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ОБУЧЕНИЯ∗
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�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬¥â®¤ ¯®¨áª� ¢ë¯�¤�îé¨å ®¡ê¥ªâ®¢ (‚�) ¢ §�-
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1 Введение

�®¤ ¢ë¯�¤�îé¨¬¨ ®¡ê¥ªâ�¬¨ ®¡ëç−® ¯®−¨¬�îâáï ®¡ê¥ªâë, ®¯¨á�−¨¥ ª®-
â®àëå §�¬¥â−® ®âª«®−ï¥âáï ®â ®á−®¢−®© §�ª®−®¬¥à−®áâ¨ ¢ ¤�−−ëå. �à¨ íâ®¬
®âª«®−¥−¨¥ ¤®«¦−® ¡ëâì −�áâ®«ìª® §−�ç¨â¥«ì−ë¬, çâ® ®−® −¥ ¬®£«® ¡ë ¡ëâì ®¡ê-
ïá−¥−® ¯à®áâ®© á«ãç�©−®áâìî ¨ âà¥¡®¢�«® ¡ë ¤®¯®«−¨â¥«ì−ëå ¯à¥¤¯®«®¦¥−¨©
® ¬¥å�−¨§¬¥ ¢®§−¨ª−®¢¥−¨ï ®¡ê¥ªâ�. „�−−®¥ ®¯à¥¤¥«¥−¨¥ ä�ªâ¨ç¥áª¨ á®®â¢¥â-
áâ¢ã¥â ®¯à¥¤¥«¥−¨î, ¯à¨¢¥¤¥−−®¬ã ¢ ª−¨£¥ [1]. ‚ë¯�¤�îé¨¥ ®¡ê¥ªâë ¤®áâ�â®ç−®
ç�áâ® ¢áâà¥ç�îâáï ¢ ¡�§�å ¤�−−ëå. ˆ−®£¤� ¢ë¯�¤�îé¨¥ −�¡«î¤¥−¨ï á¢ï§�−ë
á ª�ª¨¬¨-«¨¡® −¥¨§¢¥áâ−ë¬¨ ®á®¡¥−−®áâï¬¨ ¨áá«¥¤ã¥¬®£® ¯à®æ¥áá� ¨«¨ ã−¨-
ª�«ì−®áâìî ®¡ê¥ªâ®¢. ˆ¤¥−â¨ä¨ª�æ¨ï â�ª¨å ‚� ¬®¦¥â ¯à¨¢¥áâ¨ ª ¯®«ãç¥−¨î
−®¢ëå §−�−¨© ®¡ ¨áá«¥¤ã¥¬®¬ ï¢«¥−¨¨. �¤−�ª® ç�é¥ ¢á¥£® ‚� ¢®§−¨ª�îâ ¢ á¢ï§¨
á à�§«¨ç−®£® à®¤� ®è¨¡ª�¬¨, ¢ª«îç�ï íªá¯¥à¨¬¥−â�«ì−ë¥ ®è¨¡ª¨ (¢ â®¬ ç¨á«¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 17-01-00634).
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2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, senkoov@mail.ru
3ˆ−áâ¨âãâ ¬¥â�««ãà£¨¨ ¨ ¬�â¥à¨�«®¢¥¤¥−¨ï ¨¬. �. �. ��©ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,

kis@imet.ac.ru

122



Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥−¨ï

¨ ®è¨¡ª¨ ¢ ®¯à¥¤¥«¥−¨¨ ª«�áá� ®¡ê¥ªâ®¢ ¨«¨ ®è¨¡ª¨ ¢ §−�ç¥−¨ïå ¯à¨§−�ª®¢),
®è¨¡ª¨ ¯à¨ §�−¥á¥−¨¨ ¨−ä®à¬�æ¨¨ ¢ ¡�§ã ¨ ¤à. �à¨ ¯®áâà®¥−¨¨ ¯à®£−®áâ¨ç¥áª¨å
¬®¤¥«¥© á ¯®¬®éìî ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ‚�, á¢ï§�−−ë¥ á ®è¨¡ª�¬¨,
¬®£ãâ §�¬¥â−® ¯®¢ëè�âì −¥ãáâ®©ç¨¢®áâì ®¡ãç¥−¨ï ¨, ª�ª á«¥¤áâ¢¨¥, á−¨¦�âì ®¡®¡-
é�îéãî á¯®á®¡−®áâì ¯®«ãç¥−−®© ¬®¤¥«¨. …áâ¥áâ¢¥−−®, çâ® â�ª¨¥ ‚� á«¥¤ã¥â
ã¤�«ïâì ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨ ¯®á«¥ ¨å ¨¤¥−â¨ä¨ª�æ¨¨. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ®
íªá¯¥àâ−�ï ®æ¥−ª� ¯à�¢¨«ì−®áâ¨ ç�áâ® ¯à®â¨¢®à¥ç¨¢ëå íªá¯¥à¨¬¥−â�«ì−ëå ¤�−-
−ëå à�§−ëå ¨áá«¥¤®¢�â¥«¥© ®áâ�¥âáï −�¨¡®«¥¥ á«®¦−®© ¨ ¯«®å® ä®à¬�«¨§ã¥¬®©
§�¤�ç¥©. �æ¥−ª� ¯à�¢¨«ì−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¤¥áïâª®¢ âëáïç ¢¥é¥áâ¢ ¢ ¡�§�å
¤�−−ëå ¯® á¢®©áâ¢�¬ ¢¥é¥áâ¢ ¨ ¬�â¥à¨�«®¢ | §�¤�ç� ªà�©−¥ ¤®à®£®áâ®ïé�ï
¨ ¯à�ªâ¨ç¥áª¨ −¥à¥�«ì−�ï. „�¦¥ íªá¯¥àâ−�ï ®æ¥−ª� ¤�−−ëå ® −¥áª®«ìª¨å á®â−ïå
¢¥é¥áâ¢ âà¥¡ã¥â ¬−®£¨å ¬¥áïæ¥¢ à�¡®âë, çâ® ¤¥«�¥â −¥®¡å®¤¨¬®© �¢â®¬�â¨§�-
æ¨î ¯®¨áª� ‚�, ¯®§¢®«ïîé¥£® ¢ëï¢¨âì ¯®â¥−æ¨�«ì−® ®è¨¡®ç−ë¥ −�¡«î¤¥−¨ï
¨ ¯®á«¥ íªá¯¥àâ−®© ®æ¥−ª¨ á¤¥«�âì á®®â¢¥âáâ¢ãîé¨¥ ¨á¯à�¢«¥−¨ï. �®íâ®¬ã ‚�
¯à®¤®«¦�îâ ¯à¨¢«¥ª�âì ¢−¨¬�−¨¥ ¨áá«¥¤®¢�â¥«¥©, ¢ â®¬ ç¨á«¥ ¯à¨ à¥è¥−¨¨
§�¤�ç ¢ëï¢«¥−¨ï á¢ï§¨ á¢®©áâ¢ á®¥¤¨−¥−¨© á® á¢®©áâ¢�¬¨ ¨å ª®¬¯®−¥−â®¢ [2, 3].
‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â ¤®áâ�â®ç−® ¡®«ìè®¥ ç¨á«® ¯®¤å®¤®¢ ª ¨¤¥−â¨ä¨-
ª�æ¨¨ ‚�. ‚ ¨å ç¨á«® ¢å®¤ïâ ®¤−®¬¥à−ë¥ áâ�â¨áâ¨ç¥áª¨¥ â¥áâë, ®æ¥−¨¢�îé¨¥
¢®§¬®¦−®áâì ¨−â¥à¯à¥â�æ¨¨ íªáâà¥¬�«ì−ëå §−�ç¥−¨© ¯¥à¥¬¥−−ëå ª�ª ‚� [4].
‚ ¬−®£®¬¥à−ëå ¤�−−ëå §−�ç¥−¨ï ª�¦¤®© ¨§ ¯¥à¥¬¥−−ëå ¤«ï ‚� ¬®£ãâ ®ª�§�âìáï
−¥íªáâà¥¬�«ì−ë¬¨, çâ® −¥ ¯®§¢®«ï¥â ¢ëï¢«ïâì â�ª¨¥ ‚� á ¯®¬®éìî ®¤−®¬¥à-
−ëå â¥áâ®¢. „«ï ®¡−�àã¦¥−¨ï ¯®¤®¡−ëå ‚� ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¯®¤å®¤,
®á−®¢�−−ë© −� ¢ëç¨á«¥−¨¨ áª�«ïà−®© ¬¥àë ®âª«®−¥−¨ï ®â¤¥«ì−®£® −�¡«î¤¥−¨ï
®â ¢á¥£® ¬�áá¨¢� ¤�−−ëå. ‚ ª�ç¥áâ¢¥ ¬¥àë ¡«¨§®áâ¨ ¬®¦¥â ¢ëáâã¯�âì, −�¯à¨¬¥à,
à�ááâ®ï−¨¥ Œ�å�«�−®¡¨á� ¨«¨ ¥£® à®¡�áâ−ë¥ ¬®¤¨ä¨ª�æ¨¨ [5].

