® −�å®¦¤¥−¨¥ ‖“L−1WTx‖2. „¥«® ¢ â®¬, çâ®
¤«ï ¯àï¬®ã£®«ì−®© ¬�âà¨æë áãé¥áâ¢ã¥â ¯à¥¤áâ�¢«¥−¨¥, ¯®¤®¡−®¥ à�§«®¦¥−¨î
•®«¥æª®£®, � ¨¬¥−−®:

WT = �L �U ,

£¤¥ �L| −¨¦−ïï âà¥ã£®«ì−�ï ¬�âà¨æ� à�§¬¥à� k × k; �U| ¢¥àå−ïï âà¥ã£®«ì−�ï
¬�âà¨æ� à�§¬¥à� k × d. �«£®à¨â¬ ¥£® ¯®«ãç¥−¨ï ¨¬¥−−® ¢ íâ®© ä®à¬¥ ¯à¨¢¥¤¥−
¢ [4, à�§¤. 3.2.10]. ’®£¤�

∥

∥

∥

“L−1WTx

∥

∥

∥

2
=

∥

∥

∥

∥

L
−1 (

�Ux
)

∥

∥

∥

∥

2

,

â. ¥. L = �L−1“L ¯®-¯à¥¦−¥¬ã ®áâ�¥âáï −¨¦−¥© âà¥ã£®«ì−®© ¬�âà¨æ¥©, � §� áç¥â

−�«¨ç¨ï −ã«¥© ¯®¤ ¤¨�£®−�«ìî ¢ �U á−¨¦�¥âáï ç¨á«® ®¯¥à�æ¨© ¯à¨ ¢ëç¨á«¥−¨¨

¢¥ªâ®à� �Ux.
�à¨¡¥£−ãâì ª ¢®§¬®¦−®áâï¬ á−¨¦¥−¨ï à�§¬¥à−®áâ¨ ¬®¦−® ¨ ¢ á«ãç�¥ ¨á-

¯®«ì§®¢�−¨ï á¯¥ªâà�«ì−®£® à�§«®¦¥−¨ï ¬�âà¨æ. ’®£¤� á ãç¥â®¬ à�§«®¦¥−¨ï

M = “V “̃ “VT ¯®«ãç�¥¬:

|C| =
(

σ2
)d−k

k
∏

i=1

“λ2ii ; h =
1

σ2

[

‖x‖2 − ‖ “̃−1/2 “VTWTx‖2
]

,

çâ® á®áâ�¢«ï¥â ¬¥â®¤ SM.
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3 Эксперименты

÷�§−®®¡à�§¨¥ ¬¥â®¤®¢ ¯à¨¢®¤¨â ª −¥®¡å®¤¨¬®áâ¨ ¢ë¡®à� ¢�à¨�−â�, ®¡¥á¯¥ç¨-
¢�îé¥£® −�¨«ãçè¨¥ ¢à¥¬¥−− �ë¥ å�à�ªâ¥à¨áâ¨ª¨. ÷�áá¬®âà¥−¨¥ ¢å®¤−ëå ¤�−−ëå
¡®«ìè®£® à�§¬¥à� ¨ ®æ¥−ª� ¯®àï¤ª� à®áâ� ¢à¥¬¥−¨ à�¡®âë �«£®à¨â¬� ¡¥§ãá«®¢−®
á«ã¦�â å®à®è¨¬ ®à¨¥−â¨à®¬, −® ¬®£ãâ ¢¢¥áâ¨ ¢ §�¡«ã¦¤¥−¨¥ ¯à¨ ®æ¥−ª¥ íää¥ª-
â¨¢−®áâ¨ ¯à®æ¥¤ãà ¢ à¥�«ì−ëå ãá«®¢¨ïå. �â® −¥¯à¨¥¬«¥¬® ¯à¨ ¬−®£®ªà�â−®©
®¡à�¡®âª¥ ¤�−−ëå ¢ å®¤¥ ¯®¤¡®à� ¬®¤¥«¨ ¬¥â®¤�¬¨ ã¯à�¢«¥−¨ï ®¡à�¡®âª¨ à¥§ã«ì-
â�â®¢ −�¡«î¤¥−¨©, ¯à¨ ¨â¥à�æ¨®−−ëå ¬¥â®¤�å ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨,
¢ å®¤¥ ®æ¥−¨¢�−¨ï ª�ç¥áâ¢� ¯®«ãç¥−−ëå à¥è¥−¨© ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï. �®-
−ïâ−®, çâ® â®ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¢à¥¬¥−−�®© á«®¦−®áâ¨ �«£®à¨â¬� §�¢¨á¨â ®â
ãáâ�−®¢«¥−¨ï í«¥¬¥−â�à−ëå ®¯¥à�æ¨©, ®¯à¥¤¥«¥−¨ï á¯®á®¡®¢ ¨å à¥�«¨§�æ¨¨,
á®¯àï¦¥−® á âàã¤®¥¬ª¨¬ ¯à®æ¥áá®¬ ¯à®£à�¬¬¨à®¢�−¨ï ¨ ¬�è¨−−ëå íªá¯¥à¨-
¬¥−â®¢. �® â®«ìª® â�ª¨¬ ¯ãâ¥¬ ¬®¦¥â ¡ëâì ¯®«ãç¥−® ¯®«−®¥ ¯à¥¤áâ�¢«¥−¨¥
® ¢à¥¬¥−−�®© á«®¦−®áâ¨ ¯à¥¤«�£�¥¬ëå ¬¥â®¤®¢. „�«¥¥ ¨áá«¥¤®¢�−¨¥ ¢à¥¬¥−−�®©
á«®¦−®áâ¨ ¯à®¢®¤¨«®áì ª�ª �−�«¨â¨ç¥áª¨, â�ª ¨ íªá¯¥à¨¬¥−â�«ì−ë¬ ¯ãâ¥¬.
„«ï ®æ¥−¨¢�−¨ï ¢à¥¬¥−− �ëå §�âà�â ¨á¯®«ì§®¢�«�áì §�¯¨áì TStopwatch ¬®¤ã«ï
System.Diagnostic ¢ áà¥¤¥ Embarcadero R©Delphi 10.3 ¤«ï ¯à®æ¥áá®à� Intel R©
Coreôí i5-9500. �ªá¯¥à¨¬¥−âë §�ª«îç�«¨áì ¢ ¯®¢â®à−®¬ ¢ë¯®«−¥−¨¨ ª�¦¤®©
¨§ ¯à®æ¥¤ãà Nexp à�§, §�¬¥àë áã¬¬�à−®£® ¢à¥¬¥−¨ ª®àà¥ªâ¨à®¢�«¨áì á ãç¥â®¬
¢ë¯®«−¥−¨ï ¢á¯®¬®£�â¥«ì−ëå ®¯¥à�æ¨© (−�¯à¨¬¥à, ¨áª«îç�«®áì ¢à¥¬ï −� £¥−¥-
à¨à®¢�−¨¥ á«ãç�©−ëå ¤�−−ëå). �¯à®¡®¢�«¨áì §−�ç¥−¨ï d = 20, 40, 50, 80,
100 ¨ k/d = 0,1; 0,2; . . . ; 0,9 ¤«ï ª�¦¤®£® ¨§ d. ˆáá«¥¤®¢�−¨¥ á®¯à®¢®¦¤�«®áì
ª®−âà®«¥¬ â®ç−®áâ¨ ¯®«ãç�¥¬ëå à¥§ã«ìâ�â®¢, ¯à®¢®¤¨¬ë¬ áà�¢−¥−¨¥¬ á ®¤−¨¬
¨§ ¬¥â®¤®¢, ¯à¨−ïâëå ¢ ª�ç¥áâ¢¥ ¡�§®¢®£®. ’®ç−®áâì ¢ á«ãç�¥ �¯¯à®ªá¨¬�æ¨¨
¢à¥¬¥−− �ëå ¯®ª�§�â¥«¥© å�à�ªâ¥à¨§®¢�«�áì ®â−®á¨â¥«ì−®© ®è¨¡ª®© ¢ëç¨á«¥−¨ï
lnϕ(x), ª®â®à�ï ¯à¨ Nexp = 10

5 −¥ ¯à¥¢§®è«� 10−12.
‘−�ç�«� ¡ë«� ¯à®¢¥¤¥−� á¥à¨ï íªá¯¥à¨¬¥−â®¢, ¯®§¢®«ïîé¨å ã¯®àï¤®ç¨âì

à¥�«ì−ãî ¢à¥¬¥−−�ãî á«®¦−®áâì ¯®áâà®¥−−ëå �«£®à¨â¬®¢. ‘ íâ®© æ¥«ìî áà�¢−¨-
¢�«¨áì áã¬¬�à−ë¥ ¢à¥¬¥−� ¢ëç¨á«¥−¨ï lnϕ(x) ¤«ï á«ãç�©−® ¢ë¡à�−−ëå §−�ç¥-
−¨© x ¯à¨ Nexp = 10

5. �à¨¬¥à ¯®«ãç�îé¨åáï à¥§ã«ìâ�â®¢ ¤�− −� à¨áã−ª¥.
�à®¢¥¤¥−−ë¥ ¨áá«¥¤®¢�−¨ï ¯®§¢®«ïîâ ¯®¤ëâ®¦¨âì:

{ ¨§ ¬¥â®¤®¢, −¥ ãç¨âë¢�îé¨å á−¨¦¥−¨¥ à�§¬¥à−®áâ¨, ®¦¨¤�¥¬ë¬ ¯à¥¨¬ãé¥-
áâ¢®¬ ®¡«�¤�¥â CC ¯® áà�¢−¥−¨î á SC (§� áç¥â §�¬¥−ë ®¡à�é¥−¨ï ¬�âà¨æë
à¥è¥−¨¥¬ á¨áâ¥¬ë «¨−¥©−ëå ãà�¢−¥−¨© á âà¥ã£®«ì−®© ¬�âà¨æ¥©);

{ áãé¥áâ¢ãîâ ®¡«�áâ¨ §−�ç¥−¨© k, ¤«ï ª®â®àëå à�æ¨®−�«ì−® ¨á¯®«ì§®¢�âì
ä�ªâ®à¨§�æ¨î ª®¢�à¨�æ¨®−−®© ¬�âà¨æë, ãç¨âë¢�îéãî á−¨¦¥−¨¥ à�§¬¥à-
−®áâ¨, ¨ ¯¥à¥å®¤¨âì ª �«£®à¨â¬�¬ â¨¯� SM ¨«¨ CM.

‚ å®¤¥ ª®¬¯ìîâ¥à−ëå íªá¯¥à¨¬¥−â®¢ ¯®¯ãâ−® ¡ë«¨ −�©¤¥−ë íää¥ªâ¨¢−ë¥
à¥è¥−¨ï ®â¤¥«ì−ëå §�¤�ç, ª®â®àë¥ −�è«¨ ¯à¥â¢®à¥−¨¥ ¢ �−�«¨§¨àã¥¬ëå �«£®-
à¨â¬�å. ‚ ç�áâ−®áâ¨, ¯à®¤¥¬®−áâà¨à®¢�−®, çâ® áª�«ïà−®¥ ¯à®¨§¢¥¤¥−¨¥ ¢¥ªâ®à�
−� á¥¡ï ¡ëáâà¥¥ ¢ëç¨á«ï¥âáï á ¯®¬®éìî ¢®§¢¥¤¥−¨ï ¢ ª¢�¤à�â ª®¬¯®−¥−â, � −¥ ¨å
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‡�¢¨á¨¬®áâì ®â−®á¨â¥«ì−®© ¢à¥¬¥−−®© á«®¦−®áâ¨ ¬¥â®¤®¢ SC (1), SM (2), CC (3)
¨ CM (4) ®â k/d ¯à¨ ä¨ªá¨à®¢�−−®¬ d = 100

¯¥à¥¬−®¦¥−¨ï; ®â−®á¨â¥«ì−ë¥ ¯à¥¨¬ãé¥áâ¢� ¤®áâ¨£�îâ 25% ¯à¨ ¬�«®© à�§¬¥à-
−®áâ¨ ¢¥ªâ®à� ¨ ¯®áâ¥¯¥−−® áå®¤ïâ −� −¥â: ¯à¨ d = 50 íâ® 10%, ¯à¨ d = 100| 4%,
¯à¨ d = 500| 2%. �®íâ®¬ã â�ª æ¥−−® §� áç¥â à�§«®¦¥−¨ï ®¡à�â−®© ª®¢�à¨�æ¨-
®−−®© ¬�âà¨æë á¢®¤¨âì ¢ëç¨á«¥−¨¥ xTC−1x ª −�å®¦¤¥−¨î −®à¬ë ¢¥ªâ®à�. �à¨
íâ®¬, ¥á«¨ à¥çì ¨¤¥â ® à�§«®¦¥−¨¨ •®«¥æª®£®, ¢ë¨£àëè ¢® ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï
¤®áâ¨£�¥â ®¦¨¤�¥¬®£® §−�ç¥−¨ï ¢ 50% ã¦¥ ¯à¨ d > 60.

�®á«¥ â®£® ª�ª ¢ ª�ç¥áâ¢¥ ®¡ê¥ªâ®¢ ¨áá«¥¤®¢�−¨© ®áâ�«¨áì ¬¥â®¤ë CC ¨ SM,
�ªâã�«ì−ë¬ áâ�« ¢®¯à®á ® ªà¨â¥à¨¨ ¢ë¡®à� ®¤−®£® ¨§ −¨å ¯à¨ ¯à¨−ïâ®© ¬®¤¥«¨
¨ ¤�−−ëå á à¥�«ì−ë¬¨ ®¡ê¥¬�¬¨. …á«¨ TCC ¨ TSM áãâì ¢à¥¬¥−− �ë¥ á«®¦−®áâ¨
á®®â¢¥âáâ¢ãîé¨å �«£®à¨â¬®¢ ¯à¨ §�¤�−−ëå d ¨ k, � k0(d) ¥áâì à¥è¥−¨¥ ãà�¢−¥−¨ï
TCC − TSM = 0, â® ¯à¥¤¯®çâ¥−¨¥ ¯à¨ k < k0(d) −�¤® ®â¤�âì ¬¥â®¤ã SM,
¢ ¯à®â¨¢−®¬ á«ãç�¥ | ¬¥â®¤ã CC. �−�«¨§ �«£®à¨â¬®¢ ¯®áâà®¥−−ëå ¬¥â®¤®¢
¯®§¢®«¨« ¢ë¤¥«¨âì −�¡®à ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å ¨å ¢à¥¬¥−−�ãî á«®¦−®áâì:
¤«ï SC | íâ® const, d, d2, ¤«ï SM | const, k, kd, d, ¤«ï CC | const, d, d2, ¤«ï
CM | const, k, k2, kd, d. ’®£¤� ¤«ï TCC ¨ TSM ¬®¦−® §�¯¨á�âì:

δ(d, k) = TCC(d, k) − TSM(d, k) = a0 + a1k + a2kd+ a3d+ a4d
2 , (2)

£¤¥ a0, . . . , a4 | −¥ª®â®àë¥ ª®íää¨æ¨¥−âë, §�¢¨áïé¨¥ ®â à¥�«¨§�æ¨¨ �«£®à¨â¬�
−� ®¯à¥¤¥«¥−−®¬ ¢ëç¨á«¨â¥«¥. „�«¥¥ ¯à¨−¨¬�¥âáï ã¯à®é¥−¨¥, çâ® íâ¨ ¢¥«¨ç¨-
−ë | ª®−áâ�−âë, −® −�¤® ¯®¬−¨âì, çâ® íâ® ¤®¯ãé¥−¨¥ ¬®¦¥â áâ�âì ¨áâ®ç−¨ª®¬
®è¨¡®ª (−�¯à¨¬¥à, ¢à¥¬ï ¤®áâã¯� ª í«¥¬¥−â�¬ ¬�âà¨æë, ®ç¥¢¨¤−®, §�¢¨á¨â ®â ¥¥
à�§¬¥à−®áâ¨, çâ® ¬®¦¥â áãé¥áâ¢¥−−® ¯®¢«¨ïâì −� §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ ¢ (2)).

ˆ§ ãà�¢−¥−¨ï δ(d, k) = 0 ¯®«ãç�¥¬ ¥£® à¥è¥−¨¥:

k0 =
−a0 − a3d− a4d

2

a1 + a2d
=

−(a0/a2)/d− a3/a2 − (a4/a2)d
(a1/a2)/d+ 1

, (3)

®âªã¤� á«¥¤ã¥â, çâ®
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k0
d
=

−b0/d− b3/d− b4
b1/d+ 1

=

(

− b0
d2

− b3
d

− b4

)(

1− b1
d
+O

(

1

d2

))

=

= −b4 +
b1b4 − b3

d
+O

(

1

d2

)

. (4)

£¤¥ b0 = a0/a2, b1 = a1/a2, b3 = a3/a2, b4 = a4/a2 ¨ �á¨¬¯â®â¨ç¥áª®¥
à�§«®¦¥−¨¥ ¯à�¢®¬¥à−® ¯à¨ d > b1.

‘¬ëá« ¯à®¤¥«�−−ëå ¯à¥®¡à�§®¢�−¨© ¢ á«¥¤ãîé¥¬:

{ ¯¥à¥å®¤ ®â ª®íää¨æ¨¥−â®¢ a. . . ª b. . . ¨§¡�¢«ï¥â ®â −¥®¡å®¤¨¬®áâ¨ ®¡à�é�âì
¢−¨¬�−¨¥ −� â®, ¢ ª�ª¨å ¥¤¨−¨æ�å ¨§¬¥àï¥âáï ¢à¥¬ï ¯à¨ íªá¯¥à¨¬¥−â�å;

{ ¯®«ãç¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ £®¢®à¨â ® â®¬, çâ® ªà¨â¥à¨© ¯à®é¥ áâà®¨âì −�
®á−®¢¥ ¢¥«¨ç¨−ë k0/d, ª®â®à�ï ¯à¨ ã¢¥«¨ç¥−¨¨ d áâà¥¬¨âáï ª ª®−áâ�−â¥
−a4/a2;

{ �á¨¬¯â®â¨ç¥áª®¥ à�§«®¦¥−¨¥ ¤¥¬®−áâà¨àã¥â, ª®£¤� ¯à¨¬¥−¨¬ ¯à¥¤¥«ì−ë©
à¥§ã«ìâ�â, −® ¨á¯®«ì§®¢�âì ¥£® ¤«ï à�áç¥â� k0 ¢àï¤ «¨ ¨¬¥¥â á¬ëá«, â�ª ª�ª
¨áå®¤−�ï ä®à¬ã«� á�¬� ¯® á¥¡¥ ¤®áâ�â®ç−® ¯à®áâ�.

��å®¦¤¥−¨¥ ª®íää¨æ¨¥−â®¢ ¢ (2) ¯à®¢®¤¨«®áì á ¯®¬®éìî à¥£à¥áá¨®−−®-
£® �−�«¨§� ¨ ¬¥â®¤� −�¨¬¥−ìè¨å ª¢�¤à�â®¢. ‚ à¥§ã«ìâ�â¥ ¡ë«¨ ¯®«ãç¥−ë
®æ¥−ª¨: a∗0 = 2,190196, a

∗

1 = −0,666241, a∗2 = −0,253967, a∗3 = 1,299035,
a∗4 = 0,127478, � â�ª¦¥, çâ® k∗0/d →

d→∞

0,50. Šà®¬¥ íâ®£® ®ª�§�«®áì, çâ® �á¨¬¯â®-

â¨ç¥áª®¥ à�§«®¦¥−¨¥ ¢¥à−® ¯à¨ d > b∗1 = 2,6. „«ï ¨««îáâà�æ¨¨ ¢®§¬®¦−®áâ¥©
¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¢ â�¡«¨æ¥ ¯à¨¢¥¤¥−ë ®â¤¥«ì−ë¥ §−�ç¥−¨ï R(d, k0) =
= TSM/TCC ¢ ¯à®æ¥−â�å ¤«ï −¥ª®â®àëå d ¨ á®®â¢¥âáâ¢ãîé¨å k0, −�©¤¥−−ëå
á®£«�á−® (3) ¨ (4) −� ®á−®¢¥ ¯®«ãç¥−−ëå ®æ¥−®ª a∗0, . . . , a

∗

4. �à¨ íâ®¬ á¥à®©
§�«¨¢ª®© ®â¬¥ç¥−ë ïç¥©ª¨ á â¥¬¨ §−�ç¥−¨ï¬¨ d, ¯® ª®â®àë¬ áâà®¨«�áì à¥£à¥áá¨-
®−−�ï §�¢¨á¨¬®áâì. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë £®¢®àïâ ® â®ç−®áâ¨ ¯à¥¤«®¦¥−−®£®
¢�à¨�−â� −�å®¦¤¥−¨ï k0, � â�ª¦¥ ® ¯à�ªâ¨ç−®áâ¨ §�¬¥−ë ¥£® ¯à®áâë¬ ¯à�¢¨«®¬:
¥á«¨ á−¨¦¥−−�ï à�§¬¥à−®áâì ¬¥−ìè¥ ¯®«®¢¨−ë ¨áå®¤−®©, â® á«¥¤ã¥â ¯®«ì§®¢�âì-
áï �«£®à¨â¬®¬ SM, â. ¥. ãç¨âë¢�âì ®á®¡¥−−®áâ¨ ä�ªâ®à¨§�æ¨¨ ª®¢�à¨�æ¨®−−®©
¬�âà¨æë ¢ á«ãç�¥ PPCA, ¥á«¨ ¦¥ íâ® −¥ â�ª, â® −¥®¡å®¤¨¬® ®¡à�é�âìáï ª CC,
â. ¥. ª ®¡à�¡®âª¥ à�§«®¦¥−¨ï •®«¥æª®£® ª®¢�à¨�æ¨®−−®© ¬�âà¨æë.

�®¢¥¤¥−¨¥ R(d, k0) ¤«ï à�§«¨ç−ëå d ¨ ¤¢ãå â¨¯®¢ k0

’¨¯ d
k0 20 30 40 50 60 70 80 90 100 150 200

k∗0 99 102 102 100 101 101 99 101 101 100 99
k∞0 72 82 83 86 90 91 91 93 93 95 95
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4 Заключение

‘−¨¦¥−¨¥ ¢à¥¬¥−−�®© á«®¦−®áâ¨ ¡�§®¢ëå �«£®à¨â¬®¢ ®¡à�¡®âª¨ ¤�−−ëå à�á-
è¨àï¥â ¢®§¬®¦−®áâ¨ ¨å ¯à¨¬¥−¥−¨ï, ¯®§¢®«ï¥â ¯®«ãç�âì −®¢ë¥ à¥§ã«ìâ�âë.
��¯à¨¬¥à, áâ�−®¢¨âáï à¥�«ì−ë¬ ®¯à®¡®¢�−¨¥ ¡®«ìè¥£® ç¨á«� ¢�à¨�−â®¢ ¯à¨
¢ë¡®à¥ áâàãªâãà−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¨«¨ ã¢¥«¨ç¥−¨¥ ú£«ã¡¨−ëû ¯à¨ ¯¥à¥-
¯à®¢¥àª¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.

„«ï ¢ëç¨á«¥−¨ï ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï ¢ á«ãç�¥ PPCA ¨áá«¥¤®¢�«¨áì
¢®¯à®áë ¯à¨¬¥−¥−¨ï à�§«¨ç−ëå à�§«®¦¥−¨© ¬�âà¨æ ¨ ®¡à�é¥−¨ï ®¡−®¢«¥−¨ï
−¨§ª®£® à�−£� −¥ª®â®à®© ¬�âà¨æë. ‡� áç¥â ª®¬¡¨−¨à®¢�−¨ï íâ¨å ¯®¤å®¤®¢,
� â�ª¦¥ ¡«�£®¤�àï ú¬�«¥−ìª¨¬ å¨âà®áâï¬û ã¤�«®áì á−¨§¨âì ¢à¥¬¥−− �ë¥ ¢ëç¨-
á«¨â¥«ì−ë¥ §�âà�âë ¯® ªà�©−¥ ¬¥à¥ ¢ 2 à�§�. �®¯ãâ−® ¡ë«¨ ®ç¥àç¥−ë ®¡«�áâ¨,
£¤¥ ¤«ï §�¤�ç á −�«¨ç¨¥¬ á−¨¦¥−−®© à�§¬¥à−®áâ¨ ¨¬¥¥â á¬ëá« ¨á¯®«ì§®¢�âì íâ®â
ä�ªâ, � £¤¥ −¥â.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ®¡«�¤�îâ ¯®â¥−æ¨�«®¬ ã«ãçè¥−¨ï ¯à¨ ãâ®ç−¥−¨¨
á¯¥ªâà� í«¥¬¥−â�à−ëå ¢ëç¨á«¨â¥«ì−ëå ®¯¥à�æ¨©, � â�ª¦¥ ¯à¨¬¥−¨¬ë ¢ ¯®¤®¡-
−ëå á¨âã�æ¨ïå (á¬., −�¯à¨¬¥à, [5]).
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COMPUTING BASED ON PROBABILISTIC PRINCIPAL
COMPONENT ANALYSIS MODEL
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Abstract: An effective solution to problems of multivariate data analysis requires
the use of complex probabilistic models, among which the probabilistic model
of principal component analysis (PPCA) occupies a worthy place. It allows
one to adequately describe real data, formally formulate and solve the problem
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of choosing its parameters. Practical application of PPCA is associated with
a large number of laborious computations. The article discusses techniques for
significantly reducing the time spent in calculating the density of the multivariate
normal distribution. For this, the expediency of using the Cholesky expansion
for the covariance matrix and Woodbury identity for its PPCA factorization is
substantiated. A brief description of the experiments is given, which makes it
possible to evaluate the real time characteristics of the algorithms and to reveal
the conditions for their effective application. Along the way, recommendations
are given on the implementation of individual operations.

Keywords: PPCA computing; Cholesky factorization; Woodbury matrix iden-
tity; computing experience
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ИСПОЛЬЗОВАНИЕ ПАДЕЖНОЙ ГРАММАТИКИ
ПРИ ИНФОРМАЦИОННОМ ПОИСКЕ

В БАЗЕ ЗНАНИЙ ЭКСПЕРТНОЙ СИСТЕМЫ
О КОНСТРУКЦИЯХ ЛЕТАТЕЛЬНЫХ АППАРАТОВ

Н. И. Сидняев1, Ю. И. Бутенко2, Е. Е. Синева3

�−−®â�æ¨ï: ÷�áªàëâë ®á−®¢−ë¥ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï íªá¯¥àâ−ëå á¨áâ¥¬
¢ ®¡«�áâ¨ �¢¨�æ¨®−−®© ¯à®¬ëè«¥−−®áâ¨. �à¥¤«®¦¥− «®£¨ª®-«¨−£¢¨áâ¨ç¥-
áª¨© ¯®¤å®¤ ª ¨−ä®à¬�æ¨®−−®¬ã ¬®¤¥«¨à®¢�−¨î ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯à¨
¯à®¥ªâ¨à®¢�−¨¨ ¡�§ë §−�−¨© íªá¯¥àâ−®© á¨áâ¥¬ë. ÷�§à�¡®â�−� ¬®¤¥«ì ¯à¥¤-
áâ�¢«¥−¨ï §−�−¨© ¤«ï ®¯¨á�−¨ï ª®−áâàãªæ¨© «¥â�â¥«ì−ëå �¯¯�à�â®¢, ®¡¥á¯¥-
ç¨¢�îé�ï ¨−ä®à¬�æ¨®−−®-áâàãªâãà−ãî −�¤¥¦−®áâì ¡�§ë §−�−¨© íªá¯¥àâ−®©
á¨áâ¥¬ë. �à®¢¥¤¥− �−�«¨§ ¯�à�¤¨£¬�â¨ç¥áª¨å ®á®¡¥−−®áâ¥© �¢¨�ª®á¬¨ç¥áª®©
â¥à¬¨−®«®£¨¨ á æ¥«ìî ã«ãçè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−®£® ¯®¨á-
ª�. �à¥¤«®¦¥− ¬¥â®¤ à�§à¥è¥−¨ï «¥ªá¨ç¥áª®© ¬−®£®§−�ç−®áâ¨ ¯®¨áª®¢®£®
§�¯à®á� ¢ ¡�§¥ §−�−¨©. �¯¨á�− ¬¥å�−¨§¬ ¢ë¢®¤� ¨−ä®à¬�æ¨¨ ¨§ ¡�§ë §−�-
−¨© −� ®á−®¢¥ ¯�¤¥¦−®© £à�¬¬�â¨ª¨ —. ”¨««¬®à�, ¯®§¢®«ïîé¥© ®¯à¥¤¥«¨âì
á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áªãî áâàãªâãàã ¢ë¢®¤¨¬®£® ¯à¥¤«®¦¥−¨ï. �®ª�§�−®,
çâ® ¯®áà¥¤áâ¢®¬ à�ááâ�−®¢ª¨ ®£à�−¨ç¥−¨© −� ç¨á«® ãç�áâ−¨ª®¢ á¨âã�æ¨¨, ª®-
â®àë¥ ¬®¦¥â ¯à¨á®¥¤¨−ïâì £«�£®«, ¬®¦−® ®¡¥á¯¥ç¨âì íää¥ªâ¨¢−ë© ¢ë¢®¤
¨−ä®à¬�æ¨¨ ¨§ ¡�§ë §−�−¨©.

Š«îç¥¢ë¥ á«®¢�: íªá¯¥àâ−�ï á¨áâ¥¬�; ¡�§� §−�−¨©; «¥â�â¥«ì−ë© �¯¯�à�â;
â¥à¬¨−®«®£¨ï; §−�−¨ï

DOI: 10.14357/08696527210307

1 Введение

�®¤¤¥à¦ª� ¯à¨−ïâ¨ï à¥è¥−¨© ¢ á«®¦−ëå á¨âã�æ¨ïå −¥®¡å®¤¨¬� ¢ à�§«¨ç−ëå
®¡«�áâïå ¤¥ïâ¥«ì−®áâ¨, £¤¥ âà¥¡ãîâáï ®¡®á−®¢�−−ë¥, «®£¨ç¥áª¨ ¤®ª�§ã¥¬ë¥ �à-
£ã¬¥−âë, ¢ â®¬ ç¨á«¥ ¢ ®¯¥à�â¨¢−®¬ ¨ áâà�â¥£¨ç¥áª®¬ ã¯à�¢«¥−¨¨ â¥å−®«®£¨ï¬¨
−� �¢¨�æ¨®−−ëå ¯à¥¤¯à¨ïâ¨ïå. �à¨ ¯à¨−ïâ¨¨ à¥è¥−¨© −¥®¡å®¤¨¬® ¯à®¢¥¤¥-
−¨¥ ¤¥â�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© ¯à¥¤¯®«�£�¥¬®£® à¥è¥−¨ï, ¯®¨áª
®¯â¨¬�«ì−®£® ¯ãâ¨ ¤®áâ¨¦¥−¨ï §�¤�−−®£® à¥§ã«ìâ�â� ¯à¨ ¯®¬®é¨ â¥å−®«®£¨©
¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï. ‘ ¯®¤®¡−ë¬¨ §�¤�ç�¬¨ ãá¯¥è−® á¯à�¢«ïîâáï
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ˆá¯®«ì§®¢�−¨¥ ¯�¤¥¦−®© £à�¬¬�â¨ª¨ ¯à¨ ¨−ä®à¬�æ¨®−−®¬ ¯®¨áª¥ ¢ ¡�§¥ §−�−¨©

íªá¯¥àâ−ë¥ á¨áâ¥¬ë | ª®¬¯«¥ªáë ¯à®£à�¬¬−ëå áà¥¤áâ¢, á¯®á®¡−ë¥ §�¬¥−ïâì
á¯¥æ¨�«¨áâ� ¯à¨ à¥è¥−¨¨ á«®¦−ëå §�¤�ç, ¢®§−¨ª�îé¨å ¢ ¯à®æ¥áá¥ ¤¨�£−®áâ¨-
ª¨, ¯à®¥ªâ¨à®¢�−¨ï ¨«¨ íªá¯«ã�â�æ¨¨ �íà®ª®á¬¨ç¥áª®© ¨ ¤àã£®© â¥å−¨ª¨ [1].
’�ª¨¥ á¨áâ¥¬ë ®á−®¢�−ë −� §−�−¨ïå, ¯®«ãç¥−−ëå ¢ ¯à®æ¥áá¥ ¢§�¨¬®¤¥©áâ¢¨ï
á íªá¯¥àâ�¬¨ ¢ ª®−ªà¥â−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨.

��à�««¥«ì−® á à�§¢¨â¨¥¬ à�§«¨ç−ëå −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¨¤¥â à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå áâàãªâãà ¤«ï ¯à¥¤-
áâ�¢«¥−¨ï §−�−¨© [2, 3]. �®ï¢¨«¨áì −®¢ë¥ á¯®á®¡ë ®¯¨á�−¨ï ¨ ¯à¥¤áâ�¢«¥−¨ï
¤�−−ëå, ¢®§−¨ª«¨ äà¥©¬®¢ë¥, á¯¨á®ç−ë¥ ¨ ¨¥à�àå¨ç¥áª¨¥ áâàãªâãàë. �à®æ¥áá
¯®áâà®¥−¨ï ¡�§ §−�−¨© ¤®áâ�â®ç−® á«®¦¥− ¨ −®á¨â ¨â¥à�â¨¢−ë© å�à�ªâ¥à, §�-
ª«îç�îé¨©áï ¢ æ¨ª«¨ç¥áª®© ¬®¤¨ä¨ª�æ¨¨ ¡�§ §−�−¨© −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¥¥
â¥áâ¨à®¢�−¨ï [4].

2 Абстрактная иерархическая структура как способ описания
конструкций летательных аппаратов

�á−®¢−®© §�¤�ç¥© ¯à®¥ªâ¨à®¢�−¨ï ¡�§ë §−�−¨© ¢ ®¡«�áâ¨ �¢¨�ª®á¬¨ç¥áª®-
£® ¯à¨¡®à®áâà®¥−¨ï ï¢«ï¥âáï ®¯¨á�−¨¥ áâàãªâãàë «¥â�â¥«ì−®£® �¯¯�à�â� â�ª¨¬
®¡à�§®¬, çâ®¡ë ®−® ¯à¥¤®áâ�¢«ï«® −�¨¡®«¥¥ ¯®«−ãî ¨ −¥¯à®â¨¢®à¥ç¨¢ãî ¨−-
ä®à¬�æ¨î ®¡ ®¯¨áë¢�¥¬®¬ ®¡ê¥ªâ¥. …á«¨ ¯à¨¬¥−¨âì «¨−£¢¨áâ¨ç¥áª¨¥ ¬®¤¥-
«¨ ¢ á®¢®ªã¯−®áâ¨ á ¬�â¥¬�â¨ç¥áª¨¬ �¯¯�à�â®¬, ¬®¦−® ¤®áâ¨çì ¡®«¥¥ ïá−®£®
¨ à¥§ã«ìâ�â¨¢−®£® ®¯¨á�−¨ï ¨ à¥è¥−¨ï á«®¦−®© â¥å−®«®£¨ç¥áª®© ¯à®¡«¥¬ë.
ˆ−ä®à¬�æ¨ï ¢®á¯à¨−¨¬�¥âáï á¯¥æ¨�«¨áâ®¬ −� ª®£−¨â¨¢−®¬ ãà®¢−¥ ¯®áà¥¤áâ¢®¬
®á−®¢−ëå ¥¤¨−¨æ íâ®£® ãà®¢−ï | ¯®−ïâ¨©, ¨¤¥©, ª®−æ¥¯â®¢, ¯®íâ®¬ã ¤«ï ¯à¥¤-
áâ�¢«¥−¨ï §−�−¨© ç�áâ® ¯à¨¬¥−ï¥âáï �¯¯�à�â á¥¬�−â¨ç¥áª¨å á¥â¥©, ª®â®àë©
¯®§¢®«ï¥â ¢®áá®§¤�âì ¬®¤¥«ì, áå®¦ãî á ¯à®æ¥áá�¬¨ ¬ëè«¥−¨ï ª®−áâàãªâ®à�,
â¥å−®«®£� [5, 6]. ‚ ¨−¦¥−¥à¨¨ §−�−¨© ¯®¤ á¥¬�−â¨ç¥áª®© á¥âìî ¯®¤à�§ã¬¥¢�-
¥âáï £à�ä á ã§«�¬¨, ®â®¡à�¦�îé¨¬¨ ®¡ê¥ªâë ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¨ ¤ã£�¬¨,
®¡®§−�ç�îé¨¬¨ ®â−®è¥−¨ï ¬¥¦¤ã ¤�−−ë¬¨ ¯®−ïâ¨ï¬¨.

„«ï ®¯¨á�−¨ï ª®−áâàãªæ¨© «¥â�â¥«ì−ëå �¯¯�à�â®¢ à�§à�¡®â�−� ¨−â¥£à¨à®-
¢�−−�ï ¬®¤¥«ì ¯à¥¤áâ�¢«¥−¨ï §−�−¨© | �¡áâà�ªâ−�ï ¨¥à�àå¨ç¥áª�ï áâàãªâãà�,
®¡ê¥¤¨−ïîé�ï £à�ä®¢ãî áâàãªâãàã, äà¥©¬ë ¨ ¯à¥¤¨ª�âë. ‚á¥ §−�−¨ï ® ¯à¥¤¬¥â-
−®© ®¡«�áâ¨ ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ £à�ä�, ¢ ã§«�å ª®â®à®£® á®¤¥à¦�âáï äà¥©¬ë |
¬¨−¨¬�«ì−® ¢®§¬®¦−ë¥ ®¯¨á�−¨ï áãé−®áâ¥©, §�¯¨á�−−ë¥ á ¯®¬®éìî ¯à¥¤¨ª�â®¢
¨ ¯à¥¤¨ª�â−ëå á¨¬¢®«®¢ [1]. �®¤®¡−�ï áâàãªâãà� £�à�−â¨àã¥â −¥¯à®â¨¢®à¥ç¨-
¢®áâì ®¯¨á�−¨© ®¡ê¥ªâ®¢ ¨ ¨å ®â−®è¥−¨© ¢ à¥�«ì−®¬ ¯à®¨§¢®¤áâ¢¥.

3 Отражение парадигматических особенностей авиакосмической
терминологии в базе знаний

�¥®âê¥¬«¥¬®© ç�áâìî «î¡®£® ã¯à�¢«¥−¨ï ï¢«ï¥âáï ¥£® ¤®ªã¬¥−â�æ¨®−−®¥
®¡¥á¯¥ç¥−¨¥, ®á−®¢� ª®â®à®£® | ®¤−®§−�ç−® ¯®−¨¬�¥¬�ï ¨ −¥¯à®â¨¢®à¥ç¨¢�ï
â¥à¬¨−®«®£¨ï. …¤¨−®¥ â¥à¬¨−®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯®§¢®«ï¥â ¨§¡¥£�âì −¥¤®-
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¯®−¨¬�−¨ï ¬¥¦¤ã á¯¥æ¨�«¨áâ�¬¨ ª�ª ¢ à�¬ª�å ®¤−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨, â�ª
¨ §� ¥¥ ¯à¥¤¥«�¬¨.

’¥à¬¨−®á¨áâ¥¬� | íâ® −¥ª®â®à�ï «¨−£¢¨áâ¨ç¥áª�ï ¬®¤¥«ì, ¯à¥¤áâ�¢«ïîé�ï
ª®−ªà¥â−ãî ¯à¥¤¬¥â−ãî ®¡«�áâì [7]. �íà®ª®á¬¨ç¥áª�ï â¥à¬¨−®«®£¨ï àãááª®£®
ï§ëª� ¯à¥¤áâ�¢«ï¥â á®¡®© á«®¦−ãî á¨áâ¥¬ã, ¢ª«îç�îéãî â¥à¬¨−ë ¨§ à�§«¨ç-
−ëå â¥¬�â¨ç¥áª¨å ¯à®áâà�−áâ¢: ®¡®§−�ç¥−¨ï áã¡ê¥ªâ®¢ �íà®ª®á¬¨ç¥áª®© áä¥àë
(ª®á¬®−�¢â, «¥âç¨ª, ¯¨«®â), −�¨¬¥−®¢�−¨ï ®à£�−¨§�æ¨© ¨ áâàãªâãà ®¡«�áâ¨
�¢¨�æ¨¨ ¨ ª®á¬®−�¢â¨ª¨ (��‘�, ˆ�’�, ˆ”�’Š�), ®¡®§−�ç¥−¨ï ¤¥©áâ¢¨© �í-
à®ª®á¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (¢§«¥â, ¯®á�¤ª�, ¯¨«®â¨à®¢�−¨¥, ¯à¨áâëª®¢ª�), −�-
¨¬¥−®¢�−¨ï ¤¥â�«¥© ¨ ç�áâ¥© «¥â�â¥«ì−ëå �¯¯�à�â®¢ (äî§¥«ï¦, ªàë«®, ¯®¤ªàë«-
ª¨, ¤¢¨£�â¥«ì), ®¡®§−�ç¥−¨¥ å�à�ªâ¥à¨áâ¨ª ¨ á®áâ®ï−¨© «¥â�â¥«ì−ëå �¯¯�à�â®¢
(à�¡®â®á¯®á®¡−®áâì, −�¤¥¦−®áâì, ¡¥§®¯�á−®áâì). ‘â�−¤�àâ¨§�æ¨ï â¥à¬¨−®«®£¨¨
¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ | ¯à®æ¥áá âàã¤®¥¬ª¨©, � ®âáãâáâ¢¨¥ áâ�−¤�àâ¨§�-
æ¨¨ ¯à¨¢®¤¨â ª ¯®ï¢«¥−¨î à�§−ëå â¥à¬¨−®¢ ¤«ï ®¡®§−�ç¥−¨ï ®¤−¨å ¨ â¥å ¦¥
®¡ê¥ªâ®¢ ¨ ï¢«¥−¨©, ¢ á¢ï§¨ á ç¥¬ ¢®§−¨ª�îâ á«ãç�¨ á¨−®−¨¬¨¨ ¨ «¥ªá¨ç¥áª®©
¬−®£®§−�ç−®áâ¨.

�à¨ ¯®áâà®¥−¨¨ ¡�§ §−�−¨© ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ á¨−®−¨¬¨ï áç¨â�¥âáï
ªà�©−¥ −¥¡«�£®¯à¨ïâ−ë¬ ï¢«¥−¨¥¬. ÷�§«¨ç¨ï ¢ −®¬¨−�æ¨¨ ®¡ê¥ªâ®¢ ¯à¨¢®¤ïâ
ª âàã¤−®áâï¬ ¢ áä¥à¥ ¯à®ä¥áá¨®−�«ì−®© ª®¬¬ã−¨ª�æ¨¨, ¯®íâ®¬ã ¡�§ã §−�−¨©
íªá¯¥àâ−®© á¨áâ¥¬ë ¯à¥¤«�£�¥âáï ¯®¯®«−ïâì ¢á¥¬¨ ¢®§¬®¦−ë¬¨ ¢�à¨�−â�¬¨ á¨-
−®−¨¬®¢ â¥å ¨«¨ ¨−ëå ã§ª®á¯¥æ¨�«ì−ëå ¨ ®¡é¥−�ãç−ëå â¥à¬¨−®¢.

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ ¯à¨¢¥¤¥¬ −¥áª®«ìª® ¯à¨¬¥à®¢ á¨−®−¨¬¨ç−ëå â¥à¬¨-
−®¢: ¨−â¥àæ¥¯â®à{á¯®©«¥à; ¯ãáª®¢®¥ ãáâà®©áâ¢® { ¯ãáª®¢�ï ª−®¯ª� { áâ�àâ¥à;
èª�«� ¤�«ì−®áâ¨ { ¤¨áâ�−æ¨®−−�ï èª�«�; á¯ãáª{á−¨¦¥−¨¥; ¯à¨¡®à−�ï ¤®áª� {
¯à¨¡®à−�ï ¯�−¥«ì; ¬�á«®ã«®¢¨â¥«ì{¬�á«®á¡®à−¨ª.

‚ �íà®ª®á¬¨ç¥áª®© â¥à¬¨−®«®£¨¨ â�ª¦¥ −�¡«î¤�¥âáï á¥¬�−â¨ç¥áª�ï ®¯¯®§¨-
æ¨ï −®¬¨−�æ¨© úá¢®©{çã¦®©û, ¢ à¥§ã«ìâ�â¥ ç¥£® ¢®§−¨ª�îâ á¨−®−¨¬¨ç−ë¥ ¯�àë,
−�¯à¨¬¥à: ª®á¬®−�¢â{�áâà®−�¢â (�−£«. astrounaut); ª®á¬®−�¢â¨ª�{�áâà®−�¢-
â¨ª� (�−£«. astrounautica); ¢ëá®â®¬¥à{�«ìâ¨¬¥âà (äà�−æ. altim�etre).

÷�¢−®§−�ç−®áâì ¯®¤®¡−ëå á¨−®−¨¬®¢ −¥®¡å®¤¨¬® ®âà�§¨âì ¢ ¯à®¥ªâ¨àã¥¬®©
¡�§¥ §−�−¨© ¢® ¨§¡¥¦�−¨¥ −¥¤®¯®−¨¬�−¨ï ¬¥¦¤ã íªá¯¥àâ−®© á¨áâ¥¬®© ¨ ¥¥ ¯®«ì-
§®¢�â¥«ï¬¨. ‘â®¨â ®â¬¥â¨âì, çâ® à¥¤ª® ¨á¯®«ì§ã¥¬ë¥ �¡¡à¥¢¨�âãàë ¤®«¦−ë
¡ëâì à�áè¨äà®¢�−ë ¨ ¯®−ïâ−ë ¯®«ì§®¢�â¥«ï¬ íªá¯¥àâ−®© á¨áâ¥¬ë (−�¯à¨¬¥à,
˜‚� | íâ® è�áá¨ −� ¢®§¤ãè−®© ¯®¤ãèª¥ ¨«¨ è�à®¢®© ¢ëâï¦−®© ¯�à�èîâ).

‡−�ç¨â¥«ì−ë¥ âàã¤−®áâ¨ ¢ ¯à®æ¥áá¥ ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ ¡�§¥ §−�−¨© ¢ë-
§ë¢�îâ ï¢«¥−¨ï «¥ªá¨ç¥áª®© ¬−®£®§−�ç−®áâ¨, â. ¥. á®áãé¥áâ¢®¢�−¨¥ à�§«¨ç−ëå
§−�ç¥−¨© ®¤−®£® á«®¢� ¨«¨ äà�§ë, −�¯à¨¬¥à:

‘¢¥ç� | 1. �à¨á¯®á®¡«¥−¨¥ ¤«ï ¢®á¯«�¬¥−¥−¨ï £®àîç¥© á¬¥á¨ (¢ ¤¢¨£�â¥«ïå
¢−ãâà¥−−¥£® á£®à�−¨ï); 2. Šàãâ®© ¢§«¥â, ¯®¤ê¥¬ (ä¨£ãà� ¢ëáè¥£® ¯¨«®â�¦�).

•¢®áâ | 1. •¢®áâ®¢®¥ ®¯¥à¥−¨¥ «¥â�â¥«ì−ëå �¯¯�à�â®¢; 2. ‚ëâï−ãâ®¥ ¨§ ¯ë«¨
¨ £�§� ª®¬¥â−®¥ ¢¥é¥áâ¢®, ®¡à�§ãîé¥¥áï ¯à¨ ¯à¨¡«¨¦¥−¨¨ ª®¬¥âë ª ‘®«−æã.

�â¬®áä¥à� | 1. ƒ�§®®¡à�§−�ï ®¡®«®çª�, ®ªàã¦�îé�ï ‡¥¬«î ¨ −¥ª®â®àë¥
¤àã£¨¥ ¯«�−¥âë; 2. …¤¨−¨æ� ¨§¬¥à¥−¨ï ¤�¢«¥−¨ï.
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4 Применение падежной грамматики Ч. Филлмора для вывода знаний
из экспертной системы

�¤¨− ¨§ −¥®¡å®¤¨¬ëå ª®¬¯®−¥−â®¢ ¡�§ë §−�−¨© íªá¯¥àâ−®© á¨áâ¥¬ë | ¬¥-
å�−¨§¬ ¢ë¢®¤�, ª®â®àë© á®¤¥à¦¨â ¯à�¢¨«� ¤«ï à¥è¥−¨ï ª®−ªà¥â−®© §�¤�ç¨.
Œ¥å�−¨§¬ ¢ë¢®¤� ááë«�¥âáï −� ¨−ä®à¬�æ¨î ¨§ ¡�§ë §−�−¨© ¨ ¢ë¡¨à�¥â ä�ªâë
¨ ¯à�¢¨«�, ª®â®àë¥ ¡ã¤ãâ ¯à¨¬¥−ïâìáï ¯à¨ ¯®¯ëâª¥ ®â¢¥â¨âì −� §�¯à®á ¯®«ì§®¢�-
â¥«ï. „�−−ë© ¬¥å�−¨§¬ ®¡¥á¯¥ç¨¢�¥â �à£ã¬¥−â�æ¨î ¨−ä®à¬�æ¨¨ ¢ ¡�§¥ §−�−¨©
¨ ¯®§¢®«ï¥â ç¥«®¢¥ªã ¯®«ãç�âì ¨−ä®à¬�æ¨î ¨§ ¡�§ë §−�−¨© ¢ ¢¨¤¥ ¯à¥¤«®¦¥−¨©,
¯®áâà®¥−−ëå −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥. �¤−¨¬ ¨§ −�¨¡®«¥¥ ã¤�ç−ëå ¬¥å�−¨§¬®¢,
¯®§¢®«ïîé¨å ¬®¤¥«¨à®¢�âì á¬ëá« ¢ëáª�§ë¢�−¨© −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, áç¨-
â�¥âáï ¬¥å�−¨§¬, ®á−®¢�−−ë© −� â¥®à¨¨ ¯�¤¥¦−ëå £à�¬¬�â¨ª —. ”¨««¬®à� [8].
‚ ¯�¤¥¦−®© £à�¬¬�â¨ª¥ £«�£®« ï¢«ï¥âáï æ¥−âà®¬ ¯à¥¤«®¦¥−¨ï ¨ ¤¨ªâã¥â ¢ á¨«ã
á¢®¥£® §−�ç¥−¨ï −�¡®à à®«¥© (£«ã¡¨−−ëå ¯�¤¥¦¥©), à¥�«¨§ãîé¨åáï ¢ ¯à¥¤«®¦¥-
−¨¨ ¯®áà¥¤áâ¢®¬ ¨¬¥−−ëå ä®à¬. ˆ−ë¬¨ á«®¢�¬¨, ¯�¤¥¦−�ï £à�¬¬�â¨ª� ¯®ª�§ë-
¢�¥â á¢ï§ì áãé¥áâ¢¨â¥«ì−®£® ¨«¨ ¬¥áâ®¨¬¥−¨ï á ¤àã£¨¬¨ á«®¢�¬¨ ¢ ¯à¥¤«®¦¥−¨¨.
�¡à�¬«¥−¨¥ ¯�¤¥¦�¬¨ ¯®¤¢¥à¦¥−® ®¯à¥¤¥«¥−−ë¬ ®£à�−¨ç¥−¨ï¬, −�¯à¨¬¥à ª�¦-
¤ë© á¥¬�−â¨ç¥áª¨© ¯�¤¥¦ ¬®¦¥â ¢áâà¥ç�âìáï ¢ ¯à¥¤«®¦¥−¨¨ â®«ìª® ®¤¨− à�§ [9].
�¥ª®â®àë¥ ¯�¤¥¦¨ ï¢«ïîâáï ®¡ï§�â¥«ì−ë¬¨, ¤àã£¨¥ | −¥®¡ï§�â¥«ì−ë¬¨. �¡ï-
§�â¥«ì−ë¥ ¯�¤¥¦¨ −¥«ì§ï ã¤�«ïâì, à¨áªãï ¯®«ãç¨âì £à�¬¬�â¨ç¥áª¨ −¥¯à�¢¨«ì−ë¥
¯à¥¤«®¦¥−¨ï.

„«ï ®¯¨á�−¨ï á®¡ëâ¨ï ¢ ª�¦¤®¬ äà¥©¬¥ ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¢ ¯¥à¢ãî
®ç¥à¥¤ì ¢ë¤¥«ï¥âáï ¤¥©áâ¢¨¥, ª®â®à®¥ ®¡ëç−® ®¯¨áë¢�¥âáï £«�£®«®¬. „�«¥¥
®¯à¥¤¥«ïîâáï: ®¡ê¥ªâ, ª®â®àë© ¤¥©áâ¢ã¥â | �£¥−á; ®¡ê¥ªâ, −�¤ ª®â®àë¬ íâ®
¤¥©áâ¢¨¥ ¢ë¯®«−ï¥âáï | ¯�æ¨¥−á [10].

�� ª�¦¤®¥ ®â−®è¥−¨¥ −�ª«�¤ë¢�¥âáï ¬−®¦¥áâ¢® ®£à�−¨ç¥−¨©, −�¯à¨¬¥à
áâàãªâãà� £«�£®«� ú¯¨«®â¨à®¢�âìû ¬®¦¥â ¢ª«îç�âì á«¥¤ãîé¨¥ á¥¬�−â¨ç¥áª¨¥
¯�¤¥¦¨: (1) �£¥−â¨¢ | «¥âç¨ª ¯¨«®â¨à®¢�« á�¬®«¥â; (2) ¯�æ¨¥−â¨¢ | «¥âç¨ª
¯¨«®â¨à®¢�« á�¬®«¥â; (3) ¨−áâàã¬¥−â�«¨á | «¥âç¨ª ¯¨«®â¨à®¢�« á�¬®«¥â
¡®ª®¢®© àãçª®© ã¯à�¢«¥−¨ï; (4) «®ª�â¨¢ | «¥âç¨ª ¢¯¥à¢ë¥ ¯¨«®â¨à®-
¢�« á�¬®«¥â −� �íà®¤à®¬¥ á ¯«®å¨¬ ¯®ªàëâ¨¥¬. ‚®§¬®¦−® ¢ª«îç¥−¨¥
¢ áâàãªâãàã ¤�−−®£® £«�£®«� ¨ ¤àã£¨å á¥¬�−â¨ç¥áª¨å ¯�¤¥¦¥©, � â�ª¦¥ �âà¨-
¡ãâ¨¢−ëå ®â−®è¥−¨©, −�¯à¨¬¥à: ú¯¨«®â¨à®¢�âì ª�ª¨¬ ®¡à�§®¬?û | úã¬¥«®û,
ú¯à®ä¥áá¨®−�«ì−®û.

’�ª¨¥ ®£à�−¨ç¥−¨ï −¥®¡å®¤¨¬® −�ª«�¤ë¢�âì ¤«ï â®£®, çâ®¡ë á¨áâ¥¬� ¬®£«�
áâà®¨âì ¯à�¢¨«ì−ë¥ á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª¨¥ áâàãªâãàë, çâ® ®¡¥á¯¥ç¨â á¢ï§-
−®áâì ¨ ¢−ãâà¥−−îî ¨−â¥à¯à¥â¨àã¥¬®áâì §−�−¨© ¢ íªá¯¥àâ−®© á¨áâ¥¬¥.

��¤¥¦−ë¥ ®â−®è¥−¨ï, � â�ª¦¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã á¨−â�£¬�â¨ª®© ¨ «¨−¥©-
−®© ã¯®àï¤®ç¥−−®áâìî á«®¢ ¢ ¯à¥¤«®¦¥−¨¨ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¤¥à¥-
¢� −¥¯®áà¥¤áâ¢¥−−® á®áâ�¢«ïîé¨å. ƒ«ã¡¨−−�ï áâàãªâãà� ¯à®¯®§¨æ¨®−�«ì−®£®
ª®¬¯®−¥−â� «î¡®£® ¯à®áâ®£® ¯à¥¤«®¦¥−¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ª®−áâàãªæ¨î, á®-
áâ®ïéãî ¨§ £«�£®«ì−®© ¨ ¨¬¥−−®© £àã¯¯ë, ª®â®àë¥ −�å®¤ïâáï ¢ á¯¥æ¨�«ì−ëå
¯®¬¥ç¥−−ëå ®â−®è¥−¨ïå (á¥¬�−â¨ç¥áª¨å ¯�¤¥¦�å) ª® ¢á¥¬ã ¯à¥¤«®¦¥−¨î. „¥à¥-
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÷¨á. 1 �à¥¤áâ�¢«¥−¨¥ ¯à¥¤«®¦¥−¨ï ¢ ¢¨¤¥ ¤¥à¥¢� á®áâ�¢«ïîé¨å

¢® á®áâ�¢«ïîé¨å ¯®§¢®«ï¥â ¯à¥¤áâ�¢¨âì á¨−â�ªá¨ç¥áªãî áâàãªâãàã ¯à¥¤«®¦¥−¨ï
¢ ¢¨¤¥ ¨¥à�àå¨¨, á®áâ�¢«¥−−®© ¨§ á¢ï§�−−ëå ¤àã£ á ¤àã£®¬ −¥¯¥à¥á¥ª�îé¨åáï
¥¤¨−¨æ. �à¨¬¥à ®¯¨á�−¨ï ¯à¥¤«®¦¥−¨ï úƒàã§®¢®© ª®á¬¨ç¥áª¨© ª®à�¡«ì ¯à®¨§-
¢¥« áâëª®¢ªã á ŒŠ‘ ¢ èâ�â−®¬ à¥¦¨¬¥û á ¯®¬®éìî ¤¥à¥¢� á®áâ�¢«ïîé¨å
¯®ª�§�− −� à¨á. 1.

