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КОМБИНИРОВАННОЕ КОДИРОВАНИЕ В ЭЛЕМЕНТАХ
ПРОГРАММИРУЕМЫХ ЛОГИЧЕСКИХ ИНТЕГРАЛЬНЫХ СХЕМ

С. Ф. Тюрин1, И. А. Васенин2, Ю. А. Степченков3, Ю. Г. Дьяченко4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ª®¬¡¨−¨à®¢�−−®¥ ª®¤¨à®¢�−¨¥ ¯¥à¥¬¥−−ëå
«®£¨ç¥áª®£® í«¥¬¥−â� LUT (Lookup Table) ¨ −�áâà®¥ª ¬ã«ìâ¨¯«¥ªá®-
à� | ª®¬¬ãâ�â®à� á¢ï§¥© ¬¥¦á®¥¤¨−¥−¨© (¬ã«ìâ¨¯«¥ªá®à� ¬�àèàãâ¨§�æ¨¨)
¯à®£à�¬¬¨àã¥¬ëå «®£¨ç¥áª¨å ¨−â¥£à�«ì−ëå áå¥¬ (�‹ˆ‘) â¨¯� FPGA (Field-
Programmable Gate Array). �à¥¤«�£�¥¬ë© ¬¥â®¤ ª®¬¡¨−¨à®¢�−¨ï ¯®§¨æ¨®−-
−®£® ¨ ã−¨â�à−®£® ª®¤¨à®¢�−¨ï ¯®§¢®«ï¥â á−¨§¨âì ¢à¥¬¥−−ãî §�¤¥à¦ªã ¢ë-
ç¨á«¥−¨ï «®£¨ç¥áª®© äã−ªæ¨¨ ¯à¨ §�¤�−−ëå �¯¯�à�â−ëå ®£à�−¨ç¥−¨ïå «¨¡®
ã¬¥−ìè¨âì �¯¯�à�â−ë¥ §�âà�âë ª®¬¬ãâ�â®à� á¢ï§¥© ¯à¨ ®£à�−¨ç¥−¨ïå −� ¢à¥-
¬¥−−ãî §�¤¥à¦ªã. �¯¨áë¢�îâáï ¬®¤¥«ì â�ª®£® ª®¤¨à®¢�−¨ï ¨ ¬¥â®¤ á¨−â¥§�
á®®â¢¥âáâ¢ãîé¥£® í«¥¬¥−â�, ¯à¨¢®¤ïâáï ®æ¥−ª¨ á«®¦−®áâ¨ ¢ ç¨á«¥ âà�−§¨-
áâ®à®¢ ¨ à¥§ã«ìâ�âë áå¥¬®â¥å−¨ç¥áª®£® ¨ â®¯®«®£¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï.
Œ®¤¥«¨à®¢�−¨¥ ¯®¤â¢¥à¦¤�¥â à�¡®â®á¯®á®¡−®áâì ¯à¥¤«�£�¥¬®£® í«¥¬¥−â�.
�−�«¨§ ¯®ª�§ë¢�¥â íää¥ªâ¨¢−®áâì ¯à¨−ïâ®£® ¯®¤å®¤� ¯® á«®¦−®áâ¨ ¢ ç¨á«¥
âà�−§¨áâ®à®¢ ¨ ¯«®é�¤¨ ªà¨áâ�««�, ¢à¥¬¥−−®© §�¤¥à¦ª¥ ¨ ¯®âà¥¡«ï¥¬®© ¬®é-
−®áâ¨. ÷�§à�¡®â�−−ë© í«¥¬¥−â á ª®¬¡¨−¨à®¢�−−ë¬ ª®¤¨à®¢�−¨¥¬ ¯®§¢®«ï¥â
áãé¥áâ¢¥−−® á−¨§¨âì ¢à¥¬¥−−ãî §�¤¥à¦ªã ¯à¨ ¢ëç¨á«¥−¨¨ äã−ªæ¨© ¡®«ìè®£®
ç¨á«� ¯¥à¥¬¥−−ëå ¨ §�âà�âë ª®−ä¨£ãà�æ¨®−−®© ¯�¬ïâ¨ ¬¥¦á®¥¤¨−¥−¨©.

Š«îç¥¢ë¥ á«®¢�: í«¥¬¥−âë �‹ˆ‘ (FPGA); LUT; ¬ã«ìâ¨¯«¥ªá®à ¬�àèàã-
â¨§�æ¨¨; ã−¨â�à−®¥ ¨ ¯®§¨æ¨®−−®¥ ª®¤¨à®¢�−¨¥

DOI: 10.14357/08696527250201 EDN: NCZKUW

1 Введение

�à®£à�¬¬¨àã¥¬ë¥ «®£¨ç¥áª¨¥ ¨−â¥£à�«ì−ë¥ áå¥¬ë | ¡ãà−® à�§¢¨¢�îé�ïáï
í«¥¬¥−â−�ï ¡�§� ¤«ï ¯à®¥ªâ¨à®¢�−¨ï ¨ ¬�ª¥â¨à®¢�−¨ï æ¨äà®¢®© �¯¯�à�âãàë,
¢ â®¬ ç¨á«¥ ¢ ®¡«�áâ¨ ¯¥àá¯¥ªâ¨¢−ëå ¢ëç¨á«¨â¥«ì−ëå �àå¨â¥ªâãà [1{3]. Š®«¨-
ç¥áâ¢® «®£¨ç¥áª¨å í«¥¬¥−â®¢ ¢ �‹ˆ‘, ª®â®à®¥ ¢ 1980-¥ ££. á®áâ�¢«ï«® ¤¥áïâª¨
¨ á®â−¨, â¥¯¥àì ¤®áâ¨£�¥â ã¦¥ ¬¨««¨®−®¢ ¨ ¤¥áïâª®¢ ¬¨««¨®−®¢, � ç¨á«® ¯¥-
à¥¬¥−−ëå «®£¨ç¥áª¨å äã−ªæ¨©, à¥�«¨§ã¥¬ëå ¢ ®¤−®¬ í«¥¬¥−â¥, −�ç¨−�¢è¥¥áï
á âà¥å{ç¥âëà¥å, ã¢¥«¨ç¨«®áì ¤® ¢®áì¬¨. �¤−�ª® ¯à¨ ¢®áì¬¨ ¯¥à¥¬¥−−ëå ã¦¥

1�¥à¬áª¨© −�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â; �¥à¬áª¨© £®áã-
¤�àáâ¢¥−−ë© −�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â, tyurinsergfeo@yandex.ru

2�¥à¬áª¨© −�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â,
vasenin.ioann@yandex.ru

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

4”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, diaura@mail.ru
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à¥�«¨§ãîâáï −¥ ¢á¥ ¢®§¬®¦−ë¥ äã−ªæ¨¨ [4{6]. ‘«¥¤ã¥â ®¦¨¤�âì ¤�«ì−¥©è¥£®
ã¢¥«¨ç¥−¨ï ç¨á«� í«¥¬¥−â®¢ ¨ ¯¥à¥¬¥−−ëå, çâ® ¯®à®¦¤�¥â, á ®¤−®© áâ®à®−ë,
¯à®¡«¥¬ë à®áâ� ¢à¥¬¥−−�®© §�¤¥à¦ª¨ ¯à¨ ¢ëç¨á«¥−¨¨ äã−ªæ¨©, � á ¤àã£®© |
¯®¢ëè¥−¨¥ �¯¯�à�â−ëå §�âà�â, ¢ â®¬ ç¨á«¥ ¨ −� ª®¬¬ãâ�æ¨î ¬¥¦á®¥¤¨−¥−¨©.
‚¯¥ç�â«ïîé¨¬¨ â¥¬¯�¬¨ á®¢¥àè¥−áâ¢ãîâáï ª¨â�©áª¨¥ �‹ˆ‘ [7, 8]. ˆ¬¥îâáï
¨ ®â¥ç¥áâ¢¥−−ë¥ �‹ˆ‘ [9], −® ¨§¢¥áâ−ë¥ ®£à�−¨ç¥−¨ï á¤¥à¦¨¢�îâ â¥¬¯ë à®á-
â� ¨å ¯à®¨§¢®¤áâ¢�. ‚ â® ¦¥ ¢à¥¬ï −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ �‹ˆ‘,
¯ëâ�îé¨¥áï à�§à¥è¨âì ¢®§−¨ª�îé¨¥ ¯à®¡«¥¬ë, ã¦¥ §�âà�£¨¢�îâ −¥ â®«ìª® ¡¨-
−�à−ë¥, −® ¨ âà®¨ç−ë¥ ¢�à¨�−âë «®£¨ç¥áª¨å í«¥¬¥−â®¢ [10]. ’¥¬ −¥ ¬¥−¥¥ ¯®ª�
¨á¯®«ì§ãîâáï ¤¢� ®á−®¢−ëå ¢¨¤� ¡¨−�à−®£® ª®¤¨à®¢�−¨ï ¯¥à¥¬¥−−ëå ¨«¨ á¢ï§¥©:
¯®§¨æ¨®−−®¥ ¨ ã−¨â�à−®¥, ª®£¤� �ªâ¨¢¥− (à�¢¥− ¥¤¨−¨æ¥ ¨«¨ −ã«î) â®«ìª® ®¤¨−
¡¨â (¢ �−£«®ï§ëç−®© «¨â¥à�âãà¥ unitary code, one-hot, one-cold). „àã£¨¥ ¢¨¤ë
ª®¤®¢ ¨á¯®«ì§ãîâáï ¢ �‹ˆ‘ ¢ ®á−®¢−®¬ ¤«ï ®¡¥á¯¥ç¥−¨ï ¯®¬¥å®ãáâ®©ç¨¢®áâ¨
¯à¨ ¯¥à¥¤�ç¥ ¨ åà�−¥−¨¨ ¨−ä®à¬�æ¨¨. ��¯à¨¬¥à, ª®¤ ƒà¥ï, à�áá¬®âà¥−−ë©
¢ [11], ¯à¥¤áâ�¢«ï¥â á®¡®© ¤àã£ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¯®§¨æ¨®−−ëå −�¡®à®¢ ¨ −¥
¨§¬¥−ï¥â áâàãªâãàã í«¥¬¥−â�.

“−¨â�à−ë© á¯®á®¡ ª®¤¨à®¢�−¨ï å�à�ªâ¥à¨§ã¥âáï ¡®«ìè¨¬¨ �¯¯�à�â−ë¬¨
§�âà�â�¬¨ ¯à¨ à¥�«¨§�æ¨¨ �‹ˆ‘ [12{15] ¢ â¥å−®«®£¨¨ ¬¥â�««{¤¨í«¥ªâà¨ª{¯®-
«ã¯à®¢®¤−¨ª (Œ„�). �®§¨æ¨®−−ë© á¯®á®¡ ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®© §�¤¥à¦ª¥
¯¥à¥ª«îç¥−¨ï á¨£−�«®¢ ¢ �‹ˆ‘ ¯à¨ à¥�«¨§�æ¨¨ «®£¨ç¥áª¨å äã−ªæ¨© ®â ¡®«ìè®-
£® ç¨á«� ¯¥à¥¬¥−−ëå n ¨§-§�n ¯®á«¥¤®¢�â¥«ì−® á®¥¤¨−¥−−ëå Œ„�-âà�−§¨áâ®à®¢
¢ áå¥¬¥ «®£¨ç¥áª®£® í«¥¬¥−â� �‹ˆ‘. �®íâ®¬ã à�§à�¡®âª� á¯®á®¡� ª®¤¨à®¢�−¨ï
«®£¨ç¥áª®£® í«¥¬¥−â� �‹ˆ‘, ®¯â¨¬�«ì−®£® ¯® ¡ëáâà®¤¥©áâ¢¨î ¨ �¯¯�à�â−ë¬
§�âà�â�¬, áâ�−®¢¨âáï �ªâã�«ì−®© §�¤�ç¥©.

‘â�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ ª®¬¡¨−¨à®¢�−−®£® ¢�à¨�−â� ª®¤¨à®¢�−¨ï «®£¨-
ç¥áª®£® í«¥¬¥−â� �‹ˆ‘, ®¡¥á¯¥ç¨¢�îé¥£® −�¨«ãçè¥¥ ®â−®è¥−¨¥ ú�¯¯�à�â−ë¥
§�âà�âë/§�¤¥à¦ª�û. �ªâã�«ì−®áâì íâ®£® −�¯à�¢«¥−¨ï ¢ ÷” ®¡ãá«®¢«¥−� ®áâà®©
−¥®¡å®¤¨¬®áâìî ¨¬¯®àâ®§�¬¥é¥−¨ï í«¥ªâà®−−®© ª®¬¯®−¥−â−®© ¡�§ë, ¢ â®¬ ç¨á«¥
¢ ®¡«�áâ¨ �‹ˆ‘.

2 Типовые реализации логического элемента
программируемой логической интегральной схемы

‚ ª®¬¯�ªâ−®© «¨−¥©−®© ä®à¬¥ ¢ëà�¦¥−¨¥ ¤«ï áãé¥áâ¢ãîé¥£® n-LUT á ¯®-
§¨æ¨®−−ë¬ ª®¤¨à®¢�−¨¥¬ ¨¬¥¥â ¢¨¤ [16{18]:

f(d0, d1, . . . , d2n−1, xn, . . . , x2, x1) =
2n−1∨
j=0

([
n
&
i=1

x
1−B(i,j)
i

]

&dj

)

, (1)

£¤¥ B(i, j) ∈ {0, 1} | ¡¨−�à−®¥ ¯à¥¤áâ�¢«¥−¨¥ i-© ¯¥à¥¬¥−−®© xi ¢ j-© ª®−áâ¨-
âã¥−â¥ á®¢¥àè¥−−®© ¤¨§êî−ªâ¨¢−®© −®à¬�«ì−®© ä®à¬ë äã−ªæ¨¨ f ®â n ¯¥à¥-
¬¥−−ëå, à¥�«¨§ã¥¬®© «®£¨ç¥áª¨¬ í«¥¬¥−â®¬; dj ∈ {0, 1} | ª®−ä¨£ãà�æ¨®−−ë©
¡¨â, §−�ç¥−¨¥ §�¤�−−®© «®£¨ç¥áª®© äã−ªæ¨¨ ¢ j-© áâà®ª¥ â�¡«¨æë ¨áâ¨−−®áâ¨
äã−ªæ¨¨ f ; & | ª®−êî−ªæ¨ï; ∨ | ¤¨§êî−ªæ¨ï.
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Š®¬¡¨−¨à®¢�−−®¥ ª®¤¨à®¢�−¨¥ ¢ í«¥¬¥−â�å �‹ˆ‘

÷¨á. 1 ‘ãé¥áâ¢ãîé¨¥ í«¥¬¥−âë: (�) 2-LUT ¤«ï ä®à¬¨à®¢�−¨ï äã−ªæ¨¨; (¡) 2-LUT
¤«ï ª®¬¬ãâ�æ¨¨ á¢ï§¥© (¬ã«ìâ¨¯«¥ªá®à ¬�àèàãâ¨§�æ¨¨ á¢ï§¥©)

‚ (1) −�¡®à ¯¥à¥¬¥−−ëå xi ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®§¨æ¨®−−ë© ¤¢®¨ç−ë© ª®¤,
ä¨ªá¨àãîé¨© ¢á¥ í«¥¬¥−âë á®®â¢¥âáâ¢ãîé¥£® ¡ã«¥�−� ®â 000. . .0b ¤® 111. . .1b,
¢ ¤¥áïâ¨ç−®¬ ª®¤¥ ®â 0 ¤® 2n − 1. ‚à¥¬¥−−��ï §�¤¥à¦ª� ä®à¬¨à®¢�−¨ï §−�-
ç¥−¨ï äã−ªæ¨¨ §�¢¨á¨â ®â n, ¯®áª®«ìªã á¨£−�« −�áâà®©ª¨ ¯à®å®¤¨â −¥ ¬¥−¥¥
ç¥¬ n Œ„�-âà�−§¨áâ®à®¢. �à¨¬¥à 2-LUT ¤«ï à¥�«¨§�æ¨¨ äã−ªæ¨© ¤¢ãå ¯¥-
à¥¬¥−−ëå x2 ¨ x1 ¯®ª�§�− −� à¨á. 1, �. ‡¤¥áì CSRAM | ª®−ä¨£ãà�æ¨®−−�ï
áâ�â¨ç¥áª�ï ®¯¥à�â¨¢−�ï ¯�¬ïâì, ¢ ª®â®àãî §�¯¨áë¢�îâáï âà¥¡ã¥¬ë¥ §−�ç¥−¨ï
äã−ªæ¨¨. �à¨ ¨á¯®«ì§®¢�−¨¨ íâ®£® í«¥¬¥−â� (¡ã¤¥¬ ¥£® −�§ë¢�âì â�ª ¦¥ |
LUT) ¤«ï ª®¬¬ãâ�æ¨¨ ¬¥¦á®¥¤¨−¥−¨© �‹ˆ‘ ¢¬¥áâ® §−�ç¥−¨© äã−ªæ¨¨ dj ¯®¤-
ª«îç�îâáï á¢ï§¨ qj, � −�áâà®©ª� −� ®¤−ã ¨§ §�¤�−−ëå á¢ï§¥© ®áãé¥áâ¢«ï¥âáï
¯®§¨æ¨®−−ë¬ ª®¤®¬ ¯® ¢å®¤�¬ ¯¥à¥¬¥−−ëå:

f [(q0, q1, . . . , q2n−1) {(dn&xn), . . . , (d1&x1)}] =

=
2n−1∨
j=0

(
n
&
i=1

[

di&x
1−B(i,j)
i

]

&qj

)

. (2)

‚ (2) ®¡ê¥¬ ª®−ä¨£ãà�æ¨®−−®© ¯�¬ïâ¨ á¢ï§¥© à�¢¥− n ïç¥©ª�¬. �à¨¬¥à
2-LUT ¤«ï à¥�«¨§�æ¨¨ ª®¬¬ãâ�â®à� ç¥âëà¥å á¢ï§¥© ¯®ª�§�− −� à¨á. 1, ¡. ‡¤¥áì
CSRAM | ª®−ä¨£ãà�æ¨®−−�ï ¯�¬ïâì, åà�−ïé�ï âà¥¡ã¥¬ãî −�áâà®©ªã á¢ï§¥©.

“−¨â�à−®¥ ª®¤¨à®¢�−¨¥ ¨á¯®«ì§ã¥âáï ¢ ¬ã«ìâ¨¯«¥ªá®à¥ á¢ï§¥© qj, ¯à¨ç¥¬
¬®é−®áâì ¬−®¦¥áâ¢� á¢ï§¥© Q −¥ ®¡ï§�â¥«ì−® à�¢−� 2n. ‘ −�áâà®©ª®© di ∈ {0, 1}
®−® ®¯¨áë¢�¥âáï ä®à¬ã«®©:

f
[(
d|Q|−1&q|Q|−1

)
, . . . , (d0&q0)

]
=

|Q|−1
∨

i=0
(di&qi) ; ∃ ! (di = 1) . (3)
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÷¨á. 2 “−¨â�à−ë¥ í«¥¬¥−âë: (�) ¬ã«ìâ¨¯«¥ªá®à ¬�àèàãâ¨§�æ¨¨ á¢ï§¥©; (¡) ¢ëç¨á«¨â¥«ì
«®£¨ç¥áª®© äã−ªæ¨¨ ¤¢ãå ¯¥à¥¬¥−−ëå

‚ (3) |Q|| ¬®é−®áâì ¬−®¦¥áâ¢�Q, ∃ !| áãé¥áâ¢ã¥â à®¢−® ®¤¨−, ¨á¯®«ì§ã¥â-
áï ª®¤ á ®¤−®© ¨ â®«ìª® ®¤−®© ¥¤¨−¨æ¥© ¢ −�¡®à¥ (One-Hot, −�¯à¨¬¥à 01000000b),
çâ® ®¡¥á¯¥ç¨¢�¥â ¯ãâì ¢á¥£® ¨§ ®¤−®£® Œ„�-âà�−§¨áâ®à�, −® ã¢¥«¨ç¨¢�¥âáï ®¡ê-
¥¬ ª®−ä¨£ãà�æ¨®−−®© ¯�¬ïâ¨ á¢ï§¥© ¤® 2n. �à¨¬¥à ã−¨â�à−®£® ª®¬¬ãâ�â®à�
¤«ï ç¥âëà¥å á¢ï§¥© ¯®ª�§�− −� à¨á. 2, �. �à¨ ¨á¯®«ì§®¢�−¨¨ íâ®£® í«¥¬¥−â� ¤«ï
à¥�«¨§�æ¨¨ «®£¨ç¥áª®© äã−ªæ¨¨ f ¯®«ãç¨¬:

f [(d2n−1, . . . , d0) (x2n−1, . . . , x0)] =
2n−1∨
i=0
(xi&di) ; ∃ ! (di = 1) . (4)

‚ á«ãç�¥ (4), ª�ª ¨ ¢ (1), ®¡ê¥¬ ª®−ä¨£ãà�æ¨®−−®© ¯�¬ïâ¨ «®£¨ç¥áª®£®
í«¥¬¥−â� à�¢¥− 2n ïç¥¥ª, −® §�¤¥à¦ª� ®¯à¥¤¥«ï¥âáï â®«ìª® ®¤−¨¬ Œ„�-âà�−-
§¨áâ®à®¬, ª�ª ¯®ª�§�−® −� à¨á. 2, ¡ ¤«ï äã−ªæ¨¨ ¤¢ãå ¡¨−�à−ëå ¯¥à¥¬¥−−ëå.
�®íâ®¬ã áãé¥áâ¢ãîâ ¤¢¥ ¯à®â¨¢®¯®«®¦−ë¥ â¥−¤¥−æ¨¨: ¤«ï à¥�«¨§�æ¨¨ «®£¨ç¥-
áª¨å äã−ªæ¨©, ®á®¡¥−−® ¡®«ìè®£® ç¨á«� �à£ã¬¥−â®¢ [12{14], −¥®¡å®¤¨¬® á−¨¦�âì
¢à¥¬¥−−�ãî §�¤¥à¦ªã ¯à¨ ¯à¨¥¬«¥¬ëå �¯¯�à�â−ëå §�âà�â�å, � ¤«ï à¥�«¨§�æ¨¨
¡®«ìè®£® ç¨á«� ¬¥¦á®¥¤¨−¥−¨© âà¥¡ã¥âáï ¬¨−¨¬¨§¨à®¢�âì �¯¯�à�â−ë¥ §�âà�âë,
−¥ ¢ëå®¤ï §� ®£à�−¨ç¥−¨¥ −� ¢à¥¬¥−−�ãî §�¤¥à¦ªã ¨ ®£à�−¨ç¥−¨ï Œ¨¤�{Š®−-
¢¥© [19].

3 Метод синтеза элемента программируемой логической
интегральной схемы с комбинированным кодированием

‚å®¤−ë¥ ¯¥à¥¬¥−−ë¥ (¨«¨ ¢å®¤ë −�áâà®©ª¨) í«¥¬¥−â� ¤¥«ïâáï −� ¤¢¥ £àã¯¯ë,
¨á¯®«ì§ã¥¬ë¥ ¢ ¡«®ª�å à�§−®£® â¨¯�: n1 (¯®§¨æ¨®−−ë© ¡«®ª, n1LUT á n1
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¢å®¤�¬¨) ¨ n2 (ã−¨â�à−ë© ¡«®ª, n2LUT á 2n2 ¢å®¤�¬¨). �à¨ íâ®¬ n1 + n2 = n.
‚ «¨−¥©−®© ä®à¬¥ ¯®«ãç¨¬ ¬®¤¥«ì ¯à¨ ã−¨â�à−®¬ ¡«®ª¥ á«¥¢�:

f {(d2n2−1.0d2n2−2.0 . . . d1.0d0.0) · · · (d2n2−1.2n1−1d2n2−1.2n1−1 . . .
. . . d1.2n1−1d0.2n1−1) (x2.2n2−1 · · · x2.0) [x1.n1 . . . x1.1]} =

=
2n2−1∨
δ=0

[

(x2.δd2.δ)&
2n1−1∨
j=0

(
n1
&
i=1

x
1−B(i,j)
1.i

)]

,

£¤¥ dk ∈ {0, 1} | ª®−ä¨£ãà�æ¨®−−ë© ¡¨â ã−¨â�à−®£® ¡«®ª� ¨«¨ §−�ç¥−¨¥ äã−ª-
æ¨¨ ¢ á®®â¢¥âáâ¢ãîé¥© áâà®ª¥ â�¡«¨æë ¨áâ¨−−®áâ¨ äã−ªæ¨¨ f .

÷�áá¬®âà¨¬ ¯à¨¬¥à: ¯ãáâì ¤«ï äã−ªæ¨¨ ®â âà¥å ¯¥à¥¬¥−−ëå ®¤−� ¯¥à¥¬¥−-
−�ï a ¨á¯®«ì§ã¥âáï ¤«ï ¯®§¨æ¨®−−®£® ª®¤¨à®¢�−¨ï. ’®£¤� ¯®«ãç¨¬:

f {(d3.1d2.1d1.1d0.1) (d3.0d2.0d1.0d0.0) [(u3u2u1u0) (a)]} =
= d3.1u3a∨d2.1u2a∨d1.1u1a∨d0.1u0a∨d3.0u3a∨d2.0u2a∨d1.0u1a∨d0.0u0a =

= d(7)u3a ∨ d(6)u2a ∨ d(5)u1a ∨ d(4)u0a ∨
∨ d(3)u3a ∨ d(2)u2a ∨ d(1)u1a ∨ d(0)u0a , (5)

£¤¥ u0, . . . , u3 | ã−¨â�à−®¥ ª®¤¨à®¢�−¨¥ ¤¢ãå ¯¥à¥¬¥−−ëå. ‘ æ¥«ìî ¯®«ãç¥−¨ï
âà¥¡ã¥¬®© ª®¬¡¨−�æ¨¨ ã−¨â�à−®£® ¨ ¯®§¨æ¨®−−®£® ¡«®ª®¢ ¢ ®¤−®¬ í«¥¬¥−â¥
¬¥â®¤ ¯à¥¤¯®«�£�¥â á®¥¤¨−¥−¨¥ í«¥¬¥−â�à−ëå ¤¥à¥¢ì¥¢-¬ã«ìâ¨¯«¥ªá®à®¢ j.1.f1
á ª®à−¥¬ f1 á á®®â¢¥âáâ¢ãîé¨¬¨ ¢å®¤�¬¨: −¥¨−¢¥àá−ë¬ xn1 ¨ ¨−¢¥àá−ë¬ x′n1 |
¨ á®®â¢¥âáâ¢ãîé¨¬¨ âà�−§¨áâ®à�¬¨ ¯® ¢å®¤�¬ ¯¥à¥¬¥−−ëå j.1.x, j.1.x′:

j.1.s1{(j.1.x′)x′n1
j.1.s2{(j.1.x)xn1

]

(∨•) j.1.f1 , (6)

£¤¥ (∨•) ®¡®§−�ç�¥â ª®à¥−ì ¤¥à¥¢�, áå¥¬®â¥å−¨ç¥áª¨ à¥�«¨§ãîé¨© ®¯¥à�æ¨î
¬®−â�¦−®£® ˆ‹ˆ (Wired OR), ú−û | á¢ï§ì ¬¥¦¤ã ç�áâï¬¨ ¬ã«ìâ¨¯«¥ªá®à�.
‚ (6) ¨¬¥¥âáï ®¤¨− ¢å®¤ ¯®§¨æ¨®−−®© ¯¥à¥¬¥−−®© xn1. “−¨â�à−ë© ¡«®ª áâà®¨âáï
¯ãâ¥¬ á®¥¤¨−¥−¨ï ª®à−¥© á ¯®¬®éìî ¬®−â�¦−®£® ˆ‹ˆ. ��¯à¨¬¥à, −� ¢â®à®©
¨â¥à�æ¨¨ ¯®«ãç�¥¬ ¢ëà�¦¥−¨¥:

j.1.s1{(j.1.x′)xn2

j.1.s2{(j.1.x)xn2

]

(∨•)j.1.f1
j.2.s1{(j.2.x′)xn2

j.2.s2{(j.2.x)xn2

]

(∨•)j.2.f2






(∨•), (7)

£¤¥ ¨¬¥îâáï 4 ¢å®¤� ã−¨â�à−ëå ¯¥à¥¬¥−−ëå xn2 ¯® ª�¦¤®© ¢¥â¢¨. �ãáâì,
−�¯à¨¬¥à, ¯®§¨æ¨®−−ë© ¡«®ª ¨¬¥¥â ®¤−ã ¯¥à¥¬¥−−ãî n1 = 1, � ã−¨â�à−ë© |
¤¢¥ n2 = 2 ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬ (5). �®á«¥ ¯®áâà®¥−¨ï âà¥¡ã¥¬ëå ¡«®ª®¢
®áãé¥áâ¢«ï¥âáï ¨å á®¥¤¨−¥−¨¥:
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j.1.s1{(j.1.x′)xn2

j.1.s2{(j.1.x)xn2

]

(∨•)j.1.f1
j.2.s1{(j.2.x′)xn2

j.2.s2{(j.2.x)xn2

]

(∨•)j.2.f2






(∨•)






j.1.s1{(j.1.x′)xn1








j.1.s1{(j.1.x′)xn2

j.1.s2{(j.1.x)xn2

]

(∨•)j.1.f1

j.2.s1{(j.2.x′)xn2

j.2.s2{(j.2.x)xn2

]

(∨•)j.2.f2







(∨•)







j.1.s2{(j.1.x)xn1

















(∨•)j.1.f1. (8)

‚ (8) ª ®¤−®¬ã ¯®§¨æ¨®−−®¬ã ¡«®ªã (6) ¯®¤ª«îç¥−ë ¤¢� ®¤¨−�ª®¢ëå ã−¨-
â�à−ëå (7). „�«¥¥ ¬¥â®¤ ¯à¥¤¯®«�£�¥â ¯®¤ª«îç¥−¨¥ ¯¥à¥¬¥−−ëå (á¢ï§¥©) /̈̈ «¨
−�áâà®¥ª. �«ìâ¥à−�â¨¢−ë© ¢�à¨�−â ¯à¥¤áâ�¢«ï¥â á®¡®© ¢ëà�¦¥−¨¥, ¢ ª®â®à®¬
ã−¨â�à−ë© ¨ ¯®§¨æ¨®−−ë© ¡«®ª¨ ¬¥−ïîâáï ¬¥áâ�¬¨.

�à¥¤«�£�¥¬�ï áå¥¬� ª®¬¡¨−¨à®¢�−−®£® í«¥¬¥−â� ¤«ï âà¥å ¯¥à¥¬¥−−ëå ¯® (5)
¨ (8) ¯à¥¤áâ�¢«¥−� −� à¨á. 3. ‡¤¥áì n1 = 1 (íâ® a), n2 = 2 (¯ãáâì íâ® bc);
(u3u2u1u0)| ã−¨â�à−ë© ª®¤ ¯¥à¥¬¥−−ëå bc. ’�ª, ¥á«¨ −�¡®à bc = 00b, ¯®«ãç�¥¬
ª®¤ 0001b, â. ¥. (u3 = 0, u2 = 0, u1 = 0, u0 = 1). …á«¨ −�¡®à bc = 11b, ¯®«ãç�¥¬
ª®¤ 1000b, â. ¥. (u3 = 1, u2 = 0, u1 = 0, u0 = 0). �� à¨á. 4, � ¯®ª�§�−� ¯à¥¤-
«�£�¥¬�ï áå¥¬� ª®¬¡¨−¨à®¢�−−®£® í«¥¬¥−â� ¢ á¨áâ¥¬¥ ¬®¤¥«¨à®¢�−¨ï Multisim,
¦¥«âë¬¨ «¨−¨ï¬¨ ¢ë¤¥«¥−� à¥�«¨§�æ¨ï −�¡®à� (u3u2u1u0)(a) = (1000b)(1b).
÷¨áã−®ª 4, ¡ ¨««îáâà¨àã¥â à¥§ã«ìâ�â â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨ íâ®© ¦¥ áå¥¬ë
ª®¬¡¨−¨à®¢�−−®£® í«¥¬¥−â� ¢ á¨áâ¥¬¥ MicroWind.

÷¨á. 3 ‘å¥¬� ª®¬¡¨−¨à®¢�−−®£® í«¥¬¥−â� ¯® (8)
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÷¨á. 4 Œ®¤¥«ì ¯à¥¤«�£�¥¬®£® í«¥¬¥−â� ¯® (8) ¢ á¨áâ¥¬¥ ¬®¤¥«¨à®¢�−¨ï Multisim (�)
¨ ¢ á¨áâ¥¬¥ MicroWind (¡)
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’�¡«¨æ� 1 ��à�¬¥âàë ¨§¢¥áâ−®£® ¨ ¯à¥¤«�£�¥¬®£® í«¥¬¥−â®¢ 3-LUT ¯à¨ −�¯àï¦¥−¨¨
¨áâ®ç−¨ª� ¯¨â�−¨ï 0,35 ‚ ¨ ç�áâ®â¥ 0,5 ƒƒæ (¬®¤¥«ì BSim4, â¥å−®«®£¨ï CMOS 32nm)

ü
/̄̄ ��§¢�−¨¥

‡�¤¥à¦ª�
¯® äà®−âã,

¯á

‡�¤¥à¦ª�
¯® áà¥§ã,

¯á

�«®-
é�¤ì,
−¬2

�®âà¥¡«ï-
¥¬�ï ¬®é-

−®áâì, ¬ª‚â

—¨á«® «¨-
−¨© á¢ï§¨
¤«ï ¯¥à¥-

¬¥−−ëå LUT
¨«¨ ®¡ê¥¬

¯�¬ïâ¨
¤«ï ª®¬¬ã-

â�â®à�
1 �®§¨æ¨®−−ë© 3-LUT 62,1 911 78,2 2,245 3
2 “−¨â�à−ë© 3-LUT 50,7 354 88,8 1,833 8
3 Š®¬¡¨−¨à®¢�−−ë© 3-LUT 62,1 507 121,5 1,980 5

‘â�â¨ç¥áª®¥ ¨ ¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨ï ¯®¤â¢¥à¤¨«¨ à�¡®â®á¯®á®¡−®áâì
¯à¥¤«�£�¥¬®£® í«¥¬¥−â�. ‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï
â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨ í«¥¬¥−â�, ¯®ª�§�−−®© −� à¨á. 4, ¢ á¨áâ¥¬¥ MicroWind
ver.3.5 (ãç¥¡−�ï ¢¥àá¨ï, á¢®¡®¤−® à�á¯à®áâà�−ï¥¬�ï ¯® §�¯à®áã) [20].

�à¥¤«�£�¥¬ë© ª®¬¡¨−¨à®¢�−−ë© í«¥¬¥−â (á¬. ¯�â¥−â ÷” [21]) å�à�ªâ¥-
à¨§ã¥âáï ã¬¥−ìè¥−¨¥¬ ç¨á«� «¨−¨© á¢ï§¨ ¤«ï ¯¥à¥¬¥−−ëå á®®â¢¥âáâ¢ãîé¥£®
«®£¨ç¥áª®£® í«¥¬¥−â� «¨¡® ã¬¥−ìè¥−¨¥¬ ®¡ê¥¬� ¯�¬ïâ¨ ª®−ä¨£ãà�æ¨© á®®â¢¥â-
áâ¢ãîé¥£® ª®¬¬ãâ�â®à�.

4 Оценка эффективности предлагаемого метода
при увеличении числа переменных

‘à�¢−¨¬ ¢�à¨�−âë ª®¬¡¨−¨à®¢�−−®© à¥�«¨§�æ¨¨ ¢ §�¢¨á¨¬®áâ¨ ®â §−�ç¥-
−¨© n1 ¨ n2. ‘«®¦−®áâì à¥�«¨§�æ¨¨ ¢ Œ„�-âà�−§¨áâ®à�å ¯®§¨æ¨®−−®£® ¡«®ª�
á n1 ¢å®¤�¬¨ ¢ á®áâ�¢¥ ª®¬¡¨−¨à®¢�−−®£® LUT ®¯¨áë¢�¥âáï ä®à¬ã«®©:

Ln1 = 6 · 2n1 + 4n1 − 2 + LCM · 2n1 ,
£¤¥ LCM | ç¨á«® Œ„�-âà�−§¨áâ®à®¢ ¢ ïç¥©ª¥ ª®−ä¨£ãà�æ¨®−−®© ¯�¬ïâ¨.
‘«®¦−®áâì à¥�«¨§�æ¨¨ ¢ Œ„�-âà�−§¨áâ®à�å ã−¨â�à−®£® ¡«®ª� á n2 ¢å®¤�¬¨
¢ á®áâ�¢¥ ª®¬¡¨−¨à®¢�−−®£® LUT ®¯¨áë¢�¥âáï ä®à¬ã«®©:

Ln2 = 7 · 2n2 + LCM · 2n2 .
‘ã¬¬�à−�ï á«®¦−®áâì à¥�«¨§�æ¨¨ ª®¬¡¨−¨à®¢�−−®£® LUT á à�á¯®«®¦¥−¨¥¬
¯®§¨æ¨®−−®£® ¡«®ª� á¯à�¢� ®â ã−¨â�à−®£® (�¯¯�à�â−ë¥ §�âà�âë −� ª®−ä¨£ãà�æ¨-
®−−ãî ¯�¬ïâì ¢ ¯®§¨æ¨®−−®¬ ¡«®ª¥ −¥ ãç¨âë¢�îâáï):

Ln.UP = 6 · 2n1 + 4n1 + 2n2+2 + 2n (LCM + 3) . (9)
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’�¡«¨æ� 2 ‘à�¢−¥−¨¥ á«®¦−®áâ¨ ¢�à¨�−â®¢ ¯à¥¤-
«�£�¥¬®£® LUT á â¨¯®¢ë¬¨ ¯®§¨æ¨®−−ë¬¨ ¨ ã−¨â�à-
−ë¬¨ à¥�«¨§�æ¨ï¬¨

ü n LP LU

Š®¬¡¨−¨à®¢�−−ë©
¢�à¨�−â

n1 n2 LC

1 4 110 112 2 2 96
2

5 210 224
2 3 140

3 3 2 172
4 2 4 288
5 6 406 462 3 3 284
6 4 2 320
7

7 794 896

2 5 544
8 3 4 508
9 4 3 528

10 5 2 612
11 2 6 1056
12 3 5 956
13 8 1562 1792 4 4 944
14 5 3 1012
15 6 2 1192

‘ã¬¬�à−�ï á«®¦−®áâì à¥�«¨§�æ¨¨ ª®¬¡¨−¨à®¢�−−®£® LUT á à�á¯®«®¦¥−¨¥¬
¯®§¨æ¨®−−®£® ¡«®ª� á«¥¢� ®â ã−¨â�à−®£® (�¯¯�à�â−ë¥ §�âà�âë −� ª®−ä¨£ãà�æ¨-
®−−ãî ¯�¬ïâì ¢ ã−¨â�à−®¬ ¡«®ª¥ −¥ ãç¨âë¢�îâáï):

Ln.PU = 2
n (LCM + 6) + 2

n2 (4n1 + 5) + 2 . (10)

‘à�¢−¨â¥«ì−ë© �−�«¨§ (9) ¨ (10) ¯®ª�§ë¢�¥â á«¥¤ãîé¥¥:

{ �¯¯�à�â−ë¥ §�âà�âë −� à¥�«¨§�æ¨î ª®−ä¨£ãà�æ¨®−−®© ¯�¬ïâ¨ ®¤¨−�ª®¢ë
¯à¨ «î¡®¬ ¢§�¨¬−®¬ à�á¯®«®¦¥−¨¨ ¯®§¨æ¨®−−®£® ¨ ã−¨â�à−®£® ¡«®ª®¢;

{ á«®¦−®áâì ª®¬¡¨−¨à®¢�−−®£® LUT ¢ Œ„�-âà�−§¨áâ®à�å ¯à¨ à�á¯®«®¦¥−¨¨
¯®§¨æ¨®−−®£® ¡«®ª� á¯à�¢� ®â ã−¨â�à−®£® ®ª�§ë¢�¥âáï ¬¥−ìè¥, ç¥¬ ¯à¨
®¡à�â−®¬ ¨å ¢§�¨¬−®¬ à�á¯®«®¦¥−¨¨, ¯à¨ «î¡ëå á®®â−®è¥−¨ïå n1 ¨ n2.

„¥©áâ¢¨â¥«ì−®, à�§−®áâì �¯¯�à�â−ëå §�âà�â, ®¯¨áë¢�¥¬ëå (9) ¨ (10):

Ln.PU − Ln.UP = 3 · 2n1 (2n2 − 2) + 2n2 + 4n1 (2n2 − 1) + 2 > 0

¯à¨ «î¡ëå n1 > 0 ¨ n2 > 0. ‚ â�¡«. 2 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ®æ¥−ª¨
á«®¦−®áâ¨ à¥�«¨§�æ¨¨ LUT, ¨á¯®«ì§ãîé¨å ¯®§¨æ¨®−−®¥ (LP ), ã−¨â�à−®¥ (LU )
¨ ¯à¥¤«�£�¥¬®¥ ª®¬¡¨−¨à®¢�−−®¥ (LC ) ª®¤¨à®¢�−¨¥ á à�á¯®«®¦¥−¨¥¬ ¯®§¨æ¨®−-
−®£® ¡«®ª� á¯à�¢� ®â ã−¨â�à−®£® ¤«ï à�§−ëå á®ç¥â�−¨© n1 ¨ n2. �¯¯�à�â−�ï
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á«®¦−®áâì ¯à¨¢¥¤¥−� ¢ Œ„�-âà�−§¨áâ®à�å ¡¥§ ãç¥â� á«®¦−®áâ¨ ª®−ä¨£ãà�æ¨-
®−−®© ¯�¬ïâ¨.

�−�«¨§ â�¡«. 2 ¯®ª�§ë¢�¥â, çâ® ¯à¥¤«�£�¥¬ë© ¢�à¨�−â à¥�«¨§�æ¨¨ LUT ¨¬¥¥â
¬¥−ìè¨¥ �¯¯�à�â−ë¥ §�âà�âë, ç¥¬ «î¡®© ¨§ â¨¯®¢ëå ¢�à¨�−â®¢. �à¨ n = 4
¬¨−¨¬�«ì−ë© ¢ë¨£àëè á®áâ�¢«ï¥â ®ª®«® 13%. ‘ ã¢¥«¨ç¥−¨¥¬ n ¯à¥¨¬ãé¥áâ¢®
ª®¬¡¨−¨à®¢�−−®£® ª®¤¨à®¢�−¨ï ¢®§à�áâ�¥â ¨ ¯à¨ n = 8 ¤®áâ¨£�¥â 40%. ‡�¤¥à¦ª�
¢® ¢á¥å á«ãç�ïå à�¢−� áã¬¬�à−®© §�¤¥à¦ª¥ −� (n1 + 1) ¯à®å®¤−ëå âà�−§¨áâ®à�å
¨ ¤¢ãå ¨−¢¥àâ®à�å.

5 Заключение

Š®¬¡¨−¨à®¢�−−®¥ ª®¤¨à®¢�−¨¥ í«¥¬¥−â®¢ �‹ˆ‘ ¯®§¢®«ï¥â ã¬¥−ìè¨âì ¢à¥-
¬¥−−�ãî §�¤¥à¦ªã ¢ëç¨á«¥−¨ï «®£¨ç¥áª¨å äã−ªæ¨© ¡®«ìè®£® ç¨á«� ¯¥à¥¬¥−−ëå
¨ á®ªà�â¨âì �¯¯�à�â−ë¥ §�âà�âë ¯à¨¬¥à−® −� 13%{40% ®â−®á¨â¥«ì−® ¨§¢¥áâ−ëå
¯®¤å®¤®¢. ��¨¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−ë¬ ¢�à¨�−â®¬ ¯à¥¤áâ�¢«ï¥âáï ¨á¯®«ì§®¢�-
−¨¥ −¥áª®«ìª¨å ã−¨â�à−ëå ¡«®ª®¢ −� ¢å®¤¥ ¨ ®¤−®£® ¯®§¨æ¨®−−®£® ¡«®ª� −�
¢ëå®¤¥. „«ï ¬ã«ìâ¨¯«¥ªá®à®¢ ¬�àèàãâ¨§�æ¨¨ ¬¥â®¤ ®¡¥á¯¥ç¨¢�¥â á−¨¦¥−¨¥
ª®−ä¨£ãà�æ¨®−−®© ¯�¬ïâ¨ ¤® 25% ¯à¨ ®£à�−¨ç¥−¨¨ −� ¤®¯ãáâ¨¬ãî §�¤¥à¦ªã.
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Abstract: The authors consider the variables' combined coding of a Lookup
Table (LUT) logical element and a routing multiplexer that is an interconnect
switch of the Field-Programmable Gate Array (FPGA). The proposed method
of combining positional and unitary coding ensures the reduction of the logical
function calculation delay under given hardware limitations or the reduction of
the communication switch hardware costs under restrictions on the delay. The
paper describes a model of such encoding and a method for synthesizing the
corresponding element. It provides complexity estimates in terms of transistors
and results of circuit and layout simulation. Simulation proves the proposed
element's performance. The analysis shows the effectiveness of the adopted
approach in terms of complexity, layout area, time delay, and power consumption.
The developed element with combined encoding can significantly reduce the time
delay when calculating functions of a large variable number and the interconnect
configuration memory volume.

Keywords: FPGA's elements; LUT; routing multiplexer; unitary and positional
encoding
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АЛГОРИТМ МОДЕЛИРОВАНИЯ ВЕКТОРНОГО
СТОХАСТИЧЕСКОГО ПРОЦЕССА ПОСРЕДСТВОМ

ЕГО КАНОНИЧЕСКОГО РАЗЛОЖЕНИЯ НА ОСНОВЕ
МНОГОСЛОЙНОЙ ВЕЙВЛЕТ-НЕЙРОННОЙ СЕТИ∗

И. Н. Синицын1, В. И. Синицын2, Э. Р. Корепанов3, Т. Д. Конашенкова4

�−−®â�æ¨ï: �®áâà®¥−® ª�−®−¨ç¥áª®¥ à�§«®¦¥−¨¥ (Š÷) ¢¥ªâ®à−®£® áâ®å�-
áâ¨ç¥áª®£® ¯à®æ¥áá� (‘â�), §�¤�−−®£® −� ª®−¥ç−®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨,
á ¯à¨¬¥−¥−¨¥¬ â¥å−®«®£¨¨ ¢¥©¢«¥â-−¥©à®−−®© á¥â¨ (‚�‘). ‡�¤�ç� ¯®áâà®¥−¨ï
Š÷ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© ¢¥ªâ®à−®£® ‘â� à�áá¬�âà¨¢�¥âáï ª�ª
§�¤�ç� �¯¯à®ªá¨¬�æ¨¨ í«¥¬¥−â®¢ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© ª¢�¤-
à�â¨ç−ë¬¨ ä®à¬�¬¨ ¡�§¨á−ëå ¢¥©¢«¥â®¢ á ª®¬¯�ªâ−ë¬¨ −®á¨â¥«ï¬¨. „«ï
¥¥ à¥è¥−¨ï à�§à�¡®â�−� �àå¨â¥ªâãà� ¬−®£®á«®©−®© ‚�‘. �¡ãç¥−¨¥ á ãç¨-
â¥«¥¬ ‚�‘ ®áãé¥áâ¢«ï¥âáï ¬¥â®¤®¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡ª¨.
Š�−®−¨ç¥áª®¥ à�§«®¦¥−¨¥ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© á®®â¢¥âáâ¢ã-
¥â Š÷ ¢¥ªâ®à−®£® ‘â� ¢ ¢¨¤¥ «¨−¥©−®© ª®¬¡¨−�æ¨¨ á«ãç�©−ëå ¢¥«¨ç¨−
(‘‚) á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ ¨ ¥¤¨−¨ç−ë¬¨ ¤¨á¯¥àá¨ï¬¨.
Š®®à¤¨−�â−ë¥ äã−ªæ¨¨ Š÷ §�¤�îâáï ¢ ¢¨¤¥ «¨−¥©−®© ª®¬¡¨−�æ¨¨ ¡�§¨á-
−ëå ¢¥©¢«¥â-äã−ªæ¨© á ¢¥á®¢ë¬¨ ª®íää¨æ¨¥−â�¬¨, ®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï
ª®â®àëå ®¯à¥¤¥«ïîâáï ¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ ‚�‘ ¬¥â®¤®¬ £à�¤¨¥−â−®£®
á¯ãáª�. �¯¨á�− �«£®à¨â¬ ¯®áâà®¥−¨ï Š÷ ¢¥ªâ®à−®£® ‘â� −� ®á−®¢¥ ‚�‘.
÷�§à�¡®â�−−ë© ¬¥â®¤ ¯à¨¬¥−¥− ¤«ï ¬®¤¥«¨à®¢�−¨ï â¨¯®¢®£® −¥áâ�æ¨®−�à−®£®
¤¢ã¬¥à−®£® ‘â�.

Š«îç¥¢ë¥ á«®¢�: ¢¥©¢«¥â; ¢¥©¢«¥â-−¥©à®−−�ï á¥âì; ª�−®−¨ç¥áª®¥ à�§«®-
¦¥−¨¥; ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ�; ª®¢�à¨�æ¨®−−�ï äã−ªæ¨ï; ¬®¤¥«¨à®¢�−¨¥;
áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá
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1 Введение
÷®«ì ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â� ¯à¨ à¥è¥−¨¨ ¯à¨ª«�¤−ëå §�¤�ç

à�§«¨ç−®£® −�§−�ç¥−¨ï −¥ãª«®−−® ¢®§à�áâ�¥â [1{5]. �¤−¨¬ ¨§ �ªâã�«ì−ëå −�-
∗÷�¡®â� ¢ë¯®«−¥−� 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, sinitsin@dol.ru

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

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

4”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, tkonashenkova64@mail.ru
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¯à�¢«¥−¨© áâ�« ¬¥â®¤ Š÷, ª®â®àë© ¯à¥¤áâ�¢«ï¥â ‘â� ¢ ¢¨¤¥ «¨−¥©−®© ª®¬¡¨−�-
æ¨¨ ‘‚ á ª®íää¨æ¨¥−â�¬¨, ¢ëà�¦¥−−ë¬¨ ¤¥â¥à¬¨−¨à®¢�−−ë¬¨ äã−ªæ¨ï¬¨ [6{
9]. ’�ª®¥ ¯à¥¤áâ�¢«¥−¨¥ ‘â� ã¯à®é�¥â ¢ë¯®«−¥−¨¥ à�§«¨ç−ëå ¬�â¥¬�â¨ç¥áª¨å
®¯¥à�æ¨© −�¤ ‘â�, ¯®íâ®¬ã Š÷ ‘â� è¨à®ª® ¯à¨¬¥−ïîâ ¢ §�¤�ç�å �−�«¨§�
¨ á¨−â¥§� áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ (‘â‘) à�§«¨ç−®£® −�§−�ç¥−¨ï [6{9].

‚ [6{9] ¨§«®¦¥−ë ®¡é¨¥ ¬¥â®¤ë ¯®áâà®¥−¨ï Š÷, ¢ â®¬ ç¨á«¥ −� ®á−®¢¥ ¯à®¨§-
¢®«ì−®© á¨áâ¥¬ë äã−ªæ¨©. ‚ [10, 11] ¤«ï −¥áâ�æ¨®−�à−®£® ‘â� ¡ë«¨ ¯®áâà®¥−ë
¢¥©¢«¥â-ª�−®−¨ç¥áª¨¥ à�§«®¦¥−¨ï (‚‹Š÷) −� ®á−®¢¥ ®àâ®−®à¬¨à®¢�−−®£® ¡�-
§¨á� ¢¥©¢«¥â®¢ á ª®¬¯�ªâ−ë¬¨ −®á¨â¥«ï¬¨ [12]. ‚ [13{17] ‚‹Š÷ ¯à¨¬¥−¥−ë
¤«ï à¥è¥−¨ï §�¤�ç¨ á¨−â¥§� ®¯â¨¬�«ì−ëå ¯® ¡�©¥á®¢ë¬ ªà¨â¥à¨ï¬ «¨−¥©−ëå
¨ −¥«¨−¥©−ëå ‘â‘. ‚ [18, 19] ®¯¨á�− −®¢ë© ¬¥â®¤ ¯®áâà®¥−¨ï ‚‹Š÷ ®¤−®-
¬¥à−®£® −¥áâ�æ¨®−�à−®£® ‘â� á ¯à¨¬¥−¥−¨¥¬ −¥©à®á¥â¥¢ëå â¥å−®«®£¨© [20{22].
÷�§à�¡®â�−� �àå¨â¥ªâãà� âà¥åá«®©−®© ‚�‘ á ®¤−¨¬ áªàëâë¬ á«®¥¬. ”ã−ªæ¨¨
�ªâ¨¢�æ¨¨ áªàëâ®£® á«®ï §�¤�îâáï −� ®á−®¢¥ ¢ë¡à�−−®£® ®àâ®−®à¬¨à®¢�−−®£®
¡�§¨á� ¢¥©¢«¥â®¢ á ª®¬¯�ªâ−ë¬¨ −®á¨â¥«ï¬¨. „«ï ®¡ãç¥−¨ï ‚�‘ ¯à¨¬¥−ï¥âáï
�«£®à¨â¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡ª¨. Š®àà¥ªæ¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−-
â®¢ ‚�‘ ®áãé¥áâ¢«ï¥âáï ¬¥â®¤®¬ £à�¤¨¥−â−®£® á¯ãáª�. ‘à�¢−¨â¥«ì−ë© �−�«¨§
¬¥â®¤� ¯®áâà®¥−¨ï Š÷ ¤«ï ®¤−®¬¥à−ëå ¨«¨ ¯à¨¢®¤¨¬ëå ª ®¤−®¬¥à−ë¬ ‘’�
−� ®á−®¢¥ ‚�‘ (¤�«¥¥ | Š÷‚�‘) á à¥ªãàà¥−â−ë¬ ¬¥â®¤®¬ ¯®áâà®¥−¨ï ‚‹Š÷
−¥áâ�æ¨®−�à−®£® ‘â� ¯®ª�§�« ¨å ®¤¨−�ª®¢ãî ¢ëç¨á«¨â¥«ì−ãî â®ç−®áâì [18].
�à¥¨¬ãé¥áâ¢® Š÷‚�‘ §�ª«îç�¥âáï ¢ ¥£® ¯à®áâ®â¥ ¢ ¨á¯®«−¥−¨¨ ¨ ®âáãâáâ¢¨¨
¯à¥¤¢�à¨â¥«ì−ëå �−�«¨â¨ç¥áª¨å ¢ëª«�¤®ª.

‚ −�áâ®ïé¥© áâ�âì¥ �¢â®àë ¯à¨¬¥−ïîâ −¥©à®á¥â¥¢®© ¯®¤å®¤, ¯à¥¤«®¦¥−−ë©
¢ [18, 19], ¤«ï ¯®áâà®¥−¨ï Š÷‚�‘ −¥áâ�æ¨®−�à−®£® ¢¥ªâ®à−®£® ‘â�. ‚ à�§¤. 2
¤�−� ¯®áâ�−®¢ª� §�¤�ç¨. ‚ à�§¤. 3 ¯à¨¢¥¤¥− �«£®à¨â¬ ¯®áâà®¥−¨ï Š÷‚�‘
¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© ¢¥ªâ®à−®£® ‘â�, ®¯¨á�−� �àå¨â¥ªâãà� ¬−®-
£®á«®©−®© ‚�‘ á ¤¢ã¬ï áªàëâë¬¨ á«®ï¬¨. „«ï ®¡ãç¥−¨ï ‚�‘ ¯à¨¬¥−ï¥âáï
�«£®à¨â¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡ª¨. Š®àà¥ªæ¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−-
â®¢ ®áãé¥áâ¢«ï¥âáï ¬¥â®¤®¬ £à�¤¨¥−â−®£® á¯ãáª�. „�−® ®¡®á−®¢�−¨¥ ¯à®æ¥áá�
¬®¤¥«¨à®¢�−¨ï ¢¥ªâ®à−®£® ‘â� ¯®áà¥¤áâ¢®¬ ¥£® Š÷‚�‘. ‚ à�§¤. 4 ¯à¨¢¥-
¤¥− ¯à¨¬¥à −¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï â¨¯®¢®£® ¤¢ã¬¥à−®£® −¥áâ�æ¨®−�à−®£®
‘â�. ‡�ª«îç¥−¨¥ á®¤¥à¦¨â ®á−®¢−ë¥ ¢ë¢®¤ë ¨ −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å ¨áá«¥-
¤®¢�−¨©.

2 Постановка задачи

�ãáâì NX-¬¥à−ë© ¤¥©áâ¢¨â¥«ì−ë© ‘â�

X(t) = [X1(t) X2(t) · · ·XNX
(t)]T (t ∈ T )

§�¤�− −� ¢¥à®ïâ−®áâ−®¬ ¯à®áâà�−áâ¢¥ (H,A,P),

H = L
2(T )× L

2(T )× · · · × L
2(T )

︸ ︷︷ ︸

NX

.
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�«£®à¨â¬ ¬®¤¥«¨à®¢�−¨ï ¢¥ªâ®à−®£® ‘â� ¯®áà¥¤áâ¢®¬ ¥£® Š÷ −� ®á−®¢¥ ‚�‘

‡¤¥áì L2(T ) | £¨«ì¡¥àâ®¢® ¯à®áâà�−áâ¢® äã−ªæ¨© ξ(t) (t ∈ T ) á −®à¬®© ‖ξ‖ =
=

[∫

T |ξ(t)|2dt
]1/2

; A | σ-�«£¥¡à� ¢ H; P(X(t) = [ξ1(t) ξ2(t) · · · ξNX
(t)]T) |

¢¥à®ïâ−®áâì á®¡ëâ¨ï X(t) = [ξ1(t) ξ2(t) · · · ξNX
(t)]T, ξh(t) ∈ L2(T ), h = 1, NX .

ˆ§¢¥áâ−®, çâ® ¢¥ªâ®à−ë©, ¢ ®¡é¥¬ á«ãç�¥ −¥áâ�æ¨®−�à−ë©, ‘â� X(t) ¨¬¥¥â
−ã«¥¢®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ¨§¢¥áâ−ãî ¬�âà¨æã ª®¢�à¨�æ¨®−−ëå äã−ª-
æ¨© K(t1, t2) = M[X(t1)X

T(t2)] (t1 ∈ T , t2 ∈ T ) á í«¥¬¥−â�¬¨ Khl(t1, t2) ∈
∈ L2(T × T ) (h, l = 1, NX ).

‚ ¯à®áâà�−áâ¢¥ L2(T ) §�¤�¤¨¬ ®àâ®−®à¬¨à®¢�−−ë© ¡�§¨á ¢¥©¢«¥â®¢ á ª®¬-
¯�ªâ−ë¬¨ −®á¨â¥«ï¬¨ ¢¨¤�

{ϕ00(t), ψjk(t)} , (1)

£¤¥ ϕ00(t) = ϕ(t) | ¬�áèâ�¡¨àãîé�ï äã−ªæ¨ï; ψ00(t) = ψ(t) | ¬�â¥à¨−áª¨©
¢¥©¢«¥â; ψjk(t) =

√
2j ψ(2jt − k) | ¢¥©¢«¥âë ãà®¢−ï j ¤«ï j = 1, 2, . . .; k =

= 0, 2j − 1. „«ï ã¤®¡áâ¢� ¯à¥¤áâ�¢¨¬ ¢¥©¢«¥â-¡�§¨á (1) ¢ ¢¨¤¥

f1(t) = ϕ00(t) ; f2(t) = ψ00(t) ;

fv(t) = ψjk(t) , j = 1, 2, . . . ; k = 0, 2j − 1 ; v = 2j + k + 1 . (2)

„«ï ¢¥©¢«¥â-¡�§¨á®¢ (1) ¨«¨ (2) §�¤�¤¨¬ ¬�ªá¨¬�«ì−ë© ãà®¢¥−ì ¢¥©¢«¥â-à�§-
à¥è¥−¨ï J. ’®£¤� ç¨á«® ¡�§¨á−ëå ¢¥©¢«¥â-äã−ªæ¨© ¡ã¤¥â à�¢−® L = 2J+1 [12].

‘®£«�á−® [11], −� ®á−®¢¥ íâ®£® ¡�§¨á� ¬®¦−® ¯®áâà®¨âì ‚‹Š÷ ¢¥ªâ®à−®£®
‘â� X(t):

XL(t) =

L∑

v=1

Vvx
L
v (t) , (3)

£¤¥ Vv | −¥ª®àà¥«¨à®¢�−−ë¥ ‘‚ á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨
¨ ¤¨á¯¥àá¨ï¬¨ Dv = 1, xL

v (t) = [x
L
v1(t)x

L
v2(t) · · · xL

vNx
(t)]T | ª®®à¤¨−�â−ë¥

äã−ªæ¨¨, ¯à¨ç¥¬ áª�«ïà−ë¥ ª®®à¤¨−�â−ë¥ äã−ªæ¨¨ ¯à¥¤áâ�¢«ïîâ á®¡®© «¨−¥©-
−ë¥ ª®¬¡¨−�æ¨¨ ¡�§¨á−ëå ¢¥©¢«¥â-äã−ªæ¨©

xL
vh(t) =

L∑

µ=1

cvh
µ fµ(t). (4)

…á«¨ ¢¢¥áâ¨ ¢¥ªâ®àë cvh = [cvh
1 cvh

2 · · · cvh
L ]
T (v = 1, L; h = 1, NX ) ¨ fL(t) =

= [f1(t) f2(t) · · · fL(t)]
T, â® (4) ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥:

xL
vh = (c

vh)TfL(t)
(
v = 1, L ; h = 1, NX

)
.

‘®£«�á−® ¯àï¬®© â¥®à¥¬¥ �ã£�çñ¢� [6{9], Š÷ ‘â� X(t) ¢¨¤� (3) á®®â¢¥âáâ¢ã¥â
Š÷ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© KL(t1, t2) = ‖KL

hl(t1, t2)‖NX

h,l=1:
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KL(t1, t2) =
L∑

v=1
xL

v (t1)
(
xL

v (t2)
)T
;

KL
hl(t1, t2) =

L∑

v=1
xL

vh(t1)x
L
vl(t2)

(
h, l = 1, NX

)
.







(5)

‘®£«�á−® ®¡à�â−®© â¥®à¥¬¥ �ã£�çñ¢� [6{9], Š÷ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ª-
æ¨© (5) á®®â¢¥âáâ¢ã¥â Š÷ ‘â� X(t) ¢¨¤� (3).

÷�áá¬®âà¨¬ §�¤�çã ¯®áâà®¥−¨ï Š÷ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© (5)
ª�ª §�¤�çã �¯¯à®ªá¨¬�æ¨¨ í«¥¬¥−â®¢ Khl(t1, t2) (h, l = 1, NX ) ¬�âà¨æë ª®¢�à¨-
�æ¨®−−ëå äã−ªæ¨© K(t1, t2) ª¢�¤à�â¨ç−ë¬¨ ä®à¬�¬¨ ®â−®á¨â¥«ì−® ¡�§¨á−ëå
¢¥©¢«¥â-äã−ªæ¨© fv (v = 1, L) á −¥¨§¢¥áâ−ë¬¨ ¢¥ªâ®à−ë¬¨ ª®íää¨æ¨¥−â�¬¨ cvh

(v = 1, L; h = 1, NX ) ¢¨¤�

KL
hl(t1, t2) =

L∑

v=1

(cvh)TfL(t1)
(
fL(t2)

)T
cvl

(
h, l = 1, NX

)
.

‘«¥¤ãï [18, 19], à¥è¨¬ íâã §�¤�çã −� ®á−®¢¥ −¥©à®á¥â¥¢ëå â¥å−®«®£¨© [20{22].

3 Алгоритм моделирования векторного стохастического процесса

„«ï ¯à¨¬¥−¥−¨ï −¥©à®á¥â¥¢ëå â¥å−®«®£¨© −¥®¡å®¤¨¬® §�¤�âì ¬−®¦¥áâ¢®
®¡ãç�îé¨å ¯à¨¬¥à®¢. “ç¨âë¢�ï ®¯ëâ ¯®áâà®¥−¨ï Š÷‚�‘ ®¤−®¬¥à−®£® ‘â� [18,
19], ç¨á«® â®ç¥ª ¯® ®á¨ ¢à¥¬¥−¨ ¢®§ì¬¥¬ à�¢−ë¬ ç¨á«ã ¡�§¨á−ëå ¢¥©¢«¥â-
äã−ªæ¨©, çâ® ®¡¥á¯¥ç¨â ¬�ªá¨¬�«ì−ãî áª®à®áâì ®¡ãç¥−¨ï ‚�‘ ¡¥§ ¯®â¥à¨
ãáâ®©ç¨¢®áâ¨ ¢ëç¨á«¥−¨©. ’®£¤� ç¨á«® ¯à¨¬¥à®¢ N = L2:

{(
τ i, di

)}N

i=1
; τ i =

[

ti11 t
i2
2

]T
; i1 = i2 = 1, L ; i = (i1 − 1)L+ i2 ;

di =
[
di
1, d

i
2, . . . , d

i
Nd

]T
; di

j = Khl(t
i
1, t

i
2) ;

j = (h− 1)NX + l; h, l = 1, NX ; Nd = N
2
X .