‚ à�¬ª�å §�¤�ç¨ ¢®ááâ�−®¢«¥−¨ï §�¢¨á¨¬®áâ¨ ¯¥à¥¬¥−−®© y ®â ¯¥à¥¬¥−−ëå
{X1, . . . ,Xp} ¯®¤ ‚� ¬®¦¥â ¯®−¨¬�âìáï ®¡ê¥ªâ s = (x, y), ¤«ï ª®â®à®£® ®â-
¬¥ç�¥âáï áãé¥áâ¢¥−−®¥ ®âª«®−¥−¨¥ ®æ¥−ª¨ ®â ®¦¨¤�¥¬®£® §−�ç¥−¨ï y ¢ â®çª¥ x
¯à®áâà�−áâ¢� Rp. —â®¡ë ¢ëï¢¨âì ‚� ¢ ãª�§�−−®¬ ¢ëè¥ á¬ëá«¥, −¥®¡å®¤¨¬®
¯®áâà®¨âì ¯® ®¡ãç�îé¥© ¢ë¡®àª¥ ¬®¤¥«ì, á¢ï§ë¢�îéãî ®¦¨¤�¥¬®¥ §−�ç¥−¨¥ y
á ¢¥ªâ®à®¬ x ¨§Rp. ��¯à¨¬¥à, íâ® ¬®¦¥â ¡ëâì ¬®¤¥«ì

y = �y (β,x) + ε . (1)

�®¨áª ¢¥ªâ®à� ª®íää¨æ¨¥−â®¢ β ¬®¦¥â ¯à®¢®¤¨âìáï á ¯®¬®éìî ¬¥â®¤�

−�¨¬¥−ìè¨å ª¢�¤à�â®¢ ¯® ®¡ãç�îé¥© ¢ë¡®àª¥ “S = {(xj , yj) |j = 1, . . . ,m}.
�¤−�ª® ¡®«¥¥ à®¡�áâ−ë¥ ®æ¥−ª¨ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë á ¯®¬®éìî ¬¥â®¤®¢ LMS
(least median of squares) ¨«¨ LTS (least trimmed squares) [6]. „«ï ®æ¥−ª¨
®âª«®−¥−¨ï ¯à®¨§¢®«ì−®£® ®¡ê¥ªâ� sj = (xj , yj) ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨ ®â
§�¢¨á¨¬®áâ¨ (1) ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−, −�¯à¨¬¥à, ¨−¤¥ªá ã¤�«¥−−ëå ®áâ�âª®¢:

κr
j =

yj − �y
[
β
(
“S\sj

)
,xj

]

�σY
,
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ˆ. ‘. �¦¥à¥«ì¥¢, �. ‚. ‘¥−ìª®, �. �. Š¨á¥«ñ¢�

£¤¥ β
(
“S\sj

)
| ¢¥ªâ®à ª®íää¨æ¨¥−â®¢ ¬®¤¥«¨ (1), à�ááç¨â�−−ë© ¯® ¢ë¡®àª¥ “S

¯®á«¥ ¨áª«îç¥−¨ï sj; �σY | ¢ë¡®à®ç−®¥ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥.
‚ ª�ç¥áâ¢¥ �«ìâ¥à−�â¨¢−®© ¬¥àë −¥á®®â¢¥âáâ¢¨ï ®¡ê¥ªâ� sj ¯à¥®¡«�¤�îé¥©

§�ª®−®¬¥à−®áâ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−® à�ááâ®ï−¨¥ Šãª� [7, 8], ¯®ª�§ë¢�îé¥¥,
−�áª®«ìª® sj ¨áª�¦�¥â à¥£à¥áá¨®−−ãî ¬®¤¥«ì:

Di =

∑m

j=1

{
�y
[
xj, β

(
“S
)]

− �y
[
xj, β

(
“S\si

)]}2

p�σY
.

�¥à¥ç¨á«¥−−ë¥ ¨−¤¥ªáë, ®ç¥¢¨¤−®, ¬®£ãâ á«ã¦¨âì ª®«¨ç¥áâ¢¥−−ë¬¨ ®æ¥−ª�¬¨
â®£®, çâ® ®¡ê¥ªâ sj ®â−®á¨âáï ª ¢ë¯�¤�îé¨¬ −�¡«î¤¥−¨ï¬. �−¨ ¯®§¢®«ïîâ
à�−¦¨à®¢�âì ®¡ê¥ªâë ¯® áâ¥¯¥−¨ ¨å ®âª«®−¥−¨ï ®â §�ª®−®¬¥à−®áâ¨, ®¯¨áë¢�¥¬®©
¬®¤¥«ìî (1).