ˆáå®¤ï ¨§ íâ®£®, ¬®¤¥«ì á¥¬�−â¨ç¥áª®© æ¥«®áâ−®áâ¨ ¯à¥¤«®¦¥−¨ï (C) ¬®¦−®
¯à¥¤áâ�¢¨âì á«¥¤ãîé¨¬ ®¡à�§®¬:

C = 〈V I , N I〉 ,
£¤¥ V | £«�£®«ì−�ï á®áâ�¢«ïîé�ï; N | ¨¬¥−−�ï á®áâ�¢«ïîé�ï; I | á¥¬�−-
â¨ç¥áª¨© ¯�¤¥¦. „«ï ¢ë¢®¤� ¨−ä®à¬�æ¨¨ ¨§ ¡�§ë §−�−¨© âà¥¡ãîâáï â�ª¦¥
�âà¨¡ãâ¨¢−ë¥ ®â−®è¥−¨ï ¤«ï ®¯¨á�−¨ï ä®à¬ë, æ¢¥â�, à�§¬¥à� ¨ ¤àã£¨å å�-
à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ®¢, � â�ª¦¥ ¤®¯®«−¨â¥«ì−ë¥ ¯�¤¥¦¨ æ¥«¨, ãá«®¢¨ï, ¢à¥¬¥−¨
¨ ¤à., â. ¥. ¢ §�¢¨á¨¬®áâ¨ ®â æ¥«¥© íªá¯¥àâ−®© á¨áâ¥¬ë ¯¥à¥ç¥−ì, á®¤¥à¦�é¨©
6 ®á−®¢−ëå ¯�¤¥¦¥©, ¬®¦¥â ¡ëâì à�áè¨à¥−.

„®¡�¢¨¬ ª áâàãªâãà¥ à�áá¬�âà¨¢�¥¬®£® ¯à¥¤«®¦¥−¨ï ¤®¯®«−¨â¥«ì−ë¥ á¥-
¬�−â¨ç¥áª¨¥ ¯�¤¥¦¨ ¨ ¯à¨¬¥−¨¬ â¥®à¨î á¥¬�−â¨ç¥áª¨å ¯�¤¥¦¥© ¤«ï ®¯¨á�−¨ï
á¥¬�−â¨ç¥áª®© áâàãªâãàë §−�−¨ï ® á®¡ëâ¨¨. „®¯ãáâ¨¬, á¨áâ¥¬¥ −ã¦−® ¢ë¢¥áâ¨
á®®¡é¥−¨¥ úƒàã§®¢®© ª®á¬¨ç¥áª¨© ª®à�¡«ì ¯à¨áâëª®¢�«áï ª ŒŠ‘ ¢ 15:00 ¬áª
¢ èâ�â−®¬ à¥¦¨¬¥. ƒàã§ ¤®áâ�¢«¥− −� áâ�−æ¨îû. ‘¥¬�−â¨ç¥áª�ï á¥âì,
®¯¨áë¢�îé�ï á®¡ëâ¨¥ ¤®áâ�¢ª¨ £àã§� −� ŒŠ‘, ¯à¥¤áâ�¢«¥−� −� à¨á. 2.

‚ ¯à®æ¥áá¥ ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ ¡�§¥ §−�−¨©, ®á−®¢�−−®© −� á¥¬�−â¨ç¥áª®©
á¥â¨, ¯à®¨áå®¤¨â á®¯®áâ�¢«¥−¨¥ ®¡é¥© á¥â¨ á á¥âìî §�¯à®á� ¤«ï ¯®¨áª� −ã¦−®£®
äà�£¬¥−â� ¨−ä®à¬�æ¨¨. �à¨ ¢ë¢®¤¥ ¢ á¥¬�−â¨ç¥áª¨å á¥âïå â�ª¦¥ ¯à¨¬¥−ï-
¥âáï ¬¥â®¤ ¯¥à¥ªà¥áâ−®£® ¯®¨áª�, ¢ ¯à®æ¥áá¥ ª®â®à®£® á®¯®áâ�¢«ïîâáï −¥ ã§«ë
á¥¬�−â¨ç¥áª®© á¥â¨, � ¤ã£¨ | ®â−®è¥−¨ï ¬¥¦¤ã ®¡ê¥ªâ�¬¨.
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÷¨á. 2 �à¨¬¥à á¥¬�−â¨ç¥áª®© á¥â¨, ®¯¨áë¢�îé¥© á®¡ëâ¨¥ ¤®áâ�¢ª¨ £àã§� −� ŒŠ‘

5 Заключение

‚ à�¡®â¥ à�áªàëâë ®á−®¢−ë¥ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï ¨−â¥««¥ªâã�«ì−ëå á¨á-
â¥¬ ¢ �¢¨�ª®á¬¨ç¥áª®© ¯à®¬ëè«¥−−®áâ¨. �®¤−¨¬�¥âáï ¯à®¡«¥¬� áâ�−¤�àâ¨§�æ¨¨
â¥à¬¨−®«®£¨¨ ª�ª ®¤−®£® ¨§ ª«îç¥¢ëå íâ�¯®¢ à�§à�¡®âª¨ ¡�§ §−�−¨© íªá¯¥àâ-
−ëå á¨áâ¥¬ á æ¥«ìî á¢¥¤¥−¨ï à�§−®®¡à�§−® ¯à¥¤áâ�¢«¥−−®© ¨−ä®à¬�æ¨¨ ª ®¡-
é¥¯®−ïâ−®¬ã ¢¨¤ã, çâ® ¯®§¢®«¨â ®à£�−¨§®¢�âì ¥¥ á®¢¬¥áâ−®¥ ¨ ¬−®£®ªà�â−®¥
¨á¯®«ì§®¢�−¨¥ á¯¥æ¨�«¨áâ�¬¨. „«ï ¢ëï¢«¥−¨ï ¯�à�¤¨£¬�â¨ç¥áª¨å ®á®¡¥−−®áâ¥©
â¥à¬¨−®«®£¨¨ �¢¨�ª®á¬¨ç¥áª®© ®¡«�áâ¨ ¯à®¢¥¤¥− �−�«¨§ «¥ªá¨ç¥áª¨å ¥¤¨−¨æ,
¢å®¤ïé¨å ¢ â¥¬�â¨ç¥áªãî £àã¯¯ã ú�¢¨�ª®á¬¨ç¥áª®¥ ¯à¨¡®à®áâà®¥−¨¥û. ‚ á¢ï§¨
á â¥¬ çâ® áâ�−¤�àâ¨§�æ¨ï â¥à¬¨−®«®£¨¨ ï¢«ï¥âáï âàã¤®¥¬ª¨¬ ¯à®æ¥áá®¬, ¯à¥¤-
«®¦¥−® ¯®¯®«−ïâì ¯à®¥ªâ¨àã¥¬ãî ¡�§ã §−�−¨© ¢á¥¬¨ ¢®§¬®¦−ë¬¨ ¢�à¨�−â�¬¨
á¨−®−¨¬¨ç−ëå â¥à¬¨−®¢. ÷�áá¬®âà¥− ¬¥å�−¨§¬ ¢ë¢®¤� ¨−ä®à¬�æ¨¨ ¨§ ¡�§ë §−�-
−¨© íªá¯¥àâ−®© á¨áâ¥¬ë −� ®á−®¢¥ ¯�¤¥¦−®© £à�¬¬�â¨ª¨ —. ”¨««¬®à�, ª®â®à�ï
¯®§¢®«ï¥â ®¯à¥¤¥«¨âì á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áªãî áâàãªâãàã ¢ë¢®¤¨¬®£® ¯à¥¤«®-
¦¥−¨ï. �®ª�§�−®, çâ® ¯®áà¥¤áâ¢®¬ à�ááâ�−®¢ª¨ ®£à�−¨ç¥−¨© −� ç¨á«® �ªâ�−â®¢
(ãç�áâ−¨ª®¢ á¨âã�æ¨¨), ª®â®àë¥ ¬®¦¥â ¯à¨á®¥¤¨−ïâì £«�£®«, ¬®¦−® ®¡¥á¯¥ç¨âì
íää¥ªâ¨¢−ë© ¢ë¢®¤ ¯à¥¤«®¦¥−¨© −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥.
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Abstract: The paper reveals the basic principles of building expert systems
in the aviation industry. A model of knowledge representation that provides
information and structural reliability of the expert system's knowledge base
for describing aircraft structures has been developed. The article analyzes the
paradigmatic features of aerospace terminology in order to improve the efficiency
of information search. A method for resolving lexical ambiguity of a search query
in the knowledge base is proposed. Inference engine and explanation mechanism
of the knowledge base premised on the Charles Fillmore's case grammar is
described. The grammatical cases make it possible to determine the semantic
and syntactic structure of the output sentence. Restrictions show the number
of participants in the situation that a verb can attach, it is possible to provide
effective output of information from the knowledge base.
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МЕТОДИКА ОЦЕНКИ ПРОИЗВОДСТВЕННЫХ РИСКОВ
РАЗРАБОТКИ СРЕДСТВ ВООРУЖЕНИЯ

И ВОЕННОЙ ТЕХНИКИ

А. В. Босов1, А. А. Крюков2

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� ¬¥â®¤¨ª� ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ −�
íâ�¯¥ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â (�Š÷) ¯à¨ à�§à�¡®âª¥ ¢ëá®ª®â¥å−®«®-
£¨ç−®© ¯à®¤ãªæ¨¨. „«ï ãç¥â� á«®¦−®© ª«�áá¨ä¨ª�æ¨¨ ¯à®¨§¢®¤áâ¢¥−−ëå
à¨áª®¢, à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨å ¢®§−¨ª−®¢¥−¨ï ¨ áä¥à ¢«¨ï−¨ï −� à¥-
§ã«ìâ�â �Š÷ ¯à¥¤«�£�¥âáï ¢−¥¤à¨âì ª®¬¡¨−¨à®¢�−−ë© ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤
¨ ®æ¥−¨¢�âì ¯à®¨§¢®¤áâ¢¥−−ë¥ à¨áª¨ ç�áâ¨ç−® áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨,
ç�áâ¨ç−® ¬¥â®¤®¬ íªá¯¥àâ−ëå ®æ¥−®ª. ÷�áá¬®âà¥−® á®¤¥à¦�−¨¥ íâ�¯®¢ á®-
®â¢¥âáâ¢ãîé¥© ¬¥â®¤¨ª¨. �¡®á−®¢�− ¬¥â®¤ à�áç¥â� ¨−â¥£à�«ì−®© ®æ¥−ª¨
¯à®¨§¢®¤áâ¢¥−−®£® à¨áª� ¨ èª�«� ãà®¢−¥© ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ ¯à®¥ªâ�
á®£«�á−® å�à�ªâ¥àã ¢«¨ï−¨ï ¨ ¯à¨¥¬«¥¬®áâ¨.

Š«îç¥¢ë¥ á«®¢�: ¬¥â®¤¨ª� ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢; ®¯ëâ−®-ª®−-
áâàãªâ®àáª¨¥ à�¡®âë; ¬¥â®¤ íªá¯¥àâ−ëå ®æ¥−®ª; áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë
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1 Введение

‚ áãé¥áâ¢ãîé¨å ãá«®¢¨ïå £¥®¯®«¨â¨ç¥áª®© −¥áâ�¡¨«ì−®áâ¨ ¨ ã¦¥áâ®ç¥−¨ï
£«®¡�«ì−®© ª®−ªãà¥−æ¨¨ ®á®¡ãî �ªâã�«ì−®áâì ¯à¨®¡à¥â�¥â ®æ¥−ª� à¨áª®¢ ¢ë-
á®ª®â¥å−®«®£¨ç−ëå ¯à®¨§¢®¤áâ¢ ®¡®à®−−®-¯à®¬ëè«¥−−®£® ª®¬¯«¥ªá� (��Š),
ä®à¬¨àãîé¨å ®á−®¢ã −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨. ‘¨áâ¥¬� ®æ¥−ª¨ ¯à®¨§¢®¤-
áâ¢¥−−ëå à¨áª®¢ ¯à¥¤¯à¨ïâ¨© ��Š ¯à¨ ¢ë¯®«−¥−¨¨ �Š÷ ®¡¥á¯¥ç¨¢�¥â á¢®¥¢à¥-
¬¥−−®¥ ®¡−�àã¦¥−¨¥, �−�«¨§, ®æ¥−ªã ¨ ã¯à�¢«¥−¨¥ à¨áª®¬ −� ¢á¥å áâ�¤¨ïå �Š÷
¨ á«ã¦¨â ®¤−¨¬ ¨§ ®á−®¢−ëå ¬¥å�−¨§¬®¢ ®¡¥á¯¥ç¥−¨ï ¢ë¯®«−¥−¨ï ¤®£®¢®à−ëå
®¡ï§�â¥«ìáâ¢. �á®¡ãî §−�ç¨¬®áâì â�ª�ï á¨áâ¥¬� ¯à¨®¡à¥â�¥â ¯à¨ ¢ë¯®«−¥−¨¨
�Š÷ ¢ à�¬ª�å £®áã¤�àáâ¢¥−−®£® ®¡®à®−−®£® §�ª�§� (ƒ�‡). ‚ «¨â¥à�âãà¥ ¯à¥¤-
áâ�¢«¥−ë à�§−®®¡à�§−ë¥ ¨áá«¥¤®¢�−¨ï ¬¥â®¤¨ç¥áª¨å ¯®¤å®¤®¢ ª ®æ¥−ª¥ à¨áª®¢.
’�ª, ¢ [1{3] �¢â®àë à�áá¬�âà¨¢�îâ ¯®−ïâ¨¥ ¨ ®æ¥−ªã à¨áª®¢ ¢ æ¥«®¬, −¥ §�âà�-
£¨¢�ï ¯à®¡«¥¬�â¨ªã ��Š ¨ á¯¥æ¨ä¨ªã ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢. �â¤¥«ì−ë¥
�á¯¥ªâë ®æ¥−ª¨ ¨ ã¯à�¢«¥−¨ï à¨áª�¬¨ ¯à¥¤¯à¨ïâ¨© ��Š, ¢ª«îç�ï ¯à®¨§¢®¤-
áâ¢¥−−ë¥ à¨áª¨, à�áªàëâë ¢ à�¡®â�å [4, 5] ¨ ¤à. �à¨ íâ®¬ ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨

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

2�� úŠ®−æ¥à− ¢®§¤ãè−®-ª®á¬¨ç¥áª®© ®¡®à®−ë ú�«¬�§-�−â¥©û,
alexeykryukov@almaz-antey.ru
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Œ¥â®¤¨ª� ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ à�§à�¡®âª¨ áà¥¤áâ¢ ¢®®àã¦¥−¨ï

®áâ�îâáï ®âªàëâë¬¨ ¢®¯à®áë ª®¬¯«¥ªá−®© á¨áâ¥¬−®© ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå
à¨áª®¢ ¢ë¯®«−¥−¨ï �Š÷ −� ¯à¥¤¯à¨ïâ¨ïå ��Š ¯à¨ ¢ë¯®«−¥−¨¨ ƒ�‡.

2 Постановка задачи

–¥«ì ¯à¥¤áâ�¢«ï¥¬®£® ¨áá«¥¤®¢�−¨ï | à�§à�¡®âª� ¬¥â®¤¨ç¥áª¨å ¯®¤å®¤®¢
ª ®æ¥−ª¥ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ ¯à¥¤¯à¨ïâ¨© ��Š −� íâ�¯¥ ¯à®¢¥¤¥−¨ï �Š÷
¢ à�¬ª�å ¢ë¯®«−¥−¨ï ƒ�‡ ¯à¨ á®§¤�−¨¨ áà¥¤áâ¢ ¢®®àã¦¥−¨ï.

„«ï ®æ¥−ª¨ à¨áª®¢ à�§à�¡®âª¨ áà¥¤áâ¢ ¢®®àã¦¥−¨ï ¢ å®¤¥ ¢ë¯®«−¥−¨ï �Š÷
æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì ª®¬¯«¥ªá−ë© ¯®¤å®¤ ¨§ −¥áª®«ìª¨å ¬¥â®¤®¢ ®æ¥−ª¨
à¨áª®¢. “ç¨âë¢�ï á«®¦−ãî ª«�áá¨ä¨ª�æ¨î ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢, à�§«¨ç-
−ë¥ ¨áâ®ç−¨ª¨ ¨å ¢®§−¨ª−®¢¥−¨ï ¨ áä¥àë ¢«¨ï−¨ï −� à¥§ã«ìâ�â �Š÷, ¯à¥¤-
«�£�¥âáï ª®¬¡¨−¨à®¢�−−ë© ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤, à¥�«¨§ãîé¨© ®æ¥−ªã ¯à®-
¨§¢®¤áâ¢¥−−ëå à¨áª®¢ ç�áâ¨ç−® áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨, ç�áâ¨ç−® ¬¥â®¤®¬
íªá¯¥àâ−ëå ®æ¥−®ª. ‚ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ¯à¥¤áâ�¢«¥−−ë© à¥§ã«ìâ�â ®á−®¢�−
−� ¨á¯®«ì§®¢�−¨¨ −�ª®¯«¥−−®© ¢ Š®−æ¥à−¥ ‚Š� ú�«¬�§-�−â¥©û, §�¨−â¥à¥á®-
¢�−−®¬ ¢ ¯à�ªâ¨ç¥áª®¬ ¨á¯®«ì§®¢�−¨¨ ¯à¥¤«�£�¥¬®© ¬¥â®¤¨ª¨, ¨−ä®à¬�æ¨®−−®-
áâ�â¨áâ¨ç¥áª®© ¡�§¥ ¤«ï ®æ¥−ª¨ ¨−¤¨ª�â®à®¢ à¨áª®¢.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¬¥â®¤¨ª� ¯à¥¤áâ�¢«¥−� ¤¥â�«ì−ë¬ ®¯¨á�−¨¥¬ ¯®á«¥¤®-
¢�â¥«ì−ëå íâ�¯®¢ ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢.

3 Методика

I этап. Систематизация производственных рисков опытно-конструкторских
работ

÷¨áª¨, −¥£�â¨¢−® ¢«¨ïîé¨¥ −� ¯à®æ¥áá ¢ë¯®«−¥−¨ï ¨ ãá¯¥è−®£® ¤®áâ¨¦¥−¨ï
æ¥«¥© �Š÷, ®æ¥−¨¢�îâáï á ¯®¬®éìî á®®â¢¥âáâ¢ãîé¨å ¨−¤¨ª�â®à®¢. ‡−�ç¥−¨¥
ª�¦¤®£® ¨§ ¨−¤¨ª�â®à®¢ ãáâ�−�¢«¨¢�¥âáï ¨«¨ ¢ á®®â¢¥âáâ¢¨¨ á −�ª®¯«¥−−®© −�
¯à¥¤¯à¨ïâ¨¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¡�§®© (¯à¨ ¥¥ −�«¨ç¨¨), ¨«¨ ®æ¥−¨-
¢�¥âáï íªá¯¥àâ�¬¨ ¯à¨ −¥¢®§¬®¦−®áâ¨ ª®«¨ç¥áâ¢¥−−® ¨§¬¥à¨âì à�áá¬�âà¨¢�¥¬ë©
à¨áª ¢ á¨«ã ¥£® á«®¦−®áâ¨ /̈̈ «¨ ®âáãâáâ¢¨ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¡�-
§ë [1]. �® à¥§ã«ìâ�â�¬ á¡®à� ¨−¤¨ª�â®à®¢ ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷
ä®à¬¨àã¥âáï ¨å ¯¥à¥ç¥−ì, ¯®¤ ª®â®àë¬ ¯®−¨¬�¥âáï ®¡®á−®¢�−−�ï ¨ ®£à�−¨ç¥−-
−�ï á®¢®ªã¯−®áâì ¨¤¥−â¨ä¨æ¨à®¢�−−ëå ¨ ®æ¥−¨¢�¥¬ëå à¨áª®¢, ¢®§−¨ª�îé¨å
¯à¨ à�§à�¡®âª¥ áà¥¤áâ¢ ¢®®àã¦¥−¨ï. �à®¨§¢®¤áâ¢¥−−ë¥ à¨áª¨, −�¨¡®«¥¥ §−�-
ç¨¬ë¥ ¢ à�¬ª�å ª®−ªà¥â−®© à�¡®âë ¨ ¢ëï¢«¥−−ë¥ ª®¬¯¥â¥−â−ë¬¨ íªá¯¥àâ�¬¨,
¯®¤ªà¥¯«ïîâáï á®®â¢¥âáâ¢ãîé¨¬¨ ¨§¬¥à¨¬ë¬¨ ¨−¤¨ª�â®à�¬¨ ®æ¥−ª¨ [3].

II этап. Группировка производственных рисков опытно-конструкторских
работ

÷¥§ã«ìâ�âë á¨áâ¥¬�â¨§�æ¨¨ ¨ ä®à¬¨à®¢�−¨ï ¯¥à¥ç−ï à¨áª®¢ ¯®á«¥ £àã¯¯¨-
à®¢ª¨ −� II íâ�¯¥ §�−®áïâáï ¢ à¥¥áâà à¨áª®¢ (â�¡«. 1). Œ¥â®¤¨ª� ¯®áâà®¥−¨ï
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’�¡«¨æ� 1 ÷¥¥áâà ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷

ƒàã¯¯� à¨áª®¢
Š«�áá¨ä¨ª�æ¨®−−�ï

£àã¯¯�

ˆ−¤¨ª�â®àë ®æ¥−ª¨ à¨áª� ÷¨áª¨ ¯à®¥ªâ�

ˆ−¤¨ª�â®à ‡−�ç¥−¨¥
˜¨äà
à¨áª� ÷¨áª

÷¨áª¨,
®æ¥−¨¢�¥¬ë¥

áâ�â¨áâ¨ç¥áª¨¬¨
¬¥â®¤�¬¨, R1

’¥å−®«®£¨ç¥áª¨¥
à¨áª¨ R11

R11(1)
. . . . . . . . . . . .

R11(n1)
÷¨áª¨ ¡¥á¯¥à¥¡®©−®áâ¨

¨ ¡¥§®âª�§−®áâ¨
â¥å−®«®£¨ç¥áª¨å
¯à®æ¥áá®¢ R12

. . . . . .
R12(1)
. . .

R12(n2)
. . .

÷¨áª¨,
®æ¥−¨¢�¥¬ë¥

¬¥â®¤®¬
íªá¯¥àâ−ëå
®æ¥−®ª, R2

’¥å−®«®£¨ç¥áª¨¥
à¨áª¨ R21

. . . . . .
R21(1)
. . .

R21(n3)
. . .

÷¨áª¨ ¡¥á¯¥à¥¡®©−®áâ¨
¨ ¡¥§®âª�§−®áâ¨
â¥å−®«®£¨ç¥áª¨å
¯à®æ¥áá®¢ R22

. . . . . .
R22(1)
. . .

R22(n4)
. . .

à¥¥áâà� ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ ¤«ï �Š÷ ¯®§¢®«ï¥â ¢ëï¢¨âì ¢�¦−ë¥ ¨ §−�ç¨-
¬ë¥ à¨áª¨, á®§¤�îé¨¥ ã£à®§ã −� ¯ãâ¨ ª ¤®áâ¨¦¥−¨î æ¥«¥© ª®−ªà¥â−®£® ¯à®¥ªâ�,
� â�ª¦¥ ¢¥¤ãé¨å ª −�àãè¥−¨î ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤¯à¨ïâ¨ï ¢ æ¥«®¬. �� íâ®¬ íâ�¯¥
−¥®¡å®¤¨¬® ®¡®á−®¢�âì ¬¥â®¤ ®æ¥−ª¨ à¨áª� ¢ §�¢¨á¨¬®áâ¨ ®â −�«¨ç¨ï ¨«¨ ®â-
áãâáâ¢¨ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¡�§ë ®æ¥−ª¨ à¨áª�. �à®¨§¢®¤áâ¢¥−−ë¥
à¨áª¨ �Š÷ ¢ à�¬ª�å ª�¦¤®© ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯ë ®â−®áïâáï ª £àã¯¯¥ R1
à¨áª®¢, ®æ¥−¨¢�¥¬ëå áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨, ¨«¨ ª £àã¯¯¥R2 à¨áª®¢, ®æ¥−¨-
¢�¥¬ëå ¬¥â®¤�¬¨ íªá¯¥àâ−ëå ®æ¥−®ª. ÷¥§ã«ìâ�âë §�−®áïâáï ¢ â�¡«. 1, ª�¦¤®¬ã
à¨áªã ¯à¨á¢�¨¢�¥âáï è¨äà, ¯à¨ íâ®¬ ãç¨âë¢�¥âáï:

{ ¬¥â®¤ ®æ¥−ª¨ à¨áª� (áâ�â¨áâ¨ç¥áª¨© ¨«¨ íªá¯¥àâ−ë©, ¢ §�¢¨á¨¬®áâ¨ ®â −�«¨-
ç¨ï ¨«¨ ®âáãâáâ¢¨ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¡�§ë);

{ ª«�áá¨ä¨ª�æ¨®−−�ï £àã¯¯�, ª ª®â®à®© ®â−¥á¥− à¨áª;

{ ¢§�¨¬®á¢ï§ì §−�ç¥−¨ï ®æ¥−®ç−®£® ¨−¤¨ª�â®à� ¨ à¨áª�, ª®â®àë© ¨§¬¥àï¥âáï
¤�−−ë¬ ¨−¤¨ª�â®à®¬ [6].

˜¨äà à¨áª� ®¯à¥¤¥«ï¥âáï ¯à¨−�¤«¥¦−®áâìî ª £àã¯¯¥ à¨áª®¢ ¢ §�¢¨á¨¬®áâ¨
®â ¬¥â®¤� ®æ¥−ª¨ (R1 ¨«¨ R2), ¯à¨−�¤«¥¦−®áâìî ª ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯¥
à¨áª®¢ (â¥å−®«®£¨ç¥áª¨¥ ¨«¨ ¡¥á¯¥à¥¡®©−®áâ¨ ¨ ¡¥§®âª�§−®áâ¨), ¯®àï¤ª®¢ë¬
−®¬¥à®¬ (á®®â¢¥âáâ¢ã¥â ¨−¤¨ª�â®àã).

‚ ®¡é¥¬ á«ãç�¥ ¬¥â®¤¨ª� ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï ¯à®¨§¢®«ì−®£® ç¨á«� K

ª«�áá¨ä¨ª�æ¨®−−ëå £àã¯¯ ¨ ®¡é¥£® ç¨á«� à¨áª®¢ ¢® ¢á¥å £àã¯¯�åN =
∑K

k=1 nk.
‚ â�¡«. 1 K = 4, N = n1 + n2 + n3 + n4.
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III этап. Расчет статистических коэффициентов оценки производственных
рисков опытно-конструкторских работ

�� ¤�−−®¬ íâ�¯¥ á®¡¨à�¥âáï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï ¡�§� ¤�−−ëå ¯®
¨−¤¨ª�â®à�¬ ®æ¥−ª¨ à¨áª®¢ ¨§ ¯¥à¥ç−ï, ¤«ï ª®â®àëå ®−� ¬®¦¥â ¡ëâì áä®à¬¨-
à®¢�−�. �®áª®«ìªã §�ª®− à�á¯à¥¤¥«¥−¨ï ®æ¥−®ç−®£® ¨−¤¨ª�â®à� −¥¨§¢¥áâ¥−, â®
−� ®á−®¢¥ íâ¨å ¤�−−ëå à¨áª à�ááç¨âë¢�¥âáï ¯® áâ�â¨áâ¨ç¥áª¨¬ ª®íää¨æ¨¥−â�¬:
¢ëç¨á«ïîâáï ¢ë¡®à®ç−ë¥ §−�ç¥−¨ï áà¥¤−¥£®, ¤¨á¯¥àá¨¨, áà¥¤−¥ª¢�¤à�â¨ç−®£®
®âª«®−¥−¨ï, ª®íää¨æ¨¥−â� ¢�à¨�æ¨¨, ¯® ª®â®àë¬ ®æ¥−¨¢�¥âáï à¨áª.

‚ë¡¥à¥¬ ª«�áá¨ä¨ª�æ¨®−−ãî £àã¯¯ã à¨áª®¢, ®æ¥−¨¢�¥¬ëå áâ�â¨áâ¨ç¥áª¨¬¨
¬¥â®¤�¬¨, ¨ ®¡®§−�ç¨¬ i-© ¨−¤¨ª�â®à xi, i = 1, . . . , n. ‚ â�¡«. 1 ¬®£ãâ ¢ë¡¨à�âì-
áï £àã¯¯ë R11 ¨ R12, á®®â¢¥âáâ¢¥−−® n = n1 ¨«¨ n2. ‚ë¡¥à¥¬ ¨§ ¨¬¥îé¥©áï
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¡�§ë ¤�−−ëå ¢á¥ ¢¥«¨ç¨−ë xm

i ®âª«®−¥−¨© ä�ª-
â¨ç¥áª®£® §−�ç¥−¨ï ®æ¥−®ç−®£® ¨−¤¨ª�â®à� xi ®â −®à¬�â¨¢−®£® ¯® ¬®¤ã«î §�

’�¡«¨æ� 2 ‡−�ç¥−¨ï ª®íää¨æ¨¥−â� ¢�à¨�æ¨¨ ¨ ¨å ¨−â¥à¯à¥â�æ¨ï ¢ áâ�â¨áâ¨ç¥áª®©
®æ¥−ª¥ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷

vi �xi

ˆ−â¥à¯à¥â�æ¨ï
(å�à�ªâ¥à à¨áª�)

�à¨¥¬«¥¬®áâì
à¨áª�

‘âà�â¥£¨ï
ã¯à�¢«¥−¨ï

¯à®¨§¢®¤áâ¢¥−−ë¬
à¨áª®¬ ¯à®¥ªâ�

< 10% 0{1
‘â¥¯¥−ì à¨áª� −¥áã-
é¥áâ¢¥−−�; ¢«®¦¥−¨ï
ªà�©−¥ ¦¥«�â¥«ì−ë

÷¨áª ¯à¨¥¬«¥¬.
‚¬¥è�â¥«ìáâ¢® −¥
âà¥¡ã¥âáï

‘®åà�−¥−¨¥ ãà®¢−ï
¯à®¨§¢®¤áâ¢¥−−®£®
à¨áª� ¯à®¥ªâ�

10%{20% 1{2
‘à¥¤−ïï áâ¥¯¥−ì à¨áª� ÷¨áª ¯à¨¥¬«¥¬.

‚¬¥è�â¥«ìáâ¢® −¥
âà¥¡ã¥âáï

‘®åà�−¥−¨¥ ãà®¢−ï
¯à®¨§¢®¤áâ¢¥−−®£®
à¨áª� ¯à®¥ªâ�

20%{30% 2{3

‚ëá®ª�ï áâ¥¯¥−ì à¨áª� ÷¨áª ¯à¨¥¬«¥¬.
‚®§¬®¦−® ¢¬¥è�-
â¥«ìáâ¢®

÷�§à�¡®âª� ¬¥à®¯à¨-
ïâ¨© ¯® á−¨¦¥−¨î
ãà®¢−ï ¢®§¬®¦−ëå
¯®â¥àì ®â ¯à®¨§¢®¤-
áâ¢¥−−®£® à¨áª� ¯à®-
¥ªâ�

30%{40% 3{4

Œ®¤¥«ì ªà�©−¥ −¥-
ãáâ®©ç¨¢�, ¤�«ì−¥©è¥¥
¯à®¤®«¦¥−¨¥ �Š÷ −¥-
®¡®á−®¢�−−®

÷¨áª −¥¯à¨¥¬«¥¬.
�¥®¡å®¤¨¬ ¤®¯®«-
−¨â¥«ì−ë© �−�«¨§
à¨áª®®¡à�§ãîé¨å
ä�ªâ®à®¢

÷�§à�¡®âª� ¬¥à®¯à¨-
ïâ¨© ¯® á−¨¦¥−¨î
ãà®¢−ï ¢®§¬®¦−ëå
¯®â¥àì ®â ¯à®¨§¢®¤-
áâ¢¥−−®£® à¨áª� ¯à®-
¥ªâ�

> 40% 4{5

Œ®¤¥«ì ªà�©−¥ −¥-
ãáâ®©ç¨¢�, ¤�«ì−¥©è¥¥
¯à®¤®«¦¥−¨¥ �Š÷ −¥-
®¡®á−®¢�−−®

÷¨áª −¥¯à¨¥¬«¥¬.
�¥®¡å®¤¨¬ ¤®¯®«-
−¨â¥«ì−ë© �−�«¨§
à¨áª®®¡à�§ãîé¨å
ä�ªâ®à®¢

‘âà�å®¢�−¨¥ (¯¥à¥-
¤�ç�) ¯à®¨§¢®¤áâ¢¥−-
−®£® à¨áª� ¯à®¥ªâ�
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¯¥à¨®¤ �−�«¨§� ¨ ®¡®§−�ç¨¬ xi = (1/M)
∑M

m=1 x
m
i áà¥¤−¥¥ §−�ç¥−¨¥, £¤¥ M |

®¡é¨© ¯¥à¨®¤ �−�«¨§�, §� ª®â®àë© ¢ ®à£�−¨§�æ¨¨ −�ª®¯«¥−ë ¤�−−ë¥ ® ä�ª-
â¨ç¥áª¨å ¨ −®à¬�â¨¢−ëå §−�ç¥−¨ïå ®æ¥−®ç−ëå ¨−¤¨ª�â®à®¢ ¯à®¨§¢®¤áâ¢¥−−ëå
à¨áª®¢ �Š÷.

„«ï å�à�ªâ¥à¨§�æ¨¨ ä�ªâ¨ç¥áª¨å ®âª«®−¥−¨© ®â áà¥¤−¥£® §−�ç¥−¨ï ¢ëç¨á-

«¨¬ áà¥¤−¥ª¢�¤à�â¨ç−®¥ ®âª«®−¥−¨¥ δi =
√

(1/M)
∑M

m=1(x
m
i − xi)2 ¨ áâ�â¨áâ¨-

ç¥áª¨© ª®íää¨æ¨¥−â ¢�à¨�æ¨¨ vi = δi/xi. �®á«¥¤−¨© ª®íää¨æ¨¥−â ¯®¬®£�¥â
®¯à¥¤¥«¨âì ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−ç¥áª®¥ à¥è¥−¨¥ ¨§ ¤¢ãå �«ìâ¥à−�â¨¢−ëå ¢�-
à¨�−â®¢, ª®£¤� á«¥¤ã¥â ¢ë¡à�âì ¬¨−¨¬¨§�æ¨î ¯à®¨§¢®¤áâ¢¥−−®£® à¨áª� ¨«¨
�−�«¨§¨àã¥¬ë© ¯�à�¬¥âà (ãé¥à¡, ¯®â¥à¨, −¥¤®áâ¨¦¥−¨¥ æ¥«¥© ¨ §�¤�ç ¯à®¥ª-
â�). �� ¥£® ®á−®¢¥ ®¯à¥¤¥«¨¬ áâ�â¨áâ¨ç¥áªãî ®æ¥−ªã �xi ¨−¤¨ª�â®à� xi, ¨áå®¤ï
¨§ ¤�−−ëå â�¡«. 2, ¯à¨ íâ®¬ áâ�â¨áâ¨ç¥áª�ï ®æ¥−ª� ¯à®¨§¢®¤áâ¢¥−−®£® à¨áª�
á®®â¢¥âáâ¢ã¥â ãá«®¢¨î 0 ≤ �xi ≤ 5.

�â¬¥â¨¬, çâ® −®à¬�â¨¢−®£® §−�ç¥−¨ï ¤«ï áâ�â¨áâ¨ç¥áª®© ®æ¥−ª¨ ¯à®¨§¢®¤-
áâ¢¥−−®£® à¨áª� �Š÷ −¥ áãé¥áâ¢ã¥â. �¤−�ª® ¨¬¥îâáï −¥ª®â®àë¥ ®¯®à−ë¥
ªà¨â¥à¨¨, ¯à¨¬¥−ï¥¬ë¥ ¢ ¨−¢¥áâ¨æ¨®−−®¬ �−�«¨§¥, ª®â®àë¥ ¯®¬®£�îâ ¯à¨ ¥£®
�−�«¨§¥ ¨ ¨−â¥à¯à¥â�æ¨¨ [6].

IV этап. Ранжирование производственных рисков опытно-конструкторских
работ

„�−−ë© íâ�¯ ®¯¨áë¢�¥â ¯®àï¤®ª à�¡®âë á ¯à®¨§¢®¤áâ¢¥−−ë¬¨ à¨áª�¬¨,
®æ¥−¨¢�¥¬ë¬¨ íªá¯¥àâ−ë¬¨ ¬¥â®¤�¬¨ (¢ â�¡«. 1 £àã¯¯ë R21 ¨ R22). —�áâì à¨á-
ª®¢, ¯® ª®â®àë¬ ®âáãâáâ¢ã¥â ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï ¡�§� ¤«ï ®æ¥−®ç−ëå
¨−¤¨ª�â®à®¢ ¨ ª®â®àë¥ −¥«ì§ï ®æ¥−¨âì áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨, á®áâ�¢«ï¥â
á«®¦−ãî, áã¡ê¥ªâ¨¢−ãî ¨ −¥¤¥â¥à¬¨−¨à®¢�−−ãî ç�áâì �Š÷, ¨ ¤«ï −¨å −ã¦-
−® ¯à¨¬¥−ïâì ¬¥â®¤ íªá¯¥àâ−ëå ®æ¥−®ª [7]. ÷¥�«¨§�æ¨ï ¬¥â®¤� ¯à¥¤¯®«�£�¥â
¯à¨¢«¥ç¥−¨¥ ª®¬¯¥â¥−â−ëå íªá¯¥àâ®¢ ¢ ª®«¨ç¥áâ¢¥ −¥ ¬¥−¥¥ 5 á¯¥æ¨�«¨áâ®¢ ¤«ï
ª�¦¤®© ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯ë ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ ¨ ä®à¬¨à®¢�−¨¥
ç¥ª-«¨áâ� ¤«ï ª�¦¤®£® íªá¯¥àâ�, ¢ ª®â®à®¬ ¡ã¤¥â á®¤¥à¦�âìáï:

{ ¯¥à¥ç¥−ì à¨áª®¢ ¯® ª�¦¤®© ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯¥;

{ à�−£ à¨áª�, ®âà�¦�îé¨© ¢�¦−®áâì à¨áª� ¯® ¢®§à�áâ�−¨î [8] (§−�ç¥−¨ï ®â 1
¤® n, ¢ â�¡«. 1 n = n3 ¨«¨ n = n4);

{ ¡�««ì−�ï ®æ¥−ª� íªá¯¥àâ� ¢ á®®â¢¥âáâ¢¨¨ á �«£®à¨â¬®¬ (â�¡«. 3), ª®â®àë©
¯à¥¤¯®«�£�¥â ®¯à¥¤¥«¥−¨¥ §�¢¨á¨¬®áâ¨ ®â ãà®¢−ï ¢«¨ï−¨ï à¨áª� −� ¤®áâ¨¦¥-
−¨¥ §�¤�ç �Š÷ ¨ ¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï ¨«¨ ¢¥à®ïâ−®£® ®âª«®−¥−¨ï ®â
¯«�−¨àã¥¬ëå à¥§ã«ìâ�â®¢ à¥�«¨§�æ¨¨ �Š÷ [2].

�à¥¤¯®«�£�¥âáï, çâ® à�−¦¨à®¢�−¨¥ ¯à®¢®¤¨âáï J íªá¯¥àâ�¬¨, â�ª çâ® ¤«ï
i-£® ¨−¤¨ª�â®à� xj ®¯à¥¤¥«ïîâáï à�−£¨ fij, j = 1, . . . , J, ¯®«ãç¥−−ë¥ ®â ¢á¥å
íªá¯¥àâ®¢, ª®â®àë¥ §�â¥¬ áã¬¬¨àãîâáï, ¨ ãáâ�−�¢«¨¢�¥âáï à¥§ã«ìâ¨àãîé¨©
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’�¡«¨æ� 3 ˜ª�«� ¡�««ì−®© ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷

�æ¥−ª�
Š�ç¥áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷

“à®¢¥−ì ¢«¨ï−¨ï ‚¥à®ïâ−®áâì −�áâã¯«¥−¨ï
5{4 ‚ëá®ª¨© ‚ëá®ª�ï
3{4 ‚ëá®ª¨© �¨§ª�ï
2{3 �¨§ª¨© ‚ëá®ª�ï
1{2 �¨§ª¨© �¨§ª�ï

à�−£ ¤«ï à¨áª� fi = (1/J)
∑J

j=1 fij. ‚ ª«�áá¨ä¨ª�æ¨®−−ëå £àã¯¯�å R2 à¨áª¨
ã¯®àï¤®ç¨¢�îâáï â�ª, çâ®¡ë fi < fi+1.

V этап. Определение весовых коэффициентов (коэффициентов значимости)
производственных рисков опытно-конструкторских работ

‚ ª�¦¤®© ª¢�«¨ä¨ª�æ¨®−−®© £àã¯¯¥ à�ááç¨âë¢�îâáï ¢¥á®¢ë¥ ª®íää¨æ¨¥−-
âë ωi, i = 1, . . . , n, ª®â®àë¥ ®â¢¥ç�îâ ãá«®¢¨ï¬ 0 ≤ ωi ≤ 1, ∑n

i=1 ωi = 1,
n = nk, ¤«ï à¨áª®¢ ¢ £àã¯¯�å R2. �â¨ ª®íää¨æ¨¥−âë ®âà�¦�îâ ¢ª«�¤ ª�¦¤®£®
à¨áª� ¢ ®¡é¨© à¨áª à¥�«¨§�æ¨¨ �Š÷. ‚¥á®¢ë¥ ª®íää¨æ¨¥−âë à�ááç¨âë¢�îâáï
−� ®á−®¢�−¨¨ à�−£� ¯à®¨§¢®¤áâ¢¥−−®£® à¨áª�, ®¯à¥¤¥«¥−−®£® −� ¯à¥¤ë¤ãé¥¬
íâ�¯¥ ¬¥â®¤¨ª¨ á«¥¤ãîé¨¬ ®¡à�§®¬:

ωi =
2 (n− fi + 1)

n(n+ 1)
.

VI этап. Оценка производственных рисков опытно-конструкторских работ

�à®¨§¢®¤áâ¢¥−−ë© à¨áª, ®æ¥−¨¢�¥¬ë© íªá¯¥àâ�¬¨, ï¢«ï¥âáï −¥®âê¥¬«¥¬®©
á®áâ�¢«ïîé¥© �Š÷ ¨ å�à�ªâ¥à¨§ã¥â ¨å à¥�«¨§ã¥¬®áâì. �æ¥−ª� à¨áª� ª®¬¯¥-
â¥−â−ë¬¨ íªá¯¥àâ�¬¨ ¢ á®®â¢¥âáâ¢¨¨ á à�§à�¡®â�−−®© ¬¥â®¤¨ª®© −� ¤�−−®¬ íâ�¯¥
¡ã¤¥â ®áãé¥áâ¢«ïâìáï −� ®á−®¢¥ ãà®¢−ï ¢«¨ï−¨ï ¨ ¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï
à¨áª� [9]. ‚ §�¢¨á¨¬®áâ¨ ®â ®æ¥−ª¨ íâ¨å ¯�à�¬¥âà®¢ ä®à¬¨àã¥âáï ®æ¥−ª� à¨áª�
¯® ¡�««ì−®© èª�«¥, ¯à¥¤áâ�¢«¥−−®© ¢ â�¡«. 3.

�ªá¯¥àâ−ë¥ ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−®£® à¨áª�, ¤�−−ë¥ J íªá¯¥àâ�¬¨ ¤«ï i-£®
¨−¤¨ª�â®à� à¨áª� ¢ ª�¦¤®© ª¢�«¨ä¨ª�æ¨®−−®© £àã¯¯¥, ®¡®§−�ç�îâáï �xij, i =
= 1, . . . , n, j = 1, . . . , J.

VII этап. Оценка степени согласованности экспертных оценок
в рамках классификационной группы рисков

‘ æ¥«ìî ¯à®¢¥àª¨ ®¡ê¥ªâ¨¢−®áâ¨ à¥§ã«ìâ�â®¢ íªá¯¥àâ−®© ®æ¥−ª¨ ¯à®¨§¢®¤-
áâ¢¥−−ëå à¨áª®¢ �Š÷ ¯à¥¤«�£�¥âáï ®¯à¥¤¥«ïâì áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨ ¬−¥−¨©
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íªá¯¥àâ®¢ ¢ à�¬ª�å ª�¦¤®© ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯ë à¨áª®¢. �â� ¢¥«¨ç¨−�
å�à�ªâ¥à¨§ã¥âáï ª®íää¨æ¨¥−â®¬ ª®−ª®à¤�æ¨¨ Š¥−¤�««� 0 ≤ W ≤ 1 (ª®íää¨-
æ¨¥−â®¬ á®£«�á¨ï) [5]:

W =

12
∑n

i=1

(

∑J

j=1
�xij − J(n + 1)/2

)2

J2(n3 − n)
.

�â®â ª®íää¨æ¨¥−â ¯à¨ W = 1 ®§−�ç�¥â, çâ® íªá¯¥àâë ¯à¨è«¨ ª ¥¤¨−®£«�á−®¬ã
¬−¥−¨î ¨ ¯à¨á¢®¨«¨ à¨áª�¬ ®¤¨−�ª®¢ë¥ ¨«¨ ¡«¨§ª¨¥ ¯® §−�ç¥−¨î à�−£¨; ç¥¬
¡«¨¦¥ §−�ç¥−¨¥W ª −ã«î, â¥¬ ¬¥−¥¥ á®£«�á®¢�−−ë¬¨ ¢ë£«ï¤ïâ ®æ¥−ª¨ íªá¯¥àâ®¢.
‘â¥¯¥−ì á®£«�á®¢�−−®áâ¨ áç¨â�¥âáï ã¤®¢«¥â¢®à¨â¥«ì−®© ¯à¨ W > 0,5 ¨ å®à®è¥©
¯à¨ W > 0,7.

VIII этап. Расчет средней взвешенной оценки производственных рисков
опытно-конструкторских работ в классификационных группах

÷¥§ã«ìâ�âë íªá¯¥àâ−ëå ®æ¥−®ª ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷ ¢ à�¬ª�å
¢ë¤¥«¥−−ëå ª«�áá¨ä¨ª�æ¨®−−ëå £àã¯¯ ®¡®¡é�îâáï ¢ ¢¨¤¥ áà¥¤−¥¢§¢¥è¥−−®©

®æ¥−ª¨ ª�¦¤®£® ®â¤¥«ì−®£® à¨áª�: �xi = (ωj/J)
∑J

j=1 �xij, � §�â¥¬ ª®−á®«¨¤¨àã-
îâáï ¢ â�¡«. 4.

’�¡«¨æ� 4 ÷¥§ã«ìâ�âë íªá¯¥àâ−®© ®æ¥−ª¨ à¨áª®¢

Š«�áá¨ä¨-
ª�æ¨®−−ë¥

£àã¯¯ë ˜¨äà ‚¥á®¢®©
ª®íää¨æ¨¥−â

à¨áª�

÷�−£
�ªá¯¥àâ 1 . . . �ªá¯¥àâ J

‘à¥¤−ïï
¢§¢¥è¥−−�ï
íªá¯¥àâ−�ï

®æ¥−ª�
à¨áª�

¯à®¨§¢®¤-
áâ¢¥−−ëå

à¨áª®¢ �Š÷

à¨áª� à¨áª�
�æ¥−ª�
à¨áª�

�æ¥−ª�
à¨áª�

R21(1) ω1 f1 �x11 . . . �x1J �x1
R21 . . . . . . . . . . . . . . . . . . . . .

R21(n3) ωn3 fn3 �xn31 . . . �xn3J �xn3

W W (R21)

R22(1) ω1 f1 �x11 . . . �x1J �x1
R22 . . . . . . . . . . . . . . . . . . . . .

R22(n4) ωn4 fn4 �xn41 . . . �xn4J �xn4

W W (R22)

IX этап. Интегральная оценка производственного риска
опытно-конструкторских работ

�� ¤�−−®¬ íâ�¯¥ ¬¥â®¤¨ª¨ ¢ëç¨á«ï¥âáï ¨−â¥£à�«ì−�ï ®æ¥−ª� ¯à®¨§¢®¤áâ¢¥−-
−ëå à¨áª®¢ ¯® ª�¦¤®© ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯¥. „«ï íâ®£® áà¥¤−¥¢§¢¥è¥−−ë¥
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Œ¥â®¤¨ª� ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ à�§à�¡®âª¨ áà¥¤áâ¢ ¢®®àã¦¥−¨ï

’�¡«¨æ� 5 ˆ−â¥£à�«ì−�ï ®æ¥−ª� ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯ë à¨áª®¢

ƒàã¯¯� à¨áª®¢ ˜¨äà à¨áª�
‘â�â¨áâ¨ç¥áª�ï

®æ¥−ª�
ˆ−â¥£à�«ì−�ï ®æ¥−ª�

ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯ë

R11(1) �x1
R11 . . . . . . Y11

R11(n1) �xn1

R12(1) �x1
R12 . . . . . . Y12

R12(n2) �xn2

R21(1) �x1
R21 . . . . . . Y21

R21(n3) �xn3

R22(1) �x1
R22 . . . . . . Y22

R22(n4) �xn4

¡�««ì−ë¥ ®æ¥−ª¨ i-£® à¨áª� �xi ¢ ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯¥ á¢®¤ïâáï ¢ â�¡«. 5.
‚ íâã ¦¥ â�¡«¨æã ¯® à¨áª�¬, ®æ¥−¥−−ë¬ áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨, §�−®áïâáï
áâ�â¨áâ¨ç¥áª¨¥ ®æ¥−ª¨.

ˆ−â¥£à�«ì−�ï ®æ¥−ª� ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷ ¯® ª«�áá¨ä¨ª�æ¨®−−ë¬
£àã¯¯�¬ à¨áª®¢ à�ááç¨âë¢�¥âáï ª�ª áà¥¤−¥¢§¢¥è¥−−�ï ¢¥«¨ç¨−� á ¨á¯®«ì§®¢�−¨-
¥¬ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢, ®¯à¥¤¥«¥−−ëå V íâ�¯®¬ ¬¥â®¤¨ª¨, â. ¥. ¤«ï à¨áª®¢,
®æ¥−¨¢�¥¬ëå áâ�â¨áâ¨ç¥áª¨, YR1k =

∑n
i=1 ωi�xi, � ¤«ï à¨áª®¢, ®æ¥−¥−−ëå íªá-

¯¥àâ�¬¨, YR2k =
∑n

i=1 �xi.

X этап. Расчет ранга и весового коэффициента классификационной
группы производственных рисков опытно-конструкторских работ

�á−®¢�−¨¥¬ ¤«ï ®¯à¥¤¥«¥−¨ï à�−£� à¨áª®¢ ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯ë á«ã-
¦¨â ¥£® ¨−â¥£à�«ì−�ï ®æ¥−ª�, à�ááç¨â�−−�ï −� ¯à¥¤ë¤ãé¥¬ íâ�¯¥ ¬¥â®¤¨ª¨.
‚¥á®¢®© ª®íää¨æ¨¥−â ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯ë à¨áª®¢ �Š÷ ®¯à¥¤¥«ï¥â-
áï �−�«®£¨ç−® ¢¥áã ωi ª�¦¤®£® ®â¤¥«ì−®£® à¨áª� ¢−ãâà¨ ª«�áá¨ä¨ª�æ¨®−−®©
£àã¯¯ë. ÷�ááç¨â�−−ë© ¤«ï £àã¯¯ë R ª®íää¨æ¨¥−â ®¡®§−�ç�¥âáï ϕR, � á®®â¢¥â-
áâ¢ãîé¨¥ à�−£¨ £àã¯¯ | gR.

XI этап. Интегральная оценка производственных рисков
опытно-конструкторских работ

÷�áç¥â ¨−â¥£à�«ì−®© ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷ ¯à®¢®¤¨âáï −�
®á−®¢¥ ®¯à¥¤¥«¥−−ëå ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ª«�áá¨ä¨ª�æ¨®−−ëå £àã¯¯ à¨áª®¢
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’�¡«¨æ� 6 ˆ−â¥£à�«ì−�ï ®æ¥−ª� ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷

Š«�áá¨ä¨-
ª�æ¨®−−�ï

£àã¯¯�

÷�−£
ª«�áá¨ä¨-
ª�æ¨®−−®©

£àã¯¯ë

‚¥á
ª«�áá¨ä¨-
ª�æ¨®−−®©

£àã¯¯ë

ˆ−â¥£à�«ì−�ï
®æ¥−ª� ª«�áá¨-
ä¨ª�æ¨®−−®©

£àã¯¯ë

ˆ−â¥£à�«ì−�ï
®æ¥−ª�

¯à®¨§¢®¤áâ¢¥−−ëå
à¨áª®¢ ¯à®¥ªâ�

R11 gR11 ϕR11 YR11

Yint
R12 gR12 ϕR12 YR12

R21 gR21 ϕR21 YR21

R22 gR22 ϕR22 YR22

¨ ¨å ¨−â¥£à�«ì−ëå ®æ¥−®ª, £¤¥ §−�ç¥−¨ï YR ¢ë¡¨à�îâáï ¨§ â�¡«. 5. „�−−ë¥ ¤«ï
à�áç¥â� ¨−â¥£à�«ì−®© ®æ¥−ª¨ á¢®¤ïâáï ¢ â�¡«. 6.

ˆ−â¥£à�«ì−�ï ®æ¥−ª� ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ ¯à®¥ªâ� Yint ï¢«ï¥âáï ª®¬-
¯¥−á¨àãîé¥©, â. ¥. ¢ëá®ª¨¥ §−�ç¥−¨ï ¨−â¥£à�«ì−ëå ®æ¥−®ª ®¤−¨å ª«�áá¨ä¨ª�-
æ¨®−−ëå £àã¯¯ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ á£«�¦¨¢�îâáï −¨§ª¨¬¨ §−�ç¥−¨ï¬¨
¤àã£¨å. �� ®á−®¢¥ ¯®«ãç¥−−®£® §−�ç¥−¨ï ¨−â¥£à�«ì−®© ®æ¥−ª¨ 0 ≤ Yint ≤ 5
¤¥«�îâáï ¢ë¢®¤ë ®¡ ®¡é¥¬ ãà®¢−¥ à¨áª� �Š÷.

4 Программная реализация и апробация

„«ï �¯à®¡�æ¨¨ à�§à�¡®â�−−®© ¬¥â®¤¨ª¨ ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢
�Š÷ ¢ë¯®«−¥− ¯à®¥ªâ ¨−â¥£à¨à®¢�−−®£® à¨áª-¬¥−¥¤¦¬¥−â� −� ãà®¢−¥ ®¡®à®−-
−®£® ¯à¥¤¯à¨ïâ¨ï. ‘ íâ®© æ¥«ìî ¡ë«� à�§à�¡®â�−� ¨−â¥£à¨à®¢�−−�ï á¨áâ¥¬�
ã¯à�¢«¥−¨ï à¨áª�¬¨ (ˆ‘“�÷) ®¡®à®−−ëå ¯à¥¤¯à¨ïâ¨© ¯à¨ ¢ë¯®«−¥−¨¨ �Š÷,
§� ®á−®¢ã ª®â®à®© ¢§ïâ ¯®¤å®¤ ª ã¯à�¢«¥−¨î à¨áª�¬¨ áâ�−¤�àâ� PMBoK (Project
Management Body of Knowledge), ª®â®àë© ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ íâ�¯ë [10]:

(1) ¯«�−¨à®¢�−¨¥ ã¯à�¢«¥−¨ï ¯à®¨§¢®¤áâ¢¥−−ë¬¨ à¨áª�¬¨ �Š÷ | ¯à®æ¥áá
ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï à¨áª�¬¨, ¬¥â®¤®«®£¨¨ ®æ¥−ª¨ ¨ ã¯à�¢-
«¥−¨ï à¨áª�¬¨, à�§à�¡®âª¨ ¯«�−� ã¯à�¢«¥−¨ï à¨áª�¬¨;

(2) ¨¤¥−â¨ä¨ª�æ¨ï ¯à®¨§¢®¤áâ¢¥−−®£® à¨áª� �Š÷ | ¯à®æ¥áá ®¯à¥¤¥«¥−¨ï
¯¥à¥ç−ï à¨áª®¢, ª®â®àë¥ ¬®£ãâ ¢«¨ïâì −� à¥§ã«ìâ�âë �Š÷, ¨ ®¯¨á�−¨¥
å�à�ªâ¥à� ¨å ¢«¨ï−¨ï, ¢ë¡®à ¨ ®¡®á−®¢�−¨¥ ®æ¥−®ç−ëå ¨−¤¨ª�â®à®¢, ¢ë¡®à
¬¥â®¤®¢ ®æ¥−ª¨ à¨áª®¢ á ãç¥â®¬ ¨å á¯¥æ¨ä¨ª¨;

(3) ª�ç¥áâ¢¥−−ë© �−�«¨§ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷ | ¯à®æ¥áá à�ááâ�−®¢-
ª¨ ¯à¨®à¨â¥â®¢ ®â−®á¨â¥«ì−® ¢�¦−®áâ¨ à¨áª®¢ ¤«ï ¨å ¤�«ì−¥©è¥£® �−�«¨§�
(à�−¦¨à®¢�−¨¥ à¨áª®¢) ¨ ¤�«ì−¥©è¨å ¤¥©áâ¢¨© ¯® ¢ëç¨á«¥−¨î ¢¥á®¢ëå ª®-
íää¨æ¨¥−â®¢, ®âà�¦�îé¨å ¢�¦−®áâì â®£® ¨«¨ ¨−®£® à¨áª� ¤«ï ¤®áâ¨¦¥−¨ï
æ¥«¥© ¨ §�¤�ç �Š÷;

(4) ª®«¨ç¥áâ¢¥−−ë© �−�«¨§ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ �Š÷ | ¯à®æ¥áá ç¨á«¥−-
−®£® �−�«¨§� ¢«¨ï−¨ï ¨¤¥−â¨ä¨æ¨à®¢�−−ëå à¨áª®¢ −� æ¥«¨ ¨ ¤®áâ¨¦¥−¨¥
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Œ¥â®¤¨ª� ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ à�§à�¡®âª¨ áà¥¤áâ¢ ¢®®àã¦¥−¨ï

à¥§ã«ìâ�â� �Š÷, çâ® ¯à¥¤¯®«�£�¥â ®æ¥−ªã ¨ á®¯®áâ�¢«¥−¨¥ ãà®¢−ï ¢«¨ï−¨ï
¨ ¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï ª�¦¤®£® ª®−ªà¥â−®£® à¨áª�;

(5) à�§à�¡®âª� ¨ à¥�«¨§�æ¨ï ã¯à�¢«¥−ç¥áª¨å ¬¥à®¯à¨ïâ¨© | ¯à®æ¥áá ®¡®á−®-
¢�−¨ï ¬¥â®¤®¢ ¨ ¨−áâàã¬¥−â®¢ ¤«ï ¬¨−¨¬¨§�æ¨¨ ¤¥áâàãªâ¨¢−®£® ¢«¨ï−¨ï
¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ −� ¢®§¬®¦−®áâì ¤®áâ¨¦¥−¨ï æ¥«¥© ¨ §�¤�ç �Š÷;

(6) ¬®−¨â®à¨−£ ¨ ª®−âà®«ì | ¯à®æ¥áá ¢−¥¤à¥−¨ï ¯à¨−ïâëå ã¯à�¢«¥−ç¥áª¨å à¥-
è¥−¨© ¢ ¯à�ªâ¨ªã ã¯à�¢«¥−¨ï ¯à®¨§¢®¤áâ¢¥−−ë¬¨ à¨áª�¬¨ �Š÷ ®¡®à®−−®-
£® ¯à¥¤¯à¨ïâ¨ï, ¬®−¨â®à¨−£ ¨¤¥−â¨ä¨æ¨à®¢�−−ëå à¨áª®¢, ¨¤¥−â¨ä¨ª�æ¨ï
¨ ä®à¬�«¨§�æ¨ï −®¢ëå à¨áª®¢, ®æ¥−ª� à¥§ã«ìâ�â¨¢−®áâ¨ ã¯à�¢«¥−ç¥áª¨å
¬¥à®¯à¨ïâ¨© ¢ å®¤¥ ¢ë¯®«−¥−¨ï �Š÷.

