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ЗАМЕНА СИНХРОННЫХ ТРИГГЕРОВ САМОСИНХРОННЫМИ
АНАЛОГАМИ В ПРОЦЕССЕ ДЕСИНХРОНИЗАЦИИ СХЕМЫ∗

Ю. А. Степченков1, Д. Ю. Степченков2, Ю. Г. Дьяченко3, Н. В. Морозов4,
Л. П. Плеханов5

�−−®â�æ¨ï: ‘�¬®á¨−åà®−−ë¥ (‘‘) æ¨äà®¢ë¥ áå¥¬ë ®¡«�¤�îâ àï¤®¬ ¯à¥-
¨¬ãé¥áâ¢ ¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨ ¨ áâ�−®¢ïâáï ¯¥àá¯¥ªâ¨¢−ë¬
¡�§¨á®¬ ¤«ï à¥�«¨§�æ¨¨ −�¤¥¦−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬, íªá¯«ã�â¨àã¥¬ëå
¢ íªáâà¥¬�«ì−ëå ãá«®¢¨ïå. �âáãâáâ¢¨¥ íää¥ªâ¨¢−ëå áà¥¤áâ¢ �¢â®¬�â¨§¨-
à®¢�−−®£® á¨−â¥§� ‘‘-áå¥¬, ã¤®¡−ëå ¤«ï ¨á¯®«ì§®¢�−¨ï à�§à�¡®âç¨ª�¬¨,
®¡ãç¥−−ë¬¨ à�¡®â¥ á á¨áâ¥¬�¬¨ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï á¨−-
åà®−−ëå áå¥¬, ¢ §−�ç¨â¥«ì−®© ¬¥à¥ â®à¬®§¨â ¢−¥¤à¥−¨¥ ‘‘-áå¥¬ ¢ ¯à�ªâ¨ªã
à�§à�¡®âª¨ æ¨äà®¢ëå áå¥¬. �®¤å®¤ ª á¨−â¥§ã ‘‘-áå¥¬, ®á−®¢�−−ë© −�
¯à¥®¡à�§®¢�−¨¨ ¨áå®¤−®£® á¨−åà®−−®£® Verilog-®¯¨á�−¨ï �«£®à¨â¬� à�¡®âë
áå¥¬ë ¢ ‘‘-à¥�«¨§�æ¨î ¯® ä®à¬�«¨§®¢�−−ë¬ ¯à�¢¨«�¬ ¢ �¢â®¬�â¨ç¥áª®¬
à¥¦¨¬¥ á ¬¨−¨¬�«ì−ë¬ ¨−â¥à�ªâ¨¢−ë¬ ãç�áâ¨¥¬ à�§à�¡®âç¨ª�, ®¡¥á¯¥ç¨¢�¥â
¡ëáâà®¥ ¯®«ãç¥−¨¥ ‘‘-à¥è¥−¨ï á ¯à¨¥¬«¥¬ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¨ −¥ âà¥-
¡ã¥â ®â ¯à®¥ªâ¨à®¢é¨ª� £«ã¡®ª¨å ¯®§−�−¨© ¢ ®¡«�áâ¨ á�¬®á¨−åà®−¨ª¨. �−
®¯¨à�¥âáï −� ¡�§®¢ë¥ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï ‘‘-áå¥¬ ¨ í¢à¨áâ¨ç¥áª¨¥ ¬¥â®¤ë
¨å à�§à�¡®âª¨. �¤¨− ¨§ ¢�¦−ëå ¨ −¥®¤−®§−�ç−ëå íâ�¯®¢ ¯à®¥ªâ¨à®¢�−¨ï
‘‘-áå¥¬ ¢ íâ®¬ ¯®¤å®¤¥ | §�¬¥−� á¨−åà®−−ëå âà¨££¥à®¢ ¨å ‘‘-�−�«®£�¬¨.
„«ï íâ®£® ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ §�¬¥−ë á¨−åà®−−®£® âà¨££¥à� ¥£®
‘‘-�−�«®£®¬ á ¯®¬®éìî â�¡«¨ç−®£® ä®à¬�«¨§®¢�−−®£® á®®â¢¥âáâ¢¨ï −� ¡�§¥
£®â®¢®© ¡¨¡«¨®â¥ª¨ ‘‘-âà¨££¥à®¢ ¨ �−�«¨§� ®ªàã¦¥−¨ï âà¨££¥à�.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−�ï áå¥¬�; «®£¨ç¥áª¨© á¨−â¥§; âà¨££¥à; Ver-
ilog; §�¬¥−�; â�¡«¨æ� á®®â¢¥âáâ¢¨ï
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‡�¬¥−� á¨−åà®−−ëå âà¨££¥à®¢ ‘‘-�−�«®£�¬¨ ¢ ¯à®æ¥áá¥ ¤¥á¨−åà®−¨§�æ¨¨ áå¥¬ë

¢ á®áâ�¢¥ ®¡é¥© á¨áâ¥¬ë ¨ ®¡¥á¯¥ç¨¢�¥â ®¤−®¢à¥¬¥−−®áâì á®¡ëâ¨©, ¯à®¨áå®¤ï-
é¨å ¢ à�§−ëå ç�áâïå áå¥¬ë. ‚ ãá«®¢¨ïå ¯®áâ®ï−−®£® ãá«®¦−¥−¨ï æ¨äà®¢®©
−�ç¨−ª¨ ®¤−®© ¬¨ªà®áå¥¬ë ¤¥à¥¢® £«®¡�«ì−®£® â�ªâ®¢®£® á¨£−�«� áâ�−®¢¨âáï
¢¥áì¬� §�âà�â−ë¬ ¨ í−¥à£®¯®âà¥¡«ïîé¨¬.

‘�¬®á¨−åà®−−ë¥ æ¨äà®¢ë¥ áå¥¬ë ¯à¥¤áâ�¢«ïîâ á®¡®© �«ìâ¥à−�â¨¢ã á¨−-
åà®−−®© áå¥¬®â¥å−¨ª¥. �−¨ −¥ ¨á¯®«ì§ãîâ £«®¡�«ì−ë© á¨−åà®á¨£−�« ¤«ï ¢à¥-
¬¥−−�®£® á®£«�á®¢�−¨ï á®¡ëâ¨© ¢ áå¥¬¥. ˆå à�¡®â� ®á−®¢�−� −� §�¯à®á-®â¢¥â−®¬
¢§�¨¬®¤¥©áâ¢¨¨ ¢§�¨¬®á¢ï§�−−ëå ãáâà®©áâ¢, ®¯¨à�îé¥¬áï −� ¨§¡ëâ®ç−®¥ ª®¤¨-
à®¢�−¨¥ ¨−ä®à¬�æ¨¨, ¤¢ãåä�§−ãî ¤¨áæ¨¯«¨−ã à�¡®âë ¨ ®¡ï§�â¥«ì−®¥ ¯®¤â¢¥à-
¦¤¥−¨¥ ãá¯¥è−®£® §�¢¥àè¥−¨ï ¯¥à¥ª«îç¥−¨ï ¢á¥å í«¥¬¥−â®¢ áå¥¬ë ¢ ®ç¥à¥¤−ãî
ä�§ã äã−ªæ¨®−¨à®¢�−¨ï [1, 2]. �«�£®¤�àï íâ®¬ã ‘‘-áå¥¬ë à�¡®â�îâ ª®àà¥ªâ−®
¯à¨ «î¡ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨ ¨ ®áâ�−�¢«¨¢�îâáï ¯à¨ ¯®ï¢«¥−¨¨ ®âª�§�
(ª®−áâ�−â−®© −¥¨á¯à�¢−®áâ¨).

‚ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨ ‘‘-áå¥¬ë ¨¬¥îâ ¨§¡ëâ®ç−ë¥ �¯-
¯�à�â−ë¥ §�âà�âë, ª®â®àë¥ ¨ ®¡¥á¯¥ç¨¢�îâ ã¯®¬ï−ãâë¥ ¢ëè¥ ¨å ã−¨ª�«ì−ë¥
á¢®©áâ¢�. �¤−�ª® ¯à¨ ¤®áâ¨£−ãâ®¬ ãà®¢−¥ à�§¢¨â¨ï â¥å−®«®£¨¨ ¨§£®â®¢«¥−¨ï
¨−â¥£à�«ì−ëå ¬¨ªà®áå¥¬ íâ®â −¥¤®áâ�â®ª ã¦¥ −¥ ¨£à�¥â ®¯à¥¤¥«ïîé¥© à®«¨.
„àã£¨¬ ä�ªâ®à®¬, á¤¥à¦¨¢�îé¨¬ è¨à®ª®¥ ¨á¯®«ì§®¢�−¨¥ ‘‘-áå¥¬®â¥å−¨ª¨
¢ ¯à®¥ªâ¨à®¢�−¨¨ æ¨äà®¢ëå ãáâà®©áâ¢, ï¢«ï¥âáï ®âáãâáâ¢¨¥ ã¤®¡−ëå áà¥¤áâ¢
�¢â®¬�â¨§¨à®¢�−−®£® á¨−â¥§�.

ˆ¬¥îé¨¥áï ®â¥ç¥áâ¢¥−−ë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� à�§à�¡®âª¨ ‘‘-áå¥¬ ¯®-
ªàë¢�îâ â®«ìª® íâ�¯ �−�«¨§� áå¥¬ë −� á�¬®á¨−åà®−−®áâì [3{5]. ‡�àã¡¥¦−ë¥
á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï (‘��÷) �á¨−åà®−−ëå áå¥¬ [6{12],
ª ª®â®àë¬ ®â−®áïâáï ¨ ‘‘-áå¥¬ë, ¨á¯®«ì§ãîâ á¯¥æ¨ä¨ç¥áª¨¥ ï§ëª¨ ®¯¨á�−¨ï
�«£®à¨â¬� äã−ªæ¨®−¨à®¢�−¨ï áå¥¬ë: á¥â¨ �¥âà¨, á¨£−�«ì−ë© £à�ä ¯¥à¥ª«îç¥-
−¨© ¨ ¤à., −¥¯à¨¢ëç−ë¥ ¤«ï à�§à�¡®âç¨ª®¢ âà�¤¨æ¨®−−ëå á¨−åà®−−ëå áå¥¬.
�−¨ âà¥¡ãîâ ®â ¯®«ì§®¢�â¥«ï á®®â¢¥âáâ¢ãîé¥£® ®¡à�§� ¬ëè«¥−¨ï ¨ −¥ ¢á¥£¤�
£�à�−â¨àãîâ ¯®«ãç¥−¨¥ �¤¥ª¢�â−®£® à¥§ã«ìâ�â� [13].

‚ â® ¦¥ ¢à¥¬ï ¨§¢¥áâ−ë ¬¥â®¤ë [13{17], ¨á¯®«ì§ãîé¨¥ âà�¤¨æ¨®−−®¥ á¨−-
åà®−−®¥ ®¯¨á�−¨¥ á¨−â¥§¨àã¥¬®© áå¥¬ë ¤«ï ¯®á«¥¤ãîé¥© �¢â®¬�â¨§¨à®¢�−−®©
£¥−¥à�æ¨¨ �á¨−åà®−−®© áå¥¬ë. �â® ®ç¥¢¨¤−ë© ¨ á�¬ë© ¯®−ïâ−ë© ¤«ï à�§à�-
¡®âç¨ª®¢ ¢á¥å â¨¯®¢ ¬¨ªà®áå¥¬ ¯®¤å®¤. �à¥¤«®¦¥−−ë© ¢ [17] ®¡é¨© ¯®¤å®¤
ª á¨−â¥§ã ®¯¨à�¥âáï −� ª®−¢¥àâ�æ¨î ¨áå®¤−®£® á¨−åà®−−®£® ®¯¨á�−¨ï �«£®à¨â¬�
à�¡®âë áå¥¬ë −� «î¡®¬ ãà®¢−¥: ¯®¢¥¤¥−ç¥áª®¬, äã−ªæ¨®−�«ì−®¬, ¤¨áªà¥â−®¬
(¢ ¡�§¨á¥ ¡¨¡«¨®â¥ª¨ áâ�−¤�àâ−ëå í«¥¬¥−â®¢) | ¢ ‘‘-áå¥¬ã á ¨á¯®«ì§®¢�−¨¥¬
í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬®¢.

„¥á¨−åà®−¨§�æ¨ï áå¥¬ë | ®¤¨− ¨§ ª«îç¥¢ëå íâ�¯®¢ á¨−â¥§� ‘‘-áå¥¬ë
¢ à�¬ª�å ¤�−−®£® ¯®¤å®¤�. �−� §�ª«îç�¥âáï ¢ §�¬¥−¥ á¨£−�«®¢ £«®¡�«ì−®© á¨−-
åà®−¨§�æ¨¨ ¨ ¯à®¨§¢®¤−ëå ®â −¨å «®ª�«ì−ë¬¨ ä�§®¢ë¬¨ á¨£−�«�¬¨ ã¯à�¢«¥−¨ï.
�à¨ íâ®¬ ¢®§−¨ª�¥â §�¤�ç� §�¬¥−ë á¨−åà®−−ëå âà¨££¥à®¢ ¨å ‘‘-�−�«®£�¬¨. �â�
§�¤�ç� �ªâã�«ì−�, ¯®áª®«ìªã ¥¥ íää¥ªâ¨¢−®¥ à¥è¥−¨¥ £�à�−â¨àã¥â ª®àà¥ªâ−ãî
¨ ¬¨−¨¬�«ì−ãî ¯® �¯¯�à�â−ë¬ §�âà�â�¬ à¥�«¨§�æ¨î ‘‘-áå¥¬ë ¢ ¡�§¨á¥ ®£à�-
−¨ç¥−−®© ¡¨¡«¨®â¥ª¨ ïç¥¥ª. ÷¥è¥−¨î íâ®© §�¤�ç¨ ¨ ¯®á¢ïé¥−� ¤�−−�ï áâ�âìï.
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ā. �. ‘â¥¯ç¥−ª®¢, „. ā. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

2 Исходное описание триггера на языке Verilog

�−�«¨§ á®áâ�¢� âà¨££¥à®¢, ¨á¯®«ì§ãîé¨åáï ¯à¨ �¢â®¬�â¨§¨à®¢�−−®¬ ¯à®¥ª-
â¨à®¢�−¨¨ æ¨äà®¢ëå áå¥¬, ¯®ª�§ë¢�¥â, çâ® ¢ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
¨á¯®«ì§ãîâáï ®¤−®â�ªâ−ë¥ ¨ ¤¢ãåâ�ªâ−ë¥ âà¨££¥àë D-â¨¯� [18]. „«ï ®¯¨á�−¨ï
¯®¢¥¤¥−¨ï á¨−åà®−−®£® âà¨££¥à� −� ï§ëª¥ Verilog ¨á¯®«ì§ã¥âáï ¯à®æ¥¤ãà−ë©
¡«®ª always. ��¯à¨¬¥à, ¡«®ª

always@(posedge clk,rst,set) begin
if(rst)
B <= 1′b0;

else
if(set)
B <= 1′b1;

else
B <= A;

end
®¯¨áë¢�¥â ¤¢ãåâ�ªâ−ë© âà¨££¥à á ¢ëå®¤®¬ B, ®¡−ã«ïîé¨© á¢®¥ á®áâ®ï−¨¥ ¯à¨
§−�ç¥−¨¨ ¢å®¤� á¡à®á� rst = 1, ãáâ�−�¢«¨¢�îé¨© ¥£® ¢ ú1û ¯à¨ §−�ç¥−¨¨ ¢å®¤�
ãáâ�−®¢ª¨ set = 1 ¨ §�¯®¬¨−�îé¨© §−�ç¥−¨¥ á¨£−�«�A ¯à¨ ¯¥à¥ª«îç¥−¨¨ â�ªâ®-
¢®£® á¨£−�«� clk ¨§ 0 ¢ 1. ‘¡à®á ¨ ãáâ�−®¢ª� ¬®£ãâ ®âáãâáâ¢®¢�âì, §�¯¨áì ¢ âà¨££¥à
¬®¦¥â ¡ëâì ®£à�−¨ç¥−� ª�ª¨¬¨-â® ãá«®¢¨ï¬¨. �−�«®£¨ç−ë© ¡«®ª

always@(clk, rst, set) begin{. . .} end

®¯¨áë¢�¥â ®¤−®â�ªâ−ë© âà¨££¥à, §�¯®¬¨−�îé¨© §−�ç¥−¨¥ á¨£−�«�A ¯à¨ ¢ëá®ª®¬
ãà®¢−¥ â�ªâ®¢®£® ¢å®¤� clk = 1.

�−�«¨§ á¯¨áª� çã¢áâ¢¨â¥«ì−®áâ¨ ¡«®ª� always ¨ ¥£® â¥«� ¯®§¢®«ï¥â ®¤−®§−�ç−®
®¯à¥¤¥«¨âì ®á®¡¥−−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ®¯¨áë¢�¥¬®£® ¨¬ âà¨££¥à� ¨ ¢ë¡à�âì
¯à�¢¨«ì−ãî ïç¥©ªã ¤«ï ¥£® à¥�«¨§�æ¨¨ ¨§ ãª�§�−−®© ¡¨¡«¨®â¥ª¨ áâ�−¤�àâ−ëå
í«¥¬¥−â®¢. �â� ¯à®æ¥¤ãà� à¥�«¨§®¢�−� ¢ «î¡®© ¨§ á¨−åà®−−ëå ‘��÷, ¢ â®¬
ç¨á«¥ ¨ ¢ ‘��÷ á ®âªàëâë¬ ª®¤®¬, −�¯à¨¬¥à Yosys [19]. �®íâ®¬ã ¤®áâ�â®ç−®
¨á¯®«ì§®¢�âì Yosys ¤«ï à¥�«¨§�æ¨¨ ¤�−−®£® íâ�¯� «®£¨ç¥áª®£® á¨−â¥§� ‘‘-áå¥-
¬ë, � §�â¥¬ ¯®¤®¡à�âì ¯®¤å®¤ïé¨© �−�«®£ áà¥¤¨ ¨§¢¥áâ−ëå ‘‘-âà¨££¥à®¢. ’�ª®©
¯®¤¡®à −¥âà¨¢¨�«¥− ¨ −¥®¤−®§−�ç¥−. �− ¨ ¢ë¡à�− ¯à¥¤¬¥â®¬ −�áâ®ïé¥© áâ�âì¨.

3 Общие признаки синхронных и самосинхронных триггеров

‘¨−åà®−−ë¥ D-âà¨££¥àë ®â«¨ç�îâáï á«¥¤ãîé¨¬¨ ¯à¨§−�ª�¬¨:

{ å�à�ªâ¥à®¬ à�¡®âë | ®¡−®¢«¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢ ¯® ãà®¢−î
(®¤−®â�ªâ−ë© âà¨££¥à) ¨«¨ ¯® ¨§¬¥−¥−¨î (¤¢ãåâ�ªâ−ë© âà¨££¥à) â�ªâ®¢®£®
¢å®¤�;

{ −�«¨ç¨¥¬ ¢å®¤� á¡à®á� ¨ ¥£® â¨¯®¬ | �á¨−åà®−−ë¬ ¨«¨ á¨−åà®−−ë¬;
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‡�¬¥−� á¨−åà®−−ëå âà¨££¥à®¢ ‘‘-�−�«®£�¬¨ ¢ ¯à®æ¥áá¥ ¤¥á¨−åà®−¨§�æ¨¨ áå¥¬ë

÷¨á. 1 ‚�à¨�−âë �Ÿ

{ −�«¨ç¨¥¬ ¢å®¤� ãáâ�−®¢ª¨ ¨ ¥£® â¨¯®¬;

{ −�«¨ç¨¥¬ ¢å®¤� à�§à¥è¥−¨ï ¯à¥¤ãáâ�−®¢ª¨;

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

{ −�«¨ç¨¥¬ ¢å®¤� à�§à¥è¥−¨ï §�¯¨á¨.

�à¨§−�ª¨ ‘‘-âà¨££¥à� �−�«®£¨ç−ë ¯à¨§−�ª�¬ á¨−åà®−−ëå D-âà¨££¥à®¢ á §�-
¬¥−®© â�ªâ®¢®£® ¢å®¤� ä�§®¢ë¬ ¢å®¤®¬ ã¯à�¢«¥−¨ï, � á¨−åà®−−®£® â¨¯� á¡à®á�,
ãáâ�−®¢ª¨ ¨ §�¯¨á¨ | á�¬®á¨−åà®−−ë¬. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢å®¤ ã¯à�¢«¥−¨ï
¬®¦¥â ®âáãâáâ¢®¢�âì, ¥á«¨ ¨−ä®à¬�æ¨®−−ë© ¢å®¤ | íâ® ¯�à�ä�§−ë© á¨£−�« á®
á¯¥©á¥à®¬. ˆ−ä®à¬�æ¨®−−ë¬ ¢å®¤®¬ ¬®¦¥â á«ã¦¨âì ã−�à−ë©, ¯�à�ä�§−ë© á®
á¯¥©á¥à®¬ ¨«¨ ¡¨ä�§−ë© á¨£−�« [20].

‘�¬®á¨−åà®−−ë© âà¨££¥à ®¡ëç−® á®-

÷¨á. 2 �¤−®â�ªâ−ë© ‘‘-âà¨££¥à
á ¯�à�ä�§−ë¬ ¢å®¤®¬ ¨ �á¨−åà®−−ë¬
á¡à®á®¬

÷¨á. 3 „¢ãå¢å®¤®¢ë© ƒ-âà¨££¥à

áâ®¨â ¨§ ®¤−®© ¨«¨ ¤¢ãå ¡¨áâ�¡¨«ì−ëå
ïç¥¥ª (�Ÿ), ¯à¨¬¥àë ª®â®àëå ¯®ª�§�-
−ë −� à¨á. 1. ‚ ª�ç¥áâ¢¥ ª®¬¯®−¥−â�
�Ÿ ¬®¦¥â ¨á¯®«ì§®¢�âìáï «î¡�ï ª®¬¡¨-
−�æ¨®−−�ï «®£¨ç¥áª�ï ïç¥©ª�. �¡ï§�-
â¥«ì−®© á®áâ�¢−®© ç�áâìî ‘‘-âà¨££¥à�
á«ã¦¨â ¨−¤¨ª�â®à−ë© í«¥¬¥−â, ¯®¤â¢¥à-
¦¤�îé¨© ãá¯¥è−®¥ §�¢¥àè¥−¨¥ ¯¥à¥-
ª«îç¥−¨ï ¢á¥å í«¥¬¥−â®¢ âà¨££¥à� ¢ â¥ªã-
éãî ä�§ã à�¡®âë. �à¨¬¥à ®¤−®â�ªâ−®£®
‘‘-âà¨££¥à� á ¯�à�ä�§−ë¬ ¨−ä®à¬�æ¨-
®−−ë¬ ¢å®¤®¬ ¯®ª�§�− −� à¨á. 2. ‡¤¥áì
(R, S) | ¯�à�ä�§−ë© ¨−ä®à¬�æ¨®−−ë©
¢å®¤ á −ã«¥¢ë¬ á¯¥©á¥à®¬; RT | ¢å®¤
�á¨−åà®−−®£® á¡à®á�; (Q, QB) | ¡¨ä�§-
−ë© ¢ëå®¤; I | ¨−¤¨ª�â®à−ë© ¢ëå®¤.

‚ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬¥ ‘‘-áå¥¬
â�ª¦¥ è¨à®ª® ¨á¯®«ì§ã¥âáï £¨áâ¥à¥§¨á-
−ë© âà¨££¥à (ƒ-âà¨££¥à, à¨á. 3).

�¥à¥ç¨á«¥−−ë¥ ¢ ¤�−−®¬ à�§¤¥«¥
¯à¨§−�ª¨ á«ã¦�â ¡�§®¢ë¬¨ ªà¨â¥à¨ï¬¨
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ā. �. ‘â¥¯ç¥−ª®¢, „. ā. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

¯®¤¡®à� ‘‘-�−�«®£� ¤«ï á¨−åà®−−®£® âà¨££¥à�. Šà®¬¥ â®£®, ãç¨âë¢�îâáï
¨−¤¨¢¨¤ã�«ì−ë¥ ®á®¡¥−−®áâ¨ ‘‘-âà¨££¥à� ¨ ¥£® ®ªàã¦¥−¨¥.

4 Функциональные особенности самосинхронных триггеров

”ã−ªæ¨®−�«ì−ë¥ ®á®¡¥−−®áâ¨ ‘‘-âà¨££¥à®¢ á¢ï§�−ë á −¥®¡å®¤¨¬®áâìî ¨−-
¤¨ª�æ¨¨ ¢á¥å í«¥¬¥−â®¢ áå¥¬ë, â¨¯®¬ ‘‘-ª®¤¨à®¢�−¨ï ¢å®¤®¢ ¨ ¢ëå®¤®¢ ¨ áâàãª-
âãà−®© ®à£�−¨§�æ¨¥© ‘‘-áå¥¬ë. �−¨ ãç¨âë¢�îâáï ¢ ¯à®æ¥¤ãà¥ ¤¥á¨−åà®−¨§�æ¨¨
á¨−â¥§¨àã¥¬®© áå¥¬ë. ÷�áá¬®âà¨¬ −¥ª®â®àë¥ ¨§ −¨å.

“¯à�¢«¥−¨¥ ‘‘-âà¨££¥à®¬. ‚ á¨−åà®−−ëå âà¨££¥à�å à¥¦¨¬®¬ à�¡®âë
ã¯à�¢«ï¥â â�ªâ®¢ë© á¨£−�«. ‚ ‘‘-âà¨££¥à�å �−�«®£¨ç−ãî à®«ì ¨£à�¥â ä�§®¢ë©
á¨£−�« ã¯à�¢«¥−¨ï. ‚ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬�å ®¡ëç−® ¨á¯®«ì§ã¥âáï ¯�à�-
ä�§−®¥ á® á¯¥©á¥à®¬ ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢, ª®â®à®¥ −�¤¥«ï¥â
¨å ¯à¨§−�ª®¬ ä�§ë: à�¡®ç¥© ¨«¨ á¯¥©á¥à−®©. �â® á¢®©áâ¢® ¯�à�ä�§−®£® á¨£−�«�
á® á¯¥©á¥à®¬ ¨§¡�¢«ï¥â ®â −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�âì ä�§®¢ë© ¢å®¤ ã¯à�¢«¥-
−¨ï. ’¥¬ −¥ ¬¥−¥¥ ¨á¯®«ì§®¢�−¨¥ ¢å®¤� ã¯à�¢«¥−¨ï ¯à¨ −�«¨ç¨¨ ¯�à�ä�§−®£®
¨−ä®à¬�æ¨®−−®£® ¢å®¤� æ¥«¥á®®¡à�§−® ¤«ï ®à£�−¨§�æ¨¨ ª®−¢¥©¥à�. ‚ íâ®¬ á«ã-
ç�¥ á¨£−�« ã¯à�¢«¥−¨ï ä®à¬¨àã¥âáï ¯®á«¥¤ãîé¥© ç�áâìî ‘‘-áå¥¬ë −� ®á−®¢¥
¥¥ ¨−¤¨ª�â®à−ëå á¨£−�«®¢.

“á¨«¥−¨¥ á¨£−�«� ã¯à�¢«¥−¨ï. �®«ìè�ï −�£àã§ª� −� ¢å®¤¥ ã¯à�¢«¥−¨ï
¢−ãâà¨ ¤¢ãåâ�ªâ−ëå ‘‘-âà¨££¥à®¢ §�áâ�¢«ï¥â ãá¨«¨¢�âì ¥£® ¤®¯®«−¨â¥«ì−ë¬
¨−¢¥àâ®à®¬, ¢ëå®¤ ª®â®à®£® ¬®¦¥â §�â¥¬ ¨á¯®«ì§®¢�âìáï ¤«ï ãáª®à¥−¨ï §�¯à®á-
®â¢¥â−®£® ¢§�¨¬®¤¥©áâ¢¨ï âà¨££¥à� á ®ªàã¦¥−¨¥¬. ‚ −¥ª®â®àëå á«ãç�ïå ¨−¢¥àá¨ï
¢å®¤� ã¯à�¢«¥−¨ï −¥®¡å®¤¨¬� ¤«ï ®à£�−¨§�æ¨¨ ª®àà¥ªâ−®£® ¢§�¨¬®¤¥©áâ¢¨ï
á ®ªàã¦¥−¨¥¬, −�¯à¨¬¥à ¢ à¥£¨áâà¥ á¤¢¨£�. ÷¨áã−®ª 4 ¤¥¬®−áâà¨àã¥â à�§àï¤ à¥-
£¨áâà� á¤¢¨£� −� ¤¢ãåâ�ªâ−®¬ ‘‘-âà¨££¥à¥. ‡¤¥áì …‚ | ¨−¢¥àá¨ï ¢å®¤� ã¯à�¢-

÷¨á. 4 ÷�§àï¤ à¥£¨áâà� á¤¢¨£�
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«¥−¨ï E; …0 | ¤®¯®«−¨â¥«ì−ë© ä�§®¢ë© ¢å®¤, ¯®¤ª«îç�¥¬ë© ª ¢ëå®¤ã EB
á«¥¤ãîé¥£® à�§àï¤� à¥£¨áâà�.

÷¥�«¨§�æ¨ï ¢å®¤−®£® ¨−â¥àä¥©á� ‘‘-áå¥¬ë á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬.
„«ï íâ®© æ¥«¨ ¨á¯®«ì§ã¥âáï ‘‘-âà¨££¥à á ã−�à−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¢å®¤®¬,
®¤−®â�ªâ−ë© ¢�à¨�−â ª®â®à®£®

÷¨á. 5 ‘�¬®á¨−åà®−−ë© âà¨££¥à á ã−�à−ë¬
¢å®¤®¬

÷¨á. 6 ÷�§àï¤ ‘‘-à¥£¨áâà� åà�−¥−¨ï −� ƒ-âà¨£-
£¥à�å

÷¨á. 7 �¤−®â�ªâ−ë© ‘‘-âà¨££¥à á ¯�à�ä�§−ë¬
¢å®¤®¬ ¨ ‘‘-á¡à®á®¬

¯®ª�§�− −� à¨á. 5. ‡¤¥áì
D | ã−�à−ë© ¨−ä®à¬�æ¨®−-
−ë© ¢å®¤; E | ä�§®¢ë© ¢å®¤
ã¯à�¢«¥−¨ï, ä®à¬¨àã¥¬ë© ¨á-
â®ç−¨ª®¬ ¨−ä®à¬�æ¨®−−®£® á¨£-
−�«�.

÷¥�«¨§�æ¨ï à�§àï¤� à¥£¨-
áâà� åà�−¥−¨ï á ¯�à�ä�§−ë¬
¨−ä®à¬�æ¨®−−ë¬ ¢å®¤®¬. ÷¨-
áã−®ª 6 ¤¥¬®−áâà¨àã¥â ¥£® áå¥-
¬ã −� ƒ-âà¨££¥à�å, ®¡®§−�ç¥−-
−ëå á¨¬¢®«®¬ úHû. ‡¤¥áì
(•, •‚) | ¯�à�ä�§−ë© ¨−ä®à-
¬�æ¨®−−ë© ¢å®¤; E | ¢å®¤
ã¯à�¢«¥−¨ï; (Y, YB) | ¯�à�-
ä�§−ë© ¢ëå®¤; I | ¨−¤¨ª�-
â®à−ë© ¢ëå®¤. ’�ª®© à¥£¨áâà
åà�−¥−¨ï ¨á¯®«ì§ã¥âáï ¢ ª�ç¥-
áâ¢¥ à¥£¨áâà� áâã¯¥−¨ ‘‘-ª®−-
¢¥©¥à�.

‘�¬®á¨−åà®−−ë© á¡à®á
¨ ‘‘-ãáâ�−®¢ª�. �â«¨ç¨¥ ‘‘-
¯à¥¤ãáâ�−®¢ª¨ ®â �á¨−åà®−−®©
§�ª«îç�¥âáï ¢ ¨−¤¨æ¨à®¢�−¨¨
¥¥ §�¢¥àè¥−¨ï. �−® ãá«®¦-
−ï¥â áå¥¬ã âà¨££¥à� ¨ âà¥¡ã¥â
®à£�−¨§�æ¨¨ áæ¥−�à¨ï ‘‘-¯à¥¤-
ãáâ�−®¢ª¨: ®¯à¥¤¥«¥−¨¥ ãá«®-
¢¨ï §�¯ãáª� ‘‘-¯à¥¤ãáâ�−®¢-
ª¨, ¯à¥àë¢�−¨¥ èâ�â−®© à�¡®âë
âà¨££¥à�, ¨−¨æ¨¨à®¢�−¨¥ ¯à¥¤-
ãáâ�−®¢ª¨, ¯®¤â¢¥à¦¤¥−¨¥ ä�ª-
â� ¥¥ §�¢¥àè¥−¨ï ¨ ¢®§¢à�â
ª èâ�â−®¬ã à¥¦¨¬ã à�¡®âë. ��
à¨á. 7 ¯®ª�§�− ®¤−®â�ªâ−ë© ‘‘-
âà¨££¥à, ®â«¨ç�îé¨©áï ®â âà¨£-
£¥à� −� à¨á. 2 ‘‘-á¡à®á®¬
(¢å®¤ ‘).
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ā. �. ‘â¥¯ç¥−ª®¢, „. ā. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

ˆ−¤¨¢¨¤ã�«ì−ë¥ ®á®¡¥−−®áâ¨ ‘‘-âà¨££¥à®¢ ãç¨âë¢�îâáï ¢ ¯à®æ¥¤ãà¥ ¤¥-
á¨−åà®−¨§�æ¨¨ á¨−â¥§¨àã¥¬®© áå¥¬ë ¯à¨ §�¬¥−¥ á¨−åà®−−ëå âà¨££¥à®¢ á®®â¢¥â-
áâ¢ãîé¨¬¨ ‘‘-âà¨££¥à�¬¨ á ãç¥â®¬ ¨å −�§−�ç¥−¨ï ¨ ®ªàã¦¥−¨ï.

5 Метод замены синхронного триггера самосинхронным вариантом

�à¥¤«�£�¥¬ë© ¬¥â®¤ §�¬¥−ë á¨−åà®−−®£® âà¨££¥à� ‘‘-¢�à¨�−â®¬ §�ª«îç�-
¥âáï ¢ ¯®¤¡®à¥ ‘‘-�−�«®£� ¤«ï ª�¦¤®£® á¨−åà®−−®£® âà¨££¥à� ¢ äã−ªæ¨®−�«ì−®-
«®£¨ç¥áª®¬ ®¯¨á�−¨¨ á¨−â¥§¨àã¥¬®© áå¥¬ë, ¯®«ãç¥−−®¬ ¯à®£à�¬¬®© Yosys ¢ à¥-
§ã«ìâ�â¥ ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−®£® ¯®¢¥¤¥−ç¥áª®£® ®¯¨á�−¨ï áå¥¬ë, á ¯®¬®éìî
â�¡«¨æë á®®â¢¥âáâ¢¨ï. ”à�£¬¥−â â�ª®© â�¡«¨æë ¤«ï ¡¨¡«¨®â¥ª¨ áâ�−¤�àâ−ëå
í«¥¬¥−â®¢ á¥¬¥©áâ¢� ¡�§®¢ëå ¬�âà¨ç−ëå ªà¨áâ�««®¢ 5503 [21] ¯à¥¤áâ�¢«¥− −¨¦¥.

‘®®â¢¥âáâ¢¨¥ ‘‘-âà¨££¥à®¢ á¨−åà®−−ë¬ ¯à®â®â¨¯�¬

��§−�ç¥−¨¥

•�à�ªâ¥à à�¡®âë ‘¡à®á “áâ�−®¢ª�
�à®â®-

â¨¯
‘‘-�−�-

«®£
�¤−®-
â�ªâ-
−ë©

„¢ãå-
â�ªâ-
−ë©

�á¨−-
åà®−-
−ë©

‘¨−-
åà®−-
−ë©

�á¨−-
åà®−-
−�ï

‘¨−-
åà®−-
−�ï

1. •à�−¥−¨¥ √ LD R0E10
2. •à�−¥−¨¥ √ √ LDP R1R11
3. •à�−¥−¨¥ √ √ FDC R1RE20
4. ‘¤¢¨£ √ √ FDCB S0RRE0
5. ‘¤¢¨£ √ √ √ FDRSB S0RTE0
6. ‘¤¢¨£ √ √ FDC S1RRE0
7. ‘¤¢¨£ √ √ √ FDRS S1RTE0
8. ÷�§àï¤ áç¥âç¨ª� √ √ FDC ‘1‘
9. ÷�§àï¤ áç¥âç¨ª� √ √ √ FDCP C0CP
10. ÷�§àï¤ áç¥âç¨ª� √ √ FDCB ‘0‘I

�¤−®¬ã á¨−åà®−−®¬ã âà¨££¥àã ¬®¦¥â á®®â¢¥âáâ¢®¢�âì −¥áª®«ìª® ‘‘-�−�-
«®£®¢ ¢ §�¢¨á¨¬®áâ¨ ®â −�§−�ç¥−¨ï âà¨££¥à� ¨ â¨¯� ¨−ä®à¬�æ¨®−−ëå ¢å®¤®¢
¨ ¢ëå®¤®¢, ®¯à¥¤¥«ï¥¬®£® ¥£® ¨áâ®ç−¨ª®¬.

�à®æ¥¤ãà� §�¬¥−ë á®áâ®¨â ¨§ á«¥¤ãîé¨å è�£®¢.

1. �−�«¨§ á®áâ�¢� ¢å®¤®¢ âà¨££¥à�.
2. �¯à¥¤¥«¥−¨¥ ¥£® −�§−�ç¥−¨ï (à�§àï¤ à¥£¨áâà� åà�−¥−¨ï, à�§àï¤ à¥£¨áâà�

á¤¢¨£�, à�§àï¤ áç¥âç¨ª�, âà¨££¥à ä«�£� ¨ â. ¤.) ¯® ¥£® ®ªàã¦¥−¨î.
3. “â®ç−¥−¨¥ â¨¯� ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¨ ¢ëå®¤�.
4. �®¤¡®à ‘‘-�−�«®£� ¨§ â�¡«¨æë á®®â¢¥âáâ¢¨ï.

‚ −¥ª®â®àëå á«ãç�ïå ¯à¨ §�¬¥−¥ ¤®¯ãáª�¥âáï ¨§¬¥−¥−¨¥ â¨¯� âà¨££¥à�.
��¯à¨¬¥à, ¤¢ãåâ�ªâ−ë© á¨−åà®−−ë© âà¨££¥à ¢ ª�ç¥áâ¢¥ à�§àï¤� à¥£¨áâà� áâã¯¥−¨
ª®−¢¥©¥à� §�¬¥−ï¥âáï à�§àï¤®¬ à¥£¨áâà� åà�−¥−¨ï −� ƒ-âà¨££¥à�å (á¬. à¨á. 6)
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‡�¬¥−� á¨−åà®−−ëå âà¨££¥à®¢ ‘‘-�−�«®£�¬¨ ¢ ¯à®æ¥áá¥ ¤¥á¨−åà®−¨§�æ¨¨ áå¥¬ë

¢¬¥áâ® ¤¢ãåâ�ªâ−®£® ‘‘-âà¨££¥à�. �ª®−ç�â¥«ì−ë© ¢ë¡®à ‘‘-�−�«®£� âà¨££¥à�
¤¥«�¥âáï ¯®á«¥ á®£«�á®¢�−¨ï â¨¯®¢ á¯¥©á¥à� ¥£® ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å
á¨£−�«®¢ á ¨å ¨áâ®ç−¨ª�¬¨ ¢ á®®â¢¥âáâ¢¨¨ á ¤¨áæ¨¯«¨−®© äã−ªæ¨®−¨à®¢�−¨ï ‘‘-
áå¥¬.

6 Заключение

�¢â®¬�â¨§¨à®¢�−−ë© á¨−â¥§ ‘‘-áå¥¬ë −� ¡�§¥ ¥¥ á¨−åà®−−®£® ®¯¨á�−¨ï
¨ á¨áâ¥¬ë «®£¨ç¥áª®£® á¨−â¥§� Yosys ¤«ï ¯à¥®¡à�§®¢�−¨ï ¯®¢¥¤¥−ç¥áª®£® ®¯¨á�-
−¨ï á¨−â¥§¨àã¥¬®© áå¥¬ë ¢ á¨áâ¥¬ã «®£¨ç¥áª¨å äã−ªæ¨© ¨ á®¢®ªã¯−®áâì âà¨££¥-
à®¢ −¥ âà¥¡ã¥â ®â à�§à�¡®âç¨ª� ã£«ã¡«¥−−ëå §−�−¨© â¥®à¨¨ ‘‘-áå¥¬, ãáª®àï¥â
à�§à�¡®âªã ‘��÷ ‘‘-áå¥¬ ¨ ®¡«¥£ç�¥â ¨å ¯à®¥ªâ¨à®¢�−¨¥.

�à¥¤«®¦¥−−ë© ¢ áâ�âì¥ ¬¥â®¤ §�¬¥−ë á¨−åà®−−ëå âà¨££¥à®¢ ‘‘-�−�«®£�¬¨
−� ®á−®¢¥ â�¡«¨æë ¨å á®®â¢¥âáâ¢¨ï á ãç¥â®¬ −�§−�ç¥−¨ï ¨ ®ªàã¦¥−¨ï âà¨££¥à�
ä®à¬�«¨§ã¥â ¨ ã¯à®é�¥â á¨−â¥§ ‘‘-áå¥¬. ’�¡«¨æ� á®®â¢¥âáâ¢¨ï ä®à¬¨àã¥âáï
¯®¤ ª®−ªà¥â−ãî ¡¨¡«¨®â¥ªã áâ�−¤�àâ−ëå ïç¥¥ª.

„�«ì−¥©è¥¥ −�¯à�¢«¥−¨¥ ¨áá«¥¤®¢�−¨ï ¨ à¥è¥−¨ï ¯à®¡«¥¬ë á¨−â¥§� ‘‘-áå¥¬
á¢ï§�−® á à�§à�¡®âª®© ¬¥â®¤¨ª¨ ¯®áâà®¥−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ−ëå äã−ªæ¨®−�«ì-
−ëå ‘‘-ãáâà®©áâ¢ (à¥£¨áâà®¢, áç¥âç¨ª®¢) −� ®á−®¢¥ ¨å ¨áå®¤−®£® á¨−åà®−−®£®
¯®¢¥¤¥−ç¥áª®£® ®¯¨á�−¨ï.
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Replacing synchronous triggers with ST counterparts during circuit desynchronization

REPLACING SYNCHRONOUS TRIGGERS WITH SELF-TIMED
COUNTERPARTS DURING CIRCUIT DESYNCHRONIZATION

Yu. A. Stepchenkov, D. Yu. Stepchenkov, Yu. G. Diachenko, N. V. Morozov,
and L. P. Plekhanov

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: Self-timed (ST) digital circuits have a number of advantages in
comparison with synchronous counterparts and become a promising basis for
the reliable computing systems implementation operating in extreme conditions.
The lack of effective tools for automated synthesis of ST circuits convenient
for use by developers trained in computer-aided design of the synchronous
circuits significantly hinders the introduction of ST circuits into digital circuit
development practice. The approach to the ST circuit synthesis based on the
transformation of the original synchronous Verilog description of the circuit
operation algorithm into the ST implementation according to formalized rules in
automatic mode with minimal interactive participation of the developer provides
a quick ST solution with acceptable characteristics and does not require deep
knowledge of self-timing from the designer. It relies on the basic principles of ST
circuits design and heuristic methods for their development. One of the important
and controversial stages of ST circuit design in this approach is the replacement
of synchronous latches and flip-flops by their ST counterparts. For this purpose,
the authors propose to use the method of tabular formalized correspondence
based on a ready-made library of ST latches and flip-flops and analysis of their
environment.

Keywords: self-timed circuit; logic synthesis; trigger; Verilog; substitution;
coincidence table
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ХАРАКТЕРИСТИКИ И ЛОГИЧЕСКАЯ СТРУКТУРА
МЕТОДОЛОГИИ ПОСТРОЕНИЯ РЕФЛЕКСИВНО-АКТИВНЫХ

СИСТЕМ ИСКУССТВЕННЫХ ГЕТЕРОГЕННЫХ
ИНТЕЛЛЕКТУАЛЬНЫХ АГЕНТОВ∗

С. В. Листопад1

�−−®â�æ¨ï: �¯¨áë¢�îâáï í«¥¬¥−âë ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï à¥ä«¥ªá¨¢-
−®-�ªâ¨¢−ëå á¨áâ¥¬ ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢
(÷�‘ˆƒˆ�), � ¨¬¥−−®: ¥¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ «®£¨ç¥áª�ï áâàãªâãà�, ä®à-
¬¨àãîé¨¥ ®á−®¢ã ¤«ï ¯®áâà®¥−¨ï ¥¥ â¥¬¯®à�«ì−®© áâàãªâãàë (¦¨§−¥−−®£®
æ¨ª«�). ˆáªãááâ¢¥−−ë¥ £¥â¥à®£¥−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ �£¥−âë à¥ä«¥ªá¨¢-
−®-�ªâ¨¢−ëå á¨áâ¥¬ ¢§�¨¬−® ¬®¤¥«¨àãîâ à¥ä«¥ªá¨¢−ë¥ ¯®§¨æ¨¨ ¤àã£ ¤àã£�,
¤¨−�¬¨ç¥áª¨ ¢ëà�¡�âë¢�îâ â�ªâ¨ª¨ ¨ áâà�â¥£¨¨ á¢®¥£® ¯®¢¥¤¥−¨ï, à¥«¥¢�−â-
−ë¥ ¬®¤¥«ï¬ á¢®¨å ª®−âà�£¥−â®¢, ¯® ¬¥à¥ −¥®¡å®¤¨¬®áâ¨ ¢ ¯à®æ¥áá¥ à¥è¥−¨ï
¯à®¡«¥¬ ¯à¨¢«¥ª�îâ −®¢ëå �£¥−â®¢ ¨§ ¯ã«� ¤®áâã¯−ëå �£¥−â®¢, ¯®áâà®¥−−ëå
à�§«¨ç−ë¬¨ à�§à�¡®âç¨ª�¬¨, ¨ ¨áª«îç�îâ ¨§ á¢®¥£® á®áâ�¢� áãé¥áâ¢ãîé¨å
�£¥−â®¢, −� «¥âã ¯¥à¥áâà�¨¢�ï á®áâ�¢ �£¥−â®¢ ¨ áâàãªâãàã á¢ï§¥© ¬¥¦¤ã −¨-
¬¨. ÷�§à�¡®âª� â�ª¨å á¨áâ¥¬ ¤«ï à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬ ¯®§¢®«¨â
¯®«ãç¨âì −®¢ë¥ â¥®à¥â¨ç¥áª¨¥, ¬¥â®¤®«®£¨ç¥áª¨¥ ¨ â¥å−®«®£¨ç¥áª¨¥ §−�−¨ï
® ª®««¥ªâ¨¢−®¬ ¨−â¥««¥ªâ¥, ¯®¢ëá¨âì à¥«¥¢�−â−®áâì ¤�−−ëå á¨áâ¥¬ à¥�«ì−ë¬
ª®««¥ªâ¨¢�¬ á¯¥æ¨�«¨áâ®¢, � â�ª¦¥ ¢¥à¨ä¨æ¨à®¢�âì §−�−¨ï ® ª®««¥ªâ¨¢−ëå
¯à®æ¥áá�å ¨ íää¥ªâ�å ¢ ¬�«ëå £àã¯¯�å.

Š«îç¥¢ë¥ á«®¢�: à¥ä«¥ªá¨ï; ¬¥â®¤®«®£¨ï; à¥ä«¥ªá¨¢−®-�ªâ¨¢−�ï á¨áâ¥¬�
¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢; £¨¡à¨¤−�ï ¨−â¥«-
«¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬�; ª®««¥ªâ¨¢ á¯¥æ¨�«¨áâ®¢
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1 Введение

÷�§à�¡®âª� ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬, ãç¨âë¢�îé¨å −¥®¤−®à®¤−®áâì, ¤¨−�-
¬¨ç−®áâì, ª®¬¯«¥ªá−®¥ áâà®¥−¨¥, á¥â¥¢®© å�à�ªâ¥à ãá«®¢¨© ¨ æ¥«¥© à¥è�¥¬ëå
¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬, | −¥âà¨¢¨�«ì−�ï §�¤�ç�. „«ï íâ¨å æ¥«¥© ¯à¥¤«�£�-
¥âáï −®¢ë© ª«�áá ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ | à¥ä«¥ªá¨¢−®-�ªâ¨¢−ë¥ á¨áâ¥¬ë
¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢, á®§¤�¢�¥¬ë¥ ¢ à�¬ª�å
¬−®£®�£¥−â−®£® ¯®¤å®¤� [1{4] −� ®á−®¢¥ ¬®¤¥«¨ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå
¬−®£®�£¥−â−ëå á¨áâ¥¬ [5]. ‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë á®§¤�-
−¨ï ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï á¨áâ¥¬ â�ª®£® ª«�áá�.

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� ü 23-21-00218.
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, ser-list-post@yandex.ru
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•�à�ªâ¥à¨áâ¨ª¨ ¨ «®£¨ç¥áª�ï áâàãªâãà� ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï ÷�‘ˆƒˆ�

�®−ïâ¨¥ ú¬¥â®¤®«®£¨ïû ¨¬¥¥â ¬−®£®§−�ç−ë© å�à�ªâ¥à [6{10]: ¢ë¤¥«ïîâ-
áï ¤¥áªà¨¯â¨¢−ë¥, ¯à¥¤¯®«�£�îé¨¥ à¥âà®á¯¥ªâ¨¢−®¥ ®¯¨á�−¨¥ ®áãé¥áâ¢«¥−−ëå
¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨, ¨ −®à¬�â¨¢−ë¥, ä®à¬¨àãîé¨¥ à¥ª®¬¥−¤�æ¨¨ ¤«ï ¡ã¤ã-
é¥© ¤¥ïâ¥«ì−®áâ¨, äã−ªæ¨¨ ¬¥â®¤®«®£¨¨, � â�ª¦¥ ç¥âëà¥ ãà®¢−ï ¥¥ à�áá¬®âà¥-
−¨ï [6, 8]: ä¨«®á®äáª¨©, ®¡é¥−�ãç−ë©, ª®−ªà¥â−®-−�ãç−ë© ¨ â¥å−®«®£¨ç¥áª¨©
(ª®−ªà¥â−ë¥ ¬¥â®¤¨ª¨ ¨ â¥å−¨ª¨ ¨áá«¥¤®¢�−¨ï). ‚ −�áâ®ïé¥© à�¡®â¥ ¡ã¤¥¬
¨á¯®«ì§®¢�âì ®¯à¥¤¥«¥−¨¥ ¬¥â®¤®«®£¨¨ �. Œ. ¨ „. �. �®¢¨ª®¢ëå, à�áá¬�âà¨-
¢�îé¨å ¥¥ ª�ª ãç¥−¨¥ ®¡ ®à£�−¨§�æ¨¨ ¯à®¤ãªâ¨¢−®© ¤¥ïâ¥«ì−®áâ¨ ¢ æ¥«®áâ−ãî
á¨áâ¥¬ã á ç¥âª® ®¯à¥¤¥«¥−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, «®£¨ç¥áª®© áâàãªâãà®© ¨ ¯à®-
æ¥áá®¬ ¥¥ ®áãé¥áâ¢«¥−¨ï (â¥¬¯®à�«ì−®© áâàãªâãà®©) [8]. ‚ −�áâ®ïé¥© à�¡®â¥ à�á-
á¬�âà¨¢�îâáï å�à�ªâ¥à¨áâ¨ª¨ (®á®¡¥−−®áâ¨ ¨ ¯à¨−æ¨¯ë) ¨ «®£¨ç¥áª�ï (áã¡ê¥ªâ,
®¡ê¥ªâ, ¯à¥¤¬¥â, ¬¥â®¤ë, áà¥¤áâ¢�, à¥§ã«ìâ�â) áâàãªâãà� ¬¥â®¤®«®£¨¨ à�§à�¡®âª¨
÷�‘ˆƒˆ�.

2 Характеристики методологии

�á®¡¥−−®áâ¨ ¯à®¥ªâ¨à®¢�−¨ï ÷�‘ˆƒˆ� ®¯à¥¤¥«ïîâáï ª«�áá®¬ ¨ å�à�ªâ¥-
à¨áâ¨ª�¬¨ ¯à®¡«¥¬, ¤«ï à¥è¥−¨ï ª®â®àëå ®−¨ ¯à¥¤−�§−�ç¥−ë. �à�ªâ¨ç¥áª¨¥
¨áá«¥¤®¢�−¨ï [5, 11, 12] â�ª¨å ¯à®¡«¥¬, ¢®§−¨ª�îé¨å ¯à¨ ã¯à�¢«¥−¨¨ ®¡ê¥ªâ�-
¬¨ âà�−á¯®àâ−®© «®£¨áâ¨ª¨, í«¥ªâà®í−¥à£¥â¨ª¨, ¬¥¤¨æ¨−ë ¨ ¤àã£¨å ®¡«�áâ¥©,
¯à®¤¥¬®−áâà¨à®¢�«¨ ¨å á«�¡ãî ä®à¬�«¨§�æ¨î, ª®¬¯«¥ªá−®¥ áâà®¥−¨¥, −¥®¤-
−®à®¤−®áâì, á¥â¥¢®© å�à�ªâ¥à ãá«®¢¨© ¨ æ¥«¥©, áãé¥áâ¢¥−−ãî −¥¯à®§à�ç−®áâì
(−¥®¯à¥¤¥«¥−−®áâì) ¨ ¤¨−�¬¨ç−®áâì, çâ® á®£«�áã¥âáï á à�¡®â�¬¨ [13, 14]. ’�ª¨¬
®¡à�§®¬, ¢ë¤¥«ïîâáï á«¥¤ãîé¨¥ ®á®¡¥−−®áâ¨ à�§à�¡®âª¨ ÷�‘ˆƒˆ�:

{ ¢¢¨¤ã á«�¡®© ä®à¬�«¨§�æ¨¨ ¯à®æ¥áá à¥è¥−¨ï ¯à®¡«¥¬ë §�ç�áâãî −�ç¨−�¥âáï
á ¢ëà�¡®âª¨ ¥¥ ä®à¬ã«¨à®¢ª¨, ¯®â®¬ã çâ® ¨§−�ç�«ì−® ®−� ¬®¦¥â ¡ëâì −¥
®¯à¥¤¥«¥−�, â�ª ¦¥ ª�ª ¨ §−�−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï ¥¥ à¥è¥−¨ï;

{ áãé¥áâ¢¥−−�ï −¥¯à®§à�ç−®áâì ¯à®¡«¥¬ë ¨ å�®â¨ç−®áâì ¯à®æ¥áá®¢ −¥ ¯®§¢®-
«ïîâ ®¯¥à¨à®¢�âì âà�¤¨æ¨®−−ë¬¨ «®£¨ç¥áª¨¬¨ ¨ ¢¥à®ïâ−®áâ−®-ª�ã§�«ì−ë¬¨
¬¥â®¤�¬¨, ¢ à¥§ã«ìâ�â¥ á¨áâ¥¬� ¯®¤¤¥à¦ª¨ à¥è¥−¨© ¤®«¦−� à�¡®â�âì ¢ −¥-
¯à¥¤áª�§ã¥¬ëå −� ®á−®¢¥ à¥âà®á¯¥ªâ¨¢−ëå ¤�−−ëå ãá«®¢¨ïå [15];

{ −¥®¤−®à®¤−®áâì, á¥â¥¢®© å�à�ªâ¥à ãá«®¢¨© ¨ æ¥«¥© ¯à¥¤¯®«�£�îâ −¥®¡å®-
¤¨¬®áâì ®¡ê¥¤¨−¥−¨ï ¢ ¥¤¨−ãî á¨áâ¥¬ã ¬¥â®¤®¢ à�§«¨ç−ëå â¥å−®«®£¨© ¨á-
ªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¨ ª®¬¯ìîâ¥à−ëå ¬®¤¥«¥© á¯¥æ¨�«¨áâ®¢ á à�§−ë¬¨
¢§£«ï¤�¬¨ −� ¯à®¡«¥¬ã ¨ à�§−ë¬¨ æ¥«ï¬¨ [16];

{ ¤¨−�¬¨ç−®áâì á«¥¤ã¥â ãç¨âë¢�âì −� ãà®¢−ïå áà¥¤ë ¨ ¯à®¡«¥¬ë. „¨−�¬¨ç-
−®áâì áà¥¤ë, ¢ ª®â®à®© áãé¥áâ¢ãîâ �£¥−âë á¨áâ¥¬ë, ¯à¥¤¯®«�£�¥â ®£à�−¨ç¥−-
−®áâì ¢à¥¬¥−¨ −� ¢ëà�¡®âªã à¥è¥−¨ï ¯à®¡«¥¬ë ¢ á®®â¢¥âáâ¢¨¨ á −¥ª®â®àë¬
¬¥â®¤®¬ ¨«¨ ¯à®â®ª®«®¬, â. ¥. ¨å à�¡®âã ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨ (¬ï£ª®£®
¨«¨ ¦¥áâª®£®) [17]. „¨−�¬¨ç−®áâì ¯à®¡«¥¬ë ®£à�−¨ç¨¢�¥â ¢à¥¬ï −� ¯®áâà®-
¥−¨¥ ¬¥â®¤� ¥¥ à¥è¥−¨ï ¨ −¥¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï à�−¥¥ ¢ëà�¡®â�−−ëå
¬¥â®¤®¢ ¢ −¥¨§¬¥−−®¬ ¢¨¤¥;
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{ ª®¬¯«¥ªá−®áâì ¯à¨¢®¤¨â ª −¥®¡å®¤¨¬®áâ¨ ¨áá«¥¤®¢�−¨ï ¯à®¡«¥¬ë ¨ ¯à®-
¥ªâ¨à®¢�−¨ï á¨áâ¥¬ë −� à�§−ëå ãà®¢−ïå. �à®¡«¥¬� ¯à¥¤áâ�¢«ï¥â á®¡®©
¢§�¨¬®á¢ï§�−−ãî á®¢®ªã¯−®áâì ¯®¤¯à®¡«¥¬ ¨ í«¥¬¥−â�à−ëå §�¤�ç, ª®â®-
àë¥ ¬®£ãâ ®¡à�§®¢ë¢�âì ¨¥à�àå¨ç¥áªãî á¨áâ¥¬ã, ¯à¨ç¥¬ á¢®©áâ¢� ¯à®¡«¥¬ë
¢ æ¥«®¬ ®¯à¥¤¥«ïîâáï −¥ â®«ìª® á¢®©áâ¢�¬¨ ¥¥ á®áâ�¢−ëå ç�áâ¥©, −® ¨ á¢ï-
§ï¬¨ ¬¥¦¤ã −¨¬¨. Œ�ªà®ãà®¢−¥¢ë¥ ª®««¥ªâ¨¢−ë¥ íää¥ªâë, ®¯à¥¤¥«ïîé¨¥
á¢®©áâ¢� à�§à�¡�âë¢�¥¬®© á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îâáï ¯ãâ¥¬ ¯à®¥ªâ¨à®¢�−¨ï
í«¥¬¥−â�à−ëå äã−ªæ¨© �£¥−â®¢ ¨, ¢ á¢®î ®ç¥à¥¤ì, §�¢¨áïâ ®â å�à�ªâ¥à¨áâ¨ª
áà¥¤ë ÷�‘ˆƒˆ�.

�â¨ ®á®¡¥−−®áâ¨ ¯à¥¤®¯à¥¤¥«ïîâ ¯à¨−æ¨¯ë ¯à®¥ªâ¨à®¢�−¨ï ÷�‘ˆƒˆ�,
á®£«�áãîé¨¥áï á ¯à¨−æ¨¯�¬¨ á¨áâ¥¬−®£® �−�«¨§�, ®¡é¥© â¥®à¨¨ á¨áâ¥¬, á¨−¥à-
£¥â¨ª¨ ¨ ¯®áâà®¥−¨ï à¥ä«¥ªá¨¢−®-�ªâ¨¢−ëå áà¥¤ ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï:

{ ¯à¨−æ¨¯ áã¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®© ®à£�−¨§�æ¨¨ §−�−¨©, á®£«�á−® ª®â®-
à®¬ã §−�−¨ï −¥®â¤¥«¨¬ë ®â ¯®§−�îé¨å áã¡ê¥ªâ®¢, � ®¡é�ï ª�àâ¨−� ¬¨à�
ä®à¬¨àã¥âáï §� áç¥â á¥â¥¢®© ®à£�−¨§�æ¨¨ ¨å ç�áâ−ëå ª�àâ¨− ¬¨à� [18];

{ ¯à¨−æ¨¯ −¥ãáâ®©ç¨¢®áâ¨, ¯à¥¤¯®«�£�îé¨©, çâ® á¨áâ¥¬� ¢ á¢®¥¬ à�§¢¨â¨¨
¯à¨ ¯¥à¥å®¤¥ ®â ®¤−®£® à�¢−®¢¥á−®£® á®áâ®ï−¨ï ª ¤àã£®¬ã ¯à®å®¤¨â ç¥à¥§
â®çª¨ ¡¨äãàª�æ¨¨ (−¥ãáâ®©ç¨¢®áâ¨, −¥®¯à¥¤¥«¥−−®áâ¨, å�®á�), ¢ ª®â®àëå
®áãé¥áâ¢«ï¥âáï ¢ë¡®à ¤�«ì−¥©è¥£® ¯ãâ¨ ¥¥ à�§¢¨â¨ï, ¨ −¥§−�ç¨â¥«ì−ë¥ ¯®
á¨«¥ ¢®§¤¥©áâ¢¨ï, ¢ â®¬ ç¨á«¥ ¨−ä®à¬�æ¨®−−ë¥, ¬®£ãâ áãé¥áâ¢¥−−® ¯®¢«¨ïâì
−� ¥¥ áã¤ì¡ã [18,19];

{ ¯à¨−æ¨¯ ®âªàëâ®áâ¨, ®¡¥á¯¥ç¨¢�îé¨© ¯à¨â®ª −®¢®© ¨−ä®à¬�æ¨¨, §−�−¨©
¨ �£¥−â®¢ ¢ á¨áâ¥¬ã, á®åà�−¥−¨¥ ¯®àï¤ª� ¨ ¥¥ í¢®«îæ¨î ®â ¯à®áâ®£® ª á«®¦-
−®¬ã [18];

{ ¯à¨−æ¨¯ £®¬¥®áâ�â¨ç−®áâ¨, ®¡¥á¯¥ç¨¢�îé¨© äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë
¢ −¥ª®â®àëå à�¬ª�å, ª®â®àë¥ ¯®§¢®«ïîâ ¥© á«¥¤®¢�âì ª á¢®¥© æ¥«¨, §� áç¥â
−�«¨ç¨ï ®âà¨æ�â¥«ì−ëå ®¡à�â−ëå á¢ï§¥©, ¯®¤�¢«ïîé¨å ¢−¥è−¨¥ ¢®§¬ãé¥-
−¨ï [18];

{ ¯à¨−æ¨¯ −¥«¨−¥©−®áâ¨, ª®â®àë© ¯à¥¤¯®«�£�¥â −�àãè¥−¨¥ ¯à¨−æ¨¯� áã¯¥à-
¯®§¨æ¨¨ ¢ −¥ª®â®à®¬ ï¢«¥−¨¨ [18], −�¯à¨¬¥à ª®£¤� à¥§ã«ìâ�â à�¡®âë á¨áâ¥¬ë
�£¥−â®¢ ¯à¥¢®áå®¤¨â à¥§ã«ìâ�â à�¡®âë â¥å ¦¥ �£¥−â®¢, à�¡®â�îé¨å ¯®à®§−ì.
„�−−ë© ¯à¨−æ¨¯ −�¨¡®«¥¥ ¢ëà�¦¥− ¢¡«¨§¨ £à�−¨æ áãé¥áâ¢®¢�−¨ï á¨áâ¥¬ë;

{ ¯à¨−æ¨¯ −¥®¡å®¤¨¬®£® à�§−®®¡à�§¨ï [20], ¯à¥¤¯®«�£�îé¨©, çâ® ¤«ï à¥è¥−¨ï
¯à®¡«¥¬ë, ª®â®à�ï ®¡«�¤�¥â ®¯à¥¤¥«¥−−ë¬, ¨§¢¥áâ−ë¬ à�§−®®¡à�§¨¥¬ (á«®¦-
−®áâìî), âà¥¡ã¥âáï á®§¤�−¨¥ á¨áâ¥¬ë á ¥é¥ ¡®«ìè¨¬ à�§−®®¡à�§¨¥¬ (−�«¨ç¨¥¬
¬¥â®¤®¢ à¥è¥−¨ï ¯à®¡«¥¬ë) ¨«¨ á¯®á®¡−®© ¯®à®¦¤�âì ¢ á¥¡¥ −¥®¡å®¤¨¬®¥
à�§−®®¡à�§¨¥ (¢ëà�¡�âë¢�âì à¥«¥¢�−â−ë¥ ¬¥â®¤ë à¥è¥−¨ï ¯à®¡«¥¬ë) [8];

{ ¯à¨−æ¨¯ ¯®«¨â¥«¨ç−®áâ¨, ¢ á®®â¢¥âáâ¢¨¨ á ª®â®àë¬ à¥è�¥¬�ï ÷�‘ˆƒˆ�
¯à®¡«¥¬� §�âà�£¨¢�¥â ¬−®¦¥áâ¢® §�¨−â¥à¥á®¢�−−ëå «¨æ á à�§«¨ç−ë¬¨ æ¥«ï-
¬¨, ¨ ¤«ï ¢ëà�¡®âª¨ ã¤®¢«¥â¢®àïîé¥© ¢á¥å �«ìâ¥à−�â¨¢ë ¨å −¥®¡å®¤¨¬®
ãç¨âë¢�âì;
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•�à�ªâ¥à¨áâ¨ª¨ ¨ «®£¨ç¥áª�ï áâàãªâãà� ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï ÷�‘ˆƒˆ�

{ ¯à¨−æ¨¯ á®£«�á®¢�−¨ï æ¥«¥©, á®£«�á−® ª®â®à®¬ã æ¥«ì äã−ªæ¨®−¨à®¢�−¨ï
÷�‘ˆƒˆ� −¥ ¤®«¦−� ¯à®â¨¢®à¥ç¨âì æ¥«¨ ¢ëè¥áâ®ïé¥© á¨áâ¥¬ë;

{ ¯à¨−æ¨¯ à�§¢¨â¨ï, ¢ëáâã¯�îé¨© ª�ª ®¡é¥á¨áâ¥¬−�ï ®á−®¢� á®æ¨�«ì−ëå
áà¥¤, ¯®à®¦¤�îé¨å ¨−−®¢�æ¨¨, ¨ §�ª«îç�îé¨©áï ¢ ¨§¬¥−¥−¨ïå á¨áâ¥¬ë
á ¯¥à¥å®¤®¬ ¥¥ ¢ ¡®«¥¥ ¦¨§−¥á¯®á®¡−®¥ ¨ à¥«¥¢�−â−®¥ áãé¥áâ¢ãîé¨¬ ãá«®¢¨-
ï¬ á®áâ®ï−¨¥, ®áãé¥áâ¢«ï¥¬®¥ ¢ à�¬ª�å á®à¥¢−®¢�â¥«ì−®áâ¨ ¨ ®â¡®à� [18,21].
�à¨−æ¨¯ à�§¢¨â¨ï á¢ï§�− á ¯à¨−æ¨¯®¬ ®âªàëâ®áâ¨ ¨ ¯®§¢®«ï¥â ÷�‘ˆƒˆ�
ãç¨âë¢�âì ¤¨−�¬¨ç−ë© å�à�ªâ¥à ¯à®¡«¥¬ë, ¯®¤áâà�¨¢�âìáï ª −¥©, á®åà�−ïï
à¥«¥¢�−â−®áâì ¯à¥¤«�£�¥¬ëå à¥è¥−¨© ¢® ¢à¥¬¥−¨;

{ ¯à¨−æ¨¯ �ªâ¨¢−®áâ¨, ¯à¥¤¯®«�£�îé¨©, çâ® �£¥−âë ÷�‘ˆƒˆ� | �ªâ¨¢-
−ë¥ áã¡ê¥ªâë ¯à¥®¡à�§®¢�−¨ï áà¥¤ë, ¢ ª®â®à®© ®−¨ ®¡¨â�îâ. ‘ã¡ê¥ªâ
¢ëáâã¯�¥â ª�ª ¤¥â¥à¬¨−�−â� ®áãé¥áâ¢«ï¥¬ëå ¨¬ ¨§¬¥−¥−¨© ¢ ¬¨à¥ (�ª-
â¨¢−®áâì), ®¡«�¤�îé¨© á�¬®áâ®ïâ¥«ì−®áâìî (�¢â®−®¬−®áâìî), á¯®á®¡−®áâìî
ª á�¬®¤¥â¥à¬¨−�æ¨¨ (á�¬®à¥£ã«ïæ¨¨, á�¬®®à£�−¨§�æ¨¨) ¨ á�¬®á®¢¥àè¥−áâ¢®-
¢�−¨î [18]. �â¤¥«ì−® á«¥¤ã¥â ¢ë¤¥«¨âì −�¤á¨âã�â¨¢−ãî �ªâ¨¢−®áâì ª�ª á¯®-
á®¡−®áâì áã¡ê¥ªâ� ¯®¤−¨¬�âìáï −�¤ ãà®¢−¥¬ âà¥¡®¢�−¨© á¨âã�æ¨¨, áâ�¢¨âì
æ¥«¨, ¨§¡ëâ®ç−ë¥ á â®çª¨ §à¥−¨ï ¨áå®¤−®© §�¤�ç¨ [22]. �à¨ íâ®¬ ¢ë¤¥«ï-
îâáï à�§«¨ç−ë¥ ä®à¬ë �ªâ¨¢−®áâ¨, −�¯à¨¬¥à ¤¥ïâ¥«ì−®áâì, ª®¬¬ã−¨ª�æ¨ï
¨ à¥ä«¥ªá¨ï [18];

{ ¯à¨−æ¨¯ à¥ä«¥ªá¨¢−®áâ¨ ª�ª á¯®á®¡ ¯®áâà®¥−¨ï �£¥−â�¬¨ á®¡áâ¢¥−−ëå ¬®¤¥-
«¥© ¬¨à� (¯à®¡«¥¬ë, ¤àã£¨å �£¥−â®¢ á¨áâ¥¬ë ¨ á¥¡ï á�¬®£®). �®¤ à¥ä«¥ªá¨¥©
¯®−¨¬�¥âáï á¯®á®¡−®áâì �£¥−â®¢ áâà®¨âì ¬®¤¥«¨ á¥¡ï ¨ ¤àã£¨å �£¥−â®¢ ¨«¨
á¨áâ¥¬ ¨ ®¤−®¢à¥¬¥−−® ú¢¨¤¥âìû á¥¡ï áâà®ïé¨¬¨ â�ª¨¥ ¬®¤¥«¨ [18]. ÷¥ä«¥ª-
á¨ï ¬®¤¥«¨àã¥â à¥�«ì−®áâì, ¯à¥¢à�é�ï ¥¥ ¢ ¢®®¡à�¦�¥¬ãî à¥�«ì−®áâì;

{ ¯à¨−æ¨¯ ¤¢®©−®£® áã¡ê¥ªâ�, ®¯à¥¤¥«ïîé¨© ¯à®æ¥¤ãàã à¥ä«¥ªá¨¢−®£® á®-
£«�á®¢�−¨ï ¢® ¢§�¨¬®¤¥©áâ¢¨¨ áã¡ê¥ªâ®¢ (�£¥−â®¢ ¨«¨ ÷�‘ˆƒˆ� ¢ æ¥«®¬
ª�ª à�á¯à¥¤¥«¥−−®£® áã¡ê¥ªâ�): ¤«ï ®¡¥á¯¥ç¥−¨ï ¢§�¨¬®¯®−¨¬�−¨ï áã¡ê¥ªâë
�¤¥ª¢�â−® ¯à¥¤áâ�¢«ïîâ ¬®¤¥«¨àã¥¬ë¥ ¨¬¨ ¢ à�¬ª�å ª®−ªà¥â−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï áã¡ê¥ªâ−ë¥ ¯®§¨æ¨¨ ¨ à¥�«ì−®áâ¨ [18];

{ ¯à¨−æ¨¯ í¬¥à¤¦¥−â−®áâ¨, á®£«�á−® ª®â®à®¬ã ÷�‘ˆƒˆ� ®¡«�¤�¥â á¢®©áâ¢�-
¬¨ ¡®«ìè¨¬¨, ç¥¬ áã¬¬� �£¥−â®¢, ¢å®¤ïé¨å ¢ −¥¥ [8];

{ ¯à¨−æ¨¯ ¨¥à�àå¨ç−®áâ¨, ®¯à¥¤¥«ïîé¨© á®áâ�¢−ãî ¯à¨à®¤ã í«¥¬¥−â®¢ ¢ë-
è¥áâ®ïé¨å ãà®¢−¥© ¨¥à�àå¨¨ ®â−®á¨â¥«ì−® ¡®«¥¥ −¨§ª¨å [18]. �£¥−âë,
¢ª«îç�ïáì ¢ á®áâ�¢ ÷�‘ˆƒˆ�, ¯¥à¥¤�îâ ¥© ç�áâì á®¡áâ¢¥−−ëå äã−ªæ¨©
¨ áâ¥¯¥−¥© á¢®¡®¤ë, ª®â®àë¥ áâ�−®¢ïâáï á¢®©áâ¢�¬¨ ÷�‘ˆƒˆ� ¢ æ¥«®¬ ¨«¨
¯�à�¬¥âà�¬¨ ¯®àï¤ª�, á«¥¤ãï ƒ. •�ª¥−ã. �â¨ ¯�à�¬¥âàë ¯®àï¤ª� −� ¡®«¥¥
¢ëá®ª®¬ ãà®¢−¥ ¨¥à�àå¨¨ ®¯¨áë¢�îâ ¢ á¦�â®© ä®à¬¥ äã−ªæ¨®−�« ¨ æ¥«¨-
�ââà�ªâ®àë á¨áâ¥¬ë, ú¤¨à¨¦¨àãïû á¨−åà®−−ë¬ ¯®¢¥¤¥−¨¥¬ �£¥−â®¢ ¡®«¥¥
−¨§ª®£® ãà®¢−ï.
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3 Логическая структура методологии

‹®£¨ç¥áª�ï áâàãªâãà� ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï ÷�‘ˆƒˆ� ¯à¥¤¯®«�£�¥â á¯¥-
æ¨ä¨ª�æ¨î ¥¥ áã¡ê¥ªâ�, ®¡ê¥ªâ�, ¯à¥¤¬¥â�, ¬¥â®¤®¢, áà¥¤áâ¢ ¨ à¥§ã«ìâ�â�.
‘ã¡ê¥ªâ ¤�−−®© ¬¥â®¤®«®£¨¨ | ª®««¥ªâ¨¢ à�§à�¡®âç¨ª®¢ ÷�‘ˆƒˆ� ¢ «¨æ¥ ¥£®
àãª®¢®¤¨â¥«ï. �à£�−¨§ã¥¬�ï ¤¥ïâ¥«ì−®áâì (®¡ê¥ªâ) | ¯à®¥ªâ¨à®¢�−¨¥ ¨−â¥««¥ª-
âã�«ì−ëå á¨áâ¥¬ ¤«ï à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬ ¨«¨ ª«�áá� ¯à®¡«¥¬ ¯ãâ¥¬
¬®¤¥«¨à®¢�−¨ï ª®««¥ªâ¨¢−®© à�¡®âë á¯¥æ¨�«¨áâ®¢ ¯®¤ àãª®¢®¤áâ¢®¬ «¨æ�, ¯à¨-
−¨¬�îé¥£® à¥è¥−¨ï. �à¥¤¬¥â | à�§à�¡®âª� ¬¥â®¤®¢ ¨ ¬®¤¥«¥© ÷�‘ˆƒˆ� ¤«ï
à¥è¥−¨ï ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë.

�à¨ à�§à�¡®âª¥ ÷�‘ˆƒˆ� ¯à¨¬¥−ï¥âáï è¨à®ª¨© á¯¥ªâà ¬¥â®¤®¢ á¨áâ¥¬−®£®
�−�«¨§� ¤«ï ä®à¬�«¨§�æ¨¨ ¢®§−¨ªè¥© ¯à®¡«¥¬ë ¨ ¯à®¥ªâ¨à®¢�−¨ï á¨áâ¥¬ë:

{ �−�«¨§ ¤®ªã¬¥−â®¢, −�¯à¨¬¥à ¨−áâàãªæ¨© ¯® ¢ë¯®«−¥−¨î à�¡®â, ¤®«¦−®áâ-
−ëå ¨−áâàãªæ¨©, ¡«�−ª®¢ ¤®ªã¬¥−â®¢, ¨−ä®à¬�æ¨¨ ¤«ï ª«¨¥−â®¢ ® à�¡®â¥
ª®¬¯�−¨¨, ®¯¨á�−¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ ¤àã£¨å, ¯®§¢®«ïîé¨å ¯®«ã-
ç¨âì ®¡éãî ª�àâ¨−ã à�¡®âë ®à£�−¨§�æ¨¨ [23];

{ ¨−â¥à¢ìî¨à®¢�−¨¥ | ¬¥â®¤ ¨áá«¥¤®¢�−¨ï, ®¡¥á¯¥ç¨¢�îé¨© ¯®«ãç¥−¨¥ ¨−-
ä®à¬�æ¨¨ ¯ãâ¥¬ −¥¯®áà¥¤áâ¢¥−−®£® ®¡é¥−¨ï ¢ ãáâ−®© ä®à¬¥, ¢ å®¤¥ ª®â®à®£®
¯à®¨áå®¤¨â ä¨ªá�æ¨ï ¨ �−�«¨§ ®â¢¥â®¢ −� ¢®¯à®áë ¨ −¥¢¥à¡�«ì−®£® ¯®¢¥¤¥-
−¨ï á®¡¥á¥¤−¨ª� [24]. �á−®¢−ë¥ í«¥¬¥−âë ¤�−−®£® ¬¥â®¤� | ¯«�−¨à®¢�−¨¥
¨−â¥à¢ìî, ¡¥á¥¤� ¨ ¥¥ à¥£¨áâà�æ¨ï [23];

{ �−ª¥â¨à®¢�−¨¥ | ¨áá«¥¤®¢�â¥«ìáª¨© ¬¥â®¤ ®¯à®á� ¤«ï ¢ëï¢«¥−¨ï â®ç¥ª §à¥-
−¨ï ¨ â¥−¤¥−æ¨© ¢ £àã¯¯¥ à¥á¯®−¤¥−â®¢ −� ®á−®¢¥ ¨å ¯¨áì¬¥−−ëå ®â¢¥â®¢
−� ¯à¥¤«®¦¥−−ë¥ ¢®¯à®áë [25, 26]. �− ¨á¯®«ì§ã¥âáï ¤«ï ¯®«ãç¥−¨ï ª®−-
ªà¥â−®£® ¢¨¤� ¨−ä®à¬�æ¨¨ ® ¯à®¡«¥¬¥ ¨ ¯à®¡«¥¬−®© á¨âã�æ¨¨ ¢ ®â¤¥«ì−ëå
á«ãç�ïå, −�¯à¨¬¥à ¤«ï ¯à®¢¥àª¨ à¥§ã«ìâ�â®¢ ®¡á«¥¤®¢�−¨ï, ¯®«ãç¥−−ëå ¤àã-
£¨¬¨ ¬¥â®¤�¬¨, â�ª ª�ª ¤«ï á®áâ�¢«¥−¨ï ª�ç¥áâ¢¥−−®© �−ª¥âë, §�¯®«−ï¥¬®©
¡®«ìè¨¬ ç¨á«®¬ ®¯à�è¨¢�¥¬ëå, �−�«¨â¨ªã −¥®¡å®¤¨¬® å®à®è® à�§®¡à�âìáï
¢ â¥¬¥ [23];

{ �−�«¨§ áâ¥©ªå®«¤¥à®¢ | ¤¥ïâ¥«ì−®áâì ¯® ¢ëï¢«¥−¨î £àã¯¯ «î¤¥©, á¯®-
á®¡−ëå ¯®¢«¨ïâì −� à¥è¥−¨¥ ¯à®¡«¥¬ë, ¯à®¥ªâ¨à®¢�−¨¥ á¨áâ¥¬ë ¨«¨ íä-
ä¥ªâ¨¢−®áâì ¥¥ äã−ªæ¨®−¨à®¢�−¨ï, ®áãé¥áâ¢«ï¥¬�ï ¤«ï ¢á¥áâ®à®−−¥£® à�á-
á¬®âà¥−¨ï ¯à®¡«¥¬ë, ãç¥â� ¨−â¥à¥á®¢ ¢á¥å «¨æ, §�âà�£¨¢�¥¬ëå à�§à�¡®âª®©
¨ ¢−¥¤à¥−¨¥¬ ÷�‘ˆƒˆ�. ‚ à�¬ª�å íâ®£® ¬¥â®¤� ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¬�â-
à¨æ� �. Œ¥−¤¥«®ã ú¢«¨ï−¨¥{§−�ç¨¬®áâìû, ¬®¤¥«ì Œ¨âç¥««�{�£«¥{‚ã¤�,
¬®¤¥«ì ƒ. ‘�¢�¦� [27];

{ ¤¥à¥¢® æ¥«¥© | ¬¥â®¤ áâàãªâãà¨à®¢�−¨ï æ¥«¥© ¯®áâà®¥−¨ï á¨áâ¥¬ë ¯® ¨¥-
à�àå¨ç¥áª®¬ã ¯à¨−æ¨¯ã, ¢ à�¬ª�å ª®â®à®£® ¢ë¤¥«ï¥âáï £«�¢−�ï æ¥«ì ¨ ¯®¤-
ç¨−¥−−ë¥ ¥© ¯®¤æ¥«¨ ¯¥à¢®£®, ¢â®à®£® ¨ ¯®á«¥¤ãîé¥£® ãà®¢−¥© [28]. –¥«¨,
áâàãªâãà¨à®¢�−−ë¥ á ¯®¬®éìî ¤�−−®£® ¬¥â®¤�, ä®à¬¨àãîâ £à�ä â¨¯� ú¤¥-
à¥¢®û, ª®à¥−ì ª®â®à®£® | £«�¢−�ï æ¥«ì (¨¤¥�«), ã§«ë | ¯®¤ç¨−¥−−ë¥ æ¥«¨,
� à¥¡à� | ¤ã£¨, ¯à¥¤áâ�¢«ïîé¨¥ ®â−®è¥−¨¥ ú¡ëâì ç�áâìîû;
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{ −�¡«î¤¥−¨¥ | ¢�¦−ë© ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«ïîé¨© á®¡®© ¯�á-
á¨¢−ë© íªá¯¥à¨¬¥−â ¤«ï ãâ®ç−¥−¨ï á¯¥æ¨ä¨ª¨ ¯à®â¥ª�−¨ï ¨−â¥à¥áãîé¥£®
¯à®æ¥áá� [23], −�¯à¨¬¥à à�¡®âë ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢ −�¤ à¥è¥−¨¥¬ ¯®-
áâ�¢«¥−−®© ¯à®¡«¥¬ë. ‚ à¥§ã«ìâ�â¥ ã �−�«¨â¨ª� ä®à¬¨àã¥âáï ¯à¥¤áâ�¢«¥−¨¥
® à¥�«ì−®¬ ¯®àï¤ª¥ ¢ë¯®«−¥−¨ï ¨áá«¥¤ã¥¬ëå ®¯¥à�æ¨©, � −¥ ® â®¬, ª�ª ®−¨
¤®«¦−ë ¢ë¯®«−ïâìáï;

{ ¬®¤¥«¨à®¢�−¨¥ | á®§¤�−¨¥ −�¡®à� ¬®¤¥«¥© ¨−â¥à¥áãîé¨å ®¡ê¥ªâ®¢, ®âà�-
¦�îé¨å ¨å ®á−®¢−ë¥ á¢®©áâ¢�, á®áâ�¢, áâàãªâãàã ¨ ¨−ä®à¬�æ¨®−−ë¥ ¯®â®-
ª¨ [23]. ‚ ç�áâ−®áâ¨, ¢ à�¬ª�å ¬¥â®¤®«®£¨¨ à�§à�¡�âë¢�îâáï ª®−æ¥¯âã�«ì−ë¥
¬®¤¥«¨ ¯à®¡«¥¬ë ª®««¥ªâ¨¢�, ¯à®¥ªâ¨àã¥¬®© ÷�‘ˆƒˆ�.

�à¨ ¯®áâà®¥−¨¨ ¬®¤¥«¥© ¨ ¢§�¨¬®¤¥©áâ¢¨¨ á® á¯¥æ¨�«¨áâ�¬¨ á«¥¤ã¥â �ªâ¨¢−®
¯à¨¬¥−ïâì £à�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨−ä®à¬�æ¨¨, â�ª ª�ª íâ® áãé¥áâ¢¥−−®
®¡«¥£ç�¥â ¥¥ ¢®á¯à¨ïâ¨¥ ç¥«®¢¥ª®¬ ¨ ¯®¨áª ¢®§¬®¦−ëå −¥â®ç−®áâ¥©. �à¨ íâ®¬
¢�¦−® ¡¥§ ®è¨¡®ª ¯¥à¥−¥áâ¨ ¨−ä®à¬�æ¨î á® áå¥¬, £à�ä¨ª®¢ ¨ ¤¨�£à�¬¬ ¢ ä®à¬ã,
®¡¥á¯¥ç¨¢�îéãî ¥¥ ª®¬¯ìîâ¥à−ãî ¨−â¥à¯à¥â�æ¨î. „«ï íâ¨å æ¥«¥© ¯à¥¤«�£�¥âáï
¨á¯®«ì§®¢�−¨¥ ¢¨§ã�«ì−®£® ¬¥â�ï§ëª� [29], ®¡¥á¯¥ç¨¢�îé¥£® ®¤−®§−�ç−®¥ ®â®¡-
à�¦¥−¨¥ £à�ä¨ç¥áª®£® ¯à¥¤áâ�¢«¥−¨ï à�§à�¡�âë¢�¥¬ëå ¬®¤¥«¥© ¢ ä®à¬�«ì−®¥
á¨¬¢®«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥.

�à®¥ªâ¨à®¢�−¨¥ ¨ à¥�«¨§�æ¨ï ÷�‘ˆƒˆ� ®á−®¢�−ë −� �£¥−â−®-®à¨¥−â¨-
à®¢�−−®¬ ¯®¤å®¤¥, ª®â®àë© ¯à¥¤¯®«�£�¥â ¡�®«ìèãî �¢â®−®¬−®áâì �£¥−â®¢ ¯®
áà�¢−¥−¨î á ®¡ê¥ªâ�¬¨ ¢ âà�¤¨æ¨®−−®¬ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®¬ ¯à®£à�¬¬¨-
à®¢�−¨¨. �® áà�¢−¥−¨î á ®¡ê¥ªâ®¬ �£¥−â ¨¬¥¥â ª®−âà®«ì −¥ â®«ìª® −�¤ á¢®¨¬
á®áâ®ï−¨¥¬, −® ¨ −�¤ ¯®¢¥¤¥−¨¥¬ [30]. �£¥−âë, ¢ ®â«¨ç¨¥ ®â ®¡ê¥ªâ®¢, ®¡«�¤�îâ
â�ª¨¬¨ ¨−â¥£à¨à®¢�−−ë¬¨ á¢®©áâ¢�¬¨, ª�ª à¥�ªâ¨¢−®áâì, ¯à®�ªâ¨¢−®áâì, á®æ¨-
�«ì−®áâì ¨ â. ¤. Šà®¬¥ â®£®, ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë ¨§−�ç�«ì−® ¯à¥¤¯®«�£�îâ
¢ëá®ªãî áâ¥¯¥−ì à�á¯à¥¤¥«¥−−®áâ¨ ¢ëç¨á«¥−¨© ¨ ¨å ¯�à�««¥«¨§¬�. �à¨ ¯®áâà®-
¥−¨¨ �£¥−â®¢ ¢ ¨å á®áâ�¢¥ ¬®¦¥â ¨á¯®«ì§®¢�âìáï è¨à®ª¨© á¯¥ªâà ¢ëç¨á«¨â¥«ì−ëå
¬¥â®¤®¢ ¨ â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, âà¥¡ã¥¬ëå ¤«ï á®§¤�−¨ï ª®«-
«¥ªâ¨¢−®£®, ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤� à¥è¥−¨ï ¯®áâ�¢«¥−−®© á«®¦−®© ¯à®¡«¥¬ë,
−�¯à¨¬¥à: �«£¥¡à�¨ç¥áª¨¥ ãà�¢−¥−¨ï, ¬¥â®¤ Œ®−â¥-Š�à«®, ¯à®¤ãªæ¨®−−ë¥ íªá-
¯¥àâ−ë¥ á¨áâ¥¬ë, á¨áâ¥¬ë −¥ç¥âª®£® ¢ë¢®¤�, ¨áªãááâ¢¥−−ë¥ −¥©à®−−ë¥ á¥â¨,
¬¥â®¤ë à®¥¢®£® ¨−â¥««¥ªâ� ¨ ¤à.

