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ВЫБОР РАЗМЕРНОСТЕЙ ДЛЯ СМЕСИ ВЕРОЯТНОСТНЫХ
АНАЛИЗАТОРОВ ГЛАВНЫХ КОМПОНЕНТ

М. П. Кривенко1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¢ë¡®à� áâàãªâãà−ëå ¯�à�¬¥âà®¢,
å�à�ªâ¥à¨§ãîé¨å ¬®¤¥«ì á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬-
¯®−¥−â, � ¨¬¥−−®: ç¨á«� í«¥¬¥−â®¢ á¬¥á¨ ¨ à�§¬¥à−®áâ¥© íâ¨å í«¥¬¥−â®¢.
‘à¥¤¨ −�¡®à� ¨á¯®«ì§ã¥¬ëå −� ¯à�ªâ¨ª¥ ¯®¤å®¤®¢ ¢ á«ãç�¥ §�¤�ç¨ ®¡ãç�-
¥¬®© ª«�áá¨ä¨ª�æ¨¨ ¤�−−ëå ä�ªâ¨ç¥áª¨ ¤®áâã¯−ë¬¨ ®áâ�îâáï «¨èì ¬¥â®¤ë
ã¯à�¢«¥−¨ï ¢ë¡®àª®©. „«ï à¥�«¨§�æ¨¨ ¢ë¡®à� à�§¬¥à−®áâ¥© ¯à¥¤«�£�¥âáï
¨á¯®«ì§®¢�âì ª®¬¡¨−�æ¨î ¨§¢¥áâ−ëå ¬¥â®¤®¢ ¢ë¡®à� à�§¬¥à−®áâ¥© ¯à¨−ïâ®©
¬®¤¥«¨. ‘¬¥áì ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â ¯®§¢®«ï¥â
¬®¤¥«¨à®¢�âì ®¡ê¥¬−ë¥ ¤�−−ë¥ á ¯®¬®éìî ®â−®á¨â¥«ì−® −¥¡®«ìè®£® ç¨á«�
á¢®¡®¤−ëå ¯�à�¬¥âà®¢. —¨á«® á¢®¡®¤−ëå ¯�à�¬¥âà®¢ ¬®¦−® ª®−âà®«¨à®¢�âì
á ¯®¬®éìî ¢ë¡®à� «�â¥−â−®© à�§¬¥à−®áâ¨ ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: ¢¥à®ïâ−®áâ−ë© �−�«¨§ £«�¢−ëå ª®¬¯®−¥−â (PPCA); á¬¥á¨
PPCA; ªà¨â¥à¨© ¢ë¡®à� ¬®¤¥«¨; ¡ãâáâà¥¯; ¯¥à¥¯à®¢¥àª�

DOI: 10.14357/08696527190301

1 Введение

Œ®¤¥«ì á¬¥á¨ �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â ¯®§¢®«ï¥â ¤¥â�«¨§¨à®¢�âì
®¯¨á�−¨¥ à¥�«ì−ëå ¤�−−ëå ¨ â¥¬ á�¬ë¬ á®§¤�âì ¯à¥¤¯®áë«ª¨ ¤«ï ¯®¢ëè¥−¨ï
ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ [1]. �¤−�ª® ¯® ¬¥à¥ à®áâ� à�§¬¥à−®áâ¨ ¯à®áâà�−áâ¢�
¤�−−ëå, ¤� ¥é¥ ¯à¨ ¥áâ¥áâ¢¥−−®¬ ¦¥«�−¨¨ ã¢¥«¨ç¨âì ç¨á«® í«¥¬¥−â®¢ á¬¥á¨,
®¡ê¥¬ ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï −�¤¥¦−®£® ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨,
áâ�−®¢¨âáï −¥¯®¬¥à−® ¡®«ìè¨¬. �®íâ®¬ã â�ª ¢�¦−ë ¢®§¬®¦−®áâ¨ á¬¥á¨ ¢¥-
à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â ¬®¤¥«¨à®¢�âì ¤�−−ë¥ ¡®«ìè¨å
à�§¬¥à®¢ á ®â−®á¨â¥«ì−® −¥¡®«ìè¨¬ ç¨á«®¬ á¢®¡®¤−ëå ¯�à�¬¥âà®¢. —¨á«®
á¢®¡®¤−ëå ¯�à�¬¥âà®¢ ¬®¦−® ª®−âà®«¨à®¢�âì á ¯®¬®éìî ¢ë¡®à� áªàëâ®© ¯à®-
áâà�−áâ¢¥−−®© à�§¬¥à−®áâ¨ ¤«ï ª�¦¤®£® í«¥¬¥−â� á¬¥á¨ ¢ ®â¤¥«ì−®áâ¨. ‚ íâ®©
á¢ï§¨ æ¥−âà�«ì−®© áâ�−®¢¨âáï ¯à®¡«¥¬� ¢ë¡®à� áâàãªâãà−ëå ¯�à�¬¥âà®¢ (ç¨á«®
í«¥¬¥−â®¢ á¬¥á¨ ¨ ¤«ï ª�¦¤®£® í«¥¬¥−â� á¬¥á¨ ª®«¨ç¥áâ¢® £«�¢−ëå ª®¬¯®−¥−â,
ª®â®àë¥ −¥®¡å®¤¨¬® ®áâ�¢¨âì).

��§®¢�ï ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì �−�«¨§� £«�¢−ëå ª®¬¯®−¥−â (PPCA, proba-
bilistic principal component analysis) ¤«ï á−¨¦¥−−®© à�§¬¥à−®áâ¨ k ®á−®¢ë¢�¥âáï
−� ¯à¥¤áâ�¢«¥−¨¨

y =Wx+ µ+ ε ,

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

£¤¥ y | d-¬¥à−�ï −�¡«î¤�¥¬�ï ¯¥à¥¬¥−−�ï, y ∼ N(µ,C(k)); W | (d × k)-
¬�âà¨æ� ¯à¥®¡à�§®¢�−¨ï; x | k-¬¥à−�ï «�â¥−â−�ï ¯¥à¥¬¥−−�ï, x ∼ N(0, I);
ε | d-¬¥à−�ï ¯¥à¥¬¥−−�ï, ε ∼ N(0, σ2I); C(k) = WWT + σ2I. ‡¤¥áì d |
¨áå®¤−�ï à�§¬¥à−®áâì ¤�−−ëå, k | á−¨¦¥−−�ï à�§¬¥à−®áâì ¤�−−ëå, µ,W ¨ σ2

áãâì ¯�à�¬¥âàë ¬®¤¥«¨, ¯à¨ k < d ç¨á«® áª�«ïà−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨ PPCA
à�¢−® dk + d+ 1.

�®á«¥ â®£® ª�ª −�©¤¥−ë ®æ¥−ª¨ ¯�à�¬¥âà®¢ �µ, �σ2 ¨ �W, ¬®¦−® à�áá¬�âà¨¢�âì

á«ãç�©−ãî −®à¬�«ì−® à�á¯à¥¤¥«¥−−ãî ¢¥«¨ç¨−ã y ∼ N(�µ, �C(k)), £¤¥

�C(k) = �W �WT + �σ2I ,

¨ ®áãé¥áâ¢«ïâì ¯®áâà®¥−¨¥ ¡�©¥á®¢áª®£® ª«�áá¨ä¨ª�â®à�.
‘¢ï§ì ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ á® áâ�−¤�àâ−ë¬ PCA (principal component anal-

ysis) ¯®§¢®«ï¥â ¬®¤¥«¨à®¢�âì á«®¦−ë¥ áâàãªâãàë ¤�−−ëå á ¯®¬®éìî ª®¬¡¨−�æ¨¨
«®ª�«ì−ëå ¯®¤¬®¤¥«¥© PPCA ¨ à¥�«¨§�æ¨¨ á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢
£«�¢−ëå ª®¬¯®−¥−â (PPCAM). �â®â ¯®¤å®¤ ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì ¢á¥ ¯�à�¬¥â-
àë ¬®¤¥«¨ ¯ãâ¥¬ ¬�ªá¨¬¨§�æ¨¨ ¯à�¢¤®¯®¤®¡¨ï, ¢ å®¤¥ ª®â®à®£® �¢â®¬�â¨ç¥áª¨
¯à®¨áå®¤¨â à�§¡¨¥−¨¥ ¤�−−ëå ¨ ®¯à¥¤¥«¥−¨¥ á®®â¢¥âáâ¢ãîé¨å £«�¢−ëå ®á¥©.
‹®£�à¨ä¬ ¯à�¢¤®¯®¤®¡¨ï ¤«ï â�ª®© ¬®¤¥«¨ á¬¥á¨ ¥áâì

L =
n∑

i=1

ln{p(yi)} =
n∑

i=1

ln





m∑

j=1

πjp(yi|j)



 ,

£¤¥ p(yi|j) ®â¢¥ç�¥â í«¥¬¥−â�à−®© PPCA(j)-¬®¤¥«¨, � πj | á®®â¢¥âáâ¢ãîé¨©
¢¥á í«¥¬¥−â� á¬¥á¨ á πj ≥ 0 ¨

∑m
j=1 πj = 1. ‘ ª�¦¤ë¬ j-¬ í«¥¬¥−â®¬ á¬¥á¨

á¢ï§�−ë á¢®¨ ¯�à�¬¥âàë µj,Wj ¨ σ2j , ¯®íâ®¬ã ®¡é¥¥ ç¨á«® ¯�à�¬¥âà®¢ ¬®¤¥«¨
PPCAM à�¢−®

(m− 1) +
m∑

j=1

(dkj + d+ 1) = d
m∑

j=1

kj +m(d+ 2)− 1 .

Œ®¦−® à�§à�¡®â�âì ¨â¥à�æ¨®−−ë© EM (expectation-maximization) �«£®à¨â¬
¤«ï ®æ¥−¨¢�−¨ï ¢á¥å ¯�à�¬¥âà®¢ ¬®¤¥«¨ πj, µj, Wj ¨ σ2j . ‘®£«�á−® [2],
®¡−®¢«¥−¨ï ¤«ï ¯�à�¬¥âà®¢ ¯à¨−¨¬�îâ ®¡ëç−ë© ¢¨¤ ¤«ï á¬¥á¨ −®à¬�«ì−ëå
à�á¯à¥¤¥«¥−¨©.

2 Байесовская селекция моделей

–¥−âà�«ì−�ï ¯à®¡«¥¬� ¯à¨ ¨á¯®«ì§®¢�−¨¨ á¬¥á¨ PPCA | íâ® §�¤�−¨¥ áâàãª-
âãà−ëå ¯�à�¬¥âà®¢, â. ¥. ¢ë¡®à ¬®¤¥«¨ á¬¥á¨ á ®¯à¥¤¥«¥−−ë¬¨ §−�ç¥−¨ï¬¨ m
¨ k1, . . . , km. ‚¥à®ïâ−®áâ−ë© å�à�ªâ¥à ¬®¤¥«¨ ¯®§¢®«ï¥â ¯à¨¢«¥çì ¤«ï íâ®£®
¡�©¥á®¢áª¨¥ ¯à¨−æ¨¯ë: áâàãªâãà−�ï ¬®¤¥«ì ¢ë¡¨à�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¢¥à®ïâ-
−®áâìî, ª®â®à�ï ¯à¨á¢�¨¢�¥âáï −�¡«î¤¥−−ë¬ ¤�−−ë¬, çâ® ¯®«−®áâìî �−�«®£¨ç−®
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Œ. �. Šà¨¢¥−ª®

¡�©¥á®¢áª®© ª«�áá¨ä¨ª�æ¨¨. �−� à�−¦¨àã¥â ¬®¤¥«¨ ¯à®¯®àæ¨®−�«ì−® â®¬ã, −�-
áª®«ìª® ®−¨ ¯à®£−®§¨àãîâ ¨¬¥îé¨¥áï ¤�−−ë¥. �à¨ íâ®¬ á«®¦−ë¥ ¬®¤¥«¨
®ª�§ë¢�îâáï ¬¥−¥¥ ¢¥à®ïâ−ë¬¨, â. ¥. ¢®¯«®é�¥âáï ¯à¨−æ¨¯ ¡à¨â¢ë �ªª�¬�.

‚¥à®ïâ−®áâì −�¡®à� ¤�−−ëå D = {y1, . . . ,yn}, ®¯¨áë¢�¥¬ëå −¥ª®â®à®©
¬®¤¥«ìî M , ¢ëç¨á«ï¥âáï ¯ãâ¥¬ ¨−â¥£à¨à®¢�−¨ï ¯® −¥¨§¢¥áâ−ë¬ §−�ç¥−¨ï¬
¯�à�¬¥âà®¢ θ íâ®© ¬®¤¥«¨:

I = p(D|M) =
∫

—

p(D|θ,M)p(θ|M) dθ , (1)

£¤¥ p(θ|M) | �¯à¨®à−�ï ¯«®â−®áâì ¯�à�¬¥âà� θ; p(D|θ) | ¯«®â−®áâì ¤�−−ëå
¯à¨ ®¯à¥¤¥«¥−−®¬ §−�ç¥−¨¨ θ, ¨«¨ äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï θ. ‡¤¥áì θ |
¢ ®¡é¥¬ á«ãç�¥ −¥ª®â®àë© −�¡®à áª�«ïà−ëå ¯�à�¬¥âà®¢ ¨ ¥£® à�§¬¥à−®áâì | dM .
�¯à¨®à−®¥ à�á¯à¥¤¥«¥−¨¥ p(θ|M) ¯®§¢®«ï¥â ãç¥áâì ¨¬¥îéãîáï ¨−ä®à¬�æ¨î
® §−�ç¥−¨ïå ¯�à�¬¥âà®¢, −® áâ�−®¢¨âáï ®âï£®é�îé¨¬ ä�ªâ®à®¬, ª®£¤� íâ®©
¨−ä®à¬�æ¨¨ −¥â.

‚¥«¨ç¨−� p(D|M) −�§ë¢�¥âáï ®¡®á−®¢�−−®áâìî (evidence) ¬®¤¥«¨ M . �−�
ï¢«ï¥âáï ¬�à£¨−�«ì−®© ¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï, ¤�¥â ¯à¥¤áâ�¢«¥−¨¥ ® ¢¥à®-
ïâ−®áâ¨ ã¢¨¤¥âì ¤�−−ë¥, ª®â®àë¥ ¤¥©áâ¢¨â¥«ì−® −�¡«î¤�«¨áì, à�ááç¨â�−−®© ¤®
â®£®, ª�ª ®−¨ áâ�«¨ ¤®áâã¯−ë.

„«ï áà�¢−¥−¨ï ¤¢ãå ¬®¤¥«¥© M1 ¨ M2 ¨á¯®«ì§ã¥âáï â�ª −�§ë¢�¥¬ë© ¡�©¥-
á®¢áª¨© ä�ªâ®à B12:

B12 =
pr(M1|D)
pr(M2|D)

=
pr(D|M1)pr(M1)
pr(D|M2)pr(M2)

.

�à¨ ¯à¨¬¥−¥−¨¨ ¡�©¥á®¢áª®£® ¯®¤å®¤� ª«îç¥¢ë¬ áâ�−®¢¨âáï ¢ëç¨á«¥−¨¥
®¡®á−®¢�−−®áâ¨ ¬®¤¥«¨.

�àï¬ë¥ ¬¥â®¤ë. �−�«¨â¨ç¥áª¨ ¯®«ãç¨âì ¤«ï à�§«¨ç−ëå ¬®¤¥«¥© §−�ç¥-
−¨ï (1) ã¤�¥âáï â®«ìª® ¤«ï âà¨¢¨�«ì−ëå á¨âã�æ¨©. ’®ç−�ï �−�«¨â¨ç¥áª�ï ®æ¥−-
ª� ¨−â¥£à�«� ¢®§¬®¦−� â�ª¦¥ ¤«ï íªá¯®−¥−æ¨�«ì−®£® á¥¬¥©áâ¢� à�á¯à¥¤¥«¥−¨©
á á®®â¢¥âáâ¢ãîé¨¬¨ á®¯àï¦¥−−ë¬¨ �¯à¨®à−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨ (á¬., ¢ ç�áâ-
−®áâ¨, [3, £«. 10]), −® §¤¥áì ¢®§−¨ª�îâ ¢®¯à®áë ®â−®á¨â¥«ì−® æ¥«¥á®®¡à�§−®áâ¨
¨á¯®«ì§®¢�−¨ï â�ª¨å à�á¯à¥¤¥«¥−¨©, ¢ ®á®¡¥−−®áâ¨ íâ® ª�á�¥âáï á®¯àï¦¥−−®-
£® à�á¯à¥¤¥«¥−¨ï. �®íâ®¬ã ¯à¨å®¤¨âáï ®¡à�é�âìáï ª ç¨á«¥−−ë¬ ¬¥â®¤�¬, −®
¨å ª«�áá¨ç¥áª¨¥ ¢�à¨�−âë ¬®£ãâ ¡ëâì ªà�©−¥ −¥íää¥ªâ¨¢−ë. �¤−� ¨§ ¯à¨ç¨−
§�ª«îç�¥âáï ¢ â®¬, çâ® á à®áâ®¬ à�§¬¥à� ¢ë¡®àª¨ ¯®¤ë−â¥£à�«ì−�ï äã−ªæ¨ï ¯à¨-
®¡à¥â�¥â ïàª® ¢ëà�¦¥−−ë© ¬�ªá¨¬ã¬, � ®¯¨á�âì ®¡«�áâì ¥¥ ¡®«ìè¨å §−�ç¥−¨©
á«®¦−®. „àã£�ï ¯à¨ç¨−� | íâ® ¯à®ï¢«¥−¨¥ ¢ à¥�«ì−ëå §�¤�ç�å ¯à®ª«ïâ¨ï à�§-
¬¥à−®áâ¨. �à¥¤áâ�¢«¥−¨¥ ® à�§«¨ç−ëå áâà�â¥£¨ïå ç¨á«¥−−®£® ¨−â¥£à¨à®¢�−¨ï
¤«ï ®æ¥−ª¨ ¨−â¥£à�«� (1) ¬®¦−® ¯®«ãç¨âì ¨§ [4].

�á¨¬¯â®â¨ç¥áª¨¥ ¯à¨¡«¨¦¥−¨ï. Œ¥â®¤ ‹�¯«�á�. �®«¥§−®¥ ¯à¨¡«¨¦¥−¨¥
¤«ï (1) ¯®«ãç�¥âáï, ¥á«¨ ¯à¥¤¯®«®¦¨âì, çâ® �¯®áâ¥à¨®à−�ï ¯«®â−®áâì, ¯à®¯®à-
æ¨®−�«ì−�ï p(D|θ,M)p(θ|M), ï¢«ï¥âáï ®áâà®ª®−¥ç−®© äã−ªæ¨¥©, ¤®áâ¨£�îé¥©
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‚ë¡®à à�§¬¥à−®áâ¥© ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â

á¢®¥£® ¬�ªá¨¬ã¬� ¢ �¯®áâ¥à¨®à−®© ¬®¤¥ “θ. �â® â�ª, ¥á«¨ äã−ªæ¨ï ¯à�¢¤®¯®-

¤®¡¨ï p(D|θ,M) â�ª¦¥ ®áâà®ª®−¥ç−� ¢ ®¡«�áâ¨ á¢®¥£® ¬�ªá¨¬ã¬� �θ, çâ® ¨¬¥¥â
¬¥áâ® ¤«ï ¡®«ìè¨å ¢ë¡®à®ª. �ãáâì l(θ) = log p(D|θ,M)p(θ|M). ’®£¤�, à�á-
á¬�âà¨¢�ï ª¢�¤à�â¨ç−ãî �¯¯à®ªá¨¬�æ¨î ¤«ï l(θ), ¯®«ãç¨¬ ¯à¥¤áâ�¢«¥−¨¥ ¤«ï

p(D|θ,M)p(θ|M) ¢ ¢¨¤¥ −®à¬�«ì−®© ¯«®â−®áâ¨ á® áà¥¤−¨¬ “θ ¨ ª®¢�à¨�æ¨®−−®©
¬�âà¨æ¥©

“› =
(
−D2l

(
“θ
))−1

,

£¤¥ D2l(“θ) | ¬�âà¨æ� ƒ¥áá¥. �®á«¥ ¨−â¥£à¨à®¢�−¨ï ¯®«ãç�¥¬ ¯à¨¡«¨¦¥−¨¥ ¯®
¬¥â®¤ã ‹�¯«�á�:

“I = (2π)dM /2
∣∣∣“›
∣∣∣
1/2

p
(
D|“θ,M

)
p
(
“θ,M

)
.

Š�ª á«¥¤ã¥â ¨§ [5], ¬¥â®¤ ‹�¯«�á� ®¡¥á¯¥ç¨¢�¥â �¤¥ª¢�â−ë¥ ¯à¨¡«¨¦¥−¨ï,
¥á«¨ ¯à�¢¤®¯®¤®¡¨¥ −¥ á¨«ì−® ®â«¨ç�¥âáï ®â −®à¬�«ì−®£® ¨ à¥çì ¨¤¥â ® áªà®¬−ëå
à�§¬¥à−®áâïå. �¢â®àë ãª�§�−−®© à�¡®âë −¥ ¡¥àãâáï ¡ëâì ¡®«¥¥ ª®−ªà¥â−ë¬¨,
−®, ¯® ¨å ¬−¥−¨î, ¢ë¡®àª¨ ¬¥−¥¥ 5dM ¢ë§ë¢�îâ ¡¥á¯®ª®©áâ¢®, � à�§¬¥à®¬
¡®«¥¥ 20dM ®ª�§ë¢�îâáï ¤®áâ�â®ç−ë¬¨.

Œ¥â®¤ ‹�¯«�á� ¨¬¥¥â ¬−®¦¥áâ¢® ¬®¤¨ä¨ª�æ¨© ª�ª ¢ ®¡é¥¬ á«ãç�¥ (á¬.
ááë«ª¨ ¢ [5]), â�ª ¨ ¯à¨¬¥−¨â¥«ì−® ª PCA (á¬., −�¯à¨¬¥à, [6{8]).

�á¨¬¯â®â¨ç¥áª¨¥ ¯à¨¡«¨¦¥−¨ï. Šà¨â¥à¨© ˜¢�àæ�. Œ®¦−® ¨§¡¥¦�âì ¢¢¥-
¤¥−¨ï ¯«®â−®áâ¥© p(θ|M), ¨á¯®«ì§ãï ¢ ¢ëà�¦¥−¨¨ ¤«ï ¡�©¥á®¢áª®£® ä�ªâ®à�B12
¢¥«¨ç¨−ë S:

S = ln p
(
D|�θ1,M1

)
− ln pr

(
D|�θ2,M2

)
− 1
2
(d1 − d2) lnn ,

£¤¥ �θk | ®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï; dk | à�§¬¥à−®áâì ¯�à�¬¥âà� θ
¯à¨ Mk. �à¨ n →∞ ¢¥«¨ç¨−� S, ç�áâ® −�§ë¢�¥¬�ï ªà¨â¥à¨¥¬ ˜¢�àæ�, ¬®¦¥â
à�áá¬�âà¨¢�âìáï ª�ª £àã¡®¥ ¯à¨¡«¨¦¥−¨¥ ª «®£�à¨ä¬ã ¡�©¥á®¢áª®£® ä�ªâ®à�.
Œ¨−ãá ã¤¢®¥−−ë© ªà¨â¥à¨© ˜¢�àæ� ç�áâ® −�§ë¢�îâ ¡�©¥á®¢áª¨¬ ¨−ä®à¬�æ¨®−-
−ë¬ ªà¨â¥à¨¥¬ (BIC, Bayesian information criterion). ‚ ®â«¨ç¨¥ ®â ¯à¨¡«¨¦¥−¨©
¯® ¬¥â®¤ã ‹�¯«�á�, ¤«ï ª®â®àëå ®â−®á¨â¥«ì−�ï ¯®£à¥è−®áâì ¯®àï¤ª� O(n−1),
®â−®á¨â¥«ì−�ï ®è¨¡ª� expS ¢ ¯à¨¡«¨¦¥−¨¨ B12 ®¡ëç−® à�¢−� O(1). ’�ª¨¬
®¡à�§®¬, ¤�¦¥ ¤«ï ®ç¥−ì ¡®«ìè¨å ¢ë¡®à®ª íâ® −¥ ¤�¥â ¨áâ¨−−®£® §−�ç¥−¨ï, −®
®¡¥á¯¥ç¨¢�¥â ¥£® à�§ã¬−®¥ ãª�§�−¨¥.

Šà¨â¥à¨© ˜¢�àæ� ¯à¨¢«¥ª�â¥«¥− â¥¬, çâ® ¥£® ¬®¦−® ¯à¨¬¥−ïâì ¢ ª�ç¥áâ¢¥
áâ�−¤�àâ−®© ¯à®æ¥¤ãàë, ¤�¦¥ ¥á«¨ �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï âàã¤−® ãáâ�−®¢¨âì
â®ç−®. ‚ íâ®¬ á¬ëá«¥ ®− ¯à¥¤®áâ�¢«ï¥â ¯®«¥§−ãî à�§¢¥¤®ç−ãî ¨−ä®à¬�æ¨î ¤«ï
¯à�ªâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©.

„àã£¨¥ ¬¥â®¤ë. ‘�¬®áâ®ïâ¥«ì−ãî £àã¯¯ã ¯à®æ¥¤ãà á®áâ�¢«ïîâ ¬¥â®¤ë
¨−â¥£à¨à®¢�−¨ï â¨¯� Œ®−â¥-Š�à«® (á¬. [5, ¯®¤à�§¤. 4.2 ¨ 4.3]. �®¤®¡−ë¥
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¯à®æ¥¤ãàë −¥ ¢á¥£¤� à¥�«ì−® â®ç−ë ¨ âà¥¡ãîâ ¡®«ìè¨å ¢ëç¨á«¨â¥«ì−ëå §�âà�â,
−® ¢ á«®¦−ëå á«ãç�ïå ¬®£ãâ ®ª�§�âìáï ¥¤¨−áâ¢¥−−ë¬¨ ¤®áâã¯−ë¬¨ ¤«ï ¯®«ãç¥−¨ï
¯®â¥−æ¨�«ì−® â®ç−ëå à¥§ã«ìâ�â®¢.

�¡®¡é¥−¨ï. �¡ëç−® ¯à�ªâ¨ç¥áª®¥ ¯®áâà®¥−¨¥ ¬®¤¥«¨ ¢ª«îç�¥â ¢ á¥¡ï £®-
à�§¤® ¡®«ìè¥, ç¥¬ áà�¢−¥−¨¥ ¤¢ãå ¢�à¨�−â®¢. ˆá¯®«ì§®¢�−¨¥ ¢ íâ®¬ á«ãç�¥
¯®¯�à−®£® áà�¢−¥−¨ï £¨¯®â¥§ ¯®à®¦¤�¥â â¨¯¨ç−ë¥ ¯à®¡«¥¬ë, −® ¨å ¬®¦−® ¨§¡¥-
¦�âì, ¯® ªà�©−¥ ¬¥à¥ ¢ ¯à¨−æ¨¯¥, ¥á«¨ ¯à¨−ïâì ¡�©¥á®¢áª¨© ¯®¤å®¤ ¨ ¢ëç¨á«¨âì
�¯®áâ¥à¨®à−ë¥ ¢¥à®ïâ−®áâ¨ ¢á¥å ª®−ªãà¨àãîé¨å ¬®¤¥«¥©, ª®â®àë¥ á«¥¤ãîâ −¥-
¯®áà¥¤áâ¢¥−−® ¨§ ¡�©¥á®¢áª¨å ä�ªâ®à®¢. ‡�â¥¬ ¬®¦−® á¤¥«�âì ¨â®£®¢ë© ¢ë¢®¤,
ª®â®àë© ãç¨âë¢�¥â −¥®¯à¥¤¥«¥−−®áâì ¬®¤¥«¨ ¯à®áâë¬ ¨ ä®à¬�«ì−® ®¯à�¢¤�−−ë¬
á¯®á®¡®¬.

…á«¨ ¤«ï ª�¦¤®© £¨¯®â¥§ë ¥áâì ¬¥à� ¯®«¥§−®áâ¨ –, â®

pr(–|D) =
K∑

k=0

pr (–|D,Mk) pr (Mk|D) . (2)

’®£¤� ¢ë¡®à ®¤−®© ¬®¤¥«¨ ¨ ãá«®¢−®¥ ¯à®¤®«¦¥−¨¥ ¢ë¢®¤� −� ¥¥ ®á−®¢¥ ¬®£ãâ
¡ëâì à�§ã¬−ë¬¨, ¥á«¨ ®¤−® ¨§ §−�ç¥−¨© pr(Mk|D) ¡«¨§ª® ª ¥¤¨−¨æ¥ ¨«¨ ¥á«¨
¢ áã¬¬¥ ¯à¥®¡«�¤�îâ ¬®¤¥«¨, §−�ç¥−¨ï ª®â®àëå �−�«®£¨ç−ë. …á«¨ −¥â, â®
�−�«¨§ë, ®¡ãá«®¢«¥−−ë¥ ®¤−®© ¢ë¡à�−−®© ¬®¤¥«ìî, −¥ ¢ á®áâ®ï−¨¨ ¯®«−®áâìî
ãç¥áâì −¥®¯à¥¤¥«¥−−®áâì ¢ ®â−®è¥−¨¨ áâàãªâãàë ¨ ¯®íâ®¬ã ¬®£ãâ −¥¤®®æ¥−¨¢�âì
−¥®¯à¥¤¥«¥−−®áâì, á¢ï§�−−ãî á ¨å ¢ë¢®¤�¬¨.

�¥á¬®âàï −� −�«¨ç¨¥ ®¡é¥© áâà�â¥£¨¨ ¤«ï ãáâà�−¥−¨ï −¥®¯à¥¤¥«¥−−®áâ¨
¬®¤¥«¨, áãé¥áâ¢ãîâ âà¨ ®á−®¢−ëå ¯à¥¯ïâáâ¢¨ï ¤«ï ¥¥ è¨à®ª®£® ¯à¨¬¥−¥−¨ï.
‚®-¯¥à¢ëå, á«®¦−®áâì à�áç¥â� ¡�©¥á®¢áª¨å ä�ªâ®à®¢. ‚â®à®¥ ¯à¥¯ïâáâ¢¨¥ á®-
áâ®¨â ¢ â®¬, çâ® ç¨á«® á«�£�¥¬ëå ¢ (2) ¬®¦¥â ¡ëâì ®£à®¬−ë¬. ’à¥âì¥ ¯à¥¯ïâáâ¢¨¥
§�ª«îç�¥âáï ¢ â®¬, çâ® ¤«ï ª�¦¤®© ¬®¤¥«¨ ¤®«¦−ë ¡ëâì ãª�§�−ë ¯à¥¤¢�à¨-
â¥«ì−ë¥ à�á¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢. ‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ ¢®§¬®¦−ë¥ á¯®á®¡ë
®¡®©â¨ íâ®. �¤¨− ¨§ ¯®¤å®¤®¢ á®áâ®¨â ¢ â®¬, çâ®¡ë ¨á¯®«ì§®¢�âì ªà¨â¥à¨©
˜¢�àæ�, çâ® ¤�¥â â®ç−®¥ ¯à¨¡«¨¦¥−¨¥ ¤«ï −¥ª®â®àëå ª®−ªà¥â−ëå �¯à¨®à−ëå
¯à¥¤¯®«®¦¥−¨©, ®ª�§ë¢�îé¨åáï à�§ã¬−ë¬¨ (á¬., −�¯à¨¬¥à, [5]). „àã£®© á¯®-
á®¡ | ãª�§�âì �¯à¨®à−®¥ à�á¯à¥¤¥«¥−¨ï ¤«ï ®¤−®© ¨«¨ −¥áª®«ìª¨å ®¡ê¥¬«îé¨å
¬®¤¥«¥©, ¢ ª®â®àë¥ ¢«®¦¥−ë ¢á¥ ¨«¨ ¡®«ìè¨−áâ¢® à�áá¬�âà¨¢�¥¬ëå ¬®¤¥«¥©,
� §�â¥¬ ¯®«ãç¨âì �¯à¨®à−ë¥ §−�ç¥−¨ï ¤«ï ¢«®¦¥−−ëå ¬®¤¥«¥©, ®¡ãá«®¢¨¢ ®£à�-
−¨ç¥−¨ï, ª®â®àë¥ ¨å ®¯à¥¤¥«ïîâ (á¬., −�¯à¨¬¥à, [9]).

“¯à®áâ¨âì ¨á¯®«ì§®¢�−¨¥ (2) ¬®¦−® á ¯®§¨æ¨© ®¡é¨å �«£®à¨â¬¨ç¥áª¨å ¨¤¥©,
ª®â®àë¥ ¯à¨¢®¤ïâ ª ¬¥â®¤�¬ ®ª−� �ªª�¬� ¨ Œ‘3. ‘«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥
−� â®, çâ® íâ¨ ã¯à®é¥−¨ï −¥ ï¢«ïîâáï ¯à¨¡«¨¦¥−¨¥¬ (2), ¯à¨−ïâë¬ ¤«ï ã¤®¡áâ¢�
¢ëç¨á«¥−¨©, � áª®à¥¥ ¬¥â®¤®«®£¨ç¥áª¨¬ à¥è¥−¨¥¬. �®íâ®¬ã ¨â®£®¢ë© à¥§ã«ìâ�â
¬®¦¥â ®ª�§�âìáï −¥áª®«ìª® ¨−ë¬, ç¥¬ ¤«ï (2).

�ãâáâà¥¯-¬¥â®¤ë ¯à¥¤®áâ�¢«ïîâ ¢®§¬®¦−®áâì ®¡®©â¨ ã¯®¬ï−ãâë¥ à�−¥¥ â¥å-
−¨ç¥áª¨¥ âàã¤−®áâ¨. „¥©áâ¢¨â¥«ì−®, ¥á«¨ ®¯à¥¤¥«¨âìáï á ¬®¤¥«ìî ¤�−−ëå, â®,
¯®«ãç�ï ¯®¢â®à−ë¥ á«ãç�©−ë¥ ¢ë¡®àª¨ ¨§ á®®â¢¥âáâ¢ãîé¥£® à�á¯à¥¤¥«¥−¨ï,
¬®¦−® −�©â¨ âà¥¡ã¥¬ë¥ å�à�ªâ¥à¨áâ¨ª¨ «¨¡®, ¥á«¨ íâ® ã¤�áâáï, �−�«¨â¨ç¥áª¨,
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‚ë¡®à à�§¬¥à−®áâ¥© ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â

«¨¡®, ¥á«¨ íâ® −¥ â�ª, ¯à¨¡¥£�ï ª ¬¥â®¤�¬ Œ®−â¥-Š�à«®. ’�ª¨¬ ®¡à�§®¬ ¬®¦¥â
¡ëâì ¯®«ãç¥−� ®æ¥−ª� ¤«ï ª�ç¥áâ¢� ¬®¤¥«¨.

…á«¨ ¤«ï à�§«¨ç¨ï ¬¥¦¤ã ¤¢ã¬ï ¬®¤¥«ï¬¨ ¨á¯®«ì§®¢�âì à�ááâ®ï−¨¥ Šã«ì-
¡�ª�{‹¥©¡«¥à� ¨ ªà¨â¥à¨© ¡ãâáâà¥¯-¢ë¡®à� ¬®¤¥«¨, ¯®áâà®¥−−ë© á ¯®¬®éìî
−¥¯®áà¥¤áâ¢¥−−®© ¯®¤áâ�−®¢ª¨ á®áâ®ïâ¥«ì−ëå ®æ¥−®ª ¢¬¥áâ® ¯�à�¬¥âà®¢, â® á®-
£«�á−® [10] ®æ¥−ª� íâ®£® à�§«¨ç¨ï ¡ã¤¥â ¨¬¥âì ®âà¨æ�â¥«ì−®¥ á¬¥é¥−¨¥, ¯à¨-
¬¥à−® íª¢¨¢�«¥−â−®¥ ç¨á«ã ¯�à�¬¥âà®¢ ¢ ¯®¤¡¨à�¥¬®© ¬®¤¥«¨. ˆ−â¥à¥á−®, çâ®
ãá«®¦−¥−¨¥ ¯à®æ¥¤ãàë ®æ¥−¨¢�−¨ï ¯ãâ¥¬ ª®¬¡¨−¨à®¢�−¨ï −¥¯�à�¬¥âà¨ç¥áª®£®
¨ ¯�à�¬¥âà¨ç¥áª®£® ¡ãâáâà¥¯-¬¥â®¤®¢ ¯à¨¢®¤¨â ª ¯à�ªâ¨ç¥áª®¬ã ¨áç¥§−®¢¥−¨î
á¬¥é¥−¨ï.

Œ¥â®¤ ¯¥à¥¯à®¢¥àª¨ á®áâ®¨â ¢ à�§¤¥«¥−¨¨ ¨áå®¤−ëå ¤�−−ëå −� ¤¢¥ ¯®¤¢ë-
¡®àª¨: ª�«¨¡à®¢®ç−ãî à�§¬¥à� n− s ¨ ¯à®¢¥à®ç−ãî à�§¬¥à� s; ¯¥à¢�ï ¨á¯®«ì§ã-
¥âáï ¤«ï ¯®¤¡®à� ¬®¤¥«¨, � ¢â®à�ï | ¤«ï ®æ¥−¨¢�−¨ï ®¦¨¤�¥¬®£® à�áå®¦¤¥−¨ï
¬¥¦¤ã á¬®¤¥«¨à®¢�−−ë¬¨ ¨ à¥�«ì−ë¬¨ ¤�−−ë¬¨. �¡ëç−® ¯à¨−¨¬�îâ ¬�«®¥ §−�-
ç¥−¨¥ ¤«ï s ¨ ¬−®£®ªà�â−® ¯®¢â®àïîâ ä®à¬¨à®¢�−¨¥ à�§«¨ç−ëå ª�«¨¡à®¢®ç−ëå
¯®¤¢ë¡®à®ª á ¯®á«¥¤ãîé¨¬ ®æ¥−¨¢�−¨¥¬ íää¥ªâ¨¢−®áâ¨ ¯® á®®â¢¥âáâ¢ãîé¨¬
®áâ�¢è¨¬áï ¯à®¢¥à®ç−ë¬ ¯®¤¢ë¡®àª�¬ ¨ ®áà¥¤−¥−¨¥¬ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.
�®«¥¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¬¥â®¤®¢ ¯¥à¥¯à®¢¥àª¨ ¤�−® ¢ [11].

3 Выбор размерностей в задаче обучаемой классификации

÷�áá¬®âà¨¬ ¯à®¡«¥¬ã ¢ë¡®à� ¬®¤¥«¨ ¢ §�¤�ç¥ ®¡ãç�¥¬®© ª«�áá¨ä¨ª�æ¨¨
¤�−−ëå à�§¬¥à−®áâ¨ d ¤«ï G ª«�áá®¢, G ≥ 2. �ãáâì ¤«ï ®¯¨á�−¨ï ¤�−−ëå
ª�¦¤®£® ª«�áá� á ¨−¤¥ªá®¬ g ¯à¨¬¥−ï¥âáï PPCAM, å�à�ªâ¥à¨§ã¥¬�ï ç¨á«®¬
í«¥¬¥−â®¢ á¬¥á¨mg ¨ á−¨¦¥−−ë¬¨ à�§¬¥à−®áâï¬¨ í«¥¬¥−â®¢ á¬¥á¨ kg1, . . . , kgmg ,
¯à¨ íâ®¬ mg ≤ mmax, £¤¥ mmax §�¤�−®. ’®£¤� ¤«ï ®¯à¥¤¥«¥−−®£® ª«�áá� ç¨á«®

®æ¥−¨¢�¥¬ëå ¯�à�¬¥âà®¢ ¥áâì d
∑mg

j=1 kgj+mg(d+2)−1, � ®¡é¥¥ ç¨á«® ¬®¤¥«¥©:

mmax∑

mg=1

dmg =
d(dmmax − 1)

d− 1 .

„«ï ¯®«−®© §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ç¨á«® ®æ¥−¨¢�¥¬ëå ¯�à�¬¥â-

à®¢ |
∑G

g=1

(
d
∑mg

j=1 kj +mg(d+ 2)− 1
)
, � ®¡é¥¥ ç¨á«® ¬®¤¥«¥© |

(d(dmmax − 1)/(d − 1))G .
„�−−ë¥ ä®à¬ã«ë ¤«ï ®¡é¥£® ª®«¨ç¥áâ¢� à�§«¨ç−ëå ¯® áâàãªâãà¥ ¬®¤¥«¥©

¯à¨¢®¤ïâ ª ¡®«ìè¨¬ §−�ç¥−¨ï¬, çâ® ¯à�ªâ¨ç¥áª¨ ¨áª«îç�¥â ¢®§¬®¦−®áâì ¨å
¯®«−®£® áà�¢−¨â¥«ì−®£® �−�«¨§�. „�¦¥ ¢ á«ãç�¥ áâàãªâãà−® −¥á«®¦−®© §�¤�ç¨
¤¨áªà¨¬¨−�æ¨¨ ¤�−−ëå ® ä¥à¬¥−â�å, à�áá¬®âà¥−−®© ¢ [12], ¤«ï d = 4, G = 4,
mmax = 10 ¯®«ãç�¥¬ ¤«ï ¯®«−®© §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ®¡é¥¥ ç¨á«® ¬®¤¥«¥©
¯®àï¤ª� 3,8 · 1024, � ¤«ï ã¯à®é¥−−®© | 2 560 000 ≈ 2,6 · 106.

÷�áá¬�âà¨¢�¥¬�ï ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì ª«�áá¨ä¨æ¨àã¥¬ëå ¤�−−ëå ¯à¥¤-
áâ�¢«ï¥â á®¡®© á¬¥áì à�á¯à¥¤¥«¥−¨© (ª�ª ®á−®¢� ¡�©¥á®¢áª®© ª«�áá¨ä¨ª�æ¨¨),
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ª�¦¤ë© í«¥¬¥−â ª®â®à®© ¥áâì, ¢ á¢®î ®ç¥à¥¤ì, â�ª¦¥ á¬¥áì ã¦¥ −®à¬�«ì−ëå
à�á¯à¥¤¥«¥−¨© (ª�ª áà¥¤áâ¢® ®¯¨á�−¨ï ¢ à�¬ª�å ®â¤¥«ì−®£® ª«�áá� −¥®¤−®à®¤-
−ëå ¤�−−ëå á à�á¯à¥¤¥«¥−¨¥¬, ä�ªâ¨ç¥áª¨ ®â«¨ç�îé¨¬áï ®â −®à¬�«ì−®£®). �â®
ª�à¤¨−�«ì−® ®â«¨ç�¥âáï ®â ®¡ëç−® à�áá¬�âà¨¢�¥¬®© ¢ §�¤�ç¥ ¢ë¡®à� ¬®¤¥«¨ ¤«ï
ª«�áá¨ä¨ª�æ¨¨ ¤�−−ëå á¬¥á¨ −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©, ª®£¤� ª«�áá ®¯¨áë¢�-
¥âáï ¯à®áâ® −®à¬�«ì−ë¬ à�á¯à¥¤¥«¥−¨¥¬ (á¬., −�¯à¨¬¥à, [13]).

ˆ§-§� íää¥ªâ� ¯à®ª«ïâ¨ï à�§¬¥à−®áâ¨ à¥�«ì−ë¬ ®áâ�¥âáï «¨èì ¯®á«¥¤®¢�-
â¥«ì−ë© ã¯®àï¤®ç¥−−ë© ¯¥à¥¡®à ®â ¯à®áâëå ª ¡®«¥¥ á«®¦−ë¬ ¬®¤¥«ï¬ á ¯®á«¥-
¤ãîé¨¬ ®æ¥−¨¢�−¨¥¬ ¨å ®¡®á−®¢�−−®áâ¨ ¨ ®áâ�−®¢ª� ¯® ¤®áâ¨¦¥−¨¨ ã¤®¢«¥â¢®-
à¨â¥«ì−®£® à¥§ã«ìâ�â�, çâ® ¯®«−®áâìî á®®â¢¥âáâ¢ã¥â ¯à¨−æ¨¯ã ¡à¨â¢ë �ªª�¬�.

‚ á«ãç�¥ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¢ ª�ç¥áâ¢¥ ¬¥àë ¯®«¥§−®áâ¨ – ¥áâ¥áâ¢¥−−®
¨á¯®«ì§®¢�âì ¢¥à®ïâ−®áâì ®è¨¡ª¨ (¨«¨ ¢¥à®ïâ−®áâì ¯à�¢¨«ì−®© ª«�áá¨ä¨ª�æ¨¨).
�−� ¯®«−®áâìî ®¯à�¢¤�−� á á®¤¥à¦�â¥«ì−®© â®çª¨ §à¥−¨ï, −® á®§¤�¥â ¯à�ªâ¨-
ç¥áª¨ −¥¯à¥®¤®«¨¬ë¥ âàã¤−®áâ¨ ¯à¨ ¯®¯ëâª�å ¥¥ �−�«¨â¨ç¥áª®£® ¢ëç¨á«¥−¨ï.
Š�ª á«¥¤áâ¢¨¥, ãá«®¦−¥−¨¥ ¬®¤¥«¨ ¨ à¥�«ì−ë¥ ¢®§¬®¦−®áâ¨ ¬¥â®¤®¢ ®æ¥−¨¢�-
−¨ï ®¡®á−®¢�−−®áâ¨ ¬®¤¥«¥© ¯à¨¢®¤ïâ ª −¥®¡å®¤¨¬®áâ¨ ®¡à�é�âìáï ª ¬¥â®¤�¬
ã¯à�¢«¥−¨ï ®¡à�¡®âª®© ¢ë¡®àª¨.

‚ ®¡«�áâ¨ PCA ®â¯à�¢−®© ¤«ï ¢ë¡®à� à�§¬¥à−®áâ¥© ¢ §�¤�ç¥ ®¡ãç�¥¬®©
ª«�áá¨ä¨ª�æ¨¨ áâ�−®¢¨âáï ¯à®¡«¥¬� ¢ë¡®à� ç¨á«� £«�¢−ëå ª®¬¯®−¥−â, ª®â®àë¥
−¥®¡å®¤¨¬® ®áâ�¢¨âì. ÷�áá¬�âà¨¢�ï PPCA, ¬®¦−® ¨á¯®«ì§®¢�âì ¡�©¥á®¢áª¨©
¢ë¡®à ¬®¤¥«¨ ¨áâ¨−−®© à�§¬¥à−®áâ¨ ¤�−−ëå. „«ï ¥£® à¥�«¨§�æ¨¨ ®¡ëç−®
¢¢®¤ïâáï �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï, ¢ª«îç�îé¨¥ £¨¯¥à¯�à�¬¥âà ¤«ï ª®−âà®«ï
ú¦¥áâª®áâ¨û ¯à¨−¨¬�¥¬ëå ¯à¥¤¯®«®¦¥−¨©, � ¤«ï ¢ëç¨á«¥−¨ï ¨−â¥£à�«� ¢ë¡¨-
à�¥âáï ¯®¤å®¤ïé�ï ¯�à�¬¥âà¨§�æ¨ï ¨ ¯à¨¬¥−ï¥âáï ¬¥â®¤ ‹�¯«�á�. ‚ à¥§ã«ìâ�â¥
¬®¦−® ¯®«ãç¨âì −¥á«®¦−ãî ¨ ¯à�ªâ¨ç−ãî ®æ¥−ªã (á¬., −�¯à¨¬¥à, [6]). �à¨ íâ®¬
¤®áâ®¨−áâ¢� ¯®«ãç¥−−®© ®æ¥−ª¨ ¤¥¬®−áâà¨àãîâáï á ¯®¬®éìî ¬®¤¥«¨à®¢�−¨ï
®â¤¥«ì−ëå á«ãç�¥¢. �¡à�é�îâ −� á¥¡ï ¢−¨¬�−¨¥ á«¥¤ãîé¨¥ ¬®¬¥−âë:

{ ¯à¥¤«�£�¥¬ë¥ à¥è¥−¨ï ¯à¥¤−�§−�ç¥−ë ¤«ï ®æ¥−ª¨ ¯«®â−®áâ¨, â. ¥. ª�á�îâáï
â®ç−®áâ¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, ¨ −¥¨§¢¥áâ−®, ª�ª ®−¨ ¯à®ï¢ïâ á¥¡ï ¢ §�¤�ç¥
ª«�áá¨ä¨ª�æ¨¨;

{ ¬¥â®¤ë ¯¥à¥¯à®¢¥àª¨ ¡ë«¨ ¢ª«îç¥−ë ¢ áà�¢−¨â¥«ì−ë© �−�«¨§ ¨ ¯à�ªâ¨ç¥áª¨
â�ª ¦¥ ¯à�¢¨«ì−® ¢ë¡¨à�îâ à�§¬¥à−®áâì ¯à¨ PCA;

{ ¢ ¨â®£¥ ¢ë¢®¤ ®¡ íää¥ªâ¨¢−®áâ¨ ¯®¤å®¤� ¯à¨−¨¬�¥âáï á ¯®¬®éìî ¬®¤¥«¨à®-
¢�−¨ï.

—â® ª�á�¥âáï á¬¥á¨ ¡�©¥á®¢áª¨å ¬®¤¥«¥© PCA, â® ¤�−−ë© ¢®¯à®á §�âà�£¨¢�«-
áï ¢ [14], −® ä�ªâ¨ç¥áª¨ ¡¥§ à�áªàëâ¨ï á¯®á®¡®¢ ¢ëç¨á«¥−¨ï ®¡®á−®¢�−−®áâ¨ ¤«ï
á¬¥á¨. �−®−á¨à®¢�−−ë¥ à¥§ã«ìâ�âë á¢¨¤¥â¥«ìáâ¢ãîâ áª®à¥¥ ¢ ¯®«ì§ã ¨á¯®«ì-
§®¢�−¨ï ¯®«−®à�§¬¥à−ëå ¬®¤¥«¥© PCA, � −¥ áâà¥¬«¥−¨ï ¤®¡¨¢�âìáï á−¨¦¥−¨ï
à�§¬¥à−®áâ¨ ¨−¤¨¢¨¤ã�«ì−® ¤«ï ª�¦¤®£® í«¥¬¥−â� á¬¥á¨.

–¥«ì ¯¥à¥ªà¥áâ−®© ¯à®¢¥àª¨ á®áâ®¨â ¢ â®¬, çâ®¡ë −�©â¨ ¯®¤å®¤ïé¥¥ ç¨á-
«® ª®¬¯®−¥−â ¤«ï ¬®¤¥«¨ PCA. ‚ [15] ®¯¨á�−ë è¥áâì ¬¥â®¤®¢ ¯¥à¥ªà¥áâ−®©
¯à®¢¥àª¨ ¤«ï §�¤�ç PCA. —¥âëà¥ ¨§ −¨å ®¡ëç−® ¨á¯®«ì§ãîâáï ¢ áâ�−¤�àâ−®¬
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‚ë¡®à à�§¬¥à−®áâ¥© ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â

¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨, � ¤¢� ¤®¯®«−¨â¥«ì−ëå ï¢«ïîâáï −®¢ë¬¨ ¯à¥¤«®¦¥-
−¨ï¬¨, −�¯à�¢«¥−−ë¬¨ −� ¯à¥®¤®«¥−¨¥ −¥ª®â®àëå ¯®â¥−æ¨�«ì−ëå ¯à®¡«¥¬ ¤«ï
¨á¯®«ì§ã¥¬ëå ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¬¥â®¤®¢. �¥ª®â®àë¥ ¨§ áãé¥áâ¢ãîé¨å ¬¥â®¤®¢
¡ë«¨ ®¯¨á�−ë ¢ «¨â¥à�âãà¥ à�−¥¥, −® −¨ ®¤¨− ¨§ −¨å −¥ ¡ë« áà�¢−¥− ¤àã£
á ¤àã£®¬ ¢ ¤¥â�«ïå; −¥¬−®£¨¥ ¨§ −¨å ï¢«ïîâáï âà¨¢¨�«ì−ë¬¨ à�áè¨à¥−¨ï¬¨
¯¥à¢®−�ç�«ì−®© ¨¤¥¨ ¯¥à¥ªà¥áâ−®© ¯à®¢¥àª¨, ¯®íâ®¬ã ¢®¯à®á ® â®¬, ¤�îâ «¨ ®−¨
§−�ç¨¬ë¥ à¥§ã«ìâ�âë, ¥é¥ ¯à¥¤áâ®¨â âé�â¥«ì−® ¯®ª�§�âì −� ¯à�ªâ¨ª¥. �¥ −�¤®
§�¡ë¢�âì, çâ® ¤�−−ë¥ ¯à¥¤¯®çâ¥−¨ï ¯®«ãç¥−ë ¬¥â®¤®¬ ¬®¤¥«¨à®¢�−¨ï â®«ìª®
¤«ï PPCA ¨ ¤«ï ®â¤¥«ì−ëå ª®−ªà¥â−ëå á¨âã�æ¨©, ¢ë¡®à ª®â®àëå á�¬ ¯® á¥¡¥ −¥-
âà¨¢¨�«ì−�ï §�¤�ç�. Šà®¬¥ íâ®£® ªà¨â¥à¨¥¬ íää¥ªâ¨¢−®áâ¨ ¢ëáâã¯�¥â â®ç−®áâì
¯à®£−®§�, � −¥ ¯à¥¨¬ãé¥áâ¢� ¯à¨¬¥−¥−¨ï ¬®¤¥«¨ ¤«ï à¥è¥−¨ï æ¥«¥¢®© §�¤�ç¨
ª«�áá¨ä¨ª�æ¨¨ ¤�−−ëå.

�¥à¥ªà¥áâ−�ï ¯à®¢¥àª� | íâ® ®¯à®¡®¢�−−ë© ¨ ¯à®¢¥à¥−−ë© ¯®¤å®¤ ª ¢ë¡®àã
ç¨á«� ª®¬¯®−¥−â ¢ �−�«¨§¥ £«�¢−ëå ª®¬¯®−¥−â, ®¤−�ª® ¥£® ®á−®¢−®© −¥¤®áâ�â®ª
ªà®¥âáï ¢ áâ®¨¬®áâ¨ ¢ëç¨á«¥−¨©. �â® ¯à¨¢®¤¨â ª â®¬ã, çâ® ¯®ï¢«ïîâáï ªà¨â¥à¨¨
�¯¯à®ªá¨¬�æ¨¨ ¯¥à¥ªà¥áâ−®© ¯à®¢¥àª¨, −�¯à¨¬¥à ªà¨â¥à¨© á£«�¦¨¢�îé¥© �¯-
¯à®ªá¨¬�æ¨¨ SACV (smoothing approximation of cross-validation) ¨ ®¡®¡é¥−−ë©
ªà¨â¥à¨© GCV (generalized cross-validation) [16]. ‘¢®©áâ¢� á®®â¢¥âáâ¢ãîé¨å ¬¥-
â®¤®¢ ®æ¥−¨¢�îâáï á ¯®¬®éìî ¬®¤¥«¨à®¢�−¨ï, ª®â®àë¥ ¤�îâ ¬−®£®®¡¥é�îé¨¥
à¥§ã«ìâ�âë. Šà¨â¥à¨© SACV ®¡¥á¯¥ç¨¢�¥â −�¨«ãçè¨¥ à¥§ã«ìâ�âë ¯à¨ ¦¥áâª®©
áâàãªâãà¥ ¤�−−ëå, â®£¤� ª�ª ªà¨â¥à¨© GCV «ãçè¥ ¢ áå¥¬�å á èã¬®¬.

’�ª¨¬ ®¡à�§®¬, á¯®á®¡ë ®æ¥−¨¢�−¨ï áâàãªâãà−ëå ¯�à�¬¥âà®¢ ¢ë¡à�−−®© ¬®-
¤¥«¨ ¤�−−ëå ä®à¬¨àãîâáï ¢ −¥¯à®áâëå ãá«®¢¨ïå: −¥®¡å®¤¨¬®áâì ¯à¨¢«¥ç¥−¨ï
á«®¦−ëå �¯à¨®à−ëå ¯à¥¤¯®«®¦¥−¨© ¨ ¢®§−¨ª�îé¨¥ ¨§-§� íâ®£® ¯à®¡«¥¬ë ¯®«-
−®£® ¨å §�¤�−¨ï, ®âáãâáâ¢¨¥ ª®−ªà¥â−ëå −�à�¡®â®ª ¢ ®¡«�áâ¨ á¥«¥ªæ¨¨ ¬®¤¥«¥©
á¬¥á¨ �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â, §�âàã¤−¨â¥«ì−®áâì à¥è¥−¨ï á®¯ãâáâ¢ã-
îé¨å �−�«¨â¨ç¥áª¨å ¨ ¢ëç¨á«¨â¥«ì−ëå §�¤�ç. �®íâ®¬ã ¯à¨å®¤¨âáï ®¡à�é�âìáï
ª ®â¤¥«ì−ë¬ ¯à¨¥¬�¬, à¥�«¨§ãîé¨¬ ®¡é¨¥ ¨¤¥¨ ¨ ¯®§¢®«ïîé¨¬ ¯®«ãç�âì £�-
à�−â¨à®¢�−−ë¥ ¯® ª�ç¥áâ¢ã à¥è¥−¨ï.

ˆá¯®«ì§®¢�−¨¥ ®¯à®¡®¢�−−ëå ¬¥â®¤®¢ á¥«¥ªæ¨¨ ¬®¤¥«¥© ¤«ï á¬¥á¥© à�á¯à¥-
¤¥«¥−¨© ¨ ®â¤¥«ì−® ¤«ï PPCA ¯à¨¢®¤¨â ª ã¯à®é¥−−®© áå¥¬¥ ¤¥©áâ¢¨©:

{ ¯®¤®¡à�âì ç¨á«® í«¥¬¥−â®¢ á¬¥á¨ ¤«ï ª�¦¤®£® ª«�áá� á�¬®áâ®ïâ¥«ì−® (−�¯à¨-
¬¥à, á ¯®¬®éìî ®¤−®£® ¨§ ¨−ä®à¬�æ¨®−−ëå ªà¨â¥à¨¥¢) ¢ ¯à¥¤¯®«®¦¥−¨¨,
çâ® ¤�−−ë¥ ï¢«ïîâáï ¯®«−®à�§¬¥à−ë¬¨;

{ ¯à¨ −�©¤¥−−ëå §−�ç¥−¨ïå ç¨á«� í«¥¬¥−â®¢ á¬¥á¨ ¤«ï ª�¦¤®£® ª«�áá� ¯à®¢¥áâ¨
¢ ®â¤¥«ì−®áâ¨ á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¡�©¥á®¢áª¨¬¨ ¨«¨ ¨−ë¬¨ ¬¥â®¤�¬¨;

{ ¯à¨¢«¥ª�ï ¬¥â®¤ë ã¯à�¢«¥−¨ï ®¡à�¡®âª®© ¢ë¡®àª¨ ¤«ï ¯®«ãç¥−−®£® à¥è¥−¨ï,
®æ¥−¨âì ¢¥à®ïâ−®áâ¨ ¯à�¢¨«ì−®© ª«�áá¨ä¨ª�æ¨¨.

�®¤®¡−ë© á¯®á®¡ −¥ £�à�−â¨àã¥â −�¨«ãçè¥£® à¥è¥−¨ï, −® ¯®§¢®«ï¥â ¯à®-
ïá−¨âì, ¢®§¬®¦−® «¨ á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¨ ¯à¨¢®¤¨â «¨ ®−® ª ¯®¢ëè¥−¨î
ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨.
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Œ. �. Šà¨¢¥−ª®

�¡ê¥¤¨−¥−¨¥ ¬¥â®¤®«®£¨ç¥áª¨ ®¡®á−®¢�−−®£® ¡�©¥á®¢áª®£® ¯®¤å®¤� ¨ ¯à�ª-
â¨ç−ëå ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ®¡à�¡®âª®© ¢ë¡®àª¨ ¤�¥â á«¥¤ãîéãî ¨â¥à�æ¨®−−ãî
¯à®æ¥¤ãàã:

{ áä®à¬¨à®¢�âì −�¡®à à�áá¬�âà¨¢�¥¬ëå ¬®¤¥«¥© á¬¥á¨ �−�«¨§�â®à®¢ £«�¢−ëå
ª®¬¯®−¥−â ¨ áà¥¤¨ −¨å −�¨¡®«¥¥ ¯®¤å®¤ïéãî ¬®¤¥«ì á ¯®¬®éìî ®¤−®£® ¨§
¨−ä®à¬�æ¨®−−ëå ªà¨â¥à¨¥¢ (¢ ¯¥à¢ãî ®ç¥à¥¤ì à¥çì ¨¤¥â ® BIC);

{ àãª®¢®¤áâ¢ãïáì ®æ¥−ª®© ¢¥à®ïâ−®áâ¨ ¯à�¢¨«ì−®© ª«�áá¨ä¨ª�æ¨¨ ¯®¯ëâ�âì-
áï á ¯®¬®éìî ¬¥â®¤� ¯¥à¥¯à®¢¥àª¨ ã«ãçè¨âì −�©¤¥−−ãî ¬®¤¥«ì ¬¥â®¤®¬
¯®ª®®à¤¨−�â−®£® á¯ãáª� ¤«ï áâàãªâãà−ëå ¯�à�¬¥âà®¢.

�¯¨á�−−�ï ¯à®æ¥¤ãà� ¢ à�¬ª�å à¥�«ì−®© §�¤�ç¨ ¬®¦¥â ¬®¤¨ä¨æ¨à®¢�âìáï.
’�ª, ¥á«¨ á¨âã�æ¨ï ®ª�§ë¢�¥âáï á«¨èª®¬ á«®¦−®© (ª®−ªà¥â−ë¥ §−�ç¥−¨ï ¢¥«¨ç¨−
d,G,= 4,mmax −¥ ¯®§¢®«ïîâ à¥�«¨§®¢�âì ¯«�−ë), â® ¯à¨å®¤¨âáï ¨¤â¨ −� ã¯à®-
é¥−¨¥ ¯à¨ ä®à¬¨à®¢�−¨¨ ¨áå®¤−®£® −�¡®à� ¬®¤¥«¥© /̈̈ «¨ ¢ å®¤¥ à¥�«¨§�æ¨¨
¯®ª®®à¤¨−�â−®£® á¯ãáª�.

4 Заключение

��©¥á®¢áª¨© ¯®¤å®¤ ¨£à�¥â ¢�¦−ãî ¬¥â®¤®«®£¨ç¥áªãî à®«ì ¢ á®¢à¥¬¥−−®©
¢ëç¨á«¨â¥«ì−®-¨−â¥−á¨¢−®© áâ�â¨áâ¨ç¥áª®© ¯à�ªâ¨ª¥. �â® ®â−®á¨âáï ª ®£à�-
−¨ç¥−−®¬ã, −® ¢�¦−®¬ã ª«�ááã ¯à®¡«¥¬ −�ãç−®£® ¢ë¢®¤�, � â�ª¦¥ ª ®æ¥−ª¥
−¥®¯à¥¤¥«¥−−®áâ¨, ª®£¤� ¨§−�ç�«ì−® à�áá¬�âà¨¢�¥âáï ¬−®¦¥áâ¢® ¬®¤¥«¥©. ‡¤¥áì
¢�¦−® ¯®¤ç¥àª−ãâì á«¥¤ãîé¥¥:

{ ¡�©¥á®¢áª¨¥ ä�ªâ®àë ã−¨¢¥àá�«ì−ë, ¢ ç�áâ−®áâ¨ ®−¨ −¥ âà¥¡ãîâ, çâ®¡ë
�«ìâ¥à−�â¨¢−ë¥ ¬®¤¥«¨ ¡ë«¨ ¢«®¦¥−−ë¬¨, ¤®¯ãáª�îâ ¨å ¯®á«¥¤®¢�â¥«ì−®¥
ä®à¬¨à®¢�−¨¥;

{ áãé¥áâ¢ãîâ −¥áª®«ìª® ¬¥â®¤®¢ ¤«ï ¢ëç¨á«¥−¨ï ¡�©¥á®¢áª¨å ä�ªâ®à®¢,
¢ª«îç�ï �á¨¬¯â®â¨ç¥áª¨¥ ¯à¨¡«¨¦¥−¨ï, ª®â®àë¥ «¥£ª® ¢ëç¨á«¨âì, ¨«¨ áà¥¤-
áâ¢� áâ�−¤�àâ−ëå ¯�ª¥â®¢ ®¡à�¡®âª¨ ¤�−−ëå;

{ ªà¨â¥à¨© ˜¢�àæ� (¨«¨ BIC) ¤�¥â £àã¡®¥ ¯à¨¡«¨¦¥−¨¥ ª «®£�à¨ä¬ã ¡�©-
¥á®¢áª®£® ä�ªâ®à�, ª®â®àë© ¯à®áâ ¢ ¨á¯®«ì§®¢�−¨¨ ¨ −¥ âà¥¡ã¥â ®æ¥−ª¨
�¯à¨®à−ëå à�á¯à¥¤¥«¥−¨©; ®− å®à®è ª�ª à�§¢¥¤®ç−®¥ áà¥¤áâ¢®, ¯®¤å®¤¨â ¤«ï
¯®¤¢¥¤¥−¨ï ¨â®£®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©;

{ ¨¬¥îâáï �«£®à¨â¬ë, ¯®§¢®«ïîé¨¥ ãç¨âë¢�âì −¥®¯à¥¤¥«¥−−®áâì ¬®¤¥«¨, ª®-
£¤� ¯¥à¢®−�ç�«ì−® à�áá¬®âà¥−−ë© ª«�áá ¬®¤¥«¥© ®ç¥−ì ¢¥«¨ª;

{ ¡�©¥á®¢áª¨¥ ä�ªâ®àë ¯®«¥§−ë ¤«ï àãª®¢®¤áâ¢� í¢®«îæ¨®−−ë¬ ¯à®æ¥áá®¬
¯®áâà®¥−¨ï ¬®¤¥«¨;

{ ¢�¦−® ¨ æ¥«¥á®®¡à�§−® ®æ¥−¨âì çã¢áâ¢¨â¥«ì−®áâì ¢ë¢®¤®¢ ª à�−¥¥ ¨á¯®«ì-
§®¢�−−ë¬ à�á¯à¥¤¥«¥−¨ï¬, ®¡ëç−® ®¡−�àã¦¨¢�¥âáï, çâ® ¢ë¢®¤ë ï¢«ïîâáï
−�¤¥¦−ë¬¨ ¯® ®â−®è¥−¨î ª ¯à¥¤ë¤ãé¨¬ ¢ ª�ç¥áâ¢¥−−®¬ á¬ëá«¥, −® ¯®−ïâ−®,
çâ® íâ® −¥ £�à�−â¨àã¥âáï.
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‚ë¡®à à�§¬¥à−®áâ¥© ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â

��©¥á®¢áª¨¥ ä�ªâ®àë ¨¬¥îâ ¬−®£® á¨«ì−ëå ¨ á«�¡ëå áâ®à®− ¢ ¡�©¥á®¢áª®¬
¯®¤å®¤¥ ¢ æ¥«®¬. �á−®¢−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ ï¢«ï¥âáï ¨å ¯à®ç−�ï «®£¨ç¥áª�ï
®á−®¢�, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¡®«ìèãî £¨¡ª®áâì. ‚®¯à®á ® â®¬, áª®«ìª® ãá¨«¨©
á«¥¤ã¥â ¯à¥¤¯à¨−ïâì, ¯à¥¦¤¥ ç¥¬ ¤¥«�âì ¢ë¢®¤ë, ¢®§−¨ª�¥â ¢ «î¡®© ¯à®¡«¥¬¥
�−�«¨§� ¤�−−ëå. �â® ç�áâì ¨áªãááâ¢� ¯à¨ª«�¤−®© áâ�â¨áâ¨ª¨, ®ª�§ë¢�îé�ï
¯®¬®éì ¨áá«¥¤®¢�â¥«î ¯à¨ à¥è¥−¨¨, áâ®¨â «¨ ¯à®¤®«¦�âì ¯®«−ë© ¡�©¥á®¢áª¨©
�−�«¨§.
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УСЛОВНО-ОПТИМАЛЬНОЕ ЛИНЕЙНОЕ ОЦЕНИВАНИЕ
НОРМАЛЬНЫХ ПРОЦЕССОВ В ВОЛЬТЕРРОВСКИХ

СТОХАСТИЧЕСКИХ СИСТЕМАХ∗

И. Н. Синицын1, В. И. Синицын2

�−−®â�æ¨ï: �� ®á−®¢¥ â¥®à¨¨ ãá«®¢−®-®¯â¨¬�«ì−®£® ®æ¥−¨¢�−¨ï (ä¨«ìâà�-
æ¨¨ ¨ íªáâà�¯®«ïæ¨¨) �ã£�çñ¢� ¨ ¯à¥¤ë¤ãé¨å ¨áá«¥¤®¢�−¨© �¢â®à®¢ à�§-
à�¡®â�−ë ¤¢� ¯à¨¡«¨¦¥−−ëå ãá«®¢−®-®¯â¨¬�«ì−ëå ¬¥â®¤� ¤«ï ä¨«ìâà�æ¨¨
¨ íªáâà�¯®«ïæ¨¨ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ¢®«ìâ¥àà®¢áª¨å áâ®å�áâ¨ç¥áª¨å
á¨áâ¥¬�å (‚‘â‘), ¯à¨¢®¤¨¬ëå ª ‘â‘ á �¤¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨
èã¬�¬¨. ‘ä®à¬ã«¨à®¢�−ë ¯®¤å®¤ë ª á¨−â¥§ã ä¨«ìâà®¢ �ã£�çñ¢� ¤«ï ‚‘â‘
á �¤¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¯ãâ¥¬ íª¢¨¢�«¥−â−®© §�¬¥−ë
‚‘â‘ á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨. �®¤à®¡−® à�áá¬®âà¥−ë ®¤−®¬¥à−ë¥ â¥áâ®-
¢ë¥ ¯à¨¬¥àë. ÷¥§ã«ìâ�âë ¤®¯ãáª�îâ −¥¯®áà¥¤áâ¢¥−−®¥ ®¡®¡é¥−¨¥ −� á«ãç�¨
�¢â®ª®àà¥«¨à®¢�−−ëå èã¬®¢ ¨ −¥«¨−¥©−ëå äã−ªæ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®-
¤¥©áâ¢¨ï, íà¥¤¨â�à−ëå ‚‘â‘, � â�ª¦¥ ¤¨áªà¥â−ëå ¨ −¥¯à¥àë¢−®-¤¨áªà¥â−ëå
‚‘â‘.

Š«îç¥¢ë¥ á«®¢�: ¢®«ìâ¥àà®¢áª�ï ‘â‘ (‚‘â‘); ¬¥â®¤ �−�«¨â¨ç¥áª®£® ¬®-
¤¥«¨à®¢�−¨ï (Œ�Œ); ¬¥â®¤ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© (ŒŠ÷); ¬¥â®¤ −®à-
¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��); ¬¥â®¤ áâ�â¨áâ¨ç¥áª¨© «¨−¥�à¨§�æ¨¨ (Œ‘‹);
áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘); áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�); ãá«®¢−®-®¯â¨-
¬�«ì−ë¥ ä¨«ìâàë ¨ íªáâà�¯®«ïâ®àë �ã£�çñ¢�; ä¨«ìâàë ¨ íªáâà�¯®«ïâ®àë
Š�«¬�−�
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1 Введение

�� ®á−®¢¥ [1] ¢ [2] à�§à�¡®â�−ë ¤¢� íää¥ªâ¨¢−ëå ¬¥â®¤� �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï (Œ�Œ) íª¢¨¢�«¥−â−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) áâ®å�áâ¨ç¥-
áª¨å ¯à®æ¥áá®¢ (‘â�) ¢ ¬−®£®ãà®¢−¥¢ëå ‚‘â‘. �¥à¢ë© ®á−®¢�− −� ¬¥â®¤¥
−®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¤«ï ¬−®£®¬¥à−®© ‚‘â‘ á �¤¤¨â¨¢−ë¬¨
¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ £�ãáá®¢áª¨¬¨ ¨ −¥£�ãáá®¢áª¨¬¨ ¡¥«ë¬¨ èã¬�¬¨ ¤«ï äã−ª-
æ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯à®¨§¢®«ì−®£® ¢¨¤�, ¢ â®¬ ç¨á«¥ à�§àë¢−ëå.
‚â®à®© ®á−®¢�− −� ¬¥â®¤¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹) äã−ªæ¨© ¬¥¦-
¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ á¢¥¤¥−¨¨ ¨áå®¤−®© ‚‘â‘ ª íª¢¨¢�«¥−â−®© ‚‘â‘

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷�� (¯à®¥ªâ 0063-2018-0008).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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“á«®¢−®-®¯â¨¬�«ì−®¥ «¨−¥©−®¥ ®æ¥−¨¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‚‘â‘

á �¤¤¨â¨¢−ë¬¨ «¨−¥©−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨. �®«ãç¥−� á®¢¬¥áâ-
−�ï á¨áâ¥¬� ãà�¢−¥−¨© ¤«ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�.
÷�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï áâ�æ¨®−�à−ëå à¥£ã«ïà−ëå
¨ áâ®å�áâ¨ç¥áª¨å à¥¦¨¬®¢. ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢ ¯®«ãç¥−ë ãà�¢−¥−¨ï
−¥«¨−¥©−®£® ª®àà¥«ïæ¨®−−®£® Œ�Œ ®¤−®© ¨ ¤¢ãå ¯®¯ã«ïæ¨© ¢ áâ®å�áâ¨ç¥áª®©
áà¥¤¥. ˆ§ãç¥−ë áâ�æ¨®−�à−ë¥ à¥¦¨¬ë ¨ ¨å ãáâ®©ç¨¢®áâì. ‚ [3] ¯à¥¤áâ�¢«¥-
−ë â®ç−ë¥ ¨ ¯à¨¡«¨¦¥−−ë¥ Œ�Œ ¯à®æ¥áá®¢ ¢ −¥«¨−¥©−ëå ‚‘â‘ ¢ ãá«®¢¨ïå
�¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å ¡¥«ëå èã¬®¢. ˆ§ãç¥−� ãáâ®©ç¨¢®áâì áâ�æ¨®-
−�à−ëå à¥£ã«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å à¥¦¨¬®¢ ¯® ¯¥à¢ë¬ ¤¢ã¬ ¢¥à®ïâ−®áâ−ë¬
¬®¬¥−â�¬. ÷�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®¬¥à−ëå
à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ¤¢ã¬¥à−®© ¤¨ää¥à¥−æ¨�«ì−®© ‚‘â‘.

�� ®á−®¢¥ ¬¥â®¤®¢ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© (ŒŠ÷) ¢ [4] à�§à�¡®â�−ë ¯à¨-
¡«¨¦¥−−ë¥ −¥«¨−¥©−ë¥ ª®àà¥«ïæ¨®−−ë¥ Œ�Œ £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à¬®−¨-
ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå à¥¦¨¬®¢ ¢ ®¡®¡é¥−−ëå −¥«¨−¥©−ëå ¢®«ìâ¥àà®¢áª¨å
á¨áâ¥¬�å ¢ ãá«®¢¨ïå �¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à-
¬®−¨ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå ¢®§¬ãé¥−¨©. �®¤à®¡−® à�áá¬®âà¥−� áâ®å�áâ¨-
ç¥áª�ï §�¤�ç� ‚. ‚®«ìâ¥ààë úR å¨é−¨ª®¢ {R ¦¥àâ¢û á ®¤−¨¬ âà®ä¨ç¥áª¨¬
ãà®¢−¥¬. ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢ à�áá¬®âà¥−ë §�¤�ç¨ −¥«¨−¥©−®£® ª®à-
à¥«ïæ¨®−−®£® Œ�Œ ®¤−®¬¥à−ëå ¨ ¤¢ã¬¥à−ëå −¥«¨−¥©−ëå ‚‘â‘ ¢ ãá«®¢¨ïå
�¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à¬®−¨ç¥áª¨å ¨ è¨à®-
ª®¯®«®á−ëå ¢®§¬ãé¥−¨©. ˆ§ãç¥−� ãáâ®©ç¨¢®áâì à¥£ã«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å
à¥¦¨¬®¢. ÷�áá¬®âà¥−ë ¢�¦−ë¥ ç�áâ−ë¥ á«ãç�¨.

÷�áá¬®âà¨¬ à�§¢¨â¨¥ [2{4] −� á«ãç�© ãá«®¢−®-®¯â¨¬�«ì−®£® «¨−¥©−®£® ®æ¥-
−¨¢�−¨ï (ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨) −®à¬�«ì−ëå ‘â� ¢ ‚‘â‘, ¯à¨¢®¤¨¬ëå
ª «¨−¥©−ë¬ ‘â‘ á �¤¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨. ‘â�âìï á®¤¥à¦¨â
¢¢¥¤¥−¨¥, §�ª«îç¥−¨¥ ¨ 3 à�§¤¥«�. ‚ à�§¤. 2 ¯à¨¢¥¤¥−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ¨§
â¥®à¨¨ ãá«®¢−®-®¯â¨¬�«ì−®£® «¨−¥©−®£® ®æ¥−¨¢�−¨ï. ‚ à�§¤. 3 ¨§«®¦¥−ë ®á−®¢-
−ë¥ à¥§ã«ìâ�âë ¢ ®¡«�áâ¨ á¨−â¥§� ãá«®¢−®-®¯â¨¬�«ì−ëå «¨−¥©−ëå ä¨«ìâà®¢
¨ íªáâà�¯®«ïâ®à®¢ �ã£�çñ¢� ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ ‚‘â‘ á �¤¤¨â¨¢−ë-
¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨. ‘ä®à¬ã«¨à®¢�−ë ¯à¨−æ¨¯ë íª¢¨¢�«¥−â−®©
§�¬¥−ë ‚‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ −� ‚‘â‘ á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨.
‚ à�§¤. 4 à�áá¬®âà¥− àï¤ â¥áâ®¢ëå §�¤�ç ¤«ï ®¤−®¬¥à−ëå ‚‘â‘. ‡�ª«îç¥−¨¥
á®¤¥à¦¨â ®á−®¢−ë¥ ¢ë¢®¤ë ¨ ¢®§¬®¦−ë¥ ®¡®¡é¥−¨ï.

2 Условно-оптимальное линейное оценивание в линейных
дифференциальных стохастических системах
с параметрическими шумами

2.1. ”¨«ìâà�æ¨ï. ‹¨−¥©−ë¥ −¥¯à¥àë¢−ë¥ (¤¨ää¥à¥−æ¨�«ì−ë¥) á¨áâ¥¬ë
á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ á«ã¦�â ¯®¤å®¤ïé¥© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«ìî «¨-
−¥©−ëå ¤¨−�¬¨ç¥áª¨å á¨áâ¥¬ á® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨. �� ®á−®¢¥ â�ª¨å
¬®¤¥«¥© ‘â‘ ã¤�¥âáï ®¯¨á�âì á¯¥æ¨�«ì−ë¥ íää¥ªâë ¢®§−¨ª−®¢¥−¨ï áâ®å�áâ¨-
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ç¥áª¨å ¯�à�¬¥âà¨ç¥áª¨å ª®«¥¡�−¨©, ¯®ï¢«¥−¨ï ¤à¥©ä®¢ ¨ ¯à. ‚ â�ª¨å ‘â‘
¯à¨¬¥−¥−¨¥ «¨−¥©−®£® ä¨«ìâà� Š�«¬�−�{�ìîá¨ −¥¢®§¬®¦−®. �®íâ®¬ã æ¥«¥á®-
®¡à�§−® ¨á¯®«ì§®¢�âì «¨−¥©−ë¥ ä¨«ìâàë �ã£�çñ¢� [4].

‘«¥¤ãï [5], à�áá¬®âà¨¬ ¤¢¥ ¢§�¨¬®á¢ï§�−−ë¥ ¢¥ªâ®à−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥
á¨áâ¥¬ë áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ˆâ® á −¥£�ãáá®¢áª¨¬¨
¢ ®¡é¥¬ á«ãç�¥ ¡¥«ë¬¨ èã¬�¬¨:

dXt = (aYt + a1Xt + a0) dt +

(
c10 +

ny∑

r=1

c1rYr +
nx∑

r=1

c1,ny+rXr

)
dW ; (1)

dYt = (bYt + b1Xt + b0) dt +

(
c20 +

ny∑

r=1

c2rYr +

nx∑

r=1

c2,ny+rXr

)
dW , (2)

£¤¥ a0, b0, a, a1, b, b1 ¨ cij (i = 1, 2, j = 1, . . . , nx) | ¢¥ªâ®à−®-¬�âà¨ç−ë¥

äã−ªæ¨¨ t, −¥ §�¢¨áïé¨¥ ®â ¢¥ªâ®à� á®áâ®ï−¨ï Xt = [X1 · · ·Xnx ]
T ¨ ¢¥ªâ®à� −�-

¡«î¤¥−¨ï Yt =
[
Y1 · · ·Yny

]T
. Š«�áá ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢ �ã£�çñ¢� ®¯à¥¤¥«¨¬

«¨−¥©−ë¬ ãà�¢−¥−¨¥¬

d �Xt = (aYt + a1 �Xt + a0) dt + βt

[
dYt −

(
bYt + b1 �Xt + b0

)
dt
]
. (3)

„«ï ®¯à¥¤¥«¥−¨ï βt ¢ (3) −¥®¡å®¤¨¬® −�©â¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ mt

¨ ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã Kt á«ãç�©−®£® ¢¥ªâ®à� Qt = [X1 · · · �XnxY1 · · · Yny ]
T

¨ ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã Rt ®è¨¡ª¨ “Xt = �Xt −Xt. „«ï íâ®£® ¢®á¯®«ì§ã¥¬áï
ª®àà¥«ïæ¨®−−ë¬¨ ãà�¢−¥−¨ï¬¨. �â¨ ãà�¢−¥−¨ï ¢ ¤�−−®¬ á«ãç�¥ ¨¬¥îâ ¢¨¤:

‘mt = �amt + �a0;

‘Kt = �aKt +Kt�a
T + c0νc

T
0 +

ny+nx∑

r=1

(
c0νc

T
r + crνc

T
0

)
mr +

+

ny+nx∑

r,s=1

crνc
T
s (mrms + krs) ,





(4)

£¤¥

�a =

[
b b1
a a1

]
; �a0 =

[
b0
a0

]
; cr =

[
c2r
c1r

]
; c0 =

[
c10
c20

]
, (r = 0, 1, . . . , ny + nx) .

“à�¢−¥−¨ï (4) á á®®â¢¥âáâ¢ãîé¨¬¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ ®¯à¥¤¥«ïîâ ¢á¥
í«¥¬¥−âë mr, krs ¬�âà¨æë-áâ®«¡æ� mt ¨ ¬�âà¨æë Kt (r, s = 1, . . . , ny + nx).

“à�¢−¥−¨¥ ¤«ï ¬�âà¨æë ®è¨¡ª¨ “Xt ä¨«ìâà�æ¨¨ Rt ®¯à¥¤¥«ï¥âáï ¬�âà¨ç−ë¬
ãà�¢−¥−¨¥¬ ÷¨ªª�â¨:
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‘Rt = a1Rt+Rta
T
1 −

[
Rtb

T
1 +

(
c10 +

ny+nx∑

r=1

c1rmr

)
ν

(
cT20 +

ny+nx∑

r=1

cT2rmr

)
+

+

ny+nx∑

r,s=1

c1rνc
T
2skrs

]
κ−111

[
b1Rt +

(
c20 +

ny+nx∑

r=1

c2rmr

)
ν

(
cT10 +

ny+nx∑

r=1

cT1rmr

)
+

+

ny+nx∑

r,s=1

c2rνc
T
1skrs

]
+

(
c10 +

nx+ny∑

r=1

c1rmr

)
ν

(
cT10 +

nx+ny∑

r=1

cT1rmr

)
+

+

ny+nx∑

r,s=1

c1rνc
T
1skrs . (5)

‡¤¥áì κ11 ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©

κ11 =

(
c20 +

ny+nx∑

r=1

c2rmr

)
ν

(
cT20 +

ny+nx∑

r=1

cT2rmr

)
+

ny+nx∑

r=1

c2rνc
T
2skrs, (6)

W = W (t) | ¢¥ªâ®à−ë© ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨ á −ã«¥¢ë¬ ¬�â¥-
¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ª®−¥ç−®© ª®¢�à¨�æ¨®−−®© äã−ªæ¨¥©

kw (t1, t2) = k(min (t1, t2) , k(t) = k (t0) +

t∫

t0

ν(τ) dτ ,

£¤¥ ν = ν(t)| ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥© ‘â� W =W (t).
’�ª¨¬ ®¡à�§®¬, ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¨© à¥§ã«ìâ�â.

’¥®à¥¬� 2.1. �ãáâì ¢¥ªâ®à−ë© ‘â�
[
XTt Y

T
t

]T
®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ «¨-

−¥©−®© ¤¨ää¥à¥−æ¨�«ì−®© −¥£�ãáá®¢áª®© ‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ (1),
(2) ¨ ®¡«�¤�¥â ª®−¥ç−ë¬¨ ®¤−®¬¥à−ë¬¨ ¬®¬¥−â�¬¨. ’®£¤� ãà�¢−¥−¨¥ «¨−¥©-
−®£® ä¨«ìâà� �ã£�ç¥¢� ¨¬¥¥â ¢¨¤ (3). �®á«¥ −�å®¦¤¥−¨ï ¬®¬¥−â®¢ ¯¥à¢®£®
¨ ¢â®à®£® ¯®àï¤ª� mr, krs (r, s = 1, . . . , ny + nx) ¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë
®è¨¡ª¨ ä¨«ìâà�æ¨¨ Rt ¯ãâ¥¬ ¨−â¥£à¨à®¢�−¨ï ãà�¢−¥−¨© (4) ¨ (5) ®¯â¨¬�«ì−ë©
ª®íää¨æ¨¥−â βt ¢ ãà�¢−¥−¨¨ ä¨«ìâà� (3) ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥:

βt =

{
Rtb

T
1 +

(
c10 +

ny+nx∑

r=1

c1rmr

)
ν

(
cT20 +

ny+nx∑

r=1

cT2rmr

)
+

+

ny+nx∑

r,s=1

c1rνc
T
2skrs

}
κ−111 . (7)
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�à¨¬¥à 2.1. ÷�áá¬®âà¨¬ á«ãç�©, ª®£¤� áª�«ïà−ë¥ ãà�¢−¥−¨ï (1) ¨ (2) á®¤¥à¦�â
−¥§�¢¨á¨¬ë¥ ¡¥«ë¥ èã¬ë V1 ¨ V2:

‘Xt = aYt + a1Xt + a0 + (c10 + c11Xt + c12Yt)V1;

‘Yt = bYt + b1Xt + b0 + (c20 + c21Xt + c22Yt)V2, ν =

[
ν1 0
0 ν2

]
.

�¡à�â¨¬ ¢−¨¬�−¨¥ −� â®, çâ® c1r ¨ c2r §¤¥áì −¥ â¥, çâ® ¢ ãà�¢−¥−¨ïå (1) ¨ (2). �−¨
¯à¥¤áâ�¢«ïîâ á®¡®© á®®â¢¥âáâ¢¥−−® ¯¥à¢ë¥ ¨ ¢â®àë¥ í«¥¬¥−âë ¬�âà¨æ-áâà®ª, −�
ª®â®àë¥ ã¬−®¦�¥âáï ¢¥ªâ®à [V1V2]

T ¢ (1) ¨ (2). „«ï ¯à®áâ®âë ®áâ�¢«ï¥¬ ¤«ï −¨å
®¡®§−�ç¥−¨ï c1r ¨ c2r. ’®£¤� ¢ ä®à¬ã«�å (6) ¨ (7) ¨¬¥¥¬:

κ11 = ν2 (c20 + c21m1 + c22m2)
2 + ν2

(
c221k11 + 2c22c21k21 + c

2
22k22

)
;

βt = κ
−1
11 b1Rt.

}
(8)

�à¨ íâ®¬ ãà�¢−¥−¨ï (4) ¨ (5), ®¯à¥¤¥«ïîé¨¥ m1, m2, k11, k12, k21, k22 ¨ Rt,
¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘m1 = a1m1 + am2 + a0; ‘m2 = b1m1 + bm2 + b0;

‘k11 = 2 (a1k11 + ak12) + ν1
(
c11m

2
1 + c12m2 + c10

)2
+

+ ν1
(
c211k11 + 2c12c11k12 + c

2
12k22

)
;

‘k12 = (a1 + b) k12 + b1k11 + ak22;

‘k22 = 2 (b1k12 + bk22) + ν2 (c21m1 + c22m2 + c20)
2 +

+ ν2
(
c221k11 + 2c22c21k12 + c

2
22k22

)
;

‘Rt = 2a1Rt − κ−111 b21R2t + ν1 (c11m1 + c12m2 + c10)2 +
+ ν1

(
c211k11 + 2c11c12k12 + c

2
12k22

)
.





(9)

‚ ç�áâ−®¬ á«ãç�¥, ª®£¤� ¯�à�¬¥âà¨ç¥áª¨¥ èã¬ë ®âáãâáâ¢ãîâ (c12 = 0, c11 =
= c12 = c21 = c22 = 0), � ¬�âà¨æë a = 0 ¨ b = 0, á®®â−®è¥−¨ï (3), (8) ¨ (9)
ã¯à®é�îâáï ¨ ¯à¨−¨¬�îâ á«¥¤ãîé¨© ¢¨¤:

‘�Xt = a1 �Xt + a0 + βt

[
‘Yt −

(
b1 �Xt + b0

)]
;

‘Rt = 2a1Rt − κ−111 b21R2t + ν1c210;
‘m1 = a1m1 + a0; ‘m2 = b1m1 + b0;

‘k11 = 2ak11 + ν1c
2
10;

‘k12 = a1k12 + b1k11;
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‘k22 = 2b1k12 + ν2c
2
20;

κ11 = ν2c
2
20;

βt = κ
−1
11 b1Rt.

2.2. �ªáâà�¯®«ïæ¨ï. ÷�áá¬®âà¨¬ §�¤�çã ãá«®¢−®-®¯â¨¬�«ì−®© íªáâà�¯®«ï-
æ¨¨ á®áâ®ï−¨ï á¨áâ¥¬ë á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¤«ï −¥§�¢¨á¨¬ëå ¢¨−¥à®¢-
áª¨å èã¬®¢ W1 ¨ W2 ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï:

dXt = (a1Xt + a0) dt+

(
c10 +

nx∑
r=1

c1,ny+rXr

)
dW1;

dYt = (bYt + b1Xt + b0) dt +

(
c20 +

ny∑
r=1

c2rYr +
nx∑
r=1

c2,ny+rXr

)
dW2,





(10)

£¤¥ W1 = W1(t) ¨ W2 = W2(t) { −¥§�¢¨á¨¬ë¥ ¯à®æ¥ááë á −¥§�¢¨á¨¬ë¬¨
¯à¨à�é¥−¨ï¬¨, ¯à¨−ï¢ ãà�¢−¥−¨¥ íªáâà�¯®«ïâ®à� �ã£�çñ¢� ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

d �Xt =
[
a1(t+–) �Xt + a0(t+–)

]
dt+

+ βt

[
dYt − (bYt + b1q

−1
t
�Xt + b0 − b1q−1t ht) dt

]
. (11)

‚ [5, ¯. 6.1.3] ¯®«ãç¥− á«¥¤ãîé¨© à¥§ã«ìâ�â.

’¥®à¥¬� 2.2. �ãáâì ¢¥ªâ®à−ë© ‘â�
[
XTt Y

T
t

]T
®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ «¨-

−¥©−®© ¤¨ää¥à¥−æ¨�«ì−®© −¥£�ãáá®¢áª®© ‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ (10)
¨ ®¡«�¤�¥â ª®−¥ç−ë¬¨ ®¤−®- ¨ ¤¢ã¬¥à−ë¬¨ ¬®¬¥−â�¬¨. ’®£¤� ãà�¢−¥−¨ï −¥¯à¥-
àë¢−®£® «¨−¥©−®£® íªáâà�¯®«ïâ®à� �ã£�çñ¢� ¨¬¥îâ ¢¨¤ (11). �¥®¡å®¤¨¬ë¥ ¤«ï
¢ëç¨á«¥−¨ï κ11 ¯® ä®à¬ã«¥ (6) ¨ βt ¯® ä®à¬ã«¥ (7) ¬®¬¥−âë ¢â®à®£® ¯®àï¤ª�

¬®¦−® −�©â¨ ¨§ ãà�¢−¥−¨© (4) ¤«ï á®áâ�¢−®£® ¢¥ªâ®à�
[
Y Tt X

T
t
�XTt

]T
. ÷®«ì

¬�âà¨æ c1r ¨ c2r ¨£à�îâ ¬�âà¨æë [0 c1r] ¨ [c2r 0], � ¬�âà¨æ� ν | ¤¨�£®−�«ì−�.

��©¤¥−−ë© íªáâà�¯®«ïâ®à �ã£�çñ¢� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®á«¥¤®¢�-
â¥«ì−®£® á®¥¤¨−¥−¨ï ä¨«ìâà� �ã£�çñ¢�, ãá¨«¨â¥«ï á ª®íää¨æ¨¥−â®¬ ãá¨«¥−¨ï
εt = u(t+–, t) ¨ áã¬¬�â®à�, ¢¢®¤ïé¥£® −¥á«ãç�©−®¥ á«�£�¥¬®¥ ht = h(t), â. ¥. çâ®

‘�Xt = qt �Xt + ht.

‡¤¥áì �Xt | ¢ëå®¤−®© á¨£−�« ãá«®¢−®-®¯â¨¬�«ì−®£® ä¨«ìâà�, ¨«¨ ãá«®¢−®-®¯-
â¨¬�«ì−�ï ®æ¥−ª� â¥ªãé¥£® á®áâ®ï−¨ï á¨áâ¥¬ë Xt; qt ¨ ht ®¯à¥¤¥«ïîâáï ¨§
ãà�¢−¥−¨©:

‘ht = a0(t+–)− qta0 + a1(t+–)ht;

‘qt = a1(t+–)qt − qta1.
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’®£¤� ãà�¢−¥−¨¥ ãá«®¢−®-®¯â¨¬�«ì−®£® íªáâà�¯®«ïâ®à� �ã£�çñ¢� ¡ã¤¥â ¨¬¥âì
¢¨¤:

d �Xt = qt(a1 �Xt + a0) dt + qtβt

[
dYt −

(
bYt + b1 �Xt + b0

)
dt
]
=

=
[
a1(t+–)qt �Xt − qta1 �Xt + a0(t+–)− qta0 + a1(t+–)ht

]
dt =

=
[
a1(t+–)

(
qt �Xt + ht

)
+ a0(t+–)

]
dt+ qtβt

[
dYt −

(
b �Xt + b0

)
dt
]
.

‚ ãá«®¢¨ïå â¥®à¥¬ë 2.2 â®ç−®áâì íªáâà�¯®«ïæ¨¨ ¢ëç¨á«ï¥âáï ¯ãâ¥¬ ¨−â¥£à¨-
à®¢�−¨ï á«¥¤ãîé¥£® ãà�¢−¥−¨ï:

‘Rt = a1(t+–)Rt +Rta1(t+–)
T −

− βt

[(
c20 +

ny+nx∑

r=1

c2rmr

)
ν1

(
cT20 +

ny+nx∑

r=1

cT2rmr

)
+

+

ny+nx∑

r=1

c2rν1c
T
2skrs

]
βTt +

[
c10(t+–)+

ny+nx∑

r=ny+1

c1r(t+–)mr(t+–)

]
ν2(t+–)×

×


c10(t+–)T +

ny+1∑

r=ny+1

c1r(t+–)
Tmr(t+–)


+

+

ny+nx∑

s=m+1

c1r(t+–)ν2(t+–)c1s(t+–)
Tkrs.

�à¨¬¥à 2.2. ‚ §�¤�ç¥ ¯à¨¬¥à� 2.1 ¯à¨ a = a0 = c12 = 0 ¨ ¯®áâ®ï−−®¬ a1 ãá«®¢-
−®-®¯â¨¬�«ì−ë© íªáâà�¯®«ïâ®à ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®¥ á®¥¤¨−¥−¨¥
ãá«®¢−®-®¯â¨¬�«ì−®£® ä¨«ìâà� ¨ ãá¨«¨â¥«ï á ª®íää¨æ¨¥−â®¬ ãá¨«¥−¨ï q =
= ea1–.

3 Условно-оптимальная линейная фильтрация и экстраполяция
в вольтерровских системах

3.1. �¡é¨© á«ãç�©. �¡®¡é�ï [4], ¡ã¤¥¬ ®á−®¢ë¢�âìáï −� á«¥¤ãîé¨å
¨áå®¤−ëå áâ®å�áâ¨ç¥áª¨å ãà�¢−¥−¨ïå ˆâ® ¤«ï −�¡«î¤¥−¨© (2) ¨ á®áâ®ï−¨ï:

‘X = A(t,X, Y, V ) = A0(t, V ) +A1(t,X, Y, V )X +A2(t,X, Y, V )Y ,

X (t0) = X0. (12)
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‡¤¥áì V = ‘W ,W | nw-¬¥à−ë© ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨. ‘«¥¤ãï [2,
3], ¢®-¯¥à¢ëå, ¡ã¤¥¬ áç¨â�âì äã−ªæ¨¨ Aj (j = 0, 1, 2) «¨−¥©−ë¬¨ ®â−®á¨â¥«ì−®
áâ®å�áâ¨ç¥áª¨å ¢®§¬ãé¥−¨© V , ¯®«®¦¨¢

Aj = Aj0 +Aj1V (j = 0, 1, 2), (13)

¢®-¢â®àëå, ¯à¥¤¯®«®¦¨¬, çâ® Aj0 ¨ Aj1 ¤®¯ãáª�îâ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�-
æ¨î ¯® á®¢®ªã¯−®áâ¨ ¯¥à¥¬¥−−ëå X ¨ Y :

Aj0 ≈ Aj00 +A
X
j01X +A

Y
j01Y ; Aj1 ≈ Aj10 +A

X
j11X +A

Y
j11Y , (14)

£¤¥ äã−ªæ¨¨ Aj00, Aj10, A
X
j01, A

X
j11, A

Y
j01 ¨ AY

j11 ¢ ®¡é¥¬ á«ãç�¥ §�¢¨áïâ ®â

¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mX ¨ mY ¨ ª®¢�à¨�æ¨®−−ëå ¨ ¢§�¨¬−ëå ª®¢�à¨�æ¨-
®−−ëå ¬�âà¨æKX,KY ¨RXY . ‚ à¥§ã«ìâ�â¥ ãà�¢−¥−¨¥ (12) ¯à¨¡«¨¦¥−−® ¬®¦−®
¡ã¤¥â ¯à¨¢¥áâ¨ ª ¢¨¤ã (1). ’�ª¨¬ ®¡à�§®¬, ¢ á«ãç�¥ è¨à®ª®¯®«®á−ëå ‚‘â‘ ¯à¨
ãá«®¢¨ïå (13) ¨ (14) ¯à¨¡«¨¦¥−−ë¥ ãá«®¢−®-®¯â¨¬�«ì−ë¥ ä¨«ìâàë �ã£�çñ¢�
¡ã¤ãâ ®¯à¥¤¥«ïâìáï â¥®à¥¬®© 2.1, � íªáâà�¯®«ïâ®àë �ã£�çñ¢� | â¥®à¥¬®© 2.2.

‡�¬¥ç�−¨¥ 3.1. ‚ á«ãç�¥ ã§ª®¯®«®á−ëå ‚‘â‘ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¬¥â®¤
ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© á®¢¬¥áâ−® á ¬¥â®¤®¬ −®à¬�«ì−ëå ª®®à¤¨−�â [1, 4, 6].

3.2. ‘â®å�áâ¨ç¥áª�ï á¨áâ¥¬� ‚®«ìâ¥ààë{‹®âª¨. ‚ á«ãç�¥ á¨áâ¥¬ë ‚®«ì-
â¥ààë{‹®âª¨ [7, 8] á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨ ¨ −¥§�¢¨á¨¬ë¬¨ ®â −�¡«î¤¥−¨©
¯à�¢ë¬¨ ç�áâï¬¨ ¢ ãà�¢−¥−¨¨ á®áâ®ï−¨ï ¢ á¨«ã [2] ¨¬¥¥¬:

‘Xi = ε0iXi −
N∑

j=1

p0ijXiXj + α0i + σ
α
i V, Xi(t0) = Xi0

(
i = 1, N

)
. (15)

‡�¬¥−¨¬ (15) ¯à¨¡«¨¦¥−−ë¬ ¯® Œ‘‹, ¯®«®¦¨¢

XiXj ≈
(
KX

ij −mX
i m

X
j

)
+mX

j Xi +m
X
i Xj .

’®£¤� (15) ¬®¦−® ¡ã¤¥â ¯à¨¡«¨¦¥−−® ¯à¥¤áâ�¢¨âì ¢ ¢¥ªâ®à−®© ä®à¬¥:

‘X = a0 + a1X + c10, X (t0) = X0.

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï

a0 =


−

N∑

j=1

p0ij(K
X
ij −mX

i m
X
j )




i=1,N

;

[a1X]i=1,N =


ε0i −




N∑

j=1

p0ijmj


−mi

N∑

j=1

p0ijXj




i=1,N

;

c10 = [σ
α
i ]i=1,N .
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’®£¤�, ®ç¥¢¨¤−®, ¤«ï «¨−¥©−ëå −�¡«î¤¥−¨© á �¤¤¨â¨¢−ë¬ èã¬®¬ ¢¨¤�

‘Y = bY + b1X + b0 + c20V

«¨−¥©−ë© ãá«®¢−®-®¯â¨¬�«ì−ë© ä¨«ìâà �ã£�çñ¢� ¡ã¤¥â á®¢¯�¤�âì á áã¡®¯â¨-
¬�«ì−ë¬ ä¨«ìâà®¬ −� ®á−®¢¥ Œ‘‹.

’�ª¨¬ ®¡à�§®¬, ¤«ï ¡¥«®£® èã¬� V ¨−â¥−á¨¢−®áâ¨ ν ¨áª®¬ë¥ ä¨«ìâà�æ¨®−-
−ë¥ ãà�¢−¥−¨ï (â¥®à¥¬� 2.1) ¡ã¤ãâ ¨¬¥âì ¢¨¤:

‘�X = a1 �X + a0 + β
[
‘Y −

(
bY + b1 �X + b0

)]
; (16)

β =
(
RbT1 + c10νc

T
20

)
κ−111 ;

‘R = a1R+Ra
T
1 −

(
RbT1 + c10νc

T
20

)
κ−111

(
b1R+ c20νc

T
10

)
+ c10νc

T
10

}
(17)

¯à¨ ãá«®¢¨¨

κ11 = c20νc
T
20 6= 0 . (18)

‚ á«ãç�¥, ¥á«¨ ãà�¢−¥−¨ï á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï á®¤¥à¦�â ç«¥−ë aY ¨ bY ,
ä¨«ìâà�æ¨®−−ë¥ ãà�¢−¥−¨ï â¥®à¥¬ë 2.1 ã¯à®é�îâáï ¨ ¯à¨−¨¬�îâ ¢¨¤:

‘�X =
(
aY + a1 �X + a0

)
+ β

[
‘Y −

(
bY + b1 �X + b0

)]
. (19)

�à¨ íâ®¬ ãà�¢−¥−¨ï (17) ¨ (18) á®åà�−ïîâáï.
3.3. �ª¢¨¢�«¥−â−®áâì ä¨«ìâà®¢. ”¨«ìâàë ¯¯. 3.2 ¨ 3.3 ¬®£ãâ ¡ëâì ¨á-

¯®«ì§®¢�−ë ¤«ï ¯à¨¡«¨¦¥−−®£® á¢¥¤¥−¨ï ‚‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨
ª íª¢¨¢�«¥−â−ë¬ ‚‘â‘ á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨ ¨ ®æ¥−ª¨ ¬¥â®¤¨ç¥áª®© ¨ ¨−áâàã-
¬¥−â�«ì−®© â®ç−®áâ¨ �«£®à¨â¬®¢.

‚ −¥áâ�æ¨®−�à−®¬ á«ãç�¥ ¢ ª�ç¥áâ¢¥ ªà¨â¥à¨¥¢ íª¢¨¢�«¥−â−®áâ¨ ¤«ï ‘â‘
â¥®à¥¬ë 2.1 ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë á®®â−®è¥−¨ï (16){(18) ¨«¨ (17){(19). �à¨
íâ®¬ ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï, ª�ª ¯à¨¢¨«®, ¯à¨−¨¬�îâ ¢ ¯à®áâ¥©è¥¬ «¨−¥©−®¬
¢¨¤¥ ¡¥§ ¯�à�¬¥âà¨ç¥áª¨å èã¬®¢.

‚ áâ�æ¨®−�à−®¬ á«ãç�¥ ¢¬¥áâ® ¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨© ¨á¯®«ì§ãîâáï á®®â-
¢¥âáâ¢ãîé¨¥ á¯¥ªâà�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ [5].

�®«¥¥ â®£®, á®£«�á−® (18) ¬®¦−® á¤¥«�âì §�¬¥−ã −¥£�ãáá®¢áª®£® èã¬� V

íª¢¨¢�«¥−â−ë¬ £�ãáá®¢áª¨¬ (−®à¬�«ì−ë¬) èã¬®¬, ¯®«®¦¨¢ c20νc
T
20 = c

′
20ν0c

′T
20.

4 Условно-оптимальная линейная фильтрация и экстраполяция
в одномерных вольтерровских стохастических системах

÷�áá¬®âà¨¬ á−�ç�«� á«ãç�© ¯®«ïà¨§®¢�−−ëå èã¬®¢ ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï
¨ −�¡«î¤¥−¨ï, ¯®«®¦¨¢ ¢ ®á−®¢ã á«¥¤ãîé¨¥ ãà�¢−¥−¨ï:

‘X = αo + σ
α
0 V1 + [(ε0 + σ

ε
0V2)− (γ0 + σγ

0V3)F (X)]X, X (t0) = X0 , (20)
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“á«®¢−®-®¯â¨¬�«ì−®¥ «¨−¥©−®¥ ®æ¥−¨¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‚‘â‘

£¤¥ V1 | −®à¬�«ì−ë© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ ν1, V2 = V3 = V1; F (X) |
äã−ªæ¨ï ¢§�¨¬®¤¥©áâ¢¨ï (¢ ¤�«ì−¥©è¥¬ ¯à¨¬¥¬ F (Y ) = Y ). �®«®¦¨¬, çâ®
ãà�¢−¥−¨¥ á®áâ®ï−¨ï (20) −¥ §�¢¨á¨â ®â −�¡«î¤¥−¨ï, ãà�¢−¥−¨¥ −�¡«î¤¥−¨©
«¨−¥©−®, � −®à¬�«ì−ë© ¡¥«ë© èã¬ V2 ¨−â¥−á¨¢−®áâ¨ ν2 ¢å®¤¨â �¤¤¨â¨¢−®:

‘Y = b0 + b1X + c20V2 (c20 6= 0) . (21)

�®«ì§ãïáì ¢â®àë¬ Œ�� [2, 3], §�¬¥−¨¬ F (Y )Y = X2 ¢ (20) áâ�â¨áâ¨ç¥áª¨¬
«¨−¥�à¨§®¢�−−ë¬ ¢ëà�¦¥−¨¥¬:

X2 ≈
(
DX −m2X

)
+ 2mXX ,

â®£¤� íª¢¨¢�«¥−â−®¥ ãà�¢−¥−¨¥ á®áâ®ï−¨¥ (20) ¡ã¤¥â ¨¬¥âì á«¥¤ãîé¨© ¢¨¤:

‘X = a0 + a1X + (c10 + c11X)V , X (t0) = X0 . (22)

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

a0 = α0 − γ0
(
DX −m2X

)
; a1 = ε0 − 2γ0mX ;

c10 = σ
α
0 ; c11 = σ

ε
0 ; c21 = 0 .

}
(23)

�à¨ ν2 6= 0, ¯à¨¬¥−ïï ª (21) ¨ (22) á®®â−®è¥−¨ï ¯à¨¬¥à� 2.1 ¯à¨ ãá«®¢¨-
ïå (23), ¯®«ãç¨¬ ¨áª®¬ë¥ ä¨«ìâà�æ¨®−−ë¥ ãà�¢−¥−¨ï (8) ¨ (9):

‘�X = a1 �X + a0 + β
[
‘Y −

(
b1 �X + b0

)]
;

β = κ−111 b1R ;

κ11 = ν2
[
c221DX + c20 + c21m

2
X

]
;

‘mX = a1mX + a0; ‘mY = b1mX + b0;

‘R = 2a1R− κ−111 b21R2 + ν1
[
c211DX + (c11mX + c

2
10)
]
;

‘DX = 2a1DX + ν1
[
c211DX + (c11m

2
X + c10)

2
]
;

‘DY = 2b1KXY + ν2
[
c221 + (c21mX + c20)

2
]
;

‘KXY = a1KXY + b1DX .

—�áâ−ë¥ á«ãç�¨ ãá«®¢¨© (23):

(1) �¤¤¨â¨¢−ë¥ èã¬ë V1 ¨ V2:

a0 = α0 − γ0
(
DX −m2X

)
; a1 = ε0 − 2γ0mX ; c10 = σ

α
0 ; σ

γ
0 = 0; σ = 0;
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(2) ε-¯�à�¬¥âà¨ç¥áª¨© èã¬ V1 ¨ �¤¤¨â¨¢−ë© èã¬ V2:

a0 = α0 − γ0
(
DX −m2X

)
, a1 = ε0 − 2γ0mX , c10 = σ

α
0 = 0, c11 = 0;

(3) γ-¯�à�¬¥âà¨ç¥áª¨© èã¬ V1 ¨ �¤¤¨â¨¢−ë© èã¬ V2:

a0 = α0−γ0
(
DX −m2X

)
; a1 = ε0−2γ0mX ; c10 = σ

α
0 = 0; c11 = −2mXσ

γ
0 .

‘®£«�á−® ¯à¨¬¥àã 2.2, ãá«®¢−®-®¯â¨¬�«ì−ë© íªáâà�¯®«ïâ®à §�¤�ç¨ ¯à¥¤áâ�¢-
«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®¥ á®¥¤¨−¥−¨¥ ãá«®¢−®-®¯â¨¬�«ì−®£® ä¨«ìâà� ¨ ãá¨-
«¨â¥«ï á ª®íää¨æ¨¥−â®¬ q = ea1–.

5 Заключение

÷�§à�¡®â�−ë ¤¢� ¯à¨¡«¨¦¥−−ëå ¬¥â®¤� ¤«ï ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨
−®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‚‘â‘, ¯à¨¢®¤¨¬ëå ª ‘â‘ á �¤¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨-
ç¥áª¨¬¨ èã¬�¬¨ −� ®á−®¢¥ â¥®à¨¨ ãá«®¢−®-®¯â¨¬�«ì−®£® ®æ¥−¨¢�−¨ï �ã£�çñ¢�
¨ ¯®¤å®¤�å [2{4].