ˆ‘“�÷ ¢−¥¤àï«�áì ¢ ¤¥ïâ¥«ì−®áâì Š®−æ¥à−� ‚Š� ú�«¬�§-�−â¥©û, ®¡¥á¯¥-
ç¨¢, ¢ ç¨á«¥ ¯à®ç¥£®, ¨−â¥£à�æ¨î ¨−áâàã¬¥−â®¢ �−�«¨§�, ¬®−¨â®à¨−£� ¨ ã¯à�¢-
«¥−¨ï ¢ ª«îç¥¢ë¥ ª®à¯®à�â¨¢−ë¥ ¯à®æ¥ááë. ‚ á¨áâ¥¬¥ «¨−¥©−®£® ¨ äã−ª-
æ¨®−�«ì−®£® ã¯à�¢«¥−¨ï ¡ë«¨ ®¯à¥¤¥«¥−ë ãà®¢−¨ ®â¢¥âáâ¢¥−−®áâ¨ §� ®æ¥−ªã
¨ ã¯à�¢«¥−¨¥ ¯à®¨§¢®¤áâ¢¥−−ë¬¨ à¨áª�¬¨ ¨ á®áâ�¢«¥−¨¥ á®®â¢¥âáâ¢ãîé¥© ®â-
ç¥â−®áâ¨. Š�¦¤®¬ã à¨áªã ¯à¨á¢®¥− ¢«�¤¥«¥æ à¨áª�, � â�ª¦¥ á¨áâ¥¬� ®æ¥−®ç−ëå
¨−¤¨ª�â®à®¢. �� ãà®¢−¥ ã¯à�¢«¥−ç¥áª¨å äã−ªæ¨©, ¯®¤à�§¤¥«¥−¨© ¨ ª«îç¥-
¢ëå ¡¨§−¥á-¯à®æ¥áá®¢ −�§−�ç¥−ë ®â¢¥âáâ¢¥−−ë¥ ª®®à¤¨−�â®àë ¯® à¨áª�¬ áà¥¤¨
àãª®¢®¤¨â¥«¥©, ª®â®àë¥ ¢−¥¤àïîâ ¯à¨−æ¨¯ë ã¯à�¢«¥−¨ï à¨áª�¬¨ ¢ ª®à¯®à�-
â¨¢−ãî ªã«ìâãàã, à�á¯à®áâà�−ïï ¨ ¯®¤¤¥à¦¨¢�ï ¯à®æ¥ááë ã¯à�¢«¥−¨ï à¨áª�¬¨,
ãç�áâ¢ãï ¢ á®§¤�−¨¨ á¨áâ¥¬ë ¬®â¨¢�æ¨¨ ¤«ï ¯¥àá®−�«�. �¯à¥¤¥«ï«¨áì áà®ª¨
¨ §�¤�ç¨ ¯® ®æ¥−ª¥, �−�«¨§ã ¨ ¬®−¨â®à¨−£ã à¨áª®¢ á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ®æ¥−®ç-
−ëå ¨−¤¨ª�â®à®¢ ¡¨§−¥á-¯à®æ¥áá®¢, −� ãà®¢−¥ ª®â®àëå ¯à¨¬¥−ï¥âáï ã¯à�¢«¥−¨¥
à¨áª�¬¨.

�®¤®¡−ë© ¨−â¥£à¨à®¢�−−ë© ¯®¤å®¤ ¯®§¢®«¨« áä®à¬¨à®¢�âì §®−ë ®â¢¥âáâ¢¥−-
−®áâ¨ ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï ¯à®¨§¢®¤áâ¢¥−−ë¬¨ à¨áª�¬¨ �Š÷ ¨ ¯à®¢®¤¨âì ¨å
¬®−¨â®à¨−£ −� ¢á¥å ãà®¢−ïå ª®à¯®à�â¨¢−®£® ã¯à�¢«¥−¨ï, � â�ª¦¥ ®¡¥á¯¥ç¨¢�âì
à�§à�¡®âªã æ¥«¥¢ëå ¯«�−®¢ à¥�£¨à®¢�−¨ï −� áãé¥áâ¢¥−−ë¥ à¨áª¨ ª�ª ¢ ª�¦¤®¬
¤®ç¥à−¥¬ ®¡é¥áâ¢¥ Š®−æ¥à−�, â�ª ¨ ¯® ª®à¯®à�â¨¢−®© áâàãªâãà¥ ¢ æ¥«®¬.

5 Заключение

÷�§à�¡®â�−−�ï ¬¥â®¤¨ª� ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå à¨áª®¢ á®§¤�−¨ï ¢®®àã-
¦¥−¨ï −� íâ�¯¥ �Š÷ ®¡®à®−−®£® ¯à¥¤¯à¨ïâ¨ï ï¢«ï¥âáï £¨¡ª®© ¨ ãç¨âë¢�¥â
à�§−ë¥ ¨áâ®ç−¨ª¨ ¢®§−¨ª−®¢¥−¨ï, á«®¦−®áâì, ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî
¡�§ã ®æ¥−ª¨ ¨ ¬¥â®¤ë ®æ¥−ª¨. �á−®¢®© ¤�−−®© ¬¥â®¤¨ª¨ á«ã¦�â è¨à®ª® ¯à¨¬¥-
−ï¥¬ë¥ −� ¯à�ªâ¨ª¥ áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ¨ ¬¥â®¤ íªá¯¥àâ−ëå ®æ¥−®ª, ®¤−�ª®
ç¨á«® ¯à¨¬¥−ï¥¬ëå ¬¥â®¤®¢ ®æ¥−ª¨ à¨áª®¢ −¥ ®£à�−¨ç¥−® ¢ æ¥«®¬ §� áç¥â £¨¡-
ª®áâ¨ ¬¥â®¤¨ª¨. Œ¥â®¤¨ª� ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ®æ¥−ªã à¨áª®¢ ¯à®¥ªâ� −� íâ�¯¥
�Š÷, ª®£¤� ¤®«¦−® ¡ëâì ¯à¨−ïâ® à¥è¥−¨¥ ® −�ç�«¥ ¯à®¥ªâ¨à®¢�−¨ï ã−¨ª�«ì−®£®
®¡à�§æ� ¢®®àã¦¥−¨ï, ¢®§¬®¦−®, −¥ ¨¬¥îé¥£® �−�«®£®¢, ®¤−�ª® ¯à¨ íâ®¬ ¬¥â®¤¨-
ª� −¥ á¢ï§�−� á ¯®íâ�¯−®© áâàãªâãà®© ¯à®æ¥áá� ¯à®¢¥¤¥−¨ï �Š÷, −¥ §�¢¨á¨â ®â ¥£®
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áà®ª®¢, ã−¨ª�«ì−®áâ¨ ¨ á«®¦−®áâ¨. ‚ à¥§ã«ìâ�â¥ ¬®¦−® áä®ªãá¨à®¢�âì à¥áãàáë
−� ã¯à�¢«¥−¨¨ ¯à®¨§¢®¤áâ¢¥−−ë¬¨ à¨áª�¬¨ ¯® ¢ë¤¥«¥−−ë¬ ª«�áá¨ä¨ª�æ¨®−−ë¬
£àã¯¯�¬ à¨áª®¢ ¯à®¥ªâ�, ãáâ�−®¢¨¢ ¢§�¨¬®á¢ï§ì ¬¥¦¤ã ¯à®¨§¢®¤áâ¢¥−−ë¬¨ à¨á-
ª�¬¨ �Š÷, ¯®àâä¥«¥¬ ¯à®¥ªâ®¢ ¨ −�ãç−®-â¥å−¨ç¥áª®© ¯®«¨â¨ª®© ¯à¥¤¯à¨ïâ¨ï
(â. ¥. áâà�â¥£¨¥© ¯à®¢¥¤¥−¨ï �Š÷) ¢ æ¥«®¬. Œ¥â®¤¨ª� ¯®§¢®«ï¥â ª®¬¯«¥ªá−®
ã¯à�¢«ïâì à¨áª�¬¨ ª®−ªà¥â−®£® ¯à®¥ªâ�, � â�ª¦¥ à�§à�¡�âë¢�âì �−�«¨â¨ç¥áª¨
®¡®á−®¢�−−ë¥ ª®àà¥ªâ¨àãîé¨¥ ¬¥à®¯à¨ïâ¨ï ¯® ¨å á−¨¦¥−¨î.
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Methodology for assessing production risks for developing weapons and military equipment

METHODOLOGY FOR ASSESSING PRODUCTION RISKS
FOR DEVELOPING WEAPONS AND MILITARY EQUIPMENT
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Abstract: A methodology for assessing production risks at the stage of research
and development work (R&D) in the development of high-tech products is
presented. To take into account the complex classification of production risks,
various sources of their occurrence, and spheres of influence on the R&D result,
it is proposed to introduce a combined methodological approach and assess
production risks partly by statistical methods and partly by the method of expert
assessments. The content of the stages of the corresponding methodology is
considered. The method of calculating the integral assessment of production risk
and the scale of the levels of production risks of the project in accordance with
the nature of the impact and acceptability are substantiated.

Keywords: methodology for assessing industrial risks; experimental and design
works; method of expert assessments; statistical methods
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КОНЦЕПЦИЯ ПОСТРОЕНИЯ
НАДКОРПУСНЫХ БАЗ ДАННЫХ∗

М. Г. Кружков1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥− ®¡§®à ª®−æ¥¯æ¨¨, ®á−®¢−ëå áâàãªâãà−ëå á®áâ�¢-
«ïîé¨å ¨ äã−ªæ¨© −�¤ª®à¯ãá−ëå ¡�§ ¤�−−ëå (��„). ��¤ª®à¯ãá−ë¥ ¡�§ë
¤�−−ëå ¯à¥¤áâ�¢«ïîâ á®¡®© −®¢ë© ¢¨¤ áâàãªâãà¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢. �−¨ áãé¥áâ¢¥−−® à�áè¨àïîâ ¢®§¬®¦−®áâ¨ «¨−£¢¨áâ¨ç¥áª¨å â¥ªá-
â®¢ëå ª®à¯ãá®¢, ¢ ®á®¡¥−−®áâ¨ ¯�à�««¥«ì−ëå. –¥«ì áâ�âì¨ | ¯®§−�ª®¬¨âì
ç¨â�â¥«¥© á ®á−®¢−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¯�à�««¥«ì−ëå ª®à¯ãá®¢, � â�ª¦¥
¯à®¤¥¬®−áâà¨à®¢�âì, ª�ª¨¬ ®¡à�§®¬ ª®−æ¥¯æ¨ï ��„ ¯®§¢®«ï¥â à�áè¨àïâì
íâ¨ ¢®§¬®¦−®áâ¨ ¨ ¯à¥®¤®«¥¢�âì −¥ª®â®àë¥ ¨å ®£à�−¨ç¥−¨ï. ‚ à�¬ª�å ��„
«¨−£¢¨áâë ¬®£ãâ ãáâ�−�¢«¨¢�âì, ä¨ªá¨à®¢�âì ¨ �−−®â¨à®¢�âì ¯¥à¥¢®¤−ë¥
á®®â¢¥âáâ¢¨ï (�‘) ¬¥¦¤ã ï§ëª®¢ë¬¨ ¥¤¨−¨æ�¬¨ (Ÿ…) ¢ ï§ëª�å ®à¨£¨−�«�
¨ ¯¥à¥¢®¤�, ¯à¨ íâ®¬ ¤«ï ¨å �−−®â�æ¨¨ ¨á¯®«ì§ãîâáï àã¡à¨ª¨ ä�á¥â−ëå
ª«�áá¨ä¨ª�æ¨©, ª®â®àë¥ ¨áá«¥¤®¢�â¥«¨ ä®à¬¨àãîâ ¢ á®®â¢¥âáâ¢¨¨ á® á¢®¨¬¨
¯®âà¥¡−®áâï¬¨. ’�ª¦¥ ®¯¨á�−� ®¡é�ï �àå¨â¥ªâãà� ��„, à�§à�¡®â�−−ëå
¢ ”ˆ– ˆ“ ÷��, ª®â®à�ï ¯®¤à�§¤¥«ï¥âáï −� ª®à¯ãá−ãî ¨ −�¤ª®à¯ãá−ãî
á®áâ�¢«ïîé¨¥, ¢§�¨¬®¤¥©áâ¢ãîé¨¥ ¤àã£ á ¤àã£®¬ ¢ à�¬ª�å ¥¤¨−®© ¡�§ë
¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: ª®à¯ãá−�ï «¨−£¢¨áâ¨ª�; −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå; ¯�-
à�««¥«ì−ë© ª®à¯ãá; «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥; ¨−ä®à¬�æ¨®−−ë¥ â¥å-
−®«®£¨¨; ä�á¥â−�ï ª«�áá¨ä¨ª�æ¨ï

DOI: 10.14357/08696527210309

1 Введение

Š®à¯ãá� ¯�à�««¥«ì−ëå â¥ªáâ®¢ (¯�à�««¥«ì−ë¥ ª®à¯ãá�) è¨à®ª® ¨á¯®«ì§ãîâ-
áï ¯à¨ ¯à®¢¥¤¥−¨¨ ª®−âà�áâ¨¢−ëå (á®¯®áâ�¢¨â¥«ì−ëå) «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®-
¢�−¨©, â. ¥. ¨áá«¥¤®¢�−¨©, áâ�¢ïé¨å á¢®¥© æ¥«ìî áà�¢−¥−¨¥ ï§ëª®¢ëå ï¢«¥−¨©
¢ à�§«¨ç−ëå ï§ëª�å. ��à�««¥«ì−ë¥ ª®à¯ãá� ¯®§¢®«ïîâ ¤�¢�âì ®â¢¥âë −� à�§-
«¨ç−ë¥ ¢®¯à®áë á®¯®áâ�¢¨â¥«ì−®© «¨−£¢¨áâ¨ª¨, ®á−®¢ë¢�ïáì −� í¬¯¨à¨ç¥áª¨å
¤�−−ëå ¡®«ìè®£® ®¡ê¥¬�, ¡«�£®¤�àï ç¥¬ã à¥§ã«ìâ�âë ª®−âà�áâ¨¢−ëå ¨áá«¥¤®¢�-
−¨© ¢® ¬−®£®¬ ®á¢®¡®¦¤�îâáï ®â áã¡ê¥ªâ¨¢−®áâ¨, ª®â®à�ï ¬®¦¥â ¨¬¥âì ¬¥áâ®,
ª®£¤� ¨áá«¥¤®¢�â¥«¨ ®¡®á−®¢ë¢�îâ á¢®¨ ¢ë¢®¤ë, ®á−®¢ë¢�ïáì â®«ìª® −� á¢®¥©
ï§ëª®¢®© ¨−âã¨æ¨¨.

∗÷�¡®â� ¢ë¯®«−¥−� ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−-
ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, magnit75@yandex.ru
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Œ. ƒ. Šàã¦ª®¢

��à�««¥«ì−ë¥ ª®à¯ãá� ¯à¥¤áâ�¢«ïîâ á®¡®© á®¡à�−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢,
ª�¦¤ë© ¨§ ª®â®àëå ¢ª«îç�¥â ¢ á¥¡ï −¥ª®â®àë© â¥ªáâ −� ï§ëª¥ ®à¨£¨−�«� (Ÿ�)
¨ ®¤¨− ¨«¨ −¥áª®«ìª® ¯¥à¥¢®¤®¢ íâ®£® â¥ªáâ� −� ¤àã£®© ï§ëª (ï§ëª ¯¥à¥¢®¤�, Ÿ�)
¨«¨ −� −¥áª®«ìª® à�§−ëå ï§ëª®¢1. ‚ ¯�à�««¥«ì−®¬ â¥ªáâ¥ ®à¨£¨−�« ¨ ¯¥à¥¢®¤
à�§¡¨âë −� à�¢−®¥ ç¨á«® äà�£¬¥−â®¢, ¯à¨ íâ®¬ ª�¦¤®¬ã äà�£¬¥−âã ¢ â¥ªáâ¥ ®à¨-
£¨−�«� ¯à®â¨¢®¯®áâ�¢«ï¥âáï á®®â¢¥âáâ¢ãîé¨© ¥¬ã ¯® á¬ëá«ã äà�£¬¥−â ¢ â¥ªáâ¥
¯¥à¥¢®¤�, ¡«�£®¤�àï ç¥¬ã ¢ áâàãªâãà¥ ¯�à�««¥«ì−®£® â¥ªáâ� ®¡à�§ãîâáï ¯�àë
ú®à¨£¨−�«{¯¥à¥¢®¤û. �à®âï¦¥−−®áâì íâ¨å äà�£¬¥−â®¢ ¢ à�§−ëå ª®à¯ãá�å, ª�ª
¯à�¢¨«®, á®áâ�¢«ï¥â ®â ®¤−®£® ¯à¥¤«®¦¥−¨ï ¤® ®¤−®£® �¡§�æ�2. „«ï ã¤®¡áâ¢�
¢®á¯à¨ïâ¨ï ®ç¥−ì ¤«¨−−ë¥ ¯à¥¤«®¦¥−¨ï ¨−®£¤� ¤à®¡ïâáï −� −¥áª®«ìª® §�ª®−-
ç¥−−ëå ¯® á¬ëá«ã äà�£¬¥−â®¢ ¨«¨, −�®¡®à®â, −¥áª®«ìª® ªà�âª¨å ¯à¥¤«®¦¥−¨©
¬®£ãâ ®¡ê¥¤¨−ïâìáï ¢ ®¤¨− à�áè¨à¥−−ë© äà�£¬¥−â. ‘«¥¤ã¥â â�ª¦¥ ãç¨âë¢�âì,
çâ® £à�−¨æë ¯à¥¤«®¦¥−¨© ¢ â¥ªáâ¥ ®à¨£¨−�«� ¨ â¥ªáâ¥ ¯¥à¥¢®¤� ¬®£ãâ −¥ á®¢¯�-
¤�âì: ®¤−® ¯à¥¤«®¦¥−¨¥ ¢ ®à¨£¨−�«¥ ¬®¦¥â ¡ëâì à�§¡¨â® −� ¤¢� ¨«¨ ¡®«ìè¥
¯à¥¤«®¦¥−¨© ¢ ¯¥à¥¢®¤¥ ¨«¨ −�®¡®à®â | ®¤−®¬ã ¯à¥¤«®¦¥−¨î ¢ ¯¥à¥¢®¤¥ ¬®¦¥â
á®®â¢¥âáâ¢®¢�âì ¤¢� ¨«¨ ¡®«ìè¥ ¯à¥¤«®¦¥−¨© ¢ ®à¨£¨−�«¥.

Šà®¬¥ â®£®, á«®¢®ä®à¬ë ®¡ëç−® á−�¡¦�îâáï à�§¬¥âª®©, ¯®¬®£�îé¥© «¨−-
£¢¨áâ�¬ −�å®¤¨âì ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ¨−â¥à¥áãîé¨¥ ¨å Ÿ… ¨ ª®−áâàãªæ¨¨
¯® ¬®àä®«®£¨ç¥áª¨¬ /̈̈ «¨ á¨−â�ªá¨ç¥áª¨¬ ¯à¨§−�ª�¬, � â�ª¦¥ ¯®áà¥¤áâ¢®¬
§�¤�−¨ï «¥¬¬ë | ¡�§®¢®© ä®à¬ë ¨áá«¥¤ã¥¬®© ¥¤¨−¨æë. �®¤à®¡−¥¥ ® áâàãªâãà¥
¯�à�««¥«ì−ëå ª®à¯ãá®¢ á¬., −�¯à¨¬¥à, [2].

Š®à¯ãá� ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¨á¯®«ì§ãîâáï ¢ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨-
ç¥áª¨å ¨áá«¥¤®¢�−¨ïå, ¢ ¨áá«¥¤®¢�−¨ïå ¯® â¥®à¨¨ ¯¥à¥¢®¤�, ¢ ¯¥à¥¢®¤ç¥áª®©
¯à�ªâ¨ª¥, � â�ª¦¥ ¢ ãç¥¡−ëå æ¥«ïå (á¬., −�¯à¨¬¥à, [3{5]). �¤−�ª® à�¡®â�
á ¯�à�««¥«ì−ë¬¨ ª®à¯ãá�¬¨ §�ç�áâãî âà¥¡ã¥â §−�ç¨â¥«ì−ëå ãá¨«¨© ®â ¨áá«¥¤®-
¢�â¥«¥© ¨ −¥ ¢á¥£¤� ¤�¥â ¢®§¬®¦−®áâì á ¯®¬®éìî ¯®¨áª®¢ëå §�¯à®á®¢ −�¯àï¬ãî
¯®«ãç�âì ®â¢¥âë −� ¯®áâ�¢«¥−−ë¥ ¢®¯à®áë, ¯®áª®«ìªã, á®áâ�¢«ïï §�¯à®áë, ¯®«ì-
§®¢�â¥«ì, ª�ª ¯à�¢¨«®, −¥ ¬®¦¥â ¤®áâ®¢¥à−® ãáâ�−®¢¨âì, ª�ª¨¥ ¨¬¥−−® Ÿ… ¢ Ÿ�
á®®â¢¥âáâ¢ãîâ ¨áª®¬ë¬ Ÿ… ¢ Ÿ�, ¨ −�®¡®à®â. ‚ á¢ï§¨ á íâ¨¬ ¨áá«¥¤®¢�â¥«ï¬
¯à¨å®¤¨âáï �−�«¨§¨à®¢�âì §−�ç¨â¥«ì−®¥ ç¨á«® ¯à¨¬¥à®¢ ¢àãç−ãî ¨ ¯à¨ íâ®¬
«¨¡® ã¤¥à¦¨¢�âì ¢ ¯�¬ïâ¨ à¥§ã«ìâ�âë íâ®£® �−�«¨§�, «¨¡® ä¨ªá¨à®¢�âì ¨å −� â¥å
¨«¨ ¨−ëå −®á¨â¥«ïå (¢ â¥ªáâ®¢ëå ä�©«�å, −� ¡ã¬�¦−ëå ª�àâ®çª�å ¨ â. ¯.), çâ®¡ë
¢¯®á«¥¤áâ¢¨¨ ¨¬¥âì ¢®§¬®¦−®áâì á¤¥«�âì á®®â¢¥âáâ¢ãîé¨¥ ®¡®¡é¥−¨ï −� ®á−®-
¢¥ ¯à®�−�«¨§¨à®¢�−−ëå ¤�−−ëå. �¤−�ª® §�ä¨ªá¨à®¢�−−ë¥ ¯®¤®¡−ë¬ ®¡à�§®¬
à¥§ã«ìâ�âë �−�«¨§� ç�áâ® −¥¤®áâ�â®ç−® å®à®è® áâàãªâãà¨à®¢�−ë; ªà®¬¥ â®£®,

1‚ ¤�−−®© áâ�âì¥ ¢ ¤�«ì−¥©è¥¬ ¡ã¤¥â ¯à¥¤¯®«�£�âìáï, çâ® ¯�à�««¥«ì−ë¥ â¥ªáâë ¢ª«îç�îâ
¢ á¥¡ï â®«ìª® ®¤¨− ¯¥à¥¢®¤ | íâ® ¯®§¢®«¨â ¨§¡¥¦�âì ¯®áâ®ï−−ëå ®£®¢®à®ª (¯¥à¥¢®¤ ¨«¨ ¯¥à¥¢®¤ë,
ï§ëª ¨«¨ ï§ëª¨ ¨ â. ¤.). �á®¡¥−−®áâ¨, ¢®§−¨ª�îé¨¥ ¯à¨ à�¡®â¥ á ¯�à�««¥«ì−ë¬¨ â¥ªáâ�¬¨,
¢ª«îç�îé¨¬¨ ¢ á¥¡ï ¡®«¥¥ ®¤−®£® ¢�à¨�−â� ¯¥à¥¢®¤�, ¡ã¤ãâ ®£®¢�à¨¢�âìáï ®á®¡®.

2‘ãé¥áâ¢ãîâ â�ª¦¥ ¯®á«®¢−® ¢ëà®¢−¥−−ë¥ â¥ªáâë, ®¤−�ª® ®−¨ −¥ ¯à¥¤áâ�¢«ïîâ á®¡®© ¯®-
á«¥¤®¢�â¥«ì−®áâì ¢ëà®¢−¥−−ëå ¯�à äà�£¬¥−â®¢, � ¨¬¥îâ ¡®«¥¥ á«®¦−ãî áâàãªâãàã, çâ® ¢ë§¢�−®
â¥¬, çâ® à�§−ë¥ ï§ëª¨ ¨¬¥îâ à�§−ë© ¯®àï¤®ª á«®¢, à�§−ë¥ −�¡®àë á«ã¦¥¡−ëå á«®¢ ¨ â. ¯. (á¬.,
−�¯à¨¬¥à, [1]).
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¢ ¤�«ì−¥©è¥¬ ¨å â¥å−¨ç¥áª¨ á«®¦−® ®¡à�¡�âë¢�âì, ®á®¡¥−−® ª®£¤� à¥çì ¨¤¥â
® §−�ç¨â¥«ì−ëå ®¡ê¥¬�å ï§ëª®¢®£® ¬�â¥à¨�«�. ��ª®−¥æ, ¨áá«¥¤®¢�â¥«¨ §�ç�á-
âãî ä¨ªá¨àãîâ â�ª¨¬ ®¡à�§®¬ −¥ ¢á¥ ¨áá«¥¤ã¥¬ë¥ ¥¤¨−¨æë, � â®«ìª® −�¨¡®«¥¥
¨−â¥à¥á−ë¥ ¨ ¯®ª�§�â¥«ì−ë¥ á ¨å â®çª¨ §à¥−¨ï ¯à¨¬¥àë, çâ® −¥ ¯®§¢®«ï¥â á¤¥«�âì
®¡®¡é¥−−ë¥ ¢ë¢®¤ë ® â¥å ¨«¨ ¨−ëå ï¢«¥−¨ïå, −�¡«î¤�¥¬ëå ¢® ¢á¥¬ ¯à¥¤áâ�-
¢¨â¥«ì−®¬ ¬�áá¨¢¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢. ‘«¥¤®¢�â¥«ì−®, â�ª�ï ®à£�−¨§�æ¨ï
à�¡®âë −¥ ¢á¥£¤� ¯®§¢®«ï¥â ¢ ¯®«−®© ¬¥à¥ ¨á¯®«ì§®¢�âì £«�¢−ë¥ ¯à¥¨¬ãé¥áâ¢�
ª®à¯ãá−®£® ¯®¤å®¤�: ¨áá«¥¤®¢�â¥«¨ −¥ ¨¬¥îâ ¢®§¬®¦−®áâ¨ §�¤¥©áâ¢®¢�âì íää¥ªâ
¬�áèâ�¡�, çâ®¡ë ¯®«ãç¨âì â®ç−ë¥ ¨ ®¡ê¥ªâ¨¢−ë¥ ª®«¨ç¥áâ¢¥−−ë¥ ¤�−−ë¥ ¯®
á¯®á®¡�¬ ¨ ®á®¡¥−−®áâï¬ ¯¥à¥¢®¤� ¨áá«¥¤ã¥¬ëå Ÿ….

„«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“
÷�� ¡ë«� à�§à�¡®â�−� ¨ à¥�«¨§®¢�−� ª®−æ¥¯æ¨ï ú−�¤ª®à¯ãá−ëå ¡�§ ¤�−−ëåû.
��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¯à¨§¢�−ë ¯®¬®çì ¨áá«¥¤®¢�â¥«ï¬ ¢ë¯®«−ïâì ¬�á-
èâ�¡−ë¥ ¯à®¥ªâë ¢ ®¡«�áâ¨ á®¯®áâ�¢¨â¥«ì−®© «¨−£¢¨áâ¨ª¨, ®¯¨à�îé¨¥áï −�
¡®£�âë© í¬¯¨à¨ç¥áª¨© ¬�â¥à¨�«, §�ª«îç¥−−ë© ¢ ¯�à�««¥«ì−ëå ª®à¯ãá�å [6{16].
��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¯®§¢®«ïîâ £àã¯¯�¬ ¨áá«¥¤®¢�â¥«¥© �−�«¨§¨à®¢�âì
¡®«ìè®¥ ç¨á«® ¯à¨¬¥à®¢ ¢¬¥áâ¥ á ¨å ¯¥à¥¢®¤�¬¨ ¨ á®åà�−ïâì à¥§ã«ìâ�âë íâ®£®
�−�«¨§� ¢ ã−¨ä¨æ¨à®¢�−−®¬ ä®à¬�â¥ ¢ à�¬ª�å á¯¥æ¨�«ì−® à�§à�¡®â�−−®© ¡�§ë
¤�−−ëå, çâ® ¯®§¢®«ï¥â ¢ ¤�«ì−¥©è¥¬ «¥£ª® �−�«¨§¨à®¢�âì ¯®«ãç¥−−ë© ¬�áá¨¢
¤�−−ëå −� ª®«¨ç¥áâ¢¥−−®¬ ¨ ª�ç¥áâ¢¥−−®¬ ãà®¢−¥.

�«ã−£ï− ‚. �. ®â¬¥ç�¥â, çâ® úª®à¯ãá. . . −¥®¡å®¤¨¬ ¯à®ä¥áá¨®−�«ì−ë¬ «¨−-
£¢¨áâ�¬, â¥¬, ªâ® â�ª ¨«¨ ¨−�ç¥ ¨¬¥¥â ¤¥«® á ä�ªâ�¬¨ ï§ëª�, � §−�ç¨â, ¤®«¦¥−
íâ¨ ä�ªâë á®¡¨à�âì ¨ á¨áâ¥¬�â¨§¨à®¢�âìû [17] (ªãàá¨¢ −�è. | Œ. Š.). �¤−�ª®
áâ�−¤�àâ−ë© ¯®¨áª®¢ë© ¨−áâàã¬¥−â�à¨© ¡®«ìè¨−áâ¢� ª®à¯ãá®¢ ¢ ®á−®¢−®¬ ¯®§-
¢®«ï¥â «¨èì á â®© ¨«¨ ¨−®© áâ¥¯¥−ìî â®ç−®áâ¨ −�å®¤¨âì ¢ ª®à¯ãá¥ ®¯à¥¤¥«¥−−ë¥
ä�ªâë ï§ëª�, −® ®ç¥−ì −¥¬−®£¨¥ ª®à¯ãá� ¯à¥¤«�£�îâ äã−ªæ¨¨, ¯®§¢®«ïîé¨¥
¨¬¥−−® á®¡¨à�âì ¨ á¨áâ¥¬�â¨§¨à®¢�âì íâ¨ ä�ªâë, â. ¥. ä¨ªá¨à®¢�âì ¨å −¥¯®-
áà¥¤áâ¢¥−−® ¢ áâàãªâãà¥ ª®à¯ãá� ¨ �−−®â¨à®¢�âì ¨å á ¯®¬®éìî á¯¥æ¨�«ì−ëå
ª«�áá¨ä¨ª�æ¨®−−ëå ¯à¨§−�ª®¢, á â¥¬ çâ®¡ë ¢¯®á«¥¤áâ¢¨¨ ¨¬¥âì ¢®§¬®¦−®áâì
¯®«ãç�âì ®¡®¡é¥−−ãî ¨−ä®à¬�æ¨î ¯® −�ª®¯«¥−−®¬ã â�ª¨¬ ®¡à�§®¬ ¬�â¥à¨�«ã.
ˆ¬¥−−® íâ¨ äã−ªæ¨¨ áâà¥¬ïâáï ¢§ïâì −� á¥¡ï ��„, ¯à¨ íâ®¬ ®ç¥¢¨¤−®, çâ® ®−¨
¬®£«¨ ¡ë ®ª�§�âìáï ¯®«¥§−ë¬¨ ¨ ¯à¨ à�¡®â¥ á ¬®−®ï§ëç−ë¬¨ ª®à¯ãá�¬¨. �¤−�ª®
¨¬¥−−® ¯à¨ �−�«¨§¥ ¯�à�««¥«ì−ëå ª®à¯ãá®¢ ª®−æ¥¯æ¨ï ��„ ®ª�§ë¢�¥âáï ¢ ®á®-
¡¥−−®áâ¨ ¯®«¥§−®©, ¯®áª®«ìªã ®−� ¯®§¢®«ï¥â −¥ â®«ìª® ¢ë¤¥«ïâì ¨ �−−®â¨à®¢�âì
®â¤¥«ì−ë¥ ä�ªâë ï§ëª�, −® ¨ ¤�¥â ¢®§¬®¦−®áâì ãáâ�−�¢«¨¢�âì ¯¥à¥¢®¤−ë¥ á®®â-
¢¥âáâ¢¨ï ¬¥¦¤ã Ÿ… ¨ ª®−áâàãªæ¨ï¬¨ ¢ ®¯à¥¤¥«¥−−ëå ï§ëª®¢ëå ¯�à�å, ®âªàë¢�ï
−®¢ë¥ ¢®§¬®¦−®áâ¨ ¤«ï ¨áá«¥¤®¢�â¥«¥© ¢ ®¡«�áâ¨ ª®−âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨.

2 Структура надкорпусной базы данных

‚ ¨¤¥�«¥ áâàãªâãà� ��„ ¤®«¦−� ¡ëâì ¯®áâà®¥−� â�ª¨¬ ®¡à�§®¬, çâ®¡ë
¯®«ì§®¢�â¥«¨ ¨¬¥«¨ ¢®§¬®¦−®áâì à�¡®â�âì á ¯�à�««¥«ì−ë¬ ª®à¯ãá®¬, −�å®¤ï
¢ −¥¬ ã¯®âà¥¡«¥−¨ï ¨áá«¥¤ã¥¬ëå Ÿ… ¨ ¨å ¯¥à¥¢®¤ë, ¨ ®¤−®¢à¥¬¥−−® �−�-
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«¨§¨à®¢�âì ¨ à�§¬¥ç�âì ¢ëï¢«¥−−ë¥ â�ª¨¬ ®¡à�§®¬ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï
¢ à�¬ª�å §�¤�−−®© ª«�áá¨ä¨ª�æ¨®−−®© áå¥¬ë. �â®£® ¬®¦−® ¤®¡¨¢�âìáï à�§−ë¬¨
á¯®á®¡�¬¨, ®¤−�ª® ®¡é�ï �àå¨â¥ªâãà� á¨áâ¥¬ë ¤®«¦−� ®¤−®¢à¥¬¥−−® ®¡¥á¯¥ç¨-
¢�âì ¢®§¬®¦−®áâì à�¡®âë á ¯�à�««¥«ì−ë¬ ª®à¯ãá®¬ ¨ ¢®§¬®¦−®áâì á®åà�−¥−¨ï
¨ à¥¤�ªâ¨à®¢�−¨ï ä®à¬¨àã¥¬ëå �−−®â�æ¨© ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¢ à�¬ª�å
¡�§ë ¤�−−ëå. ˆ−ä®à¬�æ¨î, ª®â®à�ï £¥−¥à¨àã¥âáï −� ®á−®¢¥ ª®à¯ãá−ëå ¤�−-
−ëå ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¢ëï¢«¥−−ëå ¢ ¯�à�««¥«ì−®¬ ª®à¯ãá¥ ¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨©, ¡ã¤¥¬ −�§ë¢�âì −�¤ª®à¯ãá−®©, çâ®¡ë ®â«¨ç�âì ¥¥ ®â á®¡áâ¢¥−−®
ª®à¯ãá−®© ¨−ä®à¬�æ¨¨, §�ª«îç¥−−®© ¢ ¨áå®¤−®¬ ¯�à�««¥«ì−®¬ ª®à¯ãá¥.

‚ æ¥«ïå ®¡¥á¯¥ç¥−¨ï ¡®«¥¥ ã¤®¡−®£®, ¡ëáâà®£® ¨ −�¤¥¦−®£® ¢§�¨¬®¤¥©áâ¢¨ï
¬¥¦¤ã ª®à¯ãá−®© ¨ −�¤ª®à¯ãá−®© á®áâ�¢«ïîé¨¬¨ ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ®¡ê-
¥¤¨−¨âì ¨å ¢ à�¬ª�å ¥¤¨−®© ¡�§ë ¤�−−ëå. „�«¥¥ ¡ã¤¥â ®¯¨á�−� áâàãªâãà�
��„, ª®â®à�ï à�§à�¡®â�−� ¢ ”ˆ– ˆ“ ÷�� ¨ ®¡ê¥¤¨−ï¥â ¢ á¥¡¥ ª®à¯ãá−ãî
¨ −�¤ª®à¯ãá−ãî á®áâ�¢«ïîé¨¥, � â�ª¦¥ ®¡¥á¯¥ç¨¢�¥â ¬¥å�−¨§¬ë ¢§�¨¬®¤¥©-
áâ¢¨ï ¬¥¦¤ã íâ¨¬¨ á®áâ�¢«ïîé¨¬¨. ‘«¥¤ã¥â ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥, çâ® ¤�−−�ï
áâàãªâãà� ¨á¯®«ì§®¢�«�áì ¤«ï à¥�«¨§�æ¨¨ −¥áª®«ìª¨å ��„, ¯®¤¤¥à¦¨¢�îé¨å
¯à®¥ªâë à�§«¨ç−ëå ªà®áá«¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© [6{16], ¢á«¥¤áâ¢¨¥ ç¥£®
−¥ª®â®àë¥ ¤¥â�«¨ íâ®© ®¡é¥© áå¥¬ë ¢ à�§«¨ç−ëå ��„ ¬®£ãâ −¥§−�ç¨â¥«ì−®
®â«¨ç�âìáï.

2.1 Корпусная составляющая

Š®à¯ãá−�ï á®áâ�¢«ïîé�ï ¯à¥¤−�§−�ç¥−� ¤«ï åà�−¥−¨ï ¯�à�««¥«ì−ëå â¥ªá-
â®¢, §�£àã¦¥−−ëå ¢ ��„. ˆáâ®ç−¨ª®¬ â¥ªáâ®¢ á«ã¦�â ¯�à�««¥«ì−ë¥ ª®à¯ãá�
��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� [18]. ‚ íâ®© ç�áâ¨ ��„ á®¤¥à¦¨âáï
¨−ä®à¬�æ¨ï ® â¥ªáâ�å (¯à®¨§¢¥¤¥−¨ïå), á®¤¥à¦�é¨åáï ¢ ª®à¯ãá¥, ¯¥à¥¢®¤�å
íâ¨å â¥ªáâ®¢, �¢â®à�å â¥ªáâ®¢ ¨ ¨å ¯¥à¥¢®¤®¢, ¢ëà®¢−¥−−ëå ¯�à�å äà�£¬¥−-
â®¢ ¢ à�¬ª�å ¯�à�««¥«ì−ëå â¥ªáâ®¢, á«®¢®ã¯®âà¥¡«¥−¨ïå, á®áâ�¢«ïîé¨å íâ¨
äà�£¬¥−âë, ¨ §−�ª�å ¯ã−ªâã�æ¨¨. ’�ª¦¥ ª®à¯ãá−�ï á®áâ�¢«ïîé�ï á®¤¥à¦¨â
¨−ä®à¬�æ¨î ® ¢®§¬®¦−ëå ¢�à¨�−â�å ¬®àä®«®£¨ç¥áª®£® à�§¡®à� ¢á¥å ¢ª«îç¥−-
−ëå ¢ ª®à¯ãá á«®¢®ä®à¬, ¢ª«îç�ï ãª�§�−¨¥ ¨å «¥¬¬ë (¡�§®¢®© ä®à¬ë á«®¢�)
¨ −�¡®à� ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢. �� ®á−®¢¥ íâ®© ¨−ä®à¬�æ¨¨ ¯®«ì§®¢�â¥«¨
��„ ®áãé¥áâ¢«ïîâ ¯¥à¢¨ç−ë© ¯®¨áª äà�£¬¥−â®¢, ¢ ª®â®àëå ¬®£ãâ −�å®¤¨âìáï
¨−â¥à¥áãîé¨¥ ¨å Ÿ…, ¯®á«¥ ç¥£® ®−¨ ¯®«ãç�îâ ¢®§¬®¦−®áâì ä®à¬¨à®¢�âì �−-
−®â�æ¨¨ ¢ëï¢«¥−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©. ‹®£¨ç¥áª�ï áâàãªâãà−�ï áå¥¬�
ª®à¯ãá−®© á®áâ�¢«ïîé¥© ��„ ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

�à¨¬¥ç�−¨¥. �àï¬®ã£®«ì−¨ª¨ á®®â¢¥âáâ¢ãîâ â�¡«¨æ�¬ ��„, «¨−¨¨ ¬¥¦¤ã ¯àï-
¬®ã£®«ì−¨ª�¬¨ | á¢ï§ï¬ ¬¥¦¤ã â�¡«¨æ�¬¨. ‘¢ï§¨ ú®¤¨− ª ®¤−®¬ãû ®¡®§−�ç�îâáï
¯à®áâë¬¨ «¨−¨ï¬¨, á¢ï§¨ ú®¤¨− ª® ¬−®£¨¬û | «¨−¨ï¬¨ á ®¤−¨¬ ¯à®áâë¬ ¨ ®¤−¨¬
à�§¢¥â¢«¥−−ë¬ ª®−æ®¬, á¢ï§¨ ú¬−®£¨¥ ª® ¬−®£¨¬û, à¥�«¨§ã¥¬ë¥ á ¯®¬®éìî ¤®¯®«-
−¨â¥«ì−ëå ¯à®¬¥¦ãâ®ç−ëå â�¡«¨æ, | «¨−¨ï¬¨ á ¤¢ã¬ï à�§¢¥â¢«¥−−ë¬¨ ª®−æ�¬¨.
��¯à¨¬¥à, ®¤−®© á«®¢®ä®à¬¥ ¬®£ãâ á®®â¢¥âáâ¢®¢�âì −¥áª®«ìª® ¬®àä®«®£¨ç¥áª¨å
à�§¡®à®¢, ª®â®àë¥ ¬®£ãâ ®â−®á¨âìáï ª ®¤−®© ¨«¨ à�§−ë¬ «¥¬¬�¬ (â�ª, á«®¢®ä®à-
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÷¨á. 1 ‹®£¨ç¥áª�ï áâàãªâãà−�ï áå¥¬� ª®à¯ãá−®© á®áâ�¢«ïîé¥© ��„

¬¥ ¯®áâ¥«¨ á®®â¢¥âáâ¢ãîâ «¥¬¬ë ¯®áâ¥«ì [áãé., à®¤. ¯�¤¥¦] ¨ ¯®áâ¥«¨âì [£«�£®«,
¯®¢¥«¨â. −�ª«.]).

2.2 Надкорпусная составляющая

‘âàãªâãà−�ï áå¥¬� −�¤ª®à¯ãá−®© á®áâ�¢«ïîé¥© ��„ ¯à¥¤−�§−�ç¥−� ¤«ï
åà�−¥−¨ï �−−®â�æ¨©, ¢ëï¢«¥−−ëå ¢ ¯�à�««¥«ì−®¬ ª®à¯ãá¥ Ÿ…, ¨ �‘ (à¨á. 2).
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÷¨á. 2 ‹®£¨ç¥áª�ï áâàãªâãà−�ï áå¥¬� −�¤ª®à¯ãá−®© á®áâ�¢«ïîé¥© ��„

–¥−âà�«ì−ë© ®¡ê¥ªâ íâ®© á®áâ�¢«ïîé¥© | ¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥1. ”à�£-
¬¥−âë Ÿ� ¨ Ÿ�, ®¡ê¥¤¨−¥−−ë¥ ¢ à�¬ª�å �‘, ®¯¨áë¢�îâáï á ¯®¬®éìî â�¡-
«¨æë ú”à�£¬¥−âû, ¯à¨ íâ®¬ äà�£¬¥−â Ÿ� ¨−â¥à¯à¥â¨àã¥âáï ¨ ä¨ªá¨àã¥âáï
¢ ��„ ª�ª ã¯®âà¥¡«¥−¨¥ −¥ª®â®à®© ï§ëª®¢®© ¥¤¨−¨æë Ÿ�, � ¢ á®®â¢¥âáâ¢ã-
îé¥¬ ¥¬ã äà�£¬¥−â¥ Ÿ� ¢ëï¢«ï¥âáï −¥ª®â®à�ï Ÿ… ¨«¨ ª®−áâàãªæ¨ï, ª®â®à�ï
®â¢¥ç�¥â §� ¯¥à¥¤�çã ¨áå®¤−®© Ÿ…. �à¨¬¥ç�â¥«ì−®, çâ® ®¤¨− ¨ â®â ¦¥ äà�£-

1‚® ¬−®£¨å áãé¥áâ¢ãîé¨å à�¡®â�å ¢¬¥áâ® â¥à¬¨−� ú¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥û ¨á¯®«ì§ã¥âáï
â¥à¬¨− ¬®−®íª¢¨¢�«¥−æ¨ï (Œ�). ’¥à¬¨− Œ� −¥á¥â ¢ á¥¡¥ ¡®«ìèãî á¥¬�−â¨ç¥áªãî −�£àã§ªã,
¯®áª®«ìªã á�¬® ¥£® á®¤¥à¦�−¨¥ âà¥¡ã¥â ®¯à¥¤¥«¥−¨ï â®£®, çâ® á«¥¤ã¥â ¯®−¨¬�âì ¯®¤ íª¢¨¢�«¥−â-
−®áâìî ¯à¨¬¥−¨â¥«ì−® ª ¯¥à¥¢®¤ã. �à¨ íâ®¬ ¢ «î¡®¬ á«ãç�¥ ¯à¨å®¤¨âáï ª®−áâ�â¨à®¢�âì, çâ®
§�ç�áâãî −¨ª�ª®© úíª¢¨¢�«¥−â−®áâ¨û ¢ §�ä¨ªá¨à®¢�−−ëå �‘ ¬®¦¥â ¡ëâì −¥ ¢ëï¢«¥−®. ’¥¬
−¥ ¬¥−¥¥ â¥à¬¨− Œ� âà�¤¨æ¨®−−® è¨à®ª® ¨á¯®«ì§ã¥âáï ¯à¨¬¥−¨â¥«ì−® ª ¯à®¡«¥¬�â¨ª¥ ��„,
¯®íâ®¬ã ®¡� â¥à¬¨−�, �‘ ¨ Œ�, ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¨á¯®«ì§ãîâáï ª�ª á¨−®−¨¬ë.
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¬¥−â Ÿ� ¬®¦¥â ¡ëâì §�¤¥©áâ¢®¢�− ¡®«¥¥ ç¥¬ ¢ ®¤−®¬ �‘, ¥á«¨ ¢ ¯�à�««¥«ì−®¬
ª®à¯ãá¥ ¯à¥¤áâ�¢«¥−® −¥áª®«ìª® à�§−ëå ¯¥à¥¢®¤®¢ ®¤−®£® ¨ â®£® ¦¥ ¨áå®¤−®£®
â¥ªáâ�.

Ÿ§ëª®¢ë¥ ¥¤¨−¨æë Ÿ� ¨ Ÿ� ä¨ªá¨àãîâáï ¢ ª�ç¥áâ¢¥ ª«�áá¨ä¨ª�æ¨®−−ëå
àã¡à¨ª äà�£¬¥−â®¢ ¢ â�¡«¨æ¥ ú�á−®¢−ë¥ àã¡à¨ª¨û, ¯à¨ íâ®¬ ¤«ï ã¤®¡áâ¢�
¯®«ì§®¢�â¥«ï íâ¨ àã¡à¨ª¨ ®¡ê¥¤¨−ïîâáï ¢ ª«�áâ¥àë. Šà®¬¥ â®£®, ¯à¨ �−�«¨§¥
äà�£¬¥−â®¢ ¨áá«¥¤®¢�â¥«¨ ¯à¨á¢�¨¢�îâ äà�£¬¥−â�¬ Ÿ� ¨ Ÿ� ¤®¯®«−¨â¥«ì−ë¥
ª«�áá¨ä¨ª�æ¨®−−ë¥ àã¡à¨ª¨, á¯¥æ¨ä¨æ¨àãîé¨¥ à�§«¨ç−ë¥ �á¯¥ªâë ã¯®âà¥¡«¥-
−¨ï à�áá¬�âà¨¢�¥¬ëå Ÿ…, ª®â®àë¥ â�ª¦¥ ®¡ê¥¤¨−ïîâáï ¢ ª«�áâ¥àë. ’�ª¨¬ ®¡à�-
§®¬, äà�£¬¥−âë Ÿ� ¨ Ÿ� �−−®â¨àãîâáï á ¯®¬®éìî ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨.
�à¨ íâ®¬ á«¥¤ã¥â ®â¬¥â¨âì, çâ® ª«�áâ¥àë ®á−®¢−ëå ¨ ¤®¯®«−¨â¥«ì−ëå àã¡à¨ª −¥
¢á¥£¤� −¥¯®áà¥¤áâ¢¥−−® á®®â¢¥âáâ¢ãîâ ä�ªâ¨ç¥áª¨¬ ä�á¥â�¬, çâ® á¢ï§�−® á á®-
®¡à�¦¥−¨ï¬¨ ã¤®¡áâ¢� ¯®«ì§®¢�â¥«¥© ��„. ˆ−®£¤� −¥áª®«ìª® äã−ªæ¨®−�«ì−®
¨«¨ á¥¬�−â¨ç¥áª¨ ¡«¨§ª¨å ä�á¥â®¢ £àã¯¯¨àãîâáï ¢ à�¬ª�å ®¤−®£® ª«�áâ¥à�:
−�¯à¨¬¥à, ¢ à�¬ª�å ª«�áâ¥à� úƒà�¬¬�â¨ç¥áª¨¥ ¯à¨§−�ª¨û ®¡ê¥¤¨−ïîâáï àã¡-
à¨ª¨ −¥áª®«ìª¨å ä�á¥â®¢, â�ª¨å ª�ª ¢à¥¬ï (−�áâ®ïé¥¥, ¯à®è¥¤è¥¥, ¡ã¤ãé¥¥),
−�ª«®−¥−¨¥ (¨−ä¨−¨â¨¢, ¨¬¯¥à�â¨¢, ¯à¨ç�áâ¨¥, ¤¥¥¯à¨ç�áâ¨¥) ¨ â. ¤.

��ª®−¥æ, á�¬¨¬ �‘ â�ª¦¥ ¯à¨á¢�¨¢�îâáï àã¡à¨ª¨, á¯¥æ¨ä¨æ¨àãîé¨¥ â¥
®á®¡¥−−®áâ¨ �‘, ª®â®àë¥ ®¯à¥¤¥«ïîâ á¯¥æ¨ä¨ªã ¯¥à¥¢®¤−®© âà�−áä®à¬�æ¨¨
(−�¯à¨¬¥à, ¯¥à¥äà�§¨à®¢�−¨¥, á¬¥−� ¯®¤«¥¦�é¥£® ¨ â. ¤.).

3 Заключение

Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, áâàãªâãà� ��„ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢®§¬®¦−®áâì
¯�à�««¥«ì−®© à�¡®âë ¨ á ª®à¯ãá−®©, ¨ á −�¤ª®à¯ãá−®© á®áâ�¢«ïîé¨¬¨, ¢ á¢ï§¨
á ç¥¬ ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ®¡ê¥¤¨−¨âì ¨å ¢ à�¬ª�å ®¤−®© ¡�§ë ¤�−−ëå. Š�ª
¢¨¤−® ¨§ à¨á. 1 ¨ 2, íâ¨ á®áâ�¢«ïîé¨¥ á¢ï§ë¢�¥â â�¡«¨æ� ú‘«®¢®ã¯®âà¥¡«¥−¨¥û.
Œ¥¦¤ã â�¡«¨æ�¬¨ ú”à�£¬¥−âû ¨ ú‘«®¢®ã¯®âà¥¡«¥−¨¥û −�å®¤¨âáï á¢ï§ë¢�îé�ï
â�¡«¨æ�, ª®â®à�ï ï¢−® á¯¥æ¨ä¨æ¨àã¥â, ª�ª¨¥ á«®¢®ã¯®âà¥¡«¥−¨ï ¨§ ¯�à�««¥«ì-
−®£® ª®à¯ãá� ¢å®¤ïâ ¢® äà�£¬¥−âë Ÿ� ¨ Ÿ�, á«ã¦�é¨¥ ä®à¬®®¡à�§ãîé¨¬¨
í«¥¬¥−â�¬¨ �‘. „�−−�ï á¢ï§ë¢�îé�ï â�¡«¨æ� â�ª¦¥ ¯®§¢®«ï¥â ¢ë¤¥«ïâì ¢ à�¬-
ª�å íâ¨å äà�£¬¥−â®¢ á�¬¨ à�áá¬�âà¨¢�¥¬ë¥ Ÿ… ¨ úäã−ªæ¨®−�«ì−® §−�ç¨¬ë¥
á«®¢�û, â. ¥. á«®¢�, −¥¯®áà¥¤áâ¢¥−−® ¢«¨ïîé¨¥ −� äã−ªæ¨®−¨à®¢�−¨¥ íâ¨å Ÿ….
�®¤à®¡−¥¥ ¯à®æ¥áá ¯®áâà®¥−¨ï �‘ −� ®á−®¢¥ ª®à¯ãá−®© ¨−ä®à¬�æ¨¨ ®¯¨á�−
¢ à�¡®â¥ [19].