�¡®§−�ç¨¬ ç¥à¥§ ¢¥ªâ®à yi = [yi
1 y

i
2 · · · yi

Nd
]T à¥�«ì−ãî à¥�ªæ¨î ‚�‘ −�

¯®¤�çã i-£® ¯à¨¬¥à�. ‚ëå®¤−®© á¨£−�« yi ¤«ï ª�¦¤®£® i-£® ¯à¨¬¥à� áà�¢−¨¢�¥âáï
á á®®â¢¥âáâ¢ãîé¨¬ ¦¥«�¥¬ë¬ ®âª«¨ª®¬ ‚�‘ di. ˆå à�§−®áâì ®¯à¥¤¥«ï¥â á¨£−�«
®è¨¡ª¨ ei = di − yi, ei = [ei1 e

i
2 · · · eiNd

]T, eij = di
j − yi

j (i = 1, N ; j = 1, Nd).
”ã−ªæ¨î áâ®¨¬®áâ¨ §�¤�¤¨¬ ¢ ¢¨¤¥ áà¥¤−¥ª¢�¤à�â¨ç−®© ®è¨¡ª¨ (‘Š�) ¤«ï
¢á¥£® −�¡®à� ¯à¨¬¥à®¢:

E(cvh) =
1

2NNd

N∑

i=1

Nd∑

j=1

(
eij

)2
, (6)
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�«£®à¨â¬ ¬®¤¥«¨à®¢�−¨ï ¢¥ªâ®à−®£® ‘â� ¯®áà¥¤áâ¢®¬ ¥£® Š÷ −� ®á−®¢¥ ‚�‘

¨«¨ ¢ ¯®¤à®¡−®© §�¯¨á¨

E
(

cvh
)

=
1

2NNd

N∑

i=1

NX∑

h=1

NX∑

l=1

(

di
(h−1)NX+l −KL

hl

(
ti1, t

i
2

))2
.

�àå¨â¥ªâãàã ‚�‘ ¬®¦−® ®¯¨á�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¢å®¤−®© á¨£−�« | τ i = [ti11 t
i2
2 ]
T; i1, i2 = 1, L; i = (i1 − 1)L+ i2;

{ ¯¥à¢ë© áªàëâë© á«®© §�¤�¥â ¯à®áâà�−áâ¢® ¯à¨§−�ª®¢ ¢ ¢¨¤¥ §−�ç¥−¨© ¡�§¨á-
−ëå ¢¥©¢«¥â-äã−ªæ¨© | fv(t

i1
1 ), fv(t

i2
2 ) (v = 1, L; i1, i2 = 1, L);

{ ¢â®à®© áªàëâë© á«®© ¢ëç¨á«ï¥â §−�ç¥−¨ï ª®®à¤¨−�â−ëå äã−ªæ¨© Š÷ |
xL

vh(t
i1
1 ) =

∑L
µ=1 c

vh
µ fµ(t

i1
1 ); xL

vh(t
i2
2 ) =

∑L
µ=1 c

vh
µ fµ(t

i2
2 ) (v = 1, L; h =

= 1, NX ); ¢¥ªâ®àë cvh (v = 1, L; h = 1, NX ) | −¥¨§¢¥áâ−ë¥ ¢¥á®¢ë¥
ª®íää¨æ¨¥−âë;

{ ¢ëå®¤−®© á«®© ¢ëç¨á«ï¥â §−�ç¥−¨ï í«¥¬¥−â®¢ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë |
KL

hl(t
i1
1 , t

i2
2 ) =

∑L
v=1 x

L
vh(t

i1
1 )x

L
vl(t

i2
2 ) (h, l = 1, NX ; i1, i2 = 1, L).

�âáî¤� ¢¨¤−®, çâ® ‚�‘ á®¤¥à¦¨â ç¥âëà¥ á«®ï, ¢ â®¬ ç¨á«¥ ¤¢� áªàëâëå.
„«ï ®¡ãç¥−¨ï ‚�‘ á ãç¨â¥«¥¬ ¯à¨¬¥−¨¬ �«£®à¨â¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï
®è¨¡ª¨ [22]. �ãáâì ¨áå®¤−ë¥ §−�ç¥−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ cvh(0) = cvh0

(v = 1, L; h = 1, NX ). „�«¥¥ £¥−¥à¨àã¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì ¢¥á®¢ëå ª®íää¨-
æ¨¥−â®¢ cvh(1), cvh(2), . . . â�ª�ï, çâ® §−�ç¥−¨¥ äã−ªæ¨¨ áâ®¨¬®áâ¨ ã¬¥−ìè�¥âáï
¯à¨ ª�¦¤®© ¨â¥à�æ¨¨ �«£®à¨â¬�: E(cvh(n + 1)) < E(cvh(n)). �à¨§−�ª®¬ ®ª®−-
ç�−¨ï ¢ëç¨á«¥−¨© ¬®¦−® ¢§ïâì ãá«®¢¨¥ |E(cvh(n))| ≤ Ea, £¤¥ Ea | §�¤�¢�¥¬�ï
ª®−áâ�−â�, å�à�ªâ¥à¨§ãîé�ï â®ç−®áâì ¢ëç¨á«¥−¨©. „«ï ª®àà¥ªâ¨à®¢ª¨ −¥¨§-
¢¥áâ−ëå ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ cvh (v = 1, L; h = 1, NX ) ¯à¨¬¥−¨¬ ä®à¬ã«ã

cvh(n+ 1) = cvh(n)− ηrvh(n) , (7)

£¤¥ η = const | ¯�à�¬¥âà áª®à®áâ¨ ®¡ãç¥−¨ï, 0 < η < 1;

rvh = ∇E
(

cvh
)

=

[
∂E

∂cvh
1

∂E

∂cvh
2

· · · ∂E
∂cvh

L

]T
(
v = 1, L ; h = 1, NX

)
. (8)

‡¤¥áì

∂E

∂cvh
µ

=

= − 1

NNd

N∑

i=1

[
NX∑

l=1

ei(h−1)NX+l

∂KL
hl

(
ti1, t

i
2

)

∂cvh
µ

+

NX∑

k=1

ej(k−1)NX+h

∂KL
hl

(
ti1, t

i
2

)

∂cvh
µ

]

(
µ = 1, L

)
, (9)
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£¤¥
∂KL

hl

(
ti1, t

i
2

)

∂cvh
µ

= fµ(t
i
1)x

L
vl(t

i
2)

(
h, l = 1, NX ; h 6= l

)
;

∂KL
kh

(
ti1, t

i
2

)

∂cvh
µ

= fµ

(
ti2

)
xL

vk

(
ti1

) (
k, h = 1, NX ; k 6= h

)
;

∂KL
hh

(
ti1, t

i
2

)

∂cvh
µ

= fµ

(
ti1

)
xL

vh

(
ti2

)
+ fµ

(
ti2

)
xL

vh

(
ti1

) (
h = 1, NX

)
.







(10)

‚ à¥§ã«ìâ�â¥ ¯®«ãç�¥¬ á«¥¤ãîé¨© �«£®à¨â¬ ¯®áâà®¥−¨ï ¯à¨¡«¨¦¥−−®£® Š÷
¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© ¢¥ªâ®à−®£® ‘â� −� ®á−®¢¥ ®¡ãç¥−¨ï ¬−®£®-
á«®©−®© ‚�‘.

�«£®à¨â¬. �®áâà®¥−¨¥ Š÷‚�‘ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨©
¢¥ªâ®à−®£® ‘â�

1. ‡�¤�−¨¥ ¬−®¦¥áâ¢� ®¡ãç�îé¨å ¯à¨¬¥à®¢.

2. ‡�¤�−¨¥ ¯�à�¬¥âà� áª®à®áâ¨ ®¡ãç¥−¨ï 0 < η < 1.

3. ‚ëç¨á«¥−¨¥ äã−ªæ¨© ¯¥à¢®£® áªàëâ®£® á«®ï: fv(t
i1
1 ), fv(t

i2
2 ) (v = 1, L;

i1, i2 = 1, L).

4. ˆ−¨æ¨�«¨§�æ¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢: cvh(0) = cvh0 (v = 1, L;
h = 1, NX ) ¯à¨ n = 0. �®á«¥¤ãîé¨¥ è�£¨ −�ç¨−�îâáï á n = 1, 2, . . .

5. ‚ëç¨á«¥−¨¥ äã−ªæ¨© ¢â®à®£® áªàëâ®£® á«®ï: xL
vh(t

ij
j ) =

= (cvh(n))TfL(t
ij
j ) (v = 1, L; h = 1, NX ; ij = 1, L, j = 1, 2).

6. ‚ëç¨á«¥−¨¥ ä�ªâ¨ç¥áª®£® ®âª«¨ª�: yi(n) =
∑L

v=1 x
L
vh(t

i
1)x

L
vl(t

i
2) (i =

= 1, N ).

7. ‚ëç¨á«¥−¨¥ ®è¨¡ª¨ ei(n) = di−yi(n) ¤«ï ª�¦¤®£® ¯à¨¬¥à� ¨ ‘Š� ¤«ï
¢á¥£® −�¡®à� ®¡ãç�îé¨å ¯à¨¬¥à®¢. ��ç¨−�ï á® ¢â®à®£® è�£� ¯à®¢¥àª�
ãá«®¢¨ï ®ª®−ç�−¨ï �¤�¯â�æ¨¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢: |E(cvh(n))| ≤
≤ Ea. …á«¨ ãá«®¢¨¥ ¢ë¯®«−ï¥âáï, ¢ëå®¤ ¨§ �«£®à¨â¬�, ¢ ¯à®â¨¢−®¬
á«ãç�¥ ¯¥à¥å®¤ ª á«¥¤ãîé¥¬ã ¤¥©áâ¢¨î.

8. ˆ§¬¥−¥−¨¥ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ cvh (v = 1, L; h = 1, NX ) ¯®
ä®à¬ã«�¬ (7){(10).

9. “¢¥«¨ç¨¢�¥¬ −®¬¥à ¨â¥à�æ¨¨ n −� 1 ¨ ¢®§¢à�é�¥¬áï ª ¯. 5.

�à¨ ¢ë¯®«−¥−¨¨ �«£®à¨â¬� ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë cvh (v = 1, L; h = 1, NX )
áâ�¡¨«¨§¨àãîâáï ®ª®«® −¥ª®â®à®£® ®¯â¨¬�«ì−®£® §−�ç¥−¨ï cvh∗

(v = 1, L; h =
= 1, NX ), ¯à¨ ª®â®à®¬ äã−ªæ¨ï áâ®¨¬®áâ¨ (6) ¯à¨−¨¬�¥â ¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥.
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�â¨¬ ®¯â¨¬�«ì−ë¬ §−�ç¥−¨ï¬ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ á®®â¢¥âáâ¢ã¥â Š÷‚�‘
¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© KL∗

(t1, t2) = ‖KL∗

hl (t1, t2)‖NX

h,l=1:

KL∗

(t1, t2) =

L∑

v=1

xL∗

v (t1)
(

xL∗

v (t2)
)T
;

KL∗

hl (t1, t2) =

L∑

v=1

xL∗

vh (t1)x
L∗

vl (t2)
(
h, l = 1, NX

)
,







(11)

£¤¥

xL∗

v (t) =
[

xL∗

v1 (t), x
L∗

v2 (t), . . . , x
L∗

vNX
(t)

]T
; xL∗

vh (t) =
(

cvh∗

)T
fL(t)

(
v = 1, L ; h = 1, NX

)
. (12)

‘®£«�á−® ®¡à�â−®© â¥®à¥¬¥ �ã£�çñ¢� [6{9], ¨¬¥¥¬ á®®â¢¥âáâ¢ãîé¥¥ Š÷‚�‘
¢¥ªâ®à−®£® ‘â� X(t):

XL∗

(t) =

L∑

v=1

Vvx
L∗

v (t) , (13)

£¤¥ ‘‚ Vv (v = 1, L) ¨¬¥îâ −ã«¥¢ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¨ ¥¤¨−¨ç−ë¥
¤¨á¯¥àá¨¨. ’®ç−®áâì �¯¯à®ªá¨¬�æ¨¨ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© ¥¥
Š÷‚�‘ (11){(12) ¨ ¢¥ªâ®à−®£® ‘â� X(t) ¥£® Š÷‚�‘ (13) ®¯à¥¤¥«ï¥âáï ‘Š�

Emin = E
(

cvh∗

)

=
1

2NNd

N∑

i=1

NX∑

h=1

NX∑

l=1

(

Khl

(
ti1, t

i
2

)
−KL∗

hl

(
ti1, t

i
2

))2
.

�� ¯à�ªâ¨ª¥ ç�áâ® ¤«ï ®æ¥−ª¨ â®ç−®áâ¨ ¨á¯®«ì§ãîâ ¬®¤ã«ì �¡á®«îâ−®© ®è¨¡ª¨
®æ¥−ª¨ ¤¨á¯¥àá¨© í«¥¬¥−â®¢ ¢¥ªâ®à−®£® ‘â�

–DX
h (t) =

∣
∣
∣Khh(t, t)−KL∗

hh (t, t)
∣
∣
∣

(
h = 1, NX

)

¨«¨ ¤¨á¯¥àá¨®−−ë© á«¥¤ (trace)

–DX(t) = tr
[

K(t, t)−KL∗

(t, t)
]

=

NX∑

h=1

–DX
h (t) .

ˆá¯®«ì§®¢�−¨¥ Š÷‚�‘ −¥áâ�æ¨®−�à−®£® ‘â� (13) ¯®§¢®«ï¥â á¢¥áâ¨ ¢ë¯®«-
−¥−¨¥ à�§«¨ç−ëå «¨−¥©−ëå ®¯¥à�æ¨© −�¤ ‘â� ª ®¡ëç−ë¬ ®¯¥à�æ¨ï¬ ¬�â¥¬�-
â¨ç¥áª®£® �−�«¨§� −�¤ −¥á«ãç�©−ë¬¨ ª®®à¤¨−�â−ë¬¨ äã−ªæ¨ï¬¨. ‘«ãç�©−ë¥
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¢¥«¨ç¨−ë Vv (v = 1, L) áM[Vv] = 0 ¨ D[Vv] = 1 ¨¬¥îâ â® ¦¥ à�á¯à¥¤¥«¥−¨¥, çâ®
¨ ‘â� X(t). …á«¨ à�á¯à¥¤¥«¥−¨¥ ‘â� X(t) −¥¨§¢¥áâ−®, â®, ª�ª ¯à�¢¨«®, ‘‚
Vv (v = 1, L) áç¨â�îâ −®à¬�«ì−® à�á¯à¥¤¥«¥−−ë¬¨. �à¨ ¬®¤¥«¨à®¢�−¨¨ à¥�«¨-
§�æ¨© ‘â� X(t), ¯à¥¤áâ�¢«¥−−®£® ¥£® Š÷‚�‘ (13), §−�ç¥−¨ï ‘‚ Vv (v = 1, L)
¯®«ãç�îâ á ¯®¬®éìî á®®â¢¥âáâ¢ãîé¥£® ¤�âç¨ª� á«ãç�©−ëå ç¨á¥«.

4 Пример

�®áâà®¨âì Š÷‚�‘ ¤¢ã¬¥à−®£® ‘â� X(t) = [X1(t)X2(t)]
T −� ¯à®¬¥¦ãâª¥

[t0, t0 + T ] á −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ¬�âà¨æ¥© ª®¢�à¨�æ¨®−−ëå
äã−ªæ¨© K(t1, t2) = ‖Kij(t1, t2)‖2i,j=1 ¤«ï

Kii(t1, t2) = Di exp {−αi|t2 − t1|+ βi(t2 + t1)} (i = 1, 2);
K12(t1, t2) = K21(t1, t2) = D12 exp {−α12|t2 − t1|+ β12(t2 + t1)} .

„«ï ¯®áâà®¥−¨ï Š÷‚�‘ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ‘â� X(t) à�§à�¡®â�-
−® ¨−áâàã¬¥−â�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ Š÷‚�‘.2 ¢ áà¥¤¥ MATLAB.
�ªá¯¥à¨¬¥−â�«ì−® ¡ë«® ãáâ�−®¢«¥−®, çâ® à�§à�¡®â�−−ë© �«£®à¨â¬ ®¡¥á¯¥ç¨¢�¥â
¬�ªá¨¬�«ì−ãî áª®à®áâì ®¡ãç¥−¨ï ‚�‘ ¡¥§ ¯®â¥à¨ ãáâ®©ç¨¢®áâ¨ ¯à¨ ¯�à�¬¥â-
à¥ áª®à®áâ¨ ®¡ãç¥−¨ï η = 0,01 ¨ ¯à¨ ¤¥â¥à¬¨−¨à®¢�−−®¬ §�¤�−¨¨ −�ç�«ì−ëå
§−�ç¥−¨© ¤«ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ cvh

µ (0) = 0,1 (v, µ = 1, L; h = 1, 2).
ˆáå®¤−ë¥ ¤�−−ë¥: Di = 1 (i = 1, 2); D12 = 0,5; α1 = α12 = 1; α2 = 0,5;

βi = β12 = 0,1 (i = 1, 2); J = 2; L = 8; t0 = 0; T = 8.
÷¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë −� à¨á. 1{4. �à¨ à¥è¥−¨¨ §�¤�ç¨ ¤«ï Ea = 0,0042

¯à¨ n ≥ 165 ¡ë«¨ ¯®«ãç¥−ë £à�ä¨ª¨ â®ç−ëå §−�ç¥−¨© D1tr ¨ D2tr ¤¨á¯¥à-
á¨© K11(t, t) ¨ K22(t, t) ¨ ¨å ¯à¨¡«¨¦¥−−ëå §−�ç¥−¨© D1ap ¨ D2ap, � â�ª¦¥
£à�ä¨ª¨ à¥�«¨§�æ¨© X1(t) ¨X2(t) ‘â�X(t). ‚ â�¡«¨æ¥ ¤�−ë §−�ç¥−¨ï ¬®¤ã«¥©

÷¨á. 1 ƒà�ä¨ª¨ â®ç−ëå §−�ç¥−¨© D1tr
¤¨á¯¥àá¨¨K11(t, t) (1) ¨ ¥¥ ®æ¥−ª¨ D1ap (2)

÷¨á. 2 ƒà�ä¨ª¨ â®ç−ëå §−�ç¥−¨© D2tr
¤¨á¯¥àá¨¨K22(t, t) (1) ¨ ¥¥ ®æ¥−ª¨ D2ap (2)
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÷¨á. 3 ƒà�ä¨ª à¥�«¨§�æ¨¨ X1(t) ÷¨á. 4 ƒà�ä¨ª à¥�«¨§�æ¨¨ X2(t)

•�à�ªâ¥à¨áâ¨ª¨ â®ç−®áâ¨ Š÷‚�‘ ‘â� X(t)

t –DX
1 –DX

2 –DX

0,5 0,2007 0,0658 0,2665
1,5 0,1777 0,1661 0,3438
2,5 0,0955 0,1086 0,2041
3,5 0,1701 0,1544 0,3245
4,5 0,3565 0,3045 0,6610
5,5 0,2003 0,1240 0,3243
6,5 0,1201 0,1833 0,3034
7,5 0,1815 0,0520 0,2335

�¡á®«îâ−ëå ®è¨¡®ª ®æ¥−®ª ¤¨á¯¥àá¨©–X
i (t) (i = 1, 2) ª®¬¯®−¥−â®¢X1(t) ¨X2(t)

¨ ¤¨á¯¥àá¨®−−®£® á«¥¤� –DX(t) ‘â� X(t).

5 Заключение

÷�§à�¡®â�− −®¢ë© ¬¥â®¤ ¯®áâà®¥−¨ï Š÷ ¢¥ªâ®à−®£® ‘â�, §�¤�−−®£® −� ª®-
−¥ç−®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨, −� ®á−®¢¥ ¬−®£®á«®©−®© ‚�‘. „�−−ë© ¬¥â®¤
¯à¥¤áâ�¢«ï¥â á®¡®© ®¡®¡é¥−¨¥ �−�«®£¨ç−®£® ¬¥â®¤�, ¯à¥¤«®¦¥−−®£® ¢ [18, 19]
¤«ï ¬®¤¥«¨à®¢�−¨ï áª�«ïà−®£® ‘â�. „«ï ¯®áâà®¥−¨ï Š÷‚�‘ ¢¥ªâ®à−®£® ‘â�
à�§à�¡®â�−� �àå¨â¥ªâãà� ¬−®£®á«®©−®© ‚�‘. „«ï ®¡ãç¥−¨ï á ãç¨â¥«¥¬ ‚�‘
¯à¨¬¥−ï¥âáï �«£®à¨â¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡ª¨, � ¤«ï ª®àà¥ªæ¨¨ ¢¥-
á®¢ëå ª®íää¨æ¨¥−â®¢ ¢ë¡à�− ¬¥â®¤ £à�¤¨¥−â−®£® á¯ãáª�. Š�ª ¨§¢¥áâ−®, íâ®â
¬¥â®¤ á¨«ì−® §�¢¨á¨â ®â ¢ë¡®à� −�ç�«ì−ëå §−�ç¥−¨© ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¨ ®â
¯�à�¬¥âà� áª®à®áâ¨ ®¡ãç¥−¨ï, çâ® ¨ ¯®¤â¢¥à¤¨«¨ ¢ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë.
‚ ®á−®¢¥ ¬¥â®¤� «¥¦¨â �¯¯à®ªá¨¬�æ¨ï í«¥¬¥−â®¢ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ‘â�
ª¢�¤à�â¨ç−ë¬¨ ä®à¬�¬¨ ¡�§¨á−ëå ¢¥©¢«¥â®¢ á ª®¬¯�ªâ−ë¬¨ −®á¨â¥«ï¬¨.

�à¥¨¬ãé¥áâ¢®¬ Š÷‚�‘ ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ ¯à¨¡«¨¦¥−−ë¬¨ ¬¥â®¤�¬¨
¯®áâà®¥−¨ï Š÷ ¢¥ªâ®à−®£® ‘â� §�ª«îç�¥âáï ¢ ¥£® ¯à®áâ®â¥ ¢ ¬�â¥¬�â¨ç¥áª®¬
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¨ �«£®à¨â¬¨ç¥áª®¬ ¯«�−�å. Œ¥â®¤ Š÷‚�‘ ¡ë« ¯à¨¬¥−¥− ¤«ï ¬®¤¥«¨à®¢�−¨ï
â¨¯®¢ëå ¤¢ã¬¥à−ëå ‘â�. ‚ áâ�âì¥ ¯à¨¢¥¤¥− ®¤¨− ¯à¨¬¥à ¬®¤¥«¨à®¢�−¨ï ¤¢ã-
¬¥à−®£® −¥áâ�æ¨®−�à−®£® ‘â�. „«ï ¯®¢ëè¥−¨ï áª®à®áâ¨ áå®¤¨¬®áâ¨ �«£®à¨â¬�
¨ â®ç−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë æ¥«¥á®®¡à�§−® à�áá¬®âà¥âì
¤àã£¨¥ ¬¥â®¤ë ª®àà¥ªæ¨¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢.

‚�¦−®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¨¬¥îâ §�¤�ç¨ à�§à�¡®âª¨ ¬¥â®¤®¢ áâ�â¨áâ¨ç¥-
áª®© «¨−¥�à¨§�æ¨¨ ¨ �¯¯à®ªá¨¬�æ¨¨ â¨¯®¢ëå −¥«¨−¥©−ëå ¯à¥®¡à�§®¢�−¨© ‘â�,
� â�ª¦¥ ¬¥â®¤®¢ ¨å ä¨«ìâà�æ¨¨ −� ®á−®¢¥ Š÷‚�‘.
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MODELING ALGORITHMS FOR VECTOR STOCHASTIC PROCESS
BY CANONICAL EXPANSIONS BASED ON MULTILAYER WAVELET
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Abstract: The paper is devoted to modeling methods and algorithms for vector
stochastic process (StP) based on multilayer canonical expansions (CE) of wavelet
neural network (WNN). Stochastic process is defined on a fixed time interval.
Canonical expansion for matrix covariance functions construction is considered as
approximation problem for elements of covariance functions by quadratic forms
of basic wavelet with compact carriers. For its solution, multilayer architecture
of WNN is developed. Training with teacher is realized by inverse error extension
method. The CE of coordinate functions are taken in linear combination of basic
wavelet functions with weighting coefficients whose optimal values are defined
during WNN functioning. Special attention is paid to two-dimensional typical
nonstationary StP. Advantages of CE of WNN algorithms are discussed.
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ОБ УНИВЕРСАЛЬНЫХ МОДЕЛЯХ СОСТОЯНИЯ
ДЛЯ ЗАДАЧ СЛЕЖЕНИЯ И НАВИГАЦИИ

БЕСПИЛОТНЫХ ДВИЖУЩИХСЯ ОБЪЕКТОВ∗

И. В. Урюпин1

�−−®â�æ¨ï: „«ï ¯®áâ�−®¢ª¨ ¡®«ìè¨−áâ¢� −�¢¨£�æ¨®−−ëå §�¤�ç âà¥¡ã¥â-
áï ª®àà¥ªâ−® áä®à¬ã«¨à®¢�âì §�¤�çã ä¨«ìâà�æ¨¨ á®áâ®ï−¨ï áâ®å�áâ¨ç¥áª®©
¤¨−�¬¨ç¥áª®© á¨áâ¥¬ë ¯® ª®á¢¥−−ë¬ −�¡«î¤¥−¨ï¬. …á«¨ −�¢¨£�æ¨ï ¢ë¯®«−ï-
¥âáï ¢ −¥ª®®¯¥à�â¨¢−®¬ áæ¥−�à¨¨, ª®£¤� −�¡«î¤�¥¬ë© ®¡ê¥ªâ ¨ ¨§¬¥à¨â¥«ì−�ï
á¨áâ¥¬� −¥ ¢§�¨¬®¤¥©áâ¢ãîâ, �¯à¨®à−�ï ¨−ä®à¬�æ¨ï ® ¬®¤¥«¨ ¤¢¨¦¥−¨ï «¨¡®
®£à�−¨ç¥−� ¯à®áâë¬¨ ®¯¨á�−¨ï¬¨ æ¥«¨ ¨ ãá«®¢¨ï¬¨ áà¥¤ë, «¨¡® ¢®®¡é¥ ®â-
áãâáâ¢ã¥â. „«ï â�ª¨å á«ãç�¥¢ ¢ áâ�âì¥ ¯à¥¤«�£�¥âáï −¥áª®«ìª® ã−¨¢¥àá�«ì−ëå
¬®¤¥«¥©, âà¥¡ãîé¨å ¬¨−¨¬�«ì−®£® ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ® ¯�à�¬¥âà�å ¤¢¨-
¦ãé¥£®áï ®¡ê¥ªâ�. ‚ ®á−®¢¥ ¬®¤¥«¥© «¥¦¨â ¯à®áâ®¥ ¤¢¨¦¥−¨¥ á ¯®áâ®ï−−®©
áª®à®áâìî. �âáãâáâ¢¨¥ ¨−ä®à¬�æ¨¨ ®¡ íâ®© áª®à®áâ¨ ¤®¯®«−ï¥â á®¡áâ¢¥−−®
−�¢¨£�æ¨î §�¤�ç¥© ¥¥ ¨¤¥−â¨ä¨ª�æ¨¨. ��¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï §�¤�¥âáï §−�ç¥-
−¨¥¬ áà¥¤−¥© áª®à®áâ¨, ª®â®à®¥ ¬®¦¥â ¨§¬¥−ïâìáï ®â âà�¥ªâ®à¨¨ ª âà�¥ªâ®à¨¨,
¢ â®¬ ç¨á«¥ ¢ §�¢¨á¨¬®áâ¨ ®â ª®®à¤¨−�â ®¡ê¥ªâ� ¢ ¬®¬¥−â ®¡−�àã¦¥−¨ï. �¥-
®¯à¥¤¥«¥−−®áâì ¤¢¨¦¥−¨ï ¬®¤¥«¨àã¥âáï −¥áª®«ìª¨¬¨ ¢�à¨�−â�¬¨ �¤¤¨â¨¢−ëå
(ª®àà¥«¨à®¢�−−ëå ¨ −¥ª®àà¥«¨à®¢�−−ëå) ¢®§¬ãé¥−¨©, ¨¬¨â¨àãîé¨å å�®â¨-
ç¥áª®¥ ¤¢¨¦¥−¨¥ á á®åà�−¥−¨¥¬ ®¡é¥£® −�¯à�¢«¥−¨ï. �®«¥¥ á«®¦−�ï ¬®¤¥«ì
¨áå®¤¨â ¨§ ¯à¥¤¯®«®¦¥−¨ï ® ¯¥à¨®¤¨ç¥áª®© á¬¥−¥ áà¥¤−¥© áª®à®áâ¨ ¤¢¨¦¥-
−¨ï, �−�«®£� ¤¢¨¦¥−¨ï á ªãá®ç−®-¯®áâ®ï−−®© áª®à®áâìî. ’�ª¨¥ ¨§¬¥−¥−¨ï
¬®¤¥«¨ ¤¢¨¦¥−¨ï ¬®¤¥«¨àã¥â ¯ã�áá®−®¢áª¨© ¯®â®ª á®¡ëâ¨©. �â¬¥ç�¥âáï, çâ®
¤�¦¥ ¢ ãá«®¢¨ïå −�«¨ç¨ï �¯à¨®à−®© ¨−ä®à¬�æ¨¨ ®¡ íâ®¬ ¯®â®ª¥ §�¤�ç� −�¢¨-
£�æ¨¨ á®¯à®¢®¦¤�¥âáï çà¥§¢ëç�©−® á«®¦−®© §�¤�ç¥© ¨¤¥−â¨ä¨ª�æ¨¨, â�ª ª�ª
âà¥¡ã¥âáï ®æ¥−¨¢�âì ¨§¬¥−¨¢èãîáï áà¥¤−îî áª®à®áâì −� ª®à®âª®¬ ¨−â¥à¢�«¥
−�¡«î¤¥−¨ï. �à¨¢¥¤¥−ë å�à�ªâ¥à−ë¥ ¯à¨¬¥àë à�ááç¨â�−−ëå âà�¥ªâ®à¨©.

Š«îç¥¢ë¥ á«®¢�: −�¢¨£�æ¨ï; á«¥¦¥−¨¥ §� æ¥«ìî; ¡¥á¯¨«®â−ë¥ ¤¢¨¦ãé¨¥áï
�¯¯�à�âë; áâ®å�áâ¨ç¥áª�ï ¤¨−�¬¨ç¥áª�ï á¨áâ¥¬� −�¡«î¤¥−¨ï; �¤¤¨â¨¢−ë¥
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1 Введение

‚ ç¨á«¥ ¯à¨«®¦¥−¨©, âà¥¡ãîé¨å ¯à¨¬¥−¥−¨ï ¢ à¥è¥−¨¨ ¬¥â®¤®¢ áâ®å�-
áâ¨ç¥áª®© ä¨«ìâà�æ¨¨, §−�ç¨â¥«ì−®¥ ¬¥áâ® ¢á¥£¤� §�−¨¬�«¨ §�¤�ç¨ ã¯à�¢«¥−¨ï

∗÷�¡®â� ¢ë¯®«−ï«�áì á ¨á¯®«ì§®¢�−¨¥¬ ¨−äà�áâàãªâãàë –¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
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¤¢¨¦ãé¨¬¨áï ®¡ê¥ªâ�¬¨. ‚−¥ §�¢¨á¨¬®áâ¨ ®â æ¥«¨ ã¯à�¢«¥−¨ï ¤«ï ¥¥ ¤®áâ¨¦¥-
−¨ï −ã¦−® ¯®−¨¬�âì, ¢ ª�ª®¬ ¯®«®¦¥−¨¨ /̈̈ «¨ á®áâ®ï−¨¨ −�å®¤¨âáï ¤¢¨¦ãé¨©áï
®¡ê¥ªâ. ’®ç−®© ¨−ä®à¬�æ¨¨ ®¡ íâ®¬, ª�ª ¯à�¢¨«®, −¥â, � ¤®áâã¯−ë «¨èì ª®á-
¢¥−−ë¥ −�¡«î¤¥−¨ï | ¨§¬¥à¥−¨ï, ¢ë¯®«−¥−−ë¥ â¥¬¨ ¨«¨ ¨−ë¬¨ á¥−á®à�¬¨,
à�á¯®«®¦¥−−ë¬¨ ¨«¨ −� ¡®àâã ¤¢¨¦ãé¥£®áï ®¡ê¥ªâ�, ¨«¨ ¢−¥ ¥£® ª®−âà®«ï.
�®¢ë© ãà®¢¥−ì ¢−¨¬�−¨ï ª íâ®© ®¡«�áâ¨ ¢ ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï ¢ë§¢�− áª�ç-
ª®®¡à�§−ë¬ à�§¢¨â¨¥¬ â¥å−®«®£¨© �¢â®−®¬−ëå ¤¢¨¦ãé¨åáï ®¡ê¥ªâ®¢. Š −¨¬
®â−®áïâ ¯à¥¦¤¥ ¢á¥£® ¡¥á¯¨«®â−ë¥ «¥â�â¥«ì−ë¥ �¯¯�à�âë (��‹�) [1, 2], �¢â®−®¬-
−ë¥ ¯®¤¢®¤−ë¥ �¯¯�à�âë [3] ¨ ¡¥á¯¨«®â−ë¥ �¢â®¬®¡¨«¨ [4]. �â¨ −®¢ë¥ ¨«¨ ¢−®¢ì
áâ�¢è¨¥ �ªâã�«ì−ë¬¨ â¥å−®«®£¨¨ áâ�«¨ ¨−â¥à¥á−ë¬¨ ¯à¨«®¦¥−¨ï¬¨ ¤«ï ¢¯®«−¥
âà�¤¨æ¨®−−ëå −�¢¨£�æ¨®−−ëå §�¤�ç [5]: ®â â¨¯®¢®© §�¤�ç¨ á®¯à®¢®¦¤¥−¨ï æ¥«¨
¤® ãá«®¢−® −®¢ëå §�¤�ç ¯®§¨æ¨®−¨à®¢�−¨ï ¯® ¤�−−ë¬ £«®¡�«ì−ëå −�¢¨£�æ¨®−-
−ëå á¨áâ¥¬ [6, 7] ¨«¨ á®¢à¥¬¥−−ëå á®−�à®¢ | �ªãáâ¨ç¥áª¨å á¥−á®à®¢ [8, 9].
�á®¡¥−−®áâ¨ ¯®¢¥¤¥−¨ï �¢â®−®¬−ëå �¯¯�à�â®¢, � ¢ ¡®«ìè¥© áâ¥¯¥−¨ ®á®¡¥−−®áâ¨
áà¥¤, ¢ ª®â®àëå ¯à®¨áå®¤¨â ¤¢¨¦¥−¨¥, ¨ á¯¥æ¨ä¨ª� ¨á¯®«ì§ã¥¬ëå ¨§¬¥à¨â¥«ì-
−ëå áà¥¤áâ¢ −¥ ¢á¥£¤� ¯®§¢®«ïîâ ¯à¨¬¥−ïâì â¨¯®¢ë¥ ¯®¤å®¤ë ª ä¨«ìâà�æ¨¨.
�®íâ®¬ã ¢áâ�¥â −¥®¡å®¤¨¬®áâì à�§¢¨â¨ï áãé¥áâ¢ãîé¨å ¬¥â®¤®«®£¨© ®æ¥−¨¢�−¨ï
¨ á®§¤�−¨ï −®¢ëå [10{16].

Š®àà¥ªâ−�ï ¯®áâ�−®¢ª� §�¤�ç¨ ä¨«ìâà�æ¨¨ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ ¬®¤¥«¨
¤¢¨¦¥−¨ï ®¡ê¥ªâ�. ‚ ª®®¯¥à�â¨¢−®¬ áæ¥−�à¨¨, ª®£¤� −�¡«î¤�¥¬ë© ®¡ê¥ªâ ¨ ¨§-
¬¥à¨â¥«ì−�ï á¨áâ¥¬� ¢¬¥áâ¥ à¥è�îâ ®¡éãî −�¢¨£�æ¨®−−ãî §�¤�çã, ¨−ä®à¬�æ¨ï
® ¬®¤¥«¨ ¬®¦¥â ¡ëâì ¢¥áì¬� ¤¥â�«ì−®© ¢¯«®âì ¤® §−�−¨ï áª®à®áâ¥© ¤¢¨¦¥−¨ï
¨ ¢à�é¥−¨ï, §�¤�−−ëå §�à�−¥¥ ¨«¨ ¢ ¢¨¤¥ ®¡à�â−®© á¢ï§¨. ‚ −¥ª®®¯¥à�â¨¢−®¬,
â¥¬ ¡®«¥¥ �−â�£®−¨áâ¨ç¥áª®¬, áæ¥−�à¨¨ á¢¥¤¥−¨ï ® ¤¢¨¦¥−¨¨ ®£à�−¨ç¥−ë ¯à®-
áâë¬¨ ®¯¨á�−¨ï¬¨ æ¥«¨ ¨ ãá«®¢¨© áà¥¤ë «¨¡® ¢®®¡é¥ ®âáãâáâ¢ãîâ. ˆ¬¥−−® â�ª®©
¢�à¨�−â ¨áá«¥¤ã¥âáï ¢ áâ�âì¥, ¨ ¤«ï −¥£® ¯à¥¤«�£�îâáï −¥áª®«ìª® ã−¨¢¥àá�«ì−ëå
¬®¤¥«¥©, âà¥¡ãîé¨å ¬¨−¨¬�«ì−®£® ®¡ê¥¬� ¨−ä®à¬�æ¨¨.

2 Общая модель движения

’à�¤¨æ¨®−−® §�¤�ç¥ ¬®¤¥«¨à®¢�−¨ï ¯®¢¥¤¥−¨ï à�§«¨ç−ëå á¨áâ¥¬ ã¤¥«ï¥âáï
¡®«ìè®¥ ¢−¨¬�−¨¥ [17{22]. �®¢¥¤¥−¨¥ ¯¥à¥¬¥é�îé¨åáï ¢ ¯à®áâà�−áâ¢¥ ®¡ê¥ª-
â®¢ | â¨¯¨ç−ë© ¯à¨¬¥à â�ª¨å á¨áâ¥¬. �à¨−æ¨¯¨�«ì−® ¬®¤¥«¨ ¤¢¨¦¥−¨ï �¢â®-
−®¬−ëå �¯¯�à�â®¢ ¬®¦−® à�§¤¥«¨âì −� ¤¢� ª«�áá�: ãç¨âë¢�îé¨¥ ®à¨¥−â�æ¨î ¨«¨
®¯¨áë¢�îé¨¥ ¤¢¨¦¥−¨¥ ¬�â¥à¨�«ì−®© â®çª¨. ’à�¤¨æ¨®−−ë¥ áà¥¤áâ¢�, ¨á¯®«ì§ã-
¥¬ë¥ ¢ ¯¥à¢®¬ á«ãç�¥, ¢ª«îç�îâ £¨à®áª®¯ë, ¯®áâà®¥−−ë¥ −� à�§−ëå ä¨§¨ç¥áª¨å
¯à¨−æ¨¯�å, ª®â®àë¬¨ ®¯à¥¤¥«ï¥âáï ¨ ã¯à�¢«ï¥âáï ¢à�é¥−¨¥ �¢â®−®¬−®£® �¯¯�à�-
â�. �¡ëç−® íâ¨ áà¥¤áâ¢� á®áâ®ïâ ¨§ �ªá¥«¥à®¬¥âà�, ª®â®àë© ¨§¬¥àï¥â ãáª®à¥−¨¥
¯® âà¥¬ ®áï¬, £¨à®áª®¯�, ª®â®àë© ¨§¬¥àï¥â áª®à®áâì ¢à�é¥−¨ï ¯® âà¥¬ ®áï¬,
¨ ¨−®£¤� ¬�£−¨â®¬¥âà�, ª®â®àë© ®¯à¥¤¥«ï¥â −�¯à�¢«¥−¨¥ ¯®«¥â� ®â−®á¨â¥«ì−®
¬�£−¨â−®£® ¯®«ï ‡¥¬«¨. ‘¥−á®àë, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ¢â®à®£® â¨¯� §�¤�ç, ®¡¥á-
¯¥ç¨¢�îâ ¨§¬¥à¥−¨¥ ¯�à�¬¥âà®¢ ¯®«®¦¥−¨ï �¯¯�à�â� ¢ ¯à®áâà�−áâ¢¥, à¥è�îâáï
â�ª¨¥ §�¤�ç¨, ª�ª á«¥¦¥−¨¥ §� ®¡ê¥ªâ®¬ ¨«¨ £«®¡�«ì−®¥ ¯®§¨æ¨®−¨à®¢�−¨¥. –¥«ì
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�¡ ã−¨¢¥àá�«ì−ëå ¬®¤¥«ïå á®áâ®ï−¨ï ¤«ï §�¤�ç á«¥¦¥−¨ï ¨ −�¢¨£�æ¨¨ ®¡ê¥ªâ®¢

áâ�âì¨ | §�¤�ç¨ ¢â®à®£® â¨¯�, ¢ −¨å ¬®¤¥«ì ¤¢¨¦¥−¨ï, ª�ª ¯à�¢¨«®, §�¤�¥âáï
¯à®áâë¬¨ §�ª®−�¬¨ â¨¯� úáª®à®áâì | íâ® ¨−â¥£à�« ãáª®à¥−¨ïû ¨ ú¯®«®¦¥−¨¥
¢ ¯à®áâà�−áâ¢¥ | íâ® ¨−â¥£à�« ®â áª®à®áâ¨û. �¡¥á¯¥ç¨¢�îâ úà¥�«ì−®áâìû íâ¨¬
§�ª®−�¬ ¢®§¬ãé¥−¨ï, ª®â®àë¥ ®¡ëç−® ¯à¥¤¯®«�£�îâáï �¤¤¨â¨¢−ë¬¨. �¥¯à¥-
àë¢−ë¥ ¬®¤¥«¨ ¤¨áªà¥â¨§ãîâáï, çâ® ¬®¦−® ®¡êïá−¨âì ¤¨áªà¥â−ë¬ å�à�ªâ¥à®¬
¯®áâã¯«¥−¨ï ¨§¬¥à¥−¨©, ¢ë¯®«−ï¥¬ëå á¥−á®à�¬¨. �¥§ ®£à�−¨ç¥−¨ï ®¡é−®áâ¨
¬®¦−® ¯à¥¤¯®«�£�âì, çâ® ç�áâ®â� ¯®áâã¯«¥−¨ï ¨§¬¥à¥−¨© ª�ª à�§ ®¯à¥¤¥«ï¥â
è�£ ¤¨áªà¥â¨§�æ¨¨ ãà�¢−¥−¨© ¤¢¨¦¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ®¡é�ï ¬®¤¥«ì ¤¢¨-
¦¥−¨ï §�¤�¥âáï á®áâ®ï−¨¥¬ Xt ∈ R

pX ¤¨áªà¥â−®© áâ®å�áâ¨ç¥áª®© á¨áâ¥¬ë ¯®
−�¡«î¤¥−¨ï¬ Yt ∈ R

qY ¢¨¤�

Xt = �
(1)
t (Xt−1) + �

(2)
t (Xt−1)Wt , t = 1, 2, . . . , X0 = η ;

Yt = ā
(1)
t (Xt) + ā

(2)
t (Xt)Vt , t = 1, 2, . . .






(1)

‡¤¥áì ¯à¥¤¯®«�£�¥âáï, çâ® á«ãç�©−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨Xt ¨Yt ¨¬¥îâ ª®−¥ç−ë¥
ª®¢�à¨�æ¨¨ (¨å −�«¨ç¨¥ ®¡¥á¯¥ç¨¢�¥âáï, −�¯à¨¬¥à, «¨−¥©−ë¬¨ ®£à�−¨ç¥−¨ï¬¨

−� áª®à®áâì à®áâ� äã−ªæ¨© �(1)t , �(2)t , ā(1)t ¨ ā(2)t ); ¢®§¬ãé¥−¨ï Wt ∈ R
pW

¨ ®è¨¡ª¨ ¨§¬¥à¥−¨© Vt ∈ R
qV | −¥§�¢¨á¨¬ë¥ ¤¨áªà¥â−ë¥ ¡¥«ë¥ èã¬ë ¢â®à®£®

¯®àï¤ª�; ¢¥ªâ®à −�ç�«ì−ëå ãá«®¢¨© η ∈ R
pX −¥ §�¢¨á¨â ®â Wt ¨ Vt ¨ ¨¬¥¥â

ª®−¥ç−ãî ª®¢�à¨�æ¨î. ‘®®â¢¥âáâ¢ãîé¨¥ ¬®¬¥−âë ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤-
ª� (¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨ï ¢¥ªâ®à�) ®¡®§−�ç�îâáï, −�¯à¨¬¥à
¤«ï Wt, ª�ª E{Wt} = mW (t), D{Wt} = DW (t). „�«¥¥ −�¡«î¤¥−¨ï Yt −¥
®¡áã¦¤�îâáï, � â®«ìª® ãà�¢−¥−¨ï á®áâ®ï−¨ï Xt.

3 Хаотическое движение с постоянной скоростью

�á−®¢−�ï ¬®¤¥«ì ¤¢¨¦¥−¨ï ¢ë¡à�−� ¯à¥¤¥«ì−® ¯à®áâ®©. �ã¤¥¬ ¨áå®¤¨âì ¨§
¯à¥¤¯®«®¦¥−¨ï, çâ® ¢ áà¥¤−¥¬ �¯¯�à�â ¤¢¨¦¥âáï á ¯®áâ®ï−−®© áª®à®áâìî, � −�
à¥�«ì−ãî áª®à®áâì ®ª�§ë¢�îâ ¢«¨ï−¨¥ −¥ª®−âà®«¨àã¥¬ë¥ á«ãç�©−ë¥ ä�ªâ®àë.
ˆå ¢®§¤¥©áâ¢¨¥ ¯à¨¢®¤¨â ª −¥§�¢¨á¨¬ë¬ ®âª«®−¥−¨ï¬ áª®à®áâ¨. Œ¥¦¤ã ®ç¥à¥¤-
−ë¬¨ ¨§¬¥−¥−¨ï¬¨ −� ¨−â¥à¢�«�å ¤¨áªà¥â¨§�æ¨¨ áª®à®áâì ®áâ�¥âáï ¯®áâ®ï−−®©
¨ ¨§¬¥−ï¥âáï ¢ ª�¦¤ë© á«¥¤ãîé¨© â�ªâ ¢à¥¬¥−¨. �¯¨áë¢�¥âáï ¤¢¨¦¥−¨¥ ¢ ¤¥-
ª�àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨−�â 0xyz, á¢ï§�−−®© á ‡¥¬«¥©. ‘®áâ®ï−¨¥ Xt §�¤�¥â
¢¥ªâ®à â¥ªãé¥£® ¯®«®¦¥−¨ï: (X(t), Y (t), Z(t))T. ˆ−â¥£à¨à®¢�−¨¥ ¯®áâ®ï−−®©
áª®à®áâ¨ ¯®á«¥ ¤¨áªà¥â¨§�æ¨¨ ¤�áâ

�
(1)
t (Xt−1) = diag {1, 1, 1}Xt−1 .

’�ª¨¬ ®¡à�§®¬, ®á−®¢−®£® ¢−¨¬�−¨ï âà¥¡ã¥â äã−ªæ¨ï �(2)t (Xt−1).
�à¥¤¯®«�£�¥âáï, çâ® ®æ¥−¨¢�−¨¥ ¯®«®¦¥−¨ï �¯¯�à�â� −�ç¨−�¥âáï ¢ ¬®¬¥−â

¢à¥¬¥−¨ t = 0 ¨ ¢ë¯®«−ï¥âáï ¢ ¤¨áªà¥â−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ 1, 2, . . . , t, . . .,
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®â¢¥ç�îé¨¥ à�§¡¨¥−¨î ¨−â¥à¢�«� −�¡«î¤¥−¨ï á è�£®¬ δ á: δ, 2δ, . . . , tδ, . . .
��ç�«ì−®¥ ¯®«®¦¥−¨¥ ®¯à¥¤¥«ï¥âáï ¢¥ªâ®à®¬ η = (ηX , ηY , ηZ)

T.
‘ª®à®áâì ¤¢¨¦¥−¨ï �¯¯�à�â� ®¯¨áë¢�¥âáï ¢¥ªâ®à®¬

S(t) = (SX(t), SY (t), SZ(t))
T,

ª®â®àë© áª«�¤ë¢�¥âáï ¨§ −¥ª®â®à®© ¯®áâ®ï−−®© áà¥¤−¥© áª®à®áâ¨ ¨ �¤¤¨â¨¢-
−ëå ¢®§¬ãé¥−¨©. �®áâ®ï−−�ï áà¥¤−ïï áª®à®áâì §�¤�¥âáï á«ãç�©−ë¬ ¢¥ªâ®à®¬
(sX , sY , sZ)

T. �â®â ¯�à�¬¥âà ¬®¤¥«¨ ¤¢¨¦¥−¨ï ¬®¦¥â ¯à¥¤¯®«�£�âìáï ¨§¢¥áâ-
−ë¬, −® ¢ à¥�«ì−®© §�¤�ç¥ ¥£® ¯®âà¥¡ã¥âáï ¨¤¥−â¨ä¨æ¨à®¢�âì ¢¬¥áâ¥ á à¥è¥-
−¨¥¬ §�¤�ç¨ ä¨«ìâà�æ¨¨ á®áâ®ï−¨ï. �®áª®«ìªã ¢á¥ �¯¯�à�âë, ¤«ï ª®â®àëå
¬®¦¥â à¥è�âìáï −�¢¨£�æ¨®−−�ï §�¤�ç�, −¥ ¬®£ãâ ¨¬¥âì ®¤¨−�ª®¢®© íâã áª®-
à®áâì, â® §−�ç¥−¨ï sX, sY ¨ sZ §�¤�îâáï ¬®¤¥«¨à®¢�−¨¥¬ à¥�«¨§�æ¨¨ á«ãç�©-
−®£® ¢¥ªâ®à� á ¨§¢¥áâ−ë¬¨ ¤¢ã¬ï ¯¥à¢ë¬¨ ¬®¬¥−â�¬¨ (E{sX},E{sY },E{sZ})T
¨ diag (D{sX},D{sY },D{sZ}). �¥¨§¢¥áâ−ë¥ ¨ ¯®¤«¥¦�é¨¥ ¨¤¥−â¨ä¨ª�æ¨¨ ¯�-
à�¬¥âàë sX, sY ¨ sZ −ã¦−® ¢ª«îç�âì ¢ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï, â. ¥.
¤®¡�¢«ïâì í«¥¬¥−âë ª (X(t), Y (t), Z(t))T ¨ ®æ¥−¨¢�âì −� ª�¦¤®© âà�¥ªâ®à¨¨.

�¥ª®−âà®«¨àã¥¬ë¥ á«ãç�©−ë¥ ä�ªâ®àë, ¢«¨ïîé¨¥ −� áª®à®áâì ¤¢¨¦¥−¨ï,
¬®¤¥«¨àãîâáï �¤¤¨â¨¢−ë¬¨ ¢®§¬ãé¥−¨ï¬¨ wX(t), wY (t) ¨ wZ(t), ¨¬¥îé¨¬¨
−¥§�¢¨á¨¬ë¥ −®à¬�«ì−ë¥ à�á¯à¥¤¥«¥−¨ï á ¥¤¨−¨ç−®© ¤¨á¯¥àá¨¥© (¬�â¥¬�â¨ç¥-
áª®¥ ®¦¨¤�−¨¥mW (t) 6= 0 ¨ −ã¦−®, çâ®¡ë ¢ª«îç¨âì ¢ §�¯¨áì ®æ¥−ª¨ ä¨«ìâà�æ¨¨
¨§¢¥áâ−ë¥ �¤¤¨â¨¢−ë¥ ª®¬¯®−¥−âë | áà¥¤−îî ¯®áâ®ï−−ãî áª®à®áâì), â�ª çâ®
¢ (1) ¢¥ªâ®à Wt = (wx(t), wy(t), wz(t))

T, � äã−ªæ¨ï

�
(2)
t (Xt−1) = δ diag {σsX

, σsY
, σsZ

}

¢ë¯®«−ï¥â à®«ì áâ�−¤�àâ−®£® ®âª«®−¥−¨ï �¤¤¨â¨¢−®£® ¢®§¬ãé¥−¨ï, ª®â®à®¥
¯à¥¤¯®«�£�¥âáï ¨§¢¥áâ−ë¬ ¨ ¯®áâ®ï−−ë¬. ˆâ®£®¢�ï ¤¨−�¬¨ª� ¨¬¥¥â ¢¨¤:

X(t) = X(t− 1) + δSX(t) , SX(t) = sX + σsX
wX(t) ;

Y (t) = Y (t− 1) + δSY (t) , SY (t) = sY + σsY
wY (t) ;

Z(t) = Z(t− 1) + δSZ(t) , SZ(t) = sZ + σsZ
wZ(t) .






(2)

‚¥«¨ç¨−ë áâ�−¤�àâ−ëå ®âª«®−¥−¨© σsX
, σsY

¨ σsZ
¯®ª�§ë¢�îâ, −�áª®«ìª®

¢−¥è−¨¥ −¥ª®−âà®«¨àã¥¬ë¥ ¢®§¤¥©áâ¢¨ï ¬®£ãâ ®âª«®−ïâì áª®à®áâì ®â ¯®áâ®ï−-
−®£® áà¥¤−¥£® §−�ç¥−¨ï (E{sX},E{sY },E{sZ})T. �à¨ ®âáãâáâ¢¨¨ �¯à¨®à−®©
¨−ä®à¬�æ¨¨ ®¡ íâ¨å ¢¥«¨ç¨−�å ¬®¦−® ¢ë¡¨à�âì ®âª«®−¥−¨ï ¯à®¥ªæ¨ï áª®à®áâ¨
S(t) à�¢−ë¬¨ íâ¨¬ áà¥¤−¨¬ §−�ç¥−¨ï¬, â. ¥. σsX

= E{sX}; σsY
= E{sY };

σsZ
= E{sZ}. �à¨ ¡®«ìè¨å áª®à®áâïå �¯¯�à�â� ¤¢¨¦¥−¨¥ ¯®«ãç�¥âáï á¨«ì−®

å�®â¨ç¥áª¨¬, çâ® ¢¯®«−¥ ¯®¤å®¤¨â ¤«ï ¨¬¨â�æ¨¨ ¦¥áâª¨å ãá«®¢¨© ®æ¥−¨¢�−¨ï.
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�¡ ã−¨¢¥àá�«ì−ëå ¬®¤¥«ïå á®áâ®ï−¨ï ¤«ï §�¤�ç á«¥¦¥−¨ï ¨ −�¢¨£�æ¨¨ ®¡ê¥ªâ®¢

�¥âàã¤−® ¢¨¤¥âì, çâ® ¬®¬¥−â−ë¥ å�à�ªâ¥à¨áâ¨ª¨ áª®à®áâ¨ S(t) ¯®áâ®ï−−ë
¨ à�¢−ë

E{S(t)} = (E{sX},E{sY },E{sZ})T ;
D{S(t)} = diag

{
D{sX}+ σ2sX

,D{sY }+ σ2sY
,D{sZ}+ σ2sZ

}
=

= diag
{
D{sX}+ (E{sX})2,D{sY }+ (E{sY })2,D{sZ}+ (E{sZ})2

}
=

= diag
{
E{s2X},E{s2Y },E{s2Z}

}
.

4 Модель с коррелированными возмущениями

Œ®¤¥«ì (2) ®ç¥−ì ¯à¨¬¨â¨¢−�, ¯®íâ®¬ã −ã¦¤�¥âáï ¢ á®¢¥àè¥−áâ¢®¢�−¨¨ ¤«ï
¡®«ìè¥£® á®®â¢¥âáâ¢¨ï à¥�«ì−ë¬ ãá«®¢¨ï¬. „«ï íâ®£® ¢ ¬®¤¥«ì ¡ã¤ãâ ¢−¥á¥−ë
¤¢� ¤®¯®«−¥−¨ï. �¥à¢®¥ | íâ® §�¢¨á¨¬®áâì úà�§¬¥à�û ¢®§¬ãé¥−¨ï ®â áª®à®áâ¨.
�â® á¤¥«�−® ¯® �−�«®£¨¨ á å®à®è® ¨§¢¥áâ−ë¬ �íà®¤¨−�¬¨ç¥áª¨¬ íää¥ªâ®¬, ª®£¤�
á®¯à®â¨¢«¥−¨¥ ¢®§¤ãå� ¤¢¨¦ãé¥¬ãáï ®¡ê¥ªâã à�áâ¥â ª�ª ª¢�¤à�â áª®à®áâ¨. �à¨
á®åà�−¥−¨¨ ¯®áâ®ï−−®© áà¥¤−¥© áª®à®áâ¨ (sX , sY , sZ)

T úà�§¬¥àû ¢®§¬ãé¥−¨ï
¢¬¥áâ® ¯®áâ®ï−−ëå ¢¥«¨ç¨− σsX

, σsY
¨ σsZ

â¥¯¥àì ®¯à¥¤¥«ïâ äã−ªæ¨¨ ›sX
(S),

›sY
(S) ¨ ›sZ

(S), S = S(t) = (SX(t), SY (t), SZ(t))
T, ª®â®àë¥ ¯à®¤®«¦�â ¢ë-

¯®«−ïâì à®«ì áâ�−¤�àâ−®£® ®âª«®−¥−¨ï, â. ¥. ¡ã¤ãâ ¬−®¦¨â¥«ï¬¨ ¤«ï �¤¤¨â¨¢−ëå
¢®§¬ãé¥−¨© wX(t), wY (t) ¨ wZ(t) á ¥¤¨−¨ç−®© ¤¨á¯¥àá¨¥©. Œ®¤¥«ì (2), â�ª¨¬
®¡à�§®¬, ¯à¨¬¥â −®¢ë© ¢¨¤:

X(t) = X(t− 1) + δSX(t) , SX(t) = sX +›sX
(S(t− 1))wX (t) ;

Y (t) = Y (t− 1) + δSY (t) , SY (t) = sY +›sY
(S(t− 1))wY (t) ;

Z(t) = Z(t− 1) + δSZ(t) , SZ(t) = sZ +›sZ
(S(t− 1))wZ(t) .






(3)

„«ï ¢ë¡®à� ¢¨¤� äã−ªæ¨© ›sX
(S), ›sY

(S) ¨ ›sZ
(S) ¬®¦−® ¨á¯®«ì§®¢�âì

à�§−ë¥ ¯à¥¤¯®«®¦¥−¨ï. ‚ ª�ç¥áâ¢¥ ®á−®¢−®£® ¢�à¨�−â� ¯à¥¤«�£�¥âáï §�¤�¢�âì
®âª«®−¥−¨¥ ª�ª ç�áâì (¤®«î) �¡á®«îâ−®© ¢¥«¨ç¨−ë áª®à®áâ¨ ¯® á®®â¢¥âáâ¢ãîé¥¬ã
−�¯à�¢«¥−¨î. �¡®§−�ç¨¬ íâ¨ ¤®«¨ ¯®áâ®ï−−ë¬¨ εsX

, εsY
¨ εsZ

, â. ¥.

›sX
(S) = εsX

|SX |; ›sY
(S) = εsY

|SY |; ›sZ
(S) = εsZ

|SZ |.

�¥âàã¤−® ¢¨¤¥âì, çâ® ®¯à¥¤¥«¥−−ë¥ â�ª¨¬ ®¡à�§®¬ ¯à®¥ªæ¨¨ SX(t), SY (t)
¨ SZ(t) áª®à®áâ¨ �¯¯�à�â� ¢ ¬®¤¥«¨ (3) ¬®£ãâ ¨¬¥âì ¯à¨¬¥à−® â¥ ¦¥ ¬®¬¥−âë, çâ®
¨ ¯à®¥ªæ¨¨ áª®à®áâ¨ ¢ ¯à¥¤ë¤ãé¥© ¬®¤¥«¨. „¥©áâ¢¨â¥«ì−®, ãá«®¢¨ï E{SX(t)} =
= E{sX}, E{SY (t)} = E{sY } ¨ E{SZ(t)} = E{sZ} ¨§ ¬®¤¥«¨ (2) ¢ë¯®«−ïîâáï
¨ ¢ (3), ¥á«¨ wX(t), wY (t) ¨ wZ(t) ®áâ�îâáï −¥§�¢¨á¨¬ë¬¨ áâ�−¤�àâ−ë¬¨ £�ãá-
á®¢áª¨¬¨. ‚ëà�¦¥−¨ï ¤«ï ¤¨á¯¥àá¨¨ ª�¦¤®© ¯à®¥ªæ¨¨ ®¤¨−�ª®¢ë. ‡�¯¨è¥¬,
−�¯à¨¬¥à, D[SX(t)]. ‘ ãç¥â®¬ −¥§�¢¨á¨¬®áâ¨ wX(t) ¨ sX ¨¬¥¥¬:
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D [SX(t)] = D [sX ] + ε
2
sX
E

{
|SX(t− 1)|2

}
=

= D [sX ] + ε
2
sX
(E [sx])

2 + ε2sX
D [SX(t− 1)] ,

â. ¥. ¤¨á¯¥àá¨ï D[SX(t)] ¯à¥¤áâ�¢«ï¥â á®¡®© áã¬¬ã £¥®¬¥âà¨ç¥áª®© ¯à®£à¥áá¨¨.
�à¨ 0 < εsX

< 1 íâ� áã¬¬� áå®¤¨âáï ª E{s2X}/(1 − ε2sX
)− (E[sX ])

2. ‚ë¡¨à�ï

ε2sX
=

(E[sX ])
2

(E[sX ])
2 + E{s2X} ,

¯à¨ ¤®áâ�â®ç−® ¡®«ìè¨å t ¯®«ãç¨¬

D [SX(t)] = const = E
{
s2X

}
,

â. ¥. ¢ â®ç−®áâ¨ ª�ª ¢ ¬®¤¥«¨ (2). …á«¨ �−�«®£¨ç−® ¯®áâã¯¨âì á ¯à®¥ªæ¨ï¬¨ SY (t)

¨ SZ(t), â® äã−ªæ¨ï �(2)t ¢ íâ®© ¬®¤¥«¨ ¯à¨¬¥â ¢¨¤:

�
(2)
t (Xt−1) = δdiag {εsX

|SX(t− 1)|, εsY
|SY (t− 1)|, εsZ

|SZ(t− 1)|}

¨ ¯¥à¢ë¥ ¤¢� ¬®¬¥−â� áª®à®áâ¨ S(t) ¢ ®¡¥¨å ¬®¤¥«ïå á®¢¯�¤ãâ.
�â¬¥â¨¬ ¯à¨−æ¨¯¨�«ì−ãî à�§−¨æã ¢ å�à�ªâ¥à¥ âà�¥ªâ®à¨© ¯à¥¤«®¦¥−−ëå

¬®¤¥«¥©. �¥á¬®âàï −� â® çâ® ¡¥§ãá«®¢−ë¥ ¬®¬¥−â−ë¥ å�à�ªâ¥à¨áâ¨ª¨ áª®à®áâ¥©
¢ ®¡¥¨å ¬®¤¥«ïå á¤¥«�−ë ®¤¨−�ª®¢ë¬¨, ãá«®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨, � §−�ç¨â,
¨ å�à�ªâ¥à å�®â¨ç¥áª®£® ¤¢¨¦¥−¨ï −� ª�¦¤®© âà�¥ªâ®à¨¨, áãé¥áâ¢¥−−® ®â«¨-
ç�îâáï. ‚ (2) ®âª«®−¥−¨ï ®â áà¥¤−¥© áª®à®áâ¨ ¢á¥£¤� ®¡«�¤�îâ ®¤¨−�ª®¢ë¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨, � §−�ç¨â, â®ç−®áâì ®æ¥−ª¨ áª®à®áâ¨ −¨ª�ª −¥ ¢«¨ï¥â −� ®è¨¡-
ªã ¯à®£−®§� ¨, ¢ á¢®î ®ç¥à¥¤ì, −� ®æ¥−ªã ¯®«®¦¥−¨ï �¯¯�à�â�. ‚ ¬®¤¥«¨ (3)
®âª«®−¥−¨ï áª®à®áâ¨ §�¢¨áïâ ®â ¥¥ �¡á®«îâ−®© ¢¥«¨ç¨−ë, � §−�ç¨â, ç¥¬ â®ç−¥¥
®æ¥−¥−® ¯®«®¦¥−¨¥ �¯¯�à�â� ¨ ¥£® ¬£−®¢¥−−�ï áª®à®áâì, â¥¬ â®ç−¥¥ ¡ã¤¥â ¯à®£−®§.

