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ОЦЕНКИ РАСПРЕДЕЛЕНИЯ ПОТОКОВ ПРИ ПРЕДЕЛЬНОЙ
ЗАГРУЗКЕ МНОГОПОЛЬЗОВАТЕЛЬСКОЙ СЕТИ

Ю. Е. Малашенко1, И. А. Назарова2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¨â¥à�æ¨®−−ë© ¬¥â®¤ ¯®á«¥¤®¢�â¥«ì−®£® à�á¯à¥-
¤¥«¥−¨ï ¬−®£®¯à®¤ãªâ®¢®£® ¯®â®ª�, ¯®§¢®«ïîé¨© ¯®«−®áâìî ¨á¯®«ì§®¢�âì
¯à®¯ãáª−ãî á¯®á®¡−®áâì ¢á¥å à¥¡¥à á¥â¨. ‚ à�¬ª�å ä®à¬�«ì−®© ¬�â¥¬�-
â¨ç¥áª®© §�¯¨á¨ ¬®¤¥«¨ á¥â¨ ®¯à¥¤¥«ïîâáï ¢¥ªâ®àë ¯®â®ª®¢, ª®â®àë¥ ¬®£ãâ
®¤−®¢à¥¬¥−−® ¯¥à¥¤�¢�âìáï ¬¥¦¤ã ¢á¥¬¨ ¯�à�¬¨ ¢¥àè¨−. �®á«¥¤®¢�â¥«ì−®
−�å®¤ïâáï á®¢¬¥áâ−ë¥ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢, ¯à¨ ª®â®àëå ¤®áâ¨£�¥âáï ¯à¥-
¤¥«ì−® ¢®§¬®¦−�ï §�£àã§ª� ®¤−®£® ¨§ à¥¡¥à. „®áâ¨£−ãâë¥ §−�ç¥−¨ï ¯®â®ª®¢
¤«ï ¢á¥å ¯�à ã§«®¢-ª®àà¥á¯®−¤¥−â®¢ ä¨ªá¨àãîâáï, ¨ ¢ëç¨á«ï¥âáï ®áâ�â®ç−�ï
¯à®¯ãáª−�ï á¯®á®¡−®áâì. �� á«¥¤ãîé¥¬ íâ�¯¥ ¢−®¢ì à¥è�¥âáï §�¤�ç� ¯®¨áª�
á®¢¬¥áâ−®£® à�á¯à¥¤¥«¥−¨ï ¬�ªá¨¬�«ì−® ¢®§¬®¦−ëå ¯®â®ª®¢ ¨ ¢ëï¢«ï¥âáï
®ç¥à¥¤−®¥ à¥¡à®, ¯à®¯ãáª−�ï á¯®á®¡−®áâì ª®â®à®£® ®ª�§ë¢�¥âáï ¨áç¥à¯�−−®©.
�à®æ¥¤ãà� ¯®¢â®àï¥âáï ¤® â¥å ¯®à, ¯®ª� ®áâ�â®ç−�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì
¢á¥å à¥¡¥à −¥ ®ª�¦¥âáï à�¢−®© −ã«î. �−�«¨§¨àãîâáï à¥§ã«ìâ�âë ¢ëç¨á«¨-
â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ −� ¬®¤¥«ïå á¥â¥© á à�§−ë¬¨ áâàãªâãà−ë¬¨ ®á®¡¥−−®-
áâï¬¨. �à¥¤«®¦¥−−�ï ¯à®æ¥¤ãà� ¬®¦¥â ¯à¨¬¥−ïâìáï ¯à¨ �¯à¨®à−®¬ �−�«¨§¥
äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¨ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï
à¥áãàá®¢ á¥â¨.

Š«îç¥¢ë¥ á«®¢�: ¬−®¦¥áâ¢® ¤®áâ¨¦¨¬ëå ¯®â®ª®¢; à�¢−®¤®«¥¢®¥ à�á¯à¥¤¥-
«¥−¨¥ ¯®â®ª®¢; ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ á¥â¨

DOI: 10.14357/08696527200301

1 Введение

‚ à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¨â¥à�æ¨®−−ë© ¬¥â®¤ ä®à¬¨à®¢�−¨ï ¢¥ªâ®à� ¤®-
¯ãáâ¨¬ëå ¯®â®ª®¢, ¯à¨ ¯¥à¥¤�ç¥ ª®â®àëå ¯®«−®áâìî ¨á¯®«ì§ãîâáï ¯à®¯ãáª−ë¥
á¯®á®¡−®áâ¨ ¢á¥å à¥¡¥à. ‚ ®á−®¢¥ ¯à®æ¥¤ãàë «¥¦¨â ¯®¨áª ¬�ªá¨¬�«ì−®£® ¯®â®ª�,
ª®â®àë© ¬®¦−® ¯¥à¥¤�âì ¢ ¬®−®¯®«ì−®¬ à¥¦¨¬¥ ¬¥¦¤ã §�¤�−−®© ¯�à®© ¢¥àè¨−.
�®«ãç¥−−ë¥ à�á¯à¥¤¥«¥−¨ï á«ã¦�â £à�−¨ç−ë¬¨ â®çª�¬¨ ¬−®¦¥áâ¢� ¤®¯ãáâ¨¬ëå
¬¥¦ã§«®¢ëå ¯®â®ª®¢. “ª�§�−−ë© ¬¥â®¤ ¡ë« ¨á¯®«ì§®¢�− ¯à¨ �¯¯à®ªá¨¬�æ¨¨
¬−®¦¥áâ¢� ¤®áâ¨¦¨¬ëå ¯®â®ª®¢ ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¨ [1]. �−�«¨§ ¯®á«¥¤-
áâ¢¨© áâàãªâãà−ëå ¯®¢à¥¦¤¥−¨© ¬−®£®¯à®¤ãªâ®¢®© á¥â¨ [2] â�ª¦¥ ¡�§¨àã¥âáï
−� ¢ëç¨á«¥−¨¨ ¬�ªá¨¬�«ì−®£® ¯®â®ª� ¤«ï ª�¦¤®© ¯�àë ¢¥àè¨− −¥§�¢¨á¨¬®,

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, malash09@ccas.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, irina-nazar@yandex.ru
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�æ¥−ª¨ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¯à¨ ¯à¥¤¥«ì−®© §�£àã§ª¥ ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¨

¡¥§ ãç¥â� ®áâ�«ì−ëå. �â−®á¨â¥«ì−�ï ¯à®áâ®â� ¨ −¥¡®«ìè¨¥ ¢ëç¨á«¨â¥«ì−ë¥
§�âà�âë ¯®§¢®«¨«¨ ¯à¨¬¥−¨âì ¤�−−ë© ¯®¤å®¤ ¤«ï ¯®«ãç¥−¨ï £�à�−â¨à®¢�−−ëå
¢¥ªâ®à−ëå ®æ¥−®ª äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© á¥â¥© á¢ï§¨ [3]. ‚ −�áâ®ïé¥©
à�¡®â¥ ®æ¥−ªã íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ ¢ ¯®«−®áâìî §�£àã¦¥−-
−®© á¥â¨ ¯à¥¤«�£�¥âáï ¯à®¢®¤¨âì, ®á−®¢ë¢�ïáì −� ¢ëç¨á«¥−−ëå ¬�ªá¨¬�«ì−ëå
¬¥¦ã§«®¢ëå ¯®â®ª�å ¯à¨ ä¨ªá¨à®¢�−−ëå ¬�àèàãâ�å ¯¥à¥¤�ç¨ ¬¥¦¤ã ¢á¥¬¨
ª®àà¥á¯®−¤¥−â�¬¨.

2 Математическая модель

„«ï ®¯¨á�−¨ï ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¥¢®© á¨áâ¥¬ë ¨á¯®«ì§ã¥âáï
¬�â¥¬�â¨ç¥áª�ï §�¯¨áì ¬®¤¥«¨ ¯¥à¥¤�ç¨ ¬−®£®¯à®¤ãªâ®¢®£® ¯®â®ª� [4].
‘âàãªâãà� á¥â¨ G(d) §�¤�¥âáï ¬−®¦¥áâ¢�¬¨ 〈V, R, U〉: ã§«®¢ (¢¥à-
è¨−) á¥â¨ V = {v1, v2, . . . , vn, . . . , vN}; −¥®à¨¥−â¨à®¢�−−ëå à¥¡¥à R =
= {r1, r2, . . . , rk, . . . , rE} ⊂ V × V . ÷¥¡à® rk = (vnk

, vjk) á®¥¤¨−ï¥â ¢¥àè¨−ë
vnk

¨ vjk (¨−æ¨¤¥−â−® ¢¥àè¨−�¬ vnk
¨ vjk ), ª®â®àë¥ ¤«ï −¥£® á«ã¦�â ª®−æ¥¢ë¬¨.

�à¥¤¯®«�£�¥âáï, çâ® ¢ á¥â¨ ®âáãâáâ¢ãîâ ¯¥â«¨ ¨ á¤¢®¥−−ë¥ à¥¡à�. ÷¥¡àã rk áâ�-
¢ïâáï ¢ á®®â¢¥âáâ¢¨¥ ¤¢¥ ®à¨¥−â¨à®¢�−−ë¥ ¤ã£¨ uk ¨ uk+E ¯àï¬®£® ¨ ®¡à�â−®£®
−�¯à�¢«¥−¨ï ¨§ ¬−®¦¥áâ¢� ®à¨¥−â¨à®¢�−−ëå ¤ã£ U = {u1, u2, . . . , uk, . . . , u2E}.
„ã£¨ {uk, uk+E} ®¯à¥¤¥«ïîâ −�¯à�¢«¥−¨¥ ¯¥à¥¤�ç¨ ¯®â®ª� ¯® à¥¡àã rk ¬¥¦¤ã
ª®−æ¥¢ë¬¨ ¢¥àè¨−�¬¨ vnk

¨ vjk .
�¡®§−�ç¨¬ ç¥à¥§ S(vn) ¬−®¦¥áâ¢® −®¬¥à®¢ ¨áå®¤ïé¨å ¤ã£, ¯® ª®â®àë¬ ¯®â®ª

¯®ª¨¤�¥â ã§¥« vn; T (vn)| ¬−®¦¥áâ¢® −®¬¥à®¢ ¢å®¤ïé¨å ¤ã£, ¯® ª®â®àë¬ ¯®â®ª
¯®áâã¯�¥â ¢ ã§¥« vn. ‘®áâ�¢ ¬−®¦¥áâ¢ S(vn), T (vn) ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï
¢ å®¤¥ ¢ë¯®«−¥−¨ï á«¥¤ãîé¥© ¯à®æ¥¤ãàë. �ãáâì −¥ª®â®à®¥ à¥¡à® rk ∈ R
á®¥¤¨−ï¥â ¢¥àè¨−ë á −®¬¥à�¬¨ n ¨ j, â�ª¨¬¨ çâ® n < j. ’®£¤� ®à¨¥−â¨à®¢�−−�ï
¤ã£� uk = (vn, vj) áç¨â�¥âáï ¨áå®¤ïé¥© ¨§ ¢¥àè¨−ë vn ¨ ¥¥ −®¬¥à k §�−®á¨âáï
¢ ¬−®¦¥áâ¢® S(vn), ®à¨¥−â¨à®¢�−−�ï ¤ã£� uk+E = (vj , vn) | ¢å®¤ïé¥© ¤«ï vn
¨ ¥¥ −®¬¥à k + E ¯®¬¥é�¥âáï ¢ á¯¨á®ª T (vn). ‘®®â¢¥âáâ¢¥−−®, ¤ã£� uk ï¢«ï¥âáï
¢å®¤ïé¥© ¤«ï vj ¨ ¥¥ −®¬¥à k ¯®¯�¤�¥â ¢ T (vj), � ¤ã£� uk+E | ¨áå®¤ïé¥© ¨ −®¬¥à
k +E ¢−®á¨âáï ¢ á¯¨á®ª ¨áå®¤ïé¨å ¤ã£ S(vj).

�à¥¤¯®«�£�¥âáï, çâ® ¢ á¥â¨ ¬¥¦¤ã «î¡®© ¯�à®© ã§«®¢ ¬®£ãâ ¯¥à¥¤�¢�âìáï
¯®â®ª¨ à�§−ëå ¢¨¤®¢. ��à� ã§«®¢-ª®àà¥á¯®−¤¥−â®¢ pm ®¯à¥¤¥«ï¥âáï ã¯®àï¤®-
ç¥−−®© ¯�à®© ¢¥àè¨− pm = (vsm , vtm), £¤¥ ¢¥àè¨−� á −®¬¥à®¬ sm −�§ë¢�¥âáï
¨áâ®ç−¨ª®¬, � á −®¬¥à®¬ tm | áâ®ª®¬, ¨«¨ ¯à¨¥¬−¨ª®¬, ¯®â®ª� m-£® ¢¨¤�.
‚ −�áâ®ïé¥© à�¡®â¥ ¢ á¥â¨ ¨§N ã§«®¢ à�áá¬�âà¨¢�¥âáïM = N(N −1) −¥§�¢¨á¨-
¬ëå, −¥¢§�¨¬®§�¬¥−ï¥¬ëå ¨ à�¢−®¯à�¢−ëå ¯®â®ª®¢ à�§«¨ç−ëå ¢¨¤®¢, ª®â®àë¥
¬®£ãâ ¯¥à¥¤�¢�âìáï ®¤−®¢à¥¬¥−−® ¬¥¦¤ã ã§«�¬¨-ª®àà¥á¯®−¤¥−â�¬¨ ¨§ ¬−®¦¥áâ¢�
P = {p1, p2, . . . , pM}.

�ãáâì xmk | ¢¥«¨ç¨−� ¯®â®ª� m-£® ¢¨¤�, ª®â®àë© ¯¥à¥¤�¥âáï ¯® à¥¡àã rk,
xmk ≥ 0, m = 1,M , k = 1, E. Š�¦¤®¬ã à¥¡àã rk ∈ R ¯à¨¯¨áë¢�¥âáï −¥®â-
à¨æ�â¥«ì−®¥ ç¨á«® dk, ®¯à¥¤¥«ïîé¥¥ áã¬¬�à−ë© ¯à¥¤¥«ì−® ¤®¯ãáâ¨¬ë© ¯®â®ª,
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ā. …. Œ�«�è¥−ª®, ˆ. �. ��§�à®¢�

ª®â®àë© ¬®¦−® ¯¥à¥¤�âì ¯® à¥¡àã rk ¢ ®¡®¨å −�¯à�¢«¥−¨ïå. ‚ ¨áå®¤−®© á¥â¨
ª®¬¯®−¥−âë ¢¥ªâ®à� ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥© d = (d1, d2, . . . , dk, . . . , dE) |
−�¯¥à¥¤ §�¤�−−ë¥ ¯®«®¦¨â¥«ì−ë¥ ç¨á«� dk > 0. ‚¥ªâ®à®¬ d ®¯à¥¤¥«ïîâáï
á«¥¤ãîé¨¥ ®£à�−¨ç¥−¨ï −� ¢á¥ ¯®â®ª¨, ¯¥à¥¤�¢�¥¬ë¥ ¯® à¥¡àã rk:

M
∑

m=1

(

xmk + xm(k+E)
)

≤ dk, xmk ≥ 0, xm(k+E) ≥ 0, k = 1, E. (1)

�£à�−¨ç¥−¨ï (1) §�¤�îâ ¬−®¦¥áâ¢®

X(d) = {x ≥ 0| x ã¤®¢«¥â¢®àïîâ (1)}

¤®¯ãáâ¨¬ëå §−�ç¥−¨© ª®¬¯®−¥−â ¢¥ªâ®à� ¯®â®ª®¢ ¯® à¥¡à�¬ á¥â¨ x =
= (xmk, xm(k+E)), m = 1,M , k = 1, E.

�¡®§−�ç¨¬ ç¥à¥§ zm ¢¥«¨ç¨−ã ¯®â®ª� m-£® ¢¨¤�, ª®â®àë© ¯®áâã¯�¥â ¢ á¥âì
¢ ã§«¥ á −®¬¥à®¬ sm ¨ ¯®ª¨¤�¥â ¨§ ã§«� á −®¬¥à®¬ tm.

‚® ¢á¥å ã§«�å á¥â¨ vn ∈ V , n = 1, N , ¤«ï ¢á¥å ¢¨¤®¢ ¯®â®ª®¢ ¤®«¦−ë
¢ë¯®«−ïâìáï ãá«®¢¨ï á®åà�−¥−¨ï ¯®â®ª®¢:

∑

i∈S(vn)

xmi −
∑

i∈T (vn)

xmi =







zm, ¥á«¨ vn = vsm;

−zm, ¥á«¨ vn = vtm ;

0 ¢ ®áâ�«ì−ëå á«ãç�ïå,

n = 1, N, m = 1,M , xmi ≥ 0 , zm ≥ 0 . (2)

‚¥«¨ç¨−� zm à�¢−� ¢å®¤−®¬ã ¯®â®ªã m-£® ¢¨¤�, ª®â®àë© ¬®¦¥â ¡ëâì ¯à®¯ãé¥−
®â ¨áâ®ç−¨ª� ª áâ®ªã ¯�àë pm ¯à¨ à�á¯à¥¤¥«¥−¨¨ ¯®â®ª®¢ xmi ¯® ¤ã£�¬ á¥â¨.

“á«®¢¨ï á®åà�−¥−¨ï ¯®â®ª®¢ ¢ ã§«�å á¥â¨ (2) ãáâ�−�¢«¨¢�îâ ¢§�¨¬®á¢ï§ì
¢¥ªâ®à®¢x ¨ z = (z1, z2, . . . , zm, . . . , zM ). �£à�−¨ç¥−¨ï (1), (2) §�¤�îâ ¬−®¦¥áâ¢®
¤®¯ãáâ¨¬ëå §−�ç¥−¨© ª®¬¯®−¥−â ¢¥ªâ®à� ¬¥¦ã§«®¢ëå ¯®â®ª®¢:

Z(x,d) = {z ≥ 0| (z,x) ã¤®¢«¥â¢®àïîâ (1), (2)}.

3 Предельная загрузка сети

÷�áá¬®âà¨¬ ¯®è�£®¢ãî ¯à®æ¥¤ãàã ®¯à¥¤¥«¥−¨ï ¢¥ªâ®à� ¯®â®ª®¢, ¯à¨ ª®â®à®¬
¤®áâ¨£�¥âáï ¯à¥¤¥«ì−® ¢®§¬®¦−�ï §�£àã§ª� ¢á¥å à¥¡¥à á¥â¨. �� ¯¥à¢®¬ íâ�¯¥ ¤«ï
¯à®¨§¢®«ì−®© ¯�àë ã§«®¢-ª®àà¥á¯®−¤¥−â®¢ pa ∈ P ®¯à¥¤¥«ï¥âáï ¬�ªá¨¬�«ì−ë©
¯®â®ª [5], ª®â®àë© ¬®¦−® −¥§�¢¨á¨¬® ¯¥à¥¤�âì ¢ á¥â¨ ¨§ ¢¥àè¨−ë á −®¬¥à®¬ sa
¢ ¢¥àè¨−ã á −®¬¥à®¬ ta ¡¥§ ãç¥â� ¢á¥å ®áâ�«ì−ëå.

‡�¤�ç� 1. ��©â¨ z0a(1) = max
z,x

za

¯à¨ ãá«®¢¨ïå (z,x) ∈ Z(x,d), zm = 0, m 6= a, m = 1,M .

6 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 3 2020



�æ¥−ª¨ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¯à¨ ¯à¥¤¥«ì−®© §�£àã§ª¥ ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¨

�¡®§−�ç¨¬ (x0ak(1), x
0
a(k+E)(1)), k = 1, E, ¯®â®ª¨ ¯® à¥¡à�¬ á¥â¨, ª®â®àë¥

á®®â¢¥âáâ¢ãîâ ®¯â¨¬�«ì−®¬ã à¥è¥−¨î §�¤�ç¨ | ¬�ªá¨¬�«ì−®¬ã −¥§�¢¨á¨¬®¬ã
¯®â®ªã z0a(1). �®á«¥¤®¢�â¥«ì−®¥ à¥è¥−¨¥ §�¤�ç¨ 1 ¤«ï ¢á¥å pm ∈ P ¯®§¢®«ï¥â
áä®à¬¨à®¢�âì ¢¥ªâ®àë z0(1) = {z01(1), z

0
2(1), . . . , z

0
m(1), . . . , z

0
M (1)} ¨ x0(1) =

= (x0mk(1), x
0
m(k+E)(1)), m = 1,M , k = 1, E.

�� ®á−®¢�−¨¨ ¢¥ªâ®à®¢ z0(1),x0(1) −�å®¤¨âáï ¤®¯ãáâ¨¬®¥ à�á¯à¥¤¥«¥−¨¥
¯®â®ª®¢, ¯à®¯®àæ¨®−�«ì−ëå ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¬ã ¤«ï ª�¦¤®© ¯�àë pm ∈
∈ P . ‡−�ç¥−¨¥ ª®íää¨æ¨¥−â� ¯à®¯®àæ¨®−�«ì−®áâ¨ ®¯à¥¤¥«ï¥âáï ¬¨−¨¬�«ì−®©
¯à®¯ãáª−®© á¯®á®¡−®áâìî −�¨¡®«¥¥ §�£àã¦¥−−®£® à¥¡à�.

‡�¤�ç� 2. ��©â¨ α∗(1) = max
α

α,

α

M
∑

m=1

x0mk(1) + α

M
∑

m=1

x0m(k+E)(1) ≤ dk,

¯à¨ ãá«®¢¨ïå x0mk ≥ 0, x
0
m(k+E) ≥ 0, k = 1, E,

α
∑

i∈S(vn)

x0mi(1)− α
∑

i∈T (vn)

x0m(i+E)(1) =

{

αz0m(1), ¥á«¨ vn = vsm;

−αz0m(1), ¥á«¨ vn = vtm ,

n = 1, N, m = 1,M, x0mi ≥ 0, z
0
m(1) ≥ 0.

‚¥ªâ®àë z∗(1) = α∗(1)z0(1), x∗(1) = α∗(1)x0(1) ®¯à¥¤¥«ïîâ ¤®¯ãáâ¨¬®¥
à�á¯à¥¤¥«¥−¨¥ ¯®â®ª®¢, ª®â®àë¥ ¯à®¯®àæ¨®−�«ì−ë ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë¬ ¤«ï
ª�¦¤®© ¯�àë ã§«®¢ ¨áâ®ç−¨ª{¯à¨¥¬−¨ª pm ∈ P . �� ¢á¥å ¯®á«¥¤ãîé¨å íâ�-
¯�å −�©¤¥−−ë¥ ¯®â®ª¨ z∗(1),x∗(1) ä¨ªá¨àãîâáï ¨ ®áâ�îâáï −¥¨§¬¥−−ë¬¨ ¤®
®ª®−ç�−¨ï ¯à®æ¥¤ãàë.

�� á«¥¤ãîé¥¬ íâ�¯¥ ¤«ï ¢á¥å à¥¡¥à á¥â¨ ¢ëç¨á«ï¥âáï ®áâ�â®ç−�ï ¯à®¯ãáª−�ï
á¯®á®¡−®áâì

dk(2) = dk −

[

M
∑

m=1

x∗mk(1) +

M
∑

m=1

x∗m(k+E)(1)

]

, k = 1, E,

¨ ¯®á«¥¤®¢�â¥«ì−® à¥è�¥âáï æ¥¯®çª� §�¤�ç 1, −® ¤«ï ¢¥ªâ®à� dk(2).

‡�¤�ç� 3. „«ï −¥ª®â®à®© ¯�àë ã§«®¢ pa −�©â¨ z0a(2) = max
z,x

za

¯à¨ ãá«®¢¨ïå: (z,x) ∈ Z(x,d(2)); zm = 0, m 6= a, m = 1,M .
�¯â¨¬�«ì−®¬ã à¥è¥−¨î §�¤�ç¨ 3 | ¬�ªá¨¬�«ì−®¬ã ¯®â®ªã z0a(2) | á®-

®â¢¥âáâ¢ã¥â à�á¯à¥¤¥«¥−¨¥ ¯®â®ª®¢ ¯® à¥¡à�¬ á¥â¨ (x0ak(2), x
0
a(k+E)(2)), k =

= 1, E. �®á«¥¤®¢�â¥«ì−®¥ à¥è¥−¨¥ §�¤�ç¨ 3 ¤«ï ¢á¥å pm ∈ P ¯®§¢®«ï¥â
áä®à¬¨à®¢�âì ¢¥ªâ®àë z0(2) = {z01(2), z

0
2(2), . . . , z

0
m(2), . . . , z

0
M (2)} ¨ x0(2) =

= (x0mk(2), x
0
m(k+E)(2)), k = 1, E, m = 1,M . „®¯ãáâ¨¬®¥ à�á¯à¥¤¥«¥−¨¥

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 3 2020 7



ā. …. Œ�«�è¥−ª®, ˆ. �. ��§�à®¢�

¯®â®ª®¢, ¯à®¯®àæ¨®−�«ì−ëå ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë¬ −� ¤�−−®¬ íâ�¯¥, ®¯à¥-
¤¥«ï¥âáï ¬¨−¨¬�«ì−®© ®áâ�â®ç−®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî à¥¡à� ¨§ à¥è¥−¨ï
§�¤�ç¨ 4.

‡�¤�ç� 4. ��©â¨ α∗(2) = max
α

α,

α

M
∑

m=1

x0mk(2) + α

M
∑

m=1

x0m(k+E)(2) ≤ dk(2),

¯à¨ ãá«®¢¨ïå x0mk ≥ 0, x
0
m(k+E) ≥ 0, z

0
m(2) ≥ 0, k = 1, E, m = 1,M.

�� ®á−®¢�−¨¨ à¥è¥−¨ï §�¤�ç¨ 4 ¢ë¯¨áë¢�îâáï ¢¥ªâ®àë ¤®¯ãáâ¨¬ëå ¯®â®ª®¢

z
∗(2) = α∗(2)z0(2), x∗(2) = α∗(2)x0(2)

¨ ¤«ï ¢á¥å à¥¡¥à á¥â¨ ®¯à¥¤¥«ï¥âáï ®áâ�â®ç−�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì

dk(3) = dk(2)−

[

M
∑

m=1

x∗mk(2) +

M
∑

m=1

x∗m(k+E)(2)

]

, k = 1, E.

…á«¨ ¯®á«¥ §�¢¥àè¥−¨ï ®ç¥à¥¤−®£® è�£� T ®ª�¦¥âáï, çâ® å®âï ¡ë ¤«ï ®¤−®£®
rk ∈ R ¢¥«¨ç¨−� ®áâ�â®ç−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ dk(T+1) > 0, â® ¯¥à¥å®¤¨¬
ª è�£ã T + 1. …á«¨ ¦¥ dk(T + 1) = 0 ¤«ï ¢á¥å k = 1, E, â® ¯à®¨áå®¤¨â ®áâ�−®¢,
¯®áª®«ìªã ¢á¥ ¯à®¯ãáª−ë¥ á¯®á®¡−®áâ¨ á¥â¨ ¯®«−®áâìî ¨áç¥à¯�−ë.

�®á«¥ ®áâ�−®¢� ¢ëç¨á«ïîâáï ¯®â®ª¨

z∗m(T ) =

T
∑

t=1

z∗m(t) =

T
∑

t=1

α∗(t)z0m(t), m = 1,M,

¯à¨ ª®â®àëå ¤®áâ¨£�¥âáï ¯®«−�ï §�£àã§ª� á¥â¨.
„«ï ª�¦¤®© ¯�àë ¨áâ®ç−¨ª{¯à¨¥¬−¨ª ¢¢®¤ïâáï ¨ ¢ëç¨á«ïîâáï ¢¥«¨ç¨−ë

ηm =
z∗m(T )

z∗m(1)
, m = 1,M,

¯®ª�§ë¢�îé¨¥, −�áª®«ìª® ¯®â®ª¨, ¯®«ãç¥−−ë¥ −� ¯¥à¢®¬ è�£¥, ®â«¨ç�îâáï ®â
ä¨−�«ì−ëå §−�ç¥−¨©.

4 Вычислительный эксперимент

‚ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â ¯à®¢®¤¨«áï −� ¬®¤¥«ïå á¥â¥¢ëå á¨áâ¥¬, ¯à¥¤-
áâ�¢«¥−−ëå −� à¨á. 1. ‚ ª�¦¤®© á¥â¨ 69 ã§«®¢. �à®¯ãáª−ë¥ á¯®á®¡−®áâ¨ à¥¡¥à |
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�æ¥−ª¨ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¯à¨ ¯à¥¤¥«ì−®© §�£àã§ª¥ ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¨

÷¨á. 1 Œ®¤¥«¨ á¥â¥¢ëå á¨áâ¥¬: (�) ¡�§®¢�ï á¥âì; (¡) ª®«ìæ¥¢�ï á¥âì

÷¨á. 2 „¨�£à�¬¬� ¯®â®ª®¢: (�) ¡�§®¢�ï á¥âì; (¡) ª®«ìæ¥¢�ï á¥âì

§−�ç¥−¨ï dk | ¢ë¡¨à�«¨áì á«ãç�©−ë¬ ®¡à�§®¬ ¨§ ®âà¥§ª� [900, 999] ¨ á®¢¯�¤�«¨
¤«ï à¥¡¥à, ®¡é¨å ¤«ï ®¡¥¨å á¥â¥©. ‚ ª®«ìæ¥¢®© á¥â¨ ¯à®¯ãáª−�ï á¯®á®¡−®áâì
¢á¥å ¤®¡�¢«¥−−ëå à¥¡¥à á®áâ�¢¨«� 900. ‚ å®¤¥ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� −�
¯¥à¢®¬ íâ�¯¥ ¤«ï ¢á¥å pm ∈ P à¥è�«¨áì §�¤�ç¨ 1, 2 ¨ ä®à¬¨à®¢�«áï ¢¥ªâ®à z∗(1).

�� à¨á. 2 ¯® ¢¥àâ¨ª�«ì−®© ®á¨ ®â«®¦¥−ë ª®¬¯®−¥−âë ¢¥ªâ®à� z∗(1), ã¯®-
àï¤®ç¥−−ë¥ ¯® ã¡ë¢�−¨î (−¥¢®§à�áâ�−¨î) ¢¥«¨ç¨−ë. �® £®à¨§®−â�«ì−®© ®á¨
®âª«�¤ë¢�îâáï §−�ç¥−¨ï

π(m) =
m

M
, m = 1,M,

á®®â¢¥âáâ¢ãîé¨¥ −®¬¥à�¬ ¯�à ã§«®¢-ª®àà¥á¯®−¤¥−â®¢ pm ∈ P .
�� à¨á. 3 ¯® ¢¥àâ¨ª�«ì−®© ®á¨ ¢ «®£�à¨ä¬¨ç¥áª®¬ ¬�áèâ�¡¥ ®âª«�¤ë¢�îâáï

§−�ç¥−¨ï ηm = z∗m(T )/z
∗
m(1), m = 1,M . ÷�§¡à®á ¤�−−ëå −� ¤¨�£à�¬¬�å
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à¨á. 3 ¯®ª�§ë¢�¥â, çâ® ¤«ï −¥ª®â®àëå ¯�à ¨áâ®ç−¨ª{¯à¨¥¬−¨ª ®ª®−ç�â¥«ì−ë¥,
ä¨−�«ì−ë¥ §−�ç¥−¨ï ¯®â®ª®¢ −�¬−®£® ¯à¥¢ëè�îâ ¨áå®¤−ë¥ z∗(1).

�à¨ ¢ë¯®«−¥−¨¨ ¯à®æ¥¤ãàë §�¯®«−¥−¨ï á¥â¨ −� ª�¦¤®¬ è�£¥ ¯®â®ª¨ à�á-
¯à¥¤¥«ïîâáï áâà®£® ¯à®¯®àæ¨®−�«ì−® â¥ªãé¨¬ ¬�ªá¨¬�«ì−® ¤®áâ¨¦¨¬ë¬ §−�-
ç¥−¨ï¬ z0m(t) ¯à¨ §�¤�−−ëå ®áâ�â®ç−ëå ¯à®¯ãáª−ëå á¯®á®¡−®áâïå dm(t). ��
§�¢¥àè�îé¨å ¨â¥à�æ¨ïå ¤«ï ¡®«ìè®£® ç¨á«� à¥¡¥à dm(t) = 0 ¨ ¤«ï ¬−®£¨å ¯�à
¢¥«¨ç¨−� z0m(t) â�ª¦¥ à�¢−� −ã«î. �¤−�ª® ¤«ï à¥¡¥à, á®¥¤¨−ïîé¨å á á¥âìî
¢¨áïç¨¥ ¢¥àè¨−ë, ®áâ�â®ç−�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì −� ä¨−�«ì−ëå ¨â¥à�æ¨ïå
¬®¦¥â á®áâ�¢«ïâì ¯®«®¢¨−ã ®â ¨áå®¤−®©. ‚ à¥§ã«ìâ�â¥ ¤«ï ¯�à ã§«®¢-ª®àà¥á-
¯®−¤¥−â®¢ ú¢¨áïç¨© ã§¥« { ã§¥«, á®á¥¤−¨© á ¢¨áïç¨¬û §−�ç¥−¨ï z0m(T − 1) ¨ ηm
¬®£ãâ ®ª�§�âìáï ®ç¥−ì ¡®«ìè¨¬¨, � ¯à¨ íâ®¬ z0m(T − 1) ¡ã¤¥â à�¢−® ®áâ�â®ç−®©
¯à®¯ãáª−®© á¯®á®¡−®áâ¨.

÷¨á. 3 ”¨−�«ì−ë¥ §−�ç¥−¨ï ¯®â®ª®¢: (�) ¡�§®¢�ï á¥âì; (¡) ª®«ìæ¥¢�ï á¥âì

÷¨á. 4 ”¨−�«ì−ë¥ ¯®â®ª¨, ã¯®àï¤®ç¥−−ë¥ ¯® ¢¥«¨ç¨−¥: (�) ¡�§®¢�ï á¥âì; (¡) ª®«ìæ¥¢�ï
á¥âì
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�æ¥−ª¨ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¯à¨ ¯à¥¤¥«ì−®© §�£àã§ª¥ ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¨

�� à¨á. 4 ¢¥«¨ç¨−ë ηm à�á¯®«®¦¥−ë ¯® ã¡ë¢�−¨î (−¥¢®§à�áâ�−¨î). ‡−�-
ç¥−¨ï ηm ≥ 10 à�á¯®«®¦¥−ë ¡«¨¦¥ ª ¢¥àâ¨ª�«ì−®© ®á¨ ¨ á®®â¢¥âáâ¢ãîâ ¯�à�¬,
¯®«ãç¨¢è¨¬ ¡‚®«ìè¨¥ §−�ç¥−¨ï z0m(t) −� ¯®á«¥¤−¨å ¨â¥à�æ¨ïå. ‚ ¡�§®¢®© á¥â¨
¤«ï ¡®«¥¥ 85% ¯�à ηm ≤ 2 á® áà¥¤−¨¬ §−�ç¥−¨¥¬ ηm = 1,3. ˆ â®«ìª® ¤«ï 2,5% ¯�à
ηm ≥ 10. ‚ ª®«ìæ¥¢®© á¥â¨ ¤«ï ¡®«¥¥ 90% ¯�à ηm ≤ 2, ¤«ï 2% ¯�à ηm ≥ 10.
’�ª¨¬ ®¡à�§®¬, §−�ç¥−¨¥ ηm ≥ 10 ¤®áâ¨£�¥âáï ¬¥−¥¥ ç¥¬ ã 3% ¯�à, ª®â®àë¬
¤®áâ�¥âáï ¡‚®«ìè�ï ç�áâì ®áâ�â®ç−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨. “ª�§�−−ãî ¯à®-
¯ãáª−ãî á¯®á®¡−®áâì −¥¢®§¬®¦−® à�á¯à¥¤¥«¨âì ¯à®¯®àæ¨®−�«ì−® ¬�ªá¨¬�«ì−®
¢®§¬®¦−ë¬ ¯®â®ª�¬ −� ª�¦¤®¬ è�£¥. �¤−�ª® ¤«ï 90% ¯�à ¯à®æ¥¤ãà� ¯®§¢®«ï¥â
¯®«ãç¨âì ¯®çâ¨ à�¢−®¯à�¢−®¥ à�á¯à¥¤¥«¥−¨¥ ¯à¨ ¯®«−®© §�£àã§ª¥ á¥â¨.

‚ å®¤¥ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ®¯à¥¤¥«ï«¨áì à¥¡à� á ¨§¡ëâ®ç−®©
¯à®¯ãáª−®© á¯®á®¡−®áâìî. ’�ª¨¬ ®¡à�§®¬, à�áá¬®âà¥−−�ï ¯à®æ¥¤ãà� §�¯®«−¥−¨ï
á¥â¨ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ®á−®¢−®£®
à¥áãàá� | ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ á¥â¨.

5 Заключение

�à¥¤«®¦¥−−ãî ¢ëç¨á«¨â¥«ì−ãî áå¥¬ã ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï �¯à¨®à−®©
®æ¥−ª¨ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© á¥â¨. ‚ ç�áâ−®áâ¨, ¢¥ªâ®à x0(1), −�©¤¥−-
−ë© ¯à¨ à¥è¥−¨¨ æ¥¯®çª¨ §�¤�ç 1, ®¯¨áë¢�¥â ¯à¥¤¥«ì−® ¤®¯ãáâ¨¬ë© ¯®â®ª ¯®
à¥¡à�¬ á®®â¢¥âáâ¢ãîé¨å ¬¨−¨¬�«ì−ëå à�§à¥§®¢. ‚¥ªâ®à-à¥è¥−¨¥ x0(1) á®¤¥à-
¦¨â ¤¥â�«¨§¨à®¢�−−ãî ¨−ä®à¬�æ¨î ® à�á¯à¥¤¥«¥−¨¨ ¯®â®ª®¢ ¯® à¥¡à�¬ ª�¦¤®£®
¬�àèàãâ� á®¥¤¨−¥−¨ï ¯à¨ ¯à¥¤¥«ì−®© §�£àã§ª¥ ¢á¥å ¬¨−¨¬�«ì−ëå à�§à¥§®¢. �®-
áª®«ìªã ¯à¨ à¥è¥−¨¨ §�¤�ç 2 ¤«ï ¢á¥å ¯�à ã§«®¢ pm ∈ P ä¨ªá¨àãîâáï ¯®â®ª¨
x
∗(1) = α∗(1)x0(0), â® ä�ªâ¨ç¥áª¨ §�¯®¬¨−�îâáï ¨ åà�−ïâáï ¬�àèàãâë ¯¥à¥¤�ç¨

¯®â®ª®¢, −�©¤¥−−ë¥ ¯à¨ à¥è¥−¨¨ §�¤�ç 1. �� ¯®á«¥¤ãîé¨å íâ�¯�å ¯à¨ â¥ªã-
é¥¬ ¢¥ªâ®à¥ ®áâ�â®ç−ëå ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥© ®¯à¥¤¥«ïîâáï ¬�ªá¨¬�«ì−ë¥
¯®â®ª¨ ¨ −®¢ë¥ ¬�àèàãâë ¯¥à¥¤�ç¨, ª®â®àë¥ ¬®£ãâ ®â«¨ç�âìáï ®â ¯®«ãç¥−−ëå
¨ §�ä¨ªá¨à®¢�−−ëå à�−¥¥. ’�ª¨¬ ®¡à�§®¬, ¯à¨ à¥�«¨§�æ¨¨ ¯à®æ¥¤ãàë −�ª�¯«¨-
¢�¥âáï ¨ á®åà�−ï¥âáï ¨−ä®à¬�æ¨ï, ª®â®à�ï ¬®¦¥â ¡ëâì ¯®«¥§−� ¯à¨ ¯®¤£®â®¢ª¥
¬�àèàãâ−®-�¤à¥á−ëå â�¡«¨æ ¨«¨ £à�ä¨ª®¢ ®¡å®¤®¢ ¨ §�¬¥− ¢ ®âáãâáâ¢¨¥ ¤®áâ®-
¢¥à−ëå á¢¥¤¥−¨© ®¡ ¨−â¥−á¨¢−®áâ¨ ®¦¨¤�¥¬®£® ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� ¬¥¦¤ã
ª®àà¥á¯®−¤¥−â�¬¨.

‚ à�¬ª�å ä®à¬�«¨§¬� ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï á¥â¥¢ëå á¨áâ¥¬ ¤�−−�ï
áå¥¬� ¤�¥â ¢®§¬®¦−®áâì ¯à®á«¥¤¨âì ¢§�¨¬®á¢ï§ì ¬¥¦¤ã ¤®¯ãáâ¨¬ë¬¨ §−�ç¥−¨-
ï¬¨ ¬¥¦ã§«®¢ëå ¯®â®ª®¢ ¨ −¥ª®â®à®© ªà�©−¥© â®çª®© −� £à�−¨æ¥ ¬−®¦¥áâ¢�
¯®â®ª®¢ X(d). ‚ ¯à¥¤«�£�¥¬®© ¬®¤¥«¨ á ãç¥â®¬ −�¯à�¢«¥−¨ï ¯¥à¥¤�ç¨ à�áá¬�â-
à¨¢�îâáï ¢á¥ ¢®§¬®¦−ë¥ ª®¬¡¨−�æ¨¨ ¯�à ã§«®¢-ª®àà¥á¯®−¤¥−â®¢. ‚ à¥§ã«ìâ�â¥
¯®á«¥¤®¢�â¥«ì−®£® ¯à¨¬¥−¥−¨ï ¯à®æ¥¤ãàë ¤®áâ¨£�¥âáï ¯®«−�ï §�£àã§ª� ¢á¥å à¥-
¡¥à. �à¨ ¤àã£®¬ á¯®á®¡¥ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢, −�¯à¨¬¥à ¢á¥¬ ¯®à®¢−ã [6],
à¥§ã«ìâ¨àãîé¨© ¢¥ªâ®à z∗(T ) ¡ã¤¥â ®â«¨ç�âìáï ®â ¯®«ãç¥−−®£® ¢ëè¥, å®âï ®áâ�-
â®ç−�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì â�ª¦¥ ¡ã¤¥â à�¢−� −ã«î. ÷�§«¨ç−ë¬ áâà�â¥£¨ï¬,
−�¯à�¢«¥−−ë¬ −� ¬�ªá¨¬�«ì−® ¯®«−ãî §�£àã§ªã à¥¡¥à, ¬®£ãâ á®®â¢¥âáâ¢®¢�âì
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à�§−ë¥ ¯à¥¤¥«ì−® ¤®¯ãáâ¨¬ë¥ à�á¯à¥¤¥«¥−¨ï ¬¥¦ã§«®¢ëå ¯®â®ª®¢. �� ¯à�ª-
â¨ª¥ ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì �¯à¨®à−®© ¬−®£®¯�à�¬¥âà¨ç¥áª®© ®æ¥−ª¨ íää¥ª-
â¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© á¥â¨ ¨ ¯à¨¬¥−ï¥¬ëå
¤¨á¯¥âç¥àáª¨å ¯à�¢¨« ¬�àèàãâ¨§�æ¨¨.
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FLOWS DISTRIBUTION ESTIMATIONS AT MAXIMUM LOAD
OF MULTIUSER NETWORK

Yu. E. Malashenko and I. A. Nazarova

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 40 Vavilov Str., Moscow 119333, Russian Federation

Abstract: An iterative method of sequential distribution of a multiproduct
flow which allows full using of the capacity of all network edges is considered.
Within the framework of a formal mathematical notation of a network model,
flow vectors are determined that can be simultaneously transmitted between all
pairs of vertices. Joint distributions of flows are found sequentially, at which
the maximum possible load of one of the edges is achieved. The achieved flow
values for all corresponding node pairs are recorded and the remaining capacity
is calculated. At the next stage, the problem of finding the joint distribution of
the maximum possible flows is solved again, and the next edge, whose capacity is
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exhausted, is identified. The procedure is repeated until the remaining capacity
of all edges is equal to zero. The results of computational experiments on network
models with different structural features are analyzed. The proposed procedure
can be used for a priori analysis of functionality and for evaluating the efficiency
of using network resources.

Keywords: feasible flows set; equal-shared flows distribution; network efficien-
cy estimation
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СТАЦИОНАРНЫЕ ХАРАКТЕРИСТИКИ ДВУХУЗЛОВОЙ
МАРКОВСКОЙ СИСТЕМЫ МАССОВОГО ОБСЛУЖИВАНИЯ

C ОБОБЩЕННЫМ ОБНОВЛЕНИЕМ∗

Л. А. Мейханаджян1, И. С. Зарядов2, Т. А. Милованова3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï äã−ªæ¨®−¨àãîé�ï ¢ á«ãç�©−®© áà¥¤¥ ¤¢ãåã§-
«®¢�ï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�), ¢ ª�¦¤®¬ ã§«¥ ª®â®à®© à¥�-
«¨§®¢�− ¬¥å�−¨§¬ ®¡®¡é¥−−®£® ®¡−®¢«¥−¨ï. Š�¦¤ë© ã§¥« ¯à¥¤áâ�¢«ï¥â á®¡®©
®¤−®«¨−¥©−ãî á¨áâ¥¬ã ®¡á«ã¦¨¢�−¨ï ª®−¥ç−®© ¥¬ª®áâ¨, á ¯ã�áá®−®¢áª¨¬
¢å®¤ïé¨¬ ¯®â®ª®¬ ¨ ¢à¥¬¥−�¬¨ ®¡á«ã¦¨¢�−¨ï, ¨¬¥îé¨¬¨ à�á¯à¥¤¥«¥−¨¥
�à«�−£� á à�§«¨ç−ë¬¨ ¤«ï ª�¦¤®£® ã§«� ¯�à�¬¥âà�¬¨. ’®«ìª® ®¡á«ã¦¥−−ë¥
−� ¯¥à¢®¬ ã§«¥ §�ï¢ª¨ ¯®áâã¯�îâ ¢ ®ç¥à¥¤ì ¢â®à®£® ã§«�; ¯®â¥àï−−ë¥ −�
¯¥à¢®¬, � â�ª¦¥ ®¡á«ã¦¥−−ë¥ ¨ ¯®â¥àï−−ë¥ −� ¢â®à®¬ ã§«¥ §�ï¢ª¨ ¯®ª¨¤�îâ
á¨áâ¥¬ã. ‡�ï¢ª� â¥àï¥âáï, ¥á«¨ ®ç¥à¥¤ì ¢ ã§«¥, −� ª®â®àë© ®−� ¯®áâã¯�¥â,
¯®«−®áâìî §�¯®«−¥−�. �à¥¤«®¦¥− ¬�âà¨ç−®-�−�«¨â¨ç¥áª¨© ¬¥â®¤ à�áç¥â�
á®¢¬¥áâ−®£® áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ç¨á«� §�ï¢®ª ¢ ¯¥à¢®¬ ¨ ¢â®à®¬
ã§«�å ¨ ä�§ ®¡á«ã¦¨¢�−¨ï. �à¥¤áâ�¢«¥−ë ä®à¬ã«ë ¤«ï ¢ëç¨á«¥−¨ï áâ�æ¨®-
−�à−ëå ¢¥à®ïâ−®áâ¥© ¯®â¥àì ¯à¨ ¯àï¬®¬ ¯®àï¤ª¥ ®¡á«ã¦¨¢�−¨ï ¨ ®¡−®¢«¥−¨ï
¢ ª�¦¤®¬ ã§«¥.

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

ˆ−â¥à¥á ª ‘Œ� á à�§«¨ç−ë¬¨ ¢�à¨�−â�¬¨ ¬¥å�−¨§¬� ®¡−®¢«¥−¨ï á¢ï§�−
á ¯®â¥−æ¨�«ì−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¯à¨¬¥−¥−¨ï ¯®á«¥¤−¥£® ¢ ª�ç¥áâ¢¥ �«£®à¨â-
¬� �ªâ¨¢−®£® ã¯à�¢«¥−¨ï ®ç¥à¥¤ï¬¨ (á¬. ¯®¤à®¡−¥¥ ¢ [1{8]). ‚ ®â«¨ç¨¥ ®â
¯à¥¤ë¤ãé¨å à�¡®â ¯® ¤�−−®© â¥¬�â¨ª¥, ¢ íâ®© áâ�âì¥ ¢¯¥à¢ë¥ à�áá¬�âà¨¢�¥âáï
¬�àª®¢áª�ï ¤¢ãåã§«®¢�ï ‘Œ� ª®−¥ç−®© ¥¬ª®áâ¨, ¢ ª�¦¤®¬ ã§«¥ ª®â®à®© à¥�«¨-
§®¢�− ¬¥å�−¨§¬ ®¡®¡é¥−−®£® ®¡−®¢«¥−¨ï á®£«�á−® [9]. �à¨−ïâ®¥ ¯à¥¤¯®«®¦¥−¨¥
® à�á¯à¥¤¥«¥−¨¨ ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï ¯®§¢®«ï¥â ®â−¥áâ¨ à�áá¬�âà¨¢�¥¬ãî á¨á-
â¥¬ã ª á¥âï¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘¥Œ�), äã−ªæ¨®−¨àãîé¨¬ ¢ á«ãç�©−®©
áà¥¤¥. ‚ «¨â¥à�âãà¥ ¨¬¥îâáï ¬−®£® à�¡®â, ¢ ª®â®àëå �−�«¨§¨àãîâáï ¯®¤®¡−ë¥

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 19-07-00739).
1”¨−�−á®¢ë© ã−¨¢¥àá¨â¥â ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”, lamejkhanadzhyan@fa.ru
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−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
zaryadov-is@rudn.ru
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‘â�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤¢ãåã§«®¢®© ¬�àª®¢áª®© ‘Œ� c ®¡−®¢«¥−¨¥¬

‘¥Œ� (á¬., −�¯à¨¬¥à, [10{12]). �á−®¢−ë¬¨ à¥§ã«ìâ�â�¬¨ íâ®© à�¡®âë ï¢«ïîâáï
à¥ªãàà¥−â−ë¥ ä®à¬ã«ë, ¯®§¢®«ïîé¨¥ à�ááç¨âë¢�âì ®á−®¢−ë¥ áâ�æ¨®−�à−ë¥ å�-
à�ªâ¥à¨áâ¨ª¨ á¨áâ¥¬ë. ��«¨ç¨¥ ¬¥å�−¨§¬� ®¡−®¢«¥−¨ï ¢ ã§«�å ‘¥Œ� ¢ë¢®¤¨â
à�áá¬�âà¨¢�¥¬ãî á¨áâ¥¬ã ¨§ ª«�áá� à�§à¥è¨¬ëå ¢ ¬ã«ìâ¨¯«¨ª�â¨¢−®© ä®à¬¥.
�� ®á−®¢¥ ¬�âà¨ç−®-�−�«¨â¨ç¥áª®£® ¬¥â®¤� §¤¥áì ¯à¥¤«®¦¥− �«£®à¨â¬ à�áç¥â�
á®¢¬¥áâ−®£® áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ç¨á«� §�ï¢®ª ¨ ä�§ë ®¡á«ã¦¨¢�−¨ï
¢ ã§«�å. �â¤¥«ì−®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® áâ�æ¨®−�à−ë¬ ¯®ª�§�â¥«ï¬, á¢ï§�−−ë¬
á ¯®â¥àï¬¨ §�ï¢®ª. �â«¨ç¨â¥«ì−�ï ®á®¡¥−−®áâì à�áá¬®âà¥−−®© á¨áâ¥¬ë | §�¢¨-
á¨¬®áâì ¢¥à®ïâ−®áâ¥© ¯®â¥àì ¯à¨−ïâ®© §�ï¢ª¨ ®â −®¢ëå §�ï¢®ª, ª®â®àë¥ ¬®£ãâ
¯®áâã¯¨âì §� ¢à¥¬ï ¥¥ ¯à¥¡ë¢�−¨ï ¢ á¨áâ¥¬¥. „«ï −�å®¦¤¥−¨ï íâ¨å å�à�ª-
â¥à¨áâ¨ª ¯à¥¤«®¦¥− ¬¥â®¤, ¯®§¢®«ïîé¨©, ¯à¨ ¯àï¬®¬ ¯®àï¤ª¥ ®¡á«ã¦¨¢�−¨ï
¨ ®¡−®¢«¥−¨ï ¢ ª�¦¤®¬ ã§«¥, ¯à®¢®¤¨âì ¯®¤áç¥â à¥ªãàà¥−â−ë¬ ®¡à�§®¬.

‘â�âìï ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¤�¥âáï ¯®¤à®¡−®¥ ®¯¨-
á�−¨¥ á¨áâ¥¬ë ¨ ¢¢®¤ïâáï ®á−®¢−ë¥ ®¡®§−�ç¥−¨ï. ‚ à�§¤. 3 ¢−¨¬�−¨¥ ã¤¥«¥−®
−�å®¦¤¥−¨î á®¢¬¥áâ−®£® áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï. Œ¥â®¤ à�áç¥â� áâ�æ¨®-
−�à−ëå ¢¥à®ïâ−®áâ¥© ¯®â¥àì ¨§«®¦¥− ¢ à�§¤. 4. ÷¥§ã«ìâ�âë íâ®£® à�§¤¥«� â�ª¦¥
¯®§¢®«ïîâ à�ááç¨âë¢�âì (¢ â¥à¬¨−�å ¯à¥®¡à�§®¢�−¨©) ¨ áâ�æ¨®−�à−ë¥ à�á¯à¥¤¥-
«¥−¨ï ¢à¥¬¥− ®¦¨¤�−¨ï −�ç�«� ®¡á«ã¦¨¢�−¨ï ¨ ¯à¥¡ë¢�−¨ï §�ï¢ª¨ ¢ á¨áâ¥¬¥.
‚ §�ª«îç¥−¨¨ ªà�âª® ®¡áã¦¤�îâáï ¯¥àá¯¥ªâ¨¢ë ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.

2 Описание системы

÷�áá¬®âà¨¬ á¨áâ¥¬ã, á®áâ®ïéãî ¨§ ¤¢ãå à�á¯®«®¦¥−−ëå ¤àã£ §� ¤àã£®¬ ®¤−®-
«¨−¥©−ëå ã§«®¢1. “§¥« i, i = 1, 2, ¯à¥¤áâ�¢«ï¥â á®¡®© ‘Œ� M/Eni

/1/(Ni − 1)
ª®−¥ç−®© ¥¬ª®áâ¨, ¢ ª®â®àãî ¯®áâã¯�¥â (¢−¥è−¨© ¯® ®â−®è¥−¨î ª á¨áâ¥¬¥)
¯ã�áá®−®¢áª¨© ¯®â®ª ¨−â¥−á¨¢−®áâ¨ λi, � ¢à¥¬¥−� ®¡á«ã¦¨¢�−¨ï §�ï¢®ª ¨¬¥îâ
à�á¯à¥¤¥«¥−¨¥ �à«�−£� ¯®àï¤ª� ni á ¯�à�¬¥âà®¬ µi. ‡�ï¢ª� â¥àï¥âáï, ¥á«¨
®ç¥à¥¤ì ¢ ã§«¥, −� ª®â®àë© ®−� ¯®áâã¯�¥â, ¯®«−®áâìî §�¯®«−¥−�.

‚ ª�¦¤®¬ ã§«¥ à¥�«¨§®¢�− ¬¥å�−¨§¬ ®¡®¡é¥−−®£® ®¡−®¢«¥−¨ï, ª®â®àë©
à�¡®â�¥â á«¥¤ãîé¨¬ ®¡à�§®¬ [9]. �¡á«ã¦¥−−�ï §�ï¢ª�, §�áâ�¢è�ï ®ç¥à¥¤ì ¢ ã§«¥
¯ãáâ®©, ¯®ª¨¤�¥â ¥£®. …á«¨ ¦¥ ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï §�ï¢ª¨ ¢ ã§«¥ i
¢ ¥£® ®ç¥à¥¤¨ ®ª�§�«®áì n, 1 ≤ n ≤ Ni − 1, §�ï¢®ª, â®

{ á ¢¥à®ïâ−®áâìî q
(i)
0 +Q

(i)
n ®¡á«ã¦¥−−�ï §�ï¢ª� ¯®ª¨¤�¥â ã§¥« i, −¥ ®ª�§ë¢�ï

−� −¥£® −¨ª�ª®£® ¢®§¤¥©áâ¢¨ï;

{ á ¢¥à®ïâ−®áâìî q
(i)
j , 0 < j < n, ®¡á«ã¦¥−−�ï §�ï¢ª� ã¤�«ï¥â ¨§ ®ç¥à¥¤¨ ã§«� i

à®¢−® j §�ï¢®ª, ª®â®àë¥ ¯®ª¨¤�îâ á¨áâ¥¬ã, −¥ ®ª�§ë¢�ï −� −¥¥ ¢ ¤�«ì−¥©è¥¬
−¨ª�ª®£® ¢®§¤¥©áâ¢¨ï.

‡¤¥áì ¨ ¤�«¥¥ {q
(1)
n , 0 ≤ n ≤ N1 − 1} ¨ {q

(2)
n , 0 ≤ n ≤ N2 − 1} | ¢¥à®ïâ−®áâ¨

®¡−®¢«¥−¨ï ¢ ã§«¥ 1 ¨ ã§«¥ 2 á®®â¢¥âáâ¢¥−−®, Q
(i)
n = q

(i)
n + q

(i)
n+1 + · · · + q

(i)
Ni−1

1„«ï ®¯à¥¤¥«¥−−®áâ¨ ¡ã¤¥¬ áç¨â�âì, çâ® §�ï¢ª¨, ®¡á«ã¦¥−−ë¥ ¢ ã§«¥ 1, −�¯à�¢«ïîâáï ¢ ã§¥« 2.
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¨ Q
(i)
0 = 1, i = 1, 2. „�«¥¥ ¯à¥¤¯®«�£�¥âáï, çâ® §�ï¢ª¨ ®¡á«ã¦¨¢�îâáï ¨ ã¤�«ï-

îâáï ¨§ ®ç¥à¥¤¨ ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï.
„�«¥¥ ¤«ï á®ªà�é¥−¨ï §�¯¨á¨ ¡ã¤¥¬ ¯®«ì§®¢�âìáï á«¥¤ãîé¨¬¨ ®¡®§−�ç¥−¨-

ï¬¨:

1(A) | ¨−¤¨ª�â®à ¬−®¦¥áâ¢� A;

~eij | ¢¥ªâ®à à�§¬¥à� ni, ã ª®â®à®£® ¢á¥ í«¥¬¥−âë à�¢−ë −ã«î, ªà®¬¥ í«¥¬¥−â�
−� j-¬ ¬¥áâ¥;

E
(i)
km | ª¢�¤à�â−�ï ¬�âà¨æ� à�§¬¥à� ni, ¢ ª®â®à®© (k,m)-© í«¥¬¥−â à�¢¥−
¥¤¨−¨æ¥, � ®áâ�«ì−ë¥ à�¢−ë −ã«î;

~1| ¥¤¨−¨ç−ë© ¢¥ªâ®à;

In | ¥¤¨−¨ç−�ï ª¢�¤à�â−�ï ¬�âà¨æ� à�§¬¥à� n.

3 Совместное стационарное распределение

‘ ãç¥â®¬ ¢¥à®ïâ−®áâ−®© ¨−â¥à¯à¥â�æ¨¨ PH-à�á¯à¥¤¥«¥−¨ï äã−ªæ¨®−¨à®-
¢�−¨¥ à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë ¬®¦¥â ¡ëâì ®¯¨á�−® ®¤−®à®¤−ë¬ ¬�àª®¢áª¨¬
¯à®æ¥áá®¬ X(t), t ≥ 0, −�¤ ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨©

X = {(0, 0)} ∪ {(i, n, 0), 1 ≤ i ≤ N1, 1 ≤ n ≤ n1} ∪

∪ {(0, j,m), 1 ≤ j ≤ N2, 1 ≤ m ≤ n2} ∪

∪ {(i, n, j,m), 1 ≤ i ≤ N1, 1 ≤ n ≤ n1, 1 ≤ j ≤ N2, 1 ≤ m ≤ n2}.

‡¤¥áì ¤«ï −¥ª®â®à®£® ¬®¬¥−â� ¢à¥¬¥−¨ t:

X(t) = (0, 0), ¥á«¨ ®¡� ã§«� á¢®¡®¤−ë ®â §�ï¢®ª;

X(t) = (i, n, 0) (X(t) = (0, j,m)), ¥á«¨ ¢ ã§«¥ 2 (ã§«¥ 1) −¥â §�ï¢®ª, � ¢ ã§«¥ 1
(ã§«¥ 2) −�å®¤¨âáï i (j) §�ï¢®ª, ¯à¨ç¥¬ ç¨á«® ä�§ ¤® ®ª®−ç�−¨ï (¤�«¥¥ |
¯à®áâ® ä�§�) ®¡á«ã¦¨¢�−¨ï §�ï¢ª¨ −� ¯à¨¡®à¥ à�¢−® n (m);

X(t) = (i, n, j,m), ¥á«¨ ¢ ã§«�å 1 ¨ 2 á®®â¢¥âáâ¢¥−−® i ¨ j §�ï¢®ª, � ®¡á«ã-
¦¨¢�¥¬ë¥ §�ï¢ª¨ ¯à®å®¤ïâ ä�§ë n ¨ m.

�¡®§−�ç¨¬ ç¥à¥§ px = limt→∞ P (X(t) = x) áâ�æ¨®−�à−ãî ¢¥à®ïâ−®áâì á®-
áâ®ï−¨ï x ∈ X. ˆ§ á¤¥«�−−ëå ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¯à¥¤¯®«®¦¥−¨©, ¤®-
¯®«−¥−−ëå ãá«®¢¨¥¬, çâ® µ1, µ2, n1 ¨ n2 ª®−¥ç−ë, ¢ëâ¥ª�¥â á®®¡é�¥¬®áâì
¢á¥å á®áâ®ï−¨© ¯à®æ¥áá� X(t) ¨, á«¥¤®¢�â¥«ì−®, áãé¥áâ¢®¢�−¨¥ áâ�æ¨®−�à−ëå
¢¥à®ïâ−®áâ¥©.
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‘â�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤¢ãåã§«®¢®© ¬�àª®¢áª®© ‘Œ� c ®¡−®¢«¥−¨¥¬

‚¢¥¤¥¬ ¢¥ªâ®àë:

~p0 = (p0,0, p0,1,1, . . . , p0,1,n2 , p0,2,1, . . . , p0,2,n2, . . . , p0,N2,1, . . . , p0,N2,n2) ;

~pi,n = (pi,n,0, pi,n,1,1, . . . , pi,n,1,n2, pi,n,2,1, . . .

. . . , pi,n,2,n2, . . . , pi,n,N2,1, . . . , pi,n,N2,n2) , 1 ≤ i ≤ N1, 1 ≤ n ≤ n1;

~pi = (~pi,1, . . . , ~pi,n1) , 1 ≤ i ≤ N1;

~p = (~p0, ~p1, . . . , ~pN1).

‘â�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¯à®æ¥áá� X(t) ï¢«ï¥âáï ¥¤¨−áâ¢¥−−ë¬ à¥è¥−¨-
¥¬ á¨áâ¥¬ë ãà�¢−¥−¨© à�¢−®¢¥á¨ï (‘“÷), ¤«ï ¢ë¯¨áë¢�−¨ï ª®â®à®© ¢®á¯®«ì§ã-
¥¬áï á«¥¤ãîé¨¬ á®®¡à�¦¥−¨¥¬. ‘«¥¤ãï â¥à¬¨−®«®£¨¨ ®¡®¡é¥−−ëå ¯à®æ¥áá®¢
à®¦¤¥−¨ï ¨ £¨¡¥«¨, −�§®¢¥¬ ãà®¢−¥¬ ¯à®æ¥áá� X(t) ç¨á«® §�ï¢®ª ¨ ä�§ã ®¡á«ã-
¦¨¢�−¨ï ¢ ã§«¥ 1, � ä�§®© ¯à®æ¥áá� X(t) | ç¨á«® §�ï¢®ª ¨ ä�§ã ®¡á«ã¦¨¢�−¨ï
¢ ã§«¥ 2. ’®£¤� ¨§ ®¯¨á�−¨ï á¨áâ¥¬ë á«¥¤ã¥â, çâ® ¥á«¨ ãà®¢¥−ì ¯à®æ¥áá� X(t)
¥áâì (i, n), â® ¢®§¬®¦−ë ¯¥à¥å®¤ë «¨¡® á â¥ªãé¥£® ãà®¢−ï −� ãà®¢¥−ì ¢ëè¥
á á®åà�−¥−¨¥¬ ä�§ë (¬�âà¨æã ¨−â¥−á¨¢−®áâ¥© â�ª¨å ¯¥à¥å®¤®¢ ®¡®§−�ç¨¬ ç¥-
à¥§ L(i,n),(k,l)), «¨¡® á â¥ªãé¥£® ãà®¢−ï −� ®¤¨− ¨§ ãà®¢−¥© −¨¦¥ á á®åà�−¥−¨¥¬
ä�§ë (¬�âà¨æã ¨−â¥−á¨¢−®áâ¥© â�ª¨å ¯¥à¥å®¤®¢ ®¡®§−�ç¨¬ ç¥à¥§ N(i,n),(k,l)), «¨¡®
¢−ãâà¨ â¥ªãé¥£® ãà®¢−ï á® á¬¥−®© ä�§ë (¬�âà¨æã ¨−â¥−á¨¢−®áâ¥© â�ª¨å ¯¥à¥-
å®¤®¢ ®¡®§−�ç¨¬ ç¥à¥§ M(i,n),(i,n)). �®áª®«ìªã −� «î¡®¬ ãà®¢−¥ ¯à®æ¥áá� ç¨á«®

¢®§¬®¦−ëå ä�§ à�¢−® 1 + n2N2, â® ¬�âà¨æë L(i,n),(k,l), M(i,n),(k,l) ¨ N(i,n),(i,n)
ï¢«ïîâáï ª¢�¤à�â−ë¬¨ à�§¬¥à� 1 + n2N2. Šà®¬¥ â®£®, ¯®áª®«ìªã ¯à¨ ¯®áâã¯«¥-
−¨¨ §�ï¢ª¨ ¢ ã§¥« ä�§� ®¡á«ã¦¨¢�−¨ï −¥ ¨§¬¥−ï¥âáï, � ¯à¨ ãå®¤¥ ¨§ ã§«� ä�§�
®¡á«ã¦¨¢�−¨ï ¬®¦¥â áâ�âì â®«ìª® n1 (¯à¨ ãá«®¢¨¨, çâ® ¢ ã§«¥ ®áâ�¥âáï å®âï ¡ë
®¤−� §�ï¢ª�), â®

L(i,n),(k,l) = 0 ¯à¨ k 6= i+ 1 ¨«¨ l 6= n ;

M(i,n),(k,l) = 0 ¯à¨ n 6= 1, ¨«¨ l 6= n1, ¨«¨ i ≥ k .

„«ï â®£® çâ®¡ë ¢ë¯¨á�âì ¢¨¤ ®áâ�¢è¨åáï −¥−ã«¥¢ëå ¬�âà¨æ, à�áá¬®âà¨¬ ã§¥« i,
äã−ªæ¨®−¨àãîé¨© ¨§®«¨à®¢�−−® ®â á¨áâ¥¬ë. �à®æ¥áá, ®¯¨áë¢�îé¨© ®¡é¥¥
ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥ ¨ ä�§ã ®¡á«ã¦¨¢�−¨ï, ï¢«ï¥âáï ¬�àª®¢áª¨¬; ®¡®§−�ç¨¬

¬�âà¨æã ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®¤®¢ íâ®£® ¯à®æ¥áá� ç¥à¥§ Q(i). ‘ ¯®¬®éìî
®¡ëç−ëå à�ááã¦¤¥−¨© ¬®¦−® ¯®ª�§�âì, çâ® Q(i) ¯à¥¤áâ�¢¨¬� ¢ ¢¨¤¥ Q(i) =

= �Q(i) + �Q(i), £¤¥

�Q(i) =





















N
(i)
0 L

(i)
0 0 0 · · · 0

0 N
(i)
1 L(i) 0 · · · 0

0 0 N
(i)
2 L(i) · · · 0

0 0 0 N
(i)
3 · · · 0

...
...

...
...

. . . L(i)

0 0 0 0 · · · N
(i)
Ni





















; �Q(i) =





















0 0 0 0 · · · 0

M
(i)
10 0 0 0 · · · 0

0 M
(i)
21 0 0 · · · 0

0 M
(i)
31 M

(i)
32 0 · · · 0

...
...

...
...

. . . 0

0 M
(i)
Ni,1

M
(i)
Ni,2

M
(i)
Ni,3
· · · 0





















,
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� ¬�âà¨æë L
(i)
0 , N

(i)
0 , L(i), M

(i)
kj ¨ N

(i)
k à�ááç¨âë¢�îâáï ¯® ä®à¬ã«�¬:

L(i) = λiIni
; L

(i)
0 = λi~ei,ni

; N
(i)
0 = −L

(i)
0
~1; M

(i)
10 = µi~ei,1;

M
(i)
kj =

{

µi(q
(i)
0 +Q

(i)
j )E

(i)
1,ni

, ¥á«¨ k = j + 1;

µiq
(i)
k−j−1E

(i)
1,ni

¨−�ç¥,

1 ≤ j ≤ Ni − 1, j + 1 ≤ k ≤ Ni;

N
(i)
1 = −L(i) − µiE

(i)
11 +M(i), M(i) = µi

ni
∑

k=2

(

E
(i)
k,k−1 − E

(i)
kk

)

;

N
(i)
k = −L(i) −

k−1
∑

j=1

M
(i)
kjE

(i)
ni,1
+M(i), 2 ≤ k ≤ Ni − 1;

N
(i)
Ni
= −

Ni−1
∑

j=1

M
(i)
Ni,j

E
(i)
ni,1
+M(i).

’¥¯¥àì ¢á¥ £®â®¢® ¤«ï â®£®, çâ®¡ë ¢ë¯¨á�âì ¢¨¤ −¥−ã«¥¢ëå ¬�âà¨æ L(i,n),(k,l),
M(i,n),(k,l) ¨ N(i,n),(i,n). �ãáâì i = 0, â. ¥. ã§¥« 1 á¢®¡®¤¥− ®â §�ï¢®ª. ’®£¤� ¢®§-

¬®¦−ë ¯¥à¥å®¤ë ¯à®æ¥áá�X(t), á¢ï§�−−ë¥ á® á¬¥−®© ä�§ë (®¯¨áë¢�¥¬ë¥ ¬�âà¨-
æ¥© N0,0), ¨ ¯¥à¥å®¤, ¯¥à¥¢®¤ïé¨© ¯à®æ¥áá −� ®¤¨− ãà®¢¥−ì ¢ëè¥ (®¯¨áë¢�¥¬ë©
¬�âà¨æ¥© L0,(1,n1)). ’�ª ª�ª ¯à¨ ¯®áâã¯«¥−¨¨ §�ï¢ª¨ ¢ ã§¥« 1 ä�§� ®¡á«ã¦¨¢�-
−¨ï áâ�−®¢¨âáï n1, � á®áâ®ï−¨¥ ã§«� 2 −¥ ¨§¬¥−ï¥âáï, â® L0,(1,n1) = λ1I1+n2N2.
’�ª ª�ª ¢®§¬®¦−ë¥ ¯¥à¥å®¤ë ¢−ãâà¨ ãà®¢−ï ¨¤¥−â¨ç−ë ¯¥à¥å®¤�¬ ¢ ã§«¥ 2,

à�¡®â�îé¥¬ ¨§®«¨à®¢�−−®, â® N0,0 = Q(2) − λ1I1+n2N2. �ãáâì â¥¯¥àì ¢ ã§«¥ 1
−�å®¤¨âáï ®¤−� §�ï¢ª� ¨ ä�§� ®¡á«ã¦¨¢�−¨ï à�¢−� 1. ’®£¤� ¢®§¬®¦−ë ¯¥à¥å®¤ë
á â¥ªãé¥£® ãà®¢−ï −� ãà®¢−¨ 0 ¨ 2 (®¯¨áë¢�¥¬ë¥ ¬�âà¨æ�¬¨ M(1,1),0 ¨ L(1,1),(2,1)
á®®â¢¥âáâ¢¥−−®), � â�ª¦¥ ¢−ãâà¨ ãà®¢−ï (1, 1) (®¯¨áë¢�¥¬ë¥ ¬�âà¨æ¥© N(1,1),(1,1)).
�®áª®«ìªã ¯à¨ ¯¥à¥å®¤¥ −� ãà®¢¥−ì 0 ç¨á«® §�ï¢®ª ¢ ã§«¥ 2 ã¢¥«¨ç¨¢�¥âáï −�
¥¤¨−¨æã, â®«ìª® ¥á«¨ ¢ ¥£® ®ç¥à¥¤¨ ¨¬¥¥âáï å®âï ¡ë ®¤−® á¢®¡®¤−®¥ ¬¥áâ®, â®
ª¢�¤à�â−�ï ¬�âà¨æ� M(1,1),0 à�§¬¥à� 1 + n2N2 ¨¬¥¥â ¢¨¤:

M(1,1),0 =













0 µ1~e2,n2 0 · · · 0
0 0 µ1In2 · · · 0
0 0 0 · · · 0
...