‚®§¬®¦−®áâì ®¡à�é¥−¨ï ª ª®à¯ãá−®© ¨−ä®à¬�æ¨¨ â�ª¦¥ ¨£à�¥â ¢�¦−ãî
à®«ì ¯à¨ à�¡®â¥ á ¬�áá¨¢®¬ ã¦¥ ¯®áâà®¥−−ëå �−−®â�æ¨© �‘. ‚ ç�áâ−®áâ¨,
ª®à¯ãá−�ï ¨−ä®à¬�æ¨ï ¨á¯®«ì§ã¥âáï ¢ á¨áâ¥¬¥ ¯à®á¬®âà� ¨ ¯®¨áª� �‘, ¯®§-
¢®«ïï ®áãé¥áâ¢«ïâì ¯®¨áª �−−®â�æ¨© ¯®áà¥¤áâ¢®¬ §�¤�−¨ï �¢â®à� ¨áå®¤−®£®
¯à®¨§¢¥¤¥−¨ï ¨«¨ ¡�§®¢®© ä®à¬ë â¥å ¨«¨ ¨−ëå «¥ªá¥¬ (¯®¤à®¡−¥¥ ® ¯®¨áª®¢ëå
äã−ªæ¨ïå ��„ á¬., −�¯à¨¬¥à, [20]). ��ª®−¥æ, ª®à¯ãá−�ï ¨−ä®à¬�æ¨ï â�ª¦¥
¬®¦¥â ¡ëâì §�¤¥©áâ¢®¢�−� ¯à¨ ¯®áâà®¥−¨¨ §�¯à®á®¢ ª ¬�áá¨¢ã áä®à¬¨à®¢�−−ëå
�‘ (á¬., −�¯à¨¬¥à, [21]).
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Abstract: The paper provides an overview of the concept, main structural
constituents, and functions of supracorpora databases (SCDB). Supracorpo-
ra databases represent a novel type of structured information resources that
significantly expand capabilities of linguistic text corpora, parallel corpora in
particular. The paper outlines principle features and limitations of parallel corpo-
ra and demonstrates how SCDBs allow extending these features and overcoming
the limitations. Supracorpora databases allow linguistic experts to establish,
record, and annotate translation correspondences between language units in the
source and target texts while relying on faceted classification categories composed
by the researchers themselves according to their requirements. The article also
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RAS which incorporates corpus and subcorpus constituents that interact with
one another as a part of a common database.
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АППАРАТНАЯ РЕАЛИЗАЦИЯ
РЕКУРРЕНТНОГО ОБРАБОТЧИКА СИГНАЛОВ∗

Ю. А. Степченков1, Н. В. Морозов2, Ю. Г. Дьяченко3, Д. В. Хилько4

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë �¯¯�à�â−®© à¥�«¨§�æ¨¨ £¨¡à¨¤-
−®© ¬−®£®ï¤¥à−®© �àå¨â¥ªâãàë à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®à�
(ƒŒ�÷‘�) ¢ ¢¨¤¥ VHDL-¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç ¨ ¥¥ �¯à®¡�æ¨¨
¢ ¢¨¤¥ ¬�ª¥â−®£® ®¡à�§æ� −� ®â«�¤®ç−®© ¯«�â¥ á ¯à®£à�¬¬¨àã¥¬®© «®£¨ç¥áª®©
¨−â¥£à�«ì−®© áå¥¬®© (�‹ˆ‘) Intel Arria10. ƒ¨¡à¨¤−�ï ¬−®£®ï¤¥à−�ï �àå¨-
â¥ªâãà� à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®à� á®áâ®¨â ¨§ ¢¥¤ãé¥£® ä®−-−¥©-
¬�−®¢áª®£® ¯à®æ¥áá®à�, à¥�«¨§ãîé¥£® ã¯à�¢«ïîé¨© ãà®¢¥−ì �àå¨â¥ªâãàë,
¨ ¯®â®ª®¢®£® ¯à®æ¥áá®à� á ç¥âëàì¬ï ¢ëç¨á«¨â¥«ì−ë¬¨ á¥ªæ¨ï¬¨ −� ®¯¥à�æ¨-
®−−®¬ ãà®¢−¥ �àå¨â¥ªâãàë. �¯¯�à�â−�ï ¬®¤¥«ì ƒŒ�÷‘� ¯à¥¤áâ�¢«ï¥â á®¡®©
á®¢®ªã¯−®áâì ¯à®£à�¬¬−®© ¨«¨ �¯¯�à�â−®© à¥�«¨§�æ¨¨ ã¯à�¢«ïîé¥£® ¯à®æ¥á-
á®à� (“�) ¨ VHDL-¬®¤¥«¨ ®¯¥à�æ¨®−−®£® ãà®¢−ï ƒŒ�÷‘�. �à®£à�¬¬−�ï
à¥�«¨§�æ¨ï “� ¯à¥¤®áâ�¢«ï¥âáï á¨áâ¥¬®© Quartus �¢â®¬�â¨§¨à®¢�−−®£® ¯à®-
¥ªâ¨à®¢�−¨ï æ¨äà®¢ëå ‘�ˆ‘ −� �‹ˆ‘ ä¨à¬ë Intel. �¯¯�à�â−ãî à¥�«¨-
§�æ¨î “� ¢ ¢¨¤¥ ¤¢ãåêï¤¥à−®£® ¯à®æ¥áá®à� Cortex-A9 ®¡¥á¯¥ç¨¢�¥â �‹ˆ‘
−� ®â«�¤®ç−®© ¯«�â¥.

Š«îç¥¢ë¥ á«®¢�: à¥ªãàà¥−â−ë© á¨£−�«ì−ë© ¯à®æ¥áá®à; £¨¡à¨¤−�ï ¬−®£®-
ï¤¥à−�ï �àå¨â¥ªâãà�; VHDL-¬®¤¥«ì; �‹ˆ‘

DOI: 10.14357/08696527210310

1 Введение

ƒ¨¡à¨¤−�ï ¬−®£®ï¤¥à−�ï �àå¨â¥ªâãà� à¥ªãàà¥−â−®£® á¨£−�«ì−®£® ¯à®æ¥áá®-
à� [1] | íâ® �«ìâ¥à−�â¨¢� âà�¤¨æ¨®−−®© ¢ëç¨á«¨â¥«ì−®© �àå¨â¥ªâãà¥. �−�
®à¨¥−â¨à®¢�−� −� à¥è¥−¨¥ §�¤�ç æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢ (–�‘) ¨ ®â−®-
á¨âáï ª ª«�ááã ¯®â®ª®¢ëå �àå¨â¥ªâãà, −® á¢®¡®¤−� ®â −¥¤®áâ�âª®¢, ¯à¨áãé¨å
¯®â®ª®¢ë¬ �àå¨â¥ªâãà�¬ ¬�áá®¢®£® ¯�à�««¥«¨§¬� −� ¡�§¥ �áá®æ¨�â¨¢−®© ¯�¬ïâ¨:

{ ¢ëá®ª®© �¯¯�à�â−®© á«®¦−®áâ¨ ¨ ¢à¥¬¥−¨ áà�¢−¥−¨ï â¥£¨à®¢�−−ëå ¬�àª¥à®¢;

{ −¥íää¥ªâ¨¢−®£® ¨á¯®«−¥−¨ï ¯®á«¥¤®¢�â¥«ì−ëå ãç�áâª®¢ ª®¤�;

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ¯®¤¤¥à¦ª¥ ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 19-11-00334).
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3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

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

−�ãª, dhilko@yandex.ru

113



ā. �. ‘â¥¯ç¥−ª®¢, �. ‚. Œ®à®§®¢, ā. ƒ. „ìïç¥−ª®, „. ‚. •¨«ìª®

{ ç¥à¥áçãà ¡®«ìè®£® ç¨á«� ª®¬�−¤, âà¥¡ãîé¥£®áï ¤«ï ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë,
¯® ®â−®è¥−¨î ª ¯à®æ¥áá®à�¬ âà�¤¨æ¨®−−®© �àå¨â¥ªâãàë.

{ ¨á¯®«ì§®¢�−¨ï á«®¦−®©, ¬¥¤«¥−−®© ¨ í−¥à£®¥¬ª®© �áá®æ¨�â¨¢−®© ¯�¬ïâ¨
¢ ª�ç¥áâ¢¥ ãáâà®©áâ¢� á®¯®áâ�¢«¥−¨ï;

{ ¡®«ìè®£® à�§¬¥à� â¥£®¢ëå ¯®«¥©, ¯à¥¢ëè�îé¥£® ¢ ¤¥áïâª¨ à�§ à�§¬¥à á®¡-
áâ¢¥−−® ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå.

“ç¥â íâ¨å ¨ ¤àã£¨å ä�ªâ®à®¢ ¯®âà¥¡®¢�« ®á®¡®£® ¯®¤å®¤� ª ¢−¥¤à¥−¨î ¯®-
â®ª®¢®© ¯�à�¤¨£¬ë ¢ ®¡«�áâì –�‘. ƒŒ�÷‘� | íâ® ª®¬¯à®¬¨áá−®¥ à¥è¥−¨¥,
®¡¥á¯¥ç¨¢�îé¥¥ á®¢¬¥áâ¨¬®áâì á áãé¥áâ¢ãîé¨¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ ¨ �¯¯�à�â-
−ë¬¨ áà¥¤�¬¨.

�á−®¢−ë¬ áà¥¤áâ¢®¬ à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ª�¯áã« ¤«ï ƒŒ�÷‘� á«ã¦¨â
¨¬¨â�æ¨®−−�ï ¬®¤¥«ì ƒŒ�÷‘� [1]. �−� ãç¨âë¢�¥â ®á®¡¥−−®áâ¨ �àå¨â¥ªâãà−®©
®à£�−¨§�æ¨¨ ƒŒ�÷‘� ¨ ¯®§¢®«ï¥â à�§à�¡®âç¨ªã ª�¯áã«ë ¯à®á«¥¤¨âì §� ¯à®-
¤¢¨¦¥−¨¥¬ ¤�−−ëå ¯® íâ�¯�¬ à�¡®âë �«£®à¨â¬� ¨ ¨å à�á¯à¥¤¥«¥−¨¥¬ ¯® ¯�à�«-
«¥«ì−ë¬ ¢ëç¨á«¨â¥«ì−ë¬ à¥áãàá�¬. ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì ƒŒ�÷‘� ®¡«¥£ç�¥â
¯à®æ¥áá ª�¯áã«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï. �¤−�ª® ®−� −¥ ãç¨âë¢�¥â ®á®¡¥−−®áâ¨
�¯¯�à�â−®© à¥�«¨§�æ¨¨ �àå¨â¥ªâãàë ¨ −¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¢ ª�ç¥áâ¢¥ ¨á-
å®¤−®£® �«£®à¨â¬¨ç¥áª®£® ®¯¨á�−¨ï ƒŒ�÷‘� ¤«ï ¥¥ á¨−â¥§� ¢ ¢¨¤¥ �¯¯�à�âãàë
á ¯®¬®éìî ¯à®¬ëè«¥−−ëå áà¥¤áâ¢ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï.

�®íâ®¬ã à�§à�¡®âª� �¯¯�à�â−®© ¬®¤¥«¨ ƒŒ�÷‘� −� ãà®¢−¥ à¥£¨áâà®¢ëå
¯¥à¥¤�ç −� ï§ëª¥ VHDL, ®¡¥á¯¥ç¨¢�îé¥© �¤¥ª¢�â−®áâì �¯¯�à�â−®© à¥�«¨§�æ¨¨
ƒŒ�÷‘� ¥¥ �àå¨â¥ªâãà¥ ¨ ¯®§¢®«ïîé¥© ®æ¥−¨âì å�à�ªâ¥à¨áâ¨ª¨ ƒŒ�÷‘� −�
®â«�¤®ç−®© ¯«�â¥ á �‹ˆ‘, áâ�−®¢¨âáï �ªâã�«ì−®© §�¤�ç¥©. „�−−�ï áâ�âìï ®¯¨-
áë¢�¥â ®á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ �¯¯�à�â−®© ¬®¤¥«¨ ƒŒ�÷‘� ¢ ¢¨¤¥ ¬�ª¥â−®£®
®¡à�§æ� −� ®â«�¤®ç−®© ¯«�â¥ HAN Pilot Platform á �‹ˆ‘ Intel Arria10 SoC
10AS066K3F40E2SG [2], ¥¥ â¥å−¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ âà¥¡ã¥¬ë¥ �¯¯�à�â-
−ë¥ à¥áãàáë ¢ â¥à¬¨−�å áâàãªâãà−ëå ¥¤¨−¨æ, ¨¬¥îé¨åáï ¢ á®áâ�¢¥ �‹ˆ‘.

2 Особенности аппаратной реализации ГМАРСП

ƒŒ�÷‘� ¨¬¥¥â á«¥¤ãîé¨¥ ®á®¡¥−−®áâ¨ �¯¯�à�â−®© à¥�«¨§�æ¨¨, ¯à¥®¤®«¥-
¢�îé¨¥ −¥¤®áâ�âª¨ ¨§¢¥áâ−ëå ¯®â®ª®¢ëå �àå¨â¥ªâãà.

1. ÷�¡®â� �áá®æ¨�â¨¢−®£® §�¯®¬¨−�îé¥£® ãáâà®©áâ¢� (�‡“) ®á−®¢�−� −� áà�¢-
−¥−¨¨ â¥£®¢ëå ¯®«¥© ¢å®¤−®£® ¨«¨ ¨áª®¬®£® ®¯¥à�−¤� á â¥£®¢ë¬¨ ¯®«ï¬¨
¢á¥å ®¯¥à�−¤®¢ ¢ �‡“. �¤à¥á ïç¥©ª¨ �‡“, ¢ ª®â®à®© â¥£®¢ë¥ ¯®«ï á®-
¢¯�«¨, ¢ë¡¨à�¥âáï ¤«ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ §�¯¨á /̈çâ¥−¨ï. �â® áãé¥-
áâ¢¥−−® ãá«®¦−ï¥â �‡“ ¯® áà�¢−¥−¨î á �¤à¥áã¥¬®© ¯�¬ïâìî, §�¬¥¤«ï¥â ¥£®
¨ ã¢¥«¨ç¨¢�¥â í−¥à£®¯®âà¥¡«¥−¨¥. ‚¬¥áâ® ¡®«ìè®£® ¨ ¬¥¤«¥−−®£® ¬�áá¨¢�
�áá®æ¨�â¨¢−®© ¯�¬ïâ¨ ¢ ƒŒ�÷‘� ¨á¯®«ì§ãîâáï ¯àï¬® �¤à¥áã¥¬ë¥ à¥£¨áâ-
à®¢ë¥ ¯�¬ïâ¨ á −�¬−®£® ¬¥−ìè¨¬ ®¡ê¥¬®¬, à�á¯®«®¦¥−−ë¥ ¢ â¥å ¡«®ª�å
�àå¨â¥ªâãàë ƒŒ�÷‘�, £¤¥ ®−¨ ¢®áâà¥¡®¢�−ë:
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�¯¯�à�â−�ï à¥�«¨§�æ¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

{ 4× 16 ¡¨â ¤«ï åà�−¥−¨ï ª®−áâ�−â ¨ 16× 52 ¡¨â ¤«ï ¢à¥¬¥−−®£® åà�−¥−¨ï
®¯¥à�−¤®¢ ¢ ¯�¬ïâ¨ á®¢¯�¤¥−¨© ª�¦¤®© ¢ëç¨á«¨â¥«ì−®© á¥ªæ¨¨;

{ 8 × 16 ¡¨â ¤«ï åà�−¥−¨ï ª®−áâ�−â ¨ 16 × 32 ¡¨â ¤«ï ¯®¤£àã¦�¥¬ëå
¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ ª�¯áã«ë ¤�−−ëå ¢ ¢ëç¨á«¨â¥«¥ ª�¦¤®© á¥ªæ¨¨.

’¥¬ á�¬ë¬ ãáâà�−ï¥âáï ã§ª®¥ ¬¥áâ® ª«�áá¨ç¥áª¨å ¯®â®ª®¢ëå �àå¨â¥ªâãà.
‡�¯¨áì ¨ çâ¥−¨¥ ®¯¥à�−¤®¢ ¢ ¯�¬ïâì −� ®á−®¢¥ áà�¢−¥−¨ï â¥£®¢ëå ¯®«¥©
¢ë¯®«−ï¥âáï ¢ ƒŒ�÷‘� ¢ −¥áª®«ìª® à�§ ¡ëáâà¥¥.

2. �®á«¥¤®¢�â¥«ì−ë¥ ãç�áâª¨ ª®¤� ¢ë¯®«−ïîâáï ¢ “� ¡¥§ ¯®â¥à¨ ¢à¥¬¥−¨
−� áà�¢−¥−¨¥ â¥£¨à®¢�−−ëå ¬�àª¥à®¢ ¨ á ¡®«¥¥ ¢ëá®ª®© áª®à®áâìî, ç¥¬
¢ à¥ªãàà¥−â−®¬ ®¡à�¡®âç¨ª¥ á¨£−�«®¢ (÷�‘): ç�áâ®â� à�¡®âë ÷�‘ −� �‹ˆ‘
−¥ ¯à¥¢ëè�¥â 25 Œƒæ, ¢ â® ¢à¥¬ï ª�ª ç�áâ®â� á¨−åà®−¨§�æ¨¨ “� NIOS-
II á®áâ�¢«ï¥â 160 Œƒæ, � ARM Cortex-A9 | 1,5 ƒƒæ. Šà®¬¥ â®£®,
¢ àï¤¥ á«ãç�¥¢ ¥áâì ¢®§¬®¦−®áâì ¨á¯®«−¨âì ¯®á«¥¤®¢�â¥«ì−ë© ª®¤ ¢ “�
®¤−®¢à¥¬¥−−® á ¯®¤£®â®¢ª®© ª ¢ë¯®«−¥−¨î ¢ ÷�‘ ¯�à�««¥«ì−®£® ãç�áâª�
ª®¤� (§�£àã§ª� ª®−ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢, ª®−áâ�−â ¨ â. ¤.).

3. ‚ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ ¢ë¯®«−ï¥âáï â®«ìª® ®¤−� ¨â¥à�æ¨ï æ¨ª«�. �â®
à¥§ª® á®ªà�é�¥â à�§¬¥à â¥£®¢, ¯®â¥à¨ ¢à¥¬¥−¨ −� ¨å ª®¬¬ã−¨ª�æ¨î ¯® á¥â¨
¨ ®¡ê¥¬ �¯¯�à�âãàë. …á«¨ ¢ ¯®â®ª®¢ëå á¨áâ¥¬�å ¬�áá®¢®£® ¯�à�««¥«¨§¬�
à�§àï¤−®áâì â¥£®¢ëå ¯®«¥© ¢ −¥áª®«ìª® à�§ ¯à¥¢ëè�¥â ¯®«¥§−ãî à�§àï¤-
−®áâì ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå, â® ¢ ƒŒ�÷‘� ç¨á«® à�§àï¤®¢ â¥£®¢ëå
¯®«¥© (36) áà�¢−¨¬® á ¯®«¥§−®© à�§àï¤−®áâìî ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå: 16
¨ 38 ¢ −¥ã¯�ª®¢�−−ëå ®¯¥à�−¤�å ¨ 64 ¢ ã¯�ª®¢�−−ëå.

�à¥¤«®¦¥−−ë¥ á¯®á®¡ë à¥�«¨§�æ¨¨ åà�−¨«¨é ¤�−−ëå ®¡¥á¯¥ç¨¢�îâ ¯à¥¤-
¯®áë«ª¨ ¤«ï à¥�−¨¬�æ¨¨ ¯®â®ª®¢®© ª®−æ¥¯æ¨¨ ¢ ®¡«�áâ¨ –�‘, áâ®¨¬®áâ−ë©
ä�ªâ®à ª®â®à®© ¤¥«�¥â −¥æ¥«¥á®®¡à�§−ë¬ ¯àï¬®«¨−¥©−®¥ ¨á¯®«ì§®¢�−¨¥ ¢ −¥©
â¥å−¨ç¥áª¨å à¥è¥−¨© ¨§ ®¡«�áâ¨ ¯®â®ª®¢ëå á¨áâ¥¬ ¬�áá®¢®£® ¯�à�««¥«¨§¬�.
�−¨ −¥ âà¥¡ãîâ á«®¦−ëå �¯¯�à�â−ëå ¬¥å�−¨§¬®¢ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨áãé¥©
ƒŒ�÷‘� ª�¯áã«ì−®© ¬®¤¥«¨ ¯à®£à�¬¬¨à®¢�−¨ï.

3 Аппаратная модель ГМАРСП

‘âàãªâãà� �¯¯�à�â−®© ¬®¤¥«¨

÷¨á. 1 ‘âàãªâãà� �¯¯�à�â−®© ¬®¤¥«¨
ƒŒ�÷‘�

ƒŒ�÷‘� ¯à¥¤áâ�¢«¥−� −� à¨á. 1. �−�
¢ª«îç�¥â ¢ á¥¡ï “�, è¨−ã �¤à¥á�/¤�−-
−ëå ¨ ÷�‘. Š è¨−¥ �¤à¥á�/¤�−−ëå
¬®£ãâ ¡ëâì ¯®¤ª«îç¥−ë ¤®¯®«−¨â¥«ì-
−ë¥ ãáâà®©áâ¢� ¯�¬ïâ¨ ¨ ¨−â¥àä¥©á�,
®â−®áïé¨¥áï ª ã¯à�¢«ïîé¥¬ã ãà®¢−î.

‚ à�¬ª�å ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï �àå¨â¥ªâãàë ƒŒ�÷‘� à®«ì “� ¬®-
¦¥â ¨£à�âì âà�¤¨æ¨®−−ë© (ä®−-−¥©¬�−®¢áª¨©) ¯à®æ¥áá®à «î¡®£® â¨¯�. ƒ«�¢−®¥
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÷¨á. 2 ‘âàãªâãà� VHDL-¬®¤¥«¨ ÷�‘

âà¥¡®¢�−¨¥ ª ¥£® å�à�ªâ¥à¨áâ¨ª�¬ | ¤®áâ�â®ç−®¥ ¡ëáâà®¤¥©áâ¢¨¥, ®¡¥á¯¥ç¨¢�-
îé¥¥ âà¥¡ã¥¬ãî ®¡à�¡®âªã à¥§ã«ìâ�â®¢ ÷�‘ ¨ á¢®¥¢à¥¬¥−−ãî ¯®¤ª�çªã ¤�−−ëå
¢ ÷�‘. ‚ â¥ªãé¥© à¥�«¨§�æ¨¨ ƒŒ�÷‘� −� �‹ˆ‘ Intel Arria10 SoC äã−ª-
æ¨¨ “� ¢ë¯®«−ï¥â ¯à®£à�¬¬−ë© ¯à®æ¥áá®à NIOS-II ¨«¨ �¯¯�à�â−ë© ¯à®æ¥áá®à
ARM Cortex-A9. NIOS-II ¨−â¥£à¨àã¥âáï ¢ ¯à®¥ªâ ƒŒ�÷‘� ¢ ¢¨¤¥ £®â®¢®£®
á«®¦−®£® äã−ªæ¨®−�«ì−®£® ¡«®ª�, ¨¬¥îé¥£®áï ¢ ¡¨¡«¨®â¥ª¥ á¨áâ¥¬ë �¢â®¬�-
â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï (‘��÷) Quartus Prime SE 18 (Intel) [3]. ARM
Cortex-A9 ¨§−�ç�«ì−® ¯à¨áãâáâ¢ã¥â ¢ �‹ˆ‘ −� ¨á¯®«ì§ã¥¬®© ®â«�¤®ç−®© ¯«�â¥
HAN Pilot Platform.

�«®ª ÷�‘ à¥�«¨§®¢�− ¢ ¢¨¤¥ ¬®¤¥«¨ ãà®¢−ï à¥£¨áâà®¢ëå ¯¥à¥¤�ç −� ï§ë-
ª¥ VHDL. –¥«¨ª®¬ �¯¯�à�â−�ï ¬®¤¥«ì, ¨§®¡à�¦¥−−�ï −� à¨á. 1, á®¡¨à�¥âáï
¢ ¯à¨«®¦¥−¨¨ Qsys, §�¯ãáª�¥¬®¬ ¨§ ®¡®«®çª¨ ‘��÷ Quartus.

‘âàãªâãà� �¯¯�à�â−®© ¬®¤¥«¨ ÷�‘ −� ï§ëª¥ VHDL ¯à¥¤áâ�¢«¥−� −� à¨á. 2.
�−� á®áâ®¨â ¨§ £«�¢−®£® ¬®¤ã«ï ros ¨ ¬®¤ã«¥©, à¥�«¨§ãîé¨å äã−ªæ¨®−�«
÷�‘. Œ®¤ã«ì ¢¥àå−¥£® ãà®¢−ï ros ®à£�−¨§ã¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¡ãä¥à−®© ¯�¬ïâ¨
(��, buffer storage) ¨ à¥ªãàà¥−â−®£® ®¡à�¡�âë¢�îé¥£® ãáâà®©áâ¢� (÷�“, rou)
¨ á®¤¥à¦¨â �à¡¨âà ®¡à�é¥−¨© ª �� á® áâ®à®−ë “� (çâ¥−¨¥ ¨ §�¯¨áì) ¨ ÷�“
(§�¯¨áì). ‡�¯¨áì ¢ �� á® áâ®à®−ë ÷�“ ¨¬¥¥â ¢ëáè¨© ¯à¨®à¨â¥â.

�á®¡¥−−®áâ¨ ®à£�−¨§�æ¨¨ à�¡®âë ¡«®ª� ��:

(1) �� á®áâ®¨â ¨§ 4 ¡�−ª®¢ ¯�¬ïâ¨ ¨ ª®−âà®««¥à� ��, ã¯à�¢«ïîé¥£® ®¡¬¥−®¬
¤�−−ë¬¨ ¬¥¦¤ã ��, ÷�“ ¨ “�. �¤¨− ®¯¥à�−¤ ª�¯áã«ë à�á¯®«�£�¥âáï
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�¯¯�à�â−�ï à¥�«¨§�æ¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

¢ ç¥âëà¥å ¡�−ª�å �� ¯® ®¤−®¬ã ¡�§®¢®¬ã �¤à¥áã. Š�¦¤ë© ®¯¥à�−¤ á®-
¯à®¢®¦¤�¥âáï ¡¨â®¬ £®â®¢−®áâ¨, à�§à¥è�îé¨¬ çâ¥−¨¥ ®¯¥à�−¤� ¨§ ��
¢ ÷�“;

(2) ¡�−ª¨ �� ¯à¥¤áâ�¢«ïîâ á®¡®© ¤¢ãå¯®àâ®¢ë¥ �‡“. �¥à¢ë© ¯®àâ á«ã¦¨â
¤«ï §�¯¨á¨ ¤�−−ëå ¢ �� á® áâ®à®−ë “� ¨ ÷�“ ¨ ¤«ï çâ¥−¨ï ¤�−−ëå
¨§ �� ¢ “�. �− ã¯à�¢«ï¥âáï á¨áâ¥¬−®© ç�áâ®â®© è¨−ë �¤à¥á�/¤�−−ëå.
‚â®à®© ¯®àâ ¨á¯®«ì§ã¥âáï ¤«ï çâ¥−¨ï ®¯¥à�−¤®¢ ¨§ �� ¢ ÷�“ ¨ ã¯à�¢«ï¥âáï
¢−ãâà¥−−¥© ç�áâ®â®© ÷�“;

(3) 64-à�§àï¤−ë¥ ®¯¥à�−¤ë §�¯¨áë¢�îâáï ¢ �� ¨§ “� ¨ áç¨âë¢�îâáï ¨§ ��
¢ “� ¯® è¨−¥ �¤à¥á�/¤�−−ëå §� ¤¢¥ ®¯¥à�æ¨¨ §�¯¨á¨, ¯® 32 à�§àï¤� §� ®¤−ã
®¯¥à�æ¨î;

(4) çâ¥−¨¥ ¨§ �� ¢ ÷�“ ¨ §�¯¨áì ¢ëå®¤−ëå ¨ ¯à®¬¥¦ãâ®ç−ëå à¥§ã«ìâ�â®¢ ¨§
÷�“ ¢ �� ¢ë¯®«−ï¥âáï ®¤−¨¬ 64-¡¨â−ë¬ ®¯¥à�−¤®¬.

�¯¯�à�â−�ï ¬®¤¥«ì ÷�‘ à¥�«¨§®¢�−� ¢ ¢¨¤¥ ª®«ìæ¥¢®£® ª®−¢¥©¥à�, áâã¯¥−¨
ª®â®à®£® ¨á¯®«ì§ãîâ ¬¨ªà®ª®−¢¥©¥àë ¤«ï ®¡à�¡®âª¨ ¤�−−ëå ¢ â¥ç¥−¨¥ ®¤−®£®
¢ëç¨á«¨â¥«ì−®£® è�£� (‚˜) ¤«¨â¥«ì−®áâìî ç¥âëà¥ ¯¥à¨®¤� â�ªâ®¢®© ç�áâ®âë
÷�“.

‘âã¯¥−ì 1 ¢ª«îç�¥â ª®−âà®««¥à �� ¨ ¬�áá¨¢ ïç¥¥ª ¯�¬ïâ¨ ��, §�¯®«−ï¥¬ë©
¨§ “� ª�¯áã«�¬¨ à¥�«¨§ã¥¬ëå �«£®à¨â¬®¢ (¬®¤ã«ì buffer storage). Š®−âà®««¥à
�� áç¨âë¢�¥â ¯® 4 ®¯¥à�−¤� §� ®¤¨− ‚˜ ¨ ¯¥à¥¤�¥â ¨å ¢ ÷�“ ¯®¯�à−®.

‘âã¯¥−ì 2 ¢ª«îç�¥â ª®−âà®««¥à ¢å®¤−ëå ¤�−−ëå (Š‚„, ¬®¤ã«ì
in data controller). ‡¤¥áì áç¨â�−−ë¥ ¨§ �� ®¯¥à�−¤ë à�á¯�ª®¢ë¢�îâáï (¯à¨
−¥®¡å®¤¨¬®áâ¨), à�áá®àâ¨à®¢ë¢�îâáï ¨ ¯¥à¥¤�îâáï ¢ íªá¯«¨ª�â®à (áâã¯¥−ì 3)
£àã¯¯®© ¨§ 1{4 ®¯¥à�−¤®¢. �¯¥à�−¤ë, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¨â¥à�â®à� (áâã-
¯¥−ì 3) ¨ ¨¬¯«¨ª�â®à� (áâã¯¥−ì 6), ¯¥à¥¤�îâáï ¯® −�§−�ç¥−¨î.

‘âã¯¥−ì 3 ¢ª«îç�¥â íªá¯«¨ª�â®à (¬®¤ã«ì explicator) ¨ ¨â¥à�â®à (¬®¤ã«ì
iterator). �ªá¯«¨ª�â®à à�á¯à¥¤¥«ï¥â ®¯¥à�−¤ë ¯® ¢ëç¨á«¨â¥«ì−ë¬ á¥ªæ¨ï¬.
ˆâ¥à�â®à ®à£�−¨§ã¥â æ¨ª«¨ç¥áª®¥ ¨á¯®«ì§®¢�−¨¥ ®¯¥à�−¤®¢.

‘âã¯¥−ì 4 ¢ª«îç�¥â á¥ªæ¨®−−ë¥ ¯�¬ïâ¨ á®¢¯�¤¥−¨© (�‘, ¬®¤ã«ì pap): �‘
¯®¤£®â�¢«¨¢�¥â ®¯¥à�−¤ë ¤«ï ®¡à�¡®âª¨ ¢ á¥ªæ¨®−−®¬ ¢ëç¨á«¨â¥«¥ ¨ ¨¬¥¥â
¤®áâã¯ ¢ á¥ªæ¨®−−ë¥ ¯�¬ïâ¨ ª®−áâ�−â.

‘âã¯¥−ì 5 ¢ª«îç�¥â á¥ªæ¨®−−ë© ¢ëç¨á«¨â¥«ì (¬®¤ã«ì compdev) ¨ ¯à¥-
®¡à�§®¢�â¥«ì â¥£®¢ (�’, ¬®¤ã«ì tag changer). �−¨ ¢ëç¨á«ïîâ á®¤¥à¦�â¥«ì−ãî
¨ äã−ªæ¨®−�«ì−ãî ç�áâ¨ −®¢®£® ®¯¥à�−¤�.

‘âã¯¥−ì 6 ¢ª«îç�¥â ª®¬¬ãâ�â®à (¬®¤ã«ì commutator) ¨ ¨¬¯«¨ª�â®à (¬®-
¤ã«ì implicator). Š®¬¬ãâ�â®à ª®¬¯«¥ªâã¥â ®¯¥à�−¤ë à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨
ª�¯áã«ë ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ®â¯à�¢«ï¥â ¨å ¢ íªá¯«¨ª�â®à ¤«ï ¤�«ì−¥©è¥£® ¨á-
¯®«ì§®¢�−¨ï ¢−ãâà¨ ÷�“. ˆ¬¯«¨ª�â®à ¢ë«�¢«¨¢�¥â ¢ ¯®â®ª¥ à¥§ã«ìâ¨àãîé¨å
®¯¥à�−¤®¢ ¯à®¬¥¦ãâ®ç−ë¥ ¨ ®ª®−ç�â¥«ì−ë¥ ¢ëå®¤−ë¥ ¤�−−ë¥ ¨ ®â¯à�¢«ï¥â ¨å
¢ ��.

��¬ïâì ®¯¥à�−¤®¢ ¥áâì −¥ â®«ìª® ¢ ¡«®ª¥ ��, −® ¨ ¢ ¡«®ª�å Š‚„ ¨ íªá-
¯«¨ª�â®à¥ ¢ ¢¨¤¥ FIFO (first in, first out). �−� ®¡¥á¯¥ç¨¢�¥â ¡¥§®áâ�−®¢®ç−ãî
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÷¨á. 3 ‚à¥¬¥−−�ï ¤¨�£à�¬¬� à�¡®âë ƒŒ�÷‘�

à�¡®âã ª®−¢¥©¥à� ÷�“ ¢® ¢à¥¬ï à�á¯�ª®¢ª¨ ã¯�ª®¢�−−ëå ®¯¥à�−¤®¢ ¢ ¡«®ª¥
Š‚„ ¨ −�ª®¯«¥−¨¥ ®¯¥à�−¤®¢ ¢ íªá¯«¨ª�â®à¥ ¤«ï á¢®¥¢à¥¬¥−−®£® −�¯®«−¥−¨ï
ª®−¢¥©¥à� ÷�“.

„®¯®«−¨â¥«ì−ë¥ ¡«®ª¨ ¯�¬ïâ¨ section const registers, section storage
¨ section data memory ¢ ª�¦¤®© ¢ëç¨á«¨â¥«ì−®© á¥ªæ¨¨ åà�−ïâ ª®−áâ�−âë,
§�¯¨áë¢�¥¬ë¥ “� ¨ ¨á¯®«ì§ã¥¬ë¥ ¯à¨ ®¡à�¡®âª¥ ª�¯áã«.

�¯¯�à�â−�ï ¬®¤¥«ì ÷�“ −�¯¨á�−� −� ï§ëª¥ VHDL á ¨á¯®«ì§®¢�−¨¥¬ ¯®¤-
¬−®¦¥áâ¢� á¨−â¥§¨àã¥¬ëå ®¯¥à�â®à®¢. �â® ®¡¥á¯¥ç¨¢�¥â ¥¥ ¯àï¬ãî âà�−á«ïæ¨î
¨§ �«£®à¨â¬¨ç¥áª®£® ®¯¨á�−¨ï ¢ �¯¯�à�â−ë© ¡�§¨á áà¥¤áâ¢�¬¨ «®£¨ç¥áª¨å á¨−-
â¥§�â®à®¢. �� �‹ˆ‘ ä¨à¬ë Intel «®£¨ç¥áª¨© á¨−â¥§ ¢ë¯®«−ï¥âáï ¢ ‘��÷
Quartus.

÷¨áã−®ª 3 ¨««îáâà¨àã¥â à�¡®âã ƒŒ�÷‘�. ‚â®à�ï áâà®ª� ¤¨�£à�¬¬ë ¯®-
ª�§ë¢�¥â −®¬¥à� ‚˜. Šãàá®àë −� ¢à¥¬¥−−�®© ®á¨ ®â¬¥ç�îâ ¤¢¨¦¥−¨¥ ®¯¥à�−¤�
¯® ª®−¢¥©¥àã ÷�‘ ®â ¬®¬¥−â� áç¨âë¢�−¨ï ¨§ �� ¤® ¯®ï¢«¥−¨ï à¥§ã«ìâ�â� ¥£®
®¡à�¡®âª¨ −� ¢ëå®¤¥ ¨¬¯«¨ª�â®à�. ’à¥â¨© á«¥¢� ªãàá®à ¯®ª�§ë¢�¥â ¢à¥¬ï ¯®-
áâã¯«¥−¨ï ®¯¥à�−¤� ¢ �‘ (MatchMemory), £¤¥ ®− áæ¥¯«ï¥âáï (�áá®æ¨¨àã¥âáï)
á åà�−ïé¨¬áï â�¬ ¤àã£¨¬ ®¯¥à�−¤®¬ (clutch = 1) ¨ ä®à¬¨àã¥â ¯�àã ®¯¥à�−¤®¢
¤«ï á¥ªæ¨®−−®£® ¢ëç¨á«¨â¥«ï (ç¥â¢¥àâë© ªãàá®à). ÷¥§ã«ìâ�â ¢ëç¨á«¥−¨ï (¯ïâë©
ªãàá®à) ¯®¯�¤�¥â ¢ ª®¬¬ãâ�â®à ¢ ª�ç¥áâ¢¥ á®¤¥à¦�â¥«ì−®© ç�áâ¨ −®¢®£® ®¯¥-
à�−¤�, ª®â®àë© ¯®¤�¥âáï −� …-è¨−ã (e data 0, è¥áâ®© ªãàá®à), ®â«�¢«¨¢�¥âáï
¨¬¯«¨ª�â®à®¬ ¨ ¯¥à¥¤�¥âáï ¢ �� (á¥¤ì¬®© ªãàá®à).
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�¯¯�à�â−�ï à¥�«¨§�æ¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢

’�ª¨¬ ®¡à�§®¬, «�â¥−â−®áâì ª®−¢¥©¥à� ¢ ¤�−−®¬ á«ãç�¥ à�¢−� 6 ‚˜ ¨«¨ 24
â�ªâ�¬ ç�áâ®âë á¨−åà®−¨§�æ¨¨ ÷�‘ (á¨£−�« clk). Š�ª ¢¨¤−® ¨§ à¨á. 3, ¤®«ìè¥
¢á¥£® ®¯¥à�−¤ ®¡à�¡�âë¢�«áï ¢ íªá¯«¨ª�â®à¥ ¨§-§� â®£®, çâ® ¢ íªá¯«¨ª�â®à¥ ¥áâì
¢å®¤−®¥ FIFO, ¢ ª®â®à®¬ ®¯¥à�−¤ ª�ª ¬¨−¨¬ã¬ ¤¢� ‚˜ ¯à®¤¢¨£�«áï ª ¢ëå®¤ã
¨§ íªá¯«¨ª�â®à�. �âã á¨âã�æ¨î ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ª�ª ¯à¥¤¢ë¡®àªã
¢å®¤−ëå ®¯¥à�−¤®¢ ¨§ �� ¨ −¥ ãç¨âë¢�âì ãª�§�−−ë¥ ¤¢� ‚˜ ¯à¨ ®¯à¥¤¥«¥−¨¨
«�â¥−â−®áâ¨ ª®−¢¥©¥à� ÷�‘. ÷¨áã−®ª 3 ¯®¤â¢¥à¦¤�¥â, çâ® �‘ −¥ ï¢«ï¥âáï ã§ª¨¬
¬¥áâ®¬ ƒŒ�÷‘�.

4 Реализация ГМАРСП на ПЛИС

�¯¯�à�â−ë¥ à¥áãàáë, ¯®âà¥¡®¢�¢è¨¥áï ¤«ï à¥�«¨§�æ¨¨ ƒŒ�÷‘� ¢ �‹ˆ‘
¢ à¥¦¨¬¥ �¢â®¬�â¨ç¥áª®£® á¨−â¥§� á ¯®¬®éìî ‘��÷ Quartus [3], ¯à¥¤áâ�¢«¥−ë
¢ â�¡«¨æ¥ ¤«ï ¤¢ãå ¢�à¨�−â®¢ à¥�«¨§�æ¨¨ “�: ¯à®£à�¬¬−®£® ¯à®æ¥áá®à� NIOS-II
¨ �¯¯�à�â−®£® ¯à®æ¥áá®à� ARM Cortex-A9. ÷¨áã−®ª 4 ¤¥¬®−áâà¨àã¥â à¥§ã«ìâ�â
á¨−â¥§� ¢�à¨�−â� ƒŒ�÷‘� á NIOS-II.

‘à�¢−¥−¨¥ �¯¯�à�â−ëå à¥áãàá®¢ ¤«ï ¤¢ãå ¢�à¨�−â®¢ “� ¯®ª�§ë¢�¥â á«¥¤ã-
îé¥¥:

{ à¥áãàáë ¤«ï �¯¯�à�â−®© à¥�«¨§�æ¨¨ ÷�‘ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à®£à�¬¬−®£®
¨ �¯¯�à�â−®£® ¯à®æ¥áá®à� ã¯à�¢«ïîé¥£® ãà®¢−ï ¯à¨¬¥à−® ®¤¨−�ª®¢ë;

{ ¤®¯®«−¨â¥«ì−ë¥ à¥áãàáë (®ª®«® 5% ®â ®¡é¥£® ®¡ê¥¬� ¨á¯®«ì§®¢�−−ëå à¥-
áãàá®¢ �‹ˆ‘ ¢ á«ãç�¥ “� NIOS-II ¨ ®ª®«® 9% ¢ á«ãç�¥ ARM Cortex-A9)
âà¥¡ãîâáï ¤«ï �¯¯�à�â−®© à¥�«¨§�æ¨¨ ¨−â¥àä¥©á� ÷�‘ á “� ¨ ¯¥à¨ä¥à¨¨.

�¯¯�à�â−ë¥ à¥áãàáë ¯à¨ à¥�«¨§�æ¨¨ ƒŒ�÷‘�

�«®ª¨ ƒŒ�÷‘�

÷¥áãàáë �‹ˆ‘ á NIOS-II (N) ¨ ARM Cortex-A9 (A)

ALMs Registers Memory bits
Œ20Š
Blocks

DSP
Blocks

N A N A N A N A N A
�ãä¥à−�ï ¯�¬ïâì 5 153 8 609 10 097 10 113 141 900 141 900 16 16 0 0
Š®−âà®««¥à
¢å®¤−ëå ¤�−−ëå

1 852 2 025 1 109 1 107 0 0 0 0 0 0

�ªá¯«¨ª�â®à 13 565 12 539 2 687 2 698 0 0 0 0 0 0
ˆâ¥à�â®à 1 249 1 372 601 640 0 0 0 0 0 0
��¬ïâì á®¢¯�¤¥−¨© 4 317 4 192 3 888 3 703 3 200 3 200 12 12 0 0
‚ëç¨á«¨â¥«ì 18 252 13 953 1 920 2 938 0 0 0 0 4 4
Š®¬¬ãâ�â®à 626 442 589 380 0 0 0 0 0 0
�à¥®¡à�§®¢�â¥«ì â¥£®¢ 45 37 92 94 0 0 0 0 0 0
ˆ¬¯«¨ª�â®à 1 416 1 174 653 653 0 0 0 0 0 0
‘¥ªæ¨®−−�ï ¯�¬ïâì 14 212 14 298 20 888 20 888 2 048 2 048 8 8 0 0
“¯à�¢«ïîé¨© ãà®¢¥−ì 3 641 6 675 4 048 9 254 33 788 672 33 555 968 2 080 2 051 4 0
ˆâ®£®: 64 328 65 316 46 746 51 840 33 935 820 33 703 116 2 106 2 087 8 4
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÷¨á. 4 ‘ªà¨−è®â à¥§ã«ìâ�â®¢ á¨−â¥§� ƒŒ�÷‘� á “� NIOS-II

÷¥�«¨§�æ¨ï ƒŒ�÷‘� −� �‹ˆ‘ ¯à¥á«¥¤®¢�«� æ¥«ì �¯à®¡�æ¨¨ à¥ªãàà¥−â−®©
�àå¨â¥ªâãàë ¢ �¯¯�à�â−®¬ ¢¨¤¥ ¨ ¯®«ãç¥−¨ï áà�¢−¨â¥«ì−ëå ®æ¥−®ª äã−ªæ¨®-
−�«ì−ëå ¢®§¬®¦−®áâ¥© à¥ªãàà¥−â−®© �àå¨â¥ªâãàë ¨ ¥¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ −�
á¨−â¥â¨ç¥áª¨å â¥áâ�å ¨ à¥�«ì−ëå ¯à¨«®¦¥−¨ïå –�‘. �‹ˆ‘ ®¡¥á¯¥ç¨¢�¥â ¡ëáâ-
à®¥ ¯à®¥ªâ¨à®¢�−¨¥ ¨ ª®àà¥ªâ¨à®¢ªã «î¡®£® ¯à®¥ªâ� §� áç¥â ¯à®£à�¬¬¨à®¢�−¨ï
£®â®¢ëå �¯¯�à�â−ëå à¥áãàá®¢ | �¤�¯â¨¢−ëå «®£¨ç¥áª¨å ¡«®ª®¢, ¯�à�¬¥âà¨-
§ã¥¬ëå ¡«®ª®¢ ¯�¬ïâ¨, �¯¯�à�â−ëå ã¬−®¦¨â¥«¥© ¨ â. ¤., −® −¥ ¯à¥â¥−¤ã¥â −�
¤®áâ¨¦¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï, ®¡¥á¯¥ç¨¢�¥¬®£® ¢ §�ª�§−®© â¥å−®«®£¨¨.

�â−®á¨â¥«ì−® −¥¡®«ìè®© ®¡ê¥¬ ¨á¯®«ì§®¢�−−ëå à¥áãàá®¢ �‹ˆ‘ (26%) ®â
®¡é¥£® ®¡ê¥¬� à¥áãàá®¢ �‹ˆ‘ ¯®§¢®«¨â ¢ ¤�«ì−¥©è¥¬ à�áè¨à¨âì äã−ªæ¨®−�«ì-
−®áâì ƒŒ�÷‘� §� áç¥â ã¢¥«¨ç¥−¨ï ç¨á«� á¥ªæ¨© ¨«¨ ¢áâà�¨¢�−¨ï �¯¯�à�â−®©
à¥�«¨§�æ¨¨ â¨¯®¢ëå �«£®à¨â¬®¢, −�¯à¨¬¥à ¡ëáâà®£® ¯à¥®¡à�§®¢�−¨ï ”ãàì¥.

5 Заключение

�à¥¤«®¦¥−−ë¥ ¨ à¥�«¨§®¢�−−ë¥ ®á®¡¥−−®áâ¨ �àå¨â¥ªâãà−®© ®à£�−¨§�æ¨¨
ƒŒ�÷‘� ¯®¢ëá¨«¨ íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¯®â®ª®¢®© ¯�à�¤¨£¬ë ¢ ¯à¨-
«®¦¥−¨ïå –�‘, á®ªà�â¨¢ âà¥¡ã¥¬ë© ®¡ê¥¬ �¯¯�à�âãà−ëå §�âà�â ¨ ¯®¢ëá¨¢ ¥¥
¯à®¨§¢®¤¨â¥«ì−®áâì. �‹ˆ‘ ®£à�−¨ç¨¢�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì à¥�«¨§®¢�−−ëå
−� −¥© ¯à¨«®¦¥−¨©. �¤−�ª® ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ¨ ¢¥à¨ä¨ª�æ¨¨ ¯à¨-
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Recurrent signal processor hardware implementation

«®¦¥−¨© −� �‹ˆ‘ ¯®§¢®«ïîâ ®æ¥−¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì ¯®á«¥¤−¨å ¢ ç¨á«¥
®¯¥à�æ¨© −� ®¤¨− â�ªâ ç�áâ®âë á¨−åà®−¨§�æ¨¨.

�¯¯�à�â−�ï ¬®¤¥«ì à¥ªãàà¥−â−®© ç�áâ¨ ƒŒ�÷‘� −� ãà®¢−¥ à¥£¨áâà®¢ëå
¯¥à¥¤�ç −� ï§ëª¥ VHDL ®¡¥á¯¥ç¨«� ¢¥à¨ä¨ª�æ¨î �àå¨â¥ªâãàë ƒŒ�÷‘� −�
¬�ª¥â−®¬ ®¡à�§æ¥ −� ¡�§¥ ®â«�¤®ç−®© ¯«�âë HAN Pilot Platform á �‹ˆ‘ Intel
Arria10 SoC 10AS066K3F40E2SG.

�¯¯�à�â−ë¥ à¥áãàáë, âà¥¡ã¥¬ë¥ ¤«ï à¥�«¨§�æ¨¨ â¥ªãé¥© �àå¨â¥ªâãàë
ƒŒ�÷‘� −� �‹ˆ‘, ¯®¤â¢¥à¦¤�îâ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï á®¢à¥¬¥−−ëå
®â«�¤®ç−ëå ¯«�â ¤«ï ¬�ª¥â¨à®¢�−¨ï á«¥¤ãîé¨å ¯®ª®«¥−¨© ƒŒ�÷‘� á ¡®«¥¥
è¨à®ª®© äã−ªæ¨®−�«ì−®áâìî.
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МОДЕЛЬ ДЛЯ АНАЛИЗА ПРИОРИТЕТНОГО ДОСТУПА
ТРАФИКА URLLC ПРИ ПРЕРЫВАНИИ ОБСЛУЖИВАНИЯ

И СНИЖЕНИИ СКОРОСТИ ПЕРЕДАЧИ СЕССИЙ eMBB
В СЕТИ 5G∗

И. А. Кочеткова1, А. И. Кущазли2, П. А. Харин3, С. Я. Шоргин4

�−−®â�æ¨ï: ‘®¢¬¥áâ−�ï à¥�«¨§�æ¨ï ¢ à�¬ª�å ®¤−®© á¥â¨ ¯ïâ®£® ¯®ª®«¥−¨ï
(5G) ¤¢ãå áæ¥−�à¨¥¢ | á¢¥àå−�¤¥¦−®© ¯¥à¥¤�ç¨ ¤�−−ëå á ¬�«®© §�¤¥à¦-
ª®© URLLC (ultrareliable low-latency communication) ¨ ãá®¢¥àè¥−áâ¢®¢�−−®©
¯®¤¢¨¦−®© è¨à®ª®¯®«®á−®© á¢ï§¨ eMBB (enhanced mobile broadband) |
ï¢«ï¥âáï �ªâã�«ì−®© §�¤�ç¥©. ‚ áâ�âì¥ ¤«ï áå¥¬ë á §�−ïâ¨¥¬ −¥ æ¥«®£®, � ç�á-
â¨ à¥áãàá−®£® ¡«®ª� ¯à¥¤«®¦¥−� ¬®¤¥«ì á®¢¬¥áâ−®© ¯¥à¥¤�ç¨ ã§ª®¯®«®á−®£®
âà�ä¨ª� URLLC ¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB ¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®-
¢®£® ®¡á«ã¦¨¢�−¨ï á ¯à¨®à¨â¥â−ë¬ ¤®áâã¯®¬ | á−¨¦¥−¨¥¬ ¨ ¯à¥àë¢�−¨¥¬
¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� ¯à¨ ¯®áâã¯«¥−¨¨ ã§ª®¯®«®á−®£® âà�ä¨ª�.
‘ä®à¬ã«¨à®¢�−� §�¤�ç� ¬�ªá¨¬¨§�æ¨¨ áà¥¤−¥© áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨à®ª®-
¯®«®á−®£® âà�ä¨ª� ¯® §−�ç¥−¨ï¬ ãà®¢−¥© áª®à®áâ¨ ¨ ¯à¨ ®£à�−¨ç¥−¨ïå −�
¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ ¨ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï ®¡á«ã¦¨¢�−¨ï è¨à®ª®-
¯®«®á−®£® âà�ä¨ª�. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ç¨á«¥−−®£® �−�«¨§� ¯®ª�§�â¥«¥©
íää¥ªâ¨¢−®áâ¨ ¯à¨®à¨â¥â−®£® ¤®áâã¯�, â�ª¨¥ ª�ª áà¥¤−¥¥ ç¨á«® á¥áá¨© eMBB
¨ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï ®¡á«ã¦¨¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: 5G; eMBB; URLLC; á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï;
¯à¨®à¨â¥â−ë© ¤®áâã¯; ¯à¥àë¢�−¨¥ ®¡á«ã¦¨¢�−¨ï; á−¨¦¥−¨¥ áª®à®áâ¨ ¯¥à¥-
¤�ç¨

DOI: 10.14357/08696527210311

1 Введение

‘â�−®¢«¥−¨¥ ¡¥á¯à®¢®¤−ëå á¥â¥© 5G âà¥¡ã¥â ®â ¯®áâ�¢é¨ª®¢ ãá«ã£ á®¡«î-
¤¥−¨ï áâà®£¨å âà¥¡®¢�−¨©, á¢ï§�−−ëå á ¢ëá®ª®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî,
¢ëá®ª®© áª®à®áâìî ¯¥à¥¤�ç¨ ¤�−−ëå, á¢¥àå−¨§ª®© §�¤¥à¦ª®© ¨ −�¤¥¦−®áâìî.
Š áæ¥−�à¨ï¬ ¨á¯®«ì§®¢�−¨ï ãá«ã£ 5G ®â−®áïâ ªàã¯−®¬�áèâ�¡−ë¥ á¨áâ¥¬ë ¬¥¦-
¬�è¨−−®© á¢ï§¨ (massive machine-type communication, mMTC), á¢¥àå−�¤¥¦−ãî

∗�ã¡«¨ª�æ¨ï á®§¤�−� ¯à¨ ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë áâà�â¥£¨ç¥áª®£® �ª�¤¥¬¨ç¥áª®£® «¨¤¥àáâ¢�
÷“„�. ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20-37-70079).

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gudkova-ia@rudn.ru

2÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, aikushch@yandex.ru
3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, pxarin@mail.ru
4”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, sshorgin@ipiran.ru
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ˆ. �. Š®ç¥âª®¢�, �. ˆ. Šãé�§«¨, �. �. •�à¨−, ‘. Ÿ. ˜®à£¨−

¯¥à¥¤�çã ¤�−−ëå á ¬�«®© §�¤¥à¦ª®© (URLLC) ¨ ãá®¢¥àè¥−áâ¢®¢�−−ãî ¯®¤¢¨¦-
−ãî è¨à®ª®¯®«®á−ãî á¢ï§ì (eMBB). ‘¨áâ¥¬� mMTC ®¡¥á¯¥ç¨¢�¥â ¯®¤ª«îç¥−¨¥
®£à®¬−®£® ç¨á«� ãáâà®©áâ¢ ¨ ¯à¨«®¦¥−¨© ¡¥§ âà¥¡®¢�−¨© ª §�¤¥à¦ª¥; URLLC
¯à¥¤−�§−�ç¥−� ¤«ï ªà¨â¨ç¥áª¨ ¢�¦−ëå ª®¬¬ã−¨ª�æ¨© á ¬¨−¨¬�«ì−®© §�¤¥à¦ª®©,
¢ëá®ª®© ¡¥§®¯�á−®áâìî ¨ −�¤¥¦−®áâìî; eMBB âà¥¡ã¥â ¢ëá®ª®© áª®à®áâ¨ ¯¥à¥¤�-
ç¨ ¤�−−ëå. ‚¢¨¤ã áâ®«ì à�§«¨ç−ëå å�à�ªâ¥à¨áâ¨ª ¢®§−¨ª�¥â §�¤�ç� á®¢¬¥áâ−®£®
¨á¯®«ì§®¢�−¨ï â�ª¨å áæ¥−�à¨¥¢, ª�ª URLLC ¨ eMBB.

‘à¥¤¨ ¯à¥¤«�£�¥¬ëå ¯®¤å®¤®¢ á®áãé¥áâ¢®¢�−¨ï URLLC ¨ eMBB ¬®¦−®
¢ë¤¥«¨âì ¯®¤å®¤ [1] á à¥§¥à¢¨à®¢�−¨¥¬ à¥áãàá� ¤«ï âà�ä¨ª� URLLC. ‚ à�¡®-
â¥ [2] ¨áá«¥¤ã¥âáï ¯à¨¬¥−¥−¨¥ â¥å−®«®£¨¨ −�à¥§ª¨ à�¤¨®à¥áãàá®¢ (network slicing)
¢ á«ãç�¥ £¥â¥à®£¥−−®£® ¬−®¦¥áâ¢¥−−®£® ¤®áâã¯� | ª�ª ®àâ®£®−�«ì−®£® (heteroge-
neous orthogonal multiple access, H-OMA), â�ª ¨ −¥®àâ®£®−�«ì−®£® (heterogeneous
non-orthogonal multiple access, H-NOMA), ¨áá«¥¤®¢�−−®£® â�ª¦¥ ¢ [3,4]. �®¬¨-
¬® ¯à¨®à¨â¥â−®£® ¤®áâã¯� URLLC �¢â®àë [5, 6] ¤¥«�îâ �ªæ¥−â −� á®¡«î¤¥−¨¨
ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¨ eMBB, ¨á¯®«ì§ãï ¯à¨ íâ®¬ ¬¥â®¤ë áâ®å�áâ¨ç¥áª®© £¥®-
¬¥âà¨¨ ¨ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï. �á®¡¥−−®áâì à�¡®âë [7] §�ª«îç�¥âáï
¢ ¯à¨¬¥−¥−¨¨ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á® á«ãç�©−ë¬¨ âà¥¡®¢�−¨ï¬¨.

„�−−�ï à�¡®â� á«ã¦¨â ¯à®¤®«¦¥−¨¥¬ ¨áá«¥¤®¢�−¨©, ®¯¨á�−−ëå ¢ [8{10].
‚ [8, 9] �¢â®àë à�áá¬®âà¥«¨ à¥�«¨§�æ¨î ¯à¨®à¨â¥â−®£® ¤®áâã¯� URLLC á ¯à¥-
àë¢�−¨¥¬ á¥áá¨¨ eMBB, � ¢ [10] | á ¯à¨®áâ�−®¢ª®© ®¡á«ã¦¨¢�−¨ï eMBB.
‚ ¤�−−®© áâ�âì¥, ¯® áà�¢−¥−¨î á [8, 9], ¯à¥¤«�£�¥âáï ¥é¥ ¨ ¯à¥¤¢�à¨â¥«ì−®¥
á−¨¦¥−¨¥ áª®à®áâ¨ ¯¥à¥¤�ç¨ á¥áá¨¨ eMBB ¤® ¥¥ ¯à¥àë¢�−¨ï. ‘â�âìï ®à£�−¨§®-
¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¤¥â�«ì−® ®¯¨á�−� ¯à®æ¥¤ãà� ¯à¨®à¨â¥â−®£®
¤®áâã¯� ã§ª®¯®«®á−®£® âà�ä¨ª� URLLC ¨ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¢ æ¥-
«®¬, ¢ à�§¤. 3 ¯®áâà®¥−� á®®â¢¥âáâ¢ãîé�ï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï,
� ¢ §�¢¥àè�îé¥¬ à�§¤. 4 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ç¨á«¥−−®£® �−�«¨§�.