‘ä®à¬ã«¨à®¢�−ë ¯®¤å®¤ë ª á¨−â¥§ã ä¨«ìâà®¢ �ã£�çñ¢� ¤«ï ‚‘â‘ á �¤-
¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¯ãâ¥¬ íª¢¨¢�«¥−â−®© §�¬¥−ë ‚‘â‘
á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨. �®¤à®¡−® ¨áá«¥¤®¢�−ë ®¤−®¬¥à−ë¥ â¥áâ®¢ë¥ §�¤�ç¨.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ −¥¯®áà¥¤áâ¢¥−−®¥ ®¡®¡é¥−¨¥ −� á«ãç�© �¢â®ª®àà¥-
«¨à®¢�−−ëå èã¬®¢ ¨ íà¥¤¨â�à−ëå ‚‘â‘, � â�ª¦¥ ¤¨áªà¥â−ëå ¨ −¥¯à¥àë¢-
−®-¤¨áªà¥â−ëå ‚‘â‘. ‚�¦−®¥ §−�ç¥−¨¥ ¨¬¥îâ −¥«¨−¥©−ë¥ §�¤�ç¨ ®æ¥−¨¢�−¨ï
¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¬®¤¥«¥© ‚‘â‘.
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CONDITIONALLY OPTIMAL LINEAR ESTIMATION
OF NORMAL PROCESSES IN VOLTERRA STOCHASTIC SYSTEMS

I. N. Sinitsyn and V. I. Sinitsyn

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

Abstract: On the basis of Pugachev's conditionally optimal estimation (filtering
and extrapolation) and previous investigations of the present authors, two
estimation approximate conditionally optimal methods for normal stochastic
processes in Volterra stochastic systems (VStS) reducible to linear StS with
additive and parametric noises are developed. Some approaches for synthesis
of Pugachev's filters and extrapolators by replacing parametric noises with
equivalent corresponding additive noises are given. Test examples for one-
dimensional VStS are presented. The given theory and test examples may be
simply generalized to VStS with autocorrelated noises and VStS with hereditary
and nonlinear interaction functions.

Keywords: Volterra stochastic systems (VStS); method of analytical modeling
(MAM); method of canonical expansions (MCE); method of normal approxima-
tion (MNA); method of statistical linearization (MSL); stochastic system (StS);
stochastic process (StP); Pugachev conditionally optimal filters and extrapola-
tors; Kalman filters and extrapolators
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ИНДЕКС ПРЕИМУЩЕСТВА В БАЙЕСОВСКИХ МОДЕЛЯХ
НАДЕЖНОСТИ И БАЛАНСА С БЕТА-ПОЛИНОМИАЛЬНЫМИ

АПРИОРНЫМИ ПЛОТНОСТЯМИ∗

А. А. Кудрявцев1, С. И. Палионная2, О. В. Шестаков3

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª
¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢� ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå ¡�«�−á� ¢ á«ãç�¥, ª®£¤� −¥-
£�â¨¢−ë¥ ¨ ¯®§¨â¨¢−ë¥ ä�ªâ®àë, ¢«¨ïîé¨¥ −� äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë,
¨¬¥îâ �¯à¨®à−ë¥ ¡¥â�-à�á¯à¥¤¥«¥−¨¥ ¨ à�á¯à¥¤¥«¥−¨¥ á ¯«®â−®áâìî ¯®«¨-
−®¬¨�«ì−®£® ¢¨¤�, −�¯à¨¬¥à à�¢−®¬¥à−®¥ ¨«¨ ¯�à�¡®«¨ç¥áª®¥. ÷¥§ã«ìâ�âë
à�¡®âë ¬®£ãâ ¯à¨¬¥−ïâìáï ¤«ï ¨áá«¥¤®¢�−¨ï ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨ á«®¦-
−ëå ¬®¤¨ä¨æ¨àã¥¬ëå ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ¨ ¤àã£¨å
¨−¤¥ªá®¢ ¯à¥¨¬ãé¥áâ¢�, −�¯à¨¬¥à ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¨ ¢¥à®ïâ−®áâ¨
¯à¥¡ë¢�−¨ï ¢ à�¡®â®á¯®á®¡−®¬ á®áâ®ï−¨¨ ¢ â¥®à¨¨ −�¤¥¦−®áâ¨, ¢¥à®ïâ−®áâ¨
â®£®, çâ® ¢ë§®¢ −¥ ¡ã¤¥â ¯®â¥àï−, ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¨ ¯à.
�à¨¢®¤¨¬ë© ¬¥â®¤ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï �−�«®£¨ç−ëå ¯®áâ�−®¢®ª §�¤�ç
¯à¨ ¨áá«¥¤®¢�−¨¨ à�á¯à¥¤¥«¥−¨© á ªãá®ç−®-¯®«¨−®¬¨�«ì−ë¬¨ �¯à¨®à−ë¬¨
¯«®â−®áâï¬¨, −�¯à¨¬¥à à�á¯à¥¤¥«¥−¨ï ‘¨¬¯á®−�, ˆà¢¨−�{•®««�, �í©âá�
¨ ¤à.

Š«îç¥¢ë¥ á«®¢�: ¡�©¥á®¢áª¨© ¬¥â®¤; á¬¥è�−−ë¥ à�á¯à¥¤¥«¥−¨ï; ¬®¤¥«¨
¡�«�−á�; ¨−¤¥ªá ¯à¥¨¬ãé¥áâ¢�; ¯®¢ëè¥−¨¥ −�¤¥¦−®áâ¨; ¡¥â�-à�á¯à¥¤¥«¥−¨¥

DOI: 10.14357/08696527190303

1 Введение

‡�¤�ç� ¯à®£−®§¨à®¢�−¨ï −�¤¥¦−®áâ¨ á«®¦−ëå ¬®¤¨ä¨æ¨àã¥¬ëå ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬ (‘Œˆ‘) ¡ë«� áä®à¬ã«¨à®¢�−� ¨ ¯®¤à®¡−® à�áá¬®âà¥−� ¢ [1,2].
�à¨ íâ®¬ ¢ à�¬ª�å ¬−®£¨å §�¤�ç [3] ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï ¡�©-
¥á®¢áª®£® ¯®¤å®¤� ª �−�«¨§ã à®áâ� −�¤¥¦−®áâ¨ ‘Œˆ‘, â�ª¨å ª�ª ¯à®£à�¬¬−�ï
á¨áâ¥¬� ¤«ï ª®¬¯ìîâ¥à�, ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−�ï á¥âì ¨«¨ �¤¬¨−¨áâà�-
â¨¢−®-¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�, ª®â®àë¥, ª�ª ¯à�¢¨«®, ¨§−�ç�«ì−® −¥ ®¡«�¤�îâ
âà¥¡ã¥¬®© −�¤¥¦−®áâìî. ‘â®¨â â�ª¦¥ ãç¨âë¢�âì, çâ® −�¤¥¦−®áâì á¨áâ¥¬ë ¬®¦¥â
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¬¥−ïâìáï ¨ ¢® ¢à¥¬ï äã−ªæ¨®−¨à®¢�−¨ï. ’�ª¨¥ ¨§¬¥−¥−¨ï ¯à¥¦¤¥ ¢á¥£® á¢ï§�-
−ë á ¬®¤¨ä¨ª�æ¨ï¬¨ á¨áâ¥¬ë, ª®â®àë¥ ¬®£ãâ ª�ª ã¢¥«¨ç¨âì, â�ª ¨ ã¬¥−ìè¨âì
−�¤¥¦−®áâì. ÷�áá¬®âà¨¬ ®¯¨á�−−ãî ¢ ª−¨£¥ [2] ¬®¤¥«ì à®áâ� −�¤¥¦−®áâ¨, ¯®-
§¢®«ïîéãî ¨¬¥âì ¤¥«® á ¯�à�¬¥âà®¬, −¥¯®áà¥¤áâ¢¥−−® ¨−â¥à¯à¥â¨àã¥¬ë¬ ª�ª
−�¤¥¦−®áâì á¨áâ¥¬ë.

�ãáâì −� ¢å®¤ ¯à®¨§¢®«ì−®© á¨áâ¥¬ë ¯®¤�îâáï −¥ª®â®àë¥ á¨£−�«ë (−�-
¯à¨¬¥à, ª®¬�−¤ë ®¯¥à�â®à� ¨«¨ ¢−¥è−¨¥ ¢®§¤¥©áâ¢¨ï). ÷¥�ªæ¨ï á¨áâ¥¬ë −�
¯®¤�−−ë¥ á¨£−�«ë ¬®¦¥â ¡ëâì «¨¡® ¯à�¢¨«ì−®© (ª®àà¥ªâ−®©), «¨¡® −¥¯à�¢¨«ì-
−®© (−¥ª®àà¥ªâ−®©). ‚ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t −�¤¥¦−®áâì á¨áâ¥¬ë ¬®¦−®
å�à�ªâ¥à¨§®¢�âì ¯�à�¬¥âà®¬ p(t)| ¢¥à®ïâ−®áâìî â®£®, çâ® −� á¨£−�«, ¯®¤�−−ë©
−� ¢å®¤ á¨áâ¥¬ë ¢ ¬®¬¥−â t, á¨áâ¥¬� ®âà¥�£¨àã¥â ¯à�¢¨«ì−®. �® á¬ëá«ã â�ª�ï
å�à�ªâ¥à¨áâ¨ª� −�¤¥¦−®áâ¨ ¡«¨¦¥ ¢á¥£® ª âà�¤¨æ¨®−−® ¨á¯®«ì§ã¥¬®¬ã ª®íää¨-
æ¨¥−âã £®â®¢−®áâ¨. ‚ á«ãç�©−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ 0 = Y0 ≤ Y1 ≤ Y2 ≤ · · ·
á¨áâ¥¬� ¯®¤¢¥à£�¥âáï (¬£−®¢¥−−®©) ¬®¤¨ä¨ª�æ¨¨, ¢ à¥§ã«ìâ�â¥ ç¥£® ¨§¬¥−ï¥âáï
¯�à�¬¥âà p(t). �à¥¤¯®«®¦¨¬, çâ® âà�¥ªâ®à¨¨ ¯à®æ¥áá� p(t) −¥¯à¥àë¢−ë á¯à�¢�
¨ ªãá®ç−®-¯®áâ®ï−−ë, â�ª çâ® p(t) = p(Yj) ¯à¨ Yj ≤ t < Yj+1.

�¡®§−�ç¨¬ pj = p(Yj). ÷�áá¬®âà¨¬ ¯®¢¥¤¥−¨¥ pj ¢ §�¢¨á¨¬®áâ¨ ®â ¨§-
¬¥−¥−¨ï j. „àã£¨¬¨ á«®¢�¬¨, ¡ã¤¥¬ ¨§ãç�âì ¨§¬¥−¥−¨¥ −�¤¥¦−®áâ¨ á¨áâ¥¬ë
¢ §�¢¨á¨¬®áâ¨ ®â −®¬¥à� ¬®¤¨ä¨ª�æ¨¨. ‚ ª−¨£¥ [2] à�áá¬�âà¨¢�¥âáï, ¢ ç�áâ−®áâ¨,
á«¥¤ãîé�ï à¥ªãàà¥−â−�ï ¬®¤¥«ì à®áâ� −�¤¥¦−®áâ¨. �ãáâì {(θj , ηj)}, j ≥ 1, |
¯®á«¥¤®¢�â¥«ì−®áâì −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå ¤¢ã¬¥à−ëå á«ãç�©-
−ëå ¢¥ªâ®à®¢, â�ª¨å çâ® 0 < η1 < 1; 0 < θ1 < 1 ¯®çâ¨ −�¢¥à−®¥.

‡�¤�¢ −�ç�«ì−ãî −�¤¥¦−®áâì p0, à�áá¬®âà¨¬ ¬®¤¥«ì, ®¯à¥¤¥«ï¥¬ãî à¥ªãà-
à¥−â−ë¬ á®®â−®è¥−¨¥¬

pj+1 = ηj+1pj + θj+1 (1− pj) .

‚ â�ª®© ¬®¤¥«¨ á«ãç�©−ë¥ ¢¥«¨ç¨−ë ηj (¯�à�¬¥âàë ú¤¥ä¥ªâ¨¢−®áâ¨û) ®¯¨áë¢�îâ
¢®§¬®¦−®¥ ã¬¥−ìè¥−¨¥ −�¤¥¦−®áâ¨ ¨§-§� −¥ª�ç¥áâ¢¥−−ëå ¬®¤¨ä¨ª�æ¨©, ¢ å®¤¥
ª®â®àëå ¢¬¥áâ® ¨á¯à�¢«¥−¨ï áãé¥áâ¢ãîé¨å ¤¥ä¥ªâ®¢ ¢ á¨áâ¥¬ã ¬®£ãâ ¡ëâì
¢−¥á¥−ë −®¢ë¥, ¢ â® ¢à¥¬ï ª�ª ¢¥«¨ç¨−ë θj (¯�à�¬¥âàë úíää¥ªâ¨¢−®áâ¨û)
®¯¨áë¢�îâ ¯®¢ëè¥−¨¥ −�¤¥¦−®áâ¨ §� áç¥â ¨á¯à�¢«¥−¨ï ¤¥ä¥ªâ®¢.

�¡®§−�ç¨¬ λ = 1−Eθ1 ¨ µ = Eη1. ‚ [2] ¤®ª�§�−®, çâ® ¯à¨ ãá«®¢¨¨ λ+µ 6= 1
π = lim

j→∞
Epj =

µ

λ+ µ
.

ˆ§ãç¥−¨¥ ¯à¥¤¥«ì−®£® §−�ç¥−¨ï áà¥¤−¥© ¢¥«¨ç¨−ë Epj ¯à¥¤áâ�¢«ï¥â §−�ç¨-
â¥«ì−ë© ¨−â¥à¥á, ¯®áª®«ìªã íâ� ¢¥«¨ç¨−� å�à�ªâ¥à¨§ã¥â �á¨¬¯â®â¨ç¥áª®¥ §−�ç¥-
−¨¥ −�¤¥¦−®áâ¨ á¨áâ¥¬ë ¢ à�¬ª�å −¥ª®â®à®© à¥ªãàà¥−â−®© ¬®¤¥«¨, §�¤�¢�¥¬®©
−�¡®à®¬ {(θj , ηj)}.

‚ [3] ¯®¤à®¡−® ®¯¨á�−ë ¯à¥¤¯®áë«ª¨ ¤«ï à�−¤®¬¨§�æ¨¨ áà¥¤−¨å ¯�à�¬¥âà®¢
úíää¥ªâ¨¢−®áâ¨û/ú¤¥ä¥ªâ¨¢−®áâ¨û, á¢ï§�−−ë¥ á ¢®§¬®¦−®áâìî à�áá¬®âà¥−¨ï
¡®«ìè¨å £àã¯¯ ‘Œˆ‘, ¨ ®¡®á−®¢�−® ¯à¨¬¥−¥−¨¥ ª ¨áá«¥¤®¢�−¨î áà¥¤−¥© ¯à¥-
¤¥«ì−®© −�¤¥¦−®áâ¨ á®¢®ªã¯−®áâ¨ ‘Œˆ‘ ¡�©¥á®¢áª®£® ¬¥â®¤�. ‚ [4] ¡�©¥á®¢áª¨©
¯®¤å®¤ ª §�¤�ç�¬ â¥®à¨¨ −�¤¥¦−®áâ¨ ¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¡ë« ®¡®¡é¥− −�
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àï¤ ¢á¥¢®§¬®¦−ëå ¯®áâ�−®¢®ª, ¢ ®á−®¢¥ ª®â®àëå «¥¦¨â à�§¤¥«¥−¨¥ ä�ªâ®à®¢,
¢«¨ïîé¨å −� äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë −� ãá«®¢−® ¯®§¨â¨¢−ë¥ (p-ä�ªâ®àë)
¨ ãá«®¢−® −¥£�â¨¢−ë¥ (n-ä�ªâ®àë). �à¨ íâ®¬ íää¥ªâ¨¢−®áâì á¨áâ¥¬ë, ®ç¥¢¨¤−®,
§�¢¨á¨â ®â ¨−¤¥ªá� ¡�«�−á� | ®â−®è¥−¨ï −¥£�â¨¢−®£® ä�ªâ®à� ª ¯®§¨â¨¢−®-
¬ã, � −�¤¥¦−®áâì á¨áâ¥¬ë ®¯à¥¤¥«ï¥âáï ¨−¤¥ªá®¬ ¯à¥¨¬ãé¥áâ¢� | ®â−®è¥−¨¥¬
¯®§¨â¨¢−®£® ä�ªâ®à� ª áã¬¬¥ −¥£�â¨¢−®£® ¨ ¯®§¨â¨¢−®£®. ˆ§¬¥−ç¨¢®áâì ¨ −¥-
®¯à¥¤¥«¥−−®áâì áà¥¤ë, ¢ ª®â®à®© ¯à®¨áå®¤¨â äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë, ®¡ã-
á«®¢«¨¢�¥â à�−¤®¬¨§�æ¨î p-ä�ªâ®à� µ ¨ n-ä�ªâ®à� λ, � á«¥¤®¢�â¥«ì−®, ¨−¤¥ªá�
¡�«�−á� ρ = λ/µ ¨ ¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢� π = µ/(µ+ λ) = 1/(1 + ρ).

„�«¥¥ ¯à¨¢®¤ïâáï ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ (¯«®â−®áâì ¨ ¬®¬¥−âë)
¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢� ¢ ¬®¤¥«¨, ä�ªâ®àë ª®â®à®© ¨¬¥îâ �¯à¨®à−ë¥ ¡¥â�-à�á-
¯à¥¤¥«¥−¨¥ ¨ à�á¯à¥¤¥«¥−¨¥ á ¯«®â−®áâìî ¯®«¨−®¬¨�«ì−®£® ¢¨¤�.

2 Основные результаты

÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã ξ á à�á¯à¥¤¥«¥−¨¥¬, á®áà¥¤®â®ç¥−−ë¬ −�
®âà¥§ª¥ [aξ, bξ], ¨ ¯«®â−®áâìî, ª®â®àãî ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®«¨−®¬�:

fξ(x) =

nξ∑

i=0

cξ,ix
i , 0 < aξ < x < bξ . (1)

Š à�á¯à¥¤¥«¥−¨ï¬ á ¯®«¨−®¬¨�«ì−ë¬¨ ¯«®â−®áâï¬¨ ®â−®áïâáï, −�¯à¨¬¥à, à�¢-
−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥

nξ = 0 , cξ,0 = (bξ − aξ)
−1

¨ ¯�à�¡®«¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥

nξ = 2, cξ,0 = −
6aξbξ

(bξ − aξ)
3 , cξ,1 =

6(aξ + bξ)

(bξ − aξ)
3 , cξ,2 = −

6

(bξ − aξ)
3 .

�¡®§−�ç¨¬ −¥¯®«−ãî ¡¥â�-äã−ªæ¨î ç¥à¥§

Bx(p, q) =

x∫

0

tp−1(1− t)q−1 dt , 0 < x < 1 , p > 0 , q > 0 .

„«ï ã¤®¡áâ¢� §�¯¨á¨ ¡ã¤¥¬ ®¡®§−�ç�âì ¡¥â�-äã−ªæ¨î ç¥à¥§ B1(p, q).
÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã η, ¨¬¥îéãî ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥â-

à�¬¨ α > 0, β > 0 ¨ ¯«®â−®áâìî

fη(x) =
xα−1(1− x)β−1

B1(α, β)
, x ∈ (0, 1) . (2)
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—¥à¥§

(α)i = α(α + 1) · · · (α+ i− 1) , (α)0 = 1 , α ∈ R ,

¡ã¤¥¬ ®¡®§−�ç�âì á¨¬¢®« �®å£�¬¬¥à�.
÷�áá¬®âà¨¬ ª«�áá¨ç¥áªãî £¨¯¥à£¥®¬¥âà¨ç¥áªãî äã−ªæ¨î ƒ�ãáá�

2F1

[
α, β
γ

]
(x) =

∞∑

i=0

(α)i(β)i
(γ)i i!

xi .

�® �−�«®£¨¨ á 7.2.3 ¨ 7.2.4 ¨§ [5] ¢¢¥¤¥¬ ¢ à�áá¬®âà¥−¨¥ ®¡®¡é¥−−ãî £¨¯¥à£¥®-
¬¥âà¨ç¥áªãî äã−ªæ¨î ¤¢ãå ¯¥à¥¬¥−−ëå

p
sG

q
t

[
α; β1, . . . , βp; β

′
1, . . . , β

′
q

γ; δ1, . . . , δs; δ
′
1, . . . , δ

′
t

]
(x, y) =

=

∞∑

i=0

∞∑

j=0

(α)i+j(β1)i · · · (βp)i(β
′
1)j · · · (β′q)j

(γ)i+j(δ1)i · · · (δs)i(δ′1)j · · · (δ′t)j
xiyj

i!j!
.

�¡®§−�ç¨¬

p
s–

q
t

[
α; β1, . . . , βp; β

′
1, . . . , β

′
q

γ; δ1, . . . , δs; δ
′
1, . . . , δ

′
t

](
m,n,
x, y

)
=

= B1(m,n)
xα−β1

α
· psGq

t

[
α; β1, . . . , βp; β

′
1, . . . , β

′
q

γ; δ1, . . . , δs; δ
′
1, . . . , δ

′
t

]
(1,−x)−

−B1(m,n)
yα−β1

α
· psGq

t

[
α; β1, . . . , βp; β

′
1, . . . , β

′
q

γ; δ1, . . . , δs; δ
′
1, . . . , δ

′
t

]
(1,−y).

÷�−¥¥ ¡ë«¨ ¯®«ãç¥−ë á«¥¤ãîé¨¥ à¥§ã«ìâ�âë [6].

‹¥¬¬� 1. �ãáâì n-ä�ªâ®à λ ¨¬¥¥â ¯«®â−®áâì ¯®«¨−®¬¨�«ì−®£® ¢¨¤� −�
®âà¥§ª¥ [aλ, bλ], 0 < aλ < bλ, � p-ä�ªâ®à µ ¨¬¥¥â ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�-
à�¬¥âà�¬¨ k > 0, l > 0, ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¡�«�−á�
ρ = λ/µ ¨¬¥¥â ¯«®â−®áâì:

fρ(x) =

nλ∑

i=0

cλ,ix
i

B1(k, l)

[
Bmin{bλ/x, 1}(k + i+ 1, l)−Baλ/x(k + i+ 1, l)

]
, x ≥ aλ .

‹¥¬¬� 2. �ãáâì n-ä�ªâ®à λ ¨¬¥¥â ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà�¬¨ m >
> 0, n > 0, � p-ä�ªâ®à µ ¨¬¥¥â ¯«®â−®áâì ¯®«¨−®¬¨�«ì−®£® ¢¨¤� −� ®âà¥§ª¥
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[aµ, bµ], 0 < aµ < bµ, ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¡�«�−á� ρ = λ/µ
¨¬¥¥â ¯«®â−®áâì:

fρ(x) =

nµ∑

i=0

cµ,ix
−i−2

B1(m,n)

[
Bmin{bµx, 1}(m+ i+ 1, n)−Baµx(m+ i+ 1, n)

]
,

0 < x ≤ 1
aµ

.

‹¥¬¬ë 1 ¨ 2 ¯®§¢®«ïîâ −�©â¨ ¯«®â−®áâì ¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢�. �à¨¢¥¤¥¬
®á−®¢−ë¥ à¥§ã«ìâ�âë ¤«ï ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢�
¢ á«ãç�¥, ª®£¤� ®¤¨− ¨§ ä�ªâ®à®¢ ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ á ¯«®â−®áâìî ¯®«¨−®¬¨-
�«ì−®£® ¢¨¤� (1), � ¢â®à®© | ¡¥â�-à�á¯à¥¤¥«¥−¨¥ (2).

’¥®à¥¬� 1. �ãáâì n-ä�ªâ®à λ ¨¬¥¥â ¯«®â−®áâì ¯®«¨−®¬¨�«ì−®£® ¢¨¤� −�
®âà¥§ª¥ [aλ, bλ], 0 < aλ < bλ, � p-ä�ªâ®à µ ¨¬¥¥â ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�à�-
¬¥âà�¬¨ k > 0, l > 0, ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¯à¥¨¬ãé¥áâ¢�
π = µ/(µ+ λ) ¨¬¥¥â ¯«®â−®áâì

fπ(x) =

=

nλ∑

i=0

cλ,i(1− x)i

B1(k, l)x
i+2

[
Bmin{bλx/(1−x), 1}(k + i+ 1, l)−Baλx/(1−x)(k + i+ 1, l)

]
,

0 < x ≤ 1

aλ + 1
(3)

¨ ¬®¬¥−âë ¯®àï¤ª� z ¢¨¤�

Eπz =

nλ∑

i=0

cλ,i

B1(k, l)

(
1
0–
1
0

[
i+ 1; 0; z
i+ 2

](
k + i+ 1,
l, bλ, aλ

)
+

+ 21–
1
0

[
k + z; k + i+ 1, 1 − l; z
k + z + 1; k + i+ 2

](
k + i+ 1,
1, b−1λ , a−1λ

))
. (4)

„ ® ª � § � â ¥ « ì á â ¢ ® . ÷�¢¥−áâ¢® (3) ¤«ï ¯«®â−®áâ¨ ¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢� á«¥-
¤ã¥â ¨§ «¥¬¬ë 1 ¨ á®®â−®è¥−¨ï

fπ(x) =
1

x2
fρ

(
1− x
x

)
.

��©¤¥¬ ¬®¬¥−âë ¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢�, ¢®á¯®«ì§®¢�¢è¨áì ä®à¬ã«®© (28), ¨§ [7,
á. 384]:

Bz(b, a) =
zb

b
2F1

[
1− a, b
b+ 1

]
(z) .
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ˆ¬¥¥¬:

1/(bλ+1)∫

0

xzfπ(x) dx =

nλ∑

i=0

cλ,ib
k+i+1
λ

(k + i+ 1)B1(k, l)
×

×
1/(bλ+1)∫

0

xz+k−1

(1− x)k+1
·2F1

[
1− l, k + i+ 1
k + i+ 2

](
bλx

1− x

)
dx−

nλ∑

i=0

cλ,ia
k+i+1
λ

(k + i+ 1)B1(k, l)
×

×
1/(bλ+1)∫

0

xz+k−1

(1− x)k+1
· 2F1

[
1− l, k + i+ 1
k + i+ 2

](
aλx

1− x

)
dx ≡ U1 − U2 .

„«ï ¯¥à¢®£® á«�£�¥¬®£® ¯® ä®à¬ã«¥ 1.2.4.3 ¨§ [7] ¨¬¥¥¬:

U1 =

nλ∑

i=0

cλ,ib
k+i+1
λ

(k + i+ 1)B1(k, l)

∞∑

u=0

(1− l)u(k + i+ 1)ubuλ
(k + i+ 2)uu!

×

×
1/(bλ+1)∫

0

xz+k+u−1

(1− x)k+u+1
dx =

nλ∑

i=0

cλ,ib
k+i+1
λ

(k + i+ 1)B1(k, l)

∞∑

u=0

(1− l)u(k + i+ 1)ubuλ
(k + i+ 2)uu!

×

×
1/bλ∫

0

yk+u+z−1

(1 + y)z
dy =

nλ∑

i=0

cλ,ib
−z+i+1
λ

(k + i+ 1)B1(k, l)

∞∑

u=0

(1− l)u(k + i+ 1)u
(k + i+ 2)u(k + u+ z)u!

×

× 2F1
[
z, k + u+ z
k + u+ z + 1

](
− 1
bλ

)
=

nλ∑

i=0

cλ,ib
−z+i+1
λ

(k + i+ 1)B1(k, l)
×

×
∞∑

u=0

(1− l)u(k + i+ 1)u
(k + i+ 2)u(k + u+ z)u!

∞∑

v=0

(z)v(k + u+ z)v
(k + u+ z + 1)vv!

(
− 1
bλ

)v

=

=

nλ∑

i=0

cλ,ib
−z+i+1
λ

(k + z)(k + i+ 1)B1(k, l)
·21G10

[
k + z; 1− l, k + i+ 1; z
k + z + 1; k + i+ 2

](
1, − 1

bλ

)
.

�−�«®£¨ç−®

U2 =

=

nλ∑

i=0

cλ,ia
k+i+1
λ b−k−z

λ

(k + z)(k + i+ 1)B1(k, l)
·21G10

[
k + z; 1− l, k + i+ 1; z
k + z + 1; k + i+ 2

](
aλ

bλ
, − 1

bλ

)
.

34 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019



ˆ−¤¥ªá ¯à¥¨¬ãé¥áâ¢� ¢ ��©¥á®¢áª¨å ¬®¤¥«ïå −�¤¥¦−®áâ¨ ¨ ¡�«�−á�

„�«¥¥

1/(aλ+1)∫

1/(bλ+1)

xzfπ(x) dx =

nλ∑

i=0

cλ,iB1(k + i+ 1, l)

B1(k, l)

1/(aλ+1)∫

1/(bλ+1)

(1− x)i
xi+2−z

dx−

−
nλ∑

i=0

cλ,ia
k+i+1
λ

B1(k, l)(k + i+ 1)

1/(aλ+1)∫

1/(bλ+1)

xk+z−1

(1− x)k+1
·2F1

[
1− l, k + i+ 1
k + i+ 2

](
aλx

1− x

)
dx ≡

≡ U3 − U4 .
„«ï ¯¥à¢®£® á«�£�¥¬®£® ¨¬¥¥¬:

U3 =

nλ∑

i=0

cλ,iB1(k + i+ 1, l)

B1(k, l)

bλ∫

aλ

yi

(1 + y)z
dy =

nλ∑

i=0

cλ,iB1(k + i+ 1, l)

B1(k, l)
×

×
[
bi+1λ

i+ 1
· 2F1

[
z, i+ 1
i+ 2

]
(−bλ)−

ai+1
λ

i+ 1
· 2F1

[
z, i+ 1
i+ 2

]
(−aλ)

]
.

‚â®à®¥ á«�£�¥¬®¥ ¢ëç¨á«ï¥âáï �−�«®£¨ç−® U1 ¨ U2:

U4 =

=

nλ∑

i=0

cλ,ia
−z+i+1
λ

(k + z)(k + i+ 1)B1(k, l)
· 21G10

[
k + z; 1− l, k + i+ 1; z
k + z + 1; k + i+ 2

](
1, − 1

aλ

)
−

−
nλ∑

i=0

cλ,ia
k+i+1
λ b−k−z

λ

(k + z)(k + i+ 1)B1(k, l)
·21G10

[
k + z; 1− l, k + i+ 1; z
k + z + 1; k + i+ 2

](
aλ

bλ
, − 1

bλ

)
.

�®áª®«ìªã

Eπz =

1/(bλ+1)∫

0

xzfπ(x) dx +

1/(aλ+1)∫

1/(bλ+1)

xzfπ(x) dx = U1 − U2 + U3 − U4,

ãç¨âë¢�ï, çâ®

2F1

[
z, i + z + 1
i+ z + 2

]
(x) = 2F1

[
i+ z + 1, z
i+ z + 2

]
(x) = 10G

1
0

[
i+ z + 1; 0; z
i+ z + 2

]
(1, x);

2
1G
1
0

[
m; 1− n,m+ i+ 1; z
m+ 1; m+ i+ 2

]
(x, y) = 21G

1
0

[
m; m+ i+ 1, 1 − n; z
m+ 1; m+ i+ 2

]
(x, y) ,

¯®«ãç�¥¬ (4). ’¥®à¥¬� ¤®ª�§�−�.
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�®«−®áâìî �−�«®£¨ç−® ¤®ª�§ë¢�¥âáï ãâ¢¥à¦¤¥−¨¥ ¤«ï á¨¬¬¥âà¨ç−®£® á«ãç�ï
�¯à¨®à−ëå à�á¯à¥¤¥«¥−¨© ä�ªâ®à®¢.

’¥®à¥¬� 2. �ãáâì n-ä�ªâ®à λ ¨¬¥¥â ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà�¬¨ m >
> 0 ¨ n > 0, � p-ä�ªâ®à µ ¨¬¥¥â ¯«®â−®áâì ¯®«¨−®¬¨�«ì−®£® ¢¨¤� −� ®âà¥§ª¥
[aµ, bµ], 0 < aµ < bµ, ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¯à¥¨¬ãé¥áâ¢�
π = µ/(µ+ λ) ¨¬¥¥â ¯«®â−®áâì

fπ(x) =

nµ∑

i=0

cµ,ix
i

B1(m,n)(1 − x)i+2
[
Bmin{bµ(1−x)/x, 1}(m+ i+ 1, n)−

−Baµ(1−x)/x(m+ i+ 1, n)
]
,

aµ

aµ + 1
≤ x < 1,

¨ ¬®¬¥−âë ¯®àï¤ª� z ¢¨¤�

Eπz =

nµ∑

i=0

cµ,i

B1(m,n)

(
1
0–
1
0

[
i+ z + 1; 0; z
i+ z + 2

](
m+ i+ 1,
n, bµ, aµ

)
+

+ 21–
1
0

[
m; m+ i+ 1, 1− n; z
m+ 1; m+ i+ 2

](
m+ i+ 1,
1, b−1µ , a−1µ

))
.

3 Заключение

�à¨¢¥¤¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¯à¨¬¥−ïâìáï ¤«ï ®âëáª�−¨ï áà¥¤−¥© ¯à¥-
¤¥«ì−®© −�¤¥¦−®áâ¨ ‘Œˆ‘ (¬®¬¥−â� ¯¥à¢®£® ¯®àï¤ª� ¨−¤¥ªá� ¯à¥¨¬ãé¥áâ¢�)
¨ ®¡®¡é�îâ ¯®«ãç¥−−ë¥ à�−¥¥ à¥§ã«ìâ�âë [8] ¤«ï ¬®¤¥«¥©, ¢ ª®â®àëå ®¤¨− ¨§
ä�ªâ®à®¢ ¨¬¥« �¯à¨®à−®¥ ¡¥â�-à�á¯à¥¤¥«¥−¨¥, � ¢â®à®© | à�¢−®¬¥à−®¥ à�á-
¯à¥¤¥«¥−¨¥. ÷�áá¬�âà¨¢�¥¬ë© ¬¥â®¤ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï �−�«®£¨ç−ëå
¯®áâ�−®¢®ª §�¤�ç ¯à¨ ¨áá«¥¤®¢�−¨¨ à�á¯à¥¤¥«¥−¨© á ªãá®ç−®-¯®«¨−®¬¨�«ì−ë¬¨
�¯à¨®à−ë¬¨ ¯«®â−®áâï¬¨, −�¯à¨¬¥à à�á¯à¥¤¥«¥−¨ï ‘¨¬¯á®−�, ˆà¢¨−�{•®««�,
�í©âá� ¨ ¤à.
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ADVANTAGE INDEX IN BAYESIAN RELIABILITY AND BALANCE
MODELS WITH BETA-POLYNOMIAL A PRIORI DENSITIES
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Abstract: This work is devoted to the research of the probabilistic characteristics
of the advantage index in Bayesian balance models, when negative and positive
factors affecting the functioning of the system have an a priori beta-distribution
and distribution with polynomial density, for example, uniform or parabolic
distribution. The results of the work can be used to research marginal reliability
of complex modifiable information-communication systems and other advantage
indexes, for example, availability ratio and probability of staying in working
condition in reliability theory, probability that the call will not be lost, in
the theory of mass service, etc. The given method can be used for similar
formulations of the problems in the research of distributions with piecewise
polynomial a priori densities, for example, Simpson distribution, Irwin{Hall
distribution, Bates distribution, etc.

Keywords: Bayesian method; mixed distributions; balance models; advantage
index; reliability growth; beta-distribution
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АППРОКСИМАЦИЯ КОЭФФИЦИЕНТА УСИЛЕНИЯ
НАПРАВЛЕННОСТИ АНТЕННЫ

ДЛЯ АНАЛИЗА «НАПРАВЛЕННОЙ ГЛУХОТЫ»
В ТРЕХМЕРНОМ ПРОСТРАНСТВЕ∗

О. В. Чухно1, Н. В. Чухно2, Ю. В. Гайдамака3, С. Я. Шоргин4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ú−�¯à�¢«¥−−®© £«ãå®âëû | á¨âã�-
æ¨¨, ¢®§−¨ª�îé¥©, ª®£¤� ãáâà®©áâ¢® −¥ ¬®¦¥â ®¡−�àã¦¨âì §�−ïâë© à�¤¨®ª�-
−�« ¨§-§� ¢ëá®ª®−�¯à�¢«¥−−®© «¨−¨¨ á¢ï§¨ ¬¥¦¤ã ¤àã£¨¬¨ ¢§�¨¬®¤¥©áâ¢ã-
îé¨¬¨ ¢ íâ® ¢à¥¬ï ãáâà®©áâ¢�¬¨. ‘¨âã�æ¨ï ú£«ãå®âëû ¬®¦¥â ¢®§−¨ª−ãâì
¬¥¦¤ã ãáâà®©áâ¢�¬¨ c ¢ëá®ª®−�¯à�¢«¥−−ë¬¨ �−â¥−−�¬¨, −�¯à¨¬¥à à�¡®â�-
îé¨¬¨ ¢ ¬¨««¨¬¥âà®¢®¬ ¤¨�¯�§®−¥ ¤«¨− ¢®«−, −� íâ�¯¥ ¤®áâã¯� −� ®á−®¢¥
ª®−ªãà¥−æ¨¨, ¢ ç�áâ−®áâ¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯à®â®ª®«�¬¨ IEEE 802.11ad/ay.
�®«ãç¥−® �−�«¨â¨ç¥áª®¥ ¢ëà�¦¥−¨¥ ¤«ï ¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï á®¡ëâ¨ï
ú£«ãå®â�û ¤«ï −¥áª®«ìª¨å ¢�à¨�−â®¢ à�á¯®«®¦¥−¨ï ãáâà®©áâ¢ ¢ âà¥å¬¥à−®¬
¯à®áâà�−áâ¢¥ (3D) ¨ ¤«ï ¯à¥¤«®¦¥−−®© «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ ª®íää¨æ¨-
¥−â� ãá¨«¥−¨ï −�¯à�¢«¥−−®áâ¨ �−â¥−−ë. ˆáá«¥¤ã¥âáï ¯à¥¤«®¦¥−−�ï ä®à¬ã«�
¤«ï −¨¦−¥© £à�−¨æë ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û ¤«ï âà¥å à¥�«¨áâ¨ç−ëå
¤¨�£à�¬¬ −�¯à�¢«¥−−®áâ¨ �−â¥−−ë („��) ¨ ç¥âëà¥å ¢�à¨�−â®¢ ä�§¨à®¢�−−ëå
�−â¥−−ëå à¥è¥â®ª.

Š«îç¥¢ë¥ á«®¢�: ¬¨««¨¬¥âà®¢ë© ¤¨�¯�§®− ¤«¨− ¢®«−; −�¯à�¢«¥−−�ï £«ã-
å®â�; 3D; −�¯à�¢«¥−−ë© ¤®áâã¯
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1 Введение

Œ¨««¨¬¥âà®¢ë© ¤¨�¯�§®− ¤«¨− ¢®«−, ª®â®àë© ã¦¥ �ªâ¨¢−® íªá¯«ã�â¨àã¥âáï
¢ á¥âïå 5G, á®£«�á−® ¯®á«¥¤−¥¬ã ãâ¢¥à¦¤¥−−®¬ã ª®−á®àæ¨ã¬®¬ 3GPP áâ�−¤�àâã
Release 15 [1] à�áè¨àï¥â ¤®áâã¯−ãî ¢ á¥âïå 4G ¯®«®áã ¯à®¯ãáª�−¨ï §� áç¥â
¨á¯®«ì§®¢�−¨ï −¥«¨æ¥−§¨à®¢�−−®£® á¯¥ªâà� ¨ ¯à¨¬¥−¥−¨ï ¬−®£®«ãç¥¢ëå �−â¥−−
á ä�§¨à®¢�−−ë¬¨ �−â¥−−ë¬¨ à¥è¥âª�¬¨. �á®¡¥−−®áâì ¢ëá®ª®−�¯à�¢«¥−−ëå

∗�ã¡«¨ª�æ¨ï ¯®¤£®â®¢«¥−� ¯à¨ ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë ÷“„� ú5-100û ¨ ¯à¨ ä¨−�−á®¢®©
¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 17-07-00845 ¨ 18-07-00576).
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3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à-

¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gaydamaka-yuv@rudn.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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¯¥à¥¤�ç ¢ íâ®¬ ¤¨�¯�§®−¥ §�ª«îç�¥âáï ¢ −¥®¡å®¤¨¬®áâ¨ â®ç−®© −�áâà®©ª¨ ¯à¨-
¥¬−®© ¨ ¯¥à¥¤�îé¥© �−â¥−−, ®â ª®â®à®© §�¢¨á¨â −¥ â®«ìª® áª®à®áâì, ¤®áâ¨£�¥¬�ï
¢ à�¤¨®ª�−�«¥, −® ¨ ¢à¥¬ï, §�âà�ç¥−−®¥ −� ãáâ�−®¢«¥−¨¥ á®¥¤¨−¥−¨ï. �¤−®© ¨§
�ªâã�«ì−ëå §�¤�ç §¤¥áì ï¢«ï¥âáï ¨áá«¥¤®¢�−¨¥ â�ª −�§ë¢�¥¬®© ú−�¯à�¢«¥−−®©
£«ãå®âëû (directional deafness) | á¨âã�æ¨¨, ¢®§−¨ª�îé¥©, ª®£¤� ãáâà®©áâ¢® −¥
¬®¦¥â ®¡−�àã¦¨âì §�−ïâë© à�¤¨®ª�−�« ¨§-§� ¢ëá®ª®−�¯à�¢«¥−−®© «¨−¨¨ á¢ï-
§¨ ¬¥¦¤ã ¤àã£¨¬¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ ¢ íâ® ¢à¥¬ï ãáâà®©áâ¢�¬¨. ‘¨âã�æ¨ï
ú£«ãå®âëû ¯à¨¢®¤¨â ª −¥®¤−®ªà�â−ë¬ ¡¥§ãá¯¥è−ë¬ ¯®¢â®à¥−¨ï¬ ¯à®æ¥¤ãàë
¯¥à¢¨ç−®£® á«ãç�©−®£® ¤®áâã¯�, ª®â®àë¥ ¯à¨¢®¤ïâ ª çà¥§¬¥à−ë¬ §�¤¥à¦ª�¬
¨ §−�ç¨â¥«ì−ë¬ ¯®â¥àï¬ ¯�ª¥â®¢ ¨ −¥£�â¨¢−® áª�§ë¢�îâáï −� ¯à®¨§¢®¤¨â¥«ì-
−®áâ¨ á¨áâ¥¬ë. ‚ å®¤¥ �ªâ¨¢−ëå ®¡áã¦¤¥−¨© [2{4] ¯à¥¤«�£�«¨áì à�§«¨ç−ë¥
à¥è¥−¨ï ¯à®¡«¥¬ë −�¯à�¢«¥−−®© £«ãå®âë, ®¤−�ª® ª®«¨ç¥áâ¢¥−−�ï �−�«¨â¨ç¥-
áª�ï ®æ¥−ª� ¡ë«� ¯à¥¤áâ�¢«¥−� â®«ìª® ¢ [5], £¤¥ ¢¥à®ïâ−®áâì ¢®§−¨ª−®¢¥−¨ï
á®¡ëâ¨ï ú£«ãå®â�û ®æ¥−¥−� ¤«ï ãáâà®©áâ¢ −� ¯«®áª®áâ¨. Œ¥¦¤ã â¥¬ −®¢ë¥
¬¥â®¤ë âà¥å¬¥à−®£® ä®à¬¨à®¢�−¨ï «ãç� âà¥¡ãîâ à�áè¨à¥−¨ï áãé¥áâ¢ãîé¥£®
¯®¤å®¤�.

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−® �−�«¨â¨ç¥áª®¥ à¥è¥−¨¥ ¤«ï ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ −�-
¯à�¢«¥−−®© £«ãå®âë ¢ âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ áâ®-
å�áâ¨ç¥áª®© £¥®¬¥âà¨¨ ¤«ï ¬®¤¥«¨à®¢�−¨ï à�á¯®«®¦¥−¨ï ãáâà®©áâ¢ ¨ �−�«¨â¨-
ç¥áª¨ ã¯à�¢«ï¥¬®© ¬®¤¥«¨ „��, §�¤�¢�¥¬®© «¨−¥©−®© äã−ªæ¨¥© è¨à¨−ë «ãç�
¯® ãà®¢−î ¯®«®¢¨−−®© ¬®é−®áâ¨. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¥−® ¢ëà�¦¥−¨¥ ¤«ï −¨¦−¥©
£à�−¨æë ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û, ª®â®à®¥ á«ã¦¨â �¯¯à®ªá¨¬�æ¨¥© ¤«ï
à¥�«¨áâ¨ç−ëå „�� ¨ ¤«ï ¬®¤¥«¨à®¢�−¨ï à�á¯®«®¦¥−¨ï ãáâà®©áâ¢ â®ç¥ç−ë¬
¯à®æ¥áá®¬ â¢¥à¤®£® ï¤à� Œ�â¥à−�.

‘â�âìï ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¨§«®¦¥−ë ®á−®¢−ë¥
¯à¥¤¯®«®¦¥−¨ï, ¯®áâà®¥−� á¨áâ¥¬−�ï ¬®¤¥«ì, ¢ª«îç�îé�ï âà¥å¬¥à−ãî „��,
¨ ¯®áâ�¢«¥−� §�¤�ç� ¨áá«¥¤®¢�−¨ï. ‚ à�§¤. 3 ¯®«ãç¥−® ¢ëà�¦¥−¨¥ ¤«ï à�áç¥â� ¢¥-
à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û ¤«ï −¥áª®«ìª¨å ¢�à¨�−â®¢ à�á¯®«®¦¥−¨ï ãáâà®©áâ¢
¢ âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥ ¨ ¤«ï ¯à¥¤«®¦¥−−®© ¢ à�§¤. 2 «¨−¥©−®© �¯¯à®ªá¨-
¬�æ¨¨ ª®íää¨æ¨¥−â� ãá¨«¥−¨ï −�¯à�¢«¥−−®áâ¨ �−â¥−−ë. —¨á«¥−−ë¥ à¥§ã«ìâ�âë
¢ à�§¤. 4 ¨««îáâà¨àãîâ ¯à¨¬¥−¥−¨¥ ä®à¬ã«ë ¤«ï −¥áª®«ìª¨å ¬®¤¥«¥© „��
¨ §�¢¥àè�îâáï ¢ë¢®¤�¬¨.

2 Системная модель и основные предположения

А. Пространственное расположение устройств

‘¨áâ¥¬� á®áâ®¨â ¨§ âà¥å ¯à¨¥¬®-¯¥à¥¤�îé¨å ãáâà®©áâ¢, ®á−�é¥−−ëå ¢ëá®-
ª®−�¯à�¢«¥−−ë¬¨ �−â¥−−�¬¨, à�¡®â�îé¨¬¨ ¢ ¤¨�¯�§®−¥ ¬¨««¨¬¥âà®¢ëå ¤«¨−
¢®«−. �à¨ íâ®¬ ãáâà®©áâ¢® B ã¦¥ ®¡¬¥−¨¢�¥âáï ¤�−−ë¬¨ ¯® −�¯à�¢«¥−−®¬ã
ª�−�«ã á ãáâà®©áâ¢®¬ A, ª®â®à®¥ ¢ëáâã¯�¥â, −�¯à¨¬¥à, ¢ à®«¨ â®çª¨ ¤®áâã-
¯�, � ãáâà®©áâ¢® C ¯ëâ�¥âáï ãáâ�−®¢¨âì á®¥¤¨−¥−¨¥ á A. �à¥¤¯®«�£�¥âáï, çâ®
ãáâà®©áâ¢� à�á¯®«®¦¥−ë ¢ âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥. ÷�á¯à¥¤¥«¥−¨¥ à�á¯®-
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�¯¯à®ªá¨¬�æ¨ï ª®íää¨æ¨¥−â� ãá¨«¥−¨ï −�¯à�¢«¥−−®áâ¨ �−â¥−−ë

÷¨á. 1 ˆ««îáâà�æ¨ï á¨áâ¥¬−®© ¬®¤¥«¨ ¢ âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥ (�) ¨ −� ¯«®áª®áâ¨ (¡)

«®¦¥−¨ï B | à�¢−®¬¥à−®¥ ¢ −¥ª®â®à®© ®¡«�áâ¨ ¨−â¥à¥á� ¢®ªàã£ A, ª®â®à�ï
¤«ï ¯à®áâ®âë ¯®«�£�¥âáï áä¥à®© à�¤¨ãá� Rd á æ¥−âà®¬ ¢ A, ª�ª ¯®ª�§�−® −�
à¨á. 1, a. „«ï ãáâà®©áâ¢� C §�¤�−® á«ãç�©−®¥ à�ááâ®ï−¨¥ d ¤® â®çª¨ A. „�−−ë©
¯®¤å®¤ −¥ ®£à�−¨ç¥− ª®−ªà¥â−®© ä®à¬®© ®¡«�áâ¨ ¨−â¥à¥á� ¨«¨ à�á¯à¥¤¥«¥−¨¥¬
¬¥áâ®¯®«®¦¥−¨© ãáâà®©áâ¢.

”ã−ªæ¨ï Fr(r) ¨ ¯«®â−®áâì fr(r) à�á¯à¥¤¥«¥−¨ï á«ãç�©−®£® à�ááâ®ï−¨ï r
¨§¢¥áâ−ë:

Fr(r) =
r3

R3d
; fr(r) =

3r2

R3d
, (1)

� à�á¯à¥¤¥«¥−¨¥ á«ãç�©−®£® à�ááâ®ï−¨ï d ¤®«¦−® ¡ëâì §�¤�−® ¤®¯®«−¨â¥«ì−®.
�à®¢¥¤¥¬ ¯«®áª®áâì ç¥à¥§ â®çª¨ A, B ¨ C (à¨á. 1, ¡), ¨««îáâà¨àãï §�¤�çã

¤«ï ¤¢ã¬¥à−®£® á«ãç�ï. ‚ △ABC ®¡®§−�ç¨¬ α | ã£®« ¬¥¦¤ã AB ¨ AC, β |
ã£®« ¬¥¦¤ã AB ¨ BC, dBC | à�ááâ®ï−¨¥ ¬¥¦¤ã B ¨ C. ‘«ãç�©−ë¥ ¢¥«¨ç¨−ë r
¨ α −¥§�¢¨á¨¬ë, � β ¨ dBC ¬®£ãâ ¡ëâì ¢ëà�¦¥−ë ç¥à¥§ r, α ¨ d.

Б. Модель антенны

‚ ª®−â¥ªáâ¥ §�¤�ç¨ �−�«¨§� á®¡ëâ¨ï ú£«ãå®â�û áãé¥áâ¢¥−−ë¬ ï¢«ï¥âáï ¬®¤¥-
«¨à®¢�−¨¥ âà¥å¬¥à−®© ¤¨�£à�¬¬ë −�¯à�¢«¥−−®áâ¨ �−â¥−−ë [6]. �à¥¤¯®«�£�¥âáï,
çâ® „�� á¨¬¬¥âà¨ç−� ®â−®á¨â¥«ì−® ®á¨ ®á−®¢−®£® «ãç� �−â¥−−ë, â. ¥. ¯à¥¤-
áâ�¢«¥−� â¥«®¬ ¢à�é¥−¨ï. ‚á¥ ãáâà®©áâ¢� ¯¥à¥¤�îâ ¤�−−ë¥ ¢ −�¯à�¢«¥−−®¬
à¥¦¨¬¥ á ã§ª¨¬¨ ¨¤¥�«ì−® ¢ëà®¢−¥−−ë¬¨ ¢ −�¯à�¢«¥−¨¨ ¤àã£ ¤àã£� «ãç�¬¨.
÷�áá¬®âà¥− −¥−�¯à�¢«¥−−ë© à¥¦¨¬ ¯à¨¥¬�, ª®â®àë© á®®â¢¥âáâ¢ã¥â, −�¯à¨¬¥à,
®¯¥à�æ¨¨ IEEE 802.11ad/ay ¯®á«¥ ¯à¥¤¢�à¨â¥«ì−®£® ä®à¬¨à®¢�−¨ï «ãç� −�
ãà®¢−¥ á¥ªâ®à� [7]. �� à¨á. 1, ¡ ãáâà®©áâ¢� A ¨ B | ¯¥à¥¤�âç¨ª¨ Tx (transmit-
ter), ãáâà®©áâ¢® C | ¯à¨¥¬−¨ª Rx (receiver), ¯à¨ íâ®¬ á®®â¢¥âáâ¢ãîé¨¥ „��
¯®ª�§�−ë á¥àë¬¨ «¨−¨ï¬¨.
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Š®íää¨æ¨¥−â ãá¨«¥−¨ï ¢ §�¤�−−®¬ −�¯à�¢«¥−¨¨ α ¤«ï ¯à®¨§¢®«ì−® ®à¨¥−-
â¨à®¢�−−®© �−â¥−−ë §�¤�¥âáï ä®à¬ã«®©:

D(α) = D0ρ(α) ,

£¤¥ ª®íää¨æ¨¥−â D0 ®âà�¦�¥â ¤¥©áâ¢¨¥ �−â¥−−ë ¢ −�¯à�¢«¥−¨¨ ®á¨ ¬�ªá¨¬�«ì-
−®£® ãá¨«¥−¨ï, ª®íää¨æ¨¥−â ρ(α) ∈ [0, 1] ¬�áèâ�¡¨àã¥â ãá¨«¥−¨¥ �−â¥−−ë ¤«ï
ã£«� α ∈ [0, π] ®âª«®−¥−¨ï ®â ®á¨ ¬�ªá¨¬�«ì−®£® ãá¨«¥−¨ï, ¯à¨ç¥¬ ρ(0) = 1
á®®â¢¥âáâ¢ã¥â −�¯à�¢«¥−¨î �−â¥−−ë ¢¤®«ì ®á¨ ¬�ªá¨¬�«ì−®£® ãá¨«¥−¨ï. Š®íä-
ä¨æ¨¥−â ρ(α) ¬®¦¥â ¡ëâì ®æ¥−¥− ¨§ à¥§ã«ìâ�â®¢ ¨§¬¥à¥−¨© ¤«ï à¥�«¨§®¢�−−®©
¤¨�£à�¬¬ë −�¯à�¢«¥−−®áâ¨, à�ááç¨â�− ç¨á«¥−−® ¤«ï ª®−ªà¥â−ëå −�áâà®¥ª ä�-
§¨à®¢�−−®© à¥è¥âª¨ «¨¡® �¯¯à®ªá¨¬¨à®¢�− �−�«¨â¨ç¥áª¨ ã¯à�¢«ï¥¬ë¬¨ ¬®¤¥-
«ï¬¨. �¨¦¥ ¯®ª�§�− ¯à¨¬¥à «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ ª®íää¨æ¨¥−â� ãá¨«¥−¨ï
�−â¥−−ë, á®£«�á−® ª®â®à®© ª®íää¨æ¨¥−â ¢ −�¯à�¢«¥−¨¨ ¬�ªá¨¬�«ì−®£® ãá¨«¥−¨ï
à�ááç¨âë¢�¥âáï ª�ª ®â−®è¥−¨¥ ¯«®é�¤¨ áä¥àë ª ¯«®é�¤¨ „�� ¢ ¢¨¤¥ ª®−ãá�:

D0 =
2

1− cos θ/2 ,

£¤¥ θ | è¨à¨−� «ãç� ¯® ãà®¢−î ¯®«®¢¨−−®© ¬®é−®áâ¨.
Œ�áèâ�¡¨àãîé¨© ª®íää¨æ¨¥−â ¤«ï ã£«®¢®£® ®âª«®−¥−¨ï α ®â ®á¨ ¬�ªá¨-

¬�«ì−®£® ãá¨«¥−¨ï ¬®¦¥â ¡ëâì �¯¯à®ªá¨¬¨à®¢�− «¨−¥©−®© äã−ªæ¨¥©:

ρ(α) =




1− α

θ
, α ≤ θ ;

0 ¨−�ç¥ .
(2)

÷¨á. 2 ˆ««îáâà�æ¨ï ¯à¥¤«®¦¥−−®© �¯¯à®ªá¨¬�æ¨¨ (2) (á¯«®è−ë¥ «¨−¨¨) ¤«ï à�¢−®-
¬¥à−®£® ¯àï¬®ã£®«ì−®£® ¬�áá¨¢� �−â¥−−ëå í«¥¬¥−â®¢ 4 × 4 (�) ¨ 8 × 8 (¡) (èâà¨å®¢ë¥
«¨−¨¨)
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�¯¯à®ªá¨¬�æ¨ï ª®íää¨æ¨¥−â� ãá¨«¥−¨ï −�¯à�¢«¥−−®áâ¨ �−â¥−−ë

�¯¯à®ªá¨¬�æ¨ï (2) −¥ ãç¨âë¢�¥â ¡®ª®¢ë¥ ¨ §�¤−¨¥ «¥¯¥áâª¨ �−â¥−−ë ¢ ®â«¨-
ç¨¥ ®â ¬®¤¥«¥©, ¨á¯®«ì§ãîé¨å á¥ªâ®à ¨ ªàã£ ¬¥−ìè¥£® à�¤¨ãá�. �¤−�ª® â�ª¨¥
¬®¤¥«¨ −¥ ¬®£ãâ ¯à¨¬¥−ïâìáï ¤«ï ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û ¨§-§�
¨å âà¨¢¨�«ì−®£® ®âá¥ç¥−¨ï à¥è¥−¨© [5]. �à¥¤«�£�¥¬�ï �¯¯à®ªá¨¬�æ¨ï ¯à®¨««î-
áâà¨à®¢�−� −� à¨á. 2, £¤¥ «¨−¥©−�ï äã−ªæ¨ï (2) áà�¢−¨¢�¥âáï á à¥�«¨áâ¨ç−ë¬¨
„�� ¤«ï ¤¢ãå ä�§¨à®¢�−−ëå �−â¥−−ëå à¥è¥â®ª | 4 × 4 ¨ 8 × 8 �−â¥−−ëå
í«¥¬¥−â®¢.

В. Модель канала и принимаемая мощность

�à¨−¨¬�¥¬�ï ¬®é−®áâì ¬®¦¥â ¡ëâì −�©¤¥−� ª�ª

Prx = PtxGtxGrxL
−1(d) =

PtxD0ρ(α)

Cdκ , (3)

£¤¥ Ptx | ¬®é−®áâì ¯¥à¥¤�âç¨ª�; Gtx = D0ρ(α) | ª®íää¨æ¨¥−â ãá¨«¥−¨ï
¯¥à¥¤�îé¥© �−â¥−−ë; Grx = 1| ª®íää¨æ¨¥−â ãá¨«¥−¨ï ¯à¨−¨¬�îé¥© �−â¥−−ë
¢ à¥¦¨¬¥ −¥−�¯à�¢«¥−−®£® ¯à¨¥¬�; d | à�ááâ®ï−¨¥ ¬¥¦¤ã ãáâà®©áâ¢�¬¨; C |
¯®áâ®ï−−�ï à�á¯à®áâà�−¥−¨ï ¢®«−ë; κ | íªá¯®−¥−â� à�á¯à®áâà�−¥−¨ï. ��à�-
¬¥âàë C ¨ κ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¨§ à¥§ã«ìâ�â®¢ á®®â¢¥âáâ¢ãîé¨å ¨§¬¥à¥−¨©
¨«¨ ¢ ¯à®áâ¥©è¥¬ á«ãç�¥ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¢§ïâë ¨§ ãà�¢−¥−¨ï ”à¨¨á� [8] ª�ª
κ = 2, C = (4π/λ)2, £¤¥ λ | ¤«¨−� ¢®«−ë.

’�ª¦¥ áâ�−¤�àâë ®¯à¥¤¥«ïîâ −¨¦−¨© ¯®à®£ Pthr ¯à¨−¨¬�¥¬®© ¬®é−®áâ¨ ¤«ï
¯à®â®ª®«� ä¨§¨ç¥áª®£® ãà®¢−ï [7], ª®â®à�ï −¥®¡å®¤¨¬� ¤«ï ãáâ�−®¢«¥−¨ï á®¥¤¨-
−¥−¨ï ¨«¨ ®¡−�àã¦¥−¨ï §�−ïâ®£® ª�−�«� ¬¥¦¤ã ¤àã£¨¬¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨
ãáâà®©áâ¢�¬¨. ’®£¤� à�¤¨ãá R §®−ë ¯®ªàëâ¨ï ¢®ªàã£ ãáâà®©áâ¢� ¬®¦¥â ¡ëâì
¯®«ãç¥− ¨§ (3) ¯ãâ¥¬ §�¬¥−ë d = R:

R =

[
PthrD0λ

2

(4π)2

]1/κ

.

Г. «Направленная глухота»

�à¥¤¯®«�£�¥âáï, çâ® ãáâà®©áâ¢� A ¨ B ãáâ�−®¢¨«¨ á®¥¤¨−¥−¨¥ ¨ �ªâ¨¢−®
®¡¬¥−¨¢�îâáï ¤�−−ë¬¨ ¢® ¢à¥¬ï ¢ë¤¥«¥−−®£® ¯¥à¨®¤� ¤®áâã¯� −� ®á−®¢¥ ª®−ªã-
à¥−æ¨¨ [7], ª®£¤� ãáâà®©áâ¢® C ¯ëâ�¥âáï ¯®¤ª«îç¨âìáï ª A, ¯à®¢¥àïï −�«¨ç¨¥
á¢®¡®¤−®£® ª�−�«�. ‚ íâ®¬ á«ãç�¥ ¢®§¬®¦−ë ¤¢� ¨áå®¤�.

1. “áâà®©áâ¢® C ®¡−�àã¦¨¢�¥â á¨£−�« ®â «î¡®£® ¨§ ãáâà®©áâ¢ (â. ¥. Prx,A ≥
≥ Pthr ¨«¨ Prx,B ≥ Pthr). ’®£¤� ãáâà®©áâ¢® C ãáâ�−�¢«¨¢�¥â â�©¬¥à
¨ ®¦¨¤�¥â §�¢¥àè¥−¨ï á®¥¤¨−¥−¨ï ¬¥¦¤ãA ¨B, §�â¥¬ ¢®§®¡−®¢«ï¥â ¯®¯ëâª¨
¯®¤ª«îç¨âìáï ª A.
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2. “áâà®©áâ¢® C −¥ ®¡−�àã¦¨¢�¥â á¨£−�«� −¨ ®â ®¤−®£® ¨§ ãáâà®©áâ¢ A ¨ B,
â. ¥. Prx,A ¨ Prx,B −¥ ¯à¥¢ëè�îâ ¯®à®£� Pthr. ‚ íâ®¬ á«ãç�¥ ãáâà®©áâ¢® C
¯à®¤®«¦�¥â à¥£ã«ïà−® ®â¯à�¢«ïâì §�¯à®áë ç¥à¥§ ®¯à¥¤¥«¥−−ë¥ ¯à®¬¥¦ãâª¨
¢à¥¬¥−¨. ‘¨âã�æ¨ï, ª®£¤� Prx,A < Pthr ¨ Prx,B < Pthr, −®á¨â −�§¢�−¨¥
ú£«ãå®â�û.

’�ª¨¬ ®¡à�§®¬, §�¤�ç� ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ ®¯à¥¤¥«¥−¨¨ ¢¥à®ïâ−®áâ¨
á®¡ëâ¨ï ú£«ãå®â�û, ¯à¨ç¥¬ −�¨¡®«¥¥ ¨−â¥à¥á¥− á â®çª¨ §à¥−¨ï �−�«¨§� ¯à®¨§¢®-
¤¨â¥«ì−®áâ¨ á¥â¨ á«ãç�© ¯à®¨§¢®«ì−®£® à�á¯®«®¦¥−¨ï ãáâà®©áâ¢.

3 Вероятность события «глухота»

�¨¦¥ ¢ ¢¨¤¥ â¥®à¥¬ ¡¥§ ¤®ª�§�â¥«ìáâ¢ ¯à¨¢¥¤¥−ë ä®à¬ã«ë ¤«ï à�áç¥â�
¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û ¤«ï à�§«¨ç−ëå à�á¯à¥¤¥«¥−¨© ã£«®¢ α ¨ β
¨ à�ááâ®ï−¨© r ¨ d.

’¥®à¥¬� 1. „«ï ä¨ªá¨à®¢�−−®£® à�ááâ®ï−¨ï d ¬¥¦¤ã A ¨ C ¨ à�¤¨ãá� ®¡«�áâ¨
¨−â¥à¥á� Rd ¢®ªàã£ A ¢¥à®ïâ−®áâì PD(d) á®¡ëâ¨ï ú£«ãå®â�û ¬®¦¥â ¡ëâì
¯®«ãç¥−� á«¥¤ãîé¨¬ ®¡à�§®¬:

PD(d) =

π∫

0

Rd∫

0

I

(
ρ(α) <

d2

R2
, ρ(β <

d2BC

R2

)
fr(r)fα(α) drdα ,

£¤¥ ¢ △ABC dBC =
√
r2 + d2 − 2rd cosα; β = arccos (r − d cosα)/dBC .

„ ® ª � § � â ¥ « ì á â ¢ ® ®á−®¢�−® −� ¯à¥®¡à�§®¢�−¨¨ −¥à�¢¥−áâ¢ Prx,A < Pthr
¨ Prx < Pthr,B �−�«®£¨ç−® [5] ¨ ®¯ãé¥−® §¤¥áì ¤«ï ªà�âª®áâ¨.

…á«¨ ãáâà®©áâ¢� B ¨ C à�¢−®¬¥à−® à�á¯à¥¤¥«¥−ë ¢ áä¥à¥ à�¤¨ãá� Rd

á æ¥−âà®¬ ¢ A, â® à�á¯à¥¤¥«¥−¨¥ α ¨¬¥¥â ¢¨¤ [9]:

fα(α) =
1√
π

•(n/2)

•((n − 1)/2) sin
n−2 α , α ∈ [0, π] ,

£¤¥ n | à�§¬¥à−®áâì ¯à®áâà�−áâ¢�. „«ï âà¥å¬¥à−®£® ¯à®áâà�−áâ¢� ¨¬¥¥¬:

fα(α) =
sinα

2
, α ∈ [0, π] . (4)

’¥®à¥¬� 2. …á«¨ B à�¢−®¬¥à−® à�á¯à¥¤¥«¥−® ¢ áä¥à¥ á æ¥−âà®¬ ¢ A, â. ¥.
à�ááâ®ï−¨¥ r ¨ ã£®« α ¨¬¥îâ à�á¯à¥¤¥«¥−¨ï (1) ¨ (4) á®®â¢¥âáâ¢¥−−®, â®£¤�
¢¥à®ïâ−®áâì PD(d) á®¡ëâ¨ï ú£«ãå®â�û ¬®¦¥â ¡ëâì ¯®«ãç¥−� á«¥¤ãîé¨¬
®¡à�§®¬:

PD(d) =
3

2R3d

π∫

0

Rd∫

0

I

(
ρ(α) <

d2

R2
, ρ(β) <

d2BC

R2

)
r2 sinα drdα . (5)

„ ® ª � § � â ¥ « ì á â ¢ ® á«¥¤ã¥â ¨§ â¥®à¥¬ë 1.
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’¥®à¥¬� 3. …á«¨ B à�¢−®¬¥à−® à�á¯à¥¤¥«¥−® ¢ áä¥à¥ á æ¥−âà®¬ ¢ A, â®£¤� ¤«ï
ä¨ªá¨à®¢�−−®£® à�ááâ®ï−¨ï d −¨¦−îî £à�−¨æã ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®-
â�û ¬®¦−® −�©â¨, ¨á¯®«ì§ãï «¨−¥©−ãî ¬®¤¥«ì (2) ¤¨�£à�¬¬ë −�¯à�¢«¥−−®áâ¨
�−â¥−−ë, ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

PD (d|d ≤ Rd sin θ) =
d3cotθ

32R3d sin
2 θ

[
− sin

(
6θ − 4d

2θ

R2

)
+

+ 2 sin

(
4θ − 2d

2θ

R2

)
+ 4 sin

(
2θ − d22θ

R2

)
+ sin

(
4θ − d24θ

R2

)
+

+ sin

(
−2 + 4d

2θ

R2

)
− 2 sin

(
2θd2

R2

)
− 12θ + 6π + 12θd

2

R2

]

¨«¨

PD (d|d > Rd sin θ) =
cos “z1 − cos “z2

2
+

+
d3cotθ

64R3d sin
3 θ

[
12 cos θ

[(
d2θ

R2
− θ + “z1

)
+

(
d2θ

R2
− θ − “z2 + π

)]
+

+ 6

[
sin

(
3θ − 2d

2θ

R2

)
− sin

(
2d2θ

R2
− θ
)
− sin (θ + 2“z1) + sin (θ + 2“z2)

]
+

+2

[
sin

(
5θ − 2d

2θ

R2

)
− sin (3θ + 2“z1)− sin

(
4d2θ

R2
+ 2θ2

)
+ sin (3θ + 2“z2)

]
+

+ sin (3θ + 4“z1)− sin
(
7θ
4d2θ

R2

)
+ sin

(
4d2θ

R2
− θ
)
− sin (3θ + 4“z2)

]
, (6)

£¤¥ “z1 = max{θ(1 − d2/R2), z1}, “z2 = min{π − θ(1 − d2/R2), z2}, ¨ z1, z2
®¯à¥¤¥«¥−ë á«¥¤ãîé¨¬ ®¡à�§®¬:

z1,2 = ±2arctan




√
−(R2d/d2)tan2θ + tan2θ + 1± 1

(Rd/d+ 1)tan θ


 . (7)

4 Численные результаты и выводы

‚ ª�ç¥áâ¢¥ áæ¥−�à¨ï ¤«ï ¨««îáâà�æ¨¨ à¥§ã«ìâ�â®¢ à�§¤. 3 à�áá¬®âà¨¬ á®-
¥¤¨−¥−¨ï ¢ à®¥ ¤à®−®¢, ª®â®àë¥ á¢ï§ë¢�îâáï ¬¥¦¤ã á®¡®î ¯® ¯à®â®ª®«ã IEEE
802.11ad −� ç�áâ®â¥ 60 ƒƒæ (λ = 0,5 á¬). �® ã¬®«ç�−¨î ¯à¥¤¯®«�£�îâáï ®¤-
−®à®¤−ë¥ ¯àï¬®ã£®«ì−ë¥ ä�§¨à®¢�−−ë¥ �−â¥−−ë¥ à¥è¥âª¨, ª®â®àë¥ á®¤¥à¦�â
¨§®âà®¯−ë¥ í«¥¬¥−âë. Œ®é−®áâì ¯¥à¥¤�ç¨ ä¨ªá¨à®¢�−� −� ãà®¢−¥Ptx = 23 ¤�¬,
â®£¤� ª�ª Pthr = −78 ¤�¬ [7].
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÷¨á. 3 ‚¥à®ïâ−®áâì á®¡ëâ¨ï ú£«ãå®â�û ¢ §�¢¨á¨¬®áâ¨ ®â à�ááâ®ï−¨ï d ¤«ï �¯¯à®ª-
á¨¬�æ¨¨ á ¯®¬®éìî «¨−¥©−®© ¬®¤¥«¨ (2) (¯ã−ªâ¨à−ë¥ ªà¨¢ë¥) ¨ à¥�«¨áâ¨ç−ëå „��
(§−�çª¨ | ¬®¤¥«¨à®¢�−¨¥; á¯«®è−ë¥ ªà¨¢ë¥ | �−�«¨â¨ç¥áª®¥ à¥è¥−¨¥) ¢ «¨−¥©−®© (�)
¨ «®£�à¨ä¬¨ç¥áª®© (¡) èª�«�å: 1 | 2 × 2, θ = 58◦; 2 | 4 × 4, θ = 32◦; 3 | 8 × 8,
θ = 18◦; 4 | 16× 16, θ = 8◦

��ç−¥¬ á® áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ¤«ï ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï à�á¯®-
«®¦¥−¨ï ãáâà®©áâ¢ ¬¥â®¤®¬ Œ®−â¥-Š�à«® (ªà¨¢�ï úŒ®¤¥«¨à®¢�−¨¥û) á â®ç−ë¬
ç¨á«¥−−ë¬ à¥è¥−¨¥¬ (5) ¤«ï ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û PD(d) ¢ á«ãç�ïå
à¥�«¨áâ¨ç−ëå „�� (ªà¨¢�ï ú�−�«¨â¨ç¥áª®¥ à¥è¥−¨¥û) ¨ «¨−¥©−®© ¬®¤¥«¨ (2)
(ªà¨¢�ï ú�¯¯à®ªá¨¬�æ¨ïû). Š�ª ¯®ª�§�−® −� à¨á. 3, a, «¨−¥©−�ï ¬®¤¥«ì ¯à¥¤-
áâ�¢«ï¥â �¤¥ª¢�â−ãî �¯¯à®ªá¨¬�æ¨î ¤«ï è¨à®ª¨å «ãç¥© (2 × 2), � ¤«ï ¡®«¥¥
¢ëá®ª®© −�¯à�¢«¥−−®áâ¨ �−â¥−− (4 × 4, 8 × 8 ¨ 16 × 16) ¯®¢â®àï¥â ¯®¢¥¤¥−¨¥
ª®−ªà¥â−®© à¥�«¨áâ¨ç−®© „�� ¨ áå®¤¨âáï á −¥© ¤«ï ¡®«ìè¨å §−�ç¥−¨© à�ááâ®ï-
−¨ï d.

„«ï ¨««îáâà�æ¨¨ ¯®¢¥¤¥−¨ï «¨−¥©−®© ¬®¤¥«¨ ¤«ï ¬�«ëå §−�ç¥−¨© PD(d) −�
à¨á. 3, ¡ £à�ä¨ª¨ ¯à¥¤áâ�¢«¥−ë ¢ «®£�à¨ä¬¨ç¥áª®¬ ¬�áèâ�¡¥. Š®£¤� ¢¥à®ïâ−®áâì
á®¡ëâ¨ï ú£«ãå®â�û ¯�¤�¥â −¨¦¥ 10−6, ¤�¦¥ ¥á«¨ £à�ä¨ª «¨−¥©−®© ¬®¤¥«¨
®âª«®−ï¥âáï ®â £à�ä¨ª� à¥�«¨áâ¨ç−®© �−â¥−−ë −� ¢¥«¨ç¨−ã ¤® ¤¢ãå ¯®àï¤ª®¢,
¯¥à¢�ï á®åà�−ï¥â «¨−¥©−®áâì «®£�à¨ä¬� ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û, çâ®
¤�¥â §�ª®− ¬�áèâ�¡¨à®¢�−¨ïPD(d) ∼ adb, £¤¥ b ®¯à¥¤¥«ï¥âáï −�ª«®−®¬ «¨−¥©−ëå
®âà¥§ª®¢ −� à¨á. 3, ¡.
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÷¨á. 4 ‚¥à®ïâ−®áâì á®¡ëâ¨ï ú£«ãå®â�û ¤«ï à�§«¨ç−ëå −�áâà®¥ª �−â¥−−ë: ¨§®âà®¯−ë¥
(2 × 2 | θ = 58◦; 4 × 4 | 32◦; 8 × 8 | 18◦; 16 × 16 | θ = 8◦) ¨ ª®á¨−ãá®¨¤�«ì−ë¥
(2× 2| θ = 46◦; 4× 4| 38◦; 8× 8| 18◦; 16× 16| θ = 8◦) í«¥¬¥−âë, à�á¯à¥¤¥«¥−¨ï
—¥¡ëèñ¢� (1 | ¤«ï ¨§®âà®¯−®© „��) ¨ •í¬¬¨−£� (2 | ¤«ï ¨§®âà®¯−®© „��; 3{5 |
¤«ï ª®á¨−ãá®¨¤�«ì−®© „��: 3 | à�á¯à¥¤¥«¥−¨¥; 4 | �¯¯à®ªá¨¬�æ¨ï; 5 | −¨¦−ïï
£à�−¨æ�)

÷¨áã−®ª 4 ¯®§¢®«ï¥â áà�¢−¨âì PD(d) ¤«ï à�§«¨ç−ëå −�áâà®¥ª à¥�«¨áâ¨ç−ëå
�−â¥−− ¨ −¨¦−îî £à�−¨æã PD(d) ¯® ä®à¬ã«�¬ (6) ¨ (7), à�ááç¨â�−−ãî ¤«ï
«¨−¥©−®© ¬®¤¥«¨ (2).

�� à¨á. 4 â�ª¦¥ ãª�§�−� è¨à¨−� θ ã£«� ¯® ãà®¢−î ¯®«®¢¨−−®© ¬®é−®áâ¨ ¤«ï
à�áá¬®âà¥−−ëå �−â¥−−ëå à¥è¥â®ª. ‹¨−¥©−�ï ¬®¤¥«ì (2) ¯®ª�§ë¢�¥â à�§ã¬−ãî
�¯¯à®ªá¨¬�æ¨î ¨ ¬®¦¥â ¨á¯®«ì§®¢�âìáï, ª®£¤� â¨¯ �−â¥−−®£® í«¥¬¥−â� −¥áãé¥-
áâ¢¥− ¤«ï á¨áâ¥¬−®£® �−�«¨§�, ¢ â® ¢à¥¬ï ª�ª −¨¦−ïï £à�−¨æ� ®áâ�¥âáï ¡«¨§ª®©
ª à¥§ã«ìâ�â�¬ à¥�«¨áâ¨ç−ëå �−â¥−− ¤«ï ã§ª¨å «ãç¥©.

÷¨áã−®ª 5 ¤¥¬®−áâà¨àã¥â, çâ® ¬�áèâ�¡¨à®¢�−¨¥ á¨áâ¥¬ë, â. ¥. ¨§¬¥−¥−¨¥
à�¤¨ãá� Rd ¯à®¯®àæ¨®−�«ì−® à�¤¨ãáã §®−ë ¯®ªàëâ¨ï R, ãáâà�−ï¥â à�§àë¢
¬¥¦¤ã à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ ã£«� ¯® ãà®¢−î ¯®«®¢¨−−®© ¬®é−®áâ¨ θ.

��ª®−¥æ, ¤«ï áæ¥−�à¨ï à�¡®âë à®ï ¤à®−®¢ c §�¤�−−ë¬ ®£à�−¨ç¥−¨¥¬ −�
á¡«¨¦¥−¨¥ ãáâà®©áâ¢ ¬¥áâ®¯®«®¦¥−¨¥ ãáâà®©áâ¢ ¬®¤¥«¨à®¢�«®áì ¢ á®®â¢¥âáâ¢¨¨
á ¯à®æ¥áá®¬ â¢¥à¤®£® ï¤à� Œ�â¥à−� â¨¯� 1 á ¯�à�¬¥âà®¬ r [10, 11]. Š�ª ¢¨¤-
−® −� à¨á. 6, ¯�à�¬¥âà r ®ª�§ë¢�¥â −¥§−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ −� à¥§ã«ìâ�âë.
‘«¥¤®¢�â¥«ì−®, ¯à¥¤«�£�¥¬ë© �−�«¨â¨ç¥áª¨© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â ¤®áâ®©−ãî
�¯¯à®ªá¨¬�æ¨î ¤«ï ¡®«¥¥ à¥�«¨áâ¨ç−®£® à�á¯à¥¤¥«¥−¨ï ãáâà®©áâ¢. ‡¤¥áì â�ª¦¥
áâ®¨â ®â¬¥â¨âì áãé¥áâ¢¥−−ãî à�§−¨æã ¬¥¦¤ã âà¥å¬¥à−ë¬ áæ¥−�à¨¥¬ −�¯à�¢«¥−-
−®© £«ãå®âë ¨ á®®â¢¥âáâ¢ãîé¨¬¨ �−�«¨â¨ç¥áª¨¬¨ à¥§ã«ìâ�â�¬¨, ¯®«ãç¥−−ë¬¨
¢ ¯à¥¤¯®«®¦¥−¨¨ ¤¢ã¬¥à−®£® áæ¥−�à¨ï [5].
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÷¨á. 5 ‚«¨ï−¨¥ ¬�áèâ�¡¨à®¢�−¨ï −� ¢¥à®ïâ−®áâì á®¡ëâ¨ï £«ãå®â� (3D, à�á¯à¥¤¥«¥−¨¥
—¥¡ëèñ¢�): 1 | 2× 2, θ = 58◦; 2 | 4× 4, θ = 32◦; 3 | 8 × 8, θ = 18◦; 4 | 16× 16,
θ = 8◦

÷¨á. 6 ‘à�¢−¥−¨¥ ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï £«ãå®â� ¤«ï ¤¢ã¬¥à−ëå [5] (¯ã−ªâ¨à−ë¥ ªà¨¢ë¥)
¨ âà¥å¬¥à−ëå (á¯«®è−ë¥ ªà¨¢ë¥ ¨ §−�çª¨) á«ãç�¥¢ ¨ à�§«¨ç−ëå §−�ç¥−¨© ¯�à�¬¥âà�
â¢¥à¤®£® ï¤à� Œ�â¥à−�: 1 |íîóò = 5; 2 |íîóò = 25

5 Заключение

‚ §�ª«îç¥−¨¥ áâ®¨â ¯®¤ç¥àª−ãâì, çâ® ú£«ãå®â�û ¯à¥¤áâ�¢«ï¥â á®¡®© á¥àì-
¥§−ãî ¯à®¡«¥¬ã ¤«ï «î¡®© ¢ëá®ª®−�¯à�¢«¥−−®© á¨áâ¥¬ë ¨ ¬®¦¥â ¯à¨¢¥áâ¨
ª ¯�£ã¡−ë¬ ¯®á«¥¤áâ¢¨ï¬ ¤«ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¥â¨ á¢ï§¨, ª�ª ¡ë«® ¯à®¤¥-
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¬®−áâà¨à®¢�−® à�−¥¥ ¢ [5]. „«ï ¡®«¥¥ à¥�«¨áâ¨ç−®£® à�á¯à¥¤¥«¥−¨ï ãáâà®©áâ¢
¢ âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥ ¬®¦−® ¯®«ãç¨âì ¡®«¥¥ â®ç−ë¥ (¤® 30% ¯® áà�¢−¥−¨î
á ¤¢ã¬¥à−ë¬ á«ãç�¥¬) ®æ¥−ª¨ ¤«ï ¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï ú£«ãå®â�û. �à¥¤«®-
¦¥−−�ï ¢ áâ�âì¥ ¯à®áâ�ï �−�«¨â¨ç¥áª¨ ã¯à�¢«ï¥¬�ï ¬®¤¥«ì ¤¨�£à�¬¬ë −�¯à�¢-
«¥−−®áâ¨ �−â¥−−ë, §�¤�¢�¥¬�ï «¨−¥©−®© äã−ªæ¨¥© è¨à¨−ë «ãç� ¯® ãà®¢−î
¯®«®¢¨−−®© ¬®é−®áâ¨, ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ à�§ã¬−®© �¯¯à®ªá¨-
¬�æ¨¨ ¤«ï à�§«¨ç−ëå ãáâ�−®¢®ª �−â¥−−, � â�ª¦¥ ¯à¨ ãá«®¢¨¨ à�á¯à¥¤¥«¥−¨ï
ãáâà®©áâ¢ ¢ á®®â¢¥âáâ¢¨¨ á ¯à®æ¥áá®¬ â¢¥à¤®£® ï¤à�.
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Abstract: The paper deals with the problem of \directional deafness" that
arises when a device cannot detect an occupied radio channel due to the highly
directional communication link between other devices interacting at that time.
The \deafness" situation can arise between operating in the millimeter band
devices, for example, during carrier-sense multiple access stage, in particular, in
accordance with the IEEE 802.11ad/ay protocols. An analytical expression has
been obtained for the \directional deafness" probability for several variants of
the devices location in three-dimensional (3D) space and for the proposed linear
approximation of the antenna directivity gain. The proposed formula for the
lower bound of the deafness probability for three realistic antenna patterns and
four variants of phased antenna arrays is investigated.
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Œ¥â®¤ ª«�áâ¥à¨§�æ¨¨ −®¢®áâ−ëå á®®¡é¥−¨© ‘Œˆ −� ®á−®¢¥ ¨å ª®−æ¥¯âã�«ì−®£® �−�«¨§�

1 Введение

‘®¢à¥¬¥−−®¥ ®¡é¥áâ¢® ¢ ¯à®æ¥áá¥ á¢®¥£® à�§¢¨â¨ï ¯®à®¦¤�¥â ®£à®¬−ë© ®¡ê-
¥¬ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨, ®â−®áïé¥©áï ª à�§«¨ç−ë¬ �á¯¥ªâ�¬ ¥£® ¤¥ïâ¥«ì−®áâ¨.
–¥«ë© ¯«�áâ íâ®© ¨−ä®à¬�æ¨¨ ®â−®á¨âáï ª â�ª −�§ë¢�¥¬®© −®¢®áâ−®© ¨−ä®à¬�-
æ¨¨ | á®®¡é¥−¨ï¬ ® â¥ªãé¨å á®¡ëâ¨ïå, ¯à®¨áå®¤ïé¨å ¢ à¥�«ì−®¬ ¬¨à¥. Š�ª
¯à�¢¨«®, −®¢®áâ−ãî ¨−ä®à¬�æ¨î ä®à¬¨àãîâ ‘Œˆ ¨ à¥§ã«ìâ�â®¬ ¨å ®á−®¢−®©
¤¥ïâ¥«ì−®áâ¨ ï¢«ï¥âáï ¨−ä®à¬¨à®¢�−¨¥ ®¡é¥áâ¢� ®¡® ¢á¥å á®¡ëâ¨ïå, ¯à®¨áå®-
¤ïé¨å ¢ ¬¨à¥. ‘ç¨â�¥âáï, çâ® ¤«ï ¨¤¥�«ì−®£® ®¯¨á�−¨ï ª®−ªà¥â−®£® −®¢®áâ−®£®
á®¡ëâ¨ï ¤®«¦−� ¡ëâì á¯à�¢¥¤«¨¢� ä®à¬ã«�, ¯à¨¯¨áë¢�¥¬�ï ¥é¥ à¨¬áª®¬ã à¨-
â®àã Š¢¨−â¨«¨�−ã:

ªâ® á¤¥«�«? + çâ® á¤¥«�«? + ª�ª¨¬¨ áà¥¤áâ¢�¬¨? + §�ç¥¬? + ª®£¤�? + £¤¥?

‚ �−£«®ï§ëç−®© ¨−â¥à¯à¥â�æ¨¨ íâ� ä®à¬ã«� −®á¨â −�§¢�−¨¥ §�ª®−� ¯ïâ¨ W
¨ ®¤−®£® H:

Who? + What? + Where? + Why? + When? + How?,

¯à¨¯¨áë¢�¥¬®£® ÷. Š¨¯«¨−£ã. ’�ª®¥ ®¯¨á�−¨¥ ú¨¤¥�«ì−®£®û −®¢®áâ−®£® á®®¡-
é¥−¨ï ¤®«¦−® ¡ëâì ¯®á¢ïé¥−® ®¤−®¬ã á®¡ëâ¨î, ¨ áâàãªâãà� íâ®£® −®¢®áâ−®£®
á®®¡é¥−¨ï ¤®«¦−� ¢ª«îç�âì àï¤ á®¤¥à¦�â¥«ì−ëå ª®¬¯®−¥−â (¤�âã, �¢â®à�, §�£®-
«®¢®ª, ä®à¬�«ì−®¥ ®¯¨á�−¨¥ á®¡ëâ¨ï, ¥£® ¨áâ®à¨î, í−æ¨ª«®¯¥¤¨ç¥áªãî á¯à�¢ªã
¨ ¤à.) [1].

�� ¯à�ªâ¨ª¥ ¢á¥ ¯à®¨áå®¤¨â −¥ â�ª. ˆ¤¥�«ì−ëå −®¢®áâ−ëå á®®¡é¥−¨©
¯à�ªâ¨ç¥áª¨ −¥ ¡ë¢�¥â, � â¥ −®¢®áâ−ë¥ á®®¡é¥−¨ï, ª®â®àë¥ ¯®ï¢«ïîâáï −� á�©â�å
‘Œˆ, ¯®¤�îâáï ¢ ¯à®¨§¢®«ì−®© ä®à¬¥, ¨ ¯®à®© ¯®«ì§®¢�â¥«î, çâ®¡ë ¯®«ãç¨âì
¯®«−ãî ¨−ä®à¬�æ¨î ®¡ íâ¨å á®¡ëâ¨ïå, ¯à¨å®¤¨âáï ®§−�ª®¬¨âìáï á ¡®«ìè¨¬
ç¨á«®¬ ¨áâ®ç−¨ª®¢.

„«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¡ë«¨ á®§¤�−ë −®¢®áâ−ë¥ �£à¥£�â®àë | Ÿ−¤¥ªá.
�®¢®áâ¨, ÷�¬¡«¥à/−®¢®áâ¨, GoogleNews ¨ ¤à., ª®â®àë¥ ¨−â¥£à¨àãîâ −®¢®áâ¨ ¨§
âëáïç ¨áâ®ç−¨ª®¢ ¢ ú−®¢®áâ−ë¥ ª«�áâ¥àëû, ¯à¥¤®áâ�¢«ïï ¯®«ì§®¢�â¥«ï¬ ¤®áâã¯
ª à�−¦¨à®¢�−−ë¬ ¯® §−�ç¥−¨î ¨ â¥¬�â¨ª¥ áî¦¥â�¬. ‘�©âë â�ª¨å −®¢®áâ−ëå
�£à¥£�â®à®¢ áâ�«¨ ®¤−¨¬¨ ¨§ á�¬ëå ¯®¯ã«ïà−ëå à¥áãàá®¢.

Š«îç¥¢�ï ¯à®¡«¥¬� −®¢®áâ−ëå �£à¥£�â®à®¢ §�ª«îç�¥âáï ¢ à¥è¥−¨¨ §�¤�ç¨
ª«�áâ¥à¨§�æ¨¨ | ä®à¬¨à®¢�−¨ï £àã¯¯ ¤®ªã¬¥−â®¢, ®¯¨áë¢�îé¨å ¡«¨§ª¨¥ −®-
¢®áâ−ë¥ áî¦¥âë. �� ¯à�ªâ¨ª¥ à¥§ã«ìâ�â �¢â®¬�â¨ç¥áª®© ª«�áâ¥à¨§�æ¨¨ ¬®¦¥â
¡ëâì ¨§¬¥−¥− ¢ §�¢¨á¨¬®áâ¨ ®â ª®à¯®à�â¨¢−®© ¯®«¨â¨ª¨ (¢ â®¬ ç¨á«¥ ¨ ¢àãç−ãî
à¥¤�ªâ®à�¬¨), ¤�−−ëå ® §�¯à®á�å ¯®«ì§®¢�â¥«¥© ¨«¨ ®¡áã¦¤¥−¨© ¢ ¡«®£�å.

2 Обзор методов кластеризации текстов

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â ¡®«ìè®¥ ç¨á«® ¬¥â®¤®¢ ª«�áâ¥à¨§�æ¨¨ â¥ªáâ®¢.
�®¤ ª«�áâ¥à¨§�æ¨¥© ¯®−¨¬�¥âáï ¯à®æ¥áá à�§¤¥«¥−¨ï ¬−®¦¥áâ¢� ¤®ªã¬¥−â®¢ −�
¯®¤¬−®¦¥áâ¢� (ª«�áâ¥àë), ç¨á«® ¨ ¯�à�¬¥âàë ª®â®àëå §�à�−¥¥ −¥ ¨§¢¥áâ−ë.
‚ ¤�−−®¬ ®¡§®à¥ à�áá¬�âà¨¢�¥âáï −¥áª®«ìª® ¬¥â®¤®¢, ¯®«ãç¨¢è¨å −�¨¡®«ìè¥¥
à�á¯à®áâà�−¥−¨¥. Š â�ª¨¬ ¬¥â®¤�¬ ¬®¦−® ®â−¥áâ¨ á«¥¤ãîé¨¥: ¬¥â®¤ LSA/LSI
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‚. �. ‡�å�à®¢, ÷. ÷. Œãá�¡�¥¢, �. Œ. Šà�á®¢¨æª¨© ¨ ¤à.

(Latent Semantic Analysis/Indexing), ¬¥â®¤ STC (Suffix Tree Clustering), ¬¥â®¤
Scatter/Gather, ¬¥â®¤ K-means (Š-áà¥¤−¨å) ¨ ¤à. [1{5].

‚ ®á−®¢¥ ¬¥â®¤� K-means «¥¦¨â ¨â¥à�â¨¢−ë© ¯à®æ¥áá áâ�¡¨«¨§�æ¨¨ æ¥−âà®-
¨¤®¢ (æ¥−âà� ¬�áá) ª«�áâ¥à®¢, ª®â®àë¥ ¯¥à¢®−�ç�«ì−® ¢ë¡¨à�îâáï á«ãç�©−ë¬
®¡à�§®¬ ¤«ï ª�¦¤®£® ¨§ k ª«�áâ¥à®¢. Š�¦¤ë© ¤®ªã¬¥−â ¯à¨á¢�¨¢�¥âáï â®-
¬ã ª«�áâ¥àã, à�ááâ®ï−¨¥ ¤® æ¥−âà� ¬�áá ª®â®à®£® ®â −¥£® ¬¥−ìè¥ §�¤�−−®£®.
„�«¥¥ −� ª�¦¤®© ¨â¥à�æ¨¨ ¢ëç¨á«ïîâáï æ¥−âàë ¬�áá ª«�áâ¥à®¢ ¨ ¤®ªã¬¥−âë
¯¥à¥¯à¨á¢�¨¢�îâáï ¤àã£®¬ã ª«�áâ¥àã ¤® (áâ�¡¨«¨§�æ¨¨) ¢á¥å ¤®ªã¬¥−â®¢.

Œ¥â®¤ Suffix Tree Clustering ª«�áâ¥à¨§ã¥â â¥ªáâë ¢ ¢¨¤¥ áãää¨ªá−®£® ¤¥à¥¢�.
‘ãää¨ªá−®¥ ¤¥à¥¢® | íâ® ¤¥à¥¢®, á®¤¥à¦�é¥¥ ¢á¥ áãää¨ªáë ¤�−−®© áâà®ª¨.
�−¨ á®áâ®ïâ ¨§ ¢¥àè¨−, ¢¥â¢¥© ¨ ¤®¯®«−¨â¥«ì−ëå ãª�§�â¥«¥© (Suffix pointer),
á ¯®¬®éìî ª®â®àëå ¤®¡¨¢�îâáï «¨−¥©−®© áª®à®áâ¨ ¯®áâà®¥−¨ï ¤¥à¥¢ì¥¢. ‚¥â¢¨
¤¥à¥¢� ®¡®§−�ç�îâáï ¡ãª¢�¬¨ ¨«¨ á®ç¥â�−¨ï¬¨ ¡ãª¢, ª®â®àë¥ ï¢«ïîâáï ç�áâï¬¨
áãää¨ªá®¢ áâà®ª¨. ‘ãää¨ªá ¢¥àè¨−ë ¯®«ãç�îâ ¯ãâ¥¬ ®¡ê¥¤¨−¥−¨ï ¢á¥å ¡ãª¢,
−�å®¤ïé¨åáï −� à¥¡à�å ¤¥à¥¢� (−�ç¨−�ï ®â ª®à−¥¢®© ¤® ¤�−−®©).

Š�¦¤®© ¢¥àè¨−¥ á®®â¢¥âáâ¢ã¥â äà�§�. ‚ â¥å ¢¥àè¨−�å ¤¥à¥¢�, ª®â®àë¥
¨¬¥îâ ¯®â®¬ª®¢, ¥áâì ááë«ª¨ −� ¤®ªã¬¥−âë, ¢ ª®â®àëå ¢áâà¥ç�¥âáï äà�§�, á®®â-
¢¥âáâ¢ãîé�ï ¢¥àè¨−¥. ��§®¢ë¥ ª«�áâ¥àë ®¡à�§ãîâáï ¨§ ¬−®¦¥áâ¢ ¤®ªã¬¥−â®¢,
−� ª®â®àë¥ ãª�§ë¢�îâ ááë«ª¨. „�«¥¥ ¯à®¨§¢®¤ïâáï ª®¬¡¨−¨à®¢�−¨¥ ¡�§®¢ëå
ª«�áâ¥à®¢ ¨ ¯®«ãç¥−¨¥ ®ª®−ç�â¥«ì−ëå −�¡®à®¢.

Œ¥â®¤ë Single Link, Complete Link ¨ Group Average ®â−®áïâáï ª ¨¥à�à-
å¨ç¥áª¨¬ ¬¥â®¤�¬, ª®â®àë¥ ¤¥«ïâáï −� �£«®¬¥à�â¨¢−ë¥ ¨ ¤¨¢¨§¨¬−ë¥ ¬¥â®¤ë.
�¥à¢ë¥ ®¡ê¥¤¨−ïîâ ®¡ê¥ªâë ¢ ¬−®¦¥áâ¢�, � ¢â®àë¥ −�®¡®à®â à�§¤¥«ïîâ ¥¤¨-
−ë¥ ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢ −� ¯®¤¬−®¦¥áâ¢�. Œ¥â®¤ë Single Link, Complete Link
¨ Group Average ®â−®áïâáï ª �£«®¬¥à�â¨¢−ë¬ ¨¥à�àå¨ç¥áª¨¬ ¬¥â®¤�¬, ª®â®àë¥
¯®«ãç¨«¨ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥.

Œ¥â®¤ Self-Organizing Maps (¬¥â®¤ á�¬®®à£�−¨§ãîé¨åáï ª�àâ Š®å®−¥−�) ¢ë-
¯®«−ï¥â ª«�áâ¥à¨§�æ¨î ¤®ªã¬¥−â®¢ −� ®á−®¢¥ −¥©à®á¥â¨ Š®å®−¥−�. ‚ à¥§ã«ìâ�â¥
à�¡®âë íâ®£® ¬¥â®¤� ¯®«ãç�¥âáï ®¡à�§ ¤®ªã¬¥−â�, ¯à¥¤áâ�¢«ïîé¨© á®¡®© ª�àâã
à�á¯à¥¤¥«¥−¨ï ¢¥ªâ®à®¢ ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨. �â� á¥âì ®¡ãç�¥âáï ¡¥§ ãç¨â¥«ï
−� ®á−®¢¥ ¯à¨−æ¨¯� á�¬®®à£�−¨§�æ¨¨.

Œ¥â®¤ LSA/LSI ¤�¢−® ¨§¢¥áâ¥− ¢ à�§«¨ç−ëå ®¡«�áâïå −�ãª¨ ª�ª ¬¥â®¤
¢ëï¢«¥−¨ï «�â¥−â−®© áâàãªâãàë ¨§ãç�¥¬ëå ï¢«¥−¨© ¨ ®¡ê¥ªâ®¢. ‚ à�¬ª�å íâ®£®
¬¥â®¤� ®¯à¥¤¥«ï¥âáï ¯à®áâà�−áâ¢® â¥à¬¨−®¢ ª�ª ¯à®áâà�−áâ¢® í«¥¬¥−â�à−ëå
¯à¨§−�ª®¢, ¢ ª®â®à®¬ ¨§−�ç�«ì−® à�á¯®«�£�îâáï ¤®ªã¬¥−âë. �à¥¤¯®«�£�¥âáï,
çâ® â¥à¬¨−ë ¤®«¦−ë ¡ëâì á¥¬�−â¨ç¥áª¨ á¢ï§�−ë ¬¥¦¤ã á®¡®©, â®£¤� ¤®ªã¬¥−âë,
á®¤¥à¦�é¨¥ á¥¬�−â¨ç¥áª¨ ¡«¨§ª¨¥ â¥à¬¨−ë, á£ãé�îâáï ¢ ®¯à¥¤¥«¥−−ëå ¬¥áâ�å
¯à®áâà�−áâ¢� â¥à¬¨−®¢.

Œ¥â®¤ë −� ®á−®¢¥ â�ª −�§ë¢�¥¬®£® ú¬¥èª� á«®¢û (bag-of-words) ®â−®áïâáï
ª −�¨¡®«¥¥ ¯à®áâë¬ �«£®à¨â¬�¬ ª«�áâ¥à¨§�æ¨¨. ‚ à�¬ª�å íâ¨å ¬¥â®¤®¢ ¯à¥¤¢�-
à¨â¥«ì−® ¯® ¢ë¡®àª¥ ¤®ªã¬¥−â®¢ áâà®¨âáï á«®¢�àì ¨§ ¢á¥å ¢áâà¥ç�îé¨åáï ¢ −¥¬
n-£à�¬¬ (ª®−â�ªâ−® à�á¯®«®¦¥−−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© á«®¢), £¤¥ n ¬¥−ìè¥
¨«¨ à�¢−® §�à�−¥¥ §�¤�−−®¬ã §−�ç¥−¨î. „®ªã¬¥−â ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¢¥ªâ®-
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Œ¥â®¤ ª«�áâ¥à¨§�æ¨¨ −®¢®áâ−ëå á®®¡é¥−¨© ‘Œˆ −� ®á−®¢¥ ¨å ª®−æ¥¯âã�«ì−®£® �−�«¨§�

à�, á®áâ®ïé¥£® ¨§ −�¡®à� ¯à¨§−�ª®¢. Š�¦¤®¬ã −�¡®àã ¨§ á«®¢�àï á®®â¢¥âáâ¢ã¥â
®¤−� n-£à�¬¬�. „«ï ª�¦¤®© n-£à�¬¬ë ¢¥ªâ®à� ¤®ªã¬¥−â� ¢ëç¨á«ï¥âáï ¥£® ¢¥á
¯® ä®à¬ã«¥ áâ�â¨áâ¨ç¥áª®© ¬¥àë TF-IDF (term frequency { inverse document
frequency | ç�áâ®â� á«®¢� { ®¡à�â−�ï ç�áâ®â� ¤®ªã¬¥−â�). „�«¥¥ ¯à®¨§¢®¤¨â-
áï ¯®¯�à−®¥ á®¯®áâ�¢«¥−¨¥ ¢¥ªâ®à®¢ ¤®ªã¬¥−â®¢ ¯ãâ¥¬ ¢ëç¨á«¥−¨ï ª®á¨−ãá−®©
¬¥àë ¡«¨§®áâ¨ ¬¥¦¤ã ¨å ¢¥ªâ®à�¬¨.

�−�«¨§ ¯à¨¢¥¤¥−−ëå ¬¥â®¤®¢ ª«�áâ¥à¨§�æ¨¨ ¤®ªã¬¥−â®¢ ¯®ª�§ë¢�¥â, çâ®
§−�ç¨â¥«ì−�ï ç�áâì íâ¨å ¬¥â®¤®¢ ®¯¨à�¥âáï −� ä®à¬�«ì−ë¥ ¯à¨§−�ª¨, ª®â®àë¥
«¨¡® ¢®®¡é¥ −¥ á¢ï§�−ë á® á¬ëá«®¢®© áâàãªâãà®© â¥ªáâ®¢, «¨¡® á¢ï§�−ë á −¥©
®ç¥−ì ®â¤�«¥−−®, ¨ ¯à�ªâ¨ç¥áª¨ −¥ áãé¥áâ¢ã¥â ¬¥â®¤®¢ ª«�áâ¥à¨§�æ¨¨, ¢ ï¢−®¬
¢¨¤¥ ®¯¨à�îé¨åáï −� á¬ëá«®¢ãî áâàãªâãàã ¤®ªã¬¥−â®¢. � ¬¥¦¤ã â¥¬ ®¯¨á�−¨¥
ª�¦¤®£® ¨−ä®à¬�æ¨®−−®£® á®¡ëâ¨ï ¢ª«îç�¥â í«¥¬¥−âë ¯à¥¤¨ª�â−®-�ªâ�−â−®©
áâàãªâãàë ¯à¥¤«®¦¥−¨© [6{9]. ’�ª, ¥á«¨ ¢®á¯®«ì§®¢�âìáï §�ª®−®¬ ¯ïâ¨ W ¨ ®¤-
−®£® H, â® ¯¥à¢®¥ W (who) ¢ ¯à¥¤¨ª�â−®-�ªâ�−â−®© áâàãªâãà¥ | íâ® úáã¡ê¥ªâû,
¢â®à®¥ W (what) ¢ â®© ¦¥ áâàãªâãà¥ | ú®¡ê¥ªâû ¨ â. ¤.

ˆáå®¤ï ¨§ ¢ëè¥¨§«®¦¥−−®£® ¬®¦−® á¤¥«�âì á«¥¤ãîé¨© ¢ë¢®¤: ¤«ï �¤¥ª¢�â-
−®£® ãáâ�−®¢«¥−¨ï á¬ëá«®¢®© áå®¦¥áâ¨ ¤®ªã¬¥−â®¢ ¢ −®¢®áâ−®¬ ¯®â®ª¥ (��)
−¥®¡å®¤¨¬® à�§à�¡®â�âì ¬¥â®¤ë ª«�áâ¥à¨§�æ¨¨, ¡�§¨àãîé¨¥áï −� â¥®à¥â¨ç¥áª¨å
¯à¥¤áâ�¢«¥−¨ïå ® á¬ëá«®¢®© áâàãªâãà¥ â¥ªáâ®¢ ¨ ãáâ�−®¢«¥−¨¨ ¬¥àë á¬ëá«®-
¢®© §−�ç¨¬®áâ¨ â¥ªáâ®¢ëå −�¨¬¥−®¢�−¨© ¯®−ïâ¨©. ‚ ª�ç¥áâ¢¥ ®¤−®£® ¨§ â�ª¨å
¯à¥¤áâ�¢«¥−¨© ¬®¦−® ¨á¯®«ì§®¢�âì äà�§¥®«®£¨ç¥áª¨© ª®−æ¥¯âã�«ì−ë© �−�«¨§
â¥ªáâ®¢.

3 Концепция смысловой обработки текстовой информации

‚ ®á−®¢ã äà�§¥®«®£¨ç¥áª®£® ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢ ¯®«®¦¥−®
ãâ¢¥à¦¤¥−¨¥ ® â®¬, çâ® á¬ëá«®¢®¥ á®¤¥à¦�−¨¥ â¥ªáâ®¢ ¢ëà�¦�¥âáï ç¥à¥§ á¨áâ¥¬ã
¥£® −�¨¬¥−®¢�−¨© ¯®−ïâ¨© (á«®¢ ¨ äà�§¥®«®£¨ç¥áª¨å á«®¢®á®ç¥â�−¨©). ‘ ¯®-
¬®éìî íâ¨å ¯®−ïâ¨© ä®à¬¨àãîâáï á¬ëá«®¢ë¥ ¥¤¨−¨æë ¡®«¥¥ ¢ëá®ª¨å ãà®¢−¥©:
¯à¥¤«®¦¥−¨ï ¨ á¢¥àåäà�§®¢ë¥ ¥¤¨−áâ¢�.

�à¥¤«®¦¥−¨ï â�ª¦¥ ¯à¥¤áâ�¢«ïîâ á®¡®© §−�ç¨¬ë¥ ¥¤¨−¨æë á¬ëá«�. �á−®¢-
−®¥ ¨å á¢®©áâ¢® | ¯à¥¤¨ª�â¨¢−®áâì (−�«¨ç¨¥ ã ®¡ê¥ªâ®¢ ®¯à¥¤¥«¥−−ëå ¯à¨§−�ª®¢
¨ ¨å ®â−®è¥−¨©). ��«¨ç¨¥ íâ¨å ¯à¨§−�ª®¢ ã ®¡ê¥ªâ®¢ ¢ â¥ªáâ�å ¢ëà�¦�¥âáï ç¥-
à¥§ ¯à¥¤¨ª�â−®-�ªâ�−â−ãî áâàãªâãàã ¯à¥¤«®¦¥−¨©. …¥ ª®¬¯®−¥−â�¬¨ ï¢«ïîâáï
¯®−ïâ¨ï-¯à¥¤¨ª�âë (¯à¨§−�ª¨ ¨ ®â−®è¥−¨ï) ¨ ¯®−ïâ¨ï-�ªâ�−âë, ¢ëáâã¯�îé¨¥
¢ à®«¨ ®¯¨áë¢�¥¬ëå ®¡ê¥ªâ®¢.

ˆ§ ¯à¥¤«®¦¥−¨© ä®à¬¨àãîâáï á¢¥àåäà�§®¢ë¥ ¥¤¨−áâ¢�. �−¨ ¯à¥¤áâ�¢«ï-
îâáï ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¯à¥¤«®¦¥−¨© á¢ï§−®£® â¥ªáâ� ¨, ª�ª ¯à�¢¨«®,
ä®à¬¨àãîâ ¡®«¥¥ á«®¦−ë¥ ¬ëá«¨â¥«ì−ë¥ ®¡à�§ë, ª®â®àë¥ ¢ −®¢®áâ−ëå á®®¡é¥-
−¨ïå ¬®£ãâ ®âà�¦�âì ª®−ªà¥â−ë¥ á®¡ëâ¨ï à¥�«ì−®£® ¬¨à�.

�¢â®¬�â¨§�æ¨ï ¯à®æ¥áá� á¬ëá«®¢®© ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ¡�-
§¨àã¥âáï −� ¯à®æ¥¤ãà�å á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§�
â¥ªáâ®¢. �â¨ ¯à®æ¥¤ãàë ¤®«¦−ë ®¯¨à�âìáï −� �¤¥ª¢�â−ë¥ á¥¬�−â¨ª®-á¨−â�ªá¨ç¥-
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áª¨¥ ¬®¤¥«¨ â¥ªáâ®¢, ®¡¥á¯¥ç¨¢�îé¨¥ ¢®§¬®¦−®áâì ¢ëï¢«¥−¨ï á¨áâ¥¬ë ¯®−ïâ¨©
â¥ªáâ� ¨ ãáâ�−®¢«¥−¨ï á¬ëá«®¢ëå ®â−®è¥−¨© ¬¥¦¤ã í«¥¬¥−â�¬¨ íâ®© á¨áâ¥¬ë.

4 Методы выявления наименований понятий в текстах

‘«®¦−®áâì ¢ëï¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, ¯à¥¤áâ�¢«¥−−ëå á«®¢®á®ç¥â�-
−¨ï¬¨, §�ª«îç�¥âáï ¢ ¯à�¢¨«ì−®¬ ãáâ�−®¢«¥−¨¨ ¨å £à�−¨æ ¢ â¥ªáâ�å ¨ ¢ëï¢«¥−¨¨
â¥å −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, ª®â®àë¥ ¢ â¥ªáâ¥ −¥áãâ ®á−®¢−ãî á¬ëá«®¢ãî −�-
£àã§ªã. �â¨ ¯à®¡«¥¬ë à¥è�îâáï ¬¥â®¤�¬¨ ¨å áâ�â¨áâ¨ç¥áª®£®, á¨−â�ªá¨ç¥áª®£®
¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§�.