...
...

. . . µ1In2
0 0 0 · · · µ1In2













. (1)

’�ª ª�ª ¢ ã§«¥ 1 ¯® ¯à¥¤¯®«®¦¥−¨î −�å®¤¨âáï ®¤−� §�ï¢ª�, â® ¯à¨ ¯®áâã¯«¥−¨¨
−®¢®© §�ï¢ª¨ ä�§� ®¡á«ã¦¨¢�−¨ï ¢ ã§«¥ 1 ¨ á®áâ®ï−¨¥ ã§«� 2 −¥ ¨§¬¥−ïâáï. �®-
íâ®¬ã L(1,1),(2,1) = λ1I1+n2N2. ‚®§¬®¦−ë¥ ¯¥à¥å®¤ë ¢−ãâà¨ ãà®¢−ï ¨¤¥−â¨ç−ë
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‘â�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤¢ãåã§«®¢®© ¬�àª®¢áª®© ‘Œ� c ®¡−®¢«¥−¨¥¬

¯¥à¥å®¤�¬ ¢ ã§«¥ 2, à�¡®â�îé¥¬ ¨§®«¨à®¢�−−®, ¨ ¯®íâ®¬ã N(1,1),(1,1) = Q(2) −
− (λ1 + µ1)I1+n2N2. �−�«®£¨ç−ë¬ ®¡à�§®¬ −�å®¤ïâáï ¨ ¢á¥ ®áâ�«ì−ë¥ ¬�âà¨æë;
¢ ®¡é¥¬ á«ãç�¥ ä®à¬ã«ë ¤«ï ¨å à�áç¥â� ¨¬¥îâ ¢¨¤1:

N0,0 = Q(2) − λ1I1+n2N2 , L0,(1,n1) = L(i,n),(i+1,n) = λ1I1+n2N2;

M(i,1),(j,n1) =

{

(q
(1)
0 +Q

(1)
j )M(1,1),0, ¥á«¨ i = j + 1;

q
(1)
i−j−1M(1,1),0 ¨−�ç¥,

1 ≤ j ≤ N1 − 1, j + 1 ≤ i ≤ N1;

N(1,n),(1,n) = Q(2) − (λ1 + µ1)I1+n2N2 , 1 ≤ n ≤ n1;

N(i,n+1),(i,n) = µ1I1+n2N2 , 1 ≤ n ≤ n1 − 1, 1 ≤ i ≤ N1;

N(i,n),(i,n) = Q(2) − λ1I1+n2N2 −
i−1
∑

j=1

diag
(

M(i,n),(j,n1)
~1
)

,

1 ≤ n ≤ n1, 2 ≤ i ≤ N1.

�¥ ¢ë¯¨áë¢�ï ¬�âà¨æã Q ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®¤®¢ ¯à®æ¥áá� X(t), áà�§ã
§�¯¨è¥¬ ‘“÷2:

~p0N0,0 + ~p1,1M(1,1),0 = ~0 ; (2)

~p1,nN(1,n),(1,n) + ~p1,n+1N(1,n+1),(1,n) = ~0, 1 ≤ n ≤ n1 − 1 ; (3)

~p0L0,(1,n1) + ~p1,n1N(1,n1),(1,n1) +

N1
∑

i=2

~pi,1M(i,1),(1,n1) =
~0 ; (4)

~pi−1,nL(i−1,n),(i,n) + ~pi,nN(i,n),(i,n) + ~pi,n+1N(i,n+1),(i,n) = ~0,

2 ≤ i ≤ N1, 1 ≤ n ≤ n1 − 1 ; (5)

~pi−1,n1L(i−1,n1),(i,n1) + ~pi,n1N(i,n1),(i,n1) +

N1
∑

j=i+1

~pj,1M(j,1),(i,n1) =
~0 ,

2 ≤ i ≤ N1 − 1 ; (6)

~pN1−1,n1L(N1−1,n1),(N1,n1) + ~pN1,n1N(N1,n1),(N1,n1) =
~0 (7)

1‡¤¥áì, ª�ª ®¡ëç−®, diag (~x) ®¡®§−�ç�¥â ¤¨�£®−�«ì−ãî ¬�âà¨æã, á®áâ�¢«¥−−ãî ¨§ í«¥¬¥−â®¢
¢¥ªâ®à� ~x.

2„«ï á®ªà�é¥−¨ï §�¯¨á¨ §¤¥áì ¨ ¤�«¥¥ ¨á¯®«ì§ã¥âáï á®£«�è¥−¨¥
∑

−1
i=0 = 0.
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á ãá«®¢¨¥¬ −®à¬¨à®¢ª¨

~p0~1 +

N1
∑

i=1

n1
∑

n=1

~pi,n~1 = 1.

‘âàãªâãà� ¬�âà¨æë Q ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¤«ï à¥è¥−¨ï ‘“÷ ®¤¨− ¨§ ¬−®-
¦¥áâ¢� ¨§¢¥áâ−ëå ¬¥â®¤®¢ à�áç¥â� áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ®ç¥à¥¤¥© ¢ ‘Œ�
ª®−¥ç−®© ¥¬ª®áâ¨ á à�á¯à¥¤¥«¥−¨ï¬¨ ä�§®¢®£® â¨¯� ¨ ¬�âà¨æ¥© ¨−â¥−á¨¢−®áâ¥©
â¨¯�G/M/1 (á¬., −�¯à¨¬¥à, [12,13]). �¤−�ª® ¬�âà¨æ� N0,0 ¨ ¬�âà¨æë N(i,n),(i,n)
¯à¨ ¢á¥å i ¨ n ®¡«�¤�îâ á¢®©áâ¢®¬ áâà®£®£® ¤¨�£®−�«ì−®£® ¯à¥®¡«�¤�−¨ï ¨ ¯®-
íâ®¬ã ï¢«ïîâáï −¥¢ëà®¦¤¥−−ë¬¨1. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â ã¯à®áâ¨âì
à¥è�¥¬ãî á¨áâ¥¬ã ãà�¢−¥−¨© (2){(7), ¯®−¨§¨¢ ¥¥ ¯®àï¤®ª á (N1(n1 − 1) + 1)(1 +
+n2N2) ¤® N1(1 + n2N2). ‚¢®¤ï ®¡®§−�ç¥−¨¥ Hi,n = N(i,n+1),(i,n)[N(i,n),(i,n)]

−1,
¨§ (2), (7) ¨ (3) −�å®¤¨¬:

~p0 = −~p1,1M(1,1),0[N0,0]
−1, (8)

~p1,n = −~p1,n+1N(1,n+1),(1,n)[N(1,n),(1,n)]
−1 = (−1)n1−n~p1,n1H1,n1−1 . . .H1,n =

= ~p1,n1

n
∏

j=n1−1

H1,j(−1)
n1−n, 1 ≤ n ≤ n1 − 1. (9)

‚¢®¤ï ¥é¥ ®¤−® ®¡®§−�ç¥−¨¥ Ki,n = L(i−1,n),(i,n)[N(i,n),(i,n)]
−1, ¨§ (5) ¯®«ãç�-

¥¬ ¯ãâ¥¬ ¯®á«¥¤®¢�â¥«ì−ëå ¨â¥à�æ¨© á®®â−®è¥−¨ï:

~pi,n = −~pi−1,nKi,n − ~pi,n+1Hi,n = ~pi,n1

n
∏

j=n1−1

Hi,j(−1)
n1−n − ~pi−1,nKi,n −

−

n1−1
∑

j=n+1

~pi−1,jKi,j

n
∏

m=j−1

Hi,j(−1)
n1−j, 1 ≤ n ≤ n1 − 1. (10)

’�ª¨¬ ®¡à�§®¬, ¢¬¥áâ® ¨áå®¤−®© á¨áâ¥¬ë ãà�¢−¥−¨© (2){(7) ¤®áâ�â®ç−® à�á-
á¬®âà¥âì á¨áâ¥¬ã ãà�¢−¥−¨© (4), (6) ¨ (7), ¢ ª®â®à®© ¢¬¥áâ® ¢¥ªâ®à®¢ ¢¥à®-
ïâ−®áâ¥© ~p0 ¨ ~pi,1 ¯®¤áâ�¢«¥−ë ¨å ¯à¥¤áâ�¢«¥−¨ï ¨§ (8){(10). „«ï à¥è¥−¨ï
á¨áâ¥¬ë (4), (6) ¨ (7) ã¤®¡−® ¨á¯®«ì§®¢�âì ¬¥â®¤ ¨áª«îç¥−¨ï á®áâ®ï−¨© (á¬.,

1�¥¢ëà®¦¤¥−−®áâì ãª�§�−−ëå ¬�âà¨æ ¬®¦−® ®¡®á−®¢�âì ¨ ¯®-¤àã£®¬ã (á¬., −�¯à¨¬¥à, [14]).

Œ�âà¨æ� Q(2) ï¢«ï¥âáï ¬�âà¨æ¥© ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®¤®¢ ®¤−®à®¤−®£® ¬�àª®¢áª®£® ¯à®-
æ¥áá� ¨, á«¥¤®¢�â¥«ì−®, ¯®«ããáâ®©ç¨¢�. ‘®¡áâ¢¥−−ë¥ ç¨á«� ¬�âà¨æë N(i,n),(i,n) ï¢«ïîâáï

áã¬¬®© á®¡áâ¢¥−−ëå ç¨á¥« ¯®«ããáâ®©ç¨¢®© ¬�âà¨æë Q(2) ¨ ãáâ®©ç¨¢®© ¬�âà¨æë −λ1I1+n2N2 −

−
∑i−1

j=1 diag (M(i,n),(j,n1)
~1). �®íâ®¬ã ¬�âà¨æ� N(i,n),(i,n) ãáâ®©ç¨¢� ¨, ¢ ç�áâ−®áâ¨, −¥¢ëà®¦¤¥−-

−�. �â¨ ¦¥ à�ááã¦¤¥−¨ï ¯à¨¬¥−¨¬ë ¨ ¤«ï ¬�âà¨æë N0,0.
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−�¯à¨¬¥à, [15, à�§¤. 2] ¨ [13,16]). �®á«¥ ¯®«ãç¥−¨ï à¥è¥−¨ï −¥®¡å®¤¨¬® ¯®áç¨-
â�âì ®áâ�¢è¨¥áï −¥¨§¢¥áâ−ë¬¨ ¢¥à®ïâ−®áâ¨ ¯® ä®à¬ã«�¬ (8){(10) ¨ ®áãé¥áâ¢¨âì
¯¥à¥−®à¬¨à®¢ªã.

‡−�ï á®¢¬¥áâ−®¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥, ¬®¦−® ã¦¥ ®¯à¥¤¥«¨âì −¥ª®-
â®àë¥ áâ�æ¨®−�à−ë¥ ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨, á¢ï§�−−ë¥ á ç¨á«®¬ §�ï¢®ª
¢ ã§«�å á¨áâ¥¬ë. ‚ ç�áâ−®áâ¨, áà¥¤−¨¥ ç¨á«� N (1) ¨ N (2) §�ï¢®ª á®®â¢¥âáâ¢¥−−®
¢ ã§«¥ 1 ¨ ã§«¥ 2 à�¢−ë:

N (1) =

N1
∑

i=1

n1
∑

n=1

i~pi,n~1 ; N (2) =

N2
∑

j=1

n2
∑

m=1

jp0,j,m +

N1
∑

i=1

N2
∑

j=1

n1
∑

n=1

n2
∑

m=1

jpi,n,j,m .

‘«®¦−¥¥ ®¡áâ®¨â ¤¥«® á® áâ�æ¨®−�à−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, á¢ï§�−−ë¬¨
á ¯®â¥àï¬¨ §�ï¢®ª, −�å®¦¤¥−¨î ª®â®àëå ¯®á¢ïé¥− á«¥¤ãîé¨© à�§¤¥«.

4 Стационарные вероятности потерь

�¡®§−�ç¨¬ ç¥à¥§ π(i) áâ�æ¨®−�à−ãî ¢¥à®ïâ−®áâì â®£®, çâ® ¯à¨−ïâ�ï ¢ ã§¥« i
§�ï¢ª� i-£® ¯®â®ª� ¡ã¤¥â ¯®â¥àï−�. ��å®¦¤¥−¨¥ π(i) á¢ï§�−® á ®¯à¥¤¥«¥−−ë¬¨
âàã¤−®áâï¬¨, ª®â®àë¥ ¢ë§¢�−ë ¤¢ã¬ï ®¡áâ®ïâ¥«ìáâ¢�¬¨. �¥à¢®¥ | ¨§-§� ¨á¯®«ì-
§®¢�−¨ï ¢ ã§«�å ¬¥å�−¨§¬� ®¡−®¢«¥−¨ï ¯à¨−ïâë¥ ¢ ã§¥« §�ï¢ª¨ ¬®£ãâ ¯®ª¨¤�âì
®ç¥à¥¤¨ −¥®¡á«ã¦¥−−ë¬¨. ‚â®à®¥ | −� ¢¥à®ïâ−®áâì ¯®â¥à¨ ¢ë¤¥«¥−−®© §�ï¢ª¨
¢«¨ï¥â −¥ â®«ìª® ç¨á«® §�ï¢®ª ¢ ã§«�å, ª®â®àë¥ ®−� §�áâ�«� ¯à¨ ¯®áâã¯«¥−¨¨,
−® â�ª¦¥ ¨ ¢®§¬®¦−ë¥ ¯®á«¥¤ãîé¨¥ ¯®áâã¯«¥−¨ï ¤® ¬®¬¥−â�, ª®£¤� ¢ë¤¥«¥−−�ï
§�ï¢ª� §�−ï«� ¯à¨¡®à ã§«� 2.

‡�¬¥â¨¬, çâ® ¯à¨−ïâ�ï ¢ ã§¥« 1 §�ï¢ª� ¬®¦¥â ¡ëâì ¯®â¥àï−� «¨¡® ¢® ¢à¥¬ï
®¦¨¤�−¨ï −�ç�«� ®¡á«ã¦¨¢�−¨ï ¢ ã§«¥ 1, «¨¡® ¯à¨ ¯¥à¥å®¤¥ ¢ ã§¥« 2, «¨¡®
¯à¥¡ë¢�ï ¢ ®ç¥à¥¤¨ ã§«� 2. �®íâ®¬ã ¢¬¥áâ® π(1) ã¤®¡−¥¥ ¨áª�âì ¤®¯®«−¨â¥«ì−ãî
ª −¥© ¢¥à®ïâ−®áâì â®£®, çâ® ¯à¨−ïâ�ï ¢ ã§¥« 1 §�ï¢ª� ¡ã¤¥â ®¡á«ã¦¥−� ¢ ã§«¥ 1
¨ ¢ ã§«¥ 2.

‚áî¤ã ¢ ¤�«ì−¥©è¥¬ ¤«ï á®ªà�é¥−¨ï §�¯¨á¨ ¡ã¤¥¬ £®¢®à¨âì, çâ® ¥á«¨ ¢ ã§«¥ i
−�å®¤¨âáï n §�ï¢®ª ¨ ä�§� ®¡á«ã¦¨¢�−¨ï à�¢−� m ¨ l = (n − 1)ni +m, â® ®−
−�å®¤¨âáï ¢ á®áâ®ï−¨¨ l. �ç¥¢¨¤−®, çâ® 1 ≤ l ≤ 1+niNi. �¯à¥¤¥«¨¬ á«¥¤ãîé¨¥
¬�âà¨æë: Pn(j, i,m), j ≥ 0, i ≥ 1, 0 ≤ i + j ≤ N1, 1 ≤ m ≤ n1, 0 ≤ n ≤
≤ N1 − 1, | ¬�âà¨æ�, í«¥¬¥−â [Pn(j, i,m)]kl, 1 ≤ k, l ≤ 1 + n2N2, ª®â®à®©
¯à¥¤áâ�¢«ï¥â á®¡®© ãá«®¢−ãî ¢¥à®ïâ−®áâì â®£®, çâ® ¢ë¤¥«¥−−�ï §�ï¢ª� ¡ã¤¥â
®¡á«ã¦¥−� ¢ ã§«¥ 1, ¯®¯�¤¥â ¢ ®ç¥à¥¤ì ã§«� 2 ¨ ¢ ¬®¬¥−â ¯¥à¥å®¤� ¢ ã§¥« 2 ®−�
®ª�¦¥âáï ¢ á®áâ®ï−¨¨ l, ¢ ã§«¥ 1 ®áâ�−¥âáï n ¤àã£¨å §�ï¢®ª, ¯à¨ ãá«®¢¨¨, çâ®
¯¥à¥¤1 ¢ë¤¥«¥−−®© §�ï¢ª®© −�å®¤¨âáï i − 1 ¤àã£¨å §�ï¢®ª, ä�§� ®¡á«ã¦¨¢�−¨ï
§�ï¢ª¨ −� ¯à¨¡®à¥ à�¢−�m, §� ¢ë¤¥«¥−−®© §�ï¢ª®© ¢ ®ç¥à¥¤¨ −�å®¤¨âáï j §�ï¢®ª,
� ã§¥« 2 −�å®¤¨âáï ¢ á®áâ®ï−¨¨ k.

1‘«ãç�© i = 1 ®§−�ç�¥â, çâ® ¢ë¤¥«¥−−�ï §�ï¢ª� −�å®¤¨âáï −� ¯à¨¡®à¥.
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Œ�âà¨æë Pn(j, i,m) ã¤®¢«¥â¢®àïîâ à¥ªãàà¥−â−ë¬ á®®â−®è¥−¨ï¬, ¤«ï ¢ë-
¯¨áë¢�−¨ï ª®â®àëå −¥®¡å®¤¨¬® ¯à¥¤¢�à¨â¥«ì−® −�©â¨ ¬�âà¨æã ¢¥à®ïâ−®áâ¥©
¯¥à¥å®¤®¢ ¯à®æ¥áá� X(t). „«ï íâ®£® ¢®á¯®«ì§ã¥¬áï ¢«®¦¥−−®© æ¥¯ìî Œ�àª®¢�,
¯®à®¦¤¥−−®© ¬®¬¥−â�¬¨ ¨§¬¥−¥−¨© á®áâ®ï−¨© ã§«� 1 ¨«¨ ã§«� 2. �à¥¤¯®«®¦¨¬,
çâ® ¯à®æ¥áá X(t) −�å®¤¨âáï −� ãà®¢−¥ (i, n), â. ¥. ¢ ã§«¥ 1 −�å®¤ïâáï i, 1 ≤ i ≤
≤ N1, §�ï¢®ª ¨ ä�§� ®¡á«ã¦¨¢�−¨ï à�¢−� n. Œ�âà¨æ� N∗

(i,n),(i,n) ¯¥à¥å®¤−ëå

¢¥à®ïâ−®áâ¥© ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢�, á¢ï§�−−ëå á ¯®áâã¯«¥−¨¥¬ −®¢®© §�ï¢ª¨
¨ ®ª®−ç�−¨¥¬ ®¡á«ã¦¨¢�−¨ï ¢ ã§«¥ 2, á®áâ®¨â ¨§ í«¥¬¥−â®¢:

[N∗
(i,n),(i,n)]kl =







0, ¥á«¨ k = l;
[N(i,n),(i,n)]kl

−[N(i,n),(i,n)]kk
¨−�ç¥,

1 ≤ k, l ≤ 1 + n2N2.

�«¥¬¥−âë ¬�âà¨æ N∗
(i,n),(i,n−1) ¨ L∗

(i+1,n),(i,n) ¢¥à®ïâ−®áâ¥© ¯¥à¥å®¤®¢ ¢«®¦¥−−®©

æ¥¯¨ Œ�àª®¢�, á¢ï§�−−ëå á ¨§¬¥−¥−¨¥¬ ä�§ë ®¡á«ã¦¨¢�−¨ï ¨ ¯®áâã¯«¥−¨¥¬
−®¢®© §�ï¢ª¨ ¢ ã§¥« 1, à�ááç¨âë¢�îâáï ¯® ä®à¬ã«�¬:

[

N∗
(i,n),(i,n−1)

]

kl
=
[N(i,n),(i,n−1)]kl

−[N(i,n),(i,n−1)]kk
;

[

L∗
(i+1,n),(i,n)

]

kl
=
[L(i+1,n),(i,n)]kl

−[N(i,n),(i,n)]kk
,

1 ≤ k, l ≤ 1 + n2N2.

��ª®−¥æ, ¯à¨ n = 1 −¥®¡å®¤¨¬® ¤®¯®«−¨â¥«ì−® à�ááç¨â�âì ¬�âà¨æë M∗
(i,1),(j,n1)

,

1 ≤ j ≤ i − 1, ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢�, á¢ï§�−−ë¥
á ®ª®−ç�−¨¥¬ ®¡á«ã¦¨¢�−¨ï §�ï¢ª¨ ¢ ã§«¥ 1. ˆå í«¥¬¥−âë ¨¬¥îâ ¢¨¤:

[

M∗
(i,1),(j,n1)

]

kl
=
[M(i,1),(j,n1)]kl

−[N(i,1),(i,1)]kk
, 1 ≤ j ≤ i− 1, 1 ≤ k, l ≤ 1 + n2N2. (11)

�−�«®£¨ç−ë¬ ®¡à�§®¬ ®¯à¥¤¥«ïîâáï ¨ ¯¥à¥å®¤−ë¥ ¬�âà¨æë N∗
(0,0), L∗

0,(1,n1)

¨ M∗
(1,1),0.

‡�¬¥â¨¬, çâ® ¢ë¤¥«¥−−�ï §�ï¢ª� ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï ¢ ã§«¥ 1
¬®¦¥â §�áâ�âì ®ç¥à¥¤ì ¢ ã§«e 2 ¯®«−®áâìî §�¯®«−¥−−®© ¨, §−�ç¨â, ¡ã¤¥â ¯®â¥àï−�.
“ç¨âë¢�ï (1), ¢¥à®ïâ−®áâ¨ â�ª¨å ¯¥à¥å®¤®¢ §�¤�îâáï í«¥¬¥−â�¬¨ [M∗

(i,1),(j,n1)
]kl

¨ [M∗
(1,1),0]kl ¯à¨ N2(n2 − 1) + 1 ≤ k, l ≤ 1 + n2N2, ¨, §−�ç¨â, ¯à¨ à�áç¥â¥

¢¥à®ïâ−®áâ¨ 1− π(1) −¥®¡å®¤¨¬® ¯®«®¦¨âì ¤«ï 1 ≤ j ≤ N1 − 1, j + 1 ≤ i ≤ N1:

[

M∗
(1,1),0

]

kl
=

[

M∗
(i,1),(j,n1)

]

kl
= 0 ; N2(n2 − 1) + 1 ≤ k, l ≤ 1 + n2N2 . (12)
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�à¨ à�áç¥â¥ ¦¥ áâ�æ¨®−�à−®© ¢¥à®ïâ−®áâ¨ â®£®, çâ® ¯à¨−ïâ�ï ¢ ã§¥« 1 §�ï¢ª�
−¥ ¡ã¤¥â ¯®â¥àï−� ¯à¨ ®¦¨¤�−¨¨ ¢ ã§«¥ 1, −® ¡ã¤¥â ¯®â¥àï−� ¯à¨ ¯®áâã¯«¥−¨¨
¢ ã§¥« 2, −¥®¡å®¤¨¬® ¯®«®¦¨âì ¤«ï 1 ≤ j ≤ N1 − 1, j + 1 ≤ i ≤ N1:

[

M∗
(1,1),0

]

kl
=

[

M∗
(i,1),(j,n1)

]

kl
= 0 , 1 ≤ k, l ≤ N2 (n2 − 1) .

‚®á¯®«ì§®¢�¢è¨áì â¥¯¥àì ä®à¬ã«®© ¯®«−®© ¢¥à®ïâ−®áâ¨, ¯®«ãç�¥¬ á«¥¤ã-
îé¨¥ à¥ªãàà¥−â−ë¥ á®®â−®è¥−¨ï ¤«ï à�áç¥â� ¬�âà¨æ Pn(j, i,m):

Pn(j, i,m) = N∗
(i+j,m),(i+j,m−1)Pn(j, i,m − 1) + N∗

(i+j,m),(i+j,m)Pn(j, i,m) +

+1(j<n)L
∗
(i+j,m),(i+j+1,m)Pn(j+1, i,m), 1 ≤ i ≤ N1, 0 ≤ j ≤ n, 2 ≤ m ≤ n1;

Pn(j, i, 1) =

=

i+j−1
∑

k=j+1

M∗
(i+j,1),(k,n1)

Pn(j, i − (i+ j − k), n1) + N∗
(i+j,1),(i+j,1)Pn(j, i, 1) +

+ 1(j<n)L
∗
(i+j,1),(i+j+1,1)Pn(j + 1, i, 1), 2 ≤ i ≤ N1, 0 ≤ j ≤ n ;

Pn(j, 1, 1) =



























1(j=n)M
∗
(j+1,1),(j,n1)

+ N∗
(j+1,1),(j+1,1)Pn(j, 1, 1) +

+ 1(j<n)L
∗
(i+j,1),(i+j+1,1)Pn(j + 1, i, 1),

¥á«¨ 0 ≤ j ≤ n, n > 0 ;

M∗
(1,1),0 + N∗

(1,1),(1,1)P0(0, 1, 1), ¥á«¨ j = n = 0 ;

0 ¨−�ç¥.

��¯®¬−¨¬, çâ® 1(A) ®¡®§−�ç�¥â ¨−¤¨ª�â®à ¬−®¦¥áâ¢� A. ‡�¬¥â¨¬, çâ® ¬�â-
à¨æë I − N∗

(i,m),(i,m) ¯à¨ «î¡ëå i ¨ m ®¡«�¤�îâ á¢®©áâ¢®¬ áâà®£®£® ¤¨�£®-

−�«ì−®£® ¯à¥®¡«�¤�−¨ï ¨ ¯®íâ®¬ã ï¢«ïîâáï −¥¢ëà®¦¤¥−−ë¬¨. ’�ª¨¬ ®¡à�§®¬,
¬�âà¨æë P0(0, i,m) à�ááç¨âë¢�îâáï ¯®á«¥¤®¢�â¥«ì−®, −�ç¨−�ï á P0(0, 1, 1), ¯®
ä®à¬ã«�¬:

P0(0, i,m) =
(

I1+n2N2 − N∗
(i,m),(i,m)

)−1
N∗
(i,m),(i,m−1)P0(0, i,m − 1),

1 ≤ i ≤ N1, 2 ≤ m ≤ n1; (13)

P0(0, i, 1) =
(

I1+n2N2 − N∗
(i,1),(i,1)

)−1
i−1
∑

k=1

M∗
(i,1),(k,n1)

P0(0, k, n1),

2 ≤ i ≤ N1; (14)

P0(0, 1, 1) =
(

I1+n2N2 − N∗
(1,1),(1,1)

)−1
M∗
(1,1),0. (15)
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�−�«®£¨ç−ë¬ ®¡à�§®¬ ¬®£ãâ ¡ëâì ¯à¥®¡à�§®¢�−ë á®®â−®è¥−¨ï ¤«ï à�áç¥â� ¬�â-
à¨æ Pn(j, i,m) ¯à¨ 1 ≤ n ≤ N1 − 1. ˆ¬¥¥¬:

Pn(j, i,m) =

=
(

I1+n2N2 − N∗
(i+j,m),(i+j,m)

)−1 (

N∗
(i+j,m),(i+j,m−1)Pn(j, i,m − 1) +

+ 1(j<n)L
∗
(i+j,m),(i+j+1,m)Pn(j + 1, i,m)

)

,

1 ≤ i ≤ N1, 0 ≤ j ≤ n, 2 ≤ m ≤ n1; (16)

Pn(j, i, 1) =

=
(

I1+n2N2 − N∗
(i+j,1),(i+j,1)

)−1





i+j−1
∑

k=j+1

M∗
(i+j,1),(k,n1)

Pn(j, k − j, n1) +

+ 1(j<n)L
∗
(i+j,1),(i+j+1,1)Pn(j + 1, i, 1)

)

, 2 ≤ i ≤ N1, 0 ≤ j ≤ n, (17)

Pn(j, 1, 1) =
(

I1+n2N2 − N∗
(j+1,1),(j+1,1)

)−1 (

1(j=n)M
∗
(j+1,1),(j,n1)

+

+ 1(j<n)L
∗
(i+j,1),(i+j+1,1)Pn(j + 1, i, 1)

)

, 0 ≤ j ≤ n. (18)

�á¥¢¤®ª®¤ ®¡é¥£® �«£®à¨â¬� à�áç¥â� ¬�âà¨æ Pn(j, i,m):

for 1 ≤ i ≤ N1
÷�ááç¨â�âì P0(0, i, 1) ¯® (14) ¨ (15)
for 2 ≤ m ≤ n1

÷�ááç¨â�âì P0(0, i,m) ¯® (13)
end for

end for
for 1 ≤ n ≤ N1 − 1

for 1 ≤ i ≤ N1
j = n
while j ≥ 0

÷�ááç¨â�âì Pn(j, i, 1) ¯® (17) ¨ (18)
for 2 ≤ m ≤ n1

÷�ááç¨â�âì Pn(j, i,m) ¯® (16)
end for
j = j − 1

end while
end for

end for
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÷�ááç¨â�¢ Pn(j, i,m) ¯à¨ ãá«®¢¨¨ (11), ¬®¦−® −�©â¨ ¢¥à®ïâ−®áâì â®£®, çâ®
§�ï¢ª� ¯¥à¢®£® ¯®â®ª� −¥ ¡ã¤¥â ¯®â¥àï−� ¢ ã§«¥ 1 (−¨ ¯à¨ ¯®áâã¯«¥−¨¨, −¨ ¯à¨
®¦¨¤�−¨¨ ®¡á«ã¦¨¢�−¨ï) ¨ ¯®¯�¤¥â ¢ ®ç¥à¥¤ì ã§«� 2:

N1−1
∑

n=0

~p0Pn(0, 1, n1)~1 +

N1−1
∑

m=1

n1
∑

j=1

N1−1
∑

n=0

~pmjPn(0,m, j)~1. (19)

�® íâ®© ¦¥ ä®à¬ã«¥, −® á ãç¥â®¬ §�¬¥−ë ãá«®¢¨ï (11) −� (12), à�ááç¨âë¢�¥âáï
¨ ¢¥à®ïâ−®áâì â®£®, çâ® §�ï¢ª� ¯¥à¢®£® ¯®â®ª� −¥ ¡ã¤¥â ¯®â¥àï−� ¢ ã§«¥ 1, −®
¡ã¤¥â ¯®â¥àï−� −� ¢å®¤¥ ¢ ã§¥« 2. ‚ áã¬¬¥ íâ¨ ¤¢¥ ¢¥à®ïâ−®áâ¨ ¤�îâ ¢¥à®ïâ−®áâì

1− π
(1)
1 â®£®, çâ® §�ï¢ª� ¯¥à¢®£® ¯®â®ª� −¥ ¡ã¤¥â ¯®â¥àï−� ¢ ã§«¥ 1.

‚¢¥¤¥¬ ¢¥ªâ®àë ~p ∗
i,n, 1 ≤ i ≤ N1 − 1, 1 ≤ n ≤ n1, ¨ ~p ∗

0 . �«¥¬¥−â [~p ∗
i,n]l,

1 ≤ l ≤ 1 + n2N2, ¥áâì ¡¥§ãá«®¢−�ï ¢¥à®ïâ−®áâì â®£®, çâ® −¥ ¯®â¥àï−−�ï ¢ ã§«¥ 1
§�ï¢ª� ¯®áâã¯¨â ¢ ®ç¥à¥¤ì ã§«� 2 ¨ ¢ ¬®¬¥−â ¥¥ ¯¥à¥å®¤� ¢ ã§¥« 2 ¥£® á®áâ®ï−¨¥
¡ã¤¥â l, � ¢ ã§«¥ 1 ¡ã¤¥â −�å®¤¨âìáï i ¤àã£¨å §�ï¢®ª ¨ ä�§� ®¡á«ã¦¨¢�−¨ï n (¯à¨
i ≥ 1); �−�«®£¨ç−® ®¯à¥¤¥«ï¥âáï ¨ í«¥¬¥−â [~p ∗

0 ]l. ˆ¬¥¥¬:

~p ∗
0 = ~p0P0(0, 1, n1) +

N1−1
∑

m=1

n1
∑

j=1

~pijP0(0,m+ 1, j) ;

~p ∗
i,n =











~p0Pi(0, 1, n1) +

N1−1
∑

m=1

n1
∑

j=1

~pmjPi(0,m + 1, j), n = n1 ;

~0, 1 ≤ n ≤ n1 − 1 ,

1 ≤ i ≤ N1 − 1 ;

~p ∗
N1,n

= ~0 , 1 ≤ n ≤ n1.

‡�ï¢ª� ¯¥à¢®£® ¯®â®ª�, ®¡á«ã¦¨¢�−¨¥ ª®â®à®© â®«ìª® çâ® §�ª®−ç¨«®áì ¢ ã§«¥ 1,
¯®áâã¯�¥â ¢ ã§¥« 2 ¨ ¬®¦¥â §�áâ�âì ¢ −¥¬ −¥ ¡®«¥¥ N2 §�ï¢®ª, ¨ ¯à¨ íâ®¬ ª�¦¤®¬ã
á®áâ®ï−¨î ã§«� 2 á®®â¢¥âáâ¢ã¥â ®¤−® ¨§ 1 + n1N1 á®áâ®ï−¨© ã§«� 1. ‚¢¥¤¥¬
¢¥ªâ®àë ~p+j,m, 1 ≤ j ≤ N2, 1 ≤ m ≤ n2, ¨ ~p+0 . �«¥¬¥−â [~p+j,m]l, 1 ≤ l ≤ 1 +
+ n2N2, ¥áâì ¡¥§ãá«®¢−�ï ¢¥à®ïâ−®áâì â®£®, çâ® −¥ ¯®â¥àï−−�ï ¢ ã§«¥ 1 §�ï¢ª�
¯®áâã¯¨â ¢ ®ç¥à¥¤ì ã§«� 2 ¨ ¢ ¬®¬¥−â ¥¥ ¯¥à¥å®¤� ¢ ã§«¥ 2 ¡ã¤¥â j ¤àã£¨å §�ï¢®ª
¨ ä�§� ®¡á«ã¦¨¢�−¨ï m (¯à¨ j ≥ 1), � ã§¥« 1 ¡ã¤¥â −�å®¤¨âìáï ¢ á®áâ®ï−¨¨ l,
1 ≤ l ≤ 1 + n1N1; �−�«®£¨ç−® ®¯à¥¤¥«ï¥âáï ¨ í«¥¬¥−â [~p+0 ]l. ˆáª®¬ë¥ ¢¥ªâ®àë
¬®£ãâ ¡ëâì á®áâ�¢«¥−ë ¨§ í«¥¬¥−â®¢ ¢¥ªâ®à®¢ ~p ∗

i,n, −�©¤¥−−ëå ¢ëè¥, ¨ ¨¬¥îâ
¢¨¤:

~p+0 =
(

[~p ∗
0 ]1, [~p

∗
1,1]1, . . . , [~p

∗
1,n1]1, . . . , [~p

∗
N1−1,1]1, . . .

. . . , [~p ∗
N1−1,n1 ]1, [~p

∗
N1,1]1, . . . , [~p

∗
N1,n1

]1
)

;
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~p+j,m =
(

[~p ∗
0 ]1+m+(j−1)n2 , [~p

∗
1,1]1+m+(j−1)n2 , . . . , [~p

∗
1,n1 ]1+m+(j−1)n2 , . . .

. . . , [~p ∗
N1−1,1]1+m+(j−1)n2 , . . . , [~p

∗
N1−1,n1 ]1+m+(j−1)n2 ,

[~p ∗
N1,1]1+m+(j−1)n2 , . . . , [~p

∗
N1,n1

]1+m+(j−1)n2
)

.

„«ï −�å®¦¤¥−¨ï ¢¥à®ïâ−®áâ¨ â®£®, çâ® ¯à¨−ïâ�ï ¢ ã§¥« 2 §�ï¢ª� −¥ ¡ã¤¥â
¯®â¥àï−�, −¥®¡å®¤¨¬® ¤¥©áâ¢®¢�âì â�ª¨¬ ¦¥ ®¡à�§®¬, ª�ª ¨ ¯à¨ −�å®¦¤¥−¨¨
¢¥à®ïâ−®áâ¨ ¯®â¥à¨ ¯à¨−ïâ®© §�ï¢ª¨ ¢ ã§«¥ 1 (á¬. (19)). „àã£¨¬¨ á«®¢�¬¨,

−¥®¡å®¤¨¬® −�©â¨ ¬�âà¨æë “Pn(j, i,m), j ≥ 0, i ≥ 1, 0 ≤ i + j ≤ N2, 1 ≤ m ≤

≤ n2, 0 ≤ n ≤ N2 − 1, í«¥¬¥−â [“Pn(j, i,m)]kl, 1 ≤ k, l ≤ 1 + n1N1, ª®â®àëå
¯à¥¤áâ�¢«ï¥â á®¡®© ãá«®¢−ãî ¢¥à®ïâ−®áâì â®£®, çâ® ¯à¨−ïâ�ï ¢ ã§¥« 2 §�ï¢ª� ¡ã¤¥â
®¡á«ã¦¥−� ¨ ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï ã§¥« 1 ®ª�¦¥âáï ¢ á®áâ®ï−¨¨ l,
¢ ã§«¥ 2 ®áâ�−¥âáï n ¤àã£¨å §�ï¢®ª, ¯à¨ ãá«®¢¨¨ çâ® ¯¥à¥¤ ¢ë¤¥«¥−−®© §�ï¢ª®©
¢ ã§«¥ 2 −�å®¤¨âáï i − 1 ¤àã£¨å §�ï¢®ª, ä�§� ®¡á«ã¦¨¢�−¨ï §�ï¢ª¨ −� ¯à¨¡®à¥
à�¢−�m, §� ¢ë¤¥«¥−−®© §�ï¢ª®© ¢ ®ç¥à¥¤¨ −�å®¤¨âáï j §�ï¢®ª, � ã§¥« 1 −�å®¤¨âáï
¢ á®áâ®ï−¨¨ k.

�®áª®«ìªã ®¡á«ã¦¥−−ë¥ §�ï¢ª¨ ¢ ã§«¥ 1 ¯®áâã¯�îâ ¢ ã§¥« 2, â® ¤«ï à�áç¥â�

¬�âà¨æ “Pn(j, i,m) −¥®¡å®¤¨¬® ¯à¥¤¢�à¨â¥«ì−® ¨§¬¥−¨âì ¬�âà¨æë ¨−â¥−á¨¢−®-
áâ¥© ¯¥à¥å®¤®¢. �®¢ë¥ ¬�âà¨æë ¨−â¥−á¨¢−®áâ¥© (á−�¡¦¥−−ë¥ á¢¥àåã á¨¬¢®«®¬
â¨«ì¤�) ¨¬¥îâ ¢¨¤:

“N0,0 = �Q
(1) − λ2In1N1+1 − diag

(

�Q(1)~1
)

;

“L(i,n),(j,m) = λ2In1N1+1 +
�Q(1);

“M(1,1),0 = µ2In1N1+1;

“M(i,1),(j,n1) =

{

(q
(2)
0 +Q

(2)
j )
“M(1,1),0, ¥á«¨ i = j + 1;

q
(2)
i−j−1

“M(1,1),0 ¨−�ç¥,

1 ≤ j ≤ N2 − 1, j + 1 ≤ i ≤ N2;

“N(1,n),(1,n) = �Q
(1) − (λ2 + µ2) In1N1+1 − diag

(

�Q(1)~1
)

, 1 ≤ n ≤ n2;

“N(i,n+1),(i,n) = µ2In1N1+1, 1 ≤ n ≤ n2 − 1, 1 ≤ i ≤ N2;

“N(i,1),(i,1) = �Q
(1) − λ2In1N1+1 − diag

(

�Q(1)~1
)

−

i−1
∑

j=1

diag
(

“M(i,1),(j,n1)
~1
)

,

2 ≤ i ≤ N2.

�¥à¥å®¤ï ®â íâ¨å −®¢ëå ¬�âà¨æ ¨−â¥−á¨¢−®áâ¥© ª ¬�âà¨æ�¬ ¢¥à®ïâ−®áâ¥© ¯®
�−�«®£¨¨ á â¥¬, ª�ª íâ® ¡ë«® á¤¥«�−® ¢ëè¥, ¨ ¢®á¯®«ì§®¢�¢è¨áì ¯á¥¢¤®ª®¤®¬
�«£®à¨â¬� (á¬. á. 24), §�¬¥−ïï ¢ −¥¬ n1 ¨ N1 á®®â¢¥âáâ¢¥−−® −� n2 ¨ N2,
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‘â�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤¢ãåã§«®¢®© ¬�àª®¢áª®© ‘Œ� c ®¡−®¢«¥−¨¥¬

à�ááç¨âë¢�îâáï ¬�âà¨æë “Pn(j, i,m). ‡�¬¥ç�ï, çâ® §�ï¢ª� ¯¥à¢®£® ¯®â®ª�,
¯®áâã¯¨¢è�ï ¢ ã§¥« 2 ¨ §�áâ�¢è�ï ¥£® á¢®¡®¤−ë¬ ®â §�ï¢®ª (çâ® ¯à®¨áå®¤¨â

á ¢¥à®ïâ−®áâìî ~p+0 ~1) −¥ ¡ã¤¥â ¯®â¥àï−�, ¯®«ãç�¥¬ ¯® ä®à¬ã«¥ ¯®«−®© ¢¥à®ïâ−®áâ¨
®ª®−ç�â¥«ì−®¥ ¢ëà�¦¥−¨¥ ¤«ï ¢¥à®ïâ−®áâ¨ ¯®â¥à¨ §�ï¢ª¨ ¯¥à¢®£® ¯®â®ª�:

1− π(1) = ~p+0
~1 +

N2−1
∑

j=1

n2
∑

m=1

N2−1
∑

n=0

~p+j,m
“Pn(0, j + 1,m)~1 . (20)

�â� ¦¥ ä®à¬ã«� ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¤«ï −�å®¦¤¥−¨¨ ¢¥à®ïâ−®áâ¨ ¯®â¥à¨
§�ï¢ª¨ ¢â®à®£® ¯®â®ª�. �¤−�ª® ¢ íâ®¬ á«ãç�¥ ¢¥ªâ®àë ~p+0 ¨ ~p+j,m −¥®¡å®¤¨¬®
¨§¬¥−¨âì, ¯®áª®«ìªã §�ï¢ª� ¢â®à®£® ¯®â®ª� ¯®áâã¯�¥â ¨ ®¡á«ã¦¨¢�¥âáï â®«ìª®
¢ ã§«¥ 2. ’�ª ª�ª ¯® á¢®©áâ¢ã PASTA (Poisson Arrival See Time Average) ¯ã�á-
á®−®¢áª®£® ¯®â®ª� ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ¯®áâã¯�îé�ï §�ï¢ª� §�áâ�¥â á¨áâ¥¬ã

¢ á®áâ®ï−¨¨ x ∈ X á ¢¥à®ïâ−®áâìî px, â® ¯à¨ ¨á¯®«ì§®¢�−¨¨ (20) ¤«ï à�áç¥â� π(2)

¢¥ªâ®àë ~p+0 ¨ ~p+j,m −¥®¡å®¤¨¬® §�¤�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

~p+0 = (p0,0, p1,1,0, . . . , p1,n1,0, p2,1,0, . . . , p2,n1,0, . . . , pN1,1,0, . . . , pN1,n1,0) ;

~p+j,m = (p0,j,m, p1,j,m, . . . , p1,n1,j,m, p2,1,j,m, . . . , p2,n1,j,m, . . .

. . . , pN1,1,j,m, . . . , pN1,n1,j,m) , 1 ≤ j ≤ N2, 1 ≤ m ≤ n2.

5 Заключение

‡�¬¥â¨¬, çâ® ¯à¥¤«®¦¥−−ë¥ à�ááã¦¤¥−¨ï ¤«ï á®áâ�¢«¥−¨ï ‘“÷, ®ª�§�¢è¨¥-
áï ã¤®¡−ë¬¨ ¤«ï ¤¢ãåã§«®¢®© á¨áâ¥¬ë, ®¡®¡é�îâáï ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ¨ −�
n-ã§«®¢ë¥ á¨áâ¥¬ë. �® á ¤®¡�¢«¥−¨¥¬ ª�¦¤®£® ã§«� ¯à®¡«¥¬� à�§¬¥à−®áâ¨ ¢áâ�¥â
¢á¥ ®áâà¥¥. �®-¢¨¤¨¬®¬ã, ¤«ï n-ã§«®¢ëå á¨áâ¥¬ (n ≥ 3) â�ª®¥ ¯àï¬®¥ ®¡®¡-
é¥−¨¥ −¥ ¬®¦¥â ¯à¨¢¥áâ¨ ª ¯à¨£®¤−ë¬ ¤«ï à�áç¥â®¢ à¥§ã«ìâ�â�¬. „�«ì−¥©è¨¥
¨áá«¥¤®¢�−¨ï ¬®£ãâ ¡ëâì −�¯à�¢«¥−ë −� ¯®¨áª ¨ à�§à�¡®âªã ¡®«¥¥ íää¥ªâ¨¢−ëå
¬¥â®¤®¢ à�áç¥â� áâ�æ¨®−�à−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ‘¥Œ� á ®¡®¡é¥−−ë¬ ®¡-
−®¢«¥−¨¥¬, çâ® ¬®¦¥â ¯®âà¥¡®¢�âì ¢¢¥¤¥−¨ï ¤®¯®«−¨â¥«ì−ëå ãá«®¢¨© −� à¥¦¨¬
äã−ªæ¨®−¨à®¢�−¨ï ã§«®¢ (−�¯à¨¬¥à, à¥¦¨¬ ¢ëá®ª®© §�£àã§ª¨).

‘ª�¦¥¬ −¥áª®«ìª® á«®¢ ® à�áç¥â¥ ¢à¥¬¥−−‚ëå å�à�ªâ¥à¨áâ¨ª ¯®áâã¯�îé¨å
¢ á¨áâ¥¬ã §�ï¢®ª. ‚ á¢ï§¨ á −�«¨ç¨¥¬ ¢ ã§«�å ¬¥å�−¨§¬� ®¡−®¢«¥−¨ï ¤«ï à�á-
ç¥â� à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï §�ï¢ª¨ ¢ á¨áâ¥¬¥ áâ�−¤�àâ−ë¥ ¬¥â®¤ë
à�áç¥â� ¢à¥¬¥−¨ ¤® ¯®£«®é¥−¨ï ¢ æ¥¯¨ Œ�àª®¢� á ª®−¥ç−ë¬ ç¨á«®¬ á®áâ®ï−¨©
¬�«®¯à¨£®¤−ë. ‚ ¯à¨−æ¨¯¥, ¢®á¯®«ì§®¢�¢è¨áì à¥§ã«ìâ�â�¬¨ à�§¤. 4, íâ¨ à�á-
¯à¥¤¥«¥−¨ï ¬®£ãâ ¡ëâì −�©¤¥−ë ¢ â¥à¬¨−�å ¯à¥®¡à�§®¢�−¨ï ‹�¯«�á�{‘â¨«âì¥á�,
â�ª ª�ª ¢à¥¬¥−� ¬¥¦¤ã ¯¥à¥å®¤�¬¨ ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� ¨¬¥îâ íªá¯®−¥−-
æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ (å®âì ¨ á à�§−ë¬¨ ¯�à�¬¥âà�¬¨). ‘¯à�¢¥¤«¨¢®áâ¨ à�¤¨
−¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¨§ (13){(18) ¢¨¤−®, çâ® ¤�¦¥ ¤«ï ¤¢ãåã§«®¢®© á¨áâ¥¬ë
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íâ®â ¯®¤å®¤ ¯à¥¤áâ�¢«ï¥â á®¡®© áª®à¥¥ â¥®à¥â¨ç¥áª¨© ¨−â¥à¥á. �® −¥ª®â®àë¬
¢ëå®¤®¬ ¨§ ¯®«®¦¥−¨ï á«ã¦¨â ä®à¬ã«� ‹¨ââ«�. ��ª®−¥æ, ®â¬¥â¨¬, çâ® ¤«ï
¡®«¥¥ ¯®¤à®¡−®£® áà�¢−¥−¨ï ¬¥å�−¨§¬� ®¡−®¢«¥−¨ï á ¤àã£¨¬¨ ¨§¢¥áâ−ë¬¨ ¬¥-
å�−¨§¬�¬¨ �ªâ¨¢−®£® ã¯à�¢«¥−¨ï ®ç¥à¥¤ï¬¨ −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì ¨ àï¤
¤àã£¨å, á¯¥æ¨�«ì−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢�, ª�ª, −�¯à¨¬¥à, ¬®¬¥−âë ç¨á«� ¯®-
á«¥¤®¢�â¥«ì−ëå ¯®â¥àì. �â� §�¤�ç�, âà¥¡ãîé�ï ®â¤¥«ì−®£® ¨áá«¥¤®¢�−¨ï, â�ª¦¥
¯à¥¤áâ�¢«ï¥â −¥á®¬−¥−−ë© ¨−â¥à¥á.
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STATIONARY CHARACTERISTICS
OF THE TWO-NODE MARKOVIAN TANDEM QUEUEING SYSTEM

WITH GENERAL RENOVATION

L. A. Meykhanadzhyan1, I. S. Zaryadov2,3, and T. A. Milovanova2

1Department of Data Analysis and Machine Learning, Financial University under
the Government of the Russian Federation, 49 Leningradsky Prosp., Moscow
125993, Russian Federation
2Peoples' Friendship University of Russia (RUDN University), 6 Miklukho-
Maklaya Str., Moscow 117198, Russian Federation
3Institute of Informatics Problems, Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119133, Russian Federation

Abstract: Consideration is given to the Markovian tandem queueing system with
two finite-capacity heterogeneous nodes, say node 1 and node 2. The output of
node 1 is the input into node 2. Each node is a single-server queue with a Poisson
incoming flow of customers and service times having Erlang distribution. The
service discipline is FIFO (first in, first out). General renovation is implemented
in each node which implies that upon a service completion, a customer may
remove a random number of customers from the queue (if any is available), with
a given probability distribution; removed customers leave the system. Using
the matrix-geometric technique, one derives the joint stationary distribution of
the nodes' states. A recursive algorithm for computation of the stationary loss
probabilities under the head-of-the-queue renovation is also proposed.
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1 Введение

�à®¡«¥¬� −�å®¦¤¥−¨ï ãá«®¢¨© íà£®¤¨ç−®áâ¨ âà�¤¨æ¨®−−� ¤«ï â¥®à¨¨ ¬�á-
á®¢®£® ®¡á«ã¦¨¢�−¨ï. �â¨ ãá«®¢¨ï ¢�¦−ë ¤«ï ¯à¨«®¦¥−¨©, ¯®áª®«ìªã ®−¨
®¯à¥¤¥«ïîâ á®®â−®è¥−¨ï ¬¥¦¤ã ¯�à�¬¥âà�¬¨ ¬®¤¥«¨, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®-
àëå −¥ ¢®§−¨ª�¥â ¡¥áª®−¥ç−® ¡®«ìè¨å ®ç¥à¥¤¥©. �à¨ ¨§ãç¥−¨¨ íà£®¤¨ç−®áâ¨
¯à¨®à¨â¥â−ëå á¨áâ¥¬ ®¡ëç−® −�ª«�¤ë¢�«¨áì ®£à�−¨ç¥−¨ï «¨¡® −� ¢à¥¬ï ¬¥¦¤ã
¯®áâã¯«¥−¨ï¬¨ âà¥¡®¢�−¨© ¢ á¨áâ¥¬ã, «¨¡® −� ¢à¥¬ï ¨å ®¡á«ã¦¨¢�−¨ï. ÷�¡®â,
¢ ª®â®àëå ¨áá«¥¤ã¥âáï íà£®¤¨ç−®áâì ¯à¨®à¨â¥â−ëå á¨áâ¥¬ á àï¤®¬ ¤¨áæ¨¯«¨−
�¡á®«îâ−®£® ¯à¨®à¨â¥â�, −¥ ®â−®áïé¨åáï ª ª«�áá�¬ M/G/1 ¨ G/M/1, ¯à�ªâ¨-
ç¥áª¨ −¥â. ‚ ¤�−−®© à�¡®â¥ ®¡®¡é¥−ë à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ [1] −� á«ãç�©
¯à®¨§¢®«ì−®£® ¯à¨®à¨â¥â−®£® ¢å®¤ïé¥£® ¯®â®ª�, ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¢ á«ã-
ç�¥, ª®£¤� ¢à¥¬ï ¬¥¦¤ã ¯®áâã¯«¥−¨ï¬¨ ¯à¨®à¨â¥â−ëå âà¥¡®¢�−¨© à�á¯à¥¤¥«¥−®
á®£«�á−® à�á¯à¥¤¥«¥−¨î �à«�−£� ¨ £¨¯¥àíªá¯®−¥−æ¨�«ì−®¬ã à�á¯à¥¤¥«¥−¨î.

∗ˆáá«¥¤®¢�−¨ï ¯à®¢®¤¨«¨áì ¢ à�¬ª�å ¯à®£à�¬¬ë Œ®áª®¢áª®£® æ¥−âà� äã−¤�¬¥−â�«ì−®© ¨ ¯à¨-
ª«�¤−®© ¬�â¥¬�â¨ª¨.

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, unf08@rambler.ru
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�¡ íà£®¤¨ç−®áâ¨ ®¤−®ª�−�«ì−ëå ‘Œ� á ¤¨áæ¨¯«¨−®© �¡á®«îâ−®£® ¯à¨®à¨â¥â�

2 Описание системы и обозначения

÷�áá¬�âà¨¢�¥âáï ®¤−®ª�−�«ì−�ï ‘Œ� á −¥®£à�−¨ç¥−−ë¬ ç¨á«®¬ ¬¥áâ ¤«ï
®¦¨¤�−¨ï ¨ ¤¢ã¬ï ¯®â®ª�¬¨ âà¥¡®¢�−¨©. ‚à¥¬ï ®¡á«ã¦¨¢�−¨ï ¨ ¢à¥¬¥−� ¬¥¦-
¤ã ¯à¨å®¤�¬¨ âà¥¡®¢�−¨© ®¡®¨å ¯à¨®à¨â¥â®¢ ¨¬¥îâ ¯à®¨§¢®«ì−ë¥ �¡á®«îâ−®
−¥¯à¥àë¢−ë¥ à�á¯à¥¤¥«¥−¨ï. ÷�áá¬�âà¨¢�¥âáï ¤¨áæ¨¯«¨−� �¡á®«îâ−®£® ¯à¨®-
à¨â¥â�.

‡�¯¨è¥¬ à¥ªãàá¨î ‹¨−¤«¨ ¤«ï â�ª®© ‘Œ�. �¡®§−�ç¨¬ ç¥à¥§ s
(i)
1 , s

(i)
2 , . . .

¨ t
(i)
1 , t

(i)
2 , . . . ¯®á«¥¤®¢�â¥«ì−ë¥ ¢à¥¬¥−� ®¡á«ã¦¨¢�−¨ï ¨ ¨−â¥à¢�«ë ¬¥¦¤ã ¯®-

áâã¯«¥−¨ï¬¨ âà¥¡®¢�−¨© i-£® ¯®â®ª�, B(i) | äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨

®¡á«ã¦¨¢�−¨ï âà¥¡®¢�−¨© i-£® ¯à¨®à¨â¥â�, s(i) = Es
(i)
1 , t(i) = Et

(i)
1 , w

(i)
n | ¢à¥-

¬ï ®¦¨¤�−¨ï ¤® −�ç�«� ®¡á«ã¦¨¢�−¨ï n-¬ âà¥¡®¢�−¨¥¬ i-£® ¯®â®ª� (−ã¬¥à�æ¨ï

¯à®¢®¤¨âáï ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï ¢ á¨áâ¥¬ã); s
(i)
1 , s

(i)
2 , . . ., ª�ª ¨ t

(i)
1 , t

(i)
2 , . . . |

−¥§�¢¨á¨¬ë¥ ¢ á®¢®ªã¯−®áâ¨, ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë,
¨¬¥îé¨¥ �¡á®«îâ−® −¥¯à¥àë¢−®¥ à�á¯à¥¤¥«¥−¨¥. „«ï ®ç¥à¥¤¨ ¯à¨®à¨â¥â−®£®
¯®â®ª� à¥ªãàá¨ï ‹¨−¤«¨ §�¯¨áë¢�¥âáï ª�ª

w
(1)
n+1 =

(

w(1)n + s
(1)
n − t

(1)
n+1

)

+
. (1)

Š�ª ¯®ª�§�−® ¢ [2], çâ®¡ë ¬�àª®¢áª�ï æ¥¯ì (Œ–) (1) ¡ë«� íà£®¤¨ç−®© ¯® •�àà¨áã
(á¬., −�¯à¨¬¥à, [3,4], ¤®áâ�â®ç−®, çâ®¡ë áãé¥áâ¢®¢�«¨ ¯¥à¢ë¥ ¬®¬¥−âë sn ¨ tn,
E(sn − tn) < 0, � sn ¨ tn ¨¬¥«¨ �¡á®«îâ−® −¥¯à¥àë¢−®¥ à�á¯à¥¤¥«¥−¨¥.

„«ï −¥¯à¨®à¨â¥â−®© ®ç¥à¥¤¨ ¢ à¥ªãàá¨¨ ‹¨−¤«¨ −�¤® â�ª¦¥ ãç¥áâì ¢«¨ï−¨¥

¯à¨®à¨â¥â−®© ®ç¥à¥¤¨. „«ï íâ®£® ¡ã¤¥¬ à�áá¬�âà¨¢�âì ¤¢ã¬¥à−ãî Œ– (νn, w
(2)
n ),

£¤¥ νn | ª®¬¯®−¥−â�, ®¤−®§−�ç−® §�¤�îé�ï à�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ ¤® ¯à¨å®¤�
á«¥¤ãîé¥£® ¯à¨®à¨â¥â−®£® âà¥¡®¢�−¨ï −� ¬®¬¥−â −�ç�«� ®¡á«ã¦¨¢�−¨¥ n-£®
−¥¯à¨®à¨â¥â−®£® âà¥¡®¢�−¨ï. ��§®¢¥¬ ¥¥ ä�§®© ¯à¨®à¨â¥â−®£® ¯®â®ª�. ’®£¤�
¤«ï ®ç¥à¥¤¨ −¥¯à¨®à¨â¥â−®£® ¯®â®ª� à¥ªãàá¨ï ‹¨−¤«¨ §�¯¨è¥âáï ª�ª

w
(2)
n+1 = I

(

w(2)n +
�T (s(2)n , νn)− t

(2)
n+1 > 0

) (

w(2)n +
�T (s(2)n , νn)− t

(2)
n+1

)

+

+ I(w(2)n +
�T (s(2)n , νn)− t

(2)
n+1 < 0)T

∗
(

tn+1, w
(2)
n , �T (s(2)n , νn)

)

, (2)

£¤¥ �T (sn, νn) | ¢à¥¬ï, ¯à®è¥¤è¥¥ á ¬®¬¥−â� −�ç�«� ®¡á«ã¦¨¢�−¨ï n-£® −¥-
¯à¨®à¨â¥â−®£® âà¥¡®¢�−¨ï ¤® ¬®¬¥−â�, ª®£¤� á¨áâ¥¬� ®á¢®¡®¤¨«�áì ®â íâ®£®
âà¥¡®¢�−¨ï ¨ âà¥¡®¢�−¨© ¯¥à¢®£® ¯à¨®à¨â¥â�, ¯à¨è¥¤è¨å §� ¢à¥¬ï ®¡á«ã¦¨-
¢�−¨ï íâ®£® âà¥¡®¢�−¨ï, I(A) | ¨−¤¨ª�â®à á®¡ëâ¨ï A, � á«ãç�©−�ï ¢¥«¨ç¨−�

T ∗(tn+1, w
(2)
n , �T (s

(2)
n , νn)) ¨¬¥¥â â�ª®¥ ¦¥ à�á¯à¥¤¥«¥−¨¥, ª�ª ¢à¥¬ï ¤® ¯¥à¢®£®

®á¢®¡®¦¤¥−¨ï á¨áâ¥¬ë ¯®á«¥ ¬®¬¥−â� ¢à¥¬¥−¨w
(2)
n + �T (s

(2)
n , νn)−t

(2)
n+1, ¥á«¨ ¢ á¨á-

â¥¬ã ¯®áâã¯�¥â â®«ìª® ¯®â®ª ¯à¨®à¨â¥â−ëå âà¥¡®¢�−¨© ¨ ¢ −�ç�«ì−ë© ¬®¬¥−â á¨á-

â¥¬� á¢®¡®¤−� ®â −¨å. ’�ª¦¥ ¢¢¥¤¥¬ ®¡®§−�ç¥−¨¥ �T (ν) = E(
∫

�T (s, ν)dB(2)(s)|ν).
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3 Условия эргодичности

‚¢¥¤¥¬ ¢á¯®¬®£�â¥«ì−ãî Œ– á ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨© Y , á¢ï§�−−ãî á ä�-
§®© ¯à¨®à¨â¥â−®£® ¯®â®ª�. ’®ç−¥¥, ¢¢¥¤¥¬ Œ– á ¯¥à¥å®¤−ë¬¨ ¢¥à®ïâ−®áâï¬¨,

á®®â¢¥âáâ¢ãîé¨¬¨ ¨§¬¥−¥−¨ï¬ ä�§ë ¯à¨®à¨â¥â−®£® ¯®â®ª� ¤® ¨ ¯®á«¥ �T (s
(2)
n , νn),

®¡®§−�ç¨¬ ¨å �P . �ãáâì −� ¬®¬¥−â −�ç�«� �T ä�§� ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ “ν0. ’®£¤�

−� ¬®¬¥−â ®ª®−ç�−¨ï �T ä�§� ¡ã¤¥â ¨¬¥âì à�á¯à¥¤¥«¥−¨¥

�P “ν0(A) =

∫

P (x, A) d “ν0(dx)

¤«ï «î¡®£® ¬−®¦¥áâ¢� A ¨§ σ(Y ). �¡®§−�ç¨¬ íâã Œ– “νn. ’®£¤� ãá«®¢¨ï
íà£®¤¨ç−®áâ¨ (2) ®¯¨áë¢�îâáï á«¥¤ãîé¥© â¥®à¥¬®©, ¤®ª�§�−−®© ¢ [1].

’¥®à¥¬� 1. �ãáâì

(1) �T (ν) ¡ë«� ®£à�−¨ç¥−� ª�ª á«ãç�©−�ï ¢¥«¨ç¨−� ®â−®á¨â¥«ì−® ν;

(2) æ¥¯ì �νn íà£®¤¨ç−� ¨ áå®¤¨âáï ª á¢®¥© ¨−¢�à¨�−â−®© ¬¥à¥ Finv(ν) ¯® ¯®«−®©
¢�à¨�æ¨¨;

(3) ¢ë¯®«−¥−ë ãá«®¢¨ï íà£®¤¨ç−®áâ¨ ¤«ï ¯à¨®à¨â¥â−®© ®ç¥à¥¤¨ ¨ E((s
(1)
n )2)

áãé¥áâ¢ã¥â ¨ ª®−¥ç¥−.

’®£¤� ¤«ï íà£®¤¨ç−®áâ¨ (2) ¤®áâ�â®ç−®, çâ®¡ë
∫

�T (ν) dFinv(ν) < t(2) .

�¯¨à�ïáì −� â¥®à¥¬ã 1 ¨ ¯®«ì§ãïáì ¬¥â®¤�¬¨, ¨§«®¦¥−−ë¬¨ ¢ [1,5,6], ¬®¦−®
¯®ª�§�âì, çâ® ¢ á«ãç�¥ £¨¯¥àíªá¯®−¥−æ¨�«ì−®£® ¨ íà«�−£®¢áª®£® ¢å®¤ïé¨å ¯à¨-
®à¨â¥â−ëå ¯®â®ª®¢ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï íà£®¤¨ç−®áâ¨ −¥¯à¨®à¨â¥â−®© ®ç¥à¥¤¨
®¯¨áë¢�îâáï á«¥¤ãîé¥© â¥®à¥¬®©.

’¥®à¥¬� 2. „®áâ�â®ç−ë¥ ãá«®¢¨ï íà£®¤¨ç−®áâ¨ −¥¯à¨®à¨â¥â−®© ®ç¥à¥¤¨ ¢ á«ã-
ç�¥ á ¯®â¥à¥© −¥¯à¨®à¨â¥â−®£® âà¥¡®¢�−¨ï:

(1− pinv)
(

E
(

tinv | s
(2)
n > tinv

)

+ π1

)

+ pinvE
(

s(2)n | s
(2)
n < tinv

)

− t(2) < 0 ;

¤®áâ�â®ç−ë¥ ãá«®¢¨ï íà£®¤¨ç−®áâ¨ −¥¯à¨®à¨â¥â−®© ®ç¥à¥¤¨ ¢ á«ãç�¥ á ®¡á«ã-
¦¨¢�−¨¥¬ −¥¯à¨®à¨â¥â−®£® âà¥¡®¢�−¨ï §�−®¢®:

(1− pinv)
(

E
(

tinv | s
(2)
n > tinv

)

+ π1

)

+
1− pbp
pbp

[(

E
(

tbp | s
(2)
n > tbp

)

+

+ π1

)

+ E
(

s(2)n | s
(2)
n < tbp

)]

+ pinvE
(

s(2)n | s
(2)
n < tinv

)

− t(2) < 0 ,
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£¤¥ tinv ¨¬¥îâ à�á¯à¥¤¥«¥−¨¥ F (tinv < x) =
∑N

i=1 Finv(i)(1 − exp(−aix)); tbp
¨¬¥îâ à�á¯à¥¤¥«¥−¨¥ F (tbp < x) =

∑N
i=1 Fbp(i)(1 − exp(−aix)); Fbp(ν) =

=
∑

i ciπνi(s) | ä�§� ¯à¨®à¨â¥â−®£® ¯®â®ª� −� ¬®¬¥−â ®ª®−ç�−¨ï ¯¥à¨®¤�
§�−ïâ®áâ¨, −�ç�¢è¥£®áï á ®¤−®£® âà¥¡®¢�−¨ï:

pinv = P
(

s(2)n < tinv

)

; pbp = P
(

s(2)n < tbp

)

;

πi(s) =
∑

ν

πνi(s); π1 =

N
∑

i=1

ci

(

∂πi(s)

∂s

)∣

∣

∣

∣

s=0

.

1. ‚ á«ãç�¥, ¥á«¨ ¢à¥¬ï ¬¥¦¤ã ¯à¨å®¤�¬¨ ¯à¨®à¨â¥â−ëå âà¥¡®¢�−¨© à�á¯à¥-
¤¥«¥−® á®£«�á−® £¨¯¥àíªá¯®−¥−æ¨�«ì−®¬ã à�á¯à¥¤¥«¥−¨î á ¯«®â−®áâìî

a(t) =











N
∑

j=1

cjaj exp(−ajt), t ≥ 0 ;

0 , t < 0 ;

N
∑

j=1

cj = 1 ,

¢¥«¨ç¨−ë ¨§ ãá«®¢¨© ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à�§®¬:

N
∑

j=1

aj
µ∗k(s) + aj

πjν(s) =
aj

µ∗k(s) + aj
β(s− µ∗1(s))

¨ µ∗k(s) ¬®£ãâ ¡ëâì ç¨á«¥−−® −�©¤¥−ë ¨§ ãà�¢−¥−¨ï:

∏N

j=i
µ∗k(s) + ai

∑N

j=1
cjaj

∏

i6=j
µ∗k(s) + ai

= β(s − µ∗k(s)) ,

£¤¥ β | ¯à¥®¡à�§®¢�−¨ï ‹�¯«�á�{‘â¨«âì¥á� ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï ¯à¨®-
à¨â¥â−ëå âà¥¡®¢�−¨©

Finv(1) =
1

(1 +
∑

i=2
Li1)

,

Finv(ν) = Finv(1)Lν1 , ν = 2, . . . , N .

‚ á«ãç�¥ á ¯®â¥à¥© âà¥¡®¢�−¨ï:

Lνk =

∑

i
ciπνi(0)(1 − pk)

(1− pν)
∑

i
ciπki(0)

.
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‚ á«ãç�¥ á ®¡á«ã¦¨¢�−¨¥¬ âà¥¡®¢�−¨ï §�−®¢®:

Lνk =

∑

ciπνi(0)pν(1− pk)

(1− pν)
∑

ciπki(0)pk
;

pi =

∞
∫

0

e−aisdB(2)(s) .

2. ‚ á«ãç�¥, ¥á«¨ ¢à¥¬ï ¬¥¦¤ã ¯à¨å®¤�¬¨ ¯à¨®à¨â¥â−ëå âà¥¡®¢�−¨© à�á¯à¥-
¤¥«¥−® á®£«�á−® à�á¯à¥¤¥«¥−¨î �à«�−£� á ¯�à�¬¥âà�¬¨ ai, i = 1, . . . , k,
¢¥«¨ç¨−ë ¨§ ãá«®¢¨© ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à�§®¬:

πjν(n
0, s) ®¯à¥¤¥«ï¥âáï ¨§ á¨áâ¥¬ë «¨−¥©−ëå ãà�¢−¥−¨©

k
∑

j=1

πjv(n
0, s))

k−1
∏

µ=j

aµ

j−1
∏

l=1

(λm(zm(s))+al) = ϕ(z)

k−1
∏

µ=ν

aµ

ν−1
∏

l=1

(λm(zm(s))+al) ,

£¤¥ λm ï¢«ïîâáï ª®à−ï¬¨ ãà�¢−¥−¨ï

k
∏

i=1

λ+ ai
ai

= z ,

� zm(s) ®¯à¥¤¥«ïîâáï ¨§ ãà�¢−¥−¨ï

z = β (s− λm(z)) ;

Finv(ν) ®¯à¥¤¥«ïîâáï ¨§ «¨−¥©−ëå ãà�¢−¥−¨©

Finv(ν) =

ν
∑

i=1

piνFinv(i) +





∑

j

(1− pj)Finv(j)



 πν1(0)

¢ á«ãç�¥ á ¯®â¥à¥© âà¥¡®¢�−¨ï ¨

Finv(ν) =

ν
∑

i=1

Finv(i)piν +





∑

j

(1− pj)Finv(j)





[

∞
∑

n=0

(pinv)
n“pν

]

¢ á«ãç�¥ á ¤®®¡á«ã¦¨¢�−¨¥¬ âà¥¡®¢�−¨ï;

pint =
∑

j

πj1(0)(1 − pj) ,
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pij =

∞
∫

0





s
∫

0

Aij−1(t)
(

e−aj(s−t)
)

dt



 dB(2)(s), i < j ≤ k ,

pii =

∞
∫

0

e−aisdB(2)(s) , pi =
k

∑

j=i

pij ,

£¤¥ Aij | äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë
∑j

l=i ξl, i ≤ j, £¤¥
ξl íªá¯®−¥−æ¨�«ì−® à�á¯à¥¤¥«¥−� á ¯�à�¬¥âà®¬ al.
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ERGODICITY OF SINGLE SERVER QUEUES
WITH PREEMPTIVE PRIORITY

A. V. Mistryukov

Department of Mathematical Statistics, Faculty of Computational Mathematics and
Cybernetics, M. V. Lomonosov Moscow State University, 1-52 Leninskiye Gory,
GSP-1, Moscow 119991, Russian Federation

Abstract: Well known results on ergodicity of queues with preemptive priority
were obtained under the assumption that jobs arrive according to Poisson
process. However, this assumption does not always hold true in practice. In
this paper, the author finds sufficient ergodicity conditions for queues with two
priority classes with single server, where interarrival times of high priority jobs
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have either Erlang or hyperexponential distribution and interarrival times of low
priority jobs and service times of jobs of both classes have arbitrary continuous
distributions. To formulate desired conditions, the authors use Lindley's recursion
for waiting times of each priority class queue. Using Lyapunov{Foster criteria,
the authors obtain sufficient conditions for a given recursion to be Harris-ergodic
Markov chain.