2 Метод, основанный на комбинировании параметров неустойчивости
и величин отступов

�à¨ à¥è¥−¨¨ §�¤�ç¨ à�á¯®§−�¢�−¨ï ¥áâ¥áâ¢¥−−® áç¨â�âì ¢ë¯�¤�îé¨¬ ®¡ê¥ªâ
¨§ ª«�áá� Ki á ®¯¨á�−¨¥¬ x, ¥á«¨ ¤«ï −¥£® ¢¥«¨ª� à�§−®áâìmaxj=1,...,L[P(Kj |x)−
− P(Ki|x)] ¨«¨, −�¯à®â¨¢, ®âà¨æ�â¥«ì−� ¨ ¢¥«¨ª� ¯® ¬®¤ã«î ¢¥«¨ç¨−�
minj=1,...,L[P(Kj |x) − P(Ki|x)]. �� ¯à�ªâ¨ª¥ ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª®© â®£®,
çâ® ®¡ê¥ªâ á ®¯¨á�−¨¥¬ x ï¢«ï¥âáï ¢ë¯�¤�îé¨¬ −�¡«î¤¥−¨¥¬, ®ç¥¢¨¤−®, á«ã¦¨â

maxj=1,...,L[ �P(Kj |x) − �P(Ki|x)], £¤¥ �P(Kj |x) | ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯à¨−�¤-
«¥¦−®áâ¨ ®¡ê¥ªâ� á ®¯¨á�−¨¥¬ x ª ª«�ááã Kj. �¤−�ª® ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥©
¯à¨−�¤«¥¦−®áâ¨ ª ª«�áá�¬ −�¯àï¬ãî ¨á¯®«ì§ãîâ â®«ìª® áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë
à�á¯®§−�¢�−¨ï. ‚ ®¡é¥¬ á«ãç�¥ ¢ íâ¨å æ¥«ïå ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢¥«¨ç¨−ë

®âáâã¯� •(Ki,x) = maxj=1,...,L[γi(x, “S) − γj(x, “S)], £¤¥ γi(x, “S) | ®æ¥−ª� ¯à¨-
−�¤«¥¦−®áâ¨ ®¡ê¥ªâ� á ®¯¨á�−¨¥¬ x ª ª«�ááã Ki, ª®â®à�ï à�ááç¨â�−� �«£®à¨â¬®¬,

®¡ãç¥−−ë¬ ¯® “S [9].
‚ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨© ®âáâã¯� ®¡ãç�îé¨¥ ®¡ê¥ªâë ãá«®¢−® ¤¥«ïâáï

−� 5 â¨¯®¢ ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ®âáâã¯�: íâ�«®−−ë¥, −¥¨−ä®à¬�â¨¢−ë¥, ¯®£à�-
−¨ç−ë¥, ®è¨¡®ç−ë¥, èã¬®¢ë¥.

�â�«®−−ë¥ ®¡ê¥ªâë ¨¬¥îâ ¡®«ìè®© ¯®«®¦¨â¥«ì−ë© ®âáâã¯, ¯«®â−® ®ªàã¦¥−ë
®¡ê¥ªâ�¬¨ á¢®¥£® ª«�áá� ¨ ï¢«ïîâáï −�¨¡®«¥¥ â¨¯¨ç−ë¬¨ ¥£® ¯à¥¤áâ�¢¨â¥«ï¬¨.

�¥¨−ä®à¬�â¨¢−ë¥ ®¡ê¥ªâë â�ª¦¥ ¨¬¥îâ ¯®«®¦¨â¥«ì−ë© ®âáâã¯. ˆ§êïâ¨¥
íâ¨å ®¡ê¥ªâ®¢ ¨§ ¢ë¡®àª¨ (¯à¨ ãá«®¢¨¨, çâ® íâ�«®−−ë¥ ®¡ê¥ªâë ®áâ�îâáï) −¥
¢«¨ï¥â −� ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨. �−¨ −¥ ¤®¡�¢«ïîâ ª íâ�«®−�¬ −¨ª�ª®© −®¢®©
¨−ä®à¬�æ¨¨. ��«¨ç¨¥ −¥¨−ä®à¬�â¨¢−ëå ®¡ê¥ªâ®¢ å�à�ªâ¥à−® ¤«ï ¢ë¡®à®ª
¨§¡ëâ®ç−®£® ®¡ê¥¬�.

�®£à�−¨ç−ë¥ ®¡ê¥ªâë ¨¬¥îâ ®âáâã¯, ¡«¨§ª¨© ª −ã«î. Š«�áá¨ä¨ª�æ¨ï â�ª¨å
®¡ê¥ªâ®¢ −¥ãáâ®©ç¨¢� ¢ â®¬ á¬ëá«¥, çâ® ¬�«ë¥ ¨§¬¥−¥−¨ï ¬¥âà¨ª¨ ¨«¨ á®áâ�¢�
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Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥−¨ï

®¡ãç�îé¥© ¢ë¡®àª¨ ¬®£ãâ ¨§¬¥−ïâì ¨å ª«�áá¨ä¨ª�æ¨î. ��¯à¨¬¥à, ¢ å¨¬¨ç¥-
áª¨å §�¤�ç�å â�ª¨¬¨ ®¡ê¥ªâ�¬¨ ¬®£ãâ ¡ëâì ¬¥â�áâ�¡¨«ì−ë¥ ¯à¨ ®¯à¥¤¥«¥−−ëå
¢−¥è−¨å ãá«®¢¨ïå (−�¯à¨¬¥à, ¯à¨ ª®¬−�â−®© â¥¬¯¥à�âãà¥ ¨ �â¬®áä¥à−®¬ ¤�¢«¥-
−¨¨) á®¥¤¨−¥−¨ï ¨«¨ ªà¨áâ�««¨ç¥áª¨¥ ¬®¤¨ä¨ª�æ¨¨.

ƒà�−¨ç−®-®è¨¡®ç−ë¥ ®¡ê¥ªâë ¨¬¥îâ −¥¡®«ìè¨¥ ®âà¨æ�â¥«ì−ë¥ ®âáâã¯ë
¨ ¡«¨§ª¨ ª ¯®£à�−¨ç−ë¬. ƒà�−¨ç−®-®è¨¡®ç−ë¥ ®¡ê¥ªâë ¯®â¥−æ¨�«ì−® ¬®£ãâ
¡ëâì à�á¯®§−�−ë ¯à¨ á®¢¥àè¥−áâ¢®¢�−¨¨ �«£®à¨â¬�.

˜ã¬®¢ë¥ ®¡ê¥ªâë | íâ® ®â−®á¨â¥«ì−® −¥¡®«ìè®¥ ç¨á«® ®¡ê¥ªâ®¢, ª®â®àë¥
¯«®â−® ®ªàã¦¥−ë ®¡ê¥ªâ�¬¨ çã¦¨å ª«�áá®¢ ¨ ã¤�«¥−ë ®â ®á−®¢−®© ¬�ááë ®¡ê-
¥ªâ®¢ á¢®¥£® ª«�áá�. Œ−®£¨¥ ‚� ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−−® èã¬®¢ë¥ ®¡ê¥ªâë.
„«ï èã¬®¢ëå ®¡ê¥ªâ®¢ å�à�ªâ¥à−ë ¡®«ìè¨¥ ®âà¨æ�â¥«ì−ë¥ ¢¥«¨ç¨−ë ®âáâã¯�,
¯® ª®â®àë¬ ®−¨ «¥£ª® ¬®£ãâ ¡ëâì ¨¤¥−â¨ä¨æ¨à®¢�−ë.