‘â�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ¯®§¢®«ïîâ ¯ãâ¥¬ −�§−�ç¥−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢
ãáâ�−®¢¨âì á®áâ�¢ §−�ç¨¬ëå á«®¢ ¨ á«®¢®á®ç¥â�−¨© −� ®á−®¢¥ �−�«¨§� ¨å ç�áâ®â
¢ ª®−ªà¥â−®¬ â¥ªáâ¥ ¨ ¢ ®â−®á¨â¥«ì−® ª®à®âª®¬ ¢à¥¬¥−−‚®¬ â¥ªáâ®¢®¬ ¯®â®ª¥ [1].

‘¨−â�ªá¨ç¥áª¨¥ ¬¥â®¤ë ¯®§¢®«ïîâ ¢ëï¢¨âì á¨−â�ªá¨ç¥áªãî à®«ì §−�ç¨¬ëå
á«®¢ ¨ á«®¢®á®ç¥â�−¨© ¢ ¯à¥¤«®¦¥−¨¨ (¯à¨−�¤«¥¦−®áâì ª á«®¢®á®ç¥â�−¨ï¬, ï¢«ï-
îé¨¬áï ¢ ¯à¥¤«®¦¥−¨¨ £àã¯¯®© ¯®¤«¥¦�é¥£® (áã¡ê¥ªâ�), £àã¯¯®© áª�§ã¥¬®£®
(¯à¥¤¨ª�â�) ¨«¨ £àã¯¯®© ¤®¯®«−¥−¨ï (®¡ê¥ªâ�)) [6{10].

‘¥¬�−â¨ç¥áª¨¥ ¬¥â®¤ë ¯®§¢®«ïîâ ¢ëï¢¨âì §−�ç¨¬ë¥ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨
á«®¢� ¨ á«®¢®á®ç¥â�−¨ï ¯ãâ¥¬ ¨å á®®â−¥á¥−¨ï á í«¥¬¥−â�¬¨ íâ�«®−−ëå á«®¢�à¥©
¨«¨ ¨å ä®à¬�«¨§®¢�−−ëå á¥¬�−â¨ç¥áª¨å ¯à¨§−�ª®¢ á íâ�«®−−ë¬¨ ¯à¥¤áâ�¢«¥−¨-
ï¬¨ íâ¨å ¯à¨§−�ª®¢ [6{10].

�¡é¥¥ à¥è¥−¨¥ §�¤�ç¨ ª«�áâ¥à¨§�æ¨¨ â¥ªáâ®¢ ¬®¦¥â ¡ëâì á¢¥¤¥−® ª á«¥¤ã-
îé¨¬ íâ�¯�¬.

1. �¯à¥¤¥«¥−¨¥ ®¡ê¥ªâ®¢ ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢�, ¯®¤ ª®â®àë¬ ¡ã¤¥¬ ¯®−¨-
¬�âì ¬−®¦¥áâ¢® §−�ç¨¬ëå á«®¢ ¨ á«®¢®á®ç¥â�−¨©, ®¯à¥¤¥«ïîé¨å á®¤¥à¦�−¨¥
â¥ªáâ®¢ ¢ ¬�áá¨¢¥.

2. ‚ëç¨á«¥−¨¥ ¬¥àë á¬ëá«®¢®© §−�ç¨¬®áâ¨ ¤«ï ª�¦¤®£® ¯®−ïâ¨ï ¤®ªã¬¥−â�.

3. ‚ëç¨á«¥−¨¥ §−�ç¥−¨© ¬¥àë áå®¤áâ¢� ¬¥¦¤ã â¥ªáâ�¬¨ ¤®ªã¬¥−â�.

4. �à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ª«�áâ¥à−®£® �−�«¨§� ¤«ï á®§¤�−¨ï £àã¯¯ áå®¤−ëå â¥ª-
áâ®¢.

5. �à®¢¥àª� ¨áâ¨−−®áâ¨ à¥§ã«ìâ�â®¢ ª«�áâ¥à−®£® à¥è¥−¨ï.

‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ íâ�¯�¬¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì −ã¦−® ®¯à¥¤¥«¨âì ¬−®-
¦¥áâ¢® á«®¢ ¨ á«®¢®á®ç¥â�−¨©, ¯® ª®â®àë¬ ¡ã¤ãâ ®æ¥−¨¢�âìáï â¥ªáâë. �®â®¬
−¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì, ¯® ª�ª¨¬ ªà¨â¥à¨ï¬ −ã¦−® ®æ¥−¨¢�âì á¬ëá«®¢ãî §−�-
ç¨¬®áâì ª�¦¤®£® í«¥¬¥−â� ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢�, ¨ ¢ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨
ªà¨â¥à¨ï¬¨ −�§−�ç¨âì ª�¦¤®¬ã á«®¢ã ¨«¨ á«®¢®á®ç¥â�−¨î ¢¥á®¢®© ª®íää¨æ¨¥−â
¨å á¬ëá«®¢®© §−�ç¨¬®áâ¨ ¢ ¯à¨§−�ª®¢®¬ ¯à®áâà�−áâ¢¥.

‚ à�¬ª�å ¢ë¯®«−¥−−ëå ¨áá«¥¤®¢�−¨© ¯® á®§¤�−¨î ¤¥ª«�à�â¨¢−ëå áà¥¤áâ¢
¯® ®¤−®¬ã ¨ â®¬ã ¦¥ â¥ªáâ®¢®¬ã ¬�áá¨¢ã ¡ë«¨ á®áâ�¢«¥−ë ç¥âëà¥ ç�áâ®â−ëå
á«®¢�àï. ‘â�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ®¡ ®¡ê¥¬�å ç�áâ®â−ëå á«®¢�à¥©, ¯®«ãç¥−-
−ëå ¯® ª®à¯ãáã â¥ªáâ®¢ ‘Œˆ à�§«¨ç−ë¬¨ ¬¥â®¤�¬¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§�,
¯à¨¢¥¤¥−ë à�¡®â¥ [9].
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Œ¥â®¤ ª«�áâ¥à¨§�æ¨¨ −®¢®áâ−ëå á®®¡é¥−¨© ‘Œˆ −� ®á−®¢¥ ¨å ª®−æ¥¯âã�«ì−®£® �−�«¨§�

5 Методы определения весовых коэффициентов смысловой
значимости наименований понятий в текстовом массиве

‚ ª�ç¥áâ¢¥ ¬¥àë á¬ëá«®¢®© §−�ç¨¬®áâ¨ á«®¢ ¨ á«®¢®á®ç¥â�−¨© ç�áâ® ¨á¯®«ì-
§ã¥âáï â�ª −�§ë¢�¥¬�ï áâ�â¨áâ¨ç¥áª�ï ¬¥à� TF-IDF [7]:

TF | ®â−®è¥−¨¥ ç¨á«� ¢å®¦¤¥−¨© −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï ª ®¡é¥¬ã ç¨á«ã
−�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¤®ªã¬¥−â�. ’�ª¨¬ ®¡à�§®¬ ®æ¥−¨¢�¥âáï ¢�¦−®áâì
−�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï ti ¢ ¯à¥¤¥«�å ®â¤¥«ì−®£® ¤®ªã¬¥−â�:

tf(t, d) =
nt∑
k
nk

,

£¤¥ nt | ç¨á«® ¢å®¦¤¥−¨© −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï t ¢ ¤®ªã¬¥−â;
∑

k nk |
®¡é¥¥ ç¨á«® −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¢ ¤�−−®¬ ¤®ªã¬¥−â¥;

IDF | ¨−¢¥àá¨ï ç�áâ®âë, á ª®â®à®© −¥ª®â®à®¥ −�¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï ¢áâà¥-
ç�¥âáï ¢ ¤®ªã¬¥−â�å ª®««¥ªæ¨¨. „«ï ª�¦¤®£® ã−¨ª�«ì−®£® á«®¢� ¢ ¯à¥¤¥«�å
ª®−ªà¥â−®© ª®««¥ªæ¨¨ ¤®ªã¬¥−â®¢ áãé¥áâ¢ã¥â â®«ìª® ®¤−® §−�ç¥−¨¥ IDF:

idf(t,D) = log
|D|

|{di ∈ D|t ∈ di}|
,

£¤¥ |D| | ç¨á«® ¤®ªã¬¥−â®¢ ¢ ª®««¥ªæ¨¨; |{di ∈ D|t ∈ di}| | ç¨á«®
¤®ªã¬¥−â®¢ ¨§ ª®««¥ªæ¨¨ D, ¢ ª®â®àëå ¢áâà¥ç�¥âáï t (ª®£¤� nt 6= 0).
Œ¥à� TF-IDF ï¢«ï¥âáï ¯à®¨§¢¥¤¥−¨¥¬ ¤¢ãå á®¬−®¦¨â¥«¥©:

tf-idf(t, d,D) = tf(t, d) · idf(t,D) .

�®«ìè®© ¢¥á ¢ TF-IDF ¯®«ãç�îâ −�¨¬¥−®¢�−¨ï ¯®−ïâ¨© á ¢ëá®ª®© ç�áâ®-
â®© ¢áâà¥ç�¥¬®áâ¨ ¢ ª®−ªà¥â−®¬ ¤®ªã¬¥−â¥ ¨ á ®â−®á¨â¥«ì−® −¨§ª®© ç�áâ®â®©
¢ ¯à¥¤¥«�å ¢á¥£® ª®à¯ãá� â¥ªáâ®¢.

�® ¤�−−�ï áâ�â¨áâ¨ç¥áª�ï ¬¥à� ¢ ï¢−®¬ ¢¨¤¥ −¥ ®âà�¦�¥â á¬ëá«®¢ãî á®-
áâ�¢«ïîéãî −�¨¬¥−®¢�−¨© ¯®−ïâ¨©. ‘ íâ®© æ¥«ìî ¡ë«� à�§à�¡®â�−� á¨áâ¥¬�
ª®àà¥«¨àãîé¨å á¨−â�ªá¨ç¥áª¨å ¨ á¥¬�−â¨ç¥áª¨å ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ −�-
¨¬¥−®¢�−¨© ¯®−ïâ¨©, ¢®á¯®«−ïîé¨å íâ®â ¯à®¡¥«.

Œ¥à� á¬ëá«®¢®© §−�ç¨¬®áâ¨ −�¨¬¥−®¢�−¨© ¯®−ïâ¨© M3 (á ãç¥â®¬ á¨−â�ªá¨-
ç¥áª¨å ª®íää¨æ¨¥−â®¢) ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

M3 = (TF · IDF)KdKzKs .

�¡é�ï ¬¥à� á¬ëá«®¢®© §−�ç¨¬®áâ¨ M6 (á ãç¥â®¬ á¨−â�ªá¨ç¥áª¨å ¨ á¥¬�−â¨-
ç¥áª¨å ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢) ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

M6 = (TF · IDF)KdKzKtKnKsKf ,
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’�¡«¨æ� 1 ”®à¬�«¨§®¢�−−ë© ª®−æ¥¯âã�«ì−ë© ®¡à�§ ¤®ªã¬¥−â� á à�§«¨ç−ë¬¨ ¬¥à�¬¨
á¬ëá«®¢®© §−�ç¨¬®áâ¨ ¯®−ïâ¨©

ü
��¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï
(ª�¦¤®¥ á«®¢® ¯®−ïâ¨ï

¯à¨¢¥¤¥−® ¢ −®à¬�«¨§®¢�−−®© ä®à¬¥)
TF-IDF M3 M6

1 ¡«®ª ¯¥âà ¯®à®è¥−ª® 0,00625 0,0075 0,10125
2 ¢¥àå®¢−ë© à�¤� ãªà�¨−� 0,1194 0,365364 0,548046
3 ¢«�¤¨¬¨à §¥«¥−áª¨© 0,0022 0,004488 0,040392
4 £«�¢� £®áã¤�àáâ¢® 0,0022 0,00396 0,01188
5 £«�¢� á«ã¦¡� ¡¥§®¯�á−®áâì ãªà�¨−� 0,005 0,0075 0,01125

6
§�ª®−®¯à®¥ªâ ®¡ ¨§¬¥−¥−¨¥ ¢ë¡®à−ë©
á¨áâ¥¬� 0,05 0,153 0,2295

7
§�¬¯à¥¤á¥¤�â¥«ì �¤¬¨−¨áâà�æ¨ï £«�¢�
£®áã¤�àáâ¢® 0,05 0,09 0,405

8 ¨§¡¨à�â¥«ì−ë© §�ª®−®¤�â¥«ìáâ¢® 0,0454 0,08172 0,24516
9 ¨−�ã£ãà�æ¨®−−ë© à¥çì 0,0412 0,07416 0,07416

10 ª�−¤¨¤�â −� ¯®áâ £«�¢� ¯�àâ¨ï 0,0523 0,160038 0,240057
11 ®ä¨æ¨�«ì−ë© ãª�§ 0,0046 0,0828 0,2484
12 ¯�à«�¬¥−âáª¨© ¢ë¡®à 0,0301 0,05418 0,05418
13 ¯®¤¤¥à¦ª� −�á¥«¥−¨¥ 0,05 0,09 0,09

14
¯à®¥ªâ ¨§¬¥−¥−¨¥ ¢ ¨§¡¨à�â¥«ì−ë©
§�ª®−®¤�â¥«ìáâ¢® 0,13184 0,237312 0,355968

15 á«ã¦¡� ¡¥§®¯�á−®áâì ãªà�¨−� 0,0523 0,09414 0,42363
16 á®æ¨®«®£¨ç¥áª¨© ®¯à®á 0,0602 0,07224 0,21672

£¤¥ Kd | ª®íää¨æ¨¥−â, ãç¨âë¢�îé¨© à�á¯®§−�¢�¥¬®áâì á«®¢ ¯à¨ ¨å −®à¬�-
«¨§�æ¨¨; Kz | ª®íää¨æ¨¥−â, ãç¨âë¢�îé¨© ¢å®¦¤¥−¨¥ ¢ §�£®«®¢ª¨ á«®¢ ¨«¨
á«®¢®á®ç¥â�−¨©; Kt | ª®íää¨æ¨¥−â, ãç¨âë¢�îé¨© ¢å®¦¤¥−¨¥ ¢ â¥§�ãàãá á«®¢
¨«¨ á«®¢®á®ç¥â�−¨©; Kn | ª®íää¨æ¨¥−â, ãç¨âë¢�îé¨© ç¨á«® á«®¢ ¢ á«®¢®-
á®ç¥â�−¨¨; Ks | ª®íää¨æ¨¥−â, ãç¨âë¢�îé¨© á¨−â�ªá¨ç¥áªãî à®«ì á«®¢� ¨«¨
á«®¢®á®ç¥â�−¨ï ¢ ¯à¥¤«®¦¥−¨¨; Kf | ª®íää¨æ¨¥−â, ãç¨âë¢�îé¨© ¯à¨−�¤«¥¦-
−®áâì ¯®−ïâ¨ï ª ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯¥, ¡à¥−¤ã ¨ ¤à.

„«ï ª�¦¤®£® −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï ¢ëç¨á«ï«�áì ¥£® áâ�â¨áâ¨ç¥áª�ï ¬¥à�
§−�ç¨¬®áâ¨ TF-IDF, ¬¥à� á¬ëá«®¢®© §−�ç¨¬®áâ¨ M3 ¨ ®¡é�ï ¬¥à� á¬ëá«®¢®©
§−�ç¨¬®áâ¨ M6. ‚ â�¡«. 1 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¢ëç¨á«¥−¨© ¢¥á®¢ëå ª®íää¨-
æ¨¥−â®¢ ¯®−ïâ¨© ä®à¬�«¨§®¢�−−®£® ª®−æ¥¯âã�«ì−®£® ®¡à�§� ¤®ªã¬¥−â� [7].

6 Установление смысловой близости между документами средств
массовой информации

‚ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¤«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â� ¡ë« ¨á¯®«ì§®¢�−
¬�áá¨¢ ¤®ªã¬¥−â®¢ ‘Œˆ, ¢ª«îç�îé¨© 3004 ¤®ªã¬¥−â�.

„«ï ¢ë¯®«−¥−¨ï ®á−®¢−®© §�¤�ç¨ ¤�−−®£® ¨áá«¥¤®¢�−¨ï | �¢â®¬�â¨ç¥áª®£®
ãáâ�−®¢«¥−¨ï áâ¥¯¥−¨ á¬ëá«®¢®© ¡«¨§®áâ¨ ¤®ªã¬¥−â®¢ ‘Œˆ −� ®á−®¢¥ �−�«¨§� ¨å
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Œ¥â®¤ ª«�áâ¥à¨§�æ¨¨ −®¢®áâ−ëå á®®¡é¥−¨© ‘Œˆ −� ®á−®¢¥ ¨å ª®−æ¥¯âã�«ì−®£® �−�«¨§�

’�¡«¨æ� 2 ÷¥§ã«ìâ�âë á®¯®áâ�¢«¥−¨ï ¬¥àë á¬ëá«®¢®© ¡«¨§®áâ¨ ¬¥¦¤ã ¤®ªã¬¥−â�¬¨

�¥à¢ë© ¤®ªã¬¥−â ‚â®à®© ¤®ªã¬¥−â Œ¥à� ¡«¨§®áâ¨

ü
�¡é�ï
áã¬¬�
M6

‘ã¬¬�
á®¢¯�¢è¨å

M6
ü

�¡é�ï
áã¬¬�
M6

‘ã¬¬�
á®¢¯�¢è¨å

M6
µ1 µ2 µ3

206 3,56257 2,47787 4450 1,77294 0,95634 0,285 0,352 0,414
323 2,06946 1,29836 355 2,69428 2,05129 0,290 0,392 0,478
311 2,86595 1,96964 561 3,12935 2,19645 0,263 0,371 0,482
319 2,53975 1,56943 964 2,86341 1,89749 0,275 0,348 0,409
267 1,86186 1,10946 1387 2,06846 1,39465 0,244 0,330 0,402

1595 2,29526 1,65823 217 2,09746 1,86128 0,337 0,481 0,641
1595 3,75619 2,67823 6638 2,96421 2,10674 0,321 0,401 0,507

169 3,52678 2,84369 8612 3,35965 2,38138 0,305 0,429 0,572
569 2,62487 1,75482 384 2,04827 1,82374 0,344 0,452 0,595
388 1,62795 0,98243 614 1,82671 1,24897 0,397 0,502 0,628
404 1,48267 0,89247 377 2,17955 1,55217 0,245 0,335 0,429

á¬ëá«®¢®£® á®¤¥à¦�−¨ï | ¡ë«¨ ¢ëç¨á«¥−ë ¬¥àë ¡«¨§®áâ¨ ¬¥¦¤ã ¤®ªã¬¥−â�¬¨
¬¥â®¤®¬ ãáâ�−®¢«¥−¨ï ª®á¨−ãá� ã£«� ¬¥¦¤ã ¢¥ªâ®à�¬¨ §−�ç¥−¨© −�¨¬¥−®¢�−¨©
¯®−ïâ¨©.

Œ¥àã ¡«¨§®áâ¨ ¬¥¦¤ã ¤®ªã¬¥−â�¬¨ ¬®¦−® ãáâ�−®¢¨âì ¯® á«¥¤ãîé¥© ä®à-
¬ã«¥:

µ (ni, nj) =

∑
t
nitnjt

√∑
m
n2im

√∑
k
n2jk

,

£¤¥ nit | §−�ç¥−¨¥ ¢¥á� −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï t ¢ ¤®ªã¬¥−â¥ ni; njt | §−�ç¥−¨¥
¢¥á� −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï t ¢ ¤®ªã¬¥−â nj;

∑
m nim | áã¬¬� ¢á¥å §−�ç¥-

−¨© −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¢ ¤®ªã¬¥−â¥ ni;
∑

k njk | áã¬¬� ¢á¥å §−�ç¥−¨©
−�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¢ ¤®ªã¬¥−â¥ nj.

‚ â�¡«. 2 ¯à¨¢¥¤¥−ë áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ® à¥§ã«ìâ�â�å áà�¢−¥−¨ï ¬¥à
¡«¨§®áâ¨, ¢ëç¨á«¥−−ëå ¤«ï à�§−ëå ¬¥à §−�ç¨¬®áâ¨ (¬¥à� ¡«¨§®áâ¨ µ1 ¢ëç¨á«¥-
−� ¤«ï áâ�â¨áâ¨ç¥áª®© ¬¥àë §−�ç¨¬®áâ¨ TF-IDF, ¬¥à� ¡«¨§®áâ¨ µ2 ¢ëç¨á«¥−�
¤«ï ¬¥àë á¬ëá«®¢®© §−�ç¨¬®áâ¨ M3, ¬¥à� ¡«¨§®áâ¨ µ3 ¢ëç¨á«¥−� ¤«ï ®¡é¥©
¬¥àë á¬ëá«®¢®© §−�ç¨¬®áâ¨ M6). †¨à−ë¬ èà¨äâ®¬ ¯®¬¥ç¥−ë ¬¥àë ¡«¨§®áâ¨
¤®ªã¬¥−â®¢, ¯à¥®¤®«¥¢è¨å ¯®à®£®¢®¥ §−�ç¥−¨¥ µ3 ≥ 0,4.

7 Анализ результатов автоматической кластеризации текстов

�¢â®¬�â¨ç¥áª�ï ª«�áâ¥à¨§�æ¨ï ¢ë¯®«−ï«�áì ¯ãâ¥¬ ¢ëç¨á«¥−¨ï ¬¥àë á¬ëá-
«®¢®© ¡«¨§®áâ¨ ¬¥¦¤ã ¤®ªã¬¥−â�¬¨. ÷¥§ã«ìâ�â ä®à¬¨à®¢�−¨ï ª«�áâ¥à®¢ §�-
ª«îç�«áï ¢ â®¬, çâ® ¢®ªàã£ ®¤−®£® ¨§ ¤®ªã¬¥−â®¢ ä®à¬¨à®¢�«�áì £àã¯¯� ¤àã£¨å
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¤®ªã¬¥−â®¢, ¬¥à� á¥¬�−â¨ç¥áª®© ¡«¨§®áâ¨ ª®â®àëå ¡ë«� ¡®«ìè¥ ¨«¨ à�¢−� 0,4.
„�−−ë© ª®íää¨æ¨¥−â ¬¥àë ¡ë« à�−¥¥ ãáâ�−®¢«¥− ¢ à�¡®â¥ [1].

�−�«¨§ ¢«¨ï−¨ï ª®àà¥«¨àãîé¨å á¥¬�−â¨ç¥áª¨å ª®íää¨æ¨¥−â®¢ −� à¥§ã«ì-
â�âë ª«�áâ¥à¨§�æ¨¨ â¥ªáâ®¢®£® ¬�áá¨¢� ‘Œˆ ¯®ª�§�«, çâ®:

(1) ª®íää¨æ¨¥−â Kd, ãç¨âë¢�îé¨© à�á¯®§−�¢�¥¬®áâì á«®¢ ¯à¨ ¨å −®à¬�«¨§�-
æ¨¨, ã¢¥«¨ç¨¢�¥â ¢¥á §−�ç¨¬ëå ¯®−ïâ¨© ¢ áà¥¤−¥¬ −� 2%;

(2) ª®íää¨æ¨¥−â Kz, ãç¨âë¢�îé¨© ¢å®¦¤¥−¨¥ ¢ §�£®«®¢ª¨ á«®¢ ¨«¨ á«®¢®á®-
ç¥â�−¨©, ã¢¥«¨ç¨¢�¥â ¢¥á §−�ç¨¬ëå ¯®−ïâ¨© ¢ áà¥¤−¥¬ −� 2%;

(3) ª®íää¨æ¨¥−â Kt, ãç¨âë¢�îé¨© ¢å®¦¤¥−¨¥ ¢ â¥§�ãàãá á«®¢ ¨«¨ á«®¢®á®ç¥-
â�−¨©), ã¢¥«¨ç¨¢�¥â ¢¥á §−�ç¨¬ëå ¯®−ïâ¨© ¢ áà¥¤−¥¬ −� 2%;

(4) ª®íää¨æ¨¥−â Kn, ãç¨âë¢�îé¨© ç¨á«® á«®¢ ¢ á«®¢®á®ç¥â�−¨¨, ã¢¥«¨ç¨¢�¥â
¢¥á §−�ç¨¬ëå ¯®−ïâ¨© ¢ áà¥¤−¥¬ −� 2%;

(5) ª®íää¨æ¨¥−â Ks, ãç¨âë¢�îé¨© á¨−â�ªá¨ç¥áªãî à®«ì á«®¢� ¨«¨ á«®¢®-
á®ç¥â�−¨ï ¢ ¯à¥¤«®¦¥−¨¨, ã¢¥«¨ç¨¢�¥â ¢¥á §−�ç¨¬ëå ¯®−ïâ¨© ¢ áà¥¤−¥¬
−� 5%;

(6) ª®íää¨æ¨¥−â Kf , ãç¨âë¢�îé¨© ¯à¨−�¤«¥¦−®áâì ¯®−ïâ¨ï ª ä�¬¨«ì−®-
¨¬¥−−®© £àã¯¯¥, ¡à¥−¤ã ¨ ¤à., ã¢¥«¨ç¨¢�¥â ¢¥á §−�ç¨¬ëå ¯®−ïâ¨© ¢ áà¥¤−¥¬
−� 1%.

‚ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï ª«�áâ¥à¨§�æ¨¨ â¥ªáâ®¢®£® ¬�áá¨¢� ‘Œˆ, ¢ª«îç�-
îé¥£® 3004 ¤®ªã¬¥−â�, ¡ë«® ¢ëï¢«¥−® 189 ª«�áâ¥à®¢ áâ�−¤�àâ−ë¬ ¬¥â®¤®¬ ãáâ�-
−®¢«¥−¨ï á¬ëá«®¢®© §−�ç¨¬®áâ¨ −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, ¢ á®®â¢¥âáâ¢¨¨ á ¯à¥¤«®-
¦¥−−ë¬¨ ¬¥â®¤�¬¨ ãáâ�−®¢«¥−¨ï á¬ëá«®¢®© §−�ç¨¬®áâ¨ −�¨¬¥−®¢�−¨© ¯®−ïâ¨©
¡ë«® ¢ëï¢«¥−® 115 ª«�áâ¥à®¢ ¤®ªã¬¥−â®¢, ®¡ê¥¤¨−ïîé¨å â�ª¨¥ â¥¬ë, ª�ª ú’�-
à¨äë †Š•û, ú�−¥à£¥â¨ª�û, ú‘¯®àâû, ú—¥¬¯¨®−�â ¯® äãâ¡®«ãû, ú—¥¬¯¨®−�â
¬¨à� ¯® ¡®ªáãû, ú‹¥£ª�ï �â«¥â¨ª�û, ú„®¯¨−£ ¢ á¯®àâ¥û, úŠ�−¤¨¤�â −� ¯®áâ
£«�¢ë ¯�àâ¨¨ ‡¥«¥−áª®£®û, ú�à¥¤¢ë¡®à−�ï ª�¬¯�−¨ï ‚«�¤¨¬¨à� ‡¥«¥−áª®£®û
¨ àï¤ ¤àã£¨å â¥¬. ‚ë¡®à®ç−�ï íªá¯¥àâ−�ï ®æ¥−ª� á®¤¥à¦�−¨ï ¤®ªã¬¥−â®¢ íâ¨å
ª«�áâ¥à®¢ ¯®¤â¢¥à¤¨«� ¯à�¢¨«ì−®áâì ¯à¥¤«®¦¥−−ëå ¬¥â®¤®¢.

8 Программная реализация

‚ à�¬ª�å ¢ë¯®«−ï¥¬®£® ¨áá«¥¤®¢�−¨ï ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¯à®-
¢¥àª¨ íää¥ªâ¨¢−®áâ¨ ®¯¨á�−−ëå ¬¥â®¤®¢, ¬®¤¥«¥© ¨ �«£®à¨â¬®¢ ¯à¨ ãç�áâ¨¨
�¢â®à®¢ ¨áá«¥¤®¢�−¨ï ¡ë«® à�§à�¡®â�−® íªá¯¥à¨¬¥−â�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á-
¯¥ç¥−¨¥, à¥�«¨§ãîé¥¥ ¯à®æ¥áá ª«�áâ¥à¨§�æ¨¨ ¤®ªã¬¥−â®¢ ‘Œˆ −� ¡�§¥ ¯à®-
£à�¬¬−®-â¥å−®«®£¨ç¥áª®© ¯«�âä®à¬ë Œ¥â�”à�§ [10]. �¡é�ï áå¥¬� à�§à�¡®â�−-
−®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¯à¨¢¥¤¥−� −� à¨áã−ª¥.

9 Заключение

�à¨ à¥è¥−¨¨ §�¤�ç¨ ª«�áâ¥à¨§�æ¨¨ á®®¡é¥−¨© ‘Œˆ ¯®ª�§�−� ¯à¨−æ¨¯¨-
�«ì−�ï ¢®§¬®¦−®áâì ¥¥ à¥�«¨§�æ¨¨ −� ®á−®¢¥ à�§à�¡®â�−−®© �¢â®à�¬¨ ¬¥â®¤¨ª¨
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Œ¥â®¤ ª«�áâ¥à¨§�æ¨¨ −®¢®áâ−ëå á®®¡é¥−¨© ‘Œˆ −� ®á−®¢¥ ¨å ª®−æ¥¯âã�«ì−®£® �−�«¨§�

�à®£à�¬¬−®-¨−ä®à¬�æ¨®−−�ï �àå¨â¥ªâãà� ¯®¤á¨áâ¥¬ë ª«�áâ¥à¨§�æ¨¨ â¥ªáâ®¢

�¢â®¬�â¨ç¥áª®£® ¢ëç¨á«¥−¨ï ¬¥àë á¬ëá«®¢®© §−�ç¨¬®áâ¨ −�¨¬¥−®¢�−¨© ¯®−ïâ¨©
¤®ªã¬¥−â®¢ ¨ â¥å−®«®£¨© �¢â®¬�â¨ç¥áª®£® á®áâ�¢«¥−¨ï ¤¥ª«�à�â¨¢−ëå áà¥¤áâ¢
¤«ï ª«�áâ¥à¨§�æ¨¨ ¤®ªã¬¥−â®¢, ¡�§¨àãîé¨åáï −� ¬¥â®¤�å ¨å á¥¬�−â¨ª®-á¨−â�ª-
á¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§�.
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�� ®á−®¢¥ ¯à¥¤«®¦¥−−®© ¬¥â®¤¨ª¨ ¢ëç¨á«¥−¨ï ¬¥àë á¬ëá«®¢®© §−�ç¨¬®áâ¨
−�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¨ á®§¤�−−ëå ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï −�áâ®ïé¥£® ¨áá«¥-
¤®¢�−¨ï ¯à®£à�¬¬−ëå ¨ ¤¥ª«�à�â¨¢−ëå áà¥¤áâ¢ ¡ë« ¯à®¢¥¤¥− íªá¯¥à¨¬¥−â ¯®
®¡à�¡®âª¥ ¯à¥¤áâ�¢¨â¥«ì−®£® ¬�áá¨¢� á®®¡é¥−¨© ‘Œˆ. �−�«¨§ ¯®«ãç¥−−ëå à¥-
§ã«ìâ�â®¢ ¯®ª�§�«, çâ® ¯à¨ �¢â®¬�â¨ç¥áª®¬ ãáâ�−®¢«¥−¨¨ á¬ëá«®¢®© §−�ç¨¬®áâ¨
â¥ªáâ®¢ëå −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¨á¯®«ì§®¢�−¨¥ á¥¬�−â¨ç¥áª¨å ª®àà¥«¨àãîé¨å
ª®íää¨æ¨¥−â®¢ ¯®−ïâ¨© ¯®¢ëè�¥â â®ç−®áâì ãáâ�−®¢«¥−¨ï á¬ëá«®¢®© áå®¦¥áâ¨
¬¥¦¤ã ¤®ªã¬¥−â�¬¨.
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Abstract: The article describes the solution of a clustering news media reports
based on the technique developed by authors of automatic calculation of a mea-
sure of semantic meaningfulness of the names of concepts of documents using
their statistical, syntactic, and semantic features and technologies of automatic
generation of declarative means for clustering documents based on the methods of
their semantic-syntactic and conceptual analysis. On the basis of the suggested
technique of calculation of a measure of semantic meaningfulness of the names
of concepts and the software and declarative means created by the study process,
an experiment was conducted to process a representative array of news media
reports. The analysis of the results showed that the use of semantic correlating
coefficients of concepts improves the accuracy of establishing semantic similarity
between documents at automatically establishing the semantic meaningfulness of
textual names of concepts.
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ИНДЕКС КОНТЕКСТНОГО НАУЧНОГО ЦИТИРОВАНИЯ∗

И. В. Галина1, М. М. Шарнин2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï �¢â®àáª¨© ¯®ª�§�â¥«ì ª�ç¥áâ¢� −�ãç−®©
áâ�âì¨ | ¨−¤¥ªá ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï (ˆŠ�–) ¨ á¢ï§ì ˆŠ�–
¨ ¨−¤¥ªá� −�ãç−®£® æ¨â¨à®¢�−¨ï (ˆ�–) á ¤àã£¨¬ �¢â®àáª¨¬ ¯®ª�§�â¥«¥¬ |
¬¥à®© ¯®¤®¡¨ï (¬¥à®© á¥¬�−â¨ç¥áª®£® áå®¤áâ¢�) ¤¢ãå ¯à®¨§¢®«ì−ëå â¥ªáâ®¢.
�à¨¢¥¤¥−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢, ¢ ç�áâ−®áâ¨ ¨§ãç¥−� ª®àà¥«ïæ¨ï ¬¥¦-
¤ã ˆŠ�– ¨ ˆ�–, §�¢¨áïé�ï ®â §−�ç¥−¨ï ¯®à®£� á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï.
�� ®á−®¢¥ ¬®¤¥«¨à®¢�−¨ï §−�ç¥−¨© −¥§�¢¨á¨¬ëå ¯¥à¥¬¥−−ëå ¨ ¨å ª®íää¨æ¨-
¥−â®¢ à¥£à¥áá¨¨ ¯à¥¤«®¦¥−� ¯à®£−®áâ¨ç¥áª�ï ¬�â¥¬�â¨ç¥áª�ï ¢¥à®ïâ−®áâ−�ï
¬®¤¥«ì §�¢¨á¨¬®áâ¨ ç¨á«� ¯àï¬ëå æ¨â¨à®¢�−¨© ®â ç¨á«� −¥ï¢−ëå ááë«®ª ¨ ¨å
¯�à�¬¥âà®¢.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë; ¨−¤¥ªá ª®−â¥ªáâ−®£® −�ãç-
−®£® æ¨â¨à®¢�−¨ï; ¬¥à� á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï; ï¢−ë¥ ¨ −¥ï¢−ë¥ ááë«ª¨
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1 Введение

��áâ®ïé�ï áâ�âìï ¯à¥¤áâ�¢«ï¥â ç�áâì ¯à®¥ªâ� ¯® à�§à�¡®âª¥ á¥¬�−â¨ç¥áª¨å
¬¥â®¤®¢ ¯®áâà®¥−¨ï ¨−¤¥ªá� ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï. Š®−¥ç−�ï
æ¥«ì | �¢â®¬�â¨§�æ¨ï ¯®«ãç¥−¨ï −®¢®£® ¯®ª�§�â¥«ï ª�ç¥áâ¢� −�ãç−®© áâ�âì¨ |
ˆŠ�–, á¯®á®¡−®£® ¯à®£−®§¨à®¢�âì ¡ã¤ãé¨¥ §−�ç¥−¨ï áâ�−¤�àâ−®£® ¨−¤¥ªá�
−�ãç−®£® æ¨â¨à®¢�−¨ï, ª®â®àë© à�ááç¨âë¢�¥âáï ¯® ç¨á«ã ¯àï¬ëå ¡¨¡«¨®£à�-
ä¨ç¥áª¨å ááë«®ª −� áâ�âìî. �à®¥ªâ ¢ª«îç�¥â á®§¤�−¨¥ ª®à¯ãá®¢ ¥áâ¥áâ¢¥−−®-
ï§ëª®¢ëå â¥ªáâ®¢, ®â−®áïé¨åáï ª ¢ë¡à�−−ë¬ ¯à¥¤¬¥â−ë¬ ®¡«�áâï¬, −� ®á−®¢¥
®¡à�¡®âª¨ ¡®«ìè®£® ¯®â®ª� á¥â¥¢ëå ¤�−−ëå ¤«ï ¯®¨áª� ¤®¯®«−¨â¥«ì−ëå −¥-
ï¢−ëå á¢ï§¥© ¬¥¦¤ã ¤®ªã¬¥−â�¬¨ (−¥ä®à¬�«ì−ëå ááë«®ª). �� ¢ë¤¥«¥−−ëå
â¥¬�â¨ç¥áª¨å ª®««¥ªæ¨ïå ¡ë« ¯à®¢¥¤¥− àï¤ íªá¯¥à¨¬¥−â®¢ [1{4].

‘¡®à â¥ªáâ®¢ ®áãé¥áâ¢«ï«áï ¨§ ®âªàëâëå ¨áâ®ç−¨ª®¢, ¢ â®¬ ç¨á«¥ ¨§ àãá-
áª®© ‚¨ª¨¯¥¤¨¨, ¨§ á®æ¨�«ì−ëå á¥â¥©, � â�ª¦¥ ¯à®¢®¤¨«áï ¯®¨áª áâ�â¥© ¯®
á¢ï§ï¬ æ¨â¨à®¢�−¨ï ¢ Google. ‡� áç¥â ªàã£«®áãâ®ç−®© à�¡®âë ¤¢ãå á¥à¢¥à®¢
¯®áâ®ï−−® ã¢¥«¨ç¨¢�¥âáï ®¡ê¥¬ ª®à¯ãá®¢, ¨§ ª®â®àëå ¡ë«¨ ¢ë¤¥«¥−ë ¯®¤ª«�ááë
íªá¯¥à¨¬¥−â�«ì−ëå (®¡ãç�îé¨å) ¢ë¡®à®ª ¯® â¥¬�¬ úŠ®¬¯ìîâ¥à−�ï £à�ä¨ª�,

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 19-07-00857
¨ 16-07-00756).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, irn gl@mail.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, mc@keywen.com
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ˆ−¤¥ªá ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï

¢¨§ã�«¨§�æ¨ï ¨ ¢¨àâã�«ì−®¥ ®ªàã¦¥−¨¥ ¢ ‘‘‘÷ ¨ ÷®áá¨¨ (Šƒ‚)û, ú�¢â®−®¬-
−ë¥ −¥®¡¨â�¥¬ë¥ ¯®¤¢®¤−ë¥ �¯¯�à�âëû (����), ú�®«¨â¨ç¥áª¨© íªáâà¥¬¨§¬û
¨ ¤à. ’�ª, ¯® â¥¬¥ ���� ¡ë« ¯®«ãç¥− ®¡é¨© á«®¢�àì á«®¢®á®ç¥â�−¨© ®¡ê-
¥¬®¬ 53 000 â¥à¬¨−®¢, ¨§ ª®â®à®£® ¢ë¤¥«¥− á«®¢�àì ª«îç¥¢ëå á«®¢®á®ç¥â�−¨©
¢ 870 â¥à¬¨−®¢. �®«ãç¥−−ë© ª®à¯ãá, á®áâ�¢«ï¢è¨© ¢ 2016 £. ¡®«¥¥ 100 ƒ�
(¢ â®¬ ç¨á«¥ ¯® â¥¬�â¨ª¥ Šƒ‚ ¡®«¥¥ 10 ƒ� â¥ªáâ®¢, ¨§ ª®â®àëå ¡ë«® ¢ë¤¥«¥−®
ï¤à®, á®¤¥à¦�é¥¥ 350 Œ� à�§«¨ç−ëå −¥¯®¢â®àïîé¨åáï äà�§), ¢ 2017 £. ¡ë«
¤®¢¥¤¥− ¤® ®¡ê¥¬� ¢ 240 ƒ�. ÷�§¬¥à ª®««¥ªæ¨¨-2016 ¯® â¥¬�â¨ª¥ Šƒ‚, á®áâ�¢-
«ï¢è¨© ¯®çâ¨ 1000 áâ�â¥©, ¨§ ª®â®à®© ¡ë« ¢ë¤¥«¥− íªá¯¥à¨¬¥−â�«ì−ë© ª®à¯ãá
¢ 120 á¢ï§�−−ëå ¬¥¦¤ã á®¡®© áâ�â¥©, ¢ 2017 £. ¢ëà®á ¡®«¥¥ ç¥¬ ¢¤¢®¥, � íªá¯¥à¨-
¬¥−â�«ì−ë© ª®à¯ãá à�áè¨à¨«áï ¤® 250 áâ�â¥©, á¢ï§�−−ëå ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨
ááë«ª�¬¨ [2].

2 Индекс контекстного научного цитирования

Œ¥â®¤¨ª� ®æ¥−ª¨ ª�ç¥áâ¢� −�ãç−ëå áâ�â¥© à�§à�¡�âë¢�¥âáï −� ®á−®¢¥ ¢¥-
à®ïâ−®áâ−®© ¬®¤¥«¨ ¢«¨ï−¨ï (impact) −�ãç−®© áâ�âì¨ −� ááë«ª¨ ¨ ¨¤¥¨ ¢ ¯®á«¥-
¤ãîé¨å áâ�âìïå, � â�ª¦¥ −� ®á−®¢¥ ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−¨ï ¨¤¥¨ ¢ ¢¨¤¥ ¬−®¦¥áâ¢�
¯®å®¦¨å ¯® á¬ëá«ã äà�§ [1,2,4]. �¥à¢�ï ¯®¯ëâª� ¯à¨¬¥−¥−¨ï ˆŠ�– á®áâ®ï«�áì
−� ª®à¯ãá¥ ¯® ª®¬¯ìîâ¥à−®© £à�ä¨ª¥ (Šƒ‚) [1]. ˆ−¤¥ªá ª®−â¥ªáâ−®£® −�ãç−®£®
æ¨â¨à®¢�−¨ï à�ááç¨âë¢�¥âáï �¢â®¬�â¨ç¥áª¨ ¯® −¥ï¢−ë¬ ª®−â¥ªáâ−ë¬ ááë«ª�¬
−� áâ�âìî ¨ á¢ï§�− á® áâ�â¨áâ¨ç¥áª®© ¢¥à®ïâ−®áâìî ®¦¨¤�¥¬®£® ¯®ï¢«¥−¨ï ¯àï-
¬ëå ¡¨¡«¨®£à�ä¨ç¥áª¨å ááë«®ª. �− ¯®§¢®«ï¥â ¤¥«¨âì −®¢ë¥ áâ�âì¨ −� £àã¯¯ë
¨ à�−¦¨à®¢�âì ¨å ¯® ª�ç¥áâ¢ã. �¥ï¢−ë¥ ááë«ª¨ ¢ áâ�âì¥ | íâ® ã¯®¬¨−�−¨ï
çã¦¨å ¨¤¥© ¨ ¨å �¢â®à®¢. ˆ−¤¥ªá ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï ¯®«¥§¥−
¤«ï ®¡−�àã¦¥−¨ï −®¢ëå ¤®ªã¬¥−â®¢ (−�ãç−ëå áâ�â¥©), â�ª çâ®¡ë −�¨¡®«¥¥ §−�-
ç¨¬ë¥ ¤®ªã¬¥−âë ¬®£«¨ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ ¡®«ìè¥¬ ª®«¨ç¥áâ¢¥. �¡ëç−® ¤«ï
®¡−�àã¦¥−¨ï §−�ç¨¬ëå −�ãç−ëå ¤®ªã¬¥−â®¢ ¨á¯®«ì§ã¥âáï áâ�−¤�àâ−ë© ˆ�–,
−® ç¥à¥§ ˆ�– −¥¢®§¬®¦−® ¯à®�−�«¨§¨à®¢�âì −®¢ë¥ ¤®ªã¬¥−âë á −ã«¥¢ë¬ §−�-
ç¥−¨¥¬ ˆ�–, � ˆŠ�– á¯®á®¡¥− ¨å �−�«¨§¨à®¢�âì, â�ª ª�ª ãç¨âë¢�¥â ¨ −¥ï¢−ë¥
ááë«ª¨ −� áâ�âìî.

‚¥à®ïâ−®áâ−�ï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¢¨á¨¬®áâ¨ ç¨á«� ¯àï¬ëå æ¨-
â¨à®¢�−¨© ®â ç¨á«� −¥ï¢−ëå ááë«®ª ¨ ¨å ¯�à�¬¥âà®¢ áâà®¨âáï −� ®á−®¢¥
«¨−£¢¨áâ¨ç¥áª®£® ¯à®æ¥áá®à�, ¢ë¤¥«ïîé¥£® −¥ï¢−ë¥ ááë«ª¨ [5]; ¯à®æ¥áá®à −�-
áâà�¨¢�¥âáï á ¯®¬®éìî ¬¥â®¤� ¬�è¨−−®£® ®¡ãç¥−¨ï â�ª, çâ®¡ë ª®àà¥«ïæ¨ï ¬¥¦¤ã
¨−¤¥ªá�¬¨ ˆ�– ¨ ˆŠ�– ¡ë«� ¬�ªá¨¬�«ì−®©. ��§®© ¤«ï à�§à�¡®âª¨ ¯à¨−æ¨¯®¢
¯®áâà®¥−¨ï −¥ï¢−ëå ááë«®ª ¬¥¦¤ã ¤®ªã¬¥−â�¬¨ ï¢«ï¥âáï ¯®¤å®¤, ¯®§¢®«ïîé¨©
®áãé¥áâ¢«ïâì ¯®¨áª à¥«¥¢�−â−®© ¨−ä®à¬�æ¨¨ −¥ â®«ìª® ¯® ª«îç¥¢ë¬ á«®¢�¬, −®
¨ ¯® �áá®æ¨�æ¨ï¬, ®¯®áà¥¤®¢�−−ë¬ ®â−®è¥−¨ï¬. ‚ ¥£® ®á−®¢¥ «¥¦¨â ¯à¥¤áâ�¢-
«¥−¨¥ ® â®¬, çâ® ¨¤¥¨ ¬®£ãâ ¡ëâì �¤¥ª¢�â−® ¢ëà�¦¥−ë ¬−®¦¥áâ¢®¬ áå®¤−ëå ¯®
á¬ëá«ã äà�§ ¨«¨ ¬−®¦¥áâ¢®¬ â¥à¬¨−®¢ (¡«¨§ª¨¬ �−�«®£®¬ ¯à¥¤«�£�¥¬®£® ¯®¤å®-
¤� ¢ëà�¦¥−¨ï ¨¤¥©/â¥¬ ï¢«ï¥âáï ®¤¨− ¨§ ¬¥â®¤®¢ â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï:
¬¥â®¤ «�â¥−â−®£® à�§¬¥é¥−¨ï „¨à¨å«¥ | LDA).
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�à¨ á®§¤�−¨¨ â¥ªáâ®¢ëå ª®««¥ªæ¨© −¥®¡å®¤¨¬® à¥è¨âì §�¤�ç¨ ®¯à¥¤¥«¥−¨ï
á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï ¤®ªã¬¥−â®¢ ¨ äà�§, ¢ëï¢«¥−¨ï á¥¬�−â¨ç¥áª¨å á¢ï§¥©
¬¥¦¤ã â¥à¬¨−�¬¨, � â�ª¦¥ ª«�áá¨ä¨ª�æ¨¨ ¤®ªã¬¥−â®¢ ¯® ª�â¥£®à¨ï¬ ¢ �¢â®-
¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥. ‘¬ëá«®¢®¥ áå®¤áâ¢® äà�§ ®¯à¥¤¥«ï¥âáï á ¯®¬®éìî
£à�¬¬�â¨ç¥áª¨å âà�−áä®à¬�æ¨©, ¯¥à¥¢®¤−ëå íª¢¨¢�«¥−â®¢, á¨−®−¨¬¨¨ ¨ äã−ª-
æ¨®−�«ì−®© á¨−®−¨¬¨¨, � â�ª¦¥ á ¯®¬®éìî ®¡−�àã¦¥−¨ï �áá®æ¨�â¨¢−ëå á¢ï-
§¥©, ¢ëï¢«¥−−ëå ¯® �¢â®àáª®© ¬¥â®¤¨ª¥ ¯®áâà®¥−¨ï �áá®æ¨�â¨¢−®£® ¯®àâà¥â�
¯à¥¤¬¥â−®© ®¡«�áâ¨ (����). „«ï áâàãªâãà¨§�æ¨¨ â¥ªáâ®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¯®áâà®¥−¨ï ¨¥à�àå¨¨ ª�â¥£®à¨© ¨á¯®«ì§ã¥âáï �¢â®àáª�ï ¬¥â®¤¨ª� ¯®áâà®¥−¨ï
�áá®æ¨�â¨¢−®-¨¥à�àå¨ç¥áª®£® ¯®àâà¥â� ¯à¥¤¬¥â−®© ®¡«�áâ¨ (�ˆ���), £¤¥ ¤«ï
à�áç¥â� ¨¥à�àå¨ç¥áª¨å á¢ï§¥© ¬¥¦¤ã §−�ç¨¬ë¬¨ äà�£¬¥−â�¬¨ â¥ªáâ� ¨á¯®«ì-
§ãîâáï ¬¥â®¤ë â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (’Œ), â�ª¨¥ ª�ª LDA [6]. „«ï
ã«ãçè¥−¨ï ¯�à�¬¥âà®¢ ¨¥à�àå¨ç¥áª®© ª«�áâ¥à¨§�æ¨¨ â¥à¬¨−®¢ ’Œ ¯à¨¬¥−ï¥âáï
á®¢¬¥áâ−® á ¬®¤¥«ï¬¨ ¤¨áâà¨¡ãâ¨¢−®© á¥¬�−â¨ª¨ ¨ á¥¬�−â¨ç¥áª¨å ¢¥ªâ®à−ëå
¯à®áâà�−áâ¢. �à£�−¨§�æ¨ï ª®««¥ªæ¨¨ â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ ¢ ¢¨¤¥ ª«�áâ¥à®¢
¯à®¨§¢®¤¨âáï â�ª, çâ®¡ë ¤®ªã¬¥−âë ¢ ¯à¥¤¥«�å ª�¦¤®£® ª«�áâ¥à� ¡ë«¨ ¯®å®¦¨.
’¥ªáâ ®¡ëç−® ®â®¡à�¦�¥âáï ¢ ¢¥ªâ®à−®¬ ¯à®áâà�−áâ¢¥ (¢ ¢¨¤¥ ú¬¥èª� á«®¢û),
¨ ª�¦¤ë© ¤®ªã¬¥−â ¯à¥¤áâ�¢«ï¥âáï ª�ª ¢¥ªâ®à ¯à¨§−�ª®¢ á ¨á¯®«ì§®¢�−¨¥¬ áå¥¬ë
¢§¢¥è¨¢�−¨ï. ‡�â¥¬ ¢ë¯®«−ï¥âáï ª«�áâ¥à¨§�æ¨ï ¯ãâ¥¬ ¨§¬¥à¥−¨ï à�ááâ®ï−¨ï
¬¥¦¤ã ¢¥ªâ®à�¬¨ ¯à¨§−�ª®¢. ‚ë¤¥«¥−−ë¥ ¯® ãª�§�−−ë¬ ¬¥â®¤¨ª�¬ �áá®æ¨�-
â¨¢−ë¥ ¨ ¨¥à�àå¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã §−�ç¨¬ë¬¨ á«®¢®á®ç¥â�−¨ï¬¨ ¯®§¢®«ïîâ
à�§à�¡�âë¢�âì ¡®«¥¥ á®¢¥àè¥−−ë¥ ¬¥â®¤ë ¨ ¬¥âà¨ª /̈¬¥àë ¯®¤®¡¨ï −�ãç−ëå
â¥ªáâ®¢. ‘®§¤�îâáï â¥¬�â¨ç¥áª¨¥ ª®««¥ªæ¨¨ ¨ ¢ë¡®àª¨ ¤®ªã¬¥−â®¢, á¢ï§�−−ëå
ä®à¬�«ì−ë¬¨ ¡¨¡«¨®£à�ä¨ç¥áª¨¬ ááë«ª�¬¨, � â�ª¦¥ á®¤¥à¦�é¨¥ áå®¤−ë¥ â¥ª-
áâë, á¢ï§�−−ë¥ −¥ä®à¬�«ì−®. �¥ï¢−ë¥ á¢ï§¨ ®¡−�àã¦¨¢�îâáï á ¯®¬®éìî ¬¥àë
á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï (¢¢¥¤¥−−ë© �¢â®à�¬¨ ¯®ª�§�â¥«ì).

�¯¨á�−¨¥ ¬¥â®¤¨ª¨ ¯®áâà®¥−¨ï ˆŠ�– ¤¥â�«ì−® ¨§«®¦¥−® ¢ [4]. �à¨ ä®à¬¨-
à®¢�−¨¨ ª®à¯ãá®¢, á®¤¥à¦�é¨å ¢§ïâë¥ ¨§ ¨−â¥à−¥â� −�ãç−ë¥ áâ�âì¨, ¯à¨¬¥−ï¥âáï
�¢â®àáª�ï à�§à�¡®âª� úKeyCrawler ¤«ï á¨áâ¥¬ ¨§¢«¥ç¥−¨ï §−�−¨©û [7], ®áãé¥-
áâ¢«ïîé�ï −�¯à�¢«¥−−ë© á¥¬�−â¨ç¥áª¨© ¯®¨áª ¨ á¡®à ¤�−−ëå ¨§ ®âªàëâëå
¨áâ®ç−¨ª®¢ ¯® §�¤�−−ë¬ ª«îç¥¢ë¬ á«®¢�¬.

ˆ−¤¥ªá −�ãç−®£® æ¨â¨à®¢�−¨ï à�ááç¨âë¢�¥âáï �¢â®¬�â¨ç¥áª¨ á ¯®¬®éìî
«¨−£¢¨áâ¨ç¥áª®£® ¯à®æ¥áá®à� BREF (®á−®¢�− −� Pullenti [5]), ¢ë¤¥«ïîé¥£® ¨§
ª®««¥ªæ¨¨ ¤®ªã¬¥−â®¢ ¡¨¡«¨®£à�ä¨ç¥áª¨¥ ááë«ª¨ ¢ ¢¨¤¥ −�¯à�¢«¥−−®£® £à�ä�
ä®à¬�«ì−ëå ááë«®ª. „�«¥¥ ¯®¤áç¨âë¢�¥âáï ç¨á«® ä®à¬�«ì−ëå ááë«®ª (¢å®¤ï-
é¨å ¤ã£ £à�ä�) −� ª�¦¤ãî áâ�âìî. ‚ ¤�−−®¬ ¯à®¥ªâ¥ ˆ�– ¢ëç¨á«ï¥âáï −¥ ¯®
¡�§�¬ ÷ˆ�–, Scopus, Web of Science, � ¯® â¥ªáâ®¢ë¬ ª®à¯ãá�¬ | â¥¬�â¨ç¥áª¨¬
¢ë¡®àª�¬ −�ãç−ëå áâ�â¥©.

3 Мера подобия двух произвольных текстов (семантическое сходство)

Œ¥à� ¯®¤®¡¨ï (¬¥à� á¥¬�−â¨ç¥áª®£® áå®¤áâ¢�) | �¢â®àáª¨© ¯®ª�§�â¥«ì. ‚ë-
ç¨á«¥−¨¥ á¥¬�−â¨ç¥áª®© ¬¥àë ¯®¤®¡¨ï (¬¥àë −¥ï¢−®© á¢ï§�−−®áâ¨) ¬¥¦¤ã â¥ª-
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ˆ−¤¥ªá ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï

áâ�¬¨ ¢¥¤¥âáï −� á®§¤�−−ëå â¥¬�â¨ç¥áª¨å ª®à¯ãá�å. �â®â ¯®ª�§�â¥«ì ¡�§¨àã¥âáï
−� á®®â−®è¥−¨¨ ï¢−ëå (¡¨¡«¨®£à�ä¨ç¥áª¨å, ¯àï¬®¥ æ¨â¨à®¢�−¨¥) ¨ −¥ï¢−ëå
ááë«®ª, ª®£¤� â¥ªáâë á¢ï§�−ë ç¥à¥§ áå®¤−ë¥ â¥ªáâ®¢ë¥ äà�£¬¥−âë. ��à�¬¥â-
àë �«£®à¨â¬� à�áç¥â� ¤�−−®© ¬¥àë ®¯â¨¬¨§¨àãîâáï ¯® ¬�ªá¨¬ã¬ã ª®àà¥«ïæ¨¨
¨−¤¥ªá®¢ ˆ�– ¨ ˆŠ�–. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ¬¥à� −¥ï¢−®£® ¯®¤®¡¨ï (¬¥à�
áå®¤áâ¢�) | measure of implicit connection (MIC) | à�ááç¨âë¢�¥âáï ¯® á«¥¤ã-
îé¥© ä®à¬ã«¥:

MIC =
Sintersection

min(Stext1, Stext2)
· 100% ,

£¤¥ Sintersection | áã¬¬� ¢¥á®¢ ¢á¥å â¥à¬¨−®¢ (â¥ªáâ®¢ëå äà�£¬¥−â®¢), ¢ª«îç¥−-
−ëå ¢ ®¡� â¥ªáâ�; Stext1 | áã¬¬� ¢¥á®¢ ª«îç¥¢ëå á«®¢®á®ç¥â�−¨© (â¥à¬¨−®¢) ¯¥à-
¢®£® â¥ªáâ�; Stext2 | áã¬¬� ¢¥á®¢ ª«îç¥¢ëå á«®¢®á®ç¥â�−¨© (â¥à¬¨−®¢) ¢â®à®£®
â¥ªáâ�. Œ¥à� −¥ï¢−®£® ¯®¤®¡¨ï ¤¢ãå ¨¤¥−â¨ç−ëå â¥ªáâ®¢ à�¢−� 100%. ˆá¯®«ì-
§®¢�−¨¥ ¤�−−®© ¬¥àë ¯®¬®£�¥â −�å®¤¨âì ¯à®¯ãé¥−−ë¥ á¢ï§¨ ¬¥¦¤ã áâ�âìï¬¨.

‚ëï¢«¥−¨¥ ¨¬¯«¨æ¨â−®© á¢ï§�−−®áâ¨ ¤®ªã¬¥−â®¢ ¬¥¦¤ã á®¡®© ¢¥¤¥âáï á ¯®-
¬®éìî «¨−£¢¨áâ¨ç¥áª®£® ¯à®æ¥áá®à� −¥ï¢−ëå ááë«®ª (‹��‘), ®¡−�àã¦¨¢�îé¥-
£® −¥ï¢−ë¥ ááë«ª¨ á §�¤�−−ë¬¨ ¯�à�¬¥âà�¬¨ (¯®à®£¨ ¬¨−¨¬�«ì−®£® ¨ ¬�ªá¨-
¬�«ì−®£® á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï, ãç¥â ¢à¥¬¥−¨ ¯®ï¢«¥−¨ï áâ�â¥© ¨ â. ¤.). Š�ª
¨ ¯à®æ¥áá®à BREF, ‹��‘ ¯à¥¤áâ�¢«ï¥â á®¡®© ®â¢¥â¢«¥−¨¥ á¨áâ¥¬ë Pullenti [5]
¨ −�áâà�¨¢�¥âáï á ¯®¬®éìî ¬�è¨−−®£® ®¡ãç¥−¨ï â�ª, çâ®¡ë ª®àà¥«ïæ¨ï ¬¥¦¤ã
¨−¤¥ªá�¬¨ ˆ�– ¨ ˆŠ�– ¡ë«� ¬�ªá¨¬�«ì−®©. ‚ ‹��‘ ¢¥àá¨¨ 2018 £. ¤«ï
áà�¢−¥−¨ï á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï â¥ªáâ®¢ ¨á¯®«ì§ã¥âáï ¬¥à� ¡«¨§®áâ¨ â¥à¬¨−®¢
−� ®á−®¢¥ Word2Vec (â¥å−®«®£¨ï −¥©à®−−ëå á¥â¥©), � â�ª¦¥ ¬¥à� WMD (Word
Mover's Distance), ª®â®à�ï å®à®è® ®æ¥−¨¢�¥â à�ááâ®ï−¨¥ ¬¥¦¤ã ¬−®¦¥áâ¢�¬¨
â¥à¬¨−®¢ (¤«ï ®¯à¥¤¥«¥−¨ï á¥¬�−â¨ç¥áª®© ¡«¨§®áâ¨ â¥¬ ¨ £àã¯¯ â¥à¬¨−®¢) [8].

�¢â®¬�â¨§¨à®¢�−−ë© à�áç¥â ˆŠ�– ¢¥¤¥âáï −� ®á−®¢¥ â¥ªãé¥© ¢¥àá¨¨
‹��‘, à�¡®â�îé¥£® ¯® ¬¥â®¤ã ®¡−�àã¦¥−¨ï à¥«¥¢�−â−ëå äà�§. ˆ−¤¥ªá
ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï ¢ëç¨á«ï¥âáï −� ¬�â¥à¨�«¥ â¥ªáâ®¢ ¨§
â¥¬�â¨ç¥áª¨å ª®««¥ªæ¨© á ¯®¬®éìî �−�«¨§� â¥ªáâ� áâ�âì¨ ¨ áà�¢−¥−¨ï ¥£®
á â¥ªáâ�¬¨ ¤àã£¨å áâ�â¥© á ¨á¯®«ì§®¢�−¨¥¬ ¬¥àë á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï
(semantic similarity measure). ‚ ®¤−®© ¨§ ¢®§¬®¦−ëå à¥�«¨§�æ¨© �«£®à¨â¬�
¢ëç¨á«¥−¨ï ˆŠ�– à�¢¥− ç¨á«ã −¥ï¢−ëå á¢ï§¥©, ¯�à�¬¥âàë ª®â®àëå ®¯à¥¤¥«ï-
îâáï ç¥à¥§ á¥¬�−â¨ç¥áª®¥ áå®¤áâ¢®, â�ª çâ® ª®àà¥«ïæ¨ï ¬¥¦¤ã ˆŠ�– ¨ ˆ�–
¬�ªá¨¬¨§¨àã¥âáï. „�«¥¥ ®áãé¥áâ¢«ï¥âáï ¯à¥®¡à�§®¢�−¨¥ ¨−ä®à¬�æ¨¨ ®¡ ˆŠ�–
¢ à�§«¨ç−ãî ä®à¬ã: ¯® áâ�âìï¬ (à¥©â¨−£¨ áâ�â¥© ¨ âà¥å¬¥à−�ï ¢¨§ã�«¨§�æ¨ï
áâ�â¥© á ãç¥â®¬ §−�ç¨¬®áâ /̈̈ −¤¥ªá�), ¯® �¢â®à�¬, ¯® ®à£�−¨§�æ¨ï¬ ¨ â. ¤.

÷�áá¬®âà¨¬ ®¤¨− ¨§ íªá¯¥à¨¬¥−â®¢ á ˆŠ�– ¨ ¬¥à®© ¯®¤®¡¨ï, £¤¥ ¨á¯®«ì§®¢�-
«¨áì ¤¢� ª®à¯ãá� ¯® ª®¬¯ìîâ¥à−®© £à�ä¨ª¥ (Šƒ‚), á®¤¥à¦�é¨å 120 ¨ 250 áâ�â¥©,
á¢ï§�−−ëå ®ä¨æ¨�«ì−ë¬¨ ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨ ááë«ª�¬¨. �ªá¯¥à¨¬¥−â�«ì−ë©
ª®à¯ãá ¨§ 120 á¢ï§�−−ëå áâ�â¥© ¯® â¥¬¥ Šƒ‚, ¢§ïâëå ¨§ ¤®áâã¯−ëå ¢ ¨−â¥à−¥â¥
à®áá¨©áª¨å −�ãç−ëå ¯ã¡«¨ª�æ¨©, ¡ë« á®§¤�− ¢ 2016 £. �¥à¢®−�ç�«ì−® −�è«®áì
¡®«¥¥ 1000 áâ�â¥©, ®âªã¤� §�â¥¬ ¡ë«¨ �¢â®¬�â¨ç¥áª¨ ¢ë¡à�−ë 120 áâ�â¥©, á¢ï-
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§�−−ëå ä®à¬�«ì−®© ¡¨¡«¨®£à�ä¨ç¥áª®© ááë«ª®©. Œ¥à� ¯®¤®¡¨ï ¢ë¡à�−−ëå
¯�à ¬¥−ï«�áì ®â 1,39% ¤® 99%. �®«ìè¨−áâ¢® à�áá¬�âà¨¢�¥¬ëå ¯�à ¨¬¥«¨ ¬¥àã
¯®¤®¡¨ï ¬¥−¥¥ 4% ¨ ¢¥à®ïâ−®áâì −�«¨ç¨ï á¢ï§¨ ¬¥−¥¥ 30%. �ë«® ¯à¨−ïâ®, çâ®
¬¥¦¤ã ¤¢ã¬ï â¥ªáâ�¬¨ ¥áâì ¨¬¯«¨æ¨â−�ï á¢ï§ì, ¥á«¨ ¨å ¬¥à� ¯®¤®¡¨ï á®áâ�¢«ï¥â
¡®«¥¥ 8%. ‚¥à®ïâ−®áâì −�«¨ç¨ï á¢ï§¨ ¯® ¡¨¡«¨®£à�ä¨ç¥áª¨¬ ááë«ª�¬ ¬¥¦¤ã â�-
ª¨¬¨ â¥ªáâ�¬¨ ¡®«¥¥ 70%. ‚ 2017 £. íâ®â ª®à¯ãá ¡ë« à�áè¨à¥− ¤® 250 á¢ï§�−−ëå
áâ�â¥©. ‘�¬�ï æ¨â¨àã¥¬�ï áâ�âìï ¢ ®¡®¨å ª®à¯ãá�å æ¨â¨àã¥âáï 7 à�§ ¢ ª®à¯ãá¥
¨§ 120 áâ�â¥© ¨ 13 à�§ ¢ ª®à¯ãá¥ ¨§ 250 áâ�â¥©.

‚ áâ�âìïå ®¡¥¨å ª®««¥ªæ¨© ¯à¥¤áâ�¢«¥−® ¤¢� â¨¯� á¢ï§�−−®áâ¨: ä®à¬�«ì−�ï,
ª®£¤� â¥ªáâë á¢ï§�−ë ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨ ááë«ª�¬¨, ¨ ¨¬¯«¨æ¨â−�ï | ç¥à¥§

®¡é¨¥ (¨«¨ áå®¤−ë¥) â¥ªáâ®¢ë¥ äà�£-

÷¨á. 1 Š®àà¥«ïæ¨ï ¬¥¦¤ã ï¢−®© ¨ −¥ï¢-
−®© á¢ï§�−−®áâìî ¢ §�¢¨á¨¬®áâ¨ ®â ¯®à®£�
¤«¨−ë

¬¥−âë. Œ¥à� ¯®¤®¡¨ï (á¥¬�−â¨ç¥áª®-
£® áå®¤áâ¢�) ®á−®¢�−� −� á®®â−®è¥−¨¨
ï¢−ëå ¨ −¥ï¢−ëå ááë«®ª. �ªá¯¥à¨-
¬¥−â ¯®ª�§�«, çâ® ®¡� â¨¯� á¢ï§�−-
−®áâ¨ ª®àà¥«¨à®¢�−ë. �� ¯¥à¢¨ç−®¬
ª®à¯ãá¥ ¨§ 120 áâ�â¥© ¡ë«¨ −�©¤¥-
−ë ¯�à�¬¥âàë ®¯â¨¬�«ì−®© ®¡à�¡®âª¨
â¥ªáâ�, ¯à¨ ª®â®àëå ª®àà¥«ïæ¨ï ¬�ª-
á¨¬�«ì−� ¨ ¤®áâ¨£�¥â ¯à¨¬¥à−® 55%.
‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ¢¥á â¥ªáâ®¢®£®
äà�£¬¥−â� à�¢¥− ¤«¨−¥ íâ®£® äà�£-
¬¥−â�, ¥á«¨ ¤«¨−� ¯à¥¢ëè�¥â ®¯à¥¤¥-
«¥−−ë© ¯®à®£. ‚¥á à�¢¥− −ã«î, ¥á«¨
¤«¨−� ¬¥−ìè¥ íâ®£® ¯®à®£�. ÷¥§ã«ìâ�-
âë íªá¯¥à¨¬¥−â� ¯®ª�§�−ë −� à¨á. 1.

‚¥àâ¨ª�«ì−�ï ®áì | íâ® ª®àà¥«ïæ¨ï ¬¥¦¤ã ä®à¬�«ì−®© ¨ ¨¬¯«¨æ¨â−®© á¢ï§�−-
−®áâìî, � £®à¨§®−â�«ì−�ï | ç¨á«® ¡ãª¢ ¢ ¯®à®£¥ ¤«¨−ë â¥ªáâ®¢®£® äà�£¬¥−â�.
Š®àà¥«ïæ¨ï ¤®áâ¨£�¥â ¬�ªá¨¬ã¬� ¯à¨ ¯®à®£¥ = 7.

‚ íªá¯¥à¨¬¥−â¥ −� ª®««¥ªæ¨¨ ¯® ª®¬¯ìîâ¥à−®© £à�ä¨ª¥ ˆ�– à�¢¥− ç¨á«ã
ä®à¬�«ì−ëå ¡¨¡«¨®£à�ä¨ç¥áª¨å ááë«®ª, � ˆŠ�– à�ááç¨âë¢�¥âáï ª�ª ç¨á«®
−¥ï¢−ëå ááë«®ª −� ª�¦¤ë© â¥ªáâ ª®««¥ªæ¨¨.

‚�¦−¥©è¨© ¯�à�¬¥âà −¥ï¢−®© á¢ï§¨ ¬¥¦¤ã ¤¢ã¬ï â¥ªáâ�¬¨ | íâ® ¬¨−¨-
¬�«ì−®¥ (¯®à®£®¢®¥) §−�ç¥−¨¥ ¬¥àë ¨å ¯®¤®¡¨ï. �ë«® ¯à¨−ïâ®, çâ® ¤¢¥ áâ�âì¨
¨¬¥îâ −¥ï¢−ãî ááë«ªã ¬¥¦¤ã á®¡®©, ¥á«¨ ¬¥à� ¨å á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï ¢ëè¥
íâ®£® ¯®à®£�. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� −� ¤¢ãå ª®««¥ªæ¨ïå ®âà�¦¥−ë −� à¨á. 2,
£¤¥ ¢¥àâ¨ª�«ì−�ï ®áì ¯à¥¤áâ�¢«ï¥â á®¡®© ª®àà¥«ïæ¨î ¬¥¦¤ã ˆŠ�– ¨ ˆ�–,
¢ â® ¢à¥¬ï ª�ª £®à¨§®−â�«ì−�ï ®áì ¯à¥¤áâ�¢«ï¥â §−�ç¥−¨¥ ¯®à®£� á¥¬�−â¨ç¥áª®£®
¯®¤®¡¨ï ¢ á®âëå ¤®«ïå ¯à®æ¥−â�.

Š�ª ¢¨¤−® ¨§ à¨á. 2, ®¯â¨¬�«ì−ë© ¯�à�¬¥âà (¬¨−¨¬�«ì−®¥ ¯®à®£®¢®¥ §−�-
ç¥−¨¥ á¥¬�−â¨ç¥áª®£® áå®¤áâ¢�) á®áâ�¢«ï¥â ®ª®«® 0,7% ¤«ï ª®««¥ªæ¨© ¨§ 120
¨ 250 áâ�â¥©. „àã£¨¥ ®¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë ¬®¦−® −�©â¨ �−�«®£¨ç−ë¬ á¯®á®-
¡®¬. �à¨ ®¯â¨¬¨§�æ¨¨ áà�§ã −¥áª®«ìª¨å ¯�à�¬¥âà®¢ (−�¯à¨¬¥à, ¬¨−¨¬�«ì−®£®
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÷¨á. 2 Š®àà¥«ïæ¨ï ¬¥¦¤ã ˆŠ�– ¨ ˆ�– ¢ ¤¢ãå â¥ªáâ®¢ëå ª®««¥ªæ¨ïå: 1 | ª®««¥ªæ¨ï
¨§ 120 áâ�â¥©; 2 | ª®««¥ªæ¨ï ¨§ 250 áâ�â¥©

¨ ¬�ªá¨¬�«ì−®£® ¯®à®£� ¬¥àë á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï) ª®àà¥«ïæ¨ï ¬¥¦¤ã ¨−-
¤¥ªá�¬¨ ˆŠ�– ¨ ˆ�– ¤®áâ¨£�«� 40%. �â® ®¡−�¤¥¦¨¢�îé¨© à¥§ã«ìâ�â, â�ª ª�ª
®¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë ¨¬¥îâ áå®¦¨¥ §−�ç¥−¨ï ¢ à�§−ëå ª®««¥ªæ¨ïå, çâ® ¯®§¢®-
«ï¥â à�áè¨à¨âì ®¡ê¥¬ ¯à¨¬¥−¥−¨ï ¤�−−®£® ¬¥â®¤� ¨ ¨á¯®«ì§®¢�âì ¥£® ¢ à�§−ëå
¯à¥¤¬¥â−ëå ®¡«�áâïå. �¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë −¥ï¢−ëå á¢ï§¥©, ¢ëç¨á«¥−−ë¥
¯à¨ á®§¤�−¨¨ ª®««¥ªæ¨© −�ãç−ëå áâ�â¥© ¯ãâ¥¬ ¬�ªá¨¬¨§�æ¨¨ ª®àà¥«ïæ¨¨ ¬¥¦¤ã
ˆŠ�– ¨ ˆ�–, ¬®£ãâ ¯à¨¬¥−ïâìáï ¤«ï �−�«¨§� ¤àã£¨å ª®««¥ªæ¨© ¨ ¤®¬¥−®¢,
¤�¦¥ â¥å, £¤¥ ®â−®á¨â¥«ì−® à¥¤ª® ¢áâà¥ç�îâáï ä®à¬�«ì−ë¥ ááë«ª¨ (−�¯à¨¬¥à,
¢ â¥ªáâ�å á®æ¨�«ì−ëå á¥â¥©). ’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ ˆŠ�– ¯®¬®£�-
¥â ®¡−�àã¦¨¢�âì −�¨¡®«¥¥ §−�ç¨¬ë¥ áâ�âì¨ ¨ ¡®«¥¥ â®ç−® ®âà�¦�âì á¬ëá«®¢®¥
áå®¤áâ¢® ¬¥¦¤ã −¨¬¨.

4 Математическая вероятностная модель зависимости числа прямых
цитирований от числа неявных ссылок и их параметров

÷�áá¬�âà¨¢�¥¬�ï −¨¦¥ ¢¥à®ïâ−®áâ−�ï à¥£à¥áá¨®−−�ï ¬®¤¥«ì §�¢¨á¨¬®áâ¨ ç¨á-
«� ä®à¬�«ì−ëå æ¨â¨à®¢�−¨© ®â ç¨á«� −¥ï¢−ëå ááë«®ª ¨ ¨å ¯�à�¬¥âà®¢ ï¢«ï¥âáï
¥é¥ ®¤−®© ¨§ ¢®§¬®¦−ëå à¥�«¨§�æ¨© �«£®à¨â¬� ¢ëç¨á«¥−¨ï ˆŠ�–, ª®â®à�ï
¯®§¢®«ï¥â à�ááç¨â�âì ˆŠ�– ¢ â¥å ¦¥ ¥¤¨−¨æ�å, çâ® ¨ ˆ�–, � â�ª¦¥ ¯®§¢®«ï¥â
®æ¥−¨âì ª�ç¥áâ¢® ¨ â®ç−®áâì ¬®¤¥«¨ ç¥à¥§ ª®íää¨æ¨¥−â ¤¥â¥à¬¨−�æ¨¨. �â�
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¬®¤¥«ì à�ááç¨âë¢�¥â ¯à¥¤áª�§�−−®¥ ç¨á«® ä®à¬�«ì−ëå æ¨â¨à®¢�−¨©, ª®â®à®¥
ã¤®¡−® ¯à¨−ïâì §� −®à¬�«¨§®¢�−−®¥ §−�ç¥−¨¥ ˆŠ�– ¨ ª®â®à®¥ ¡®«¥¥ ¯à¨¢ëç−®,
ç¥¬ ç¨á«® −¥ï¢−ëå ááë«®ª.

„�−−�ï ¯à®£−®áâ¨ç¥áª�ï ¬®¤¥«ì áâà®¨âáï −� ®á−®¢¥ ¬®¤¥«¨à®¢�−¨ï §−�ç¥−¨©
−¥§�¢¨á¨¬ëå ¯¥à¥¬¥−−ëå ¨ ¨å ª®íää¨æ¨¥−â®¢ à¥£à¥áá¨¨. Š®àà¥«ïæ¨ï ¨ à¥£à¥á-
á¨ï | á¢ï§�−−ë¥ ¬¥¦¤ã á®¡®© ¨ è¨à®ª® ¨á¯®«ì§ã¥¬ë¥ ¬¥â®¤ë ¤«ï ®¯à¥¤¥«¥−¨ï
á¨«ë á¢ï§¨ ¬¥¦¤ã ¯¥à¥¬¥−−ë¬¨. Š®àà¥«ïæ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ¬¥àã �áá®-
æ¨�æ¨¨, � à¥£à¥áá¨ï ®¡¥á¯¥ç¨¢�¥â áà¥¤áâ¢® ¯à®£−®§¨à®¢�−¨ï ®¤−®© §�¢¨á¨¬®©
¯¥à¥¬¥−−®© ®â ¤àã£¨å −¥§�¢¨á¨¬ëå ¯¥à¥¬¥−−ëå. ‘¯¥æ¨�«ì−ë© «¨−£¢¨áâ¨ç¥áª¨©
¯à®æ¥áá®à ¨é¥â −¥ï¢−ë¥ ááë«ª¨ á §�¤�−−ë¬¨ ¯�à�¬¥âà�¬¨. ‚ ª�ç¥áâ¢¥ ¬�â¥¬�-
â¨ç¥áª®© ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ §�¢¨á¨¬®áâ¨ ç¨á«� ä®à¬�«ì−ëå æ¨â¨à®¢�−¨©
®â ç¨á«� −¥ï¢−ëå ááë«®ª ¨ ¨å ¯�à�¬¥âà®¢ ¨á¯®«ì§ã¥âáï «¨−¥©−�ï à¥£à¥áá¨®−−�ï
¬®¤¥«ì. ÷¥£à¥áá¨ï ®¯à¥¤¥«ï¥âáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥:

Y = f(X,A) + epsilon; E(epsilon) = 0 ,

£¤¥ A | ¯�à�¬¥âàë ¬®¤¥«¨, epsilon | á«ãç�©−�ï ®è¨¡ª� ¬®¤¥«¨. ÷¥£à¥áá¨ï
−�§ë¢�¥âáï «¨−¥©−®© (¬−®¦¥áâ¢¥−−®©), ¥á«¨ äã−ªæ¨ï à¥£à¥áá¨¨ f(X,A) ¨¬¥¥â
¢¨¤:

f(X,A) = A0 +A1X1 +A2X2 + · · ·+AkXk ,
£¤¥ Ai | ª®íää¨æ¨¥−âë à¥£à¥áá¨¨; Xi | ®¡êïá−ïîé¨¥/¢«¨ïîé¨¥/−¥§�¢¨á¨-
¬ë¥ ¯¥à¥¬¥−−ë¥ (ä�ªâ®àë ¬®¤¥«¨); k| ª®«¨ç¥áâ¢® ä�ªâ®à®¢ ¬®¤¥«¨. ‹¨−¥©−�ï
à¥£à¥áá¨ï ¬®¤¥«¨àã¥â á¢ï§ì ¬¥¦¤ã §�¢¨á¨¬®© ¯¥à¥¬¥−−®© ¨ −¥§�¢¨á¨¬ë¬¨ ¯¥à¥-
¬¥−−ë¬¨ ¯ãâ¥¬ ¯®¤£®−ª¨ «¨−¥©−®© äã−ªæ¨¨ à¥£à¥áá¨¨ ª −�¡«î¤�¥¬ë¬ ¤�−−ë¬.
—¨á«® −¥ï¢−ëå ááë«®ª ¨ ¨å ¯�à�¬¥âàë áç¨â�îâáï −¥§�¢¨á¨¬ë¬¨ ®¡êïá−ïîé¨¬¨
¯¥à¥¬¥−−ë¬¨, � ¯à¥¤áª�§�−−®¥ ç¨á«® ä®à¬�«ì−ëå æ¨â¨à®¢�−¨© | §�¢¨á¨¬®©
¯¥à¥¬¥−−®©.

‹¨−¥©−ë© ª®íää¨æ¨¥−â ª®àà¥«ïæ¨¨ (¨«¨ ª®íää¨æ¨¥−â ª®àà¥«ïæ¨¨ �¨àá®-
−�) ¨§¬¥−ï¥âáï ®â −1 ¤® +1 ¨ à�ááç¨âë¢�¥âáï ¯® ä®à¬ã«¥:

R(X,Y) = sum((X− sred ∗ (X))(Y − sred(Y)))/(sigma(X) ∗ sigma(Y)),
£¤¥ sigma(X) = sqrt(sum(X − sred(X)2) | áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ àï¤�/¢ë-
¡®àª¨ X; sigma(Y) = sqrt(sum((Y − sred(Y)2)) | áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥
àï¤�/¢ë¡®àª¨ Y; sred(X) = sum(X)/n| áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥.

‚ ä®à¬�«ì−®© ¬�â¥¬�â¨ç¥áª®© §�¯¨á¨ ä®à¬ã«� ª®íää¨æ¨¥−â� ª®àà¥«ïæ¨¨
¨¬¥¥â ¢¨¤:

rxy =
covxy

σxσy
=

∑
(x− x)(y − y)

√∑
(x− x)2

∑
(y − y)2

;

X =
1

n

n∑

t=1

Xt; Y =
1

n

n∑

t=1

Yt .
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‚ ¬®¤¥«¨ «¨−¥©−®© à¥£à¥áá¨¨ ª®íää¨æ¨¥−âë à¥£à¥áá¨¨ á¢ï§�−ë á á®®â¢¥â-
áâ¢ãîé¨¬¨ ª®íää¨æ¨¥−â�¬¨ ª®àà¥«ïæ¨¨. ‡−�ï ª®àà¥«ïæ¨î, ¬®¦−® à�ááç¨â�âì
ª®íää¨æ¨¥−â à¥£à¥áá¨¨ ¯® ä®à¬ã«¥:

Ai = R(Xi,Y) ∗ (sigma(Y)/sigma (Xi)) ,

£¤¥ sigma(Xi) | áà¥¤−¥ª¢�¤à�â¨ç−®¥ ®âª«®−¥−¨¥ á®®â¢¥âáâ¢ãîé¥£® ä�ªâ®à−®£®
¯à¨§−�ª�, Y | ç¨á«® ä®à¬�«ì−ëå ááë«®ª. ‚ ¯à¥¤«�£�¥¬®© à¥£à¥áá¨®−−®©
¬®¤¥«¨ §−�ç¥−¨¥ äã−ªæ¨¨ f(X,A) | íâ® ¯à¥¤áª�§�−−®¥ ç¨á«® ä®à¬�«ì−ëå
æ¨â¨à®¢�−¨©, � ®¡êïá−ïîé¨¥ ¯¥à¥¬¥−−ë¥ Xi | ä�ªâ®àë, ¢«¨ïîé¨¥ −� ç¨á-
«® æ¨â¨à®¢�−¨©. ’�ª¨¬¨ ä�ªâ®à�¬¨ ï¢«ïîâáï á¥¬�−â¨ç¥áª®¥ ¯®¤®¡¨¥ â¥ªáâ®¢
(semantic similarity), ¨−¤¥ªá •¨àè� �¢â®à�, à¥©â¨−£ ¦ãà−�«�/ª®−ä¥à¥−æ¨ /̈̈ á-
â®ç−¨ª� ¨ â. ¤.

”�ªâ®à X1 (á¥¬�−â¨ç¥áª®¥ ¯®¤®¡¨¥ â¥ªáâ� à�áá¬�âà¨¢�¥¬®© áâ�âì¨ ¤àã£¨¬
â¥ªáâ�¬) | −�¨¡®«¥¥ ¯àï¬®© ¯®ª�§�â¥«ì ª�ç¥áâ¢� áâ�âì¨ ¨ ¥¥ ¢«¨ï−¨ï −� ¤àã£¨¥
â¥ªáâë. �à¨ â�ª®¬ ¯®¤å®¤¥ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¬®¦−® ¡ã¤¥â è¨à®ª® ¯à¨-
¬¥−ïâì ¢ à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå, £¤¥ �¢â®à ¨ à¥©â¨−£ ¨áâ®ç−¨ª� ç�áâ®
−¥¨§¢¥áâ−ë. ”�ªâ®à á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï áâ�âì¨ | íâ® −¥ª®â®à�ï äã−ªæ¨ï,
ª®â®à�ï à�ááç¨âë¢�¥â ç¨á«® −¥ï¢−ëå ááë«®ª −� áâ�âìî ¢ §�¢¨á¨¬®áâ¨ ®â â¥ªáâ�
á�¬®© áâ�âì¨, â¥ªáâ®¢ ¢ �−�«¨§¨àã¥¬®© ª®««¥ªæ¨¨, ¯�à�¬¥âà®¢ �«£®à¨â¬� à�áç¥â�
−¥ï¢−ëå ááë«®ª. ”®à¬ã«ã ä�ªâ®à� ¯®¤®¡¨ï X1 ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ −¥-
ª®â®à®© äã−ªæ¨¨ á«¥¤ãîé¥£® ¢¨¤�: X1 = Fsim (â¥ªáâ áâ�âì¨, â¥ªáâë ª®««¥ªæ¨¨,
â¥ªáâë ¢ ¨−â¥à−¥â¥, ¯�à�¬¥âàë −¥ï¢−ëå ááë«®ª). ��à�¬¥âàë −¥ï¢−ëå ááë-
«®ª | íâ® ¯�à�¬¥âàë �«£®à¨â¬� à�áç¥â� á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï â¥ªáâ®¢, â�ª¨¥
ª�ª ¬¨−¨¬�«ì−ë© ¨ ¬�ªá¨¬�«ì−ë© ¯®à®£¨ á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï, ¬¨−¨¬�«ì−�ï
¤«¨−� ãç¨âë¢�¥¬ëå â¥à¬¨−®¢, � â�ª¦¥ ¯�à�¬¥âàë, ®¯à¥¤¥«ïîé¨¥ −¥®¡å®¤¨¬®áâì
¨á¯®«ì§®¢�−¨ï ¤àã£¨å ¯®¤å®¤®¢ ¤«ï ¢ëï¢«¥−¨ï íâ¨å ááë«®ª. ‚ ¤�«ì−¥©è¥¬ ¯à¥¤-
¯®«�£�¥âáï ¯à¨¬¥−¥−¨¥ á«¥¤ãîé¨å ¬¥â®¤®¢: Word2Vec, Word Mover's Distance
(WMD), ¤¨áªà¨¬¨−�æ¨®−−ë¥ ª®à§¨−ë â¥à¬¨−®¢ (Discriminative term bucketing)
¨ â. ¤.

’�ª¨¬ ®¡à�§®¬, ¢ ¯à®¥ªâ¥ ¨áá«¥¤ãîâáï à�§«¨ç−ë¥ äã−ªæ¨¨ à�áç¥â� −¥ï¢−ëå
ááë«®ª Fsim( ), ¯à¨ ª®â®àëå ¤®áâ¨£�¥âáï ¬�ªá¨¬ã¬ ª®àà¥«ïæ¨¨ ¬¥¦¤ã ä�ªâ®à®¬
X1 = Fsim( ) ¨ ç¨á«®¬ ä®à¬�«ì−ëå ááë«®ª Y. —¥¬ ¢ëè¥ ª®àà¥«ïæ¨ï, â¥¬
ª�ç¥áâ¢¥−−¥¥ à¥£à¥áá¨®−−�ï ¬®¤¥«ì ¨ â¥¬ ¡®«ìèãî ¤®«î ¢�à¨�æ¨¨ Y (â. ¥. ˆ�–)
®−� ®¡êïá−ï¥â. „«ï ®¯à¥¤¥«¥−¨ï ª�ç¥áâ¢� à¥£à¥áá¨®−−®© ¬®¤¥«¨ ¨á¯®«ì§ã¥â-
áï ª®íää¨æ¨¥−â ¤¥â¥à¬¨−�æ¨¨. Š®íää¨æ¨¥−â ¤¥â¥à¬¨−�æ¨¨ R2 | íâ® ¤®«ï
¤¨á¯¥àá¨¨ §�¢¨á¨¬®© ¯¥à¥¬¥−−®©, ®¡êïá−ï¥¬�ï à�áá¬�âà¨¢�¥¬®© ¬®¤¥«ìî §�¢¨-
á¨¬®áâ¨, â. ¥. ®¡êïá−ïîé¨¬¨ ¯¥à¥¬¥−−ë¬¨. Š®íää¨æ¨¥−â ¤¥â¥à¬¨−�æ¨¨ à�¢¥−
ª¢�¤à�âã (¬−®¦¥áâ¢¥−−®£®) ª®íää¨æ¨¥−â� ª®àà¥«ïæ¨¨.

5 Заключение

„«ï ¢ëï¢«¥−¨ï á¢ï§¥© ¬¥¦¤ã −�ãç−ë¬¨ áâ�âìï¬¨, � â�ª¦¥ ®æ¥−ª¨ ¨å ª�ç¥-
áâ¢� ¯à¥¤«®¦¥−ë −®¢ë¥ ¯®ª�§�â¥«¨ | ˆŠ�– ¨ ¬¥à� á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï.
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�®«ãç¥−ë â¥ªáâ®¢ë¥ ª®à¯ãá�, ¢ ª®â®àëå ¢ëï¢«¥−ë ä®à¬�«ì−ë¥ ¨ −¥ï¢−ë¥ ááë«-
ª¨ ¬¥¦¤ã ¤®ªã¬¥−â�¬¨. �à¥¤«®¦¥−� ¬¥â®¤¨ª� �¢â®¬�â¨§¨à®¢�−−®£® ¯®áâà®¥−¨ï
ˆŠ�–. �ªá¯¥à¨¬¥−â�«ì−® ¢ë¤¥«¥− ®¤¨− ¨§ ¯�à�¬¥âà®¢ �«£®à¨â¬� (¬¨−¨¬�«ì-
−�ï ¤«¨−� �−�«¨§¨àã¥¬ëå á«®¢), ¯à¨ ª®â®à®¬ ª®àà¥«ïæ¨ï ¬¥¦¤ã ˆ�– ¨ ˆŠ�–
¤®áâ¨£�¥â ¬�ªá¨¬ã¬�. ��©¤¥− ®¤¨− ¨§ ¢�¦−ëå ¯�à�¬¥âà®¢ −¥ï¢−®© á¢ï§¨ ¬¥¦¤ã
¤¢ã¬ï â¥ªáâ�¬¨ | ¬¨−¨¬�«ì−®¥ (¯®à®£®¢®¥) §−�ç¥−¨¥ ¬¥àë ¯®¤®¡¨ï íâ¨å â¥ªáâ®¢.
�ë«® ¯à¨−ïâ®, çâ® ¤¢¥ áâ�âì¨ ¨¬¥îâ −¥ï¢−ãî ááë«ªã ¬¥¦¤ã á®¡®©, ¥á«¨ ¬¥à� ¨å
á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï ¢ëè¥ íâ®£® ¯®à®£�. �«£®à¨â¬ à�áç¥â� ˆŠ�– ¨á¯®«ì§ã-
¥â ¬¥àã á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï â¥ªáâ®¢, −�áâà�¨¢�¥¬ãî ¯® ¬�ªá¨¬ã ª®àà¥«ïæ¨¨
¬¥¦¤ã ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨ ¨ −¥ï¢−ë¬¨ ááë«ª�¬¨. �¯¨á�−� ¬�â¥¬�â¨ç¥áª�ï
¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì §�¢¨á¨¬®áâ¨ ç¨á«� ¯àï¬ëå æ¨â¨à®¢�−¨© ®â ç¨á«� −¥ï¢−ëå
ááë«®ª ¨ ¨å ¯�à�¬¥âà®¢.

‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï:

(1) ã«ãçè¨âì ®æ¥−ªã ˆŠ�– ¨ ¬¥àë á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï, ¨á¯®«ì§ãï
Word2Vec, Doc2Vec, WMD ¨ ¤àã£¨¥ −®¢ë¥ ¬¥â®¤ë;

(2) ¤®¡�¢¨âì ª ®æ¥−ª¥ ¯�à�¬¥âàë ¤�âë ¯ã¡«¨ª�æ¨¨ áâ�â¥© ¨ −�¯à�¢«¥−¨ï −¥ï¢-
−ëå ááë«®ª;

(3) ¯à®¢¥à¨âì à¥§ã«ìâ�âë ¢ ¤àã£¨å ¯à¥¤¬¥â−ëå ®¡«�áâïå ¨ −� ¤àã£¨å ï§ëª�å;

(4) ¯®áâà®¨âì ¬−®£®ï§ëç−ë© ˆŠ�– ¨ à�ááç¨âë¢�âì −¥ï¢−ë¥ ááë«ª¨ ¬¥¦¤ã
¤®ªã¬¥−â�¬¨ −� à�§«¨ç−ëå ï§ëª�å, ¨á¯®«ì§ãï ¡�§ã ¤�−−ëå BabelNet.org;

(5) á®§¤�âì ã«ãçè¥−−ãî ¢¥àá¨î ˆŠ�–, ª®â®à�ï ¡ã¤¥â §�¢¨á¥âì −¥ â®«ìª® ®â
ç¨á«� −¥ï¢−ëå ááë«®ª, −® â�ª¦¥ ¨ ®â ¨å ª�ç¥áâ¢�.
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Abstract: A new indicator of the quality of a scientific article | the science
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measure (a semantic similarity measure) of two arbitrary texts are considered.
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variables and their regression coefficients, a predictive mathematical probability
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НАДКОРПУСНЫЕ БАЗЫ ДАННЫХ
В ЛИНГВИСТИЧЕСКИХ ПРОЕКТАХ∗

А. Ю. Егорова1, И. М. Зацман2, О. С. Мамонова3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ®¡¥á¯¥ç¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�-
−¨© áà¥¤áâ¢�¬¨ −�¤ª®à¯ãá−ëå ¡�§ ¤�−−ëå (��„), á®¤¥à¦�é¨å ¢ëà®¢−¥−−ë¥
¯�à�««¥«ì−ë¥ â¥ªáâë (ª�¦¤ë© ¨§ ª®â®àëå ¢ª«îç�¥â ®à¨£¨−�«ì−ë© â¥ªáâ ¨ ¥£®
¯¥à¥¢®¤), � â�ª¦¥ ¤¢ãï§ëç−ë¥ �−−®â�æ¨¨ ¨áá«¥¤ã¥¬ëå ï§ëª®¢ëå ¥¤¨−¨æ (Ÿ…)
¨ ¨å ¯¥à¥¢®¤®¢, áä®à¬¨à®¢�−−ë¥ −� ®á−®¢¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢. Š�¦¤�ï
�−−®â�æ¨ï, ä®à¬¨àã¥¬�ï «¨−£¢¨áâ®¬, ä¨ªá¨àã¥â −¥ª®â®àãî ¬®¤¥«ì ¯¥à¥¢®¤�
Ÿ…. �¯ëâ ¢ë¯®«−¥−¨ï ¢ ”ˆ– ˆ“ ÷�� àï¤� «¨−£¢¨áâ¨ç¥áª¨å ¯à®¥ªâ®¢
¯®ª�§�«, çâ® ¤�«¥ª® −¥ ¢á¥ ¬®¤¥«¨ ¯¥à¥¢®¤�, ¨§¢«¥ª�¥¬ë¥ «¨−£¢¨áâ�¬¨ ¨§ ¯�-
à�««¥«ì−ëå â¥ªáâ®¢ ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï á ¯®¬®éìî
��„, ®¯¨á�−ë ¢ ¤¢ãï§ëç−ëå á«®¢�àïå ¨ á¯à�¢®ç−¨ª�å. �â«¨ç¨â¥«ì−�ï ç¥àâ�
��„ á®áâ®¨â ¢ â®¬, çâ® ®−¨ ¯®§¢®«ïîâ ¯®«ãç�âì −®¢®¥ §−�−¨¥ ® ¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨ïå. �−® ¨§¢«¥ª�¥âáï «¨−£¢¨áâ�¬¨ ¯à¨ á®¯®áâ�¢«¥−¨¨ ¨ �−−®â¨à®-
¢�−¨¨ ¯à¥¤«®¦¥−¨© ®à¨£¨−�«ì−®£® â¥ªáâ� ¨ ¨å ¯¥à¥¢®¤®¢. �¯¨á�−¨¥ äã−ªæ¨©
��„, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¯®«ãç¥−¨¥ «¨−£¢¨áâ�¬¨ −®¢®£® §−�−¨ï ¢ ¯à®æ¥áá¥
�−−®â¨à®¢�−¨ï, ï¢«ï¥âáï ®á−®¢−®© æ¥«ìî áâ�âì¨.

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

DOI: 10.14357/08696527190307

1 Введение

��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¯à¥¤áâ�¢«ïîâ á®¡®© ¨−ä®à¬�æ¨®−−ë© à¥áãàá,
á®§¤�¢�¥¬ë© ¢ ®¡¥á¯¥ç¥−¨¥ äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå «¨−£¢¨áâ¨ç¥áª¨å
¨áá«¥¤®¢�−¨©. �−¨ á®¤¥à¦�â ¢ëà®¢−¥−−ë¥ ¯�à�««¥«ì−ë¥ â¥ªáâë, ª�¦¤ë© ¨§
ª®â®àëå ¢ª«îç�¥â ®à¨£¨−�«ì−ë© â¥ªáâ ¨ ¥£® ¯¥à¥¢®¤, � â�ª¦¥ ¤¢ãï§ëç−ë¥ �−−®-
â�æ¨¨ ¨áá«¥¤ã¥¬ëå Ÿ… ¨ ¨å ¯¥à¥¢®¤®¢, áä®à¬¨à®¢�−−ë¥ −� ®á−®¢¥ ¯�à�««¥«ì−ëå
â¥ªáâ®¢ [1{8].

Š�¦¤�ï �−−®â�æ¨ï, ä®à¬¨àã¥¬�ï «¨−£¢¨áâ®¬, ®¯¨áë¢�¥â −¥ª®â®àãî ¬®¤¥«ì
¯¥à¥¢®¤� Ÿ…. �¯ëâ ¢ë¯®«−¥−¨ï ¢ ”ˆ– ˆ“ ÷�� àï¤� «¨−£¢¨áâ¨ç¥áª¨å ¯à®¥ª-

∗÷�¡®â� ¢ë¯®«−¥−� ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷�� ¯à¨ ç�áâ¨ç−®© ¯®¤-
¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-07-00192).

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

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

3”�ªã«ìâ¥â ¨−®áâà�−−ëå ï§ëª®¢ ¨ à¥£¨®−®¢¥¤¥−¨ï Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨-
â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�, mamonovaoks@mail.ru
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â®¢ ¯®ª�§�«, çâ® ¤�«¥ª® −¥ ¢á¥ ¬®¤¥«¨ ¯¥à¥¢®¤�, ¨§¢«¥ª�¥¬ë¥ ¨§ ¯�à�««¥«ì−ëå
â¥ªáâ®¢ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï, ®¯¨á�−ë ¢ ¤¢ãï§ëç−ëå á«®¢�àïå ¨ á¯à�¢®ç−¨-
ª�å. ‘®¯®áâ�¢«¥−¨¥ ¨§¢«¥ç¥−−ëå ¬®¤¥«¥© ¯¥à¥¢®¤� á ã¦¥ ¨§¢¥áâ−ë¬¨ ¯®§¢®«ï¥â
ã¢¨¤¥âì ¨ ®¯¨á�âì −®¢ë¥ ¬®¤¥«¨, â. ¥. ¯®«ãç¨âì −®¢®¥ §−�−¨¥ (= −¥ ®¯¨á�−−®¥
¢ á«®¢�àïå ¨ á¯à�¢®ç−¨ª�å) ® ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨ïå [9{12]. Šà®¬¥ ®¡−�àã¦¥-
−¨ï ¨ ®¯¨á�−¨ï ¬®¤¥«¥© ¯¥à¥¢®¤� ��„ ¨á¯®«ì§ã¥âáï ¤«ï ¨§¢«¥ç¥−¨ï ¨ ®¯¨á�−¨ï
â¥å §−�ç¥−¨© Ÿ…, ª®â®àë¥ −¥ ¯à¥¤áâ�¢«¥−ë ¢ á«®¢�àïå [13{15].

�®¢®¥ §−�−¨¥ ® ¬®¤¥«ïå ¯¥à¥¢®¤� ¨ §−�ç¥−¨ïå Ÿ… ¨§¢«¥ª�¥âáï «¨−£¢¨áâ�¬¨
¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï [16, 17] ¯à¥¤«®¦¥−¨© ®à¨£¨−�«ì−®£®
â¥ªáâ�, á®¤¥à¦�é¨å ¨áá«¥¤ã¥¬ë¥ Ÿ…, ¨ ¨å ¯¥à¥¢®¤®¢. �®íâ®¬ã ®¤−� ¨§ ®á−®¢−ëå
§�¤�ç ��„ á®áâ®¨â ¢ à¥�«¨§�æ¨¨ ¯®¨áª� ¢ â¥ªáâ¥ â¥å ¯à¥¤«®¦¥−¨©, ª®â®àë¥
¢ª«îç�îâ â�ª¨¥ ¥¤¨−¨æë. �á−®¢−�ï æ¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ äã−ª-
æ¨© ��„, ®¡¥á¯¥ç¨¢�îé¨å ¯®«ãç¥−¨¥ «¨−£¢¨áâ�¬¨ −®¢®£® §−�−¨ï ¢ ¯à®æ¥áá¥
�−−®â¨à®¢�−¨ï ¨ ¯®¨áª� áä®à¬¨à®¢�−−ëå �−−®â�æ¨©.

2 Сопоставление функций параллельных корпусов
и надкорпусных баз данных

�¤−� ¨§ �ªâã�«ì−ëå §�¤�ç ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ | ä®à¬¨à®¢�−¨¥
¨−ä®à¬�æ¨®−−®-ª®¬¯ìîâ¥à−ëå ¨−áâàã¬¥−â®¢ ¢ ¢¨¤¥ ¯�à�««¥«ì−ëå ª®à¯ãá®¢
¨ ¡�§ ¤�−−ëå, á®¤¥à¦�é¨å â¥ªáâë ¨ ¨å ¯¥à¥¢®¤ë. �®«ì§®¢�â¥«¨, úà�¡®â�îé¨¥
á ¯�à�««¥«ì−ë¬¨ â¥ªáâ�¬¨, ¯®«ãç�îâ ¢¥áì¬� ¯à®áâ®© ¨ íää¥ªâ¨¢−ë© ¨−áâàã¬¥−â
á¡®à� ¬�â¥à¨�«�. –¥−−®áâì íâ®£® ¨−áâàã¬¥−â� ®¯à¥¤¥«ï¥âáï â¥¬, çâ® ¢ «¨−£¢¨áâ¨-
ª¥ íâ�¯ á¡®à� ¬�â¥à¨�«� ï¢«ï¥âáï −�¨¡®«¥¥ âàã¤®¥¬ª¨¬ ¨ −�¨¬¥−¥¥ â¢®àç¥áª¨¬,
� ¯®¤®¡−ë¥ ª®à¯ãáë ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¯®§¢®«ïâ áíª®−®¬¨âì ¢à¥¬ï ¨ á¨-
«ë ¤«ï á®¡áâ¢¥−−® ¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë. . . Š®à¯ãá ¯�à�««¥«ì−ëå â¥ªáâ®¢
¬®¦¥â ¡ëâì íää¥ªâ¨¢−® ¨á¯®«ì§®¢�− ¢ à�§«¨ç−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�-
−¨ïå (¢ ¯¥à¢ãî ®ç¥à¥¤ì, ¢ ®¡«�áâ¨ ª®−âà�áâ¨¢−®© «¥ªá¨ª®«®£¨¨ ¨ ¤¢ãï§ëç−®©
«¥ªá¨ª®£à�ä¨¨), � â�ª¦¥ ¢ ¨áá«¥¤®¢�−¨ïå ¯® â¥®à¨¨ ¯¥à¥¢®¤�, áà�¢−¨â¥«ì−®£®
«¨â¥à�âãà®¢¥¤¥−¨ï, ªã«ìâãà®«®£¨¨, �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ� ¨ ¤à.û [1].

”ã−ªæ¨¨ ��„ ¨ ª®à¯ãá®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¯®«−®áâìî á®¢¯�¤�îâ ¢ â®¬,
çâ® ®−¨ á«ã¦�â íää¥ªâ¨¢−ë¬¨ ¨−áâàã¬¥−â�¬¨ −�ª®¯«¥−¨ï, åà�−¥−¨ï ¨ ¯®¨áª�
â¥ªáâ®¢®£® ¬�â¥à¨�«� ¨ ¥£® ¯¥à¥¢®¤�. �¤−�ª® ¬¥¦¤ã −¨¬¨ ¥áâì ¨ ¯à¨−æ¨¯¨�«ì−®¥
®â«¨ç¨¥: ��„, ¢ ®â«¨ç¨¥ ®â ª®à¯ãá®¢, ¤�¥â ¥é¥ ¨ ¢®§¬®¦−®áâì �−−®â¨à®¢�âì Ÿ…
¨ ¨å ¯¥à¥¢®¤ë, −�ª�¯«¨¢�âì, åà�−¨âì ¨ ¨áª�âì �−−®â�æ¨¨ ¯® è¨à®ª®¬ã á¯¥ªâàã
¯®¨áª®¢ëå ¯�à�¬¥âà®¢ [4{6]. ˆ−�ç¥ £®¢®àï, ®¡ê¥ªâ�¬¨ åà�−¥−¨ï ¨ ¯®¨áª�
¢ ��„ ï¢«ïîâáï ®¤−®¢à¥¬¥−−® ¨ â¥ªáâ®¢ë© ¬�â¥à¨�«, ¨ ¤¢ãï§ëç−ë¥ �−−®â�æ¨¨,
áä®à¬¨à®¢�−−ë¥ «¨−£¢¨áâ�¬¨ ¢ ¯à®æ¥áá¥ ¥£® �−�«¨§�, � ®¡ê¥ªâ�¬¨ åà�−¥−¨ï
¨ ¯®¨áª� ¢ ¯�à�««¥«ì−ëå ª®à¯ãá�å | â®«ìª® ¨áå®¤−ë© â¥ªáâ®¢ë© ¬�â¥à¨�«.

��¯à¨¬¥à, ¥á«¨ «¨−£¢¨áâ ¨áá«¥¤ã¥â Ÿ… −¥ª®â®à®© ª�â¥£®à¨¨ (¬®¤�«ì−ë¥
£«�£®«ë, ¤¨áªãàá¨¢−ë¥ á«®¢�, ª®−−¥ªâ®àë ¨«¨ ¤à.), â® ¢ ¯�à�««¥«ì−®¬ ª®à¯ãá¥
®− ¬®¦¥â −�©â¨ ¯à¥¤«®¦¥−¨ï, £¤¥ ®−¨ ¢áâà¥ç�îâáï. �®â®¬ ®− ¬®¦¥â á®¯®áâ�¢¨âì
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‘âàãªâãà� åà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢

íâ¨ ¯à¥¤«®¦¥−¨ï á ¨å ¯¥à¥¢®¤�¬¨ ¨ ¯à®¢¥áâ¨ ª®−âà�áâ¨¢−ë© �−�«¨§ ¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨©, � â�ª¦¥ áà�¢−¨âì ã¯®âà¥¡«¥−¨ï ¨áá«¥¤ã¥¬®© Ÿ… á ¥¥ ¯¥à¥¢®¤�¬¨.
�¤−�ª® ¯�à�««¥«ì−ë¥ ª®à¯ãáë −¥ ¤�îâ ¢®§¬®¦−®áâ¨ −�ª�¯«¨¢�âì à¥§ã«ìâ�âë
�−�«¨§�, â�ª ª�ª ®−¨ ¯® ®¯à¥¤¥«¥−¨î −¥ ¯à¥¤−�§−�ç¥−ë ¤«ï íâ®£®. ‚ ��„
à¥�«¨§®¢�−ë ¢®§¬®¦−®áâ¨ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï Ÿ… ¨ ¨å ¯¥à¥¢®-
¤®¢, � â�ª¦¥ äã−ªæ¨¨ −�ª®¯«¥−¨ï, åà�−¥−¨ï ¨ ¯®¨áª� ¤¢ãï§ëç−ëå �−−®â�æ¨©,
®¯¨áë¢�îé¨å à¥§ã«ìâ�âë «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§�. Š�ª ¡ã¤¥â ¯®ª�§�−® −¨-
¦¥ −� ¯à¨¬¥à¥ ¨áá«¥¤®¢�−¨ï ¨¬¯«¨æ¨â−®áâ¨ ¢ â¥ªáâ¥1, à¥�«¨§�æ¨ï ¨¬¥−−® íâ¨å
äã−ªæ¨© ®¡¥á¯¥ç¨¢�¥â ¨§¢«¥ç¥−¨¥ −®¢®£® §−�−¨ï «¨−£¢¨áâ�¬¨ á ¯®¬®éìî ��„.
�¥®¡å®¤¨¬®áâì ¯®¤¤¥à¦ª¨ íâ¨å äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© −�è«� á¢®¥ ®â-
à�¦¥−¨¥ ¢ áâàãªâãà¥ åà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ��„ (á¬. à¨áã−®ª).

�â®â à¨áã−®ª ¨««îáâà¨àã¥â ¤¢¥ ®á−®¢−ë¥ ®á®¡¥−−®áâ¨ áâàãªâãàë åà�−¥−¨ï
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¤«ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© á ¯®¬®éìî ��„.
‚®-¯¥à¢ëå, ®¤−®¬ã åà�−¨«¨éã ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¬®£ãâ á®®â¢¥âáâ¢®¢�âì −¥-
áª®«ìª® ��„, ª�¦¤�ï ¨§ ª®â®àëå åà�−¨â �−−®â�æ¨¨ Ÿ… ®¤−®© ª�â¥£®à¨¨. �â®
¤�¥â ¢®§¬®¦−®áâì �¤�¯â¨à®¢�âì ��„ ª ¨áá«¥¤®¢�−¨î â®© ¨«¨ ¨−®© ª�â¥£®à¨¨
Ÿ…. ‚®-¢â®àëå, á¢ï§ì ¬¥¦¤ã åà�−¨«¨é¥¬ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¨ ª�¦¤®© ��„
®¤−®áâ®à®−−ïï, â. ¥. ��„ ¬®£ãâ ¨á¯®«ì§®¢�âì ®¡é¥¥ ¤«ï −¨å åà�−¨«¨é¥ ¯�à�«-
«¥«ì−ëå â¥ªáâ®¢ â®«ìª® ¢ à¥¦¨¬¥ çâ¥−¨ï. ��ª®¯«¥−¨¥ ¤¢ãï§ëç−ëå �−−®â�æ¨©,
¨å åà�−¥−¨¥ ¨ ¯®¨áª à¥�«¨§®¢�−ë á ¯®¬®éìî ��„.