Keywords: preemptive priority; ergodicity; Lyapunov{Foster criteria; hyperex-
ponential arrivals; Erlang arrivals
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РЕШЕНИЕ ГОМОГЕННЫХ ДИАГНОСТИЧЕСКИХ ЗАДАЧ
СПЕЦИАЛИСТОМ В МЕДИЦИНЕ∗

С. Б. Румовская1, А. В. Колесников2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ®á®¡¥−−®áâ¨ ¨−¤¨¢¨¤ã�«ì−®£® à¥è¥−¨ï §�-
¤�ç ¢à�ç®¬, ¢ ç�áâ−®áâ¨ ¢ª«�¤ ®¡à�§−®£® ¬ëè«¥−¨ï ¢ ¯®áâ�−®¢ªã ¤¨�£−®§�.
“ ®¯ëâ−®£® ¢à�ç� å®à®è® à�§¢¨â® ¯à�¢®¯®«ãè�à−®¥ ¬ëè«¥−¨¥, ¨ ®− �ª-
â¨¢−® ¯®«ì§ã¥âáï ¨¬ ¢ ¯à®æ¥áá¥ ¤¨�£−®áâ¨ª¨ ¯�æ¨¥−â�, â. ¥. à�ááã¦¤¥−¨ï
¡�§¨àãîâáï −¥ â®«ìª® −� â®ç−®¬ �−�«¨§¥, −® ¨ −� ¯à�¢®áâ®à®−−¨å ¬¥å�−¨§¬�å
à�ááã¦¤¥−¨ï, ¡«�£®¤�àï ç¥¬ã ä®à¬¨àãîâáï ¢¥à¡�«ì−®-£�¯â¨ª®-¢¨§ã�«ì−ë¥
®¡à�§ë ¤¨�£−®áâ¨ç¥áª®© §�¤�ç¨ ¨ á®áâ®ï−¨ï ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ | â¥ªãé¥-
£®, −®à¬ë, ¯à®è«ëå ¨§ ®¯ëâ� ¯à¥¤ë¤ãé¨å «¥â à�¡®âë. ‚ à�¡®â¥ ®¯¨á�−�
®¡é�ï áå¥¬� ä®à¬ã«¨à®¢�−¨ï ¨ à¥è¥−¨ï £®¬®£¥−−ëå ¤¨�£−®áâ¨ç¥áª¨å §�¤�ç,
� â�ª¦¥ ª®£−¨â¨¢−ë© ®¡à�§ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ ¨ ¥£® äã−ªæ¨®−�«ì−�ï ¤¥ä®à-
¬�æ¨ï ¢ ®¯¥à�â¨¢−ë¥ ®¡à�§ë, á®¤¥à¦�é¨¥ â®«ìª® âà¥¡ã¥¬ë¥ ¤«ï à¥�«¨§�æ¨¨
ç�áâ−®£® ¤¥©áâ¢¨ï −�¤ ®¡ê¥ªâ®¬ ¤¨�£−®áâ¨ª¨ å�à�ªâ¥à¨áâ¨ª¨.

Š«îç¥¢ë¥ á«®¢�: £®¬®£¥−−ë¥ ¤¨�£−®áâ¨ç¥áª¨¥ §�¤�ç¨; ¨−¤¨¢¨¤ã�«ì−®¥
¯à¨−ïâ¨¥ ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨©; ª®£−¨â¨¢−ë© ®¡à�§ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨;
®¯¥à�â¨¢−ë¥ ®¡à�§ë ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨

DOI: 10.14357/08696527200304

1 Введение

Œ¥¤¨æ¨−� | ®¤−� ¨§ á�¬ëå á«�¡® áâàãªâãà¨à®¢�−−ëå ¯à¥¤¬¥â−ëå ®¡«�-
áâ¥©. �‚®«ìèãî ç�áâì §�¡®«¥¢�−¨©, ®á®¡¥−−® £¥â¥à®£¥−−ëå, −¥¢®§¬®¦−® ¢ëï¢¨âì,
¨á¯®«ì§ãï «¨èì ®¯¨á�−¨ï á¨¬¯â®¬®¢. ’®«ìª® ®¯ëâ−ë¥ ¢à�ç¨ ¨«¨ ª®««¥ªâ¨¢ë
¢à�ç¥© á ®¯ëâ®¬ −¥ ¬¥−¥¥ 10 «¥â á¯®á®¡−ë à�á¯®§−�âì â�ª¨¥ §�¡®«¥¢�−¨ï. ÷�§¢¨-
â¨¥ ª®¬¯ìîâ¥à−®© £à�ä¨ª¨ ¨ ¨−¦¥−¥à¨¨ ®¡à�§®¢ á¢ï§�−® á â�ª¨¬¨ ¨¬¥−�¬¨, ª�ª
�. �. Š®¡à¨−áª¨©, ‚. �. ’�à�á®¢, �. �. Šã§−¥æ®¢, ā. ÷. ‚�«ìª¬�−, ‚. Œ. •�-
çã¬®¢, �. �. ��è«ëª®¢ ¨ �. …. Ÿ¬¯®«ìáª�ï. ˆ§¢¥áâ−ë ¯à¨ª«�¤−ë¥ à�§à�¡®âª¨
ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®© £à�ä¨ª¨ ‚. Œ. •�çã¬®¢� [1], �. �. Š®¡à¨−áª®£® [2],
E. Vardell á á®�¢â®à�¬¨ [3] ¨ ¤à.

‚ [4] ¤«ï ª®¬¯ìîâ¥à−®© ¨¬¨â�æ¨¨ ª®£−¨â¨¢−ëå ®¡à�§®¢�−¨© ¨ ãá¨«¥−¨ï
ç¥«®¢¥ç¥áª®£® ¨−â¥««¥ªâ� ¢ ®¯¥à�â¨¢−®© à�¡®â¥ ¯à¥¤«®¦¥−ë ª®£−¨â¨¢−ë¥ £¨-
¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë, � â�ª¦¥ ¯à¨¬¥−¨â¥«ì−® ª −¨¬ à�§à�¡®â�−

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 19-07-00250�).
1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-

«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sophiyabr@gmail.com
2��«â¨©áª¨© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š�−â�, avkolesnikov@yandex.ru
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ï§ëª ®¯¨á�−¨ï ®â−®è¥−¨© ¨ á¢ï§¥© (Ÿ��‘) ¤«ï ¯à¥¤¨ª�â¨¢−®£® ª®¤¨à®¢�−¨ï
á«®¢¥á−®-¢¥à¡�«ì−ëå §−�−¨© ® à¥áãàá�å, á¢®©áâ¢�å ¨ ¤¥©áâ¢¨ïå ¯¥àá®−�«�.

‚ à�¡®â¥ à�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ ¨−¤¨¢¨¤ã�«ì−®£® à¥è¥−¨ï §�¤�ç ¢ ¬¥¤¨-
æ¨−¥, ¯à¨¬¥−¥−¨¥ ®¯ëâ−ë¬ ¢à�ç®¬ ¬¥å�−¨§¬� à¥è¥−¨ï ¤¨�£−®áâ¨ç¥áª¨å §�¤�ç −�
®á−®¢¥ ®¡à�§−®£® ¬ëè«¥−¨ï ¨«¨ ¬¥å�−¨§¬� ¯®á«¥¤®¢�â¥«ì−®£® ¢ª«îç¥−¨ï ¯à¨-
−ïâ¨ï à¥è¥−¨ï −� ®á−®¢¥ ®¡à�§®¢ ¨ ¢¥à¡�«ì−®-§−�ª®¢ëå ¯à¥¤áâ�¢«¥−¨©, � â�ª¦¥
®¯¨á�− ª®£−¨â¨¢−ë© ®¡à�§ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ (�„) ¨ ¥£® äã−ªæ¨®−�«ì−�ï
¤¥ä®à¬�æ¨ï ¢ ®¯¥à�â¨¢−ë¥ ®¡à�§ë −� Ÿ��‘.

2 Особенности индивидуального решения задач в медицине

“ ®¯ëâ−®£® ¢à�ç� å®à®è® à�§¢¨âë ®¡à�§−®¥ (¯à�¢®¯®«ãè�à−®¥) ¬ëè«¥−¨¥
¨ ¨−âã¨æ¨ï, §�¯ãáª�îé�ï ¬¥å�−¨§¬ à¥è¥−¨ï −� ®á−®¢¥ ®¡à�§−®£® ¬ëè«¥−¨ï ¨«¨
¬¥å�−¨§¬ ¯®á«¥¤®¢�â¥«ì−®£® ¢ª«îç¥−¨ï ¯à¨−ïâ¨ï à¥è¥−¨ï −� ®á−®¢¥ ®¡à�§®¢
¨ ¢¥à¡�«ì−®-§−�ª®¢ëå ¯à¥¤áâ�¢«¥−¨© −� ¢á¥å áâ�¤¨ïå ¤¨�£−®áâ¨ª¨ ¯�æ¨¥−â�.

�. �. Š®¡à¨−áª¨© ¢ à�¡®â¥ [5] ¨áá«¥¤®¢�« ¯à¨¬¥−¥−¨¥ ¨−âã¨æ¨¨ ¨ ®¡à�§−®£®
¬ëè«¥−¨ï á¯¥æ¨�«¨áâ®¬ ¢ ¬¥¤¨æ¨−¥ ¯à¨ ¤¨�£−®áâ¨ª¥ ¯�æ¨¥−â®¢. ÷¥§ã«ìâ�âë
�−�«¨§� ¥£® ¨áá«¥¤®¢�−¨© á¢¥¤¥−ë ¢ ¯à¥¤áâ�¢«¥−−ãî â�¡«¨æã.

�¡−�àã¦¥−¨¥ ®¯à¥¤¥«¥−−®£® ¯à¨§−�ª� ¢ë§ë¢�¥â íää¥ªâ ®§�à¥−¨ï, ¨ ¯¥à¥¤
¬ëá«¥−−ë¬ ¢§®à®¬ ¢®§−¨ª�¥â −¥ª¨© ®¡à�§, â. ¥. ¨¬¥¥â ¬¥áâ® ¨−á�©â, ®¡®§−�ç�-
îé¨© æ¥«®áâ−ë¥, −¥ á¢®¤¨¬ë¥ ª áã¬¬¥ á¢®¨å ç�áâ¥© áâàãªâãàë á®§−�−¨ï. …áâì
¯�à�««¥«ì−ë© ¬¥å�−¨§¬: ¢ ¬®§£¥ ç¥«®¢¥ª�, áâ®«ª−ã¢è¥£®áï á ª®−ªà¥â−ë¬ ä�ªâ®¬
(ï¢«¥−¨¥¬), ¬£−®¢¥−−® ¢®ááâ�−�¢«¨¢�¥âáï àï¤ á¢ï§�−−ëå á −¨¬ ¯à¨§−�ª®¢.

�à¨ ¯¥à¢¨ç−®© ¤¨�£−®áâ¨ª¥ ¯�æ¨¥−â�, � â�ª¦¥ ¯®á«¥¤ãîé¥© ¤¨ää¥à¥−æ¨-
�«ì−®© ¢à�ç ¨¬¥¥â ¤¥«® á ¤¢ã¬ï â¨¯�¬¨ ®¡à�§®¢ [8], ª®â®àë¥ ¯®¤â¢¥à¦¤�îâ
¨ ¤®¯®«−ïîâ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© �. �. Š®¡à¨−áª®£®:

{ ª®£−¨â¨¢−ë© (¯®§−�¢�â¥«ì−ë©) ®¡à�§ ®¡ê¥ªâ� (Š��) | ®¡à�§, ª®â®àë©
á®¤¥à¦¨â ¢áî ¯®â¥−æ¨�«ì−® −¥®¡å®¤¨¬ãî ¨−ä®à¬�æ¨î ®¡ �„. �− ¨§¡ë-
â®ç¥−, ¢á¥ ¢à¥¬ï à�§¢¨¢�¥âáï | ¯®¯®«−ï¥âáï −®¢ë¬¨ ¤�−−ë¬¨, � â�ª¦¥
®â¡à�áë¢�îâáï ¨§¡ëâ®ç−ë¥ ¯à¨§−�ª¨, ®¡®á®¡«ïîâáï ¨ ®âà�¡�âë¢�îâáï ¥£®
¨−ä®à¬�æ¨®−−ë¥ áâàãªâãàë. ‘ à®áâ®¬ ¨−ä®à¬�æ¨®−−®£® ®¡ê¥¬� áâàãªâãà�
Š�� ¯à¨®¡à¥â�¥â å�à�ªâ¥à ª«�áá¨ä¨ª�æ¨®−−®© áå¥¬ë. Š�ª â®«ìª® ®¤¨−
¨§ ¯®ª�§�â¥«¥© á®áâ®ï−¨ï §¤®à®¢ìï ¢ëå®¤¨â §� ¯à¥¤¥«ë −®à¬ë, ¢ë¤¥«ï¥âáï
¯¥àâ¨−¥−â−�ï ¢ ¤�−−®© á¨âã�æ¨¨ ¨−ä®à¬�æ¨ï, â. ¥. ®¯¥à�â¨¢−�ï ¯�àæ¨�«ì−�ï
áâàãªâãà� Š��, ®¯¥à�â¨¢−ë© ãà®¢¥−ì ®âà�¦¥−¨ï �„ ¢ Š�� ¨«¨ �¤¥-
ª¢�â−�ï ç�áâ−®© ¤¨�£−®áâ¨ç¥áª®© §�¤�ç¥ á¨áâ¥¬� ¬¥¦ãà®¢−¥¢ëå ®¯¥à�â¨¢−ëå
áâàãªâãà;

{ ®¯¥à�â¨¢−ë¥ ®¡à�§ë ®¡ê¥ªâ� (���) | ®¡à�§ë, á®¤¥à¦�é¨¥ â®«ìª® âà¥¡ã-
¥¬ë¥ ¤«ï à¥�«¨§�æ¨¨ ç�áâ−®£® ¤¥©áâ¢¨ï −�¤ �„ å�à�ªâ¥à¨áâ¨ª¨. �¤−�ª®
¤�¦¥ ®−¨ ã ¢à�ç� ª®¬¯«¥ªá−ë¥, â�ª ª�ª ä®à¬¨àãîâáï −� ®á−®¢¥ ¤�−−ëå
®â à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨ (®¯à®á, ®á¬®âà, ¯�«ì¯�æ¨ï, ¤�−−ë¥
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÷¥è¥−¨¥ £®¬®£¥−−ëå ¤¨�£−®áâ¨ç¥áª¨å §�¤�ç á¯¥æ¨�«¨áâ®¬ ¢ ¬¥¤¨æ¨−¥

�¡à�§−®¥ ¬ëè«¥−¨¥ á¯¥æ¨�«¨áâ� ¢ ¬¥¤¨æ¨−¥

�«¥¬¥−âë •�à�ªâ¥à¨áâ¨ª�

�¡à�§ë

�¡«¥£ç�îâ §�¯®¬¨−�−¨¥ �áá®æ¨�â¨¢−ëå ¯�à. ‚ë¤¥«ïîâ: (�) ¬ëá-
«¥−−ë© | ¢ ¢¨¤¥ ®¡®¡é¥−−®£® ¯à¥¤áâ�¢«¥−¨ï £àã¯¯ë ¢§�¨¬®-
á¢ï§�−−ëå á¨¬¯â®¬®¢ (á¥¬�−â¨ç¥áª¨©, ¨«¨ áª®à¥¥ ¯á¥¢¤®á¥¬�−â¨-
ç¥áª¨©, ®¡à�§ ª�ª ç�áâ−ë© á«ãç�© | ¯á¥¢¤®¢¥à¡�«ì−ë©), ª®£¤�
®â¤¥«ì−ë¥ ¯à¨§−�ª¨ ¢®á¯à¨−¨¬�îâáï ª�ª á®¢®ªã¯−®áâì, ª�ª á¨¬¯-
â®¬®ª®¬¯«¥ªá | ¬¥â�ä®à¨ç¥áª¨© ®¡®¡é¥−−ë© ®¡à�§; (¡) ¢¨§ã�«ì-
−ë© ¨«¨ ¯á¥¢¤®¢¨§ã�«ì−ë© | ú¢á¯«ë¢�−¨¥û ¨áâ¨−−® §à¨â¥«ì−®£®,
¯¥àá®−¨ä¨æ¨à®¢�−−®£® ®¡à�§�, ¨§¢¥áâ−®£® ¨§ «¨ç−®£® ®¯ëâ� ¨«¨
¬¥¤¨æ¨−áª®© «¨â¥à�âãàë

�áá®æ¨�æ¨¨
á¨¬¯â®¬®¢

¤àã£ á ¤àã£®¬

�¡ãá«®¢«¥−ë ¯®−¨¬�−¨¥¬ ¯à®ï¢«¥−¨© à�§«¨ç−ëå §�¡®«¥¢�−¨©,
¢®§−¨ªè¨å ¢ à¥§ã«ìâ�â¥ ¨§ãç¥−¨ï â¥ªáâ®«®£¨ç¥áª¨å ¨áâ®ç−¨ª®¢.
‚ë¤¥«ïîâ: ¯à®áâà�−áâ¢¥−−ë¥, ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥, ¯® áå®¤-
áâ¢ã, ¯® ª®−âà�áâã. ‹¥¦�â ¢ ®á−®¢¥ ®¡à�§−®£® ¬ëè«¥−¨ï ã ¢à�ç¥©

��¬ïâì
•à�−¨â ¢¥à¡�«ì−ë¥ ¨ ¢¨§ã�«ì−ë¥ ¨−â¥à¯à¥â�æ¨¨ á¨âã�æ¨©
¢ ¢¨¤¥ ¯®−ïâ¨© (ª®−æ¥¯â®¢) ¨ ¢ëáª�§ë¢�−¨©, ¯à®¯®§¨æ¨©
(ª®−æ¥¯âã�«ì−®-¯à®¯®§¨æ¨®−�«ì−�ï £¨¯®â¥§� ÷. ˜¥¯�à¤� [6])

�¡à�§
−� â¥ªãé¨©

¬®¬¥−â ¢à¥¬¥−¨
(®¯¥à�â¨¢−ë©)

”®à¬¨àã¥âáï −� ®á−®¢¥ −�¡«î¤�¥¬®© á®¢®ªã¯−®áâ¨ ä�ªâ®¢. Œ®-
¦¥â ¡ëâì æ¥«®áâ−ë¬ (¯à¨áãâáâ¢ãîâ ¢á¥ ä®à¬¨àãîé¨¥ ¥£® ¯à¨§−�-
ª¨) ¨ −¥¯®«−ë¬ ¨«¨ à�§¬ëâë¬ ¢á«¥¤áâ¢¨¥ à�§−®© áâ¥¯¥−¨ ¢ëà�-
¦¥−−®áâ¨ ¯à¨§−�ª®¢ ¨/¨«¨ ®âáãâáâ¢¨ï ç�áâ¨ ¨§ −¨å

�¡à�§
¯�æ¨¥−â�

”®à¬¨àã¥âáï −� ¡�§¥ −¥ï¢−ëå á¢ï§¥© á¨¬¯â®¬®¢, ¯à¨ç¥¬ ¢−¥è−¨©
¢¨¤ ¯�æ¨¥−â� ¢®á¯à¨−¨¬�¥âáï úæ¥«¨ª®¬û. ‘à�¢−¨¢�¥âáï á ®¡à�§�-
¬¨, −�ª®¯«¥−−ë¬¨ ¢ áâàãªâãà�å ¯�¬ïâ¨ [7]

�¡à�§
§�¡®«¥¢�−¨ï,
á¨−¤à®¬� ¨«¨

á¨¬¯â®¬®-
ª®¬¯«¥ªá�

��§¨àã¥âáï −� ®¡ï§�â¥«ì−ëå ¨ £«�¢−ëå á¨¬¯â®¬�å ¤«ï ª«�áá¨ä¨-
ª�æ¨¨ á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â� (¯à¨ç¥¬ ¬−®¦¥áâ¢® £«�¢−ëå
¬®¦¥â ¬¥−ïâìáï ¢ §�¢¨á¨¬®áâ¨ ®â ä�§ë à�§¢¨â¨ï §�¡®«¥¢�−¨ï),
â�ª ª�ª ¢à�ç, á¯®á®¡−ë© ¨−âã¨â¨¢−® ¡ëáâà® ¯à¨−ïâì à¥è¥−¨¥,
¢ ¢ëá®ª®© áâ¥¯¥−¨ ã¢¥à¥− ¢ ¨å à®«¨

�¥à¨ä¥à¨ï
®¡à�§�

§�¡®«¥¢�−¨ï

�â® á®¯ãâáâ¢ãîé¨¥ ¨«¨ á«ãç�©−ë¥ ¯à®ï¢«¥−¨ï. ÷�§¬ëâ® à¥è¥-
−¨¥ (£¨¯®â¥§�), ¯à¨−ïâ®¥ (¢ë¤¢¨−ãâ�ï) −� ®á−®¢¥ ¯¥à¨ä¥à¨ç¥áª¨å
¯®ª�§�â¥«¥© | á®¯à®¢®¦¤�¥âáï ã¦¥ áâ¥¯¥−ìî ã¢¥à¥−−®áâ¨ ¢à�ç�

«�¡®à�â®à−®£® ¨ ¨−áâàã¬¥−â�«ì−®£® ®¡á«¥¤®¢�−¨©) | ¢¥à¡�«ì−®-£�¯â¨ª®-
¢¨§ã�«ì−ë© ®¯¥à�â¨¢−ë© ®¡à�§. �à¨ íâ®¬ ª�ç¥áâ¢® ¤¨�£−®§� −�¯àï¬ãî
á¢ï§�−® á ª�ç¥áâ¢®¬ áä®à¬¨à®¢�−−®£® §� £®¤ë ¯à�ªâ¨ª¨ ã ¢à�ç� ¬−®¦¥áâ¢�
á®®â−®á¨¬ëå ®¡à�§®¢-®¡à�§æ®¢ (ú¬ëá«¥−−ëå ¬®¤¥«¥©û) à�§«¨ç−ëå ¢¨¤®¢ ¯�-
â®«®£¨©. ‘¯®á®¡−®áâì �ªâã�«¨§¨à®¢�âì â¥®à¥â¨ç¥áª¨¥ §−�−¨ï ¨ ¯à¨¬¥−ïâì ¨å
¯à¨ ¤¨�£−®áâ¨ª¥ ¯à¨¢®¤¨â ª ¯à�¢¨«ì−®¬ã á®ç¥â�−¨î ¢ ¥¤¨−ë© ¨−ä®à¬�æ¨-
®−−ë© ª®¬¯«¥ªá ¤�−−ëå ¢¥à¡�«ì−®©, £�¯â¨ç¥áª®© ¨ ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨
á ¯à�¢¨«ì−®© ®æ¥−ª®© ¢¥á� íâ¨å ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨ ¤«ï ¯®áâ�−®¢ª¨
¤¨�£−®§� ¢ ª®−ªà¥â−®© á¨âã�æ¨¨. �¤−�ª® §¤¥áì ¯®¬¨¬® �ää¥à¥−â−®© ®¯¥à�-
â¨¢−®© áâàãªâãàë, äã−ªæ¨ï ª®â®à®© | ª«�áá¨ä¨ª�æ¨ï á®áâ®ï−¨ï §¤®à®¢ìï
�„, −¥®¡å®¤¨¬® ¢ë¤¥«¨âì ¥é¥ ¨ íää¥ªâ®à−ãî áâàãªâãàã | á¨áâ¥¬ã ¢§�-
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¨¬®á¢ï§�−−ëå í«¥¬¥−â®¢ | «¥ç¥¡−ëå ¢®§¤¥©áâ¢¨© áã¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ −�
®¡ê¥ªâ, ¯¥à¥¢®¤ïé¨å �„ ¨§ â¥ªãé¥£® á®áâ®ï−¨ï ¢ §�¤�−−®¥. ”ã−ªæ¨-
®−�«ì−�ï áâàãªâãà� á¨áâ¥¬ë í«¥¬¥−â®¢ á®®â¢¥âáâ¢ã¥â ¯à®â®ª®«�¬ «¥ç¥−¨ï
(ª«¨−¨ç¥áª¨¬ à¥ª®¬¥−¤�æ¨ï¬). ’�ª®© â¨¯ ®¡à�§� −¥®¡å®¤¨¬ ¢ á¨âã�æ¨ïå,
ª®£¤� ®âá«¥¦¨¢�¥âáï á®áâ®ï−¨¥ ¯�æ¨¥−â� −� à�§«¨ç−ëå ä�§�å §�¡®«¥¢�−¨ï.
��¯à¨¬¥à, ¯à¨ ¤¨�£−®§¥ ®áâà®£® ¯�−ªà¥�â¨â� −�§−�ç¥−¨ï ¯®á«¥ ¯¥à¢¨ç−®©
¤¨�£−®áâ¨ª¨ (¢ ¯¥à¢ë¥ 24 ç�á�) ª®àà¥ªâ¨àãîâáï ¯® à¥§ã«ìâ�â�¬ ®¡á«¥¤®¢�−¨©
¯®á«¥ 24{48 ç�á®¢, −� 3-¨ áãâª¨, 4{7-¥ áãâª¨, 12{15-¥ áãâª¨, 16{30-¥ áãâª¨.

‚ ¤®¯®«−¥−¨¥ ª Š�� ¨ ��� ¬®¦−® ¢ë¤¥«¨âì âà¨ ¬¥å�−¨§¬� ¯à¨−ïâ¨ï
¨−¤¨¢¨¤ã�«ì−®£® à¥è¥−¨ï [9] ¤¨�£−®áâ¨ç¥áª®© §�¤�ç¨, ç�áâ−®©, £®¬®£¥−−®©:

(1) úá«ãç�©−ë©û | −� ®á−®¢�−¨¨ −¥®¦¨¤�−−®£® á®¢¯�¤¥−¨ï ¥¥ ®¯¨á�−¨ï (ç�áâ¨
®¯¨á�−¨ï) á¨âã�æ¨¨ ¨ í«¥¬¥−â®¢ ¯à®è«®£® ®¯ëâ�, ¢ â®¬ ç¨á«¥ ®â−®á¨â¥«ì−®
¤¥©áâ¢¨© ¢ ¯®¤®¡−®© ¤¨�£−®áâ¨ç¥áª®© á¨âã�æ¨¨, −�¯à�¢«¥−−ëå −� à�áè¨à¥-
−¨¥ ¥¥ ®¯¨á�−¨ï (¯®¢ëè¥−¨¥ ¥¥ ¯à®§à�ç−®áâ¨) á æ¥«ìî ¯®áâ�−®¢ª¨ ¤¨�£−®§�;

(2) úâ¥«¥®«®£¨ç¥áª¨©û, æ¥«¥−�¯à�¢«¥−−ë© | ª�ª â®«ìª® §�¤�ç� áä®à¬ã«¨-
à®¢�−�, ã ¢à�ç� ¢®§−¨ª�¥â ¬−®¦¥áâ¢® à�§−®¯«�−®¢ëå �áá®æ¨�æ¨©, ç�é¥
®¡à�§−ëå. �® ¤«ï ¯®áâ�−®¢ª¨ ¤¨�£−®§� íâ®£® −¥¤®áâ�â®ç−®. ˆ ¨¬¥−−® ¯®á«¥
¯®áâ�−®¢ª¨ æ¥«¨, ¢à�ç −�ç¨−�¥â ®á®§−�¢�âì ®â−®è¥−¨ï ¬¥¦¤ã §�¤�−−ë¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨ á®áâ®ï−¨ï �„ ¨ ¨áª®¬ë¬ §�ª«îç¥−¨¥¬. ��¯à¨¬¥à, ¥á«¨
á¯¥æ¨�«¨áâã ¯® «ãç¥¢®© ¤¨�£−®áâ¨ª¥ ¤�âì á−¨¬ª¨ ª®¬¯ìîâ¥à−®© â®¬®£à�ä¨¨
¡àîè−®© ¯®«®áâ¨ ¤«ï �−�«¨§�, â® ¢ ¯¥à¢ë© ¬®¬¥−â ã −¥£® ¢®§−¨ª−¥â ¬−®£®
�áá®æ¨�â¨¢−ëå ¯à¥¤áâ�¢«¥−¨© (®¡à�§®¢), −® £®¬®£¥−−ë¥ §�¤�ç¨ ¢ ¤¨�£−®-
áâ¨ª¥ â�ª −¥ ä®à¬ã«¨àãîâáï, ®−¨ ç�áâ−ë¥, ¨ æ¥«ì ¡ã¤¥â úá¯¥æ¨ä¨ç−®©û.
��¯à¨¬¥à, ®¯à®¢¥à£−ãâì ¨«¨ ¯®¤â¢¥à¤¨âì ¨ «®ª�«¨§®¢�âì à�ª ¯®¤¦¥«ã¤®ç-
−®© ¦¥«¥§ë;

(3) úæ¥«®áâ−ë©û (úäã−ªæ¨®−�«ì−ë©û ¨«¨ úáâàãªâãà−ë©û) | §�¤�ç� §¤¥áì −¥-
§�¬ª−ãâ�ï ú−�¯àï¦¥−−�ïû á¨áâ¥¬� (£¥èâ�«ìâ), á®¤¥à¦�é�ï ª®−ä«¨ªâ ¢ á¢®-
¥© áâàãªâãà¥ ¬¥¦¤ã ãá«®¢¨ï¬¨ ¨ æ¥«ìî, ¢ª«îç�îé�ï à¥è�â¥«ï. ‘¬ëá«
®â¤¥«ì−ëå ãá«®¢¨© áâ�−®¢¨âáï ïá−ë¬ â®«ìª® ¢ à�¬ª�å æ¥«®£®. Œ®¬¥−â §�-
¬ëª�−¨ï £¥èâ�«ìâ� | æ¥−âà�«ì−ë© ¯ã−ªâ ¢ å®¤¥ ¬ëá«¨â¥«ì−®£® ¯à®æ¥áá� |
¨−á�©â.

�� ®á−®¢¥ ¢ëè¥áª�§�−−®£® ¯®áâà®¥−� áå¥¬� ä®à¬ã«¨à®¢�−¨ï ¨ à¥è¥−¨ï
£®¬®£¥−−®© ¤¨�£−®áâ¨ç¥áª®© §�¤�ç¨ ¢à�ç®¬ (á¬. à¨áã−®ª). ”ã−ªæ¨®−�«ì−�ï
¤¥ä®à¬�æ¨ï Š�� §�¯ãáª�¥âáï ã ¢à�ç� ¯à¨ ¯®ï¢«¥−¨¨ æ¥«¨ ¢ ä®à¬ã«¨à®¢ª¥
«¨¡®, ¥á«¨ ¯®¤®§à¥−¨© −� ª�ª®¥-â® §�¡®«¥¢�−¨¥ ¥é¥ −¥â, ¯® ®â−®è¥−¨ï¬ à¥-
áãàá-á¢®©áâ¢®, â. ¥. ¯à¨ ¤®áâ¨¦¥−¨¨ ªà¨â¨ç¥áª¨å §−�ç¥−¨© ¯à¨§−�ª®¢ ®¤−®© ¨§
á¨áâ¥¬−ëå äã−ªæ¨®−�«ì−ëå ¥¤¨−¨æ á¨áâ¥¬ ®à£�−¨§¬� | à�§«¨ç−ë¥ ª«¥â®ç−ë¥
¨ âª�−¥¢ë¥ áâàãªâãàë (−�¯à¨¬¥à, �æ¨−ãá ¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë), à�¡®â�îé¨¥
¯® ¯à¨−æ¨¯ã ¬�ªá¨¬�«ì−®£® ¨«¨ −ã«¥¢®£® ¤¥©áâ¢¨ï.

÷�áá¬®âà¨¬ ¤�«¥¥ ®¯¨á�−¨¥ ª®£−¨â¨¢−®£® ®¡à�§� ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ ¨ ®¯¨-
á�−¨¥ ¥£® äã−ªæ¨®−�«ì−®© ¤¥ä®à¬�æ¨¨ ¢ ®¯¥à�â¨¢−ë© ®¡à�§ −� Ÿ��‘ ¨§ [4].
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3 Когнитивный и оперативный образы объекта диагностики
в предикативной модели языка профессиональной деятельности

‚ [10] ¡ë« ¯à¥¤«®¦¥− ¢¨§ã�«ì−ë© ¬¥â�ï§ëª �ªá¨®¬�â¨ç¥áª®© â¥®à¨¨ à®«¥¢ëå
¢¨§ã�«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å ¬®¤¥«¥© äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã-
�«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ ª�ª á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¤¨�£−®áâ¨ç¥áª¨å
à¥è¥−¨© á ª®£−¨â¨¢−®© ¢¨§ã�«¨§�æ¨¥© ¯à®¡«¥¬ ¨ ¯®«ãç¥−¨¥¬ ¨−â¥£à¨à®¢�−−®£®
®¡à�§� úá®áâ®ï−¨¥ ®à£�−®¢ ¨ á¨áâ¥¬ ç¥«®¢¥ª�û. ’�ª¦¥ ¢ [10] ¢¢¥¤¥−® ¯®−ï-
â¨¥ á®áâ®ï−¨ï �„ ª�ª STod(t) ¢ ¬®¬¥−â ¢à¥¬¥−¨ t | ¨−â¥£à¨à®¢�−−ë© ®¡à�§
á®¢®ªã¯−®áâ¨ áãé¥áâ¢¥−−ëå ¤«ï à¥è�¥¬®© ¢ ¬®¬¥−â t ¤¨�£−®áâ¨ç¥áª®© §�¤�-
ç¨ ¯�à�¬¥âà®¢, ª�ç¥áâ¢¥−−ëå −¥ç¥âª¨å å�à�ªâ¥à¨áâ¨ª à¥áãàá®¢ ¨ ¨á¯®«−ï¥¬ëå
äã−ªæ¨©, � â�ª¦¥ d-á¨âã�æ¨© ®¤−®¢à¥¬¥−−®£® ¨á¯®«−¥−¨ï −¥ª®â®à®£® ¬−®¦¥áâ¢�
¤¥©áâ¢¨© −�¤ �„ | ¤¨�£−®áâ¨ç¥áª¨å ®¯¥à�æ¨© (� â�ª¦¥ «¥ç¥¡−ëå ®¯¥à�æ¨©) ¨ ¨å
«®ª�«¨§�æ¨¨ ¨ r-á¨âã�æ¨© | ®¤−®¢à¥¬¥−−®£® ¢ë¯®«−¥−¨ï ¤¥©áâ¢¨© à¥áãàá�¬¨,
â. ¥. à¥�ªæ¨¨ ®¤−¨å á¨áâ¥¬ ®à£�−¨§¬�, ¥£® ¯®¤á¨áâ¥¬ ¨ ¨å í«¥¬¥−â®¢ −� ¤¥ïâ¥«ì-
−®áâì ¤àã£¨å á¨áâ¥¬ ®à£�−¨§¬�, ¥£® ¯®¤á¨áâ¥¬ ¨ ¨å í«¥¬¥−â®¢, � â�ª¦¥ à¥�ªæ¨¨
−� ¢−¥è−¨¥ ¢®§¤¥©áâ¢¨ï −� ®à£�−¨§¬. ‘æ¥−�à¨© ¤¨�£−®áâ¨ª¨ /̈̈ «¨ «¥ç¥−¨ï |
¯«�− | ¢ëï¢«ï¥â r-á¨âã�æ¨î, ¯®íâ®¬ã d-á¨âã�æ¨¨ ®¯à¥¤¥«ïîâ r-á¨âã�æ¨¨.

‚ [4] ®¯¨á�−� «¥ªá¨ª� rkx | ª®¤¨à®¢�−¨ï á¥¬�−â¨ª¨ ®â−®è¥−¨© ¨ á¢ï§¥©
¢ ¯à¥¤¨ª�â¨¢−®© ¬®¤¥«¨ ï§ëª� ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨: ¢¢¥¤¥−ë ¬−®-
¦¥áâ¢� ¯®−ïâ¨© Ÿ��‘; ¬−®¦¥áâ¢® ¡�§®¢ëå ®â−®è¥−¨© ¨ ï§ëª¨ ¯¥à¢ëå âà¥å
ãà®¢−¥© (¡�§¨á®¢; ¯à®áâëå ¨ á«®¦−ëå à¥áãàá®¢; á¢®©áâ¢ ¨ ¤¥©áâ¢¨©).

Œ®¤¥«¨à®¢�−¨¥ ¯à®¨§¢®¤áâ¢¥−−®© ¨ ¯à®áâà�−áâ¢¥−−®© áâàãªâãà, d- ¨ r-á¨-
âã�æ¨© ¢ë¯®«−ï¥âáï −� ç¥â¢¥àâ®¬ ãà®¢−¥ Ÿ��‘: L4(X

0,Xn, {fRšij}, (, ), P
4) =

= {iπk}| ¬−®¦¥áâ¢® ¯à®¨§¢®¤−ëå ¯®−ïâ¨© (��) {1π1, . . . ,
1πλ,

3π1, . . . ,
3πν} =

= š −� à¥áãàá�å ¨ ¤¥©áâ¢¨ïå, ¯®«ãç�¥¬ëå ¯® ¯à�¢¨«ã p41 ∈ P 4

¨§ X0,Xn, 3Ršij ,
4Ršij,

6Ršij , (, ). ‡¤¥áì X0 ¨ Xn | ¬−®¦¥áâ¢� ¡�§®¢ëå

¨ ¯à®¨§¢®¤−ëå ¯®−ïâ¨© Ÿ��‘, � 3Ršij,
4Ršij ¨ 6Ršij | ¯à®¨§¢®¤−ë¥ ®â-

−®è¥−¨ï, ¯à®áâà�−áâ¢¥−−ë¥, ¢à¥¬¥−−‚ë¥ ¨ ¯à¨ç¨−−®áâ¨ á®®â¢¥âáâ¢¥−−®, §�-
¤�−−ë¥ ¢ ï§ëª¥ ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ á«®¢®á®ç¥â�−¨¥¬. �à¨
íâ®¬ ¥á«¨ ixk ¨§ {1x1, . . . ,

1xη,
2x1, . . . ,

2xϕ,
3x1, . . . ,

3xψ} à�¢−® jDk|k =
= {1, 2, . . . , η, . . . , ϕ, . . . , ψ}, â® ixk | ®¯à¥¤¥«ï¥¬®¥ ¯®−ïâ¨¥, � jDk | ¥£®
®¯à¥¤¥«¥−¨¥ (�� ¯à¥¤áâ�¢«ï¥âáï ¢ ¥¤¨−áâ¢¥ ®¯à¥¤¥«ï¥¬®£® ¨ ®¯à¥¤¥«¥−¨ï).

�à�¢¨«® p41:

(1) ¥á«¨ ¯à®¨§¢®¤−ë¥ ®â−®è¥−¨ï, ¢ë¢®¤¨¬ë¥ ¨§ æ¥«¥¢ëå ®â−®è¥−¨© r01
(ú¨¬¥âìû) ¨ r02 (ú¡ëâìû), ršijl ∈

3Rš11, � 1Da ¨ 1Dm | šš ¢ 1Xn, â®

(1Dar
š
11l
(1Dm))| šš ¢ 1š ⊂ š;

(2) ¥á«¨ rš33l ∈
4Rš33,

6Rš33, � 3Da ¨ 3Dm | šš ¢ 3Xn, â® (3Dar
š
33l
(3Dm)) |

šš ¢ 3š ⊂ š;

(3) ¥á«¨ iπk ¨ iπm | šš ¢ iš, â® πk ¨ πm | šš ¢ iš;
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(4) ¥á«¨ rš11l ∈
3Rš11, r

š
33 ∈

4Rš33,
6Rš33,

1Dk ¨ 3Dm | šš ¢ 1Xn, 3Xn, â®

rš11l
1Dk ¨ rš33l

3Dm | ¯à¨§−�ª¨ ¢ 1š, 3š;

(5) ¥á«¨ iA ¨ iB | ¯à¨§−�ª¨, â® iAiB | â�ª¦¥ ¯à¨§−�ª ¢ iš;

(6) ¥á«¨ iDb | šš ¢ iXn, � iA | ¯à¨§−�ª ¢ iš, â® (iDb(
iA))| šš ¢ iš;

(7) −¨ª�ª¨å ¤àã£¨å šš ¢ š −¥â.

�ç¥¢¨¤−®, çâ® ¢ 1š ¬®¦¥â ¡ëâì ®¯¨á�−� ª�ª ¯à®áâà�−áâ¢¥−−�ï áâàãªâãà�
®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ 1šC ⊂

1š, â�ª ¨ â¥ªãé�ï r-á¨âã�æ¨ï 1šr ⊂
1š, �−�«®£¨ç−®

¢ 3š šš á®®â¢¥âáâ¢ã¥â 3šC ⊂
3š, � d-á¨âã�æ¨¨ | 3šd ⊂

3š.
Œ®¤¥«¨à®¢�−¨¥ úª®£−¨â¨¢−®£® ®¡à�§� á®áâ®ï−¨ï ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨û ¢ë-

¯®«−ï¥âáï −� ¯ïâ®¬ ãà®¢−¥ Ÿ��‘: L5(š, P
5) = {sk} | ¬−®¦¥áâ¢® šš |

ª®£−¨â¨¢−ë© ®¡à�§ á®áâ®ï−¨© {s1, s2, . . . , sω} = S, ä®à¬�«ì−® ¢ë¢®¤¨¬ëå ¯®
¯à�¢¨«ã p51 ∈ P

5. ‚ ®â¢¥â −� ¢−¥è−¥¥ ¢®§¤¥©áâ¢¨¥ á¨áâ¥¬� ¨−¨æ¨¨àã¥â ¤¥©áâ¢¨¥,
à¥�ªæ¨î, −� ¯®«ãç¥−¨¥ −¥®¡å®¤¨¬®£® ¤«ï ¥¥ ¢ë¦¨¢�−¨ï à¥§ã«ìâ�â� ¤¥©áâ¢¨ï.

�à�¢¨«® p51:

(1) ¥á«¨ 1šr ⊂
1š, 3šd ⊂

3š ¨ {1xr =
1Dr}, {3xd

3Dd} |
¯®¤¬−®¦¥áâ¢� ¯à®¨§¢®¤−ëå ¯®−ïâ¨© ¢ 1Xn ¨ 3Xn á®®â¢¥âáâ¢¥−−®,
� 21 2xn = 21 2D|(rš223

21 2x0µr
š
251(

5x0ω)) ∈
21 2D, 21 2x0µ | à¥�ªæ¨ï,

5x0ω ∈ {−®à¬�«ì−�ï, £¨¯®à¥�ªâ¨¢−®áâì, £¨¯¥àà¥�ªâ¨¢−®áâì ª®¬¯¥−á�â®à-
−�ï, £¨¯¥àà¥�ªâ¨¢−®áâì ¯�â®«®£¨ç¥áª�ï, ¨§¢à�é¥−−�ï} | šš ¢ 21 2X0,

â® 3 �šd
1šr

21 2xnµ, £¤¥ {3�xd =
3 �Dd} ¯®«ãç¥−ë ¢ à¥§ã«ìâ�â¥ ¯®¤áâ�−®¢ª¨ (¥á«¨

1xm =
1Dm ¨ 3xl =

3Dl | �� ¢ 1Xn ¨ 3Xn á®®â¢¥âáâ¢¥−−® ¨ 1x0f ∈
1Dm,

3Dl, â® ¯®¤áâ�−®¢ª®© −�§®¢¥¬ §�¬¥−ã 1x0f ¢ 3Dl −� 1xm ¨«¨ 1Dm, ¯®á«¥ ç¥£®

¯«�− ¤¥©áâ¢¨ï 3xl =
3Dl áâ�−®¢¨âáï à¥�«ì−®áâìî 3�xl =

3 �Dl), ¥áâì šš ¢ S;

(2) −¨ª�ª¨å ¤àã£¨å šš ¢ S −¥â.

‚ëáª�§ë¢�−¨¥ ® Š�� ¡ã¤¥â ¢ª«îç�âì: 3 �šd | šš úd-á¨âã�æ¨îû ¯® ®â-
−®è¥−¨ï¬ ¤¥©áâ¢¨¥{¤¥©áâ¢¨¥, 1šr | šš úr-á¨âã�æ¨îû ¯® ®â−®è¥−¨ï¬ à¥-
áãàá{à¥áãàá, (21 2x0µr

š
251(

5x0ω))-å�à�ªâ¥à¨áâ¨ªã | à¥�ªæ¨ï 21 2x0µ á ¢ëç¨á«¥−−ë¬

§−�ç¥−¨¥¬ 5x0ω ¯® ®â−®è¥−¨ï¬ à¥áãàá{á¢®©áâ¢®, ¤«ï à¥áãàá®¢ r-á¨âã�æ¨¨.
Œ®¬¥−â ®â®¡à�¦¥−¨ï ç¥«®¢¥ªã-®¯¥à�â®àã ��� ¢ëç¨á«ï¥âáï ¯® ®â−®è¥−¨ï¬

à¥áãàá{á¢®©áâ¢®, ¨áå®¤ï ¨§ à¥§¨áâ¥−â−ëå §−�ç¥−¨© ¯®ª�§�â¥«¥© á®áâ®ï−¨ï §¤®-
à®¢ìï ¯�æ¨¥−â�. …á«¨ ¯®à®£®¢®¥ §−�ç¥−¨¥ ¤®áâ¨£−ãâ®, â® Š�� ¤¥ä®à¬¨àã¥âáï
¢ §−�ª ���. �®áª®«ìªã ¯® ®â−®è¥−¨ï¬ á¢®©áâ-¢®-à¥áãàá ¨§¢¥áâ−ë à¥áãàáë
á ¯�â®«®£¨ç¥áª®© à¥�ªæ¨¥©, â. ¥. â¥ à¥áãàáë ¨§ 1šr, á¢®©áâ¢� ª®â®àëå ¢ëè«¨ §�
¤®¯ãáâ¨¬ë¥ ¨−â¥à¢�«ë (−�§®¢¥¬ ¨å à¥áãàá�¬¨ á ¤¥ä¥ªâ�¬¨), â® ¯à¥¦¤¥ ¢á¥£® à¥¤ã-
æ¨àãîâáï ixk =

jDk ã¤�«¥−¨¥¬ ¨§ jDk −¥�ªâã�«ì−ëå ¤®¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢
¯® ¯à�¢¨«ã: ú…á«¨ ¢ ®¯¥à�æ¨¨ 3xnf ¯à¨¢«¥ª�îâáï à¥áãàáë 1“xn1 ,

1“xn2 , . . . ,
1“xnm, â®

¨§ 1šC ¬®¦−® ¢ëà¥§�âì äà�£¬¥−â 1šC , á®¤¥à¦�é¨© á¢ï§¨ â®«ìª® ¬¥¦¤ã à¥-
áãàá�¬¨ 1“xn1 ,

1“xn2 , . . . ,
1“xnm. ‚á¥ ®áâ�«ì−ë¥ á¢ï§¨ 1šC −¥áãé¥áâ¢¥−−ëû. ‡�â¥¬
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à¥¤ãæ¨àã¥âáï ¯à®áâà�−áâ¢¥−−�ï áâàãªâãà� 1šC ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ ¤® äà�£-
¬¥−â�, á®¤¥à¦�é¥£® ¨−ä®à¬�æ¨î â®«ìª® ® ¬¥áâ®¯®«®¦¥−¨¨ à¥áãàá� á ¤¥ä¥ªâ®¬
(¤¥ä¥ªâ�¬¨). ˆ ¯®áª®«ìªã ¤�−−ë© à¥áãàá ¨á¯®«−ï¥â ®¯à¥¤¥«¥−−ãî à®«ì ¯®
®â−®è¥−¨ï¬ à¥áãàá{¤¥©áâ¢¨¥ ¢ −¥ª®â®à®¬ ¤¥©áâ¢¨¨ ¨§ d-á¨âã�æ¨¨ 3šd ¨ ¯®â®¬ã
á¢ï§�− ¯® ®â−®è¥−¨ï¬ à¥áãàá{à¥áãàá á ¤àã£¨¬¨ à¥áãàá�¬¨ ¨§ 1šr, â® à¥¤ãæ¨àã-

¥âáï ¨ §−�ª 1šr ¯® ¯à�¢¨«ã: ú‚áïª®¥ šš Š�� s(t) = 3 �šd
1šr(

21 2x0µr
š
251(

5x0ω))

¬®¦¥â ¡ëâì ¤¥ä®à¬¨à®¢�−® ¢ �� ��� 3 “�šd
1 “šr(

21 2x0µr
š
251
(5x0ω)), ¥á«¨ {1Dr}

äà�£¬¥−â¨à®¢�−® ¯® ¯à¥¤ë¤ãé¥¬ã ¯à�¢¨«ãû.

4 Заключение

„«ï ãá¨«¥−¨ï ¨−â¥««¥ªâ� ¢à�ç� ¢ ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¥ ¢ [10] ¯à¥¤«®¦¥-
−ë äã−ªæ¨®−�«ì−ë¥ £¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¤¨�£−®áâ¨ç¥áª¨¥ á¨áâ¥¬ë ª�ª
á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© á ª®£−¨â¨¢−®© ¢¨§ã�«¨-
§�æ¨¥© ¯à®¡«¥¬. �à¨¬¥−¨â¥«ì−® ª −¨¬ ¢ ¤�−−®© à�¡®â¥ à�§¢¨â ï§ëª ®¯¨á�−¨ï
®â−®è¥−¨© ¨ á¢ï§¥© [4], ¢ ç�áâ−®áâ¨ ¤«ï ¯à¥¤¨ª�â¨¢−®£® ª®¤¨à®¢�−¨ï á«®¢¥á−®-
¢¥à¡�«ì−ëå §−�−¨© ® á®áâ®ï−¨ïå ¨ à¥�ªæ¨ïå, ®¯¨á�− ª®£−¨â¨¢−ë© ®¡à�§ �„ ¨ ¥£®
äã−ªæ¨®−�«ì−�ï ¤¥ä®à¬�æ¨ï ¢ à¥£ã«ïà¨â¨¢−ãî, ¯à�£¬�â¨ç¥áªãî ¨−ä®à¬�æ¨î
«�ª®−¨ç−®£® ®¯¥à�â¨¢−®£® ®¡à�§� á®áâ®ï−¨ï ®à£�−¨§¬� ¯�æ¨¥−â�.
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Abstract: The paper considers the specificities of individual solving of tasks by
a doctor, in particular, the contribution of figurative thinking in the diagnosis.
The experienced doctor has well-developed right-brain thinking and uses it
actively in the diagnostic process. So, arguments are based not only on precise
analysis but also on the right side of the mechanisms of reasoning, thereby forming
verbal-haptic-visual images of diagnostic tasks and the state of the diagnostic
object. These images are of the current situation, normal, and past experience
from previous years. The paper describes a general scheme for formulation
and solution of homogeneous diagnostic tasks, and the cognitive image of the
diagnostic object and its functional strain to the operational images containing
only required features for private actions on the diagnostic object.
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УСТОЙЧИВОСТЬ САМОСИНХРОННОГО КОНВЕЙЕРА
К ЛОГИЧЕСКИМ СБОЯМ В КОМБИНАЦИОННОЙ ЧАСТИ∗

Ю. А. Степченков1, Ю. Г. Дьяченко2, Ю. В. Рождественский3,
Н. В. Морозов4, Д. Ю. Степченков5, Д. Ю. Дьяченко6

�−−®â�æ¨ï: �æ¥−¨¢�¥âáï ¢¥à®ïâ−®áâì ¯®¢à¥¦¤¥−¨ï ¤�−−ëå ¢ á�¬®á¨−åà®−-
−ëå (‘‘) áå¥¬�å, ¨§£®â®¢«¥−−ëå ¯® ŠŒ„�-â¥å−®«®£¨¨ á ¯à®¥ªâ−ë¬¨ −®à-
¬�¬¨ 65 −¬ ¨ −¨¦¥, ¨§-§� ªà�âª®¢à¥¬¥−−ëå «®£¨ç¥áª¨å á¡®¥¢ (‹‘) ¢ ª®¬¡¨−�-
æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ‘‘-ª®−¢¥©¥à�, ¢ë§¢�−−ëå ¢−¥è−¨¬¨ ¨ ¢−ãâà¥−−¨¬¨
ä�ªâ®à�¬¨. ‚ëï¢«¥−ë á¨âã�æ¨¨, á¯®á®¡−ë¥ ¯à¨¢¥áâ¨ ª ¯®àç¥ ¤�−−ëå ¢ ª®−-
¢¥©¥à¥ ¨§-§� ‹‘. �¯à¥¤¥«¥− ãà®¢¥−ì ¥áâ¥áâ¢¥−−®© §�é¨é¥−−®áâ¨ ‘‘-ª®−-
¢¥©¥à� ®â ‹‘ ¢ ¥£® ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¡«�£®¤�àï á¢®©áâ¢�¬ ‘‘-áå¥¬
(84,4% ¢ −�¨åã¤è¥¬ á«ãç�¥). �à¥¤«®¦¥−−ë¥ ¯à¨¥¬ë â®¯®«®£¨ç¥áª®£® á¨−â¥§�
¯®¢ëè�îâ á¡®¥ãáâ®©ç¨¢®áâì ‘‘-ª®−¢¥©¥à� ¤® 85,6% ®â ¢á¥å ‹‘. ˆ−¤¨ª�æ¨ï
á®áâ®ï−¨ï ¯�à�ä�§−®£® á¨£−�«�, ¨−¢¥àá−®£® ¯® ®â−®è¥−¨î ª ¥£® á¯¥©á¥àã, ª�ª
á¯¥©á¥à� ®¡¥á¯¥ç¨¢�¥â ¨¬¬ã−−®áâì ‘‘-ª®−¢¥©¥à� ª 98,6% ®¤¨−®ç−ëå ‹‘ §�
áç¥â ã¢¥«¨ç¥−¨ï ¥£® �¯¯�à�â−ëå §�âà�â ¢á¥£® −� 1%.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−�ï áå¥¬�; á¡®¥ãáâ®©ç¨¢®áâì; ª®−¢¥©¥à
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1 Введение

�à®¡«¥¬� §�é¨âë æ¨äà®¢ëå ¬¨ªà®áå¥¬, ¨§£®â®¢«¥−−ëå ¯® ŠŒ„�-â¥å−®«®-
£¨¨, ®â −¥¡«�£®¯à¨ïâ−ëå ä�ªâ®à®¢ ¯® ¢�¦−®áâ¨ áâ®¨â ¢ ®¤−®¬ àï¤ã á ¯à®¡«¥¬�¬¨
á−¨¦¥−¨ï ¨å í−¥à£®¯®âà¥¡«¥−¨ï ¨ ¯®¢ëè¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï.

„®«£®¢à¥¬¥−−ë¥ íää¥ªâë á¢ï§�−ë á −�ª®¯«¥−−®© ¤®§®© à�¤¨®�ªâ¨¢−®£® ¨§-
«ãç¥−¨ï. �−¨ ¯à¨¢®¤ïâ ª ¤¥£à�¤�æ¨¨ ¯�à�¬¥âà®¢ ¢á¥å ª®¬¯®−¥−â®¢ áå¥¬ë

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ¯®¤¤¥à¦ª¥ Œ¨−¨áâ¥àáâ¢� −�ãª¨ ¨ ¢ëáè¥£® ®¡à�§®¢�−¨ï ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨, ¯à®¥ªâ ü 075-15-2020-799.
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¨ ®¤¨−�ª®¢® ¢«¨ïîâ −� à�¡®â®á¯®á®¡−®áâì á¨−åà®−−ëå ¨ ‘‘-áå¥¬. Šà�âª®¢à¥-
¬¥−−ë¥ íää¥ªâë á¢ï§�−ë á ¢®§¤¥©áâ¢¨¥¬ ®¤¨−®ç−ëå á®¡ëâ¨©, −�¯à¨¬¥à ï¤¥à−®©
ç�áâ¨æë, í«¥ªâà®¬�£−¨â−®£® ¨¬¯ã«ìá� ¨ â. ¤. [1].

‘�¬®á¨−åà®−−ë¥ áå¥¬ë [2] ¬¥−¥¥ çã¢áâ¢¨â¥«ì−ë ª ªà�âª®¢à¥¬¥−−ë¬ ‹‘,
ç¥¬ ¨å á¨−åà®−−ë¥ �−�«®£¨, ¡«�£®¤�àï §�¯à®á-®â¢¥â−®¬ã ¢§�¨¬®¤¥©áâ¢¨î ¬¥¦¤ã
ç�áâï¬¨ áå¥¬ë ¨ áâà®£®¬ã ª®−âà®«î ®ª®−ç�−¨ï ¢á¥å ¯¥à¥ª«îç¥−¨© ¢ áå¥¬¥,
¨−¨æ¨¨à®¢�−−ëå −�¡®à®¬ ¥¥ ¢å®¤®¢ ¢ â¥ªãé¥© ä�§¥.

‚ à�¡®â¥ [3] ¡ë«¨ à�áá¬®âà¥−ë ä¨§¨ç¥áª¨¥ ¯à¨ç¨−ë ¯®ï¢«¥−¨ï ‹‘
¢ ‘‘-áå¥¬¥, ®¡ãá«®¢«¥−−ë¥ ¢−¥è−¨¬¨ ¨ ¢−ãâà¥−−¨¬¨ ä�ªâ®à�¬¨, ¯à®�−�«¨-
§¨à®¢�−ë ¨ ª«�áá¨ä¨æ¨à®¢�−ë ¨å ¯®á«¥¤áâ¢¨ï.

‚ ¤�−−®© áâ�âì¥ ®æ¥−¨¢�¥âáï ãà®¢¥−ì ãáâ®©ç¨¢®áâ¨ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬
¢ á®áâ�¢¥ ª®−¢¥©¥à� ª ªà�âª®¢à¥¬¥−−ë¬ ‹‘, ®¯¨á�−−ë¬ ¢ à�¡®â¥ [3].

2 Вероятность распространения логических сбоев
по самосинхронной схеме

Š«�áá¨ä¨ª�æ¨ï ‹‘ ¢ ª®¬¡¨−�æ¨®−−®© ‘‘-áå¥¬¥, ãç¨âë¢�îé�ï ¨å â¨¯
¨ ¢à¥¬ï ¯®ï¢«¥−¨ï, ¯®ª�§�−� −� à¨á. 1. �−� ®á−®¢�−� −� ª«�áá¨ä¨ª�æ¨¨ ¨§ [3],
−® ãç¨âë¢�¥â â®«ìª® â¥ ‹‘, ª®â®àë¥ ¬®£ãâ −�¡«î¤�âìáï ¢ ŠŒ„�-‘‘-áå¥-
¬�å ¢ â¥å−®«®£¨¨ 65 −¬ ¨ −¨¦¥. �à�ªâ¨ç¥áª¨¥ ‘‘-áå¥¬ë ¨¬¥îâ ª®−¢¥©¥à−ãî
áâàãªâãàã. �â® ®¡¥á¯¥ç¨¢�¥â ¬�ªá¨¬�«ì−®¥ ¡ëáâà®¤¥©áâ¢¨¥ ‘‘-áå¥¬ë. ÷�áá¬®â-
à¨¬ ¢¥à®ïâ−®áâì ¯®¢à¥¦¤¥−¨ï ¨−ä®à¬�æ¨¨, ®¡à�¡�âë¢�¥¬®© ‘‘-ª®−¢¥©¥à®¬,
¯à¨ ¯®ï¢«¥−¨¨ ‹‘ ¢ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¥£® áâã¯¥−¨, á ãç¥â®¬ à¥�«¨§�æ¨¨
à¥£¨áâà� −� ƒ-âà¨££¥à�å ¨ ¨−¤¨ª�æ¨¨ �−â¨á¯¥©á¥à� (�‘) ª�ª á¯¥©á¥à�.

�ãáâì ¤«ï ®¯à¥¤¥«¥−−®áâ¨ ‘‘-áå¥¬� á®áâ®¨â ¨§ âà¥å áâã¯¥−¥© ª®−¢¥©¥à�:
‘å1{‘å3 (à¨á. 2). Š®¬¡¨−�æ¨®−−�ï ç�áâì (Š—, ¡«®ª ú‹®£¨ª�û) áâã¯¥−¨ ª®−¢¥©-
¥à� ¨−¤¨æ¨àã¥âáï ®â¤¥«ì−® ®â à¥£¨áâà�. ”�§®¢ë¥ ¯¥à¥å®¤ë à¥£¨áâà� à¥£ã«¨àã-
îâáï ¨−ä®à¬�æ¨®−−ë¬¨ ¢ëå®¤�¬¨ Š— â®© ¦¥ áâã¯¥−¨ ¨ á¨£−�«®¬ ã¯à�¢«¥−¨ï,
ä®à¬¨àã¥¬ë¬ ƒ-âà¨££¥à®¬ −� ®á−®¢¥ ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢ Š— ¨ à¥£¨áâà�
á«¥¤ãîé¥© áâã¯¥−¨ ª®−¢¥©¥à�.

÷¨á. 1 Š«�áá¨ä¨ª�æ¨ï ‹‘ ¢ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬�å: �”‘ | ¯�à�ä�§−ë© á®
á¯¥©á¥à®¬; Š÷‘ | ª®àà¥ªâ−®¥ à�¡®ç¥¥ á®áâ®ï−¨¥; ‘÷‘ | á¡®©−®¥ à�¡®ç¥¥ á®áâ®ï−¨¥;
�‘ | �−â¨á¯¥©á¥à
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÷¨á. 2 ‘å¥¬� ‘‘-ª®−¢¥©¥à�

‚ ¯¥à¢®¬ ¯à¨¡«¨¦¥−¨¨ ¢¥à®ïâ−®áâ¨ ¯®ï¢«¥−¨ï «î¡®£® ¨§ ‹‘ −� à¨á. 1 ¢®
¢à¥¬ï à�¡®ç¥© ¨ á¯¥©á¥à−®© ä�§ë áç¨â�¥¬ ¯à¨¬¥à−® à�¢−ë¬¨ (0,125). ÷�áá¬®â-
à¨¬ á«ãç�¨ ¯®ï¢«¥−¨ï ‹‘ ¢ Š— áâã¯¥−¨ 2, á®®â¢¥âáâ¢ãîé¨¥ ª«�áá¨ä¨ª�æ¨¨ ‹‘
(á¬. à¨á. 1), ¨ ®æ¥−¨¬ ¢¥à®ïâ−®áâì à�á¯à®áâà�−¥−¨ï ®è¨¡®ç−ëå ¤�−−ëå ¢ ª®−-
¢¥©¥à¥ −� à¨á. 2. „«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â�âì, çâ® ª�¦¤®¥ ¨§ à�áá¬�âà¨¢�¥¬ëå
−¨¦¥ á®¡ëâ¨© ¬®¦¥â −�¡«î¤�âìáï á ¢¥à®ïâ−®áâìî 0,5.

2.1 Переключение парафазного со спейсером сигнала из корректного
рабочего состояния в антиспейсер в рабочей фазе

�−â¨á¯¥©á¥à ¢ à�¡®ç¥© ä�§¥ ¯à¨ ¥£® ¨−¤¨ª�æ¨¨ ª�ª á¯¥©á¥à� ¬®¦¥â ¨á¯®àâ¨âì
¤�−−ë¥ â®«ìª® ¯à¨ ¯®á«¥¤®¢�â¥«ì−®¬ −�¡«î¤¥−¨¨ á«¥¤ãîé¨å á®¡ëâ¨©:

{ �‘ ¯®¯�« −� ¢å®¤ à¥£¨áâà� áâã¯¥−¨ 2, â. ¥. ®â §−�ç¥−¨ï á¡®©−®£® �”‘-
á¨£−�«� §�¢¨á¨â Š÷‘ −� ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤�å Š— áâã¯¥−¨ 2;

{ à¥£¨áâà áâã¯¥−¨ 2 ãá¯¥« §�¯¨á�âì Š÷‘;

{ ¢å®¤ ã¯à�¢«¥−¨ï à¥£¨áâà� áâã¯¥−¨ ‘å2 ¥é¥ −¥ ¯¥à¥ª«îç¨«áï ¢ á¯¥©á¥à, �‘
§�¯¨è¥âáï ¢ ®¤¨− ¨«¨ −¥áª®«ìª® à�§àï¤®¢ à¥£¨áâà� áâã¯¥−¨ ‘å2;

{ ®¡é¨© ¨−¤¨ª�â®à à¥£¨áâà� áâã¯¥−¨ ‘å2 ãá¯¥« ¯¥à¥©â¨ ¢ à�¡®çãî ä�§ã;

{ ¨−¤¨ª�â®à Š— áâã¯¥−¨ Cx2 ãá¯¥« §�ä¨ªá¨à®¢�âì ¯¥à¥ª«îç¥−¨¥ á¡®©−®£®
�”‘-á¨£−�«� ¢ Š÷‘ ¨ ®¡é¨© ¨−¤¨ª�â®à Š— ‘å2 ¯¥à¥è¥« ¢ à�¡®çãî ä�§ã;

{ à¥£¨áâà áâã¯¥−¨ ‘å1 ãá¯¥« ¯¥à¥©â¨ ¢ á¯¥©á¥à ¤® ®ª®−ç�−¨ï ‹‘ ¨ §�¬¥−ë �‘
á¡®©−®£® �”‘-á¨£−�«� ¥£® Š÷‘.

‚ à¥§ã«ìâ�â¥ á¡®©−ë© �”‘-á¨£−�« ¯® ®ª®−ç�−¨¨ ‹‘ ¯¥à¥©¤¥â ¢ á¯¥©á¥à
¨ Š÷‘ −¥ ¢®ááâ�−®¢¨âáï ¢ à¥£¨áâà¥ áâã¯¥−¨ 2. ‘ã¬¬�à−�ï ¢¥à®ïâ−®áâì ¯®àç¨
¤�−−ëå íâ¨¬ ‹‘ à�¢−� P2.1 = 1/64.

2.2 Переключение парафазного со спейсером сигнала из корректного
рабочего состояния в антиспейсер в спейсерной фазе

��à�ä�§−ë© á® á¯¥©á¥à®¬ á¨£−�« ¥é¥ −¥ ãá¯¥« ¯¥à¥©â¨ ¨§ Š÷‘ ¢ á¯¥©á¥à.
ˆáª�¦¥−¨¥ ¤�−−ëå ¢®§¬®¦−® ¯à¨ ¯®á«¥¤®¢�â¥«ì−®¬ −�¡«î¤¥−¨¨ á«¥¤ãîé¨å
á®¡ëâ¨©:
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{ �‘ ¯®¯�« −� ¢å®¤ à¥£¨áâà� áâã¯¥−¨ ‘å2;

{ ¢å®¤ ã¯à�¢«¥−¨ï à¥£¨áâà� áâã¯¥−¨ ‘å2 ¥é¥ −¥ ¯¥à¥ª«îç¨«áï ¢ á¯¥©á¥à, �‘
§�¯¨è¥âáï ¢ ®¤¨− ¨«¨ −¥áª®«ìª® à�§àï¤®¢ à¥£¨áâà� áâã¯¥−¨ ‘å2 ¢¬¥áâ® Š÷‘;

{ �‘ −¥ §�¬�áª¨à®¢�«áï «®£¨ª®© Š— áâã¯¥−¨ ‘å3;

{ �‘ §�¯¨á�«áï ¢ à¥£¨áâà áâã¯¥−¨ ‘å3;

{ �‘ ¢ à¥£¨áâà¥ áâã¯¥−¨ ‘å3 ¯®¢«¨ï« −� à�¡®âã á«¥¤ãîé¥© áâã¯¥−¨.

’®£¤� áã¬¬�à−�ï ¢¥à®ïâ−®áâì ¯®àç¨ ¤�−−ëå íâ¨¬ ‹‘ à�¢−� P2.2 = 1/32.

2.3 Переключение парафазного со спейсером сигнала из корректного
рабочего состояния в спейсер в рабочей фазе

‘¯¥©á¥à, á¬¥−¨¢è¨© Š÷‘ ¢ à�¡®ç¥© ä�§¥ ¨§-§� ‹‘, −¥ ¬®¦¥â ¨á¯®àâ¨âì
®¡à�¡�âë¢�¥¬ë¥ ¤�−−ë¥. …á«¨ à¥£¨áâà áâã¯¥−¨ ‘å2 ¥é¥ −¥ ãá¯¥« §�¯¨á�âì Š÷‘,
â® á¡®©−ë© á¯¥©á¥à −¥ ¨§¬¥−¨â ¥£® á®áâ®ï−¨ï, −® −¥ ¯®§¢®«¨â ¥¬ã ¯¥à¥ª«îç¨âìáï
¢ à�¡®çãî ä�§ã ¨ ¢ë§®¢¥â ¯à¨®áâ�−®¢ªã ª®−¢¥©¥à� ¤® ®ª®−ç�−¨ï ‹‘. …á«¨
à¥£¨áâà áâã¯¥−¨ ‘å2 ã¦¥ ãá¯¥« §�¯¨á�âì Š÷‘, â® á¡®©−ë© á¯¥©á¥à −¥ ¨§¬¥−¨â
¥£® á®áâ®ï−¨ï ¨ −¥ ¯®¬¥è�¥â ¥¬ã ¯¥à¥©â¨ ¢ à�¡®çãî ä�§ã.

2.4 Переключение парафазного со спейсером сигнала из корректного
рабочего состояния в спейсер в спейсерной фазе

��à�ä�§−ë© á® á¯¥©á¥à®¬ á¨£−�« −¥ ãá¯¥« ¯¥à¥©â¨ ¨§ Š÷‘ ¢ á¯¥©á¥à. �−
−¨ ¯à¨ ª�ª¨å ãá«®¢¨ïå −¥ ¨á¯®àâ¨â ¤�−−ë¥ ¢ ª®−¢¥©¥à¥ ¨ −¥ ¯à¨¢¥¤¥â ª ¥£®
ú§�¢¨á�−¨îû.

2.5 Переключение парафазного со спейсером сигнала из спейсера
в антиспейсер в рабочей фазе

��à�ä�§−ë© á® á¯¥©á¥à®¬ á¨£−�« −¥ ãá¯¥« ¯¥à¥©â¨ ¨§ á¯¥©á¥à� ¢ Š÷‘. ‚ íâ®¬
á«ãç�¥ ä¨§¨ç¥áª�ï ¯à¨ç¨−� ‹‘ ¨§¬¥−¨«� á®áâ®ï−¨¥ ®¡¥¨å ç�áâ¥© �”‘-á¨£−�«�,
¨§-§� ç¥£® ®− −¥ á¬®¦¥â ¯¥à¥©â¨ ¢ −®¢®¥ Š÷‘ ¤® ®ª®−ç�−¨ï ‹‘. �−â¨á¯¥©á¥à
¨−¤¨æ¨àã¥âáï ª�ª á¯¥©á¥à, ¯®íâ®¬ã ®¡é¨© ¨−¤¨ª�â®à Š— áâã¯¥−¨ ‘å2 −¥ ¯¥à¥-
ª«îç¨âáï ¢ à�¡®çãî ä�§ã ¤® ®ª®−ç�−¨ï ‹‘ ¨ −¥ à�§à¥è¨â à¥£¨áâàã áâã¯¥−¨ ‘å1
¯¥à¥ª«îç¨âìáï ¢ á¯¥©á¥à. Š®−¢¥©¥à ¯à¨®áâ�−®¢¨âáï, −® ®¡à�¡�âë¢�¥¬ë¥ ¤�−−ë¥
−¥ ¨á¯®àâïâáï.