5 Модель с марковскими скачками скорости

‚â®à®¥ ãá®¢¥àè¥−áâ¢®¢�−¨¥ ¬®¤¥«¨ (2) | íâ® ¯à¥¤¯®«®¦¥−¨¥ ® áª�çª®®¡à�§-
−®¬ ¨§¬¥−¥−¨¨ ¯®áâ®ï−−®© áà¥¤−¥© áª®à®áâ¨ (sX , sY , sZ)

T. „�¦¥ ¯à¨ á®åà�−¥−¨¨
®¡é¥£® −�¯à�¢«¥−¨ï ¤¢¨¦¥−¨ï −� −¥ª®â®àãî ¨§¢¥áâ−ãî æ¥«ì �¯¯�à�â ¬®¦¥â ¨§-
¬¥−ïâì áª®à®áâì ¨ ¯® −�¯à�¢«¥−¨î, ¨ ¯® ¬®¤ã«î, −�¯à¨¬¥à á æ¥«ìî ãá«®¦−¨âì
á«¥¦¥−¨¥ §� −¨¬ ¢−¥è−¨¬ −�¡«î¤�â¥«ï¬, ¯®íâ®¬ã §¤¥áì ¡ã¤¥¬ áç¨â�âì, çâ®
sX = sX(t), sY = sY (t) ¨ sZ = sZ(t).

�ãáâì ¨¬¥¥âáï −¥ §�¢¨áïé¨© ®â ¯®«®¦¥−¨ï Xt �¯¯�à�â� áâ�−¤�àâ−ë© ¯ã�á-
á®−®¢áª¨© ¯à®æ¥áá P (u) ¨ §�¤�−� ¨−â¥−á¨¢−®áâì λu ¨§¬¥−¥−¨ï ¥£® ¯®áâ®ï−−®©
áà¥¤−¥© áª®à®áâ¨ (â. ¥. �¯à¨®à−® ¨§¢¥áâ−® áà¥¤−¥¥ ¢à¥¬ï ¬¥¦¤ã ¨§¬¥−¥−¨ï¬¨
¯�à�¬¥âà�). „¨áªà¥â−®¥ ¢à¥¬ï t á¢ï§�−® á −¥¯à¥àë¢−ë¬ u è�£®¬ ¤¨áªà¥â¨§�æ¨¨:

36 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 2 2025



�¡ ã−¨¢¥àá�«ì−ëå ¬®¤¥«ïå á®áâ®ï−¨ï ¤«ï §�¤�ç á«¥¦¥−¨ï ¨ −�¢¨£�æ¨¨ ®¡ê¥ªâ®¢

u = tδ. Œ®¦−® ¢¥ªâ®à á®áâ®ï−¨ï Xt ∈ R
pX à�áè¨à¨âì (pX + 1)-¬ í«¥¬¥−â®¬,

â�ª çâ® X(pX+1)t = λtδP (tδ).
�ãáâì (sp

X(t), s
p
Y (t), s

p
Z(t))

T | ¤¨áªà¥â−ë© ¡¥«ë© èã¬, á¥ç¥−¨ï ª®â®à®£®
¨¬¥îâ â¥ ¦¥ à�á¯à¥¤¥«¥−¨ï, çâ® ¨ ¯�à�¬¥âà (sX , sY , sZ)

T ¨§ ¯à¥¤ë¤ãé¥© ¬®-
¤¥«¨, p(t) = X(pX+1)t − X(pX+1)t−1 | ¨−¤¨ª�â®à áª�çª� ¯à®æ¥áá� λtδP (tδ) −�
â¥ªãé¥¬ ¨−â¥à¢�«¥ ¤¨áªà¥â¨§�æ¨¨. ‘ª�çª®®¡à�§−®¥ ¨§¬¥−¥−¨¥ ¯®áâ®ï−−®© áà¥¤-
−¥© áª®à®áâ¨ | −®¢®¥ §−�ç¥−¨¥ áà¥¤−¥© áª®à®áâ¨ ¤¢¨¦¥−¨ï S(t), ¯®ï¢¨¢è¥¥áï
¢ á«ãç�©−ë© ¬®¬¥−â ¢à¥¬¥−¨, | ¬®¦−® ®¯¨á�âì á«¥¤ãîé¥© ¬®¤¥«ìî:

X(t) = X(t− 1) + δSX(t), SX(t) = sX(t) + ›sX
(S(t− 1))wX(t) ;

Y (t) = Y (t− 1) + δSY (t), SY (t) = sY (t) + ›sY
(S(t− 1))wY (t) ;

Z(t) = Z(t− 1) + δSZ(t), SZ(t) = sZ(t) + ›sZ
(S(t− 1))wZ(t) ,






(4)

£¤¥

sX(t) = (1− p(t))sX(t− 1) + p(t)sp
X(t) ;

sY (t) = (1− p(t))sY (t− 1) + p(t)sp
Y (t) ;

sZ(t) = (1− p(t))sZ(t− 1) + p(t)sp
Z(t) .

’�ª¨¬ ®¡à�§®¬, ¥á«¨ −¥â áª�çª� ¢ ¯ã�áá®−®¢áª®¬ ¯à®æ¥áá¥ p(t) = 0, â®
¯®áâ®ï−−�ï áà¥¤−ïï áª®à®áâì −� è�£¥ t á®åà�−ï¥âáï â�ª®© ¦¥, ª�ª −� è�£¥ t− 1.
…á«¨ p(t) = 1, â® ¯�à�¬¥âà ¯à¨−¨¬�¥â −®¢®¥ §−�ç¥−¨¥ sp

X(t).
“à�¢−¥−¨ï (4) §�¯¨á�−ë ¤«ï ¢�à¨�−â� ª®àà¥«¨à®¢�−−®£® ¢®§¬ãé¥−¨ï ¨§

¬®¤¥«¨ (3). Ÿá−®, çâ® äã−ªæ¨¨ äã−ªæ¨© ›sX
(S), ›sY

(S) ¨ ›sZ
(S) §¤¥áì ¬®¦−®

¨áª«îç¨âì, ¢¥à−ã¢è¨áì ª −¥§�¢¨á¨¬ë¬ èã¬�¬ ¢ ¬®¤¥«¨ (2).
…é¥ ¡®«¥¥ ¨−â¥à¥á−ë¬ ¯à¥¤áâ�¢«ï¥âáï ãá®¢¥àè¥−áâ¢®¢�−¨¥ ¬®¤¥«¨ (4) á â®ç-

ª¨ §à¥−¨ï ¢ë¡®à� −�¯à�¢«¥−¨ï −� æ¥«ì. ‚ ¬®¤¥«ïå (2) ¨ (3) íâ® −�¯à�¢«¥-
−¨¥ ä�ªâ¨ç¥áª¨ ®¯à¥¤¥«ï¥âáï ¢ −�ç�«ì−ë© ¬®¬¥−â ¢à¥¬¥−¨ ¢ë¡®à®¬ áà¥¤−¥£®
(E{sX},E{sY },E{sZ})T. ’�ª, ¥á«¨ æ¥«ì ¯®¬¥áâ¨âì ¢ −�ç�«® ª®®à¤¨−�â, â®
¯à¥¤¯®«®¦¥−¨¥ ® ¤¢¨¦¥−¨¨ �¯¯�à�â� ª æ¥«¨ ¯à¨¬¥â ä®à¬�«ì−ë© ¢¨¤:

E{sX} = −αE{ηX}; E{sY } = −αE{ηY }; E{sZ} = −αE{ηz}, α > 0 , (5)

â. ¥. −�¯à�¢«¥−¨¥ ¢¥ªâ®à� áà¥¤−¥© áª®à®áâ¨ ¢ −�ç�«® ª®®à¤¨−�â. ‚ ¬®¤¥«¨ (4) íâ®
−�¯à�¢«¥−¨¥ ¬®¦−® ¬¥−ïâì ¯à¨ ª�¦¤®¬ áª�çª¥, §�¬¥−ïï áâ�æ¨®−�à−®¥ ãá«®¢¨¥ (5)
¤¨−�¬¨ç¥áª¨¬:

E{sp
X(t)|X(t− 1)} = −αX(t − 1) ;

E{sp
Y (t)|Y (t− 1)} = −αY (t− 1) ;

E{sp
Z(t)|Z(t− 1)} = −αZ(t− 1) , α > 0 .






(6)

‚ â�ª®¬ ¢�à¨�−â¥ −�¯à�¢«¥−¨¥ −� æ¥«ì ¡ã¤¥â ãâ®ç−ïâìáï ¯à¨ ª�¦¤®¬ áª�çª¥ áª®-
à®áâ¨, â. ¥. ¯à¨ ª�¦¤®¬ ®ç¥à¥¤−®¬ ¬�−¥¢à¥ �¯¯�à�â�. �à¨ íâ®¬ ®â ¡¥«®èã¬−®áâ¨
(sp

X(t), s
p
Y (t), s

p
Z(t))

T ¯à¨¤¥âáï ®âª�§�âìáï.
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‚ ®â−®è¥−¨¨ ¬®¬¥−â®¢ ¢ ¬®¤¥«¨ (4) −�¤® ®â¬¥â¨âì, çâ® ¥á«¨, ª�ª ¨ ¢ ¯à¥¤ë¤ã-
é¨å ¬®¤¥«ïå, −¥ áâ�¢¨âì §�¤�çã ¨¤¥−â¨ä¨ª�æ¨¨ áà¥¤−¥© áª®à®áâ¨, â® ¢ (4) −�¤®
¯à¥¤¯®«�£�âì ¨§¢¥áâ−ë¬¨ ¢á¥ §−�ç¥−¨ï sp

x(t), s
p
y(t) ¨ sp

z(t), � §−�ç¨â, ¨ p(t).
ˆ§-§� íâ®£® ¯¥à¢ë¥ ¤¢� ¬®¬¥−â� áª®à®áâ¨ S(t) ¨ ¢ íâ®© ¬®¤¥«¨ ¡ã¤ãâ â¥¬¨ ¦¥,
çâ® ¨ ¢ ¯à¥¤ë¤ãé¨å. „¨−�¬¨ç¥áª®¥ ãá«®¢¨¥ (6), ª®−¥ç−®, íâã ú®¤¨−�ª®¢®áâìû
−�àãè¨â. �® íâ®â ¢�à¨�−â ¡®«¥¥ â®ç−® ¤®«¦¥− ¬®¤¥«¨à®¢�âì ¯à¨¡«¨¦¥−¨¥
�¯¯�à�â� ª æ¥«¨, ¥á«¨ ¨¬¥−−® ¤«ï íâ®£® ¢ë¯®«−ïîâáï ¬�−¥¢àë.

6 Численный эксперимент

‚ ¯à¨¬¥à¥ ¬®¤¥«¨à®¢�«®áì ®¡−�àã¦¥−¨¥ ��‹�, ¤¢¨¦ãé¥£®áï ¯®á«¥ ®¡−�-
àã¦¥−¨ï ¢ −�¯à�¢«¥−¨¨ æ¥«¨, à�á¯®«®¦¥−−®© ¢ −�ç�«¥ ª®®à¤¨−�â. �«¥¬¥−âë
¢¥ªâ®à� η = (ηX , ηY , ηZ)

T −¥§�¢¨á¨¬ë ¨ ¨¬¥îâ à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥:

ηX ∼ R[20, 40]; ηY ∼ R[20, 40]; ηZ ∼ R[0,5; 1,5],

â. ¥. �¯¯�à�â ®¡−�àã¦¨¢�¥âáï ¢ áà¥¤−¥¬ ¢ â®çª¥ E{η} = (30, 30, 1)T ª¬.
‘ª®à®áâì ��‹� S(t) ®¯¨áë¢�¥âáï ®¤−®© ¨§ ¬®¤¥«¥© (2), (3) ¨«¨ (4) á ®¤-

−®© ¨ â®© ¦¥ ¯®áâ®ï−−®© áà¥¤−¥© áª®à®áâìî s = (sX , sY , sZ)
T á −¥§�¢¨-

á¨¬ë¬¨ í«¥¬¥−â�¬¨, ª�¦¤ë© ¨§ ª®â®àëå ¨¬¥¥â à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥:
sX ∼ R[−200,−100], sY ∼ R[−200,−100] ¨ sZ ∼ R[−10, 0] ª¬/ç. ’�ª¨¬
®¡à�§®¬, áà¥¤−ïï áª®à®áâì ��‹� å�à�ªâ¥à¨§ã¥âáï ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬
E{s} = (−150,−150,−5)T. ˆâ�ª, ��‹� á® áà¥¤−¥© áª®à®áâìî ≈ 212 ª¬/ç
¤¢¨¦¥âáï ¢ áà¥¤−¥¬ −� −�ç�«® ª®®à¤¨−�â. ÷�§¡à®á áª®à®áâ¨ å�à�ªâ¥à¨§ã¥âáï
ª®¢�à¨�æ¨¥© diag {D{sX};D{sY };D{sZ}} ≈ diag {292; 292; 32}.

‚¥ªâ®à ¢®§¬ãé¥−¨© Wt = (wX(t), wY (t), wZ(t))
T, ¬®¤¥«¨àãîé¨© ®âª«®-

−¥−¨ï áª®à®áâ¨ S(t) ®â áà¥¤−¥£® §−�ç¥−¨ï s ¢ ¬®¤¥«¨ (2), ¨¬¥¥â −¥§�¢¨á¨¬ë¥
í«¥¬¥−âë á® áâ�−¤�àâ−ë¬ −®à¬�«ì−ë¬ à�á¯à¥¤¥«¥−¨¥¬. ‚¥«¨ç¨−ë ®âª«®−¥−¨©
σsX

, σsY
¨ σsZ

, à�¢−ë áà¥¤−¨¬ §−�ç¥−¨ï¬ áà¥¤−¥© áª®à®áâ¨ s, â. ¥.

σsX
= E{sX} = 150; σsY

= E{sY } = 150; σsZ
= E{sZ} = 5.

‚ ¬®¤¥«¨ (3), ¢ë¡¨à�ï äã−ªæ¨¨ ›sX
(S) = εsX

|SX |, ›sY
(S) = εsY

|SY |
¨ ›sZ

(S) = εsZ
|SX | á®£«�á−® à¥ª®¬¥−¤�æ¨¨ D[SX(t)] → E{s2X}, D[SY (t)] →

→ E{s2Y } ¨ D[SZ(t)]→ E{s2Z}, ¨á¯®«ì§®¢�«¨áì εsX
= εsY

= 0,7 ¨ εsZ
= 0,65.

��ª®−¥æ, ¢ ¬®¤¥«¨ (4) ¯à¥¤¯®«�£�¥âáï, çâ® ¨á¯®«ì§ã¥¬ë© ¯ã�áá®−®¢áª¨©
¯à®æ¥áá P (u) ¨¬¥¥â ¨−â¥−á¨¢−®áâì λu = 3/(6 ¬¨−), â. ¥. §� ¢à¥¬ï −�¢¨£�æ¨¨ 6 ¬¨−
¢ áà¥¤−¥¬ ¯à®¨áå®¤ïâ âà¨ ¨§¬¥−¥−¨ï ¯®áâ®ï−−®© áà¥¤−¥© áª®à®áâ¨ (sx, sy, sz)

T,
¨«¨ áà¥¤−¥¥ ¢à¥¬ï ¬¥¦¤ã áª�çª�¬¨ à�¢−® 2 ¬¨−.

‚® ¢á¥å ¬®¤¥«ïå ¤¢¨¦¥−¨¥ ¢ â¥ç¥−¨¥ 6 ¬¨− ¬®¤¥«¨à®¢�«®áì ¢ ¤¨áªà¥â−ë¥
¬®¬¥−âë ¢à¥¬¥−¨ t = 0, 1000, ª®â®àë¥ ®â¢¥ç�«¨ à�§¡¨¥−¨î ¨−â¥à¢�«� ¢à¥¬¥−¨
−�¡«î¤¥−¨ï á è�£®¬ ¤¨áªà¥â¨§�æ¨¨ δ = 0,0001 ç. �âáî¤� ¯®«ãç�¥âáï, çâ®
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÷¨á. 1 �à¨¬¥àë âà�¥ªâ®à¨© ¬®¤¥«¥© (2) ¨ (3) ¢ ¯«®áª®áâ¨ 0xy

÷¨á. 2 �à¨¬¥àë âà�¥ªâ®à¨© ¬®¤¥«¨ (4) ¢ ¯«®áª®áâ¨ 0xy

−�¢¨£�æ¨®−−�ï §�¤�ç� à¥è�«�áì ¢ â¥ç¥−¨¥ 0,1 ç = 6 ¬¨−. �à¨ �¡á®«îâ−®©
¯®áâ®ï−−®© áà¥¤−¥© áª®à®áâ¨ 212 ª¬/ç §� íâ® ¢à¥¬ï ��‹� ¢ áà¥¤−¥¬ ¯¥à¥¬¥é�«áï
−� à�ááâ®ï−¨¥ ¯®àï¤ª� 21 ª¬, ¯à¨¡«¨¦�ïáì ª −�ç�«ã ª®®à¤¨−�â. Œ�ªá¨¬�«ì−®¥
à�ááâ®ï−¨¥ ¢ ¬®¬¥−â ®¡−�àã¦¥−¨ï ��‹� t = 0 ¤® æ¥«¨ á®áâ�¢«ï«® ≈ 57 ª¬,
¬¨−¨¬�«ì−®¥ à�ááâ®ï−¨¥ ≈ 28 ª¬.

�à¨¬¥àë á¬®¤¥«¨à®¢�−−ëå ¢ íªá¯¥à¨¬¥−â¥ âà�¥ªâ®à¨© ¯à¨¢¥¤¥−ë −� à¨á. 1
(¤«ï ¬®¤¥«¥© (2) ¨ (3)) ¨ −� à¨á. 2 (¤«ï ¬®¤¥«¨ (4)). ‚¨§ã�«ì−® ®â«¨ç¨ï −� à¨á. 1
¬¥¦¤ã ¤¨−�¬¨ª�¬¨ (2) ¨ (3) §�¬¥â−ë á«�¡®, −® ª�ç¥áâ¢¥−−® ¬®¦−® ®â¬¥â¨âì, çâ®
å�®â¨ç¥áª¨¥ ¬�−¥¢àë ¢ (2) ¨ (3) áâ�−®¢ïâáï ¡®«¥¥ à¥£ã«ïà−ë¬¨ ¨ âà�¥ªâ®à¨¨
á ¬¥−ìè¨¬¨ áª®à®áâï¬¨ ¢ æ¥«®¬ ¯à¨®¡à¥â�îâ ¡®«¥¥ £«�¤ª¨© å�à�ªâ¥à. �â«¨ç¨ï
−� à¨á. 2 ®ç¥¢¨¤−ë. …á«¨ −¥ §−�âì §�à�−¥¥, çâ® ¬®¤¥«ì (4) ¢¯®«−¥ �−�«®£¨ç−�
¬®¤¥«ï¬ (2) ¨ (3), â® ¤®£�¤�âìáï ®¡ ¨å áå®¤áâ¢¥ §�âàã¤−¨â¥«ì−®. �à¨ íâ®¬
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ïá−®, çâ® à�§−®®¡à�§¨¥ âà�¥ªâ®à¨© (4) ¯à¨ ®¤¨−�ª®¢®© ®¡é¥© −�¯à�¢«¥−−®áâ¨
á ¯à®áâë¬¨ ¬®¤¥«ï¬¨ £®à�§¤® ¡®«ìè¥.

7 Заключение

�à¥¤«®¦¥−−ë¥ ¢ áâ�âì¥ ¬®¤¥«¨ ¤¢¨¦¥−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ è¨à®-
ª®¬ á¯¥ªâà¥ áæ¥−�à¨¥¢ −�¢¨£�æ¨¨ �¢â®−®¬−ëå ¤¢¨¦ãé¨åáï �¯¯�à�â®¢ ¢ ª�ç¥áâ¢¥
ã−¨¢¥àá�«ì−ëå ãà�¢−¥−¨© á®áâ®ï−¨ï áâ®å�áâ¨ç¥áª®© ¤¨−�¬¨ç¥áª®© á¨áâ¥¬ë −�-
¡«î¤¥−¨ï ¢ ¯®áâ�−®¢ª¥ §�¤�ç¨ ä¨«ìâà�æ¨¨. �à¨ íâ®¬ −�¤® ®â¬¥â¨âì, çâ® ¯à¨
ª�¦ãé¥©áï ¯à®áâ®â¥, á−¨¬�îé¥© ¬−®£¨¥ ¢®¯à®áë ®âáãâáâ¢¨ï �¯à¨®à−®© ¨−ä®à-
¬�æ¨¨ ® å�à�ªâ¥à¥ ¤¢¨¦¥−¨ï −¥¨§¢¥áâ−®£® �¯¯�à�â�, ¤«ï ä¨«ìâà�æ¨¨ ¯à¥¤«®-
¦¥−−ë¥ ¬®¤¥«¨ ¤®¢®«ì−® á«®¦−ë, ¯®áª®«ìªã ¢á¥-â�ª¨ á®¤¥à¦�â àï¤ ¯�à�¬¥âà®¢,
¯®¤«¥¦�é¨å ¨¤¥−â¨ä¨ª�æ¨¨. �â¨ ¯�à�¬¥âàë ¤®«¦−ë ®æ¥−¨¢�âìáï ¯�à�««¥«ì−®
á à¥è¥−¨¥¬ ®á−®¢−®© §�¤�ç¨ ®æ¥−ª¨ ¬¥áâ®¯®«®¦¥−¨ï ¤¢¨¦ãé¥£®áï ®¡ê¥ªâ�, çâ®
á¯®á®¡−ë ¤¥«�âì ¤�«¥ª® −¥ ¢á¥ �«£®à¨â¬ë ä¨«ìâà�æ¨¨. �® íää¥ªâ¨¢−ë¥ à¥è¥-
−¨ï á ãá¯¥è−®© ¨¤¥−â¨ä¨ª�æ¨¥© ¥áâì (á¬., −�¯à¨¬¥à, [16]), â�ª çâ® −�¤¥ïâìáï −�
¯à¨¬¥−¨¬®áâì â�ª¨å ¦¥ ä¨«ìâà®¢ ¢ ¯à¥¤«®¦¥−−ëå ¬®¤¥«ïå ¬®¦−®. „«ï ¯®«−®-
âë ¨áá«¥¤®¢�−¨ï �−�«®£¨ç−ë¥ ã−¨¢¥àá�«ì−ë¥ ¬®¤¥«¨ ¤®«¦−ë ¡ëâì ¯à¥¤«®¦¥−ë
¨ ¤«ï ¬®¤¥«¨ ¨§¬¥à¨â¥«ì−®£® ª®¬¯«¥ªá�.
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FOR TRACKING AND NAVIGATION TASKS

OF UNMANNED MOVING OBJECTS

I. V. Uryupin

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

Abstract: To state most navigation problems, it is necessary to correctly
formulate the problem of filtering the state of a stochastic dynamic system by
indirect observations. If navigation is performed in a noncooperative scenario
where the observed object and the measuring system do not interact, a priori
information about the motion model is either limited to simple descriptions of
the target and environmental conditions, or is absent altogether. For such cases,
the article suggests several universal models that require minimum information
about the parameters of a moving object. The models are based on simple motion
at a constant speed. The lack of information about this speed complements
navigation with the task of identifying it. The direction of movement is set
to the average speed, which can vary from trajectory to trajectory, including
depending on the coordinates of the object at the time of detection. The
uncertainty of motion is modeled by several variants of additive (correlated and
uncorrelated) disturbances that simulate chaotic motion while maintaining the
general direction. A more complex model assumes a periodic change in the average
speed of motion, which is analogous to motion with a piecewise constant velocity.
Such changes in the motion model are modeled by the Poisson flow of events. It
is noted that even in the presence of a priori information about this flow, the
task of navigation is accompanied by an extremely difficult task of identification,
since it is required to estimate the changed average speed over a short observation
interval. Typical examples of calculated trajectories are given.

Keywords: navigation; target tracking; unmanned moving vehicles; stochastic
dynamic observation system; additive disturbances; Markov chains; Poisson
event flow
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БЕЗЫЗБЫТОЧНОЕ САМОСИНХРОННОЕ КОДИРОВАНИЕ:
РЕАЛИЗАЦИЯ ИНФОРМАЦИОННОГО КАНАЛА

Ю. А. Степченков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì ®à£�−¨§�æ¨¨ ¡¥§ë§¡ëâ®ç−®£® á�-
¬®á¨−åà®−−®£® (‘‘) ª®¤¨à®¢�−¨ï ¨ áå¥¬®â¥å−¨ç¥áª¨© ¡�§¨á à¥�«¨§�æ¨¨ æ¨ä-
à®¢ëå ‘‘-áå¥¬ á âà¥åãà®¢−¥¢ë¬ ª®¤¨à®¢�−¨¥¬ ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢,
®á−®¢�−−ë¬ −� ¨á¯®«ì§®¢�−¨¨ ¡¨¯®«ïà−®£® ¯¨â�−¨ï. ÷�áá¬�âà¨¢�¥¬ë© á¯®-
á®¡ ª®¤¨à®¢�−¨ï ®â¢¥ç�¥â âà¥¡®¢�−¨î à¥�«¨§�æ¨¨ ‘‘-ª®¤� ¨ ®¡¥á¯¥ç¨¢�¥â
ª®àà¥ªâ−ãî ¯¥à¥¤�çã ¯�à�««¥«ì−®© ¨−ä®à¬�æ¨¨ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ á¨á-
â¥¬ë (¯à¨¥¬®-¯¥à¥¤�îé¨¬¨ ãáâà®©áâ¢�¬¨ ¨ ª�−�«�¬¨ á¢ï§¨) −¥§�¢¨á¨¬® ®â
§−�ç¥−¨© ¢à¥¬¥−−ëå §�¤¥à¦¥ª, ¢−®á¨¬ëå ¨¬¨. ÷�áá¬�âà¨¢�¥¬ë© á¯®á®¡
‘‘-ª®¤¨à®¢�−¨ï ¡¥§ë§¡ëâ®ç¥−, ¯®áª®«ìªã è¨à¨−� â�ª®£® ¨−ä®à¬�æ¨®−−®-
£® ‘‘-ª�−�«� (ç¨á«® à�§àï¤®¢) ¢ â®ç−®áâ¨ á®¢¯�¤�¥â á è¨à¨−®© ¨−ä®à-
¬�æ¨®−−®£® ª�−�«� ¢ á¨−åà®−−®¬ ¨−ä®à¬�æ¨®−−®¬ ª�−�«¥. ‚ ‘‘-áå¥¬�å
âà¥åãà®¢−¥¢®¥ ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ ¢¬¥áâ® âà�¤¨æ¨®−−®£®
¯�à�ä�§−®£® ¯®§¢®«ï¥â ¨§¡�¢¨âìáï ®â −¥®¡å®¤¨¬®áâ¨ ¤ã�«¨§�æ¨¨ «®£¨ç¥áª¨å
äã−ªæ¨©, ¢ë¯®«−ï¥¬ëå áå¥¬®©, ¨ ¢¤¢®¥ á®ªà�é�¥â ç¨á«® í«¥¬¥−â®¢ ª®¬¡¨-
−�æ¨®−−®© «®£¨ª¨. �¤−�ª® ®−® ãá«®¦−ï¥â áå¥¬®â¥å−¨ç¥áªãî à¥�«¨§�æ¨î
ª�¦¤®£® í«¥¬¥−â� ¨ âà¥¡ã¥â ¨á¯®«ì§®¢�−¨ï ¤®¯®«−¨â¥«ì−®£® ¨áâ®ç−¨ª� ¯¨â�-
−¨ï á ®âà¨æ�â¥«ì−ë¬ −�¯àï¦¥−¨¥¬. Œ¥−ìè¥¥ ç¨á«® ¨−ä®à¬�æ¨®−−ëå á¨£−�-
«®¢ ¢ âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬�å ®¡«¥£ç�¥â ¨å â®¯®«®£¨ç¥áªãî à¥�«¨§�æ¨î.
�¤−�ª® −¥®¡å®¤¨¬®áâì ¢ ®âà¨æ�â¥«ì−®¬ ¯¨â�−¨¨ §�âàã¤−ï¥â ¨å ¨á¯®«ì§®-
¢�−¨¥ ¢ â¨¯®¢®© æ¨äà®¢®© �¯¯�à�âãà¥, � ¡®«¥¥ á«®¦−ë© â¥å−®«®£¨ç¥áª¨©
¯à®æ¥áá ¨å ¨§£®â®¢«¥−¨ï, ¯à¥¤ãá¬�âà¨¢�îé¨© à¥�«¨§�æ¨î ¢ ¥¤¨−®¬ æ¨ª«¥
ª®¬¯«¥¬¥−â�à−ëå ¬¥â�««{®ªá¨¤{¯®«ã¯à®¢®¤−¨ª (Œ��) âà�−§¨áâ®à®¢ á ¨−-
¤ãæ¨à®¢�−−ë¬ ¨ ¢áâà®¥−−ë¬ ª�−�«®¬ ¨ á à�§−ë¬¨ ¯®à®£®¢ë¬¨ −�¯àï¦¥−¨ï¬¨,
ã¤®à®¦�¥â ¨å ¯à®¨§¢®¤áâ¢®. ÷�áá¬®âà¥−−ë¥ áå¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï −�
¡�§¥ ¡¨¯®«ïà−®£® ¯¨â�−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¨ ¢ á¨−åà®−−®© áå¥¬®â¥å-
−¨ª¥ ¢ ¤¢ãå ¢�à¨�−â�å ¨á¯®«−¥−¨ï: á âà�¤¨æ¨®−−ë¬ ¡¨−�à−ë¬ ª®¤¨à®¢�−¨¥¬
(1, 0) ¤«ï ¯®¢ëè¥−¨ï ãà®¢−ï á¡®¥ãáâ®©ç¨¢®áâ¨ ¨ âà®¨ç−ë¬ ª®¤¨à®¢�−¨¥¬
(+1, 0,−1) ¤«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−®¥ ª®¤¨à®¢�−¨¥; ¨§¡ëâ®ç−®áâì ª®¤�; á�¬®-
á¨−åà®−−�ï áå¥¬�; ¡¨¯®«ïà−®¥ ¯¨â�−¨¥; âà¥åãà®¢−¥¢®¥ ª®¤¨à®¢�−¨¥; ŠŒ��
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1 Введение

‘�¬®á¨−åà®−−ë¥ áå¥¬ë ®¡à�§ãîâ ¯®¤ª«�áá �á¨−åà®−−ëå áå¥¬ [1, 2]. �−¨
¨¬¥îâ ¤�¢−îî ¨áâ®à¨î. ‘ ¬®¬¥−â� à®¦¤¥−¨ï [3] ¨ ¯® −�áâ®ïé¥¥ ¢à¥¬ï ®−¨ á«ã¦�â
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¯à¥¤¬¥â®¬ �ªâ¨¢−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨© [4{11]. �«�£®¤�àï −¥§�¢¨á¨¬®áâ¨ ¯®-
¢¥¤¥−¨ï ®â §�¤¥à¦¥ª ¢ í«¥¬¥−â�å ¨ æ¥¯ïå áå¥¬ë, ‘‘-áå¥¬ë ¨¬¥îâ áãé¥áâ¢¥−−ë¥
¯à¥¨¬ãé¥áâ¢� ¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨. �−¨ ®¡«�¤�îâ ¢ −¥áª®«ìª®
à�§ ¡®«¥¥ è¨à®ª¨¬ ¤¨�¯�§®−®¬ à�¡®â®á¯®á®¡−®áâ¨ ¯® −�¯àï¦¥−¨î ¯¨â�−¨ï ¨ â¥¬-
¯¥à�âãà¥ ®ªàã¦�îé¥© áà¥¤ë [6] ¨ −�¬−®£® ãáâ®©ç¨¢¥¥ ª ¢®§¤¥©áâ¢¨î «®£¨ç¥áª¨å
á¡®¥¢ [9].

�á−®¢−®© −¥¤®áâ�â®ª ‘‘-áå¥¬ | ¨§¡ëâ®ç−®áâì �¯¯�à�â−ëå §�âà�â ¢ áà�¢−¥-
−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨ [8]. �à¨ç¨−ë íâ®£®:

{ ¨§¡ëâ®ç−®¥ ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢;

{ −�«¨ç¨¥ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë, ä®à¬¨àãîé¥© á¨£−�« ¯®¤â¢¥à¦¤¥−¨ï
ãá¯¥è−®£® §�¢¥àè¥−¨ï ¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë ¢ ®ç¥à¥¤−ãî ä�§ã à�¡®âë.

ˆ§¡ëâ®ç−®¥ ª®¤¨à®¢�−¨¥ −¥®¡å®¤¨¬® ¤«ï ®¡¥á¯¥ç¥−¨ï −¥§�¢¨á¨¬®áâ¨ ¯®-
¢¥¤¥−¨ï ãáâà®©áâ¢ ®â §−�ç¥−¨© ¢à¥¬¥−− �ëå §�¤¥à¦¥ª, ¢−®á¨¬ëå ª®¬¯®−¥−â�¬¨
á¨áâ¥¬ë, ¨ ¢®§¬®¦−®áâ¨ ¯à¨¥¬−®£® ãáâà®©áâ¢� ®¯à¥¤¥«¨âì ä�ªâ ãáâ�−®¢ª¨ ¤®-
áâ®¢¥à−ëå §−�ç¥−¨© ¢å®¤−ëå ¤�−−ëå.

�«�£®¤�àï −�«¨ç¨î ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë, ®¡¥á¯¥ç¨¢�îé¥© ¯à®¢¥àªã
®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï áå¥¬ë, ‘‘-áå¥¬� ®¡−�àã¦¨¢�¥â ¨ «®ª�«¨§ã¥â ª®−-
áâ�−â−ë¥ −¥¨á¯à�¢−®áâ¨ ¨ ®¡«�¤�¥â ¡®«¥¥ ¢ëá®ª®© ¨¬¬ã−−®áâìî ª «®£¨ç¥áª¨¬
á¡®ï¬, çâ® ®¡¥á¯¥ç¨¢�¥â −�¤¥¦−®áâì ¥¥ äã−ªæ¨®−¨à®¢�−¨ï.

‘ ®¤−®© áâ®à®−ë, ‘‘-áå¥¬� à�¡®â�¥â −�áâ®«ìª® ¡ëáâà®, −�áª®«ìª® ¯®§¢®«ï-
îâ à¥�«ì−ë¥ §�¤¥à¦ª¨ ¯¥à¥ª«îç¥−¨ï «®£¨ç¥áª¨å í«¥¬¥−â®¢ ¨ à�á¯à®áâà�−¥−¨ï
á¨£−�«®¢ ¯® âà�áá�¬ ¬¥¦á®¥¤¨−¥−¨© ¢ â¥ªãé¨å ãá«®¢¨ïå íªá¯«ã�â�æ¨¨. ‘ ¤àã£®©
áâ®à®−ë, −¥®¡å®¤¨¬®áâì ®¦¨¤�−¨ï ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï −¥ â®«ìª® äã−ª-
æ¨®−�«ì−®© áå¥¬ë, −® ¨ ¥¥ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ã¢¥«¨ç¨¢�¥â ¤«¨â¥«ì−®áâì
æ¨ª«� ®¡à�¡®âª¨ ¤�−−ëå, çâ® á−¨¦�¥â ¡ëáâà®¤¥©áâ¢¨¥ ‘‘-áå¥¬ë ¢ áà�¢−¥−¨¨
á á¨−åà®−−ë¬ �−�«®£®¬, å®âï ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ −¥§−�ç¨â¥«ì−®, � ¯à¨
−¥¡®«ìè®© à�§àï¤−®áâ¨ æ¨äà®¢®© áå¥¬ë ¥¥ ‘‘-à¥�«¨§�æ¨ï ¯®ª�§ë¢�¥â ¤�¦¥
«ãçèãî ¯à®¨§¢®¤¨â¥«ì−®áâì, ç¥¬ á¨−åà®−−ë© �−�«®£ [8].

�� −�ç�«ì−®¬ íâ�¯¥ áâ�−®¢«¥−¨ï á�¬®á¨−åà®−−®© â¥¬�â¨ª¨ ¢ ÷®áá¨¨ ¨ ¢ ˆ�ˆ
÷��, ¢ ç�áâ−®áâ¨, ¢ à�¡®â�å [4, 5, 12] ®â¬¥ç�«®áì, çâ®, −¥á¬®âàï −� ®ç¥¢¨¤−ë¥
¯à¥¨¬ãé¥áâ¢� ‘‘-á¯®á®¡� ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ª®¬¯®−¥−â�¬¨
ª®¬¯ìîâ¥à−ëå á¨áâ¥¬, ®− ¯à®¤®«¦�¥â ®áâ�¢�âìáï ¢−¥ ¨−â¥à¥á®¢ ¢¥¤ãé¨å ¯à®¨§-
¢®¤¨â¥«¥© áà¥¤áâ¢ ª®¬¯ìîâ¥à−®© â¥å−¨ª¨. ˆ ®¤−� ¨§ ®á−®¢−ëå ¯à¨ç¨− â�ª®£®
ªà¨â¨ç¥áª®£® ®â−®è¥−¨ï | ¨§¡ëâ®ç−®¥ (‘‘) ª®¤¨à®¢�−¨¥ âà�ªâ� ¤�−−ëå, ª®â®-
à®¥ ¯à¨¢®¤¨â ª ã¤¢®¥−¨î ç¨á«� ¨å ª®−â�ªâ®¢ ¢ á¨áâ¥¬−ëå ¨ «®ª�«ì−ëå ¨−â¥àä¥©-
á�å, çâ® áç¨â�¥âáï ªà¨â¨ç¥áª¨¬ ¯�à�¬¥âà®¬ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ª®¬¯ìîâ¥à−ëå
á¨áâ¥¬.

ˆ§¡ëâ®ç−®¥ ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ ¢ ‘‘-áå¥¬¥ ¯à¨¢®-
¤¨â ª ã¢¥«¨ç¥−¨î −¥ â®«ìª® �¯¯�à�â−ëå §�âà�â, −® ¨ áã¬¬�à−®© ¯�à�§¨â−®©
¥¬ª®áâ¨ âà�áá ¬¥¦á®¥¤¨−¥−¨©, ¯®áª®«ìªã ç¨á«® ¨−ä®à¬�æ¨®−−ëå æ¥¯¥© ã¤¢�¨-
¢�¥âáï. ‚ á¢ï§¨ á íâ¨¬ �ªâã�«ì−ë¬ áâ�−®¢¨âáï ¯®¨áª �«ìâ¥à−�â¨¢−ëå á¯®á®¡®¢
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�¥§ë§¡ëâ®ç−®¥ á�¬®á¨−åà®−−®¥ ª®¤¨à®¢�−¨¥: à¥�«¨§�æ¨ï ¨−ä®à¬�æ¨®−−®£® ª�−�«�

‘‘-ª®¤¨à®¢�−¨ï, ®¡¥á¯¥ç¨¢�îé¨å ‘‘-®¡¬¥− ¨−ä®à¬�æ¨¥© ¡¥§ ã¢¥«¨ç¥−¨ï ç¨á-
«� á¨£−�«ì−ëå æ¥¯¥©.

�¤−¨¬ ¨§ á¯®á®¡®¢ à¥è¥−¨ï ¯à®¡«¥¬ë ¨§¡ëâ®ç−®áâ¨ ª®¤¨à®¢�−¨ï ¨−ä®à-
¬�æ¨¨ á«ã¦¨â ¬−®£®ãà®¢−¥¢®¥ ª®¤¨à®¢�−¨¥ [13, 14]. ��¨¡®«¥¥ à�á¯à®áâà�−¥−®
âà¥åãà®¢−¥¢®¥ ª®¤¨à®¢�−¨¥ [15, 16]. „�−−�ï áâ�âìï à�áá¬�âà¨¢�¥â ®á®¡¥−−®áâ¨
à¥�«¨§�æ¨¨ ‘‘-áå¥¬ á â�ª¨¬ ª®¤¨à®¢�−¨¥¬ ¨ ®æ¥−¨¢�¥â æ¥«¥á®®¡à�§−®áâì ¥£®
¯à¨¬¥−¥−¨ï ¢ ‘‘-áå¥¬�å.

2 Избыточность кодовой системы

ˆ§¢¥áâ−®, çâ® ¨§¡ëâ®ç−®áâì ª®¤®¢®© á¨áâ¥¬ë ¬®¦¥â ¡ëâì ®æ¥−¥−� ¯® ä®à¬ã«¥:

R =
N −N0
N

= 1− N0
N

,

£¤¥ N | ç¨á«® à�§àï¤®¢, ¨á¯®«ì§ã¥¬ëå ¢ à�áá¬�âà¨¢�¥¬®© ª®¤®¢®© á¨áâ¥¬¥ ¤«ï
¯¥à¥¤�ç¨ «î¡®£® ¯®§¨æ¨®−−®£® ª®¤�; N0 | ç¨á«® à�§àï¤®¢ ¢ ª®¤®¢®© á¨áâ¥-
¬¥ ¤«ï ¯¥à¥¤�ç¨ «î¡®£® ¯®§¨æ¨®−−®£® ª®¤�, −¥ á®¤¥à¦�é¥© ª®¤®¢®© ¨§¡ëâ®ç-
−®áâ¨.

��¨¡®«¥¥ ¯®«−�ï ¨−ä®à¬�æ¨ï ®¡ ¨§¡ëâ®ç−®áâ¨ ¢ ¢®§¬®¦−ëå ¤¢®¨ç−ëå
‘‘-ª®¤�å ¯à¨¢¥¤¥−� ¢ à�¡®â¥ [12] (á¬. â�¡«. 1, ¢ ª®â®à®© n | «î¡®© ¯®§¨æ¨®−-
−ë© ¤¢®¨ç−ë© ª®¤ ¤«¨−ë n; �Š‘ | ¯�à�ä�§−ë© ª®¤ á® á¯¥©á¥à®¬; Šˆ | ª®¤
á ¨¤¥−â¨ä¨ª�â®à®¬; �÷Š | ®¯â¨¬�«ì−ë© à�¢−®¢¥á−ë© ª®¤; 1-¨§-N | CC-ª®¤,
¢ ª®â®à®¬ ª�¦¤®¬ã ¯®§¨æ¨®−−®¬ã ª®¤ã á®®â¢¥âáâ¢ã¥â â®«ìª® ®¤−� ¥¤¨−¨æ� ¢ íâ®¬
ª®¤¥1).

ˆ§ â�¡«. 1 ¢¨¤−®, çâ® ¯à¨ n = 2 ª®íää¨æ¨¥−â ¨§¡ëâ®ç−®áâ¨ ã ¢á¥å ¯à¥¤áâ�¢-
«¥−−ëå ª®¤®¢ëå á¨áâ¥¬ ®¤¨−�ª®¢ (R = 0,5). �® ¬¥à¥ ã¢¥«¨ç¥−¨ï à�§àï¤−®áâ¨
(¤«¨−ë n) ¨§¡ëâ®ç−®áâì ª®¤®¢ëå á¨áâ¥¬ Šˆ ¨ �÷Š ¯�¤�¥â ¨ ¤«ï n = 16 ã �÷Š
¤®áâ¨£�¥â ¬¨−¨¬ã¬� (Rïòë = 0,158). �¥á¬®âàï −� áâ®«ì −¨§ªãî ¨§¡ëâ®ç−®áâì
®−¨ −¥ −�è«¨ ¯à¨¬¥−¥−¨ï ¢ áå¥¬®â¥å−¨ç¥áª®© ¯à�ªâ¨ª¥, ¯®áª®«ìªã ¯à®æ¥¤ãàë
¨å ª®¤¨à®¢�−¨ï ¨ ¤¥ª®¤¨à®¢�−¨ï á«¨èª®¬ �¯¯�à�â−®-§�âà�â−ë.

’�¡«¨æ� 1 ˆ§¡ëâ®ç−®áâì ‘‘-á¨áâ¥¬ ª®¤¨à®¢�−¨ï

n Rðëó Rëé Rïòë R1-ÉÚ-N

1 2 3 4 5
2 0,500 0,500 0,500
3 0,400 0,400 0,625
4 0,5 0,429 0,333 0,750
· · · · · · · · · · · ·
16 0,238 0,158 ∼ 1

1÷�áá¬®âà¥−¨¥ á¯¥æ¨ä¨ª¨ ª�¦¤®£® ¨§ íâ¨å ‘‘-ª®¤®¢ ®áâ�¥âáï §� à�¬ª�¬¨ ¤�−−®© áâ�âì¨.
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‘¨áâ¥¬� ª®¤¨à®¢�−¨ï 1-¨§-N å�à�ªâ¥à¨§ã¥âáï àï¤®¬ ¤®áâ®¨−áâ¢: −¨§ª¨¬¨
�¯¯�à�â−ë¬¨ §�âà�â�¬¨ −� ¯à®æ¥áá ª®¤¨à®¢�−¨ï/¤¥ª®¤¨à®¢�−¨ï ¨ à¥�«¨§�æ¨î
¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë, ä®à¬¨àãîé¥© á¨£−�« ãáâ�−®¢ª¨ ¨ á¡à®á� ¤�−−ëå ¢ ¨−-
ä®à¬�æ¨®−−®¬ ª�−�«¥. �®áª®«ìªã ¤�−−ë¥ ª®¤¨àãîâáï â®«ìª® ®¤−®© «®£¨ç¥áª®©
¥¤¨−¨æ¥© ¢ ¯¥à¥¤�¢�¥¬®¬ ª®¤¥, â® í−¥à£¥â¨ç¥áª¨¥ §�âà�âë ¬¨−¨¬�«ì−ë, � ¯®-
âà¥¡«¥−¨¥ í−¥à£¨¨ ¯®çâ¨ ®¤¨−�ª®¢® ¤«ï à�§−ëå N −�¡®à®¢. “¬¥−ìè¥−¨¥ ç¨á«�
�ªâ¨¢−® ¯¥à¥ª«îç�îé¨åáï ¯à®¢®¤®¢ ¢ ª®−¢¥©¥à¥ 1-¨§-N ¯®¢ëè�¥â ¥£® í−¥à£®íä-
ä¥ªâ¨¢−®áâì. �¤−�ª® ¨á¯®«ì§®¢�−¨¥ ¡®«ìè®£® N ¯«®å® áª�§ë¢�¥âáï −� íää¥ª-
â¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¯«®é�¤¨ ¨§-§� «®£�à¨ä¬¨ç¥áª®© §�¢¨á¨¬®áâ¨ ¬¥¦¤ã N
¨ ç¨á«®¬ ¨−ä®à¬�æ¨®−−ëå ¡¨â ¢ ª®¤¥ 1-¨§-N . ‚ ¯à�ªâ¨ç¥áª¨å �á¨−åà®−−ëå
à¥�«¨§�æ¨ïå N ®¡ëç−® ¬¥−ìè¥ 5 [17].

�â−®á¨â¥«ì−® −¥¡®«ìè¨¥ §�âà�âë −� ª®¤¨à®¢�−¨¥/¤¥ª®¤¨à®¢�−¨¥ ª®¤� �Š‘
¨ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë, ¥£® ¯à¨¥¬«¥¬ë© ãà®¢¥−ì ¨§¡ëâ®ç−®áâ¨, ª®â®àë©
−¥ §�¢¨á¨â ®â à�§¬¥à� N , ¯à¥¤®¯à¥¤¥«¨«¨ ¥£® è¨à®ª®¥ ¨á¯®«ì§®¢�−¨¥ ¢ ‘‘
áå¥¬®â¥å−¨ç¥áª®© ¯à�ªâ¨ª¥.

Š®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ ¢ ª®¬¡¨−�æ¨®−−ëå áå¥¬�å, ª�ª
¯à�¢¨«®, ¯�à�ä�§−®¥ á® á¯¥©á¥à®¬. ‚ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå áå¥¬�å ª®¤¨à®¢�−¨¥
¬®¦¥â ¡ëâì ¯�à�ä�§−ë¬ á® á¯¥©á¥à®¬, ¡¨ä�§−ë¬ á á¨£−�«®¬ ã¯à�¢«¥−¨ï ¨«¨
ã−�à−ë¬ (®¤¨−®ç−ë©, −¥¯�à−ë© á¨£−�«) á á®¯à®¢®¦¤�îé¨¬ ¥£® á¨£−�«®¬ ã¯à�¢-
«¥−¨ï. ��à�ä�§−®¥ ª®¤¨à®¢�−¨¥ á¨£−�«� à¥�«¨§ã¥â «î¡®© ¨−ä®à¬�æ¨®−−ë©
á¨£−�«, −¥áãé¨© ¡¨â ¨−ä®à¬�æ¨¨, ¤¢ã¬ï á¨£−�«�¬¨, −�§ë¢�¥¬ë¬¨ ª®¬¯®−¥−â�¬¨
¯�à�ä�§−®£® á¨£−�«� (�”‘). ‚ à¥§ã«ìâ�â¥ ç¨á«® ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢
¨ «®£¨ç¥áª¨å í«¥¬¥−â®¢ ¢ áå¥¬¥ ã¤¢�¨¢�¥âáï.

‹î¡®© �”‘ (•, •‚) ¨¬¥¥â ¤¢� à�¡®ç¨å á®áâ®ï−¨ï (ú10û ¨ ú01û) ¨ ®¤−®
á¯¥©á¥à−®¥ á®áâ®ï−¨¥ (ú11û ¨«¨ ú00û) [12], çâ® ¯®§¢®«ï¥â ¤®áâ�â®ç−® ¯à®áâ®
¤¥â¥ªâ¨à®¢�âì â¥ªãé¥¥ á®áâ®ï−¨¥ �”‘. ’à�¤¨æ¨®−−® ¤«ï íâ®£® ¨á¯®«ì§ãîâáï
«®£¨ç¥áª¨¥ í«¥¬¥−âë 2ˆ‹ˆ-�…/2ˆ-�… (¤«ï −ã«¥¢®£®/¥¤¨−¨ç−®£® á¯¥©á¥à�).

’�ª¨¬ ®¡à�§®¬, ¯à¨ áâ�−¤�àâ−®¬ ¤¢ãåãà®¢−¥¢®¬ ¯¨â�−¨¨ æ¨äà®¢®© áå¥¬ë
(¯®«®¦¨â¥«ì−®¥ −�¯àï¦¥−¨¥ ¯¨â�−¨ï ¨ ®¡é�ï è¨−� | ú§¥¬«ïû) ¤¢¥ ª®¬¯®−¥−âë
�”‘ ¨£à�îâ ¤¢®ïªãî à®«ì. ‘ ®¤−®© áâ®à®−ë, ®−¨ ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦-
−®áâì ¤¥â¥ªâ¨à®¢�âì â¥ªãéãî ä�§ã �”‘ ¨ áä®à¬¨à®¢�âì á¨£−�« ¯®¤â¢¥à¦¤¥−¨ï
¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë ¢ à�¡®çãî ä�§ã ¨«¨ á¯¥©á¥à, � â�ª¦¥ ®¯à¥¤¥«ïîâ
§−�ç¥−¨¥ ¡¨â� ¨−ä®à¬�æ¨¨, −¥á®¬®£® ¤�−−ë¬ �”‘ ¢ à�¡®ç¥© ä�§¥. ‘ ¤àã£®©
áâ®à®−ë, ¨§-§� íâ®£® à�áâ¥â ç¨á«® á¨£−�«®¢ ª�ª ¢−ãâà¨ ‘‘-áå¥¬ë, â�ª ¨ ¢ ¥¥
¨−â¥àä¥©á¥ á á®á¥¤−¨¬¨ ‘‘-áå¥¬�¬¨.

�«ìâ¥à−�â¨¢−ë© ¯®¤å®¤ ª ª®¤¨à®¢�−¨î ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ ¯à¥¤¯®-
«�£�¥â ¨á¯®«ì§®¢�−¨¥ ¬−®£®ãà®¢−¥¢®£® (ª�ª ¬¨−¨¬ã¬, âà¥åãà®¢−¥¢®£®) ¯¨â�−¨ï.
��¯à¨¬¥à, ¯®¬¨¬® ¯®«®¦¨â¥«ì−®£® ¯¨â�−¨ï VDD ¨ ú§¥¬«¨û (Gnd) ¨á¯®«ì§ã¥âáï
®âà¨æ�â¥«ì−®¥ ¯¨â�−¨¥ VSS ¨«¨ ¯à®¬¥¦ãâ®ç−ë© ãà®¢¥−ì ¬¥¦¤ã VDD ¨ Gnd.

�¥§ë§¡ëâ®ç−®áâì ª®¤¨à®¢�−¨ï ¤«ï ‘‘-áå¥¬ë ¢ íâ®¬ á«ãç�¥ ¬®¦¥â ¡ëâì
¯®«ãç¥−� §� áç¥â ¨á¯®«ì§®¢�−¨ï áà¥¤−¥£® ãà®¢−ï ¬¥¦¤ã ¯®«®¦¨â¥«ì−ë¬ ¨ ®âà¨-
æ�â¥«ì−ë¬ ¯¨â�−¨¥¬ ¢ ª�ç¥áâ¢¥ á¯¥©á¥à−®£® §−�ç¥−¨ï ¨−ä®à¬�æ¨®−−®£® á¨£−�«�.
ˆá¯®«ì§®¢�−¨¥ ¢−¥è−¥£® ¨áâ®ç−¨ª�, ¯®¤¤¥à¦¨¢�îé¥£® áà¥¤−¨© ãà®¢¥−ì ¬¥¦¤ã
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�¥§ë§¡ëâ®ç−®¥ á�¬®á¨−åà®−−®¥ ª®¤¨à®¢�−¨¥: à¥�«¨§�æ¨ï ¨−ä®à¬�æ¨®−−®£® ª�−�«�

¤¢ã¬ï −�¯àï¦¥−¨ï¬¨ ¯¨â�−¨ï, ¯®§¢®«ï¥â à�áá¬�âà¨¢�âì âà®¨ç−®¥ ª®¤¨à®¢�−¨¥
ã−�à−®£® á¨£−�«� (VDD, Gnd, VSS) ¢ ª�ç¥áâ¢¥ �«ìâ¥à−�â¨¢ë �”‘.

�à¥¨¬ãé¥áâ¢� âà¥åãà®¢−¥¢®£® ‘‘-ª®¤¨à®¢�−¨ï ®ç¥¢¨¤−ë:

{ ¯à®¯�¤�¥â −¥®¡å®¤¨¬®áâì ¢ ¤ã�«¨§�æ¨¨ á¨áâ¥¬ë «®£¨ç¥áª¨å äã−ªæ¨© ¯à¨
¯¥à¥å®¤¥ ®â á¨−åà®−−®© áå¥¬ë ª ¥¥ ‘‘-à¥�«¨§�æ¨¨, ¯®áª®«ìªã âà¨ §−�ç¥−¨ï
ã−�à−®£® á¨£−�«� ¯®§¢®«ïîâ ®â®¡à�§¨âì ¨ ¤¢� à�¡®ç¨å á®áâ®ï−¨ï, ¨ á¯¥©á¥à-
−®¥;

{ á®ªà�é�¥âáï ç¨á«® âà�áá ¬¥¦á®¥¤¨−¥−¨© ¢ à¥�«¨§�æ¨¨ ‘‘-áå¥¬ë.

’à¥åãà®¢−¥¢®¥ ‘‘-ª®¤¨à®¢�−¨¥ ¯à¨−æ¨¯¨�«ì−® ®â«¨ç�¥âáï ®â ¨§¢¥áâ−®£®
âà®¨ç−®£® ª®¤¨à®¢�−¨ï ¨−ä®à¬�æ¨¨ ¢ á¨−åà®−−ëå áå¥¬�å [17{21], ¨á¯®«ì§ã¥¬®-
£® ¤«ï ¬¨−¨¬¨§�æ¨¨ à�§àï¤−®áâ¨ ®¡à�¡�âë¢�¥¬ëå ç¨á¥«. �æ¥−¨¬ íää¥ªâ¨¢−®áâì
¥£® ¯à¨¬¥−¥−¨ï ¢ ‘‘-áå¥¬�å.

3 Базовые трехуровневые самосинхронные элементы

÷�áá¬®âà¨¬ ¯à®¡«¥¬ã à�§à�¡®âª¨ ‘‘-áå¥¬ë, ¨§£®â�¢«¨¢�¥¬®© ¯® â¨¯®¢®¬ã
â¥å−®«®£¨ç¥áª®¬ã ¯à®æ¥ááã úª®¬¯«¥¬¥−â�à−ë© ¬¥â�«« { ®ªá¨¤ { ¯®«ã¯à®¢®¤−¨ªû
(ŠŒ��) ¨ ¨á¯®«ì§ãîé¥© âà¥åãà®¢−¥¢®¥ ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨£−�-
«®¢. �ãáâì «®£¨ç¥áª�ï ú1û ¢ à�¡®ç¥© ä�§¥ á®®â¢¥âáâ¢ã¥â VDD, «®£¨ç¥áª¨© ú0û |
VSS, � á¯¥©á¥à | ãà®¢−î Gnd.

‘å¥¬®â¥å−¨ç¥áª�ï à¥�«¨§�æ¨ï âà¥åãà®¢−¥¢®© «®£¨ª¨ ¨áá«¥¤®¢�«�áì ¢ ¡�§¨á¥
âà�¤¨æ¨®−−®© ŠŒ��-â¥å−®«®£¨¨ [14, 16] ¨ ¯®«ã¯à®¢®¤−¨ª®¢ëå ¯à¨¡®à®¢, ¯®-
ï¢¨¢è¨åáï ¢ ¯®á«¥¤−¥¥ ¤¥áïâ¨«¥â¨¥ [13]. ‚ −�áâ®ïé¥¥ ¢à¥¬ï, ®¤−�ª®, ¯à¥¢�«¨àã-
îé¥¥ ¯®«®¦¥−¨¥ §�−¨¬�¥â ŠŒ��-â¥å−®«®£¨ï, ¢ à�¬ª�å ª®â®à®© ª®¬¯®−¥−â−ë¬
¡�§¨á®¬ á«ã¦�â à�§−®¢¨¤−®áâ¨ ¯®«¥¢ëå âà�−§¨áâ®à®¢.

ˆá¯®«ì§®¢�−¨¥ ¤«ï à¥�«¨§�æ¨¨ âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬ â¨¯®¢®£® ŠŒ��-
¯à®æ¥áá� −�ª«�¤ë¢�¥â −¥ª®â®àë¥ ®£à�−¨ç¥−¨ï −� ¢ë¡®à áå¥¬®â¥å−¨ç¥áª¨å à¥-
è¥−¨© ¤«ï âà¥åãà®¢−¥¢®© «®£¨ª¨. �à¨ á¯¥©á¥à−®¬ §−�ç¥−¨¨ á¨£−�«®¢ −� ¢å®¤¥
ŠŒ��-áå¥¬ë á ¡¨¯®«ïà−ë¬ ¯¨â�−¨¥¬ âà�−§¨áâ®àë á ª�−�«®¬ n-â¨¯� ¯à®¢®¤¨-
¬®áâ¨ ¡ã¤ãâ −�å®¤¨âìáï ¢ ®âªàëâ®¬ á®áâ®ï−¨¨, ¥á«¨ ¢ë¯®«−ï¥âáï á®®â−®è¥−¨¥

VSS < −UÐÏÒ.n , (1)

£¤¥UÐÏÒ.n | ¯®à®£®¢®¥ −�¯àï¦¥−¨¥ ®â¯¨à�−¨ï âà�−§¨áâ®à�n-â¨¯�, � âà�−§¨áâ®àë
p-â¨¯� ¡ã¤ãâ −�å®¤¨âìáï ¢ ®âªàëâ®¬ á®áâ®ï−¨¨, ¥á«¨ ¢ë¯®«−ï¥âáï á®®â−®è¥−¨¥

VDD > UÐÏÒ.p , (2)

£¤¥ UÐÏÒ.p | ¯®à®£®¢®¥ −�¯àï¦¥−¨¥ âà�−§¨áâ®à� p-â¨¯�. �®áª®«ìªã ãá«®¢¨ï (1)
¨ (2) ¢ë¯®«−ïîâáï ®¤−®¢à¥¬¥−−®, ¢ áå¥¬¥ ¯®â¥ç¥â áª¢®§−®© â®ª, ã¢¥«¨ç¨¢�ï
í−¥à£®¯®âà¥¡«¥−¨¥ áå¥¬ë.

‚ à�¬ª�å â¨¯®¢®£® â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� ¤®áâã¯−ë ŠŒ��-âà�−§¨áâ®àë
á ª�−�«®¬ n- ¨ p-â¨¯�, ®â«¨ç�îé¨¥áï ¯®à®£®¢ë¬ −�¯àï¦¥−¨¥¬. ˆá¯®«ì§®¢�−¨¥
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÷¨á. 1 ŠŒ��-áå¥¬ë: (�) á ®¤−®¯®«ïà−ë¬ ¯¨â�−¨¥¬; (¡) á ¡¨¯®«ïà−ë¬ ¯¨â�−¨¥¬

âà�−§¨áâ®à®¢ á ¢ëá®ª¨¬¨ ¯®à®£�¬¨ à¥è�¥â ¢ ¯à¨−æ¨¯¥ ¯à®¡«¥¬ã à¥�«¨§�æ¨¨
âà¥åãà®¢−¥¢®£® ‘‘-ª®¤¨à®¢�−¨ï ¢ áå¥¬¥ −� ŠŒ��-âà�−§¨áâ®à�å, −® §�¬¥¤«ï¥â
à�¡®âã áå¥¬ë. Šà®¬¥ â®£®, ¢ ®â«¨ç¨¥ ®â áâ�−¤�àâ−ëå ŠŒ��-áå¥¬ á ®¤−®-
¯®«ïà−ë¬ ¯¨â�−¨¥¬ áå¥¬� á ¡¨¯®«ïà−ë¬ ¯¨â�−¨¥¬ ¨ âà®¨ç−ë¬ ª®¤¨à®¢�−¨¥¬
¤®«¦−� ¯¥à¥¤�¢�âì −� ¢ëå®¤ «®£¨ç¥áª®£® í«¥¬¥−â� «î¡®© ¨§ âà¥å ãà®¢−¥© −�-
¯àï¦¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨© ¢å®¤−ëå á¨£−�«®¢. ‚ áâ�−¤�àâ−®© áå¥¬¥ −�
ŠŒ��-âà�−§¨áâ®à�å á ®¤−®¯®«ïà−ë¬ ¯¨â�−¨¥¬ âà�−§¨áâ®àë p-â¨¯� (¡«®ª-1 −�
à¨á. 1, �) ª®¬¬ãâ¨àãîâ ¯¨â�−¨¥ VDD −� ¢ëå®¤ í«¥¬¥−â� Y , � âà�−§¨áâ®àë n-â¨¯�
(¡«®ª-2 −� à¨á. 1, �) | −ã«¥¢®© ¯®â¥−æ¨�« (Gnd) [22]. �à¨ íâ®¬, ª�ª ¯à�¢¨«®,
¢á¥ âà�−§¨áâ®àë ®¤−®£® â¨¯� ¨¬¥îâ ®¤¨−�ª®¢®¥ ¯®à®£®¢®¥ −�¯àï¦¥−¨¥. ’à�−-
§¨áâ®àë á ¯®−¨¦¥−−ë¬ ¯®à®£®¬ ¨á¯®«ì§ãîâáï ¤«ï ¯®¢ëè¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï,
� âà�−§¨áâ®àë á ã¢¥«¨ç¥−−ë¬ ¯®à®£®¬ | ¤«ï ¯®¢ëè¥−¨ï ¯®¬¥å®ãáâ®©ç¨¢®áâ¨
áå¥¬ë.