÷�§à�¡®â�−−�ï áâàãªâãà� åà�−¥−¨ï ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¥¤¨−ãî â¥å−®-
«®£¨î ¤«ï ¯®¯®«−¥−¨ï ª®à¯ãá®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ��æ¨®−�«ì−®£® ª®à¯ãá�

1�à¨¢¥¤¥¬ ¯à¨¬¥à ¨¬¯«¨æ¨â−®áâ¨ ®â−®è¥−¨ï ¯à¨ç¨−ë ¢ â¥ªáâ¥: ú−¥ ¦¤¨â¥ ¬¥−ï, ã¦¥ ¯®§¤−®û
(áà. á ú−¥ ¦¤¨â¥ ¬¥−ï, â�ª ª�ª ã¦¥ ¯®§¤−®û, £¤¥ ®â−®è¥−¨¥ ¯à¨ç¨−ë ¢ëà�¦¥−® á ¯®¬®éìî úâ�ª
ª�ªû).
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àãááª®£® ï§ëª� (�Š÷Ÿ) ¨ ä®à¬¨à®¢�−¨ï åà�−¨«¨é� ¯�à�««¥«ì−ëå â¥ªáâ®¢,
¨á¯®«ì§ã¥¬ëå ¢á¥¬¨ áãé¥áâ¢ãîé¨¬¨ ¨ ¢−®¢ì á®§¤�¢�¥¬ë¬¨ ��„.

3 Формирование параллельных текстов

�®¤£®â®¢ª� â¥ªáâ®¢ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤� ª�¦¤®£® ¯à®¨§¢¥¤¥−¨ï ¢ª«îç�¥â
®¯¥à�æ¨¨ à¥¤�ªâ¨à®¢�−¨ï ®¡®¨å â¥ªáâ®¢, ª®â®àë¥ ã¦¥ ¯à¥¤áâ�¢«¥−ë ¢ í«¥ªâà®−-
−®¬ ¢¨¤¥, ¨ ¨å ¢ëà�¢−¨¢�−¨ï. ‘−�ç�«� ¨ ®à¨£¨−�« â¥ªáâ�, ¨ ¥£® ¯¥à¥¢®¤ ¯à®¢¥àï-
îâáï −� ¯à¥¤¬¥â ®¯¥ç�â®ª. �®â®¬ ú¢ â¥ªáâ�å ã¤�«ï¥âáï −ã¬¥à�æ¨ï áâà�−¨æ, §−�ª¨
â�¡ã«ïæ¨¨ §�¬¥−ïîâáï ¯à®¡¥«�¬¨, à�§àë¢ë áâà�−¨æ | §−�ª�¬¨ �¡§�æ�, «¨è−¨¥
¯à®¡¥«ë ¨ ¬ï£ª¨¥ ¯¥à¥−®áë ã¤�«ïîâáï, §−�ª¨ â¨à¥ ã−¨ä¨æ¨àãîâáï. –¥«ì íâ¨å
®¯¥à�æ¨© | −®à¬�«¨§�æ¨ï §−�ª®¢ ä®à¬�â¨à®¢�−¨ï, çâ® ¢ ¤�«ì−¥©è¥¬ ¯®¬®-
¦¥â ¨§¡¥¦�âì á¡®¥¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à®£à�¬¬ë ¢ëà�¢−¨¢�−¨ï ¯�à�««¥«ì−ëå
â¥ªáâ®¢û [18].

‡�â¥¬ ¢ë¯®«−ï¥âáï ¯à®£à�¬¬� ú…¢ª«¨¤û [19], á®§¤�−−�ï −� ®á−®¢¥ ¯à®-
£à�¬¬ë ¢ëà�¢−¨¢�−¨ï â¥ªáâ®¢ HunAlign [20]. �à®æ¥áá ¢ëà�¢−¨¢�−¨ï á®áâ®¨â
¢ á®®â−¥á¥−¨¨ ®¤−®£® ¨«¨ −¥áª®«ìª¨å ¯à¥¤«®¦¥−¨© â¥ªáâ� ®à¨£¨−�«� ¨ á®®â¢¥â-
áâ¢ãîé¨å ¨¬ ¯à¥¤«®¦¥−¨© â¥ªáâ� ¯¥à¥¢®¤�. ˆ§ ¯à¥¤«®¦¥−¨© ®à¨£¨−�«� ª�¦¤®£®
¯à®¨§¢¥¤¥−¨ï ¨ ¨å ¯¥à¥¢®¤®¢ ä®à¬¨àã¥âáï ¬−®¦¥áâ¢® ª®àâ¥¦¥©. ‚ â�¡«. 1 ¯à¨-
¢¥¤¥−ë âà¨ ¯à¨¬¥à� ª®àâ¥¦¥© ¨§ ª−¨£¨ ˆ. �. ƒ®−ç�à®¢� ú�¡«®¬®¢û ¢ ¯¥à¥¢®¤¥
‹. āà£¥−á®−.

‚á¥ ª®àâ¥¦¨ ¢ â�¡«. 1 ¢ª«îç�îâ ¯® ®¤−®¬ã ¯à¥¤«®¦¥−¨î ¢ ®à¨£¨−�«ì−®¬
â¥ªáâ¥ ¨ ¢ ¯¥à¥¢®¤¥. �® ¢ ®¡é¥¬ á«ãç�¥ ª�¦¤ë© ª®àâ¥¦ ¬®¦¥â á®áâ®ïâì ¨§
−¥áª®«ìª¨å ¯à¥¤«®¦¥−¨© ®à¨£¨−�«ì−®£® â¥ªáâ� á«¥¢� ¨ ¨å ¯¥à¥¢®¤®¢ á¯à�¢� [18].

…á«¨ ®à¨£¨−�«ì−ë© â¥ªáâ ¨¬¥¥â ¤¢� ¨«¨ ¡®«¥¥ ¯¥à¥¢®¤®¢ −� ®¤¨− ¨ â®â ¦¥
ï§ëª, â® ¤«ï ¯®¯®«−¥−¨ï ª®à¯ãá®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢ �Š÷Ÿ ¨ ä®à¬¨à®¢�−¨ï
åà�−¨«¨é� ¯�à�««¥«ì−ëå â¥ªáâ®¢, ¨á¯®«ì§ã¥¬ëå ¢á¥¬¨ ��„, ®à¨£¨−�« â¥ªáâ�
¢ëà�¢−¨¢�¥âáï á ª�¦¤ë¬ ¨§ íâ¨å ¯¥à¥¢®¤®¢ ¯® ®â¤¥«ì−®áâ¨. �à¨ íâ®¬ ç¨á«®
ª®àâ¥¦¥©, áä®à¬¨à®¢�−−ëå ¯à¨ ¢ëà�¢−¨¢�−¨¨ ®à¨£¨−�«� á ¯¥à¢ë¬ ¯¥à¥¢®¤®¬,
¨ á®¤¥à¦�−¨¥ ¨å «¥¢ëå ç�áâ¥© á«ã¦�â ®á−®¢®© ¤«ï ¢ëà�¢−¨¢�−¨ï ®à¨£¨−�«�
á ª�¦¤ë¬ ¨§ ¯®á«¥¤ãîé¨å ¯¥à¥¢®¤®¢. ’�ª¨¬ ®¡à�§®¬, ¯®á«¥ ¢ëà�¢−¨¢�−¨ï

’�¡«¨æ� 1 Š®àâ¥¦¨ ¯à¥¤«®¦¥−¨© ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�

�à¨£¨−�« �¥à¥¢®¤
�¥ ¯à®á¨â¥ ¬¥−ï ¯¥âì, ï −¥ á¯®î ã¦¥
¡®«ìè¥ â�ª. . .

Ne me demandez pas de chanter, car je ne
saurais plus chanter comme c�a. . .

�®áâ®©â¥, ¥é¥ ®¤−® á¯®î. . . | áª�§�«�
®−�, ¨ ¢ âã ¦¥ ¬¨−ãâã «¨æ® ¥¥ ¡ã¤â®
¢á¯ëå−ã«®, £«�§� §�£®à¥«¨áì, ®−� ®¯ã-
áâ¨«�áì −� áâã«, á¨«ì−® ¢§ï«� ¤¢�{âà¨
�ªª®à¤� ¨ §�¯¥«�.

Si, attendez, sauf une chose encore. . .
dit-elle, et au m�eme instant son visage
s'embrasa de couleurs, ses yeux brillèrent,
elle prit une chaise, plaqua deux ou trois
accords vigoureux et chanta.

�®¦¥ ¬®©, çâ® á«ëè�«®áì ¢ íâ®¬ ¯¥−¨¨! Seigneur, qu'entendait-on dans ce chant!
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’�¡«¨æ� 2 �à¨£¨−�« á ¤¢ã¬ï ¯¥à¥¢®¤�¬¨

�à¨£¨−�« �¥à¥¢®¤ë
�¥ ¯à®á¨â¥ ¬¥−ï ¯¥âì, ï −¥ á¯®î ã¦¥
¡®«ìè¥ â�ª. . .
[ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢ (1848{1859)]

Ne me demandez plus de chanter, car je
ne serais plus capable de chanter ainsi. . .
[�¥à. �. �¤�¬®¢ (1959)]
Ne me demandez pas de chanter, car je ne
saurais plus chanter comme c�a. . . [�¥à.
‹. āà£¥−á®− (1988)]

á ª�¦¤ë¬ ¨§ ¯¥à¥¢®¤®¢ ¯® ®â- ’�¡«¨æ� 3 �à¨¬¥à à�§¬¥âª¨ á«®¢®ä®à¬ë
á¯®î ¡¥§ á−ïâ¨ï ®¬®−¨¬¨¨

‹¥¬¬� Š®¤ ��§¢�−¨¥
á¯®¨âì norm á«®¢�à−�ï ä®à¬�

sg ¥¤¨−áâ¢¥−−®¥ ç¨á«®
V ƒ«�£®«
pf á®¢¥àè¥−−ë© ¢¨¤
act ¤¥©áâ¢¨â¥«ì−ë© §�«®£
indic ¨§êï¢¨â¥«ì−®¥ −�ª«®−¥−¨¥
1p ¯¥à¢®¥ «¨æ®
tran ¯¥à¥å®¤−ë©
fut ¡ã¤ãé¥¥ ¢à¥¬ï

á¯®© S ‘ãé¥áâ¢¨â¥«ì−®¥
inan −¥®¤ãè¥¢«¥−−®¥
norm á«®¢�à−�ï ä®à¬�
sg ¥¤¨−áâ¢¥−−®¥ ç¨á«®
dat ¤�â¥«ì−ë© ¯�¤¥¦
m ¬ã¦áª®© à®¤

á¯¥âì norm á«®¢�à−�ï ä®à¬�
sg ¥¤¨−áâ¢¥−−®¥ ç¨á«®
V ƒ«�£®«
pf á®¢¥àè¥−−ë© ¢¨¤
act ¤¥©áâ¢¨â¥«ì−ë© §�«®£
indic ¨§êï¢¨â¥«ì−®¥ −�ª«®−¥−¨¥
1p ¯¥à¢®¥ «¨æ®
tran ¯¥à¥å®¤−ë©
fut ¡ã¤ãé¥¥ ¢à¥¬ï

¤¥«ì−®áâ¨ «¥¢ë¥ ç�áâ¨ ª®àâ¥¦¥©
®¤−®£® ¯à®¨§¢¥¤¥−¨ï ¯à¨ á®¡«î-
¤¥−¨¨ â¥å−®«®£¨¨ ¢ëà�¢−¨¢�−¨ï
¡ã¤ãâ á®¢¯�¤�âì, � ¯à�¢ë¥, ª�ª
¯à�¢¨«®, ¡ã¤ãâ ®â«¨ç�âìáï, â�ª ª�ª
®−¨ á®§¤�−ë à�§−ë¬¨ ¯¥à¥¢®¤ç¨-
ª�¬¨ (â�¡«. 2).

„® §�£àã§ª¨ ¢ëà®¢−¥−−ëå ¯�-
à�««¥«ì−ëå â¥ªáâ®¢ ¢ë¯®«−ï¥âáï
¬¥â�â¥ªáâ®¢�ï ¨ ¬®àä®«®£¨ç¥áª�ï
à�§¬¥âª� á®£«�á−® Œ®àä®«®£¨ç¥-
áª®¬ã áâ�−¤�àâã �Š÷Ÿ [21]. �®
íâ®¬ã áâ�−¤�àâã úŒ®àä®«®£¨ç¥-
áª�ï ¨−ä®à¬�æ¨ï, ¯à¨¯¨áë¢�¥¬�ï
¯à®¨§¢®«ì−®¬ã á«®¢ã ¢ â¥ªáâ¥, á®-
áâ®¨â ¨§ ç¥âëà¥å \¯®«¥©" ¨«¨
£àã¯¯ ¯®¬¥â: (1) «¥ªá¥¬�, ª®â®à®©
¯à¨−�¤«¥¦¨â á«®¢®ä®à¬� (ãª�§ë-
¢�¥âáï \á«®¢�à−�ï §�¯¨áì" ¤�−−®©
«¥ªá¥¬ë ¨ ¥¥ ¯à¨−�¤«¥¦−®áâì ª â®©
¨«¨ ¨−®© ç�áâ¨ à¥ç¨); (2) ¬−®-
¦¥áâ¢® £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢
¤�−−®© «¥ªá¥¬ë, ¨«¨ á«®¢®ª«�áá¨-
ä¨æ¨àãîé¨¥ å�à�ªâ¥à¨áâ¨ª¨ (−�-
¯à¨¬¥à, à®¤ ¤«ï áãé¥áâ¢¨â¥«ì−®-
£®, ¯¥à¥å®¤−®áâì ¤«ï £«�£®«�); (3) ¬−®¦¥áâ¢® £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢ ¤�−−®©
á«®¢®ä®à¬ë, ¨«¨ á«®¢®¨§¬¥−¨â¥«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ (−�¯à¨¬¥à, ¯�¤¥¦ ¤«ï
áãé¥áâ¢¨â¥«ì−®£®, ç¨á«® ¤«ï £«�£®«�); (4) ¨−ä®à¬�æ¨ï ® −¥áâ�−¤�àâ−®áâ¨ £à�¬-
¬�â¨ç¥áª®© ä®à¬ë, ®àä®£à�ä¨ç¥áª¨å ¨áª�¦¥−¨ïå ¨ â. ¯. . . . ‚ ®á−®¢ã ¬¥â�ï§ëª�
£à�¬¬�â¨ç¥áª¨å ¯®¬¥â. . . ¯®«®¦¥−� á¨áâ¥¬� á®ªà�é¥−−ëå ¯®¬¥â (\â¥£®¢") −�
®á−®¢¥ «�â¨−áª®£® �«ä�¢¨â�û (á¬. 2-© áâ®«¡¥æ ¢ â�¡«. 3).
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�¥à¥ç¨á«¥−−ë¥ ¯®«ï ¢ª«îç�îâ «¨−£¢¨áâ¨ç¥áªãî ¨−ä®à¬�æ¨î ® á«®¢®ä®à-
¬�å ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ «¥ªá¥¬�å. �à¨ íâ®¬ à�§¬¥âª� ¯à®¢®¤¨âáï ¡¥§ á−ïâ¨ï
®¬®−¨¬¨¨. ’�ª, ¤«ï á«®¢®ä®à¬ë á¯®î ¨§ â�¡«. 1 ¨ 2 ¯à¨ à�§¬¥âª¥ ¢ª«îç�¥âáï
¨−ä®à¬�æ¨ï ® âà¥å «¥ªá¥¬�å á¯®¨âì, á¯®© (áãé¥áâ¢¨â¥«ì−®¥) ¨ á¯¥âì (á¬. â�¡«. 3).

’�ª¨¬ ®¡à�§®¬, ç�áâì £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢ (ç�áâì à¥ç¨, §�«®£, ¯¥à¥-
å®¤−®áâì, á®¢¥àè¥−−ë© ¢¨¤) å�à�ªâ¥à¨§ã¥â «¥ªá¥¬ã, � −�ª«®−¥−¨¥, ¢à¥¬ï, ç¨á«®
®â−®áïâáï ª á�¬®© á«®¢®ä®à¬¥. �� ®á−®¢¥ íâ¨å ¯à¨§−�ª®¢ ¢ ��„ à¥�«¨§®¢�−
£à�¬¬�â¨ç¥áª¨© ¯®¨áª ¨áá«¥¤ã¥¬ëå Ÿ…. �à¨ íâ®¬ ��„ ®¡¥á¯¥ç¨¢�¥â ¤¢ãï§ëç-
−ë© ¯®¨áª, â. ¥. ¥£® ¬®¦−® ¢¥áâ¨ ¯® â¥ªáâ�¬ ®à¨£¨−�«®¢ ¯à®¨§¢¥¤¥−¨© /̈̈ «¨ ¯®
¨å ¯¥à¥¢®¤�¬.

4 Поиск исследуемых языковых единиц

�®¨áª ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ª®àâ¥¦¥© á ¨áá«¥¤ã¥¬ë¬¨ Ÿ… ¢ª«îç�¥â ¤¢�
íâ�¯�. ‘−�ç�«� ¢ë¡¨à�¥âáï ¨áá«¥¤ã¥¬®¥ −�¯à�¢«¥−¨¥ ¯¥à¥¢®¤� (â�¡«. 4), â. ¥.
¢ åà�−¨«¨é¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ��„ ¢ë¤¥«ï¥âáï ¨å ¯®¤¬−®¦¥áâ¢®. ��-
¯à¨¬¥à, −� 01.06.2019 ¢ åà�−¨«¨é¥ ¡ë«¨ §�£àã¦¥−ë â¥ªáâë, á®¤¥à¦�é¨¥ ®ª®-
«® 14 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©. …á«¨ ¢ë¡à�âì ¢ −¥¬ â®«ìª® àãááª®-äà�−æã§áª®¥
−�¯à�¢«¥−¨¥ ¯¥à¥¢®¤�, â® ®¡«�áâì ¯®¨áª� ¢ åà�−¨«¨é¥ á®ªà�â¨âáï ¤® 4 ¬«− á«®¢®-
ã¯®âà¥¡«¥−¨©. �¡«�áâì ¯®¨áª� á®ªà�â¨âáï ¥é¥ ¡®«ìè¥, ¥á«¨ ãª�§�âì ª®−ªà¥â−®¥
¯à®¨§¢¥¤¥−¨¥ ¨ ¥£® ¯¥à¥¢®¤. �â¬¥â¨¬, çâ® åà�−¨«¨é¥ ��„ á®¤¥à¦¨â â¥ªáâë
à�§−ëå í¯®å ¨ ¦�−à®¢ | ª�ª åã¤®¦¥áâ¢¥−−ë¥, â�ª ¨ −¥åã¤®¦¥áâ¢¥−−ë¥ (¢ â®¬
ç¨á«¥ −�ãç−ë¥, îà¨¤¨ç¥áª¨¥ â¥ªáâë).

�®á«¥ ¢ë¡®à� −�¯à�¢«¥−¨ï ¯¥à¥¢®¤� ®âªàë¢�¥âáï ®ª−® ¯®¨áª®¢®£® è�¡«®−�,
ª®â®àë© ¤�¥â ¢®§¬®¦−®áâì §�¤�âì «¥ªá¨ç¥áª¨¥ /̈̈ «¨ £à�¬¬�â¨ç¥áª¨¥ ªà¨â¥à¨¨
¯®¨áª� ª®àâ¥¦¥© á ¨áá«¥¤ã¥¬ë¬¨ Ÿ…. �� ®á−®¢¥ −�©¤¥−−ëå ª®àâ¥¦¥© ä®à-
¬¨àãîâáï ¤¢ãï§ëç−ë¥ �−−®â�æ¨¨, á®¤¥à¦�é¨¥ ª®−â¥ªáâ ®à¨£¨−�«ì−®£® â¥ªáâ�
á ¨áá«¥¤ã¥¬®© Ÿ…, ¯à¨§−�ª¨ Ÿ… ¨ ¥¥ ª®−â¥ªáâ�, � â�ª¦¥ ¯¥à¥¢®¤ ª®−â¥ªáâ�
á íª¢¨¢�«¥−â®¬ Ÿ… ¨ ¯à¨§−�ª¨, ¯à®áâ�¢«¥−−ë¥ ¤«ï ¯¥à¥¢®¤�. �â¬¥â¨¬, çâ®
¨−®£¤� ¯¥à¥¢®¤−®© íª¢¨¢�«¥−â Ÿ…, −�¯à¨¬¥à ª®−−¥ªâ®à�, ¬®¦¥â ®âáãâáâ¢®¢�âì.
ˆ«¨ −�®¡®à®â, ¢ ¯¥à¥¢®¤¥ ª®−−¥ªâ®à ¥áâì, � ¢ ®à¨£¨−�«¥ ª®−−¥ªâ®à� −¥â. „�«¥¥

’�¡«¨æ� 4 Š®«¨ç¥áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ åà�−¨«¨é�

��¯à�¢«¥−¨¥
¯¥à¥¢®¤�

‘«®¢®ã¯®âà¥¡«¥−¨©
¢ ®à¨£¨−�«ì−ëå

â¥ªáâ�å

‘«®¢®ã¯®âà¥¡«¥−¨©
¢ ¯¥à¥¢®¤�å

‚á¥£®
á«®¢®ã¯®âà¥¡«¥−¨©

¢ −�¯à�¢«¥−¨¨
àã-äà 1 659 239 2 284 898 3 944 137
äà-àã 649 245 509 033 1 158 278
àã-−¥¬ 910 279 1 168 594 2 078 873
−¥¬-àã 1 390 979 1 220 769 2 611 748
àã-¨â 1 515 627 1 889 353 3 404 980
¨â-àã 384 111 340 445 724 556
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¯®ª�¦¥¬, ª�ª ¯®¨áª ª®àâ¥¦¥© ¨ �−−®â�æ¨© ®¡¥á¯¥ç¨¢�¥â ¯®«ãç¥−¨¥ «¨−£¢¨áâ�¬¨
−®¢®£® §−�−¨ï ®¡ ¨¬¯«¨æ¨â−®áâ¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å.

5 Извлечение нового знания с помощью надкорпусных баз данных

‚ à�¬ª�å ¯à®¥ªâ� ÷””ˆ úŒ¥â®¤ ¨ ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¤«ï æ¥«¥−�-
¯à�¢«¥−−®£® ä®à¬¨à®¢�−¨ï −®¢ëå «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨©û à�§à�¡®â�−ë ¤¢�
¬¥â®¤� ¯®«ãç¥−¨ï −®¢®£® «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï. �¥à¢ë© ¬¥â®¤ ¯à¥¤−�§−�ç¥−
¤«ï æ¥«¥−�¯à�¢«¥−−®£® ®¡−�àã¦¥−¨ï ¨ §�¯®«−¥−¨ï «�ªã− ¢ «¨−£¢¨áâ¨ç¥áª¨å â¨-
¯®«®£¨ïå, ª®â®àë¥ ï¢«ïîâáï ä®à¬�¬¨ ¯à¥¤áâ�¢«¥−¨ï §−�−¨©. �à®æ¥áá à¥è¥−¨ï
íâ®© §�¤�ç¨ ¢ª«îç�¥â 5 ¬−®£®ªà�â−® ¯®¢â®àï¥¬ëå áâ�¤¨©, ª®â®àë¥ ¢ á®¢®ªã¯-
−®áâ¨ ®¡à�§ãîâ ®¤−ã ¨â¥à�æ¨î à¥è¥−¨ï §�¤�ç¨ æ¥«¥−�¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï
§−�−¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¤«ï §�¯®«−¥−¨ï «�ªã− [14, 15, 18, 22]:

(1) ®¯à¥¤¥«¥−¨¥ ®¤−®© ¨«¨ −¥áª®«ìª¨å Ÿ…, ¨áá«¥¤ã¥¬ëå −� â¥ªãé¥© ¨â¥à�æ¨¨,
� â�ª¦¥ ¯®¨áª ª®àâ¥¦¥©, ª®â®àë¥ á®¤¥à¦�â ¯à¥¤«®¦¥−¨ï á ¨áá«¥¤ã¥¬ë¬¨
Ÿ… ¨ ¨å ¯¥à¥¢®¤−ë¬¨ íª¢¨¢�«¥−â�¬¨;

(2) «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ª®àâ¥¦¥©, −�©¤¥−−ëå ¢ ¯�à�««¥«ì−ëå â¥ª-
áâ�å −� ¯¥à¢®© áâ�¤¨¨;

(3) á¥¬�−â¨ç¥áª¨© �−�«¨§ −¥§�¢¥àè¥−−ëå �−−®â�æ¨©, ¯®¬¥ç¥−−ëå àã¡à¨ª�¬¨,
ª®â®àë¥ ãª�§ë¢�îâ −� ¯à¨ç¨−ë −¥§�¢¥àè¥−−®áâ¨ ¯à®æ¥áá� �−−®â¨à®¢�−¨ï
−� ¢â®à®© áâ�¤¨¨ (¢ â®¬ ç¨á«¥ −� «�ªã−ë ¢ áãé¥áâ¢ãîé¥© â¨¯®«®£¨¨ ¨áá«¥-
¤ã¥¬ëå Ÿ…);

(4) ¤®à�¡®âª� �−−®â�æ¨©, ¢ª«îç�îé¨å àã¡à¨ª¨, ª®â®àë¥ ãª�§ë¢�îâ −� «�ªã−ë
¢ â¨¯®«®£¨¨ ª�ª −� ¯à¨ç¨−ã −¥§�¢¥àè¥−−®áâ¨, ¨ ¯®¯®«−¥−¨¥ áãé¥áâ¢ãîé¥©
â¨¯®«®£¨¨;

(5) ®¯à¥¤¥«¥−¨¥ §−�ç¥−¨© ¯�à�¬¥âà®¢, å�à�ªâ¥à¨§ãîé¨å á®áâ®ï−¨¥ ¯à®æ¥áá�
¯®¯®«−¥−¨ï â¨¯®«®£¨¨ −� ¬®¬¥−â §�¢¥àè¥−¨ï ª�¦¤®© ¨â¥à�æ¨¨.

‚â®à®© ¬¥â®¤, à�§à�¡®â�−−ë© �. �. ƒ®−ç�à®¢ë¬ [23, 24], ¯à¥¤−�§−�ç¥− ¤«ï
¯®«ãç¥−¨ï á ¯®¬®éìî ��„ −®¢®£® «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï ® «®£¨ª®-á¥¬�−-
â¨ç¥áª¨å ®â−®è¥−¨ïå (‹‘�), ª®â®àë¥ ¨¬¯«¨æ¨à®¢�−ë ¨«¨ ª®á¢¥−−® ¢ëà�¦¥−ë
¢ «¥¢®© ç�áâ¨ ª®àâ¥¦¥©, −® íªá¯«¨æ¨à®¢�−ë ª®−−¥ªâ®à®¬ ¢ ¯à�¢®© ¥£® ç�áâ¨,
â. ¥. ¢ ¯¥à¥¢®¤¥ (á¬. â�¡«. 1 ¨ 2). ÷¥�«¨§ã¥¬®áâì íâ®£® ¬¥â®¤� ¯à®¢¥à¥−� íªá¯¥à¨-
¬¥−â�«ì−® −� ¯à¨¬¥à¥ ¢ëà®¢−¥−−ëå àãááª®-äà�−æã§áª¨å ¯�à�««¥«ì−ëå â¥ªáâ®¢
®¡ê¥¬®¬ ®ª®«® 4 ¬«− á«®¢®ã¯®âà¥¡«¥−¨© (á¬. 1-î áâà®ªã â�¡«. 4). ‚ à�¬ª�å ¤�−-
−®£® íªá¯¥à¨¬¥−â� ¨§ íâ¨å â¥ªáâ®¢ ¡ë« ®â®¡à�− 381 ª®àâ¥¦, á®¤¥à¦�é¨© á¯à�¢�
äà�−æã§áª¨© ª®−−¥ªâ®à car, ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï ¢ëà�¦¥−¨ï ‹‘� ¯à¨ç¨-
−ë ¢ â¥ªáâ�å −� äà�−æã§áª®¬ ï§ëª¥, � á«¥¢� ‹‘� ¨¬¯«¨æ¨à®¢�−® ¨«¨ ¢ëà�¦¥−®
ª®á¢¥−−®. �à¨ íâ®¬ ¡ë«� ¯à®¢¥¤¥−� ¯à¥¤¢�à¨â¥«ì−�ï â¨¯®«®£¨§�æ¨ï ®â®¡à�−-
−ëå 381 ª®àâ¥¦� ¯® ç¥âëà¥¬ ¢¨¤�¬. ��¨¡®«¥¥ ç�áâ®â−ë¬ ®ª�§�«áï ¢¨¤ ª®àâ¥¦¥©,
¢ «¥¢®© ç�áâ¨ ª®â®àëå ‹‘� ¯à¨ç¨−ë ¨¬¯«¨æ¨à®¢�−® (á¬. 1-î áâà®ªã â�¡«. 1
¨ â�¡«. 2), â. ¥. −¥ ¢ëà�¦¥−® −¨ ª®−−¥ªâ®à®¬, −¨ ®¤−¨¬ ¨§ ª®á¢¥−−ëå á¯®á®¡®¢.
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Š ª®á¢¥−−ë¬ á¯®á®¡�¬ ¢ëà�¦¥−¨ï ‹‘� ®â−®áïâáï: ¥£® §�¬¥−� −� ¤àã£®¥ ®â−®-
è¥−¨¥ (â�ª, ¢ (1) ª®−−¥ªâ®à a ¢ëà�¦�¥â ¯à¥¦¤¥ ¢á¥£® á®¯®áâ�¢¨â¥«ì−®¥ ‹‘�),
¯¥à¥¤�ç� ‹‘� −¥ª¨¬ £à�¬¬�â¨ç¥áª¨¬ áà¥¤áâ¢®¬ (−�¯à¨¬¥à, ¯à¨«®¦¥−¨¥¬, ª�ª
¢ (2)) ¨«¨ á ¯®¬®éìî ¯ã−ªâã�æ¨¨ (¢ (3) ¤«ï íâ®£® ¨á¯®«ì§®¢�−® â¨à¥).

(1) �−� â®«ìª® ª«ï«� á¥¡ï, §�ç¥¬ ®−� ¢−�ç�«¥ −¥ ¯®¡¥¤¨«� áâë¤� ¨ −¥ ®âªàë«� ˜â®«ìæã
à�−ìè¥ ¯à®è¥¤è¥¥, � â¥¯¥àì ¥© −�¤® ¯®¡¥¤¨âì ¥é¥ ã¦�á [ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢
(1848{1859)].

Elle se maudit alors de n'avoir pas plus t�ot surmont‚e sa honte et confi‚e son pass‚e
à Stolz, car maintenant il lui fallait surmonter aussi la terreur [Trad. par Luba
Jurgenson (1988)].

(2) �à¥¤ ®âê¥§¤®¬ ¢ Œ®áª¢ã ®−�, ¢®®¡é¥ ¬�áâ¥à¨æ� ®¤¥¢�âìáï −¥ ®ç¥−ì ¤®à®£®,
®â¤�«� ¬®¤¨áâª¥ ¤«ï ¯¥à¥¤¥«ª¨ âà¨ ¯«�âìï [‹. �. ’®«áâ®©. �−−� Š�à¥−¨−� (1873{
1877)].

Avant son d‚epart pour Moscou, elle avait donn‚e trois robes à transformer, car elle
savait à merveille s'habiller à bon compte [Trad. par Henri Mongault (1952)].

(3) . . .ï ¯®¤ã¬�«, çâ® §�¢âà�-â® ã¦ ¥¬ã ª�ç�âì £®«®¢®© −¥ ¯à¨¤¥âáï | §�¡«¥éã ¬¥¤�«ìî
−®¢®©, ª�ª −� áâà®¥¢®¬ á¬®âàã [�àª�¤¨© ‚�©−¥à, ƒ¥®à£¨© ‚�©−¥à. �à� ¬¨«®á¥à¤¨ï
(1975)].

Je me pris à penser que le lendemain il ne pourrait plus me reprocher quoi que ce
soit, car je brillerais comme une m‚edaille un jour de revue [Trad. par Jean-Pierre
Dussaussois et Evgueni Avrorine, en coll. avec Jean-Georges Synakiewicz. Revu et
corrig‚e par B‚eatrice Durupt (2005)].

÷�§à�¡®â�−−ë© ¬¥â®¤ ¨áá«¥¤®¢�−¨ï ¨¬¯«¨æ¨â−ëå ¨ ª®á¢¥−−® ¢ëà�¦¥−−ëå
‹‘� ¢ª«îç�¥â 5 áâ�¤¨©.

1. ‚ë¡®à ¨áá«¥¤ã¥¬®£® ‹‘� (¢ íªá¯¥à¨¬¥−â¥ íâ® ¡ë«® ‹‘� ¯à¨ç¨−ë) ¨ «¨−-
£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ã¯®âà¥¡«¥−¨© â¥å ª®−−¥ªâ®à®¢ àãááª®£® ï§ëª�,
ª®â®àë¥ ¬®£ãâ áç¨â�âìáï ¯à®â®â¨¯¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨ ¢ëà�¦¥−¨ï íâ®£®
‹‘� (¢ íªá¯¥à¨¬¥−â¥ íâ® ¡ë«¨ ª®−−¥ªâ®àë ¯®â®¬ã çâ®, ¯®áª®«ìªã, ¨¡®
¨ â. ¤.).

2. �−�«¨§ ¯®«ãç¥−−®£® ¬�áá¨¢� �−−®â�æ¨© ¨ ¢ëï¢«¥−¨¥ ¯¥à¥¢®¤−ëå íª¢¨¢�-
«¥−â®¢ íâ¨å ª®−−¥ªâ®à®¢ ¢® äà�−æã§áª®¬ ï§ëª¥ (¤«ï ‹‘� ¯à¨ç¨−ë |
íâ® car, parce que, puisque, comme ¨ â. ¤., −® ¢ ¯à®¢¥¤¥−−®¬ íªá¯¥à¨¬¥−â¥
¨á¯®«ì§®¢�«áï â®«ìª® ª®−−¥ªâ®à car).

3. „¢ãï§ëç−ë© ¯®¨áª ¢ åà�−¨«¨é¥ ª®àâ¥¦¥© (á¬. à¨áã−®ª), ã¤®¢«¥â¢®àïîé¨å
ãá«®¢¨î: ¯à�¢�ï ç�áâì ª®àâ¥¦� −� äà�−æã§áª®¬ ï§ëª¥ ¤®«¦−� á®¤¥à¦�âì
¢ëï¢«¥−−ë¥ −� ¢â®à®© áâ�¤¨¨ ¯¥à¥¢®¤−ë¥ íª¢¨¢�«¥−âë (¢ íªá¯¥à¨¬¥−â¥ |
íâ® ª®−−¥ªâ®à car), � «¥¢�ï ¥£® ç�áâì −¥ ¤®«¦−� á®¤¥à¦�âì â¥ ª®−−¥ªâ®àë
àãááª®£® ï§ëª�, ª®â®àë¥ ¢ëà�¦�îâ ¨áá«¥¤ã¥¬®¥ ‹‘� ¨ ¡ë«¨ �−−®â¨à®¢�−ë
−� ¯¥à¢®© áâ�¤¨¨ (¯®â®¬ã çâ®, ¯®áª®«ìªã, ¨¡® ¨ â. ¤.).

4. �−−®â¨à®¢�−¨¥ ª®àâ¥¦¥©, −�©¤¥−−ëå ¢ åà�−¨«¨é¥ −� 3-© áâ�¤¨¨ (¢ íªá¯¥-
à¨¬¥−â¥ ¡ë«® −�©¤¥−® 444 ª®àâ¥¦�, ¨§ −¨å 381 ª®àâ¥¦ ¡ë« à¥«¥¢�−â¥− æ¥«¨
¨áá«¥¤®¢�−¨ï).
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5. �−�«¨§ áä®à¬¨à®¢�−−ëå ¢ ��„ �−−®â�æ¨© (¢ íªá¯¥à¨¬¥−â¥ áä®à¬¨à®-
¢�−� 381 �−−®â�æ¨ï), ¢ª«îç�ï ®¯à¥¤¥«¥−¨¥ ç�áâ®â−®áâ¨ ¢¨¤®¢ ª®àâ¥¦¥©,
¢ ª®â®àëå ¨áá«¥¤ã¥¬®¥ ‹‘� ¢ àãááª®¬ ï§ëª¥ ï¢«ï¥âáï ¨¬¯«¨æ¨â−ë¬ ¨«¨
¢ëà�¦¥−® ®¤−¨¬ ¨§ ª®á¢¥−−ëå á¯®á®¡®¢ (¢ íªá¯¥à¨¬¥−â¥ á ª®−−¥ªâ®à®¬ car
¡ë«® −�©¤¥−® çãâì ¡®«¥¥ 40% ª®àâ¥¦¥© á ¨¬¯«¨æ¨â−ë¬ ‹‘� ¯à¨ç¨−ë
¨ ®ª®«® 60% ª®àâ¥¦¥© á ª®á¢¥−−ë¬¨ á¯®á®¡�¬¨ ¥£® ¢ëà�¦¥−¨ï).

�â®â ¬¥â®¤ ¤�¥â ¢®§¬®¦−®áâì ®¯à¥¤¥«¨âì ç�áâ®â−®áâì ¢¨¤®¢ ª®àâ¥¦¥© á ¨¬-
¯«¨æ¨â−ë¬ ¨ ¢ëà�¦¥−−ë¬ ®¤−¨¬ ¨§ ª®á¢¥−−ëå á¯®á®¡®¢ ‹‘� «î¡®£® ¢¨¤�
(£¥−¥à�«¨§�æ¨¨, á¯¥æ¨ä¨ª�æ¨¨, ¯à®â¨¢®¯®áâ�¢«¥−¨ï ¨ â. ¤.), ¨á¯®«ì§ãï ¯®¨áª
ª®àâ¥¦¥© ¢ åà�−¨«¨é¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¨ ¤¢ãï§ëç−ë© ¯®¨áª �−−®â�æ¨©
¢ ��„. „�−−ë© ¬¥â®¤ ¯® áà�¢−¥−¨î á á�¬ë¬ à�á¯à®áâà�−¥−−ë¬ −� á¥£®¤−ïè-
−¨© ¤¥−ì á¯®á®¡®¬ ¢ëï¢«¥−¨ï ¨¬¯«¨æ¨â−ëå ¨ ª®á¢¥−−® ¢ëà�¦¥−−ëå ‹‘�,
ª®â®àë© ¨á¯®«ì§ã¥â á¯«®è−ãî àãç−ãî à�§¬¥âªã ®â −�ç�«� ¤® ª®−æ� ª�¦¤®£® â¥ª-
áâ� [25, 26], âà¥¡ã¥â §−�ç¨â¥«ì−® ¬¥−ìè¨å ¢à¥¬¥−−‚ëå ¨ ç¥«®¢¥ç¥áª¨å à¥áãàá®¢
¤«ï ¯à®¢¥¤¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©.

6 Заключение

÷�§à�¡®â�−−ë¥ ¬¥â®¤ë ¨á¯®«ì§ãîâ ¯®¨áª®¢ë¥ ¢®§¬®¦−®áâ¨ á¯à®¥ªâ¨à®¢�−-
−®© Œ. ƒ. Šàã¦ª®¢ë¬ [3{5, 8, 9] ��„, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¤¢ãï§ëç−ë© ¯®¨áª
�−−®â�æ¨©. �â¨ ¬¥â®¤ë ¯®§¢®«ïîâ «¨−£¢¨áâ�¬ ¨§¢«¥ª�âì −®¢®¥ §−�−¨¥, ¢ª«îç�ï
ãâ®ç−¥−¨¥ ã¦¥ áãé¥áâ¢ãîé¨å â¨¯®«®£¨© [15]. �®ï¢«ï¥âáï â�ª¦¥ ¢®§¬®¦−®áâì
ä®à¬¨à®¢�âì −®¢ë¥ â¨¯®«®£¨¨ á −ã«ï, çâ® ¯«�−¨àã¥âáï ¯à®¤¥¬®−áâà¨à®¢�âì ¯à¨
¯à®¤®«¦¥−¨¨ ¯à®¥ªâ� −� ¯à¨¬¥à¥ ¯®áâà®¥−¨ï â¨¯®«®£¨¨ àãááª¨å ª®−áâàãªæ¨©
á ¬®¤�«ì−ë¬ §−�ç¥−¨¥¬. ‚ áãé¥áâ¢ãîé¨å ¬¥â®¤�å ãâ®ç−¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å
â¨¯®«®£¨© ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï −¥ ¤®¯ãáª�¥âáï −¨ª�ª¨å ¨§¬¥−¥−¨© ¢ â¨-
¯®«®£¨¨. �®á«¥ §�¢¥àè¥−¨ï à�¡®â ¯® �−−®â¨à®¢�−¨î ¢ â¨¯®«®£¨î ¬®£ãâ ¡ëâì
¢−¥á¥−ë ¨§¬¥−¥−¨ï, −® ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ®−� ®áâ�¥âáï −¥¨§¬¥−−®© ¤®
¥£® ®ª®−ç�−¨ï [27]. ’�ª¨¥ ¯®¤å®¤ë −¥ ¯®§¢®«ïîâ ä®à¬¨à®¢�âì â¨¯®«®£¨¨ á −ã«ï
¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï, â�ª ª�ª ¤«ï ¥£® ®¡¥á¯¥ç¥−¨ï ã¦¥ âà¥¡ã¥âáï ¨¬¥âì
−¥ª®â®àë© −�ç�«ì−ë© ¢�à¨�−â â¨¯®«®£¨¨.
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Abstract: The paper considers the task of providing linguistic studies with
means of supracorpora databases containing aligned parallel texts (each includes
the original text and its translation) as well as bilingual annotations of the
researched linguistic items and their translation equivalents formed on the basis
of parallel texts. Each annotation, formed by a linguist, fixes a translation model
of a linguistic item. The experience of implementing several linguistic projects
at Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences showed that not all translation models that linguists
extract from parallel texts during linguistic annotation are described in bilingual
dictionaries and handbooks. Thus, supracorpora databases allow researchers
to create new knowledge about the translation equivalents of the researched
linguistic items. It is extracted by linguists when comparing and annotating the
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is to describe the functions of supracorpora databases that provide linguists with
new knowledge in the process of annotation.
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ОШИБКИ В МАШИННОМ ПЕРЕВОДЕ:
ПРОБЛЕМЫ КЛАССИФИКАЦИИ

А. А. Гончаров1, Н. В. Бунтман2, В. А. Нуриев3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯à®¡«¥¬ë ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¢ ¬�è¨−−®¬
¯¥à¥¢®¤¥. ‚ ¯¥à¢®© ç�áâ¨ ¯à¥¤«�£�¥âáï ®¡§®à à�§−ëå ¯®¤å®¤®¢ ª ®æ¥−ª¥
ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� ¨ ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª, −�¡«î¤�¥¬ëå ¯à¨
à�¡®â¥ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¯¥à¥¢®¤�. ‚â®à�ï ç�áâì ¯®á¢ïé¥−� ®¯¨-
á�−¨î ®à¨£¨−�«ì−®© ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤�, ª®â®à�ï
¡ë«� á®§¤�−� â�à£¥â¨à®¢�−−® | ¤«ï ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢ ¢ ï§ëª®¢®© ¯�à¥
àãááª¨©{äà�−æã§áª¨©. �� íâ®© ï§ëª®¢®© ¯�à¥ ¯®¤®¡−ëå ¨áá«¥¤®¢�−¨© ¥é¥
−¥ ¯à®¢®¤¨«®áì. ‚ ¯à¥¤«�£�¥¬®© ª«�áá¨ä¨ª�æ¨¨ ¢ë¤¥«ïîâáï ¤¢¥ ®á−®¢−ë¥
£àã¯¯ë ®è¨¡®ª | £à�¬¬�â¨ç¥áª¨¥/«¥ªá¨ç¥áª¨¥ ®è¨¡ª¨ ¢® äà�£¬¥−â¥ â¥ªáâ�
á ª®−−¥ªâ®à®¬ ¨ ®è¨¡ª¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ¯¥à¥¢®¤¥ ª®−−¥ªâ®à�. ‚ à�¡®â¥
¨á¯®«ì§®¢�«áï ¯�à�««¥«ì−ë© ª®à¯ãá, á®áâ®ïé¨© ¨§ àãááª®ï§ëç−ëå â¥ªáâ®¢
¨ ¨å à¥ä¥à¥−â−ëå ¯¥à¥¢®¤®¢ (®ª®«® 4 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©). ˆ§ íâ¨å
àãááª®ï§ëç−ëå â¥ªáâ®¢ ®â¡¨à�«¨áì äà�£¬¥−âë, á®¤¥à¦�é¨¥ ª®−−¥ªâ®àë, ª®-
â®àë¥ §�â¥¬ ¯¥à¥¢®¤¨«¨áì −� äà�−æã§áª¨© ¢ ¤¢ãå à�§−ëå á¨áâ¥¬�å ¬�è¨−−®£®
¯¥à¥¢®¤�.

Š«îç¥¢ë¥ á«®¢�: ª«�áá¨ä¨ª�æ¨ï; ¬�è¨−−ë© ¯¥à¥¢®¤; ª�ç¥áâ¢® ¬�è¨−−®£®
¯¥à¥¢®¤�; ®è¨¡ª¨ ¢ ¬�è¨−−®¬ ¯¥à¥¢®¤¥

DOI: 10.14357/08696527190308

1 Введение

–¥«ì −�áâ®ïé¥© áâ�âì¨ | ¯®ª�§�âì, ª�ª¨¥ ¯à®¡«¥¬ë á¢ï§�−ë á ®æ¥−ª®©
ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤�. �â¨ ¯à®¡«¥¬ë ¯®¤−¨¬�îâáï ¢ ª®−â¥ªáâ¥ áãé¥-
áâ¢ãîé¨å ¯®¤å®¤®¢ ª ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª, ª®â®àë¥ ¢®§−¨ª�îâ ¯à¨ à�¡®â¥
�¢â®¬�â¨ç¥áª¨å ¯¥à¥¢®¤ç¨ª®¢. �¥¤®áâ�âª¨ ¯à®�−�«¨§¨à®¢�−−ëå ¯®¤å®¤®¢ ãç¨-
âë¢�«¨áì ¯à¨ á®§¤�−¨¨ ®à¨£¨−�«ì−®© â�ªá®−®¬¨¨ ®è¨¡®ª, à�§à�¡®â�−−®© ¯à¨¬¥-
−¨â¥«ì−® ª ¯¥à¥¢®¤ã ª®−−¥ªâ®à®¢ (á àãááª®£® ï§ëª� −� äà�−æã§áª¨©). ‚ ¤�−−®©
â�ªá®−®¬¨¨ ¢ë¤¥«ïîâáï ¤¢¥ ®á−®¢−ë¥ £àã¯¯ë ®è¨¡®ª | £à�¬¬�â¨ç¥áª¨¥/«¥ª-
á¨ç¥áª¨¥ ®è¨¡ª¨ ¢® äà�£¬¥−â¥ â¥ªáâ� á ª®−−¥ªâ®à®¬ ¨ ®è¨¡ª¨ −¥¯®áà¥¤áâ¢¥−−®
¢ ¯¥à¥¢®¤¥ ª®−−¥ªâ®à�. „«ï £¥−¥à¨à®¢�−¨ï ®¡à�§æ®¢ ¯¥à¥¢®¤� ¨á¯®«ì§®¢�«¨áì

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

2Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, nabunt@hotmail.com
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nurieff.v@gmail.com
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¤¢¥ á¨áâ¥¬ë: áâ�â¨áâ¨ç¥áª�ï translate.yandex.ru (Ÿ−¤¥ªá.�¥à¥¢®¤ç¨ª)1 ¨ á¨áâ¥¬�
−¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� translate.google.com (Google's Neural Machine
Translation system | ¤�«¥¥ GNMT) (¯®¤à®¡−¥¥ ® ¯à¨−æ¨¯�å à�¡®âë á¨áâ¥¬
Ÿ−¤¥ªá.�¥à¥¢®¤ç¨ª ¨ GNMT á¬. [1{3]). Š®à¯ãá ¯à¨¬¥à®¢ ¬�è¨−−®£® ¯¥à¥-
¢®¤� á®áâ�¢¨« 3000 ¯�à�««¥«ì−ëå ª®−â¥ªáâ®¢, £¤¥ −� ª�¦¤ë© ¨§ ¯¥à¥¢®¤ç¨ª®¢
¯à¨å®¤¨âáï ¯® 1500.

2 Подходы к оценке качества машинного перевода

ˆáá«¥¤®¢�−¨ï ¯® ®æ¥−ª¥ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� áâ�«¨ ®¤−¨¬ ¨§ ¯¥à-
á¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¢ ®¡«�áâ¨ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨. �¡ íâ®¬ á¢¨¤¥-
â¥«ìáâ¢ãîâ ¯®á¢ïé¥−−ë¥ ¨¬ ¬®−®£à�ä¨¨ úTranslation quality assessment: From
principles to practiceû [4] ¨ úQuality estimation for machine translationû [5],
ª®â®àë¥ ¢ëè«¨ ¢ 2018 £. �‚®«ìè�ï ç�áâì íâ¨å ¨áá«¥¤®¢�−¨© ¯®á¢ïé¥−� à�§-
à�¡®âª¥ �¢â®¬�â¨§¨à®¢�−−ëå ¬¥âà¨ª ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®-
¤�, ª®â®àë¥ ®á−®¢ë¢�îâáï −� ¯à¨−æ¨¯¥ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®© £¥−¥à�«¨§�-
æ¨¨ ¯à¨ ¯®áâà®¥−¨¨ ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª (á¬., −�¯à¨¬¥à, ª«�áá¨ä¨ª�æ¨î
http://www.qt21.eu/mqm-de¦nition/issues-list-2015-12-30.html ¨ [6]). ’�ª®©
¯à¨−æ¨¯ à�¡®âë −�¯à�¢«¥− −� áâ�−¤�àâ¨§�æ¨î ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª, á−¨-
¦¥−¨¥ §�âà�â −� ®æ¥−ªã ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� ¨ ¯®¢ëè¥−¨¥ ª®¬¬¥àç¥áª®©
¯à¨¢«¥ª�â¥«ì−®áâ¨ ª®−ªà¥â−ëå �¢â®¬�â¨ç¥áª¨å ¯¥à¥¢®¤ç¨ª®¢. �¤−�ª® ¯à¨-
¬¥−¥−¨¥ íâ®£® ¯®¤å®¤� ¢¥¤¥â ª â®¬ã, çâ® −¥ª®â®àë¥ ®è¨¡ª¨ −¥ ãç¨âë¢�îâáï
�¢â®¬�â¨§¨à®¢�−−ë¬¨ ¬¥âà¨ª�¬¨ ¨, á«¥¤®¢�â¥«ì−®, −¥ ¬®£ãâ ¡ëâì ãçâ¥−ë ¯à¨
®æ¥−ª¥ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤�.

’�ª¨¥ −¥¤®áâ�âª¨ �¢â®¬�â¨§¨à®¢�−−ëå ¬¥â®¤®¢ ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£®
¯¥à¥¢®¤� ¯à¨§¢�− ª®¬¯¥−á¨à®¢�âì ¯®¤å®¤, ¯à¥¤¯®«�£�îé¨© ¯à¨¬¥−¥−¨¥ íªá-
¯¥àâ−®£® �−�«¨§� á ¯à¨¢«¥ç¥−¨¥¬ á¯¥æ¨�«¨áâ®¢ (¯¥à¥¢®¤ç¨ª®¢ ¨ «¨−£¢¨áâ®¢,
á¬. [7, 8]). ‹¨−£¢¨áâ¨ç¥áª¨© �−�«¨§ ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤� ¬®¦¥â −®á¨âì
â�à£¥â¨à®¢�−−ë© å�à�ªâ¥à, ª®£¤� ¥£® ®¡ê¥ªâ®¬ áâ�−®¢ïâáï ®è¨¡ª¨ ¯à¨ ¯¥à¥-
¢®¤¥ ®¯à¥¤¥«¥−−ëå ï§ëª®¢ëå ¥¤¨−¨æ (ª�ª ¢ á«ãç�¥ ª®−−¥ªâ®à®¢). ’�ªá®−®¬¨¨
®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤�, á®§¤�−−ë¥ ¯®áà¥¤áâ¢®¬ «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§�
¯¥à¥¢®¤®¢, ®â«¨ç�îâáï ¡®«¥¥ ã−¨¢¥àá�«ì−®© àã¡à¨ª�æ¨¥© ¨ ¢ ¡®«ìè¥© áâ¥¯¥-
−¨ ®à¨¥−â¨à®¢�−ë −� ¢ëï¢«¥−¨¥ ¯à®¡«¥¬ ¯¥à¥¢®¤�, ¢®§−¨ª�îé¨å −� ª�¦¤®¬
ï§ëª®¢®¬ ãà®¢−¥ ¨ ¢ ª®−ªà¥â−®© ¯�à¥ ï§ëª®¢.

�¤−¨¬ ¨§ ¯à¨¬¥à®¢ â�ª®© â�ªá®−®¬¨¨ á«ã¦¨â ª«�áá¨ä¨ª�æ¨ï, ¯à¥¤«®¦¥−−�ï
¢ [7], £¤¥ �¢â®àë ®â¬¥ç�îâ, çâ®, −¥á¬®âàï −� ï¢−ãî ¯®«¥§−®áâì �¢â®¬�â¨§¨à®-
¢�−−ëå ¬¥âà¨ª, ®−¨ ¢àï¤ «¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ ª�ç¥áâ¢¥ ¥¤¨−áâ¢¥−−®£®
áà¥¤áâ¢� ¤«ï ¢ëï¢«¥−¨ï ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤�; −�àï¤ã á −¨¬¨ −¥®¡å®¤¨¬®
¨á¯®«ì§®¢�âì íªá¯¥àâ−ë© «¨−£¢¨áâ¨ç¥áª¨© �−�«¨§. �â� â¨¯®«®£¨ï ¨¬¥¥â ¨¥à�àå¨-
ç¥áªãî áâàãªâãàã ¨ ¢ª«îç�¥â ¯ïâì ãªàã¯−¥−−ëå ª«�áá®¢ ®è¨¡®ª: ú�à®¯ãé¥−−ë¥
á«®¢�û (Missing Words), ú‘«®¢®¯®àï¤®ªû (Word Order), ú�¥¯à�¢¨«ì−ë¥ á«®¢�û

1„�−−ë¥ ¤«ï á¨áâ¥¬ë Ÿ−¤¥ªá.�¥à¥¢®¤ç¨ª á®¡¨à�«¨áì ¤® 2018 £.
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�. �. ƒ®−ç�à®¢, �. ‚. �ã−â¬�−, ‚. �. �ãà¨¥¢

(Incorrect Words), ú�¥¨§¢¥áâ−ë¥ á«®¢�û (Unknown Words) ¨ ú�ã−ªâã�æ¨®−−ë¥
®è¨¡ª¨û (Punctuation errors). �è¨¡ª¨, ®¡à�§ãîé¨¥ ¯¥à¢ë© ª«�áá, ¢®§−¨ª�îâ,
¥á«¨ ¢ ¯¥à¥¢®¤¥ ®âáãâáâ¢ã¥â ¯®¤«¥¦�é¥¥ ¯¥à¥¢®¤ã á«®¢®. �−¨ ¤¥«ïâáï −� ¤¢¥
£àã¯¯ë:

(1) ®è¨¡ª¨, ¢®§−¨ª�îé¨¥, ª®£¤� ¢ ¨áå®¤−®¬ ¯à¥¤«®¦¥−¨¨ ®âáãâáâ¢ãîé¥¥ á«®¢®
−¥¯®áà¥¤áâ¢¥−−® ãç�áâ¢ã¥â ¢ á¬ëá«®®¡à�§®¢�−¨¨;

(2) ®è¨¡ª¨, ¢®§−¨ª�îé¨¥, ª®£¤� ®¡é¨© á¬ëá« ¯à¥¤«®¦¥−¨ï ¯®−ïâ¥− ¢−¥ §�¢¨-
á¨¬®áâ¨ ®â á«®¢�, ª®â®à®¥ ®âáãâáâ¢ã¥â ¢ ¯¥à¥¢®¤¥, −® ¯à¨ íâ®¬ ¥£® ®âáãâáâ¢¨¥
áâ�¢¨â ¯®¤ ¢®¯à®á ¯à¨¥¬«¥¬®áâì ¯¥à¥¢®¤−®£® ¢�à¨�−â� á â®çª¨ §à¥−¨ï ï§ë-
ª®¢®© ¥áâ¥áâ¢¥−−®áâ¨.

�è¨¡ª¨ úá«®¢®¯®àï¤ª�û ¢ë¤¥«ïîâáï ¢ á®®â¢¥âáâ¢¨¨ á â¥¬, −�áª®«ìª® −¥®¡-
å®¤¨¬® ¨§¬¥−¨âì ¯®àï¤®ª á«®¢ ¢ à¥§ã«ìâ¨àãîé¥¬ ¯¥à¥¢®¤¥, çâ®¡ë ¯à¨¢¥áâ¨ ¥£®
ª ¥áâ¥áâ¢¥−−®© ä®à¬¥. �à¨ íâ®¬ −¥®¡å®¤¨¬®áâì ¨§¬¥−¥−¨ï á«®¢®¯®àï¤ª� ¬®¦¥â
¢®§−¨ª�âì:

{ −� «®ª�«ì−®¬ ãà®¢−¥, â. ¥. −¥®¡å®¤¨¬® ¨§¬¥−¨âì ¯®àï¤®ª á«¥¤®¢�−¨ï ®â¤¥«ì-
−ëå á«®¢ ¨ æ¥«ëå á«®¢®á®ç¥â�−¨© ¢ à�¬ª�å ®¤−®£® á¨−â�ªá¨ç¥áª®£® ®âà¥§ª�
(ç�áâ¨ ¯à¥¤«®¦¥−¨ï);

{ −� ¡®«¥¥ ¯à®âï¦¥−−ëå â¥ªáâ®¢ëå ®âà¥§ª�å, â. ¥. á«®¢® ¨«¨ á«®¢®á®ç¥â�−¨¥
−¥®¡å®¤¨¬® ¯¥à¥¬¥áâ¨âì ¢ ¤àã£®© á¨−â�ªá¨ç¥áª¨© ®âà¥§®ª ¢ à�¬ª�å ®¤−®£®
¯à¥¤«®¦¥−¨ï.

‚ ¤�−−®© ª«�áá¨ä¨ª�æ¨¨ á�¬ë© ®¡è¨à−ë© ª«�áá ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤�
®¡à�§ãîâ ú�¥¯à�¢¨«ì−ë¥ á«®¢�û. �â¨ ®è¨¡ª¨ ¢®§−¨ª�îâ, ª®£¤� á¨áâ¥¬� −¥
−�å®¤¨â ¯à�¢¨«ì−®£® ¯¥à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï ª�ª®¬ã-«¨¡® ¨áå®¤−®¬ã á«®¢ã
¨«¨ á«®¢®á®ç¥â�−¨î. ‚ë¤¥«ïîâáï 5 â¨¯®¢ â�ª¨å á«®¢:

(1) ¯¥à¥¢®¤−ë¥ íª¢¨¢�«¥−âë, −�àãè�îé¨¥ á¬ëá« ¯à¥¤«®¦¥−¨ï;

(2) £à�¬¬�â¨ç¥áª¨ −¥¯à�¢¨«ì−ë¥ ¯¥à¥¢®¤−ë¥ íª¢¨¢�«¥−âë (¤«ï ä«¥ªâ¨¢−ëå
ï§ëª®¢);

(3) ¨§¡ëâ®ç−ë¥ á«®¢� (¯à¨ ¯¥à¥¢®¤¥ à�§£®¢®à−®© à¥ç¨);

(4) íª¢¨¢�«¥−âë, ¢ë¡®à ª®â®àëå −¥ á®®â¢¥âáâ¢ã¥â áâ¨«¨áâ¨ç¥áª®¬ã à¥£¨áâàã
â¥ªáâ�;

(5) −¥¨§¢¥áâ−ë¥ á¨áâ¥¬¥ ¬�è¨−−®£® ¯¥à¥¢®¤� ¨¤¨®¬�â¨ç¥áª¨¥ ¢ëà�¦¥−¨ï, ª®-
â®àë¥ ¢ à¥§ã«ìâ�â¥ ¯¥à¥¢®¤ïâáï ¡ãª¢�«ì−®.

�è¨¡ª� ú−¥¨§¢¥áâ−®£® á«®¢�û ¢®§−¨ª�¥â, ¥á«¨ á¨áâ¥¬¥ −¥ ã¤�¥âáï ¨¤¥−â¨-
ä¨æ¨à®¢�âì ¨áå®¤−®¥ á«®¢®, çâ® ¯à®¨áå®¤¨â, ª®£¤� ®¡à�¡�âë¢�îâáï −¥¨§¢¥áâ−ë¥
á«®¢� (¨ ®á−®¢ë) ¨«¨ −¥¨§¢¥áâ−ë¥ ä®à¬ë ¨§¢¥áâ−ëå ®á−®¢. “¯®¬¨−�ï ¯ã−ªâã�æ¨-
®−−ë¥ ®è¨¡ª¨, �¢â®àë −¥ §�®áâàïîâ −� −¨å ¢−¨¬�−¨ï. ‚ æ¥«®¬, ®â¬¥ç�¥âáï, çâ®
¯à¨áãâáâ¢¨¥ ¢ ¯¥à¥¢®¤¥ ®è¨¡®ª ®¤−®£® â¨¯� −¥ ¨áª«îç�¥â −�«¨ç¨ï ¢ −¥¬ ®è¨¡®ª
¤àã£¨å â¨¯®¢; ªà®¬¥ â®£®, ®¤−� ®è¨¡ª� ¬®¦¥â ¯®¢«¥çì §� á®¡®© ¤àã£ãî ¨«¨ àï¤
¤àã£¨å.
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„àã£�ï â�ªá®−®¬¨ï ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤� à�§à�¡®â�−� ¢ [9]. ‡¤¥áì ¢ë-
¤¥«ïîâáï ®àä®£à�ä¨ç¥áª¨¥, «¥ªá¨ç¥áª¨¥, £à�¬¬�â¨ç¥áª¨¥, á¥¬�−â¨ç¥áª¨¥ ¨ ¤¨á-
ªãàá¨¢−ë¥ ®è¨¡ª¨. �àä®£à�ä¨ç¥áª¨¥ ®è¨¡ª¨ ¯à¥¤áâ�¢«¥−ë âà¥¬ï â¨¯�¬¨:
¯ã−ªâã�æ¨®−−ë¬¨, ®è¨¡ª�¬¨ ã¯®âà¥¡«¥−¨ï §�£«�¢−ëå ¡ãª¢ ¨ ®è¨¡ª�¬¨ ¢ −�¯¨-
á�−¨¨ á«®¢. �� «¥ªá¨ç¥áª®¬ ãà®¢−¥ ®è¨¡ª¨ á¢ï§�−ë á ®¯ãé¥−¨ï¬¨, ¤®¡�¢«¥−¨ï¬¨
¨ ®âáãâáâ¢¨¥¬ ¯¥à¥¢®¤�. ‘«ãç�¨ ®¯ãé¥−¨ï ¨ ¤®¡�¢«¥−¨ï à�áá¬�âà¨¢�îâáï ¯à¨¬¥-
−¨â¥«ì−® ª â¨¯ã á«®¢, ª®â®àë¥ ®−¨ −¥¯®áà¥¤áâ¢¥−−® §�âà�£¨¢�îâ: (�) ú¯®«−®§−�ç-
−ë¥û á«®¢� (content words), ª®â®àë¥ ¯¥à¥¤�îâ á¬ëá« ¯à¥¤«®¦¥−¨ï; (¡) á«ã¦¥¡−ë¥
á«®¢�, ®â¢¥ç�îé¨¥ §� £à�¬¬�â¨ç¥áª¨¥ á¢ï§¨ ¢ ¯à¥¤«®¦¥−¨¨. ‘¢ï§�−−ë¥ á ®¯ãé¥-
−¨ï¬¨ ®è¨¡ª¨ ¢®§−¨ª�îâ, ¥á«¨ ¢ ¯¥à¥¢®¤−®¬ â¥ªáâ¥ −� ¢ëå®¤¥ ®âáãâáâ¢ã¥â á«®¢®,
¯®¤«¥¦�é¥¥ ¯¥à¥¢®¤ã. �è¨¡ª�¬¨ ¤®¡�¢«¥−¨ï ¢ ¯¥à¥¢®¤¥, −�®¡®à®â, áç¨â�îâáï
ú«¨è−¨¥û | −¥ ®¡ï§�â¥«ì−ë¥ ¤«ï ¯¥à¥¢®¤� | á«®¢�. …á«¨ �¢â®¬�â¨ç¥áª®©
á¨áâ¥¬¥ −¥ ã¤�¥âáï −�©â¨ −¨ ®¤−®£® ¯¥à¥¢®¤�-ª�−¤¨¤�â� ¤«ï ®¯à¥¤¥«¥−−®£® ¨á-
å®¤−®£® á«®¢�, â® ¢ ¯¥à¥¢®¤−®¬ â¥ªáâ¥ −� ¢ëå®¤¥ ®−� ®áâ�¢«ï¥â ¥£® ª�ª ¥áâì, â. ¥.
á¨áâ¥¬� ¤®¯ãáª�¥â ®è¨¡ªã ®âáãâáâ¢¨ï ¯¥à¥¢®¤�. ƒà�¬¬�â¨ç¥áª¨¥ ®è¨¡ª¨ §�âà�-
£¨¢�îâ ¬®àä®«®£¨ç¥áª¨© ¨ á¨−â�ªá¨ç¥áª¨© ãà®¢−¨ ï§ëª�, ®−¨ á£àã¯¯¨à®¢�−ë ¯®
¤¢ã¬ ª�â¥£®à¨ï¬: ®è¨¡ª¨ −¥¢¥à−®£® ¢ë¡®à� (misselection) ¨ −¥¢¥à−®£® ¯®àï¤ª�
(misordering). �è¨¡ª¨ −¥¢¥à−®£® ¢ë¡®à� ¨¬¥îâ ¬®àä®«®£¨ç¥áª¨© å�à�ªâ¥à,
®−¨ ¬®£ãâ ¢®§−¨ª�âì ¨§-§� −¥¢¥à−®£® à�á¯®§−�¢�−¨ï ç�áâ¥© à¥ç¨; −¥¯à�¢¨«ì−®-
£® ¢ë¡®à� £«�£®«ì−®£® ¢à¥¬¥−¨; ®âáãâáâ¢¨ï á®£«�á®¢�−¨ï ¢ «¨æ¥, à®¤¥, ç¨á«¥;
¢ë¡®à� á¨áâ¥¬®© ¯®«−®© ä®à¬ë �àâ¨ª«ï ¨«¨ ¯à¥¤«®£� ¢¬¥áâ® ãá¥ç¥−−®© ¨ â. ¤.
�è¨¡ª¨ −¥¢¥à−®£® ¯®àï¤ª� á¢ï§�−ë á ¯à®¡«¥¬�¬¨ á¨−â�ªá¨ç¥áª®© ®à£�−¨§�æ¨¨
â¥ªáâ� ¢ ¯¥à¥¢®¤¥. ‘¥¬�−â¨ç¥áª¨¥ ®è¨¡ª¨ | ®è¨¡ª¨ ¢ §−�ç¥−¨¨ ¨ ¢ë¡®à¥ á«®¢�.
�¢â®àë ¯®¤à�§¤¥«ïîâ ¨å −� á¬ëá«®¢ë¥ (confusion of senses), ®è¨¡ª¨ ¢ë¡®à�
(wrong choice) ¨ ®è¨¡ª¨ −� á®ç¥â�−¨¥ ¨ ¨¤¨®¬�â¨ªã (collocational and idiomatic).
‘¬ëá«®¢ë¥ ®è¨¡ª¨ ¢®§−¨ª�îâ, ª®£¤� á¨áâ¥¬� ¯¥à¥¢®¤¨â ¨áå®¤−®¥ á«®¢® íª¢¨-
¢�«¥−â®¬ ¢ â®¬ §−�ç¥−¨¨, ª®â®à®¥ −¥ á®®â¢¥âáâ¢ã¥â ¤�−−®¬ã ª®−â¥ªáâã. �è¨¡ª�
¢ë¡®à� ¨¬¥¥â ¬¥áâ®, ¥á«¨ ¢ë¡®à ¯¥à¥¢®¤�-ª�−¤¨¤�â� á®¢¥àè¥−−® −¥ª®àà¥ªâ¥−
(ª�ª ¢ á«ãç�¥ ®¬®−¨¬®¢). �è¨¡ª¨ −� á®ç¥â�−¨¥ ¨ ¨¤¨®¬�â¨ªã ï¢«ïîâáï à¥§ã«ì-
â�â®¬ −�àãè¥−¨ï ¯à�¢¨« ª®¬¯®§¨æ¨®−−®© á¥¬�−â¨ª¨. „¨áªãàá¨¢−ë¥ ®è¨¡ª¨
¨«¨ ®è¨¡ª¨ à¥ç¥¢®£® ãà®¢−ï ®¡ãá«®¢«¥−ë −¥á¯®á®¡−®áâìî á¨áâ¥¬ë ¢ë¡à�âì −�¨-
¡®«¥¥ ¥áâ¥áâ¢¥−−ë© ¢ ¤�−−®¬ à¥ç¥¢®¬ ª®−â¥ªáâ¥ ¢�à¨�−â. ’�ª¦¥ ¢ë¤¥«ïîâáï
®è¨¡ª¨ áâ¨«¨áâ¨ç¥áª¨¥, ®è¨¡ª¨ ¢�à¨�â¨¢−®áâ¨ ¨ ®è¨¡ª¨ ¨§¡ëâ®ç−®£® ¯¥à¥¢®-
¤�. ‘â¨«¨áâ¨ç¥áª¨¥ ®è¨¡ª¨ á¢ï§�−ë á −�àãè¥−¨ï¬¨ áâ¨«¨áâ¨ç¥áª®£® à¥£¨áâà�.
�è¨¡ª¨ ¢�à¨�â¨¢−®áâ¨ ¢®§−¨ª�îâ ¨§-§� â®£®, çâ® á¨áâ¥¬� −¥ á¯®á®¡−� à�á¯®§−�âì
¤¨�«¥ªâ−ë¥ ¢�à¨�−âë −� «¥ªá¨ç¥áª®¬ ¨«¨ £à�¬¬�â¨ç¥áª®¬ ãà®¢−¥. �è¨¡ª�¬¨
¨§¡ëâ®ç−®£® ¯¥à¥¢®¤� áç¨â�îâáï á«ãç�¨, ª®£¤� á¨áâ¥¬� ¯¥à¥¢®¤¨â −¥ª®â®àë¥ ¯®-
á«¥¤®¢�â¥«ì−®áâ¨ á«®¢, ª®â®àë¥, á®£«�á−® ¯à¨−ïâ®© ¢ ¯¥à¥¢®¤ïé¥¬ ï§ëª¥ −®à¬¥,
−¥ ¤®«¦−ë ¯¥à¥¢®¤¨âìáï (−�¯à¨¬¥à, −�§¢�−¨ï ª−¨£ ¨«¨ ä¨«ì¬®¢ ¤«ï ®â¤¥«ì−ëå
ï§ëª®¢).

‘âà®£® £®¢®àï, ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤� á¥©ç�á à�§à�¡�-
âë¢�îâáï ¨ ¨á¯®«ì§ãîâáï ¬−®£¨¬¨ á¯¥æ¨�«¨áâ�¬¨ [10{15]. ‚ à�¬ª�å ¤�−−®£®
¨áá«¥¤®¢�−¨ï ¯à¥¤«�£�¥âáï ®à¨£¨−�«ì−�ï ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª ¬�è¨−−®£® ¯¥-
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à¥¢®¤�, à�§à�¡®â�−−�ï á¯¥æ¨�«ì−® ¤«ï ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢ ¢ ï§ëª®¢®© ¯�à¥
àãááª¨©{äà�−æã§áª¨©. �� íâ®© ï§ëª®¢®© ¯�à¥ ¯®¤®¡−ëå ¨áá«¥¤®¢�−¨© ¥é¥
−¥ ¯à®¢®¤¨«®áì. Šà®¬¥ â®£®, ®¤−¨¬ ¨§ ®á−®¢−ëå ¯à¥¨¬ãé¥áâ¢ ¤�−−®£® ¨á-
á«¥¤®¢�−¨ï ï¢«ï¥âáï ®¡ê¥¬ ¨á¯®«ì§ã¥¬®£® ¯�à�««¥«ì−®£® ª®à¯ãá�, á®áâ®ïé¥£®
¨§ àãááª®ï§ëç−ëå â¥ªáâ®¢ ¨ ¨å à¥ä¥à¥−â−ëå ¯¥à¥¢®¤®¢, ¢ë¯®«−¥−−ëå ¯à®-
ä¥áá¨®−�«ì−ë¬¨ ¯¥à¥¢®¤ç¨ª�¬¨ (®ª®«® 300 âëá. ¯à¥¤«®¦¥−¨© ¨ ®ª®«® 4 ¬«−
á«®¢®ã¯®âà¥¡«¥−¨©), çâ® ¤�¥â ¢®§¬®¦−®áâì ¯à®¢¥áâ¨ à¥¯à¥§¥−â�â¨¢−®¥ áà�¢−¥−¨¥
à¥ä¥à¥−â−®£® ¨ ¬�è¨−−®£® ¯¥à¥¢®¤®¢. �¡ëç−® ¢ ¯®¤®¡−ëå ¨áá«¥¤®¢�−¨ïå ¨á-
¯®«ì§ãîâáï â¥áâ®¢ë¥ ª®à¯ãáë £®à�§¤® ¬¥−ìè¥£® ®¡ê¥¬� (áà., −�¯à¨¬¥à, [15], £¤¥
�−£«®-äà�−æã§áª¨© ª®à¯ãá á®áâ�¢«ï¥â ¢á¥£® 100 ¯à¥¤«®¦¥−¨©).

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ®áâ�−®¢¨¬áï ¯®¤à®¡−¥¥ −� ¯à¨−æ¨¯�å ¨ ®á®¡¥−−®áâïå
ä®à¬¨à®¢�−¨ï ¯à¥¤«�£�¥¬®© ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤�.

3 Предлагаемая классификация ошибок машинного перевода

Š«�áá¨ä¨ª�æ¨ï à�§à�¡�âë¢�«�áì ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®-
¤� â¥ªáâ®¢ëå äà�£¬¥−â®¢, á®¤¥à¦�é¨å ª®−−¥ªâ®àë, á àãááª®£® −� äà�−æã§-
áª¨©. �â¡®à íâ¨å äà�£¬¥−â®¢ ®áãé¥áâ¢«ï«áï á ãç¥â®¬ ç�áâ®â−®áâ¨ ã¯®âà¥¡«¥−¨ï
¨ áâàãªâãàë ª®−−¥ªâ®à®¢. �ë«® à¥è¥−® ¯à®�−�«¨§¨à®¢�âì ¯® 500 ª®−â¥ªáâ®¢ ¤«ï
®¤−®á«®¢−ëå, ¬−®£®í«¥¬¥−â−ëå ¨ ¤¢ãåª®¬¯®−¥−â−ëå ª®−−¥ªâ®à®¢1 (¯®¤à®¡−¥¥
® ªà¨â¥à¨ïå ®â¡®à� ¨ áâàãªâãà¥ ¬�â¥à¨�«� á¬. [16]).

‚ å®¤¥ ¯¥à¢®£® íâ�¯� à�¡®âë (2016{2017 ££.) �−�«¨§¨à®¢�«¨áì à¥§ã«ìâ�âë
¯¥à¥¢®¤� ¯à¨ ¯®¬®é¨ á¨áâ¥¬ë Ÿ−¤¥ªá.�¥à¥¢®¤ç¨ª. �� â®â ¬®¬¥−â ª«�áá¨ä¨ª�-
æ¨ï ¢ª«îç�«� 8 àã¡à¨ª ¤«ï ®¡®§−�ç¥−¨ï à�§−ëå â¨¯®¢ ®è¨¡®ª, � â�ª¦¥ àã¡à¨ªã
ú�è¨¡®ª −¥âû (NoError), ¯à¨¬¥−ï¢èãîáï ª ¤®¯ãáâ¨¬ë¬ ¢�à¨�−â�¬ ¯¥à¥¢®¤�
äà�£¬¥−â� â¥ªáâ� á àãááª®£® ï§ëª� −� äà�−æã§áª¨©. �ë«¨ ¢ëï¢«¥−ë à�§«¨ç−ë¥
â¨¯ë ®è¨¡®ª ª�ª ¢® äà�£¬¥−â�å â¥ªáâ�, á®¤¥à¦�é¨å ª®−−¥ªâ®à, â�ª ¨ ¢ á�¬¨å
ª®−−¥ªâ®à�å (¯®¤à®¡−®¥ ®¯¨á�−¨¥ á¯¨áª� á¬. ¢ [3]).

�� ¢â®à®¬ íâ�¯¥ à�¡®âë (2018 £.), ª®£¤� �−�«¨§¨à®¢�«¨áì à¥§ã«ìâ�âë ¬�-
è¨−−®£® ¯¥à¥¢®¤�, ¯®«ãç¥−−ë¥ ¯à¨ ¯®¬®é¨ á¨áâ¥¬ë GNMT, ¯¥à¢®−�ç�«ì−�ï
ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª ¨â¥à�æ¨®−−® ãâ®ç−ï«�áì. �®á«¥ §�¢¥àè¥−¨ï íâ®£® íâ�¯�
®¡−®¢«¥−−�ï ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª ¢ª«îç�«� ã¦¥ 15 àã¡à¨ª, −¥ áç¨â�ï àã¡à¨ª¨
ú�è¨¡®ª −¥âû.

‚ â�¡«¨æ¥ á®¯®áâ�¢«ïîâáï ®¡� ¢�à¨�−â� ª«�áá¨ä¨ª�æ¨¨, ¯à¨ç¥¬ â¥ ¯à¨§−�ª¨
(¨ ¨å ª®¤ë), ª®â®àë¥ ¡ë«¨ ¤®¡�¢«¥−ë −� ¢â®à®¬ íâ�¯¥ à�¡®âë, ¤«ï −�£«ï¤−®áâ¨
¢ë¤¥«¥−ë ¯®«ã¦¨à−ë¬ èà¨äâ®¬. ‚¨¤−®, çâ® ¯®¬¨¬® 6 á«ãç�¥¢, ª®£¤� ¯à¨§−�ª¨,
®¡®§−�ç�îé¨¥ âã ¨«¨ ¨−ãî ®è¨¡ªã, −¥ ¬¥−ï«¨áì, ¨ 5 á«ãç�¥¢, ª®£¤� −� ¢â®à®¬
íâ�¯¥ à�¡®âë ¯à¨§−�ª¨ ¡ë«¨ ¤®¡�¢«¥−ë, −�¡«î¤�îâáï ¥é¥ ¤¢¥ ¢®§¬®¦−®áâ¨
ãâ®ç−¥−¨ï ª«�áá¨ä¨ª�æ¨¨: ®¤¨− ¯à¨§−�ª ¬®¦¥â á¯¥æ¨ä¨æ¨à®¢�âìáï (à�§¤¥«¥−¨¥

1�«¥¬¥−â®¬ −�§ë¢�¥âáï ¬¨−¨¬�«ì−�ï á®áâ�¢«ïîé�ï ª®−−¥ªâ®à�, ª®¬¯®−¥−â®¬ | ç�áâì ª®−−¥ª-
â®à�, ¬�àª¨àãîé�ï ª�¦¤ë© ¨§ ¤¢ãå ¨«¨ ¡®«¥¥ á®¥¤¨−ï¥¬ëå ¨¬ äà�£¬¥−â®¢ â¥ªáâ�. ��¯à¨¬¥à, −¥
â®«ìª®. . . −® ¨ á®áâ®¨â ¨§ ¤¢ãå ª®¬¯®−¥−â®¢, ª�¦¤ë© ¨§ ª®â®àëå á®¤¥à¦¨â ¤¢� í«¥¬¥−â�.
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‘®¯®áâ�¢«¥−¨¥ ¤¢ãå ¢¥àá¨© ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¢ ¬�è¨−−®¬ ¯¥à¥¢®¤¥

��§¢�−¨¥ àã¡à¨ª¨ Š®¤ àã¡à¨ª¨

�� 1-¬ íâ�¯¥ à�¡®âë �� 2-¬ íâ�¯¥ à�¡®âë
�� 1-¬ íâ�¯¥

à�¡®âë
�� 2-¬ íâ�¯¥

à�¡®âë

÷ã¡à¨ª¨,
®â−®áïé¨¥áï
ª ¯¥à¥¢®¤ã
äà�£¬¥−â�

â¥ªáâ�
á ª®−−¥ªâ®à®¬

‚á¥ ¯à¥¤«®¦¥−¨¥ �£à�¬¬�â¨ç−® AgramTotal
‹®ª�«ì−�ï �£à�¬¬�â¨ç−®áâì

¢® äà�£¬¥−â¥ â¥ªáâ�,
−¥ ¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬

AgramLocal

‹®ª�«ì−�ï �£à�¬¬�â¨ç−®áâì
¢® äà�£¬¥−â¥ â¥ªáâ�,

¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬
AgramPostCNT

|
‹¥ªá¨ç¥áª�ï ®è¨¡ª�
¢® äà�£¬¥−â¥ â¥ªáâ� | ErrorLex

÷ãááª®¥ á«®¢® ª¨à¨««¨æ¥© Cyrillic

|
÷ãááª®¥ á«®¢®

«�â¨−áª¨¬ èà¨äâ®¬ | Latin

|
�à®¯ãáª äà�£¬¥−â�

â¥ªáâ� | Lacuna

÷ã¡à¨ª¨,
®â−®áïé¨¥áï
ª ¯¥à¥¢®¤ã
ª®−−¥ªâ®à�

|

�¥à¥¢¥¤¥−�
¯¥à¢�ï ç�áâì

−¥®¤−®á«®¢−®£®
ª®−−¥ªâ®à�

| TradPartI

|
�¥à¥¢¥¤¥−� ¢â®à�ï

ç�áâì −¥®¤−®á«®¢−®£®
ª®−−¥ªâ®à�

| TradPartII

—�áâì
−¥®¤−®á«®¢−®£®

ª®−−¥ªâ®à�
¯¥à¥¢¥¤¥−�
®è¨¡®ç−®

�¥à¢�ï ç�áâì
−¥®¤−®á«®¢−®£®

ª®−−¥ªâ®à�
¯¥à¥¢¥¤¥−� ®è¨¡®ç−®

ErrorPart

ErrorPartI

‚â®à�ï ç�áâì
−¥®¤−®á«®¢−®£®

ª®−−¥ªâ®à�
¯¥à¥¢¥¤¥−� ®è¨¡®ç−®

ErrorPartII

‘¥¬�−â¨ç¥áª�ï
®è¨¡ª�

¢ ¢ë¡®à¥
ª®−−¥ªâ®à�

‘¥¬�−â¨ç¥áª�ï ®è¨¡ª�
¢ ¢ë¡®à¥

ª®−−¥ªâ®à�

ErrorCNT

ErrorCNT

Š®−−¥ªâ®à ®è¨¡®ç−®
§�¬¥−¥− ï§ëª®¢®©

¥¤¨−¨æ¥©,
−¥ ï¢«ïîé¥©áï

ª®−−¥ªâ®à®¬

ErrorMorph

�àä®£à�ä¨ç¥áª�ï ®è¨¡ª�
¢ ä®à¬¥ ª®−−¥ªâ®à� ErrorOrth

Š®−−¥ªâ®à ¯¥à¥¢¥¤¥−
−¥áãé¥áâ¢ãîé¥© ¥¤¨−¨æ¥© ErrorTotal
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ErrorPart −� ErrorPartI ¨ ErrorPartII) «¨¡® ¨§ ¬�áá¨¢� á«ãç�¥¢, ®¡®§−�ç�¥¬ëå
−¥ª¨¬ ¯à¨§−�ª®¬, ¢ë¤¥«ï¥âáï £àã¯¯�, ¤«ï ª®â®à®© ¢¢®¤¨âáï −®¢ë© ¯à¨§−�ª
(¤®¡�¢«¥−¨¥ ¯à¨§−�ª� ErrorMorph ¤«ï á«ãç�¥¢, ª®£¤� ¯à¨ ¯¥à¥¢®¤¥ −¥ ¯à®áâ®
¢ë¡¨à�¥âáï ¥¤¨−¨æ� á ¤àã£®© á¥¬�−â¨ª®©, −® â�ª�ï ¥¤¨−¨æ� ¯à¨ íâ®¬ −¥ ï¢«ï¥âáï
ª®−−¥ªâ®à®¬).

�è¨¡ª¨, ª�á�îé¨¥áï äà�£¬¥−â� â¥ªáâ�, �−�«¨§¨àãîâáï ¢ â®© ¬¥à¥, ¢ ª�-
ª®© ®−¨ á¯®á®¡áâ¢ãîâ ¯®−¨¬�−¨î ¢®§¬®¦−ëå ¯à¨ç¨− ®è¨¡®ª ¢ ¯¥à¥¢®¤¥ ª®−-
−¥ªâ®à�. ‚ á¨«ã íâ®£® £à�¬¬�â¨ç¥áª¨¥ ®è¨¡ª¨ à�áá¬�âà¨¢�îâáï á ãç¥â®¬ ¨å
«®ª�«¨§�æ¨¨ ¯® ®â−®è¥−¨î ª ª®−−¥ªâ®àã: ¢® ¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬ äà�£¬¥−â¥
(AgramPostCNT) ¨«¨ §� ¥£® ¯à¥¤¥«�¬¨ (AgramLocal). …á«¨ ¦¥ ®−¨ ¥áâì ¨ â�¬
¨ â�¬, â® â�ª®¬ã ª®−â¥ªáâã ¯à¨á¢�¨¢�¥âáï àã¡à¨ª� AgramTotal. �â® ¦¥ ª�á�¥âáï
¨ «¥ªá¨ç¥áª¨å ®è¨¡®ª, ª®â®àë¥ ¬®¦−® ¡ë«® ¡ë à�áá¬�âà¨¢�âì ¢ à�¬ª�å ¡®«¥¥
¬¥«ª¨å £àã¯¯. �¤−�ª® ¤«ï �−�«¨§� ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢ ¢�¦−® ¯®−¨¬�âì «¨èì
â®, ¨¤¥â «¨ à¥çì ® ¢ë¡®à¥ −¥¯à�¢¨«ì−®© «¥ªá¨ç¥áª®© ¥¤¨−¨æë (ErrorLex) ¨«¨ ®¡
®âáãâáâ¢¨¨ ¯¥à¥¢®¤� (Cyrillic ¨ Latin), ¢ëà�¦�îé¥£®áï ¢ â®¬ ç¨á«¥ ¢ ¯à®¯ãáª¥
ï§ëª®¢®© ¥¤¨−¨æë ¨«¨ æ¥«®£® äà�£¬¥−â� â¥ªáâ� (Lacuna). ‚á¥ íâ¨ àã¡à¨ª¨ á¯®-

�á−®¢−ë¥ á®ç¥â�−¨ï ®è¨¡®ª, ¯à¨ ª®â®àëå ®è¨¡ª� ¢ ç�áâ¨ ª®−−¥ªâ®à� á¯®á®¡−� ¢ë§¢�âì
®è¨¡ªã ¢ ª®−−¥ªâ®à¥ ¢ æ¥«®¬
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á®¡−ë äã−ªæ¨®−¨à®¢�âì �¢â®−®¬−®, ¨ −¨ª�ª¨¥ ¨§ −¨å −¥ ®¡ãá«®¢«¨¢�îâ −�«¨ç¨¥
ª�ª¨å-«¨¡® ¤àã£¨å.

�¥áª®«ìª® ¨−�ç¥ ®¡áâ®¨â ¤¥«® á àã¡à¨ª�¬¨, ®¯¨áë¢�îé¨¬¨ ®è¨¡ª¨ ¢ ¯¥-
à¥¢®¤¥ −¥¯®áà¥¤áâ¢¥−−® ª®−−¥ªâ®à®¢, ª®â®àë¥, å®âï ¨ ¬®£ãâ äã−ªæ¨®−¨à®¢�âì
−¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�, ç�áâ® ¨á¯®«ì§ãîâáï ¢ á®ç¥â�−¨ïå. �â® ¢ë§¢�−®
¢® ¬−®£®¬ â¥¬, çâ® −¥ª®â®àë¥ ¨§ −¨å ®¯¨áë¢�îâ ®è¨¡ª¨ ¢ ç�áâ¨ ª®−−¥ªâ®à�
(ErrorPartI, ErrorPartII, TradPartI, TradPartII), −¥ª®â®àë¥ | ¨ ¢ ç�áâ¨, ¨ ¢®
¢á¥¬ ª®−−¥ªâ®à¥ (ErrorMorph, ErrorOrth), � −¥ª®â®àë¥ | â®«ìª® ¢ ª®−−¥ªâ®à¥
æ¥«¨ª®¬ (ErrorCNT, ErrorTotal).

‘«¥¤áâ¢¨¥¬ ®è¨¡®ª ¢ ç�áâ¨ ª®−−¥ªâ®à� ¬®¦¥â áâ�âì ®è¨¡®ç−ë© ¢ë¡®à ª®−-
−¥ªâ®à� ¢ æ¥«®¬ (ErrorCNT) ¨«¨ ¢®¢á¥ £¥−¥à�æ¨ï ¯®«−®áâìî ®è¨¡®ç−®© ¥¤¨−¨æë
(ErrorTotal). �â® ¯®¤â¢¥à¦¤�¥âáï â¥¬, çâ® ErrorCNT á®ç¥â�¥âáï á ª�ª¨¬¨-«¨¡® ¨§
àã¡à¨ª, ®¡®§−�ç�îé¨å −�«¨ç¨¥ ®è¨¡®ª ¢ ¯¥à¥¢®¤¥ ª®−−¥ªâ®à®¢ ¢ 27,8% á«ãç�¥¢,
� ErrorTotal | ¢ 79,8%. �� à¨áã−ª¥ ®âà�¦¥−ë ®á−®¢−ë¥ ¬¥å�−¨§¬ë á®ç¥â�−¨ï
®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢. �à¨−¨¬�îâáï ¢® ¢−¨¬�−¨¥ â®«ìª® â¥
á¨âã�æ¨¨, ª®£¤� −�«¨ç¨¥ ®è¨¡ª¨ ¢ ç�áâ¨ ª®−−¥ªâ®à� ®¡ãá«®¢«¨¢�¥â ®è¨¡®ç−®áâì
ª®−−¥ªâ®à� ¢ æ¥«®¬. ˆ¬¥−−® ¯®íâ®¬ã á®ç¥â�−¨ï àã¡à¨ª ErrorCNT ¨ ErrorOrth,
ErrorTotal ¨ TradPartI, ErrorTotal ¨ TradPartII | ¢®§¬®¦−ë¥, −® −¥ ®¡«�¤�îé¨¥
íâ¨¬ á¢®©áâ¢®¬ | −� à¨áã−ª¥ −¥ ®âà�¦�îâáï.

4 Заключение

‚ áâ�âì¥ ¯à¥¤«®¦¥−� ®à¨£¨−�«ì−�ï â�à£¥â¨à®¢�−−�ï, â. ¥. á®§¤�−−�ï á¯¥æ¨-
�«ì−® á æ¥«ìî ¨§ãç¥−¨ï ª®−ªà¥â−®£® ï§ëª®¢®£® ï¢«¥−¨ï, ª«�áá¨ä¨ª�æ¨ï. ’�ª®©
¯®¤å®¤ ¯®§¢®«ï¥â á¯¥æ¨ä¨æ¨à®¢�âì /̈̈ «¨ ¢¢®¤¨âì ®¡®¡é�îé¨¥ ¯à¨§−�ª¨. �®-
¤®¡−ë¥ ª«�áá¨ä¨ª�æ¨¨ ¬®£ãâ à�§à�¡�âë¢�âìáï ¤«ï ¨áá«¥¤®¢�−¨ï è¨à®ª®£® ªàã£�
ï§ëª®¢ëå ï¢«¥−¨© (−¥ â®«ìª® ª®−−¥ªâ®à®¢). ’�ª¨¬ ®¡à�§®¬, ¯®ï¢«ï¥âáï ¢®§¬®¦-
−®áâì ª®−ªà¥â¨§¨à®¢�âì ®¯¨á�−¨¥ ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤� ¢ §�¢¨á¨¬®áâ¨ ®â
æ¥«¥© ¨áá«¥¤®¢�−¨ï, ¢ æ¥«®¬ á®åà�−ïï ¤®áâ�â®ç−ë© ãà®¢¥−ì £¥−¥à�«¨§�æ¨¨, ç¥£®,
ª�ª ¯®ª�§�−® ¢ à�§¤. 2, ¤®áâ¨çì ã¤�¥âáï −¥ç�áâ®. �â¨ å�à�ªâ¥à¨áâ¨ª¨ ¯®§¢®«ïîâ
ª«�áá¨ä¨ª�æ¨¨ ®áâ�¢�âìáï ¯à®áâ®© ¨ ã¤®¡−®© ¢ ¨á¯®«ì§®¢�−¨¨, ¡ã¤ãç¨ ¯à¨ íâ®¬
¯à¨«®¦¨¬®© ª à¥è¥−¨î ª®−ªà¥â−ëå ¯à¨ª«�¤−ëå ¨ â¥®à¥â¨ç¥áª¨å §�¤�ç.
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Abstract: The paper considers the problems of classifying machine translation
errors. Its first part reviews some approaches to evaluation of machine translation
quality and to classification of errors that machine translation systems tend to
make. The other part of the paper describes an original taxonomy of machine
translation errors | the targeted one. It has been devised specifically to classify
the errors central to translation of connectives (from Russian into French). To
date, there have been no such studies for this pair of languages. The proposed
classification includes two groups of errors: (i) grammatical/lexical errors in the
translation of the text chunk where a given connective occurs; and (ii) errors in
the translation of a connective itself. This study uses a parallel Russian{French
corpus that stores Russian source texts and their reference | made by professional
humans | translations into French. The corpus totals 300 thousand sentences
(about 4 million words). The source texts where connectives occur have been used
to generate machine translations by two automated systems.
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ХАРАКТЕРИЗАЦИЯ ПОСЛЕДОВАТЕЛЬНОСТНЫХ
САМОСИНХРОННЫХ ЭЛЕМЕНТОВ∗

Ю. А. Степченков1, Ю. Г. Дьяченко2, Н. В. Морозов3, Д. Ю. Степченков4,
Д. Ю. Дьяченко5

�−−®â�æ¨ï: ‘¯¥æ¨ä¨ª� äã−ªæ¨®−¨à®¢�−¨ï á�¬®á¨−åà®−−ëå (‘‘) áå¥¬
¯à¥¤êï¢«ï¥â ®á®¡ë¥ âà¥¡®¢�−¨ï ª ¯à®æ¥¤ãà¥ ¨å å�à�ªâ¥à¨§�æ¨¨. �à®æ¥¤ãà�
¤®«¦−� ãç¨âë¢�âì ¤¨áæ¨¯«¨−ã ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ ä�§®¢ëå
á¨£−�«®¢ −� ®á−®¢¥ §�¤�¢�¥¬ëå ¯®«ì§®¢�â¥«¥¬ �âà¨¡ãâ®¢ ¢å®¤®¢ ¨ ¢ëå®-
¤®¢ å�à�ªâ¥à¨§ã¥¬®£® í«¥¬¥−â�. �à¥¤«®¦¥−� ¬¥â®¤¨ª� ãâ®ç−¥−¨ï ¯à®æ¥áá�
å�à�ªâ¥à¨§�æ¨¨ ¤«ï ¯®á«¥¤®¢�â¥«ì−®áâ−ëå CC-í«¥¬¥−â®¢, ®á−®¢�−−�ï −� ¨á-
¯®«ì§®¢�−¨¨ ¢¥ªâ®à®¢ ®¯à¥¤¥«¥−¨ï áâ�â¨ç¥áª¨å §−�ç¥−¨© ¨«¨ −�¯à�¢«¥−¨©
¯¥à¥ª«îç¥−¨ï ¢å®¤®¢ ¨ ¢ëå®¤®¢. �«£®à¨â¬¨§�æ¨ï ¨ à¥�«¨§�æ¨ï ¯à¥¤«®¦¥−-
−®£® ¯®¤å®¤� ¢ −®¢®© ¢¥àá¨¨ á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®© å�à�ªâ¥à¨§�æ¨¨
¨−â¥£à�«ì−ëå ¡¨¡«¨®â¥ª (‘�•ˆ�) ¯®¢ëá¨«¨ ¥¥ íää¥ªâ¨¢−®áâì ¨ ®¡¥á¯¥ç¨-
«¨ ¤®áâ®¢¥à−ãî å�à�ªâ¥à¨§�æ¨î ¢á¥å â¨¯®¢ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢
¨§ ¡¨¡«¨®â¥ª¨ ‘‘-í«¥¬¥−â®¢ ¤«ï 65-−�−®¬¥âà®¢®© ŠŒ�� (ª®¬¯«¥¬¥−�à-
−ë© ¬¥â�««-®ªá¨¤-¯®«ã¯à®¢®¤−¨ª) â¥å−®«®£¨¨. �¢â®¬�â¨ç¥áª®¥ ¤®¯®«−¥−¨¥
¢ ¯à®æ¥áá¥ å�à�ªâ¥à¨§�æ¨¨ ¬®¤¥«¥© ¯®á«¥¤®¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢ ª®−-
áâàãªæ¨ï¬¨ �−�«¨§� ¯®àï¤ª� ¨§¬¥−¥−¨ï á¨£−�«®¢ −� ¨å ¢å®¤�å ¨ ¯à¥¤ã-
¯à¥¦¤¥−¨ï ® −¥ª®àà¥ªâ−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢å®¤®¢ ®¡«¥£ç�¥â ¨ ãáª®àï¥â
¯à®¥ªâ¨à®¢�−¨¥ CC æ¨äà®¢ëå áå¥¬.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−�ï áå¥¬�; ¢à¥¬¥−−ë¥ ¯�à�¬¥âàë; å�à�ªâ¥à¨-
§�æ¨ï; ¬®¤¥«¨à®¢�−¨¥; âà¨££¥à; −�ç�«ì−®¥ á®áâ®ï−¨¥
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1 Введение

‘®¢à¥¬¥−−ë© âà¥−¤ ¬¨ªà®í«¥ªâà®−¨ª¨ | à�§à�¡®âª� −�¤¥¦−ëå í−¥à£®íä-
ä¥ªâ¨¢−ëå æ¨äà®¢ëå ãáâà®©áâ¢ | ®âªàë¢�¥â è¨à®ª¨¥ ¯¥àá¯¥ªâ¨¢ë ¤«ï ¢−¥¤-

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¢ à�¬ª�å ¯à®¥ªâ� ü Š�19-260 (Œ¥å�−¨§¬ë ®¡¥á¯¥ç¥−¨ï ®âª�§®-
ãáâ®©ç¨¢®áâ¨ á®¢à¥¬¥−−ëå ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¨ ¢ëá®ª®−�¤¥¦−ëå ¯à¨¬¥−¥−¨©), ä¨−�−á¨-
àã¥¬®£® Œ¨−®¡à−�ãª¨ ÷®áá¨¨.
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•�à�ªâ¥à¨§�æ¨ï ¯®á«¥¤®¢�â¥«ì−®áâ−ëå á�¬®á¨−åà®−−ëå í«¥¬¥−â®¢

à¥−¨ï ‘‘-áå¥¬, ï¢«ïîé¨åáï ¥áâ¥áâ¢¥−−® −�¤¥¦−ë¬¨ ¨ ®¡«�¤�îé¨¬¨ àï¤®¬
¯à¥¨¬ãé¥áâ¢ ¯® áà�¢−¥−¨î á á¨−åà®−−ë¬¨ �−�«®£�¬¨ [1, 2]. ˆå íää¥ªâ¨¢-
−®¥ ¯à®¥ªâ¨à®¢�−¨¥ −¥¢®§¬®¦−® ¡¥§ ¢áâà�¨¢�−¨ï ¤®¯®«−¨â¥«ì−ëå ¡¨¡«¨®â¥ª
‘‘-í«¥¬¥−â®¢ ¢ ¯à®¬ëè«¥−−ë¥ á¨áâ¥¬ë ¯à®¥ªâ¨à®¢�−¨ï á¢¥àå¡®«ìè¨å ¨−â¥-
£à�«ì−ëå áå¥¬ (‘�ˆ‘) ¨, á®®â¢¥âáâ¢¥−−®, ¡¥§ ¯®¤£®â®¢ª¨ áâ�−¤�àâ¨§®¢�−−ëå
ä�©«®¢ ®¯¨á�−¨ï ¬®¤¥«¥© í«¥¬¥−â®¢, á®¤¥à¦�é¨å í«¥ªâà¨ç¥áª¨¥ ¨ í−¥à£¥â¨ç¥-
áª¨¥ ¯�à�¬¥âàë í«¥¬¥−â®¢ ¢áâà�¨¢�¥¬ëå ¡¨¡«¨®â¥ª. ’à�¤¨æ¨®−−® ¤«ï íâ®£®
¨á¯®«ì§ãîâáï ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� å�à�ªâ¥à¨§�æ¨¨.

ˆ§¢¥áâ−ë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� å�à�ªâ¥à¨§�æ¨¨ í«¥¬¥−-
â®¢ áâ�−¤�àâ−ëå ¡¨¡«¨®â¥ª, −�¯à¨¬¥à [3, 4], à�§à�¡�âë¢�«¨áì ¤«ï á¨−åà®−−®©
áå¥¬®â¥å−¨ª¨ ¨ −¥ ¯®§¢®«ïîâ ¯®«ãç¨âì �¤¥ª¢�â−ë¥ ¬®¤¥«¨ ¤«ï ‘‘-í«¥¬¥−â®¢.
�®íâ®¬ã à�§à�¡®âª� íää¥ªâ¨¢−®£® ¯à®£à�¬¬−®£® áà¥¤áâ¢�, ®¡¥á¯¥ç¨¢�îé¥£®
¯®«ãç¥−¨¥ �¤¥ª¢�â−ëå ¯�à�¬¥âà®¢ í«¥¬¥−â®¢ ¡�§¨á� ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬
¨ ¤®áâ®¢¥à−®áâì å�à�ªâ¥à¨áâ¨ª ¯à®¥ªâ¨àã¥¬ëå ‘‘ ŠŒ�� ‘�ˆ‘ ¨ á¨áâ¥¬ −�
ªà¨áâ�««¥, ï¢«ï¥âáï �ªâã�«ì−®© §�¤�ç¥©.

‚ 2012{2016 ££. ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª (ˆ�ˆ ”ˆ– ˆ“ ÷��, ®â¤¥« 52) ¡ë«� à�§à�¡®â�−� á¨áâ¥¬� å�à�ªâ¥à¨-
§�æ¨¨ ‘‘-í«¥¬¥−â®¢ −� ŠŒ��-âà�−§¨áâ®à�å ‘�•ˆ� [5]. �¤−�ª® ¥¥ ®¯ëâ−�ï
íªá¯«ã�â�æ¨ï ¢ëï¢¨«� −¥ª®â®àë¥ −¥¤®áâ�âª¨, á−¨¦�îé¨¥ íää¥ªâ¨¢−®áâì å�à�ª-
â¥à¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå ‘‘-áå¥¬.

2 Проблемы характеризации самосинхронных элементов

•�à�ªâ¥à¨§�æ¨ï í«¥¬¥−â� ®á−®¢�−� −� �¢â®¬�â¨§¨à®¢�−−®¬ í«¥ªâà¨ç¥áª®¬
¬®¤¥«¨à®¢�−¨¨ ¥£® ¯à¨−æ¨¯¨�«ì−®© áå¥¬ë. ’®ç−®áâì ¨ �¤¥ª¢�â−®áâì ¯®«ãç¥−−ëå
à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï ®¡¥á¯¥ç¨¢�îâáï ¤¢ã¬ï ä�ªâ®à�¬¨:

(1) ª®àà¥ªâ−®áâìî ®¯à¥¤¥«¥−¨ï ¯�àë ú�ªâ¨¢−ë© ¢å®¤ { �ªâ¨¢−ë© ¢ëå®¤û, â�-
ª®© çâ® ¨§¬¥−¥−¨¥ ãà®¢−ï á¨£−�«� ¨¬¥−−® −� �ªâ¨¢−®¬ ¢å®¤¥ ¨ â®«ìª® −�
−¥¬ ¯à¨¢®¤¨â ª âà¥¡ã¥¬®¬ã ¯¥à¥ª«îç¥−¨î ¢ë¡à�−−®£® ¢ëå®¤� ¯à¨ ä¨ªá¨-
à®¢�−−ëå §−�ç¥−¨ïå ®áâ�«ì−ëå ¢å®¤®¢ í«¥¬¥−â�;

(2) �¤¥ª¢�â−®áâìî ¨ à¥�«¨§ã¥¬®áâìî −�ç�«ì−®£® á®áâ®ï−¨ï í«¥¬¥−â�, ª®â®à®¥
¤®«¦−® ¡ëâì áâ�â¨ç¥áª¨¬ ¢ ®âáãâáâ¢¨¥ ¯¥à¥ª«îç¥−¨© �ªâ¨¢−®£® ¢å®¤�.

�à¨ å�à�ªâ¥à¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢ (âà¨££¥à®¢ ¨ áå¥¬ −� ¨å
®á−®¢¥) ¢®§−¨ª�¥â ¯à®¡«¥¬� §�¤�−¨ï −�ç�«ì−®£® á®áâ®ï−¨ï, ¯®áª®«ìªã ¢ ª�¦¤ë©
¬®¬¥−â ¢à¥¬¥−¨ á®áâ®ï−¨¥ ïç¥©ª¨ ¯�¬ïâ¨ ¬®¦¥â ®¯à¥¤¥«ïâìáï −¥ â®«ìª® â¥ªãé¨¬
§−�ç¥−¨¥¬ á¨£−�«®¢ ¢ æ¥¯ïå áå¥¬ë í«¥¬¥−â�, −® ¨ ¯à¥¤è¥áâ¢ãîé¨¬ ¨å §−�ç¥-
−¨¥¬.

2.1 Особенности работы триггерных самосинхронных элементов

�¯ëâ−�ï íªá¯«ã�â�æ¨ï á¨áâ¥¬ë å�à�ªâ¥à¨§�æ¨¨ ‘‘-í«¥¬¥−â®¢ ‘�•ˆ� [5]
¯®ª�§�«�, çâ® −�ç�«ì−®¥ á®áâ®ï−¨¥ âà¨££¥à−ëå í«¥¬¥−â®¢ −¥ ¢á¥£¤� ¢ëç¨á«ï¥âáï
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ª®àà¥ªâ−®. �® íâ®â −¥¤®áâ�â®ª ¬®¦¥â ¡ëâì ãáâà�−¥− á ãç¥â®¬ ®á®¡¥−−®áâ¥© ¨å
äã−ªæ¨®−¨à®¢�−¨ï. �á®¡¥−−®áâì à�¡®âë âà¨££¥à−ëå ‘‘-í«¥¬¥−â®¢ §�ª«îç�¥âáï
¢ á®¡«î¤¥−¨¨ ¯à�¢¨«ì−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯®áâã¯«¥−¨ï á¨£−�«®¢ −� ¢å®¤ë
í«¥¬¥−â�. �à¨ å�à�ªâ¥à¨§�æ¨¨ ‘‘-âà¨££¥à®¢ á ¢å®¤®¬ ã¯à�¢«¥−¨ï ¨ ¨−ä®à¬�æ¨-
®−−ë¬ ¢å®¤®¬ ¢ ¢¨¤¥ ã−�à−®£®, ¡¨ä�§−®£® ¨«¨ ¯�à�ä�§−®£® ¡¥§ á¯¥©á¥à� á¨£−�«�
−¥®¡å®¤¨¬® ãç¨âë¢�âì, çâ® ¯à¨ ª®àà¥ªâ−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§¬¥−¥−¨© á®-
áâ®ï−¨© ¢å®¤®¢ ¯¥à¥ª«îç¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢å®¤� −¥ ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨î
á®áâ®ï−¨ï ¢ëå®¤®¢ âà¨££¥à�.

‚ âà¨££¥à�å á ¯�à�ä�§−ë¬ á® á¯¥©á¥à®¬ (�”‘) ¨−ä®à¬�æ¨®−−ë¬ ¢å®¤®¬
â�ª�ï §�¢¨á¨¬®áâì áãé¥áâ¢ã¥â ¨ ¥¥ −�¤® ãç¨âë¢�âì. …á«¨ ¯à¨ íâ®¬ âà¨££¥à á �”‘-
¢å®¤®¬ ¨¬¥¥â ¨ ¢å®¤ ã¯à�¢«¥−¨ï, â® §�¢¨á¨¬®áâì ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£®
¢å®¤� ¤®«¦−� ®¯à¥¤¥«ïâìáï ¯à¨ à�¡®ç¥¬ á®áâ®ï−¨¨ ¢å®¤� ã¯à�¢«¥−¨ï.

�®«ãç¥−−ë¥ à¥�«ì−ë¥ §�¢¨á¨¬®áâ¨ ¢ëå®¤®¢ ®â ¢å®¤®¢ ¡ã¤ãâ ®¯¨áë¢�âì ¯®¢¥-
¤¥−¨¥ âà¨££¥à� ¢ ú«¥£�«ì−ëåû ãá«®¢¨ïå, ¢ ª®â®àëå ¤¨áæ¨¯«¨−� ä®à¬¨à®¢�−¨ï
á¨£−�«®¢ á®®â¢¥âáâ¢ã¥â âà¥¡®¢�−¨ï¬ ‘‘-áå¥¬. �¨¦¥ ¯¥à¥ç¨á«¥−ë §�¢¨á¨¬®áâ¨,
¤«ï ª®â®àëå ¤®«¦−ë ¡ëâì ®¯à¥¤¥«¥−ë §�¤¥à¦ª¨ ¤«ï à�§−ëå â¨¯®¢ âà¨££¥à®¢.

�¤−®â�ªâ−ë© ¨ ¤¢ãåâ�ªâ−ë© D-âà¨££¥à ¨ RS-âà¨££¥à á ¡¨ä�§−ë¬
¨«¨ ¯�à�ä�§−ë¬ ¡¥§ á¯¥©á¥à� ¢å®¤®¬

1. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
¢å®¤� ã¯à�¢«¥−¨ï.

2. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¢å®¤� ã¯à�¢«¥−¨ï, ¯¥à¥ª«îç�îé¥£®-
áï «¨¡® ¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥ §−�ç¥−¨¥, «¨¡® ¨§ à�¡®ç¥£® §−�ç¥−¨ï ¢ á¯¥©á¥à.

3. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
¢å®¤� ãáâ�−®¢ª¨.

4. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¢å®¤� ‘‘-ãáâ�−®¢ª¨ ¤«ï á«ãç�¥¢,
ª®£¤� ãáâ�−®¢ª� ¨−¨æ¨¨àã¥âáï ¨«¨ §�¢¥àè�¥âáï.

5. ‡�¢¨á¨¬®áâì ¢ëå®¤� ¨−¢¥àá¨¨ ¢å®¤� ã¯à�¢«¥−¨ï …‚ (¥á«¨ ®− ¥áâì) ®â ¢å®¤�
ã¯à�¢«¥−¨ï, ¯¥à¥ª«îç�îé¥£®áï «¨¡® ¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥ §−�ç¥−¨¥, «¨¡®
¨§ à�¡®ç¥£® §−�ç¥−¨ï ¢ á¯¥©á¥à.

�¤−®â�ªâ−ë© ¨ ¤¢ãåâ�ªâ−ë© RS-âà¨££¥à á ¨−ä®à¬�æ¨®−−ë¬ �”‘-¢å®¤®¬

1. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
�”‘-¢å®¤�.

2. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â �”‘-¢å®¤�, ¯¥à¥ª«îç�îé¥£®áï «¨¡®
¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥ §−�ç¥−¨¥, «¨¡® ¨§ à�¡®ç¥£® §−�ç¥−¨ï ¢ á¯¥©á¥à.

3. ‡�¢¨á¨¬®áâì ®¡®¨å ª®¬¯®−¥−â®¢ ¡¨ä�§−®£® ¨−ä®à¬�æ¨®−−®£® ¢ëå®¤� ®â
¢å®¤� ãáâ�−®¢ª¨.

4. ‡�¢¨á¨¬®áâì ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¢å®¤� ‘‘-ãáâ�−®¢ª¨, ª®£¤� ãáâ�−®¢ª�
¨−¨æ¨¨àã¥âáï ¨«¨ §�¢¥àè�¥âáï.
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2.2 Задание начального состояния триггера

��ç�«ì−®¥ á®áâ®ï−¨¥ ‘‘-âà¨££¥à� ®¯à¥¤¥«ï¥âáï á®áâ®ï−¨ï¬¨ ¡¨áâ�¡¨«ì−ëå
ïç¥¥ª (�Ÿ), ¨§ ª®â®àëå ®− á®áâ®¨â. ‚ ®¤−®â�ªâ−®¬ âà¨££¥à¥ á®áâ®ï−¨¥ ¥¤¨−-
áâ¢¥−−®© �Ÿ ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï á®áâ®ï−¨¥¬ ¢å®¤®¢ ¨ ¢ëå®¤®¢ âà¨££¥à�.
‚ ¤¢ãåâ�ªâ−ëå âà¨££¥à�å á®áâ®ï−¨¥ ¯¥à¢®© �Ÿ ¤®«¦−® ¡ëâì:

(1) ¨¤¥−â¨ç−® á®áâ®ï−¨î ¢â®à®© (¢ëå®¤−®©) �Ÿ ¤«ï á«ãç�¥¢ §�¢¨á¨¬®áâ¨ ¨−-
ä®à¬�æ¨®−−®£® ¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤®¢ ®â ¢å®¤®¢ ãáâ�−®¢ª¨ ¨ §�¢¨á¨¬®áâ¨
¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¨ ¢å®¤®¢ ã¯à�¢«¥−¨ï ¯à¨
¯¥à¥ª«îç¥−¨¨ ¢ à�¡®çãî ä�§ã;

(2) ¯à®â¨¢®¯®«®¦−® á®áâ®ï−¨î ¢â®à®© �Ÿ ¤«ï á«ãç�¥¢ §�¢¨á¨¬®áâ¨ ¨−ä®à¬�æ¨-
®−−®£® ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¨ ¢å®¤®¢ ã¯à�¢«¥−¨ï ¨ §�¢¨á¨¬®-
áâ¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤� ®â ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¨ ¢å®¤®¢ ã¯à�¢«¥−¨ï
¯à¨ ¯¥à¥ª«îç¥−¨¨ ¢ á¯¥©á¥à.

„«ï §�¤�−¨ï ¯®«ì§®¢�â¥«¥¬ −�ç�«ì−®£® á®áâ®ï−¨ï ¢å®¤®¢ ¨ ¢ëå®¤®¢ ¨á¯®«ì-
§ã¥âáï ¢¥ªâ®à ®¯à¥¤¥«¥−¨ï áâ�â¨ç¥áª¨å §−�ç¥−¨© ¨«¨ −�¯à�¢«¥−¨© ¯¥à¥ª«îç¥−¨ï
¢å®¤®¢ ¨ ¢ëå®¤®¢ å�à�ªâ¥à¨§ã¥¬®£® í«¥¬¥−â�:

〈¨¬ï �ªâ¨¢−®£® ¢å®¤�〉 : 〈¨¬ï �ªâ¨¢−®£® ¢ëå®¤�〉[〈¨¬ï ¢å®¤� 1〉 =
= I1, . . . , 〈¨¬ï ¢å®¤� N〉 = IN ,
〈¨¬ï ¢ëå®¤� 1〉 = O1, . . . , 〈¨¬ï ¢ëå®¤� M〉 = OM ] ,

£¤¥ 〈¨¬ï ¢å®¤� 1〉, . . . , 〈¨¬ï ¢å®¤� N〉 | ¨¬¥−� ¢á¥å ¢å®¤®¢ í«¥¬¥−â�;
〈¨¬ï ¢ëå®¤� 1〉, . . . , 〈¨¬ï ¢ëå®¤� M〉 | ¨¬¥−� ¢á¥å ¢ëå®¤®¢ í«¥¬¥−â�;
I1, . . . , IN | áâ�â¨ç¥áª¨¥ §−�ç¥−¨ï ¢å®¤®¢ ¨«¨ −�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ª-
â¨¢−®£® ¢å®¤� í«¥¬¥−â�; O1, . . . , OM | −�ç�«ì−ë¥ á®áâ®ï−¨ï ¢ëå®¤®¢ ¨«¨
−�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ªâ¨¢−®£® ¢ëå®¤� í«¥¬¥−â�. �à¨ §�¤�−¨¨ §−�ç¥−¨©
¢å®¤®¢ ¨ ¢ëå®¤®¢ í«¥¬¥−â� ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨© �«ä�¢¨â:

0, 1 | áâ�â¨ç¥áª®¥ §−�ç¥−¨¥ ¢å®¤� ¨«¨ −�ç�«ì−®¥ §−�ç¥−¨¥ ¢ëå®¤�;

R | −�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ªâ¨¢−®£® ¢å®¤� ¨«¨ ¢ëå®¤� ¨§ 0 ¢ 1;

F | −�¯à�¢«¥−¨¥ ¯¥à¥ª«îç¥−¨ï �ªâ¨¢−®£® ¢å®¤� ¨«¨ ¢ëå®¤� ¨§ 1 ¢ 0;

* | §−�ç¥−¨¥ ¢å®¤� ¨«¨ ¢ëå®¤� −¥ ¢�¦−®.

�®àï¤®ª ¯¥à¥ç¨á«¥−¨ï ¢å®¤®¢ ¨ ¢ëå®¤®¢ ¢ ¢¥ªâ®à¥ ¬®¦¥â ¡ëâì «î¡ë¬.
��¯à¨¬¥à, ¤«ï âà¨££¥à� R0CE10 á ¡¨ä�§−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¢å®¤®¬ (R,

S), ¢å®¤®¬ ã¯à�¢«¥−¨ï … ¨ ¢å®¤®¬ ‘‘-ãáâ�−®¢ª¨ ‘, ¨§®¡à�¦¥−−®£® −� à¨á. 1,
¬®£ãâ ¡ëâì §�¤�−ë á«¥¤ãîé¨¥ ¢¥ªâ®àë:

//--- ðÅÒÅËÌÀÞÅÎÉÅ ÔÒÉÇÇÅÒÁ × ÓÐÅÊÓÅÒ
E : I [E=F,R=*,S=*,C=1,I=R,Q=*,QB=*]
//--- ðÅÒÅËÌÀÞÅÎÉÅ ÔÒÉÇÇÅÒÁ × ÒÁÂÏÞÕÀ ÆÁÚÕ
E : I [E=R,R=*,S=*,C=1,I=F,Q=*,QB=*]
E : Q [E=R,R=1,S=0,C=1,I=F,Q=F,QB=R]
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÷¨á. 1 ”ã−ªæ¨®−�«ì−®-«®£¨ç¥áª�ï áå¥¬� âà¨££¥à� R0CE10

E : QB [E=R,R=1,S=0,C=1,I=F,Q=F,QB=R]
E : Q [E=R,R=0,S=1,C=1,I=F,Q=R,QB=F]
E : QB [E=R,R=0,S=1,C=1,I=F,Q=R,QB=F]
//--- õÓÔÁÎÏ×ËÁ ÔÒÉÇÇÅÒÁ
C : I [E=0,R=*,S=*,C=F,I=F,Q=*,QB=*]
C : I [E=0,R=*,S=*,C=R,I=R,Q=*,QB=*]
C : Q [E=0,R=*,S=*,C=F,I=F,Q=F,QB=R]
C : QB [E=0,R=*,S=*,C=F,I=F,Q=F,QB=R]

ˆ−ä®à¬�æ¨®−−ë© ¢å®¤ ¤�−−®£® âà¨££¥à� −¥ ¨¬¥¥â á¯¥©á¥à�, ¯®íâ®¬ã ä�§®-
¢ë¬¨ ¯¥à¥ª«îç¥−¨ï¬¨ âà¨££¥à� ú¤¨à¨¦¨àã¥âû ¢å®¤ ã¯à�¢«¥−¨ï.

2.3 Фиксирование нарушений в работе самосинхронного триггера

‚ à¥�«ì−ëå áå¥¬�å CC-¤¨áæ¨¯«¨−� ä®à¬¨à®¢�−¨ï á¨£−�«®¢ ¬®¦¥â −�àã-
è�âìáï ¨§-§� â®£®, çâ® «¨¡® áå¥¬� −¥ ï¢«ï¥âáï ‘‘-áå¥¬®©, «¨¡® ¥¥ â®¯®«®£¨ç¥-
áª�ï à¥�«¨§�æ¨ï ¯à¨¢−¥á«� á«¨èª®¬ ¡®«ìè¨¥ ¨ à�§−ë¥ ¯® ¢¥«¨ç¨−¥ §�¤¥à¦ª¨
¢ ªà¨â¨ç¥áª¨¥ æ¥¯¨. �®íâ®¬ã ¬®¤¥«ì ‘‘-âà¨££¥à� ¤®«¦−� ¢ª«îç�âì ¯à®¢¥àª¨
á®®â−®è¥−¨ï ¢à¥¬¥− ¯®áâã¯«¥−¨ï á¨£−�«®¢ −� ¢å®¤ë âà¨££¥à� ¨ ¨§¬¥−¥−¨ï ¢å®-
¤®¢ ¯à¨ ®¯à¥¤¥«¥−−ëå §−�ç¥−¨ïå ¢ëå®¤®¢ ¨ ¨−¨æ¨¨à®¢�âì ¯à¥¤ã¯à¥¦¤¥−¨ï ¯à¨
−�àãè¥−¨ïå ‘‘-¤¨áæ¨¯«¨−ë.

Š −�àãè¥−¨ï¬ ‘‘-¤¨áæ¨¯«¨−ë ®â−®áïâáï á«¥¤ãîé¨¥:

{ ¨−ä®à¬�æ¨®−−ë© �”‘-¢å®¤ ¯¥à¥ª«îç¨«áï ¢ à�¡®çãî ä�§ã ¯à¨ à�¡®ç¥¬
§−�ç¥−¨¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤�;

{ ¨−ä®à¬�æ¨®−−ë© �”‘-¢å®¤ ¯¥à¥ª«îç¨«áï ¢ á¯¥©á¥à ¯à¨ á¯¥©á¥à¥ −� ¨−¤¨-
ª�â®à−®¬ ¢ëå®¤¥;
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{ ¢å®¤ ã¯à�¢«¥−¨ï (¢ëå®¤ …‚) ¯¥à¥ª«îç¨«áï ¢ à�¡®çãî ä�§ã ¯à¨ à�¡®ç¥¬
§−�ç¥−¨¨ ¨−¤¨ª�â®à−®£® ¢ëå®¤�;

{ ¢å®¤ ã¯à�¢«¥−¨ï (¢ëå®¤ …‚) ¯¥à¥ª«îç¨«áï ¢ á¯¥©á¥à ¯à¨ á¯¥©á¥à¥ −� ¨−¤¨-
ª�â®à−®¬ ¢ëå®¤¥;

{ ¨−ä®à¬�æ¨®−−ë© ¢å®¤, −¥ ï¢«ïîé¨©áï �”‘, ¨§¬¥−¨« á¢®¥ á®áâ®ï−¨¥ ¯à¨
à�¡®ç¥¬ §−�ç¥−¨¨ ¢å®¤� ã¯à�¢«¥−¨ï (¢ëå®¤� …‚);

{ ¢å®¤ ‘‘-ãáâ�−®¢ª¨ ¯¥à¥ª«îç¨«áï ¢ �ªâ¨¢−®¥ á®áâ®ï−¨¥ ¯à¨ à�¡®ç¥¬ §−�ç¥−¨¨
¨−ä®à¬�æ¨®−−®£® �”‘-¢å®¤�;

{ ¨−ä®à¬�æ¨®−−ë© �”‘-¢å®¤ ¯¥à¥ª«îç¨«áï ¢ à�¡®ç¥¥ á®áâ®ï−¨¥ ¯à¨ �ªâ¨¢-
−®¬ §−�ç¥−¨¨ ¢å®¤� ‘‘-ãáâ�−®¢ª¨;

{ ¢å®¤ ‘‘-ãáâ�−®¢ª¨ ¯¥à¥ª«îç¨«áï ¢ �ªâ¨¢−®¥ á®áâ®ï−¨¥ ¯à¨ à�¡®ç¥¬ §−�ç¥−¨¨
¢å®¤� ã¯à�¢«¥−¨ï (¢ëå®¤� …‚);

{ ¢å®¤ ã¯à�¢«¥−¨ï (¢ëå®¤ …‚) ¯¥à¥ª«îç¨«áï ¢ à�¡®ç¥¥ á®áâ®ï−¨¥ ¯à¨ �ªâ¨¢−®¬
§−�ç¥−¨¨ ¢å®¤� ‘‘-ãáâ�−®¢ª¨.

�¡é¨© ¢¨¤ £¥−¥à�â®à� ¯à¥¤ã¯à¥¦¤¥−¨ï ® −�àãè¥−¨¨, á¢ï§�−−®¬ á ¨§¬¥−¥−¨-
¥¬ −¥ª®â®à®£® á¨£−�«� ¢ â¥ç¥−¨¥ ãª�§�−−®£® ¯¥à¨®¤�, ¢ ï§ëª¥ Verilog ¢ë£«ï¤¨â
á«¥¤ãîé¨¬ ®¡à�§®¬ [6]:

$nochange (reference_event, data_event, start_edge_offset,
end_edge_offset, notifier);

‚ á«ãç�¥ ‘‘-áå¥¬ §−�ç¥−¨ï ústart_edge_offsetû ¨ úend_edge_offsetû ¤®-
áâ�â®ç−® ¢ë¡à�âì −ã«¥¢ë¬¨ | íâ® ®â¢¥ç�¥â âà¥¡ã¥¬®© ¤¨áæ¨¯«¨−¥ ä®à¬¨à®¢�−¨ï
¨−ä®à¬�æ¨®−−ëå, ã¯à�¢«ïîé¨å ¨ ãáâ�−®¢®ç−ëå á¨£−�«®¢. ��¯à¨¬¥à, ¤«ï âà¨£-
£¥à� R0CE10 ¢ Verilog-¬®¤¥«ì ¤®¡�¢«ï¥âáï ª®¤

specify
$nochange(posedge I, negedge å, 0, 0, notifier);
$nochange(negedge I, posedge å, 0, 0, notifier);
$nochange(negedge ó, posedge å, 0, 0, notifier);
$nochange(posedge E, R, 0, 0, notifier);
$nochange(posedge E, S, 0, 0, notifier);
$nochange(posedge E, negedge C, 0, 0, notifier);
$nochange(negedge I, negedge C, 0, 0, notifier);
$nochange(posedge I, posedge C, 0, 0, notifier);

endspecify

�¯¨á�−−�ï ¢ëè¥ ¬¥â®¤¨ª� ãâ®ç−¥−¨ï ¯à®æ¥áá� å�à�ªâ¥à¨§�æ¨¨ ¤«ï ¯®á«¥¤®-
¢�â¥«ì−®áâ−ëå í«¥¬¥−â®¢ ¡ë«� �«£®à¨â¬¨§¨à®¢�−� ¨ à¥�«¨§®¢�−� ¢ ¢¥àá¨¨ 3.0
á¨áâ¥¬ë å�à�ªâ¥à¨§�æ¨¨ ‘�•ˆ�.

3 Доработка системы САХИБ

„«ï à¥è¥−¨ï ®¯¨á�−−ëå ¢ëè¥ §�¤�ç á¨áâ¥¬� ‘�•ˆ� ¡ë«� ¤®¯®«−¥−� ¨−-
â¥à�ªâ¨¢−®© à�¡®â®© á ¢¥ªâ®à�¬¨, à¥�«¨§�æ¨¥© å�à�ªâ¥à¨§�æ¨¨ −� ®á−®¢¥ ¤�−−ëå
¢¥ªâ®à®¢ ¨ ¬®¤ã«¥¬ �−�«¨§� ¢®§¬®¦−ëå −�àãè¥−¨©.
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, �. ‚. Œ®à®§®¢ ¨ ¤à.

÷¨á. 2 �ª−® ¨−â¥à�ªâ¨¢−®£® §�¤�−¨ï ¢¥ªâ®à®¢

�à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì −�ç�«ì−®£® ¯®«ãç¥−¨ï ¢á¥å ¢¥ªâ®à®¢, ä®à¬¨àã-
¥¬ëå ¯à®£à�¬¬®© å�à�ªâ¥à¨§�æ¨¨ �¢â®¬�â¨ç¥áª¨, ¢ ª�ç¥áâ¢¥ ®á−®¢ë (è�¡«®−�)
¤«ï ä®à¬¨à®¢�−¨ï æ¥«¥á®®¡à�§−®© á®¢®ªã¯−®áâ¨ ¢¥ªâ®à®¢.

‚ë¡®à ¯�àë ú�ªâ¨¢−ë© ¢å®¤ { �ªâ¨¢−ë© ¢ëå®¤û ¨ §�¤�−¨¥ ¢¥ªâ®à� ¤«ï −¥¥
®áãé¥áâ¢«ï¥âáï ¢ ®ª−¥ ú‚¥ªâ®à� ¯¥à¥ª«îç¥−¨©û (à¨á. 2). �à¨ −�«¨ç¨¨ £®â®¢®£®
ä�©«� ¢¥ªâ®à®¢ ¤«ï å�à�ªâ¥à¨§ã¥¬®© áå¥¬ë á ¨¬¥−¥¬ 〈¨¬ï áå¥¬ë〉.vin ¥£® á®¤¥à-
¦¨¬®¥ ¯®ï¢¨âáï ¢ −¨¦−¥© ç�áâ¨ ®ª−� ú‚¥ªâ®à� ¯¥à¥ª«îç¥−¨©û. �¥à¥¤ §�¯ãáª®¬
å�à�ªâ¥à¨§�æ¨¨ ¯®«ì§®¢�â¥«ì ¬®¦¥â ¯®á¬®âà¥âì, ¨§¬¥−¨âì ¨«¨ ¯®¯®«−¨âì á¯¨á®ª
¢¥ªâ®à®¢.

÷¥¦¨¬ ¯à®æ¥áá� å�à�ªâ¥à¨§�æ¨¨ ¢ë¡¨à�¥âáï ¯®«ì§®¢�â¥«¥¬:

{ �¢â®¬�â¨ç¥áª¨©, ¯à®£à�¬¬� á�¬� á®áâ�¢«ï¥â −¥®¡å®¤¨¬ë¥ ¢¥ªâ®àë;

{ àãç−®©, ¨á¯®«ì§ãîâáï â®«ìª® §�¤�−−ë¥ ¯®«ì§®¢�â¥«¥¬ ¢¥ªâ®àë;

{ ª®¬¡¨−¨à®¢�−−ë©.

Œ®¤ã«ì �−�«¨§� −�àãè¥−¨© ¤¨áæ¨¯«¨−ë ä®à¬¨à®¢�−¨ï ¢−¥è−¨å ¨ ¢−ãâà¥−-
−¨å á¨£−�«®¢ ¢ å�à�ªâ¥à¨§ã¥¬®© áå¥¬¥ �¢â®¬�â¨ç¥áª¨ �−�«¨§¨àã¥â �«£®à¨â¬ ¥¥
äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®¡�¢«ï¥â −¥®¡å®¤¨¬ë¥ ª®−áâàãªæ¨¨ ú$nochangeû, ®¯¨-
á�−−ë¥ ¢ëè¥, ¢ £¥−¥à¨àã¥¬®¥ á¨áâ¥¬®© å�à�ªâ¥à¨§�æ¨¨ Verilog-®¯¨á�−¨¥ áå¥¬ë.
�â® ¯®§¢®«ï¥â ¢ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�−¨ï ‘‘-áå¥¬ «®ª�«¨§®¢�âì −�àãè¥−¨ï
¤¨áæ¨¯«¨−ë ä®à¬¨à®¢�−¨ï á¨£−�«®¢ ¢ ‘‘-áå¥¬¥. „«ï á«®¦−ëå ‘‘-áå¥¬ â�-
ª�ï ¢®§¬®¦−®áâì ®¡«¥£ç�¥â ¯®¨áª ¯à¨ç¨− −�àãè¥−¨ï á�¬®á¨−åà®−−®áâ¨ áå¥¬ë,
¢ëï¢«¥−−ëå −� íâ�¯¥ �−�«¨§� áå¥¬ë −� á�¬®á¨−åà®−−®áâì.
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•�à�ªâ¥à¨§�æ¨ï ¯®á«¥¤®¢�â¥«ì−®áâ−ëå á�¬®á¨−åà®−−ëå í«¥¬¥−â®¢

4 Заключение

�à�¢¨«ì−® á¯à®¥ªâ¨à®¢�−−ë¥ ‘‘-áå¥¬ë ï¢«ïîâáï â�ª®¢ë¬¨ â®«ìª® ¯à¨ á®-
¡«î¤¥−¨¨ á®®â¢¥âáâ¢ãîé¥© ¤¨áæ¨¯«¨−ë ¢å®¤®¢, ¢ëå®¤®¢ ¨ ¢−ãâà¥−−¨å á¨£−�«®¢
áå¥¬ë. �®íâ®¬ã −�«¨ç¨¥ íâ®© ¤¨áæ¨¯«¨−ë ¤®«¦−® ãç¨âë¢�âìáï ¯à¨ å�à�ªâ¥à¨-
§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå ‘‘-áå¥¬.

„®¯®«−¨â¥«ì−ë¥ �âà¨¡ãâë §�¤�−¨ï −� å�à�ªâ¥à¨§�æ¨î ¯®á«¥¤®¢�â¥«ì−®áâ−®-
£® ‘‘-í«¥¬¥−â�, §�¤�¢�¥¬ë¥ ¯®«ì§®¢�â¥«¥¬, | ¢¥ªâ®à ®¯à¥¤¥«¥−¨ï áâ�â¨ç¥áª¨å
§−�ç¥−¨© ¢å®¤®¢ ¨ ¢ëå®¤®¢ ¨«¨ −�¯à�¢«¥−¨© ¯¥à¥ª«îç¥−¨ï | ¯®§¢®«ïîâ ®¤-
−®§−�ç−® ®¯à¥¤¥«¨âì −�ç�«ì−®¥ á®áâ®ï−¨¥ ¢å®¤®¢, ¢ëå®¤®¢ ¨ ¢−ãâà¥−−¨å æ¥¯¥©
í«¥¬¥−â� ¨ á¤¥«�âì ¯à®æ¥¤ãàã å�à�ªâ¥à¨§�æ¨¨ ¤®áâ®¢¥à−®© ¨ ¯®«−®©.

ˆá¯®«ì§®¢�−¨¥ ¢ Verilog-¬®¤¥«ïå í«¥¬¥−â®¢, ä®à¬¨àã¥¬ëå ¯® à¥§ã«ìâ�â�¬
å�à�ªâ¥à¨§�æ¨¨, ®¯¥à�â®à®¢ �−�«¨§� ¢§�¨¬−®£® à�á¯®«®¦¥−¨ï ¨å ¢å®¤−ëå á¨£-
−�«®¢ −� ¢à¥¬¥−−‚®© ®á¨ ®¡¥á¯¥ç¨¢�¥â ¤®¯®«−¨â¥«ì−ë© ª®−âà®«ì á®¡«î¤¥−¨ï
‘‘-¤¨áæ¨¯«¨−ë ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å á¨£−�«®¢ ¢ ‘‘-áå¥¬¥. �â® ¯®§¢®«ï¥â
¢ëï¢¨âì ¨ ¨á¯à�¢¨âì −�àãè¥−¨ï á�¬®á¨−åà®−−®áâ¨ −� íâ�¯¥ äã−ªæ¨®−�«ì−®-«®-
£¨ç¥áª®© ¢¥à¨ä¨ª�æ¨¨ �«£®à¨â¬� à�¡®âë áå¥¬ë.
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Abstract: Functional specificity of the self-timed circuits makes special re-
quirements to their characterization procedure. This procedure should take into
account a signal conditioning discipline for information and phase signals on base
of user defined attributes of the characterized cell's inputs and outputs. The
paper describes a technique of adjusting characterization process for sequential
self-timed cells. It is based on using vectors that set static values and transition
direction for all inputs and outputs. Algorithmization and implementation of
the suggested approach in new SAHIB characterization system version have
increased its efficiency and provided the valid characterization of all sequen-
tial cell types in the self-timed cell library for 65-nanometer standard CMOS
(complementary metal-oxide-semiconductor) process. Automatic introduction of
the Verilog constructions analyzing change order of all cell inputs and notifying
their invalid sequence into the sequential cell models during characterization
procedure accelerates and mitigates self-timed circuit design.
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МЕТОД ВЫБОРА ВАРИАНТА ПОСТРОЕНИЯ
ИНФОРМАЦИОННО-ТЕЛЕКОММУНИКАЦИОННОЙ

СИСТЕМЫ∗

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¬¥â®¤� ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë (ˆ’Š‘). ÷�áá¬®âà¥− ®¡é¨©
¬¥â®¤®«®£¨ç¥áª¨© ¯®¤å®¤ ª ¢ë¡®àã á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¯®áâà®¥−¨ï
ˆ’Š‘, ãç¨âë¢�îé¨© ¨å ®á®¡¥−−®áâ¨, ¯à¨−æ¨¯ë ¨ ãá«®¢¨ï ¯®áâà®¥−¨ï.
�à¥¤«®¦¥− ¬¥â®¤ ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ˆ’Š‘, ¢ª«îç�îé¨© ¤¢¥ ¢§�-
¨¬®ã¢ï§�−−ë¥ ¬¥â®¤¨ª¨: ¬¥â®¤¨ªã ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘ ¨ ¬¥â®¤¨ªã
¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ˆ’Š‘. „�−� ®¡é�ï å�à�ªâ¥à¨áâ¨ª� ¬¥â®¤¨ª¨
®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘, ¯à¥¤áâ�¢«¥−−®© ¢ ¯à¥¤ë¤ãé¨å ¯ã¡«¨ª�æ¨ïå.
÷�§à�¡®â�−� ¬¥â®¤¨ª� ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ˆ’Š‘ á ãç¥â®¬ ¢ª«�¤�
¢ íää¥ªâ¨¢−®áâì á®®â¢¥âáâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â¥å−¨ç¥áª®©
à¥�«¨§ã¥¬®áâ¨ ¨ à¨áª®¢ à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï. �à¥¤«®¦¥− ¯¥à¥ç¥−ì
ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¤«ï ª�¦¤®© ¨§ âà¥å £àã¯¯ ®¡®¡é¥−-
−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ (¢ª«�¤ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®©
á¨áâ¥¬ë, â¥å−¨ç¥áª�ï à¥�«¨§ã¥¬®áâì ¨ à¨áª¨).

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−�ï á¨áâ¥¬�; íää¥ª-
â¨¢−®áâì; ¯®ª�§�â¥«ì; ªà¨â¥à¨©; â¥å−®«®£¨ï

DOI: 10.14357/08696527190310

1 Введение

ˆ−ä®à¬�æ¨ï ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¥¢à�â¨«�áì ¢ ®¤¨− ¨§ −�¨¡®«¥¥ ¢�¦-
−ëå à¥áãàá®¢, � ˆ’Š‘ è¨à®ª® ¯à¨¬¥−ïîâáï ¢® ¢á¥å áä¥à�å ¤¥ïâ¥«ì−®áâ¨.
�à¨ íâ®¬ ¢á¥ ç�é¥ ¢®¯à®áë íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï íâ¨å ˆ’Š‘ à�áá¬�-
âà¨¢�îâáï á ¯®§¨æ¨© ¢ª«�¤� ¢ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
á®®â¢¥âáâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë (¬¨−¨áâ¥àáâ¢�, ¢¥¤®¬áâ¢� ¨ â. ¯.).
ˆ−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë á®§¤�îâáï −� ®á−®¢¥ ¨−ä®à-
¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© ¨ à¥�«¨§ãîé¨å íâ¨ â¥å−®«®£¨¨
�¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢. �� íâ�¯¥ à�§à�¡®âª¨ ˆ’Š‘ á ãç¥â®¬ ¨¬¥-
îé¥£®áï ¬−®¦¥áâ¢� â¥å−®«®£¨© ¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ ¯®ï¢«ï¥âáï

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, AZatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, UIonenkov@ipiran.ru
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Œ¥â®¤ ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë

¬−®¦¥áâ¢® á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©, á¯®á®¡−ëå ®¡¥á¯¥ç¨âì ¢ë¯®«−¥−¨¥ âà¥-
¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª á¨áâ¥¬¥. �à¨ íâ®¬ ¢®§−¨ª�¥â §�¤�ç� ¢ë¡®à� à�æ¨®-
−�«ì−ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¯à¨ ¯®áâà®¥−¨¨ ˆ’Š‘. �â® ¬®¦¥â ¡ëâì
á¤¥«�−® −� ®á−®¢¥ à�§à�¡®âª¨ á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤®¢ á ¨á¯®«ì§®¢�−¨¥¬ ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ ¯à¥¤«�£�¥¬ëå à¥è¥−¨©.

’�ª¨¬ ®¡à�§®¬, ¢¥áì¬� �ªâã�«ì−®© §�¤�ç¥© ï¢«ï¥âáï á®§¤�−¨¥ ¬¥â®¤®«®£¨ç¥-
áª®© ¡�§ë ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¢�à¨�−â®¢ ¯®áâà®¥−¨ï ˆ’Š‘,
ª®â®à�ï ¢ áãé¥áâ¢ãîé¥© −�ãç−®-â¥å−¨ç¥áª®© «¨â¥à�âãà¥ ¯à¥¤áâ�¢«¥−� −¥¤®áâ�-
â®ç−®. Šà®¬¥ â®£®, âà�¤¨æ¨®−−ë¥ ¯®¤å®¤ë ª ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘
ãç¨âë¢�îâ â®«ìª® §�âà�âë ¨ −�¨¡®«¥¥ ®ç¥¢¨¤−ë¥ ¯àï¬ë¥ íää¥ªâë, −¥ à�á-
á¬�âà¨¢�ï â�ª¨¥ í«¥¬¥−âë, ª�ª ¨å ¢ª«�¤ ¢ íää¥ªâ¨¢−®áâì á®®â¢¥âáâ¢ãîé¥©
®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â¥å−¨ç¥áªãî à¥�«¨§ã¥¬®áâì ¨ à¨áª¨.

–¥«ìî −�áâ®ïé¥© áâ�âì¨ ï¢«ï¥âáï à�áá¬®âà¥−¨¥ ®¡é¥£® ¬¥â®¤®«®£¨ç¥áª®£®
¯®¤å®¤� ª ¢ë¡®àã á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©, ®¯¨á�−¨¥ ¬¥â®¤� ¢ë¡®à� ¢�-
à¨�−â� ¯®áâà®¥−¨ï ˆ’Š‘ −� ®á−®¢¥ ¤¢ãå ¢§�¨¬®ã¢ï§�−−ëå ¬¥â®¤¨ª, � â�ª¦¥
à�§à�¡®âª� ¬¥â®¤¨ª¨ ¢ë¡®à� ¢�à¨�−â� ˆ’Š‘, ¢ª«îç�ï ®¡®á−®¢�−¨¥ ¯¥à¥ç−ï
¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨.

2 Общая характеристика метода

‡�¤�ç� à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï ˆ’Š‘ ¤¥«¨âáï −� −¥áª®«ìª® íâ�¯®¢, −�ç¨-
−�îé¨åáï á ä®à¬¨à®¢�−¨ï ®¡é¥£® ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® §�¬ëá«� ¨ §�-
ª�−ç¨¢�îé¥£®áï ¢ë¢¥¤¥−¨¥¬ ¨§ íªá¯«ã�â�æ¨¨ íâ®© á¨áâ¥¬ë. ‘ á�¬®© ®¡é¥© â®çª¨
§à¥−¨ï ¢¥áì ¯à®æ¥áá, á¢ï§�−−ë© á à�§à�¡®âª®© ¨ ¯à¨¬¥−¥−¨¥¬ ˆ’Š‘, á®áâ®¨â ¨§
á«¥¤ãîé¨å è�£®¢.

1. ”®à¬¨à®¢�−¨¥ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® §�¬ëá«� á¨áâ¥¬ë, â. ¥. ¯¥à¥ç−ï
ãá«®¢¨©, æ¥«¥© ¨ §�¤�ç ¯à®¥ªâ�, ®á−®¢−ëå âà¥¡®¢�−¨© ª á¨áâ¥¬¥, ¡î¤¦¥â�,
¢à¥¬¥−−‚ëå, â¥å−®«®£¨ç¥áª¨å, −®à¬�â¨¢−ëå ¨ ¤àã£¨å ®£à�−¨ç¥−¨©, � â�ª¦¥
¨á¯®«−¨â¥«¥©.

2. ÷�§à�¡®âª� á¨áâ¥¬ë | à¥è¥−¨¥ ¯à®¡«¥¬ë ¢ë¡®à� á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥-
è¥−¨©, â¥å−®«®£¨©, �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ ¤«ï á®§¤�−¨ï ˆ’Š‘
á ãç¥â®¬ ãá«®¢¨© ¨ âà¥¡®¢�−¨© á®®â¢¥âáâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë
¨ á ¯®¬®éìî §�à�−¥¥ ®¯à¥¤¥«¥−−ëå ªà¨â¥à¨¥¢ íää¥ªâ¨¢−®áâ¨.

3. �à®¨§¢®¤áâ¢® | ®¡¥á¯¥ç¥−¨¥ â¥å−¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å ãá«®¢¨© ¯à®-
¨§¢®¤áâ¢�, ãá«®¢¨©, ¯à®£à�¬¬ ¨ ¬¥â®¤¨ª ¨á¯ëâ�−¨© á¨áâ¥¬.

4. �à¨¬¥−¥−¨¥ ¨ ¯®¤¤¥à¦ª� ¯à¨¬¥−¥−¨ï, ¯®¤à�§ã¬¥¢�îé¨¥ ¯¥à¥ç¥−ì −¥®¡å®-
¤¨¬ëå à�¡®â, âà¥¡ã¥¬ëå ¤«ï ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®© íªá¯«ã�â�æ¨¨ ˆ’Š‘
¢ â¥ç¥−¨¥ áà®ª� á«ã¦¡ë ¨ ¤«ï −¥®¡å®¤¨¬ëå ¬®¤¥à−¨§�æ¨©.

�¡é¨© ¬¥â®¤®«®£¨ç¥áª¨© ¯®¤å®¤ ª §�¤�ç¥ ®æ¥−ª¨ á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥-
−¨© ¤«ï ¯®áâà®¥−¨ï ˆ’Š‘ ¢ª«îç�¥â ¢ á¥¡ï −¥áª®«ìª® è�£®¢.
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1. �¯à¥¤¥«¥−¨¥ á®¢®ªã¯−®áâ¨ ¨áå®¤−ëå ãá«®¢¨© à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï
ˆ’Š‘ N = {nj |j = 1, . . . , q}, ¢ª«îç�îé¨å ¢ á¥¡ï −®à¬�â¨¢−ë¥, íª®−®¬¨-
ç¥áª¨¥, â¥å−¨ç¥áª¨¥ ¨ â¥å−®«®£¨ç¥áª¨¥ ®á®¡¥−−®áâ¨ ¯à®¥ªâ¨à®¢�−¨ï.

2. �¡®á−®¢�−¨¥ ¯¥à¥ç−ï ¯�à�¬¥âà®¢ ˆ’Š‘ T = {ti|i = 1, . . . , p} ¨ âà¥¡®¢�−¨©
ª −¨¬ U = {ui|i = 1, . . . , p}. ’à¥¡®¢�−¨ï ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ª�ª
¢ ¢¨¤¥ §�¤�−−ëå ¤¨�¯�§®−®¢, â�ª ¨ ¢ ¢¨¤¥ â®ç−ëå §−�ç¥−¨©.

3. ”®à¬¨à®¢�−¨¥ ¯¥à¥ç−ï ¢®§¬®¦−ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¤«ï ¯®-
áâà®¥−¨ï ˆ’Š‘ S = {sn|n = 1, . . . , v}.

4. ‚ë¡®à ®á−®¢−®£® ªà¨â¥à¨ï � | ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨, ®¯à¥¤¥«¥−−®£®
−� ¬−®¦¥áâ¢¥ �«ìâ¥à−�â¨¢. �á−®¢−®© ªà¨â¥à¨© ¤®«¦¥− á®®â¢¥âáâ¢®¢�âì
®¡®á−®¢�−−®¬ã §−�ç¥−¨î æ¥−−®áâ¨ ª�¦¤®£® á¨áâ¥¬®â¥å−¨ç¥áª®£® à¥è¥−¨ï
á ãç¥â®¬ ¢ë¯®«−¥−¨ï ãá«®¢¨© N ¨ âà¥¡®¢�−¨© U .

’�ª¨¬ ®¡à�§®¬, ¢ ä®à¬�«¨§®¢�−−®¬ ¢¨¤¥ §�¤�ç� ¢ë¡®à� á¨áâ¥¬®â¥å−¨ç¥áª¨å
à¥è¥−¨© ¤«ï ¯®áâà®¥−¨ï ˆ’Š‘ á¢®¤¨âáï ª á«¥¤ãîé¥©: −¥®¡å®¤¨¬® ®áãé¥áâ¢¨âì
¢ë¡®à �«ìâ¥à−�â¨¢ë Sz ¨§ ¬−®¦¥áâ¢� �«ìâ¥à−�â¨¢ S ¯à¨ â�ª®© á®¢®ªã¯-
−®áâ¨ ¯�à�¬¥âà®¢ ˆ’Š‘ T, ª®â®à�ï ¯à¨ §�¤�−−ëå ãá«®¢¨ïå N ¯®§¢®«¨«� ¡ë
á®§¤�âì á¨áâ¥¬ã, ã¤®¢«¥â¢®àïîéãî §�¤�−−ë¬ âà¥¡®¢�−¨ï¬ U , á ®¡¥á¯¥ç¥−¨¥¬
−�¨«ãçè¥£® §−�ç¥−¨ï ¯®ª�§�â¥«ï ªà¨â¥à¨ï íää¥ªâ¨¢−®áâ¨ �:

ü(N,U, S, T )→ max .

�� ®á−®¢�−¨¨ ¢ëè¥áª�§�−−®£® ä®à¬�«ì−�ï ¯®áâ�−®¢ª� §�¤�ç¨ ¢ë¡®à� á¨áâ¥-
¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ áå¥¬ë, ®âà�¦�îé¥©
àï¤ ®á−®¢−ëå è�£®¢ (à¨á. 1).

÷�§à�¡®âª� ˆ’Š‘ ¯à®¨§¢®¤¨âáï −� ®á−®¢¥ á«¥¤ãîé¨å ¨áå®¤−ëå ¤�−−ëå:

{ âà¥¡®¢�−¨ï ª á¨áâ¥¬¥, ¯à¥¤êï¢«ï¥¬ë¥ á®®â¢¥âáâ¢ãîé¥© ®à£�−¨§�æ¨®−−®©
á¨áâ¥¬®©, ¤«ï ª®â®à®© á®§¤�¥âáï ˆ’Š‘;

{ ¤¥©áâ¢ãîé�ï −®à¬�â¨¢−®-â¥å−¨ç¥áª�ï ¡�§�, à¥£«�¬¥−â¨àãîé�ï à�§à�¡®âªã
ˆ’Š‘;

{ â¥å−¨ª®-íª®−®¬¨ç¥áª¨¥ ä�ªâ®àë.

‚¨¤ë âà¥¡®¢�−¨© ª ¡®«ìè¨−áâ¢ã ®â¥ç¥áâ¢¥−−ëå ˆ’Š‘ ®¯à¥¤¥«¥−ë ¢ ƒ�‘’
÷‚ 15.201-2003 ¨ ƒ�‘’ 34.602-89. ’à¥¡®¢�−¨ï ª ˆ’Š‘ ¯®§¢®«ïîâ ®¡®á−®-
¢�âì ¨å ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨, á«ã¦�â ®á−®¢®© ¤«ï ¢ë¡®à� �¯¯�à�â−ëå
¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢. �à¨ íâ®¬ âà¥¡®¢�−¨ï ¤®¯®«−ïîâáï ¨ ª®−ªà¥â¨§¨àã-
îâáï ¢ à¥§ã«ìâ�â¥ ®¡á«¥¤®¢�−¨ï ®¡ê¥ªâ®¢ �¢â®¬�â¨§�æ¨¨, ¢ ¨−â¥à¥á�å ª®â®àëå
®áãé¥áâ¢«ï¥âáï à�§à�¡®âª�.

„¥©áâ¢ãîé�ï −®à¬�â¨¢−®-â¥å−¨ç¥áª�ï ¡�§�, à¥£«�¬¥−â¨àãîé�ï à�§à�¡®âªã
ˆ’Š‘, ®¯à¥¤¥«ï¥â âà¥¡®¢�−¨ï ª à�§à�¡®âª¥, ¯®àï¤®ª à�§à�¡®âª¨, ¢§�¨¬®¤¥©-
áâ¢¨¥ §�ª�§ç¨ª� ¨ ¨á¯®«−¨â¥«ï à�¡®â, á®áâ�¢ à�§à�¡�âë¢�¥¬ëå ¤®ªã¬¥−â®¢.

’¥å−¨ª®-íª®−®¬¨ç¥áª¨¥ ä�ªâ®àë ®¯à¥¤¥«ïîâ ãá«®¢¨ï ¯à®¢¥¤¥−¨ï à�§à�-
¡®â®ª.
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Œ¥â®¤ ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë

÷¨á. 1 �¡é¨© ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®æ¥−ª¥ á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©

”�ªâ®à â¥å−¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å ¢®§¬®¦−®áâ¥© ¯à®¬ëè«¥−−®áâ¨ ®á®-
¡¥−−® �ªâã�«¥− ¤«ï −�è¥© áâà�−ë ¢ á¢ï§¨ á ®â−®á¨â¥«ì−®© ®âáâ�«®áâìî ®â¥ç¥-
áâ¢¥−−®© í«¥ªâà®−−®© ¯à®¬ëè«¥−−®áâ¨ ¨ ¯à®¬ëè«¥−−®áâ¨ áà¥¤áâ¢ á¢ï§¨.

Šà®¬¥ â®£®, −¥®¡å®¤¨¬® ãç¨âë¢�âì â¥−¤¥−æ¨¨ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå
¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©, çâ® ¯®§¢®«¨â ¯à�¢¨«ì−® ¢ë¡à�âì â¥å−®«®-
£¨î ¨ á¯à®¥ªâ¨à®¢�âì á¨áâ¥¬ã, ¯®§¢®«ïîéãî ®¡¥á¯¥ç¨âì à�áâãé¨¥ ¨−ä®à¬�æ¨-
®−−ë¥ ¯®âà¥¡−®áâ¨ ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë á ãç¥â®¬ âà¥¡®¢�−¨© ¨−ä®à¬�æ¨-
®−−®© ¡¥§®¯�á−®áâ¨.
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�¡ê¥¬ë �áá¨£−®¢�−¨©, ¢ë¤¥«ï¥¬ëå −� à�§¢¨â¨¥ ˆ’Š‘, ¢ëáâã¯�îâ ¢ ª�-
ç¥áâ¢¥ ®£à�−¨ç¥−¨©, ¨áå®¤ï ¨§ ª®â®àëå á ãç¥â®¬ ¤àã£¨å ¨áå®¤−ëå ¤�−−ëå
¨ áâ®¨¬®áâ−ëå ¯®ª�§�â¥«¥© áà¥¤áâ¢ (ª®¬¯«¥ªá®¢) ®¡®á−®¢ë¢�¥âáï −®¬¥−ª«�âãà�
§�ªã¯�¥¬ëå �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢.

�� ®á−®¢�−¨¨ ¨§«®¦¥−−ëå ¢ëè¥ ¨áå®¤−ëå ¤�−−ëå ®áãé¥áâ¢«ï¥âáï ä®à-
¬¨à®¢�−¨¥ ®¡é¥£® §�¬ëá«� ¯®áâà®¥−¨ï ˆ’Š‘. ‡�â¥¬ ®áãé¥áâ¢«ï¥âáï ¢ë¡®à
â¥å−®«®£¨© ¯®áâà®¥−¨ï ˆ’Š‘, â¥å−¨ç¥áª¨å áà¥¤áâ¢, � â�ª¦¥ ®æ¥−ª� ¢®§¬®¦−ëå
¢�à¨�−â®¢ ˆ’Š‘ ¨ ¢ë¡®à −�¨«ãçè¥£® ¢�à¨�−â�. ‚ë¡®à ®áãé¥áâ¢«ï¥âáï á ¯®-
¬®éìî á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤¨ª, ãç¨âë¢�îé¨å −�¨¡®«¥¥ ¢�¦−ë¥ ¯®ª�§�â¥«¨.

„«ï ¤®áâ¨¦¥−¨ï ãª�§�−−®© æ¥«¨ −¥®¡å®¤¨¬® à�§à�¡®â�âì ª®¬¯«¥ªá ¢§�¨¬®-
ã¢ï§�−−ëå ¬¥â®¤®¢ ¨ ¬¥â®¤¨ª, ª®â®àë¥ ®¡¥á¯¥ç¨«¨ ¡ë à¥è¥−¨¥ §�¤�ç¨ ®æ¥−ª¨
á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© −� ¢á¥å áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«� ˆ’Š‘.

‚¥áì ª®¬¯«¥ªá à�§à�¡®â�−−ëå ¬¥â®¤¨ª ¯à¨¬¥−ï¥âáï −� à�−−¨å áâ�¤¨ïå ¦¨§-
−¥−−®£® æ¨ª«� ˆ’Š‘ | áâ�¤¨ïå ä®à¬¨à®¢�−¨ï §�¬ëá«� ¨ à�§à�¡®âª¨ á¨áâ¥¬.
�� ¯®á«¥¤ãîé¨å áâ�¤¨ïå (¯à®¨§¢®¤áâ¢�, ¯à¨¬¥−¥−¨ï ¨ ¯®¤¤¥à¦ª¨ ¯à¨¬¥−¥−¨ï)
¯à¨¬¥−ïîâáï ¬¥â®¤¨ª¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë á ª®−ªà¥â−ë¬¨ −�¡®-
à�¬¨ ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨, ãç¨âë¢�îé¨¬¨ á¯¥æ¨ä¨ªã á®®â¢¥âáâ¢ãîé¨å
á¨áâ¥¬.

�¤−¨¬ ¨§ ¯¥à¢ëå íâ�¯®¢ ¢ à�¬ª�å ä®à¬¨à®¢�−¨ï ®¡«¨ª� ˆ’Š‘ ï¢«ï¥âáï ¢ë-
¡®à â¥å−®«®£¨©, ®¡¥á¯¥ç¨¢�îé¨å ¢ë¯®«−¥−¨¥ äã−ªæ¨®−�«ì−ëå §�¤�ç á¨áâ¥¬ë.
Œ¥â®¤¨ª� ¢ë¡®à� â¥å−®«®£¨© ¤®áâ�â®ç−® ¯®¤à®¡−® à�áá¬®âà¥−� ¢ [1].

‘«¥¤ãîé¨© íâ�¯ | ¢ë¡®à â¥å−¨ç¥áª¨å áà¥¤áâ¢, à¥�«¨§ãîé¨å ¢ë¡à�−−ë¥
á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¨ â¥å−®«®£¨¨ ¨ ã¤®¢«¥â¢®àïîé¨å ¯à¥¤êï¢«ï¥¬ë¬
ª á¨áâ¥¬¥ âà¥¡®¢�−¨ï¬. ‚®§¬®¦−�ï ¬¥â®¤¨ª� ¢ë¡®à� â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¯à¥¤-
áâ�¢«¥−� ¢ [2].

�à¥¤«�£�¥¬ë© ¬¥â®¤ ¢ë¡®à� ¢�à¨�−â� ˆ’Š‘ ¢ª«îç�¥â ¤¢¥ ¢§�¨¬®ã¢ï§�−−ë¥
¬¥â®¤¨ª¨: ¬¥â®¤¨ªã ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘ ¨ ¬¥â®¤¨ªã ¢ë¡®à� ¢�à¨�−â�
¯®áâà®¥−¨ï ˆ’Š‘ (à¨á. 2).

÷¨á. 2 �¡é�ï å�à�ªâ¥à¨áâ¨ª� ¬¥â®¤� ¢ë¡®à� ¢�à¨�−â� ˆ’Š‘
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Œ¥â®¤ ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë

�®á«¥ ¢ë¡®à� ¯® ¯à¥¤áâ�¢«¥−−ë¬ ¢ëè¥ ¬¥â®¤¨ª�¬ ¯à¨¬¥−ï¥¬ëå ¢ ˆ’Š‘
â¥å−®«®£¨© ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ä®à¬¨àã¥âáï ¬−®¦¥áâ¢® ¢�à¨�−â®¢ á¨áâ¥¬®-
â¥å−¨ç¥áª¨å à¥è¥−¨©, à�§«¨ç�îé¨åáï â¥å−¨ç¥áª¨¬¨, â¥å−®«®£¨ç¥áª¨¬¨, íª®−®-
¬¨ç¥áª¨¬¨, ®à£�−¨§�æ¨®−−ë¬¨ ¨ ¤àã£¨¬¨ ¯®ª�§�â¥«ï¬¨. „«ï á−¨¦¥−¨ï à�§¬¥à-
−®áâ¨ §�¤�ç¨ ¨ á®ªà�é¥−¨ï ®¡ê¥¬®¢ ¢ëç¨á«¥−¨© −� ¯¥à¢®¬ íâ�¯¥ ¨á¯®«ì§ã¥âáï
¬¥â®¤¨ª� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¢ë¡®à −�¨¡®«¥¥
íää¥ªâ¨¢−ëå ¢�à¨�−â®¢, á®®â¢¥âáâ¢ãîé¨å âà¥¡®¢�−¨ï¬ â�ªâ¨ª®-â¥å−¨ç¥áª®£®
§�¤�−¨ï −� á¨áâ¥¬ã, ¨§ ¨¬¥îé¥£®áï ¬−®¦¥áâ¢�. �� ¢â®à®¬ íâ�¯¥ ¨§ ¯®«ãç¥−−®£®
−� ¯¥à¢®¬ íâ�¯¥ ç¨á«� −�¨¡®«¥¥ íää¥ªâ¨¢−ëå ¢�à¨�−â®¢ (3{5) á ¯®¬®éìî ¬¥â®-
¤¨ª¨ ¢ë¡®à� ¢�à¨�−â� ˆ’Š‘ ®â¡¨à�¥âáï −�¨«ãçè¨© ¢�à¨�−â á ãç¥â®¬ ¥£® ¢ª«�¤�
¢ íää¥ªâ¨¢−®áâì á®®â¢¥âáâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â¥å−¨ç¥áª®© à¥�-
«¨§ã¥¬®áâ¨ ¨ à¨áª®¢ à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï.

3 Методика оценки эффективности
информационно-телекоммуникационной системы

�®¤ íää¥ªâ¨¢−®áâìî á¨áâ¥¬ë ¯®−¨¬�¥âáï áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï æ¥«¥©, ¯®áâ�¢-
«¥−−ëå ¯à¨ ¥¥ á®§¤�−¨¨ [3].

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘ à�§à�¡®â�−� ¬¥â®¤¨ª� −� ®á−®¢¥ áà¥¤−¥-
¢§¢¥è¥−−®© áã¬¬ë [4, 5], ãç¨âë¢�îé�ï á®¢®ªã¯−®áâì ¬−®¦¥áâ¢� ª®«¨ç¥áâ¢¥−−ëå
¤�−−ëå ® äã−ªæ¨®−¨à®¢�−¨¨ á¨áâ¥¬ë ¢ á®ç¥â�−¨¨ á ¯à¨¬¥−¥−¨¥¬ íªá¯¥àâ−ëå
®æ¥−®ª.

�¤−®© ¨§ ¢�¦−ëå §�¤�ç ¢ ¤�−−®© ¬¥â®¤¨ª¥ ï¢«ï¥âáï ¢ë¡®à ¨ ®¡®á−®¢�−¨¥
−®¬¥−ª«�âãàë ¯®ª�§�â¥«¥© á¨áâ¥¬ë á â®çª¨ §à¥−¨ï ¨å ¢«¨ï−¨ï −� íää¥ªâ¨¢−®áâì
à¥è¥−¨ï áâ®ïé¨å ¯¥à¥¤ á¨áâ¥¬®© §�¤�ç.

‚ë¡®à ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ æ¥«¥á®®¡à�§−® ®áãé¥áâ¢«ïâì ¨áå®¤ï ¨§
á«¥¤ãîé¨å á®®¡à�¦¥−¨©:

{ á®®â¢¥âáâ¢¨¥ ¯®ª�§�â¥«¥© æ¥«ï¬ à�§à�¡®âª¨ ¨ −�§−�ç¥−¨î á¨áâ¥¬ë;

{ ¨§¬¥à¨¬®áâì á ¯®¬®éìî áãé¥áâ¢ãîé¨å ä¨§¨ç¥áª¨å (®¡ê¥ªâ¨¢−ëå) ¢¥«¨ç¨−.
†¥«�â¥«ì−® ¢ë¡¨à�âì ¯®ª�§�â¥«¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ¢ëà�¦¥−ë ª®«¨ç¥-
áâ¢¥−−®;

{ ¢ë¡®à ®¯â¨¬�«ì−®£® ç¨á«� ¯®ª�§�â¥«¥©, â�ª ª�ª ¯à¨ ¨å ¬�«®¬ ç¨á«¥ −¥
¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�îâáï æ¥«¥¢ë¥ äã−ªæ¨¨ á¨áâ¥¬ë, � á à®áâ®¬ ç¨á«�
¯®ª�§�â¥«¥© ¢®§à�áâ�¥â âàã¤®¥¬ª®áâì ®æ¥−ª¨;

{ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¤®«¦−ë ãç¨âë¢�âì âà¥¡®¢�−¨ï, à¥£«�¬¥−â¨-
àã¥¬ë¥ ¤¥©áâ¢ãîé¨¬¨ −®à¬�â¨¢−®-â¥å−¨ç¥áª¨¬¨ ¤®ªã¬¥−â�¬¨ ¢ ®¡«�áâ¨
ˆ’Š‘.

‚ à�¬ª�å àï¤� à�¡®â ”ˆ– ˆ“ ÷�� ¡ë«¨ à�§à�¡®â�−ë ¯¥à¥ç−¨ ¯®ª�§�-
â¥«¥© íää¥ªâ¨¢−®áâ¨ ¤«ï à�§«¨ç−ëå â¨¯®¢ ˆ’Š‘. ‚ ç�áâ−®áâ¨, ¤«ï ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ ¢¥¤®¬áâ¢¥−−®© á¨áâ¥¬ë á¨âã�æ¨®−−ëå æ¥−âà®¢ [4] ¨á¯®«ì§®¢�-
«¨áì ®¡®¡é¥−−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ª®¬¯®−¥−â®¢ á¨âã�æ¨®−−®£® æ¥−âà�:
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äã−ªæ¨®−�«ì−®£®, â¥å−®«®£¨ç¥áª®£®, â¥å−¨ç¥áª®£®, íªá¯«ã�â�æ¨®−−®£® ¨ ®à£�-
−¨§�æ¨®−−®£®.

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−â-
à®¢ ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ [6] ¡ë«¨ ¯à¥¤«®¦¥−ë â�ª¨¥ ®¡®¡é¥−−ë¥
¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨, ª�ª à�§¢¨â¨¥ á¨áâ¥¬ë, á¢®¥¢à¥¬¥−−®áâì, ¯®«−®â�,
¤®áâ®¢¥à−®áâì, ®à£�−¨§�æ¨ï.

‚ à�¡®â¥ [7] ¯à¨¢¥¤¥−ë ®¡®¡é¥−−ë¥ ¨ ç�áâ−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¤«ï
â¨¯®¢®© ˆ’Š‘ −� ®á−®¢¥ âà¥¡®¢�−¨© ƒ�‘’ ÷‚ 51987-2002, � ¢ [8] ®¡®á−®¢�−ë
¯®ª�§�â¥«¨ ¤«ï ˆ’Š‘ −� ®á−®¢¥ ¯à¨¬¥−¥−¨ï ®¡«�ç−ëå â¥å−®«®£¨©.

‚ ¬¥â®¤¨ª¥ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘ ¤«ï à�áç¥â� ¨−â¥£à�«ì−®£® ¯®ª�§�-
â¥«ï íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§ã¥âáï ¬�â¥¬�â¨ç¥áª®¥ ¢ëà�¦¥−¨¥ ¢ ¢¨¤¥ áà¥¤−¥¢§¢¥-
è¥−−®© áã¬¬ë ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¨å ®â¤¥«ì−ëå áâ®à®−
(ä�ªâ®à®¢).

�¡®¡é¥−−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¤«ï ¡®«ìè¨−áâ¢� ä�ªâ®à®¢ ®¯à¥¤¥-
«ïîâáï ¯ãâ¥¬ �¤¤¨â¨¢−®© á¢¥àâª¨ ç�áâ−ëå ¯®ª�§�â¥«¥©, ¢ë¡à�−−ëå ¤«ï ª�¦¤®£®
ä�ªâ®à�.

„«ï à�áç¥â� ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ¢ ç�áâ¨ ¨−ä®à¬�æ¨®−-
−®© ¡¥§®¯�á−®áâ¨ ¨á¯®«ì§ã¥âáï ¬ã«ìâ¨¯«¨ª�â¨¢−�ï á¢¥àâª�. �à¨¬¥−¥−¨¥ ¬ã«ì-
â¨¯«¨ª�â¨¢−®© ¬®¤¥«¨ ®¡®á−®¢ë¢�¥âáï â¥¬, çâ® −¨§ª�ï ®æ¥−ª� ¤�¦¥ ¯® ®¤−®¬ã
¯®ª�§�â¥«î ¢ ¤�−−®¬ á«ãç�¥ −¥¯à¨¥¬«¥¬�. �¤¤¨â¨¢−�ï á¢¥àâª� §¤¥áì −¥ ¯®¤å®¤¨â,
â�ª ª�ª ç�áâ−ë¥ ¯®ª�§�â¥«¨ ¢ ¤�−−®¬ á«ãç�¥ −¥ ª®¬¯¥−á¨àãîâ ¤àã£ ¤àã£�.

÷ï¤ ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨, ¨¬¥îé¨å ª®«¨ç¥áâ¢¥−−®¥ ¢ëà�-
¦¥−¨¥, ®¯à¥¤¥«ï¥âáï ¨§ â¥å−¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨ «¨¡® à�áç¥â−ë¬ ¯ãâ¥¬ ¯®
â¨¯®¢ë¬ ä®à¬ã«�¬ (ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¨ ¤à.).

�¥ª®â®àë¥ ¯®ª�§�â¥«¨ ®¯à¥¤¥«ïîâáï ª�ª ®â−®è¥−¨¥ ¨¬¥îé¥£®áï §−�ç¥−¨ï
ª âà¥¡ã¥¬®¬ã.

„àã£¨¥ ç�áâ−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ®¯à¥¤¥«ïîâáï ¬¥â®¤®¬ íªá¯¥àâ-
−ëå ®æ¥−®ª.

��©¤¥−−ë¥ §−�ç¥−¨ï ç�áâ−ëå ¯®ª�§�â¥«¥© ¯¥à¥¢®¤ïâáï ¢ ¡�««ë ¯® ¤¥áïâ¨-
¡�««ì−®© èª�«¥ ¨ ¯à¨¢®¤ïâáï ª §−�ç¥−¨ï¬ ®â 0 ¤® 1.

‚¥á®¢ë¥ ª®íää¨æ¨¥−âë ®¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ ¯ãâ¥¬, ¢ â®¬ ç¨á«¥ á ¨á-
¯®«ì§®¢�−¨¥¬ ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢, −�¯à¨¬¥à ¬¥â®¤� ¯®¯�à−ëå áà�¢−¥−¨©
¨ ¤à.

„�−−�ï ¬¥â®¤¨ª� ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì ˆ’Š‘ −� à�§−ëå áâ�¤¨ïå
¨å ¦¨§−¥−−®£® æ¨ª«� ¨ ¢ë¡à�âì −�¨¡®«¥¥ íää¥ªâ¨¢−ë¥ ¢�à¨�−âë ¨å à¥�«¨§�æ¨¨.

4 Методика выбора варианта
информационно-телекоммуникационной системы

�®á«¥ â®£® ª�ª á ¯®¬®éìî ¬¥â®¤¨ª¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘ ®¯à¥-
¤¥«¥−ë −�¨¡®«¥¥ íää¥ªâ¨¢−ë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ á¨áâ¥¬ë, ¢áâ�¥â §�¤�ç�
¢ë¡à�âì −�¨«ãçè¨© ¨§ −¨å á ãç¥â®¬ ¥£® ¢ª«�¤� ¢ íää¥ªâ¨¢−®áâì á®®â¢¥âáâ¢ã-
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Œ¥â®¤ ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë

îé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â¥å−¨ç¥áª®© à¥�«¨§ã¥¬®áâ¨ ¨ à¨áª®¢ à�§à�¡®âª¨
¨ ¯à¨¬¥−¥−¨ï.

‘ íâ®© æ¥«ìî ¤«ï ª�¦¤®© ¨§ âà¥å £àã¯¯ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢-
−®áâ¨ (¢ª«�¤ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â¥å−¨ç¥áª�ï à¥�«¨§ã-
¥¬®áâì ¨ à¨áª¨) ¯à¥¤«�£�¥âáï −¥áª®«ìª® ç�áâ−ëå ¯®ª�§�â¥«¥©.

‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥© ¢ª«�¤� ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë
¯à¥¤«®¦¥−ë:

{ ãà®¢¥−ì à¥�«¨§�æ¨¨ §�¤�ç ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë á ¯®¬®éìî ˆ’Š‘;

{ á®ªà�é¥−¨¥ ¢à¥¬¥−¨ −� ¯à¨−ïâ¨¥ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© (®¯à¥¤¥«ï¥âáï ª�ª
®â−®è¥−¨¥ ¢à¥¬¥−¨ ¯à¨−ïâ¨ï à¥è¥−¨ï á ¯®¬®éìî ª®−ªà¥â−®© á¨áâ¥¬ë ª ¢à¥-
¬¥−¨ ¯à¨−ïâ¨ï �−�«®£¨ç−®£® à¥è¥−¨ï ¡¥§ ¥¥ ãç�áâ¨ï);

{ á®ªà�é¥−¨¥ ¢à¥¬¥−¨ −� á¡®à, ®¡à�¡®âªã ¨ ¤®áâã¯ ª ¨−ä®à¬�æ¨¨;

{ ¯®¢ëè¥−¨¥ ãà®¢−ï ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨;

{ á¢®¥¢à¥¬¥−−®áâì ¯à¥¤®áâ�¢«¥−¨ï ®âç¥â−®áâ¨ ¨ âàã¤®§�âà�âë −� ¥¥ ¯®¤£®â®¢ªã;

{ ¯àï¬ë¥ ¤®å®¤ë «¨¡® íª®−®¬¨ç¥áª¨© íää¥ªâ, ¯®«ãç�¥¬ë© ¯à¨ ¢−¥¤à¥−¨¨
á¨áâ¥¬ë.

‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥© â¥å−¨ç¥áª®© à¥�«¨§ã¥¬®áâ¨ ¨á¯®«ì§ãîâáï:

{ ãà®¢¥−ì à�§¢¨â¨ï ¯à®¨§¢®¤áâ¢¥−−®© ¡�§ë à�§à�¡®âç¨ª� ˆ’Š‘, ¢ª«îç�ï ¥¥
â¥å−¨ç¥áª¨¥ ¨ â¥å−®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨, ¯à®¨§¢®¤áâ¢¥−−ë¥ ¯«®é�¤¨,
®¡®àã¤®¢�−¨¥ ¨ â. ¯.;

{ ãª®¬¯«¥ªâ®¢�−−®áâì ¯¥àá®−�«®¬;

{ −�«¨ç¨¥ ®â¥ç¥áâ¢¥−−®£® ®¡®àã¤®¢�−¨ï ¤«ï ˆ’Š‘;

{ ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï ®â¥ç¥áâ¢¥−−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï;

{ −�«¨ç¨¥ ã à�§à�¡®âç¨ª� ®¯ëâ� á®§¤�−¨ï á¨áâ¥¬ �−�«®£¨ç−®£® −�§−�ç¥−¨ï;

{ ¢®§¬®¦−®áâ¨ ¯à®¨§¢®¤áâ¢¥−−®© ª®®¯¥à�æ¨¨.

‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥© à¨áª®¢ ¯à¨¬¥−¥−ë:

{ −�«¨ç¨¥ ¨ áâ¥¯¥−ì á®¡«î¤¥−¨ï −®à¬�â¨¢−®-¯à�¢®¢®© ¡�§ë à�§à�¡®âª¨ ¨ ¯à¨-
¬¥−¥−¨ï ˆ’Š‘;

{ ãà®¢¥−ì ¨ á¢®¥¢à¥¬¥−−®áâì ä¨−�−á¨à®¢�−¨ï à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï;

{ ãà®¢¥−ì àãª®¢®¤áâ¢� ¯à®¥ªâ®¬;

{ ª¢�«¨ä¨ª�æ¨ï à�§à�¡®âç¨ª®¢ ¨ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�;

{ −¥ª®¬¯¥â¥−â−®áâì §�ª�§ç¨ª� ¨«¨ à�§à�¡®âç¨ª�;

{ −¥¯à¥¤¢¨¤¥−−ë¥ ä¨−�−á®¢ë¥ à�áå®¤ë.

ˆáâ®ç−¨ª�¬¨ ¨−ä®à¬�æ¨¨ ¤«ï ¯®«ãç¥−¨ï ¯®ª�§�â¥«¥© ¢á¥å âà¥å £àã¯¯ á«ã-
¦�â:

{ áâàãªâãà� ¯à¥¤¯à¨ïâ¨© (®à£�−¨§�æ¨®−−ëå á¨áâ¥¬);

{ ®âç¥âë ® ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤¯à¨ïâ¨© (®à£�−¨§�æ¨®−−ëå á¨áâ¥¬);

{ áâ�â¨áâ¨ç¥áª�ï ¨ ¡ãå£�«â¥àáª�ï ®âç¥â−®áâì;
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{ ¯®«®¦¥−¨ï ¨ ¤®«¦−®áâ−ë¥ ¨−áâàãªæ¨¨;

{ −®à¬�â¨¢ë ¨ áâ�−¤�àâë ®âà�á«¨.

�à¨ ä®à¬¨à®¢�−¨¨ ¯®ª�§�â¥«¥©, ¥áâ¥áâ¢¥−−®, ¨á¯®«ì§ãîâáï ¨ íªá¯¥àâ−ë¥
®æ¥−ª¨.

„«ï à�áç¥â� ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ¨ ¢ë¡®à� −�¨«ãçè¥£®
¢�à¨�−â� ˆ’Š‘ ¨á¯®«ì§®¢�− ¬¥â®¤ �−�«¨§� ¨¥à�àå¨©, ¯®¤à®¡−® ®¯¨á�−−ë© ¢ [6].
�â®â ¬¥â®¤ ¯®§¢®«ï¥â à�áá¬�âà¨¢�âì ¨¥à�àå¨î ªà¨â¥à¨¥¢ ¯® ãà®¢−ï¬, ¯à®¢®¤¨âì
áà�¢−¥−¨¥ ªà¨â¥à¨¥¢ −� ®á−®¢¥ ¯®¯�à−ëå áà�¢−¥−¨©, � â�ª¦¥ ä®à¬�«¨§®¢�âì ª�ª
ª®«¨ç¥áâ¢¥−−ãî, â�ª ¨ ª�ç¥áâ¢¥−−ãî íªá¯¥àâ−ãî ¨−ä®à¬�æ¨î.

‚ à�¬ª�å ¨§«®¦¥−−®£® ¢ëè¥ ¯®¤å®¤� ¤«ï ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ˆ’Š‘
à�§à�¡®â�−� á«¥¤ãîé�ï ¬¥â®¤¨ª� á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� �−�«¨§� ¨¥à�àå¨©.

˜�£ 1. Œ®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� ¨ ¬�â¥¬�â¨ç¥áª�ï ¯®áâ�−®¢ª� §�¤�ç¨. �� íâ®¬
è�£¥ ®áãé¥áâ¢«ï¥âáï ¯®áâà®¥−¨¥ âà¥åãà®¢−¥¢®© ¨¥à�àå¨ç¥áª®© áâàãªâãàë:

(1) ãà®¢¥−ì æ¥«¨ | ¢ë¡®à ¢�à¨�−â� ¯®áâà®¥−¨ï ˆ’Š‘;

(2) ¯¥à¢ë© ãà®¢¥−ì ªà¨â¥à¨¥¢: ¢ª«�¤ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®©
á¨áâ¥¬ë, â¥å−¨ç¥áª�ï à¥�«¨§ã¥¬®áâì ¨ à¨áª¨ à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï;

(3) ¢â®à®© ãà®¢¥−ì ªà¨â¥à¨¥¢ | ¯®ª�§�â¥«¨ ¯® ª�¦¤®© £àã¯¯¥ ªà¨â¥à¨¥¢
¯¥à¢®£® ãà®¢−ï, ¯à¥¤áâ�¢«¥−−ëå ¢ëè¥.

�¡é¨© ¢¨¤ ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¯à¥¤áâ�¢«¥− −� à¨á. 3.

˜�£ 2. ‘¡®à ¨áå®¤−ëå ¤�−−ëå ¨ à�áç¥â ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨
2-£® ãà®¢−ï.

�áãé¥áâ¢«ï¥âáï á¡®à ¤�−−ëå, å�à�ªâ¥à¨§ãîé¨å ¯à¥¤áâ�¢«¥−−ë¥ ¢ëè¥ âà¨
£àã¯¯ë ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© ¨ ¨å ®¡à�¡®âª� ¨ −®à¬¨à®¢�−¨¥ íªá¯¥àâ�¬¨.

÷¨á. 3 ˆ¥à�àå¨ï ªà¨â¥à¨¥¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘
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Œ¥â®¤ ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë

÷ï¤ ¯®ª�§�â¥«¥© ®¯à¥¤¥«ï¥âáï íªá¯¥àâ−ë¬ ¯ãâ¥¬, ®æ¥−¨¢�¥âáï ¯® ¤¥áïâ¨-
¡�««ì−®© èª�«¥ ¨ ¯à¨¢®¤¨âáï ª §−�ç¥−¨ï¬ ®â 0 ¤® 1.

˜�£ 3. ‘à�¢−¨â¥«ì−ë© �−�«¨§ í«¥¬¥−â®¢ ¯à®æ¥áá�.

„«ï íâ®£® á ¯à¨¢«¥ç¥−¨¥¬ íªá¯¥àâ®¢ ¯à®¨§¢®¤¨âáï §�¯®«−¥−¨¥ ®¡à�â−®-á¨¬-
¬¥âà¨ç−ëå ¬�âà¨æ ¯�à−ëå áà�¢−¥−¨© ¤«ï ªà¨â¥à¨¥¢ ¯¥à¢®£® ¨ ¢â®à®£® ãà®¢-
−ï. �®á«¥ §�¯®«−¥−¨ï ¬�âà¨æ ¯à®¨§¢®¤¨âáï ãáà¥¤−¥−¨¥ áã¦¤¥−¨© íªá¯¥àâ®¢
¯® ä®à¬ã«¥:

aij =
n

√
a1ija

2
ij · · · an

ij ,

£¤¥ aij | í«¥¬¥−âë ¬�âà¨æ, §�¯®«−¥−−ëå á®®â¢¥âáâ¢ãîé¨¬¨ íªá¯¥àâ�¬¨;
n | ç¨á«® íªá¯¥àâ®¢.

˜�£ 4. �¯à¥¤¥«¥−¨¥ §−�ç¥−¨© ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¤«ï ªà¨â¥à¨¥¢ ¯¥à¢®£®
¨ ¢â®à®£® ãà®¢−ï ¨§ §�¯®«−¥−−ëå ¬�âà¨æ.

˜�£ 5. �æ¥−ª� áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ íªá¯¥àâ®¢.

„«ï ®æ¥−ª¨ áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ íªá¯¥àâ®¢ ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨©
�«£®à¨â¬ ¯®¤áç¥â� [9].

1. ‚ ¬�âà¨æ¥ ¯�à−ëå áà�¢−¥−¨© áã¬¬¨àãîâáï í«¥-
¬¥−âë ª�¦¤®£® áâ®«¡æ�.

2. ‘ã¬¬� í«¥¬¥−â®¢ ª�¦¤®£® áâ®«¡æ� ã¬−®¦�¥âáï
−� á®®â¢¥âáâ¢ãîé¨¥ −®à¬�«¨§®¢�−−ë¥ ª®¬¯®−¥−âë
¢¥ªâ®à� ¢¥á®¢, ®¯à¥¤¥«¥−−®£® ¨§ â®© ¦¥ ¬�âà¨æë.

3. �®«ãç¥−−ë¥ ç¨á«� áã¬¬¨àãîâáï, §−�ç¥−¨¥ áã¬¬ë
®¯à¥¤¥«ï¥âáï ª�ª λmax.

4. ��å®¤¨âáï ¨−¤¥ªá á®£«�á®¢�−−®áâ¨

L =
λmax − n
n− 1 ,

£¤¥ n | à�§¬¥à ¬�âà¨æë.

5. ‚ë¡¨à�¥âáï áà¥¤−¥¥ §−�ç¥−¨¥ ¨−¤¥ªá� á®£«�á®¢�−-
−®áâ¨ R ¤«ï ¬�âà¨æ, §�¯®«−¥−−ëå á«ãç�©−ë¬
®¡à�§®¬ (á¬. â�¡«¨æã).

‡−�ç¥−¨ï á«ãç�©−®-
£® ¨−¤¥ªá� á®£«�á®-
¢�−−®áâ¨ [10]

n R
2 0
3 0,58
4 0,90
5 1,12
6 1,24
7 1,32
8 1,41
9 1,45

10 1,49
11 1,51
12 1,54
13 1,56
14 1,57
15 1,58

6. ‚ëç¨á«ï¥âáï ®â−®è¥−¨¥ á®£«�á®¢�−−®áâ¨ T = L/R. …á«¨ ¢¥«¨ç¨−�
T ≤ 0,1, â® áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨ íªá¯¥àâ−ëå ¤�−−ëå áç¨â�¥âáï ¯à¨-
¥¬«¥¬®© [9].

˜�£ 6. �¯à¥¤¥«¥−¨¥ ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¯® ªà¨â¥à¨ï¬ ¢â®à®£®
¨ ¯¥à¢®£® ãà®¢−ï, � â�ª¦¥ ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ˆ’Š‘.

˜�£ 7. �æ¥−ª� ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¨ ¢ë¡®à −�¨«ãçè¥£® ¢�à¨�−â�.
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5 Заключение

‡�¤�ç� ¢ë¡®à� «ãçè¥£® ¨§ ¬−®¦¥áâ¢� ¢�à¨�−â®¢ á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥-
−¨© −� áâ�¤¨ïå §�¬ëá«� ¨ à�§à�¡®âª¨ ˆ’Š‘ ï¢«ï¥âáï ¢¥áì¬� �ªâã�«ì−®©. �à¨
à¥è¥−¨¨ ¤�−−®© §�¤�ç¨ −¥®¡å®¤¨¬® ãç¨âë¢�âì ¬−®¦¥áâ¢® ä�ªâ®à®¢ | â¥å−¨-
ç¥áª¨å, â¥å−®«®£¨ç¥áª¨å, íª®−®¬¨ç¥áª¨å, ®à£�−¨§�æ¨®−−ëå ¨ ¤àã£¨å, ¢ª«îç�ï
¢®§¬®¦−®áâ¨ à�§à�¡®âç¨ª®¢, à¨áª¨ ¨ â. ¯.

„«ï à¥è¥−¨ï ãª�§�−−®© §�¤�ç¨ ¢ áâ�âì¥ ¯à¥¤«®¦¥− ¬¥â®¤ ¢ë¡®à� ¢�à¨�−-
â� ¯®áâà®¥−¨ï ˆ’Š‘, ¢ª«îç�îé¨© ¤¢¥ ¢§�¨¬®ã¢ï§�−−ë¥ ¬¥â®¤¨ª¨: ¬¥â®¤¨ªã
®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ’Š‘ ¨ ¬¥â®¤¨ªã ¢ë¡®à� ¢�à¨�−â� ¯®áâà®¥−¨ï ˆ’Š‘
¨ ãç¨âë¢�îé¨© ªà®¬¥ âà�¤¨æ¨®−−ëå ¯®ª�§�â¥«¥© ¢ª«�¤ ¢ íää¥ªâ¨¢−®áâì á®®â-
¢¥âáâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â¥å−¨ç¥áªãî à¥�«¨§ã¥¬®áâì ¨ áâ¥¯¥−ì
à¨áª� à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï. ÷�§à�¡®â�− ¯¥à¥ç¥−ì ç�áâ−ëå ¯®ª�§�â¥«¥©
íää¥ªâ¨¢−®áâ¨ ¤«ï ª�¦¤®© ¨§ âà¥å £àã¯¯ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© (¢ª«�¤ ¢ íä-
ä¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â¥å−¨ç¥áª�ï à¥�«¨§ã¥¬®áâì ¨ à¨áª¨)
¨ ¬¥â®¤¨ª� ¢ë¡®à� ¢�à¨�−â� ˆ’Š‘, ¨á¯®«ì§ãîé�ï íâ¨ ¯®ª�§�â¥«¨.

�à¥¤«®¦¥−−ë© ¬¥â®¤ ¯®§¢®«ï¥â ¢ë¡à�âì ®¯â¨¬�«ì−ë¥ ¢�à¨�−âë á¨áâ¥¬®â¥å-
−¨ç¥áª¨å à¥è¥−¨© ¤«ï à�§«¨ç−ëå â¨¯®¢ ˆ’Š‘ ¨ ®æ¥−¨âì ¨å ¢ª«�¤ ¢ íää¥ª-
â¨¢−®áâì ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë ¢ æ¥«®¬, çâ® ¨¬¥¥â ¡®«ìè®¥ ¯à�ªâ¨ç¥áª®¥
§−�ç¥−¨¥ ¯à¨ à�§à�¡®âª¥ ˆ’Š‘.
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Abstract: The article is devoted to the description of the method of choosing the
option of building an information and telecommunication system (ITCS). The
authors discuss the general methodological approach to the selection of solutions
to system integrators of building ITCS taking into account their characteristics,
principles, and conditions of the build. The method of choice of variants of
building an ITCS includes two interrelated techniques: the methodology to
assess the effectiveness of ITCS and the method of selection of variants of
ITCS. The authors describe the methodology for assessing the effectiveness of
the ITCS developed in previous publications. The method of choosing the option
of building ITCS takes into account the contribution to the effectiveness of the
relevant organizational system, technical feasibility, and risks of development
and application. A list of specific performance indicators for each of the three
groups of generalized performance indicators (contribution to the efficiency of
the organizational system, technical feasibility, and risks) is proposed.
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О ПРОБЛЕМЕ ИНТЕГРАЦИИ
ИНФОРМАЦИОННЫХ РЕСУРСОВ∗

С. К. Дулин1, И. Н. Розенберг2, В. И. Уманский3

�−−®â�æ¨ï: �−�«¨§¨àãîâáï ¯à®æ¥ááë, å�à�ªâ¥à−ë¥ ¤«ï ¨−â¥£à�æ¨¨ ¨−ä®à-
¬�æ¨¨, §−�−¨© �−�«¨â¨ª®¢ ¨ ¨å á®¢¬¥áâ−ëå ¤¥©áâ¢¨© ¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥.
�®¤ ¨−â¥£à�æ¨¥© §−�−¨© §¤¥áì ¯®−¨¬�¥âáï ¯à®æ¥¤ãà� á¨−â¥§� áãé¥áâ¢ãîé¨å
§−�−¨© á æ¥«ìî ¯®«ãç¥−¨ï −®¢ëå. ‚ë¤¥«¥−ë ¨ à�áá¬®âà¥−ë âà¨ íâ�¯� �−�«¨-
â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¨å ®á®¡¥−−®áâ¨. �à¥¤«®¦¥−® ¯à®¢®¤¨âì ¨−â¥£à�æ¨î
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ −� ®á−®¢¥ ¤¨−�¬¨ç¥áª®© à¥áâàãªâãà¨§�æ¨¨ ¡�§ë
§−�−¨© ¤«ï ¯®¤¤¥à¦�−¨ï ¥¥ áâàãªâãà−®© á®£«�á®¢�−−®áâ¨ ¨ ¯à¥¤áâ�¢«¥−¨ï ¥¥
¢ ¢¨¤¥ áâàãªâãà¨à®¢�−−®© á®¢®ªã¯−®áâ¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ á®®â-
¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨. „«ï à¥è¥−¨ï ¯®¤®¡−ëå §�¤�ç
�¢â®à�¬¨ ¨á¯®«ì§ã¥âáï ¬¥â®¤¨ª�, ®á−®¢�−−�ï −� ¨−¤ãªâ¨¢−®-ª®¬¡¨−�â®à−®¬
�¯¯�à�â¥ áà�¢−¥−¨ï áâàãªâãà á¢ï§¥© ¯à®¨§¢®«ì−®£® ¬−®¦¥áâ¢� ¨ ®¤−®£® ¨§
â¨¯®¢ á®£«�á®¢�−−ëå ¬−®¦¥áâ¢. �â� ¬¥â®¤¨ª� ¢ë¡à�−� �¢â®à�¬¨ ¢ ª�ç¥áâ¢¥
â¥®à¥â¨ç¥áª®© ¡�§ë à¥�«¨§�æ¨¨ à�áá¬�âà¨¢�¥¬ëå §�¤�ç.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë; à¥áâàãªâãà¨§�æ¨ï ¡�§ë §−�−¨©;
¨−â¥à®¯¥à�¡¥«ì−®áâì; ¨−â¥£à�æ¨ï ¨−ä®à¬�æ¨¨

DOI: 10.14357/08696527190311

1 Введение

„«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ®¡é¥¯à¨§−�−� −¥®¡å®¤¨¬®áâì áãé¥áâ¢®-
¢�−¨ï ¨−ä®à¬�æ¨®−−®© áà¥¤ë, ¢ª«îç�îé¥© ¢ á¥¡ï ª®−¥ç−ëå ¯®«ì§®¢�â¥«¥©
¨ á®¤¥à¦�é¥© á«�¡®á¢ï§�−−ë¥ ¨áâ®ç−¨ª¨ §−�−¨©: �−�«¨â¨ª®¢, ¡�§ë §−�−¨©,
à¥¯®§¨â®à¨¨, í«¥ªâà®−−ë¥ ¤®ªã¬¥−âë.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯®«ì§®¢�â¥«ï¬ ®âªàëâ ¤®áâã¯ ª ®£à®¬−ë¬ ¬�áá¨¢�¬
¨−ä®à¬�æ¨¨ ¨ áãé¥áâ¢ã¥â ¢®§¬®¦−®áâì ®¡ê¥¤¨−¨âì �−�«¨â¨ç¥áª¨å à�¡®â−¨ª®¢
¢ ¥¤¨−ãî ¨−ä®à¬�æ¨®−−ãî áà¥¤ã ¯à¨ â¥á−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ ¤àã£ á ¤àã£®¬,
¥á«¨ ®¡¥á¯¥ç¥−® à¥è¥−¨¥ ¯à®¡«¥¬ë ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ −� ãà®¢−¥, ¢ëè¥ ç¥¬
â¥å−¨ç¥áª®¬ [1]. Œ�áèâ�¡ë á®¢à¥¬¥−−ëå ¯à®¡«¥¬ ®¯à¥¤¥«ïîâ −¥®¡å®¤¨¬®áâì

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 17-20-02153 ®ä¨ ¬ ÷†„).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®à-
áª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (��
�ˆˆ�‘), skdulin@mail.ru

2��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�-
â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�� �ˆˆ�‘), I.Rozenberg@vniias.ru

3��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�-
â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�� �ˆˆ�‘), umanvi@yandex.ru
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‘. Š. „ã«¨−, ˆ. �. ÷®§¥−¡¥à£, ‚. ˆ. “¬�−áª¨©

¯à¨¢«¥ç¥−¨ï £àã¯¯ á¯¥æ¨�«¨áâ®¢ ¨§ ®¤−®© ¨«¨ à�§−ëå ®¡«�áâ¥© §−�−¨©, ¯®à®¦¤�ï
§�¤�çã ¨−â¥£à�æ¨¨ ¨å §−�−¨©, ¨−ä®à¬�æ¨¨ ¨ ¤¥©áâ¢¨© ¢ ¯à®æ¥áá¥ ¨å ¤¥ïâ¥«ì−®áâ¨
¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥.

�à¨ ¢á¥¬ ¡®£�âáâ¢¥ ¨ à�§−®®¡à�§¨¨ áãé¥áâ¢ãîé¨å −� á¥£®¤−ï ¨−áâàã¬¥−-
â�«ì−ëå áà¥¤áâ¢ à�¡®âë á ¨−ä®à¬�æ¨¥© ®−¨, ª á®¦�«¥−¨î, −¥ ®â¢¥ç�îâ á®-
¢à¥¬¥−−ë¬ âà¥¡®¢�−¨ï¬ ¨ ®ª�§ë¢�îâáï −¥íää¥ªâ¨¢−ë¬¨ ¢ á¨âã�æ¨ïå, ª®£¤�
−¥®¡å®¤¨¬� à¥áâàãªâãà¨§�æ¨ï ¡�§ë §−�−¨© �−�«¨â¨ª� ¢ á®®â¢¥âáâ¢¨¨ á ¤¨−�¬¨ç-
−® ¨§¬¥−ïîé¨¬¨áï ãá«®¢¨ï¬¨ ¨ å�à�ªâ¥à®¬ à¥è�¥¬ëå §�¤�ç. „«ï à¥è¥−¨ï íâ®©
¯à®¡«¥¬ë �¢â®à�¬¨ ¡ë«� à�§à�¡®â�−� ¬¥â®¤¨ª�, ®¯¨à�îé�ïáï −� ª®−æ¥¯æ¨î
¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ �−�«¨â¨ª�, ª®â®à�ï ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ á¥â¥¢®©
áâàãªâãàë ¢§�¨¬®á¢ï§�−−ëå ®¡ê¥ªâ®¢. „¨−�¬¨ç¥áª�ï à¥áâàãªâãà¨§�æ¨ï ¡�§ë
§−�−¨© ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ à�§à�¡®â�−−®£® �«£®à¨â¬� ¯®¤¤¥à¦�−¨ï ¥¥
áâàãªâãà−®© á®£«�á®¢�−−®áâ¨ [2], ¨−¢�à¨�−â−®© ª á¯¥æ¨ä¨ª¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¤®¯ãáª�îé¥© á ®¯à¥¤¥«¥−−®© áâ¥¯¥−ìî â®ç−®áâ¨ ¬®¤¥«¨à®¢�−¨¥ á¥¬�−â¨ç¥-
áª®© á®£«�á®¢�−−®áâ¨ [3]. �� ¡�§¥ íâ®© ¬¥â®¤¨ª¨ �¢â®à�¬¨ à�§à�¡®â�− ¬�ª¥â
¯à®£à�¬¬−®-â¥å−¨ç¥áª®£® ª®¬¯«¥ªá�, ¯à¥¤«�£�¥¬ë© ¢ ª�ç¥áâ¢¥ ¯à®â®â¨¯� �¢â®-
¬�â¨§¨à®¢�−−®£® à�¡®ç¥£® ¬¥áâ� �−�«¨â¨ª�.

2 Элементы аналитической деятельности

�à®æ¥áá −�ª®¯«¥−¨ï §−�−¨© −®á¨â ¨â¥à�â¨¢−ë© å�à�ªâ¥à. ‘å¥¬� ¯à¥®¡à�§®-
¢�−¨ï −¥ï¢−ëå (tacit) §−�−¨© ¢ ï¢−ë¥ (explicit) [4] á®áâ®¨â ¨§ ç¥âëà¥å ®á−®¢−ëå
íâ�¯®¢: ®¡®¡é¥áâ¢«¥−¨ï, ä®à¬�«¨§�æ¨¨, ¤¨áá¥¬¨−�æ¨¨ ¨ ãá¢®¥−¨ï (à¨á. 1). �®¤
®¡®¡é¥áâ¢«¥−¨¥¬ ¯®−¨¬�¥âáï ®¡®¡é¥−−ë© ¯à®æ¥áá ¢ëà�¡®âª¨ �−�«¨â¨ª®¬ −¥-
ï¢−ëå §−�−¨©. �â®â ¯à®æ¥áá ¬®¦¥â ¯à¨−¨¬�âì á�¬ë¥ à�§−®®¡à�§−ë¥ ä®à¬ë:
ãç�áâ¨¥ ¢ á¥¬¨−�à�å ¨ ª®−ä¥à¥−æ¨ïå, −¥¯®áà¥¤áâ¢¥−−®¥ ®¡é¥−¨¥ á ¤àã£¨¬¨ íªá-
¯¥àâ�¬¨, ¯à®¢¥¤¥−¨¥ ®¯ëâ®¢ ¨ íªá¯¥à¨¬¥−â®¢ ¨ â. ¤. ”®à¬�«¨§�æ¨ï ¯à¥¤¯®«�£�¥â
¨§«®¦¥−¨¥ �−�«¨â¨ª®¬ á¢®¨å §−�−¨© ¢ â®© ¨«¨ ¨−®© ï¢−®©, −�¯à¨¬¥à −�£«ï¤−®©
¨«¨ ç¨â�¥¬®©, ä®à¬¥. �ã¦−® ç¥âª® à�§«¨ç�âì ¤¢¥ ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï §−�−¨©.
�¤−� ä®à¬� á¢ï§�−� á â¥¬, ª�ª ¨ ¢ ª�ª¨å ¬®¤¥«ïå åà�−ïâáï §−�−¨ï ã ç¥«®¢¥ª�.
„àã£�ï ä®à¬� á¢ï§�−� á â¥¬, ª�ª ®−¨ ¡ã¤ãâ ®¯¨á�−ë ¨ ¯à¥¤áâ�¢«¥−ë ¢ á¨áâ¥¬¥
§−�−¨©. �â áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ íâ¨å ¤¢ãå ä®à¬ à¥¯à¥§¥−â�æ¨¨ §−�−¨©
¬¥¦¤ã á®¡®© §�¢¨á¨â íää¥ªâ¨¢−®áâì á¨áâ¥¬ë §−�−¨© [5]. —â®¡ë ®§−�ª®¬¨âì
á à¥§ã«ìâ�â�¬¨ á¢®¥£® âàã¤� ¤àã£¨å á¯¥æ¨�«¨áâ®¢, �−�«¨â¨ª ¯à¥®¡à�§ã¥â ä®à¬ã
¯à¥¤áâ�¢«¥−¨ï §−�−¨ï ¨§ ®¤−®© ¢ ¤àã£ãî ¨ à�á¯à®áâà�−ï¥â ¥¥ ¯® ¤®áâã¯−ë¬ ¥¬ã
ª�−�«�¬ á¢ï§¨. �â®â ¯à®æ¥áá −�§¢�− ¢ ã¯®¬ï−ãâ®© áå¥¬¥ ¤¨áá¥¬¨−�æ¨¥©. ��
ç¥â¢¥àâ®¬ íâ�¯¥ ¯à®¨áå®¤¨â ¨§ãç¥−¨¥ íªá¯¥àâ�¬¨ ¯®«ãç¥−−®£® ¨¬¨ §−�−¨ï, ¥£®
®á®§−�−¨¥ ¨ ãá¢®¥−¨¥.

�â�¯ ¤¨áá¥¬¨−�æ¨¨, ¯® á¢®¥© áãâ¨ ï¢«ïîé¨©áï ¯à®æ¥áá®¬ ¯à¨®¡à¥â¥−¨ï
−®¢ëå §−�−¨©, á¢ï§�− á â¥å−®«®£¨ç¥áª¨¬¨ �á¯¥ªâ�¬¨ ®¡à�¡®âª¨, åà�−¥−¨ï ¨ ¯¥-
à¥¤�ç¨ ¨−ä®à¬�æ¨¨. ‘«¥¤®¢�â¥«ì−®, íää¥ªâ¨¢−®áâì á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥¤ãà
¨ ¯à®£à�¬¬, à¥�«¨§ãîé¨å íâ¨ äã−ªæ¨¨ ª�ª á®áâ�¢−ë¥ (¡�§¨á−ë¥) í«¥¬¥−âë
ã¯à�¢«ïîé¥© á¨áâ¥¬ë, ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ®¯à¥¤¥«ï¥â áâ¥¯¥−ì ¨−â¥à®¯¥à�-
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� ¯à®¡«¥¬¥ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢

÷¨á. 1 ‘å¥¬� ¯à¥®¡à�§®¢�−¨ï −¥ï¢−ëå §−�−¨© ¢ ï¢−ë¥

÷¨á. 2 �â�¯ë á®§¤�−¨ï ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï ã¯à�¢«¥−¨ï ¨−â¥£à�æ¨¥© §−�−¨©
¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019 129



‘. Š. „ã«¨−, ˆ. �. ÷®§¥−¡¥à£, ‚. ˆ. “¬�−áª¨©

¡¥«ì−®áâ¨ �−�«¨â¨ª®¢, â. ¥. áâ¥¯¥−ì ¨å ¢§�¨¬®¤¥©áâ¢¨ï −� ãà®¢−¥ §−�−¨© á¢®¥©
¯à¥¤¬¥â−®© ®¡«�áâ¨.

Œ®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨ �−�«¨â¨ª�, ¯à¥¤«�£�¥¬�ï ¢ ª�ç¥áâ¢¥ ®á−®¢−®£®
¨−áâàã¬¥−â�à¨ï ®¡¥á¯¥ç¥−¨ï ¥£® ¤¥ïâ¥«ì−®áâ¨, ¤®«¦−� ã¤®¢«¥â¢®àïâì ®¯à¥¤¥-
«¥−−ë¬ âà¥¡®¢�−¨ï¬, ª®â®àë¥ ¤¨ªâãîâáï ®á®¡¥−−®áâï¬¨ íâ®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¥¥
á®¤¥à¦�−¨¥¬. �¤−�ª® �−�«¨â¨ç¥áª�ï ¤¥ïâ¥«ì−®áâì ¯à¥¤áâ�¢«ï¥â á®¡®© á«®¦−ë©
¯à®æ¥áá, ª®â®àë© −®á¨â ¯à¥¨¬ãé¥áâ¢¥−−® â¢®àç¥áª¨© å�à�ªâ¥à ¨ ¯à�ªâ¨ç¥áª¨ −¥
¯®¤¤�¥âáï ª�ª®¬ã-«¨¡® �«£®à¨â¬¨ç¥áª®¬ã ®¯¨á�−¨î. ’¥¬ −¥ ¬¥−¥¥ �¢â®à�¬ ¯à¥¤-
áâ�¢«ï¥âáï ¢®§¬®¦−ë¬ ¢ë¤¥«¨âì ®á−®¢−ë¥ í«¥¬¥−âë íâ®© ¤¥ïâ¥«ì−®áâ¨, ãá«®¢−®
¯à¥¤áâ�¢¨¢ ¯à®æ¥áá à¥è¥−¨ï §�¤�ç¨ á®§¤�−¨ï ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯®¤¥-
«¥−−ë¬ −� âà¨ íâ�¯� (à¨á. 2). �−�«¨§ íâ¨å íâ�¯®¢ ¯®§¢®«¨â áä®à¬ã«¨à®¢�âì
®á−®¢−ë¥ âà¥¡®¢�−¨ï ª áà¥¤áâ¢�¬ ®¡¥á¯¥ç¥−¨ï ¨−â¥£à�æ¨¨ §−�−¨© ¨ ®¯à¥¤¥«¨âì
á¢®©áâ¢�, ª®â®àë¬¨ ¤®«¦−� ®¡«�¤�âì ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨.

2.1 Постановка задачи

‚ −�áâ®ïé¥¥ ¢à¥¬ï íâ�¯ ¯®áâ�−®¢ª¨ §�¤�ç¨ −®á¨â ¡®«ìè¥ ®à£�−¨§�æ¨®−−ë©
å�à�ªâ¥à, ç¥¬ ¨áá«¥¤®¢�â¥«ìáª¨©. ƒ«�¢−®¥, çâ® ®¯à¥¤¥«ï¥âáï −� íâ®¬ íâ�¯¥, | íâ®
æ¥«ì ¯à¥¤áâ®ïé¥© à�¡®âë ¨ ãá«®¢¨ï ¥¥ ¢ë¯®«−¥−¨ï. “á«®¢¨ï ¬®£ãâ −�ª«�¤ë¢�âì
®¯à¥¤¥«¥−−ë¥ ®£à�−¨ç¥−¨ï, ¨ ¨å −¥®¡å®¤¨¬® ãç¨âë¢�âì ¯à¨ ¯«�−¨à®¢�−¨¨ ¢á¥©
à�¡®âë. –¥«ì ¢�¦−� ¯à¥¦¤¥ ¢á¥£® á â®© â®çª¨ §à¥−¨ï, çâ® ¯®§¢®«ï¥â ¢ ®¯à¥¤¥«¥−-
−®© áâ¥¯¥−¨ ä®à¬�«¨§®¢�âì áâ®ïéãî ¯¥à¥¤ �−�«¨â¨ª®¬ §�¤�çã, ª®−ªà¥â¨§¨à®¢�âì
¥¥ ¨ ®¯à¥¤¥«¨âì áâ¥¯¥−ì ¥¥ á®®â¢¥âáâ¢¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨.

‚ à�¬ª�å ¯à¥¤«�£�¥¬®£® �¢â®à�¬¨ ¯®¤å®¤� áâàãªâãà−�ï áå¥¬� §�¤�ç¨ ¬®-
¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ª�ç¥áâ¢¥ ¯®¤¬®¤¥«¨ ®¡é¥© ¬®¤¥«¨ à�áá¬�âà¨¢�¥¬®©
¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®â®à�ï ä�ªâ¨ç¥áª¨ ï¢«ï¥âáï ®¡ê¥¤¨−¥−¨¥¬ ¢á¥å ¯®¤¬®¤¥-
«¥©. �®íâ®¬ã ¯à¨ ¯®áâ�−®¢ª¥ −®¢®© �−�«¨â¨ç¥áª®© §�¤�ç¨ ¥¥ áâàãªâãà� ¬®¦¥â
¡ëâì ç�áâ¨ç−® ®¯à¥¤¥«¥−� ¯ãâ¥¬ ¯®¨áª� ¢ ¡�§¥ §−�−¨© â®© ¯®¤¬®¤¥«¨, ª®â®à�ï
á®®â¢¥âáâ¢ã¥â −�¨¡®«¥¥ ¡«¨§ª®© ª −¥© §�¤�ç¥. �®−ïâ¨¥ ú¡«¨§®áâ¨û à¥è�¥¬ëå
�−�«¨â¨ª®¬ §�¤�ç ¯®§¢®«ï¥â à�áá¬�âà¨¢�âì ¢áî á®¢®ªã¯−®áâì íâ¨å §�¤�ç ª�ª ¬−®-
¦¥áâ¢® ¢§�¨¬®á¢ï§�−−ëå ®¡ê¥ªâ®¢ ¨ à�áá¬�âà¨¢�âì ¯à®¡«¥¬ã ¥£® à�§¡¨¥−¨ï −�
ª«�ááë. �à¨ ¢®§−¨ª−®¢¥−¨¨ −®¢®© §�¤�ç¨, â. ¥. ¯à¨ ¤®¡�¢«¥−¨¨ ª íâ®¬ã ¬−®¦¥-
áâ¢ã ®¡ê¥ªâ®¢ −®¢®£® í«¥¬¥−â�, ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì à¥áâàãªâãà¨§�æ¨¨ íâ®£®
¬−®¦¥áâ¢� á æ¥«ìî ®¯à¥¤¥«¥−¨ï â®£® ª«�áá� §�¤�ç, ¢ ª®â®àë© ¯®¯�¤�¥â −®¢�ï.
�à¥¤áâ�¢«¥−¨¥ ®¡ íâ®¬ ª«�áá¥ ¨ â®¬ ¬¥áâ¥, ª®â®à®¥ §�−¨¬�¥â ¢ −¥¬ áâ®ïé�ï ¯¥à¥¤
�−�«¨â¨ª®¬ §�¤�ç�, ¯®§¢®«ï¥â ¥¬ã ¢ §−�ç¨â¥«ì−®© ¬¥à¥ ä®à¬�«¨§®¢�âì ®á−®¢−ë¥
æ¥«¨ ¯«�−¨àã¥¬®£® ¨áá«¥¤®¢�−¨ï ¨ �¤¥ª¢�â−® á¯«�−¨à®¢�âì á¢®î à�¡®âã.

2.2 Мобилизация знаний

‚â®à®© íâ�¯ à¥è¥−¨ï �−�«¨â¨ç¥áª®© §�¤�ç¨, å®âï ¨ −®á¨â ¯®¤£®â®¢¨â¥«ì−ë©
å�à�ªâ¥à, ï¢«ï¥âáï ¨áª«îç¨â¥«ì−® ¢�¦−ë¬, ¯®áª®«ìªã ¥£® ®á−®¢−�ï §�¤�ç� |
á¡®à ¢á¥© ¨−ä®à¬�æ¨¨, ª®â®à®© à�á¯®«�£�¥â �−�«¨â¨ª ¢ ¤�−−®© ®¡«�áâ¨ ¨ ª®â®à�ï
¨¬¥¥â −¥¯®áà¥¤áâ¢¥−−®¥ ®â−®è¥−¨¥ ª áâ®ïé¥© ¯¥à¥¤ −¨¬ §�¤�ç¥. �á−®¢−�ï ¯à®¡-
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«¥¬� §¤¥áì á®áâ®¨â ¢ â®¬, çâ® âà¥¡ã¥âáï −¥ â®«ìª® «®ª�«¨§®¢�âì ¨−ä®à¬�æ¨î
¯® §�¤�−−®© â¥¬¥, −® ¨ ¯à¥¤áâ�¢¨âì ¥¥ ¢ ¢¨¤¥ áâàãªâãà¨à®¢�−−®© á®¢®ªã¯-
−®áâ¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ á¥¬�−â¨ç¥áª®©
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ [6], çâ® ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ®¡«¥£ç¨«® ¡ë §�¤�çã ¥¥
�−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¯®«ì§®¢�â¥«ï¬¨ ¨ �−�«¨â¨ª�¬¨.

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ãîâ ¤®áâ�â®ç−® ¬®é−ë¥ áà¥¤áâ¢� ¯®¨áª� â¥¬�â¨-
ç¥áª®© ¨−ä®à¬�æ¨¨, ª�¦¤®¥ ¨§ ª®â®àëå ¨¬¥¥â á¢®¨ −¥®á¯®à¨¬ë¥ ¯à¥¨¬ãé¥áâ¢�,
−®, ª á®¦�«¥−¨î, −¨ ®¤−® ¨§ −¨å ¯®ª� −¥ ®â¢¥ç�¥â ¢á¥¬ ¯à¥¤êï¢«ï¥¬ë¬ ª −¨¬
âà¥¡®¢�−¨ï¬. �¥á¬®âàï −� ¢á¥ à�§−®®¡à�§¨¥ íâ¨å áà¥¤áâ¢, ãá«®¢−® ¨å ¬®¦−®
à�§¤¥«¨âì −� âà¨ ª«�áá�: (1) ¯®¨áª®¢ë¥ á¨áâ¥¬ë; (2) â¥¬�â¨ç¥áª¨¥ àã¡à¨ª�â®àë;
(3) ¨−â¥««¥ªâã�«ì−ë¥ �£¥−âë.

�®¨áª®¢ë¥ á¨áâ¥¬ë ®â−®áïâáï ª −�¨¡®«¥¥ ¬®é−ë¬ ¨ −�¨¡®«¥¥ ¯®¯ã«ïà−ë¬
áà¥¤áâ¢�¬ ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ á¥â¨ ˆ−â¥à−¥â. �®¨áª ¢ −¨å ®áãé¥áâ¢«ï¥âáï −�
®á−®¢¥ «®£¨ç¥áª®© ª®¬¡¨−�æ¨¨ ª«îç¥¢ëå á«®¢, ª®â®à�ï ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨
å�à�ªâ¥à¨§ã¥â ®¡«�áâì ¨−â¥à¥á� ¯®«ì§®¢�â¥«ï.

’¥¬�â¨ç¥áª¨¥ àã¡à¨ª�â®àë (ª«�áá¨ä¨ª�â®àë) ¯à¥¤áâ�¢«ïîâ á®¡®© ¤àã£®©
â¨¯ ¯®¨áª®¢ëå áà¥¤áâ¢, â�ª¦¥ è¨à®ª® ¨á¯®«ì§ã¥¬ë© ¢ ¨−â¥à−¥â¥. �−¨ ¯à¥¤áâ�¢-
«ïîâ á®¡®© ¨¥à�àå¨ç¥áª¨ ®à£�−¨§®¢�−−ë© á¯¨á®ª àã¡à¨ª, ª®â®àë© ¯à®á¬�âà¨-
¢�¥âáï ¯®«ì§®¢�â¥«¥¬ ¢ ¯®¨áª�å ¨−â¥à¥áãîé¥© ¥£® ¨−ä®à¬�æ¨¨. ÷ã¡à¨ª�â®àë
¬®£ãâ ¨¬¥âì à�§«¨ç−ãî £«ã¡¨−ã ¨¥à�àå¨¨, � ¤«ï ª�¦¤®© àã¡à¨ª¨ −¨¦−¥£® ãà®¢−ï
¨¬¥¥âáï á¯¨á®ª ¤®ªã¬¥−â®¢, ®â¢¥ç�îé¨å ¤�−−®© ª®−ªà¥â−®© â¥¬�â¨ª¥.

ˆ−â¥««¥ªâã�«ì−ë¥ �£¥−âë ¯à¥¤áâ�¢«ïîâ á®¡®© ¯®¨áª®¢ë¥ áà¥¤áâ¢� á«¥¤ã-
îé¥£® ¯®ª®«¥−¨ï. �â® ®¤¨− ¨§ â¨¯®¢ ¯à®£à�¬¬−ëå à®¡®â®¢, ª®â®àë¥ ¤¥©áâ¢ãîâ
�¢â®−®¬−®, ®áãé¥áâ¢«ïï ¯®¨áª −¥®¡å®¤¨¬®© ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ −¥ª®â®à®©
¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨, §�¤�¢�¥¬®© ¯®«ì§®¢�â¥«¥¬ ¨ ®âà�¦�îé¥© ®¡«�áâì ¥£®
¨−â¥à¥á�. �−¨ ®ª�§ë¢�îâáï á¯®á®¡−ë¬¨ ®¯à¥¤¥«ïâì ¨−ä®à¬�æ¨®−−® §−�ç¨¬ë¥
ç�áâ¨ ¢ ¡®«ìè¨å ¬�áá¨¢�å ¨−ä®à¬�æ¨¨ ¨ ¢ëï¢«ïâì ¢−ãâà¥−−¨¥ á¢ï§¨ ¬¥¦¤ã
à�§«¨ç−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ ®¡ê¥ªâ�¬¨.

ˆ−â¥««¥ªâã�«ì−ë¥ �£¥−âë ®áãé¥áâ¢«ïîâ ¯®¨áª ¨−ä®à¬�æ¨¨, ®á−®¢ë¢�ïáì −¥
−� áâà®£® ®¯à¥¤¥«¥−−ëå ª«îç¥¢ëå á«®¢�å ¨«¨ äà�§�å, � −� ¨−ä®à¬�æ¨®−−®©
¬®¤¥«¨, §�«®¦¥−−®© ¢ −¨å ¯®«ì§®¢�â¥«¥¬.

„�−−ë¥, ª®â®àë¬¨ à�á¯®«�£�¥â �−�«¨â¨ª, ®¡à�§ãîâ á®¢®ªã¯−®áâì ¢§�¨¬®á¢ï-
§�−−ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ (¤®ªã¬¥−â®¢). ‘¢ï§¨ ¬¥¦¤ã −¨¬¨ ¬®£ãâ −®á¨âì
à�§«¨ç−ë© å�à�ªâ¥à, ¨ ú¢¥áû â®© ¨«¨ ¨−®© á¢ï§¨ ¢ §−�ç¨â¥«ì−®© ¬¥à¥ §�¢¨á¨â ®â
à¥è�¥¬®© §�¤�ç¨. �â® ®§−�ç�¥â, çâ® à�áá¬�âà¨¢�¥¬ãî á®¢®ªã¯−®áâì ¬®¦−® ¯à¥¤-
áâ�¢¨âì ¢ ¢¨¤¥ £à�ä�, £¤¥ ¬¥¦¤ã ¢¥àè¨−�¬¨ áãé¥áâ¢ãîâ ¬−®¦¥áâ¢¥−−ë¥ á¢ï§¨
á ®¯à¥¤¥«¥−−ë¬¨ ç¨á«®¢ë¬¨ ª®íää¨æ¨¥−â�¬¨, � §�¤�ç� ¯®¨áª� à¥è�¥âáï ®¯à¥-
¤¥«¥−¨¥¬ ú§−�ç¨¬®áâ¨û â®£® ¨«¨ ¨−®£® â¨¯� ¢§�¨¬®á¢ï§¥© ¨ á®®â¢¥âáâ¢ãîé¨¬
à�§¡¨¥−¨¥¬ £à�ä� −� ¯®¤¬−®¦¥áâ¢�.