2.6 Переключение парафазного со спейсером сигнала из спейсера
в антиспейсер в спейсерной фазе

��à�ä�§−ë© á® á¯¥©á¥à®¬ á¨£−�« ã¦¥ ¯¥à¥è¥« ¨§ Š÷‘ ¢ á¯¥©á¥à. �® �‘
¨−¤¨æ¨àã¥âáï ª�ª á¯¥©á¥à, ¯®íâ®¬ã á¨âã�æ¨ï −¥ ®¯�á−�ï.
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2.7 Переключение парафазного со спейсером сигнала из спейсера
в сбойное рабочее состояние в рабочей фазе

�®ï¢¨¢è¥¥áï ¨§-§� ‹‘ à�¡®ç¥¥ á®áâ®ï−¨¥ −¥ á®¢¯�¤�¥â á ®¦¨¤�¥¬ë¬ Š÷‘.
�®áª®«ìªã ¯à¨ç¨−� ‹‘ −¥ ¬®¦¥â ¯®¢«¨ïâì −� ®¡¥ ç�áâ¨ �”‘-á¨£−�«� ¡¨¯®-
«ïà−® [3], ¯®¤ ¢«¨ï−¨¥¬ Š÷‘ ¢å®¤®¢ á¡®©−ë© �”‘-á¨£−�« ¯¥à¥©¤¥â ¢ �‘.
ˆáª�¦¥−¨¥ ¤�−−ëå ¢®§¬®¦−® ¯à¨ −�¡«î¤¥−¨¨ á«¥¤ãîé¨å á®¡ëâ¨©:

{ ‘÷‘ ¯®¯�« −� ¢å®¤ à¥£¨áâà� áâã¯¥−¨ ‘å2;

{ à¥£¨áâà áâã¯¥−¨ ‘å2 ãá¯¥« §�¯¨á�âì ‘÷‘ ¤® ¯®ï¢«¥−¨ï −� ¥£® ¢å®¤�å �‘;

{ ®¡é¨© ¨−¤¨ª�â®à à¥£¨áâà� áâã¯¥−¨ ‘å2 ãá¯¥« ¯¥à¥©â¨ ¢ à�¡®çãî ä�§ã;

{ ®¡é¨© ¨−¤¨ª�â®à Š— áâã¯¥−¨ ‘å2 ãá¯¥« ¯¥à¥©â¨ ¢ à�¡®çãî ä�§ã ¤® ¯®ï¢«¥-
−¨ï �‘ ¢¬¥áâ® ‘÷‘ −� á¡®©−®¬ �”‘-á¨£−�«¥;

{ à¥£¨áâà áâã¯¥−¨ ‘å1 ãá¯¥« ¯¥à¥©â¨ ¢ á¯¥©á¥à ¤® ®ª®−ç�−¨ï ‹‘ ¨ §�¬¥−ë �‘
á®áâ®ï−¨ï á¡®©−®£® �”‘-á¨£−�«� Š÷‘.

‚ à¥§ã«ìâ�â¥ á¡®©−ë© �”‘-á¨£−�« ¯® ®ª®−ç�−¨¨ ‹‘ ¯¥à¥©¤¥â ¢ á¯¥©á¥à
¨ Š÷‘ −¥ ¢®ááâ�−®¢¨âáï ¢ à¥£¨áâà¥ áâã¯¥−¨ ‘å2. ‘ã¬¬�à−�ï ¢¥à®ïâ−®áâì ¯®àç¨
¤�−−ëå ¨«¨ ®áâ�−®¢� ª®−¢¥©¥à� ¨§-§� íâ®£® ‹‘ à�¢−� P2.7 = 1/32.

2.8 Переключение парафазного со спейсером сигнала из спейсера
в сбойное рабочее состояние в спейсерной фазе

‘¡®©−®¥ à�¡®ç¥¥ á®áâ®ï−¨¥ �”‘-á¨£−�«� −¥ á®¢¯�¤�¥â á ¯à¥¤ë¤ãé¨¬ Š÷‘.
ˆáª�¦¥−¨¥ ¤�−−ëå ¢®§¬®¦−® ¯à¨ ¯®á«¥¤®¢�â¥«ì−®¬ −�¡«î¤¥−¨¨ á«¥¤ãîé¨å
á®¡ëâ¨©:

{ ‘÷‘ ¯®¯�« −� ¢ëå®¤ Š— áâã¯¥−¨ ‘å2;

{ ¢å®¤ ã¯à�¢«¥−¨ï à¥£¨áâà� áâã¯¥−¨ ‘å2 ¥é¥ à�§à¥è�¥â §�¯¨áì ¢ à¥£¨áâà, Š÷‘
¢ à�§àï¤¥ à¥£¨áâà� ‘å2 §�¬¥−¨âáï �‘;

{ �‘ ¯®¯�« −� ¢ëå®¤ Š— áâã¯¥−¨ ‘å3;

{ ¢å®¤ ã¯à�¢«¥−¨ï à¥£¨áâà� áâã¯¥−¨ ‘å3 à�§à¥è�¥â §�¯¨áì �‘ ¢ à¥£¨áâà ‘å3;

{ �‘ ¢ à¥£¨áâà¥ áâã¯¥−¨ ‘å3 ¯®¢«¨ï« −� à�¡®âã á«¥¤ãîé¥© áâã¯¥−¨.

‘ã¬¬�à−�ï ¢¥à®ïâ−®áâì ¯®àç¨ ¤�−−ëå ¨«¨ ®áâ�−®¢� ª®−¢¥©¥à� ¨§-§� íâ®£®
‹‘ à�¢−� P2.8 = 1/32.

‘ã¬¬�à−�ï ¢¥à®ïâ−®áâì â®£®, çâ® ®¤¨−®ç−ë© ‹‘ ¢ Š— áâã¯¥−¨ ª®−¢¥©¥-
à�, à¥£¨áâà ¢ ª®â®à®© ¯®áâà®¥− −� ®¡ëç−ëå ƒ-âà¨££¥à�å, áâ�−¥â ªà¨â¨ç¥áª¨¬
¨ ¯à¨¢¥¤¥â ª ¯®àç¥ ¤�−−ëå ¢ ª®−¢¥©¥à¥ ¨«¨ ¥£® ®áâ�−®¢ã, à�¢−�

P› = 0,125(P2.1 + P2.2 + P2.7 + P2.8) = 0,125

(

1

64
+
1

32
+
1

32
+
1

32

)

≈ 0,014 .

’�ª¨¬ ®¡à�§®¬, ª®¬¡¨−�æ¨®−−ë¥ ŠŒ„�-‘‘-áå¥¬ë ¢ ª�ç¥áâ¢¥ Š— áâã¯¥-
−¥© ‘‘-ª®−¢¥©¥à�, ¢ëå®¤−ë¥ à¥£¨áâàë ª®â®àëå à¥�«¨§®¢�−ë −� ƒ-âà¨££¥à�å
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á í«¥¬¥−â®¬ úà�¢−®§−�ç−®áâìû ¢ ª�ç¥áâ¢¥ ¨−¤¨ª�â®à�, −¥ çã¢áâ¢¨â¥«ì−ë ª 98,6%
®¤¨−®ç−ëå ‹‘. �−�«¨§ ¯®ª�§ë¢�¥â, çâ® ¡¥§ ¨−¤¨ª�æ¨¨ �‘ ª�ª á¯¥©á¥à� ª®¬¡¨-
−�æ¨®−−ë¥ ‘‘-áå¥¬ë ãáâ®©ç¨¢ë ª 85,6% ªà�âª®¢à¥¬¥−−ëå ‹‘, ª«�áá¨ä¨æ¨à®-
¢�−−ëå −� à¨á. 1. �à¨ −¥á®¡«î¤¥−¨¨ ãª�§�−−ëå ¢ [3] ¯à�¢¨« â®¯®«®£¨ç¥áª®£®
¯à®¥ªâ¨à®¢�−¨ï ãáâ®©ç¨¢®áâì ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬ ¢ á®áâ�¢¥ ‘‘-ª®−¢¥©¥à�
ãåã¤è�¥âáï ¤® ãà®¢−ï 84,4%.

3 Заключение

�«�£®¤�àï ¤¢ãåä�§−®© ¤¨áæ¨¯«¨−¥ à�¡®âë, �”‘-ª®¤¨à®¢�−¨î ¨−ä®à¬�æ¨-
®−−ëå á¨£−�«®¢, áâà®£®© ¨−¤¨ª�æ¨¨ ®ª®−ç�−¨ï ¨−¨æ¨¨à®¢�−−ëå ¯¥à¥ª«îç¥−¨©
¢á¥å í«¥¬¥−â®¢ áå¥¬ë ¢ â¥ªãé¥© ä�§¥ ¨ §�¯à®á-®â¢¥â−®¬ã ¢§�¨¬®¤¥©áâ¢¨î ‘‘-
áå¥¬ë ®¡«�¤�îâ ¥áâ¥áâ¢¥−−®© ãáâ®©ç¨¢®áâìî ª 84,4% ®¤¨−®ç−ëå ‹‘, ¢ë§¢�−−ëå
¢−¥è−¨¬¨ ¨ ¢−ãâà¥−−¨¬¨ ¨áâ®ç−¨ª�¬¨.

�à¥¤«®¦¥−−ë¥ ¬¥â®¤ë | áå¥¬®â¥å−¨ç¥áª¨© (¨−¤¨ª�æ¨ï á®áâ®ï−¨ï �”‘-
á¨£−�«�, ¯à®â¨¢®¯®«®¦−®£® ¥£® á¯¥©á¥àã) ¨ â®¯®«®£¨ç¥áª¨© (à�§¬¥é¥−¨¥ ª®¬¯®-
−¥−â®¢ ¨ âà�áá �”‘-á¨£−�«®¢ ¢ −¥¯®áà¥¤áâ¢¥−−®© ¡«¨§®áâ¨ ¤àã£ ª ¤àã£ã) | ã¢¥-
«¨ç¨¢�îâ ãáâ®©ç¨¢®áâì ‘‘-áå¥¬ ª ®¤¨−®ç−ë¬ ªà�âª®¢à¥¬¥−−ë¬ ‹‘ ¤® 98,6%.
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SELF-TIMED PIPELINE IMMUNITY TO SOFT ERRORS
IN ITS COMBINATIONAL PART

Yu. A. Stepchenkov, Yu. G. Diachenko, Yu. V. Rogdestvenski, N. V. Morozov,
D. Yu. Stepchenkov, and D. Yu. Diachenko

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

Abstract: The paper estimates the data corruption probability in self-timed
circuits manufactured by a standard 65-nanometer and below CMOS process
because of short-term soft errors that occurred in the pipeline combinational
part. Soft errors appear as a result of the external causes and internal noise
sources. The paper analyzes events able to lead to data corruption in the pipeline
due to soft errors. In the worth case, self-timed pipeline is naturally immune
to 84.4% soft errors in its combinational part due to self-timed circuit features.
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Self-timed pipeline immunity to soft errors in its combinational part

Proposed layout synthesis techniques increase soft error tolerance of the pipeline
up to 85.6%. Indication of the state of the paraphase signal, inversed to its
spacer, as spacer provides self-timed pipeline immunity to 98.6% of single soft
errors at the expanse of pipeline hardware complexity by less than 1%.
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СТАТИЧЕСКИЙ СПОСОБ СТЕГАНОГРАФИЧЕСКОГО
ВСТРАИВАНИЯ ИНФОРМАЦИИ НА ОСНОВЕ LSB

И. А. Кривошеев1, М. А. Линник2

�−−®â�æ¨ï: �à¥¤«�£�¥âáï −®¢ë© ¯®¤å®¤ ª á®ªàëâ¨î ¨−ä®à¬�æ¨¨ −� ®á−®¢¥
¬¥â®¤� LSB (least significant bit). �à¥¤«®¦¥− áâ�â¨ç¥áª¨© á¯®á®¡ ¢áâà�¨¢�−¨ï
¨−ä®à¬�æ¨¨ ¢ æ¢¥â−®¥ ¨§®¡à�¦¥−¨¥, ®á−®¢�−−ë© −� ¬�âà¨ç−®¬ ¯à¥¤áâ�¢«¥−¨¨
®â¤¥«ì−ëå ¡«®ª®¢ ¨ ®æ¥−ª¥ ¬®¤ã«ï ¨å ¤¥â¥à¬¨−�−â�. —¨á«¥−−ë¬ ¬®¤¥«¨à®-
¢�−¨¥¬ ¡ë«� ®æ¥−¥−� ¢®§¬®¦−®áâì ¯à¥¤«®¦¥−−®£® á¯®á®¡� ¯à®â¨¢®áâ®ïâì
à�§«¨ç−ë¬ ¬¥â®¤�¬ áâ¥£®�−�«¨§�. �®ª�§�−® ¥£® ¯à¥¨¬ãé¥áâ¢® ª�ª ¢ áâ¥¯¥−¨
§�é¨é¥−−®áâ¨, â�ª ¨ ¢ ®¡ê¥¬¥ ¢áâà�¨¢�¥¬®© ¨−ä®à¬�æ¨¨. „�−−ë© �«£®-
à¨â¬ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¤«ï ¢áâà�¨¢�−¨ï ¨−ä®à¬�æ¨¨ ¢ ¨§®¡à�¦¥−¨ï
ä®à¬�â®¢ ¡¥§ á¦�â¨ï ¨−ä®à¬�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: áâ¥£�−®£à�ä¨ï; áâ¥£®ª®−â¥©−¥à; áâ¥£®�−�«¨§; ¤¥â¥à¬¨−�−â;
LSB; RS-áâ¥£®�−�«¨§; �−�«¨§ á ¨á¯®«ì§®¢�−¨¥¬ ªà¨â¥à¨ï å¨-ª¢�¤à�â; �−�«¨§
¡¨â®¢ëå á«®¥¢
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1 Введение

‘â¥£�−®£à�ä¨ç¥áª®¥ ¢áâà�¨¢�−¨¥ [1] áâ�«® ¯¥àá¯¥ªâ¨¢−®© ®¡«�áâìî ¨−ä®à-
¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï à¥è¥−¨ï ¬−®£¨å §�¤�ç,
−�¯à¨¬¥à §�é¨âë �¢â®àáª®£® ¯à�¢�, ¯ãâ¥¬ ¢áâà�¨¢�−¨ï æ¨äà®¢®© ¯®¤¯¨á¨, −¥§�-
¬¥â−®© ç¥«®¢¥ç¥áª®¬ã £«�§ã. �®¬¨¬® íâ®£® áâ¥£�−®£à�ä¨î ¬®¦−® ¨á¯®«ì§®¢�âì
¤«ï ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨.

�¤−� ¨§ £«�¢−ëå ¯à®¡«¥¬ áâ¥£�−®£à�ä¨¨ | ¯®¨áª −�¨¡®«¥¥ ã−¨¢¥àá�«ì−®£®
¨ ¯à¨ íâ®¬ íää¥ªâ¨¢−®£® ¬¥â®¤� áâ¥£�−®£à�ä¨ç¥áª®£® ¢áâà�¨¢�−¨ï, ª®â®à®¥ ¡ã¤¥â
§�é¨é¥−® ®â �â�ª [2].

Œ�ªá¨¬�«ì−ë© ®¡ê¥¬ ¤�−−ëå, ª®â®àë© ¬®¦−® ¢áâà®¨âì ¢ ®¡ê¥ªâ (áâ¥£®ª®−-
â¥©−¥à) ¯à¨ ãá«®¢¨¨, çâ® ¥£® ¨§¬¥−¥−¨ï −¥ ¡ã¤ãâ ªà¨â¨ç¥áª¨¬¨, −�§ë¢�¥âáï
¯à®¯ãáª−®© á¯®á®¡−®áâìî ¢ ª®−â¥ªáâ¥ áâ¥£�−®£à�ä¨¨.

‚ −�áâ®ïé¥¥ ¢à¥¬ï á®¢¥àè¥−−® ®ç¥¢¨¤−®, çâ® ª®¬¯ìîâ¥à−�ï áâ¥£�−®£à�ä¨ï
áâ�«� ®¤−¨¬ ¨§ á�¬ëå ¬®é−ëå ¨−áâàã¬¥−â®¢ áªàëâ®£® ¢áâà�¨¢�−¨ï §�é¨é�¥¬ëå
¤�−−ëå, ª®â®àë¥ ¬®£ãâ åà�−¨âìáï ¨ ¯¥à¥¤�¢�âìáï ¢ ®âªàëâ®¬ −¥§�é¨é¥−−®¬

1ˆ−áâ¨âãâ £®à−®£® ¤¥«� „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; •�¡�à®¢áª¨©
”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
igork@as.khb.ru

2‚ëç¨á«¨â¥«ì−ë© æ¥−âà „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
linnik.max1995@mail.ru

56



‘â�â¨ç¥áª¨© á¯®á®¡ áâ¥£�−®£à�ä¨ç¥áª®£® ¢áâà�¨¢�−¨ï ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ LSB

¢¨¤¥ [3{5]. �®íâ®¬ã −�¨¡®«ìè¨© ¨−â¥à¥á ¤«ï ¨áá«¥¤®¢�â¥«¥© ¨ ¯®«ì§®¢�â¥-
«¥© ¯à¥¤áâ�¢«ï¥â á®¢¥àè¥−áâ¢®¢�−¨¥ ¬¥â®¤®¢ áâ¥£�−®£à�ä¨ç¥áª®£® ¢áâà�¨¢�−¨ï
áªàë¢�¥¬®© ¨−ä®à¬�æ¨¨.

�� á¥£®¤−ïè−¨© ¤¥−ì ¯à¨ ¢áâà�¨¢�−¨¨ ¨−ä®à¬�æ¨¨ ¢ æ¢¥â−®¥ ¨§®¡à�¦¥-
−¨¥ è¨à®ª® à�á¯à®áâà�−¥− ¬¥â®¤ −� ®á−®¢¥ ¯®¤¬¥−ë −�¨¬¥−¥¥ §−�ç�é¥£® ¡¨â�
(LSB) [6, 7]. �á−®¢� ¤�−−®£® ¬¥â®¤� §�ª«îç�¥âáï ¢ â®¬, çâ® ¯à¨ ¢áâà�¨¢�−¨¨
¨−ä®à¬�æ¨¨ ¢ æ¢¥â−®¥ ¨§®¡à�¦¥−¨¥ ¯à®¢®¤¨âáï §�¬¥−� ®â ®¤−®£® ¤® ç¥âëà¥å
¬«�¤è¨å ¡¨â®¢ ¢ ¡�©â�å ¯¨ªá¥«¥© ¨§®¡à�¦¥−¨ï, çâ® ¤«ï ç¥«®¢¥ç¥áª®£® £«�§�
¯à�ªâ¨ç¥áª¨ −¥§�¬¥â−®.

“ ¬¥â®¤� ¥áâì ®£à®¬−ë¥ ¯à¥¨¬ãé¥áâ¢� ¢ ®¡ê¥¬¥ ¢áâà�¨¢�¥¬®© ¨−ä®à¬�æ¨¨
¨ ¡ëáâà®¤¥©áâ¢¨¨ ¨§-§� ¥£® ¯à®áâ®âë [8]. �¤−�ª® ¯à®áâ®â� ¬¥â®¤� −¥ ¯®§¢®-
«ï¥â ¨á¯®«ì§®¢�âì ¥£® ¢ ¯®«−®© ¬¥à¥ ¨§-§� ¥£® á«�¡®áâ¨ ª ®â¤¥«ì−ë¬ ¬¥â®¤�¬
áâ¥£®�−�«¨§�

2 Постановка задачи

…á«¨ ¢ áâ¥£�−®£à�ä¨¨ ¢ ª�ç¥áâ¢¥ ª®−â¥©−¥à� ¨á¯®«ì§ã¥âáï æ¢¥â−®¥ ¨§®¡à�¦¥-
−¨¥, â® ®¤−¨¬ ¨§ ¢�à¨�−â®¢ ®â¤¥«ì−®£® í«¥¬¥−â� ï¢«ï¥âáï ¯¨ªá¥«ì. ÷�áá¬®âà¨¬
æ¢¥â®¢®¥ ¯à®áâà�−áâ¢® RGB. Š�¦¤ë© ¯¨ªá¥«ì ¢ −¥¬ ¯®¤à�§¤¥«ï¥âáï −� âà¨ æ¢¥-
â®¢ëå ®¡«�áâ¨: ªà�á−ãî (R | red), §¥«¥−ãî (G | green) ¨ á¨−îî (B | blue),
ª�¦¤�ï ¨§ ª®â®àëå å�à�ªâ¥à¨§ã¥âáï ®â¤¥«ì−ë¬ ç¨á«®¬ ®â 0 ¤® 255.

�â¨ ç¨á«� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¤¢®¨ç−®¬ ª®¤¥ á ¨á¯®«ì§®¢�−¨¥¬ ¢®áì¬¨
§−�ª®¢ ¨§ −ã«¥© ¨ ¥¤¨−¨æ. �à¨ §�¬¥−¥ ¯®á«¥¤−¥£® (¬«�¤è¥£®) ¡¨â� à�§−¨æ�
¯à¨ ¨§¬¥−¥−¨¨ æ¢¥â� ¡ã¤¥â −¥§�¬¥â−� ç¥«®¢¥ç¥áª®¬ã £«�§ã. �«�£®¤�àï íâ®¬ã
®¡áâ®ïâ¥«ìáâ¢ã ¬®¦−® ¤®¡�¢«ïâì ¨−ä®à¬�æ¨î ¢ ¤�−−ë¥ ¡¨âë ¨ â�ª¨¬ ®¡à�§®¬
¯¥à¥¤�¢�âì ¥¥ [7].

Œ¥â®¤ ¯à¨ á¢®¥© ¯à®áâ®â¥ ¨ íää¥ªâ¨¢−®áâ¨ ¨¬¥¥â ¨ §−�ç¨â¥«ì−ë¥ ¬¨−ãáë. ��
¯¥à¥¤�çã ¨−ä®à¬�æ¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬� LSB ¬®£ãâ ¯®¢«¨ïâì á�¬ë¥
−¥§−�ç¨â¥«ì−ë¥ ¨áª�¦¥−¨ï ª®−â¥©−¥à�. �à¨ ¨áª�¦¥−¨¨ ª®−â¥©−¥à� ¬¥−ï¥âáï
§−�ç¥−¨¥ æ¢¥â�, � ®−® á«ã¦¨â ª«îç¥¢®© ¥¤¨−¨æ¥© ¯à¨ ¨§¢«¥ç¥−¨¨ ¢áâà®¥−−®© ¨−-
ä®à¬�æ¨¨ [9]. �® íâ®© ¯à¨ç¨−¥ ¤«ï ¤�−−®£® ¬¥â®¤� ¯®¤å®¤ïâ â®«ìª® ¨§®¡à�¦¥−¨ï
¡¥§ á¦�â¨ï ¨−ä®à¬�æ¨¨.

Šà®¬¥ â®£®, ®− å®à®è® ®¡−�àã¦¨¢�¥âáï ¡®«ìè¨−áâ¢®¬ áâ¥£�−®£à�ä¨ç¥áª¨å
¬¥â®¤®¢.

�¤¨− ¨§ à�á¯à®áâà�−¥−−ëå ¬¥â®¤®¢ áâ¥£®−�«¨§� | �−�«¨§ ¡¨â®¢ëå áà¥-
§®¢. ‚ ¤�−−®¬ á¯®á®¡¥ à�áá¬�âà¨¢�îâáï ¨§®¡à�¦¥−¨ï, ¯®áâà®¥−−ë¥ á ¯®¬®éìî
§−�ç¥−¨© ®â¤¥«ì−ëå ¡¨â®¢ëå á«®¥¢ [5].

‚ àï¤¥ ¨§®¡à�¦¥−¨© ç¥âª® à�§«¨ç¨¬ë ª®−âãàë ®¡ê¥ªâ®¢, ¯®íâ®¬ã ¤®¯®«−¨-
â¥«ì−�ï ¢áâà®¥−−�ï ¨−ä®à¬�æ¨ï ¬®¦¥â ¡ëâì §�¬¥â−� −¥¢®®àã¦¥−−ë¬ £«�§®¬. ��
à¨á. 1 ¯®ª�§�− ¯à¨¬¥à â�ª®£® ¢áâà�¨¢�−¨ï.

Š�ª ¢¨¤−® ¨§ ¤�−−®£® ¯à¨¬¥à�, ¤�¦¥ ¯à¨ �−�«¨§¥ â�ª¨¬¨ ¯à®áâë¬¨ ¬¥â®¤�¬¨
¨−ä®à¬�æ¨ï ã¦¥ áâ�−®¢¨âáï §�¬¥â−�. ‚ ¡®«¥¥ á«®¦−ëå á«ãç�ïå íää¥ªâ¨¢−ë¥
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÷¨á. 1 ˆ««îáâà�æ¨ï ¢áâà®¥−−®© ¨−ä®à¬�æ¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ �−�«¨§� ¡¨â®¢ëå
á«®¥¢: (�) ª®−â¥©−¥à, ¢ ª®â®àë© ¢áâà®¥−� ¨−ä®à¬�æ¨ï ¬¥â®¤®¬ LSB; (¡) ¡¨â®¢ë© á«®©
¤�−−®£® ¨§®¡à�¦¥−¨ï (¢áâà®¥−® 10% ¨−ä®à¬�æ¨¨ ®â ®¡é¥£® ®¡ê¥¬�)

à¥§ã«ìâ�âë ¤�îâ áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë áâ¥£®�−�«¨§�, â�ª¨¥ ª�ª áâ¥£®�−�«¨§ −�
®á−®¢¥ ªà¨â¥à¨ï å¨-ª¢�¤à�â ¨ RS-áâ¥£®�−�«¨§ [3, 4]. �®íâ®¬ã ¯à¨ à�§à�¡®â-
ª¥ −®¢®£® á¯®á®¡� −¥®¡å®¤¨¬® ãç¥áâì ¯à¨¢¥¤¥−−ë¥ ®á®¡¥−−®áâ¨ ¨ −¥¤®áâ�âª¨,
� â�ª¦¥ ®¡à�â¨âì ¢−¨¬�−¨¥ −� ª®−â¥©−¥à, ª®â®àë© ¯à¨ ¨á¯®«ì§®¢�−¨¨ æ¢¥â−ëå
¨§®¡à�¦¥−¨© ¬®¦¥â ¨¬¥âì áãé¥áâ¢¥−−® à�§−ë¥ ¨áå®¤−ë¥ ¤�−−ë¥, ¢«¨ïîé¨¥ −�
à¥§ã«ìâ�â á®ªàëâ¨ï ¨−ä®à¬�æ¨¨.

�â¤¥«ì−ë¥ ¯®¯ëâª¨ ãá®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤� LSB ¤¥«�«¨áì ¢ [10, 11].
‚ë¡à�−−®¥ −�¯à�¢«¥−¨¥ ®ª�§�«®áì ¨−â¥à¥á−ë¬, ®¤−�ª® ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë
−¥ ¤�¢�«¨ ¯®«−®© ã¢¥à¥−−®áâ¨ ¢ −�¤¥¦−®áâ¨ á®ªàëâ¨ï ¨−ä®à¬�æ¨¨. �®íâ®¬ã
ã ¨áá«¥¤®¢�â¥«¥© ®áâ�«áï ¢®¯à®á ®â−®á¨â¥«ì−® ¢®§¬®¦−®áâ¨ ãá®¢¥àè¥−áâ¢®¢�−¨ï
¬¥â®¤� ¯® ç�áâ¨ ¯®¢ëè¥−¨ï áâ¥¯¥−¨ §�é¨é¥−−®áâ¨.

3 Алгоритм разработанного способа

‘«¥¤ã¥â −�¯®¬−¨âì, çâ® à�§à�¡®â�−−ë© á¯®á®¡ ¡¥à¥â §� ®á−®¢ã LSB-�«£®-
à¨â¬. ‘ãâì ¤�−−®£® ¯à¥¤«®¦¥−¨ï §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬.

‚ë¡à�−−ë© ª®−â¥©−¥à æ¢¥â−®£® ¨§®¡à�¦¥−¨ï ¤¥«¨âáï −� ª¢�¤à�â−ë¥ ¡«®ª¨
®¤¨−�ª®¢®£® à�§¬¥à�. „«ï ¡®«¥¥ ¤¥â�«ì−®© ®¡à�¡®âª¨ «ãçè¥ ¢ë¡¨à�âì ¡«®ª¨
¬¨−¨¬�«ì−®£® à�§¬¥à�, −�¯à¨¬¥à 2× 2 ¨«¨ 3× 3 ¯¨ªá¥«ï. �¯à¥¤¥«ï¥âáï §−�ç¥-
−¨¥ ¯¨ªá¥«ï ¢ ª�¦¤®¬ ¡«®ª¥. �à¨ íâ®¬ ã¤®¡−® ¨á¯®«ì§®¢�âì ¨§¢¥áâ−ë© ¯®¤å®¤,
®¯¨á�−−ë© ¢ [12], á ¯à¨−ïâë¬¨ ®¡®§−�ç¥−¨ï¬¨. Œ®¦−® §�¤�âìáï ¨ á®¡áâ¢¥−−ë¬
¯à¥¤áâ�¢«¥−¨¥¬ á ¢®§¬®¦−®áâìî ¯à¨¬¥−¥−¨ï ª® ¢á¥¬ ¯¨ªá¥«ï¬ ª�¦¤®£® ¡«®-
ª�. „�«¥¥ ¢ ª�¦¤®¬ ¡«®ª¥ ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ ¬®¤ã«ï ¤¥â¥à¬¨−�−â�, ª®â®à®¥
á¢ï§�−® á ª®®à¤¨−�â�¬¨ íâ®£® ¡«®ª� ¢ ¨á¯®«ì§ã¥¬®¬ ª®−â¥©−¥à¥. ‡�â¥¬ ¢ë¯®«−ï-
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‘â�â¨ç¥áª¨© á¯®á®¡ áâ¥£�−®£à�ä¨ç¥áª®£® ¢áâà�¨¢�−¨ï ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ LSB

¥âáï à�−¦¨à®¢�−¨¥ ¯®«ãç¨¢è¨åáï §−�ç¥−¨© ¬®¤ã«ï ¤¥â¥à¬¨−�−â� á á®åà�−¥−¨¥¬
ª®®à¤¨−�â ¨å à�á¯®«®¦¥−¨ï.

‚áâà�¨¢�−¨¥, ¢ á¢®î ®ç¥à¥¤ì, ¢ë¯®«−ï¥âáï ¢ â¥ ¡«®ª¨, ¢ ª®â®àëå §−�ç¥−¨¥
¬®¤ã«ï ¤¥â¥à¬¨−�−â� ¬�ªá¨¬�«ì−®. ‡−�ç¥−¨¥ ¬®¤ã«ï ¤¥â¥à¬¨−�−â� ¨á¯®«ì§ã-
¥âáï ¤«ï â®£®, çâ®¡ë ¢áâà�¨¢�−¨¥ ¢ á�¬ë¥ ïàª¨¥ ¨«¨ á�¬ë¥ â¥¬−ë¥ ®¡«�áâ¨
¯à®¢®¤¨«®áì ¢ ¯®á«¥¤−îî ®ç¥à¥¤ì «¨¡® ¢®®¡é¥ −¥ ¯à®¢®¤¨«®áì. ˆá¯®«ì§®¢�−¨¥
â�ª®£® ¯®¤å®¤� ¬�áª¨àã¥â ª®−â¥©−¥à. �â¨¬ ®£à�−¨ç¨¢�¥âáï ®¡ê¥¬ ¢áâà�¨¢�¥¬®©
¨−ä®à¬�æ¨¨.

�®è�£®¢ë© �«£®à¨â¬ ¬®¦−® ¯à¥¤áâ�¢¨âì á«¥¤ãîé¨¬ ®¡à�§®¬.

‚áâà�¨¢�−¨¥:

˜�£ 1. ÷�§¡¨¥−¨¥ ¯¨ªá¥«¥© ¨§®¡à�¦¥−¨ï ª®−â¥©−¥à� −� ¡«®ª¨ A ®¯à¥¤¥«¥−-
−®£® à�§¬¥à� (−�¯à¨¬¥à, 2× 2).

—¨á«® §®− ¤«ï á«ãç�ï à�§¡¨¥−¨ï −� ¡«®ª¨ 2 × 2 ¯¨ªá¥«¥© ¢ëç¨á«ï¥âáï ¯®
á«¥¤ãîé¥© ä®à¬ã«¥:

n =

⌊

w

2

⌋

·

⌊

h

2

⌋

, (1)

£¤e w ¨ h | è¨à¨−� ¨ ¢ëá®â� ¨§®¡à�¦¥−¨ï ¢ ¯¨ªá¥«ïå; ⌊ ⌋ | ®ªàã£«¥−¨¥ ¤®
¡«¨¦�©è¥£® æ¥«®£®.

˜�£ 2. ‡−�ç¥−¨¥ ¯¨ªá¥«ï ¢ §®−¥ ¢ëç¨á«ï¥âáï, −�¯à¨¬¥à, ¯® ä®à¬ã«¥,
¯à¨¢¥¤¥−−®© ¢ [12]:

ai,j = 0,299R + 0,587G + 0,114B , (2)

£¤¥ i ∈ 0 . . . 1, j ∈ 0 . . . 1 | ª®®à¤¨−�âë ¯¨ªá¥«ï ¢ ¡«®ª¥; R ∈ 0 . . . 255,
G ∈ 0 . . . 255 ¨ B ∈ 0 . . . 255| æ¢¥â®¢ë¥ ª®¬¯®−¥−âë ¯¨ªá¥«ï.

˜�£ 3. „«ï ª�¦¤®© §®−ë ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ ¤¥â¥à¬¨−�−â�

det |Dk| ,

£¤¥ k ∈ 0 . . . n.
˜�£ 4. „�«¥¥ ¯à®¢®¤¨âáï à�−¦¨à®¢�−¨¥ §−�ç¥−¨© Dk ¯® ã¡ë¢�−¨î á á®åà�-

−¥−¨¥¬ ª®®à¤¨−�â.
˜�£ 5. ‚áâà�¨¢�−¨¥ ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨ ¯à®¨áå®¤¨â ¢ ®âá®àâ¨-

à®¢�−−ë¥ ¡«®ª¨ A, ª®â®àë¥ ¨¬¥îâ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ Dk ¢ âà¨ ª®¬¯®−¥−âë
æ¢¥â�: ¢ ªà�á−ãî, á¨−îî ¨ §¥«¥−ãî, â. ¥. −� ª�¦¤ë© ¯¨ªá¥«ì ¯à¨å®¤¨âáï 3 ¡¨â�
¨−ä®à¬�æ¨¨. ‚ ¡«®ª à�§¬¥à� 2× 2 ¯¨ªá¥«ï ¢áâà�¨¢�¥âáï 12 ¡¨â ¨−ä®à¬�æ¨¨.

’�ª¨¬ ®¡à�§®¬, ¬�ªá¨¬�«ì−�ï ¨−ä®à¬�æ¨ï, ª®â®àãî ¬®¦−® ¢áâà®¨âì ¢ ¨§®¡-
à�¦¥−¨¥ ¤«ï ¡«®ª� à�§¬¥à®¬ 2× 2 ¯¨ªá¥«ï, ¢ëç¨á«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

V =

(⌊

w

2

⌋

·

⌊

h

2

⌋

· 3

)

· 22 .
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ˆáå®¤ï ¨§ ¯®«ãç¥−−®£® ®¡ê¥¬� ¢®§¬®¦−®£® ¢áâà�¨¢�−¨ï ¨−ä®à¬�æ¨¨, ¬®¦-
−® áª®àà¥ªâ¨à®¢�âì ¥£® ¨«¨ ¢ë¡à�âì −¥®¡å®¤¨¬ë©, çâ®¡ë ¯®«ãç¨âì ¡®‚®«ìèãî
§�é¨é¥−−®áâì ¯à¨ áâ¥£®�−�«¨§¥.

ˆ§¢«¥ç¥−¨¥ ¯à®¨áå®¤¨â ¢ ®¡à�â−®¬ ¯®àï¤ª¥.

˜�£ 1. ÷�§¡¨¥−¨¥ ¯¨ªá¥«¥© ¨§®¡à�¦¥−¨ï −� ¡«®ª¨ A à�§¬¥à®¬ 2× 2. —¨á«®
¡«®ª®¢ ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (1).

˜�£ 2. ‡−�ç¥−¨¥ ¯¨ªá¥«ï ¢ §®−¥ ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (2).
˜�£ 3. „«ï ª�¦¤®© §®−ë ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ ¤¨áªà¨¬¨−�−â� ¯® ¢ë¡à�−−®©

ä®à¬ã«¥.
˜�£ 4. ‘®àâ¨à®¢ª� §−�ç¥−¨© Dk ¯® ã¡ë¢�−¨î.
˜�£ 5. �®á«¥¤®¢�â¥«ì−® ¨§ ¡«®ª� Dk ¨§¢«¥ª�¥âáï ¢áâà®¥−−®¥ ç¨á«® ¡¨â®¢

¨−ä®à¬�æ¨¨.

4 Численное моделирование

„«ï ¯à®¢¥¤¥−¨ï ç¨á«¥−−®£® ¬®¤¥«¨-÷�−¦¨à®¢�−¨¥ £àã¯¯ë ¨§®¡à�¦¥−¨©

ü
¨§®¡à�¦¥−¨ï

‘ã¬¬� ¯«®é�¤¥©
¯¨ªá¥«¥© ®¡«�áâ¨/

®¡éãî áã¬¬ã
¯«®é�¤¥© ¯¨ªá¥«¥©

1 0
2 0,5 · 10−5

3 33 · 10−5

4 318 · 10−5

5 334 · 10−5

6 334 · 10−5

7 557 · 10−5

8 810 · 10−5

9 989 · 10−5

10 999 · 10−5

à®¢�−¨ï ¡ë« ¢ë¡à�− ¨¤¥−â¨ä¨ª�æ¨®−-
−ë© ¯�à�¬¥âà, ãª�§ë¢�îé¨© ®â«¨ç¨¥ ®¤-
−®£® æ¢¥â−®£® ¨§®¡à�¦¥−¨ï ®â ¤àã£®£®.
�� á¥£®¤−ïè−¨© ¤¥−ì áãé¥áâ¢ã¥â ¬−®¦¥-
áâ¢® ¯®¤®¡−ëå ¯�à�¬¥âà®¢ [1, 10], ®¤−�-
ª® ª�¦¤ë© ¨áá«¥¤®¢�â¥«ì ¢¯à�¢¥ ¢ë¡à�âì
â�ª®©, ª®â®àë© ¬®¦¥â ã¤®¢«¥â¢®àïâì ¥£®
âà¥¡®¢�−¨ï¬. �® íâ®¬ã ¯�à�¬¥âàã ¢ â�¡-
«¨æ¥ ¯à¨¢¥¤¥−® à�−¦¨à®¢�−¨¥ ¢ë¡à�−-
−ëå æ¢¥â−ëå ¨§®¡à�¦¥−¨©.

‚ë¡à�−� £àã¯¯� ¨§ ¤¥áïâ¨ à�§«¨ç−ëå
æ¢¥â−ëå ¨§®¡à�¦¥−¨©, ª�¦¤®¥ à�§¬¥à®¬
1024 × 1280 ¯¨ªá¥«¥© (à¨á. 2). ‚áâà�-
¨¢�−¨¥ à�§«¨ç−®£® ®¡ê¥¬� ¨−ä®à¬�æ¨¨
¯à®¢®¤¨«®áì ¢ ª�¦¤®¥ æ¢¥â−®¥ ¨§®¡à�-
¦¥−¨¥. ‡�â¥¬ ®æ¥−¨¢�«¨áì ¯�à�¬¥âàë
à�§«¨ç−ëå á¯®á®¡®¢ áâ¥£®�−�«¨§�.

÷�áá¬®âà¨¬ ¨á¯®«ì§®¢�−¨¥ áâ¥£®�â�ª¨ −� ®á−®¢¥ �−�«¨§� ¡¨â®¢ëå áà¥§®¢.
�� à¨á. 3 ¯®ª�§�−ë ¡¨â®¢ë¥ áà¥§ë ª®−â¥©−¥à®¢ ®à¨£¨−�«ì−®£® LSB-¬¥â®¤�
¨ à�§à�¡®â�−−®£® á¯®á®¡� ¯à¨ ãá«®¢¨¨, çâ® ¢ −¨å ¢áâà®¥− ®¤¨−�ª®¢ë© ®¡ê¥¬
¨−ä®à¬�æ¨¨.

�� à¨á. 3 ¢¨¤−®, çâ® à�§à�¡®â�−−�ï ¬®¤¨ä¨ª�æ¨ï ¯®§¢®«ï¥â áªàëâì ¨−ä®à-
¬�æ¨î ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®£® ¬¥â®¤� áâ¥£®�−�«¨§�.

÷�áá¬®âà¨¬ à¥§ã«ìâ�âë ¤àã£¨å è¨à®ª® ¨á¯®«ì§ã¥¬ëå ¬¥â®¤®¢ áâ¥£®�−�«¨§�.
RS-áâ¥£®�−�«¨§ ®â−®á¨âáï ª áâ�â¨áâ¨ç¥áª¨¬ ¬¥â®¤�¬ áâ¥£®�−�«¨§�. ˆ§®¡à�-

¦¥−¨¥ à�§¡¨¢�¥âáï −� £àã¯¯ë ¯¨ªá¥«¥©. „¥«¥−¨¥ −� £àã¯¯ë ¯à®¨áå®¤¨â ¯®á«¥
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‘â�â¨ç¥áª¨© á¯®á®¡ áâ¥£�−®£à�ä¨ç¥áª®£® ¢áâà�¨¢�−¨ï ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ LSB

÷¨á. 2 ƒàã¯¯� ¨§®¡à�¦¥−¨©

÷¨á. 3 �¨â®¢ë© áà¥§ ª®−â¥©−¥à®¢ á 10% ¢−¥¤à¥−−®© ¨−ä®à¬�æ¨¨: (a) áâ�−¤�àâ−ë©
¬¥â®¤ LSB; (¡) ¬®¤¨ä¨æ¨à®¢�−−ë© ¬¥â®¤ LSB

¯à¨¬¥−¥−¨ï ä«¨¯¯¨−£-¯à®æ¥¤ãàë á ¯à¨¬¥−¥−¨¥¬ ¢¢¥¤¥−−®© ¬�áª¨ ¨ ¤¨áªà¨¬¨-
−�−â-äã−ªæ¨¨. �®á«¥ ¯à®¢¥¤¥−¨ï à�áç¥â®¢ �−�«¨§¨àãîâáï §−�ç¥−¨ï ¤¨áªà¨¬¨-
−�−â-äã−ªæ¨¨ ¤® ¨ ¯®á«¥ ¯à¨¬¥−¥−¨ï ¯à®æ¥¤ãàë ä«¨¯¯¨−£�.

÷�¡®â� íâ®£® �«£®à¨â¬� áâà®¨âáï −� ¯à¥¤¯®«®¦¥−¨¨ à�¢¥−áâ¢� à¥£ã«ïà−ëå
¨ á¨−£ã«ïà−ëå £àã¯¯ ¢ ¯ãáâ®¬ ¨§®¡à�¦¥−¨¨ ¯®á«¥ ¯à¨¬¥−¥−¨ï ¯à®æ¥¤ãàë ä«¨¯-
¯¨−£�. ˆ−�ç¥ áç¨â�¥âáï, çâ® ¢ ¨§®¡à�¦¥−¨¥ ¢áâà®¥−� ¨−ä®à¬�æ¨ï.

�� à¨á. 4 ¯®ª�§�−ë £à�ä¨ª¨ §−�ç¥−¨© RS-áâ¥£®�−�«¨§� ¤«ï 10 ¨§®¡à�¦¥−¨©.
‡−�ç¥−¨¥ RS ¢ ¤�−−®¬ á¯®á®¡¥ ª®àà¥«¨àã¥â á ¯à®æ¥−â®¬ ¨§¬¥−¥−−®© ¨−ä®à¬�-
æ¨¨ [2].

Š�ª ¢¨¤−® ¨§ £à�ä¨ª®¢, ¢áâà�¨¢�−¨¥ ¬�«®£® ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¨¬¥¥â
¯à�ªâ¨ç¥áª¨ −ã«¥¢ë¥ §−�ç¥−¨ï RS, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â á¢¨¤¥â¥«ìáâ¢®¢�âì
® §�é¨â¥ ®â ¨á¯®«ì§®¢�−¨ï ¤�−−®£® ¬¥â®¤�, â�ª ª�ª �â�ªãîé¨¬ ¯®«ãç¥−−ë¥
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÷¨á. 4 ÷¥§ã«ìâ�âë RS-áâ¥£®�−�«¨§� ¤«ï
áâ�−¤�àâ−®£® LSB (1) ¨ ¤«ï à�§à�¡®â�−−®©
¬®¤¨ä¨ª�æ¨¨ (2): (�) ¯à¨ §�¯®«−¥−¨¨ 10%
®¡ê¥¬� ª®−â¥©−¥à�; (¡) ¯à¨ §�¯®«−¥−¨¨ 30%
®¡ê¥¬� ª®−â¥©−¥à�; (¢) ¯à¨ §�¯®«−¥−¨¨ 50%
®¡ê¥¬� ª®−â¥©−¥à�

÷¨á. 5 ÷¥§ã«ìâ�âë áâ¥£®�−�«¨§� á ¨á¯®«ì-
§®¢�−¨¥¬ ªà¨â¥à¨ï å¨-ª¢�¤à�â ¤«ï áâ�−-
¤�àâ−®£® LSB (1) ¨ à�§à�¡®â�−−®© ¬®¤¨ä¨-
ª�æ¨¨ (2): (�) ¯à¨ §�¯®«−¥−¨¨ 10% ®¡ê¥¬�
ª®−â¥©−¥à�; (¡) ¯à¨ §�¯®«−¥−¨¨ 30% ®¡ê¥¬�
ª®−â¥©−¥à�; (¢) ¯à¨ §�¯®«−¥−¨¨ 50% ®¡ê¥¬�
ª®−â¥©−¥à�
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‘â�â¨ç¥áª¨© á¯®á®¡ áâ¥£�−®£à�ä¨ç¥áª®£® ¢áâà�¨¢�−¨ï ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ LSB

à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¢®á¯à¨−ïâë ª�ª ®âáãâáâ¢¨¥ ¢áâà®¥−−®© ¨−ä®à¬�æ¨¨ ¨«¨
ª�ª èã¬.

‘«¥¤ãîé¨© á¯®á®¡ áâ¥£®�−�«¨§� ®á−®¢�− −� ¯à¨¬¥−¥−¨¨ ªà¨â¥à¨ï å¨-ª¢�¤-
à�â [5]. �− â�ª¦¥ ®â−®á¨âáï ª áâ�â¨áâ¨ç¥áª¨¬ ¢¨¤�¬ áâ¥£®�−�«¨§� ¨ ®æ¥−¨¢�¥â
¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® ¢ ¯ãáâ®¬ ª®−â¥©−¥à¥ à�á¯à¥¤¥«¥−¨¥ æ¢¥â� ¯à®¨áå®¤¨â
â�ª¨¬ ®¡à�§®¬, çâ® ¢¥à®ïâ−®áâì ®¤−®¢à¥¬¥−−®£® ¯®ï¢«¥−¨ï á®á¥¤−¨å æ¢¥â®¢, â. ¥.
â¥å, ª®â®àë¥ à�§«¨ç�îâáï −� ®¤¨− ¬«�¤è¨© ¡¨â, −¥§−�ç¨â¥«ì−�. ‚ ¯à®â¨¢−®¬
á«ãç�¥ ¤¥«�¥âáï ¢ë¢®¤ ® â®¬, çâ® ¢ ª®−â¥©−¥à¥ −�å®¤ïâáï ¯®áâ®à®−−¨¥ ¤�−−ë¥.

�� à¨á. 5 ¯à¥¤áâ�¢«¥−ë £à�ä¨ª¨, ¯®ª�§ë¢�îé¨¥ §−�ç¥−¨ï à�á¯à¥¤¥«¥−¨ï å¨-
ª¢�¤à�â −� ¨§®¡à�¦¥−¨ïå, ¯®«ãç¥−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ áâ�−¤�àâ−®£® ¢áâà�-
¨¢�−¨ï ¬¥â®¤®¬ LSB ¨ á ¯à¨¬¥−¥−¨¥¬ à�§à�¡®â�−−®£® �«£®à¨â¬�, ¤«ï á«ãç�¥¢
¢áâà�¨¢�−¨ï à�§−®£® ®¡ê¥¬� ¨−ä®à¬�æ¨¨.

ˆ§ £à�ä¨ª®¢, ¯à¨¢¥¤¥−−ëå −� à¨á. 5, ¢¨¤−®, çâ® §−�ç¥−¨¥ ¢¥à®ïâ−®áâ¨ ¤«ï
¯à¥¤«®¦¥−−®£® á¯®á®¡� à�¢−® −ã«î −� ¢á¥¬ ¯à®¬¥¦ãâª¥. ’�ª¨¬ ®¡à�§®¬, ¬®¦−®
á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® á¯®á®¡ ï¢«ï¥âáï §�é¨é¥−−ë¬ ª ¯à¨¬¥−¥−¨î �â�ª −�
®á−®¢¥ ªà¨â¥à¨ï å¨-ª¢�¤à�â.

5 Обсуждение результатов и выводы

�® ¯à¨¢¥¤¥−−ë¬ à¥§ã«ìâ�â�¬ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ¬®¦−® á¤¥«�âì ¯à¥¤-
¢�à¨â¥«ì−ë© ¢ë¢®¤ ® â®¬, çâ® ¯à¥¤«®¦¥−−ë© áâ�â¨ç¥áª¨© á¯®á®¡ á®ªàëâ¨ï ¨−-
ä®à¬�æ¨¨ ¤®áâ�â®ç−® å®à®è® á¯à�¢«ï¥âáï á §�é¨â®© ®â áâ¥£�−®£à�ä¨ç¥áª¨å �â�ª
á ¨á¯®«ì§®¢�−¨¥¬ è¨à®ª® ¨§¢¥áâ−ëå á¯®á®¡®¢ áâ¥£®�−�«¨§�.

�ªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® ¯à¥¤«®¦¥−−ë© á¯®á®¡ ¯®«−®áâìî §�é¨é¥− ®â
¬¥â®¤� �−�«¨§� ¡¨â®¢ëå áà¥§®¢ ¨ ®â �−�«¨§� á ¨á¯®«ì§®¢�−¨¥¬ ªà¨â¥à¨ï å¨-ª¢�¤-
à�â, RS-áâ¥£®�−�«¨§�, �−�«¨§� ®â−®è¥−¨ï æ¢¥â®¢ ¯à¨ ãá«®¢¨¨, çâ® ¯à®¨áå®¤¨â
¢áâà�¨¢�−¨¥ −¥¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨.

‚ ®â«¨ç¨¥ ®â ¤àã£¨å ¬®¤¨ä¨ª�æ¨© ¬¥â®¤� LSB ¯à¥¤«®¦¥−−ë© á¯®á®¡ ¡®«¥¥
ã−¨¢¥àá�«¥− ¨ ¯®§¢®«ï¥â ãç¥áâì ®á®¡¥−−®áâ¨ ª®−ªà¥â−®£® ª®−â¥©−¥à�. Šà®¬¥
â®£®, ¯à¥¤«®¦¥−−ë© á¯®á®¡ ¯®§¢®«ï¥â ¢áâà�¨¢�âì ¡‚®«ìè¨¥ ®¡ê¥¬ë ¨−ä®à¬�æ¨¨,
ç¥¬ ª«�áá¨ç¥áª¨© LSB.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® íää¥ªâ¨¢−®áâì à�¡®âë �«£®à¨â¬� §�¢¨á¨â ®â ®á®-
¡¥−−®áâ¥© ª®−ªà¥â−®£® æ¢¥â−®£® ¨§®¡à�¦¥−¨ï. …á«¨ ¢ ¨§®¡à�¦¥−¨¨ ¥áâì ¡®«ìè¨¥
®¡«�áâ¨ á«¨èª®¬ ïàª¨å «¨¡® á«¨èª®¬ â¥¬−ëå æ¢¥â®¢, â® áãé¥áâ¢ã¥â ®¯�á−®áâì
¢®§−¨ª−®¢¥−¨ï â�ª®© á¨âã�æ¨¨, ¯à¨ ª®â®à®© ¨−ä®à¬�æ¨ï ¡ã¤¥â §�¯¨áë¢�âìáï
¯®¤àï¤, çâ® ¯®−¨§¨â áâ¥£�−®áâ®©ª®áâì.
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STATIC METHOD FOR STEGANOGRAPHIC EMBEDDING
BASED ON LEAST SIGNIFICANT BIT
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Abstract: A new approach to information hiding based on the LSB (least
significant bit) method is proposed. A static method for embedding information
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Static method for steganographic embedding based on least significant bit

in a color image based on the matrix representation of individual blocks and
estimating their determinant modulus is proposed. Numerical modeling eval-
uated the possibility of the proposed method to withstand various methods of
steganalysis. Its advantage is shown both in the degree of security and in the
amount of embedded information. This algorithm can be used for embedding in
image by formats without compressing information.

Keywords: steganography; stego container; steganalysis; determinant; LSB;
RS-steganalysis; chi-squared test steganalysis; visual analysis of bit slices
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МЕТОДИКА ТЕМПОРАЛЬНОЙ ОЦЕНКИ НЕСТАБИЛЬНОСТИ
МАШИННОГО ПЕРЕВОДА

А. Ю. Егорова1, И. М. Зацман2, М. Г. Кружков3, В. А. Нуриев4

�−−®â�æ¨ï: ˆ§«®¦¥−ë ®á−®¢−ë¥ ¯®«®¦¥−¨ï ¬¥â®¤¨ª¨ â¥¬¯®à�«ì−®© ®æ¥−ª¨
−¥áâ�¡¨«ì−®áâ¨ −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� (�Œ�), ¯®§¢®«ïîé¥© ®æ¥-
−¨âì ¨§¬¥−¥−¨¥ �Œ� ®¤−¨å ¨ â¥å ¦¥ â¥ªáâ®¢ ¢® ¢à¥¬¥−¨. „�¥âáï ®¯¨á�−¨¥
íªá¯¥à¨¬¥−â� ¯® ¨áá«¥¤®¢�−¨î �Œ� á ¨á¯®«ì§®¢�−¨¥¬ 250 àãááª®ï§ëç−ëå
â¥ªáâ®¢ëå äà�£¬¥−â®¢. Š�¦¤ë© äà�£¬¥−â ¬−®£®ªà�â−® ¯¥à¥¢®¤¨«áï −� äà�−-
æã§áª¨© ï§ëª ¢ â¥ç¥−¨¥ ®¤−®£® £®¤� á è�£®¬ ¢ ®¤¨− ¬¥áïæ ¯®áà¥¤áâ¢®¬ á¨áâ¥¬ë
�Œ� Google. �®«ãç¥−−ë¥ ¯¥à¥¢®¤ë ¡ë«¨ ¯à®�−−®â¨à®¢�−ë á ¯®¬®éìî −�¤-
ª®à¯ãá−®© ¡�§ë ¤�−−ëå (��„), çâ®¡ë §�ä¨ªá¨à®¢�âì á¤¥«�−−ë¥ ¢ ¯¥à¥¢®¤¥
®è¨¡ª¨, ¥á«¨ â�ª®¢ë¥ ¨¬¥«¨ ¬¥áâ®. ‚ ¨â®£¥ áä®à¬¨à®¢�«�áì á¥à¨ï ¨§ 12 �−-
−®â�æ¨© ¤«ï ¯¥à¥¢®¤®¢ ª�¦¤®£® ¨§ 250 â¥ªáâ®¢ëå äà�£¬¥−â®¢. ‚ ¯®á«¥¤−¥©
�−−®â�æ¨¨ áâ�¢¨âáï àã¡à¨ª�, ®¡®§−�ç�îé�ï áâ¥¯¥−ì −¥áâ�¡¨«ì−®áâ¨ �Œ�
¯à¨¬¥−¨â¥«ì−® ª® ¢á¥© á¥à¨¨ ¯¥à¥¢®¤®¢. �â� àã¡à¨ª� å�à�ªâ¥à¨§ã¥â ¨§¬¥-
−¥−¨ï ª�ç¥áâ¢� ¯¥à¥¢®¤� ¨«¨ ãª�§ë¢�¥â −� ¨å ®âáãâáâ¢¨¥. –¥«ì áâ�âì¨ |
®¯¨á�âì ¬¥â®¤¨ªã â¥¬¯®à�«ì−®© ®æ¥−ª¨ −¥áâ�¡¨«ì−®áâ¨ �Œ� ¨ à¥§ã«ìâ�âë
¥¥ ¯à¨¬¥−¥−¨ï.
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¡¨«ì−®áâ¨
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1 Введение

‚® ¢â®à®¬ ¤¥áïâ¨«¥â¨¨ XXI ¢. −�ç�«®áì è¨à®ª®¬�áèâ�¡−®¥ ¯à¨¬¥−¥−¨¥ ¬¥-
â®¤®¢ ¨ â¥å−®«®£¨© ¬�è¨−−®£® ®¡ãç¥−¨ï [1], ¢ â®¬ ç¨á«¥ ¢ á¨áâ¥¬�å ¬�è¨−−®£®
¯¥à¥¢®¤� (Œ�). Œ. ‘�ª® ¯à¥¤«�£�¥â à�áá¬�âà¨¢�âì íâ® á®¡ëâ¨¥ ª�ª £à�−¨æã
¬¥¦¤ã ¤¢ã¬ï ®á−®¢−ë¬¨ íâ�¯�¬¨ �¢â®¬�â¨§�æ¨¨: á ¨á¯®«ì§®¢�−¨¥¬ ¨ ¡¥§ ¨á-
¯®«ì§®¢�−¨ï ¬�è¨−−®£® ®¡ãç¥−¨ï. •�à�ªâ¥à¨§ãï ª«îç¥¢ë¥ ®â«¨ç¨ï ¯¥à¢®£®
íâ�¯�, â. ¥. ¡¥§ ¨á¯®«ì§®¢�−¨ï ¬�è¨−−®£® ®¡ãç¥−¨ï, ®−� ®â¬¥ç�¥â ¤¢¥ ¥£® ç¥àâë.
‚®-¯¥à¢ëå, ¢ ¨−â¥««¥ªâã�«ì−®© à�¡®â¥ ç¥«®¢¥ª� ¬®¦−® ãá«®¢−® ¢ë¤¥«¨âì ¤¢�

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

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, magnit75@yandex.ru

4ˆ−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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ª«�áá� ¯à¨−æ¨¯¨�«ì−® à�§−ëå, −® ç�áâ® ¢§�¨¬®á¢ï§�−−ëå §�¤�ç: àãâ¨−−ë¥ ¨ −¥-
áâ�−¤�àâ−ë¥. „«ï à¥è¥−¨ï ¯¥à¢ëå ¬®£ãâ ¡ëâì à�§à�¡®â�−ë ¬¥â®¤ë, �«£®à¨â¬ë
¨ ¯à®£à�¬¬ë, −� ®á−®¢¥ ª®â®àëå ¯à®¢®¤¨âáï �¢â®¬�â¨§�æ¨ï ¨å à¥è¥−¨ï. �¥áâ�−-
¤�àâ−ë¥ §�¤�ç¨ ç�áâ® âà¥¡ãîâ ¯à¨¬¥−¥−¨ï ¨¬¯«¨æ¨â−ëå §−�−¨© ç¥«®¢¥ª� ¤«ï ¨å
à¥è¥−¨ï, ¥£® ¨−âã¨æ¨¨, â¢®àç¥áâ¢� ¨ æ¥«¥−�¯à�¢«¥−−®© ªà¥�â¨¢−®áâ¨, çâ® áãé¥-
áâ¢¥−−® §�âàã¤−ï¥â ¨å �¢â®¬�â¨§�æ¨î [2, á. 26]. ˜¨à®ª® ¨§¢¥áâ−ë¬ ¯à¨¬¥à®¬
¯à¨¬¥−¥−¨ï ¨¬¯«¨æ¨â−ëå §−�−¨© ç¥«®¢¥ª� á«ã¦¨â ¯¥à¥¢®¤ç¥áª�ï ¤¥ïâ¥«ì−®áâì
ç¥«®¢¥ª�, ª®â®à�ï ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨ −¥ ¯®¤¤�¥âáï ¯®«−®© �¢â®¬�â¨§�æ¨¨,
çâ® ®á®¡¥−−® −�£«ï¤−® ¯à®ï¢«ï¥âáï ¯à¨ Œ� åã¤®¦¥áâ¢¥−−®© «¨â¥à�âãàë [3].

‚®-¢â®àëå, á®£«�á−® Œ. ‘�ª®, �¢â®¬�â¨§�æ¨ï àãâ¨−−ëå §�¤�ç ¨−®£¤� ¢«¥ç¥â
¨ ã¢¥«¨ç¥−¨¥ ®¡ê¥¬� −¥áâ�−¤�àâ−ëå §�¤�ç, ª®â®àë¥ −¥¢®§¬®¦−® à¥è¨âì ¡¥§
ãç�áâ¨ï ç¥«®¢¥ª�. ‘ ®¤−®© áâ®à®−ë, �¢â®¬�â¨§�æ¨ï àãâ¨−−ëå ¨−ä®à¬�æ¨®−−ëå
âà�−áä®à¬�æ¨© §�¬¥−ï¥â àãç−ãî ®¡à�¡®âªã ¤�−−ëå, á ¤àã£®© áâ®à®−ë, à®áâ
á¯à®á� −� ¨å �¢â®¬�â¨§�æ¨î ¯à¨¢®¤¨â ª ã¢¥«¨ç¥−¨î ®¡ê¥¬� −¥áâ�−¤�àâ−ëå
âà�−áä®à¬�æ¨© [2].

�®ï¢«¥−¨¥ â¥å−®«®£¨© ¬�è¨−−®£® ®¡ãç¥−¨ï [4,5] ª�ª ®¤−® ¨§ ®á−®¢−ëå ®â«¨-
ç¨© ¢â®à®£® íâ�¯� �¢â®¬�â¨§�æ¨¨ ¯à¨¢¥«® ª â®¬ã, çâ® ãª�§�−−ë¥ ¤¢¥ å�à�ªâ¥à−ë¥
ç¥àâë ¯¥à¢®£® íâ�¯� (¤¥«¥−¨¥ −� àãâ¨−−ë¥ ¨ −¥áâ�−¤�àâ−ë¥ §�¤�ç¨, ã¢¥«¨ç¥−¨¥
®¡ê¥¬� −¥áâ�−¤�àâ−ëå ¯à¨ �¢â®¬�â¨§�æ¨¨ àãâ¨−−ëå) ¯à¥â¥à¯¥«¨ áãé¥áâ¢¥−−ë¥
¨§¬¥−¥−¨ï, � â�ª¦¥ ª ¯®ï¢«¥−¨î −®¢ëå ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç. �à¥¦−¥¥
à�§«¨ç¨¥ ¬¥¦¤ã àãâ¨−−ë¬¨ ¨ −¥áâ�−¤�àâ−ë¬¨ §�¤�ç�¬¨ á â®çª¨ §à¥−¨ï ¢®§-
¬®¦−®áâ¥© ¨å �¢â®¬�â¨§�æ¨¨ âà¥¡ã¥â ¯¥à¥®á¬ëá«¥−¨ï. ��¯à¨¬¥à, ¬�è¨−−®¥
®¡ãç¥−¨¥ ¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨ (ˆ�‘) ¨ ¥¥ äã−ªæ¨®−¨à®¢�−¨¥ ¯®á«¥
®¡ãç¥−¨ï ¬¥−ï¥â á¬ëá«®¢®¥ á®¤¥à¦�−¨¥ âà�¤¨æ¨®−−®£® ¯®−ïâ¨ï �¢â®¬�â¨§�æ¨¨.
‘ ¯®ï¢«¥−¨¥¬ â¥å−®«®£¨© ¬�è¨−−®£® ®¡ãç¥−¨ï áâ�«® ¢®§¬®¦−ë¬ −¥ â®«ìª® �¢-
â®¬�â¨§¨à®¢�âì à¥è¥−¨¥ §�¤�ç á ¯®¬®éìî ¯à®£à�¬¬, á®§¤�−−ëå ç¥«®¢¥ª®¬, −®
¨ ®¡ãç¨âì ˆ�‘ à¥è�âì ¨å. ‚ à¥§ã«ìâ�â¥ ®¡ãç¥−¨ï ˆ�‘ ä®à¬¨àãîâáï �«£®à¨â-
¬ë ¯à¨−æ¨¯¨�«ì−® −®¢®£® ª«�áá�, ª®â®àë¥ ¯®«ãç¨«¨ −�§¢�−¨¥ data-driven, â. ¥.
®¯à¥¤¥«ï¥¬ë¥ ¤�−−ë¬¨ ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï, � −¥ á®§¤�¢�¥¬ë¥ ç¥«®¢¥ª®¬.

Œ®¦−® ¡ë«® ¡ë ¯à¥¤¯®«®¦¨âì â�ª®© ¢�à¨�−â ¯¥à¥®á¬ëá«¥−¨ï à�§«¨ç¨ï
àãâ¨−−ëå ¨ −¥áâ�−¤�àâ−ëå §�¤�ç á â®çª¨ §à¥−¨ï ¢®§¬®¦−®áâ¥© ¨å �¢â®¬�â¨§�-
æ¨¨: ¬�è¨−−®¥ ®¡ãç¥−¨¥ ¨ ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ (ˆˆ) ¯®§¢®«ïîâ à¥è�âì −¥
â®«ìª® àãâ¨−−ë¥, −® ¨ −¥ª®â®àë¥ −¥áâ�−¤�àâ−ë¥ §�¤�ç¨, ¤«ï à¥è¥−¨ï ª®â®àëå
ç¥«®¢¥ª ¯à¨¬¥−ï¥â á¢®¨ ¨¬¯«¨æ¨â−ë¥ §−�−¨ï, ¨−âã¨æ¨î ¨ æ¥«¥−�¯à�¢«¥−−ãî
ªà¥�â¨¢−®áâì. �® Œ. ‘�ª® £®¢®à¨â ®¡ �«ìâ¥à−�â¨¢−®© ¯®§¨æ¨¨: à¥è¥−¨¥ §�¤�ç
á ¯®¬®éìî �«£®à¨â¬®¢ data-driven à�áá¬�âà¨¢�¥âáï â�ª¨¬ ®¡à�§®¬, çâ® à�§-
«¨ç¨¥ ¬¥¦¤ã àãâ¨−−ë¬¨ ¨ −¥áâ�−¤�àâ−ë¬¨ §�¤�ç�¬¨ ¡®«ìè¥ −¥ ¯à¨−¨¬�¥âáï
¢ à�áç¥â [2]. �â®â ¯®¤å®¤ ¬®â¨¢¨àã¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬: ª®¬¯ìîâ¥à−ë¥
á¨áâ¥¬ë ¯®á«¥ ®¡ãç¥−¨ï á«¥¤ãîâ ®¯à¥¤¥«¥−−ë¬ ¯à�¢¨«�¬ à¥è¥−¨ï §�¤�ç, −® íâ¨
¯à�¢¨«� −¥ ®¡ï§�â¥«ì−® á®®â¢¥âáâ¢ãîâ â¥¬ ¯à�¢¨«�¬, ª®â®àë¬ á«¥¤ãîâ «î¤¨
¯à¨ à¥è¥−¨¨ íâ¨å ¦¥ §�¤�ç [6]. ��¯à¨¬¥à, ¬�è¨−−ë© �«£®à¨â¬ à�á¯®§−�¢�−¨ï
«¨æ, áä®à¬¨à®¢�−−ë© ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï, ¯® ¬−¥−¨î Œ. ‘�ª®, −¥ á®¢¯�¤�¥â
á ¯à®ä¥áá¨®−�«ì−ë¬ �«£®à¨â¬®¬, à�§à�¡®â�−−ë¬ ç¥«®¢¥ª®¬, â�ª ª�ª ¢ á«ãç�¥
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Œ¥â®¤¨ª� â¥¬¯®à�«ì−®© ®æ¥−ª¨ −¥áâ�¡¨«ì−®áâ¨ ¬�è¨−−®£® ¯¥à¥¢®¤�

¨á¯®«ì§®¢�−¨ï ¬�è¨−−®£® �«£®à¨â¬� ®âáãâáâ¢ã¥â −¥¯®áà¥¤áâ¢¥−−®¥ ¯à®£à�¬¬¨-
à®¢�−¨¥ ¯à®ä¥áá¨®−�«ì−®£® �«£®à¨â¬�. ’�ª�ï â®çª� §à¥−¨ï ®á−®¢�−� −� ¨¤¥¥,
çâ® ¯®¢â®à¥−¨¥ ¬ëá«¨â¥«ì−®£® ¯à®æ¥áá� ç¥«®¢¥ª� ¯à¨ à¥è¥−¨¨ §�¤�ç −¥ ï¢«ï¥âáï
¥¤¨−áâ¢¥−−ë¬ á¯®á®¡®¬ á®§¤�−¨ï á¨áâ¥¬ ˆˆ, çâ® ¯®¤â¢¥à¦¤�¥âáï �−�«¨§®¬ �«-
£®à¨â¬®¢, ®¯à¥¤¥«ï¥¬ëå ¤�−−ë¬¨, áä®à¬¨à®¢�−−ëå ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï ˆ�‘
¢ á¨áâ¥¬�å Œ�.

ˆáªãááâ¢¥−−�ï −¥©à®−−�ï á¥âì á®áâ®¨â ¨§ á«®¥¢ ¨áªãááâ¢¥−−ëå −¥©à®−®¢, á®-
¥¤¨−¥−−ëå ¬¥¦¤ã á®¡®© ¢§¢¥è¥−−ë¬¨ á¢ï§ï¬¨. ˆáªãááâ¢¥−−ë¥ −¥©à®−−ë¥ á¥â¨
−¥ ¯à®£à�¬¬¨àãîâáï ®¡ëç−ë¬ á¯®á®¡®¬ á®£«�á−® �«£®à¨â¬ã, à�§à�¡®â�−−®¬ã
ç¥«®¢¥ª®¬. �−¨ ®¡ãç�îâáï −� ¡®«ìè®¬ ç¨á«¥ ãç¥¡−ëå ¯à¨¬¥à®¢ á ¨å à¥è¥−¨ï¬¨
(®â¢¥â�¬¨) ¨ −�áâà�¨¢�îâ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë (¢¥á�) á¢ï§¥© â�ª, çâ®¡ë ˆ�‘
¤«ï ª�¦¤®£® ®¡ãç�îé¥£® ¯à¨¬¥à� ¤�¢�«� ¯à�¢¨«ì−ë© ®â¢¥â. �à¨ íâ®¬ ®¡ê¥¬
¬�âà¨æë ¢¥á®¢ á¢ï§¥© ¬®¦¥â á®áâ�¢«ïâì −¥áª®«ìª® £¨£�¡�©â. �®á«¥ ®¡ãç¥−¨ï
ˆ�‘ ¨á¯®«ì§ã¥âáï ¤«ï à¥è¥−¨ï §�¤�ç, −¥ ¢å®¤ïé¨å ¢ ®¡ãç�îé¨¥ ¯à¨¬¥àë. —â®
¯à®¨§®©¤¥â, ¥á«¨ ˆ�‘ ¤�áâ −¥¯à�¢¨«ì−ë© à¥§ã«ìâ�â ¯à¨ ¨å à¥è¥−¨¨ ¨ ¢®§−¨ª−¥â
−¥®¡å®¤¨¬®áâì ã§−�âì, ¯®ç¥¬ã ¯à®¨§®è«� ®è¨¡ª�, ï¢«ï¥âáï «¨ ®−� ¯®áâ®ï−−®©
¨«¨ −¥áâ�¡¨«ì−®©? ‚ âà�¤¨æ¨®−−®© ¯à®£à�¬¬¥ ç¥«®¢¥ª ¨é¥â á¥£¬¥−â ª®¤�, ®â¢¥â-
áâ¢¥−−ë© §� ®è¨¡ªã, �−�«¨§¨àã¥â ¨ ¨á¯à�¢«ï¥â ¥¥. ‚ ˆ�‘ −¥â �«£®à¨â¬¨ç¥áª¨å
è�£®¢, ¨ ¬®¦−® ã¢¨¤¥âì â®«ìª® £¨£�¡�©â−ãî ¬�âà¨æã ¢¥á®¢. �â� ¬�âà¨æ� ¢¥á®¢
−¥¯à®§à�ç−� | á ¥¥ ¯®¬®éìî −¥«ì§ï ¢ëïá−¨âì, ª�ª ¢¥á� á®®â−®áïâáï á ®è¨¡-
ª®©. ‚®â ¯®ç¥¬ã ¯®¨áª á¯®á®¡®¢ ®¡êïá−¥−¨ï à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå ˆ�‘,
áâ�−®¢¨âáï ®¤−®© ¨§ á�¬ëå �ªâã�«ì−ëå ®¡«�áâ¥© ¨áá«¥¤®¢�−¨© [7].