‘à¥¤áâ¢® ¤«ï à¥�«¨§�æ¨¨ ÷�‘ˆƒˆ� ¢ à�¬ª�å ¤�−−®© ¬¥â®¤®«®£¨¨ | ¯«�â-
ä®à¬� ¬−®£®�£¥−â−®£® ¯à®£à�¬¬¨à®¢�−¨ï JaCaMo [31]. �â� ¯«�âä®à¬� ¨−â¥-
£à¨àã¥â �£¥−â−®-, ®à£�−¨§�æ¨®−−®- ¨ áà¥¤®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ë ª ¯®áâà®-
¥−¨î ¬−®£®�£¥−â−ëå á¨áâ¥¬, ®å¢�âë¢�ï ¢á¥ ãà®¢−¨ �¡áâà�ªæ¨¨, âà¥¡ã¥¬ë¥ ¤«ï
à�§à�¡®âª¨ ÷�‘ˆƒˆ�. „«ï â®−ª®© −�áâà®©ª¨ ¬¥å�−¨§¬®¢ ¯«�âä®à¬ë ¨ ¯à®-
£à�¬¬¨à®¢�−¨ï ®â¤¥«ì−ëå í«¥¬¥−â®¢ á¨áâ¥¬ë ¯à¨¬¥−ï¥âáï ï§ëª Java ¨ ¤àã£¨¥
¨−â¥£à¨àã¥¬ë¥ á −¨¬ ï§ëª¨.

�á−®¢−®© à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï à�¡®â ¯® ¤�−−®© ¬¥â®¤®«®£¨¨ | ¯à®£à�¬-
¬−�ï à¥�«¨§�æ¨ï ÷�‘ˆƒˆ�, ®¡¥á¯¥ç¨¢�îé�ï à¥è¥−¨¥ ¯®áâ�¢«¥−−®© ¯à®¡«¥-
¬ë. Šà®¬¥ â®£®, ¬¥â®¤®«®£¨ï ¯à¥¤¯®«�£�¥â ¯à®â®ª®«¨à®¢�−¨¥ ¢ë¯®«−ï¥¬ëå

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023 21



‘. ‚. ‹¨áâ®¯�¤

à�§à�¡®âç¨ª�¬¨ ¤¥©áâ¢¨© á ¨å ¯®á«¥¤ãîé¨¬ �−�«¨§®¬ −� §�¢¥àè�îé¥¬ íâ�¯¥,
¢ëà�¡®âª®© ¯à¥¤«®¦¥−¨© ¯® ª®àà¥ªâ¨à®¢ª¥ ¬¥â®¤®«®£¨¨ ¨«¨ ä®à¬¨à®¢�−¨ï ¥¥
−®¢®© ¢¥àá¨¨ ª�ª ¤®¯®«−¨â¥«ì−®£® à¥§ã«ìâ�â�.

4 Заключение

÷�§à�¡®â�−ë â�ª¨¥ í«¥¬¥−âë ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï ÷�‘ˆƒˆ�, ª�ª å�-
à�ªâ¥à¨áâ¨ª¨ ¨ «®£¨ç¥áª�ï áâàãªâãà�. ‚ ç�áâ−®áâ¨, ®¯à¥¤¥«¥−ë ®á®¡¥−−®áâ¨
¨ ¯à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ ¯® à�§à�¡®âª¥ â�ª¨å á¨áâ¥¬, ¥¥ áã¡ê-
¥ªâ, ®¡ê¥ªâ, ¯à¥¤¬¥â, ¬¥â®¤ë, áà¥¤áâ¢�, à¥§ã«ìâ�â. ’¥¬¯®à�«ì−�ï áâàãªâãà�
¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï ÷�‘ˆƒˆ� | ¯à¥¤¬¥â ¤�«ì−¥©è¥© à�§à�¡®âª¨. �à¥¤-
«�£�¥¬�ï ¬¥â®¤®«®£¨ï ã¯®àï¤®ç¨¢�¥â ¯à®¤ãªâ¨¢−ãî ¤¥ïâ¥«ì−®áâì à�§à�¡®âç¨ª®¢
¢ æ¥«®áâ−ãî á¨áâ¥¬ã, ¯®§¢®«ïîéãî ¯à®¥ªâ¨à®¢�âì ÷�‘ˆƒˆ� ¤«ï à¥è¥−¨ï
¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë. „�−−�ï ¬¥â®¤®«®£¨ï ¯à¥¤¯®«�£�¥â á¨áâ¥¬−ë© �−�«¨§
¢®§−¨ªè¥© ¯à®¡«¥¬ë ¨ ¯à®¡«¥¬−®© á¨âã�æ¨¨, � ®á−®¢−®© à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï
à�¡®â ¢ á®®â¢¥âáâ¢¨¨ á −¥© | ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï ÷�‘ˆƒˆ�. �à¥¤«�£�-
¥¬�ï ¬¥â®¤®«®£¨ï ¤®¯ãáª�¥â ¥¥ à�§¢¨â¨¥ á ª�¦¤®© à¥�«¨§®¢�−−®© ÷�‘ˆƒˆ�,
çâ® ¯®§¢®«¨â ¥© �£à¥£¨à®¢�âì −®¢ë¥ ¯®¤å®¤ë ª ¯à®¥ªâ¨à®¢�−¨î ¨ à¥�«¨§�æ¨¨
¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ ¯à�ªâ¨ª¥ à¥è¥−¨ï ¯à®¡«¥¬ ª®«-
«¥ªâ¨¢�¬¨ á¯¥æ¨�«¨áâ®¢.
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CHARACTERISTICS AND LOGICAL STRUCTURE
OF THE METHODOLOGY FOR CONSTRUCTING
REFLEXIVE-ACTIVE SYSTEMS OF ARTIFICIAL

HETEROGENEOUS INTELLIGENT AGENTS

S. V. Listopad

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: The paper describes the elements of the methodology for constructing
reflexive-active systems of artificial heterogeneous intelligent agents, namely,
its characteristics and logical structure that form the basis for constructing of
its temporal structure (life cycle). Artificial heterogeneous intelligent agents
of reflexive-active systems mutually model each other's reflexive positions,
dynamically develop tactics and strategies of their behavior relevant to the
models of their counterparties, as necessary, in the process of solving problems,
attract new agents from the pool of available agents built by various developers,
and exclude existing agents from their composition, rebuilding \on the fly"
the composition of agents and the structure of connections between them.
The development of such systems for solving practical problems will provide
new theoretical, methodological, and technological knowledge about collective
intelligence, increase the relevance of these systems to real teams of specialists,
and verify the knowledge about collective processes and effects in small groups.
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АВТОМАТНЫЕ МОДЕЛИ РАСПРОСТРАНЕНИЯ СБОЕВ
И САМОВОССТАНОВЛЕНИЯ

А. А. Грушо1, Н. А. Грушо2, М. И. Забежайло3, В. О. Писковский4,
Д. В. Смирнов5, Е. Е. Тимонина6

�−−®â�æ¨ï: �à¨ ¯à®¢¥¤¥−¨¨ �−�«¨§� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ç�áâ®
£®¢®à¨âáï ®¡ ãé¥à¡�å, ¯®«ãç¥−−ëå ®â �â�ª ª®¬¯ìîâ¥à−ëå á¨áâ¥¬ ¨ ¨−ä®à¬�-
æ¨®−−ëå à¥áãàá®¢, −® ¬�«® ã¤¥«ï¥âáï ¢−¨¬�−¨ï â®¬ã, ª�ª ¢à�¦¤¥¡−ë¥ �â�ª¨
¨ ¯®à®¦¤�¥¬ë¥ ¨¬¨ á¡®¨ ¢«¨ïîâ −� ¡¨§−¥á-¯à®æ¥ááë (��) ¨ ä®à¬¨àãîâ
á¥àì¥§−ë¥ ã£à®§ë ¤¥ïâ¥«ì−®áâ¨ ¡¨§−¥á-á¨áâ¥¬ ¢ æ¥«®¬. ˆ¤¥ï â¥àà®à¨áâ®¢ |
¬�«®¥ ¢®§¤¥©áâ¢¨¥ ¢«¥ç¥â ¡®«ìè®© ãé¥à¡ | ®âà�¦�¥â ®á−®¢−ãî æ¥«ì ¢à�¦¤¥¡-
−®£® ¢®§¤¥©áâ¢¨ï −� ¡¨§−¥á-á¨áâ¥¬ã. �à¨ ¨§ãç¥−¨¨ ¯à®¡«¥¬ à�á¯à®áâà�−¥−¨ï
á¡®¥¢ ¨ ¢à�¦¤¥¡−ëå ¢®§¤¥©áâ¢¨© ®á−®¢−ãî à®«ì ¨£à�îâ §�¢¨á¨¬®áâ¨ ¢ ¡¨§−¥á-
á¨áâ¥¬¥ ¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨. „«ï ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢§�¨-
¬®¤¥©áâ¢¨ï ¯®¤á¨áâ¥¬ ¡¨§−¥á-á¨áâ¥¬ë ¢ë¡à�−ë ª®−¥ç−ë¥ �¢â®¬�âë. �®áâà®¥−
¬¥å�−¨§¬ ¢®ááâ�−®¢«¥−¨ï à�¡®âë ¯®¤á¨áâ¥¬ë ¯®á«¥ á¡®ï. ‚ ¯à¨ç¨−−®-á«¥¤áâ-
¢¥−−®© áå¥¬¥ ¯®áâà®¥−� ¬®¤¥«ì à�á¯à®áâà�−¥−¨ï á¡®ï ¯à¨ −�«¨ç¨¨ ¬¥å�−¨§¬�
¢®ááâ�−®¢«¥−¨ï ª�¦¤®£® �¢â®¬�â� ¯®á«¥ á¡®ï. �®ª�§�−®, çâ®, −¥á¬®âàï −�
¡ëáâà®¥ ¢®ááâ�−®¢«¥−¨¥ ¯®á«¥ á¡®ï, ¤«ï ª�¦¤®© ¯®¤á¨áâ¥¬ë ¡®«ìè®© á¨á-
â¥¬ë ¢®§¬®¦−® ¢®§−¨ª−®¢¥−¨¥ £«®¡�«ì−®£® á¡®ï §� áç¥â à�áá¨−åà®−¨§�æ¨¨
¨«¨ §� áç¥â ¯®ï¢«¥−¨ï á«¨èª®¬ ¡®«ìè¨å ®ç¥à¥¤¥© ã ªà¨â¨ç¥áª¨å í«¥¬¥−â®¢
ã¯à�¢«¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; à�á¯à®áâà�−¥−¨¥ á¡®ï;
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨; �¢â®¬�â−�ï ¬®¤¥«ì ¯à¥¤áâ�¢«¥−¨ï á¨áâ¥¬
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�¢â®¬�â−ë¥ ¬®¤¥«¨ à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ á�¬®¢®ááâ�−®¢«¥−¨ï

§�æ¨ï ¨−¤ãáâà¨�«ì−®£® ¯®¤å®¤� ¢ ¡¨§−¥á¥, ¢ ®á−®¢¥ ª®â®à®£® ¤®«¦−ë ¡ëâì −®¢ë¥
â¥å−®«®£¨¨ ®à£�−¨§�æ¨¨ ¬�áá®¢®£® ¯à®¨§¢®¤áâ¢� â®¢�à®¢ ¨ ãá«ã£. ‚ á¢ï§¨ á íâ¨¬
ã¢¥«¨ç¨¢�¥âáï à®«ì â¥å−®«®£¨© �¢â®¬�â¨§�æ¨¨ ¯à®¨§¢®¤áâ¢¥−−ëå ¯à®æ¥áá®¢,
®à¨¥−â¨à®¢�−−®áâì −� ¨−−®¢�æ¨¨, ®¯®à� −� ¯¥à¥¤®¢ë¥ ª®¬¯¥â¥−æ¨¨ á«�¦¥−−ëå
ª®¬�−¤ á¯¥æ¨�«¨áâ®¢-¨á¯®«−¨â¥«¥©, ¨á¯®«ì§®¢�−¨¥ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©
ã¯à�¢«¥−¨ï ¯à®¨§¢®¤áâ¢®¬ ¨ ¯à®æ¥áá�¬¨ ¥£® ¬®¤¥à−¨§�æ¨¨. �à¨ íâ®¬ ¯¥à¥-
ç¨á«¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯à®ï¢«ïîâáï ¢® ¢§�¨¬®á¢ï§¨, â. ¥. ¥¤¨−ë¬ ª®¬¯«¥ª-
á®¬. ˆ¬¥−−® â�ª�ï æ¥«®áâ−�ï ª®¬¡¨−�æ¨ï á¢®©áâ¢ £�à�−â¨àã¥â ä®à¬¨à®¢�−¨¥
¨áª®¬®£® −®¢®£® ª�ç¥áâ¢� ã ®¡ê¥ªâ� ¨«¨ ï¢«¥−¨ï, âà¥¡ã¥¬ëå ¢ ª®−ªãà¥−â−®©
¡®àì¡¥.

�á−®¢®© ®¯¨á�−¨ï ¤¥ïâ¥«ì−®áâ¨ «î¡®£® ¯à¥¤¯à¨ïâ¨ï á«ã¦¨â ¯®−ïâ¨¥ ¡¨§-
−¥á-¯à®æ¥áá�. �¨§−¥á-¯à®æ¥áá ®¯à¥¤¥«ï¥âáï ª�ª ú«®£¨ç¥áª¨ §�¢¥àè¥−−�ï æ¥¯®ç-
ª� ¢§�¨¬®á¢ï§�−−ëå ¨ ¢§�¨¬®¤¥©áâ¢ãîé¨å ¯®¢â®àïîé¨åáï ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨
(¤¥©áâ¢¨©, ¡¨§−¥á-äã−ªæ¨©, à�¡®â), ¢ à¥§ã«ìâ�â¥ ª®â®àëå à¥áãàáë ¯à¥¤¯à¨ïâ¨ï
¨á¯®«ì§ãîâáï ¤«ï ¯¥à¥à�¡®âª¨ ®¡ê¥ªâ� (ä¨§¨ç¥áª¨ ¨«¨ ¢¨àâã�«ì−®) á æ¥«ìî
¤®áâ¨¦¥−¨ï ®¯à¥¤¥«¥−−ëå ¨§¬¥à¨¬ëå à¥§ã«ìâ�â®¢ ¨«¨ á®§¤�−¨ï ¯à®¤ãªæ¨¨ ¤«ï
ã¤®¢«¥â¢®à¥−¨ï ¢−ãâà¥−−¨å ¨«¨ ¢−¥è−¨å ¯®âà¥¡¨â¥«¥© | ª«¨¥−â®¢. ‚ ª�ç¥-
áâ¢¥ ª«¨¥−â� �� ¬®¦¥â ¢ëáâã¯�âì ¤àã£®© ��. ‚ æ¥¯®çªã �� ¢å®¤ïâ ®¯¥à�æ¨¨,
ª®â®àë¥ ¢ë¯®«−ïîâáï ¯® ®¯à¥¤¥«¥−−ë¬ ¡¨§−¥á-¯à�¢¨«�¬ à�§«¨ç−ë¬¨ í«¥¬¥−â�-
¬¨ ®à£�−¨§�æ¨®−−®© áâàãªâãàë ¯à¥¤¯à¨ïâ¨ï. �®¤ ¡¨§−¥á-¯à�¢¨«�¬¨ ¯®−¨¬�îâ
á¯®á®¡ë à¥�«¨§�æ¨¨ ¡¨§−¥á-äã−ªæ¨© ¢ à�¬ª�å ��, � â�ª¦¥ å�à�ªâ¥à¨áâ¨ª¨
¨ ãá«®¢¨ï ¢ë¯®«−¥−¨ï ��û [1]. “¤®¡−® à�áá¬�âà¨¢�âì «î¡®¥ ¯à¥¤¯à¨ïâ¨¥ ª�ª
á®¢®ªã¯−®áâì ��.

‘âàãªâãà−®¥ ®¯¨á�−¨¥ ¯à¥¤¯à¨ïâ¨ï ¨ ¥£® ®ªàã¦¥−¨ï (¨−äà�áâàãªâãàë) ®¯à¥-
¤¥«ï¥âáï −�«¨ç¨¥¬ ¨ ¢§�¨¬®§�¢¨á¨¬®áâìî âà¥å ¡�§®¢ëå ãà®¢−¥© ¯à¥¤áâ�¢«¥−¨ï
�àå¨â¥ªâãàë:

(1) �àå¨â¥ªâãàë ��;

(2) �àå¨â¥ªâãàë ¯à¨ª«�¤−ëå ¯à®£à�¬¬−ëå á¨áâ¥¬;

(3) á¨áâ¥¬−®-â¥å−¨ç¥áª®© �àå¨â¥ªâãàë, ª®â®à�ï á®áâ®¨â ¨§ ª®¬¯ìîâ¥à−®£®,
ª®¬¬ã−¨ª�æ¨®−−®£® ¨ ¢á¯®¬®£�â¥«ì−®£® ¨−¦¥−¥à−®£® ®¡®àã¤®¢�−¨ï, ®¡¥á-
¯¥ç¨¢�ï �àå¨â¥ªâãàã �� ¨ ¯à®£à�¬¬−ë¥ á¨áâ¥¬ë.

�®¢ëè¥−¨¥ ª®−ªãà¥−â®á¯®á®¡−®áâ¨ ¡¨§−¥á� ¨ ¯®¢ëè¥−¨¥ ¥£® ¯à¨¡ë«ì-
−®áâ¨ | íâ® ®¤−� áâ®à®−� ¬¥¤�«¨. „àã£�ï áâ®à®−� ¬¥¤�«¨ | à¨áª¨ ãé¥à¡®¢,
á¢ï§�−−ëå á ãá«®¦−¥−¨¥¬ ®à£�−¨§�æ¨¨ ã¯à�¢«¥−¨ï ¨ ¯®¢ëè¥−−ë¬ ¤®¢¥à¨¥¬
ª ª®¬¯«¥ªá−®© �¢â®¬�â¨§�æ¨¨ ¯à®¨§¢®¤áâ¢¥−−ëå ¯à®æ¥áá®¢. ‚ −�áâ®ïé¥¥ ¢à¥¬ï
¯à¨−ïâ� á«¥¤ãîé�ï ª«�áá¨ä¨ª�æ¨ï à¨áª®¢ ¯®à®¦¤¥−¨ï ãé¥à¡®¢ ¤¥ïâ¥«ì−®áâ¨
¡¨§−¥á-á¨áâ¥¬:

{ à¨áª¨ áâ¨å¨©−ëå ¡¥¤áâ¢¨©, ¯®à®¦¤�îé¨å ãé¥à¡ë ¯à¥¤¯à¨ïâ¨î;

{ à¨áª¨ â¥å−®£¥−−ëå ª�â�áâà®ä, ¯®à®¦¤�îé¨å ãé¥à¡ë ¯à®¨§¢®¤áâ¢¥−−®©
¨ ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì−®áâ¨;
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

{ à¨áª¨ ¢à�¦¤¥¡−®© ¤¥ïâ¥«ì−®áâ¨ ª®−ªãà¥−â®¢ ¨«¨ ¯à¥áâã¯−ëå ®à£�−¨§�æ¨©
¨ ®â¤¥«ì−ëå «¨æ.

�à¨ ¯à®¢¥¤¥−¨¨ �−�«¨§� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ç�áâ® £®¢®à¨âáï ®¡
ãé¥à¡�å, ¯®«ãç¥−−ëå ®â �â�ª ª®¬¯ìîâ¥à−ëå á¨áâ¥¬ ¨ ¨−ä®à¬�æ¨®−−ëå à¥áãà-
á®¢, −® ¬�«® ã¤¥«ï¥âáï ¢−¨¬�−¨ï â®¬ã, ª�ª ¢à�¦¤¥¡−ë¥ �â�ª¨ ¨ ¯®à®¦¤�¥¬ë¥
¨¬¨ á¡®¨ ¢«¨ïîâ −� �� ¨ ä®à¬¨àãîâ á¥àì¥§−ë¥ ã£à®§ë ¤¥ïâ¥«ì−®áâ¨ ¡¨§−¥á-
á¨áâ¥¬ ¢ æ¥«®¬. ˆ¤¥ï â¥àà®à¨áâ®¢ | ¬�«®¥ ¢®§¤¥©áâ¢¨¥ ¢«¥ç¥â ¡®«ìè®© ãé¥à¡ |
®âà�¦�¥â ®á−®¢−ãî æ¥«ì ¢à�¦¤¥¡−®£® ¢®§¤¥©áâ¢¨ï −� �� ¯à¥¤¯à¨ïâ¨ï. �¤−�ª®
−¥®¡å®¤¨¬® ¯®−¨¬�âì ¬¥å�−¨§¬ë â�ª®£® £«ã¡®ª®£® ¢®§¤¥©áâ¢¨ï. �â¨ ¬¥å�−¨§¬ë
−¥ ¢á¥£¤� ®ç¥¢¨¤−ë, −®, ¢ ®â«¨ç¨¥ ®â −¥®¡à�§®¢�−−ëå úâ¥àà®à¨áâ®¢û, ã¬−ë¥
ª®−ªãà¥−âë ¨ ¤àã£¨¥ á¥àì¥§−ë¥ ¢à�¦¤¥¡−ë¥ á¨«ë ¯à®¢®¤ïâ £«ã¡®ª¨© �−�«¨§
à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ �â�ª, ¯®§¢®«ïîé¨å ¯®«ãç¨âì ª®−ªãà¥−â−®¥ ¯à¥¨¬ãé¥-
áâ¢® ¨«¨ ¤�¦¥ ã−¨çâ®¦¥−¨¥ ª®−ªãà¥−â�. ‚á¥£¤� ¤«ï â�ª®£® �−�«¨§� âà¥¡ã¥âáï
¯®£àã¦¥−¨¥ �� ¯à¥¤¯à¨ïâ¨ï ¨ ¥£® ®ªàã¦¥−¨ï ¢ −¥ª®â®àãî ®¡éãî áà¥¤ã, ç¥à¥§
ª®â®àãî ®áãé¥áâ¢«ïîâáï ¢á¥ ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¢®§¤¥©áâ¢¨ï. �âã áà¥¤ã −�§ë¢�îâ
¨−äà�áâàãªâãà®©.

”®à¬�«ì−® ¨−äà�áâàãªâãà� ®¯à¥¤¥«¥−� ª�ª á¥âì á¨áâ¥¬ ¨ ¯à®æ¥áá®¢, ª®â®àë¥
¢§�¨¬®¤¥©áâ¢ãîâ á¨−¥à£¥â¨ç¥áª¨, çâ®¡ë ¯à®¨§¢®¤¨âì ¯à®¤ãªæ¨î ¨ ãá«ã£¨ [2].
‚ íâ®¬ ®¯à¥¤¥«¥−¨¨ ãª�§�−® ¢�¦−¥©è¥¥ á¢®©áâ¢® ¢§�¨¬®§�¢¨á¨¬®áâ¨, ª®â®à®¥
−¥á¥â ª�ª ¯®«®¦¨â¥«ì−ë© á¬ëá« á â®çª¨ §à¥−¨ï ®à£�−¨§�æ¨¨ ¯à®¨§¢®¤áâ¢�,
â�ª ¨ ®á−®¢−ãî ãï§¢¨¬®áâì, á®áâ®ïéãî ¢ ¯®à�¦¥−¨¨ ®¤−¨å á¢®©áâ¢ ç¥à¥§ á¡®¨
¨ −�àãè¥−¨ï ¤àã£¨å.

‡�¢¨á¨¬®áâì | íâ® á¢ï§ì ¨«¨ á®¥¤¨−¥−¨¥ ¬¥¦¤ã ¤¢ã¬ï ¯®¤á¨áâ¥¬�¬¨ ¨«¨
¯à®æ¥áá�¬¨ ¨−äà�áâàãªâãàë, ç¥à¥§ ª®â®àë¥ á®áâ®ï−¨¥ ®¤−®© ¢«¨ï¥â −� á®áâ®ï−¨¥
¤àã£®© ¨«¨ ª®àà¥«¨àã¥â á −¨¬.

‚§�¨¬®§�¢¨á¨¬®áâ¨ | íâ® á«®¦−ë¥ ®â−®è¥−¨ï, ª®â®àë¥ å�à�ªâ¥à¨§ãîâáï
¬−®¦¥áâ¢¥−−ë¬¨ á¢ï§ï¬¨ ¬¥¦¤ã í«¥¬¥−â�¬¨ ¨−äà�áâàãªâãàë, ¢ª«îç�ï ®¡à�â−ë¥
á¢ï§¨ ¨ ®¡à�â−ë¥ ¯ãâ¨ ¢ à�§¢¥â¢«¥−−®© â®¯®«®£¨¨. ‚§�¨¬®§�¢¨á¨¬®áâ¨ á®§¤�îâ
á«®¦−®¥ ¯®«®â−®, ª®â®à®¥, ãç¨âë¢�ï ®á®¡¥−−®áâ¨ ¥£® à�§«¨ç−ëå â¨¯®¢ á¢ï§¥©,
¬®¦¥â ¯¥à¥¤�¢�âì ã¤�àë ¯® ¢á¥¬ã è¨à®ª®¬ã á¯¥ªâàã íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨
¨−äà�áâàãªâãàë. �à¨ íâ®¬ �¤¥ª¢�â−® ¯à®�−�«¨§¨à®¢�âì ¨«¨ ¯®−ïâì ¢á¥ ¯ãâ¨
−�−¥á¥−¨ï ãé¥à¡� −¥¢®§¬®¦−®.

‚ «¨â¥à�âãà¥ [3] ¬®¦−® −�©â¨ ª«�áá¨ä¨ª�æ¨î ®á−®¢−ëå −�¯à�¢«¥−¨©, ¯®§-
¢®«ïîé¨å ¯à®¢®¤¨âì ¨¤¥−â¨ä¨ª�æ¨î, ¯®−¨¬�−¨¥ ¨ �−�«¨§ ¢§�¨¬®§�¢¨á¨¬®áâ¥©
¢ á«®¦−ëå ¨−äà�áâàãªâãà�å.

�®¤á¨áâ¥¬ë ¨−äà�áâàãªâãàë ä¨§¨ç¥áª¨ ¢§�¨¬®§�¢¨á¨¬ë, ¥á«¨ á®áâ®ï−¨¥
ª�¦¤®© §�¢¨á¨â ®â ¬�â¥à¨�«ì−®£® ¢ëå®¤� ¤àã£¨å.

�«¥¬¥−âë ¨−äà�áâàãªâãàë ¨¬¥îâ ª¨¡¥à§�¢¨á¨¬®áâì, ¥á«¨ ¨å á®áâ®ï−¨ï
§�¢¨áïâ ®â ¨−ä®à¬�æ¨¨, ¯¥à¥¤�¢�¥¬®© ç¥à¥§ ¨−äà�áâàãªâãàã.

�«¥¬¥−âë ¨−äà�áâàãªâãàë £¥®£à�ä¨ç¥áª¨ ¢§�¨¬®§�¢¨á¨¬ë, ¥á«¨ «®ª�«ì−®¥
á®¡ëâ¨¥ ¬®¦¥â á®§¤�âì ¨§¬¥−¥−¨ï á®áâ®ï−¨ï ¢ −¨å.
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�¢â®¬�â−ë¥ ¬®¤¥«¨ à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ á�¬®¢®ááâ�−®¢«¥−¨ï

„¢� í«¥¬¥−â� ¨−äà�áâàãªâãàë «®£¨ç¥áª¨ ¢§�¨¬®§�¢¨á¨¬ë, ¥á«¨ á®áâ®ï−¨¥
ª�¦¤®£® §�¢¨á¨â ®â á®áâ®ï−¨ï ¤àã£®£® ç¥à¥§ ¬¥å�−¨§¬, ª®â®àë© −¥ ï¢«ï¥âáï
ä¨§¨ç¥áª®©, ª¨¡¥à−¥â¨ç¥áª®© ¨«¨ £¥®£à�ä¨ç¥áª®© á¢ï§ìî (−�¯à¨¬¥à, §�¡�áâ®¢ª�
¤¢ãå ¯à¥¤¯à¨ïâ¨© ¯® ¯à¨ç¨−¥ ¬�«®© §�à¯«�âë).

�ç¥¢¨¤−®, çâ® ¯¥à¥¤�ç� á¡®ï ®â ®¤−®© ¯®¤á¨áâ¥¬ë ¨−äà�áâàãªâãàë ª ¤àã£®©
¯®¤á¨áâ¥¬¥ ¢®§¬®¦−� â®«ìª® ¯à¨ −�«¨ç¨¨ §�¢¨á¨¬®áâ¨. �â® ãá«®¢¨¥ −¥®¡å®¤¨¬®,
−® −¥¤®áâ�â®ç−® ¤«ï à�á¯à®áâà�−¥−¨ï á¡®ï ¨«¨ ¤àã£®£® ¢à�¦¤¥¡−®£® ¢®§¤¥©áâ-
¢¨ï.

�¡ëç−® ®âª�§ë ¨«¨ á¡®¨, á¢ï§�−−ë¥ á ¨−äà�áâàãªâãà®©, ª«�áá¨ä¨æ¨àãîâáï
ª�ª ª�áª�¤−ë¥, íáª�«�æ¨®−−ë¥ ¨«¨ ¨¬¥îé¨¥ ®¡é¨¥ ¯à¨ç¨−ë [3]. �â¨ ®âª�§ë
¯à¨−æ¨¯¨�«ì−® ®â«¨ç�îâáï ®â á¡®¥¢, ®£à�−¨ç¥−−ëå ®¤−¨¬ í«¥¬¥−â®¬, ãç¨âë¢�ï,
çâ® ¢§�¨¬®§�¢¨á¨¬®áâ¨ −¥®¡å®¤¨¬ë ¤«ï £¥−¥à�æ¨¨ ¨«¨ à�á¯à®áâà�−¥−¨ï íâ¨å
â¨¯®¢ ®âª�§®¢.

Š�áª�¤−ë© á¡®© ¢®§−¨ª�¥â, ª®£¤� ®âª�§ ¢ ®¤−®© ¯®¤á¨áâ¥¬¥ ¨−äà�áâàãªâãàë
¢ë§ë¢�¥â ®âª�§ ª®¬¯®−¥−â� ¢® ¢â®à®© ¯®¤á¨áâ¥¬¥, çâ® ¢¯®á«¥¤áâ¢¨¨ ¢ë§ë¢�¥â
−�àãè¥−¨¥ ¢ à�¡®â¥ á«¥¤ãîé¥© ¢§�¨¬®á¢ï§�−−®© ¯®¤á¨áâ¥¬ë ¨«¨ ¯®¤á¨áâ¥¬.

�áª�«�æ¨®−−ë© á¡®© ¢®§−¨ª�¥â, ª®£¤� ¯à¨ áãé¥áâ¢ãîé¥¬ ¯à¥àë¢�−¨¨ ¢ ®¤−®©
¯®¤á¨áâ¥¬¥ ãá¨«¨¢�¥âáï −¥§�¢¨á¨¬® −�àãè¥−¨¥ à�¡®âë ¢â®à®© ¯®¤á¨áâ¥¬ë, ª�ª
¯à�¢¨«®, ¢ ¢¨¤¥ ã¢¥«¨ç¥−¨ï á¥àì¥§−®áâ¨ ¨«¨ âà¥¡ã¥¬®£® ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï
¨«¨ ¢®ááâ�−®¢«¥−¨ï ¯®á«¥ ¢â®à®© −¥¨á¯à�¢−®áâ¨.

�âª�§ ¯® ®¡é¥© ¯à¨ç¨−¥ ¯à®¨áå®¤¨â, ª®£¤� ®¤−®¢à¥¬¥−−® −�àãè�îâáï ¤¢�
¨ ¡®«¥¥ ¨−äà�áâàãªâãà−ëå í«¥¬¥−â�: ª®¬¯®−¥−âë ¢ ª�¦¤®© ¯®¤á¨áâ¥¬¥ ®âª�-
§ë¢�îâ ¨§-§� −¥ª®â®àëå ®¡é¨å ¯à¨ç¨−. �«¥¬¥−âë ¨§ −¥áª®«ìª¨å ¯®¤á¨áâ¥¬
¨−äà�áâàãªâãàë ¬®£ãâ ¡ëâì §�âà®−ãâë ®¤−®¢à¥¬¥−−® «¨¡® ¯®â®¬ã, çâ® ®−¨ §�−¨-
¬�îâ ®¤−® ¨ â® ¦¥ ä¨§¨ç¥áª®¥ ¯à®áâà�−áâ¢® (£¥®£à�ä¨ç¥áª�ï §�¢¨á¨¬®áâì), «¨¡®
¯®â®¬ã, çâ® ª®à−¥¢�ï ¯à®¡«¥¬� è¨à®ª® à�á¯à®áâà�−ï¥âáï (áâ¨å¨©−®¥ ¡¥¤áâ¢¨¥,
â¥å−®£¥−−�ï ª�â�áâà®ä�, â¥àà®à¨áâ¨ç¥áª¨© �ªâ).

‚â®à®© ¯®á«¥ §�¢¨á¨¬®áâ¨ ¢�¦−¥©è¥© ª®¬¯®−¥−â®©, ª®â®à�ï −ã¦−� ¤«ï à�á-
¯à®áâà�−¥−¨ï á¡®¥¢ ¨ ¢à�¦¤¥¡−ëå ¢®§¤¥©áâ¢¨©, ï¢«ï¥âáï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−�ï
á¢ï§ì.

Š�¦¤®¥ á®áâ®ï−¨¥ ¨áå®¤−®© ¯®¤á¨áâ¥¬ë ¬®¦¥â áâ�âì ¯à¨ç¨−®© ¯®ï¢«¥−¨ï
®¤−®£® ¨«¨ −¥áª®«ìª¨å á«¥¤áâ¢¨© ¢ §�¢¨á¨¬®© ®â −¥¥ ¯®¤á¨áâ¥¬¥ [4, 5]. ˆá-
¯®«ì§®¢�−¨¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¢ �−�«¨§¥ à�á¯à®áâà�−¥−¨ï á¡®¥¢
¨ ¢à�¦¤¥¡−ëå ¢®§¤¥©áâ¢¨© ®á−®¢�−® −� ¤¢ãå á¢®©áâ¢�å ¯à¨ç¨− ¨ á«¥¤áâ¢¨©.
�¥à¢®¥ á¢®©áâ¢® á®áâ®¨â ¢ â®¬, çâ® ¯®ï¢«¥−¨¥ ¯à¨ç¨−ë ¤¥â¥à¬¨−¨à®¢�−−® ¢«¥ç¥â
¯®ï¢«¥−¨¥ á«¥¤áâ¢¨ï ¢ á«ãç�¥ −�«¨ç¨ï á¢ï§¨ ¯à¨ç¨−ë á ¯à®áâà�−áâ¢®¬, ¢ ª®â®à®¬
¬®¦¥â ¢®§−¨ª−ãâì á«¥¤áâ¢¨¥. ‚â®à®¥ á¢®©áâ¢® ®§−�ç�¥â, çâ® −¥â á®¡ëâ¨©, ¯®ï¢«¥-
−¨¥ ª®â®àëå −¥ ¨¬¥¥â ¯à¨ç¨−. …á«¨ ¯à¨ç¨−� ¨áª�¦¥−�, â® ®¦¨¤�¥¬®¥ á«¥¤áâ¢¨¥
«¨¡® −¥ ¢®§−¨ª�¥â, «¨¡® ®¡ãá«®¢«¥−® ¤àã£¨¬¨ ¯à¨ç¨−�¬¨.

�®áª®«ìªã á¡®¨ ¨«¨ ¤àã£¨¥ ¢à�¦¤¥¡−ë¥ á®¡ëâ¨ï ¢®§−¨ª�îâ ¢ ¯à®æ¥áá¥ äã−ª-
æ¨®−¨à®¢�−¨ï ¨−äà�áâàãªâãàë, â® à�á¯à®áâà�−¥−¨¥ ¨å −ã¦−® à�áá¬�âà¨¢�âì
¢ à�¬ª�å −¥ª®â®àëå ¯à®æ¥áá®¢. ‚ ª�ç¥áâ¢¥ ¬®¤¥«¨ ¯à®æ¥áá� à�¡®âë ®â¤¥«ì-
−®© ¯®¤á¨áâ¥¬ë à�áá¬�âà¨¢�¥âáï äã−ªæ¨®−¨à®¢�−¨¥ �¢â®¬�â�, � ¢§�¨¬®¤¥©áâ¢¨¥
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¯®¤á¨áâ¥¬ à�áá¬�âà¨¢�¥âáï ª�ª äã−ªæ¨®−¨à®¢�−¨¥ ¨ ¢§�¨¬®¤¥©áâ¢¨¥ ª®−¥ç−ëå
�¢â®¬�â®¢.

2 Причинно-следственная связь в модели двух автоматов

Š®−¥ç−ë¬ �¢â®¬�â®¬ A −�§ë¢�¥âáï [6] ¢¥ªâ®à (X,S, Y, δ, λ), £¤¥ ª®−¥ç−®¥
¬−®¦¥áâ¢® X á«ã¦¨â ¢å®¤−ë¬ �«ä�¢¨â®¬ �¢â®¬�â�, ª®−¥ç−®¥ ¬−®¦¥áâ¢® S |
¬−®¦¥áâ¢®¬ á®áâ®ï−¨© �¢â®¬�â�, ª®−¥ç−®¥ ¬−®¦¥áâ¢® Y | ¢ëå®¤−ë¬ �«ä�-
¢¨â®¬ �¢â®¬�â�, äã−ªæ¨ï δ ®â®¡à�¦�¥â ¬−®¦¥áâ¢® X × S ¢ S, � äã−ªæ¨ï λ
®â®¡à�¦�¥â ¬−®¦¥áâ¢® X × S ¢ Y . ‚à¥¬ï ¤¨áªà¥â−®¥, ®¯¨áë¢�¥âáï −�âãà�«ì-
−ë¬¨ ç¨á«�¬¨. �à®æ¥áá äã−ªæ¨®−¨à®¢�−¨ï �¢â®¬�â� ®¯¨áë¢�¥âáï á«¥¤ãîé¨¬¨
ãà�¢−¥−¨ï¬¨ (−�ç�«ì−®¥ á®áâ®ï−¨¥ −¥ à�áá¬�âà¨¢�¥¬, ¯®«ì§ã¥¬áï ®¯à¥¤¥«¥−¨¥¬
�¢â®¬�â� Œãà�):

δ(x(n), s(n)) = s(n+ 1) ;

λ(s(n)) = y(n) ,

£¤¥ x ∈ X; s ∈ S; y ∈ Y ; n = 1, 2, . . .
÷�áá¬®âà¨¬ ¬¥å�−¨§¬ ¢®ááâ�−®¢«¥−¨ï �¢â®¬�â� ¯®á«¥ á¡®ï (¤«ï ã¤®¡áâ¢�

ã¯®¬¨−�−¨ï ® ¤àã£¨å ¢à�¦¤¥¡−ëå ¤¥©áâ¢¨ïå ¯®¤à�§ã¬¥¢�¥¬, −® ¯à®¯ãáª�¥¬).
‚¢¥¤¥¬ ¢ ¬−®¦¥áâ¢® á®áâ®ï−¨© á®áâ®ï−¨¥A, ª®â®à®¥ á®®â¢¥âáâ¢ã¥â á¡®î �¢â®¬�â�.
‚ ¬−®¦¥áâ¢® ¢å®¤−ëå á¨¬¢®«®¢ ¤®¡�¢¨¬ á¨¬¢®« a, ¯à¨¯¨á�−−ë© ª ®ç¥à¥¤−®¬ã
¢å®¤−®¬ã á¨¬¢®«ã ¨ ª®â®àë© ¨−¨æ¨¨àã¥â á¡®© ¤«ï «î¡®£® á®áâ®ï−¨ï �¢â®¬�â�,
â. ¥. ¯à¨ ¯®ï¢«¥−¨¨ −� ¢å®¤¥ á¨¬¢®«� a ¢¬¥áâ¥ á á¨¬¢®«®¬ x(n + 1) ¢ ¬®¬¥−â
¢à¥¬¥−¨ n+ 1 �¢â®¬�â ¯¥à¥å®¤¨â ¢ á®áâ®ï−¨¥ A.

„®¡�¢¨¬ â�ª¦¥ ¢á¯®¬®£�â¥«ì−ãî ¯�¬ïâì, ¢ ª®â®à®© −� ª�¦¤®¬ è�£¥ §�¯®-
¬¨−�¥âáï èâ�â−ë© ¢å®¤−®© á¨¬¢®« x(n + 1), ¯à¥¤ë¤ãé¨© á¨¬¢®« x(n) ¨ á®áâ®-
ï−¨¥ s(n). �à¨ íâ®¬ ¢ëå®¤−®© á¨¬¢®« ¢ ¬®¬¥−â n ¡ã¤¥â ¥é¥ ¯à�¢¨«ì−ë¬. �ã¤¥¬
áç¨â�âì, çâ® ¢®ááâ�−®¢«¥−¨¥ ¢á¥£¤� ¯à®¨áå®¤¨â §� ¥¤¨−¨æã ¤¨áªà¥â−®£® ¢à¥¬¥−¨.
’®£¤� ¢ á«¥¤ãîé¨© §� ¢®ááâ�−®¢«¥−¨¥¬ ¯®á«¥ á¡®ï ¬®¬¥−â ¢à¥¬¥−¨ n+2 �¢â®¬�â,
¨á¯®«ì§ãï ¯�¬ïâì, ¬®¦¥â áç¨â�âì ¢å®¤−ë¬ á¨¬¢®«®¬ x(n+1) ¨ ¬®¦¥â ¢ëç¨á«¨âì
á®áâ®ï−¨¥ s(n+ 1) = δ(x(n), s(n)), ª®â®à®¥ ãáâ�−�¢«¨¢�¥âáï ¯®á«¥ A.

‚ á®áâ®ï−¨¨A �¢â®¬�â −¥ ¢ë¤�¥â ¢ëå®¤−®© á¨¬¢®« a, ¯®â®¬ã çâ® íâ® ¯à¨¢¥¤¥â
ª ¬£−®¢¥−−®¬ã à�á¯à®áâà�−¥−¨î á¡®ï, çâ® −¥¢®§¬®¦−® ¢ â¥å−¨ç¥áª®© á¨áâ¥¬¥. �®
¢ ¬®¬¥−â ¢à¥¬¥−¨ n+2 �¢â®¬�â ¯¥à¥å®¤¨â ¢ à�¡®ç¥¥ á®áâ®ï−¨¥ ¨ ¤®áâ�¥â ¨§ ¯�¬ïâ¨
®ç¥à¥¤−®© ¯à�¢¨«ì−ë© ¢å®¤−®© á¨¬¢®« x(n + 1), á®®â¢¥âáâ¢ãîé¨© à�¡®ç¥¬ã
¯à®æ¥ááã �¢â®¬�â� á §�¤¥à¦ª®© −� ®¤¨− â�ªâ. ‚ ¬®¬¥−â n+ 2 �¢â®¬�â −�å®¤¨âáï
¢ á®áâ®ï−¨¨ s(n + 1), çâ® á®®â¢¥âáâ¢ã¥â ¥£® à�¡®ç¥¬ã ¯à®æ¥ááã, á¤¢¨−ãâ®¬ã −�
®¤¨− â�ªâ. ’®£¤� ¢ ¬®¬¥−â n + 2 ª ¢ëå®¤−®¬ã á¨¬¢®«ã λ(s(n + 1)) ¢ −¥ª®â®àëå
á«ãç�ïå ¬®¦¥â ¡ëâì ¯à¨¡�¢«¥− á¨¬¢®« a. ‘ä®à¬ã«¨àã¥¬ ¯®«ãç¥−−ë© à¥§ã«ìâ�â
¢ ¢¨¤¥ «¥¬¬ë.
‹¥¬¬�. �®áâà®¥−−ë© �«£®à¨â¬ á®åà�−ï¥â à�¡®ç¨© ¯à®æ¥áá �¢â®¬�â� ¯®á«¥
á¡®ï á §�¤¥à¦ª®© −� ®¤¨− â�ªâ (á ¤®¡�¢«¥−¨¥¬ á¨¬¢®«� a ¢ á«ãç�ïå à�á¯à®-
áâà�−¥−¨ï á¡®ï).
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�¢â®¬�â−ë¥ ¬®¤¥«¨ à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ á�¬®¢®ááâ�−®¢«¥−¨ï

‡�¬¥â¨¬ á«¥¤ãîé¥¥: ¥á«¨ ®âª�§�âìáï ®â â®£®, çâ® á¡®© ¨−¨æ¨¨àã¥â á¯¥æ¨�«ì-
−ë© ¢å®¤−®© á¨¬¢®« a, â® ¢ ¬®¬¥−â ¢−ãâà¥−−¥£® á¡®ï �¢â®¬�â� ¥¬ã ¤®áâ�â®ç−®
§�¯®¬−¨âì ¯®á«¥¤−¨¥ ¤¢� «¥£�«ì−ëå ¢å®¤−ëå á¨¬¢®«� ¨ á®áâ®ï−¨¥ ¯¥à¥¤ á¡®-
¥¬, � �«£®à¨â¬ ¢®ááâ�−®¢«¥−¨ï â�ª¦¥ ¢®ááâ�−®¢¨â ¯à¥à¢�−−ë© à�¡®ç¨© ¯à®æ¥áá
á §�¤¥à¦ª®© −� â�ªâ.

’¥¯¥àì à�áá¬®âà¨¬ áå¥¬ã ¤¢ãå ¯®á«¥¤®¢�â¥«ì−® á®¥¤¨−¥−−ëå �¢â®¬�â®¢ A1
¨ A2, â. ¥. ¢ëå®¤ ¯¥à¢®£® �¢â®¬�â� á«ã¦¨â ¢å®¤®¬ ¢â®à®£® �¢â®¬�â�. �ã¤¥¬
áç¨â�âì, çâ® ¯®á«¥ á¡®ï, ª®£¤� �¢â®¬�â A1 ¯¥à¥è¥« ¢ á®áâ®ï−¨¥ A ¨ §�â¥¬ ¢®ááâ�-
−®¢¨«áï, ¯¥à¢ë© �¢â®¬�â ¤®«¦¥− ¤¥â¥à¬¨−¨à®¢�−−® ¯¥à¥¤�âì ¢¬¥áâ¥ á èâ�â−ë¬
¢ëå®¤−ë¬ á¨¬¢®«®¬ á¨¬¢®« a, ¯à¨á®¥¤¨−¥−−ë© ¢ ¯à®æ¥áá¥ ¢®ááâ�−®¢«¥−¨ï �¢â®-
¬�â� A1, ª®â®àë© ¢ à�áá¬�âà¨¢�¥¬®© áå¥¬¥ ¢ë§®¢¥â á¡®© A2 ¢â®à®£® �¢â®¬�â� A2.
‚ ¬®¬¥−â ¢à¥¬¥−¨ n �¢â®¬�â A1 −�å®¤¨âáï ¢ á®áâ®ï−¨¨ s(n) ¨ ¯®«ãç�¥â ¢å®¤−®©
á¨¬¢®« x(n). ‚ ¬®¬¥−â ¢à¥¬¥−¨ n + 1 ¢å®¤−®© á¨¬¢®« à�¢¥− x(n + 1)a ¨ ¯à®-
¨áå®¤¨â ¯¥à¥å®¤ á®áâ®ï−¨ï s(n) ¢ á®áâ®ï−¨¥ δ(a, s(n + 1)) = A. �à¨ íâ®¬ â�ªâ
¡ã¤¥â ¯®â¥àï−, â�ª ª�ª à¥¦¨¬ �¢â®¬�â� ¡ã¤¥â ¢®ááâ�−®¢«¥− ª â�ªâã n + 2. ’®£¤�
¢ ¬®¬¥−â n + 2 ¢ëå®¤−�ï äã−ªæ¨ï �¢â®¬�â� A1 ¯¥à¥¤�áâ �¢â®¬�âã A2, ª®â®àë©
−�å®¤¨âáï ¢ à¥¦¨¬¥ ®¦¨¤�−¨ï, ¢ëå®¤−®© á¨¬¢®« λ(s(n + 1))a. �â®â á¨¬¢®«
¤®«¦¥− ¯¥à¥¢¥áâ¨ �¢â®¬�â A2 ¢ á®áâ®ï−¨¥ á¡®ï A2. ’�ª¨¬ ®¡à�§®¬, �¢â®¬�â A2
¤¥â¥à¬¨−¨à®¢�−−® ¯®«ãç�¥â á¡®© ª�ª á«¥¤áâ¢¨¥ á¡®ï ¢ �¢â®¬�â¥ A1, ª®â®àë© áâ�«
¯à¨ç¨−®© á¡®ï ¢ A2. �à¨ íâ®¬ �¢â®¬�â A2 ¯®«ãç�¥â ¤®áâ�â®ç−ãî ¨−ä®à¬�æ¨î
¤«ï â®£®, çâ®¡ë ¢®ááâ�−®¢¨âì èâ�â−ë© ¯à®æ¥áá, −® á §�¤¥à¦ª®© ¥é¥ −� ®¤¨− â�ªâ.

�¢â®¬�â á®¢¥àè�¥â ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¤¥©áâ¢¨ï, ¨ ¢ à�áá¬®âà¥−−®© áå¥-
¬¥ ¬®¦¥â á«®¦¨âìáï ¢¯¥ç�â«¥−¨¥, çâ® íâ� ¤¥â¥à¬¨−¨à®¢�−−®áâì ã¦¥ ®¯à¥¤¥«ï¥â
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ãî á¢ï§ì A1 á A2. �¤−�ª® íâ® −¥¢¥à−®. ‚ á�¬®¬ ¤¥«¥,
á«¥¤ãîé¥¥ á®áâ®ï−¨¥ �¢â®¬�â� A2 §�¢¨á¨â ®â ¥£® −ë−¥è−¥£® á®áâ®ï−¨ï. �®íâ®¬ã
¯à¨ç¨−� ¯®¯�¤�−¨ï ¢ ª®−ªà¥â−®¥ á®áâ®ï−¨¥ �¢â®¬�â� A2 −¥ ¬®¦¥â á®¤¥à¦�âìáï
¢ ¤�−−ëå �¢â®¬�â� A1. ’®£¤� ¯à¨ç¨−� ¤¥â¥à¬¨−¨à®¢�−−®£® ¯¥à¥å®¤� �¢â®¬�-
â� A2 ¢ −¥ª®â®à®¥ ä¨ªá¨à®¢�−−®¥ á®áâ®ï−¨¥, á®¤¥à¦�é�ïáï ¢ äã−ªæ¨®−¨à®¢�−¨¨
�¢â®¬�â� A1, −¥ ¤®«¦−� ¡ëâì á¢ï§�−� á â¥ªãé¨¬ á®áâ®ï−¨¥¬ A2.

‚®§−¨ª�¥â ¢®¯à®á ® ¤¥â¥à¬¨−¨à®¢�−−®áâ¨ ¯à¨á®¥¤¨−¥−¨ï á¨¬¢®«� a ª ¢ë-
å®¤−®¬ã á¨¬¢®«ã �¢â®¬�â� A1 ¯®á«¥ ¢®ááâ�−®¢«¥−¨ï. ‚ á«ãç�¥ ®âáãâáâ¢¨ï íâ®£®
á¨¬¢®«� ¢â®à®© �¢â®¬�â ¡ã¤¥â à�¡®â�âì èâ�â−® ¡¥§ á¡®¥¢, −® á §�¤¥à¦ª®©. „¥©-
áâ¢¨â¥«ì−®, ¢®§¬®¦−® ¯®«−®¥ ¢®ááâ�−®¢«¥−¨¥ à�¡®âë á¨áâ¥¬ë ¨§ ¤¢ãå �¢â®¬�â®¢
¯®á«¥ ¯¥à¢®£® ¢®ááâ�−®¢«¥−¨ï. �¤−�ª® §¤¥áì à�áá¬�âà¨¢�¥âáï §�¤�ç� à�á¯à®-
áâà�−¥−¨ï á¡®ï ¢ á¨áâ¥¬¥ ¨§ ¤¢ãå ¯®¤á¨áâ¥¬.

�®áâà®¥−−�ï á¨áâ¥¬� ¢®ááâ�−®¢«¥−¨ï ®¯à¥¤¥«ï¥â â®«ìª® §�¤¥à¦ªã, −® −¥
á¢ï§�−� á ¯¥à¥¤�ç¥© ¤�−−ëå á«¥¤ãîé¥© ¯®¤á¨áâ¥¬®©. �®íâ®¬ã ¤«ï à�á¯à®áâà�-
−¥−¨ï á¡®ï −¥®¡å®¤¨¬� ¤®¯®«−¨â¥«ì−�ï á¢ï§ì á¡®©−®£® á®áâ®ï−¨ï á ¯¥à¥¤�¢�¥¬®©
¤�«¥¥ ¨−ä®à¬�æ¨¥©. �âã á¢ï§ì à¥�«¨§ã¥â ¤®¯¨áë¢�−¨¥ á¨¬¢®«� a ª ¢ëå®¤−®¬ã
á¨¬¢®«ã ¯®á«¥ ¢®ááâ�−®¢«¥−¨ï, ¨ íâ®â á¨¬¢®« ¢å®¤¨â ¢ ¯à¨ç¨−ã ¯®ï¢«¥−¨ï
á«¥¤áâ¢¨ï ¢ �¢â®¬�â¥ A2.

�à¥¤«®¦¥−−�ï ¬®¤¥«ì á ¤®¡�¢«¥−¨¥¬ á¨¬¢®«� a −� ¢ëå®¤¥ �¢â®¬�â� A1 ¯®§¢®-
«ï¥â à�áá¬�âà¨¢�âì áå¥¬ã ¯®â¥à¨ á«¥¤áâ¢¨ï ¯à¨ á«ãç�©−®¬ ¨áª�¦¥−¨¨ ª®¬¯«¥ªá�
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å�à�ªâ¥à¨áâ¨ª ¯à¨ç¨−ë á¡®ï ¢ �¢â®¬�â¥ A2. ‚¥à®ïâ−®áâ−�ï ¬®¤¥«ì ¢ íâ®¬ á«ãç�¥
áâà®¨âáï ®ç¥−ì ¯à®áâ®, � ¨¬¥−−®: ¯à¨ç¨−� ¨áª�¦�¥âáï á ¢¥à®ïâ−®áâìî p, ¥á«¨
á¨¬¢®« a ¯®â¥àï− ¯à¨ ¯¥à¥¤�ç¥, ¨ á ¢¥à®ïâ−®áâìî 1− p á®åà�−ï¥âáï. �â� ¬®¤¥«ì
á®®â¢¥âáâ¢ã¥â ¨áª�¦¥−¨î ¯à¨ç¨−ë, ¯à¨ ª®â®à®© −¥ ¬®¦¥â ¢®§−¨ª−ãâì á«¥¤áâ¢¨¥.

�à¨¯¨áë¢�−¨¥ á¨¬¢®«� a ª ¢ëå®¤−®¬ã á¨¬¢®«ã �¢â®¬�â� A1 −¥®¡ï§�â¥«ì−®,
¥á«¨ á¨£−�«®¬ á¡®ï ¤«ï �¢â®¬�â� A2 áâ�«� ¯®â¥àï â�ªâ� ¢ ¯®«ãç¥−¨¨ ®ç¥à¥¤−®-
£® ¢ëå®¤−®£® á¨¬¢®«� �¢â®¬�â� A1. ‹¥£ª® ¯®−ïâì, çâ® ¥á«¨ ¤®¡�¢¨âì ª ¢å®¤ã
�¢â®¬�â� A2 ¤®¯®«−¨â¥«ì−ë© ¢å®¤ ®â ¢−¥è−¥© á¨áâ¥¬ë, â® −¥®¡å®¤¨¬� á¨−åà®−¨-
§�æ¨ï íâ¨å ¤®¯®«−¨â¥«ì−ëå ¤�−−ëå á ¤�−−ë¬¨, ¯¥à¥¤�îé¨¬¨áï ®â �¢â®¬�â� A1.
�®â¥àï â�ª®© á¨−åà®−¨§�æ¨¨ ¬®¦¥â áç¨â�âìáï á¨£−�«®¬, �−�«®£¨ç−ë¬ á¨¬¢®«ã a
¢ à�áá¬®âà¥−−®¬ á«ãç�¥. �®íâ®¬ã ¯à®æ¥¤ãà� ¢®ááâ�−®¢«¥−¨ï �¢â®¬�â� A2 ¢ íâ®¬
á«ãç�¥ áâ�−®¢¨âáï á«®¦−¥¥, −® ¯®-¯à¥¦−¥¬ã ¢®§¬®¦−�.

��ª®−¥æ, ¬®¦−® à�áá¬�âà¨¢�âì áå¥¬ã ¢§�¨¬®¤¥©áâ¢¨ï ¤¢ãå �¢â®¬�â®¢ ¡¥§ ¢®á-
áâ�−®¢«¥−¨ï. ‚ íâ®¬ á«ãç�¥ �¢â®¬�â A1 ¯¥à¥áâ�¥â à�¡®â�âì, â. ¥. ¯®«ãç�âì ¢å®¤-
−ë¥ á¨¬¢®«ë ¨ ¯¥à¥¤�¢�âì ¢ëå®¤−ë¥ á¨¬¢®«ë. �âáãâáâ¢¨¥ ¢å®¤−ëå á¨¬¢®«®¢
−� ¢å®¤¥ �¢â®¬�â� A2 â�ª¦¥ ®áâ�−�¢«¨¢�¥â ¥£® à�¡®âã. ’�ª¨¬ ®¡à�§®¬, ®áâ�−®¢
à�¡®âë ¯¥à¢®£® �¢â®¬�â� áâ�−®¢¨âáï ¯à¨ç¨−®© ®áâ�−®¢� à�¡®âë ¢â®à®£® �¢â®¬�â�.
�â®â á«ãç�© â�ª¦¥ á«ã¦¨â ¯à¨¬¥à®¬ ª�áª�¤−®£® á¡®ï. Š�ª ¨ ¢ ¯à¥¤ë¤ãé¥¬
á«ãç�¥, ª�áª�¤−ë© á¡®© ¯®à®¦¤�¥âáï §�¢¨á¨¬®áâìî ¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¬¨
á¢ï§ï¬¨.

3 Модель цепочки сбоев с восстановлением

÷�áá¬®âà¨¬ æ¥¯®çªã �¢â®¬�â®¢ A1,A2, . . . ,Ak, ¢ ª®â®àëå ¢ëå®¤ ¯à¥¤ë¤ã-
é¥£® �¢â®¬�â� á«ã¦¨â ¢å®¤®¬ á«¥¤ãîé¥£® á ¨áªãááâ¢¥−−®© §�¤¥à¦ª®© −� ®¤¨−
â�ªâ. ˆ−�ç¥ æ¥¯®çª� �¢â®¬�â®¢ ®¡«�¤�¥â ¬£−®¢¥−−®© à¥�ªæ¨¥©, çâ® −¥¯®§¢®-
«¨â¥«ì−® ¤«ï â¥å−¨ç¥áª®© á¨áâ¥¬ë. �ãáâì ª ¬®¬¥−âã n ¢ª«îç¨â¥«ì−® á¨áâ¥¬�
à�¡®â�«� ¨á¯à�¢−®. �à¥¤¯®«®¦¨¬, çâ® ¢ ¬®¬¥−â n+ 1 ¢ �¢â®¬�â¥ A1 ¯à®¨§®è¥«
¢®ááâ�−�¢«¨¢�¥¬ë© á¡®©. ’®£¤� á ãç¥â®¬ §�¤¥à¦ª¨ ¢ èâ�â−®© à�¡®â¥ ¢ ¬®¬¥−â
n + 2 −� �¢â®¬�â A2 −¥ ¯®áâã¯¨« ¢å®¤−®© á¨¬¢®«. �â¬¥â¨¬, çâ® íâ� §�¤¥à¦ª�
áâ�«� ¥é¥ ®¤−¨¬ á«¥¤áâ¢¨¥¬ á¡®ï A ¢ �¢â®¬�â¥ A1. ‡�¤¥à¦ª� −� ®¤¨− â�ªâ −�
¢å®¤¥ �¢â®¬�â� A2 á«ã¦¨â ¯à¨ç¨−®© ¯®ï¢«¥−¨ï â�ª®© ¦¥ −¥èâ�â−®© §�¤¥à¦ª¨
−� ¢å®¤¥ �¢â®¬�â®¢ A3, . . . ,Ak, ¤�¦¥ ¥á«¨ ¢á¥ �¢â®¬�âë, ªà®¬¥ A1, à�¡®â�îâ
¨á¯à�¢−®.

Š�ª ®â¬¥ç�«®áì à�−ìè¥, ¢ á¨−åà®−−®© á¨áâ¥¬¥ â�ª�ï §�¤¥à¦ª� ¢ë§®¢¥â ¢ ª�-
ç¥áâ¢¥ á«¥¤áâ¢¨ï á¡®© á¨−åà®−¨§�æ¨¨ ¢® ¢á¥å �¢â®¬�â�å A2, . . . ,Ak. ’�ª¨¬
®¡à�§®¬, á¡®© ª�ª ¯à¨ç¨−� à�áá¨−åà®−¨§�æ¨¨ ¢® ¢á¥© ¤�«ì−¥©è¥© æ¥¯®çª¥ á«ã-
¦¨â ¯à¨¬¥à®¬ ¯®à®¦¤¥−¨ï ®¤−®© ¯à¨ç¨−®© ¬−®¦¥áâ¢� á«¥¤áâ¢¨©. ’�ª�ï æ¥¯®çª�
¯®à®¦¤¥−¨ï á«¥¤áâ¢¨© ¨§ ¨áå®¤−®© ¯à¨ç¨−ë ¢ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§ïå
−�§ë¢�¥âáï âà�−§¨â−®© ¯à¨ç¨−®©.

’¥¯¥àì ¯à¥¤¯®«®¦¨¬, çâ® ¢ ª�¦¤®¬ �¢â®¬�â¥ æ¥¯®çª¨ A1,A2, . . . ,Ak ¯à¨
¢®§−¨ª−®¢¥−¨¨ á¡®ï ¢ ¢ëå®¤−®¬ á¨¬¢®«¥ ¯®á«¥ ¢®ááâ�−®¢«¥−¨ï ¯®ï¢«ï¥âáï á¨¬-
¢®« a, ª®â®àë© ¨−¨æ¨¨àã¥â ¨á¯à�¢¨¬ë© á¡®© ¢ á«¥¤ãîé¥¬ �¢â®¬�â¥. �â®
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�¢â®¬�â−ë¥ ¬®¤¥«¨ à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ á�¬®¢®ááâ�−®¢«¥−¨ï

®§−�ç�¥â, çâ® ¯®á«¥ ¢®ááâ�−®¢«¥−¨ï á¡®ï ¢® ¢â®à®¬ �¢â®¬�â¥ A2 §�¤¥à¦ª� −�
¢å®¤¥ âà¥âì¥£® �¢â®¬�â� ¡ã¤¥â ã¦¥ à�¢−� ç¥âëà¥¬ â�ªâ�¬ §�¤¥à¦ª¨ ®â ¨áå®¤−®©
¢à¥¬¥−−�®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. „�«¥¥ −� ª�¦¤®¬ á«¥¤ãîé¥¬ �¢â®¬�â¥ ¯à¨-
¡�¢«ï¥âáï ¤®¯®«−¨â¥«ì−® ®¤¨− â�ªâ §�¤¥à¦ª¨. ‚ à¥§ã«ìâ�â¥ �¢â®¬�â Ak ¤®«-
¦¥− ¡ã¤¥â ¯®«ãç¨âì −¥®¡å®¤¨¬ë© ¢å®¤−®© á¨£−�« −� 2(k − 1) â�ªâ®¢ ¯®§¦¥
¨áå®¤−®£® ¢à¥¬¥−¨. �â® ¯®¢«¥ç¥â §� á®¡®© −¥®¡å®¤¨¬®áâì à¥è¥−¨ï á«®¦−®©
§�¤�ç¨ á¨−åà®−¨§�æ¨¨ ¤àã£¨å §�¤�ç á¨áâ¥¬ë. ��¯à¨¬¥à, ¢ −¥ª®â®à®¬ ¯à¨¡®à¥
®¡à�§ã¥âáï ®ç¥à¥¤ì −¥¤®¯ãáâ¨¬®© ¤«¨−ë, ª®â®à�ï ¢ë§®¢¥â á¡®© ¡¥§ ¢®ááâ�−®¢«¥-
−¨ï ¢á¥© á¨áâ¥¬ë.

4 Заключение

‚ à�¡®â¥ ¯®ª�§�−®, çâ® ¡ëáâà®¥ ¢®ááâ�−®¢«¥−¨¥ ¨§ á¡®ï ¤«ï ª�¦¤®© ¯®¤á¨áâ¥-
¬ë ¡®«ìè®© á¨áâ¥¬ë ¬®¦¥â ¢ë§¢�âì £«®¡�«ì−ë© á¡®© §� áç¥â à�áá¨−åà®−¨§�æ¨¨
¨«¨ §� áç¥â ¯®ï¢«¥−¨ï á«¨èª®¬ ¡®«ìè¨å ®ç¥à¥¤¥© ã ªà¨â¨ç¥áª¨å í«¥¬¥−â®¢
ã¯à�¢«¥−¨ï. �à¨¬¥à â�ª®£® £«®¡�«ì−®£® á¡®ï à�áá¬®âà¥− ¢ à�¡®â¥ [7]. �−�-
«¨§ â�ª¨å ¯®¢à¥¦¤¥−¨© ®á−®¢�− −� ®âá«¥¦¨¢�−¨¨ §�¢¨á¨¬®áâ¥© ¨ ¢®§−¨ª�îé¨å
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©, ¯à¨ç¥¬ −�¤® ãç¨âë¢�âì âà�−§¨â¨¢−ë¥ ¯à¨ç¨−−®-
á«¥¤áâ¢¥−−ë¥ á¢ï§¨ ¨ ¢®§¬®¦−®áâ¨ ¢®§−¨ª−®¢¥−¨ï ¬−®¦¥áâ¢ á«¥¤áâ¢¨© ¨§ ®¤−®©
¯à¨ç¨−ë. ‚ëá®ª�ï á«®¦−®áâì â�ª¨å §�¤�ç ®ç¥¢¨¤−�.

…áâ¥áâ¢¥−−ë¬ áà¥¤áâ¢®¬ §�é¨âë ®â â�ª¨å á¡®¥¢ ¯à¥¤áâ�¢«ï¥âáï ¯®¨áª �à-
å¨â¥ªâãàë á¨áâ¥¬ë, ª®â®à�ï −¥ ¤®¯ãáª�¥â ¢®§¬®¦−®áâì ¢®§−¨ª−®¢¥−¨ï ¤«¨−−ëå
æ¥¯®ç¥ª ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¨ ¬−®¦¥áâ¢¥−−ëå á«¥¤áâ¢¨© ã ¯à¨ç¨−.
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AUTOMATA MODELS OF FAULT PROPAGATION
AND SELF-HEALING
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of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation
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Abstract: The papers devoted to information security analysis often discuss the
damage caused by attacks on computer systems and information resources but
little attention is paid to how hostile attacks and their failures affect business
processes and create serious threats to the activities of business systems as a whole.
The idea of terrorists | low impact entails great damage | is the main goal of
hostile influence on the business system. While studying the problems of the
propagation of failures and hostile impacts, dependencies in the business system
and cause and effect relationships play the basic role. Finite automaton has been
selected to simulate the interaction processes of the business system's subsystems.
A mechanism for recovering the subsystem from a failure has been built. In the
causal scheme, a failure propagation model is built in the presence of a mechanism
for recovering each automaton after the failure. It is shown that despite the rapid
recovery from a failure for each subsystem of a large system, a global failure may
occur due to out-of-sync or due to the appearance of too many queues at critical
controls.

Keywords: information security; fault propagation; cause-and-effect relation-
ships; automata model of system presentation
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РАСЧЕТ ЦЕЛЕВЫХ ЗНАЧЕНИЙ КОЭФФИЦИЕНТОВ
ГОТОВНОСТИ ДЛЯ ДИАГНОСТИК ИТЭР

Г. М. Коновалов1

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¯à®¡«¥¬¥ §�¤�−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
¤«ï ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ (¤¨�£−®áâ¨ª) ¢ ª®¬¯«¥ªá¥ ˆ’�÷ (ITER, Interna-
tional Thermonuclear Experimental Reactor). ’�ª¨¥ á¨áâ¥¬ë ¤®«¦−ë ®¡¥á¯¥ç¨-
¢�âì âà¥¡ã¥¬ë© ãà®¢¥−ì −�¤¥¦−®áâ¨, á ª®â®àë¬ ¨§¬¥àïîâáï ¬−®£®ç¨á«¥−−ë¥
¯�à�¬¥âàë ª®¬¯«¥ªá�. ‚®§−¨ª�¥â àï¤ á«®¦−®áâ¥© −� ¯ãâ¨ ¯®áâ�−®¢ª¨ §�¤�ç¨
¨ ¥¥ à¥è¥−¨ï. �â®, ¢ ç�áâ−®áâ¨, ã−¨ª�«ì−®áâì ®¡ê¥ªâ�, ¬−®£®®¡à�§¨¥ ¨ ¬−®-
£®ç¨á«¥−−®áâì ¯�à�¬¥âà®¢ ¨ ¤¨�£−®áâ¨ª, á«®¦−�ï ¢§�¨¬®á¢ï§ì ¬¥¦¤ã −¨¬¨,
®âáãâáâ¢¨¥ �−�«®£®¢ ¢ «¨â¥à�âãà¥ ¯® −�¤¥¦−®áâ¨. ‚ áâ�âì¥ ¯à¨¢®¤ïâáï à¥§ã«ì-
â�âë ¬®¤¥«¨à®¢�−¨ï á ¯®¬®éìî á¯¥æ¨�«ì−® à�§à�¡®â�−−®© ¬�â¥¬�â¨ç¥áª®©
¬®¤¥«¨ ¨ ¢ëç¨á«¨â¥«ì−®£® �«£®à¨â¬�. �� ¯à¨¬¥à¥ ã¯à®é¥−−®© ¬®¤¥«¨ ¤¨�-
£−®áâ¨ç¥áª®£® ª®¬¯«¥ªá� ˆ’�÷ �−�«¨§¨àã¥âáï çã¢áâ¢¨â¥«ì−®áâì ª §−�ç¥−¨ï¬
í¬¯¨à¨ç¥áª¨ §�¤�¢�¥¬ëå ª®íää¨æ¨¥−â®¢. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì
¨á¯®«ì§®¢�−ë à�§à�¡®âç¨ª�¬¨ à�§«¨ç−ëå ¤¨�£−®áâ¨ç¥áª¨å ¯®¤á¨áâ¥¬ ˆ’�÷
¢ ¢¨¤¥ ª®−ªà¥â−ëå âà¥¡®¢�−¨©.

Š«îç¥¢ë¥ á«®¢�: ˆ’�÷; ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ −�¤¥¦−®áâ¨; �−�«¨§ −�-
¤¥¦−®áâ¨ ¡®«ìè¨å á¨áâ¥¬; ª®íää¨æ¨¥−â £®â®¢−®áâ¨

DOI: 10.14357/08696527230404 EDN: PZLYTO

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢® ”à�−æ¨¨ á¨«�¬¨ á¥¬¨ ãç�áâ−¨ª®¢ (…‘, Ÿ¯®−¨ï, ‘˜�,
÷®áá¨ï, Š¨â�©, ˆ−¤¨ï ¨ ā¦−�ï Š®à¥ï) ¯®¤ ®¡é¨¬ àãª®¢®¤áâ¢®¬ ¬¥¦¤ã−�à®¤−®©
�à£�−¨§�æ¨¨ ˆ’�÷ ¢¥¤¥âáï á®®àã¦¥−¨¥ â¥à¬®ï¤¥à−®£® à¥�ªâ®à� ˆ’�÷ [1{3].
’à¥¡®¢�−¨ï ª ¯à®¥ªâ¨à®¢�−¨î ¨ á®®àã¦¥−¨î ˆ’�÷�, ¢ ç�áâ−®áâ¨ âà¥¡®¢�−¨ï
ª −�¤¥¦−®áâ¨ à�§«¨ç−ëå ¯®¤á¨áâ¥¬, ¤�−ë ¢ ¯à®¥ªâ−ëå ¤®ªã¬¥−â�å ¢¥àå−¥£®
ãà®¢−ï (Project Requirements). ‚ ç�áâ¨ ¤¨�£−®áâ¨ç¥áª®£® ª®¬¯«¥ªá� | −�¡®à�
¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬, ¯®§¢®«ïîé¥£® ®áãé¥áâ¢«ïâì ¨§¬¥à¥−¨¥ ¨ ª®−âà®«ì ¯�-
à�¬¥âà®¢ ¯«�§¬ë ¨ â®ª�¬�ª�, | âà¥¡®¢�−¨ï ª −�¤¥¦−®áâ¨ ®¯à¥¤¥«¥−ë ¢ â¥à¬¨−�å
¬¨−¨¬�«ì−ëå ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨. „¨�£−®áâ¨ç¥áª¨© ª®¬¯«¥ªá ¢ª«îç�¥â
¢ á¥¡ï ®ª®«® ¢®áì¬¨¤¥áïâ¨ à�§«¨ç−ëå ¤¨�£−®áâ¨ª ¨ ¯®§¢®«ï¥â ¨§¬¥àïâì ¡®«¥¥
áâ� ¯�à�¬¥âà®¢. ‚á¥ ¯�à�¬¥âàë à�§¤¥«¥−ë −� 4 £àã¯¯ë ¢ §�¢¨á¨¬®áâ¨ ®â ¨å −�-
§−�ç¥−¨ï: ®¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®© à�¡®âë (machine protection | MP), ®á−®¢−®©
¨ ¤®¯®«−¨â¥«ì−ë© ª®−âà®«ì à�¡®âë ãáâ�−®¢ª¨ (basic and advanced control | BC
¨ AC) ¨ ä¨§¨ç¥áª¨¥ ¨§¬¥à¥−¨ï (physics | Ph). �à®¥ªâ−®© ¤®ªã¬¥−â�æ¨¥© ®¯à¥-
¤¥«¥−ë â®«ìª® ¬¨−¨¬�«ì−ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï £àã¯¯ë

1—�áâ−®¥ ãçà¥¦¤¥−¨¥ ƒ®áã¤�àáâ¢¥−−®© ª®à¯®à�æ¨¨ ¯® �â®¬−®© í−¥à£¨¨ ú÷®á�â®¬û ú�à®¥ªâ−ë©
æ¥−âà ˆ’�÷û, g.konovalov@iterrf.ru
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÷�áç¥â æ¥«¥¢ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï ¤¨�£−®áâ¨ª ˆ’�÷

¯�à�¬¥âà®¢. ’à¥¡®¢�−¨ï ª ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ç¥-
áª¨å ¯®¤á¨áâ¥¬ −¥ ®¯à¥¤¥«¥−ë, −® ¤«ï à�§à�¡®âç¨ª®¢ ¤¨�£−®áâ¨ª −�¨¡®«ìè¨©
¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ ª�ª à�§ ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤«ï ®â¤¥«ì−ëå ¯®¤á¨á-
â¥¬, â�ª ª�ª ¨å ã¬¥−ìè¥−¨¥ ¯®§¢®«ï¥â ã¯à®áâ¨âì ª®−áâàãªæ¨î ¨, ª�ª á«¥¤áâ¢¨¥,
áãé¥áâ¢¥−−® á®ªà�â¨âì §�âà�âë −� ¥¥ à�§à�¡®âªã ¨ ¨§£®â®¢«¥−¨¥.

‚ −�áâ®ïé¨© ¬®¬¥−â ¯à¨ ®¯à¥¤¥«¥−¨¨ ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª
à�§à�¡®âç¨ª¨ ¯à¥¤¯®«�£�îâ, çâ® £«®¡�«ì−ë¥ âà¥¡®¢�−¨ï à�á¯à®áâà�−ïîâáï −�
¯®¤á¨áâ¥¬ã ¡¥§ ãç¥â� â®£® ä�ªâ�, çâ® ¯�à�¬¥âà ¬®¦¥â ¨§¬¥àïâìáï ®¤−®¢à¥¬¥−-
−® −¥áª®«ìª¨¬¨ ¤¨�£−®áâ¨ª�¬¨ ¨ çâ® ¢ª«�¤ë ª�¦¤®© ¤¨�£−®áâ¨ª¨ ¢ ¨§¬¥à¥−¨¥
¯�à�¬¥âà� −¥à�¢−®§−�ç−ë. ’�ª®© ¯®¤å®¤ ¤�¥â §�¢ëè¥−−ë¥ âà¥¡®¢�−¨ï ª ª®íä-
ä¨æ¨¥−â�¬ £®â®¢−®áâ¨ ª®−¥ç−ëå ¯®¤á¨áâ¥¬, â�ª ª�ª −¥ ãç¨âë¢�¥â ¨¬¥îé¥¥áï
¤ã¡«¨à®¢�−¨¥ ¨§¬¥à¥−¨©.

„«ï à¥è¥−¨ï ®¯¨á�−−®© ¢ëè¥ ¯à®¡«¥¬ë à�−¥¥ ¡ë«¨ à�§à�¡®â�−ë ¬�â¥¬�â¨-
ç¥áª�ï ¬®¤¥«ì ¨ ¢ëç¨á«¨â¥«ì−ë© �«£®à¨â¬ −� ¥¥ ®á−®¢¥ [4].

‘â®¨â ¯®¤ç¥àª−ãâì, çâ® §�¤�ç� ¢ ¤�−−®© ¯®áâ�−®¢ª¥: ¯® §�¤�−−ë¬ âà¥¡®¢�−¨ï¬
ª £®â®¢−®áâ¨ á¨áâ¥¬ë ®¯à¥¤¥«¨âì âà¥¡®¢�−¨ï ª ¢å®¤ïé¨¬ ¢ ¥¥ á®áâ�¢ í«¥¬¥−â�¬ |
ï¢«ï¥âáï −¥âà�¤¨æ¨®−−®© ¨, ¢®§¬®¦−®, ¤�¦¥ −®¢®© ¤«ï â¥®à¨¨ −�¤¥¦−®áâ¨. (‚®
¢áïª®¬ á«ãç�¥ ®−� −¥ ã¯®¬¨−�¥âáï ¢ â�ª¨å äã−¤�¬¥−â�«ì−ëå ¨áâ®ç−¨ª�å, ª�ª [5{
7].)

„�−−�ï áâ�âìï á®¤¥à¦¨â −¥ª®â®àë¥ à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ �¢â®à®¬ ¢ á®-
¢¬¥áâ−®© à�¡®â¥ —�áâ−®£® ãçà¥¦¤¥−¨ï ƒ®áã¤�àáâ¢¥−−®© ª®à¯®à�æ¨¨ ¯® �â®¬−®©
í−¥à£¨¨ ú÷®á�â®¬û ú�à®¥ªâ−ë© æ¥−âà ˆ’�÷û1 ¨ �à£�−¨§�æ¨¨ ˆ’�÷2 ¯®
®¯à¥¤¥«¥−¨î æ¥«¥¢ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®-
áâ¨ç¥áª¨å ¯®¤á¨áâ¥¬ ˆ’�÷.

Œ�â¥à¨�« áâ�âì¨ à�á¯à¥¤¥«¥− á«¥¤ãîé¨¬ ®¡à�§®¬. ÷�§¤¥« 2 á®¤¥à¦¨â ªà�â-
ª®¥ ®¯¨á�−¨¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ (¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¬®¤¥«¨ ¨ �«£®à¨â¬�,
á®§¤�−−®£® −� ¥¥ ®á−®¢¥, ¤�−® ¢ [4]). ‚ à�§¤. 3 á®¤¥à¦¨âáï ®¯¨á�−¨¥ ¢å®¤−ëå
¤�−−ëå, á®¡à�−−ëå �à£�−¨§�æ¨¥© ˆ’�÷ ¤«ï ¬®¤¥«¨à®¢�−¨ï. ‚ à�§¤. 4 ¨ 5
®¡áã¦¤�îâáï ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë. ‚ §�ª«îç¥−¨¨ áâ�âì¨ ¯®¤¢®¤ïâáï −¥ª®-
â®àë¥ ¨â®£¨ ¨ ®¯à¥¤¥«ïîâáï ¯¥àá¯¥ªâ¨¢ë ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© ¯® ¤�−−®©
â¥¬�â¨ª¥.

2 Математическая модель

‚ [4] ¡ë«¨ ¯à¥¤«®¦¥−ë ¬®¤¥«ì, � â�ª¦¥ �«£®à¨â¬, à�§à�¡®â�−−ë© −� ¥¥ ®á−®-
¢¥, ª®â®àë¥ ¯®§¢®«ïîâ à¥è¨âì §�¤�çã ®¯à¥¤¥«¥−¨ï âà¥¡®¢�−¨© ª ª®íää¨æ¨¥−â�¬
£®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ª −� ®á−®¢¥ §�¤�−−ëå ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
£àã¯¯ ¨§¬¥àï¥¬ëå ¯�à�¬¥âà®¢ ¨ ¨§¢¥áâ−®© áâàãªâãà−®-äã−ªæ¨®−�«ì−®© ¢§�¨-

1�à£�−¨§�æ¨ï, ã¯®«−®¬®ç¥−−�ï �à�¢¨â¥«ìáâ¢®¬ ÷” ®¡¥á¯¥ç¨¢�âì ¢ª«�¤ ÷” ¢ −�âãà�«ì−®©
ä®à¬¥ ¢ ¯à®¥ªâ ˆ’�÷.

2Œ¥¦¤ã−�à®¤−�ï ®à£�−¨§�æ¨ï, îà¨¤¨ç¥áª¨ ®â¢¥âáâ¢¥−−�ï §� á®®àã¦¥−¨¥ ¨ íªá¯«ã�â�æ¨î
ãáâ�−®¢ª¨ ˆ’�÷.
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¬®á¢ï§¨ ¬¥¦¤ã ¤¨�£−®áâ¨ª�¬¨ ¨ ¨§¬¥àï¥¬ë¬¨ ¯�à�¬¥âà�¬¨. �à¨¢¥¤¥¬ ªà�âª®
®á−®¢−ë¥ ¯®«®¦¥−¨ï ¬®¤¥«¨.

ˆáå®¤−ë¬¨ ®¡ê¥ªâ�¬¨ ¬®¤¥«¨ á«ã¦�â ¤¢� ª®−¥ç−ëå ¬−®¦¥áâ¢�:

(1) −�¡®à ¨§ M ¯®¤«¥¦�é¨å ¨§¬¥à¥−¨î ¯�à�¬¥âà®¢, P = {p}, |P | =M ;

(2) á®¢®ªã¯−®áâì ¨§ N ¤¨�£−®áâ¨ª, D = {d}, |D| = N , ®áãé¥áâ¢«ïîé¨å íâ¨
¨§¬¥à¥−¨ï.

Š�¦¤ë© ¯�à�¬¥âà p ∈ P å�à�ªâ¥à¨§ã¥âáï:

{ ª®íää¨æ¨¥−â®¬ £®â®¢−®áâ¨ bp;

{ ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬ë¬ §−�ç¥−¨¥¬ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ b∗p;

{ −�¡®à®¬ ¤¨�£−®áâ¨ª Dp ⊂ D, á¯®á®¡−ëå ®áãé¥áâ¢«ïâì ¨§¬¥à¥−¨¥ ¤�−−®£®
¯�à�¬¥âà�.

’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬ë¥ âà¥¡®¢�−¨ï ª −�¤¥¦−®áâ¨ ¨§¬¥à¥−¨ï ¯�à�¬¥âà®¢
®âà�¦�îâ −¥à�¢¥−áâ¢�:

bp ≥ b∗p , p ∈ P . (1)

Š�ª ¡ë«® ãª�§�−® ¢ëè¥, ª�¦¤ë© ¯�à�¬¥âà ¨¬¥¥â ®¯à¥¤¥«¥−−®¥ −�§−�ç¥−¨¥
(operation role) ¢ á¨áâ¥¬¥.

’�ª¨¬ ®¡à�§®¬, ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢P à�§¡¨¢�¥âáï −� 4 −¥¯¥à¥á¥ª�îé¨åáï
¯®¤¬−®¦¥áâ¢�:

P = PMP + PBC + PAC + PPh .

Š�¦¤®¬ã â¨¯ã −�§−�ç¥−¨ï á®¯®áâ�¢«¥−® ç¨á«®, å�à�ªâ¥à¨§ãîé¥¥ ®¡é¨¥ âà¥-
¡®¢�−¨ï ¯® ª®íää¨æ¨¥−âã £®â®¢−®áâ¨ ¤«ï ¯�à�¬¥âà®¢, ¯à¨−�¤«¥¦�é¨å ®¤−®¬ã
¨ â®¬ã ¦¥ ¯®¤¬−®¦¥áâ¢ã:

bMP = 0,985; bBC = 0,98; bAC = 0,91; bPh = 0,9 .

Š�¦¤�ï ¤¨�£−®áâ¨ª� d ∈ D å�à�ªâ¥à¨§ã¥âáï:

{ á®¡áâ¢¥−−ë¬ ª®íää¨æ¨¥−â®¬ £®â®¢−®áâ¨ ad;

{ ®£à�−¨ç¥−¨ï¬¨ −� ¬¨−¨¬�«ì−® ¨ ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë¥ §−�ç¥−¨ï á®¡áâ¢¥−-
−®£® ª®íää¨æ¨¥−â� £®â®¢−®áâ¨:

ad ≤ ad ≤ ad ; (2)

{ −�¡®à®¬ ¯�à�¬¥âà®¢ Pd ∈ P , ¤®áâã¯−ëå ¤«ï ¨§¬¥à¥−¨ï á ¯®¬®éìî ¤�−−®©
¤¨�£−®áâ¨ª¨.

‚�¦−® ®â¬¥â¨âì, çâ® á®¡áâ¢¥−−ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ad ¤¨�£−®áâ¨ª¨ d ¯®
®â−®è¥−¨î ª ¨§¬¥àï¥¬®¬ã ¯�à�¬¥âàã p ∈ Pd ã¬−®¦�¥âáï −� ¢¥á®¢®© ª®íää¨æ¨-
¥−â, ª®â®àë© ®¡®§−�ç�¥âáï kp,d, kp,d ≤ 1. ‚ë¡®à ª®íää¨æ¨¥−â®¢ kp,d ï¢«ï¥âáï
íªá¯¥àâ−®© §�¤�ç¥© ¨ ®¯à¥¤¥«ï¥âáï ¢ª«�¤®¬ ¤¨�£−®áâ¨ª¨ d ¢ ¨§¬¥à¥−¨¥ ¯�à�¬¥âà�
p ∈ Pd.
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÷�áç¥â æ¥«¥¢ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï ¤¨�£−®áâ¨ª ˆ’�÷

÷¥§î¬¨àãï íâ®â ¯ã−ªâ, ¯¥à¥ç¨á«¨¬ ®á−®¢−ë¥ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¤�−−ë¥
¬®¤¥«¨.

‚å®¤−ë¬¨ ¤�−−ë¬¨ ¬®¤¥«¨ á«ã¦�â:

{ ¬−®¦¥áâ¢� ¯�à�¬¥âà®¢ P ¨ ¤¨�£−®áâ¨ª D;

{ áâàãªâãà� á¨áâ¥¬ë, §�¤�−−�ï á ¯®¬®éìî −�¡®à®¢ {Dp, p ∈ P} ¨ {Pd, d ∈
∈ D};

{ ¢¥ªâ®à âà¥¡®¢�−¨© ª ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ¨§¬¥à¥−¨ï ¯�à�¬¥âà®¢ b∗;

{ ¢¥ªâ®àë ®£à�−¨ç¥−¨© −� ¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
¤¨�£−®áâ¨ª a ¨ a;

{ −�¡®à ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ K = {kp,d ≤ 1, p ∈ P, d ∈ D} (¯®«�£�¥¬
kp,d = 0, ¥á«¨ ¤¨�£−®áâ¨ª� d −¥ ãç�áâ¢ã¥â ¢ ¨§¬¥à¥−¨¨ ¯�à�¬¥âà� p).

‚ëå®¤−ë¬¨ ¤�−−ë¬¨ ¬®¤¥«¨ á«ã¦�â ¢¥ªâ®àë ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨:

{ ¯�à�¬¥âà®¢, b = (b1, . . . , bM ),

{ ¤¨�£−®áâ¨ª, a = (a1, . . . , aN ),

¯à¨ç¥¬ ¢á¥ í«¥¬¥−âë ¢¥ªâ®à®¢ a ¨ b ¤®«¦−ë ã¤®¢«¥â¢®àïâì ãá«®¢¨ï¬ (1) ¨ (2).
�®áâ�−®¢ª� −� ®á−®¢¥ ¢ëè¥®¯¨á�−−®© ¬®¤¥«¨ ¬�â¥¬�â¨ç¥áª®© §�¤�ç¨, à¥-

è¥−¨¥ ª®â®à®© ¯®§¢®«¨«® ¡ë ®¯à¥¤¥«¨âì ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª,
−�â�«ª¨¢�¥âáï −� ®¯à¥¤¥«¥−−ë¥ âàã¤−®áâ¨, ª®â®àë¥ á¢ï§�−ë á ®âáãâáâ¢¨¥¬ ª�ª¨å-
«¨¡® �¯à¨®à−ëå ®£à�−¨ç¥−¨© ¨«¨ ªà¨â¥à¨¥¢ ªà®¬¥ −¥à�¢¥−áâ¢ (1) ¨ (2). �®íâ®¬ã
âà¥¡ã¥âáï à�áá¬®âà¥âì ¤®¯®«−¨â¥«ì−ë¥ ä�ªâ®àë, ª®â®àë¥ å®âï ¡ë ª®á¢¥−−® ®â-
à�¦�îâ ¥áâ¥áâ¢¥−−ë¥ ¨−¦¥−¥à−®-íª®−®¬¨ç¥áª¨¥ ®£à�−¨ç¥−¨ï. �á−®¢−ë¥ −¥ä®à-
¬�«ì−ë¥ ¨−âã¨â¨¢−ë¥ ¯à¥¤¯®áë«ª¨ ¯à¨ à�§à�¡®âª¥ �«£®à¨â¬� ¤«ï ®¯à¥¤¥«¥−¨ï
ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª §�ª«îç�îâáï ¢ á«¥¤ãîé¥¬. †¥«�â¥«ì−®
−�©â¨ â�ª®¥ à¥è¥−¨¥, ª®â®à®¥

(�) ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ −¥à�¢¥−áâ¢ (1) ¨ (2);

(¡) ¢ë£«ï¤¨â ¢ ª�ª®¬-â® á¬ëá«¥ −�¨¡®«¥¥ íª®−®¬¨ç−ë¬;

(¢) ®¡¥á¯¥ç¨¢�¥â ¡®«¥¥ ¨«¨ ¬¥−¥¥ úà�¢−®¬¥à−ë¥û §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®-
â®¢−®áâ¨ ¤«ï à�§−ëå ¤¨�£−®áâ¨ª.