�®¤®¡−ë¥ §�¤�ç¨ ®¡ëç−® à¥è�îâáï ¬¥â®¤�¬¨ ª«�áâ¥à¨§�æ¨¨, ª®â®àëå áã-
é¥áâ¢ã¥â ¤®áâ�â®ç−® ¡®«ìè®¥ ç¨á«®. �¤−�ª® ¯à¨ ¢á¥© íää¥ªâ¨¢−®áâ¨ íâ¨å
¬¥â®¤®¢ ®−¨ −¥ ¢ á®áâ®ï−¨¨ ¯®«−®áâìî à¥è¨âì ¯à®¡«¥¬ë, å�à�ªâ¥à−ë¥ ¤«ï
à�áá¬�âà¨¢�¥¬®© ®¡«�áâ¨ ¯à¨«®¦¥−¨ï. ‘ãé¥áâ¢ãîé¨¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï �«£®-
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à¨â¬ë ª«�áâ¥à¨§�æ¨¨ ¤�−−ëå [7] ¯à¥¤áâ�¢«ïîâ á®¡®©, ª�ª ¯à�¢¨«®, ¤®áâ�â®ç−®
ç¥âªãî ¨ ¦¥áâªãî ¯®á«¥¤®¢�â¥«ì−®áâì ¢ë¯®«−¥−¨ï è�£®¢ ¨ −¥ ¯à¥¤¯®«�£�îâ
¢¬¥è�â¥«ìáâ¢� ¨§¢−¥, ¯à¥¤«�£�ï ¯®«ì§®¢�â¥«î à¥§ã«ìâ�âë ª«�áá¨ä¨ª�æ¨¨ ª�ª
ª®−¥ç−ë© à¥§ã«ìâ�â ¯®¨áª� ¨−ä®à¬�æ¨¨. �à¨ íâ®¬ áâ¥¯¥−ì á®®â¢¥âáâ¢¨ï íâ¨å
à¥§ã«ìâ�â®¢ à¥�«ì−ë¬ ¯®âà¥¡−®áâï¬ ¯®«ì§®¢�â¥«ï ¨«¨ â®, ª�ª¨¬ ®¡à�§®¬ ¨ §�
áç¥â ç¥£® ®−¨ ¯®«ãç¥−ë, ®áâ�¥âáï −¥¨§¢¥áâ−ë¬. �âáãâáâ¢ã¥â ¨ ¢®§¬®¦−®áâì
á®¤¥à¦�â¥«ì−®© ®æ¥−ª¨ æ¥«¥á®®¡à�§−®áâ¨ ¢ë¡®à� â®£® ¨«¨ ¨−®£® −�¡®à� ¯à¨-
§−�ª®¢, ¯® ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï ¤�−−�ï ª«�áá¨ä¨ª�æ¨ï. ‚ á¢ï§¨ á íâ¨¬
�¢â®à�¬ ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¯à¥¤®áâ�¢¨âì ¯®«ì§®¢�â¥«î (�−�«¨â¨-
ªã) ¢®§¬®¦−®áâì ª®−âà®«¨à®¢�âì å®¤ à¥�«¨§�æ¨¨ �«£®à¨â¬� ª«�áâ¥à¨§�æ¨¨ [7]
(ã¯à�¢«ïâì −�¯à�¢«¥−¨¥¬ ¯®¨áª�) ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¢¬¥è¨¢�âìáï ¢ íâ®â ¯à®-
æ¥áá. ÷ï¤ ¯à®¢¥¤¥−−ëå �¢â®à�¬¨ íªá¯¥à¨¬¥−â®¢ ¯®ª�§�«, çâ® íâ¨¬ âà¥¡®¢�−¨ï¬
®â¢¥ç�¥â �«£®à¨â¬, ®á−®¢�−−ë© −� ¯®−ïâ¨¨ á®£«�á®¢�−−®áâ¨ ®¡ê¥ªâ®¢ ¯® −�¡®àã
¢ë¡¨à�¥¬ëå ¯à¨§−�ª®¢ [8], ª®â®àë© ¨ «¥£ ¢ ®á−®¢ã ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�.

2.3 Анализ и поиск

�â�¯, á¢ï§�−−ë© á �−�«¨§®¬ ¨ ¯®¨áª®¬ ¨−ä®à¬�æ¨¨, á®áâ�¢«ï¥â ®á−®¢ã
¢á¥© �−�«¨â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ�. �� íâ®¬ íâ�¯¥ à¥è�îâáï á«¥¤ãîé¨¥
®á−®¢−ë¥ §�¤�ç¨: ®¯à¥¤¥«¥−¨¥ −¥¤®áâ�îé¨å á¢¥¤¥−¨©, ¯®¨áª ¨−ä®à¬�æ¨¨, ¢¢®¤
¨ à¥®à£�−¨§�æ¨ï ¡�§ë §−�−¨©.

�¯à¥¤¥«¥−¨¥ −¥¤®áâ�îé¨å á¢¥¤¥−¨© ¨£à�¥â ª«îç¥¢ãî à®«ì ¢ ¯«�−¨à®¢�-
−¨¨ ¤�«ì−¥©è¨å ¤¥©áâ¢¨© íªá¯¥àâ�, á¢ï§�−−ëå á ¯®¨áª®¬ âà¥¡ã¥¬®© ¨−ä®à¬�-
æ¨¨. …á«¨ ãç¨âë¢�âì, çâ® ¢ ¨−â¥à−¥â¥ ¨−ä®à¬�æ¨ï ®â«¨ç�¥âáï á«�¡®© áâàãª-
âãà¨à®¢�−−®áâìî, à�á¯à¥¤¥«¥−−®áâìî ¯® ¬−®¦¥áâ¢ã ¯®â¥−æ¨�«ì−ëå ¨áâ®ç−¨ª®¢
¨ ¡®«ìè¨¬¨ ®¡ê¥¬�¬¨, â® ¤«ï íää¥ªâ¨¢−®© «®ª�«¨§�æ¨¨ −¥¤®áâ�îé¨å §−�−¨©
¨áª«îç¨â¥«ì−® ¢�¦−®© áâ�−®¢¨âáï ª®−ªà¥â¨§�æ¨ï ®¡ê¥ªâ� ¯®¨áª� (à¨á. 3).

�à¥¤«�£�¥¬�ï �¢â®à�¬¨ ª®−æ¥¯æ¨ï ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á¯®á®¡−� ®ª�-
§�âì �−�«¨â¨ªã ®¯à¥¤¥«¥−−ãî ¯®¬®éì ¢ à¥è¥−¨¨ íâ®© §�¤�ç¨. Š�ª ã¦¥ ãª�§ë-
¢�«®áì, ª�¦¤�ï à¥è�¥¬�ï �−�«¨â¨ª®¬ §�¤�ç� ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¯®¤¬®¤¥«¨,
à¥�«¨§®¢�−−®© ¢ ¢¨¤¥ −¥ª®â®à®© á¥â¥¢®© áâàãªâãàë. ˆ§ãç¥−¨¥ ¢§�¨¬®á¢ï§¥©
¬¥¦¤ã ®â¤¥«ì−ë¬¨ í«¥¬¥−â�¬¨ íâ®© áâàãªâãàë ¨ à¥áâàãªâãà¨§�æ¨ï ¥¥ ¢ á®®â-
¢¥âáâ¢¨¨ á ¢ë¡¨à�¥¬ë¬¨ ªà¨â¥à¨ï¬¨ á®£«�á®¢�−−®áâ¨ ¯®§¢®«ïîâ à�§¡¨¢�âì ¢á¥
¬−®¦¥áâ¢® à�áá¬�âà¨¢�¥¬ëå ¢ ¬®¤¥«¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ −� ª®−á®−�−á-
−ë¥ ¯®¤¬−®¦¥áâ¢�. ‚ à�¡®â¥ [2] ¢ ª�ç¥áâ¢¥ ¢¨§ã�«¨§�æ¨¨ ¯®¤®¡−ëå áâàãªâãà
¯à¥¤«�£�«�áì §−�ª®¢�ï ¬�âà¨æ� áå®¤áâ¢� ¬¥¦¤ã à�§«¨ç−ë¬¨ ®¡ê¥ªâ�¬¨. ‘®-
£«�á−® íâ®¬ã ¯®¤å®¤ã, ª®−á®−�−á−ë¬ ¡ã¤¥â ¯®¤¬−®¦¥áâ¢®, ¢á¥ á¢ï§¨ ¬¥¦¤ã
®¡ê¥ªâ�¬¨ ª®â®à®£® ú¯®«®¦¨â¥«ì−ëû, � á¢ï§¨ í«¥¬¥−â®¢ íâ®£® ¯®¤¬−®¦¥áâ¢�
á ®áâ�«ì−ë¬¨ | ú®âà¨æ�â¥«ì−ëû. ˆ§ãç¥−¨¥ ¯®¤®¡−®© §−�ª®¢®© ¨−â¥à¯à¥â�æ¨¨
à�áá¬�âà¨¢�¥¬®© �−�«¨â¨ª®¬ ¯®¤¬®¤¥«¨ ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì í«¥¬¥−âë, £¤¥ íâ�
¬®¤¥«ì à�áá®£«�á®¢�−�, −�¯à¨¬¥à £¤¥ í«¥¬¥−âë ®¤−®£® ¯®¤¬−®¦¥áâ¢� ¨¬¥îâ ®â-
à¨æ�â¥«ì−ãî ¢§�¨¬®á¢ï§ì. �®¤®¡−�ï à�áá®£«�á®¢�−−®áâì ¯®§¢®«ï¥â ¢ë¤¢¨−ãâì
£¨¯®â¥§ë ® −¥¤®áâ�îé¨å §−�−¨ïå ¨ â¥¬ á�¬ë¬ ª®−ªà¥â¨§¨à®¢�âì ®¡ê¥ªâ ¯®¨áª�.
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� ¯à®¡«¥¬¥ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢

÷¨á. 3 ‹®ª�«¨§�æ¨ï, ¯®¨áª ¨ ª®¤¨à®¢�−¨¥ §−�−¨©

“¬¥−¨¥ −�å®¤¨âì ¯®¤¬−®¦¥áâ¢® ¯à¥¤¬¥â−®© ®¡«�áâ¨, �¤¥ª¢�â−®¥ ª�¦¤®© ª®−-
ªà¥â−®© §�¤�ç¥, áâ®ïé¥© ¯¥à¥¤ �−�«¨â¨ª®¬, ï¢«ï¥âáï ¨áª«îç¨â¥«ì−® ¢�¦−ë¬
ä�ªâ®à®¬, ¯®áª®«ìªã á¯®á®¡−® ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ¯®¢«¨ïâì −� íää¥ªâ¨¢-
−®áâì ¯®¨áª�, áã¦�ï ¥£® −� áâ�¤¨¨ ¢ë¡®à� ¯®â¥−æ¨�«ì−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�-
æ¨¨. …á«¨ ¢ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ¯�à�¬¥âà®¢ −�ª�¯«¨¢�¥¬ëå �−�«¨â¨ª®¬ ¤�−−ëå
ãª�§ë¢�âì ¨áâ®ç−¨ª ¨å ¯®«ãç¥−¨ï, â® áâàãªâãà−�ï áå¥¬� (¯®¤¬®¤¥«ì) à�áá¬�â-
à¨¢�¥¬®© §�¤�ç¨, ® ª®â®à®© £®¢®à¨«®áì ¢ ¯à¥¤ë¤ãé¨å à�§¤¥«�å, ¬®¦¥â ¡ëâì
¯à¥®¡à�§®¢�−� ¢ á®¢®ªã¯−®áâì ¢§�¨¬®á¢ï§�−−ëå ®¡ê¥ªâ®¢, ¯à¥¤áâ�¢«ïîé¨å á®-
¡®© ¨−ä®à¬�æ¨®−−ë¥ ¨áâ®ç−¨ª¨. ‚§�¨¬®á¢ï§ì íâ¨å ®¡ê¥ªâ®¢ ®á−®¢ë¢�¥âáï −�
â¥¬�â¨ç¥áª®© ¡«¨§®áâ¨ á®®â¢¥âáâ¢ãîé¥© ¨¬ ¨−ä®à¬�æ¨¨.

÷¥§ã«ìâ�âë ¯®¨áª� âà¥¡ãîâ á¢®¥© �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨, ª®â®à�ï ¯à¥¤-
¯®«�£�¥â £¥−¥à�æ¨î −®¢ëå §−�−¨© −� ®á−®¢¥ ¯®«ãç¥−−ëå íªá¯¥àâ®¬ ¤�−−ëå.
‘«¥¤®¢�â¥«ì−®, ®¤−¨¬ ¨§ à¥§ã«ìâ�â®¢ �−�«¨â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ï¢«ï¥âáï à�á-
è¨à¥−¨¥ ¡�§ë §−�−¨©, ¨, á®®â¢¥âáâ¢¥−−®, ¢®§−¨ª�îâ ¯à®¡«¥¬ë, á¢ï§�−−ë¥ á ¯®¤-
¤¥à¦�−¨¥¬ ¥¥ á®£«�á®¢�−−®áâ¨ ¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨.

‚ ¡�§¥ §−�−¨© á¢ï§¨ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ §−�−¨© −®áïâ −¥®¤−®§−�ç−ë© å�à�ª-
â¥à, ¯®íâ®¬ã ¢áïª®¥ ¨§¬¥−¥−¨¥ ¢ −¨å, á¢ï§�−−®¥ á ¤®¡�¢«¥−¨¥¬ −®¢®£® §−�−¨ï ¨«¨
ãáâà�−¥−¨¥¬ áãé¥áâ¢ãîé¥£®, âà¥¡ã¥â ¯à®¢¥àª¨ ¢á¥å á¢ï§¥©, ¢ ª®â®àëå ãç�áâ¢ã¥â
íâ® §−�−¨¥. ’�ª�ï ¯à®¢¥àª� −®á¨â £«®¡�«ì−ë© å�à�ªâ¥à ¨ ¬®¦¥â ¯à¨¢®¤¨âì ª à¥-
®à£�−¨§�æ¨¨ §−�−¨© â�ª, ª�ª íâ®, ¯® ¢á¥© ¢¨¤¨¬®áâ¨, ¯à®¨áå®¤¨â ã �−�«¨â¨ª�.
�® à¥®à£�−¨§�æ¨ï áâàãªâãàë §−�−¨© ã −¥£® ¯à®¨áå®¤¨â −¥ â®«ìª® ¢ ¯à®æ¥áá¥
¯®«ãç¥−¨ï §−�−¨©, −® ¨ ¢ ¯à®æ¥áá¥ �−�«¨§� ã¦¥ ¨¬¥îé¥©áï ¨−ä®à¬�æ¨¨. �â®
¤�¥â ¢®§¬®¦−®áâì ¯à¥¤¯®«®¦¨âì, çâ® á¨áâ¥¬� §−�−¨© ã ç¥«®¢¥ª� �ªâ¨¢−�, â�ª ª�ª
¢ −¥© ¬®¦−® ã¢¨¤¥âì ú. . .−�«¨ç¨¥ ª«�áá¨ä¨æ¨àãîé¨å á¢ï§¥© á á®®â¢¥âáâ¢ãîé¨¬¨
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¯à®æ¥¤ãà�¬¨ ®¡®¡é¥−¨ï, ¯®¯®«−¥−¨ï ¨ ¢ëï¢«¥−¨ï ¯à®â¨¢®à¥ç¨¢ëå ¨ −¥á®¢¬¥á-
â¨¬ëå ¢ à�¬ª�å ®¤−®£® ®¯¨á�−¨ï §−�−¨©, çâ® ¢ë§ë¢�¥â �ªâ¨¢�æ¨î §−�−¨©, ¯à¨
ª®â®à®© ¢−ãâà¥−−¨¥ ¯®âà¥¡−®áâ¨ á�¬®© á¨áâ¥¬ë ¯à¥¤áâ�¢«¥−¨ï §−�−¨© áâ�−®¢ïâáï
¯®âà¥¡−®áâï¬¨ ¢ à¥�«¨§�æ¨¨ ®¯à¥¤¥«¥−−ëå ¯à®£à�¬¬ ¤¥ïâ¥«ì−®áâ¨û [9].

’�ª¨¬ ®¡à�§®¬, ä�ªâ¨ç¥áª¨ «î¡ë¥ à¥§ã«ìâ�âë ¯®¨áª� âà¥¡ãîâ ¯à®¢¥¤¥−¨ï
®¯à¥¤¥«¥−−®© à¥áâàãªâãà¨§�æ¨¨ ¨¬¥îé¨åáï §−�−¨©. „«ï à¥è¥−¨ï ¯®¤®¡−ëå
§�¤�ç ¢ [2] ¡ë«� ¯à¥¤«®¦¥−� ¬¥â®¤¨ª�, ®á−®¢�−−�ï −� ¨−¤ãªâ¨¢−®-ª®¬¡¨−�-
â®à−®¬ �¯¯�à�â¥ áà�¢−¥−¨ï áâàãªâãà á¢ï§¥© ¯à®¨§¢®«ì−®£® ¨ ®¤−®£® ¨§ â¨¯®¢
á®£«�á®¢�−−ëå ¬−®¦¥áâ¢, ª®â®à�ï ¢ë¡à�−� �¢â®à�¬¨ ¢ ª�ç¥áâ¢¥ â¥®à¥â¨ç¥áª®©
¡�§ë à¥�«¨§�æ¨¨ à�áá¬�âà¨¢�¥¬ëå §�¤�ç.

3 Вопросы интеграции

ˆ−â¥£à�æ¨ï ¢ ¥¤¨−ãî ¨−ä®à¬�æ¨®−−ãî áà¥¤ã à�§−®®¡à�§−ëå ¯® â¥¬�â¨ª¥
¨ á®áâ�¢ã ¨áâ®ç−¨ª®¢ ¤�−−ëå ¨ �−�«¨â¨ç¥áª¨å à�¡®â−¨ª®¢, à¥è�îé¨å áå®¤−ë¥
¯® â¥¬�â¨ª¥ ¨«¨ å�à�ªâ¥àã §�¤�ç¨, âà¥¡ã¥â à�§¢¨â¨ï ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨. ��¨¡®«ìèãî �ªâã�«ì−®áâì íâ® à�§¢¨â¨¥ ¯à¨®¡à¥â�¥â ¯à¨ ¯®áâà®-
¥−¨¨ ªàã¯−ëå ª®à¯®à�â¨¢−ëå á¥â¥©, ®á−®¢�−−ëå −� â¥å ¦¥ á�¬ëå â¥å−®«®£¨ïå,
£¤¥ ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨ ¬®£ãâ ¢ëáâã¯�âì ª�ª ¨−ä®à¬�æ¨®−−ë¥
¬�áá¨¢ë ¢ á¥â¨ ˆ−â¥à−¥â, â�ª ¨ ¢−ãâà¨ª®à¯®à�â¨¢−ë¥ («®ª�«ì−ë¥) ¡�§ë ¤�−-
−ëå. ˆ−â¥£à�æ¨ï �−�«¨â¨ç¥áª¨å à�¡®â−¨ª®¢ ¢ ¥¤¨−ãî ¨−ä®à¬�æ¨®−−ãî áà¥¤ã
¯à¥¤¯®«�£�¥â ¯à¥¦¤¥ ¢á¥£® ¢ë¯®«−¥−¨¥ ãá«®¢¨© á®£«�á®¢�−−®© ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ [6], −�¯à�¢«¥−−ëå −� à¥è¥−¨¥ ®¡é¨å §�¤�ç, çâ® ¤®«¦−® ®¡¥á¯¥ç¨¢�âìáï
á®¢¬¥áâ−ë¬ ¯«�−¨à®¢�−¨¥¬ ¯®¨áª�, ¨−â¥£à�æ¨¥© ¨ á¨−â¥§®¬ ¤®ªã¬¥−â®¢ ¨ ¢¥¤¥-
−¨¥¬ ®¡®¡é¥−−®© ¡�§ë §−�−¨©, £¤¥ ¢®¯à®áë ¨å á®£«�á®¢�−¨ï ¯à¨®¡à¥â�îâ ¢¥áì¬�
¡®«ìè®¥ §−�ç¥−¨¥.

�¥à¢�ï §�¤�ç�, ª®â®à�ï ¢®§−¨ª�¥â ¯à¨ à�áá¬®âà¥−¨¨ ¢®¯à®á®¢ ¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨ �−�«¨â¨ç¥áª¨å à�¡®â−¨ª®¢, á¢ï§�−� á ¤®áâã¯−®áâìî à¥§ã«ìâ�â®¢ ¯®¨áª�
ª�¦¤®£® ¨§ −¨å ¤«ï ¤àã£¨å.

‚ ¤¥©áâ¢¨â¥«ì−®áâ¨ íâ� §�¤�ç� ¬®¦¥â ¡ëâì ¯®áâ�¢«¥−� è¨à¥. ÷¥çì ¬®¦¥â
¨¤â¨ −¥ â®«ìª® ® ¯®¨áª¥ ¤�−−ëå ¨ §−�−¨©, ª®â®àë¬¨ à�á¯®«�£�îâ íªá¯¥àâë,
� ®¡ ¨−â¥£à�æ¨¨ ¨å §−�−¨©, çâ® ï¢«ï¥âáï áãé¥áâ¢¥−−® ¡®«¥¥ á«®¦−®©, −® ¨ ¡®«¥¥
¢�¦−®© ¯à®¡«¥¬®©. �à¨ à¥è¥−¨¨ â®© ¨«¨ ¨−®© ®¡é¥© §�¤�ç¨ ª�¦¤ë© ¨§
ãç�áâ−¨ª®¢ íâ®£® ¯à®æ¥áá� ú¢¨¤¨âû ¯à®¡«¥¬ã ¯®-á¢®¥¬ã ¢ á®®â¢¥âáâ¢¨¨ á® á¢®¨¬¨
§−�−¨ï¬¨, ®¯ëâ®¬, ¨−âã¨æ¨¥© ¨«¨ ¤àã£¨¬¨ ä�ªâ®à�¬¨. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬
�−�«¨â¨ª¨ áâà®ïâ á¢®¨ ¬®¤¥«¨ à¥è�¥¬ëå §�¤�ç, ª®â®àë¥ §�â¥¬ ¨−â¥£à¨àãîâáï
¢ ¥¤¨−®¥ åà�−¨«¨é¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ (à¨á. 4).

Œ−®¦¥áâ¢¥−−®áâì â�ª¨å ¬®¤¥«¥© ®¡ãá«®¢«¨¢�¥â ¢®§¬®¦−ãî à�áá®£«�á®¢�−-
−®áâì ¨−â¥£à¨à®¢�−−®© ¡�§ë §−�−¨© ¨, ª�ª á«¥¤áâ¢¨¥, −¥®¡å®¤¨¬®áâì ¥¥ à¥áâàãª-
âãà¨§�æ¨¨.

÷¥áâàãªâãà¨§�æ¨ï ¡�§ë §−�−¨© ¯à¨¢®¤¨â, ¥áâ¥áâ¢¥−−®, ¨ ª á®®â¢¥âáâ¢ãîé¨¬
¨§¬¥−¥−¨ï¬ ¢ ¨−¤¨¢¨¤ã�«ì−ëå ¬®¤¥«ïå à¥è�¥¬®© §�¤�ç¨, çâ® ¢¥¤¥â ª ¨á¯®«ì§®-
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� ¯à®¡«¥¬¥ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢

÷¨á. 4 ˆ−â¥£à�æ¨ï ¬®¤¥«¥© à¥è�¥¬ëå §�¤�ç ¢ åà�−¨«¨é¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢

¢�−¨î ¢ à�¡®â¥ â®£® ¨«¨ ¨−®£® �−�«¨â¨ª� à¥§ã«ìâ�â®¢ ª®««¥ªâ¨¢−®£® â¢®àç¥áâ¢�,
ª®â®àë¥ ®â«¨ç�îâáï ¡®«ìè¥© áâ¥¯¥−ìî ®¡ê¥ªâ¨¢−®áâ¨ ¨ ã−¨¢¥àá�«ì−®áâ¨.

4 Заключение

Œ¥¦¤¨áæ¨¯«¨−�à−®áâì á®¢à¥¬¥−−ëå ¯à®¡«¥¬ ®¯à¥¤¥«ï¥â −¥®¡å®¤¨¬®áâì
¯à¨¢«¥ç¥−¨ï £àã¯¯ á¯¥æ¨�«¨áâ®¢ ¨§ ®¤−®© ¨«¨ à�§−ëå ®¡«�áâ¥© §−�−¨ï, ¯®-
à®¦¤�ï §�¤�çã ¨−â¥£à�æ¨¨ ¨å §−�−¨©, ¨−ä®à¬�æ¨¨ ¨ ¤¥©áâ¢¨© ¢ ¯à®æ¥áá¥ ¨å
¤¥ïâ¥«ì−®áâ¨. ‚ à�¡®â¥ ¢ë¤¥«¥−ë âà¨ íâ�¯� ¯à®æ¥áá� à¥è¥−¨ï §�¤�ç¨ á®§¤�−¨ï
¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �¡ãá«®¢«¥−� −¥®¡å®¤¨¬®áâì ¤¨−�¬¨ç¥áª®© à¥-
áâàãªâãà¨§�æ¨¨ ¡�§ë §−�−¨© ¤«ï ¯®¤¤¥à¦�−¨ï ¥¥ áâàãªâãà−®© á®£«�á®¢�−−®áâ¨
¨ ¯à¥¤áâ�¢«¥−¨ï ¥¥ ¢ ¢¨¤¥ áâàãªâãà¨à®¢�−−®© á®¢®ªã¯−®áâ¨ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨.
ˆ−â¥£à�æ¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© áà¥¤¥ ¯à¥¤¯®-
«�£�¥â ãá¯¥è−®¥ à¥è¥−¨¥ §�¤�ç â¥¬�â¨ç¥áª®£® ¯®¨áª� ¨ á¨−â¥§� ¨−â¥£à¨àã¥¬ëå
¤�−−ëå ¨ §−�−¨©.
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Abstract: The paper analyzes the processes typical for the integration of
information, knowledge of analysts, and their joint actions in the information
environment. Here, the integration of knowledge refers to the procedure for the
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synthesis of existing knowledge in order to obtain the new one. Three stages of
analytical activity were identified and considered as well as their features. It is
proposed to integrate information resources based on dynamic restructuring of
the knowledge base to maintain its structural consistency and to present it as
a structured set of information resources in accordance with the requirements of
interoperability. To solve such problems, the authors use a technique based on an
inductive-combinatorial apparatus comparing the structures of the connections
of an arbitrary set and one of the types of consistent sets. This technique was
chosen by the authors as the theoretical basis for the implementation of the tasks
under consideration.
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МОДЕЛИРОВАНИЕ КОНФЛИКТОВ АГЕНТОВ В ГИБРИДНЫХ
ИНТЕЛЛЕКТУАЛЬНЫХ МНОГОАГЕНТНЫХ СИСТЕМАХ

С. В. Листопад1, И. А. Кириков2

�−−®â�æ¨ï: “¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ | −¥®âê¥¬«¥¬�ï ç�áâì ¯à®æ¥áá� à¥-
è¥−¨ï ¯à®¡«¥¬ ª®««¥ªâ¨¢� íªá¯¥àâ®¢ §� úªàã£«ë¬ áâ®«®¬û, ®¡¥á¯¥ç¨¢�îé�ï
¯®®éà¥−¨¥ ¯®«®¦¨â¥«ì−® ¢«¨ïîé¨å −� å®¤ à¥è¥−¨ï ¯à®¡«¥¬ë ª®−ä«¨ªâ®¢
¨ ¯à¥¤®â¢à�é¥−¨¥ ¨«¨ à�§à¥è¥−¨¥ ¢á¥å ®áâ�«ì−ëå. ‘ãé¥áâ¢ãîé¨¥ ¬®¤¥«¨
£¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬ (ƒ¨ˆŒ�‘) ®¡«�¤�îâ
áãé¥áâ¢¥−−ë¬ −¥¤®áâ�âª®¬ | ª®−ä«¨ªâë �£¥−â®¢ ¢ −¨å −¥ ¬®¤¥«¨àãîâáï,
� ¨â®£®¢ë¥ à¥è¥−¨ï ¯à¨−¨¬�îâáï ¥¤¨−áâ¢¥−−ë¬ �£¥−â®¬ −� ®á−®¢¥ à¥ª®¬¥−-
¤�æ¨© ¤àã£¨å �£¥−â®¢. Œ®¤¥«¨à®¢�−¨¥ ª®−ä«¨ªâ®¢ ¢ ƒ¨ˆŒ�‘ ¯®§¢®«¨â
ã¯à�¢«ïâì å®¤®¬ ú®¡áã¦¤¥−¨ïû, �ªâ¨¢¨àãï à�§«¨ç−ë¥ â¨¯ë ª®««¥ªâ¨¢−®£®
¬ëè«¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â å�à�ªâ¥à� ¨ ¨−â¥−á¨¢−®áâ¨ ª®−ä«¨ªâ�, çâ® ®¡¥á-
¯¥ç¨â ¨å à¥«¥¢�−â−®áâì ¬�«ë¬ ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢, ãá¯¥è−® à¥è�îé¨¬
¯à®¡«¥¬ë, å�à�ªâ¥à¨§ãîé¨¥áï ¢ëá®ª®© ª®¬¡¨−�â®à−®© á«®¦−®áâìî, −¥®¤−®-
à®¤−®áâìî, −¥¤®®¯à¥¤¥«¥−−®áâìî ¨ ¤àã£¨¬¨ �…-ä�ªâ®à�¬¨. ‘ íâ®© æ¥«ìî
¢ à�¡®â¥ ¯à¥¤«�£�îâáï ¬®¤¥«¨ ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−®£®
ª®−ä«¨ªâ� ¢ ƒ¨ˆŒ�‘.

Š«îç¥¢ë¥ á«®¢�: ª®−ä«¨ªâ; £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï
á¨áâ¥¬�; ª®««¥ªâ¨¢ íªá¯¥àâ®¢; ªàã£«ë© áâ®«

DOI: 10.14357/08696527190312

1 Введение

÷¥è¥−¨¥ ¯à®¡«¥¬ ¢ ¡¨®¯à®¨§¢®¤áâ¢¥−−ëå, á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¨ â¥å-
−¨ç¥áª¨å á¨áâ¥¬�å, −�¯à¨¬¥à ¯«�−¨à®¢�−¨¥ ãà®¦�ï ¨ �£à®â¥å−¨ç¥áª¨å ¬¥-
à®¯à¨ïâ¨© [1], ¤¨ää¥à¥−æ¨�«ì−�ï ¤¨�£−®áâ¨ª� §�¡®«¥¢�−¨© [2], ®¯¥à�â¨¢−®¥
¯«�−¨à®¢�−¨¥ ¬¥«ª®á¥à¨©−®£® ¯à®¨§¢®¤áâ¢� [3], ¢®ááâ�−®¢«¥−¨¥ à¥£¨®−�«ì−®©
í«¥ªâà®á¥â¨ ¯®á«¥ ¬�áèâ�¡−ëå �¢�à¨© [4], ®á«®¦−ï¥âáï ¨å −¥®¤−®à®¤−®áâìî,
−¥®¡å®¤¨¬®áâìî ¯à¨−ïâ¨ï −¥áª®«ìª¨å ¯®á«¥¤®¢�â¥«ì−ëå ¢§�¨¬®á¢ï§�−−ëå à¥-
è¥−¨© ¢ à¥�«ì−®¬ ¢à¥¬¥−¨, çâ® ¤¥«�¥â −¥à¥«¥¢�−â−ë¬¨ âà�¤¨æ¨®−−ë¥ �¡áâà�ªâ-
−®-¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ã¯à�¢«¥−¨ï. ’à�¤¨æ¨®−−® ¤«ï ¯à¥®¤®«¥−¨ï −¥®¤−®-
à®¤−®áâ¨ ¨á¯®«ì§ãîâáï ¬¥â®¤ë á¨áâ¥¬−®£® �−�«¨§� ¨ ¯à¨¢«¥ª�îâáï ª®««¥ªâ¨¢ë
íªá¯¥àâ®¢ á® á¯¥æ¨ä¨ç¥áª¨¬¨ ¤«ï ª�¦¤®£® á¯¥æ¨�«¨áâ� ¬®¤¥«ï¬¨ ¢−¥è−¥£® ¬¨-
à�, ®¡ãá«®¢«¨¢�îé¨¬¨ ¥£® ¯®−¨¬�−¨¥ ¨ à¥è¥−¨¥ ¯à®¡«¥¬ë. ‚§�¨¬®¤¥©áâ¢ãï
¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬, íªá¯¥àâë −¥ â®«ìª® ¯à¥¤«�£�îâ á¢®¨ ç�áâ−ë¥ à¥è¥−¨ï,

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

2Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru
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−® ¨ ®¡¬¥−¨¢�îâáï ¬−¥−¨ï¬¨, ®¯ëâ®¬, §−�−¨ï¬¨, ®¡¥á¯¥ç¨¢�îâ í¢®«îæ¨î ª®«-
«¥ªâ¨¢� ¨ ¥£® �¤�¯â�æ¨î ª ¨§¬¥−¥−¨ï¬ áà¥¤ë. ‚ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª®¢ ¨§¬¥−¥−¨ï
¨ í¢®«îæ¨¨ ª®««¥ªâ¨¢� ¢ëáâã¯�îâ, ª�ª ¯à�¢¨«®, ¯à®â¨¢®à¥ç¨ï ¨ ª®−ä«¨ªâë [5].
‘®£«�á−® á®¢à¥¬¥−−ë¬ ¯à¥¤áâ�¢«¥−¨ï¬ ® ª®−ä«¨ªâ¥, ®− −¥ ¯à®áâ® ¤¥áâàãªâ¨¢¥−
¨«¨ ¯à®¤ãªâ¨¢¥−, −® ®¤−®¢à¥¬¥−−® á®¤¥à¦¨â ¢ á¥¡¥ ®¡¥ áâ®à®−ë, ¯®íâ®¬ã ¤«ï
®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®áâ¨ à�¡®âë ¨ à�§¢¨â¨ï ª®««¥ªâ¨¢� âà¥¡ã¥âáï −¥ ¨§¡¥£�âì
ª®−ä«¨ªâ®¢, � ã¯à�¢«ïâì ¨¬¨, ¯®¤�¢«ïï ¤¥áâàãªâ¨¢−ë¥ í«¥¬¥−âë ¨ áâ¨¬ã«¨àãï
ª®−áâàãªâ¨¢−ë¥ [6].

Š®−æ¥¯æ¨ï ¨−â¥£à�æ¨¨ à�§−®à®¤−ëå, ¤®¯®«−ïîé¨å ¤àã£ ¤àã£� §−�−¨© ¢ ¨−-
â¥à¥á�å ª®¬¯ìîâ¥à−®© ¯®¤¤¥à¦ª¨ ¨−¤¨¢¨¤ã�«ì−ëå à¥è¥−¨© ¢®¯«®â¨«�áì ¢ £¨¡-
à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬�å �. ‚. Š®«¥á−¨ª®¢� [1], � à�áè¨à¥−¨¥ ¥¥
�¯¯�à�â®¬ ¬−®£®�£¥−â−ëå á¨áâ¥¬ ¢ á¬ëá«¥ ‚. �. ’�à�á®¢� [7] ¯®§¢®«¨«® ¬®¤¥-
«¨à®¢�âì ¯à®æ¥áá ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ [3]. �¤−�ª® ¢ áãé¥áâ¢ãîé¨å
ƒ¨ˆŒ�‘ ¬®¤¥«¨àã¥âáï «¨èì −¥¡®«ìè®¥ ç¨á«® £àã¯¯®¢ëå ¯à®æ¥áá®¢ ¨ íää¥ª-
â®¢, ¯à¨áãé¨å à¥�«ì−ë¬ ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢, ¢ ç�áâ−®áâ¨ ª®−ä«¨ªâë �£¥−â®¢
¢ −¨å −¥ ¬®¤¥«¨àãîâáï, � ¨â®£®¢ë¥ à¥è¥−¨ï ¯à¨−¨¬�îâáï ¥¤¨−áâ¢¥−−ë¬ �£¥−â®¬
−� ®á−®¢¥ à¥ª®¬¥−¤�æ¨© ¤àã£¨å �£¥−â®¢. –¥«ì −�áâ®ïé¥© à�¡®âë | à�áè¨à¥−¨¥
áãé¥áâ¢ãîé¨å ¬®¤¥«¥© ƒ¨ˆŒ�‘ ¬®¤¥«ï¬¨ ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−-
â¨à®¢�−−®£® ª®−ä«¨ªâ� ¤«ï ¯®¢ëè¥−¨ï ¨å à¥«¥¢�−â−®áâ¨ ¬�«ë¬ ª®««¥ªâ¨¢�¬
íªá¯¥àâ®¢, à¥è�îé¨å ¯à®¡«¥¬ë ú§� ªàã£«ë¬ áâ®«®¬û.

2 Конфликт в малых коллективах экспертов, решающих проблемы
«за круглым столом»

�®¤ ª®««¥ªâ¨¢®¬ ¯à¨−ïâ® ¯®−¨¬�âì ¬�«ãî £àã¯¯ã, á®®â¢¥âáâ¢ãîéãî −�¡®àã
¢ëá®ª¨å âà¥¡®¢�−¨©: ãá¯¥è−® á¯à�¢«ï¥âáï á à¥è¥−¨¥¬ ¯®áâ�¢«¥−−ëå ¯à®¡«¥¬,
å®à®è¨¥ ®â−®è¥−¨ï ¬¥¦¤ã ãç�áâ−¨ª�¬¨, á¯®á®¡−®áâì ª â¢®àç¥áâ¢ã ¨ ¯à. [8]. �á¨-
å®«®£¨ç¥áª¨ à�§¢¨â®© ª�ª ª®««¥ªâ¨¢ áç¨â�¥âáï â�ª�ï ¬�«�ï £àã¯¯�, ¢ ª®â®à®©
á«®¦¨«�áì ¤¨ää¥à¥−æ¨à®¢�−−�ï á¨áâ¥¬� à�§«¨ç−ëå ¤¥«®¢ëå ¨ «¨ç−ëå ¢§�¨¬®-
®â−®è¥−¨© [9]. ˆ¬¥−−® ¯®íâ®¬ã ®ç¥−ì ¢�¦¥− ¢®¯à®á à¥£ã«¨à®¢�−¨ï ª®−ä«¨ªâ−®£®
¢§�¨¬®¤¥©áâ¢¨ï ¢ ¬�«ëå ª®««¥ªâ¨¢�å.

�®−ïâ¨¥ ª®−ä«¨ªâ� á¥£®¤−ï −¥ ¯à¨−�¤«¥¦¨â ª�ª®©-â® ®¤−®© ®¯à¥¤¥«¥−−®©
®¡«�áâ¨ −�ãª¨ ¨«¨ ¯à�ªâ¨ª¨; ¢ë¤¥«ïîâáï −¥ ¬¥−¥¥ 11 ®¡«�áâ¥© −�ãç−®£® §−�-
−¨ï, â�ª ¨«¨ ¨−�ç¥ ¨§ãç�îé¨å ª®−ä«¨ªâë [10]. �−�«¨§ ¨ áà�¢−¥−¨¥ à�§−ëå
®¯à¥¤¥«¥−¨© ª®−ä«¨ªâ� [6] ¯®§¢®«¨«¨ ¢ë¤¥«¨âì ¢ ª�ç¥áâ¢¥ ¨−¢�à¨�−â−ëå â�ª¨¥
¥£® å�à�ªâ¥à¨áâ¨ª¨: ¡¨¯®«ïà−®áâì; �ªâ¨¢−®áâì, −�¯à�¢«¥−−�ï −� ¯à¥®¤®«¥−¨¥
¯à®â¨¢®à¥ç¨©; áã¡ê¥ªâ−®áâì (−�«¨ç¨¥ áã¡ê¥ªâ� ¨«¨ áã¡ê¥ªâ®¢ ª�ª −®á¨â¥«¥©
ª®−ä«¨ªâ�). ’�ª¨¬ ®¡à�§®¬, ª®−ä«¨ªâ | ¡¨¯®«ïà−®¥ ï¢«¥−¨¥ (¯à®â¨¢®áâ®ï−¨¥
¤¢ãå −�ç�«), ¯à®ï¢«ïîé¥¥áï ¢ �ªâ¨¢−®áâ¨ áâ®à®−, −�¯à�¢«¥−−®© −� ¯à¥®¤®«¥−¨¥
¯à®â¨¢®à¥ç¨©, ¯à¨ç¥¬ áâ®à®−ë ¯à¥¤áâ�¢«¥−ë �ªâ¨¢−ë¬¨ áã¡ê¥ªâ�¬¨. ‚ á«ãç�¥
ª®−ä«¨ªâ� ¢ ¬�«ëå ª®««¥ªâ¨¢�å íªá¯¥àâ®¢ áã¡ê¥ªâë | ¥£® ãç�áâ−¨ª¨.

“¯à�¢«¥−¨¥ ª®−ä«¨ªâ®¬ | æ¥«¥−�¯à�¢«¥−−®¥, ®¡ãá«®¢«¥−−®¥ ®¡ê¥ªâ¨¢−ë¬¨
§�ª®−�¬¨ ¢®§¤¥©áâ¢¨¥ −� ¥£® ¤¨−�¬¨ªã ¢ ¨−â¥à¥á�å à�§¢¨â¨ï ¨«¨ à�§àãè¥−¨ï
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á®æ¨�«ì−®© á¨áâ¥¬ë, ª ª®â®à®© ®â−®á¨âáï ª®−ä«¨ªâ [11]. �à¨ ã¯à�¢«¥−¨¨ ª®−-
ä«¨ªâ�¬¨ ¢ ¬�«ëå ª®««¥ªâ¨¢�å íªá¯¥àâ®¢ �ªâã�«¥− ¥£® ¯à®¤ãªâ¨¢−ë© �á¯¥ªâ,
−�¯à�¢«¥−−ë© −� à�§¢¨â¨¥ ª®««¥ªâ¨¢� ¨ á®áâ®ïé¨© ¢ ¯à¥¤®â¢à�é¥−¨¨ ¤¥áâàãª-
â¨¢−ëå ª®−ä«¨ªâ®¢, áâ¨¬ã«¨à®¢�−¨¨ ¨ à�§à¥è¥−¨¨ ª®−áâàãªâ¨¢−ëå.

Š®−áâàãªâ¨¢−ë© ª®−ä«¨ªâ [5] ®¡¥á¯¥ç¨¢�¥â à�§¢¨â¨¥ ®â−®è¥−¨© ¬¥¦¤ã áã¡ê-
¥ªâ�¬¨; ¢ëá¢®¡®¦¤�¥â −�ª�¯«¨¢�îé¥¥áï ¢−ãâà¥−−¥¥ −�¯àï¦¥−¨¥, â¥¬ á�¬ë¬
®¡¥á¯¥ç¨¢�ï á®åà�−¥−¨¥ á¢ï§¥©; �ªâã�«¨§¨àã¥â à�§−ë¥ ¯®§¨æ¨¨ ¨ ¬−¥−¨ï ¯® ¯®-
¢®¤ã ¢®§−¨ª�îé¨å ¢ ª®««¥ªâ¨¢¥ ¯à®¡«¥¬ ¨ â¥¬ á�¬ë¬ á¯®á®¡áâ¢ã¥â ¯®¨áªã ®¯â¨-
¬�«ì−ëå á¯®á®¡®¢ ¨å à¥è¥−¨ï. ’�ª®© ª®−ä«¨ªâ ¯à®ï¢«ï¥âáï ¯à¥¨¬ãé¥áâ¢¥−−®,
ª®£¤� æ¥«¨ ¨ ¯®âà¥¡−®áâ¨ ª®−ä«¨ªâãîé¨å íªá¯¥àâ®¢ −¥ ¯à®â¨¢®¯®«®¦−ë æ¥-
«ï¬, æ¥−−®áâï¬ ¨ −®à¬�¬ ª®««¥ªâ¨¢�, � á®æ¨�«ì−®-¯á¨å®«®£¨ç¥áª�ï áâàãªâãà�
ª®««¥ªâ¨¢� ®â−®á¨â¥«ì−® £¨¡ª�ï, â. ¥. ¤«ï ª®««¥ªâ¨¢� å�à�ªâ¥à−� ®â−®á¨â¥«ì-
−�ï ®âªàëâ®áâì ¯®¤£àã¯¯ ¨ ¤¨−�¬¨ç−ë¥ á¢ï§¨ ¬¥¦¤ã −¨¬¨ ¨ −¥ ¢ª«îç¥−−ë¬¨
¢ −¨å ç«¥−�¬¨. Š®−áâàãªâ¨¢−ë¥ ª®−ä«¨ªâë | ¯à¥¨¬ãé¥áâ¢¥−−® ¨−áâàã¬¥−â�«ì-
−ë¥ ª®−ä«¨ªâë, ¢®§−¨ª�îé¨¥ ¯® ¯®¢®¤ã ¯à®¡«¥¬ë ¨«¨ ¯à®æ¥áá� ¥¥ à¥è¥−¨ï.
�âªàëâ®¥ ®¡áã¦¤¥−¨¥ ¨ á¯®àë ¯® ¯®¢®¤ã ¯à®¡«¥¬ë ã¢¥«¨ç¨¢�îâ à¥§ã«ìâ�-
â¨¢−®áâì ¤¥ïâ¥«ì−®áâ¨ £àã¯¯ë, ¯®â®¬ã çâ® íªá¯¥àâë ¯à¥¤«�£�îâ ¨ ®æ¥−¨¢�îâ
à�§«¨ç−ë¥ à¥è¥−¨ï, â¥¬ á�¬ë¬ ¤®áâ¨£�ï ®¯â¨¬�«ì−ëå à¥è¥−¨© ¨ à¥§ã«ìâ�â®¢.
�à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë¥ ª®−ä«¨ªâë á¢ï§�−ë á â¥å−®«®£¨¥© ¨ á¯®á®¡�¬¨ à¥-
è¥−¨ï ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë, à�á¯à¥¤¥«¥−¨¥¬ à®«¥© ¨ ®â¢¥âáâ¢¥−−®áâ¨ ¬¥¦¤ã
ãç�áâ−¨ª�¬¨ ª®««¥ªâ¨¢�.

„«ï ¤¥áâàãªâ¨¢−®£® ª®−ä«¨ªâ� å�à�ªâ¥à−® à�§àãè¥−¨¥ ¯á¨å®«®£¨ç¥áª®©
æ¥«®áâ−®áâ¨ ª®««¥ªâ¨¢�, á−¨¦¥−¨¥ ¥£® á®æ¨�«ì−®©, íª®−®¬¨ç¥áª®©, á®æ¨�«ì-
−®-¯á¨å®«®£¨ç¥áª®© íää¥ªâ¨¢−®áâ¨, ¡«®ª¨à®¢�−¨¥ à�§¢¨â¨ï ®â−®è¥−¨© ¬¥¦¤ã
áã¡ê¥ªâ�¬¨ [5]. �®¤®¡−ë© ª®−ä«¨ªâ ¢®§−¨ª�¥â, ¥á«¨ æ¥«¨ ¨ ¯®âà¥¡−®áâ¨ ª®−-
ä«¨ªâãîé¨å áã¡ê¥ªâ®¢ à�¤¨ª�«ì−® à�áå®¤ïâáï á æ¥«ï¬¨, æ¥−−®áâï¬¨ ¨ −®à¬�¬¨
ª®««¥ªâ¨¢�, ¯à¨ íâ®¬ ª®««¥ªâ¨¢ ®¡«�¤�¥â ¦¥áâª®© áâàãªâãà®©, â. ¥. ¤«ï −¥£® å�-
à�ªâ¥à−� §�ªàëâ®áâì ¯®¤£àã¯¯ ¯® ®â−®è¥−¨î ª ª®««¥ªâ¨¢ã ¨ ï¢−®¥ ¤®¬¨−¨à®¢�-
−¨¥ ¤¥§¨−â¥£à�â¨¢−ëå á¢ï§¥© ¬¥¦¤ã −¨¬¨. ‘âà®£® £®¢®àï, ª®««¥ªâ¨¢ íªá¯¥àâ®¢,
¢ ª®â®à®¬ ¯à¥®¡«�¤�îâ ¤¥áâàãªâ¨¢−ë¥ ª®−ä«¨ªâë, ¯à¥¤áâ�¢«ï¥â á®¡®©, áª®à¥¥,
¬�«ãî £àã¯¯ã.

—�é¥ ¢á¥£® ¤¥áâàãªâ¨¢−ë¥ ª®−ä«¨ªâë | ª®−ä«¨ªâë ¯® ¯®¢®¤ã ®â−®è¥-
−¨©, â. ¥. à�§−®£«�á¨ï ¬¥¦¤ã íªá¯¥àâ�¬¨ ¯® «¨ç−ë¬ ¢®¯à®á�¬ ¨ ¯à®¡«¥¬�¬, −¥
®â−®áïé¨¬áï ª ¢ë¯®«−ï¥¬®© à�¡®â¥, ª®â®àë¥ ®¡ãá«®¢«¥−ë −¥á®¢¬¥áâ¨¬®áâìî
¨ ¢à�¦¤¥¡−®áâìî ¬¥¦¤ã −¨¬¨. �à¨ ª®¬¯ìîâ¥à−®¬ ¬®¤¥«¨à®¢�−¨¨ ª®««¥ª-
â¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ ¬�«ë¬¨ ª®««¥ªâ¨¢�¬¨ íªá¯¥àâ®¢ ®á−®¢−�ï æ¥«ì |
¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ¯à¥¤«�£�¥¬ëå �¢â®¬�â¨§¨à®¢�−−ë¬¨ á¨áâ¥¬�¬¨ à¥è¥−¨©,
¯®íâ®¬ã ª®−ä«¨ªâë ¯® ¯®¢®¤ã ®â−®è¥−¨© ¢ −¨å −¥ ¬®¤¥«¨àãîâáï ¨ ¢ ¤�«ì−¥©è¥¬
−¥ à�áá¬�âà¨¢�îâáï.

Œ¥à� ¢ëà�¦¥−−®áâ¨ ¨−áâàã¬¥−â�«ì−ëå ª®−ä«¨ªâ®¢ §�¢¨á¨â ®â áâ�¤¨¨ à¥è¥-
−¨ï ¯à®¡«¥¬ë ¢ ª®««¥ªâ¨¢¥ [5]: ä®à¬¨à®¢�−¨¥, ¤¨¢¥à£¥−â−®¥ ¬ëè«¥−¨¥, ¡ãà-
«¥−¨¥, ª®−¢¥à£¥−â−®¥ ¬ëè«¥−¨¥, ¯à¨−ïâ¨¥ à¥è¥−¨ï ¨ à�áä®à¬¨à®¢�−¨¥ [12{14]
(á¬. à¨áã−®ª).
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÷®¬¡ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© ‘. Š¥©−¥à�, Š. ’®«¤¨, ‘. ”¨áª, „. �¥à£¥à�: 1 |
�«ìâ¥à−�â¨¢�; 2 | ¤®áà®ç−®¥ −¥á®£«�á®¢�−−®¥ à¥è¥−¨¥; 3 | á®£«�á®¢�−−®¥ à¥è¥−¨¥

�� ¯¥à¢®© áâ�¤¨¨ ç«¥−ë ª®««¥ªâ¨¢� §−�ª®¬ïâáï, ®¡¬¥−¨¢�îâáï ®ä¨æ¨�«ì−®©
¨−ä®à¬�æ¨¥© ¤àã£ ® ¤àã£¥, ¢−®áïâ ¯à¥¤«®¦¥−¨ï ® à�¡®â¥ ª®««¥ªâ¨¢�, ¯à¨¤¥à-
¦¨¢�îâáï ®¡é¥¯à¨−ïâëå â®ç¥ª §à¥−¨ï, ¢ëáª�§ë¢�îâ ®ç¥¢¨¤−ë¥ à¥è¥−¨ï [13].
…á«¨ §�¤�ç� ¨¬¥¥â ®ç¥¢¨¤−®¥ à¥è¥−¨¥, ¤¨áªãáá¨ï §�¢¥àè�¥âáï, ¨−�ç¥ ¢®§−¨ª�îâ
¯à®æ¥ááë ¤¨¢¥à£¥−â−®£®, à�áå®¤ïé¥£®áï ¬ëè«¥−¨ï, ¢ à�¬ª�å ª®â®àëå ¯®®éàï-
¥âáï ¡¥§®æ¥−®ç−�ï ¤¨áªãáá¨ï ¨ £¥−¥à�æ¨ï ¡®«ìè®£® ç¨á«� à¥è¥−¨© [14]. ��
íâ®© áâ�¤¨¨ ¢®§−¨ª�¥â ã¬¥à¥−−ë© ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë© ª®−ä«¨ªâ, â�ª
ª�ª à¥è�îé¥¥ §−�ç¥−¨¥ ¨¬¥îâ �à£ã¬¥−âë â¥å, ªâ® ¨¬¥¥â ¡®«¥¥ ¢ëá®ªãî ª¢�«¨-
ä¨ª�æ¨î ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¨ ¥¥ ç�áâ¥© [5]. �� ¤�−−®© áâ�¤¨¨ ä�á¨«¨â�â®à,
â. ¥. ãç�áâ−¨ª ª®««¥ªâ¨¢�, ®â¢¥ç�îé¨© §� íää¥ªâ¨¢−ãî ®à£�−¨§�æ¨î ¯à®æ¥á-
á� à¥è¥−¨ï ¯à®¡«¥¬ë, ®¡¥á¯¥ç¨¢�¥â à�§à¥è¥−¨¥ ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ëå
ª®−ä«¨ªâ®¢ ¨ ¯à¨¬¥−ï¥â ¬¥â®¤ë ¤¨¢¥à£¥−â−®£® ª®««¥ªâ¨¢−®£® ¬ëè«¥−¨ï ¤«ï
áâ¨¬ã«¨à®¢�−¨ï ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ëå ª®−ä«¨ªâ®¢.

…á«¨ ª®««¥ªâ¨¢ã ã¤�«®áì ¢ë©â¨ §� £à�−¨æë ãáâ®ï¢è¨åáï ¬−¥−¨©, ¯à®æ¥áá
®¡áã¦¤¥−¨ï ¯¥à¥å®¤¨â ¢ áâ�¤¨î ¡ãà«¥−¨ï, ª®£¤� ¬¥¦¤ã ç«¥−�¬¨ ª®««¥ªâ¨¢�
¢®§¬®¦−ë ª®−ä«¨ªâë ¨§-§� ¯à®â¨¢®à¥ç¨¢ëå à¥è¥−¨©, â. ¥. ¯à®¡«¥¬−®-®à¨¥−â¨-
à®¢�−−ë¥ ª®−ä«¨ªâë. �à¨ íâ®¬ −�¡«î¤�¥âáï −¨§ª¨© ãà®¢¥−ì ¯à®æ¥áá−®-®à¨-
¥−â¨à®¢�−−ëå ª®−ä«¨ªâ®¢, â�ª ª�ª íªá¯¥àâë ¢á¥ á¢®¥ ¢−¨¬�−¨¥ ä®ªãá¨àãîâ −�
¯à®¡«¥¬¥ ¨ ¯®¨áª¥ ¥¥ à¥è¥−¨©. �� ¤�−−®© áâ�¤¨¨ æ¥«ì ä�á¨«¨â�â®à� | á£«�¤¨âì
à�§−®£«�á¨ï ¬¥¦¤ã íªá¯¥àâ�¬¨, á¡«¨§¨âì ¨å â®çª¨ §à¥−¨ï −� à¥è�¥¬ãî ¯à®¡«¥¬ã,
à�§à¥è¨âì ¢®§−¨ªè¨¥ ª®−ä«¨ªâë, −¥ ¤®¯ãáâ¨¢ ¯¥à¥à®¦¤¥−¨ï ª®−áâàãªâ¨¢−ëå
ª®−ä«¨ªâ®¢ ¢ ¤¥áâàãªâ¨¢−ë¥.

�� áâ�¤¨¨ ª®−¢¥à£¥−â−®£® ¬ëè«¥−¨ï íªá¯¥àâë ¯¥à¥ä®à¬ã«¨àãîâ æ¥−−ë¥
¬ëá«¨ ¢ ª®−ªà¥â−ë¥ ¯à¥¤«®¦¥−¨ï ¨ úè«¨äãîâû ¨å, ¯®ª� ¢á¥ ãç�áâ−¨ª¨ ¤¨á-
ªãáá¨¨ −¥ ¯à¨¤ãâ ª ª®−¥ç−®¬ã à¥è¥−¨î, ¢®¯«®é�îé¥¬ã ¢á¥ à�§−®®¡à�§¨¥ â®ç¥ª
§à¥−¨ï. �â� áâ�¤¨ï å�à�ªâ¥à¨§ã¥âáï úáå®¤ïé¨¬áï ¬ëè«¥−¨¥¬û: ª«�áá¨ä¨ª�-
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æ¨¥© ¨¤¥©, ¨å ®¡®¡é¥−¨¥¬, ¢ë−¥á¥−¨¥¬ ®æ¥−®ª. �à¨ íâ®¬ ¬®¦¥â ¯à®¨áå®¤¨âì
−¥¡®«ìè®¥ ãá¨«¥−¨¥ ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ëå ª®−ä«¨ªâ®¢, â�ª ª�ª íªá¯¥àâë
�ªâ¨¢−® ®¡áã¦¤�îâ ¢ª«�¤ ª�¦¤®£® ¢ ¯à®æ¥áá à¥è¥−¨ï ¯à®¡«¥¬ë ¨ ¯®«ãç¥−−ë©
à¥§ã«ìâ�â [5].

‚ å®¤¥ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ à�áä®à¬¨à®¢�−¨ï ä®à¬ã«¨àã¥âáï ª®««¥ªâ¨¢−®¥
à¥è¥−¨¥, ãç¨âë¢�îé¥¥ ¬−¥−¨ï ¢á¥å ãç�áâ−¨ª®¢ ®¡áã¦¤¥−¨ï.

„«ï ¬®¤¥«¨à®¢�−¨ï ª®−ä«¨ªâ®«®£¨ç¥áª®£® �á¯¥ªâ� à¥è¥−¨ï ¯à®¡«¥¬ ª®«-
«¥ªâ¨¢®¬ íªá¯¥àâ®¢ ú§� ªàã£«ë¬ áâ®«®¬û ¯à¥¤«�£�¥âáï ¬®¤¨ä¨æ¨à®¢�âì ¬®¤¥«ì
ƒ¨ˆŒ�‘ [3], à�áè¨à¨¢ ¥¥ í«¥¬¥−â�¬¨ ¤«ï ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ �£¥−â®¢.

3 Управление конфликтами агентов в гибридной интеллектуальной
многоагентной системе

”®à¬�«ì−® ƒ¨ˆŒ�‘ ¤«ï ¬®¤¥«¨à®¢�−¨ï ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨-
à®¢�−−ëå ª®−ä«¨ªâ®¢ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

himas = 〈AG∗, env, INT,ORG, {cnfm}〉. (1)

‡¤¥áì AG∗ = {ag1, . . . , agn, agdm, agfc} | ¬−®¦¥áâ¢® �£¥−â®¢, ¢ª«îç�îé¥¥
�£¥−â®¢-íªá¯¥àâ®¢ (��) agi, i ∈ N, 1 ≤ i ≤ n, �£¥−â�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï
(��÷), | agdm ¨ �£¥−â�-ä�á¨«¨â�â®à� (�”), ã¯à�¢«ïîé¥£® ¢§�¨¬®¤¥©áâ¢¨ï¬¨
�£¥−â®¢ ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ë á ãç¥â®¬ ¢®§¬®¦−ëå ª®−ä«¨ªâ®¢ ¬¥¦¤ã −¨¬¨, |
agfc; n | ç¨á«® ��; env | ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢−¥è−¥© áà¥¤ë ƒ¨ˆŒ�‘;
INT∗ | í«¥¬¥−âë áâàãªâãà¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© �£¥−â®¢, ®¯¨áë¢�¥¬ë¥ ¢ë-
à�¦¥−¨¥¬:

INT = {protcnfm, lang, ont} ,
£¤¥ protcnfm | ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢, ¯®§¢®«ïîé¨© ®à£�−¨§®¢�âì
ã¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ �£¥−â®¢, lang | ï§ëª ¯¥à¥¤�ç¨ á®®¡é¥−¨©, ont |
¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨; ORG| ¬−®¦¥áâ¢® �àå¨â¥ªâãà ƒ¨ˆŒ�‘; {cnfm}|
¬−®¦¥áâ¢® ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬�ªà®ãà®¢−¥¢ëå ¯à®æ¥áá®¢ ¢ ƒ¨ˆŒ�‘;
cnfm | ¬®¤¥«ì ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¯à¨ ª®««¥ªâ¨¢−®¬ à¥è¥−¨¨
¯à®¡«¥¬:

cnfm = 〈CNF, cnfcl, cmkb, actcnfm,ACTagcr〉 . (2)

‚ (2) CNF| ¬�âà¨æ�, ®¯¨áë¢�îé�ï ª®−ä«¨ªâë ¬¥¦¤ã ª�¦¤®© ¯�à®© �£¥−â®¢
ª®àâ¥¦¥¬, ¯à¥¤áâ�¢«¥−−ë¬ ¢ëà�¦¥−¨¥¬:

cnfi j cnft = 〈agi, agj , cn¦n, cnft,ACTagcr i,ACTagcr j〉 ,

£¤¥ agi ¨ agj | �£¥−âë-áã¡ê¥ªâë ª®−ä«¨ªâ�, i, j ∈ N, 1 ≤ i, j ≤ n, i 6= j,
cn¦n | −�¯àï¦¥−−®áâì ª®−ä«¨ªâ� ¢ ¢¨¤¥ áª�«ïà−®© ¢¥«¨ç¨−ë cn¦n ∈ [0, 1],
¢ëç¨á«ï¥¬�ï ª«�áá¨ä¨ª�â®à®¬ ª®−ä«¨ªâ®¢ cnfcl ¢ á®®â¢¥âáâ¢¨¨ á à¥�«¨§ã¥¬®©
¨¬ ¬¥à®© −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ�, ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ¯à¥¤«�£�îâ ��
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ç�áâ−ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë ¨«¨ �«ìâ¥à−�â¨¢−ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë ¢ æ¥«®¬,
¬®£ãâ ¨á¯®«ì§®¢�âìáï ¬¥àë −� ®á−®¢¥ á®¢¬¥áâ¨¬®áâ¨ ç�áâ−ëå à¥è¥−¨© [15] ¨«¨
−� ®á−®¢¥ à�−¦¨à®¢�−¨ï �«ìâ¥à−�â¨¢ [16, 17], cnft | á¨¬¢®«ì−�ï ¯¥à¥¬¥−−�ï
úâ¨¯ ª®−ä«¨ªâ�û, ®¯à¥¤¥«¥−−�ï −� ¬−®¦¥áâ¢¥ CNFT = {ú¯à®¡«¥¬−®-®à¨¥−â¨-
à®¢�−−ë©û, ú¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë©û}, §−�ç¥−¨¥ ª®â®à®© ãáâ�−�¢«¨¢�¥âáï
ª«�áá¨ä¨ª�â®à®¬ ª®−ä«¨ªâ®¢ cnfcl ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤¬¥â� ª®−ä«¨ªâ�: ¥á«¨
®− ¢®§−¨ª ¨§-§� ¯à®â¨¢®à¥ç¨© ¯® ¯®¢®¤ã �«ìâ¥à−�â¨¢−ëå à¥è¥−¨© ¯à®¡«¥¬ë ¨«¨
¥¥ ç�áâ¥©, â® cnft = ú¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ë©û, ¥á«¨ ¦¥ ª®−ä«¨ªâ ®¡ãá«®¢-
«¥− à�á¯à¥¤¥«¥−¨¥¬ à®«¥© ¨ à¥áãàá®¢, â® cnft = ú¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë©û,
ACTagcr i ACTagcr j | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¤¥©áâ¢¨© �£¥−â®¢ agi ¨ agj á®-
®â¢¥âáâ¢¥−−® ¯® à�§à¥è¥−¨î ¯à®â¨¢®à¥ç¨©, ACTagcr i,ACTagcr j ⊆ ACTagcr;
cnfcl | ª«�áá¨ä¨ª�â®à ª®−ä«¨ªâ®¢ �£¥−â®¢, ¨¤¥−â¨ä¨æ¨àãîé¨© ¨å å�à�ªâ¥à
¨ ®æ¥−¨¢�îé¨© −�¯àï¦¥−−®áâì, â. ¥. ä®à¬¨àãîé¨© ¤«ï ª�¦¤®© ¯�àë �£¥−â®¢
§−�ç¥−¨¥ í«¥¬¥−â� ¬�âà¨æë CNF; cmkb | ¡�§� §−�−¨© ®¡ íää¥ªâ¨¢−®áâ¨
¬¥â®¤®¢ ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ §�¢¨á¨¬®áâ¨ ®â å�à�ªâ¥à¨áâ¨ª ¯à®¡«¥¬ë
¨ ª®−ä«¨ªâ®¢ ¬¥¦¤ã �£¥−â�¬¨, ª®â®à�ï à�§à�¡�âë¢�¥âáï ¯® à¥§ã«ìâ�â�¬ â¥áâ¨-
à®¢�−¨ï �«£®à¨â¬®¢, à¥�«¨§ãîé¨å íâ¨ ¬¥â®¤ë; actcnfm | äã−ªæ¨ï úã¯à�¢«¥−¨¥
ª®−ä«¨ªâ®¬û �”, ®¡¥á¯¥ç¨¢�îé�ï ¨¤¥−â¨ä¨ª�æ¨î ª®−ä«¨ªâ®¢ á ¯®¬®éìî
ª«�áá¨ä¨ª�â®à� cnfcl ¨ ¨−¨æ¨�«¨§�æ¨î ¬¥â®¤®¢ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï [14,
15] ¢ á®®â¢¥âáâ¢¨¨ á ¡�§®© §−�−¨© cmkb ¨ ¯à®â®ª®«®¬ protcnfm; ACTagcr |
¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¤¥©áâ¢¨© �£¥−â®¢ ¯® à�§à¥è¥−¨î ¯à®â¨¢®à¥ç¨©.

’�ª¨¬ ®¡à�§®¬, äã−ªæ¨ï ƒ¨ˆŒ�‘ ¤«ï ¬®¤¥«¨à®¢�−¨ï ¯à®¡«¥¬−®- ¨ ¯à®-
æ¥áá−®-®à¨¥−â¨à®¢�−−ëå ª®−ä«¨ªâ®¢ ¢ æ¥«®¬ ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

acthimas =




⋃

ag∈AG∗

actag


 ∪ACTagcr ∪ actcnfm ∪ actcol . (3)

‡¤¥áì actag | äã−ªæ¨ï �� ¨§ ¬−®¦¥áâ¢� AG∗, ®¯¨áë¢�¥¬�ï ä®à¬ã«®©:

actag = (metag, itag) , ag ∈ AG∗ ,

∣∣∣∣∣∣

⋃

ag∈AG∗

itag

∣∣∣∣∣∣
≥ 2 ,

£¤¥ metag | ¬¥â®¤ à¥è¥−¨ï ¯à®¡«¥¬ë, itag | ¨−â¥««¥ªâã�«ì−�ï â¥å−®«®£¨ï,
¢ à�¬ª�å ª®â®à®© à¥�«¨§®¢�− ¬¥â®¤ metag; actcol | ª®««¥ªâ¨¢−�ï äã−ªæ¨ï
ƒ¨ˆŒ�‘, ª®−áâàã¨àã¥¬�ï ¤¨−�¬¨ç¥áª¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯à®â®ª®«®¬ protcnfm.

‚ ®â«¨ç¨¥ ®â äã−ªæ¨¨ ƒ¨ˆŒ�‘, ¯à¥¤áâ�¢«¥−−®© ¢ [3], ¢ëà�¦¥−¨¥ (3) ¤®-
¯®«−¥−® ¬−®¦¥áâ¢®¬ ACTagcr, ®¡¥á¯¥ç¨¢�îé¨¬ ¬®¤¥«¨à®¢�−¨¥ ª®−ä«¨ªâ�, â. ¥.
�ªâ¨¢−®áâ¥© �£¥−â®¢, −�¯à�¢«¥−−ëå −� ¯à¥®¤®«¥−¨¥ ¯à®â¨¢®à¥ç¨©, ¨ í«¥¬¥−â®¬
actcnfm, ®â¢¥ç�îé¨¬ §� ã¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘ ¢ á®®â¢¥âáâ¢¨¨ á ¬®-
¤¥«ìî à®¬¡� £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© −� à¨áã−ª¥. ‚ à¥§ã«ìâ�â¥ ƒ¨ˆŒ�‘,
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Œ®¤¥«¨à®¢�−¨¥ ª®−ä«¨ªâ®¢ �£¥−â®¢ ¢ ƒ¨ˆŒ�‘

¬®¤¥«¨àãîé�ï ª®−ä«¨ªâë �£¥−â®¢, á¯®á®¡−� à¥£ã«¨à®¢�âì ¨−â¥−á¨¢−®áâì ¢§�¨-
¬®¤¥©áâ¢¨ï �£¥−â®¢ ¨ �ªâ¨¢¨à®¢�âì à¥«¥¢�−â−ë¥ á¨âã�æ¨¨ ¬¥â®¤ë ª®««¥ªâ¨¢−®£®
£¥â¥à®£¥−−®£® ¬ëè«¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â −�¯àï¦¥−−®áâ¨ ¨ â¨¯� ª®−ä«¨ªâ®¢,
â. ¥. ª®−ä«¨ªâë ¢ë¯®«−ïîâ á¨£−�«ì−ãî äã−ªæ¨î. Šà®¬¥ â®£®, ¬®¤¥«¨à®¢�−¨¥
ª®−ä«¨ªâ®¢ ®¡¥á¯¥ç¨¢�¥â à�§¢¨â¨¥ ƒ¨ˆŒ�‘ ¨ ¥¥ á�¬®®à£�−¨§�æ¨î ¢ á¨«ì−®¬
á¬ëá«¥ [18], â. ¥. ¢®§−¨ª�îéãî §� áç¥â à�á¯à¥¤¥«¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢
¡¥§ ï¢−®£® æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï íâ¨¬ ¯à®æ¥áá®¬ ®¤−¨¬ ¨§ −¨å. ’�ª¨¬
®¡à�§®¬, ¯à¥¤«®¦¥−−ë¥ ¬®¤¥«¨ ª®−ä«¨ªâ®¢ ¨ ¯à®æ¥áá� ã¯à�¢«¥−¨ï ¨¬¨ ¯®¢ëáïâ
à¥«¥¢�−â−®áâì ƒ¨ˆŒ�‘ ¬�«ë¬ ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢, à¥è�îé¨å ¯à®¡«¥¬ë
ú§� ªàã£«ë¬ áâ®«®¬û.

4 Заключение

÷�áá¬®âà¥−ë ¢®¯à®áë ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ ¬�«ëå ª®««¥ªâ¨¢�å íªá¯¥à-
â®¢, à¥è�îé¨å ¡¨®¯à®¨§¢®¤áâ¢¥−−ë¥, á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨¥ ¨ â¥å−¨ç¥áª¨¥
¯à®¡«¥¬ë ú§� ªàã£«ë¬ áâ®«®¬û. �®ª�§�−®, çâ® ª®−ä«¨ªâë ¢ â�ª¨å ª®««¥ª-
â¨¢�å ¬®£ãâ ¨£à�âì ª�ª ¤¥áâàãªâ¨¢−ãî, â�ª ¨ ª®−áâàãªâ¨¢−ãî à®«ì, ¯®íâ®¬ã
âà¥¡ã¥âáï −¥ ¨§¡¥£�âì ª®−ä«¨ªâ®¢, � ¯à�¢¨«ì−® ã¯à�¢«ïâì ¨¬¨. ‚ íâ®¬ á«ãç�¥
ª®−ä«¨ªâë ¢ëáâã¯�îâ ®¤−¨¬ ¨§ ä�ªâ®à®¢ à�§¢¨â¨ï ª®««¥ªâ¨¢� ¨ ¯®¢ëè¥−¨ï ¥£®
íää¥ªâ¨¢−®áâ¨. �à¥¤«®¦¥−ë ¬®¤¥«¨ ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ëå
ª®−ä«¨ªâ®¢, ¯à¨¬¥−¥−¨¥ ª®â®àëå ¢ ƒ¨ˆŒ�‘ ¯®§¢®«¨â á¬®¤¥«¨à®¢�âì ¯à®æ¥áá
ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ −� ®á−®¢¥ �−�«¨§� −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ�,
¯à¨¬¥−ïâì íää¥ªâ¨¢−ë¥ ¬¥â®¤ë ®à£�−¨§�æ¨¨ ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨©, â�-
ª¨¥ ª�ª £¥â¥à®£¥−−®¥ ¬ëè«¥−¨¥, çâ®¡ë ¢ëà�¡�âë¢�âì à¥è¥−¨ï, á®¯®áâ�¢¨¬ë¥
á à¥è¥−¨ï¬¨ à¥�«ì−ëå ª®««¥ªâ¨¢®¢ íªá¯¥àâ®¢.
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MODELING OF AGENT CONFLICTS
IN HYBRID INTELLIGENT MULTIAGENT SYSTEMS

S. V. Listopad and I. A. Kirikov

Kaliningrad Branch of the Federal Research Center \Computer Science and Control"
of the Russian Academy of Sciences, 5 Gostinaya Str, Kaliningrad 236022, Russian
Federation

Abstract: Conflict management is an integral part of the problem solving
process by expert team at the round table, encouraging of conflicts that positively
influence the course of solving the problem and preventing or resolving all others.
The existing models of hybrid intelligent multiagent systems have a significant
drawback, which is that they do not model agent conflicts and a single agent
based on recommendations of other agents makes final decisions. Modeling
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Modeling of agent conflicts in hybrid intelligent multiagent systems

of conflicts in hybrid intelligent multiagent systems will make it possible to
manage the \discussion" process, activating various types of collective thinking
depending on the nature and intensity of the conflict, which will ensure their
relevance to small teams of experts who successfully solve problems, which are
underdetermined, characterized by a high combinatorial complexity, heterogene-
ity, and other NON-factors. For this purpose, the paper proposes a model of
problem and process oriented conflict in hybrid intelligent multiagent systems.

Keywords: conflict; hybrid intelligent multiagent system; expert team; round
table
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АЛГОРИТМ НЕЧЕТКОГО СРАВНЕНИЯ
ПРИ ОБРАБОТКЕ ПЕРСОНАЛЬНЫХ ДАННЫХ

О. В. Бобылева1, И. С. Бекешева2, В. А. Бобылев3, В. В. Чаркова4

�−−®â�æ¨ï: �¡®á−®¢�−� −¥®¡å®¤¨¬®áâì à�§à�¡®âª¨ −®¢®£® ¬¥â®¤� −¥ç¥âª®£®
áà�¢−¥−¨ï, ®à¨¥−â¨à®¢�−−®£® −� áà�¢−¥−¨¥ á«®¢ ¢ ¡�§�å ¤�−−ëå, á®¤¥à¦�é¨å
¯¥àá®−�«ì−ë¥ ¤�−−ë¥. �� ª®−ªà¥â−ëå ¯à¨¬¥à�å ¨§ ®¡«�áâ¨ ¬¥¤¨æ¨−áª®£®
áâà�å®¢�−¨ï ãª�§�−ë ¯«îáë ¯à¨¬¥−¥−¨ï ¤�−−®£® �«£®à¨â¬�. �à¨¢¥¤¥−ë
à¥§ã«ìâ�âë à�¡®âë à�§à�¡®â�−−®£® ¨ à¥�«¨§®¢�−−®£® �«£®à¨â¬�.
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1 Введение

�à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨ à�§à�¡®âª¥ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, á®¤¥à¦�é¥©
¡®«ìè®© ®¡ê¥¬ ¯¥àá®−�«ì−ëå ¤�−−ëå, −¥®¡å®¤¨¬® §�à�−¥¥ ¯à¥¤ãá¬�âà¨¢�âì,
ª�ª®© ¢¨¤ ¯®¨áª� ¢ −¥© ¡ã¤¥â ¨á¯®«ì§®¢�âìáï. …á«¨ ®¡ê¥¬ ¯¥àá®−�«ì−ëå ¤�−−ëå
®â−®á¨â¥«ì−® −¥¡®«ìè®© ¨«¨ ¯à¥¤áâ�¢«ï¥â á®¡®© á¢®¥®¡à�§−ë© á¯à�¢®ç−¨ª, ª®-
â®àë© ®¡−®¢«ï¥âáï ªà�©−¥ à¥¤ª® ¨ ¨áª«îç�¥â ¤ã¡«¨à®¢�−¨¥ ¤�−−ëå, â® ¬®¦−®
¨á¯®«ì§®¢�âì ¯à®áâë¥ �«£®à¨â¬ë ¯®¨áª� ¯® â®ç−®¬ã á®¢¯�¤¥−¨î ¨«¨ ¯® á®¢¯�¤¥-
−¨î ¯®¤áâà®ª¨. �¤−�ª® â�ª®© ¯®¤å®¤ −¥ ¢á¥£¤� ¯à¨¬¥−¨¬ ¤«ï ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ¯¥àá®−�«ì−ëå ¤�−−ëå (ˆ‘�„), á¢¥¤¥−¨ï ¢ ª®â®àëå ®¡−®¢«ïîâáï ¯¥à¨®-
¤¨ç¥áª¨ ¨ ¬®£ãâ ¯®áâã¯�âì ¨§ à�§−ëå ¨áâ®ç−¨ª®¢ (¯®¤®¡−�ï á¨âã�æ¨ï å�à�ªâ¥à−�
¤«ï ¡®«ìè¨−áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ £®áã¤�àáâ¢¥−−ëå á«ã¦¡ ¨ ãçà¥¦¤¥-
−¨©). —¨á«® ®¡−®¢«ï¥¬ëå ¨ ¤®¯®«−ï¥¬ëå §�¯¨á¥© ¢ â�ª¨å ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬�å ¬®¦¥â á®áâ�¢«ïâì ¤® −¥áª®«ìª¨å ¬¨««¨®−®¢ §� ®¤¨− £®¤. ‚ íâ®¬ á«ã-
ç�¥ ¢®§¬®¦−ë ®è¨¡ª¨ ¢¢®¤� ¯¥àá®−�«ì−ëå ¤�−−ëå, ¤«ï ®¯à¥¤¥«¥−¨ï ª®â®àëå
¯à®áâë¥ �«£®à¨â¬ë ¯®¨áª� −¥ ¯®¤å®¤ïâ, ¯®â®¬ã çâ® §�à�−¥¥ −¥ ¨§¢¥áâ−®, ¢ ª�ª®¬
¬¥áâ¥ ®¯¥à�â®à ¬®£ ¤®¯ãáâ¨âì ®è¨¡ªã. �®íâ®¬ã ¯à¨ −¥®¡å®¤¨¬®áâ¨ á®¯®áâ�¢¨âì
¤�−−ë¥, ¨áª«îç¨¢ ®è¨¡ª¨, ¢ â�ª¨å ˆ‘�„ ¨á¯®«ì§ãîâ �«£®à¨â¬ë −¥ç¥âª®£®
¯®¨áª�. „�−−ë¥ �«£®à¨â¬ë ¬®£ãâ ¯à¨¬¥−ïâìáï, −�¯à¨¬¥à, ¢ áä¥à¥ §¤à�¢®®åà�-
−¥−¨ï ¤«ï á¡®à� áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ® −¥ª®â®à®¬ §�¡®«¥¢�−¨¨, ª®£¤� ¢�¦−®
§−�âì −¥ â®«ìª®, áª®«ìª® ¢á¥£® à�§ ®¡à�é�«¨áì §� ¬¥¤¨æ¨−áª®© ¯®¬®éìî, −®

1•�ª�ááª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. �. ”. Š�â�−®¢�, nimdar@bk.ru
2•�ª�ááª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. �. ”. Š�â�−®¢�, irrisskay@mail.ru
3’¥àà¨â®à¨�«ì−ë© ä®−¤ ®¡ï§�â¥«ì−®£® ¬¥¤¨æ¨−áª®£® áâà�å®¢�−¨ï ÷¥á¯ã¡«¨ª¨ •�ª�á¨ï,

vadimbobylev@yandex.ru
4•�ª�ááª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. �. ”. Š�â�−®¢�, charkova 97@mail.ru
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¨ áª®«ìª® à�§ ®¡à�é�«áï §� ¯®¬®éìî ®¤¨− ¨ â®â ¦¥ ç¥«®¢¥ª á ¤�−−ë¬ ¤¨�£−®-
§®¬. ’®ç−®áâì â�ª¨å à�áç¥â®¢ ¢¬¥áâ¥ á à�áç¥â®¬ áã¬¬ë áà¥¤áâ¢, ¯®âà�ç¥−−ëå
£à�¦¤�−¨−®¬ ¨«¨ £®áã¤�àáâ¢®¬ ¯à¨ ®ª�§�−¨¨ ãá«ã£¨, ¨¬¥¥â ¡®«ìè®¥ §−�ç¥−¨¥
¯à¨ ¯«�−¨à®¢�−¨¨ ¡î¤¦¥â®¢ à�§«¨ç−ëå ãà®¢−¥© [1].

2 Особенности нечеткого поиска в информационных системах
персональных данных

�� ¤�−−ë© ¬®¬¥−â áãé¥áâ¢ãîé¨¥ �«£®à¨â¬ë −¥ç¥âª®£® ¯®¨áª� áà�¢−¨¢�îâ
¬¥¦¤ã á®¡®© áâà®ª¨, ®¤−�ª® ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ ¬®¦−® ®â−¥áâ¨ ª ®á®¡®© ª�-
â¥£®à¨¨ áâà®ª, áà�¢−¥−¨¥ ª®â®àëå áãé¥áâ¢ãîé¨¬¨ �«£®à¨â¬�¬¨ ¤�¥â ¢¥à−ë©
à¥§ã«ìâ�â ¤�«¥ª® −¥ ¢á¥£¤�. �á−®¢−ë¬¨ ¯¥àá®−�«ì−ë¬¨ ¤�−−ë¬¨ ï¢«ïîâáï ä�-
¬¨«¨ï, ¨¬ï, ®âç¥áâ¢® | ®á−®¢−�ï âà¨�¤� ¯¥àá®−�«ì−ëå ¤�−−ëå. �® ¢ íâ®©
âà¨�¤¥ ®¤¨− ¨§ í«¥¬¥−â®¢ ¬®¦¥â ®âáãâáâ¢®¢�âì ¨«¨, −�®¡®à®â, ¬®¦¥â ¯®ï¢¨âì-
áï ç¥â¢¥àâë© á®áâ�¢−®© í«¥¬¥−â ¨¬¥−¨, ª®â®àë© ¬¥−ï¥â á¢®¥ ¬¥áâ®¯®«®¦¥−¨¥
¢ ¯®«−®¬ ¨¬¥−¨. ‚ íâ¨å á«ãç�ïå �«£®à¨â¬ −¥ç¥âª®£® ¯®¨áª� −�ç¨−�¥â ¤�¢�âì
−¥¢¥à−ë© à¥§ã«ìâ�â. „«ï ÷®áá¨¨ á ¡®«ìè¨¬ à�§−®®¡à�§¨¥¬ −�æ¨®−�«ì−®£® á®-
áâ�¢� â�ª¨¥ á«ãç�¨ ¤�«¥ª® −¥ à¥¤ª®áâì, ¨ ç¨á«® ®è¨¡®ª áâ�−®¢¨âáï ¡®«ìè¥, ¥á«¨
¢¢®¤ïâáï ¯¥àá®−�«ì−ë¥ ¤�−−ë¥, ¨¬¥îé¨¥ á¢®¨ ®á®¡¥−−®áâ¨, ¢ à¥£¨®−¥, £¤¥ â�ª¨å
®á®¡¥−−®áâ¥© −¥â.

‚ «î¡®© ˆ‘�„ ¯¥à¢¨ç−ë© ¢¢®¤ ¤�−−ëå ®áãé¥áâ¢«ï¥âáï ®¯¥à�â®à®¬, ¨ ç¥¬
¡®«ìè¥ ®¡ê¥¬ ¤�−−ëå, â¥¬ ¢ëè¥ ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï ª�ª ®è¨¡®ç−ëå §�¯¨á¥©,
â�ª ¨ ¤ã¡«¨àãîé¨å ã¦¥ áãé¥áâ¢ãîé¨¥. �à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ®¤−¨¬ ¨§ ®á−®¢−ëå ªà¨â¥à¨¥¢ ¨å äã−ªæ¨®−¨à®¢�−¨ï á«ã¦¨â á¯®á®¡ åà�−¥-
−¨ï ¤�−−ëå. ��¯à¨¬¥à, ¤«ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ §�¯¨á¨ �ªâ®¢ £à�¦¤�−áª®£®
á®áâ®ï−¨ï (‡�ƒ‘), ”¥¤¥à�«ì−®© ¬¨£à�æ¨®−−®© á«ã¦¡ë (”Œ‘) ¨ â. ¤. ¯¥àá®-
−�«ì−ë¥ ¤�−−ë¥ ¤®«¦−ë ¨áª«îç�âì ¤ã¡«¨à®¢�−¨¥ (ã £à�¦¤�−¨−� ¬®¦¥â ¡ëâì
â®«ìª® ®¤¨− ¯�á¯®àâ ¨«¨ á¢¨¤¥â¥«ìáâ¢® ® à®¦¤¥−¨¨). „àã£¨¥ ¨−ä®à¬�æ¨®−−ë¥
á¨áâ¥¬ë ¯à¥¤¯®«�£�îâ −�ª®¯¨â¥«ì−®¥ åà�−¥−¨¥ ¯¥àá®−�«ì−ëå ¤�−−ëå. ��¯à¨-
¬¥à, ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� Œ¨−¨áâ¥àáâ¢� ¢−ãâà¥−−¨å ¤¥« (Œ‚„) åà�−¨â
¢á¥ ä�ªâë ®¡à�é¥−¨ï £à�¦¤�−¨−�. ‘ãé¥áâ¢ãîâ â�ª¦¥ ¨ ª®¬¡¨−¨à®¢�−−ë¥ ¨−-
ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë. ��¯à¨¬¥à, ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ®¡ï§�â¥«ì−®£®
¬¥¤¨æ¨−áª®£® áâà�å®¢�−¨ï (�Œ‘), åà�−ïé¨¥ ª�ª ã−¨ª�«ì−ë¥ §�¯¨á¨ (à¥£¨áâà
§�áâà�å®¢�−−ëå), â�ª ¨ −�ª®¯¨â¥«ì−ë¥ (¤�−−ë¥ ®¡ ®ª�§�−−®© ¬¥¤¨æ¨−áª®© ¯®-
¬®é¨). �¥§�¢¨á¨¬® ®â á¯®á®¡� åà�−¥−¨ï ¯¥àá®−�«ì−ëå ¤�−−ëå (ã−¨ª�«ì−ë¥,
−�ª®¯¨â¥«ì−ë¥, ª®¬¡¨−¨à®¢�−−ë¥), à�§à�¡�âë¢�¥¬ë© �«£®à¨â¬ −¥ç¥âª®£® áà�¢-
−¥−¨ï ®à¨¥−â¨à®¢�− ¨¬¥−−® −� ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ ¨ ¬®¦¥â ¯à¨¬¥−ïâìáï ª�ª
¤«ï §�¤�ç ¤¥¤ã¯«¨ª�æ¨¨ (ã−¨ª�«ì−ë¥), â�ª ¨ ¤«ï §�¤�ç �áá®æ¨�æ¨¨ à�§−ëå
§�¯¨á¥© á ®¤−¨¬ áã¡ê¥ªâ®¬ ¯¥àá®−�«ì−ëå ¤�−−ëå (−�ª®¯¨â¥«ì−ë¥).

�à¨¢¥¤¥¬ ¯à¨¬¥à ¨§ ¬¥¤¨æ¨−áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë. ‚ ®¤−®¬ ¨§
¤�«ì−¥¢®áâ®ç−ëå à¥£¨®−®¢ ¦¨¢¥â ãà®¦¥−¥æ ‘¥¢¥à−®£® Š�¢ª�§�. ‘«¥¤®¢�â¥«ì−®,
¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ ¬¥¤¨æ¨−áª®© ®à£�−¨§�æ¨¨ ¯® ¬¥áâã ¥£® ¯®áâ®ï−−®£®
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�«£®à¨â¬ −¥ç¥âª®£® áà�¢−¥−¨ï ¯à¨ ®¡à�¡®âª¥ ¯¥àá®−�«ì−ëå ¤�−−ëå

¦¨â¥«ìáâ¢� ¥áâì ¤�−−ë¥ ®¡ íâ®¬ ç¥«®¢¥ª¥. �® ¤«ï ¤�−−®£® à¥£¨®−� −¥ å�à�ªâ¥à−ë
−�æ¨®−�«ì−ë¥ ¨¬¥−�, ¨á¯®«ì§ã¥¬ë¥ −� Š�¢ª�§¥, ¯®íâ®¬ã ¢¥«¨ª� ¢¥à®ïâ−®áâì
®è¨¡®ª ¯à¨ ¢¢®¤¥ ¤�−−ëå ® ¯®á¥é¥−¨¨ ¢à�ç�: ªà®¬¥ â®£®, çâ® ®¯¥à�â®à ¬®¦¥â
¤®¯ãáâ¨âì ¯à®áâãî ®è¨¡ªã ¢ ¢¨¤¥ ®¯¥ç�âª¨, ®− ¬®¦¥â −¥¢¥à−® ¯®−¨¬�âì ç¥â¢¥àâãî
á®áâ�¢«ïîéãî ¨¬¥−¨, −�¯à¨¬¥à ú®£«ëû, ¨ íâ� ç¥â¢¥àâ�ï á®áâ�¢«ïîé�ï ¬®¦¥â
ª�ª ®âáãâáâ¢®¢�âì, â�ª ¨ ¨¤â¨ ¯®á«¥ ¨¬¥−¨ ¨«¨ ®âç¥áâ¢�. �¥à¥¤ ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬®© ¢áâ�¥â −¥¯à®áâ�ï §�¤�ç� �áá®æ¨¨à®¢�âì −®¢ãî §�¯¨áì á áãé¥áâ¢ãîé¨¬¨
¤�−−ë¬¨, ¨ �«£®à¨â¬ −¥ç¥âª®£® ¯®¨áª� §¤¥áì ç�é¥ ¢á¥£® ¤�¥â −¥¢¥à−ë© à¥§ã«ìâ�â.
…é¥ ¡®«¥¥ á«®¦−�ï §�¤�ç� ¡ã¤¥â áâ®ïâì ¯¥à¥¤ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬®© ä®−¤�
�Œ‘, ¢¥¤ì ¯®á«¥ ®¡à�é¥−¨ï ¢ ¯®«¨ª«¨−¨ªã ç¥«®¢¥ª� ¬®£«¨ −�¯à�¢¨âì −� ¤àã£®©
ãà®¢¥−ì ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨, −� ª®−áã«ìâ�â¨¢−ë© ¯à¨¥¬ ¢ ¤àã£ãî
¬¥¤¨æ¨−áªãî ®à£�−¨§�æ¨î, ¢ ª®â®à®© á¢¥¤¥−¨© ® ¯�æ¨¥−â¥ −¥â ¨ ®¯¥à�â®à ¢¢¥¤¥â
¤�−−ë¥ −¥ ¢ â®© ä®à¬¥, çâ® ®¯¥à�â®à ¯®«¨ª«¨−¨ª¨. �®á«¥ ª®−áã«ìâ�æ¨¨ ¤�−−®£®
ç¥«®¢¥ª� ¬®£«¨ −�¯à�¢¨âì −� «¥ç¥−¨¥ ¢ ¤àã£®© à¥£¨®−, £¤¥ ®¯¥à�â®à â�ª¦¥ ¬®£
¢¢¥áâ¨ ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ á ®è¨¡ª®©. ‚ à¥§ã«ìâ�â¥ ˆ‘�„ ä®−¤� �Œ‘
áâ®«ª−¥âáï á âà¥¬ï à�§«¨ç−ë¬¨ ä®à¬�¬¨ −�¯¨á�−¨ï ¯¥àá®−�«ì−ëå ¤�−−ëå,
¨ ¥¥ §�¤�ç¥© ¡ã¤¥â ®¯à¥¤¥«¨âì, çâ® ¢á¥ âà¨ §�¯¨á¨ ¯à¨−�¤«¥¦�â ®¤−®¬ã ¨ â®¬ã
¦¥ £à�¦¤�−¨−ã. ‘ä¥à� �Œ‘ ¯®«ãç¨â â®ç−ë¥ á¢¥¤¥−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï
®¯«�âë ¬¥¤¨æ¨−áª®© ¯®¬®é¨, � á¨áâ¥¬� §¤à�¢®®åà�−¥−¨ï à¥£¨®−� ¯®«ãç¨â â®ç−ë¥
á¢¥¤¥−¨ï ® ¬�àèàãâ¥ ¤¢¨¦¥−¨ï ¯�æ¨¥−â� ¨ à¥§ã«ìâ�â�å «¥ç¥−¨ï −� à�§−ëå
ãà®¢−ïå ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨.

‚ ¬¥¤¨æ¨−áª¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å −�ª®¯«¥−¨¥ ¨−ä®à¬�æ¨¨ ¯à®¨á-
å®¤¨â á à�§«¨ç−®© ¯¥à¨®¤¨ç−®áâìî (¥¦¥¤−¥¢−® −¥¡®«ìè¨¬¨ ®¡ê¥¬�¬¨). ‚ ¨−-
ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ä®−¤®¢ �Œ‘ ¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å áâà�å®¢ëå
¬¥¤¨æ¨−áª¨å ®à£�−¨§�æ¨© íâ¨ á¢¥¤¥−¨ï ®¡−®¢«ïîâáï ¯à¥¨¬ãé¥áâ¢¥−−® ®¤¨− à�§
¢ ¬¥áïæ ¯¥à¥¤�ç¥© á¢¥¤¥−¨© ®¡ ®ª�§�−−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¯®«−ë¬ ®¡ê¥¬®¬
§� ¬¥áïæ. ‚ ®¡®¨å á«ãç�ïå ¢ ˆ‘�„ ¨ ¬¥¤¨æ¨−áª¨å ®à£�−¨§�æ¨©, ¨ ä®−¤®¢ �Œ‘
¤®«¦−ë ¨á¯®«ì§®¢�âìáï �«£®à¨â¬ë −¥ç¥âª®£® ¯®¨áª� ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ë¥
¤«ï ¨áª«îç¥−¨ï ®è¨¡®ª ¯à¨ ¢¢®¤¥ ¤�−−ëå ¢ ˆ‘�„. �¯¥à�â®à ¢ ¬¥¤¨æ¨−áª®©
®à£�−¨§�æ¨¨ ¯à¨ ¢¢®¤¥ á¢¥¤¥−¨© ® á«ãç�¥ ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¬®¦¥â
¤®¯ãáâ¨âì ®è¨¡ªã ¯à¨ ¢¢®¤¥ ¯¥àá®−�«ì−ëå ¤�−−ëå ¯�æ¨¥−â�, §�¤�ç� ¨−ä®à-
¬�æ¨®−−®© á¨áâ¥¬ë ®¯à¥¤¥«¨âì, ¢¢®¤ïâáï á¢¥¤¥−¨ï ® áãé¥áâ¢ãîé¥¬ ¢ ˆ‘�„
¯�æ¨¥−â¥, ¤�−−ë¥ −®¢®£® ¯�æ¨¥−â� ¨«¨ ¤�−−ë¥ ® áãé¥áâ¢ãîé¥¬ ¯�æ¨¥−â¥ ¢¢¥¤¥−ë
á ®è¨¡ª®©. ‚ á«ãç�¥ ®¡−�àã¦¥−¨ï ®è¨¡ª¨ ˆ‘�„ ¤®«¦−� ã¢¥¤®¬¨âì ®¯¥à�â®à�
¨ ¢−¥áâ¨ ª®àà¥ªâ¨¢ë ¢® ¢¢¥¤¥−−ë¥ ¤�−−ë¥. ‚ ˆ‘�„ ä®−¤®¢ �Œ‘ ¨ áâà�å®-
¢ëå ¬¥¤¨æ¨−áª¨å ®à£�−¨§�æ¨© �«£®à¨â¬ë −¥ç¥âª®£® ¯®¨áª� ¤®«¦−ë á®¯®áâ�¢¨âì
áãé¥áâ¢ãîé¨¥ ¤�−−ë¥ á ¢−®¢ì ¢¢®¤¨¬ë¬¨ ¨ ¢ á«ãç�¥ ®¡−�àã¦¥−¨ï á®®â¢¥âáâ¢¨©
¯à¨ ¯®«−®¬ ¨«¨ ç�áâ¨ç−®¬ á®¢¯�¤¥−¨¨ (ª®£¤� −¥ ¯à¥¢ëè¥− ¯®à®£ ®è¨¡®ª) §�£àã-
§¨âì −®¢ë¥ ¤�−−ë¥, ãáâ�−®¢¨¢ ¨å á¢ï§ì á ã¦¥ ¨¬¥îé¨¬¨áï ¤«ï ®¯à¥¤¥«¥−−®£®
áã¡ê¥ªâ� ¯¥àá®−�«ì−ë¬¨ ¤�−−ë¬¨. ’�ª¨¬ ®¡à�§®¬, ¢® ¢á¥å ˆ‘�„ −� ª�¦¤®£®
áã¡ê¥ªâ� ¯¥àá®−�«ì−ëå ¤�−−ëå ¤®«¦−� ¡ëâì ¢ëáâà®¥−� æ¥¯®çª� �áá®æ¨�æ¨©,
¯®§¢®«ïîé�ï ¯à®á«¥¤¨âì ¢á¥ á«ãç�¨ ¥£® ®¡à�é¥−¨ï §� ¬¥¤¨æ¨−áª®© ¯®¬®éìî,
¤�¦¥ ¥á«¨ ª®£¤�-â® ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ ¡ë«¨ ¢¢¥¤¥−ë á ®è¨¡ª®©. “áâ�−®¢«¥−¨¥
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â�ª¨å �áá®æ¨�æ¨© ¨¬¥¥â ¡®«ìè®¥ §−�ç¥−¨¥ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¢ áä¥à¥ ®åà�-
−ë §¤®à®¢ìï £à�¦¤�− ¨ ä¨−�−á¨à®¢�−¨¨ ¯à®£à�¬¬ë £®áã¤�àáâ¢¥−−ëå £�à�−â¨©
®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨. �áá®æ¨�æ¨¨ ¯®¬®£�îâ ®â¢¥â¨âì −� á«¥¤ãîé¨¥
¢®¯à®áë:

{ á®®â−®è¥−¨¥ ç¨á«� ®¡à�é¥−¨© §� ¬¥¤¨æ¨−áª®© ¯®¬®éìî ¨ ç¨á«¥−−®áâ¨ ¯�-
æ¨¥−â®¢;

{ áà¥¤−ïï áâ®¨¬®áâì ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ®¤−®¬ã ¯�æ¨¥−âã;

{ áà¥¤−ïï áâ®¨¬®áâì ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ®¤−®¬ã ¯�æ¨¥−âã ¯® ¬¥¤¨-
æ¨−áª®© ®à£�−¨§�æ¨¨ ¢ æ¥«®¬ ¨ ¯® ®â¤¥«¥−¨ï¬;

{ ®¡−�àã¦¥−¨¥ á«ãç�¥¢ ¯®¢â®à−ëå ®¡à�é¥−¨© §� ¬¥¤¨æ¨−áª®© ¯®¬®éìî ¢ ®¯à¥-
¤¥«¥−−ë¥ ¯¥à¨®¤ë.

�â¢¥âë −� íâ¨ ¢®¯à®áë ¯®¬®£�îâ à¥è¨âì, −�¯à¨¬¥à, â�ªãî §�¤�çã. ‚ ˆ‘�„
¥áâì á«¥¤ãîé¨¥ á¢¥¤¥−¨ï ® á«ãç�ïå ãªãá� ª«¥é�: §� ¯¥à¢ë© £®¤ | 5000 á«ãç�¥¢;
§� ¢â®à®© £®¤ | 4500 á«ãç�¥¢; §� âà¥â¨© £®¤ | 5500 á«ãç�¥¢. �® íâ® â®«ìª® á«ã-
ç�¨ ®¡à�é¥−¨ï §� ¬¥¤¨æ¨−áª®© ¯®¬®éìî, � −¥ ª®«¨ç¥áâ¢® ¯®áâà�¤�¢è¨å ç¥«®¢¥ª.
�à¨ ãªãá¥ ª«¥é� ¯�æ¨¥−â ¡ã¤¥â ¯à¨å®¤¨âì −� ¯à¨¥¬ ª ¢à�çã −¥áª®«ìª® à�§: ¥á«¨
à¥§ã«ìâ�âë �−�«¨§®¢ ¡ã¤ãâ å®à®è¨¬¨, ¢á¥ §�ª®−ç¨âáï ¤¢ã¬ï ¯®á¥é¥−¨ï¬¨, � ¥á-
«¨ ¡ã¤¥â ®¡−�àã¦¥− ª«¥é¥¢®© í−æ¥ä�«¨â, ¯à¥¤áâ®¨â ¤«¨â¥«ì−®¥ «¥ç¥−¨¥. �¥à¥¤
®à£�−®¬ ã¯à�¢«¥−¨ï §¤à�¢®®åà�−¥−¨¥¬ áâ®¨â §�¤�ç�: −� ®á−®¢¥ á¢¥¤¥−¨© ® ¢ë-
ï¢«¥−−ëå á«ãç�ïå ãªãá� ª«¥é� ®¯à¥¤¥«¨âì ¯®âà¥¡−®áâì ¢ ª®«¨ç¥áâ¢¥ ¢�ªæ¨−ë
¨ ¨¬¬ã−®£«®¡ã«¨−�, −¥®¡å®¤¨¬ëå ¤«ï «¥ç¥−¨ï ¡®«ì−ëå. ‡−�ï ç¨á«® ¯�æ¨¥−â®¢
¨ ª®«¨ç¥áâ¢® á«ãç�¥¢ ¢ëï¢«¥−¨ï ª«¥é¥¢®£® í−æ¥ä�«¨â� ã íâ¨å ¯�æ¨¥−â®¢, ¬®¦−®
á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë: −�áª®«ìª® ç�áâ® ãªãá ª«¥é� ¯à¨¢®¤¨â ª ª«¥é¥¢®-
¬ã í−æ¥ä�«¨âã, áª®«ìª® ¯�æ¨¥−â®¢ ¯¥à¥−¥á«® §�¡®«¥¢�−¨¥ ¢ «¥£ª®© (âï¦¥«®©)
ä®à¬¥, áª®«ìª® ¨§ §�¡®«¥¢è¨å ¡ë«® ¢�ªæ¨−¨à®¢�−® ¨ ª�ª ¯à®â¥ª�«® â¥ç¥−¨¥
¡®«¥§−¨ ã ¤�−−®© £àã¯¯ë ¯�æ¨¥−â®¢. ’�ª¨¬ ®¡à�§®¬, ¥á«¨ ¥áâì â®ç−ë¥ ¤�−−ë¥
® ª�¦¤®¬ áã¡ê¥ªâ¥ ¨ â¥ç¥−¨¨ ¥£® ¡®«¥§−¨, ¬®¦−® ¬�ªá¨¬�«ì−® â®ç−® ®¯à¥¤¥«¨âì
¯®âà¥¡−®áâì ¤�−−®£® à¥£¨®−� ¢ ¢�ªæ¨−¥ ¨ ¨¬¬ã−®£«®¡ã«¨−¥.

�à¨¬¥àë ¯®¤®¡−ëå ¯à¨¬¥−¥−¨© �áá®æ¨�æ¨© ¬¥¦¤ã ¯¥àá®−�«ì−ë¬¨ ¤�−−ë¬¨
¢ ˆ‘�„ ¬®¦−® −�©â¨ −¥ â®«ìª® ¢ £®áã¤�àáâ¢¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å,
−® ¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¡¨§−¥á�.

„«ï ®¯à¥¤¥«¥−¨ï á®®â¢¥âáâ¢¨ï ¢¢¥¤¥−−®© ¨−ä®à¬�æ¨¨ ®¯à¥¤¥«¥−−®¬ã áã¡ê-
¥ªâã ¯¥àá®−�«ì−ëå ¤�−−ëå ¢ ˆ‘�„ ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ á¢¥¤¥−¨ï. �¤−�ª®
¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¯¥à¢¨ç−ë¬¨ ¢á¥£¤� ®áâ�îâáï ä�¬¨«¨ï, ¨¬ï, ®âç¥áâ¢®
(âà¨ á®áâ�¢«ïîé¨å ¯®«−®£® ¨¬¥−¨). �¥§�¢¨á¨¬® ®â â®£®, ª�ª®© ¨§ �«£®à¨â¬®¢
−¥ç¥âª®£® ¯®¨áª� ¡ë« ¢ë¡à�− ¤«ï ®¯à¥¤¥«¥−¨ï á®®â¢¥âáâ¢¨ï ¬¥¦¤ã áãé¥áâ¢ã-
îé¨¬¨ ¨ ¢¢®¤¨¬ë¬¨ ¤�−−ë¬¨, ¡ã¤¥â ¯®«ãç¥− ®â¢¥â, çâ® ¤�−−ë¥ ¯®«−®áâìî
á®®â¢¥âáâ¢ãîâ ¤àã£ ¤àã£ã ¨«¨ ¯®ª�§�−� áâ¥¯¥−ì à�§«¨ç¨ï ¬¥¦¤ã ¤¢ã¬ï −�¡®à�¬¨
¤�−−ëå. �� ®á−®¢�−¨¨ íâ®£® ®â¢¥â� ¨ ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ®¡ ¨¤¥−â¨ç−®áâ¨
¤�−−ëå ¨ ¢®§¬®¦−®áâ¨ ãáâ�−®¢«¥−¨ï ¬¥¦¤ã −¨¬¨ á¢ï§¨.
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�«£®à¨â¬ −¥ç¥âª®£® áà�¢−¥−¨ï ¯à¨ ®¡à�¡®âª¥ ¯¥àá®−�«ì−ëå ¤�−−ëå

3 Математическая модель алгоритма нечеткого сравнения
в информационных системах персональных данных

�à¨ −¥®¡å®¤¨¬®áâ¨ á®¯®áâ�¢¨âì ¯¥àá®−�«ì−ë¥ ¤�−−ë¥, ¨áª«îç¨¢ ®è¨¡ª¨,
¨á¯®«ì§ãîâ �«£®à¨â¬ë −¥ç¥âª®£® ¯®¨áª�. ‹î¡®© ¨§ áãé¥áâ¢ãîé¨å �«£®à¨â¬®¢
¢ â®© ¨«¨ ¨−®© ä®à¬¥ ãª�§ë¢�¥â −� áâ¥¯¥−ì ¯®å®¦¥áâ¨ áà�¢−¨¢�¥¬ëå áâà®ª.
�à¨ íâ®¬ −¥ª®â®àë¥ ¨§ −¨å, −�¯à¨¬¥à ¬¥â®¤ n-£à�¬¬, ¯à®áâë ¤«ï à¥�«¨§�æ¨¨
¢ «î¡®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥, ¤àã£¨¥, â�ª¨¥ ª�ª �«£®à¨â¬ ú÷�ááâ®ï−¨¥
‹¥¢¥−èâ¥©−�û, ¤�îâ ¡®«¥¥ ¡ëáâàë© à¥§ã«ìâ�â.

�®¤ −¥ç¥âª¨¬ ¯®¨áª®¬ ¯®−¨¬�¥âáï ¯®¨áª ¯® ª«îç¥¢ë¬ á«®¢�¬ á ãç¥â®¬
¢®§¬®¦−ëå ¯à®¨§¢®«ì−ëå ®è¨¡®ª ¢ −�¯¨á�−¨¨ ª«îç¥¢®£® á«®¢� ¨«¨, −�¯à®â¨¢,
®è¨¡®ª −�¯¨á�−¨ï á«®¢� ¢ æ¥«¥¢®¬ §�¯à®á¥. Š«îç¥¢ë¬ í«¥¬¥−â®¬ ®à£�−¨§�æ¨¨
−¥ç¥âª®£® ¯®¨áª� ¢ëáâã¯�¥â ¢ë¡®à ¬¥àë áå®¤áâ¢� á«®¢ ¨«¨ ®¡à�â−®© äã−ªæ¨¨ |
äã−ªæ¨¨ à�ááâ®ï−¨ï ¬¥¦¤ã á«®¢�¬¨, −�§ë¢�¥¬®© ¬¥âà¨ª®©. ‚ ª�ç¥áâ¢¥ ¬¥âà¨ª
¨á¯®«ì§ãîâ à�ááâ®ï−¨ï •í¬¬¨−£�, ‹¥¢¥−èâ¥©−�, „�¬¥à�ã{‹¥¢¥−èâ¥©−�.

�®«ìè¨−áâ¢® á®¢à¥¬¥−−ëå �«£®à¨â¬®¢ â¥ªáâ®¢®£® ¯®¨áª� ®á−®¢ë¢�îâáï −�
¬®¤¨ä¨ª�æ¨ïå ®¤−®£® ¨§ á«¥¤ãîé¨å ¬¥â®¤®¢.

�«£®à¨â¬ ‚�£−¥à�{”¨è¥à� ¯®§¢®«ï¥â ¤«ï ¤¢ãå áâà®ª −�©â¨ à�ááâ®ï−¨¥.
�¯â¨¬¨§¨à®¢�âì −¥ç¥âª¨© ¯®¨áª ¯®§¢®«ï¥â −�¨¡®«¥¥ ã¤®¡−�ï ®à£�−¨§�æ¨ï ¤�−-
−ëå | ¨á¯®«ì§®¢�−¨¥ ¬¥âà¨ç¥áª¨å ¤¥à¥¢ì¥¢. ‘�¬ë© ¡ëáâàë© ¯®¨áª ®¡¥á¯¥-
ç¨¢�îâ ¤¥à¥¢ìï �¥à−å�à¤� Š¥««¥à� (�Š-¤¥à¥¢ìï), ®¤−�ª® ®−¨ ãá«®¦−ïîâ á�¬
�«£®à¨â¬ ¯®¨áª�. �«£®à¨â¬ à�áè¨à¥−¨ï ¢ë¡®àª¨ ¡�§¨àã¥âáï −� á¢¥¤¥−¨¨ §�¤�ç¨
® −¥ç¥âª®¬ ¯®¨áª¥ ª §�¤�ç¥ ® â®ç−®¬ ¯®¨áª¥. Œ¥â®¤ n-£à�¬¬ ®á−®¢ë¢�¥âáï −�
á«¥¤ãîé¥¬ á¢®©áâ¢¥: ¥á«¨ á«®¢® u ¯®«ãç�¥âáï ¨§ á«®¢� w ¢ à¥§ã«ìâ�â¥ −¥ ¡®«¥¥
ç¥¬ k ®¯¥à�æ¨© à¥¤�ªâ¨à®¢�−¨ï (ªà®¬¥ âà�−á¯®§¨æ¨¨ á¨¬¢®«®¢), â® ¯à¨ «î¡®¬
¯à¥¤áâ�¢«¥−¨¨ ¢ ¢¨¤¥ ª®−ª�â¥−�æ¨¨ ¨§ (k+1)-© áâà®ª¨ ®¤−� ¨§ áâà®ª â�ª®£® ¯à¥¤-
áâ�¢«¥−¨ï ¡ã¤¥â â®ç−®© ¯®¤áâà®ª®© w. ’�ª¨¬ ®¡à�§®¬, §�¤�ç� ¯®¨áª� á¢®¤¨âáï
ª §�¤�ç¥ ¢ë¡®àª¨ á«®¢, á®¤¥à¦�é¨å §�¤�−−ãî ¯®¤áâà®ªã.