ˆ−¤¨ª�â®à®¬ ¯à¨áâ�«ì−®£® ¢−¨¬�−¨ï ª íâ®© ®¡«�áâ¨ ¨áá«¥¤®¢�−¨© á«ã¦¨â
â®, çâ® ¢ 2018 £. ¢ ¨§¤�â¥«ìáâ¢¥ ú˜¯à¨−£¥àû −�ç�«�áì ¯ã¡«¨ª�æ¨ï á¥à¨¨ ª−¨£
® á®¢à¥¬¥−−ëå â¥å−®«®£¨ïå Œ� [8,9]. �¥à¢ë© â®¬ íâ®© á¥à¨¨ ¯®«−®áâìî ¯®á¢ï-
é¥− �−�«¨§ã Œ� ¨ ¢ª«îç�¥â ®¡§®à íªá¯¥àâ−®£® ¨ �¢â®¬�â¨§¨à®¢�−−®£® ¯®¤å®¤®¢
ª ª«�áá¨ä¨ª�æ¨¨ ¨ �−−®â¨à®¢�−¨î ¥£® ®è¨¡®ª, çâ® £®¢®à¨â ®¡ �ªâã�«ì−®áâ¨ íâ®©
¯à®¡«¥¬�â¨ª¨1.

�à¥¤áâ�¢«ï¥¬®¥ ¨áá«¥¤®¢�−¨¥ −�æ¥«¥−® −� �−�«¨§ ¤¨−�¬¨ª¨ ®è¨¡®ª, áâ¥¯¥−¨
¨å áâ�¡¨«ì−®áâ¨ ¨ ®æ¥−ªã ç�áâ®â−®áâ¨ ®è¨¡®ª �Œ� ¢ §�¢¨á¨¬®áâ¨ ®â ¢¨¤�
−¥áâ�¡¨«ì−®áâ¨. �� ¯¥à¢®¬ íâ�¯¥ íªá¯¥à¨¬¥−â� ¡ë«� ¯®áâ�¢«¥−� §�¤�ç� ¯à®¢¥áâ¨
ª�â¥£®à¨§�æ¨î −¥áâ�¡¨«ì−®áâ¨ �Œ�. ‚ à¥§ã«ìâ�â¥ à¥è¥−¨ï íâ®© §�¤�ç¨ ¡ë«¨
®¯à¥¤¥«¥−ë ¯ïâì ¢¨¤®¢ −¥áâ�¡¨«ì−®áâ¨ [3]. ‚â®à®© íâ�¯ íªá¯¥à¨¬¥−â�, ®¯¨á�−¨î
ª®â®à®£® ¯®á¢ïé¥−� −�áâ®ïé�ï áâ�âìï, á¢ï§�− á à�§à�¡®âª®© ¬¥â®¤¨ª¨ ®æ¥−ª¨
−¥áâ�¡¨«ì−®áâ¨ �Œ�.

2 Этапы формирования аннотаций

�ªá¯¥à¨¬¥−â ¯® ¬®−¨â®à¨−£ã �Œ� à¥�«¨§®¢�− −� ¬�â¥à¨�«¥ àãááª®-äà�−-
æã§áª¨å �−−®â�æ¨©, áä®à¬¨à®¢�−−ëå á ¯®¬®éìî ��„ [11,12]. Š�¦¤�ï �−−®â�-
æ¨ï ¢ª«îç�¥â â¥ªáâ®¢ë© äà�£¬¥−â −� àãááª®¬ ï§ëª¥, ¥£® ¯¥à¥¢®¤ −� äà�−æã§áª¨©,

1�� �ªâã�«ì−®áâì íâ®© ¯à®¡«¥¬�â¨ª¨ ãª�§ë¢�¥â ¨ à�¡®â� [10].
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ˆ−â¥àä¥©á ��„ ¤«ï ä®à¬¨à®¢�−¨ï ¨ à¥£¨áâà�æ¨¨ �−−®â�æ¨©

¢ë¯®«−¥−−ë© á ¯®¬®éìî á¨áâ¥¬ë �Œ� Google, ¨ ®¯¨á�−¨¥ ®è¨¡®ª ¢ á«ãç�¥ ¨å
−�«¨ç¨ï.

„«ï ä®à¬¨à®¢�−¨ï íªá¯¥à¨¬¥−â�«ì−®£® ¬�áá¨¢� �−−®â�æ¨© ¡ë«¨ ®â®¡à�−ë
250 àãááª®ï§ëç−ëå â¥ªáâ®¢ëå äà�£¬¥−â®¢, ª�¦¤ë© ¨§ ª®â®àëå á®¤¥à¦¨â ¤¢ãå-
ª®¬¯®−¥−â−ë© ª®−−¥ªâ®à1. ˆáâ®ç−¨ª®¬ â¥ªáâ®¢ ¯®á«ã¦¨« àãááª®-äà�−æã§áª¨©
¯®¤ª®à¯ãá ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� (�Š÷Ÿ) [14].

�à®æ¥áá ¯®¤£®â®¢ª¨ �−−®â�æ¨¨ ¢ ��„ ¨¬¥¥â ¤¢� íâ�¯�. ‘−�ç�«� ¢ë¯®«−ï-
¥âáï ¥¥ ä®à¬¨à®¢�−¨¥ ¨ à¥£¨áâà�æ¨ï, � §�â¥¬ | àã¡à¨ª�æ¨ï, â. ¥. ¯à¨á¢®¥−¨¥
¥© àã¡à¨ª, å�à�ªâ¥à¨§ãîé¨å «¨−£¢¨áâ¨ç¥áª¨¥ �á¯¥ªâë �−−®â¨àã¥¬ëå â¥ªáâ®-
¢ëå äà�£¬¥−â®¢. Œ¥â®¤¨ª� ¨ ¯à¨¬¥àë �−−®â¨à®¢�−¨ï ¢ ��„ à�áá¬®âà¥−ë
¢ à�¡®â�å [15{18].

÷ã¡à¨ª�æ¨ï �−−®â�æ¨¨ ¬®¦¥â ¯à®¨áå®¤¨âì ¯�à�««¥«ì−® á ¥¥ à¥£¨áâà�æ¨¥©
¢ ��„, −® á¯¥æ¨ä¨ª� íªá¯¥à¨¬¥−â� ¯® ¨áá«¥¤®¢�−¨î �Œ� ¯à¥¤®¯à¥¤¥«¨-
«� ¢à¥¬¥−−‚®¥ à�§¤¥«¥−¨¥ íâ¨å íâ�¯®¢. �� ¯à®âï¦¥−¨¨ £®¤�, á ¬�àâ� 2019 £.
¯® ä¥¢à�«ì 2020 £., ¢ ��„ ¥¦¥¬¥áïç−® ä®à¬¨à®¢�«¨áì ¨ à¥£¨áâà¨à®¢�«¨áì
250 �−−®â�æ¨©. ‚ à¥§ã«ìâ�â¥ ¡ë« ¯®«ãç¥− ¬�áá¨¢ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå,
¢ ª®â®à®¬ ¤«ï ª�¦¤®£® ¨§ 250 â¥ªáâ®¢ëå äà�£¬¥−â®¢ ¡ë«� §�ä¨ªá¨à®¢�−� á¥-
à¨ï ¨§ 12 ¢¥àá¨© Œ�. ’�ª¨¬ ®¡à�§®¬, ¢á¥£® ¢ ��„ ¡ë«® §�à¥£¨áâà¨à®¢�−®
3000 �−−®â�æ¨©.

�� à¨áã−ª¥ ¯à¨¢¥¤¥−ë ¯®«ï ¨−â¥àä¥©á� ��„ ¤«ï ä®à¬¨à®¢�−¨ï ¨ à¥£¨áâà�-
æ¨¨ �−−®â�æ¨©. H�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¤�¥â ¢®§¬®¦−®áâì ¢ë¡à�âì ¨§ á¯¨áª�
¨á¯®«ì§ã¥¬ë© ¬�è¨−−ë© ¯¥à¥¢®¤ç¨ª (¢ ¤�−−®¬ á«ãç�¥ íâ® á¨áâ¥¬� �Œ� Google).
’�ª¦¥ ¥áâì ¢®§¬®¦−®áâì ¯à¨ −¥®¡å®¤¨¬®áâ¨ á®ªà�â¨âì äà�£¬¥−â ¯¥à¥¢®¤�, � §�â¥¬
¢ë¤¥«¨âì ¢ −¥¬ ú£«�¢−ë¥ á«®¢�û, ª®â®àë¥ á®®â−®áïâáï á à¥ç¥¢®© à¥�«¨§�æ¨¥©

1Š®−−¥ªâ®à | ï§ëª®¢�ï ¥¤¨−¨æ�, äã−ªæ¨ï ª®â®à®© á®áâ®¨â ¢ ¢ëà�¦¥−¨¨ «®£¨ª®-á¥¬�−â¨ç¥-
áª¨å ®â−®è¥−¨©, áãé¥áâ¢ãîé¨å ¬¥¦¤ã á®¥¤¨−¥−−ë¬¨ á ¥¥ ¯®¬®éìî â¥ªáâ®¢ë¬¨ ª®¬¯®−¥−â�¬¨ [13,
á. 17].
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Œ¥â®¤¨ª� â¥¬¯®à�«ì−®© ®æ¥−ª¨ −¥áâ�¡¨«ì−®áâ¨ ¬�è¨−−®£® ¯¥à¥¢®¤�

’�¡«¨æ� 1 �à¨¬¥à �−−®â�æ¨¨, §�à¥£¨áâà¨à®¢�−−®© ¢ ��„

ü
Š®−â¥ªáâ ÷÷
¢ ®à¨£¨−�«¥

÷÷
¢ ®à¨£¨−�«¥

¨ ¥¥ ¯à¨§−�ª¨

Š®−â¥ªáâ ÷÷
¢ ¯¥à¥¢®¤¥

÷÷
¢ ¯¥à¥¢®¤¥

¨ ¥¥
¯à¨§−�ª¨

�à¨-
§−�ª¨
�−−®-
â�æ¨¨

„�â�
¨ ¢à¥¬ï
§�¯¨á¨
¢ ��„

1 2 3 4 5 6 7

28370

ã −�á −¥
¯®«�£�¥âáï,
� ã ¨−®-
áâà�−æ¥¢
¯®«�£�¥âáï.

−¥‖�
〈ª®àà¥ªæ¨ï〉
〈CNT p CNT q〉
〈CNT〉
〈„¨áâ�−â〉

on ne nous
fait pas confi-
ance, mais des
‚etrangers.

04.03.2019
14:09

�à¨¬¥ç�−¨ï.

1. ÷ã¡à¨ª� (¯®¤à®¡−¥¥ ® àã¡à¨ª�å á¬. ¢ [20]) úª®àà¥ªæ¨ïû £®¢®à¨â ® â®¬, çâ® ª®−−¥ªâ®à −¥
(à�ááâ®ï−¨¥) � ¢ëà�¦�¥â «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ ª®àà¥ªæ¨¨.

2. ÷ã¡à¨ª� úCNT p CNT qû £®¢®à¨â ® â®¬, çâ® í«¥¬¥−âë ¤¢ãåª®¬¯®−¥−â−®£® ª®−−¥ªâ®à�
−�å®¤ïâáï ¢ ª�¦¤®¬ ¨§ á®¥¤¨−ï¥¬ëå ª®¬¯®−¥−â®¢ â¥ªáâ� p ¨ q.

3. ÷ã¡à¨ª� úCNTû £®¢®à¨â ® â®¬, çâ® �−−®â�æ¨ï áä®à¬¨à®¢�−� ¤«ï ¢á¥£® ª®−−¥ªâ®à�, � −¥ ¤«ï
®â¤¥«ì−® á®áâ�¢«ïîé¨å ¥£® ¡«®ª®¢ ¨«¨ í«¥¬¥−â®¢.

4. ÷ã¡à¨ª� ú„¨áâ�−âû £®¢®à¨â ® â®¬, çâ® ç�áâ¨ ª®−−¥ªâ®à� à�§¤¥«¥−ë â¥ªáâ®¬.

(÷÷)1 ª®−−¥ªâ®à� ¢® äà�£¬¥−â¥ ®à¨£¨−�«�. „�«¥¥ ¯à®¨áå®¤¨â à¥£¨áâà�æ¨ï
�−−®â�æ¨¨ ¢ ��„, ¢ à¥§ã«ìâ�â¥ ª®â®à®© ®−� ¯®«ãç�¥â −®¬¥à (á¬. ¯¥à¢ãî ª®«®−ªã
â�¡«. 1).

�� ¤�−−®¬ íâ�¯¥, ª�ª ¯®ª�§�−® ¢ â�¡«. 1, áâ®«¡æë 5 ú÷÷ ¢ ¯¥à¥¢®¤¥ ¨ ¥¥
¯à¨§−�ª¨û ¨ 6 ú�à¨§−�ª¨ �−−®â�æ¨¨û ®áâ�îâáï −¥§�¯®«−¥−−ë¬¨. �â® á¢ï§�−®
á â¥¬, çâ® −� ¯¥à¢®¬ íâ�¯¥ ®á−®¢−�ï §�¤�ç� §�ª«îç�«�áì â®«ìª® ¢ à¥£ã«ïà−®©
à¥£¨áâà�æ¨¨ á è�£®¬ ¢ ®¤¨− ¬¥áïæ �Œ� ¢á¥å 250 â¥ªáâ®¢ëå äà�£¬¥−â®¢ (¢ â¥ç¥−¨¥
¯¥à¢ëå 7 ¤−¥© ª�¦¤®£® ¬¥áïæ�), −® −¥ ¢ ¨å �−−®â¨à®¢�−¨¨.

�� ¢â®à®¬ íâ�¯¥ à�¡®âë ¯à®¨áå®¤¨â àã¡à¨ª�æ¨ï ¯®«¥© �−−®â�æ¨¨, â. ¥. §�-
¯®«−¥−¨¥ áâ®«¡æ� 5 ú÷÷ ¢ ¯¥à¥¢®¤¥ ¨ ¥¥ ¯à¨§−�ª¨û2 ¢ â�¡«. 1 ¨ ¯à®áâ�¢«¥−¨¥
àã¡à¨ª ¢ áâ®«¡æ¥ 6 −� ®á−®¢¥ «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� Œ�. –¥«¥á®®¡à�§−®
�−�«¨§¨à®¢�âì ¢¥àá¨¨ Œ� ®¤−®£® ¨ â®£® ¦¥ â¥ªáâ®¢®£® äà�£¬¥−â� ¯®á«¥¤®¢�â¥«ì-
−®, ¢ á®¯®áâ�¢«¥−¨¨ ¢¥àá¨© ¤àã£ á ¤àã£®¬. �â® ¯®§¢®«ï¥â ®âá«¥¤¨âì ¨§¬¥−¥−¨ï
¢ ¯¥à¥¢®¤¥ ¨ ¢¯®á«¥¤áâ¢¨¨ ¤�âì ®æ¥−ªã ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�.

�¥à¥¤ª® ¢® ¢à¥¬ï �−−®â¨à®¢�−¨ï ª®àà¥ªâ−®áâì ï§ëª®¢ëå ¥¤¨−¨æ, ã¯®âà¥¡-
«¥−−ëå ¢ Œ� −� äà�−æã§áª¨© ï§ëª, ¨«¨ ¨å á®ç¥â�¥¬®áâì ¬®¦¥â ¢ë§ë¢�âì
á®¬−¥−¨ï. ‚ â�ª¨å á«ãç�ïå âà¥¡ã¥âáï ¤®¯®«−¨â¥«ì−�ï ¯à®¢¥àª�, −�¯à¨¬¥à ç¥à¥§
¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë Google, Books.google ¨«¨ TLFi (Tr‚esor de la Langue
Franc�aise informatis‚e [22]).

1÷¥ç¥¢�ï à¥�«¨§�æ¨ï ¢ ®à¨£¨−�«¥ | ä®à¬� ª®−−¥ªâ®à� ¢ ª®−ªà¥â−®¬ ¢ëáª�§ë¢�−¨¨ [19].
2÷¥ç¥¢�ï à¥�«¨§�æ¨ï ¢ ¯¥à¥¢®¤¥ | äã−ªæ¨®−�«ì−® íª¢¨¢�«¥−â−ë© äà�£¬¥−â ¯¥à¥¢®¤�, ¯¥-

à¥¤�îé¨© á¬ëá«®¢®¥ −�¯®«−¥−¨¥ ÷÷ ¢ ®à¨£¨−�«¥. �®−ïâ¨¥ úäã−ªæ¨®−�«ì−® íª¢¨¢�«¥−â−ë©
äà�£¬¥−âû ¯à¥¤«®¦¥−® ¢ [21].
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’�¡«¨æ� 2 Š«�áá¨ä¨ª�æ¨ï ®è¨¡®ª ¯¥à¥¢®¤�

ü ��§¢�−¨¥ àã¡à¨ª¨ Š®¤ àã¡à¨ª¨
1 ‚á¥ ¯à¥¤«®¦¥−¨¥ �£à�¬¬�â¨ç−® AgramTotal
2 Œ®àä®«®£¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�, −¥

¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬
ErrorMorph

3 Œ®àä®«®£¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�, ¢¢®-
¤¨¬®¬ ª®−−¥ªâ®à®¬

ErrorMorphPostCNT

4 ‘¨−â�ªá¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�, −¥ ¢¢®-
¤¨¬®¬ ª®−−¥ªâ®à®¬

ErrorSyntax

5 ‘¨−â�ªá¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ�, ¢¢®¤¨-
¬®¬ ª®−−¥ªâ®à®¬

ErrorSyntaxPostCNT

6 ‹¥ªá¨ç¥áª�ï ®è¨¡ª�, ¨áª�¦¥−¨¥ á¬ëá«� ¢ ¯¥à¥¢®¤¨-
¬®¬ äà�£¬¥−â¥

ErrorSemant

7 �ã−ªâã�æ¨®−−�ï ®è¨¡ª� ErrorPunct
8 ‘«®¢� ª¨à¨««¨æ¥© ¢ ¯¥à¥¢®¤¥ Cyrillic
9 ÷ãááª®¥ á«®¢® «�â¨−áª¨¬ èà¨äâ®¬ (âà�−á«¨â¥à�æ¨ï) Latin

10 �à®¯ãáª äà�£¬¥−â� â¥ªáâ� Lacuna
11 ˆ§¡ëâ®ç−ë© ¯¥à¥¢®¤ Pleonasm
12 �¥à¥¢¥¤¥−� ¯¥à¢�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à� TrPart1CNT
13 �¥à¥¢¥¤¥−� ¢â®à�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à� TrPart2CNT
14 �¥à¢�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à� ¯¥à¥¢¥¤¥−�

®è¨¡®ç−®
ErrorPart1CNT

15 ‚â®à�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à� ¯¥à¥¢¥¤¥−�
®è¨¡®ç−®

ErrorPart2CNT

16 Š®−−¥ªâ®à ¯¥à¥¢¥¤¥− −¥áãé¥áâ¢ãîé¥© ï§ëª®¢®© ¥¤¨-
−¨æ¥©

ErrorTotalCNT

17 Š®−−¥ªâ®à ®è¨¡®ç−® §�¬¥−¥− ï§ëª®¢®© ¥¤¨−¨æ¥©, −¥
ï¢«ïîé¥©áï ª®−−¥ªâ®à®¬

ErrorMorphCNT

18 �àä®£à�ä¨ç¥áª�ï ®è¨¡ª� ¢ ä®à¬¥ ª®−−¥ªâ®à� ErrorOrthCNT
19 ‘¥¬�−â¨ç¥áª�ï ®è¨¡ª� ¢ ¢ë¡®à¥ ª®−−¥ªâ®à� ErrorCNT

Š«îç¥¢ãî à®«ì ¯à¨ àã¡à¨ª�æ¨¨ ¯®«¥© �−−®â�æ¨¨ ¨£à�¥â ¢ëï¢«¥−¨¥ ¤®¯ã-
é¥−−ëå á¨áâ¥¬®© �Œ� ®è¨¡®ª ¨ ®¯à¥¤¥«¥−¨¥ ¨å ¢¨¤�. ‚ â�¡«. 2 ¯à¥¤áâ�¢«¥−�
âà¥âìï ¢¥àá¨ï ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª (® ¯à¥¤ë¤ãé¨å ¢¥àá¨ïå á¬. ¢ [3]), à�§à�¡®-
â�−−�ï ¢ å®¤¥ à�¡®âë ¯® ¨áá«¥¤®¢�−¨î �Œ� ¢ ”ˆ– ˆ“ ÷��. �â«¨ç¨¥ ¤�−−®©
ª«�áá¨ä¨ª�æ¨¨ ®â ®¯¨á�−−®© ¢ [3] §�ª«îç�¥âáï ¢ ®¡ê¥¤¨−¥−¨¨ ®è¨¡®ª ErrorLex
¨ ErrorSemant ¢ ®¤−ã ®è¨¡ªã ErrorSemant á à�áè¨à¥−−®© ¤¥ä¨−¨æ¨¥©. ‚ æ¥«®¬
−�áâ®ïé�ï ª«�áá¨ä¨ª�æ¨ï á®¤¥à¦¨â 19 ¢¨¤®¢ ®è¨¡®ª ¯¥à¥¢®¤�, −¥ áç¨â�ï àã¡-
à¨ª¨ NoError. �¥à¢ë¥ 11 ®è¨¡®ª ª�á�îâáï ª®−â¥ªáâ� ¢ æ¥«®¬, ®áâ�«ì−ë¥ 8 |
â®«ìª® ª®àà¥ªâ−®áâ¨ ã¯®âà¥¡«¥−¨ï ª®−−¥ªâ®à�.

�¡ê¥¬ áâ�âì¨ −¥ ¯®§¢®«ï¥â ¯à®¨««îáâà¨à®¢�âì ¢á¥ ®è¨¡ª¨, ®¤−�ª® ¢ â�¡«. 5
¡ã¤ãâ ¯à¥¤áâ�¢«¥−ë ¯à¨¬¥àë ¤«ï ®â¤¥«ì−ëå ¨å ¢¨¤®¢. �â¬¥â¨¬ â®«ìª®, çâ®,
¥á«¨ äà�£¬¥−â ¯¥à¥¢®¤� á®¤¥à¦¨â −¥áª®«ìª® ®è¨¡®ª ®¤−®£® â¨¯� (ª�ª, −�¯à¨¬¥à,
�−−®â�æ¨ï 31 706 ¢ â�¡«. 5), íâ� ¨−ä®à¬�æ¨ï ®â¬¥ç�¥âáï ¢ ¯®«¥ ¤«ï ª®¬¬¥−â�à¨ï.
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Œ¥â®¤¨ª� â¥¬¯®à�«ì−®© ®æ¥−ª¨ −¥áâ�¡¨«ì−®áâ¨ ¬�è¨−−®£® ¯¥à¥¢®¤�

’�¡«¨æ� 3 �¥à¥ç¥−ì ¨á¯®«ì§ã¥¬ëå àã¡à¨ª

Š®¤ ��§¢�−¨¥ àã¡à¨ª¨ „¥ä¨−¨æ¨ï

NB Nota bene!
ˆ−â¥à¥á−ë© «¨−£¢¨áâ¨ç¥áª¨© ¯à¨¬¥à
¯¥à¥¢®¤�

Cngrn Š®−£àãí−â−ë© ¯¥à¥¢®¤
Š®−−¥ªâ®à àãááª®£® ï§ëª� ¯¥à¥¢¥¤¥−
ª®−−¥ªâ®à®¬ äà�−æã§áª®£® ï§ëª�

Dvrg „¨¢¥à£¥−â−ë© ¯¥à¥¢®¤
Š®−−¥ªâ®à àãááª®£® ï§ëª� ¯¥à¥¢¥¤¥−
ï§ëª®¢®© ¥¤¨−¨æ¥© ¨«¨ ª®−áâàãªæ¨¥©
¤àã£®© ª�â¥£®à¨¨ (−¥ ª®−−¥ªâ®à®¬)

Cngrn+Dvrg
�¥à¥¢®¤
ª®−£àãí−â−ë©
¨ ¤¨¢¥à£¥−â−ë©

Š®−−¥ªâ®àã àãááª®£® ï§ëª� á®®â¢¥â-
áâ¢ã¥â áâàãªâãà�, ¢ª«îç�îé�ï ®¤−®-
¢à¥¬¥−−® ª®−−¥ªâ®à ¨ −¥ ®â−®áïéãîáï
ª ª�â¥£®à¨¨ ª®−−¥ªâ®à®¢ «¥ªá¨ç¥áªãî
¥¤¨−¨æã ¨«¨ £à�¬¬�â¨ç¥áªãî áâàãª-
âãàã

MT Œ�è¨−−ë© ¯¥à¥¢®¤
�à®áâ�¢«ï¥âáï �¢â®¬�â¨ç¥áª¨ ¯à¨ ¨á-
¯®«ì§®¢�−¨¨ ¬�è¨−−®£® ¯¥à¥¢®¤ç¨ª�

TrModif ˆ§¬¥−¥−¨¥ ¢ Œ�

ˆ§¬¥−¥−¨¥ ¢ ¯¥à¥¢®¤¥, −¥ á¢ï§�−−®¥
á ¯®¢ëè¥−¨¥¬/á−¨¦¥−¨¥¬ ¥£® ª�ç¥-
áâ¢�. �à¨ íâ®¬ ¯¥à¥¢®¤ ¬®¦¥â ¨§-
¬¥−ïâìáï, ®áâ�¢�ïáì ®è¨¡®ç−ë¬, ¨«¨
−¥ á®¤¥à¦�é¨© ®è¨¡®ª ¯¥à¥¢®¤ ®áâ�-
¥âáï â�ª®¢ë¬, ¯à¥â¥à¯¥¢�ï −¥ª®â®àë¥
¨§¬¥−¥−¨ï

‚ §�ª«îç¥−¨¥ ¯à®áâ�¢«ïîâáï àã¡à¨ª¨, å�à�ªâ¥à¨§ãîé¨¥ �−−®â¨àã¥¬®¥ ¯¥-
à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥ ¢ æ¥«®¬ (¨å ¯¥à¥ç¥−ì á ¯®ïá−¥−¨ï¬¨ á¬. ¢ â�¡«. 3).

3 Методика определения степени нестабильности нейронного
машинного перевода

Š®£¤� à�§¬¥âª� ¢á¥å 12 ¢¥àá¨© ¯¥à¥¢®¤� ®¤−®£® â¥ªáâ®¢®£® äà�£¬¥−â� §�ª®−-
ç¥−�, íªá¯¥àâ ¯¥à¥å®¤¨â ª ®¯à¥¤¥«¥−¨î áâ¥¯¥−¨ −¥áâ�¡¨«ì−®áâ¨ �Œ�. ‡¤¥áì
â�ª¦¥ ¬®¦−® ¢ë¤¥«¨âì ¤¢� íâ�¯�.

‘−�ç�«� íªá¯¥àâ ¯à®¢®¤¨â �−�«¨§ ®è¨¡®ª (¥á«¨ â�ª®¢ë¥ ¨¬¥îâáï) ¢® ¢á¥å
¢¥àá¨ïå �Œ� ®¤−®£® â¥ªáâ®¢®£® äà�£¬¥−â�. ’à¥¡ã¥âáï ¯à®�−�«¨§¨à®¢�âì ª�ª
ç¨á«® ®è¨¡®ª, â�ª ¨ ¨å ¢¨¤ë. �−�«¨§ ®è¨¡®ª ¯à®¢®¤¨âáï ¯®á«¥¤®¢�â¥«ì−®,
−�ç¨−�ï á á�¬®© à�−−¥© ¢¥àá¨¨ �Œ�, â. ¥. ¤¢¨£�ïáì ®â 1-£® ª 12-¬ã ¬¥áïæã
íªá¯¥à¨¬¥−â�.

�� ®á−®¢�−¨¨ ¯à®¢¥¤¥−−®£® �−�«¨§� íªá¯¥àâ ¤�¥â ®æ¥−ªã ¤¨−�¬¨ª¨ ®è¨¡®ª ¢®
¢à¥¬¥−¨ ¨ ¯à®áâ�¢«ï¥â ®¤−ã ¨§ ¯ïâ¨ àã¡à¨ª, å�à�ªâ¥à¨§ãîé¨å −¥áâ�¡¨«ì−®áâì
�Œ� (á¬. ¯¥à¢ë¥ ¯ïâì áâà®ª ¢ â�¡«. 4), ¨«¨ è¥áâãî àã¡à¨ªã ú�Œ� ¡¥§
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’�¡«¨æ� 4 ÷ã¡à¨ª¨, å�à�ªâ¥à¨§ãîé¨¥ áâ�¡¨«ì−®áâì/−¥áâ�¡¨«ì−®áâì �Œ�

ü ��§¢�−¨¥ àã¡à¨ª¨
1 �®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ�
2 ‘−¨¦¥−¨¥ ª�ç¥áâ¢� �Œ�
3 Š®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ�
4 ˆ§¬¥−¥−¨¥ −�¡®à� ®è¨¡®ª ¢ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�
5 ˆ§¬¥−¥−¨¥ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�
6 �Œ� ¡¥§ ¨§¬¥−¥−¨©

¨§¬¥−¥−¨©û | ¤«ï á¥à¨© ¯¥à¥¢®¤®¢ ¡¥§ ¨§¬¥−¥−¨©. �â¨ àã¡à¨ª¨ ¯à®áâ�¢«ïîâáï
¢ �−−®â�æ¨¨ ¯®á«¥¤−¥©, 12-© ¢¥àá¨¨ ¯¥à¥¢®¤�, −® å�à�ªâ¥à¨§ãîâ ®−¨ ¢áî á¥à¨î
¨§ 12 ¯¥à¥¢®¤−ëå ¢¥àá¨©.

�â¬¥â¨¬, çâ® −� ¯à®âï¦¥−¨¨ 12 ¬¥áïæ¥¢ íªá¯¥à¨¬¥−â� ¯¥à¥¢®¤ «¨èì 5 ¨§
250 äà�£¬¥−â®¢ ®áâ�¢�«áï −¥¨§¬¥−−ë¬ (çâ® á®áâ�¢«ï¥â 2% ®â 250 â¥ªáâ®¢ëå
äà�£¬¥−â®¢)1. �à¨ íâ®¬ 4 äà�£¬¥−â� ®áâ�¢�«¨áì áâ�¡¨«ì−® −¥¨§¬¥−−ë¬¨ ¡¥§
®è¨¡®ª ¯¥à¥¢®¤� ¨ ®¤¨− äà�£¬¥−â | áâ�¡¨«ì−® −¥¨§¬¥−−ë¬ á ®¤−®© ®è¨¡ª®©.
‚¨¤ë ¨ ¯à¨¬¥àë −¥áâ�¡¨«ì−®áâ¨ �Œ� ¯à¥¤áâ�¢«¥−ë ¨ ¯à®�−�«¨§¨à®¢�−ë ¢ [3].

‚ â�¡«. 5 ¤�− ¯à¨¬¥à à¥§ã«ìâ�â®¢ ¯à¨¬¥−¥−¨ï à�§à�¡®â�−−®© ¬¥â®¤¨ª¨ ¨á-
á«¥¤®¢�−¨ï −¥áâ�¡¨«ì−®áâ¨ �Œ� ª á«¥¤ãîé¥¬ã â¥ªáâ®¢®¬ã äà�£¬¥−âã:

| ˆ á«ãè�âì −¥ áâ�−ã, | §�è¨¯¥« ¢ á�¬®¥ ãå® ¥£® Š®à®¢ì¥¢, | ã −�á −¥
¯®«�£�¥âáï, � ã ¨−®áâà�−æ¥¢ ¯®«�£�¥âáï [Œ. �. �ã«£�ª®¢. Œ�áâ¥à ¨ Œ�à£�à¨â�
(1929{1940)].2

�¥§ ãç¥â� ¯®¢â®àïîé¨åáï ¬�è¨−−ëå ¯¥à¥¢®¤®¢, ª®â®àë¥ ¤«ï −�£«ï¤−®áâ¨
§�¬¥−¥−ë −� á¨¬¢®«ë {//{, ¢¨¤−®, çâ® ¢ â¥ç¥−¨¥ £®¤� ¯¥à¥¢®¤ ®¡®§−�ç¥−−®£®
â¥ªáâ®¢®£® äà�£¬¥−â� ¬¥−ï«áï 5 à�§. ‚ ¯¥à¥¢®¤¥ ®â 04.03.2019 ¤®¯ãé¥−ë
¤¢¥ ®è¨¡ª¨: ErrorSemant (¨áª�¦¥−¨¥ á¬ëá«�, â�ª ª�ª úon ne nous fait pas
confianceû ¯¥à¥¢®¤¨âáï áª®à¥¥ ª�ª ú−�¬ −¥ ¤®¢¥àïîâû) ¨ ErrorSyntaxPostCNT
(¢ ¯à¥¤«®¦¥−¨¨ −�àãè¥−ë á¨−â�ªá¨ç¥áª¨¥ á¢ï§¨).

‚ ¯¥à¥¢®¤¥ ®â 04.08.2019 ã¦¥ ¤àã£�ï ErrorSemant (®âáãâáâ¢ã¥â ¯¥à¥¢®¤
úã −�áû). ‚ ¯¥à¥¢®¤¥ ®â 07.11.2019 áà�§ã ¤¢¥ ®è¨¡ª¨ ¢¨¤� ErrorSemant (¨áª�-
¦¥−¨¥ á¬ëá«� ¢ únous ne comptons pas sur nousû ¨ ¢ úmais les ‚etrangers nous font
confianceû). �¥à¥¢®¤ ®â 06.12.2019 áç¨â�¥âáï ¯à¨¥¬«¥¬ë¬ ¢�à¨�−â®¬, ¯®íâ®¬ã
¯à®áâ�¢«¥− ¯à¨§−�ª NoError. �¤−�ª® ¯¥à¥¢®¤ ®â 06.02.2020 ¢−®¢ì ¢®á¯à®¨§¢®¤¨â
®è¨¡®ç−ãî ¢¥àá¨î ®â 07.11.2019 á ¤¢ã¬ï ®è¨¡ª�¬¨ ¢¨¤� ErrorSemant.

1‚ áâ�âì¥ [3] ¯à¨¢®¤ïâáï ¤�−−ë¥ ® 4% áâ�¡¨«ì−ëå ¯¥à¥¢®¤®¢. �â® ®¡ãá«®¢«¥−® â¥¬, çâ®
¢ à�¡®â¥ [3] ¡ë«¨ ¯à®�−�«¨§¨à®¢�−ë à¥§ã«ìâ�âë �Œ� â®«ìª® §� ¯¥à¢ë¥ 10 ¬¥áïæ¥¢ íªá¯¥à¨¬¥−â�,
â. ¥. à�áè¨à¥−¨¥ íªá¯¥à¨¬¥−â�«ì−®£® ¯¥à¨®¤� −� 2 ¬¥áïæ� á−¨§¨«® ¢ 2 à�§� ç¨á«® áâ�¡¨«ì−ëå
á¥à¨©, ¯®«ãç¥−−ëå á ¯®¬®éìî á¨áâ¥¬ë �Œ�.

2�à®ä¥áá¨®−�«ì−ë© ¯¥à¥¢®¤ íâ®£® ¯à¥¤«®¦¥−¨ï −� äà�−æã§áª¨© ï§ëª: ú| Taisez-vous donc,
lui souffla Koroviev à l'oreille, chez nous c'est d‚efendu, mais chez les ‚etrangers, c�a se faitû [Claude
Ligny (1968)].
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Œ¥â®¤¨ª� â¥¬¯®à�«ì−®© ®æ¥−ª¨ −¥áâ�¡¨«ì−®áâ¨ ¬�è¨−−®£® ¯¥à¥¢®¤�

’�¡«¨æ� 5 ‘¥à¨ï �−−®â�æ¨© 12 ¯¥à¥¢®¤®¢ ®¤−®£® â¥ªáâ®¢®£® äà�£¬¥−â�

ü
ü

¢ ��„

Š®−â¥ªáâ
÷÷

¢ ®à¨£¨−�«¥

÷÷
¢ ®à¨£¨-

−�«¥

Š®−â¥ªáâ
÷÷

¢ ¯¥à¥¢®¤¥

÷÷ ¢ ¯¥à¥¢®¤¥
¨ ¥¥

¯à¨§−�ª¨

�à¨§−�ª¨
�−−®â�æ¨¨

„�â�
¨ ¢à¥¬ï
§�¯¨á¨
¢ ��„

1 28 370

ã −�á −¥
¯®«�£�¥âáï,
� ã ¨−®-
áâà�−æ¥¢
¯®«�£�¥âáï.

−¥‖� on ne nous
fait pas
confiance,
mais des
‚etrangers.

ne|pas‖mais
〈ErrorSyntaxPostCNT〉
〈ErrorSemant〉

Cngrn
MT

04.03.2019
14:09

2 28 865 {//{ {//{ {//{
05.04.2019
15:06

3 29 137 {//{ {//{ {//{
03.05.2019
22:05

4 29 983 {//{ {//{ {//{
06.06.2019
14:35

5 30 291 {//{ {//{ {//{
04.07.2019
14:56

6 30 518

ce n'est pas
n‚ecessaire,
mais les
‚etrangers
doivent le
faire.

ne|pas‖mais
〈ErrorSemant〉

{//{
04.08.2019
15:37

7 30 878 {//{ {//{ {//{
07.09.2019
21:51

8 31 142 {//{ {//{ {//{
04.10.2019
15:05

9 31 706

nous ne
comptons
pas sur
nous, mais
les ‚etrangers
nous font
confiance.

ne|pas‖mais
〈ErrorSemant〉

{//{
07.11.2019
16:20

10 32 324

nous
n'avons
pas à le
faire, mais
les ‚etrangers
le doivent.

ne|pas‖mais
〈NoError〉

{//{
06.12.2019
16:43

11 32 622 {//{ {//{ {//{
06.01.2020
23:21

12 33 352

nous ne
comptons
pas sur
nous, mais
les ‚etrangers
comptent
sur nous.

ne|pas‖mais
〈ErrorSemant〉
〈Š®«¥¡�−¨¥ ª�ç¥áâ¢�
�Œ�〉 {//{

06.02.2020
23:28

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 3 2020 75



�. ā. …£®à®¢�, ˆ. Œ. ‡�æ¬�−, Œ. ƒ. Šàã¦ª®¢, ‚. �. �ãà¨¥¢

�® §�¢¥àè¥−¨¨ �−�«¨§� ®è¨¡®ª ¢ á¥à¨¨ ¨§ 12 ¯¥à¥¢®¤®¢ ¬®¦−® á¤¥«�âì
¢ë¢®¤ ® ¤¨−�¬¨ª¥ ª�ç¥áâ¢� �Œ� à�áá¬®âà¥−−®£® â¥ªáâ®¢®£® äà�£¬¥−â�. Šà�âª®
¤¨−�¬¨ªã ¬®¦−® ®¯¨á�âì â�ª: ª�ç¥áâ¢® ¯¥à¥¢®¤� á−�ç�«� ¯®¢ëè�¥âáï (¥á«¨ ¢ 1-©
¢¥àá¨¨ ¤¢¥ ®è¨¡ª¨, â® ¢ 6-© ®¤−�), §�â¥¬ ¯®−¨¦�¥âáï (¢ 9-© ¢¥àá¨¨ ®¯ïâì ¤¢¥
®è¨¡ª¨), á−®¢� ¯®¢ëè�¥âáï (¢ 10-© ¢¥àá¨¨ −¥â −¨ ®¤−®© ®è¨¡ª¨), −® ¢ ª®−æ¥
ª�ç¥áâ¢® ¯¥à¥¢®¤� ®¯ïâì ¯®−¨¦�¥âáï (¢ 12-© ¢¥àá¨¨ ®¤−� ®è¨¡ª�). ’�ª�ï ¤¨−�¬¨ª�
á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ®, å�à�ªâ¥à¨§ãï −¥áâ�¡¨«ì−®áâì �Œ� ¢ ¤�−−®© á¥à¨¨
¯¥à¥¢®¤®¢, á«¥¤ã¥â ¢ë¡à�âì àã¡à¨ªã úŠ®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ�û.

4 Заключение

‚ áâ�âì¥ ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ ¢â®à®£® íâ�¯� íªá¯¥à¨¬¥−â� ¯® ¬−®£®ªà�â−®¬ã
ä¨ªá¨à®¢�−¨î ¬�è¨−−ëå ¯¥à¥¢®¤®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî á¨áâ¥¬ë �Œ�
Google. �� ¤�−−®¬ íâ�¯¥ áâ�¢¨«�áì æ¥«ì à�§à�¡®â�âì ¬¥â®¤¨ªã ®æ¥−ª¨ −¥áâ�-
¡¨«ì−®áâ¨ �Œ� ¨ ¯à®¢¥à¨âì ¥¥ à¥�«¨§ã¥¬®áâì. ‚ à¥§ã«ìâ�â¥ ¡ë«¨ à�§£à�−¨ç¥−ë
íâ�¯ë ¯®¤£®â®¢ª¨ �−−®â�æ¨©, � â�ª¦¥ á¤¥«�−® ¯®è�£®¢®¥ ®¯¨á�−¨¥ ¬¥â®¤¨ª¨
®¯à¥¤¥«¥−¨ï ¤®¯ãé¥−−ëå ¢ ¯¥à¥¢®¤¥ ®è¨¡®ª ¨ àã¡à¨ª, å�à�ªâ¥à¨§ãîé¨å −¥áâ�-
¡¨«ì−®áâì �Œ�. �� âà¥âì¥¬ íâ�¯¥ íªá¯¥à¨¬¥−â� ¡ã¤ãâ á®¯®áâ�¢«¥−ë ª�â¥£®à¨¨
−¥áâ�¡¨«ì−®áâ¨ á ¢¨¤�¬¨ ®è¨¡®ª ¯¥à¥¢®¤� ¨ ¯®«ãç¥−ë ¤�−−ë¥ ® ç�áâ®â−®áâ¨
®è¨¡®ª, à¥«¥¢�−â−ëå ª�¦¤®© ª�â¥£®à¨¨.
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THE TECHNIQUE ALLOWING FOR TEMPORAL ESTIMATION
OF MACHINE TRANSLATION INSTABILITY
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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: The paper presents a technique allowing for temporal estimation
of instability of neural machine translation (NMT). This technique gives an
opportunity to see how NMT of a given text fragment changes with time. The
experiment described in the paper involves 250 Russian text fragments. During
a year, each text fragment was repeatedly translated into French. The time step
was one month. To produce translations, the Google NMT system was used. All
the translations were annotated in a supracorpora database to register the output
errors (if there were any). Eventually, for each of 250 text fragments, there
was a series of 12 annotated translations. The annotation containing the 12th
translation had a heading denoting the degree of NMT instability in relation to
the entire series of translations. This heading characterized changes in translation
quality or indicated their absence. The paper is aimed to describe both the
technique allowing for temporal estimation of NMT instability and results of its
application.

Keywords: neural machine translation; instability; quality estimation for
machine translation; linguistic annotation; instability types
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ОРГАНИЗАЦИЯ ЖИЗНЕННОГО ЦИКЛА
ИССЛЕДОВАТЕЛЬСКИХ ДАННЫХ∗

А. К. Рычихин1, В. А. Нуриев2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ¨á-
á«¥¤®¢�â¥«ìáª¨å ¤�−−ëå ¢ £ã¬�−¨â�à−ëå −�ãª�å. ’�ª®© æ¨ª« ¢ª«îç�¥â
á®áâ�¢«¥−¨¥ ¯«�−� ¯® ã¯à�¢«¥−¨î ¤�−−ë¬¨ (�“„), á¡®à ¨/¨«¨ £¥−¥à�æ¨î
¤�−−ëå, ®¯à¥¤¥«¥−¨¥ ¨å áâàãªâãàë ¨ ä®à¬�â� åà�−¥−¨ï, ¢ë¡®à «¨æ¥−§¨¨
¨ æ¨äà®¢®£® à¥¯®§¨â®à¨ï ¤«ï ¨å ¤®«£®áà®ç−®£® åà�−¥−¨ï, � â�ª¦¥ ¯ã¡«¨ª�-
æ¨î á¢¥¤¥−¨© ® ¤�−−ëå ¢ æ¥«ïå ¨å è¨à®ª®£® à�á¯à®áâà�−¥−¨ï. �¯¨á�−¨¥
ª�¦¤®© áâ�¤¨¨ á®¯à®¢®¦¤�¥âáï ®¡§®à®¬ à¥ª®¬¥−¤�æ¨© ¥¢à®¯¥©áª¨å à�¡®ç¨å
£àã¯¯ ¯® à¥�«¨§�æ¨¨ ¯à¨−æ¨¯®¢ úá¯à�¢¥¤«¨¢®£®û ¤®áâã¯� ª ¤�−−ë¬ (FAIR |
findable, accessible, interoperable, reusable) ¨ ááë«ª�¬¨ −� áà¥¤áâ¢� ¨−ä®à-
¬�â¨ª¨, ¯®¬®£�îé¨¥ ¢ à¥�«¨§�æ¨¨ íâ¨å ¯à¨−æ¨¯®¢. „�−® áà�¢−¥−¨¥ âà¥å
æ¨äà®¢ëå à¥¯®§¨â®à¨¥¢ ¯® ªà¨â¥à¨ï¬ ˜¢¥©æ�àáª®£® −�æ¨®−�«ì−®£® −�ãç−®-
£® ä®−¤� (˜��”). –¥«ì áâ�âì¨ | ¤�âì ªà�âª¨© ®¡§®à áâ�¤¨© ¦¨§−¥−−®£®
æ¨ª«� ¨ à¥ª®¬¥−¤�æ¨© ¯® à¥�«¨§�æ¨¨ ¯à¨−æ¨¯®¢ FAIR.

Š«îç¥¢ë¥ á«®¢�: ®à£�−¨§�æ¨ï ¨áá«¥¤®¢�−¨©; ¯«�− ¯® ã¯à�¢«¥−¨î ¤�−−ë¬¨;
¦¨§−¥−−ë© æ¨ª« ¤�−−ëå; æ¨äà®¢ë¥ à¥¯®§¨â®à¨¨; ¯à¨−æ¨¯ë FAIR; íâ¨ª®-
¯à�¢®¢ë¥ �á¯¥ªâë

DOI: 10.14357/08696527200308

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®¡«¥¬� ®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ¤�−−ëå, á®-
§¤�¢�¥¬ëå ¢ à�¬ª�å −�ãç−®£® ¨áá«¥¤®¢�−¨ï, ®á®¡¥−−® �ªâã�«ì−�. ‚ 2019 £.
…¢à®ª®¬¨áá¨ï ®¯ã¡«¨ª®¢�«� ¯®¤à®¡−ë© ¤®ª«�¤, ¢ ª®â®à®¬ ¯à¥¤«�£�¥âáï ®¡§®à
¨ �−�«¨§ â®£®, çâ® −¥®¡å®¤¨¬® ¤«ï à¥�«¨§�æ¨¨ ¯à¨−æ¨¯®¢ FAIR | ¯à¨−æ¨-
¯®¢ úá¯à�¢¥¤«¨¢®£®û ¤®áâã¯� ª ¤�−−ë¬ ([1], −� àãááª®¬ á¬. [2]). ’�ª¦¥ ¢ −¥¬
¯à¥¤áâ�¢«¥− àï¤ à¥ª®¬¥−¤�æ¨© ¤«ï §�¨−â¥à¥á®¢�−−ëå áâ®à®− ¢ …¢à®¯¥ ¨ §� ¥¥
¯à¥¤¥«�¬¨ [3]. ‚ à�¬ª�å EOSC3 á®§¤�−� à�¡®ç�ï £àã¯¯� ¯® ¯à¨−æ¨¯�¬ FAIR,
ª®â®à�ï §�−¨¬�¥âáï:

∗�¢â®àë ¡«�£®¤�àïâ ˆ. Œ. ‡�æ¬�−� §� æ¥−−ë¥ §�¬¥ç�−¨ï ¨ ¯à¥¤«®¦¥−¨ï.
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, ak.rychikhin@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, nurieff.v@gmail.com
3EOSC | European Open Science Cloud (…¢à®¯¥©áª®¥ ®âªàëâ®¥ −�ãç−®¥ ®¡«�ª®), ®à£�−¨§�æ¨ï

¯® á®¤¥©áâ¢¨î ®âªàëâ®© −�ãª¥ ¯à¨ …¢à®ª®¬¨áá¨¨.
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�. Š. ÷ëç¨å¨−, ‚. �. �ãà¨¥¢

{ á®§¤�−¨¥¬ ¬¥âà¨ª ¤«ï ®æ¥−ª¨ á®®â¢¥âáâ¢¨ï ¤�−−ëå ¨ à¥áãàá®¢ íâ¨¬ ¯à¨−æ¨-
¯�¬;

{ ¢®¯à®á�¬¨ á®¢¬¥áâ¨¬®áâ¨ ¤�−−ëå ¨ ¨å ¨¤¥−â¨ä¨ª�æ¨¥©;

{ ¯®¯ã«ïà¨§�æ¨¥© íâ¨å ¯à¨−æ¨¯®¢ [4].

Œ−®£¨¥ −�ãç−ë¥ ä®−¤ë −� áâ�¤¨¨ ¯®¤£®â®¢ª¨ £à�−â®¢®© §�ï¢ª¨ ã¦¥ ®¡ï-
§ë¢�îâ á®¨áª�â¥«¥© á®áâ�¢«ïâì à�§¢¥à−ãâë© �“„ (®¡ ®¯ëâ¥ ˜��” á¬. [2]).
„�−−ë¥, −¥®¡å®¤¨¬ë¥ ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ â®£® ¨«¨
¨−®£® ¨áá«¥¤®¢�−¨ï, á«¥¤ã¥â à�§¬¥é�âì ¢ à¥¯®§¨â®à¨ïå (á¬. à¥¥áâà à¥¯®§¨â®à¨¥¢
¤«ï ¨áá«¥¤®¢�â¥«ìáª¨å ¤�−−ëå | re3data.org).

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¯à¨¬¥à ®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª«�
¤�−−ëå ¢ £ã¬�−¨â�à−ëå −�ãª�å, ¯à¥¤«®¦¥−−ë© ALLEA1 [5]. –¨ª« ¢ª«îç�¥â
5 áâ�¤¨©:

(1) ®¯à¥¤¥«¥−¨¥ â®£®, çâ® ï¢«ï¥âáï ¤�−−ë¬¨;

(2) á®áâ�¢«¥−¨¥ �“„;

(3) á¡®à/£¥−¥à�æ¨î, ®¯à¥¤¥«¥−¨¥ áâàãªâãàë ¨ á¯®á®¡� åà�−¥−¨ï ¤�−−ëå;

(4) à¥è¥−¨¥ ¯à�¢®¢ëå �á¯¥ªâ®¢, «¨æ¥−§¨à®¢�−¨¥ ¨ à�§¬¥é¥−¨¥ ¤�−−ëå ¢ à¥¯®-
§¨â®à¨¨;

(5) ®¡¥á¯¥ç¥−¨¥ ¢®§¬®¦−®áâ¨ ¤®áâã¯� ª ¤�−−ë¬.

Šà®¬¥ â®£®, ¢ áâ�âì¥ ¯à®¢®¤¨âáï áà�¢−¥−¨¥ âà¥å à¥¯®§¨â®à¨¥¢, ¯à¥¤«�£�îé¨å
ãá«ã£¨ ¯® åà�−¥−¨î ¤�−−ëå ¢ ®¡«�áâ¨ £ã¬�−¨â�à−ëå ¤¨áæ¨¯«¨− (¢ ç�áâ−®áâ¨,
«¨−£¢¨áâ¨ª¨), á®£«�á−® ªà¨â¥à¨ï¬ ˜��” [6]. �à¨¬¥−¥−¨¥ ¬¥âà¨ª ¤«ï ®æ¥−ª¨
à¥¯®§¨â®à¨¥¢ −� ¯à¥¤¬¥â ¨å á®®â¢¥âáâ¢¨ï ¯à¨−æ¨¯�¬ FAIR ¢ëå®¤¨â §� à�¬ª¨
áâ�âì¨, ¨ ¯®íâ®¬ã ®−¨ −¥ à�áá¬�âà¨¢�îâáï.

2 Организация жизненного цикла данных

�¯ã¡«¨ª®¢�−−ë© ¢ ä¥¢à�«¥ 2020 £. ¤®ª«�¤ ALLEA ®¡ ãáâ®©ç¨¢®¬ ¨ úá¯à�-
¢¥¤«¨¢®¬û (FAIR) ã¯à�¢«¥−¨¨ ¤�−−ë¬¨ ¢ £ã¬�−¨â�à−ëå −�ãª�å [5] á®¤¥à¦¨â
à¥ª®¬¥−¤�æ¨¨ ¨áá«¥¤®¢�â¥«ï¬ ¯® ª�¦¤®© ¨§ ¯ïâ¨ áâ�¤¨© ¦¨§−¥−−®£® æ¨ª«� ¤�−-
−ëå. „�−−ë¬¨ áç¨â�¥âáï ¢áï ¢å®¤ïé�ï (inputs) ¨ á«¥¤ãîé�ï ¨§ à¥§ã«ìâ�â®¢
¨áá«¥¤®¢�−¨ï (outputs) ¨−ä®à¬�æ¨ï. „®ª«�¤ ¯®á¢ïé¥− ¨á¯®«ì§®¢�−¨î æ¨äà®-
¢ëå ¤�−−ëå ¨ −¥ ®å¢�âë¢�¥â ®á®¡¥−−®áâ¨ ®¡à�¡®âª¨ ä¨§¨ç¥áª¨å ®¡ê¥ªâ®¢.

‘â�¤¨¨ ®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ¤�−−ëå:
1. �¯à¥¤¥«¨âì, çâ® ï¢«ï¥âáï ¤�−−ë¬¨.
�¥á¬®âàï −� â® çâ® â¥à¬¨− ú¤�−−ë¥û ç�é¥ ¨á¯®«ì§ã¥âáï ¢ â®ç−ëå ¨«¨ ®¡-

é¥áâ¢¥−−ëå −�ãª�å (¤�−−ë¥ ®¯à®á®¢, íªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥ ¨ â. ¤.) [7],

1ALLEA (All European Academies) | …¢à®¯¥©áª�ï ä¥¤¥à�æ¨ï �ª�¤¥¬¨© −�ãª (á¬. https://
allea.org).
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�à£�−¨§�æ¨ï ¦¨§−¥−−®£® æ¨ª«� ¨áá«¥¤®¢�â¥«ìáª¨å ¤�−−ëå

−¥ª®â®àë¥ ®¡«�áâ¨ £ã¬�−¨â�à−®© −�ãª¨ â�ª¦¥ âà�¤¨æ¨®−−® ¯®«ì§ãîâáï íâ¨¬ â¥à-
¬¨−®¬ (ª®¬¯ìîâ¥à−�ï «¨−£¢¨áâ¨ª� ¨«¨ íª®−®¬¨ç¥áª�ï ¨áâ®à¨ï), � ¤àã£¨¥ ¢ëà�-
¡�âë¢�îâ −®¢ë© ¯®−ïâ¨©−ë© �¯¯�à�â ¢ á¢ï§¨ á à�á¯à®áâà�−¥−¨¥¬ ª®¬¯ìîâ¥à−ëå
â¥å−®«®£¨©. —â®¡ë ¨§¡¥¦�âì à�§−®çâ¥−¨©, ¢−¥ §�¢¨á¨¬®áâ¨ ®â âà�¤¨æ¨©, ¯à¨-
−ïâëå ¢ ª®−ªà¥â−®© −�ãç−®© ®¡«�áâ¨, ¢á¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë −¥ª®â®à®£®
¨áá«¥¤®¢�−¨ï ¯à¥¤«�£�¥âáï áç¨â�âì ¤�−−ë¬¨ (â¥ªáâë, ¨§®¡à�¦¥−¨ï, ä�ªá¨¬¨«¥,
�ã¤¨®- ¨ ¢¨¤¥®§�¯¨á¨, £à�ä¨ª¨, â�¡«¨æë, ª�àâë ¨ â. ¤.), ª®â®àë¥ ¬®£ãâ ¡ëâì
¯®«¥§−ë ¤«ï ¯à®¢¥¤¥−¨ï ¤àã£¨å ¨áá«¥¤®¢�−¨©. ��¯à¨¬¥à, ¨áá«¥¤ãï í¢®«îæ¨î
−¥ª®â®à®£® ®¡ê¥ªâ� ¢® ¢à¥¬¥−¨, ãç¥−ë© ç�áâ® á®¡¨à�¥â ¨áå®¤−ë¥ ¤�−−ë¥ á�-
¬®áâ®ïâ¥«ì−®, â®£¤� ª�ª ¯à¥¤ë¤ãé¨¥ à�¡®âë ã¦¥ ®¯¨áë¢�«¨ á®áâ®ï−¨¥ íâ®£®
¦¥ ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï, −® −¥ ¯à¥¤®áâ�¢¨«¨ á¢®¡®¤−ë© ¤®áâã¯ ª ¨å ¤�−−ë¬.
�ç¥¢¨¤−®, çâ® ¤®ªã¬¥−â¨à®¢�−¨¥ ¤�−−ëå ¯à¥¤ë¤ãé¨å à�¡®â ¨ á¢®¡®¤−ë© ¤®áâã¯
ª −¨¬ áãé¥áâ¢¥−−® ®¡«¥£ç¨«¨ ¡ë ¯®¤£®â®¢ªã −®¢ëå ¨áá«¥¤®¢�−¨©.

÷¥ª®¬¥−¤ã¥âáï ¤®ªã¬¥−â¨à®¢�âì ¢á¥ ¨áá«¥¤®¢�â¥«ìáª¨¥ ¤�−−ë¥ á®£«�á−®
®á−®¢−®¬ã ¯à�¢¨«ã ®âªàëâ®© −�ãª¨: ú¤�−−ë¥ ¤®«¦−ë ¡ëâì −�áâ®«ìª® ®âªàëâë-
¬¨, −�áª®«ìª® ¢®§¬®¦−®, ¨ −�áâ®«ìª® §�ªàëâë¬¨, −�áª®«ìª® −¥®¡å®¤¨¬®û [5].
�à¨ ¯®¤£®â®¢ª¥ ¤�−−ëå à¥ª®¬¥−¤ã¥âáï, ¥á«¨ íâ® á®®â¢¥âáâ¢ã¥â æ¥«ï¬ à�¡®âë,
¯®«ì§®¢�âìáï ¨−áâàã¬¥−â�¬¨ â�ª −�§ë¢¥¬ëå úæ¨äà®¢ëåû £ã¬�−¨â�à−ëå −�ãª
(digital humanities)1. �¤−�ª® ¥¤¨−ë¥ áâ�−¤�àâë −¥ ®§−�ç�îâ, çâ® −ã¦−® ä®à-
¬�«ì−® ®¯¨áë¢�âì ¤�−−ë¥ ¢ £ã¬�−¨â�à−ëå −�ãª�å á ¯®§¨æ¨¨ â®ç−ëå −�ãª, ã¦¥
¯®â®¬ã çâ® ¨áá«¥¤®¢�â¥«ìáª¨¥ ®¡ê¥ªâë ¢ −¨å áãé¥áâ¢¥−−® à�§«¨ç�îâáï (¯®¤à®¡-
−¥¥ á¬. [8]).

2. ‘®áâ�¢¨âì �“„.
�«�− ¯® ã¯à�¢«¥−¨î ¤�−−ë¬¨ ®¯¨áë¢�¥â á¡®à ¨/¨«¨ £¥−¥à�æ¨î ¤�−−ëå,

áâàãªâãàë, ãá«®¢¨ï ¨å åà�−¥−¨ï ¨ ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï (¯à¨¬¥à áâàãªâãàë,
à¥ª®¬¥−¤®¢�−−®© ˜��” ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯�¬¨ FAIR, á¬. ¢ [2]2).

�«�− ¯® ã¯à�¢«¥−¨î ¤�−−ë¬¨ ®¡«¥£ç�¥â ¯®¢â®à−®¥ ¨á¯®«ì§®¢�−¨¥ ¤�−−ëå,
çâ® ¯®¬®£�¥â ¨ ¨§¡¥¦�âì ¤ã¡«¨à®¢�−¨ï ãá¨«¨©, ¨ ¯à¥¤®â¢à�é�¥â ¯®â¥àî ¤�−−ëå.
‚ −¥¬ ®¯¨áë¢�¥âáï ¦¨§−¥−−ë© æ¨ª« ¤�−−ëå ¤®, ¢® ¢à¥¬ï ¨ ¯®á«¥ ¨áá«¥¤®¢�−¨ï.

…á«¨ −�ãç−®¥ ãçà¥¦¤¥−¨¥ ¨«¨ ä®−¤ ¯à¥¤®áâ�¢«ïîâ è�¡«®− �“„, â® ¨á-
á«¥¤®¢�â¥«ì §�¯®«−ï¥â £®â®¢ãî ä®à¬ã. ‚ ®âáãâáâ¢¨¥ è�¡«®−� á ¯à¨¬¥à�¬¨
�“„ ¤«ï à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¨ âà¥¡®¢�−¨ï¬¨ −¥ª®â®àëå ¡à¨â�−áª¨å
¨ ¥¢à®¯¥©áª¨å −�ãç−ëå ä®−¤®¢ ¬®¦−® ®§−�ª®¬¨âìáï ¢ á¢®¡®¤−®¬ ¤®áâã¯¥ −�
á�©â¥ DMPOnline (https://dmponline.dcc.ac.uk). ÷ãª®¢®¤áâ¢� ¨ à�§êïá−¥−¨ï
¯® ã¯à�¢«¥−¨î ¤�−−ë¬¨ â�ª¦¥ £®â®¢ïâ �àå¨¢ë ¨ ¡¨¡«¨®â¥ª¨ [9{13]. ‚ æ¥«®¬,

1��¯à¨¬¥à, á¬. á�©â ¡¨¡«¨®â¥ª Œ�áá�çãá¥âáª®£® â¥å−®«®£¨ç¥áª®£® ¨−áâ¨âãâ� (https://
libguides.mit.edu/digitalhumanities), ¢ ç�áâ−®áâ¨ à�§¤¥« ú¨−áâàã¬¥−âë ¨ à¥áãàáëû á® ááë«ª�-
¬¨ −� ¨−áâàã¬¥−âë à�§¬¥âª¨ ¤�−−ëå, �−�«¨§� â¥ªáâ®¢, ¢¨§ã�«¨§�æ¨¨, áâ�−¤�àâ¨§�æ¨¨ ¬¥â�¤�−−ëå
¨ â. ¤.

2�®¤à®¡−®¥ ®¯¨á�−¨¥ �“„ ¯à¨¢¥¤¥−® ¢ [2]. �¡ëç−® ¢ −¥¬ ®âà�¦�îâáï: ¬¥â®¤ë á¡®à�/á®§¤�−¨ï
¤�−−ëå, ¬®¤¥«¨ ®à£�−¨§�æ¨¨ ¨ áâàãªâãà¨à®¢�−¨ï ¤�−−ëå, ¤®ªã¬¥−â�æ¨ï (¢ â®¬ ç¨á«¥ áâ�−¤�àâë
−� ¬¥â�¤�−−ë¥), ¯à�¢®¢ë¥ ¨ íâ¨ç¥áª¨¥ ¢®¯à®áë, åà�−¥−¨¥ ¨ ¤®áâã¯ ¢® ¢à¥¬ï ¨áá«¥¤®¢�−¨ï, ãá«®¢¨ï
¤®«£®¢à¥¬¥−−®£® åà�−¥−¨ï ¨ ¤®áâã¯� ¤«ï ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï.
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íâ¨ àãª®¢®¤áâ¢� −¥ ¨¬¥îâ §−�ç¨â¥«ì−ëå ®â«¨ç¨© ®â à¥ª®¬¥−¤�æ¨© ˜��”,
¯®áª®«ìªã ¢á¥ �“„ ¯à¥á«¥¤ãîâ ®¤−¨ æ¥«¨ ¨ ®á−®¢ë¢�îâáï −� ¯à¨−æ¨¯�å FAIR.

�� ¤�−−®© áâ�¤¨¨ ¯®«¥§−ë¬ ¨−áâàã¬¥−â®¬ ¬®¦¥â ®ª�§�âìáï ®−«�©−-ª®−ä¨-
£ãà�â®à �“„ DMPtool (https://dmptool.org), á¯®á®¡−ë© ãç¨âë¢�âì âà¥¡®¢�-
−¨ï ä¨−�−á¨àãîé¨å ®à£�−¨§�æ¨© ¨ ¯à¥¤«�£�îé¨© á®®â¢¥âáâ¢ãîéãî áâàãªâãàã
�“„1.

3. ‘®¡à�âì ¨«¨ á®§¤�âì ¤�−−ë¥.
ˆáá«¥¤®¢�â¥«ìáª¨¥ ¤�−−ë¥ ¢ £ã¬�−¨â�à−ëå −�ãª�å ª«�áá¨ä¨æ¨àãîâáï ¯®

−¥áª®«ìª¨¬ ®á−®¢�−¨ï¬: ¨áâ®ç−¨ª (¢â®à¨ç−ë¥ | ã¦¥ áãé¥áâ¢ãîé¨¥ ¤�−−ë¥,
−�¯à¨¬¥à ª®à¯ãá â¥ªáâ®¢ ¨ ¨å ¯¥à¥¢®¤®¢; ¯¥à¢¨ç−ë¥ | á®§¤�−−ë¥ ¤�−−ë¥,
−�¯à¨¬¥à �−−®â�æ¨¨ ª®−−¥ªâ®à®¢ ¢ −�¤ª®à¯ãá−®© ¡�§¥ ¤�−−ëå (�„)2), â¨¯ (ª®-
«¨ç¥áâ¢¥−−ë¥ ¨«¨ ª�ç¥áâ¢¥−−ë¥; â¥ªáâ®¢ë¥, ¢¨§ã�«ì−ë¥, §¢ãª®¢ë¥; «¨−¥©−® ¨«¨
¨¥à�àå¨ç¥áª¨ ãáâà®¥−−ë¥), ãà®¢¥−ì áâàãªâãà¨à®¢�−−®áâ¨, ä®à¬�â, ®¡ê¥¬ [15].

‚ë¡®à ä®à¬�â� | ®á−®¢−®© ¢®¯à®á ¢ ¤�−−®¬ à�§¤¥«¥. �¥®¡å®¤¨¬® ¨§¡¥¦�âì
á¨âã�æ¨¨, ¯à¨ ª®â®à®© ¨á¯®«ì§®¢�−−ë¥ ä®à¬�âë ¡ã¤ãâ −¥¤®áâã¯−ë ¢ ¡ã¤ãé¥¬.
‚ ®¡é¥¬ á«ãç�¥ à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì â¥ ä®à¬�âë ä�©«®¢, ª®â®àë¥ «ãçè¥
¢á¥£® ¯®¤å®¤ïâ ¤«ï ®¡¥á¯¥ç¥−¨ï ¤®«£®áà®ç−®© ãáâ®©ç¨¢®áâ¨ ¨ ¤®áâã¯−®áâ¨ ¢ á¨«ã
â®£®, çâ® ®−¨ ç�áâ® ¨á¯®«ì§ãîâáï, ¨¬¥îâ ®âªàëâë¥ á¯¥æ¨ä¨ª�æ¨¨, −¥§�¢¨á¨¬ë ®â
ª®−ªà¥â−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��), à�§à�¡®âç¨ª®¢ ¨«¨ ¯®áâ�¢é¨ª®¢.
�� ¯à�ªâ¨ª¥ −¥ ¢á¥£¤� ¢®§¬®¦−® ¨á¯®«ì§®¢�âì ä®à¬�âë, ª®â®àë¥ ã¤®¢«¥â¢®àï-
îâ ¢á¥¬ íâ¨¬ ªà¨â¥à¨ï¬. ÷¥¯®§¨â®à¨¨ (á¬. à�§¤. 4) ¨ �àå¨¢−®-¡¨¡«¨®â¥ç−ë¥
á«ã¦¡ë ¯à¥¤«�£�îâ ¨ à¥£ã«ïà−® ®¡−®¢«ïîâ á¯¨áª¨ à¥ª®¬¥−¤ã¥¬ëå, ¤®¯ãáâ¨¬ëå
¨ −¥¦¥«�â¥«ì−ëå ä®à¬�â®¢ (á¬., −�¯à¨¬¥à, [16, 17]). ‚ â�¡«. 1 á −¥§−�ç¨â¥«ì-
−ë¬¨ á®ªà�é¥−¨ï¬¨ (â¨¯®¢ ¤�−−ëå, ª®â®àë¥ à¥¤ª® ¢áâà¥ç�îâáï ¢ £ã¬�−¨â�à−ëå
¨áá«¥¤®¢�−¨ïå) ¯à¥¤áâ�¢«¥−ë à¥ª®¬¥−¤�æ¨¨ U.K. Data Service | �à¨â�−áª®©
á«ã¦¡ë ¤�−−ëå [17].

„àã£®© ¢�¦−ë© ¢®¯à®á ª�á�¥âáï áâ�−¤�àâ¨§�æ¨¨ ¬¥â�¤�−−ëå. ‘ãé¥áâ¢ãîâ
à�§«¨ç−ë¥ ª�â¥£®à¨¨ ¬¥â�¤�−−ëå: ®¯¨á�â¥«ì−ë¥, â¥å−¨ç¥áª¨¥, �¤¬¨−¨áâà�â¨¢-
−ë¥ ¨ ¤à. [18]. ’¥å−¨ç¥áª¨¥ ¬¥â�¤�−−ë¥ ®¯¨áë¢�îâ ¯à®æ¥ááë, −¥®¡å®¤¨¬ë¥
¤«ï ¯à®¨§¢®¤áâ¢� ¨«¨ ¨á¯®«ì§®¢�−¨ï æ¨äà®¢ëå ®¡ê¥ªâ®¢. �¤¬¨−¨áâà�â¨¢−ë¥
¬¥â�¤�−−ë¥ ¯à¨¬¥−ïîâáï ¤«ï ã¯à�¢«¥−¨ï ¯à�¢�¬¨ −� ¨−â¥««¥ªâã�«ì−ãî á®¡-
áâ¢¥−−®áâì.

�¯¨á�â¥«ì−ë¥ ¬¥â�¤�−−ë¥ ¯®§¢®«ïîâ ¨¤¥−â¨ä¨æ¨à®¢�âì, à�§¬¥é�âì ¨ ¨§-
¢«¥ª�âì ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë. �� à�−−¥© áâ�¤¨¨ ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®-
æ¥áá� à¥ª®¬¥−¤ã¥âáï ®¯à¥¤¥«¨âì áâ�−¤�àâ ¬¥â�¤�−−ëå, −�¨¡®«¥¥ ¯à¨¥¬«¥¬ë©
¤«ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï ¨ á®¢¬¥áâ¨¬ë© á åà�−¨«¨é¥¬, £¤¥ ¡ã¤¥â
à�§¬¥é¥− −�¡®à ¤�−−ëå. ‘�¬ë¬¨ à�á¯à®áâà�−¥−−ë¬¨ ï¢«ïîâáï á«¥¤ãîé¨¥
áâ�−¤�àâë: Dublin Core Metadata Initiative (https://dublincore.org), áâ�−¤�àâ
¡¨¡«¨®â¥ç−ëå ª�â�«®£®¢ MARC (http://www.loc.gov/marc), �àå¨¢−ë© áâ�−¤�àâ

1�®å®¦¨¬ äã−ªæ¨®−�«�¬ ®¡«�¤�¥â ezDMP (á¬. https://ezdmp.org/about) | à¥áãàá, à�§à�-
¡®â�−−ë© ��æ¨®−�«ì−ë¬ −�ãç−ë¬ ä®−¤®¬ ‘˜� (NSF) ¤«ï ä¨−�−á¨àã¥¬ëå ¨¬ ¯à®¥ªâ®¢.