‘âàãªâãà−®¥ ¯à¥¤áâ�¢«¥−¨¥ âà¥åãà®¢−¥¢®© áå¥¬ë á ¡¨¯®«ïà−ë¬ ¯¨â�−¨¥¬
¨ âà®¨ç−ë¬ ª®¤¨à®¢�−¨¥¬ ¯®ª�§�−® −� à¨á. 1, ¡. ‚ −¥¬ ¡«®ª-2 ª®¬¬ãâ¨àã¥â −�
¢ëå®¤ Y ®âà¨æ�â¥«ì−®¥ ¯¨â�−¨¥ VSS, � −ã«¥¢®© ãà®¢¥−ì Gnd ª®¬¬ãâ¨àã¥âáï ¡«®-
ª®¬-3. �¥®¡å®¤¨¬®¥ ãá«®¢¨¥ à�¡®â®á¯®á®¡−®áâ¨ áå¥¬ë −� à¨á. 1, ¡: ¯à¨ «î¡®©
ª®¬¡¨−�æ¨¨ §−�ç¥−¨© ¢å®¤®¢è1, . . . ,èn â®«ìª® ®¤¨− ¨§ âà¥å ãà®¢−¥© (VDD, Gnd,
VSS) ª®¬¬ãâ¨àã¥âáï −� ¢ëå®¤ Y . �−® ®¡¥á¯¥ç¨¢�¥âáï á ¯®¬®éìî ¨á¯®«ì§®¢�−¨ï
ŠŒ��-âà�−§¨áâ®à®¢ á®®â¢¥âáâ¢ãîé¥£® â¨¯� ¤«ï à¥�«¨§�æ¨¨ ¡«®ª®¢ 1{3:

{ p-â¨¯� á ¨−¤ãæ¨à®¢�−−ë¬ ª�−�«®¬ ¨ ¢ëá®ª¨¬ ¯®à®£®¬ ¤«ï ¡«®ª�-1;
{ n-â¨¯� á ¨−¤ãæ¨à®¢�−−ë¬ ª�−�«®¬ ¨ ¢ëá®ª¨¬ ¯®à®£®¬ ¤«ï ¡«®ª�-2;
{ p- ¨ n-â¨¯� á® ¢áâà®¥−−ë¬ ª�−�«®¬ ¤«ï ¡«®ª�-3.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� −� à¨á. 2, � ¯à¨¢¥¤¥−� áå¥¬� ¨−¢¥àâ®à� á ¡¨¯®«ïà−ë¬
¯¨â�−¨¥¬ ¨ âà¥åãà®¢−¥¢ë¬ ª®¤¨à®¢�−¨¥¬ á¨£−�«®¢ [14]. ‡¤¥áì 1thDN | âà�−§¨-
áâ®à á® ¢áâà®¥−−ë¬ n-ª�−�«®¬ ¨ ®¤¨−�à−ë¬ ¯®à®£®¢ë¬ −�¯àï¦¥−¨¥¬; 1thDP |
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�¥§ë§¡ëâ®ç−®¥ á�¬®á¨−åà®−−®¥ ª®¤¨à®¢�−¨¥: à¥�«¨§�æ¨ï ¨−ä®à¬�æ¨®−−®£® ª�−�«�

÷¨á. 2 ‘å¥¬ë á âà¥åãà®¢−¥¢ë¬ ª®¤¨à®¢�−¨¥¬ á¨£−�«®¢: (�) ¨−¢¥àâ®à; (¡) í«¥¬¥−â
2ˆ‹ˆ-�…

âà�−§¨áâ®à á® ¢áâà®¥−−ë¬ p-ª�−�«®¬ ¨ ®¤¨−�à−ë¬ ¯®à®£®¢ë¬ −�¯àï¦¥−¨¥¬;
2thEN (2thEP) | âà�−§¨áâ®àë á ¨−¤ãæ¨à®¢�−−ë¬ n-(p-)ª�−�«®¬ ¨ ã¤¢®¥−−ë¬
¯®à®£®¢ë¬ −�¯àï¦¥−¨¥¬.

�� à¨á. 3, � ¯®ª�§�−� �−�«®£¨ç−�ï áå¥¬� í«¥¬¥−â� 2ˆ-�… [14]. �−�«¨§ áå¥¬
−� à¨á. 2 ¨ 3 ¯®§¢®«ï¥â á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë:

{ ç¨á«® ŠŒ��-âà�−§¨áâ®à®¢, −¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ «®£¨ç¥áª®© äã−ª-
æ¨¨ ¢ ¢¨¤¥ áå¥¬ë á âà¥åãà®¢−¥¢ë¬ ª®¤¨à®¢�−¨¥¬, ã¤¢�¨¢�¥âáï ¢ áà�¢−¥−¨¨
á �−�«®£¨ç−®© à¥�«¨§�æ¨¥© äã−ªæ¨¨ á ¡¨−�à−ë¬ ª®¤¨à®¢�−¨¥¬ á¨£−�«®¢;

{ áå¥¬� ¡«®ª�-3 áâàãªâãà−® ¯®¢â®àï¥â áã¬¬�à−ãî áå¥¬ã ¡«®ª®¢ 1 ¨ 2, −® −�
âà�−§¨áâ®à�å á® ¢áâà®¥−−ë¬ ª�−�«®¬ n- ¨ p-â¨¯� ¢¬¥áâ® ¨−¤ãæ¨à®¢�−−®£®
ª�−�«�;

{ «î¡®© «®£¨ç¥áª¨© í«¥¬¥−â á ¡¨−�à−ë¬ ª®¤¨à®¢�−¨¥¬ ¢å®¤®¢ ¨ ¢ëå®¤� ¬®¦¥â
¡ëâì ¯à¥®¡à�§®¢�− ¢ í«¥¬¥−â á âà¥åãà®¢−¥¢ë¬ ª®¤¨à®¢�−¨¥¬ ¢ë¢®¤®¢ á ¯®-
¬®éìî ä®à¬�«¨§®¢�−−®£® ¬¥â®¤�, ¯®ª�§�−−®£® −� à¨á. 3, ¡;

{ ¡«®ª-3 −� à¨á. 1, ¡ §�¬¥é�¥âáï ª®−ª�â¥−�æ¨¥© à¥¯«¨ª ¡«®ª�-1 ¨ ¡«®ª�-2
á¯®á®¡®¬, ¯®ª�§�−−ë¬ −� à¨á. 3, ¡;

{ âà�−§¨áâ®àë á ¨−¤ãæ¨à®¢�−−ë¬ ª�−�«®¬ (ˆŠ) ¢ à¥¯«¨ª�å ¡«®ª®¢ 1 ¨ 2
§�¬¥é�îâáï âà�−§¨áâ®à�¬¨ á ¢áâà®¥−−ë¬ ª�−�«®¬ (‚Š) â®£® ¦¥ â¨¯� ¯à®¢®-
¤¨¬®áâ¨.

’�ª¨¬ ®¡à�§®¬, ¤«ï ª®àà¥ªâ−®© à¥�«¨§�æ¨¨ áå¥¬ë á âà¥åãà®¢−¥¢ë¬ ª®¤¨à®-
¢�−¨¥¬ ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ −¥®¡å®¤¨¬ â¥å−®«®£¨ç¥áª¨© ¯à®æ¥áá, ª®â®àë©
¯®§¢®«ï¥â à¥�«¨§®¢�âì ¢ ¬¨ªà®áå¥¬¥ ŠŒ��-âà�−§¨áâ®àë á ª�−�«®¬ à�§−®£®
â¨¯�: ¨−¤ãæ¨à®¢�−−ë¬ ¨ ¢áâà®¥−−ë¬. ‚ «¨â¥à�âãà¥ ¨áá«¥¤®¢�«¨áì â�ª¦¥ áå¥-
¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï, ®¯¨à�îé¨¥áï −� ¨á¯®«ì§®¢�−¨¥ âà�−§¨áâ®à®¢ â®«ìª®
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÷¨á. 3 ’à¥åãà®¢−¥¢®¥ª®¤¨à®¢�−¨¥ á¨£−�«®¢: (�) í«¥¬¥−â 2ˆ-�…; (¡) ä®à¬�«¨§®¢�−−ë©
¬¥â®¤ à¥�«¨§�æ¨¨

á ˆŠ (á¬., −�¯à¨¬¥à, [23]). �® ¯®«ãç�îé¨¥áï ¯à¨ íâ®¬ áå¥¬ë ®ª�§ë¢�îâáï
�¯¯�à�â−®-§�âà�â−ë¬¨, ¬¥¤«¥−−ë¬¨ ¨ í−¥à£®¯®âà¥¡«ïîé¨¬¨.

‘�¬®á¨−åà®−−ë¥ áå¥¬ë ®¡ï§�−ë ¨−¤¨æ¨à®¢�âì ¯¥à¥ª«îç¥−¨ï á¨£−�«®¢ ¨§ à�-
¡®ç¥£® á®áâ®ï−¨ï («®£¨ç¥áª®© ¥¤¨−¨æë ¨«¨ «®£¨ç¥áª®£® −ã«ï) ¢ á¯¥©á¥à ¨ ®¡à�â−®.
‚®¯à®áë à¥�«¨§�æ¨¨ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ¤«ï á«ãç�ï âà¥åãà®¢−¥¢®£® ª®¤¨-
à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ ¡ã¤ãâ ¯à¥¤áâ�¢«¥−ë ¢ á«¥¤ãîé¥© áâ�âì¥.

4 Сравнение трехуровневых и двухуровневых самосинхронных схем

‘à�¢−¥−¨¥ áå¥¬®â¥å−¨ç¥áª¨å à¥�«¨§�æ¨© ¡�§®¢ëå í«¥¬¥−â®¢ ¨ áâàãªâãà−ëå
®à£�−¨§�æ¨© ¤¢ãåãà®¢−¥¢ëå ¨ âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬ ¯®ª�§ë¢�¥â á«¥¤ãîé¥¥:

{ âà¥åãà®¢−¥¢ë¥ áå¥¬ë âà¥¡ãîâ ¡®«¥¥ á«®¦−®£® â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá�
¤«ï á¢®¥© à¥�«¨§�æ¨¨, ®¡¥á¯¥ç¨¢�îé¥£® ¢ ¥¤¨−®¬ â¥å−®«®£¨ç¥áª®¬ æ¨ª«¥
¨§£®â®¢«¥−¨¥ âà�−§¨áâ®à®¢ á ¨−¤ãæ¨à®¢�−−ë¬ ª�−�«®¬ ¨ ¢áâà®¥−−ë¬ ª�−�«®¬
á à�§−ë¬¨ ¯®à®£®¢ë¬¨ −�¯àï¦¥−¨ï¬¨;

{ ¨á¯®«ì§®¢�−¨¥ ®âà¨æ�â¥«ì−®£® ¯¨â�−¨ï ¢ âà¥åãà®¢−¥¢ëå áå¥¬�å −�àï¤ã
á âà�¤¨æ¨®−−ë¬ ¯®«®¦¨â¥«ì−ë¬ ¯¨â�−¨¥¬ ¯à¥¤áâ�¢«ï¥â á®¡®© ®¯à¥¤¥«¥−-
−ãî âàã¤−®áâì ¤«ï ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï, á¢ï§�−−ãî á −¥®¡å®¤¨¬®áâìî
¯®¤ª«îç¥−¨ï ª áå¥¬¥ ¤¢ãå ¨áâ®ç−¨ª®¢ −�¯àï¦¥−¨ï;

{ áå¥¬ë âà¥åãà®¢−¥¢ëå «®£¨ç¥áª¨å í«¥¬¥−â®¢ ¢ ¤¢� à�§� á«®¦−¥¥ ¯® ç¨á«ã
âà�−§¨áâ®à®¢, ç¥¬ ¤¢ãåãà®¢−¥¢ë¥ ‘‘-áå¥¬ë. �¤−�ª® ¨§-§� ¨á¯®«ì§®¢�−¨ï
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ã−�à−ëå ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ ¢¬¥áâ® ¯�à�ä�§−ëå á«®¦−®áâì à¥�«¨§�-
æ¨¨ ®¤−®£® í«¥¬¥−â� −¨¢¥«¨àã¥âáï ¬¥−ìè¨¬ ¢ ¤¢� à�§� ç¨á«®¬ íâ¨å í«¥¬¥−â®¢;

{ âà�¤¨æ¨®−−® ãà®¢¥−ì ¯®¬¥å®ãáâ®©ç¨¢®áâ¨ ¢ æ¨äà®¢ëå áå¥¬�å ®¯à¥¤¥«ï¥â-
áï à�§−®áâìî ¬¥¦¤ã −�¯àï¦¥−¨ï¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ à�§−ë¬ á®áâ®ï−¨ï¬
á¨£−�«®¢. ‘ íâ®© â®çª¨ §à¥−¨ï ãà®¢¥−ì ¯®¬¥å®ãáâ®©ç¨¢®áâ¨ âà¥åãà®¢−¥¢ëå
¨ ¤¢ãåãà®¢−¥¢ëå ‘‘-áå¥¬ ®¤¨−�ª®¢. �à¨ ®¤¨−�ª®¢®¬ ¯®«®¦¨â¥«ì−®¬ ¯¨-
â�−¨¨ ¨ à�¢¥−áâ¢¥ VDD = |VSS| ¯¥à¥¯�¤ë −�¯àï¦¥−¨© ¬¥¦¤ã á®áâ®ï−¨ï¬¨
¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å á¨£−�«®¢ ¢ ‘‘-áå¥¬�å ®¡®¨å â¨¯®¢ ®¤¨−�-
ª®¢ë. ‘ ¤àã£®© áâ®à®−ë, ã¬¥−ìè¥−¨¥ ¢ ¤¢� à�§� ç¨á«� «¨−¨© ¢ ¨−ä®à¬�æ¨®−-
−®¬ âà�ªâ¥ á−¨¦�¥â ãà®¢¥−ì ¢−ãâà¥−−¨å ¯®¬¥å, £¥−¥à¨àã¥¬ëå ¢ á¨£−�«ì−ëå
è¨−�å ¨§-§� ¨å ¯¥à¥ªà¥áâ−®£® ¯�à�§¨â−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ¨ ã¬¥−ìè�¥â ¢¥-
à®ïâ−®áâì ¢®§−¨ª−®¢¥−¨ï ¯®¬¥å ®â ¢−¥è−¨å ä�ªâ®à®¢. ‚ á¢ï§¨ á íâ¨¬ ¬®¦−®
¯à¥¤¯®«�£�âì, çâ® ¯à¨ ¯à®ç¨å à�¢−ëå ãá«®¢¨ïå ãà®¢¥−ì ¯®¬¥å®ãáâ®©ç¨¢®áâ¨
âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬�å −¥áª®«ìª® ¢ëè¥, ç¥¬ ãà®¢¥−ì ¯®¬¥å®ãáâ®©ç¨¢®áâ¨
¤¢ãåãà®¢−¥¢ëå ‘‘-áå¥¬;

{ ¯® í−¥à£®¯®âà¥¡«¥−¨î âà¥åãà®¢−¥¢ë¥ ¨ ¤¢ãåãà®¢−¥¢ë¥ ‘‘-áå¥¬ë â�ª¦¥ −�-
å®¤ïâáï −� ®¤−®¬ ãà®¢−¥ ¯à¨ à�¢¥−áâ¢¥ VDD = |VSS| ¨ ¯à¨¬¥à−®¬ à�¢¥−áâ¢¥
¯�à�§¨â−ëå ¥¬ª®áâ¥© ¢ æ¥¯ïå áå¥¬ë. ‚ âà¥åãà®¢−¥¢ëå áå¥¬�å ¨−ä®à¬�æ¨®−-
−ë© á¨£−�« ¨¬¥¥â â�ª¨¥ ¦¥ ¯¥à¥¯�¤ë ãà®¢−¥© ¯à¨ ¯¥à¥ª«îç¥−¨¨ ¨§ á¯¥©á¥à�
¢ à�¡®çãî ä�§ã ¨ ®¡à�â−®, çâ® ¨ ¢ ¤¢ãåãà®¢−¥¢ëå áå¥¬�å, � ¯®áª®«ìªã ¢ ¤¢ãå-
ãà®¢−¥¢ëå ‘‘-áå¥¬�å ¯à¨ ¬¥¦ä�§®¢ëå ¯¥à¥å®¤�å ¯¥à¥ª«îç�¥âáï «¨èì ®¤−�
ª®¬¯®−¥−â� �”‘, â® ¨ í−¥à£¨ï ¯¥à¥ª«îç¥−¨ï ®ª�§ë¢�¥âáï ¯à¨¬¥à−® ®¤¨−�-
ª®¢®©.

’�ª¨¬ ®¡à�§®¬, £«�¢−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬ ï¢«ï¥âáï
¢ ¤¢� à�§� ¬¥−ìè¥¥ ç¨á«® ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢. ‚ â®¯®«®£¨ç¥áª®© à¥�«¨-
§�æ¨¨ §� áç¥â íâ®£® ã¯à®é�¥âáï âà�áá¨à®¢ª� æ¥¯¥© áå¥¬ë ¨ ã¬¥−ìè�¥âáï ç¨á«®
ª®−â�ªâ®¢ ¢ à�§ê¥¬�å «®ª�«ì−ëå ¨ á¨áâ¥¬−ëå ¨−â¥àä¥©á®¢. �® �¯¯�à�â−ë¬
§�âà�â�¬ âà¥åãà®¢−¥¢ë¥ ‘‘-áå¥¬ë ¯à�ªâ¨ç¥áª¨ íª¢¨¢�«¥−â−ë ¤¢ãåãà®¢−¥¢ë¬
‘‘-áå¥¬�¬.

�á−®¢−ë¥ −¥¤®áâ�âª¨ âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬: −¥®¡å®¤¨¬®áâì ¢ ¤¢ãå ¨áâ®ç-
−¨ª�å ¯¨â�−¨ï (¯®«®¦¨â¥«ì−®¬ ¨ ®âà¨æ�â¥«ì−®¬) ¨ âà¥å è¨−�å ¯¨â�−¨ï (VDD,
VSS ¨ Gnd) ¢ â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨ áå¥¬ë. �¥®¡å®¤¨¬ â�ª¦¥ ¡®«¥¥ á«®¦-
−ë© â¥å−®«®£¨ç¥áª¨© ¯à®æ¥áá ¨å ¨§£®â®¢«¥−¨ï, ¯à¥¤ãá¬�âà¨¢�îé¨© à¥�«¨§�æ¨î
ŠŒ��-âà�−§¨áâ®à®¢ ®¤−®¢à¥¬¥−−® á ˆŠ ¨ ‚Š ¨ á à�§−ë¬¨ ¯®à®£®¢ë¬¨ −�¯àï-
¦¥−¨ï¬¨.

5 Возможное использование и варианты развития
трехуровневого кодирования

÷�áá¬®âà¥−−ë¥ ¢ëè¥ áå¥¬®â¥å−¨ç¥áª¨¥ à¥�«¨§�æ¨¨ âà¥åãà®¢−¥¢®£® ª®¤¨-
à®¢�−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë −¥ â®«ìª® ¢ à�¬ª�å ‘‘-áå¥¬®â¥å−¨ª¨, −®
¨ ¢ à�¬ª�å á¨−åà®−−®© áå¥¬®â¥å−¨ª¨.
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÷¨á. 4 „¢� ¢�à¨�−â� à¥�«¨§�æ¨¨ ¨−¢¥àâ®à� −� ¬−®£®¯®à®£®¢ëå ŠŒ��-âà�−§¨áâ®à�å

�¥à¢ë© ¢�à¨�−â ¯à¥¤¯®«�£�¥â ¨á-’�¡«¨æ� 2 ”ã−ªæ¨®−¨à®¢�−¨¥ ¬−®£®¯®-
à®£®¢ëå ¨−¢¥àâ®à®¢

‘å¥¬� X Y
VDD VSS

÷¨á. 4, � ¨ 4, ¡ Gnd Gnd
VSS VDD

¯®«ì§®¢�−¨¥ ¤¢®¨ç−®£® ª®¤¨à®¢�−¨ï
−� ¡�§¥ ¡¨¯®«ïà−®£® ¯¨â�−¨ï ¢ á¨−-
åà®−−®© áå¥¬¥, ¢ ª®â®à®© ú§¥¬«ïû −¥
¨á¯®«ì§ã¥âáï ª�ª ¢ë¤¥«¥−−�ï è¨−�,
� ¢¬¥áâ® −¥¥ ¨á¯®«ì§ã¥âáï è¨−� ®âà¨-
æ�â¥«ì−®£® ¯¨â�−¨ï. �®«ãç�îé¨©áï

¡®«ìè¨© ¤¨�¯�§®− ¨§¬¥−¥−¨ï ¯®â¥−æ¨�«� −� á¨£−�«ì−®© è¨−¥ (VDD{VSS) ¯®¢ë-
è�¥â ¯®¬¥å®ãáâ®©ç¨¢®áâì á¨−åà®−−®© áå¥¬ë.

„àã£®© ¢�à¨�−â ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ ¢ á¨−åà®−−®© áå¥¬¥ âà®¨ç−®£®
ª®¤¨à®¢�−¨ï −� ¡�§¥ ¡¨¯®«ïà−®£® ¯¨â�−¨ï, ¢ ª®â®à®© «®£¨ç¥áª®¬ã ãà®¢−î ú+1û
¡ã¤¥â á®®â¢¥âáâ¢®¢�âì ¢ëá®ª¨© ãà®¢¥−ì ¯¨â�îé¥£® −�¯àï¦¥−¨ï (VDD), ú−1û |
®âà¨æ�â¥«ì−®¬ã ãà®¢−î ¯¨â�îé¥£® −�¯àï¦¥−¨ï (VSS), � ú0û | ãà®¢−î ú‡¥¬«ïû
(Gnd).

ˆá¯®«ì§®¢�−¨¥ âà®¨ç−®£® ª®¤¨à®¢�−¨ï ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå á ®¤¨−�-
ª®¢®© â®ç−®áâìî ¯®§¢®«ï¥â ¢ 1,58 à�§� ã¬¥−ìè¨âì ç¨á«® âà®¨ç−ëå à�§àï¤®¢ ¯®
áà�¢−¥−¨î á ¤¢®¨ç−ë¬ ª®¤¨à®¢�−¨¥¬.

‡� áç¥â á®¢¥àè¥−áâ¢®¢�−¨ï âà�−§¨áâ®à−ëå áâàãªâãà ¢®§¬®¦−® áãé¥áâ¢¥−-
−®¥ á®ªà�é¥−¨¥ �¯¯�à�â−ëå §�âà�â −� à¥�«¨§�æ¨î ‘‘-áå¥¬, −�¯à¨¬¥à §� áç¥â
ú¨á¯®«ì§®¢�−¨ï −®¢®£® áå¥¬®â¥å−¨ç¥áª®£® ª®¬¯®−¥−â� | ¬−®£®¯®à®£®¢®£® âà�−-
§¨áâ®à�. …£® ¯à¨¬¥−¥−¨¥ ¯®§¢®«¨«® ¡ë ã¯à®áâ¨âì áå¥¬®â¥å−¨ç¥áªãî ¨ â®¯®«®£¨-
ç¥áªãî à¥�«¨§�æ¨¨ ‘‘-áå¥¬ ¨ §� áç¥â íâ®£® ¤®¯®«−¨â¥«ì−® ã¢¥«¨ç¨âì ¨å ¯®¬¥å®-
¨ á¡®¥ãáâ®©ç¨¢®áâìû [24].

�� à¨á. 4 (à¨á. 3, ¡ ¨ 3, ¢ ¨§ [24]) ¯à¥¤áâ�¢«¥−ë ¤¢� ¢�à¨�−â� à¥�«¨§�æ¨¨
¨−¢¥àâ®à� −� ¬−®£®¯®à®£®¢ëå âà�−§¨áâ®à�å, ª®â®àë¥ äã−ªæ¨®−¨àãîâ ¢ á®®â¢¥â-
áâ¢¨¨ á â�¡«. 2.

ˆá¯®«ì§®¢�−¨¥ ¬−®£®¯®à®£®¢ëå Œ��-âà�−§¨áâ®à®¢ âà¥¡ã¥â ¨§¬¥−¥−¨ï áâ�−-
¤�àâ−®£® â¥å−®«®£¨ç¥áª®£® ¬�àèàãâ� ¨§£®â®¢«¥−¨ï ŠŒ�� ‘�ˆ‘ (á¢¥àå¡®«ì-
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è¨å ¨−â¥£à�«ì−ëå áå¥¬). Šà®¬¥ íâ®£®, á−¨¦�¥âáï ¯®¬¥å®ãáâ®©ç¨¢®áâì áå¥¬ë
¢á«¥¤áâ¢¨¥ ¯®¢ëè¥−−®© çã¢áâ¢¨â¥«ì−®áâ¨ ª ¯®â¥−æ¨�«ã −� §�â¢®à¥ ¬−®£®¯®à®-
£®¢®£® âà�−§¨áâ®à�. �®íâ®¬ã æ¥«¥á®®¡à�§−®áâì ¯à¨¬¥−¥−¨ï ¬−®£®¯®à®£®¢ëå
âà�−§¨áâ®à®¢ ¢ æ¨äà®¢ëå áå¥¬�å ¤«ï à¥�«¨§�æ¨¨ ¬−®£®ãà®¢−¥¢®£® ª®¤¨à®¢�−¨ï
âà¥¡ã¥â ¤®¯®«−¨â¥«ì−ëå ¨áá«¥¤®¢�−¨©.

6 Выводы

�à¨¬¥−¥−¨¥ âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬ á®ªà�é�¥â ¢ ¤¢� à�§� ç¨á«® ¨−ä®à¬�æ¨-
®−−ëå á¨£−�«®¢ ¢ ‘‘-áå¥¬¥ ¨, á ®¤−®© áâ®à®−ë, ã¯à®é�¥â à�§¢®¤ªã á¨£−�«ì−ëå
æ¥¯¥© ¢ â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨ áå¥¬ë, � á ¤àã£®© áâ®à®−ë, âà¥¡ã¥â à�§¢®¤ª¨
¢ â®¯®«®£¨¨ âà¥å è¨− ¯¨â�−¨ï: ¯®«®¦¨â¥«ì−®£®, ®âà¨æ�â¥«ì−®£® ¨ ú§¥¬«¨û.

�¯¯�à�â−ë¥ §�âà�âë ¯® ç¨á«ã âà�−§¨áâ®à®¢ ª®¬¡¨−�æ¨®−−ëå ¨ ¨−¤¨ª�â®à-
−ëå ç�áâ¥© ‘‘-áå¥¬ë á âà¥åãà®¢−¥¢ë¬ ª®¤¨à®¢�−¨¥¬ ¯à�ªâ¨ç¥áª¨ á®¢¯�¤�îâ
á �¯¯�à�â−ë¬¨ §�âà�â�¬¨ ¤¢ãåãà®¢−¥¢ëå ‘‘-áå¥¬ á ¯�à�ä�§−ë¬ ª®¤¨à®¢�−¨¥¬.
Œ®¦−® ¯à¥¤¯®«®¦¨âì, çâ® à¥�«¨§�æ¨ï âà¥åãà®¢−¥¢ëå ¯®á«¥¤®¢�â¥«ì−®áâ−ëå
‘‘-áå¥¬ (âà¨££¥à®¢, áç¥âç¨ª®¢, à¥£¨áâà®¢ åà�−¥−¨ï ¨ á¤¢¨£�) ¯® �¯¯�à�â−ë¬
§�âà�â�¬ ®ª�¦¥âáï â�ª¦¥ �−�«®£¨ç−®© ¤¢ãåãà®¢−¥¢®© à¥�«¨§�æ¨¨. �¤−�ª® íâ®â
¢®¯à®á −ã¦¤�¥âáï ¢ ¤®¯®«−¨â¥«ì−®¬ ¨áá«¥¤®¢�−¨¨.

…á«¨ ãà®¢¥−ì í−¥à£®¯®âà¥¡«¥−¨ï âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬ ¨ ¤¢ãåãà®¢−¥¢ëå
‘‘-áå¥¬ ¯à¨¬¥à−® ®¤¨−�ª®¢, â® ãà®¢¥−ì á¡®¥ãáâ®©ç¨¢®áâ¨ áå¥¬ −� ¡�§¥ ¡¥§ë§-
¡ëâ®ç−®£® ª®¤¨à®¢�−¨ï ¢ëè¥ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬¨ ‘‘-áå¥¬�¬¨ −�
¡�§¥ ¨§¡ëâ®ç−®£® ¯�à�ä�§−®£® ª®¤� á® á¯¥©á¥à®¬. �â® ®á®¡¥−−® �ªâã�«ì−® ¯à¨
à¥�«¨§�æ¨¨ ªàã¯−®¬�áèâ�¡−ëå ª®¬¬ã−¨ª�æ¨© ¢ à�¬ª�å á¥â¥© −� ªà¨áâ�««¥.

�¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï ¢ âà¥åãà®¢−¥¢ëå ‘‘-áå¥¬�å âà�−§¨áâ®à®¢
à�§−®£® â¨¯� (á ˆŠ ¨ ‚Š) ¨ á à�§−ë¬¨ ¯®à®£®¢ë¬¨ −�¯àï¦¥−¨ï¬¨ ¯à¥¤êï¢«ï¥â
¤®¯®«−¨â¥«ì−ë¥ âà¥¡®¢�−¨ï ª â¥å−®«®£¨ç¥áª®¬ã ¯à®æ¥ááã ¨§£®â®¢«¥−¨ï ‘‘-áå¥¬
¨ ¤¥«�¥â ¥£® ¡®«¥¥ ¤®à®£¨¬.
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NONREDUNDANT SELF-TIMED CODING: IMPLEMENTATION
OF THE INFORMATION CHANNEL

Yu. A. Stepchenkov

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

Abstract: The article considers the possibility of organizing nonredundant
self-timed (ST) coding and the circuit design basis for implementing digital
ST circuits with three-level coding of information signals based on the use of
bipolar power supply. The considered coding method meets the requirement
for implementing the ST code and ensures correct transmission of parallel
information between the system components (receiving and transmitting devices
and communication channels) regardless of the values of time delays introduced
by them. The considered ST coding method is nonredundant, since the width
of such an information ST channel (the number of bits) exactly coincides with
the width of the information channel in the synchronous information channel. In
ST circuits, three-level coding of information signals instead of the traditional
paraphase allows one to get rid of the need for dualization of the logical functions
performed by the circuit and halves the number of combinational logic cells.
However, it complicates the circuit design of each cell and requires the use of
an additional negative power supply. A smaller number of information signals
in three-level ST circuits facilitates their layout implementation. However,
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the need for negative power supply complicates their use in typical digital
equipment and a more complex technological process of their manufacture which
provides for the implementation in a single cycle of CMOS (complementary
metal{oxide semiconductor) transistors with an induced and built-in channel and
with different threshold voltages, makes their production more expensive. The
considered circuit solutions based on bipolar power supply can also be used in
synchronous circuit design in two versions: traditional binary coding (1, 0) to
increase the level of fault tolerance and ternary coding (+1, 0,−1) to increase
the efficiency of data representation.

Keywords: self-timed coding; code redundancy; self-timed circuit; bipolar
supply; three-level coding; CMOS
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ОЦЕНКА ДОСТУПНОСТИ АТМОСФЕРНОЙ
ОПТИЧЕСКОЙ СВЯЗИ В РАЗЛИЧНЫХ СУБЪЕКТАХ

РОССИЙСКОЙ ФЕДЕРАЦИИ∗
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�−−®â�æ¨ï: ’¥−¤¥−æ¨ï ¯®áâ®ï−−®£® à®áâ� âà¥¡®¢�−¨© ª ®¡ê¥¬ã, áª®à®áâ¨
¨ áâ¥¯¥−¨ §�é¨âë ¨−ä®à¬�æ¨¨, ¯¥à¥¤�¢�¥¬®© ¢ ª®¬¬ã−¨ª�æ¨®−−ëå á¥âïå,
®¡ãá«®¢«¨¢�¥â ¯®¨áª ¨ ¨áá«¥¤®¢�−¨¥ ¯¥àá¯¥ªâ¨¢−ëå á¨áâ¥¬ á¢ï§¨, ¯®§¢®-
«ïîé¨å ®¡¥á¯¥ç¨âì −�¤¥¦−ë© ¢ëá®ª®áª®à®áâ−®© ª�−�« á¢ï§¨ ¢ ãá«®¢¨ïå
¢®§¬®¦−ëå ¤¥áâàãªâ¨¢−ëå ¢−¥è−¨å ¢«¨ï−¨© −� «¨−¨¨ á¢ï§¨. ‚ ª�ç¥áâ¢¥
â�ª®© ¯¥àá¯¥ªâ¨¢−®© â¥å−®«®£¨¨ à�áá¬�âà¨¢�¥âáï �â¬®áä¥à−�ï ®¯â¨ç¥áª�ï
á¢ï§ì, à¥�«¨§ã¥¬�ï á ¯®¬®éìî á¥à¨©−ëå ®¯â¨ç¥áª¨å â¥à¬¨−�«®¢, ¢ë¯ãáª�-
¥¬ëå à®áá¨©áª¨¬¨ ª®¬¯�−¨ï¬¨. �¯¨á�− ã−¨¢¥àá�«ì−ë© ¯®¤å®¤ ª à�áç¥âã
¤®áâã¯−®áâ¨ ª�−�«� �â¬®áä¥à−®© á¢ï§¨ á ãç¥â®¬ â¥å−¨ç¥áª¨å ¯�à�¬¥âà®¢
â¥à¬¨−�«®¢ ¨ ¬¥â¥®à®«®£¨ç¥áª¨å ¯�à�¬¥âà®¢ ¢ ®¡«�áâ¨ à�á¯®«®¦¥−¨ï â¥à¬¨-
−�«®¢, � â�ª¦¥ ®¯â¨ç¥áª¨å ¯®â¥àì, ®¡ãá«®¢«¥−−ëå ¯®£«®é¥−¨¥¬ ¨ à�áá¥ï−¨¥¬
«�§¥à−®£® ¨§«ãç¥−¨ï, ¢®§−¨ª�îé¨å ¯à¨ à�á¯à®áâà�−¥−¨¨ ®¯â¨ç¥áª®£® á¨£-
−�«� ç¥à¥§ �â¬®áä¥àã. ‚¯¥à¢ë¥ ¯®«ãç¥−ë −�¡®àë ¤¨áâ�−æ¨© �â¬®áä¥à−®£®
ª�−�«� á §�¤�−−ë¬¨ ª®íää¨æ¨¥−â�¬¨ ¤®áâã¯−®áâ¨ ¤«ï á®¢à¥¬¥−−ëå à®áá¨©-
áª¨å â¥à¬¨−�«®¢ �â¬®áä¥à−ëå ®¯â¨ç¥áª¨å «¨−¨© á¢ï§¨ (��‹‘), ãç¨âë¢�-
îé¨¥ ¬−®£®«¥â−¨© �àå¨¢ ¬¥â¥®à®«®£¨ç¥áª¨å ¯�à�¬¥âà®¢ £®à®¤®¢, ¢å®¤ïé¨å
¢ á®áâ�¢ 37 ä¥¤¥à�«ì−ëå ®ªàã£®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ á ãç¥â®¬ −®¢ëå à¥-
£¨®−®¢ („®−¥æª�ï ��à®¤−�ï ÷¥á¯ã¡«¨ª�, ‹ã£�−áª�ï ��à®¤−�ï ÷¥á¯ã¡«¨ª�,
‡�¯®à®¦áª�ï ¨ •¥àá®−áª�ï ®¡«�áâ¨).

Š«îç¥¢ë¥ á«®¢�: ®¯â¨ç¥áª�ï á¢ï§ì; á¢ï§ì ¢ á¢®¡®¤−®¬ ¯à®áâà�−áâ¢¥; �â¬®-
áä¥à−�ï ®¯â¨ç¥áª�ï á¢ï§ì; ¤®áâã¯−®áâì ª�−�«� á¢ï§¨
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¬®¬¥−â ¢à¥¬¥−¨ [1, 2]. ‘¨áâ¥¬ë á¢ï§¨ áâ�«¨ á¥£®¤−ï −¥®âê¥¬«¥¬®© ç�áâìî ¯à®-
¨§¢®¤áâ¢¥−−®© ¨ á®æ¨�«ì−®© ¨−äà�áâàãªâãàë «î¡®£® ¯à®¬ëè«¥−−® à�§¢¨â®£®
£®áã¤�àáâ¢� ¨ äã−ªæ¨®−¨àãîâ −� ¥£® â¥àà¨â®à¨¨ ª�ª ¢§�¨¬®á¢ï§�−−ë© ¯à®¨§-
¢®¤áâ¢¥−−®-å®§ï©áâ¢¥−−ë© ª®¬¯«¥ªá. �â £à�¬®â−®© ®à£�−¨§�æ¨¨, á¢®¥¢à¥¬¥−−®©
¬®¤¥à−¨§�æ¨¨, ®¡á«ã¦¨¢�−¨ï â�ª¨å á¨áâ¥¬ §�¢¨á¨â áà¥¤¨ ¯à®ç¥£® ¡¥§®¯�á−®áâì
áâà�−ë [3, 4], ¯®íâ®¬ã ª á¨áâ¥¬�¬ á¢ï§¨ −� ¢�¦−ëå ®¡ê¥ªâ�å ¯à¥¤êï¢«ï¥âáï
àï¤ ¤®¯®«−¨â¥«ì−ëå âà¥¡®¢�−¨© [5, 6]. Š ®¡ê¥ªâ�¬, £¤¥ âà¥¡ã¥âáï à¥�«¨§�æ¨ï
¡¥á¯¥à¥¡®©−®© à�¡®âë á¨áâ¥¬ á¢ï§¨, ®â−®áïâáï ¯à®¬ëè«¥−−ë¥ ¨ í−¥à£¥â¨ç¥áª¨¥
ª®¬¯«¥ªáë [5, 7], æ¥−âàë ®¡à�¡®âª¨ ¤�−−ëå [8, 9], æ¥−âàë ¯à¨−ïâ¨ï à¥è¥−¨©
¨ â. ¯. ‚ á¢ï§¨ á íâ¨¬ �ªâã�«ì−®© §�¤�ç¥© áâ�−®¢¨âáï ¢ë¡®à ®¯â¨¬�«ì−®© â¥å−®«®-
£¨¨ á¢ï§¨ −� à�§«¨ç−ëå ¢�¦−ëå ®¡ê¥ªâ�å ¨ ®à£�−¨§�æ¨ï ¬®−¨â®à¨−£� ¯�à�¬¥âà®¢
ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨ [5,10].

‚ à�¡®â�å [11, 12] ¡ë«¨ ¯à¥¤«®¦¥−ë ªà¨â¥à¨¨ ¨ ¬¥â®¤¨ª¨, ¯®§¢®«ïîé¨¥
®æ¥−¨âì æ¥«¥á®®¡à�§−®áâì ¨á¯®«ì§®¢�−¨ï â®© ¨«¨ ¨−®© â¥å−®«®£¨¨ á¢ï§¨ −� ª®−-
ªà¥â−®¬ ¯à®¬ëè«¥−−®¬ í−¥à£¥â¨ç¥áª®¬ ª®¬¯«¥ªá¥ ¨ ¯®ª�§�−®, çâ® �â¬®áä¥à−�ï
®¯â¨ç¥áª�ï á¢ï§ì, à¥�«¨§®¢�−−�ï −� á®¢à¥¬¥−−ëå ®¯â¨ç¥áª¨å â¥à¬¨−�«�å, ¨¬¥¥â
àï¤ ¯à¥¨¬ãé¥áâ¢ [5, 12]. �â¬®áä¥à−ë¥ ®¯â¨ç¥áª¨¥ «¨−¨¨ á¢ï§¨ ®¡«�¤�îâ á«¥-
¤ãîé¨¬¨ ¤®áâ®¨−áâ¢�¬¨: áªàëâ�ï ¯¥à¥¤�ç� ¨−ä®à¬�æ¨¨, ª®â®à�ï ¬®¦¥â ¡ëâì
§�é¨é¥−� ¤�¦¥ ®â ª¢�−â®¢ëå ã£à®§ §� áç¥â ¢®§¬®¦−®áâ¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨¨
ª¢�−â®¢®£® à�á¯à¥¤¥«¥−¨ï ª«îç¥© (Š÷Š) [13{15]; ¢ëá®ª�ï áª®à®áâì ¯¥à¥¤�-
ç¨ ¤�−−ëå (¯®àï¤ª� ¤¥áïâª®¢ £¨£�¡¨â ¢ á¥ªã−¤ã) [16]; ®âáãâáâ¢¨¥ âà¥¡®¢�−¨©
«¨æ¥−§¨à®¢�−¨ï −� ¨á¯®«ì§®¢�−¨¥ ¨−äà�ªà�á−®£® á¯¥ªâà�; −¥¢®á¯à¨¨¬ç¨¢®áâì
ª í«¥ªâà®¬�£−¨â−ë¬ ¯®¬¥å�¬; ®âáãâáâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ¯à®¢¥¤¥−¨ï ¯à®¥ªâ−®-
¨§ëáª�â¥«ìáª¨å à�¡®â; ¡ëáâà®â� ãáâ�−®¢ª¨ ¨ ¯®¤ª«îç¥−¨ï á¨áâ¥¬ë ª á¥â¨ á¢ï§¨
á ãç¥â®¬ à�§¢¥àâë¢�−¨ï ª�−�«� á¢ï§¨ ¢ á«ãç�¥ â¥àà¨â®à¨�«ì−® ã¤�«¥−−ëå á¥£¬¥−-
â®¢ á¥â¨, £¤¥ ¯à®ª«�¤ª� ª�¡¥«ì−ëå á®¥¤¨−¥−¨© §�âàã¤−¥−� ¨«¨ −¥à¥−â�¡¥«ì−� [17,
18]. �¤−�ª® áãé¥áâ¢¥−−ë¬ −¥¤®áâ�âª®¬ ��‹‘, ¢«¨ïîé¨¬ −� ¤®áâã¯−®áâì ª�-
−�«� á¢ï§¨, ®ª�§ë¢�¥âáï §�¢¨á¨¬®áâì ®â ¯®£®¤−ëå ãá«®¢¨© (âã¬�−, á−¥£, á¨«ì−ë©
¤®¦¤ì) [17]. “åã¤è¥−¨¥ ª�ç¥áâ¢� �â¬®áä¥à−®© ®¯â¨ç¥áª®© á¢ï§¨ ¢ §−�ç¨â¥«ì−®
áâ¥¯¥−¨ §�¢¨á¨â ®â ¨§¬¥−¥−¨ï â�ª®£® ¯�à�¬¥âà�, ª�ª ¬¥â¥®à®«®£¨ç¥áª�ï ¤�«ì−®áâì
¢¨¤¨¬®áâ¨ (Œ„‚), � Œ„‚, ¢ á¢®î ®ç¥à¥¤ì, §�¢¨á¨â ®â £¥®£à�ä¨ç¥áª®£® ¬¥áâ�
à�á¯®«®¦¥−¨ï ®¯â¨ç¥áª®£® â¥à¬¨−�«� ��‹‘ [5,17].

�á®¡¥−−®áâ¨ à¥£¨®−� à�á¯®«®¦¥−¨ï �¯¯�à�âãàë ��‹‘ ¤®«¦−ë ¢ ®¡ï§�â¥«ì-
−®¬ ¯®àï¤ª¥ ãç¨âë¢�âìáï ¯à¨ ¢−¥¤à¥−¨¨ â�ª®£® ¢¨¤� á¢ï§¨, ¯®áª®«ìªã ®¯à¥¤¥«ï-
îâ ¤®áâã¯−®áâì á¢ï§¨ [7]. �®íâ®¬ã �ªâã�«ì−®© §�¤�ç¥© áâ�−®¢¨âáï à�áç¥â:

(1) §�¯�á� ãá¨«¥−¨ï −� ®¯â¨ç¥áª®© «¨−¨¨ á¢ï§¨ á ãç¥â®¬ ª®−ªà¥â−ëå â¥å−¨-
ç¥áª¨å ¯�à�¬¥âà®¢ á®¢à¥¬¥−−ëå à®áá¨©áª¨å â¥à¬¨−�«®¢ ��‹‘ ¨ ¬¥â¥®-
à®«®£¨ç¥áª¨å ¯�à�¬¥âà®¢ à�§«¨ç−ëå £¥®£à�ä¨ç¥áª¨å à¥£¨®−®¢ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ ¨ á ãç¥â®¬ ¯®â¥àì, ®¡ãá«®¢«¥−−ëå ¯®£«®é¥−¨¥¬ ¨ à�áá¥ï−¨¥¬
¯à¨ ¯à®å®¦¤¥−¨¨ á¨£−�«� ç¥à¥§ �â¬®áä¥àã;

(2) ¯à¥¤¥«ì−®© ¯à®âï¦¥−−®áâ¨ �â¬®áä¥à−®£® ª�−�«�, ®¡¥á¯¥ç¨¢�îé¥© âà¥¡ã-
¥¬ãî ¤®áâã¯−®áâì (0,999, 0,998, 0,997, 0,99, 0,98, 0,97).
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÷¨á. 1 Š�àâ� ¨áá«¥¤ã¥¬ëå £®à®¤®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨

–¥«ìî −�áâ®ïé¥© à�¡®â®© áâ�¢¨«®áì ¢ë¯®«−¥−¨¥ à�áç¥â®¢ ¤®áâã¯−®áâ¨ �â-
¬®áä¥à−®© ®¯â¨ç¥áª®© á¢ï§¨ ¢ à�§«¨ç−ëå £®à®¤�å ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¯à¨
¨á¯®«ì§®¢�−¨¨ á®¢à¥¬¥−−ëå ª®¬¬¥àç¥áª¨å â¥à¬¨−�«®¢ ��‹‘. ˆáá«¥¤ã¥¬ë¥ £®-
à®¤� á à�§«¨ç−®© ç¨á«¥−−®áâìî −�á¥«¥−¨ï, ¢å®¤ïé¨¥ ¢ á®áâ�¢ 37 ä¥¤¥à�«ì−ëå
®ªàã£®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ¯à¥¤áâ�¢«¥−ë −� à¨á. 1.

Выбор оборудования для реализации оптической линии связи

�� ®â¥ç¥áâ¢¥−−®¬ àë−ª¥ â¥à¬¨−�«®¢ �â¬®áä¥à−®© á¢ï§¨ ¯à¨áãâáâ¢ãîâ á«¥-
¤ãîé¨¥ ª®¬¯�−¨¨: ú�¯â¨ç¥áª¨¥ ’¥«¥‘¨áâ¥¬ëû, £. ‘�−ª-�¥â¥à¡ãà£ (â¥à¬¨−�«ë
ú‹��â�áâˆŠ�û); úŒ®áâª®¬û, £. ÷ï§�−ì (â¥à¬¨−�«ë úArtolinkû); ú‹�§¥à−ë¥
¨−ä®à¬�æ¨®−−ë¥ â¥«¥ª®¬¬ã−¨ª�æ¨¨û, £. …ª�â¥à¨−¡ãà£, (â¥à¬¨−�«ë ú�‘‘û).
‘¨áâ¥¬ë ®â ª®¬¯�−¨¨ úŒ®áâª®¬û ã¦¥ á¥©ç�á ¬®£ãâ à�¡®â�âì á ®¡®àã¤®¢�−¨-
¥¬ Š÷Š [10{12], ¯®íâ®¬ã ¯�à�¬¥âàë á¥à¨©−ëå ¨§¤¥«¨© ¨¬¥−−® íâ®© ä¨à¬ë
¨á¯®«ì§®¢�−ë ¤«ï ¢ë¯®«−¥−¨ï ¤�«ì−¥©è¨å à�áç¥â®¢.

2 Оценка запаса усиления на оптической линии связи

‚«¨ï−¨¥ ®á−®¢−ëå á®áâ�¢«ïîé¨å �â¬®áä¥àë −� å�à�ªâ¥à¨áâ¨ª¨ à�á¯à®-
áâà�−ïîé¥£®áï ¨§«ãç¥−¨ï ¢ ®á−®¢−®¬ §�ª«îç�¥âáï ¢ ®á«�¡«¥−¨¨, ¯®£«®é¥−¨¨
¨ à�áá¥ï−¨¨ ¨§«ãç¥−¨ï [19, 20]. ’�ª¨¬ ®¡à�§®¬, ®¡é¨¥ í−¥à£¥â¨ç¥áª¨¥ ¯®â¥à¨
â¥à¬¨−�«� ��‹‘ −� âà�áá¥ á®áâ�¢«ïîâ áã¬¬ã ¯®â¥àì, ®¡ãá«®¢«¥−−ëå à�áå®¤¨-
¬®áâìî «�§¥à−®£® «ãç� PÒÁÓÈ, ¨ ¯®â¥àï¬¨ §� áç¥â ¯®£«®é¥−¨ï ¨ à�áá¥ï−¨ï ¯à¨
¯à®å®¦¤¥−¨¨ á¨£−�«� ç¥à¥§ �â¬®áä¥àã PÁÔÍ:

PÏÂÝ = PÒÁÓÈ + PÁÔÍ . (1)
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Šà®¬¥ â®£®, áâ®¨â ãç¨âë¢�âì ¯®â¥à¨, ®¡ãá«®¢«¥−−ë¥ ¢�à¨�æ¨¥© ¯®ª�§�â¥«ï ¯à¥-
«®¬«¥−¨ï ¨§-§� ä«ãªâã�æ¨© ¯«®â−®áâ¨, ¢ë§¢�−−ë¥ ¯¥à¥¬¥è¨¢�−¨¥¬ ¢®§¤ãè−ëå
¬�áá á à�§«¨ç−®© â¥¬¯¥à�âãà®© (�â¬®áä¥à−�ï âãà¡ã«¥−â−®áâì) [21, 22]. �â®
¯à¨¢®¤¨â ª ®¡à�§®¢�−¨î âãà¡ã«¥−â−ëå ïç¥¥ª à�§−ëå à�§¬¥à®¢ ¨ á à�§−ë¬¨
¯®ª�§�â¥«ï¬¨ ¯à¥«®¬«¥−¨ï. ’�ª¨¥ ïç¥©ª¨ ¡ã¤ãâ ¤¥©áâ¢®¢�âì ª�ª −�¡®à «¨−§
¨ ¢ ª®−¥ç−®¬ ¨â®£¥ ¢ë§®¢ãâ ª®−áâàãªâ¨¢−ãî ¨«¨ ¤¥áâàãªâ¨¢−ãî ¨−â¥àä¥à¥−æ¨î
à�á¯à®áâà�−ïîé¥£®áï «ãç� (®âª«®−¥−¨¥ ®¡«�áâ¨ «ãç� ®â ¯ãâ¨ ¯¥à¥¤�ç¨). �â¨ ¢®§-
¬ãé¥−¨ï ¢ ¢®«−®¢®¬ äà®−â¥, ¢−®á¨¬ë¥ �â¬®áä¥à®©, ¬®¦−® ä¨§¨ç¥áª¨ ®¯¨á�âì
¬®¤¥«ìî Š®«¬®£®à®¢� [23, 24].

’¥®à¨ï Š®«¬®£®à®¢� ®¯¨áë¢�¥â íää¥ªâë ¢ â¥à¬¨−�å âãà¡ã«¥−â−ëå ïç¥¥ª
¡®«ìè®£® (L0) ¨ ¬�«®£® (l0) ¬�áèâ�¡®¢. ‚ §�¢¨á¨¬®áâ¨ ®â à�§¬¥à� âãà¡ã«¥−â-
−ëå ïç¥¥ª (¢¨åà¥©) ¨ à�§¬¥à� «ãç� ¯¥à¥¤�âç¨ª� ¢ë¤¥«ïîâ à�§«¨ç−ë¥ íää¥ªâë,
®¡ãá«®¢«¥−−ë¥ �â¬®áä¥à−®© âãà¡ã«¥−â−®áâìî. ’�ª, ¢−ãâà¥−−ïï (¬¥«ª®¬�áèâ�¡-
−�ï) âãà¡ã«¥−â−®áâì ¯à¨¢®¤¨â ª ¬¥àæ�−¨î (áæ¨−â¨««ïæ¨¨), ª®â®à®¥ ¯à®ï¢«ï¥â-
áï ª�ª ú¯ïâ−�û −� ¯®«ãç¥−−®¬ «ãç¥. ÷¥§ã«ìâ¨àãîé¨¥ á«ãç�©−ë¥ ª®«¥¡�−¨ï
¨−â¥−á¨¢−®áâ¨ á«ã¦�â ®á−®¢−®© ¯à¨ç¨−®© §�¬¨à�−¨ï, ¢ë§¢�−−®£® âãà¡ã«¥−â-
−®áâìî [22, 25]. ‚−¥è−ïï (ªàã¯−®¬�áèâ�¡−�ï) âãà¡ã«¥−â−®áâì −� ¡®«ìè¨å à�á-
áâ®ï−¨ïå §�áâ�¢«ï¥â «ãç úèâ®¯®à¨âìáïû ¢ ¢®§¤ãå¥, çâ® ¯à¨¢®¤¨â ª ¡«ã¦¤�−¨î
«ãç� ¢ ¯à¨¥¬−®© �¯¥àâãà¥ [25]. ‘âà®£¨© ãç¥â �â¬®áä¥à−®© âãà¡ã«¥−â−®áâ¨ ¢ −�-
áâ®ïé¥© áâ�âì¥ −¥ ¯à®¢®¤¨«áï, ®¤−�ª® ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ��‹‘ ¬®¦¥â ¡ëâì
ãçâ¥− −� ®á−®¢¥ ä¥−®¬¥−®«®£¨ç¥áª¨å á®®â−®è¥−¨© �−�«®£¨ç−® [14,26].

2.1 Геометрическое ослабление

�� à¨á. 2 áå¥¬�â¨ç−® ¯®ª�§�−®, ª�ª ä®à¬¨àãîâáï £¥®¬¥âà¨ç¥áª¨¥ ¯®â¥à¨
¢á«¥¤áâ¢¨¥ à�áå®¤¨¬®áâ¨ ¨§«ãç¥−¨ï «�§¥à−®£® ¨áâ®ç−¨ª�.

÷¨á. 2 ÷�áå®¤¨¬®áâì «ãç� ¢ á¨áâ¥¬¥ ��‹‘

�®â¥à¨ ®¯â¨ç¥áª®© ¬®é−®áâ¨ §� áç¥â à�áå®¤¨¬®áâ¨ «�§¥à−®£® «ãç� ®¯à¥¤¥«ï-
îâáï ¨§ á«¥¤ãîé¥£® á®®â−®è¥−¨ï:

PÒÁÓÈ = 10 lg

(
SÐÑÔÎÁ
SÐÒÉÅÍ

)

.

‡¤¥áì SÐÑÔÎÁ | ¯«®é�¤ì ¯ïâ−� ¨§«ãç¥−¨ï ¢ ¬¥áâ¥ à�á¯®«®¦¥−¨ï ¯à¨¥¬−®£®
ãáâà®©áâ¢�:
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SÐÑÔÎÁ = πR
2
ÐÑÔÎÁ =

πd2ÐÑÔÎÁ
4

,

£¤¥ dÐÑÔÎÁ| ¤¨�¬¥âà ®¯â¨ç¥áª®£® ¯ïâ−�, ®¯à¥¤¥«ï¥¬ë© ¢ëà�¦¥−¨¥¬ dÐÑÔÎÁ = Lϕ
(ϕ | ã£®« à�áå®¤¨¬®áâ¨ «�§¥à−®£® ¯ãçª�; L | à�ááâ®ï−¨¥ ¬¥¦¤ã ¨§«ãç�â¥«¥¬
¨ ¯à¨¥¬−¨ª®¬); SÐÒÉÅÍ | ¯«®é�¤ì «¨−§ë ¯à¨¥¬−®£® ãáâà®©áâ¢�:

SÐÒÉÅÍ = πR
2
ÐÒÉÅÍ =

πd2ÐÒÉÅÍ
4

,

£¤¥ dÐÒÉÅÍ | ¤¨�¬¥âà «¨−§ë ¯à¨¥¬−®£® ãáâà®©áâ¢�.
‘ ãç¥â®¬ ¯à¨¢¥¤¥−−ëå ¢ëà�¦¥−¨© ¯®â¥à¨ ®¯â¨ç¥áª®© ¬®é−®áâ¨ ¬®¦−® ®¯à¥-

¤¥«¨âì, ¨áå®¤ï ¨§ ®¡é¥¤®áâã¯−ëå â¥å−¨ç¥áª¨å ¯�à�¬¥âà®¢ â¥à¬¨−�«� ��‹‘ ¯®
ä®à¬ã«¥:

PÒÁÓÈ = 10 lg

(
(π/4)(Lϕ)2

SÐÒÉÅÍ

)

. (2)

2.2 Атмосферное поглощение

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â ¡®«ìè®¥ ç¨á«® ¡�§ ¤�−−ëå, á®¤¥à¦�é¨å
¯�à�¬¥âàë á¯¥ªâà�«ì−®£® ¯®£«®é¥−¨ï ¤«ï à�§«¨ç−ëå áâ�−¤�àâ−ëå ¬®¤¥«¥© �â-
¬®áä¥àë (USA, IAO), á�¬ë¥ ªàã¯−ë¥ ¨§ −¨å | HITRAN [27] ¨ ú‘¯¥ªâà®áª®¯¨ï
�â¬®áä¥à−ëå £�§®¢û (SPECTRA) [28].

„«ï ®æ¥−ª¨ §�¯�á� ãá¨«¥−¨ï ¨áá«¥¤ã¥¬ëå â¥à¬¨−�«®¢ ��‹‘ ¨á¯®«ì§®¢�«áï
¬�áá¨¢ ª®íää¨æ¨¥−â®¢ ¯®£«®é¥−¨ï σA á ãç¥â®¬ à�§«¨ç−ëå ¬®¤¥«¥© �â¬®áä¥àë
¤«ï à�§«¨ç−ëå è¨à®â ¨§ ¡�§ë ¤�−−ëå ú‘¯¥ªâà®áª®¯¨ï �â¬®áä¥à−ëå £�§®¢û
(SPECTRA) [28]. �à¨ íâ®¬ äã−ªæ¨ï ¯à®¯ãáª�−¨ï á ãç¥â®¬ â®«ìª® ¯®£«®é¥−¨ï
®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥:

TRabsorption = exp (−σAL) .

2.3 Атмосферное рассеяние

‘−¨¦¥−¨¥ ¬®é−®áâ¨ «�§¥à−®£® ¨§«ãç¥−¨ï, ¯¥à¥¤�¢�¥¬®£® ¢ �â¬®áä¥à¥, ¢á«¥¤-
áâ¢¨¥ íää¥ªâ®¢ �íà®§®«ì−®£® ¨ ¬®«¥ªã«ïà−®£® (àí«¥¥¢áª®£®) à�áá¥ï−¨ï ï¢«ï¥âáï
®¤−¨¬ ¨§ ®á−®¢−ëå ä�ªâ®à®¢, ®£à�−¨ç¨¢�îé¨å ¤�«ì−®áâì ¯¥à¥¤�ç¨ ®¯â¨ç¥áª¨å
á¨£−�«®¢ ¢ ®¡«�áâ¨ ª®à®âª¨å ¤«¨− ¢®«−. ˆ§ â¥®à¨¨ ¬®«¥ªã«ïà−®£® (àí«¥¥¢áª®£®)
à�áá¥ï−¨ï á¢¥â� á«¥¤ã¥â ¢ëà�¦¥−¨¥ ¤«ï ª®íää¨æ¨¥−â� à�áá¥ï−¨ï ¢ £�§�å [29]:

σR =
8π3(n2 − 1)2
3Nλ4

6 + 3δ

6− 7δ , (3)

£¤¥ n | ¯®ª�§�â¥«ì ¯à¥«®¬«¥−¨ï ¢®§¤ãå�; λ | ¤«¨−� ¢®«−ë; δ | ä�ªâ®à
¤¥¯®«ïà¨§�æ¨¨ ¬®«¥ªã«; N | ç¨á«® ¬®«¥ªã« ¢ ¥¤¨−¨æ¥ ®¡ê¥¬�.
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ˆ§ (3) ¢¨¤−®, çâ® ¯®ª�§�â¥«ì ®á«�¡«¥−¨ï ®¡à�â−® ¯à®¯®àæ¨®−�«¥− ç¥â¢¥à-
â®© áâ¥¯¥−¨ ¤«¨−ë ¢®«−ë. �âáî¤� á«¥¤ã¥â, çâ® à�áá¥ï−¨¥ ª®à®âª®¢®«−®¢®£®
¨§«ãç¥−¨ï ¯à®¨áå®¤¨â áãé¥áâ¢¥−−® ¡®«¥¥ ¨−â¥−á¨¢−®, ç¥¬ ¤«¨−−®¢®«−®¢®£®.
„«ï à�áç¥â� ®á«�¡«¥−¨ï ¢ à¥§ã«ìâ�â¥ à�áá¥ï−¨ï Œ¨ ¨á¯®«ì§ãîâ í¬¯¨à¨ç¥áª¨¥
¬¥â®¤ë [22]. ‚ íâ¨å ¬¥â®¤�å ª®íää¨æ¨¥−â ®á«�¡«¥−¨ï ¨§-§� à�áá¥ï−¨ï Œ¨ á¢ï-
§ë¢�¥âáï á Œ„‚. ˆáå®¤ï ¨§ íâ®£®, ª®íää¨æ¨¥−â Œ¨-à�áá¥ï−¨ï à�ááç¨âë¢�¥âáï
¯® ä®à¬ã«¥:

σMi =
3,91

MDV

(
λ

0,55

)−q

, (4)

£¤¥ MDV | Œ„‚; q | ª®íää¨æ¨¥−â, §�¢¨áïé¨© ®â à�á¯à¥¤¥«¥−¨ï à�§¬¥à®¢
à�áá¥¨¢�îé¨å ç�áâ¨æ. �− ®¯à¥¤¥«¥− −� ®á−®¢�−¨¨ ¤�−−ëå íªá¯¥à¨¬¥−â®¢ ¨ ¨¬¥¥â
§−�ç¥−¨ï:

q =







1,6 , MDV > 50 ª¬ ;
1,3 , 6 < MDV < 50 ª¬ ;
0,585MDV1/3 , MDV < 6 ª¬ .

’�ª¨¬ ®¡à�§®¬, ¨áå®¤ï ¨§ (3), (4), äã−ªæ¨ï ¯à®¯ãáª�−¨ï á ãç¥â®¬ â®«ìª®
à�áá¥ï−¨ï ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥:

TRscattering = exp (−σRL) exp (−σMiL) ,

a ª®íää¨æ¨¥−â ¯à®¯ãáª�−¨ï �â¬®áä¥àë á ãç¥â®¬ ¨ ¯®£«®é¥−¨ï, ¨ à�áá¥ï−¨ï
¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥−¨ï:

TR = TRabsorptionTRscattering. (5)

2.4 Запас усиления терминала атмосферной оптической линии связи

ˆáå®¤ï ¨§ (1), (2) ¨ (5), §�¯�á ãá¨«¥−¨ï â¥à¬¨−�«� FM, ª®â®àë© ¯à¥¤áâ�¢«ï¥â
á®¡®© ¤®áâã¯−ãî ¬®é−®áâì, ¯à¥¢ëè�îéãî çã¢áâ¢¨â¥«ì−®áâì ¯à¨¥¬−¨ª�, ¬®¦−®
à�ááç¨â�âì ¯® ä®à¬ã«¥:

FM = Pe − Sr − 10 lg
(
(π/4)(Lϕ)2

SÐÒÉÅÍ
TR

)

, (6)

£¤¥ Pe | ®¡é�ï ¬®é−®áâì ¨§«ãç�â¥«ï; Sr | çã¢áâ¢¨â¥«ì−®áâì ¯à¨¥¬−¨ª�.
‚ á®®â¢¥âáâ¢¨¨ á ®¯¨á�−−®© ¬¥â®¤¨ª®© ®æ¥−ª¨ §�¯�á� ãá¨«¥−¨ï â¥à¬¨−�«®¢

��‹‘ ¡ë«¨ à�ááç¨â�−ë á ¯®¬®éìî ª®¬¯«¥ªá� [30], â¨¯¨ç−�ï §�¢¨á¨¬®áâì §�¯�á�
ãá¨«¥−¨ï ®â ¤¨áâ�−æ¨¨ ¯®ª�§�−� −� à¨á. 3.

�� à¨á. 3 ¯à¨¢¥¤¥−� §�¢¨á¨¬®áâì §�¯�á� ãá¨«¥−¨ï ¤«ï â¥à¬¨−�«� ��‹‘ Ar-
tolink M1-10GE −� ¤¨áâ�−æ¨¨ ¤® 1500 ¬ ¯à¨ à�á¯®«®¦¥−¨¨ â¥à¬¨−�«� ¢ Œ®áª¢¥
á ãç¥â®¬ â¥å−¨ç¥áª¨å ¯�à�¬¥âà®¢ ¤�−−®£® ®¡®àã¤®¢�−¨ï [31] ¨ �àå¨¢� ¬¥â¥®à®-
«®£¨ç¥áª¨å ¤�−−ëå (� ¨¬¥−−®: Œ„‚) [32] §� 13 «¥â.
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÷¨á. 3 ‡�¢¨á¨¬®áâì §�¯�á� ãá¨«¥−¨ï â¥à¬¨−�«� ��‹‘ ®â ¤¨áâ�−æ¨¨: 1 | á ãç¥â®¬
¯®£«®é¥−¨ï ¨ à�áá¥ï−¨ï; 2 | á ãç¥â®¬ ¯®£«®é¥−¨ï

ˆ§ à¨á. 3 ¢¨¤−®, çâ® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¨áá«¥¤ã¥¬®£® â¥à¬¨−�«� −� ¯à¥-
¤¥«ì−® ¢®§¬®¦−®© ¤¨áâ�−æ¨¨ ¢ 1500 ¬ ¯®â¥à¨ §� áç¥â à�áá¥ï−¨ï á®áâ�¢«ïîâ
¯®àï¤ª� 1,5 ¤�.