2 Приоритетный доступ узкополосного трафика URLLC

÷�áá¬®âà¨¬ á®¢¬¥áâ−ãî ¯¥à¥¤�çã ã§ª®¯®«®á−®£® âà�ä¨ª� URLLC ¨ è¨à®-
ª®¯®«®á−®£® âà�ä¨ª� eMBB. “§ª®¯®«®á−ë© âà�ä¨ª ï¢«ï¥âáï ¯à¨®à¨â¥â−ë¬,
¨ ¯à¨®à¨â¥â à¥�«¨§ã¥âáï §� áç¥â á−¨¦¥−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®-
£® âà�ä¨ª�, � ¥á«¨ ã ¢á¥å â¥ªãé¨å á¥áá¨© áª®à®áâì áâ�−®¢¨âáï ¬¨−¨¬�«ì−®
¢®§¬®¦−®©, â® §� áç¥â ¯à¥àë¢�−¨ï ®¡á«ã¦¨¢�−¨ï ®¤−®© ¨§ á¥áá¨©. ‚ â�¡«. 1
¯à¨¢¥¤¥−® â¥§¨á−®¥ ®¯¨á�−¨¥ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¤«ï à�§−ëå ¢�à¨�−â®¢
¢®§−¨ª�îé¨å á®¡ëâ¨©.

‘å¥¬� ®¡á«ã¦¨¢�−¨ï ¯®áâà®¥−� ¨áå®¤ï ¨§ á®¡«î¤¥−¨ï ¯à¨®à¨â¥â� ¤«ï ã§-
ª®¯®«®á−®£® âà�ä¨ª�, â¥¬ −¥ ¬¥−¥¥ −�áâà®©ª� ãà®¢−¥© áª®à®áâ¥© ¤«ï è¨à®-
ª®¯®«®á−®£® âà�ä¨ª� ¬®¦¥â á¯®á®¡áâ¢®¢�âì ¬�ªá¨¬¨§�æ¨¨ áà¥¤−¥© áª®à®áâ¨ ¥£®
¯¥à¥¤�ç¨. ’�ª�ï §�¤�ç� ®¯â¨¬¨§�æ¨¨ áä®à¬ã«¨à®¢�−� ¢ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯®á«¥
¯®«ãç¥−¨ï ä®à¬ã« ¤«ï à�áç¥â� ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ª�ª ã§ª®¯®«®á−®£®,
â�ª ¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª�.
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Œ®¤¥«ì ¤«ï �−�«¨§� ¯à¨®à¨â¥â−®£® ¤®áâã¯� âà�ä¨ª� URLLC ¢ á¥â¨ 5G

’�¡«¨æ� 1 ‘®¡ëâ¨ï ¢ á¨áâ¥¬¥

ü
/̄̄ “á«®¢¨¥ ÷¥§ã«ìâ�â

1. �®áâã¯«¥−¨¥ §�¯à®á� −� ¯¥à¥¤�çã ã§ª®¯®«®á−®£® âà�ä¨ª� URLLC
� ‘¢®¡®¤−®£® à¥áãàá� ¤«ï ®¡¥á¯¥ç¥-

−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ ã§ª®¯®«®á−®£®
âà�ä¨ª� ¤®áâ�â®ç−®

‡�¯à®á ¡ã¤¥â ¯à¨−ïâ ¨ ¯¥à¥¤�ç� âà�-
ä¨ª� ¡ã¤¥â −�ç�â�

¡ ‘¢®¡®¤−®£® à¥áãàá� ¤«ï ®¡¥á¯¥ç¥-
−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ ã§ª®¯®«®á−®£®
âà�ä¨ª� −¥¤®áâ�â®ç−®, −® ®¡á«ã¦¨-
¢�¥âáï å®âï ¡ë ®¤−� á¥áá¨ï è¨à®ª®-
¯®«®á−®£® âà�ä¨ª� −¥ −� ¬¨−¨¬�«ì-
−®© áª®à®áâ¨

‡�¯à®á ¡ã¤¥â ¯à¨−ïâ §� áç¥â á−¨-
¦¥−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ á«ãç�©−®
¢ë¡à�−−®© á¥áá¨¨ è¨à®ª®¯®«®á−®£®
âà�ä¨ª� ¨§ ®¡áã¦¨¢�îé¨åáï −� ¬�ª-
á¨¬�«ì−®© áà¥¤¨ −¨å áª®à®áâ¨, ¨ ¯¥-
à¥¤�ç� âà�ä¨ª� ¡ã¤¥â −�ç�â�

¢ ‘¢®¡®¤−®£® à¥áãàá� ¤«ï ®¡¥á¯¥ç¥-
−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ ã§ª®¯®«®á−®£®
âà�ä¨ª� −¥¤®áâ�â®ç−®, −® ¢á¥ á¥áá¨¨
è¨à®ª®¯®«®á−®£® âà�ä¨ª� ®¡á«ã¦¨-
¢�îâáï −� ¬¨−¨¬�«ì−®© áª®à®áâ¨

‡�¯à®á ¡ã¤¥â ¯à¨−ïâ §� áç¥â ¯à¥àë¢�-
−¨ï ®¡á«ã¦¨¢�−¨ï á«ãç�©−® ¢ë¡à�−-
−®© á¥áá¨¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª�
¨ ¯¥à¥¤�ç� âà�ä¨ª� ¡ã¤¥â −�ç�â�

£ ‘¢®¡®¤−®£® à¥áãàá� ¤«ï ®¡¥á¯¥ç¥-
−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ ã§ª®¯®«®á−®£®
âà�ä¨ª� −¥¤®áâ�â®ç−®, � á¥áá¨¨ è¨-
à®ª®¯®«®á−®£® âà�ä¨ª� ®âáãâáâ¢ãîâ

‡�¯à®á ¡ã¤¥â §�¡«®ª¨à®¢�−

2. �®áâã¯«¥−¨¥ §�¯à®á� −� ¯¥à¥¤�çã è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB
� ‘¢®¡®¤−®£® à¥áãàá� ¤«ï ®¡¥á¯¥ç¥−¨ï

¬�ªá¨¬�«ì−®© áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨-
à®ª®¯®«®á−®£® âà�ä¨ª� ¤®áâ�â®ç−®

‡�¯à®á ¡ã¤¥â ¯à¨−ïâ ¨ ¯¥à¥¤�ç� âà�-
ä¨ª� −� ¬�ªá¨¬�«ì−®© áª®à®áâ¨ ¡ã-
¤¥â −�ç�â�

¡ ‘¢®¡®¤−®£® à¥áãàá� ¤«ï ®¡¥á¯¥ç¥−¨ï
¬�ªá¨¬�«ì−®© áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨-
à®ª®¯®«®á−®£® âà�ä¨ª� −¥¤®áâ�â®ç−®

‡�¯à®á ¡ã¤¥â §�¡«®ª¨à®¢�−

3. ‡�¢¥àè¥−¨¥ ¯¥à¥¤�ç¨ ã§ª®¯®«®á−®£® âà�ä¨ª� URLLC
� �¥à¥¤�¥âáï å®âï ¡ë ®¤−� á¥áá¨ï è¨-

à®ª®¯®«®á−®£® âà�ä¨ª� −¥ −� ¬�ªá¨-
¬�«ì−®© áª®à®áâ¨

‘¥áá¨ï ¡ã¤¥â §�¢¥àè¥−�, � áª®à®áâì
¯¥à¥¤�ç¨ á«ãç�©−® ¢ë¡à�−−®© á¥áá¨¨
è¨à®ª®¯®«®á−®£® âà�ä¨ª� ¨§ ®¡á«ã-
¦¨¢�îé¨åáï −� ¬¨−¨¬�«ì−®© áà¥¤¨
−¨å áª®à®áâ¨ ¡ã¤¥â ¯®¢ëè¥−�

¡ ‘¥áá¨¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª�
¯¥à¥¤�îâáï −� ¬�ªá¨¬�«ì−®© áª®-
à®áâ¨ ¨«¨ ®âáãâáâ¢ãîâ

‘¥áá¨ï ¡ã¤¥â §�¢¥àè¥−�, ¨ ¢ë¤¥«¥−-
−ë© ¤«ï −¥¥ à¥áãàá ¡ã¤¥â ®á¢®¡®¦¤¥−

4. ‡�¢¥àè¥−¨¥ ¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB
� | ‘¥áá¨ï ¡ã¤¥â §�¢¥àè¥−�, ¨ ¢ë¤¥«¥−-

−ë© ¤«ï −¥¥ à¥áãàá ¡ã¤¥â ®á¢®¡®¦¤¥−

3 Система массового обслуживания

�¥à¥©¤¥¬ ª ¯®áâà®¥−¨î ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¤«ï ã§ª®¯®«®á−®£® ¨ è¨à®ª®-
¯®«®á−®£® âà�ä¨ª� ¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¯à¨®à¨â¥â−ë¬ ®¡-
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á«ã¦¨¢�−¨¥¬ ã§ª®¯®«®á−®£® âà�ä¨ª� | á−¨¦¥−¨¥¬ ¨ ¯à¥àë¢�−¨¥¬ áª®à®áâ¨ ¯¥-
à¥¤�ç¨. �à¥¤¯®«®¦¨¬, çâ® ¢å®¤ïé¨¥ ¯®â®ª¨ §�¯à®á®¢ −� ¯¥à¥¤�çã ã§ª®¯®«®á−®£®
¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� | ¯ã�áá®−®¢áª¨¥ á ¨−â¥−á¨¢−®áâï¬¨ λ1/λ2, � ¢à¥-
¬ï ¯¥à¥¤�ç¨ à�á¯à¥¤¥«¥−® ¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã á ¯�à�¬¥âà�¬¨ µ1/µ2.
�ãáâì áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� b1 > · · · > bk > · · · > bK,
â®£¤� á ãç¥â®¬ ®¡ê¥¬� à¥áãàá� V ¨ ¬�ªá¨¬�«ì−®© áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨à®ª®¯®-
«®á−®£® âà�ä¨ª� b1 ¬�ªá¨¬�«ì−®¥ ç¨á«® ®¡á«ã¦¨¢�¥¬ëå á¥áá¨© è¨à®ª®¯®«®á−®£®
âà�ä¨ª� á®áâ�¢¨â M = ⌊V/b1⌋.

�¯¨è¥¬ äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë ¯à¨ ¯®¬®é¨ á«ãç�©−®£® ¯à®æ¥áá� X(t)
á á®áâ®ï−¨ï¬¨ ¢¨¤� x = (n,m1, . . . ,mK), £¤¥ n | ç¨á«® ®¡á«ã¦¨¢�¥¬ëå á¥áá¨©
ã§ª®¯®«®á−®£® âà�ä¨ª�; m = (m1, . . . ,mL) | ç¨á«® ®¡á«ã¦¨¢�¥¬ëå á¥áá¨©
è¨à®ª®¯®«®á−®£® âà�ä¨ª�. ’®£¤� ¯à®áâà�−áâ¢® á®áâ®ï−¨© X(t) ¡ã¤¥â ¨¬¥âì
¢¨¤:

X =

{

(n,m1, . . . ,mK) : n ≥ 0 , mk ≥ 0 , k = 1, . . . ,K ,

K
∑

k=1

mk ≤M , n+
K
∑

k=1

bkmk ≤ V

}

.

‚ â�¡«. 2 ¯¥à¥ç¨á«¥−ë ¢®§¬®¦−ë¥ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤®¢ ¬¥¦¤ã á®áâ®ï−¨-
¥¬ x ¨ ¤àã£¨¬¨ á®áâ®ï−¨ï¬¨ á¨áâ¥¬ë, −ã¬¥à�æ¨ï áâà®ª á®®â¢¥âáâ¢ã¥â −ã¬¥à�æ¨¨
¢ â�¡«. 1. ‚¥ªâ®à ek | ¥¤¨−¨ç−ë© ¢¥ªâ®à á 1 −� k-¬ ¬¥áâ¥.

ˆáå®¤ï ¨§ ®¯¨á�−−ëå ¯à�¢¨«, §�¯¨áë¢�¥âáï ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®-
¤®¢, ¨ ¬®£ãâ ¡ëâì −�©¤¥−ë áâ�æ¨®−�à−ë¥ ¢¥à®ïâ−®áâ¨ π(x), x ∈ X.

�®á«¥ −�å®¦¤¥−¨ï áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© π(x), x ∈ X, ¬®£ãâ ¡ëâì
¢ëç¨á«¥−ë á«¥¤ãîé¨¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨:

{ ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ (�−£«. blocking probability) ã§ª®¯®«®á−®£® âà�ä¨ª�
URLLC

Pbl1 = π (V, 0, . . . , 0) ;

{ ¢¥à®ïâ−®áâì á−¨¦¥−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨ (�−£«. bit rate degradation probabil-
ity) è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB

Pdg2 =

K−1
∑

k=1

M
∑

mk=1

1

mk

λ1

λ1 + nµ1 + µ2
∑K

i=k
mi

×

× π

(

V −
K
∑

i=k

bimi, 0, . . . , 0,mk, . . . ,mK

)

;
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’�¡«¨æ� 2 ˆ−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤®¢

ü
/̄̄

ˆ−â¥−á¨¢−®áâì
á®¡ëâ¨ï “á«®¢¨¥ −� x ‘®áâ®ï−¨¥ x′

1� λ1 n+ 1 +

K
∑

k=1

bkmk ≤ V (n+ 1,m)

1¡ λ1

n+ 1 +

K
∑

k=1

bkmk > V ,

k−1
∑

i=1

mi = 0, mk > 0,

k = 1, . . . ,K − 1

(n+ 1,m − ek + ek+1)

1¢ λ1

n+ 1 +
K
∑

k=1

bkmk > V ,

K−1
∑

k=1

mk = 0, mK > 0

(n+ 1,m − eK)

2� λ2 n+

K
∑

k=1

bkmk + b1 ≤ V (n,m+ e1)

3� nµ1
n > 0,

K
∑

i=k+1

mi = 0, mk > 0,

k = 2, . . . ,K

(n− 1,m − ek + ek−1)

3¡ nµ1 n > 0,

K
∑

k=2

mk = 0 (n− 1,m)

4�
mkµ2,

k = 1, . . .K mk > 0 (n,m − ek)

{ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï (�−£«. interruption probability) ®¡á«ã¦¨¢�−¨ï è¨à®-
ª®¯®«®á−®£® âà�ä¨ª� eMBB

Pin2 =
M
∑

mK=1

1

mK

λ1
λ1 + nµ1 +mKµ2

π (V − bKmK , 0, . . . , 0,mK) ;

{ ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB

Pbl2 =
∑

x∈B2

π (n,m1, . . . ,mL) , B2 =

{

x ∈ X : n+
K
∑

k=1

bkmk + b1 > V

}

;
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{ áà¥¤−¥¥ ç¨á«® á¥áá¨© ã§ª®¯®«®á−®£® âà�ä¨ª� URLLC

N1 =
∑

x∈X

nπ (n,m1, . . . ,mK) ;

{ áà¥¤−¥¥ ç¨á«® ¯¥à¥¤�¢�¥¬ëå −� áª®à®áâ¨ bk á¥áá¨© è¨à®ª®¯®«®á−®£® âà�ä¨ª�
eMBB

N2k =
∑

x∈X

mkπ (n,m1, . . . ,mK) , k = 1, . . . ,K ;

{ áà¥¤−¥¥ ç¨á«® á¥áá¨© è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB

N2 =

K
∑

k=1

N2k ;

{ áà¥¤−ïï áª®à®áâì ¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB

b=





∑

x∈X

K
∑

k=1

bkmk

(

K
∑

k=1

mk

)−1

π (n,m1, . . . ,mK)





[

1−
V
∑

n=0

π (n, 0, . . . , 0)

]−1

.

‚¥à−¥¬áï ª §�¤�ç¥ ¬�ªá¨¬¨§�æ¨¨ áà¥¤−¥© áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®-
£® âà�ä¨ª� eMBB ¯® §−�ç¥−¨ï¬ ãà®¢−¥© áª®à®áâ¨ ¨ ¯à¨ ®£à�−¨ç¥−¨ïå −� ¢¥à®-
ïâ−®áâì ¡«®ª¨à®¢ª¨ ¨ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï ®¡á«ã¦¨¢�−¨ï è¨à®ª®¯®«®á−®£®
âà�ä¨ª� eMBB. �−� ¬®¦¥â ¡ëâì §�¯¨á�−� ¢ ¢¨¤¥:

(L∗, b∗1, . . . , b
∗

K) = argmax
L,b1,...,bK

b (L, b1, . . . , bK) ,

bl ∈ D = {d1, . . . , dI} , k = 1, . . . ,K ,

b1 > · · · > bK ≥ �b ,
Pbl2 (K, b1, . . . , bK) ≤ �Pbl2 ,
Pin2 (K, b1, . . . , bK) ≤ �Pin2 .

4 Пример численного анализа

�à¨¬¥à ç¨á«¥−−®£® �−�«¨§� ¯à®¢¥¤¥− ¤«ï á«¥¤ãîé¨å ¨áå®¤−ëå ¤�−−ëå:
M = 5 | ¬�ªá¨¬�«ì−®¥ ç¨á«® ®¡á«ã¦¨¢�¥¬ëå á¥áá¨© eMBB, K = 3, b1 =
= 3, b2 = 2, b3 = 1 | ¨ ¤¢ãå áæ¥−�à¨¥¢. ‚ ¯¥à¢®¬ á«ãç�¥ à�áá¬�âà¨¢�¥âáï
§�¢¨á¨¬®áâì ®â ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï §�¯à®á®¢ eMBB ¨ λ1 = 5, 20, 100,
λ2 = 0{100, � ¢® ¢â®à®¬ | ®â ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï URLLC-§�¯à®-
á®¢ ¨ λ1 = 0{100, λ2 = 10, 50, 100. �à¨ íâ®¬ ¤«ï ®¡®¨å ¢�à¨�−â®¢ áà¥¤−¥¥
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÷¨á. 1 ‘à¥¤−¥¥ ç¨á«® á¥áá¨© eMBB; I | ¤«ï 1-© áª®à®áâ¨; II | ¤«ï 2-© áª®à®áâ¨;
III | ¤«ï 3-© áª®à®áâ¨: (�) 1 | λURLLC = 5; 2 | 20; 3 | λURLLC = 100; (¡) 1 |
λeMBB = 10; 2 | 50; 3 | λeMBB = 100

¢à¥¬ï ®¡á«ã¦¨¢�−¨ï ä¨ªá¨à®¢�−−®¥ ¨ à�¢−®: µ−11 = 3−1 ¨ µ−11 = 1−1. ��
£à�ä¨ª�å à�áá¬®âà¥−ë â�ª¨¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¯à¨®à¨â¥â−®£® ¤®áâã¯�,
ª�ª áà¥¤−¥¥ ç¨á«® á¥áá¨© eMBB (à¨á. 1) ¨ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï ®¡á«ã¦¨¢�−¨ï
(à¨á. 2).

ƒà�ä¨ª¨, ¨§®¡à�¦¥−−ë¥ −� à¨á. 1, ¤¥¬®−áâà¨àãîâ ¨§¬¥−¥−¨ï áà¥¤−¥£® ç¨á«�
á¥áá¨© eMBB ¢ á¨áâ¥¬¥, ª®â®àë¥ ®¡á«ã¦¨¢�îâáï á à�§−®© áª®à®áâìî: ¯¥à¢�ï |
á á�¬®© ¢ëá®ª®©, � âà¥âìï | á á�¬®© −¨§ª®©. �à¨ ä¨ªá¨à®¢�−−®© ¨−â¥−á¨¢−®áâ¨
¯®áâã¯«¥−¨ï §�¯à®á®¢ −� ¯¥à¥¤�çã âà�ä¨ª� URLLC −�¡«î¤�¥âáï ã¢¥«¨ç¥−¨¥
ç¨á«� á¥áá¨© eMBB á à®áâ®¬ ¨−â¥−á¨¢−®áâ¨ ¨å ¯®áâã¯«¥−¨ï. �à¨ −¨§ª®© ¨−â¥−-

÷¨á. 2 ‚¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ eMBB: (�) 1 | λURLLC = 5; 2 | 20; 3 | λURLLC =
= 100; (¡) 1 | λeMBB = 10; 2 | 50; 3 | λeMBB = 100
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á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï §�¯à®á®¢ URLLC ¯®çâ¨ ¢á¥ á¥áá¨¨ eMBB ®¡á«ã¦¨¢�îâáï
−� ¬�ªá¨¬�«ì−®© áª®à®áâ¨. ’�ª, −� à¨á. 1, � ¬®¦−® ®â¬¥â¨âì â®â ä�ªâ, çâ® ¯à¨
ã¢¥«¨ç¥−¨¨ ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï §�¯à®á®¢ URLLC á¥áá¨¨ eMBB ¡ã¤ãâ
®¡á«ã¦¥−ë −� ¬¨−¨¬�«ì−®© áª®à®áâ¨. ˆ§ à¨á. 1, ¡ ¢¨¤−®, çâ® ®¡á«ã¦¨¢�¥¬ë¥ −�
à�§−ëå áª®à®áâïå á¥áá¨¨ eMBB ¢¥¤ãâ á¥¡ï ®¤¨−�ª®¢®.

�� à¨á. 2, � ¨ 2, ¡ ¢¨¤−®, çâ® á ã¢¥«¨ç¥−¨¥¬ ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï
§�¯à®á®¢ URLLC ¯®¢ëè�¥âáï à¨áª ¡«®ª¨à®¢ª¨ eMBB-á¥áá¨©. �à¨ −¥¢ëá®ª®©
¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï §�¯à®á®¢ URLLC ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ eMBB
¬�«�, â�ª ª�ª á¨áâ¥¬� á¯à�¢«ï¥âáï á −�£àã§ª®© ®â ¯®â®ª� ¯®áâã¯�îé¨å −�
®¡á«ã¦¨¢�−¨¥ eMBB-§�¯à®á®¢.

5 Заключение

÷�§à�¡®â�−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï ã§ª®¯®«®á−®£® URLLC- ¨ è¨à®ª®¯®-
«®á−®£® eMBB-âà�ä¨ª� ¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¯à¨®à¨â¥â−ë¬
®¡á«ã¦¨¢�−¨¥¬ ã§ª®¯®«®á−®£® âà�ä¨ª� | á−¨¦¥−¨¥¬ ¨ ¯à¥àë¢�−¨¥¬ áª®à®áâ¨
¯¥à¥¤�ç¨. �à¥¤«®¦¥−ë ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¯à¨®à¨â¥â−®£® ¤®áâã¯� | ¢¥-
à®ïâ−®áâì á−¨¦¥−¨ï áª®à®áâ¨ ¯¥à¥¤�ç¨, ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï ®¡á«ã¦¨¢�−¨ï,
áà¥¤−ïï áª®à®áâì ¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª�.

‚ ¤�«ì−¥©è¥¬ ¯à¥¤¯®«�£�¥âáï à�áá¬®âà¥âì ¬®¤¥«ì á ãç¥â®¬ ¯à®áâà�−áâ¢¥−-
−®£® à�á¯®«®¦¥−¨ï ãáâà®©áâ¢, £¥−¥à¨àãîé¨å âà�ä¨ª URLLC ¨ eMBB.

�¢â®àë ¡«�£®¤�àïâ áâã¤¥−â� ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨
¢¥à®ïâ−®áâ¥© ÷“„� �−�áâ�á¨î �£¥¥¢ã §� ¯®¬®éì ¢ ¯à®¢¥¤¥−¨¨ ç¨á«¥−−®£®
�−�«¨§�.
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Abstract: For 5G, the coexistence of two scenarios within the same network |
ultrareliable low-latency communication (URLLC) and enhanced mobile broad-
band (eMBB) | is an actual task. For a scheme with the occupation of not the
whole, but a part of the resource block, a model of coexistence of narrow-band
URLLC traffic and broadband eMBB traffic in the form of a queuing system
with priority access | reducing and interrupting the service of broadband traffic
when narrow-band traffic arrives | is proposed. The authors formulate the
problem of maximizing the average speed of broadband traffic transmission by
the values of speed levels and with restrictions on the probability of blocking
and the probability of interrupting broadband traffic service. The results of
a numerical analysis of priority access efficiency indicators, such as the average
number of eMBB sessions and probability of service interruption, are presented.
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ПРИМЕР ПРИМЕНЕНИЯ АППАРАТА НЕЙРОННЫХ СЕТЕЙ
ПРИ НАЗНАЧЕНИИ МОДУЛЯЦИОННО-КОДОВОЙ СХЕМЫ

ПЛАНИРОВЩИКОМ БАЗОВОЙ СТАНЦИИ СЕТИ 5G∗

Е. В. Бобрикова1, А. А. Платонова2, Ю. В. Гайдамака3, С. Я. Шоргин4

�−−®â�æ¨ï: �à¥¤«®¦¥− ¬¥â®¤ −�§−�ç¥−¨ï ¬®¤ã«ïæ¨®−−®-ª®¤®¢®© áå¥¬ë
(ŒŠ‘, �−£«. Modulation Coding Scheme, MCS) ¯«�−¨à®¢é¨ª®¬ ¡�§®¢®©
áâ�−æ¨¨ (�‘), ®á−®¢�−−ë© −� ¯à¥¤áª�§�−¨¨ §−�ç¥−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −-
â¥àä¥à¥−æ¨ï −� ®¡®àã¤®¢�−¨¨ ¯®¤¢¨¦−®£® ¯®«ì§®¢�â¥«ï −� á«¥¤ãîé¥¬ ¢à¥-
¬¥−−®¬ â�ªâ¥ ¯® ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§¢¥áâ−ëå §−�ç¥−¨© íâ®£® ®â−®è¥−¨ï
¢ ¯à®è«®¬. �à¥¤áª�§�−¨¥ ¢ë¯®«−ï¥âáï á ¯®¬®éìî ¬�è¨−−®£® ®¡ãç¥−¨ï, ¤«ï
íâ®£® ¢ à�¡®â¥ ¯®áâà®¥−� ¨ ¯à¨¬¥−¥−� ®¤−®á«®©−�ï −¥©à®−−�ï á¥âì ¤«ï à¥-
è¥−¨ï ¬−®£®¯�à�¬¥âà¨ç¥áª®© §�¤�ç¨ ®â¯â¨¬¨§�æ¨¨ ¬¥â®¤®¬ áâ®å�áâ¨ç¥áª®£®
£à�¤¨¥−â�. �¡ãç¥−−�ï −¥©à®−−�ï á¥âì ¯® ¯à®£−®§−®¬ã §−�ç¥−¨î ®â−®è¥−¨ï
á¨£−�«/̈ −â¥àä¥à¥−æ¨ï ¯®§¢®«ï¥â ¯«�−¨à®¢é¨ªã ª®àà¥ªâ−® ¯®¤®¡à�âì ŒŠ‘
¤«ï ¯®«ì§®¢�â¥«ï, â¥¬ á�¬ë¬ ®¡¥á¯¥ç¨¢ âà¥¡ã¥¬ë© ¤«ï ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨
ãà®¢¥−ì ª�ç¥áâ¢� ¯¥à¥¤�ç¨ ¤�−−ëå ¢ à�¤¨®ª�−�«¥.

Š«îç¥¢ë¥ á«®¢�: ®â−®è¥−¨¥ á¨£−�«/̈ −â¥àä¥à¥−æ¨ï; ¬�è¨−−®¥ ®¡ãç¥−¨¥;
−¥©à®−−�ï á¥âì
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1 Введение

�¤−®© ¨§ §�¤�ç, ª®â®àë¥ −¥®¡å®¤¨¬® à¥è�âì ¯«�−¨à®¢é¨ªã �‘ á¥â¥© ¡¥á-
¯à®¢®¤−®© á¢ï§¨ LTE (long term evolution) ¨ LTE-A (LTE advanced) ¯ïâ®£®
¯®ª®«¥−¨ï (5G), ï¢«ï¥âáï §�¤�ç� ¯®¤¡®à� ŒŠ‘ ¯à¨ ¯¥à¥¤�ç¥ ¤�−−ëå ¢ à�¤¨®ª�-
−�«¥ ¬¥¦¤ã �‘/â®çª®© ¤®áâã¯� ¨ ¯®«ì§®¢�â¥«¥¬. Š®àà¥ªâ−®¥ −�§−�ç¥−¨¥ ŒŠ‘
¯®§¢®«ï¥â ¨§¡¥¦�âì ¯®¢â®à−®© ¯¥à¥¤�ç¨ ¤�−−ëå, ¯à¨¢®¤ïé¥© ª −¥íää¥ªâ¨¢-
−®¬ã ¨á¯®«ì§®¢�−¨î à¥áãàá®¢ ¯à¨¥¬®-¯¥à¥¤�îé¥£® ®¡®àã¤®¢�−¨ï ¨ á−¨¦¥−¨î
¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨ ¯®«ì§®¢�â¥«î, ¢ ç�áâ−®áâ¨ ã¢¥«¨-
ç¥−¨î §�¤¥à¦ª¨ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨. ‚ á«ãç�¥ −¥¯®¤¢¨¦−ëå ¯®«ì§®¢�â¥«¥©
§�¤�ç� ¢ë¡®à� ŒŠ‘ −¥ ¯à¥¤áâ�¢«ï¥â á«®¦−®áâ¨, ¯®áª®«ìªã ŒŠ‘ ®¯à¥¤¥«ï¥âáï

∗�ã¡«¨ª�æ¨ï ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë áâà�â¥£¨ç¥áª®£® �ª�¤¥¬¨ç¥áª®£® «¨¤¥àáâ¢�
÷“„� ¨ ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 19-07-00933 ¨ 20-07-01064).

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, bobrikova-ev@rudn.ru
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§−�ç¥−¨¥¬ ¨−¤¨ª�â®à� ª�ç¥áâ¢� à�¤¨®ª�−�«� (ˆŠ÷, �−£«. Channel Quality Indi-
cator, CQI), ª®â®à®¥ ¯«�−¨à®¢é¨ª �‘ ¯¥à¨®¤¨ç¥áª¨ ¯®«ãç�¥â ®â ®¡®àã¤®¢�−¨ï
¯®«ì§®¢�â¥«ï [1]. ˆ−¤¨ª�â®à ª�ç¥áâ¢� à�¤¨®ª�−�«� §�¢¨á¨â ®â §−�ç¥−¨ï ®â−®è¥-
−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï (�−£«. Signal to Interference and Noise Ratio, SINR)
−� ®¡®àã¤®¢�−¨¨ ¯®«ì§®¢�â¥«ï, −� ª®â®à®¥ ¢«¨ïîâ â¥å−®«®£¨ï à�¤¨®¤®áâã¯�,
à�ááâ®ï−¨¥ ¬¥¦¤ã ¯à¨¥¬®-¯¥à¥¤�îé¨¬¨ ãáâà®©áâ¢�¬¨, áà¥¤� à�á¯à®áâà�−¥−¨ï
à�¤¨®á¨£−�«�, ¢ª«îç�ï −�«¨ç¨¥ íªà�−®¢ ¨ ¡«®ª�â®à®¢ á¨£−�«�, ¬®é−®áâì ¨−â¥à-
ä¥à¨àãîé¨å ¯¥à¥¤�âç¨ª®¢ ¨ ¯à. �à¨ ¯¥à¥¬¥é¥−¨¨ ¯®¤¢¨¦−®£® ¯®«ì§®¢�â¥«ï
¥£® £¥®¯®§¨æ¨ï, à�ááâ®ï−¨¥ ¤® �‘ ¨ ¯�à�¬¥âàë à�¤¨®ª�−�«� ¬¥−ïîâáï, ¯®á«¥
ç¥£® ¯à¨¥¬−¨ª ä¨ªá¨àã¥â ¨ ®â¯à�¢«ï¥â �‘ −®¢®¥ §−�ç¥−¨¥ ˆŠ÷, ¢ á®®â¢¥âáâ¢¨¨
á ª®â®àë¬ ¯«�−¨à®¢é¨ª �‘ ¤®«¦¥− áª®àà¥ªâ¨à®¢âì ŒŠ‘ ¤«ï ¯¥à¥¤�ç¨ ®â �‘.
’�ª¨¬ ®¡à�§®¬, ¯®ï¢«ï¥âáï §�¤�ç� ¯à®£−®§¨à®¢�−¨ï §−�ç¥−¨ï ˆŠ÷ ¯®¤¢¨¦−®£®
¯®«ì§®¢�â¥«ï, çâ® ¤®«¦−® ¯®§¢®«¨âì ¯«�−¨à®¢é¨ªã ã©â¨ ®â −¥íää¥ªâ¨¢−®© áå¥-
¬ë ¯®¤¡®à� ŒŠ‘ ¯® ã¬®«ç�−¨î, ª®£¤� ¯à¨ ¯®«ãç¥−¨¨ ˆŠ÷ −¨¦¥ âà¥¡ã¥¬®£®
¤«ï ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨ ¯«�−¨à®¢é¨ª ¯¥à¥¡¨à�¥â ¯®á«¥¤®¢�â¥«ì−® á®á¥¤−¨¥
ŒŠ‘, ¯®ª� −¥ ¯®«ãç¨â ®â ®¡®àã¤®¢�−¨ï ¯®«ì§®¢�â¥«ï §−�ç¥−¨¥ ˆŠ÷, ¯à¨¥¬«¥-
¬®¥ ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå á −�¤«¥¦�é¨¬ ª�ç¥áâ¢®¬. ‚ áâ�âì¥ ¯à¥¤«�£�¥âáï ¯®¤å®¤
ª à¥è¥−¨î íâ®© §�¤�ç¨ á ¯à¨¬¥−¥−¨¥¬ �¯¯�à�â� −¥©à®−−ëå á¥â¥© [2].

2 Системная модель и математическая постановка задачи

ˆáá«¥¤ã¥âáï á¨áâ¥¬−�ï ¬®¤¥«ì, á®áâ®ïé�ï ¨§ ®¤−®© á®âë á¥â¨ ¡¥á¯à®¢®¤−®©
á¢ï§¨, ¯® ª®â®à®© ¢ §®−¥ ¯®ªàëâ¨ï �‘ ¯¥à¥¬¥é�îâáï ¯®«ì§®¢�â¥«¨. ‘ç¨â�-
¥¬ ¬®¤¥«ì ¤¢¨¦¥−¨ï ¯®«ì§®¢�â¥«ï §�¤�−−®©, â®£¤� ¯¥à¥¬¥é¥−¨¥ ¯à®¨§¢®«ì−®£®
¯®«ì§®¢�â¥«ï ¢ ¤¨áªà¥â−®¬ ¢à¥¬¥−¨ ®¯¨áë¢�¥âáï âà�¥ªâ®à¨¥©, ª®â®à�ï ¯à¥¤áâ�¢-
«ï¥â á®¡®© ª®−¥ç−ãî ¯®á«¥¤®¢�â¥«ì−®áâì £¥®¯®§¨æ¨©, §�¤�¢�¥¬ëå ª®®à¤¨−�â�¬¨
¯®«ì§®¢�â¥«ï −� á®á¥¤−¨å ¢à¥¬¥−− �ëå â�ªâ�å. �®áª®«ìªã ª®®à¤¨−�âë ®¤−®§−�ç−®
®¯à¥¤¥«ïîâ à�ááâ®ï−¨¥ ¬¥¦¤ã �‘ ¨ ®¡®àã¤®¢�−¨¥¬ ¯®«ì§®¢�â¥«ï, â® âà�¥ªâ®à¨ï
¯¥à¥¬¥é¥−¨ï ¯®«ì§®¢�â¥«ï á®®â¢¥âáâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâ¨ §−�ç¥−¨© ®â−®è¥-
−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï −� á®á¥¤−¨å â�ªâ�å, � â�ª¦¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨
§�¢¨áïé¨å ®â −¥£® §−�ç¥−¨© ˆŠ÷ ¨ ŒŠ‘, ª®â®àë¥ á¢ï§�−ë á ®â−®è¥−¨¥¬
á¨£−�«/̈ −â¥àä¥à¥−æ¨ï, ª�ª íâ® ¯®ª�§�−® ¢ â�¡«¨æ¥ [1].

‡�¤�ç� ¯«�−¨à®¢é¨ª� �‘ á®áâ®¨â ¢ ¯à®£−®§¨à®¢�−¨¨ ŒŠ‘ ¤«ï ¯à®¨§¢®«ì-
−®£® ¯®«ì§®¢�â¥«ï ¯® ¨§¢¥áâ−®© âà�¥ªâ®à¨¨ ¥£® ¤¢¨¦¥−¨ï ¢ ¯à®è«®¬. „«ï
à¥è¥−¨ï íâ®© §�¤�ç¨ ¢ áâ�âì¥ ¨á¯®«ì§®¢�− ®¤¨− ¨§ −�¨¡®«¥¥ ¯®¯ã«ïà−ëå ¬¥â®¤®¢
¬�è¨−−®£® ®¡ãç¥−¨ï | −¥©à®−−ë¥ á¥â¨. �®¤å®¤ á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®−-
−®© á¥â¨ ¯®§¢®«ï¥â ¯® §�¤�−−®© ®¡ãç�îé¥© ¢ë¡®àª¥ | âà�¥ªâ®à¨¨ ¤¢¨¦¥−¨ï
¯®«ì§®¢�â¥«ï −� ¯à¥¤ë¤ãé¨å â�ªâ�å | ¯à¥¤áª�§ë¢�âì ®â¢¥â, ¯à¥¤áâ�¢«ïîé¨©
á®¡®© §−�ç¥−¨¥ ¨áá«¥¤ã¥¬®© ¬¥âà¨ª¨ ¯®«ì§®¢�â¥«ï −� á«¥¤ãîé¥¬ â�ªâ¥. ’�ª®©
¬¥âà¨ª®© ¬®¦¥â ¡ëâì −¥ â®«ìª® ŒŠ‘ ¤«ï −�§−�ç¥−¨ï ¯«�−¨à®¢é¨ª®¬ �‘, −®
¨ £¥®¯®§¨æ¨ï ¯®«ì§®¢�â¥«ï, ¯à¨−¨¬�¥¬ë© ¡�§®¢®© áâ�−æ¨¥© ˆŠ÷ ¨«¨ ®â−®è¥−¨¥
á¨£−�«/̈ −â¥àä¥à¥−æ¨ï −� ®¡®àã¤®¢�−¨¨ ¯®«ì§®¢�â¥«ï. ‚ ª�ç¥áâ¢¥ ¬�â¥¬�â¨ç¥-
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�à¨¬¥à ¯à¨¬¥−¥−¨ï �¯¯�à�â� −¥©à®−−ëå á¥â¥© ¯à¨ −�§−�ç¥−¨¨ ŒŠ‘ ¯«�−¨à®¢é¨ª®¬

áª®© ¬®¤¥«¨ ¤«ï ¯à¥¤áª�§�−¨ï ¢ë¡à�−� ®¤- ‘®®â¢¥âáâ¢¨¥ ®â−®è¥−¨ï á¨£-
−�«/̈ −â¥àä¥à¥−æ¨ï, ¨−¤¨ª�â®à�
ª�ç¥áâ¢� à�¤¨®ª�−�«� ¨ ŒŠ‘

SINR, ¤� ˆŠ÷ ŒŠ‘
−6,7 1 QPSK
−4,7 2 QPSK
−2,3 3 QPSK

0,2 4 QPSK
2,4 5 QPSK
4,3 6 QPSK
5,9 7 16QAM
8,1 8 16QAM

10,3 9 16QAM
11,7 10 64QAM
14,1 11 64QAM
16,3 12 64QAM
18,7 13 64QAM
21,0 14 64QAM
22,7 15 64QAM

−®á«®©−�ï −¥©à®−−�ï á¥âì | ®¤−®á«®©−ë©
¯¥àæ¥¯âà®− [3], ª®â®àë© ¢ à¥§ã«ìâ�â¥ à¥è¥-
−¨ï ¬−®£®¯�à�¬¥âà¨ç¥áª®© §�¤�ç¨ ®¯â¨¬¨§�-
æ¨¨ ¯® §�¤�−−®© −� ¢å®¤¥ ¢ë¡®àª¥ ®¡ãç�¥â-
áï ¢ë¤�¢�âì −� ¢ëå®¤¥ ¯à¨¡«¨¦¥−−ë© ®â¢¥â,
ã¤®¢«¥â¢®àïîé¨© §�¤�−−ë¬ ªà¨â¥à¨ï¬. ˆá-
á«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® ¡�®«ìè�ï â®ç−®áâì
¯à¥¤áª�§�−¨© ¤®áâ¨£�¥âáï, ¥á«¨ ¢ ®¡ãç�îé¥©
¢ë¡®àª¥ ¢ ª�ç¥áâ¢¥ ¯à¨§−�ª®¢ ®¡ê¥ªâ®¢ ¨ ®â-
¢¥â®¢ ¡à�âì §−�ç¥−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −-
â¥àä¥à¥−æ¨ï −� ®¡®àã¤®¢�−¨¨ ¯®«ì§®¢�â¥«ï,
çâ® ¨««îáâà¨àã¥âáï ¯à¨ ¯®áâà®¥−¨¨ ¬�â¥¬�-
â¨ç¥ª®© ¬®¤¥«¨, � â�ª¦¥ ¢ ç¨á«¥−−®¬ ¯à¨¬¥-
à¥ ¢ à�§¤. 3.

�¥à¥å®¤ï ª â¥à¬¨−®«®£¨¨ ¬�è¨−−®£®
®¡ãç¥−¨ï, ¤«ï ®¯¨á�−−®© á¨áâ¥¬−®© ¬®¤¥«¨
®¯à¥¤¥«¨¬ ®¡ê¥ªâ xi ª�ª −�¡®à n ¯®á«¥¤®-
¢�â¥«ì−ëå â�ªâ®¢ ¢à¥¬¥−¨, � ¯à¨§−�ª�¬¨ ®¡ê¥ªâ� xi: f1(xi), . . . , fn(xi) ¡ã¤¥¬
áç¨â�âì §�¤�−−ë¥ §−�ç¥−¨ï ®â−®è¥−¨ï á¨£−�«/¨−â¥àä¥à¥−æ¨ï, á®®â¢¥âáâ¢ãîé¨¥
ç¥âëà¥¬ â�ªâ�¬ ¢à¥¬¥−¨ ®¡ê¥ªâ� xi, â. ¥. n = 4| ç¨á«® ¯à¨§−�ª®¢. �¡®§−�ç¨¬
¢¥ªâ®à ¯à¨§−�ª®¢ f(xi) = (f1(xi), . . . , fn(xi)). ‚ ª�ç¥áâ¢¥ ®â¢¥â� yi à�áá¬�âà¨¢�-
¥âáï ¨§¢¥áâ−®¥ §−�ç¥−¨¥ ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï −� á«¥¤ãîé¥¬ ¯ïâ®¬
â�ªâ¥. ‡�¬¥â¨¬, çâ® ç¨á«® ®â¢¥â®¢ à�¢−® ç¨á«ã ®¡ê¥ªâ®¢, ¯�à� ®¡ê¥ªâ ¨ ®â¢¥â
(xi, yi) −�§ë¢�¥âáï ¯à¥æ¥¤¥−â®¬, ¬−®¦¥áâ¢® ¯�à X l = (xi, yi)

l
i=1 | ®¡ãç�îé¥©

¢ë¡®àª®©, á®áâ®ïé¥© ¨§ l ®¡ê¥ªâ®¢.
‚ ª�ç¥áâ¢¥ ¯à¨¡«¨¦�îé¥£® �«£®à¨â¬� ¢ë¡¥à¥¬ «¨−¥©−ãî ¬®¤¥«ì

a(x,w) = 〈w, f(x)〉 =
n
∑

j=1

wjfj(x) , (1)

£¤¥x| ®¡ê¥ªâ;wj | −¥¨§¢¥áâ−ë¥ ¢¥á� ¯à¨§−�ª®¢; n| ç¨á«® ¢¥á®¢; j = 1, . . . , n.
–¥«ì ¨áá«¥¤®¢�−¨ï | ®¡ãç¥−¨¥ �«£®à¨â¬� a, â. ¥. ¯®¤¡®à ®¯â¨¬�«ì−®£®

¯�à�¬¥âà� w ¬®¤¥«¨ ¯® ®¡ãç�îé¥© ¢ë¡®àª¥ X l. �¯â¨¬�«ì−ë¬ ¯�à�¬¥âà®¬ w
¬®¤¥«¨ áç¨â�¥âáï ¯�à�¬¥âà, ¤®áâ�¢«ïîé¨© ¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥ äã−ªæ¨®−�«ã
ª�ç¥áâ¢� Q(a,X l) �«£®à¨â¬� a −� ¢ë¡®àª¥ X l, â. ¥.

Q
(

a,X l
)

=
1

l

l
∑

i=1

L(a, yi)→ min
w

. (2)

‡¤¥áì äã−ªæ¨ï

L(a, yi) = (a(xi,w)− yi)
2 (3)

−®á¨â −�§¢�−¨¥ äã−ªæ¨¨ ¯®â¥àì ¨ ®âà�¦�¥â â®ç−®áâì ¯à¨¡«¨¦¥−¨ï −� ®¡ê¥ªâ¥ xi.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 3 2021 137



…. ‚. �®¡à¨ª®¢�, �. �. �«�â®−®¢�, ā. ‚. ƒ�©¤�¬�ª�, ‘. Ÿ. ˜®à£¨−

„«ï ç¨á«¥−−®© ®¯â¨¬¨§�æ¨¨ äã−ªæ¨®−�«� (2) ¢ à�¡®â¥ ¨á¯®«ì§®¢�− ¬¥â®¤
áâ®å�áâ¨ç¥áª®£® £à�¤¨¥−â� [2, 4]. �¯¨á�−−ë© ¯à®æ¥áá ¯®¤¡®à� ®¯â¨¬�«ì−®£®
¯�à�¬¥âà� w ¯® ®¡ãç�îé¥© ¢ë¡®àª¥ X l = (xi, yi)

l
i=1 ¯à¥¤áâ�¢«ï¥â á®¡®© à�¡®âã

¯à®áâ¥©è¥© ®¤−®á«®©−®© −¥©à®−−®© á¥â¨. „«ï ®¡ê¥ªâ� xi à¥§ã«ìâ�â ¯à¨¬¥−¥−¨ï
«¨−¥©−®© äã−ªæ¨¨ a(xi ,w) ¡ã¤¥¬ −�§ë¢�âì ¯à¥¤áª�§�−−ë¬ §−�ç¥−¨¥¬ ®â−®è¥−¨ï
á¨£−�«/̈ −â¥àä¥à¥−æ¨ï −� ®¡ê¥ªâ¥ xi, ¨«¨ ¯à®áâ® ¯à¥¤áª�§�−¨¥¬ −� ®¡ê¥ªâ¥ xi.
‡�¬¥â¨¬, çâ® a(xi,w) | ¯à¨¡«¨¦¥−¨¥ ¨§¢¥áâ−®£® §−�ç¥−¨ï yi −¥¨§¢¥áâ−®©
äã−ªæ¨¨ y = y(x) −� ®¡ê¥ªâ¥ xi.

3 Пример применения аппарата нейронных сетей
для прогнозирования отношения сигнал/интерференция

Š�ª ¯®ª�§�−® ¢ à�§¤. 2, ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¢ ¢¨¤¥ −¥©à®−−®© á¥â¨ ¤«ï ¯à®-
£−®§¨à®¢�−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï áâà®¨âáï −� ®á−®¢¥ ¨−ä®à¬�æ¨¨
® ¬®¤¥«¨ ¯¥à¥¬¥é¥−¨ï ¯®«ì§®¢�â¥«ï, ª®â®à�ï ¯à¥¤¯®«�£�¥âáï §�¤�−−®©: ¢ë¡®àª�
(data set) âà�¥ªâ®à¨© ¯¥à¥¬¥é¥−¨ï ¬®¦¥â ¡ëâì «¨¡® á®¡à�−� ¯® à¥§ã«ìâ�â�¬
−�¡«î¤¥−¨©, «¨¡® á£¥−¥à¨à®¢�−�, ¥á«¨ ¬®¤¥«ì ¯¥à¥¬¥é¥−¨ï §�¤�−� ¢ �−�«¨-
â¨ç¥áª®¬ ¢¨¤¥. ˆ««îáâà�æ¨î ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨ ¤«ï ¯à®£−®§¨à®¢�−¨ï
®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï ¢ á®â¥ á¥â¨ LTE ¯à®¢¥¤¥¬ ¤«ï ¯à¨¬¥à� ¢ë-
¡®àª¨ âà�¥ªâ®à¨© ¯¥à¥¬¥é¥−¨ï ¯®«ì§®¢�â¥«¥©, á£¥−¥à¨à®¢�−−®© ¢ á®®â¢¥âáâ¢¨¨
á ¬®¤¥«ìî ¤¢¨¦¥−¨ï ú‘«ãç�©−®¥ ¡«ã¦¤�−¨¥ ¯® á¥âª¥û (Grid Random Walk) [5].
Œ¥â®¤®¬ Œ®−â¥-Š�à«® á£¥−¥à¨à®¢�−ë 100 âà�¥ªâ®à¨© à�§−®© ¤«¨−ë, ª�¦¤�ï
¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì £¥®¯®§¨æ¨© ¯¥è¥å®¤�, ¤¢¨¦ãé¥£®áï ¯®
¡ã«ì¢�àã ç¥à¥§ §®−ã ¯®ªàëâ¨ï �‘, á®áâ®ïéãî ¨§ M = 112 320 ª¢�¤à�â−ëå
ïç¥¥ª. „�«¥¥ ¤«ï â¥å−®«®£¨¨ LTE á®£«�á−® [1, 5] ¨§ âà�¥ªâ®à¨© ¯®«ãç¥−ë á®-
®â¢¥âáâ¢ãîé¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ §−�ç¥−¨© ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï,
� ¨§ −¨å | ú¯ïâ¥àª¨û, ª®â®àë¥ á®áâ�¢¨«¨ ®¡ãç�îéãî ¢ë¡®àªã ¤«¨−ë l =
= 53638. �à¥æ¥¤¥−âë, á®áâ�¢«ïîé¨¥ ®¡ãç�îéãî ¢ë¡®àªã, ¯à¥¤áâ�¢«ïîâ á®¡®©
¯�àë ú®¡ê¥ªâ{®â¢¥âû, £¤¥ ®¡ê¥ªâ®¬ ï¢«ï¥âáï −�¡®à ç¥âëà¥å ¯®á«¥¤®¢�â¥«ì−ëå
â�ªâ®¢ ¢à¥¬¥−¨, ¤«ï ª�¦¤®£® ®¡ê¥ªâ� §�¤�− ¢¥ªâ®à ¯à¨§−�ª®¢ ¤«¨−ë n = 4,
¯à¨ç¥¬ ¯à¨§−�ª¨ ¨ ®â¢¥âë | íâ® §−�ç¥−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï.

��¯à¨¬¥à, ¯®á«¥¤®¢�â¥«ì−®áâì §−�ç¥−¨© ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï
. . .11,0275 → 11,0275 → 10,98056 → 10,92848 → 10,88471 → 10,88098 →
→ 10,91089 → 10,89156. . . ¤�¥â ®¡ãç�îéãî ¢ë¡®àªã á® á«¥¤ãîé¨¬¨ ¯�à�¬¨
ú®¡ê¥ªâ{®â¢¥âû:

(11,0275, 11,0275, 10,98056, 10,92848) → 10,88471;
(11,0275, 10,98056, 10,92848, 10,88471) → 10,88098;
(10,98056, 10,92848, 10,88471, 10,88098) → 10,91089;
(10,92848, 10,88471, 10,88098, 10,91089) → 10,89156

¨ â. ¤.
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�à¨¬¥à ¯à¨¬¥−¥−¨ï �¯¯�à�â� −¥©à®−−ëå á¥â¥© ¯à¨ −�§−�ç¥−¨¨ ŒŠ‘ ¯«�−¨à®¢é¨ª®¬

÷¨á. 1 �à¥¤áª�§�−−ë¥ §−�ç¥−¨ï SINR a (1) ¨ ®â¢¥âë yi (2) −� ¯¥à¢ëå 1000 ®¡ê¥ªâ�å
®¡ãç�îé¥© ¢ë¡®àª¨

÷¨á. 2 ”ã−ªæ¨ï ¯®â¥àì L(a, yi) −� ¯¥à¢ëå 1000 ®¡ê¥ªâ�å ®¡ãç�îé¥© ¢ë¡®àª¨

��ç�«ì−ë¥ §−�ç¥−¨ï ¢¥á®¢ ¯à¨§−�ª®¢ ¤«ï «¨−¥©−®© ¬®¤¥«¨ (1) ¢ë¡à�−ë
w = (0,25, 0,25, 0,25, 0,25), £à�¤¨¥−â−ë© è�£ (â¥¬¯ ®¡ãç¥−¨ï) h = 10−4 [6].

„�«¥¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¯à¥¤áª�§�−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥-
à¥−æ¨ï −� á«¥¤ãîé¥¬ 5-¬ â�ªâ¥ ¯® ¨−ä®à¬�æ¨¨ ® §−�ç¥−¨ïå íâ®£® ®â−®è¥−¨ï −�
®¡®àã¤®¢�−¨¨ ¯®«ì§®¢�â¥«ï −� ç¥âëà¥å ¯®á«¥¤®¢�â¥«ì−ëå ¯à¥¤ë¤ãé¨å â�ªâ�å
á ¯®¬®éìî ¯®áâà®¥−−®© −¥©à®−−®© á¥â¨ ¤«ï ®¡ãç�îé¥© ¢ë¡®àª¨ ¨§ 53 638 ¯à¥-
æ¥¤¥−â®¢. �� à¨á. 1 èâà¨å®¢®© «¨−¨¥© ¯®ª�§�−ë ¯à¥¤áª�§�−¨ï a(xi,w) (1),
á¯«®è−®© «¨−¨¥© | ®â¢¥âë yi ¤«ï ¯¥à¢ëå 1000 ®¡ê¥ªâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨.
÷¨áã−®ª 2 ¨««îáâà¨àã¥â ¨§¬¥−¥−¨¥ äã−ªæ¨¨ ¯®â¥àì L(a, yi) (3). Šà¨â¥à¨-
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÷¨á. 3 ˆ§¬¥−¥−¨¥ äã−ªæ¨®−�«� ª�ç¥áâ¢�
Q(a,X l)

÷¨á. 4 ˆ§¬¥−¥−¨¥ â®ç−®áâ¨ ¯à¨
L(a, yi) < 10

−1 (1) ¨ ¯à¨ L(a, yi) < 1 (2)

¥¬ ®áâ�−®¢� ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨ ¬®¦¥â á«ã¦¨âì áâ�¡¨«¨§�æ¨ï ®¤−®£® ¨§
á«¥¤ãîé¨å ¯�à�¬¥âà®¢ ¬®¤¥«¨: ¢¥á®¢, äã−ªæ¨®−�«� ª�ç¥áâ¢�, â®ç−®áâ¨.

‘®¢¯�¤¥−¨¥ ¯à¥¤áª�§�−−ëå §−�ç¥−¨© ¨ ®â¢¥â®¢ −� à¨á. 1 ¯®¤â¢¥à¦¤�îâ ¯®-
ª�§�â¥«¨ ª�ç¥áâ¢� ¯à¥¤áª�§�−¨ï | äã−ªæ¨®−�« ª�ç¥áâ¢� Q(a,X l) (2) −� à¨á. 3
¨ â®ç−®áâì, ®¯à¥¤¥«ï¥¬�ï ª�ª ®â−®è¥−¨¥ ç¨á«� á®¢¯�¤¥−¨© ¯à¥¤áª�§�−−®£® §−�ç¥-
−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï a(xi,w) ¨ ¨§¢¥áâ−®£® ®â¢¥â� yi ª ®¡é¥¬ã
ç¨á«ã l ®¡ê¥ªâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨ X l. �� à¨á. 4 ¯®ª�§�−ë ¢�à¨�−âë, ª®£¤�
á®¢¯�¤¥−¨¥¬ áç¨â�¥¬ L(a, yi) < 10

−1 (1) ¨ ª®£¤� L(a, yi) < 1 (2).
„«ï ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨ ¯®âà¥¡®¢�«®áì 10 í¯®å, ¯à¨ íâ®¬ −� à¨á. 4

¢¨¤−®, çâ® ¬�ªá¨¬�«ì−�ï â®ç−®áâì ¤«ï ®¡®¨å ¢�à¨�−â®¢ ¤®áâ¨£−ãâ� ã¦¥ −� 7-©
í¯®å¥. ‡¤¥áì í¯®å� | íâ® ®¤−� ¨â¥à�æ¨ï ¬¥â®¤� áâ®å�áâ¨ç¥áª®£® £à�¤¨¥−â� ¯®
¢á¥¬ ®¡ê¥ªâ�¬ ®¡ãç�îé¥© ¢ë¡®àª¨. �® §�¢¥àè¥−¨¨ ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨
§−�ç¥−¨ï ¢¥á®¢ á®áâ�¢¨«¨ w = (0,2490; 0,2500; 0,2505; 0,2505).