2� −�¤ª®à¯ãá−®© ¡�§¥ ¤�−−ëå ª®−−¥ªâ®à®¢ á¬. ¯®¤à®¡−¥¥ [14].
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’�¡«¨æ� 1 ÷¥ª®¬¥−¤ã¥¬ë¥ ä®à¬�âë ä�©«®¢

’¨¯ ¤�−−ëå ÷¥ª®¬¥−¤ã¥¬ë¥ ä®à¬�âë „®¯ãáâ¨¬ë¥ ä®à¬�âë
’�¡«¨ç−ë¥ ¤�−−ë¥
á ¡®«ìè¨¬
ª®«¨ç¥áâ¢®¬
¬¥â�¤�−−ëå

.por;
ä®à¬�âë ¯�ª¥â®¢ SPSS,
Stata, SAS ¨ â. ¯.;
áâàãªâãà¨à®¢�−−ë© â¥ªáâ,
−�¯à¨¬¥à XML file

Œ®¤¨ä¨æ¨à®¢�−−ë¥ ä®à¬�âë
¯�ª¥â®¢ SPSS, Stata, MS
Access

’�¡«¨ç−ë¥ ¤�−−ë¥
á ¬¨−¨¬�«ì−ë¬
ª®«¨ç¥áâ¢®¬
¬¥â�¤�−−ëå

.csv;

.tab
.txt;
ä®à¬�âë MS Excel, MS
Access, dBase, OpenDocument
Spreadsheet

’¥ªáâ®¢ë¥ ¤�−−ë¥ Rich Text Format (.rtf);
plain text, ASCII (.txt);
eXtensible Mark-up Lan-
guage (.xml)

Hypertext Mark-up Language
(.html);
MS Word (.doc/.docx);
NUD*IST, NVivo
¨ ATLAS.ti

ˆ§®¡à�¦¥−¨ï TIFF 6.0 −¥á¦�âë© (.tif) JPEG; GIF; TIFF; RAW;
Photoshop files; BMP; PNG;
Adobe Portable Document For-
mat

�ã¤¨®§�¯¨á¨ Free Lossless Audio Codec
(FLAC)

MPEG-1 Audio Layer 3, ¥á«¨
®à¨£¨−�« á®§¤�− ¢ íâ®¬ ä®à-
¬�â¥;
Audio Interchange File Format;
Waveform Audio Format

‚¨¤¥®§�¯¨á¨ MPEG-4;
OGG video;
motion JPEG 2000

AVCHD video

„®ªã¬¥−â�æ¨ï Rich Text Format;
PDF/UA, PDF/A ¨«¨
PDF;
XHTML ¨«¨ HTML;
OpenDocument Text

XML, plain text;
ä®à¬�âë MS Word, MS Excel

EAD (https://www.loc.gov/ead) (á¬. á¯¨á®ª áâ�−¤�àâ®¢ ¤«ï à�§−ëå ¯à¥¤¬¥â−ëå
®¡«�áâ¥© https://rd-alliance.github.io/metadata-directory/standards).

Œ¥â�¤�−−ë¥ ¢ë¯®«−ïîâ á¢®¨ §�¤�ç¨ «ãçè¥, ¥á«¨ á®¡«î¤�¥âáï ¥¤¨−®®¡à�§¨¥
¯à¨¬¥−ï¥¬ëå â¥à¬¨−®¢ ¨ ¨á¯®«ì§ãîâáï ¥¤¨−ë¥ ®àä®£à�ä¨ç¥áª¨¥ ¢�à¨�−âë á«®¢.
„®áâ¨çì â¥à¬¨−®«®£¨ç¥áª®£® ¥¤¨−®®¡à�§¨ï ¯à¨ §�¯®«−¥−¨¨ ¬¥â�¤�−−ëå ¢ ¡®«ì-
è¨å −�¡®à�å ¤�−−ëå ¬®¦−® ¯®áà¥¤áâ¢®¬ ¨−áâàã¬¥−â� OpenRefine, ª®â®àë©
¯à¨¢®¤¨â ¬¥â�¤�−−ë¥ ª ¥¤¨−®¬ã ¢¨¤ã (https://openre¦ne.org). ÷¥ª®¬¥−¤ã¥âáï
¨á¯®«ì§®¢�âì â¥à¬¨−®«®£¨ç¥áª¨¥ á«®¢�à¨, ¯à¥¤«�£�îé¨¥ ¯à¥¤¯®çâ¨â¥«ì−ë¥ ¢�-
à¨�−âë §�¯®«−¥−¨ï ¯®«¥© ¬¥â�¤�−−ëå (á¬. [19] ¤«ï à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©,
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� â�ª¦¥ ª�â�«®£¨ ¡¨¡«¨®â¥ª, −�¯à¨¬¥à [20]). Œ¥â�¤�−−ë¥ ¤®«¦−ë ¡ëâì ¤®áâã¯-
−ë, ¤�¦¥ ¥á«¨ −�¡®à ¤�−−ëå ã¦¥ −¥ ¤®áâã¯¥−. ‚á¥ ¬¥â�¤�−−ë¥ ¤®«¦−ë ¢ª«îç�âì
ã−¨ª�«ì−ë© ¨ −�¤¥¦−ë© ¨¤¥−â¨ä¨ª�â®à −�¡®à� ¤�−−ëå (á¬. ¯à¨−æ¨¯ F1 FAIR)
¨ ¡ëâì ¯à¨£®¤−ë ¤«ï ¯à®çâ¥−¨ï ª®¬¯ìîâ¥à®¬ (A2 FAIR).

4. ÷�§¬¥áâ¨âì ¢ à¥¯®§¨â®à¨¨, ®¡¥á¯¥ç¨âì á®åà�−−®áâì ¨ ¤®áâã¯−®áâì
¤�−−ëå.

�®áª®«ìªã −�æ¨®−�«ì−®¥ §�ª®−®¤�â¥«ìáâ¢® ¨£à�¥â ¡®«ìèãî à®«ì ¢ ®¯à¥¤¥-
«¥−¨¨ ®á®¡¥−−®áâ¥© ¯à�¢� −� ¨−â¥««¥ªâã�«ì−ãî á®¡áâ¢¥−−®áâì, ¯à¨ ¢ª«îç¥−¨¨
¤�−−ëå ¨§ ¤àã£¨å à�¡®â ¢ á¢®¨ −�¡®àë ¤�−−ëå ¨áá«¥¤®¢�â¥«ï¬ −¥®¡å®¤¨¬® ¢ë-
ïá−¨âì, ª�ª¨¥ «¨æ¥−§¨¨ à¥£ã«¨àãîâ ¦¨§−¥−−ë© æ¨ª« ú§�¨¬áâ¢ã¥¬ëåû ¤�−−ëå
¨ −� ª�ª¨å ãá«®¢¨ïå ¨å ¬®¦−® ¢®á¯à®¨§¢®¤¨âì (® à�§«¨ç¨ïå ¢ −�æ¨®−�«ì−®¬
§�ª®−®¤�â¥«ìáâ¢¥ áâà�− …‘ ¢ ®¡«�áâ¨ �¢â®àáª¨å ¯à�¢ á¬. [21, 22]). �¢â®àáª®¥
¯à�¢® à�á¯à®áâà�−ï¥âáï −¥ â®«ìª® −� à�¡®âë ®à¨£¨−�«ì−®£® ¨§«®¦¥−¨ï ä�ªâ®¢
¨ ¨¤¥©, −® ¨ −� à¥áãàáë, ¨¬¥îé¨¥ ®à¨£¨−�«ì−ë© á¯®á®¡ ®à£�−¨§�æ¨¨ í«¥¬¥−â®¢
¨å ¨§«®¦¥−¨ï, −�¯à¨¬¥à �„ ¨«¨ ª®à¯ãá� â¥ªáâ®¢ (® §�é¨â¥ �„ á¬. [23]). �−®,
®¤−�ª®, −¥ à�á¯à®áâà�−ï¥âáï −� ä�ªâë ¨ ¨¤¥¨, ¨á¯®«ì§ã¥¬ë¥ ¢ ¨áá«¥¤®¢�−¨¨1.
…á«¨ «¨æ¥−§¨ï −¥ ¯®§¢®«ï¥â ¢®á¯à®¨§¢®¤¨âì ¤�−−ë¥ ¨§ ¤àã£¨å ¨áá«¥¤®¢�−¨©
á¢®¡®¤−®, −¥®¡å®¤¨¬® ¯®«ãç¨âì à�§à¥è¥−¨¥ ã ¯à�¢®®¡«�¤�â¥«ï (® «¨æ¥−§¨ïå á¬.
−¨¦¥).

�à¨ ¯ã¡«¨ª�æ¨¨ à¥§ã«ìâ�â®¢ á¢®¥£® ¨áá«¥¤®¢�−¨ï −¥®¡å®¤¨¬® §�ª«îç�âì
«¨æ¥−§¨®−−ë© ¤®£®¢®à á ¨§¤�â¥«¥¬, � ¢ á«ãç�¥ ®¡à�¡®âª¨ ¯¥àá®−�«ì−ëå ¤�−−ëå |
¯®«ãç¨âì ¯¨áì¬¥−−®¥ á®£«�á¨¥ ¢á¥å ãç�áâ−¨ª®¢, çì¨ ¤�−−ë¥ ¯à¨¢«¥ª�îâáï ¤«ï
¨áá«¥¤®¢�−¨ï (¯®¤à®¡−¥¥ á¬. [24]). ’�ª¦¥ âà¥¡ã¥âáï �−®−¨¬¨§¨à®¢�âì ¤�−−ë¥
(á¬. [25]).

��¨¡®«¥¥ ç�áâ® ¨á¯®«ì§ãîâáï «¨æ¥−§¨¨, ª®â®àë¥ à�§à�¡�âë¢�îâáï á 2002 £.
ª®¬¯�−¨¥© úCreative Commonsû (CC) ¨ ¯à¥¤®áâ�¢«ïîâ «¨æ¥−§¨�àã ¢®§¬®¦−®áâì
£¨¡ª® ¢�àì¨à®¢�âì ®£à�−¨ç¥−¨ï −� ¨á¯®«ì§®¢�−¨¥ ¤�−−ëå. ‘¨áâ¥¬� CC ¯à¥¤«�£�-
¥â ç¥âëà¥ ®á−®¢−ëå â¨¯� «¨æ¥−§¨©, à¥£ã«¨àãîé¨å ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨©
á â®çª¨ §à¥−¨ï ª®¯¨à®¢�−¨ï, à�á¯à®áâà�−¥−¨ï, ¤¥¬®−áâà�æ¨¨ ¨ ¨á¯®«−¥−¨ï «¨-
æ¥−§¨�â�¬¨:

(1) CC BY (Attribution | «¨æ¥−§¨ï ú‘ ãª�§�−¨¥¬ �¢â®àáâ¢�û): ¯à®¨§¢¥¤¥−¨¥
¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−® ¯à¨ ãá«®¢¨¨ ãª�§�−¨ï ¥£® �¢â®à�;

(2) CC SA (Share-Alike | «¨æ¥−§¨ï ú÷�á¯à®áâà�−¥−¨¥ −� â¥å ¦¥ ãá«®¢¨ï |
Š®¯¨«¥äâû): ¯à®¨§¢®¤−�ï à�¡®â� ¬®¦¥â à�á¯à®áâà�−ïâìáï ¯®¤ ¨¤¥−â¨ç−®©
«¨æ¥−§¨¥©, ¯®á«¥ ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï ¤�−−ëå −®¢®© à�¡®â¥ ¬®¦¥â
¡ëâì ¯à¨á¢®¥−� â®«ìª® â�ª�ï ¦¥ «¨æ¥−§¨ï;

(3) CC NC (Non-Commercial | ú�¥ª®¬¬¥àç¥áª�ïû «¨æ¥−§¨ï): «¨æ¥−§¨�âë
¬®£ãâ ¨á¯®«ì§®¢�âì ¯à®¨§¢¥¤¥−¨¥ â®«ìª® ¢ −¥ª®¬¬¥àç¥áª¨å æ¥«ïå;

1ˆá¯®«ì§®¢�−¨¥ ¡¥§ ááë«ª¨ −¥ª®â®à®£® â¥ªáâ�, ®¯¨áë¢�îé¥£® ¨¤¥î, ¬®¦¥â ¡ëâì ¢®á¯à¨−ïâ®
ª�ª ¯«�£¨�â. �¤−�ª® à�áá¬®âà¥−¨¥ â�ª¨å á«ãç�¥¢ −¥ ¢å®¤¨â ¢ §�¤�ç¨ ¤�−−®£® ®¡§®à�. �â¬¥â¨¬,
çâ® �¢â®àáª®¥ ¯à�¢® (copyright) §�é¨é�¥â â®«ìª® ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï ä�ªâ®¢ ¨ ¨¤¥©, −® −¥ á�¬¨
�ªâë ¨ ¨¤¥¨.
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�à£�−¨§�æ¨ï ¦¨§−¥−−®£® æ¨ª«� ¨áá«¥¤®¢�â¥«ìáª¨å ¤�−−ëå

’�¡«¨æ� 2 ‘à�¢−¥−¨¥ «¨æ¥−§¨© úCreative Commonsû

‹¨æ¥−§¨ï

Œ®¦−®
ª®¯¨à®¢�âì
¨ à�á¯à®-
áâà�−ïâì
à�¡®âã

�¥®¡å®¤¨¬®
®¡ï§�â¥«ì−®
ãª�§ë¢�âì
�¢â®àáâ¢®

‚®§¬®¦−®
ª®¬¬¥àç¥áª®¥
¨á¯®«ì§®¢�−¨¥

Œ®¦−®
�¤�¯â¨à®¢�âì

à�¡®âã

Œ®¦−®
¨§¬¥−¨âì
«¨æ¥−§¨î

¯à¨ à¥¤¨áâà¨-
¡ãæ¨¨

CC0 + − + + +
CC BY + + + + +
CC BY-SA + + + + −
CC BY-ND + + + − +
CC BY-NC + + − + +
CC BY-NC-SA + + − + −
CC BY-NC-ND + + − − +

(4) CC ND (No Derivative Works | «¨æ¥−§¨ï ú�¥§ ¯à®¨§¢®¤−ëåû): «¨æ¥−-
§¨�âë ¬®£ãâ à�á¯à®áâà�−ïâì â®«ìª® ¯à®¨§¢¥¤¥−¨¥ ¢ ®à¨£¨−�«ì−®¬ ¢¨¤¥ ¡¥§
¬®¤¨ä¨ª�æ¨© [26].

Š®¬¡¨−�æ¨¨ íâ¨å â¨¯®¢ ®¡à�§ãîâ 6 ¢¨¤®¢ «¨æ¥−§¨©: BY1, BY-SA, BY-NC,
BY-NC-SA, BY-ND, BY-NC-ND. ‹¨æ¥−§¨ï ‘‘0 ®§−�ç�¥â, çâ® �¢â®à ¯®§¢®-
«ï¥â á¢®¡®¤−® ¨á¯®«ì§®¢�âì á¢®î à�¡®âã. ‹¨æ¥−§¨¨ ¤®áâã¯−ë ¤«ï ¯à®çâ¥−¨ï
ç¥«®¢¥ªã ¨ ª®¬¯ìîâ¥àã ¡«�£®¤�àï ¨á¯®«ì§®¢�−¨î ï§ëª� ccREL, â�ª¨¬ ®¡à�§®¬
ã¤®¢«¥â¢®àïï ¯à¨−æ¨¯ã R1.2 FAIR [27,28].

‹¨æ¥−§¨¨ CC BY ¨ CC BY-SA ¢ ¯®«−®© ¬¥à¥ á®®â¢¥âáâ¢ãîâ ¯à¨−æ¨¯�¬ FAIR
¨ à¥ª®¬¥−¤ãîâáï ALLEA ª ¨á¯®«ì§®¢�−¨î ¢ £ã¬�−¨â�à−ëå −�ãª�å, ¯®áª®«ìªã
®−¨ −¥ ®£à�−¨ç¨¢�îâ ¢®§¬®¦−®áâì ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï ¨áá«¥¤®¢�â¥«ìáª¨å
¤�−−ëå. Œ¥¦¤ã â¥¬ ¨á¯®«ì§®¢�−¨¥ íâ¨å «¨æ¥−§¨© ¬®¦¥â ¡ëâì §�âàã¤−¨â¥«ì−®,
¥á«¨ ¨áá«¥¤®¢�−¨¥ ¯à¨¢«¥ª�¥â ª®−ä¨¤¥−æ¨�«ì−ë¥ ¤�−−ë¥ ¨«¨ ®£à�−¨ç¥−® á¯¥æ¨-
�«ì−ë¬¨ ¯à�¢�¬¨ −� ¨á¯®«ì§®¢�−¨¥ ¤àã£¨å ¯à®¨§¢¥¤¥−¨©, ¯®«ãç¥−−ë¬¨ ¢ ®á®¡®¬
¯®àï¤ª¥ (¯®¤à®¡−¥¥ á¬. https://unlockingresearch-blog.lib.cam.ac.uk/?p=555).
�¥ à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì «¨æ¥−§¨¨ â¨¯� NC ¨ ND, â�ª ª�ª ®−¨ ®âà¨-
æ�â¥«ì−® ¢«¨ïîâ −� ¢®§¬®¦−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï ¢ −�ãª¥. ˆáá«¥¤®¢�â¥«¨ ¬®£ãâ
¢®á¯®«ì§®¢�âìáï �«£®à¨â¬¨§¨à®¢�−−ë¬¨ ¨−áâàã¬¥−â�¬¨ â¨¯� [29{32], ª®â®àë¥,
§� ¨áª«îç¥−¨¥¬ ¯®á«¥¤−¥£®, âà¥¡ãîâ ¤®áâ�â®ç−® ¢ëá®ª®£® ãà®¢−ï §−�−¨© ¢ áä¥à¥
¯à�¢ −� ¨−â¥««¥ªâã�«ì−ãî á®¡áâ¢¥−−®áâì. ‚ â�¡«. 2 ¯à¥¤áâ�¢«¥−® áà�¢−¥−¨¥
«¨æ¥−§¨© úCreative Commonsû2.

1‹¨æ¥−§¨¨ CC ¯à¨¬¥−ïîâáï ¤«ï §�é¨âë ¤�−−ëå. � «¨æ¥−§¨ïå ¤«ï ��, � â�ª¦¥ ®¡ ®âªàëâëå
«¨æ¥−§¨ïå á¬. https://www.clarin.eu/content/clic-public-and-open-licenses.

2�à¨£¨−�«ì−ë¥ ¬�â¥à¨�«ë, £¤¥ ¯à®¨§¢®¤¨âáï íâ® áà�¢−¥−¨¥ (https://foter.com/blog/how-
to-attribute-creative-commons-photos), ®¯ã¡«¨ª®¢�−ë ¯®¤ «¨æ¥−§¨¥© ‘‘ BY-SA ¨ ¤®¯ãáª�îâ
¯¥à¥à�¡®âªã á ãª�§�−¨¥¬ �¢â®àáâ¢� ®à¨£¨−�«� ¨ ¯à¨ ãá«®¢¨¨, çâ® −� ¯à®¨§¢®¤−ãî à�¡®âã (â. ¥.
−�áâ®ïéãî áâ�âìî) −¥ ¡ã¤ãâ −�«®¦¥−ë ¤®¯®«−¨â¥«ì−ë¥ ®£à�−¨ç¥−¨ï, ªà®¬¥ ¯à¥¤ãá¬®âà¥−−ëå
®à¨£¨−�«ì−®© «¨æ¥−§¨¥©.
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�. Š. ÷ëç¨å¨−, ‚. �. �ãà¨¥¢

Š�ª ®â¬¥ç�«®áì ¢ëè¥, −¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ä¨−�−á¨à®¢�−¨ï ¨áá«¥¤®¢�-
â¥«ìáª¨å ¯à®¥ªâ®¢ ¤«ï ¬−®£¨å ¥¢à®¯¥©áª¨å −�ãç−ëå ä®−¤®¢ ï¢«ï¥âáï åà�−¥−¨¥
¤�−−ëå ¢ á¥àâ¨ä¨æ¨à®¢�−−ëå æ¨äà®¢ëå à¥¯®§¨â®à¨ïå. ÷¥¯®§¨â®à¨¨ −¥ â®«ìª®
§�é¨é�îâ ¤�−−ë¥ ®â ãâ¥à¨ ¨«¨ ¯®¢à¥¦¤¥−¨ï, ª®â®àë¥ ¡®«¥¥ ¢¥à®ïâ−ë ¯à¨ åà�−¥-
−¨¨ −� «¨ç−ëå ãáâà®©áâ¢�å (ª®¬¯ìîâ¥à�å, ¦¥áâª¨å ¤¨áª�å ¨ â. ¤.), −® ¨ ªãà¨àãîâ
¨å ¦¨§−¥−−ë© æ¨ª«: §¤¥áì á®åà�−¥−¨¥ æ¨äà®¢ëå ¤�−−ëå −¥ á¢®¤¨âáï ª ®¤−®-
ªà�â−®¬ã ¤¥©áâ¢¨î, � ï¢«ï¥âáï ¯à®æ¥áá®¬, ¯à¨§¢�−−ë¬ ®¡¥á¯¥ç¨âì ¯®áâ®ï−−ë©
¤®áâã¯ ª æ¨äà®¢ë¬ ¤�−−ë¬ ¢ ¡ã¤ãé¥¬, −¥á¬®âàï −� ¢á¥ ¨§¬¥−¥−¨ï, á¢ï§�−−ë¥
á −�ãç−®-â¥å−¨ç¥áª¨¬ ¯à®£à¥áá®¬.

‘®åà�−¥−¨¥ ¤�−−ëå ¯à¥¤áâ�¢«ï¥â æ¥−−®áâì â®«ìª® ¯à¨ ãá«®¢¨¨ ®¡¥á¯¥ç¥−¨ï
ª −¨¬ ¤®áâã¯�. „«ï íâ®£® áãé¥áâ¢ãîâ á¨áâ¥¬ë ã−¨ª�«ì−ëå −�¤¥¦−ëå ¨¤¥−-
â¨ä¨ª�â®à®¢ (�−£«. PID | persistent identifiers), â�ª¨å ª�ª DOI, ARK (¤«ï
¤�−−ëå), ORCID (¤«ï ¨áá«¥¤®¢�â¥«¥©), RAID (¯à®¥ªâ®¢), PURL (¯®áâ®ï−−ë¥
URL).

÷¥¯®§¨â®à¨¨ áâà¥¬ïâáï ãç¨âë¢�âì ®¯¨á�−−ë¥ ¢ëè¥ âà¥¡®¢�−¨ï, ª�á�îé¨-
¥áï ä®à¬�â®¢ ä�©«®¢, ¬¥â�¤�−−ëå, ¨¤¥−â¨ä¨ª�â®à®¢ ¨ «¨æ¥−§¨©. ‚ â�¡«. 3
¯à¥¤áâ�¢«¥−® áà�¢−¥−¨¥ âà¥å à¥¯®§¨â®à¨¥¢1 ¯® ªà¨â¥à¨ï¬ ˜��”.

CLARIN-ERIC −¥ ï¢«ï¥âáï ¥¤¨−ë¬ à¥¯®§¨â®à¨¥¬, � ¯à¥¤®áâ�¢«ï¥â à�§-
−®®¡à�§−ë¥ ãá«ã£¨ ¢ áä¥à¥ ¨§ãç¥−¨ï ï§ëª�, ¢ â®¬ ç¨á«¥ á®§¤�¥â ¨−äà�-
áâàãªâãàã ¨ á¥àâ¨ä¨æ¨àã¥â à�§«¨ç−ë¥ ¨−ä®à¬�æ¨®−−ë¥ æ¥−âàë (á¬. á¯¨á®ª
https://www.clarin.eu/content/depositing-services), ª®â®àë¥ åà�−ïâ ¨áá«¥¤®¢�-
â¥«ìáª¨¥ ¤�−−ë¥. ‚ áâ®«¡æ¥ CLARIN-ERIC â�¡«. 3 ®âà�¦¥−ë ®á®¡¥−−®áâ¨
®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ¤�−−ëå −� ¯à¨¬¥à¥ ¤¢ãå â�ª¨å á¥àâ¨ä¨æ¨à®-
¢�−−ëå æ¥−âà®¢ | ARCHE [46] ¨ LINDAT/CLARIAH-CZ [47]. ‚á¥£® ¤«ï
à�§¬¥é¥−¨ï ¤�−−ëå ¤®áâã¯−® 20 à¥¯®§¨â®à¨¥¢ á¨áâ¥¬ë CLARIN-ERIC ¢ á®®â-
¢¥âáâ¢¨¨ á à�§−ë¬¨ æ¥«ï¬¨ ¨ ®¡ê¥ªâ�¬¨ «¨−£¢¨áâ¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï. �â¨
à¥¯®§¨â®à¨¨ ã¤®¢«¥â¢®àïîâ âà¥¡®¢�−¨ï¬ ˜��”; á«¥¤®¢�â¥«ì−®, ¢ −¨å ¬®£ãâ
¡ëâì à�§¬¥é¥−ë ¤�−−ë¥, ¯®«ãç¥−−ë¥ ¢ à�¬ª�å ¯à®¥ªâ®¢, ¢ë¯®«−ï¥¬ëå §� áç¥â
£à�−â®¢ íâ®£® ä®−¤�.

5. �¡¥á¯¥ç¨âì à�á¯à®áâà�−¥−¨¥ ¤�−−ëå.
��àï¤ã á ¢ëáâã¯«¥−¨ï¬¨ −� ª®−ä¥à¥−æ¨ïå, à�§¬¥é¥−¨¥¬ −�ãç−ëå ¯ã¡«¨ª�-

æ¨© −� ¯®àâ�«�å Academia.edu, ResearchGate ¨ ¤àã£¨¬¨ âà�¤¨æ¨®−−ë¬¨ á¯®á®-
¡�¬¨ à�á¯à®áâà�−¥−¨ï à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨ï, áãé¥áâ¢ã¥â ®â−®á¨â¥«ì−® −®¢�ï
¯à�ªâ¨ª� | ¨§¤�−¨¥ −®¢®£® ¢¨¤� áâ�â¥© ®¡ ¨áá«¥¤®¢�â¥«ìáª¨å ¤�−−ëå (data arti-
cles). �â® ª®à®âª¨¥ ¨ áâàãªâãà¨à®¢�−−ë¥ áâ�âì¨, £¤¥ �¢â®àë ®¯¨áë¢�îâ ¯®àï¤®ª
¤®áâã¯� ª ¤�−−ë¬, ª®â®àë¥ ¡ë«¨ ¨á¯®«ì§®¢�−ë ¨«¨ ¯®«ãç¥−ë ¢ ¯à®æ¥áá¥ ¯à®¢¥-
¤¥−¨ï ¨áá«¥¤®¢�−¨ï, −® ¯à¨ íâ®¬ ¢ −�ãç−ëå áâ�âìïå −¥ ¡ë«¨ ¯à¨¢¥¤¥−ë. ’�ª¨¥
áâ�âì¨ ® ¤�−−ëå à¥ª®¬¥−¤ã¥âáï ¯ã¡«¨ª®¢�âì ¢ ¦ãà−�«�å â¨¯� úResearch Data

1‚ë¡®à à¥¯®§¨â®à¨¥¢ ®áãé¥áâ¢«ï«áï á ¯®¬®éìî à¥¥áâà� re3data.org. ‚ë¡à�−ë ªàã¯−ë¥
¥¢à®¯¥©áª¨¥ à¥¯®§¨â®à¨¨ á −¥ª®¬¬¥àç¥áª¨¬¨ ãçà¥¤¨â¥«ï¬¨, £¤¥ åà�−ïâáï ¤�−−ë¥ ¨áá«¥¤®¢�−¨©
¯® £ã¬�−¨â�à−ë¬ −�ãª�¬ (¢á¥, ªà®¬¥ CLARIN-ERIC, ª®â®àë© á¯¥æ¨�«¨§¨àã¥âáï −� «¨−£¢¨áâ¨ª¥
¨ ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨ïå) ¨ ¯à¥¤®áâ�¢«ï¥âáï ¯à¥¨¬ãé¥áâ¢¥−−® ®âªàëâë© ¤®áâã¯
ª íâ¨¬ ¤�−−ë¬.
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�à£�−¨§�æ¨ï ¦¨§−¥−−®£® æ¨ª«� ¨áá«¥¤®¢�â¥«ìáª¨å ¤�−−ëå

’�¡«¨æ� 3 ‘à�¢−¥−¨¥ à¥¯®§¨â®à¨¥¢ ¯® ªà¨â¥à¨ï¬ ˜��”

÷¥¯®§¨â®à¨© CLARIN-ERIC [33] EUDAT [34] Zenodo [35]
ˆá¯®«ì§®¢�−¨¥
ã−¨ª�«ì−ëå
−�¤¥¦−ëå
¨¤¥−â¨ä¨ª�â®à®¢

hdl hdl, DOI DOI, ORCID

‚®§¬®¦−®áâì
¢¢®¤¨âì
®¡ï§�â¥«ì−ë¥
¨ ¯®«ì§®¢�â¥«ìáª¨¥
¬¥â�¤�−−ë¥

„� (á¬. ¯¯. 2{3 [36]) „� [37] „�

‹¨æ¥−§¨ï
®¯à¥¤¥«¥−�
à¥¯®§¨â®à¨¥¬
¨«¨ ¬®¦¥â ¡ëâì
¢ë¡à�−�

„� [38].
‚áâà®¥−−ë©
¨−áâàã¬¥−â [39]

„� [40]. �¯à¥¤¥«ï¥â-
áï á ¯®¬®éìî [29]

„�, è¨à®ª¨© ¢ë-
¡®à, −® −¥â ¢áâà®-
¥−−ëå ¨−áâàã¬¥−-
â®¢) [41,42]

Œ¥â�¤�−−ë¥
¢á¥£¤�
¤®áâã¯−ë

„� [43] „� (¯® ã¬®«ç�−¨î
¢ ®âªàëâ®¬ ¤®áâã-
¯¥ −�å®¤ïâáï ¨ ¤�−-
−ë¥) [37]

„� (¢á¥£¤� á «¨æ¥−-
§¨¥© CC0) [41,42]

Œ¥â�¤�−−ë¥
¤®áâã¯−ë
¤«ï ¯à®çâ¥−¨ï
ª®¬¯ìîâ¥àã

„� [43] „� (®¡ï§�â¥«ì−ë¥ ¬¥-
â�¤�−−ë¥ ¢¢®¤ïâáï
¢ ¯®«ï ä¨ªá¨à®¢�−-
−®© áâàãªâãàë; ¨á-
¯®«ì§ã¥âáï ¯à®â®ª®«
oai-pmh [44]) [37]

„� [41]

‘ãé¥áâ¢ã¥â
¤®«£®áà®ç−ë©
¯«�− á®åà�−¥−¨ï
¤�−−ëå

„� [45] „� (á®¢®ªã¯−®áâì ¨−-
áâàã¬¥−â®¢ á¬. −�
à¨á. 2 ¢ [37])

„� [41]

Journal for the Humanities and Social Sciencesû ¨«¨ úJournal of Open Humanities
Dataû.

3 Заключение

‘â�âìï ¯®§¢®«ï¥â ¯®«ãç¨âì ¯à¥¤áâ�¢«¥−¨¥ ® á®¢à¥¬¥−−®© ®à£�−¨§�æ¨¨ ¦¨§-
−¥−−®£® æ¨ª«� ¨áá«¥¤®¢�â¥«ìáª¨å ¤�−−ëå (¨å ¯®¤£®â®¢ª¥, á®åà�−¥−¨¨, à�á-
¯à®áâà�−¥−¨¨ ¨ â. ¤.) ¨ ¯à¨¢«¥çì ¢−¨¬�−¨¥ à®áá¨©áª®£® −�ãç−®£® á®®¡é¥áâ¢�
ª −¥ª®â®àë¬ ¢®¯à®á�¬ áâà�â¥£¨ç¥áª®£® ¬¥−¥¤¦¬¥−â�, ª®â®àë¥ −¥à¥¤ª® ®áâ�îâáï
§� ¯à¥¤¥«�¬¨ ¢−¨¬�−¨ï ®â¥ç¥áâ¢¥−−ëå ¨áá«¥¤®¢�â¥«¥©. ‚ ç�áâ−®áâ¨, ¯¥à¢ë©
â�ª®© ¢®¯à®á ª�á�¥âáï ¯à®¤®«¦¨â¥«ì−®áâ¨ ¦¨§−¥−−®£® æ¨ª«� ¨áá«¥¤®¢�â¥«ìáª¨å
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¤�−−ëå, ª®â®àë©, ª�ª ¯à�¢¨«®, −¥ ¤®«¦¥− ®£à�−¨ç¨¢�âìáï ¢à¥¬¥−−‚ë¬¨ à�¬ª�¬¨
á�¬®£® ¨áá«¥¤®¢�−¨ï. ‚â®à®© ¢®¯à®á §�âà�£¨¢�¥â ¯à®¡«¥¬ã ¯®á«¥¤ãîé¥£® à�á-
¯à®áâà�−¥−¨ï ¯®«ãç¥−−ëå ¨áá«¥¤®¢�â¥«¥¬ ¤�−−ëå ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯�¬¨
úá¯à�¢¥¤«¨¢®£®û ª −¨¬ ¤®áâã¯�, â. ¥. á ãç¥â®¬ ¯à¨−æ¨¯®¢ FAIR.

‚−¥¤à¥−¨¥ ¯à¨−æ¨¯®¢ FAIR ¢® ¬−®£®¬ âà¥¡ã¥â ¨§¬¥−¥−¨ï á�¬®£® ¯®¤å®¤�
ª ®à£�−¨§�æ¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©, � â�ª¦¥ ¡®«ìè¥© ®âªàëâ®áâ¨ ¯à¨ à�á¯à®-
áâà�−¥−¨¨ −¥ â®«ìª® ¯®«ãç¥−−ëå −�ãç−ëå à¥§ã«ìâ�â®¢, −® ¨ â¥å ¤�−−ëå, ª®â®àë¥
−¥®¡å®¤¨¬ë ¤«ï ¨å ¢®á¯à®¨§¢¥¤¥−¨ï.
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ORGANIZATION OF THE RESEARCH DATA LIFE CYCLE

A. K. Rychikhin and V. A. Nuriev

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

Abstract: The article investigates the problem of organizing the research data life
cycle in the humanities. Data life cycle includes drawing up a data management
plan, collecting and/or generating data, determining their structure and format,
choosing a license and a digital repository for their long-term preservation,
and disseminating the data. The description of each stage is accompanied
by an overview of the recommendations of the European working groups on
the implementation of the FAIR principles (FAIR | findable, accessible,
interoperable, reusable) and links to tools that help implement these principles.
A comparison of digital repositories was made according to the criteria of the
Swiss National Science Foundation. The goal of the article is to give a short
overview of the research data life cycle stages and of the recommendations helping
to implement the FAIR data principles.
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УГРОЗЫ И РИСКИ РЕАЛИЗАЦИИ КОМПЛЕКСНЫХ
НАУЧНО-ТЕХНИЧЕСКИХ ПРОГРАММ

В РАМКАХ ПРИОРИТЕТОВ СТРАТЕГИИ
НАУЧНО-ТЕХНОЛОГИЧЕСКОГО РАЗВИТИЯ РОССИИ∗

А. А. Зацаринный1, А. П. Сучков2
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áâ¢¥−−ë© ¨−â¥««¥ªâ; −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï

DOI: 10.14357/08696527200309

1 Введение

‚ æ¥«ïå ®¡¥á¯¥ç¥−¨ï à¥�«¨§�æ¨¨ ¯à¨®à¨â¥â®¢, ®¯à¥¤¥«¥−−ëå ‘âà�â¥£¨¥©
−�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ [1], �à�¢¨â¥«ìáâ¢®
÷” ¯à¨−ï«® �®áâ�−®¢«¥−¨¥, ¢ ª®â®à®¬ ãâ¢¥à¦¤�îâáï �à�¢¨«� à�§à�¡®âª¨,
ãâ¢¥à¦¤¥−¨ï, à¥�«¨§�æ¨¨, ª®àà¥ªâ¨à®¢ª¨ ¨ §�¢¥àè¥−¨ï Š�’� ¯®«−®£® ¨−−®-
¢�æ¨®−−®£® æ¨ª«� [2]. Š®¬¯«¥ªá−�ï −�ãç−®-â¥å−¨ç¥áª�ï ¯à®£à�¬¬� ®¯à¥¤¥«¥−�
ª�ª á®¢®ªã¯−®áâì áª®®à¤¨−¨à®¢�−−ëå ¯® §�¤�ç�¬, áà®ª�¬ ¨ à¥áãàá�¬ ¬¥à®-
¯à¨ïâ¨©, ¢ª«îç�îé¨å ¢ á¥¡ï −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¨ íâ�¯ë ¨−−®¢�æ¨®−−®£®

∗‘â�âìï ¯®¤£®â®¢«¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
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, 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, ASuchkov@ipiran.ru
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æ¨ª«� ¤® á®§¤�−¨ï â¥å−®«®£¨©, ¯à®¤ãªæ¨¨ ¨ ®ª�§�−¨ï ãá«ã£. �à¥¤¯®«�£�¥âáï,
çâ® Š�’� ä®à¬¨àãîâáï ¤«ï á®§¤�−¨ï ¯à®àë¢−ëå ®â¥ç¥áâ¢¥−−ëå â¥å−®«®£¨©
¨ ¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢, ®¡¥á¯¥ç¨¢�îé¨å ¯®¢ëè¥−¨¥ ª®−ªãà¥−â®á¯®á®¡−®áâ¨
íª®−®¬¨ª¨. „àã£¨¬¨ á«®¢�¬¨, Š�’� à�áá¬�âà¨¢�îâáï ª�ª ®¤¨− ¨§ ¤¥©áâ¢¥−−ëå
¨−áâàã¬¥−â®¢ ¤«ï ¢ë¯®«−¥−¨ï �¬¡¨æ¨®§−®© §�¤�ç¨ ¢å®¦¤¥−¨ï ÷®áá¨¨ ¢ ¯ïâ¥àªã
¢¥¤ãé¨å íª®−®¬¨ª ¬¨à�.

‡�¬¥â¨¬, çâ® íâ� §�¤�ç� ¯à¥¤áâ�¢«ï¥âáï ¢¥áì¬� á«®¦−®©, ãç¨âë¢�ï −ë−¥è−¥¥
á®áâ®ï−¨¥ íª®−®¬¨ª¨ ÷®áá¨¨, ª®â®à�ï ¢ à¥©â¨−£¥ 2019 £. §�−¨¬�¥â â®«ìª® 11-¥
¬¥áâ® [3]. ÷¥�«ì−® ¢®©â¨ ¢ ¯ïâ¥àªã ¢¥¤ãé¨å áâà�− (¥¥ ¢ 2019 £. á®áâ�¢¨«¨ ‘˜�,
Š¨â�©, Ÿ¯®−¨ï, ƒ¥à¬�−¨ï ¨ ‚¥«¨ª®¡à¨â�−¨ï) ÷®áá¨ï ¬®¦¥â â®«ìª® −� ®á−®-
¢¥ ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¡ëáâà®© ¨−−®¢�æ¨®−−®©
à¥�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ ¨, ª�ª á«¥¤áâ¢¨¥, ã¢¥«¨ç¥−¨ï ¤®«¨ ¢ëá®ª®â¥å−®«®£¨ç-
−®© ¯à®¤ãªæ¨¨ ¢ ¯à®¨§¢®¤áâ¢¥. �à¨ íâ®¬ ¢ ‘âà�â¥£¨¨ ®â¬¥ç¥−®, çâ® ¢ ÷®áá¨¨
ªà�©−¥ −¨§ª¨¥ ¯®ª�§�â¥«¨ ¢ íâ®© ç�áâ¨ (¤®«ï ¨−−®¢�æ¨®−−®© ¯à®¤ãªæ¨¨ ¢á¥£®
8%{9%, ¤®«ï íªá¯®àâ� ¢ëá®ª®â¥å−®«®£¨ç−®© ¯à®¤ãªæ¨¨ ¢ ¬¨à®¢®¬ ®¡ê¥¬¥ ¢á¥£®
0,4%) [1].

‚ á¢ï§¨ á íâ¨¬ ¢¢¥¤¥−¨¥ −� £®áã¤�àáâ¢¥−−®¬ ãà®¢−¥ â�ª®£® ¨−áâàã¬¥−â�, ª�ª
Š�’�, ¯à¥¤áâ�¢«ï¥âáï ¢�¦−ë¬ ¨ á¢®¥¢à¥¬¥−−ë¬.

‚¬¥áâ¥ á â¥¬, çâ®¡ë ®¡®§−�ç¥−−ë© ¨−áâàã¬¥−â ¢ ä®à¬¥ Š�’� ¡ë« ¯à¨¢¥¤¥−
¢ ¤¥©áâ¢¨¥, −¥®¡å®¤¨¬� íää¥ªâ¨¢−�ï ®à£�−¨§�æ¨ï à�¡®â. ’�ª, ¢ á®®â¢¥âáâ¢¨¨
á �®áâ�−®¢«¥−¨¥¬ ¤®«¦−� ¡ëâì ®¯à¥¤¥«¥−� ®à£�−¨§�æ¨®−−�ï á¨áâ¥¬� áã¡ê¥ªâ®¢
¯à®æ¥áá� à¥�«¨§�æ¨¨ Š�’� (¨−¨æ¨�â®à, ®â¢¥âáâ¢¥−−ë© ¨á¯®«−¨â¥«ì, á®¨á¯®«-
−¨â¥«ì, §�ª�§ç¨ª, ãç�áâ−¨ª¨, ¡�§®¢�ï ®à£�−¨§�æ¨ï), � â�ª¦¥ ¢¥áì¬� −¥¯à®áâ�ï
®à£�−¨§�æ¨®−−�ï áå¥¬� ¨å ¢§�¨¬®¤¥©áâ¢¨ï.

‚ á¢ï§¨ á íâ¨¬ ¯à¥¤áâ�¢«ï¥âáï �ªâã�«ì−ë¬ à�áá¬®âà¥−¨¥ ¨ �−�«¨§ ¯®â¥−æ¨-
�«ì−ëå ã£à®§ ¨ à¨áª®¢ ¢ à�¬ª�å ®áãé¥áâ¢«¥−¨ï ãª�§�−−ëå ¯à®æ¥áá®¢. ‚ áâ�âì¥
¯à¥¤«®¦¥−ë ¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®§¤�−¨î ª«�áá¨ä¨ª�æ¨¨ â�ª¨å ã£à®§ −�
®á−®¢¥ ¨å á¨áâ¥¬�â¨§�æ¨¨ á æ¥«ìî ¯®«ãç¥−¨ï −¥ª®â®à®£® æ¥«ì−®£® ¯à¥¤áâ�¢«¥−¨ï
®¡ íää¥ªâ¨¢−®áâ¨ §�¯«�−¨à®¢�−−®£® ¢ Š�’� ª®¬¯«¥ªá� à�¡®â á®£«�á−® §�¬ëá«ã
�®áâ�−®¢«¥−¨ï [2].

�â¬¥â¨¬, çâ® ¢ à�¬ª�å ¯à¨®à¨â¥â®¢ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®á-
á¨¨ �ªâ¨¢−® à�¡®â�îâ −�ãç−ë¥ ª®««¥ªâ¨¢ë ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷�� (”ˆ– ˆ“ ÷��), ª®â®àë© á®áà¥¤®-
â®ç¨« á¢®¨ −�ãç−ë¥ à¥áãàáë ¨ ª®¬¯¥â¥−æ¨¨ −� ¨áá«¥¤®¢�−¨¨ −�ãç−ëå ¯à®¡«¥¬,
®¯à¥¤¥«ï¥¬ëå ¯à¥¦¤¥ ¢á¥£® ¯¥à¢ë¬ ¯à¨®à¨â¥â®¬, −� ®á−®¢¥ ¯à¨−æ¨¯¨�«ì−®£®
¯®¤å®¤�, áãâì ª®â®à®£® | á¨−¥à£¥â¨ª� â¥®à¨¨ ¨ ¯à�ªâ¨ª¨, ¯à¥¤¯®«�£�îé�ï
¯à�ªâ¨ç¥áªãî −�¯à�¢«¥−−®áâì ª�¦¤®£® à¥§ã«ìâ�â� äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�-
−¨© [4].

�®áª®«ìªã ”ˆ– ˆ“ ÷�� ¢ëáâã¯¨« ¨−¨æ¨�â®à®¬ Š�’� | úˆáªãá-
áâ¢¥−−ë© ¨−â¥««¥ªâ ª�ª ¤à�©¢¥à æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨ ÷®áá¨¨û,
¢ áâ�âì¥ ¤�−� ¯à¥¤¢�à¨â¥«ì−�ï ®æ¥−ª� ¯®â¥−æ¨�«ì−ëå à¨áª®¢ ¨ ã£à®§ ¯à¨¬¥−¨-
â¥«ì−® ª íâ®© ¯à®£à�¬¬¥.
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2 Методические подходы к классификации угроз

ˆá¯®«ì§ãï ®¯ëâ �−�«¨§� ã£à®§ ¨ ãï§¢¨¬®áâ¥© á«®¦−ëå á¨áâ¥¬ [5, 6], ¬®¦−®
®â¬¥â¨âì, çâ® −¥£�â¨¢−ë¥ ¢®§¤¥©áâ¢¨ï −� å®¤ ä®à¬¨à®¢�−¨ï ¨ à¥�«¨§�æ¨¨ Š�’�
¬®£ãâ ®ª�§ë¢�âì ª�ª ¢−¥è−¨¥, â�ª ¨ ¢−ãâà¥−−¨¥ ä�ªâ®àë −� ¢á¥å áâ�¤¨ïå
¦¨§−¥−−®£® æ¨ª«� (†–).

Š ¢−ãâà¥−−¨¬ ä�ªâ®à�¬ ®â−¥á¥¬ â¥, ª®â®àë¥ ®¡ãá«®¢«¨¢�îâáï ¯à®æ¥áá�¬¨
®à£�−¨§�æ¨¨ ¢ë¯®«−¥−¨ï Š�’�. ’�ª, ®á−®¢−ë¬ ¢−ãâà¥−−¨¬ ä�ªâ®à®¬ ï¢«ï¥âáï
¤¥ïâ¥«ì−®áâì á¨áâ¥¬ë áã¡ê¥ªâ®¢ ¯à®æ¥áá� à¥�«¨§�æ¨¨ Š�’�, á¢ï§�−−�ï á ¥¥
à�§à�¡®âª®© ¨ à¥�«¨§�æ¨¥©. �à¨ íâ®¬ ¢®§¤¥©áâ¢¨¥ íâ®£® ä�ªâ®à� ¬®¦¥â ¡ëâì ª�ª
¯®«®¦¨â¥«ì−ë¬, â�ª ¨ ®âà¨æ�â¥«ì−ë¬.

‚−¥è−¨¥ ä�ªâ®àë −�å®¤ïâáï ¢−¥ �à®£à�¬¬ë ¨ ¬®£ãâ ®ª�§ë¢�âì â�ª¦¥ �−�-
«®£¨ç−®¥ ¢®§¤¥©áâ¢¨¥. ’�ª, ¢ ú¯à®æ¥áá¥ ®¯à¥¤¥«¥−¨ï ¯®âà¥¡−®áâ¥© ¨ âà¥¡®¢�−¨©
§�¨−â¥à¥á®¢�−−®© áâ®à®−ëû −ã¦−® ãç¨âë¢�âì ¨−â¥à¥áë áâ®à®−, ª®â®àë¥ ¢ëáâã-
¯�îâ ¯à®â¨¢ á¨áâ¥¬ë (¢−¥è−ïï ã£à®§�) ¨«¨ ¤àã£ ¯à®â¨¢ ¤àã£� (¢−ãâà¥−−ïï
ã£à®§�) [7]. …á«¨ ¨−â¥à¥áë §�¨−â¥à¥á®¢�−−ëå áâ®à®− −�¯à�¢«¥−ë ¤àã£ ¯à®â¨¢
¤àã£�, −® −¥ ¢ëáâã¯�îâ ¯à®â¨¢ á¨áâ¥¬ë, ¤�−−ë© ¯à®æ¥áá ¯à¥¤−�§−�ç¥− ¤«ï ¤®-
áâ¨¦¥−¨ï á®£«�á¨ï áà¥¤¨ §�¨−â¥à¥á®¢�−−ëå áâ®à®− á æ¥«ìî ãáâ�−®¢«¥−¨ï ®¡é¥£®
¬−®¦¥áâ¢� ¯à¨¥¬«¥¬ëå âà¥¡®¢�−¨©.

�à®â¨¢®¤¥©áâ¢¨¥ â¥å, ªâ® −�å®¤¨âáï ¢ ®¯¯®§¨æ¨¨ ª á¨áâ¥¬¥, ¯�à¨àã¥âáï
á ¨á¯®«ì§®¢�−¨¥¬ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï à¨áª�¬¨, �−�«¨§� ã£à®§, ¯à®æ¥áá�¬¨ á¨á-
â¥¬−®£® �−�«¨§� ¨«¨ á¨áâ¥¬−ëå âà¥¡®¢�−¨© ª ¡¥§®¯�á−®áâ¨, �¤�¯â¨àã¥¬®áâ¨ ¨«¨
áâ®©ª®áâ¨. ‚ íâ®¬ á«ãç�¥, ª®£¤� áâ�«ª¨¢�îâáï á ¯à®â¨¢®¤¥©áâ¢¨¥¬, ¯®âà¥¡−®áâ¨
§�¨−â¥à¥á®¢�−−®© áâ®à®−ë −¥ ã¤®¢«¥â¢®àïîâáï, �, áª®à¥¥, −�¯à�¢«ïîâáï â�ª¨¬
á¯®á®¡®¬, çâ®¡ë ¯®¬®çì ®¡¥á¯¥ç¨âì á¨áâ¥¬−ë¥ £�à�−â¨¨ ¨ æ¥«®áâ−®áâì.

’�ª¨¬ ®¡à�§®¬, ¢ ª�ç¥áâ¢¥ ¯¥à¢®£® ªà¨â¥à¨ï ª«�áá¨ä¨ª�æ¨¨ ã£à®§ ¬®¦−®
¢ë¤¥«¨âì −¥£�â¨¢−®¥ ¢®§¤¥©áâ¢¨¥ ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å ä�ªâ®à®¢.

‚â®à®© ªà¨â¥à¨© ª«�áá¨ä¨ª�æ¨¨ ã£à®§ ®¯à¥¤¥«ï¥â à�§¤¥«¥−¨¥ ¨å ¯® áâ�-
¤¨ï¬ ¨ ¯à®æ¥áá�¬ †–. ‚ á®®â¢¥âáâ¢¨¨ á [7], â¨¯¨ç−ë¥ áâ�¤¨¨ †– á¨áâ¥¬ë
¢ª«îç�îâ §�¬ëá¥«, à�§à�¡®âªã, ¯à®¨§¢®¤áâ¢®, ¯à¨¬¥−¥−¨¥, ¯®¤¤¥à¦ªã ¨ ¢ë¢¥-
¤¥−¨¥ ¨§ íªá¯«ã�â�æ¨¨, ª®â®àë¥ à¥�«¨§ãîâáï à¥£«�¬¥−â¨à®¢�−−ë¬¨ ¯à®æ¥áá�¬¨
†–. �à¨¬¥−¨â¥«ì−® ª à�−−¨¬ áâ�¤¨ï¬ †–, ª ª®â®àë¬, ª�ª ¯à�¢¨«®, ®â−®áïâ
§�¬ëá¥«, à�§à�¡®âªã ¨ ¯à®¨§¢®¤áâ¢®, ¯®¤«¥¦�â �−�«¨§ã á â®çª¨ §à¥−¨ï ®æ¥−ª¨
ã£à®§ á«¥¤ãîé¨¥ ¯à®æ¥ááë:

{ ®¯à¥¤¥«¥−¨¥ á¨áâ¥¬−ëå âà¥¡®¢�−¨©;

{ ®¯à¥¤¥«¥−¨¥ ¯®âà¥¡−®áâ¥© ¨ âà¥¡®¢�−¨© §�¨−â¥à¥á®¢�−−®© áâ®à®−ë;

{ ã¯à�¢«¥−¨¥ à¥è¥−¨ï¬¨;

{ ¯à¨®¡à¥â¥−¨¥;

{ ¢¥à¨ä¨ª�æ¨ï, ¢�«¨¤�æ¨ï ¨ ¯à¨¥¬ª�.

’à¥â¨© ªà¨â¥à¨© á«ã¦¨â ¤«ï ¤¨ää¥à¥−æ¨�æ¨¨ ã£à®§ −� ®á−®¢¥ �−�«¨§�
à¨áª®¢ ¨å ¢®§¤¥©áâ¢¨ï −� �à®£à�¬¬ã. ÷¨áª¨ ª®«¨ç¥áâ¢¥−−® ®æ¥−¨¢�îâ ã£à®§ã
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÷¨á. 1 „¨ää¥à¥−æ¨�æ¨ï à¨áª®¢ �à®£à�¬¬ë

á â®çª¨ §à¥−¨ï ¢¥à®ïâ−®áâ¨ ¥¥ à¥�«¨§�æ¨¨ ¨ ¢®§¬®¦−®£® ãé¥à¡�. ˆå �−�-
«¨§ ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¨§ ¡®«ìè®£® ¬−®¦¥áâ¢� áãé¥áâ¢ãîé¨å ã£à®§ −�¨¡®«¥¥
áãé¥áâ¢¥−−ë¥.

�� ®á−®¢¥ áâ�−¤�àâ−®£® ¯®¤å®¤� ¬®¦−® ®¯à¥¤¥«¨âì ç¥âëà¥ áâ¥¯¥−¨ ®¯�á−®áâ¨
ã£à®§ (à¨á. 1):

(1) ã£à®§ë á ¯à¨¥¬«¥¬ë¬ à¨áª®¬, §�ç�áâãî ãáâà�−¨¬ë¥ ®à£�−¨§�æ¨®−−ë¬¨
¬¥à�¬¨;

(2) ã£à®§ë á ¬¨−¨¬¨§¨àã¥¬ë¬ à¨áª®¬ | ¯ãâ¥¬ ¨§¬¥−¥−¨ï �à®£à�¬¬ë á æ¥«ìî
ã¬¥−ìè¥−¨ï ¢¥à®ïâ−®áâ¨ à¨áª�;

(3) ã£à®§ë á ¯¥à¥¤�¢�¥¬ë¬ à¨áª®¬ | ¯ãâ¥¬ áâà�å®¢�−¨ï, çâ® âà¥¡ã¥â ¢ë¤¥«¥−¨ï
¤®¯®«−¨â¥«ì−ëå à¥áãàá®¢;

(4) −¥¯à¨¥¬«¥¬ë¥ ã£à®§ë, ¯�à¨àã¥¬ë¥ ¨§¬¥−¥−¨ï¬¨ ¢ �à®£à�¬¬¥, ¯®§¢®«ï-
îé¨¬¨ ¨§¡¥¦�âì íâ¨å ã£à®§.

3 Классификатор угроз

Š«�áá¨ä¨ª�â®à áä®à¬¨à®¢�− −� ®á−®¢¥ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ªà¨â¥à¨¥¢ ¨ ¯®-
«®¦¥−¨© [7] ¨ ¯à¨¢¥¤¥− −� à¨á. 2.

�á−®¢−ë¥ ã£à®§ë −� áâ�¤¨¨ §�¬ëá«� ¨ ä®à¬¨à®¢�−¨ï �à®£à�¬¬ë ¬®£ãâ ¡ëâì
®¡ãá«®¢«¥−ë ª�ª ¢−ãâà¥−−¨¬¨, â�ª ¨ ¢−¥è−¨¬¨ ¯à¨ç¨−�¬¨. ‚−ãâà¥−−¨¥ ¯à¨ç¨-
−ë | ª®−ä«¨ªâ ¨−â¥à¥á®¢ áâ®à®−, −¥ª®¬¯¥â¥−â−®áâì §�ª�§ç¨ª� ¨ ¨á¯®«−¨â¥«ï,
®âáãâáâ¢¨¥ −¥§�¢¨á¨¬®© íªá¯¥àâ−®© ®æ¥−ª¨ | ¬®£ãâ ¯à¨¢¥áâ¨ ª −¥ª®àà¥ªâ−®¬ã
æ¥«¥¯®«�£�−¨î. –¥«¥¯®«�£�−¨¥ §¤¥áì ¯®−¨¬�¥âáï ¢ è¨à®ª®¬ á¬ëá«¥ ¨ ¢ª«îç�¥â
−¥ â®«ìª® ä®à¬ã«¨à®¢ªã æ¥«¥© ¨ §�¤�ç �à®£à�¬¬ë, −® ¨ á¨áâ¥¬−ë¥ âà¥¡®¢�−¨ï
á ãç¥â®¬ ¨−â¥à¥á®¢ áâ®à®−, ¯¥à¥ç¥−ì æ¥«¥¢ëå ¯®ª�§�â¥«¥©, ªà¨â¥à¨¨, íâ�¯−®áâì
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÷¨á. 2 Š«�áá¨ä¨ª�â®à ®á−®¢−ëå £àã¯¯ ã£à®§

¨ í«¥¬¥−âë ¯«�−¨à®¢�−¨ï. �à¨ íâ®¬ ä®à¬ã«¨àã¥¬ë¥ æ¥«¨ ¤®«¦−ë ¡ëâì ª®−-
ªà¥â−ë¬¨, ¨§¬¥à¨¬ë¬¨, ¤®áâ¨¦¨¬ë¬¨, à¥áãàá®®¡¥á¯¥ç¥−−ë¬¨ ¨ ¯à¨¢ï§�−−ë¬¨
ª ¢à¥¬¥−¨.

“ç¥â ¢−¥è−¨å ¨áâ®ç−¨ª®¢ ã£à®§ ¯®§¢®«ï¥â −� áâ�¤¨¨ §�¬ëá«� �à®£à�¬¬ë
®á«�¡¨âì à¨áª¨ −¥¢®§¬®¦−®áâ¨ ¢ë¯®«−¥−¨ï âà¥¡®¢�−¨© ¨ à¥�«¨§�æ¨¨ à¥è¥−¨©
¢ á¨«ã ¢−¥è−¨å ®£à�−¨ç¥−¨© (á�−ªæ¨©) ¨ ®à£�−¨§�æ¨®−−ëå ¯à®¡«¥¬, á¢ï§�−−ëå
á −®à¬�â¨¢−®-¯à�¢®¢®© ¡�§®© ¨ ®âáãâáâ¢¨¥¬ −¥§�¢¨á¨¬®£® ª®−âà®«ï.
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‘â¥¯¥−ì ®¯�á−®áâ¨ ã£à®§ −� ¤�−−®© áâ�¤¨¨ †– ¢ëá®ª�ï, â�ª ª�ª ã£à®¦�¥â
áãé¥áâ¢®¢�−¨î �à®£à�¬¬ë ¨ ¬®¦¥â ¯à¨¢¥áâ¨ ª äã−ªæ¨®−�«ì−® ªà¨â¨ç−ë¬ ¤«ï
�à®£à�¬¬ë −¥¤®áâ�âª�¬.

�á−®¢−ë¥ ãï§¢¨¬®áâ¨ −� áâ�¤¨¨ à¥�«¨§�æ¨¨ �à®£à�¬¬ë ¢® ¬−®£®¬ á®¢¯�-
¤�îâ á® áâ�¤¨¥© §�¬ëá«� §� á«¥¤ãîé¨¬¨ ¨áª«îç¥−¨ï¬¨. ‚ ¯à®æ¥áá¥ ã¯à�¢«¥−¨ï
â¥å−¨ç¥áª¨¬¨ à¥è¥−¨ï¬¨ ¬®¦¥â ¢ëïá−¨âìáï −¥¢®§¬®¦−®áâì à¥�«¨§�æ¨¨ ¢�¦−¥©-
è¨å äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨© ¢ á¨«ã −¥¢®§¬®¦−®áâ¨ ¯à¨®¡à¥â¥−¨ï §�àã¡¥¦-
−ëå â¥å−®«®£¨©, −�¯à¨¬¥à ¨§-§� á�−ªæ¨©, ¨ ®âáãâáâ¢¨ï ®â¥ç¥áâ¢¥−−ëå �−�«®£®¢
(à¥�«¨§ã¥âáï ãï§¢¨¬®áâì â¥å−®«®£¨ç¥áª®¥ ®âáâ�¢�−¨¥) ¨«¨ ¢ á¨«ã áãé¥áâ¢®¢�-
−¨ï −¥à¥è¥−−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¡«¥¬, ª®â®à®¥ ¬®¦¥â ¡ëâì ®¡ãá«®¢«¥−®
¨«¨ −�«¨ç¨¥¬ ®¡é¥−�ãç−®© ¯à®¡«¥¬ë, ¨«¨ −�ãç−®-â¥å−¨ç¥áª¨¬ ®âáâ�¢�−¨¥¬.
Šà®¬¥ â®£®, −� ¤�−−®© áâ�¤¨¨ †– �à®£à�¬¬ë ¯®−¨¦�¥âáï áâ¥¯¥−ì ®¯�á−®áâ¨
ãï§¢¨¬®áâ¥© ¤® áà¥¤−¥© ¨ ã¬¥à¥−−®©, â�ª ª�ª ¡®«ìè¨−áâ¢® ¨§ −¨å ãáâà�−ï¥âáï
¢ë¤¥«¥−¨¥¬ ¤®¯®«−¨â¥«ì−ëå à¥áãàá®¢ ¨«¨ ®à£�−¨§�æ¨®−−ë¬¨ ¬¥à�¬¨. ‚�¦−¥©-
è�ï ãï§¢¨¬®áâì −� ¢á¥å áâ�¤¨ïå †– | ®âáãâáâ¢¨¥ −¥§�¢¨á¨¬®£® íªá¯¥àâ−®£®
®¡¥á¯¥ç¥−¨ï ¨ −�ãç−®£® á®¯à®¢®¦¤¥−¨ï, çâ® −¥ ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ®¡ê¥ª-
â¨¢−ãî ®æ¥−ªã ª�ª âà¥¡®¢�−¨© ª à�§à�¡�âë¢�¥¬ë¬ á¨áâ¥¬�¬, â�ª ¨ à¥§ã«ìâ�â®¢
à�¡®âë ¨á¯®«−¨â¥«¥©. �¤−®© ¨§ ®á®¡¥−−®áâ¥© ã£à®§, á¢ï§�−−ëå á ¯à®¡«¥¬�â¨ª®©
−�ãç−ëå ¨áá«¥¤®¢�−¨©, ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ®âà¨æ�â¥«ì−®£® −�ãç-
−®£® à¥§ã«ìâ�â�, çâ® ¤®«¦−® áç¨â�âìáï −¥á®¬−¥−−® á¥àì¥§−ë¬, −® ¯à¨−¨¬�¥¬ë¬
à¨áª®¬.

4 Комплексная научно-техническая программа «Искусственный
интеллект как драйвер цифровой трансформации экономики
России» и оценка потенциальных угроз ее невыполнения

�¥à¢ë¬ ¯à¨®à¨â¥â®¬ ¢ ‘âà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©-
áª®© ”¥¤¥à�æ¨¨ ®¯à¥¤¥«¥− ú¯¥à¥å®¤ ª ¯¥à¥¤®¢ë¬ æ¨äà®¢ë¬, ¨−â¥««¥ªâã�«ì−ë¬,
¯à®¨§¢®¤áâ¢¥−−ë¬ â¥å−®«®£¨ï¬, à®¡®â¨§¨à®¢�−−ë¬ á¨áâ¥¬�¬, −®¢ë¬ ¬�â¥à¨�-
«�¬ ¨ á¯®á®¡�¬ ª®−áâàã¨à®¢�−¨ï, á®§¤�−¨¥ á¨áâ¥¬ ®¡à�¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢
¤�−−ëå, ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û [1]. ˆ ¢ë¤¥«¥−¨¥
â�ª®£® ¯à¨®à¨â¥â� ¢¯®«−¥ ®¯à�¢¤�−® áâà�â¥£¨ç¥áª¨¬ ªãàá®¬ àãª®¢®¤áâ¢� áâà�−ë
−� æ¨äà®¢ãî âà�−áä®à¬�æ¨î ®¡é¥áâ¢�. �à¨ íâ®¬ ®á®¡ãî §−�ç¨¬®áâì ¢ à�¬ª�å
¯¥à¢®£® ¯à¨®à¨â¥â� ¯à¨®¡à¥â�¥â ¯à®¡«¥¬�â¨ª� ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (ˆˆ),
ª®â®àë© á¥£®¤−ï ¯® ¯à�¢ã ®â−®á¨âáï ª ®¤−®¬ã ¨§ ¬¥£�âà¥−¤®¢ à�§¢¨â¨ï ¨−ä®à¬�-
æ¨®−−ëå â¥å−®«®£¨© æ¨äà®¢®© íª®−®¬¨ª¨. �®íâ®¬ã â¥å−®«®£¨¨ ˆˆ áâ�−®¢ïâáï
®¤−¨¬ ¨§ ¤®¬¨−¨àãîé¨å ä�ªâ®à®¢ à�§¢¨â¨ï á®¢à¥¬¥−−®£® ®¡é¥áâ¢�. �¡ íâ®¬
á¢¨¤¥â¥«ìáâ¢ã¥â àï¤ ä�ªâ®¢.

’�ª, ¯® ¯à®£−®§�¬ ¨§¢¥áâ−®© ª®¬¯�−¨¨ Accenture (‘˜�) [8], ˆˆ ¬®¦¥â
¯à¨¢¥áâ¨ ª á®§¤�−¨î ú¢¨àâã�«ì−®© à�¡®ç¥© á¨«ëû; −�¨¡®«ìè¨© à®áâ §� áç¥â
ˆˆ ®¦¨¤�¥âáï ¢ �¬¥à¨ª�−áª®© íª®−®¬¨ª¥ (4,6%), ¢ ”¨−«ï−¤¨¨ (4,1%) ¨ ‚¥-
«¨ª®¡à¨â�−¨¨ (3,9%) [8, 9]. �à¥§¨¤¥−â ‘˜� á¢®¨¬ “ª�§®¬ ú� á®åà�−¥−¨¨
�¬¥à¨ª�−áª®£® «¨¤¥àáâ¢� ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û ®¯à¥¤¥«¨« ª®¬-
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“£à®§ë ¨ à¨áª¨ à¥�«¨§�æ¨¨ Š�’� ¢ à�¬ª�å ¯à¨®à¨â¥â®¢ ‘âà�â¥£¨¨

¯«¥ªá ¬¥à®¯à¨ïâ¨© ¯® ¨−â¥−á¨ä¨ª�æ¨¨ à�¡®â ¢ ®¡«�áâ¨ ˆˆ [10]. ‘âà�â¥£¨¨ ¯®
à�§¢¨â¨î ˆˆ ¯à¨−ïâë ¢ ¤¥áïâª�å áâà�− ¬¨à�.

‚ ÷®áá¨¨ “ª�§®¬ �à¥§¨¤¥−â� ÷” ®â 10.10.2019 ü 490 â�ª¦¥ ãâ¢¥à¦¤¥-
−� ��æ¨®−�«ì−�ï áâà�â¥£¨ï à�§¢¨â¨ï ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� −� ¯¥à¨®¤ ¤®
2030 £. [9].

Š á®¦�«¥−¨î, ÷®áá¨ï −¥ ¢å®¤¨â ¢ ç¨á«® ¢¥¤ãé¨å áâà�− ¬¨à� ¢ ®¡«�áâ¨
ˆˆ. „®áâ�â®ç−® ã¯®¬ï−ãâì ® ¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨ à®áá¨©áª¨å ãç¥−ëå §�
¯®á«¥¤−¨¥ ¤¥áïâì «¥â (2009{2019 ££.): ¢ áà¥¤−¥¬ ª�¦¤�ï ç¥â¢¥àâ�ï ¯ã¡«¨ª�æ¨ï |
�¬¥à¨ª�−áª�ï, ª�¦¤�ï ¯ïâ�ï | ª¨â�©áª�ï, � à®áá¨©áª�ï | ®¤−� ¨§ áâ� [11].

‚ á¢ï§¨ á íâ¨¬ ¨−¨æ¨�â¨¢� ”ˆ– ˆ“ ÷�� ¯® à�§à�¡®âª¥ Š�’� úˆáªãá-
áâ¢¥−−ë© ¨−â¥««¥ªâ ª�ª ¤à�©¢¥à æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨ ÷®áá¨¨û
®ª�§�«�áì ¡¥§ãá«®¢−® �ªâã�«ì−®©. ’�ª, −�ãç−ë¬¨ ª®««¥ªâ¨¢�¬¨ –¥−âà� ¢ à�¬-
ª�å ‘®¢¥â� ¯® ¯à¨®à¨â¥â−ë¬ −�¯à�¢«¥−¨ï¬ ‘âà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥áª®£®
à�§¢¨â¨ï ÷®áá¨¨ ¢ ®ªâï¡à¥ 2018 £. ¡ë« à�§à�¡®â�− ¨ ¯à¥¤áâ�¢«¥− ¯à®¥ªâ Š®−-
æ¥¯æ¨¨ ª®¬¯«¥ªá−®© −�ãç−®-â¥å−¨ç¥áª®© ¯à®£à�¬¬ë úˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ
ª�ª ¤à�©¢¥à æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨ ÷®áá¨¨û, � ¢ ¬�¥ 2019 £. |
¯à®¥ªâ ª®¬¯«¥ªá−®© ¯à®£à�¬¬ë. �¡� ¤®ªã¬¥−â� ¡ë«¨ ®¤®¡à¥−ë ‘®¢¥â®¬ (¯à¥¤-
á¥¤�â¥«ì | �ª�¤¥¬¨ª ÷�� ˆ. �. Š�«ï¥¢).

‚ Š�’� ¯à¥¤ãá¬®âà¥− ª®¬¯«¥ªá ¬¥à®¯à¨ïâ¨©, ®å¢�âë¢�îé¨å ¢á¥ áâ�¤¨¨
†– (äã−¤�¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï, à�§à�¡®âª� ¡�§®¢ëå â¥å−®«®£¨© ˆˆ, á®-
§¤�−¨¥ ¨−áâàã¬¥−â®¢ ¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ ˆˆ, ¢−¥¤à¥−¨¥ â¥å−®«®-
£¨© ˆˆ ¢ à�§«¨ç−ë¥ áä¥àë æ¨äà®¢®© íª®−®¬¨ª¨, ¯®¤£®â®¢ª� ª�¤à®¢ ¢ ®¡«�áâ¨
ˆˆ). �«�−¨àã¥âáï á®§¤�−¨¥ ¨ à�§¢¨â¨¥ 13 ¡�§®¢ëå â¥å−®«®£¨© ˆˆ, � â�ª¦¥ à�§-
à�¡®âª� ¨ ¢−¥¤à¥−¨¥ ¡®«¥¥ 60 ¯à¨ª«�¤−ëå â¥å−®«®£¨© ˆˆ, 8 ã−¨¢¥àá¨â¥âáª¨å
¯à®£à�¬¬ ¯®¤£®â®¢ª¨ á¯¥æ¨�«¨áâ®¢, á®§¤�−¨¥ −¥ ¬¥−¥¥ 5 −�ãç−®-®¡à�§®¢�â¥«ì−ëå
æ¥−âà®¢ ¬¨à®¢®£® ãà®¢−ï ¢ ®¡«�áâ¨ ˆˆ, ¬®¤¥«¨ ¯à�¢®¢®£® à¥£ã«¨à®¢�−¨ï ¨−-
â¥««¥ªâã�«ì−ëå â¥å−®«®£¨© ¤«ï ¡�«�−á� ¬¥¦¤ã á®åà�−¥−¨¥¬ äã−¤�¬¥−â�«ì−ëå
®¡é¥áâ¢¥−−ëå ¨ ¯à�¢®¢ëå æ¥−−®áâ¥©, � â�ª¦¥ �¯¯�à�â−®-¯à®£à�¬¬−®© ¨−äà�-
áâàãªâãàë ¨ ¯«�âä®à¬ë ¯®¤¤¥à¦ª¨ à¥è¥−¨ï §�¤�ç ˆˆ, ¢ â®¬ ç¨á«¥ á¯¥æ¨�-
«¨§¨à®¢�−−ëå áã¯¥àª®¬¯ìîâ¥à−ëå æ¥−âà®¢ ¤«ï à¥è¥−¨ï §�¤�ç ¢ ®¡«�áâ¨ ˆˆ
¨ £«ã¡®ª®£® ¬�è¨−−®£® ®¡ãç¥−¨ï.