‚ ãá«®¢¨ïå ¢ëá®ª®© à�§¬¥à−®áâ¨ ‚� ¬®£ãâ ®ª�§ë¢�âì áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥
−� ¯à®æ¥áá ®¡ãç¥−¨ï, áãé¥áâ¢¥−−® ¨áª�¦�ï ®¡ãç¥−−ë© à�á¯®§−�îé¨© �«£®à¨â¬.
�à¨ íâ®¬ ‚� ¯à¥¢à�é�îâáï ¢ £à�−¨ç−®-®è¨¡®ç−ë¥ ¨«¨ ¯®£à�−¨ç−ë¥ ®¡ê¥ª-
âë. ˆ−ä®à¬�æ¨¨ ® ¢¥«¨ç¨−�å ®âáâã¯� −¥à¥¤ª® ®ª�§ë¢�¥âáï −¥¤®áâ�â®ç−® ¤«ï
¤®áâ®¢¥à−®© ¨¤¥−â¨ä¨ª�æ¨¨ â�ª¨å ‚�.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ¯®¤å®¤ ª ¯®¨áªã ‚� ¯à¨ à¥è¥−¨¨ §�¤�ç
à�á¯®§−�¢�−¨ï ¯à¨−�¤«¥¦−®áâ¨ ®¡ê¥ªâ®¢ ª −¥ª®â®àë¬ ª«�áá�¬ K1, . . . ,KL ¯®
¯à¨§−�ª�¬ X1, . . . ,Xp, ®á−®¢�−−ë© −� à�−¦¨à®¢�−¨¨ ®¡ê¥ªâ®¢ á®£«�á−® ª®¬-
¡¨−¨à®¢�−−®© ®æ¥−ª¥, ãç¨âë¢�îé¥© ª�ª ¢¥«¨ç¨−ã ®âáâã¯�, â�ª ¨ ¢¥«¨ç¨−ã
¢−®á¨¬ëå ¨áª�¦¥−¨©. Š®«¨ç¥áâ¢¥−−®© ®æ¥−ª®© â®£®, çâ® ®¡ê¥ªâ á ®¯¨á�−¨¥¬ x
ï¢«ï¥âáï ¢ë¯�¤�îé¨¬, ¥áâ¥áâ¢¥−−® áç¨â�âì �−�«®£ ã¯®¬ï−ãâ®£® ¢ëè¥ à�ááâ®ï-
−¨ï Šãª�, ¨á¯®«ì§ã¥¬®£® ¤«ï ®¯¨á�−¨ï −¥ãáâ®©ç¨¢®áâ¨ «¨−¥©−®© à¥£à¥áá¨®−−®©
¬®¤¥«¨:

δi =

∑L

i=1

∑m

j=1

[
γi

(
xj , “S

)
− γi

(
xj , “S\sj

)]

Lm
.

Š®íää¨æ¨¥−âë •(Ki,x) ¨ δi ¯® ®â¤¥«ì−®áâ¨ ¨«¨ ¢ ª®¬¡¨−�æ¨ïå ¬®£ãâ ¡ëâì
¨á¯®«ì§®¢�−ë ¤«ï à�−¦¨à®¢�−¨ï ®¡ê¥ªâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨ ¯® áâ¥¯¥−¨ ®â-
ª«®−¥−¨ï ®â áãé¥áâ¢ãîé¨å ¢ ¤�−−ëå §�ª®−®¬¥à−®áâ¥©.

�¤−�ª® ®¤−®£® â®«ìª® à�−¦¨à®¢�−¨ï ®¡ê¥ªâ®¢ ¯® ¬¥à¥ ¨å ®âª«®−¥−¨ï ®â
�¯¯à®ªá¨¬¨àã¥¬®© §�¢¨á¨¬®áâ¨ −¥¤®áâ�â®ç−® ¤«ï ¢ëï¢«¥−¨ï ‚�. �¥®¡å®¤¨-
¬® â�ª¦¥ −�©â¨ â®â ¯®à®£ ®âá¥ç¥−¨ï, ¯à¨ ¯à¥¢ëè¥−¨¨ ª®â®à®£® ®¡ê¥ªâ ¬®¦−®
¡ë«® ¡ë áç¨â�âì ¢ë¯�¤�îé¨¬. …áâ¥áâ¢¥−−ë¬ ªà¨â¥à¨¥¬ ¤«ï ¢ë¡®à� â�ª®£®
¯®à®£� ¬®¦¥â á«ã¦¨âì íää¥ªâ¨¢−®áâì à�á¯®§−�¢�−¨ï, ®æ¥−¨¢�¥¬�ï ¯® ®¤−®© ¨§
áâ�−¤�àâ−ëå ¬¥âà¨ª. ��¨¡®«¥¥ ¯®«−® íää¥ªâ¨¢−®áâì à�á¯®§−�¢�−¨ï å�à�ªâ¥-
à¨§ã¥âáï á ¯®¬®éìî AUC (area under curve) | ¯«®é�¤¨ ¯®¤ ROC (receiver
operating characteristics) ªà¨¢®©. �ã¤¥¬ áç¨â�âì, çâ® ®æ¥−ª� ¯à¨−�¤«¥¦−®áâ¨
®¡ê¥ªâ� ª ª«�áá | ¢¥«¨ç¨−�, ¨§¬¥−ïîé�ïáï ¢ ¤¨�¯�§®−¥ [0, 1]. …á«¨ íâ® −¥ â�ª,
®æ¥−ª¨ ¬®¦−® á¯à®¥æ¨à®¢�âì −� ®âà¥§®ª [0, 1].

�â¡®à ‚� ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬.
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1. �®«ãç¨¬ ®æ¥−ª¨ ¯à¨−�¤«¥¦−®áâ¨ ª ª«�áá�¬ −� ¯®«−®© ¢ë¡®àª¥:

(�) ®¡ãç¨¬ ª«�áá¨ä¨ª�â®à Co −� ®¡ãç�îé¥© ¢ë¡®àª¥ “S;

(¡) ¯à¨¬¥−¨¬ Co ª “S ¨ ¯®«ãç¨¬ ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥© ¯à¨−�¤«¥¦−®áâ¨ ®¡ê¥ª-

â®¢ ª ª«�áá�¬ [γ1(x1, “S), . . . , γL(x1, “S)], . . . , [γ1(xm, “S), . . . , γL(xm, “S)].

2. „«ï ª�¦¤®£® ®¡ê¥ªâ� ¢ë¡®àª¨ ®æ¥−¨¬, ®â−®á¨âáï «¨ ®− ª ‚�:

(�) ¯®áâà®¨¬ ¢ë¡®àªã “Si, ¨áª«îç¨¢ ¨§ “S ¯�àã (xi, yi);

(¡) ®¡ãç¨¬ ª«�áá¨ä¨ª�â®à Ci −� ¢ë¡®àª¥ “Si;

(¢) ¯à¨¬¥−¨¬ Ci ª ®¡ê¥ªâ�¬ ¨§ “S ¨ ¯®«ãç¨¬ ®æ¥−ª¨ [γ1(x1, “Si), . . .