‚¥à¨ä¨ª�æ¨ï ¯®áâà®¥−−®© ¬®¤¥«¨ −� â¥áâ®¢®© ¢ë¡®àª¥ ¨§ 13 409 ¯à¥æ¥¤¥−â®¢
¯®ª�§�«� â®ç−®áâì ¯à¥¤áª�§�−¨ï 83,80% ¤«ï á«ãç�ï L(a, yi) < 10

−1 ¨ â®ç−®áâì
¯à¥¤áª�§�−¨ï 99,96% ¤«ï á«ãç�ï L(a, yi) < 1. ‘®£«�á−® â�¡«¨æ¥, ®â«¨ç¨¥ §−�-
ç¥−¨© ®â−®è¥−¨ï á¨£−�«/¨−â¥àä¥à¥−æ¨ï ¤«ï á®á¥¤−¨å ŒŠ‘ á®áâ�¢«ï¥â ®ª®«®
2 ¤�, ¯®íâ®¬ã ¢â®à®© á«ãç�©, ¤®áâ¨£�îé¨© ¢ëá®ª®© â®ç−®áâ¨, ®¡¥á¯¥ç¨¢�¥â ª®à-
à¥ªâ−®¥ ¯à¥¤áª�§�−¨¥ ŒŠ‘ á ¯®¬®éìî ¯®áâà®¥−−®© −¥©à®−−®© á¥â¨. ‡�¬¥â¨¬,
çâ®, §−�ï ®â−®è¥−¨¥ á¨£−�«/̈ −â¥àä¥à¥−æ¨ï, −¥®¡å®¤¨¬ãî ŒŠ‘ ¯«�−¨à®¢é¨ª
¬®¦¥â ®¤−®§−�ç−® ®¯à¥¤¥«¨âì, −�¯à¨¬¥à, ¯® â�¡«¨æ¥.

4 Заключение

�à¥¤«®¦¥−−ë© ¢ áâ�âì¥ ¬¥â®¤ −�§−�ç¥−¨ï ŒŠ‘ ¯«�−¨à®¢é¨ª®¬ �‘, ®á−®-
¢�−−ë© −� ¯à¥¤áª�§�−¨¨ §−�ç¥−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï á ¨á¯®«ì-
§®¢�−¨¥¬ �¯¯�à�â� −¥©à®−−ëå á¥â¥©, á®áâ®¨â ¨§ ¤¢ãå íâ�¯®¢. �� ¯¥à¢®¬ íâ�¯¥
¤«ï §�¤�−−®© ¬®¤¥«¨ ¯¥à¥¬¥é¥−¨ï ¯®«ì§®¢�â¥«¥© áâà®¨âáï ¨ ®¡ãç�¥âáï ¬®¤¥«ì
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®¤−®á«®©−®© −¥©à®−−®© á¥â¨, ª®â®à�ï ¯®§¢®«ï¥â ¯à¥¤áª�§ë¢�âì §−�ç¥−¨¥ ®â-
−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï −� ®¡®àã¤®¢�−¨¨ ¯®¤¢¨¦−®£® ¯®«ì§®¢�â¥«ï −�
á«¥¤ãîé¥¬ ¢à¥¬¥−−�®¬ â�ªâ¥ ¯® ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§¢¥áâ−ëå §−�ç¥−¨© íâ®£®
®â−®è¥−¨ï ¢ ¯à®è«®¬. �� ¢â®à®¬ íâ�¯¥ ¯® ¯à¥¤áª�§�−−®¬ã §−�ç¥−¨î ®â−®è¥-
−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï ®¯à¥¤¥«ï¥âáï ŒŠ‘, âà¥¡ã¥¬�ï ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå
¯®«ì§®¢�â¥«î ¯à¨ ¯à¥¤®áâ�¢«¥−¨¨ ãá«ã£¨ á −�¤«¥¦�é¨¬ ãà®¢−¥¬ ª�ç¥áâ¢�. ‡�-
¬¥â¨¬, çâ® §�¤�ç� ®¯â¨¬¨§�æ¨¨, ª®â®à�ï à¥è�¥âáï ¯à¨ ®¡ãç¥−¨¨ á¥â¨, ï¢«ï¥âáï
¬−®£®¯�à�¬¥âà¨ç¥áª®©, ¯à¨ íâ®¬ ¯�à�¬¥âàë −¥©à®−−®© á¥â¨, � ¨¬¥−−®: ç¨á«®
¯à¨§−�ª®¢ ®¡ê¥ªâ� ®¡ãç�îé¥© ¢ë¡®àª¨, ®¡ê¥¬ ¢ë¡®àª¨, âà¥¡ã¥¬ë© ¤«ï ¤®áâ¨-
¦¥−¨ï §�¤�−−®© â®ç−®áâ¨ ¯à¥¤áª�§�−¨ï, ¨ ¤à. | áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ §�¢¨áïâ
®â ¬®¤¥«¨ ¯¥à¥¬¥é¥−¨ï ¯®«ì§®¢�â¥«¥©. ‚ ¤�«ì−¥©è¥¬ ¤«ï à¥è¥−¨ï §�¤�ç¨
¯à¥¤áª�§�−¨ï ®â−®è¥−¨ï á¨£−�«/̈ −â¥àä¥à¥−æ¨ï ¯«�−¨àã¥âáï ª�ª à�§¢¨¢�âì ¬¥-
â®¤ë ®¡ãç¥−¨ï á ãç¨â¥«¥¬, −�¯à¨¬¥à ¯à¨¬¥−¨âì ¬−®£®á«®©−ãî −¥©à®−−ãî á¥âì,
â�ª ¨ ¨á¯®«ì§®¢�âì ¬¥â®¤ ®¡ãç¥−¨ï á ¯®¤ªà¥¯«¥−¨¥¬ ¤«ï ¯à®£−®§¨à®¢�−¨ï ¯à¨
®âáâãâáâ¢¨¨ ®¡ãç�îé¥© ¢ë¡®àª¨.

�¢â®àë ¡«�£®¤�àïâ ¬�£¨áâà®¢ ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨
¢¥à®ïâ−®áâ¥© ÷“„� �. Œ. •�©à®¢� ¨ �. �. Œ�¬®−®¢� §� ¯®¤£®â®¢ªã ®¡ãç�îé¥©
¢ë¡®àª¨ ¤«ï ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�.
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Abstract: The article proposes a method for assigning a modulation-code scheme
by a base station scheduler based on predicting the value of the signal-to-
interference ratio on the mobile user's equipment at the next time slot from
a sequence of known values of this ratio in the past. For prediction, a model
of a single-layer neural network is built in the work, by the example of which
a machine learning process is shown for solving a multiparametric optimization
problem using the stochastic gradient method. The trained neural network for the
predicted value of the signal/interference ratio allows the scheduler to correctly
select the modulation-code scheme for the user, thereby ensuring the level of
quality of data transmission in the radio channel required for the provision of the
service.
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ЭКСПЕРТНАЯ ОЦЕНКА МАШИННОГО ПЕРЕВОДА:
КЛАССИФИКАЦИЯ ОШИБОК∗

А. Ю. Егорова1, И. М. Зацман2, В. А. Нуриев3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ®æ¥−ª� ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� (Œ�)
á ¯à¨¬¥−¥−¨¥¬ ª«�áá¨ä¨ª�æ¨¨ ¥£® ®è¨¡®ª. Š«�áá¨ä¨ª�æ¨ï ¢ª«îç�¥â àã¡à¨-
ª¨ ®¡é¥ï§ëª®¢ëå ®è¨¡®ª −� ãà®¢−¥ £à�¬¬�â¨ª¨, «¥ªá¨ª¨, ¯ã−ªâã�æ¨¨ ¨ ¤à.,
� â�ª¦¥ ª�â¥£®à¨©−® ®¡ãá«®¢«¥−−ëå ®è¨¡®ª, ª®â®àë¥ á¢ï§�−ë á ª®−ªà¥â−ë¬
â¨¯®¬ ï§ëª®¢ëå ¥¤¨−¨æ, ¢ë¡à�−−ë¬ ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¯¥à¥¢®¤� ¢ ¨áá«¥¤ã-
¥¬®© á¨áâ¥¬¥ Œ�. �æ¥−ª� ª�ç¥áâ¢� ¢ë¯®«−ï¥âáï ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£®
�−−®â¨à®¢�−¨ï Œ�. …á«¨ ¯à¨ �−−®â¨à®¢�−¨¨ íªá¯¥àâ ®¡−�àã¦¨¢�¥â ®è¨¡-
ª¨ ¢ ¯¥à¥¢®¤¥, â® ¢ �−−®â�æ¨î ¢ª«îç�îâáï àã¡à¨ª¨ ¤«ï â¨¯®«®£¨§�æ¨¨
®¡−�àã¦¥−−ëå ®è¨¡®ª. �à®áâ�−®¢ª� àã¡à¨ª ¤�¥â ¢®§¬®¦−®áâì ¢ëç¨á«¨âì
®â−®á¨â¥«ì−ë¥ ç�áâ®â−®áâ¨ ®è¨¡®ª Œ� ¢ à�¬ª�å ¢á¥£® ¬�áá¨¢� â¥áâ®¢ëå
¯à¥¤«®¦¥−¨©, ®â®¡à�−−ëå ¤«ï ¯¥à¥¢®¤� ¨ ®æ¥−ª¨ ¥£® ª�ç¥áâ¢�. �á−®¢−�ï
æ¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯à¥¤«�£�¥¬®© ª«�áá¨ä¨ª�æ¨¨ ®¡é¥ï§ëª®¢ëå
¨ ª�â¥£®à¨©−® ®¡ãá«®¢«¥−−ëå ®è¨¡®ª. …¥ £«�¢−®¥ ®â«¨ç¨¥ ®â áãé¥áâ¢ãîé¨å
ª«�áá¨ä¨ª�æ¨© (â¨¯®«®£¨©) ®è¨¡®ª §�ª«îç�¥âáï ¢ â®¬, çâ® ®−� −�æ¥«¥−� −�
®¡¥á¯¥ç¥−¨¥ ¨−â¥à¢�«ì−®© ®æ¥−ª¨ ¤«ï á¨áâ¥¬ Œ�, ª�ç¥áâ¢® à�¡®âë ª®â®àëå
¨§¬¥−ï¥âáï ¢® ¢à¥¬¥−¨. ÷ã¡à¨ª¨ ¯à¥¤«�£�¥¬®© ª«�áá¨ä¨ª�æ¨¨ ¤�îâ ¢®§¬®¦-
−®áâì íªá¯¥àâ�¬ ä¨ªá¨à®¢�âì ¢ Œ� ª�ª ã«ãçè¥−¨¥, â�ª ¨ á−¨¦¥−¨¥ ª�ç¥áâ¢�
−� §�¤�−−®¬ ¨−â¥à¢�«¥ ¢à¥¬¥−¨.

Š«îç¥¢ë¥ á«®¢�: ¬�è¨−−ë© ¯¥à¥¢®¤; ®æ¥−ª� ª�ç¥áâ¢�; ª«�áá¨ä¨ª�æ¨ï
®è¨¡®ª; ®¡é¥ï§ëª®¢ë¥ ®è¨¡ª¨; ª�â¥£®à¨©−® ®¡ãá«®¢«¥−−ë¥ ®è¨¡ª¨; «¨−-
£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥; ¨−â¥à¢�«ì−�ï ®æ¥−ª�
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1 Введение

‡� ¯®á«¥¤−¨¥ −¥áª®«ìª® «¥â ¡ë«¨ ®¯ã¡«¨ª®¢�−ë �¢â®à¨â¥â−ë¥ ª®««¥ªâ¨¢-
−ë¥ ¬®−®£à�ä¨¨, ¯®á¢ïé¥−−ë¥ �¢â®¬�â¨ç¥áª®© ¨ íªá¯¥àâ−®© ®æ¥−ª¥ ª�ç¥áâ¢�
Œ� [1{3], çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ �ªâã�«ì−®áâ¨ íâ®© â¥¬�â¨ª¨. „«ï íªá¯¥àâ-
−®© ®æ¥−ª¨ ª�ç¥áâ¢� á ¯à¨¢«¥ç¥−¨¥¬ á¯¥æ¨�«¨áâ®¢ («¨−£¢¨áâ®¢, ¯¥à¥¢®¤ç¨ª®¢)

∗÷�¡®â� ¢ë¯®«−¥−� ¢ ”¥¤¥à�«ì−®¬ ¨áá«¥¤®¢�â¥«ìáª®¬ æ¥−âà¥ úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.

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

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

3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, nurieff.v@gmail.com
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�ªá¯¥àâ−�ï ®æ¥−ª� ¬�è¨−−®£® ¯¥à¥¢®¤�: ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª

¨á¯®«ì§ãîâáï −¥áª®«ìª® á¯®á®¡®¢ [4]: ®æ¥−¨¢�−¨¥ ¢ á®®â¢¥âáâ¢¨¨ á ªà¨â¥à¨ï¬¨
â®ç−®áâ¨ ¨ ¥áâ¥áâ¢¥−−®áâ¨, à�−¦¨à®¢�−¨¥ ¯¥à¥¢®¤®¢, ¯àï¬®¥ ®æ¥−¨¢�−¨¥, ®æ¥−ª�
á ãç¥â®¬ ª®íää¨æ¨¥−â� à¥¤�ªâ¨à®¢�−¨ï ¯¥à¥¢®¤� ç¥«®¢¥ª®¬, «¨−£¢¨áâ¨ç¥áª®¥
�−−®â¨à®¢�−¨¥ ¯¥à¥¢®¤� á ¯à¨¬¥−¥−¨¥¬ ª«�áá¨ä¨ª�æ¨¨, ¢ª«îç�îé¥© àã¡à¨ª¨
®è¨¡®ª ¯¥à¥¢®¤�. �¡§®à ª«�áá¨ä¨ª�æ¨©/â¨¯®«®£¨© ®è¨¡®ª, ª®â®àë¥ ¯à¨¬¥−ï-
îâáï ¢ ¯à®æ¥áá¥ íªá¯¥àâ−®© ®æ¥−ª¨ ª�ç¥áâ¢�, ¯à¥¤áâ�¢«¥− ¢ à�¡®â¥ [5].

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ª«�áá¨ä¨ª�æ¨ï, ¯®áâà®¥−−�ï á æ¥«ìî àã¡-
à¨ª�æ¨¨ ®è¨¡®ª ¯¥à¥¢®¤� ¨ ¨á¯®«ì§ã¥¬�ï ¯à¨ «¨−£¢¨áâ¨ç¥áª®¬ �−−®â¨à®¢�−¨¨
â¥áâ®¢ëå ¯à¥¤«®¦¥−¨© ¨ ¨å ¯¥à¥¢®¤®¢. „�−−�ï ª«�áá¨ä¨ª�æ¨ï ¢ª«îç�¥â àã¡à¨-
ª¨ ®¡é¥ï§ëª®¢ëå ®è¨¡®ª −� ãà®¢−¥ £à�¬¬�â¨ª¨, «¥ªá¨ª¨, ¯ã−ªâã�æ¨¨ ¨ ¤à.,
� â�ª¦¥ ª�â¥£®à¨©−® ®¡ãá«®¢«¥−−ëå ®è¨¡®ª, ª®â®àë¥ á¢ï§�−ë á ª®−ªà¥â−ë¬
â¨¯®¬ ï§ëª®¢ëå ¥¤¨−¨æ, ¢ë¡à�−−ë¬ ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¢ ¨áá«¥¤ã¥¬®© á¨áâ¥¬¥
Œ�. …á«¨ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï íªá¯¥àâ ®¡−�àã¦¨¢�¥â ®è¨¡ª¨ ¢ ¯¥à¥¢®¤¥,
â® ¢ �−−®â�æ¨î â¥áâ®¢®£® ¯à¥¤«®¦¥−¨ï ¨ ¥£® ¯¥à¥¢®¤� ¢ª«îç�îâáï àã¡à¨ª¨ ¤«ï
â¨¯®«®£¨§�æ¨¨ ®¡−�àã¦¥−−ëå ®è¨¡®ª.

�à®áâ�−®¢ª� àã¡à¨ª ¤�¥â ¢®§¬®¦−®áâì ¢ëç¨á«ïâì ®â−®á¨â¥«ì−ë¥ ç�áâ®â−®áâ¨
®è¨¡®ª Œ� ¢ à�¬ª�å ¢á¥£® ¬�áá¨¢� â¥áâ®¢ëå ¯à¥¤«®¦¥−¨©, ®â®¡à�−−ëå ¤«ï
¯¥à¥¢®¤� ¨ ®æ¥−ª¨ ¥£® ª�ç¥áâ¢�. �á−®¢−�ï æ¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨
−®¢®© ª«�áá¨ä¨ª�æ¨¨, ¢ª«îç�îé¥© àã¡à¨ª¨ ®è¨¡®ª. …¥ £«�¢−®¥ ®â«¨ç¨¥ ®â
áãé¥áâ¢ãîé¨å ª«�áá¨ä¨ª�æ¨©/â¨¯®«®£¨© ®è¨¡®ª ¯¥à¥¢®¤� §�ª«îç�¥âáï ¢ â®¬,
çâ® ®−� −�æ¥«¥−� −� ®¡¥á¯¥ç¥−¨¥ ¨−â¥à¢�«ì−®© ®æ¥−ª¨ ¤«ï á¨áâ¥¬ Œ�, ª�ç¥áâ¢®
à�¡®âë ª®â®àëå ¨§¬¥−ï¥âáï ¢® ¢à¥¬¥−¨. ÷ã¡à¨ª¨ ¯à¥¤«�£�¥¬®© ª«�áá¨ä¨ª�æ¨¨
¤�îâ ¢®§¬®¦−®áâì íªá¯¥àâ�¬ ä¨ªá¨à®¢�âì ¢ ¯®¢â®à−ëå ¯¥à¥¢®¤�å ®¤−¨å ¨ â¥å
¦¥ â¥áâ®¢ëå ¯à¥¤«®¦¥−¨© ª�ª ¯®¢ëè¥−¨¥, â�ª ¨ á−¨¦¥−¨¥ ª�ç¥áâ¢� ¯¥à¥¢®¤�
¢® ¢à¥¬¥−¨. �ªá¯¥àâ−ë© �−�«¨§ ¯®¢â®à−ëå ¯¥à¥¢®¤®¢ −� §�¤�−−®¬ ¨−â¥à¢�«¥
¢à¥¬¥−¨ ¤�¥â ¢®§¬®¦−®áâì ¨áá«¥¤®¢�âì â¥¬¯®à�«ì−ãî áâ�¡¨«ì−®áâì Œ�.

�â¬¥â¨¬, çâ® á¯®á®¡ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï á ¨á¯®«ì§®¢�−¨¥¬
ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¯à¨¬¥−ï¥âáï, ¢ ç¨á«¥ ¯à®ç¨å, £àã¯¯®© ãç¥−ëå ¨§ „ã¡«¨-
−�: Sheila Castilho, Pintu Lohar, Joss Moorkens, Maja Popovi�c, Andy Way ¨ ¨å
á®�¢â®à�¬¨ (á¬., −�¯à¨¬¥à, [6{10]). �à¥¤¬¥â®¬ ¨å �−�«¨§� ï¢«ïîâáï ®è¨¡ª¨
Œ�, ¢ëï¢«¥−−ë¥ ¢ −¥ª®â®àë© ¬®¬¥−â ¢à¥¬¥−¨, −® −¥ â¥¬¯®à�«ì−�ï áâ�¡¨«ì−®áâì
Œ� −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨.

2 Экспериментальные данные

‚ áâ�âì¥ ¤«ï ®¯¨á�−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¯à¥¤«�£�¥¬®© ª«�áá¨-
ä¨ª�æ¨¨ ¨á¯®«ì§ãîâáï ¯à¥¤«®¦¥−¨ï −� àãááª®¬ ï§ëª¥ ¨ ¨å Œ� −� äà�−æã§áª¨©
ï§ëª, ¯®«ãç¥−−ë¥ á ¯®¬®éìî á¨áâ¥¬ë −¥©à®−−®£® Œ� (�Œ�) Google.Translate.
÷¥ä¥à¥−â−ë¥ (¢ë¯®«−¥−−ë¥ ç¥«®¢¥ª®¬-á¯¥æ¨�«¨áâ®¬) ¯¥à¥¢®¤ë ¯à¨¢®¤ïâáï ¤«ï
−�£«ï¤−®£® ¯à¥¤áâ�¢«¥−¨ï ® ª�ç¥áâ¢¥ Œ� (á¬. ¯à¨¬¥àë ¢ â�¡«. 1).

ˆá¯®«ì§ã¥¬ë¥ ¯à¥¤«®¦¥−¨ï −� àãááª®¬ ï§ëª¥ á®¤¥à¦�â ¤¢ãåª®¬¯®−¥−â−ë¥
ª®−−¥ªâ®àë. Š®−−¥ªâ®à | íâ® ï§ëª®¢�ï ¥¤¨−¨æ�, äã−ªæ¨ï ª®â®à®© á®áâ®¨â
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’�¡«¨æ� 1 �à¨¬¥àë ¤¢ãå ¯à¥¤«®¦¥−¨© ¨§ ª−¨£¨ ‘. �«¥ªá¨¥¢¨ç ú‚à¥¬ï á¥ª®−¤ åí−¤û,
¨å Œ� ®â 02 �¢£ãáâ� 2021 £. ¢ 18:00 ¨ à¥ä¥à¥−â−ë¥ ¯¥à¥¢®¤ë, ¢ë¯®«−¥−−ë¥ ‘®ä¨
�¥−¥è

ˆáå®¤−ë© â¥ªáâ Œ�è¨−−ë© ¯¥à¥¢®¤ ÷¥ä¥à¥−â−ë© ¯¥à¥¢®¤
Š�ª ¦¨¢¥¬, â�ª ¨ ã¬¨à�¥¬. . . Comme nous vivons,

nous mourons. . .
On meurt comme on a v�ecu. . .

Ÿ ¨ ¢ æ¥àª®¢ì å®¦ã, ¨ ªà¥á-
â¨ª −®èã, � áç�áâìï ª�ª −¥
¡ë«®, â�ª ¨ −¥â.

Je vais �a l'�eglise et
porte une croix, mais
il n'y avait pas de bon-
heur, donc il n'y a pas
de bonheur.

Je vais �a l'�eglise maintenant,
et je porte une petite croix,
mais du bonheur, j'en ai pas
plus qu'avant.

¢ ¢ëà�¦¥−¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª®£® ®â−®è¥−¨ï, áãé¥áâ¢ãîé¥£® ¬¥¦¤ã á®¥¤¨-
−¥−−ë¬¨ á ¥¥ ¯®¬®éìî ç�áâï¬¨ â¥ªáâ®¢®£® äà�£¬¥−â� [11, á. 17]. Š®−−¥ªâ®à
áç¨â�¥âáï ¤¢ãåª®¬¯®−¥−â−ë¬, ¥á«¨ ¥£® ç�áâ¨ ¢¢®¤ïâ ¤¢� à�§−ëå â¥ªáâ®¢ëå äà�£-
¬¥−â� [12, á. 175] (á¬. ¤¢� ¯à¥¤«®¦¥−¨ï á ¤¢ãåª®¬¯®−¥−â−ë¬ ª®−−¥ªâ®à®¬ ª�ª
(à�ááâ®ï−¨¥), â�ª ¨ ¢ â�¡«. 1). ‚ë¡®à íâ®£® â¨¯� ï§ëª®¢ëå ¥¤¨−¨æ ¤«ï ®æ¥−ª¨
ª�ç¥áâ¢� ¯¥à¥¢®¤� ®¡ãá«®¢«¥− â¥¬, çâ® á¨áâ¥¬ë Œ� ¤�«¥ª® −¥ ¢á¥£¤� ®¯®§−�îâ
¤¢ãåª®¬¯®−¥−â−ë¥ ª®−−¥ªâ®àë ª�ª ¥¤¨−ãî ï§ëª®¢ãî ¥¤¨−¨æã ¨ ¯¥à¥¢®¤ïâ ¨å ª�ª
¤¢¥ à�§−ë¥ ¥¤¨−¨æë ¨«¨ â®«ìª® ¥¥ ¯¥à¢ë© ª®¬¯®−¥−â, çâ® ¯à¨¢®¤¨â ª ®è¨¡ª�¬
¯à¨ ¯¥à¥¢®¤¥ ¢á¥£® ¯à¥¤«®¦¥−¨ï (â�¡«. 2). �®¤à®¡−¥¥ ® «®£¨ª®-á¥¬�−â¨ç¥áª¨å
®â−®è¥−¨ïå ¨ ª®−−¥ªâ®à�å á¬. ¢ [13].

„«ï ¯à®¢¥àª¨ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© à�áá¬�âà¨¢�¥¬®© ª«�áá¨ä¨-
ª�æ¨¨ ¯® àã¡à¨æ¨à®¢�−¨î ®¡é¥ï§ëª®¢ëå ¨ ª�â¥£®à¨©−® ®¡ãá«®¢«¥−−ëå ®è¨¡®ª
¨á¯®«ì§®¢�«áï ¬�áá¨¢ ¨§ 250 àãááª®ï§ëç−ëå ¯à¥¤«®¦¥−¨©, ª�¦¤®¥ ¨§ ª®â®-
àëå á®¤¥à¦�«® ¤¢ãåª®¬¯®−¥−â−ë© ª®−−¥ªâ®à, ¢ â®¬ ç¨á«¥ ª�ª (à�ááâ®ï−¨¥),
â�ª ¨ [14{17]. ˆáâ®ç−¨ª®¬ ¯à¥¤«®¦¥−¨© á«ã¦¨« ��æ¨®−�«ì−ë© ª®à¯ãá àãááª®£®
ï§ëª� [18]. Š�¦¤®¥ â�ª®¥ ¯à¥¤«®¦¥−¨¥ ¢ â¥ç¥−¨¥ £®¤� ¡ë«® ¬−®£®ªà�â−® (12 à�§)
¯¥à¥¢¥¤¥−® −� äà�−æã§áª¨© ï§ëª á ¯®¬®éìî á¨áâ¥¬ë �Œ� Google.Translate
¨ §�â¥¬ ¯à®�−−®â¨à®¢�−® ¢¬¥áâ¥ á ¥£® Œ�.

Œ−®£®ªà�â−®áâì ¯¥à¥¢®¤� ª�¦¤®£® ¯à¥¤«®¦¥−¨ï ¬�áá¨¢� ¤�¥â ¢®§¬®¦−®áâì
¨áá«¥¤®¢�âì â¥¬¯®à�«ì−ãî áâ�¡¨«ì−®áâì Œ� −� §�¤�−−®¬ ¨−â¥à¢�«¥ ¢à¥¬¥−¨.
„«ï ä®à¬¨à®¢�−¨ï ¨ åà�−¥−¨ï �−−®â�æ¨© ¬−®£®ªà�â−ëå ¯¥à¥¢®¤®¢ ¨á¯®«ì§®-
¢�«�áì −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå (��„) ª®−−¥ªâ®à®¢ [19{21]. ‚ ��„ ª�¦¤�ï
�−−®â�æ¨ï (á¬. â�¡«. 2) á®áâ®¨â ¨§ ç¥âëà¥å ç�áâ¥©:

(1) ¨áå®¤−®¥ ¯à¥¤«®¦¥−¨¥ (¨«¨ ¥£® äà�£¬¥−â) á ¤¢ãåª®¬¯®−¥−â−ë¬ ª®−−¥ªâ®à®¬
−� àãááª®¬ ï§ëª¥;

(2) àã¡à¨ª¨ ª«�áá¨ä¨ª�æ¨¨, ¯à¨á¢®¥−−ë¥ ¨áå®¤−®¬ã â¥ªáâã;

(3) ¯¥à¥¢®¤ ¯à¥¤«®¦¥−¨ï (¨«¨ ¥£® äà�£¬¥−â�) −� äà�−æã§áª¨©, ¢ë¯®«−¥−−ë©
á ¯®¬®éìî á¨áâ¥¬ë �Œ� Google.Translate;

(4) àã¡à¨ª¨ ª«�áá¨ä¨ª�æ¨¨, ¯à¨á¢®¥−−ë¥ ¯¥à¥¢®¤ã.

146 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 3 2021



�ªá¯¥àâ−�ï ®æ¥−ª� ¬�è¨−−®£® ¯¥à¥¢®¤�: ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª

’�¡«¨æ� 2 �à¨¬¥à �−−®â�æ¨¨ ¯¥à¥¢®¤� ¯à¥¤«®¦¥−¨ï á ¤¢ãåª®¬¯®−¥−â−ë¬ ª®−−¥ªâ®à®¬

ˆáå®¤−ë©
â¥ªáâ®¢ë©
äà�£¬¥−â

÷ã¡à¨ª¨
¨áå®¤−®£® äà�£¬¥−â� �¥à¥¢®¤

÷ã¡à¨ª¨
¯¥à¥¢®¤�

Ÿ ¨ ¢ æ¥àª®¢ì å®-
¦ã, ¨ ªà¥áâ¨ª −®èã,
� áç�áâìï ª�ª −¥ ¡ë-
«®, â�ª ¨ −¥â.
(‘¢¥â«�−� �«¥ªá¨¥-
¢¨ç. ‚à¥¬ï á¥ª®−¤
åí−¤, 2013)

ª�ª‖â�ª ¨
〈�−�«®£¨ï〉
〈CNT p CNT q〉
〈CNT〉
〈SubCNT〉
〈„¨áâ�−â〉

Je vais �a l'�eglise et
porte une croix, mais
comme il n'y avait
pas de bonheur, je ne
le fais pas.
(�¥à¥¢®¤ ¢ë¯®«−¥−
á ¯®¬®éìî á¨áâ¥-
¬ë Google.Translate
03.03.2019 ¢ 17:17)

comme
〈ErrorSemant〉
〈ErrorCNT〉

�à¨¬¥ç�−¨¥. ‚ �−−®â�æ¨¨ ¨á¯®«ì§ãîâáï àã¡à¨ª¨ ¤¢ãå ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨©, ®¯¨á�−¨¥
ª®â®àëå ¤�−® ¢ á«¥¤ãîé¥¬ à�§¤¥«¥:

(1) àã¡à¨ª� ú�−�«®£¨ïû (®â−®á¨âáï ª ä�á¥âã ú�â−®è¥−¨ïû) £®¢®à¨â ® â®¬, çâ® ª®−−¥ªâ®à
ª�ª (à�ááâ®ï−¨¥), â�ª ¨ ¢ëà�¦�¥â «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ �−�«®£¨¨;

(2) àã¡à¨ª� úCNT p CNT qû (®â−®á¨âáï ª ä�á¥âã ú�®àï¤®ªû) £®¢®à¨â ® â®¬, çâ® í«¥-
¬¥−âë ¤¢ãåª®¬¯®−¥−â−®£® ª®−−¥ªâ®à� −�å®¤ïâáï ¢ ª�¦¤®¬ ¨§ á®¥¤¨−ï¥¬ëå â¥ªáâ®¢ëå
ª®¬¯®−¥−â®¢ p (−¥ ¡ë«®) ¨ q (−¥â);

(3) àã¡à¨ª� úCNTû (®â−®á¨âáï ª ä�á¥âã ú‘â�âãáû) £®¢®à¨â ® â®¬, çâ® �−−®â�æ¨ï áä®à-
¬¨à®¢�−� ¤«ï ¢á¥£® ª®−−¥ªâ®à�, � −¥ ¤«ï ®â¤¥«ì−ëå á®áâ�¢«ïîé¨å ¥£® ª®¬¯®−¥−â®¢;

(4) àã¡à¨ª� úSubCNTû (®â−®á¨âáï ª ä�á¥âã ú‘â�âãáû) £®¢®à¨â ® â®¬, çâ® ª®−−¥ªâ®à ª�ª
(à�ááâ®ï−¨¥), â�ª ¨ ï¢«ï¥âáï ¢áâà®¥−−ë¬ (¢«®¦¥−−ë¬) ¯® ®â−®è¥−¨î ª ¢áâà�¨¢�îé¥¬ã
ª®−−¥ªâ®àã �;

(5) àã¡à¨ª� ú„¨áâ�−âû (®â−®á¨âáï ª ä�á¥âã ú÷�á¯®«®¦¥−¨¥û) £®¢®à¨â ® â®¬, çâ® ¤¢�
ª®¬¯®−¥−â� ª®−−¥ªâ®à� à�§¤¥«¥−ë â¥ªáâ®¬ ú−¥ ¡ë«®û;

(6) àã¡à¨ª� úErrorSemantû (®â−®á¨âáï ª ä�á¥âã ú�è¨¡ª¨û) £®¢®à¨â ® â®¬, çâ® ¢ ¯¥à¥¢®¤¥
¥áâì ¨áª�¦¥−¨¥ á¬ëá«� (úje ne le fais pasû ¯¥à¥¢®¤¨âáï ª�ª úï íâ®£® −¥ ¤¥«�îû);

(7) àã¡à¨ª� úErrorCNTû (®â−®á¨âáï ª ä�á¥âã ú�è¨¡ª¨û) £®¢®à¨â ® â®¬, çâ® ¯à¨ ¯¥à¥¢®¤¥
ª®−−¥ªâ®à� ª�ª (à�ááâ®ï−¨¥), â�ª ¨ ¤®¯ãé¥−� á¥¬�−â¨ç¥áª�ï ®è¨¡ª� (äà�−æã§áª¨©
ª®−−¥ªâ®à comme ¢ ¤�−−®¬ ª®−â¥ªáâ¥ ¢ëà�¦�¥â «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ ¯à¨-
ç¨−ë ¨ ¯¥à¥¢®¤¨âáï ª�ª ú¯®â®¬ã ª�ªû).

‘à�¢−¥−¨¥ à¥§ã«ìâ�â®¢ Œ� ¢ â�¡«. 1 ¨ 2 £®¢®à¨â ® â®¬, çâ® ®¤−® ¨ â® ¦¥
¯à¥¤«®¦¥−¨¥ ¢ à�§−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¬®¦¥â ¡ëâì ¯¥à¥¢¥¤¥−® á¨áâ¥¬®© Œ� ¯®-
à�§−®¬ã. �®«¥¥ â®£®, ¢ ¯à®¢¥¤¥−−®¬ íªá¯¥à¨¬¥−â¥ ¤®«ï ¯à¥¤«®¦¥−¨©, ¯¥à¥¢®¤ë
ª®â®àëå −¥ ¬¥−ï«¨áì ¢ â¥ç¥−¨¥ ®¤−®£® £®¤�, ¡ë«� à�¢−� ¢á¥£® 2% [17].

�® ¨â®£�¬ �−−®â¨à®¢�−¨ï ¬−®£®ªà�â−®£® Œ� ¢ ��„ ¡ë« ¯®«ãç¥− ¬�áá¨¢
íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå, ª®â®àë© ¨á¯®«ì§®¢�«áï ¤«ï ¨áá«¥¤®¢�−¨ï â¥¬¯®-
à�«ì−®© áâ�¡¨«ì−®áâ¨ Œ� ¨ ¨−â¥à¢�«ì−®© ®æ¥−ª¨ ¥£® ª�ç¥áâ¢�. ‚ ��„ ¤«ï
ª�¦¤®£® ¨§ 250 â¥áâ®¢ëå ¯à¥¤«®¦¥−¨© ¡ë«� §�ä¨ªá¨à®¢�−� á¥à¨ï ¨§ 12 ¢¥àá¨©
Œ� ¨, á®®â¢¥âáâ¢¥−−®, áä®à¬¨à®¢�−® 12 �−−®â�æ¨©. ’�ª¨¬ ®¡à�§®¬, ¢á¥-
£® ¢ ��„ ¡ë«® áä®à¬¨à®¢�−® 3000 �−−®â�æ¨© á àã¡à¨ª�¬¨ à�áá¬�âà¨¢�¥¬®©
ª«�áá¨ä¨ª�æ¨¨.
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3 Фасетная классификация

÷ã¡à¨ª¨, ¯à¥¤áâ�¢«¥−−ë¥ ¢ áâ®«¡æ�å 2 ¨ 4 â�¡«. 2, ï¢«ïîâáï í«¥¬¥−â�¬¨
ª«�áá¨ä¨ª�æ¨©, ®á−®¢�−−ëå −� ä�á¥â−®¬ ¯à¨−æ¨¯¥ [22] | ®¤−®¬ ¨§ −�¨¡®-
«¥¥ ¯à®¤ãªâ¨¢−ëå ¯à¨−æ¨¯®¢ ¯à¨ ¬−®£®�á¯¥ªâ−®¬ ¯à¥¤áâ�¢«¥−¨¨ §−�−¨© [23].
”®à¬¨à®¢�−¨¥ (¢ë¤¥«¥−¨¥) ä�á¥â®¢ ª«�áá¨ä¨ª�æ¨¨ ¨ ¯®¯®«−¥−¨¥ ¨å àã¡à¨ª�¬¨
¢ à�¬ª�å ¯à®¢¥¤¥−−®£® íªá¯¥à¨¬¥−â� ®áãé¥áâ¢«ï«®áì ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥-
áª®£® �−−®â¨à®¢�−¨ï [24] ¨áå®¤−ëå â¥ªáâ®¢ëå äà�£¬¥−â®¢ á ¤¢ãåª®¬¯®−¥−â−ë¬
ª®−−¥ªâ®à®¬ ¨ ¨å Œ�.

�à¨ �−−®â¨à®¢�−¨¨ ¡ë«¨ §�¤¥©áâ¢®¢�−ë àã¡à¨ª¨ 8-ä�á¥â−®© ª«�áá¨ä¨ª�-
æ¨¨ ¤«ï §�¯®«−¥−¨ï 2-£® áâ®«¡æ� ¨ 10-ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨ ¤«ï 4-£® áâ®«¡æ�
�−−®â�æ¨© (á¬. â�¡«. 2). �à¨ íâ®¬ ¢ ¯à®¢¥¤¥−−®¬ íªá¯¥à¨¬¥−â¥ ¡ë«¨ ¢ë¤¥«¥−ë
®á−®¢−ë¥ ä�á¥âë ¢ ®¡¥¨å ª«�áá¨ä¨ª�æ¨ïå. ’�ª¨¬ ®¡à�§®¬, 8-ä�á¥â−�ï ª«�áá¨-
ä¨ª�æ¨ï ¢ª«îç�«� 1 ®á−®¢−®© ¨ 7 ¤®¯®«−¨â¥«ì−ëå ä�á¥â®¢, � 10-ä�á¥â−�ï |
1 ®á−®¢−®© ¨ 9 ¤®¯®«−¨â¥«ì−ëå ä�á¥â®¢.

�®á«¥ §�¢¥àè¥−¨ï íªá¯¥à¨¬¥−â� ¨ ®¯à¥¤¥«¥−¨ï àã¡à¨ª ¢¥àå−¨© (¯¥à¢ë©)
ãà®¢¥−ì ¢ 8-ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨ ¢ª«îç�« 7 àã¡à¨ª, � ¢ 10-ä�á¥â−®© ª«�á-
á¨ä¨ª�æ¨¨ ®− ¢ª«îç�« 9 àã¡à¨ª. ��§¢�−¨ï àã¡à¨ª ¢¥àå−¨å ãà®¢−¥©, � â�ª¦¥
ç¨á«® àã¡à¨ª ¢â®à®£® ãà®¢−ï ¯à¨¢¥¤¥−ë ¢ â�¡«. 3 ¨ 4 á®®â¢¥âáâ¢¥−−® (ç¨á«®¢ë¥
§−�ç¥−¨ï ¢ â�¡«¨æ�å ¯à¨¢®¤ïâáï ¯® á®áâ®ï−¨î −� 21.07.2021).

��àï¤ã á àã¡à¨ª�¬¨ ®á−®¢−ëå ä�á¥â®¢ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¨á¯®«ì§®-
¢�«¨áì àã¡à¨ª¨ ¨ −¥®á−®¢−ëå (¤®¯®«−¨â¥«ì−ëå) ä�á¥â®¢ ®¡¥¨å ª«�áá¨ä¨ª�æ¨©.
‚ íªá¯¥à¨¬¥−â¥ ¡ë«¨ §�¤¥©áâ¢®¢�−ë 7 −¥®á−®¢−ëå ä�á¥â®¢ ¢ 8-ä�á¥â−®© ª«�á-
á¨ä¨ª�æ¨¨ ¨ 9 | ¢ 10-ä�á¥â−®©. ��§¢�−¨ï ¤®¯®«−¨â¥«ì−ëå ä�á¥â®¢ ¢ ®¡¥¨å
ª«�áá¨ä¨ª�æ¨ïå, � â�ª¦¥ ç¨á«® ¨å àã¡à¨ª, ¯à¨¢¥¤¥−ë ¢ â�¡«. 5 ¨ 6 á®®â¢¥âáâ-
¢¥−−®.

Š«îç¥¢ãî à®«ì ¯à¨ ¨−â¥à¢�«ì−®© ®æ¥−ª¥ â¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâ¨ á¨áâ¥¬
Œ� ¨£à�¥â ¢ëï¢«¥−¨¥ ¤®¯ãé¥−−ëå ¨¬¨ ®è¨¡®ª ¨ ®¯à¥¤¥«¥−¨¥ ¢¨¤� íâ¨å ®è¨-
¡®ª. ‚ â�¡«. 7 ¯à¥¤áâ�¢«¥−� âà¥âìï ¢¥àá¨ï ¢®áì¬®£® ¤®¯®«−¨â¥«ì−®£® ä�á¥â�
ú�è¨¡ª¨û 10-ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨, à�§à�¡®â�−−�ï ¢ å®¤¥ íªá¯¥à¨¬¥−â�.

’�¡«¨æ� 3 �á−®¢−®© ä�á¥â 8-ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨

ü ÷ã¡à¨ª� ¯¥à¢®£® ãà®¢−ï —¨á«® àã¡à¨ª ¢â®à®£® ãà®¢−ï
1 �¤−®í«¥¬¥−â−ë¥ ª®−−¥ªâ®àë 68
2 Œ−®£®í«¥¬¥−â−ë¥ 719
3 „¢ãåª®¬¯®−¥−â−ë¥ 595
4 Œ−®£®ª®¬¯®−¥−â−ë¥ 119
5 Š®¬¡¨−¨à®¢�−−ë¥ 7
6 �ã−ªâã�æ¨ï (¢ äã−ªæ¨¨ ª®−−¥ªâ®à�) 2 (¤¢®¥â®ç¨¥ ¨ â¨à¥)

7
Zero («®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥
¢ ¨áå®¤−®¬ â¥ªáâ¥ ¥áâì, −® −¥â
ª®−−¥ªâ®à� ª�ª ¯®ª�§�â¥«ï ®â−®è¥−¨ï)

3
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’�¡«¨æ� 4 �á−®¢−®© ä�á¥â 10-ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨

ü ÷ã¡à¨ª� ¯¥à¢®£® ãà®¢−ï —¨á«® àã¡à¨ª ¢â®à®£® ãà®¢−ï
1 �¤−®í«¥¬¥−â−ë¥ ª®−−¥ªâ®àë 49
2 Œ−®£®í«¥¬¥−â−ë¥ 629
3 „¢ãåª®¬¯®−¥−â−ë¥ 396
4 Œ−®£®ª®¬¯®−¥−â−ë¥ 97
5 Š®¬¡¨−¨à®¢�−−ë¥ 119
6 �ã−ªâã�æ¨ï (¢ äã−ªæ¨¨ ª®−−¥ªâ®à�) 2 (¤¢®¥â®ç¨¥ ¨ â¨à¥)
7 �âà¨æ�−¨¥ 223

8
Zero (¢ ¯¥à¥¢®¤¥ ®âáãâáâ¢ã¥â ª®−−¥ªâ®à
¤«ï ¯¥à¥¤�ç¨ «®£¨ª®-á¥¬�−â¨ç¥áª®£®
®â−®è¥−¨ï ¨áå®¤−®£® â¥ªáâ�)

2

9 Error 352

”�á¥â á®¤¥à¦¨â 19 àã¡- ’�¡«¨æ� 5 ��§¢�−¨ï 7 ¤®¯®«−¨â¥«ì−ëå ä�á¥â®¢ 8-ä�-
á¥â−®© ª«�áá¨ä¨ª�æ¨¨

ü ”�á¥â
—¨á«®
àã¡à¨ª

1 �â−®è¥−¨ï 57
2 Š®¬¡¨−¨à®¢�−−ë¥ ®â−®è¥−¨ï 9
3 ‘âàãªâãà� 11
4 �®§¨æ¨ï 3
5 �®àï¤®ª 9
6 ‘â�âãá 5
7 ÷�á¯®«®¦¥−¨¥ 2

’�¡«¨æ� 6 ��§¢�−¨ï 9 ¤®¯®«−¨â¥«ì−ëå ä�á¥â®¢ 10-ä�-
á¥â−®© ª«�áá¨ä¨ª�æ¨¨

ü ”�á¥â
—¨á«®
àã¡à¨ª

1 �â−®è¥−¨ï 56
2 Š®¬¡¨−¨à®¢�−−ë¥ ®â−®è¥−¨ï 3
3 ‘âàãªâãà� 9
4 �®§¨æ¨ï 3
5 �®àï¤®ª 9
6 ‘â�âãá 5
7 ÷�á¯®«®¦¥−¨¥ 2
8 �è¨¡ª¨ 22
9 ‚¨¤ë â¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâ¨ Œ� 6

à¨ª ®è¨¡®ª ¯¥à¥¢®¤�, −¥
áç¨â�ï àã¡à¨ª¨ NoEr-
ror (®âáãâáâ¢¨¥ ®è¨¡®ª
¢ Œ�). ‚á¥ 19 àã¡à¨ª
ä�á¥â� ú�è¨¡ª¨û ¤¥«ïâ-
áï −� ¤¢¥ £àã¯¯ë. �¥à-
¢�ï å�à�ªâ¥à¨§ã¥â ®¡é¥-
ï§ëª®¢ë¥ ®è¨¡ª¨, ªã¤�
¢å®¤ïâ, −�¯à¨¬¥à, ®è¨¡-
ª¨ −� ãà®¢−¥ £à�¬¬�â¨-
ª¨, «¥ªá¨ª¨, ¯ã−ªâã�æ¨¨
¨ ¤à. (¢ â�¡«. 7 íâ® áâà®-
ª¨ 1{11). ‚â®à�ï |
ª�â¥£®à¨©−® ®¡ãá«®¢«¥−-
−ë¥ ®è¨¡ª¨ (¢ â�¡«. 7
íâ® áâà®ª¨ 12{19), ª®-
â®àë¥ á¢ï§�−ë á ª®−-
ªà¥â−ë¬ â¨¯®¬ ï§ëª®¢ëå
¥¤¨−¨æ, ¢ë¡à�−−ë¬ ¤«ï
¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−-
â� (§¤¥áì íâ® ª®−−¥ªâ®àë
àãááª®£® ï§ëª�).

�® §�¢¥àè¥−¨¨ �−−®-
â¨à®¢�−¨ï ¢á¥å 12 ¢¥àá¨©
¯¥à¥¢®¤� ®¤−®£® ¯à¥¤«®-
¦¥−¨ï �−−®â�â®à ¯¥à¥å®¤¨â ª ¨−â¥à¢�«ì−®© ®æ¥−ª¥ â¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâ¨
¥£® Œ�. ’�ª�ï ®æ¥−ª� ¯à¥¤¯®«�£�¥â ¢ëï¢«¥−¨¥ ¨§¬¥−¥−¨© (¯®¢ëè¥−¨¥/á−¨¦¥-
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’�¡«¨æ� 7 ÷ã¡à¨ª¨ ä�á¥â� ú�è¨¡ª¨û 10-ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨

�è¨¡ª¨
ü

àã¡-
à¨ª¨

��§¢�−¨¥ àã¡à¨ª¨ Š®¤ àã¡à¨ª¨

�¡é¥-
ï§ëª®¢ë¥

1 ‚á¥ ¯à¥¤«®¦¥−¨¥ �£à�¬¬�â¨ç−® AgramTotal

2
Œ®àä®«®£¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�,
−¥ ¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬ ErrorMorph

3
Œ®àä®«®£¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�,
¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬ ErrorMorphPostCNT

4
‘¨−â�ªá¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�,
−¥ ¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬ ErrorSyntax

5
‘¨−â�ªá¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�,
¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬ ErrorSyntaxPostCNT

6
‹¥ªá¨ç¥áª�ï ®è¨¡ª�, ¨áª�¦¥−¨¥ á¬ëá«�
¢ ¯¥à¥¢®¤¨¬®¬ äà�£¬¥−â¥ ErrorSemant

7 �ã−ªâã�æ¨®−−�ï ®è¨¡ª� ErrorPunct
8 ‘«®¢� ª¨à¨««¨æ¥© ¢ ¯¥à¥¢®¤¥ Cyrillic

9
÷ãááª®¥ á«®¢® «�â¨−áª¨¬ èà¨äâ®¬
(âà�−á«¨â¥à�æ¨ï) Latin

10 �à®¯ãáª äà�£¬¥−â� â¥ªáâ� Lacuna
11 ˆ§¡ëâ®ç−ë© ¯¥à¥¢®¤ Pleonasm

Š�â¥£®-
à¨©−®

®¡ãá«®¢-
«¥−−ë¥

12
�¥à¥¢¥¤¥−� ¯¥à¢�ï ç�áâì
−¥®¤−®á«®¢−®£® ª®−−¥ªâ®à� TrPart1CNT

13
�¥à¥¢¥¤¥−� ¢â®à�ï ç�áâì −¥®¤−®á«®¢−®£®
ª®−−¥ªâ®à� TrPart2CNT

14
�¥à¢�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à�
¯¥à¥¢¥¤¥−� ®è¨¡®ç−® ErrorPart1CNT

15
‚â®à�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à�
¯¥à¥¢¥¤¥−� ®è¨¡®ç−® ErrorPart2CNT

16
Š®−−¥ªâ®à ¯¥à¥¢¥¤¥− −¥áãé¥áâ¢ãîé¥©
ï§ëª®¢®© ¥¤¨−¨æ¥© ErrorTotalCNT

17
Š®−−¥ªâ®à ®è¨¡®ç−® §�¬¥−¥− ï§ëª®¢®©
¥¤¨−¨æ¥©, −¥ ï¢«ïîé¥©áï ª®−−¥ªâ®à®¬ ErrorMorphCNT

18 �àä®£à�ä¨ç¥áª�ï ®è¨¡ª� ¢ ä®à¬¥ ª®−−¥ªâ®à� ErrorOrthCNT
19 ‘¥¬�−â¨ç¥áª�ï ®è¨¡ª� ¢ ¢ë¡®à¥ ª®−−¥ªâ®à� ErrorCNT

−¨¥/ª®«¥¡�−¨¥ ª�ç¥áâ¢�) ¢ ¯¥à¥¢®¤¥ −� §�¤�−−®¬ ¨−â¥à¢�«¥ ¨ ®¯à¥¤¥«¥−¨¥ ¢¨¤�
â¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâ¨ Œ�. Œ¥¦¤ã â¥¬ ¢ à�§−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¯¥à¥¢®¤
®¤−®£® ¨ â®£® ¦¥ ¨áå®¤−®£® â¥ªáâ� ¬®¦¥â á®¤¥à¦�âì à�§−®¥ ç¨á«® ¨ −�¡®à ®è¨¡®ª
¨«¨ −¥ á®¤¥à¦�âì ¨å ¢®¢á¥.

’¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâìî Œ� ¯à¥¤«�£�¥âáï áç¨â�âì áâ�¡¨«ì−®áâì á®¤¥à-
¦�−¨ï ¯¥à¥¢®¤� (¨ ¥£® ª�ç¥áâ¢�) ¢® ¢à¥¬¥−¨ (áà. ¯®¤®¡−ãî âà�ªâ®¢ªã â¥¬¯®à�«ì-
−®© áâ�¡¨«ì−®áâ¨ ¢ [25]). �à¨ íâ®¬ á«¥¤ã¥â à�§«¨ç�âì â¥¬¯®à�«ì−ãî áâ�¡¨«ì−®áâì
Œ� ¨ â¥¬¯®à�«ì−ãî à®¡�áâ−®áâì, áç¨â�ï ¯®á«¥¤−îî, ª�ª ¢ [26], á¯®á®¡−®áâìî
á¨áâ¥¬ë Œ� ¯à®ï¢«ïâì äã−ªæ¨®−�«ì−ãî ãáâ®©ç¨¢®áâì ª ¢−¥è−¨¬ ¢®§¬ãé¥−¨-

150 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 3 2021



�ªá¯¥àâ−�ï ®æ¥−ª� ¬�è¨−−®£® ¯¥à¥¢®¤�: ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª

’�¡«¨æ� 8 ÷ã¡à¨ª¨ ä�á¥â� ú‚¨¤ë â¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâ¨
Œ�û 10-ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨

ü ��§¢�−¨¥ àã¡à¨ª¨
1 �®¢ëè¥−¨¥ ª�ç¥áâ¢� Œ�
2 ‘−¨¦¥−¨¥ ª�ç¥áâ¢� Œ�
3 Š®«¥¡�−¨¥ ª�ç¥áâ¢� Œ�
4 ˆ§¬¥−¥−¨¥ −�¡®à� ®è¨¡®ª ¢ Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�
5 ˆ§¬¥−¥−¨¥ Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�
6 Œ� ¡¥§ ¨§¬¥−¥−¨©

ï¬ | ®è¨¡ª�¬, ®¯¥ç�âª�¬, ¯à®¯ãáª�¬ â¥ªáâ� ¨ â. ¤. ¢® ¢å®¤−ëå ¤�−−ëå. ‡¤¥áì,
®¤−�ª®, áä®ªãá¨àã¥¬áï −� â¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâ¨ Œ�.

‚ ¨−â¥à¢�«ì−®© ®æ¥−ª¥ áâ�¡¨«ì−®áâ¨ Œ� ¬®¦−® ¢ë¤¥«¨âì ¤¢� íâ�¯�. ‘−�ç�«�
�−−®â�â®à ¯à®¢®¤¨â �−�«¨§ ®è¨¡®ª (¥á«¨ â�ª®¢ë¥ ¨¬¥îâáï) ¢® ¢á¥å ¢¥àá¨ïå Œ�
®¤−®£® ¯à¥¤«®¦¥−¨ï. …¬ã/¥© âà¥¡ã¥âáï ¯à®�−�«¨§¨à®¢�âì ª�ª ç¨á«® ®è¨¡®ª, â�ª
¨ ¨å ¢¨¤ë. �−�«¨§ ®è¨¡®ª ¯à®¢®¤¨âáï ¯®á«¥¤®¢�â¥«ì−®, −�ç¨−�ï á á�¬®© à�−−¥©
¢¥àá¨¨ �Œ�, â. ¥. ¤¢¨£�ïáì ®â 1-£® ª 12-¬ã íâ�¯ã íªá¯¥à¨¬¥−â�.

�� ®á−®¢�−¨¨ ¯à®¢¥¤¥−−®£® �−�«¨§� �−−®â�â®à ®æ¥−¨¢�¥â ¤¨−�¬¨ªã ®è¨¡®ª
¢® ¢à¥¬¥−¨ ¨ ¯à®áâ�¢«ï¥â ®¤−ã ¨§ ¯ïâ¨ àã¡à¨ª, å�à�ªâ¥à¨§ãîé¨å â¥¬¯®à�«ì−ãî
áâ�¡¨«ì−®áâì Œ� (á¬. ¯¥à¢ë¥ ¯ïâì áâà®ª ¢ â�¡«. 8), ¨«¨ è¥áâãî àã¡à¨ªã
úŒ� ¡¥§ ¨§¬¥−¥−¨©û | ¤«ï á¥à¨© ¯¥à¥¢®¤®¢ ¡¥§ ¨§¬¥−¥−¨©. �â¨ àã¡à¨ª¨
¯à®áâ�¢«ïîâáï ¢ �−−®â�æ¨¨ ¯®á«¥¤−¨¬¨ ¯® ¢à¥¬¥−¨, â. ¥. ¢ 12-© ¢¥àá¨¨ ¯¥à¥¢®¤�,
−® å�à�ªâ¥à¨§ãîâ ®−¨ ¢áî ¯¥à¥¢®¤−ãî á¥à¨î.

…á«¨ ¯à¨ ®æ¥−ª¥ ª�ç¥áâ¢� ¯¥à¥¢®¤� ã �−−®â�â®à� ¢®§−¨ª�îâ §�âàã¤−¥−¨ï, â®
¯à¨¢«¥ª�¥âáï ¬−¥−¨¥ íªá¯¥àâ�. �−�«¨§ ®è¨¡®ª ¢ Œ� ¨ ¯à®¢¥àª� à¥§ã«ìâ�â®¢
�−−®â¨à®¢�−¨ï ®áãé¥áâ¢«ï«¨áì ®¤−¨¬ �−−®â�â®à®¬ ¨ ®¤−¨¬ íªá¯¥àâ®¬, ¯®íâ®¬ã
¨§¬¥à¥−¨¥ ª®íää¨æ¨¥−â� á®£«�á¨ï ¬¥¦¤ã íªá¯¥àâ�¬¨ −¥ ¢ë¯®«−ï«®áì.

�ªá¯¥à¨¬¥−â ¯® ¨−â¥à¢�«ì−®© ®æ¥−ª¥ ¯®§¢®«¨« ¯®«ãç¨âì ª®«¨ç¥áâ¢¥−−ë¥
¤�−−ë¥ à�á¯à¥¤¥«¥−¨ï �−−®â�æ¨© ¯® àã¡à¨ª�¬ ¤¥¢ïâ®£® ä�á¥â� 10-ä�á¥â−®©
ª«�áá¨ä¨ª�æ¨¨, å�à�ªâ¥à¨§ãîé¨¬ â¥¬¯®à�«ì−ãî áâ�¡¨«ì−®áâì Œ� (â�¡«. 9).