�¥®¡å®¤¨¬®áâì âà¥¡®¢�−¨ï (a) ®ç¥¢¨¤−�. “á«®¢¨ï (¡) ¨ (¢) −ã¦¤�îâáï ¢ ¯®-
ïá−¥−¨¨. „¥«® ¢ â®¬, çâ®, ä®à¬ã«¨àãï ¯à®¡«¥¬ã, à�§à�¡®âç¨ª¨ ¯à®¥ªâ� ˆ’�÷
−¥ ãª�§�«¨ ª�ª¨å-«¨¡® ¤®¯®«−¨â¥«ì−ëå ¯® áà�¢−¥−¨î á ãá«®¢¨ï¬¨ (1) ¨ (2)
âà¥¡®¢�−¨©, ª®â®àë¥ ®£à�−¨ç¨¢�«¨ ¡ë «¨¡® §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
¤¨�£−®áâ¨ª, «¨¡® ¨å â¥å−¨ç¥áªãî á«®¦−®áâì, «¨¡® áâ®¨¬®áâì ¨å à�§à�¡®âª¨. �®-
íâ®¬ã, ª�¦¥âáï, ¥¤¨−áâ¢¥−−ë© á¯®á®¡ ¯®¯ëâ�âìáï úáíª®−®¬¨âìû | íâ® ¯à¨−ïâì
¯à¥¤¯®«®¦¥−¨¥, çâ® ¨§£®â®¢¨âì ¤¨�£−®áâ¨ªã â¥¬ «¥£ç¥ ¨ â¥¬ ¤¥è¥¢«¥, ç¥¬ ¬¥−ìè¥
¥¥ ª®íää¨æ¨¥−â £®â®¢−®áâ¨. Šà®¬¥ â®£®, ¤®¢®«ì−® ¥áâ¥áâ¢¥−−ë¬ ¯à¥¤áâ�¢«ï-
¥âáï ¦¥«�−¨¥ ¨§¡¥¦�âì ¯¥à¥ª®á®¢, â. ¥. â�ª¨å à¥è¥−¨©, ¯à¨ ª®â®àëå −¥ª®â®àë¥
¤¨�£−®áâ¨ª¨ ¡ã¤ãâ ¨¬¥âì ¯à¥¤¥«ì−® ¢ëá®ª¨¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â� £®â®¢−®áâ¨,
� ¤àã£¨¥, −�®¡®à®â, ¤®¯ãáª�âì ç�áâë¥ ®âª�§ë.
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„«ï ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï ¬®¤¥«¨ ¨ ¯®áâà®¥−−®£® −� ¥¥ ®á−®¢¥ à�áç¥â-
−®£® �«£®à¨â¬� ¡ë«� á®§¤�−� ¯à®£à�¬¬−�ï á¨áâ¥¬� á à�§¢¨âë¬ ¯®«ì§®¢�â¥«ìáª¨¬
¨−â¥àä¥©á®¬ [8], ª®â®à�ï ¯®§¢®«ï¥â á®§¤�¢�âì ¬®¤¥«¨, á®áâ®ïé¨¥ ¨§ ¯à®¨§¢®«ì-
−®£® ç¨á«� ¨§¬¥àï¥¬ëå ¯�à�¬¥âà®¢ ¨ ¤¨�£−®áâ¨ª. Š�¦¤ë© í«¥¬¥−â ¬®¤¥«¨ |
¯�à�¬¥âà ¨«¨ ¤¨�£−®áâ¨ª� | ¬®¦¥â ¡ëâì áª®−ä¨£ãà¨à®¢�− ¯à®¨§¢®«ì−ë¬ ®¡à�-
§®¬. ��à�¬¥âàë ¬®¦−® à�§¡¨¢�âì −� £àã¯¯ë ¢ §�¢¨á¨¬®áâ¨ ®â ¨å −�§−�ç¥−¨ï
¨ ¤«ï ª�¦¤®© £àã¯¯ë §�¤�¢�âì âà¥¡ã¥¬ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨. ‚ª«�¤ ª�¦-
¤®© ¤¨�£−®áâ¨ª¨ ¢ ¨§¬¥à¥−¨¥ ¯�à�¬¥âà®¢ §�¤�¥âáï ¯®«ì§®¢�â¥«¥¬ ¯à®¨§¢®«ì−®.
„«ï ¬®¤¥«¨à®¢�−¨ï á¨âã�æ¨¨, ª®£¤� ¤¨�£−®áâ¨ª� áç¨â�¥âáï ã¦¥ à�§à�¡®â�−−®©,
¯à®£à�¬¬� ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì §�ä¨ªá¨à®¢�âì ª®íää¨æ¨¥−â £®â®¢−®áâ¨
−� ¯à®¨§¢®«ì−®¬ ãà®¢−¥. ‘âàãªâãà−®-äã−ªæ¨®−�«ì−�ï á¢ï§ì ¬¥¦¤ã ¨§¬¥àï¥¬ë-
¬¨ ¯�à�¬¥âà�¬¨ ¨ ¤¨�£−®áâ¨ª�¬¨ â�ª¦¥ ®¯à¥¤¥«ï¥âáï ¯®«ì§®¢�â¥«¥¬.

3 Входные данные

„«ï ¯®«ãç¥−¨ï æ¥«¥¢ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¯®¤-
á¨áâ¥¬ ¤¨�£−®áâ¨ç¥áª®£® ª®¬¯«¥ªá� ˆ’�÷ �à£�−¨§�æ¨ï ˆ’�÷ ¯®¤£®â®¢¨«�
¨ ¯à¥¤®áâ�¢¨«� á«¥¤ãîé¨¥ ¢å®¤−ë¥ ¤�−−ë¥:

{ äã−ªæ¨®−�«ì−�ï á¢ï§ì ¤¨�£−®áâ¨ª ¨ ¨§¬¥àï¥¬ëå ¯�à�¬¥âà®¢;
{ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¤«ï ª�¦¤®© ¯�àë ú¯�à�¬¥âà{¤¨�£−®áâ¨ª�û. ��¯à¨-

¬¥à, ¥á«¨ ª®íää¨æ¨¥−â à�¢¥− 1, â® íâ® ®§−�ç�¥â, çâ® ¤¨�£−®áâ¨ª� ¬®¦¥â
¯®«−®áâìî ã¤®¢«¥â¢®à¨âì âà¥¡®¢�−¨¥ ¯® ¨§¬¥à¥−¨î ¯�à�¬¥âà�. …á«¨ ª®-
íää¨æ¨¥−â à�¢¥− 0 | ¯�à�¬¥âà ¢®®¡é¥ −¥ ¬®¦¥â ¡ëâì ¨§¬¥à¥− ¤�−−®©
¤¨�£−®áâ¨ª®©. ‘®£«�á−® ¯à®¥ªâ−®© ¤®ªã¬¥−â�æ¨¨, áãé¥áâ¢ãîâ âà¨ â¨¯�
¢ª«�¤� ¤¨�£−®áâ¨ª¨ ¢ ¨§¬¥à¥−¨¥ ¯�à�¬¥âà�: ®á−®¢−®©, à¥§¥à¢−ë© ¨ ¤®¯®«-
−¨â¥«ì−ë©. ‚ ¬®¤¥«¨ ¯à¥¤«�£�îâáï á«¥¤ãîé¨¥ §−�ç¥−¨ï ¯® ã¬®«ç�−¨î ¤«ï
¢¥á®¢ëå ª®íää¨æ¨¥−â®¢: 1 | ¤«ï ®á−®¢−®£® ¨§¬¥à¥−¨ï, 0,3 | ¤«ï à¥§¥à¢−®£®
¨ 0,1 | ¤«ï ¤®¯®«−¨â¥«ì−®£®. �® ®¯à¥¤¥«¥−¨î, ú¤®¯®«−¨â¥«ì−ë©û ®§−�ç�-
¥â, çâ® ¤¨�£−®áâ¨ª� ¯®¤â¢¥à¦¤�¥â ¨§¬¥à¥−¨¥ ¨«¨ ¯à¥¤®áâ�¢«ï¥â ¤�−−ë¥ ¤«ï
¥£® ª�«¨¡à®¢ª¨, −® á�¬� ¯® á¥¡¥ −¥¤®áâ�â®ç−� ¤«ï ¨§¬¥à¥−¨ï. „«ï ¬®¤¥«¨-
à®¢�−¨ï íâ®£® ®¯à¥¤¥«¥−¨ï ï¢−® ¬�«®. �−�«®£¨ç−�ï á¨âã�æ¨ï ¨ á à¥§¥à¢−ë¬
¢ª«�¤®¬ | ä®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥ −¥¤®áâ�â®ç−® ¤«ï â®£®, çâ®¡ë áâà®£®
§�¤�âì ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¢ ¬®¤¥«¨. �®íâ®¬ã ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë
¢ë¡¨à�«¨áì −� ®á−®¢¥ íªá¯¥àâ−®© ®æ¥−ª¨;

{ ç¨á«® −¥§�¢¨á¨¬ëå ª�−�«®¢ ¤¨�£−®áâ¨ª¨ ¤«ï ¨§¬¥à¥−¨ï ¯�à�¬¥âà�1. …á«¨
ª�−�«®¢ ¡®«¥¥ ®¤−®£®, â® ¤¨�£−®áâ¨ª� ¬®¦¥â ¡ëâì à�áá¬®âà¥−� ª�ª −�¡®à
¨§ ¯�à�««¥«ì−® äã−ªæ¨®−¨àãîé¨å ¨¤¥−â¨ç−ëå −¥§�¢¨á¨¬ëå ¤¨�£−®áâ¨ª,
¨ ¢ íâ®¬ á«ãç�¥ −� ¢ëå®¤¥ ¬®¤¥«¨ ¡ã¤¥â ¯®«ãç¥−® æ¥«¥¢®¥ §−�ç¥−¨¥ ª®íää¨-
æ¨¥−â� £®â®¢−®áâ¨ ®¤−®£® ª�−�«� ¤¨�£−®áâ¨ª¨.

1Š�−�« ¤¨�£−®áâ¨ª¨ áç¨â�¥âáï −¥§�¢¨á¨¬ë¬, ¥á«¨ ®− á¯à®¥ªâ¨à®¢�− æ¥«¨ª®¬, ®â á¥−á®à� ¤®
ãáâà®©áâ¢� åà�−¥−¨ï/®¡à�¡®âª¨ ¤�−−ëå, â�ª¨¬ ®¡à�§®¬, çâ® ¯®«®¬ª� «î¡®£® í«¥¬¥−â� ª�−�«� −¥
¢«¨ï¥â −� à�¡®âã ¤àã£¨å ª�−�«®¢ ¤�−−®© ¤¨�£−®áâ¨ª¨.
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Œ®¤¥«ì −¥ ãç¨âë¢�¥â á¥à¢¨á−ë¥ á«ã¦¡ë ¨ «î¡ë¥ ¢−¥è−¨¥ ¨−â¥àä¥©áë
¤¨�£−®áâ¨ª, ¯®áª®«ìªã ®âª�§ë íâ¨å á«ã¦¡, á®£«�á−® âà¥¡®¢�−¨ï¬ �à£�−¨§�æ¨¨
ˆ’�÷, ¤®«¦−ë ãç¨âë¢�âìáï ¢ �−�«¨§¥ −�¤¥¦−®áâ¨ ¨å á®¡áâ¢¥−−ëå á¨áâ¥¬ [9].

4 Результаты моделирования

‘�¬ë¥ ¯¥à¢ë¥ ¯à®£®−ë ¬®¤¥«¨ ¯®ª�§�«¨, çâ® à¥è¥−¨¥ §�¤�ç¨ ®¯à¥¤¥«¥−¨ï
æ¥«¥¢ëå §−�ç¥−¨© ¯®ª�§�â¥«¥© £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å ¯®¤á¨áâ¥¬
áãé¥áâ¢ã¥â, −® ¤«ï −¥ª®â®àëå ¤¨�£−®áâ¨ª æ¥«¥¢ë¥ §−�ç¥−¨ï ®ª�§�«¨áì ªà�©−¥
¢ëá®ª¨¬¨ (> 99%), çâ® ¢® ¬−®£¨å á«ãç�ïå −¥à¥�«¨§ã¥¬® â¥å−¨ç¥áª¨. �à¨ç¨−�
íâ®£® §�ª«îç�¥âáï ¢ â®¬, çâ® −¥ª®â®àë¥ ¯�à�¬¥âàë ¨§¬¥àïîâáï â®«ìª® ®¤−®©
¤¨�£−®áâ¨ª®© á ¯¥à¢¨ç−ë¬ ¢ª«�¤®¬. �â®, ª�ª á«¥¤áâ¢¨¥, ¯à¨¢®¤¨â ª â®¬ã,
çâ® âà¥¡®¢�−¨¥ ª ª®íää¨æ¨¥−âã £®â®¢−®áâ¨ ¨§¬¥à¥−¨ï íâ®£® ¯�à�¬¥âà� ®ç¥−ì
¢ëá®ª®¥, ¨−�ç¥ −¥¢®§¬®¦−® ã¤®¢«¥â¢®à¨âì ®¡é¥¥ âà¥¡®¢�−¨¥ −� ¢áî £àã¯¯ã
¯�à�¬¥âà®¢.

�â® ¬®¦¥â ¡ëâì ¯à®¨««îáâà¨à®¢�−® −� á«¥¤ãîé¥¬ à¥�«ì−®¬ ¯à¨¬¥à¥. ÷�á-
á¬®âà¨¬ ¤¢� ¨§¬¥àï¥¬ëå ¯�à�¬¥âà� ˆ’�÷�: ä«î¥−á −¥©âà®−®¢ (neutron fluence)
¨ ¨−â¥−á¨¢−®áâì à�áá¥ï−−®£® ¨§«ãç¥−¨ï í«¥ªâà®−−®-æ¨ª«®âà®−−®£® (�–) −�£à¥-
¢� (in vessel electron cyclotron heating stray radiation intensity). ÷�ááç¨â�−−ë¥
¯à®£à�¬¬®© ¬¨−¨¬�«ì−ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ íâ¨å ¯�à�¬¥â-
à®¢ | 99,93% ¨ 99,2% á®®â¢¥âáâ¢¥−−®. �¥à¢ë© ¯�à�¬¥âà ¨§¬¥àï¥âáï ¤¢ã¬ï
¤¨�£−®áâ¨ª�¬¨ á ¯¥à¢¨ç−ë¬ ¢ª«�¤®¬: ¬®−¨â®à®¬ −¥©âà®−−®£® ¯®â®ª� ¨ á¨áâ¥-
¬®© �ªâ¨¢�æ¨¨. ‡� áç¥â ¨¬¥îé¥£®áï ¤ã¡«¨à®¢�−¨ï à�ááç¨â�−−ë¥ ¯à®£à�¬¬®©
æ¥«¥¢ë¥ §−�ç¥−¨ï ¤«ï íâ¨å ¤¢ãå ¤¨�£−®áâ¨ª | 98,5% ¨ 98,8%. ‚â®à®© ¯�à�¬¥âà
¨§¬¥àï¥âáï â®«ìª® ®¤−®© ¤¨�£−®áâ¨ª®© | ¢−ãâà¨ª�¬¥à−ë¬¨ ¤¥â¥ªâ®à�¬¨ �–-
−�£à¥¢�, çâ® �¢â®¬�â¨ç¥áª¨ ¯®¢ëè�¥â æ¥«¥¢®¥ §−�ç¥−¨¥ ¤«ï íâ®© ¤¨�£−®áâ¨ª¨ ¤®
¢¥«¨ç¨−ë 99,2%.

‘ ¤àã£®© áâ®à®−ë, à�áç¥âë ¯®ª�§�«¨, çâ® ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ £àã¯¯
¯�à�¬¥âà®¢ ¯à¥¢ëè�îâ ¯à®¥ªâ−ë¥ âà¥¡®¢�−¨ï.

�®¤ç¥àª−¥¬, çâ® à¥è¥−¨¥ §�¤�ç¨ −�å®¦¤¥−¨ï −�¡®à� æ¥«¥¢ëå §−�ç¥−¨© ª®-
íää¨æ¨¥−â� £®â®¢−®áâ¨ −¥ ¥¤¨−áâ¢¥−−®¥. ��¯à¨¬¥à, ¨§¬¥−¥−¨¥ ¢¥á®¢ëå ª®íää¨-
æ¨¥−â®¢ ¨«¨ ä¨ªá¨à®¢�−¨¥ §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï ®â¤¥«ì−ëå
¤¨�£−®áâ¨ª ¯®§¢®«ïîâ ¯®«ãç�âì à�§−ë¥ −�¡®àë à¥è¥−¨©. ‚ë¡®à ®ª®−ç�â¥«ì−®£®
à¥è¥−¨ï ®¯à¥¤¥«ï¥âáï íªá¯¥àâ−ë¬ ¯ãâ¥¬ á ãç¥â®¬ ¢®§¬®¦−®áâ¨ ¯à�ªâ¨ç¥áª®©
à¥�«¨§�æ¨¨ ¤«ï ª�¦¤®© ¤¨�£−®áâ¨ª¨, ¢å®¤ïé¥© ¢ á®áâ�¢ ¤¨�£−®áâ¨ç¥áª®£® ª®¬-
¯«¥ªá� ˆ’�÷.

‘®£«�á−® �«£®à¨â¬ã [3], ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¯�à�¬¥âà®¢
®¯à¥¤¥«ï¥âáï ¢ §�¢¨á¨¬®áâ¨ ®â áã¬¬�à−®£® ¢ª«�¤� ¤¨�£−®áâ¨ª ¢ ¥£® ¨§¬¥à¥−¨¥
(ç¥¬ ¡®«ìè¥ ¤¨�£−®áâ¨ª ¨§¬¥àï¥â ¯�à�¬¥âà, â¥¬ ¢ëè¥ ¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥ ¥£®
ª®íää¨æ¨¥−â� £®â®¢−®áâ¨). —â®¡ë ãáâà�−¨âì ¯à®¡«¥¬ã −¥¯à¨¥¬«¥¬® ¢ëá®ª¨å
æ¥«¥¢ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ª, ¨áå®¤−ë©
¯à®£à�¬¬−ë© ª®¤ [8] ¡ë« ¬®¤¨ä¨æ¨à®¢�−: ¡ë«� ¤®¡�¢«¥−� ¢®§¬®¦−®áâì àãç−®©
ãáâ�−®¢ª¨ ¬¨−¨¬�«ì−ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï ®â¤¥«ì−ëå
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’�¡«¨æ� 1 Š®íää¨æ¨¥−âë £®â®¢−®áâ¨
(A) £àã¯¯ ¯�à�¬¥âà®¢

��§−�ç¥−¨¥ ’à¥¡®¢�−¨¥, % A, %
MP 98,5 98,50
BC 98 97,99
AC 91 94,55
Ph 90 90,00

¯�à�¬¥âà®¢. ’�ª¨¬ ®¡à�§®¬, ¬¨−¨¬�«ì−ë¥ §−�ç¥−¨ï ªà¨â¨ç¥áª¨å ¯�à�¬¥â-
à®¢ (¯�à�¬¥âà®¢, ª®â®àë¥ ¯à¨¢®¤¨«¨ ª ¢®§−¨ª−®¢¥−¨î −¥¯à¨¥¬«¥¬® ¢ëá®ª¨å
æ¥«¥¢ëå §−�ç¥−¨©) ¡ë«¨ á−¨¦¥−ë. �à¨ íâ®¬ ª®−âà®«¨à®¢�«®áì ¢ë¯®«−¥−¨¥
âà¥¡®¢�−¨© −� á®¡«î¤¥−¨¥ ¬¨−¨¬�«ì−ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
£àã¯¯ ¯�à�¬¥âà®¢.

�®á«¥ â�ª®© ª®àà¥ªâ¨à®¢ª¨ ¬®¤¥«¨ ¡ë«® ¯®«ãç¥−® à¥è¥−¨¥, ª®â®à®¥ (�) ®¯à¥-
¤¥«ï¥â æ¥«¥¢ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ª ¢ ¤¨�-
¯�§®−¥ [96%; 98,9%]1 ¨ (¡) ã¤®¢«¥â¢®àï¥â âà¥¡®¢�−¨ï¬ ª £àã¯¯�¬ ¯�à�¬¥âà®¢
(â�¡«. 1). �â¨ æ¥«¥¢ë¥ §−�ç¥−¨ï ¡ë«¨ ¯¥à¥¤�−ë ¢ �à£�−¨§�æ¨î ˆ’�÷ á æ¥«ìî
¤�«ì−¥©è¥£® à�á¯à®áâà�−¥−¨ï ¨å áà¥¤¨ à�§à�¡®âç¨ª®¢ à�§«¨ç−ëå ¯®¤á¨áâ¥¬
¢ ¢¨¤¥ ª®−ªà¥â−ëå âà¥¡®¢�−¨©.

5 Анализ чувствительности

Š�ª ãª�§ë¢�«®áì à�−¥¥, ª�¦¤�ï ¯�à� ú¯�à�¬¥âà{¤¨�£−®áâ¨ª�û å�à�ªâ¥à¨§ã-
¥âáï â�ª −�§ë¢�¥¬ë¬ ¢¥á®¢ë¬ ª®íää¨æ¨¥−â®¬, ª®â®àë© ®âà�¦�¥â ¢ª«�¤ ¤¨�£−®-
áâ¨ª¨ ¢ ¨§¬¥à¥−¨¥ ¯�à�¬¥âà�. ‚¥á®¢®© ª®íää¨æ¨¥−â §�¢¨á¨â ®â à®«¨ ¤¨�£−®áâ¨ª¨
á® á«¥¤ãîé¨¬¨ §−�ç¥−¨ï¬¨ ¯® ã¬®«ç�−¨î: 1 | ¤«ï ¯¥à¢¨ç−®£® ¨§¬¥à¥−¨ï; 0,3 |
¤«ï §�¯�á−®£®; 0,1 | ¤«ï ¢á¯®¬®£�â¥«ì−®£®. Š�ª ¡ë«® áª�§�−® ¢ëè¥, ¢ ¯à®æ¥á-
á¥ á¡®à� ¢å®¤−ëå ¤�−−ëå ¤«ï ¬®¤¥«¨ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ ¡ë«¨ ãâ®ç−¥−ë
¤«ï ª�¦¤®© ª®−ªà¥â−®© ¯�àë ú¯�à�¬¥âà{¤¨�£−®áâ¨ª�û, â. ¥. ¢ë¡®à §−�ç¥−¨ï ¢¥-
á®¢®£® ª®íää¨æ¨¥−â� ¯à®¨§¢®¤¨«áï −� ®á−®¢¥ íªá¯¥àâ−®© ®æ¥−ª¨. ‹®£¨ç−ë¬
®¡à�§®¬ ¢áâ�¥â ¢®¯à®á, −�áª®«ìª® çã¢áâ¢¨â¥«ì−� ¬®¤¥«ì ª §−�ç¥−¨ï¬ ¢¥á®¢ëå
ª®íää¨æ¨¥−â®¢.

„«ï ®â¢¥â� −� íâ®â ¢®¯à®á ¡ë« ¯à®¢¥¤¥− àï¤ à�áç¥â®¢, ¢ ª®â®àëå §−�ç¥−¨ï
ª®íää¨æ¨¥−â®¢ ¢�àì¨à®¢�«¨áì ¢ −¥ª®â®à®¬ ¤¨�¯�§®−¥ ¢®ªàã£ ¡�§®¢ëå §−�ç¥−¨©.
�®¤ ¡�§®¢ë¬¨ ¯®−¨¬�îâáï â¥ §−�ç¥−¨ï, ª®â®àë¥ ¡ë«¨ ãª�§�−ë íªá¯¥àâ�¬¨ ¯à¨
á¡®à¥ ¨áå®¤−ëå ¤�−−ëå.

„«ï á®ªà�é¥−¨ï ¬�è¨−−®£® ¢à¥¬¥−¨, âà¥¡ã¥¬®£® −� ¢ëç¨á«¥−¨ï, à�áç¥âë
¯à®¢®¤¨«¨áì −� ã¯à®é¥−−®© ¬®¤¥«¨, ¢ ª®â®à®© ¡ë«¨ ®áâ�¢«¥−ë â®«ìª® ¯�à�-

1�� ®á−®¢¥ ¨¬¥îé¥£®áï ®¯ëâ� ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ ˆ’�÷ ¬®¦−®
§�ª«îç¨âì, çâ® ¤�−−ë© ¤¨�¯�§®− ®â−®á¨â¥«ì−® «¥£ª® à¥�«¨§ã¥¬ −� ¯à�ªâ¨ª¥.
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’�¡«¨æ� 2 –¥«¥¢ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢
£®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ ú�−�«¨§�â®à �â®¬®¢ ¯¥-
à¥§�àï¤ª¨û ¤«ï à�§−ëå ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢

�âª«®−¥−¨¥ ¢¥á®¢®£® Š®íää¨æ¨¥−â
ª®íää¨æ¨¥−â� £®â®¢−®áâ¨

®â ¡�§®¢®£® §−�ç¥−¨ï ¤¨�£−®áâ¨ª¨
��§®¢®¥ §−�ç¥−¨¥ 98,75
−0,025 98,5
+0,025 98,25
+0,05 97,75
+0,075 96,75

¬¥âàë á à®«ï¬¨ MP ¨ BC (55 ¯�à�¬¥âà®¢ ¨ 67 ¤¨�£−®áâ¨ª, ¨§¬¥àïîé¨å íâ¨
¯�à�¬¥âàë).

‚ëç¨á«¥−¨ï ¡ë«¨ à�§¡¨âë −� ¤¢¥ á¥à¨¨.

1. ‚ ¯¥à¢®© á¥à¨¨ íªá¯¥à¨¬¥−â®¢ ¢�àì¨à®¢�«¨áì ®¤−®¢à¥¬¥−−® ª®íää¨æ¨¥−âë
¤«ï ¢á¥å ¯�à ú¯�à�¬¥âà{¤¨�£−®áâ¨ª�û (§� ¨áª«îç¥−¨¥¬ ¯¥à¢¨ç−ëå ¨§¬¥-
à¥−¨©) ¢ ¤¨�¯�§®−¥ [−0,025;+0,075] ®â−®á¨â¥«ì−® ¡�§®¢ëå §−�ç¥−¨© á è�-
£®¬ 0,025. ‚ëç¨á«ï«¨áì âà¥¡®¢�−¨ï ª ®â¤¥«ì−ë¬ ¤¨�£−®áâ¨ª�¬ ¨ ®¡é¥¥
§−�ç¥−¨¥ ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï £àã¯¯ë ¯�à�¬¥âà®¢. ÷¥§ã«ìâ�âë
¢ëç¨á«¥−¨© ¯®ª�§�«¨ á«¥¤ãîé¥¥:

{ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï 49 ¤¨�£−®áâ¨ª (I £àã¯¯�) ¨«¨
−¨ª�ª −¥ ¨§¬¥−¨«¨áì, ¨«¨ ¨§¬¥−¨«¨áì ¯à¥−¥¡à¥¦¨¬® ¬�«® (§� ¯à¥¤¥«�¬¨
â®ç−®áâ¨ ¢ëç¨á«¥−¨©) ¯® áà�¢−¥−¨î á ¨áå®¤−®© ¬®¤¥«ìî;

{ ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤«ï ®áâ�¢è¨åáï ¤¨�£−®áâ¨ª (II £àã¯¯�) §�¬¥â−®
¨§¬¥−ïîâáï ¢ §�¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨−ë ª®íää¨æ¨¥−â�;

{ ®¡é¨¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ ¤«ï £àã¯¯ë ¯�à�¬¥âà®¢ ¨§¬¥−ïîâáï
¯à®¯®àæ¨®−�«ì−® ã¢¥«¨ç¥−¨î ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢.

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ ¯à¨¢¥¤¥¬ à¥§ã«ìâ�â à�áç¥â� æ¥«¥¢ëå §−�ç¥−¨© ª®-
íää¨æ¨¥−â� £®â®¢−®áâ¨ ¤«ï ¤¨�£−®áâ¨ª¨ ú�−�«¨§�â®à �â®¬®¢ ¯¥à¥§�àï¤ª¨û
(Neutral particle analyzer) (â�¡«. 2).

2. ‚® ¢â®à®© á¥à¨¨ íªá¯¥à¨¬¥−â®¢ ¢ à�¬ª�å ®¤−®£® ¢ëç¨á«¥−¨ï ¢�àì¨à®¢�«¨áì
¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¤«ï ª�ª®©-â® ®¤−®© ¤¨�£−®áâ¨ª¨ (¤«ï ¢á¥å ¯�à�-
¬¥âà®¢, ®¡¥á¯¥ç¨¢�¥¬ëå ¤�−−®© ¤¨�£−®áâ¨ª®© §� à�§) ¨§ £àã¯¯ I ¨ II. Š�ª
¨ ¢ ¯à¥¤ë¤ãé¥© á¥à¨¨, ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¤«ï ¯¥à¢¨ç−ëå ¨§¬¥à¥−¨©
®áâ�¢�«¨áì −¥¨§¬¥−−ë¬¨ (à�¢−ë¬¨ 1). „¨�¯�§®− ¢�àì¨à®¢�−¨ï ¤«ï £àã¯-
¯ë I ¡ë« [−0,05;+0,5], ¤«ï £àã¯¯ë II | [−0,2;+0,3]. ‚ë¡®à ¤¨�¯�§®−�
®¡ãá«®¢«¥− ¡�§®¢ë¬¨ §−�ç¥−¨ï¬¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢. —â®¡ë á®åà�-
−¨âì §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ª −� â¥å−®-
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«®£¨ç¥áª¨ ¯à¨¥¬«¥¬®¬ ãà®¢−¥, −� ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨
−�ª«�¤ë¢�«¨áì â�ª¨¥ ¦¥ ®£à�−¨ç¥−¨ï, ª�ª ¢ à�§¤. 4.

÷¥§ã«ìâ�âë ¢ëç¨á«¥−¨© ¯®ª�§�«¨ á«¥¤ãîé¥¥:

{ ¤«ï £àã¯¯ë I ¢ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ª�ª¨å-«¨¡® ¨§¬¥−¥−¨© −¥
−�¡«î¤�¥âáï, â. ¥. æ¥«¥¢ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¯à�ªâ¨ç¥áª¨
−¥ §�¢¨áïâ ®â ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢;

{ ¤«ï £àã¯¯ë II −�¡«î¤�¥âáï áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ §−�ç¥−¨ï ¢¥á®¢ëå ª®íää¨-
æ¨¥−â®¢ ª�ª −� âà¥¡®¢�−¨ï ª £®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ª, â�ª ¨ ª ®¡é¥©
£®â®¢−®áâ¨ ¢á¥© £àã¯¯ë ¯�à�¬¥âà®¢.

’�¡«¨æ� 3 ÷¥§ã«ìâ�âë ¢�àì¨à®¢�−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¤«ï ®â¤¥«ì−®© ¤¨�£−®-
áâ¨ª¨ (−� ¯à¨¬¥à¥ ¤¨�£−®áâ¨ª ¨§ £àã¯¯ I ¨ II)

ƒàã¯¯� I

Š®íää¨æ¨¥−âë
�âª«®−¥−¨¥ ¢¥á®¢®£® ª®íää¨æ¨¥−â�

®â ¡�§®¢®£® §−�ç¥−¨ï
��§®¢®¥
§−�ç¥−¨¥ −0,05 +0,1 +0,3 +0,5

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ ¤¨�£−®-
áâ¨ª¨ (Thermocouple target) 96 96 96 96 96

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ ¯�à�-
¬¥âà�, ¨§¬¥àï¥¬®£® ¤¨�£−®áâ¨ª®© 99,96 99,96 99,97 99,97 99,98

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ £àã¯¯ë
¯�à�¬¥âà®¢ á à®«ìî MP 98,5 98,5 98,5 98,51 98,52

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ £àã¯¯ë
¯�à�¬¥âà®¢ á à®«ìî BC 97,96 97,96 97,96 97,96 97,96

ƒàã¯¯� II

Š®íää¨æ¨¥−âë
�âª«®−¥−¨¥ ¢¥á®¢®£® ª®íää¨æ¨¥−â�

®â ¡�§®¢®£® §−�ç¥−¨ï
��§®¢®¥
§−�ç¥−¨¥ −0,2 −0,1 +0,1 +0,3

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ ¤¨�£−®-
áâ¨ª¨ (Rogowskis divertor) 98,48 | 98,5 98,48 98,48

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ ¯�à�-
¬¥âà�, ¨§¬¥àï¥¬®£® ¤¨�£−®áâ¨ª®© 99,6 | 99,54 99,65 99,75

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ £àã¯¯ë
¯�à�¬¥âà®¢ á à®«ìî MP 98,5 | 98,45 98,55 98,64

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ £àã¯¯ë
¯�à�¬¥âà®¢ á à®«ìî BC 97,96 | 97,96 97,96 97,96

�à¨¬¥ç�−¨ï. ‚ áª®¡ª�å ¢ ¯¥à¢®© ª®«®−ª¥ ãª�§�−ë ®ä¨æ¨�«ì−ë¥ −�§¢�−¨© ¤¨�£−®áâ¨ç¥áª¨å
á¨áâ¥¬. �à®ç¥àª¨ ¢ â�¡«¨æ¥ ®§−�ç�îâ, çâ® à¥è¥−¨¥ ¢ ¤�−−®© ª®−ä¨£ãà�æ¨¨ −¥¢®§¬®¦−®, â�ª
ª�ª −¥ à¥�«¨§ã¥âáï âà¥¡®¢�−¨¥ ª ª®íää¨æ¨¥−âã £®â®¢−®áâ¨ ¤«ï ®¤−®£® ¨«¨ −¥áª®«ìª¨å ¯�à�-
¬¥âà®¢. �¤−�ª® à¥è¥−¨¥ ¢®§¬®¦−® ¯®«ãç¨âì ¨ ¢ íâ®¬ á«ãç�¥, −® â®£¤� ¯à¨¤¥âáï ãáâ�−�¢«¨¢�âì
âà¥¡®¢�−¨ï ª ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª ¢ëè¥ §�¤�−−ëå ®£à�−¨ç¥−¨©.
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÷�áç¥â æ¥«¥¢ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï ¤¨�£−®áâ¨ª ˆ’�÷

„«ï ¨««îáâà�æ¨¨ ¢ â�¡«. 3 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë à�áç¥â®¢ ¤«ï á«ãç�©−®
¢ë¡à�−−ëå ¤¨�£−®áâ¨ª ¨§ I ¨ II £àã¯¯. ’�¡«¨æ� 3 á®¤¥à¦¨â â�ª¦¥ ¢ëç¨á«¥−−ë¥
ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¯�à�¬¥âà®¢, ª®â®àë¥ ¨§¬¥àïîâ ¤�−−ë¥ ¤¨�£−®áâ¨ª¨
á ¢ª«�¤®¬, ®â«¨ç−ë¬ ®â ¯¥à¢¨ç−®£®, ¨ ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤«ï £àã¯¯
¯�à�¬¥âà®¢ ¢ §�¢¨á¨¬®áâ¨ ®â à®«¨.

6 Заключение

‚ à¥§ã«ìâ�â¥ ¬®¤¥«¨à®¢�−¨ï −� ®á−®¢¥ à�§à�¡®â�−−®£® à�−¥¥ �«£®à¨â¬� ¨ ¯à®-
£à�¬¬ë ¡ë« ¯®«ãç¥− −�¡®à æ¥«¥¢ëå §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ®â-
¤¥«ì−ëå ¤¨�£−®áâ¨ª ˆ’�÷�. �®«ãç¥−−ë¥ §−�ç¥−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë
à�§à�¡®âç¨ª�¬¨ ¯®¤á¨áâ¥¬ ¢ ª�ç¥áâ¢¥ âà¥¡®¢�−¨© ¯à¨ à�§à�¡®âª¥ ¨ á®§¤�−¨¨
¤¨�£−®áâ¨ª.

�−�«¨§ çã¢áâ¢¨â¥«ì−®áâ¨ ¯®ª�§�«, çâ® §−�ç¥−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ®ª�-
§ë¢�îâ ¢«¨ï−¨¥ ¢ â¥å á«ãç�ïå, ª®£¤� ú®¡¥á¯¥ç¥−−®áâìû ¯�à�¬¥âà� ¨§¬¥à¥−¨ï¬¨
−¨§ª�ï, â. ¥. ª®£¤� ¯�à�¬¥âà ¨§¬¥àï¥âáï (ª�ª ¯à�¢¨«®) â®«ìª® ®¤−®© ¤¨�£−®áâ¨ª®©
á ¯¥à¢¨ç−ë¬ ¢ª«�¤®¬. ÷�áç¥âë ¯®ª�§�«¨, çâ® ¨§¬¥−¥−¨¥ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢
¢ −¥¡®«ìè¨å ¯à¥¤¥«�å ¯®§¢®«ï¥â ¢ ®¯à¥¤¥«¥−−ëå á«ãç�ïå á−¨§¨âì −� 1%{2% æ¥-
«¥¢®¥ §−�ç¥−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨. „«ï −¥ª®â®àëå ¤¨�£−®áâ¨ª, á®£«�á−®
¤�−−ë¬ à�§à�¡®âç¨ª®¢ á¨áâ¥¬, â�ª®¥ á−¨¦¥−¨¥ ¬®¦¥â ®ª�§�âì à¥è�îé¥¥ §−�ç¥−¨¥
¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á¨áâ¥¬ë. ��¯à¨¬¥à, ¤«ï ã¯®¬ï−ãâ®£® ¢ëè¥ ú�−�«¨§�â®à�
�â®¬®¢ ¯¥à¥§�àï¤ª¨û ®æ¥−¥−−ë© −� áâ�¤¨¨ ¯à¥¤¢�à¨â¥«ì−®£® ¯à®¥ªâ¨à®¢�−¨ï ª®-
íää¨æ¨¥−â £®â®¢−®áâ¨ á®áâ�¢¨« ¯à¨¬¥à−® 98% (¯à¨ æ¥«¥¢®¬ §−�ç¥−¨¨ 98,75%).
�æ¥−ª�, ¢ë¯®«−¥−−�ï à�§à�¡®âç¨ª�¬¨ íâ®© á¨áâ¥¬ë, ¯®ª�§�«�, çâ® ã¢¥«¨ç¥−¨¥
ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¤® âà¥¡ã¥¬®£® æ¥«¥¢®£® §−�ç¥−¨ï ¯®âà¥¡ã¥â áãé¥áâ¢¥−-
−®£® ¨§¬¥−¥−¨ï ¤¨§�©−� ª�ª á�¬®© á¨áâ¥¬ë, â�ª ¨ á¬¥¦−ëå á −¥© á¨áâ¥¬, çâ®
¯à¨¢¥¤¥â ª −¥¯à¨¥¬«¥¬ë¬ ¢à¥¬¥−− �ë¬ ¨ ä¨−�−á®¢ë¬ §�âà�â�¬.

‚�àì¨à®¢�−¨¥ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¯®§¢®«ï¥â â�ª¦¥ ¢ëï¢¨âì ã§ª¨¥ ¬¥áâ�
¤¨�£−®áâ¨ç¥áª®£® ª®¬¯«¥ªá� ˆ’�÷�, −�¯à¨¬¥à ®¯à¥¤¥«¨âì, ª�ª¨¥ ¯�à�¬¥âàë
®¡¥á¯¥ç¨¢�îâáï ¨§¬¥à¥−¨ï¬¨ ¡¥§ ª�ª®© ¡ë â® −¨ ¡ë«® ¨§¡ëâ®ç−®áâ¨ (¢ â¥à¬¨−�å
ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¨§¬¥à¥−¨ï).

�®áª®«ìªã à¥è¥−¨¥ §�¤�ç¨ −�å®¦¤¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¨−¤¨¢¨-
¤ã�«ì−ëå ¤¨�£−®áâ¨ª −¥ ¥¤¨−áâ¢¥−−®¥, â® ¯ãâ¥¬ ¢�àì¨à®¢�−¨ï ¢¥á®¢ëå ª®íää¨-
æ¨¥−â®¢ ¤«ï ®¤−¨å ¤¨�£−®áâ¨ª ¬®¦−® ã¢¥«¨ç¨âì §�¯�á ¯® £®â®¢−®áâ¨ ¤«ï ¢á¥©
£àã¯¯ë ¯�à�¬¥âà®¢ ¨ §� áç¥â íâ®£® á−¨§¨âì âà¥¡®¢�−¨ï ¤«ï ¤àã£¨å ¯® �«£®à¨â¬ã,
®¯¨á�−−®¬ã ¢ à�§¤. 4.

‚ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ ¯®«ãç¥−¨ï ¡®«¥¥ â®ç−ëå ®æ¥−®ª ª®íää¨æ¨¥−â®¢
£®â®¢−®áâ¨ ¤¨�£−®áâ¨ª −¥®¡å®¤¨¬® ®¯à¥¤¥«ïâì ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¡®«¥¥ â®ç-
−®, á ãç¥â®¬ ¬−®¦¥áâ¢� ä�ªâ®à®¢ (â¥å−¨ç¥áª¨å, â¥å−®«®£¨ç¥áª¨å, íª®−®¬¨ç¥áª¨å
¨ â. ¤.), çâ® ¢ëå®¤¨â §� à�¬ª¨ ¤�−−®© à�¡®âë. �¤−�ª® íâ®, ª�ª ¡ë«® ¯®ª�-
§�−® ¢ëè¥, ¨¬¥¥â á¬ëá« ¤¥«�âì â®«ìª® ¤«ï á«�¡® ®¡¥á¯¥ç¥−−ëå ¨§¬¥à¥−¨ï¬¨
¯�à�¬¥âà®¢.
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CALCULATION OF AVAILABILITY TARGETS
FOR ITER DIAGNOSTICS

G. M. Konovalov

Institution \Project Center ITER" of the Russian Federation National Nucle-
ar Corporation \ROSATOM," 1-3 Kurchatova Sq., Moscow 123182, Russian
Federation

Abstract: The article is devoted to the problem of setting availabilities for
diagnostic systems (diagnostics) in the ITER (International Thermonuclear Ex-
perimental Reactor) project. Such systems should provide the required level of
availability with which numerous parameters of the ITER are measured. A num-
ber of difficulties arise on the way of problem formulation and its solution. These
include, in particular, the uniqueness of the object, the variety and multiplicity
of parameters and diagnostics, the complex interrelation between them, and the
absence of analogues in the reliability literature. The paper presents the results
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Calculation of availability targets for ITER diagnostics

of modeling using the developed earlier mathematical model and the compu-
tational algorithm. Also, by the example of a simplified model of the ITER
diagnostic complex, the sensitivity to the values of empirically set coefficients is
analyzed. The obtained results can be used by the developers of various diagnostic
subsystems of ITER in the form of defined requirements.

Keywords: ITER; mathematical models of reliability; large system reliability
analysis; availability
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АЛГОРИТМ ГЛОБАЛЬНОЙ ОПТИМИЗАЦИИ НЕКОТОРЫХ
СТАЦИОНАРНЫХ ВРЕМЕННЫХ ХАРАКТЕРИСТИК ЗАДАНИЙ

В ЧАСТИЧНО НАБЛЮДАЕМЫХ СТОХАСТИЧЕСКИХ
СИСТЕМАХ С ПАРАЛЛЕЛЬНЫМ ОБСЛУЖИВАНИЕМ∗

М. Г. Коновалов1, Р. В. Разумчик2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬®¤¥«ì áâ®å�áâ¨ç¥áª®© á¨áâ¥¬ë á ¯�à�««¥«ì-
−ë¬ (−¥®¤−®à®¤−ë¬) ®¡á«ã¦¨¢�−¨¥¬, ¥¤¨−áâ¢¥−−ë¬ ¯®â®ª®¬ −¥§�¢¨á¨¬ëå
§�¤�−¨©, æ¥−âà�«¨§®¢�−−®© ¤¨á¯¥âç¥à¨§�æ¨¥© ¨ ç�áâ¨ç−ë¬ −�¡«î¤¥−¨¥¬, ¯®¤
ª®â®àë¬ ¯®−¨¬�¥âáï ®âáãâáâ¢¨¥ ¢ ¬®¤¥«¨ ®¡à�â−®© á¢ï§¨. „¨á¯¥âç¥àã ¤«ï
¯à¨−ïâ¨ï à¥è¥−¨ï ¤®áâã¯−� â®«ìª® �¯à¨®à−�ï ¨−ä®à¬�æ¨ï ® å�à�ªâ¥à¨áâ¨-
ª�å á¨áâ¥¬ë (¢ª«îç�ï ¥¥ ¨áå®¤−®¥ á®áâ®ï−¨¥) ¨ ¨−ä®à¬�æ¨ï ® á®¢¥àè¥−−ëå
¨¬ ¤¥©áâ¢¨ïå, ¢ª«îç�ï ¬®¬¥−âë, ¢ ª®â®àë¥ íâ¨ ¤¥©áâ¢¨ï á®¢¥àè�«¨áì. �à¥¤-
«®¦¥− (¯�à�¬¥âà¨ç¥áª¨©) �«£®à¨â¬ £«®¡�«ì−®© ®¯â¨¬¨§�æ¨¨ áâ�æ¨®−�à−®£®
áà¥¤−¥£® ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï ¨«¨ áâ�æ¨®−�à−®£® áà¥¤−¥£® ¢à¥¬¥−¨ ®¦¨¤�-
−¨ï §�¤�−¨¥¬ −�ç�«� ®¡á«ã¦¨¢�−¨ï, ¯à¨¬¥−¨¬ë© ¢ ®¡é¨å ¯à¥¤¯®«®¦¥−¨ïå
® à�á¯à¥¤¥«¥−¨ïå ¢à¥¬¥− ¬¥¦¤ã ¯®áâã¯«¥−¨ï¬¨ §�¤�−¨©, ¨å à�§¬¥à�å ¨ ¤¨á-
æ¨¯«¨−�å ®¡á«ã¦¨¢�−¨ï. ‚ ®á−®¢¥ �«£®à¨â¬� «¥¦¨â ¯à¥¤¯®«®¦¥−¨¥ ® â®¬,
çâ® ®¯â¨¬�«ì−®£® §−�ç¥−¨ï æ¥«¥¢®© äã−ªæ¨¨ ¬®¦−® ¤®áâ¨çì á ¯à®¨§¢®«ì−®©
â®ç−®áâìî á ¯®¬®éìî ¤¨á¯¥âç¥à¨§�æ¨¨ ª®−¥ç−®© £«ã¡¨−ë.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬ë á ¯�à�««¥«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬; ¤¨á¯¥âç¥à¨§�-
æ¨ï; ã¯à�¢«¥−¨¥ ¯à¨ −¥¯®«−®¬ −�¡«î¤¥−¨¨; ¯à®£à�¬¬−®¥ ã¯à�¢«¥−¨¥

DOI: 10.14357/08696527230405 EDN: PQAIRH

1 Введение

÷�áá¬�âà¨¢�¥¬�ï ¢ áâ�âì¥ §�¤�ç� ®â−®á¨âáï ª ¨§¢¥áâ−®¬ã −�¯à�¢«¥−¨î â¥®-
à¥â¨ç¥áª¨å ¨ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨©, æ¥«ì ª®â®àëå | ¯®¢ëè¥−¨¥ ª�ç¥áâ¢�
¨á¯®«ì§®¢�−¨ï ¯®â¥−æ¨�«ì−ëå ¢®§¬®¦−®áâ¥©, §�«®¦¥−−ëå ¨«¨ §�ª«�¤ë¢�¥¬ëå
¢ áâ®å�áâ¨ç¥áª¨¥ á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨©. �à¨¥¬ë ¯®¢ëè¥−¨ï
ª�ç¥áâ¢� ¨å à�¡®âë ¤®¢®«ì−® à�§−®®¡à�§−ë (à�á¯�à�««¥«¨¢�−¨¥, ã¢¥«¨ç¥−¨¥
ãà®¢−ï ¨¥à�àå¨©, á¬¥−� ¤¨áæ¨¯«¨− ®¡á«ã¦¨¢�−¨ï ¨ â. ¯.). �¤−�ª® ¨§-§� â¥å−¨ç¥-
áª¨å ®á®¡¥−−®áâ¥© −�¨¡®«¥¥ ¤¥©áâ¢¥−−ë¥ ¯à¨¥¬ë ¬®£ãâ ®ª�§�âìáï −¥¯à¨¬¥−¨¬ë,
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ú‚ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï ¨ ¡®«ìè¨¥ ¤�−−ë¥û (–Š� úˆ−ä®à¬�â¨ª�û) ”ˆ– ˆ“
÷�� (£. Œ®áª¢�).
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�«£®à¨â¬ £«®¡�«ì−®© ®¯â¨¬¨§�æ¨¨ −¥ª®â®àëå áâ�æ¨®−�à−ëå ¢à¥¬¥−−ëå å�à�ªâ¥à¨áâ¨ª

¨ ¯®ª�§�â¥«¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ®áâ�îâáï −� ãà®¢−ïå, §−�ç¨â¥«ì−® ®â«¨ç�-
îé¨åáï ®â ¬�ªá¨¬�«ì−® ¢®§¬®¦−ëå. ’�ª®© ®á®¡¥−−®áâìî ï¢«ï¥âáï ç�áâ¨ç−�ï
−�¡«î¤�¥¬®áâì, ¯®¤ ª®â®à®© ¢ íâ®© áâ�âì¥ ¯®−¨¬�¥âáï ¯®«−®¥ ®âáãâáâ¢¨¥ ª�ª®©-
«¨¡® ¨−ä®à¬�æ¨¨ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ® ¥¥ á®áâ®ï−¨¨ ¨«¨, ¤àã£¨¬¨ á«®¢�¬¨,
−¥¢®§¬®¦−®áâì −�¡«î¤¥−¨ï ¥¥ á®áâ®ï−¨ï ¯®á«¥ §�¯ãáª�1.

�à¨¬¥à®¬ à¥�«ì−® äã−ªæ¨®−¨àãîé¨å á¨áâ¥¬ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨©
á ç�áâ¨ç−®© −�¡«î¤�¥¬®áâìî á«ã¦�â á¨áâ¥¬ë ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨©2; ®¤-
−�ª®, ¢®®¡é¥ £®¢®àï, «î¡�ï á¨áâ¥¬� à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨©, ¢ ª®â®à®©
¯«�−¨à®¢é¨ª ®£à�−¨ç¥− ¢ á¢®¨å à¥è¥−¨ïå ¯à®áâ¥©è¥© à�−¤®¬¨§¨à®¢�−−®© ¨«¨
¯à®£à�¬¬−®© áâà�â¥£¨¥©3, ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª ç�áâ¨ç−® −�¡«î¤�¥¬�ï
á¨áâ¥¬� ¢ ãª�§�−−®¬ á¬ëá«¥. –¥−âà�«ì−®¥ ¬¥áâ® ¢ ¯à®æ¥áá¥ ®¯¥à�â¨¢−®£® ã¯à�¢-
«¥−¨ï á¨áâ¥¬�¬¨ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© §�−¨¬�¥â ¯à®¡«¥¬� ®¯â¨¬�«ì−®©
¤¨á¯¥âç¥à¨§�æ¨¨, â. ¥. ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¢ë¡®à®¬ à¥áãàá®¢ ¤«ï ¯®áâã-
¯�îé¨å §�¤�−¨©. „�¦¥ ¥á«¨ ®£à�−¨ç¨âìáï ¯à®áâ¥©è¥© ¨§ á®¤¥à¦�â¥«ì−ëå
¬®¤¥«¥©4, çâ® ¨ á¤¥«�−® ¢ ¤�−−®© áâ�âì¥ (á¬. à�§¤. 2), â® áãé¥áâ¢ãîé¨© ¢ «¨-
â¥à�âãà¥ �àá¥−�« ¯®¤å®¤®¢ −¥ ¤�¥â ®â¢¥â� −� ¢®¯à®á, ç¥¬ã à�¢¥− ®¯â¨¬ã¬5 ¯à¨
à�áá¬�âà¨¢�¥¬ëå ¦¥áâª¨å ®£à�−¨ç¥−¨ïå ¢ −�¡«î¤�¥¬®áâ¨.

‚ ¤�−−®© áâ�âì¥ ¯à¥¤«®¦¥− �«£®à¨â¬6 (á¬. à�§¤. 3), ¯®§¢®«ïîé¨© −�å®¤¨âì
®â¢¥â −� íâ®â ¢®¯à®á, ª®£¤� æ¥«¥¢®© äã−ªæ¨¥© á«ã¦¨â áâ�æ¨®−�à−®¥ áà¥¤−¥¥
¢à¥¬ï ¯à¥¡ë¢�−¨ï §�¤�−¨ï ¢ á¨áâ¥¬¥ ¨«¨ áâ�æ¨®−�à−®¥ áà¥¤−¥¥ ¢à¥¬ï ®¦¨¤�−¨ï
−�ç�«� ®¡á«ã¦¨¢�−¨ï. ‚ ¥£® ®á−®¢¥ «¥¦¨â ¯à¥¤¯®«®¦¥−¨¥7 ® â®¬, çâ® ª�ª ã£®¤−®
¡«¨§ª® ª ®¯â¨¬ã¬ã ¬®¦−® ¯à¨¡«¨§¨âìáï ¯ãâ¥¬ ¯à¨¬¥−¥−¨ï, −�ç¨−�ï á −¥ª®â®-
à®£® ¬®¬¥−â�, ®¤−®£® ¨ â®£® ¦¥ ¯à�¢¨«� ª®−¥ç−®© £«ã¡¨−ë (á¬. (1)). �«£®à¨â¬
¯à¥¤−�§−�ç¥− ¤«ï ¨á¯®«ì§®¢�−¨ï −� ª®¬¯ìîâ¥à−®© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨, ¢®§-
¬®¦−®© ¡«�£®¤�àï −�«¨ç¨î â®ç−®© �¯à¨®à−®© ¨−ä®à¬�æ¨¨ ® å�à�ªâ¥à¨áâ¨ª�å
á¨áâ¥¬ë, ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì ¨§¬¥−ïîé¨åáï ¢® ¢à¥¬¥−¨
¯à�¢¨« ã¯à�¢«¥−¨ï. ÷¥§ã«ìâ�â®¬ ¥£® à�¡®âë ï¢«ï¥âáï ¤¨á¯¥âç¥à¨§�æ¨ï8 ª®-
−¥ç−®© £«ã¡¨−ë, ª®â®à�ï ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨
¯«�−¨à®¢é¨ª� à¥�«ì−®© á¨áâ¥¬ë ¨ −¥ âà¥¡ã¥â ª�ª¨å-«¨¡® �¯¯�à�â−ëå ¨§¬¥−¥-
−¨©. •®âï ¢ ¯à®æ¥áá¥ ¯®¨áª� ®¯â¨¬ã¬� �«£®à¨â¬ −¥ âà¥¡ã¥â ¨áá«¥¤®¢�−¨ï ¢á¥å

1�à¨ íâ®¬ ¨áå®¤−®¥ á®áâ®ï−¨¥ ¨ ¢®®¡é¥ ¢áï �¯à¨®à−�ï ¨−ä®à¬�æ¨ï ® å�à�ªâ¥à¨áâ¨ª�å á¨áâ¥¬ë
áç¨â�îâáï ¨§¢¥áâ−ë¬¨ ¢ â®ç−®áâ¨.

2‘¬. â�ªá®−®¬¨î, −�¯à¨¬¥à, ¢ [1].
3�®¤à®¡−®¥ ®¯¨á�−¨¥ áâà�â¥£¨© ¯à¨¢¥¤¥−®, −�¯à¨¬¥à, ¢ [2].
4ˆ¬¥ï ¢ ¢¨¤ã á¨áâ¥¬ë ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨©, ª®â®àë¥ ¯®-¯à¥¦−¥¬ã ®áâ�îâáï ¯à¥¤¬¥â®¬

−�ãç−ëå ¨áá«¥¤®¢�−¨© [3{5].
5‡¤¥áì ¨¬¥îâáï ¢ ¢¨¤ã ª«�áá¨ç¥áª¨¥ æ¥«¥¢ë¥ äã−ªæ¨®−�«ë ¨ ¯à¥¤¯®«�£�¥âáï, çâ® á¨áâ¥¬�

£¥â¥à®£¥−−� (−�¯à¨¬¥à, ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥áá®à®¢ à�§«¨ç−ë). �®«¥¥ ¯®¤à®¡−® á¬. [6]
¨ à�§¤. 1 ¢ [2].

6�â−®áïé¨©áï ª �«£®à¨â¬�¬ ¯¥à¢®£® ¯®àï¤ª�.
7„«ï ®¯à¥¤¥«¥−−®£® ª«�áá� ã¯à�¢«ï¥¬ëå à¥£¥−¥à¨àã¥¬ëå ®¡ê¥ªâ®¢ �−�«®£¨ç−®¥ ãâ¢¥à¦¤¥−¨¥

¤®ª�§�−® (á¬. [7].)
8‘¢®ï ¤«ï ª�¦¤®£® −�¡®à� ª®−ªà¥â−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢ ¬®¤¥«¨.
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¢�à¨�−â®¢ ¯à¥¤ëáâ®à¨¨, ¥£® âàã¤®¥¬ª®áâì ®áâ�¥âáï ¢ëá®ª®© ¨§-§� −¥®¡å®¤¨¬®áâ¨
à�¡®âë á −¥áç¥â−ë¬¨ ¬−®¦¥áâ¢�¬¨.

2 Описание модели

÷�áá¬�âà¨¢�¥âáï á®¢®ªã¯−®áâì ¨§ K ¯�à�««¥«ì−® ¨ −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�
à�¡®â�îé¨å ¯à®æ¥áá®à®¢ ¯®áâ®ï−−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ v1, . . . , vK , ª�¦¤ë©
á ®ç¥à¥¤ìî −¥®£à�−¨ç¥−−®© ¥¬ª®áâ¨ ¤«ï åà�−¥−¨ï §�¤�−¨©. „¨áæ¨¯«¨−� ®¡-
á«ã¦¨¢�−¨ï ®ç¥à¥¤¨ §−�ç¥−¨ï −¥ ¨¬¥¥â, −® áç¨â�¥âáï ¨§¢¥áâ−®© ¨ ¯à¨−�¤«¥¦�-
é¥© ª«�ááã ª®−á¥à¢�â¨¢−ëå ¤¨áæ¨¯«¨−. ”ã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï F ¢å®¤ïé¥£®
¯®â®ª�, à�¢−® ª�ª ¨ äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï G à�§¬¥à� §�¤�−¨© áç¨â�îâáï ¨§-
¢¥áâ−ë¬¨. �à¥¤¯®«�£�¥âáï, çâ® §�¤�−¨ï ¯®áâã¯�îâ ¯® ®¤−®¬ã ª ¥¤¨−áâ¢¥−−®¬ã
¤¨á¯¥âç¥àã, ª®â®àë© ¬£−®¢¥−−® ¢ë¡¨à�¥â −®¬¥à ¯à®æ¥áá®à�, −¥ ¨¬¥ï ¨−ä®à¬�-
æ¨¨ −¨ ® à�§¬¥à�å §�¤�−¨©, −¨ ® §�£àã¦¥−−®áâ¨ ¯à®æ¥áá®à®¢ ¨ ®ç¥à¥¤¥© ¢ −¨å.
�¤−�ª® ¤¨á¯¥âç¥à ¬®¦¥â §�¯®¬¨−�âì ¢á¥ á¢®¨ ¯à¥¤ë¤ãé¨¥ à¥è¥−¨ï, � â�ª¦¥
¬®¬¥−âë ¯®áâã¯«¥−¨ï §�¤�−¨©.

�ã¤¥¬ ®¡®§−�ç�âì ç¥à¥§ t(n) ¬®¬¥−â ¯®áâã¯«¥−¨ï n-£® ¯® áç¥âã §�¤�−¨ï.
‚ íâ¨ ¬®¬¥−âë ¤¨á¯¥âç¥àã −ã¦−® ¯à¨−ïâì à¥è¥−¨¥ ® −®¬¥à¥ ¯à®æ¥áá®à�. �®-
«®¦¨¬ θ(n) = t(n + 1) − t(n). �ãáâì xi(n) | ¤«¨−� ®ç¥à¥¤¨ −� ¯à®æ¥áá®à¥ i
¢ ¬®¬¥−â t(n), ξ(n) | ¤«¨−� §�¤�−¨ï, ¯®áâã¯¨¢è¥£® ¢ ¬®¬¥−â t(n), � y(n) ∈
∈ {1, . . . ,K} | ã¯à�¢«¥−¨¥ ¢ ¬®¬¥−â t(n). ˆáå®¤ï ¨§ ¢®§¬®¦−®áâ¥© −�¡«î¤¥−¨ï
¨ ¨¬¥îé¥©áï �¯à¨®à−®© ¨−ä®à¬�æ¨¨, y(n) ¯à¨ ª�¦¤®¬ n ¬®¦−® áç¨â�âì á«ã-
ç�©−®© äã−ªæ¨¥©, §�¢¨áïé¥© ®â ¯à¥¤ëáâ®à¨¨ ã¯à�¢«¥−¨© ¨ ¯à®¬¥¦ãâª®¢ ¬¥¦¤ã
¯®áâã¯«¥−¨ï¬¨ §�¤�−¨©, ¯à¨ç¥¬ íâ� äã−ªæ¨ï ¬®¦¥â ¡ëâì ¯®áâà®¥−� á ¯®¬®éìî
à�á¯à¥¤¥«¥−¨© F ¨ G. �ãáâì w(n)| áà¥¤−¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï (¨«¨ ®¦¨¤�−¨ï
−�ç�«� ®¡á«ã¦¨¢�−¨ï) §�¤�−¨ï, ¯®áâã¯¨¢è¥£® ¢ ¬®¬¥−â t(n). –¥«ìî ã¯à�¢«¥−¨ï
áâ�¢¨âáï ¬¨−¨¬¨§�æ¨ï áâ�æ¨®−�à−®£® áà¥¤−¥£®1

lim
N→∞

1

N

N∑

n=1

w(n) .

3 Структура правил конечной глубины

ˆ§ ¤�−−®£® ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ®¯¨á�−¨ï á«¥¤ã¥â, çâ® à�áá¬�âà¨¢�¥¬ë©
¯à®æ¥áá ¤¨á¯¥âç¥à¨§�æ¨¨ ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ ã¯à�¢«ï¥¬®© ¬�àª®¢áª®© æ¥¯¨ á (®¤-
−®è�£®¢ë¬¨) ¤®å®¤�¬¨ g(n). ‡�ä¨ªá¨àã¥¬ −�âãà�«ì−®¥ ç¨á«® h ¨ ¢¢¥¤¥¬
®¡®§−�ç¥−¨ï:

yh = (y1, . . . , yn) ; θ
h = (θ1, . . . , θh) , yi ∈ {1, . . . ,K} , 0 < θi <∞ .

1„«ï ¬®¤¥«¥© à�áá¬�âà¨¢�¥¬®£® â¨¯� ¢®¯à®á ® áãé¥áâ¢®¢�−¨¨ ª®−¥ç−®£® ¯à¥¤¥«� à¥è�¥âáï, ª�ª
¯à�¢¨«®, ¤®áâ�â®ç−® «¥£ª® ¨ á¢ï§�− á â¥¬ ãá«®¢¨¥¬, çâ®¡ë §�£àã§ª� á¨áâ¥¬ë ¡ë«� ¬¥−ìè¥ ¥¤¨−¨æë.
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�ã¤¥¬ £®¢®à¨âì, çâ® æ¥¯ì ¨¬¥¥â ¢ ¬®¬¥−â t(n) ¯à¥¤ëáâ®à¨î (yh, θh), ¥á«¨

y(n− h) = yh ; θ(n− h) = θh; . . . ; y(n− 1) = y1; θ(n− 1) = θ1 .

�¯à¥¤¥«¨¬ ã¯à�¢«¥−¨¥ y(n) á ¯®¬®éìî ãá«®¢−®£® à�á¯à¥¤¥«¥−¨ïσ(y; yh , θh):

σ(n, k; yh, θh) = Pr {y(n) = k|y(n − h) = yh, . . . , y(n− 1) = y1;
θ(n− h) = θh, . . . , θ(n− 1) = θ1} ,

£¤¥ ¢ ãá«®¢¨¨ áâ®¨â ¢áï −�¡«î¤�¥¬�ï ¯à¥¤ëáâ®à¨ï ¤® ¬®¬¥−â� t(n − h)
¢ª«îç¨â¥«ì−®. ’�ª¨¬ ®¡à�§®¬, äã−ªæ¨ï σ(y; yh, θh) á«ã¦¨â ¯à�¢¨-
«®¬ ¤¨á¯¥âç¥à¨§�æ¨¨ ¢ ¬®¬¥−â t(n), ª®â®à®¥ §�¤�¥â ¢¥à®ïâ−®áâì −�-
¯à�¢¨âì §�¤�−¨¥ −� á¥à¢¥à á −®¬¥à®¬ k ∈ {1, . . . ,K} ¯à¨ −�«¨ç¨¨
¯à¥¤ëáâ®à¨¨ (yh, θh). �®á«¥¤®¢�â¥«ì−®áâì1 ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©{
(σ(n, 1; yh, θh), . . . , σ(n,K; yh, θh)), n = h+ 1, h + 2, . . .

}
ï¢«ï¥âáï ®¤−®à®¤-

−®© ¤¨á¯¥âç¥à¨§�æ¨¥© ª®−¥ç−®© £«ã¡¨−ë.
�¡®§−�ç¨¬ ç¥à¥§ Ÿ = {ω : ω = (yh, θh)} ¬−®¦¥áâ¢® ¢á¥å −�¡®à®¢ (yh, θh).

�ãáâì §�¤�−® ª®−¥ç−®¥ à�§¡¨¥−¨¥ ¬−®¦¥áâ¢� Ÿ −� d ≥ 1 −¥¯¥à¥á¥ª�îé¨åáï
¯®¤¬−®¦¥áâ¢ {Ÿ1, . . . ,Ÿd}. ÷�áá¬®âà¨¬ ªãá®ç−®-¯®áâ®ï−−ë¥ ¤¨á¯¥âç¥à¨§�æ¨¨
£«ã¡¨−®© h ¢¨¤�

σ(k;ω) =

d∑

i=1

pi(k)Ii(ω), k ∈ {1, . . . ,K}, ω ∈ Ÿ , (1)

£¤¥ (pi(1), . . . , pi(K)) | −¥ª®â®à®¥ ¢¥à®ïâ−®áâ−®¥ à�á¯à¥¤¥«¥−¨¥; Ii(ω) | ¨−-
¤¨ª�â®à−�ï äã−ªæ¨ï ¬−®¦¥áâ¢� Ÿi. �à¨¬¥−¥−¨¥ ¯à�¢¨«� (1) ¢ ¬®¬¥−â, ª®£¤�
¯à¥¤ëáâ®à¨ï à�¢−ï«�áì ω ∈ Ÿi, ®§−�ç�¥â, çâ® §�¤�−¨¥ −�¯à�¢«ï¥âáï −� á¥à¢¥à
á −®¬¥à®¬ k á ¢¥à®ïâ−®áâìî pi(k).

4 Алгоритм поиска диспетчеризации заданной конечной глубины

‚ ®á−®¢¥ �«£®à¨â¬� ¯®¨áª� ªãá®ç−®-¯®áâ®ï−−®© ¤¨á¯¥âç¥à¨§�æ¨¨ σ(k;ω)
«¥¦¨â ¯�à�««¥«ì−®¥ à¥è¥−¨¥ ¤¢ãå §�¤�ç: ¯®¨áª� ¯®¤å®¤ïé¨å á¥¬¥©áâ¢ à�á¯à¥-
¤¥«¥−¨© (pi(1), . . . , pi(K)) ¨ ¯à�¢¨«ì−®© ¤¨áªà¥â¨§�æ¨¨ ¬−®¦¥áâ¢� Ÿ.

‘«¥¤ãï [7], ¯¥à¢�ï §�¤�ç� ¬®¦¥â ¡ëâì à¥è¥−� ®¤−®â¨¯−® ¤«ï ¢á¥å i ¯à¨ §�-
ä¨ªá¨à®¢�−−®¬ à�§¡¨¥−¨¨ {Ÿ1, . . . ,Ÿd}. �ãáâì i ä¨ªá¨à®¢�−®, k ∈ {1, . . . ,K}
¨ ¯ãáâì t(nm), m = 1, 2, . . ., | ¬®¬¥−âë ¯à¨−ïâ¨ï à¥è¥−¨ï, ¢ ª®â®àë¥ ¯à®¨áå®-
¤¨«® á®¡ëâ¨¥

{¯à¥¤ëáâ®à¨ï á®¤¥à¦¨âáï ¢ ¬−®¦¥áâ¢¥ Ÿi ¨ ¢ë¡¨à�¥âáï á¥à¢¥à á −®¬¥à®¬ k}.
1‚ ª®â®à®© ¯¥à¢ë¥ h §−�ç¥−¨© (â. ¥. ¯à�¢¨«, ã¯à�¢«¥−¨©) ¯à®¨§¢®«ì−ë.
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�¯à¥¤¥«¨¬ ¢¥«¨ç¨−ã v(k,m) ª�ª áã¬¬ãL ®¤−®è�£®¢ëå ¤®å®¤®¢, ¯®«ãç¥−−ëå
¢ ¬®¬¥−âë t(nm), t(nm + 1), . . . , t(nm + L− 1), ¨ ¯®«®¦¨¬

V (k,m) =M−1(v(k,D −M + 1) + · · ·+ v(k,m)),

£¤¥ L ¨ M | −¥ª®â®àë¥ −�âãà�«ì−ë¥ ç¨á«�. ‚¥«¨ç¨−ë V (k,m) ¨£à�îâ à®«ì
®æ¥−®ª ¤«ï ª®¬¯®−¥−âë pi(k) à�á¯à¥¤¥«¥−¨ï (pi(1), . . . , pi(K)). �¥à¥áç¥â à�á-
¯à¥¤¥«¥−¨ï ®áãé¥áâ¢«ï¥âáï ¢ ¬®¬¥−âë t(nm) ¯® ä®à¬ã«¥:

pi(k) =
∏

δ

(pi(k)− αV (k,m)), k ∈ {1, . . . ,K},

£¤¥ α > 0 ¨ δ > 0;
∏

δ | ®¯¥à�â®à ¯à®¥ªâ¨à®¢�−¨ï −� ¬−®¦¥áâ¢®
{(pi(1), . . . , pi(K)) :

∑K
k=1 pi(k) = 1, pi(k) ≥ δ}.

„«ï ®¯¨á�−¨ï à¥è¥−¨ï ¢â®à®© §�¤�ç¨ | ¯®áâà®¥−¨ï à�§¡¨¥−¨ï ¬−®¦¥-
áâ¢� Ÿ | ¢¢¥¤¥¬ á«¥¤ãîé¥¥ ®â−®è¥−¨¥ ¯®àï¤ª� (≺). ‡�ä¨ªá¨àã¥¬ ε > 0.
‚ á«ãç�¥ ¯à¥¤ëáâ®à¨¨ £«ã¡¨−®© h = 1 ¤«ï ¤¢ãå í«¥¬¥−â®¢ ω1 = (y1, θ1) ∈ Ÿ
¨ ω2 = (y2, θ2) ∈ Ÿ ¡ã¤¥¬ áç¨â�âì, çâ® ω1 ≺ ω2, ¥á«¨ «¨¡® y1 < y2, «¨¡®
y1 = y2 ¨ θ1 < θ2 − ε. …á«¨ ¦¥ ¢ë¯®«−¥−ë ãá«®¢¨ï y1 = y2 ¨ |θ1 − θ2| < ε, â®
¡ã¤¥¬ ¯¨á�âì χ1 ≈ χ2. �à¨ ¯à¥¤ëáâ®à¨¨ £«ã¡¨−®© h = 2 ¤«ï ¤¢ãå í«¥¬¥−â®¢
ω1 =

(
ω11, ω

2
1

)
∈ Ÿ×Ÿ ¨ ω2 =

(
ω12, ω

2
2

)
∈ Ÿ×Ÿ ¡ã¤¥¬ áç¨â�âì, çâ® ω1 ≺ ω2, ¥á«¨

«¨¡® ω11 ≺ ω12, «¨¡® ω11 ≈ ω12 ¨ ω21 ≺ ω22. …á«¨ ¦¥ ω11 ≈ ω12 ¨ ω21 ≈ ω22, â® ¡ã¤¥¬
¯¨á�âì ω1 ≈ ω2. �� á«ãç�© ¯à®¨§¢®«ì−®© £«ã¡¨−ë ¯à¥¤ëáâ®à¨¨ ®â−®è¥−¨¥ ≺
à�á¯à®áâà�−ï¥âáï ¯® ¨−¤ãªæ¨¨.

„¨−�¬¨ç¥áªãî áâàãªâãàã à�§¡¨¥−¨ï ¡ã¤¥¬ ®â®¡à�¦�âì1 á ¯®¬®éìî −�¯à�¢-
«¥−−®£® ¤¥à¥¢� á ¯¥à¥¬¥−−ë¬ ¬−®¦¥áâ¢®¬ ¢¥àè¨− ¨ ¤ã£. ÷�áá¬®âà¨¬ ¤à¥¢®¢¨¤-
−ë© ¤¢®¨ç−ë© −�¯à�¢«¥−−ë© á¢ï§−ë© £à�ä G, ¢á¥ ã§«ë ª®â®à®£® ¬®£ãâ ¨¬¥âì
¨áå®¤ïé¨¥ ¤ã£¨, ª®â®àë¥ ¢¥¤ãâ ª −¨¦¥«¥¦�é¨¬ ã§«�¬, ú«¥¢®¬ãû ¨ ú¯à�¢®¬ãû.
�¤−� ¨«¨ ®¡¥ â�ª¨¥ ¤ã£¨ (¨ á®®â¢¥âáâ¢ãîé¨¥ ã§«ë) ¬®£ãâ ®âáãâáâ¢®¢�âì. Š�¦¤®-
¬ã ã§«ã á®®â¢¥âáâ¢ã¥â ú¬¥âª�û | í«¥¬¥−â ¨§ ¬−®¦¥áâ¢�Ÿ. Œ¥¦¤ã ¬¥âª�¬¨ ã§«®¢
ãáâ�−®¢«¥−� á«¥¤ãîé�ï §�ª®−®¬¥à−®áâì. �ãáâì ψ, ψl ¨ ψr | ¬¥âª¨ á®®â¢¥âáâ¢¥−-
−® −¥ª®â®à®£® ã§«�, ¥£® «¥¢®£® ã§«� ¨ ¥£® ¯à�¢®£® ã§«�2. ’®£¤� ¢ë¯®«−ïîâáï
ú−¥à�¢¥−áâ¢�û ψl ≺ ψ ≺ ψr. ƒà�ä G ¯®§¢®«ï¥â ®¤−®§−�ç−® á®¯®áâ�¢¨âì ¯à®-
¨§¢®«ì−®¬ã í«¥¬¥−âã ω ∈ Ÿ −¥ª®â®àë© ¥£® ã§¥« ϕG(ω). �ãáâì ¢ £à�ä¥ ¥áâì ¯®
ªà�©−¥© ¬¥à¥ ®¤¨− (ª®à−¥¢®©) ã§¥«. ”ã−ªæ¨ï ϕG(χ) ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬
�«£®à¨â¬®¬.

˜�£ 1. ‚ë¡¨à�¥âáï ª®à−¥¢®© ã§¥« £à�ä�.

˜�£ 2. �¯à¥¤¥«ï¥âáï ¬¥âª� ψ ¢ë¡à�−−®£® ã§«�.

1�â¬¥â¨¬, çâ® ¯®å®¦¨© ¯à¨¥¬ ¨á¯®«ì§®¢�«áï ¢ [8].
2…á«¨ â�ª®¢ë¥ ¨¬¥îâáï.
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˜�£ 3. …á«¨ ω ≈ ψ, â® ¢ë¡à�−−ë© ã§¥« ®¡êï¢«ï¥âáï §−�ç¥−¨¥¬ äã−ªæ¨¨ ϕG(ω)
¨ �«£®à¨â¬ §�ª�−ç¨¢�¥âáï. …á«¨ ω ≺ ψ ¨ ¥á«¨ «¥¢�ï ¤ã£� áãé¥áâ¢ã¥â, â®
¢ë¡¨à�¥âáï «¥¢ë© ã§¥« ¨ ¯®¢â®àï¥âáï è�£ 2. …á«¨ «¥¢�ï ¤ã£� ®âáãâáâ¢ã¥â,
â® ®−� ¤®¡�¢«ï¥âáï ¢ £à�ä ¢¬¥áâ¥ á −®¢ë¬ ã§«®¬, ¤«ï ª®â®à®£® −�§−�ç�¥âáï
¬¥âª� ω. �®¢ë© ã§¥« ®¡êï¢«ï¥âáï §−�ç¥−¨¥¬ äã−ªæ¨¨ ¨ �«£®à¨â¬ §�ª�−ç¨-
¢�¥âáï. …á«¨ ψ ≺ ω ¨ ¥á«¨ ¯à�¢�ï ¤ã£� áãé¥áâ¢ã¥â, â® ¢ë¡¨à�¥âáï ¯à�¢ë©
ã§¥« ¨ ¯®¢â®àï¥âáï è�£ 2. …á«¨ ¯à�¢�ï ¤ã£� ®âáãâáâ¢ã¥â, â® ®−� ¤®¡�¢«ï¥âáï
¢ £à�ä ¢¬¥áâ¥ á −®¢ë¬ ã§«®¬, ¤«ï ª®â®à®£® −�§−�ç�¥âáï ¬¥âª� ω. �®¢ë© ã§¥«
®¡êï¢«ï¥âáï §−�ç¥−¨¥¬ äã−ªæ¨¨ ϕG(ω) ¨ �«£®à¨â¬ §�ª�−ç¨¢�¥âáï.

�¥âàã¤−® ¢¨¤¥âì, çâ® à�§¡¨¥−¨¥ ¬−®¦¥áâ¢� Ÿ, §�¤�¢�¥¬®¥ ¯�à®© (G, ϕG),
¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ −�¡®à� ¯®¤¬−®¦¥áâ¢ {Ÿg, g ∈ G}. ’�ª¨¬ ®¡à�§®¬, ¢ ¬®-
¬¥−âë t(h + 1), t(h + 2), . . . ¨¬¥¥âáï £à�ä G, á ª�¦¤ë¬ ã§«®¬ g ª®â®à®£® �á-
á®æ¨¨à®¢�− ¢¥ªâ®à (pg(1), . . . , pg(K)). …á«¨ ω | ¯à¥¤ëáâ®à¨ï ¢ ¬®¬¥−â t(n),
n > h, ¨ g = ϕG(ω), â® ã¯à�¢«¥−¨¥ ¢ ¬®¬¥−â1 t(n) ¢ë¡¨à�¥âáï á ¯®¬®éìî ¢¥ªâ®à�
(pg(1), . . . , pg(K)).

5 Некоторые численные результаты

�áâ�−®¢¨¬áï «¨èì −� ®¤−®¬ ¯à¨¬¥à¥, ¤�îé¥¬ ¯¥à¢®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ª�-
ç¥áâ¢¥ −®¢®© ¤¨á¯¥âç¥à¨§�æ¨¨. ÷�áá¬®âà¨¬ ¯®«−®áâìî ¬�àª®¢áªãî ¬®¤¥«ì ¨§
K = 2 ¯à®æ¥áá®à®¢ ¨ ®ç¥à¥¤ï¬¨, ®¡á«ã¦¨¢�¥¬ë¬¨ ¯® ¤¨áæ¨¯«¨−¥ FIFO (first
in, first out). ‚ â�¡«¨æ¥ ¯à¨¢¥¤¥−ë §−�ç¥−¨ï áâ�æ¨®−�à−®£® áà¥¤−¥£® ¢à¥¬¥-
−¨ ¯à¥¡ë¢�−¨ï §�¤�−¨ï ¢ ¬®¤¥«¨ ¯à¨ ¤¨á¯¥âç¥à¨§�æ¨¨ ¯® −®¢®¬ã �«£®à¨â¬ã,
� â�ª¦¥ ¯à¨ «ãçè¨å ¨§ ¨§¢¥áâ−ëå ¤¨á¯¥âç¥à¨§�æ¨© ¤«ï ç�áâ¨ç−® −�¡«î¤�¥¬ëå
á¨áâ¥¬ á ¯�à�««¥«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬2: à�−¤®¬¨§¨à®¢�−−®© (¤�«¥¥ | RND),

‘â�æ¨®−�à−®¥ áà¥¤−¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï §�¤�−¨ï ¢ ¬®-
¤¥«¨ á ¤¢ã¬ï ¯à®æ¥áá®à�¬¨ ¯à¨ à�§«¨ç−ëå ¤¨á¯¥âç¥à¨§�-
æ¨ïå. �à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥áá®à®¢ v1 = 2/3, v2 =
= 1/3, ¢å®¤ïé¨© ¯®â®ª | ¯ã�áá®−®¢áª¨©, à�á¯à¥¤¥«¥−¨¥
à�§¬¥à� §�¤�−¨© | íªá¯®−¥−æ¨�«ì−®¥ á® áà¥¤−¨¬ 1

‡�£àã§ª� á¨áâ¥¬ë�«£®à¨â¬
0,1 0,3 0,5 0,7 0,9

RND 1,76 2,58 3,77 6,39 19,4
PROG 1,76 2,40 3,22 5,17 15,0

AA 1,74 2,28 3,14 5,11 14,9
�«£®à¨â¬ ¨§ à�§¤. 4 1,74 2,28 3,14 5,12 14,9

1��¯®¬−¨¬, çâ® ¯¥à¢ë¥ h ã¯à�¢«¥−¨© ¯à®¨§¢®«ì−ë.
2�®¤à®¡−®¥ ®¯¨á�−¨¥ áâà�â¥£¨© á¬., −�¯à¨¬¥à, ¢ [1; 4, à�§¤. 5].
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¯à®£à�¬¬−®©1 (¤�«¥¥ | PROG), ¤¨á¯¥âç¥à¨§�æ¨¨ ¯® ¯à¥¤ëáâ®à¨¨2 (¤�«¥¥ |
AA).

“ª�§�−−ë¥ ¢ â�¡«¨æ¥ ¤¨á¯¥âç¥à¨§�æ¨¨ | ¯�à�¬¥âà¨ç¥áª¨¥: ¤«ï RND, PROG
¨ AA ¨á¯®«ì§®¢�«¨áì3 ®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢. —â® ª�á�¥âáï ¯à¥¤«®-
¦¥−−®£® �«£®à¨â¬�, â® §−�ç¥−¨ï ¥£® ¯�à�¬¥âà®¢ ¢ë¡¨à�«¨áì ¨§ ®¡é¨å á®®¡à�-
¦¥−¨© ¤®áâ�â®ç−® ¯à®¨§¢®«ì−®; −�¯à¨¬¥à, £«ã¡¨−� ¯�¬ïâ¨ h ¢�àì¨à®¢�«�áì ®â
−¥áª®«ìª¨å ¥¤¨−¨æ (¯à¨ −¨§ª®© §�£àã§ª¥) ¤® −¥áª®«ìª¨å ¤¥áïâª®¢ (¯à¨ ¢ëá®ª®©
§�£àã§ª¥). Š�ª ¢¨¤−® ¨§ â�¡«¨æë, â�ª®£® ¯®¤å®¤� ª ¢ë¡®àã §−�ç¥−¨© −¥¨§¢¥áâ−ëå
¯�à�¬¥âà®¢ ¤®áâ�â®ç−®, çâ®¡ë −®¢ë© �«£®à¨â¬ ®¯â¨¬¨§¨à®¢�« æ¥«¥¢ãî äã−ªæ¨î
−¥ åã¦¥4 «ãçè¥£® ¨§ à�−¥¥ ¨§¢¥áâ−ëå �«£®à¨â¬®¢ | �«£®à¨â¬� ��, ®á−®¢�−−®£®
−� á®¢¥àè¥−−® ¨−®© ¨¤¥¥.

6 Заключение

�¥á¬®âàï −� â® çâ® −�ª®¯«¥−−ë© ®¡ê¥¬ §−�−¨© ¯® �−�«¨â¨ç¥áª¨¬ ¬®¤¥«ï¬
¤¨á¯¥âç¥à¨§�æ¨¨ (¬�àèàãâ¨§�æ¨¨, à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢) ®£à®¬¥−, ®áâ�îâáï
®â−®á¨â¥«ì−® ¯à®áâë¥, −® ¢�¦−ë¥ á«ãç�¨, ¢ ª®â®àëå ¢®¯à®áë ®¯â¨¬¨§�æ¨¨ −¥
¯®«ãç¨«¨ ¤®«¦−®£® à�§à¥è¥−¨ï. „�−−�ï áâ�âìï ¯®á¢ïé¥−� §�¤�ç¥ ¯®¨áª� £«®-
¡�«ì−®£® ®¯â¨¬ã¬� áâ�æ¨®−�à−®£® áà¥¤−¥£® ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï ¨«¨ ®¦¨¤�−¨ï
−�ç�«� ®¡á«ã¦¨¢�−¨ï ¢ ¬®¤¥«¨ ç�áâ¨ç−® −�¡«î¤�¥¬ëå á¨áâ¥¬ á ¯�à�««¥«ì−ë¬
®¡á«ã¦¨¢�−¨¥¬, ¢ ª®â®àëå ¤¨á¯¥âç¥à¨§�æ¨ï ®áãé¥áâ¢«ï¥âáï æ¥−âà�«¨§®¢�−−®.
�à¥¤«®¦¥−−ë© �«£®à¨â¬ (¯à¨ á¤¥«�−−®¬ ¢ à�§¤. 1 ¯à¥¤«®¦¥−¨¨) à¥�«¨§ã¥â ¯à¨−-
æ¨¯¨�«ì−® ®¡é¨© ¯®¤å®¤ ª à¥è¥−¨î à�áá¬�âà¨¢�¥¬®£® ª«�áá� §�¤�ç. �¤−�ª®
−� ¯ãâ¨ ¥£® à¥�«¨§�æ¨¨ ¥áâì á¥àì¥§−ë© ¡�àì¥à | ®à£�−¨§�æ¨ï ¢ëç¨á«¨â¥«ì−®©
¯à®æ¥¤ãàë. …£® ¯à¥®¤®«¥−¨¥ ¨ ç¨á«¥−−®¥ −�å®¦¤¥−¨¥ ¤® á¨å ¯®à −¥¨§¢¥áâ-
−ëå ®¯â¨¬ã¬®¢ ¯à¥¤áâ�¢«ï¥âáï §�ª«îç¨â¥«ì−ë¬ è�£®¬ ¢ æ¨ª«¥ ¨áá«¥¤®¢�−¨©
¯à®¡«¥¬ë ¤¨á¯¥âç¥à¨§�æ¨¨ ¡¥§ ®¡à�â−®© á¢ï§¨.

‚�¦−® ®â¬¥â¨âì, çâ® ¯®«ãç¥−−ë© à¥§ã«ìâ�â á¯à�¢¥¤«¨¢ ¢ á�¬ëå ®¡é¨å
¯à¥¤¯®«®¦¥−¨ïå ® ¢å®¤ïé¥¬ ¯®â®ª¥, ç¨á«¥ ¯à®æ¥áá®à®¢ ¨ ¤¨áæ¨¯«¨−�å ®¡á«ã-
¦¨¢�−¨ï ®ç¥à¥¤¥©. ‚¢¨¤ã íâ®£® ®− (¢ ç¨á«¥ ¯à®ç¨å �«£®à¨â¬®¢ ¤¨á¯¥âç¥à¨§�æ¨¨
¯® ¯à¥¤ëáâ®à¨¨), ¡ã¤ãç¨ ¯à®£à�¬¬−® à¥�«¨§®¢�− ¢ áãé¥áâ¢ãîé¨å ¯«�−¨à®¢-
é¨ª�å æ¥−âà®¢ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï, £�à�−â¨à®¢�−−® ¯®§¢®«¨â ¯®¢ëá¨âì
íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë, −¥ âà¥¡ãï ¨§¬¥−¥−¨© ¥¥ áâàãªâãàë
¨ á®áâ�¢�.