. . . , γL(x1, “Si)], . . . , [γ1(xm, “Si), . . . , γL(xm, “Si)];

(£) ¢ëç¨á«¨¬

δ (si) =

∑L

l=1

∑m

j=1
[γl(xj , “S)− γl(xj , “Si)]

Lm
.

‚¥«¨ç¨−� δ(si) ¯®ª�§ë¢�¥â, −�áª®«ìª® ¨§¬¥−¨«¨áì ®æ¥−ª¨ ®¡ê¥ªâ®¢ ¯®á«¥
¨áª«îç¥−¨ï si ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨;

(¤) ¢ëç¨á«¨¬

ω(si) =

∑
l∈{1,...,L}\λ(si)

[γl(xi, “Si)]

L
,

£¤¥ λ(si)| −®¬¥à ª«�áá�, ª ª®â®à®¬ã ¯à¨−�¤«¥¦¨â ®¡ê¥ªâ si. ‚¥«¨ç¨−�
ω(si) | áà¥¤−ïï ®æ¥−ª� ¯à¨−�¤«¥¦−®áâ¨ si ª ª«�áá�¬, ª ª®â®àë¬ ®− −¥
®â−®á¨âáï, à�ááç¨â�−−�ï �«£®à¨â¬®¬, ®¡ãç¥−−ë¬ ¯® ¢ë¡®àª¥ ¡¥§ íâ®£®
®¡ê¥ªâ�.

3. �â¡¥à¥¬ ‚�, ¨áå®¤ï ¨§ ®æ¥−®ª δ(s1), . . . , δ(sm) ¨ ω(s1), . . . , ω(sm). „«ï
ª�¦¤®£® ®¡ê¥ªâ� ¢ëç¨á«¨¬

E(si, a1, a2, p) = [a1|δ(si)|p + a2|ω(si)|p]1/p .

‡�¬¥â¨¬, çâ® E(si, a1, a2, p) | ¬®¤ã«ì ®¡ê¥ªâ� ¢ ¯à®áâà�−áâ¢¥ (δ, ω) á®
¢§¢¥è¥−−®© ¬¥âà¨ª®© Œ¨−ª®¢áª®£®.

4. �®¤¢ë¡®àªã ¨§ k ®¡ê¥ªâ®¢ á −�¨¡®«ìè¨¬¨ E ¨áª«îç�¥¬ ¨§ ®¡ãç¥−¨ï.

3 Эксперименты

‚ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â à¥�«¨§®¢�− −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï
python ¢¥àá¨¨ 3.5.1 á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª¨ scikit-learn ¢¥àá¨¨ 0.17.
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3.1 Данные

‚ à�¡®â¥ à¥è�«�áì §�¤�ç� ¢ëï¢«¥−¨ï ‚� ¯à¨ ¯à®£−®§¥ ¢®§¬®¦−®áâ¨ ®¡à�§®-
¢�−¨ï á®¥¤¨−¥−¨© á®áâ�¢� A+3B+3C+2O4. ‚ë¡®àª� á®áâ®ï«� ¨§ 758 ®¡ê¥ªâ®¢
¤¢ãå ª«�áá®¢. Š ¯¥à¢®¬ã ª«�ááã ¯à¨−�¤«¥¦�«¨ 695 ®¡ê¥ªâ®¢ (áãé¥áâ¢ãîé¨¥
á®¥¤¨−¥−¨ï), ª® ¢â®à®¬ã | 63 (å¨¬¨ç¥áª¨¥ á¨áâ¥¬ë A{B{C{O ¡¥§ ®¡à�§®¢�−¨ï
á®¥¤¨−¥−¨© ¢ëè¥ãª�§�−−®£® á®áâ�¢�). Š�¦¤ë© ®¡ê¥ªâ ®¯¨áë¢�«¨ 108 −¥¯à¥àë¢-
−ëå ¯à¨§−�ª®¢. �à®¯ãáª®¢ ¢ ¤�−−ëå −¥ ¡ë«®. ‚ ¢ë¡®àª¥ á®¤¥à¦�«¨áì ®¡ê¥ªâë
á −¥¢¥à−®© ¬¥âª®© ª«�áá�.

’à¥¡®¢�«®áì ®¡−�àã¦¨âì ¢ ¡�§¥ ¤�−−ëå ®¡ê¥ªâë, ª®â®àë¥ ¯®â¥−æ¨�«ì−®
¬®£«¨ ¡ë ¡ëâì ®è¨¡®ç−® ª«�áá¨ä¨æ¨à®¢�−ë −� íâ�¯¥ ¨å ¢−¥á¥−¨ï ¢ ¡�§ã. �à¨−-
æ¨¯¨�«ì−�ï ¢®§¬®¦−®áâì à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì á¢ï§�−�
á ¯¥à¨®¤¨ç−®áâìî ¨§¬¥−¥−¨ï á¢®©áâ¢ −¥®à£�−¨ç¥áª¨å á®¥¤¨−¥−¨© ¢ §�¢¨á¨¬®áâ¨
®â �â®¬−ëå −®¬¥à®¢ í«¥¬¥−â®¢ | ª®¬¯®−¥−â®¢ å¨¬¨ç¥áª¨å á¨áâ¥¬.

3.2 Методы распознавания, использованные в исследовании

„«ï à¥è¥−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¨á¯®«ì- ’�¡«¨æ� 1 ÷¥§ã«ìâ�âë à�á¯®-
§−�¢�−¨ï

Œ¥â®¤ AUC ROC [11]
KNN 0,82
SVM 0,85
DT 0,77
GB 0,84

§®¢�«áï £à�¤¨¥−â−ë© ¡ãáâ¨−£ (GB, gradient boost-
ing) −�¤ à¥è�îé¨¬¨ ¤¥à¥¢ìï¬¨ [10]. ƒà�¤¨¥−â−ë©
¡ãáâ¨−£ ¡ë« ¢ë¡à�− ¯®á«¥ áà�¢−¥−¨ï á ¤àã£¨¬¨
¯®¯ã«ïà−ë¬¨ �«£®à¨â¬�¬¨ ª«�áá¨ä¨ª�æ¨¨, â�-
ª¨¬¨ ª�ª à¥è�îé¨¥ ¤¥à¥¢ìï (DT, decision trees),
¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢ (SVM, support vector ma-
chine), ¬¥â®¤ ¡«¨¦�©è¨å á®á¥¤¥© (KNN, k-nearest
neighbors) [9,10]. Š�ç¥áâ¢® ®æ¥−¨¢�«®áì −� ¯®«−®© ¢ë¡®àª¥ ¯à¨ ¯®¬®é¨ ¤¥áïâ¨-
ä®«¤®¢®© ªà®áá¢�«¨¤�æ¨¨ á á®åà�−¥−¨¥¬ ¤®«¥¢®£® á®¤¥à¦�−¨ï ª«�áá®¢ ¢ ¢ë¡®à-
ª�å.