��¨¡®«ìè¥¥ §−�ç¥−¨¥ ¨−¤¨ª�â®à� (30,8% �−−®â�æ¨©) ã âà¥âì¥© àã¡à¨ª¨, å�-
à�ªâ¥à¨§ãîé¥© ª®«¥¡�−¨¥ ª�ç¥áâ¢� Œ�. �� ¢â®à®¬ ¬¥áâ¥ ¯® ç¨á«ã �−−®â�æ¨© |
¯¥à¢�ï àã¡à¨ª�, å�à�ªâ¥à¨§ãîé�ï ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ¯¥à¥¢®¤� (27,6% ¢á¥å
�−−®â�æ¨©). ’�ª®¥ á®®â−®è¥−¨¥ ª�â¥£®à¨©, ¢®§¬®¦−®, £®¢®à¨â ® â®¬, çâ® ¯® ¬¥à¥
®¡ãç¥−¨ï á¨áâ¥¬ë Œ� ª�ç¥áâ¢® ¯¥à¥¢®¤� −¥ ¢á¥£¤� ¨§¬¥−ï¥âáï â®«ìª® ¢ áâ®à®−ã
¯®¢ëè¥−¨ï ¨«¨ á−¨¦¥−¨ï. �−® ª®«¥¡«¥âáï, â. ¥. ç¨á«® ¤®¯ãé¥−−ëå ¢ ¯¥à¥¢®¤¥
®è¨¡®ª à�áâ¥â ¨«¨ ã¬¥−ìè�¥âáï, ¯à¨ íâ®¬ ¨å á®áâ�¢ ¬®¦¥â ¬¥−ïâìáï.

‡�â¥¬ á«¥¤ãîâ ¯ïâ�ï àã¡à¨ª�, å�à�ªâ¥à¨§ãîé�ï ¨§¬¥−¥−¨¥ Œ� ¡¥§ ¤¨−�¬¨ª¨
¥£® ª�ç¥áâ¢� (16,4%), ¨ ç¥â¢¥àâ�ï àã¡à¨ª�, å�à�ªâ¥à¨§ãîé�ï ¨§¬¥−¥−¨¥ −�¡®à�
®è¨¡®ª ¢ ¯¥à¥¢®¤¥ ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� (13,6%). �â¬¥â¨¬, çâ® ç¨á«®
�−−®â�æ¨© á ¯¥à¢®© àã¡à¨ª®© ¯à¨¡«¨§¨â¥«ì−® à�¢−® ç¨á«ã �−−®â�æ¨© á ¯ïâ®©
¨ ç¥â¢¥àâ®© àã¡à¨ª�¬¨, � â�ª¦¥ ç¨á«ã �−−®â�æ¨© á âà¥âì¥© àã¡à¨ª®©. �®
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’�¡«¨æ� 9 ‡−�ç¥−¨ï ¨−¤¨ª�â®à®¢ ¨−â¥à¢�«ì−®© ®æ¥−ª¨

ü
÷ã¡à¨ª� ä�á¥â�

ú‚¨¤ë â¥¬¯®à�«ì−®© áâ�¡¨«ì−®áâ¨ Œ�û
—¨á«®

�−−®â�æ¨©

„®«ï
®â ®¡é¥£® ç¨á«�
�−−®â�æ¨© (3000)

ª�ª §−�ç¥−¨¥
¨−¤¨ª�â®à�

1 �®¢ëè¥−¨¥ ª�ç¥áâ¢� Œ� 828 27,6%
2 ‘−¨¦¥−¨¥ ª�ç¥áâ¢� Œ� 288 9,6%
3 Š®«¥¡�−¨¥ ª�ç¥áâ¢� Œ� 924 30,8%

4
ˆ§¬¥−¥−¨¥ −�¡®à� ®è¨¡®ª ¢ Œ�
¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� 408 13,6%

5 ˆ§¬¥−¥−¨¥ Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� 492 16,4%
6 Œ� ¡¥§ ¨§¬¥−¥−¨© 60 2,0%

áà�¢−¥−¨î á ¯¥à¢®© àã¡à¨ª®© ¢ 3 à�§� ¬¥−ìè¥ �−−®â�æ¨© ¯à¨å®¤¨âáï −� ¢â®àãî
àã¡à¨ªã, å�à�ªâ¥à¨§ãîéãî á−¨¦¥−¨¥ ª�ç¥áâ¢� ¯¥à¥¢®¤� (9,6%). ‘â�¡¨«ì−ë¬¨
−� ¯à®âï¦¥−¨¨ ¢á¥£® íªá¯¥à¨¬¥−â� ®áâ�¢�«¨áì 2% ¯¥à¥¢®¤®¢.

4 Заключение

ƒ«�¢−®¥ ®â«¨ç¨¥ ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª Œ�, ®¯¨á�−−®© ¢ áâ�âì¥, ®â áãé¥-
áâ¢ãîé¨å ª«�áá¨ä¨ª�æ¨© §�ª«îç�¥âáï ¢ â®¬, çâ® ®−� −�æ¥«¥−� −� ®¡¥á¯¥ç¥−¨¥
¨−â¥à¢�«ì−®© ®æ¥−ª¨ ¤«ï á¨áâ¥¬ �Œ�, ª�ç¥áâ¢® à�¡®âë ª®â®àëå ¨§¬¥−ï¥âáï ¢®
¢à¥¬¥−¨: ¯®¢ëè�¥âáï, ª®«¥¡«¥âáï ¨«¨ á−¨¦�¥âáï.

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®§¢®«¨« ®¯à¥¤¥«¨âì ®á−®¢−ë¥ ¢¨¤ë ¨§¬¥−¥−¨©
¢ ª�ç¥áâ¢¥ Œ� ¨ ¢ëç¨á«¨âì §−�ç¥−¨ï ¨−¤¨ª�â®à®¢ ¥£® ¨−â¥à¢�«ì−®© ®æ¥−ª¨.
��¨¡®«ìè¥¥ §−�ç¥−¨¥ ®ª�§�«®áì ã ¨−¤¨ª�â®à� àã¡à¨ª¨, å�à�ªâ¥à¨§ãîé¥© ª®«¥-
¡�−¨¥ ª�ç¥áâ¢� Œ�. �â® ¬®¦¥â á¢¨¤¥â¥«ìáâ¢®¢�âì ® â®¬, çâ® á® ¢à¥¬¥−¥¬ ª�ç¥áâ¢®
à�¡®âë á¨áâ¥¬ë Œ� −¥ ¢á¥£¤� ¯®¢ëè�¥âáï ¨«¨ ¯®−¨¦�¥âáï. �−® ¬®¦¥â ª®«¥¡�âì-
áï, � á®áâ�¢ ¨ ç¨á«® ®è¨¡®ª | ¬¥−ïâìáï. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¨ ¨§«®¦¥−−ë¥
¢ë¢®¤ë ¯®¤â¢¥à¦¤�îâ �ªâã�«ì−®áâì ¤�«ì−¥©è¥£® ¨áá«¥¤®¢�−¨ï â¥¬¯®à�«ì−®©
áâ�¡¨«ì−®áâ¨ Œ� −� ¬�â¥à¨�«¥ ¤àã£¨å ï§ëª®¢ëå ¯�à ¨ −�¯à�¢«¥−¨© ¯¥à¥¢®¤�.
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Abstract: The paper considers the error classification applied in the expert
evaluation of the machine translation quality. The classification includes common
error headings (for errors at the level of grammar, vocabulary, punctuation, etc.)
as well as headings that are associated with a specific type of linguistic unit
selected for evaluating the machine translation quality. The quality evaluation
is performed by experts as they linguistically annotate machine translation
outcomes. If, while annotating, an expert finds errors, then headings, necessary
to characterize these errors, are included in the annotation. The headings allow
one to calculate the relative frequency of machine translation errors for the
array of test sentences selected for translation and quality evaluation. The
main goal of the paper is to describe the proposed classification of common and
specific errors. The principal difference of the classification from the existing
error classifications is that it is aimed at backing interval evaluation for machine
translation systems, whose quality of work may vary over time. The headings
of the proposed classification allow experts to record both improvements and
decreases in machine translation quality at a given time interval.
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ИСПОЛЬЗОВАНИЕ ГЕОИНФОРМАЦИОННЫХ СИСТЕМ
В ТЕХНОЛОГИИ ПОДДЕРЖКИ КОНКРЕТНО-ИСТОРИЧЕСКИХ

ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î à�á¯à¥¤¥«¥−−®© â¥å-
−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ), ®á−®-
¢�−−®© −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£
−¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©.
÷�§¢¨â¨¥ ®áãé¥áâ¢«ï¥âáï §� áç¥â ¨−â¥£à�æ¨¨ á £¥®¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥-
¬�¬¨ (ƒˆ‘), â¥−¤¥−æ¨ï ¯à¨¬¥−¥−¨ï ª®â®àëå ¢ ¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå
−�¬¥â¨«�áì ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï. �à®¢¥¤¥− �−�«¨§ ¯à®¡«¥¬ ¨−â¥£à�æ¨¨ ƒˆ‘
¢ à�áá¬�âà¨¢�¥¬ãî â¥å−®«®£¨î ¨ ®¯¨á�−¨î á¯®á®¡®¢ ¨å à¥è¥−¨ï. �à®�−�«¨-
§¨à®¢�−ë §�¤�ç¨ ¨ ®á®¡¥−−®áâ¨ ƒˆ‘ ¢ ¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨, ®æ¥−¥−�
¢®§¬®¦−®áâì ¨ ¯¥àá¯¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¬¥å�−¨§¬� £¥®åà®−®«®£¨ç¥-
áª®£® âà¥ª¨−£�. �ë«¨ ¯à®�−�«¨§¨à®¢�−ë ¢®§¬®¦−ë¥ ¯à®¡«¥¬ë ¢ª«îç¥−¨ï
í«¥¬¥−â®¢ ƒˆ‘ ¢ â¥å−®«®£¨î, ¢ëâ¥ª�îé¨¥ ¨§ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®-¨áâ®-
à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï. �ë«¨ ¯à¥¤«®¦¥−ë ¬¥â®¤ë à¥è¥−¨ï ¢ëï¢«¥−−ëå
¯à®¡«¥¬, ®¯¨á�−� −¥®¡å®¤¨¬�ï ¬®¤¨ä¨ª�æ¨ï ®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨,
¯à¥¤ãá¬�âà¨¢�îé�ï ¢¢¥¤¥−¨¥ ¢ −¥¥ −®¢®£® â¨¯� ¤�−−ëå, á«ã¦�é¥£® ¤«ï á¢ï§¨
í«¥¬¥−â®¢ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ á ª�àâ®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¥©.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; ƒˆ‘; ¬®¤¥«ì ¤�−−ëå; £¥®åà®−®«®£¨ç¥áª¨© âà¥ª¨−£
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1 Введение

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© áâ�«� ®¤−®© ¨§ �ªâã�«ì-
−ëå §�¤�ç á®¢à¥¬¥−−®áâ¨, çâ® ®¡ãá«®¢«¥−® ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨©
¯à®æ¥áá −¥ â®«ìª® ç«¥−®¢ ¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�-
¬ëå è¨à®ª¨å á«®¥¢ −¥¯à®ä¥áá¨®−�«®¢ ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ¨−â¥à¥á®¬
ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨ [1].

‚ [2, 3] ®¯¨á�−� à�§à�¡®â�−−�ï ¢ ”ˆ– ˆ“ ÷�� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï
�Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨-
à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©). „�−−ë¥
¢ íâ®© â¥å−®«®£¨¨ ®à£�−¨§®¢�−ë ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨. “§«ë á¥â¨ ¯à¥¤-
áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë ®¡ê¥ªâ®¢. ”�ªâë §�¤�îâáï

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

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Volkov@amsd.com
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ˆá¯®«ì§®¢�−¨¥ ƒˆ‘ ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

§−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§
á¥â¨ ª«�áá®¢ [4].

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï −�¬¥â¨«�áì â¥−¤¥−æ¨ï ¯à¨¬¥−¥−¨ï ƒˆ‘ ¢ ¨áâ®à¨ç¥áª¨å
¨áá«¥¤®¢�−¨ïå. �®«®¦¥−¨¥ ® â®¬, çâ® ¯à¨ ¨áâ®à¨ç¥áª®¬ �−�«¨§¥ ¢à¥¬ï −¥¢®§-
¬®¦−® à�áá¬�âà¨¢�âì ®â¤¥«ì−® ®â ¯à®áâà�−áâ¢�, áâ�−®¢¨âáï −¥®âê¥¬«¥¬®© ç�áâìî
¬¥−â�«¨â¥â� ¨áâ®à¨ª�-¨áá«¥¤®¢�â¥«ï ¨ ¯®«−®æ¥−−®© ¬¥â®¤®«®£¨ç¥áª®© ¯®áë«ª®©
¨§ãç¥−¨ï, ¨−â¥à¯à¥â�æ¨¨ ¨ −�ãç−®£® ¨§«®¦¥−¨ï ¨áâ®à¨ç¥áª¨å á®¡ëâ¨©. ƒ¥®¨−-
ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë è¨à®ª® ¯à¨¬¥−ïîâáï ¢ à�§«¨ç−ëå −�¯à�¢«¥−¨ïå ¨áâ®-
à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, £«�¢−ë¬ ãá«®¢¨¥¬ ª®â®àëå ï¢«ï¥âáï ¯à®áâà�−áâ¢¥−−�ï
¯à¨¢ï§ª� [5]. �âáî¤� ¢ëâ¥ª�¥â ¯®âà¥¡−®áâì ¢® ¢ª«îç¥−¨¨ ¢ â¥å−®«®£¨î �Šˆˆ
áà¥¤áâ¢ á¡®à�, åà�−¥−¨ï, ®¡à�¡®âª¨ ¨ ®â®¡à�¦¥−¨ï ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå,
� â�ª¦¥ ¯®«ãç¥−¨¥ −� ¨å ®á−®¢¥ −®¢®© ¨−ä®à¬�æ¨¨ ¨ §−�−¨© ® ¯à®áâà�−áâ¢¥−−®-
ª®®à¤¨−¨à®¢�−−ëå ï¢«¥−¨ïå [6].

„�−−�ï áâ�âìï ¯®á¢ïé¥−� �−�«¨§ã ¯à®¡«¥¬ ¨−â¥£à�æ¨¨ ƒˆ‘ ¢ â¥å−®«®£¨î
�Šˆˆ ¨ ®¯¨á�−¨î á¯®á®¡®¢ ¨å à¥è¥−¨ï.

2 Задачи и особенности геоинформационных систем
в историческом исследовании

ˆáâ®ç−¨ª¨ £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¤«ï á®§¤�−¨ï ¨áâ®à¨ç¥áª¨å ƒˆ‘
ç¥à¯�îâáï −¥ â®«ìª® ¨§ á®¢à¥¬¥−−ëå ª�àâ®£à�ä¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨© â®© ¨«¨
¨−®© ç�áâ¨ ¯à®áâà�−áâ¢�. �¥ ¬¥−ìèãî, � ¯®¤ç�á ¨ §−�ç¨â¥«ì−® ¡�®«ìèãî à®«ì
§¤¥áì ¨£à�îâ ¨áâ®à¨ç¥áª¨¥ ¨áâ®ç−¨ª¨.

ˆáâ®à¨ª®-¡¨®£à�ä¨ç¥áª�ï ¨−ä®à¬�æ¨ï, ¯®«ãç�¥¬�ï ¨§ �àå¨¢−ëå ¨áâ®ç−¨-
ª®¢, ¯à¨ ª�¦ãé¥©áï ¥áâ¥áâ¢¥−−®© ã¯®àï¤®ç¥−−®áâ¨ å�à�ªâ¥à¨§ã¥âáï −¥¯®«−®â®©,
−¥ç¥âª®áâìî, � ç�áâ® ¨ −¥¤®áâ�â®ç−®© â®ç−®áâìî. �â¬¥ç�¥âáï ¨ â�ª®¥ ª�ç¥áâ¢®
£¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨, ª�ª ¥¥ ú¯®¢á¥¬¥áâ−®áâìû ¨ ¬−®¦¥áâ¢® ¯ãâ¥© ®â-
à�¦¥−¨ï ¢ à�§«¨ç−ëå ¢¨¤�å ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢, ª®â®àë¥ ¯®â¥−æ¨�«ì−®
¬®£ãâ á®áâ�¢¨âì ®á−®¢ã ¨áâ®à¨ç¥áª®© ƒˆ‘ [7].

‚ë¤¥«ïîâ è¥áâì −�¯à�¢«¥−¨© ¨á¯®«ì§®¢�−¨ï ƒˆ‘ ¢ ¨áâ®à¨ç¥áª¨å ¨áá«¥¤®-
¢�−¨ïå [8]:

(1) ƒˆ‘ ª�ª ¨−áâàã¬¥−â ¯à¥§¥−â�æ¨¨;

(2) ƒˆ‘ ª�ª ¨−áâàã¬¥−â ¨áá«¥¤®¢�−¨ï ®á®¡¥−−®áâ¥© à�§¢¨â¨ï à¥£¨®−�;

(3) ƒˆ‘ ª�ª ¨−áâàã¬¥−â ¨áâ®à¨ç¥áª®© à¥ª®−áâàãªæ¨¨;

(4) ƒˆ‘ ª�ª ¨−áâàã¬¥−â �−�«¨§� ¨áâ®à¨ç¥áª®£® ï¢«¥−¨ï (¯à®áâà�−áâ¢¥−−®-¨á-
â®à¨ç¥áª¨© �−�«¨§) ¨«¨ ¯à®æ¥áá� (¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®© �−�«¨§);

(5) ƒˆ‘ ª�ª ú¯®àâ�«û ¤«ï ¤®áâã¯� ª ¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨;

(6) ƒˆ‘ ª�ª ¨−áâàã¬¥−â, ®¡«¥£ç�îé¨© ¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ §� áç¥â ¯®-
¢â®à−®£® ¨á¯®«ì§®¢�−¨ï £¥®¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨.
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’¥å−®«®£¨ï �Šˆˆ ®¯¨à�¥âáï −� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨© ¨«¨ ¨¤¥®£à�ä¨-
ç¥áª¨© (−�àà�â¨¢−ë©) ¬¥â®¤ ¨áâ®à¨ç¥áª®£® ¯®§−�−¨ï ¨ ¯à¥¤−�§−�ç¥−� ¯à¥¦¤¥
¢á¥£® ¤«ï ä¨ªá¨à®¢�−¨ï ¢á¥å á®¡ëâ¨© ¨ ä�ªâ®¢ ¤«ï ¯®§−�−¨ï ¨áâ®à¨¨ ®¡ê¥ªâ�
¢ ¥¥ ª®−ªà¥â−ëå í¬¯¨à¨ç¥áª¨å ä®à¬�å [9]. „«ï íâ®£® ª«�áá� ¨áâ®à¨ç¥áª¨å
§�¤�ç âà¥¡ã¥âáï ®à¨¥−â�æ¨ï −� ¬¨ªà®�−�«¨§ ¯à®áâà�−áâ¢¥−−ëå ¯à®æ¥áá®¢, ¯à¥¤-
áâ�¢«¥−−ëå ¢ ¢¨¤¥ ¨−¤¨¢¨¤ã�«ì−ëå âà�¥ªâ®à¨© | ¢ ®â«¨ç¨¥ ®â áâ�¢è¨å ã¦¥
¯à¨¢ëç−ë¬¨ ƒˆ‘-¯à¨«®¦¥−¨© ¢ ¨áâ®à¨¨, ®â−®áïé¨åáï ª ¡®«¥¥ ¬�áèâ�¡−ë¬
¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ë¬ ¯¥à¥¬¥é¥−¨ï¬ (−�¯à¨¬¥à, ¯à¨ ¨§ãç¥−¨¨ áâàãªâãàë
¬¨£à�æ¨®−−ëå ¯®â®ª®¢).

’�ª¨¥ ¯®¤å®¤ë áãé¥áâ¢ãîâ. ƒ¥®åà®−®«®£¨ç¥áª¨© âà¥ª¨−£ ¯à¥¤áâ�¢«ï¥â
á®¡®© ¯à¨¬¥à â�ª®£® á¯¥æ¨�«¨§¨à®¢�−−®£® −�ãç−®-¬¥â®¤¨ç¥áª®£® ¨ ¯à®£à�¬-
¬−®-â¥å−®«®£¨ç¥áª®£® ¨−áâàã¬¥−â�à¨ï. �®áâà®¥−¨¥ £¥®åà®−®«®£¨ç¥áª®£® âà¥ª�
¨áâ®à¨ç¥áª®© «¨ç−®áâ¨ (¨−¤¨¢¨¤ãã¬�) ¨«¨ ¨áâ®à¨ç¥áª®£® ®¡ê¥ªâ� −� ®á−®¢�−¨¨
£¥®¯à®áâà�−áâ¢¥−−®© ¨−â¥à¯à¥â�æ¨¨ ¥£® ¡¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¥áâì ¨−â¥-
£à�æ¨ï åà®−®«®£¨ç¥áª¨å ¨ £¥®£à�ä¨ç¥áª¨å ¤�−−ëå ¢ ¢¨¤¥ £à�ä�, á®¥¤¨−ïîé¥£®
£¥®£à�ä¨ç¥áª¨¥ â®çª¨ −�å®¦¤¥−¨ï ¨áâ®à¨ç¥áª®© «¨ç−®áâ¨ (£àã¯¯ë ¨ ¯à.) á æ¢¥-
â®£à�¤¨¥−â−®© ¯à¨¢ï§ª®© ª â¥¬ ¨«¨ ¨−ë¬ ¯�à�¬¥âà�¬ íâ®£® ¨−¤¨¢¨¤ãã¬� ¨«¨
¨áâ®à¨ç¥áª¨å á®¡ëâ¨©. �à¨ íâ®¬ ¢¥àè¨−ë â�ª®£® £à�ä� ¨¬¥îâ áâà®£ãî ¨áâ®à¨-
ª®-£¥®£à�ä¨ç¥áªãî ¯à¨¢ï§ªã, � ¤ã£¨ −®áïâ ãá«®¢−®-«®£¨ç¥áª¨© å�à�ªâ¥à [10].

�à¨¬¥−¥−¨¥ �«£®à¨â¬¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå ¬¥å�−¨§¬®¢ ¯®áâà®¥−¨ï, � â�ª-
¦¥ ª®àà¥ªâ−®£® ®â®¡à�¦¥−¨ï £¥®åà®−®«®£¨ç¥áª¨å âà¥ª®¢ ¢ ƒˆ‘ ¤«ï ®â¤¥«ì−ëå
¨áâ®à¨ç¥áª¨å «¨ç−®áâ¥©, ç«¥−®¢ ¬�«ëå á®æ¨�«ì−ëå £àã¯¯ ¨ ¤à. ¯®§¢®«ï¥â ¤®-
¡¨âìáï á−¨¦¥−¨ï −¥®¯à¥¤¥«¥−−®áâ¨, −¥â®ç−®áâ¨ ¨áâ®à¨ç¥áª®£® §−�−¨ï ¯à¨ à¥è¥-
−¨¨ â�ª¨å â¨¯®¢ ¨áâ®à¨ç¥áª¨å §�¤�ç, ª�ª [10]:

{ ãáâ�−®¢«¥−¨¥ ¢®§¬®¦−®áâ¨ ¢áâà¥ç (ú¯¥à¥á¥ç¥−¨©û ¨−¤¨¢¨¤ãã¬®¢ ¨§ ¨§ãç�-
¥¬®© á®¢®ªã¯−®áâ¨), §�¢¨á¨¬®áâ¨ ¨áâ®à¨ç¥áª¨å á®¡ëâ¨© ¨ ¯à.;

{ ¢ëï¢«¥−¨¥ −¥¯®¤â¢¥à¦¤�¥¬ëå £¨¯®â¥§, ¬¨ä®«®£¨§¨à®¢�−−ëå á®¡ëâ¨©, −¥-
â®ç−®áâ¥©;

{ ¢ëï¢«¥−¨¥ ú¯ãçª®¢ âà�¥ªâ®à¨©û, â. ¥. å�à�ªâ¥à−ëå (â¨¯®«®£¨ç¥áª¨å) ¯à®-
áâà�−áâ¢¥−−ëå ¯¥à¥¬¥é¥−¨© ¨−¤¨¢¨¤ãã¬®¢ ¢ ®¯à¥¤¥«¥−−ë¥ ¯¥à¨®¤ë ¢à¥¬¥-
−¨;

{ ãâ®ç−¥−¨¥ ª®¬¯ìîâ¥à−ëå à¥ª®−áâàãªæ¨© ¢ ¨áâ®à¨ª®-£¥®£à�ä¨ç¥áª®¬ ¯«�−¥
¨ â. ¯.

3 Применение геохронологического трекинга в технологии поддержки
конкретно-исторических исследований

�−�«¨§ §�¤�ç ¨ ®á®¡¥−−®áâ¥© ƒˆ‘ ¢ ¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå, � â�ª¦¥
®¯ëâ ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ â¥å−®«®£¨¨ �Šˆˆ ¢ à¥�«ì−ëå ª®−ªà¥â−®-¨áâ®-
à¨ç¥áª¨å ¯à®¥ªâ�å [11] ¯®ª�§ë¢�¥â, çâ® ¯à¨¬¥−¥−¨¥ ¬¥å�−¨§¬®¢ ¯®áâà®¥−¨ï
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ˆá¯®«ì§®¢�−¨¥ ƒˆ‘ ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

¨ ®â®¡à�¦¥−¨ï £¥®åà®−®«®£¨ç¥áª¨å âà¥ª®¢ ¯®§¢®«¨â ¯®¬¨¬® ¢ë¯®«−¥−¨ï äã−ª-
æ¨© −�£«ï¤−®£® ®â®¡à�¦¥−¨ï ¨ ¯à¥§¥−â�æ¨¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�-
æ¨¨ à¥è�âì á«¥¤ãîé¨¥ §�¤�ç¨.

1. “áâ�−®¢«¥−¨¥ ¢®§¬®¦−®áâ¨ ¢áâà¥ç ¨§ãç�¥¬ëå ¨−¤¨¢¨¤ãã¬®¢.

2. �æ¥−ª� ¯à�¢¤®¯®¤®¡¨ï −¥ª®â®àëå á¥¬¥©−ëå ¯à¥¤�−¨© ¨ ¢ëï¢«¥−¨¥ ¨å à¥-
�«ì−®© ¯®¤®¯«¥ª¨.

�¥à¢ë¥ ¤¢¥ §�¤�ç¨ á¢ï§�−ë. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ á¥¬¥©−®¥
¯à¥¤�−¨¥ ® â®¬, çâ® −¥ª¨© ¨§ãç�¥¬ë© ¨−¤¨¢¨¤ãã¬ (¤�«¥¥ | ˆˆ) ¡ë« �¤êîâ�−â®¬
«¥£¥−¤�à−®£® ª®¬¤¨¢� ƒ. ˆ. Š®â®¢áª®£®. �−�«¨§ ¯®á«ã¦−®£® á¯¨áª� ˆˆ ¯®ª�§�«,
çâ® ®− −¨ª®£¤� ¯®¤ −�ç�«®¬ Š®â®¢áª®£® −¥ á«ã¦¨«. �à¥¤�−¨¥ ®ª�§�«®áì ®¯à®-
¢¥à£−ãâë¬, −® ®áâ�«áï ®âªàëâë¬ ¢®¯à®á ® ¯à¨ç¨−�å ¥£® ¢®§−¨ª−®¢¥−¨ï. �−�«¨§
£¥®åà®−®«®£¨ç¥áª¨å âà¥ª®¢ Š®â®¢áª®£® ¨ ˆˆ ¯®ª�§�« ¨å ¯¥à¥á¥ç¥−¨¥ ®á¥−ìî
1921 £. −� �®¤®«¨¨ ¢¡«¨§¨ ÷ã¬ë−áª®© £à�−¨æë. ‚ íâ® ¢à¥¬ï ˆˆ á«ã¦¨« �¤êî-
â�−â®¬ 391 áâà¥«ª®¢®£® ’�à�é�−áª®£® ¯®«ª� 44-© Š¨¥¢áª®© ¤¨¢¨§¨¨. �á¥−ìî
1921 £. 44-ï ¤¨¢¨§¨ï á®¢¬¥áâ−® á ª�¢�«¥à¨©áª®© ¡à¨£�¤®© Š®â®¢áª®£® ãç�áâ-
¢®¢�«� ¢ ªàã¯−ëå ¢®©áª®¢ëå ¬�−¥¢à�å ‚®®àã¦¥−−ëå á¨« “ªà�¨−ë ¨ Šàë¬�,
¯à®¢®¤¨¬ëå ¢ íâ®¬ à¥£¨®−¥ ¯®¤ àãª®¢®¤áâ¢®¬ ”àã−§¥. …áâ¥áâ¢¥−−® ¯à¥¤¯®«®-
¦¨âì, çâ® ¢ ª�ç¥áâ¢¥ ¯®«ª®¢®£® �¤êî�−â� ˆˆ ¢ å®¤¥ ¬�−¥¢à®¢ ¬®£ ¢áâà¥ç�âìáï
á Š®â®¢áª¨¬. …£® à�ááª�§ ®¡ íâ®¬ í¯¨§®¤¥ á¢®¥© ¡¨®£à�ä¨¨ ¢¯®«−¥ ¬®£ ¡ëâì
−¥¢¥à−® ¨−â¥à¯à¥â¨à®¢�− ¡«¨§ª¨¬¨ ¨ ¯à¨¢¥áâ¨ ª ¢®§−¨ª−®¢¥−¨î íâ®£® ¯à¥¤�−¨ï.

3. �®¨áª �¤¬¨−¨áâà�â¨¢−®© (£ã¡¥à−¨ï, ã¥§¤, ¢®«®áâì) ¨«¨ æ¥àª®¢−®© (¯à¨å®¤)
¯à¨¢ï§ª¨ −�á¥«¥−−®£® ¯ã−ªâ� ¯® ¡«¨¦�©è¨¬ £®à®¤�¬ ¨ æ¥àª¢ï¬.

4. �®¨áª �àå¨¢�, á®¤¥à¦�é¥£® á¢¥¤¥−¨ï ® ¦¨â¥«ïå −�á¥«¥−−®£® ¯ã−ªâ�, ¯®
�−�«®£¨¨ á ¡«¨§«¥¦�é¨¬¨ −�á¥«¥−−ë¬¨ ¯ã−ªâ�¬¨, ¤«ï ª®â®àëå á®®â¢¥âáâ-
¢ãîé¨¥ �àå¨¢ë ã¦¥ −�©¤¥−ë.

’à¥âìï ¨ ç¥â¢¥àâ�ï §�¤�ç¨ ï¢«ïîâáï áå®¤−ë¬¨. ˆ§-§� ¨§¬¥−¥−¨ï £à�−¨æ
®¡«�áâ¥© ¨ £ã¡¥à−¨©, −¥®¤−®ªà�â−ëå ¯¥à¥¤�ç ¬�â¥à¨�«®¢ ¨§ ®¤−®£® �àå¨¢� ¢ ¤àã-
£®© ¤®¢®«ì−® ç�áâ® ¡ë¢�¥â âàã¤−® ®¯à¥¤¥«¨âì �àå¨¢, á®¤¥à¦�é¨© −¥®¡å®¤¨¬ë¥
¤®ªã¬¥−âë, � â�ª¦¥ ¢ à�¬ª�å ®¤−®£® �àå¨¢� ®¯à¥¤¥«¨âì −¥®¡å®¤¨¬ë© ä®−¤
¨ ®¯¨áì. ‘ãé¥áâ¢¥−−® ®¡«¥£ç¨âì à¥è¥−¨¥ ¤�−−®© §�¤�ç¨ ¬®¦¥â £¥®£à�ä¨ç¥áª¨©
¯®¨áª ¡«¨§«¥¦�é¨å ªàã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢, £ã¡¥à−áª¨å ¨ ã¥§¤−ëå æ¥−â-
à®¢, � â�ª¦¥ æ¥àª¢¥©, ¢ çì¨å ¬¥âà¨ç¥áª¨å ª−¨£�å ¨ ¨á¯®¢¥¤−ëå ¢¥¤®¬®áâïå ¬®¦¥â
á®¤¥à¦�âìáï ¨áª®¬�ï ¨−ä®à¬�æ¨ï. ’�ª¦¥ ¤�−−�ï §�¤�ç� ¬®¦¥â ¡ëâì à¥è¥−� ¯®
�−�«®£¨¨, ¥á«¨ ¤«ï ¡«¨§«¥¦�é¨å −�á¥«¥−−ëå ¯ã−ªâ®¢ ¤àã£¨¬¨ ¯®«ì§®¢�â¥«ï¬¨
ã¦¥ −�©¤¥−ë á®®â¢¥âáâ¢ãîé¨¥ �àå¨¢ë ¨ ä®−¤ë. ‘ ¡®«ìè®© ¢¥à®ïâ−®áâìî ¨−-
ä®à¬�æ¨ï ¯® ¦¨â¥«ï¬ ¨−â¥à¥áãîé¥£® −�á¥«¥−−®£® ¯ã−ªâ� ¡ã¤¥â −�©¤¥−� ¢ â®¬
¦¥ �àå¨¢¥ ¨ ¢ â®¬ ¦¥ ä®−¤¥.

5. �®¨áª á®åà�−¨¢è¥£®áï §¤�−¨ï ¯® áâ�à¨−−®¬ã �¤à¥áã ¯à¨ áãé¥áâ¢¥−−ëå
¨§¬¥−¥−¨ïå ¢ §�áâà®©ª¥ −�á¥«¥−−®£® ¯ã−ªâ�. �à¨¬¥à®¬ â�ª®© §�¤�ç¨ ¬®¦¥â
á«ã¦¨âì ¯®¨áª ¤®¬� ¢ £®à®¤¥ ‘ã¬ë ¯® �¤à¥áã: úã£®« ã«. ‘ã¤¦�−áª®©
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¨ �®ªàëèª¨−� ¯¥à., ¤®¬ ”®¬¥−ª®û. �®¨áª ®á«®¦−ï¥âáï â¥¬, çâ® ¢ XX ¢.
‘ã¬ë ¡ë«¨ á¨«ì−® ¯¥à¥áâà®¥−ë ¨ �®ªàëèª¨− ¯¥à. ¡ë« «¨ª¢¨¤¨à®¢�−.

6. �¯à¥¤¥«¥−¨¥ â®ç−®£® à�á¯®«®¦¥−¨ï −�á¥«¥−−®£® ¯ã−ªâ� ¯® ¥£® ®¯¨á�−¨î.
�à¨¬¥à®¬ â�ª®© §�¤�ç¨ ¬®¦¥â á«ã¦¨âì ¯®¨áª ¤¥à¥¢−¨ ”¥¤ï¥¢® ¯® ®¯¨á�−¨î
¢ ú‘¯¨áª�å −�á¥«¥−−ëå ¬¥áâ ¯® á¢¥¤¥−¨ï¬ 1859 £®¤�û: ú‚«�¤¨¬¨àáª�ï £ã¡.
ã¥§¤ �®ªà®¢áª¨©, áâ�− 2. Œ¥¦¤ã àà. �¥ªè¥© ¨ ˜¥à¥¤�àìî. ”¥¤ï¥¢® ¤.
¢«. ¯à¨ ª®«®¤æ¥. ÷�ááâ®ï−¨¥ ¢ ¢¥àáâ�å ®â ã¥§¤−®£® £®à®¤� | 24, ®â áâ�−®¢®©
ª¢�àâ¨àë | 27û. �®¨áª ®á«®¦−ï¥âáï â¥¬, çâ® ¢ XX ¢. âà¨ ¡«¨§«¥¦�é¨¥
¤¥à¥¢−¨ ”¥¤ï¥¢®, �ª®á−¨ª®¢® ¨ �−æ¨ä¥à®¢® ¡ë«¨ ®¡ê¥¤¨−¥−ë ¢ ®¤−ã ¯®¤
¨¬¥−¥¬ Š�è¨−® ¨ −� á®¢à¥¬¥−−ëå ª�àâ�å −�§¢�−¨¥ ”¥¤ï¥¢® ®âáãâáâ¢ã¥â.

�ïâ�ï ¨ è¥áâ�ï §�¤�ç� ®â−®áïâáï ª ª«�ááã ç�áâ® ¢®§−¨ª�îé¨å ¯à¨ ¡¨®£à�-
ä¨ç¥áª®¬ ¯®¨áª¥ §�¤�ç ¯®¨áª� á®¢à¥¬¥−−®£® ®¡ê¥ªâ� ¯® áâ�à¨−−®¬ã ¢¥à¡�«ì−®¬ã
®¯¨á�−¨î. ˆ−®£¤� íâ® ¬®¦−® á¤¥«�âì ®â−®á¨â¥«ì−® «¥£ª®, −�©¤ï ®¡ê¥ªâ ¯®
®¯¨á�−¨î −� ¨áâ®à¨ç¥áª®© ª�àâ¥, � §�â¥¬ ®¯à¥¤¥«¨¢ íâã «®ª�æ¨î −� á®¢à¥¬¥−−®©.
�® ç�áâ® §�¤�ç� ãá«®¦−ï¥âáï á«¥¤ãîé¨¬¨ ä�ªâ®à�¬¨:

{ ®âáãâáâ¢¨¥¬ ¢ à�á¯®àï¦¥−¨¨ ¨áá«¥¤®¢�â¥«ï â®ç−®© ¨áâ®à¨ç¥áª®© ª�àâë ¨ −¥-
®¡å®¤¨¬®áâìî ¨á¯®«ì§®¢�−¨ï ¢¬¥áâ® −¥¥ £àã¡®© áå¥¬ë −�á¥«¥−−®£® ¯ã−ªâ�
¨«¨ ¬¥áâ−®áâ¨, çâ® §�âàã¤−ï¥â ¯®¨áª á®¢à¥¬¥−−®© «®ª�æ¨¨ −�©¤¥−−®£® ®¡ê-
¥ªâ�;

{ ®âáãâáâ¢¨¥¬ ¢ à�á¯®àï¦¥−¨¨ ¨áá«¥¤®¢�â¥«ï ª�ª¨å-«¨¡® ¨áâ®à¨ç¥áª¨å ª�àâ
¨ áå¥¬ −�á¥«¥−−®£® ¯ã−ªâ� ¨«¨ ¬¥áâ−®áâ¨, çâ® ¯à¨¢®¤¨â ª −¥®¡å®¤¨¬®áâ¨
¯®¨áª� ¯® ¨áâ®à¨ç¥áª®¬ã ®¯¨á�−¨î −¥¯®áà¥¤áâ¢¥−−® −� á®¢à¥¬¥−−®© ª�àâ¥
¨ ¬®¦¥â ¡ëâì §�âàã¤−¨â¥«ì−® ¨§-§� ¯®ï¢«¥−¨ï ¨ ¨áç¥§−®¢¥−¨ï ®¡ê¥ªâ®¢, ¨å
¯¥à¥¨¬¥−®¢�−¨© ¨ ¤�¦¥ ¨§¬¥−¥−¨ï â�ª¨å ®à¨¥−â¨à®¢, ª�ª «¥á�, àãá«� à¥ª,
¢®§¢ëè¥−−®áâ¨ ¨ ®¢à�£¨.

7. ‘®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ ª�àâ ¨áá«¥¤®¢�â¥«ï¬¨.

�®áª®«ìªã â¥å−®«®£¨ï �Šˆˆ ®á−®¢�−� −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£�, á¥¤ì-
¬�ï §�¤�ç� à¥è�¥âáï ¥¥ áà¥¤áâ¢�¬¨ �¢â®¬�â¨ç¥áª¨. �â® ¯®§¢®«ï¥â ¨áá«¥¤®¢�â¥«ï¬
¨á¯®«ì§®¢�âì −�©¤¥−−ë¥ ¤àã£¨¬¨ à¥¤ª¨¥ ¨áâ®à¨ç¥áª¨¥ ª�àâë ¨ áå¥¬ë, çâ® áãé¥-
áâ¢¥−−® ã¯à®é�¥â ®â¤¥«ì−ë¥ íâ�¯ë ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï.

4 Проблемы включения элементов геоинформационных систем
в технологию поддержки конкретно-исторических исследований

ˆáâ®à¨ç¥áª�ï £¥®¨−ä®à¬�æ¨ï, ª�ª ¯à�¢¨«®, ¤®áâã¯−� ¨áá«¥¤®¢�â¥«î ¢ ¢¨¤¥
áª�−®¢ ¨áâ®à¨ç¥áª¨å ª�àâ, ¯«�−®¢ ¨ áå¥¬. �â¨ áª�−ë ¯à¥¤áâ�¢«¥−ë ¢ à�áâà®¢®©
ä®à¬¥ ¨ −¥ ¨¬¥îâ ¯à®áâà�−áâ¢¥−−®© ¯à¨¢ï§ª¨.

�à®áâà�−áâ¢¥−−�ï ¯à¨¢ï§ª� ®áãé¥áâ¢«ï¥âáï ¯® ®¯®à−ë¬ â®çª�¬, ª®â®àë¥
á¢ï§ë¢�îâ ¨§¢¥áâ−ë¥ ¬¥áâ®¯®«®¦¥−¨ï ¢ à�áâà®¢ëå ¤�−−ëå á á®®â¢¥âáâ¢ãîé¨¬¨
¬¥áâ�¬¨ ¢ £¥®¤�−−ëå, ã¦¥ ¨¬¥îé¨¬¨ ¯à®áâà�−áâ¢¥−−ãî ¯à¨¢ï§ªã [12]. �à®æ¥áá
¯à¨¢ï§ª¨ ¬®¦¥â ¡ëâì §�âàã¤−¥− §� áç¥â á«¥¤ãîé¨å ä�ªâ®à®¢:
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ˆá¯®«ì§®¢�−¨¥ ƒˆ‘ ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

(1) ¨á¯®«ì§®¢�−¨¥ ª�àâ á à�§−ë¬¨ ¯à®¥ªæ¨ï¬¨;

(2) ¨á¯®«ì§®¢�−¨¥ áå¥¬ ¨ ¯«�−®¢ á ¯à¨¡«¨§¨â¥«ì−ë¬¨ ¨ ¨áª�¦¥−−ë¬¨ ¯à®¯®à-
æ¨ï¬¨;

(3) −�«¨ç¨¥ −¥â®ç−®áâ¥© −� ª�àâ�å ¨ áå¥¬�å;

(4) á«®¦−®áâì ®¯à¥¤¥«¥−¨ï á®®â¢¥âáâ¢¨ï â®ç¥ª §� áç¥â ¯¥à¥¨¬¥−®¢�−¨© ¨ à�§-
«¨ç−ëå ®¤−®¢à¥¬¥−−® ¨á¯®«ì§ã¥¬ëå −�§¢�−¨© ¤«ï −�á¥«¥−−ëå ¯ã−ªâ®¢;

(5) ¢®§¬®¦−ë¥ ®è¨¡®ç−ë¥ ¯à¨¢ï§ª¨.

�à®¡«¥¬ë (1){(3) ¯à¨¢®¤ïâ ª −¥¢®§¬®¦−®áâ¨ ª®àà¥ªâ−®£® ®¯à¥¤¥«¥−¨ï à�á-
áâ®ï−¨© −� ª�àâ¥ ¨, á«¥¤®¢�â¥«ì−®, ª ¯à®¡«¥¬�¬ ¯à¨ à¥è¥−¨¨ ®¯¨á�−−ëå ¢ëè¥
§�¤�ç £¥®åà®−®«®£¨ç¥áª®£® âà¥ª¨−£� ¢ â¥å−®«®£¨¨ �Šˆˆ, ®¯¨à�îé¨åáï −�
¯®−ïâ¨¥ ¡«¨§®áâ¨ â®ç¥ª. ÷¥è¥−¨¥ ¯à®¡«¥¬ (1){(2) ¨ ®âç�áâ¨ ¯à®¡«¥¬ë (3) ¬®¦¥â
¡ëâì ®áãé¥áâ¢«¥−® âà�−áä®à¬�æ¨¥© à�áâà� áà¥¤áâ¢�¬¨ ƒˆ‘. �¡ëç−® ¤«ï íâ®©
æ¥«¨ ¯à¨¬¥−ï¥âáï ¯®«¨−®¬¨�«ì−�ï âà�−áä®à¬�æ¨ï ¯¥à¢®£® ¯®àï¤ª� (�ää¨−−�ï),
¯®«¨−®¬¨�«ì−�ï âà�−áä®à¬�æ¨ï ¢â®à®£®{âà¥âì¥£® ¯®àï¤ª� ¨«¨ âà�−áä®à¬�æ¨ï
¬¥â®¤®¬ á¯«�©−�.

�®«¨−®¬¨�«ì−�ï âà�−áä®à¬�æ¨ï ¨á¯®«ì§ã¥â ¯®áâà®¥−¨¥ ¯®«¨−®¬� −� ®á−®¢¥
®¯®à−ëå â®ç¥ª ¨ �«£®à¨â¬ ¯®¤¡®à� ¬¥â®¤®¬ −�¨¬¥−ìè¨å ª¢�¤à�â®¢. �â®â á¯®á®¡
®¯â¨¬¨§¨à®¢�− ¤«ï á®¡«î¤¥−¨ï ®¡é¥© â®ç−®áâ¨, −® −¥ £�à�−â¨àã¥â «®ª�«ì−®©
â®ç−®áâ¨. ’à�−áä®à¬�æ¨ï ¯¥à¢®£® ¯®àï¤ª� (�ää¨−−�ï) ¨á¯®«ì§ã¥âáï ¤«ï á¤¢¨-
£�, ¨§¬¥−¥−¨ï ¬�áèâ�¡� ¨«¨ ¯®¢®à®â� −�¡®à� à�áâà®¢ëå ¤�−−ëå. —¥¬ ¢ëè¥
¯®àï¤®ª âà�−áä®à¬�æ¨¨, â¥¬ ¡®«¥¥ á«®¦−ë¥ ¨áª�¦¥−¨ï ¬®£ãâ ¡ëâì áª®àà¥ª-
â¨à®¢�−ë. �¤−�ª® âà�−áä®à¬�æ¨ï ¢ëè¥ âà¥âì¥£® ¯®àï¤ª� ¨á¯®«ì§ã¥âáï ®ç¥−ì
à¥¤ª®. ’à�−áä®à¬�æ¨ï ¬¥â®¤®¬ á¯«�©−� | íâ® ¨áâ¨−−ë© ú¬¥â®¤ à¥§¨−®¢®£® «¨á-
â�û, ®¯â¨¬¨§¨à®¢�−−ë© ¤«ï ®¡¥á¯¥ç¥−¨ï «®ª�«ì−®©, −® −¥ £«®¡�«ì−®© â®ç−®áâ¨
¯à¨¢ï§ª¨. �−� ®á−®¢�−� −� á¯«�©−-äã−ªæ¨¨ | ªãá®ç−®¬ ¯®«¨−®¬¥, ª®â®àë©
®¡¥á¯¥ç¨¢�¥â £«�¤ª¨¥ −¥¯à¥àë¢−ë¥ ¯¥à¥å®¤ë ¬¥¦¤ã á®á¥¤−¨¬¨ ¯®«¨−®¬�¬¨.
�â® ¤�¥â â®ç−®¥ á®¢¬¥é¥−¨¥ ¨áå®¤−®© ¨ ª®−¥ç−®© ®¯®à−ëå â®ç¥ª, −® â®ç−®áâì
á®¢¯�¤¥−¨ï ã¤�«¥−−ëå ¯¨ªá¥«®¢ −¥ £�à�−â¨àã¥âáï [13].

�à®¡«¥¬ë (4) ¨ (5) á¢ï§�−ë, ¯®áª®«ìªã ¨¬¥−−® á«®¦−®áâì ®¯à¥¤¥«¥−¨ï ®¯®à-
−®© â®çª¨ ¬®¦¥â áâ�âì ¯à¨ç¨−®© ®è¨¡®ç−®© ¯à¨¢ï§ª¨. �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì
§�¤�ç� ¯®¨áª� £. ‹¥−¨−®£®àáª, ¨§ ª®â®à®£® ¢ 1941 £. ¡ë« ®áãé¥áâ¢«¥− ¯à¨§ë¢
−� äà®−â ¨§ãç�¥¬®£® ¨−¤¨¢¨¤ãã¬�. �à®áâ®© ¯®¨áª −�å®¤¨â ¥¤¨−áâ¢¥−−ë© £. ‹¥-
−¨−®£®àáª ¢ ’�â�àáâ�−¥. �® ¡®«¥¥ £«ã¡®ª®¥ ¨§ãç¥−¨¥ ¢®¯à®á� ¯®ª�§ë¢�¥â, çâ®
¤�−−ë© −�á¥«¥−−ë© ¯ã−ªâ áâ�« £®à®¤®¬ â®«ìª® ¢ 1956 £., � ¢ 1941 £. ‹¥−¨−®£®à-
áª®¬ −�§ë¢�«áï £. ÷¨¤¤¥à ¢ ÷ã¤−®¬ �«â�¥ (Š�§�åáâ�−). �¥¤®áâ�â®ç−® âé�â¥«ì−�ï
¯à®à�¡®âª� íâ®£® ¨ ¥¬ã ¯®¤®¡−ëå ¢®¯à®á®¢ ¬®¦¥â ¯à¨¢¥áâ¨ ª ®è¨¡®ç−ë¬ ¯à¨-
¢ï§ª�¬. …¤¨−áâ¢¥−−® ¢®§¬®¦−ë¬ áà¥¤áâ¢®¬ ¬¨−¨¬¨§�æ¨¨ â�ª¨å ®è¨¡®ª ¨§-§� ¨å
á«�¡®© ä®à¬�«¨§ã¥¬®áâ¨ ï¢«ï¥âáï ¢§�¨¬−�ï ¢¥à¨ä¨ª�æ¨ï ¯à¨¢ï§®ª ¯®«ì§®¢�â¥-
«ï¬¨ â¥å−®«®£¨¨ �Šˆˆ. �®áª®«ìªã ¤�−−�ï â¥å−®«®£¨ï ®á−®¢�−� −� ¯à¨−æ¨¯�å
ªà�ã¤á®àá¨−£�, ¢ −¥© ¯à¥¤ãá¬®âà¥−ë â�ª¨¥ ¬¥àë, ®á−®¢�−−ë¥ −� ®¯à¥¤¥«¥−−ëå
£àã¯¯®¢ëå −®à¬�å à�¡®âë á ¨−ä®à¬�æ¨¥©, à�á¯à¥¤¥«¥−¨¨ à®«¥© ¨ ¨á¯®«ì§®¢�−¨¨
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á¯¥æ¨�«ì−ëå ä�á¨«¨â�æ¨®−−ëå â¥å−¨ª (â¥å−¨ª¨ ã¯à�¢«¥−¨ï, ®â«¨ç�îé¨¥áï ®â
¯à®áâ®£® ã¯à�¢«¥−¨ï â¥¬, çâ® ¨å á¯®á®¡ −¥ ¤¨à¥ªâ¨¢−ë©, â. ¥. −¥ ¢ëå®¤¨â §�
à�¬ª¨ á�¬®®à£�−¨§�æ¨¨ ã¯à�¢«ï¥¬®© á¨áâ¥¬ë) [14].

5 Модификация объектной модели технологии поддержки
конкретно-исторических исследований

ˆ−â¥£à�æ¨ï ƒˆ‘ ¢ â¥å−®«®£¨î �Šˆˆ ¯à¥¤¯®«�£�¥â ãáâ�−®¢«¥−¨¥ á¢ï§¥©
¬¥¦¤ã á¥¬�−â¨ç¥áª®© á¥âìî â¥å−®«®£¨¨ ¨ £¥®£à�ä¨ç¥áª®© ¡�§®© ¤�−−ëå (�„)
ƒˆ‘. �â� §�¤�ç� ®á«®¦−ï¥âáï â¥¬, çâ® áâàãªâãà� ¨ á®áâ�¢ á¥¬�−â¨ç¥áª®© á¥â¨
â¥å−®«®£¨¨ �Šˆˆ −¥ ®¯à¥¤¥«¥−ë §�à�−¥¥, � á®§¤�îâáï ¤¨−�¬¨ç¥áª¨ è¨à®ª¨¬
ªàã£®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©, â. ¥. ¢ á¥¬�−â¨ç¥áª®© á¥â¨
¨§−�ç�«ì−® −¥ ¯à¥¤ãá¬®âà¥−ë â�ª¨¥ ¯à¥¤®¯à¥¤¥«¥−−ë¥ â¨¯ë ¤�−−ëå, ª®â®àë¥
¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ¯®¤¤¥à¦¨¢�¥¬ëå �«£®à¨â¬®¬ á¢ï§®ª á £¥®£à�ä¨-
ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨ ƒˆ‘. �®íâ®¬ã âà¥¡ã¥âáï ¬®¤¨ä¨ª�æ¨ï ®¡ê¥ªâ−®© ¬®¤¥«¨
â¥å−®«®£¨¨.

‚¢®¤¨âáï −®¢®¥ ¯®−ïâ¨¥ ƒˆ‘-á¢ï§ª¨, á®áâ®ïé¥© ¨§ ¯®§¨æ¨¨, â¥¬¯®à�«ì−ëå
£à�−¨æ á¢ï§ª¨ ¨ ááë«ª¨ −� ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨.

�®§¨æ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à, ª®â®àë© ¢ª«îç�¥â:

{ ª®®à¤¨−�â−ë© ¡«®ª | £¥®£à�ä¨ç¥áª¨¥ ª®®à¤¨−�âë ¤«ï ãª�§�−¨ï â®ç¥ç−®£®
£¥®£à�ä¨ç¥áª®£® ®¡ê¥ªâ� ¨«¨ −�¡®à £¥®£à�ä¨ç¥áª¨å ª®®à¤¨−�â ¤«ï ãª�§�−¨ï
¯®«¨£®−�. ‚¢®¤ ª®®à¤¨−�â ¬®¦¥â ®áãé¥áâ¢«ïâìáï ª�ª ¯®áà¥¤áâ¢®¬ ãª�§�−¨ï
â®ç−®£® §−�ç¥−¨ï ¢ «î¡®¬ ¨§ ®¡é¥¯à¨−ïâëå ä®à¬�â®¢, â�ª ¨ ¨−â¥à�ªâ¨¢−®
ãª�§�−¨¥¬ â®çª¨ −� ª�àâ¥;

{ ¬®¤¨ä¨ª�â®à ¯®§¨æ¨¨ | ãª�§�â¥«ì, ª�ª ¨¬¥−−® �«£®à¨â¬ã ¨−â¥à¯à¥â¨à®¢�âì
ãª�§�−−ãî ¯®§¨æ¨î. Œ®¦¥â ¯à¨−¨¬�âì §−�ç¥−¨ï úâ®ç−®û, ú¯à¨¡«¨§¨â¥«ì-
−®û, ú−¥ ¤�«¥¥ x ª¬û. ‡−�ç¥−¨¥ úâ®ç−®û ®¯à¥¤¥«ï¥â ¯®«®¦¥−¨¥ ®¡ê¥ªâ�
¢ áâà®£®¬ á®®â¢¥âáâ¢¨¨ á ãª�§�−−ë¬¨ ª®®à¤¨−�â�¬¨, � ú¯à¨¡«¨§¨â¥«ì−®û
¨ ú−¥ ¤�«¥¥ x ª¬û | ¢ −¥ª®â®à®© ®ªà¥áâ−®áâ¨ ®â ãª�§�−−ëå ª®®à¤¨−�â.
„«ï §−�ç¥−¨ï ú−¥ ¤�«¥¥ x ª¬û à�§¬¥à ®ªà¥áâ−®áâ¨ ãª�§ë¢�¥âáï ï¢−®, � ¤«ï
ú¯à¨¡«¨§¨â¥«ì−®û | ¢ á®®â¢¥âáâ¢¨¨ á −�áâà®©ª�¬¨ ã¬®«ç�−¨© ¤«ï �«£®à¨â¬�
â¥å−®«®£¨¨ �Šˆˆ.