„àã£¨¬ ¢�à¨�−â®¬ à¥�«¨§�æ¨¨ −¥ç¥âª®£® ¯®¨áª� ï¢«ï¥âáï ¬¥â®¤ å¥è¨à®¢�-
−¨ï ¯® á¨£−�âãà¥. �®¨áª á ¨á¯®«ì§®¢�−¨¥¬ å¥è¨à®¢�−¨ï á®áâ®¨â ¢ ¯®¤¡®à¥
®â®¡à�¦¥−¨ï (å¥è-äã−ªæ¨¨) á«®¢�, −�¯à¨¬¥à ¢ ¬−®¦¥áâ¢® ç¨á¥« ¨«¨ áâà®ª, á®-
åà�−ïîé¥£® ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨áå®¤−®£® á«®¢� ¨ ãáâ®©ç¨¢®£® ª −�¨¡®«¥¥
à�á¯à®áâà�−¥−−ë¬ ®è¨¡ª�¬.

˜¨à®ª® ¨á¯®«ì§ã¥¬ë© ¢ −�áâ®ïé¥¥ ¢à¥¬ï �«£®à¨â¬ Soundex, à�§à�¡®â�−−ë©
÷. ÷�áá¥«®¬ ¨ Œ. Š. �¤¥««, ¨á¯®«ì§ã¥â áà�¢−¥−¨¥ ¤¢ãå áâà®ª ¯® ¨å §¢ãç�−¨î
á ¯®¬®éìî á¯¥æ¨�«ì−® ¢¢¥¤¥−−ëå ¨−¤¥ªá®¢. �¥¤®áâ�â®ª �«£®à¨â¬� §�ª«îç�¥âáï
¢ ¯à¨¢ï§ª¥ ª ï§ëªã, −� ª®â®à®¬ −�¯¨á�−ë �−�«¨§¨àã¥¬ë¥ áâà®ª¨.

�à¨ ¯à®¢¥àª¥ ¯à�¢¨«ì−®áâ¨ −�¯¨á�−¨ï á«®¢ ¨á¯®«ì§ã¥âáï �«£®à¨â¬ à�áè¨-
à¥−¨ï ¢ë¡®àª¨. �«£®à¨â¬ á¢®¤¨â §�¤�çã ® −¥ç¥âª®¬ ¯®¨áª¥ ª §�¤�ç¥ ® â®ç−®¬
¯®¨áª¥.

Šà®¬¥ â®£®, ¤«ï á®§¤�−¨ï �«£®à¨â¬®¢ −¥ç¥âª®£® ¯®¨áª� è¨à®ª® ¯à¨¬¥−ïîâáï
«¨−¥©−ë¥ ª®¤ë. �¤−�ª® ¨å íää¥ªâ¨¢−®áâì ¯à¨ áà�¢−¥−¨¨ á«®¢ á ç�áâë¬¨, −®
−¥¡®«ìè¨¬¨ ®è¨¡ª�¬¨ ¤®áâ�â®ç−® −¨§ª�ï.
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�. ‚. �®¡ë«¥¢�, ˆ. ‘. �¥ª¥è¥¢�, ‚. �. �®¡ë«¥¢, ‚. ‚. —�àª®¢�

‚ −�áâ®ïé¥¥ ¢à¥¬ï, å®âï ¨ à�§à�¡®â�−® −¥¬�«® ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ −¥ç¥â-
ª®£® ¯®¨áª�, à¥§ã«ìâ�âë áà�¢−¥−¨ï, ¢ë¤�¢�¥¬ë¥ �«£®à¨â¬�¬¨ −¥ç¥âª®£® ¯®¨áª�
¯à¨¬¥−¨â¥«ì−® ª ¯¥àá®−�«ì−ë¬ ¤�−−ë¬, ¬®¦−® −�§¢�âì «¨èì ãá«®¢−® â®ç−ë¬¨.
Šà®¬¥ â®£®, ª«îç¥¢ë¬¨ −¥¤®áâ�âª�¬¨ íâ¨å �«£®à¨â¬®¢ ®áâ�îâáï «¨¡® ¢à¥¬ï
¢ë¯®«−¥−¨ï ¯®¨áª�, «¨¡® §−�ç¨â¥«ì−ë¥ §�âà�âë ®¯¥à�â¨¢−®© ¯�¬ïâ¨.

„«ï ¯®«ãç¥−¨ï ¬�ªá¨¬�«ì−® â®ç−ëå à¥§ã«ìâ�â®¢ −¥®¡å®¤¨¬� à�§à�¡®âª� −®-
¢®£® �«£®à¨â¬� −¥ç¥âª®£® ¯®¨áª�, ¯à¨¬¥−ï¥¬®£® ¤«ï áà�¢−¥−¨ï ¯¥àá®−�«ì−ëå
¤�−−ëå á ãç¥â®¬ ®âáãâáâ¢¨ï ¨«¨ ¯®ï¢«¥−¨ï ¤®¯®«−¨â¥«ì−ëå í«¥¬¥−â®¢. Šà®¬¥
â®£®, −¥ áâ®¨â §�¡ë¢�âì ¨ ¯à®áâë¥, −® −¥ ¢á¥£¤� ¨á¯®«ì§ã¥¬ë¥ ¯à®æ¥¤ãàë ®ç¨áâª¨
¯¥àá®−�«ì−ëå ¤�−−ëå, ã¤�«¥−¨ï «¨è−¨å á¨¬¢®«®¢, ¢®§¬®¦−®© §�¬¥−ë ®¤−¨å
¡ãª¢ ¤àã£¨¬¨ ¨ â. ¤. Œ�ªá¨¬�«ì−® â®ç−ë© à¥§ã«ìâ�â áà�¢−¥−¨ï áãé¥áâ¢ãîé¨å
¨ ¢¢®¤¨¬ëå ¯¥àá®−�«ì−ëå ¤�−−ëå ¬®¦¥â ¡ëâì ¯®«ãç¥− ¢ à¥§ã«ìâ�â¥ ¨á¯®«ì§®-
¢�−¨ï �«£®à¨â¬� −¥ç¥âª®£® ¯®¨áª�, ®à¨¥−â¨à®¢�−−®£® −¥ −� ¯à®áâ®¥ áà�¢−¥−¨¥
áâà®ª, �¡áâà�£¨à®¢�−−®¥ ®â ª®−â¥ªáâ�, � −� −¥ç¥âª®¥ áà�¢−¥−¨¥ ¯¥àá®−�«ì−ëå
¤�−−ëå.

�è¨¡ª¨, ª®â®àë¥ ¢®§−¨ª�îâ ¯à¨ ¨á¯®«ì§®¢�−¨¨ áãé¥áâ¢ãîé¨å �«£®à¨â¬®¢
−¥ç¥âª®£® ¯®¨áª� ¢ ¡�§�å ¤�−−ëå, −¥ ¯®§¢®«ïîâ ¨á¯®«ì§®¢�âì íâ¨ �«£®à¨â¬ë
¢ ¯®«−®© ¬¥à¥. �«£®à¨â¬ë −¥ç¥âª®£® ¯®¨áª� ¢ ª�ç¥áâ¢¥ à¥§ã«ìâ�â� ç�é¥ ¢á¥£®
¢ë¤�îâ ®¯à¥¤¥«¥−−®¥ ç¨á«®¢®¥ §−�ç¥−¨¥: íâ® ¨«¨ ª®íää¨æ¨¥−â ¯®¤®¡¨ï ¤¢ãå
áâà®ª, ¨«¨ ç¨á«® á¨¬¢®«®¢, −� ª®â®à®¥ ®â«¨ç�îâáï ¤¢¥ áâà®ª¨. �¥àá®−�«ì−ë¥
¤�−−ë¥ ¯à¨ áà�¢−¥−¨¨ á«¥¤ã¥â à�áá¬�âà¨¢�âì ª�ª ¥¤¨−®¥ æ¥«®¥, � −¥ ¯® ®â¤¥«ì−ë¬
í«¥¬¥−â�¬, â�ª ª�ª âà¨�¤� ¯¥àá®−�«ì−ëå ¤�−−ëå ¬®¦¥â ¡ëâì §�¯®«−¥−� −¥ ¢ â®¬
¯®àï¤ª¥ ¨«¨ ¬®¦¥â ¡ëâì ¯à®¯ãé¥−� ®¤−� ¨§ á®áâ�¢«ïîé¨å íâ®© âà¨�¤ë. �à¨
íâ®¬ æ¥−� ®è¨¡ª¨ ¢ ˆ‘�„ ¬®¦¥â ¡ëâì ®ç¥−ì §−�ç¨¬�. ��¯à¨¬¥à, áà�¢−¨¢�îâáï
âà¨ −�¡®à� ¯¥àá®−�«ì−ëå ¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ ®¤−®£® ¨§ áãé¥áâ¢ãîé¨å
�«£®à¨â¬®¢ −¥ç¥âª®£® ¯®¨áª� ¨«¨ ¨å ª®¬¡¨−�æ¨¨, ¯à¨ íâ®¬ ¢á¥ ¯¥àá®−�«ì−ë¥
¤�−−ë¥ ¯à¨−�¤«¥¦�â ®¤−®¬ã ¨ â®¬ã ¦¥ áã¡ê¥ªâã ¯¥àá®−�«ì−ëå ¤�−−ëå. �¥à¢�ï
¨ ¢â®à�ï ¯�àë ¨¤¥−â¨ç−ë, −® ¯à¨ ¢¢®¤¥ âà¥âì¥© §�¯¨á¨ ¢ ®âç¥áâ¢® ¡ë«� ¤®¡�¢«¥−�
ç¥â¢¥àâ�ï ¨¬¥−−�ï á®áâ�¢«ïîé�ï ú®£«ëû, ¢ à¥§ã«ìâ�â¥ áà�¢−¥−¨ï ¡ã¤¥â ¢ë¤�−
®â¢¥â: ¯¥à¢�ï ¨ âà¥âìï, ¢â®à�ï ¨ âà¥âìï à�§«¨ç�îâáï −� ç¥âëà¥ §−�ª�, çâ®
−�å®¤¨âáï ¢ëè¥ ú¬�ªá¨¬�«ì−®£® ¯®à®£�û à�§«¨ç¨ï ¤¢ãå −�¡®à®¢ ¯¥àá®−�«ì−ëå
¤�−−ëå.

Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤�−−®£® �«£®à¨â¬� à�§à�¡®â�−� −� ®á−®¢¥ ¬�âà¨ç−®£®
¨áç¨á«¥−¨ï, â®ç−¥¥ −� ®á−®¢¥ ª«¥â®ç−®£® áâà®¥−¨ï ¬�âà¨æ.

�à¥¤áâ�¢¨¬ â¥®à¥â¨ç¥áª¨¥ ®á−®¢ë, à�§à�¡®â�−−ë¥ ¤«ï á®¯®áâ�¢«¥−¨ï ®á−®¢-
−®© âà¨�¤ë ¯¥àá®−�«ì−ëå ¤�−−ëå.

�ãáâì ¢ ¡�§¥ ¤�−−ëå ¨¬¥¥âáï áâà®ª�-®¡à�§¥æ S ¤«¨−ë N , á®áâ®ïé�ï ¨§ Q
áâà®ª-ª®¬¯®−¥−â®¢ S1, S2, . . . , Sx, . . . , SQ (£¤¥ x ∈ {1, . . . , Q}, Q ≥ 1), ¤«¨−ë
ª®â®àëå à�¢−ë N1, N2, . . . , Nx, . . . , NQ á®®â¢¥âáâ¢¥−−®.

�¡à�§ã¥¬ −®¢ãî ú®è¨¡®ç−ãîû áâà®ªã C ¤«¨−ë M , á®áâ®ïéãî ¨§ P áâà®ª-
ª®¬¯®−¥−â®¢. ‘ ¯®¬®éìî ¢®§¬®¦−ëå ®¯¥à�æ¨© à¥¤�ªâ¨à®¢�−¨ï ¨§ áâà®ª-
ª®¬¯®−¥−â®¢ S1, S2, . . . , Sx, . . . , SQ ®¡à�§ã¥¬ ú®è¨¡®ç−ë¥û áâà®ª¨-ª®¬¯®−¥−-
âë C1, C2, . . . , Cx, . . . , CQ ¤«¨−®© M1,M2, . . . ,Mx, . . . ,MP á®®â¢¥âáâ¢¥−−® â�ª,
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�«£®à¨â¬ −¥ç¥âª®£® áà�¢−¥−¨ï ¯à¨ ®¡à�¡®âª¥ ¯¥àá®−�«ì−ëå ¤�−−ëå

çâ®¡ë ®¡é¥¥ ª®«¨ç¥áâ¢® −¥á®¢¯�¤¥−¨© íâ¨å áâà®ª −¥ ¯à¥¢ëè�«® ¤¢ãå í«¥¬¥−â®¢
(¨−�ç¥ ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ áç¨â�îâáï ¯à¨−�¤«¥¦�é¨¬¨ à�§−ë¬ «î¤ï¬).

�® ãá«®¢¨î ¨áá«¥¤®¢�−¨ï ¯à¥¤¯®«�£�¥âáï, çâ® áâà®ª� C ¬®¦¥â ¡ëâì ®¡à�§®-
¢�−� ¢ à¥§ã«ìâ�â¥ ã¤�«¥−¨ï ®¤−®£® ¨§ ª®¬¯®−¥−â®¢ áâà®ª¨ S ¨«¨ ¢áâ�¢ª¨ ®¤−®£®
¯à®¨§¢®«ì−®£® ª®¬¯®−¥−â�, � â�ª¦¥ ¯¥à¥áâ�−®¢ª¨ ú®è¨¡®ç−ëåû áâà®ª-ª®¬¯®-
−¥−â®¢ ¯à®¨§¢®«ì−ë¬ ®¡à�§®¬.

’�ª¨¬ ®¡à�§®¬, ¯®«ãç�¥âáï áâà®ª� C ¤«¨−ë M , á®áâ®ïé�ï ¨§ P áâà®ª-ª®¬-
¯®−¥−â®¢ C1, C2, . . . , Cy, . . . , CP (£¤¥ |Q− P | ∈ {0, 1}).

’à¥¡ã¥âáï: ãáâ�−®¢¨âì áå®¤áâ¢® áâà®ª S ¨ C.
‘âà®ª¨ S ¨ C áç¨â�¥¬ á®¢¯�¤�îé¨¬¨ â®«ìª® ¢ â®¬ á«ãç�¥, ¥á«¨ ®¡é¥¥ ç¨á«®

−¥á®¢¯�¤¥−¨© á®®â¢¥âáâ¢ãîé¨å áâà®ª-ª®¬¯®−¥−â®¢ −¥ ¯à¥¢ëè�¥â ¤¢ãå í«¥¬¥−â®¢
¨ ç¨á«® áâà®ª-ª®¬¯®−¥−â®¢ ¢ áâà®ª�å ®â«¨ç�¥âáï −� −®«ì ¨«¨ −� ®¤¨− ª®¬¯®−¥−â.

„«ï áà�¢−¥−¨ï áâà®ª ¡ë«� à�§à�¡®â�−� á«¥¤ãîé�ï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì
�«£®à¨â¬�.

�¥à¢ë© è�£ | ¯à¥¤¢�à¨â¥«ì−�ï ®¡à�¡®âª� áâà®ª: ¯à®¡¥«ë §�¬¥−ïîâáï
á¨¬¢®«®¬ â¨à¥ (ú|û).

�®«�£�¥¬, çâ® ¨§−�ç�«ì−® ¢á¥ ª®¬¯®−¥−âë ”ˆ� à�§¤¥«¥−ë ¬¥¦¤ã á®¡®©
®¤−¨¬ ¯à®¡¥«®¬ ¨«¨ á¨¬¢®«®¬ â¨à¥.

‚â®à®© è�£ | ¯®áâà®¥−¨¥ ¡«®ç−®© ¬�âà¨æë B à�§¬¥à®¬ min(P,Q) ×
×max(P,Q)).

�«®ª ¬�âà¨æëB ¡ã¤¥¬ ®¡®§−�ç�âì ¯à®¯¨á−®© ¡ãª¢®© á ¤¢ã¬ï ¨−¤¥ªá�¬¨Bu,z.
�¥à¢ë© ¨−¤¥ªá u ∈ {1, . . . ,min(P,Q)} ãª�§ë¢�¥â −®¬¥à áâà®ª¨, � ¢â®à®© ¨−¤¥ªá
z ∈ {1, . . . ,max(P,Q)}| −®¬¥à áâ®«¡æ�, ¢ ª®â®à®¬ à�á¯®«�£�¥âáï á®®â¢¥âáâ¢ã-
îé¨© ¡«®ª.

�®áâà®¥−¨¥ ¡«®ç−®© ¬�âà¨æë ®áãé¥áâ¢«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬.
‘¨¬¢®«ë ¬¥−ìè¥© áâà®ª¨ §�¯¨áë¢�¥¬ ¢ áâ®«¡¥æ, ¡®«ìè¥© | ¢ áâà®ªã. „«ï

à�§¡¨¥−¨ï ¬�âà¨æë B −� ¡«®ª¨ ¨á¯®«ì§ãîâáï ®¤−®à�§¬¥à−ë¥ ¬�âà¨æë (¬�â-
à¨æë-áâ®«¡æë ¨ ¬�âà¨æë-áâà®ª¨), í«¥¬¥−â�¬¨ ª®â®àëå ï¢«ï¥âáï á¨¬¢®« ú∞û.
’�ª®¥ à�§¡¨¥−¨¥ ¯à®¨§¢®¤¨âáï ¢ ¯®§¨æ¨ïå áâà®ª, £¤¥ S[i] = ú|û, C[j] = ú|û.

„�«¥¥ ¢ëç¨á«ï¥¬ í«¥¬¥−âë ¡«®ª®¢ ¬�âà¨æë ¯® á«¥¤ãîé¨¬ ¯à�¢¨«�¬.

1. …á«¨ ¤«¨−ë áâà®ª-ª®¬¯®−¥−â®¢ ®â«¨ç�îâáï −¥ ¡®«¥¥ ç¥¬ −� ¤¢� á¨¬¢®«�
(|Nx −My| ≤ 2), â® ¢ëç¨á«ïîâáï í«¥¬¥−âë ¡¨−�à−®© ¬�âà¨æë Bx,y, â. ¥.
¡«®ª Bu,z = Bx,y. �à¨ íâ®¬ ¥á«¨ á¨¬¢®«ë ¡®«ìè¥© áâà®ª¨-ª®¬¯®−¥−â�
à�á¯®«®¦¥−ë ¢ áâ®«¡æ¥, � ¬¥−ìè¥© | ¢ áâà®ª¥, â® á−�ç�«� ¯à®¨§¢®¤¨âáï
âà�−á¯®−¨à®¢�−¨¥ ¤�−−®© ¬�âà¨æë, §�â¥¬ ¢ëç¨á«ïîâáï í«¥¬¥−âë ¡¨−�à−®©
¬�âà¨æëBx,y.

2. …á«¨ ¤«¨−ë áâà®ª-ª®¬¯®−¥−â®¢ ®â«¨ç�îâáï ¡®«¥¥ ç¥¬ −� ¤¢� á¨¬¢®«� (â. ¥.
|Nx −My| > 2), â® í«¥¬¥−âë ¬�âà¨æë Bu,z −¥ ¢ëç¨á«ïîâáï (¯ãáâ®© ¡«®ª),
â�ª ª�ª ¤®¯ãé¥−® ¡®«¥¥ ¤¢ãå ®è¨¡®ª.

’�ª¨¬ ®¡à�§®¬, ª�¦¤ë© ¡«®ªBu,z ®âà�¦�¥â áå®¤áâ¢® á®®â¢¥âáâ¢ãîé¨å áâà®ª-
ª®¬¯®−¥−â®¢ Sx ¨ Cy.

’à¥â¨© è�£ | ¯®¤áç¥â ç¨á«� −¥á®¢¯�¤¥−¨© ¢ ª�¦¤®¬ ¡«®ª¥.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019 155



�. ‚. �®¡ë«¥¢�, ˆ. ‘. �¥ª¥è¥¢�, ‚. �. �®¡ë«¥¢, ‚. ‚. —�àª®¢�

ˆá¯®«ì§ãï �«£®à¨â¬ ¯à¨¡«¨§¨â¥«ì−®£® áà�¢−¥−¨ï áâà®ª-ª®¬¯®−¥−â®¢, ¢ë-
ç¨á«¨¬ ç¨á«® −¥á®¢¯�¤¥−¨© K0(Buz) ¢ ª�¦¤®¬ ¡«®ª¥.

—¥â¢¥àâë© è�£ | ®â®¡à�¦¥−¨¥ ç¨á«� −¥á®¢¯�¤¥−¨© K0(Bu,z) ¢ í«¥¬¥−âë
¬�âà¨æëA:

f (K0 (Bu,z))→
{
× , ¥á«¨ K0 > 2 ;

K0(Bu,z) , ¥á«¨ K0 ≤ 2 .
Œ�âà¨æãA ¡ã¤¥¬ −�§ë¢�âì ¬�âà¨æ¥© ®â®¡à�¦¥−¨ï ®è¨¡®ª, â�ª ª�ª ¬�âà¨ç-

−ë¥ í«¥¬¥−âëAu,z ï¢«ïîâáï ®â®¡à�¦¥−¨¥¬ ç¨á«� −¥á®¢¯�¤¥−¨© á®®â¢¥âáâ¢ãîé¨å
áâà®ª-ª®¬¯®−¥−â®¢. Œ�âà¨æ� A §�¤�−� −�¤ ¬−®¦¥áâ¢®¬ T = {0, 1, 2,×}, £¤¥
í«¥¬¥−â × = max(T ).

Œ�âà¨æ� ¯®§¢®«ï¥â áà�¢−¨¢�âì ¢á¥ ¨¬¥îé¨¥áï áâà®ª¨-ª®¬¯®−¥−âë ¬¥¦¤ã
á®¡®©.

�ïâë© è�£ | ãáâ�−®¢«¥−¨¥ á®®â¢¥âáâ¢¨ï ¬¥¦¤ã min(P,Q)-ª®¬¯®−¥−â�¬¨
−�¨¬¥−ìè¥© áâà®ª¨ ámin(P,Q)-ª®¬¯®−¥−â�¬¨ −�¨¡®«ìè¥© áâà®ª¨.

‘âà®ª�-ª®¬¯®−¥−â Cy ¡ã¤¥â á®®â¢¥âáâ¢®¢�âì ª®¬¯®−¥−âã Sx, ¥á«¨ ç¨á«® −¥-
á®¢¯�¤¥−¨©K0(Bx,y) = Au,z ¤«ï ¯�àëSx ¨Cy ¯à¨−¨¬�¥â ¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥.

„«ï ãáâ�−®¢«¥−¨ï á®®â¢¥âáâ¢¨© áâà®ª-ª®¬¯®−¥−â®¢ à�§à�¡®â�−� á«¥¤ãîé�ï
à¥ªãàà¥−â−�ï ä®à¬ã«�:

K =





I = {1, 2, . . . ,min(P,Q)} ;
J = {1, 2, . . . ,max(P,Q)} ;
Ii = Ii−1 ∪ {u} ;
Jj = Jj−1 ∪ {z} ;

Ku,z = min
z∈J\Jj

min
u∈I\Ij

Au,z ;

Kt = Ku,z , £¤¥ (u+ z)| ¬¨−¨¬�«ì−�ï.

˜¥áâ®© è�£ | ãáâ�−®¢«¥−¨¥ áå®¤áâ¢� áâà®ª.
‘ã¬¬ã ¢á¥å í«¥¬¥−â®¢ ¬−®¦¥áâ¢�K ®¯à¥¤¥«¨¬ ª�ª ®¡é¥¥ ç¨á«® −¥á®¢¯�¤¥−¨©

áâà®ª-ª®¬¯®−¥−â®¢ K0, â. ¥. K0 =
∑
K.

�ãáâì I = {1, 2, . . . ,max(P,Q)}; J = {1, 2, . . . ,max(P,Q)}.
‘âà®ª¨ S ¨ C áç¨â�¥¬ á®¢¯�¤�îé¨¬¨ ¢ á«¥¤ãîé¨å á«ãç�ïå:

(1) ¥á«¨ (
∑
K ≤ 2) ¨ (max(P,Q)−min(P, q) = 0) ¨ (Ii = I) ¨ (Jj = J);

(2) ¥á«¨ (
∑
K ≤ 2) ¨ (max(P,Q)−min(P, q) = 1) ¨ (Ii = I).

÷�§à�¡®â�−−ë© �«£®à¨â¬ ¤�¥â ¤®áâ�â®ç−® â®ç−ë¥ à¥§ã«ìâ�âë áà�¢−¥−¨ï, çâ®
¯®¤â¢¥à¦¤�¥âáï ¯à®£à�¬¬−®© à¥�«¨§�æ¨¥© �«£®à¨â¬�. ÷¥�«¨§�æ¨ï ¡ë«� ¯à®¨§-
¢¥¤¥−� −� ï§ëª¥ Delphi 7 ¢ á¢ï§ª¥ á á¨áâ¥¬®© ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå Access.
�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë −� à¨á. 1 ¨ 2.

÷�§à�¡®â�−−ë© �«£®à¨â¬ ¨¬¥¥â ®£à�−¨ç¥−¨ï −� áâà®ª¨. ‘à�¢−¨¢�¥¬ë¥ áâà®-
ª¨ ¤®«¦−ë ¡ëâì ®¡à�§®¢�−ë ¢ à¥§ã«ìâ�â¥ á«¥¤ãîé¨å ¯à¥®¡à�§®¢�−¨©: −¥ ¡®«¥¥

156 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019



�«£®à¨â¬ −¥ç¥âª®£® áà�¢−¥−¨ï ¯à¨ ®¡à�¡®âª¥ ¯¥àá®−�«ì−ëå ¤�−−ëå

÷¨á. 1 ”�¬¨«¨¨ ¡¥§ ¤®¯®«−¨â¥«ì−ëå í«¥¬¥−â®¢

÷¨á. 2 ”�¬¨«¨¨ á ¤®¯®«−¨â¥«ì−ë¬¨ í«¥¬¥−â�¬¨

¤¢ãå ®¯¥ç�â®ª ¢ ª®¬¯®−¥−â�å ”ˆ�; ã¤�«¥−¨¥ ¨«¨ ¯®ï¢«¥−¨¥ ®¤−®£® ª®¬¯®−¥−â�
”ˆ�; á¬¥−� ¬¥áâ®¯®«®¦¥−¨ï ª®¬¯®−¥−â®¢. �¤−�ª® ¥á«¨ áâà®ª� ®¡à�§®¢�−�, −�-
¯à¨¬¥à, ¢ à¥§ã«ìâ�â¥ áª«¥¨¢�−¨ï (ª®−ª�â¥−�æ¨¨) áâà®ª-ª®¬¯®−¥−â®¢, â® �«£®à¨â¬
¡ã¤¥â ¤�¢�âì −¥¢¥à−ë¥ à¥§ã«ìâ�âë áà�¢−¥−¨ï.

4 Заключение

‚ë¡®à ¯à¨¬¥−ï¥¬®£® �«£®à¨â¬� ¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ §�¢¨á¨â ®â ¯à¥¤ê-
ï¢«ï¥¬ëå ãá«®¢¨© â®ç−®áâ¨. ‚ áâ�â¨áâ¨ç¥áª¨å á¨áâ¥¬�å ¢á¥£¤� áãé¥áâ¢ã¥â
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O. V. Bobyleva, I. S. Bekesheva, V. A. Bobylev, and V. V. Charkova

®¯à¥¤¥«¥−−ë© ª®íää¨æ¨¥−â ¯®£à¥è−®áâ¨, çâ® ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¡ëáâàë¥
ú¯®¢¥àå−®áâ−ë¥û �«£®à¨â¬ë. ‚ ¤àã£¨å ¦¥ á¨áâ¥¬�å ¤®«¦−� ¤®áâ¨£�âìáï ¬�ª-
á¨¬�«ì−�ï â®ç−®áâì, â. ¥. ¯®«−®¥ ¨áª«îç¥−¨¥ ¤ã¡«¨à®¢�−¨©, â�ª ª�ª §� ª�¦¤®©
§�¯¨áìî ¢ â®¬ ¨«¨ ¨−®¬ ¢¨¤¥ áâ®¨â £®áã¤�àáâ¢¥−−®¥ ä¨−�−á¨à®¢�−¨¥. ��¯à¨¬¥à,
¢ á¨áâ¥¬¥ �Œ‘ | áâà�å®¢ë¥ ¢§−®áë −� §�áâà�å®¢�−−®£®. ‚ â�ª¨å ¨−ä®à¬�æ¨®−-
−ëå á¨áâ¥¬�å −� ¯¥à¢®¥ ¬¥áâ® ¢ëå®¤¨â â®ç−®áâì ¯®«ãç¥−−ëå ¤�−−ëå, � −¥ ¢à¥¬ï,
¯®âà�ç¥−−®¥ −� ¨å ®¡à�¡®âªã.

‘ãé¥áâ¢ãîé¨¥ �«£®à¨â¬ë −¥ç¥âª®£® ¯®¨áª� ¤�îâ −¥ ¢á¥£¤� â®ç−ë© à¥§ã«ìâ�â
¢ ˆ‘�„. ÷�§à�¡®â�−−ë© �«£®à¨â¬ −¥ç¥âª®£® áà�¢−¥−¨ï ®á−®¢�− −� ®á®¡¥−−®áâïå
áâàãªâãàë ¬�âà¨æ ¨ ¤�¥â â®ç−ë¥ à¥§ã«ìâ�âë ¯à¨ à�¡®â¥ á ¯¥àá®−�«ì−ë¬¨ ¤�−−ë¬¨
¢ ¡�§�å ¤�−−ëå, ¨áª«îç�ï á«ãç�© úáª«¥¨¢�−¨ïû ¤�−−ëå. ‚ �«£®à¨â¬¥ ãçâ¥−ë
¢®§¬®¦−®áâ¨ −¥¯à�¢¨«ì−®£® −�¯¨á�−¨ï ¯à¨áâ�¢®ª ª ä�¬¨«¨ï¬ ¨«¨ ¤¢®©−ëå
ä�¬¨«¨©, ¨¬¥−, � â�ª¦¥ ¤®¯ãé¥−¨ï ®è¨¡®ª ¢ §�¯¨á¨ ¯¥àá®−�«ì−ëå ¤�−−ëå.
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Abstract: The article substantiates the necessity to develop a new fuzzy search
method targeted at word comparison within the databases containing personal
data. The advantages of this algorithm application are demonstrated through
the specific examples from the sphere of health insurance. The development
of mathematical algorithm model is carried out on the basis of cell texture of
matrices.
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ПРОЦЕСС КОРРЕКЦИИ ОШИБОК СЕМАНТИЧЕСКОЙ СЕТИ
КАК НЕЛИНЕЙНАЯ ДИНАМИЧЕСКАЯ СИСТЕМА

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå ¬®¤¥«¨à®¢�−¨î
®è¨¡®ª −¥§�¢¨á¨¬ëå ¯®«ì§®¢�â¥«¥© ¯à¨ ä®à¬¨à®¢�−¨¨ á¥¬�−â¨ç¥áª®© á¥â¨,
«¥¦�é¥© ¢ ®á−®¢¥ à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨-
ç¥áª¨å ¨áá«¥¤®¢�−¨©. „�−−�ï áâ�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¨ ®¡®á−®¢�−¨î
¯®¤å®¤� ª ¬®¤¥«¨à®¢�−¨î ®à£�−¨§�æ¨®−−ëå ¬¥à ¯®¨áª� ¨ ¨á¯à�¢«¥−¨ï ®è¨-
¡®ª ¯®¤á¥â¨ íª§¥¬¯«ïà®¢ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨. �¯¨á�−� á¯¥æ¨ä¨ª�
¤�−−®£® ¢¨¤� ®è¨¡®ª ¨ ®¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¨å ¨§ãç¥−¨ï. �à¥¤«®-
¦¥−−ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ �−�«¨§¥ ¯à®æ¥áá®¢ ¨§¬¥−¥−¨ï ç¨á«� ®è¨¡®ª
á¥¬�−â¨ç¥áª®© á¥â¨ ¨ ãá¨«¨© ¯®«ì§®¢�â¥«¥©, ¯à®â¨¢®áâ®ïé¨å ¨å à®áâã, ª�ª
−¥«¨−¥©−®© ¤¨−�¬¨ç¥áª®© á¨áâ¥¬ë. ‚ à�¬ª�å ¤�−−ëå ãá¨«¨© ¢ë¤¥«ï¥â-
áï ¨ ®¯¨áë¢�¥âáï ®â¤¥«ì−ë© ¯®¤ª«�áá | ¢®«®−â¥àáâ¢®, å�à�ªâ¥à¨§ãîé¨©áï
¤®¡à®¢®«ì−ë¬¨ ¨ æ¥«¥−�¯à�¢«¥−−ë¬¨ �ªæ¨ï¬¨ ¯®«ì§®¢�â¥«¥© ¯® ª®àà¥ªæ¨¨
®è¨¡®ª. ‘ ¯®¬®éìî ¤�−−®£® ¯®¤å®¤� ¡ë«� ª®«¨ç¥áâ¢¥−−® ®æ¥−¥−� íää¥ªâ¨¢-
−®áâì ¤¥©áâ¢¨© ¢®«®−â¥à®¢, ¨ −� ®á−®¢�−¨¨ íâ®© ®æ¥−ª¨ ¡ë«¨ áä®à¬ã«¨à®¢�−ë
à¥ª®¬¥−¤�æ¨¨ ¤«ï á®®¡é¥áâ¢� ¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨.

Š«îç¥¢ë¥ á«®¢�: á¥¬�−â¨ç¥áª�ï á¥âì; ¬®¤¥«ì; ®è¨¡ª¨ ¯®«ì§®¢�â¥«¥©; ¤¨−�-
¬¨ç¥áª�ï á¨áâ¥¬�; ¨á¯à�¢«¥−¨¥ ®è¨¡®ª

DOI: 10.14357/08696527190314

1 Введение

‚ áâ�âì¥ [1] ¡ë«� ®¯¨á�−� −®¢�ï à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ ¨á-
â®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¤«ï ª®â®à®© ¡ë«� ®¡®á−®¢�−� ä®à¬� ®à-
£�−¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¢ ¢¨¤¥ á¥¬�−â¨ç¥áª®© á¥â¨. ‚ áâ�âì¥ [2] ¡ë«� ¯®áâ�¢«¥−�
¨ ®¡®á−®¢�−� §�¤�ç� ®æ¥−ª¨ ª�ç¥áâ¢� íâ®© á¥¬�−â¨ç¥áª®© á¥â¨, ä®à¬¨àã¥¬®©
®¤−®¢à¥¬¥−−® ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©. �ë«�
®¯¨á�−� ¨ ®¡®á−®¢�−� ¬®¤¥«ì, ¯®áâà®¥−−�ï −� ¡�§¥ á®ç¥â�−¨ï ¯à¨−æ¨¯®¢ £à�ä®-
¤¨−�¬¨ª¨ [3] á ¯à¨−æ¨¯®¬ ¯à¥¤¯®çâ¨â¥«ì−®£® ¯à¨á®¥¤¨−¥−¨ï [4], ¯®§¢®«ïîé�ï
¨§ãç¨âì á¢®©áâ¢� ¨−ä®à¬�æ¨¨, ®à£�−¨§®¢�−−®© ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨, ¢ ¤¨-
−�¬¨ª¥. ‚ áâ�âì¥ [5] ¡ë«® ®¯¨á�−® ¤�«ì−¥©è¥¥ à�§¢¨â¨¥ ¬®¤¥«¨ á¥¬�−â¨ç¥áª®©
á¥â¨, ¯à¥¤ãá¬�âà¨¢�îé¥¥ ¢ª«îç¥−¨¥ ¢ −¥¥ ¬¥å�−¨§¬®¢ ¯�à�««¥«ì−®© ä¨ªá�-
æ¨¨ ®è¨¡®ç−ëå ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¡¥§®è¨¡®ç−ëå (¨¤¥�«ì−ëå) ¤¥©áâ¢¨©

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Adam@amsd.com

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com

160



�à®æ¥áá ª®àà¥ªæ¨¨ ®è¨¡®ª á¥¬�−â¨ç¥áª®© á¥â¨ ª�ª −¥«¨−¥©−�ï ¤¨−�¬¨ç¥áª�ï á¨áâ¥¬�

¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ¬¥å�−¨§¬� ¨¬¨â�æ¨¨ ¯®¨áª®¢ëå §�¯à®á®¢, ¢ë¯®«−ï¥¬ëå
¯�à�««¥«ì−® ¢ ¨áª�¦¥−−®© ¨ −¥¨áª�¦¥−−®© ¯®¤á¥âïå. ‘ ¯®¬®éìî ¤�−−®© ¬®¤¥«¨
¡ë«¨ ¯à®¢¥¤¥−ë íªá¯¥à¨¬¥−â�«ì−ë¥ ¯à®¢¥àª¨ ¢«¨ï−¨ï ®è¨¡®ª ¯®«ì§®¢�â¥«¥© −�
ª�ç¥áâ¢® á¥¬�−â¨ç¥áª®© á¥â¨ ¢ ¤¨−�¬¨ª¥. ‚ áâ�âì¥ [6] ¡ë«¨ ®¯¨á�−ë ¢®§¬®¦-
−ë¥ ®à£�−¨§�æ¨®−−ë¥ ¬¥àë ¯®¨áª� ¨ ¨á¯à�¢«¥−¨ï ®è¨¡®ª, � â�ª¦¥ ¯à¨¢¥¤¥−ë
à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−®© ¯à®¢¥àª¨ ¨å íää¥ªâ¨¢−®áâ¨.

�®¤ ®è¨¡ª�¬¨ ¯®«ì§®¢�â¥«¥© ¢ ãª�§�−−ëå à�¡®â�å ¯®−¨¬�«áï ®¯à¥¤¥«¥−−ë©
ª«�áá ¢®§¬®¦−ëå ®è¨¡®ª, � ¨¬¥−−®:

{ ®è¨¡ª¨, ¢«¨ïîé¨¥ −� áâàãªâãàã ¤�−−ëå (�‘„), | íâ®, ¯à¥¦¤¥ ¢á¥£®,
®è¨¡ª¨ ä®à¬¨à®¢�−¨ï ¯®¤á¥â¨ ¯®−ïâ¨©, � â�ª¦¥ ®è¨¡ª¨ á¢ï§¥© â¨¯� úç�áâìû;

{ ®è¨¡ª¨, ¢«¨ïîé¨¥ −� ä®à¬¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® §�¯à®á�, ¯®áª®«ì-
ªã ®−¨, ª�ª ¨ �‘„, ¢«¨ïîâ −� ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ®â
á¥¬�−â¨ç¥áª®© á¥â¨.

�à¨ íâ®¬ ®è¨¡ª¨ ä®à¬¨à®¢�−¨ï íª§¥¬¯«ïà� (�”�) −¥ à�áá¬�âà¨¢�«¨áì
¢ ¯à¨−æ¨¯¥, ¯®áª®«ìªã ®−¨ ¬®£ãâ ¯à¨¢¥áâ¨ ª §�âàã¤−¥−¨î ª®àà¥ªâ−®£® ¯®¨á-
ª� â®«ìª® íâ®£® íª§¥¬¯«ïà� ¨ −¥ ï¢«ïîâáï �‘„. ‚§�¨¬®¢«¨ï−¨¥ �”� ¯à¨
¨å −�ª®¯«¥−¨¨ ¢ á¥¬�−â¨ç¥áª®© á¥â¨ −¥¢®§¬®¦−®, � á«¥¤®¢�â¥«ì−®, ¤®«ï ®è¨-
¡®ç−ëå íª§¥¬¯«ïà®¢, ¤�¦¥ ¯à¨ ®âáãâáâ¢¨¨ ª�ª¨å-«¨¡® ¬¥à ¯® ¨å ¢ëï¢«¥−¨î
¨ ¨á¯à�¢«¥−¨î, ®£à�−¨ç¥−� ¢¥à®ïâ−®áâìî ®è¨¡ª¨ ®¯¥à�â®à�, §−�ç¥−¨¥ ª®â®à®©
¤«ï −¥áâà¥áá®¢ëå á¨âã�æ¨© ¬�«® [7].

�®, ¯®áª®«ìªã ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ à¥�«ì−®© á¥¬�−â¨ç¥áª®© á¥â¨ ¯®«ì§®-
¢�â¥«ï¬¨ −¥¨§¡¥¦−® ¡ã¤ãâ ¯à¥¤¯à¨−¨¬�âìáï ¯®¯ëâª¨ ¢ëï¢«¥−¨ï ¨ ¨á¯à�¢«¥−¨ï
®è¨¡®ª, ¢ â®¬ ç¨á«¥ ¨ �”�, ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ §�à�−¥¥ ®æ¥−¨âì
íää¥ªâ¨¢−®áâì â�ª¨å ãá¨«¨©, á â¥¬ çâ®¡ë ¨¬¥âì ¢®§¬®¦−®áâì áä®à¬ã«¨à®¢�âì
¤«ï ¯®«ì§®¢�â¥«¥© á¥â¨ á®®â¢¥âáâ¢ãîé¨¥ ¬¥â®¤¨ç¥áª¨¥ à¥ª®¬¥−¤�æ¨¨. ’�ª, −¥-
®£à�−¨ç¥−−ë© à®áâ ®¡ê¥¬� ¤®ªã¬¥−â®¢ ¢ á®ç¥â�−¨¨ á «¨¬¨â¨à®¢�−−ë¬ ®¡ê¥¬®¬
à¥áãàá®¢, ¢ë¤¥«ï¥¬ëå á®®¡é¥áâ¢®¬ ¨áá«¥¤®¢�â¥«¥© −� ¯à®¢¥àªã ¤�−−ëå, ¬®£ãâ
¯à¨¢¥áâ¨ ª ¯®áâ¥¯¥−−®¬ã á−¨¦¥−¨î íää¥ªâ¨¢−®áâ¨ â�ª¨å ¯à®¢¥à®ª ¢¯«®âì ¤® ¨å
¯®«−®© ¡¥á¯®«¥§−®áâ¨.

–¥«ìî −�áâ®ïé¥© áâ�âì¨ ï¢«ï¥âáï ¨áá«¥¤®¢�−¨¥ íää¥ªâ¨¢−®áâ¨ ãá¨«¨© −¥
á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¯®«ì§®¢�â¥«¥© à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¯® ¢ëï¢«¥−¨î ¨ ¨á¯à�¢«¥−¨î ®è¨¡®ª
¯®¤á¥â¨ íª§¥¬¯«ïà®¢ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨.

2 Описание подхода

�¯¨è¥¬ ¤¨−�¬¨ªã ¨§ãç�¥¬®© á¥¬�−â¨ç¥áª®© á¥â¨ á â®çª¨ §à¥−¨ï ¨§¬¥−¥−¨ï
ç¨á«� �”� ¨ ãá¨«¨© ¯®«ì§®¢�â¥«¥©, ¯à®â¨¢®áâ®ïé¨å ¨å à®áâã, ª�ª ¤¨−�¬¨ç¥-
áªãî á¨áâ¥¬ã.

„�«¥¥ ¯®¤ ®è¨¡ª�¬¨ ¡ã¤¥¬ ¯®−¨¬�âì ¨áª«îç¨â¥«ì−® �”�, ¯®¤ ¤®ªã¬¥−-
â�¬¨ | í«¥¬¥−âë ¯®¤á¥â¨ íª§¥¬¯«ïà®¢, ¯®¤ ¯®«ì§®¢�â¥«ï¬¨ | ¯®«ì§®¢�â¥«¥©
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â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¯®¤ ¢®«®−â¥à�-
¬¨ | ¯®«ì§®¢�â¥«¥©, ¤®¡à®¢®«ì−® ®áãé¥áâ¢«ïîé¨å ¢ ¤�−−ë© ¬®¬¥−â ¯®¬¨¬®
¨áá«¥¤®¢�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨ æ¥«¥−�¯à�¢«¥−−ãî ¤¥ïâ¥«ì−®áâì ¯® ¯®¨áªã ¨ ¨á-
¯à�¢«¥−¨î ®è¨¡®ª.

’�ª ¦¥, ª�ª ¨ ¢ [5, 6], ¯®«�£�¥¬, çâ® â¥å−®«®£¨ï −�å®¤¨âáï −� áâ�æ¨®−�à−®¬
íâ�¯¥ à�§¢¨â¨ï á®®¡é¥áâ¢� [8] ¨ ç¨á«® ¯®«ì§®¢�â¥«¥© ¬®¦−® áç¨â�âì −¥¨§¬¥−−ë¬.

ˆ§¬¥−¥−¨¥ ç¨á«� ®è¨¡®ª ï¢«ï¥âáï à¥§ã«ìâ�â®¬ âà¥å ¯à®¨áå®¤ïé¨å ¢ á¨áâ¥¬¥
¯à®æ¥áá®¢:

(1) −�ª®¯«¥−¨ï ®è¨¡®ª, ¯à®¨áå®¤ïé¥£® á ¯®áâ®ï−−®© áª®à®áâìî, ¯à®¯®àæ¨-
®−�«ì−®© áª®à®áâ¨ ¤®¡�¢«¥−¨ï ¤®ªã¬¥−â®¢ ¢ á¨áâ¥¬ã ¨ ¢¥à®ïâ−®áâ¨ ¤«ï
¯®«ì§®¢�â¥«ï á¤¥«�âì ®è¨¡ªã;

(2) ¨á¯à�¢«¥−¨ï ¯®«ì§®¢�â¥«ï¬¨ á«ãç�©−® ®¡−�àã¦¥−−ëå ¢ ¯à®æ¥áá¥ ¨áá«¥¤®-
¢�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨ ®è¨¡®ª, ¯à®¨áå®¤ïé¥£® á® áª®à®áâìî, ¯à®¯®àæ¨®-
−�«ì−®© ¯«®â−®áâ¨ ®è¨¡®ª ¢ á¨áâ¥¬¥;

(3) æ¥«¥−�¯à�¢«¥−−®£® ¨á¯à�¢«¥−¨ï ®è¨¡®ª ¢®«®−â¥à�¬¨, ¯à®¨áå®¤ïé¥£® á®
áª®à®áâìî, ¯à®¯®àæ¨®−�«ì−®© â¥ªãé¥¬ã ç¨á«ã ¢®«®−â¥à®¢, ¯«®â−®áâ¨ ®è¨-
¡®ª, áà¥¤−¥¬ã ®¡ê¥¬ã ¤®ªã¬¥−â®¢, ¯à®á¬�âà¨¢�¥¬ëå ¢®«®−â¥à®¬ §� ®¤¨−
á¥�−á ¨á¯à�¢«¥−¨ï, ¨ ¢¥à®ïâ−®áâ¨ §�¬¥â¨âì ®è¨¡ªã.

�à¨−¨¬�¥¬, çâ® ¢¥à®ïâ−®áâì á®¡ëâ¨ï, ª®£¤� ¯®«ì§®¢�â¥«ì ¢à¥¬¥−−® ¡¥à¥â
−� á¥¡ï äã−ªæ¨¨ ¢®«®−â¥à�, ¯à®¯®àæ¨®−�«ì−� ç¨á«ã ®è¨¡®ª, §�¬¥ç¥−−ëå ¨¬
¢ ¯à®æ¥áá¥ ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï. ‘®®â¢¥âáâ¢¥−−®, áª®à®áâì
à®áâ� ç¨á«� ¢®«®−â¥à®¢ ¡ã¤¥â ¯à®¯®àæ¨®−�«ì−� ¯«®â−®áâ¨ ®è¨¡®ª, −® á ãç¥â®¬
®£à�−¨ç¥−¨ï −� ¯à¥¤¥«ì−®¥ §−�ç¥−¨¥ ç¨á«� ¢®«®−â¥à®¢, à�¢−®£® ®¡é¥¬ã ç¨á«ã
¯®«ì§®¢�â¥«¥©.

�£à�−¨ç¥−¨¥ ç¨á«� ¢®«®−â¥à®¢ ¯à¥¤¥«ì−ë¬ §−�ç¥−¨¥¬ ¬®¦¥â ¡ëâì ®¯¨á�−®
ãà�¢−¥−¨¥¬ ”¥àåî«ìáâ� («®£¨áâ¨ç¥áª¨¬ ãà�¢−¥−¨¥¬) [9]:

‘N = rN

(
1− N

K

)
,

®¡¥á¯¥ç¨¢�îé¨¬ ®£à�−¨ç¥−¨¥ à®áâ� ¯®¯ã«ïæ¨¨ N(t) ¯à¥¤¥«ì−ë¬ §−�ç¥−¨¥¬ K
(¯®â¥−æ¨�«ì−�ï ¥¬ª®áâì á¨áâ¥¬ë). ��à�¬¥âà r å�à�ªâ¥à¨§ã¥â áª®à®áâì à®áâ�
¯®¯ã«ïæ¨¨.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

t | ¢à¥¬ï ¢ ¤−ïå ®â −�ç�«� íªá¯¥à¨¬¥−â�;

ε | â¥ªãé¥¥ ç¨á«® ®è¨¡®ª;

ω | â¥ªãé¥¥ ç¨á«® ¢®«®−â¥à®¢;

m0 | ¨áå®¤−®¥ ç¨á«® ¤®ªã¬¥−â®¢;

n | ç¨á«® ¯®«ì§®¢�â¥«¥© (ª®−áâ�−â�);

w | áà¥¤−ïï áª®à®áâì ¤®¡�¢«¥−¨ï ¤®ªã¬¥−â®¢ ®¤−¨¬ ãç�áâ−¨ª®¬;
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�à®æ¥áá ª®àà¥ªæ¨¨ ®è¨¡®ª á¥¬�−â¨ç¥áª®© á¥â¨ ª�ª −¥«¨−¥©−�ï ¤¨−�¬¨ç¥áª�ï á¨áâ¥¬�

m = nw | áª®à®áâì à®áâ� ç¨á«� ¤®ªã¬¥−â®¢;

µ = m0 +mt | â¥ªãé¥¥ ç¨á«® ¤®ªã¬¥−â®¢;

ρ = ε/µ | â¥ªãé�ï ¯«®â−®áâì ®è¨¡®ª;

v | ¢¥à®ïâ−®áâì ¤«ï ãç�áâ−¨ª� á¤¥«�âì ®è¨¡ªã;

p | áà¥¤−ïï áª®à®áâì ¯à®á¬®âà� ¤®ªã¬¥−â®¢ ®¤−¨¬ ãç�áâ−¨ª®¬;

pv | áà¥¤−¥¥ ç¨á«® ¤®ªã¬¥−â®¢, ¯à®¢¥àï¥¬ëå ¢®«®−â¥à®¬ §� ®¤¨− à�§;

v0 | ¢¥à®ïâ−®áâì §�¬¥â¨âì ®è¨¡ªã ¢ ®è¨¡®ç−®¬ ¤®ªã¬¥−â¥;

vω | áª®à®áâì à®áâ� ç¨á«� ¢®«®−â¥à®¢ ¯à¨ ã¢¥«¨ç¥−¨¨ ¯«®â−®áâ¨ ®è¨¡®ª.

‚ ¤�−−ëå ®¡®§−�ç¥−¨ïå ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë ®¯¨áë¢�¥âáï á ¯®¬®éìî á«¥¤ã-
îé¥© á¨áâ¥¬ë ãà�¢−¥−¨©:

dε

dt
= mv − pv0nρ− pvv0ωρ ;

ρ =
ε

µ
;

µ = m0 +mt ;

dω

dt
= −rω

(
1 +

ω

n

)
+ vωρ .





(1)

�¥à¢®¥ ãà�¢−¥−¨¥ á¨áâ¥¬ë ®¯¨áë¢�¥â ¤¨−�¬¨ªã ç¨á«� ®è¨¡®ª. �¥à¢ë© ç«¥−
¯à�¢®© ç�áâ¨ íâ®£® ãà�¢−¥−¨ï á®®â¢¥âáâ¢ã¥â «¨−¥©−®¬ã å�à�ªâ¥àã à®áâ� ç¨á«�
®è¨¡®ª ¯à¨ ®âáãâáâ¢¨¨ ª�ª¨å-«¨¡® ¨á¯à�¢«¥−¨©. ‚â®à®© ç«¥− á®®â¢¥âáâ¢ã¥â
¨á¯à�¢«¥−¨î ¯®«ì§®¢�â¥«ï¬¨ á«ãç�©−® ®¡−�àã¦¥−−ëå ¢ ¯à®æ¥áá¥ ¨áá«¥¤®¢�-
â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨ ®è¨¡®ª, ¯à®¨áå®¤ïé¥¬ã á® áª®à®áâìî, ¯à®¯®àæ¨®−�«ì-
−®© ¯«®â−®áâ¨ ®è¨¡®ª ¢ á¨áâ¥¬¥. ’à¥â¨© ç«¥− á®®â¢¥âáâ¢ã¥â æ¥«¥−�¯à�¢«¥−−®¬ã
¨á¯à�¢«¥−¨î ®è¨¡®ª ¢®«®−â¥à�¬¨, ¯à®¨áå®¤ïé¥¬ã á® áª®à®áâìî, ¯à®¯®àæ¨®-
−�«ì−®© â¥ªãé¥¬ã ç¨á«ã ¢®«®−â¥à®¢ ¨ ¯«®â−®áâ¨ ®è¨¡®ª.

‚â®à®¥ ãà�¢−¥−¨¥ á¨áâ¥¬ë ®¯¨áë¢�¥â á¢ï§ì ¬¥¦¤ã ¯«®â−®áâìî ®è¨¡®ª ¨ ¨å
ç¨á«®¬.

’à¥âì¥ ãà�¢−¥−¨¥ ®¯¨áë¢�¥â «¨−¥©−ë© å�à�ªâ¥à à®áâ� ç¨á«� ¤®ªã¬¥−â®¢
¢ á¨áâ¥¬¥ −� áâ�æ¨®−�à−®¬ íâ�¯¥ à�§¢¨â¨ï á®®¡é¥áâ¢�.

—¥â¢¥àâ®¥ ãà�¢−¥−¨¥ ®¯¨áë¢�¥â ¤¨−�¬¨ªã ç¨á«� ¢®«®−â¥à®¢. �¥à¢ë© ç«¥−
¯à�¢®© ç�áâ¨ íâ®£® ãà�¢−¥−¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© «®£¨áâ¨ç¥áª®¥ ãà�¢−¥−¨¥,
®£à�−¨ç¨¢�îé¥¥ ¨å à®áâ ®¡é¨¬ ç¨á«®¬ ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ®¯¨áë¢�îé¥¥
íªá¯®−¥−æ¨�«ì−ë© á¯�¤ ¨å ç¨á«� ¯à¨ ®âáãâáâ¢¨¨ ®è¨¡®ª. ‚â®à®© ç«¥− á®®â-
¢¥âáâ¢ã¥â «¨−¥©−®© §�¢¨á¨¬®áâ¨ áª®à®áâ¨ à®áâ� ç¨á«� ¢®«®−â¥à®¢ ®â ¯«®â−®áâ¨
®è¨¡®ª.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019 163



ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

�¥à¥£àã¯¯¨à®¢�¢ ¢ á¨áâ¥¬¥ (1) ç«¥−ë ¨ ¢¢¥¤ï ®¡®§−�ç¥−¨ï a = mv, b = pv0n,
c = pvv0, d = r ¨ e = vω, ¯à¥®¡à�§ã¥¬ ¥¥ ª á«¥¤ãîé¥¬ã ¢¨¤ã:

ε′ = a− bε+ cωε

m0 +mt
;

ω′ = −dω
(
1 +

ω

n

)
+

eε

m0 +mt
,





(2)

£¤¥ a, b, c, d ¨ e | ª®−áâ�−âë.
‚ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ á®áâ®ï−¨¥ ¤¨−�¬¨ç¥áª®© á¨áâ¥¬ë, á®®â¢¥âáâ¢ã-

îé¥© á¨áâ¥¬¥ (2), ®¯¨áë¢�¥âáï â®çª®© ä�§®¢®£® ¯à®áâà�−áâ¢� (ε, ω). ˆ−â¥à¥á
¯à¥¤áâ�¢«ï¥â −¥ ®¡é¥¥ ç¨á«® ®è¨¡®ª, ª®â®à®¥, ¡¥§ãá«®¢−®, ¡ã¤¥â à�áâ¨ ¯® ¬¥à¥
à®áâ� ç¨á«� ¤®ªã¬¥−â®¢, � ¨å ¯«®â−®áâì, ª®â®à�ï å�à�ªâ¥à¨§ã¥â áâ¥¯¥−ì á−¨¦¥−¨ï
¯®¨áª®¢®© ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨ [10]. �® ¯®áª®«ìªã ρ ¨ ε á¢ï§�−ë ¯à®áâ®©
§�¢¨á¨¬®áâìî, ¯¥à¥å®¤ ®â ¯à®áâà�−áâ¢� (ε, ω) ª ¯à®áâà�−áâ¢ã (ρ, ω) −¥ ¢ë§ë¢�¥â
§�âàã¤−¥−¨©.

3 Анализ системы

‘¨áâ¥¬� (2) ï¢«ï¥âáï −¥«¨−¥©−®© −¥�¢â®−®¬−®© á¨áâ¥¬®© ¤¨ää¥à¥−æ¨�«ì−ëå
ãà�¢−¥−¨©, çâ® §�âàã¤−ï¥â ¥¥ �−�«¨â¨ç¥áª¨© �−�«¨§. �®íâ®¬ã �−�«¨§ ¡ë« ®áã-
é¥áâ¢«¥− ç¨á«¥−−® á ¯®¬®éìî ¯�ª¥â� MatLab. �� à¨á. 1 ¯à¨¢¥¤¥− ¢¨¤ à¥è¥−¨©
á¨áâ¥¬ë. ˆ§ £à�ä¨ª� ¢¨¤−®, çâ® à¥è¥−¨ï ¤®¢®«ì−® ¡ëáâà® �á¨¬¯â®â¨ç¥áª¨
¯à¨¡«¨¦�îâáï ª −¥ª®â®àë¬ áâ�æ¨®−�à−ë¬ §−�ç¥−¨ï¬, çâ® £®¢®à¨â ® −�«¨ç¨¨
¯®«®¦¥−¨ï à�¢−®¢¥á¨ï á¨áâ¥¬ë.

„«ï ¯®¨áª� ¯®«®¦¥−¨ï à�¢−®¢¥á¨ï ¢ ä�§®¢®¬ ¯à®áâà�−áâ¢¥ (ρ, ω) á«¥¤ã¥â
ãç¥áâì, çâ®

ρ′ =
ε′µ− µ′ε

µ2
=
(m0 +mt)(a− bρ− cωρ)− εm

(m0 +mt)
2 =

a− (b+m)ρ− cωρ
m0 +mt

.

÷¨á. 1 ‚¨¤ à¥è¥−¨© á¨áâ¥¬ë ÷¨á. 2 ”�§®¢ë© ¯®àâà¥â á¨áâ¥¬ë

164 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019



�à®æ¥áá ª®àà¥ªæ¨¨ ®è¨¡®ª á¥¬�−â¨ç¥áª®© á¥â¨ ª�ª −¥«¨−¥©−�ï ¤¨−�¬¨ç¥áª�ï á¨áâ¥¬�

÷¨á. 3 ˆ−â¥£à�«ì−ë¥ ªà¨¢ë¥ á¨áâ¥¬ë ÷¨á. 4 ‘à�¢−¥−¨¥ ¨§¬¥−¥−¨ï ¯«®â−®áâ¨
®è¨¡®ª ¤«ï á«ãç�¥¢ −ã«¥¢®© ρω=0(t) ¨ −¥-
−ã«¥¢®© ρ(t) �ªâ¨¢−®áâ¨ ¢®«®−â¥à®¢

ˆ§ íâ®£® á«¥¤ã¥â, çâ®




ρ′ = 0 ;

ω′ = 0 ;
⇔





a− (b+m)ρ− cωρ = 0 ;

−dω
(
1 +

ω

n

)
+ eρ = 0 .

„�−−�ï á¨áâ¥¬� ¨¬¥¥â ¥¤¨−áâ¢¥−−®¥ à¥è¥−¨¥, ¨ ¯®«®¦¥−¨¥ C íâ®£® à¥è¥−¨ï −�
ä�§®¢®© ¯«®áª®áâ¨ −¥ §�¢¨á¨â ®â t, −¥á¬®âàï −� −¥�¢â®−®¬−®áâì á¨áâ¥¬ë (2).

�� à¨á. 2 ¯à¨¢¥¤¥− ä�§®¢ë© ¯®àâà¥â á¨áâ¥¬ë, ¨§ ª®â®à®£® ¢¨¤−®, çâ® â®çª�C
ï¢«ï¥âáï ãáâ®©ç¨¢ë¬ ä®ªãá®¬.

�� à¨á. 3 ¯à¨¢¥¤¥− ¢¨¤ á®®â¢¥âáâ¢ãîé¨å ¨−â¥£à�«ì−ëå ªà¨¢ëå, ¤¥¬®−áâà¨-
àãîé¨© ¡ëáâàë© å�à�ªâ¥à áå®¤¨¬®áâ¨ ¤«ï à�§«¨ç−ëå à¥è¥−¨© á¨áâ¥¬ë (2).

4 Анализ эффективности усилий волонтеров

„«ï �−�«¨§� íää¥ªâ¨¢−®áâ¨ ãá¨«¨© ¢®«®−â¥à®¢ ¡ë«® ¯à®¨§¢¥¤¥−® áà�¢−¥−¨¥
à¥è¥−¨© ¨áå®¤−®© á¨áâ¥¬ë á à¥è¥−¨¥¬ á¨áâ¥¬ë ¬®¤¨ä¨æ¨à®¢�−−®©, ¢ ª®â®à®©
ª®íää¨æ¨¥−â c ãáâ�−®¢«¥− à�¢−ë¬ −ã«î. ’�ª�ï ¬®¤¨ä¨ª�æ¨ï ¯®§¢®«ï¥â á¬®-
¤¥«¨à®¢�âì ¯®«−®¥ ®âáãâáâ¢¨¥ ¢«¨ï−¨¥ ¢®«®−â¥à®¢ −� á−¨¦¥−¨¥ ç¨á«� ®è¨¡®ª.
‘à�¢−¥−¨¥ ¢¨¤� ªà¨¢ëå ρ(t) ¯à¨¢¥¤¥−® −� à¨á. 4.

÷�áç¥â ¯®ª�§ë¢�¥â, çâ® ¤«ï §−�ç¥−¨© ¯�à�¬¥âà®¢, á®®â¢¥âáâ¢ãîé¨å ¯�à�¬¥â-
à�¬ ¬®¤¥«¥©, ¯à¨¢¥¤¥−−ëå ¨ ®¡®á−®¢�−−ëå ¢ [5, 6], á®®â−®è¥−¨¥ ρ-ª®®à¤¨−�â
â®ç¥ª à�¢−®¢¥á¨ï C ¤«ï ¬®¤¨ä¨æ¨à®¢�−−®© ¨ −¥¬®¤¨ä¨æ¨à®¢�−−®© á¨áâ¥¬ −�å®-
¤¨âáï ¢ ¤¨�¯�§®−¥ 0,803{0,894, çâ® á®®â¢¥âáâ¢ã¥â ¤¨�¯�§®−ã 11,877%{24,513%
¤«ï ãà®¢−ï íää¥ªâ¨¢−®áâ¨ ¢®«®−â¥à®¢.
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5 Выводы

�à®¢¥¤¥−−®¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«®, çâ® ¯à¥¤¯®«®¦¥−¨¥ ® ¯®áâ¥¯¥−−®¬ á−¨-
¦¥−¨¨ íää¥ªâ¨¢−®áâ¨ ãá¨«¨© −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¯®«ì§®¢�â¥«¥© à�á-
¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¯®
¢ëï¢«¥−¨î ¨ ¨á¯à�¢«¥−¨î ®è¨¡®ª ¯®¤á¥â¨ íª§¥¬¯«ïà®¢ á¥¬�−â¨ç¥áª®© á¥â¨
â¥å−®«®£¨¨ ¯® ¬¥à¥ à®áâ� ®¡ê¥¬� ¤®ªã¬¥−â®¢ −¥ ¯®¤â¢¥à¤¨«®áì.

�ää¥ªâ¨¢−®áâì ¯à¨ à�§«¨ç−ëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢ ¬®¤¥«¨ −¥ ®¯ãáª�¥âáï
−¨¦¥ 12%, çâ® ï¢«ï¥âáï ¤®¢®«ì−® ¢ëá®ª¨¬ ¯®ª�§�â¥«¥¬.

�â® ¯®§¢®«ï¥â à¥ª®¬¥−¤®¢�âì á®®¡é¥áâ¢ã ¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨ ®áãé¥-
áâ¢«¥−¨¥ ¯à®¢¥à®ª −� ¢ëè¥®¯¨á�−−ëå ¯à¨−æ¨¯�å.
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The error correction process in the semantic network as a nonlinear dynamic system

THE ERROR CORRECTION PROCESS IN THE SEMANTIC
NETWORK AS A NONLINEAR DYNAMIC SYSTEM

I. M. Adamovich and O. I. Volkov

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

Abstract: This article continues the series of works devoted to modeling the
errors of independent users in the formation of a semantic network which is the
basis for the distributed technology to support specific historical investigations.
This article is devoted to the description and substantiation of the approach
to modeling of organizational measures of search and correction of errors of
subnetworks of the semantic network of technology copies. The specificity of this
type of errors was described and the necessity of their study was substantiated. The
proposed approach is to analyze the processes of the number of semantic network
errors changing and the efforts of users countering its increase as a nonlinear
dynamic system. As a part of these efforts, a separate subclass | volunteerism
characterized by voluntary and targeted actions of users to correct the errors | was
highlighted and described. Using this approach, the effectiveness of volunteers'
actions was quantified and on the basis of this estimate, the recommendations for
the community of technology users were formulated.

Keywords: semantic net; model; user errors; dynamic systems; error correction
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ФОРМИРОВАНИЕ СИТУАЦИОННО ЗАВИСИМЫХ СИСТЕМ
ТРЕБОВАНИЙ К РЕШЕНИЯМ ЗАДАЧ ПЛАНИРОВАНИЯ

РАСХОДОВ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: �à¥¤«®¦¥− ¯®¤å®¤ ª íªá¯¥àâ−®¬ã ä®à¬¨à®¢�−¨î á¨âã�æ¨®−-
−® §�¢¨á¨¬ëå á¨áâ¥¬ âà¥¡®¢�−¨© ª à¥è¥−¨ï¬ §�¤�ç ¯«�−¨à®¢�−¨ï à�áå®¤®¢.
�à¨¢¥¤¥−� ¯®áâ�−®¢ª� ¨ ¬¥â®¤ë à¥è¥−¨ï «¨−¥©−®© §�¤�ç¨ á¨âã�æ¨®−−®£®
¯«�−¨à®¢�−¨ï à�áå®¤®¢. ‚ §�¢¨á¨¬®áâ¨ ®â −�¡®à� âà¥¡®¢�−¨© §�¤�ç� à¥è�-
¥âáï «¨¡® ¬¥â®¤®¬ ¯à¨®à¨â¥â−®£® ¨−â¥à¢�«ì−®£® à�á¯à¥¤¥«¥−¨ï, «¨¡® ¬¥â®-
¤®¬ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï. Š�¦¤ë© ¨§ ¬¥â®¤®¢ ¯®§¢®«ï¥â −�©â¨
¯«�− à�áå®¤®¢, ¢á¥£¤� ã¤®¢«¥â¢®àïîé¨© ®¡ï§�â¥«ì−ë¬ âà¥¡®¢�−¨ï¬ ¨ ¬�ª-
á¨¬�«ì−® ã¤®¢«¥â¢®àïîé¨© ®à¨¥−â¨àãîé¨¬ âà¥¡®¢�−¨ï¬. �� ª�¦¤®¬ è�£¥
¯®¨áª� ¯«�−� ¢ à¥¦¨¬¥ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¯®áâ�−®¢ª� §�¤�ç¨
®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨©, ª®â®à�ï
ä®à¬¨àã¥âáï íªá¯¥àâ®¬-¯«�−¨à®¢é¨ª®¬ −� ®á−®¢¥ �−�«¨§� ¯®àâà¥â®¢ á¨âã-
�æ¨©. �à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì §�¤�âì −¥áª®«ìª® ¯®ª�§�â¥«¥© ª�ç¥áâ¢�
à¥è¥−¨ï. �à¥¤áâ�¢«¥−¨¥ ¤�−−ëå ¨ à¥§ã«ìâ�â� ¯«�−¨à®¢�−¨ï ¢ ¢¨¤¥ ç¨á«®¢ëå
®âà¥§ª®¢ ¯®§¢®«ï¥â ãç¥áâì â®ç−®áâì ¯à®£−®§¨à®¢�−¨ï ¢¥«¨ç¨−ë à�á¯à¥¤¥«ï-
¥¬®£® à¥áãàá� ¨ ®¦¨¤�¥¬ëå à�áå®¤®¢. ”®à¬¨àã¥¬ë¥ á ¯®¬®éìî æ¨äà®¢ëå
¤¢®©−¨ª®¢ ¯®àâà¥âë á¨âã�æ¨© (æ¥«¥¢®©, áâ�àâ®¢®© ¨ ¤®áâ¨£−ãâ®©) ¯à¥¤áâ�¢«¥-
−ë ä®à¬�«¨§®¢�−−ë¬ ®¯¨á�−¨¥¬ ª«îç¥¢ëå ¯�à�¬¥âà®¢, å�à�ªâ¥à¨§ãîé¨å
á®áâ®ï−¨¥ ¨áâ®ç−¨ª®¢ à�áå®¤ã¥¬®£® à¥áãàá�, ¥£® ¯®âà¥¡¨â¥«¥© ¨ ãá«®¢¨ï
¯«�−¨à®¢�−¨ï. �à¨¢¥¤¥−� å�à�ªâ¥à¨áâ¨ª� ¤¥©áâ¢ãîé¥£® ¨−â¥à−¥â-á¥à¢¨á�
¯«�−¨à®¢�−¨ï à�áå®¤®¢.

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−® §�¢¨á¨¬ë¥ á¨áâ¥¬ë âà¥¡®¢�−¨©; á¨âã�æ¨®−−®¥
¯«�−¨à®¢�−¨¥ à�áå®¤®¢; ¬¥â®¤ ¯à¨®à¨â¥â−®£® ¨−â¥à¢�«ì−®£® à�á¯à¥¤¥«¥−¨ï;
¬¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï; ¯®àâà¥âë á¨âã�æ¨©; ¨−â¥à−¥â-á¥à¢¨á
¯«�−¨à®¢�−¨ï à�áå®¤®¢

DOI: 10.14357/08696527190315

1 Введение

�¥ãª«®−−® ãá¨«¨¢�îâáï ®á−®¢�−¨ï ®æ¥−¨¢�âì ãà®¢¥−ì á®æ¨�«ì−®-íª®−®¬¨-
ç¥áª®£® à�§¢¨â¨ï áâà�−ë ¨ ¥¥ à¥£¨®−®¢ ¢ â¥á−®© á¢ï§¨ á ãà®¢−¥¬ ¯à®¤ãªâ¨¢−®£®
¯à¨¬¥−¥−¨ï æ¨äà®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (¤�«¥¥ | æ¨äà®¢¨§�æ¨¨) ¤«ï
á®¢¥àè¥−áâ¢®¢�−¨ï ª«îç¥¢ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ (−�ãç−®©, ®¡à�§®¢�â¥«ì−®©,

1ƒ®áã¤�àáâ¢¥−−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ �¢¨�æ¨®−−ëå á¨áâ¥¬,
ilyin@res-plan.com

2‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@yandex.ru
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¯à®¨§¢®¤áâ¢¥−−®© ¨ ¤à.) [1{3]. �®¢ëè¥−¨¥ íª®−®¬¨ç¥áª®© íää¥ªâ¨¢−®áâ¨ à¥-
�«¨§�æ¨¨ á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¯à®¥ªâ®¢ ¯à¥¤¯®«�£�¥â á®¢¥àè¥−áâ¢®¢�−¨¥
¬¥â®¤®«®£¨¨ ¯«�−¨à®¢�−¨ï à�áå®¤®¢ −� ä¥¤¥à�«ì−ë¥ ¨ à¥£¨®−�«ì−ë¥ ¯à®¥ªâë
−� ®á−®¢¥ ¯¥à¥¤®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �«�− à�áå®¤®¢, ª�ª ¯à�¢¨-
«®, ®¡−®¢«ï¥âáï −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«� ¯à®¥ªâ�. Š®−ªà¥â¨§¨àãîâáï
¤¥â�«¨ ¯à®¥ªâ�: ãâ®ç−ïîâáï §�¤�ç¨, ¨áâ®ç−¨ª¨ ¨ ®¡ê¥¬ë à�á¯®«�£�¥¬ëå à¥-
áãàá®¢, áâ�âì¨ ¨ ¢¥«¨ç¨−ë à�áå®¤®¢, ¨§¬¥−¥−¨¥ æ¥− ¨ ¤àã£¨¥ ä�ªâ®àë. �à¨
íâ®¬ −¥¢®§¬®¦−®áâì â®ç−®£® ¯à®£−®§� ¤®å®¤−®© ç�áâ¨ ¯à®¥ªâ� ®áâ�¥âáï �ªá¨®¬®©,
á¯à�¢¥¤«¨¢®© ¨ ¤«ï à�áå®¤®¢ ¯® á®áâ�¢«ïîé¨¬ ¯à®¥ªâ�. —â®¡ë ãç¥áâì à¥�«ì-
−ãî â®ç−®áâì ¤�−−ëå ¨ à¥�«¨§�æ¨¨ à¥è¥−¨© [4], ¯à¨ ¯«�−¨à®¢�−¨¨ à�áå®¤®¢
æ¥«¥á®®¡à�§−® ¤�−−ë¥ ¨ à¥§ã«ìâ�â ¯à¥¤áâ�¢«ïâì ¢ ¢¨¤¥ ç¨á«®¢ëå ®âà¥§ª®¢ (¨å
«¥¢ë¥ £à�−¨æë á®®â¢¥âáâ¢ãîâ −�¨¬¥−ìè¨¬ ®¦¨¤�¥¬ë¬ §−�ç¥−¨ï¬, � ¯à�¢ë¥ |
−�¨¡®«ìè¨¬) [5].

÷�áá¬�âà¨¢�¥¬ë¥ à¥§ã«ìâ�âë. ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë à�§¢¨â¨ï
¬¥â®¤®«®£¨¨ á¨âã�æ¨®−−®£® ¯«�−¨à®¢�−¨ï à�áå®¤®¢ ¯à¨ ¨§¬¥−¥−¨ïå âà¥¡®¢�−¨©
ª à¥è¥−¨î ¢ ãá«®¢¨ïå ¨−ä®à¬�æ¨®−−®© −¥¯®«−®âë [6]. ÷¥§ã«ìâ�âë ¯®«ãç¥−ë ¯à¨
¢ë¯®«−¥−¨¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë úŒ®¤¥«¨à®¢�−¨¥ á®æ¨�«ì−ëå,
íª®−®¬¨ç¥áª¨å ¨ íª®«®£¨ç¥áª¨å ¯à®æ¥áá®¢û (ü 0063-2016-0005), ¢ë¯®«−ï¥¬®©
¢ á®®â¢¥âáâ¢¨¨ á £®áã¤�àáâ¢¥−−ë¬ §�¤�−¨¥¬ ”��� ÷®áá¨¨ ¤«ï ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥ ÷��.

‡�¯¨áì ä®à¬ã« ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï §�¯¨á¨ ä®à¬ã«, ¢ë¤¥-
«¥−¨ï ®¯à¥¤¥«¥−¨© ¨ §�¬¥ç�−¨© ¤�«¥¥ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯-
«¥ªá� (TSM: Textual Symbolic Modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£®
®¯¨á�−¨ï â¥ªáâ®¢ëå ¬®¤¥«¥©1.

‚ áâ�âì¥ ¯à¨¬¥−¥−ë á«¥¤ãîé¨¥ áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢ â¥ªáâ�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉� ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì

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

á�−¨ï, ª ª®â®àë¬ �¢â®àë å®âïâ ¯à¨¢«¥çì ¢−¨¬�−¨¥.
�à¨®à¨â¥âë âà¥¡®¢�−¨© §�¯¨áë¢�îâáï ¢ ä®à¬¥
〈âà¥¡®¢�−¨¥〉 ← 〈¯à¨®à¨â¥â〉.
ˆ−äà�áâàãªâãà−®¥ ï¤à® æ¨äà®¢¨§�æ¨¨. ‘®¢à¥¬¥−−®¥ ¨−äà�áâàãªâãà−®¥

ï¤à® æ¨äà®¢¨§�æ¨¨ ¢ª«îç�¥â â¥å−®«®£¨¨ æ¨äà®¢ëå ¤¢®©−¨ª®¢ (�−£«. digital
twins) [7], ®¡«�ç−ëå ¢ëç¨á«¥−¨© (�−£«. cloud computing) [8{11], í«¥ªâà®−−ëå
á¥à¢¨á®¢ [12{14], ˆ−â¥à−¥â� ¢¥é¥© (�−£«. Internet of Things, IoT) [15, 16] ¨ M2M-
â¥å−®«®£¨¨ (�−£«. Machine-to-Machine, M2M) [17, 18]. ’¥¬¯ë à�§¢¨â¨ï íâ®£®
ï¤à� ¢® ¬−®£®¬ ®¯à¥¤¥«ïîâ â¥¬¯ë −®à¬�«¨§�æ¨¨ íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� [19].

1ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï, 2019. [�«¥ª-
âà®−−ë© à¥áãàá]. URL: http://dev.bigenc.ru/technology and technique/text/4010980 (¤�â� ®¡à�-
é¥−¨ï: 17.07.2019).
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� –¨äà®¢®© ¤¢®©−¨ª (DT | Digital Twin) | à¥�«¨§®¢�−−�ï ¢ s-áà¥¤¥ ®¡ãç�-
¥¬�ï á¨¬¢®«ì−�ï ¬®¤¥«ì −�¡«î¤�¥¬®£® ®¡ê¥ªâ�, ¯à¥¤−�§−�ç¥−−�ï ¤«ï �−�«¨§�
¨ á®¢¥àè¥−áâ¢®¢�−¨ï ¥£® ¯®¢¥¤¥−¨ï. � „«ï ¯®áâà®¥−¨ï DT ¨á¯®«ì§ãîâ §−�ç¥-
−¨ï ¯�à�¬¥âà®¢, å�à�ªâ¥à¨§ãîé¨å ¯®¢¥¤¥−¨¥ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ� (© ¤«ï
â¥å−¨ç¥áª¨å ãáâà®©áâ¢ | ¤�−−ë¥, ¯®áâã¯�îé¨¥ ®â á®®â¢¥âáâ¢ãîé¨å ¤�âç¨-
ª®¢ ©). ‘ ¬®¬¥−â� á®§¤�−¨ï DT (ª�ª ®¡à�§� ®¡ê¥ªâ�) ®− −�ª�¯«¨¢�¥â §−�−¨ï
® á¢®¥¬ ¯à®®¡à�§¥, ®¡¬¥−¨¢�ïáì á −¨¬ á®®¡é¥−¨ï¬¨ ¨ ®¡−®¢«ïïáì. ÷�§«¨ç�-
îâ DT-¯à®â®â¨¯ë (DT Prototype, DTP), DT-íª§¥¬¯«ïàë (DT Instance, DTI)
¨ �£à¥£¨à®¢�−−ë¥ DT (DT Aggregate, DTA). DTP ¨á¯®«ì§ã¥âáï ¯à¨ á®§¤�−¨¨
ä¨§¨ç¥áª®© ¢¥àá¨¨ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ�; DTI | ¬®¤¥«ì áãé¥áâ¢ãîé¥£® ®¡ê-
¥ªâ�, á ª®â®àë¬ DTI ¯à¥¤−�§−�ç¥−® ¢§�¨¬®¤¥©áâ¢®¢�âì (DTI á®¡¨à�îâ ¤�−−ë¥
® á¢®¨å ¯à®®¡à�§�å á ¯®¬®éìî IoT-¤�âç¨ª®¢); DTA | ª®¬¯«¥ªá áà¥¤áâ¢ ®¡à�-
¡®âª¨ ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ë© ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á §�¤�−−®© á®¢®ªã¯−®áâìî
DTI. ♦ DT-â¥å−®«®£¨ï ¯®áâà®¥−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï æ¨äà®¢®© á¨¬¢®«ì-
−®© ¬®¤¥«¨ ¯à®¨§¢®«ì−®£® ®¡ê¥ªâ� ¯à¥¤¯®«�£�¥â ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ¤�−−ëå
® ¥£® ¯®¢¥¤¥−¨¨ (¯ãâ¥¬ ¨§¬¥à¥−¨ï §−�ç¥−¨© −¥ª®â®à®© á®¢®ªã¯−®áâ¨ ¯�à�¬¥âà®¢
®¡ê¥ªâ�). ♦

2 Постановка задачи

„«ï §�¤�îé¥£® ¢¥«¨ç¨−ã à�á¯à¥¤¥«ï¥¬®£® à¥áãàá� ç¨á«®¢®£® ®âà¥§ª�[
amin, amax

]
(amin ≥ 0, amax > 0), ®âà¥§ª®¢

[
bmini , bmaxi

]
(bmini ≥ 0, bmaxi > 0,

i = 1, . . . , n), §�¤�îé¨å §�¯à®áë ¯® à�áå®¤−ë¬ áâ�âìï¬, ¨ ¢¥á®¢ëå ª®íää¨æ¨-
¥−â®¢ (¯à¨®à¨â¥â®¢) à�áå®¤−ëå áâ�â¥© pi > 0 (i = 1, . . . , n) âà¥¡ã¥âáï −�©â¨ ¯«�−
à�áå®¤®¢ ¯® áâ�âìï¬:

[
xmini , xmaxi

]
:
{
0 ≤ xmini ≤ bmini , xmaxi ≤ bmaxi ,

∑
xmini ≤ amin,

∑
xmaxi ≤ amax, i = 1, . . . , n

}
. (1)

„«ï á®¢®ªã¯−®£® ¢¥ªâ®à� ¨áª®¬®£® ¯«�−� x = (xmin1 , . . . , xminn , xmax1 , . . . , xmaxn )
¬®¦¥â ¡ëâì â�ª¦¥ §�¤�− −�¡®à âà¥¡®¢�−¨©

Cx ≤ d← q , (2)

£¤¥ C | ¬�âà¨æ� ¢¥é¥áâ¢¥−−ëå ª®íää¨æ¨¥−â®¢ à�§¬¥à� k × 2n (k ≥ 1); d |
¢¥ªâ®à-áâ®«¡¥æ ¢¥é¥áâ¢¥−−ëå ª®−áâ�−â à�§¬¥à� k; q | ¢¥ªâ®à-áâ®«¡¥æ ¢¥á®¢ëå
ª®íää¨æ¨¥−â®¢ (¯à¨®à¨â¥â®¢) âà¥¡®¢�−¨© (0 < qi ≤ +∞, i = 1, . . . , k).

’à¥¡®¢�−¨ï ª à¥è¥−¨î. �¡ï§�â¥«ì−ë¥ âà¥¡®¢�−¨ï ¨¬¥îâ ¯à¨®à¨â¥â +∞.
�à¨®à¨â¥âë ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨© §�¤�îâáï ¯®«®¦¨â¥«ì−ë¬¨ ¢¥é¥áâ¢¥−-
−ë¬¨ ç¨á«�¬¨. ♦ �â® ¤¥«�¥â íªá¯¥àâ-¯«�−¨à®¢é¨ª, ãç¨âë¢�ï ®â−®á¨â¥«ì−ãî
¢�¦−®áâì ¢ë¯®«−¥−¨ï à�áá¬�âà¨¢�¥¬ëå âà¥¡®¢�−¨©. ♦ ’à¥¡®¢�−¨ï (1) ï¢«ïîâáï

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019 171



�. ‚. ˆ«ì¨−, ‚. „. ˆ«ì¨−

®¡ï§�â¥«ì−ë¬¨. ’à¥¡®¢�−¨ï (2) ¬®£ãâ ¡ëâì ª�ª ®¡ï§�â¥«ì−ë¬¨, â�ª ¨ ®à¨¥−-
â¨àãîé¨¬¨. ♦ ‚®§¬®¦−®áâì §�¤�−¨ï −�¡®à� âà¥¡®¢�−¨© (2) ¯®§¢®«ï¥â íªá¯¥à-
âã-¯«�−¨à®¢é¨ªã ¢¢¥áâ¨ ®âà�¦�îé¨¥ á¯¥æ¨ä¨ªã á¨âã�æ¨¨ ®£à�−¨ç¥−¨ï ¢ ¢¨¤¥
«¨−¥©−ëå á®®â−®è¥−¨© ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ á®¢®ªã¯−®£® ¢¥ªâ®à� ¯«�−�. ♦

�à¨ª«�¤−�ï â®ç−®áâì. ♦ �à¨ª«�¤−�ï â®ç−®áâì, §�¤�¢�¥¬�ï íªá¯¥àâ®¬-
¯«�−¨à®¢é¨ª®¬, ®¯à¥¤¥«ï¥â ¢ ¢ë¡à�−−ëå ¥¤¨−¨æ�å ¨§¬¥à¥−¨ï ¬¨−¨¬�«ì−ãî
§−�ç¨¬ãî áã¬¬ã (© æ¥«ë¥ áâ¥¯¥−¨ 10 ®â −4 ¤® 9©). „�−−ë¥ ®ªàã£«ïîâáï ¢ á®-
®â¢¥âáâ¢¨¨ á §�¤�−−®© ¯à¨ª«�¤−®© â®ç−®áâìî. ÷¥§ã«ìâ�âë à�áç¥â®¢ ®ªàã£«ïîâáï
¯® á¯¥æ¨�«ì−®¬ã �«£®à¨â¬ã | á á®åà�−¥−¨¥¬ âà¥¡ã¥¬®© áã¬¬ë, ãç¥â®¬ §�¯à®-
á®¢ ¨ ¯à¨®à¨â¥â®¢. ‚®§¬®¦−®áâì §�¤�−¨ï ¯à¨ª«�¤−®© â®ç−®áâ¨ ¯®§¢®«ï¥â,
¢ ç�áâ−®áâ¨, à¥è�âì æ¥«®ç¨á«¥−−ë¥ §�¤�ç¨. ♦

�®àâà¥âë á¨âã�æ¨©. � ‘¨âã�æ¨ï | á®áâ®ï−¨¥ ¤®å®¤−®© ¨ à�áå®¤−®© ç�áâ¨
¯à®¥ªâ�, ¯à¥¤áâ�¢«¥−−®¥ á®¢®ªã¯−®áâìî ¯�à�¬¥âà®¢, ®¯¨áë¢�îé¨å ¨áâ®ç−¨ª¨
¯®áâã¯«¥−¨© à¥áãàá®¢, à�áå®¤−ë¥ áâ�âì¨ ¨ ¤à. –¥«¥¢®© −�§ë¢�¥¬ á¨âã�æ¨î,
ª®â®àãî ¯«�−¨àã¥âáï á®§¤�âì; áâ�àâ®¢®© | áãé¥áâ¢ãîéãî ¢ −�ç�«¥ ¯®¨áª�
¯«�−� à�áå®¤®¢; ¤®áâ¨£−ãâ®© | á®§¤�−−ãî ¢ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï íâ�¯−®£®
¯«�−�. �

� �®àâà¥â á¨âã�æ¨¨ | ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ á®áâ®ï−¨ï ¤®å®¤−®©
¨ à�áå®¤−®© ç�áâ¨ ¯à®¥ªâ�. � ‘®¢®ªã¯−®áâì ¯à�¢¨«, ¯à¨¬¥−ï¥¬ëå ¤«ï ¯®áâà®¥-
−¨ï ¯®àâà¥â� á¨âã�æ¨¨, ¯®àï¤®ª ¨å áà�¡�âë¢�−¨ï ¨ ¨áâ¨−−®áâì ®¯¨á�−¨© ®¯à¥¤¥-
«ïîâáï á ¯®¬®éìî ¬¥å�−¨§¬� ¨−â¥à¯à¥â�æ¨¨ §�¯à®á®¢ −� §�¤�−−®¬ ¬−®¦¥áâ¢¥
¯à�¢¨« [5, 6]. Œ®−¨â®à¨−£ ¤®å®¤®¢ ¨ à�áå®¤®¢, ¯®áâà®¥−¨¥ ¨ �−�«¨§ ¯®àâà¥â®¢
á¨âã�æ¨©, ä®à¬¨à®¢�−¨¥ á¨áâ¥¬ âà¥¡®¢�−¨©, ¯®¨áª ¯«�−®¢ ¨ ®æ¥−ª� ¨å íää¥ª-
â¨¢−®áâ¨ ¢ë¯®«−ïîâáï á ¯®¬®éìî ®−«�©−-á¥à¢¨á®¢, äã−ªæ¨®−¨àãîé¨å ¢ áà¥¤¥
DTI, ã¯à�¢«¥−¨¥ ¯®¢¥¤¥−¨¥¬ ª®â®àëå ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî á¯¥æ¨�«ì−®£®
DTA. –¨äà®¢ë¥ ¤¢®©−¨ª¨ ¯à¥¤áâ�¢«ïîâ á®¡®© dt-¨−äë [20], ¯à¥¤−�§−�ç¥−−ë¥
¤«ï á®¢¥àè¥−áâ¢®¢�−¨ï ¯®¢¥¤¥−¨ï ®−«�©−-á¥à¢¨á®¢.

3 Наборы требований и методы решения

‚ âà¥å á«¥¤ãîé¨å á«ãç�ïå §�¤�ç� à¥è�¥âáï ¨â¥à�â¨¢−ë¬ ¬¥â®¤®¬ ¯à¨-
®à¨â¥â−®£® ¨−â¥à¢�«ì−®£® à�á¯à¥¤¥«¥−¨ï [6], à¥�«¨§®¢�−−ë¬ ¢ ¤¥©áâ¢ãîé¥¬
¨−â¥à−¥â-á¥à¢¨á¥ ¯«�−¨à®¢�−¨ï à�áå®¤®¢ [13]:

(1)
∑
bmini > amin,

∑
bmaxi > amax (i = 1, . . . , n)

¨ −�¡®à âà¥¡®¢�−¨© (2) ¨¬¥¥â ¢¨¤:

{∑
xmini = amin ← +∞,

∑
xmaxi = amax ← +∞ (i = 1, . . . , n),

pjb
min
j xmini − pib

min
i xminj = 0← 1

¤«ï ª�¦¤®© ¯�àë i, j{1 ≤ i ≤ n, 1 ≤ j ≤ n},
pj

(
bmaxj − bminj

) (
xmaxi − xmini

)
−pi

(
bmaxi − bmini

) (
xmaxj − xminj

)
= 0← 1
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¤«ï ª�¦¤®© ¯�àë i, j :
{
bmaxi > bmini , bmaxj > bminj , 1 ≤ i ≤ n, 1 ≤ j ≤ n

}
,

pjb
max
j xmaxi − pib

max
i xmaxj = 0← 1

¤«ï ª�¦¤®© ¯�àë i, j :
{
bmaxi = bmini , bmaxj = bminj , 1 ≤ i ≤ n, 1 ≤ j ≤ n

}}
; (3)

(2)
∑
bmini ≤ amin,

∑
bmaxi > amax (i = 1, . . . , n) ¨ −�¡®à âà¥¡®¢�−¨© (2) ¨¬¥¥â

¢¨¤:

{
xmini = bmini ← +∞,

∑
xmaxi = amax ← +∞ (i = 1, . . . , n),

pj

(
bmaxj − bminj

) (
xmaxi − xmini

)
− pi

(
bmaxi − bmini

) (
xmaxj − xminj

)
= 0← 1

¤«ï ª�¦¤®© ¯�àë i, j :
{
bmaxi > bmini , bmaxj > bminj , 1 ≤ i ≤ n, 1 ≤ j ≤ n

}
,

pjb
max
j xmaxi − pib

max
i xmaxj = 0← 1

¤«ï ª�¦¤®© ¯�àë i, j :
{
bmaxi = bmini , bmaxj = bminj , 1 ≤ i ≤ n, 1 ≤ j ≤ n

}}
; (4)

(3)
∑
bmini > amin,

∑
bmaxi ≤ amax (i = 1, . . . , n) ¨ −�¡®à âà¥¡®¢�−¨© (2) ¨¬¥¥â

¢¨¤:

{∑
xmini = amin ← +∞, xmaxi = bmaxi ← +∞ (i = 1, . . . , n),

pjb
min
j xmini − pib

min
i xminj = 0← 1

¤«ï ª�¦¤®© ¯�àë i, j {1 ≤ i ≤ n, 1 ≤ j ≤ n}
}
. (5)

‚ á«ãç�ïå ª®£¤� −�¡®à âà¥¡®¢�−¨© (2) ®â«¨ç�¥âáï ®â ¢�à¨�−â®¢ (3){(5), §�¤�ç�
à¥è�¥âáï ¬¥â®¤®¬ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï [21]. „«ï ã¤®¡áâ¢� ç¨â�â¥«ï
¤�«¥¥ ¯à¨¢¥¤¥−® áå¥¬�â¨ç¥áª®¥ ®¯¨á�−¨¥ ¨¤¥¨ íâ®£® ¬¥â®¤�.

�à¨ −¥á®¢¬¥áâ−®áâ¨ á¨áâ¥¬ë ®£à�−¨ç¥−¨© ¢ ª�ç¥áâ¢¥ −�ç�«ì−®£® ¯«�−� à�á-
á¬�âà¨¢�¥âáï ç¥¡ëèñ¢áª�ï â®çª� [21], ¬¨−¨¬¨§¨àãîé�ï ¬�ªá¨¬�«ì−ë© ¤¥ä¨æ¨â:
minx maxi (ci1x1 + · · ·+ ci,2nx2n − di), i = 1, . . . , k. ‡¤¥áì ¨ ¤�«¥¥ ¤«ï ã¤®¡áâ¢�
§�¯¨á¨

x1 = x
min
1 , . . . , xn = x

min
n , xn+1 = x

max
1 , . . . , x2n = x

max
n .

�� ¯®á«¥¤ãîé¨å è�£�å ¤¨�«®£®¢®£® ¯®¨áª� ¯«�−� íªá¯¥àâ-¯«�−¨à®¢é¨ª,
á®¯®áâ�¢«ïï §−�ç¥−¨ï «¥¢ëå ¨ ¯à�¢ëå ç�áâ¥© −�¡®à� −¥à�¢¥−áâ¢ Cx ≤ d,
®æ¥−¨¢�¥â à¥�«¨§ã¥¬®áâì ¨ íää¥ªâ¨¢−®áâì ¯®«ãç¥−−ëå à¥è¥−¨©. ’¥ªãé¨© ¯«�−,
¯®«ãç¨¢è¨© ®æ¥−ªã íªá¯¥àâ�, ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥− ª�ª ®ª®−ç�â¥«ì−ë© ¨«¨
¬®£ãâ ¡ëâì ¨§¬¥−¥−ë âà¥¡®¢�−¨ï, −�¯à�¢«ïîé¨¥ ¯¥à¥¬¥é¥−¨¥ à¥è¥−¨ï. Š�¦¤ë©
¯«�− (á ®æ¥−ª®©) ¬®¦¥â ¡ëâì á®åà�−¥− ¢ ¡�§¥ ¤�−−ëå ¤«ï áà�¢−¨â¥«ì−®£® �−�«¨§�
¨ ¢®§¬®¦−®£® ¢®§¢à�â�.
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…á«¨ x0 | â¥ªãé¨© ¯«�− ¨ íªá¯¥àâ ®¯à¥¤¥«¨« ®à¨¥−â¨àãîé¨¥ âà¥¡®¢�−¨ï
¤«ï ¯¥à¥¬¥é¥−¨ï ®â x0 ª æ¥«¥¢®¬ã ¯«�−ã x ¢ ¢¨¤¥ −�¡®à�

C∗x = C∗x0 + h ,

£¤¥ C∗ | ¯®¤¬−®¦¥áâ¢® ¨§ m áâà®ª ¬�âà¨æë C, � h = (h1, . . . , hm) | ¢¥ªâ®à
−¥−ã«¥¢ëå ª®−áâ�−â, −�¯à�¢«ïîé¨å ¯¥à¥¬¥é¥−¨¥ à¥è¥−¨ï, â® ª�−¤¨¤�â®¬ −�
ã«ãçè¥−−®¥ à¥è¥−¨¥ ¡ã¤¥â

x =


x01 +

∑m

i=1
qi–ix1

∑m

i=1
qi

· · · x02n +

∑m

i=1
qi–ix2n

∑m

i=1
qi


 ,

£¤¥

–ixj =
cijhi

c2i1 + · · ·+ c2i,2n
, j = 1, . . . , 2n , i = 1, . . . ,m .

’�ª®¥ à¥è¥−¨¥ ú¡«¨¦¥û ª £¨¯¥à¯«®áª®áâï¬, ®¯à¥¤¥«ï¥¬ë¬ âà¥¡®¢�−¨ï¬¨
á ¡®«¥¥ ¢ëá®ª¨¬¨ ¯à¨®à¨â¥â�¬¨. „¥â�«ì−®¥ ®¡®á−®¢�−¨¥ ¬¥â®¤� ¨ ¨§«®¦¥−¨¥ �«-
£®à¨â¬� ¯à¨¢¥¤¥−® ¢ [21]. ‡�¤�ç� à¥è�¥âáï á ¯®¬®éìî á¯¥æ¨�«ì−ëå ¯à®£à�¬¬−ëå
áà¥¤áâ¢ [21].

4 Отличия предложенного подхода от традиционного

Œ¥â®¤®«®£¨ç¥áª¨¥ ¨áâ®ª¨ âà�¤¨æ¨®−−®£® ¯®¤å®¤�, ®á−®¢�−−®£® −� ¬¥â®¤�å
«¨−¥©−®£® ¯à®£à�¬¬¨à®¢�−¨ï, ®¯à¥¤¥«¥−ë ¢ à�¡®â�å [22{24].

‘ãé¥áâ¢®¢�−¨¥, à¥�«¨§ã¥¬®áâì ¨ ¯à¨ª«�¤−�ï â®ç−®áâì à¥è¥−¨ï. ‚ âà�-
¤¨æ¨®−−®¬ ¯®¤å®¤¥ ¯à¨ −¥á®¢¬¥áâ−®áâ¨ á¨áâ¥¬ë ®£à�−¨ç¥−¨© à¥è¥−¨ï −¥ áãé¥-
áâ¢ã¥â, � ¥á«¨ ®−® ®âëáª¨¢�¥âáï ª�ª ç¥¡ëè¥¢áª�ï â®çª�, â® −¥ £�à�−â¨à®¢�−�
à¥�«¨§ã¥¬®áâì. �à¨ á®¢¬¥áâ−®áâ¨ á¨áâ¥¬ë ®£à�−¨ç¥−¨© à¥è¥−¨¥ −¥ ¢á¥£¤� ¬®¦¥â
¡ëâì à¥�«¨§®¢�−®, â�ª ª�ª −�å®¤¨âáï −� £à�−¨æ¥ ®¡«�áâ¨ ¤®¯ãáâ¨¬ëå à¥è¥−¨©.
�¥ ¤«ï «î¡®© ¯à¨ª«�¤−®© â®ç−®áâ¨ ¬®¦¥â ¡ëâì −�©¤¥−® à¥�«¨§ã¥¬®¥ à¥è¥-
−¨¥. �à¥¤«®¦¥−−ë© ¯®¤å®¤ ¯®§¢®«ï¥â −�©â¨ à¥�«¨§ã¥¬®¥ à¥è¥−¨¥ ¨ ¢ á«ãç�¥
−¥á®¢¬¥áâ−®áâ¨ á¨áâ¥¬ë ®£à�−¨ç¥−¨©. Šà®¬¥ â®£®, à¥�«¨§ã¥¬®áâì à¥è¥−¨ï ¬®-
¦¥â ¡ëâì ã¢¥«¨ç¥−� ¯¥à¥¬¥é¥−¨¥¬ ®â £à�−¨æë ®¡«�áâ¨ ¤®¯ãáâ¨¬ëå à¥è¥−¨©.
÷¥�«¨§ã¥¬®¥ à¥è¥−¨¥ ¬®¦¥â ¡ëâì −�©¤¥−® ¤«ï «î¡®© ¯à¨ª«�¤−®© â®ç−®áâ¨.

�®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ à¥è¥−¨ï. ‚ âà�¤¨æ¨®−−®¬ ¯®¤å®¤¥ ®¯â¨¬¨-
§¨àã¥âáï §−�ç¥−¨¥ ®¤−®© æ¥«¥¢®© äã−ªæ¨¨. ‚ ¯à¥¤«®¦¥−−®¬ ¯®¤å®¤¥ ¬®£ãâ
ª®−âà®«¨à®¢�âìáï ®¤−®¢à¥¬¥−−® −¥áª®«ìª® ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨.

5 О действующем интернет-сервисе «Планирование расходов»

‘à�¢−¥−¨¥ á ¨§¢¥áâ−ë¬¨ ¯à®£à�¬¬−ë¬¨ ¯à®¤ãªâ�¬¨ ¤«ï −¥¨−â¥à¢�«ì−ëå
à�áç¥â®¢ ¡î¤¦¥â� (PlanGuru, BizBudg Online, Budget Cruncher 3.10, Questica
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”®à¬¨à®¢�−¨¥ á¨âã�æ¨®−−® §�¢¨á¨¬ëå á¨áâ¥¬ âà¥¡®¢�−¨©

Budget) ¯®¤â¢¥à¤¨«® ¯à¥¨¬ãé¥áâ¢� ¨−â¥à−¥â-á¥à¢¨á� ú�«�−¨à®¢�−¨¥ à�áå®-
¤®¢û [13].

ƒ¨¡ª®áâì ¨ íää¥ªâ¨¢−®áâì. �à¨ ®á¬®âà¨â¥«ì−®¬ §�¤�−¨¨ £à�−¨æ ®âà¥§ª®¢
¤«ï à¥áãàá� ¨ §�¯à®á®¢ ¨ á«¥¤®¢�−¨¨ ¯«�−ã, à�ááç¨â�−−®¬ã á¥à¢¨á®¬, ¢¥à®ïâ−®áâì
¢ëå®¤� §� à�¬ª¨ ¡î¤¦¥â� à�¤¨ª�«ì−® á−¨¦�¥âáï.

�¥§ áæ¥−�à¨¥¢ ú…á«¨. . . â®. . .û. ‡� áç¥â §�¤�−¨ï ®¦¨¤�¥¬ëå ¤®å®¤®¢
¨ à�áå®¤®¢ ®âà¥§ª�¬¨ −¥â −¥®¡å®¤¨¬®áâ¨ ¯à®áç¨âë¢�âì à�§«¨ç−ë¥ áæ¥−�à¨¨ ¢ ®â-
¤¥«ì−ëå §�¤�ç�å. �� «î¡®¬ íâ�¯¥ ¢ë¯®«−¥−¨ï ¯«�−� ¬®¦−® á¬®¤¥«¨à®¢�âì
¯«�−¨àã¥¬ë© à�áå®¤ (§�¤�âì ¬¨−¨¬�«ì−ë© §�¯à®á à�¢−ë¬ ¬�ªá¨¬�«ì−®¬ã, ¯®-
¬¥â¨âì ¥£® ª�ª ú®¡ï§�â¥«ì−ë©û, ¢ë¯®«−¨âì ª®¬�−¤ã ú÷�á¯à¥¤¥«¨âìû ¨, ¯®«ãç¨¢
à¥§ã«ìâ�â, ¯®á¬®âà¥âì, ª�ª ¨§¬¥−¨«¨áì £à�−¨æë ¯«�−� ¯® ®áâ�«ì−ë¬ à�áå®¤−ë¬
áâ�âìï¬). ‹î¡ãî à�áå®¤−ãî áâ�âìî ¬®¦−® ¢à¥¬¥−−® ¨áª«îç¨âì ¨§ à�áá¬®âà¥−¨ï,
¯à®áâ® ¯®áâ�¢¨¢ ú£�«®çªãû ¢ á®®â¢¥âáâ¢ãîé¥© ª«¥âª¥ â�¡«¨æë.

„¥â�«¨§�æ¨ï ¨ ¯à¨ª«�¤−�ï â®ç−®áâì. —¨á«® ãà®¢−¥© ¤¥â�«¨§�æ¨¨ −¥ ®£à�-
−¨ç¥−® (â�ª¨¬ á¯®á®¡®¬ ¬®¦¥â ¡ëâì §�¤�−� ¯à®¨§¢®«ì−�ï ¨¥à�àå¨ç¥áª�ï á¨áâ¥¬�
à�á¯à¥¤¥«¥−¨ï). „«ï «î¡®© â�¡«¨æë à�áå®¤−ëå áâ�â¥© ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦-
−®áâì §�¤�−¨ï á¢®¥© ¯à¨ª«�¤−®© â®ç−®áâ¨ (−¥ £àã¡¥¥ â®ç−®áâ¨ ¤¥â�«¨§¨àã¥¬®©
áâ�âì¨) ¨ ¯à¨§−�ª� úˆá¯®«ì§®¢�âì ¢¥á®¢ë¥ ª®íää¨æ¨¥−âëû (¯à¨®à¨â¥âë).

6 Заключение

1. Œ¥â®¤®«®£¨ï ¯«�−¨à®¢�−¨ï à�áå®¤®¢ −� ®á−®¢¥ á¨âã�æ¨®−−® §�¢¨á¨¬ëå
á¨áâ¥¬ âà¥¡®¢�−¨© à�ááç¨â�−� −� à¥�«¨§�æ¨î ¢ ¢¨¤¥ ®−«�©−-á¥à¢¨á®¢, à�¡®-
â�îé¨å ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢.

2. �á−®¢−ë¥ ¯à¥¨¬ãé¥áâ¢� ¯à¥¤«®¦¥−−ëå ¨−â¥à¢�«ì−ëå ¬¥â®¤®¢ à¥è¥−¨ï
«¨−¥©−ëå §�¤�ç ¯«�−¨à®¢�−¨ï à�áå®¤®¢ ¢ áà�¢−¥−¨¨ á ¨§¢¥áâ−ë¬¨ −¥¨−-
â¥à¢�«ì−ë¬¨ ¬¥â®¤�¬¨: à¥£ã«¨àã¥¬�ï −�¡®à®¬ âà¥¡®¢�−¨© à¥�«¨§ã¥¬®áâì
¨ íää¥ªâ¨¢−®áâì ¯«�−�, ãç¥â â®ç−®áâ¨ ¯à®£−®§¨à®¢�−¨ï à�á¯à¥¤¥«ï¥¬®©
áã¬¬ë ¨ ®¦¨¤�¥¬ëå à�áå®¤®¢, £�à�−â¨à®¢�−−®¥ ¯®«ãç¥−¨¥ à¥�«¨§ã¥¬®£®
¯«�−� á ¬�ªá¨¬�«ì−® ¤®áâ¨¦¨¬®© íää¥ªâ¨¢−®áâìî ¨ ¢®§¬®¦−®áâì §�¤�−¨ï
âà¥¡ã¥¬®© ¯à¨ª«�¤−®© â®ç−®áâ¨. ‚�¦−®© ®á®¡¥−−®áâìî ¬¥â®¤� æ¥«¥¢®£®
¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï à¥è¥−¨ï ¯à¨ −¥á®-
¢¬¥áâ−®áâ¨ á¨áâ¥¬ë ®£à�−¨ç¥−¨©.

3. Œ¥â®¤®«®£¨ç¥áª�ï á®áâ®ïâ¥«ì−®áâì ¯à¥¤«®¦¥−−®£® ¯®¤å®¤� ¯®¤â¢¥à¦¤¥−�
áà�¢−¥−¨¥¬ à¥§ã«ìâ�â®¢ à�¡®âë ¤¥©áâ¢ãîé¥£® ¨−â¥à−¥â-á¥à¢¨á� ¯«�−¨à®¢�-
−¨ï à�áå®¤®¢ ¨ ¨§¢¥áâ−ëå ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢, ¯à¥¤−�§−�ç¥−−ëå ¤«ï
¡î¤¦¥â¨à®¢�−¨ï.
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Abstract: An approach to the expert formation of situationally dependent
systems of requirements for solving cost planning problems is proposed. The
statement and methods for solving linear problem of situational cost planning
are presented. Depending on the set of requirements, the problem is solved
either by the method of prioritized interval allocation, or by the method of target
displacement of solution. Both methods allow finding a cost plan that always
meets the mandatory requirements and satisfy the orienting requirements as much
as possible. At each step of the plan search in the computational experiment
mode, the problem formulation is determined by the system of mandatory and
orienting requirements, which is generated by the expert planner on the base
of the situation portraits analysis. It is possible to set several indicators of the
solution quality. The presentation of input data and the planning result in the
form of numerical segments allows to take into account the accuracy of forecasting
the amount of the allocated resource and the expected costs. The portraits of
situations (target, starting, and achieved) formed with the help of digital twins
are presented by a formalized description of the key parameters characterizing the
state of the sources of the consumed resource, its consumers, and the planning
conditions. The characteristic of the active online cost planning service is given.