ˆáå®¤−ë¥ (¤® ã¤�«¥−¨ï ‚�) à¥§ã«ìâ�âë à�á¯®§−�¢�−¨ï ¤«ï à�§−ëå ¬¥â®¤®¢
¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 1. ƒà�¤¨¥−â−ë© ¡ãáâ¨−£ ¯®ª�§�« ®â−®á¨â¥«ì−® −¥¯«®å¨¥
à¥§ã«ìâ�âë ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ �«£®à¨â¬�¬¨.

3.3 Связь параметров неустойчивости и величин отступа

„®¯®«−¨â¥«ì−ë¬ �à£ã¬¥−â®¬ ª®¬¡¨−¨à®¢�−¨ï ¢¥«¨ç¨− −¥ãáâ®©ç¨¢®áâ¨ ¨ ®â-
áâã¯� áâ�«¨ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¨å ¢§�¨¬®á¢ï§¨, ¯à¥¤áâ�¢«¥−−ë¥ −� à¨á. 1.

ˆ§ à¨á. 1 ¢¨¤−®, çâ® ¢¥«¨ç¨−ë δ ¨ ω −¥ ª®àà¥«¨àãîâ ¬¥¦¤ã á®¡®©. �¨§-
ª�ï ª®àà¥«ïæ¨ï ®æ¥−®ª δ ¨ ω á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® ®−¨ ¬®£ãâ á«ã¦¨âì
−¥§�¢¨á¨¬ë¬¨ ¨−¤¨ª�â®à�¬¨ ‚�.

3.4 Влияние числа исключенных объектов на качество классификации

‚ à�¡®â¥ ¡ë«® ¨§ãç¥−®, ª�ª −� ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ ¢«¨ïîâ ¯�à�¬¥âàë
¢§¢¥è¥−−®© ¬¥âà¨ª¨ Œ¨−ª®¢áª®£® a1, a2, p ¨ ç¨á«® ¨áª«îç¥−−ëå ®¡ê¥ªâ®¢ k.
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÷¨á. 1 ‡�¢¨á¨¬®áâì ¬¥¦¤ã ¢¥«¨ç¨−�¬¨ ®âáâã¯� ω ¨ −¥ãáâ®©ç¨¢®áâ¨ δ

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ®¯â¨¬¨§�æ¨¨ ¯à®æ¥¤ãàë ®â¡®à� ‚� ¨ ®æ¥−ª¨ ¢«¨ï−¨ï ®â¡®-
à� −� â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¨á¯®«ì§®¢�«¨áì ¢−¥è−ïï ¨ ¢−ãâà¥−−ïï ¯à®æ¥¤ãàë
áª®«ì§ïé¥£® ª®−âà®«ï. �� ª�¦¤®¬ ¨§ è�£®¢ ¢−¥è−¥© ¯à®æ¥¤ãàë ä®à¬¨à®¢�«¨áì
®¡ãç�îé�ï ¨ ª®−âà®«ì−�ï ¢ë¡®àª¨. ˆ¤¥−â¨ä¨ª�æ¨ï ‚� ¢−ãâà¨ ®¡ãç�îé¨å
¢ë¡®à®ª ¯à®¨§¢®¤¨«�áì ¯® ¯®ª�§�â¥«ï¬ (δ, ω), à�ááç¨â�−−ë¬ á ¨á¯®«ì§®¢�−¨¥¬
¯à®æ¥¤ãà ¢−ãâà¥−−¥£® áª®«ì§ïé¥£® ª®−âà®«ï. ‚−ãâà¥−−¨© áª®«ì§ïé¨© ª®−âà®«ì
¨á¯®«ì§®¢�«áï ¤«ï ¯®¤¡®à� ¯�à�¬¥âà®¢ £à�¤¨¥−â−®£® ¡ãáâ¨−£� | ®¯â¨¬�«ì−®©
áª®à®áâ¨ ¨ ç¨á«� ¤¥à¥¢ì¥¢. ��à�¬¥âàë ®â¡®à�, ¢ª«îç�ï ç¨á«® ‚� k, áâ¥¯¥−−®©
¯®ª�§�â¥«ì ¬¥âà¨ª¨ Œ¨−ª®¢áª®£® p ¨ á®®â−®è¥−¨¥ ¢¥á®¢ a1/a2, â�ª¦¥ ¯®¤¡¨à�-
«¨áì ¢ å®¤¥ ¢−ãâà¥−−¥£® áª®«ì§ïé¥£® ª®−âà®«ï, ¨áå®¤ï ¨§ âà¥¡®¢�−¨ï ¬�ªá¨¬¨-
§�æ¨¨ â®ç−®áâ¨ à�á¯®§−�¢�−¨ï, ®æ¥−¨¢�¥¬®© á ¯®¬®éìî ROC AUC. �â¬¥â¨¬,
çâ® ¯®¨áª ¯�à�¬¥âà®¢ ®â¡®à� ‚� ®áãé¥áâ¢«ï«áï ¯à¨ §�à�−¥¥ −�©¤¥−−ëå ä¨ª-
á¨à®¢�−−ëå ®¯â¨¬�«ì−ëå ¯�à�¬¥âà�å £à�¤¨¥−â−®£® ¡ãáâ¨−£�. �®á«¥ ã¤�«¥−¨ï
¨§ ®¡ãç�îé¥© ¢ë¡®àª¨ ¢ëï¢«¥−−ëå ‚� �«£®à¨â¬ à�á¯®§−�¢�−¨ï ®¡ãç�«áï §�-
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’�¡«¨æ� 2 ‘æ¥−�à¨© íªá¯¥à¨¬¥−â®¢

ü
íªá¯¥à¨¬¥−â�

—¨á«® ¡«®ª®¢
¢−ãâà¥−−¥£® áª®«ì§ïé¥£®

ª®−âà®«ï (Nin)

—¨á«® ¡«®ª®¢
¢−¥è−¥£® áª®«ì§ïé¥£®

ª®−âà®«ï (Nout)
1 10 10
2 10 20
3 30 10

−®¢®. ÷¥§ã«ìâ�âë à�á¯®§−�¢�−¨ï ®æ¥−¨¢�«¨áì −� á®®â¢¥âáâ¢ãîé¨å ª®−âà®«ì−ëå
¢ë¡®àª�å. �ªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì á à�§«¨ç−ë¬ ç¨á«®¬ ¡«®ª®¢ áª®«ì§ïé¥£®
ª®−âà®«ï (â�¡«. 2).