1�«£®à¨â¬ SG ¢ [9, á. 184] (á¬. â�ª¦¥ ®¯¨á�−¨¥ ¢ [10]).
2�«£®à¨â¬ [11].
3�®«ãç¥−−ë¥ «¨¡® ¯ãâ¥¬ à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨, «¨¡® ¯ãâ¥¬ ®¯â¨¬¨§�æ¨¨ −�

¨¬¨â¨àã¥¬ëå âà�¥ªâ®à¨ïå.
4��¡«î¤�¥¬®¥ à�áå®¦¤¥−¨¥ ¯à¨ §�£àã§ª¥ 0,7 ®¡êïá−ï¥âáï â¥¬, çâ® ¯�à�¬¥âàë ¯à¥¤«®¦¥−−®£®

�«£®à¨â¬� −¥ ¯®¤¢¥à£�«¨áì æ¥«¥−�¯à�¢«¥−−®© ®¯â¨¬¨§�æ¨¨.
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МОДЕЛЬ ДЛЯ ВЫБОРА УРОВНЕЙ СКОРОСТИ
ШИРОКОПОЛОСНОГО ТРАФИКА eMBB В УСЛОВИЯХ

ПРИОРИТЕТНОЙ ПЕРЕДАЧИ ТРАФИКА URLLC В СЕТИ 5G∗

Е. Д. Макеева1, И. А. Кочеткова2, В. С. Шоргин3

�−−®â�æ¨ï: „«ï á®¢à¥¬¥−−ëå ¡¥á¯à®¢®¤−ëå á¥â¥© ¯ïâ®£® ¯®ª®«¥−¨ï (fifth
generation, 5G) å�à�ªâ¥à−® á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ á¢¥àå−�¤¥¦−®© ¯¥-
à¥¤�ç¨ ¤�−−ëå á ¬�«®© §�¤¥à¦ª®© (ultrareliable low-latency communication,
URLLC) ¨ ãá®¢¥àè¥−áâ¢®¢�−−®© ¯®¤¢¨¦−®© è¨à®ª®¯®«®á−®© á¢ï§¨ (enhanced
mobile broadband, eMBB). URLLC §�ç�áâãî ¨¬¥îâ ¬�«ë© ®¡ê¥¬ ¨ ¬®£ãâ §�-
−¨¬�âì ç�áâì à¥áãàá−®£® ¡«®ª�. ‚ áâ�âì¥ ¯à®�−�«¨§¨à®¢�−� áå¥¬� á®¢¬¥áâ−®£®
®¡á«ã¦¨¢�−¨ï âà�ä¨ª� URLLC ¨ âà�ä¨ª� eMBB ¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï á ¯à¨®à¨â¥â−ë¬ ¤®áâã¯®¬ á ¢®§¬®¦−®áâìî á−¨¦�âì áª®à®áâì
¨ ¯à¥àë¢�âì ¯¥à¥¤�çã eMBB ¯à¨ ¯®áâã¯«¥−¨¨ URLLC. —¨á«¥−−® ¯à®¢¥¤¥−
�−�«¨§ §�¤�ç¨ ¢ë¡®à� ãà®¢−¥© áª®à®áâ¨ ¯¥à¥¤�ç¨ âà�ä¨ª� eMBB ¤«ï ¬�ª-
á¨¬¨§�æ¨¨ áª®à®áâ¨ eMBB á ãç¥â®¬ ®£à�−¨ç¥−¨© −� ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢ª¨
¨ ¯à¥àë¢�−¨ï ®¡á«ã¦¨¢�−¨ï eMBB.

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: 10.14357/08696527230406 EDN: OLMNXC

1 Введение

‘¥â¨ ¯ïâ®£® ¯®ª®«¥−¨ï å�à�ªâ¥à¨§ãîâáï ¢ëá®ª®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî,
¢ëá®ª®© áª®à®áâìî ¯¥à¥¤�ç¨ ¤�−−ëå, ®¡¥á¯¥ç¨¢�îâ −¨§ª¨¥ §�¤¥à¦ª¨ ¨ ¢ëá®ªãî
−�¤¥¦−®áâì [1]. Š â¨¯®¢ë¬ áæ¥−�à¨ï¬ ¨á¯®«ì§®¢�−¨ï á¥â¨ 5G ®â−®á¨âáï ¬�áá®¢�ï
¬�è¨−−�ï á¢ï§ì (massive machine-type communications, mMTC), á¢¥àå−�¤¥¦−�ï
¯¥à¥¤�ç� ¤�−−ëå á ¬�«®© §�¤¥à¦ª®© ¨ ãá®¢¥àè¥−áâ¢®¢�−−�ï ¯®¤¢¨¦−�ï è¨à®-
ª®¯®«®á−�ï á¢ï§ì [2]: mMTC ¯à¥¤¯®«�£�¥â ¬−®¦¥áâ¢® ¯¥à¥¤�îé¨å −¥¡®«ìè®©
®¡ê¥¬ ¤�−−ëå ¡¥§ ¢ëá®ª¨å âà¥¡®¢�−¨© ª §�¤¥à¦ª¥ ãáâà®©áâ¢; URLLC | íâ®
¯¥à¥¤�ç� ªà¨â¨ç¥áª¨ ¢�¦−ëå ¤�−−ëå á® áâà®£¨¬¨ âà¥¡®¢�−¨ï¬¨ ª §�¤¥à¦ª¥,
¡¥§®¯�á−®áâ¨ ¨ −�¤¥¦−®áâ¨; eMBB å�à�ªâ¥à¨§ã¥âáï ¢ëá®ª®© áª®à®áâìî ¯¥à¥¤�ç¨
¤�−−ëå á ¢ëá®ª®© ¯«®â−®áâìî ¯®«ì§®¢�â¥«¥©.

∗�ã¡«¨ª�æ¨ï ¢ë¯®«−¥−� ¢ à�¬ª�å ¯à®¥ªâ� ü 025319-2-000 á¨áâ¥¬ë £à�−â®¢®© ¯®¤¤¥à¦ª¨
−�ãç−ëå ¯à®¥ªâ®¢ ÷“„�.

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ ¨¬¥−¨ ��âà¨á� ‹ã¬ã¬¡ë; ˆ−áâ¨âãâ ¯à®¡«¥¬ ã¯à�¢-
«¥−¨ï ¨¬¥−¨ ‚. �. ’à�¯¥§−¨ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, elena-makeeva-96@mail.ru

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

3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vshorgin@ipiran.ru
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‚®§−¨ª�¥â §�¤�ç� ®à£�−¨§�æ¨¨ á®¢¬¥áâ−®£® ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ ¨§ à�§−ëå
áæ¥−�à¨¥¢ á ®â«¨ç�îé¨¬¨áï âà¥¡®¢�−¨ï¬¨ ª ª�ç¥áâ¢ã ®¡á«ã¦¨¢�−¨ï, −�¯à¨¬¥à
URLLC ¨ eMBB [3]. �¤¨− ¨§ ¯®¤å®¤®¢ ª à�á¯à¥¤¥«¥−¨î à¥áãàá� ¬¥¦¤ã âà�ä¨-
ª®¬ URLLC ¨ eMBB | íâ® −�à¥§ª� à�¤¨®à¥áãàá®¢ (network slicing) á £�à�−â¨¥©
¨§®«ïæ¨¨ ¨ ®¡¥á¯¥ç¥−¨¥¬ §�¤�−−ëå ãà®¢−¥© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ [4, 5]. „àã£®©
¯®¤å®¤ á¢ï§�− á ¨á¯®«ì§®¢�−¨¥¬ áå¥¬ ¬ã«ìâ¨¯«¥ªá¨à®¢�−¨ï | ®àâ®£®−�«ì−ë©
¬−®¦¥áâ¢¥−−ë© ¤®áâã¯ (orthogonal multiple access, OMA), ¯à¥¤¯®«�£�îé¨© ¯¥-
à¥¤�çã ¢ à�§−ëå ç�áâ®â−ëå ¤¨�¯�§®−�å, ¨ −¥®àâ®£®−�«ì−ë© ¬−®¦¥áâ¢¥−−ë©
¤®áâã¯ NOMA (nonorthogonal multiple access) | ¢ ®¤−¨å ¨ â¥å ¦¥ ç�áâ®â−®-¢à¥-
¬¥−− �ëå ¤¨�¯�§®−�å [6{8].

‚ ¤�−−®© áâ�âì¥, ¯à®¤®«¦�îé¥© ¨áá«¥¤®¢�−¨ï [9], ¨á¯®«ì§ã¥âáï áå¥¬�
NOMA. ‘â�âìï ¨¬¥¥â á«¥¤ãîéãî áâàãªâãàã: ¢ à�§¤. 2 ®¯¨á�−® äã−ªæ¨®-
−¨à®¢�−¨¥ á¨áâ¥¬ë ¨ ¯®áâà®¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï, ¢ à�§¤. 3 ä®à¬ã«¨àã¥âáï §�¤�ç� ¢ë¡®à� ãà®¢−¥© áª®à®áâ¨ âà�ä¨ª�
eMBB ¤«ï ¬�ªá¨¬¨§�æ¨¨ áà¥¤−¥© áª®à®áâ¨ ¥£® ¯¥à¥¤�ç¨, ¢ à�§¤. 4 ¯à¨¢®¤¨â-
áï ç¨á«¥−−®¥ à¥è¥−¨¥ ¤�−−®© §�¤�ç¨ ¨, −�ª®−¥æ, ¢ §�ª«îç¨â¥«ì−®¬ à�§¤¥«¥
¯à¨¢¥¤¥−ë ®á−®¢−ë¥ à¥§ã«ìâ�âë à�¡®âë.

2 Построение модели

÷�áá¬®âà¨¬ á®âã ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ V á ãáâà®©áâ¢�¬¨, ®â¯à�¢«ïîé¨¬¨
§�¯à®áë −� ¯¥à¥¤�çã âà�ä¨ª� URLLC ¨ eMBB. �ãáâì ¯®â®ª¨ â�ª¨å §�¯à®á®¢
¡ã¤ãâ ¯ã�áá®−®¢áª¨¬¨ á ¨−â¥−á¨¢−®áâï¬¨ λ1/λ2, � ¢à¥¬ï á¥áá¨© à�á¯à¥¤¥«¥−®
¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã á ¯�à�¬¥âà�¬¨ µ1/µ2 á®®â¢¥âáâ¢¥−−®. ‘ª®à®áâì
¯¥à¥¤�ç¨ âà�ä¨ª� URLLC ¯®áâ®ï−−� ¨ à�¢−� 1, � áª®à®áâì á¥áá¨¨ eMBB ¬®¦¥â
¯à¨−¨¬�âì ®¤−® ¨§ K §−�ç¥−¨© ¢¥ªâ®à� ãà®¢−¥© áª®à®áâ¨ b = (b1, . . . , bK),
b1 > · · · > bK . „«ï −�ç�«� ¯¥à¥¤�ç¨ ¤�−−ëå âà¥¡ã¥âáï 1 ¨ b1 ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ á®®â¢¥âáâ¢¥−−®. Œ�ªá¨¬�«ì−®¥ ç¨á«® á¥áá¨© eMBB ¯à¨ íâ®¬ ¡ã¤¥â
à�¢−® M = V/b1. ’à�ä¨ª URLLC | ¯à¨®à¨â¥â−ë©: ¥á«¨ ¯à¨ ¯®áâã¯«¥−¨¨
−®¢®£® §�¯à®á� URLCC ¢¥áì à¥áãàá §�−ïâ, â® ¡ã¤¥â á−¨¦¥−� áª®à®áâì ®¤−®© ¨§
á¥áá¨© eMBB, � ¥á«¨ áª®à®áâì ã¦¥ ¬¨−¨¬�«ì−�, â® ¡ã¤¥â ¯à¥à¢�−� ®¤−� ¨§ eMBB-
á¥áá¨©. ‘ª®à®áâì ¯à¨ íâ®¬ ¡ã¤¥â ¢®ááâ�−®¢«¥−� ¯®á«¥ §�¢¥àè¥−¨ï ¯¥à¥¤�ç¨
âà�ä¨ª� URLLC. ‘å¥¬� á ¯à¨−æ¨¯®¬ á®¢¬¥áâ−®£® ®¡á«ã¦¨¢�−¨ï âà�ä¨ª� eMBB
¨ URLLC ¯®ª�§�−� −� à¨á. 1.

‚ ª�ç¥áâ¢¥ ¬®¤¥«¨ á¨áâ¥¬ë ¢ëáâã¯�¥â á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
á ¯à¨®à¨â¥â−ë¬ ¤®áâã¯®¬. ‘¨áâ¥¬ã ®¯¨è¥¬ á«ãç�©−ë¬ ¯à®æ¥áá®¬ á á®áâ®-
ï−¨ï¬¨ (n,m) = (n,m1, . . . ,mK), £¤¥ n | ç¨á«® á¥áá¨© URLLC, m =
= (m1, . . . ,mK) | ç¨á«® á¥áá¨© eMBB −� á®®â¢¥âáâ¢ãîé¥© áª®à®áâ¨. �ãáâì
b(n,m) = n +

∑K
k=1 bkmk | §�−ïâë© à¥áãàá ¢ á®áâ®ï−¨¨ (n,m), â®£¤� ¯à®-

áâà�−áâ¢® á®áâ®ï−¨© á«ãç�©−®£® ¯à®æ¥áá� ¨¬¥¥â ¢¨¤:

X =
{
(n,m) : 0 ≤ n ≤ N, mk ≥ 0, k = 1,K,

K∑

k=1

mk ≤M, b(n,m) ≤ V
}
.
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÷¨á. 1 �à¨−æ¨¯ á®¢¬¥áâ−®£® ®¡á«ã¦¨¢�−¨ï âà�ä¨ª� eMBB ¨ URLLC

“ç¨âë¢�ï ®¯¨á�−−ë¥ ¯à�¢¨«� ã¯à�¢«¥−¨ï ¤®áâã¯®¬ ¨ ®¡®§−�ç¨¢ ek ¥¤¨−¨ç−ë©
¢¥ªâ®à á 1 −� k-¬ ¬¥áâ¥, ¨−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤®¢ ¬¥¦¤ã á®áâ®ï−¨ï¬¨ á¨áâ¥¬ë
¬®¦−® ¯à¥¤áâ�¢¨âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

a(n,m)(n + 1,m) = λ1, b(n,m) + 1 ≤ V ;

a(n,m)(n + 1,m − ek + ek+1) = λ1, b(n,m) + 1 > V, mk > 0,
k−1∑

i=1

mi = 0, k = 1,K − 1;

a(n,m)(n + 1,m− eK) = λ1, b(n,m) + 1 > V, mK > 0,

K−1∑

k=1

mk = 0;

a(n,m)(n,m + eK) = λ2, b(n,m) + b1 ≤ V ;

a(n,m)(n − 1,m− ek + ek−1) = nµ1, n > 0,
K∑

i=k+1

mi = 0, mk > 0, k = 2,K ;

a(n,m)(n − 1,m) = nµ1, n > 0,
K∑

k=2

mk = 0;

a(n,m)(n,m − ek) = mkµ2, mk > 0, k = 1,K.
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3 Задача выбора уровней скорости

÷¥è¨¢ á®®â¢¥âáâ¢ãîéãî á¨áâ¥¬ã ãà�¢−¥−¨© à�¢−®¢¥á¨ï ¨ ¯®«ãç¨¢ áâ�æ¨®−�à-
−ë¥ ¢¥à®ïâ−®áâ¨ π(n,m), (n,m) ∈ X, á®áâ®ï−¨© á¨áâ¥¬ë, ®¯à¥¤¥«¨¬ á«¥¤ãîé¨¥
¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï âà�ä¨ª� eMBB:

{ ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ á¥áá¨¨ eMBB:

B =
∑

(n,m)∈B

π(n,m), B = {(n,m) ∈ X : b(n,m) + b1 > V } ;

{ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï á¥áá¨¨ eMBB:

P =

M∑

mK=1

1

mK

λ1
λ1 + nµ1 +mKµ2

π (V − bKmK , 0, . . . , 0,mK) ;

{ áà¥¤−ïï áª®à®áâì ¯¥à¥¤�ç¨ á¥áá¨¨ eMBB:

b =




∑

(n,m)∈X:m 6=0

K∑

k=1

bkmk

(
K∑

k=1

mk

)−1

π(n,m)




[
1−

V∑

n=0

π(n,0)

]−1
.

‡�¤�çã ¢ë¡®à� ãà®¢−¥© áª®à®áâ¨ ¤«ï âà�ä¨ª� ¥Œ‚‚ ®¯à¥¤¥«¨¬ ª�ª §�¤�çã
¬�ªá¨¬¨§�æ¨¨ áà¥¤−¥© áª®à®áâ¨ á¥áá¨¨ ¥Œ‚‚ ¯à¨ ®£à�−¨ç¥−¨ïå −� ¢¥à®ïâ−®áâì
¡«®ª¨à®¢ª¨ B̂ ¨ ¯à¥àë¢�−¨ï P̂ ¢ ãá«®¢¨ïå ¬¨−¨¬�«ì−®© áª®à®áâ¨ b̂ á¥áá¨¨
¥Œ‚‚ ¯à¨ §�¤�−−®¬ −�ç�«ì−®¬ −�¡®à¥ áª®à®áâ¥© D = {d1, . . . , dK} ¨ ¨å ç¨á-
«� K. —¨á«¥−−®¥ à¥è¥−¨¥ ¤�−−®© §�¤�ç¨ ¬�ªá¨¬¨§�æ¨¨ ¯®§¢®«¨â ¯®«ãç¨âì
à¥ª®¬¥−¤�â¥«ì−ë© −�¡®à §−�ç¥−¨© áª®à®áâ¨ ¯¥à¥¤�ç¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª�
eMBB:

(K∗,b∗) = argmax
K,b

(K,b),

bk ∈ D = {d1, . . . , dK}, k = 1,K,
b1 > · · · > bK ≥ b̂,

B(K,b) ≤ B̂,

P(K,b) ≤ P̂ .

4 Пример численного анализа

�¥à¥©¤¥¬ ª ç¨á«¥−−®¬ã �−�«¨§ã ¨ à�áá¬®âà¨¬ ¤¢� áæ¥−�à¨ï: (�) ¨áá«¥¤ã¥¬
§�¢¨á¨¬®áâì ¢¥à®ïâ−®áâ¥© ¡«®ª¨à®¢ª¨ ¨ ¯à¥àë¢�−¨ï á¥áá¨¨ ¥Œ‚‚ ®â ¨−â¥−á¨¢-
−®áâ¨ §�¯à®á®¢ URLLC; (¡) ¯à®¨««îáâà¨àã¥¬ ç¨á«¥−−®¥ à¥è¥−¨¥ §�¤�ç¨ ¢ë¡®à�

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023 63



…. „. Œ�ª¥¥¢�, ˆ. �. Š®ç¥âª®¢�, ‚. ‘. ˜®à£¨−

ãà®¢−¥© áª®à®áâ¨ ¤«ï á¥áá¨© ¥Œ‚‚. �ãáâì ¯à®¯ãáª−�ï á¯®á®¡−®áâì ª�−�«� á®-
áâ�¢«ï¥â 42 Œ¡¨â/á, à¥ª®¬¥−¤ã¥¬�ï áª®à®áâì á¥áá¨¨ ¥Œ‚‚ | 5 Œ¡¨â/á.
‡�¯à®áë URLLC ¯®áâã¯�îâ ¢ n à�§ ç�é¥ âà�ä¨ª� eMBB, λ1 = nλ2, � áà¥¤−¥¥
¢à¥¬ï á¥áá¨© à�¢−® µ−11 = 1 ¬á ¨ µ−12 = 120 á.

‚ ¯¥à¢®¬ áæ¥−�à¨¨ ¯®«®¦¨¬ ãà®¢−¨ áª®à®áâ¨ á¥áá¨¨ eMBB b = (6, 5, 4)
¨ 3 ¢�à¨�−â� λ2 = 0,4, 0,6 ¨ 0,8. �� à¨á. 2 ¯®ª�§�−ë ¯®«ãç¥−−ë¥ £à�ä¨ª¨:
¨§ à¨á. 2, � ¢¨¤−®, çâ® ¯à¨ ã¢¥«¨ç¥−¨¨ ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï §�¯à®á®¢
URLLC áà¥¤−ïï áª®à®áâì á¥áá¨¨ eMBB á−¨¦�¥âáï, ®¤−�ª® ¢¥à®ïâ−®áâ¨ ¡«®ª¨-
à®¢ª¨ ¨ ¯à¥àë¢�−¨ï ¬¥−ïîâ á¢®¥ ¯®¢¥¤¥−¨¥ ¢ §�¢¨á¨¬®áâ¨ (á¬. à¨á. 2, ¡ ¨ 2, ¢).
�à¨ n < 3000 ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ á−¨¦�¥âáï, � ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï
ã¢¥«¨ç¨¢�¥âáï, â. ¥. §�¯à®áë eMBB ¯à¨−¨¬�îâáï ª ®¡á«ã¦¨¢�−¨î, −® ç�é¥
¯à¥â¥à¯¥¢�îâ ¯à¥àë¢�−¨ï. �à¨ n > 3000 ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ ã¢¥«¨ç¨-
¢�¥âáï, � ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï á−¨¦�¥âáï. ’�ª, ¯à¨ λ2 = 0,4 ¤®áâ¨£�¥âáï
¬�ªá¨¬�«ì−�ï áª®à®áâì á¥áá¨¨ eMBB, � ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢ª¨ ¨ ¯à¥àë¢�−¨ï
¬¨−¨¬�«ì−ë. …á«¨, −�¯à¨¬¥à, ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ ¤®«¦−� ¡ëâì ¬¥−ìè¥ 0,2,
� ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï ¬¥−ìè¥ 0, 6·10−5, â® â®«ìª® ¨−â¥à¢�« 6000 < n < 9000
¡ã¤¥â ã¤®¢«¥â¢®àïâì ®£à�−¨ç¥−¨ï¬.

�¥à¥©¤¥¬ ª® ¢â®à®¬ã áæ¥−�à¨î. �ãáâì λ2 = 0,4 ¨ K = 3. ’®£¤� ¢®§¬®¦−ë¥
¢�à¨�−âë −�¡®à®¢ ãà®¢−¥© áª®à®áâ¨ (K;b): (3; 6, 5, 4); (2; 6, 5); (2; 6, 4);
(2; 5, 4); (1; 6); (1; 5); (1; 4). ÷¥§ã«ìâ�âë à�áç¥â®¢ ¯®ª�§�−ë −� à¨á. 3. Š�ª
¢¨¤−® ¨§ à¨á. 3, �, ¬�ªá¨¬�«ì−�ï áà¥¤−ïï áª®à®áâì á¥áá¨¨ eMBB ¤®áâ¨£�¥âáï ¯à¨
−�¡®à¥ áª®à®áâ¥© (1; 6), ®¤−�ª® ¯à¨ íâ®¬ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï ¬�ªá¨¬�«ì−�
(á¬. à¨á. 3, ¢). ÷�áá¬®âà¨¬ ¯à¨¬¥àë ¯®¤¡®à� ãà®¢−¥© áª®à®áâ¨ ¨áå®¤ï ¨§
§�¤�−−ëå ®£à�−¨ç¥−¨© B̂ ¨ P̂ .

1. …á«¨ B̂ ≤ 0,1 ¨ P̂ ≤ 3 · 10−6, â®:

{ ¯à¨ 10 000 < n < 20 000 ¯®¤å®¤ïâ −�¡®àë (2; 5, 4), (2; 6; 5), (2; 6; 4)
¨ (1; 4), � ¬�ªá¨¬�«ì−�ï áª®à®áâì ¤®áâ¨£�¥âáï ¯à¨ −�¡®à�å (2; 6, 5)
¨ (2; 6, 4);

{ ¯à¨ 20 000 < n < 90 000 −¨ ®¤¨− −�¡®à −¥ ¯®¤å®¤¨â;

{ ¯à¨ 90 000 < n < 100 000 ¯®¤å®¤ïâ −�¡®àë (1; 6) ¨ (1; 5), ¯à¨ (1; 6)
¤®áâ¨£�¥âáï ¬�ªá¨¬�«ì−�ï áª®à®áâì eMBB.

2. Eá«¨ B̂ ≤ 0,2 ¨ P̂ ≤ 2 · 10−6, â®:

{ ¯à¨ 10 000 < n < 20 000 ¯®¤å®¤¨â −�¡®à (2; 5, 4);

{ ¯à¨ n > 100 000 ¯®¤å®¤ïâ −�¡®àë (1; 6), (1; 5) ¨ (1; 4), ¯à¨ (1; 6)
¤®áâ¨£�¥âáï ¬�ªá¨¬�«ì−�ï áª®à®áâì eMBB.

3. Eá«¨ B̂ ≤ 0,2 ¨ P̂ ≤ 4 · 10−6, â®:

{ ¯à¨ 80 000 < n < 100 000 ¯®¤å®¤ïâ ¢á¥ −�¡®àë, ªà®¬¥ (3; 6, 5, 4),
� ¬�ªá¨¬�«ì−�ï áª®à®áâì ¤®áâ¨£�¥âáï ¯à¨ (2; 6, 5) ¨ (1; 6);
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Œ®¤¥«ì ¤«ï ¢ë¡®à� ãà®¢−¥© áª®à®áâ¨ è¨à®ª®¯®«®á−®£® âà�ä¨ª� eMBB

÷¨á. 2 ‘à¥¤−¥¥ ç¨á«® á¥áá¨© eMBB (�),
¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ á¥áá¨¨ eMBB (¡)
¨ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï á¥áá¨¨ eMBB (¢)
¤«ï b = (6, 5, 4): 1 | λeMBB = 0,4; 2 |
0,6; 3 | λeMBB = 0,8

÷¨á. 3 ‘à¥¤−¥¥ ç¨á«® á¥áá¨© eMBB (�),
¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ á¥áá¨¨ eMBB (¡)
¨ ¢¥à®ïâ−®áâì ¯à¥àë¢�−¨ï á¥áá¨¨ eMBB (¢)
¤«ï ¢ë¡®à� ãà®¢−¥© áª®à®áâ¨: 1 |
λeMBB = (3; 6, 5, 4); 2 | (2; 6, 5); 3 |
(2; 6, 4); 4 | (2; 5, 4); 5 | (1; 6, 5); 6 |
(1; 5); 7 | λeMBB = (1; 4)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023 65



…. „. Œ�ª¥¥¢�, ˆ. �. Š®ç¥âª®¢�, ‚. ‘. ˜®à£¨−

{ ¯à¨ 100 000 < n < 120 000 ¯®¤å®¤ïâ −�¡®àë (1; 6), (1; 5) ¨ (1; 4) ¨ ¯à¨
(1; 6) ¤®áâ¨£�¥âáï ¬�ªá¨¬�«ì−�ï áª®à®áâì eMBB.

5 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥ ¬®¤¥«¨ á®¢¬¥áâ−®£® ®¡á«ã¦¨¢�−¨ï âà�ä¨ª�
eMBB ¨ URLLC ¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¯à¨®à¨â¥â−ë¬ ¤®áâã-
¯®¬ URLLC ¢ à�¬ª�å à¥è¥−¨ï §�¤�ç¨ ¬�ªá¨¬¨§�æ¨¨ áà¥¤−¥© áª®à®áâ¨ ¯¥à¥¤�ç¨
eMBB. �à®¢¥¤¥− ç¨á«¥−−ë© �−�«¨§ ¤«ï ¨áá«¥¤®¢�−¨ï §�¢¨á¨¬®áâ¥© ¯®ª�§�â¥-
«¥© âà�ä¨ª� eMBB, ¯à®¨««îáâà¨à®¢�−® ®¯à¥¤¥«¥−¨¥ ¤¨�¯�§®−� §−�ç¥−¨© ¤®«¨
âà�ä¨ª� URLLC ®â−®á¨â¥«ì−® eMBB, ¯à¨ ª®â®à®¬ ¤®áâ¨£�¥âáï ¬�ªá¨¬�«ì−�ï
¨§ ¢®§¬®¦−ëå áª®à®áâ¥© ¯¥à¥¤�ç¨ âà�ä¨ª� eMBB ¤«ï à�áá¬®âà¥−−®£® ¯à¨¬¥-
à�. �à®¨««îáâà¨à®¢�−® ç¨á«¥−−®¥ à¥è¥−¨¥ §�¤�ç¨ ¬�ªá¨¬¨§�æ¨¨ á ¯®«ãç¥−¨¥¬
à¥ª®¬¥−¤ã¥¬ëå −�¡®à®¢ §−�ç¥−¨© áª®à®áâ¨ eMBB-âà�ä¨ª� ¢ §�¢¨á¨¬®áâ¨ ®â
−�«®¦¥−−ëå ®£à�−¨ç¥−¨© −� ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢ª¨ ¨ ¯à¥àë¢�−¨ï.
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Abstract: Fifth generation (5G) wireless networks are characterized by joint
transmission of ultrareliable low-latency communications (URLLC) and en-
hanced mobile broadband (eMBB). URLLC is often small in size and can take
up part of a resource block. The paper analyzes a scheme for joint URLLC
and eMBB transmission in the form of a queuing system with priority admission
control with the ability to reduce bit rate and interrupt eMBB transmission when
URLLC arrives. Numerical analysis of the problem of selecting eMBB traffic
transmission rate levels to maximize the eMBB bit rate taking into account
restrictions on the eMBB blocking and service interruption probabilities was
performed.
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АНАЛИЗ СОВМЕСТНОГО ИСПОЛЬЗОВАНИЯ СТРАТЕГИЙ
ЭНЕРГОСБЕРЕЖЕНИЯ ДЛЯ УСТРОЙСТВ 5G

С ОГРАНИЧЕННЫМ ФУНКЦИОНАЛОМ∗

В. А. Бесчастный1, Е. С. Голос2, Д. Ю. Острикова3, Е. А. Мачнев4,
В. С. Шоргин5, Ю. В. Гайдамака6

�−−®â�æ¨ï: �¥¤�¢−® áâ�−¤�àâ¨§¨à®¢�−−ë© â¨¯ ¯®«ì§®¢�â¥«ìáª®£® ãáâà®©-
áâ¢� (�“) á ®£à�−¨ç¥−−ë¬ äã−ªæ¨®−�«®¬ (Reduced Capability, RedCap) ¤«ï
á¨áâ¥¬ 5G ú−®¢®¥ à�¤¨®û (New Radio, NR) ¯®¤¤¥à¦¨¢�¥â −®¢ë¥ ¬¥å�−¨§¬ë
®£à�−¨ç¥−¨ï í−¥à£®¯®âà¥¡«¥−¨ï. ˆá¯®«ì§ãï ª®¬¡¨−�æ¨î ¬¥â®¤®¢ á¡¥à¥¦¥−¨ï
í−¥à£¨¨ (Discontinuous Reception, DRX), á¨£−�«� ¯à®¡ã¦¤¥−¨ï (Wake-Up
Signal, WUS) ¨ RRM-à¥«�ªá�æ¨¨ (Radio Resource Management relaxation),
�“ á ¯®¤¤¥à¦ª®© RedCap ¬®¦¥â ®¡¥á¯¥ç¨âì ¢ëá®ªãî í−¥à£®íää¥ªâ¨¢−®áâì,
¯à¨ íâ®¬ ã¤®¢«¥â¢®àïï âà¥¡®¢�−¨ï¬ ª áª®à®áâ¨ ¤«ï ¡®«ìè®£® −�¡®à� ¯à¨«®-
¦¥−¨©. ‚ áâ�âì¥ ¨áá«¥¤ã¥âáï ¢«¨ï−¨¥ ¯¥à¥ç¨á«¥−−ëå ¬¥å�−¨§¬®¢ −� í−¥à£®¯®-
âà¥¡«¥−¨¥ �“ ¢ á¥âïå 5G NR. ‚ ª�ç¥áâ¢¥ ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª à�áá¬�âà¨-
¢�îâáï í−¥à£®íää¥ªâ¨¢−®áâì ¨ ¢à¥¬ï ¯®«−®© à�§àï¤ª¨ ¡�â�à¥¨. —¨á«¥−−ë¥
à¥§ã«ìâ�âë ¯®ª�§ë¢�îâ, çâ® á®¢¬¥é¥−¨¥ ¢á¥å à�áá¬�âà¨¢�¥¬ëå ¬¥å�−¨§¬®¢
í−¥à£®á¡¥à¥¦¥−¨ï ¯®§¢®«ï¥â ã¢¥«¨ç¨âì ¢à¥¬ï à�§àï¤ª¨ ¡�â�à¥¨ −� 15%{20%.
Œ¥å�−¨§¬ WUS ¡®«¥¥ íää¥ªâ¨¢¥− ¯® áà�¢−¥−¨î á RRM-à¥«�ªá�æ¨¥©. �à¨
íâ®¬ ãª�§�−−ë¥ ¢ë¢®¤ë á®åà�−ïîâáï ¤«ï è¨à®ª®£® ¤¨�¯�§®−� ¯«®â−®áâ¥©
¡«®ª�â®à®¢ ¨ ¨−â¥−á¨¢−®áâ¥© ¯®áâã¯«¥−¨ï ¯�ª¥â®¢.

Š«îç¥¢ë¥ á«®¢�: 5G; −®¢®¥ à�¤¨®; DRX; RedCap; WUS; RRM-à¥«�ªá�æ¨ï
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1 Введение

�¦¨¤�¥âáï, çâ® á¨áâ¥¬ë 5G ú−®¢®¥ à�¤¨®û ®¡¥á¯¥ç�â ¡®«ìèãî áª®à®áâì ¢ á¥-
â¨ ¤®áâã¯� ¤«ï ¯à¨«®¦¥−¨© ¡ã¤ãé¥£®. �¥á¬®âàï −� âà¥¡®¢�−¨ï, ¯à¥¤êï¢«ï¥¬ë¥
ITU-R ¢ M.2410 [1], â¥å−®«®£¨ï 5G NR ¯®ª�§�«� ¤®áâ�â®ç−® ¢ëá®ªãî í−¥à£®-
¥¬ª®áâì [2, 3] ¨§-§� ¨á¯®«ì§®¢�−¨ï è¨à®ª®© ¯®«®áë ¯à®¯ãáª�−¨ï, −¥áª®«ìª¨å

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� ü 23-79-10084
(https://rscf.ru/project/23-79-10084).

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë, beschastnyy-va@rudn.ru
2÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë, 1142220130@rudn.ru
3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë, ostrikova-dyu@rudn.ru
4÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë, 1042200071@rudn.ru
5”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, vshorgin@ipiran.ru
6÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�-

â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gaydamaka-yuv@rudn.ru

69



‚. �. �¥áç�áâ−ë©, …. ‘. ƒ®«®á, „. ā. �áâà¨ª®¢� ¨ ¤à.

ãà®¢−¥© MIMO (Multiple Input Multiple Output) ¨ ¬¥å�−¨§¬� ¬−®¦¥áâ¢¥−-
−®£® ¯®¤ª«îç¥−¨ï. „«ï ãáâà�−¥−¨ï íâ®£® −¥¤®áâ�âª� ª®−á®àæ¨ã¬®¬ 3GPP
(3rd Generation Partnership Project) ¢ à¥«¨§¥ 16 ¡ë«® áâ�−¤�àâ¨§¨à®¢�−® �“
á ®£à�−¨ç¥−−®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî ¨ à�áè¨à¥−ë ¥£® äã−ªæ¨®−�«ì−ë¥
¢®§¬®¦−®áâ¨ ¢ à¥«¨§¥ 17 [4]. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® �“ RedCap ¡ã¤ãâ
¨á¯®«ì§®¢�âìáï ¤«ï à�§«¨ç−ëå ¯à¨«®¦¥−¨©, â�ª¨å ª�ª AR/X-VR, �¢â®−®¬−ë¥
ª�¬¥àë ¢¨¤¥®−�¡«î¤¥−¨ï á ¤¥â¥ªâ®à®¬ ¤¢¨¦¥−¨ï ¨ â. ¯.

„«ï íª®−®¬¨¨ í−¥à£¨¨ RedCap ¯à¥¤«�£�¥â −¥áª®«ìª® ¬¥å�−¨§¬®¢. ‚ ç�áâ-
−®áâ¨, 3GPP ¢ à¥«¨§¥ 15 §−�ç¨â¥«ì−® ã«ãçè¨«¨ ¬¥å�−¨§¬ë DRX, ¨á¯®«ì§ã¥¬ë¥
¢ á¨áâ¥¬�å 4G LTE (4th Generation Long-Term Evolution), çâ® ¯®§¢®«¨«® ¯à¨-
¬¥−ïâì ¨å ¤«ï à�¤¨®¨−â¥àä¥©á� 5G NR á ã§ª®© ¤¨�£à�¬¬®© −�¯à�¢«¥−−®áâ¨
�−â¥−−ë [5]. Šà®¬¥ â®£®, ¢ à¥«¨§�å 16 ¨ 17 ¡ë«¨ ¯à¥¤«®¦¥−ë ¤®¯®«−¨â¥«ì-
−ë¥ ¬¥å�−¨§¬ë, ¢ª«îç�ï á¨£−�« ¯à®¡ã¦¤¥−¨ï ¨ RRM-à¥«�ªá�æ¨î [6]. �¤−�ª®
¤® á¨å ¯®à ¨áá«¥¤®¢�â¥«ìáª®¥ á®®¡é¥áâ¢® −¥ ã¤¥«ï«® ¡®«ìè®£® ¢−¨¬�−¨ï ¨å
á®¢¬¥áâ−®¬ã ¯à¨¬¥−¥−¨î.

‚ áâ�âì¥ ¨áá«¥¤ã¥âáï ¢«¨ï−¨¥ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¢ í−¥à£®á¡¥-
à¥¦¥−¨ï 5G NR RedCap ¤«ï è¨à®ª®£® á¯¥ªâà� ¯à¨«®¦¥−¨©, ª®â®àë¥ ¨á¯®«ì§ãîâ
�“ RedCap. ‘ íâ®© æ¥«ìî ¨á¯®«ì§ãîâáï ¨−áâàã¬¥−âë ¯à®æ¥áá®¢ ¢®ááâ�−®¢«¥-
−¨ï, ¯®£«®é�îé¨å æ¥¯¥© Œ�àª®¢� ¨ áâ®å�áâ¨ç¥áª®© £¥®¬¥âà¨¨, á ¯®¬®éìî
ª®â®àëå áä®à¬ã«¨à®¢�−� ®¡é�ï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¨áá«¥¤ã¥¬®© á¨áâ¥¬ë.
‚ ª�ç¥áâ¢¥ ®á−®¢−ëå ¬¥âà¨ª ¨á¯®«ì§ãîâáï í−¥à£®íää¥ªâ¨¢−®áâì ¨ ¢à¥¬ï ¯®«−®©
à�§àï¤ª¨ �ªªã¬ã«ïâ®à−®© ¡�â�à¥¨. �à®¢®¤¨âáï ç¨á«¥−−ë© �−�«¨§ ¨áá«¥¤ã¥¬ëå
å�à�ªâ¥à¨áâ¨ª ¤«ï à�§«¨ç−ëå ª®¬¡¨−�æ¨© ¬¥â®¤®¢ í−¥à£®á¡¥à¥¦¥−¨ï.

2 Системная модель

�¤¨− ¨§ −�¨¡®«¥¥ ¢�¦−ëå ¢�à¨�−â®¢ ¨á¯®«ì§®¢�−¨ï ¯à¨«®¦¥−¨©
AR/VR/XR (augmented reality/virtual reality/extended reality) | ¯à®¬ëè-
«¥−−�ï �¢â®¬�â¨§�æ¨ï. ‚ á¢ï§¨ á íâ¨¬ ¢ à�¡®â¥ à�áá¬�âà¨¢�¥âáï â¨¯®¢®¥ ¯à®-
¨§¢®¤áâ¢¥−−®¥ ¯®¬¥é¥−¨¥ ª¢�¤à�â−®© ä®à¬ë á ¤«¨−®© áâ®à®−ë L ¨ ¡�§®¢®©
áâ�−æ¨¥© (�‘), à�á¯®«®¦¥−−®© ¢ â®çª¥ (0, 0), ª�ª ¯®ª�§�−® −� à¨á. 1. ‘¨áâ¥¬�
®¡á«ã¦¨¢�¥â −¥áª®«ìª® ¯®«ì§®¢�â¥«¥© AR/VR/XR, ª®â®àë¥ ¨á¯®«ì§ãîâ �“
á ¯®¤¤¥à¦ª®© RedCap, −�¯à¨¬¥à VR-®çª¨, ¤«ï ¯®«ãç¥−¨ï ãá«ã£¨ á¢ï§¨. —â®-
¡ë ®¡¥á¯¥ç¨âì í−¥à£®íää¥ªâ¨¢−ãî à�¡®âã, �“ ¬®¦¥â ¨á¯®«ì§®¢�âì −¥áª®«ìª®
à¥¦¨¬®¢ í−¥à£®á¡¥à¥¦¥−¨ï. „�«¥¥ ¢ à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¯®«ì§®¢�â¥«ì, −�-
å®¤ïé¨©áï ¢ â®çª¥ (x(t), y(t)) −� ¯«®áª®áâ¨ ¯®«� §¤�−¨ï ¢ ¬®¬¥−â ¢à¥¬¥−¨ t.
‚ëá®âë �‘ ¨ �“ ¯®áâ®ï−−ë ¨ áç¨â�îâáï à�¢−ë¬¨ hA ¨ hU á®®â¢¥âáâ¢¥−−®.

�à¥¤¯®«�£�¥âáï, çâ® ¯ãâì à�á¯à®áâà�−¥−¨ï á¨£−�«� −� «¨−¨¨ ¯àï¬®© ¢¨-
¤¨¬®áâ¨ (Line-of-Sight, LoS) ¬®¦¥â ¡ëâì §�¡«®ª¨à®¢�− à�§«¨ç−ë¬ á¯¥æ¨�«¨-
§¨à®¢�−−ë¬ ®¡®àã¤®¢�−¨¥¬, à�á¯®«®¦¥−−ë¬ ¢ §�¢®¤áª¨å æ¥å�å. ‚¥à®ïâ−®áâì
¡«®ª¨à®¢ª¨ ¢ à�áá¬�âà¨¢�¥¬®¬ áæ¥−�à¨¨ ¯®«ãç¥−� ¢ [3].

‚ ¤�−−®© à�¡®â¥ ãç¨âë¢�îâáï ª�ª ¬¨ªà®-, â�ª ¨ ¬�ªà®¬®¡¨«ì−®áâì �“.
�¥à¢®¥ ®â−®á¨âáï ª ¡ëáâàë¬ ¢à�é¥−¨ï¬ �“ ¢ àãª�å ¯®«ì§®¢�â¥«ï [7, 8], çâ®
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�−�«¨§ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï áâà�â¥£¨© í−¥à£®á¡¥à¥¦¥−¨ï ¤«ï ãáâà®©áâ¢ 5G

÷¨á. 1 ‘¨áâ¥¬−�ï ¬®¤¥«ì

¯à¨¢®¤¨â ª ¯®â¥à¥ −�¯à�¢«¥−−®áâ¨ �−â¥−−ë −� �‘ [9]. „«ï ãç¥â� íâ®£® íää¥ªâ�
¯à¨¬¥−ï¥âáï ¬®¤¥«ì, ¯à¥¤«®¦¥−−�ï ¢ [9], ª®â®à�ï ¯�à�¬¥âà¨§ã¥âáï á ¨á¯®«ì§®-
¢�−¨¥¬ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå ¢ [10] ¤«ï ¯à¨«®¦¥−¨© X{VR.
’�ª¦¥ ¨á¯®«ì§ãîâáï ¬®¤¥«¨ à�á¯à®áâà�−¥−¨ï ¨ �−â¥−−, ®¯¨á�−−ë¥ ¢ [3].

‚ à�¡®â¥ à�áá¬®âà¥−ë ç¥âëà¥ ª®¬¡¨−�æ¨¨ ¬¥å�−¨§¬®¢ í−¥à£®á¡¥à¥¦¥−¨ï:

(1) DRX. Œ¥å�−¨§¬ í−¥à£®á¡¥à¥¦¥−¨ï DRX ¯à¥¤¯®«�£�¥â à�¡®âã �“ ¢ ¤¢ãå
æ¨ª«�å: ª®à®âª®¬ ¨ ¤«¨−−®¬. ‚ −�ç�«¥ ª�¦¤®£® æ¨ª«� §�¯ãáª�¥âáï â�©¬¥à
ª®−âà®«ï á®áâ®ï−¨ï á¥â¨. …á«¨ ¤�−−ë¥ ¤«ï ¯¥à¥¤�ç¨ ¯®áâã¯¨«¨ −� �“,
§�¯ãáª�¥âáï à¥¦¨¬ ¯à¨¥¬�/̄ ¥à¥¤�ç¨ ¤�−−ëå. …á«¨ ¦¥ ¢ â¥ç¥−¨¥ ª®à®âª®£®
æ¨ª«� ¤�−−ë¥ −¥ ¡ë«¨ ¯®«ãç¥−ë, â® ¯à®¤®«¦¨â¥«ì−®áâì á«¥¤ãîé¥£® æ¨ª«�
ã¢¥«¨ç¨¢�¥âáï. Šà®¬¥ â®£®, ¥á«¨ ¢ â¥ç¥−¨¥ ¯¥à¨®¤� ¬®−¨â®à¨−£� á¥â¨ −¨ª�-
ª¨¥ ¤�−−ë¥ −¥ ¯à¨−¨¬�îâáï �“, ¢ ª®−æ¥ ¯¥à¨®¤� �“ ¯¥à¥å®¤¨â ¢ á¯ïé¨©
à¥¦¨¬ ¤® á«¥¤ãîé¥£® æ¨ª«�. �¥¤®áâ�â®ª â�ª®£® ¯®¤å®¤� §�ª«îç�¥âáï ¢ â®¬,
çâ® æ¨ª«¨ç¥áª¨© ¬®−¨â®à¨−£ á¥â¨ â�ª¦¥ ¯®¤à�§ã¬¥¢�¥â í−¥à£®¯®âà¥¡«¥−¨¥,
ª®â®à®£® −¥¢®§¬®¦−® ¨§¡¥¦�âì;

(2) DRX + WUS. ‘¨£−�« WUS ¯à¥¤áâ�¢«ï¥â á®¡®© á¨£−�« ¯à®¡ã¦¤¥−¨ï, ¨¬¥-
îé¨© á¨−åà®−¨§�æ¨î á æ¨ª«®¬ DRX. ‚ á®¢®ªã¯−®áâ¨ íâ¨ �«£®à¨â¬ë à�-
¡®â�îâ á«¥¤ãîé¨¬ ®¡à�§®¬. �®«ì§®¢�â¥«ìáª®¥ ãáâà®©áâ¢® −�áâà®¥−® −�
à�¡®âã ¢ æ¨ª«�å DRX, � â�ª¦¥ −� ®âá«¥¦¨¢�−¨¥ á¨£−�«� WUS ¢ áâà®£®
§�¤�−−ë© ¯¥à¨®¤ ¢à¥¬¥−¨. …á«¨ á¨£−�« WUS −¥ ¯®«ãç¥− ¢ â¥ç¥−¨¥ ®¦¨-
¤�¥¬®£® ¨−â¥à¢�«�, �“ §�áë¯�¥â ¨ ¯à®¯ãáª�¥â æ¨ª« DRX. ’�ª¨¬ á¯®á®¡®¬
¬®¦−® ¤®¡¨âìáï ¡®«ìè¥© íª®−®¬¨¨ í−¥à£¨¨ §� áç¥â á®ªà�é¥−¨ï ¢à¥¬¥−¨
¬®−¨â®à¨−£� á¥â¨;
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(3) DRX + RRM-à¥«�ªá�æ¨ï. �®¬¨¬® ¬®−¨â®à¨−£� á¨£−�«� ¢ −¨áå®¤ïé¥¬
ª®−âà®«ì−®¬ ª�−�«¥ PDCCH (Packet Downlink Control Channel) �“ â�ª¦¥
−¥®¡å®¤¨¬® ®âá«¥¦¨¢�âì á¨£−�«ë ¨§¬¥à¥−¨ï ãà®¢−ï ¯à¨−¨¬�¥¬®£® á¨£−�«�
RSRP (Received Signal Reference Power) ¨ RSRQ (Received Signal Reference
Quality). ‚ à¥¦¨¬¥ RRM-à¥«�ªá�æ¨¨ −�¡«î¤¥−¨¥ §� íâ¨¬¨ á¨£−�«�¬¨
®âáãâáâ¢ã¥â. �¦¨¤�¥âáï, çâ® íâ� áå¥¬� ®¡¥á¯¥ç¨â å®à®èãî íª®−®¬¨î
í−¥à£¨¨ ¯à¨ −¨§ª®© ¬®¡¨«ì−®áâ¨ �“;

(4) DRX + WUS + RRM-à¥«�ªá�æ¨ï. �®á«¥¤−ïï à�áá¬�âà¨¢�¥¬�ï áå¥¬� ®¡ê-
¥¤¨−ï¥â ¢á¥ âà¨ ¬¥å�−¨§¬� á®åà�−¥−¨ï í−¥à£¨¨. �â� áå¥¬� −¥ ®¡ï§�â¥«ì−®
®ª�¦¥âáï «ãçè¥©, ¯®áª®«ìªã ®¦¨¤�¥âáï, çâ® í−¥à£®íää¥ªâ¨¢−®áâì ¡ã¤¥â
§�¢¨á¥âì ®â ¬®¡¨«ì−®áâ¨ ¨ ¬¥áâ®¯®«®¦¥−¨ï �“.

3 Математическая модель

—â®¡ë ®æ¥−¨âì í−¥à£®¯®âà¥¡«¥−¨¥ �“ ¤«ï à�áá¬�âà¨¢�¥¬ëå áå¥¬ í−¥à£®á¡¥-
à¥¦¥−¨ï, ¨á¯®«ì§ã¥âáï ¯®£«®é�îé�ï æ¥¯ì Œ�àª®¢�, ¯à¥¤áâ�¢«¥−−�ï −� à¨á. 2,
ª®â®à�ï −� ¢¥àå−¥¬ ãà®¢−¥ ¨¬¥¥â ç¥âëà¥ á®áâ®ï−¨ï (i = 1, . . . , 4).

‚ ¯à¥¤«�£�¥¬®© ¬®¤¥«¨ ãçâ¥−ë ¯¥à¨®¤ë ®¡á«ã¦¨¢�−¨ï ¯�ª¥â®¢ ¨ ¯¥à¨®¤ë
¯à®áâ®ï. �à¥¤¯®«�£�¥¬, çâ® íâ¨ ¯¥à¨®¤ë ¨¬¥îâ íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥
á ¯�à�¬¥âà�¬¨ λD (¤�«¥¥ ¯«®â−®áâì à�á¯à¥¤¥«¥−¨ï (�÷) ®¡®§−�ç¨¬ fD(x)) ¨ λR

á �÷ fR(x) á®®â¢¥âáâ¢¥−−®. �®â¥àï �ªâ¨¢−®£® á®¥¤¨−¥−¨ï ¬®¦¥â ¯à®¨§®©â¨
¢ à¥§ã«ìâ�â¥ ¬¨ªà®¬®¡¨«ì−®áâ¨, ¬�ªà®¬®¡¨«ì−®áâ¨ ¨«¨ ¯¥à¥å®¤� ¢ ¤àã£®© à¥¦¨¬
RRM. �«®â−®áâì à�á¯à¥¤¥«¥−¨ï ¤«¨â¥«ì−®áâ¨ −¥¯à¥àë¢−®£® á®¥¤¨−¥−¨ï �“
á �‘ à�ááç¨âë¢�¥âáï ª�ª ¬¨−¨¬ã¬ ¨§ âà¥å á«ãç�©−ëå ¢¥«¨ç¨− ¯® ä®à¬ã«¥:

fC(t) =
∑

a,b,c∈{M,R,B}

fa(t)(1− Fb(t))(1 − Fd(t)) ,

÷¨á. 2 Œ®¤¥«ì á¨áâ¥¬ë ¢ ¢¨¤¥ ¯®£«®é�îé¥© æ¥¯¨ Œ�àª®¢�
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£¤¥ fM (t)| ¯«®â−®áâì à�á¯à¥¤¥«¥−¨ï ¤«¨â¥«ì−®áâ¨ ¤® −�áâã¯«¥−¨ï à�áá¨−åà®-
−¨§�æ¨¨ «ãç¥©, fR(t) | ¤® ¯¥à¥ª«îç¥−¨ï à¥¦¨¬� RRM, � fB(t) | ¤® −�áâã¯-
«¥−¨ï ¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨. „�−−ë¥ à�á¯à¥¤¥«¥−¨ï ¯à¥¤¯®«�£�îâáï
íªá¯®−¥−æ¨�«ì−ë¬¨ á ¯�à�¬¥âà�¬¨ λM , λR ¨ λB á®®â¢¥âáâ¢¥−−®.

‚¥à®ïâ−®áâ¨ ¯¥à¥å®¤®¢ ¬¥¦¤ã á®áâ®ï−¨ï¬¨ ¢¥àå−¥© æ¥¯¨ ãá«®¢−ë¥, â�ª ª�ª
¤«ï ¯¥à¥å®¤� −¥®¡å®¤¨¬®, çâ®¡ë ®áâ�«ì−ë¥ á®¡ëâ¨ï ¯à®¨§®è«¨ ¯®§¦¥ à�áá¬�â-
à¨¢�¥¬®£®:

wi,j =

∞∫

0

fj(t)(1− Fy(t))(1 − FB(t)) dt , i, j, y = 1, . . . , 4 , i 6= j 6= y .

�à¨ íâ®¬, ª�ª ¬®¦−® §�¬¥â¨âì ¨§ à¨á. 2, −¥â ¯¥à¥å®¤®¢ ¬¥¦¤ã á®áâ®ï−¨ï¬¨ ¬¨ª-
à®¬®¡¨«ì−®áâ¨, � ¢¥à®ïâ−®áâì ¯®¯�¤�−¨ï ¢ ¯®£«®é�îé¥¥ á®áâ®ï−¨¥ ¢ ¬®¬¥−â t
−�å®¤¨âáï ª�ª 1 − FB(t). „�−−ë© ¯®¤å®¤ ¢®§¬®¦¥− ¡«�£®¤�àï á¢®©áâ¢ã ®â-
áãâáâ¢¨ï ¯®á«¥¤¥©áâ¢¨ï. �−�«®£¨ç−ë¬ á¯®á®¡®¬ ®¯à¥¤¥«ïîâáï ¯¥à¥å®¤ë ¬¥¦¤ã
á®áâ®ï−¨ï¬¨ æ¥¯¨ ¢â®à®£® ãà®¢−ï.

Œ®¡¨«ì−®áâì ¯®«ì§®¢�â¥«¥© ¯à¥¤áâ�¢«¥−� ¤¢ã¬ï −¥§�¢¨á¨¬ë¬¨ ¯à®æ¥áá�¬¨
¤¨ääã§¨¨ ¯® ®áï¬ Ox ¨ Oy, ®£à�−¨ç¥−−ë¬¨ ¯à¥¤¥«�¬¨ ¯®¬¥é¥−¨ï (0, L).
�ã¤¥¬ áç¨â�âì, çâ® �‘ −�å®¤¨âáï ¢ â®çª¥ (0, 0). ‘â�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢�
¯®«ì§®¢�â¥«ï, ¯¥à¥¬¥é�îé¥£®áï ¢ ®¤−®¬¥à−®¬ ¯à®áâà�−áâ¢¥ ¨ §�ª«îç¥−−®£®
¢ (0, L), ®¯¨áë¢�îâáï äã−ªæ¨¥© ƒà¨−� p(x, t|x0, t0), ¯à¥¤áâ�¢«ïîé¥© á®¡®©
¢¥à®ïâ−®áâì ¥£® −�å®¦¤¥−¨ï ¢ â®çª¥ x ¢ ¬®¬¥−â t ¢¬¥áâ¥ á −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨
p(x, t|x0, t0) = δ(x − x0) ¨ £à�−¨ç−ë¬¨ ãá«®¢¨ï¬¨

∂p(0, t|x0, t0)
∂x

=
∂p(L, t|x0, t0)

∂x
= 0 .

÷¥è¥−¨¥ §�¤�ç¨ ¬®¦¥â ¡ëâì ¯®«ãç¥−® ¬¥â®¤®¬ à�§¤¥«¥−¨ï ¯¥à¥¬¥−−ëå, ª�ª
®¯¨á�−® ¢ [11{13]. ‚ â¥à¬¨−�å ¡¥áª®−¥ç−®£® àï¤� íâ® ¢ëà�¦¥−¨¥ ¢ë£«ï¤¨â ª�ª

p(x0, t0) =
1

L
+
2

L

∞∑

n=1

exp

[

−
(
nπ

2

)2 t− t0
τ

]

cos

(
nxπ

L

)
cos

(
nx0π

L

)
,

£¤¥ τ = L2/D | ¢à¥¬ï à¥«�ªá�æ¨¨; D | ª®íää¨æ¨¥−â ¤¨ääã§¨¨.
�� à¨á. 3 ¨§®¡à�¦¥−� áå¥¬� ¯¥à¥¬¥é¥−¨ï ¯®«ì§®¢�â¥«ï ¯® −¨¦−¥© ¯®¢¥àå-

−®áâ¨ ¯®¬¥é¥−¨ï ¨§ −¥ª®â®à®£® −�ç�«ì−®£® ¯®«®¦¥−¨ï (x0, y0) ¢ ¬®¬¥−â ¢à¥¬¥−¨
t0 = 0 ¢ ¯®«®¦¥−¨¥ (x(t), y(t)) á® á¬¥é¥−¨¥¬ −�¯à�¢«¥−−ëå «ãç¥© �−â¥−− ®â−®-
á¨â¥«ì−® ¤àã£ ¤àã£�.

÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã X(t), ¯à¥¤áâ�¢«ïîéãî ¬¥áâ®¯®«®¦¥−¨¥
¯®«ì§®¢�â¥«ï â®«ìª® ¯® ®á¨ Ox ¢ ¬®¬¥−â ¢à¥¬¥−¨ t. Œ®¦−® §�¬¥â¨âì, çâ®
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÷¨á. 3 ‘¬¥é¥−¨¥ «ãç� ¢ âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥

à�ááâ®ï−¨¥ l2 ¤® �‘ ¨ ã£®« βV à�áá®£«�á®¢�−¨ï �−â¥−−ë ¢ ¬®¬¥−â t ¬®¦−®
¢ëà�§¨âì ª�ª

l2(t) =
√
[X(t)]2 + (hA − hU )2 ; βV =

X(t)√
[x(t)]2 + (hA − hU )2

.

�¡®§−�ç�ï ¬¥áâ®¯®«®¦¥−¨¥ ¯®«ì§®¢�â¥«ï ¯® ®á¨ Y á«ãç�©−®© ¢¥«¨ç¨−®© Y (t),
¬®¦−® §�¬¥â¨âì, çâ® tan (1− βH(t)) = Y (t)/x0. �â® ¯à¨¢®¤¨â ª

βH(t) = 1− arctan
(
Y (t)

x0

)
.

‘¯¥ªâà�«ì−�ï íää¥ªâ¨¢−®áâì ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¬®¦¥â ¡ëâì §�¯¨á�−� ª�ª

SE(t) = 1 +
PTGA(t)GU (t)L(y, t)

N0B + IM
,

£¤¥ GA(t) ¨ GU (t) | ª®íää¨æ¨¥−âë ãá¨«¥−¨ï �−â¥−− �‘ ¨ �“ á ç¨á«®¬
�−â¥−−ëå í«¥¬¥−â®¢ NA ¨ NU á®®â¢¥âáâ¢¥−−® ¢ ¬®¬¥−â ¢à¥¬¥−¨ t; L(y, t) |
¯®â¥à¨ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t; N0 | èã¬.

�ãáâì B(t) | á®áâ®ï−¨¥ âà�¥ªâ®à¨¨ LoS ¢ ¬®¬¥−â t, ¯à¨ç¥¬ 1 ¨ 0 ®§−�ç�îâ
¡«®ª¨à®¢�−−®¥ ¨ −¥§�¡«®ª¨à®¢�−−®¥ á®áâ®ï−¨ï á®®â¢¥âáâ¢¥−−®. —â®¡ë ®å�à�ªâ¥-
à¨§®¢�âì ¤¨−�¬¨ªã ¡«®ª¨à®¢ª¨, −¥®¡å®¤¨¬® ®æ¥−¨âì ¬�âà¨æã

P (t) = (p00(t) 1− p00(t) p10(t) 1− p10(t)) .
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ˆá¯®«ì§ãï ãá«®¢−ãî ¢¥à®ïâ−®áâì, ¯®«ãç�¥¬

p00 =
Pr{B(t) = 0, B(0) = 0}

Pr{B(0) = 0} ; p10 =
Pr{B(t) = 0, B(0) = 1}

Pr{B(0) = 1} .

’�ª ª�ª ¯à®æ¥áá ¡«®ª¨à®¢ª¨ ¯à¥¤¯®«�£�¥âáï ¯ã�áá®−®¢áª¨¬ ¢ R2, â® §−�¬¥−�â¥«ì
¬®¦−® §�¯¨á�âì ª�ª

Pr{B(0) = 0} = e−2λBrBx0.

ˆá¯®«ì§ãï á¢®©áâ¢® −¥§�¢¨á¨¬®áâ¨ ¯ã�áá®−®¢áª®£® â®ç¥ç−®£® ¯à®æ¥áá�, ¯®-
«ãç�¥¬, çâ® p00(t) ¯®«−®áâìî ®¯à¥¤¥«ï¥âáï ¬®¡¨«ì−®áâìî �“:

p00(t) = e
−λB(2rB

√
E([X(t)]−x0)2+(E[Y (t)])2−S ,

£¤¥ S = r2Bcot (α/2)| ¯«®é�¤ì ¯¥à¥á¥ç¥−¨ï §®− ¡«®ª¨à®¢ª¨ LoS.
�−�«®£¨ç−® ¬®¦−® −�©â¨ p10(t) ª�ª

p10(t) =

(
1− e−λB(2rBx0−S)

)
e−λBS

1− e−2λBrBx0
e
−λB

(
2rB

√
E([X(t)]−x0)2+(E[Y (t)])2−S

)

.

‡�¬¥â¨¬, çâ® ¯«®é�¤ìS á®¢¬¥áâ−®£® ¯¥à¥á¥ç¥−¨ï §®− ¡«®ª¨à®¢ª¨ LoS §�¢¨á¨â
®â ã£«� α, ª®â®àë© á�¬ ï¢«ï¥âáï äã−ªæ¨¥© ®â ¢à¥¬¥−¨ t ¨§-§� ¬�ªà®¬®¡¨«ì−®áâ¨
�“. ˆá¯®«ì§ãï â¥®à¥¬ã ª®á¨−ãá®¢, ®¯à¥¤¥«ï¥¬ ¨áª®¬ë© ã£®« ª�ª

α(t) = arccos
a2 + b2 − c2

2ab
,

£¤¥ ¯�à�¬¥âàë ®¯à¥¤¥«ïîâáï ª�ª

a =
√
(X(t))2 + (Y (t))2 ; b =

√
(X(t) − x0)2 + (Y (t))2 ; c =

√
x20 .

4 Численный анализ

‚ ¤�−−®¬ à�§¤¥«¥ ¯à®¢®¤¨âáï ç¨á«¥−−ë© �−�«¨§ ¢«¨ï−¨ï à�áá¬�âà¨¢�¥¬ëå
ª®¬¡¨−�æ¨© ¬¥å�−¨§¬®¢ í−¥à£®á¡¥à¥¦¥−¨ï á ¯�à�¬¥âà�¬¨ á¨áâ¥¬ë, ¯à¥¤áâ�¢«¥−-
−ë¬¨ ¢ â�¡«¨æ¥, −� í−¥à£®íää¥ªâ¨¢−®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ¨ ¢à¥¬ï ¯®«−®©
à�§àï¤ª¨ �ªªã¬ã«ïâ®à−®© ¡�â�à¥¨ �“.

�� à¨á. 4, � ¯à¥¤áâ�¢«¥− £à�ä¨ª §�¢¨á¨¬®áâ¨ í−¥à£®íää¥ªâ¨¢−®áâ¨ §�£àã§ª¨
¤�−−ëå −� �“ ®â −�ç�«ì−®£® ¯®«®¦¥−¨ï ãáâà®©áâ¢�. Š�ª ¢¨¤−® ¨§ à¨á. 4, �,
í−¥à£®íää¥ªâ¨¢−®áâì ¯à�ªâ¨ç¥áª¨ «¨−¥©−® ¯�¤�¥â á ã¢¥«¨ç¥−¨¥¬ à�ááâ®ï−¨ï
®â ¯®«ì§®¢�â¥«ï ¤® �‘. �à¨ íâ®¬ ª�¦¤ë© ¨§ ¬¥å�−¨§¬®¢ í−¥à£®á¡¥à¥¦¥−¨ï
¯®¤â¢¥à¦¤�¥â á¢®î íää¥ªâ¨¢−®áâì: −�¨¡®«ìè¨© ¢ë¨£àëè ¤�¥â ¯à¨¬¥−¥−¨¥
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‘¨áâ¥¬−ë¥ ¯�à�¬¥âàë

�¡®§−�-
ç¥−¨¥ �¯¨á�−¨¥ ‡−�ç¥−¨ï

¯® ã¬®«ç�−¨î
λB �«®â−®áâì ¡«®ª�â®à®¢ 0,3 èâ./¬2

rB ÷�¤¨ãá ¡«®ª�â®à� 0,5 ¬
hB ‚ëá®â� ¡«®ª�â®à� 3 ¬
hU ‚ëá®â� �“ 1,5 ¬
hA ‚ëá®â� â¥âà�£¥àæ¥¢®© �‘ 4 ¬
PT ˆ§«ãç�¥¬�ï ¬®é−®áâì −� �‘ 2 ‚â
NA —¨á«® ª®−ä¨£ãà�æ¨© �−â¥−−ë �‘ 16× 16
NU —¨á«® ª®−ä¨£ãà�æ¨© �−â¥−−ë �“ 2× 2

NO, IM ˜ã¬, ¨−â¥àä¥à¥−æ¨ï −84 ¤�¨, −60 ¤�¨
–ϕ, –θ ‘à¥¤−ïï áª®à®áâì á¬¥é¥−¨ï ¢®ªàã£ ®á¥© 10 £à�¤/á
–x, –y ‘à¥¤−ïï áª®à®áâì á¬¥é¥−¨ï ®â ®á¥© 3 á¬/á
D Š®íää¨æ¨¥−â ¤¨ääã§¨¨ 1
L ˜¨à¨−� ¯®¬¥é¥−¨ï 50 ¬

GA, GU Š®íää¨æ¨¥−âë ãá¨«¥−¨ï �−â¥−− �‘ ¨ �“ 14,58 ¤�¨, 2,57 ¤�¨
λD ‘à¥¤−ïï ¤«¨â¥«ì−®áâì ¯¥à¥¤�ç¨ ¯�ª¥â� 0,01 á
λR ‘à¥¤−ïï ¤«¨â¥«ì−®áâì ¬¥¦¤ã ¯®áâã¯«¥−¨ï¬¨ ¯�ª¥â®¢ 1/60 á

WUS, ª®â®àë© ¯®§¢®«ï¥â ã«ãçè¨âì í−¥à£®íää¥ªâ¨¢−®áâì ¤® 10%, � á®¢¬¥áâ−®¥
¯à¨¬¥−¥−¨¥ ¢á¥å ¬¥å�−¨§¬®¢ | ¤® 15%. �¡à�â¨¬ ¢−¨¬�−¨¥, çâ® ¨á¯®«ì§®¢�−¨¥
¬¥å�−¨§¬� WUS ¡®«¥¥ íää¥ªâ¨¢−® ¯® áà�¢−¥−¨î á ¬¥å�−¨§¬®¬ RRM-à¥«�ªá�-
æ¨¨.

‚ â® ¦¥ ¢à¥¬ï á¨«ì−®¥ ¢«¨ï−¨¥ −� í−¥à£®íää¥ªâ¨¢−®áâì ®ª�§ë¢�¥â ¬¨ªà®-
¬®¡¨«ì−®áâì ¯®«ì§®¢�â¥«ï, ª�ª ¯®ª�§�−® −� à¨á. 4, ¡. ‡¤¥áì á«¥¤ã¥â ®â¬¥â¨âì,
çâ® ¯à¨ á®åà�−¥−¨¨ â®£® ¦¥ á®®â−®è¥−¨ï ¢ íää¥ªâ¨¢−®áâ¨ à�áá¬�âà¨¢�¥¬ëå

÷¨á. 4 �−¥à£®íää¥ªâ¨¢−®áâì ¯¥à¥¤�ç¨ ¤�−−ëå −� �“ ¢ §�¢¨á¨¬®áâ¨ ®â −�ç�«ì−®£®
¯®«®¦¥−¨ï ãáâà®©áâ¢� (�) ¨ ®â áª®à®áâ¨ ¬¨ªà®¬®¡¨«ì−®áâ¨ (¡): 1 | DRX; 2 |
DRX + WUS; 3 | DRX + RRM-à¥«�ªá�æ¨ï; 4 | DRX + WUS + RRM-à¥«�ªá�æ¨ï
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÷¨á. 5 ‚à¥¬ï à�§àï¤ª¨ �ªªã¬ã«ïâ®à−®© ¡�â�à¥¨ �“ ¢ §�¢¨á¨¬®áâ¨ ®â ¨−â¥−á¨¢−®áâ¨
¯®áâã¯«¥−¨ï ¯�ª¥â®¢ (�) ¨ ®â ¯«®â−®áâ¨ ¡«®ª�â®à®¢ (¡): 1 | DRX; 2 | DRX + WUS;
3 | DRX + RRM-à¥«�ªá�æ¨ï; 4 | DRX + WUS + RRM-à¥«�ªá�æ¨ï

¬¥å�−¨§¬®¢ ¯®¢ëè¥−¨¥ áª®à®áâ¨ ¬¨ªà®¬®¡¨«ì−®áâ¨ ¢ 2 à�§� á®ªà�é�¥â í−¥à£®-
íää¥ªâ¨¢−®áâì ¡®«¥¥ ç¥¬ −� âà¥âì.

�� à¨á. 5, � ¯®ª�§�−� §�¢¨á¨¬®áâì ¢à¥¬¥−¨ à�§àï¤ª¨ �ªªã¬ã«ïâ®à−®© ¡�â�-
à¥¨ �“ ®â ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï ¯�ª¥â®¢. �®«¥¥ ¢ëá®ª�ï ¨−â¥−á¨¢−®áâì
¯à¨¢®¤¨â ª ª®à®âª¨¬ ¯¥à¨®¤�¬ ¯à®áâ®ï, çâ® ¢«¥ç¥â §� á®¡®© −¨§ªãî íää¥ªâ¨¢-
−®áâì áâà�â¥£¨© í−¥à£®á¡¥à¥¦¥−¨ï. ‚à¥¬ï ¯®«−®© à�§àï¤ª¨ ¡�â�à¥¨ á®ªà�é�¥âáï
¤® 20% ¯à¨ ¤¢ãªà�â−®¬ ã¢¥«¨ç¥−¨¨ −�£àã§ª¨. �à¨ íâ®¬ à�§−¨æ� ¢ íää¥ªâ¨¢−®áâ¨
WUS ¨ RRM-à¥«�ªá�æ¨¨ ®áâ�¥âáï ¯à¨¬¥à−® −� â®¬ ¦¥ ãà®¢−¥.

��ª®−¥æ, −� à¨á. 5, ¡ ¯®ª�§�−� §�¢¨á¨¬®áâì ¢à¥¬¥−¨ à�§àï¤ª¨ �ªªã¬ã«ïâ®à�
�“ ®â ¯«®â−®áâ¨ ¡«®ª�â®à®¢. “¢¥«¨ç¥−¨¥ ¢à¥¬¥−¨ à�§àï¤ª¨ â�ª¦¥ ®¦¨¤�¥¬®
¢á«¥¤áâ¢¨¥ ¡®«¥¥ ç�áâëå ¯à®áâ®¥¢ ¢ ¯¥à¥¤�ç¥ ¤�−−ëå, ¢®§−¨ª�îé¨å ¯® ¯à¨ç¨−¥
¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¬¥¦¤ã �“ ¨ �‘.

5 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï áà�¢−¥−¨ï áâà�â¥£¨© á®-
¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¢ á¡¥à¥¦¥−¨ï í−¥à£¨¨, â�ª¨å ª�ª DRX, WUS
¨ RRM-à¥«�ªá�æ¨ï, ¢ ¯à®¬ëè«¥−−ëå ãá«®¢¨ïå ¤«ï VR-¯à¨«®¦¥−¨©. ‚ ª�-
ç¥áâ¢¥ ®á−®¢−ëå ¬¥âà¨ª à�áá¬®âà¥−ë í−¥à£®íää¥ªâ¨¢−®áâì ¨ ¢à¥¬ï à�¡®âë ®â
¡�â�à¥¨.

—¨á«¥−−ë¥ à¥§ã«ìâ�âë ¯®ª�§�«¨, çâ® á®¢¬¥é¥−¨¥ ¢á¥å à�áá¬�âà¨¢�¥¬ëå
¬¥å�−¨§¬®¢ í−¥à£®á¡¥à¥¦¥−¨ï −�¨¡®«¥¥ íää¥ªâ¨¢−® á â®çª¨ §à¥−¨ï à�áá¬�âà¨-
¢�¥¬ëå å�à�ªâ¥à¨áâ¨ª. ‚ ç�áâ−®áâ¨, ¨á¯®«ì§®¢�−¨¥ WUS ¨ RRM-à¥«�ªá�æ¨¨
¯®§¢®«ï¥â ã¢¥«¨ç¨âì ¢à¥¬ï à�¡®âë ®â ¡�â�à¥¨ ®ª®−¥ç−®£® ãáâà®©áâ¢� −� 10%{15%.
�â¨ §−�ç¥−¨ï á®åà�−ïîâáï ¯à¨ ¨§¬¥−¥−¨¨ ¯«®â−®áâ¥© ¡«®ª�â®à®¢ ¨ ¨−â¥−á¨¢-
−®áâ¨ ¯®áâã¯«¥−¨ï ¯�ª¥â®¢. �à¨ íâ®¬ ¬¥å�−¨§¬ WUS ¡®«¥¥ íää¥ªâ¨¢¥− ¯®
áà�¢−¥−¨î á RRM-à¥«�ªá�æ¨¥©.
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�«�−¨àã¥âáï ¯à®¤®«¦¨âì ¨áá«¥¤®¢�−¨ï á ¯à¨¬¥−¥−¨¥¬ �¯¯�à�â� â¥®à¨¨ à¥-
áãàá−ëå á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï [14] ¤«ï �−�«¨§� áæ¥−�à¨¥¢ á −¥áª®«ì-
ª¨¬¨ â¥å−®«®£¨ï¬¨ à�¤¨®¤®áâã¯� ¯à¨ ¯à¥¤®áâ�¢«¥−¨¨ ãá«ã£ AR/X{VR.
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Abstract: The recently standardized Reduced capability (RedCap) user equip-
ment (UE) type for 5G systems, New Radio (NR), supports new mechanisms
to limit power consumption. Using a combination of Discontinuous Reception
(DRX), Wake-Up Signal (WUS), and Radio Resource Management (RRM)
relaxation techniques, RedCap-enabled UEs can provide high energy efficiency
while meeting the speed requirements for a large set of applications. The present
authors investigate the impact of the above mechanisms on the energy consump-
tion of UEs in 5G NR networks. To this aim, the authors propose a mathematical
model that captures the specifics of these mechanisms and environmental and
deployment characteristics. Energy efficiency and battery life time are considered
as the main characteristics. The numerical results demonstrate that combining
all the considered energy saving mechanisms allows to improve the battery life
time by 15%{20%. The WUS mechanism shows better performance as compared
to the RRM relaxation. These conclusions hold for a wide range of input system
parameters, including packet interarrival time and blockers density.
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МЕТОДЫ ОПТИМИЗАЦИИ СКОРОСТИ ВЫПОЛНЕНИЯ
ФУНКЦИОНАЛЬНЫХ ЗАПРОСОВ В АВТОМАТИЗИРОВАННЫХ
ИНФОРМАЦИОННЫХ СИСТЕМАХ С УЧЕТОМ СМЫСЛОВОГО

АНАЛИЗА ИНФОРМАЦИИ

Т. К. Бирюкова1, М. М. Гершкович2

�−−®â�æ¨ï: �à¥¤«®¦¥−ë á¯®á®¡ë ¯®¢ëè¥−¨ï áª®à®áâ¨ ¢ë¯®«−¥−¨ï äã−ª-
æ¨®−�«ì−ëå §�¯à®á®¢ ª åà�−¨«¨é�¬ ¤�−−ëå ¨ á−¨¦¥−¨ï −�£àã§ª¨ −� ª�−�«ë
á¢ï§¨ ¢ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å (�ˆ‘). “áª®à¨âì
¢ë¯®«−¥−¨¥ §�¯à®á®¢ ¯®§¢®«ï¥â à�á¯à¥¤¥«¥−¨¥ ¤�−−ëå ¯® ä¨§¨ç¥áª¨¬ áà¥¤-
áâ¢�¬ åà�−¥−¨ï á ãç¥â®¬ á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¨−ä®à¬�æ¨¨. ÷¥ª®¬¥−¤®¢�-
−® ¤�−−ë¥, ãç�áâ¢ãîé¨¥ ¢ ¯®¨áª¥, åà�−¨âì −� ¢ëá®ª®áª®à®áâ−ëå −®á¨â¥«ïå,
� ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ®â®¡à�¦¥−¨ï | −� ®¡ëç−ëå ¤¨áª�å ¬¥−ìè¥© áâ®¨-
¬®áâ¨. �®áª®«ìªã áª®à®áâì ¢ë¯®«−¥−¨ï §�¯à®á®¢ §�¢¨á¨â ®â ¡ëáâà®¤¥©áâ¢¨ï
á¥à¢¥à®¢, � ç�áâì ¨å à¥áãàá®¢ âà�â¨âáï −� à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ¤�−−ëå,
�ªâã�«ì−� ®¯â¨¬¨§�æ¨ï íâ®£® ¯à®æ¥áá�. ÷�áá¬®âà¥− á¯®á®¡ á®§¤�−¨ï à¥§¥à¢-
−ëå ª®¯¨© á ¤¨ää¥à¥−æ¨�æ¨¥© ¯® ¢¨¤�¬ ¨−ä®à¬�æ¨¨, ¯®§¢®«ïîé¨© á−¨§¨âì
−�£àã§ªã −� á¥à¢¥àë. �¯â¨¬¨§�æ¨ï âà�ä¨ª� ¬¥¦¤ã à�¡®ç¨¬¨ ¬¥áâ�¬¨ ¨ åà�-
−¨«¨é�¬¨ ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� ¯à¨ ª�áª�¤−®¬ −�ª®¯«¥−¨¨ ¨−ä®à¬�æ¨¨
¢ ã§«�å ¨¥à�àå¨ç¥áª¨å �ˆ‘.

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

DOI: 10.14357/08696527230408 EDN: XUGJCO

1 Введение

÷¥§ã«ìâ�â¨¢−®áâì à�¡®âë ¯®«ì§®¢�â¥«¥© ªàã¯−ëå �ˆ‘ ¢ ¡®«ìè®© áâ¥¯¥−¨
®¯à¥¤¥«ï¥âáï áª®à®áâìî ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå §�¯à®á®¢ ª åà�−¨«¨é�¬
¤�−−ëå. ‚ á¢®î ®ç¥à¥¤ì, ¢®§¬®¦−®áâì ¡ëáâà®© ¢ë¤�ç¨ ¤�−−ëå ¨§ åà�−¨«¨é
§�¢¨á¨â ®â á«¥¤ãîé¨å ®á−®¢−ëå ä�ªâ®à®¢:

{ à�æ¨®−�«ì−�ï ®à£�−¨§�æ¨ï ¡�§ ¤�−−ëå (�„);

{ ®¯â¨¬�«ì−�ï −�áâà®©ª� ¢ë¯®«−¥−¨ï §�¯à®á®¢ áà¥¤áâ¢�¬¨ �„;

{ ®¯â¨¬�«ì−ë© ¯à®æ¥áá à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï | −¥ á−¨¦�îé¨© ¯à®¨§¢®¤¨-
â¥«ì−®áâì �„ ¯® §�¯¨á¨ −®¢ëå ¤�−−ëå ¨ ¢ë¯®«−¥−¨î §�¯à®á®¢;

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

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, makmg@mail.ru
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ áª®à®áâ¨ ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå §�¯à®á®¢ ¢ �ˆ‘

{ à�æ¨®−�«ì−ë© ¢ë¡®à â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¤«ï åà�−¥−¨ï (¯® áâ®¨¬®áâ¨, −�-
¤¥¦−®áâ¨, áª®à®áâ¨ à�¡®âë);

{ ª�ç¥áâ¢¥−−ë¥ ª�−�«ë á¢ï§¨ ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå ¨§ �„ ¯®«ì§®¢�â¥«î.

‚ ÷®áá¨¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï á®§¤�¥âáï ¡®«ìè®¥ ç¨á«® �ˆ‘, ¢ â®¬ ç¨á«¥
¢ à�¬ª�å à¥�«¨§�æ¨¨ ‘âà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, ãâ¢¥à¦¤¥−−®© “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 1 ¤¥-
ª�¡àï 2016 £. ü 642 (¢ à¥¤. “ª�§� �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 15 ¬�àâ�
2021 £. ü 143) [1], � â�ª¦¥ á æ¥«ìî ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë ú–¨äà®¢�ï íª®-
−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û, ¯à¨−ïâ®© �à�¢¨â¥«ìáâ¢®¬ ÷” ¢ 2017 £. [2].
‘ −�ç�«ì−ëå íâ�¯®¢ à�§à�¡®âª¨ �ˆ‘ ¢�¦−® ã¤¥«ïâì ®á®¡®¥ ¢−¨¬�−¨¥ à�æ¨-
®−�«ì−®¬ã ¯à®¥ªâ¨à®¢�−¨î åà�−¨«¨é ¤�−−ëå ª�ª ®á−®¢−®© ç�áâ¨ á¨áâ¥¬−®©
�àå¨â¥ªâãàë, ¬¥â®¤�¬ ¨å −�¯®«−¥−¨ï, á¯®á®¡�¬ ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� ¬¥¦-
¤ã í«¥¬¥−â�¬¨ åà�−¨«¨é, � â�ª¦¥ á ¯®«ì§®¢�â¥«ï¬¨, ¯®áª®«ìªã íâ¨ �á¯¥ªâë
®á−®¢®¯®«�£�îé¨¥ | ¨å ¨§¬¥−¥−¨¥ −� §�ª«îç¨â¥«ì−ëå íâ�¯�å á®§¤�−¨ï �ˆ‘
«¨¡® −¥¢®§¬®¦−®, «¨¡® ®ç¥−ì âàã¤®¥¬ª® ¨ ¢«¥ç¥â áãé¥áâ¢¥−−ë¥ ¬�â¥à¨�«ì−ë¥
§�âà�âë [3].

‚ áâ�âì¥ [4] �¢â®à�¬¨ ¯à¥¤«®¦¥− á¯®á®¡ ®¯â¨¬¨§�æ¨¨ �„ ¯ãâ¥¬ ¯à¥¤®â-
¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ (ˆ�), ä®à¬¨àã¥¬ëå ¯®
¯®áâã¯�îé¨¬ ¢ �ˆ‘ ¤�−−ë¬ ® á®¡ëâ¨ïå, ¯à®¨áå®¤ïé¨å á ˆ�, � â�ª¦¥ ¯ãâ¥¬
�¢â®¬�â¨ç¥áª®© ãáâ�−®¢ª¨ á¢ï§¥© ¢ �„ ¬¥¦¤ã ú¯®å®¦¨¬¨û ¯® ®¯à¥¤¥«¥−−ë¬
ªà¨â¥à¨ï¬ ˆ�, á â¥¬ çâ®¡ë ¯®¨áª ¨ �−�«¨§ ¨−ä®à¬�æ¨¨ ® úá«®¦−®¬ ˆ�û,
á®áâ®ïé¥¬ ¨§ ú¯®å®¦¨åû ˆ�, ¬®£ ¢ë¯®«−ïâìáï ª�ª ¤«ï ¥¤¨−®£® ˆ�. �®¤ ˆ�
§¤¥áì ¯®−¨¬�¥âáï á®¢®ªã¯−®áâì å�à�ªâ¥à¨áâ¨ª (�âà¨¡ãâ®¢) −¥ª®â®à®© áãé−®áâ¨.
‚ à�¡®â¥ [5] ¯à¥¤áâ�¢«¥− ¬¥â®¤ ã¯à�¢«¥−¨ï ¯¥à¥¤�ç¥© í«¥¬¥−â®¢ ¤�−−ëå ¬¥¦¤ã
ã§«�¬¨ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®© �ˆ‘, −�¯à�¢«¥−−ë© −� áª®à¥©èãî ¤®-
áâ�¢ªã −�¨¡®«¥¥ æ¥−−®© ¨−ä®à¬�æ¨¨ ¤«ï ¯®«ì§®¢�â¥«ï, £¤¥ «®£¨ç¥áª¨¬ ¡«®ª�¬
¤�−−ëå ¯à¨ ¯¥à¥¤�ç¥ ¯® ª�−�«�¬ á¢ï§¨ −�§−�ç�îâáï ¯à¨®à¨â¥âë ¢ §�¢¨á¨¬®áâ¨
®â á¬ëá«®¢®£® á®¤¥à¦�−¨ï. ‚ −�áâ®ïé¥© áâ�âì¥ ¢ ¯à®¤®«¦¥−¨¥ ¢ëè¥ã¯®¬ï−ãâëå
¨áá«¥¤®¢�−¨© ¯à¥¤«®¦¥−ë á¯®á®¡ë à�æ¨®−�«ì−®© ®à£�−¨§�æ¨¨ �„ ¢ â¥àà¨â®-
à¨�«ì−® à�á¯à¥¤¥«¥−−ëå �ˆ‘, � â�ª¦¥ ¬¥â®¤ë ®¯â¨¬¨§�æ¨¨ åà�−¥−¨ï ¤�−−ëå
¢ �„ ¨ á®§¤�−¨ï à¥§¥à¢−ëå ª®¯¨© á ãç¥â®¬ ¤¨ää¥à¥−æ¨�æ¨¨ ¨−ä®à¬�æ¨¨ ¯®
á¬ëá«ã.

2 Преимущества каскадного накопления информации
в иерархических территориально распределенных
автоматизированных информационных системах

‘âàãªâãà� ã§«®¢ ¡®«ìè¨å â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå �ˆ‘ ¢® ¬−®£¨å
á«ãç�ïå ¨¥à�àå¨ç¥áª�ï ¢ á®®â¢¥âáâ¢¨¨ á® áâàãªâãà®© ®á−�é�¥¬ëå ®¡ê¥ªâ®¢ |
¢ á¨«ã ¨¥à�àå¨ç¥áª®£® �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−®£® ¤¥«¥−¨ï £®áã¤�àáâ¢�,
¨¥à�àå¨ç¥áª®© áâàãªâãàë £®áã¤�àáâ¢¥−−ëå ®à£�−®¢ ¢«�áâ¨ ¨ ã¯à�¢«¥−¨ï, � â�ª¦¥
ªàã¯−ëå ª®¬¬¥àç¥áª¨å áâàãªâãà. �à¨ ¯à®¥ªâ¨à®¢�−¨¨ �ˆ‘ ¢�¦−® ®¯à¥¤¥«¨âì
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’. Š. �¨àîª®¢�, Œ. Œ. ƒ¥àèª®¢¨ç

áâà�â¥£¨î −�ª®¯«¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ã§«�å �ˆ‘ ¢ á®®â¢¥âáâ¢¨¨ á ®á®¡¥−−®-
áâï¬¨ §�¤�ç ¯® ¨á¯®«ì§®¢�−¨î íâ®© ¨−ä®à¬�æ¨¨ | −�¯à¨¬¥à, −ã¦−® «¨ ¢á¥¬
¯®«ì§®¢�â¥«ï¬ �ˆ‘ ¨¬¥âì ¤®áâã¯ ª® ¢á¥© ¨−ä®à¬�æ¨¨ á¨áâ¥¬ë ¨«¨ â®«ìª® (¨«¨
¯à¥¨¬ãé¥áâ¢¥−−®) ª ¨−ä®à¬�æ¨¨, á®¡¨à�¥¬®© ¢ ã§«�å, ®â−®áïé¨åáï ª §®−¥ ®â¢¥â-
áâ¢¥−−®áâ¨ ª®−ªà¥â−®£® ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨. �ã¦−® â�ª¦¥ ãç¨âë¢�âì, çâ®
¯à¨ ¨−â¥−á¨¢−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ ¯®«ì§®¢�â¥«¥© á åà�−¨«¨é�¬¨ �ˆ‘ ¢®§−¨ª�îâ
áãé¥áâ¢¥−−ë¥ ¯®â®ª¨ ¤�−−ëå ®â �„ �ˆ‘ ª �¢â®¬�â¨§¨à®¢�−−ë¬ à�¡®ç¨¬ ¬¥áâ�¬
(�÷Œ), ¯®íâ®¬ã ¯à¥¤êï¢«ïîâáï ¢ëá®ª¨¥ âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã ª�−�«®¢ á¢ï§¨
¬¥¦¤ã �÷Œ ¨ �„ �ˆ‘, ¢ â®¬ ç¨á«¥ ª ®¡®àã¤®¢�−¨î. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ®
¬−®£¨¥ ªàã¯−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë á®¤¥à¦�â ¤�−−ë¥, ª®â®àë¥ ¤®«¦−ë
¡ëâì §�é¨é¥−ë ¯à¨ ¯¥à¥¤�ç¥, � áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨, ª�ª ¯à�¢¨«®,
á−¨¦�îâ ¯à®¯ãáª−ãî á¯®á®¡−®áâì ª�−�«®¢.