3 Оценка целесообразности применения атмосферных оптических
линий связи в различных субъектах Российской Федерации

„®áâã¯−®áâì ª�−�«� ��‹‘ §�¢¨á¨â ®â ¤®¯ãáâ¨¬®£® ®á«�¡«¥−¨ï ¬®é−®áâ¨
á¨£−�«� ¬¥¦¤ã ¯¥à¥¤�âç¨ª®¬ ¨ ¯à¨¥¬−¨ª®¬ −� §�¤�−−®¬ à�ááâ®ï−¨¨ ¬¥¦¤ã â¥à-
¬¨−�«�¬¨, ª«¨¬�â¨ç¥áª¨å ®á®¡¥−−®áâ¥© ¬¥áâ−®áâ¨ ¨ áã¬¬�à−ëå ¯®â¥àì. ’�ª¨¬
®¡à�§®¬, ¤®áâã¯−®áâì ª�−�«� ��‹‘ Aϑ ¬®¦−® ®æ¥−¨¢�âì, ¨áå®¤ï ¨§ ¬¥â¥®à®-
«®£¨ç¥áª¨å ãá«®¢¨© à�©®−� ãáâ�−®¢ª¨ ¨ ¯�à�¬¥âà®¢ â¥à¬¨−�«®¢ ��‹‘. ��à�-
¬¥âà Aϑ ¬®¦−® à�ááç¨â�âì ¯® ä®à¬ã«¥ [5]:

Aϑ = 1− PVfm, (7)

£¤¥ PVfm | ¢¥à®ïâ−®áâì á−¨¦¥−¨ï Œ„‚ −¨¦¥ ¯à¥¤¥«ì−®© ¤�«ì−®áâ¨ Vfm,
®¯à¥¤¥«ï¥¬®© §�¯�á®¬ ãá¨«¥−¨ï ®¡®àã¤®¢�−¨ï FM −� ¤¨áâ�−æ¨¨ L. �à¨ íâ®¬
Vfm (¢ ª¬) ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ [5]:

Vfm =
17

FM
L , (8)

£¤¥ Vfm | ¯à¥¤¥«ì−�ï ¤�«ì−®áâì. ‚¥«¨ç¨−� §�¯�á� ãá¨«¥−¨ï ®¡®àã¤®¢�−¨ï
FM §�¢¨á¨â áà¥¤¨ ¯à®ç¥£® ®â å�à�ªâ¥à¨áâ¨ª ¯à¨¬¥−ï¥¬ëå ¬®¤¥«¥© â¥à¬¨−�«®¢
��‹‘ ¨ ¯à®âï¦¥−−®áâ¨ ª�−�«� á¢ï§¨, ª�ª ¡ë«® ¯®ª�§�−® à�−¥¥ ¢ (6).
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÷¨á. 4 ‡�¢¨á¨¬®áâ¨ ¤®áâã¯−®áâ¨ â¥à¬¨−�«� ��‹‘ ®â ¤¨áâ�−æ¨¨

‚ á®®â¢¥âáâ¢¨¨ á (7) ¨ (8) ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à®£à�¬¬ë ¤«ï �‚Œ [30]
¤«ï â¥à¬¨−�«� ��‹‘ Artolink M1-10GE, à�á¯®«®¦¥−−®£® ¢ Œ®áª¢¥, ¯®«ãç¥−�
§�¢¨á¨¬®áâì ¤®áâã¯−®áâ¨ ®â ¤¨áâ�−æ¨¨, ¨§®¡à�¦¥−−�ï −� à¨á. 4.

�à¨ à�áç¥â¥ §�¢¨á¨¬®áâ¨ ¤®áâã¯−®áâ¨ ®â ¤¨áâ�−æ¨¨, ¯®ª�§�−−®© −� à¨á. 4,
¡ë«¨ ãçâ¥−ë â¥å−¨ç¥áª¨¥ ¯�à�¬¥âàë ®¡®àã¤®¢�−¨ï ¨ ¬¥â¥®à®«®£¨ç¥áª¨¥ ¤�−−ë¥
¤«ï Œ®áª¢ë [32] ¢ ¯¥à¨®¤ á 2013 ¯® 2024 ££., ¢ â®¬ ç¨á«¥ ¯à®¯ãáª�−¨¥ �â¬®áä¥àë
(á ãç¥â®¬ ¯®£«®é¥−¨ï ¨ à�áá¥ï−¨ï) ¢ ¨áá«¥¤ã¥¬®¬ à¥£¨®−¥.

�á−®¢ë¢�ïáì −� ®¡é¥¤®áâã¯−ëå âà¥¡®¢�−¨ïå ª äã−ªæ¨®−¨à®¢�−¨î á¥â¥© á¢ï-
§¨ [33], ¯® à¨á. 4 ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® â¥à¬¨−�«ë ��‹‘ M1-10GE
¯à¨ ¨å à�á¯®«®¦¥−¨¨ ¢ Œ®áª¢¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ á®áâ�¢¥ £«®¡�«ì−ëå á¥â¥©
á¢ï§¨ ¯à¨ ¤¨áâ�−æ¨¨ ®¯â¨ç¥áª®£® ª�−�«� −¥ ¡®«¥¥ 545 ¬ ¨ ¢ ª®à¯®à�â¨¢−ëå á¥âïå
−� ¤¨áâ�−æ¨¨ −¥ ¡®«¥¥ 1340 ¬ (−�¯à¨¬¥à, ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ú¯®á«¥¤−¥©
¬¨«¨û [34]). ‘ ãç¥â®¬ â¥å−¨ç¥áª¨å ¯�à�¬¥âà®¢ â¥à¬¨−�«®¢ ��‹‘ Artolink
(¬®¤¥«¨ M1-10GE, M1-GE ¨ Œ1-FE-L), �àå¨¢� ¬¥â¥®à®«®£¨ç¥áª¨å ¯�à�¬¥âà®¢
¢á¥å à�áá¬�âà¨¢�¥¬ëå £®à®¤®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ [32] á à�§«¨ç−®© ç¨á«¥−-
−®áâìî −�á¥«¥−¨ï, � â�ª¦¥ ®á®¡¥−−®áâ¥© ¯à®¯ãáª�−¨ï �â¬®áä¥àë ¤«ï ª�¦¤®£®
¬¥áâ� à�á¯®«®¦¥−¨ï â¥à¬¨−�«� ¨ ®¯¨á�−−®© ¬¥â®¤¨ª¨ à�áç¥â� ¤®áâã¯−®áâ¨ ª�-
−�«� ��‹‘, ¯à¨ ¨á¯®«ì§®¢�−¨¨ [30] ¯®«ãç¥−ë −�¡®àë ¤¨áâ�−æ¨© �â¬®áä¥à−®£®
ª�−�«� á §�¤�−−ë¬¨ ª®íää¨æ¨¥−â�¬¨ ¤®áâã¯−®áâ¨, ª®â®àë¥ ¯à¥¤áâ�¢«¥−ë −�
à¨á. 5{7.

ˆ§ ¤¨�£à�¬¬, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 5{7, ¢¨¤−®, çâ® ¢® ¢á¥å à�áá¬�âà¨¢�-
¥¬ëå £®à®¤�å ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¤®áâ�â®ç−® íää¥ªâ¨¢−® ¬®£ãâ ¯à¨¬¥−ïâìáï
«î¡ë¥ à�áá¬®âà¥−−ë¥ â¥à¬¨−�«ë ¢ á¥âïå á¢ï§¨ ®¡é¥£® ¯®«ì§®¢�−¨ï (¯®áª®«ìªã
¯®ª�§�â¥«ì ¤®áâã¯−®áâ¨ > 0,97 áç¨â�¥âáï ¯à¨¥¬«¥¬ë¬) ¯à¨ ¯à¥¤¥«ì−ëå ¤¨-
áâ�−æ¨ïå à�¡®âë â¥à¬¨−�«®¢. �ää¥ªâ¨¢−®áâì à�¡®âë ¨áá«¥¤ã¥¬ëå â¥à¬¨−�«®¢
��‹‘ ¢ ‚®«£®£à�¤¥, ‘â�¢à®¯®«¥ ¨ Ÿªãâáª¥ ¡ã¤¥â ¤®áâ�â®ç−® −¨§ª�ï, ¯®íâ®-
¬ã ¨å ¯à¨¬¥−¥−¨¥ −� ¢�¦−ëå ®¡ê¥ªâ�å −¥¦¥«�â¥«ì−® ¢ á¨«ã ¬�«ëå §−�ç¥−¨©
¤®áâã¯−®áâ¨ �â¬®áä¥à−®© ®¯â¨ç¥áª®© á¢ï§¨. ‚ −®¢ëå à¥£¨®−�å ÷®áá¨©áª®© ”¥-
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÷¨á. 5 „¨�£à�¬¬� ¤¨áâ�−æ¨© �â¬®áä¥à−®£® ª�−�«� á §�¤�−−ë¬¨ ª®íää¨æ¨¥−â�¬¨
¤®áâã¯−®áâ¨ (1 | 0,999; 2 | 0,998; 3 | 0,997; 4 | 0,990; 5 | 0,980; 6 | 0,970) ¤«ï
â¥à¬¨−�«®¢ ��‹‘ M1-10GE (�), M1-GE (¡) ¨ M1-FE-L (¢), à�á¯®«®¦¥−−ëå ¢ £®à®¤�å
÷®áá¨©áª®© ”¥¤¥à�æ¨¨ á ç¨á«¥−−®áâìî −�á¥«¥−¨ï ¡®«¥¥ 1 ¬«− ç¥«.
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÷¨á. 6 „¨�£à�¬¬� ¤¨áâ�−æ¨© �â¬®áä¥à−®£® ª�−�«� á §�¤�−−ë¬¨ ª®íää¨æ¨¥−â�¬¨
¤®áâã¯−®áâ¨ (1 | 0,999; 2 | 0,998; 3 | 0,997; 4 | 0,990; 5 | 0,980; 6 | 0,970) ¤«ï
â¥à¬¨−�«®¢ ��‹‘ M1-10GE (�), M1-GE (¡) ¨ M1-FE-L (¢), à�á¯®«®¦¥−−ëå ¢ £®à®¤�å
÷®áá¨©áª®© ”¥¤¥à�æ¨¨ á ç¨á«¥−−®áâìî −�á¥«¥−¨ï ®â 500 âëá. ¤® 1 ¬«− ç¥«.
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÷¨á. 7 „¨�£à�¬¬� ¤¨áâ�−æ¨© �â¬®áä¥à−®£® ª�−�«� á §�¤�−−ë¬¨ ª®íää¨æ¨¥−â�¬¨
¤®áâã¯−®áâ¨ (1 | 0,999; 2 | 0,998; 3 | 0,997; 4 | 0,990; 5 | 0,980; 6 | 0,970) ¤«ï
â¥à¬¨−�«®¢ ��‹‘ M1-10GE (�), M1-GE (¡) ¨ M1-FE-L (¢), à�á¯®«®¦¥−−ëå ¢ £®à®¤�å
á ç¨á«¥−−®áâìî −�á¥«¥−¨ï ®â 200 âëá. ¤® 500 âëá. ç¥«. ¨ ¢ £®à®¤�å ¢ á®áâ�¢¥ ç¥âëà¥å
−®¢ëå à¥£¨®−®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨
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¤¥à�æ¨¨ („®−¥æª�ï ��à®¤−�ï ÷¥á¯ã¡«¨ª�, ‹ã£�−áª�ï ��à®¤−�ï ÷¥á¯ã¡«¨ª�,
‡�¯®à®¦áª�ï ¨ •¥àá®−áª�ï ®¡«�áâ¨) ¨áá«¥¤ã¥¬ë¥ â¥à¬¨−�«ë ��‹‘ ®¡¥á¯¥ç¨-
¢�îâ ¤®áâã¯−®áâì> 0,99 ¤«ï ¤¨áâ�−æ¨¨ ®¯â¨ç¥áª®£® ª�−�«� 785 ¬ ¯à¨ áª®à®áâ¨
¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ 10 ƒ¡¨â/á ¨ 1010 ¬ ¯à¨ áª®à®áâ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨
¤® 1 ƒ¡¨â/á.

‘«¥¤ã¥â §�¬¥â¨âì, çâ® ¯à¨ à�áç¥â¥ ¤®áâã¯−®áâ¨ ¢ ¤�−−®© à�¡®â¥ �¢â®àë ®£à�-
−¨ç¨«¨áì à�áá¬®âà¥−¨¥¬ «¨èì ®¯â¨ç¥áª®£® ª�−�«� á¢ï§¨, −® àï¤ ¯à®¨§¢®¤¨â¥«¥©
®¯â¨ç¥áª¨å â¥à¬¨−�«®¢ ¯à¥¤«�£�¥â £¨¡à¨¤−ë¥ ¢�à¨�−âë, ª®£¤� ®¯â¨ç¥áª¨© ª�−�«
á¢ï§¨ ¤®¯®«−ï¥âáï à�¤¨®ª�−�«®¬, ª�ª íâ® à¥�«¨§®¢�−® ¢ ¬®¤¥«¨ ARTOLINK
M1 GE-SL ª®¬¯�−¨¨ �� Œ�‘’Š�Œ [5]. ‚ ¯à®¬¥¦ãâ®ª ¢à¥¬¥−¨, −¥¡«�£®-
¯à¨ïâ−ë© ¤«ï ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¢ ®¯â¨ç¥áª®¬ ¤¨�¯�§®−¥ á¯¥ªâà�, ¢ â�ª¨å
â¥à¬¨−�«�å ¢ª«îç�¥âáï à�¤¨®ª�−�«, §� áç¥â â�ª®£® ¯®¤å®¤� ã¤�¥âáï à¥�«¨§®¢�âì
áâ�¡¨«ì−ë© ª�−�« á¢ï§¨ á ¢ëá®ª®© ¤®áâã¯−®áâìî [35, 36].

4 Заключение

‚ áâ�âì¥ ¯à®¤¥¬®−áâà¨à®¢�− ¯®¤å®¤ ª à�áç¥âã ¤®áâã¯−®áâ¨ ª�−�«� ��‹‘
á ãç¥â®¬ â¥å−¨ç¥áª¨å ¯�à�¬¥âà®¢ â¥à¬¨−�«®¢ ��‹‘ ¨ ¬¥â¥®à®«®£¨ç¥áª¨å ¯�-
à�¬¥âà®¢ ¢ £®à®¤�å, ¢å®¤ïé¨å ¢ á®áâ�¢ 37 ä¥¤¥à�«ì−ëå ®ªàã£®¢ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨. �à¨ íâ®¬ −� ®á−®¢¥ ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� [30] ¯à¨
à�áç¥â¥ ¤®áâã¯−®áâ¨ ãç¨âë¢�«¨áì ®¯â¨ç¥áª¨¥ ¯®â¥à¨, ®¡ãá«®¢«¥−−ë¥ ¯®£«®é¥−¨-
¥¬ ¨ à�áá¥ï−¨¥¬ «�§¥à−®© ¬®é−®áâ¨, ¢®§−¨ª�îé¨¥ ¯à¨ ¯à®å®¦¤¥−¨¨ «�§¥à−®£®
¨§«ãç¥−¨ï ç¥à¥§ �â¬®áä¥àã ¢ §�¤�−−®¬ à�©®−¥. �à¨¢¥¤¥−−�ï ¬¥â®¤¨ª� ã−¨¢¥à-
á�«ì−� ¨ ¯à¨¬¥−¨¬� ¤«ï «î¡ëå â¥à¬¨−�«®¢ ®¯â¨ç¥áª®© á¢ï§¨, ¯à®¥ªâ¨àã¥¬ëå
ª ¢−¥¤à¥−¨î ¢ á¥â¨ ®¡é¥£® ¯®«ì§®¢�−¨ï, ª®â®àë¥ ¬®£ãâ à�á¯®«�£�âìáï ¨ ¢ ¤àã£¨å
£¥®£à�ä¨ç¥áª¨å à¥£¨®−�å, ¤«ï ª®â®àëå ¥áâì �àå¨¢ ¬¥â¥®à®«®£¨ç¥áª¨å ¤�−−ëå §�
¯®á«¥¤−¨¥ 5{10 «¥â.

�®ª�§�−®, çâ® â¥å−®«®£¨ï �â¬®áä¥à−®© á¢ï§¨ ®¡«�¤�¥â ¢ëá®ª¨¬ ¯®â¥−æ¨�«®¬
¢ −®¢ëå à¥£¨®−�å ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ („®−¥æª�ï ��à®¤−�ï ÷¥á¯ã¡«¨ª�,
‹ã£�−áª�ï ��à®¤−�ï ÷¥á¯ã¡«¨ª�, ‡�¯®à®¦áª�ï ¨ •¥àá®−áª�ï ®¡«�áâ¨) á ãç¥â®¬
®¯¥à�â¨¢−®£® à�§¢¥àâë¢�−¨ï ª�−�«� á¢ï§¨ ¢ á«ãç�¥ â¥àà¨â®à¨�«ì−® ã¤�«¥−−ëå
á¥£¬¥−â®¢ á¥â¨, £¤¥ ¯à®ª«�¤ª� ª�¡¥«ì−ëå á®¥¤¨−¥−¨© ¬®¦¥â ¡ëâì §�âàã¤−¥−� ¨«¨
−¥à¥−â�¡¥«ì−�, áªàëâ®© ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨, §�é¨é¥−−®© áà¥¤¨ ¯à®ç¥£® ®â
ª¢�−â®¢ëå ã£à®§.

��«¨ç¨¥ ®¯â¨ç¥áª®£® ª�−�«� á¢ï§¨ ¢ £¨¡à¨¤−ëå á¨áâ¥¬�å á¢ï§¨, á®¤¥à¦�é¨å
¤®¯®«−¨â¥«ì−ë© à�¤¨®ª�−�«, ¤�¦¥ ¢ à�©®−�å á ¯«®å¨¬¨ ¯®£®¤−ë¬¨ ãá«®¢¨ï¬¨
¯®§¢®«ï¥â ¢ áà¥¤−¥¬ ®¡¥á¯¥ç¨âì ¢ëá®ªãî áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¨ −¨§ª¨å
í−¥à£®§�âà�â�å [36].
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Abstract: The trend of constant growth of requirements for the volume, speed,
and degree of protection of information transmitted in communication networks
determines the search and study of promising communication systems that
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provide a reliable high-speed communication channel in conditions of possible
destructive external influences on communication lines. As such a prospective
technology, the paper considers atmospheric optical communication implemented
using serial optical terminals manufactured by Russian companies. The paper
describes a universal approach to calculating the availability of an atmospheric
communication channel taking into account the technical parameters of the
terminals and meteorological parameters in the area of the terminals as well as
optical losses due to the absorption and scattering of laser radiation that occur
during the propagation of an optical signal through the atmosphere. For the
first time, sets of dependencies of the distances of the atmospheric channel with
specified availability factors for modern Russian terminals of free space optics were
obtained taking into account a long-term archive of meteorological parameters
of the cities that are part of 37 Federal Districts of the Russian Federation,
taking into account new regions (Donetsk People's Republic, Lugansk People's
Republic, and Zaporizhya and Kherson Regions).

Keywords: optical communication; free space communication; atmospheric
optical communication; communication channel availability
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АНАЛИЗ ПОДХОДОВ К ГИБРИДИЗАЦИИ МЕТОДА
РАССУЖДЕНИЙ ПО ПРЕЦЕДЕНТАМ В СИСТЕМАХ

ПОДДЕРЖКИ ПРИНЯТИЯ ВРАЧЕБНЫХ РЕШЕНИЙ∗

С. В. Листопад1, А. С. Лучко2

�−−®â�æ¨ï: ‘â�âìï ®à¨¥−â¨à®¢�−� −� á®¢¥àè¥−áâ¢®¢�−¨¥ ¬¥â®¤®¢ �¢â®¬�â¨§�-
æ¨¨ à¥è¥−¨ï ¯à®¡«¥¬ ¢ ãá«®¢¨ïå ª«¨−¨ç¥áª®© ¯à�ªâ¨ª¨ ¬¥â®¤�¬¨ ª®®¯¥à�â¨¢-
−ëå á�¬®−�áâà�¨¢�îé¨åáï £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ (Š‘ƒ¨ˆ‘),
¨−â¥£à¨àãîé¨å à�§«¨ç−ë¥ ¬®¤¥«¨ ¨ ¨−â¥««¥ªâã�«ì−ë¥ â¥å−®«®£¨¨ ¤«ï ¤®-
áâ¨¦¥−¨ï á¨−¥à£¥â¨ç¥áª®£® íää¥ªâ� ®â ¨å ¢§�¨¬®¤¥©áâ¢¨ï. ÷�áá¬�âà¨¢�îâáï
®á®¡¥−−®áâ¨ ¨ ®æ¥−¨¢�îâáï ¢®§¬®¦−®áâ¨ ¯® £¨¡à¨¤¨§�æ¨¨ ®¤−®£® ¨§ ¬¥â®¤®¢
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (ˆˆ) | à�ááã¦¤¥−¨© −� ®á−®¢¥ ¯à¥æ¥¤¥−â®¢ |
¯à¨ ¯®áâà®¥−¨¨ á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¢à�ç¥¡−ëå à¥è¥−¨©. �−�«¨§
¨áá«¥¤®¢�−¨© ¢ ¤�−−®© ®¡«�áâ¨ ¯à®¤¥¬®−áâà¨à®¢�« �ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥
à�§«¨ç−ëå ¬¥â®¤®¢ ˆˆ ¨ ¯®¤å®¤®¢ ª £¨¡à¨¤¨§�æ¨¨, � â�ª¦¥ ¯¥àá¯¥ªâ¨¢-
−®áâì à�§à�¡®âª¨ ¬¥â®¤®¢ �¤�¯â�æ¨¨ ¯à¥æ¥¤¥−â®¢ á ¯à¨¬¥−¥−¨¥¬ ˆˆ ¯à¨
¯®áâà®¥−¨¨ ¯®¤®¡−ëå á¨áâ¥¬.

Š«îç¥¢ë¥ á«®¢�: ª®®¯¥à�â¨¢−�ï á�¬®−�áâà�¨¢�îé�ïáï £¨¡à¨¤−�ï ¨−â¥«-
«¥ªâã�«ì−�ï á¨áâ¥¬�; £¨¡à¨¤¨§�æ¨ï; ¯à¥æ¥¤¥−â; á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨©

DOI: 10.14357/08696527250206 EDN: BSHKZL

1 Введение

‘®¢à¥¬¥−−�ï ¬¥¤¨æ¨−� áâ�«ª¨¢�¥âáï á ¡¥á¯à¥æ¥¤¥−â−ë¬ à®áâ®¬ ®¡ê¥¬� ¤�−-
−ëå: ®â í«¥ªâà®−−ëå ¬¥¤¨æ¨−áª¨å ª�àâ ¤® ¢ëá®ª®â®ç−ëå ¨§®¡à�¦¥−¨© ¨ £¥-
−®¬−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© [1, 2]. �¤−�ª® á«®¦−®áâì ª«¨−¨ç¥áª®© ¯à�ªâ¨-
ª¨ §�ª«îç�¥âáï −¥ â®«ìª® ¢ ®¡à�¡®âª¥ ¡®«ìè¨å ¤�−−ëå, −® ¨ ¢ ¨å á«�¡®©
áâàãªâãà¨à®¢�−−®áâ¨, −¥®¤−®à®¤−®áâ¨, ¬−®£®®¡à�§¨¨, ¤¨−�¬¨ç−®áâ¨ ¨ −¥¯®«-
−®â¥ ¤¨�£−®áâ¨ç¥áª¨å ¯à¨§−�ª®¢, −¥ç¥âª®áâ¨ â¥à¬¨−®¢, áã¡ê¥ªâ¨¢−®áâ¨ ®æ¥−®ª
¨ ¤àã£¨å ®á®¡¥−−®áâïå ¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ [3, 4]. �¤−� ¨§ ¯�à�¤¨£¬
ˆˆ, ç�áâ¨ç−® á®®â¢¥âáâ¢ãîé�ï ¤�−−ë¬ ãá«®¢¨ï¬, | à�ááã¦¤¥−¨ï ¯® ¯à¥æ¥¤¥−-
â�¬ (�−£«. Case-Based Reasoning, CBR), ª®â®àë¥ ¨¬¨â¨àãîâ ¥áâ¥áâ¢¥−−ë© ¤«ï
¢à�ç¥© ¯à®æ¥áá ¬ëè«¥−¨ï: ¯®¨áª �−�«®£¨© ¢ ¯à®è«®¬ ®¯ëâ¥. ‚¬¥áâ® â®£® çâ®¡ë
®¯¨à�âìáï â®«ìª® −� ®¡é¨¥ á¢¥¤¥−¨ï ® ¯à®¡«¥¬−®© ®¡«�áâ¨ ¨«¨ á®§¤�¢�âì á¢ï§¨

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� ü 24-21-00392,
https://rscf.ru/project/24-21-00392/.

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

2��� ú�¢â®â®à ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨û, luchko@inbox.ru
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¬¥¦¤ã ®¡é¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¯à®¡«¥¬ ¨ à¥è¥−¨ï¬¨, íâ®â ¯®¤å®¤ ¨á¯®«ì§ã¥â
ª®−ªà¥â−ë¥ §−�−¨ï ® ¯à¥¤ë¤ãé¨å á¨âã�æ¨ïå [5]. ‘¨áâ¥¬ë CBR ¢ë¯®«−ïîâ
ú«¥−¨¢®¥û ®¡ãç¥−¨¥, á®åà�−ïï ¯à¥æ¥¤¥−âë ¡¥§ £¥−¥à�«¨§�æ¨¨ [6], çâ® ®á®¡¥−-
−® ¯®«¥§−®, ¥á«¨ §−�−¨ï úà�á¯à¥¤¥«¥−ëû ¯® ª®−ªà¥â−ë¬ ¯à¨¬¥à�¬, ª®â®àë¥
á«®¦−®, −¥¢®§¬®¦−® ¨«¨ −¥æ¥«¥á®®¡à�§−® ®¡®¡é�âì.

‚ ç¨áâ®¬ ¢¨¤¥ ¬¥â®¤ CBR å�à�ªâ¥à¨§ã¥âáï ¬−®¦¥áâ¢®¬ −¥¤®áâ�âª®¢, ®£à�-
−¨ç¨¢�îé¨å ¥£® ¯à¨¬¥−¥−¨¥ ¢ ¬¥¤¨æ¨−áª¨å ¯à¨«®¦¥−¨ïå. Š�ç¥áâ¢® à¥ª®¬¥−-
¤ã¥¬ëå à¥è¥−¨© á¨«ì−® §�¢¨á¨â ®â à¥¯à¥§¥−â�â¨¢−®áâ¨ ¡¨¡«¨®â¥ª¨ ¯à¥æ¥¤¥−â®¢
(��), çâ® á ãç¥â®¬ ¢ëá®ª®© à�§¬¥à−®áâ¨ ¯à¥æ¥¤¥−â®¢ ¤«ï à¥�«ì−ëå ¯à®¡«¥¬
®¡ãá«®¢«¨¢�¥â ¥¥ ¡®«ìè®© ®¡ê¥¬, ¤«¨â¥«ì−ë© ¯¥à¨®¤ ¯®áâà®¥−¨ï ¨ ¢ëá®ª¨¥
¢ëç¨á«¨â¥«ì−ë¥ §�âà�âë −� ¯®¨áª ¢ −¥©. ‚ à¥�«ì−ëå ãá«®¢¨ïå ¯®«−®áâìî ®¤¨-
−�ª®¢ë¥ á«ãç�¨ ¢áâà¥ç�îâáï ªà�©−¥ à¥¤ª® ¨«¨ ¢®®¡é¥ −¥¢®§¬®¦−ë, ¯®íâ®¬ã
à¥è¥−¨¥, ¯à¨−ïâ®¥ ¢ ¯®å®¦¥¬ á«ãç�¥, ¤®«¦−® �¤�¯â¨à®¢�âìáï ª â¥ªãé¥© á¨âã-
�æ¨¨. ‘â�−¤�àâ−ë¥ ¬¥å�−¨§¬ë �¤�¯â�æ¨¨ ¯à¥æ¥¤¥−â®¢ ¢ CBR −¥ ãç¨âë¢�îâ
®á®¡¥−−®áâ¥© à¥è�¥¬®© ¯à®¡«¥¬ë ¢¢¨¤ã ®âáãâáâ¢¨ï ¥¥ ¬®¤¥«¨ ¨«¨ ®¡®¡é¥−−ëå
§−�−¨© ® −¥©. ’�ª¦¥ −¥¢®§¬®¦−� ®¡à�¡®âª� ª«�áá¨ç¥áª¨¬ ¬¥â®¤®¬ CBR á«®¦−ëå
¯à¥¤áâ�¢«¥−¨© ¤�−−ëå ® ¯�æ¨¥−â�å, −�¯à¨¬¥à ¢à¥¬¥−− �ëå àï¤®¢, ¨§®¡à�¦¥−¨©,
£à�ä®¢ëå áâàãªâãà ¨«¨ â¥ªáâ� −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥. �â¨ ®£à�−¨ç¥−¨ï ®¡ãá«®-
¢«¨¢�îâ ¨−â¥£à�æ¨î ¬¥â®¤� CBR á ¤àã£¨¬¨ â¥å−®«®£¨ï¬¨ ˆˆ ¨ −¥®¡å®¤¨¬®áâì
à�§à�¡®âª¨ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ (ƒ¨ˆ‘) ¤«ï à¥è¥−¨ï ¯à�ª-
â¨ç¥áª¨å ¯à®¡«¥¬. ’�ª®© á¨−â¥§ ¯®§¢®«¨â ¯à¥®¤®«¥âì ®£à�−¨ç¥−¨ï úç¨áâëåû
¬¥â®¤®¢ ˆˆ ¨ ¯à¨¡«¨§¨âì �«£®à¨â¬ë ª ¨−âã¨â¨¢−®¬ã, ª®−â¥ªáâ−®-§�¢¨á¨¬®¬ã
ª«¨−¨ç¥áª®¬ã ¬ëè«¥−¨î.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï ®á−®¢−ë¥ ¯®−ïâ¨ï ¬¥â®¤� CBR, � â�ª¦¥
�−�«¨§¨àãîâáï áãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ª à�§à�¡®âª¥ á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ï-
â¨ï ¢à�ç¥¡−ëå à¥è¥−¨© á ¥£® ¨á¯®«ì§®¢�−¨¥¬ −� ¯à¥¤¬¥â ¯à¨¬¥−¥−¨ï ¨å ¯à¨
¯®áâà®¥−¨¨ Š‘ƒ¨ˆ‘, ª®−æ¥¯æ¨ï ª®â®àëå ¯à¥¤«®¦¥−� ¢ [7]. Š®®¯¥à�â¨¢−ë¥
á�¬®−�áâà�¨¢�îé¨¥áï ƒ¨ˆ‘ ¨−â¥£à¨àãîâ à�§−®à®¤−ë¥ ª®¬¯ìîâ¥à−ë¥ ¬®¤¥«¨
¢à�ç¥©, ª®â®àë¥ −¥ â®«ìª® ¢ëà�¡�âë¢�îâ ¨−¤¨¢¨¤ã�«ì−ë¥ ¤¨�£−®§ë ¨ ®æ¥−ª¨
á®áâ®ï−¨ï ¯�æ¨¥−â�, −® ¨ á®âàã¤−¨ç�îâ, ®¡¬¥−¨¢�ïáì ç�áâ−ë¬¨ ú¬−¥−¨ï¬¨û,
¤®¯®«−ïï ¨ ã«ãçè�ï ¨å −� ¢á¥å íâ�¯�å ¯à®æ¥áá� ¢¥¤¥−¨ï ¯�æ¨¥−â� ¢ å�à�ªâ¥à−ëå
¤«ï ª«¨−¨ç¥áª®© ¯à�ªâ¨ª¨ ãá«®¢¨ïå.

2 Основные понятия метода рассуждений на основе прецедентов

Œ¥â®¤ CBR ¬®¦−® áà�¢−¨âì á à�ááã¦¤¥−¨ï¬¨ ¯® �−�«®£¨¨: ¯à¨ â�ª®¬ ¯®¤å®¤¥
à¥è¥−¨¥ −®¢®© ¯à®¡«¥¬ë ¨é¥âáï −� ®á−®¢¥ ¥¥ áå®¤áâ¢� á ®¤−®© ¨«¨ −¥áª®«ìª¨¬¨
à�−¥¥ à¥è¥−−ë¬¨ ¯à®¡«¥¬�¬¨, â. ¥. �¤�¯â¨àãîâáï ã¦¥ ¨§¢¥áâ−ë¥ à¥è¥−¨ï ¢¬¥áâ®
â®£®, çâ®¡ë à�§à�¡�âë¢�âì −®¢®¥ á −ã«ï [8, 9]. ’�ª¨¬ ®¡à�§®¬, ¯à¥¤¯®«�£�¥âáï,
çâ® áå®¦¨¥ ¯à®¡«¥¬ë ¤®«¦−ë ¨¬¥âì áå®¦¨¥ à¥è¥−¨ï [10]. �®¤å®¤ë ª ¯à¥¤-
áâ�¢«¥−¨î ¯à¥æ¥¤¥−â®¢ ¬®£ãâ ¡ëâì ª�ª ¯à®áâë¬¨ «¨−¥©−ë¬¨, â�ª ¨ á«®¦−ë¬¨
¨¥à�àå¨ç¥áª¨¬¨, çâ® ®ª�§ë¢�¥â §−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ −� à�§«¨ç−ë¥ �á¯¥ªâë
à�¡®âë á¨áâ¥¬ë [11]. ‚ ®¡é¥¬ ¢¨¤¥ ¯à¥æ¥¤¥−â ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥−¨¥¬
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�−�«¨§ ¯®¤å®¤®¢ ª £¨¡à¨¤¨§�æ¨¨ ¬¥â®¤� à�ááã¦¤¥−¨© ¯® ¯à¥æ¥¤¥−â�¬

case = 〈PRCDT,SOL〉,
£¤¥ PRCDT | −�¡®à ¯à¨§−�ª®¢, ®¯¨áë¢�îé¨å ¯à®¡«¥¬ã; SOL | −�¡®à ¯à¨-
§−�ª®¢, ®¯¨áë¢�îé¨å à¥è¥−¨¥ [12].

…á«¨ −¥®¡å®¤¨¬® á®åà�−ïâì â�ª¦¥ å�à�ªâ¥à¨áâ¨ª¨ à¥§ã«ìâ�â� ¯à¨¬¥−¥−¨ï
à¥è¥−¨ï ¯à®¡«¥¬ë, ¯à¥æ¥¤¥−â ¬®¦¥â ¯à¥¤áâ�¢«ïâìáï ¢ëà�¦¥−¨¥¬

case = 〈PRCDT,SOL,REST〉,

£¤¥ REST | −�¡®à ¯à¨§−�ª®¢, ®¯¨áë¢�îé¨å à¥§ã«ìâ�â à¥è¥−¨ï ¯à®¡«¥¬ë ¨ ¥£®
®æ¥−ªã [12].

‚ [11] ®â¬¥ç�¥âáï, çâ® ç�é¥ ¢á¥£® ¢ á¨áâ¥¬�å CBR ¨á¯®«ì§ã¥âáï ¢¥ªâ®à−®¥ (¯�-
à�¬¥âà¨ç¥áª®¥) ¯à¥¤áâ�¢«¥−¨¥ ¯à¥æ¥¤¥−â®¢ ¡«�£®¤�àï ¯à®áâ®â¥ ¥£® à¥�«¨§�æ¨¨.
�¤−�ª® ¤�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ −¥ ãç¨âë¢�¥â ¬−®¦¥áâ¢® �…-ä�ªâ®à®¢ [13], å�à�ª-
â¥à−ëå ¤«ï ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬, çâ® ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì ¯à¨¬¥−¥−¨ï
¤àã£¨å ä®à¬ ¯à¥¤áâ�¢«¥−¨ï [11, 12, 14]: äà¥©¬®¢®£®, ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−-
−®£®, â¥ªáâ®¢®£®, ¨¥à�àå¨ç¥áª®£®, −¥ç¥âª®£®, â¥¬¯®à�«ì−®£®, £à�ä¨ç¥áª®£®, −�
®á−®¢¥ ¯à¥¤¨ª�â®¢, á¥¬�−â¨ç¥áª¨å á¥â¥©, ®−â®«®£¨© ¨ ¤àã£¨å á¯¥æ¨ä¨ç¥áª¨å ¤«ï
ª®−ªà¥â−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©.

’à�¤¨æ¨®−−® à�ááã¦¤¥−¨ï −� ®á−®¢¥ ¯à¥æ¥¤¥−â®¢ ¢ë¯®«−ïîâáï ¢ á®®â¢¥â-
áâ¢¨¨ á ª«�áá¨ç¥áª®© æ¨ª«¨ç¥áª®© ¬®¤¥«ìî, ¯à¥¤áâ�¢«¥−−®© −� à¨áã−ª¥ [5].

–¨ª« à�ááã¦¤¥−¨© ¯® ¯à¥æ¥¤¥−â�¬ (CBR-æ¨ª«)
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Œ®¤¥«ì −� à¨áã−ª¥ ¯®«ãç¨«� −�§¢�−¨¥ 4RE ¯® ¯¥à¢ë¬ ¡ãª¢�¬ ¤¥©áâ¢¨©
æ¨ª«� [12, 15]:

{ ¨§¢«¥ç¥−¨¥ (�−£«. retrieve), ¢ à¥§ã«ìâ�â¥ ª®â®à®£® ®¤¨− ¨«¨ −¥áª®«ìª® ¨§¢¥áâ-
−ëå ¯à¥æ¥¤¥−â®¢, −�¨¡®«¥¥ ¯®å®¦¨å −� à�áá¬�âà¨¢�¥¬ãî ¯à®¡«¥¬ã (−®¢ë©
¯à¥æ¥¤¥−â), ¨§¢«¥ª�îâáï ¨§ ��. Š«îç¥¢ë¥ í«¥¬¥−âë íâ®£® ¤¥©áâ¢¨ï | ¬¥à�
áå®¤áâ¢�, ª®«¨ç¥áâ¢¥−−® ®¯¨áë¢�îé�ï áâ¥¯¥−ì ¡«¨§®áâ¨ ¤¢ãå ¯à¥æ¥¤¥−â®¢,
¨ ¬¥â®¤ ¨§¢«¥ç¥−¨ï, ¯à¥¤¯¨áë¢�îé¨© ¯®àï¤®ª ¢ë¡®à� ¯à¥æ¥¤¥−â®¢ ¨§ ��.
‚ ¯à®áâ¥©è¥¬ á«ãç�¥, ª®£¤� ¯à¥æ¥¤¥−â ¯à¥¤áâ�¢«ï¥âáï ç¨á«®¢ë¬ ¢¥ªâ®à®¬,
¬®£ãâ ¯à¨¬¥−ïâìáï ¬¥âà¨ç¥áª¨¥ ¬¥àë áå®¤áâ¢�, −�¯à¨¬¥à ¥¢ª«¨¤®¢� ¨«¨ ¬�−-
åíââ¥−áª�ï ¬¥âà¨ª�, � â�ª¦¥ ¬¥â®¤ ¡«¨¦�©è¥£® á®á¥¤� [11], ¯à¥¤¯®«�£�îé¨©
¢ë¡®à ¨§ �� ¯à¥æ¥¤¥−â� á ¬�ªá¨¬�«ì−ë¬ §−�ç¥−¨¥¬ ¬¥àë áå®¤áâ¢�;

{ ¯®¢â®à−®¥ ¨á¯®«ì§®¢�−¨¥ (�−£«. reuse), ¯à¨ ª®â®à®¬ ®¯ëâ ¨ §−�−¨ï, ¯®«ã-
ç¥−−ë¥ ¢ å®¤¥ �−�«¨§� ¯à®è«ëå á¨âã�æ¨©, ¯à¨¬¥−ïîâáï ¤«ï à¥è¥−¨ï −®¢ëå
¯à®¡«¥¬, � ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ¨§¢«¥ç¥−¨ï ¯à¥æ¥¤¥−âë �¤�¯â¨àãîâáï
ª −®¢ë¬ ãá«®¢¨ï¬, çâ®¡ë −�©â¨ à¥«¥¢�−â−®¥ à¥è¥−¨¥ [12]. …á«¨ â¥ªãé�ï
¯à®¡«¥¬� ¨¤¥−â¨ç−� à�−¥¥ à�áá¬®âà¥−−®©, à¥è¥−¨¥ ¬®¦¥â ¡ëâì áª®¯¨à®¢�−®
¨§ ¯à¥æ¥¤¥−â� ¨ ¨á¯®«ì§®¢�−® ¡¥§ ¤®¯®«−¨â¥«ì−®© �¤�¯â�æ¨¨. �� ¯à�ªâ¨ª¥
¦¥ ¯à®¡«¥¬ë ¢ â®ç−®áâ¨ −¨ª®£¤� −¥ ¯®¢â®àïîâáï ¨ ¯®«ãç¥−−®¥ à�−¥¥ à¥è¥−¨¥
−¥®¡å®¤¨¬® �¤�¯â¨à®¢�âì ª −®¢ë¬ ãá«®¢¨ï¬. ‚ë¤¥«ïîâáï âà¨ ®á−®¢−ëå
á¯®á®¡� �¤�¯â�æ¨¨: §�¬¥−� ç�áâ¨ à¥è¥−¨ï −� ¤àã£ãî ¨«¨ −¥áª®«ìª® ¤àã£¨å;
¨§¬¥−¥−¨¥ áâàãªâãàë à¥è¥−¨ï ¯ãâ¥¬ ¤®¡�¢«¥−¨ï, ã¤�«¥−¨ï ¨«¨ §�¬¥−ë ¥¥
ç�áâ¥©; £¥−¥à�â¨¢−ë¥ �¤�¯â�æ¨¨ (−�¨¡®«¥¥ á«®¦−ë© á¯®á®¡), ¢®á¯à®¨§¢®¤ï-
é¨¥ ¬¥â®¤ ¯®«ãç¥−¨ï à¥è¥−¨ï −®¢®© ¯à®¡«¥¬ë;

{ ¯¥à¥á¬®âà (�−£«. revise) | ¯à¥¤«®¦¥−−®¥ à¥è¥−¨¥ ¯à®¢¥àï¥âáï ¢ à¥�«ì−®¬ ¬¨-
à¥ ¨«¨ −� à¥«¥¢�−â−®© ¢ëç¨á«¨â¥«ì−®© ¬®¤¥«¨, ¢ë¯®«−ï¥âáï �−�«¨§ ¨ ®æ¥−ª�
à¥§ã«ìâ�â®¢ ¥£® ¯à¨¬¥−¥−¨ï [16], ¯®á«¥ ç¥£® ®−® ª®àà¥ªâ¨àã¥âáï ¢ á«ãç�¥
−¥á®®â¢¥âáâ¢¨ï âà¥¡®¢�−¨ï¬. „�−−ë© íâ�¯ ®¡ëç−® ¢ë¯®«−ï¥âáï íªá¯¥àâ�¬¨-
«î¤ì¬¨ ¢ ¡®«ìè¨−áâ¢¥ íªá¯¥à¨¬¥−â�«ì−ëå ¨ ª®¬¬¥àç¥áª¨å CBR-á¨áâ¥¬ [17];

{ á®åà�−¥−¨¥ (�−£«. retain) | ¢−®¢ì ¯à¨−ïâ®¥ à¥è¥−¨¥ á®åà�−ï¥âáï ¢ �� ¤«ï
à¥è¥−¨ï ¯à®¡«¥¬ ¢ ¡ã¤ãé¥¬.

‚ [18] ®â¬¥ç�¥âáï, çâ® CBR | íâ® ¬¥â®¤®«®£¨ï, â. ¥. ®−� ¬®¦¥â ¨á¯®«ì§®¢�âì
à�§«¨ç−ë¥ â¥å−®«®£¨¨ ¯à¨ à¥�«¨§�æ¨¨ ¤¥©áâ¢¨© CBR-æ¨ª«�, ¢ëáâã¯�ï ®á−®¢®©
¤«ï ¨å £¨¡à¨¤¨§�æ¨¨.

3 Подходы к построению гибридных интеллектуальных систем

�®¤ ƒ¨ˆ‘ ¡ã¤¥¬ ¯®−¨¬�âì á¨áâ¥¬ã, ¤«ï à¥�«¨§�æ¨¨ ª®â®à®© ¨−â¥£à¨àãîâáï
¤¢� ¨«¨ ¡®«¥¥ ¬¥â®¤®¢, à¥�«¨§®¢�−−ëå ¢ à�¬ª�å à�§«¨ç−ëå ¨−â¥««¥ªâã�«ì−ëå
â¥å−®«®£¨© [19, 20]. �á−®¢−ë¥ æ¥«¨ £¨¡à¨¤¨§�æ¨¨ ¨−â¥««¥ªâã�«ì−ëå â¥å−®-
«®£¨©: ®¡¥á¯¥ç¥−¨¥ à¥è¥−¨ï á«�¡®áâàãªâãà¨à®¢�−−ëå ¨ −¥áâàãªâãà¨à®¢�−−ëå
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�−�«¨§ ¯®¤å®¤®¢ ª £¨¡à¨¤¨§�æ¨¨ ¬¥â®¤� à�ááã¦¤¥−¨© ¯® ¯à¥æ¥¤¥−â�¬

¯à®¡«¥¬, ®¡à�¡®âª� à�§−®à®¤−ëå ¤�−−ëå ¨ §−�−¨©, ãç¥â à�§«¨ç−ëå â¨¯®¢ −¥-
®¯à¥¤¥«¥−−®áâ¨ (áâ®å�áâ¨ç¥áª®©, «¨−£¢¨áâ¨ç¥áª®© ¨ ¤à.) ¤«ï ¯®«ãç¥−¨ï £¨¡ª¨å
¨ −�¤¥¦−ëå à¥è¥−¨© [2, 21, 22].

’à�¤¨æ¨®−−® [21,23] ¢ë¤¥«ïîâáï á«¥¤ãîé¨¥ ª«�ááë £¨¡à¨¤®¢ ¢ §�¢¨á¨¬®áâ¨
®â áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¨−â¥««¥ªâã�«ì−ëå ¬¥â®¤®¢:

(1) �¢â®−®¬−ë¥ (�ƒ), á®áâ®ïé¨¥ ¨§ ®â¤¥«ì−ëå ¯à®£à�¬¬−ëå ª®¬¯®−¥−â®¢, −¥
¢§�¨¬®¤¥©áâ¢ãîé¨å ¬¥¦¤ã á®¡®©, ª�¦¤ë© ¨§ ª®â®àëå à¥è�¥â ¯®áâ�¢«¥−-
−ãî ¥¬ã §�¤�çã á ¯®¬®éìî á¢®¥© ¨−â¥««¥ªâã�«ì−®© â¥å−®«®£¨¨ [23]. �â®
¢ëà®¦¤¥−−ë© á«ãç�© ¨−â¥£à�æ¨¨, §¤¥áì −¥ ¯à¥¤¯®«�£�¥âáï ãá¨«¥−¨¥ ¢®§-
¬®¦−®áâ¥© ª®¬¯®−¥−â®¢ §� áç¥â ¨å ®¡ê¥¤¨−¥−¨ï, −® ®− ¬®¦¥â ¡ëâì ¯®«¥§¥−
¤«ï áà�¢−¥−¨ï íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç¨ ¨«¨ ¡ëáâà®£® á®§¤�-
−¨ï ¯¥à¢¨ç−®£® ¯à®â®â¨¯�;

(2) âà�−áä®à¬�æ¨®−−ë¥ (’ƒ), ª®â®àë¥ ¢® ¬−®£®¬ �−�«®£¨ç−ë �¢â®−®¬−ë¬ ¢ â®¬,
çâ® ®â¤¥«ì−ë¥ ¯à®£à�¬¬−ë¥ ª®¬¯®−¥−âë −¥ ¢§�¨¬®¤¥©áâ¢ãîâ −�¯àï¬ãî [23].
÷�§«¨ç¨¥ á®áâ®¨â ¢ â®¬, çâ® ¢ âà�−áä®à¬�æ¨®−−ëå á¨áâ¥¬�å à¥§ã«ìâ�âë
à�¡®âë ®¤−®£® ª®¬¯®−¥−â� ¯à¨¬¥−ïîâáï à�§à�¡®âç¨ª�¬¨ ¯à¨ ¯®áâà®¥−¨¨
¤àã£®£®;

(3) á«�¡®á¢ï§�−−ë¥ (‘«ƒ) | ¯à®£à�¬¬−ë¥ á¨áâ¥¬ë, í«¥¬¥−âë ª®â®àëå ¢§�¨¬®-
¤¥©áâ¢ãîâ ¬¥¦¤ã á®¡®© ¯®áà¥¤áâ¢®¬ −¥ª®â®àëå ¨−â¥àä¥©á®¢ [24], −�¯à¨¬¥à
¯ãâ¥¬ ®¡¬¥−� ä�©«�¬¨ ¤�−−ëå [23]. ’�ª¨¥ á¨áâ¥¬ë ¯à®é¥ ¢ à�§à�¡®âª¥
¯® áà�¢−¥−¨î á ¡®«¥¥ ¨−â¥£à¨à®¢�−−ë¬¨, −® ¬¥−¥¥ ¯à®¨§¢®¤¨â¥«ì−ë ¯à¨
¨á¯®«ì§®¢�−¨¨ ¬¥¤«¥−−ëå ¨−â¥àä¥©á®¢ ¬¥¦¤ã í«¥¬¥−â�¬¨;

(4) á¨«ì−®á¢ï§�−−ë¥ (‘¨ƒ), í«¥¬¥−âë ª®â®àëå ¢§�¨¬®¤¥©áâ¢ãîâ, ®¡¬¥−¨¢�ïáì
¨−ä®à¬�æ¨¥© á ¨á¯®«ì§®¢�−¨¥¬ ¬−®¦¥áâ¢� ª�−�«®¢, ¢ â®¬ ç¨á«¥ ¬¥¦¤ã
®â¤¥«ì−ë¬¨ ç�áâï¬¨ à�§−ëå í«¥¬¥−â®¢ [24], ¨«¨ ®¡é¥© ¯�¬ïâ¨ [23], çâ®
¯®¢ëè�¥â ¨å ¨−â¥à�ªâ¨¢−ë¥ ¢®§¬®¦−®áâ¨ ¨ áª®à®áâì ¢§�¨¬®¤¥©áâ¢¨ï, −®
§�âàã¤−ï¥â à�§à�¡®âªã ¨ á®¯à®¢®¦¤¥−¨¥ [23];

(5) ¯®«−®áâìî ¨−â¥£à¨à®¢�−−ë¥ (�ˆƒ), í«¥¬¥−âë ª®â®àëå à¥�«¨§ãîâáï á ¨á-
¯®«ì§®¢�−¨¥¬ ¥¤¨−ëå ¬®¤¥«¥© ¤�−−ëå ¨ ¯à¥¤áâ�¢«¥−¨© §−�−¨©, � á¢ï§ì ¬¥¦-
¤ã −¨¬¨ ®¡ãá«®¢«¥−� ¤¢®©áâ¢¥−−®© ¯à¨à®¤®© ¨á¯®«ì§ã¥¬ëå ¬®¤¥«¥© [23].
÷�ááã¦¤¥−¨ï ¬®£ãâ ¢ë¯®«−ïâìáï «¨¡® á®¢¬¥áâ−® ¢ å®¤¥ ®¤−®à�−£®¢®£® ¢§�-
¨¬®¤¥©áâ¢¨ï, «¨¡® á ¯à¨¬¥−¥−¨¥¬ ª®¬¯®−¥−â�-ª®−âà®««¥à�.

÷¥�«ì−�ï ¨−â¥£à�æ¨ï ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨© ¢ë¯®«−ï¥âáï â®«ìª® ¢ ¯®-
á«¥¤−¨å âà¥å ª«�áá�å £¨¡à¨¤®¢, ¤«ï ç¥£® ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¬¥â®¤ë:

{ £¨¡à¨¤¨§�æ¨ï á ¢§�¨¬®¤¥©áâ¢¨¥¬ (ƒ‚) [25{27] ¨«¨ ªàã¯−®§¥à−¨áâ�ï (¢ á¬ëá«¥
�. ‚. Š®«¥á−¨ª®¢� [21]), ª®£¤� −¥áª®«ìª® ¬¥â®¤®¢, à¥�«¨§®¢�−−ëå ¢ à�¬ª�å
à�§«¨ç−ëå ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©, à�¡®â�îâ ®â−®á¨â¥«ì−® −¥§�¢¨á¨-
¬® −�¤ à¥è¥−¨¥¬ à�§«¨ç−ëå ç�áâ¥© ®¡é¥© ¯à®¡«¥¬ë, ®¡¬¥−¨¢�ïáì ¤�−−ë¬¨
¯® ¬¥à¥ −¥®¡å®¤¨¬®áâ¨. ’�ª®© ¯®¤å®¤ �ªâã�«¥−, ¥á«¨ à¥è�¥¬�ï ¯à®¡«¥¬�
¬®¦¥â ¡ëâì à�§¤¥«¥−� −� ¯®¤¯à®¡«¥¬ë, ¤«ï ª�¦¤®© ¨§ ª®â®àëå áãé¥áâ¢ã¥â
à¥«¥¢�−â−ë© ¥© ¬¥â®¤ [25];
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{ £¨¡à¨¤¨§�æ¨ï á äã−ªæ¨®−�«ì−®© §�¬¥−®© (ƒ”‡) [25{27] ¨«¨ ¬¥«ª®§¥à−¨áâ�ï
(¢ á¬ëá«¥ �. ‚. Š®«¥á−¨ª®¢� [21]), ª®£¤� ®â¤¥«ì−ë¥ äã−ªæ¨¨ ®¤−®£® ¬¥â®¤�,
à¥�«¨§®¢�−−®£® ¢ à�¬ª�å ®¯à¥¤¥«¥−−®© ¨−â¥««¥ªâã�«ì−®© â¥å−®«®£¨¨, §�¬¥-
é�îâáï ¤àã£¨¬ ¬¥â®¤®¬ ¢ à�¬ª�å ¤àã£®© â¥å−®«®£¨¨ ¨«¨ ¥£® ç�áâï¬¨. –¥«ì
â�ª®© £¨¡à¨¤¨§�æ¨¨ | ¯à¥®¤®«¥−¨¥ −¥¤®áâ�âª®¢ ®â¤¥«ì−ëå ¬¥â®¤®¢ §� áç¥â
−�¤¥«¥−¨ï ¨å á¨«ì−ë¬¨ áâ®à®−�¬¨ ¤àã£¨å [25];

{ ¯®«¨¬®àä−�ï £¨¡à¨¤¨§�æ¨ï (�ƒ) [25{27], ¯à¨ ª®â®à®© ®¤−� ¨−â¥««¥ªâã�«ì−�ï
â¥å−®«®£¨ï ¨á¯®«ì§ã¥âáï ¤«ï ¨¬¨â�æ¨¨ ¨ à¥�«¨§�æ¨¨ ¤àã£®©. �®¤®¡−ë¥
£¨¡à¨¤ë ¯à¨¬¥−ïîâ à�§«¨ç−ë¥ ¯®¤å®¤ë ª ®¡à�¡®âª¥ ¨−ä®à¬�æ¨¨ ¢ à�¬ª�å
®¤−®© �àå¨â¥ªâãàë [25].

‘ æ¥«ìî ®æ¥−ª¨ ¢®§¬®¦−®áâ¥© ¯® £¨¡à¨¤¨§�æ¨¨ ¬¥â®¤� CBR ¯à¨ à�§à�¡®âª¥
Š‘ƒ¨ˆ‘ [7] ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ ¢ ®¡«�áâ¨ ¬¥¤¨æ¨−ë à�áá¬®âà¨¬ áãé¥áâ¢ã-
îé¨¥ à¥�«¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¢à�ç¥¡−ëå à¥è¥−¨© −� ®á−®¢¥
CBR, ¯à¨¬¥−ïîé¨¥ £¨¡à¨¤−ë© ¯®¤å®¤.

4 Гибридизация в прецедентных системах поддержки принятия
врачебных решений

‘¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¢à�ç¥¡−ëå à¥è¥−¨© á à�ááã¦¤¥−¨ï¬¨ −� ®á−®-
¢¥ ¯à¥æ¥¤¥−â®¢ (‘��‚÷÷��) | ¨−áâàã¬¥−â, ¨á¯®«ì§ãîé¨© ¤�−−ë¥, §−�−¨ï
¨ ¬¥â®¤ CBR ¤«ï ¯®¬®é¨ ¢à�ç�¬ | «¨æ�¬, ¯à¨−¨¬�îé¨¬ à¥è¥−¨ï (‹�÷), ¨ ¯®-
¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¨å à�¡®âë [12]. �á−®¢� ‘��‚÷÷�� | CBR-æ¨ª«,
¯à¥¤áâ�¢«¥−−ë© −� à¨áã−ª¥, ª®â®àë© ¤®¯®«−¥− ¨−â¥àä¥©á�¬¨ á íªá¯¥àâ�¬¨, ‹�÷
¨ ¢−¥è−¥© áà¥¤®©, � â�ª¦¥ ¡«®ª®¬ �−�«¨§� á¨âã�æ¨¨ [11]. ˆ−â¥àä¥©á á íªá¯¥àâ�-
¬¨ ®¡¥á¯¥ç¨¢�¥â ¨¬ ¢®§¬®¦−®áâì ã¯à�¢«¥−¨ï ��. ˆ−â¥àä¥©á á ‹�÷ ¯®§¢®«ï¥â
¥¬ã ¢¢®¤¨âì ¢ á¨áâ¥¬ã ¨−ä®à¬�æ¨î ¤«ï ä®à¬¨à®¢�−¨ï ®¯¨á�−¨ï ¯à®¡«¥¬ë ¨ ¯®-
«ãç�âì ¯à¥¤«�£�¥¬®¥ à¥è¥−¨¥. ˆ−â¥àä¥©á á ¢−¥è−¥© áà¥¤®© ¢§�¨¬®¤¥©áâ¢ã¥â
á ®¡ê¥ªâ®¬, ¯®«ãç�ï ¨−ä®à¬�æ¨î ¨§ ¡�§ ¤�−−ëå ¨ ª®−âà®««¥à®¢, ¯®á«¥ ç¥£®
¯¥à¥¤�¥â ¥¥ ¢ ¡«®ª �−�«¨§� á¨âã�æ¨¨. �®á«¥¤−¨© ¯à¥¤−�§−�ç¥− ¤«ï ä®à¬¨à®¢�-
−¨ï ®¯¨á�−¨ï ¯à®¡«¥¬ë (−®¢®£® ¯à¥æ¥¤¥−â�) −� ®á−®¢¥ ¨−ä®à¬�æ¨¨ ¨§ ¢−¥è−¥©
áà¥¤ë, ®â ‹�÷ ¨ íªá¯¥àâ®¢, ¯®áâã¯�îé¥© ç¥à¥§ ¨−â¥àä¥©áë.

‚ å®¤¥ �−�«¨§� à�¡®â á 2016 ¯® 2024 ££., ¯®á¢ïé¥−−ëå ¯à¨¬¥−¥−¨î ¬¥â®-
¤®«®£¨¨ CBR ¢ ¬¥¤¨æ¨−¥, ¡ë«¨ ®â®¡à�−ë 55 ¨áá«¥¤®¢�−¨©. ƒ¨¡à¨¤−ë© ¯®¤å®¤
¯à¨¬¥−ï¥âáï ¢ 30 ¨§ −¨å, ªà�âª® ®¯¨á�−−ëå ¤�«¥¥.

‚ [28] à�áá¬�âà¨¢�¥âáï ª®¬¡¨−¨à®¢�−¨¥ á CBR-¯®¤å®¤®¬ â�ª¨å ª«�áá¨ä¨-
ª�â®à®¢, ª�ª ¬¥â®¤ k ¡«¨¦�©è¨å á®á¥¤¥©, ¨áªãááâ¢¥−−�ï −¥©à®−−�ï á¥âì, ¬¥â®¤
®¯®à−ëå ¢¥ªâ®à®¢, ª«�áá¨ä¨ª�â®à ��à§¥−�, ª®â®àë¥ ¨á¯®«ì§ãîâáï −� íâ�¯¥ ¯à¥¤-
¢�à¨â¥«ì−®© ®¡à�¡®âª¨ ¤«ï ¢ë¯®«−¥−¨ï ¯à®æ¥¤ãà ¢ë¡®à� §−�ç¨¬ëå ¯�à�¬¥âà®¢
¯à¥æ¥¤¥−â®¢ ¨ á−¨¦¥−¨ï à�§¬¥à−®áâ¨. �ªá¯¥à¨¬¥−â�«ì−® ¯®ª�§�−ë ¯à¥¨¬ãé¥-
áâ¢� ¬¥â®¤� ®¯®à−ëå ¢¥ªâ®à®¢ ¤«ï ¨−â¥£à�æ¨¨ á CBR ¯à¨ à�§à�¡®âª¥ á¨áâ¥¬
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¢à�ç¥¡−ëå à¥è¥−¨©, ¤¨�£−®áâ¨àãîé¨å á¥à¤¥ç−®-á®áã¤¨-
áâë¥ §�¡®«¥¢�−¨ï. �−�«®£¨ç−ë© ¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¢ [29], £¤¥ ¢ ‘��‚÷÷��
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�−�«¨§ ¯®¤å®¤®¢ ª £¨¡à¨¤¨§�æ¨¨ ¬¥â®¤� à�ááã¦¤¥−¨© ¯® ¯à¥æ¥¤¥−â�¬

¤«ï ¤¨�£−®áâ¨ª¨ §�¡®«¥¢�−¨© ¯¥ç¥−¨ ¬¥â®¤ CBR ¨á¯®«ì§ã¥âáï á®¢¬¥áâ−® á −¥©-
à®−−®© á¥âìî, á«ãç�©−ë¬ «¥á®¬ −� ®á−®¢¥ ¤¥à¥¢ì¥¢ à¥è¥−¨©, «®£¨áâ¨ç¥áª®©
à¥£à¥áá¨¥©, ¬¥â®¤®¬ ®¯®à−ëå ¢¥ªâ®à®¢ ¨ −�¨¢−ë¬ ¡�©¥á®¢áª¨¬ �«£®à¨â¬®¬.
‚ à�¡®â¥ [30] ®â¡®à §−�ç¨¬ëå ¯�à�¬¥âà®¢ ¯à¥æ¥¤¥−â®¢ á ¨á¯®«ì§®¢�−¨¥¬ £«ã-
¡®ª®£® ®¡ãç¥−¨ï, á«ãç�©−®£® «¥á�, ¡í££¨−£�, «¨−¥©−®© à¥£à¥áá¨¨ ¨ ¡�©¥á®¢áª®©
á¥â¨ ¯à¨¬¥−ï¥âáï ¯à¨ ¯®áâà®¥−¨¨ £¨¡à¨¤−®£® �«£®à¨â¬� −� ®á−®¢¥ CBR ¤«ï
¤¨�£−®áâ¨ª¨ ¨è¥¬¨ç¥áª®© ¡®«¥§−¨ á¥à¤æ�. �¢â®àë [31] à�áá¬�âà¨¢�îâ ¢«¨ï−¨¥
¢−¥è−¨å å�à�ªâ¥à¨áâ¨ª ¯à¥æ¥¤¥−â� (á¯¥æ¨�«ì−®áâì ¢à�ç¥©, £®â®¢−®áâì à�áªàëâì
−�áâ®ïé¥¥ ¨¬ï, ®æ¥−ª� ª�ç¥áâ¢� á«ãç�ï) −� íää¥ªâ¨¢−®áâì ¯¥àá®−�«¨§¨à®¢�−−®©
á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¢à�ç¥¡−ëå à¥è¥−¨© ¤«ï ¤¨�£−®áâ¨à®¢�−¨ï à�ª�
¬®«®ç−®© ¦¥«¥§ë, ¨á¯®«ì§ãï ¯à¨ íâ®¬ ¬¥â®¤ k ¡«¨¦�©è¨å á®á¥¤¥© ¨ −�¨¢−ë©
¡�©¥á®¢áª¨© �«£®à¨â¬. ‚ [32] ¯à�¢¨«� ¤¨�£−®áâ¨ª¨ á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®-
«¥¢�−¨© ¨§¢«¥ª�îâáï ¨§ ª�àâ ¯�æ¨¥−â®¢ ¬¥â®¤®¬ ¤¥à¥¢ì¥¢ à¥è¥−¨© ¨ á«ã¦�â
®á−®¢®© ¤«ï ¯®áâà®¥−¨ï ¡¨¡«¨®â¥ª¨ ¯à¥æ¥¤¥−â®¢ ‘��‚÷÷��. �¢â®àë [33]
à�§à�¡®â�«¨ £¨¡à¨¤−ãî á¨áâ¥¬ã ª«�áá¨ä¨ª�æ¨¨ ¬¥¤¨æ¨−áª¨å ¤�−−ëå, á®ç¥â�-
îéãî ¬¥â®¤ë ¤¥à¥¢ì¥¢ à¥è¥−¨© ¨ á«ãç�©−®£® «¥á� á ¬¥â®¤®¬ CBR. ‘¨áâ¥¬�
¯à®â¥áâ¨à®¢�−� −� ç¥âëà¥å ¬¥¤¨æ¨−áª¨å −�¡®à�å ¤�−−ëå (à�ª ¬®«®ç−®© ¦¥«¥§ë,
£¥¯�â¨â, ¯�â®«®£¨¨ é¨â®¢¨¤−®© ¨ ¬®«®ç−®© ¦¥«¥§). ‚ [34] ¤¨�£−®áâ¨ª� ¤¨�¡¥-
â� ®áãé¥áâ¢«ï¥âáï £¨¡à¨¤−ë¬ ¬¥â®¤®¬, á®¤¥à¦�é¨¬ ª«�áá¨ä¨ª�â®à −� ®á−®¢¥
−¥ç¥âª®£® ¤¥à¥¢� à¥è¥−¨© ¨ CBR-æ¨ª«.