‚�¦−®, çâ® �à®£à�¬¬� ¯à¥¤ãá¬�âà¨¢�¥â ª®¬¯«¥ªá à�¡®â, ®å¢�âë¢�îé¨å ¢á¥
áâ�¤¨¨ †– á¨áâ¥¬, ¢ª«îç�ï äã−¤�¬¥−â�«ì−ë¥ ¨ ¯à¨ª«�¤−ë¥ ¨áá«¥¤®¢�−¨ï, à�§-
à�¡®âªã ¨ ¢−¥¤à¥−¨¥ â¥å−®«®£¨© ¨ ª®−ªà¥â−ëå ª®¬¯«¥ªá®¢, � â�ª¦¥ ¯®¤£®â®¢ªã
ª�¤à®¢. �à¨ íâ®¬ á�¬� �à®£à�¬¬� ï¢«ï¥âáï, ¯® áãé¥áâ¢ã, á¨áâ¥¬®©, à�§¢¨¢�î-
é¥©áï ¢® ¢à¥¬¥−¨ ¨ ¢ª«îç�îé¥© ¢ ®¡é¥¬ á«ãç�¥ áâ�¤¨¨ §�¬ëá«�, ä®à¬¨à®¢�−¨ï
¨ á®£«�á®¢�−¨ï âà¥¡®¢�−¨©, � â�ª¦¥ ¨å ¯®á«¥¤ãîé¥© à¥�«¨§�æ¨¨. ’�ª¨¬ ®¡à�§®¬,
Š�’�, ®¤®¡à¥−−�ï ‘®¢¥â®¬ ¯® ¯à¨®à¨â¥â−ë¬ −�¯à�¢«¥−¨ï¬ ‘âà�â¥£¨¨ −�ãç−®-
â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨¨, áâ�«�, ¯® áãé¥áâ¢ã, ®á−®¢®© ¤«ï ¯®áâ�−®¢ª¨
−�ãç−®-¯à�ªâ¨ç¥áª¨å §�¤�ç ¢ à�¬ª�å à¥�«¨§�æ¨¨ ãâ¢¥à¦¤¥−−®© �à¥§¨¤¥−â®¬
‘âà�â¥£¨¨.

‚¬¥áâ¥ á â¥¬ ã¦¥ á¥©ç�á ¬®¦−® £®¢®à¨âì ® á«®¦−®áâ¨ à¥�«¨§�æ¨¨ Š�’�,
®¡ãá«®¢«¥−−®© ¯à¥¦¤¥ ¢á¥£® ®à£�−¨§�æ¨®−−®-¬¥â®¤¨ç¥áª¨¬¨ ¯à®¡«¥¬�¬¨, ª®â®-
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àë¥ á®§¤�îâ à¥�«ì−ë¥ à¨áª¨ «¨¡® −¥¢ë¯®«−¥−¨ï �à®£à�¬¬ë, «¨¡® á−¨¦¥−¨ï
íää¥ªâ¨¢−®áâ¨ §�¯«�−¨à®¢�−−ëå ¢ −¥© ¬¥à®¯à¨ïâ¨©.

5 Оценка потенциальных угроз невыполнения комплексной
научно-технической программы «Искусственный интеллект
как драйвер цифровой трансформации экономики России»

‚ íâ®¬ à�§¤¥«¥ á¤¥«�−� ¯®¯ëâª� ä®à¬�«¨§®¢�−−®© ®æ¥−ª¨ à¨áª®¢ −¥¢ë¯®«-
−¥−¨ï Š�’� á ãç¥â®¬ ¯à¥¤«®¦¥−−®© ¢ëè¥ ª«�áá¨ä¨ª�æ¨¨ ¨ ¤¨ää¥à¥−æ¨�æ¨¨
ã£à®§ ¯® ç¥âëà¥¬ áâ¥¯¥−ï¬.

�® ¯¥à¢®¬ã ªà¨â¥à¨î, ª®â®àë© ¢ª«îç�¥â ¢−ãâà¥−−¨¥ ¨ ¢−¥è−¨¥ ä�ªâ®-
àë. ‚−ãâà¥−−¨¥ ä�ªâ®àë ®¯à¥¤¥«ïîâáï á®¤¥à¦�−¨¥¬ Š�’�, � â�ª¦¥ á¨áâ¥¬®©
áã¡ê¥ªâ®¢ ¤«ï ¥¥ ¢ë¯®«−¥−¨ï.

‚¥à®ïâ−®áâì ®è¨¡ª¨ æ¥«¥¯®«�£�−¨ï | −¨§ª�ï. ’�ª�ï ®æ¥−ª� ®¡ãá«®¢«¥−�
â¥¬, çâ® æ¥«ìî Š�’� áâ�¢¨âáï á®§¤�−¨¥ â¥å−®«®£¨© ˆˆ, ®¡¥á¯¥ç¨¢�îé¨å ¯®-
¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ âàã¤�, á®§¤�−¨¥ −®¢ëå ¢¨¤®¢ ¯à®¤ãªæ¨¨, à®áâ íª®-
−®¬¨ç¥áª®£® ¡«�£®á®áâ®ï−¨ï, ¯à®¤®«¦¨â¥«ì−®áâ¨ ¨ ª�ç¥áâ¢� ¦¨§−¨ à®áá¨©áª®£®
®¡é¥áâ¢�, ãªà¥¯«¥−¨¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¨ ¤®áâ¨¦¥−¨¥ −�æ¨®−�«ì−ëå
¯à¨®à¨â¥â®¢ −� ¬¥¦¤ã−�à®¤−®© �à¥−¥. „àã£¨¬¨ á«®¢�¬¨, æ¥«¥¯®«�£�−¨¥ Š�’�
¢ ¯®«−®© ¬¥à¥ á®®â¢¥âáâ¢ã¥â ¯¥à¢®¬ã ¯à¨®à¨â¥âã ‘âà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥-
áª®£® à�§¢¨â¨ï ¨ ¯à¨−ïâë¬ ¤®ªã¬¥−â�¬ ¯® æ¨äà®¢®© âà�−áä®à¬�æ¨¨ ®¡é¥áâ¢�.

‚¥à®ïâ−®áâì ®è¨¡ª¨ à¥�«¨§�æ¨¨ | ã¬¥à¥−−�ï. ‚ −�áâ®ïé¥¥ ¢à¥¬ï §�âàã¤-
−¨â¥«ì−® á¤¥«�âì ®¡ê¥ªâ¨¢−ãî ®æ¥−ªã, â�ª ª�ª ¥é¥ −¥ áä®à¬¨à®¢�−� á¨áâ¥¬�
áã¡ê¥ªâ®¢, ®¯à¥¤¥«ïîé�ï ®à£�−¨§�æ¨®−−ë¥, ¬¥â®¤¨ç¥áª¨¥ ¨ ä¨−�−á®¢ë¥ ¯à®-
æ¥ááë ¢ë¯®«−¥−¨ï �à®£à�¬¬ë. �à¨ íâ®¬ ª«îç¥¢ë¬ áã¡ê¥ªâ®¬ ¢ íâ®© á¨áâ¥¬¥
áâ�−®¢¨âáï ®â¢¥âáâ¢¥−−ë© ¨á¯®«−¨â¥«ì, −� ª®â®à®£® ¢®§«�£�¥âáï ®à£�−¨§�æ¨ï
¨ ª®®à¤¨−�æ¨ï à�¡®â, ®¯¥à�â¨¢−®¥ ã¯à�¢«¥−¨¥ ¨ ª®−âà®«ì ¢ à�¬ª�å �à®£à�¬¬ë.
�¤−�ª® ®â¢¥âáâ¢¥−−ë© ¨á¯®«−¨â¥«ì ¤® á¨å ¯®à −¥ ®¯à¥¤¥«¥−.

‚ íâ¨å ãá«®¢¨ïå á ®¯à¥¤¥«¥−−®© áâ¥¯¥−ìî ãá«®¢−®áâ¨ ¯à¨¬¥¬ ¢¥à®ïâ−®áâì
®è¨¡ª¨ à¥�«¨§�æ¨¨ ª�ª ã¬¥à¥−−ãî.

ƒ®à�§¤® á«®¦−¥¥ ®¡áâ®ïâ ¤¥«� á ®æ¥−ª®© ¢−¥è−¨å ä�ªâ®à®¢. Š −¨¬ á«¥¤ã¥â
®â−¥áâ¨ ®¯à¥¤¥«¥−−ë© ª®−ä«¨ªâ ¬¥¦¤ã Š�’� ¨ ãâ¢¥à¦¤¥−−®© ��æ¨®−�«ì−®©
áâà�â¥£¨¥© à�§¢¨â¨ï ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� [9]. Šà�âª® ® áãâ¨ íâ®£® ª®−-
ä«¨ªâ� [12].

‘âà�â¥£¨ï à�§à�¡®â�−� ��� ú‘¡¥à¡�−ªû ¡¥§ ¯à¨¢«¥ç¥−¨ï −�ãç−ëå ®à£�-
−¨§�æ¨©, ¨ áà¥¤¨ ®¯à¥¤¥«¥−−ëå ¢ −¥© ¯à¨−æ¨¯®¢, ª á®¦�«¥−¨î, ®âáãâáâ¢ã¥â
�ªæ¥−â −� ¨−â¥−á¨¢−®¥ ¯à®¢¥¤¥−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¢ áä¥à¥ ˆˆ. ’�ª,
¢ ª�ç¥áâ¢¥ ®á−®¢−®© æ¥«¨ à�§¢¨â¨ï ˆˆ ¢ ÷®áá¨¨ ®¯à¥¤¥«¥−® úä®à¬¨à®¢�−¨¥ á�-
¬®áâ®ïâ¥«ì−®© ¨−¤ãáâà¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¬�áá®¢®¥ ¨á¯®«ì§®¢�−¨¥
â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ −�æ¨®−�«ì−®© íª®−®¬¨ª¥ ¨ ®¡¥á¯¥ç¥−¨¥
¬¥¦¤ã−�à®¤−®£® «¨¤¥àáâ¢� ¯® ®â¤¥«ì−ë¬ −�¯à�¢«¥−¨ï¬ ¯à¨¬¥−¥−¨ï â¥å−®«®£¨©
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û [9]. �®«¥¥ â®£®, ¯à¨ ¯®¤£®â®¢ª¥ íâ®£® ¤®ªã¬¥−â�
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“£à®§ë ¨ à¨áª¨ à¥�«¨§�æ¨¨ Š�’� ¢ à�¬ª�å ¯à¨®à¨â¥â®¢ ‘âà�â¥£¨¨

−¥ ¡ë«¨ ¢ ¯®«−®© ¬¥à¥ ãçâ¥−ë §�¬¥ç�−¨ï ¢¥¤ãé¨å à®áá¨©áª¨å ãç¥−ëå ¢ ®¡«�áâ¨
ˆˆ, −¥ −�è¥« ®âà�¦¥−¨ï â®â ä�ªâ, çâ® ¢ ÷®áá¨¨ ã¦¥ ¡®«¥¥ 30 «¥â áãé¥áâ¢ã¥â
¯à®ä¥áá¨®−�«ì−®¥ á®®¡é¥áâ¢® ¨ −�ãç−ë¥ èª®«ë ¢ ®¡«�áâ¨ ˆˆ, ¢¯®«−¥ ¤®áâ®©−®
¯à¥¤áâ�¢«¥−−ë¥ ª�ª −� ¥¢à®¯¥©áª®¬, â�ª ¨ −� ¬¨à®¢®¬ ãà®¢−¥.

’¥¬ −¥ ¬¥−¥¥ íâ®â ª®−ä«¨ªâ −¥ ï¢«ï¥âáï ¯à¨−æ¨¯¨�«ì−ë¬, ¯®áª®«ìªã ®¡�
¤®ªã¬¥−â� −�¯à�¢«¥−ë −� ¤®áâ¨¦¥−¨¥ æ¥«¥©, á¢ï§�−−ëå á® áª®à¥©è¨¬ ¯à®¤¢¨-
¦¥−¨¥¬ ¬¥â®¤®¢ ¨ â¥å−®«®£¨© ˆˆ ¢ ÷®áá¨¨.

‚¬¥áâ¥ á â¥¬ áà¥¤¨ ¢−¥è−¨å ä�ªâ®à®¢, ª®â®àë¥ ¯®§¨â¨¢−® ¢«¨ïîâ −� ¢ë¯®«-
−¥−¨¥ Š�’�, −¥®¡å®¤¨¬® −�§¢�âì:

{ £®áã¤�àáâ¢¥−−ë© ªãàá −� æ¨äà®¢ãî âà�−áä®à¬�æ¨î ®¡é¥áâ¢�, §�ªà¥¯«¥−−ë©
¢ àï¤¥ −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢, ¢ â®¬ ç¨á«¥ ¢ ��æ¨®−�«ì−ëå ¯à®¥ªâ�å
ú–¨äà®¢�ï íª®−®¬¨ª�û, ú��ãª�û, úˆ−äà�áâàãªâãà�û;

{ ¤®áâ�â®ç−® ¢ëá®ª¨© ãà®¢¥−ì ¡�§®¢®£® ä¨§¨ª®-¬�â¥¬�â¨ç¥áª®£® ®¡à�§®¢�−¨ï
¢ ÷®áá¨¨ (Œƒ“ ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ”¨§â¥å, Œˆ”ˆ ¨ ¤à.), −�ãç−ë¥
èª®«ë ¢ ®¡«�áâ¨ ¬�â¥¬�â¨ª¨ ¨ ¥áâ¥áâ¢¥−−ëå −�ãª (”ˆ– ˆ“ ÷��, ˆ�Œ
÷�� ¨¬. Œ. ‚. Š¥«¤ëè�, ˆ�“ ÷�� ¨¬. ’à�¯¥§−¨ª®¢� ¨ ¤à.);

{ −�«¨ç¨¥ ¯à¨¥¬«¥¬®© ¡�§®¢®© ˆŠ’-¨−äà�áâàãªâãàë (à�á¯à®áâà�−¥−¨¥ 4G-
á¥â¥©, ¡®«ìè®¥ ç¨á«® äã−ªæ¨®−�«ì−ëå á¬�àâä®−®¢, ¤®áâã¯−®áâì á¥â¨ ˆ−-
â¥à−¥â);

{ ¯®â¥−æ¨�«ì−® ®£à®¬−ë© ¢−ãâà¥−−¨© àë−®ª ¤«ï è¨à®ª®£® ¨á¯®«ì§®¢�−¨ï â¥å-
−®«®£¨© ˆˆ ¢ ¯à®¬ëè«¥−−®áâ¨, ¤®¡ë¢�îé¨å ®âà�á«ïå, á¥«ìáª®¬ å®§ï©áâ¢¥,
í−¥à£¥â¨ª¥, âà�−á¯®àâ¥.

�¤−�ª® áãé¥áâ¢ã¥â ¨ æ¥«ë© àï¤ ¢−¥è−¨å ä�ªâ®à®¢, ª®â®àë¥ −¥£�â¨¢−® ¡ã¤ãâ
¢«¨ïâì −� ¢ë¯®«−¥−¨¥ Š�’�. ‚ë¤¥«¨¬ á«¥¤ãîé¨¥:

{ ¯à�ªâ¨ç¥áª®¥ ®âáãâáâ¢¨¥ ®â¥ç¥áâ¢¥−−ëå ¯à®¨§¢®¤¨â¥«¥© �¯¯�à�â−®£® ®¡¥á¯¥-
ç¥−¨ï ¤«ï â¥å−®«®£¨© ˆˆ;

{ ®âáãâáâ¢¨¥ ®â¥ç¥áâ¢¥−−®£® ¡�§®¢®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥�«¨§�-
æ¨¨ ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ ˆˆ;

{ á«�¡ë© ãà®¢¥−ì à�§¢¨â¨ï ®¡«�ç−ëå á¨áâ¥¬ ¨ â¥å−®«®£¨©;

{ −¥¤®áâ�â®ç−ë© ãà®¢¥−ì á¯¥æ¨�«¨§¨à®¢�−−ëå ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâ¥©;

{ −¥¤®áâ�â®ç−®¥ ç¨á«® ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå ª�¤à®¢ ¢ áä¥à¥ ˆˆ (ãç¥−ëå,
¨−¦¥−¥à®¢, à�§à�¡®âç¨ª®¢, ¢ â®¬ ç¨á«¥ ¢ á¢ï§¨ á ®âê¥§¤®¬ â�«�−â«¨¢ëå
á¯¥æ¨�«¨áâ®¢ ¨§ áâà�−ë);

{ −¥á®¢¥àè¥−áâ¢® −®à¬�â¨¢−®-¯à�¢®¢®© ¡�§ë ¢ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ˆˆ ¢ à�§-
«¨ç−ëå áä¥à�å, ¢ª«îç�ï §�é¨âã ¯à�¢ £à�¦¤�−;

{ −¥¤®áâ�â®ç−ë© ãà®¢¥−ì ®¡é¥áâ¢¥−−®£® ¤®¢¥à¨ï ¨ ®¡é¥© £®â®¢−®áâ¨ −�á¥«¥-
−¨ï ª è¨à®ª®¬ã ¯à¨¬¥−¥−¨î â¥å−®«®£¨© ˆˆ, ®á®¡¥−−® ¢ áä¥à�å ®¯�á−®£®
¯à®¨§¢®¤áâ¢�, âà�−á¯®àâ�, §¤à�¢®®åà�−¥−¨ï ¨ ¤àã£¨å ®¡«�áâïå á ¢ëá®ª¨¬¨
à¨áª�¬¨;
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{ ¯à�ªâ¨ç¥áª®¥ ®âáãâáâ¢¨¥ ¬¥à, −�¯à�¢«¥−−ëå −� á®§¤�−¨¥ ¡«�£®¯à¨ïâ−ëå
ãá«®¢¨© ¤«ï ¢−¥¤à¥−¨ï à®áá¨©áª¨å áà¥¤áâ¢ ˆˆ −� ¬¨à®¢®¬ ãà®¢−¥ ¢ ãá«®¢¨-
ïå ¢®§à�áâ�îé¥© ª®−ªãà¥−â−®áâ¨ ¢ íâ®© ®¡«�áâ¨;

{ ®£à®¬−ë¥ ¯®â¥−æ¨�«ì−ë¥ ¢®§¬®¦−®áâ¨ â¥å−®«®£¨© ˆˆ ¤«ï ¨å ¯à¨¬¥−¥−¨ï
¢ ¯à®â¨¢®¯à�¢−ëå æ¥«ïå (ª¨¡¥à¬®è¥−−¨ç¥áâ¢®, ¢ª«îç�ï ªà�¦¨, â¥àà®à¨§¬
¨ â. ¯.);

{ á�−ªæ¨¨ (ª�ª áãé¥áâ¢ãîé¨¥, â�ª ¨ ¢®§¬®¦−ë¥ −®¢ë¥) −� §�¯à¥â ¤®áâã¯�
ª á®¢à¥¬¥−−ë¬ â¥å−®«®£¨ï¬ ¨ áà¥¤áâ¢�¬, §�àã¡¥¦−ë¬ àë−ª�¬, −� ¯®áâ�¢ªã
�¯¯�à�â−®£® ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, á¯¥æ¨ä¨ç¥áª¨å áà¥¤áâ¢ ¦¨§−¥-
®¡¥á¯¥ç¥−¨ï ¨ ¤à.).

�à¨¢¥¤¥−−ë¥ ä�ªâ®àë á®§¤�îâ æ¥«ë© àï¤ ¡�àì¥à®¢ ¤«ï à�§à�¡®âª¨ ¨ ¢−¥¤-
à¥−¨ï à¥è¥−¨© ˆˆ ¢ ÷®áá¨¨ ¨ à¥�«¨§�æ¨¨ Š�’�.

��àï¤ã á ¯à¨¢¥¤¥−−ë¬¨ ¢ëè¥ ¢−¥è−¨¬¨ ä�ªâ®à�¬¨, ¨¬¥îé¨¬¨ −¥£�â¨¢−ë©
å�à�ªâ¥à, á«¥¤ã¥â ®â¤¥«ì−® ®â¬¥â¨âì â�ª®© ¯à¨−æ¨¯¨�«ì−® ¢�¦−ë© ¢®¯à®á, ª�ª
ä¨−�−á¨à®¢�−¨¥ Š�’�. ’�ª, ä¨−�−á®¢®¥ ®¡¥á¯¥ç¥−¨¥ à¥�«¨§�æ¨¨ ª®¬¯«¥ªá−®©
¯à®£à�¬¬ë ¯«�−¨àã¥âáï ®áãé¥áâ¢«ïâì ®â¢¥âáâ¢¥−−ë¬¨ ¨á¯®«−¨â¥«ï¬¨, á®¨á-
¯®«−¨â¥«ï¬¨ ¨ ãç�áâ−¨ª�¬¨ Š�’�. �à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª®¢ ä¨−�−-
á¨à®¢�−¨ï ®¯à¥¤¥«¥−ë: ä¥¤¥à�«ì−ë© ¡î¤¦¥â, ¡î¤¦¥âë áã¡ê¥ªâ®¢ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, ¬¥áâ−ë¥ ¡î¤¦¥âë ¨ áà¥¤áâ¢� ¢−¥¡î¤¦¥â−ëå ¨áâ®ç−¨ª®¢. „àã£¨¬¨
á«®¢�¬¨, æ¥«¥¢®¥ ä¨−�−á¨à®¢�−¨¥ Š�’� −¥ ¯à¥¤ãá¬�âà¨¢�¥âáï. �â®â ä�ªâ®à
á®§¤�¥â −�¨¡®«ìè¨¥ à¨áª¨ −¥¢ë¯®«−¥−¨ï Š�’�.

’�ª¨¬ ®¡à�§®¬, ¢−¥è−¨¥ ä�ªâ®àë ¯® á®¢®ªã¯−®áâ¨ ¯®§¢®«ïîâ ®æ¥−¨âì ¢¥à®-
ïâ−®áâì −¥¢ë¯®«−¥−¨ï Š�’� ª�ª ¢ëá®ªãî.

Š�ª®¢ë ¯ãâ¨ −¥©âà�«¨§�æ¨¨ ¢ëï¢«¥−−ëå ã£à®§ ¨ à¨áª®¢? �ç¥¢¨¤−®, çâ® ¨å
¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¤¢ãå £àã¯¯.

�¥à¢�ï £àã¯¯� ¢ª«îç�¥â ª®¬¯«¥ªá ¬¥à®¯à¨ïâ¨©, ª®â®àë© ¤®«¦¥− ª�à¤¨-
−�«ì−® ¨§¬¥−¨âì ®â−®è¥−¨¥ ¢ æ¥«®¬ ª −�ãª¥ ¢ ÷®áá¨¨. �¥§ íâ®£® ®¡¥á¯¥ç¨âì
¢¥¤ãé¥¥ ¯®«®¦¥−¨¥ áâà�−ë ¢ ®¡«�áâ¨ ˆˆ −¥¢®§¬®¦−®. �® ¤�−−ë¬ ˆ−áâ¨âã-
â� áâ�â¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¨ íª®−®¬¨ª¨ §−�−¨© �ˆ“ ‚˜� [13], ÷®áá¨ï
−�å®¤¨âáï −� 10-¬ ¬¥áâ¥ ¢ à¥©â¨−£¥ ¢¥¤ãé¨å áâà�− ¬¨à� ¯® ¢¥«¨ç¨−¥ §�âà�â −�
−�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¨ à�§à�¡®âª¨. �¤−�ª® ¯® ¤®«¥ §�âà�â −� −�ãªã ¢ ¢�«®¢®¬
¢−ãâà¥−−¥¬ ¯à®¤ãªâ¥ (‚‚�) −�è� áâà�−� −�å®¤¨âáï −� 34-¬ ¬¥áâ¥ (á ¯®ª�§�â¥-
«¥¬ 1,1%), ¯® ¢¥«¨ç¨−¥ §�âà�â ¢ à�áç¥â¥ −� ®¤−®£® ¨áá«¥¤®¢�â¥«ï | −� 47-¬
¬¥áâ¥ (93 âëá. ¤®««. ‘˜� ¢ £®¤), � ¯® ç¨á«¥−−®áâ¨ ¨áá«¥¤®¢�â¥«¥© ¢ à�áç¥â¥
−� 10 âëá. §�−ïâëå ¢ íª®−®¬¨ª¥ | −� 34-¬ ¬¥áâ¥. „«ï áà�¢−¥−¨ï: «¨¤¥-
àë ¬¨à®¢®© íª®−®¬¨ª¨ ‘˜� ¨ Š¨â�© ¢ë¤¥«ïîâ −� ä¨−�−á¨à®¢�−¨¥ −�ãª¨ ¨§
á¢®¨å ®£à®¬−ëå ‚‚� á®®â¢¥âáâ¢¥−−® 2,74% (11-¥ ¬¥áâ®) ¨ 2,12% (15-¥ ¬¥áâ®).
� áâà�−�¬¨-«¨¤¥à�¬¨, àãª®¢®¤áâ¢® ª®â®àëå ®á®§−�«® à®«ì ¨ §−�ç¨¬®áâì −�ãç−ëå
¨áá«¥¤®¢�−¨© ¢ à�§¢¨â¨¨ íª®−®¬¨ª¨ ¨ ®¡é¥áâ¢� ¨ ¯®íâ®¬ã ®¡¥á¯¥ç¨¢�¥â ®¯¥à¥¦�-
îé¥¥ ¨å ä¨−�−á¨à®¢�−¨¥, áâ�«¨ ˆ§à�¨«ì (4,45%), ”¨−«ï−¤¨ï (4,30%), ā¦−�ï
Š®à¥ï (4,24%), ˜¢¥æ¨ï (4,12%), Ÿ¯®−¨ï (3,92%). �âáî¤� á«¥¤ã¥â, çâ® −¥®¡å®-
¤¨¬® ®¡¥á¯¥ç¨âì ¯®¢ëè¥−¨¥ ãà®¢−ï ä¨−�−á¨à®¢�−¨ï −�ãç−ëå ¨áá«¥¤®¢�−¨© −¥
¬¥−¥¥ ç¥¬ ¢ 2 à�§� (¤® 2,2%{2,5% ®â ‚‚�).
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�¥®¡å®¤¨¬® ¢ ª®à−¥ ¨§¬¥−¨âì á¨áâ¥¬ã ®æ¥−ª¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©. ‘¥-
£®¤−ïè−ïï ®æ¥−ª� ¯® ç¨á«ã ¯ã¡«¨ª�æ¨© ¢ ¨§¤�−¨ïå, æ¨â¨àã¥¬ëå ¢ §�àã¡¥¦−ëå
¡�§�å (WoS, Scopus ¨ ¤à.), −¥ ¯®§¢®«ï¥â à¥�«ì−® ®æ¥−¨âì á®áâ®ï−¨¥ à®áá¨©áª®©
−�ãª¨ ¨ −¥ á¯®á®¡áâ¢ã¥â ¯®¢ëè¥−¨î à¥§ã«ìâ�â¨¢−®áâ¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©.
�®«¥¥ â®£®, ¢ íâ®¬ £®¤ã íâ� ®æ¥−ª� áâ�«� ¥é¥ ¡®«¥¥ �¡áâà�ªâ−® ä®à¬�«¨§®¢�−-
−®© | ¢ ç¨á«¥ ¡�««®¢, ª®â®àë¥ ï¢«ïîâáï ¢¥áì¬� á«®¦−®© äã−ªæ¨¥© ®â à¥�«ì−ëå
−�ãç−ëå à¥§ã«ìâ�â®¢. ‚ â�ª¨å ¯®¤å®¤�å ªà®¥âáï ¯à¨−æ¨¯¨�«ì−®¥ á¬¥è¥−¨¥ ¯®−ï-
â¨©: ®æ¥−ª� −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ ª®−ªà¥â−ëå ¨áá«¥¤®¢�â¥«¥© ¨ ®æ¥−ª� à¥§ã«ì-
â�â¨¢−®áâ¨ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ −�ãç−ëå ª®««¥ªâ¨¢®¢ ¨ ®à£�−¨§�æ¨©. �®íâ®¬ã
−¥®¡å®¤¨¬® ¢¥à−ãâìáï ª á¨áâ¥¬¥ ®æ¥−ª¨ −�ãç−ëå ®à£�−¨§�æ¨© ¯® ¤®áâ¨£−ãâë¬
−�ãç−ë¬ à¥§ã«ìâ�â�¬, à¥�«¨§ã¥¬ë¬ ¢ ª®−ªà¥â−ëå ®¡«�áâïå ¯à®¬ëè«¥−−®áâ¨
¨ íª®−®¬¨ª¨.

‚â®à�ï £àã¯¯� ¢ª«îç�¥â ¯à®¢¥¤¥−¨¥ ª®−ªà¥â−ëå ®à£�−¨§�æ¨®−−ëå ¬¥à®-
¯à¨ïâ¨© ¯à¨¬¥−¨â¥«ì−® ª Š�’�: áª®à¥©è¥¥ ®¯à¥¤¥«¥−¨¥ ¢á¥å áã¡ê¥ªâ®¢ à¥�-
«¨§�æ¨¨ Š�’�, ¯à¥¦¤¥ ¢á¥£® ®â¢¥âáâ¢¥−−®£® ¨á¯®«−¨â¥«ï, ¢ëà�¡®âªã ¥¤¨−®©
á®£«�á®¢�−−®© ¯®§¨æ¨¨ ¢ à�¬ª�å á¨áâ¥¬ë áã¡ê¥ªâ®¢ à¥�«¨§�æ¨¨ Š�’�, � â�ª¦¥
ãâ¢¥à¦¤¥−−®© ��æ¨®−�«ì−®© áâà�â¥£¨¨. ‘®¢¥àè¥−−® ®ç¥¢¨¤−®, çâ® ¬¥à®¯à¨ïâ¨ï
¢ à�¬ª�å íâ¨å ¤¢ãå ¤®ªã¬¥−â®¢ ¤®«¦−ë ¤®¯®«−ïâì ¤àã£ ¤àã£� á �ªæ¥−â�¬¨:

{ ¢ Š�’� | −� −�ãç−ãî ®¡®á−®¢�−−®áâì −� ®á−®¢¥ äã−¤�¬¥−â�«ì−ëå ¨á-
á«¥¤®¢�−¨© ¨ á®§¤�−¨¥ ¡�§®¢ëå ®â¥ç¥áâ¢¥−−ëå −�ãª®¥¬ª¨å â¥å−®«®£¨© ˆˆ,
� â�ª¦¥ æ¥«¥¢ãî ¯®¤£®â®¢ªã ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥æ¨�«¨áâ®¢, á¯®-
á®¡−ëå íää¥ªâ¨¢−® ¯à¨¬¥−ïâì â¥å−®«®£¨¨ ˆˆ;

{ ¢ ��æ¨®−�«ì−®© áâà�â¥£¨¨ | −� á®§¤�−¨¥ ¯à¨ª«�¤−ëå â¥å−®«®£¨© −� ®á−®¢¥
¡�§®¢ëå, ¬�áá®¢®¥ ¯à®¨§¢®¤áâ¢® ¨§¤¥«¨©, à¥�«¨§ãîé¨å íâ¨ â¥å−®«®£¨¨,
� â�ª¦¥ ¢®¯à®áë ¨å ¢−¥¤à¥−¨ï ¨ ¯à¨¬¥−¥−¨ï ¢ à�§«¨ç−ëå ®¡«�áâïå.

�ç¥¢¨¤−®, çâ® ¨ ¢®¯à®áë ®¯à¥¤¥«¥−¨ï ¯®àï¤ª� ¨ ¨áâ®ç−¨ª®¢ ä¨−�−á¨à®¢�−¨ï
¤®«¦−ë ¡ëâì ¤¨ää¥à¥−æ¨à®¢�−ë ¯® à�§¤¥«�¬ ¯à®£à�¬¬ë:

{ äã−¤�¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¨ ¯®¤£®â®¢ª� ª�¤à®¢ | Œ¨−®¡à−�ãª¨ ÷®á-
á¨¨;

{ ¡�§®¢ë¥ â¥å−®«®£¨¨ | Œ¨−®¡à−�ãª¨ á®¢¬¥áâ−® á §�¨−â¥à¥á®¢�−−ë¬¨ ¢¥¤®¬-
áâ¢�¬¨;

{ ¯à¨ª«�¤−ë¥ â¥å−®«®£¨¨ ¨ ¨å ¢−¥¤à¥−¨¥ | ª®−ªà¥â−ë¬¨ §�¨−â¥à¥á®¢�−−ë¬¨
§�ª�§ç¨ª�¬¨, ¢ª«îç�ï £®áã¤�àáâ¢¥−−ë¥ ¨ ª®¬¬¥àç¥áª¨¥ ®à£�−¨§�æ¨¨.

6 Заключение

Š®¬¯«¥ªá−ë¥ −�ãç−®-â¥å−¨ç¥áª¨¥ ¯à®£à�¬¬ë ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª
ï¢«ïîâáï �ªâã�«ì−ë¬ ¨−áâàã¬¥−â®¬ à¥�«¨§�æ¨¨ ‘âà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥-
áª®£® à�§¢¨â¨ï ÷®áá¨¨ ¢ à�¬ª�å ¯à¨−ïâëå ¯à¨®à¨â¥â®¢. �à¥¤«�£�¥¬ë¥ ¢ áâ�âì¥
¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ª«�áá¨ä¨ª�æ¨¨ à¨áª®¢ ¨ ã£à®§ −� ®á−®¢¥ ¨å á¨áâ¥¬�â¨§�-
æ¨¨ ¯®§¢®«ïîâ ¤�âì ª�ç¥áâ¢¥−−ãî ®æ¥−ªã ¢®§¬®¦−®áâ¨ ¢ë¯®«−¥−¨ï ª®−ªà¥â−ëå
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Š�’�, � â�ª¦¥ ¯®«ãç¨âì −¥ª®â®à®¥ æ¥«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡ íää¥ªâ¨¢−®áâ¨
§�¯«�−¨à®¢�−−®£® ¢ Š�’� ª®¬¯«¥ªá� ¬¥à®¯à¨ïâ¨©.

�à®¢¥¤¥−−�ï ®æ¥−ª� ¯®â¥−æ¨�«ì−ëå à¨áª®¢ ¨ ã£à®§ ¯à¨¬¥−¨â¥«ì−® ª Š�’�
úˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ ª�ª ¤à�©¢¥à æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨
÷®áá¨¨û, à�§à�¡®â�−−®© ”ˆ– ˆ“ ÷��, ¯®ª�§�«�, çâ® á ¤®áâ�â®ç−® ¢ëá®ª®©
¢¥à®ïâ−®áâìî íâ� �à®£à�¬¬� ¬®¦¥â ¡ëâì −¥ ¢ë¯®«−¥−�. �à¨ íâ®¬ ®á−®¢−ë¥ à¨áª¨
®¡ãá«®¢«¥−ë ¢−¥è−¨¬¨ ä�ªâ®à�¬¨: −¥¤®áâ�â®ç−ë¬ áâ¨¬ã«¨à®¢�−¨¥¬ −�ãç−ëå
¨áá«¥¤®¢�−¨© ¨ −¥à¥è¥−−®áâìî ®à£�−¨§�æ¨®−−ëå ¢®¯à®á®¢.

‘¥£®¤−ï �ªâã�«ì−®© áâ�−®¢¨âáï á¨−¥à£¥â¨ª� â¥®à¨¨ ¨ ¯à�ªâ¨ª¨ | à¥§ã«ì-
â�â®¢ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¨ ¨å à¥�«¨§�æ¨¨ ¢ ª®−ªà¥â−ëå á¨áâ¥¬�å
¨ â¥å−®«®£¨ïå. „«ï íâ®£® −¥®¡å®¤¨¬® ®¡ê¥¤¨−¨âì ¨ −�ãªã (äã−¤�¬¥−â�«ì−ãî,
¯à¨ª«�¤−ãî, ¢®¥−−ãî), ¨ â¥å−®«®£¨¨, ¨ ¯à®¬ëè«¥−−®¥ ¯à®¨§¢®¤áâ¢®.

”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª ®¡«�¤�¥â ¡®«ìè¨¬ −�ãç−ë¬ ¯®â¥−æ¨�«®¬ ¢ ®¡«�áâ¨ ª®¬-
¯ìîâ¥à−ëå −�ãª, � â�ª¦¥ ã−¨ª�«ì−ë¬ á¨−â¥§®¬ à¥§ã«ìâ�â®¢ £«ã¡®ª¨å äã−¤�¬¥−-
â�«ì−ëå ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¨ ®£à®¬−®£® −�ãç−®-¯à�ªâ¨ç¥áª®£®
®¯ëâ� à�§à�¡®âª¨, ¢−¥¤à¥−¨ï, ¬®¤¥à−¨§�æ¨¨ ¨ á®¯à®¢®¦¤¥−¨ï ¨−ä®à¬�æ¨®−−®-
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ¢ ¨−â¥à¥á�å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ −�
à�§«¨ç−ëå ãà®¢−ïå.
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THREATS AND RISKS OF IMPLEMENTING COMPLEX
SCIENTIFIC AND TECHNICAL PROGRAMS

WITHIN THE PRIORITIES OF THE RUSSIAN SCIENCE
AND TECHNOLOGY DEVELOPMENT STRATEGY

A. A. Zatsarinny and A. P. Suchkov

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

Abstract: The article deals with the actual problems of implementing the strategy
of scientific and technological development of Russia in the framework of accepted
priorities based on complex scientific and technical research and development
programs (CSTP), primarily within the first priority. Methodological approaches
to classification of risks and threats based on their systematization, which hinder
implementation of the adopted CSTP, are presented. A threat classifier is
proposed that allows one to get a complete picture of effectiveness of the planned
set of measures in the CSTP. An assessment of potential risks and threats in
relation to the \Artificial intelligence as a driver of digital transformation of
the Russian economy," developed by the Federal Research Center \Computer
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Science and Control" of the Russian Academy of Sciences, is given. It is shown
that the main risks are caused by insufficient stimulation of scientific research
and low demand for innovative scientific results.
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and technological development; classification of risks and threats; artificial
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АЛГОРИТМЫ АНАЛИТИЧЕСКОЙ ОБРАБОТКИ ДАННЫХ
СИСТЕМЫ УПРАВЛЕНИЯ НАУЧНЫМИ СЕРВИСАМИ

ДЛЯ ПЛАНИРОВАНИЯ И ВЫПОЛНЕНИЯ
МЕЖДИСЦИПЛИНАРНЫХ НАУЧНЫХ ИССЛЕДОВАНИЙ∗

А. П. Сучков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¬¥â®¤ë ¨ �«£®à¨â¬ë �−�«¨§� ¤�−−ëå á¨áâ¥¬ë
ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨ (‘“‘) ¤«ï ¯«�−¨à®¢�−¨ï ¨ ¢ë¯®«−¥−¨ï ¬¥¦-
¤¨áæ¨¯«¨−�à−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨©. �á®¡¥−−®áâì ¬¥¦¤¨áæ¨¯«¨−�à−®£®
¯®¤å®¤� á®áâ®¨â ¢ â®¬, çâ® ®− ¤®¯ãáª�¥â ¯àï¬®© ¯¥à¥−®á ¬¥â®¤®¢ ¨áá«¥¤®¢�−¨ï
¨§ ®¤−®© −�ãç−®© ¤¨áæ¨¯«¨−ë ¢ ¤àã£ãî, çâ® ®¯à¥¤¥«ï¥â á¯¥æ¨ä¨ç¥áª¨¥ §�¤�ç¨
�−�«¨§�. ‘¨áâ¥¬� ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨ ¢ ¨−â¥à¥á�å ¬¥¦¤¨áæ¨¯«¨-
−�à−ëå ¨áá«¥¤®¢�−¨© ¤®«¦−� ®¡¥á¯¥ç¨¢�âì −�ãç−ë¥ �−�«¨â¨ç¥áª¨¥ ãá«ã£¨ ¯®
¯®¤¡®àã à¥«¥¢�−â−®£® −�ãç−®£® ¨−áâàã¬¥−â�à¨ï á¬¥¦−ëå ¤¨áæ¨¯«¨−, ª®««¥ª-
â¨¢� ª®¬¯¥â¥−â−ëå ¨áá«¥¤®¢�â¥«¥©, ãá«ã£¨ ¯® ¯«�−¨à®¢�−¨î ¨ ¯à®¢¥¤¥−¨î
íâ¨å ¨áá«¥¤®¢�−¨©. �á−®¢−ë¬ ¨áâ®ç−¨ª®¬ ¤�−−ëå ¤«ï â�ª®£® à®¤� �−�«¨§�
á«ã¦�â ªàã¯−¥©è¨¥ ¯®«−®â¥ªáâ®¢ë¥, à¥ä¥à�â¨¢−ë¥ ¨ ¨−¤¥ªá−ë¥ ¡�§ë ¤�−−ëå
−�ãç−ëå ¯ã¡«¨ª�æ¨©.

Š«îç¥¢ë¥ á«®¢�: −�ãç−ë© à¥§ã«ìâ�â; ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì; −�ãç−ë¥
á¥à¢¨áë; �«£®à¨â¬ë ¨¤¥−â¨ä¨ª�æ¨¨; ¨−â¥««¥ªâã�«ì−ë© ¯®¨áª; ¬¥¦¤¨áæ¨¯-
«¨−�à−ë¥ ¨áá«¥¤®¢�−¨ï
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1 Введение

�®á«¥¤−¥¥ ¤¥áïâ¨«¥â¨¥ −�¡«î¤�¥âáï áãé¥áâ¢¥−−®¥ à�áè¨à¥−¨¥ ®¡«�áâ¥© ¯à¨-
«®¦¥−¨ï â�ª −�§ë¢�¥¬®£® ¬¥¦¤¨áæ¨¯«¨−�à−®£® ¯®¤å®¤� ¢ ¨áá«¥¤®¢�−¨ïå, çâ®,
¯® ¢á¥© ¢¨¤¨¬®áâ¨, ¢ë§¢�−® −¥ª®â®àë¬ §�áâ®¥¬ ¢ ¡�§®¢ëå −�ãç−ëå ¤¨áæ¨¯«¨−�å
(¬�â¥¬�â¨ª�, ä¨§¨ª�, å¨¬¨ï, ¡¨®«®£¨ï), ¢ ª®â®àëå §� ¯®á«¥¤−¥¥ ¢à¥¬ï −¥ ¢¨¤−®
áãé¥áâ¢¥−−ëå ¯à®àë¢®¢.

�á®¡¥−−®áâì ¬¥¦¤¨áæ¨¯«¨−�à−®£® ¯®¤å®¤� á®áâ®¨â ¢ â®¬, çâ® ®− ¤®¯ãáª�¥â
¯àï¬®© ¯¥à¥−®á ¬¥â®¤®¢ ¨áá«¥¤®¢�−¨ï ¨§ ®¤−®© −�ãç−®© ¤¨áæ¨¯«¨−ë ¢ ¤àã£ãî.
�¥à¥−®á ¬¥â®¤®¢ ¢ íâ®¬ á«ãç�¥ ®¡ãá«®¢«¥− −�«¨ç¨¥¬ áå®¤−ëå áä®à¬ã«¨à®¢�−-
−ëå ¯à®¡«¥¬ ¢ ¨áá«¥¤ã¥¬ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå. ‚ à¥§ã«ìâ�â¥ ¯®ï¢«ïîâáï
¬¥¦¤¨áæ¨¯«¨−�à−ë¥ ¯®¤å®¤ë, −�¯à¨¬¥à ¡¨®ä¨§¨ª�, å¨¬ä¨§¨ª�, ¬¥¤¨æ¨−áª�ï

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
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, ASuchkov@ipiran.ru
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�«£®à¨â¬ë �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¤�−−ëå á¨áâ¥¬ë ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

¡¨®¨−ä®à¬�â¨ª�. �¤−�ª® ¨á¯®«ì§®¢�−¨¥ úçã¦®©û ¤¨áæ¨¯«¨−�à−®© ¬¥â®¤®«®£¨¨
à¥¤ª® ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨î ¤¨áæ¨¯«¨−�à−®£® ®¡à�§� ¯à¥¤¬¥â� ¨áá«¥¤®¢�−¨ï.
‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤«ï á®åà�−¥−¨ï £à�−¨æ ¤¨áæ¨¯«¨−�à−ëå ª®à®¡®ª ¢ ¬¥¦-
¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨ïå ¢á¥£¤� ¯à¨áãâáâ¢ãîâ ú¢¥¤ãé�ïû ¨ ú¢¥¤®¬�ïû
¤¨áæ¨¯«¨−ë. ‚á¥ à¥§ã«ìâ�âë, ¤�¦¥ â¥, ª®â®àë¥ ¯®«ãç¥−ë ¯à¨ ¯®¬®é¨ ¬¥â®-
¤®«®£¨¨ ú¢¥¤®¬®©û ¤¨áæ¨¯«¨−ë, ¨−â¥à¯à¥â¨àãîâáï á ¯®§¨æ¨¨ ¤¨áæ¨¯«¨−�à−®£®
¯®¤å®¤� ú¢¥¤ãé¥©û ¤¨áæ¨¯«¨−ë. �®íâ®¬ã ¬¥¦¤¨áæ¨¯«¨−�à−ë© ¯®¤å®¤ ¯à¥¤-
−�§−�ç¥− ¯à¥¦¤¥ ¢á¥£® ¤«ï ¨áá«¥¤®¢�−¨ï ª®−ªà¥â−ëå ¤¨áæ¨¯«¨−�à−ëå ¯à®¡«¥¬,
¢ à¥è¥−¨¨ ª®â®àëå ª�ª�ï-«¨¡® ª®−ªà¥â−�ï ¤¨áæ¨¯«¨−� ¨á¯ëâë¢�¥â ª®−æ¥¯âã-
�«ì−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ âàã¤−®áâ¨ [1].

‚ −�áâ®ïé¨© ¬®¬¥−â à�§¢¨â¨¥ −�à®¤−®£® å®§ï©áâ¢� ¢á¥ ¡®«ìè¥ á¢ï§ë¢�¥âáï
á ¢−¥¤à¥−¨¥¬ æ¨äà®¢ëå â¥å−®«®£¨©. ÷®áá¨©áª�ï −�ãª� ®¡«�¤�¥â ¢á¥¬¨ −¥®¡-
å®¤¨¬ë¬¨ ª®¬¯®−¥−â�¬¨ ®âà�á«¨ æ¨äà®¢®© íª®−®¬¨ª¨: íâ® −�«¨ç¨¥ à�§¢¨â®©
¢ëç¨á«¨â¥«ì−®© ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë, á¨áâ¥¬ë æ¥−âà®¢
ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï (–Š�), ¤àã£¨å ®à£�−¨§�æ¨®−−ëå áâàãªâãà, −®à¬�-
â¨¢−®© ¡�§ë, ¢ëá®ª®£® ãà®¢−ï ª®¬¯¥â¥−æ¨© ¨ ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå −�ãç-
−ëå ª®««¥ªâ¨¢®¢ [2, 3]. �à¨ íâ®¬ ¢á¥ ¯¥à¥ç¨á«¥−−ë¥ ª®¬¯®−¥−âë ®¡ê¥ªâ¨¢−®
¯à®¤¢¨£�îâáï ¯® ¯ãâ¨ úæ¨äà®¢¨§�æ¨¨û, ¨ −�ãª� ª�ª ®âà�á«ì íª®−®¬¨ª¨ â�ª¦¥
áâ�−®¢¨âáï úæ¨äà®¢®©û.

“á¯¥è−®¥ ¯à®¤¢¨¦¥−¨¥ æ¨äà®¢¨§�æ¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¢® ¬−®£®¬
®¡ãá«®¢«¥−® ¢®§¬®¦−®áâìî á®§¤�−¨ï íää¥ªâ¨¢−®© á¨áâ¥¬ë è¨à®ª®¤®áâã¯−ëå
−�ãç−ëå á¥à¢¨á®¢. ÷¥§ã«ìâ�â®¬ á¥à¢¨á−®© ¤¥ïâ¥«ì−®áâ¨ ï¢«ï¥âáï ãá«ã£� [3].
�ç¥¢¨¤−®, çâ® −�ãç−ë© á¥à¢¨á ®¯¨à�¥âáï ª�ª −� æ¨äà®¢ë¥ â¥å−®«®£¨¨ (�¢â®¬�-
â¨ç¥áª®¥ ¨ �¢â®¬�â¨§¨à®¢�−−®¥ ¯à¥¤®áâ�¢«¥−¨¥ ãá«ã£), â�ª ¨ −� ¨á¯®«ì§®¢�−¨¥
¨−â¥««¥ªâã�«ì−ëå ¨ ®¡á«ã¦¨¢�îé¨å ç¥«®¢¥ç¥áª¨å à¥áãàá®¢. „«ï ®¡¥á¯¥ç¥−¨ï
¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨© á¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ¤®«¦−� ®¡¥á¯¥ç¨-
¢�âì ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢ �¢â®¬�â¨§¨à®¢�−−®£® ¯®¤¡®à� à¥«¥¢�−â−ëå á¥à¢¨á®¢
¨ ®áãé¥áâ¢«¥−¨ï à�§«¨ç−ëå ä®à¬�«ì−ëå ¨ −¥ä®à¬�«ì−ëå ª®¬¬ã−¨ª�æ¨© ¨áá«¥-
¤®¢�â¥«ï ¨ £®áã¤�àáâ¢�, −�ãç−®£® á®®¡é¥áâ¢� ¨ ¡¨§−¥á�.

��ãç−ë¬ ª®««¥ªâ¨¢®¬ ”ˆ– ˆ“ ÷�� ¢ à�¬ª�å ¯à®¢®¤¨¬ëå ¨áá«¥¤®¢�−¨©
®¡®á−®¢�−ë ª®−æ¥¯âã�«ì−ë¥ ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë ª á®§¤�−¨î ‘“‘,
ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâáï –Š� ¨ ã−¨ª�«ì−ë¬¨ −�ãç−ë¬¨ ãáâ�−®¢ª�¬¨ (“�“)
�ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ®¢ [4]. ‚ [5] ®¡áã¦¤�îâáï á®áâ�¢, áâàãªâãà� ¨ ¬¥â®¤ë
�−�«¨§� ¤�−−ëå ‘“‘.

‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ¬¥â®¤ë ¨ �«£®à¨â¬ë �−�«¨§� ¤�−−ëå ‘“‘ ¤«ï
¯«�−¨à®¢�−¨ï ¨ ¢ë¯®«−¥−¨ï ¬¥¦¤¨áæ¨¯«¨−�à−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨©.

2 Основные направления анализа

Š�ª ã¦¥ ã¯®¬¨−�«®áì, ‘“‘ ¢ ¨−â¥à¥á�å ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨©
¤®«¦−� ®¡¥á¯¥ç¨¢�âì −�ãç−ë¥ �−�«¨â¨ç¥áª¨¥ ãá«ã£¨ ¯® ¯®¤¡®àã à¥«¥¢�−â−®£®
−�ãç−®£® ¨−áâàã¬¥−â�à¨ï á¬¥¦−ëå ¤¨áæ¨¯«¨−, ª®««¥ªâ¨¢� ª®¬¯¥â¥−â−ëå ¨áá«¥-
¤®¢�â¥«¥©, ãá«ã£¨ ¯® ¯«�−¨à®¢�−¨î ¨ ¯à®¢¥¤¥−¨î íâ¨å ¨áá«¥¤®¢�−¨©. �á−®¢−ë¬
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¨áâ®ç−¨ª®¬ ¤�−−ëå ¤«ï â�ª®£® à®¤� �−�«¨§� á«ã¦�â ªàã¯−¥©è¨¥ ¯®«−®â¥ªáâ®¢ë¥,
à¥ä¥à�â¨¢−ë¥ ¨ ¨−¤¥ªá−ë¥ ¡�§ë ¤�−−ëå −�ãç−ëå ¯ã¡«¨ª�æ¨©.

�á®¡®¥ ¬¥áâ® §�−¨¬�¥â ¯®áâ®ï−−ë© ¬®−¨â®à¨−£ íâ¨å ¡�§ ¤�−−ëå ¨ �−�«¨§
¯ã¡«¨ªã¥¬ëå ¬�áá¨¢®¢ −�ãç−ëå à¥§ã«ìâ�â®¢, ª®â®àë¥ ï¢«ïîâáï ª¢¨−âíáá¥−æ¨¥©
¢á¥å −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ ®á−®¢−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ®¬ ¤«ï ¯à®æ¥á-
á®¢ ¯®áâ�−®¢ª¨ −�ãç−®© ¯à®¡«¥¬ë, ä®à¬ã«¨à®¢ª¨ −�ãç−ëå £¨¯®â¥§, ¬®−¨â®à¨−£�
−�ãç−®-â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨ (�’ˆ). ”®à¬�«¨§®¢�−−®¥ ¯®−ïâ¨¥ ú−�ãç−ë©
à¥§ã«ìâ�âû, ¨−â¥£à¨àãîé¥¥ ¢áî ¨−ä®à¬�æ¨®−−ãî áâàãªâãàã −�ãç−®£® ¨áá«¥-
¤®¢�−¨ï, ¨á¯®«ì§ã¥âáï ¯à¨ ®à£�−¨§�æ¨¨ §−�ç¨â¥«ì−®£® ç¨á«� �−�«¨â¨ç¥áª¨å
−�ãç−ëå á¥à¢¨á®¢:

{ ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨ §−�−¨© (¨§¢«¥ç¥−¨¥ ä�ªâ®¢, ¯®−ïâ¨©, á¢ï§¥© ¨ ä®à-
¬�«¨§�æ¨ï ä�ªâ®£à�ä¨ç¥áª¨å ¤�−−ëå −� ®á−®¢¥ «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§�
á«�¡®áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨);

{ ¨−â¥««¥ªâã�«ì−®£® ¯®¨áª� ¨−ä®à¬�æ¨¨;

{ â¥¬�â¨ç¥áª®£® ¨−¤¥ªá¨à®¢�−¨ï;

{ −�ãª®¬¥âà¨ç¥áª®£® �−�«¨§�;

{ �−�«¨§� äà®−â� ¨áá«¥¤®¢�−¨©;

{ ®¯à¥¤¥«¥−¨ï ¯¥à¥¤®¢ëå £àã¯¯ ¨áá«¥¤®¢�â¥«¥©;

{ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� á¯¥æ¨�«¨§¨à®¢�−−ëå á®æ¨�«ì−ëå á¥â¥© ¨ ¤àã£¨å
áà¥¤áâ¢ −�ãç−ëå ª®¬¬ã−¨ª�æ¨©;

{ ¯à®¢¥àª¨ §�¨¬áâ¢®¢�−¨© [5].

�á®¡¥−−® íâ® �ªâã�«ì−® ¤«ï ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨©, £¤¥ ®¡¥á-
¯¥ç¨¢�îâáï ¯®¨áª ¨ ¯®¤¡®à à¥«¥¢�−â−ëå −�ãç−ëå ¯®«®¦¥−¨© ¨ ¨−áâàã¬¥−â�à¨ï
¢ á¬¥¦−ëå ®¡«�áâïå −�ãç−®£® §−�−¨ï. „«ï ®¡¥á¯¥ç¥−¨ï ¨ ¯®¤¤¥à¦ª¨ ¬¥¦¤¨á-
æ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨© íâ¨ £àã¯¯ë −�ãç−ëå á¥à¢¨á®¢ ¤®«¦−ë ®¯¨à�âìáï −�
ä®à¬�«¨§®¢�−−ãî ¨−ä®à¬�æ¨®−−ãî ¬®¤¥«ì ¯à®æ¥áá®¢ −�ãç−®£® ¨áá«¥¤®¢�−¨ï.
�−�«¨§ ¨−ä®à¬�æ¨®−−®© áâàãªâãàë −�ãç−®£® ¨áá«¥¤®¢�−¨ï ¯®§¢®«ï¥â ¢ë¤¥«¨âì
¥¥ ®á−®¢−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë. ‚ ¨å ç¨á«¥:

{ ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï | ¬�â¥à¨�«ì−�ï ¨«¨ ¬ëá«¨¬�ï áãé−®áâì, ¯® ¯®¢®¤ã
ª®â®à®© ¨§ãç�îâáï ¥¥ −¥¨§¢¥áâ−ë¥ á¢®©áâ¢� ¨«¨ á�¬ ä�ªâ áãé¥áâ¢®¢�−¨ï;

{ áã¡ê¥ªâ ¨áá«¥¤®¢�−¨ï | ãç¥−ë©-¨áá«¥¤®¢�â¥«ì;

{ áà¥¤áâ¢� ¨áá«¥¤®¢�−¨ï | ¨−áâàã¬¥−âë ¨áá«¥¤®¢�−¨ï (¬¥â®¤, �«£®à¨â¬, ¬®-
¤¥«ì, â¥å−¨ç¥áª®¥ ãáâà®©áâ¢® ¨ â. ¯.);

{ −�ãç−ë© à¥§ã«ìâ�â | ®¡®á−®¢�−¨¥ −¥¨§¢¥áâ−ëå á¢®©áâ¢ ¨«¨ ä�ªâ� áãé¥áâ¢®-
¢�−¨ï ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï ¨«¨ áà¥¤áâ¢� ¨áá«¥¤®¢�−¨ï.

–¥−âà�«ì−ë¬ ®¡ê¥ªâ®¬ â�ª®© ¬®¤¥«¨ á«ã¦¨â ¯®−ïâ¨¥ úà¥§ã«ìâ�â −�ãç−®£®
¨áá«¥¤®¢�−¨ïû, ª®â®àë© −¥¯®áà¥¤áâ¢¥−−® ¢§�¨¬®á¢ï§�− á® ¢á¥¬¨ ¤àã£¨¬¨ ¨−ä®à-
¬�æ¨®−−ë¬¨ ®¡ê¥ªâ�¬¨. ”®à¬�«¨§�æ¨ï ¯®−ïâ¨ï úà¥§ã«ìâ�â −�ãç−®£® ¨áá«¥¤®-
¢�−¨ïû ¯à¨¢¥¤¥−� ¢ [6]. �á−®¢−®© ª®¬¯®−¥−â ¬®¤¥«¨, ¨¬¥îé¨© ¢�¦−®¥ §−�ç¥−¨¥
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�«£®à¨â¬ë �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¤�−−ëå á¨áâ¥¬ë ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

¤«ï ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨©, | íâ® ª«�áá¨ä¨ª�â®à â¨¯®¢ −�ãç−ëå
à¥§ã«ìâ�â®¢ (¢ áª®¡ª�å ¤�−� ¤®«ï ®¯à¥¤¥«¥−−®£® â¨¯� ¢ ¯à¥¤áâ�¢¨â¥«ì−®¬ −�¡®à¥
−�ãç−ëå ¯ã¡«¨ª�æ¨© [6]):

{ −�ãç−�ï ¯à®¡«¥¬� (0,4%);

{ −®¢ë© ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï (0,2%);

{ −®¢ë¥ á¢®©áâ¢� ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï (28%);

{ ¨−áâàã¬¥−â ¨áá«¥¤®¢�−¨ï (42%);

{ ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï (26,6%);

{ á¨áâ¥¬�â¨§�æ¨ï (2,8%).

Š�ª ¢¨¤−®, ¯®¤®¡−�ï ¬®¤¥«ì ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì à¥§ã«ìâ�â¨¢−ë© ¬¥¦-
¤¨áæ¨¯«¨−�à−ë© �−�«¨§ −�ãç−®£® ¨−áâàã¬¥−â�à¨ï, çâ® ¬®¦¥â áâ�âì ¢�¦−¥©è¨¬
ª®¬¯®−¥−â®¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨.

3 Научные сервисы и данные мониторинга

‚ á®¢à¥¬¥−−®¬ ¯à¥¤áâ�¢«¥−¨¨ −�ãç−®¥ ¨áá«¥¤®¢�−¨¥ | ¢§�¨¬®ã¢ï§�−−�ï
á®¢®ªã¯−®áâì ¯à®æ¥áá®¢, á®áâ�¢ ª®â®àëå ¬®¦−® á −¥ª®â®àë¬ ¯à¨¡«¨¦¥−¨¥¬
¢ëç«¥−¨âì ¨§ −¥ä®à¬�«ì−ëå ä¨«®á®äáª¨å à�ááã¦¤¥−¨© [7]:

{ ä®à¬ã«¨à®¢ª� −�ãç−®© ¯à®¡«¥¬ë;

{ ¯à¥¤¢�à¨â¥«ì−ë© �−�«¨§ ¤®áâã¯−®© �’ˆ, ¬®−¨â®à¨−£ −�ãç−®© ¯à®¡«¥¬ë
(ä�ªâë, â¥®à¨¨, £¨¯®â¥§ë);

{ ä®à¬ã«¨à®¢ª� ¨ áà�¢−¨â¥«ì−ë© �−�«¨§ ¨áå®¤−ëå £¨¯®â¥§;

{ ¯«�−¨à®¢�−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©;

{ ®à£�−¨§�æ¨ï ¨ ¯à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â�;

{ �−�«¨§ ¨ ®¡®¡é¥−¨¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢;

{ ¯à®¢¥àª� ¨áå®¤−ëå £¨¯®â¥§, ¯à¨−ïâ¨¥ à¥è¥−¨©;

{ ä®à¬ã«¨à®¢�−¨¥ ä�ªâ®¢ ¨ ¯®«®¦¥−¨©, ¨å ®¡®á−®¢�−¨¥ ¨ ®¯¨á�−¨¥ (¯®«ãç¥−¨¥
¯à®¤ãªâ� §−�−¨©).

‚§�¨¬®á¢ï§ì ¨ ¯®á«¥¤®¢�â¥«ì−®áâì ¯à®æ¥áá®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¯à¥¤-
áâ�¢«¥−� −� à¨á. 1 [6].

‘¨áâ¥¬�â¨§�æ¨ï ¯à®æ¥áá®¢ −�ãç−®£® ¨áá«¥¤®¢�−¨ï ¯®§¢®«ï¥â áä®à¬¨à®¢�âì
®à¨¥−â¨à®¢®ç−ë© −�¡®à ®á−®¢−ëå £àã¯¯ −�ãç−ëå á¥à¢¨á®¢, ª®â®àë© ¬®¦¥â «¥çì
¢ ®á−®¢ã á¨áâ¥¬ë æ¨äà®¢¨§�æ¨¨ ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨© [6]:

{ á¥à¢¨áë ¨−â¥««¥ªâã�«ì−®£® ¯®¨áª� ¨−ä®à¬�æ¨¨ ¨ ¬®−¨â®à¨−£� �’ˆ;

{ á¥à¢¨áë ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨ §−�−¨©;

{ �−�«¨â¨ç¥áª¨¥ á¥à¢¨áë;
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÷¨á. 1 �á−®¢−ë¥ £àã¯¯ë ¯à®æ¥áá®¢ ¨ ¨å ¢§�¨¬®á¢ï§ì

{ á¥à¢¨áë ª®¬¬ã−¨ª�æ¨©;

{ á¥à¢¨áë ¯«�−¨à®¢�−¨ï −�ãç−®£® ¨áá«¥¤®¢�−¨ï;

{ á¥à¢¨áë ¤®áâã¯� ª ãá«ã£�¬ –Š� ¨ “�“;

{ á¥à¢¨áë ¯®¤£®â®¢ª¨ ¯ã¡«¨ª�æ¨©.

„«ï à¥�«¨§�æ¨¨ §�¤�ç �−�«¨§� ¤�−−ëå ¬®−¨â®à¨−£� ‘“‘ ¢ ¨−â¥à¥á�å ¬¥¦-
¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨© ¯à¥¤«�£�¥âáï á®§¤�âì −�¡®à −�ãç−ëå á¥à¢¨á®¢
¢ à�¬ª�å ãª�§�−−ëå £àã¯¯, à¥�«¨§ãîé¨å á«¥¤ãîé¨© �«£®à¨â¬ ¤¥©áâ¢¨© (á¬.
à¨á. 2).

˜�£ 1. ”®à¬ã«¨à®¢ª� −�ãç−®© ¯à®¡«¥¬ë, ¬®−¨â®à¨−£ −�ãç−®© ¯à®¡«¥¬ë.
�¡á«ã¦¨¢�¥âáï á ¯®¬®éìî −�¡®à� á«¥¤ãîé¨å á¥à¢¨á®¢:

{ á®§¤�−¨¥ ®−â®«®£¨¨ −�ãç−®© ¯à®¡«¥¬ë −� ®á−®¢¥ ®¡ãç¥−¨ï −� ¯®¤¡®àª¥ à¥«¥-
¢�−â−ëå ¯ã¡«¨ª�æ¨©;

{ −� ®á−®¢¥ ¯®«ãç¥−−®© ®−â®«®£¨¨ ä®à¬¨à®¢�−¨¥ §�¯à®á� ¤«ï ¨−â¥««¥ªâã�«ì-
−®£® ¯®¨áª�1 ¯à¥¤áâ�¢¨â¥«ì−®£® ª®à¯ãá� ¤®áâã¯−®© �’ˆ (ä�ªâë, â¥®à¨¨,
£¨¯®â¥§ë);

{ ¯à®¢¥àª� �ªâã�«ì−®áâ¨ −�ãç−®© ¯à®¡«¥¬ë −� ®á−®¢¥ �−�«¨§� ¤¨−�¬¨ª¨ à®áâ�
¯ã¡«¨ª�æ¨© ¯® ¤�−−®© â¥¬�â¨ª¥.

1ˆ−â¥««¥ªâã�«ì−ë© ¯®¨áª ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¯®«−®â¥ªáâ®¢®£® ¯®¨áª�, §�¤�−¨ï −¥ç¥â-
ª®£® §�¯à®á� −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¨ à�−¦¨à®¢�−¨ï à¥§ã«ìâ�â®¢ ¯®¨áª� ¢ á®®â¢¥âáâ¢¨¨ á à¥«¥-
¢�−â−®áâìî §�¯à®áã.
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�«£®à¨â¬ë �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¤�−−ëå á¨áâ¥¬ë ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

÷¨á. 2 �«£®à¨â¬ �−�«¨§� ¤�−−ëå ¬®−¨â®à¨−£�

˜�£ 2. �à¨ ¢ëï¢«¥−¨¨ ¯à¨§−�ª®¢ −¥�ªâã�«ì−®áâ¨ ¢®§¢à�â ª è�£ã 1 á æ¥«ìî
ª®àà¥ªâ¨à®¢ª¨ −�ãç−®© ¯à®¡«¥¬ë.

˜�£ 3. ”®à¬ã«¨à®¢ª� ¨áå®¤−ëå £¨¯®â¥§ ¢ ¢¨¤¥ −�ãç−ëå à¥§ã«ìâ�â®¢ ¨ ¨å
áà�¢−¨â¥«ì−ë© �−�«¨§.

�¡á«ã¦¨¢�¥âáï á ¯®¬®éìî −�¡®à� á«¥¤ãîé¨å á¥à¢¨á®¢:

{ ä®à¬�«ì−®¥ ®¯¨á�−¨¥ ¯à¥¤¯®«�£�¥¬®£® −�ãç−®£® à¥§ã«ìâ�â� ¯® á«¥¤ãîé¥©
áâàãªâãà¥ [6]:

��ãç−ë©÷¥§ã«ìâ�â

−à:��ãç−ë©÷¥§ã«ìâ�â�¯¨á�−¨¥

−à:�¡«�áâì‡−�−¨©

−à:�¡ê¥ªâˆáá«¥¤®¢�−¨ï

−à:‘à¥¤áâ¢®ˆáá«¥¤®¢�−¨ï

−à:‘¢®©áâ¢®�¡ê¥ªâ�ˆáá«¥¤®¢�−¨ï

−à:‚¨¤÷¥§ã«ìâ�â�

−à:�¨¡«¨®£à�ä¨ç¥áª�ï‘áë«ª�;

{ ä®à¬¨à®¢�−¨¥ −¥ç¥âª®£® §�¯à®á� −� ®á−®¢¥ ¤�−−®© ä®à¬�«¨§�æ¨¨;

{ ¯à®¢¥àª� −� −¥¯à®â¨¢®à¥ç¨¢®áâì ¯à¥¤¯®«�£�¥¬®£® −�ãç−®£® à¥§ã«ìâ�â� áãé¥-
áâ¢ãîé¨¬ à¥§ã«ìâ�â�¬;

{ ¯à®¢¥àª� −� ¢®§¬®¦−ãî áå®¦¥áâì ¨«¨ ¤ã¡«¨à®¢�−¨¥.
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˜�£ 4. �à¨ ¢ëï¢«¥−¨¨ ¯à¨§−�ª®¢ ¯à®â¨¢®à¥ç¨¢®áâ¨ ¨ ¤ã¡«¨à®¢�−¨ï ¢®§¢à�â
ª è�£ã 2 ¨«¨ 1 á æ¥«ìî ª®àà¥ªâ¨à®¢ª¨ £¨¯®â¥§ë ¨«¨ −�ãç−®© ¯à®¡«¥¬ë.

˜�£ 5. �«�−¨à®¢�−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©.
�¡á«ã¦¨¢�¥âáï á ¯®¬®éìî −�¡®à� á«¥¤ãîé¨å á¥à¢¨á®¢:

{ ¨−â¥««¥ªâã�«ì−ë© ¯®¨áª à¥«¥¢�−â−®£® −�ãç−®£® ¨−áâàã¬¥−â�à¨ï (¬¥â®¤®¢,
¯à¨¥¬®¢, â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ â. ¯.) ¢ ¢¥¤ãé¥© ¨ á¬¥¦−ëå ¤¨áæ¨¯«¨−�å;

{ ¯®¤¡®à ª®««¥ªâ¨¢� ¨á¯®«−¨â¥«¥© ¯®¤ ¢ë¡à�−−ë© ¨−áâàã¬¥−â�à¨© á ¯®¬®éìî
ª®¬¬ã−¨ª�æ¨© ¢ −�ãç−®¬ á®®¡é¥áâ¢¥;

{ ¯®¨áª ¨ ¯®¤¡®à á¥à¢¨á®¢ –Š� ¨ “�“.

˜�£ 6. �à£�−¨§�æ¨ï ¨ ¯à®¢¥¤¥−¨¥ ¨áá«¥¤®¢�−¨© (íªá¯¥à¨¬¥−âë, à�áç¥âë),
�−�«¨§ ¨ ®¡®¡é¥−¨¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.

�¡á«ã¦¨¢�¥âáï á ¯®¬®éìî −�¡®à� −�ãç−ëå á¥à¢¨á®¢, à¥�«¨§ãîé¨å á¯¥æ¨-
�«ì−ë¥ ¬¥â®¤ë �−�«¨§� ¯® ®âà�á«ï¬ −�ãª¨ á ¨á¯®«ì§®¢�−¨¥¬ á¨áâ¥¬, ®á−®¢�−−ëå
−� §−�−¨ïå, à�§«¨ç−ëå ¬¥â®¤®¢ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï, ¬¥â®¤®¢ ®¯â¨¬¨§�-
æ¨¨, ¬�è¨−−®£® ®¡ãç¥−¨ï, ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

˜�£ 7. �à®¢¥àª� ¨áå®¤−ëå £¨¯®â¥§, ¯à¨−ïâ¨¥ à¥è¥−¨©.
–¨äà®¢¨§�æ¨ï ¯à®æ¥áá� ¯à®¢¥àª¨ ¨áå®¤−ëå £¨¯®â¥§ §�âàã¤−¨â¥«ì−�. �®á«¥

®áãé¥áâ¢«¥−¨ï ¯à®¢¥àª¨ £¨¯®â¥§ −� ®á−®¢¥ ¤�−−ëå íªá¯¥à¨¬¥−â� ®áãé¥áâ¢«ï¥âáï
¯à¨−ïâ¨¥ à¥è¥−¨ï ¨§ á«¥¤ãîé¨å �«ìâ¥à−�â¨¢:

{ ¢ á«ãç�¥ ¯®¤â¢¥à¦¤¥−¨ï £¨¯®â¥§ë ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ª ¯à®æ¥áá�¬ ä®à-
¬ã«¨à®¢�−¨ï ä�ªâ®¢ ¨ ¯®«®¦¥−¨©, ¨å ®¡®á−®¢�−¨ï ¨ ®¯¨á�−¨ï (¯®«ãç¥−¨¥
¯à®¤ãªâ� §−�−¨© | è�£ 8);

{ ¥á«¨ í¬¯¨à¨ç¥áª¨å ¤�−−ëå −¥¤®áâ�â®ç−®, ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® ¯à®¤®«¦¥-
−¨¨ íªá¯¥à¨¬¥−â®¢ | è�£ 6;

{ ¥á«¨ £¨¯®â¥§� ®¯à®¢¥à£−ãâ�, â® −¥®¡å®¤¨¬® ¢®§¢à�â¨âìáï ª áâ�¤¨¨ ú–¥«¥¯®-
«�£�−¨¥û:

{ ¤«ï ª®àà¥ªâ¨à®¢ª¨ ¯«�−� ¨áá«¥¤®¢�−¨ï | è�£ 5;

{ ª®àà¥ªâ¨à®¢ª¨ −�ãç−®© £¨¯®â¥§ë | è�£ 3;

{ ª®àà¥ªâ¨à®¢ª¨ −�ãç−®© ¯à®¡«¥¬ë | è�£ 1.