Keywords: situationally dependent systems of requirements; situational cost
planning; method of prioritized interval allocation; method of target displacement
of solution; situation portraits; online cost planning service
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СПОСОБ ВКРАПЛЕНИЯ ДАННЫХ
НА ОСНОВЕ ОДНОЙ СХЕМЫ РАЗДЕЛЕНИЯ СЕКРЕТА

Ю. В. Косолапов1

�−−®â�æ¨ï: ‚�¦−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ áâ¥£®á¨áâ¥¬ ï¢«ïîâáï ®â−®á¨â¥«ì-
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1 Введение и постановка задачи

÷�áá¬®âà¨¬ å�à�ªâ¥à−ãî ¤«ï áâ¥£�−®£à�ä¨¨ §�¤�çã ¢ªà�¯«¥−¨ï á®®¡é¥−¨ï
m ∈ {0, 1}k ¢ ä�©« ¨«¨ æ¨äà®¢®© á¨£−�« › −�¤ ª®−¥ç−ë¬ �«ä�¢¨â®¬ X (› ∈
∈ X∗). �¥à¥¤ ¢ë¯®«−¥−¨¥¬ ¢ªà�¯«¥−¨ï ¯® á¨£−�«ã › ä®à¬¨àã¥âáï ¤¢®¨ç−�ï
¯®á«¥¤®¢�â¥«ì−®áâì x ∈ {0, 1}N , N ≥ k, −�§ë¢�¥¬�ï ª®−â¥©−¥à®¬, ¢ ª®â®àãî
¢ª«�¤ë¢�¥âáï m. ‡¤¥áì ¨ ¤�«¥¥ ¯®«�£�¥âáï, çâ® x ä®à¬¨àã¥âáï á ¯®¬®éìî
¯à¨¬¥−¥−¨ï −¥ª®â®à®© ®¡é¥¨§¢¥áâ−®© äã−ªæ¨¨ P : X → {0, 1} ª á¨¬¢®«�¬ á¨£-
−�«�. „«ï X = {0, . . . , 255} ¯à¨¬¥à®¬ â�ª®© äã−ªæ¨¨ ¬®¦¥â ¡ëâì äã−ªæ¨ï,
¢®§¢à�é�îé�ï −�¨¬¥−¥¥ §−�ç�é¨© ¡¨â ¡�©â�. ÷¥§ã«ìâ�â®¬ ¢ªà�¯«¥−¨ï ï¢«ï¥âáï

¤¢®¨ç−�ï ¯®á«¥¤®¢�â¥«ì−®áâì (áâ¥£®ª®−â¥©−¥à) x(m) ¤«¨−ë N . „«ï ã¤®¡áâ¢�

á¨£−�« › ¡ã¤¥¬ −�§ë¢�âì −®á¨â¥«¥¬ ª®−â¥©−¥à�, � á¨¬¢®«®¬ ›(m) ®¡®§−�ç¨¬

−®á¨â¥«ì x(m). �«£®à¨â¬ ¢ªà�¯«¥−¨ï ¤®«¦¥− ¯®§¢®«ïâì ¯® x(m) ®¤−®§−�ç−®
¢®ááâ�−®¢¨âì m. �ã¤¥¬ £®¢®à¨âì, çâ® ®â®¡à�¦¥−¨ï E : {0, 1}k × {0, 1}N →
→ {0, 1}N ¨ f : {0, 1}N → {0, 1}k §�¤�îâ áâ¥£®á¨áâ¥¬ã, ¥á«¨ ¤«ï «î¡ëå
m ∈ {0, 1}k ¨ x ∈ {0, 1}N ¢ë¯®«−ï¥âáï ãá«®¢¨¥: f(E(m,x)) = m. �â−®è¥−¨¥
α = k/N −�§ë¢�¥âáï ®â−®á¨â¥«ì−®© ¤«¨−®© ¢ª«�¤ë¢�¥¬®£® á®®¡é¥−¨ï, � ®â−®è¥-

−¨¥ e = k/E[wt(x⊕ x(m))] | ®â−®á¨â¥«ì−®© íää¥ªâ¨¢−®áâìî ¢ªà�¯«¥−¨ï, £¤¥
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‘¯®á®¡ ¢ªà�¯«¥−¨ï ¤�−−ëå −� ®á−®¢¥ ®¤−®© áå¥¬ë à�§¤¥«¥−¨ï á¥ªà¥â�

wt(a)| ¢¥á •í¬¬¨−£� ¢¥ªâ®à� a, � E[wt(x⊕ x(m))]| áà¥¤−¥¥ ç¨á«® ¢−®á¨¬ëå
¨§¬¥−¥−¨© ¯à¨ ¢«®¦¥−¨¨. ˆ§¢¥áâ−®, çâ® e ≤ α/h−1(α), £¤¥ h(p) | äã−ªæ¨ï
¤¢®¨ç−®© í−âà®¯¨¨ [1].

�¤¨− ¨§ £«ã¡®ª® ¨§ãç¥−−ëå ¬¥â®¤®¢ ¢«®¦¥−¨ï ¤�−−ëå | ¬¥â®¤ ¬�âà¨ç−®£®
¢ªà�¯«¥−¨ï, íää¥ªâ¨¢−®áâì ª®â®à®£® ¬®¦¥â ¡ëâì ®¯¨á�−� ¢ â¥à¬¨−�å ¯®ªàë¢�-
îé¨å ª®¤®¢. ��¯®¬−¨¬, çâ® «¨−¥©−ë© ª®¤ ¤«¨−ë n à�§¬¥à−®áâ¨ k á ª®¤®¢ë¬
à�ááâ®ï−¨¥¬ d −�§ë¢�¥âáï [n, k, d]-ª®¤®¬. ‘®£«�á−® [2], ¯�à� ®â®¡à�¦¥−¨© (E, f)
¬®¦¥â ¡ëâì ¯®áâà®¥−� −� ®á−®¢¥ «¨−¥©−®£® ¡¨−�à−®£® [N,N − k, d]-ª®¤� C
á à�¤¨ãá®¬ ¯®ªàëâ¨ï R, £¤¥

R = max

{
min
c∈C
{wt(c⊕ x)} : x ∈ {0, 1}N

}
. (1)

‚ íâ®¬ á«ãç�¥ α = k/N , E(m,x) = e⊕x = x(m), £¤¥ e| ¢¥ªâ®à ¬¨−¨¬�«ì−®£®
¢¥á� ¢ á¬¥¦−®¬ ª«�áá¥ á á¨−¤à®¬®¬ m ⊕ xH⊤, � H⊤ | âà�−á¯®−¨à®¢�−−�ï
¯à®¢¥à®ç−�ï ¬�âà¨æ� ª®¤� C. �à�¢¨«® ¨§¢«¥ç¥−¨ï á®®¡é¥−¨ï ¨¬¥¥â ¢¨¤:

f(x(m)) = x(m)H⊤ .

ˆ§ (1) á«¥¤ã¥â, çâ® wt(e) ≤ R ¨ e ≥ k/R. ��¯à¨¬¥à, ¤«ï p ∈ N ¤¢®¨ç−ë©
[2p − 1, 2p − 1 − p, 3]-ª®¤ •í¬¬¨−£� ¨¬¥¥â à�¤¨ãá ¯®ªàëâ¨ï R = 1, ¯®íâ®¬ã
á ¯®¬®éìî −¥£® ¬®¦−® ¢ë¯®«−¨âì ¢ªà�¯«¥−¨¥ p ¡¨â®¢ á®®¡é¥−¨ï ¢ ª®−â¥©−¥à
¤«¨−ë 2p − 1, ¨§¬¥−¨¢ ¯à¨ íâ®¬ −¥ ¡®«¥¥ ®¤−®£® ¡¨â�.

‚ à�¡®â¥ [3] ¯®áâà®¥−�, � ¢ [4] ®¡®¡é¥−� ª®−áâàãªæ¨ï ®â®¡à�¦¥−¨© E ¨ f
(−�§¢�−−�ï ¢¯®á«¥¤áâ¢¨¨ ZZW-ª®−áâàãªæ¨¥©), ¤«ï ª®â®àëå ®â−®á¨â¥«ì−�ï íä-
ä¥ªâ¨¢−®áâì ¡«¨§ª� ª â¥®à¥â¨ç¥áª®© £à�−¨æ¥. ‚ íâ®© ª®−áâàãªæ¨¨ ¨á¯®«ì§ã¥âáï
¯à¥¤áâ�¢«¥−¨¥ x ¢ ¢¨¤¥ ª®−ª�â¥−�æ¨¨ ¡«®ª®¢ ¬¥−ìè¥© ¤«¨−ë, ¢ ª�¦¤ë© ¨§
ª®â®àëå ¢−®áïâáï −¥®¡å®¤¨¬ë¥ ¨§¬¥−¥−¨ï.

�â¬¥â¨¬ ¤¢� ®£à�−¨ç¥−¨ï ª®−áâàãªæ¨¨ ZZW. �¥à¢®¥ ®£à�−¨ç¥−¨¥ á¢ï§�−®
á â¥¬, çâ® ¤¥ª®¤¨àãîé¥¥ ®â®¡à�¦¥−¨¥ f ¤«ï ZZW-ª®−áâàãªæ¨¨ −¥ ¯®§¢®«ï¥â
¨§ áâ¥£®ª®−â¥©−¥à� á ç�áâ¨ç−® áâ¥àâë¬¨ ¡«®ª�¬¨ ¨§¢«¥çì m. ‚ â® ¦¥ ¢à¥¬ï,
−�¯à¨¬¥à, ¯®ï¢«¥−¨¥ áâ¨à�−¨© å�à�ªâ¥à−® ¤«ï á«ãç�ï, ª®£¤� ¡«®ª¨ ¯¥à¥¤�îâáï
¯® −¥−�¤¥¦−ë¬ ª�−�«�¬ á¢ï§¨, � â�ª¦¥ ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï ¯�ª¥â−®© áâ¥£�−®-
£à�ä¨¨ [5] (ª®£¤� â¥àï¥âáï ç�áâì ¨§ −�¡®à� áâ¥£®ª®−â¥©−¥à®¢, ¢ ª®â®àë¥ ¢−¥¤à¥−®
á®®¡é¥−¨¥). ‚â®à®¥ ®£à�−¨ç¥−¨¥ á¢ï§�−® á ®âáãâáâ¢¨¥¬ á¢®¡®¤ë ¯à¨ ¢−¥á¥−¨¨
¨§¬¥−¥−¨© ¢ ª®−â¥©−¥à, � ¨¬¥−−®: á ª�¦¤ë¬ ¡¨â®¬ ª®−â¥©−¥à� x ç�áâ® á¢ï§ë¢�îâ
¢¥«¨ç¨−ã 0 ≤ ρi ≤ ∞, ®¡®§−�ç�îéãî áâ®¨¬®áâì ¨§¬¥−¥−¨ï i-£® ¡¨â�. �à¨ ρi =
=∞ ¨§¬¥−¥−¨¥ ¡¨â� xi §�¯à¥é¥−®. �� ¯à�ªâ¨ª¥ à�¢¥−áâ¢® ρi =∞ ®§−�ç�¥â, çâ®
¨§¬¥−¥−¨¥ i-£® ¡¨â� ¢ ¯ãáâ®¬ ª®−â¥©−¥à¥ ¬®¦¥â ¯à¨¢¥áâ¨ ª ®¡−�àã¦¥−¨î ä�ªâ�
¢«®¦¥−¨ï, ª®£¤� −�¡«î¤�â¥«ì (¯à®â¨¢−¨ª) à�á¯®«�£�¥â −®á¨â¥«¥¬ áâ¥£®ª®−â¥©-
−¥à�. —�áâ® à�áá¬�âà¨¢�¥âáï ¬®¤¥«ì ú¢«�¦−�ïû ¡ã¬�£� [6], ª®£¤� ρi ∈ {1,∞}.
Š®−â¥©−¥à á®áâ®¨â ¨§ ú¢«�¦−ëåû ¡¨â®¢ (ρi =∞) ¨ úáãå¨åû ¡¨â®¢ (ρi = 1). „«ï
â�ª®© ¬®¤¥«¨ ¨á¯®«ì§ãîâáï á¯¥æ¨�«ì−ë¥ ª®¤ë (á¬., −�¯à¨¬¥à, [7]), ¯®§¢®«ïîé¨¥
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ā. ‚. Š®á®«�¯®¢

¨§¡¥¦�âì ¬®¤¨ä¨ª�æ¨¨ ú¢«�¦−ëåû. ƒ®¢®àïâ, çâ® ®â¯à�¢¨â¥«ì ®¡«�¤�¥â á¢®¡®-
¤®© ¯à¨ ¢ë¡®à¥ ¬®¤¨ä¨æ¨àã¥¬ëå ¡¨â®¢ [6]. �¥á¬®âàï −� â® çâ® ¢ ª®−áâàãªæ¨¨
ZZW ¨á¯®«ì§ãîâáï ª®¤ë ¤«ï ú¢«�¦−®©û ¡ã¬�£¨, á�¬� ZZW-ª®−áâàãªæ¨ï −¥
¯®§¢®«ï¥â ¢ë¡¨à�âì ¯®§¨æ¨¨ ¨§¬¥−ï¥¬ëå ¡¨â®¢ ª®−â¥©−¥à� (â�ª ª�ª ª®¤ë ¤«ï
ú¢«�¦−®©û ¡ã¬�£¨ ¨á¯®«ì§ãîâáï ¤«ï ã¢¥«¨ç¥−¨ï ®â−®á¨â¥«ì−®© íää¥ªâ¨¢−®áâ¨
¢ªà�¯«¥−¨ï).

�®íâ®¬ã �ªâã�«ì−� à�§à�¡®âª� â�ª¨å ¬¥â®¤®¢ ¢ªà�¯«¥−¨ï, ¯à¨ ª®â®àëå, ¢®-
¯¥à¢ëå, ®â¯à�¢¨â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì −¥ ¬¥−ïâì ¡¨âë, áâ®¨¬®áâì ¨§¬¥−¥−¨ï
ª®â®àëå à�¢−� ∞, ¢®-¢â®àëå, ª®â®àë¥ ¡ë«¨ ¡ë ãáâ®©ç¨¢ë ª áâ¨à�−¨î ç�áâ¨
¡«®ª®¢, ¯à¨ íâ®¬ ç¨á«® ¢−®á¨¬ëå ¨§¬¥−¥−¨© ¡ë«® ¡ë −¥¡®«ìè¨¬. ‚ −�áâ®ïé¥©
à�¡®â¥ ¯à¥¤«�£�¥âáï ¬¥â®¤ ¢ªà�¯«¥−¨ï ¤�−−ëå, ª®â®àë©, á ®¤−®© áâ®à®−ë,
ãáâ®©ç¨¢ ª áâ¨à�−¨î ®¤−®£® ¡«®ª� ¢ −�¡®à¥ ¡«®ª®¢, � á ¤àã£®© áâ®à®−ë, −¥ª®â®àë¥
¬®¤¨ä¨ª�æ¨¨ íâ®£® ¬¥â®¤� ¤®¯®«−¨â¥«ì−® ®¡¥á¯¥ç¨¢�îâ á¢®¡®¤ã ¯à¨ ¢ë¡®à¥
¬¥áâ ¬®¤¨ä¨æ¨àã¥¬ëå ¡¨â®¢. �à¥¤«�£�¥¬ë© ¢ à�¡®â¥ ¬¥â®¤ ®á−®¢�− −� áå¥¬¥
à�§¤¥«¥−¨ï á¥ªà¥â� (‘÷‘), ¯®áâà®¥−−®© ¢ [8].

2 Схема разделения секрета

Œ−®¦¥áâ¢® {1, . . . , n} ®¡®§−�ç¨¬ á¨¬¢®«®¬ [n]. �ãáâì H | (k × n)-¬�âà¨æ�
−�¤ ¯®«¥¬ F2 à�−£� k, k < n, τ = {t1, . . . , tµ}(⊆ [n]) | ã¯®àï¤®ç¥−−®¥ ¯® ¢®§-
à�áâ�−¨î ¯®¤¬−®¦¥áâ¢® −®¬¥à®¢ ª®®à¤¨−�â, πτ : {0, 1}n → {0, 1}µ | ®¯¥à�â®à
¯à®¥ªæ¨¨, áâ�¢ïé¨© ¢ á®®â¢¥âáâ¢¨¥ ¢¥ªâ®àã c = (c1, . . . , cn) ¢¥ªâ®à πτ (c) =
= (ct1 , . . . , ctµ). ‘¨¬¢®«®¬ �πτ (H) ®¡®§−�ç¨¬ ¬−®¦¥áâ¢® áâ®«¡æ®¢ ¬�âà¨æë H
á −®¬¥à�¬¨ ¨§ ¬−®¦¥áâ¢� τ , � «¨−¥©−ãî ®¡®«®çªã, −�âï−ãâãî −� íâ¨ áâ®«¡æë
®¡®§−�ç¨¬ L(�πτ (H)). �ãáâì σ1,. . . ,σS | â�ª®© −�¡®à ¯®¤¬−®¦¥áâ¢, çâ® ¤«ï
«î¡®£® A ⊂ [S] ¬®é−®áâ¨ s ¢ë¯®«−ï¥âáï à�¢¥−áâ¢®

dim
⋂

i∈A

L(�πτi
(H) = 0, τi = [n] \ σi, (2)

� ¤«ï ¢áå ¯®¤¬−®¦¥áâ¢ A ¬¥−ìè¥© ¬®é−®áâ¨ íâ® à�¢¥−áâ¢® −¥ ¢ë¯®«−ï¥âáï.
„«ï ¢¥ªâ®à�m ∈ {0, 1}k à�áá¬®âà¨¬ S ¢¥ªâ®à®¢ c1,. . . ,cS, −¥®¡ï§�â¥«ì−® à�§-
«¨ç−ëå, ¯®«ãç¥−−ëå á«ãç�©−ë¬ ¢ë¡®à®¬ ¨§ ¬−®¦¥áâ¢� à¥è¥−¨© •(m) á¨áâ¥¬ë
ãà�¢−¥−¨© Hy⊤ = m⊤ ®â−®á¨â¥«ì−® ¢¥ªâ®à� −¥¨§¢¥áâ−ëå y = (y1, . . . , yn).
“á«®¢¨¥ (2) ¯®§¢®«ï¥â ¯®áâà®¨âì (S, s)-áå¥¬ã à�§¤¥«¥−¨ï á¥ªà¥â� m, ¢ ª®â®à®©
á¥ªà¥â à�§¤¥«ï¥âáï −� S ¤®«¥©, � ®¤−®§−�ç−®¥ ¢®ááâ�−®¢«¥−¨¥ á¥ªà¥â� ¢®§¬®¦−®
¯à¨ −�«¨ç¨¨ «î¡ëå s ¤®«¥© á¥ªà¥â�. „‚®«¥© á¥ªà¥â� i-£® ãç�áâ−¨ª� á«ã¦¨â
¢¥ªâ®à πσi

(ci). „«ï ¢®ááâ�−®¢«¥−¨ï á¥ªà¥â� ¯® s ¤®«ï¬ á −®¬¥à�¬¨ ¨§A, |A| = s,
¤®áâ�â®ç−® à¥è¨âì á¨áâ¥¬ã

�πσi
(H)πσi

(ci)
⊤ ⊕ �πτi

(H)πτi
(ci)

⊤ =m⊤ (3)

¤«ï i ∈ A ®â−®á¨â¥«ì−® ¢¥ªâ®à®¢ −¥¨§¢¥áâ−ëå πτi
(ci). “á«®¢¨¥ (2) £�à�−â¨-

àã¥â, çâ® «î¡®¥ −�©¤¥−−®¥ à¥è¥−¨¥ ®¤−®§−�ç−® ®¯à¥¤¥«ï¥â á¥ªà¥â m (á¬. [8]).
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‘¯®á®¡ ¢ªà�¯«¥−¨ï ¤�−−ëå −� ®á−®¢¥ ®¤−®© áå¥¬ë à�§¤¥«¥−¨ï á¥ªà¥â�

�¯¨á�−−ãî áå¥¬ã à�§¤¥«¥−¨ï á¥ªà¥â� −� ®á−®¢¥ (k × n)-¬�âà¨æë H −�§®¢¥¬
(H, s, σ1, . . . , σS)-áå¥¬®©.

÷�áá¬®âà¨¬ ¯à¨¬¥à. �ãáâì supp(a) = {i : ai 6= 0} | −®á¨â¥«ì ¢¥ªâ®à�
a = (a1, . . . , al). ÷�áá¬®âà¨¬ â�ª®¥ á¥¬¥©áâ¢® ª®¤®¢ K = {K(s)}s∈N, s ≥ 2,
çâ® ¯à®¢¥à®ç−�ï ¬�âà¨æ� ª®¤� K(s) ¬®¦¥â ¡ëâì ¯®«ãç¥−� ã¤�«¥−¨¥¬ ¯®á«¥¤−¥©
áâà®ª¨ ¨§ ¬�âà¨æë ¢¨¤�

Hs =

(
Hs−1 Is
0s−1 1s

)
,

£¤¥ 0s−1 | −ã«¥¢®© ¢¥ªâ®à ¤«¨−ë s − 1; 1s | ¢¥ªâ®à ¨§ ¥¤¨−¨æ ¤«¨−ë s;
H1 = (1 1)

⊤. ‡�¬¥â¨¬, çâ® ¬�âà¨æ� Hs à�−£� s ¨¬¥¥â s + 1 áâà®ªã; ¬�âà¨æã,
¯®«ãç¥−−ãî ¨§ Hs ã¤�«¥−¨¥¬ ¯®á«¥¤−¥© áâà®ª¨, ®¡®§−�ç¨¬ H0s . �ãáâì σi |
−®á¨â¥«ì i-© áâà®ª¨ ¬�âà¨æë Hs. ‚ [8] ¯®ª�§�−®, çâ® ¤«ï «î¡®£® ¯®¤¬−®¦¥áâ¢�
A ⊂ [s + 1] ¬®é−®áâ¨ s ¨ ¬�âà¨æë H = H0s ¢ë¯®«−ï¥âáï à�¢¥−áâ¢® (2). �à¨
íâ®¬ ¤«ï «î¡®£® ¯®¤¬−®¦¥áâ¢� A ¬®é−®áâ¨ s − 1 ¨ ¬¥−¥¥ íâ® à�¢¥−áâ¢® −¥
¢ë¯®«−ï¥âáï. �â¬¥â¨¬, çâ® |σi| = s ¤«ï ¢á¥å i ∈ [s + 1]. ’�ª¨¬ ®¡à�§®¬, ª®¤
K(s) ¨§ K §�¤�¥â (H0s , s, σ1, . . . , σs+1)-áå¥¬ã à�§¤¥«¥−¨ï á¥ªà¥â�.

3 Метод вкрапления на основе схемы разделения секрета

3.1 Правила вложения и извлечения сообщения

�®áâà®¨¬ áâ¥£®á¨áâ¥¬ã −� ®á−®¢¥ (H, s, σ1 , . . . , σS)-áå¥¬ë à�§¤¥«¥−¨ï á¥ªà¥â�
¤«ï á«ãç�ï, ª®£¤� ρi ∈ {1,∞}. �ãáâìm(∈ {0, 1}k)| ¢ª«�¤ë¢�¥¬®¥ á®®¡é¥−¨¥,

� ¤«¨−� N ª®−â¥©−¥à� x â�ª�ï, çâ® N =
∑S

i=1 |σi|. �à¥¤áâ�¢¨¬ x ¢ ¢¨¤¥
ª®−ª�â¥−�æ¨¨ S ¡«®ª®¢:

x = x1 ‖ · · · ‖ xS , xi ∈ {0, 1}|σi |. (4)

�ãáâì H = [P Ik], £¤¥ P | (k × n − k)-¬�âà¨æ�; Ik | ¥¤¨−¨ç−�ï (k × k)-
¬�âà¨æ�. ’®£¤� ¬−®¦¥áâ¢® à¥è¥−¨© •(m) ãà�¢−¥−¨ï Hy⊤ = m⊤ ¬®¦¥â ¡ëâì
¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥:

•(m) =
{
(m ‖ v)G̃ : v ∈ {0, 1}n−k

}
, G̃ =

[
O Ik
In−k P

⊤

]
,

£¤¥ O | −ã«¥¢�ï ¬�âà¨æ�. Œ�âà¨æã [In−k P⊤] ®¡®§−�ç¨¬ ç¥à¥§ G, � ¬�â-

à¨æã [O Ik] | ç¥à¥§ G∗. „«ï ª�¦¤®£® σi ¨ ¢¥ªâ®à� xi ∈ {0, 1}|σi| ¨§ (4)

à�áá¬®âà¨¬ á¨áâ¥¬ã (m ‖ vi)�πσi
(G̃) = xi ®â−®á¨â¥«ì−® −¥¨§¢¥áâ−®£® vi, ª®â®à�ï

¨¬¥¥â à¥è¥−¨¥, ¥á«¨ ¨¬¥¥â à¥è¥−¨¥ á¨áâ¥¬� vi�πσi
(G) = xi ⊕m�πσi

(G∗). �ãáâì
ri = rank(�πσi

(G)), G(�πσi
(G)) | (ri × |σi|)-¬�âà¨æ� ¯®«−®£® à�−£�, ¯®«ãç¥−−�ï
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¨§ ¬�âà¨æë �πσi
(G) ¨áª«îç¥−¨¥¬ «¨−¥©−® §�¢¨á¨¬ëå áâà®ª. ÷�áá¬®âà¨¬ á¨áâ¥¬ã

ãà�¢−¥−¨© ®â−®á¨â¥«ì−® ¢¥ªâ®à� −¥¨§¢¥áâ−ëå “vi ∈ {0, 1}ri :

“viG(�πσi
(G)) = xi ⊕m�πσi

(G∗) =: zi. (5)

‚ á«ãç�¥ ª®£¤� xi | à¥�«¨§�æ¨ï á«ãç�©−®£® à�¢−®¢¥à®ïâ−®£® ¢¥ªâ®à�, á¨áâ¥¬� (5)

¨¬¥¥â à¥è¥−¨¥ á ¢¥à®ïâ−®áâìî 2ri−|σi|. …á«¨ á¨áâ¥¬� (5) −¥ ¨¬¥¥â à¥è¥−¨ï, â®,
â�ª ª�ª ρi ∈ {1,∞}, −¥®¡å®¤¨¬® −�©â¨ â�ª®© ¢¥ªâ®à ei = (ei,1, . . . , ei,|σi|), çâ®¡ë
á¨áâ¥¬�

“viG(�πσi
(G)) = zi ⊕ ei (6)

¨¬¥«� à¥è¥−¨¥, ¯à¨ íâ®¬ −®á¨â¥«ì ¢¥ªâ®à� ei −¥ ¤®«¦¥− á®¤¥à¦�âì −®¬¥à� ú¢«�¦-
−ëåû ª®®à¤¨−�â, � ¢¥á ¢¥ªâ®à� ei ¤®«¦¥− ¡ëâì ¬¨−¨¬�«ì−ë¬ áà¥¤¨ ¢¥ªâ®à®¢,
®¡«�¤�îé¨å íâ¨¬¨ á¢®©áâ¢�¬¨. �à�¢¨«® ¢«®¦¥−¨ï ¨¬¥¥â ¢¨¤:

E(m,x) = x⊕ e = x(m), e = e1 ‖ · · · ‖ eS.

„¥ª®¤¨àãîé¥¥ ®â®¡à�¦¥−¨¥ f | íâ® à¥è¥−¨¥ á¨áâ¥¬ë ãà�¢−¥−¨© (3), £¤¥

πσi
(ci) = x

(m)
i , i ∈ A(⊂ [S], |A| = s). �¡é¥¥ ç¨á«® ¨§¬¥−¥−¨© ¢ ª®−â¥©−¥à¥

à�¢−®

C =

S∑

j=1

|σi|∑

u=1

ej,u.

…á«¨ E[C]| áà¥¤−¥¥ ç¨á«® ¨§¬¥−ï¥¬ëå ¡¨â®¢, â® α = k/N , e = k/(E[C]).

‹¥¬¬� 3.1. ‘â¥£®á¨áâ¥¬� (E, f) −� ®á−®¢¥ (H, s, σ1, . . . , σS)-áå¥¬ë à�§¤¥«¥−¨ï
á¥ªà¥â� ¯®§¢®«ï¥â ¢®ááâ�−�¢«¨¢�âì á®®¡é¥−¨¥ ¯à¨ ãâà�â¥ −¥ ¡®«¥¥ B = S− s
¡«®ª®¢.

„ ® ª � § � â ¥ « ì á â ¢ ® . „®ª�§�â¥«ìáâ¢® ¢ëâ¥ª�¥â ¨§ â®£®, çâ® ¢ (H, s, σ1, . . . , σS)-
áå¥¬¥ ¤«ï «î¡®£® A, |A| = s, ¢ë¯®«−ï¥âáï ãá«®¢¨¥ (2), ¤®áâ�â®ç−®¥ ¤«ï ¢®ááâ�-
−®¢«¥−¨ï á¥ªà¥â�. �

‹¥¬¬� 3.2. �ãáâì G | (n − k × n)-¬�âà¨æ� à�−£� n − k, σi ⊆ [n],
rank(�πσi

(G)) = |σi|−1, Ki(⊂ {0, 1}|σi |) | [|σi|, |σi|−1, 2]-ª®¤ á ¯®à®¦¤�îé¥©
¬�âà¨æ¥© G(�πσi

(G)). ’®£¤�

(1) ¥á«¨ ¢¥ªâ®à xj | à¥�«¨§�æ¨ï á«ãç�©−®£® ¨ à�¢−®¢¥à®ïâ−®£® ¢¥ªâ®à�, â®
á¨áâ¥¬� (5) ¨¬¥¥â à¥è¥−¨¥ á ¢¥à®ïâ−®áâìî 0,5;

(2) ¥á«¨ (5) −¥ ¨¬¥¥â à¥è¥−¨ï, â® ¤«ï «î¡®£® ej ¢¥á� 1 á¨áâ¥¬� (6) ¨¬¥¥â
à¥è¥−¨¥.

„ ® ª � § � â ¥ « ì á â ¢ ® . �¥à¢®¥ ãâ¢¥à¦¤¥−¨¥ á«¥¤ã¥â ¨§ â®£®, çâ® ¢¥ªâ®à®¢ zi

¢ ¯à®áâà�−áâ¢¥ F
|σi|
2 , ¤«ï ª®â®àëå á¨áâ¥¬� (5) ¨¬¥¥â à¥è¥−¨¥, ¢ â®ç−®áâ¨ 2|σi|−1.

�à¨ íâ®¬, ¯® ãá«®¢¨î, áà¥¤¨ íâ¨å ¢¥ªâ®à®¢ −¥â −¥−ã«¥¢ëå ¢¥ªâ®à®¢ ¢¥á� 1.

184 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019



‘¯®á®¡ ¢ªà�¯«¥−¨ï ¤�−−ëå −� ®á−®¢¥ ®¤−®© áå¥¬ë à�§¤¥«¥−¨ï á¥ªà¥â�

�®íâ®¬ã ¥á«¨ á¨áâ¥¬� (5) −¥ ¨¬¥¥â à¥è¥−¨¥ ¤«ï zi, â® ¢¥ªâ®àë zi ¨ ei, £¤¥
wt(ei) = 1, ¯à¨−�¤«¥¦�â ®¤−®¬ã á¬¥¦−®¬ã ª«�ááã ª®¤� Ki. �® ®¯à¥¤¥«¥−¨î
á¬¥¦−®£® ª«�áá� ¯®«ãç�¥¬: zi − ei ∈ Ki. �

‘«¥¤áâ¢¨¥ 3.1 …á«¨x ¢¨¤� (4) ï¢«ï¥âáï à¥�«¨§�æ¨¥© á«ãç�©−®£® à�¢−®¢¥à®ïâ−®£®
¢¥ªâ®à� ¨ ¤«ï ª�¦¤®£® i ∈ [S] ¢ë¯®«−ïîâáï ãá«®¢¨ï ¨§ «¥¬¬ë 3.2, â® ¤«ï
áâ¥£®á¨áâ¥¬ë −� ®á−®¢¥ (H, s, σ1, . . . , σS)-áå¥¬ë ¨¬¥¥¬: e = 2k/S, α = k/N .

3.2 Предварительная рандомизация контейнера

�� ¯à�ªâ¨ª¥ ãá«®¢¨¥ á«ãç�©−®áâ¨ (á¬. «¥¬¬ã 3.1) à¥�«ì−ëå ª®−â¥©−¥à®¢
¬®¦¥â −¥ ¢ë¯®«−ïâìáï [9], ¯®íâ®¬ã ¢ áà¥¤−¥¬ ¬®¦¥â ¯®âà¥¡®¢�âìáï ¬®¤¨ä¨ª�æ¨ï
¡®«¥¥ S/2 ¡«®ª®¢ ª®−â¥©−¥à�. Šà®¬¥ â®£®, ¢®§¬®¦−ë ¯�ª¥âë ú¢«�¦−ëåû ¡¨â®¢.
�®íâ®¬ã ¯¥à¥¤ ¢ªà�¯«¥−¨¥¬ ¤�−−ëå ¯à¥¤«�£�¥âáï ¢ë¯®«−ïâì ¯à¥¤¢�à¨â¥«ì−ãî
à�−¤®¬¨§�æ¨î ª®−â¥©−¥à�: è¨äà®¢�âì ª®−â¥©−¥à è¨äà®¬ â¨¯� £�¬¬¨à®¢�−¨ï
¨ ¯¥à¥¬¥è¨¢�âì ¡¨âë. �ãáâì ψs : {0, 1}K → {0, 1}N | ¯á¥¢¤®á«ãç�©−ë©
£¥−¥à�â®à, ª®â®àë© ¤«ï ª«îç� k ∈ {0, 1}K £¥−¥à¨àã¥â ¯á¥¢¤®á«ãç�©−ë© ¢¥ªâ®à
¤«¨−ë N ; P | ¯¥à¥áâ�−®¢®ç−�ï (N × N)-¬�âà¨æ�; (E, f) | áâ¥£®á¨áâ¥¬�
−� ®á−®¢¥ (H, s, σ1, . . . , σS)-áå¥¬ë, m(∈ {0, 1}k) | ¢ª«�¤ë¢�¥¬®¥ á®®¡é¥−¨¥,
x | ª®−â¥©−¥à. �®áâà®¨¬ áâ¥£®á¨áâ¥¬ã (E′, f ′), ¢ ª®â®à®© ¯¥à¥¤ ¢ªà�¯«¥−¨¥¬
¢ë¯®«−ï¥âáï ¯à¥¤¢�à¨â¥«ì−�ï à�−¤®¬¨§�æ¨ï ª®−â¥©−¥à�. �ãáâìC = ψs(k)⊕xP ,

C(m) = E(m,C). ’®£¤�

x(m) = E′(m,x) = x⊕ (C(m) ⊕C)P−1.

’�ª ª�ª x(m)P ⊕ ψs(k) = C
(m), â®

f ′(x(m)) = f(x(m)P ⊕ ψs(k)) =m.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¤«ï ã¤®¡áâ¢� ¯à¥¤¯®«�£�¥âáï, çâ® ª®−â¥©−¥à ï¢«ï¥âáï
à¥�«¨§�æ¨¥© á«ãç�©−®£® ¨ à�¢−®¢¥à®ïâ−®£® ¢¥ªâ®à�.

4 Метод вкрапления на основе (H0
s
, s, σ1, . . . , σs+1)-схемы

4.1 Базовые конструкции

„�«¥¥ ¨áá«¥¤ã¥¬ áâ¥£®á¨áâ¥¬ã −� ®á−®¢¥ (H0s , s, σ1, . . . , σs+1)-áå¥¬ë. �ãáâì
Gs,pt = (Is−11

⊤
s−1). �â¬¥â¨¬, çâ® Gs,pt | ¯®à®¦¤�îé�ï ¬�âà¨æ� [s, s − 1, 2]-

ª®¤� ¯à®¢¥àª¨ ç¥â−®áâ¨.

‹¥¬¬� 4.1. �ãáâì s ∈ N, G0s = [In−s H
⊤
s−1], n = s(s + 1)/2. „«ï ¢á¥å i ª®¤,

¯®à®¦¤�¥¬ë© áâà®ª�¬¨ ¬�âà¨æë �πσi
(G0s), á«ã¦¨â [s, s − 1, 2]-ª®¤®¬ ¯à®¢¥àª¨

ç¥â−®áâ¨, £¤¥ σi | −®á¨â¥«ì i-© áâà®ª¨ ¬�âà¨æë Hs.

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ë¯®«−ï¥âáï −¥¯®áà¥¤áâ¢¥−−®© ¯à®¢¥àª®©. �
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’¥®à¥¬� 4.1. ‘â¥£®á¨áâ¥¬� −� ®á−®¢¥ (H0s , s, σ1, . . . , σs+1)-áå¥¬ë ¯®§¢®«ï¥â
¢®ááâ�−®¢¨âì á®®¡é¥−¨ï ¯à¨ áâ¨à�−¨¨ −¥ ¡®«¥¥ B = 1 ¡«®ª®¢, ¯à¨ íâ®¬
α = 1/(s + 1), e = 2s/(s+ 1).

„ ® ª � § � â ¥ « ì á â ¢ ® . ˆ§ «¥¬¬ë 4.1 á«¥¤ã¥â, çâ® ¤«ï ª�¦¤®£® i ¢ë¯®«−ïîâáï
ãá«®¢¨ï «¥¬¬ë 3.2. ’�ª ª�ª k = s ¨ N = s(s + 1), â® à�¢¥−áâ¢� α = 1/(s + 1)
¨ e = 2s/(s + 1) ¢ëâ¥ª�îâ ¨§ á«¥¤áâ¢¨ï 3.1. �æ¥−ª� ç¨á«� áâ¥àâëå ¡«®ª®¢
á«¥¤ã¥â ¨§ «¥¬¬ë 3.1. �

…á«¨ −¥â −¥®¡å®¤¨¬®áâ¨ ¢ §�é¨â¥ ®â ¯®â¥à¨ ç�áâ¨ ¡«®ª®¢,
â® ¢¬¥áâ® (H0s , s, σ1, . . . , σs+1)-áå¥¬ë ¬®¦¥â ¨á¯®«ì§®¢�âìáï, −�¯à¨¬¥à,
(H0s , s, σ1, . . . , σs)-áå¥¬�, â�ª ª�ª ¯® «î¡ë¬ s ¤®«ï¬ ¨§ s + 1 èâãª ¬®¦¥â
¡ëâì ¢®ááâ�−®¢«¥− á¥ªà¥â. �âáî¤� ¢ëâ¥ª�¥â

‘«¥¤áâ¢¨¥ 4.1. �ãáâì {i1, . . . , is} ⊂ [s + 1]. „«ï áâ¥£®á¨áâ¥¬ë −� ®á−®¢¥
(H0s , s, σi1 , . . . , σis)-áå¥¬ë á¯à�¢¥¤«¨¢ë à�¢¥−áâ¢�: α = 1/s; e = 2; B = 0.

‘â¥£®á¨áâ¥¬ã −� ®á−®¢¥ (H0s , s, σ1, . . . , σS)-áå¥¬ë −�§®¢¥¬ ¡�§®¢®© ª®−-
áâàãªæ¨¥©, S ∈ {s, s + 1}. ‡�¬¥â¨¬, çâ® ¡�§®¢�ï ª®−áâàãªæ¨ï −� ®á−®¢¥
(H0s , s, σ1, . . . , σs)-áå¥¬ë íª¢¨¢�«¥−â−� ¯® å�à�ªâ¥à¨áâ¨ª�¬ α ¨ e ¯à®áâ®© áâ¥-

£®á¨áâ¥¬¥, ¢ ª®â®à®© ç¥â−®áâì ¢¥á� wt(x
(m)
i ) ¯®¤¡«®ª� x

(m)
i (∈ {0, 1}s) áâ¥£®-

ª®−â¥©−¥à� ¤«¨−ë s2 ®¯à¥¤¥«ï¥â §−�ç¥−¨¥ ¢−¥¤à¥−−®£® ¢ íâ®â ¡«®ª ¡¨â� mi

á®®¡é¥−¨ï m ∈ {0, 1}s: ¯à¨ mi = 1 ç¨á«® wt(x
(m)
i ) −¥ç¥â−®¥, � ¯à¨ mi =

= 0 | ç¥â−®¥. …á«¨ x | à¥�«¨§�æ¨ï á«ãç�©−®£® ¨ à�¢−®¢¥à®ïâ−®£® ¢¥ªâ®à�
¤«¨−ë s2, â® ¯à¨ ¢−¥¤à¥−¨¨ m ¤«¨−ë s ¯®âà¥¡ã¥âáï ¢−¥áâ¨ ®¤¨−®ç−ë¥ ¨§¬¥-
−¥−¨ï ¢ áà¥¤−¥¬ ¢ ¯®«®¢¨−ã ¡«®ª®¢ x (¯à¨ íâ®¬ ¨§¬¥−¥−¨ï ¢ à�¬ª�å ¯®¤¡«®ª®¢
¬®£ãâ ¯à®¨§¢®¤¨âìáï ¢ «î¡®¬ ¬¥áâ¥). …á«¨m| ª®¤®¢®¥ á«®¢® [s + 1, s, 2]-ª®¤�
¯à®¢¥àª¨ ç¥â−®áâ¨, â® áâ¥£®á¨áâ¥¬�, ¢ ª®â®à®© §−�ç¥−¨¥ ¡¨â� mi ®¯à¥¤¥«ï¥âáï

ç¥â−®áâìî ¢¥á� wt(x
(m)
i )(x

(m)
i ∈ {0, 1}s), íª¢¨¢�«¥−â−� ¯® å�à�ªâ¥à¨áâ¨ª�¬ α

¨ e ¨ ç¨á«ã ¨á¯à�¢«ï¥¬ëå áâ¥àâëå ¡«®ª®¢ ¡�§®¢®© ª®−áâàãªæ¨¨ −� ®á−®¢¥
(H0s , s, σ1, . . . , σs+1)-áå¥¬ë. �¤−�ª® ¨á¯®«ì§®¢�−¨¥ ‘÷‘ ¢ ®á−®¢¥ ¡�§®¢ëå ª®−-
áâàãªæ¨© ¯®§¢®«ï¥â «¥£ª® ¯®«ãç¨âì −¥ª®â®àë¥ −®¢ë¥ ª®−áâàãªæ¨¨ á «ãçè¨¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨.

�ãáâì S ∈ {s, s + 1}. ‚ ¡�§®¢®© ª®−áâàãªæ¨¨ −� ®á−®¢¥ (H0s , s, σ1, . . . , σS)-

áå¥¬ë à¥§ã«ìâ�â®¬ ¢«®¦¥−¨ïm ∈ {0, 1}s ¢ x ¤«¨−ë s ·S ï¢«ï¥âáï x(m) = x⊕ e.
�à¨ç¥¬ áà¥¤¨ ¯®¤¡«®ª®¢ ¢¥ªâ®à� e = e1 ‖ · · · ‖ eS, ª�ª á«¥¤ã¥â ¨§ «¥¬¬ë 3.2,
¢ áà¥¤−¥¬ ¯®«®¢¨−� ¯®¤¡«®ª®¢ ¢¥á� ®¤¨−, � ®áâ�«ì−ë¥ ¢¥á� −®«ì. �ãáâì g = S/2.
’�ª ª�ª ¢ ¡�§®¢ëå ª®−áâàãªæ¨ïå ¢ ª�¦¤®¬ ¨§ g ¬®¤¨ä¨æ¨àã¥¬ëå ¡«®ª®¢ ¤«ï
¨§¬¥−¥−¨ï ¬®¦¥â ¡ëâì ¢ë¡à�− «î¡®© ¨§ ¡¨â®¢ (â�ª¦¥ á«¥¤ã¥â ¨§ «¥¬¬ë 3.2), â®
¡ã¤¥¬ £®¢®à¨âì, çâ® â�ª�ï ª®−áâàãªæ¨ï ®¡«�¤�¥â áâ¥¯¥−ìî á¢®¡®¤ë ¯®àï¤ª� g;
áâ¥¯¥−ì á¢®¡®¤ë ®¡®§−�ç¨¬ ¡ãª¢®© F .
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4.2 Производные конструкции

‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ ¬�âà¨æ� G ¢ ¢ëà�¦¥−¨¨ (6) ¨¬¥¥â ¢¨¤ G0s (á¬.
«¥¬¬ã 4.1) ¨ ¤«ï ª�¦¤®£® i = 1, . . . , S ¬�âà¨æ� �πσi

(G) ¨¬¥¥â à�−£ s− 1, â�ª ª�ª
G(�πσi

(G)) = Gs,pt. �ãáâì ª�¦¤ë© ¨§ ¢¥ªâ®à®¢ −�¡®à�

“vj(∈ {0, 1}s−1), i = 1, . . . , S, (7)

ï¢«ï¥âáï à¥è¥−¨¥¬ á¨áâ¥¬ë ¢¨¤� (6). �à®¨§¢®¤−ë¥ ª®−áâàãªæ¨¨ ¯®§¢®«ïîâ
ã¢¥«¨ç¨âì ®â−®á¨â¥«ì−ãî íää¥ªâ¨¢−®áâì ¡�§®¢ëå ª®−áâàãªæ¨©, ¯à¨ íâ®¬ ¢ ¯¥à-
¢ëå âà¥å ª®−áâàãªæ¨ïå ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï m0 ¢ª«�¤ë¢�¥âáï ¢ ¢¥ªâ®à
“v = “v1 ⊕ · · · ⊕ “vS, S ∈ {s, s+ 1}.

4.2.1 Конструкция 1

÷�áá¬®âà¨¬ ¡�§®¢ãî ª®−áâàãªæ¨î −� ®á−®¢¥ (H0s , s, σ1, . . . , σs+1)-áå¥¬ë.
�â¯à�¢¨â¥«ì ¬®¦¥â ¤®¯®«−¨â¥«ì−® ª s ¡¨â�¬ ¢«®¦¨âì ¢ s(s + 1) ¡¨â ¥é¥ ®¤¨−
¡¨â, ª®−âà®«¨àãï ç¥â−®áâì ç¨á«� ¡¨â®¢ ¢ ¢¥ªâ®à¥ “v (¯®«�£�ï, −�¯à¨¬¥à, çâ®
ç¥â−®¥ ç¨á«® ¡¨â®¢ á®®â¢¥âáâ¢ã¥â −ã«¥¢®¬ã ¡¨âã, � −¥ç¥â−®¥ | ¥¤¨−¨ç−®¬ã).
…á«¨ −¥®¡å®¤¨¬® ¢«®¦¨âì, −�¯à¨¬¥à, ¥¤¨−¨ç−ë© ¡¨â, � ¢ ¢¥ªâ®à¥ “v ç¥â−®¥
ç¨á«® ¥¤¨−¨æ, â® ¨§¬¥−¨âì ç¨á«® ¥¤¨−¨æ ¬®¦−® ¬®¤¨ä¨ª�æ¨¥© ®¤−®£® ¡¨â�
¢ «î¡®¬ ¨§ ¢¥ªâ®à®¢ −�¡®à� (7). „¥©áâ¢¨â¥«ì−®, â�ª ª�ª Gs,pt | ¯®à®¦¤�îé�ï
¬�âà¨æ� ª®¤� ¯à®¢¥àª¨ ç¥â−®áâ¨, â® ¬®¤¨ä¨ª�æ¨ï ®¤−®£® ¡¨â� ¢ ¢¥ªâ®à¥ “vi

¯à¨¢¥¤¥â ª ¨§¬¥−¥−¨î ¤¢ãå ¡¨â®¢ ¢ á®®â¢¥âáâ¢ãîé¥¬ ¢¥ªâ®à¥ x(m). �®íâ®¬ã
¬®¤¨ä¨æ¨à®¢�âì á«¥¤ã¥â â®â ¢¥ªâ®à “vi, ¤«ï ª®â®à®£® wt(ei) = 1. �à¨ íâ®¬
¢ ¢¥ªâ®à¥ “vi = (vi,1, . . . , vi,s−1) á«¥¤ã¥â ¬®¤¨ä¨æ¨à®¢�âì (¨−¢¥àâ¨à®¢�âì) ¡¨â
á −®¬¥à®¬ w, ¤«ï ª®â®à®£® supp(1wGs,pt) ∩ supp(ei) 6= ∅, £¤¥ 1w | ¢¥ªâ®à
¢¥á� ®¤¨− á ¥¤¨−¨æ¥© ¢ ª®®à¤¨−�â¥ á −®¬¥à®¬ w. ‚ íâ®¬ á«ãç�¥ ¢¥ªâ®à ei
¬®¤¨ä¨æ¨àã¥âáï ¢ ¢¥ªâ®à “ei = ei⊕ 1wGs,pt, ¯à¨ç¥¬ wt(“ei) = wt(ei) = 1. ’�ª¨¬
®¡à�§®¬, α = (s+ 1)/(s(s + 1)) = 1/s ¨ e = 2. �â¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç�¥
á¢®¡®¤� ¢ë¡®à� ¯®§¨æ¨© ¤«ï ¬®¤¨ä¨ª�æ¨¨ ¯® áà�¢−¥−¨î á ¡�§®¢®© ª®−áâàãªæ¨¥©
ã¬¥−ìè�¥âáï: ¢ ®¤−®¬ ¨§ ¡«®ª®¢ ¤®«¦−® ¡ëâì ª�ª ¬¨−¨¬ã¬ ¤¢� úáãå¨åû ¡¨â�,
¯®§¨æ¨¨ ª®â®àëå ä¨ªá¨à®¢�−ë. ‚ ®áâ�«ì−ëå g− 1 ¡«®ª�å ¤®«¦−® ¡ëâì −¥ ¬¥−¥¥
®¤−®£® úáãå®£®û ¡¨â� ¢ ¯à®¨§¢®«ì−®¬ ¬¥áâ¥. �®íâ®¬ã â�ª�ï ª®−áâàãªæ¨ï ®¡«�¤�¥â
áâ¥¯¥−ìî á¢®¡®¤ë g− 1. �â¬¥â¨¬, çâ® B = 0, â�ª ª�ª áâ¨à�−¨¥ ®¤−®£® ¨§ ¡«®ª®¢
−¥ ¯®§¢®«ï¥â ¢®ááâ�−®¢¨âì ¤®¡�¢«¥−−ë© ¡¨â. ‚ á¢ï§¨ á íâ¨¬ æ¥«¥á®®¡à�§−® ¤«ï
íâ®© ª®−áâàãªæ¨¨ ¨á¯®«ì§®¢�âì (H0s , s, σ1, . . . , σs)-áå¥¬ã. ’®£¤�

α =
s+ 1

s2
; e =

2(s + 1)

s
.

„�«¥¥ ¯®¤ ª®−áâàãªæ¨¥© 1 ¯®−¨¬�¥âáï áâ¥£®á¨áâ¥¬� −� ®á−®¢¥
(H0s , s, σ1, . . . , σs)-áå¥¬ë.
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4.2.2 Конструкция 2

�ãáâì s = 2p, p ≥ 3. ’®£¤� ¢ ¢¥ªâ®à “v ¯à¨ S = s + 1 ¬®¦−® ¢«®¦¨âì p ¡¨â
¨−ä®à¬�æ¨¨ (m0 ∈ {0, 1}p), ¨á¯®«ì§ãï ¬¥â®¤ ¬�âà¨ç−®£® ¢«®¦¥−¨¥ ¨§ [10].
�ãáâì H | ¯à®¢¥à®ç−�ï ¬�âà¨æ� [2p − 1, 2p − 1− p, 3]-ª®¤� •í¬¬¨−£�. ��©¤¥¬
â�ª®© ¢¥ªâ®à ǫ ∈ {0, 1}s−1 ¢¥á� 1, çâ®

Hǫ⊤ ⊕H“v⊤ = H(ǫ⊕ “v)⊤ =m0 .

Š�ª ¨ ¢ ª®−áâàãªæ¨¨ 1, −¥®¡å®¤¨¬® −�©â¨ ¯®¤å®¤ïé¨© ¢¥ªâ®à ei, á®®â¢¥âáâ¢ã-
îé¨© ®¤−®¬ã ¨§ ¢¥ªâ®à®¢ −�¡®à� (7). ‚ íâ®¬ á«ãç�¥ α = (p+ 2p)/(2p(2p + 1)),
ç¨á«® ¨§¬¥−ï¥¬ëå ¡¨â®¢ à�¢−® (s + 1)/2, e = (2(p + 2p))/(2p + 1). ‘â¥¯¥−ì
á¢®¡®¤ë F â�ª�ï ¦¥, ª�ª ¨ ¢ ª®−áâàãªæ¨¨ 1, ¨B = 0. ’�ª ª�ª ¢ íâ®© ª®−áâàãªæ¨¨
−¥â ¢®§¬®¦−®áâ¨ ¡®à®âìáï á® áâ¨à�−¨ï¬¨ ¡«®ª®¢, â® å�à�ªâ¥à¨áâ¨ª¨ e ¨ α íâ®©
ª®−áâàãªæ¨¨ ¬®£ãâ ¡ëâì ã«ãçè¥−ë ¯à¨ ¨á¯®«ì§®¢�−¨¨ (H0s , s, σ1, . . . , σs)-áå¥¬ë:

g =
s

2
; α =

p+ 2p

22p
; e =

2(p + 2p)

2p
.

‘â¥£®á¨áâ¥¬ã −� ®á−®¢¥ (H0s , s, σ1, . . . , σs)-áå¥¬ë ¡ã¤¥¬ −�§¢�âì ª®−áâàãªæ¨¥© 2.

4.2.3 Конструкция 3

‘«¥¤ãîé�ï ª®−áâàãªæ¨ï ®á−®¢�−� −� (H0s , s, σ1, . . . , σs)-áå¥¬¥. �ãáâì s |
−¥ç¥â−®¥ ç¨á«®, m0 = (m01, . . . ,m

0
s−1) ∈ {0, 1}s−1. Š�¦¤®© ¯�à¥ (m0b ,m

0
b+1),

b ∈ {1; 3; . . . ; s − 2}, ¯®áâ�¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ¬−®¦¥áâ¢® Eb,b+1 = {b, b + 1, s},
ª®â®à®¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê¥¤¨−¥−¨¥ −®á¨â¥«¥© áâà®ª ¬�âà¨æë Gs,pt á −®¬¥-
à�¬¨ b ¨ b + 1. ‚ á¨«ã −¥ç¥â−®áâ¨ s áà¥¤−¥¥ ç¨á«® g ¬®¤¨ä¨æ¨àã¥¬ëå ¡«®ª®¢
á à�¢−®© ¢¥à®ïâ−®áâìî ¬®¦¥â ¡ëâì à�¢−® (s − 1)/2 ¨«¨ (s + 1)/2. ÷�áá¬®âà¨¬
á−�ç�«� á«ãç�© g = (s − 1)/2. �®¬¥à� á®®â¢¥âáâ¢ãîé¨å ¯®¤¢¥ªâ®à®¢ −�¡®à� (4)
®¡®§−�ç¨¬ i1, . . . , ig. ‚¥ªâ®à “vib à¥è¥−¨ï á¨áâ¥¬ë (6) ¯à¨ G(�πσib

(G)) = Gs,pt ¡ã-
¤¥¬ ¨áª�âì ¯ãâ¥¬ ¬®¤¨ä¨ª�æ¨¨ ¢ ¢¥ªâ®à¥ xib «î¡®© ®¤−®© ª®®à¤¨−�âë á −®¬¥à®¬
¨§ ¬−®¦¥áâ¢� Eb,b+1; ¤«ï ïá−®áâ¨ ¨§«®¦¥−¨ï ¡ã¤¥¬ ¯®«�£�âì, çâ® ¬¥−ï¥âáï ¡¨â
á −®¬¥à®¬ b.

�ãáâì – = (δ1, . . . , δs−1) = m
0 ⊕ “v | ¢¥ªâ®à, ª®â®àë© −¥®¡å®¤¨¬® ¯®-

áâà®¨âì ¤«ï ¢«®¦¥−¨ï m0 ¢ “v. ‘¯®á®¡ ¯®áâà®¥−¨ï – ¯®ïá−¨¬ −� ¯à¨¬¥à¥
¯®áâà®¥−¨ï ¯¥à¢®© ¯�àë ¡¨â®¢ (δ1, δ2). (‡�¬¥â¨¬, çâ® â�ª¨å ¯�à, ¯® ¯à¥¤-
¯®«®¦¥−¨î, g = (s − 1)/2.) �â®© ¯�à¥ ¯®áâ�¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ¢¥ªâ®à “vi1,
ª®â®àë© ¡ë« −�©¤¥− ¯®á«¥ ¨§¬¥−¥−¨ï ¡¨â� á −®¬¥à®¬ 1(∈ E1,2) ¢ ¢¥ªâ®à¥ xi1.
…á«¨ (δ1, δ2) = (0, 0), â® ¬®¤¨ä¨ª�æ¨ï ¢¥ªâ®à� “vi1 −¥ ¯à®¨§¢®¤¨âáï. ‚ á«ãç�¥
(δ1, δ2) = (1, 0) ¢ ¢¥ªâ®à¥ xi1 ¨−¢¥àâ¨àãîâáï ¡¨âë á −®¬¥à�¬¨ 1 ¨ s, çâ® á®®â-
¢¥âáâ¢ã¥â ¯à¨¡�¢«¥−¨î ª ¢¥ªâ®àã xi1 ¯¥à¢®© áâà®ª¨ ¬�âà¨æë Gs,pt. ‡�¬¥â¨¬,
çâ® ¢ íâ®¬ á«ãç�¥ ®¡é¥¥ ç¨á«® ¨§¬¥−¥−¨© ¡¨â®¢ ª®−â¥©−¥à� à�¢−® 1, â�ª ª�ª
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¡¨â á −®¬¥à®¬ ®¤¨− à�−¥¥ ¨−¢¥àâ¨à®¢�«áï ¯à¨ ¯®áâà®¥−¨¨ ¢¥ªâ®à� “vi1. �à¨
(δ1, δ2) = (1, 1) ¬¥−ïîâáï ¡¨âë á −®¬¥à�¬¨ 1 ¨ 2, çâ® á®®â¢¥âáâ¢ã¥â ¯à¨¡�¢«¥−¨î
ª ¢¥ªâ®àã xi1 áã¬¬ë ¤¢ãå ¯¥à¢ëå áâà®ª ¬�âà¨æë Gs,pt; ®¡é¥¥ ç¨á«® ¨§¬¥−¥−¨©
â�ª¦¥ à�¢−® 1. ‚ á«ãç�¥ (δ1, δ2) = (0, 1) ¬¥−ïîâáï ¡¨âë á −®¬¥à�¬¨ 2 ¨ s
(çâ® á®®â¢¥âáâ¢ã¥â ¯à¨¡�¢«¥−¨î ª ¢¥ªâ®àã xi1 ¢â®à®© áâà®ª¨ ¬�âà¨æë Gs,pt),
¯®íâ®¬ã ®¡é¥¥ ç¨á«® ¨§¬¥−¥−¨© à�¢−® âà¥¬, â�ª ª�ª ¯¥à¢ë© ¡¨â ¢â®à®© áâà®ª¨
−ã«¥¢®©, � ¢¥á áâà®ª¨ à�¢¥− ¤¢ã¬. �à¨ á«ãç�©−®¬ ¨ à�¢−®¢¥à®ïâ−®¬ à�á¯à¥¤¥«¥-
−¨¨ ¡¨â®¢ á®®¡é¥−¨ï (−�¯à¨¬¥à, ª®£¤� ¢ª«�¤ë¢�îâ §�è¨äà®¢�−−®¥ á®®¡é¥−¨¥)
¯®«ãç¨¬, çâ® á ¢¥à®ïâ−®áâìî 1/4 ¨§¬¥−¥−¨© −¥ ¯®âà¥¡ã¥âáï, á ¢¥à®ïâ−®áâìî 1/2
¯®âà¥¡ã¥âáï ¨§¬¥−¥−¨¥ ®¤−®£® ¡¨â� ª®−â¥©−¥à� ¨ á ¢¥à®ïâ−®áâìî 1/4 ¯®âà¥¡ã¥âáï
¨§¬¥−¥−¨¥ âà¥å ¡¨â®¢ ª®−â¥©−¥à�. ’�ª¨¬ ®¡à�§®¬, áà¥¤−¥¥ ç¨á«® ¨§¬¥−¥−−ëå
¡¨â®¢ à�¢−® 5/4. �¡é¥¥ ç¨á«® ¨§¬¥−¥−−ëå ¡¨â®¢ ¯à¨ ¯¥à¥¤�ç¥ 2s − 1 ¡¨â®¢
á®®¡é¥−¨ï ¢ ª®−â¥©−¥à¥ ¤«¨−ë s2 ¡¨â®¢ ¢ áà¥¤−¥¬ à�¢−® (5(s − 1))/8. �âáî¤�
e = (8(2s − 1))/(5(s − 1)) = (16s − 8)/(5s − 5) ¯à¨ g = (s − 1)/2. �à¨ g =
= (s + 1)/2 áà¥¤−¥¥ ç¨á«® ¨§¬¥−¥−−ëå ¡¨â®¢ à�¢−® (5(s − 1))/8 + 1. �âáî¤�
e = (8(2s − 1))/(5(s − 1)) = (16s − 8)/(5s − 5) ¯à¨ g = (s + 1)/2. ’�ª ª�ª
á®¡ëâ¨ï g = (s − 1)/2 ¨ g = (s+ 1)/2 à�¢−®¢¥à®ïâ−ë, â® ¢ áà¥¤−¥¬

e =
(8s − 4)(10s − 2)
(5s+ 3)(5s − 5) ,

¯à¨ íâ®¬ F = 0, â�ª ª�ª ¢ ¬®¤¨ä¨æ¨àã¥¬ëå ¡«®ª�å §�ä¨ªá¨à®¢�−ë ¬¥áâ�
úáãå¨åû ¡¨â®¢; α = (2s− 1)/s2, B = 0.

4.2.4 Конструкция 4

�ãáâì s | −¥ç¥â−®¥ ç¨á«®. ‚®á¯®«ì§ã¥¬áï (H0s , s, σ1, . . . , σs+1)-áå¥¬®©.
‘ ¯®¬®éìî á¯¥æ¨�«ì−®£® à�§¬¥é¥−¨ï ¥¤¨−¨æ ¢ ¢¥ªâ®à�å ®è¨¡®ª ei1,. . . ,eig ,

£¤¥ g = (s + 1)/2, ¬®¦−® ¤®¡¨âìáï â®£®, çâ® ¢ ¢¥ªâ®à¥ ¢¨¤�
⊕s+1

i=1 (xi ⊕ ei)
−� ¯¥à¢ëå g ª®®à¤¨−�â�å ¡ã¤¥â «î¡®¥ §−�ç¥−¨¥ ¨§ {0, 1}g . ’�ª�ï ª®−áâàãªæ¨ï
®¡¥á¯¥ç¨¢�¥â ®â−®á¨â¥«ì−ãî íää¥ªâ¨¢−®áâì (3s+ 1)/(s + 1) ¨ ®â−®á¨â¥«ì−ãî
¤«¨−ã á®®¡é¥−¨ï (3s + 1)/(2(s + 1)s). �á®¡¥−−®áâì íâ®© ª®−áâàãªæ¨¨ ¢ â®¬, çâ®
−� ¯¥à¢ëå g ¯®§¨æ¨ïå ¬®¦¥â ¡ëâì áä®à¬¨à®¢�− «î¡®© ¢¥ªâ®à, −�¯à¨¬¥à ª®¤®¢ë©
¢¥ªâ®à [g, g − 1, 2]-ª®¤� ¯à®¢¥àª¨ ç¥â−®áâ¨, ª®â®àë© ¯®§¢®«ï¥â ¨á¯à�¢¨âì ®¤−®
áâ¨à�−¨¥. ‚ íâ®¬ á«ãç�¥

α =
3s − 1
2(s+ 1)s

; e =
3s− 1
s+ 1

,

¯à¨ íâ®¬ ¤®¯ãáª�¥âáï ¯®â¥àï −¥ ¡®«¥¥ ®¤−®£® ¡«®ª�. ‘â¥¯¥−ì á¢®¡®¤ë ¢ íâ®©
ª®−áâàãªæ¨¨ ®âáãâáâ¢ã¥â, â�ª ª�ª §�ä¨ªá¨à®¢�−ë ¬¥áâ� úáãå¨åû ¡¨â®¢.

•�à�ªâ¥à¨áâ¨ª¨ ¯®áâà®¥−−ëå ª®−áâàãªæ¨© ®¡®¡é¥−ë ¢ â�¡«¨æ¥, � §�¢¨á¨-
¬®áâì e ®â α ¨§®¡à�¦¥−� −� à¨áã−ª¥. Š�ª ¢¨¤−® −� à¨áã−ª¥, ¯®áâà®¥−−ë¥

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019 189



ā. ‚. Š®á®«�¯®¢

•�à�ªâ¥à¨áâ¨ª¨ áâ¥£®á¨áâ¥¬ −� ®á−®¢¥ áå¥¬ë à�§¤¥«¥−¨ï á¥ªà¥â�

ü Š®−áâàãªæ¨ï ααα eee BBB FFF �£à�−¨ç¥−¨¥

1

��§®¢�ï
ª®−áâàãªæ¨ï
á ¨á¯à�¢«¥−¨¥¬
áâ¨à�−¨ï

1

(s+ 1)

2s

(s+ 1)
1

[⌈
s+ 1

2

⌉
,

⌊
s+ 1

2

⌋]
s ∈ N

2

��§®¢�ï
ª®−áâàãªæ¨ï
¡¥§ ¨á¯à�¢«¥−¨ï
áâ¨à�−¨ï

1

s
2 0

[⌈
s

2

⌉
,

⌊
s

2

⌋]
s ∈ N

3 Š®−áâàãªæ¨ï 1
s+ 1

s2
2(s+ 1)

s
0

[⌈
s

2

⌉
− 1,

⌊
s

2

⌋
− 1
]

s ∈ N

4 Š®−áâàãªæ¨ï 2
s+ log

2
s

s2
2(log

2
s+ s)

s
0

[⌈
s

2

⌉
− 1,

⌊
s

2

⌋
− 1
]
s = 2p, p ∈ N

5 Š®−áâàãªæ¨ï 3
2s− 1
(s2

(8s− 4)(10s− 2)
(5s+ 3)(5s− 5) 0 0

s ∈ N \ 2N,
s > 1

6
Š®−áâàãªæ¨ï 4
¡¥§ ¨á¯à�¢«¥−¨ï
áâ¨à�−¨ï

3s+ 1

2(s+ 1)s

3s+ 1

s+ 1
0 0 s ∈ N \ 2N

7
Š®−áâàãªæ¨ï 4
á ¨á¯à�¢«¥−¨¥¬
áâ¨à�−¨ï

3s− 1
2(s+ 1)s

3s− 1
s+ 1

1 0 s ∈ N \ 2N

‡�¢¨á¨¬®áâì e ®â α ¤«ï ¯®áâà®¥−−ëå ª®−áâàãªæ¨©: 1{7 | −®¬¥à� à�áá¬�âà¨¢�¥¬ëå
¢�à¨�−â®¢ ¨§ â�¡«¨æë; 8 | ¢¥àå−ïï £à�−¨æ�
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å�à�ªâ¥à¨áâ¨ª¨ ¤�«¥ª¨ ®â ¤®áâ¨¦¥−¨ï ¢¥àå−¥© £à�−¨æë. �â¬¥â¨¬, çâ® ª®−áâàãª-
æ¨ï ZZW, ª�ª á«¥¤ã¥â ¨§ [3], ¤®áâ¨£�¥â ¢¥àå−¥© £à�−¨æë. ‚ â® ¦¥ ¢à¥¬ï, ª�ª
¢¨¤−® ¨§ â�¡«¨æë, ¬−®£¨¥ ¯®áâà®¥−−ë¥ ¢ −�áâ®ïé¥© à�¡®â¥ ª®−áâàãªæ¨¨ ®¡«�¤�-
îâ −¥−ã«¥¢®© áâ¥¯¥−ìî á¢®¡®¤ë ¯à¨ ¬®¤¨ä¨ª�æ¨¨ ¡¨â®¢ ª®−â¥©−¥à�, � −¥ª®â®àë¥
¯®§¢®«ïîâ ¡®à®âìáï á ãâà�â®© ®¤−®£® ¨§ ¡«®ª®¢.
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ПОИСК ПУТЕЙ ДИНАМИЧЕСКОЙ РЕКОНФИГУРАЦИИ
РАСПРЕДЕЛЕННОЙ

ИНФОРМАЦИОННО-ВЫЧИСЛИТЕЛЬНОЙ СИСТЕМЫ
В СЛУЧАЕ ЗАХВАТА ХОСТА ПРОТИВНИКОМ∗

Н. А. Грушо1

�−−®â�æ¨ï: „«ï ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨-
®−−ëå â¥å−®«®£¨© (ˆ’) ¢ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå
á¨áâ¥¬�å (÷ˆ‚‘) à�−¥¥ ¡ë« ¯à¥¤«®¦¥− ¬¥å�−¨§¬ ¬¥â�¤�−−ëå, à¥�«¨§ãîé¨©
à�§à¥è¨â¥«ì−ãî á¨áâ¥¬ã ãáâ�−®¢«¥−¨ï á®¥¤¨−¥−¨© ¢ á¥â¨. ‚ á«ãç�¥ §�å¢�-
â� å®áâ� ¯à®â¨¢−¨ª®¬ áãé¥áâ¢ã¥â áâà�â¥£¨ï ®à£�−¨§�æ¨¨ �â�ª, ª®â®àë¥ −¥
¢ëï¢«ïîâáï −� ãà®¢−¥ âà�¤¨æ¨®−−ëå ¬¥â�¤�−−ëå. ÷ï¤ ®è¨¡®ª ¢ ¤�−−ëå, ª®-
â®àë¥ ¬®£ãâ ¡ëâì á£¥−¥à¨à®¢�−ë ¯à®â¨¢−¨ª®¬ ¢ å®¤¥ à¥�«¨§�æ¨¨ ˆ’, âà¥¡ã¥â
¯®áâà®¥−¨¥ æ¥¯®ç¥ª ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©, ¯à¥¤è¥áâ¢ãîé¨å ®è¨¡-
ª¥, á æ¥«ìî ¢ëï¢«¥−¨ï ¯à¨ç¨−ë ®è¨¡ª¨, ¯à¨ íâ®¬ ¬¥â�¤�−−ë¥ à¥�«¨§ãîâ
ã¯à®é¥−−ãî ¬®¤¥«ì ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¯à¨ à¥è¥−¨¨ §�¤�ç ¢ å®¤¥
¢ë¯®«−¥−¨ï ˆ’. �â®© ¬®¤¥«ìî ¬®¦−® ¢®á¯®«ì§®¢�âìáï ¤«ï ¯®¨áª� ãª�§�−−ëå
®è¨¡®ª. ‚ à�¡®â¥ ¯®áâà®¥−� á¨−¥à£¥â¨ç¥áª�ï á¢ï§ì ¬¥¦¤ã à¥è¥−¨¥¬ ãª�§�−-
−®© ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ à�¡®â®© ®¯ëâ−®£® á¨áâ¥¬−®£®
�¤¬¨−¨áâà�â®à� (‘�) ¯® ®¯à¥¤¥«¥−¨î ¯à¨ç¨− −¥ï¢−ëå ®è¨¡®ª. �â� á¢ï§ì
¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ®¯ëâ ‘� ¤«ï ã¯à®é¥−¨ï ¯®¨áª� §�å¢�ç¥−−®£® å®áâ�
¨ −¥ª®â®àëå áâà�â¥£¨© ¯à®â¨¢−¨ª� ¯® ¢−¥¤à¥−¨î ®è¨¡®ª ¢ à¥�«¨§�æ¨î ˆ’.
’�ª¦¥ íâ� á¢ï§ì ¯®§¢®«ï¥â ¬¨−¨¬¨§¨à®¢�âì âà¥¡®¢�−¨ï ¯® à¥ª®−ä¨£ãà�æ¨¨
á¥â¥© ¤«ï ®¡å®¤� §�å¢�ç¥−−®£® å®áâ�.

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

DOI: 10.14357/08696527190317

1 Введение

Œ¥â�¤�−−ë¥ ¤«ï ã¯à�¢«¥−¨ï á®¥¤¨−¥−¨ï¬¨ ¢ ÷ˆ‚‘ ¡ë«¨ ¢¯¥à¢ë¥ ®¯à¥¤¥-
«¥−ë ¨ ¨áá«¥¤®¢�−ë ¢ à�¡®â�å [1, 2] ª�ª −®¢ë© ¬¥å�−¨§¬ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�-
æ¨®−−®© ¡¥§®¯�á−®áâ¨. Š�ª ¡ë«® ®â¬¥ç¥−® ¢ [3], ¬¥â�¤�−−ë¥ | íâ® ã¯à®é¥−¨ï
¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© ¡¨§−¥á-¯à®æ¥áá®¢, ¤®áâ�â®ç−ë¥ ¤«ï â®£®, çâ®¡ë ¡ëáâà®
®¯à¥¤¥«ïâì ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ §�¤�ç ¢ å®¤¥ ¢ë¯®«−¥−¨ï ˆ’. ‘®¥¤¨-
−¥−¨¥ å®áâ®¢ áç¨â�¥âáï à�§à¥è¥−−ë¬, ¥á«¨ §�¤�ç¨, à¥è�¥¬ë¥ −� íâ¨å å®áâ�å,
á®®â¢¥âáâ¢ãîâ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¬ á¢ï§ï¬, ®¯¨á�−−ë¬ ¢ ¬¥â�¤�−−ëå.

∗÷�¡®â� ç�áâ¨ç−® ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 18-07-00274).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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�®¨áª ¯ãâ¥© ¤¨−�¬¨ç¥áª®© à¥ª®−ä¨£ãà�æ¨¨ ÷ˆ‚‘ ¢ á«ãç�¥ §�å¢�â� å®áâ� ¯à®â¨¢−¨ª®¬

‚®§−¨ª−®¢¥−¨¥ −�àãè¥−¨© ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© à�¢−®á¨«ì−® −�-
àãè¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �à¨ ¨§¬¥−¥−¨¨ ¯®àï¤ª� à¥è¥−¨ï §�¤�ç
¬¥â�¤�−−ë¥ ¬®£ãâ §−�ç¨â¥«ì−® ¬¥−ïâìáï, çâ® áãé¥áâ¢¥−−® ãá«®¦−ï¥â §�¤�çã
ã¯à�¢«¥−¨ï á®¥¤¨−¥−¨ï¬¨ ¢ á¥âïå á ¯®¬®éìî ¬¥â�¤�−−ëå. ‚ íâ®¬ á«ãç�¥:

{ «¨¡® ¬¥â�¤�−−ë¥ áâà®ïâáï −� ®á−®¢¥ ¨−¢�à¨�−â®¢ ®â−®á¨â¥«ì−® ¨§¬¥−¥−¨©
¯®àï¤ª� à¥è¥−¨ï §�¤�ç ¢ ˆ’, çâ® á−¨¦�¥â §�é¨é¥−−®áâì ˆ’, ¤®áâ¨¦¨¬ãî
á ¯®¬®éìî ¬¥â�¤�−−ëå;

{ «¨¡® áâà®¨âáï ¬−®¦¥áâ¢® «®ª�«ì−ëå âà�¥ªâ®à¨© ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�
(¤®¯ãáâ¨¬ë¥ ®£à�−¨ç¥−¨ï á®¥¤¨−¥−¨©, â. ¥. −¥áª®«ìª® ¢�à¨�−â®¢ ¬¥â�¤�−-
−ëå [4]).

‚ ¯®á«¥¤−¥¬ á«ãç�¥ áâà®ïâáï æ¥¯®çª¨ ¤®¯ãáâ¨¬ëå á®¥¤¨−¥−¨©, ªã¤� ¢å®¤ïâ
â¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ §�¤�ç, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¢ë¯®«−¥−¨¥ ˆ’.

’�ª¦¥ à�−¥¥ ¢ [5] ¡ë«® §�¬¥ç¥−®, çâ® ¢ á«ãç�¥ §�å¢�â� å®áâ� ¨ −�ª®¯«¥−¨ï
¯à®â¨¢−¨ª®¬ ¤�−−ëå ® ¢®§¬®¦−ëå á®¥¤¨−¥−¨ïå íâ®£® å®áâ� (¨−ä®à¬�æ¨ï ® ¬¥â�-
¤�−−ëå) ¯®à®¦¤�îâáï ã£à®§ë, −¥ ¢ëï¢«ï¥¬ë¥ −� ãà®¢−¥ ¬¥â�¤�−−ëå. �â¨ ã£à®§ë
á¢ï§�−ë á ¬�«ë¬¨ ¨§¬¥−¥−¨ï¬¨ §−�ç¥−¨© ¢ëå®¤−ëå ¤�−−ëå §�¤�ç¨, à¥è�¥¬®© −�
§�å¢�ç¥−−®¬ å®áâ¥. ’�ª¨¥ ¨§¬¥−¥−¨ï ¬®£ãâ ¡ëâì ¢ëï¢«¥−ë, ª�ª ¯à�¢¨«®, ç¥à¥§
−¥áª®«ìª® è�£®¢ ˆ’. �â® ¢ëï¢«¥−¨¥ ¢®§¬®¦−® ¢ á«ãç�¥ ®âª«®−¥−¨ï ª®−¥ç−ëå
¨«¨ ¯à®¬¥¦ãâ®ç−ëå à¥§ã«ìâ�â®¢ ˆ’ ®â ®¦¨¤�¥¬ëå. �à¨ íâ®¬ â¥áâ¨à®¢�−¨¥
äã−ªæ¨®−�«� ¯à¨«®¦¥−¨©, ®¯¥à�æ¨®−−®© ¨ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ ¯®¤â¢¥à¦¤�¥â,
çâ® ¢á¥ ª®¬¯®−¥−âë à�¡®â�îâ ¯à�¢¨«ì−®. ‚ à�¡®â¥ [5] ¡ë«¨ ¯à¥¤«®¦¥−ë −¥ª®â®-
àë¥ á¯®á®¡ë ¬®¤¥à−¨§�æ¨¨ ¬®¤¥«¨ ¬¥â�¤�−−ëå, ¯®§¢®«¨¢è¨å à¥è�âì ¯à®¡«¥¬ã
¯®¨áª� ¯à¨ç¨− â�ª¨å ®è¨¡®ª ¢ −¥ª®â®àëå ç�áâ−ëå á«ãç�ïå. ‚ à�¡®â�å [6, 7]
¢ëï¢«¥−ë ®è¨¡ª¨ ¢ §−�ç¥−¨ïå ¯�à�¬¥âà®¢ ª®−ä¨£ãà�æ¨© ¢§�¨¬®¤¥©áâ¢ãîé¨å
¯à®£à�¬¬, ª®â®àë¥ ¤�îâ ®¯¨á�−−ë© ¢ëè¥ íää¥ªâ. ‚ëï¢«¥−¨¥ ¨áâ®ç−¨ª� (¯à¨ç¨-
−ë) ¨áª�¦¥−¨ï âà¥¡ã¥â ¯®áâà®¥−¨ï ¬®¤¥«¨ æ¥¯®çª¨ ¯à¥¤ë¤ãé¨å ¢§�¨¬®¤¥©áâ¢¨©,
−� ª®â®à®© ¢ëï¢«ï¥âáï ¨áå®¤−®¥ ¨áª�¦¥−¨¥ ¨«¨ ®è¨¡ª�. —¥¬ á«®¦−¥¥ ¬®¤¥«ì,
â¥¬ á«®¦−¥¥ â�ª®© ¯®¨áª.

�âáî¤� ¢®§−¨ª«� ¨¤¥ï ¯à®¢¥¤¥−¨ï �−�«¨§� ¤¥©áâ¢¨© ®¯ëâ−ëå ‘� ¯® ¢ë-
ï¢«¥−¨î ¯à¨ç¨− ¯®¤®¡−ëå ®è¨¡®ª. ”®à¬�«ì−ë© ¯®¤å®¤ ª ¯®¨áªã ®è¨¡®ª
¢ ¤�−−ëå ¨ §−�ç¥−¨ïå ¯�à�¬¥âà®¢ ª®−ä¨£ãà�æ¨© ¯à¨¢®¤¨â ª íªá¯®−¥−æ¨�«ì-
−®© á«®¦−®áâ¨ â�ª¨å §�¤�ç ¨ ¯à�ªâ¨ç¥áª¨ −¥¯à¨¥¬«¥¬, ¯®íâ®¬ã ®¯ëâ−ë© ‘�
¢ ¯®¨áª¥ ¯à¨ç¨− ¯®¤®¡−ëå ®è¨¡®ª áâà¥¬¨âáï á®ªà�â¨âì ®¡«�áâì ¯®¨áª�, â. ¥.
¯®áâà®¨âì ¬¥â�¤�−−ë¥ ¢«¨ï−¨ï −� íää¥ªâ, ¯®à®¦¤¥−−ë© á¡®¥¬. �® áãâ¨, ¤¥©-
áâ¢¨ï ®¯ëâ−®£® ‘� ¢®ááâ�−�¢«¨¢�îâ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ ª®−ªà¥â−ëå
á«¥¤áâ¢¨© á ¯®â¥−æ¨�«ì−ë¬¨ ¯à¨ç¨−�¬¨ íâ¨å á«¥¤áâ¢¨© ¯® �−�«®£¨¨ á ¬¥â�¤�−-
−ë¬¨.

�à¥¦¤¥ ç¥¬ áâà®¨âì ¬®¤¥«¨ íâ®£® ¯®¤å®¤�, ¡ë«� ¯à®¢¥¤¥−� à�¡®â� ¯® á¡®àã
¤�−−ëå ® ¤¥©áâ¢¨ïå ®¯ëâ−ëå ‘� ¯à¨ ¯®¨áª¥ ¯à¨ç¨− ®è¨¡®ª ¢ ¤�−−ëå ¨ ¢ §−�ç¥-
−¨ïå ¯�à�¬¥âà®¢ ª®−ä¨£ãà�æ¨©. „�«ì−¥©è�ï ç�áâì à�¡®âë ¯®á¢ïé¥−� ®¯¨á�−¨î
¯à¨¬¥à� ¯®áâà®¥−¨ï ã¯à®é¥−¨© ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¯à¨ ¯®¨áª¥ −¥ï¢−®©
®è¨¡ª¨ ®¯ëâ−ë¬ ‘�. �â® ¨ ¤àã£¨¥ ¯®¤®¡−ë¥ ®¯¨á�−¨ï ¢ ¤�«ì−¥©è¥¬ ¯à¥¤¯®«�-
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£�¥âáï ¨á¯®«ì§®¢�âì ¤«ï ¯®áâà®¥−¨ï ¬®¤¥à−¨§¨à®¢�−−ëå ¬¥â�¤�−−ëå, á ¯®¬®éìî
ª®â®àëå ¬®£ãâ ¡ëáâà¥¥ −�å®¤¨âìáï ãª�§�−−ë¥ ¢ëè¥ ¨áª�¦¥−¨ï.

2 Выявление неявных сбоев в компьютерных системах

‘¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à ¢ á¢®¥© à�¡®â¥ ¯® ãáâà�−¥−¨î á¡®¥¢ ¢ ª®¬¯ìîâ¥à-
−ëå á¨áâ¥¬�å áâ�«ª¨¢�¥âáï á® á«®¦−ë¬ ¢§�¨¬®¤¥©áâ¢¨¥¬ ¬−®¦¥áâ¢� ¯à®£à�¬¬−®-
�¯¯�à�â−ëå ª®¬¯®−¥−â®¢. …á«¨ �¯¯�à�â−®¥ ¨«¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ −¥
¯à¥¤®áâ�¢«ï¥â ¤®áâ�â®ç−® ¤�−−ëå ¤«ï ¢ëï¢«¥−¨ï á¡®ï, â® ‘� ¯à¨å®¤¨âáï ¯à®¢¥-
àïâì ª�¦¤ë© ª®¬¯®−¥−â ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë, á¢ï§�−−ë© á à¥è¥−¨¥¬ ª®−ªà¥â-
−®© §�¤�ç¨.

…á«¨ ª�¦¤ë© ª®¬¯®−¥−â ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë ¬®¦¥â ¯à¥¤®áâ�¢«ïâì ¯®¤à®¡-
−ãî ¨−ä®à¬�æ¨î ® â®¬, ¯à�¢¨«ì−® «¨ ®− ¢ë¯®«−ï¥â á¢®¨ äã−ªæ¨¨ ¨ −�áª®«ìª®
å®à®è® á®£«�á®¢�−ë ¤�−−ë¥, â® ‘� íâ®£® ¡ë«® ¡ë ¤®áâ�â®ç−® ¤«ï ®¯¥à�â¨¢-
−®£® ¢ëï¢«¥−¨ï «î¡®£® á¡®ï. �¥ª®â®àë¥ ª®¬¯®−¥−âë á¯®á®¡−ë ¯à¥¤®áâ�¢«ïâì
¯®¤à®¡−ãî ¤¨�£−®áâ¨ç¥áªãî ¨−ä®à¬�æ¨î (¦ãà−�«ë à�¡®âë, ¤¨�£−®áâ¨ç¥áª�ï
¯¥ç�âì −� ¯à¨−â¥à�å), ¤àã£¨¬ ¦¥ âà¥¡ã¥âáï á¯¥æ¨�«ì−®¥ ¯à®£à�¬¬−®-�¯¯�à�â−®¥
®¡¥á¯¥ç¥−¨¥ ¤«ï ®â®¡à�¦¥−¨ï â�ª®© ¨−ä®à¬�æ¨¨, −�¯à¨¬¥à á¯¥æ¨�«¨§¨à®¢�−−ë¥
â¥áâ¥àë, �¤�¯â¥àë, ®â«�¤ç¨ª¨, ¯à®£à�¬¬ë ¨ â. ¤. �® ç¥¬ ¡®«ìè¥ ª®¬¯®−¥−â®¢
¢ ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥, â¥¬ ¡®«ìè¥ ¤¨�£−®áâ¨ç¥áª¨å áà¥¤áâ¢ âà¥¡ã¥âáï ¤«ï
¯®«ãç¥−¨ï −ã¦−®© ‘� ¨−ä®à¬�æ¨¨. ��¯à¨¬¥à, à�áá¬®âà¨¬ ®¤¨− ®ä¨á−ë© ¯¥à-
á®−�«ì−ë© ª®¬¯ìîâ¥à. �à¨¬¥à−ë© ¨−áâàã¬¥−â�à¨© ¤«ï ¤¨�£−®áâ¨ª¨ ª�¦¤®£®
ª®¬¯®−¥−â�:

(1) â¥áâ¨à®¢�−¨¥ ¬�â¥à¨−áª®© ¯«�âë;

(2) â¥áâ¨à®¢�−¨¥ ®¯¥à�â¨¢−®© ¯�¬ïâ¨;

(3) â¥áâ¨à®¢�−¨¥ ¯à®æ¥áá®à�;

(4) â¥áâ¨à®¢�−¨¥ ¦¥áâª®£® ¤¨áª�;

(5) â¥áâ¨à®¢�−¨¥ ¡«®ª� ¯¨â�−¨ï;

(6) â¥áâ¨à®¢�−¨¥ ¬®−¨â®à�;

(7) â¥áâ¨à®¢�−¨¥ ¯à¨−â¥à�;

(8) â¥áâ¨à®¢�−¨¥ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë;

(9) â¥áâ¨à®¢�−¨¥ ¤à�©¢¥à®¢ ®¡®àã¤®¢�−¨ï;

(10) â¥áâ¨à®¢�−¨¥ ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

’�ª¨¬ ®¡à�§®¬, ‘� ¤®«¦¥− ¨¬¥âì 10 ¨−áâàã¬¥−â®¢ ¤«ï â¥áâ¨à®¢�−¨ï â®«ìª®
®¤−®£® ¯¥àá®−�«ì−®£® ª®¬¯ìîâ¥à� á ®¤−¨¬ ¯à¨−â¥à®¬ ¨ ¬®−¨â®à®¬. …á«¨ ¦¥
ãç¨âë¢�âì, çâ® ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å ¨á¯®«ì§ãîâáï ¤¥áïâª¨ à�§«¨ç−ëå
ã§«®¢, á¥â¥¢ëå ãáâà®©áâ¢ ¨ â. ¤., â® ç¨á«® ª®¬¯®−¥−â®¢ ¤«ï â¥áâ¨à®¢�−¨ï ¡ã¤¥â
¨áç¨á«ïâìáï á®â−ï¬¨. „«ï ¡®«¥¥ ªàã¯−ëå ®à£�−¨§�æ¨© ª®«¨ç¥áâ¢® ¨−áâàã¬¥−â®¢
¤«ï â¥áâ¨à®¢�−¨ï ª®¬¯®−¥−â®¢ ¬®¦¥â á®áâ�¢«ïâì ã¦¥ âëáïç¨. …áâ¥áâ¢¥−−®, çâ®
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�®¨áª ¯ãâ¥© ¤¨−�¬¨ç¥áª®© à¥ª®−ä¨£ãà�æ¨¨ ÷ˆ‚‘ ¢ á«ãç�¥ §�å¢�â� å®áâ� ¯à®â¨¢−¨ª®¬

®¡«�¤�âì â�ª¨¬ ®£à®¬−ë¬ ¨−áâàã¬¥−â�à¨¥¬ ¨ ã¬¥âì ¥£® ¯à¨¬¥−ïâì á¯®á®¡−ë
«¨èì ¢ëá®ª®ª«�áá−ë¥ ¯à®ä¥áá¨®−�«ë. ‚ ¡®«ìè¨−áâ¢¥ ¦¥ á«ãç�¥¢ àï¤®¢®© ‘�
−¥ ®¡«�¤�¥â ¤®áâ�â®ç−®© ª¢�«¨ä¨ª�æ¨¥© ¨ ¨−áâàã¬¥−â�à¨¥¬. ‚ á«ãç�¥, ª®£¤� ‘�
−¥ ¢ á®áâ®ï−¨¨ ¢ëï¢¨âì ¯à¨ç¨−ã á¡®ï, ¯à¨¢«¥ª�îâ ‘�-íªá¯¥àâ�, ª®â®àë© á¢®¨¬
®¯ëâ®¬ §�¬¥−ï¥â ®¡è¨à−ë© âà¥¡ã¥¬ë© ¨−áâàã¬¥−â�à¨©.

�à¨¢¥¤¥¬ ¯à¨¬¥à ¢ëï¢«¥−¨ï á¡®ï ‘�-íªá¯¥àâ®¬.

�à¨¬¥à. �à¨−â¥à íâ¨ª¥â®ª, ¯®¤ª«îç¥−−ë© ç¥à¥§ ¯à¨−â-á¥à¢¥à ª «®ª�«ì−®© á¥â¨,
¤®«¦¥− ¯¥ç�â�âì íâ¨ª¥âª¨ á ã¤�«¥−−®£® á¥à¢¥à�, £¤¥ ãáâ�−®¢«¥−� â®¢�à®ãç¥â−�ï
á¨áâ¥¬�, ¢ ª®â®à®© ä®à¬¨àã¥âáï â¥ªáâ íâ¨ª¥âª¨. ‚ à¥§ã«ìâ�â¥ á¡®ï ¯à¨−â¥à
®áãé¥áâ¢«ï¥â ¯¥ç�âì íâ¨ª¥â®ª á ¯à®¯ãáª®¬ ®¤−®© íâ¨ª¥âª¨. ‚ ¤�−−®© áå¥¬¥ ¤«ï
á®ªà�é¥−¨ï �−�«¨§� ¢ë¤¥«¥−� æ¥¯®çª� ãáâà®©áâ¢ (¬¥â�¤�−−ë¥ 1), ã¬¥−ìè�îé�ï
¯¥à¥¡®à ¢®§¬®¦−ëå ¢®§¤¥©áâ¢¨© −� ˆ’ á â®çª¨ §à¥−¨ï ¢ëï¢«¥−−®© ®è¨¡ª¨. „«ï
¤�−−®© æ¥¯®çª¨ ¢ë¤¥«¥−ë á«¥¤ãîé¨¥ ª®¬¯®−¥−âë:

{ ¯à¨−â¥à íâ¨ª¥â®ª;

{ ¯à¨−â-á¥à¢¥à;

{ «®ª�«ì−�ï á¥âì;

{ à®ãâ¥à ¢ «®ª�«ì−®© á¥â¨;

{ à®ãâ¥à ã¤�«¥−−®© á¥â¨;

{ ã¤�«¥−−�ï «®ª�«ì−�ï á¥âì;

{ á®¥¤¨−¥−¨¥ ç¥à¥§ £«®¡�«ì−ãî á¥âì;

{ á¥à¢¥à á ®¯¥à�æ¨®−−®© á¨áâ¥¬®© ¨ ¤à�©¢¥à�¬¨ ¯à¨−â¥à�;

{ â®¢�à®ãç¥â−�ï á¨áâ¥¬�.

Š�¦¤ë© ¨§ ¯¥à¥ç¨á«¥−−ëå ª®¬¯®−¥−â®¢ ¯®¤¢¥à£�¥âáï ¯à®¢¥àª¥ á¨áâ¥¬−ë¬
�¤¬¨−¨áâà�â®à®¬ á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¯à¨−â¥à íâ¨ª¥â®ª | ¯à®¢¥àï¥âáï ¯à�¢¨«ì−®áâì ãáâ�−®¢ª¨ àã«®−� íâ¨ª¥â®ª,
¯®§¨æ¨®−¨à®¢�−¨¥ ¤�âç¨ª� ¡ã¬�£¨, ¯à®¢®¤¨âáï â¥áâ®¢�ï ¯¥ç�âì á á�¬®£®
¯à¨−â¥à�, −�«¨ç¨¥ ¯®¤ª«îç¥−¨ï ª ¯à¨−â-á¥à¢¥àã;

{ ¯à¨−â-á¥à¢¥à | ®áãé¥áâ¢«ï¥âáï ¯à®¢¥àª� ¯®¤ª«îç¥−¨ï ¯à¨−â¥à� íâ¨ª¥â®ª
ª ¯à¨−â-á¥à¢¥àã, ¯à®¢®¤¨âáï ¯à®¢¥àª� ¯®¤ª«îç¥−¨ï ¯à¨−â-á¥à¢¥à� ª «®ª�«ì-
−®© á¥â¨ ¨ ¥£® ¤®áâã¯−®áâì ¤«ï ¤àã£¨å ã§«®¢ «®ª�«ì−®© á¥â¨;

{ «®ª�«ì−�ï á¥âì | ¯à®¢®¤¨âáï ¯à®¢¥àª� á¢ï§¨ à®ãâ¥à� ¨ ¯à¨−â-á¥à¢¥à� ¯®
«®ª�«ì−®© á¥â¨;

{ à®ãâ¥à «®ª�«ì−®© á¥â¨ | ¯à®¢®¤¨âáï ¯à®¢¥àª� ãáâ�−®¢«¥−¨ï VPN (virtual
private network) ¯®¤ª«îç¥−¨ï ª ã¤�«¥−−®¬ã à®ãâ¥àã;

{ à®ãâ¥à ã¤�«¥−−®© á¥â¨, ¯®¤ª«îç¥−¨¥ ¯® £«®¡�«ì−®© á¥â¨, ã¤�«¥−−�ï «®-
ª�«ì−�ï á¥âì | ¯à®¢¥àï¥âáï ãáâ�−®¢«¥−¨¥ VPN-á®¥¤¨−¥−¨ï ¨ ¤®áâã¯−®áâì
ã¤�«¥−−®£® á¥à¢¥à�;
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{ ã¤�«¥−−ë© á¥à¢¥à | ®áãé¥áâ¢«ï¥âáï ¯à®¢¥àª� à�¡®â®á¯®á®¡−®áâ¨ á¥à¢¥à�,
ãáâ�−®¢«¥−−ë¥ −� −¥£® ¤à�©¢¥àë ®¡®àã¤®¢�−¨ï, −�áâà®©ª¨ ®¡®àã¤®¢�−¨ï;

{ â®¢�à®ãç¥â−�ï á¨áâ¥¬� | ¯à®¢¥àï¥âáï ¢®§¬®¦−®áâì ä®à¬¨à®¢�−¨ï â¥ªáâ�
íâ¨ª¥âª¨ ç¥à¥§ ¯à¥¤¢�à¨â¥«ì−ë© ¯à®á¬®âà ¯à¨ ¯¥ç�â¨.
‘¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à ¢ë¯®«−¨« ¢á¥ íâ¨ ¯à®¢¥àª¨. …¤¨−áâ¢¥−−ë¬ ®â-

ª«®−¥−¨¥¬ ®â −®à¬�«ì−®£® ¯®¢¥¤¥−¨ï ª®¬¯®−¥−â®¢ ®ª�§�«®áì â®, çâ® ¯à¨−â¥à
íâ¨ª¥â®ª ¯à¨ á�¬®¤¨�£−®áâ¨ª¥ ¯¥ç�â�« â�ª¦¥ á ¯à®¯ãáª®¬ ®¤−®© íâ¨ª¥âª¨. �®
®âáãâáâ¢¨¥ ¯®−ïâ−®© ‘� ¤¨�£−®áâ¨ç¥áª®© ¨−ä®à¬�æ¨¨ −¥ ¯®§¢®«¨«® ¥¬ã ¯à¨−ïâì
¯à�¢¨«ì−®¥ à¥è¥−¨¥ ¯® ãáâà�−¥−¨î á¡®ï. �¯ëâ−ë© ‘�, ¯à¨¢«¥ç¥−−ë© ¢ ª�ç¥áâ¢¥
íªá¯¥àâ�, ®§−�ª®¬¨«áï á à¥§ã«ìâ�â�¬¨ ¯à®¢¥¤¥−−®© ¤¨�£−®áâ¨ª¨. �¯ëâ ¯®¤áª�-
§�« íªá¯¥àâã, çâ® ¤«ï ¯®¨áª� ¯à¨ç¨−ë −�¤® ¨¤â¨ ®â á«¥¤áâ¢¨ï ª ¯à¨ç¨−¥, â. ¥.
−¥®¡å®¤¨¬® ¯¥à¥ç¨á«¨âì ¢á¥ ¯�à�¬¥âàë ª®−ä¨£ãà�æ¨¨ ¯à¨−â¥à� íâ¨ª¥â®ª ¢¬¥áâ¥
á ¬−®¦¥áâ¢�¬¨ §−�ç¥−¨©, ª®â®àë¥ ¬®£ãâ ¯à¨−¨¬�âì íâ¨ ¯�à�¬¥âàë. Š�¦¤®¥
§−�ç¥−¨¥ íâ¨å ¯�à�¬¥âà®¢ −�¤® ¯®¯ëâ�âìáï á¢ï§�âì á ¢®§−¨ª�îé¥© ®è¨¡ª®©.
�®áâà®¥−−®¥ ¬−®¦¥áâ¢® æ¥¯®ç¥ª ®¯à¥¤¥«ïîâ ¬¥â�¤�−−ë¥ 2. �ªá¯¥àâ ®¡à�â¨«
¢−¨¬�−¨¥ −� ®á®¡¥−−®áâì â¥áâ®¢®© ¯¥ç�â¨ ¯à¨−â¥à®¬ íâ¨ª¥â®ª. �¯ëâ íªá¯¥àâ�
ãª�§ë¢�« −� â®, çâ® ¯¥à¥−®á −� −®¢ãî áâà�−¨æã ¯à¨ ¯¥ç�â¨ ¢®§−¨ª�¥â â®«ìª® ¢ â®¬
á«ãç�¥, ª®£¤� ¢ë¢®¤¨¬ë© −� ¯¥ç�âì ¬�ª¥â ¡®«ìè¥, ç¥¬ ä®à¬�â ¡ã¬�£¨, á ª®â®àë¬
à�¡®â�¥â ¯à¨−â¥à. …á«¨ ¯à¨−â¥à ¯à¨ �¢â®−®¬−®© ¯¥ç�â¨ ¤¨�£−®áâ¨ç¥áª®© íâ¨-
ª¥âª¨ á®¢¥àè�¥â â�ªãî ¦¥ ®è¨¡ªã, â. ¥. â¥áâ®¢ë© ¬�ª¥â ¡®«ìè¥ ä®à¬�â� ¡ã¬�£¨,
§−�ç¨â, ä®à¬�â ¡ã¬�£¨, §�¤�−−ë© ¢ ¯à¨−â¥à¥, ®ª�§�«áï ¬¥−ìè¥ −¥®¡å®¤¨¬®£®.
�ªá¯¥àâ ¤¥«�¥â §�ª«îç¥−¨¥ ® â®¬, çâ® ä®à¬�â ¡ã¬�£¨, §�¤�−−ë© ¢ −�áâà®©ª�å
¯à¨−â¥à�, −¥ ¢¥à¥−. �®á«¥¤−¨¬ è�£®¬ ¢ à�ááã¦¤¥−¨¨ ï¢«ï¥âáï â®â ä�ªâ, çâ® á�¬
¯à¨−â¥à −¥ ¨¬¥¥â ¢®§¬®¦−®áâ¨ −�áâà®©ª¨ à�§¬¥à� ¡ã¬�£¨. ��áâà®©ª� à�§¬¥à�
¡ã¬�£¨ ¯¥à¥¤�¥âáï ¯à¨−â¥àã ¢¬¥áâ¥ á §�¤�−¨¥¬ −� ¯¥ç�âì ®â ¤à�©¢¥à� ¯à¨−â¥à�
íâ¨ª¥â®ª. ‚ë¢®¤®¬ íâ¨å à�ááã¦¤¥−¨© íªá¯¥àâ� ï¢«ï¥âáï ¯à¥¤¯®«®¦¥−¨¥ ® â®¬,
çâ® ¯à¨−â¥à ¯®«ãç¨« á §�¤�−¨¥¬ −� ¯¥ç�âì −¥¢¥à−ë© à�§¬¥à ¡ã¬�£¨. ’�ª¨¬
®¡à�§®¬, ¯®áâà®¥−� æ¥¯®çª� ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¨ ¢ë¤¥«¥−� ¨áå®¤−�ï
¯à¨ç¨−� ¯®ï¢¨¢è¥©áï ®è¨¡ª¨. „«ï â®£® çâ®¡ë á¡à®á¨âì ¯®«ãç¥−−ãî ¨ á®åà�−¥−-
−ãî ¯à¨−â¥à®¬ −�áâà®©ªã, −¥®¡å®¤¨¬® ¯¥à¥§�£àã§¨âì ¯à¨−â¥à íâ¨ª¥â®ª. �®á«¥
íâ®£® ¯¥ç�âì íâ¨ª¥â®ª ¯à®¨§¢®¤¨«�áì ¯à�¢¨«ì−®.

‚ à�áá¬®âà¥−−®¬ ¯à¨¬¥à¥ −�¡«î¤¥−¨¥ íªá¯¥àâ� §� ¯®¢¥¤¥−¨¥¬ ª®¬¯®−¥−â�
(¯à¨−â¥à� íâ¨ª¥â®ª) ¯®§¢®«¨«® ¢ëï¢¨âì ¯à¨ç¨−ã, ¯à¨ ª®â®à®© ¬®£«® ¢®§−¨ª−ãâì
â�ª®¥ ¯®¢¥¤¥−¨¥. �ªá¯¥àâ à�−¥¥ ç�áâ® áâ�«ª¨¢�«áï á �−�«®£¨ç−®© ¯à®¡«¥¬®© −�
à�§«¨ç−ëå ¢¨¤�å ¯à¨−â¥à®¢, çâ® ¯®§¢®«¨«® ¯®áâà®¨âì æ¥¯®çªã à�ááã¦¤¥−¨© ®â
á«¥¤áâ¢¨ï ª ¯à¨ç¨−¥. �à¨ ¨§¬¥−¥−¨¨ ®¤−®£® ¯�à�¬¥âà� ¯à®¨áå®¤¨â ¨§¬¥−¥−¨¥
¯®«ãç�¥¬®£® à¥§ã«ìâ�â�. —â®¡ë ¯à¨®¡à¥áâ¨ â�ª®© ®¯ëâ, −¥®¡å®¤¨¬® ¯à®¢¥¤¥−¨¥
íªá¯¥à¨¬¥−â®¢ á® ¬−®¦¥áâ¢®¬ ¯�à�¬¥âà®¢ −�áâà®¥ª ¤à�©¢¥à� ¯à¨−â¥à� ¨ −�¡«î-
¤¥−¨¥ §� ¢«¨ï−¨¥¬ íâ¨å ¨§¬¥−¥−¨© −� ¯®«ãç�¥¬ë© à¥§ã«ìâ�â.

ˆ§¬¥−¥−¨¥ ¯�à�¬¥âà®¢ ¢ ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥ ¬®¦¥â ¯®¢«¥çì §� á®¡®©
¨§¬¥−¥−¨ï ª�ª ¢−ãâà¨ á�¬®© á¨áâ¥¬ë, â�ª ¨ ¢−¥ ¥¥, â. ¥. ¯à¨ ¨§¬¥−¥−¨¨ à�§¬¥à�
¡ã¬�£¨ ¯à¨−â¥à� ¢ −�áâà®©ª�å ¤à�©¢¥à� à¥§ã«ìâ�â ®ª�§ë¢�¥âáï −� ¡ã¬�£¥, çâ®
−�å®¤¨âáï ¢−¥ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë. ‚ ¤�−−®¬ á«ãç�¥ −¥®¡å®¤¨¬® −�«¨ç¨¥
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�®¨áª ¯ãâ¥© ¤¨−�¬¨ç¥áª®© à¥ª®−ä¨£ãà�æ¨¨ ÷ˆ‚‘ ¢ á«ãç�¥ §�å¢�â� å®áâ� ¯à®â¨¢−¨ª®¬

ú−�¡«î¤�â¥«ïû | ¯®«ì§®¢�â¥«ï ¨«¨ ‘�, ª®â®àë© á¬®¦¥â ¯à¨−ïâì à¥è¥−¨¥ ®¡
ã¤®¢«¥â¢®à¨â¥«ì−®¬ ¨«¨ ®âà¨æ�â¥«ì−®¬ à¥§ã«ìâ�â¥.

3 Заключение
��©¤¥−−�ï ¯�à�««¥«ì ¬¥¦¤ã à�¡®â®© ‘�-íªá¯¥àâ� ¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−-

−ë¬¨ ®£à�−¨ç¥−¨ï¬¨, ª®â®àë¥ ®¯¨áë¢�îâáï ¬¥â�¤�−−ë¬¨, ¯®§¢®«ï¥â −�¬¥â¨âì
¤�«ì−¥©è¨¥ ¯ãâ¨ à�§¢¨â¨ï ¯®¤å®¤� ª ®¡¥á¯¥ç¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨ á ¯®¬®éìî ¬¥â�¤�−−ëå. ‚ ç�áâ−®áâ¨, à�§¢¨â¨¥ ¬¥â�¤�−−ëå ¤«ï ¢ëï¢«¥−¨ï
§�å¢�â� å®áâ� ¯à¨ ®¯¨á�−−®© áâà�â¥£¨¨ ¯à®â¨¢−¨ª� ¤®«¦−® á®¤¥à¦�âì á«¥¤ãîé¨¥
íâ�¯ë.

1. �� ¢ë¤¥«¥−−ëå è�£�å ˆ’ −¥®¡å®¤¨¬® ¨¬¥âì −¥ª®â®àë¥ ª®−âà®«ì−ë¥ äã−ª-
æ¨¨, ¢ëç¨á«¥−¨¥ ª®â®àëå ¯®§¢®«ï¥â ¢ëï¢«ïâì ®è¨¡ª¨ (§�¯à¥âë) ¢ ¤�−−ëå
¨«¨ ¢ §−�ç¥−¨ïå ª®−ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢ ¯à¨ à¥�«¨§�æ¨¨ ˆ’.

2. �¥®¡å®¤¨¬® ã¬¥âì áâà®¨âì ¬¨−¨¬�«ì−ë¥ æ¥¯®çª¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå
á¢ï§¥©, ¬�ªá¨¬�«ì−® á®ªà�é�ï ¯®¨áª ¯à¨ç¨− −�¡«î¤¥−−®© ®è¨¡ª¨.

3. ÷¥�«¨§�æ¨ï ¯. 2, ¢®§¬®¦−®, ¯®âà¥¡ã¥â ®áãé¥áâ¢¨âì à¥ª®−ä¨£ãà�æ¨î ¢ë-
ç¨á«¨â¥«ì−ëå ¯à®æ¥áá®¢, à¥�«¨§ãîé¨å ˆ’, â. ¥. ¯®áâà®¨âì ¬¨−¨¬�«ì−®
¢®§¬®¦−®¥ ç¨á«® æ¥¯®ç¥ª ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©, çâ®¡ë ¯à¨ ¯®¬®-
é¨ å®âï ¡ë ®¤−®© æ¥¯®çª¨ ¬®¦−® ¡ë«® ®¡®©â¨ §�å¢�ç¥−−ë© å®áâ ¨ ¯à�¢¨«ì−®
à¥�«¨§®¢�âì ˆ’.
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METHODS OF IDENTIFICATION OF “WEAK” SIGNS
OF VIOLATIONS OF INFORMATION SECURITY
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Abstract: To ensure information security of information technologies in dis-
tributed information computing systems, a metadata mechanism implementing
a permit system for establishing connections in a network has previously been
proposed. If a host is captured by an adversary, there is a strategy for organizing
attacks that are not detected at the traditional metadata level. A number of errors
in data that can be generated by an adversary during the implementation of infor-
mation technology require the construction of cause-and-effect chains preceding
the error in order to identify the cause of the error. At the same time, meta-
data implement a simplified model of cause-and-effect relations when solving
problems during implementation of information technology. This model can be
used to find the specified errors. The author constructs a synergistic relationship
between the solution of the mentioned problem of information security and the
work of an experienced system administrator to determine the causes of implicit
errors. This relationship allows leveraging the expertise of system administrators
to make it easier to find a captured host and some strategies of an adversary to
incorporate errors into the implementation of information technology. It also
minimizes network reconfiguration requirements to bypass the captured host.
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‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥-
¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨á-
á«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

“¬�−áª¨© ‚«�¤¨¬¨à ˆ«ì¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¬¥áâ¨â¥«ì
ƒ¥−¥à�«ì−®£® ¤¨à¥ªâ®à� ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®à-
áª®£® ¨−áâ¨âãâ� ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬
âà�−á¯®àâ¥ (��� ú�ˆˆ�‘û)

•®à®è¨«®¢ �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥-
¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

•®à®è¨«®¢ �«¥ªá¥© �«¥ªá¥¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª 27-£® –¥−âà�«ì−®£® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£®
¨−áâ¨âãâ� Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë ÷®áá¨¨

—�àª®¢� ‚¨ªâ®à¨ï ‚ïç¥á«�¢®¢−� (à. 1997) | áâã¤¥−âª� •�ª�ááª®£® £®áã¤�à-
áâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. �. ”. Š�â�−®¢�

—ãå−® ��¤¥¦¤� ‚¨ªâ®à®¢−� (à. 1995) | áâã¤¥−âª� ¬�£¨áâà�âãàë ª�ä¥¤àë ¯à¨-
ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë
−�à®¤®¢

—ãå−® �«ì£� ‚¨ªâ®à®¢−� (à. 1995) | áâã¤¥−âª� ¬�£¨áâà�âãàë ª�ä¥¤àë ¯à¨-
ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë
−�à®¤®¢
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�¡ �¢â®à�å

˜�à−¨− Œ¨å�¨« Œ¨å�©«®¢¨ç (à. 1959) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

˜¥áâ�ª®¢ �«¥£ ‚«�¤¨¬¨à®¢¨ç (p. 1976) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å,
¤®æ¥−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�-
â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®-
¬®−®á®¢�; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

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

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

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

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

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

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

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 3 2019 207



�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

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¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

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

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

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

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

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

{ 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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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

‘¯¨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−�«�:
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