�¢â®àë [35] ¯à¨¬¥−ïîâ ¬¥â®¤ë ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−®£® ï§ëª� −� ®á−®¢¥ áâ�-
â¨áâ¨ç¥áª®© «¨−£¢¨áâ¨ª¨ ¤«ï ä®à¬¨à®¢�−¨ï ®−â®«®£¨©, ¨á¯®«ì§ã¥¬ëå ¢ à�¬ª�å
CBR-æ¨ª«� ¤«ï ¤¨�£−®áâ¨ª¨ COVID-19 −� à�−−¥© áâ�¤¨¨. ˆáá«¥¤®¢�−¨¥ [36]
®¡ê¥¤¨−ï¥â ®¡êïá−¨¬®áâì ¨ ®à¨¥−â¨à®¢�−−®áâì −� ¯®«ì§®¢�â¥«ï CBR-¯®¤å®¤�
á ¢®§¬®¦−®áâï¬¨ ¬¥â®¤®¢ £«ã¡®ª®£® ®¡ãç¥−¨ï ¨ ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−®£® ï§ëª�
¤«ï ¯®áâà®¥−¨ï ¬¥¤¨æ¨−áª¨å à�¤¨®«®£¨ç¥áª¨å ®âç¥â®¢. ÷�¡®â� [37] ¯®á¢ïé¥−�
¯®¢ëè¥−¨î ®¡êïá−¨¬®áâ¨ à¥ª®¬¥−¤�æ¨© ¬¥¤¨æ¨−áª®© ‘��‚÷÷�� ¤«ï «¥ç¥−¨ï
à�ª� ¬®«®ç−®© ¦¥«¥§ë. ‘ íâ®© æ¥«ìî �¢â®à�¬¨ à�§à�¡®â�− ¯®«ì§®¢�â¥«ìáª¨© ¨−-
â¥àä¥©á á¨áâ¥¬ë á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¢¨§ã�«¨§�æ¨¨ ¨ ª®£−¨â¨¢−®© £à�ä¨ª¨,
¢ ç�áâ−®áâ¨ ¬¥â®¤ ¨áªãááâ¢¥−−ëå ª®à¬ïé¨åáï ¯â¨æ, ®á−®¢�−−ë© −� ¬®¤¥«¨-
à®¢�−¨¨ ¯®¢¥¤¥−¨ï £®«ã¡¥©. „�−−ë© ¨−â¥àä¥©á ®â®¡à�¦�¥â ª®«¨ç¥áâ¢¥−−®¥
¨ ª�ç¥áâ¢¥−−®¥ áå®¤áâ¢® ¬¥¦¤ã §�¯à®á®¬ ¨ ¯®å®¦¨¬¨ ¯à¥æ¥¤¥−â�¬¨, çâ® ¯®§¢®-
«ï¥â «¥£ª® ª«�áá¨ä¨æ¨à®¢�âì §�¯à®á ¯ãâ¥¬ ¢¨§ã�«ì−®£® ®¡®á−®¢�−¨ï ¯®«−®áâìî
®¡êïá−¨¬ë¬ ®¡à�§®¬.

Œ¥â®¤ ¤«ï ª«�áá¨ä¨ª�æ¨¨ à�ª� «¥£ª¨å −� ®á−®¢¥ CBR á ®â¡®à®¬ ¯à¨§−�ª®¢
¯à¥æ¥¤¥−â®¢ −� ®á−®¢¥ £à�¤¨¥−â−ëå ¤¥à¥¢ì¥¢ ¢®§−�£à�¦¤¥−¨©, ®¡¥á¯¥ç¨¢�îé¨©
â®ç−ãî ¤¨�£−®áâ¨ªã ¯® á®ªà�é¥−−®¬ã −�¡®àã £¥−®¢, ¨ �¤�¯â�æ¨¥© á ¨á¯®«ì§®¢�-
−¨¥¬ í¢à¨áâ¨ª¨ k ¡«¨¦�©è¨å á®á¥¤¥© à�§à�¡®â�− ¢ [38].

‚ [39] ¯à¥¤«®¦¥− ¯®¤å®¤ ª ®¯â¨¬¨§�æ¨¨ ¤®§¨à®¢ª¨ «¥ª�àáâ¢ ¯à¨ «¥ç¥−¨¨
à�ª� ¯à®áâ�âë −� ®á−®¢¥ CBR á �¤�¯â�æ¨¥© ¯à¥æ¥¤¥−â®¢ −� áâ�¤¨¨ ¯®¢â®à−®£®
¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¬ æ¥«®ç¨á«¥−−®£® ¯à®£à�¬¬¨à®¢�−¨ï.

‚ áâ�âì¥ [40] ¯à¥¤áâ�¢«¥−� ‘��‚÷÷�� ¤«ï ¤¨�£−®áâ¨ª¨ à�ª� ¬®«®ç-
−®© ¦¥«¥§ë, ª®â®à�ï ¬®¦¥â ®¤−®¢à¥¬¥−−® à�¡®â�âì ª�ª á −¥¯à¥àë¢−ë¬¨, â�ª

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 2 2025 87



‘. ‚. ‹¨áâ®¯�¤, �. ‘. ‹ãçª®

¨ á ¤¨áªà¥â−ë¬¨ �âà¨¡ãâ�¬¨ ¯à¥æ¥¤¥−â®¢. �æ¥−ª� ¢¥á®¢ �âà¨¡ãâ®¢ ¯à¥æ¥¤¥−â®¢,
¨á¯®«ì§ãîé¨åáï ¯à¨ à�áç¥â¥ ¬¥àë áå®¤áâ¢�, ¢ë¯®«−ï¥âáï ª�ª �¢â®¬�â¨ç¥áª¨
£¥−¥â¨ç¥áª¨¬ �«£®à¨â¬®¬, â�ª ¨ íªá¯¥àâ�¬¨ á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� „¥«ìä¨.

‚ ¨áá«¥¤®¢�−¨¨ [41] ¤¨�£−®áâ¨ªã, ¯à®£−®§¨à®¢�−¨¥ ¨ −�§−�ç¥−¨¥ «¥ç¥−¨ï á¥à-
¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�−¨© ¯à¥¤«�£�¥âáï ¢ë¯®«−ïâì ¬¥â®¤®¬ CBR á ¯à¨¬¥−¥-
−¨¥¬ ¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨ ¨ à�¤¨�«ì−®© ¡�§¨á−®© äã−ªæ¨¨. �®¤å®¤ −�
®á−®¢¥ ¨−â¥£à�æ¨¨ ¬¥â®¤� CBR á ¨áªãááâ¢¥−−®© −¥©à®−−®© á¥âìî, ®¡ãç�îé¥©áï
−� ¨§¢«¥ç¥−−ëå ¯à¥æ¥¤¥−â�å, ¯à¨¬¥−ï¥âáï â�ª¦¥ ¢ [42] ¤«ï ¤¨�£−®áâ¨ª¨ ¤¥à¬�-
â®«®£¨ç¥áª¨å §�¡®«¥¢�−¨©. ‚ ¨áá«¥¤®¢�−¨¨ [43] ¨á¯®«ì§ã¥âáï £¨¡à¨¤−�ï ¬®¤¥«ì,
¨−â¥£à¨àãîé�ï ¬¥â®¤ á¢¥àâ®ç−ëå −¥©à®−−ëå á¥â¥© ¨ CBR, ¤«ï ¯®¢ëè¥−¨ï
íää¥ªâ¨¢−®áâ¨ áªà¨−¨−£� ¤¥â¥© á §�¤¥à¦ª�¬¨ à�§¢¨â¨ï.

‚ [44] à�áá¬�âà¨¢�¥âáï à�§à�¡®â�−−�ï �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� −� ®á−®¢¥
CBR ¤«ï ¬®−¨â®à¨−£�, ¤¨�£−®áâ¨ª¨ ¨ ª®−âà®«ï ¢−ãâà¨¡®«ì−¨ç−ëå ¨−ä¥ªæ¨©.
…¥ ¬®¤ã«ì ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−®£® ï§ëª�, á®áâ®ïé¨© ¨§ −¥áª®«ìª¨å −�¨¢−ëå
¡�©¥á®¢áª¨å ª«�áá¨ä¨ª�â®à®¢ (¯® ®¤−®¬ã −� â¨¯ ¨−ä¥ªæ¨¨), ®¡à�¡�âë¢�¥â í«¥ª-
âà®−−ë¥ §�¯¨á¨ ¢à�ç¥© ¨ ª®¬¬¥−â�à¨¨ ¬¥¤¯¥àá®−�«�, çâ®¡ë ¢ëï¢¨âì áªàëâë¥
¯à¨§−�ª¨ ¢®§−¨ª−®¢¥−¨¨ ®á−®¢−ëå ¢−ãâà¨¡®«ì−¨ç−ëå ¨−ä¥ªæ¨©. ‚ á¨áâ¥¬¥ ¨á-
¯®«ì§ãîâáï â�ª¦¥ ¬¥å�−¨§¬ë à�ááã¦¤¥−¨© −� ®á−®¢¥ ¯à�¢¨«, ª�ª ®¯à¥¤¥«¥−−ëå
íªá¯¥àâ®¬, â�ª ¨ �¢â®¬�â¨ç¥áª¨ á£¥−¥à¨à®¢�−−ëå ¨§ ¯à¥æ¥¤¥−â®¢. ‚ [45] ¯à¥¤-
«�£�¥âáï ‘��‚÷÷�� ¤«ï ¢à�ç¥©, ¢¥¤ãé¨å ¯�æ¨¥−â®¢ á â¥à¬¨−�«ì−®© áâ�¤¨¥©
¯®ç¥ç−®© −¥¤®áâ�â®ç−®áâ¨, ¯à®å®¤ïé¨å ¯®¤¤¥à¦¨¢�îé¨© £¥¬®¤¨�«¨§. �á−®¢−�ï
¥¥ æ¥«ì | ¯®¬®éì ¢ −�§−�ç¥−¨¨ «¥ª�àáâ¢ ¨ ¢ë¡®à� ¤®§¨à®¢ª¨ á ¨á¯®«ì§®¢�−¨¥¬
£¨¡à¨¤−®£® ¬¥â®¤� −� ®á−®¢¥ CBR ¨ ¢ë¢®¤� á ¯®¬®éìî ¯à®¤ãªæ¨®−−ëå ¯à�¢¨«.
�¢â®àë à�¡®âë [46] à�§à�¡®â�«¨ ¨ íªá¯¥à¨¬¥−â�«ì−® ¨áá«¥¤®¢�«¨ −� ¯à¨¬¥à¥
¤¨�£−®áâ¨ª¨ ¨ «¥ç¥−¨ï ¯�æ¨¥−â®¢ á ¡®«ìî ¢ á¯¨−¥ íää¥ªâ¨¢−ë© ¬¥â®¤ �¤�¯â�æ¨¨
¯à¥æ¥¤¥−â®¢ ¯ãâ¥¬ �¡áâà�£¨à®¢�−¨ï ¯à¨ ¯®áâà®¥−¨¨ ‘��‚÷÷��.

Œ¥â®¤ −� ®á−®¢¥ CBR ¤«ï ¡ëáâà®£® ¨ íää¥ªâ¨¢−®£® à¥�£¨à®¢�−¨ï −� çà¥§¢ë-
ç�©−ë¥ á¨âã�æ¨¨ ¢ ®¡«�áâ¨ ®¡é¥áâ¢¥−−®£® §¤à�¢®®åà�−¥−¨ï (í¯¨¤¥¬¨¨ ¨−ä¥ªæ¨-
®−−ëå §�¡®«¥¢�−¨©, ¢ª«îç�ï £à¨¯¯, �¡®«ã, �â¨¯¨ç−ãî ¯−¥¢¬®−¨î ¨ COVID-19)
¯à¥¤«®¦¥− ¢ [47]. �� íâ�¯¥ ¨§¢«¥ç¥−¨ï ¢ë¯®«−ï¥âáï ª«�áâ¥à¨§�æ¨ï ¯à¥æ¥¤¥−-
â®¢ ¬¥â®¤®¬ á¥à®£® ª«�áâ¥à−®£® �−�«¨§� ¨ ¢ë¡¨à�îâáï à¥«¥¢�−â−ë¥ ¯à¥æ¥¤¥−âë.
ˆ§¢«¥ç¥−−ë¥ á«ãç�¨ ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ −�ç�«ì−ëå £−¥§¤ ¢ �«£®à¨â¬¥
ªãªãèª¨, á ¯®¬®éìî ª®â®à®£® ¢ë¯®«−ï¥âáï ¯®¨áª ®¯â¨¬�«ì−®£® à¥è¥−¨ï.

�−â®«®£¨ç¥áª¨© ¯®¤å®¤ ª ¯®áâà®¥−¨î ‘��‚÷÷�� ¤«ï ¤¨�£−®áâ¨ª¨ åà®-
−¨ç¥áª¨å §�¡®«¥¢�−¨© ¯®ç¥ª ¯à¨¬¥−ï¥âáï ¢ [48]. ‘ æ¥«ìî ®â¡®à� ¯�à�¬¥âà®¢
¯à¥æ¥¤¥−â®¢, ¨á¯®«ì§ã¥¬ëå ¯à¨ ®¯à¥¤¥«¥−¨¨ ¨å áå®¤áâ¢�, ¯à¨¬¥−ïîâáï â�ª¨¥
�«£®à¨â¬ë ª«�áá¨ä¨ª�æ¨¨, ª�ª ¤¥à¥¢ìï à¥è¥−¨©, ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢, �«£®-
à¨â¬ −¥ç¥âª®-£àã¡®© ª«�áá¨ä¨ª�æ¨¨ ¡«¨¦�©è¥£® á®á¥¤� ¨ −�¨¢−ë© ¡�©¥á®¢áª¨©
¯®¤å®¤. ‚ [49] ¯à¥¤«�£�¥âáï áâàãªâãà� CBR −� ®á−®¢¥ −¥ç¥âª®© ®−â®«®£¨¨ ¤«ï
¤¨�£−®áâ¨ª¨ á�å�à−®£® ¤¨�¡¥â�. �−�«®£¨ç−ë© ¯®¤å®¤ á ¨á¯®«ì§®¢�−¨¥¬ CBR −�
®á−®¢¥ −¥ç¥âª®© ®−â®«®£¨¨ ¤«ï ¤¨�£−®áâ¨ª¨ §�¡®«¥¢�−¨© ¦¥«ã¤ª� ¯à¥¤áâ�¢«¥−
¢ [50]. Œ¥â®¤ CBR −� ®á−®¢¥ ¢¥à®ïâ−®áâ−®© ®−â®«®£¨¨, ª®â®àë© à¥�«¨§ã-
¥â �«£®à¨â¬ ¢¥à®ïâ−®áâ−®£® á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¨ ®¡¥á¯¥ç¨¢�¥â ®¡à�¡®âªã
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�−�«¨§ ¯®¤å®¤®¢ ª £¨¡à¨¤¨§�æ¨¨ ¬¥â®¤� à�ááã¦¤¥−¨© ¯® ¯à¥æ¥¤¥−â�¬

−¥®¤−®§−�ç−®áâ¨ ¨ −¥®¯à¥¤¥«¥−−®áâ¨, ¯à¥¤«®¦¥− ¢ [51] ¤«ï ¤¨�£−®áâ¨ª¨ à�ª�
¬®«®ç−®© ¦¥«¥§ë. Œ¥â®¤ ¤¨�£−®áâ¨ª¨ ¦¥−áª®£® ¡¥á¯«®¤¨ï −� ®á−®¢¥ ¨−â¥£à�æ¨¨
®−â®«®£¨ç¥áª®£® ¯®¤å®¤� á ¬¥â®¤®¬ CBR ¯à¥¤áâ�¢«¥− ¢ [52]. ˆ−â¥««¥ªâã�«ì−�ï
á¨áâ¥¬� −�§−�ç¥−¨ï ¯¥àá®−¨ä¨æ¨à®¢�−−®£® «¥ç¥−¨ï −� ®á−®¢¥ ®−â®«®£¨ç¥áª®£®
¬¥â®¤� CBR ¯à¥¤áâ�¢«¥−� ¢ [53]. „«ï à¥�«¨§�æ¨¨ CBR-¯®¤å®¤� ¢ [54] ¯à¥¤«�-
£�¥âáï ®−â®«®£¨ç¥áª�ï ¬®¤¥«ì ¯à¥æ¥¤¥−â®¢ ¨ £¨¡à¨¤−ë© �«£®à¨â¬ ¨å ¨§¢«¥ç¥−¨ï
−� ®á−®¢¥ â¥®à¨¨ áâàãªâãà−®£® ®â®¡à�¦¥−¨ï ¨ ¬¥â®¤� ¡«¨¦�©è¥£® á®á¥¤�.

‚ à�¡®â¥ [55] ‘��‚÷÷�� ¤«ï ¤¨�£−®áâ¨ª¨ á¥à¤¥ç−®-á®áã¤¨áâëå §�¡®«¥¢�-
−¨© à¥�«¨§ã¥âáï ¢ ¢¨¤¥ ¬−®£®�£¥−â−®© á¨áâ¥¬ë, ª�¦¤ë© �£¥−â ª®â®à®© ¢ë¯®«−ï¥â
®â¤¥«ì−ë© íâ�¯ CBR-æ¨ª«�. ÷¥�«¨§�æ¨ï ¬¥â®¤� CBR á ¨á¯®«ì§®¢�−¨¥¬ ¬−®-
£®�£¥−â−®£® ¯®¤å®¤� à�áá¬�âà¨¢�¥âáï â�ª¦¥ ¢ à�¡®â¥ [56] ¤«ï ¢ë¡®à� «¥ç¥−¨ï
«¨å®à�¤ª¨ ¤¥−£¥.

‚ ¨áá«¥¤®¢�−¨¨ [57] ¤«ï −�§−�ç¥−¨ï ¤®§ë ¨−áã«¨−� ¯à¨ ¤¨�¡¥â¥ ¯¥à¢®£®
â¨¯� ¯à¥¤«�£�¥âáï ¬¥â®¤ CBR á â¥¬¯®à�«ì−ë¬¨ ¯à¥æ¥¤¥−â�¬¨, ä¨ªá¨àãîé¨¬¨
−¥áª®«ìª® §−�ç¥−¨© ®âá«¥¦¨¢�¥¬ëå ¯�à�¬¥âà®¢ ¯�æ¨¥−â� ¢ â¥ç¥−¨¥ ®¯à¥¤¥«¥−-
−®£® ¯à®¬¥¦ãâª� ¢à¥¬¥−¨. �à¨ �¤�¯â�æ¨¨ ¨§¢«¥ç¥−−ëå ¯à¥æ¥¤¥−â®¢ ¢ ¤�−−®¬
¬¥â®¤¥ ¨á¯®«ì§ã¥âáï áâà�â¥£¨ï à¥£à¥áá¨¨ k ¡«¨¦�©è¨å á®á¥¤¥© ¤«ï ãáà¥¤−¥−¨ï
¯à¥¤«�£�¥¬®© ¤®§ë ¨−áã«¨−�.

�á−®¢−ë¥ ®á®¡¥−−®áâ¨ à�áá¬®âà¥−−ëå £¨¡à¨¤−ëå ‘��‚÷÷�� ¯à¥¤áâ�¢«¥-
−ë ¢ â�¡«¨æ¥.

Š�ª ¢¨¤−® ¨§ â�¡«¨æë, áãé¥áâ¢ãîé¨¥ ‘��‚÷÷�� ¨á¯®«ì§ãîâáï ¤«ï ¤¨�-
£−®áâ¨ª¨ §�¡®«¥¢�−¨©, ª«�áá¨ä¨ª�æ¨¨, −�§−�ç¥−¨ï «¥ç¥−¨ï, ¯à®£−®§¨à®¢�−¨ï,
¬®−¨â®à¨−£�, ª®−âà®«ï ¨ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©. ‘à¥¤¨ à�áá¬®âà¥−-

�−�«¨§ à�§à�¡®â®ª ‘��‚÷÷��, à¥�«¨§ãîé¨å £¨¡à¨¤−ë© ¯®¤å®¤

ˆáá«¥-
¤®¢�−¨¥

��§−�ç¥−¨¥
�¡«�áâì

¯à¨¬¥−¥−¨ï

Œ¥â®¤
�¤�¯â�æ¨¨

¯à¥æ¥¤¥−â®¢

ƒ¨¡à¨¤¨-
§�æ¨ï

(ª«�áá,
¬¥â®¤)

�à¨¬¥−ï¥¬ë¥ â¥å−®«®£¨¨

[28] „¨�£−®áâ¨ª�
‘¥à¤¥ç−®-
á®áã¤¨áâë¥
§�¡®«¥¢�−¨ï

�¥â ’ƒ, −¥â

CBR, k ¡«¨¦�©è¨å á®á¥-
¤¥©, ¨áªãááâ¢¥−−�ï −¥©à®−−�ï
á¥âì, ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢,
¬¥â®¤ ®ª−� ��à§¥−�

[29] „¨�£−®áâ¨ª�
‡�¡®«¥¢�−¨ï

¯¥ç¥−¨ �¥â ’ƒ, −¥â

CBR, ¨áªãááâ¢¥−−�ï −¥©à®−-
−�ï á¥âì, á«ãç�©−ë© «¥á, «®-
£¨áâ¨ç¥áª�ï à¥£à¥áá¨ï, ¬¥â®¤
®¯®à−ëå ¢¥ªâ®à®¢, −�¨¢−ë©
¡�©¥á®¢áª¨© �«£®à¨â¬

[30] „¨�£−®áâ¨ª�
ˆè¥¬¨ç¥áª�ï
¡®«¥§−ì á¥à¤æ� �¥â ‘«ƒ, ƒ‚

CBR, £«ã¡®ª®¥ ®¡ãç¥−¨¥, á«ã-
ç�©−ë© «¥á, ¡í££¨−£, «¨−¥©-
−�ï à¥£à¥áá¨ï, ¡�©¥á®¢áª�ï
á¥âì

[31] „¨�£−®áâ¨ª�
÷�ª ¬®«®ç−®©

¦¥«¥§ë �¥â ‘¨ƒ, ƒ‚
CBR, k ¡«¨¦�©è¨å á®á¥¤¥©,
−�¨¢−ë© ¡�©¥á®¢áª¨© �«£®-
à¨â¬
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�−�«¨§ à�§à�¡®â®ª ‘��‚÷÷��, à¥�«¨§ãîé¨å £¨¡à¨¤−ë© ¯®¤å®¤ (¯à®¤®«¦¥−¨¥)

ˆáá«¥-
¤®¢�−¨¥

��§−�ç¥−¨¥
�¡«�áâì

¯à¨¬¥−¥−¨ï

Œ¥â®¤
�¤�¯â�æ¨¨

¯à¥æ¥¤¥−â®¢

ƒ¨¡à¨¤¨-
§�æ¨ï

(ª«�áá,
¬¥â®¤)

�à¨¬¥−ï¥¬ë¥ â¥å−®«®£¨¨

[32] „¨�£−®áâ¨ª�
‘¥à¤¥ç−®-
á®áã¤¨áâë¥
§�¡®«¥¢�−¨ï

�®«ã�¢â®-
¬�â¨ç¥áª�ï

(àãç−�ï)
íªá¯¥àâ�¬¨

’ƒ, −¥â
CBR, ¯à®¤ãªæ¨®−−ë¥ ¯à�¢¨-
«�, ¤¥à¥¢ìï à¥è¥−¨©

[33]
„¨�£−®áâ¨ª�,

ª«�áá¨ä¨ª�æ¨ï

ƒ¥¯�â¨â,
¯�â®«®£¨¨

é¨â®¢¨¤−®©
¨ ¬®«®ç−®©

¦¥«¥§

�¥â ‘«ƒ, ƒ‚
CBR, ¤¥à¥¢ìï à¥è¥−¨©, á«ã-
ç�©−ë© «¥á

[34] „¨�£−®áâ¨ª� „¨�¡¥â �¥â ‘¨ƒ, ƒ”‡
CBR, −¥ç¥âª¨¥ ¤¥à¥¢ìï à¥è¥-
−¨©

[35] „¨�£−®áâ¨ª� Covid-19

�¢à¨áâ¨-
ç¥áª�ï

−� ®á−®¢¥
®−â®«®£¨¨

‘¨ƒ, ƒ”‡
CBR, ®−â®«®£¨¨, áâ�â¨áâ¨ç¥-
áª�ï «¨−£¢¨áâ¨ª�

[36] „¨�£−®áâ¨ª� ÷�¤¨®«®£¨ï

„¢ã−�¯à�¢-
«¥−−�ï

à¥ªãàà¥−â−�ï
−¥©à®−−�ï
á¥âì ¤®«£®©

ªà�âª®áà®ç−®©
¯�¬ïâ¨

‘¨ƒ, ƒ”‡

CBR, £«ã¡®ª®¥ ®¡ãç¥−¨¥,
¤¢ã−�¯à�¢«¥−−�ï à¥ªãàà¥−â-
−�ï −¥©à®−−�ï á¥âì ¤®«£®©
ªà�âª®áà®ç−®© ¯�¬ïâ¨, ¬®-
¤¥«ì ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−®£®
ï§ëª�, á¯¥æ¨ä¨ç−�ï ¤«ï ª«¨-
−¨ç¥áª¨å ¤�−−ëå

[37]
��§−�ç¥−¨¥

«¥ç¥−¨ï
÷�ª ¬®«®ç−®©

¦¥«¥§ë �¥â ‘«ƒ, ƒ‚
CBR, ¢¨§ã�«¨§�æ¨ï ¨ ª®£−¨-
â¨¢−�ï £à�ä¨ª� (¬¥â®¤ ¨áªãá-
áâ¢¥−−ëå ª®à¬ïé¨åáï ¯â¨æ)

[38]
„¨�£−®áâ¨ª�
¨ ª«�áá¨ä¨-

ª�æ¨ï
÷�ª «¥£ª¨å

k ¡«¨¦�©è¨å
á®á¥¤¥© ’ƒ, −¥â

CBR, k ¡«¨¦�©è¨å á®á¥¤¥©,
£à�¤¨¥−â−ë¥ ¤¥à¥¢ìï ¢®§−�-
£à�¦¤¥−¨©

[39]
��§−�ç¥−¨¥

«¥ç¥−¨ï ÷�ª ¯à®áâ�âë
–¥«®ç¨á«¥−-
−®¥ ¯à®£à�¬-
¬¨à®¢�−¨¥

‘«ƒ, ƒ”‡
CBR, æ¥«®ç¨á«¥−−®¥ ¯à®-
£à�¬¬¨à®¢�−¨¥

[40] „¨�£−®áâ¨ª�
÷�ª ¬®«®ç−®©

¦¥«¥§ë �¥â ‘«ƒ, ƒ‚
CBR, £¥−¥â¨ç¥áª¨© �«£®à¨â¬,
¬¥â®¤ „¥«ìä¨

[41]

„¨�£−®áâ¨ª�,
¯à®£−®§¨à®-

¢�−¨¥,
−�§−�ç¥−¨¥

«¥ç¥−¨ï

‘¥à¤¥ç−®-
á®áã¤¨áâë¥
§�¡®«¥¢�−¨ï

�¥â ‘«ƒ, ƒ‚
CBR, ¨áªãááâ¢¥−−�ï −¥©à®−-
−�ï á¥âì, à�¤¨�«ì−�ï ¡�§¨á−�ï
äã−ªæ¨ï

[42] „¨�£−®áâ¨ª�
„¥à¬�â®«®-

£¨ç¥áª¨¥
§�¡®«¥¢�−¨ï

ˆáªãááâ¢¥−-
−�ï −¥©à®−-

−�ï á¥âì
‘«ƒ, ƒ”‡

CBR, ¨áªãááâ¢¥−−�ï −¥©à®−-
−�ï á¥âì

[43] „¨�£−®áâ¨ª�
‡�¤¥à¦ª¨
à�§¢¨â¨ï �¥â ‘«ƒ, ƒ‚

CBR, ¨áªãááâ¢¥−−ë¥ −¥©à®−-
−ë¥ á¥â¨ (á¢¥àâ®ç−�ï, âà�−á-
ä®à¬¥à)
�ª®−ç�−¨¥ â�¡«¨æë −� á. 91
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�−�«¨§ ¯®¤å®¤®¢ ª £¨¡à¨¤¨§�æ¨¨ ¬¥â®¤� à�ááã¦¤¥−¨© ¯® ¯à¥æ¥¤¥−â�¬

�−�«¨§ à�§à�¡®â®ª ‘��‚÷÷��, à¥�«¨§ãîé¨å £¨¡à¨¤−ë© ¯®¤å®¤ (®ª®−ç�−¨¥)

ˆáá«¥-
¤®¢�−¨¥

��§−�ç¥−¨¥
�¡«�áâì

¯à¨¬¥−¥−¨ï

Œ¥â®¤
�¤�¯â�æ¨¨

¯à¥æ¥¤¥−â®¢

ƒ¨¡à¨¤¨-
§�æ¨ï

(ª«�áá,
¬¥â®¤)

�à¨¬¥−ï¥¬ë¥ â¥å−®«®£¨¨

[44]
Œ®−¨â®à¨−£,
¤¨�£−®áâ¨ª�,

ª®−âà®«ì

‚−ãâà¨¡®«ì-
−¨ç−ë¥

¨−ä¥ªæ¨¨

�à®¤ãªæ¨-
®−−ë¥ ¯à�-

¢¨«�
‘¨ƒ, ƒ”‡

CBR, ®¡à�¡®âª� ¥áâ¥áâ¢¥−−®-
£® ï§ëª�, ¡�©¥á®¢áª¨© ª«�á-
á¨ä¨ª�â®à, ¤¥à¥¢ìï à¥è¥−¨©,
¯à®¤ãªæ¨®−−ë¥ ¯à�¢¨«�

[45]
��§−�ç¥−¨¥

«¥ç¥−¨ï

�®ç¥ç−�ï
−¥¤®áâ�â®ç-

−®áâì

�à®¤ãªæ¨-
®−−ë¥ ¯à�-

¢¨«�
‘«ƒ, ƒ”‡

CBR, ¯à®¤ãªæ¨®−−ë¥ ¯à�-
¢¨«�

[46]
„¨�£−®áâ¨ª�,
−�§−�ç¥−¨¥

«¥ç¥−¨ï
�®«ì ¢ á¯¨−¥

�¡áâà�£¨-
à®¢�−¨¥ ‘«ƒ, ƒ‚

CBR, ¯à®¤ãªæ¨®−−ë¥ ¯à�-
¢¨«�

[47] “¯à�¢«¥−¨¥
�¯¨¤¥¬¨¨

¨−ä¥ªæ¨®−−ëå
§�¡®«¥¢�−¨©

�«£®à¨â¬
ªãªãèª¨ ‘«ƒ, ƒ”‡

CBR, á¥àë© ª«�áâ¥à−ë© �−�-
«¨§, �«£®à¨â¬ ªãªãèª¨

[48] „¨�£−®áâ¨ª�
•à®−¨ç¥áª¨¥
§�¡®«¥¢�−¨ï

¯®ç¥ª
�¥â ’ƒ, −¥â

CBR, ®−â®«®£¨¨, ¤¥à¥¢ìï à¥-
è¥−¨©, ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®-
à®¢, �«£®à¨â¬ −¥ç¥âª®-£àã¡®©
ª«�áá¨ä¨ª�æ¨¨ ¡«¨¦�©è¥£®
á®á¥¤� ¨ −�¨¢−ë© ¡�©¥á®¢áª¨©
¯®¤å®¤

[49] „¨�£−®áâ¨ª� „¨�¡¥â �¥â ‘¨ƒ, ƒ”‡ CBR, −¥ç¥âª¨¥ ®−â®«®£¨¨

[50] „¨�£−®áâ¨ª�
‡�¡®«¥¢�−¨ï

¦¥«ã¤ª� �¥â ‘¨ƒ, ƒ”‡ CBR, −¥ç¥âª¨¥ ®−â®«®£¨¨

[51] „¨�£−®áâ¨ª�
÷�ª ¬®«®ç−®©

¦¥«¥§ë �¥â ‘¨ƒ, ƒ”‡
CBR, ¢¥à®ïâ−®áâ−ë¥ ®−â®-
«®£¨¨

[52] „¨�£−®áâ¨ª�
†¥−áª®¥
¡¥á¯«®¤¨¥ �¥â ‘¨ƒ, ƒ”‡ CBR, ®−â®«®£¨¨

[53]
„¨�£−®áâ¨ª�,
−�§−�ç¥−¨¥

«¥ç¥−¨ï

�¡é¥¥
−�§−�ç¥−¨¥ �¥â ‘¨ƒ, ƒ”‡ CBR, ®−â®«®£¨¨

[54]
„¨�£−®áâ¨ª�,

ª«�áá¨ä¨-
ª�æ¨ï

‘®áâ®ï−¨¥
¯�æ¨¥−â�

¯®á«¥
®¯¥à�æ¨¨

�¥â ‘¨ƒ, ƒ”‡

CBR, ®−â®«®£¨¨, â¥®à¨ï
áâàãªâãà−®£® ®â®¡à�¦¥−¨ï,
¬¥â®¤ ¡«¨¦�©è¥£® á®á¥¤�,
ª«�áâ¥à¨§�æ¨ï

[55] „¨�£−®áâ¨ª�
‘¥à¤¥ç−®-
á®áã¤¨áâë¥
§�¡®«¥¢�−¨ï

�¥â �ˆƒ, �ƒ CBR, ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë

[56]
��§−�ç¥−¨¥

«¥ç¥−¨ï
‹¨å®à�¤ª�

„¥−£¥ �¥â ‘«ƒ, ƒ‚ CBR, ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë

[57]
��§−�ç¥−¨¥

«¥ç¥−¨ï
„¨�¡¥â

1-£® â¨¯�
k ¡«¨¦�©è¨å

á®á¥¤¥© ‘«ƒ, ƒ”‡ CBR, k ¡«¨¦�©è¨å á®á¥¤¥©

−ëå ‘��‚÷÷�� ¯à¨áãâáâ¢ãîâ ª�ª á¨áâ¥¬ë ®¡é¥£® −�§−�ç¥−¨ï, ®¡¥á¯¥ç¨¢�-
îé¨¥ ¯¥à¢¨ç−ãî ¤¨�£−®áâ¨ªã −¥§�¢¨á¨¬® ®â ®¡«�áâ¨ ¬¥¤¨æ¨−ë, â�ª ¨ ã§ª®á¯¥-
æ¨�«¨§¨à®¢�−−ë¥ à¥è¥−¨ï, −�¯à�¢«¥−−ë¥ −� ãâ®ç−¥−¨¥ ¤¨�£−®§� «¨¡® ¯®¤¡®à
áå¥¬ë «¥ç¥−¨ï.
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�à¨ à�§à�¡®âª¥ á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¢à�ç¥¡−ëå à¥è¥−¨© á®¢¬¥áâ−®
á ¬¥â®¤®¬ CBR ¯à¨¬¥−ï¥âáï ¬−®¦¥áâ¢® à�§«¨ç−ëå ¬¥â®¤®¢ ¨ â¥å−®«®£¨©. �à¨
íâ®¬ ¨á¯®«ì§ãîâáï ¢á¥ ¬¥â®¤ë £¨¡à¨¤¨§�æ¨¨ ¯® ª«�áá¨ä¨ª�æ¨¨ [25] ¤«ï ¯®áâà®-
¥−¨ï £¨¡à¨¤®¢ à�§«¨ç−®© áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¬¥â®¤®¢ [21, 23], §� ¨áª«îç¥−¨¥¬
�ƒ, ª®â®àë¥ −¥ áç¨â�îâáï ¯®«−®æ¥−−ë¬¨ £¨¡à¨¤�¬¨ ¨, ®ç¥¢¨¤−®, ¯à¨¬¥−ïîâáï
«¨èì −� ¯à¥¤¢�à¨â¥«ì−ëå áâ�¤¨ïå ¨áá«¥¤®¢�−¨©. �â® ¤¥¬®−áâà¨àã¥â £¨¡ª®áâì
¯®¤å®¤� CBR ¨ ¢®§¬®¦−®áâì ¥£® ¨−â¥£à�æ¨¨ á à�§−®®¡à�§−ë¬¨ ¬¥â®¤�¬¨ ˆˆ,
¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ª®£−¨â¨¢−®© £à�ä¨ª¨, � â�ª¦¥ ¯®¤â¢¥à¦¤�¥â �ªâã�«ì−®áâì
£¨¡à¨¤¨§�æ¨¨ ¬¥â®¤� CBR ¤«ï à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬. ’�ª, ¨−â¥à¥á−®©
¯à¥¤áâ�¢«ï¥âáï ¨−â¥£à�æ¨ï á „‘Œ-¬¥â®¤®¬ [58, 59] ¨ ¬¥â®¤®¬ ¨á¯®«ì§®¢�−¨ï
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¢ §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ [60]. �−¨ ¬®£ãâ ¯à¨¬¥-
−ïâìáï ª�ª ¤«ï ¯®áâà®¥−¨ï ’ƒ ¨«¨ ƒ‚ −� íâ�¯¥ ¯à¥¤¢�à¨â¥«ì−®© ª«�áá¨ä¨ª�æ¨¨
¯à¥æ¥¤¥−â®¢ �−�«®£¨ç−® [28{31], â�ª ¨ ¤«ï ƒ”‡ ¯à¨ ¯®¢â®à−®¬ ¨á¯®«ì§®¢�−¨¨
¨ ¯¥à¥á¬®âà¥ ¯à¥æ¥¤¥−â®¢ ¢ à�¬ª�å CBR-æ¨ª«�.

‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«¨æ¥, −� íâ�¯¥ ¯®¢â®à−®£®
¨á¯®«ì§®¢�−¨ï CBR-æ¨ª«� �¤�¯â�æ¨ï ¨§¢«¥ç¥−−ëå ¯à¥æ¥¤¥−â®¢ «¨¡® −¥ ¢ë-
¯®«−ï¥âáï, â. ¥. ¯®«ì§®¢�â¥«î ¯à¥¤áâ�¢«ïîâáï ¢á¥ ¨§¢«¥ç¥−−ë¥ ¯à¥æ¥¤¥−âë, «¨¡®
¢ë¯®«−ï¥âáï á ¯à¨¢«¥ç¥−¨¥¬ íªá¯¥àâ®¢. �â® ®¡ãá«®¢«¥−® ª�ª á«®¦−®áâìî ¤�−−®©
áâ�¤¨¨ ¯à¨¬¥−¨â¥«ì−® ª ¬¥¤¨æ¨−áª¨¬ á¨áâ¥¬�¬, â�ª ¨ á¥àì¥§−ë¬¨ ¯®á«¥¤áâ¢¨ï-
¬¨ ®è¨¡®ç−ëå à¥è¥−¨©. ’�ª¨¬ ®¡à�§®¬, ƒ”‡ á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ˆˆ ¤«ï
�¤�¯â�æ¨¨ ¯à¥æ¥¤¥−â®¢ ¢ ‘��‚÷÷�� ¯à¥¤áâ�¢«ï¥âáï ®¤−¨¬ ¨§ ¯¥àá¯¥ªâ¨¢−ëå
−�¯à�¢«¥−¨© ¡ã¤ãé¨å ¨áá«¥¤®¢�−¨©.

5 Заключение

‚ à�¡®â¥ ¯®ª�§�−� −¥®¡å®¤¨¬®áâì à�§à�¡®âª¨ £¨¡à¨¤−ëå ¬¥â®¤®¢ ˆˆ, ¢ ç�áâ-
−®áâ¨ Š‘ƒ¨ˆ‘, ¤«ï à�¡®âë ¢ ãá«®¢¨ïå ª«¨−¨ç¥áª®© ¯à�ªâ¨ª¨. ‚ ª�ç¥áâ¢¥
®¤−®£® ¨§ ¯®¤å®¤®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ Š‘ƒ¨ˆ‘, à�áá¬�âà¨-
¢�¥âáï ¬¥â®¤ CBR. �− ®¡¥á¯¥ç¨¢�¥â à�¡®âã ¢ ãá«®¢¨ïå á«�¡®© ä®à¬�«¨§�æ¨¨
¯à®¡«¥¬ë ¨ á�¬®®¡ãç¥−¨¥ á¨áâ¥¬ë, −® ¢ ç¨áâ®¬ ¢¨¤¥ ®£à�−¨ç¥− ¢ ¢®§¬®¦−®áâïå
¯® ®¡®¡é¥−¨î ®¯ëâ� ¨ ®¡à�¡®âª¥ á«®¦−ëå ¯à¥¤áâ�¢«¥−¨© ¤�−−ëå ® ¯�æ¨¥−â�å.
÷�áá¬®âà¥−ë ¯®−ïâ¨¥ ƒ¨ˆ‘, ¨å ®á−®¢−ë¥ ª«�ááë ¨ ¯®¤å®¤ë ª ¨−â¥£à�æ¨¨ à�§-
«¨ç−ëå ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨© ¢ á®áâ�¢¥ ®¤−®© á¨áâ¥¬ë. �à¥¤áâ�¢«¥−�
®¡é�ï áå¥¬� ¬¥â®¤� CBR, � â�ª¦¥ ¯à®¢¥¤¥− �−�«¨§ ¯®¤å®¤®¢ ª £¨¡à¨¤¨§�æ¨¨
á ¥£® ¯à¨¬¥−¥−¨¥¬ ¯à¨ à�§à�¡®âª¥ ‘��‚÷÷��. �à¥¤áâ�¢«¥−−ë© �−�«¨§ ¯à®¤¥-
¬®−áâà¨à®¢�« è¨à®ª¨© á¯¥ªâà ¯à¨¬¥−ï¥¬ëå ¬¥â®¤®¢ ˆˆ, ¬�è¨−−®£® ®¡ãç¥−¨ï
¨ ª®£−¨â¨¢−®© £à�ä¨ª¨, � â�ª¦¥ �ªâã�«ì−®áâì ¢á¥å âà¥å ¯®¤å®¤®¢ ¨§ [25] ¤«ï
£¨¡à¨¤¨§�æ¨¨ CBR.
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Abstract: The paper is aimed at improving the methods of automating problem
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An analysis of works in this area demonstrated the active use of various artificial
intelligence methods and hybridization approaches as well as the prospects for
developing methods for adapting cases using artificial intelligence methods to
build such systems.

Keywords: cooperative self-configuring hybrid intelligent system; hybridiza-
tion; case; decision support system

DOI: 10.14357/08696527250206 EDN: BSHKZL

Acknowledgments

The study was supported by the grant from the Russian Science Foundation No. 24-
21-00392, https://rscf.ru/project/24-21-00392/.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2025 vol 35 no 2 97



S. V. Listopad and A. S. Luchko

References

1. Shestakov, O. V. 2016. Usilennyy zakon bol'shikh chisel dlya otsenki riska v zadache
rekonstruktsii tomograficheskikh izobrazheniy iz proektsiy s korrelirovannym shumom
[The strong law of large numbers for the risk estimate in the problem of tomographic
image reconstruction from projections with a correlated noise]. Informatika i ee
Primeneniya | Inform. Appl. 10(3):41{45. doi: 10.14357/19922264160306. EDN:
WMJXRV.

2. Krivenko, M. P. 2021. Myagkie vychisleniya v zadachakh meditsinskoy diagnostiki
[Soft computing in problems of medical diagnostics]. Informatika i ee Primeneniya |
Inform. Appl. 15(2):52{59. doi: 10.14357/19922264210208. EDN: VFNFRR.

3. Kobrinskiy, B. A. 2021. Iskusstvennyy intellekt v meditsine: goryachie tochki [Ar-
tificial intelligence in medicine: Hot spots]. 19-ya Natsional'naya konferentsiya po
iskusstvennomu intellektu s mezhdunarodnym uchastiem: Trudy konferentsii [19th
National Conference on Artificial Intelligence with International Participation Pro-
ceedings]. Eds. V. V. Borisov and B. A. Kobrinskiy. Rostov-on-Don; Taganrog: YuFU.
13{29.

4. Rumovskaya, S. B. 2024. Intellektual'nye sistemy podderzhki prinyatiya resheniy
v meditsine: ponyatie, problemy, podkhody k razrabotke [Intelligent decision support
systems in medicine: Concept, problems, and approaches to the development]. Sistemy
i Sredstva Informatiki | Systems and Means of Informatics 34(2):107{122. doi:
10.14357/08696527240208. EDN: IJDVVV.

5. Aamodt, A., and E. Plaza. 1994. Case-based reasoning: Foundational issues, method-
ological variations, and system approaches. AI Commun. 7(1):39{59.

6. Leake, D., Z. Wilkerson, and D. Crandall. 2023. Combining case-based reasoning
with deep learning: Context and ongoing case feature learning research. Available at:
https://openreview.net/pdf?id=nc9XqnaLys (accessed April 17, 2025).

7. Rumovskaya, S. B., and F. N. Paramzin. 2024. Kooperativnye samonastraiva-
yushchiesya gibridnye intellektual'nye sistemy personalizirovannoy diagnostiki i prog-
nozirovaniya v meditsine: kontseptsiya, podkhod k razrabotke, dekompozitsiya problem
[Cooperative self-configuring hybrid intelligent systems for personalized diagnostics
and prognosis in medicine: Conceptual idea, development approach, and problem de-
composition]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
34(4):59{72. doi: 10.14357/08696527240405. EDN: YLQTQU.

8. De M�antaras, R. L., and E. Plaza. 1997. Case-based reasoning: An overview. AI
Commun. 10(1):21{29.

9. Goel, A., and B. Diaz-Agudo. 2017. What's hot in case-based reasoning. 31st AAAI
Conference on Artificial Intelligence Proceedings. 31(1):5067{5069.

10. Aleven, V. 2003. Using background knowledge in case-based legal reasoning: A com-
putational model and an intelligent learning environment. Artif. Intell. 150:183{237.
doi: 10.1016/S0004-3702(03)00105-X.

11. Varshavskiy, P. R., and A. P. Eremeev. 2010. Modeling of case-based reasoning
in intelligent decision support systems. Scientific Technical Information Processing
37(5):336{345. doi: 10.3103/S0147688210050096. EDN: OMLMAZ.

12. Yan, A., and Z. Cheng. 2024.A review of the development and future challenges of case-
based reasoning. Appl. Sci. | Basel 14(16):7130. 22 p. doi: 10.3390/app14167130.

98 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2025 vol 35 no 2



Analysis of approaches to hybridization of the case-based reasoning method

13. Narinyani, A. S. 2008. Inzheneriya znaniy i NE-faktory: kratkiy obzor-08 [Knowledge
engineering and NON-factors: A brief overview-08]. Voprosy iskusstvennogo intellekta
[Artificial Intelligence Issues] 1:61{77.

14. Shaker, H., and M. Elmogy. 2015. Case based reasoning: Case representation
methodologies. Int. J. Advanced Computer Science Applications 6(11):192{208. doi:
10.14569/ijacsa.2015.061126.

15. Jian, C., T. Zhe, and L. Zhenxing. 2015. A review and analysis of case-based reasoning
research. Conference (International) on Intelligent Transportation, Big Data & Smart
City Proceedings. IEEE. 51{55. doi: 10.1109/ICITBS.2015.19.

16. Kolodner, J. L. 1992. An introduction to case-based reasoning. Artif. Intell. Rev.
6:3{34. doi: 10.1007/BF00155578.

17. Pav�on, R., J. M. Corchado Rodr��guez, A. G�omez Rodriguez, and R. Laza. 2001.
Improving the revision stage of a CBR system with belief revision techniques. Computing
Information Systems 8(2):40{45.

18. Watson, I. 1999. Case-based reasoning is a methodology not a technology. Knowl.-
Based Syst. 12(5-6):303{308.

19. Kolesnikov, A. V., I. A. Kirikov, S. V. Listopad, S. B. Rumovskaya, and A. A. Doma-
nitskiy. 2011. Reshenie slozhnykh zadach kommivoyazhera metodami funktsional'nykh
gibridnykh intellektual'nykh system [Complex travelling salesman problems solved by
the methods of the functional hybrid intelligent systems]. Moscow: IPI RAN. 295 p.

20. Nolle, L., F. Stahl, and T. El-Mihoub. 2023. On explanations for hybrid artifi-
cial intelligence. Artificial intelligence XL. Eds. M. Bramer and F. Stahl. Lecture
notes in computer science ser. Cham: Springer Nature Switzerland. 14381:3{15. doi:
10.1007/978-3-031-47994-6 1.

21. Kolesnikov, A. V., and I. A. Kirikov. 2007. Metodologiya i tekhnologiya resheniya
slozhnykh zadach metodami funktsional'nykh gibridnykh intellektual'nykh sistem
[Methodology and technology for solving complex problems using the methods of
functional hybrid intelligent systems]. Moscow: IPI RAN. 387 p.

22. Borisov, V. V. 2020. Hybridization method of intelligent models. Otkrytye semantiche-
skie tekhnologii proektirovaniya intellektual'nykh sistem [Open Semantic Technology
for Intelligent Systems] 4:137{140. EDN: MPWSFO.

23. Medsker, L. R. 1995. Hybrid intelligent systems. Boston, MA: Springer US. 312 p.
doi: 10.1007/978-1-4615-2353-6.

24. Sun, R. 1996. Hybrid connectionist-symbolic modules: A report from the IJCAI-
95 Workshop on Connectionist-Symbolic Integration. AI Mag. 17(2):99{103. doi:
10.1609/aimag.v17i2.1225.

25. Goonatilake, S., and S. Khebbal. 1995. Intelligent hybrid systems: Issues, classifi-
cations and future directions. Intelligent hybrid systems. Eds. S. Goonatilake and
S. Khebbal. Chichester: John Wiley and Sons. 1{19.

26. Averkin, A. N., and S. V. Prokopchina. 1997. Myagkie vychisleniya i izmereniya
[Soft computing and measurements]. Intellektual'nye sistemy [Intelligent Systems]
2(1-4):93{114. EDN: LRQYBQ.

27. Borisov, V. 2014. Hybridization of intellectual technologies for analytical tasks of
decision-making support. J. Computer Engineering Informatics 2(1):11{19.

28. Viveros-Melo, D., M. Ortega-Adarme, X. Blanco Valencia, A. E. Castro-Ospina,
S. Murillo Rend�on, and D. H. Peluffo-Ord�o~nez. 2017. Razonamiento basado en

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2025 vol 35 no 2 99



S. V. Listopad and A. S. Luchko

casos aplicado al diagn�ostico m�edico utilizando clasificadores multi-clase: Un estudio
preliminar. Enfoque UTE 8(1):232{243.

29. Sharma, S., and D. Mehrotra. 2021. Two-stage CBR based healthcare model to
diagnose liver disease. Int. J. Computing Digital Systems 10(1):773{780. doi:
10.12785/ijcds/100171.

30. Sapra, V., L. Sapra, A. Bhardwaj, S. Bharany, A. Saxena, F. Khalid Karim, S. Gho-
rashi, and A. Wagdy Mohamed. 2023. Integrated approach using deep neural network
and CBR for detecting severity of coronary artery disease. Alexandria Engineering J.
68:709{720. doi: 10.1016/j.aej.2023.01.029.

31. Gu, D., W. Zhao, Y. Xie, X. Wang, K. Su, and O. V. Zolotarev. 2021. A personalized
medical decision support system based on explainable machine learning algorithms
and ECC features: Data from the real world. Diagnostics 11(9):1677. 17 p. doi:
10.3390/diagnostics11091677.

32. Pusztov�a, L., F. Babi�c, and J. Parali�c. 2020. Semi-automatic adaptation of diagnostic
rules in the case-based reasoning process. Appl. Sci. | Basel 11(1):292. 18 p. doi:
10.3390/app11010292.

33. Tarchoune, I., A. Djebbar, and H. F. Merouani. 2021. A hybrid CBR classification
model by integrating decision tree and random forest into case retrieval. Conference (In-
ternational) on Networking and Advanced Systems Proceedings. IEEE. Art. 9628920.
6 p. doi: 10.1109/icnas53565.2021.9628920.

34. Benamina, M., B. Atmani, and S. Benbelkacem. 2018. Diabetes diagnosis by case-based
reasoning and fuzzy logic. Int. J. Interactive Multimedia and Artificial Intelligence
5(3):72{80. doi: 10.9781/ijimai.2018.02.001.

35. Oyelade, O. N., and A. E. Ezugwu. 2020. A case-based reasoning framework for
early detection and diagnosis of novel coronavirus. Informatics Medicine Unlocked
20:100395. 22 p. doi: 10.1016/j.imu.2020.100395.

36. Amador-Dom��nguez, E., E. Serrano, D. Manrique, and J. Bajo. 2021. A case-
based reasoning model powered by deep learning for radiology report recommen-
dation. Int. J. Interactive Multimedia Artificial Intelligence 7(2):15. 12 p. doi:
10.9781/ijimai.2021.08.011.

37. Lamy, J.-B., B. Sekar, G. Guezennec, J. Bouaud, and B. S�eroussi. 2019. Explainable
artificial intelligence for breast cancer: A visual case-based reasoning approach. Artif.
Intell. Med. 94:42{53. doi: 10.1016/j.artmed.2019.01.001.

38. Ramos-Gonz�alez, J., D. L�opez-S�anchez, J. A. Castellanos-Garz�on, J. F. De Paz,
and J. M. Corchado. 2017. A CBR framework with gradient boosting based feature
selection for lung cancer subtype classification. Comput. Biol. Med. 86:98{106. doi:
10.1016/j.compbiomed.2017.05.010.

39. Malekpoor, H., N. Mishra, and S. Kumar. 2022. A novel TOPSIS-CBR goal program-
ming approach to sustainable healthcare treatment. Ann. Oper. Res. 312(2):1403{1425.
doi: 10.1007/s10479-018-2992-y.

40. Gu, D., C. Liang, and H. Zhao. 2017. A case-based reasoning system based on weighted
heterogeneous value distance metric for breast cancer diagnosis. Artif. Intell. Med.
77:31{47. doi: 10.1016/j.artmed.2017.02.003.

41. Kouser, R. R., T. Manikandan, and V. V. Kumar. 2018. Heart disease prediction
system using artificial neural network, radial basis function and case based reasoning.
J. Comput. Theor. Nanos. 15(9-10):2810{2817. doi: 10.1166/jctn.2018.7543.

100 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2025 vol 35 no 2



Analysis of approaches to hybridization of the case-based reasoning method

42. Dabowsa, N. I. A., N. M. Amaitik, A. M. Maatuk, and S. A. Aljawarneh. 2017.
A hybrid intelligent system for skin disease diagnosis. Conference (International) on
Engineering and Technology Proceedings. Antalya: IEEE. Art. 830815. 6 p. doi:
10.1109/ICEngTechnol.2017.8308157.

43. Song, Z., J. Li, S. Lai, and S. Huang. 2024. Case-based reasoning approach for
diagnostic screening of children with developmental delays. Cornell University. 14 p.
Available at: https://arxiv.org/pdf/2408.02073 (accessed April 17, 2025).

44. G�omez-Vallejo, H. J., B. Uriel-Latorre, M. Sande-Meijide, B. Villamar��n-Bello,
R. Pav�on, F. Fdez-Riverola, and D. Glez-Pe~na. 2016. A case-based reasoning system
for aiding detection and classification of nosocomial infections. Decis. Support Syst.
84:104{116. doi: 10.1016/j.dss.2016.02.005.

45. Ali, S. I., S. W. Jung, H. S. M. Bilal, S.-H. Lee, J. Hussain, M. Afzal, M. Hussain,
T. Ali, T. Chung, and S. Lee. 2021. Clinical decision support system based on hybrid
knowledge modeling: A case study of chronic kidney disease-mineral and bone disorder
treatment. Int. J. Environ. Res. Pu. 19(1):226. 28 p. doi: 10.3390/ijerph19010226.

46. Nazarenko, G. I., G. S. Osipov, A. G. Nazarenko, and A. I. Molodchenkov. 2010.
Intellektual'nye sistemy v klinicheskoy meditsine. Sintez plana lecheniya na osnove
pretsedentov [Intelligent systems in clinical medicine. Case-based clinical guidelines
synthesis]. Informatsionnye tekhnologii i vychislitel'nye sistemy [J. Information Tech-
nologies Computing Systems] 1:24{35. EDN: OWVHZZ.

47. Duan, J., and F. Jiao. 2021. Novel case-based reasoning system for pub-
lic health emergencies. Risk Management Healthcare Policy 14:541{553. doi:
10.2147/rmhp.s291441.

48. Elkader, S. A., M. Elmogy, S. El'Sappagh, and A. N. H. Zaied. 2018. A framework
for chronic kidney disease diagnosis based on case based reasoning. Int. J. Advanced
Computer Research 8(35):59{71. doi: 10.19101/ijacr.2018.834003.

49. Sappagh, S. E., and M. Elmogy. 2016. A decision support system for diabetes mel-
litus management. Diabetes Case Reports 1(1):10000102. 13 p. doi: 10.4172/2572-
5629.1000102.

50. Shojaee-Mend, H., H. Ayatollahi, and A. Abdolahadi. 2024. A fuzzy ontology-based
case-based reasoning system for stomach dystemperament in Persian medicine. PLOS
ONE 19(10):e0309722. 15 p. doi: 10.1371/journal.pone.0309722.

51. Ben Salem, Y., R. Idoudi, K. Saheb Ettabaa, K. Hamrouni, and B. Solaiman. 2017.
Ontology based possibilistic reasoning for breast cancer aided diagnosis. Information
systems. Eds. M. Themistocleous and V. Morabito. Cham: Springer International
Publishing. 299:353{366. doi: 10.1007/978-3-319-65930-5 29.

52. Denisova, E. A., G. F. Gubanova, S. V. Lezhenina, and V. V. Chernyshov. 2018.
Model' sistemy podderzhki prinyatiya resheniy na osnove rassuzhdeniy po pretsedentam
v oblasti diagnostiki zhenskogo besplodiya [Model of case-based reasoning system for
female infertility diagnosis]. Mezhdunarodnyy zh. prikladnykh i fundamental'nykh
issledovaniy [Int. J. Applied Fundamental Research] 7:123{128. EDN: UYUTQA.

53. Gribova, V. V., R. I. Kovalev, and D. B. Okun'. 2022. Intellektual'naya sistema
naznacheniya personifitsirovannogo lecheniya po analogii [An intelligent system for
prescribing personalized treatment by case based reasoning]. XX Natsional'naya konfer-
entsiya po iskusstvennomu intellektu s mezhdunarodnym uchastiem: Trudy konferentsii
[20th National Conference on Artificial Intelligence with International Participation

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2025 vol 35 no 2 101



S. V. Listopad and A. S. Luchko

Proceedings]. Moscow: National Research University \Moscow Power Engineering
Institute." 2:292{301. EDN: TGBMHK.

54. Varshavskiy, P. R., L. K. Zo, R. V. Alekhin, and K. M. Ar. 2015. Realizatsiya
pretsedentnogo modulya dlya intellektual'nykh sistem [Implementation of a precedent
module for intelligent systems]. Programmnye produkty i sistemy [Software Systems]
2:26{31. EDN: UCRAWX.

55. Korablyov, M., N. Axak, O. Fomichov, and V. Hnidenko. 2021. Multi-agent clin-
ical decision support system using case-based reasoning. CEUR Workshop Procee.
2870:1466{1476.

56. Dhatterwal, J. S., K. Malik, P. Das, and K. S. Kaswan. 2024. Medical diagnostic
system using embedding JADE in jCOLIBRI. Conference (International) on Electrical
Electronics and Computing Technologies Proceedings. IEEE. 1:10739193. 5 p. doi:
10.1109/iceect61758.2024.10739193.

57. Brown, D., A. Aldea, R. Harrison, C. Martin, and I. Bayley. 2018. Temporal case-
based reasoning for type 1 diabetes mellitus bolus insulin decision support. Artif. Intell.
Med. 85:28{42. doi: 10.1016/j.artmed.2017.09.007.

58. Finn, V. K. 2022. JSM reasoning and knowledge discovery: Ampliative reasoning,
causality recognition, and three kinds of completeness. Automatic Documentation
Mathematical Linguistics 56(2):79{110.

59. Djukova, E. V., G. O. Masliakov, and D. S. Ianakov. 2024. Korrektnaya klassifikatsiya
po pretsedentam: DSM-metod nad proizvedeniem chastichnykh poryadkov [Correct
supervised classification: JSM-method over product of partial orders]. Informatika i ee
Primeneniya | Inform. Appl. 18(3):61{68. doi: 10.14357/19922264240308. EDN:
ZJHDMY.

60. Grusho, A. A., N. A. Grusho, M. I. Zabezhailo, V. V. Kulchenkov, E. E. Timonina,
and S. Ya. Shorgin. 2023. Prichinno-sledstvennye svyazi v zadachakh klassifikatsii
[Causal relationships in classification problems]. Informatika i ee Primeneniya |
Inform. Appl. 17(1):43{49. doi: 10.14357/19922264230106. EDN: DTQZPK.

Received March 15, 2025
Accepted April 15, 2025

Contributors

Listopad Sergey V. (b. 1984) | Candidate of Science (PhD) in technology, senior
scientist, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation;
ser-list-post@yandex.ru
Luchko Alexander S. (b. 1985) | leading system administrator, Avtotor Infor-
mation Technologies LLC, 4a Magnitogorskaya Str., Kaliningrad 236013, Russian
Federation; luchko@inbox.ru

102 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2025 vol 35 no 2



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2025. ’. 35. ü 2. ‘. 103{115

МЕТОД АВТОМАТИЗИРОВАННОГО ВЫЯВЛЕНИЯ
АСИММЕТРИИ ПУНКТУАЦИИ В ПАРАЛЛЕЛЬНЫХ ТЕКСТАХ

С. Д. Игнатова1, А. А. Гончаров2, Н. В. Бунтман3

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¬¥â®¤ã �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï ¬¥¦ê-
ï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å. �−�«¨§ äã−ª-
æ¨®−¨à®¢�−¨ï §−�ª®¢ ¯à¥¯¨−�−¨ï âà¥¡ã¥â ¡®«ìè¨å ®¡ê¥¬®¢ í¬¯¨à¨ç¥áª¨å
¤�−−ëå, çâ® ®¡ãá«®¢«¨¢�¥â ¨á¯®«ì§®¢�−¨¥ ª®à¯ãá®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢.
‚ áâ�âì¥ ¯®ª�§�−®, ª�ª¨¬ ®¡à�§®¬ ¬®¦−® ¨á¯®«ì§®¢�âì ¯®¨áª á ¨áª«îç¥-
−¨¥¬ ¢ ¡�§¥ ¤�−−ëå (�„) ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¤«ï �¢â®¬�â¨§¨à®¢�−−®£®
¢ëï¢«¥−¨ï �á¨¬¬¥âà¨¨ ¢ ã¯®âà¥¡«¥−¨¨ ¯ã−ªâã�æ¨®−−ëå §−�ª®¢ ¤¢ãå ï§ëª®¢.
�®¨áª á ¨áª«îç¥−¨¥¬ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®¨áª ¯�à â¥ªáâ®¢ëå äà�£¬¥−â®¢,
ª®â®àë¥ á®¤¥à¦�â −¥ª®â®àë¥ ï§ëª®¢ë¥ ¥¤¨−¨æë −� ®¤−®¬ ï§ëª¥, −® −¥ á®¤¥à-
¦�â −¨ ®¤−®© ¥¤¨−¨æë ¨§ §�¤�−−®£® ¬−®¦¥áâ¢� −� ¤àã£®¬ ï§ëª¥. �à®¢¥àª�
à¥�«¨§ã¥¬®áâ¨ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï ¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨
¯ã−ªâã�æ¨¨ ¡ë«� ¯à®¢¥¤¥−� −� ¯à¨¬¥à¥ ¢®áª«¨æ�â¥«ì−®£® §−�ª� ¢ ï§ëª®¢®©
¯�à¥ àãááª¨©{äà�−æã§áª¨©. ‚ å®¤¥ ¨áá«¥¤®¢�−¨ï ¡ë«¨ §�ä¨ªá¨à®¢�−ë á¥¬ì
â¨¯®¢ ï§ëª®¢ëå §�¬¥−, � â�ª¦¥ ¡ë« ¯à®¢¥¤¥− ¨å ª®«¨ç¥áâ¢¥−−ë© �−�«¨§.