�¤¨− ¨§ á¯®á®¡®¢ á−¨¦¥−¨ï −�£àã§ª¨ −� ª�−�«ë á¢ï§¨ ¨, á®®â¢¥âáâ¢¥−−®,
áâ®¨¬®áâ¨ ¨å á®§¤�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï | íâ® ª�áª�¤−®¥ −�ª®¯«¥−¨¥ ¨−ä®à-
¬�æ¨¨ ¢ ã§«�å �ˆ‘, ª®£¤� ¢á¥ ¤�−−ë¥ ¨§ ã§«®¢ −¨¦−¥£® ãà®¢−ï ¯¥à¥¤�îâáï
¢ ¢ëè¥áâ®ïé¨¥ ¯® ¨¥à�àå¨¨ ã§«ë ¨ −�ª�¯«¨¢�îâáï ¢ −¨å. ‘®®â¢¥âáâ¢ãîé�ï
áå¥¬� ¨§®¡à�¦¥−� −� à¨á. 1.

�á−®¢−ë¥ ¯à¥¨¬ãé¥áâ¢� ª�áª�¤−®£® ¯à¨−æ¨¯� −�ª®¯«¥−¨ï ¨−ä®à¬�æ¨¨ ¯®
áà�¢−¥−¨î á ¢�à¨�−â�¬¨, ª®£¤� ¨−ä®à¬�æ¨ï ¨§ ¢á¥å ã§«®¢ ¯¥à¥¤�¥âáï ¢ ®¤¨−
(®á−®¢−®©) ã§¥« á¨áâ¥¬ë ¨ −�ª�¯«¨¢�¥âáï â®«ìª® ¢ −¥¬ «¨¡® ª®£¤� ¨−ä®à¬�æ¨ï

÷¨á. 1 ‘å¥¬� ª�áª�¤−®£® −�ª®¯«¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ã§«�å ¨¥à�àå¨ç¥áª®© â¥àà¨â®à¨-
�«ì−® à�á¯à¥¤¥«¥−−®© �ˆ‘: ’“ | â¥àà¨â®à¨�«ì−ë© ã§¥«; �“ | ¯à®¬¥¦ãâ®ç−ë© ã§¥«;
�“ | ®ª®−¥ç−ë© ã§¥«
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ áª®à®áâ¨ ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå §�¯à®á®¢ ¢ �ˆ‘

¢ ª�¦¤®¬ ã§«¥ −�ª�¯«¨¢�¥âáï �¢â®−®¬−® ¨ −¥ ¯¥à¥¤�¥âáï ¢ ¤àã£¨¥ ã§«ë, ¬®¦−®
áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬.

�à¥¨¬ãé¥áâ¢® ü 1. Š�ª ¯à�¢¨«®, ¤«ï à¥è¥−¨ï §�¤�ç −�§−�ç¥−¨ï �ˆ‘
¢ ¢ëè¥áâ®ïé¨å ¯® ¨¥à�àå¨¨ ã§«�å âà¥¡ã¥âáï ¨−ä®à¬�æ¨ï, á®¡¨à�¥¬�ï ¢ −¨¦¥-
áâ®ïé¨å ã§«�å. …á«¨ ã§¥« á®¤¥à¦¨â ¢áî ¨−ä®à¬�æ¨î ¨§ −¨¦¥áâ®ïé¨å ã§«®¢,
â® ¯®«ì§®¢�â¥«¨ ã§«� ¨¬¥îâ ¢®§¬®¦−®áâì ¯®«ãç�âì â�ªãî ¨−ä®à¬�æ¨î ¨§ �„
íâ®£® ã§«�, −¥ §�£àã¦�ï §�¯à®á�¬¨ ¢−¥è−¨¥ ª�−�«ë á¢ï§¨ (á®¥¤¨−ïîé¨¥ ã§¥«
á −¨¦¥áâ®ïé¨¬¨ ã§«�¬¨). �à¨ íâ®¬, ¯®áª®«ìªã «®ª�«ì−ë¥ ª�−�«ë −� ®¡ê¥ªâ�å,
ª�ª ¯à�¢¨«®, ¨¬¥îâ «ãçè¨¥ å�à�ªâ¥à¨áâ¨ª¨, ç¥¬ ¢−¥è−¨¥ ª�−�«ë, ®â¢¥âë −�
§�¯à®áë ¡ã¤ãâ ¯®áâã¯�âì ¡ëáâà¥¥.

�à¥¨¬ãé¥áâ¢® ü 2. Œ�â¥¬�â¨ª®-áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë �−�«¨§� ¤�−−ëå
íää¥ªâ¨¢−¥¥ à¥�«¨§ãîâáï −� ¥¤¨−®© �„, ç¥¬ −� à�á¯à¥¤¥«¥−−®©.

�à¥¨¬ãé¥áâ¢® ü 3. …á«¨ −�ª�¯«¨¢�âì ¨−ä®à¬�æ¨î â®«ìª® ¢ ®¤−®¬ (®á−®¢-
−®¬) ã§«¥ á¨áâ¥¬ë, â® −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ¨−â¥àä¥©á ¢á¥å â¥àà¨â®à¨�«ì−®
à�á¯à¥¤¥«¥−−ëå �÷Œ á¨áâ¥¬ë á æ¥−âà�«ì−®© �„, çâ® âà¥¡ã¥â ®à£�−¨§�æ¨¨ á®-
®â¢¥âáâ¢ãîé¨å ª�−�«®¢ á¢ï§¨ ¨ ¢«¥ç¥â ¤®¯®«−¨â¥«ì−ë¥ §�âà�âë ¯® áà�¢−¥−¨î
á ¢�à¨�−â®¬, ª®£¤� ¯®«ì§®¢�â¥«¨ ã§«� ®¡à�é�îâáï á §�¯à®á�¬¨ ª �„ íâ®£®
ã§«�. �à¨ íâ®¬ á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®¨áª ¢ «®ª�«ì−®© �„ ã§«� (á®¤¥à¦�-
é¥© ¨−ä®à¬�æ¨î ¨§ −¨¦¥áâ®ïé¨å ¯® ¨¥à�àå¨¨ ã§«®¢) ¢ àï¤¥ á«ãç�¥¢ ¬®¦¥â
¡ëâì áãé¥áâ¢¥−−® íää¥ªâ¨¢−¥¥, ç¥¬ ¢ æ¥−âà�«ì−®© �„, ¯®áª®«ìªã ¢ «®ª�«ì−®©
�„ −¥â «¨è−¥© ¨−ä®à¬�æ¨¨ ¨§ ã§«®¢, −¥ ®â−®áïé¨åáï ª §®−¥ ®â¢¥âáâ¢¥−−®áâ¨
á®®â¢¥âáâ¢ãîé¥£® ®¡ê¥ªâ�.

�à¥¨¬ãé¥áâ¢® ü 4. ‚ à�¡®â¥ [6] ãª�§�−®, çâ® ¤«ï ª�â�áâà®ä®ãáâ®©ç¨¢®áâ¨
�ˆ‘ ¯®¬¨¬® ®à£�−¨§�æ¨®−−ëå ¬¥à §�é¨âë, â�ª¨å ª�ª ¯®¦�à®¡¥§®¯�á−®áâì,
£à®§®§�é¨â�, ¨ ®¡¥á¯¥ç¥−¨ï á®åà�−−®áâ¨ ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨¬® ¯à¥¤ãá¬®â-
à¥âì ¢®§¬®¦−®áâì äã−ªæ¨®−¨à®¢�−¨ï ®â¤¥«ì−ëå æ¥−âà®¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨
¢ á«ãç�¥ �¢�à¨¨. Š�áª�¤−®¥ −�ª®¯«¥−¨¥ ¤�−−ëå ¯®¢ëè�¥â ª�â�áâà®ä®ãáâ®©-
ç¨¢®áâì �ˆ‘, ¯®áª®«ìªã ®¡¥á¯¥ç¨¢�¥âáï ¢®§¬®¦−®áâì äã−ªæ¨®−¨à®¢�−¨ï à�¡®-
â®á¯®á®¡−®© ç�áâ¨ á¨áâ¥¬ë ¯à¨ ¢ëå®¤¥ ¨§ áâà®ï −¥ª®â®àëå ã§«®¢ ¨«¨ ª�−�«®¢
á¢ï§¨. �®«ì§®¢�â¥«¨ ¨á¯à�¢−ëå ã§«®¢ ¬®£ãâ ¡¥§ ®£à�−¨ç¥−¨© à�¡®â�âì á −�-
ª®¯«¥−−®© ¢ �„ ã§«®¢ ¨−ä®à¬�æ¨¥©. �®¢ëè�¥âáï â�ª¦¥ −�¤¥¦−®áâì åà�−¥−¨ï
¤�−−ëå, ¯®áª®«ìªã ¢®§¬®¦−®áâì ¢®ááâ�−®¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ã§«¥ ¯®á«¥ �¢�-
à¨¨ (¯®¬¨¬® ¢®ááâ�−®¢«¥−¨ï ¨§ à¥§¥à¢−®© ª®¯¨¨) ®¡¥á¯¥ç¨¢�¥âáï −�«¨ç¨¥¬ â®©
¦¥ ¨−ä®à¬�æ¨¨ ¢ −¨¦¥áâ®ïé¨å ¨ ¢ ¢ëè¥áâ®ïé¨å ¯® ¨¥à�àå¨¨ ã§«�å.

‚ ãá«®¢¨ïå ª®£¤� ¯®«ì§®¢�â¥«¨ −� ®¡ê¥ªâ¥, £¤¥ à�§¬¥é¥− ã§¥« �ˆ‘, ®¡à�-
é�îâáï ¢ ®á−®¢−®¬ ª �„ íâ®£® ã§«�, −¥®¡å®¤¨¬® áâà¥¬¨âìáï ª ®¯â¨¬¨§�æ¨¨
åà�−¥−¨ï ¤�−−ëå ¢ ª�¦¤®¬ ¨§ ã§«®¢ | ª�ª á æ¥«ìî ã¬¥−ìè¥−¨ï áâ®¨¬®áâ¨
®¡®àã¤®¢�−¨ï ã§«®¢ (®á®¡¥−−® ¢ ªàã¯−ëå �ˆ‘ á ¡®«ìè¨¬ ç¨á«®¬ ã§«®¢), â�ª
¨ ¤«ï ¯®¢ëè¥−¨ï áª®à®áâ¨ ¢ë¯®«−¥−¨ï §�¯à®á®¢. ’�ª¨¬ ®¡à�§®¬, �ªâã�«ì−ë¬¨
áâ�−®¢ïâáï á«¥¤ãîé¨¥ §�¤�ç¨:

{ ®¯â¨¬�«ì−�ï ®à£�−¨§�æ¨ï áâàãªâãàë ˆ� ¢ �„ ¨ ãáâ�−®¢ª¨ á¢ï§¥© ¬¥¦¤ã
ˆ� (á æ¥«ìî à¥è¥−¨ï íâ®© §�¤�ç¨ ¢ [4] ¯à¥¤«®¦¥−ë ¬¥â®¤ë ¨¤¥−â¨ä¨ª�æ¨¨
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¨ ª«�áâ¥à¨§�æ¨¨ ˆ�, ä®à¬¨àã¥¬ëå ¨§ ¯®áâã¯�îé¥£® ¢ �ˆ‘ ¯®â®ª� ¤�−−ëå
® á®¡ëâ¨ïå);

{ à�æ¨®−�«ì−ë© ¢ë¡®à ä¨§¨ç¥áª¨å −®á¨â¥«¥© ¤«ï à�§¬¥é¥−¨ï ¤�−−ëå á ãç¥â®¬
á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¨−ä®à¬�æ¨¨.

3 Способ повышения быстродействия автоматизированных
информационных систем путем рационального выбора физических
средств хранения для размещения разных видов данных

‚ −�áâ®ïé¥¥ ¢à¥¬ï �ªâ¨¢−® à�§à�¡�âë¢�îâáï ¬¥â®¤ë �¢â®¬�â¨ç¥áª®© áâàãª-
âãà¨§�æ¨¨ â¥ªáâ®¢ëå ¤�−−ëå ¢ §�¢¨á¨¬®áâ¨ ®â á¬ëá«� á«®¢ ¨«¨ äà�£¬¥−â®¢
â¥ªáâ� á æ¥«ìî ãáª®à¥−¨ï ¯®¨áª�, ¢ë¯®«−¥−¨ï ª«�áá¨ä¨ª�æ¨¨ â¥ªáâ®¢ [7], ¢ë-
¤¥«¥−¨ï á¯¥æ¨�«ì−ëå �âà¨¡ãâ®¢. ’�ª, ¢ áâ�âì¥ [8] ¯à¨¢¥¤¥− á¯®á®¡ ¢ëï¢«¥−¨ï
ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨ ¢ â¥ªáâ¥. ��àï¤ã á ãª�§�−−ë¬¨ «¨−£¢¨áâ¨ç¥-
áª¨¬¨ §�¤�ç�¬¨ à�§¤¥«¥−¨¥ ¨−ä®à¬�æ¨¨ ¯® á¬ëá«ã ¯®§¢®«ï¥â ®¯â¨¬¨§¨à®¢�âì
åà�−¥−¨¥ ¤�−−ëå ¨ ãáª®à¨âì ¤®áâã¯ ª −¨¬.

�ëáâà®¤¥©áâ¢¨¥ �ˆ‘ ¢ æ¥«®¬ (áª®à®áâì ¢áâ�¢ª¨ ¤�−−ëå ¢ �„ ¨ ¨å ¨§¢«¥ç¥−¨ï
¨§ �„, áª®à®áâì ¢ë¯®«−¥−¨ï §�¯à®á®¢ ª �„, ¢ â®¬ ç¨á«¥ á«®¦−ëå, á ¡®«ìè¨¬
ç¨á«®¬ ãá«®¢¨©) ®¯à¥¤¥«ï¥âáï à�æ¨®−�«ì−®© ®à£�−¨§�æ¨¥© åà�−¨«¨é ¤�−−ëå.
�à¥¤«�£�¥âáï ¬¥â®¤ à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¯® ä¨§¨ç¥áª¨¬ áà¥¤áâ¢�¬ åà�−¥−¨ï
à�§−ëå â¨¯®¢ ¢ §�¢¨á¨¬®áâ¨ ®â á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¨−ä®à¬�æ¨¨.

‚ ¯à®æ¥áá¥ ¨§ãç¥−¨ï à�§«¨ç−ëå

÷¨á. 2 ’¨¯®¢®¥ à�á¯à¥¤¥«¥−¨¥ ¤�−−ëå
¯® ¢¨¤�¬ ¢ à¥«ïæ¨®−−ëå �„: 1| ¨§®¡-
à�¦¥−¨ï; 2 | â¥ªáâ®¢ë¥ ¤�−−ë¥; 3 |
¨−¤¥ªá−�ï ¨−ä®à¬�æ¨ï

�ˆ‘ [9, 10] ¡ë«® ãáâ�−®¢«¥−®, çâ® ¢®
¬−®£¨å á¨áâ¥¬�å, á®¤¥à¦�é¨å ¤�−−ë¥ ®¡
ˆ� á ¨§®¡à�¦¥−¨ï¬¨, −�¯à¨¬¥à ä®â®-
£à�ä¨ï¬¨, à�á¯à¥¤¥«¥−¨¥ ¤�−−ëå ¯® ¢¨-
¤�¬ ¢ à¥«ïæ¨®−−ëå �„ ¯à¨¡«¨§¨â¥«ì−®
á«¥¤ãîé¥¥: 60% | ¨§®¡à�¦¥−¨ï; 10% |
â¥ªáâ®¢ë¥ ¤�−−ë¥; 30% | ¨−¤¥ªá−�ï
¨−ä®à¬�æ¨ï �„ (à¨á. 2). ’�ª®© ®¡ê-
¥¬ ¨−¤¥ªá−®© ¨−ä®à¬�æ¨¨ ®¡¥á¯¥ç¨¢�¥â
−¥®¡å®¤¨¬®¥ ¡ëáâà®¤¥©áâ¢¨¥ ¢ á¨áâ¥¬¥.

�à¨ ¢ë¯®«−¥−¨¨ §�¯à®á®¢ −�¨¡®«¥¥
¢�¦−® ®¡¥á¯¥ç¨âì ¡ëáâà®¥ ¢ë¯®«−¥−¨¥

®¯¥à�æ¨© çâ¥−¨ï ¨ §�¯¨á¨ â¥ªáâ®¢ëå ¨ ¨−¤¥ªá−ëå ¤�−−ëå, ¯®áª®«ìªã ¯®«ì-
§®¢�â¥«¨ ç�é¥ ¢á¥£® ¦¤ãâ ¡ëáâàëå ®â¢¥â®¢ −� §�¯à®áë ¯® â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨
¨ â�ª¨¥ §�¯à®áë ¢ë¯®«−ïîâáï ç�é¥, ç¥¬, −�¯à¨¬¥à, ¯®¨áª ¯® ä®â®£à�ä¨ï¬.
�®íâ®¬ã −�¨¡®«¥¥ à�æ¨®−�«ì−ë© á¯®á®¡ | ç�áâì ¨−ä®à¬�æ¨®−−®£® åà�−¨«¨é�,
á®¤¥à¦�éãî â¥ªáâ®¢ë¥ ¤�−−ë¥ ¨ ¨−¤¥ªáë �„, à�§¬¥áâ¨âì −� ä¨§¨ç¥áª¨å −®á¨-
â¥«ïå, ®¡¥á¯¥ç¨¢�îé¨å ¢ëá®ªãî áª®à®áâì ®¯¥à�æ¨© çâ¥−¨ï ¨ §�¯¨á¨, â�ª¨å ª�ª
¤¨áª¨ SSD (solid-state drive). —�áâì ¨−ä®à¬�æ¨®−−®£® åà�−¨«¨é�, á®¤¥à¦�éãî
ä®â®£à�ä¨¨ ¨ ¤àã£¨¥ ¡¨®¬¥âà¨ç¥áª¨¥ ¤�−−ë¥, ª®â®àë¥ ¨¬¥îâ ¡®«ìè®© ®¡ê¥¬, −®
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ áª®à®áâ¨ ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå §�¯à®á®¢ ¢ �ˆ‘

¯à¨ íâ®¬ ¨á¯®«ì§ãîâáï â®«ìª® ¤«ï ®â®¡à�¦¥−¨ï ¨ −¥ ãç�áâ¢ãîâ ¢ ¯®¨áª¥, ¬®¦-
−® åà�−¨âì −� ¤¨áª�å HDD (hard disk drive), ¨¬¥îé¨å áãé¥áâ¢¥−−® ¬¥−ìèãî
áâ®¨¬®áâì ¯® áà�¢−¥−¨î á ¢ëá®ª®áª®à®áâ−ë¬¨ ¤¨áª�¬¨ ¯à¨ ®¤¨−�ª®¢®¬ à�§¬¥à¥
¤¨áª®¢®£® ¯à®áâà�−áâ¢�.

�â¤¥«ì−�ï ¯à®¡«¥¬� | ®¡¥á¯¥ç¥−¨¥ à�æ¨®−�«ì−®£® åà�−¥−¨ï ¤�−−ëå, −¥®¡-
å®¤¨¬ëå ¤«ï ¯®¨áª� ˆ� ¯® ä®â®£à�ä¨ï¬. ‘ æ¥«ìî ®¡êïá−¥−¨ï ¯à¥¨¬ãé¥áâ¢
¯à¥¤«®¦¥−−®£® á¯®á®¡� åà�−¥−¨ï ä®â®¨§®¡à�¦¥−¨© −¨¦¥ ¯à¨¢®¤ïâáï ®á−®¢−ë¥
¯à¨−æ¨¯ë á®¢à¥¬¥−−ëå ¬¥â®¤®¢ áà�¢−¥−¨ï ä®â®£à�ä¨©. �®¨áª ¯® ä®â®£à�ä¨¨
¢ �„ ¯®¤à�§ã¬¥¢�¥â áà�¢−¥−¨¥ íâ�«®−−®© ä®â®£à�ä¨¨ á® ¢á¥¬¨ ä®â®£à�ä¨ï¬¨
¢ �„ ¨ ¢ë¤�çã à�−¦¨à®¢�−−®£® á¯¨áª� ä®â®£à�ä¨©, ú¯®å®¦¨åû −� íâ�«®−−ãî.
‚ ¨−ä®à¬�æ¨®−−®¬ åà�−¨«¨é¥ ¤«ï ª�¦¤®© ä®â®£à�ä¨¨ ¤®¯®«−¨â¥«ì−® á®¤¥à-
¦¨âáï â�ª −�§ë¢�¥¬ë© ª«îç ä®â®£à�ä¨¨ | ¢¥ªâ®à, á®¤¥à¦�é¨© ú®á−®¢−ë¥
ç¥àâëû ¨§®¡à�¦¥−¨ï. ‚ á®¢à¥¬¥−−ëå ¬¥â®¤�å à�á¯®§−�¢�−¨ï ¯® ä®â®£à�ä¨¨
¤«ï ¯®áâà®¥−¨ï ª«îç¥© ¨á¯®«ì§ãîâáï −¥©à®−−ë¥ á¥â¨. ÷�§¬¥à ¢¥ªâ®à� ¢ë¡¨à�¥â
à�§à�¡®âç¨ª −¥©à®−−®© á¥â¨ (®¡ëç−® ¤® 1 Š�). ‘à�¢−¥−¨¥ ä®â®£à�ä¨© ¢ë¯®«-
−ï¥âáï ¯ãâ¥¬ áà�¢−¥−¨ï ª«îç¥©. „«ï ¯®¨áª� ¯® íâ�«®−−®© ä®â®£à�ä¨¨ ¥¥ ª«îç
áà�¢−¨¢�¥âáï á ª«îç�¬¨ ¢á¥å ä®â®£à�ä¨©, åà�−ïé¨åáï ¢ �„. �á−®¢−®¥ ¢à¥¬ï
¯à¨ ¯®¨áª¥ ¯® ä®â®£à�ä¨ï¬ âà�â¨âáï −� áç¨âë¢�−¨¥ ª«îç¥© ¢á¥å ä®â®£à�ä¨©
á ¤¨áª�, ¯®íâ®¬ã á¯®á®¡ åà�−¥−¨ï ª«îç¥© áãé¥áâ¢¥−−® ¢«¨ï¥â −� áª®à®áâì ¯®¨áª�.

„«ï ¢ë¯®«−¥−¨ï ¡ëáâà®£® ¯®¨áª� ¯® ä®â®£à�ä¨ï¬ ª«îç¨ ¯à¥¤«�£�¥âáï åà�-
−¨âì −� ú¢ëá®ª®áª®à®áâ−ëåû ¤¨áª�å ¢ −¥áª®«ìª¨å ä�©«�å, ç�áâ¨ ª®â®àëå ª¥-
è¨àãîâáï ¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ (á æ¥«ìî ã¬¥−ìè¥−¨ï ç¨á«� ®¯¥à�æ¨© çâ¥−¨ï
á ¤¨áª�), � á�¬¨ ä�©«ë ä®â®£à�ä¨© | −� ä¨§¨ç¥áª¨å −®á¨â¥«ïå, å�à�ªâ¥à¨§ã-
îé¨åáï ¢ëá®ª®© áª®à®áâìî çâ¥−¨ï. ‘¥à¢¥à, £¤¥ à�¡®â�¥â ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥-
−¨¥ ¯®¨áª� ¯® ä®â®£à�ä¨ï¬, ¤®«¦¥− ¨¬¥âì ¡®«ìè®© ®¡ê¥¬ ®¯¥à�â¨¢−®© ¯�¬ïâ¨.
÷¥ª®¬¥−¤ã¥âáï ª«îç¨ ä®â®£à�ä¨© ¯®¬¨¬® à�§¬¥é¥−¨ï ¢ ãª�§�−−ëå ä�©«�å (¨á-
¯®«ì§ã¥¬ëå ¤«ï ®¡¥á¯¥ç¥−¨ï ¡ëáâà®£® ¯®¨áª�) åà�−¨âì â�ª¦¥ ¨ ¢ à¥«ïæ¨®−−®©
�„ −� â�ª¨å ¦¥ ¤¨áª�å, çâ® ¨ á�¬¨ ä®â®£à�ä¨¨, ¯®áª®«ìªã à¥§¥à¢−®¥ ª®¯¨à®-
¢�−¨¥ à¥«ïæ¨®−−®© �„ ¢ë¯®«−ï¥âáï èâ�â−ë¬¨ áà¥¤áâ¢�¬¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¡�§�¬¨ ¤�−−ëå (‘“�„) ¨ ¤�−−ë¥ «¥£ª® ¬®¦−® ¢®ááâ�−®¢¨âì ¨§ à¥§¥à¢−®© ª®¯¨¨.
ˆâ�ª, à¥ª®¬¥−¤ã¥âáï ç�áâ¨ à¥«ïæ¨®−−®© �„ à�§¬¥é�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

{ â¥ªáâ®¢ë¥ ¨ ¨−¤¥ªá−ë¥ ¤�−−ë¥ åà�−¨âì −� ä¨§¨ç¥áª¨å −®á¨â¥«ïå, ®¡¥á¯¥ç¨-
¢�îé¨å ¢ëá®ªãî áª®à®áâì ®¯¥à�æ¨© çâ¥−¨ï ¨ §�¯¨á¨ (ú¡ëáâàëåû ¤¨áª�å),
−�¯à¨¬¥à −� ¤¨áª�å SSD;

{ ä®â®£à�ä¨¨ ¨ ¤àã£¨¥ ¡¨®¬¥âà¨ç¥áª¨¥ ¤�−−ë¥ åà�−¨âì −� ä¨§¨ç¥áª¨å −®á¨â¥-
«ïå HDD, å�à�ªâ¥à¨§ãîé¨åáï ¬¥−ìè¥© áâ®¨¬®áâìî ¯® áà�¢−¥−¨î á ú¡ëáâ-
àë¬¨û ¤¨áª�¬¨ ¯à¨ ®¤¨−�ª®¢®¬ à�§¬¥à¥ ¤¨áª®¢®£® ¯à®áâà�−áâ¢�;

{ ª«îç¨ ä®â®£à�ä¨©, ¨á¯®«ì§ãîé¨¥áï ¤«ï ¯®¨áª� ¯® ä®â®£à�ä¨ï¬, à�§¬¥-
é�âì ¢ −¥áª®«ìª¨å ä�©«�å −� ú¡ëáâàëåû ¤¨áª�å, � â�ª¦¥ á®åà�−ïâì ª«îç¨
¢ à¥«ïæ¨®−−®© �„ −� â�ª¨å ¦¥ ¤¨áª�å, çâ® ¨ ä®â®£à�ä¨¨, | ¤«ï à¥§¥à¢−®£®
ª®¯¨à®¢�−¨ï áà¥¤áâ¢�¬¨ ‘“�„ ¢¬¥áâ¥ á® ¢á¥¬¨ ®áâ�«ì−ë¬¨ ¤�−−ë¬¨.
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4 Рациональный способ резервного копирования баз данных
с дифференциацией по видам информации

�¯¥à�æ¨¨ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï �„ âà¥¡®¢�â¥«ì−ë ª à¥áãàá�¬ á¥à¢¥à®¢
(¢á«¥¤áâ¢¨¥ ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå), ¯®íâ®¬ã �ªâã�«¥− ¢ë¡®à ®¯â¨¬�«ì−®£®
á¯®á®¡� à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï, á â¥¬ çâ®¡ë ¨§¡¥¦�âì á−¨¦¥−¨ï ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ �„ ¯® ¢ë¯®«−¥−¨î §�¯à®á®¢ ¨ §�¯¨á¨ −®¢ëå ¤�−−ëå. �à¥¤«�£�¥âáï
à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ¤�−−ëå, åà�−ïé¨åáï ¢ à¥«ïæ¨®−−ëå �„, ®à£�−¨§®¢�âì
á ãç¥â®¬ á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¨−ä®à¬�æ¨¨. �à®æ¥¤ãàã ª®¯¨à®¢�−¨ï à¥ª®-
¬¥−¤ã¥âáï ¢ë¯®«−ïâì èâ�â−ë¬¨ áà¥¤áâ¢�¬¨ ‘“�„, −® à¥£«�¬¥−â ª®¯¨à®¢�−¨ï
ãáâ�−®¢¨âì á ãç¥â®¬ ¢¨¤®¢ ¤�−−ëå. ˆ−ä®à¬�æ¨î à�§−ëå ¢¨¤®¢ æ¥«¥á®®¡à�§−®
á®åà�−ïâì ¢ à�§−ëå ä�©«�å à¥«ïæ¨®−−®© �„. ’�ª, ä�©«ë á® úáâ�à®©û ¨−ä®à-
¬�æ¨¥©, à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ª®â®àëå ã¦¥ ¢ë¯®«−ï«®áì, −¥ âà¥¡ãîâ −®¢®£®
à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï. �®íâ®¬ã à¥áãàáë á¨áâ¥¬ë, á¢ï§�−−ë¥ á à¥§¥à¢−ë¬
ª®¯¨à®¢�−¨¥¬, ¨¬¥¥â á¬ëá« âà�â¨âì −� ª®¯¨à®¢�−¨¥ −®¢ëå ¤�−−ëå, � â�ª¦¥
â¥å−®«®£¨ç¥áª¨å (¢ª«îç�ï ¦ãà−�«ë á®¡ëâ¨© ®¯¥à�æ¨®−−®© á¨áâ¥¬ë, ‘“�„,
¯à¨«®¦¥−¨©) ¨ ¨−¤¥ªá−ëå ¤�−−ëå, ª®â®àëå ¬�«® ¢ ¯à®æ¥−â−®¬ ®â−®è¥−¨¨ ª ¤�¢-
−® åà�−ïé¨¬áï ¤�−−ë¬.

„«ï ä®â®£à�ä¨© à¥ª®¬¥−¤ã¥âáï ¢ë¤¥«ïâì ®â¤¥«ì−ë¥ ä�©«ë à¥«ïæ¨®−−®© �„
¨ ãáâ�−�¢«¨¢�âì ¤«ï −¨å ®â¤¥«ì−ë© à¥£«�¬¥−â à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï. ”®â®-
£à�ä¨¨, ¯®áâã¯�îé¨¥ ¢ ¨−ä®à¬�æ¨¨ ® −®¢ëå á®¡ëâ¨ïå, ¢® ¬−®£¨å á«ãç�ïå ã¦¥
¨¬¥îâáï ¢ �„ | â�ª¨¥ ä®â®£à�ä¨¨ −¥ á«¥¤ã¥â ¢−®¢ì ¢−®á¨âì ¢ �„. ’®£¤� ä�©«
�„ á ú−®¢ë¬¨û ä®â®£à�ä¨ï¬¨ (¤«ï ª®â®à®£® ¥é¥ −¥ á®§¤�¢�«�áì à¥§¥à¢−�ï ª®-
¯¨ï) ¡ã¤¥â ¯®¯®«−ïâìáï −¥ ®ç¥−ì ¡ëáâà®. �®íâ®¬ã à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ä�©«®¢
�„ á −®¢ë¬¨ ä®â®£à�ä¨ï¬¨ á«¥¤ã¥â ¢ë¯®«−ïâì à¥¦¥, ç¥¬ ä�©«®¢ �„ á −®¢ë¬¨
¤�−−ë¬¨ ® á®¡ëâ¨ïå, � â�ª¦¥ â¥å−®«®£¨ç¥áª¨¬¨ ¨ ¨−¤¥ªá−ë¬¨ ¤�−−ë¬¨. �à¨
íâ®¬ ¤«ï ãáª®à¥−¨ï à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ä�©«®¢ �„ à¥ª®¬¥−¤ã¥âáï ¤¥«�âì
áà�§ã −� −¥áª®«ìª® ä¨§¨ç¥áª¨å ¤¨áª®¢.

5 Заключение

‚ à�¡®â¥ áä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ä�ªâ®àë, ¢«¨ïîé¨¥ −� áª®à®áâì ¢ë-
¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå §�¯à®á®¢ ª åà�−¨«¨é�¬ ¤�−−ëå ¢ ªàã¯−ëå â¥àà¨â®-
à¨�«ì−® à�á¯à¥¤¥«¥−−ëå �ˆ‘. �â¬¥ç¥−®, çâ® ª�áª�¤−ë© ¯à¨−æ¨¯ −�ª®¯«¥−¨ï
¨−ä®à¬�æ¨¨ ¢ ã§«�å ¨¥à�àå¨ç¥áª®© â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®© �ˆ‘, ª®£¤�
ª�¦¤ë© ¢ëè¥áâ®ïé¨© ¯® ¨¥à�àå¨¨ ã§¥« ¯®«ãç�¥â ¨ −�ª�¯«¨¢�¥â ¢á¥ ¤�−−ë¥ ¨§
−¨¦¥áâ®ïé¨å ã§«®¢, ¯®§¢®«ï¥â ®¯â¨¬¨§¨à®¢�âì −�£àã§ªã −� ª�−�«ë á¢ï§¨ ¬¥¦¤ã
�÷Œ ¯®«ì§®¢�â¥«¥© ¨ åà�−¨«¨é�¬¨ ¤�−−ëå, � â�ª¦¥ ¢ àï¤¥ á«ãç�¥¢ ¯®¢ëá¨âì
íää¥ªâ¨¢−®áâì ¯®¨áª®¢ëå §�¯à®á®¢.

‘ æ¥«ìî ãáª®à¥−¨ï ¢ë¯®«−¥−¨ï ¯®«ì§®¢�â¥«ìáª¨å §�¯à®á®¢ ¯à¥¤«®¦¥− ¬¥â®¤
à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¯® ä¨§¨ç¥áª¨¬ áà¥¤áâ¢�¬ åà�−¥−¨ï à�§−ëå â¨¯®¢ ¢ §�-
¢¨á¨¬®áâ¨ ®â á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¨−ä®à¬�æ¨¨ | à¥ª®¬¥−¤®¢�−® ¤�−−ë¥,
¯® ª®â®àë¬ ¯à®¢®¤¨âáï ¯®¨áª, åà�−¨âì −� ä¨§¨ç¥áª¨å −®á¨â¥«ïå, ®¡¥á¯¥ç¨¢�-
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ áª®à®áâ¨ ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå §�¯à®á®¢ ¢ �ˆ‘

îé¨å ¢ëá®ªãî áª®à®áâì ®¯¥à�æ¨© çâ¥−¨ï ¨ §�¯¨á¨, � ¤�−−ë¥, ¨á¯®«ì§ã¥¬ë¥
â®«ìª® ¤«ï ®â®¡à�¦¥−¨ï, −� ®¡ëç−ëå −®á¨â¥«ïå, å�à�ªâ¥à¨§ãîé¨åáï ¬¥−ìè¥©
áâ®¨¬®áâìî. �à¥¤«®¦¥−® ãáâ�−®¢¨âì à¥£«�¬¥−â à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï �„
á ¤¨ää¥à¥−æ¨�æ¨¥© ¯® ¢¨¤�¬ ¨−ä®à¬�æ¨¨.
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Abstract: The article suggests the ways to increase the speed of execution of
functional queries to databases in large automated information systems (AIS). The
cascade principle of information accumulation when each node of a hierarchical
territorially distributed AIS receives and accumulates all data from \lower"
nodes, allows optimizing the traffic on communication channels between user
workstations and databases. In some cases, this principle also increases the
efficiency of search queries. In order to further accelerate the execution of
queries, the authors propose a method for distributing data among physical
storage media depending on the semantic content of the information. The
authors recommend storing the \search data" on high-speed and high-capacity
physical media. \Display-only" data may be stored on relatively slow and
cheap (conventional) media. Since the performance of servers affects the speed
of performing search queries and a part of server resources is spent on database
backup, it is important to choose the optimal backup method. The authors
propose to set up protocols (procedures) for data backup depending on the type
of information.
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query optimization; database backup

DOI: 10.14357/08696527230408 EDN: XUGJCO

References

1. O Strategii nauchno-tekhnologicheskogo razvitiya Rossiyskoy Federatsii: Ukaz
Prezidenta ot 01.12.2016 No. 642 [About Strategy of Scientific and Technolog-
ical Development of the Russian Federation. Presidential Decree No. 642 dated
December 01, 2016]. Available at: http://static.kremlin.ru/media/events/§es/ru/
uZiATIOJiq5tZsJgqcZLY9YyL8PWTXQb.pdf (accessed October 26, 2023).

2. Ob utverzhdenii programmy \Tsifrovaya ekonomika Rossiyskoy Federatsii": Ras-
poryazhenie Pravitel'stva RF ot 28.07.2017 No. 1632-r [Approval of the program
\Digital economy of the Russian Federation". Order of the Govermant of RF No. 1632-r
dated July 28, 2017]. Available at: http://government.ru/docs/28653 (accessed Oc-
tober 26, 2022).

3. Zatsarinnyy, A. A., and Yu. S. Ionenkov. 2022. Nekotorye voprosy otsenki vnutren-
nego kachestva informatsionnykh sistem [Some issues of internal quality assessment

90 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 4



Methods for optimizing the speed of performing functional requests in AIS

of information systems]. Sistemy i Sredstva Informatiki | Systems and Means of
Informatics 32(1):63{72. doi: 10.14357/08696527220106. EDN: NULTQH.

4. Gershkovich, M. M., and T. K. Biryukova. 2014. Zadachi identifikatsii informatsion-
nykh ob"ektov v raspredelennykh massivakh dannykh [The tasks of identification of
informational objects in area-spread data arrays]. Sistemy i Sredstva Informatiki |
Systems and Means of Informatics 24(1):224{241. doi: 10.14357/08696527140114.
EDN: SJHVPT.

5. Gershkovich, M. M., and T. K. Biryukova. 2022. Metod upravleniya obmenom danny-
mi v avtomatizirovannykh informatsionnykh sistemakh s primeneniem smyslovogo ana-
liza peredavaemykh elementov informatsii [The method of data exchange management
in automated information systems with semantic analysis of transmitted information
elements]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
32(4):69{76. doi: 10.14357/08696527220407. EDN: JIJEMI.

6. Budzko, V. I., V. G. Belenkov, and P. A. Keyyer. 2003. K vyboru varianta postroeniya
katastrofoustoychivykh informatsionno-telekommunikatsionnykh sistem [To the choice
of solutions for building disaster-resistant information and telecommunication systems].
Sistemy i Sredstva Informatiki | Systems and Means of Informatics 13:16{40.

7. Sharnin, M. M., and I. P. Kuznetsov. 2012. Osobennosti semanticheskogo poiska in-
formatsionnykh ob"ektov na osnove tekhnologii baz znaniy [Semantic search of natural
language information on the basis of knowledge base technology]. Informatika i ee
Primeneniya | Inform. Appl. 6(2):113{121. EDN: OZIORV.

8. Budzko, V. I., V. V. Yadrintsev, I. V. Sochenkov, V. I. Korolev, and V. G. Belenkov.
2020. Ob odnom podkhode k formirovaniyu v usloviyakh vysokoy neopredelennosti
markerov konfidentsial'nosti v sistemakh intensivnogo ispol'zovaniya dannykh [Ex-
traction of confidentiality markers from texts under conditions of high uncertainty in
systems with data intensive usage]. Informatika i ee Primeneniya | Inform. Appl.
14(4):69{76. doi: 10.14357/19922264200410. EDN: XBRCMX.

9. Zatsarinnyy, A. A., and A. P. Suchkov. 2021. Informatsionnoe vzaimodeystvie v raspre-
delennykh sistemakh situatsionnogo upravleniya [Information interaction in distributed
systems of situational control]. Moscow: TORUS PRESS. 268 p.

10. Zatsarinny, A. A., and A. P. Suchkov. 2022. Kontseptual'nye podkhody k obe-
specheniyu mezhvedomstvennogo informatsionnogo vzaimodeystviya [Conceptual ap-
proaches to ensuring interdepartmental information interaction]. Informatika: proble-
my, metody, tekhnologii: Mat-ly XXII Mezhdunar. nauchn.-praktich. konferentsii im.
E. K. Algazinova [Informatics: Problems, Methods, and Technologies. 22nd Scientific
and Practical Conference (International) named after E. K. Algazinova Proceedings].
Voronezh: Velborn. 923{929. EDN: KJHGIP.

Received August 31, 2023
Contributors

Biryukova Tatiana K. (b. 1968) | Candidate of Science (PhD) in physics and
mathematics, senior scientist, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation; yukonta@mail.ru
Gershkovich Maksim M. (b. 1968) | senior scientist, Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119333, Russian Federation; makmg@mail.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 4 91



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2023. ’. 33. ü 4. ‘. 92{101

МЕТОД КОМПЬЮТЕРНОГО МОДЕЛИРОВАНИЯ УПРУГИХ
ХАРАКТЕРИСТИК МНОГОСЛОЙНЫХ КОМПОЗИЦИОННЫХ

МАТЕРИАЛОВ∗

К. К. Абгарян1, Н. Л. Загордан2, Ю. Д. Мочалова3

�−−®â�æ¨ï: ‘®¢à¥¬¥−−ë¥ ¯®«¨¬¥à−ë¥ ª®¬¯®§¨æ¨®−−ë¥ ¬�â¥à¨�«ë (�ŠŒ)
−�è«¨ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¢ �¢¨�æ¨®−−®-ª®á¬¨ç¥áª®© ®âà�á«¨. ‘®§¤�−¨¥
−®¢ëå ¬�â¥à¨�«®¢ á âà¥¡ã¥¬ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ −� á¥£®¤−ï áâ�«® ®¤−¨¬
¨§ ¢�¦−¥©è¨å −�¯à�¢«¥−¨© à�§¢¨â¨ï ®âà�á«¨, ®á®¡¥−−® ¢ á¢ï§¨ á −¥®¡å®-
¤¨¬®áâìî ®¯¥à�â¨¢−®£® à¥è¥−¨ï ¢®¯à®á®¢, á¢ï§�−−ëå á ¨¬¯®àâ®§�¬¥é¥−¨¥¬.
‚ à�¡®â¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë à�áç¥â� íää¥ªâ¨¢−ëå ã¯àã£¨å å�à�ªâ¥à¨áâ¨ª
¬−®£®á«®©−ëå �ŠŒ á à�§−®®à¨¥−â¨à®¢�−−®© áâàãªâãà®© �à¬¨à®¢�−¨ï á«®¥¢.
ˆá¯®«ì§®¢�−� ¬®¤¥«ì �à¬¨à®¢�−−®£® ¬�â¥à¨�«�, ®á−®¢�−−�ï −� ¯à¥¤¯®«®¦¥-
−¨¨, çâ® ª®¬¯®§¨æ¨®−−ë© ¬�â¥à¨�« á®áâ®¨â ¨§ ª¢�§¨®¤−®à®¤−ëå âà�−á¢¥à-
á�«ì−® ¨§®âà®¯−ëå ¨¤¥�«ì−® á®¥¤¨−¥−−ëå á«®¥¢. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë
à�áç¥â®¢ å®à®è® á®£«�áãîâáï ª�ª á íªá¯¥à¨¬¥−â�«ì−ë¬¨ ¤�−−ë¬¨, â�ª ¨ á à¥-
§ã«ìâ�â�¬¨ à�áç¥â®¢ ª®¬¬¥àç¥áª¨å ¯�ª¥â®¢ ¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï
�¢â®¬�â¨§�æ¨¨ −�ãç−ëå ¨ ¨−¦¥−¥à−ëå à�áç¥â®¢ ¯à¨ ¯®¤¡®à¥ ª®¬¯®−¥−â®¢
¨ ¬¥â®¤®«®£¨¨ ¨å ãª«�¤ª¨ ¯® §�¤�−−ë¬ å�à�ªâ¥à¨áâ¨ª�¬ �ŠŒ.

Š«îç¥¢ë¥ á«®¢�: ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥; ¬−®£®á«®©−ë¥ ¯®«¨¬¥à−ë¥
ª®¬¯®§¨æ¨®−−ë¥ ¬�â¥à¨�«ë; ã¯àã£¨¥ å�à�ªâ¥à¨áâ¨ª¨
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯¥à¥å®¤ ª ¯¥à¥¤®¢ë¬ æ¨äà®¢ë¬, ¨−â¥««¥ªâã�«ì−ë¬, ¯à®-
¨§¢®¤áâ¢¥−−ë¬ â¥å−®«®£¨ï¬, −®¢ë¬ ¬�â¥à¨�«�¬ ¨ á¯®á®¡�¬ ¨å ª®−áâàã¨à®¢�−¨ï
áâ�« ®¤−¨¬ ¨§ ¢�¦−¥©è¨å −�¯à�¢«¥−¨© ¢ à�§¢¨â¨¨ −�è¥© áâà�−ë, à¥�«¨§�æ¨ï
ª®â®à®£® ¯®§¢®«¨â ãáª®à¥−−ë¬¨ â¥¬¯�¬¨ à¥è¨âì ¯à®¡«¥¬ã ¨¬¯®àâ®§�¬¥é¥−¨ï.
Œ®¤¥à−¨§�æ¨ï ¯à®¬ëè«¥−−®£® ¯à®¨§¢®¤áâ¢� âà¥¡ã¥â áª®à¥©è¥£® á®§¤�−¨ï −®-
¢ëå ¬�â¥à¨�«®¢ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨ ¤«ï ¨å ¯à¨¬¥−¥−¨ï ¢ à�§−ëå ®¡«�áâïå,
¢ª«îç�ï �¢¨�æ¨®−−®-ª®á¬¨ç¥áªãî ®âà�á«ì, ¬¨ªà®í«¥ªâà®−¨ªã, ¬¥¤¨æ¨−ã ¨ ¤à.

∗÷�¡®â� ¢ë¯®«−ï«�áì á ¨á¯®«ì§®¢�−¨¥¬ ¨−äà�áâàãªâãàë –¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
ú‚ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï ¨ ¡®«ìè¨¥ ¤�−−ë¥û (–Š� úˆ−ä®à¬�â¨ª�û) ”ˆ– ˆ“
÷�� (£. Œ®áª¢�).
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Œ¥â®¤ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ã¯àã£¨å å�à�ªâ¥à¨áâ¨ª ¬−®£®á«®©−ëå ¬�â¥à¨�«®¢

÷�§à�¡®âª� ¯à®£à�¬¬−ëå á¨áâ¥¬, ¡�§¨àãîé¨åáï −� ¯à¨¬¥−¥−¨¨ ®à¨£¨−�«ì−ëå
¬¥â®¤®¢ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨, ¤�¥â ¢®§¬®¦−®áâì �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá
−�ãç−ëå ¨ ¨−¦¥−¥à−ëå ¨áá«¥¤®¢�−¨©, −�¨¡®«¥¥ íää¥ªâ¨¢−® ¯à¨¬¥−ïâì ¬¥â®¤ë
¬−®£®¬�áèâ�¡−®£® ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ¨ �−�«¨§� ¤�−−ëå ¤«ï ¤®áâ¨-
¦¥−¨ï æ¥«¥© ®¯¥à¥¦�îé¥£® à�§¢¨â¨ï ¢ ®¡«�áâ¨ á®§¤�−¨ï −®¢ëå ¬�â¥à¨�«®¢.

‘¥£®¤−ï ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ãáª®à¨âì ¨ ã¤¥-
è¥¢¨âì ¯à®æ¥ááë á®§¤�−¨ï −®¢ëå ¬�â¥à¨�«®¢. ‚ á®¢à¥¬¥−−ëå á¨«®¢ëå ª®−-
áâàãªæ¨ïå �ªâ¨¢−® ¯à¨¬¥−ïîâ ¬−®£®á«®©−ë¥ �ŠŒ. �à®¥ªâ¨à®¢�−¨¥ ¤¥â�«¥© ¨§
�ŠŒ | á«®¦−�ï §�¤�ç�, âà¥¡ãîé�ï à�áç¥â� ®¯â¨¬�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¬�â¥-
à¨�«�, ª®â®àë¥ ¡ã¤ãâ §�¢¨á¥âì ®â ç¨á«� ¬®−®á«®¥¢ �ŠŒ, ¨å ã¯àã£®-¦¥áâª®áâ−ëå
á¢®©áâ¢ ¨ á¯®á®¡� ¨å ãª«�¤ª¨.

÷�áç¥â å�à�ªâ¥à¨áâ¨ª ¬−®£®á«®©−ëå �ŠŒ â�ª¦¥ ï¢«ï¥âáï ¢�¦−®© §�¤�ç¥©
¯à¨ íªá¯«ã�â�æ¨¨ ¨§¤¥«¨© ¨§ �ŠŒ, â�ª ª�ª à¥¬®−â �£à¥£�â®¢ ¢ §®−�å ¢ëï¢«¥−−ëå
¤¥ä¥ªâ®¢, ¢ â®¬ ç¨á«¥ ¨ á −¥®à¨£¨−�«ì−ë¬¨ ª®¬¯®−¥−â�¬¨, âà¥¡ã¥âáï ª®−áâàãªæ¨-
ï¬ −� ¯à®âï¦¥−¨¨ ¢á¥£® ¦¨§−¥−−®£® æ¨ª«�. ��¯à¨¬¥à, à¥¬®−âë ª®−áâàãªâ¨¢−ëå
í«¥¬¥−â®¢ ¯«�−¥à� «¥â�â¥«ì−®£® �¯¯�à�â� áâ�−®¢ïâáï −¥®âê¥¬«¥¬®© ç�áâìî ¥£®
íªá¯«ã�â�æ¨¨. Œ−®£®á«®©−ë¥ �ŠŒ ¨§ áâ¥ª«®âª�−¥© ¨ ª«¥¥¢ëå ¯«¥−®ª ¯à¨¬¥-
−ïîâáï ¢ å¢®áâ®¢®© ¨ −®á®¢®© ®¡«�áâïå ª®−á®«ì−®© ç�áâ¨ ªàë«�, ¢ ®¡â¥ª�â¥«ïå
¬¥å�−¨§¬®¢ §�ªàë«ª®¢ ¨ §�ª®−æ®¢ª�å áâ�¡¨«¨§�â®à®¢ ¨á¯®«ì§ãîâáï ã£«¥«¥−âë,
áâ¥ª«®âª�−¨ ¨ ª«¥¥¢ë¥ ¯«¥−ª¨. �à¨ ¢ëï¢«¥−¨¨ ¤¥ä¥ªâ®¢ â�ª¨å �£à¥£�â®¢ ®áâà®
áâ®¨â §�¤�ç� ¯®¤¡®à� ª®¬¯®−¥−â®¢ ¨§ ¤®áâã¯−ëå −� àë−ª¥ ¬�â¥à¨�«®¢ ¨ ¢ë¡®à�
â¥å−®«®£¨¨ à¥¬®−â� â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¬¥å�−¨ª®-¯à®ç−®áâ−ë¥ å�à�ªâ¥à¨áâ¨-
ª¨ �£à¥£�â®¢ ¯®á«¥ à¥¬®−â� ¤¥ä¥ªâ−®© §®−ë −¥ ãåã¤è�«¨áì. �¤−�ª® §�¤�ç�
à�áç¥â� å�à�ªâ¥à¨áâ¨ª ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� ¢ ®¡«�áâ¨ à¥¬®−â� ®áâ�¥âáï
−¥âà¨¢¨�«ì−®© ¤�¦¥ ¯à¨ §−�−¨¨ å�à�ªâ¥à¨áâ¨ª ¬®−®á«®¥¢ �ŠŒ. �à¨¬¥−¥−¨¥
¬¥â®¤®¢ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¯à®£à�¬¬−®© á¨áâ¥¬ë,
¯®§¢®«ïîé¥© à�ááç¨âë¢�âì ã¯àã£¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¬−®£®á«®©−ëå �ŠŒ, ¤�¥â
¢®§¬®¦−®áâì �¢â®¬�â¨§¨à®¢�âì −�ãç−ë¥ ¨ ¨−¦¥−¥à−ë¥ à�áç¥âë ¯à¨ ¯®¤¡®à¥ ®¯â¨-
¬�«ì−ëå ª®¬¯®−¥−â®¢ ¨ ¬¥â®¤®«®£¨¨ ¨å ãª«�¤ª¨ ¯® §�¤�−−ë¬ å�à�ªâ¥à¨áâ¨ª�¬
�ŠŒ.

2 Метод моделирования упругих характеристик полимерных
композиционных материалов

÷�§¢¨â¨¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢ ¨ ¯à¨ª«�¤-
−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¯®§¢®«¨«® ¯à®¢®¤¨âì ¨áá«¥¤®¢�−¨ï áâàãªâãà ¨ á¢®©áâ¢
ª®¬¯®§¨æ¨®−−ëå ¬�â¥à¨�«®¢ á ¯à¨¬¥−¥−¨¥¬ ¬−®£®¬�áèâ�¡−®£® ª®¬¯ìîâ¥à−®£®
¬®¤¥«¨à®¢�−¨ï [1{3]. �à¨ íâ®¬ ¬®¦−® ¢ë¤¥«¨âì 4 ®á−®¢−ëå ¯à®áâà�−áâ¢¥−-
−®-¢à¥¬¥−− �ëå ãà®¢−ï ®¯¨á�−¨ï ¯®¢¥¤¥−¨ï ¬�â¥à¨�«�: �â®¬−®-ªà¨áâ�««¨ç¥áª¨©,
¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª¨©, ¬¥§®áª®¯¨ç¥áª¨© ¨ ª®−â¨−ã�«ì−ë©.

‚ à�¡®â¥ [4] ¯à¥¤áâ�¢«¥− ¯à®£à�¬¬−ë© ª®¬¯«¥ªá, ¯®§¢®«ïîé¨© ¬®¤¥«¨à®¢�âì
áâàãªâãà−ë¥ á¢®©áâ¢� ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� −� ®á−®¢¥ ¬−®£®¬�áèâ�¡−®£®

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023 93



Š. Š. �¡£�àï−, �. ‹. ‡�£®à¤�−, ā. „. Œ®ç�«®¢�

¯®¤å®¤�. ‚ −�áâ®ïé¥© à�¡®â¥ ª«�áá ¬®¤¥«¨àã¥¬ëå ª®¬¯«¥ªá®¬ [4] ª®¬¯®§¨æ¨®−-
−ëå ¬�â¥à¨�«®¢ ¤®¯®«−¥− ¬−®£®á«®©−ë¬ ¬�â¥à¨�«®¬, á®áâ®ïé¨¬ ¨§ à�§−®®à¨¥−-
â¨à®¢�−−ëå ¬®−®á«®¥¢ ®¤−®−�¯à�¢«¥−−®£® ¢®«®ª−�, ¯à®¯¨â�−−®£® á¢ï§ãîé¨¬.
‚ á®®â¢¥âáâ¢¨¨ á ¯à¥¤«�£�¥¬ë¬ ¬¥â®¤®¬ á¢®©áâ¢� ¬®−®á«®¥¢ ¢ëç¨á«ïîâáï −�
�â®¬−®-ªà¨áâ�««¨ç¥áª®¬ ¨ −�−®ãà®¢−¥ á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¬®«¥ªã«ïà−®© ¤¨-
−�¬¨ª¨ ¯à¨ ãá«®¢¨¨ ¨å ãá¯¥è−®© ¢�«¨¤�æ¨¨. �®«ãç¥−−ë¥ ¤�−−ë¥ ¯¥à¥¤�îâáï −�
¬¥§®ãà®¢¥−ì, £¤¥ à�ááç¨âë¢�îâáï ã¯àã£¨¥ å�à�ªâ¥à¨áâ¨ª¨ £®¬®£¥−¨§¨à®¢�−−®£®
¬®−®á«®ï. ‚ëç¨á«¥−−ë¥ á¢®©áâ¢� ¬®−®á«®¥¢ ¯®áâã¯�îâ ¢ ¡�§ã ¤�−−ëå á¢®©áâ¢
¬�â¥à¨�«®¢ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� [4] ¨ ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ ¢å®¤−ëå ¤�−-
−ëå ¤«ï ¬®¤¥«¨à®¢�−¨ï íää¥ªâ¨¢−ëå ã¯àã£¨å å�à�ªâ¥à¨áâ¨ª ¬−®£®á«®©−®£®
ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� á à�§−®®à¨¥−â¨à®¢�−−®© áâàãªâãà®© �à¬¨à®¢�−¨ï.
�à®£à�¬¬−® à¥�«¨§®¢�−−ë© ¬®¤ã«ì ¯®§¢®«ï¥â ¢ëç¨á«ïâì íää¥ªâ¨¢−ë¥ á¢®©áâ¢�
¬−®£®á«®©−®£® ¬�â¥à¨�«�. �à¨ à�§¢¨â¨¨ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� [4] ¯à¥¤¯®-
«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ ¢ëç¨á«¥−−ëå á¢®©áâ¢ ¬®−®á«®¥¢ ¤«ï à¥è¥−¨ï ®¡à�â−®©
§�¤�ç¨ | ¯à®¥ªâ¨à®¢�−¨ï ¬−®£®á«®©−®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� á §�¤�−-
−ë¬¨ ¬�ªà®áª®¯¨ç¥áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨.

‚ ¬¥â®¤¥ ¯à¥¤¯®«�£�¥âáï, çâ® ¨§¢¥áâ−ë ®¯à¥¤¥«ïîé¨¥ á¢®©áâ¢� ¬®−®á«®ï:
¬®¤ã«ì ã¯àã£®áâ¨ á«®ï ¢¤®«ì ¢®«®ª®− E1, ¬®¤ã«ì ã¯àã£®áâ¨ á«®ï ¯®¯¥à¥ª ¢®«®-
ª®− E2, ¬®¤ã«ì á¤¢¨£� á«®ï ¯®¯¥à¥ª ¢®«®ª®− G12 ¨ ª®íää¨æ¨¥−â �ã�áá®−� ν12.

‚ á®®â¢¥âáâ¢¨¨ á §�ª®−®¬ ƒãª� ª®íää¨æ¨¥−âë ¬�âà¨æë ¦¥áâª®áâ¨

G0 =
(
g011 g

0
12 g

0
16 g

0
21 g

0
22 g

0
26 g

0
61 g

0
62 g

0
66

)

¤«ï ¬®−®á«®ï ®¤−®−�¯à�¢«¥−−®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� ¯à¨ ¯«®áª®¬ −�-
¯àï¦¥−−®¬ á®áâ®ï−¨¨ ¨¬¥îâ ¢¨¤ [5]:

g011 =
E1

1− ν12ν21
; g012 = g

0
21 =

E1ν21
1− ν12ν21

; g022 =
E2

1− ν12ν21
;

g066 = G12 , g
0
61 = g

0
62 = g

0
16 = g

0
26 = 0 ; ν21 =

ν12E2
E1

.

�à¨ ¯«®áª®¬ −�¯àï¦¥−−®¬ á®áâ®ï−¨¨ ª®íää¨æ¨¥−âë ¬�âà¨æë ¦¥áâª®áâ¨ ¬®£ãâ
¡ëâì §�¯¨á�−ë ç¥à¥§ −¥§�¢¨á¨¬ë¥ ª®íää¨æ¨¥−âë Vk, ï¢«ïîé¨¥áï ¨−¢�à¨�−â�¬¨
å�à�ªâ¥à¨áâ¨ª ¦¥áâª®áâ¨:

V1 =
3g011 + 2g

0
12 + 3g

0
22 + 4g

0
66

8
;

V2 =
g011 − g022
2

;

V3 =
g011 − 2g012 + g022 − 4g066

8
;

V4 −
g011 − 2g012 + g022 + 4g066

8
.
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�à¨ ¯®¢®à®â¥ ¢®«®ª−¨áâ®£® ¬�â¥à¨�«� −� ã£®« θ ¢ ¯«®áª®áâ¨ ãª«�¤ª¨ á«®ï
ª®íää¨æ¨¥−âë á¨¬¬¥âà¨ç−®© ¬�âà¨æë ¦¥áâª®áâ¨

G′ =
(
g′11 g

′
12 g

′
16 g

′
12 g

′
22 g

′
26 g

′
16 g

′
26 g

′
66

)

¬®¦−® ¢ëç¨á«¨âì ¯® ä®à¬ã«�¬:

g′11 = V1 + V2 cos 2θ + V3 cos 4θ ;

g′12 = V1 − 2V4 − V3 cos 4θ ;

g′16 =
1

2
V2 sin 2θ + V3 sin 4θ ;

g′22 = V1 − V2 cos 2θ + V3 cos 4θ ;

g′26 =
1

2
V2 sin 2θ − V3 sin 4θ ;

g′66 = V4 − V3 cos 4θ .






(2)

ˆá¯®«ì§ãï ¯à¨¢¥¤¥−−ë¥ ¢ëè¥ ª®íää¨æ¨¥−âë ¬�âà¨æ ¦¥áâª®áâ¥© ¬®−®á«®-
¥¢, ¬®¦−® ®¯à¥¤¥«¨âì ã¯àã£¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¤«ï ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«�,
á®áâ®ïé¥£® ¨§ −¥áª®«ìª¨å à�§−®®à¨¥−â¨à®¢�−−ëå á«®¥¢ ®¤−®−�¯à�¢«¥−−®£® ¬�-
â¥à¨�«�.

�à¨ à�áâï¦¥−¨¨ ®¤−®−�¯à�¢«¥−−®£® á«®¨áâ®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«�
¯®¤ ã£«®¬ θ ª −�¯à�¢«¥−¨î �à¬¨à®¢�−¨ï íää¥ªâ¨¢−ë© ¬®¤ã«ì ã¯àã£®áâ¨ E′′

x
¬®¦−® à�ááç¨â�âì ¯® ä®à¬ã«¥:

E′′
x =

–G′

g′22g
′
66 −

(
g′26
)2 , (3)

£¤¥ –G′ | ®¯à¥¤¥«¨â¥«ì ¬�âà¨æë ¦¥áâª®áâ¨ G′.
�à¨ ãª«�¤ª¥ ®¤−®−�¯à�¢«¥−−ëå á«®¥¢ ª®¬¯®§¨â� ¯® â¥å−®«®£¨¨ ¯¥à¥ªà¥áâ−®-

£® �à¬¨à®¢�−¨ï, ª®£¤� ¬−®£®á«®©−ë© ª®¬¯®§¨â á®áâ®¨â ¨§ 2n á«®¥¢, n ¨§ ª®â®àëå
ã«®¦¥−ë ¯®¤ ã£«®¬ θ ¨ n á«®¥¢ | ¯®¤ ã£«®¬ −θ ®â−®á¨â¥«ì−® ®á¨ á¨¬¬¥âà¨¨
ãª«�¤ª¨, ¬®¤ã«ì ã¯àã£®áâ¨ â�ª®£® ª®¬¯®§¨â� ¢ −�¯à�¢«¥−¨¨ ®á¨ x à�¢¥−

E#x = g
′
11 −

g′12
g′22

. (4)

3 Результаты расчетов

„«ï ¢¥à¨ä¨ª�æ¨¨ à¥§ã«ìâ�â®¢ à�áç¥â� íää¥ªâ¨¢−®© ã¯àã£®áâ¨ ¬−®£®á«®©-
−®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� ¡ë«® ¯à®¢¥¤¥−® áà�¢−¥−¨¥ íªá¯¥à¨¬¥−â�«ì−ëå
¤�−−ëå [6{8] á à¥§ã«ìâ�â�¬¨ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï. ’�ª¦¥ à¥§ã«ìâ�âë à�á-
ç¥â� áà�¢−¨¢�«¨áì á à¥§ã«ìâ�â�¬¨ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ã¯àã£¨å å�à�ªâ¥-
à¨áâ¨ª ¢ ¯à®£à�¬¬−®¬ ª®¬¯«¥ªá¥ Ansys Composite PrePost (ACP), ¯®§¢®«ïîé¥¬
¢ ï¢−®¬ ¢¨¤¥ §�¤�¢�âì á¢®©áâ¢� ¬®−®á«®¥¢, áâàãªâãàã ãª«�¤ª¨ ¬−®£®á«®©−ëå
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÷¨á. 1 ”®à¬� ¯à®¥ªâ¨à®¢�−¨ï ¬−®£®á«®©−®£® ¬�â¥à¨�«� ¢ ACP

ª®¬¯®§¨â−ëå ¬�â¥à¨�«®¢, à�ááç¨âë¢�âì ¨ ¢¨§ã�«¨§¨à®¢�âì ã¯àã£®-¦¥áâª®áâ−ë¥
á¢®©áâ¢� ¯à®¥ªâ¨àã¥¬ëå ¬�â¥à¨�«®¢ (à¨á. 1).

‚ ¯à®¢¥¤¥−−ëå ç¨á«¥−−ëå íªá¯¥à¨¬¥−â�å à�ááç¨âë¢�«¨áì ã¯àã£¨¥ á¢®©áâ¢�
¯¥à¥ªà¥áâ−® �à¬¨à®¢�−−®£® ¬�â¥à¨�«� ¨§ 48 á«®¥¢. ‚á¥ á«®¨ ¡ë«¨ ¢ë¯®«−¥−ë ¨§
¬�â¥à¨�«� IM7/8551-7a, á®áâ®ïé¥£® ¨§ ã£«¥à®¤−®£® ¢®«®ª−� IM7 ¨ á¢ï§ãîé¥-
£® | í¯®ªá¨¤−®© á¬®«ë 8551-7a. “¯àã£¨¥ á¢®©áâ¢� ¬�â¥à¨�«� IM7/8551-7�
¤®áâã¯−ë ¢ ®âªàëâëå ¨áâ®ç−¨ª�å: E1 = 144,9 ƒ��; E2 = 8,8 ƒ��; G12 =
= 4,8 ƒ��; ν12 = 0,36.

�� à¨á. 2 ¯à¥¤áâ�¢«¥− íªá¯¥à¨¬¥−â�«ì−ë© ¨ à�áç¥â−ë¥ £à�ä¨ª¨ §�¢¨á¨¬®-
áâ¨ íää¥ªâ¨¢−®£® ¬®¤ã«ï ã¯àã£®áâ¨ ®â ã£«� �à¬¨à®¢�−¨ï θ, ¨§¬¥−ïîé¥£®áï
®â 0◦ ¤® 90◦, ¤«ï ¯¥à¥ªà¥áâ−® �à¬¨à®¢�−−®£® ¬�â¥à¨�«�. ‚¨¤−®, çâ® íªá¯¥à¨-
¬¥−â�«ì−ë¥ ¤�−−ë¥ å®à®è® á®£«�áãîâáï á ¤�−−ë¬¨ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢,
¯®«ãç¥−−ëå ª�ª ¢ à�¬ª�å à�áç¥â� ¬®¤ã«ï ã¯àã£®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ á®®â−®è¥-
−¨© (1) ¨ (2), â�ª ¨ ¯®«ãç¥−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬®¤ã«ï ACP.

÷¨áã−®ª 3 ¨««îáâà¨àã¥â å®à®è¥¥ ª�ç¥áâ¢¥−−®¥ ¨ ª®«¨ç¥áâ¢¥−−®¥ á®£«�á¨¥
íªá¯¥à¨¬¥−â�«ì−ëå ¨ à�áç¥â−ëå ¤�−−ëå: ®â−®á¨â¥«ì−®¥ ®âª«®−¥−¨¥ à�áç¥â−ëå
¤�−−ëå ®â íªá¯¥à¨¬¥−â�«ì−ëå −¥ ¯à¥¢ëè�¥â 5%. ‚¥«¨ç¨−ë ¬®¤ã«ï ã¯àã£®áâ¨,
¯®«ãç¥−−ë¥ ¯® á®®â−®è¥−¨ï¬ (1), (2) ¨ (4) ¨ ¢ ¯à¨«®¦¥−¨¨ ACP, ¯à�ªâ¨ç¥áª¨
á®¢¯�¤�îâ: ®â−®á¨â¥«ì−�ï ¢¥«¨ç¨−� ®âª«®−¥−¨ï −¥ ¯à¥¢ëè�¥â 1%.

�� à¨á. 4 ¯®ª�§�−ë à¥§ã«ìâ�âë à�áç¥â� ¬®¤ã«¥© ã¯àã£®áâ¨ ¯¥à¥ªà¥áâ−® �à¬¨-
à®¢�−−®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� AS4/3502, á®áâ®ïé¥£® ¨§ ®¤−®−�¯à�¢-
«¥−−ëå ã£«¥à®¤−ëå ¢®«®ª®− ¨ á¢ï§ãîé¥£® ¨§ á¬®«ë. „«ï à�áç¥â� ¨á¯®«ì§®¢�−ë
¤�−−ë¥ ® á¢®©áâ¢�å ¨§ ®âªàëâëå ¨áâ®ç−¨ª®¢: E1 = 127,65 ƒ��; E2 = 11,32 ƒ��;
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÷¨á. 2 ‡�¢¨á¨¬®áâì ¬®¤ã«ï ã¯àã£®áâ¨ E#x ®â ã£«� �à¬¨à®¢�−¨ï θ ¤«ï ¬−®£®á«®©−®£®
ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� IM7/8551-7a: 1 | íªá¯¥à¨¬¥−â; 2 | à�áç¥â á ¨á¯®«ì§®¢�-
−¨¥¬ á®®â−®è¥−¨© (1) ¨ (2); 3 | ç¨á«¥−−ë¥ íªá¯¥à¨¬¥−âë ¢ ACP

÷¨á. 3 �®£à¥è−®áâì ¨§¬¥à¥−¨ï ¬®¤ã«ï ã¯àã£®áâ¨E#x : 1 | ¢ëç¨á«¥−−®£® ¯® á®®â−®è¥-
−¨ï¬ (1), (2) ¨ (4) ®â−®á¨â¥«ì−® íªá¯¥à¨¬¥−â�«ì−®£® §−�ç¥−¨ï; 2 | ¢ëç¨á«¥−−®£® ¢ ACP
®â−®á¨â¥«ì−® íªá¯¥à¨¬¥−â�«ì−®£® §−�ç¥−¨ï; 3 | ¢ëç¨á«¥−−®£® ¯® á®®â−®è¥−¨ï¬ (1), (2)
¨ (3) ®â−®á¨â¥«ì−® ¢ëç¨á«¥−−®£® ¢ ACP

G12 = 6 ƒ��; ν12 = 0,3. ‚¨¤−®, çâ® à¥§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢, ¯®-
«ãç¥−−ë¥ ¢ ¬®¤ã«¥ ACP ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ á®®â−®è¥−¨© (1), (2) ¨ (4), å®à®è®
á®£«�áãîâáï.

�� íää¥ªâ¨¢−ë¥ ã¯àã£®-¦¥áâª®áâ−ë¥ á¢®©áâ¢� ¬−®£®á«®©−®£® ¬�â¥à¨�«�
áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ ®ª�§ë¢�¥â ®à¨¥−â�æ¨ï �à¬¨àãîé¨å á«®¥¢ ®â−®á¨â¥«ì−®
¤àã£ ¤àã£�. �� à¨á. 5 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë à�áç¥â� ¬®¤ã«ï ã¯àã£®áâ¨ ¤«ï
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÷¨á. 4 Œ®¤ã«¨ ã¯àã£®áâ¨ ¯¥à¥ªà¥áâ−® �à¬¨à®¢�−−®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«�
AS4/3502: 1 | ¢ëç¨á«¥−−®£® ¯® á®®â−®è¥−¨ï¬ (1), (2) ¨ (4); 2 | ¢ëç¨á«¥−−®£® ¢ ACP

÷¨á. 5 ‡�¢¨á¨¬®áâì ¬®¤ã«¥© ã¯àã£®áâ¨ ®â ã£«� �à¬¨à®¢�−¨ï θ: 1 | ¬®¤ã«ì ã¯àã£®áâ¨
¬�â¥à¨�«� ¨§ ®¤¨−�ª®¢® ®à¨¥−â¨à®¢�−−ëå á«®¥¢ ¯®¤ ã£«®¬ θ ª ®á¨ à�áâï¦¥−¨ï; 2 |
¬®¤ã«ì ã¯àã£®áâ¨ ¯¥à¥ªà¥áâ−® �à¬¨à®¢�−−®£® ¬�â¥à¨�«�

¤¢ãå ®¡à�§æ®¢ ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«�, á«®¨ ª®â®à®£® á®áâ®ïâ ¨§ ¬�â¥à¨�«�
¬�àª¨ IM7/8551-7a. Šà¨¢�ï 1 ¨««îáâà¨àã¥â à¥§ã«ìâ�âë à�áç¥â� E′′

x ¯à¨
ãª«�¤ª¥ á«®¥¢ ¡¥§ ¨§¬¥−¥−¨ï ã£«� �à¬¨à®¢�−¨ï ¨ à�áâï¦¥−¨¨ ¬�â¥à¨�«� ¯®¤
ã£«®¬ θ ª −�¯à�¢«¥−¨î �à¬¨à®¢�−¨ï. Šà¨¢�ï 2 | ¬®¤ã«ì ã¯àã£®áâ¨ E#x ¤«ï
¬−®£®á«®©−®£® ¬�â¥à¨�«� á® áâàãªâãà®© �à¬¨à®¢�−¨ï [±θ]. ‚¨¤−®, çâ® ¢ë¡®à
®à¨¥−â�æ¨¨ ¯à¨ ãª«�¤ª¥ á«®¥¢ ¬®¦¥â §−�ç¨â¥«ì−® ¢«¨ïâì −� ¬®¤ã«ì ã¯àã£®áâ¨
¬−®£®á«®©−®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«�. „«ï à�áá¬®âà¥−−®£® á«ãç�ï ¬®¤ã«¨
ã¯àã£®áâ¨ E′′

x ¨ E#x ¬®£ãâ ®â«¨ç�âìáï −� 50%.
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4 Заключение

‚ à�¡®â¥ ¯®ª�§�−®, çâ® ¤«ï à�áç¥â� íää¥ªâ¨¢−ëå ã¯àã£¨å å�à�ªâ¥à¨áâ¨ª
¬−®£®á«®©−®£® ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«� á à�§−®®à¨¥−â¨à®¢�−−®© áâàãªâãà®©
�à¬¨à®¢�−¨ï á«®¥¢ ®¯à�¢¤�−® ¨á¯®«ì§®¢�−¨¥ ¯®¤å®¤�, ¢ ®á−®¢¥ ª®â®à®£® «¥-
¦¨â ¢ëç¨á«¥−¨¥ ª®íää¨æ¨¥−â®¢ ¬�âà¨æë ¦¥áâª®áâ¨ ¬−®£®á«®©−®£® ¬�â¥à¨�«�.
�à¨ íâ®¬ ¤®¯ãé¥−¨ï ® ª¢�§¨®¤−®à®¤−®áâ¨ âà�−á¢¥àá�«ì−® ¨§®âà®¯−ëå ¬®−®-
á«®¥¢ ¨ ¨å ¨¤¥�«ì−®¬ á®¥¤¨−¥−¨¨ −¥ ¢«¨ïîâ −� áâ¥¯¥−ì á®£«�á¨ï à�áç¥â−ëå
¨ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå | ®â−®á¨â¥«ì−®¥ ®âª«®−¥−¨¥ à�áç¥â−ëå ¤�−−ëå ®â
íªá¯¥à¨¬¥−â�«ì−ëå −¥ ¯à¥¢ëè�¥â 5%. “ç¨âë¢�ï �ªâã�«ì−®áâì §�¤�ç ¯à®¥ªâ¨-
à®¢�−¨ï ª®¬¯®§¨æ¨®−−ëå ¬�â¥à¨�«®¢ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨, �−�«¨§, �¯à®¡�-
æ¨ï ¨ ¢¥à¨ä¨ª�æ¨ï ¬®¤¥«¥©, ¯®§¢®«ïîé¨å à�ááç¨âë¢�âì íää¥ªâ¨¢−ë¥ ã¯àã£¨¥
á¢®©áâ¢� ª®¬¯®§¨æ¨®−−®£® ¬�â¥à¨�«�, ¤®«¦−ë áâ�âì ®¤−¨¬¨ ¨§ ª«îç¥¢ëå íâ�¯®¢
¯®áâà®¥−¨ï ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�, ¯®§¢®«ïîé¥£® à¥è�âì ®¡à�â−ãî §�¤�çã |
¯à®¥ªâ¨à®¢�−¨¥ −®¢ëå ª®¬¯®§¨æ¨®−−ëå ¬�â¥à¨�«®¢ á §�¤�−−ë¬¨ ¬�ªà®áª®¯¨ç¥-
áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨.
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Abstract: Modern polymer composite materials are widely used in the aerospace
industry. Creation of new materials with the required characteristics is one of
the most important directions for the development of the industry, especially
in connection with the need to quickly resolve the issues related to import
substitution. The paper presents the results of calculation of the effective
elastic characteristics of multilayer polymer composite materials with differently
oriented layer reinforcement structure. The model of reinforced material based
on the assumption that the composite material consists of quasi-homogeneous
transversally isotropic perfectly connected layers is used. The obtained calculation
results are in good agreement with both experimental data and the results of
calculations of commercial packages and can be used to automate scientific and
engineering calculations in the selection of components and methodology of their
placement according to the given characteristics of polymer composite materials.
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ПОИСК С ИСКЛЮЧЕНИЕМ В ПАРАЛЛЕЛЬНЫХ ТЕКСТАХ∗

А. А. Гончаров1

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� à�áá¬®âà¥−¨î ¬¥â®¤� ¯®¨áª� á ¨áª«îç¥−¨¥¬
¢ ¯�à�««¥«ì−ëå â¥ªáâ�å. �á−®¢®© ¤«ï à�§à�¡®âª¨ ®¯¨áë¢�¥¬®£® ¬¥â®¤� áâ�«
¯®¤å®¤ ª â¥ªáâã ª�ª ª ã¯®àï¤®ç¥−−®¬ã ¬−®¦¥áâ¢ã á«®¢®ä®à¬. ‚ à�¬ª�å íâ®£®
¯®¤å®¤� à�áá¬®âà¥−ë ¢®§¬®¦−®áâ¨ ¯®¨áª� −� ¤¢ãå ï§ëª�å ¯® â®ç−®© ä®à¬¥,
¯® «¥¬¬¥ ¨ ¯® ¬®àä®«®£¨ç¥áª¨¬ ¯à¨§−�ª�¬. �®ª�§�−®, çâ® íâ®â ¯®¤å®¤
¤�¥â ®á−®¢ã −¥ â®«ìª® ¤«ï ¯¥à¥ç¨á«¥−−ëå ¢¨¤®¢ ¯®¨áª�, −® ¨ ¤«ï ¯®¨áª�
á ¨áª«îç¥−¨¥¬, ¯®§¢®«ïîé¥£® −�å®¤¨âì ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å â�ª¨¥ ¯�àë
äà�£¬¥−â®¢, ª®â®àë¥ á®¤¥à¦�â ª�ª¨¥-«¨¡® á«®¢®ä®à¬ë −� ï§ëª¥ �, −® −¥
á®¤¥à¦�â −¨ ®¤−®© á«®¢®ä®à¬ë ¨§ §�¤�−−®£® ¬−®¦¥áâ¢� −� ï§ëª¥ �. ‚ ª�ç¥áâ¢¥
¨««îáâà�æ¨¨ ¯à¨¢®¤¨âáï ¯à¨¬¥à ¯®¨áª� äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ «®£¨-
ª®-á¥¬�−â¨ç¥áª¨¬¨ ®â−®è¥−¨ï¬¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å, åà�−¨¬ëå ¢ ¡�§¥
¤�−−ëå. ’�ª, ¥á«¨ ¨áª®¬�ï á«®¢®ä®à¬� −� ï§ëª¥ � ï¢«ï¥âáï ¯®ª�§�â¥«¥¬
−¥ª®â®à®£® «®£¨ª®-á¥¬�−â¨ç¥áª®£® ®â−®è¥−¨ï, � ¬−®¦¥áâ¢® á«®¢®ä®à¬ −�
ï§ëª¥ � á®¤¥à¦¨â ¬�ªá¨¬�«ì−® ¯®«−ë© á¯¨á®ª ¢�à¨�−â®¢ ¯¥à¥¢®¤� ¨áª®¬®©
á«®¢®ä®à¬ë −� ï§ëª �, ¯à¨ ¯®¨áª¥ ¬®¦−® ¯®«ãç¨âì ¯�àë äà�£¬¥−â®¢, £¤¥
¢® äà�£¬¥−â¥ −� ï§ëª¥ � «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ ¢ëà�¦¥−® ¨áª®¬®©
á«®¢®ä®à¬®©, � ¢® äà�£¬¥−â¥ −� ï§ëª¥ � ®−® ¨¬¯«¨æ¨â−®¥.

Š«îç¥¢ë¥ á«®¢�: ¯®¨áª −� ¤¢ãå ï§ëª�å; ¯®¨áª á ¨áª«îç¥−¨¥¬; ¨¬¯«¨æ¨â-
−®áâì; ¨§¢«¥ç¥−¨¥ §−�−¨ï ¨§ â¥ªáâ®¢; ¯�à�««¥«ì−ë¥ â¥ªáâë; «®£¨ª®-á¥¬�−â¨-
ç¥áª¨¥ ®â−®è¥−¨ï

DOI: 10.14357/08696527230410 EDN: CVPFDV

1 Введение

��à�««¥«ì−ë© â¥ªáâ | â¥ªáâ −� ®¤−®¬ ï§ëª¥, ª®â®à®¬ã á®¯®áâ�¢«¥− ¥£® ¯¥-
à¥¢®¤ −� ¤àã£®© ï§ëª, | ¯à¥¤áâ�¢«ï¥â á®¡®© æ¥−−ë© ¨áâ®ç−¨ª §−�−¨ï ® ª�¦¤®¬
¨§ íâ¨å ï§ëª®¢, ¢ â®¬ ç¨á«¥ â�ª®£®, ª®â®à®¥ −¥¢®§¬®¦−® ¯®«ãç¨âì ¯à¨ à�¡®â¥
á ¬®−®ï§ëç−ë¬¨ â¥ªáâ�¬¨2. ‰®à£ ’¨¤¥¬�−− | ®¤¨− ¨§ ªàã¯−ëå á¯¥æ¨�«¨áâ®¢,
§�−¨¬�îé¨åáï ¯à®¡«¥¬�¬¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢, | ®â¬¥ç�¥â, çâ® ¯�à�««¥«ì-
−ë¥ â¥ªáâë ¢ −¥ï¢−®¬ ¢¨¤¥ á®¤¥à¦�â ¬−®¦¥áâ¢® «¨−£¢¨áâ¨ç¥áª¨å §−�−¨© (rich
linguistic knowledge implicitly stored in parallel resources), §−�ç¨¬ëå ¤«ï à�§¢¨â¨ï
æ¥«®£® àï¤� −�¯à�¢«¥−¨©, ª ª®â®àë¬ ®− ®â−®á¨â ¬�è¨−−ë© ¯¥à¥¢®¤, ¤¢ãï§ëç−ãî

∗÷�¡®â� ¢ë¯®«−ï«�áì á ¨á¯®«ì§®¢�−¨¥¬ ¨−äà�áâàãªâãàë –¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
ú‚ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï ¨ ¡®«ìè¨¥ ¤�−−ë¥û (–Š� úˆ−ä®à¬�â¨ª�û) ”ˆ– ˆ“
÷�� (£. Œ®áª¢�).

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, a.gonch48@gmail.com

2�® íâ®© â¥¬¥ á¬., −�¯à¨¬¥à, à�¡®âë, ã¯®¬ï−ãâë¥ ¢ à�§¤. 2 áâ�âì¨ [1].
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�®¨áª á ¨áª«îç¥−¨¥¬ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

¨ ¬®−®ï§ëç−ãî «¥ªá¨ª®£à�ä¨î, á−ïâ¨¥ ®¬®−¨¬¨¨, ¨§¢«¥ç¥−¨¥ â¥à¬¨−®¢ ¨ ¤à. [2,
á. IX, 5{6].

�à®æ¥áá ãáâ�−®¢«¥−¨ï á¢ï§¥© ¬¥¦¤ã á®®â¢¥âáâ¢ãîé¨¬¨ ¤àã£ ¤àã£ã ¯® á®¤¥à-
¦�−¨î äà�£¬¥−â�¬¨ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤� −�§ë¢�¥âáï ¢ëà�¢−¨¢�−¨¥¬ â¥ªáâ®¢.
—�é¥ ¢á¥£® ¢ëà�¢−¨¢�−¨¥ ®áãé¥áâ¢«ï¥âáï: (1) −� ãà®¢−¥ ¯à¥¤«®¦¥−¨© ¨ (2) ¤«ï
¤¢ãå â¥ªáâ®¢ −� à�§−ëå ï§ëª�å1, â. ¥. ¢ ¨¤¥�«ì−®¬ á«ãç�¥ à¥§ã«ìâ�â®¬ â�ª®£® ¢ë-
à�¢−¨¢�−¨ï áâ�−®¢¨âáï ¯®á«¥¤®¢�â¥«ì−®áâì ¯�à äà�£¬¥−â®¢, ¯¥à¢ë© ¨§ ª®â®àëå
¢ª«îç�¥â ®¤−® ¯à¥¤«®¦¥−¨¥ ®à¨£¨−�«�, � ¢â®à®© | ®¤−® ¯à¥¤«®¦¥−¨¥ ¯¥à¥¢®-
¤�2. „�«¥¥ ¢ áâ�âì¥ ¯®¤ á«®¢®á®ç¥â�−¨¥¬ ¯�à�««¥«ì−ë© â¥ªáâ ¡ã¤¥â ¯®−¨¬�âìáï
¨¬¥−−® ¢ëà®¢−¥−−ë© ¯® ¯à¥¤«®¦¥−¨ï¬ ¤¢ãï§ëç−ë© â¥ªáâ (áà. �−£«. bitext, á®ªà.
®â bilingual text).

�¤−® ¨§ ª«îç¥¢ëå ¯à¥¨¬ãé¥áâ¢ à�¡®âë á ¯�à�««¥«ì−ë¬¨ â¥ªáâ�¬¨ | ¢®§-
¬®¦−®áâì ¢¥áâ¨ ¯®¨áª −� ¤¢ãå ï§ëª�å: ª�ª ¯®¨áª â®ç−ëå ä®à¬, â�ª ¨ «¥ª-
á¨ª®-£à�¬¬�â¨ç¥áª¨© ¯®¨áª. –¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¥é¥ ®¤−®£® ¢¨¤�
¯®¨áª� −� ¤¢ãå ï§ëª�å | ¯®¨áª� á ¨áª«îç¥−¨¥¬. ‚ â® ¢à¥¬ï ª�ª ¯®¨áª â®ç-
−ëå ä®à¬ ¨ «¥ªá¨ª®-£à�¬¬�â¨ç¥áª¨© ¯®¨áª ¬®¦−® ¨á¯®«ì§®¢�âì ¨ ¯à¨ à�¡®â¥
á ¬®−®ï§ëç−ë¬¨ â¥ªáâ�¬¨, ¯®¨áª á ¨áª«îç¥−¨¥¬ ¢ â®¬ ¢¨¤¥, ª�ª ®− ¯à¥¤áâ�¢-
«¥− ¢ áâ�âì¥, ¬®¦¥â ¯à®¢®¤¨âìáï â®«ìª® ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å. ‚ ª�ç¥áâ¢¥
¨««îáâà�æ¨¨ ¨á¯®«ì§ã¥âáï ¯®¨áª ¯�à äà�£¬¥−â®¢, £¤¥ äà�£¬¥−â −� ®¤−®¬ ¨§
ï§ëª®¢ á ¢ëá®ª®© ¢¥à®ïâ−®áâìî á®¤¥à¦¨â ¨¬¯«¨æ¨â−®¥ «®£¨ª®-á¥¬�−â¨ç¥áª®¥
®â−®è¥−¨¥. �®¨áª ¯à®¢®¤¨âáï ¯® â¥ªáâ�¬, §�£àã¦¥−−ë¬ ¢ −�¤ª®à¯ãá−ãî ¡�§ã
¤�−−ëå (��„), á®§¤�−−ãî ¢ ”ˆ– ˆ“ ÷�� [3, 4].

2 Текст как упорядоченное множество

„«ï ã¤®¡áâ¢� ®¯¨á�−¨ï ¯à¥¤«�£�¥¬®£® ¬¥â®¤� ¯®¨áª� à�áá¬®âà¨¬ ¯�à�««¥«ì-
−ë© â¥ªáâ ¢ â¥®à¥â¨ª®-¬−®¦¥áâ¢¥−−®¬ ª«îç¥.

Š�¦¤ë© äà�£¬¥−â â¥ªáâ� ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª ã¯®àï¤®ç¥−−®¥ ¬−®¦¥áâ¢®
á«®¢®ä®à¬:

F = 〈w1, . . . , wn〉.

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ à�áá¬®âà¨¬ ¯à¥¤«®¦¥−¨¥ ¨§ ¯à¨¬¥à� 1.

�à¨¬¥à 1. ’¥¯¥àì ã¦¥ −¨ª�ª¨å ¤®ªã¬¥−â®¢ −¥ á¬®âà¥«¨, £®¤ë à®¦¤¥−¨ï −¥
¨£à�«¨ à®«¨ [�. ‚. Šã§−¥æ®¢. ��¡¨© Ÿà (1966)].