�à¨ ¢ë¡®à¥ p ¤®áâ�â®ç−® ¯¥à¥¡à�âì ç¨á«� ®â ®¤−®£® ¤® ¯ïâ¨, á®®â−®è¥−¨¥
a1/a2 ¢ë¡à�âì á«®¦−¥¥. �¬¯¨à¨ç¥áª¨ ãáâ�−®¢«¥−®, çâ® ª�ç¥áâ¢® à�á¯®§−�¢�-
−¨ï ¬�ªá¨¬�«ì−®, ª®£¤� ®â−®è¥−¨¥ medx∈Xδ(x)a1/medx∈Xω(x)a1 ∈ [1, 2], £¤¥
med | 0,5-ª¢�−â¨«ì. ’�ª¨¬ ®¡à�§®¬, ç¨á«® ¢ë¯®«−ï¥¬ëå æ¨ª«®¢ ¢−ãâà¥−−¥£®
áª®«ì§ïé¥£® ª®−âà®«ï á®áâ�¢¨«® NinNoutNpNa1/a2kmax, £¤¥ Np | ç¨á«® ¯¥à¥-
¡¨à�¥¬ëå áâ¥¯¥−−ëå ¯®ª�§�â¥«¥©; Na1/a2 | ç¨á«® ¯¥à¥¡¨à�¥¬ëå á®®â−®è¥−¨©
a1/a2; kmax | ¯à¥¤¯®«�£�¥¬®¥ ¬�ªá¨¬�«ì−®¥ ç¨á«® ‚�. ‡�¬¥â¨¬, çâ® ¯®¤¡®à
¯�à�¬¥âà®¢ £à�¤¨¥−â−®£® ¡ãáâ¨−£� §�-

÷¨á. 2 ƒà�ä¨ª §�¢¨á¨¬®áâ¨ ¯à¨à®áâ� AUC
®â a1 (a2 = 1; p = 1)

−ï« £®à�§¤® ¡®«ìè¥ ¢à¥¬¥−¨, ç¥¬ ¢ë-
ç¨á«¥−¨¥ §−�ç¥−¨ï ¬¥âà¨ª¨ Œ¨−ª®¢-
áª®£® ¢ ¤¢ãå¬¥à−®¬ ¯à®áâà�−áâ¢¥ ¤«ï
ª�¦¤®£® ®¡ê¥ªâ� ¢ë¡®àª¨.

ˆ§ à¨á. 2 ¢¨¤−®, çâ® ¨§¬¥−¥−¨¥ a1
§−�ç¨â¥«ì−® ¢«¨ï¥â −� ª�ç¥áâ¢®. �à¨
íâ®¬ ¢¨¤¥− ®âç¥â«¨¢ë© íªáâà¥¬ã¬ ¯à¨
a1 = 300.

Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨-
¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥-
−¨ï áà�¢−¨¢�«áï á ¤àã£¨¬¨ ¯®¯ã«ïà-
−ë¬¨ ¬¥â®¤�¬¨ ¯®¨áª� ‚�. �¥à¢ë©
¬¥â®¤ ®á−®¢�− −� ¨áª«îç¥−¨¨ ®¡ê¥ª-
â®¢ á ¬�ªá¨¬�«ì−ë¬ ¯® ¬®¤ã«î ®âà¨æ�â¥«ì−ë¬ ®âáâã¯®¬. �à¥¤¯®«�£�¥âáï, çâ®
â�ª¨¥ −�¡«î¤¥−¨ï «¥¦�â ¢ £ãé¥ ®¡ê¥ªâ®¢ ¯à®â¨¢®¯®«®¦−®£® ª«�áá�. ‚â®à®©
¬¥â®¤ ®á−®¢�− −� ¨áª«îç¥−¨¨ ®¡ê¥ªâ®¢ á ¬�«ë¬ ¯® ¬®¤ã«î ®âáâã¯®¬. �à¥¤-
¯®«�£�¥âáï, çâ® ®¡ê¥ªâë á ¬�«ë¬ ®âáâã¯®¬ «¥¦�â −� £à�−¨æ¥ ¤¢ãå ª«�áá®¢, −¥
ï¢«ïîâáï íâ�«®−�¬¨ ª«�áá� ¨ á−¨¦�îâ ®¡®¡é�îéãî á¯®á®¡−®áâì �«£®à¨â¬�.
÷¥§ã«ìâ�âë ¨á¯®«ì§®¢�−¨ï íâ¨å �«£®à¨â¬®¢ ¯à®¤¥¬®−áâà¨à®¢�−ë −� à¨á. 3.

Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥−¨ï
¯®ª�§ë¢�« ¡®«¥¥ ¢ëá®ª¨¥ à¥§ã«ìâ�âë ¯à¨ à�§«¨ç−ëå −�¡®à�å £¨¯¥à¯�à�¬¥âà®¢
(à¨á. 4).
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÷¨á. 3 AUC ROC ¯®á«¥ ã¤�«¥−¨ï k ®¡ê¥ªâ®¢ á −�¨¡®«ìè¨¬ (�) ¨ á −�¨¬¥−ìè¨¬ (¡)
¯® ¬®¤ã«î ®âáâã¯®¬. ‚ëç¨á«¥−¨¥ AUC ¯à®¢®¤¨«®áì ¢ à¥¦¨¬¥ áª®«ì§ïé¥£® ª®−âà®«ï
á ãç¥â®¬ ¨áª«îç¥−−ëå ®¡ê¥ªâ®¢ (íªá¯¥à¨¬¥−â ü 3). ‚¨¤−®, çâ® §�¢¨á¨¬®áâì −¥ãáâ®©-
ç¨¢� ¨ −¥â ¢ëà�¦¥−−®© â¥−¤¥−æ¨¨ ¨§¬¥−¥−¨ï AUC: (�) ¯à¨à®áâ AUC á®áâ�¢¨« 0,012;
(¡) ¯à¨à®áâ AUC á®áâ�¢¨« 0,011

�¯¨á�−−ë© ¢ à�¡®â¥ �«£®à¨â¬ á¨«ì−¥¥ ¯®¢ëè�¥â AUC ROC, ®¤−�ª® ¨¬¥¥â
¡®«ìèãî ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì. ˆ§ à¨á. 4 ¢¨¤−®, çâ® ®¯â¨¬�«ì−ë¥ à¥§ã«ì-
â�âë ¤®áâ¨£−ãâë ¯à¨ p = 2 ¨ a1/a2 = 0,0025 ¨ ¯à¨ p = 3 ¨ a1/a2 = 0,0025.
�à¨ p = 4 ¨ a1/a2 = 0,0025 ¯à¨à®áâ AUC ROC −¨¦¥, ç¥¬ ¢ ¤àã£¨å á«ãç�ïå.
�à¨ p = 1 ¨ a1/a2 = 0,005 −¥â ¢ëà�¦¥−−®© â¥−¤¥−æ¨¨ ¯®¢ëè¥−¨ï â®ç−®áâ¨
¯à¨ ¨áª«îç¥−¨¨ ®¡ê¥ªâ®¢ ¯® ¯®àï¤ªã à�−¦¨à®¢�−¨ï. Šà®¬¥ k −¥®¡å®¤¨¬® ¯®¤®-
¡à�âì p ¨ ¢¥à−®¥ á®®â−®è¥−¨¥ a1/a2. �á−®¢−ãî á«®¦−®áâì ¯à¥¤áâ�¢«ï¥â ¯®¤¡®à
á®®â−®è¥−¨ï a1/a2 ¨ ç¨á«� ¨áª«îç¥−−ëå ®¡ê¥ªâ®¢ k. �®áª®«ìªã −¥«ì§ï á¤¥«�âì
−¨ª�ª¨å ¯à¥¤¯®«®¦¥−¨© ® §�¢¨á¨¬®áâ¨ ¯�à�¬¥âà®¢ ¨ ª�ç¥áâ¢� ®¡−�àã¦¥−¨ï ‚�,
®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ¬¥â®¤� ¯à¨å®¤¨âáï ¯®¤¡¨à�âì ¯à¨ ¯®¬®é¨
¯à®æ¥¤ãàë áª®«ì§ïé¥£® ª®−âà®«ï.