Š«îç¥¢ë¥ á«®¢�: ¯ã−ªâã�æ¨ï; ¬¥¦êï§ëª®¢�ï �á¨¬¬¥âà¨ï; ¯�à�««¥«ì−ë¥
â¥ªáâë; ¯®¨áª á ¨áª«îç¥−¨¥¬; ¡�§� ¤�−−ëå

DOI: 10.14357/08696527250207 EDN: DLDHEV

1 Введение

�¡à�¡®âª� â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, ¨«¨ natural language processing
(¤�«¥¥ | NLP), | íâ® �ªâ¨¢−® à�§¢¨¢�îé�ïáï ®¡«�áâì ¨áá«¥¤®¢�−¨©, ¢®§−¨ªè�ï
−� áâëª¥ ¨−ä®à¬�â¨ª¨ ¨ «¨−£¢¨áâ¨ª¨. ˆáá«¥¤®¢�â¥«¨ ¢ ®¡«�áâ¨ NLP §�−¨¬�îâáï
¨§ãç¥−¨¥¬ äã−ªæ¨®−¨à®¢�−¨ï ¥áâ¥áâ¢¥−−®£® ï§ëª� ¨ ®á®¡¥−−®áâ¥© ¥£® ¨á¯®«ì§®-
¢�−¨ï ç¥«®¢¥ª®¬ á æ¥«ìî á®§¤�−¨ï ª®¬¯ìîâ¥à−ëå á¨áâ¥¬, ¯®§¢®«ïîé¨å �¢â®¬�-
â¨§¨à®¢�âì ¯à®æ¥ááë ®¡à�¡®âª¨ ¨ £¥−¥à�æ¨¨ â¥ªáâ� [1]. NLP ®å¢�âë¢�¥â è¨à®ª¨©
ªàã£ §�¤�ç, ¢ ª®â®àë© ¢å®¤¨â à�§à�¡®âª� á¨áâ¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤�, ªà®áá-ï§ë-
ª®¢®© ¯®¨áª (cross-lingual information retrieval), �¢â®¬�â¨ç¥áª®¥ à�á¯®§−�¢�−¨¥
(speech recognition) ¨ £¥−¥à�æ¨ï à¥ç¨ (text-to-speech), �¢â®¬�â¨ç¥áª®¥ à¥ä¥à¨à®-
¢�−¨¥ (automatic text summarization), à�§à¥è¥−¨¥ ª®à¥ä¥à¥−â−®áâ¨ (coreference
resolution), à�á¯®§−�¢�−¨¥ ¨¬¥−®¢�−−ëå ®¡ê¥ªâ®¢ (named entity recognition), á®-
§¤�−¨¥ ¡®«ìè¨å ï§ëª®¢ëå ¬®¤¥«¥© (large language models) ¨ ¤à. [1, 2].

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ignatova sophia@mail.ru
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−�ãª, a.gonch48@gmail.com
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‚ ¯®á«¥¤−¥¥ ¢à¥¬ï §�¬¥â¥− à®áâ ç¨á«� ¯ã¡«¨ª�æ¨©, ¯®á¢ïé¥−−ëå ¨§ãç¥−¨î
¯ã−ªâã�æ¨¨ ¢ à�¬ª�å NLP [3{7]. �ã−ªâã�æ¨ï ¨£à�¥â ¢�¦−ãî à®«ì ¢ á¥£¬¥−â�æ¨¨
â¥ªáâ� ¨ ¢ë¯®«−ï¥â á¬ëá«®®¡à�§ãîéãî äã−ªæ¨î. �âáãâáâ¢¨¥ ¯ã−ªâã�æ¨¨ ¢ â¥ªá-
â¥ ¨«¨ ®è¨¡®ç−�ï ¯®áâ�−®¢ª� §−�ª®¢ ¯à¥¯¨−�−¨ï ¬®£ãâ ¯à¨¢¥áâ¨ ª −�àãè¥−¨î
¢®á¯à¨ïâ¨ï ¨§−�ç�«ì−®£® á¬ëá«� â¥ªáâ�. ‚ �−£«®ï§ëç−®© «¨â¥à�âãà¥ ®¡«�áâì
¨áá«¥¤®¢�−¨©, ¢ à�¬ª�å ª®â®à®© à�áá¬�âà¨¢�¥âáï �¢â®¬�â¨ç¥áª�ï ¯®áâ�−®¢ª�
¯ã−ªâã�æ¨®−−ëå §−�ª®¢, ¯®«ãç¨«� −�§¢�−¨¥ automatic punctuation restoration
(�¢â®¬�â¨ç¥áª®¥ ¢®ááâ�−®¢«¥−¨¥ ¯ã−ªâã�æ¨¨, ¤�«¥¥ | APR) ¨«¨ automatic punc-
tuation prediction (�¢â®¬�â¨ç¥áª®¥ ¯à®£−®§¨à®¢�−¨¥ ¯ã−ªâã�æ¨¨) [4,5,7]. ‡�¤�ç�
APR ®á®¡¥−−® ¢�¦−� ¯à¨ à�á¯®§−�¢�−¨¨ à¥ç¨ (�¢â®¬�â¨§¨à®¢�−−�ï à�ááâ�−®¢ª�
§−�ª®¢ ¯à¥¯¨−�−¨ï ¯à¨ âà�−áªà¨¡¨à®¢�−¨¨ ãáâ−®© à¥ç¨), � â�ª¦¥ ¯à¨ ¬�è¨−−®¬
¯¥à¥¢®¤¥ (á®åà�−¥−¨¥ ¨«¨ ¨§¬¥−¥−¨¥ ¯ã−ªâã�æ¨¨ ¢ â¥ªáâ¥ ¯¥à¥¢®¤� ¢ á®®â¢¥âáâ¢¨¨
á −®à¬�â¨¢−ë¬¨ ¨ ã§ã�«ì−ë¬¨ ®á®¡¥−−®áâï¬¨ à�ááâ�−®¢ª¨ §−�ª®¢ ¯à¥¯¨−�−¨ï
¢ ï§ëª¥ ¯¥à¥¢®¤�). �¥®¡å®¤¨¬® ãç¨âë¢�âì â®â ä�ªâ, çâ® ¬¥å�−¨§¬ë APR §�¢¨áïâ
®â â¨¯� â¥ªáâ� | ãáâ−ë© (âà�−áªà¨¯æ¨ï) ¨«¨ ¯¨áì¬¥−−ë©, � â�ª¦¥ ®â ¯à¨−æ¨¯®¢
à�ááâ�−®¢ª¨ §−�ª®¢ ¯à¥¯¨−�−¨ï (á¥¬�−â¨ç¥áª¨¥ ¨ ä®−¥â¨ç¥áª¨¥) [4]. ‘â®¨â â�ª¦¥
®â¬¥â¨âì, çâ® á¨áâ¥¬ë APR à�§à�¡®â�−ë ¢ ®á−®¢−®¬ ¤«ï �−£«¨©áª®£® ï§ëª� [4].
’�ª¨¬ ®¡à�§®¬, ¨§ãç¥−¨¥ äã−ªæ¨®−�«ì−ëå ®á®¡¥−−®áâ¥© §−�ª®¢ ¯ã−ªâã�æ¨¨
¢ ¤àã£¨å ï§ëª�å, � â�ª¦¥ ¢ à�§−ëå â¨¯�å ¨ ¦�−à�å â¥ªáâ®¢ ¯à¥¤áâ�¢«ï¥â á®¡®©
�ªâã�«ì−ãî §�¤�çã.

‚ ª�ç¥áâ¢¥ ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï ¢ë¡à�−� ¬¥¦êï§ëª®¢�ï �á¨¬¬¥âà¨ï ¯ã−ªâã-
�æ¨¨ ¢ àãááª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å. Œ¥¦êï§ëª®¢�ï �á¨¬¬¥âà¨ï §�ª«îç�¥âáï
¢ ®âáãâáâ¢¨¨ ®¤−®§−�ç−ëå á®®â¢¥âáâ¢¨© ¬¥¦¤ã í«¥¬¥−â�¬¨ á®¯®áâ�¢«ï¥¬ëå ï§ë-
ª®¢ [8, 9]. �� ãà®¢−¥ ¯ã−ªâã�æ¨¨ ¬¥¦êï§ëª®¢�ï �á¨¬¬¥âà¨ï ¯à®ï¢«ï¥âáï ¢ â®¬
á«ãç�¥, ª®£¤� ¢ â¥ªáâ¥ ®à¨£¨−�«� (’�) ¨á¯®«ì§ã¥âáï ®¤¨− ¯ã−ªâã�æ¨®−−ë© §−�ª,
� ¢ â¥ªáâ¥ ¯¥à¥¢®¤� (’�) ®− §�¬¥−ï¥âáï −� ¨−®© §−�ª ¨«¨ −ã«¥¢®© §−�ª. ‚ á«¥¤ã-
îé¥¬ ¯à¨¬¥à¥ ¯à¥¤áâ�¢«¥−ë ¤¢� á«ãç�ï �á¨¬¬¥âà¨¨ ¢ ã¯®âà¥¡«¥−¨¨ ¯ã−ªâã�æ¨-
®−−ëå §−�ª®¢ | ¯à¨ ¯¥à¥¢®¤¥ â¨à¥ §�¬¥−ï¥âáï −� §�¯ïâãî, � ¢®áª«¨æ�â¥«ì−ë©
§−�ª | −� â®çªã:

Š ç¥â¢¥à£ã −�¤® ¯à¨£®â®¢¨âì ¤®ª«�¤ | �¤áª�ï à�¡®â�!
[ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢ (1848{1859)]
Je dois pr�eparer mon rapport pour jeudi, c'est un travail infernal.
[�¥à¥¢®¤, Luba Jurgenson, 1988]

„«ï ¨§ãç¥−¨ï ¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ −¥®¡å®¤¨¬® ¯à¨¢«¥-
ª�âì ¡®«ìè¨¥ ¬�áá¨¢ë í¬¯¨à¨ç¥áª¨å ¤�−−ëå, ¯®§¢®«ïîé¨¥ ¢¥à¨ä¨æ¨à®¢�âì
«¨−£¢¨áâ¨ç¥áª¨¥ £¨¯®â¥§ë ¨ ¤¥«�âì ®¡ê¥ªâ¨¢−ë¥ ¢ë¢®¤ë ® äã−ªæ¨®−¨à®¢�−¨¨
�−�«¨§¨àã¥¬ëå ï§ëª®¢ëå ¥¤¨−¨æ. ‘®¢à¥¬¥−−ë¥ ª®à¯ãá−ë¥ à¥áãàáë á®¤¥à¦�â
à¥¯à¥§¥−â�â¨¢−ë¥ ¤�−−ë¥, −¥®¡å®¤¨¬ë¥ ¤«ï ¯à®¢¥¤¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥-
¤®¢�−¨©, ¨ ¤¥«�îâ ¢®§¬®¦−ë¬ ¨å �¢â®¬�â¨ç¥áª¨© ¯®¨áª ¨ ®¡à�¡®âªã. �¤−¨¬
¨§ â�ª¨å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ áâ�«� −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå (��„),
à�§à�¡�âë¢�¥¬�ï ¢ ”ˆ– ˆ“ ÷��, ª®â®à�ï ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ ®á−®¢−®£®
¨−áâàã¬¥−â� ¤«ï ¯à®¢¥¤¥−¨ï −�áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï.
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Œ¥â®¤ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

–¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¬¥â®¤� �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï
¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¨ ¯à®¢¥àª¥ ¥£® à¥�«¨§ã¥¬®áâ¨ −� ¯à¨¬¥à¥
¢®áª«¨æ�â¥«ì−®£® §−�ª� ¢ ï§ëª®¢®© ¯�à¥ àãááª¨©{äà�−æã§áª¨©.

2 Надкорпусная база данных как инструмент изучения пунктуации

��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå à�§à�¡�âë¢�îâáï ¢ ”ˆ– ˆ“ ÷�� á 2012 £.
¨ ®â−®áïâáï ª −®¢®© ª�â¥£®à¨¨ ¨−ä®à¬�æ¨®−−ëå «¨−£¢¨áâ¨ç¥áª¨å à¥áãàá®¢ [10,
11]. ��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¢ª«îç�îâ ¤¢¥ á®áâ�¢«ïîé¨¥ | ª®à¯ãá−ãî
¨ −�¤ª®à¯ãá−ãî [12].

Š®à¯ãá−�ï á®áâ�¢«ïîé�ï ®¡¥á¯¥ç¨¢�¥â ¯®¨áª ¨§ãç�¥¬ëå ï§ëª®¢ëå ¥¤¨−¨æ
¢ ¯�à�««¥«ì−ëå â¥ªáâ�å. ‚ ��„ §�£àã¦¥−ë ¯�à�««¥«ì−ë¥ â¥ªáâë ¨§ ��æ¨®−�«ì-
−®£® ª®à¯ãá� àãááª®£® ï§ëª� (�Š÷Ÿ) ®¡ê¥¬®¬ ¡®«¥¥ 7,5 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©
¤«ï à�áá¬�âà¨¢�¥¬®£® −�¯à�¢«¥−¨ï ¯¥à¥¢®¤�. ‚ ª®à¯ãá−®© ç�áâ¨ ��„ åà�−¨â-
áï ¨−ä®à¬�æ¨ï ® ’�, ’�, �¢â®à�å ’� ¨ ’�, ¢ëà®¢−¥−−ëå äà�£¬¥−â�å ’�
¨ ’�, á«®¢®ä®à¬�å ¨ ¨å ¢å®¦¤¥−¨ïå, � â�ª¦¥ §−�ª�å ¯ã−ªâã�æ¨¨ (¯®¤à®¡−¥¥
® «®£¨ç¥áª®© áâàãªâãà¥ åà�−¥−¨ï ¤�−−ëå ¢ ��„ á¬. [12]). ‡−�ª¨ ¯ã−ªâã�æ¨¨
åà�−ïâáï ¢ ��„ ®â¤¥«ì−® ®â «¥ªá¨ç¥áª¨å ¥¤¨−¨æ | á«®¢®ä®à¬ ¨ ¨å ¢å®¦¤¥−¨©.
‘«®¢®ä®à¬� ¯à¥¤áâ�¢«ï¥â á®¡®© «¥ªá¥¬ã ¢ ®¯à¥¤¥«¥−−®© ä®à¬¥ (¯�¤¥¦, ç¨á«®,
à®¤ ¨ ¤à.), � ¥¥ ¢å®¦¤¥−¨¥¬ áâ�−®¢¨âáï á«®¢®ä®à¬� ¢ ª®−ªà¥â−®¬ â¥ªáâ®¢®¬
äà�£¬¥−â¥. Š�¦¤®¬ã §−�ªã ¯ã−ªâã�æ¨¨ ¯à¨¯¨áë¢�¥âáï ¥£® Id (¨¤¥−â¨ä¨ª�æ¨-
®−−ë© −®¬¥à), Id äà�£¬¥−â� ’� ¨«¨ ��, ¢ ª®â®à®¬ ®− á®¤¥à¦¨âáï, � â�ª¦¥
¯®§¨æ¨ï ¢å®¦¤¥−¨ï á«®¢®ä®à¬ë, ¯®á«¥ ª®â®à®© −�å®¤¨âáï ¨áª®¬ë© ¯ã−ªâã�-
æ¨®−−ë© §−�ª. ‹®£¨ç¥áª�ï áå¥¬� ¯à¥¤áâ�¢«¥−¨ï §−�ª®¢ ¯ã−ªâã�æ¨¨ ¢ ��„
¬®¦¥â ¡ëâì à�áá¬®âà¥−� −� ¯à¨¬¥à¥ á«¥¤ãîé¥© ¯�àë ¯à¥¤«®¦¥−¨© −� àãááª®¬
¨ äà�−æã§áª®¬ ï§ëª�å (á¬. à¨áã−®ª):

| � −¥ −�¤® −¨ª�ª¨å â®ç¥ª §à¥−¨ï! | ®â¢¥â¨« áâà�−−ë© ¯à®ä¥áá®à.
[Œ. �ã«£�ª®¢. Œ�áâ¥à ¨ Œ�à£�à¨â� (1929{1940)]
| Il n'est pas question de points de vue ici, r�epliqua l'�etrange professeur.
[�¥à¥¢®¤, Claude Ligny, 1968]

‚ ¢ë¡à�−−®© ¯�à¥ ¯à¥¤áâ�¢«¥−� �á¨¬¬¥âà¨ï á«¥¤ãîé¥£® â¨¯�: ¢®áª«¨æ�-
â¥«ì−ë© §−�ª á â¨à¥ ¢ ’� §�¬¥−ïîâáï −� §�¯ïâãî ¢ ’�. ‚ ª�¦¤®¬ äà�£¬¥−â¥
á®¤¥à¦¨âáï ¢å®¦¤¥−¨¥ á«®¢®ä®à¬ë, ª®â®à®¥ á¢ï§�−® á â¥¬ ¨«¨ ¨−ë¬ ¯ã−ªâã-
�æ¨®−−ë¬ §−�ª®¬. ‚®áª«¨æ�â¥«ì−ë© §−�ª á â¨à¥ −�å®¤ïâáï ¯®á«¥ ¢å®¦¤¥−¨ï
á«®¢®ä®à¬ë ú§à¥−¨ïû, ª®â®à®¥ ¢® äà�£¬¥−â¥ ’� §�−¨¬�¥â ¯®§¨æ¨î ü 5. ‚®á-
ª«¨æ�â¥«ì−®¬ã §−�ªã á â¨à¥ ¯à¨¯¨áë¢�¥âáï ¨−ä®à¬�æ¨ï ® ¯®§¨æ¨¨ ¢å®¦¤¥−¨ï
á«®¢®ä®à¬ë, ¯®á«¥ ª®â®à®£® ®−¨ à�á¯®«®¦¥−ë ¢ â¥ªáâ®¢®¬ äà�£¬¥−â¥, | ü 5.
‚® äà�£¬¥−â¥ ’� §�¯ïâ�ï áâ®¨â ¯®á«¥ ¢å®¦¤¥−¨ï á«®¢®ä®à¬ë úiciû, ¯®§¨æ¨ï
ª®â®à®£® á®®â¢¥âáâ¢ã¥â ü 9. �ã−ªâã�æ¨®−−®¬ã §−�ªã (§�¯ïâ®©), ¢ á¢®î ®ç¥-
à¥¤ì, ¯à¨á¢�¨¢�¥âáï ¯®§¨æ¨ï ¢å®¦¤¥−¨ï á«®¢®ä®à¬ë | ü 9. ‘âàãªâãà� ��„
¯®¤¤¥à¦¨¢�¥â à�§¤¥«ì−®¥ åà�−¥−¨¥ á«®¢ ¨ ¯ã−ªâã�æ¨¨, −® ª�¦¤ë© ¯ã−ªâã�æ¨-
®−−ë© §−�ª ¯à¨¢ï§�− ª −¥ª®â®à®¬ã ¢å®¦¤¥−¨î á«®¢®ä®à¬ë, àï¤®¬ á ª®â®àë¬
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‹®£¨ç¥áª�ï áå¥¬� ¯à¥¤áâ�¢«¥−¨ï §−�ª®¢ ¯ã−ªâã�æ¨¨ ¢ ��„

®− à�á¯®«®¦¥−. ‡−�ï Id äà�£¬¥−â� ¨ ¯®§¨æ¨î ¢å®¦¤¥−¨ï á«®¢®ä®à¬ë, ¬®¦−®
¨¤¥−â¨ä¨æ¨à®¢�âì ¬¥áâ® §−�ª� ¯ã−ªâã�æ¨¨ ¢ â¥ªáâ¥.

�®á«¥ ¯®¨áª� ¢ ��„ ¨§ãç�¥¬ëå ¯ã−ªâã�æ¨®−−ëå §−�ª®¢ ¢ë¯®«−ï¥âáï íªá-
¯¥àâ−®¥ �−−®â¨à®¢�−¨¥ −�©¤¥−−ëå ¨ ®â®¡à�−−ëå ï§ëª®¢ëå ¯�à, ª®â®à®¥ ¢®§¬®¦-
−® ¡«�£®¤�àï −�«¨ç¨î −�¤ª®à¯ãá−®£® ª®¬¯®−¥−â� ��„. ��¤ª®à¯ãá−�ï á®áâ�¢-
«ïîé�ï ¯à¥¤−�§−�ç¥−� ¤«ï á®§¤�−¨ï ¨ åà�−¥−¨ï �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨© (��‘). �−−®â¨à®¢�−−®¥ ¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥ ¢ª«îç�¥â ¨§ãç�-
¥¬ãî ï§ëª®¢ãî ¥¤¨−¨æã ¢® äà�£¬¥−â¥ ’� ¨ á®®â¢¥âáâ¢ãîéãî ¥© ¥¤¨−¨æã ¢®
äà�£¬¥−â¥ ’�, � â�ª¦¥ −�¡®à ¯à¨§−�ª®¢ ¤«ï ®¯¨á�−¨ï ª�¦¤®© ¨§ ¥¤¨−¨æ ¨ ¯¥-
à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï ¢ æ¥«®¬, ¯à¨á¢®¥−−ëå ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï [13].
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Œ¥â®¤ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

�®«ì§®¢�â¥«¨ ��„ ¬®£ãâ á®§¤�¢�âì ª«�áâ¥àë ¯à¨§−�ª®¢, −� ®á−®¢¥ ª®â®àëå
¡ã¤¥â ¯à®¢®¤¨âìáï ¯®á«¥¤ãîé¥¥ �−−®â¨à®¢�−¨¥ ï§ëª®¢ëå ¥¤¨−¨æ. „«ï ¨§ãç¥-
−¨ï �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¡ë«� ¨á¯®«ì§®¢�−� ��„ ú�ã−ªâã�æ¨ïû, ¢ ª®â®àãî
¡ë«¨ ¤®¡�¢«¥−ë ¤¢� ª«�áâ¥à� ¯à¨§−�ª®¢: ú§−�ª ¯ã−ªâã�æ¨¨ ¢ ’�û ¨ ú§−�ª
¯ã−ªâã�æ¨¨ ¢ ’�û.

3 Метод автоматизированного выявления
межъязыковой асимметрии пунктуации

�®¨áª ¨ ä¨ªá¨à®¢�−¨¥ ¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¢ ¯�à�««¥«ì-
−ëå â¥ªáâ�å ¢®§¬®¦−ë ¡«�£®¤�àï −�«¨ç¨î ª®à¯ãá−®£® ¬¥−¥¤¦¥à�. Š®à¯ãá−ë©
¬¥−¥¤¦¥à ¯à¥¤áâ�¢«ï¥â á®¡®© á¯¥æ¨�«¨§¨à®¢�−−ãî ¯®¨áª®¢ãî á¨áâ¥¬ã, ¢ª«îç�-
îéãî ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¤«ï ¯®¨áª� ¨§ãç�¥¬ëå ¥¤¨−¨æ ¨ ®â®¡à�¦¥−¨ï ¨å
¢ ä®à¬¥ ª®−ª®à¤�−á� (á¯¨áª� ¢å®¦¤¥−¨© ¨áª®¬®© ï§ëª®¢®© ¥¤¨−¨æë ¢ ª®−â¥ª-
áâ¥) [14, á. 110]. ‚ ��„ ª®−ª®à¤�−á ¯à¥¤áâ�¢«ï¥â á®¡®© ¢ëà®¢−¥−−ë¥ äà�£¬¥−âë
’� ¨ ’�, á®¤¥à¦�é¨¥ ¨áª®¬ë¥ ï§ëª®¢ë¥ ¥¤¨−¨æë. �®¨áª ï§ëª®¢ëå ¥¤¨−¨æ
¢ ��„ ¬®¦¥â ®áãé¥áâ¢«ïâìáï:
(1) ¯® «¥¬¬¥ (äà�£¬¥−âë ’� /̈̈ «¨ ’� á®¤¥à¦�â ¨áª®¬®¥ á«®¢® ¢ «î¡®© ä®à¬¥);
(2) á«®¢®ä®à¬¥ (äà�£¬¥−âë ’� /̈̈ «¨ ’� á®¤¥à¦�â á«®¢® ¢ §�¤�−−®© ä®à¬¥);
(3) ¬®àä®«®£¨ç¥áª¨¬ ¯à¨§−�ª�¬ (äà�£¬¥−âë ’� /̈̈ «¨ ’� á®¤¥à¦�â −¥ª®â®à®¥

−¥¯ãáâ®¥ ¬−®¦¥áâ¢® á«®¢®ä®à¬ á §�¤�−−ë¬¨ ¬®àä®«®£¨ç¥áª¨¬¨ ¯à¨§−�ª�-
¬¨);

(4) §−�ªã ¯ã−ªâã�æ¨¨ (äà�£¬¥−âë ’� /̈̈ «¨ ’� á®¤¥à¦�â ¨áª®¬ë© §−�ª ¯ã−ª-
âã�æ¨¨).

Šà®¬¥ â®£®, ª®à¯ãá−ë© ¬¥−¥¤¦¥à ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì «®£¨ç¥áª¨¥ ®¯¥-
à�â®àë ¤«ï ¯®áâà®¥−¨ï ¡®«¥¥ á«®¦−ëå §�¯à®á®¢ ¨ áã¦¥−¨ï ª®−ª®à¤�−á�, ¯®-
«ãç�¥¬®£® ¢ à¥§ã«ìâ�â¥ ¯®¨áª�. ‚ ¬®−®ï§ëç−ëå ª®à¯ãá�å §�ç�áâãî ¯à¨¬¥−ï-
îâáï âà¨ «®£¨ç¥áª¨å ®¯¥à�â®à�: ª®−êî−ªæ¨¨ (®¯¥à�â®à úˆû), �«ìâ¥à−�â¨¢ë
(¨«¨ ¤¨§êî−ªæ¨¨, ®¯¥à�â®à úˆ‹ˆû) ¨ ¨áª«îç¥−¨ï (¨«¨ ®âà¨æ�−¨ï, ®¯¥à�â®à
ú�…û) [14, á. 120]. �«�£®¤�àï ®¯¥à�â®àã ª®−êî−ªæ¨¨ ¢®§¬®¦−® á®§¤�−¨¥ §�¯à®-
á®¢, ¯®§¢®«ïîé¨å ¯®«ãç�âì ¯à¨¬¥àë, á®¤¥à¦�é¨¥ −¥áª®«ìª® ¨áª®¬ëå í«¥¬¥−â®¢
®¤−®¢à¥¬¥−−®. �¯¥à�â®à �«ìâ¥à−�â¨¢ë ¯®§¢®«ï¥â á®§¤�¢�âì ¯®¨áª®¢ë© §�¯à®á,
¢ª«îç�îé¨© ¤¢� ¨ ¡®«¥¥ í«¥¬¥−â�, ¨ ¯®«ãç�âì −� ¢ë¤�ç¥ äà�£¬¥−âë, á®¤¥à¦�-
é¨¥ ª�ª®©-«¨¡® ¨§ í«¥¬¥−â®¢ §�¯à®á�. �¯¥à�â®à ¨áª«îç¥−¨ï ®¡¥á¯¥ç¨¢�¥â ¯®¨áª
äà�£¬¥−â®¢, ª®â®àë¥ −¥ á®¤¥à¦�â í«¥¬¥−â®¢, ãª�§�−−ëå ¢ ¯®¨áª®¢®¬ §�¯à®á¥.

�âªàëâë¥ ¯�à�««¥«ì−ë¥ ª®à¯ãáë ¯à¥¤®áâ�¢«ïîâ, ª�ª ¯à�¢¨«®, ¢¥áì¬� ®£à�-
−¨ç¥−−ë¥ ¢®§¬®¦−®áâ¨ á®§¤�−¨ï ¯®¨áª®¢ëå §�¯à®á®¢ á ¯à¨¬¥−¥−¨¥¬ «®£¨ç¥áª¨å
®¯¥à�â®à®¢ (®á®¡¥−−® ¤«ï ¯®¨áª� ¯ã−ªâã�æ¨¨). �à¨ íâ®¬ â®«ìª® äã−ªæ¨®−�«
��„ ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¯®¨áª á ¨á¯®«ì§®¢�−¨¥¬ ®¯¥à�â®à� ¨áª«îç¥−¨ï
¢ ¯�à�««¥«ì−ëå â¥ªáâ�å [15]. �«�£®¤�àï ª®à¯ãá−®¬ã ¬¥−¥¤¦¥àã ¢ ��„ ¢®§¬®¦-
−® á®§¤�−¨¥ ¯®¨áª®¢ëå §�¯à®á®¢, ¨áª«îç�îé¨å ®¤¨−®ç−ãî á«®¢®ä®à¬ã, ¯®á«¥-
¤®¢�â¥«ì−®áâì á«®¢®ä®à¬, á«®¢® ¢® ¢á¥å ä®à¬�å («¥¬¬ã), ¯®á«¥¤®¢�â¥«ì−®áâì
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á«®¢ ¢® ¢á¥å ä®à¬�å («¥¬¬). ’�ª¨¬ ®¡à�§®¬, ¢ ¯®¨áª®¢ãî ¢ë¤�çã ¢ª«îç�îâáï
äà�£¬¥−âë, ¢ ª®â®àëå ®âáãâáâ¢ã¥â −¥ª®â®àë© í«¥¬¥−â ¢ ’� ¨«¨ ’�. „�−−ë©
¬¥â®¤ ¡ë« ¨á¯®«ì§®¢�− ¯à¨ ¨§ãç¥−¨¨ ª®−−¥ªâ®à®¢ ¨ ¬®¤�«ì−ëå £«�£®«®¢, â. ¥.
«¥ªá¨ç¥áª¨å ¥¤¨−¨æ [15{17]. �¤−�ª® ¬¥â®¤ ¯®¨áª� á ¨áª«îç¥−¨¥¬ ¬®¦¥â ¡ëâì
â�ª¦¥ ¯à¨¬¥−¥− ¤«ï ¢ëï¢«¥−¨ï ¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨.

—â® ª�á�¥âáï ¨§ãç¥−¨ï ¯ã−ªâã�æ¨¨, â® ¤® ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨ï äã−ªæ¨-
®−�« ��„ ¯à¥¤¯®«�£�« ¢®§¬®¦−®áâì ¯®¨áª�:
(1) ®¤−®£® §−�ª� ¯ã−ªâã�æ¨¨;
(2) ¯®á«¥¤®¢�â¥«ì−®áâ¨ §−�ª®¢ ¯ã−ªâã�æ¨¨ (−�¯à., ?! ¨«¨ !..).

‚ å®¤¥ ¨áá«¥¤®¢�−¨ï ¡ë«¨ ¤®¡�¢«¥−ë ¤¢¥ ¤®¯®«−¨â¥«ì−ë¥ äã−ªæ¨¨ ¤«ï ¯®-
¨áª� ¨ ¨§ãç¥−¨ï ¯ã−ªâã�æ¨®−−ëå §−�ª®¢:
(1) ¯®¨áª §−�ª®¢ ¯ã−ªâã�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ «®£¨ç¥áª®£® ®¯¥à�â®à� ¨áª«îç¥-

−¨ï;
(2) á®§¤�−¨¥ á¬¥è�−−ëå §�¯à®á®¢, ¯®§¢®«ïîé¨å ®¤−®¢à¥¬¥−−® ¨áª�âì ®¤¨−

§−�ª ¨ ¨áª«îç�âì ¤àã£®© §−�ª ¯à¥¯¨−�−¨ï.

‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë ¯à¨¬¥àë ¯®¨áª®¢ëå §�¯à®á®¢, ª®â®àë¥ ¬®¦−® ¢ë-
¯®«−ïâì ¢ ��„ ¤«ï ¯®¨áª� ¯ã−ªâã�æ¨®−−ëå §−�ª®¢ ¢ ’� ¨ ’�. �â¨ ¯à¨¬¥àë
−�£«ï¤−® ¤¥¬®−áâà¨àãîâ ã−¨ª�«ì−®áâì ��„, á®§¤�−−®© ¢ ”ˆ– ˆ“ ÷��, ¯®¨á-
ª®¢ë¥ ¢®§¬®¦−®áâ¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ª®â®à®© −¥ ¨¬¥îâ −¨ ®â¥ç¥áâ¢¥−−ëå,
−¨ §�àã¡¥¦−ëå �−�«®£®¢.

’�¡«¨æ� 1 �à¨¬¥àë §�¯à®á®¢ ¤«ï ¯®¨áª� §−�ª®¢ ¯ã−ªâã�æ¨¨

�®¨áª®¢ë© §�¯à®á �¯¨á�−¨¥
∼ ! ”à�£¬¥−â ¤®«¦¥− á®¤¥à¦�âì §−�ª ú!û
∼ ?! ”à�£¬¥−â ¤®«¦¥− á®¤¥à¦�âì ¯®á«¥¤®¢�â¥«ì−®áâì §−�ª®¢ ú?!û
∼ n! ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì §−�ª ú!û
∼ n! | . . . ”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì §−�ª ú!û ¨«¨ ú. . .û

∼ n!..
”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì ¯®á«¥¤®¢�â¥«ì−®áâì §−�ª®¢
ú!..û

∼ ! && n? ”à�£¬¥−â ¤®«¦¥− á®¤¥à¦�âì §−�ª ú!û, −® −¥ ¤®«¦¥− á®¤¥à-
¦�âì §−�ª ú?û

∼ ! | . . . && n? ”à�£¬¥−â ¤®«¦¥− á®¤¥à¦�âì §−�ª ú!û ¨«¨ ú. . .û, −® −¥ ¤®«¦¥−
á®¤¥à¦�âì §−�ª ú?û

∼ n! | ?! && . . . |?..
”à�£¬¥−â −¥ ¤®«¦¥− á®¤¥à¦�âì §−�ª ú!û ¨«¨ ¯®á«¥¤®¢�â¥«ì-
−®áâì §−�ª®¢ ú?!û, −® ¤®«¦¥− á®¤¥à¦�âì §−�ª ú. . .û ¨«¨
¯®á«¥¤®¢�â¥«ì−®áâì §−�ª®¢ ú?..û

�à¨¬¥ç�−¨ï. „«ï ¯®¨áª� ¯ã−ªâã�æ¨®−−ëå §−�ª®¢ −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì §−�ª â¨«ì¤ë
(ú∼û) ¢ −�ç�«¥ ¯®¨áª®¢®£® §�¯à®á�. ‘¨¬¢®« únû ¯à¥¤áâ�¢«ï¥â á®¡®© «®£¨ç¥áª¨© ®¯¥à�â®à
¨áª«îç¥−¨ï ¨ ¨á¯®«ì§ã¥âáï ¤«ï ¨áª«îç¥−¨ï −¥ª®â®à®£® §−�ª� ¨«¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ §−�ª®¢
¯à¥¯¨−�−¨ï. ‘¨¬¢®« ú|û ¨á¯®«ì§ã¥âáï ¢ â®¬ á«ãç�¥, ª®£¤� −ã¦−® −�©â¨ ¨«¨ ¨áª«îç¨âì
à�§−ë¥ §−�ª¨, −¥ á®áâ�¢«ïîé¨¥ ¯®á«¥¤®¢�â¥«ì−®áâì ¨¤ãé¨å ¤àã£ §� ¤àã£®¬ ¯ã−ªâã�æ¨®−−ëå
§−�ª®¢. „¢®©−®© �¬¯¥àá�−¤ (ú&&û) ¢¢®¤¨âáï ¯à¨ á®§¤�−¨¨ á¬¥è�−−ëå §�¯à®á®¢ ¨ ¯®§¢®«ï¥â
®¡ê¥¤¨−¨âì ¤¢¥ äã−ªæ¨¨ | ¯®¨áª ¨ ¨áª«îç¥−¨¥.
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Œ¥â®¤ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

„«ï ¢ëï¢«¥−¨ï ¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ −¥®¡å®¤¨¬® á®§¤�âì
¤¢� ¯®¨áª®¢ëå §�¯à®á�. �� ¯¥à¢®¬ íâ�¯¥ á®§¤�¥âáï ¯®¨áª®¢ë© §�¯à®á ¤«ï ’�,
ª®â®àë© á®¤¥à¦¨â ¬−®¦¥áâ¢® ¨áª®¬ëå §−�ª®¢. �� ¢â®à®¬ íâ�¯¥ ä®à¬¨àã¥âáï
§�¯à®á ¤«ï ’�, ª®â®àë© ¯à¥¤¯®«�£�¥â ¯®¨áª á ¨áª«îç¥−¨¥¬ ¥¤¨−¨æ ¨§ §�¤�−−®£®
¬−®¦¥áâ¢�. �®¨áª ¬®¦¥â â�ª¦¥ ®áãé¥áâ¢«ïâìáï ¢ ®¡à�â−®¬ −�¯à�¢«¥−¨¨: ¯¥à-
¢ë© ¯®¨áª®¢ë© §�¯à®á §�¤�¥âáï ¤«ï ’�, � §�¯à®á á ¨á¯®«ì§®¢�−¨¥¬ «®£¨ç¥áª®£®
®¯¥à�â®à� ¨áª«îç¥−¨ï ä®à¬¨àã¥âáï ¤«ï ’�. �� á«¥¤ãîé¥¬ íâ�¯¥ ¯à®¨áå®-
¤¨â íªá¯¥àâ−®¥ �−−®â¨à®¢�−¨¥ −�©¤¥−−ëå ï§ëª®¢ëå ¯�à, ª®â®à®¥ ¢ª«îç�¥â ¨å
á¥¬�−â¨ç¥áª¨© �−�«¨§.

4 Результаты

„«ï �¯à®¡�æ¨¨ ¬¥â®¤� ¡ë« ¢ë¡à�− ¢®áª«¨æ�â¥«ì−ë© §−�ª (¡®«¥¥ ¯®¤à®¡-
−® ® äã−ªæ¨®−�«ì−®© −�£àã§ª¥ ¨ ª®−â¥ªáâã�«ì−ëå ®á®¡¥−−®áâïå ¯à®áâ�−®¢ª¨
¢®áª«¨æ�â¥«ì−®£® §−�ª� á¬. [18]). �−�«¨§ ¡ë« ¯à®¢¥¤¥− −� ¬�â¥à¨�«¥ ¯�à�«-
«¥«ì−ëå â¥ªáâ®¢ ¢ −�¯à�¢«¥−¨¨ ¯¥à¥¢®¤� àãááª¨©{äà�−æã§áª¨©. ‚ ��„ ¡ë«¨
§�ä¨ªá¨à®¢�−ë 22 269 äà�£¬¥−â®¢ ’�, á®¤¥à¦�é¨å ¢®áª«¨æ�â¥«ì−ë© §−�ª.

„�«¥¥ ¡ë« ¯®áâà®¥− §�¯à®á á«¥¤ãîé¥£® â¨¯�: ú∼ !û ¤«ï ’� ¨ ú∼ n!û ¤«ï
’�. �®¨áª á ¨áª«îç¥−¨¥¬ ¯®§¢®«¨« ¢ëï¢¨âì 4 113 ¯�à, á®¤¥à¦�é¨å �á¨¬¬¥â-
à¨î ¯ã−ªâã�æ¨¨, ¨ 4 230 á«ãç�¥¢ �á¨¬¬¥âà¨¨ ¢ ã¯®âà¥¡«¥−¨¨ ¢®áª«¨æ�â¥«ì−®£®
§−�ª�. „�−−®¥ ç¨á«®¢®¥ à�áå®¦¤¥−¨¥ ®¡ãá«®¢«¥−® â¥¬, çâ® ¢ ®¤−®© ¯�à¥ ¬®£ãâ
á®¤¥à¦�âìáï −¥áª®«ìª® á«ãç�¥¢ ¯ã−ªâã�æ¨®−−®© �á¨¬¬¥âà¨¨.

‡�â¥¬ ä®à¬¨à®¢�«¨áì §�¯à®áë á¬¥è�−−®£® â¨¯�, ¯®§¢®«ïîé¨¥ áã§¨âì
ª®−ª®à¤�−á, ¯®«ãç�¥¬ë© ¢ à¥§ã«ìâ�â¥ ¯®¨áª�: −�¯à¨¬¥à, ú∼ !û ¤«ï ’�
¨ ú∼ n! && . . .û ¤«ï ’� (íâ®â §�¯à®á ¯®§¢®«ï¥â ¢ëï¢¨âì á«ãç�¨ �á¨¬¬¥âà¨¨,
£¤¥ ¢®áª«¨æ�â¥«ì−ë© §−�ª ¯à¨ ¯¥à¥¢®¤¥ §�¬¥−ï¥âáï −� ¬−®£®â®ç¨¥). �� ¤�−−ë©
¬®¬¥−â ¯®«−�ï �¢â®¬�â¨§�æ¨ï ¢ëï¢«¥−¨ï §�¬¥− ®¤−®£® ¯ã−ªâã�æ¨®−−®£® §−�ª� −�
¤àã£®© −¥¢®§¬®¦−�. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¯à¨ ¯¥à¥¢®¤¥ −¥à¥¤ª® ¯à®¢®¤ïâáï
âà�−áä®à¬�æ¨¨ (®¡ê¥¤¨−¥−¨¥ ¨ ç«¥−¥−¨¥ ¯à¥¤«®¦¥−¨©, ¯¥à¥áâ�−®¢ª�, ®¯ãé¥−¨¥,
§�¬¥−�), ª®â®àë¥ ¯à¨¢®¤ïâ ª â®¬ã, çâ® §−�ª, áâ®ïé¨© ¢ ®¯à¥¤¥«¥−−®© ¯®§¨æ¨¨
¢ ’�, ¬®¦¥â ¡ëâì §�¬¥−¥− −� «¥ªá¨ç¥áªãî ¥¤¨−¨æã ¨«¨ ¤àã£®© §−�ª ¯à¥¯¨−�−¨ï,
§�−¨¬�îé¨© ¨−ãî ¯®§¨æ¨î ¢ ’�. „«ï �¢â®¬�â¨§�æ¨¨ ¢ëï¢«¥−¨ï ®â¤¥«ì−ëå
â¨¯®¢ ¯ã−ªâã�æ¨®−−ëå §�¬¥− −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì ¬�áá¨¢ ��‘, ¯®§¢®«ï-
îé¨© ®¯à¥¤¥«¨âì ãá«®¢¨ï ¯¥à¥¢®¤ç¥áª¨å §�¬¥−. Œ�áá¨¢ ��‘, áä®à¬¨à®¢�−−ë©
−� íâ�¯¥ �−−®â¨à®¢�−¨ï, ª®â®àë© ä¨ªá¨àã¥â ¨ ª«�áá¨ä¨æ¨àã¥â ãá«®¢¨ï ¯¥à¥¢®¤-
ç¥áª¨å §�¬¥−, ¬®¦¥â ¡ëâì ¯®â¥−æ¨�«ì−® ¯à¨¬¥−¥− ¤«ï ä®à¬¨à®¢�−¨ï ®¡ãç�îé¨å
¢ë¡®à®ª ¤«ï −¥©à®−−ëå á¥â¥©, ¨á¯®«ì§ã¥¬ëå ¤«ï ¯¥à¥¢®¤�. �® ¤�−−ë¬ �¢â®-
à®¢ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ®âáãâáâ¢ãîâ ¬¥â®¤ë ¤«ï ¨å á®§¤�−¨ï, çâ® ®¡ãá«®¢«¨¢�¥â
−®¢¨§−ã ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�.

�� ¤�−−®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï ¬¥â®¤ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï �á¨¬-
¬¥âà¨¨ ¯ã−ªâã�æ¨®−−ëå §−�ª®¢ (−�«¨ç¨¥ ¨§ãç�¥¬®£® §−�ª� ¢ ’� ¨ ¥£® ®âáãâáâ¢¨¥
¢ ’�) ¡ë« á®¢¬¥é¥− á íªá¯¥àâ−ë¬ �−−®â¨à®¢�−¨¥¬, æ¥«ì ª®â®à®£® §�ª«îç�«�áì
¢ ¢ëï¢«¥−¨¨ ®â¤¥«ì−ëå â¨¯®¢ �á¨¬¬¥âà¨¨ (−� ª�ª®© §−�ª ¢ ’� ¬®¦¥â §�¬¥-
−ïâìáï ¢®áª«¨æ�â¥«ì−ë© §−�ª ¢ ’�). ˆá¯®«ì§®¢�−¨¥ §�¯à®á®¢ á¬¥è�−−®£® â¨¯�
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‘. „. ˆ£−�â®¢�, �. �. ƒ®−ç�à®¢, �. ‚. �ã−â¬�−

¯®§¢®«¨«® ãáª®à¨âì ¨ ç�áâ¨ç−® �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá �−−®â¨à®¢�−¨ï ¯�à
äà�£¬¥−â®¢. ‚ å®¤¥ �−�«¨§� ¡ë«¨ §�ä¨ªá¨à®¢�−ë á¥¬ì â¨¯®¢ §�¬¥− §−�ª®¢.
÷¥§ã«ìâ�âë �−�«¨§� ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2. ‚ áª®¡ª�å ãª�§�−® ¯à®æ¥−â−®¥

’�¡«¨æ� 2 ‡�¬¥−� ¢®áª«¨æ�â¥«ì−®£® §−�ª� −�
¨−®© ¨«¨ −ã«¥¢®© §−�ª

’¨¯ §�¬¥−ë —¨á«® á«ãç�¥¢ �á¨¬¬¥âà¨¨
. 1585 (37,47%)
, 921 (21,77%)
? 518 (12,25%)
. . . 274 (6,48%)
: 22 (0,52%)
; 15 (0,35%)

�ã«¥¢®© §−�ª (∅) 895 (21,16%)

’�¡«¨æ� 3 �à¨¬¥àë ¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¢ ã¯®âà¥¡«¥−¨¨ ¢®áª«¨æ�â¥«ì−®£®
§−�ª� ¢ àãááª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å

’¨¯
§�¬¥−ë ’¥ªáâ ®à¨£¨−�«� ’¥ªáâ ¯¥à¥¢®¤�

!→ .
�®-�−£«¨©áª¨ −�ç�« ãç¨âìáï. . . ¨ −¥
¤®ãç¨«áï! [ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢
(1848{1859)]

Tu voulais apprendre l'anglais,
mais tu n'es pas all�e jusqu'au bout.
[�¥à¥¢®¤ Luba Jurgenson, 1988]

!→ ,
| �à¨å®¤¨ ®¡¥¤�âì, ¢ë¯ì¥¬ §� ¯®¢ë-
è¥−¨¥! | áª�§�« �¡«®¬®¢. [ˆ. �. ƒ®−-
ç�à®¢. �¡«®¬®¢ (1848{1859)]

| Viens d�ejeuner, nous boirons
�a ton avancement, dit Oblomov.
[�¥à¥¢®¤ Luba Jurgenson, 1988]

!→? —â® ¦ ¤¥«�âì! [�. ‚. ƒ®£®«ì. �®á
(1832{1833)]

Que faire ? [�¥à¥¢®¤ Boris de
Schloezer, 1925]

!→ . . .

| ’ë ¤ã¬�¥èì? | ¢áâà¥¢®¦¥−−® è¥¯-
−ã« �¥à«¨®§, � á�¬ ¯®¤ã¬�«: ú� ¢¥¤ì
®− ¯à�¢!û [Œ¨å�¨« �ã«£�ª®¢. Œ�áâ¥à
¨ Œ�à£�à¨â� (1929{1940)]

| Tu crois ? murmura Berlioz
avec inqui�etude, tout en se disant :
\Il a raison. . ." [�¥à¥¢®¤ Claude
Ligny, 1968]

!→:

| � ¢à¥¬ï | ¤¥−ì£¨, ¢ë §�¡ë¢�¥â¥
íâ®, | áª�§�« ¯®«ª®¢−¨ª. | Š�ª®¥
¢à¥¬ï! „àã£®¥ ¢à¥¬ï â�ª®¥, çâ® æ¥-
«ë© ¬¥áïæ §� ¯®«â¨−−¨ª ®â¤�èì, � â®
â�ª −¨ª�ª¨å ¤¥−¥£ §� ¯®«ç�á� −¥ ¢®§ì-
¬¥èì. [‹. �. ’®«áâ®©. �−−� Š�à¥−¨−�
(1873{1877)]

| Mais le temps c'est de l'argent,
n'oubliez pas cela, mon prince,
r�epliqua le colonel. | Cela
d�epend : il y a des mois entiers
qu'on donnerait pour dix sous,
et des quarts d'heure qu'on ne
c�ederait pour aucun tr�esor. [�¥à¥-
¢®¤ Henri Mongault, 1952]

!→;
�¥â, â¥¡¥ −¥á¤®¡à®¢�âì! †¥−¨èìáï |
−¨ §� çâ® ¯à®¯�¤¥èì! [�. ‘. �ãèª¨−.
Š�¯¨â�−áª�ï ¤®çª� (1836)]

Attends, attends que tu sois mari�e ;
tu verras que tout ira au diable.
[�¥à¥¢®¤ Louis Viardot, 1853]

!→ ∅
—¥âëà¥ £®¤�! Ÿ ¦¤ã, ¢á¥ ¦¤ã. . . [Œ¨-
å�¨« �ã«£�ª®¢. �¥«�ï £¢�à¤¨ï (1924)]

Quatre ans que je l'attends. . . [�¥-
à¥¢®¤ Claude Ligny, 1970]
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Œ¥â®¤ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

®â−®è¥−¨¥ ç¨á«� á«ãç�¥¢ �á¨¬¬¥âà¨¨ ª�¦¤®£® â¨¯� ª ®¡é¥¬ã ç¨á«ã á«ãç�¥¢
�á¨¬¬¥âà¨¨.

‘«¥¤ãîé¨© íâ�¯ ¨áá«¥¤®¢�−¨ï ¯à¥¤¯®«�£�¥â à�§à�¡®âªã á¯¨áª� ¯à¨§−�ª®¢
¤«ï �−−®â¨à®¢�−¨ï ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨ íªá¯¥àâ−®¥ ä®à¬¨à®¢�−¨¥ ��‘
¤«ï ¢ëï¢«¥−¨ï ¨ ª«�áá¨ä¨ª�æ¨¨ ãá«®¢¨©, ¯à¨ ª®â®àëå ®áãé¥áâ¢«ï¥âáï §�¬¥−�
®¤−®£® ¯ã−ªâã�æ¨®−−®£® §−�ª� −� ¨−®© §−�ª, ¢ª«îç�ï «¥ªá¨ç¥áª¨¥ áà¥¤áâ¢�.

‚ â�¡«. 3 ¯à¥¤áâ�¢«¥−ë ¯à¨¬¥àë ¤«ï ª�¦¤®£® ¢ëï¢«¥−−®£® â¨¯� ï§ëª®¢®©
�á¨¬¬¥âà¨¨.

5 Заключение

‚ å®¤¥ ¨áá«¥¤®¢�−¨ï ¡ë« à�§à�¡®â�− ¨ �¯à®¡¨à®¢�− ¬¥â®¤ �¢â®¬�â¨§¨à®¢�−-
−®£® ¢ëï¢«¥−¨ï ¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å.
‚ ¯à®æ¥áá¥ ¨áá«¥¤®¢�−¨ï ¡ë« à�áè¨à¥− äã−ªæ¨®−�« ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
¤«ï à�¡®âë á ��„, ¡«�£®¤�àï ç¥¬ã áâ�«® ¢®§¬®¦−ë¬ ®áãé¥áâ¢«ïâì ¯®¨áª á ¨á-
ª«îç¥−¨¥¬ −¥ â®«ìª® «¥ªá¨ç¥áª¨å ¥¤¨−¨æ, −® ¨ ¯ã−ªâã�æ¨®−−ëå §−�ª®¢. Šà®¬¥
â®£®, ¢ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ��„ ¡ë«� ¤®¡�¢«¥−� −®¢�ï äã−ªæ¨ï á®§¤�-
−¨ï á¬¥è�−−ëå §�¯à®á®¢, ®¡¥á¯¥ç¨¢�îé�ï ®¤−®¢à¥¬¥−−ë© ¯®¨áª ¨ ¨áª«îç¥−¨¥
ï§ëª®¢ëå ¥¤¨−¨æ.

�à¥¤«�£�¥¬ë© ¬¥â®¤ ¯®§¢®«¨« ¯®«ãç¨âì −®¢®¥ «¨−£¢¨áâ¨ç¥áª®¥ §−�−¨¥
® äã−ªæ¨®−¨à®¢�−¨¨ ¯ã−ªâã�æ¨®−−ëå §−�ª®¢ ¢ àãááª®¬ ¨ äà�−æã§áª®¬ ï§ë-
ª�å. �¥àá¯¥ªâ¨¢ë ¨áá«¥¤®¢�−¨ï §�ª«îç�îâáï ¢ à�§à�¡®âª¥ ª«�áá¨ä¨ª�æ¨¨
¬¥¦êï§ëª®¢®© �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¨ ¢ëï¢«¥−¨¨ ¬¥¦êï§ëª®¢ëå à�áå®¦¤¥-
−¨© ¢ ã¯®âà¥¡«¥−¨¨ §−�ª®¢ ¯à¥¯¨−�−¨ï à�§−ëå ¥áâ¥áâ¢¥−−ëå ï§ëª®¢. ˆ§ãç¥−¨¥
¨ ª«�áá¨ä¨ª�æ¨ï á«ãç�¥¢ �á¨¬¬¥âà¨¨ ¯ã−ªâã�æ¨¨ ¬®¦¥â ¯®á«ã¦¨âì ¢ ¯¥àá¯¥ªâ¨-
¢¥ â¥®à¥â¨ç¥áª®© ®á−®¢®© á®§¤�−¨ï ®¡ãç�îé¨å ¢ë¡®à®ª, ¯® ª®â®àë¬ ¯à®¢®¤¨âáï
−�áâà®©ª� (®¯â¨¬¨§�æ¨ï ¯�à�¬¥âà®¢) −¥©à®−−ëå á¥â¥©, ¨á¯®«ì§ã¥¬ëå ¤«ï ¯¥à¥-
¢®¤�.
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Method of automated detection of punctuation asymmetry in parallel texts

METHOD OF AUTOMATED DETECTION
OF PUNCTUATION ASYMMETRY IN PARALLEL TEXTS
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Abstract: The paper explores the method of automated detection of interlingual
punctuation asymmetry in parallel texts. Analyzing the functioning of punc-
tuation marks requires a large scale of empirical data, which determines the
use of parallel text corpora. The study outlines the potential of using search
with exclusion in a parallel text database to automate detection of punctuation
asymmetry in two languages. A search with exclusion involves identifying pairs
of text fragments that contain certain language units in one language but do
not contain any units from a defined set in another language. The feasibility of
automated detection of punctuation asymmetry was tested by examining the use
of the exclamation mark in Russian and French. Throughout the study, seven
types of language substitutions were identified and quantitively analyzed.

Keywords: punctuation; interlingual asymmetry; parallel texts; search with
exclusion; databases
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НЕКОТОРЫЕ ПОДХОДЫ К УПРАВЛЕНИЮ МОНИТОРИНГОМ
СИТУАЦИОННОЙ ОБСТАНОВКИ

А. П. Сучков1

�−−®â�æ¨ï: �áãé¥áâ¢«¥− �−�«¨§ ¯®¤å®¤®¢ ª ã¯à�¢«¥−¨î ¯®¤á¨áâ¥¬®© ¬®−¨-
â®à¨−£� ¤«ï ®¡¥á¯¥ç¥−¨ï «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï (‹�÷), ¨−ä®à¬�æ¨¥©,
ª�ç¥áâ¢® ª®â®à®© ¤®áâ�â®ç−® ¤«ï íää¥ªâ¨¢−®£® ã¯à�¢«¥−ç¥áª®£® ¢®§¤¥©áâ¢¨ï
−� á¢®¨ á¨«ë ¨ áà¥¤áâ¢� á æ¥«ìî −®à¬�«¨§�æ¨¨ á¨âã�æ¨¨. �� ®á−®¢¥ ¯®-
áâà®¥−¨ï âà¥åãà®¢−¥¢®© ¬®¤¥«¨ ¤�−−ëå ¬®−¨â®à¨−£� ®¡®á−®¢�−ë á¯®á®¡ë
¢ëç¨á«¥−¨ï æ¥«¥¢ëå ¯®ª�§�â¥«¥© (–�) ¤«ï à�§«¨ç−ëå ª�ç¥áâ¢¥−−ëå å�-
à�ªâ¥à¨áâ¨ª ¨−ä®à¬�æ¨¨ | ¤®áâ®¢¥à−®áâ¨, ¯®«−®âë, �ªâã�«ì−®áâ¨ ¨ ¤à.
÷¥§ã«ìâ�âë ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¯®áâã¯�îâ ¢ ¯®¤á¨áâ¥¬ã ¯®¤¤¥à¦ª¨ ¯à¨-
−ïâ¨ï à¥è¥−¨© (��÷) ¯® −®à¬�«¨§�æ¨¨ á¨âã�æ¨¨ (ãáâà�−¥−¨¥ ãï§¢¨¬®áâ¥©,
¯¥à¢¨ç−®¥ à¥�£¨à®¢�−¨¥, à�áç¥â ¨ à�ááâ�−®¢ª� −¥®¡å®¤¨¬ëå á¨« ¨ áà¥¤áâ¢,
«¨ª¢¨¤�æ¨ï ¯®á«¥¤áâ¢¨©, �−�«¨§ ¨ ¢ë¢®¤ë). �®¢ëè¥−¨¥ ª�ç¥áâ¢� ¤®¡ë¢�-
¥¬®© ¨−ä®à¬�æ¨¨ ¬®¦¥â ¤®áâ¨£�âìáï ¯ãâ¥¬ ®áãé¥áâ¢«¥−¨ï ®¡à�â−®© á¢ï§¨
á ¯®¤á¨áâ¥¬®© ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ á æ¥«ìî íää¥ªâ¨¢−®© ¨¤¥−â¨ä¨ª�æ¨¨
á¨âã�æ¨© −� à�§«¨ç−ëå áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«� (†–) (¢ª«îç�ï �−�«¨§
¯à¥¤¯®áë«®ª ¨å ¢®§−¨ª−®¢¥−¨ï ¨ ¢®§¬®¦−®£® ¯à¥¤®â¢à�é¥−¨ï −� −�ç�«ì−ëå
áâ�¤¨ïå ¨å à�§¢¨â¨ï).

Š«îç¥¢ë¥ á«®¢�: ¬®−¨â®à¨−£; á¨âã�æ¨ï; ª�ç¥áâ¢® ¨−ä®à¬�æ¨¨; ã¯à�¢«¥−¨¥

DOI: 10.14357/08696527250208 EDN: DRQWBF

1 Введение

�ää¥ªâ¨¢−®áâì à¥�«¨§�æ¨¨ ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ á¨âã�æ¨®−−ëå
á¨áâ¥¬�å ã¯à�¢«¥−¨ï ¢® ¬−®£®¬ §�¢¨á¨â ®â ¯®«−®âë ¨ ¤®áâ®¢¥à−®áâ¨ ¨−ä®à¬�-
æ¨¨ ® áª«�¤ë¢�îé¥©áï ®¡áâ�−®¢ª¥, ¯®«ãç�¥¬®© ®â à�§−®®¡à�§−ëå ¨áâ®ç−¨ª®¢
¨−ä®à¬�æ¨¨, ®¡à�§ãîé¨å ¯®¤á¨áâ¥¬ã ¬®−¨â®à¨−£�. ‚®§¬®¦−®áâì ã¯à�¢«¥−¨ï
¯®¤á¨áâ¥¬®© ¬®−¨â®à¨−£� ¯ãâ¥¬ ®à£�−¨§�æ¨¨ ®¡à�â−®© á¢ï§¨ ¯®§¢®«ï¥â ¯®¢ëá¨âì
ª�ç¥áâ¢® ¨−ä®à¬�æ¨¨ ¨¬¥−−® ¢ −�¯à�¢«¥−¨ïå, ã¢¥«¨ç¨¢�îé¨å á¨âã�æ¨®−−ãî
®á¢¥¤®¬«¥−−®áâì ‹�÷. �â® ¤¥«�¥â �ªâã�«ì−ë¬ à�áá¬®âà¥−¨¥ ¨ ¨§ãç¥−¨¥ ¢ à�¬ª�å
¢á¥© á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®â¤¥«ì−®£® æ¨ª«� ã¯à�¢«¥−¨ï ¯®¤á¨áâ¥¬®© ¬®−¨â®à¨−£�
®¡áâ�−®¢ª¨.

‚ [1{5] ®¡®á−®¢�−� æ¨ª«¨ç¥áª�ï äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ á¨âã�æ¨®−-
−®£® ã¯à�¢«¥−¨ï, ¢ª«îç�îé�ï ¯ïâì áâ�¤¨©: æ¥«¥¯®«�£�−¨¥; ¬®−¨â®à¨−£; �−�«¨§;
à¥è¥−¨¥; ¤¥©áâ¢¨¥. ‚§�¨¬®á¢ï§ì ¬¥¦¤ã ¯à®æ¥áá�¬¨, à¥�«¨§ãîé¨¬¨ íâ¨ áâ�¤¨¨,
¯à®¨««îáâà¨à®¢�−� −� à¨á. 1.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ASuchkov@ipiran.ru
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ã¯à�¢«¥−¨î ¬®−¨â®à¨−£®¬ á¨âã�æ¨®−−®© ®¡áâ�−®¢ª¨

÷¨á. 1 ”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨âã�æ¨®−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï

‘¨âã�æ¨®−−ë© �−�«¨§, à¥�«¨§ãîé¨© ��÷ ¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï, ®¯¨à�-
¥âáï −� â�ª¨¥ ¯®−ïâ¨ï, ª�ª á®¡ëâ¨¥, ®¡áâ�−®¢ª�, á¨âã�æ¨ï, ã£à®§�, ã¯à�¢«¥−¨¥.
‘¨âã�æ¨ï ®¯à¥¤¥«ï¥âáï ãà®¢−¥¬ ®âá«¥¦¨¢�¥¬ëå ã£à®§ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®-
áâà�−áâ¢¥; â¥ªãé�ï ®¡áâ�−®¢ª� å�à�ªâ¥à¨§ã¥âáï á®¡ëâ¨ï¬¨ | ¨§¬¥−¥−¨ï¬¨ á®-
áâ®ï−¨ï ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢, ®¡à�§ãîé¨¬¨ −¥ª®â®àë¥ à�§¢®à�ç¨¢�îé¨¥áï
¢® ¢à¥¬¥−¨ −�¡«î¤�¥¬ë¥ ¨ à¥£¨áâà¨àã¥¬ë¥ ¯®â®ª¨. �à¨ íâ®¬ ¯®¤ ã¯à�¢«¥−¨¥¬
¯®−¨¬�¥âáï æ¥«¥−�¯à�¢«¥−−®¥ ¢®§¤¥©áâ¢¨¥ ®à£�−� ã¯à�¢«¥−¨ï −� ¯®¤ç¨−¥−−ë¥
¥¬ã ¨«¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ í«¥¬¥−âë ®¡áâ�−®¢ª¨ (à¥áãàáë) ¯® −¥©âà�«¨§�æ¨¨
ã£à®§.

�®¤ ã£à®§®© ¢ ¯à®æ¥áá�å ã¯à�¢«¥−¨ï ¯®−¨¬�¥âáï á¨âã�æ¨ï ¨«¨ á®¢®ªã¯−®áâì
á¨âã�æ¨©, à�§¢¨â¨¥ ª®â®àëå ¯à®â¨¢®à¥ç¨â æ¥«ï¬ ã¯à�¢«¥−¨ï ¨ ®â¤�«ï¥â â¥ªãé¥¥
á®áâ®ï−¨¥ ®â æ¥«¥¢®£®.