1‘«¥¤ã¥â ®â¬¥â¨âì, çâ® æ¥«ë© àï¤ ¯�à�¬¥âà®¢ ¢ëà�¢−¨¢�−¨ï ¬®£ãâ ¢�àì¨à®¢�âìáï: (1) ¥¤¨−¨æ�
¢ëà�¢−¨¢�−¨ï (áâ¥¯¥−ì ¤¥â�«¨§�æ¨¨) | â�ª ¯®¬¨¬® ¢ëà�¢−¨¢�−¨ï ¯® ¯à¥¤«®¦¥−¨ï¬ ¯à¥¤¯à¨−¨¬�-
îâáï ¯®¯ëâª¨ ¯®á«®¢−®£® ¢ëà�¢−¨¢�−¨ï ¨ ¢ëà�¢−¨¢�−¨ï ¤¥à¥¢ì¥¢ á¨−â�ªá¨ç¥áª¨å á®áâ�¢«ïîé¨å;
(2) ç¨á«® ¯¥à¥¢®¤®¢, á®®â¢¥âáâ¢ãîé¨å ª�ª®¬ã-«¨¡® ®à¨£¨−�«ã; (3) ç¨á«® ï§ëª®¢, −� ª®â®àë¥
¢ë¯®«−¥−ë ¯¥à¥¢®¤ë (á¬. ¯®¤à®¡−¥¥ á®®â¢¥âáâ¢ãîé¨¥ à�§¤¥«ë ¨ £«�¢ë ¢ [2]).

2�¤−�ª® â¥ªáâ ¯¥à¥¢®¤� −¥ ¢á¥£¤� à�§¤¥«¥− −� ¯à¥¤«®¦¥−¨ï â�ª ¦¥, ª�ª â¥ªáâ ®à¨£¨−�«�: ¯à¨
¯¥à¥¢®¤¥ ¯à¥¤«®¦¥−¨ï ¬®£ãâ ®¡ê¥¤¨−ïâìáï, à�§¤¥«ïâìáï, ã¤�«ïâìáï, ¤®¡�¢«ïâìáï ¨ ¯¥à¥áâ�¢«ïâìáï.
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“¯®àï¤®ç¥−−®¥ ¬−®¦¥áâ¢® F , ¢ª«îç�îé¥¥ á ãç¥â®¬ ¯®àï¤ª� á«¥¤®¢�−¨ï ¢á¥
á«®¢®ä®à¬ë, ¨á¯®«ì§®¢�−−ë¥ ¢ íâ®¬ äà�£¬¥−â¥, á®¤¥à¦¨â 11 í«¥¬¥−â®¢:

F = 〈’¥¯¥àì, ã¦¥, −¨ª�ª¨å, ¤®ªã¬¥−â®¢, −¥, á¬®âà¥«¨,
£®¤ë, à®¦¤¥−¨ï, −¥, ¨£à�«¨, à®«¨〉.

�à¨ íâ®¬ ¬−®¦¥áâ¢® F ′ (−¥ã¯®àï¤®ç¥−−®¥), ¢ª«îç�îé¥¥ ¢á¥ á«®¢®ä®à¬ë, ¨á-
¯®«ì§®¢�−−ë¥ ¢ íâ®¬ äà�£¬¥−â¥, á®¤¥à¦¨â 10 í«¥¬¥−â®¢, â�ª ª�ª ¤¢�¦¤ë ¯®¢â®-
àï¥âáï í«¥¬¥−â −¥:

F ′ = {’¥¯¥àì, ã¦¥, −¨ª�ª¨å, ¤®ªã¬¥−â®¢, −¥, á¬®âà¥«¨,
£®¤ë, à®¦¤¥−¨ï, ¨£à�«¨, à®«¨}.

Š�¦¤�ï ¯�à� äà�£¬¥−â®¢ | â®¦¥ ã¯®àï¤®ç¥−−®¥ ¬−®¦¥áâ¢®, í«¥¬¥−â�¬¨ ª®â®à®£®
á«ã¦�â ¬−®¦¥áâ¢�, á®®â¢¥âáâ¢ãîé¨¥ äà�£¬¥−âã ®à¨£¨−�«� ¨ äà�£¬¥−âã ¯¥à¥¢®¤�.
‚ á®®â¢¥âáâ¢¨¨ á â¥à¬¨−�¬¨, ¨á¯®«ì§ã¥¬ë¬¨ ¢ ¯¥à¥¢®¤®¢¥¤¥−¨¨, ¤«ï ®¡®§−�ç¥−¨ï
áãé−®áâ¥©, ®â−®áïé¨åáï ª â¥ªáâã ®à¨£¨−�«�, ¡ã¤¥¬ ¯à¨¬¥−ïâì ¨−¤¥ªá úsrcû (®â
�−£«. source | ¨áå®¤−ë© â¥ªáâ), � ¤«ï â¥å, çâ® ®â−®áïâáï ª â¥ªáâã ¯¥à¥¢®¤�, |
útrgû (®â �−£«. target | æ¥«¥¢®© â¥ªáâ):

P = 〈Fsrc, Ftrg〉.

‘«¥¤®¢�â¥«ì−®, ¨ á�¬ ¯�à�««¥«ì−ë© â¥ªáâ â�ª¦¥ ï¢«ï¥âáï ã¯®àï¤®ç¥−−ë¬ ¬−®-
¦¥áâ¢®¬, í«¥¬¥−âë ª®â®à®£® ¯à¥¤áâ�¢«ïîâ á®¡®© ¬−®¦¥áâ¢�, á®®â¢¥âáâ¢ãîé¨¥
¯�à�¬:

T = 〈P1, . . . , Pm〉.

3 Виды поиска на двух языках

�à¨ â�ª®¬ à�áá¬®âà¥−¨¨ áâ�−®¢¨âáï ®ç¥¢¨¤¥− á¯¥ªâà ¢®§¬®¦−®áâ¥© ¯®¨á-
ª� ¯�à äà�£¬¥−â®¢ ¯® à�§«¨ç−ë¬ ¯�à�¬¥âà�¬, ®á−®¢�−−ë© −� ®¯¥à�æ¨ïå −�¤
¬−®¦¥áâ¢�¬¨ á«®¢®ä®à¬.

‚®-¯¥à¢ëå, íâ® ¯®¨áª ¯® â®ç−ë¬ ä®à¬�¬, ª®â®àë© ¢ á«ãç�¥ à�¡®âë á ¯�-
à�««¥«ì−ë¬ â¥ªáâ®¬ ¬®¦¥â ¯®§¢®«¨âì −�å®¤¨âì ¯�àë, £¤¥ äà�£¬¥−â ®à¨£¨−�«�
/̈̈ «¨ äà�£¬¥−â ¯¥à¥¢®¤� á®¤¥à¦¨â −¥ª®â®à®¥ ¬−®¦¥áâ¢® á«®¢®ä®à¬, ª®â®àë¥

ãª�§ë¢�îâáï −�¯àï¬ãî. �â¨ ¬−®¦¥áâ¢� ®¡®§−�ç¨¬ ª�ªWsrc ¨Wtrg á®®â¢¥âáâ¢¥−-
−®. Šà¨â¥à¨¨ ¬®£ãâ ª�ª §�¤�¢�âìáï ¤«ï ®à¨£¨−�«� ¨ ¯¥à¥¢®¤� ¯® ®â¤¥«ì−®áâ¨,
â�ª ¨ á®ç¥â�âìáï ¤àã£ á ¤àã£®¬. ‚ â�¡«. 1 ¯¥à¥ç¨á«¥−ë ¢®§¬®¦−ë¥ ¢¨¤ë ¯®¨á-
ª� ¯® â®ç−ë¬ ä®à¬�¬. Š�¦¤®¬ã ¢¨¤ã ¯®¨áª� ¯à¨á¢®¥−® ªà�âª®¥ ®¡®§−�ç¥−¨¥,
£¤¥ úEû | ®â �−£«. exact, � úsû ¨ útû | ®â �−£«. source ¨ target á®®â¢¥âáâ¢¥−−®.

‚®-¢â®àëå, ¯à¨ ãá«®¢¨¨, çâ® ¤«ï ª�¦¤®© á«®¢®ä®à¬ë ãª�§�−� ¥¥ «¥¬¬�
(á«®¢�à−�ï ä®à¬�) ¨ −�¡®à ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢, ª®â®àë¥ ®¯¨áë¢�îâ
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�®¨áª á ¨áª«îç¥−¨¥¬ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

’�¡«¨æ� 1 ‚®§¬®¦−ë¥ ¢¨¤ë ¯®¨áª� ¯�à ¯® â®ç−ë¬ ä®à¬�¬ ¢ ¯�à�««¥«ì−®¬ â¥ªáâ¥

Š®¤
”à�£¬¥−â ®à¨£¨−�«�

á®¤¥à¦¨â ‘¢ï§ì Š®¤
”à�£¬¥−â ¯¥à¥¢®¤�

á®¤¥à¦¨â

1E-s
¬−®¦¥áâ¢® á«®¢®ä®à¬ Wsrc,
£¤¥ Wsrc = {wx1} 1E-t

¬−®¦¥áâ¢® á«®¢®ä®à¬ Wtrg,
£¤¥ Wtrg = {wy1}

2E-s
«î¡ãî á«®¢®ä®à¬ã ¨§ ¬−®-
¦¥áâ¢� Wsrc, £¤¥ Wsrc =
= {wx1 , . . . , wxi

}
2E-t

«î¡ãî á«®¢®ä®à¬ã ¨§ ¬−®-
¦¥áâ¢� Wtrg, £¤¥ Wtrg =
= {wy1 , . . . , wyj

}

3E-s
ª�¦¤ãî á«®¢®ä®à¬ã ¨§ ¬−®-
¦¥áâ¢� Wsrc, £¤¥ Wsrc =
= {wx1 , . . . , wxi

}
3E-t

ª�¦¤ãî á«®¢®ä®à¬ã ¨§ ¬−®-
¦¥áâ¢� Wtrg, £¤¥ Wtrg =
= {wy1 , . . . , wyj

}

íâã á«®¢®ä®à¬ã (ç�áâì à¥ç¨, à®¤, ç¨á«®, ¯�¤¥¦ ¨ â. ¤.), áâ�−®¢¨âáï ¢®§¬®¦−ë¬
«¥ªá¨ª®-£à�¬¬�â¨ç¥áª¨© ¯®¨áª: ¯® «¥¬¬¥ ¨ ¯® ¬®àä®«®£¨ç¥áª¨¬ ¯à¨§−�ª�¬.

�®¨áª ¯® «¥¬¬¥ ¢ á«ãç�¥ à�¡®âë á ¯�à�««¥«ì−ë¬ â¥ªáâ®¬ ¬®¦¥â ¯®§¢®«¨âì
−�å®¤¨âì ¯�àë, £¤¥ äà�£¬¥−â ®à¨£¨−�«� /̈̈ «¨ äà�£¬¥−â ¯¥à¥¢®¤� á®¤¥à¦¨â
−¥ª®â®à®¥ ¬−®¦¥áâ¢® á«®¢®ä®à¬, ª®â®àë¥ ®â−®áïâáï ª ª�ª®©-«¨¡® «¥¬¬¥. �â¨
¬−®¦¥áâ¢� ®¡®§−�ç¨¬ á®®â¢¥âáâ¢¥−−® ª�ªW l

src ¨W l
trg (¨−¤¥ªá úlû ®â �−£«. lemma).

Šà¨â¥à¨¨ ¬®£ãâ ª�ª §�¤�¢�âìáï ¤«ï ®à¨£¨−�«� ¨ ¯¥à¥¢®¤� ¯® ®â¤¥«ì−®áâ¨, â�ª
¨ á®ç¥â�âìáï ¤àã£ á ¤àã£®¬. ‚ â�¡«. 2 ¯¥à¥ç¨á«¥−ë ¢®§¬®¦−ë¥ ¢¨¤ë ¯®¨áª� ¯®
«¥¬¬¥, £¤¥ ¯® �−�«®£¨¨ á â�¡«. 1 ª�¦¤®¬ã ¨§ ¢¨¤®¢ ¯à¨á¢®¥−® ®¡®§−�ç¥−¨¥, −®
¢¬¥áâ® úEû ãª�§�−® úLû (®â �−£«. lemma)

‚ â�¡«. 3 ¯à¨¢®¤ïâáï ¯à¨¬¥àë ¯�à äà�£¬¥−â®¢ ¯�à�««¥«ì−®£® â¥ªáâ�,
� ¢ â�¡«. 4 | á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ¯à¨¬¥à�¬¨ ¯®¨áª®¢ëå §�¯à®á®¢, ¨««îáâà¨-
àãîé¨å ®á−®¢−ë¥ áå¥¬ë, ¯¥à¥ç¨á«¥−−ë¥ ¢ â�¡«. 1 ¨ 2, ¨ ¯�à�¬¨ ¨§ â�¡«. 3,

’�¡«¨æ� 2 ‚®§¬®¦−ë¥ ¢¨¤ë ¯®¨áª� ¯�à ¯® «¥¬¬¥ ¢ ¯�à�««¥«ì−®¬ â¥ªáâ¥

Š®«¨ç¥áâ¢®
«¥¬¬ Š®¤

”à�£¬¥−â ®à¨£¨−�«�
á®¤¥à¦¨â ‘¢ï§ì Š®¤

”à�£¬¥−â ¯¥à¥¢®¤�
á®¤¥à¦¨â

�¤−� 1L-s
®¤−ã ¨«¨ −¥áª®«ìª® á«®¢®-
ä®à¬ wx ∈W l

src1

1L-t
®¤−ã ¨«¨ −¥áª®«ìª® á«®¢®-
ä®à¬ wy ∈W l

trg
1

„¢¥
¨ ¡®«¥¥

2L-s

®¤−ã ¨«¨ −¥áª®«ìª® á«®-
¢®ä®à¬ w1x ∈ W l

src1
ˆ‹ˆ

®¤−ã ¨«¨ −¥áª®«ìª® á«®¢®-
ä®à¬ w2x ∈W l

src2
¨ â. ¤.

2L-t

®¤−ã ¨«¨ −¥áª®«ìª® á«®-
¢®ä®à¬ w1y ∈ W l

trg
1

ˆ‹ˆ
®¤−ã ¨«¨ −¥áª®«ìª® á«®¢®-
ä®à¬ w2y ∈W l

trg
2

¨ â. ¤.

3L-s

®¤−ã ¨«¨ −¥áª®«ìª® á«®¢®-
ä®à¬ w1x ∈ W l

src1
ˆ ®¤−ã

¨«¨ −¥áª®«ìª® á«®¢®ä®à¬
w2x ∈W l

src2
¨ â. ¤.

3L-t

®¤−ã ¨«¨ −¥áª®«ìª® á«®¢®-
ä®à¬ w1y ∈ W l

trg
1

ˆ ®¤−ã
¨«¨ −¥áª®«ìª® á«®¢®ä®à¬
w2y ∈W l

trg
2

¨ â. ¤.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023 105



�. �. ƒ®−ç�à®¢

’�¡«¨æ� 3 �à¨¬¥àë ¯�à äà�£¬¥−â®¢ ¯�à�««¥«ì−®£® â¥ªáâ�

ü ”à�£¬¥−â ®à¨£¨−�«� ”à�£¬¥−â ¯¥à¥¢®¤�
1 „®«¦¥− áª�§�âì, çâ® āà� «î¡¨«

¤à�âìáï.
[”. �. ˆáª�−¤¥à. Œ®© ªã¬¨à (1965)]

I must admit that Yura liked a fight.
[My idol (¯¥à. R. Daglish, K. M. Cook-
Horujy, 1972{1989)]

2 | Œë ¥é¥ ¤®«¦−ë −�©â¨ ¤®ªâ®à�
¨ ¯¨áâ®«¥âë, | áª�§�« ƒ−ãèª¥.
[‚. ‚. ��¡®ª®¢. �®¤«¥æ (1927)]

\We must still find a doctor and the
pistols," said Gnushke.
[An affair of honor (¯¥à. D. Nabokov et
al., 1966)]

3 …¬ã ¢®−, ¡®©æã-â®, ¢¥áì ¬¨à ¤®«¦¥−
¢ −®¦ª¨ ª«�−ïâìáï, � ¢ë | ú¯ïâ¨èì-
áïû!
[�. �. �®«¥¢®©. �®¢¥áâì ® −�áâ®ïé¥¬
ç¥«®¢¥ª¥ (1946)]

The whole world ought to go down on
its knees to that boy! And you say \back
away."
[A story about a real man (¯¥à.
J. Fineberg, 1950)]

4 �® ¯«�− á¢®© ï ®¡ï§�− ¢ë¯®«−¨âì.
[‚. ‚. ��¡®ª®¢. ˆ§®¡à¥â¥−¨¥ ‚�«ìá�
(1927)]

However, I must carry out my plan.
[The Waltz invention (¯¥à. V. Nabokov,
1965)]

5 ‚á¥ −�á¥«¥−¨¥ ®¡ï§�−® á¤�âì ¨§«¨èª¨
¯à®¤®¢®«ìáâ¢¨ï.
[�. ‚. Šã§−¥æ®¢. ��¡¨© Ÿà (1966)]

The whole population must hand over
all surplus food.
[Babi Yar (¯¥à. D. Floyd, 1970)]

6 ‚ á«ãç�¥ ¢�è¥£® ®âª�§� ¢ ¬®¨å ¯à®áì-
¡�å ï ¢ë−ã¦¤¥− ¡ã¤ã −¥§�¬¥¤«¨â¥«ì−®
ã©â¨ ¨§ ¨−áâ¨âãâ�.
[‚. ‘. ƒà®áá¬�−. †¨§−ì ¨ áã¤ì¡�
(1950{1959)]

If my requests are denied, I shall be
compelled to resign from the Institute
immediately.
[Life and fate (¯¥à. R. Chandler, 1985)]

7 „�-á, ã¬−ë© ç¥«®¢¥ª ¤¥¢ïâ−�¤æ�â®£®
áâ®«¥â¨ï ¤®«¦¥− ¨ −à�¢áâ¢¥−−® ®¡ï-
§�− ¡ëâì áãé¥áâ¢®¬ ¯® ¯à¥¨¬ãé¥áâ¢ã
¡¥áå�à�ªâ¥à−ë¬; ç¥«®¢¥ª ¦¥ á å�à�ª-
â¥à®¬, ¤¥ïâ¥«ì, | áãé¥áâ¢®¬ ¯® ¯à¥-
¨¬ãé¥áâ¢ã ®£à�−¨ç¥−−ë¬.
[”. Œ. „®áâ®¥¢áª¨©. ‡�¯¨áª¨ ¨§ ¯®¤-
¯®«ìï (1864)]

Yes, a man in the nineteenth cen-
tury must and morally ought to be
pre-eminently a characterless creature;
a man of character, an active man is pre-
eminently a limited creature.
[Notes from the underground (¯¥à.
A. R. MacAndrew, 1961)]

8 [. . .] ¢ íâ®© ®¡«�áâ¨ ¬ë, ¥á«¨ å®â¨¬
¡ëâì £ã¬�−−ë¬¨, åà¨áâ¨�−�¬¨ −�ª®-
−¥æ, ¬ë ¤®«¦−ë ¨ ®¡ï§�−ë ¯à®¢®¤¨âì
ã¡¥¦¤¥−¨ï, «¨èì ®¯à�¢¤�−−ë¥ à�á-
áã¤ª®¬ ¨ ®¯ëâ®¬, ¯à®¢¥¤¥−−ë¥ çà¥§
£®à−¨«® �−�«¨§� [. . .].
[”. Œ. „®áâ®¥¢áª¨©. �à�âìï Š�à�¬�-
§®¢ë (1878{1880)]

[. . .] in that sphere, if we want to be
humane | Christian, in fact | we
must, or ought to, act only upon convic-
tions justified by reason and experience,
which have been passed through the cru-
cible of analysis [. . .].
[The Brothers Karamazov (¯¥à. C. Gar-
nett, 1912)]

ª®â®àë¥ ¬®£«¨ ¡ë ¯®¯�áâì ¢ ¯®¨áª®¢ãî ¢ë¤�çã ¯à¨ ¨á¯®«ì§®¢�−¨¨ íâ¨å §�¯à®á®¢.
‚ ¯à¨¬¥à�å §�¯à®á®¢ á¨¬¢®« ú|û ®¡®§−�ç�¥â «®£¨ç¥áª®¥ ˆ‹ˆ, á¨¬¢®« ú&û |
«®£¨ç¥áª®¥ ˆ. ‹¥¬¬ë §�ª«îç¥−ë ¢ ä¨£ãà−ë¥ áª®¡ª¨, â. ¥. §�¯¨áì ú{¤®«¦−ë©}û
®¡®§−�ç�¥â ¬−®¦¥áâ¢® ¢á¥å ä®à¬ á«®¢� ¤®«¦−ë©.
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’�¡«¨æ� 4 ‘®®â¢¥âáâ¢¨ï ¬¥¦¤ã ¯à¨¬¥à�¬¨ ¯®¨áª®¢ëå §�¯à®á®¢ ¨ ¯�à äà�£¬¥−â®¢
¯�à�««¥«ì−®£® â¥ªáâ�

Š®¤
�à¨¬¥à §�¯à®á�

Š®¤
�à¨¬¥à §�¯à®á� ü ¯à¨¬¥à� ¨§ â�¡«. 3

ª ®à¨£¨−�«ã ª ¯¥à¥¢®¤ã 1 2 3 4 5 6 7 8
1E-s ¤®«¦¥− 1E-t must + +
2E-s ¤®«¦¥−|®¡ï§�−|¢ë−ã¦¤¥− 2E-t must|ought|should + + + +
3E-s ¤®«¦¥− & ®¡ï§�− 3E-t must & ought +
1L-s {¤®«¦−ë©} 1L-t must + + + +

2L-s
{¤®«¦−ë©}|{®¡ï§�−−ë©}|
{¢ë−ã¦¤¥−−ë©} 2L-t

{must}|{ought}|
{shall} + + + + + + + +

3L-s {¤®«¦−ë©} & {®¡ï§�−−ë©} 3L-t {must} & {ought} + +

�®¨áª ¯® ¬®àä®«®£¨ç¥áª¨¬ ¯à¨§−�ª�¬ ¢ á«ãç�¥ à�¡®âë á ¯�à�««¥«ì−ë¬
â¥ªáâ®¬ ¬®¦¥â ¯®§¢®«¨âì −�å®¤¨âì ¯�àë, £¤¥ äà�£¬¥−â ®à¨£¨−�«� /̈̈ «¨ äà�£¬¥−â
¯¥à¥¢®¤� á®¤¥à¦¨â −¥ª®â®à®¥ ¬−®¦¥áâ¢® á«®¢®ä®à¬, ª®â®àë¥ ¨¬¥îâ §�¤�−−ë©
−�¡®à ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢. �� ¯à�ªâ¨ª¥, ª�ª ¯à�¢¨«®, ¢®§−¨ª�îâ
§�¤�ç¨ ¯®¨áª� äà�£¬¥−â®¢ á ®¤−®© ¨«¨ −¥áª®«ìª¨¬¨ á«®¢®ä®à¬�¬¨ wx ∈ Wm

src
¢ ®à¨£¨−�«¥ /̈̈ «¨ ®¤−®© ¨«¨ −¥áª®«ìª¨¬¨ á«®¢®ä®à¬�¬¨wy ∈Wm

trg (¨−¤¥ªá úmû
®â �−£«. morphology), −® â¥®à¥â¨ç¥áª¨ íâ®â ¢¨¤ ¯®¨áª� ¬®¦¥â ¯à¥¤®áâ�¢¨âì
â�ª¨¥ ¦¥ ¢®§¬®¦−®áâ¨, ª�ª ¨ ¯®¨áª ¯® «¥¬¬¥ (â. ¥. ¬®£ãâ ¡ëâì §�¤�−ë ¤¢�
¨ ¡®«¥¥ −�¡®à� ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢). ÷�á¯à®áâà�−¥−® á®ç¥â�−¨¥ ¯®¨áª�
¯® ¬®àä®«®£¨ç¥áª¨¬ ¯à¨§−�ª�¬ ¨ ¯® «¥¬¬¥ ¨«¨ â®ç−®© ä®à¬¥.

Šà®¬¥ â®£®, ¯®áª®«ìªã äà�£¬¥−âë ¡ë«¨ ¯à¥¤áâ�¢«¥−ë ª�ª ã¯®àï¤®ç¥−−ë¥
¬−®¦¥áâ¢�, ª�¦¤�ï ¨§ ®¯æ¨© ¯®¨áª� ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� −¥ â®«ìª® ¤«ï à�¡®âë
á ®â¤¥«ì−ë¬¨ á«®¢®ä®à¬�¬¨, −® ¨ á ã¯®àï¤®ç¥−−ë¬¨ ¬−®¦¥áâ¢�¬¨ á«®¢®ä®à¬.
�â� ¢®§¬®¦−®áâì ®á®¡¥−−® ¢�¦−� ¤«ï ¯®¨áª� −¥®¤−®á«®¢−ëå ¥¤¨−¨æ, áà¥¤¨
ª®â®àëå ¬−®£® ¥¤¨−¨æ, ¢ëà�¦�îé¨å «®£¨ª®-á¥¬�−â¨ç¥áª¨¥ ®â−®è¥−¨ï ¬¥¦¤ã
äà�£¬¥−â�¬¨ â¥ªáâ�: ¯®â®¬ã çâ®, â�ª ª�ª, â�ª çâ®, � â®, � â�ª¦¥, â¥¬ −¥
¬¥−¥¥ ¨ ¯à®ç.

‚¯à®ç¥¬, áª®«ì ¡ë è¨à®ª¨¬¨ −¨ ¡ë«¨ ®¯¨á�−−ë¥ ¢ëè¥ ¢®§¬®¦−®áâ¨, ¢á¥
®−¨ ¯à¥¤¯®«�£�îâ ¯®¨áª â�ª¨å ¯�à, £¤¥ äà�£¬¥−â ®à¨£¨−�«� /̈̈ «¨ äà�£¬¥−â ¯¥-
à¥¢®¤� ¢ª«îç�îâ −¥ª®â®àë© §�¤�−−ë© −�¡®à í«¥¬¥−â®¢. ˆ−ë¬¨ á«®¢�¬¨, â�ª¨¥
¯�àë äà�£¬¥−â®¢ ¬®£ãâ ¯à®¨««îáâà¨à®¢�âì −¥ª®â®à®¥ §�à�−¥¥ §�¤�−−®¥ ¬¥¦ê-
ï§ëª®¢®¥ á®®â¢¥âáâ¢¨¥ ¢¨¤� úá«®¢®ä®à¬� wx ∈ W1 á®®â¢¥âáâ¢ã¥â á«®¢®ä®à¬¥
wy ∈W2û.

�® â�ª®¥ â¥®à¥â¨ª®-¬−®¦¥áâ¢¥−−®¥ à�áá¬®âà¥−¨¥ ¯�à äà�£¬¥−â®¢ ¨ á�¬¨å
íâ¨å äà�£¬¥−â®¢ §�ª®−®¬¥à−® ¯à¨¢®¤¨â ª ¬ëá«¨ ® ¢®§¬®¦−®áâ¨ ¯®¨áª� â�ª¨å
¯�à, £¤¥ ®¤¨− ¨§ äà�£¬¥−â®¢ (F1) á®¤¥à¦¨â ª�ª¨¥-«¨¡® á«®¢®ä®à¬ë wx ∈ W1,
� ¤àã£®© äà�£¬¥−â (F2) −¥ á®¤¥à¦¨â −¨ ®¤−®© á«®¢®ä®à¬ë wy ∈ W2. ˆ−ë¬¨
á«®¢�¬¨, â�ª¨¥ ¯�àë äà�£¬¥−â®¢ ¬®£ãâ ¯à®¨««îáâà¨à®¢�âì −¥ª®â®à®¥ −¥¨§¢¥áâ-
−®¥ ¬¥¦êï§ëª®¢®¥ á®®â¢¥âáâ¢¨¥ ¢¨¤� úá«®¢®ä®à¬� wx ∈ W1 á®®â¢¥âáâ¢ã¥â
á«®¢®ä®à¬¥ wz 6∈ W2û ¨«¨ úá«®¢®ä®à¬� wx ∈ W1 −¥ ¨¬¥¥â á®®â¢¥âáâ¢¨ï ¢ ¤àã-
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£®¬ ï§ëª¥û. ��§®¢¥¬ â�ª®© ¢¨¤ ¯®¨áª� ¯®¨áª á ¨áª«îç¥−¨¥¬ ¢ ¯�à�««¥«ì−ëå
â¥ªáâ�å.

…á«¨ ¦¥ §�¤�âì ¬−®¦¥áâ¢® á«®¢®ä®à¬ W1 = {wx} ¨ â�ª®¥ ¬−®¦¥áâ¢® W2 =
= {wy1 , . . . , wyj

}, ª®â®à®¥ ¡ã¤¥â ¢ª«îç�âì ¢á¥ ¨§¢¥áâ−ë¥ ¢�à¨�−âë ¯¥à¥¢®¤�
á«®¢®ä®à¬ë wx, â® ã¤�áâáï −�©â¨ â�ª¨¥ ¯�àë, £¤¥ á¥¬�−â¨ª� á«®¢®ä®à¬ë wx

«¨¡® ¨§¬¥−¥−� (á«®¢®ä®à¬¥ wx á®®â¢¥âáâ¢ãîâ ï§ëª®¢ë¥ ¥¤¨−¨æë, ¨¬¥îé¨¥
¤àã£ãî á¥¬�−â¨ªã), «¨¡® ãâ¥àï−�, «¨¡® ®áâ�«�áì ¨¬¯«¨æ¨â−®©. ��¨¡®«ìè¨©
¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ ¯�àë, ®â−®áïé¨¥áï ª âà¥âì¥© £àã¯¯¥1.

��¯à¨¬¥à, ¥á«¨ ¢ àãááª®-�−£«¨©áª®¬ ¯�à�««¥«ì−®¬ â¥ªáâ¥ à®¬�−� �. ‚. Šã§-
−¥æ®¢� ú��¡¨© ïàû (¯¥à. D. Floyd) ¯à®¨§¢¥áâ¨ ¯®¨áª â�ª¨å ¯�à, £¤¥ äà�£¬¥−â
¯¥à¥¢®¤� Ftrg á®¤¥à¦¨â ¬−®¦¥áâ¢® á«®¢®ä®à¬ Wtrg, £¤¥ Wtrg = {because},
� äà�£¬¥−â ®à¨£¨−�«� Fsrc −¥ á®¤¥à¦¨â −¨ ®¤−®© á«®¢®ä®à¬ë ¨§ ¬−®¦¥áâ¢�Wsrc,
£¤¥ Wsrc = {¯®â®¬ã, ®ââ®£®, ¨¡®, ¯®áª®«ìªã, ¢¥¤ì}, â® ¡ã¤¥â −�©¤¥−�, ¢ ç�áâ-
−®áâ¨, ¯�à� äà�£¬¥−â®¢, ¯à¨¢¥¤¥−−�ï ¢ ¯à¨¬¥à¥ 2.

�à¨¬¥à 2. ’¥¯¥àì ã¦¥ −¨ª�ª¨å ¤®ªã¬¥−â®¢ −¥ á¬®âà¥«¨, £®¤ë à®¦¤¥−¨ï −¥
¨£à�«¨ à®«¨ [�. ‚. Šã§−¥æ®¢. ��¡¨© Ÿà (1966)]. The Germans no longer asked
for any documents, because dates of birth were of no importance [Babi Yar (¯¥à.
D. Floyd, 1970)].

‚ ¯à¨¬¥à¥ 2 «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ ¯à¨ç¨−ë ¬¥¦¤ã The Germans no
longer asked for any documents ¨ dates of birth were of no importance ¢ ¯¥à¥¢®¤¥
¢ëà�¦¥−® ¯à¨ ¯®¬®é¨ because, � ¢ ®à¨£¨−�«¥ ®−® ®ª�§ë¢�¥âáï ¨¬¯«¨æ¨â−ë¬
(−¨ç¥¬ −¥ ¢ëà�¦¥−®).

4 Использование надкорпусной базы данных для поиска
с исключением в параллельных текстах

Š�ª ¡ë«® ¯®ª�§�−® ¢ [1, 8], ¢®§¬®¦−®áâ¨ �¢â®¬�â¨§�æ¨¨ ¯®¨áª� â�ª¨å ¯à¨-
¬¥à®¢ ¯®ï¢«ïîâáï «¨èì ¯à¨ −�«¨ç¨¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢. …á«¨ ¦¥ £®¢®à¨âì
® ¢®§¬®¦−®áâïå ¯®¨áª�, ®á−®¢�−−®£® −� ¢ëè¥®¯¨á�−−ëå ¯à¨−æ¨¯�å à�áá¬®âà¥-
−¨ï äà�£¬¥−â®¢ â¥ªáâ� ª�ª ã¯®àï¤®ç¥−−ëå ¬−®¦¥áâ¢, â® â�ª®© ¯®¨áª ¬®¦−®
¯à®¢®¤¨âì, ¨á¯®«ì§ãï ��„.

‚ à�¡®â¥ [4] ®â¬¥ç�¥âáï, çâ® ��„ ¢ª«îç�¥â ¤¢¥ á®áâ�¢«ïîé¨å: ª®à¯ãá−ãî,
¯à¥¤−�§−�ç¥−−ãî ¤«ï åà�−¥−¨ï â¥ªáâ®¢, ¨ á®¡áâ¢¥−−® −�¤ª®à¯ãá−ãî, ¯à¥¤−�§−�-
ç¥−−ãî ¤«ï åà�−¥−¨ï áâàãªâãà¨à®¢�−−ëå ®¯¨á�−¨© ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©,
ª®â®àë¥ á®¤¥à¦�â ¢å®¦¤¥−¨ï ª�ª¨å-«¨¡® ï§ëª®¢ëå ¥¤¨−¨æ, −�©¤¥−−ëå ¢ íâ¨å
â¥ªáâ�å. ‚ à�¬ª�å −�áâ®ïé¥© áâ�âì¨ ®áâ�−®¢¨¬áï ¯®¤à®¡−¥¥ −� ª®à¯ãá−®© ç�á-
â¨, â�ª ª�ª ¨¬¥−−® ¥¥ ãáâà®©áâ¢® ¤®«¦−® ®¡¥á¯¥ç¨¢�âì ®¯¨á�−−ë¥ ¢ à�§¤. 3
¢®§¬®¦−®áâ¨ ¯®¨áª� ¯�à.

1�¥ª®â®àë¥ íªá¯¥à¨¬¥−âë ¯® ¨á¯®«ì§®¢�−¨î ¯®¨áª� á ¨áª«îç¥−¨¥¬ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å
®¯¨á�−ë ¢ à�¡®â�å [5{7].
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”à�£¬¥−â «®£¨ç¥áª®© áå¥¬ë ª®à¯ãá−®© á®áâ�¢«ïîé¥© ��„: PK | primary key; FK |
foreign key

�� à¨áã−ª¥ ¨§®¡à�¦¥− äà�£¬¥−â «®£¨ç¥áª®© áå¥¬ë ª®à¯ãá−®© á®áâ�¢«ïîé¥©
��„. �� −¥¬ ¢ ã¯à®é¥−−®¬ ¢¨¤¥ ¯à¥¤áâ�¢«¥−ë â�¡«¨æë ¡�§ë ¤�−−ëå, ¨£à�îé¨¥
ª«îç¥¢ãî à®«ì ¢ ¯®¨áª¥ ¯�à.

’�¡«¨æë ú’¥ªáâ ®à¨£¨−�«�û ¨ ú’¥ªáâ ¯¥à¥¢®¤�û á®¤¥à¦�â á¢¥¤¥−¨ï ® â¥ªáâ�å,
¨á¯®«ì§®¢�−−ëå ¤«ï á®§¤�−¨ï ¯�à�««¥«ì−®£® â¥ªáâ� (â. ¥. ¬¥â�¤�−−ë¥). ’�¡«¨æ�
ú’¥ªáâ ¯¥à¥¢®¤�û á¢ï§�−� á â�¡«¨æ¥© ú��à� äà�£¬¥−â®¢û, £¤¥ ãª�§�−� ¯®§¨-
æ¨ï ¯�àë ¢ â¥ªáâ¥ ¨ ¨¤¥−â¨ä¨ª�â®àë äà�£¬¥−â®¢ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�. ‘�¬¨
¦¥ â¥ªáâë äà�£¬¥−â®¢ åà�−ïâáï ¢ â�¡«¨æ¥ ú”à�£¬¥−âû. ’�¡«¨æë ú”à�£¬¥−âû
¨ ú‘«®¢®ä®à¬�û á¢ï§�−ë ç¥à¥§ â�¡«¨æã ú‚å®¦¤¥−¨¥ á«®¢®ä®à¬ëû, £¤¥ ¯®¬¨¬®
á®¡áâ¢¥−−® á¢ï§¥© á®¤¥à¦�âáï ¤�−−ë¥ ® «¨−¥©−®¬ ¯®àï¤ª¥ ¢å®¦¤¥−¨© á«®¢®ä®à¬
¢−ãâà¨ äà�£¬¥−â�. ’�¡«¨æ� ú‘«®¢®ä®à¬�û á¢ï§�−� á â�¡«¨æ¥© úŒ®àä®«®£¨-
ç¥áª¨© à�§¡®àû | ®¤−®© á«®¢®ä®à¬¥ ¬®¦¥â á®®â¢¥âáâ¢®¢�âì −¥áª®«ìª® â�ª¨å
à�§¡®à®¢ (−�¡®à®¢ ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢), � á¢¥¤¥−¨ï ® á�¬¨å ¯à¨§−�ª�å
åà�−ïâáï ¢ â�¡«¨æ¥ úŒ®àä®«®£¨ç¥áª¨© ¯à¨§−�ªû. ‘¢ï§ì ¬−®£¨¥-ª®-¬−®£¨¬ ¬¥¦-
¤ã ¤¢ã¬ï ¯®á«¥¤−¨¬¨ â�¡«¨æ�¬¨ à¥�«¨§®¢�−� §� áç¥â ¯à®¬¥¦ãâ®ç−®© â�¡«¨æë
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á¢ï§¥©, ª®â®à®© −� à¨áã−ª¥ −¥â. ’�ª�ï áâàãªâãà� ¡�§ë ¤�−−ëå ¤¥«�¥â ¢®§¬®¦−ë¬
¨á¯®«ì§®¢�−¨¥ ¢á¥å ¢¨¤®¢ ¯®¨áª�, ¯¥à¥ç¨á«¥−−ëå ¢ à�§¤. 3.

—â®¡ë �¢â®¬�â¨§¨à®¢�âì ä®à¬¨à®¢�−¨¥ SQL-§�¯à®á®¢ ¤«ï ¯®¨áª� á ¨áª«îç¥-
−¨¥¬ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å, ¡ë« à�§à�¡®â�− á®®â¢¥âáâ¢ãîé¨© ¯®«ì§®¢�â¥«ì-
áª¨© ¨−â¥àä¥©á. �− ¯®§¢®«ï¥â ¢¢®¤¨âì ¢ â¥ªáâ®¢®¥ ¯®«¥ áâà®ªã á¯¥æ¨�«ì−®£®
ä®à¬�â�, ª®â®à�ï ¯à®£à�¬¬−® �−�«¨§¨àã¥âáï ¨, ¥á«¨ ä®à¬�â −¥ −�àãè¥−, á®-
áâ�¢«ï¥âáï §�¯à®á ª ¡�§¥ ¤�−−ëå. �� ¬®¬¥−â −�¯¨á�−¨ï áâ�âì¨ à�§à�¡®â�−
äã−ªæ¨®−�«, ¯®§¢®«ïîé¨© ¨áª«îç¨âì ¨§ ¯®¨áª®¢®© ¢ë¤�ç¨ ¯�àë, £¤¥ ª�ª®©-«¨-
¡® ¨§ äà�£¬¥−â®¢ á®¤¥à¦¨â:

(1) ®¤¨−®ç−ãî á«®¢®ä®à¬ã;

(2) ¯®á«¥¤®¢�â¥«ì−®áâì á«®¢®ä®à¬;
(3) á«®¢® ¢® ¢á¥å ä®à¬�å;

(4) ¯®á«¥¤®¢�â¥«ì−®áâì á«®¢ ¢® ¢á¥å ä®à¬�å.

�â¨ ¢®§¬®¦−®áâ¨ ¬®¦−® ª®¬¡¨−¨à®¢�âì ¤«ï á®áâ�¢«¥−¨ï á«®¦−ëå ãá«®¢¨©,
� −¥§�¢¨á¨¬ë¥ ¤àã£ ®â ¤àã£� ãá«®¢¨ï ¯¥à¥ç¨á«ïâì ¢ à�¬ª�å ®¤−®© áâà®ª¨.
�à¨¬¥àë ¯®¨áª®¢ëå áâà®ª ¯à¨¢®¤ïâáï ¢ â�¡«. 5.

‘âà®ª� â¥®à¥â¨ç¥áª¨ ¬®¦¥â á®¤¥à¦�âì −¥®£à�−¨ç¥−−®¥ ç¨á«® â�ª¨å ãá«®¢¨©,
¯¥à¥ç¨á«ï¥¬ëå ç¥à¥§ â®çªã á §�¯ïâ®©.

�¢â®àã −¥ ã¤�«®áì −�©â¨ ã¯®¬¨−�−¨© ® ¯®¤®¡−ëå äã−ªæ¨ïå ¯®¨áª� −� ¤¢ãå
ï§ëª�å, à¥�«¨§®¢�−−ëå ¢ ª�ª¨å-«¨¡® ª®à¯ãá�å. ”ã−ªæ¨®−�«, ®â¢¥ç�îé¨© §�

’�¡«¨æ� 5 �à¨¬¥àë ¯®¨áª®¢ëå áâà®ª ¤«ï ¨áª«îç¥−¨ï äà�£¬¥−â®¢ á §�¤�−−ë¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨

�à¨¬¥à �¯¨á�−¨¥
-¯®áª®«ìªã ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì á«®¢®ä®à¬ã ¯®áª®«ìªã
-¯®â®¬ã (0, 3) çâ® ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì ¯®á«¥¤®¢�â¥«ì−®áâ¨ á«®¢®-

ä®à¬ ¯®â®¬ã ¨ çâ®, ¬¥¦¤ã ª®â®àë¬¨ ¬®£ãâ −�å®¤¨âìáï ®â
0 ¤® 3 ¤àã£¨å á«®¢

-{¯à¨ç¨−�} ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì á«®¢� ¯à¨ç¨−� ¢® ¢á¥å
ä®à¬�å

-{¯à¨ç¨−�} (0, 2) ¡ëâì ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì á«®¢� ¯à¨ç¨−� ¢® ¢á¥å
ä®à¬�å ¨ á«®¢� ¡ëâì ¢® ¢á¥å ä®à¬�å, ¬¥¦¤ã ª®â®àë¬¨
¬®£ãâ −�å®¤¨âìáï ®â 0 ¤® 2 ¤àã£¨å á«®¢

-{¯à¨ç¨−�} (0, 2) ¡ë«® ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì á«®¢� ¯à¨ç¨−� ¢® ¢á¥å ä®à-
¬�å ¨ á«®¢®ä®à¬ë ¡ë«®, ¬¥¦¤ã ª®â®àë¬¨ ¬®£ãâ −�å®¤¨âìáï
®â 0 ¤® 2 ¤àã£¨å á«®¢

-¯®áª®«ìªã; ¨¡® ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì á«®¢®ä®à¬ë ¯®áª®«ìªã ¨«¨
¨¡®

-¯®áª®«ìªã; ¨¡®;
â�ª (0, 0) ª�ª;
¯®â®¬ã (0, 3) çâ®;
{¯à¨ç¨−�}

”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì: á«®¢®ä®à¬ã ¯®áª®«ìªã;
á«®¢®ä®à¬ã ¨¡®; ¯®á«¥¤®¢�â¥«ì−®áâì á«®¢®ä®à¬ â�ª ¨ ª�ª,
¬¥¦¤ã ª®â®àë¬¨ −¥â −¨ ®¤−®£® á«®¢�; ¯®á«¥¤®¢�â¥«ì−®áâì
á«®¢®ä®à¬ ¯®â®¬ã ¨ çâ®, ¬¥¦¤ã ª®â®àë¬¨ ¬®¦¥â ¡ëâì ®â
0 ¤® 3 á«®¢; á«®¢® ¯à¨ç¨−� ¢® ¢á¥å ä®à¬�å

110 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023



�®¨áª á ¨áª«îç¥−¨¥¬ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

¨áª«îç¥−¨¥ ª�ª¨å-«¨¡® á«®¢®ä®à¬, ¯à¨¢ï§�− −¥ ª äà�£¬¥−âã â¥ªáâ� (ª�ª íâ®
®¯¨á�−® ¢ −�áâ®ïé¥© áâ�âì¥), � ª ª®−ªà¥â−®¬ã ¢å®¦¤¥−¨î á«®¢®ä®à¬ë. ’�ª,
¢ −®¢®© ¢¥àá¨¨ ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� ¨¬¥¥âáï ¢®§¬®¦−®áâì
¨áª«îç�âì ú¬¥è�îé¨¥û á«®¢®ä®à¬ë: −�¯à¨¬¥à, ¬®¦−® −�©â¨ £«�£®« ¯à®ç¨âì
¢® ¢á¥å ä®à¬�å, ¨áª«îç�ï ¯à¨ íâ®¬ á«®¢®ä®à¬ã ¯à®çì [9]. �®¤®¡−ë¥ §�¯à®áë
¬®¦−® á®áâ�¢«ïâì ¨ á ¨á¯®«ì§®¢�−¨¥¬ ï§ëª� CQL | Corpus Query Language [10],
®¤−�ª® ¢®§¬®¦−®áâ¨, ®¯¨á�−−ë¥ ¢ −�áâ®ïé¥© áâ�âì¥, −¨ â�¬ −¨ â�¬ −¥¤®áâã¯−ë.

5 Заключение

‚ áâ�âì¥ ¡ë«® ¯®ª�§�−®, çâ® ¯®¤å®¤ ª â¥ªáâã ª�ª ª ã¯®àï¤®ç¥−−®¬ã ¬−®¦¥áâ¢ã
®¡¥á¯¥ç¨¢�¥â è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¤«ï ä®à¬¨à®¢�−¨ï ¯®¨áª®¢ëå §�¯à®á®¢ ¯à¨
à�¡®â¥ á ¯�à�««¥«ì−ë¬¨ â¥ªáâ�¬¨. �¥ª®â®àë¥ ¨§ −¨å ¤®áâã¯−ë ¨ ¢ ¬®àä®«®£¨ç¥-
áª¨ à�§¬¥ç¥−−ëå ¬®−®ï§ëç−ëå ª®à¯ãá�å | ¯®¨áª ¯® â®ç−®© ä®à¬¥, ¯® «¥¬¬¥ ¨ ¯®
¬®àä®«®£¨ç¥áª¨¬ ¯à¨§−�ª�¬, −® ¢ ¯�à�««¥«ì−ëå ª®à¯ãá�å ¢®§¬®¦−®áâ¨ ¯®¨áª�
à�áè¨àïîâáï −¥ â®«ìª® §� áç¥â ¡®«ìè¥£® ç¨á«� ª®¬¡¨−�æ¨©, −® ¨ §� áç¥â â®£®,
çâ® â¥ªáâ −� ®¤−®¬ ï§ëª¥ ¯®§¢®«ï¥â −�ª«�¤ë¢�âì ¤®¯®«−¨â¥«ì−ë¥ ®£à�−¨ç¥−¨ï
−� â®, ª�ª¨¬ ¤®«¦¥− ¡ëâì â¥ªáâ −� ¤àã£®¬ ï§ëª¥.

“¯®¬ï−ãâ®¥ ¢ áâ�âì¥ ®¡−�àã¦¥−¨¥ äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ «®£¨ª®-á¥-
¬�−â¨ç¥áª¨¬¨ ®â−®è¥−¨ï¬¨ | «¨èì ®¤−� ¨§ áä¥à ¯à¨¬¥−¥−¨ï â�ª®£® ¯®¨áª�.
‚ ç�áâ−®áâ¨, ®− â�ª¦¥ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï ¢ëï¢«¥−¨ï â�ª¨å ¢�à¨�−â®¢ ¯¥-
à¥¢®¤� ¨áá«¥¤ã¥¬ëå ï§ëª®¢ëå ¥¤¨−¨æ, ª®â®àë¥ −¥ §�ä¨ªá¨à®¢�−ë ¢ ¤¢ãï§ëç−ëå
á«®¢�àïå ¨ ¤àã£¨å «¥ªá¨ª®£à�ä¨ç¥áª¨å à¥áãàá�å, � â�ª¦¥ ¤«ï ¯®¨áª� ï§ëª®¢ëå
¥¤¨−¨æ, ¢�à¨�−âë ¯¥à¥¢®¤� ª®â®àëå ®â«¨ç�îâáï ¢ëá®ª®© áâ¥¯¥−ìî à�§−®®¡à�§¨ï
¨ ¯®â®¬ã ¯à¥¤áâ�¢«ïîâ á«®¦−®áâ¨ ¤«ï ¯¥à¥¢®¤�, ¢ â®¬ ç¨á«¥ ¬�è¨−−®£®.
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Abstract: The paper examines the method of search with exclusion in parallel
texts. The described method is based on the approach that takes a text as an
ordered set of wordforms. In the context of this approach, the possibilities of
bilingual search by exact form, by lemma, and by morphological features are
considered. This approach provides a basis not only for the abovementioned
types of search, but also for search with exclusion, i. e., a search allowing
to find in parallel texts such pairs of text fragments that contain a certain
wordform in language A but do not contain any wordform from a given set in
language B. To illustrate this idea, an example of searching fragments with
implicit logical-semantic relations in parallel texts stored in a database is given.
If the required wordform in language A marks a logical-semantic relation and
the set of wordforms in language B contains the maximum number of variants
for the translation of the required wordform into language B, the search can
yield the pairs of fragments where the logical-semantic relation is expressed in
the fragment in language A by the required wordform but it is implicit in the
fragment in language B.

Keywords: bilingual search; search with exclusion; implicitness; knowledge
extraction from texts; parallel texts; logical-semantic relations
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ГРАФОВЫЕ n-ГРАММЫ В ЗАДАЧЕ АТРИБУЦИИ ТЕКСТОВ

Н. Д. Москин1, А. А. Рогов2, А. А. Лебедев3

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�-
−¨ï áâàãªâãàë â¥ªáâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ ®¡®¡é¥−−®© ª®−â¥ªáâ−®-§�¢¨á¨¬®©
â¥®à¥â¨ª®-£à�ä®¢®© ¬®¤¥«¨. �¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨ï áâ�«¨ ¢ ®á−®¢−®¬ «¨â¥-
à�âãà−ë¥ ¨ ä®«ìª«®à−ë¥ â¥ªáâë, ¤«ï ª®â®àëå ¢®§−¨ª�¥â §�¤�ç� �âà¨¡ãæ¨¨.
��¯à¨¬¥à, â�ª¨å â¥ªáâ®¢ ¬−®£® ¢ â¢®àç¥áâ¢¥ ¨§¢¥áâ−®£® àãááª®£® ¯¨á�â¥«ï
”. Œ. „®áâ®¥¢áª®£®. �¢â®àë ¯®ª�§ë¢�îâ, ª�ª ¬®¦−® ¯®áâà®¨âì £¨¡à¨¤−ë¥
¬®¤¥«¨, ®á−®¢�−−ë¥ −� ¤¥à¥¢ìïå §�¢¨á¨¬®áâ¥©, £à�ä®¢ëå ¬®¤¥«ïå á¨−â�ªá¨-
ç¥áª®© áâàãªâãàë á¢ï§¥© ¬¥¦¤ã ¯à®áâë¬¨ ¯à¥¤«®¦¥−¨ï¬¨ ¢ á®áâ�¢¥ ¬−®£®ª®¬-
¯®−¥−â−®£® á«®¦−®£® ¯à¥¤«®¦¥−¨ï ¨ £à�ä®¢ úá¨«ì−ëå á¢ï§¥©û á®ç¥â�¥¬®áâ¨
á«®¢ à�§«¨ç−ëå £à�¬¬�â¨ç¥áª¨å ª«�áá®¢. ’�ª¨¥ ¬®¤¥«¨ ¯®§¢®«ïîâ ª®−áâàã-
¨à®¢�âì −®¢ë¥ ¨−ä®à¬�â¨¢−ë¥ ¯à¨§−�ª¨, ¯®â¥−æ¨�«ì−® ¯à¨¬¥−¨¬ë¥ ¢ �âà¨-
¡ãæ¨¨ â¥ªáâ®¢. �à¨¬¥à®¬ á«ã¦¨â ç�áâ®â� ¢áâà¥ç�¥¬®áâ¨ £à�ä®¢ëå n-£à�¬¬,
ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© ®¡®¡é¥−¨¥ ®¡ëç−ëå n-£à�¬¬, á¨−â�ªá¨ç¥áª¨å
n-£à�¬¬ ¨ ¤àã£¨å ¯®¤®¡−ëå ª®−áâàãªæ¨©, ¯à¨¬¥−ï¥¬ëå ¢ áâ¨«¨áâ¨ç¥áª¨å
¨áá«¥¤®¢�−¨ïå.

Š«îç¥¢ë¥ á«®¢�: ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ; �âà¨¡ãæ¨ï â¥ªáâ®¢; £à�ä; ¬¥-
â�£à�ä; £¨¡à¨¤−ë© £à�ä; ä®«ìª«®à−ë© â¥ªáâ; «¨â¥à�âãà−ë© â¥ªáâ; £à�ä®¢�ï
n-£à�¬¬�
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï �−�«¨§ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ª®«¨ç¥áâ¢¥−−ë¬¨ ¬¥â®¤�¬¨
®á®¡¥−−® �ªâã�«¥−, ¯®áª®«ìªã á ¥£® ¯®¬®éìî ¬®¦−® à¥è�âì ¡®«ìè®¥ ç¨á«® §�¤�ç
à�§−®£® à®¤�, −�ç¨−�ï ®â ç�áâ−ëå (áà¥¤¨ ª®â®àëå ¬�è¨−−ë© ¯¥à¥¢®¤, à¥ä¥-
à¨à®¢�−¨¥, ¯«�£¨�â, �âà¨¡ãæ¨ï, ¢ë¤¥«¥−¨¥ −¥®¤−®à®¤−ëå äà�£¬¥−â®¢ ¢ â¥ªáâ¥,
ª«�áá¨ä¨ª�æ¨ï â¥ªáâ®¢ ¨ â. ¤.), §�ª�−ç¨¢�ï £«®¡�«ì−®© | ¯®−¨¬�−¨¥¬ â¥ªáâ�.
‚ ®â¥ç¥áâ¢¥−−®© «¨−£¢¨áâ¨ª¥ ¯®¤®¡−®£® à®¤� ¨áá«¥¤®¢�−¨ï, ¯à®¢®¤¨¬ë¥ −� áâëª¥
ä¨«®«®£¨¨ ¨ ¬�â¥¬�â¨ª¨, ¨¬¥îâ ¤�¢−îî ¨áâ®à¨î [1].

‘¥£®¤−ï áãé¥áâ¢ã¥â ¡®«ìè®¥ ç¨á«® à�§«¨ç−ëå á¯®á®¡®¢, ¯®§¢®«ïîé¨å à¥-
è�âì ¢ëè¥ãª�§�−−ë¥ ç�áâ−ë¥ §�¤�ç¨. ��¨¡®«¥¥ ¯®¯ã«ïà−ë −¥©à®á¥â¥¢ë¥ ¬¥â®-
¤ë. �−�«¨§¨àãï ¡®«ìè®© ®¡ê¥¬ ¨−ä®à¬�æ¨¨, ¤�−−ë¥ ¬¥â®¤ë ¯®§¢®«ïîâ ¢ëï¢¨âì
áâ�â¨áâ¨ç¥áª¨¥ §�ª®−®¬¥à−®áâ¨ ¨ ¢ §�¢¨á¨¬®áâ¨ ®â æ¥«¨ §�¤�ç¨ ®¯¨á�âì ¨å ¨«¨
−�©â¨ ¢ë¡à®áë (®âª«®−¥−¨ï ®â ®¡é¨å §�ª®−®¬¥à−®áâ¥©). ‚®§−¨ª«® −®¢®¥ −�¯à�¢-
«¥−¨¥ �−�«¨§� â¥ªáâ®¢ | �¢â®¬�â¨ç¥áª�ï ®¡à�¡®âª� â¥ªáâ®¢ (��’), á®ç¥â�îé�ï

1�¥âà®§�¢®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, moskin@petrsu.ru
2�¥âà®§�¢®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, rogov@petrsu.ru
3�¥âà®§�¢®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, perevodchik88@yandex.ru
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�. „. Œ®áª¨−, �. �. ÷®£®¢, �. �. ‹¥¡¥¤¥¢

¢ á¥¡¥ ª®¬¯ìîâ¥à−ãî (¨«¨ ¬�â¥¬�â¨ç¥áªãî) «¨−£¢¨áâ¨ªã ¨ ¬�è¨−−®¥ ®¡ãç¥−¨¥
(¯®¤à®¡−¥¥ á¬. [2]).

…á«¨ £®¢®à¨âì ® æ¥«¨ ¤�−−®£® ¨áá«¥¤®¢�−¨ï, â® ¢ æ¥−âà¥ ¢−¨¬�−¨ï �¢â®-
à®¢ −�å®¤¨âáï ¨áá«¥¤®¢�−¨¥ ¢®¯à®á®¢ ¯à¨¬¥−¥−¨ï £à�ä®¢ëå n-£à�¬¬ ¢ §�¤�ç¥
�âà¨¡ãæ¨¨ â¥ªáâ®¢. �®¤®¡−ë¥ áâàãªâãàë ¯®§¢®«ïîâ áà�¢−¨¢�âì à�§−ë¥ â¥ªáâë
−� ®á−®¢�−¨¨ ®¡ê¥ªâ¨¢−ëå, ª®«¨ç¥áâ¢¥−−® ¢ëà�¦¥−−ëå ¯�à�¬¥âà®¢ (−�¯à¨¬¥à,
á®®â−®è¥−¨¥ à�§−ëå ç�áâ¥© à¥ç¨ ¢ ¯à¥¤¥«�å â¥ªáâ�, ¤«¨−� á¨−â�ªá¨ç¥áª¨å ª®−-
áâàãªæ¨©, ç�áâ®â� á¢ï§¥© ¬¥¦¤ã à�§«¨ç−ë¬¨ ç�áâï¬¨ à¥ç¨ ¨ â. ¯.).

2 Гибридные модели атрибутируемого текста

‚ ®â«¨ç¨¥ ®â ¤àã£¨å ¢¨¤®¢ ¬®¤¥«¥©, ¢ £à�ä®¢ëå ¬®¤¥«ïå ãª�§ë¢�îâáï ¢§�-
¨¬®á¢ï§¨ ¬¥¦¤ã ª®−áâàãªæ¨ï¬¨ â¥ªáâ� (á«®¢�¬¨ ¨ ¯à¥¤«®¦¥−¨ï¬¨). ‚ á¢ï§¨
á ¡ãà−ë¬ à�§¢¨â¨¥¬ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −�¡«î¤�¥âáï â¥−¤¥−æ¨ï ãá«®¦−¥-
−¨ï £à�ä®¢ëå áâàãªâãà, ¢®§−¨ª�îé¨å ¯à¨ ¬®¤¥«¨à®¢�−¨¨ á«®¦−ëå ®¡ê¥ªâ®¢ −�
áâëª¥ ¬�â¥¬�â¨ª¨, ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ £ã¬�−¨â�à−ëå −�ãª. ��¯à¨-
¬¥à, ¢ [1] ¯à¨¢®¤ïâáï ®¯¨á�−¨ï â�ª¨å ¯®−ïâ¨©, ª�ª −¥ç¥âª¨© £à�ä, â¥¬¯®à�«ì−ë©
£à�ä ¨ ¨¥à�àå¨ç¥áª¨© £à�ä. ‚á¥ ç�é¥ ¢ −�ãç−ëå ¨áá«¥¤®¢�−¨ïå ¨á¯®«ì§ãîâáï
¬¥â�£à�äë [3]: §¤¥áì ¬¥â�¢¥àè¨−� ¬®¦¥â ¢ª«îç�âì ª�ª ¢¥àè¨−ë (¨«¨ ¬¥â�¢¥àè¨-
−ë), â�ª ¨ à¥¡à�; à¥¡à® ¬¥â�£à�ä� ¬®¦¥â á®¥¤¨−ïâì ¢¥àè¨−ë ¢−ãâà¨ ®¤−®© ¬¥â�-
¢¥àè¨−ë, ¢¥àè¨−ë ¬¥¦¤ã à�§«¨ç−ë¬¨ ¬¥â�¢¥àè¨−�¬¨, ¬¥â�¢¥àè¨−ë, � â�ª¦¥
¢¥àè¨−ë ¨ ¬¥â�¢¥àè¨−ë. ‚ [4] ®¯à¥¤¥«ï¥âáï ¯®−ïâ¨¥ ¢«®¦¥−−®£® ¬¥â�£à�ä�
(n-ãà®¢−¥¢®£® £à�ä�) ª�ª ®¡®¡é¥−¨ï £à�ä®¢, £¨¯¥à£à�ä®¢ ¨ ¬¥â�£à�ä®¢. �à¨
íâ®¬ ®− ¯®§¢®«ï¥â §�¤�¢�âì ®à¨¥−â�æ¨î à¥¡¥à.

÷�áá¬®âà¥−−®¥ �¢â®à�¬¨ à¥ªãàá¨¢−®¥ ®¯à¥¤¥«¥−¨¥ ®¡®¡é¥−−®© ª®−â¥ªáâ−®-
§�¢¨á¨¬®© â¥®à¥â¨ª®-£à�ä®¢®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç¨ �−�«¨§� â¥ªáâ®¢ ¨§-
«®¦¥−® ¢ [1]. �−� ¯®§¢®«ï¥â áâà®¨âì −®¢ë¥ £¨¡à¨¤−ë¥ ¬®¤¥«¨, ª®â®àë¥ ¬®¦−®
¢¯®á«¥¤áâ¢¨¨ ¨á¯®«ì§®¢�âì ¤«ï ¯®«ãç¥−¨ï −®¢ëå ¨−ä®à¬�â¨¢−ëå ¯à¨§−�ª®¢ ¤«ï
¯à®¢¥¤¥−¨ï �âà¨¡ãæ¨¨. ÷�áá¬®âà¨¬ äà�£¬¥−â â¥ªáâ� ú„¢®àï−¨−, ¦¥«�îé¨©
¡ëâì ªà¥áâìï−¨−®¬û (¦ãà−�« ú‚à¥¬ïû, 1861, ü 12), ª®â®àë© úá ¤�¢−¨å ¢à¥-
¬¥− ¯à¨¯¨áë¢�¥âáï „®áâ®¥¢áª®¬ãû [5, á. 278], ®¤−�ª® ®¤−®§−�ç−® �¢â®àáâ¢® −¥
ãáâ�−®¢«¥−® (á¬. à�¡®âë �. ‚. ’®¬�è¥¢áª®£®, ‚. ‘. �¥ç�¥¢�, ƒ. •¥âá® ¨ ¤à.):
ú�−â�£®−¨§¬ê ¤¢ãåê «�£¥à¥© áãé¥áâ¢ã¥âê; à¥ä®à¬� 19 ä¥¢à�«ï áâà¥¬¨âáï ªê
¥£® ã−¨çâ®¦¥−iî, ªê á£«�¦¥−iî −¥à�¢−®¯à�¢−®áâ¨; −® ï¢«¥−i¥, ãª®à¥−¨¢è¥¥áï
¨áâ®ài¥©, −¥ á£«�¦¨¢�¥âáï ¢ê ®¤¨−ê ¤¥−ì ¨«¨ ¢ê ®¤¨−ê £®¤ê; ®−®, áâ�à®¥, â®£¤�
â®«ìª® ¨áç¥§−¥âê, ª®£¤� −®¢®¥ ¡ã¤¥âê ¯ài®¡à â¥−® ¢¯®«− û. —¨á«® á«®¢ ¢ â¥ªáâ¥
K = 37. Š�¦¤®¬ã á«®¢ã ¬®¦−® ¯®áâ�¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ç�áâì à¥ç¨: N |
áãé¥áâ¢¨â¥«ì−®¥; A | ¯à¨«�£�â¥«ì−®¥; C | ¬¥áâ®¨¬¥−¨¥; O | ç¨á«¨â¥«ì−®¥;
V | £«�£®«; E | ¯à¨ç�áâ¨¥; G | ¤¥¥¯à¨ç�áâ¨¥; D | −�à¥ç¨¥; S | ª�â¥£®à¨ï
á®áâ®ï−¨ï; P | ¯à¥¤«®£; L | á®î§; U | ç�áâ¨æ�; I | ¬¥¦¤®¬¥â¨¥. ‚ â�¡«. 1
¯à¥¤áâ�¢«¥−® ¬−®¦¥áâ¢® á«®¢ â¥ªáâ� W = {wk}37k=1.

�¥à¢ãî â¥®à¥â¨ª®-£à�ä®¢ãî ¬®¤¥«ì ¯®áâà®¨¬ −� ®á−®¢¥ ¤¥à¥¢� §�¢¨á¨¬®-
áâ¥©. ’�ª�ï áâàãªâãà� ¯®§¢®«ï¥â −�£«ï¤−® ¨§®¡à�§¨âì á¨−â�ªá¨ç¥áª¨¥ á¢ï§¨

116 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023



ƒà�ä®¢ë¥ n-£à�¬¬ë ¢ §�¤�ç¥ �âà¨¡ãæ¨¨ â¥ªáâ®¢

’�¡«¨æ� 1 ‘®®â¢¥âáâ¢¨¥ ¢¥àè¨− ¨ á«®¢ â¥ªáâ� ú�−â�£®−¨§¬ê ¤¢ãåê «�£¥à¥©. . .û

ü �®¤¬−®¦¥áâ¢� á«®¢ ‚¥àè¨−� ƒàã¯¯ë ”ã−ªæ¨ï
¯à¨−�¤«¥¦−®áâ¨

1 W1 = {w1}: ú�−â�£®−¨§¬êû v1 α(v1) = N µ(v1) = 1
2 W2 = {w2}: ú¤¢ãåêû v2 α(v2) = O µ(v2) = 1
3 W3 = {w3}: ú«�£¥à¥©û v3 α(v3) = N µ(v3) = 1
4 W4 = {w4}: úáãé¥áâ¢ã¥âêû v4 α(v4) = V µ(v4) = 1
· · · · · · · · · · · · · · ·
37 W37 = {w37}: ú¢¯®«− û v37 α(v37) = D µ(v37) = 1
38 | v38 α(v38) = F µ(v38) = 1
39 W38 = {w1, w2, w3, w4}: ú�−-

â�£®−¨§¬êû, ú¤¢ãåêû, ú«�£¥-
à¥©û, úáãé¥áâ¢ã¥âêû

v39 | µ(v39) = 1

40 W39 = {w5, w6, w7, w8, w9,
w10, w11, w12, w13, w14}: úà¥-
ä®à¬�û, ú19û, úä¥¢à�«ïû,
úáâà¥¬¨âáïû, úªêû, ú¥£®û,
úã−¨çâ®¦¥−iîû, úªêû, úá£«�-
¦¥−iîû, ú−¥à�¢−®¯à�¢−®áâ¨û

v40 | µ(v40) = 1

41 W40 = {w15, w16, w17, w18,
w19, w20, w21, w22, w23, w24,
w25, w26, w27}: ú−®û, úï¢«¥-
−i¥û, úãª®à¥−¨¢è¥¥áïû, ú¨á-
â®ài¥©û, ú−¥û, úá£«�¦¨¢�¥â-
áïû, ú¢êû, ú®¤¨−êû, ú¤¥−ìû,
ú¨«¨û, ú¢êû, ú®¤¨−êû, ú£®¤êû

v41 | µ(v41) = 1

42 W41 = {w28, w29, w30, w31,
w32}: ú®−®û, úáâ�à®¥û,
úâ®£¤�û, úâ®«ìª®û, ú¨áç¥§-
−¥âêû

v42 | µ(v42) = 1

43 W42 = {w33, w34, w35, w36,
w37}: úª®£¤�û, ú−®¢®¥û, ú¡ã-
¤¥âêû, ú¯ài®¡à â¥−®û, ú¢¯®«-
− û

v43 | µ(v43) = 1

44 W43 = {w1, w3, w5, w7, w11,
w13, w14, w16, w18, w23, w27,
w29, w34}: ú�−â�£®−¨§¬êû,
ú«�£¥à¥©û, úà¥ä®à¬�û, úä¥¢-
à�«ïû, úã−¨çâ®¦¥−iîû,
úá£«�¦¥−iîû, ú−¥à�¢−®-
¯à�¢−®áâ¨û, úï¢«¥−i¥û,
ú¨áâ®ài¥©û, ú¤¥−ìû, ú£®¤êû,
úáâ�à®¥û, ú−®¢®¥û

v44 α(v44) = N µ(v44) = 1

�ª®−ç�−¨¥ â�¡«. 1 −� á. 118
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’�¡«¨æ� 1 (®ª®−ç�−¨¥ ‘®®â¢¥âáâ¢¨¥ ¢¥àè¨− ¨ á«®¢ â¥ªáâ� ú�−â�£®−¨§¬ê ¤¢ãåê «�£¥-
à¥©. . .û

ü �®¤¬−®¦¥áâ¢� á«®¢ ‚¥àè¨−� ƒàã¯¯ë ”ã−ªæ¨ï
¯à¨−�¤«¥¦−®áâ¨

45 W44 = {w2, w6, w22, w26}:
ú¤¢ãåêû, ú19û, ú®¤¨−êû,
ú®¤¨−êû

v45 α(v45) = O µ(v45) = 1

46 W45 = {w10, w28}: ú¥£®û,
ú®−®û

v46 α(v46) = C µ(v46) = 1

47 W46 = {w4, w8, w20, w32,
w35}: úáãé¥áâ¢ã¥âêû, úáâà¥-
¬¨âáïû, úá£«�¦¨¢�¥âáïû,
ú¨áç¥§−¥âêû, ú¡ã¤¥âêû

v47 α(v47) = V µ(v47) = 1

48 W47 = {w17, w36}: úãª®à¥-
−¨¢è¥¥áïû, ú¯ài®¡à â¥−®û

v48 α(v48) = E µ(v48) = 1

49 W48 = {w30, w37}: úâ®£¤�û,
ú¢¯®«− û

v49 α(v49) = D µ(v49) = 1

50 W49 = {w19, w31}: ú−¥û,
úâ®«ìª®û

v50 α(v50) = U µ(v50) = 1

51 W50 = {w9, w12, w21, w25}:
úªêû, úªêû, ú¢êû, ú¢êû

v51 α(v51) = P µ(v51) = 1

52 W51 = {w15, w24, w33}: ú−®û,
ú¨«¨û, úª®£¤�û

v52 α(v52) = L µ(v52) = 1

¢ ¯à¥¤«®¦¥−¨¨ ¨ −� ¨å ®á−®¢¥ ¯®áâà®¨âì àï¤ ¯à¨§−�ª®¢, ª®â®àë¥ ¬®¦−® ¨á¯®«ì-
§®¢�âì ¢ �âà¨¡ãæ¨¨ åã¤®¦¥áâ¢¥−−ëå â¥ªáâ®¢ [6]. ‡¤¥áì ¢ë¤¥«ïîâáï 38 ¢¥àè¨−
V = {vi}38i=1, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ á«¥¤ãîé¨¬ ¯®¤¬−®¦¥áâ¢�¬ á«®¢ Wi (á¬.
â�¡«. 1). ”ã−ªæ¨ï α §�¤�¥â ç�áâì à¥ç¨ ¤«ï vi. �à¨ íâ®¬ ¡ãª¢®© F ®¡®§−�ç¨¬
ä¨ªâ¨¢−ãî ¢¥àè¨−ã, −¥ á¢ï§�−−ãî á® á«®¢�¬¨. ”ã−ªæ¨ï ¯à¨−�¤«¥¦−®áâ¨ µ ¤«ï
¢á¥å ¢¥àè¨− ¨ à¥¡¥à ¯à¨−¨¬�¥â §−�ç¥−¨¥ 1 (®¡ê¥ªâë ®¤−®§−�ç−® ®¯à¥¤¥«¥−ë),
â. ¥. µ(vi) = µ(ej) = 1.

”à�£¬¥−â â¥®à¥â¨ª®-£à�ä®¢®© ¬®¤¥«¨ ¯à¥¤«®¦¥−¨ï ú�−â�£®−¨§¬ê ¤¢ãåê
«�£¥à¥©. . .û ¯à¥¤áâ�¢«¥− −� à¨á. 1 (§¤¥áì ®âáãâáâ¢ã¥â ¨¥à�àå¨ï).

‚â®à�ï ¬®¤¥«ì ®¡à�§ã¥âáï ¨§ ¢¥àè¨− v39, . . . , v43 ¨ ®âà�¦�¥â á¨−â�ªá¨ç¥áªãî
áâàãªâãàã á¢ï§¥© ¬¥¦¤ã ¯à®áâë¬¨ ¯à¥¤«®¦¥−¨ï¬¨ ¢ á®áâ�¢¥ ¬−®£®ª®¬¯®−¥−â−®£®
á«®¦−®£® ¯à¥¤«®¦¥−¨ï. ‘âàãªâãà−® äà�£¬¥−â ¬®¦−® ¯à¥¤áâ�¢¨âì á«¥¤ãîé¨¬
®¡à�§®¬: [�−â�£®−¨§¬ê ¤¢ãåê «�£¥à¥© áãé¥áâ¢ã¥âê;]1 [à¥ä®à¬� 19 ä¥¢à�«ï
áâà¥¬¨âáï ªê ¥£® ã−¨çâ®¦¥−iî, ªê á£«�¦¥−iî −¥à�¢−®¯à�¢−®áâ¨;]2 [−® ï¢«¥−i¥,
ãª®à¥−¨¢è¥¥áï ¨áâ®ài¥©, −¥ á£«�¦¨¢�¥âáï ¢ê ®¤¨−ê ¤¥−ì ¨«¨ ¢ê ®¤¨−ê £®¤ê;]3
[®−®, áâ�à®¥, â®£¤� â®«ìª® ¨áç¥§−¥âê,]4 [ª®£¤� −®¢®¥ ¡ã¤¥âê ¯ài®¡à â¥−® ¢¯®«− ]5.
‘¢ï§¨ ¤¥«ïâáï −� £àã¯¯ë: e38 | ¡¥áá®î§−ë¥ ¯à¥¤«®¦¥−¨ï (�‘�) á® §−�ç¥−¨¥¬
¯¥à¥ç¨á«¥−¨ï; e39 | á«®¦−®á®ç¨−¥−−ë¥ ¯à¥¤«®¦¥−¨ï (‘‘�) á ¯à®â¨¢¨â¥«ì−ë¬
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÷¨á. 1 ”à�£¬¥−â ¤¥à¥¢� §�¢¨á¨¬®áâ¨ ¯à¥¤«®¦¥−¨ï ú�−â�£®−¨§¬ê ¤¢ãåê «�£¥à¥©. . .û

÷¨á. 2 ‘âàãªâãà−�ï ¬®¤¥«ì á«®¦−®£® ¯à¥¤«®¦¥−¨ï ú�−â�£®−¨§¬ê ¤¢ãåê «�£¥à¥©. . .û

á®î§®¬ −® (®â−®è¥−¨ï á®¯®áâ�¢«¥−¨ï); e40 | �‘� á® §−�ç¥−¨¥¬ ¯®ïá−¥−¨ï;
e41 | á«®¦−®¯®¤ç¨−¥−−ë¥ ¯à¥¤«®¦¥−¨ï (‘��) á ¯à¨¤�â®ç−ë¬ ¢à¥¬¥−¨ (à¨á. 2).

’à¥âìï ¬®¤¥«ì [1] ®¯¨áë¢�¥â, ª�ª ¢ â¥ªáâ¥ á®ç¥â�îâáï á«®¢� à�§−ëå £à�¬-
¬�â¨ç¥áª¨å ª«�áá®¢ (ª�¦¤�ï ¢¥àè¨−� £à�ä� v44, v45, . . . , v52 á®®â¢¥âáâ¢ã¥â ®¯à¥-
¤¥«¥−−®© ç�áâ¨ à¥ç¨). …á«¨ ®â−®á¨â¥«ì−�ï ç�áâ®â� â�ª¨å á¢ï§¥© ¯à¥¢ëè�¥â

’�¡«¨æ� 2 Œ�âà¨æ� á¨«ì−ëå á¢ï§¥© (¯®à®£®¢®¥ §−�ç¥−¨¥ a = 0,02)

—�áâì
à¥ç¨

Cãé¥áâ-
¢¨â¥«ì−®¥

(N )

—¨á«¨-
â¥«ì−®¥

(O)

Œ¥áâ®-
¨¬¥−¨¥

(C)

ƒ«�£®«
(V )

�à¨-
ç�áâ¨¥

(E)

��à¥ç¨¥
(D)

—�áâ¨æ�
(U )

�à¥¤«®£
(P )

‘®î§
(L)

N 0,02778 0,05556 0,02778 0,08333 0,02778 0,02778 0,02778 0,02778 0,05556
O 0,11111 0 0 0 0 0 0 0 0
C 0,05556 0 0 0 0 0 0 0 0
V 0,02778 0 0 0 0,02778 0 0 0,05556 0,02778
E 0,02778 0 0 0 0 0,02778 0 0 0
D 0 0 0 0 0 0 0,02778 0 0
U 0 0 0 0,05556 0 0 0 0 0
P 0,02778 0,05556 0,02778 0 0 0 0 0 0
L 0,05556 0 0 0 0 0 0 0,02778 0
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÷¨á. 3 ƒà�ä úá¨«ì−ëåû á¢ï§¥©

§�à�−¥¥ §�¤�−−ë© ¯®à®£, â® á¢ï§ì áç¨â�¥âáï úá¨«ì−®©û ¨ ®â®¡à�¦�¥âáï ¢ ¬�âà¨æ¥
(¢ â�¡«. 2 ¯®à®£®¢®¥ §−�ç¥−¨¥ ¢ë¡à�−® −� ãà®¢−¥ a = 0,02). Š®«¨ç¥áâ¢¥−-
−®¥ §−�ç¥−¨¥ ¬®¦−® á®åà�−¨âì ¢ ®¡®¡é¥−−®© ¬®¤¥«¨ ª�ª §−�ç¥−¨¥ äã−ªæ¨¨ µ.
��¯à¨¬¥à, á¢ï§ì ¬¥¦¤ã £à�¬¬�â¨ç¥áª¨¬¨ ª«�áá�¬¨ úáãé¥áâ¢¨â¥«ì−®¥û ¨ úç¨á-
«¨â¥«ì−®¥û á®®â¢¥âáâ¢ã¥â µ (e43 = (v44, v45)) = 0,05556. ‘âà¥«ª¨ −� à¨á. 3
®âà�¦�îâ ¯®á«¥¤®¢�â¥«ì−®áâì ¢áâà¥ç�¥¬®áâ¨ ¤¢ãå á«®¢ ®¯à¥¤¥«¥−−ëå ç�áâ¥© à¥-
ç¨ (¡¨£à�¬¬ã).

3 Графовые n-граммы

Š ®¤−¨¬ ¨§ §−�ç¨¬ëå å�à�ªâ¥à¨áâ¨ª, ¨á¯®«ì§ã¥¬ëå ¯à¨ à¥è¥−¨¨ §�¤�ç¨
�âà¨¡ãæ¨¨ â¥ªáâ®¢, ®â−®áïâáï n-£à�¬¬ë (á¬. ¯à¨¬¥àë ¢ [5, á. 152{154]). �â®
¯®á«¥¤®¢�â¥«ì−®áâ¨ â¥ªáâ®¢ëå í«¥¬¥−â®¢ (¡ãª¢, á«®¢, «¥¬¬, â¥£®¢ ç�áâ¥© à¥ç¨
¨ â. ¤.), ¢§ïâëå ¢ ¯®àï¤ª¥ ¨å ¯®ï¢«¥−¨ï ¢ â¥ªáâ¥. ‡−�ç¥−¨¥ n ãª�§ë¢�¥â,
áª®«ìª® í«¥¬¥−â®¢ ¤®«¦−® ¡ëâì ¢§ïâ®, ¨ ®¯à¥¤¥«ï¥â à�§¬¥à ¯®á«¥¤®¢�â¥«ì−®áâ¨.
‚ â¥à¬¨−�å ®¡®¡é¥−−®© ¬®¤¥«¨ ¬®¦−® ®¯à¥¤¥«¨âìn-£à�¬¬ã á«¥¤ãîé¨¬ ®¡à�§®¬:

(1) ¯¥à¢ë© á«ãç�©: ¡¨£à�¬¬� (2-£à�¬¬�). �¯à¥¤¥«¨¬ ¤¢¥ ç�áâ¨ à¥ç¨ t1 ¨ t2.
‚ë¤¥«¨¬ ¤¢� ¯®¤¬−®¦¥áâ¢� á«®¢ â¥ªáâ� W ′

1 ¨ W ′
2, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ

ç�áâï¬ à¥ç¨ t1 ¨ t2, â. ¥. ¤«ï «î¡ëå wi ∈ W ′
1 ¨ wj ∈ W ′

2 ¢ë¯®«−ï¥âáï
α(wi) = t1 ¨ α(wj) = t2. …á«¨ á«®¢� wi ¨ wj ¨¤ãâ ¯®á«¥¤®¢�â¥«ì−®, â. ¥.
j = i+ 1, â® ®−¨ ®¡à�§ãîâ ¡¨£à�¬¬ã. Šáâ�â¨, ç�áâ¨ à¥ç¨ ¨ á®®â¢¥âáâ¢¥−−®
¯®¤¬−®¦¥áâ¢� á«®¢ W ′

1 ¨ W ′
2 ¬®£ãâ á®¢¯�¤�âì;

(2) ¢â®à®© á«ãç�©: âà¨£à�¬¬� (3-£à�¬¬�). �� íâ®â à�§ ®¯à¥¤¥«¨¬ âà¨ ç�áâ¨
à¥ç¨: t1, t2 ¨ t3. ‚ë¤¥«¨¬ âà¨ ¯®¤¬−®¦¥áâ¢� á«®¢ â¥ªáâ� W ′

1, W
′
2 ¨ W ′

3,
ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ç�áâï¬ à¥ç¨ t1, t2 ¨ t3, â. ¥. ¤«ï «î¡ëå wi ∈ W ′

1,
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wj ∈ W ′
2 ¨ wk ∈ W ′

3 ¢ë¯®«−ï¥âáï α(wi) = t1, α(wj) = t2 ¨ α(wk) = t3.
…á«¨ á«®¢� wi, wj ¨ wk ¨¤ãâ ¯®á«¥¤®¢�â¥«ì−®, â. ¥. k = j+1 = i+2, â® ®−¨
®¡à�§ãîâ âà¨£à�¬¬ã;

(3) âà¥â¨© (®¡é¨©) á«ãç�©: n-£à�¬¬�. ÷�áá¬®âà¨¬ n ç�áâ¥© à¥ç¨: t1, t2, . . . , tn.
‚ë¤¥«¨¬ n ¯®¤¬−®¦¥áâ¢ á«®¢ â¥ªáâ� W ′

1,W
′
2, . . . ,W

′
n, ª®â®àë¥ á®®â¢¥â-

áâ¢ãîâ ç�áâï¬ à¥ç¨ t1, t2, . . . , tn, â. ¥. ¤«ï «î¡ëå wij ∈ W ′
i ¢ë¯®«−ï¥âáï

α(wij) = ti. …á«¨ n á«®¢ á®®â¢¥âáâ¢¥−−® ¨§ W ′
1,W

′
2, . . . ,W

′
n ¨¤ãâ ¯®á«¥¤®-

¢�â¥«ì−®, â® ®−¨ ®¡à�§ãîâ n-£à�¬¬ã.

’à�¤¨æ¨®−−ë¥ n-£à�¬¬ë áâà®ïâáï −�

÷¨á. 4 ƒà�ä®¢�ï n-£à�¬¬� (¯¥à¢ë©
¯à¨¬¥à)

á¨−â�£¬�â¨ç¥áª¨å á¢ï§ïå (¯®á«¥¤®¢�â¥«ì−®-
áâïå á«®¢ ¢ â¥ªáâ¥), � ¯®â®¬ã −¥ ¯®§¢®«ï-
îâ ¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�âì ¢§�¨¬®á¢ï§¨
¬¥¦¤ã á«®¢�¬¨, á¢ï§�−−ë¬¨ ¯®¤ç¨−¨â¥«ì-
−®© á¢ï§ìî, −® ¯à¨ íâ®¬ ã¤�«¥−−ë¬¨ ¤àã£
®â ¤àã£� (íâ® ®á®¡¥−−® ¢�¦−® ¤«ï â¥ªáâ®¢,
−�¯¨á�−−ëå −� àãááª®¬ ï§ëª¥, ¯®áª®«ìªã
¤«ï −¨å å�à�ªâ¥à¥− ¤®áâ�â®ç−® á¢®¡®¤−ë© ¯®àï¤®ª á«®¢). ��§®¢¥¬ £à�ä®¢®©
n-£à�¬¬®© á¢ï§−ë© ¯®¤£à�ä ®¡®¡é¥−−®© â¥®à¥â¨ª®-£à�ä®¢®© ¬®¤¥«¨, á®áâ®-
ïé¨© ¨§ n ¢¥àè¨−, ª�¦¤®© ¨§ ª®â®àëå áâ�¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ ¯®¤¬−®¦¥áâ¢®
á«®¢ ¢ â¥ªáâ¥. ÷�áá¬®âà¨¬ ¯à¨¬¥à: ã¯®àï¤®ç¥−−®¬ã ¯®¤¬−®¦¥áâ¢ã á«®¢ úà¥ä®à¬�
19 ä¥¢à�«ï áâà¥¬¨âáïû ¡ã¤¥â á®®â¢¥âáâ¢®¢�âì £à�ä®¢�ï n-£à�¬¬�, ¨§®¡à�¦¥−-
−�ï −� à¨á. 4 (¯à¨ íâ®¬ âà�¤¨æ¨®−−�ï 4-£à�¬¬� ¢ë£«ï¤¨â ª�ª úáãé¥áâ¢¨â¥«ì-
−®¥{ç¨á«¨â¥«ì−®¥{áãé¥áâ¢¨â¥«ì−®¥{£«�£®«û, â. ¥. áâà®ª� N{O{N{V ¡¥§ ãç¥â�
á¢ï§¥©).

…á«¨ §�¤�ç� ¯®¨áª� âà�¤¨æ¨®−−®© n-£à�¬¬ë á¢®¤¨«�áì ª ¯®¨áªã ¯®¤áâà®ª¨
¢ áâà®ª¥, â® §¤¥áì ¬ë ¨¬¥¥¬ ¤¥«® á ¯®¨áª®¬ ¨§®¬®àä−®£® ¯®¤£à�ä�, ¢ ª®â®à®¬
¢¥àè¨−ë ã¯®àï¤®ç¥−ë. �â¬¥â¨¬, çâ® ¯®¤®¡−ë¥ ¬®¤¥«¨ ¢ ã¯à®é¥−−®¬ ¢¨¤¥ à�−¥¥
ã¦¥ ¯à¨¬¥−ï«¨áì ¢ áâ¨«¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå. ��¯à¨¬¥à, ¢ [7] �¢â®à à�á-
á¬�âà¨¢�¥â â�ª¨¥ úª®−áâàãªæ¨¨û, ª®â®àë¥ §�¯¨áë¢�îâáï ú. . .¢ ¢¨¤¥ ¤¢®¥â®ç¨ï,
á«¥¢� ®â ª®â®à®£® ãª�§ë¢�¥âáï ç¨á«® ç«¥−®¢, à�á¯®«®¦¥−−ëå ¯¥à¥¤ áª�§ã¥¬ë¬,
� ¯®á«¥ ¤¢®¥â®ç¨ï | ¯®á«¥ −¥£®û, � §�â¥¬ ¯®ª�§ë¢�¥â, ª�ª ¯®¤áç¨âë¢�îâáï ¨å
ç�áâ®âë ¨ áâà®¨âáï à�−£®¢®¥ à�á¯à¥¤¥«¥−¨¥ «¨−¥�à¨§®¢�−−ëå á¨−â�ªá¨ç¥áª¨å
ª®−áâàãªæ¨©. „àã£¨¥ ¯à¨¬¥àë ¬®¦−® −�©â¨ ¢ à�¡®â�å ƒ. �. ‘¨¤®à®¢� [8], £¤¥
�¢â®à ®¯¨áë¢�¥â á¨−â�ªá¨ç¥áª¨¥ n-£à�¬¬ë, ¯®áâà®¥−−ë¥ −¥«¨−¥©−ë¬ á¯®á®¡®¬
−� ®á−®¢¥ �−�«¨§� ¯ãâ¥© ¢ á¨−â�ªá¨ç¥áª¨å ¤¥à¥¢ìïå. �¥«¨−¥©−ë© ¯à¨−æ¨¯ ¯®-
áâà®¥−¨ï «¥¦¨â ¨ ¢ ®á−®¢¥ â�ª −�§ë¢�¥¬ëå skipgram [9], £¤¥ ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨
í«¥¬¥−â®¢ á«ãç�©−ë¬ ®¡à�§®¬ ¯à®¯ãáª�îâáï −¥ª®â®àë¥ ¨§ −¨å.