ˆ§ à¨á. 4 ¢¨¤−®, çâ® ¬�ªá¨¬�«ì−®¥ ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ (AUC =
= 0,836) ¤®áâ¨£�¥âáï ¯à¨ ¨áª«îç¥−¨¨ ¨§ ¯®«−®© ®¡ãç�îé¥© ¢ë¡®àª¨ ¯®¤¢ë-
¡®àª¨ ¨§ 21 ®¡ê¥ªâ�, ª®â®à�ï ¡ë«� ¯à®�−�«¨§¨à®¢�−� íªá¯¥àâ®¬. �ª�§�«®áì,
çâ® ¢®á¥¬ì ®¡ê¥ªâ®¢ ¨¬¥«¨ ®è¨¡®ç−ãî ¬¥âªã ¯¥à¢®£® ª«�áá�, ®¤¨− ®¡ê¥ªâ ¨¬¥«
®è¨¡®ç−ãî ¬¥âªã ¢â®à®£® ª«�áá�, ® ¯à¨−�¤«¥¦−®áâ¨ ®¤−®£® ®¡ê¥ªâ� −¥ ¡ë«®
−�©¤¥−® ¤®áâ®¢¥à−ëå ¤�−−ëå. ’�ª¨¬ ®¡à�§®¬, ¯à®¤¥¬®−áâà¨à®¢�−� á¯®á®¡−®áâì
à�§à�¡®â�−−®£® ¬¥â®¤� ¢ëï¢«ïâì ¨¬¥−−® ®è¨¡®ç−ë¥ −�¡«î¤¥−¨ï.

4 Заключение

‚ å®¤¥ à�¡®âë ¡ë« à�§à�¡®â�− �«£®à¨â¬ ®â¡®à� ‚�, ®á−®¢�−−ë© −� ¨á-
ª«îç¥−¨¨ ¨§ ¢ë¡®àª¨ ®¡ê¥ªâ®¢, −�¨¡®«¥¥ á¨«ì−® ¨áª�¦�îé¨å à�§¤¥«ïîéãî
¯®¢¥àå−®áâì. „�−−ë© ¬¥â®¤ ¯®§¢®«ï¥â ¤®¡¨âìáï ¡®«ìè¥£® ã«ãçè¥−¨ï ª�ç¥áâ¢�,
ç¥¬ ¥£® �−�«®£¨, ®¤−�ª® ®− âà¥¡ã¥â ¤®¢®«ì−® âé�â¥«ì−®£® ¯®¤¡®à� £¨¯¥à¯�à�-
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Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥−¨ï

÷¨á. 4 ‡�¢¨á¨¬®áâì ¢¥«¨ç¨−ë AUC ®â ç¨á«� ¨áª«îç¥−−ëå ¯® ¯®àï¤ªã à�−¦¨à®¢�−¨ï
®¡ê¥ªâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨ ¯® ª®¬¡¨−¨à®¢�−−ë¬ ®æ¥−ª�¬, ¢ª«îç�îé¨¬ ®âáâã¯ ¨ −¥-
ãáâ®©ç¨¢®áâì (a2 = 1): (�) a1 = 200, p = 1 | ¯à¨à®áâ AUC −� 0,026; (¡) a1 = 400,
p = 2 | ¯à¨à®áâ AUC −� 0,028; (¢) a1 = 400, p = 3 | ¯à¨à®áâ AUC −� 0,024;
(£) a1 = 400, p = 4| ¯à¨à®áâ AUC −� 0,019. ‚¨¤−®, çâ®, −¥á¬®âàï −� á®åà�−¥−¨¥ −¥-
ãáâ®©ç¨¢®áâ¨, ¯®ï¢«ï¥âáï ¢ëà�¦¥−−�ï â¥−¤¥−æ¨ï ¯®¢ëè¥−¨ï â®ç−®áâ¨ ¯à¨ ¨áª«îç¥−¨¨
®¡ê¥ªâ®¢ ¯® ¯®àï¤ªã à�−¦¨à®¢�−¨ï

¬¥âà®¢, çâ® á®§¤�¥â á«®¦−®áâ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ íâ®£® �«£®à¨â¬� ¤«ï ¡®«ìè¨å
¤�−−ëå. ‘ ¤àã£®© áâ®à®−ë, ¯à¥¤«®¦¥−−ë© �«£®à¨â¬ ¬®¦¥â ¡ëâì «¥£ª® ¢ë¯®«−¨¬
¯�à�««¥«ì−®. �à¨¬¥−¥−¨¥ à�§à�¡®â�−−®£® �«£®à¨â¬� ¯à¨ ä¨«ìâà�æ¨¨ ®è¨¡®ª
¢ ¡�§�å ¤�−−ëå ¯® á¢®©áâ¢�¬ −¥®à£�−¨ç¥áª¨å á®¥¤¨−¥−¨© ¯®§¢®«¨«® §−�ç¨â¥«ì−®
á®ªà�â¨âì ¢à¥¬ï ¨ âàã¤®§�âà�âë −� ¢ëï¢«¥−¨¥ ®è¨¡®ª ¢ ®¯à¥¤¥«¥−¨¨ áâ�âãá� å¨-
¬¨ç¥áª¨å ®¡ê¥ªâ®¢ ¨ ¯®¢ëá¨âì â®ç−®áâì ¯à®£−®§¨à®¢�−¨ï ¯à¨ ª®−áâàã¨à®¢�−¨¨
−®¢ëå −¥®à£�−¨ç¥áª¨å á®¥¤¨−¥−¨©. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® �−�«¨§ ¢ëï¢«¥−−ëå
‚� ¤�¥â áâ¨¬ã« ª ¤®¯®«−¨â¥«ì−®¬ã ¨§ãç¥−¨î á®®â¢¥âáâ¢ãîé¨å á®¥¤¨−¥−¨©.
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METHOD FOR SEARCHING OUTLIER OBJECTS
USING PARAMETERS OF LEARNING INSTABILITY
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Abstract: The paper describes a new method of outliers detection in pattern
recognition tasks. The authors define an outlier as an object which deviates
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significantly from the other objects of the same class. The method is based on
simultaneous use of evaluated object estimates for classes and integral distortion
of recognition algorithm that is caused by evaluated object. Usefulness of
the developed technique was shown for the task of predicting if an inorganic
compound of composition A+3B+3C+2O4 is formed under ordinary conditions.
The method may be used for erroneous observations detection that is aimed to
improve training information in different recognition tasks.

Keywords: outliers; data bases; recognition; instability of training; nonorganic
compounds
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