’¥¬¯®à�«ì−ë¥ £à�−¨æë −¥®¡å®¤¨¬ë, ¯®áª®«ìªã ¯à®áâà�−áâ¢¥−−ë¥ ª®®à¤¨-
−�âë ®¡ê¥ªâ®¢ ¨ ¨å £à�−¨æë ¬®£ãâ ¬¥−ïâìáï á® ¢à¥¬¥−¥¬. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à�
¬®¦−® ¯à¨¢¥áâ¨ ¤. Œ�â¢¥©ª®¢® ‘âã¯¨−áª®£® à�©®−� Œ®áª®¢áª®© ®¡«�áâ¨, à�á-
¯®«®¦¨¢èãîáï ¯® ®¡¥¨¬ áâ®à®−�¬ −¥¡®«ìè®© à¥ª¨ Š¨à¥¥¢ª¨, ¯à¨â®ª� �ª¨,
¨ ¨¬¥îéãî £¥®£à�ä¨ç¥áª¨¥ ª®®à¤¨−�âë 54◦55′05′′ á. è., 37◦56′05′′ ¢. ¤. ‚ ¤¥-
à¥¢−¥ −�å®¤¨âáï ç�á®¢−ï 1878 £®¤� ¯®áâà®©ª¨. “¯®¬¨−�¥âáï ¢ 1577 £. ¢ ¢®âç¨−¥
§� „�−¨«®¢áª¨¬ ¬®−�áâëà¥¬, � ú¯à¥¦ ¡ë«� §� ‘¥¬¥−®¬ ˜¥à¥¬¥â¥¢ë¬ ¢ ¢®âç¨-
−¥û. �¥à¢®−�ç�«ì−® ¯®á¥«¥−¨¥ −�å®¤¨«®áì −¥áª®«ìª® î¦−¥¥, ç¥¬ á¥©ç�á, â�¬,
£¤¥ ¢ à. Š¨à¥¥¢ªã ¢¯�¤�¥â ‚®à®−ª�. �® á«ãç¨¢è�ïáï ¬®à®¢�ï ï§¢� ã−¥á«� ¦¨§−¨
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ˆá¯®«ì§®¢�−¨¥ ƒˆ‘ ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

‘å¥¬� á¢ï§¥© ¤�−−ëå â¥å−®«®£¨¨ �Šˆˆ á ƒˆ‘

¯®çâ¨ ¢á¥£® −�á¥«¥−¨ï ¤¥à¥¢−¨, ¯®íâ®¬ã ¥¥ §�¡à®á¨«¨ ¨ ¯®áâà®¨«¨ −� −®¢®¬ ¬¥áâ¥
¢ ¢¥àå®¢ì¥ à¥ª¨. ’�ª¨¬ ®¡à�§®¬, á®¢à¥¬¥−−ë¥ ª®®à¤¨−�âë ¤¥à¥¢−¨ �ªâã�«ì−ë
¤«ï ¯¥à¨®¤� ®â úà�−¥¥ 1878 £.û ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨, � ¯à¥¤ë¤ãé¥¥ à�á¯®«®-
¦¥−¨¥ ¤¥à¥¢−¨ ®â−®á¨âáï ª ¯¥à¨®¤ã ®â úà�−¥¥ 1577 £.û ¤® ú−¥ ¯®§¤−¥¥ 1878 £.û.
„«ï ä¨ªá�æ¨¨ â�ª¨å ¤¨�¯�§®−®¢, ¯à¥¤¯®«�£�îé¨å −¥ç¥âª®¥ ¨ −¥ï¢−®¥ ãª�§�−¨¥
¤�â §� áç¥â ¯®¤¤¥à¦ª¨ â¨¯®¢ §−�ç¥−¨© ú−¥ §�¤�−®û, úà�−ìè¥û, ú¯®§¦¥û, ú®¤-
−®¢à¥¬¥−−®û ¨ ú¯à¨¬¥à−® ®¤−®¢à¥¬¥−−®û, � â�ª¦¥ ®â−®è¥−¨© ¤�â á®¡ëâ¨© ¡¥§
ãª�§�−¨ï á�¬¨å §−�ç¥−¨© íâ¨å ¤�â, á«ã¦�â á¯¥æ¨�«ì−ë¥ â¥¬¯®à�«ì−ë¥ �âà¨¡ãâë,
ã¦¥ ¯à¥¤ãá¬®âà¥−−ë¥ ¢ ®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨ �Šˆˆ [15].

‘áë«ª� −� ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ãª�§�â¥«ì äà�£¬¥−â�
â¥ªáâ� [2]. �â� ááë«ª� −¥®¡å®¤¨¬�, ¯®áª®«ìªã á¯¥æ¨ä¨ª� ª®−ªà¥â−®-¨áâ®à¨-
ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ¨áá«¥¤®¢�â¥«ì, ª�ª ¯à�¢¨«®, ¨¬¥¥â
¤¥«® −¥ á ®¡ê¥ªâ¨¢−ë¬ §−�−¨¥¬ ®¡ ®¡ê¥ªâ¥ ¨áá«¥¤®¢�−¨ï, � á ¥£® ®âà�¦¥−¨¥¬
¢ ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â�å, ª®â®àë¥ ®¡«�¤�îâ á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®-
â¨¢®à¥ç¨¢®áâ¨ ¨ −¥ áãé¥áâ¢ãîâ ¢ ®âàë¢¥ ®â á¢®¨å ¬¥â�¤�−−ëå, â. ¥. ¨−ä®à¬�æ¨¨
® ¤®ªã¬¥−â¥-¨áâ®ç−¨ª¥ [2].

�� à¨áã−ª¥ ¯à¥¤áâ�¢«¥−� áå¥¬� ¨á¯®«ì§®¢�−¨ï ƒˆ‘-á¢ï§ª¨ ¤«ï ¢§�¨¬®¤¥©-
áâ¢¨ï â¥å−®«®£¨¨ �Šˆˆ á ƒˆ‘.

6 Выводы

�à¥¤«®¦¥−−ë© ¬¥å�−¨§¬ ¨−â¥£à�æ¨¨ á ƒˆ‘ áãé¥áâ¢¥−−® ¤®¯®«−ï¥â ¨ à�§-
¢¨¢�¥â â¥å−®«®£¨î �Šˆˆ, ®à¨¥−â¨à®¢�−−ãî −� è¨à®ª¨© ªàã£ −¥ ®â−®áïé¨åáï
ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©, çâ® ®ç¥−ì �ªâã�«ì-
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−® ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª ç�áâ−®©, á¥¬¥©−®©
¨áâ®à¨¨.

Œ¥å�−¨§¬ ¢ ¯®«−®© ¬¥à¥ ®âà�¦�¥â á¯¥æ¨ä¨ªã ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨á-
á«¥¤®¢�−¨ï ¨ ¯®§¢®«ï¥â ¨áá«¥¤®¢�â¥«î ¯à®¢®¤¨âì ¬¨ªà®�−�«¨§ ¯à®áâà�−áâ¢¥−-
−ëå ¯à®æ¥áá®¢, ¯à¥¤áâ�¢«¥−−ëå ¢ ¢¨¤¥ ¨−¤¨¢¨¤ã�«ì−ëå âà�¥ªâ®à¨©, ®¯¨à�ïáì
−� ¨−áâàã¬¥−â�à¨© £¥®åà®−®«®£¨ç¥áª®£® âà¥ª¨−£�.

�¯¨á�−−�ï ¬®¤¨ä¨ª�æ¨ï â¥å−®«®£¨¨ �Šˆˆ ¯à¥¤¯®«�£�¥â ãá®¢¥àè¥−áâ¢®¢�-
−¨¥ ¥¥ ®¡ê¥ªâ−®© ¬®¤¥«¨ §� áç¥â ¢¢¥¤¥−¨ï ¢ −¥¥ −®¢®£® â¨¯� ¤�−−ëå, á«ã¦�é¥£®
¤«ï á¢ï§¨ í«¥¬¥−â®¢ á¥¬�−â¨ç¥áª®© á¥â¨ á ª�àâ®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¥©.
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THE USE OF GEOGRAPHIC INFORMATION SYSTEMS
IN TECHNOLOGY OF CONCRETE HISTORICAL INVESTIGATION

SUPPORT

I. M. Adamovich and O. I. Volkov

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

Abstract: The article is devoted to the further development of the distributed
technology of concrete historical investigation support, based on the principles
of crowdsourcing and focused on a wide range of users which are nonprofessional
historians and biographers. Development is carried out through integration with
geographic information systems (GIS), the use of which in historical research is
the trend in recent years. The analysis of the problems of GIS integrating into
the technology under consideration and the description of the ways to solve them
have been made. The article analyzes the tasks and features of GIS in historical
research and evaluates the possibility and prospects of using the mechanism of
geochronological tracking. Possible problems of including the GIS elements in
the technology, which are the consequence of the specificity of concrete historical
investigation, are analyzed. The methods for solving the identified problems are
proposed. The necessary modification of the object model of the technology in
the form of the introduction of a new type of data for the connection of the
elements of the semantic network of technology with cartographic information is
described.

Keywords: concrete historical investigation; distributed technology; GIS; data
model; geochronological tracking
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СИМВОЛЬНОЕ МОДЕЛИРОВАНИЕ ЗАДАЧ
И КОНСТРУИРОВАНИЕ ПРОГРАММ

В. Д. Ильин1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� ®¡−®¢«¥−−�ï ¬¥â®¤®«®£¨ï á¨¬¢®«ì−®£® ¬®¤¥«¨à®-
¢�−¨ï ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç, à�ááç¨â�−−�ï −� ¯®áâà®¥−¨¥ á¨áâ¥¬ §−�−¨©
® §�¤�ç�å, ¯à¥¤−�§−�ç¥−−ëå ¤«ï �¢â®¬�â¨§¨à®¢�−−®£® ª®−áâàã¨à®¢�−¨ï ¯à®-
£à�¬¬. ‡�¤�ç−ë¥ ª®−áâàãªæ¨¨ á®§¤�îâáï ¯®áà¥¤áâ¢®¬ á¢ï§¥© ¯® ¯�¬ïâ¨ ¬¥¦-
¤ã §�¤�ç�¬¨, ¯à¥¤áâ�¢«¥−−ë¬¨ ¢ ¢¨¤¥ §�¤�ç−ëå ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ®¢.
�¯à¥¤¥«¥−ë âà¨ â¨¯� äã−ªæ¨© á¢ï§¨ ¯® ¯�¬ïâ¨, ª�¦¤�ï ¨§ ª®â®àëå ¯®§¢®«ï¥â
¯®áâ�¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¯�à¥ §�¤�ç −¥ª®â®àãî âà¥âìî §�¤�çã, ®¡à�§®¢�−−ãî
¨§ íâ®© ¯�àë. �à¥¤áâ�¢«¥−¨¥¬ §�¤�ç−®© ®¡«�áâ¨, à�ááç¨â�−−ë¬ −� ä®à¬�-
«¨§�æ¨î §�¤�ç−ëå §−�−¨© ¨ à¥�«¨§�æ¨î ¯à®æ¥áá� ª®−áâàã¨à®¢�−¨ï §�¤�ç,
á«ã¦¨â §�¤�ç−ë© £à�ä. ˆáª®¬�ï ª®−áâàãªæ¨ï §�¤�¥âáï á¯¥æ¨ä¨ª�æ¨¥© §�¤�-
ç¨, á®¤¥à¦�é¥© ®¯¨á�−¨¥ ¥¥ ¯�¬ïâ¨, ®£à�−¨ç¥−¨© −� ç¨á«® §�¤�ç−ëå ¢¥àè¨−
(¨, ¥á«¨ −¥®¡å®¤¨¬®, ®£à�−¨ç¥−¨©, á¢ï§�−−ëå á â®ç−®áâìî à¥§ã«ìâ�â� ¨ ¤à.).
Œ¥å�−¨§¬ ¯®áâà®¥−¨ï à�§à¥è�îé¨å áâàãªâãà áâ�¢¨â ¢ á®®â¢¥âáâ¢¨¥ á¯¥æ¨-
ä¨ª�æ¨¨ ¨áå®¤−®© §�¤�ç¨ ¯®¤£à�ä −� §�¤�ç−®¬ £à�ä¥ ¯ãâ¥¬ à¥�«¨§�æ¨¨ âà¥å
â¨¯®¢ ¯®¢¥¤¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¬ï â¨¯�¬¨ §�¯à®á®¢ −� ª®−áâàã¨à®¢�−¨¥.

Š«îç¥¢ë¥ á«®¢�: á¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ §�¤�ç; §�¤�ç−ë© ª®−áâàãª-
â¨¢−ë© ®¡ê¥ªâ; á¨áâ¥¬� §−�−¨© ® §�¤�ç�å; §�¤�ç−ë© £à�ä; à�§à¥è�îé�ï
áâàãªâãà�; ª®−áâàã¨à®¢�−¨¥ ¯à®£à�¬¬

DOI: 10.14357/08696527210315

1 Введение
‚ ¬¥â®¤®«®£¨¨ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç (s-¬®¤¥«¨à®¢�−¨ï §�¤�ç)

¯à®£à�¬¬¨à®¢�−¨¥ à�áá¬�âà¨¢�¥âáï ª�ª á®§¤�−¨¥ (−� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï)
á®®¡é¥−¨ï (−�§ë¢�¥¬®£® ¯à®£à�¬¬®© ¨ �¤à¥á®¢�−−®£® âà�−á«ïâ®àã), ª®â®à®¥
¯à¥¤áâ�¢«ï¥â á®¡®© ã¯®àï¤®ç¥−−ë© −�¡®à ¨−áâàãªæ¨©, à¥�«¨§ãîé¨å �«£®à¨â¬
¯®¢¥¤¥−¨ï ª®¬¯ìîâ¥à�, á¬�àâä®−� ¨«¨ ¤àã£®© s-¬�è¨−ë2, ®¯à¥¤¥«¥−−ë© ¢ á¯¥-
æ¨ä¨ª�æ¨¨ §�¤�ç¨. ‘®§¤�−¨¥ ¯à®£à�¬¬ë (¢ ®¡é¥¬ á«ãç�¥) ¢ª«îç�¥â ¨§ãç¥−¨¥
á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç¨, −�¯¨á�−¨¥ ¨áå®¤−®£® â¥ªáâ� ¯à®£à�¬¬ë, ª®¬¯¨«ïæ¨î
/̈̈ «¨ ¨−â¥à¯à¥â�æ¨î, ª®¬¯®−®¢ªã [¯®«ãç¥−¨¥ ª®¤� ¯à®£à�¬¬ë, £®â®¢®£® ª ¨á-

¯®«−¥−¨î, ¯ãâ¥¬ á¡®àª¨ ¨§ ®¡ê¥ªâ−ëå ª®¤®¢ ¬®¤ã«¥© ¯à®£à�¬¬ë (®¤−®£® ¨«¨
−¥áª®«ìª¨å)] ¨ ®â«�¤ªã.

�à®£à�¬¬¨à®¢�−¨¥ ¯®¢¥¤¥−¨ï á¨¬¢®«ì−ëå �¢â®¬�â®¢ (ª®¬¯ìîâ¥à®¢, á¬�àâ-
ä®−®¢ ¨ ¤àã£¨å s-¬�è¨−) §�−¨¬�¥â ®á®¡®¥ ¬¥áâ® áà¥¤¨ ¢á¥å ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨,

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

2ˆ«ì¨− ‚. „.. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï | í«¥ªâà®−-
−�ï ¢¥àá¨ï. https://bigenc.ru/technology and technique/text/4010980.
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‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ §�¤�ç ¨ ª®−áâàã¨à®¢�−¨¥ ¯à®£à�¬¬

á¢ï§�−−ëå á ã¯à�¢«¥−¨¥¬. �−® ¤¥«�¥â ¯®â¥−æ¨�«ì−® ª®à®âª®© ¯® ¢à¥¬¥−¨
¨ ã−¨ª�«ì−®© ¯® íää¥ªâ¨¢−®áâ¨ æ¥¯®çªã: §�¬ëá¥« { ¥£® á¨¬¢®«ì−®¥ ¢®¯«®é¥-
−¨¥ { à¥�«¨§�æ¨ï ¢ ¢¨¤¥ §�¤ã¬�−−®£® ¯®¢¥¤¥−¨ï �¢â®¬�â�. Š á®¦�«¥−¨î, ¯®ª�
â®«ìª® ¯®â¥−æ¨�«ì−®. �à®æ¥áá á¨¬¢®«ì−®£® ¢®¯«®é¥−¨ï §�¬ëá«� ¢ ¢¨¤¥ á¥£®-
¤−ïè−¥© à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï −¨ª�ª −¥ −�§®¢¥èì ª®à®âª¨¬ ¯®
¢à¥¬¥−¨. ˆ§-§� íâ®£® ®áâ�¥âáï «¨èì ¯®â¥−æ¨�«ì−®© ¨ ã−¨ª�«ì−�ï íää¥ªâ¨¢−®áâì
¢á¥© æ¥¯®çª¨. …¥ áà¥¤−¥¥ §¢¥−® ¯à®¤®«¦�¥â ®áâ�¢�âìáï ªà¨â¨ç¥áª¨¬.

‘ â¥å ¯®à ª�ª áãé¥áâ¢ã¥â ¯à®£à�¬¬¨à®¢�−¨¥, ¯à®£à�¬¬¨áâë ¨éãâ á¯®á®¡ë
¨ á®§¤�îâ áà¥¤áâ¢� ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¢®¥£® âàã¤� [1{9]. ‚ á®¢à¥-
¬¥−−ë¥ ¨−áâàã¬¥−â�«ì−ë¥ á¨áâ¥¬ë ¯à®£à�¬¬¨à®¢�−¨ï, ª�ª ¯à�¢¨«®, ¢áâà®¥−ë
¬¥å�−¨§¬ë ¯à¨¬¥−¥−¨ï è�¡«®−®¢ à�§à�¡�âë¢�¥¬ëå ¯à®¤ãªâ®¢ ¨ £®â®¢ëå à¥è¥-
−¨© ¤«ï ®â¤¥«ì−ëå á®áâ�¢«ïîé¨å. ’�ª¨¥ á¨áâ¥¬ë ®¡ëç−® á®¤¥à¦�â áà¥¤áâ¢�
à¥¤�ªâ¨à®¢�−¨ï â¥ªáâ®¢ ¯à®£à�¬¬, âà�−á«ïâ®àë, áà¥¤áâ¢� ®â«�¤ª¨, â¥áâ¨à®¢�−¨ï
¨ ®¯â¨¬¨§�æ¨¨ ¯à®£à�¬¬, £à�ä¨ç¥áª¨¥ áà¥¤áâ¢� ¯à®¥ªâ¨à®¢�−¨ï ¨−â¥àä¥©á®¢,
§�£®â®¢ª¨ â¥ªáâ®¢ ¤«ï ¯à®£à�¬¬ à�§«¨ç−ëå â¨¯®¢, ¡¨¡«¨®â¥ª¨ ¯à®£à�¬¬ ¨ ¤à.

�à®ä¥áá¨®−�«ì−ë¬ ¯à®£à�¬¬¨áâ�¬ ¨ à�§à�¡®âç¨ª�¬ á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨
¯à®£à�¬¬¨à®¢�−¨ï ¨§¤�¢−� ¯à®â¨¢®áâ®ïâ «î¡¨â¥«¨ à�áá¬�âà¨¢�âì á¯¥æ¨ä¨ª�æ¨¨
§�¤�ç ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¯à®£à�¬¬ë ª�ª ¬�â¥¬�â¨ç¥áª¨¥ áãé−®áâ¨. ‚ ¯¥à¢ëå
àï¤�å â�ª¨å «î¡¨â¥«¥© | í−âã§¨�áâë �¢â®¬�â¨ç¥áª®£® á¨−â¥§� ¨ ¤®ª�§�â¥«ìáâ¢�
¯à�¢¨«ì−®áâ¨ ¯à®£à�¬¬.

‚ à¥�«ì−®áâ¨ á¯¥æ¨ä¨ª�æ¨ï −¥âà¨¢¨�«ì−®© §�¤�ç¨ ¨ ¯à®£à�¬¬� á®®â−®áïâáï
â�ª ¦¥, ª�ª ¯à®¥ªâ−�ï ¤®ªã¬¥−â�æ¨ï (¢ ¨−¦¥−¥à−®¬ ¤¥«¥) ¨ ¨§¤¥«¨¥, ª®â®à®¥
¯à¥¤áâ®¨â ¨§£®â®¢¨âì. �à¨£®¤−®áâì ¨§¤¥«¨ï (¥£® á®®â¢¥âáâ¢¨¥ ¯à®¥ªâ−®© ¤®ªã-
¬¥−â�æ¨¨) ¬®¦−® ®¯à¥¤¥«¨âì â®«ìª® ¯ãâ¥¬ â¥áâ®¢, à�§à�¡®â�−−ëå á¯¥æ¨�«¨áâ�¬¨,
å®à®è® §−�îé¨¬¨, çâ® ¤®«¦¥− ã¬¥âì ¨á¯ëâã¥¬ë© ¨ ª�ª¨¬¨ á¢®©áâ¢�¬¨ (¢ª«îç�ï
−�¤¥¦−®áâì ¨ ¡¥§®¯�á−®áâì) ¤®«¦¥− ®¡«�¤�âì.

‡�¯¨áì ä®à¬ã« ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï ¢ë¤¥«¥−¨ï ®¯à¥-
¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá�
(TSM: textual symbolic modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£® ®¯¨á�-
−¨ï â¥ªáâ®¢ëå s-¬®¤¥«¥© á®®¡é¥−¨©.

‚ áâ�âì¥ ¯à¨¬¥−¥−ë á«¥¤ãîé¨¥ áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢ â¥ªáâ�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì

¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);
♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-

á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 S-моделирование задач

�à¥¤áâ�¢«¥−¨¥ á¢ï§¥© ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¢ ¢¨¤¥ à�§à¥è¨¬ëå §�¤�ç | −¥®¡å®-
¤¨¬®¥ ãá«®¢¨¥ ¯®áâà®¥−¨ï ª®«¨ç¥áâ¢¥−−ëå s-¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨©.

� S-§�¤�ç� | íâ® ç¥â¢¥àª� {Formul , Rulsys, Alg, Prog}, £¤¥ Formul | ¯®-
áâ�−®¢ª� §�¤�ç¨; Rulsys | ¬−®¦¥áâ¢® á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å
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¯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. �®áâ�−®¢ª� §�¤�ç¨ Formul |
¯�à� {Mem,Rel}, £¤¥ Mem | ¬−®¦¥áâ¢® ¯®−ïâ¨© §�¤�ç¨, −� ª®â®à®¬ §�¤�−®
à�§¡¨¥−¨¥ Mem = Inp ∪Out (Inp ∧ Out = 0) ¨ á®¢®ªã¯−®áâì Rel á¢ï§¥© ¬¥¦¤ã
¯®−ïâ¨ï¬¨, ®¯à¥¤¥«ïîé�ï ¡¨−�à−®¥ ®â−®è¥−¨¥ Rel < Inp ∗ Out. Œ−®¦¥áâ¢®
Mem −�§ë¢�¥¬ ¯�¬ïâìî §�¤�ç¨, � Inp ¨ Out | ¥¥ ¢å®¤®¬ ¨ ¢ëå®¤®¬, §−�ç¥−¨ï
ª®â®àëå ¯à¥¤¯®«�£�¥âáï á®®â¢¥âáâ¢¥−−® §�¤�¢�âì ¨ ¨áª�âì. �

‚ ®¡é¥¬ á«ãç�¥ ¬−®¦¥áâ¢� Rulsys, Alg ¨ Prog ¬®£ãâ ¡ëâì ¯ãáâë¬¨: ç¨á«� ¨å
í«¥¬¥−â®¢ §�¢¨áïâ ®â áâ¥¯¥−¨ ¨§ãç¥−−®áâ¨ §�¤�ç¨.

„«ï ª�¦¤®£® í«¥¬¥−â� ¨§ Rulsys, Alg ¨ Prog §�¤�−® ®¯¨á�−¨¥ ¯à¨¬¥−¥−¨ï.
�¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢Rulsys ¢ª«îç�îâ á¯¥æ¨ä¨ª�æ¨î â¨¯� à¥è�â¥«ï
§�¤�ç¨ (�¢â®−®¬−�ï s-¬�è¨−�, á¥â¥¢�ï ª®®¯¥à�æ¨ï s-¬�è¨−, ª®®¯¥à�æ¨ï ç¥«®¢¥ª{
s-¬�è¨−� ¨ ¤à.), âà¥¡®¢�−¨¥ ª ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¤à. �¯¨á�−¨ï
¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ ¨§ Alg ¢ª«îç�îâ ¤�−−ë¥ ® ¤®¯ãáâ¨¬ëå à¥¦¨¬�å à�¡®âë
à¥è�â¥«ï §�¤�ç¨ (�¢â®¬�â¨ç¥áª¨© «®ª�«ì−ë©, �¢â®¬�â¨ç¥áª¨© à�á¯à¥¤¥«¥−−ë©,
¨−â¥à�ªâ¨¢−ë© «®ª�«ì−ë© ¨ ¤à.), ® âà¥¡®¢�−¨ïå ª ¯®«ãç¥−−®¬ã à¥§ã«ìâ�âã ¨ ¤à.
�¯¨á�−¨ï ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬ ¢ª«îç�îâ ¤�−−ë¥ ® ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï,
®¯¥à�æ¨®−−ëå á¨áâ¥¬�å ¨ ¤à.

♦ Š�¦¤�ï ¯à®£à�¬¬� á®¯à®¢®¦¤�¥âáï ááë«ª�¬¨ −� −�¡®àë â¥áâ®¢ëå ¯à¨¬¥-
à®¢. ♦

� S-�«£®à¨â¬ | á¨áâ¥¬� ¯à�¢¨« à¥è¥−¨ï §�¤�ç¨ (á®®â¢¥âáâ¢ãîé�ï ®¤-
−®¬ã ¨§ í«¥¬¥−â®¢ Rulsys ), ¯®§¢®«ïîé�ï §� ª®−¥ç−®¥ ç¨á«® è�£®¢ ¯®áâ�¢¨âì
¢ ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ §�¤�−−®¬ã −�¡®àã ¤�−−ëå, ¯à¨−�¤«¥¦�é¥¬ã Inp,
à¥§ã«ìâ¨àãîé¨© −�¡®à, ¯à¨−�¤«¥¦�é¨© Out. �

� S-¯à®£à�¬¬� | à¥�«¨§®¢�−−ë© (−� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£®
ãà®¢−ï, ¬�è¨−−®-®à¨¥−â¨à®¢�−−®¬ ï§ëª¥ /̈̈ «¨ ¢ á¨áâ¥¬¥ ¬�è¨−−ëå ª®¬�−¤)
s-�«£®à¨â¬, ¯à¥¤áâ�¢«¥−−ë© ¢ ä®à¬¥ á®®¡é¥−¨ï, ®¯à¥¤¥«ïîé¥£® ¯®¢¥¤¥−¨¥
s-¬�è¨−−®£® à¥è�â¥«ï §�¤�ç¨ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨. ‘ãé¥áâ¢ã¥â ¢ á¨¬-
¢®«ì−®¬, ª®¤®¢®¬ ¨ á¨£−�«ì−®¬ ¢®¯«®é¥−¨ïå, á¢ï§�−−ëå ®â−®è¥−¨ï¬¨ âà�−á«ï-
æ¨¨. �

� S-¤�−−ë¥ | á®®¡é¥−¨¥, −¥®¡å®¤¨¬®¥ ¤«ï à¥è¥−¨ï −¥ª®â®à®© §�¤�ç¨
¨«¨ á®¢®ªã¯−®áâ¨ §�¤�ç, ¯à¥¤áâ�¢«¥−−®¥ ¢ ä®à¬¥, à�ááç¨â�−−®© −� à�á¯®§−�¢�-
−¨¥, ¯à¥®¡à�§®¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î à¥è�â¥«¥¬ (¯à®£à�¬¬®© ¨«¨ ç¥«®¢¥ª®¬).
‘¯¥æ¨�«¨§�æ¨ï s-á®®¡é¥−¨ï (s-message) ¯® ¯�à�¬¥âàã ¯®«ãç�â¥«ì s-á®®¡é¥−¨ï
(s-recipient), §−�ç¥−¨¥¬ ª®â®à®£® ï¢«ï¥âáï à¥è�â¥«ì s-§�¤�ç¨ (s-solver): s-data ≈
≈ s-message [::s-recipient = s-solver]. �

3 S-конструирование задач

‘¢ï§¨ ¯® ¯�¬ïâ¨ ¬¥¦¤ã s-§�¤�ç�¬¨ ®¯à¥¤¥«ïîâáï âà¥¬ï â¨¯�¬¨ äã−ªæ¨©,
ª�¦¤�ï ¨§ ª®â®àëå ï¢«ï¥âáï äã−ªæ¨¥© ¤¢ãå �à£ã¬¥−â®¢ ¨ ¯®§¢®«ï¥â ¯®áâ�¢¨âì
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‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ §�¤�ç ¨ ª®−áâàã¨à®¢�−¨¥ ¯à®£à�¬¬

¢ á®®â¢¥âáâ¢¨¥ ¯�à¥ s-§�¤�ç −¥ª®â®àãî âà¥âìî s-§�¤�çã, ®¡à�§®¢�−−ãî ¨§ íâ®©
¯�àë.

� S-§�¤�ç� a á¢ï§�−� á s-§�¤�ç¥© b ¯® ¯�¬ïâ¨, ¥á«¨ áãé¥áâ¢ã¥â å®âï ¡ë
®¤−� ¯�à� í«¥¬¥−â®¢ {elem Mema, elem Memb}, ¯à¨−�¤«¥¦�é¨å ¯�¬ïâ¨Mema

s-§�¤�ç¨ a ¨ ¯�¬ïâ¨ Memb s-§�¤�ç¨ b, ®â−®á¨â¥«ì−® ª®â®à®© ®¯à¥¤¥«¥−® ®¡é¥¥
®§−�ç¨¢�−¨¥ (í«¥¬¥−âë ¨¬¥îâ ®¤−® ¨ â® ¦¥ ¬−®¦¥áâ¢® §−�ç¥−¨©). …á«¨ S ¨ H |
¬−®¦¥áâ¢� s-§�¤�ç ¨ D ≤ S ∗ S, � ª�¦¤®© ¯�à¥ (si, sj) í«¥¬¥−â®¢ ¨§ D áâ�¢¨âáï
¢ á®®â¢¥âáâ¢¨¥ ®¯à¥¤¥«¥−−ë© í«¥¬¥−â ¨§ H, â® §�¤�−� äã−ªæ¨ï á¢ï§¨ ¯® ¯�¬ïâ¨
h = conn (si, sj). �à¨ íâ®¬ D −�§ë¢�¥¬ ®¡«�áâìî ®¯à¥¤¥«¥−¨ï äã−ªæ¨¨ conn
¨ ®¡®§−�ç�¥¬ Dconn . Œ−®¦¥áâ¢®

R = {h : elem H ; h = conn (si, sj) ; si : elem D
conn , sj : elem D

conn}

−�§ë¢�¥¬ ®¡«�áâìî §−�ç¥−¨© äã−ªæ¨¨ conn. �

’¨¯ á¢ï§¨ ¯® ¯�¬ïâ¨ §�¢¨á¨â ®â á®¤¥à¦¨¬®£® ¯¥à¥á¥ç¥−¨ï ¯® ¯�¬ïâ¨: á®áâ�¢-
«¥−� «¨ á¢ï§ì ¨§ í«¥¬¥−â®¢ ¢ëå®¤� ®¤−®© ¨ ¢å®¤� ¤àã£®© §�¤�ç¨, ¨§ í«¥¬¥−â®¢
¢ëå®¤®¢ §�¤�ç ¨«¨ ¨§ í«¥¬¥−â®¢ ¨å ¢å®¤®¢ ¨«¨ ¦¥ á¢ï§ì ¯®«ãç¥−� ¯ãâ¥¬ ª®¬¡¨-
−�æ¨¨ ¯à¥¤ë¤ãé¨å á¯®á®¡®¢.

�«¥¬¥−â�à−�ï §�¤�ç−�ï ª®−áâàãªæ¨ï | §�¤�ç−�ï ¯�à�. ‹î¡�ï §�¤�ç−�ï
ª®−áâàãªæ¨ï, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ª�ª á®áâ�¢«ïîé�ï ¥é¥
¡®«¥¥ á«®¦−®© §�¤�ç−®© ª®−áâàãªæ¨¨.

� C¨áâ¥¬� pS §−�−¨© ® §�¤�ç−ëå ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ�å (−�§ë¢�¥¬ëå
â�ª¦¥ p-®¡ê¥ªâ�¬¨) | íâ® âà¨�¤� 〈pA, lng , intr 〉, £¤¥ pA | §�¤�ç−�ï ®¡«�áâì;
lng | ï§ëª á¯¥æ¨ä¨ª�æ¨¨ p-®¡ê¥ªâ®¢; intr | ¨−â¥à¯à¥â�â®à á¯¥æ¨ä¨ª�æ¨©
¨áª®¬ëå p-®¡ê¥ªâ®¢ −� pA. …á«¨ P | ¬−®¦¥áâ¢® ¢á¥å p-®¡ê¥ªâ®¢, � A < P |
¥£® −¥¯ãáâ®¥ ¯®¤¬−®¦¥áâ¢®, ¯à¨ íâ®¬ ¢ A (á®¤¥à¦�é¥¬ −¥ ¬¥−¥¥ ¤¢ãå í«¥¬¥−-
â®¢) −¥ áãé¥áâ¢ã¥â −¨ ®¤−®£® í«¥¬¥−â�, ª®â®àë© −¥ ¡ë« ¡ë á¢ï§�− ¯® ¯�¬ïâ¨
å®âï ¡ë á ®¤−¨¬ í«¥¬¥−â®¬ ¨§ A, â® s-¬®¤¥«ì pa §�¤�ç−®© ®¡«�áâ¨ pA | íâ®
p-®¡ê¥ªâ, ª®â®àë© §�¤�¥âáï ¯�à®© 〈¯�¬ïâì memA ¬−®¦¥áâ¢� §�¤�ç A §�¤�ç−®©
®¡«�áâ¨ pA〉, 〈á¥¬¥©áâ¢® rul(memA) á¢ï§¥©, §�¤�−−ëå −� memA〉. �¥¯ãáâ®¥
¬−®¦¥áâ¢® memA í«¥¬¥−â®¢ ¯�¬ïâ¨ à�§¡¨â® −� âà¨ ¯®¤¬−®¦¥áâ¢�: ¢å®¤®¢ inpA

§�¤�ç, ¢ëå®¤®¢ outA §�¤�ç ¨ ¯®¤¬−®¦¥áâ¢® orA, ª�¦¤ë© ¨§ í«¥¬¥−â®¢ ª®â®-
à®£® ï¢«ï¥âáï ¨ ¢å®¤®¬, ¨ ¢ëå®¤®¬ −¥ª®â®àëå §�¤�ç. ‹î¡®¥ ®¤−® ¨§ íâ¨å
¯®¤¬−®¦¥áâ¢ ¬®¦¥â ¡ëâì ¯ãáâë¬; ¬®£ãâ ¡ëâì ®¤−®¢à¥¬¥−−® ¯ãáâë¬¨ inpA

¨ outA. �

‚ ®â«¨ç¨¥ ®â ¯�¬ïâ¨ §�¤�ç¨, á®áâ®ïé¥© ¨§ ¢å®¤� ¨ ¢ëå®¤�, ¯�¬ïâì §�¤�ç−®©
®¡«�áâ¨ á®¤¥à¦¨â ¯®¤¬−®¦¥áâ¢® or í«¥¬¥−â®¢ ¯�¬ïâ¨, ª�¦¤ë© ¨§ ª®â®àëå ¬®¦¥â
¡ëâì ¨«¨ §�¤�− (ª�ª ¢å®¤−®©), ¨«¨ ¢ëç¨á«¥− (ª�ª ¢ëå®¤−®©). ’�ª¨¥ í«¥¬¥−âë
¯�¬ïâ¨ −�§ë¢�¥¬ ®¡à�â¨¬ë¬¨, � or | ¯®¤¬−®¦¥áâ¢®¬ ®¡à�â¨¬ëå í«¥¬¥−â®¢.
�®¤¬−®¦¥áâ¢® inp −�§ë¢�¥¬ ¯®¤¬−®¦¥áâ¢®¬ §�¤�¢�¥¬ëå, � ¯®¤¬−®¦¥áâ¢® out |
¯®¤¬−®¦¥áâ¢®¬ ¢ëç¨á«ï¥¬ëå í«¥¬¥−â®¢. S-¬®¤¥«ì pa §�¤�ç−®© ®¡«�áâ¨ pA
á«ã¦¨â ¤«ï ¨−â¥à¯à¥â�æ¨¨ á®áâ�¢«¥−−ëå −� ï§ëª¥ lng á¯¥æ¨ä¨ª�æ¨© ¨áª®¬ëå
§�¤�ç. ˆ−â¥à¯à¥â�æ¨ï §�ª«îç�¥âáï ¢ ¯®áâ�−®¢ª¥ ¢ á®®â¢¥âáâ¢¨¥ −¥ª®â®à®¬ã
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¯®¤¬−®¦¥áâ¢ã (¨«¨ ¯�à¥ ¯®¤¬−®¦¥áâ¢) ¯�¬ïâ¨ memA −¥ª®â®à®© ¯®¤®¡«�áâ¨
§�¤�ç−®© ®¡«�áâ¨ pA, −�§¢�−−®© à�§à¥è�îé¥© áâàãªâãà®©. ˆ−â¥à¯à¥â�æ¨ï
á¯¥æ¨ä¨ª�æ¨¨ ¨áª®¬®£® p-®¡ê¥ªâ� −� pA | ª®−áâàãªâ¨¢−®¥ ¤®ª�§�â¥«ìáâ¢®
áãé¥áâ¢®¢�−¨ï à�§à¥è�îé¥© áâàãªâãàë.

� ‡�¤�ç−ë© £à�ä | ¯à¥¤áâ�¢«¥−¨¥ §�¤�ç−®© ®¡«�áâ¨, à�ááç¨â�−−®¥ −� à¥�-
«¨§�æ¨î ¯à®æ¥áá� p-ª®−áâàã¨à®¢�−¨ï ¨ ä®à¬�«¨§�æ¨î §�¤�ç−ëå §−�−¨©. Œ−®-
¦¥áâ¢® ¢¥àè¨− £à�ä�, á®áâ�¢«¥−−®¥ ¨§ §�¤�ç−ëå ®¡ê¥ªâ®¢, −�§ë¢�¥¬ §�¤�ç−ë¬
¡�§¨á®¬ £à�ä� ¨ ®¡®§−�ç�¥¬ p-basis. ÷¥¡à® §�¤�ç−®£® £à�ä� | íâ® ¯�à� ¢¥àè¨−
á −¥¯ãáâë¬ ¯¥à¥á¥ç¥−¨¥¬ ¯® ¯�¬ïâ¨. ��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬
¢á¥å ¯�à í«¥¬¥−â®¢ ¯�¬ïâ¨, ¢å®¤ïé¨å ¢ íâ® ¯¥à¥á¥ç¥−¨¥. Š�¦¤�ï ¢¥àè¨−� £à�ä�
¨¬¥¥â ¯�¬ïâì. ��¬ïâì ¢¥àè¨−ë | íâ® ¯�¬ïâì §�¤�ç¨ (¨«¨ §�¤�ç−®© ®¡«�áâ¨),
ª®â®àãî ¯à¥¤áâ�¢«ï¥â ¢¥àè¨−�. �

� ‘®áâ�¢−�ï §�¤�ç� comp | ¯®¤®¡«�áâì §�¤�ç−®© ®¡«�áâ¨ pA, ª®â®à�ï
á®¤¥à¦¨â −¥ ¬¥−¥¥ ¤¢ãå í«¥¬¥−â®¢ ¨§ ¬−®¦¥áâ¢� §�¤�ç A ¨ −� ¯�¬ïâ¨ ª®â®à®©
§�¤�−® à�§¡¨¥−¨¥: memcomp = inpcomp ∪ outcomp; inpcomp ∧ outcomp = 0, ®¯à¥-
¤¥«ïîé¥¥ ¢å®¤ inpcomp ¨ ¢ëå®¤ outcomp á®áâ�¢−®© §�¤�ç¨. ‘®áâ�¢−®© §�¤�ç¥
¯®áâ�¢«¥− ¢ á®®â¢¥âáâ¢¨¥ ®à¨¥−â¨à®¢�−−ë© £à�ä, ¢¥àè¨−�¬¨ ª®â®à®£® á«ã¦�â
§�¤�ç¨. Š�¦¤�ï ¢¥àè¨−� ¯®¬¥ç¥−� ¨¬¥−¥¬ §�¤�ç¨. ÷¥¡à� £à�ä� | íâ® ¯�àë
§�¤�ç á −¥¯ãáâë¬¨ ¯¥à¥á¥ç¥−¨ï¬¨ ¯® ¯�¬ïâ¨. �

‚ §�¢¨á¨¬®áâ¨ ®â á®áâ�¢� ¢¥àè¨− ®¯à¥¤¥«¥−ë á«¥¤ãîé¨¥ â¨¯ë §�¤�ç−ëå
£à�ä®¢: U-£à�ä ¨¬¥¥â ¬−®¦¥áâ¢® ¢¥àè¨− â®«ìª® ¨§ ¯à®áâëå §�¤�ç; ¢ C-£à�ä¥
å®âï ¡ë ®¤−� ¢¥àè¨−� ¯à¥¤áâ�¢«¥−� á®áâ�¢−®© §�¤�ç¥© ¨ −¥â ¢¥àè¨−, ¯à¥¤-
áâ�¢«ïîé¨å á®¡®© §�¤�ç−ãî ®¡«�áâì; ¢ G-£à�ä¥ | −¥ ¬¥−¥¥ ®¤−®© ¢¥àè¨−ë
¯à¥¤áâ�¢«¥−® §�¤�ç−®© ®¡«�áâìî (®áâ�«ì−ë¥ ¬®£ãâ ¡ëâì ¯à®áâë¬¨ ¨ á®áâ�¢−ë¬¨
§�¤�ç�¬¨).

G-£à�äë á«ã¦�â áà¥¤áâ¢®¬ ä®à¬�«¨§�æ¨¨ §−�−¨© ® p-®¡ê¥ªâ�å. ‘¨áâ¥¬�
§−�−¨© ®¡ s-§�¤�ç�å ®¡¥á¯¥ç¨¢�¥â ¯à®æ¥ááë p-(á¯¥æ¨�«¨§�æ¨¨, ª®−ªà¥â¨§�æ¨¨
¨ ª®−áâàã¨à®¢�−¨ï).

♦ ‚®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï ¢ §�¤�ç−®¬ £à�ä¥ ®¤−®© ¨«¨ −¥áª®«ìª¨å
¢¥àè¨−, ï¢«ïîé¨åáï §�¤�ç−ë¬¨ ®¡«�áâï¬¨, ¨¬¥¥â ¯à¨−æ¨¯¨�«ì−®¥ §−�ç¥−¨¥
¤«ï ä®à¬�«¨§�æ¨¨ §�¤�ç−ëå §−�−¨©. ♦

ˆáª®¬�ï ª®−áâàãªæ¨ï §�¤�¥âáï á¯¥æ¨ä¨ª�æ¨¥© §�¤�ç¨, á®¤¥à¦�é¥© ®¯¨á�-
−¨¥ ¥¥ ¯�¬ïâ¨, ®£à�−¨ç¥−¨© −� ç¨á«® §�¤�ç−ëå ¢¥àè¨− (¨, ¥á«¨ −¥®¡å®¤¨¬®,
®£à�−¨ç¥−¨©, á¢ï§�−−ëå á à�§¬¥à®¬ §�¤�ç¨, â®ç−®áâìî à¥§ã«ìâ�â� ¨ ¤à.). ‡�-
¤�−−®¥ ®¯¨á�−¨¥ ¨−â¥à¯à¥â¨àã¥âáï −� §�¤�ç−®¬ £à�ä¥, ª®â®àë© á«ã¦¨â ¯à¥¤-
áâ�¢«¥−¨¥¬ ¨−â¥à¥áãîé¥© ª®−áâàãªâ®à� §�¤�ç−®© ®¡«�áâ¨. ‘à¥¤áâ¢®¬ ¨−â¥à-
¯à¥â�æ¨¨ á¯¥æ¨ä¨ª�æ¨© §�¤�ç á«ã¦¨â ¬¥å�−¨§¬ ª®−áâàã¨à®¢�−¨ï −� §�¤�ç−®¬
£à�ä¥. ˆ−â¥à¯à¥â�æ¨ï −� U-£à�ä¥ ¢ ¯à®æ¥áá¥ §�¤�ç−®£® ª®−áâàã¨à®¢�−¨ï
§�ª«îç�¥âáï ¢ ¯®áâ�−®¢ª¥ ¢ á®®â¢¥âáâ¢¨¥ ¯®¤¬−®¦¥áâ¢ã (¨«¨ ¯�à¥ ¯®¤¬−®-
¦¥áâ¢) í«¥¬¥−â®¢ ¥£® ¯�¬ïâ¨ â�ª®£® ¯®¤£à�ä�, ¯�¬ïâì ª®â®à®£® −�å®¤¨«�áì
¡ë ¢ §�¤�−−®¬ ®â−®è¥−¨¨ ª ¢¢¥¤¥−−®¬ã ¯®¤¬−®¦¥áâ¢ã (¨«¨ ¯�à¥ ¯®¤¬−®-
¦¥áâ¢). ˆ−â¥à¯à¥â�æ¨¨ −� C-£à�ä¥ ¨ G-£à�ä¥ �−�«®£¨ç−ë ¨−â¥à¯à¥â�æ¨¨
−� U-£à�ä¥.
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‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ §�¤�ç ¨ ª®−áâàã¨à®¢�−¨¥ ¯à®£à�¬¬

� ‡�¤�ç� t ¯à¥¤áâ�¢¨¬� −� §�¤�ç−®¬ £à�ä¥ graph, ¥á«¨ ¥¥ ¢å®¤ inpt á®-

¤¥à¦¨âáï ¢ ¯®¤¬−®¦¥áâ¢¥ Givgraph ∪ Orgraph , � ¢ëå®¤ out t | ¢ ¯®¤¬−®¦¥áâ¢¥
Computgraph ∪ Orgraph ¯�¬ïâ¨ §�¤�ç−®£® £à�ä�; ¯à¨ íâ®¬ áãé¥áâ¢ã¥â −¥ ¬¥−¥¥
®¤−®© §�¤�ç¨ ¨§ ¡�§¨á� £à�ä�, ¢å®¤ ª®â®à®© á®¤¥à¦¨âáï ¢ inpt ¨«¨ á®¢¯�¤�¥â
á −¨¬. �

� ÷�§à¥è�îé¥© áâàãªâãà®© solv t-graph −� £à�ä¥ graph, ¯®áâ�¢«¥−−®© ¢ á®-
®â¢¥âáâ¢¨¥ −¥ª®â®à®© §�¤�ç¥ t, −�§ë¢�¥âáï ¯®¤£à�ä c ¬¨−¨¬�«ì−ë¬ ç¨á«®¬
§�¤�ç−ëå ¢¥àè¨−, −� ª®â®à®¬ §�¤�ç� t ¯à¥¤áâ�¢¨¬�. �

ˆ−â¥à¯à¥â�æ¨ï §�¤�ç−®© ¢¥àè¨−ë U-£à�ä� (¨«¨ C-£à�ä�) ¢ ¯à®æ¥áá¥ ¯®-
¨áª� à�§à¥è�îé¥© áâàãªâãàë §�ª«îç�¥âáï ¢ á®®â−¥á¥−¨¨ ®§−�ç¥−−®áâ¨ ¢å®¤�
¨ ¢ëå®¤�.

�à�¢¨«� ¨−â¥à¯à¥â�æ¨¨ §�¤�ç−®© ¢¥àè¨−ë:

{ ¥á«¨ ¯®«−®áâìî ®§−�ç¥− ¢å®¤, â® ¯®«−®áâìî ®§−�ç¥− ¨ ¢ëå®¤;

{ ¥á«¨ ®§−�ç¥−−ë¬ ¯®«�£�¥âáï å®âï ¡ë ®¤¨− í«¥¬¥−â ¢ëå®¤�, â® ®§−�ç¥−−ë¬
¯®«�£�¥âáï ¯®«−®áâìî ¢å®¤.

Œ¥å�−¨§¬ ¯®áâà®¥−¨ï à�§à¥è�îé¨å áâàãªâãà áâ�¢¨â ¢ á®®â¢¥âáâ¢¨¥ á¯¥-
æ¨ä¨ª�æ¨¨ ¨áå®¤−®© §�¤�ç¨ ¯®¤£à�ä −� §�¤�ç−®¬ £à�ä¥ ¯ãâ¥¬ à¥�«¨§�æ¨¨ âà¥å
â¨¯®¢ ¯®¢¥¤¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¬ï â¨¯�¬¨ §�¯à®á®¢ −� ª®−áâàã¨à®¢�−¨¥.

1. „«ï §�¤�−−ëå ¯®¤¬−®¦¥áâ¢ x ¨ y (x ∧ y = 0) ¯�¬ïâ¨ memt-graph â®£¤�
áãé¥áâ¢ã¥â à�§à¥è�îé�ï áâàãªâãà� solvxy (xy | ¯®¬¥â�) á ¬¨−¨¬�«ì−ë¬
ç¨á«®¬ §�¤�ç−ëå ¢¥àè¨−, ¢å®¤ ª®â®à®© ®¯à¥¤¥«¥− ¯®áà¥¤áâ¢®¬ x, � ¢ëå®¤ |
¯®áà¥¤áâ¢®¬ y, ª®£¤� −�©¤¥âáï ¯®¤£à�ä G, ¬−®¦¥áâ¢® ¢¥àè¨− ª®â®à®£®
¢ª«îç�¥â å®âï ¡ë ®¤−ã ¢¥àè¨−ã á à�§à¥è¨¬®© §�¤�ç¥©, � ®¡ê¥¤¨−¥−¨¥
¢ëå®¤®¢ ¢¥àè¨− ¯®¤£à�ä� G á®¤¥à¦¨â ¯®¤¬−®¦¥áâ¢® y (¨«¨ á®¢¯�¤�¥â
á −¨¬).

2. „«ï ¯®¤¬−®¦¥áâ¢� x, §�¤�−−®£® −� ¯�¬ïâ¨ memt-graph §�¤�ç−®£® £à�ä�,
â®£¤� −�©¤¥âáï à�§à¥è�îé�ï áâàãªâãà� solvx, ¢å®¤ ª®â®à®© ®¯à¥¤¥«¥− ¯®¤-
¬−®¦¥áâ¢®¬ x, � ¢ëå®¤ ï¢«ï¥âáï −¥¯ãáâë¬ ¯®¤¬−®¦¥áâ¢®¬ ¯�¬ïâ¨ £à�ä�,
¢ª«îç�îé¨¬ ¬�ªá¨¬�«ì−®¥ ç¨á«® í«¥¬¥−â®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ®¯à¥¤¥-
«¥−ë ¯à¨ §�¤�−−®¬ x, ª®£¤� x ∧ Comput = 0 (Comput < memt-graph )
¨ −�©¤¥âáï å®âï ¡ë ®¤−� ¢¥àè¨−� á à�§à¥è¨¬®© §�¤�ç¥©.

3. „«ï ¯®¤¬−®¦¥áâ¢� y, §�¤�−−®£® −�memt-graph , â®£¤� −�©¤¥âáï à�§à¥è�îé�ï
áâàãªâãà� solvy á ¬¨−¨¬�«ì−ë¬ ç¨á«®¬ §�¤�ç−ëå ¢¥àè¨−, ¢ëå®¤ ª®â®à®©
á®¤¥à¦¨â y, � ¢å®¤ á®áâ�¢«¥− ¨§ í«¥¬¥−â®¢, ¯à¨−�¤«¥¦�é¨å Giv , ª®£¤�
y ∧Giv = 0.

„«ï ª�¦¤®£® ¨§ âà¥å â¨¯®¢ §�¯à®á®¢ ¯®«ãç¥−® ª®−áâàãªâ¨¢−®¥ ¤®ª�§�â¥«ì-
áâ¢® áãé¥áâ¢®¢�−¨ï à�§à¥è�îé¥© áâàãªâãàë á®®â¢¥âáâ¢ãîé¥£® â¨¯�.

�®á«¥ â®£® ª�ª −�©¤¥−� à�§à¥è�îé�ï áâàãªâãà�, áâ�−®¢¨âáï ®áãé¥áâ¢¨¬ë¬
¯à®æ¥áá ¥¥ ª®−ªà¥â¨§�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á® á¯¥æ¨ä¨ª�æ¨¥© ãá«®¢¨© ¯à¨¬¥−¥−¨ï
¨áå®¤−®© §�¤�ç¨.
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4 Заключение

�¡−®¢«¥−−�ï ¬¥â®¤®«®£¨ï á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®£à�¬¬¨àã¥¬ëå §�-
¤�ç à�áá¬�âà¨¢�¥âáï ª�ª â¥®à¥â¨ç¥áª�ï ¯«�âä®à¬� ¯®áâà®¥−¨ï á¨áâ¥¬ §−�−¨©
® §�¤�ç�å, ¯à¨¬¥−¨¬ëå ¢ â¥å−®«®£¨ïå �¢â®¬�â¨§¨à®¢�−−®£® ª®−áâàã¨à®¢�−¨ï
¯à®£à�¬¬.

“â®ç−¥−ë ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨© §�¤�ç−®£® ª®−áâàãªâ¨¢−®£® ®¡ê¥ªâ�, §�¤�ç-
−®£® £à�ä� ¨ ¤à.

“á®¢¥àè¥−áâ¢®¢�− ¬¥å�−¨§¬ ¯®áâà®¥−¨ï à�§à¥è�îé¨å áâàãªâãà −� §�¤�ç-
−ëå £à�ä�å.
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of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: An updated methodology for symbolic modeling of programmable
tasks is presented, designed to build knowledge systems about tasks that are
intended for automated design of programs. Task constructions are created by

176 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2021 vol 31 no 3



Symbolic modeling of tasks and constructing programs

means of memory links between tasks, represented by task constructive objects.
Three types of memory link functions are defined, each of which allows assigning
to a pair of tasks some third task formed from this pair. The task graph serves
as representation of the problem area, designed to formalize task knowledge
and implement the process of constructing tasks. The required construction
is described by the problem specification, which contains a description of its
memory, restrictions on the number of task vertices (and, if necessary, restrictions
related to the accuracy of result, etc.). The mechanism of searching the resolving
structures matches the specification of the original problem with a subgraph on
the task graph by implementing three types of behavior in accordance with three
types of requests for constructing.

Keywords: symbolic modeling of tasks; task constructive object; system of
knowledge about tasks; task graph; resolving structure; constructing programs
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à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª; £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à®-
¥ªâ−®-ª®−áâàãªâ®àáª®£® ¨−áâ¨âãâ� ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −�
¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥

„ã«¨−� ��â�«ìï ƒ¥®à£¨¥¢−� (à. 1947) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
¯à®£à�¬¬¨áâ ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

„ìïç¥−ª® āà¨© ƒ¥®à£¨¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

…£®à®¢� �−−� āàì¥¢−� (à. 1991) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�àï¤®¢ ˆ¢�− ‘¥à£¥¥¢¨ç (à. 1981) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥-
¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®ç¥âª®¢� ˆà¨−� �−¤à¥¥¢−� (à. 1985) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©-
áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Šà¨¢¥−ª® Œ¨å�¨« �¥âà®¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
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¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

Šàã¦ª®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1975) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Šàîª®¢ �«¥ªá¥© �−�â®«ì¥¢¨ç (à. 1983) | §�¬¥áâ¨â¥«ì àãª®¢®¤¨â¥«ï �¯¯�à�â�
£¥−¥à�«ì−®£® ¤¨à¥ªâ®à� �� úŠ®−æ¥à− ¢®§¤ãè−®-ª®á¬¨ç¥áª®© ®¡®à®−ë ú�«¬�§-
�−â¥©û

Šã¤àï¢æ¥¢ �«¥ªá¥© �−¤à¥¥¢¨ç (p. 1978) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨
Œ. ‚. ‹®¬®−®á®¢�

Šãé�§«¨ �−−� ˆ¢�−®¢−� (à. 1997) | �á¯¨à�−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�-
â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

Œ¥©å�−�¤¦ï− ‹ãá¨−¥ �ª®¡®¢−� (à. 1990) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â „¥¯�àâ�¬¥−â� �−�«¨§� ¤�−−ëå ¨ ¬�è¨−−®£® ®¡ãç¥−¨ï ”¨−�−á®¢®£®
ã−¨¢¥àá¨â¥â� ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”

Œ¨«®¢�−®¢� ’�âìï−� �«¥ªá�−¤à®¢−� (à. 1977) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨-
ç¥áª¨å −�ãª, ¤®æ¥−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�ãà¨¥¢ ‚¨â�«¨© �«¥ªá�−¤à®¢¨ç (à. 1980) | ¤®ªâ®à ä¨«®«®£¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�«�â®−®¢� �−−� �«¥ªá¥¥¢−� (à. 1996) | �á¯¨à�−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−-
ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

÷®§¥−¡¥à£ ˆ£®àì ��ã¬®¢¨ç (à. 1965) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
−�ãç−ë© àãª®¢®¤¨â¥«ì ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª®-
£® ¨−áâ¨âãâ� ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬
âà�−á¯®àâ¥

‘¨¤−ï¥¢ �¨ª®«�© ˆ¢�−®¢¨ç (à. 1955) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¢ëáè¥© ¬�â¥¬�â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£®
â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â� ¨¬. �. �. ��ã¬�−�
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‘¨−¥¢� …«¨§�¢¥â� …¢£¥−ì¥¢−� (à. 1998) | áâã¤¥−â ¬�£¨áâà�âãàë ä�ªã«ìâ¥â�
äã−¤�¬¥−â�«ì−ëå −�ãª Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® â¥å−¨ç¥áª®£® ã−¨¢¥àá¨-
â¥â� ¨¬. �. �. ��ã¬�−�

‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥-
¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨á-
á«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

•�à¨− �¥âà �«¥ªá�−¤à®¢¨ç (à. 1993) | �á¯¨à�−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à-
¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

•¨«ìª® „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1987) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

˜¥áâ�ª®¢ �«¥£ ‚«�¤¨¬¨à®¢¨ç (p. 1976) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, ¯à®ä¥áá®à ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨
Œ. ‚. ‹®¬®−®á®¢�; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�-
â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª Œ®áª®¢áª®£® æ¥−âà�
äã−¤�¬¥−â�«ì−®© ¨ ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨

˜−ãàª®¢ �¥âà ‚¨ªâ®à®¢¨ç (à. 1953) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«�
íª®−®¬¨ª¨û

˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

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

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

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

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

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

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

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

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

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)

http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.

Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.

The recommended manuscript size: not more than 10 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.

All pages of the manuscript should be numbered.

The templates for the manuscript typesetting are presented on site:

http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).

Please take into account the following examples of Russian references appearance:

Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
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exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

Conference proceedings:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
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