÷�áá¬®âà¨¬, ª�ª¨¥ ¯à¥¨¬ãé¥áâ¢� ¤�îâ £¨¡à¨¤−ë¥ ¬®¤¥«¨ ¤«ï ¯®áâà®¥−¨ï
à�§«¨ç−ëå ¢¨¤®¢ £à�ä®¢ëå n-£à�¬¬. ‚¥à−¥¬áï ¢ ¯à¨¬¥àã −� à¨á. 4. Š�ª ¢¨¤−®
¯® â�¡«. 1, á«®¢�¬ w5, w6, w7 ¨ w8 á®®â¢¥âáâ¢ãîâ −¥ â®«ìª® ¢¥àè¨−ë v5, v6, v7
¨ v8, −® ¨ ¢¥àè¨−� v40 ¨§ ¢â®à®© ¬®¤¥«¨, ®¡ê¥¤¨−ïîé�ï ¤�−−ë¥ á«®¢�. ’�ª¨¬
®¡à�§®¬, ¬®¦−® ®¯à¥¤¥«¨âì ¤¢� ãá«®¢¨ï ä®à¬¨à®¢�−¨ï £à�ä®¢®© n-£à�¬¬ë:
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�. „. Œ®áª¨−, �. �. ÷®£®¢, �. �. ‹¥¡¥¤¥¢

(1) á«®¢� w5, w6, w7 ¨ w8 ®¡à�§ãîâ £à�ä®¢ãî n-£à�¬¬ã â®£¤� ¨ â®«ìª®
â®£¤�, ª®£¤� áãé¥áâ¢ã¥â −¥ª®â®à®¥ ¯®¤¬−®¦¥áâ¢® Wi, á®®â¢¥âáâ¢ãîé¥¥ ¢¥à-
è¨−¥ vj ¢â®à®© ¬®¤¥«¨, ªã¤� ¢å®¤ïâ íâ¨ á«®¢�. �®«¥¥ áâà®£®¥ ãá«®¢¨¥
§�ª«îç�¥âáï ¢ â®¬, çâ® á«®¢� ®¡à�§ãîâ ¤�−−®¥ ¯®¤¬−®¦¥áâ¢® Wi, â. ¥.
Wi = {w5, w6, w7, w8}, ®¤−�ª® ¤«ï ¤�−−®£® ¯à¨¬¥à� ®−® −¥ ¢ë¯®«−ï¥âáï;

(2) á«®¢� w5, w6, w7 ¨ w8 ®¡à�§ãîâ £à�ä®¢ãî n-£à�¬¬ã â®£¤� ¨ â®«ìª® â®£¤�,
ª®£¤� −¥ áãé¥áâ¢ã¥â â�ª®£® ¯®¤¬−®¦¥áâ¢� Wi, á®®â¢¥âáâ¢ãîé¥£® ¢¥àè¨−¥ vj

¢â®à®© ¬®¤¥«¨, ªã¤� ¡ë ¢å®¤¨«¨ ¢á¥ íâ¨ á«®¢�. ��¯à¨¬¥à, ¤«ï ¯®¤áâà®ª¨
úâ®«ìª® (w31) ¨áç¥§−¥âê (w32), ª®£¤� (w33) −®¢®¥ (w34) ¡ã¤¥âê (w35)
¯ài®¡à â¥−® (w36)û (U{V{L{N{V{E) á«®¢� w31, w32 ∈ W41, â®£¤� ª�ª
w33, w34, w35, w36 ∈W42 (à¨á. 5).

‘ ¤àã£®© áâ®à®−ë, ¥á«¨ ®¡à�â¨âì-

÷¨á. 5 ƒà�ä®¢�ïn-£à�¬¬� (¢â®à®© ¯à¨¬¥à)

áï ª âà¥âì¥© ¬®¤¥«¨, á«®¢� w5, w6,
w7 ¨ w8 â�ª¦¥ á®®â¢¥âáâ¢ãîâ ¢¥àè¨-
−�¬ v44, v45 ¨ v47. Œ¥¦¤ã íâ¨¬¨ ¢¥à-
è¨−�¬¨ áãé¥áâ¢ãîâ úá¨«ì−ë¥ á¢ï§¨û:
¬¥¦¤ã áãé¥áâ¢¨â¥«ì−ë¬¨ | 0,02778,
¬¥¦¤ã ç¨á«¨â¥«ì−ë¬ ¨ áãé¥áâ¢¨â¥«ì-
−ë¬ | 0,11111, ¬¥¦¤ã áãé¥áâ¢¨â¥«ì-

−ë¬ ¨ £«�£®«®¬ | 0,02778 (á¬. â�¡«. 2). �®íâ®¬ã â�ªãî £à�ä®¢ãî n-£à�¬¬ã
¬®¦−® ¨á¯®«ì§®¢�âì ¢ ¨áá«¥¤®¢�−¨¨. …á«¨ ¦¥ −� à¨áã−ª¥ ®¡−�àã¦¨¢�¥âáï
úá«�¡�ï á¢ï§ìû (a < 0,02), â® £à�ä®¢�ï n-£à�¬¬� ã¦¥ ¤�«¥¥ −¥ �−�«¨§¨àã¥âáï.
��¯à¨¬¥à, −� à¨á. 5 ®âáãâáâ¢ã¥â úá¨«ì−�ï á¢ï§ìû ¬¥¦¤ã á®î§®¬ ¨ £«�£®«®¬
(§−�ç¥−¨¥ à�¢−® 0).

�®¤®¡−ë© á¯®á®¡ ®¯à¥¤¥«¥−¨ï n-£à�¬¬ ¯®â¥−æ¨�«ì−® ¯à¥¤áâ�¢«ï¥âáï ¡®«¥¥
çã¢áâ¢¨â¥«ì−ë¬ ª ¨§¬¥−¥−¨î �¢â®àáª®£® áâ¨«ï, â�ª ª�ª ¯®¬¨¬® á¨−â�£¬�â¨ç¥áª¨å
á¢ï§¥© ãç¨âë¢�¥â àï¤ ¤àã£¨å ä�ªâ®à®¢, á¢ï§�−−ëå á ¯®áâà®¥−¨¥¬ ¯à¥¤«®¦¥−¨©,
®â áâà¥¬«¥−¨ï á®ç¥â�âì ¯®¤ç¨−¨â¥«ì−®© á¢ï§ìî â¥ ¨«¨ ¨−ë¥ ç�áâ¨ à¥ç¨ ¤® ¯à¥¤-
à�á¯®«®¦¥−−®áâ¨ ª ¨−¢¥àá¨¨ | á®§−�â¥«ì−®© ¯¥à¥áâ�−®¢ª¥ á«®¢ ¨«¨ á«®¢®á®ç¥-
â�−¨© | ª�ª áâ¨«¨áâ¨ç¥áª®¬ã ¯à¨¥¬ã, ®â«¨ç�îé¥¬ã ¨−¤¨¢¨¤ã�«ì−®-�¢â®àáª¨©
áâ¨«ì. ’�ª¨¬ ®¡à�§®¬, ¬®¦−® ¯®«ãç¨âì ¡®«¥¥ á®¢¥àè¥−−ë© ¨−áâàã¬¥−â ¤«ï
¨¤¥−â¨ä¨ª�æ¨¨ �¢â®à�, ¯®áª®«ìªã ®â«¨ç¨ï ¢ ¨−¤¨¢¨¤ã�«ì−®-�¢â®àáª®¬ áâ¨«¥
¬®£ãâ ¯à®ï¢«ïâìáï −¥ â®«ìª® ¢ ®¯à¥¤¥«¥−−ëå ¯®á«¥¤®¢�â¥«ì−®áâïå ç�áâ¥© à¥ç¨,
−® ¨ ¢ ¨§¬¥−¥−¨¨ ¯®àï¤ª� á«®¢, � â�ª¦¥ ¢ ®á®¡®¬ à�á¯®«®¦¥−¨¨ á«®¢ ¢ ¯à¥¤«®-
¦¥−¨¨ (¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® áà�¢−¨âì ®¡é¥¨§¢¥áâ−ãî áâà®ªã á ¨−¢¥àá¨¥©
úŸ ¯�¬ïâ−¨ª á¥¡¥ ¢®§¤¢¨£ −¥àãª®â¢®à−ë©û ¨§ áâ¨å®â¢®à¥−¨ï �. ‘. �ãèª¨−�
¨ −®à¬�â¨¢−®¥ úŸ ¢®§¤¢¨£ á¥¡¥ −¥àãª®â¢®à−ë© ¯�¬ïâ−¨ªû). ’�ª¨¬ ®¡à�§®¬, ¯®-
¤®¡−ë© �−�«¨§ áâ�−®¢¨âáï ®á®¡¥−−® �ªâã�«¥− ¤«ï ¯®íâ¨ç¥áª¨å â¥ªáâ®¢, ¢ ª®â®àëå
¨−¢¥àá¨ï | ¢¥áì¬� à�á¯à®áâà�−¥−−®¥ ï¢«¥−¨¥.

4 Заключение
‡−�ç¨¬®¥ ¯à�ªâ¨ç¥áª®¥ ¯à¥¨¬ãé¥áâ¢® à�áá¬®âà¥−−®© £à�ä®¢®© ¬®¤¥«¨ §�-

ª«îç�¥âáï ¢ ¢®§¬®¦−®áâ¨ á¨−â¥§� à�§«¨ç−ëå ¯®¤å®¤®¢ ª �−�«¨§¨àã¥¬ë¬ â¥ªáâ�¬.
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ƒà�ä®¢ë¥ n-£à�¬¬ë ¢ §�¤�ç¥ �âà¨¡ãæ¨¨ â¥ªáâ®¢

‚ ç�áâ−®áâ¨, ¢ ¯®«¥ §à¥−¨ï ¨áá«¥¤®¢�â¥«ï ®ª�§ë¢�îâáï ¨ ¬®àä®«®£¨ç¥áª¨¥ ¯�à�-
¬¥âàë (à�á¯à¥¤¥«¥−¨¥ á«®¢ â¥ªáâ� ¯® ç�áâï¬ à¥ç¨), ¨ á¨−â�ªá¨ç¥áª¨¥ áâàãªâãàë,
ãª�§ë¢�îé¨¥ −� ¢§�¨¬®á¢ï§ì á«®¢ ¢ ¯à¥¤¥«�å ¯à¥¤«®¦¥−¨ï. Š®¬¡¨−�æ¨ï ¤¢ãå
íâ¨å á®áâ�¢«ïîé¨å £à�¬¬�â¨ç¥áª®£® ãà®¢−ï ï§ëª� ¯®§¢®«ï¥â ®âëáª¨¢�âì ª�ª
â¨¯¨ç−ë¥ ¤«ï ®¯à¥¤¥«¥−−®© í¯®å¨ ¨«¨ áâ¨«ï ç¥àâë, â�ª ¨ ã−¨ª�«ì−ë¥ á®áâ�¢«ï-
îé¨¥, ®â«¨ç�îé¨¥ ¨−¤¨¢¨¤ã�«ì−®-�¢â®àáª¨© áâ¨«ì â®£® ¨«¨ ¨−®£® ¯¨á�â¥«ï ¨«¨
¯®íâ�, çâ® ¯®§¢®«ï¥â ¡®«¥¥ íää¥ªâ¨¢−® à¥è�âì ¢®¯à®áë, á¢ï§�−−ë¥ á �âà¨¡ãæ¨¥©
â¥ªáâ®¢. �à®¢¥¤¥−−ë¥ íªá¯¥à¨¬¥−âë −� ¡®«ìè®¬ ®¡ê¥¬¥ â¥ªáâ®¢®£® ¬�â¥à¨�-
«� [1,5] ¯®¤â¢¥à¦¤�îâ ¢ë¢®¤ë �¢â®à®¢.

’�ª¨¬ ®¡à�§®¬, ¨áá«¥¤®¢�−¨¥ ä®«ìª«®à−ëå ¨ «¨â¥à�âãà−ëå â¥ªáâ®¢ á ¨á-
¯®«ì§®¢�−¨¥¬ ®¡®¡é¥−−®© ª®−â¥ªáâ−®-§�¢¨á¨¬®© â¥®à¥â¨ª®-£à�ä®¢®© ¬®¤¥«¨
¯®§¢®«ï¥â áâà®¨âì £¨¡à¨¤−ë¥ áâàãªâãàë, ®á−®¢�−−ë¥ −� à�§«¨ç−ëå â¥®à¥â¨ª®-
£à�ä®¢ëå ¬®¤¥«ïå ï§ëª®¢®© áâàãªâãàë, çâ® ¯®§¢®«ï¥â ¨§¢«¥ª�âì −®¢ë¥ §−�−¨ï
® áâ¨«¨áâ¨ç¥áª®© áâàãªâãà¥. �¤−¨¬ ¨§ ¯®â¥−æ¨�«ì−® íää¥ªâ¨¢−ëå ¨−áâàã¬¥−-
â®¢ ¯à¥¤áâ�¢«ï¥âáï ¨§¢«¥ç¥−¨¥ ¨ ¯®¤áç¥â ¢áâà¥ç�¥¬®áâ¨ ¢ â¥ªáâ®¢ëå äà�£¬¥−â�å
£à�ä®¢ëå n-£à�¬¬, ª®â®àë¥ ï¢«ïîâáï ®¡®¡é¥−¨¥¬ âà�¤¨æ¨®−−ëå n-£à�¬¬, á¨−-
â�ªá¨ç¥áª¨å n-£à�¬¬ ¨ ¤àã£¨å ¯®¤®¡−ëå ª®−áâàãªæ¨©. ’�ª¦¥ à�áá¬®âà¥− ä®à¬�â
¤«ï åà�−¥−¨ï â¥ªáâ®¢, ¨å ®¡®¡é¥−−ëå £à�ä®¢ëå ¬®¤¥«¥© ¨ £à�ä®¢ëå n-£à�¬¬.
„�−−ë© ¨−áâàã¬¥−â ¯à¥¤«�£�¥â ¢¥à¨ä¨æ¨àã¥¬ë¥, ®¯¨à�îé¨¥áï −� ®¡ê¥ªâ¨¢−ë¥
£à�¬¬�â¨ç¥áª¨¥ ¯�à�¬¥âàë â¥ªáâ� ¤�−−ë¥, ª®â®àë¥ ¢ ¤�«ì−¥©è¥¬ ¬®£ãâ ¡ëâì
¨á¯®«ì§®¢�−ë ¢ ¬�â¥¬�â¨ª®-«¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå. ‚ ç�áâ−®áâ¨, ¨¤¥¨,
¨§«®¦¥−−ë¥ ¢ ¤�−−®© à�¡®â¥, ¬®¦−® ¨á¯®«ì§®¢�âì ¯à¨ à¥è¥−¨¨ à�§«¨ç−ëå §�¤�ç
�−�«¨§� â¥ªáâ®¢ (−�¯à¨¬¥à, ¯®¨áª ¯«�£¨�â�, −¥®¤−®à®¤−ëå â¥ªáâ®¢ëå äà�£¬¥−-
â®¢, �âà¨¡ãæ¨¨, �−�«¨§� â®−�«ì−®áâ¨ â¥ªáâ®¢ ¨ ¤à.).
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Abstract: The paper presents the results of research in the field of modeling
the structure of texts using a generalized context-dependent graph-theoretic
model. The object of the study is mainly literary and folklore texts for which
the task of attribution arises. For example, there are many such texts in the
works of the famous Russian writer F. M. Dostoevsky. The authors show how
it is possible to build hybrid models based on dependency trees, graph models
of syntactic structure of links between simple sentences in a multicomponent
complex sentence, and \strong links" graphs of word combinations of different
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НАУЧНАЯ ПАРАДИГМА ИНФОРМАТИКИ: КЛАССИФИКАЦИЯ
ТРАНСФОРМАЦИЙ ОБЪЕКТОВ ПРЕДМЕТНОЙ ОБЛАСТИ∗

И. М. Зацман1

�−−®â�æ¨ï: „�−® ®¯¨á�−¨¥ ¯¥à¢ëå à¥§ã«ìâ�â®¢ á®§¤�−¨ï ª«�áá¨ä¨ª�æ¨¨
âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ª�ª á®áâ�¢«ï-
îé¥© á¨áâ¥¬ë −�ãç−®£® §−�−¨ï, ®å¢�âë¢�îé¥© è¨à®ª¨© á¯¥ªâà ¨−ä®à¬�-
æ¨®−−ëå ¨ ª®¬¯ìîâ¥à−ëå −�ãª. ƒà�−¨æë ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®â®à�ï
â�ª¨¬ ®¡à�§®¬ §−�ç¨â¥«ì−® à�áè¨à¥−�, ®¯à¥¤¥«ïîâáï ¢ à�¬ª�å ª®−æ¥¯æ¨¨
¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� �®«� ÷®§¥−¡«ã¬�. ‚á¥ áãé−®áâ¨ ¨−ä®à¬�â¨ª¨
¢ áâ�âì¥ à�§¤¥«¥−ë −� ¤¢� £«®¡�«ì−ëå ª«�áá�: ®¡ê¥ªâë ¨ ¨å âà�−áä®à¬�æ¨¨.
„«ï ª�¦¤®£® â�ª®£® ª«�áá� ¢ ¯à®æ¥áá¥ á®§¤�−¨ï −�ãç−®© ¯�à�¤¨£¬ë ¨−ä®à-
¬�â¨ª¨ ª®−áâàã¨àã¥âáï á¢®ï ª«�áá¨ä¨ª�æ¨ï, á ä®à¬¨à®¢�−¨ï íâ¨å ª«�áá¨-
ä¨ª�æ¨© ¨ −�ç�«®áì ¥¥ ¯®áâà®¥−¨¥. ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï ¤¢�
¢¥àå−¨å ãà®¢−ï â®«ìª® ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨. �á−®¢�−¨¥¬ ¤«ï ¯®áâà®¥−¨ï á�¬®£® ¢¥àå−¥£® ãà®¢−ï á«ã¦¨â ¯à¥¤-
«�£�¥¬®¥ ¤¥«¥−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ −� áà¥¤ë (¬¥−â�«ì−�ï,
á¥−á®à−® ¢®á¯à¨−¨¬�¥¬�ï, æ¨äà®¢�ï ¨ àï¤ ¤àã£¨å áà¥¤), ª�¦¤�ï ¨§ ª®â®àëå
¢ª«îç�¥â ®¡ê¥ªâë ®¤−®© ¯à¨à®¤ë. �à¨ íâ®¬ ¨§¢¥áâ−ë ¯à¨¬¥àë ¯®ï¢«¥−¨ï
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ à�−¥¥ −¥ ¨á¯®«ì§®¢�¢è¨åáï áà¥¤. ’�ª,
á á®§¤�−¨¥¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’), ¯à¨¬¥−ïîé¨å ¨−â¥àä¥©-
áë ú¬®§£{ª®¬¯ìîâ¥àû, ¢ ¯à¥¤¬¥â−ãî ®¡«�áâì «®£¨ç−ë¬ ¡ë«® ¡ë ¢ª«îç¥−¨¥
®¡ê¥ªâ®¢ −¥©à®áà¥¤ë, � á à�§à�¡®âª®© ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¤«ï ¤«¨â¥«ì−®£®
åà�−¥−¨ï ¤�−−ëå ¡®«ìè®£® ®¡ê¥¬� á ¨á¯®«ì§®¢�−¨¥¬ á¨−â¥§¨à®¢�−−ëå æ¥¯®-
ç¥ª „�Š | ®¡ê¥ªâ®¢ „�Š-áà¥¤ë. �á−®¢�−¨¥¬ ¤«ï ¯®áâà®¥−¨ï á«¥¤ãîé¥£®
ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ á«ã¦¨â â¨¯®«®£¨ï §−�ª®¢ëå
á¨áâ¥¬ �. ‘®«®¬®−¨ª�. –¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨, á ®¤−®© áâ®à®−ë,
¤¢ãå ¢¥àå−¨å ãà®¢−¥© ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ ¨−ä®à¬�â¨ª¨,
á ¤àã£®© áâ®à®−ë, ¬¥â®¤� £¥−¥à�æ¨¨ â�¡«¨æ, ¤¥â�«¨§¨àãîé¨å íâã ª«�áá¨ä¨-
ª�æ¨î, çâ® ¤�¥â ¢®§¬®¦−®áâì á®®â−¥áâ¨ ª�â¥£®à¨¨ âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢
¢ â�¡«¨æ�å á ¨−â¥àä¥©á�¬¨, à¥�«¨§®¢�−−ë¬¨ ¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å ¨−-
ä®à¬�â¨ª¨. ‘£¥−¥à¨à®¢�−−ë¥ â�¡«¨æë ¢ª«îç�îâ ª�â¥£®à¨¨ âà�−áä®à¬�æ¨©,
ª®â®àë¬ á®®â¢¥âáâ¢ãîâ ª�ª ã¦¥ ¨§¢¥áâ−ë¥ ¨−â¥àä¥©áë, â�ª ¨ â¥®à¥â¨ç¥áª¨
¢®§¬®¦−ë¥, −® ¥é¥ −¥ à¥�«¨§®¢�−−ë¥ ¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å ¨−ä®à¬�â¨ª¨.

Š«îç¥¢ë¥ á«®¢�: ®¡ê¥ªâë ¯à¥¤¬¥â−®© ®¡«�áâ¨; âà�−áä®à¬�æ¨¨ ®¡ê¥ªâ®¢;
ª«�áá¨ä¨ª�æ¨ï; áà¥¤� ¯à¥¤¬¥â−®© ®¡«�áâ¨; ¯�à�¤¨£¬� ¨−ä®à¬�â¨ª¨
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��ãç−�ï ¯�à�¤¨£¬� ¨−ä®à¬�â¨ª¨: ª«�áá¨ä¨ª�æ¨ï âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢

1 Введение

�� ¯¥à¢ëå íâ�¯�å áâ�−®¢«¥−¨ï ¨−ä®à¬�â¨ª¨ ®¡ê¥ªâ�¬¨ ¥¥ ¨áá«¥¤®¢�−¨© ¡ë-
«¨ ¢ ®á−®¢−®¬ ª®¬¯ìîâ¥àë ¨ ®ªàã¦�îé¨¥ ¨å ï¢«¥−¨ï. ��¯à¨¬¥à, ¢ 1967 £.
�. �ìîí««, �. „¦. �¥à«¨á ¨ •. �. ‘�©¬®− ¯¨á�«¨: ú‚¥§¤¥, £¤¥ ¥áâì ä¥−®¬¥−ë,
¬®¦¥â áãé¥áâ¢®¢�âì −�ãª� ¤«ï ¨å ®¯¨á�−¨ï ¨ ®¡êïá−¥−¨ï. . . ”¥−®¬¥−ë ¯®à®¦-
¤�îâ −�ãª¨. …áâì ª®¬¯ìîâ¥àë. ‘«¥¤®¢�â¥«ì−®, ¨−ä®à¬�â¨ª� [¢ ®à¨£¨−�«¥ |
computer science] ¯à¥¤−�§−�ç¥−� ¤«ï ®¯¨á�−¨ï ¨ ¨§ãç¥−¨ï ª®¬¯ìîâ¥à®¢. Ÿ¢«¥−¨ï,
®ªàã¦�îé¨¥ ª®¬¯ìîâ¥àë, à�§−®®¡à�§−ë, á«®¦−ë ¨ æ¥−−ëû [1]. �®¤å®¤ ª ®¯à¥-
¤¥«¥−¨î ¨−ä®à¬�â¨ª¨ ª�ª ª®¬¯ìîâ¥à−®© −�ãª¨ ¡¥§ ãç¥â� ¢«¨ï−¨ï ç¥«®¢¥ª� −� à¥-
§ã«ìâ�âë à�¡®âë á¨áâ¥¬ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨ ¤®«£¨¥ £®¤ë ¡ë« ¤®¬¨−¨àãîé¨¬,
¢ â®¬ ç¨á«¥ ¢ á¨áâ¥¬¥ ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï. ��¯à¨¬¥à, ¢ ¢ã§®¢áª®¬ ãç¥¡-
−¨ª¥ ¯® ¨−ä®à¬�â¨ª¥ ¬®¦−® ¡ë«® ¢áâà¥â¨âì â�ª®¥ ãâ¢¥à¦¤¥−¨¥: ú„«ï ¨−ä®à¬�-
â¨ª¨ ª�ª â¥å−¨ç¥áª®© −�ãª¨ ¯®−ïâ¨¥ ¨−ä®à¬�æ¨¨ −¥ ¬®¦¥â ®á−®¢ë¢�âìáï −� â�ª¨å
�−âà®¯®æ¥−âà¨ç¥áª¨å ¯®−ïâ¨ïå, ª�ª §−�−¨¥û [2, c. 17]. ‚ ª®−â¥ªáâ¥ ¯®§¨æ¨®−¨à®-
¢�−¨ï ¨−ä®à¬�â¨ª¨ ª�ª â¥å−¨ç¥áª®© −�ãª¨ ¢ ¥¥ ¯à¥¤¬¥â−®© áà¥¤¥ −¥ï¢−® ãç¨âë¢�-
«¨áì ®¡ê¥ªâë â®«ìª® ¤¢ãå áà¥¤: á¥−á®à−® ¢®á¯à¨−¨¬�¥¬®© ¨ æ¨äà®¢®©, ®å¢�âë¢�-
îé¥© ª®¬¯ìîâ¥à−ë¥ ª®¤ë, � ¬¥−â�«ì−ë¥ ®¡ê¥ªâë −¥ ¯à¨−¨¬�«¨áì ¢® ¢−¨¬�−¨¥.

‚ 1986 £. Šà¨áâ¥− �î£®à (®¤¨− ¨§ á®§¤�â¥«¥© ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï
‘¨¬ã«�) ¯à¥¤«®¦¨« ª®−æ¥¯âã�«ì−® ¨−®© ¯®å®¤ ª ®¯à¥¤¥«¥−¨î ¨−ä®à¬�â¨ª¨ [3].
‚â®à®© à�§¤¥« úThe definition of the term \informatics"û ¥£® ¤®ª«�¤� −� ª®−£à¥á-
á¥ IFIP ¡ë« ¯®á¢ïé¥− ®¯à¥¤¥«¥−¨î â¥à¬¨−� ú¨−ä®à¬�â¨ª�û. ‘−�ç�«� ¢ íâ®¬
à�§¤¥«¥ Šà¨áâ¥− �î£®à £®¢®à¨â: ú’¥à¬¨− \computer science" á«¥¤ã¥â §�¬¥−¨âì
−� \informatics". �¥áª®«ìª® «¥â −�§�¤ ¢ë¡®à ¬¥¦¤ã íâ¨¬¨ ¤¢ã¬ï â¥à¬¨−�¬¨
ª�§�«áï, áª®à¥¥ ¢á¥£®, −¥áãé¥áâ¢¥−−ë¬. �¡áã¦¤¥−¨ï â¥à¬¨−®«®£¨¨ ç�áâ® áç¨-
â�îâ ¯à�§¤−ë¬¨, −® ¨−®£¤� ®−¨ ¬®£ãâ ®âà�¦�âì ª«îç¥¢ë¥ à�§«¨ç¨ï ¢® ¬−¥−¨ïå
¨«¨ ¯® ªà�©−¥© ¬¥à¥ áãé¥áâ¢¥−−ë¥ �ªæ¥−âë. ‘¥£®¤−ï, ª á®¦�«¥−¨î, ¨á¯®«ì-
§ã¥âáï â¥à¬¨− \computer science". �â®â â¥à¬¨− ¨¬¥¥â â¥−¤¥−æ¨î ¯®¤¤¥à¦¨¢�âì
á«¨èª®¬ ã§ª®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å, ª®â®àë¥ ¢ −�áâ®ï-
é¥¥ ¢à¥¬ï ¨−â¥£à¨àãîâ ª®««¥ªâ¨¢ë «î¤¥© ¨ à�§−®®¡à�§−ë¥ áà¥¤áâ¢� ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨, ¢§�¨¬®¤¥©áâ¢ãîé¨¥ ª�ª ¯®áà¥¤áâ¢®¬ ¬¥¦«¨ç−®áâ−ëå á¢ï§¥©, â�ª
¨ ¯®áà¥¤áâ¢®¬ (¢á¥ ¢®§à�áâ�îé¥© ¤®«¨) í«¥ªâà®−−ëå ª�−�«®¢ á¢ï§¨û [3].

‡�â¥¬, ¯®á«¥ ª®−áâ�â�æ¨¨ ¢�¦−®áâ¨ ç¥âª®£® ®¯à¥¤¥«¥−¨ï â¥à¬¨−®¢ ú¨−ä®à-
¬�â¨ª�û ¨ ú¨−ä®à¬�æ¨ïû, Šà¨áâ¥− �î£®à ¯à¥¤«�£�¥â á¢®î ¤¥ä¨−¨æ¨î ¯¥à¢®£®
â¥à¬¨−�: úˆ−ä®à¬�â¨ª� | íâ® −�ãª�, ª®â®à�ï ¨¬¥¥â á¢®¥© ®¡«�áâìî [¨áá«¥¤®¢�-
−¨©] ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ¨ á¢ï§�−−ë¥ á −¨¬¨ ä¥−®¬¥−ë ¢ �àâ¥ä�ªâ�å,
®¡é¥áâ¢¥ ¨ ¯à¨à®¤¥ (ªãàá¨¢ ¬®© | ˆ. ‡.)û [3]. „�«¥¥ Šà¨áâ¥− �î£®à æ¨â¨àã¥â
®¯à¥¤¥«¥−¨¥ ¯®−ïâ¨ï úä¥−®¬¥−û ¯® á«®¢�àî Webster 1960 £. (ú«î¡®© ä�ªâ,
®¡áâ®ïâ¥«ìáâ¢® ¨«¨ á®¡ëâ¨¥, ª®â®àë¥ á¥−á®à−® ¢®á¯à¨−¨¬�îâáï ¨ ¬®£ãâ ¡ëâì
−�ãç−® ®¯¨á�−ë ¨«¨ ®æ¥−¥−ëû [4]).

�à¥¤«®¦¥−¨¥ ãç¨âë¢�âì ¢«¨ï−¨¥ ç¥«®¢¥ª� ¨¬¯«¨æ¨â−® ¢¢®¤¨â ¢ ¯à¥¤¬¥â−ãî
®¡«�áâì ¨−ä®à¬�â¨ª¨ ®¡ê¥ªâë áà¥¤ë −®¢®© ¯à¨à®¤ë | ¬¥−â�«ì−®© (−�¯à¨¬¥à,
à¥§ã«ìâ�âë ¯à®æ¥áá®¢ £¥−¥à�æ¨¨ −�ãç−®£® §−�−¨ï, ¯à®¨áå®¤ïé¨å ¢ á®§−�−¨¨
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¨áá«¥¤®¢�â¥«¥©). �â¬¥â¨¬, çâ® á¥−á®à−® ¢®á¯à¨−¨¬�¥¬�ï áà¥¤� á®¤¥à¦¨â, ¢ ç�áâ-
−®áâ¨, §−�ª®¢ë¥ ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ ¯à®æ¥áá®¢ £¥−¥à�æ¨¨ §−�−¨ï
¯®á«¥ ¥£® ¤¥«¥−¨ï −� ª®−æ¥¯âë. ‚ à¥§ã«ìâ�â¥, á®£«�á−® Šà¨áâ¥−ã �î£®àã, ¯®
áà�¢−¥−¨î á â¥å−¨ç¥áª¨¬ ¯®¤å®¤®¬ ª ®¯à¥¤¥«¥−¨î ¨−ä®à¬�â¨ª¨, ç¨á«® áà¥¤ ¥¥
¯à¥¤¬¥â−®© ®¡«�áâ¨ à�áè¨àï¥âáï ¤® âà¥å: ¬¥−â�«ì−�ï, á¥−á®à−® ¢®á¯à¨−¨¬�ï
¨ æ¨äà®¢�ï.

�¤−�ª® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ®−� −¥ ®£à�−¨ç¥−� â®«ìª® íâ¨¬¨ âà¥¬ï áà¥¤�-
¬¨. ‘ ¯®ï¢«¥−¨¥¬ ¨−â¥àä¥©á� ú¬®§£{ª®¬¯ìîâ¥àû ¡ë«¨ ¤®¡�¢«¥−ë ®¡ê¥ªâë
−¥©à®áà¥¤ë. ÷�§à�¡®âª� ¬¥â®¤®¢ §�¯¨á¨ ¨ åà�−¥−¨ï ¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬
á¨−â¥§¨à®¢�−−ëå æ¥¯®ç¥ª „�Š ®¡ãá«®¢¨«� ¤®¡�¢«¥−¨¥ „�Š-áà¥¤ë ¨ ¥¥ ®¡ê-
¥ªâ®¢. �¥ ¨áª«îç¥−® ¨ ¤�«ì−¥©è¥¥ ã¢¥«¨ç¥−¨¥ ç¨á«� áà¥¤ à�§−®© ¯à¨à®¤ë
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨. �â® ¬®¦¥â ¯à®¨§®©â¨, −�¯à¨¬¥à, ¢ â®¬
á«ãç�¥, ª®£¤� ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¡ã¤ãé¨å ˆ’ ¢áâà¥âïâáï áãé−®áâ¨, ª®â®àë¥ ¯®
á¢®¥© ¯à¨à®¤¥ −¥ ®â−®áïâáï −¨ ª ®¤−®© ¨§ áà¥¤, à�−¥¥ ¢ª«îç¥−−ëå ¢ ¯à¥¤¬¥â−ãî
®¡«�áâì ¨−ä®à¬�â¨ª¨ [5]. �®¤®¡−®¥ ã¢¥«¨ç¥−¨¥ ç¨á«� áà¥¤ à�§−®© ¯à¨à®¤ë −¥
−�¡«î¤�¥âáï −¨ ¢ ¥áâ¥áâ¢¥−−ëå, −¨ ¢ £ã¬�−¨â�à−ëå −�ãª�å, çâ® áãé¥áâ¢¥−−®
ãá«®¦−ï¥â ¯®§¨æ¨®−¨à®¢�−¨¥ ¨−ä®à¬�â¨ª¨ ¢ âà�¤¨æ¨®−−®© ¤¨å®â®¬¨¨ á¨áâ¥¬ë
−�ãç−®£® §−�−¨ï: â®ç−ë¥ ¨ ¥áâ¥áâ¢¥−−ë¥ | á®æ¨�«ì−®-£ã¬�−¨â�à−ë¥ −�ãª¨.

‚ áâ�âì¥ £à�−¨æë ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ®¯à¥¤¥«ïîâáï ¢ à�¬ª�å
ª®−æ¥¯æ¨¨ ¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� �®«� ÷®§¥−¡«ã¬� [6]. �� ®á−®¢¥ íâ®©
ª®−æ¥¯æ¨¨ ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� á®§¤�âì −�ãç−ãî ¯�à�¤¨£¬ã ¨−ä®à¬�â¨ª¨ [7{
10] á ãç¥â®¬ à�áè¨à¥−¨ï ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¯à¥¤«®¦¥−−®£® ÷®§¥−¡«ã¬®¬.
‚ ¯à®æ¥áá¥ á®§¤�−¨ï ¯�à�¤¨£¬ë ¢á¥ áãé−®áâ¨ ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨, §−�ç¨-
â¥«ì−® ¨¬ à�áè¨à¥−−®©, ¡ë«¨ à�§¤¥«¥−ë −� ¤¢� £«®¡�«ì−ëå ª«�áá�: ®¡ê¥ªâ®¢
áà¥¤ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¨å âà�−áä®à¬�æ¨©. „«ï ª�¦¤®£® ¨§ −¨å ¡ë«® −�-
ç�â® ä®à¬¨à®¢�−¨¥ á¢®¥© ª«�áá¨ä¨ª�æ¨¨. ‚ ¤�−−®© áâ�âì¥ ¤�−® ®¯¨á�−¨¥ ¤¢ãå
¢¥àå−¨å ãà®¢−¥© â®«ìª® ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨−ä®à¬�â¨ª¨. �á−®¢�−¨¥¬ ¤«ï ¯®áâà®¥−¨ï á�¬®£® ¢¥àå−¥£® ãà®¢−ï
á«ã¦¨â ¤¥«¥−¨¥ ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ −� áà¥¤ë (¬¥−â�«ì−ãî, á¥−á®à−® ¢®á¯à¨-
−¨¬�¥¬ãî, æ¨äà®¢ãî ¨ àï¤ ¤àã£¨å áà¥¤), ª�¦¤�ï ¨§ ª®â®àëå ¢ª«îç�¥â ®¡ê¥ªâë
®¤−®© ¯à¨à®¤ë [7, 8]. �á−®¢�−¨¥¬ ¤«ï ¯®áâà®¥−¨ï á«¥¤ãîé¥£® ãà®¢−ï ª«�á-
á¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨¨ ®¡ê¥ªâ®¢ á«ã¦¨â â¨¯®«®£¨ï §−�ª®¢ëå á¨áâ¥¬ [11],
¯¥à¥ç¥−ì ¢¨¤®¢ ª®â®àëå ¯à¨¢®¤¨âáï ¢ á«¥¤ãîé¥¬ à�§¤¥«¥. –¥«ì áâ�âì¨ á®áâ®-
¨â ¢ ®¯¨á�−¨¨, á ®¤−®© áâ®à®−ë, ¤¢ãå ãà®¢−¥© ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨©
®¡ê¥ªâ®¢ ¨−ä®à¬�â¨ª¨, á ¤àã£®© áâ®à®−ë, ¬¥â®¤� £¥−¥à�æ¨¨ â�¡«¨æ, ¤¥â�«¨§¨àã-
îé¨å ª«�áá¨ä¨ª�æ¨î âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢, çâ® ¤�¥â ¢®§¬®¦−®áâì á®®â−¥áâ¨
â¥®à¥â¨ç¥áª¨¥ âà�−áä®à¬�æ¨¨ á ¯à�ªâ¨ç¥áª¨¬¨ ¨−â¥àä¥©á�¬¨, à¥�«¨§®¢�−−ë¬¨
¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å ¨−ä®à¬�â¨ª¨.

2 Классификации объектов и их трансформаций

‚ à�¡®â¥ [8] ¤�−® ®¯¨á�−¨¥ ®á−®¢�−¨ï ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¤«ï á«ãç�ï á«¥¤ãîé¨å ¯ïâ¨ ¥¥ áà¥¤, ¢ª«îç�îé¨å ®¡ê¥ªâë
®¤−®© ¨ â®© ¦¥ ¯à¨à®¤ë:
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(1) ¬¥−â�«ì−�ï áà¥¤� | íâ® á®¢®ªã¯−®áâì ª®£−¨â¨¢−ëå ä¥−®¬¥−®¢, ¨á¯®«ì§ã¥-
¬ëå /̈̈ «¨ ä®à¬¨àã¥¬ëå ¢ ¯à®æ¥áá¥ ¯®§−�−¨ï, ¯à®¨áå®¤ïé¥£® ¢ á®§−�−¨¨
«î¤¥© (ä¥−®¬¥−ë, ä®à¬¨àã¥¬ë¥ ª�ª á¬ëá«®¢ë¥ í«¥¬¥−âë §−�−¨ï ¢ ¯à®æ¥á-
á�å ¯®§−�−¨ï á ¨á¯®«ì§®¢�−¨¥¬ §−�ª®¢ëå á¨áâ¥¬, ¡ã¤¥¬ −�§ë¢�âì ª®−æ¥¯â�-
¬¨);

(2) á¥−á®à−® ¢®á¯à¨−¨¬�¥¬�ï áà¥¤�, ª®â®àãî ¤«ï ªà�âª®áâ¨ ¨−®£¤� ¡ã¤¥¬ −�§ë-
¢�âì ¨−ä®à¬�æ¨®−−®© áà¥¤®© | íâ® á®¢®ªã¯−®áâì á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ëå
ä¥−®¬¥−®¢, −�å®¤ïé¨åáï ¢−¥ á®§−�−¨ï, −® ¢§�¨¬®¤¥©áâ¢ãîé¨å á ª®£−¨â¨¢-
−ë¬¨ ä¥−®¬¥−�¬¨ ¬¥−â�«ì−®© áà¥¤ë;

(3) æ¨äà®¢�ï áà¥¤� | íâ® á®¢®ªã¯−®áâì ª®¬¯ìîâ¥à−ëå ª®¤®¢;
(4) −¥©à®áà¥¤� | íâ® í«¥ªâà¨ç¥áª¨¥ ¯®â¥−æ¨�«ë ¨ ¬�£−¨â−ë¥ ¯®«ï, £¥−¥-

à¨àã¥¬ë¥ ¬®§£®¬, ª®â®àë¥ ¨á¯®«ì§ãîâáï, −�¯à¨¬¥à, ¢ ˆ’ ã¯à�¢«¥−¨ï
à®¡®â¨§¨à®¢�−−®© àãª®© [12] ¨ ¢ ¤àã£¨å ˆ’, ¯à¨¬¥−ïîé¨å ¨−â¥àä¥©áë
ú¬®§£{ª®¬¯ìîâ¥àû;

(5) „�Š-áà¥¤� | íâ® á®¢®ªã¯−®áâì æ¥¯®ç¥ª ÷�Š ¨ „�Š1.
Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, ¤�«ì−¥©è¥¥ ã¢¥«¨ç¥−¨¥ ç¨á«� áà¥¤ ¢ ¯à¥¤¬¥â−®©

®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¬®¦¥â ¯à®¨§®©â¨, −�¯à¨¬¥à, ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ’ ¡ã-
¤ãé¨å ¯®ª®«¥−¨©. �á−®¢�−¨¥¬ ¤«ï ¯®áâà®¥−¨ï ¢¥àå−¥£® ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨
âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ á«ã¦¨â áâ¥¯¥−ì à�§−®®¡à�§¨ï ¯à¨à®¤ë ®¡ê¥ªâ®¢, ¢®-
¢«¥ç¥−−ëå ¢ âà�−áä®à¬�æ¨¨:

{ ¯¥à¢ë© ª«�áá ¢¥àå−¥£® ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨ ¢ª«îç�¥â âà�−áä®à¬�æ¨¨ ®¡ê-
¥ªâ®¢ ¢ ¯à¥¤¥«�å áà¥¤ë â®«ìª® ®¤−®© ¯à¨à®¤ë (¤�«¥¥ ¯à¨à®¤−ë¥ âà�−áä®à-
¬�æ¨¨ ¯¥à¢®£® ¯®àï¤ª�); −�¯à¨¬¥à, ª®−ª�â¥−�æ¨ï âà¥å§−�ç−ëå ç¨á¥«N á 2N
¨ 3N , à¥§ã«ìâ�â ª®â®à®© á®¤¥à¦¨â 9 æ¨äà ªà®¬¥ 0, ¬®¦¥â á«ã¦¨âì ¯à¨¬¥à®¬
âà�−áä®à¬�æ¨¨ ¯¥à¢®£® ¯®àï¤ª� [13];

{ ¢â®à®© ª«�áá ¢ª«îç�¥â âà�−áä®à¬�æ¨¨ ®¡ê¥ªâ®¢, ®â−®áïé¨åáï ª ¤¢ã¬ áà¥¤�¬
à�§−®© ¯à¨à®¤ë (¤�«¥¥ | ¯à¨à®¤−ë¥ âà�−áä®à¬�æ¨¨ ¢â®à®£® ¯®àï¤ª�); −�-
¯à¨¬¥à, ª®¬¯ìîâ¥à−®¥ ª®¤¨à®¢�−¨¥ â¥ªáâ®¢ á ¯®¬®éìî â�¡«¨æ Unicode ¨«¨
¯à¥¤áâ�¢«¥−¨¥ ¬¥−â�«ì−ëå ¯®−ïâ¨© (ª®−æ¥¯â®¢) á«®¢�¬¨ ¥áâ¥áâ¢¥−−®£® ï§ëª�;

{ âà¥â¨© ¨ ¯®á«¥¤ãîé¨¥ ª«�ááë ¢ª«îç�îâ âà�−áä®à¬�æ¨¨ ®¡ê¥ªâ®¢, ®â−®áï-
é¨åáï ª âà¥¬ ¨ ¡®«¥¥ áà¥¤�¬ à�§−®© ¯à¨à®¤ë (¤�«¥¥ | ¯à¨à®¤−ë¥ âà�−á-
ä®à¬�æ¨¨ âà¥âì¥£® ¨ ¡®«¥¥ ¢ëá®ª¨å ¯®àï¤ª®¢); −�¯à¨¬¥à, ¯à¨á¢®¥−¨¥ ®¤−®-
£® ª®¬¯ìîâ¥à−®£® ª®¤� (æ¨äà®¢�ï áà¥¤�) ¯®−ïâ¨î (= ª®−æ¥¯âã ¬¥−â�«ì−®©
áà¥¤ë) ¨ á«®¢ã ª�ª á®ç¥â�−¨î ¡ãª¢ (¨−ä®à¬�æ¨®−−�ï áà¥¤�), ª®â®à®¥ ¥£®
¢ëà�¦�¥â, çâ® ®â−®á¨âáï ª âà¥âì¥¬ã ¯®àï¤ªã âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ [14].
�á−®¢�−¨¥¬ ¤«ï ¯®áâà®¥−¨ï ¢â®à®£® ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�-

æ¨© ®¡ê¥ªâ®¢ á«ã¦¨â á«¥¤ãîé�ï â¨¯®«®£¨ï §−�ª®¢ëå á¨áâ¥¬ �. ‘®«®¬®−¨-
ª� [11, c. 131]: ¥áâ¥áâ¢¥−−ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë, ®¡à�§−ë¥, ¥áâ¥áâ¢¥−−®-ï§ë-

1��¯à¨¬¥à, ¬®¤¥«¨ âà�−á«ïæ¨¨ ¥áâ¥áâ¢¥−−ëå „�Š, á®§¤�−−ë¥ ¬¨ªà®¡¨®«®£�¬¨, ¨á¯®«ì§ãîâáï
¢ ¨−ä®à¬�â¨ª¥ ¯à¨ à�§à�¡®âª¥ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ §�¯¨á¨ ¤«ï ¤«¨â¥«ì−®£® åà�−¥−¨ï ¤�−−ëå
¡®«ìè®£® ®¡ê¥¬� á ¨á¯®«ì§®¢�−¨¥¬ á¨−â¥§¨à®¢�−−ëå æ¥¯®ç¥ª „�Š.
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ˆ. Œ. ‡�æ¬�−

„¢� ¢¥àå−¨å ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢

ª®¢ �ë¥, ¢¥à¡�«ì−®-−¥á«®¢¥á−ë¥ á¨áâ¥¬ë §�¯¨á¨1 ¨ ä®à¬�«¨§®¢�−−ë¥ §−�ª®¢ë¥
á¨áâ¥¬ë2, ¢ª«îç�ï ¬�â¥¬�â¨ç¥áª¨¥. ‚¢¥¤¥¬ ¯®−ïâ¨¥ ®¡®¡é¥−−®£® â¥ªáâ� | íâ®
â¥ªáâ, ª®â®àë© ¬®¦¥â ¡ëâì á®§¤�− ¢ «î¡®© ¨§ ¯¥à¥ç¨á«¥−−ëå §−�ª®¢ëå á¨áâ¥¬.
’®£¤� ®¡®¡é¥−−ë¥ â¥ªáâë ¬®£ãâ ¡ëâì ¥áâ¥áâ¢¥−−ë¬¨, ®¡à�§−ë¬¨, ¥áâ¥áâ¢¥−−®-
ï§ëª®¢ �ë¬¨, ¢¥à¡�«ì−®-−¥á«®¢¥á−ë¬¨ ¨ ä®à¬�«¨§®¢�−−ë¬¨. ‚â®à®© ãà®¢¥−ì
ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ¢ íâ®© áâ�âì¥ ®å¢�âë¢�¥â −¥ ¢á¥ ¢¨¤ë ®¡ê¥ªâ®¢
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨, � â®«ìª® ¯¥à¥ç¨á«¥−−ë¥ 5 ¢¨¤®¢ â¥ªáâ®¢, ¢®-
¢«¥ç¥−−ëå ¢ ¯à®æ¥áá âà�−áä®à¬�æ¨©. �â®â ãà®¢¥−ì á®¤¥à¦¨â á«¥¤ãîé¨¥ ª«�ááë
(á¬. à¨áã−®ª):

{ ¯¥à¢ë© ª«�áá ¢â®à®£® ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨ ¢ª«îç�¥â âà�−áä®à¬�æ¨¨ â¥ªá-
â®¢ â®«ìª® ®¤−®£® ¢¨¤� §−�ª®¢®© á¨áâ¥¬ë (¤�«¥¥ | §−�ª®¢ë¥ âà�−áä®à¬�æ¨¨
¯¥à¢®£® ¯®àï¤ª�), −�¯à¨¬¥à ¯¥à¥¢®¤ ¥áâ¥áâ¢¥−−®-ï§ëª®¢ �ëå â¥ªáâ®¢ á ®¤−®£®
ï§ëª� −� ¤àã£®©3;

1�®¤ á¨áâ¥¬®© §�¯¨á¨ ¯®−¨¬�¥âáï §−�ª®¢�ï á¨áâ¥¬�, á®ç¥â�îé�ï ¢¥à¡�«ì−ë¥ §−�ª¨ á −¥á«®¢¥á-
−ë¬¨ (ï§ëª¨ −®â−®© §�¯¨á¨, ª�àâ, â�¡«¨æ ¨ ¤à.).

2‚ ¤¢ãå ¯®á«¥¤ãîé¨å ¬®−®£à�ä¨ïå �. ‘®«®¬®−¨ª ¤¥«¨â ä®à¬�«¨§®¢�−−ë¥ á¨áâ¥¬ë −� §−�ª®-
¢ë¥ ä®à¬�«¨§®¢�−−ë¥ á¨áâ¥¬ë ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª� [15, á. 76; 16, á. 64].

3�â¬¥â¨¬, çâ® ¯à¨¬¥à ¯¥à¥¢®¤� â¥ªáâ� á ®¤−®£® ï§ëª� −� ¤àã£®© ª�ª §−�ª®¢�ï âà�−áä®à¬�æ¨ï
¯¥à¢®£® ¯®àï¤ª� −� ¢â®à®¬ ãà®¢−¥ ª«�áá¨ä¨ª�æ¨¨ ®â−®á¨âáï ª ª«�ááã ¯à¨à®¤−ëå âà�−áä®à¬�æ¨©
¢â®à®£® ¯®àï¤ª� −� ¢¥àå−¥¬ ãà®¢−¥ ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢, çâ® ¢ë¤¥«¥−®
¤¢®©−®© áâà¥«ª®© −� à¨áã−ª¥. �® ®¯à¥¤¥«¥−¨î â�ª�ï ¯à¨à®¤−�ï âà�−áä®à¬�æ¨ï ®â−®á¨âáï ª ¤¢ã¬
áà¥¤�¬ à�§−®© ¯à¨à®¤ë: á¥−á®à−® ¢®á¯à¨−¨¬�¥¬�ï ¨ æ¨äà®¢�ï áà¥¤ë ¤«ï ¬�è¨−−®£® ¯¥à¥¢®¤�
¨«¨ ¬¥−â�«ì−�ï ¨ á¥−á®à−® ¢®á¯à¨−¨¬�¥¬�ï áà¥¤ë ¤«ï ç¥«®¢¥ª�-¯¥à¥¢®¤ç¨ª�.
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{ ¢â®à®© ª«�áá ¢ª«îç�¥â âà�−áä®à¬�æ¨¨ â¥ªáâ®¢, ®â−®áïé¨åáï ª ¤¢ã¬ ¢¨¤�¬
§−�ª®¢ëå á¨áâ¥¬ (¤�«¥¥ | §−�ª®¢ë¥ âà�−áä®à¬�æ¨¨ ¢â®à®£® ¯®àï¤ª�), −�-
¯à¨¬¥à ä®à¬¨à®¢�−¨¥ ¢ à¥¤�ªâ®à¥ Word −� ®á−®¢¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ −�
¤¢ãå ¥áâ¥áâ¢¥−−ëå ï§ëª�å (¥áâ¥áâ¢¥−−®-ï§ëª®¢ �ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë) â�¡«¨-
æë, ª�¦¤�ï áâà®ª� ª®â®à®© á®¤¥à¦¨â ®à¨£¨−�«ì−®¥ ¯à¥¤«®¦¥−¨¥ ¢ ¯¥à¢®¬
áâ®«¡æ¥ ¨ ¥£® ¯¥à¥¢®¤ ¢® ¢â®à®¬ (¢¥à¡�«ì−®-−¥á«®¢¥á−�ï á¨áâ¥¬� §�¯¨á¨);

{ âà¥â¨© ¨ ¯®á«¥¤ãîé¨¥ ª«�ááë ¢ª«îç�îâ âà�−áä®à¬�æ¨¨ â¥ªáâ®¢, ®â−®áïé¨å-
áï ª âà¥¬ ¨ ¡®«¥¥ ¢¨¤�¬ §−�ª®¢ëå á¨áâ¥¬ (¤�«¥¥ | §−�ª®¢ë¥ âà�−áä®à¬�æ¨¨
âà¥âì¥£® ¨ ¡®«¥¥ ¢ëá®ª¨å ¯®àï¤ª®¢); −�¯à¨¬¥à, ¥á«¨ ª ä®à¬¨à®¢�−¨î â�¡«¨-
æë ¢ ¯à¥¤ë¤ãé¥¬ ¯à¨¬¥à¥ ¤®¡�¢¨âì §�¯¨áì à¥§ã«ìâ�â� ¢ëç¨á«¥−¨ï ®â−®è¥−¨ï
¤«¨−ë ®à¨£¨−�«ì−®£® ¯à¥¤«®¦¥−¨ï ª ¤«¨−¥ ¥£® ¯¥à¥¢®¤� ¤«ï ª�¦¤®© áâà®ª¨,
â® íâ® ¡ã¤¥â ¯à¥¤áâ�¢«ïâì á®¡®© §−�ª®¢ãî âà�−áä®à¬�æ¨î1 âà¥âì¥£® ¯®àï¤ª�
(¥áâ¥áâ¢¥−−®-ï§ëª®¢ �ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë → ¢¥à¡�«ì−®-−¥á«®¢¥á−�ï á¨áâ¥¬�
§�¯¨á¨ → ¬�â¥¬�â¨ç¥áª�ï §�¯¨áì ¢¥ªâ®à� ®â−®è¥−¨© ¤«¨−).
�� á¥£®¤−ïè−¨© ¤¥−ì ¯à®æ¥áá ¯®áâà®¥−¨ï ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨©

®¡ê¥ªâ®¢ ¥é¥ ¤�«¥ª ®â §�¢¥àè¥−¨ï2. �¤−�ª® ¨â®£¨ ç�áâ¨ç−®£® ä®à¬¨à®¢�−¨ï
¤¢ãå ¢¥àå−¨å ¥¥ ãà®¢−¥© ã¦¥ ¯à¨¬¥−ïîâáï ¤«ï à¥è¥−¨ï �ªâã�«ì−ëå ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨:

{ ®¯à¥¤¥«¥−¨¥ ®â−®è¥−¨© ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ¬®¤¥«¨ DIKW (data{
information{knowledge{wisdom | ¤�−−ë¥{¨−ä®à¬�æ¨ï{§−�−¨¥{¬ã¤à®áâì)
[9,10];

{ ¯à®¥ªâ¨à®¢�−¨¥ ˆ’ ¨§¢«¥ç¥−¨ï −®¢®£® §−�−¨ï ¨§ ¤�−−ëå /̈̈ «¨ â¥ªáâ®¢®©
¨−ä®à¬�æ¨¨ [17];

{ ä®à¬�«¨§�æ¨ï ¯à®æ¥áá®¢ ®¡à�â¨¬®© áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢ [18].

3 Метод генерации таблиц

�� ®á−®¢¥ ¢¥àå−¥£® ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨© ¯à¥¤«�£�¥âáï á«¥-
¤ãîé¨© ¬¥â®¤ £¥−¥à�æ¨¨ â�¡«¨æ, ¤¥â�«¨§¨àãîé¨å ª«�áá¨ä¨ª�æ¨î âà�−áä®à-
¬�æ¨©. Œ¥â®¤ ¯à¥¤−�§−�ç¥− ¤«ï £¥−¥à�æ¨¨ â�¡«¨æ ª�â¥£®à¨© âà�−áä®à¬�æ¨©,
ª®â®àë¬ á®®â¢¥âáâ¢ãîâ ª�ª ã¦¥ ¨§¢¥áâ−ë¥ ¨−â¥àä¥©áë, â�ª ¨ â¥®à¥â¨ç¥áª¨ ¢®§-
¬®¦−ë¥, −® ¥é¥ −¥ à¥�«¨§®¢�−−ë¥ ¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å ¨−ä®à¬�â¨ª¨.

Œ¥â®¤ £¥−¥à�æ¨¨ ®¯¨è¥¬ −� ¯à¨¬¥à¥ ª«�áá� ú�à¨à®¤−ë¥ âà�−áä®à¬�æ¨¨
¢â®à®£® ¯®àï¤ª�û á�¬®£® ¢¥àå−¥£® ãà®¢−ï íâ®© ª«�áá¨ä¨ª�æ¨¨. �® ®¯à¥¤¥«¥−¨î
íâ®â ª«�áá ¢ª«îç�¥â âà�−áä®à¬�æ¨¨ ®¡ê¥ªâ®¢, ®â−®áïé¨åáï ª ¤¢ã¬ áà¥¤�¬ à�§−®©
¯à¨à®¤ë. „«ï á«ãç�ï ¯ïâ¨ áà¥¤ (¬¥−â�«ì−�ï, á¥−á®à−® ¢®á¯à¨−¨¬�¥¬�ï, æ¨äà®-
¢�ï, −¥©à®- ¨ „�Š-áà¥¤�) á â¥®à¥â¨ç¥áª®© â®çª¨ §à¥−¨ï ¢®§¬®¦−ë ¬�ªá¨¬ã¬
20 ª�â¥£®à¨© �á¨¬¬¥âà¨ç−ëå âà�−áä®à¬�æ¨© (á¬. ¯ïâì áâà®ª ¨ ¯ïâì áâ®«¡æ®¢
â�¡«¨æë, −�ç¨−�ï á® ¢â®à®© áâà®ª¨ ¨ ¢â®à®£® áâ®«¡æ�).

1‚ëç¨á«¥−¨¥ å�à�ªâ¥à¨áâ¨ª â¥ªáâ®¢ ¡ã¤¥¬ â�ª¦¥ −�§ë¢�âì ¨å §−�ª®¢ë¬¨ âà�−áä®à¬�æ¨ï¬¨.
2�à¨à®¤−ë¥ âà�−áä®à¬�æ¨¨ ®¡ê¥ªâ®¢ á ãª�§�−¨¥¬ ¨å áà¥¤ ¢ ¡ã¤ãé¥¬ ¯«�−¨àã¥âáï à�§¬¥áâ¨âì

−� âà¥âì¥¬ ãà®¢−¥ ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨©.
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…á«¨ ¢® ¢â®à®© áâà®ª¥ â�¡«¨æë ¯®á«¥ −�§¢�−¨ï áà¥¤ë ¯¥à¥ç¨á«¨âì ç¥âëà¥
ª�â¥£®à¨¨ âà�−áä®à¬�æ¨© ¬¥−â�«ì−ëå ®¡ê¥ªâ®¢ ¢ ®¡ê¥ªâë ç¥âëà¥å ®áâ�«ì−ëå
áà¥¤, ¢ âà¥âì¥© áâà®ª¥ | á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ëå ®¡ê¥ªâ®¢ ¢ ®¡ê¥ªâë ç¥âëà¥å
®áâ�«ì−ëå áà¥¤, ¯à®¯ãáª�ï −�§¢�−¨¥ áà¥¤ë, ¢ ç¥â¢¥àâ®© | æ¨äà®¢ëå ®¡ê¥ªâ®¢
¢ ®¡ê¥ªâë ç¥âëà¥å ®áâ�«ì−ëå áà¥¤ ¨ â. ¤., â® ¯®«ãç¨¬ ïç¥©ª¨ á −�§¢�−¨ï¬¨ 20 ª�-
â¥£®à¨© �á¨¬¬¥âà¨ç−ëå âà�−áä®à¬�æ¨© (á¬. â�¡«¨æã, ªà®¬¥ ¯®á«¥¤−¥© áâà®ª¨
¨ ¯®á«¥¤−¥£® áâ®«¡æ�). ��¯à¨¬¥à, ª�â¥£®à¨ï úŒ¥−â�«ì−ë¥ ®¡ê¥ªâë → á¥−á®à−®
¢®á¯à¨−¨¬�¥¬ë¥ ®¡ê¥ªâëû (âà¥âìï ïç¥©ª� ¢â®à®© áâà®ª¨) à¥�«¨§ã¥âáï á ¯®¬®éìî
¨−â¥àä¥©á®¢ ¯à¥¤áâ�¢«¥−¨ï ª®−æ¥¯â®¢ ä®à¬�¬¨ §−�ª®¢, � ª�â¥£®à¨ï ú‘¥−á®à−®
¢®á¯à¨−¨¬�¥¬ë¥ ®¡ê¥ªâë → ¬¥−â�«ì−ë¥ ®¡ê¥ªâëû (¢â®à�ï ïç¥©ª� âà¥âì¥© áâà®-
ª¨) | á ¯®¬®éìî ¨−â¥àä¥©á®¢ ¨−â¥à¯à¥â�æ¨¨ (®§−�ç¨¢�−¨ï) ä®à¬ §−�ª®¢ ¯®
ª®−â¥ªáâã ¨å ¨á¯®«ì§®¢�−¨ï.

Š�â¥£®à¨ï ú‘¥−á®à−® ¢®á¯à¨−¨¬�¥¬ë¥ ®¡ê¥ªâë → æ¨äà®¢ë¥ ®¡ê¥ªâëû (ç¥â-
¢¥àâ�ï ïç¥©ª� âà¥âì¥© áâà®ª¨) à¥�«¨§ã¥âáï, ¢ ç�áâ−®áâ¨, á ¯®¬®éìî ¨−â¥àä¥©á®¢
¨ â�¡«¨æ ª®¤¨à®¢�−¨ï á¨¬¢®«®¢ ª®¬¯ìîâ¥à−ë¬¨ ª®¤�¬¨, � ª�â¥£®à¨ï ú–¨äà®-
¢ë¥ ®¡ê¥ªâë → á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ë¥ ®¡ê¥ªâëû (âà¥âìï ïç¥©ª� ç¥â¢¥àâ®©
áâà®ª¨) | á ¯®¬®éìî ¨−â¥àä¥©á®¢ ¨ â�¡«¨æ ¤¥ª®¤¨à®¢�−¨ï.

’�¡«¨æ� á®¤¥à¦¨â ¢á¥ 20 ª�â¥£®à¨© ª«�áá� ú�à¨à®¤−ë¥ âà�−áä®à¬�æ¨¨
¢â®à®£® ¯®àï¤ª�û ¤«ï á«ãç�ï ¯ïâ¨ áà¥¤, −® −¥ ¤«ï ¢á¥å ¨§ −¨å ¢ −�áâ®ïé¥¥
¢à¥¬ï à¥�«¨§®¢�−ë ¨−â¥àä¥©áë ¢â®à®£® ¯®àï¤ª� [12] ¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å
¨−ä®à¬�â¨ª¨ (á¬., −�¯à¨¬¥à, ª�â¥£®à¨î ú–¨äà®¢ë¥ ®¡ê¥ªâë → ¬¥−â�«ì−ë¥
®¡ê¥ªâëû ¨ ª�â¥£®à¨î úŒ¥−â�«ì−ë¥ ®¡ê¥ªâë → æ¨äà®¢ë¥ ®¡ê¥ªâëû ¢ â�¡«¨æ¥).

‘£¥−¥à¨à®¢�−−ë¥ â�¡«¨æë á®¤¥à¦�â ¢¥áì á¯¥ªâà ª�â¥£®à¨© âà�−áä®à¬�æ¨©
¢â®à®£® ¯®àï¤ª� ¤«ï §�¤�−−®£® ¯¥à¥ç−ï áà¥¤. �â® ¤�¥â ¢®§¬®¦−®áâì á®¯®áâ�¢¨âì
íâ¨ ª�â¥£®à¨¨ á ¨−â¥àä¥©á�¬¨, ã¦¥ à¥�«¨§®¢�−−ë¬¨ ¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å
¨−ä®à¬�â¨ª¨ ¤«ï à�áá¬�âà¨¢�¥¬®£® ¯¥à¥ç−ï áà¥¤, ¨ ã¢¨¤¥âì â¥®à¥â¨ç¥áª¨ ¤®-
¯ãáâ¨¬ë¥ ¨−â¥àä¥©áë, ª®â®àë¥ −¥ à¥�«¨§®¢�−ë. �à¨ íâ®¬ ¢ á«ãç�¥ ¤®¡�¢«¥−¨ï
¢ ¯à¥¤¬¥â−ãî ®¡«�áâì ¨−ä®à¬�â¨ª¨ −®¢®© áà¥¤ë á£¥−¥à¨à®¢�−−ë¥ â�¡«¨æë ª�-
â¥£®à¨© ¡ã¤ãâ ®âà�¦�âì á¯¥ªâà ¢á¥å â¥®à¥â¨ç¥áª¨ ¢®§¬®¦−ëå ª�â¥£®à¨© âà�−á-
ä®à¬�æ¨© ¥¥ ®¡ê¥ªâ®¢ (á¬. è¥áâãî áâà®ªã ¨ è¥áâ®© áâ®«¡¥æ â�¡«¨æë).

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ®â¬¥â¨¬, çâ® ª�â¥£®à¨ï¬ ª«�áá� ú�à¨à®¤−ë¥
âà�−áä®à¬�æ¨¨ ¢â®à®£® ¯®àï¤ª�û á®®â¢¥âáâ¢ãîâ ¨−â¥àä¥©áë â®«ìª® ¢â®à®£®
¯®àï¤ª�, � ª�â¥£®à¨ï¬ ¯à¨à®¤−ëå âà�−áä®à¬�æ¨© âà¥âì¥£® ¨ ¡®«¥¥ ¢ëá®ª¨å ¯®-
àï¤ª®¢ | ¨−â¥àä¥©áë âà¥âì¥£® ¨ ¡®«¥¥ ¢ëá®ª¨å ¯®àï¤ª®¢ [12]. ‘®®â¢¥âáâ¢¥−−®,
à�§¬¥à−®áâì â�¡«¨æë ª�â¥£®à¨©, á£¥−¥à¨à®¢�−−®© −� ®á−®¢¥ ª«�áá� ú�à¨à®¤−ë¥
âà�−áä®à¬�æ¨¨ âà¥âì¥£® ¯®àï¤ª�û, ¡ã¤¥â à�¢−� âà¥¬, â. ¥. á ã¢¥«¨ç¥−¨¥¬ ¯®-
àï¤ª� ¯à¨à®¤−ëå âà�−áä®à¬�æ¨© à�áâ¥â ¨ à�§¬¥à−®áâì á®®â¢¥âáâ¢ãîé¨å â�¡«¨æ
ª�â¥£®à¨©1.

1„�«¥ª® −¥ ¢á¥£¤� âà�−áä®à¬�æ¨¨ âà¥âì¥£® ¨ ¡®«¥¥ ¢ëá®ª¨å ¯®àï¤ª®¢ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª
¯®á«¥¤®¢�â¥«ì−®áâì âà�−áä®à¬�æ¨© ¢â®à®£® ¯®àï¤ª�, −�¯à¨¬¥à âà�−áä®à¬�æ¨¨ ¢ ¯à®æ¥áá¥ ®¡ãç¥-
−¨ï ¯�æ¨¥−â� ¯®«ì§®¢�−¨î à®¡®â¨§¨à®¢�−−®© àãª¨ («¨ç−®áâ−ë¥ ª®−æ¥¯âë ¯�æ¨¥−â�, à¥«¥¢�−â−ë¥
¥£® −�¬¥à¥−¨ï¬, á¨£−�«ë �ªâ¨¢−®áâ¨ ¬®§£� ª�ª ®¡ê¥ªâë −¥©à®áà¥¤ë ¨ ª®¬¯ìîâ¥à−ë¥ ª®¤ë) [12].
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4 Заключение

Š�ª ®â¬¥ç¥−® ¢ëè¥, á®§¤�−¨¥ −�ãç−®© ¯�à�¤¨£¬ë ¨−ä®à¬�â¨ª¨ ¡ë«® −�ç�â®
á ¯®áâà®¥−¨ï ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ [7, 8] ¨ ª«�áá¨ä¨-
ª�æ¨¨ ¨å âà�−áä®à¬�æ¨© á ç�áâ¨ç−ë¬ ®¯¨á�−¨¥¬ ¤¢ãå ¥¥ ¢¥àå−¨å ãà®¢−¥© ¢ íâ®©
áâ�âì¥. „«ï á®§¤�−¨ï ¯�à�¤¨£¬ë §� ®á−®¢ã ¡ë«� ¢§ïâ� áâàãªâãà� −�ãç−®© ¯�à�-
¤¨£¬ë, ª®â®àãî à�§à�¡®â�« �. ‘®«®¬®−¨ª ¤«ï «î¡®© ú§à¥«®©û −�ãª¨. �¡¥ íâ¨
ª«�áá¨ä¨ª�æ¨¨ ®â−®áïâáï ª ®¤−®¬ã ¨§ ¥¥ ¢®áì¬¨ ª®¬¯®−¥−â®¢, ª®â®àë¥, á®£«�á−®
�. ‘®«®¬®−¨ªã, ¬®£ãâ à�§à�¡�âë¢�âìáï ®â¤¥«ì−®, −® ®¡ê¥¤¨−ïîâáï ¢ ¥¤¨−ãî
¨ æ¥«ì−ãî ª®−áâàãªæ¨î [15,16], � ¨¬¥−−®: ä¨«®á®äáª¨¥ ®á−®¢ë, ¯à¥¤¬¥â ¨§ãç¥-
−¨ï, ¬¥â®¤ë ¨§ãç¥−¨ï, �ªá¨®¬�â¨ª�, ª«�áá¨ä¨ª�æ¨¨ −�ãª¨, á¨áâ¥¬� â¥à¬¨−®¢,
ï§ëª¨ [§−�ª®¢ë¥ á¨áâ¥¬ë] −�ãª¨ ¨ ¬¥â®¤ë ¢¥à¨ä¨ª�æ¨¨ à¥§ã«ìâ�â®¢. ‘�¬ â¥à-
¬¨− ú−�ãç−�ï ¯�à�¤¨£¬�û âà�ªâã¥âáï �. ‘®«®¬®−¨ª®¬ ¢ á®®â¢¥âáâ¢¨¨ á â¥®à¨¥©
’. Šã−�, ª®â®à�ï ®¯¨áë¢�¥â ¯à®æ¥áá á¬¥−ë −�ãç−ëå ¯�à�¤¨£¬ [19]. �à¨ íâ®¬
�. ‘®«®¬®−¨ª ®â¬¥ç�¥â â®â ä�ªâ, çâ® ¢ ª−¨£¥ Šã−� −¥â ®â¢¥â� −� ¢®¯à®á: úˆ§
ç¥£® ¤®«¦−� á®áâ®ïâì ¯�à�¤¨£¬� \§à¥«®©" −�ãª¨?û

’�¡«¨æë ª�â¥£®à¨© âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à-
¬�â¨ª¨ ãáâ�−�¢«¨¢�îâ §�¢¨á¨¬®áâì á¯¥ªâà� âà�−áä®à¬�æ¨© ®â ¯¥à¥ç−ï áà¥¤,
ª ª®â®àë¬ ¯à¨−�¤«¥¦�â ¢§�¨¬®¤¥©áâ¢ãîé¨¥ ®¡ê¥ªâë. Š�ª ¡ë«® ®â¬¥ç¥−®, ïç¥©-
ª¨ ¯®á«¥¤−¥© áâà®ª¨ ¨ áâ®«¡æ� ¢ â�¡«¨æ¥ ¯à¥¤áª�§ë¢�îâ á¯¥ªâà ¢á¥å â¥®à¥â¨ç¥áª¨
¢®§¬®¦−ëå ª�â¥£®à¨© âà�−áä®à¬�æ¨© ®¡ê¥ªâ®¢ −®¢®© áà¥¤ë ¯à¨ ¥¥ ¤®¡�¢«¥−¨¨
¢ ¯à¥¤¬¥â−ãî ®¡«�áâì ¨−ä®à¬�â¨ª¨. „àã£¨¬¨ á«®¢�¬¨, ¢ á«ãç�¥ ¢ª«îç¥−¨ï −®-
¢®© áà¥¤ë á£¥−¥à¨à®¢�−−ë¥ â�¡«¨æë ¤�¤ãâ ¢¥áì á¯¥ªâà ª�â¥£®à¨© âà�−áä®à¬�æ¨©
®¡ê¥ªâ®¢ −®¢®© áà¥¤ë ¢ ®¡ê¥ªâë ¤àã£¨å áà¥¤ ¨ ®¡à�â−®.

‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® á®§¤�−¨¥ ¯�à�¤¨£¬ë ¨−ä®à¬�â¨ª¨ −�å®¤¨âáï −�
¯¥à¢®−�ç�«ì−®© áâ�¤¨¨, −� ª®â®à®© á¥©ç�á ä®à¬¨àã¥âáï â®«ìª® ®¤¨− ¨§ ¢®áì¬¨
ª®¬¯®−¥−â®¢ | ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�â¨ª¨. „«ï ®¡ê¥¤¨−¥−¨ï ª®¬¯®−¥−â®¢
¯�à�¤¨£¬ë ¢ ¥¤¨−ãî ¨ æ¥«ì−ãî ª®−áâàãªæ¨î ¯«�−¨àã¥âáï −� á«¥¤ãîé¥© áâ�¤¨¨
¯¥à¥á¬®âà¥âì á¨áâ¥¬ã �ªá¨®¬ ¨−ä®à¬�â¨ª¨ ª�ª äã−¤�¬¥−â�«ì−®© −�ãª¨ [20],
®¯¨á�¢ ¢ ¥¤¨−®© á¨áâ¥¬¥ â¥à¬¨−®¢ ª«�áá¨ä¨ª�æ¨î ®¡ê¥ªâ®¢ ¨−ä®à¬�â¨ª¨,
ª«�áá¨ä¨ª�æ¨î ¨å âà�−áä®à¬�æ¨©, á¢®©áâ¢¥−−ë¥ ¥© ¬¥â®¤ë, ¢ª«îç�ï ¬¥â®¤ ¨−-
ä®à¬�æ¨®−−®-¬�â¥¬�â¨ç¥áª¨å âà�−áä®à¬�æ¨© [18], � â�ª¦¥ á¨áâ¥¬ã ¥¥ �ªá¨®¬.
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SCIENTIFIC PARADIGM OF INFORMATICS:
TRANSFORMATION CLASSIFICATION OF DOMAIN OBJECTS

I. M. Zatsman

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: A description is given of the first outcomes of creating a classification of
transformations of objects of an informatics subject domain as a component of the
scientific knowledge system covering a wide range of information and computer
sciences. The boundaries of its subject domain which is thus significantly
expanded are defined within the framework of Paul Rosenbloom's concept of
polyadic computing. All informatics entities in the paper are divided into two
global classes: objects and their transformations. For each such class, in the
process of creating the scientific paradigm of informatics, its own classification
is constructed and with their formation its creation began. This paper discusses
the two top levels of only the classification of transformations of objects of
the informatics subject domain. The basis for constructing the highest level
is the proposed division of the informatics subject domain into media (mental,
sensory, digital, and a number of other media), each of which includes objects
of the same nature. At the same time, there are examples of the appearance
of previously unused media in the informatics subject domain. Thus, with
the creation of information technologies that use brain-computer interfaces, it
would be logical to add the neuromedium to the informatics subject domain,
and with the development of methods and means for long-term storage of
large-volume data using synthesized DNA chains add the DNA-medium. The
basis for constructing the next level of classification of object transformations
is the Solomonick's typology of sign systems. The purpose of the paper is to
describe, on the one hand, the two top levels of classification of transformations
of objects of the informatics subject domain, and on the other hand, the method
for generating tables detailing this classification which makes it possible to
correlate the categories of object transformations in the tables with the interfaces
implemented in computer systems and means. The generated tables include
categories of transformations that correspond to both already known interfaces
and theoretically possible ones but not yet implemented in computer systems and
means.

Keywords: domain objects; transformation of objects; classification; subject
domain medium; informatics paradigm
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ТЕОРИЯ S-СИМВОЛОВ: КЛАССЫ БАЗОВЫХ S-ЗАДАЧ

В. Д. Ильин1

�−−®â�æ¨ï: ’¥®à¨ï S-á¨¬¢®«®¢ ¯à¥¤áâ�¢«ï¥â á®¡®© à�áè¨à¥−−®¥ ®¡®¡é¥-
−¨¥ â¥®à¨¨ S-¬®¤¥«¨à®¢�−¨ï. ÷�áá¬�âà¨¢�¥âáï ª�ª ç�áâì ¬¥â®¤®«®£¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ S-áà¥¤¥ (¢ª«îç�ï
á¨áâ¥¬ë §−�−¨©, á¨áâ¥¬ë S-¬®¤¥«¨à®¢�−¨ï §�¤�ç ¨ ª®−áâàã¨à®¢�−¨ï ¯à®-
£à�¬¬ ¨ ¤à.). S-áà¥¤�, ®á−®¢�−−�ï −� ¢§�¨¬®á¢ï§�−−ëå á¨áâ¥¬�å S-(á¨¬-
¢®«®¢, ª®¤®¢, á¨£−�«®¢) á«ã¦¨â ¨−äà�áâàãªâãà−ë¬ ®á−®¢�−¨¥¬ à¥�«¨§�æ¨¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© à�§«¨ç−®£® −�§−�ç¥−¨ï. ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−�
ç¥â¢¥àâ�ï, §�ª«îç¨â¥«ì−�ï ç�áâì ®¯¨á�−¨ï â¥®à¨¨. �à¨¢¥¤¥−® ®¡®á−®¢�−¨¥
ª«�áá®¢ ¡�§®¢ëå S-§�¤�ç ¨ ®¯à¥¤¥«¥−ë ®á−®¢−ë¥ ª«�ááë: S-(¯à¥¤áâ�¢«¥−¨ï,
¯à¥®¡à�§®¢�−¨ï, à�á¯®§−�¢�−¨ï, ¨−â¥à¯à¥â�æ¨¨, ª®−áâàã¨à®¢�−¨ï, ®¡¬¥−�,
á®åà�−¥−¨ï, −�ª®¯«¥−¨ï, ¯®¨áª�, ¨−ä®à¬�æ¨®−−®© §�é¨âë ¨ ªà¨¯â®£à�ä¨¨).
��§®¢ë¬¨ −�§¢�−ë S-§�¤�ç¨, ª à¥è¥−¨î ª®â®àëå à¥¤ãæ¨àãîâáï ¤àã£¨¥ S-§�-
¤�ç¨. ÷�áá¬®âà¥−ë ª«îç¥¢ë¥ S-§�¤�ç¨ ª�¦¤®£® ª«�áá�.

Š«îç¥¢ë¥ á«®¢�: â¥®à¨ï S-á¨¬¢®«®¢; S-§�¤�ç�; ª«�ááë ¡�§®¢ëå S-§�¤�ç;
S-(¯à¥¤áâ�¢«¥−¨¥, ¯à¥®¡à�§®¢�−¨¥, à�á¯®§−�¢�−¨¥, ¨−â¥à¯à¥â�æ¨ï, ª®−áâàã-
¨à®¢�−¨¥, ®¡¬¥−, á®åà�−¥−¨¥, −�ª®¯«¥−¨¥, ¯®¨áª, ¨−ä®à¬�æ¨®−−�ï §�é¨â�
¨ ªà¨¯â®£à�ä¨ï)

DOI: 10.14357/08696527230413 EDN: YLGBME

1 Введение

‚ ¡«¨¦�©è¨¥ £®¤ë ®¤−® ¨§ ®á−®¢−ëå −�¯à�¢«¥−¨© ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á-
¯¥ç¥−¨ï à�§¢¨â¨ï S-áà¥¤ë ¡ã¤¥â á¢ï§�−® á á®§¤�−¨¥¬ á¯¥æ¨ä¨æ¨àã¥¬ëå á¨áâ¥¬
à¥è¥−¨ï S-§�¤�ç [1{3] −� ®á−®¢¥ á¥â¥¢ëå2 á¥à¢¨á®¢, à¥�«¨§®¢�−−ëå á ¨á¯®«ì§®¢�-
−¨¥¬ æ¨äà®¢ëå ¤¢®©−¨ª®¢ [4, 5]. “¦¥ ¢ −�è¨ ¤−¨ áª®à®áâ¨ ¯¥à¥¤®¢ëå â¥å−®«®£¨©
¡¥á¯à®¢®¤−®© á¢ï§¨ áâ�−®¢ïâáï ¤®áâ�â®ç−ë¬¨ ¤«ï à¥è¥−¨ï ¬−®£¨å S-§�¤�ç −�
®á−®¢¥ á¥â¥¢ëå á¥à¢¨á®¢. �à¨ª«�¤−�ï íää¥ªâ¨¢−®áâì â�ª¨å â¥å−®«®£¨© ¨ á−¨-
¦¥−¨¥ æ¥− −� á¥â¥¢ë¥ á¥à¢¨áë á¯®á®¡áâ¢ãîâ ¨−â¥−á¨¢−®¬ã á®¢¥àè¥−áâ¢®¢�−¨î
S-áà¥¤ë.

‘à¥¤¨ ¯¥à¢®®ç¥à¥¤−ëå ¯à®¡«¥¬ à�§¢¨â¨ï S-áà¥¤ë: à�§¢¨â¨¥ S-(á¨¬¢®«ì−ëå,
ª®¤®¢ëå ¨ á¨£−�«ì−ëå) á¨áâ¥¬; ¯à®£à�¬¬−®-�¯¯�à�â−®¥ ¯à¥®¡à�§®¢�−¨¥ �ã¤¨®-
¨ â�ªâ¨«ì−ëå S-á®®¡é¥−¨©, ¢¢®¤¨¬ëå (á¬. ‚¢®¤ ¢ ¨−ä®à¬�â¨ª¥3) ç¥«®¢¥ª®¬
(¨«¨ à®¡®â®¬), ¢ £à�ä¨ç¥áª¨¥, ¯à¥¤áâ�¢«¥−−ë¥ ª®¬¯®§¨æ¨¥© â¥ªáâ�, £¨¯¥àâ¥ªá-

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

2Š®¬¯ìîâ¥à−�ï á¥âì // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/
ëÏÍÐØÀÔÅÒÎÁÑ ÓÅÔØ.

3ˆ«ì¨− ‚. „. ‚¢®¤ ¢ ¨−ä®à¬�â¨ª¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï ¢¥àá¨ï).
https://bigenc.ru/c/vvod-v-informatike-ee60c7.
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â�1, á¯¥æ¨�«ì−ëå á¨¬¢®«®¢ ¨ ¨§®¡à�¦¥−¨©; â¥å−®«®£¨ç¥áª®¥ á®¢¥àè¥−áâ¢®¢�-
−¨¥ ¨ ã−¨ä¨ª�æ¨ï ¡¥á¯à®¢®¤−ëå ¨−â¥àä¥©á®¢ [¯à¥¦¤¥ ¢á¥£® ¢¨¤¥®¨−â¥àä¥©á®¢
(¢ë¢®¤2 ¯® ¢ë¡®àã ¯®«ì§®¢�â¥«ï: −� á¯¥æ¨�«ì−ë¥ ®çª¨, íªà�−ë ¬®−¨â®à�, â¥«¥-
¢¨§®à� ¨«¨ ¤àã£®£® ãáâà®©áâ¢� ¢¨¤¥®¢ë¢®¤�)].

‡�¯¨áì ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï §�¯¨á¨ ä®à¬ã« ¨ ¢ë¤¥«¥−¨ï
®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¢ á®áâ�¢¥ S-á®®¡é¥−¨© ¨á¯®«ì§ãîâáï áà¥¤áâ¢�
ï§ëª� TSM-ª®¬¯«¥ªá� (TSM: textual symbolic modeling)3.

TSM ¨¬¥¥â áà¥¤áâ¢� §�¯¨á¨ ä®à¬�«¨§®¢�−−ëå ¢ëà�¦¥−¨© (¡¥§ ¯à¨¬¥−¥−¨ï
à¥¤�ªâ®à®¢ ä®à¬ã«), ¢ë¤¥«¥−¨ï ç�áâ¥© S-á®®¡é¥−¨© ¨ §�¬¥−ë ¢ë¡à�−−ë¬¨
á®ªà�é¥−¨ï¬¨ ç�áâ® ¯®¢â®àïîé¨åáï äà�£¬¥−â®¢. „«ï ¢ë¯®«−¥−¨ï ®¯¨á�−¨©
¤®áâ�â®ç−® áâ�−¤�àâ−®© ª«�¢¨�âãàë ¨ −�¡®à� áà¥¤áâ¢, ¨¬¥îé¨åáï ¢ á®áâ�¢¥
â¥ªáâ®¢ëå à¥¤�ªâ®à®¢ ¯�ª¥â®¢ LibreOffice, OpenOffice ¨«¨ ¤à.

‚ áâ�âì¥ ¯à¨¬¥−¥−ë á«¥¤ãîé¨¥ TSM-áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢ â¥ªáâ�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ®¯à¥¤¥«¥−¨¥ (§¤¥áì ¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â

á«®¢® ú®§−�ç�¥âû);
♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ (¨ ¯®«ã¦¨à−ë¬) ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨©

¨ äà�£¬¥−âë ®¯¨á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Развитие средств автоматизации решений

„�¦¥ ¤«ï ªà�âª®£® ®¡§®à� áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ à¥è¥−¨© −� −�ç�«ì−®¬
íâ�¯¥ ¨å à�§¢¨â¨ï ¯®âà¥¡®¢�«áï ¡ë ¤®¢®«ì−® ®¡ê¥¬−ë© â¥ªáâ. �®íâ®¬ã ¢ë¡à�−�
â®«ìª® ç�áâì ª«îç¥¢ëå ¨§®¡à¥â¥−¨©, −� ¡®«¥¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ª®â®àëå
(¢ ®−«�©−-í−æ¨ª«®¯¥¤¨ïå ¨ «¨â¥à�âãà−ëå ¨áâ®ç−¨ª�å) ¤�−ë ááë«ª¨.

‚ 1836{1848 ££. ¡à¨â�−áª¨© ¨−¦¥−¥à —. �í¡¡¨¤¦4 á¯à®¥ªâ¨à®¢�« ¬¥å�-
−¨ç¥áªãî ¤¥áïâ¨ç−ãî ¢ëç¨á«¨â¥«ì−ãî ¬�è¨−ã (−�§¢�−−ãî ¨¬ �−�«¨â¨ç¥áª®©
¬�è¨−®©). �â® ¡ë« ¯à®¥ªâ ¬¥å�−¨ç¥áª®£® ¯à®â®â¨¯� ¡ã¤ãé¨å ¢ëç¨á«¨â¥«ì-
−ëå ¬�è¨− (♦ ¯à®£à�¬¬� ¢ëç¨á«¥−¨©, ¤�−−ë¥ ¨ à¥§ã«ìâ�â §�¯¨áë¢�«¨áì −�
¯¥àä®ª�àâ�å; �¢â®¬�â¨ç¥áª®¥ ¢ë¯®«−¥−¨¥ ¯à®£à�¬¬ë ®¡¥á¯¥ç¨¢�«® ãáâà®©áâ¢®
ã¯à�¢«¥−¨ï ♦). �à®¥ªâ −¥ ¡ë« à¥�«¨§®¢�−.

‚ 1934{1938 ££. £¥à¬�−áª¨© ¨−¦¥−¥à Š®−à�¤ –ã§¥5 á®§¤�« ¬¥å�−¨ç¥áªãî
¤¢®¨ç−ãî ¢ëç¨á«¨â¥«ì−ãî ¬�è¨−ã (¤«¨−� ¬�è¨−−®£® á«®¢� | 22 ¤¢®¨ç−ëå

1ˆ«ì¨− ‚. „. ƒ¨¯¥àâ¥ªáâ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï ¢¥àá¨ï). https://
bigenc.ru/c/gipertekst-bd30f0.

2ˆ«ì¨− ‚. „. ‚ë¢®¤ ¢ ¨−ä®à¬�â¨ª¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï
¢¥àá¨ï). https://bigenc.ru/c/vyvod-v-informatike-9de0c3.

3‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ (S-¬®¤¥«¨à®¢�−¨¥) // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://
ÒÕÎÉ.ÒÆ/index.php/óÉÍ×ÏÌØÎÏÅ ÍÏÄÅÌÉÒÏ×ÁÎÉÅ (S-ÍÏÄÅÌÉÒÏ×ÁÎÉÅ).

4�í¡¡¨¤¦, —�à«ì§ // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/âÜÂÂÉÄÖ,
þÁÒÌÚ.