�®−ïâ¨¥ á¨âã�æ¨®−−®£® �−�«¨§� ¨á¯®«ì§ã¥âáï ¢ ¯à®æ¥áá�å ã¯à�¢«¥−¨ï, ª®£¤�
¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢ëà�¡®âª¨ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¢ à¥¦¨¬¥ à¥�«ì-
−®£® ¢à¥¬¥−¨ ¢ ãá«®¢¨ïå á«®¦−®© ®¡áâ�−®¢ª¨, áª«�¤ë¢�îé¥©áï ¢ ®â−®è¥−¨¨
ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢. ‘¨âã�æ¨®−−ë© �−�«¨§ ®¡¥á¯¥ç¨¢�¥â −� ®á−®¢¥ á®¡ë-
â¨©−®£® ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¨¤¥−â¨ä¨ª�æ¨î á¨âã�æ¨© (ã£à®§) −� à�§«¨ç−ëå
áâ�¤¨ïå ¨å †–, á«¥¦¥−¨¥ §� á®áâ®ï−¨¥¬ á¨âã�æ¨©, ¯à®£−®§ áæ¥−�à¨¥¢ ¨å à�§-
¢¨â¨ï, � â�ª¦¥ ¯®¤¤¥à¦ªã ¯à®æ¥áá� ¢ëà�¡®âª¨ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¤«ï
¤®áâ¨¦¥−¨ï æ¥«¥¢®© á¨âã�æ¨¨ (−®à¬�«¨§�æ¨ï á¨âã�æ¨¨) [1]. �® �−�«®£¨¨ á ¯à®-
æ¥áá�¬¨ ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâìî [6{8] ¬®¦−® ®¯à¥¤¥«¨âì
®¡®¡é¥−−ë¥ áâ�¤¨¨ †– ã£à®§ë:
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{ ¯®ï¢«¥−¨¥ ¯®â¥−æ¨�«ì−®© ¢®§¬®¦−®áâ¨, á¢ï§�−−®© á ¢®§−¨ª�îé¨¬¨ ¨ áãé¥-
áâ¢ãîé¨¬¨ ãï§¢¨¬®áâï¬¨;

{ ¯¥à¢®−�ç�«ì−ë© ¨−æ¨¤¥−â à¥�«¨§�æ¨¨ ã£à®§ë;
{ à�§¢¨â¨¥ ã£à®§ë;
{ ®ª®−ç�−¨¥ à¥�«¨§�æ¨¨ ã£à®§ë;
{ à¥£¥−¥à�æ¨ï ã£à®§ë ¯à¨ −¥ãáâà�−¥−¨¨ ãï§¢¨¬®áâ¥©.

�à¨¬¥à®¬ è¨à®ª®¬�áèâ�¡−®© á¨áâ¥¬ë ¬®−¨â®à¨−£� á«ã¦¨â �¯¯�à�â−®-¯à®-
£à�¬¬−ë© ª®¬¯«¥ªá ú�¥§®¯�á−ë© £®à®¤û (��Š �ƒ), ¢−¥¤à¥−−ë© ¯à�ªâ¨ç¥áª¨ ¢®
¢á¥å à¥£¨®−�å áâà�−ë (®â à¥£¨®−�«ì−ëå æ¥−âà®¢ ¤® ®â¤¥«ì−ëå ¬ã−¨æ¨¯�«ì−ëå
®¡à�§®¢�−¨©). –¥«ìî á®§¤�−¨ï ¨ ¢−¥¤à¥−¨ï ��Š �ƒ áâ�¢¨âáï ¯®¢ëè¥−¨¥ ®¡é¥£®
ãà®¢−ï ®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨, ¯à�¢®¯®àï¤ª� ¨ ¡¥§®¯�á−®áâ¨ áà¥¤ë ®¡¨â�-
−¨ï §� áç¥â áãé¥áâ¢¥−−®£® ã«ãçè¥−¨ï ª®®à¤¨−�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ á¨« ¨ á«ã¦¡,
®â¢¥âáâ¢¥−−ëå §� à¥è¥−¨¥ íâ¨å §�¤�ç, ¯ãâ¥¬ ¢−¥¤à¥−¨ï (¢ á®®â¢¥âáâ¢¨¨ á ¥¤¨−ë¬¨
äã−ªæ¨®−�«ì−ë¬¨ ¨ â¥å−®«®£¨ç¥áª¨¬¨ áâ�−¤�àâ�¬¨) ª®¬¯«¥ªá−®© ¨−ä®à¬�æ¨-
®−−®© á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥© ¯à®£−®§¨à®¢�−¨¥, ¬®−¨â®à¨−£, ¯à¥¤ã¯à¥¦¤¥−¨¥
¨ «¨ª¢¨¤�æ¨î ¢®§¬®¦−ëå ã£à®§, � â�ª¦¥ ª®−âà®«ì ãáâà�−¥−¨ï ¯®á«¥¤áâ¢¨© çà¥§-
¢ëç�©−ëå á¨âã�æ¨© (—‘) [9]. �® á¢®¥© áãâ¨ íâ® ¯�áá¨¢−�ï á¨áâ¥¬� ä¨ªá�æ¨¨
á®¡ëâ¨© −� ®á−®¢¥ ¬−®£®ç¨á«¥−−ëå ¬−®£®¬®¤�«ì−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå ¤«ï
¨−ä®à¬¨à®¢�−¨ï á®®â¢¥âáâ¢ãîé¨å á«ã¦¡ á ãª«®−®¬ −� «¨ª¢¨¤�æ¨î ¯®á«¥¤áâ¢¨©
—‘ ¨ á ¬¨−¨¬�«ì−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¯® ¨å ¯à®ä¨«�ªâ¨ª¥ ¨ ¯à¥¤®â¢à�é¥−¨î.
’�ª®© ¯¥à¥ª®á ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ®âáãâáâ¢¨ï á¨áâ¥¬−®£® æ¥«¥¯®«�£�−¨ï á ª®«¨-
ç¥áâ¢¥−−ë¬¨ ¯®ª�§�â¥«ï¬¨ ¬¨−¨¬¨§�æ¨¨ ¯à¨ç¨−¥−−®£® ãé¥à¡� ¨ ¬�ªá¨¬¨§�æ¨¨
¯à¥¤®â¢à�é¥−−®£® ãé¥à¡�, � â�ª¦¥ ®âáãâáâ¢¨ï ®¡à�â−®© á¢ï§¨ á ¨áâ®ç−¨ª�¬¨
¤�−−ëå ¤«ï íää¥ªâ¨¢−®© ��÷ [10].

Œ®¦−® ãâ¢¥à¦¤�âì, çâ® ®¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¬®−¨â®à¨−£� á¨âã�æ¨®−-
−®© ®¡áâ�−®¢ª¨ §�ª«îç�¥âáï ¢ ®¡¥á¯¥ç¥−¨¨ ‹�÷ ¨−ä®à¬�æ¨¥©, ª�ç¥áâ¢® ª®â®à®©
¤®áâ�â®ç−® ¤«ï ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª®£® à¥è¥−¨ï. �®¢ëè¥−¨¥ ª�ç¥áâ¢� ¤®-
¡ë¢�¥¬®© ¨−ä®à¬�æ¨¨ ¬®¦¥â ¤®áâ¨£�âìáï ¯ãâ¥¬ ®áãé¥áâ¢«¥−¨ï ®¡à�â−®© á¢ï§¨
á ¯®¤á¨áâ¥¬®© ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ á æ¥«ìî íää¥ªâ¨¢−®© ¨¤¥−â¨ä¨ª�æ¨¨
á¨âã�æ¨© −� à�§«¨ç−ëå áâ�¤¨ïå ¨å †– (¢ª«îç�ï �−�«¨§ ¯à¥¤¯®áë«®ª ¨å ¢®§-
−¨ª−®¢¥−¨ï ¨ ¢®§¬®¦−®£® ¯à¥¤®â¢à�é¥−¨ï −� −�ç�«ì−ëå áâ�¤¨ïå ¨å à�§¢¨â¨ï).

‚ −�áâ®ïé¥© áâ�âì¥ ®¡®á−®¢ë¢�îâáï ¯®¤å®¤ë ª à¥è¥−¨î íâ®© −�ãç−®© ¯à®¡-
«¥¬ë.

2 Анализ проблемы управления мониторингом

‚áïª®¥ ã¯à�¢«¥−¨¥ ¤®«¦−® ¡ëâì æ¥«¥á®®¡à�§−ë¬, ¨ ¯®áâ�¢«¥−−�ï ¯à®¡«¥-
¬� ¯à¥¤¯®«�£�¥â ®¯à¥¤¥«¥−¨¥ æ¥«¨ ã¯à�¢«¥−¨ï ¯®¤á¨áâ¥¬®© ¬®−¨â®à¨−£� | íâ®
¯®¢ëè¥−¨¥ ª�ç¥áâ¢� á®¡ëâ¨©−®© ¨−ä®à¬�æ¨¨ ¢ ¨−â¥à¥á�å ¯®¤¤¥à¦�−¨ï ¯à®-
æ¥áá� ¯à¨−ïâ¨ï à¥è¥−¨©. Š�ç¥áâ¢® ¨−ä®à¬�æ¨¨ | íâ® á®¢®ªã¯−®áâì á¢®©áâ¢
¨−ä®à¬�æ¨¨, å�à�ªâ¥à¨§ãîé¨å áâ¥¯¥−ì ¥¥ á®®â¢¥âáâ¢¨ï ¯®âà¥¡−®áâï¬ (æ¥«ï¬) ¥¥
¨á¯®«ì§®¢�−¨ï [11], ¨ ®á−®¢−ë¥ ¨§ −¨å:
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{ ¤®áâ®¢¥à−®áâì | á®®â¢¥âáâ¢¨¥ ¨−ä®à¬�æ¨¨ à¥�«ì−®¬ã ¯®«®¦¥−¨î ¤¥«;

{ á¢®¥¢à¥¬¥−−®áâì | ä®à¬¨à®¢�−¨¥ ¨ ¯®«ãç¥−¨¥ ¨−ä®à¬�æ¨¨ ¢ −ã¦−ë©
¬®¬¥−â ¢à¥¬¥−¨;

{ �ªâã�«ì−®áâì | −¥¤�¢−¥¥ ¢®§−¨ª−®¢¥−¨¥ ¨−ä®à¬�æ¨¨, ª®â®à�ï ¥é¥ −¥ áâ�«�
¢®á¯à¨−¨¬�âìáï ª�ª ãáâ�à¥¢è�ï;

{ ¯®«¥§−®áâì | á¯®á®¡−®áâì ¨−ä®à¬�æ¨¨ ã¤®¢«¥â¢®àïâì ª�ªãî-«¨¡® ç¥«®¢¥-
ç¥áªãî ¯®âà¥¡−®áâì;

{ ¤®áâã¯−®áâì | ¡¥á¯à¥¯ïâáâ¢¥−−�ï à¥�«¨§�æ¨ï áã¡ê¥ªâ�¬¨ á¢®¥£® ¯à�¢� −�
¤®áâã¯ ª ¨−ä®à¬�æ¨¨;

{ ¯®«−®â� | á®¤¥à¦�−¨¥ ¢ ¨−ä®à¬�æ¨¨ ®¯â¨¬�«ì−®£® á®áâ�¢� (−�¡®à� ¯®ª�§�-
â¥«¥©), ª®â®àë© ¤®áâ�â®ç¥− ¤«ï ¯à¨−ïâ¨ï ¯à�¢¨«ì−®£® à¥è¥−¨ï;

{ â®ç−®áâì | áâ¥¯¥−ì ¡«¨§®áâ¨ ¯®«ãç�¥¬®© ¨−ä®à¬�æ¨¨ ª à¥�«ì−®¬ã á®áâ®ï-
−¨î ®¡ê¥ªâ�, ¯à®æ¥áá�, ï¢«¥−¨ï ¨ â. ¯.

–¥«ìî ¯®¤á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¬®−¨â®à¨−£®¬ áâ�¢¨âáï ¤®áâ¨¦¥−¨¥ ®¯à¥¤¥-
«¥−−®£® ãà®¢−ï ª�ç¥áâ¢� ¨−ä®à¬�æ¨¨, ¤®áâ�â®ç−®£® ¤«ï ¯à¨−ïâ¨ï ®¡®á−®¢�−−ëå
à¥è¥−¨© ¯® ¯�à¨à®¢�−¨î −�¡«î¤�¥¬ëå ã£à®§. �®¤ æ¥«¥¯®«�£�−¨¥¬ ¢ «î¡®©
á¨áâ¥¬¥ ã¯à�¢«¥−¨ï ¯®−¨¬�¥âáï ¯à®æ¥áá ãáâ�−®¢«¥−¨ï ¨ ä®à¬�«¨§�æ¨¨ æ¥«¥©,
ª®â®àë¥ ¤®«¦−ë ¡ëâì ª®−ªà¥â−ë¬¨, ¨§¬¥à¨¬ë¬¨, ¤®áâ¨¦¨¬ë¬¨, ®¡¥á¯¥ç¥−-
−ë¬¨ à¥áãàá�¬¨ ¨ ¯à¨¢ï§�−−ë¬¨ ª® ¢à¥¬¥−¨ [10, 12]. �â® ¯à¥¤¯®«�£�¥â ä®à-
¬¨à®¢�−¨¥ ¬−®£®ãà®¢−¥¢®© á¨áâ¥¬ë –�, á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ ®¯à¥¤¥«¥−¨¥
ªà¨â¥à¨¥¢ ®æ¥−ª¨ –� ¢á¥å ãà®¢−¥© (¯®à®£®¢ë¥ §−�ç¥−¨ï ¨ ¢à¥¬¥−−��ï ¯à¨¢ï§ª�),
¯«�−¨à®¢�−¨¥ ¨ ãç¥â ¤¨−�¬¨ç¥áª¨å æ¥«¥©.

„«ï ä®à¬¨à®¢�−¨ï á®¢®ªã¯−®áâ¨ æ¥«¥© ã¯à�¢«¥−¨ï ¬®−¨â®à¨−£®¬ ¨ ®¡®á−®-
¢�−¨ï ¨§¬¥à¨¬ëå –� −¥®¡å®¤¨¬® ®å�à�ªâ¥à¨§®¢�âì ¨−ä®à¬�æ¨®−−®¥ á®¤¥à-
¦�−¨¥ ª®−âà®«¨àã¥¬®© ®¡áâ�−®¢ª¨. �«¥¬¥−âë ®¡áâ�−®¢ª¨ ¬®¦−® ®¡ê¥¤¨−¨âì
¢ á«¥¤ãîé¨¥ ®¡®¡é¥−−ë¥ £àã¯¯ë:

{ á®áâ®ï−¨¥ æ¥«¥© á¨áâ¥¬ë ã¯à�¢«¥−¨ï;

{ ª®−âà®«¨àã¥¬ë¥ ã£à®§ë ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï;

{ á®áâ®ï−¨¥ í«¥¬¥−â®¢ ¢−¥è−¥© áà¥¤ë ¨ ®åà�−ï¥¬ëå ®¡ê¥ªâ®¢;

{ ¯®¤ç¨−¥−−ë¥ ¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ á¨«ë, áà¥¤áâ¢� ¨ à¥áãàáë;

{ ¯à®â¨¢®¤¥©áâ¢ãîé¨¥ ¨ −¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë.

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¬®−¨â®à¨−£� −¥®¡å®¤¨¬® ®å�à�ªâ¥à¨§®¢�âì áâàãªâãàã
á®¡¨à�¥¬ëå ¤�−−ëå, ¤®áâ�â®ç−ëå ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨©. ‘¨âã�æ¨®−−�ï ®¡-
áâ�−®¢ª� á®áâ®¨â ¨§ í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨, −�¡«î¤�¥¬ëå á ¯®¬®éìî áà¥¤áâ¢
®á¢¥é¥−¨ï ®¡áâ�−®¢ª¨ à�§«¨ç−®© ¬®¤�«ì−®áâ¨: ®¡ê¥ªâ¨¢−ëå áà¥¤áâ¢ ª®−âà®«ï
á ¯®¬®éìî ¢¨¤¥®-, ä®â®-, �ã¤¨®-, á¥−á®à−ëå ãáâà®©áâ¢, � â�ª¦¥ á®®¡é¥−¨©,
â¥ªáâ®¢ëå ¤®−¥á¥−¨©, ®âªàëâëå ¤�−−ëå è¨à®ª®© ¤®áâã¯−®áâ¨ ¨ â. ¯. ‘à¥¤áâ¢�
®á¢¥é¥−¨ï ®¡áâ�−®¢ª¨ ä¨ªá¨àãîâ á®¡ëâ¨ï | ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï í«¥¬¥−â®¢
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÷¨á. 2 ‘âàãªâãà� ¤�−−ëå ¬®−¨â®à¨−£� á¨âã�æ¨®−−®© ®¡áâ�−®¢ª¨

®¡áâ�−®¢ª¨ (à¨á. 2). ‘®¡ëâ¨ï ä®à¬¨àãîâ ¢ëï¢«¥−−ë¥ ¯à¨§−�ª¨ á¨âã�æ¨© (ã£à®§
−� ®¯à¥¤¥«¥−−®© áâ�¤¨¨ †–), ª®â®àë¥ ¯®¤à�§¤¥«ïîâáï −� −¥®¡å®¤¨¬ë¥ ¨ ¤®-
áâ�â®ç−ë¥ ¯à¨§−�ª¨ à¥�«¨§�æ¨¨ ã£à®§ë. ‚ª«�¤ −¥®¡å®¤¨¬ëå ¨ ¤®áâ�â®ç−ëå
¯à¨§−�ª®¢ ®æ¥−¨¢�¥âáï ¨ ¢§¢¥è¨¢�¥âáï ¤«ï ¯à®¢¥¤¥−¨ï ¤�«ì−¥©è¨å ®æ¥−®ª ª�ç¥-
áâ¢� ¨−ä®à¬�æ¨¨ [11].

÷¥§ã«ìâ�âë ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¯®áâã¯�îâ ¢ ¯®¤á¨áâ¥¬ã ��÷ ¯® −¥©âà�-
«¨§�æ¨¨ ã£à®§ (ãáâà�−¥−¨¥ ãï§¢¨¬®áâ¥©, ¯¥à¢¨ç−®¥ à¥�£¨à®¢�−¨¥, à�áç¥â ¨ à�á-
áâ�−®¢ª� −¥®¡å®¤¨¬ëå á¨« ¨ áà¥¤áâ¢, «¨ª¢¨¤�æ¨ï ¯®á«¥¤áâ¢¨©, �−�«¨§ ¨ ¢ë¢®¤ë).
‚ á«ãç�¥ −¥¤®áâ�â®ç−®áâ¨ ¯®«−®âë, ¤®áâ®¢¥à−®áâ¨ ¨ ¤àã£¨å ¯®ª�§�â¥«¥© ª�ç¥-
áâ¢� ¤�−−ëå ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¢ë¤�îâáï ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï −�
¯®¤á¨áâ¥¬ã ¬®−¨â®à¨−£� ¤«ï ¯®¢ëè¥−¨ï ¨å ª�ç¥áâ¢�.

„«ï ä®à¬�«¨§�æ¨¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®−¨â®à¨−£� à�áá¬®âà¨¬ âà¥å-
ãà®¢−¥¢ãî á¨áâ¥¬ã í«¥¬¥−â®¢ (¯® �−�«®£¨¨ á [13]). �¥à¢ë© ãà®¢¥−ì | ¤�−−ë¥
® á®¡ëâ¨ïå, ¢â®à®© ãà®¢¥−ì | ¯à¨§−�ª¨ á¨âã�æ¨©, âà¥â¨© | á¨âã�æ¨¨. ‘¥-
¬�−â¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã ãà®¢−ï¬¨ â¨¯� has-a ®âà�¦�îâ, ª�ª à¥£¨áâà¨àã¥¬ë¥
á®¡ëâ¨ï ä®à¬¨àãîâ á¢ï§�−−ë¥ á −¨¬¨ ¯à¨§−�ª¨ á¨âã�æ¨©, ª®â®àë¥, ¢ á¢®î ®ç¥-
à¥¤ì, ¯®§¢®«ïîâ ¨¤¥−â¨ä¨æ¨à®¢�âì ¢®§−¨ª�îé¨¥ á¨âã�æ¨¨. ÷¥§ã«ìâ�âë �−�«¨§�
¤®áâ®¢¥à−®áâ¨, ¯®«−®âë ¨ ¤àã£¨å ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¤�−−ëå ¯¥à¥¤�îâáï ¢ ¯®¤-
á¨áâ¥¬ã ��÷. ‘«¥¤ã¥â §�¬¥â¨âì, çâ® ãà®¢−¨ á®¡ëâ¨© ¨ ¯à¨§−�ª®¢ ¬®£ãâ ¨¬¥âì
¯®¤ãà®¢−¨, ®âà�¦�îé¨¥ ¢®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï á®áâ�¢−ëå í«¥¬¥−â®¢, ®¤-
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ã¯à�¢«¥−¨î ¬®−¨â®à¨−£®¬ á¨âã�æ¨®−−®© ®¡áâ�−®¢ª¨

−�ª® à�áá¬®âà¥−¨¥ âà¥åãà®¢−¥¢®© á¨áâ¥¬ë −¥ ã¬�«ï¥â ®¡é−®áâì ¯®á«¥¤ãîé¨å
¯®áâà®¥−¨©.

Š�¦¤ë© í«¥¬¥−â ei,j ¬−®£®ãà®¢−¥¢®© áâàãªâãàë ¯®¬¨¬® ¤�−−ëå ® ¥£® á®¤¥à-
¦�−¨¨ á®¯à®¢®¦¤�¥âáï ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¥© ®¡ �âà¨¡ãâ�å ¥£® á¢ï§¥©
á ¢ëè¥áâ®ïé¨¬¨ í«¥¬¥−â�¬¨ ¬®¤¥«¨ ¨ ®¯à¥¤¥«ï¥âáï K ª®àâ¥¦�¬¨:

ei,j → (ei−1,k, −/¤, pi−1,k, di,j) , i = 1, 2, 3, k = 1,K ,

£¤¥ ei−1,k | ¢ëè¥áâ®ïé¨© í«¥¬¥−â ¢ ¨¥à�àå¨¨, ¨å ¬®¦¥â ¡ëâì ®¤¨− ¨«¨ ¡®«¥¥
(K ≥ 1) (¤«ï ¯¥à¢®£® ãà®¢−ï | ∅); −/¤ | ®â−®è¥−¨¥ ª ¢ëè¥áâ®ïé¥¬ã í«¥¬¥−âã
(−¥®¡å®¤¨¬ë© ¨«¨ ¤®áâ�â®ç−ë©) (¤«ï ¯¥à¢®£® ãà®¢−ï | ∅); pi−1,k | ¢¥á®¢®©
ª®íää¨æ¨¥−â ¢ ¬−®¦¥áâ¢¥ −¥®¡å®¤¨¬ëå ¨ ¤®áâ�â®ç−ëå ¯à¨§−�ª®¢ ¯® ®â−®è¥−¨î
ª ¢ëè¥áâ®ïé¥¬ã í«¥¬¥−âã ei−1,k (¤«ï ¯¥à¢®£® ãà®¢−ï | ∅); di,j | ¯®ª�§�â¥«ì
¤®áâ®¢¥à−®áâ¨ §−�ç¥−¨ï ei,j.

�à¥¤¯®«�£�¥âáï, çâ® ¯®ª�§�â¥«¨ ¤®áâ®¢¥à−®áâ¨ d1,j á®¡ëâ¨© (¯¥à¢ë© ãà®¢¥−ì
áâàãªâãàë ¤�−−ëå) ¢ ¯®¤á¨áâ¥¬¥ ¬®−¨â®à¨−£� ¯®«ãç�îâáï ®â áà¥¤áâ¢ ®á¢¥é¥-
−¨ï ®¡áâ�−®¢ª¨ ¥¤¨−®®¡à�§−ë¬ á¯®á®¡®¬ ¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ª®«¨ç¥áâ¢¥−−ë¥
¢¥«¨ç¨−ë (¯à®æ¥−âë, èª�«ë ¨ â. ¯.).

�à¥¤«�£�¥¬�ï ä®à¬�«¨§�æ¨ï ¤�−−ëå ¬®−¨â®à¨−£� ¯®§¢®«ï¥â ¯¥à¥©â¨ ª ®æ¥−-
ª¥ àï¤� å�à�ªâ¥à¨áâ¨ª ¨å ª�ç¥áâ¢� ¤«ï ä®à¬¨à®¢�−¨ï –� ¯®¤á¨áâ¥¬ë ¬®−¨â®-
à¨−£�.

3 Подходы к оценке показателей качества данных мониторинга

‚ ¯¥à¢ãî ®ç¥à¥¤ì à�áá¬®âà¨¬ â�ª¨¥ ¯®ª�§�â¥«¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨¨, ª�ª
¤®áâ®¢¥à−®áâì, ¯®«−®â� ¨ �ªâã�«ì−®áâì.

�¡®§−�ç¨¬ µ(ei,j) ¯®ª�§�â¥«ì ¤®áâ®¢¥à−®áâ¨ í«¥¬¥−â� ei,j. ‚ ¯à¨−ïâëå
®¡®§−�ç¥−¨ïå µ(e1,j) = d1,j. �¯à¥¤¥«¨¬

Q1i,j = max
jk

µ(ei−1,jk
),

£¤¥ ei−1,jk
| ¤®áâ�â®ç−ë¥ ¯à¨§−�ª¨ ¤«ï í«¥¬¥−â� ei,j, çâ® ¤�¥â ¬�ªá¨¬�«ì−ãî

¤®áâ®¢¥à−®áâì áà¥¤¨ ¢á¥å −�¡«î¤�¥¬ëå ¤®áâ�â®ç−ëå ¯à¨§−�ª®¢ ei,j. „�«¥¥
®¯à¥¤¥«¨¬

Q2i,j = max

∑

jr

pi−1,jrµ(ei−1,jr)
∑

jr

pi−1,jr

,

£¤¥ ei−1,jr | −¥®¡å®¤¨¬ë¥ ¯à¨§−�ª¨ ¤«ï í«¥¬¥−â� ei,j , çâ® ¤�¥â áà¥¤−¥¢§¢¥è¥−−ãî
áã¬¬ã ¤®áâ®¢¥à−®áâ¥© ¢á¥å −�¡«î¤�¥¬ëå −¥®¡å®¤¨¬ëå ¯à¨§−�ª®¢ ¤«ï ei,j. ’®£¤�
¤®áâ®¢¥à−®áâì di,j í«¥¬¥−â� ei,j á®áâ�¢¨â

di,j = µ(ei,j) = max
(
Q1i,j, Q

2
i,j

)
.
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�. �. ‘ãçª®¢

‘«¥¤®¢�â¥«ì−®, ¤®áâ®¢¥à−®áâì ¨¤¥−â¨ä¨ª�æ¨¨ á¨âã�æ¨¨ Cj ®¯à¥¤¥«ï¥âáï á«¥¤ã-
îé¨¬ ®¡à�§®¬:

µ(Cj) = µ (e3,j) .

’�ª¨¬ ®¡à�§®¬, ¢ á«ãç�¥ ¥á«¨ ¤®áâ®¢¥à−®áâì ¨¤¥−â¨ä¨ª�æ¨¨ −¨ ®¤−®© á¨âã�-
æ¨¨ −¥ ã¤®¢«¥â¢®àï¥â ªà¨â¥à¨ï¬ á¨áâ¥¬ë ��÷, −¥®¡å®¤¨¬® ¯ãâ¥¬ ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨© −� ¯®¤á¨áâ¥¬ã ¬®−¨â®à¨−£� ¯®¢ëá¨âì ¤®áâ®¢¥à−®áâì å®âï ¡ë ®¤−®£®
¤®áâ�â®ç−®£® ¯à¨§−�ª�, «¨¡® ¯®¢ëá¨âì ¤®áâ®¢¥à−®áâì ã¦¥ ¢ëï¢«¥−−ëå −¥®¡-
å®¤¨¬ëå ¯à¨§−�ª®¢ á −�¨¡®«ìè¨¬¨ ¯® ¢¥áã ¢ª«�¤�¬¨, «¨¡® ¢ëï¢¨âì −®¢ë¥
−¥®¡å®¤¨¬ë¥ ¯à¨§−�ª¨ á¨âã�æ¨¨.

�®«−®â� ¨−ä®à¬�æ¨¨ ® á¨âã�æ¨¨ v(Ci) ®¯à¥¤¥«ï¥âáï áã¬¬®© ¢¥á®¢ëå ¢ª«�¤®¢
¢ëï¢«¥−−ëå ¯à¨§−�ª®¢:

v(Ci) =

∑

jr

pi−1,jrµ(ei−1,jr)
∑

j
pi−1,j

,

£¤¥ ei−1,jr | ¢á¥ ¢ëï¢«¥−−ë¥ −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ¯à¨§−�ª¨ á¨âã�æ¨¨ Ci.
�®¢ëè¥−¨¥ ¯®«−®âë ¤�−−ëå ¬®−¨â®à¨−£� ¤®áâ¨£�¥âáï ¯ãâ¥¬ ¢ëï¢«¥−¨¥ −®¢ëå
¯à¨§−�ª®¢ á¨âã�æ¨©.

�ªâã�«ì−®áâì ¨−ä®à¬�æ¨¨ áãé¥áâ¢¥−−® §�¢¨á¨â ®â áâ�¤¨¨ †– ¯à¥¤¯®«�£�-
¥¬ëå ã£à®§. ‚ ç�áâ−®áâ¨, ¤«ï ¯¥à¢®© áâ�¤¨¨ �ªâã�«ì−®áâì ¤�−−ëå ® ¢ëï¢«¥−−ëå
ãï§¢¨¬®áâïå á® ¢à¥¬¥−¥¬ ¢®§à�áâ�¥â. �� ¤àã£¨å áâ�¤¨ïå à¥�«¨§�æ¨¨ ã£à®§ë �ªâã-
�«ì−®áâì ¨−ä®à¬�æ¨¨ áãé¥áâ¢¥−−® §�¢¨á¨â ®â áª®à®áâ¨ ¯à®â¥ª�îé¨å ¯à®æ¥áá®¢
¨ ¯®«−®áâìî á −¥© ª®àà¥«¨àã¥â. �à®æ¥áá ãáâ�à¥¢�−¨ï ¤�−−ëå −¥à�¢−®¬¥à−ë© |
¢ â¥ç¥−¨¥ −¥ª®â®à®£® −�ç�«ì−®£® ¯¥à¨®¤� ¥é¥ á®åà�−ï¥âáï ¯®çâ¨ ¯®«−�ï æ¥−−®áâì
á®®¡é¥−¨ï, ¯®â®¬ á«¥¤ã¥â íâ�¯ ¡ëáâà®£® áâ�à¥−¨ï ¨, −�ª®−¥æ, −� âà¥âì¥¬ íâ�-
¯¥ æ¥−−®áâì ¨−ä®à¬�æ¨¨ �á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦�¥âáï ª −¥ª®â®à®© ª®−áâ�−â¥.
�à¨¬¥à−ë© ¢¨¤ z-®¡à�§−®© ªà¨¢®© ãáâ�à¥¢�−¨ï ¨−ä®à¬�æ¨¨ ¬®¦¥â ®¯à¥¤¥«ïâì-
áï á ¯®¬®éìî íªá¯¥àâ−ëå ®æ¥−®ª. „«ï ¯à�ªâ¨ç¥áª¨å æ¥«¥© ¤®áâ�â®ç−®, çâ®¡ë
íªá¯¥àâ ®æ¥−¨« ¨−â¥à¢�«ë ¢à¥¬¥−¨, á®®â¢¥âáâ¢ãîé¨¥ ª¢�−â¨«ï¬ ¢ 90%, 50%
¨ 10% á®åà�−¥−¨ï æ¥−−®áâ¨ ¨−ä®à¬�æ¨¨.

�æ¥−ª� ¯®ª�§�â¥«¥© ¤®áâã¯−®áâ¨, á¢®¥¢à¥¬¥−−®áâ¨, ¯®«¥§−®áâ¨ ¨ â®ç−®áâ¨
¢® ¬−®£®¬ −®á¨â ª�ç¥áâ¢¥−−ë© å�à�ªâ¥à: −�¯à¨¬¥à, ¯®ª�§�â¥«ì ¤®áâã¯−®áâ¨ ¢®
¬−®£®¬ ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ãà®¢−¥¬ ¤®áâã¯� ¯®«ì§®¢�â¥«ï ¢ á¬ëá«¥ ¡¥§®¯�á-
−®áâ¨ ¨−ä®à¬�æ¨¨.

4 Выводы

–¥«ìî ã¯à�¢«¥−¨ï ¯®¤á¨áâ¥¬®© ¬®−¨â®à¨−£®¬ áâ�¢¨âáï ¤®áâ¨¦¥−¨¥ ®¯à¥¤¥-
«¥−−®£® ãà®¢−ï ª�ç¥áâ¢� ¨−ä®à¬�æ¨¨, ¤®áâ�â®ç−®£® ¤«ï ¯à¨−ïâ¨ï ®¡®á−®¢�−−ëå
à¥è¥−¨© ¯® ¯�à¨à®¢�−¨î −�¡«î¤�¥¬ëå ã£à®§. „«ï ä®à¬¨à®¢�−¨ï á®¢®ªã¯−®áâ¨
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ã¯à�¢«¥−¨î ¬®−¨â®à¨−£®¬ á¨âã�æ¨®−−®© ®¡áâ�−®¢ª¨

æ¥«¥© ã¯à�¢«¥−¨ï ¬®−¨â®à¨−£®¬ ¨ ®¡®á−®¢�−¨ï ¨§¬¥à¨¬ëå –� ¯à®�−�«¨§¨à®¢�-
−® ¨−ä®à¬�æ¨®−−®¥ á®¤¥à¦�−¨¥ ª®−âà®«¨àã¥¬®© ®¡áâ�−®¢ª¨. „«ï ä®à¬�«¨§�æ¨¨
¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®−¨â®à¨−£� à�áá¬®âà¥−� ¬®¤¥«ì ¢ ¢¨¤¥ âà¥åãà®¢−¥¢®©
á¨áâ¥¬ë í«¥¬¥−â®¢. �¥à¢ë© ãà®¢¥−ì | ¤�−−ë¥ ® á®¡ëâ¨ïå, ¢â®à®© ãà®¢¥−ì |
¯à¨§−�ª¨ á¨âã�æ¨©, âà¥â¨© | á¨âã�æ¨¨. ‘¥¬�−â¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã ãà®¢−ï¬¨
®âà�¦�îâ, ª�ª à¥£¨áâà¨àã¥¬ë¥ á®¡ëâ¨ï ä®à¬¨àãîâ á¢ï§�−−ë¥ á −¨¬¨ ¯à¨§−�-
ª¨ á¨âã�æ¨© ¨ á�¬¨ á¨âã�æ¨¨. ‚ áâ�âì¥ ¯à¥¤«®¦¥−ë ¬¥â®¤ë ª®«¨ç¥áâ¢¥−−®©
¨ ª�ç¥áâ¢¥−−®© ®æ¥−ª¨ –� ¯®¤á¨áâ¥¬ë ¬®−¨â®à¨−£�, −� ®á−®¢¥ ç¥£® ‹�÷ ¯à¥¤®-
áâ�¢«ïîâáï §−�ç¥−¨ï ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¯®áâã¯�îé¨å ¤�−−ëå ¤«ï ¯à¨−ïâ¨ï
®¡®á−®¢�−−ëå à¥è¥−¨©.
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SOME APPROACHES
TO MANAGING SITUATIONAL MONITORING

A. P. Suchkov

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

Abstract: The article analyzes approaches to the management of the monitoring
subsystem to provide the decision-maker with information, the quality of which
is sufficient for effective managerial influence on their own forces and means to
normalize the situation. Based on the construction of a three-level monitoring
data model, the methods of calculating target indicators are justified for various
qualitative characteristics of information | reliability, completeness, relevance,
etc. Improving the quality of the information obtained can be achieved by
providing feedback to the situation monitoring subsystem to effectively identify
situations at various stages of their life cycle (including analyzing the prereq-
uisites for their occurrence and possible prevention at the initial stages of their
development). The results of monitoring the situation are sent to the decision sup-
port subsystem for neutralizing the situation (vulnerability elimination, initial
response, calculation and allocation of necessary forces and means, elimination
of consequences, analysis, and conclusions). In case of insufficient completeness,
reliability, and other indicators of data quality for decision-making, control
actions are performed on the monitoring subsystem to improve their quality.
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Š 90-‹…’ˆā ‡�‘‹“†…���ƒ� „…Ÿ’…‹Ÿ ��“Šˆ

÷�‘‘ˆ‰‘Š�‰ ”…„…÷�–ˆˆ Š. Š. Š�‹ˆ��

Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç Š®«¨−

Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç Š®«¨− | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¨§¢¥áâ−ë© ãç¥−ë© ¢ ®¡«�áâ¨ ä¨«®á®äáª¨å ¯à®¡«¥¬ −�ãª¨ ¨ ®¡à�§®¢�−¨ï, à�§¢¨-
â¨ï ¨−ä®à¬�â¨ª¨ ¨ á®§¤�−¨ï á«®¦−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï
(�‘“). �− �¢â®à ¡®«¥¥ 720 ¯¥ç�â−ëå −�ãç−ëå à�¡®â, 20 ¬®−®£à�ä¨©, àï¤� −®¢ëå
ãç¥¡−ëå ¯à®£à�¬¬ ¨ ¯®á®¡¨© ¤«ï ¢ã§®¢. ˆ¬¥¥â ¡®«ìè®© ®¯ëâ −�ãç−®© à�¡®âë
¢ ®¡®à®−−®-¯à®¬ëè«¥−−®¬ ª®¬¯«¥ªá¥ ‘‘‘÷ ¨ ¢ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª.

Š®«¨− Š. Š. à®¤¨«áï 28 ¬�ï 1935 £. ¢ ”¥à£�−¥. ‚ëáè¥¥ ®¡à�§®¢�−¨¥ ®− ¯®-
«ãç¨« ¢ ‹¥−¨−£à�¤áª®© ¢®¥−−®-¢®§¤ãè−®© ¨−¦¥−¥à−®© �ª�¤¥¬¨¨ ¨¬. �. ”. Œ®-
¦�©áª®£®. …¥ ®− ®ª®−ç¨« ¢ 1959 £. ¯® á¯¥æ¨�«ì−®áâ¨ ¨−¦¥−¥à� ¯® à�¤¨®®¡®-
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àã¤®¢�−¨î ‚®¥−−®-‚®§¤ãè−ëå ‘¨« ¨ ¡ë« ¯à¨ª®¬�−¤¨à®¢�− (á ®áâ�¢«¥−¨¥¬ −�
¢®¥−−®© á«ã¦¡¥) ª Œ¨−¨áâ¥àáâ¢ã à�¤¨®¯à®¬ëè«¥−−®áâ¨ ‘‘‘÷ ¤«ï ¢ë¯®«−¥−¨ï
à�¡®â ¯® á®§¤�−¨î �‘“ ¢®©áª�¬¨ ¯à®â¨¢®¢®§¤ãè−®© ®¡®à®−ë (�‚�) áâà�−ë.

‚ ¯¥à¨®¤ á1960 ¯® 1971 ££. ®− à�¡®â�« ¢ �ˆˆ ¯à¨¡®à−®© �¢â®¬�â¨ª¨ Œ¨−-
à�¤¨®¯à®¬�, £¤¥ ¯à®è¥« ¯ãâì ®â ¬«�¤è¥£® −�ãç−®£® á®âàã¤−¨ª� ¤® −�ç�«ì−¨ª�
−�ãç−®© «�¡®à�â®à¨¨ | §�¬¥áâ¨â¥«ï −�ç�«ì−¨ª� ®â¤¥«� à�§à�¡®âª¨ �«£®à¨â¬®¢
�‘“ �‚� áâà�−ë. ‡¤¥áì ¨¬ ¡ë«� à�§à�¡®â�−� ¨ ¨á¯ëâ�−� −� ¯®«¨£®−¥ Š�¯ãáâ¨−
Ÿà ¯¥à¢�ï ®â¥ç¥áâ¢¥−−�ï ®¯¥à�æ¨®−−�ï á¨áâ¥¬� ¤«ï ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�
�‘“ �‚�, à�¡®â�îé¥£® ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨. ÷¥§ã«ìâ�âë íâ¨å
à�¡®â áâ�«¨ ®á−®¢®© ¤«ï §�é¨âë ª�−¤¨¤�âáª®© (1967 £.) ¨ ¤®ªâ®àáª®© (1978 £.)
¤¨áá¥àâ�æ¨© Š. Š. Š®«¨−�, � â�ª¦¥ ¤«ï −�¯¨á�−¨ï ¤¢ãå ¬®−®£à�ä¨© [1, 2],
¨§¤�−−ëå ¢ −�è¥© áâà�−¥.

�â¨ à�¡®âë áâ�«¨ ®á−®¢®© à�§à�¡®â�−−®© Š. Š. Š®«¨−ë¬ â¥®à¨¨ ®à£�−¨§�æ¨¨
¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¢ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬�å, à�¡®â�îé¨å ¢ à¥�«ì-
−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨, ª®â®à�ï ®áâ�¥âáï �ªâã�«ì−®© ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï. �−¨
¢ë§¢�«¨ ¡®«ìè®© ¨−â¥à¥á ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå á¯¥æ¨�«¨áâ®¢, ¯®íâ®¬ã
®¤−� ¨§ íâ¨å ¬®−®£à�ä¨© ¡ë«� áà�§ã ¦¥ ¯¥à¥¢¥¤¥−� ¨ ¨§¤�−� ¢ �®«£�à¨¨ [3]
¨ �®«ìè¥ [4].

‚ 1971 £., ¯® ãª�§�−¨î �¡®à®−−®£® ®â¤¥«� –Š Š�‘‘, Š. Š. Š®«¨− ¡ë«
¯¥à¥¢¥¤¥− ¢ �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë (�ˆˆ��) (á¥£®¤−ï íâ®â ¨−áâ¨âãâ
−®á¨â ¨¬ï �ª�¤¥¬¨ª� ‚. ‘. ‘¥¬¥−¨å¨−�) ¤«ï ¢ë¯®«−¥−¨ï à�¡®â ¯® á®§¤�−¨î
ˆ−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−®£® æ¥−âà� –Š Š�‘‘. ƒ«�¢−ë¬ ª®−áâàãªâ®à®¬
íâ®£® ¯à®¥ªâ� ¡ë« �ª�¤¥¬¨ª ‚. ‘. ‘¥¬¥−¨å¨−, � −�ãç−ë¬ àãª®¢®¤¨â¥«¥¬ |
�ª�¤¥¬¨ª ‚. Œ. ƒ«ãèª®¢. ‘®§¤�−¨¥ ¨ ¢¢®¤ ¢ íªá¯«ã�â�æ¨î íâ®£® –¥−âà� áâ�«®
¢�¦−ë¬ á®¡ëâ¨¥¬ ¢ ®¡«�áâ¨ ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ¢ ¢ëáè¨å
®à£�−�å £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ −�è¥© áâà�−ë. �¤−¨¬ ¨§ à¥§ã«ìâ�â®¢ íâ¨å à�¡®â
áâ�«� ¬®−®£à�ä¨ï ¢ ®¡«�áâ¨ ¬¥â®¤®«®£¨¨ á®§¤�−¨ï ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì-
−ëå á¨áâ¥¬, −�¯¨á�−−�ï Š. Š. Š®«¨−ë¬ ¢ á®�¢â®àáâ¢¥ á Š. �. …¢áîª®¢ë¬ [5].

‚ �ˆˆ�� Š. Š. Š®«¨− ¯à®è¥« ¯ãâì ®â −�ç�«ì−¨ª� á¨áâ¥¬−®£® −�ãç−®-
â¥¬�â¨ç¥áª®£® ®â¤¥«� ¤® −�ç�«ì−¨ª� ª®¬¯«¥ªá−®£® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£®
®â¤¥«¥−¨ï. �®¤ àãª®¢®¤áâ¢®¬ ƒ¥−¥à�«ì−®£® ª®−áâàãªâ®à� �ˆˆ�� �ª�¤¥¬¨-
ª� ‚. ‘. ‘¥¬¥−¨å¨−� ¨ ¥£® §�¬¥áâ¨â¥«¥© ç«¥−®¢-ª®àà¥á¯®−¤¥−â®¢ �� ‘‘‘÷
ˆ. �. Œ¨§¨−� ¨ �. �. �£�¤¦�−®¢� ¢ ¯¥à¨®¤ 1971{1983 ££. ¨¬ ¡ë«¨ ¢ë-
¯®«−¥−ë à�§à�¡®âª¨ àï¤� ¯à®¥ªâ®¢ ¯® á®§¤�−¨î á«®¦−ëå ¨−ä®à¬�æ¨®−−®-
¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ ®¡®à®−−®£® −�§−�ç¥−¨ï. ‡� ¨å á®§¤�−¨¥ ¨ ¢−¥¤à¥−¨¥
Š. Š. Š®«¨− ¡ë« ¢ 1981 £. −�£à�¦¤¥− ®à¤¥−®¬ ú‡−�ª �®ç¥â�û.

‚ 1984 £. Š. Š. Š®«¨− ¡ë« −�§−�ç¥− £¥−¥à�«ì−ë¬ ¤¨à¥ªâ®à®¬ –¥−âà�«ì−®£®
−�ãç−®-¯à®¨§¢®¤áâ¢¥−−®£® ®¡ê¥¤¨−¥−¨ï (–���) �Š�÷ (�ª®−®¬¨ª� ¨ ®à£�-
−¨§�æ¨ï à�¤¨®¯à®¬ëè«¥−−®áâ¨) Œ¨−¨áâ¥àáâ¢� à�¤¨®¯à®¬ëè«¥−−®áâ¨ ‘‘‘÷,
®á−®¢−®© §�¤�ç¥© ª®â®à®£® ï¢«ï«�áì ª®¬¯«¥ªá−�ï ¨−ä®à¬�â¨§�æ¨ï íâ®© ®¡®-
à®−−®© ®âà�á«¨. ‚ íâ®â ¯¥à¨®¤ ¡ë«¨ à�§¢¥à−ãâë à�¡®âë ¯® ª®¬¯«¥ªá−®© ¨−-
ä®à¬�â¨§�æ¨¨ ®¡®à®−−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨, ª®â®àë¥ ®áãé¥áâ¢«ï«¨áì
¯®¤ ª®−âà®«¥¬ ‚®¥−−®-¯à®¬ëè«¥−−®© ª®¬¨áá¨¨ (‚�Š) ¯à¨ ‘®¢¥â¥ Œ¨−¨áâà®¢
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‘‘‘÷. ƒ®«®¢−ë¬ ¬¨−¨áâ¥àáâ¢®¬ ¡ë« Œ¨−à�¤¨®¯à®¬, ª®â®àë© ®áãé¥áâ¢«ï«
ª®®à¤¨−�æ¨î à�¡®â ¢ ¤àã£¨å ®¡®à®−−ëå ®âà�á«ïå. �®íâ®¬ã à¥è¥−¨¥¬ ‚�Š
Š. Š. Š®«¨− ¡ë« −�§−�ç¥− ƒ«�¢−ë¬ ª®−áâàãªâ®à®¬ ®âà�á«¥¢®© �‘“ Œ¨−à�-
¤¨®¯à®¬�, � â�ª¦¥ ¯à¥¤á¥¤�â¥«¥¬ ‘®¢¥â� £«�¢−ëå ª®−áâàãªâ®à®¢ �‘“ ¤¥¢ïâ¨
®¡®à®−−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨.

ˆá¯®«ì§ãï ®¯ëâ á®§¤�−¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢®¥−−®£® −�§−�ç¥−¨ï,
®− ¯à¥¤«®¦¨« ¬¥â®¤®«®£¨î ¯à®¥ªâ¨à®¢�−¨ï ®âà�á«¥¢ëå �‘“, ®á−®¢�−−ãî −�
â¨¯®¢ëå ¯à®¥ªâ−ëå à¥è¥−¨ïå á®§¤�−¨ï ª®¬¯«¥ªá®¢ �¢â®¬�â¨§�æ¨¨, � â�ª¦¥ −�
â¥å ¯à¨−æ¨¯�å ¯®íâ�¯−®£® ¨å ¢¢®¤� ¢ íªá¯«ã�â�æ¨î, ª®â®àë¥ á¥£®¤−ï ¨§¢¥áâ−ë
ª�ª úâ¥å−®«®£¨ï á®§¤�−¨ï ®âªàëâëå á¨áâ¥¬û. ‡� íâ¨ à�¡®âë ¬¨−¨áâà®¬ à�-
¤¨®¯à®¬ëè«¥−−®áâ¨ ‘‘‘÷ ¢ 1985 £. ¥¬ã ¡ë«® ¯à¨á¢®¥−® §¢�−¨¥ ú�®ç¥â−ë©
à�¤¨áâû. ‚ 1986 £. ®− â�ª¦¥ ¡ë« ¨§¡à�− ç«¥−®¬ †¤�−®¢áª®£® à�©®−−®£® á®¢¥â�
−�à®¤−ëå ¤¥¯ãâ�â®¢ £. Œ®áª¢ë.

‚ íâ®â ¯¥à¨®¤ ¢à¥¬¥−¨ Š. Š. Š®«¨− −�ç�« à�§¢¨¢�âì á®âàã¤−¨ç¥áâ¢® á ãç¥-
−ë¬¨ �ª�¤¥¬¨¨ −�ãª ‘‘‘÷. �à¨¬¥à®¬ §¤¥áì ¬®¦¥â á«ã¦¨âì à�§à�¡®âª� �¢-
â®¬�â¨§¨à®¢�−−®© ¤¨�«®£®¢®© á¨áâ¥¬ë ª®¬¯«¥ªá−®£® ¯«�−¨à®¢�−¨ï úƒà�−¨âû.
�−� ®áãé¥áâ¢«ï«�áì á®¢¬¥áâ−® á® á¯¥æ¨�«¨áâ�¬¨ ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ��
‘‘‘÷ (−�ãç−ë¥ àãª®¢®¤¨â¥«¨ ¯à®¥ªâ� | �ª�¤¥¬¨ª ƒ. ‘. �®á¯¥«®¢ ¨ ¤®ªâ®à
â¥å−¨ç¥áª¨å −�ãª Š. Š. Š®«¨−). „«ï à¥�«¨§�æ¨¨ íâ®£® ¯à®¥ªâ� ¢ á®áâ�¢¥ –���
�Š�÷ ¡ë«® á®§¤�−® á¯¥æ¨�«ì−®¥ â¥¬�â¨ç¥áª®¥ ®â¤¥«¥−¨¥, ª®â®à®¥ ¢®§£«�¢¨«
á®âàã¤−¨ª ‚– �� ‘‘‘÷ ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª ‚. Œ. ‘®«®¤®¢.

‘¨áâ¥¬� úƒà�−¨âû ¡ë«� ®á−®¢�−� −� ¯¥à¥¤®¢ëå ¬¥â®¤�å ¯à®£à�¬¬−®-æ¥«¥-
¢®£® ã¯à�¢«¥−¨ï ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. �−� ®¡¥á¯¥ç¨¢�«� ä®à¬¨à®¢�−¨¥
¢ ¤¨�«®£®¢®¬ à¥¦¨¬¥ ¯«�−®¢ à�§¢¨â¨ï ®¡®à®−−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨,
á¡�«�−á¨à®¢�−−ëå ¯® ¬�â¥à¨�«ì−ë¬, âàã¤®¢ë¬ ¨ ä¨−�−á®¢ë¬ à¥áãàá�¬, çâ®
¤�¢�«® ¡®«ìè®© íª®−®¬¨ç¥áª¨© íää¥ªâ. �â® ¡ë« ®¤¨− ¨§ ¯¥à¢ëå ®â¥ç¥áâ¢¥−−ëå
®¯ëâ®¢ ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ ®âà�á«¥¢®© íª®−®¬¨ª¥.

‘ 1989 £. Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç à�¡®â�¥â ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−-
ä®à¬�â¨ª¨ ÷��. ‚ â¥ç¥−¨¥ 10 «¥â ®− ¡ë« §�¬¥áâ¨â¥«¥¬ ¤¨à¥ªâ®à� ¯® −�ãç−®©
à�¡®â¥, ¨á¯®«−ïï ¯à¨ íâ®¬ â�ª¦¥ ¨ ®¡ï§�−−®áâ¨ £«�¢−®£® ¨−¦¥−¥à� ¨−áâ¨âãâ�.
‡� íâ® ¢à¥¬ï ®− ¬−®£® á¤¥«�« ¤«ï à�§¢¨â¨ï ˆ−áâ¨âãâ�, á®§¤�−¨ï ¨ ãªà¥¯«¥−¨ï
¥£® ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®© ¡�§ë, ®á−�é¥−¨ï ¯®¤à�§¤¥«¥−¨© −¥®¡å®¤¨¬®© ¢ë-
ç¨á«¨â¥«ì−®© â¥å−¨ª®©, ¤«ï ®à£�−¨§�æ¨¨ −�ãç−®© ¨ à¥¤�ªæ¨®−−®-¨§¤�â¥«ìáª®©
¤¥ïâ¥«ì−®áâ¨, ¯®¤£®â®¢ª¨ −�ãç−ëå ª�¤à®¢.

‘ −�ç�«� 1990-å ££. ¯® −�áâ®ïé¥¥ ¢à¥¬ï á¢®¨ −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ®− á®-
áà¥¤®â®ç¨« £«�¢−ë¬ ®¡à�§®¬ ¢ ®¡«�áâ¨ ¨§ãç¥−¨ï ä¨«®á®äáª¨å ¨ £ã¬�−¨â�à−ëå
¯à®¡«¥¬ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¨ á¢ï§�−−ëå á íâ¨¬ −�ãç−®-¬¥â®¤®«®£¨ç¥áª¨å
�á¯¥ªâ®¢ à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨. �á−®¢−ë¬ à¥§ã«ìâ�â®¬ íâ¨å à�¡®â áâ�«® ä®à-
¬¨à®¢�−¨¥ á®¢à¥¬¥−−ëå ¯à¥¤áâ�¢«¥−¨© ®¡ ¨−ä®à¬�â¨ª¥ ª�ª ® äã−¤�¬¥−â�«ì−®©
−�ãª¥ ¨ ª®¬¯«¥ªá−®© −�ãç−®© ¯à®¡«¥¬¥. ‚ à�¡®â�å Š. Š. Š®«¨−� ¯®ª�§�−®, çâ®
¨−ä®à¬�â¨ª� áâ�−®¢¨âáï ï¤à®¬ −®¢®© ¯¥àá¯¥ªâ¨¢−®© −�ãç−®© ®âà�á«¨ | ¨−ä®à-
¬�æ¨®−−ëå −�ãª. …£® ¬®−®£à�ä¨¨ ¯® ¯à®¡«¥¬�¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ (á¬.,
−�¯à¨¬¥à [6]) ¨¬¥îâ ¢ëá®ª¨© ãà®¢¥−ì æ¨â¨à®¢�−¨ï, � ¬®−®£à�ä¨ï ú”¨«®á®äáª¨¥
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¯à®¡«¥¬ë ¨−ä®à¬�â¨ª¨û [7] ¯¥à¥¢¥¤¥−� −� ª¨â�©áª¨© ï§ëª ¨ ¨§¤�−� ¢ 2012 £.
¢ Š¨â�¥ [8].

‡� à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¯à®¡«¥¬ ä¨«®á®ä¨¨ ¨−ä®à¬�æ¨¨ Š. Š. Š®«¨−
¢ 2010 £. ¡ë« ¨§¡à�− �à¥§¨¤¥−â®¬ Œ¥¦¤ã−�à®¤−®£® ®¡é¥áâ¢� ¯® ¨§ãç¥−¨î
¨−ä®à¬�æ¨¨ (�¢áâà¨ï), � ¢ 2011 £. | ç«¥−®¬ �ª�¤¥¬¨ç¥áª®£® á®¢¥â� Œ¥¦¤ã−�-
à®¤−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ä¨«®á®ä¨¨ ¨−ä®à¬�æ¨¨ (Š¨â�©).

�® ¥£® ¨−¨æ¨�â¨¢¥ ¢ 2008 £. ¢ ‘¨¡¨àáª®¬ ä¥¤¥à�«ì−®¬ ã−¨¢¥àá¨â¥â¥ á®¢¬¥áâ-
−® á àï¤®¬ ¨−áâ¨âãâ®¢ ÷�� ¡ë« á®§¤�− ‚¥¤ãé¨© −�ãç−®-®¡à�§®¢�â¥«ì−ë© æ¥−âà
úˆ−ä®à¬�â¨ª�, ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ã¯à�¢«¥−¨¥û, � ¢ 2010 £. |
��ãç−®-®¡à�§®¢�â¥«ì−ë© æ¥−âà úˆ−ä®à¬�æ¨®−−®¥ ®¡é¥áâ¢®û ¢ á®áâ�¢¥ —¥«ï-
¡¨−áª®© £®áã¤�àáâ¢¥−−®© �ª�¤¥¬¨¨ ªã«ìâãàë ¨ ¨áªãááâ¢. Š. Š. Š®«¨− ¡ë«
−�§−�ç¥− −�ãç−ë¬ àãª®¢®¤¨â¥«¥¬ íâ®£® –¥−âà� ¨ ¨§¡à�− �®ç¥â−ë¬ ¯à®ä¥áá®à®¬
íâ®© �ª�¤¥¬¨¨.

‚ ¯®á«¥¤−¨¥ £®¤ë Š. Š. Š®«¨− à�¡®â�¥â −�¤ ä®à¬¨à®¢�−¨¥¬ àï¤� −®¢ëå
−�¯à�¢«¥−¨© −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¢®§−¨ª�îé¨å −� áâëª�å ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨−ä®à¬�â¨ª¨ á £ã¬�−¨â�à−ë¬¨ −�ãª�¬¨.

ˆ¬ à�§à�¡®â�−ë ª®−æ¥¯âã�«ì−ë¥ ®á−®¢ë ¨−ä®à¬�æ¨®−−®© ªã«ìâãà®«®£¨¨ [9,
10] ¨ ¨−ä®à¬�æ¨®−−®© �−âà®¯®«®£¨¨. �− áç¨â�¥â, çâ® ¯¥à¢®¥ ¨§ −¨å ¤®«¦−®
áâ�âì −�ãç−®© ¡�§®© ¤«ï à�§¢¨â¨ï −®¢®© ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë ®¡é¥áâ¢�,
� ¢â®à®¥ | ®á−®¢®© ¨−ä®à¬�æ¨®−−®© ª®−æ¥¯æ¨¨ ¯®§−�−¨ï ¯à¨à®¤ë ç¥«®¢¥ª� [11].

‚�¦−®¥ ¬¥áâ® ¢ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ Š. Š. Š®«¨−� §�−¨¬�îâ ¬¥¦¤¨áæ¨¯«¨-
−�à−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¡«¥¬ −�æ¨®−�«ì−®© ¨ £«®¡�«ì−®© ¡¥§®¯�á−®áâ¨ [12]. ˆ¬
â�ª¦¥ à�§à�¡®â�−� ¯à¨−æ¨¯¨�«ì−® −®¢�ï ª®−æ¥¯æ¨ï ª®¬¯«¥ªá−®© ®æ¥−ª¨ ª�ç¥áâ¢�
¦¨§−¨ ¢ á®¢à¥¬¥−−®¬ ®¡é¥áâ¢¥, ª®â®à�ï −¥®¡å®¤¨¬� ¤«ï à¥è¥−¨ï áâà�â¥£¨ç¥-
áª¨å §�¤�ç £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨¬¨ ¯à®æ¥áá�¬¨
¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¨ £«®¡�«ì−®© ¡¥§®¯�á−®áâ¨ −�è¥© áâà�−ë [13].

�®«¥¥ 30 «¥â Š. Š. Š®«¨− ï¢«ï¥âáï §�¬¥áâ¨â¥«¥¬ ¯à¥¤á¥¤�â¥«ï „¨áá¥àâ�-
æ¨®−−®£® á®¢¥â� ¯à¨ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� (á 2015 £. | ¯à¨
”¥¤¥à�«ì−®¬ ¨áá«¥¤®¢�â¥«ìáª®¬ æ¥−âà¥ úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª). �− â�ª¦¥ ¨§¡à�− ç«¥−®¬ ��ãç−®£® á®¢¥â� ÷�� ¯®
…¢à�§¨©áª®© ¨−â¥£à�æ¨¨ ¨ ãáâ®©ç¨¢®¬ã à�§¢¨â¨î ¨ ¢å®¤¨â ¢ á®áâ�¢ à¥¤ª®««¥£¨©
¨ à¥¤á®¢¥â®¢ àï¤� −�ãç−ëå ¦ãà−�«®¢ ÷®áá¨¨ ¨ ¤àã£¨å áâà�− (�¥«ì£¨¨, �®«£�à¨¨
¨ ‘¨−£�¯ãà�).

‡� −�ãç−ë¥ §�á«ã£¨ Š. Š. Š®«¨− ¨§¡à�− ç«¥−®¬ àï¤� à®áá¨©áª¨å ¨ ¬¥¦-
¤ã−�à®¤−ëå ®¡é¥áâ¢¥−−ëå �ª�¤¥¬¨© −�ãª ¨ −�ãç−ëå ®à£�−¨§�æ¨©. �− áâ�«
�®ç¥â−ë¬ ¯à¥§¨¤¥−â®¬ Œ¥¦¤ã−�à®¤−®£® ®¡é¥áâ¢� ¯® ¨§ãç¥−¨î ¨−ä®à¬�æ¨¨,
ª®â®à®¥ á®§¤�−® ¢ 1994 £. ¨ ¨¬¥¥â á¢®î èâ�¡-ª¢�àâ¨àã ¢ �¢áâà¨¨. ‚ 2005 £.
“ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨¨ ¥¬ã ¡ë«® ¯à¨á¢®¥−® ¯®ç¥â−®¥ §¢�−¨¥ ú‡�á«ã¦¥−−ë©
¤¥ïâ¥«ì −�ãª¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û.

‚ −�áâ®ïé¥¥ ¢à¥¬ï Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç �ªâ¨¢−® ¯à®¤®«¦�¥â á¢®î
−�ãç−ãî ¨ ®¡é¥áâ¢¥−−ãî ¤¥ïâ¥«ì−®áâì. �− −�§−�ç¥− àãª®¢®¤¨â¥«¥¬ à�§¤¥«�
−�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë ¯® £®á¡î¤¦¥â−®© â¥¬�â¨ª¥ ”ˆ– ˆ“ ÷��,
£®â®¢¨â ª ¯¥ç�â¨ ®ç¥à¥¤−ãî ¬®−®£à�ä¨î ¯® ¯à®¡«¥¬�¬ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®©

130 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 2 2025



ˆ‘’�÷ˆŸ. ��ŒŸ’�›… „�’›. ‘��›’ˆŸ

¡¥§®¯�á−®áâ¨ ÷®áá¨¨, ¢ëáâã¯�¥â á ¤®ª«�¤�¬¨ −� à®áá¨©áª¨å ¨ §�àã¡¥¦−ëå
ª®−ä¥à¥−æ¨ïå, ª®−áã«ìâ¨àã¥â ¬®«®¤ëå ãç¥−ëå.

�â ¨¬¥−¨ ª®««¥ªâ¨¢� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª �¢â®àë ¦¥«�îâ Š®−áâ�−â¨−ã
Š®−áâ�−â¨−®¢¨çã §¤®à®¢ìï ¨ ¤�«ì−¥©è¨å â¢®àç¥áª¨å ãá¯¥å®¢.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:
{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

â¥©;
{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.
1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥

¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.
�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).
…á«¨ ¯à¨ ¯®¤£®â®¢ª¥ áâ�âì¨ �¢â®àë ¨á¯®«ì§®¢�«¨ ¨−áâàã¬¥−âë −� ®á−®¢¥ ¨áªãá-
áâ¢¥−−®£® ¨−â¥««¥ªâ�, ®−¨ ®¡ï§�−ë ¢ª«îç¨âì íâã ¨−ä®à¬�æ¨î ¢ â¥ªáâ áâ�âì¨.
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ¨−â¥à−¥â¥:
http://www.ipiran.ru/journal/template iiep ssi 2024.zip

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:
(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |

−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.
(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-

«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)
�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).
�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.
�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:
{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ãª�§ë¢�âì ¢ â¥ªáâ¥ ¯¨áì¬� −�§¢�−¨¥ áâ�âì¨, �¢â®à®¢ ¨ ¦ãà−�«, ¢ ª®â®àë© −�-

¯à�¢«ï¥âáï áâ�âìï;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.
12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.

�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)
http://www.ipiran.ru/journal/collected

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 2 2025 137



Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:
{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.
1. The Journal publishes original articles which have not been published before and are

not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:
Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).
The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.
If authors used artificial intelligence (AI)-based tools in preparing their manuscript,
they must include this information in the text of the article.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.
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7. The recommended typesetting instructions for manuscript.
Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.
Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.
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