5�®¡à®¢áª¨© ‘. ˆ§®¡à¥â�â¥«ì ª®¬¯ìîâ¥à� // ‚¨àâã�«ì−ë© ª®¬¯ìîâ¥à−ë© ¬ã§¥©. https://
www.computer-museum.ru/galglory/2.htm.
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’¥®à¨ï S-á¨¬¢®«®¢: ª«�ááë ¡�§®¢ëå S-§�¤�ç

à�§àï¤�; ¯�¬ïâì | 64 á«®¢�; ®¯¥à�æ¨¨ á ¯«�¢�îé¥© §�¯ïâ®©). ‚−�ç�«¥ ¯à®£à�¬-
¬� ¨ ¤�−−ë¥ ¢¢®¤¨«¨áì ¢àãç−ãî. ‚ 1941 £. Š. –ã§¥ á ãç�áâ¨¥¬ �¢áâà¨©áª®£®
¨−¦¥−¥à� ƒ. ˜à�©¥à� ¡ë«� á®§¤�−� (−� ®á−®¢¥ â¥«¥ä®−−ëå à¥«¥) ¯¥à¢�ï ¢ ¬¨à¥
à�¡®â®á¯®á®¡−�ï ¤¢®¨ç−�ï ¢ëç¨á«¨â¥«ì−�ï ¬�è¨−� á ¯à®£à�¬¬−ë¬ ã¯à�¢«¥−¨-
¥¬ (Z3) [6]. ‚ 1942 £. Š. –ã§¥ á®§¤�« â�ª¦¥ ¨ ¯¥à¢ãî ¢ ¬¨à¥ ã¯à�¢«ïîéãî
æ¨äà®¢ãî ¢ëç¨á«¨â¥«ì−ãî ¬�è¨−ã (S2), ª®â®à�ï ¨á¯®«ì§®¢�«�áì ¤«ï ã¯à�¢«¥-
−¨ï á�¬®«¥â�¬¨-á−�àï¤�¬¨. �¥à¢ë© ¢ ¬¨à¥ ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£®
ãà®¢−ï �«�−ª�«ªî«ì1 (−¥¬. Plankalk�ul | ¯«�− ¨áç¨á«¥−¨ï) ¡ë« á®§¤�− Š. –ã§¥
¢ 1943{1945 ££., � ®¯ã¡«¨ª®¢�− ¢ 1948 £. ♦ ˆ§-§� á¥ªà¥â−®áâ¨ à�¡®â, ¢ë¯®«−¥−-
−ëå Š. –ã§¥, ®¡ ¨å à¥§ã«ìâ�â�å áâ�«® ¨§¢¥áâ−® â®«ìª® ¯®á«¥ ®ª®−ç�−¨ï ‚â®à®©
¬¨à®¢®© ¢®©−ë. ♦

‚ á¥à¥¤¨−¥ XX ¢. −�ç�«®áì ¯à®¨§¢®¤áâ¢® æ¨äà®¢ëå ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−,
ª®â®àë¥ ¢ ‘˜� ¨ ‚¥«¨ª®¡à¨â�−¨¨ ¡ë«¨ −�§¢�−ë ª®¬¯ìîâ¥à�¬¨, � ¢ ‘‘‘÷ |
í«¥ªâà®−−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ ¬�è¨−�¬¨ (�‚Œ). –¨äà®¢ë¥ í«¥ªâà®−−ë¥
¢ëç¨á«¨â¥«ì−ë¥ ¬�è¨−ë, −�ç¨−�ï á �¬¥à¨ª�−áª®£® ª®¬¯ìîâ¥à� ��ˆ�Š2

[(ENIAC | Electronic Numerical Integrator and Computer | í«¥ªâà®−−ë©
ç¨á«®¢®© ¨−â¥£à�â®à ¨ ¢ëç¨á«¨â¥«ì); −�ç�«® à�§à�¡®âª¨ | 1943 £., ¯à¥¤áâ�¢«¥−
¢ 1946 £.], á®§¤�¢�«¨áì â®£¤� ª�ª áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ ¬�â¥¬�â¨ç¥áª¨å
¢ëç¨á«¥−¨©.

‚ ‘‘‘÷ ¢ 1948 £. ˆ. ‘. �àãª3 á®¢¬¥áâ−® á �. ˆ. ÷�¬¥¥¢ë¬4 á®áâ�¢¨« ®â-
ç¥â ® ¯à¨−æ¨¯�å ¤¥©áâ¢¨ï �¢â®¬�â¨ç¥áª®© æ¨äà®¢®© ¢ëç¨á«¨â¥«ì−®© ¬�è¨−ë
(�–‚Œ). �¥à¢®¥ ¢ ‘‘‘÷ �¢â®àáª®¥ á¢¨¤¥â¥«ìáâ¢® (ü 10475) −� ¨§®¡à¥â¥−¨¥
�–‚Œ −� ¨¬ï ˆ. ‘. �àãª� ¨ �. ˆ. ÷�¬¥¥¢� á ¯à¨®à¨â¥â®¬ ®â 4 ¤¥ª�¡àï 1948 £.
¢ë¤�−® 16 ä¥¢à�«ï 1950 £. [7]. ‚ 1950-¥ ££. ¡ë«® á®§¤�−® ¯¥à¢®¥ ¯®ª®«¥-
−¨¥ ®â¥ç¥áâ¢¥−−ëå �‚Œ (í«¥¬¥−â−�ï ¡�§� | í«¥ªâà®−−ë¥ «�¬¯ë). „¢�¤æ�âì
¯ïâ®£® ¤¥ª�¡àï 1951 £. Œ�‘Œ (¬�«�ï í«¥ªâà®−−�ï áç¥â−�ï ¬�è¨−�)5, à�§-
à�¡®â�−−�ï ¯®¤ àãª®¢®¤áâ¢®¬ ‘. �. ‹¥¡¥¤¥¢�6, ¡ë«� ¯à¨−ïâ� ¢ íªá¯«ã�â�æ¨î
£®áã¤�àáâ¢¥−−®© ª®¬¨áá¨¥©. ‚ −�ç�«¥ 1952 £. −�ç�«�áì íªá¯«ã�â�æ¨ï �‚Œ Œ-17,
à�§à�¡®â�−−®© ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. ‘. �àãª�; ¢ íâ®¬ ¦¥ £®¤ã «�¡®à�â®à¨¥© �àã-
ª� à�§à�¡®â�−� ¬�è¨−� Œ-2. ‚ �¯à¥«¥ 1953 £. ¡ë«� ¯à¨−ïâ� ƒ®áã¤�àáâ¢¥−−®©

1�«�−ª�«ªî«ì // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/ðÌÁÎËÁÌËÀÌØ.
2��ˆ�Š // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/üîéáë.
3—«¥−-ª®àà¥á¯®−¤¥−â �� ‘‘‘÷ ˆá��ª ‘¥¬¥−®¢¨ç �àãª // ‚¨àâã�«ì−ë© ª®¬¯ìîâ¥à−ë©

¬ã§¥©. https://www.computer-museum.ru/galglory/17.htm.
4��è¨à ˆáª�−¤�à®¢¨ç ÷�¬¥¥¢ // ‚¨àâã�«ì−ë© ª®¬¯ìîâ¥à−ë© ¬ã§¥©. https://www.computer-

museum.ru/galglory/8.htm.
5„�è¥¢áª¨© ‹. �., ˜ª�¡�à� …. �. Š�ª íâ® −�ç¨−�«®áì (¢®á¯®¬¨−�−¨ï ® á®§¤�−¨¨ ¯¥à¢®©

®â¥ç¥áâ¢¥−−®© í«¥ªâà®−−®© ¢ëç¨á«¨â¥«ì−®© ¬�è¨−ë | Œ�‘Œ). | Œ.: ‡−�−¨¥, 1981. 64 á.
https://www.computer-museum.ru/books/kak eto nachinalos.pdf.

6‹¨á®¢áª¨© ˆ. Œ. ‘¥à£¥© �«¥ªá¥¥¢¨ç ‹¥¡¥¤¥¢ | á®§¤�â¥«ì ¯¥à¢®© ¢ ª®−â¨−¥−â�«ì−®© …¢à®¯¥
¨ ¢ ‘®¢¥âáª®¬ ‘®î§¥ æ¨äà®¢®© í«¥ªâà®−−®© ¢ëç¨á«¨â¥«ì−®© ¬�è¨−ë (Œ�‘Œ) // ‚¨àâã�«ì−ë©
ª®¬¯ìîâ¥à−ë© ¬ã§¥©. https://www.computer-museum.ru/histussr/lebedev mesm.htm.

7�–‚Œ Œ-1 // ‚¨àâã�«ì−ë© ª®¬¯ìîâ¥à−ë© ¬ã§¥©. https://www.computer-museum.ru/
books/m1-m13/acvm-m1.htm.
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ª®¬¨áá¨¥© ��‘Œ-11 (á¥à¨ï �‚Œ ��‘Œ | ¡®«ìè¨å í«¥ªâà®−−ëå áç¥â−ëå
¬�è¨−), à�§à�¡®â�−−�ï ¢ ˆ’Œ ¨ ‚’ ¯®¤ àãª®¢®¤áâ¢®¬ ‘. �. ‹¥¡¥¤¥¢�. ‚ 1953 £.
−�ç�«áï ¢ë¯ãáª �‚Œ ú‘âà¥«�û2 (£«�¢−ë© ª®−áâàãªâ®à | ā. Ÿ. ��§¨«¥¢áª¨©,
§�¬¥áâ¨â¥«ì £«�¢−®£® ª®−áâàãªâ®à� | �. ˆ. ÷�¬¥¥¢). ‚ 1955 £. ¡ë«� ¢ë¯ãé¥-
−� �‚Œ ú“à�«-1û ¨§ á¥¬¥©áâ¢� ú“à�«û3 æ¨äà®¢ëå �‚Œ ®¡é¥£® −�§−�ç¥−¨ï
(£«�¢−ë© ª®−áâàãªâ®à �. ˆ. ÷�¬¥¥¢).

‘ −�ç�¢è¨¬áï ¢ 1970-å ££. à®áâ®¬ ¤®áâã¯−®áâ¨ S-¬�è¨− [1, 2] ¤«ï ¯®«ì§®¢�-
â¥«¥© ¨§ à�§«¨ç−ëå ®¡«�áâ¥© ¤¥ïâ¥«ì−®áâ¨ −�¡«î¤�¥âáï ã¡ë¢�−¨¥ ¤®«¨ ¬�â¥¬�-
â¨ç¥áª¨å §�¤�ç, à¥è�¥¬ëå á ¯®¬®éìî S-¬�è¨−, ¨ à®áâ ¤®«¨ −¥¬�â¥¬�â¨ç¥áª¨å
§�¤�ç. Š®£¤� ¢® ¢â®à®© ¯®«®¢¨−¥ 1960-å ££. áâ�«¨ ¯à®¨§¢®¤¨âìáï ª®¬¯ìîâ¥à−ë¥
â¥à¬¨−�«ë á íªà�−�¬¨, −�ç�«¨áì à�§à�¡®âª¨ ¯à®£à�¬¬ íªà�−−ëå à¥¤�ªâ®à®¢,
¯à¥¤−�§−�ç¥−−ëå ¤«ï ¢¢®¤�, á®åà�−¥−¨ï ¨ ª®àà¥ªæ¨¨ â¥ªáâ� á ®â®¡à�¦¥−¨¥¬ ¥£®
−� ¯®«−®¬ íªà�−¥. �¤−¨¬ ¨§ ¯¥à¢ëå íªà�−−ëå à¥¤�ªâ®à®¢ áâ�« O26, á®§¤�−−ë©
¢ 1967 £. ¤«ï ®¯¥à�â®à®¢ ª®−á®«¨ ª®¬¯ìîâ¥à®¢ á¥à¨¨ CDC 6000. ‚ 1970 £.
¡ë« à�§à�¡®â�− vi | áâ�−¤�àâ−ë© íªà�−−ë© à¥¤�ªâ®à ¤«ï �‘ ā−¨ªá (Unix)
¨ ‹¨−ãªá (Linux)]. ♦ �à¨¬¥−¥−¨¥ íªà�−−ëå à¥¤�ªâ®à®¢ −¥ â®«ìª® ã¢¥«¨ç¨«®
¯à®¨§¢®¤¨â¥«ì−®áâì âàã¤� ¯à®£à�¬¬¨áâ®¢, −® ¨ á®§¤�«® ¯à¥¤¯®áë«ª¨ ¤«ï áãé¥-
áâ¢¥−−ëå ¯¥à¥¬¥− ¢ ¨−áâàã¬¥−â�à¨¨ �¢â®¬�â¨§¨à®¢�−−®£® ¯®áâà®¥−¨ï S-¬®¤¥«¥©
¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢. © ˆá¯®«ì§®¢�−¨¥ íªà�−−ëå à¥¤�ªâ®à®¢ ¤«ï ä®à¬¨à®-
¢�−¨ï â¥ªáâ®¢ à�§«¨ç−®£® −�§−�ç¥−¨ï (−�ãç−ëå áâ�â¥© ¨ ª−¨£, ãç¥¡−ëå ¯®á®¡¨©
¨ ¤à.) ã¦¥ ¢ 1970-¥ ££. ¯®§¢®«¨«® §−�ç¨â¥«ì−® ã¢¥«¨ç¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì
á®§¤�−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢4. © ♦

♦ Š á¥à¥¤¨−¥ 1970-å ££. á®¢¥àè¨«áï ¯®¢®à®â ¢ ¯®¤å®¤¥ ª ¯®áâà®¥−¨î ¨ ¯à¨-
¬¥−¥−¨î S-¬�è¨−: ®â áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ¢ ®á−®¢−®¬ ¬�â¥¬�â¨ç¥áª¨å
¢ëç¨á«¥−¨© ª áà¥¤áâ¢�¬ à¥è¥−¨ï §�¤�ç ¨§ à�§«¨ç−ëå ®¡«�áâ¥© ¤¥ïâ¥«ì−®áâ¨.
© ‚ 1984 £. ª®¬¯�−¨ï Kurzweil Music Systems (KMS), á®§¤�−−�ï �¬¥à¨ª�−-
áª¨¬ ¨§®¡à¥â�â¥«¥¬ ÷¥©¬®−¤®¬ Šãàæ¢¥©«®¬, ¯à®¨§¢¥«� æ¨äà®¢®© ¬ã§ëª�«ì−ë©
á¨−â¥§�â®à Kurzweil 2505. �− áâ�« ¯¥à¢ë¬ ¢ ¬¨à¥ á¯¥æ¨�«¨§¨à®¢�−−ë¬ ª®¬¯ìî-
â¥à®¬, ª®â®àë© ¦¥áâ®¢ë¥ S-á¨¬¢®«ë, ¢¢®¤¨¬ë¥ á ª«�¢¨�âãàë, ¯à¥®¡à�§®¢ë¢�«
¢ ¬ã§ëª�«ì−ë¥ §¢ãª¨ (�ã¤¨® S-á¨¬¢®«ë) [1]. © ♦

‚ 1962 £. ¡ë« ®¯ã¡«¨ª®¢�− ¤®ª«�¤ ® ç¥«®¢¥ª®-¬�è¨−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨
¢ à¥¦¨¬¥ ®−«�©− [8]. ‚ ¤®ª«�¤¥ á®¤¥à¦�«®áì ®¡®á−®¢�−¨¥ æ¥«¥á®®¡à�§−®áâ¨ ¯®-
áâà®¥−¨ï £«®¡�«ì−®© á¥â¨ ª�ª ¨−äà�áâàãªâãà−®© ¯«�âä®à¬ë, ®¡¥á¯¥ç¨¢�îé¥©

1Œ�è¨−� í«¥ªâà®−−�ï ¢ëç¨á«¨â¥«ì−�ï ®¡é¥£® −�§−�ç¥−¨ï ��‘Œ-1 // ‚¨àâã�«ì−ë© ª®¬-
¯ìîâ¥à−ë© ¬ã§¥©. https://www.computer-museum.ru/histussr/29-3.htm.

2�‚Œ ú‘âà¥«�û // ‚¨àâã�«ì−ë© ª®¬¯ìîâ¥à−ë© ¬ã§¥©. https://www.computer-museum.
ru/histussr/18.htm.

3�–‚Œ ú“à�«-1û // ‚¨àâã�«ì−ë© ª®¬¯ìîâ¥à−ë© ¬ã§¥©. https://www.computer-museum.
ru/histussr/ural1.htm.

4ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/
éÎÆÏÒÍÁÃÉÏÎÎÙÅ ÒÅÓÕÒÓÙ.

5Ellis D. Kurzweil 250. Digital keyboard. https://www.muzines.co.uk/articles/kurzweil-250/
8026.
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¤®áâã¯ ª ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬, à�§¬¥é¥−−ë¬ −� ª®¬¯ìîâ¥à�å, ¯®¤ª«îç¥−-
−ëå ª íâ®© á¥â¨. ’¥®à¥â¨ç¥áª®¥ ®¡®á−®¢�−¨¥ ¯�ª¥â−®© ª®¬¬ãâ�æ¨¨ ¯à¨ ¯¥à¥¤�ç¥
á®®¡é¥−¨© ¢ ª®¬¯ìîâ¥à−ëå á¥âïå ¡ë«® ¤�−® ¢ ®¯ã¡«¨ª®¢�−−®© ¢ 1961 £. áâ�âì¥
�¬¥à¨ª�−áª®£® ¨áá«¥¤®¢�â¥«ï ‹. Š«¥©−à®ª�1. ‚ 1971 £. ÷. ’®¬«¨−á®−2 (‘˜�)
¨§®¡à¥« í«¥ªâà®−−ãî ¯®çâã, ¢ 1972 £. íâ®â á¥à¢¨á ¡ë« à¥�«¨§®¢�−. Š«îç¥¢ë¬
á®¡ëâ¨¥¬ ¢ ¨áâ®à¨¨ ¨−â¥à−¥â� áâ�«® ¨§®¡à¥â¥−¨¥ ¢ 1973 £. �¬¥à¨ª�−áª¨¬¨ ¨−-
¦¥−¥à�¬¨ ‚. ‘¥àä®¬3 ¨ ÷. Š�−®¬4 ¯à®â®ª®«� ã¯à�¢«¥−¨ï ¯¥à¥¤�ç¥© | TCP5 [9].
‚ 1983 £. á¥¬¥©áâ¢® ¯à®â®ª®«®¢ TCP/IP ¡ë«® áâ�−¤�àâ¨§®¢�−®. ‚ 1984 £. ¡ë«�
á®§¤�−� á¨áâ¥¬� ¤®¬¥−−ëå ¨¬¥− (DNS | Domain Name System); ¢ 1988 £. |
¯à®â®ª®« ç�â� [¨−â¥à−¥â-á¥à¢¨á� ®¡¬¥−� â¥ªáâ®¢ë¬¨ á®®¡é¥−¨ï¬¨ ¢ à¥�«ì−®¬

¢à¥¬¥−¨ (IRC | Internet Relay Chat)]. ‚ 1989 £. à¥�«¨§®¢�− ¯à®¥ªâ ¢¥¡�6,
¯à¥¤«®¦¥−−ë© ¨ ¢ë¯®«−¥−−ë© ¯®¤ àãª®¢®¤áâ¢®¬ ¡à¨â�−áª®£® ¨áá«¥¤®¢�â¥«ï
’. �¥à−¥àá�-‹¨7.

‚ëá®ª®¬ã â¥¬¯ã à�§¢¨â¨ï ¨−â¥à−¥â� á¯®á®¡áâ¢ã¥â â®, çâ® á® ¢à¥¬¥−¨ ¥£®
§�à®¦¤¥−¨ï ¯à®ä¥áá¨®−�«ë ¡¥§ §�¤¥à¦¥ª ®¡¬¥−¨¢�îâáï ¨¤¥ï¬¨ ¨ à¥è¥−¨ï-
¬¨, ¨á¯®«ì§ãï ¢®§¬®¦−®áâ¨ ¨−â¥à−¥â�, áâ�¢è¥£® ¨−äà�áâàãªâãà−®© ¯«�âä®à¬®©
S-áà¥¤ë à¥è¥−¨ï §�¤�ç [1, 2]. ��ç¨−�ï á 2000-å ££. ¨−â¥−á¨¢−® à�áâ¥â ç¨á«® ¨−-
â¥««¥ªâã�«ì−ëå ¨−â¥à−¥â-à¥è¥−¨©, ¢®¯«®é�îé¨å ª®−æ¥¯æ¨î ¨−â¥à−¥â� ¢¥é¥©
(The Internet of Things)8.

3 Основные классы базовых S-задач

‚ â¥®à¨¨ S-á¨¬¢®«®¢ −� ®á−®¢�−¨¨ ¨§ãç¥−¨ï −�§−�ç¥−¨ï ¨ á¢®©áâ¢ à�§«¨ç−ëå
S-§�¤�ç, à¥è�¥¬ëå á ¯®¬®éìî S-¬�è¨−, ®¯à¥¤¥«¥−ë ®á−®¢−ë¥ ª«�ááë ¡�§®¢ëå
S-§�¤�ç.

� S-§�¤�ç� ≈ {Formul,Rulsys,Alg, Prog}, £¤¥ Formul | ¯®áâ�−®¢ª�
S-§�¤�ç¨; Rulsys | ¬−®¦¥áâ¢® á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥-
¡®¢�−¨© ª à¥è¥−¨î S-§�¤�ç¨, ¯®áâ�¢«¥−−ëå ¢ á®®â¢¥âáâ¢¨¥ Formul; Alg |
®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ �«£®à¨â¬®¢, ª�¦¤®¥ ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â ®¤−®¬ã

1Š«¥©−à®ª, ‹¥®−�à¤ // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/
ëÌÅÊÎÒÏË, ìÅÏÎÁÒÄ.

2’®¬«¨−á®−, ÷í© // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/ôÏÍÌÉÎÓÏÎ,
òÜÊ.

3‘¥àä, ‚¨−â®− // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/óÅÒÆ, ÷ÉÎÔÏÎ.
4Š�−, ÷®¡¥àâ �««¨®â // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/ëÁÎ,

òÏÂÅÒÔ üÌÌÉÏÔ.
5Transmission Control Protocol // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/

Transmission Control Protocol.
6‚á¥¬¨à−�ï ¯�ãâ¨−� // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/

÷ÓÅÍÉÒÎÁÑ ÐÁÕÔÉÎÁ.
7�¥à−¥àá-‹¨, ’¨¬ // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/âÅÒÎÅÒÓ-

ìÉ, ôÉÍ.
8ˆ−â¥à−¥â ¢¥é¥© // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://ÒÕÎÉ.ÒÆ/index.php/éÎÔÅÒÎÅÔ

×ÅÝÅÊ.
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í«¥¬¥−âã ¨§ Rulsys; Prog | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ S-¯à®£à�¬¬, ª�¦¤®¥ ¨§ ª®-
â®àëå ¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ ®¤−®¬ã ¨§ í«¥¬¥−â®¢ Alg. �®áâ�−®¢ª� S-§�¤�ç¨
Formul ≈ {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®¢ §�¢¨á¨â ®â áâ¥¯¥−¨ ¨§ãç¥−−®áâ¨ S-§�¤�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¨, 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 S-§�¤�ç¨, ® âà¥-
¡®¢�−¨ïå ª ¯®«ãç¥−−®¬ã à¥§ã«ìâ�âã ¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï S-¯à®£à�¬¬
¢ª«îç�îâ ¤�−−ë¥ ® ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï, ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å ¨ ¤à. [2].

3.1 S-представление

� �à¥¤áâ�¢«¥−¨¥ ¯à®¨§¢®«ì−ëå S-®¡ê¥ªâ®¢, à�ááç¨â�−−ëå −� ¢®á¯à¨ïâ¨¥
ç¥«®¢¥ª®¬ ¨ S-¬�è¨−�¬¨, á¢ï§�−® á ¨§®¡à¥â¥−¨¥¬ ï§ëª®¢ S-á®®¡é¥−¨©, ã¤®¢«¥-
â¢®àïîé¨å ®¯à¥¤¥«¥−−ë¬ âà¥¡®¢�−¨ï¬. ‚ íâ®¬ ª«�áá¥ ¨§ãç�îâáï: á¨áâ¥¬ë
S-á¨¬¢®«®¢, S-ª®¤®¢ ¨ S-á¨£−�«®¢, ¨á¯®«ì§ã¥¬ë¥ á®®â¢¥âáâ¢¥−−® ¢ ç¥«®¢¥ª®-
¨ S-¬�è¨−−®-®à¨¥−â¨à®¢�−−ëå ï§ëª�å (© ª ¯¥à¢ë¬ ®â−®á¨¬ ï§ëª¨ á¯¥æ¨-
ä¨ª�æ¨¨, ¯à®£à�¬¬¨à®¢�−¨ï ¨ §�¯à®á®¢; ª® ¢â®àë¬ | á¨áâ¥¬ë S-¬�è¨−−ëå
ª®¬�−¤ ©); á¨áâ¥¬ë �¤à¥á�æ¨¨, S-§�¤�ç¨ ¯à¥¤áâ�¢«¥−¨ï S-(ª®¬�−¤ ¨ ¤�−−ëå)
[© ¢ª«îç�ï à�§àï¤−®áâì ©].

Š íâ®¬ã ª«�ááã ®â−¥á¥−ë â�ª¦¥ S-§�¤�ç¨ ¯à¥¤áâ�¢«¥−¨ï S-¬®¤¥«¥© á¨áâ¥¬
¯®−ïâ¨©, −� ª®â®àëå ¨−â¥à¯à¥â¨àãîâáï S-á®®¡é¥−¨ï. �� ¢¥àå−¥¬ ãà®¢−¥
S-§�¤�ç−®© ¨¥à�àå¨¨ íâ®£® ª«�áá� −�å®¤¨âáï ¯à¥¤áâ�¢«¥−¨¥ S-¬®¤¥«¥© á¨áâ¥¬
§−�−¨© [1, 2]. �

3.2 S-преобразование

� �à¥®¡à�§®¢�−¨¥ â¨¯®¢ ¨ ä®à¬ ¯à¥¤áâ�¢«¥−¨ï S-®¡ê¥ªâ®¢ ¯®§¢®«ï¥â ãáâ�-
−�¢«¨¢�âì á®®â¢¥âáâ¢¨ï ¬¥¦¤ã −¨¬¨. S-§�¤�ç¨ ¯à¥®¡à�§®¢�−¨ï â¨¯®¢ (© à¥-
ç¥¢®£® ¢ â¥ªáâ®¢ë© ¨ ®¡à�â−® ¨ ¤à. ©) ¨ ä®à¬ (© �−�«®£®¢®© ¢ æ¨äà®¢ãî
¨ ®¡à�â−®; −¥á¦�â®© ¢ á¦�âãî ¨ ®¡à�â−® ©); ®¤−®© ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¤®-
ªã¬¥−â� ¢ ¤àã£ãî (© *.doc ¢ *.pdf ©) | −¥®¡å®¤¨¬®¥ ¤®¯®«−¥−¨¥ ª S-§�¤�ç�¬
¯à¥¤áâ�¢«¥−¨ï [1, 2]. �

3.3 S-распознавание

� ÷�á¯®§−�¢�−¨¥ S-®¡ê¥ªâ� ¯à¥¤¯®«�£�¥â −¥®¡å®¤¨¬®áâì ¥£® ¯à¥¤áâ�¢«¥-
−¨ï ¢ ä®à¬�â¥, ¨§¢¥áâ−®¬ ¯®«ãç�â¥«î. �à¨ ¢ë¯®«−¥−¨¨ íâ®£® ãá«®¢¨ï ¤«ï
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à�á¯®§−�¢�−¨ï S-®¡ê¥ªâ� à¥è�îâáï S-§�¤�ç¨ á®¯®áâ�¢«¥−¨ï á S-®¡ê¥ªâ�¬¨, ¯à¨-
−�¤«¥¦�é¨¬¨ ¬−®¦¥áâ¢ã ú®¡à�§æ®¢û, «¨¡® §�¤�ç¨ á®¯®áâ�¢«¥−¨ï á¢®©áâ¢ à�á¯®-
§−�¢�¥¬®£® S-®¡ê¥ªâ� á® á¢®©áâ¢�¬¨ ú®¡à�§æ®¢û [1,2]. �

3.4 S-конструирование

� �®áâà®¥−¨¥ ¯® ®¯à¥¤¥«¥−−ë¬ ¯à�¢¨«�¬ ¨§ à�−¥¥ á®§¤�−−ëå S-®¡ê¥ªâ®¢
¡®«¥¥ á«®¦−ëå S-®¡ê¥ªâ®¢ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨ [© S-(§�¤�ç, �«£®à¨â¬®¢,
¯à®£à�¬¬) [10], S-(ç¨¯á¥â®¢, ¬�è¨−, ª«�áâ¥à®¢1, á¥â¥©, á¥à¢¨á®¢ ¨ ¤à. ©)].
Š íâ®¬ã ª«�ááã ®â−¥á¥−ë S-§�¤�ç¨ ª®−áâàã¨à®¢�−¨ï S-¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨©,
ï§ëª®¢, á¨áâ¥¬ §−�−¨©, ¨−â¥à¯à¥â�â®à®¢ S-á®®¡é¥−¨© −� S-¬®¤¥«ïå á¨áâ¥¬
¯®−ïâ¨©; S-á®®¡é¥−¨© ¨ áà¥¤áâ¢ ¨å ¯®áâà®¥−¨ï, ¤®ªã¬¥−â®¢ ¨ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢; ¤®ªã¬¥−â®®¡®à®â� ¨ á¨áâ¥¬ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. �� ¢¥àå−¥¬
ãà®¢−¥ ¨¥à�àå¨¨ íâ®£® ª«�áá� −�å®¤ïâáï S-§�¤�ç¨ ª®−áâàã¨à®¢�−¨ï S-áà¥¤ë [1,
2]. �

3.5 S-интерпретация

� ˆ−â¥à¯à¥â�æ¨ï S-á®®¡é¥−¨© ¯à¥¤¯®«�£�¥â áãé¥áâ¢®¢�−¨¥ ¯à¨−ïâ®£® S-á®-
®¡é¥−¨ï, S-¬®¤¥«¨ á¨áâ¥¬ë ¯®−ïâ¨©, −� ª®â®à®© ®−® ¤®«¦−® ¨−â¥à¯à¥â¨à®¢�âì-
áï, ¨ ¬¥å�−¨§¬� S-¨−â¥à¯à¥â�æ¨¨ (© ¤«ï ¬¨ªà®¯à®æ¥áá®à®¢ S-¬�è¨− S-á®®¡-
é¥−¨ï¬¨, ¯®¤«¥¦�é¨¬¨ ¨−â¥à¯à¥â�æ¨¨, á«ã¦�â S-ª®¤ë S-¬�è¨−−ëå ª®¬�−¤
¨ ¤�−−ëå ©) [1, 2]. �

3.6 S-обмен

� ‚ íâ®¬ ª«�áá¥ ¨§ãç�îâáï S-§�¤�ç¨ ¢§�¨¬®¤¥©áâ¢¨ï ¢ S-áà¥¤¥ (ç¥«®¢¥ª{
S-¬�è¨−�; S-¬�è¨−�{S-¬�è¨−�) á â¨¯¨§�æ¨¥©: ®â¯à�¢¨â¥«¥© ¨ ¯®«ãç�â¥«¥©;
áà¥¤áâ¢ ®â¯à�¢ª¨, ¯¥à¥¤�ç¨ ¨ ¯®«ãç¥−¨ï S-á®®¡é¥−¨©; áà¥¤ ¯¥à¥¤�ç¨ S-á®-
®¡é¥−¨©. ˆ§®¡à¥â�îâáï á¨áâ¥¬ë ¯à�¢¨« ®¡¬¥−� S-á®®¡é¥−¨ï¬¨ (S-á¥â¥¢ë¥
¯à®â®ª®«ë); �àå¨â¥ªâãàë S-á¥â¥©, á¥à¢¨á-®à¨¥−â¨à®¢�−−ë¥ �àå¨â¥ªâãàë; á¨áâ¥-
¬ë í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â� ¨ á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ [1,2]. �

3.7 S-(сохранение, накопление и поиск)

� �â®â ª«�áá ¢ª«îç�¥â á¢ï§�−−ë¥ ¬¥¦¤ã á®¡®© S-§�¤�ç¨ (á®åà�−¥−¨ï, −�ª®¯-
«¥−¨ï ¨ ¯®¨áª�). ˆ§ãç�îâáï ¨ â¨¯¨§¨àãîâáï: ¯�¬ïâì S-¬�è¨− ¨ S-¬�è¨−−ë¥
−�ª®¯¨â¥«¨, ¬¥å�−¨§¬ë ã¯à�¢«¥−¨ï ¨¬¨, ä®à¬ë á®åà�−¥−¨ï ¨ −�ª®¯«¥−¨ï;
S-¬�è¨−−ë¥ −®á¨â¥«¨, ¬¥â®¤ë á®åà�−¥−¨ï, −�ª®¯«¥−¨ï ¨ ¯®¨áª�; ¡�§ë ¤�−−ëå
¨ ¡¨¡«¨®â¥ª¨ ¯à®£à�¬¬. ˆ§ãç�îâáï S-¬®¤¥«¨ ¯à¥¤¬¥â� ¯®¨áª� (¯® ®¡à�§æã, ¯®
¯à¨§−�ª�¬, ¯® ®¯¨á�−¨î á¢®©áâ¢) ¨ ¬¥â®¤®¢ ¯®¨áª� [1,2]. �

1ˆ«ì¨− ‚. „. Š«�áâ¥à ¢ ¨−ä®à¬�â¨ª¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï
¢¥àá¨ï). https://bigenc.ru/c/klaster-v-informatike.
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3.8 S-(информационная защита и криптография)

� S-§�¤�ç¨ íâ®£® ª«�áá� ¢ª«îç�îâ: ¯à¥¤®â¢à�é¥−¨¥ ¨ ®¡−�àã¦¥−¨¥ ãï§¢¨-
¬®áâ¥© á¨áâ¥¬ ¨−ä®à¬�æ¨®−−®© §�é¨âë; ª®−âà®«ì ¤®áâã¯� ª ¨−ä®à¬�æ¨®−−ë¬
à¥áãàá�¬, �¯¯�à�â−ë¬ ¨ ¯à®£à�¬¬−ë¬ áà¥¤áâ¢�¬ S-¬�è¨−; §�é¨âã ®â ¢â®à¦¥-
−¨©, ¢à¥¤®−®á−ëå ¯à®£à�¬¬1, ¯¥à¥å¢�â� S-á®®¡é¥−¨© ¨ −¥á�−ªæ¨®−¨à®¢�−−®£®
¯à¨¬¥−¥−¨ï �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ S-¬�è¨− [1,2]. �

4 Заключение

�à¥¤áâ�¢«¥−� ç¥â¢¥àâ�ï, §�ª«îç¨â¥«ì−�ï ç�áâì â¥®à¨¨ S-á¨¬¢®«®¢ (à�áè¨-
à¥−−®£® ®¡®¡é¥−¨ï â¥®à¨¨ S-¬®¤¥«¨à®¢�−¨ï [11]). ’¥®à¨ï S-á¨¬¢®«®¢ à�áá¬�â-
à¨¢�¥âáï ª�ª ç�áâì ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª á¨áâ¥¬ ¨áªãááâ¢¥−-
−®£® ¨−â¥««¥ªâ� (© á¨áâ¥¬ §−�−¨©, á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ ¯à®£à�¬¬¨à®¢�−¨ï
¨ ¤à. ©) ¢ æ¨äà®¢®© áà¥¤¥. �à¥¤«®¦¥−� ª«�áá¨ä¨ª�æ¨ï ¡�§®¢ëå S-§�¤�ç,
ª à¥è¥−¨î ª®â®àëå à¥¤ãæ¨àãîâáï ¤àã£¨¥ S-§�¤�ç¨, à¥è�¥¬ë¥ ¢ S-áà¥¤¥.

Литература

1. ˆ«ì¨− ‚. „. ’¥®à¨ï S-á¨¬¢®«®¢: ª®−æ¥¯âã�«ì−ë¥ ®á−®¢�−¨ï // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢�
¨−ä®à¬�â¨ª¨, 2023. ’. 33. ü 1. ‘. 126{134. doi: 10.14357/08696527230112.

2. ˆ«ì¨− ‚. „. ’¥®à¨ï S-á¨¬¢®«®¢: ä®à¬�«¨§�æ¨ï §−�−¨© ®¡ S-§�¤�ç�å // ‘¨á-
â¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2023. ’. 33. ü 2. ‘. 124{131. doi: 10.14357/
08696527230212.

3. ˆ«ì¨− ‚. „. ’¥®à¨ï S-á¨¬¢®«®¢: á¥â¥¢®© â�¡á-à¥è�â¥«ì S-§�¤�ç // ‘¨áâ¥¬ë ¨ áà¥¤-
áâ¢� ¨−ä®à¬�â¨ª¨, 2023. ’. 33. ü 3. ‘. 141{148. doi: 10.14357/08696527230312.

4. Semeraro C., Lezoche M., Panetto H., Dassisti M. Digital twin paradigm: A sys-
tematic literature review // Comput. Ind., 2021. Vol. 130. Art. 103469. 23 p. doi:
10.1016/j.compind.2021.103469.

5. Nguyen H., Trestian R., To D., Tatipamula M. Digital twin for 5G and be-
yond // IEEE Commun. Mag., 2021. Vol. 59. No. 2. P. 10{15. doi: 10.1109/
MCOM.001.2000343.

6. Zuse K. Der Computer | Mein Lebenswerk. | Berlin{Heidelberg: Springer, 1993.
236 p. doi: 10.1007/978-3-642-12096-1.

7. ‡�å�à®¢ ‚. �. „¢¥ áã¤ì¡ë ¢ ¨áâ®à¨¨ ®â¥ç¥áâ¢¥−−®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨
(‘. �. ‹¥¡¥¤¥¢ ¨ ˆ. ‘. �àãª) // ÷�§¢¨â¨¥ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¢ ÷®áá¨¨
¨ áâà�−�å ¡ë¢è¥£® ‘‘‘÷: ¨áâ®à¨ï ¨ ¯¥àá¯¥ªâ¨¢ë / �®¤ à¥¤. �. �. ’®¬¨«¨−�. |
Œ.: ÷�“ ¨¬. ƒ. ‚. �«¥å�−®¢�, 2017. ‘. 58{62.

8. Licklider J. C. R., Clark W. E. On-line man-computer communication // AIEE-IRE
Spring Joint Computer Conference Proceedings. | New York, NY, USA: Association
for Computing Machinery, 1962. P. 113{128. doi: 10.1145/1460833.1460847.

9. Cerf V., Kahn R. A protocol for packet network intercommunication // IEEE T.
Commun., 1974. Vol. 22. No. 5. P. 637{648.

1ˆ«ì¨− ‚. „. Š®¬¯ìîâ¥à−ë© ¢¨àãá // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï
¢¥àá¨ï). https://bigenc.ru/c/komp-iuternyi-virus-a3244b.

146 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 4 2023



Theory of S-Symbols: The classes of basic S-problems

10. Ilyin A. V., Ilyin V. D. Updated methodology for task knowledge based development
of parallel programs // Data science and intelligent systems / Eds. R. Silhavy,
P. Silhavy, Z. Prokopova. | Lecture notes in networks and systems ser. | Cham:
Springer, 2021. Vol. 231. P. 319{328. doi: 10.1007/978-3-030-90321-3 25.

11. Ilyin V. D. Symbolic modeling (S-modeling): An introduction to theory // Artificial
intelligence trends in systems / Ed. R. Silhavy. | Lecture notes in networks and
systems ser. | Cham: Springer, 2022. Vol. 502. P. 585{591. doi: 10.1007/978-3-
031-09076-9 54.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 07.08.23

THEORY OF S-SYMBOLS: THE CLASSES OF BASIC S-PROBLEMS

V. D. Ilyin

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: The theory of S-symbols is an extended generalization of the theory
of S-modeling. It is considered as a part of the methodological support for the
development of artificial intelligence systems in the S-environment (including
knowledge systems, systems of S-modeling of problems and program design,
etc.). The S-environment based on interconnected systems of S-(symbols, codes,
signals) serves as the infrastructural basis for the implementation of information
technologies for various purposes. The article presents the fourth part (out
of four) of the theory. The substantiation of the classes of basic S-problems
is given and the main classes are defined: S-(representations, transformations,
recognition, interpretation, construction, exchange, preservation, accumulation,
search, information protection and cryptography). The S-problems to which
other S-problems are reduced are called basic S-problem. The key S-problems of
each class are considered.
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НЕСБАЛАНСИРОВАННОСТЬ КЛАССОВ
В ТЕХНОЛОГИИ ПОДДЕРЖКИ

КОНКРЕТНО-ИСТОРИЧЕСКИХ ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨
¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ), ¯®áâà®¥−−®© −�
¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ 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�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î â¥¬ë ¯®¤£®â®¢ª¨ ¤�−−ëå
¤«ï ¯à¨¬¥−ï¥¬ëå ¢ â¥å−®«®£¨¨ �«£®à¨â¬®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï. �®ª�§�−�
®á®¡�ï ¢�¦−®áâì ¡¨−�à−®© ª«�áá¨ä¨ª�æ¨¨ ¤«ï ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨á-
á«¥¤®¢�−¨ï. �¯¨á�−� ¯à®¡«¥¬� ¤¨á¡�«�−á� ª«�áá®¢ ¯à¨ ¯à®¢¥¤¥−¨¨ ¡¨−�à−®©
ª«�áá¨ä¨ª�æ¨¨ á ¯®¬®éìî �«£®à¨â¬®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ¥¥ ¯®á«¥¤áâ¢¨ï.
�®ª�§�−®, çâ® ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¥ ¤�−−ë¥ ¬®£ãâ ¡ëâì á¨«ì−® −¥á¡�-
«�−á¨à®¢�−−ë¬¨. �à¨¢¥¤¥− ®¡§®à ¯®¤å®¤®¢ ª à¥è¥−¨î §�¤�ç¨ ãáâà�−¥−¨ï
¤¨á¡�«�−á� ª«�áá®¢. �à®¢¥¤¥− �−�«¨§ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¤�−−ëå, −� ¥£® ®á−®¢¥ ¢ë¡à�− ¯®¤å®¤ oversampling ª�ª −�¨¡®«¥¥ ¯®¤å®¤ïé¨©
¤«ï â¥å−®«®£¨¨. �¯¨á�−ë �«£®à¨â¬ë, à¥�«¨§ãîé¨¥ ¤�−−ë© ¯®¤å®¤, ®æ¥−¥-
−ë ¨å ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�âª¨. ‚ë¡à�− �«£®à¨â¬ ADASYN ª�ª −�¨¡®«¥¥
¯¥àá¯¥ªâ¨¢−ë© ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ãá«®¢¨ïå â¥å−®«®£¨¨. �æ¥−¥−ë ¢®§¬®¦-
−®áâ¨ ã¦¥ ¢ª«îç¥−−ëå ¢ â¥å−®«®£¨î áà¥¤áâ¢ ¡®àì¡ë á èã¬�¬¨ ¢ ¤�−−ëå
¨ ¢ë¡à®á�¬¨ ¤«ï ª®¬¯¥−á�æ¨¨ â�ª®£® −¥¤®áâ�âª� �«£®à¨â¬� ADASYN, ª�ª
çã¢áâ¢¨â¥«ì−®áâì ª ¢ë¡à®á�¬.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; ¬�è¨−−®¥ ®¡ãç¥−¨¥; ¤¨á¡�«�−á ª«�áá®¢; �«£®à¨â¬ ADASYN

DOI: 10.14357/08696527230414 EDN: YDVCYC

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¨-

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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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

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
§−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§
á¥â¨ ª«�áá®¢ [4].

‚ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå ¯à¨¬¥−ïîâáï á«¥¤ãîé¨¥ ¬¥â®¤ë
¨ ¯à¨¥¬ë à�¡®âë á ¤�−−ë¬¨ [5]:

{ ¨§¢«¥ç¥−¨¥ ¨ £àã¯¯¨à®¢ª� ¨§ãç�¥¬ëå ®¡ê¥ªâ®¢; áà�¢−¥−¨¥ £àã¯¯ ®¡ê¥ªâ®¢;
¯®«ãç¥−¨¥ á¢®¤−ëå ¤�−−ëå ®¡ ¨§ãç�¥¬ëå £àã¯¯�å ®¡ê¥ªâ®¢;

{ ª«�áá¨ä¨ª�æ¨ï ¨§ãç�¥¬ëå ®¡ê¥ªâ®¢;

{ ä®à¬¨à®¢�−¨¥ åà®−®«®£¨ç¥áª¨å àï¤®¢; ¯¥à¨®¤¨§�æ¨ï (¤¥«¥−¨¥ ¯à®æ¥áá®¢
à�§¢¨â¨ï −� ®â«¨ç�îé¨¥áï ¤àã£ ®â ¤àã£� ¯¥à¨®¤ë).

‚ [6] ¯®ª�§�−®, çâ® ¯®¤®¡−ë¥ §�¤�ç¨ æ¥«¥á®®¡à�§−® à¥è�âì ¢ à�¬ª�å â¥å−®-
«®£¨¨ �Šˆˆ, ¢ â®¬ ç¨á«¥ á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï. �á®¡®¥
¢−¨¬�−¨¥ ®¡à�é¥−® −� ¯à®æ¥¤ãàã ®ç¨áâª¨ ¤�−−ëå (data cleansing, data cleaning,
data scrubbing ¨«¨ data wrangling), ª ª®â®à®© ®â−®áïâáï [7]:

{ §�¯®«−¥−¨¥ ¯à®¯ãé¥−−ëå §−�ç¥−¨©;

{ á£«�¦¨¢�−¨¥ §�èã¬«¥−−ëå ¤�−−ëå;

{ ãáâà�−¥−¨¥ −¥á®£«�á®¢�−−®áâ¨;

{ ã¤�«¥−¨¥ ¢ë¡à®á®¢.

‚ [6] â�ª¦¥ ¯®ª�§�−� ®á®¡�ï ¢�¦−®áâì ¯®¤£®â®¢ª¨ ¤�−−ëå ¤«ï §�¤�ç ¬�-
è¨−−®£® ®¡ãç¥−¨ï ¢ à�¬ª�å â¥å−®«®£¨¨ �Šˆˆ ¢ á¢ï§¨ á äà�£¬¥−â�à−®áâìî
¨ ¯à®â¨¢®à¥ç¨¢®áâìî ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨. �¯¨á�−� á¯¥æ¨-
ä¨ª� ®ç¨áâª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå ¨ ¯à®¢¥¤¥− �−�«¨§ ¢®§¬®¦−®áâ¨
¯à¨¬¥−¥−¨ï á íâ®© æ¥«ìî ¬¥å�−¨§¬®¢ ¨ �«£®à¨â¬®¢, ã¦¥ ¨−â¥£à¨à®¢�−−ëå ¢ â¥å-
−®«®£¨î. �¥à¥ç¨á«¥−ë ®á−®¢−ë¥ −�¯à�¢«¥−¨ï, ¯® ª®â®àë¬ ¯à®¢®¤¨âáï ®ç¨áâª�
¤�−−ëå. „«ï ª�¦¤®£® −�¯à�¢«¥−¨ï ¢ëï¢«¥−ë ¯®¤å®¤ïé¨¥ ¨−áâàã¬¥−âë, ã¦¥
¢ª«îç¥−−ë¥ ¢ â¥å−®«®£¨î.

„�−−�ï áâ�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î â¥å−®«®£¨¨ �Šˆˆ ¢ ®¡-
«�áâ¨ ¯®¤£®â®¢ª¨ ¤�−−ëå ¤«ï §�¤�ç, á¢ï§�−−ëå á ¬�è¨−−ë¬ ®¡ãç¥−¨¥¬.

2 Дисбаланс классов

‚ [8] ¯®ª�§�−� §−�ç¨¬®áâì ª«�áá¨ä¨ª�æ¨¨ ¨ â¨¯®«®£¨§�æ¨¨, ª®â®à�ï ¯® ä®à¬¥
¯à¥¤áâ�¢«ï¥â á®¡®© à�§−®¢¨¤−®áâì ª«�áá¨ä¨ª�æ¨¨, «¥¦�é¨å ¢ ®á−®¢¥ ¨áâ®à¨ª®-
â¨¯®«®£¨ç¥áª®£® ¬¥â®¤� ¨áâ®à¨ç¥áª®£® ¯®§−�−¨ï.

�á®¡ãî ¢�¦−®áâì ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨ ¨¬¥¥â ¡¨−�à−�ï
ª«�áá¨ä¨ª�æ¨ï, ¯®áª®«ìªã ®−� á®®â¢¥âáâ¢ã¥â ¯®¤â¢¥à¦¤¥−¨î ¨«¨ ®â¡à�áë¢�−¨î
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�¥á¡�«�−á¨à®¢�−−®áâì ª«�áá®¢ ¢ â¥å−®«®£¨¨ �Šˆˆ

£¨¯®â¥§ë, ¢®§−¨ªè¥© ¢ ¯à®æ¥áá¥ ¨áá«¥¤®¢�−¨ï ®â−®á¨â¥«ì−® ®¡ê¥ªâ� ¨áá«¥¤®¢�-
−¨ï. ��¯à¨¬¥à, ¥á«¨ ¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ ¯®á¢ïé¥−® ®â−®è¥−¨î à®áá¨©-
áª¨å ¤¢®àï− ª á®¢¥âáª®© ¢«�áâ¨, â® ®¤−® ¨§ ¢®§¬®¦−ëå ¤¨å®â®¬¨ç¥áª¨å ¤¥«¥−¨©
¢ á®®â¢¥âáâ¢¨¨ á [9] ¬®¦¥â ¢ë£«ï¤¥âì á«¥¤ãîé¨¬ ®¡à�§®¬:

÷ãááª¨¥ ¤¢®àï−¥ á 1917 £.:

1. �à¨−ï«¨ á¢¥âáªãî ¢«�áâì.

1.1. “ç�áâ¢®¢�«¨ ¢ £à�¦¤�−áª®© ¢®©−¥.

1.1.1. �®£¨¡«¨.
1.1.2. �¥ ¯®£¨¡«¨.

1.2. �¥ ãç�áâ¢®¢�«¨ ¢ £à�¦¤�−áª®© ¢®©−¥.

2. �¥ ¯à¨−ï«¨ á¢¥âáªãî ¢«�áâì.

2.1. “ç�áâ¢®¢�«¨ ¢ £à�¦¤�−áª®© ¢®©−¥.

2.1.1. �®£¨¡«¨.
2.1.2. �¥ ¯®£¨¡«¨.

2.1.2.1. �¬¨£à¨à®¢�«¨.
2.1.2.2. �áâ�«¨áì.

2.2. �¥ ãç�áâ¢®¢�«¨ ¢ £à�¦¤�−áª®© ¢®©−¥.

2.2.1. �¬¨£à¨à®¢�«¨.
2.2.2. �áâ�«¨áì.

�® ¢ §�¤�ç�å ª«�áá¨ä¨ª�æ¨¨ ¤�−−ë¬ ¯à¨áãé¨ ¤®¯®«−¨â¥«ì−ë¥ ¯à®¡«¥¬ë
¯®¬¨¬® ®¯¨á�−−ëå ¢ëè¥ ¯à®¡«¥¬ ®ç¨áâª¨ ¤�−−ëå. ‚ §�¤�ç¥ ¡¨−�à−®© ª«�á-
á¨ä¨ª�æ¨¨ ¤�−−ë¥ −�§ë¢�îâáï −¥á¡�«�−á¨à®¢�−−ë¬¨ (Imbalanced Data), ¥á«¨
¡®«ìè¨−áâ¢® ®¡ê¥ªâ®¢ ¨áå®¤−®£® −�¡®à� ¤�−−ëå ¯à¨−�¤«¥¦�â ®¤−®¬ã ª«�ááã
(¬�¦®à¨â�à−ë© ª«�áá) ¨ £®à�§¤® ¬¥−ìè¥¥ ç¨á«® ®¡ê¥ªâ®¢ ®â−®á¨âáï ª ¤àã£®¬ã
ª«�ááã (¬¨−®à¨â�à−ë© ª«�áá). �à¨ íâ®¬ −¥¢¥à−�ï ª«�áá¨ä¨ª�æ¨ï ¯à¨¬¥à®¢
¬¨−®à¨â�à−®£® ª«�áá�, ª�ª ¯à�¢¨«®, ®¡å®¤¨âáï ¢ à�§ë ¤®à®¦¥, ç¥¬ ®è¨¡®ç−�ï
ª«�áá¨ä¨ª�æ¨ï ¯à¨¬¥à� ¬�¦®à¨â�à−®£® ª«�áá�, â�ª ª�ª íª§¥¬¯«ïàë ¬¨−®à¨â�à-
−®£® ª«�áá� ¯à¥¤áâ�¢«ïîâ á®¡®© à¥¤ª¨¥, −® −�¨¡®«¥¥ ¢�¦−ë¥ ¤�−−ë¥ ¢ à¥�«ì−®
¨á¯®«ì§ã¥¬ëå −�¡®à�å ¤�−−ëå [10]. �¥á¡�«�−á¨à®¢�−−®áâì ª«�áá®¢ áç¨â�¥âáï
á¨«ì−®©, ª®£¤� ª«�ááë ¢ ¢ë¡®àª¥ ¯à¥¤áâ�¢«¥−ë ¢ á®®â−®è¥−¨¨ ¡®«¥¥ ç¥¬ 10 : 1.
�à¨ ®¡ãç¥−¨¨ ¬®¤¥«¨ −� á¨«ì−® −¥á¡�«�−á¨à®¢�−−ëå ¤�−−ëå �«£®à¨â¬ ª«�áá¨-
ä¨ª�æ¨¨ ¬®¦¥â ¯®áç¨â�âì ¯à¨¬¥àë ¨−â¥à¥áãîé¥£® ¬¨−®à¨â�à−®£® ª«�áá� èã¬®¬
¨ ¯à®¯ãáâ¨âì ¨å [11].

‘¯¥æ¨ä¨ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå á®áâ®¨â ¢ â®¬, çâ® ®−¨ ®å¢�-
âë¢�îâ á�¬ë¥ à�§−ë¥ �á¯¥ªâë ¦¨§−¨ ¨ ®¡«�¤�îâ ¡®«ìè®© −¥®¤−®à®¤−®áâìî.
��¯à¨¬¥à, á®£«�á−® ¯¥à¥¯¨á¨ 1897 £., ¢á¥ −�á¥«¥−¨¥ áâà�−ë, � íâ® 125 ¬«− ç¥«®-
¢¥ª, à�á¯à¥¤¥«ï«®áì −� á«¥¤ãîé¨¥ á®á«®¢¨ï: ¤¢®àï−¥ | 1,5% ¢á¥£® −�á¥«¥−¨ï;
¤ãå®¢¥−áâ¢® | 0,5%; ªã¯æë | 0,3%; ¬¥é�−¥ | 10,6%; ªà¥áâìï−¥ | 77,1%;
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ª�§�ª¨ | 2,3%. � ¢ £®¤ë à¥¢®«îæ¨¨ ¨ £à�¦¤�−áª®© ¢®©−ë ¨−â¥««¨£¥−æ¨ï
á®áâ�¢«ï«� ®ª®«® 2,5% ¯® ®â−®è¥−¨î ª® ¢á¥¬ã −�á¥«¥−¨î [12]. Š�ª ¢¨¤−® ¨§
¯à¨¢¥¤¥−−ëå ¯à¨¬¥à®¢, ¯à®¡«¥¬� á¨«ì−®£® ¤¨á¡�«�−á� ª«�áá®¢ ¢ ¯®«−®© ¬¥-
à¥ ¯à¨áãé� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¬ ¤�−−ë¬ ¨, ¨á¯®«ì§ãï ¬¥â®¤ë ¬�è¨−−®£®
®¡ãç¥−¨ï ¯à¨ à¥è¥−¨¨ §�¤�ç ª«�áá¨ä¨ª�æ¨¨, á«¥¤ã¥â ¯à¨−¨¬�âì ¬¥àë ¯® ¥¥
à¥è¥−¨î.

3 Подходы к устранению дисбаланса классов

Œ®¦−® ¢ë¤¥«¨âì âà¨ ®á−®¢−ëå ¯®¤å®¤� ª à¥è¥−¨î ãª�§�−−®© ¯à®¡«¥¬ë [11].

1. �¥à¢ë© ¯®¤å®¤ á¢ï§�− á ¨§¬¥−¥−¨¥¬ à�á¯à¥¤¥«¥−¨ï ª«�áá®¢ ¢ ¢ë¡®àª¥. �â�
§�¤�ç� à¥è�¥âáï á ¯®¬®éìî ®¯à¥¤¥«¥−−®£® ®â¡®à�, â. ¥. á¥¬¯«¨−£� (sampling),
¯à¨¬¥à®¢ ¨§ ¢ë¡®àª¨ â�ª¨¬ ®¡à�§®¬, çâ®¡ë á®®â−®è¥−¨¥ ç¨á«� ¯à¨¬¥à®¢
¢ ª«�áá�å á®®â¢¥âáâ¢®¢�«® §�¤�−−ë¬ âà¥¡®¢�−¨ï¬.

2. Š® ¢â®à®¬ã ¯®¤å®¤ã ®â−®áïâáï ¢á¥ ¬¥â®¤ë à�á¯à¥¤¥«¥−¨ï ¢¥á®¢. �â®â ¯à¨−-
æ¨¯ ®á−®¢�− −� ¯à¨á¢®¥−¨¨ ª�¦¤®¬ã ª«�ááã ç¨á«®¢®£® ¯�à�¬¥âà� | ¢¥á�,
ª®â®àë© á®®â¢¥âáâ¢ã¥â èâà�äã §� −¥¢¥à−ãî ª«�áá¨ä¨ª�æ¨î. ‚¥á ®¯à¥¤¥«ï-
¥âáï íªá¯¥àâ−®© ®æ¥−ª®© «¨¡® ¨áå®¤ï ¨§ à�á¯à¥¤¥«¥−¨ï ª«�áá®¢ ¢ ®¡ãç�îé¥©
¢ë¡®àª¥. �â®â ¯®¤å®¤ −¥«ì§ï áç¨â�âì �¡á®«îâ−® ã−¨¢¥àá�«ì−ë¬, ¯®áª®«ìªã
®− ®¯¨à�¥âáï −� ¯®¤¤¥à¦ªã ¢¥á®¢ ª«�áá®¢ �«£®à¨â¬�¬¨. ��¯à¨¬¥à, ¯®¯ã-
«ïà−�ï ¡¨¡«¨®â¥ª� sklearn ¯à¥¤ãá¬�âà¨¢�¥â �à£ã¬¥−â class weight â®«ìª® ¤«ï
�«£®à¨â¬®¢ à¥è�îé¥£® ¤¥à¥¢�, á«ãç�©−®£® «¥á� ¨ «®£¨áâ¨ç¥áª®© à¥£à¥áá¨¨.

3. ‚ âà¥âì¥¬ ¯®¤å®¤¥ ¯à¨¬¥àë ¬¨−®à¨â�à−®£® ª«�áá� áç¨â�îâáï ¨áª«îç¨â¥«ì-
−ë¬¨ ¨ ª«�áá¨ä¨ª�æ¨ï áâà®¨âáï ¢ à�¬ª�å §�¤�ç¨ ®¡−�àã¦¥−¨ï �−®¬�«¨©.
�â®â ¯®¤å®¤ ¯à¨¬¥−ï¥âáï, ª®£¤� ®¡ê¥ªâ®¢ ¬¨−®à¨â�à−®£® ª«�áá� ¢ ®¡ãç¥−¨¨
ªà�©−¥ ¬�«®, −�¯à¨¬¥à 1{3 −� 1 ¬«− ®¡ê¥ªâ®¢ (� â�ª¨¥ §�¤�ç¨ ¡ë¢�îâ,
−�¯à¨¬¥à, ª®£¤� ¯®§¨â¨¢−ë© ª«�áá | ª�â�áâà®äë ¨«¨ ¡®«ìè¨¥ íª®−®¬¨ç¥-
áª¨¥ ªà¨§¨áë) [13], çâ® −¥ á®®â¢¥âáâ¢ã¥â á¯¥æ¨ä¨ª¥ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¤�−−ëå, ª�ª ¢¨¤−® ¨§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ¯à¨¬¥à®¢.

�� ¯à�ªâ¨ª¥ ç�áâ® ¨á¯®«ì§ã¥âáï ¨¤¥ï á¥¬¯«¨−£� (¯¥à¢ë© ¯®¤å®¤) ¢¢¨¤ã ¥¥
¯à®áâ®âë ¨ à�§−®®¡à�§¨ï. ‚ íâ®¬ á«ãç�¥ ¯à¨¬¥−ïîâ «¨¡® ¤®¡�¢«¥−¨¥ ¢ ®¡ãç�-
îéãî ¢ë¡®àªã ¯à¨¬¥à®¢ ¬¨−®à¨â�à−®£® ª«�áá� (oversampling), «¨¡® ã¤�«¥−¨¥
¨§ −¥¥ ¯à¨¬¥à®¢ ¬�¦®à¨â�à−®£® ª«�áá� (undersampling) á æ¥«ìî ¤®áâ¨çì á¡�«�−-
á¨à®¢�−−®£® à�á¯à¥¤¥«¥−¨ï.

4 Алгоритмы генерации примеров

�®áª®«ìªã ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¥ ¤�−−ë¥ ®¡«�¤�îâ á¢®©áâ¢®¬ äà�£¬¥−-
â�à−®áâ¨, � ¨å ¯®¨áª áâ�−®¢¨âáï −�¨¡®«¥¥ âàã¤®¥¬ª¨¬ íâ�¯®¬ ¨áá«¥¤®¢�−¨ï [14],
ª®−æ¥¯æ¨ï ã¤�«¥−¨ï ¤�−−ëå −¥ á®®â¢¥âáâ¢ã¥â á¯¥æ¨ä¨ª¥ ª®−ªà¥â−®-¨áâ®à¨ç¥-
áª®£® ¨áá«¥¤®¢�−¨ï, ¨ ¤«ï æ¥«¥© â¥å−®«®£¨¨ �Šˆˆ á«¥¤ã¥â à�áá¬�âà¨¢�âì
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¢�à¨�−âë, á¢ï§�−−ë¥ á £¥−¥à�æ¨¥© ¯à¨¬¥à®¢ ¬¨−®à¨â�à−®£® ª«�áá� (oversam-
pling). �®áª®«ìªã ¯à¨¬¥−¥−¨¥ oversampling ¬®¦¥â ¯à¨¢¥áâ¨ ª ¯¥à¥®¡ãç¥−¨î [15],
¯à¨ ¢ë¡®à¥ ª®−ªà¥â−®£® �«£®à¨â¬� ¬�è¨−−®£® ®¡ãç¥−¨ï ¯®âà¥¡ãîâáï ¤®¯®«−¨-
â¥«ì−ë¥ ¬¥àë ¯® ãáâà�−¥−¨î ¤�−−®£® −¥¤®áâ�âª� á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®-
¨áâ®à¨ç¥áª¨å ¤�−−ëå. ‚ ç�áâ−®áâ¨, ¨§ ¯à¨−æ¨¯¨�«ì−®© ®£à�−¨ç¥−−®áâ¨ ®¡ê¥¬�
íâ¨å ¤�−−ëå ¢ëâ¥ª�¥â −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï ¯à®áâëå ¬®¤¥«¥©, ¯®áª®«ì-
ªã á«®¦−ë¥ ¬®¤¥«¨ ¡®«¥¥ áª«®−−ë ª ¯¥à¥®¡ãç¥−¨î −� ®£à�−¨ç¥−−ëå ¢ë¡®àª�å.
ˆ ¤«ï íâ¨å ¬®¤¥«¥© ¯®âà¥¡ã¥âáï ¯®¨áª ¡�«�−á� ¯à¥¤¨ªâ®à®¢ ¨ à�§¬¥à� ¢ë¡®àª¨,
¯®áª®«ìªã ¯¥à¥®¡ãç¥−¨¥ ¢¥à®ïâ−® ¤�¦¥ ¤«ï ¯à®áâëå ¬®¤¥«¥©, ¥á«¨ ¯®¤�âì −�
¢å®¤ ¬®¤¥«¨ ¨§¡ëâ®ç−®¥ ç¨á«® ¯à¥¤¨ªâ®à®¢.

Š −�¨¡®«¥¥ ¯®¯ã«ïà−ë¬ �«£®à¨â¬�¬ oversampling ®â−®áïâáï [16]:

(1) á«ãç�©−�ï −�¨¢−�ï ¢ë¡®àª�.
‘�¬ë© ¯à®áâ®© á¯®á®¡ ã¢¥«¨ç¨âì ç¨á«® ¯à¨¬¥à®¢ ¬¨−®à¨â�à−®£® ª«�áá� |
á«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡à�âì −�¡«î¤¥−¨ï ¨§ −¥£® ¨ ¤®¡�¢¨âì ¨å ¢ ®¡é¨© −�¡®à
¤�−−ëå, ¯®ª� −¥ ¡ã¤¥â ¤®áâ¨£−ãâ −¥®¡å®¤¨¬ë© ¡�«�−á ¬¥¦¤ã ¬¨−®à¨â�à−ë¬
¨ ¬�¦®à¨â�à−ë¬ ª«�áá�¬¨. Š ¤®áâ®¨−áâ¢�¬ â�ª®£® ¯®¤å®¤� ®â−®áïâáï ¥£®
¯à®áâ®â�, «¥£ª®áâì à¥�«¨§�æ¨¨ ¨ ¯à¥¤®áâ�¢«ï¥¬�ï ¨¬ ¢®§¬®¦−®áâì ¨§¬¥−¨âì
¡�«�−á ¢ «î¡ãî −ã¦−ãî áâ®à®−ã. ’�ª®© ¯®¤å®¤ ª ¢®ááâ�−®¢«¥−¨î ¡�«�−á� −¥
¢á¥£¤� íää¥ªâ¨¢¥−, ¯®íâ®¬ã ¡ë« ¯à¥¤«®¦¥− á«¥¤ãîé¨© ¬¥â®¤ ã¢¥«¨ç¥−¨ï
ç¨á«� ¯à¨¬¥à®¢ ¬¨−®à¨â�à−®£® ª«�áá�;

(2) �«£®à¨â¬ SMOTE.
�«£®à¨â¬ SMOTE (Synthetic Minority Over-sampling Technique) [17] á¨−-
â¥§¨àã¥â í«¥¬¥−âë ¬¨−®à¨â�à−®£® ª«�áá� ¢ −¥¯®áà¥¤áâ¢¥−−®© ¡«¨§®áâ¨ ®â
ã¦¥ áãé¥áâ¢ãîé¨å í«¥¬¥−â®¢. �«£®à¨â¬ −�å®¤¨â à�§−®áâì ¬¥¦¤ã ¤�−−ë¬
í«¥¬¥−â®¬ xi ¨ ¥£® ¡«¨¦�©è¨¬ á®á¥¤®¬ �xi, ¢ë¡à�−−ë¬ á«ãç�©−® ¨§ £àã¯-
¯ëK ¡«¨¦�©è¨å á®á¥¤¥©, −�©¤¥−−ë¬ á ¯®¬®éìî �«£®à¨â¬� k-NN (k-nearest
neighbors algorithm). �â� à�§−®áâì ã¬−®¦�¥âáï −� á«ãç�©−®¥ ç¨á«® δ ¢ ¨−-
â¥à¢�«¥ ®â 0 ¤® 1. �®«ãç¥−−®¥ §−�ç¥−¨¥ ¤®¡�¢«ï¥âáï ª ¤�−−®¬ã ®¡à�§æã
¤«ï ä®à¬¨à®¢�−¨ï −®¢®£® á¨−â¥§¨à®¢�−−®£® ®¡à�§æ� xnew ¢ ¯à®áâà�−áâ¢¥
¯à¨§−�ª®¢:

xnew = xi + (�xi − xi) δ .

�®¤®¡−ë¥ ¤¥©áâ¢¨ï ¯à®¤®«¦�îâáï á® á«¥¤ãîé¨¬ á®á¥¤®¬ ¤® §�¤�−−®£®
¯®«ì§®¢�â¥«¥¬ ç¨á«� ®¡à�§æ®¢. ‘ãé¥áâ¢ã¥â àï¤ ¬®¤¨ä¨ª�æ¨© íâ®£® �«£®-
à¨â¬�.
�«£®à¨â¬ SMOTE à¥è�¥â ¬−®£¨¥ ¯à®¡«¥¬ë, ª®â®àë¥ ¯à¨áãé¨ ¬¥â®¤ã
á«ãç�©−®© −�¨¢−®© ¢ë¡®àª¨, −® ¨¬¥¥â ¨ á¢®¨ −¥¤®áâ�âª¨, £«�¢−ë© ¨§
ª®â®àëå | ¨£−®à¨à®¢�−¨¥ ¬�¦®à¨â�à−®£® ª«�áá�. �â® ¬®¦¥â ¯à®ï¢¨âìáï
¢ â®¬, çâ® ¯à¨ á¨«ì−® à�§à¥¦¥−−®¬ à�á¯à¥¤¥«¥−¨¨ ®¡ê¥ªâ®¢ ¬¨−®à¨â�à−®£®
ª«�áá� ®â−®á¨â¥«ì−® ¬�¦®à¨â�à−®£® −�¡®àë ¤�−−ëå úá¬¥è�îâáïû, â. ¥.
à�á¯®«®¦�âáï ¢ â�ª®¬ ¢¨¤¥, çâ® ®â¤¥«¨âì ®¡ê¥ªâë ®¤−®£® ª«�áá� ®â ¤àã£®£®
áâ�−¥â ®ç¥−ì âàã¤−®. ’�ª�ï á¨âã�æ¨ï ¢ ãá«®¢¨ïå â¥å−®«®£¨¨ �Šˆˆ ¢¯®«−¥
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¢®§¬®¦−� ¨§ §� ¯à¨−æ¨¯¨�«ì−®© äà�£¬¥−â�à−®áâ¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¤�−−ëå. ‚ ª�ç¥áâ¢¥ à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¡ë« ¯à¥¤«®¦¥− âà¥â¨© ¬¥â®¤;

(3) �«£®à¨â¬ ADASYN.
�á−®¢−�ï ®á®¡¥−−®áâì �«£®à¨â¬� ADASYN (Adaptive Synthetic Sam-
pling) [18] §�ª«îç�¥âáï ¢ â®¬, çâ® ®− ¨á¯®«ì§ã¥â á¯¥æ¨�«ì−ë© ¬¥å�−¨§¬
¤«ï �¢â®¬�â¨ç¥áª®£® ®¯à¥¤¥«¥−¨ï ç¨á«� á¨−â¥â¨ç¥áª¨å ®¡à�§æ®¢, ª®â®àë¥
¤®«¦¥− á£¥−¥à¨à®¢�âì ª�¦¤ë© í«¥¬¥−â ¬¨−®à¨â�à−®£® ª«�áá� ®¡ãç�îé¥©
¢ë¡®àª¨, ¢¬¥áâ® â®£® çâ®¡ë á¨−â¥§¨à®¢�âì ®¤¨−�ª®¢®¥ ç¨á«® ®¡à�§æ®¢ ¤«ï
ª�¦¤®£® í«¥¬¥−â� ¬¨−®à¨â�à−®£® ª«�áá�, ª�ª SMOTE. �ãáâì ¨¬¥¥âáï ¢ë-
¡®àª�, á®¤¥à¦�é�ï m −�¡«î¤¥−¨© xi, i = 1, . . . ,m. �«£®à¨â¬ ¢ë¯®«−ï¥âáï
¢ á®®â¢¥âáâ¢¨¨ á® á«¥¤ãîé¨¬¨ è�£�¬¨:

(�) ¤«ï §�¤�−−®© ¯à®¯®àæ¨¨ ª«�áá®¢ ¢ëç¨á«ï¥âáï ®¡é¥¥ ç¨á«® á¨−â¥§¨àã-
¥¬ëå í«¥¬¥−â®¢

G = (Smaj − Smin)β ,

£¤¥ Smaj ¨ Smin | ç¨á«® −�¡«î¤¥−¨© ¢ ¬�¦®à¨â�à−®¬ ¨ ¬¨−®à¨â�à−®¬
ª«�áá�å á®®â¢¥âáâ¢¥−−®; β ∈ [0, 1] | ãà®¢¥−ì ¡�«�−á� ¢ë¡®àª¨. …á«¨
β = 1, â® ¯®á«¥ á¨−â¥§� ¢ë¡®àª� áâ�−¥â ¯®«−®áâìî á¡�«�−á¨à®¢�−−®©;

(¡) ¤«ï ª�¦¤®£® −�¡«î¤¥−¨ï xi ¨§ ¬¨−®à¨â�à−®£® ª«�áá� á ¯®¬®éìî �«-
£®à¨â¬� k-NN ¢ëï¢«ïîâáï ¥¥ K ¡«¨¦�©è¨å á®á¥¤¥© ¨ ¢ëç¨á«ï¥âáï
®â−®è¥−¨¥ ri = –i/K, £¤¥–i | ç¨á«® í«¥¬¥−â®¢ ¬�¦®à¨â�à−®£® ª«�áá�
áà¥¤¨ ¡«¨¦�©è¨å K á®á¥¤¥© xi, â. ¥. ri ∈ [0, 1];

(¢) ¯à®¢®¤¨âáï −®à¬¨à®¢�−¨¥ ri ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬

�ri =
ri∑m

j=1
rj
;

(£) ®¯à¥¤¥«ï¥âáï ç¨á«® gi ¨áªãááâ¢¥−−ëå í«¥¬¥−â®¢, ª®â®àë¥ ¤®«¦−ë ¡ëâì
á¨−â¥§¨à®¢�−ë ¤«ï ª�¦¤®£® −�¡«î¤¥−¨ï xi ¨§ ¬¨−®à¨â�à−®£® ª«�áá�

gi = �riG ;

(¤) ¯à®¢®¤¨âáï £¥−¥à�æ¨ï ¢ á®®â¢¥âáâ¢¨¨ á �«£®à¨â¬®¬ SMOTE.

�á−®¢−�ï ¨¤¥ï �«£®à¨â¬� ADASYN á®áâ®¨â ¢ â®¬, çâ® ®− ¨á¯®«ì§ã¥â �ri ¤«ï
®¯à¥¤¥«¥−¨ï ç¨á«� í«¥¬¥−â®¢, ª®â®àë¥ ¤®«¦−ë ¡ëâì á¨−â¥§¨à®¢�−ë ¤«ï
ª�¦¤®£® í«¥¬¥−â� ¬¨−®à¨â�à−®£® ª«�áá�. �â® íª¢¨¢�«¥−â−® ¯à¨á¢®¥−¨î ¢¥-
á®¢ëå ª®íää¨æ¨¥−â®¢. —¥¬ ¡®«ìè¥ ®ªàã¦�îé¨å í«¥¬¥−â®¢ ¬�¦®à¨â�à−®£®
ª«�áá�, â¥¬ ¢ëè¥ ¢¥á.
�¥¤®áâ�â®ª ADASYN §�ª«îç�¥âáï ¢ â®¬, çâ® −� −¥£® «¥£ª® ¢«¨ïîâ ¢ë¡à®áë.
…á«¨ ¢á¥ K ¡«¨¦�©è¨å á®á¥¤¥© í«¥¬¥−â� ¬¨−®à¨â�à−®£® ª«�áá� ®ª�¦ãâáï
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í«¥¬¥−â�¬¨ ¬�¦®à¨â�à−®£® ª«�áá�, ¥£® ¢¥á áâ�−¥â ¤®¢®«ì−® ¡®«ìè¨¬ ¨ ¢®-
ªàã£ −¥£® ¡ã¤¥â á£¥−¥à¨à®¢�−® ¡®«ìè¥ ¨áªãááâ¢¥−−ëå −�¡«î¤¥−¨© [19]. ˆ§
¯à¨−æ¨¯¨�«ì−®© −¥®¤−®à®¤−®áâ¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå á«¥¤ã¥â,
çâ® â�ª�ï á¨âã�æ¨ï ¢ ãá«®¢¨ïå â¥å−®«®£¨¨ �Šˆˆ ¢¯®«−¥ ¢®§¬®¦−�. �à¨
íâ®¬ ¢ë¡à®áë ¬®£ãâ ¡ëâì ª�ª ®è¨¡®ç−ë¬¨ ¤�−−ë¬¨ ¢ á¢ï§¨ á ®¡¨«¨¥¬ −¥-
¤®áâ®¢¥à−®© ¨ ¨áª�¦¥−−®© ¨−ä®à¬�æ¨¨, â�ª ¨ à¥�«ì−ë¬¨ ¤�−−ë¬¨ á ªà�©−¥
à¥¤ª¨¬¨ á®ç¥â�−¨ï¬¨ ¯à¨§−�ª®¢. ‚ [6] ¯®ª�§�−®, çâ® â¥å−®«®£¨ï �Šˆˆ
ã¦¥ ¨¬¥¥â ¢ á¢®¥¬ á®áâ�¢¥ áà¥¤áâ¢� ¡®àì¡ë á èã¬�¬¨ ¢ ¤�−−ëå ¨ ¢ë¡à®-
á�¬¨, ¢ª«îç¥−−ë¥ ¢ â¥å−®«®£¨î ¢ à�¬ª�å ¬¥å�−¨§¬� ¢ëï¢«¥−¨ï �−®¬�«¨©
¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå [20]. �®íâ®¬ã �«£®à¨â¬ ADASYN ¯à¥¤-
áâ�¢«ï¥âáï ¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë¬ ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ â¥å−®«®£¨¨.

5 Выводы

Š�ª ¯®ª�§�−® ¢ëè¥, ¬¥â®¤ë ª«�áá¨ä¨ª�æ¨¨ ¨ â¨¯®«®£¨§�æ¨¨ �ªâ¨¢−® ¯à¨¬¥-
−ïîâáï ¢ ¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨. �á®¡ãî §−�ç¨¬®áâì ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥-
áª®¬ ¨áá«¥¤®¢�−¨¨ ¨¬¥¥â ¡¨−�à−�ï ª«�áá¨ä¨ª�æ¨ï. …¥ ¢ë¯®«−¥−¨¥ ¢ â¥å−®«®£¨¨
�Šˆˆ ¬®¦¥â ®áãé¥áâ¢«ïâìáï á ¯à¨¬¥−¥−¨¥¬ �«£®à¨â¬®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï.
�â�¯ ¯®¤£®â®¢ª¨ ¤�−−ëå ¤«ï íâ¨å �«£®à¨â¬®¢ ¯®¬¨¬® ®ç¨áâª¨ ¤�−−ëå ¤®«¦¥−
¢ª«îç�âì ãáâà�−¥−¨¥ ¤¨á¡�«�−á� ª«�áá®¢, ¯®áª®«ìªã ¯à®¡«¥¬� á¨«ì−®£® ¤¨á¡�-
«�−á� ª«�áá®¢ ¢ ¯®«−®© ¬¥à¥ ¯à¨áãé� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¬ ¤�−−ë¬, � ¯à¨
®¡ãç¥−¨¨ ¬®¤¥«¨ −� á¨«ì−® −¥á¡�«�−á¨à®¢�−−ëå ¤�−−ëå �«£®à¨â¬ ª«�áá¨ä¨-
ª�æ¨¨ ¬®¦¥â ¯®áç¨â�âì ¯à¨¬¥àë ¨−â¥à¥áãîé¥£® ¬¨−®à¨â�à−®£® ª«�áá� èã¬®¬
¨ ¯à®¯ãáâ¨âì ¨å. �−�«¨§ ¬¥â®¤®¢ ãáâà�−¥−¨ï ¤¨á¡�«�−á� ª«�áá®¢ ¢ ãá«®¢¨ïå
â¥å−®«®£¨¨ �Šˆˆ ¯®ª�§�« ¯®â¥−æ¨�«ì−ãî íää¥ªâ¨¢−®áâì ¤«ï íâ®© æ¥«¨ �«£®-
à¨â¬� ADASYN ¢ á®ç¥â�−¨¨ á ¢ª«îç¥−−ë¬¨ ¢ â¥å−®«®£¨î áà¥¤áâ¢�¬¨ ¡®àì¡ë
á èã¬�¬¨ ¢ ¤�−−ëå ¨ ¢ë¡à®á�¬¨.

�ªâã�«ì−®áâì ¤�«ì−¥©è¥£® à�§¢¨â¨ï â¥å−®«®£¨¨ �Šˆˆ, ®à¨¥−â¨à®¢�−−®©
−� è¨à®ª¨© ªàã£ −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬
¯®«ì§®¢�â¥«¥©, ¢ëâ¥ª�¥â ¨§ ¢á¥ ¢®§à�áâ�îé¥£® ®¡é¥áâ¢¥−−®£® ¨−â¥à¥á� ª ç�áâ−®©,
á¥¬¥©−®© ¨áâ®à¨¨.
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Abstract: The article continues a series of works devoted to the technology of
concrete historical investigation support, built on the principles of co-creation
and crowdsourcing and designed for a wide range of nonprofessional historians
and biographers users. The article is devoted to the further development of the
topic of data preparation for machine learning algorithms used in the technology.
The special importance of binary classification for concrete historical research is
shown. The problem of class imbalance in binary classification using machine
learning algorithms and its consequences are described. It is shown that concrete
historical data can be highly imbalanced. An overview of approaches to solving
the problem of class imbalance elimination is given. The analysis of the specifics
of concrete historical data was carried out, and on its basis, the oversampling
approach was chosen as the most suitable for the technology. Algorithms
implementing this approach are described; their advantages and disadvantages
are evaluated. The ADASYN algorithm has been selected as the most promising
for use in the technology conditions. The possibilities of the already included
in the technology means of data noise and outliers control to compensate such
a disadvantage of the ADASYN algorithm as sensitivity to outliers are evaluated.
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á«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
ƒ�©¤�¬�ª� ā«¨ï ‚�á¨«ì¥¢−� (à. 1971) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, ¯à®ä¥áá®à ª�ä¥¤àë â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ª¨¡¥à¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë; áâ�àè¨© −�ãç−ë© á®âàã¤-
−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒ¥àèª®¢¨ç Œ�ªá¨¬ Œ¨å�©«®¢¨ç (à. 1968) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥-
¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
ƒ®«®á …«¨§�¢¥â� ‘¥à£¥¥¢−� (à. 1998) | �á¯¨à�−â ª�ä¥¤àë â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
¨ ª¨¡¥à¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á�
‹ã¬ã¬¡ë
ƒ®−ç�à®¢ �«¥ªá�−¤à �−�â®«ì¥¢¨ç (à. 1994) | −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
ƒàãè® �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1946) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒàãè® �¨ª®«�© �«¥ªá�−¤à®¢¨ç (à. 1982) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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„ìïç¥−ª® āà¨© ƒ¥®à£¨¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�¡¥¦�©«® Œ¨å�¨« ˆ¢�−®¢¨ç (à. 1956) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�£®à¤�− ��¤¥¦¤� ‹¥®−¨¤®¢−� (à. 1984) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, −�ãç−ë© á®âàã¤−¨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¤¥«®¬ ”¥¤¥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 ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®−®¢�«®¢ ƒà¨£®à¨© Œ¨å�©«®¢¨ç (à. 1980) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, §�¬¥áâ¨â¥«ì àãª®¢®¤¨â¥«ï ¯à®¥ªâ� ¯® ª�ç¥áâ¢ã —�áâ−®£® ãçà¥¦¤¥−¨ï
ƒ®áã¤�àáâ¢¥−−®© ª®à¯®à�æ¨¨ ¯® �â®¬−®© í−¥à£¨¨ ú÷®á�â®¬û ú�à®¥ªâ−ë© æ¥−âà
ˆ’�÷û
Š®−®¢�«®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1950) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, £«�¢−ë©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©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 â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ª¨¡¥à¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë; 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
‹¥¡¥¤¥¢ �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1988) | ª�−¤¨¤�â ä¨«®«®£¨ç¥áª¨å
−�ãª, ¤®æ¥−â �¥âà®§�¢®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Œ�ª¥¥¢� …«¥−� „¬¨âà¨¥¢−� (à. 1996) | �á¯¨à�−â ª�ä¥¤àë â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
¨ ª¨¡¥à¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢ ¨¬¥−¨ ��âà¨á�
‹ã¬ã¬¡ë; ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ã¯à�¢«¥−¨ï ¨¬.
‚. �. ’à�¯¥§−¨ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Œ�ç−¥¢ …£®à �−¤à¥¥¢¨ç (à. 1996) | �á¯¨à�−â ª�ä¥¤àë â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
¨ ª¨¡¥à¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á�
‹ã¬ã¬¡ë
Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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Œ®áª¨− �¨ª®«�© „¬¨âà¨¥¢¨ç (à. 1980) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â
�¥âà®§�¢®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
Œ®ç�«®¢� ā«¨ï „¬¨âà¨¥¢−� (à. 1996) | ¬�â¥¬�â¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
�áâà¨ª®¢� „�àìï āàì¥¢−� (à. 1988) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ª�ä¥¤àë â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ª¨¡¥à¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢ ¨¬. ��âà¨á� ‹ã¬ã¬¡ë
�¨áª®¢áª¨© ‚¨ªâ®à �«¥£®¢¨ç (à. 1963) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
�«¥å�−®¢ ‹¥®−¨¤ �¥âà®¢¨ç (à. 1943) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷�§ã¬ç¨ª ÷®áâ¨á«�¢ ‚�«¥àì¥¢¨ç (à. 1984) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷®£®¢ �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1959) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�-
¢¥¤ãîé¨© ª�ä¥¤à®© â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ �−�«¨§� ¤�−−ëå �¥âà®§�¢®¤áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¡¨§−¥á-¯�àâ−¥à ¯® ˆ’ ¤¥¯�àâ�¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û
‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥-
¤ãîé¨© ®â¤¥«®¬, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�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 ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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� ‚ ’ � ÷ ‘ Š ˆ ‰ “ Š � ‡ � ’ … ‹ œ ‡ � 2 0 2 3 £.

ü ‘âà.

�¡£�àï− Š. Š., ‡�£®à¤�− �. ‹., Œ®ç�«®¢� ā. „. Œ¥â®¤
ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ã¯àã£¨å å�à�ªâ¥à¨áâ¨ª ¬−®-
£®á«®©−ëå ª®¬¯®§¨æ¨®−−ëå ¬�â¥à¨�«®¢ 4 92{101

�¡à�¬®¢ �. ƒ., �®àå�çñ¢ ‚. �. �à¨−æ¨¯ë à�§à�¡®âª¨ ¯à®-
£à�¬¬−®£® ª®¬¯«¥ªá� æ¥−âà� ã¯à�¢«¥−¨ï −�æ¨®−�«ì−®© ¨á-
á«¥¤®¢�â¥«ìáª®© ª®¬¯ìîâ¥à−®© á¥âìî ÷®áá¨¨ 3 48{60

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. Œ¥å�−¨§¬ ä®à¬¨à®¢�−¨ï £¨-
¯®â¥§ ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨á-
á«¥¤®¢�−¨© 1 135{145

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �¥á¡�«�−á¨à®¢�−−®áâì ª«�áá®¢
¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®-
¢�−¨© 4 149{159

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �ç¨áâª� ¤�−−ëå ¢ â¥å−®«®£¨¨
¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© 3 149{160

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �à¨¬¥−¥−¨¥ �«£®à¨â¬� CHAID
¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®-
¢�−¨© 2 132{141

�àå¨¯®¢ �. �., ”¨«¨¯¯áª¨å ‘. ‹. ÷�á¯®§−�¢�−¨¥ �−®¬�«¨© −�
à�§−®¢à¥¬¥−−ëå ¯�−®à�¬�å á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®á¥â¥¢®£®
¬¥â®¤� ª®−á®«¨¤�æ¨¨ ¬®¤¥«¥© 2 13{24

��à�è®¢ …. �., …£®àª¨− �. ‚., ‹¥¬âî¦−¨ª®¢� „. ‚., �®-
áë¯ª¨− Œ. �. �−�«¨§ íää¥ªâ¨¢−®áâ¨ �«£®à¨â¬� à¥¤ãªæ¨¨
¢ à¥è¥−¨¨ §�¤�ç¨ ®¡ ã¯�ª®¢ª¥ ¢ ª®−â¥©−¥àë 3 61{75

�¥áç�áâ−ë© ‚. �., ƒ®«®á …. ‘., �áâà¨ª®¢� „. ā., Œ�ç−¥¢
…. �., ˜®à£¨− ‚. ‘., ƒ�©¤�¬�ª� ā. ‚. �−�«¨§ á®¢¬¥áâ−®-
£® ¨á¯®«ì§®¢�−¨ï áâà�â¥£¨© í−¥à£®á¡¥à¥¦¥−¨ï ¤«ï ãáâà®©áâ¢
5G á ®£à�−¨ç¥−−ë¬ äã−ªæ¨®−�«®¬ 4 69{81

�¨àîª®¢� ’. Š., ƒ¥àèª®¢¨ç Œ. Œ. Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ áª®-
à®áâ¨ ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå §�¯à®á®¢ ¢ �¢â®¬�â¨§¨-
à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å á ãç¥â®¬ á¬ëá«®¢®£®
�−�«¨§� ¨−ä®à¬�æ¨¨ 4 82{91

�ãâ¥−ª® ā. ˆ. ˆá¯®«ì§®¢�−¨¥ ¡�§ë ¤�−−ëå ¬®¤¥«¥© áâàãªâãà-
−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© ¤«ï ¨§¢«¥ç¥−¨ï ¬−®£®-
ª®¬¯®−¥−â−ëå â¥à¬¨−®«®£¨ç¥áª¨å ¥¤¨−¨æ 1 35{44

‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
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�‚’�÷‘Šˆ‰ “Š�‡�’…‹œ ‡� 2023 £.

ü ‘âà.

ƒ�©¤�¬�ª� ā. ‚. á¬. �¥áç�áâ−ë© ‚. �.
ƒ¥àèª®¢¨ç Œ. Œ. á¬. �¨àîª®¢� ’. Š.
ƒ®«®á …. ‘. á¬. �¥áç�áâ−ë© ‚. �.
ƒ®−ç�à®¢ � �. �®¨áª á ¨áª«îç¥−¨¥¬ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å 4 102{114
ƒà¨−ç¥−ª® ‘. �. ��§¨á−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ¨−-

ä®à¬�æ¨®−−�ï ¢®©−� ¨ ¬−®£®¬¥à−ë© ¨¥à�àå¨ç¥áª¨© â¥à-
à¨â®à¨�«ì−ë© áã¢¥à¥−¨â¥â: íâ�¯ë £«®¡�«ì−®-ª®á¬¨ç¥áª®©
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«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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