˜�£ 8. ”®à¬ã«¨à®¢�−¨¥ ä�ªâ®¢ ¨ ¯®«®¦¥−¨©, ¨å ®¡®á−®¢�−¨¥ ¨ ®¯¨á�−¨¥
(¯®«ãç¥−¨¥ ¯à®¤ãªâ� §−�−¨©).

�à®¤ãªâ §−�−¨© ®¡ëç−® ®ä®à¬«ï¥âáï ¢ ¢¨¤¥ −�ãç−®-â¥å−¨ç¥áª®£® ®âç¥â�, −�-
ãç−®© ¯ã¡«¨ª�æ¨¨ «¨¡® ¯ã¡«¨ç−®£® ¤®ª«�¤� −� à�§−®£® à®¤� −�ãç−ëå á®¡à�−¨ïå.
‘ãé¥áâ¢ãîé¨¥ â¥å−®«®£¨¨ ¢ íâ®© ®¡«�áâ¨ ¯®§¢®«ïîâ £®¢®à¨âì ® ¢®§¬®¦−®áâ¨
¨á¯®«ì§®¢�−¨ï á«¥¤ãîé¨å �−�«¨â¨ç¥áª¨å á¥à¢¨á®¢:

{ ã«ãçè¥−¨¥ ª�ç¥áâ¢� áâ�â¥© (�¤�¯â�æ¨ï ª âà¥¡®¢�−¨ï¬ ®ä®à¬«¥−¨ï, à¥æ¥−§¨-
à®¢�−¨¥, á¥¬�−â¨ç¥áª¨© �−�«¨§ â¥ªáâ®¢, ãá«ã£¨ ¯® −�¯¨á�−¨î ¨ ¯à®¤¢¨¦¥−¨î
¯ã¡«¨ª�æ¨©);

{ �¢â®¬�â¨§¨à®¢�−−ë© ¯¥à¥¢®¤;
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�«£®à¨â¬ë �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¤�−−ëå á¨áâ¥¬ë ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

{ ¯à®¢¥àª� §�¨¬áâ¢®¢�−¨©, �−â¨¯«�£¨�â;

{ �−�«¨§ à¥¤�ªæ¨®−−ëå ¯®«¨â¨ª ¨ ¢ë¡®à ¨§¤�−¨ï.

4 Аналитические сервисы

�à¨ ®¯¨á�−¨¨ �«£®à¨â¬� �−�«¨§� ¤�−−ëå ¬®−¨â®à¨−£� ‘“‘ ¯à¨ ®à£�−¨§�æ¨¨
¨ ¯à®¢¥¤¥−¨¨ ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨© ¡ë«¨ ¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥
á¥à¢¨áë:

{ á®§¤�−¨¥ ®−â®«®£¨¨ −�ãç−®© ¯à®¡«¥¬ë −� ®á−®¢¥ ®¡ãç¥−¨ï −� ¯®¤¡®àª¥ à¥«¥-
¢�−â−ëå ¯ã¡«¨ª�æ¨©;

{ ¨−â¥««¥ªâã�«ì−ë© ¯®¨áª ¨−ä®à¬�æ¨¨;

{ �−�«¨§ ¤¨−�¬¨ª¨ à®áâ� ¯ã¡«¨ª�æ¨© ¯® §�¤�−−®© â¥¬�â¨ª¥;

{ ¨¤¥−â¨ä¨ª�æ¨ï −�ãç−®£® à¥§ã«ìâ�â�;

{ ¨−â¥««¥ªâã�«ì−ë© ¯®¨áª à¥«¥¢�−â−®£® −�ãç−®£® ¨−áâàã¬¥−â�à¨ï (¬¥â®¤®¢,
¯à¨¥¬®¢, â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ â. ¯.) ¢ ¢¥¤ãé¥© ¨ á¬¥¦−ëå ¤¨áæ¨¯«¨−�å;

{ ¯®¤¡®à ª®««¥ªâ¨¢� ¨á¯®«−¨â¥«¥© ¯®¤ ¢ë¡à�−−ë© ¨−áâàã¬¥−â�à¨© á ¯®¬®éìî
ª®¬¬ã−¨ª�æ¨© ¢ −�ãç−®¬ á®®¡é¥áâ¢¥;

{ ¯®¨áª ¨ ¯®¤¡®à á¥à¢¨á®¢ –Š� ¨ “�“;

{ ã«ãçè¥−¨¥ ª�ç¥áâ¢� áâ�â¥©.

�¤−®© ¨§ á�¬ëå ¯¥àá¯¥ªâ¨¢−ëå ¯à¥¤áâ�¢«ï¥âáï â¥å−®«®£¨ï ¨−â¥««¥ªâã�«ì−®-
£® ¯®¨áª� ¨ �−�«¨§� �’ˆ, ¢ª«îç�ï ¯à®æ¥áá ¨¤¥−â¨ä¨ª�æ¨¨ −�ãç−®£® à¥§ã«ìâ�â�,
−� ®á−®¢¥ �¢â®¬�â¨§¨à®¢�−−®£® á®§¤�−¨ï ®−â®«®£¨¨ −�ãç−®© ¯à®¡«¥¬ë.

”®à¬�«¨§�æ¨ï ¯®−ïâ¨ï ú−�ãç−ë© à¥§ã«ìâ�âû ¯®§¢®«ï¥â ®ç¥àâ¨âì áå¥¬ã �«-
£®à¨â¬� ¯à®æ¥áá� ¥£® ¨¤¥−â¨ä¨ª�æ¨¨. ��ãç−ë¥ á¥à¢¨áë, ®á−®¢�−−ë¥ −� íâ®¬
�«£®à¨â¬¥, ¬®£ãâ ¯®§¢®«¨âì à¥è�âì á«¥¤ãîé¨¥ §�¤�ç¨: ®¯à¥¤¥«¥−¨¥ −®¢¨§−ë
¯®«ãç¥−−®£® à¥§ã«ìâ�â�, ¯®¤¡®à áå®¦¨å à¥§ã«ìâ�â®¢ ¯® à�§«¨ç−ë¬ ªà¨â¥à¨ï¬,
¯®¨áª à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© ¢ á¬¥¦−ëå ®âà�á«ïå §−�−¨©, ¯®¨áª −�ãç−®£®
¨−áâàã¬¥−â�à¨ï −� ®á−®¢¥ ¬®−¨â®à¨−£� ¤®áâã¯−®£® ¬�áá¨¢� �’ˆ. ‚ ®á−®¢¥ �«-
£®à¨â¬� «¥¦¨â ¯à®æ¥áá ¨§¢«¥ç¥−¨ï áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ ¨§ −¥áâàãª-
âãà¨à®¢�−−®£® â¥ªáâ�, ®¯à¥¤¥«¥−¨¥ ¨ ¨¤¥−â¨ä¨ª�æ¨ï áãé−®áâ¥© ¨§ â¥ªáâ� −�
¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¨ ¢ëï¢«¥−¨¥ á¢ï§¥© ¬¥¦¤ã íâ¨¬¨ áãé−®áâï¬¨. Š�ª ¯à�¢¨«®,
â�ª¨¥ ¬¥â®¤ë �−�«¨§� ®¯¨à�îâáï −� ä®à¬�«¨§®¢�−−ë¥ ¢ â®¬ ¨«¨ ¨−®¬ ¢¨¤¥ §−�-
−¨ï ® ¯à¥¤¬¥â−®© ®¡«�áâ¨ (®−â®«®£¨¨) ¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¬¥â®¤ë ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨, à¥�«¨§®¢�−−ë¥ ¢ ¢¨¤¥ −�ãª®¥¬ª®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

÷�−¥¥ ¢ ¯®¨áª®¢ëå á¨áâ¥¬�å ¨á¯®«ì§®¢�«�áì ¨−¤¥ªá�æ¨ï à¥áãàá®¢ (¢¢¥¤¥−¨¥
¢ â¥ªáâ £¨¯¥àááë«®ª, ¯®¨áª ¯® ª«îç¥¢ë¬ á«®¢�¬) ¯à¨ ¯®«−®¬ ®âáãâáâ¢¨¨ áà¥¤áâ¢
�−�«¨§� åà�−¨¬®© ¨−ä®à¬�æ¨¨. �−â®«®£¨ç¥áª¨© ¯®¤å®¤ ¯®§¢®«ï¥â ãç¨âë¢�âì
á¥¬�−â¨ªã §�¯à®á®¢. ‚ ®−â®«®£¨ç¥áª¨å áà¥¤�å −�ç�«ì−�ï ®¡à�¡®âª� §�¯à®á� −�
ï§ëª¥, ¡«¨§ª®¬ ª ¥áâ¥áâ¢¥−−®¬ã, ¯à¥¤¯®«�£�¥â ¥£® ¯¥à¥ä®à¬ã«¨à®¢ªã ¨ ¨á¯®«ì-
§®¢�−¨¥ ¬¥â®¤®¢ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ¯à¨ ¯à¥¤áâ�¢«¥−¨¨ [8].
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�ç¥−ì ®¡−�¤¥¦¨¢�îé¥ ¢ë£«ï¤¨â ¢®§¬®¦−®áâì �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®-
¢�−¨ï úáª¥«¥â�û ®−â®«®£¨¨ ¯®áâ®ï−−®£® §�¯à®á� á ¨á¯®«ì§®¢�−¨¥¬ ®¡ãç¥−¨ï −�
¯®¤¡®àª¥ à¥«¥¢�−â−ëå ¯ã¡«¨ª�æ¨©, â. ¥. ¢ ¢¨¤¥ á¥à¢¨á�. �â® ¬®¦¥â ®áãé¥áâ¢«ïâì-
áï á ãç¥â®¬ ç�áâ®âë ¢áâà¥ç�¥¬®áâ¨ â¥à¬¨−®¢, çâ® ¨á¯®«ì§ã¥âáï ¢ áâ�â¨áâ¨ç¥áª®¬
¯®¤å®¤¥, £¤¥ §−�ç¨¬®áâì â¥à¬¨−� ¤«ï ®−â®«®£¨¨ ®¯à¥¤¥«ï¥âáï íâ®© ç�áâ®â®©
¢áâà¥ç�¥¬®áâ¨ â¥à¬¨−� ¢ ¨áá«¥¤ã¥¬®¬ ª®à¯ãá¥ â¥ªáâ®¢ (¨−ä®à¬�æ¨®−−®¬ ª®−â¥−-
â¥ ¨«¨ ®¡ãç�îé¥© ¢ë¡®àª¥). �®¤å®¤, ®á−®¢�−−ë© −� ¨áá«¥¤®¢�−¨¨ ª®−â¥ªáâ−®©
¡«¨§®áâ¨ â¥à¬¨−®¢ á �¢â®¬�â¨ç¥áª¨¬ à�á¯®§−�¢�−¨¥¬ ¨ ¨§¢«¥ç¥−¨¥¬ ®¡à�§æ®¢
á«®¢®á®ç¥â�−¨©, á®¤¥à¦�é¨å ¨áá«¥¤ã¥¬ë¥ â¥à¬¨−ë, ¯®§¢®«ï¥â ¢ëï¢¨âì ®â−®è¥-
−¨ï ¬¥¦¤ã ¯®−ïâ¨ï¬¨. „«ï íâ®© æ¥«¨ ¨á¯®«ì§ã¥âáï �¢â®¬�â¨ç¥áª�ï ¯à®æ¥¤ãà�,
á®ç¥â�îé�ï «¨−£¢¨áâ¨ç¥áª¨© ¨ áâ�â¨áâ¨ç¥áª¨© ¯®¤å®¤ë [8].

„àã£®© ¢�¦−®© £àã¯¯®© ¨á¯®«ì§ã¥¬ëå â¥å−®«®£¨©, ¤®áâ�â®ç−® à�§¢¨âëå
¢ −�áâ®ïé¥¥ ¢à¥¬ï, áâ�«¨ â¥å−®«®£¨¨ −�ãª®¬¥âà¨¨. �à¨¬¥à�¬¨ â�ª¨å â¥å−®«®£¨©
á«ã¦�â:

{ −�ãª®¬¥âà¨ç¥áª¨© �¯¯�à�â ¡�§ë ¤�−−ëå Scopus, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â ãç¥â
¯ã¡«¨ª�æ¨© ãç¥−ëå ¨ ãçà¥¦¤¥−¨©, ¢ ª®â®àëå ®−¨ à�¡®â�îâ, áâ�â¨áâ¨ªã ¨å
æ¨â¨àã¥¬®áâ¨;

{ −�ãª®¬¥âà¨ç¥áª¨© �¯¯�à�â ¯«�âä®à¬ë Web of Science, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â
®âá«¥¦¨¢�−¨¥ ¯®ª�§�â¥«¥© æ¨â¨àã¥¬®áâ¨ ¯ã¡«¨ª�æ¨© á à¥âà®á¯¥ªâ¨¢®© ¤®
1900 £. �¤−¨¬ ¨§ ª«îç¥¢ëå ª®−æ¥¯â®¢ −�ãª®¬¥âà¨ç¥áª®£® �¯¯�à�â� ¯«�â-
ä®à¬ë á«ã¦¨â ¨¬¯�ªâ-ä�ªâ®à −�ãç−®£® ¨§¤�−¨ï. „«ï ä®à¬�«ì−®© ®æ¥−ª¨
à¥§ã«ìâ�â¨¢−®áâ¨ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ ãç¥−ëå ¯à¨¬¥−ï¥âáï àï¤ −�ãª®¬¥â-
à¨ç¥áª¨å ¯®ª�§�â¥«¥© (−�¯à¨¬¥à, ç¨á«® ¯ã¡«¨ª�æ¨©, ¨−¤¥ªá •¨àè�, ®− ¦¥
h-¨−¤¥ªá, ¨ ¤à.);

{ eLibrary.ru, ª®â®à�ï â�ª¦¥ áâ�«� ¬®é−ë¬ �−�«¨â¨ç¥áª¨¬ ¨−áâàã¬¥−â®¬,
¯®§¢®«ïîé¨¬ ®áãé¥áâ¢«ïâì ®æ¥−ªã à¥§ã«ìâ�â¨¢−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ ¤¥ï-
â¥«ì−®áâ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ®à£�−¨§�æ¨©, ãç¥−ëå, ãà®¢¥−ì −�ãç−ëå
¦ãà−�«®¢ ¨ â. ¤.

’¥å−®«®£¨¨ −�ãª®¬¥âà¨¨ ï¢«ïîâáï ¬®é−ë¬ áà¥¤áâ¢®¬ ®à£�−¨§�æ¨¨ ¨ ¯à®¢¥-
¤¥−¨ï ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨©.
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АКТУАЛЬНЫЕ ПРОБЛЕМЫ ИНФОРМАЦИОННОЙ
БЕЗОПАСНОСТИ В УСЛОВИЯХ ПАНДЕМИИ КОРОНАВИРУСА∗

В. Е. Гаврилов1, А. А. Зацаринный2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨
¨á¯®«ì§®¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ å®¤¥ ¯à®¢¥¤¥−¨ï ¬¥à®¯à¨ïâ¨©
¯® ¡®àì¡¥ á à�á¯à®áâà�−¥−¨¥¬ ¯�−¤¥¬¨¨ ª®à®−�¢¨àãá� ¢ ÷®áá¨¨. �à¨ íâ®¬
¯à®¡«¥¬� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ à�áá¬�âà¨¢�¥âáï ¢ è¨à®ª®¬ á¬ëá-
«¥ á«®¢� ¨ ¢ª«îç�¥â â¥å−¨ç¥áª¨©, äã−ªæ¨®−�«ì−ë© ¨ á¨áâ¥¬−ë© �á¯¥ªâë.
�à®�−�«¨§¨à®¢�−ë ®á−®¢−ë¥ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®-
«®£¨©, á®§¤�−−ëå −¥¯®áà¥¤áâ¢¥−−® ¤«ï ®¡¥á¯¥ç¥−¨ï ãáâ�−®¢«¥−−®£® à¥¦¨¬�
¯®¢ëè¥−−®© £®â®¢−®áâ¨ «¨¡® ¨á¯ëâë¢�îé¨å ¯®¢ëè¥−−ãî −�£àã§ªã ¢ ¨§¬¥-
−¨¢è¨åáï ãá«®¢¨ïå ¯�−¤¥¬¨¨.

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

DOI: 10.14357/08696527200311

1 Введение

Š®à®−�¢¨àãá | −®¢ë© ¨ ¤®¢®«ì−® −¥®¦¨¤�−−ë© £«®¡�«ì−ë© ¢ë§®¢ ¢á¥¬ã
ç¥«®¢¥ç¥áâ¢ã. ‚¥áì ¬¨à ã¦¥ −¥áª®«ìª® ¬¥áïæ¥¢ −�å®¤¨âáï ¢ −�¯àï¦¥−−®¬ á®áâ®-
ï−¨¨, ¯ëâ�ïáì á¤¥à¦�âì à�á¯à®áâà�−¥−¨¥ íâ®£® ¢¨àãá�. �ç¥¢¨¤−®, çâ® ¢�¦−®¥
¬¥áâ® ¢ á¨áâ¥¬¥ ¬¥à®¯à¨ïâ¨© §�−¨¬�îâ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¨ â¥å−®«®£¨¨.
Š�ª ¯®ª�§�« �−�«¨§, ¨á¯®«ì§ã¥¬ë¥ ¢ íâ¨å æ¥«ïå ¢ â®© ¨«¨ ¨−®© ¬¥à¥ ¨−ä®à-
¬�æ¨®−−ë¥ á¨áâ¥¬ë ãá«®¢−® ¬®¦−® à�§¤¥«¨âì −� −¥áª®«ìª® £àã¯¯: ª®−âà®«ï
¢ë¯®«−¥−¨ï ãáâ�−®¢«¥−−®£® à¥¦¨¬� ¯®¢ëè¥−−®© £®â®¢−®áâ¨ (ª�à�−â¨−�), ¬¥-
¤¨æ¨−áª®£® −�§−�ç¥−¨ï, ¨−ä®à¬¨à®¢�−¨ï −�á¥«¥−¨ï, ®¡¥á¯¥ç¥−¨ï ¯®¢á¥¤−¥¢−®©
¦¨§−¥¤¥ïâ¥«ì−®áâ¨ −�á¥«¥−¨ï, ¯®¤¤¥à¦ª¨ ã¤�«¥−−®© à�¡®âë ¨ ãç¥¡ë, � â�ª¦¥
ªã«ìâãà−®-¬�áá®¢®£® ¨ ¤®áã£®¢®£® −�§−�ç¥−¨ï.

‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï −¥ª®â®àë¥ �ªâã�«ì−ë¥ ¯à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï ¨−-
ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ãª�§�−−ëå á¨áâ¥¬. �à¨ íâ®¬ â¥à¬¨− ú¨−ä®à¬�-
æ¨®−−�ï ¡¥§®¯�á−®áâìû ¯®−¨¬�¥âáï ¢ è¨à®ª®¬ á¬ëá«¥ á«®¢� ª�ª á¯®á®¡−®áâì

∗‘â�âìï ¯®¤£®â®¢«¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-29-03124-¬ª ¨ 18-29-
03081-¬ª).

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, vegavrilov@yandex.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, AZatsarinny@ipiran.ru

123



‚. …. ƒ�¢à¨«®¢, �. �. ‡�æ�à¨−−ë©

¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ãáâ®©ç¨¢® ¢ë¯®«−ïâì §�ï¢«¥−−ë¥ äã−ªæ¨¨ ¢ à¥�«ì-
−ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨ á ãç¥â®¬ ¢®§¬®¦−ëå á¡®¥¢, ãï§¢¨¬®áâ¥©, � â�ª¦¥
−¥£�â¨¢−ëå ¤¥©áâ¢¨© ¯®â¥−æ¨�«ì−ëå −�àãè¨â¥«¥© ¨ ª®¬¯ìîâ¥à−ëå �â�ª.

�à®¡«¥¬� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ à�áá¬�âà¨¢�¥âáï ¢ âà¥å �á¯¥ªâ�å:
äã−ªæ¨®−�«ì−®¬, á¨áâ¥¬−®¬ ¨ â¥å−¨ç¥áª®¬. ”ã−ªæ¨®−�«ì−ë© �á¯¥ªâ ®å¢�âë¢�-
¥â ª®¬¯«¥ªá ¢®¯à®á®¢ ®¡¥á¯¥ç¥−¨ï ª®àà¥ªâ−®© à¥�«¨§�æ¨¨ §�ï¢«¥−−ëå äã−ªæ¨©
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¢® ¢á¥å à¥¦¨¬�å à�¡®âë ¨ ¯à¨ ¢á¥å á®ç¥â�−¨ïå ¢å®¤-
−ëå ¤�−−ëå. ‘¨áâ¥¬−ë© �á¯¥ªâ ¯à¥¤¯®«�£�¥â ®¡¥á¯¥ç¥−¨¥ ¯®«−®© ¨ ª®àà¥ªâ−®©
¯®áâ�−®¢ª¨ äã−ªæ¨®−�«ì−ëå §�¤�ç ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, � â�ª¦¥ à¥�«¨§�-
æ¨î −¥¯à®â¨¢®à¥ç¨¢®£® áæ¥−�à¨ï ¨å ¨á¯®«−¥−¨ï ¡¥§ −¥£�â¨¢−ëå ¯®á«¥¤áâ¢¨©.
ˆ, −�ª®−¥æ, â¥å−¨ç¥áª¨© �á¯¥ªâ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ á¢ï§�− á ¢ë¡®à®¬
â�ª¨å �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ §�é¨âë, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ãáâ®©ç¨-
¢®¥ äã−ªæ¨®−¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¢ ãá«®¢¨ïå ¢®§¬®¦−ëå á¡®¥¢,
¢à¥¤®−®á−ëå ¤¥©áâ¢¨© ¯®â¥−æ¨�«ì−ëå −�àãè¨â¥«¥©, ª®¬¯ìîâ¥à−ëå �â�ª.

‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¤«ï ª�¦-
¤®© ¨§ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ £àã¯¯ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ íâ¨å âà¥å �á¯¥ªâ�å.

2 Системы контроля выполнения установленного режима
повышенной готовности

Š â�ª¨¬ á¨áâ¥¬�¬ ®â−®áïâáï á¨áâ¥¬ë ª®−âà®«ï á®¡«î¤¥−¨ï à¥¦¨¬� ª�à�−â¨−�
¤«ï «¨æ, −�å®¤ïé¨åáï −� ¤®¬�è−¥¬ «¥ç¥−¨¨, ª®−â�ªâ¨à®¢�¢è¨å á ¡®«ì−ë¬¨
COVID-19, ¯à¨¡ë¢è¨å ¨§ ¯®â¥−æ¨�«ì−® ®¯�á−ëå à¥£¨®−®¢ ¨ ¤à., � â�ª¦¥
á¨áâ¥¬ë ª®−âà®«ï ãáâ�−®¢«¥−−®£® ¯à®¯ãáª−®£® à¥¦¨¬� ¯à¨ ¯¥à¥¬¥é¥−¨¨ −�
®¡é¥áâ¢¥−−®¬ ¨ «¨ç−®¬ âà�−á¯®àâ¥.

�â¨ á¨áâ¥¬ë ®ª�§ë¢�îâ á�¬®¥ −¥¯®áà¥¤áâ¢¥−−®¥ ¢«¨ï−¨¥ −� â¥¬¯ë à�á¯à®-
áâà�−¥−¨ï í¯¨¤¥¬¨¨, −® ¯à¨ íâ®¬ ¢ë§ë¢�îâ ¨ −�¨¡®«ìè¨¥ −�à¥ª�−¨ï. �á−®¢−�ï
¯à¨ç¨−� ¢ â®¬, çâ® íâ¨ á¨áâ¥¬ë á®§¤�¢�«¨áì ¢ ãá«®¢¨ïå ¦¥áâª®£® ¤¥ä¨æ¨â�
¢à¥¬¥−¨ −� ®á−®¢¥ ã¦¥ ¨¬¥îé¨åáï á¨áâ¥¬ −¥áª®«ìª® ¨−®£® −�§−�ç¥−¨ï. ˆ¬¥−−®
íâ¨¬ ¬®¦−® ®¡êïá−¨âì ¬−®£®ç¨á«¥−−ë¥ ®è¨¡ª¨ ¨ −¥¤®à�¡®âª¨ ª�ª á¨áâ¥¬−®£®,
â�ª ¨ â¥å−¨ç¥áª®£® å�à�ªâ¥à�. ‘ ãç¥â®¬ ¨å −�§−�ç¥−¨ï íâ¨ ¨−ä®à¬�æ¨®−−ë¥
á¨áâ¥¬ë ¯®¤¯�¤�îâ ¯®¤ ¤¥©áâ¢¨¥ ”‡-187 ú� ¡¥§®¯�á−®áâ¨ ªà¨â¨ç¥áª®© ¨−ä®à-
¬�æ¨®−−®© ¨−äà�áâàãªâãàë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û [1], � á ãç¥â®¬ ®¡à�¡®âª¨
¯¥àá®−�«ì−ëå ¤�−−ëå ¨ ”‡-152 ú� ¯¥àá®−�«ì−ëå ¤�−−ëåû [2]. �¤−�ª® ¨−-
ä®à¬�æ¨ï ® ¢ë¯®«−¥−¨¨ âà¥¡®¢�−¨© á®®â¢¥âáâ¢ãîé¨å −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢
¢ ¯à¨¬¥−ï¥¬ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ®âáãâáâ¢ã¥â.

‚ ª�ç¥áâ¢¥ â¥å−®«®£¨ç¥áª®© ®á−®¢ë ¤«ï ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ª®−âà®«ï
á®¡«î¤¥−¨ï à¥¦¨¬� ª�à�−â¨−� ¡ë«� ¢§ïâ� £®à®¤áª�ï á¨áâ¥¬� ¢¨¤¥®−�¡«î¤¥−¨ï
¨ à�á¯®§−�¢�−¨ï «¨æ, −�å®¤ïé¨åáï ¢ à®§ëáª¥. �à¨ íâ®¬ ¢ á¢®¥¬ ¯¥à¢®−�ç�«ì−®¬
−�§−�ç¥−¨¨ á¨áâ¥¬� −¥ −ã¦¤�«�áì ¢ ®á®¡ëå ¬¥à�å §�é¨âë, â�ª ª�ª á®£«�á-
−® ”‡-152 á®£«�á¨ï ®¡êï¢«¥−−ëå ¢ à®§ëáª áã¡ê¥ªâ®¢ ¯¥àá®−�«ì−ëå ¤�−−ëå,
à�§¬¥é�¥¬ëå ¢ ¡�§¥ ¤�−−ëå á æ¥«ìî ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨, −¥ âà¥¡ã¥âáï,
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�ªâã�«ì−ë¥ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ãá«®¢¨ïå ¯�−¤¥¬¨¨

ä®â®£à�ä¨¨ à�§ëáª¨¢�¥¬ëå «¨æ à�§¬¥é¥−ë −� áâ¥−¤�å ª�¦¤®£® ®â¤¥«� ¯®«¨æ¨¨.
�¤−�ª® ¯à¨¬¥−¥−¨¥ íâ®© á¨áâ¥¬ë ¤«ï ª®−âà®«ï á®¡«î¤¥−¨ï ª�à�−â¨−� £à�¦¤�-
−�¬¨ ÷” ª�à¤¨−�«ì−® ¬¥−ï¥â á¨âã�æ¨î á® áâ�âãá®¬ á¨áâ¥¬ë. ’�ª, âà¥¡ã¥âáï
á®£«�á¨¥ áã¡ê¥ªâ� ¯¥àá®−�«ì−ëå ¤�−−ëå −� ¨å ®¡à�¡®âªã, ª®â®à®¥ ¢ −�áâ®ïé¥¥
¢à¥¬ï, å®âï ¨ −¥ ¢¯®«−¥ ¤®¡à®¢®«ì−®, ¤�¥â ª�¦¤ë© ¯®â¥−æ¨�«ì−ë© −®á¨â¥«ì
¢¨àãá�. �à¨ íâ®¬ ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ ®â−®áïâáï ª ¯¥à¢®© ª�â¥£®à¨¨ ¨ âà¥¡ãîâ
−�¨¡®«¥¥ −�¤¥¦−®© §�é¨âë. ‚¬¥áâ¥ á â¥¬ ª −�áâ®ïé¥¬ã ¢à¥¬¥−¨ ¨−ä®à¬�æ¨ï
® ¯à®¢¥¤¥−¨¨ à�¡®â ¯® §�é¨â¥ á¨áâ¥¬ë ú‘®æ¨�«ì−ë© ¬®−¨â®à¨−£û ®âáãâáâ¢ã-
¥â. ˆ§¢¥áâ−®, çâ® ”¥¤¥à�«ì−�ï á«ã¦¡� ¡¥§®¯�á−®áâ¨ (”‘�) ÷®áá¨¨ −�¯à�¢¨«�
á®®â¢¥âáâ¢ãîé¥¥ ®¡à�é¥−¨¥ ¢ Œ¨−¨áâ¥àáâ¢® æ¨äà®¢®£® à�§¢¨â¨ï [3].

ˆá¯®«ì§ã¥¬�ï ¢ á¨áâ¥¬¥ â¥å−®«®£¨ï à�á¯®§−�¢�−¨ï ®¡à�§®¢ á ¯à¨¬¥−¥−¨-
¥¬ ¬¥â®¤®¢ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� −¥¤®áâ�â®ç−® −�¤¥¦−�, ¨¬¥îâáï −¥¬�«®
á¯®á®¡®¢ ®¡¬�−� á¨áâ¥¬ë à�á¯®§−�¢�−¨ï «¨æ. �® ¤�−−ë¬ ¯à¥¤áâ�¢¨â¥«ï ÷®áâ¥-
«¥ª®¬�, ¯à¨¢¥¤¥−−ë¬ ¢ ¤®ª«�¤¥ −� ¡¨®¬¥âà¨ç¥áª®¬ ä®àã¬¥ 2020 £. [4], «¨èì 7%
«¨æ, ¢ëï¢«¥−−ëå ¢ ¯¥à¨®¤ ¯à®¢¥¤¥−¨ï —¥¬¯¨®−�â� ¬¨à� ¯® äãâ¡®«ã ª�¬¥à�¬¨
−�¡«î¤¥−¨ï ª�ª à�§ëáª¨¢�¥¬ë¥, ¤¥©áâ¢¨â¥«ì−® ¡ë«¨ ¢−¥á¥−ë ¢ ¡�§ã ¤�−−ëå.

�® ¤�−−ë¬ ¬−®£®ç¨á«¥−−ëå áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨, ¯¥àá®−�«ì−ë¥
¤�−−ë¥ ¯¥à¥¤�îâáï ¯® ª�−�«�¬ á¢ï§¨ ¢ ®âªàëâ®¬ ¢¨¤¥ ¨ ®¡à�¡�âë¢�îâáï −�
§�àã¡¥¦−ëå á¥à¢¥à�å. ‡�ä¨ªá¨à®¢�−� ¬�áá®¢�ï ãâ¥çª� «¨ç−ëå ¤�−−ëå ®èâà�-
ä®¢�−−ëå [5].

�à¨¢¥¤¥−−ë¥ ¢ëè¥ ä�ªâë á¢¨¤¥â¥«ìáâ¢ãîâ ® −¥¤®áâ�â®ç−®¬ ¢−¨¬�−¨¨ ª â¥å-
−¨ç¥áª®© á®áâ�¢«ïîé¥© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. –¥«ë© àï¤ ®è¨¡®ª
¨ −¥¤®à�¡®â®ª äã−ªæ¨®−�«ì−®£® ¨ á¨áâ¥¬−®£® å�à�ªâ¥à� ¢ë§¢�«¨ ¨§«¨è−îî
á®æ¨�«ì−ãî −�¯àï¦¥−−®áâì ¢ ®¡é¥áâ¢¥. ’�ª, á¨áâ¥¬� −�ç�«� à�¡®âã 02.04.20,
� áâ�âìï −� á�©â¥ ¬íà¨¨ Œ®áª¢ë á à�§êïá−¥−¨ï¬¨ ¯®àï¤ª� ¨á¯®«ì§®¢�−¨ï á®®â-
¢¥âáâ¢ãîé¥£® ¯à¨«®¦¥−¨ï ¯®ï¢¨«�áì â®«ìª® 21.05.20. ‚ à¥§ã«ìâ�â¥ ¯®çâ¨ 80%
£à�¦¤�−, ãáâ�−®¢¨¢è¨å ¯à¨«®¦¥−¨¥ (®ª®«® 54 000 ¨§ 67 000 [6]), ¯®«ãç¨«¨
èâà�äë ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥, ¯à®æ¥¤ãà� ®á¯�à¨¢�−¨ï ª®â®àëå ¢¥áì¬� §�-
âàã¤−¨â¥«ì−� ¨ âàã¤®¥¬ª�, � ¤«ï ¬−®£¨å ¯®¯à®áâã −¥¤®áâã¯−�. Œ−®£®ç¨á«¥−−ë¥
¦�«®¡ë −� ¯«®åãî à�¡®âã ®¯®¢¥é¥−¨ï ® ¯®áâã¯¨¢è¥¬ §�¯à®á¥ −� ®â¯à�¢ªã á¥«-
ä¨, −®ç−ë¥ ®¯®¢¥é¥−¨ï, ¡®«ìè¨¥ §�¤¥à¦ª¨ á ¨áª«îç¥−¨¥¬ ¨§ ¡�§ë ¤�−−ëå ¯®
®ª®−ç�−¨¨ ª�à�−â¨−�, ¢ëá®ª®¥ í−¥à£®¯®âà¥¡«¥−¨¥ ¯à¨«®¦¥−¨ï | ¢®â ¤�«¥ª®
−¥ ¯®«−ë© ¯¥à¥ç¥−ì ¯à¥â¥−§¨© ª ¤�−−®¬ã ¯à¨«®¦¥−¨î. �à¨ íâ®¬ â¥å−¨ç¥áª�ï
¯®¤¤¥à¦ª� ªà�©−¥ á«�¡�ï, � §�ç�áâãî ¨ −¥¤®áâã¯−�ï. �¥£�â¨¢−ë¥ ¯®á«¥¤áâ¢¨ï
¬®£«¨ ¡ë ¡ëâì §−�ç¨â¥«ì−® ¬¥−ìè¥ ¤�¦¥ ¯à¨ −�«¨ç¨¨ ¬−®£®ç¨á«¥−−ëå −¥¤®à�-
¡®â®ª, ¥á«¨ ¡ë à�§à�¡®âç¨ª¨ §�«®¦¨«¨ �«£®à¨â¬ ¯à¨−ïâ¨ï à¥è¥−¨ï −� ®á−®¢¥
¯à¨−æ¨¯�: ú¢á¥ á®¬−¥−¨ï âà�ªâãîâáï ¢ ¯®«ì§ã \¯®¤®§à¥¢�¥¬®£®"û. ‚àï¤ «¨
áã¬¬ë á®¡à�−−ëå èâà�ä®¢ ¬®£ãâ ª®¬¯¥−á¨à®¢�âì á®æ¨�«ì−ãî −�¯àï¦¥−−®áâì
¨ −¥£�â¨¢−®¥ ®â−®è¥−¨¥ −�á¥«¥−¨ï.

‘¨áâ¥¬� ª®−âà®«ï ¯à®¯ãáª−®£® à¥¦¨¬� ¯à¨ ¯¥à¥¤¢¨¦¥−¨¨ −� �¢â®¬®¡¨«ì−®¬
âà�−á¯®àâ¥ ¯®áâà®¥−� −� ¡�§¥ áãé¥áâ¢ãîé¥© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë –¥−âà�
®à£�−¨§�æ¨¨ ¤®à®¦−®£® ¤¢¨¦¥−¨ï, ¯à¥¤−�§−�ç¥−−®© ¤«ï ª®−âà®«ï á®¡«î¤¥−¨ï
¯à�¢¨« ¤®à®¦−®£® ¤¢¨¦¥−¨ï. �à¨ íâ®¬, ª�ª ¨ à�−¥¥, ¨§¬¥−¨¢è¨¥áï ãá«®¢¨ï ¯à¨-
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¬¥−¥−¨ï á¨áâ¥¬ë ¯®à®¦¤�îâ −®¢ë¥ ã£à®§ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ’�ª,
¢ á¨áâ¥¬¥ ¯®ï¢«ïîâáï −®¬¥à� �¢â®¬®¡¨«¥© ¨ ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ á®âàã¤−¨ª®¢
á¨«®¢®£® ¡«®ª�, çâ® âà¥¡ã¥â á®¢¥àè¥−−® ¨−®£® ãà®¢−ï §�é¨âë ¨−ä®à¬�æ¨¨.

ˆ¬¥¥âáï æ¥«ë© àï¤ ¯à®¡«¥¬ äã−ªæ¨®−�«ì−®© ¨ á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨. �à¨
ª®−âà®«¥ á®¡«î¤¥−¨ï ¯à�¢¨« ¤®à®¦−®£® ¤¢¨¦¥−¨ï ª�¦¤�ï ¨§ ª�¬¥à ¢¨¤¥®−�-
¡«î¤¥−¨ï ä¨ªá¨àã¥â ®â¤¥«ì−®¥ −�àãè¥−¨¥, ¯à¨ ¨å ¨á¯®«ì§®¢�−¨¨ ¤«ï ª®−âà®«ï
¯à®¯ãáª−®£® à¥¦¨¬� ¯®ï¢«ï¥âáï ¯à®¡«¥¬� ¯à®â¨¢®§�ª®−−®£® ¬−®£®ªà�â−®£® −�-
ª�§�−¨ï −�àãè¨â¥«ï §� ®¤−® ¨ â® ¦¥ −�àãè¥−¨¥. ‚ë§ë¢�¥â −¥¤®ã¬¥−¨¥ ¡®«ìè®©
¢à¥¬¥−−®© §�§®à ¬¥¦¤ã ®ä®à¬«¥−¨¥¬ æ¨äà®¢®£® ¯à®¯ãáª� ¨ ¥£® ®â®¡à�¦¥−¨¥¬
¢ ¡�§¥ ¤�−−ëå (¡®«¥¥ 5 ç) ¨ ¢ æ¥«®¬ −¥−�¤¥¦−�ï à¥�«¨§�æ¨ï íâ®£® íâ�¯�. �à¨
íâ®¬ â¥å−¨ç¥áª�ï ¯®¤¤¥à¦ª� ªà�©−¥ −¥¤®áâ�â®ç−� ª�ª ¯® ®¡ê¥¬ã, â�ª ¨ ¯® ãà®¢−î
¯®¤£®â®¢ª¨.

„®¯®«−ï¥â ª�àâ¨−ã −¥¯à®¤ã¬�−−®áâì áæ¥−�à¨¥¢ ¯®«ãç¥−¨ï æ¨äà®¢ëå ¯à®-
¯ãáª®¢. †¥áâª�ï «®£¨ª� ¨ ä®à¬�âë ¢¢®¤¨¬ëå ¤�¦¥ −¥ªà¨â¨ç−ëå ¤�−−ëå
¢ë§ë¢�îâ ¨−®£¤� −¥¯à¥®¤®«¨¬ë¥ §�âàã¤−¥−¨ï. ��¯à¨¬¥à, ¢ ¯ã−ªâ¥ á«¥¤®¢�−¨ï
−¥â −�¨¬¥−®¢�−¨© ã«¨æ, çâ® −¥ ¤®¯ãáª�¥â ¯®¤¤¥à¦¨¢�¥¬ë© ä®à¬�â. ƒà�¦¤�−¨−,
−¥ §�à¥£¨áâà¨à®¢�−−ë© −� á�©â¥ £®áãá«ã£ ¤® −�ç�«� ¯�−¤¥¬¨¨, ä�ªâ¨ç¥áª¨ «¨è¥−
¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�âì íâ®â á¥à¢¨á, â�ª ª�ª ¬−®£®äã−ªæ¨®−�«ì−ë¥ æ¥−âàë
¯à¥¤®áâ�¢«¥−¨ï £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå ãá«ã£ (Œ”–) −¥ à�¡®â�-
îâ. ’® ¦¥ ®â−®á¨âáï ¨ ª æ¨äà®¢ë¬ ¯à®¯ãáª�¬ ¤«ï ¯à®¥§¤� −� ®¡é¥áâ¢¥−−®¬
âà�−á¯®àâ¥. �à¨ ®âáãâáâ¢¨¨ ª�àâë ú’à®©ª�û ¯à®¯ãáª −¥ ¬®¦¥â ¡ëâì ®ä®à¬«¥−,
� ªã¯¨âì ¥¥ ¬®¦−® ¢ ª�áá�å ¬¥âà®¯®«¨â¥−�, ª®â®àë© −¥ ¢á¥£¤� −�å®¤¨âáï ¢ ¯¥è¥©
¤®áâã¯−®áâ¨.

�¥¢®§¬®¦−® ®ä®à¬¨âì à�¡®ç¨© ¯à®¯ãáª −� −¥áª®«ìª® −®¬¥à®¢ �¢â®¬®¡¨«¥©
¨«¨ −� �¢â®¬®¡¨«ì ¨ ®¡é¥áâ¢¥−−ë© âà�−á¯®àâ, çâ® ®£à�−¨ç¨¢�¥â ¢®§¬®¦−®áâ¨
à�¡®âë ¢®¤¨â¥«¥© á«ã¦¥¡−®£® âà�−á¯®àâ�. �ä®à¬«¥−¨¥ ¯à®¯ãáª®¢ â®«ìª® −�
â¥ªãé¨© ¤¥−ì á®§¤�¥â ¤®¯®«−¨â¥«ì−ë¥ âàã¤−®áâ¨ ¤«ï £à�¦¤�− ¨ ã¢¥«¨ç¨¢�¥â
−�£àã§ªã −� ¨ ¡¥§ â®£® ¯¥à¥£àã¦¥−−ë© á�©â £®áãá«ã£.

3 Информационные системы медицинского назначения

‚ ¡®«ìè¨−áâ¢¥ á¢®¥¬ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¬¥¤¨æ¨−áª®£® −�§−�ç¥−¨ï,
¯®-¢¨¤¨¬®¬ã, −¥ ¯à¥â¥à¯¥«¨ ¨§¬¥−¥−¨© ¨ ¨á¯®«ì§ãîâáï ¢ â®¬ ¦¥ ª�ç¥áâ¢¥, çâ®
¨ ¤® −�ç�«� ¯�−¤¥¬¨¨. �â¬¥â¨¬ â®«ìª® ã¢¥«¨ç¨¢èãîáï −�£àã§ªã −� á¨áâ¥¬ë
®−«�©−-¬¥¤¨æ¨−ë ¢ á¢ï§¨ á ¯¥à¥¯à®ä¨«¨à®¢�−¨¥¬ àï¤� ¬¥¤¨æ¨−áª¨å ãçà¥¦¤¥-
−¨©. ‘ ãç¥â®¬ à¥§ª® ¢®§à®áè¥© −�£àã§ª¨ −� â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¥â¨ íâ®
¯®¢ëè�¥â ¢¥à®ïâ−®áâì ®âª�§� ¢ ®¡á«ã¦¨¢�−¨¨, ¯®á«¥¤áâ¢¨ï ª®â®à®£® ¬®£ãâ ¡ëâì
¢ ¤�−−®¬ á«ãç�¥ ®¯�á−ë. ‘«ã¦¡�¬ â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨ íâ¨å á¨áâ¥¬ æ¥«¥-
á®®¡à�§−® ®§�¡®â¨âìáï −�«¨ç¨¥¬ à¥§¥à¢−ëå ª�−�«®¢ á¢ï§¨, � ®à£�−¨§�â®à�¬ |
à�§à�¡®âª®© áæ¥−�à¨ï ¤¥©áâ¢¨© ¢ ªà¨â¨ç¥áª®© á¨âã�æ¨¨ ¯à¨ ¯®â¥à¥ á¢ï§¨.

‘«¥¤ã¥â ¢ë¤¥«¨âì á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¬¥¤¨æ¨−áª¨¬ ®¡®àã¤®¢�−¨¥¬, á¨áâ¥-
¬ë ¤¨�£−®áâ¨ª¨ (¢ â®¬ ç¨á«¥ á ¯à¨¬¥−¥−¨¥¬ â¥å−®«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥«-
«¥ªâ�), ¨áá«¥¤®¢�â¥«ìáª¨¥ á¨áâ¥¬ë ¤«ï à�§à�¡®âª¨ ¯à®â¨¢®¢¨àãá−®© ¢�ªæ¨−ë,
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�ªâã�«ì−ë¥ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ãá«®¢¨ïå ¯�−¤¥¬¨¨

á¨áâ¥¬ë ®−«�©−-¬¥¤¨æ¨−ë (ª®−âà®«ì ¯�à�¬¥âà®¢ ¨¬¯«�−â¨à®¢�−−ëå ¯�æ¨¥−â�¬
¯à¨¡®à®¢, ã¤�«¥−−®¥ ª®−áã«ìâ¨à®¢�−¨¥ ¨ â. ¯.), á¨áâ¥¬ë á¡®à� ¬¥¤¨æ¨−áª¨å
áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå

�â¤¥«ì−®£® ¢−¨¬�−¨ï §�á«ã¦¨¢�îâ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¬¥¤¨æ¨−áª®©
¤¨�£−®áâ¨ª¨ −� ®á−®¢¥ â¥å−®«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. �®¤®¡−ë¥ á¨á-
â¥¬ë ã¦¥ ¯®«®¦¨â¥«ì−® §�à¥ª®¬¥−¤®¢�«¨ á¥¡ï ¢ ¤¨�£−®áâ¨ª¥ àï¤� §�¡®«¥¢�−¨©
¨ ¯®ª�§ë¢�îâ §−�ç¨â¥«ì−® ¡®«¥¥ â®ç−ë¥ à¥§ã«ìâ�âë, ç¥¬ ¤�¦¥ ª®−á¨«¨ã¬ ¢à�-
ç¥©-á¯¥æ¨�«¨áâ®¢. �¤−�ª® ¤«ï ãá¯¥è−®© à�¡®âë ¯®¤®¡−ëå á¨áâ¥¬ âà¥¡ã¥âáï
¡®«ìè®© ®¡ê¥¬ ª�ç¥áâ¢¥−−®© ®¡ãç�îé¥© ¨−ä®à¬�æ¨¨. �à¨ íâ®¬ ®¡é¥¥ ç¨á«®
¯�æ¨¥−â®¢ á ¢ëï¢«¥−−ë¬ §�¡®«¥¢�−¨¥¬, ª áç�áâìî, áâ�â¨áâ¨ç¥áª¨ −¥ á«¨èª®¬
¢¥«¨ª®, á¨¬¯â®¬ë §�¡®«¥¢�−¨ï ¢¥áì¬� à�§−®®¡à�§−ë, −¥â ¥¤¨−ëå à¥ª®¬¥−¤�æ¨©
‚á¥¬¨à−®© ®à£�−¨§�æ¨¨ §¤à�¢®®åà�−¥−¨ï, ¯®§¢®«ïîé¨å ®¡ê¥ªâ¨¢−® áà�¢−¨¢�âì
ãá¨«¨ï ¬¥¤¨ª®¢ ¢ à�§−ëå áâà�−�å, � â®ç−®áâì â¥áâ¨à®¢�−¨ï −¥¢¥«¨ª�. ‚á¥ íâ®
−�ª«�¤ë¢�¥â ®â¯¥ç�â®ª −� áà®ª¨ à�§à�¡®âª¨ ¨ â®ç−®áâì ¢ë¢®¤®¢ ¤¨�£−®áâ¨ç¥áª¨å
á¨áâ¥¬ ¯® ¢ëï¢«¥−¨î §�¡®«¥¢è¨å ª®à®−�¢¨àãá®¬.

„«ï ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë á¡®à� ¬¥¤¨æ¨−áª¨å áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå
−�¨¡®«¥¥ �ªâã�«ì−®© ¯à¥¤áâ�¢«ï¥âáï ¯à®¡«¥¬� á¨áâ¥¬−®£® å�à�ªâ¥à�, á¢ï§�−−�ï
á à�§−®à®¤−®áâìî ¨ −¥®¯à¥¤¥«¥−−®áâìî ªà¨â¥à¨¥¢ ª«�áá¨ä¨ª�æ¨¨ á®¡ëâ¨© −¥
â®«ìª® ¢ à�§−ëå áâà�−�å, −® §�ç�áâãî ¨ ¢ à�§−ëå à¥£¨®−�å ÷®áá¨¨. ‚ à¥§ã«ìâ�â¥
¯à¨ ¨−â¥£à�æ¨¨ −¥á®¯®áâ�¢¨¬ëå ¤�−−ëå ®¡à�§ãîâáï −¥ãáâà�−¨¬ë¥ ¯à®â¨¢®à¥-
ç¨ï, ¯à¨¢®¤ïé¨¥ ª −¥£�â¨¢−ë¬ ¯®«¨â¨ç¥áª¨¬ ¯®á«¥¤áâ¢¨ï¬.

4 Системы поддержки удаленной работы и учебы

�¡ ã¤�«¥−−®© à�¡®â¥ ¨ ãç¥¡−ëå ¯à®æ¥áá�å ¢ à¥¦¨¬¥ ®−«�©− (ú¤¨áâ�−æ¨®−−®¥
®¡ãç¥−¨¥û) ¢ ãá«®¢¨ïå ¯�−¤¥¬¨¨ ¬−®£® £®¢®àïâ ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï. �à¨ íâ®¬,
−¥ §�âà�£¨¢�ï ¯à�¢®¢ë¥ ¨ îà¨¤¨ç¥áª¨¥ �á¯¥ªâë íâ®£® ¢®¯à®á� (� ¨å −¥¬�«®), ®â-
¬¥â¨¬, çâ® −®¢ë¥ ä®à¬�âë à�¡®âë âà¥¡ãîâ á®®â¢¥âáâ¢ãîé¥© ¨−ä®à¬�æ¨®−−®©,
â¥å−¨ç¥áª®© ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¯®¤¤¥à¦ª¨ ã¤�«¥−−®© à�¡®âë. ÷¥çì ¨¤¥â
® â¥å−¨ç¥áª¨å à¥£«�¬¥−â�å ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ®ä¨á®¬, ¨−ä®à-
¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á®âàã¤−¨ª®¢ ¬¥¦¤ã á®¡®©, ¯à®¢¥¤¥−¨ï â¥å−¨ç¥áª¨å
á®¢¥é�−¨© ¢ à¥¦¨¬¥ ®−«�©−, ®¡¥á¯¥ç¥−¨ï ®¯¥à�â¨¢−®£® ®¯®¢¥é¥−¨ï ¨ ¨−ä®à¬¨-
à®¢�−¨ï á®âàã¤−¨ª®¢, â¥å−¨ç¥áª®© ¨ â¥å−®«®£¨ç¥áª®© ®á−�é¥−−®áâ¨ ¤®¬�è−¨å
à�¡®ç¨å ¬¥áâ á®âàã¤−¨ª®¢ ¨ ¬−®£®£® ¤àã£®£®.

Š®−¥ç−®, á¥£®¤−ï ¤«ï ¡®«ìè¨−áâ¢� ¨§ íâ¨å §�¤�ç ¯®ï¢¨«®áì ¬−®¦¥áâ¢® ª®à-
¯®à�â¨¢−ëå ¬¥áá¥−¤¦¥à®¢, á¥à¢¨á®¢ �ã¤¨®- ¨ ¢¨¤¥®á¢ï§¨, ¡«�£®¤�àï ª®â®àë¬
à�¡®ç¨© ¯à®æ¥áá ¨§ ¤®¬� ¬�«® ®â«¨ç�¥âáï ®â ®ä¨á−®£®. �¤−�ª® ¢ ãá«®¢¨ïå
¯�−¤¥¬¨¨ ¯à¥¤áâ®¨â ¬�áá®¢ë© ¯¥à¥å®¤ −� ã¤�«¥−−ãî à�¡®âã, � íâ® âà¥¡ã¥â áâà®-
£®© à¥£«�¬¥−â�æ¨¨ â�ª®£® à¥¦¨¬� ¨ ãá«®¢¨© ¥£® ¯à¨¬¥−¥−¨ï −� £®áã¤�àáâ¢¥−−®¬
ãà®¢−¥, ¢¢¥¤¥−¨ï ¯®«®¦¥−¨ï ® ¤¨áâ�−æ¨®−−®© à�¡®â¥ ¨ ª®àà¥ªâ¨à®¢ª¨ âàã¤®¢®£®
¤®£®¢®à� ¬¥¦¤ã á®âàã¤−¨ª®¬ ¨ à�¡®â®¤�â¥«¥¬.

‚¬¥áâ¥ á â¥¬ ¯à¨¬¥−¥−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ã¤�«¥−−®©
à�¡®âë ¨ ãç¥¡ë ¢ëï¢¨«® −¥ª®â®àë¥ ã£à®§ë ¡¥§®¯�á−®áâ¨ ¢ íâ®© áä¥à¥.
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’�ª, ¯à¨ ¯¥à¥¢®¤¥ −� ã¤�«¥−−ãî à�¡®âã á®âàã¤−¨ª®¢, ¯®«ì§ãîé¨åáï �¢â®¬�-
â¨§¨à®¢�−−ë¬¨ á¨áâ¥¬�¬¨ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨, −¥®¡å®¤¨¬ë áãé¥áâ¢¥−−ë¥
ª®àà¥ªâ¨¢ë ¢ ¨¬¥îéãîáï á¨áâ¥¬ã §�é¨âë ¨−ä®à¬�æ¨¨. �â® á¢ï§�−® á ®£à�−¨-
ç¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¯® à¥�«¨§�æ¨¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å (ª®¬¯¥−-
á¨àãîé¨å) ¬¥à §�é¨âë ¯à¨ à�¡®â¥ ¨§ ¤®¬�, á ¨á¯®«ì§®¢�−¨¥¬ á®¡áâ¢¥−−ëå
−¥§�é¨é¥−−ëå â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ ®âªàëâëå ª�−�«®¢ á¢ï§¨. ”¥¤¥à�«ì−�ï
á«ã¦¡� ¯® â¥å−¨ç¥áª®¬ã ¨ íªá¯®àâ−®¬ã ª®−âà®«î (”‘’�Š) ÷®áá¨¨ ¢ë¯ãáâ¨«�
à¥ª®¬¥−¤�æ¨¨ ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ ¯à¨ ¯¥à¥¢®¤¥ −� ã¤�«¥−−ãî à�¡®-
âã á®âàã¤−¨ª®¢ ®¡ê¥ªâ®¢ ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë [7, 8].
�â¨ à¥ª®¬¥−¤�æ¨¨ ¯®§¢®«ïîâ ®âç�áâ¨ ª®¬¯¥−á¨à®¢�âì −®¢ë¥ ã£à®§ë ¡¥§®¯�á-
−®áâ¨ ¯à¨ ã¤�«¥−−®© à�¡®â¥, ®¤−�ª® ¢ ãá«®¢¨ïå ¤¥ä¨æ¨â� ¢à¥¬¥−¨ ®æ¥−¨âì ¨å
íää¥ªâ¨¢−®áâì ¨ ¤®áâ�â®ç−®áâì −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬.

‘ãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −� ä®à¬ë ¨ á®¤¥à¦�−¨¥ ®¡à�§®¢�−¨ï ®ª�§ë¢�¥â ¯¥à¥-
å®¤ −� ã¤�«¥−−ë© ä®à¬�â. ˆá¯®«ì§ã¥¬ë¥ ¯à¨ íâ®¬ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨
¯à¨¬¥−ï«¨áì ¨ à�−¥¥ ¢ áä¥à¥ ¤®¯®«−¨â¥«ì−®£® ®¡à�§®¢�−¨ï, £¤¥ ¢®¯à®áë ª®−âà®-
«ï §−�−¨© ®¡ãç�îé¥£®áï −¥ áâ®«ì ªà¨â¨ç−ë. �á−®¢−�ï ¯à®¡«¥¬� â¥å−¨ç¥áª®£®
å�à�ªâ¥à� á¢ï§�−� á −¥¤®áâ�â®ç−®© −�¤¥¦−®áâìî â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ ª�−�«®¢
á¢ï§¨. Šà®¬¥ â®£®, §�ç�áâãî ®¡ãç�îé¨¥áï ¨á¯®«ì§ãîâ ãáâ�à¥¢è¨¥ £�¤¦¥âë,
ª®â®àë¥ −¥ ¯®¤¤¥à¦¨¢�îâ á®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨.

‘¨áâ¥¬−®© áâ�«� ¯à®¡«¥¬� ¯à®¢¥àª¨ ª�ç¥áâ¢� §−�−¨© ¢ ¥¥ âà�¤¨æ¨®−−ëå
ä®à¬�å ¯à¨ ã¤�«¥−−®¬ ä®à¬�â¥ ®¡à�§®¢�−¨ï. ‚® ¬−®£¨å ¢ã§�å á íâ®© æ¥«ìî ¨á-
¯®«ì§ãîâáï á¨áâ¥¬ë ¯à®ªâ®à¨−£� (−�¯à¨¬¥à, ú�ª§�¬ãáû), ª®â®àë¥ ®âá«¥¦¨¢�îâ
¯®¢¥¤¥−¨¥ áâã¤¥−â� ¢ å®¤¥ íª§�¬¥−� ¨, ¢ á«ãç�¥ ¥£® ®âª«®−¥−¨ï ®â ãáâ�−®¢«¥−−®£®
¯®àï¤ª�, à�áæ¥−¨¢�îâ íâ® ª�ª ¯®¯ëâªã á¯¨áë¢�−¨ï. �à¨ íâ®¬ ãáâ�−®¢«¥−−ë©
¦¥áâª¨© áæ¥−�à¨© ä¨§¨ç¥áª¨ âàã¤−® ¢ë¯®«−¨¬, � ¯à®æ¥¤ãà� ®á¯�à¨¢�−¨ï ¢ë¢®-
¤®¢ á¨áâ¥¬ë ãá«®¦−¥−�. ‚á¥ íâ® ¢ë−ã¦¤�¥â ¯à¥¯®¤�¢�â¥«ìáª¨© á®áâ�¢ ¯¥à¥å®¤¨âì
−� àãç−®© à¥¦¨¬ ã¯à�¢«¥−¨ï. ‚ æ¥«®¬, á®§¤�¢è�ïáï á¨âã�æ¨ï áâ�¢¨â ¢®¯à®á
® ¯¥à¥á¬®âà¥ ¯�à�¤¨£¬ë ®¡à�§®¢�−¨ï ¢ á«ãç�¥ á®åà�−¥−¨ï ¥£® ã¤�«¥−−®© ä®à¬ë.

5 Системы информирования населения, обеспечения его
повседневной жизнедеятельности и культурно-массового
назначения

�á−®¢−�ï ¯à®¡«¥¬� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ á¨áâ¥¬¥ ¨−ä®à¬¨à®¢�-
−¨ï −�á¥«¥−¨ï á¢ï§�−� á â�ª −�§ë¢�¥¬®© ä¥©ª®¢®© ¨−ä®à¬�æ¨¥© (−¥¯à®¢¥à¥−−ëå
¨ «®¦−ëå −®¢®áâ¥© ¨ á«ãå®¢), à�á¯à®áâà�−ï¥¬®© ¯®¤ ¢¨¤®¬ ¤®áâ®¢¥à−ëå á®®¡é¥-
−¨© ¨ á®§¤�îé¥© ã£à®§ã ¤«ï ¡¥§®¯�á−®áâ¨ [9]. �à¨ íâ®¬ ®á®¡¥−−® �ªâã�«ì−ë ¤¢¥
¯à®¡«¥¬ë: ¢ëï¢«¥−¨¥ ä�ªâ� à�§¬¥é¥−¨ï −¥¤®áâ®¢¥à−®© (ä¥©ª®¢®©) ¨−ä®à¬�æ¨¨
¨ à®§ëáª ¥¥ ¯¥à¢®¨áâ®ç−¨ª�. ’¥å−®«®£¨¨ à¥è¥−¨ï ¢â®à®© §�¤�ç¨ ¤®áâ�â®ç−®
®âà�¡®â�−ë, ç¥£® −¥«ì§ï áª�§�âì ® ¯¥à¢®©. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬−®£¨¥ −�ãç-
−ë¥ ®à£�−¨§�æ¨¨ ¨ ªàã¯−¥©è¨¥ ¨−â¥à−¥â-ª®¬¯�−¨¨ Google ¨ Ÿ−¤¥ªá ¯à®¢®¤ïâ
¨áá«¥¤®¢�−¨ï ¯® ¢ëï¢«¥−¨î «®¦−®© ¨−ä®à¬�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®-
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�ªâã�«ì−ë¥ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ãá«®¢¨ïå ¯�−¤¥¬¨¨

£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� [10], ®¤−�ª® áãé¥áâ¢¥−−ëå ¤®áâ¨¦¥−¨© ¯®ª� −¥
−�¡«î¤�¥âáï.

“¢¥«¨ç¥−−ãî −�£àã§ªã ¢ ãá«®¢¨ïå à¥¦¨¬� ¯®¢ëè¥−−®© £®â®¢−®áâ¨ ¨á¯ë-
âë¢�îâ á¨áâ¥¬ë ¨−ä®à¬¨à®¢�−¨ï −�á¥«¥−¨ï. ‚ −�¨¡®«ìè¥© áâ¥¯¥−¨ íâ® §�-
âà�£¨¢�¥â â�ª¨¥ áä¥àë, ª�ª ®−«�©−-¡�−ª¨−£, ®ª�§�−¨¥ £®áã¤�àáâ¢¥−−ëå ãá«ã£,
¨−â¥à−¥â-â®à£®¢«ï, á¨áâ¥¬ë ªãàì¥àáª®© ¤®áâ�¢ª¨ ¨ â. ¤. �®¬¨¬® ¢ëá®ª®© ¢®á-
âà¥¡®¢�−−®áâ¨ íâ¨å á¥à¢¨á®¢ ¢ á¢ï§¨ á §�ªàëâ¨¥¬ −� ¯¥à¨®¤ ª�à�−â¨−� Œ”–,
®â¤¥«¥−¨© ¡�−ª®¢, â®à£®¢ëå æ¥−âà®¢ ¨ â. ¯. ã¢¥«¨ç¨¢�¥âáï â�ª¦¥ à¨áª ä¨−�−-
á®¢®£® ¬®è¥−−¨ç¥áâ¢�. Œ−®£®ç¨á«¥−−ë¥ á�©âë-®¤−®¤−¥¢ª¨ á®¡¨à�îâ ¤¥−ì£¨
á ®¡¬�−ãâëå ¯®ªã¯�â¥«¥©, á�©âë-¤¢®©−¨ª¨ ¯®«ãç�îâ «¨ç−ë¥ ¤�−−ë¥ £à�¦¤�−,
¢ª«îç�ï ¤�−−ë¥ ¨å ¡�−ª®¢áª¨å ª�àâ. �â¬¥ç�îâáï á«ãç�¨ ¯®¯ëâ®ª −¥§�ª®−−®£®
¯®«ãç¥−¨ï ¬¥à á®æ¨�«ì−®© ¯®¤¤¥à¦ª¨. ‘ ¬®è¥−−¨ç¥áª¨å á�©â®¢ ¯à¥¤«�£�îâáï
¯«�â−ë¥ ãá«ã£¨ ¯® âàã¤®ãáâà®©áâ¢ã, ¢®§¢à�âã −�«®£®¢ ¨ â. ¯. ‚® ¢á¥å íâ¨å
á«ãç�ïå, ª�ª ¯à�¢¨«®, ¨á¯®«ì§ãîâáï ¬¥â®¤ë á®æ¨�«ì−®© ¨−¦¥−¥à¨¨, §�é¨â� ®â
ª®â®àëå −¥ ¯à¥¤ãá¬�âà¨¢�¥âáï ¤¥©áâ¢ãîé¨¬¨ −®à¬�â¨¢−ë¬¨ ¤®ªã¬¥−â�¬¨.

�â¬¥â¨¬, ªà®¬¥ â®£®, ¨ á¨áâ¥¬−ë¥ ®è¨¡ª¨ ¢ íâ¨å áä¥à�å. �¥¤®áâ�â®ç−�ï
¨−ä®à¬�æ¨ï ® áà®ª�å ¨ ä®à¬�å ¢ë¯«�â ¯®á®¡¨© −� −¥á®¢¥àè¥−−®«¥â−¨å ¤¥â¥©
á¯à®¢®æ¨à®¢�«� ®ç¥à¥¤−®© ®¡¢�« á¥à¢¨á� £®áãá«ã£ ¯® â¨¯ã DDoS (Distributed
Denial of Service) �â�ª¨. ’®â�«ì−®¥ §�ªàëâ¨¥ ¯®çâ®¢ëå ®â¤¥«¥−¨© ¨ ®â¤¥«¥-
−¨© ¡�−ª®¢ á¤¥«�«¨ −¥¢®§¬®¦−ë¬ ¯®«ãç¥−¨¥ ¯¥−á¨© £à�¦¤�−�¬¨, −¥ ¨¬¥îé¨¬¨
¡�−ª®¢áª¨å ª�àâ. ‚ á¢ï§¨ á íâ¨¬ ®â¬¥â¨¬, çâ® çà¥§¬¥à−®¥ úã¢«¥ç¥−¨¥û ª®¬¯ìî-
â¥à−ë¬¨ â¥å−®«®£¨ï¬¨ ¨ ®¡ï§�â¥«ì−®¥ ¨å ú−�¢ï§ë¢�−¨¥û á¨«ì−® ®£à�−¨ç¨¢�îâ
¯à�¢� ¬−®£¨å £à�¦¤�−, á«�¡® ¢«�¤¥îé¨å ¨−ä®à¬�æ¨®−−ë¬¨ â¥å−®«®£¨ï¬¨ ¨ −¥
¨¬¥îé¨å äã−ªæ¨®−�«ì−ëå ãáâà®©áâ¢ â¨¯� úá¬�àâä®−û.

�¥«ì§ï −¥ ®â¬¥â¨âì ¥é¥ ®¤¨− á¥£¬¥−â ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ª®â®àë© ¢ ¯¥-
à¨®¤ ª�à�−â¨−� ¨ á�¬®¨§®«ïæ¨¨ ¨á¯ëâë¢�¥â ¯®¢ëè¥−−ãî −�£àã§ªã. ÷¥çì ¨¤¥â
® á¨áâ¥¬�å ªã«ìâãà−®-¬�áá®¢®£® ¨ ¤®áã£®¢®£® −�§−�ç¥−¨ï, ª®â®àë¥ á ãç¥â®¬
¨á¯®«ì§ã¥¬®£® ¨¬¨ ®¡ê¥¬−®£® ª®−â¥−â� á®§¤�îâ ¯¥à¥£àã§ªã á¥â¥©. ’�ª, ®¯¥à�-
â®àë á¢ï§¨ ¢ë−ã¦¤¥−ë ¡ë«¨ ®¡à�â¨âìáï ª ¯®«ì§®¢�â¥«ï¬ á ¯à®áì¡®© á−¨§¨âì
¢ −�áâà®©ª�å á¢®¨å £�¤¦¥â®¢ ãà®¢¥−ì ç¥âª®áâ¨ ¨§®¡à�¦¥−¨©. �à¨¬¥−¨â¥«ì−®
ª â�ª¨¬ á¨áâ¥¬�¬ �ªâã�«ì−®© ¯à®¡«¥¬®© áâ�«® ¬�áá®¢®¥ −�àãè¥−¨¥ �¢â®àáª¨å
¯à�¢ −� ª®−â¥−â ¢ ãá«®¢¨ïå ¯®¢ëè¥−−®£® á¯à®á�.

6 Заключение

ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¨ â¥å−®«®£¨¨ ®¡ê¥ªâ¨¢−® §�−¨¬�îâ ¢�¦−®¥ ¬¥áâ®
¢ ª®¬¯«¥ªá¥ ¬¥à®¯à¨ïâ¨© ¯® ¡®àì¡¥ á ª®à®−�¢¨àãá®¬. �¥à¨®¤ ¯®¢ëè¥−−®© £®â®¢-
−®áâ¨ ®ª�§�«áï á¢®¥®¡à�§−ë¬ áâà¥áá-â¥áâ®¬ ¤«ï ¡®«ìè¨−áâ¢� ¨−ä®à¬�æ¨®−−ëå
¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬. �á®¡ãî �ªâã�«ì−®áâì ¯à¨®¡à¥â�îâ ¯à®¡«¥¬ë
®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ à�¬ª�å äã−ªæ¨®−�«ì−®£®, á¨áâ¥¬-
−®£® ¨ â¥å−¨ç¥áª®£® �á¯¥ªâ®¢. ��¨¡®«¥¥ ®áâàë¥ ¯à®¡«¥¬ë ¯® ®¡¥á¯¥ç¥−¨î
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå ¢ëï¢«¥−ë ¯à¨
¨á¯®«ì§®¢�−¨¨ á¨áâ¥¬ ª®−âà®«ï ¢ë¯®«−¥−¨ï ãáâ�−®¢«¥−−®£® à¥¦¨¬� ¯®¢ëè¥−−®©
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‚. …. ƒ�¢à¨«®¢, �. �. ‡�æ�à¨−−ë©

£®â®¢−®áâ¨ (ª�à�−â¨−�), ®¡¥á¯¥ç¥−¨ï ¯®¢á¥¤−¥¢−®© ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ −�á¥«¥−¨ï
¨ ¯®¤¤¥à¦ª¨ ã¤�«¥−−®© à�¡®âë ¨ ãç¥¡ë.

��ª®¯«¥−−ë© ®¯ëâ ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ âà¥¡ã¥â ¤¥â�«ì−®£®
�−�«¨§�, ®¡®¡é¥−¨ï ¨ á¨áâ¥¬�â¨§�æ¨¨ ¤«ï ãç¥â� ¯à¨ ¯®áâ�−®¢ª¥ à�¡®â ¯® à�§¢¨-
â¨î ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¯à¥¦¤¥ ¢á¥£® ¯à¨ à¥�«¨§�æ¨¨ ªàã¯−®¬�áèâ�¡−ëå
¬¥à®¯à¨ïâ¨© ¢ à�¬ª�å −�æ¨®−�«ì−®£® ¯à®¥ªâ� ú–¨äà®¢�ï íª®−®¬¨ª�û ¢ ç�áâ¨
®¡¥á¯¥ç¥−¨ï á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨.

„«ï â�ª®£® á¨áâ¥¬−®£® �−�«¨§� æ¥«¥á®®¡à�§−® ¯à¨¢«¥ç¥−¨¥ −�ãç−ëå ®à£�-
−¨§�æ¨©, ®¡«�¤�îé¨å ª®¬¯¥â¥−æ¨ï¬¨ ¨ ®¯ëâ®¬ á®§¤�−¨ï ¨ à�§¢¨â¨ï ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ ¢ á®®â¢¥âáâ¢¨¨ á −®à¬�â¨¢−ë¬¨
âà¥¡®¢�−¨ï¬¨ ”‘’�Š ¨ ”‘� ÷®áá¨¨.
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Abstract: The article is dedicated to information security problems of information
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РАЗРАБОТКА МОДУЛЯ ДЛЯ ИЗМЕЛЬЧЕНИЯ ЯЧЕЕК
РАСЧЕТНЫХ СЕТОК В НЕСКОЛЬКИХ НАПРАВЛЕНИЯХ И ЕГО
ИНТЕГРАЦИЯ В GUI ДЛЯ ПРОГРАММНОЙ СРЕДЫ OpenFOAM

Д. И. Читалов1

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ¬®¤ã«ï, à�áè¨àï-
îé¥£® ¨áå®¤−ë© ª®¤ £à�ä¨ç¥áª®© ®¡®«®çª¨ rCF GUI, á®§¤�−−®© �¢â®à®¬,
¨ ¯®§¢®«ïîé¥£® �¢â®¬�â¨§¨à®¢�âì ®¤¨− ¨§ íâ�¯®¢ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�
¤«ï §�¤�ç ¬¥å�−¨ª¨ á¯«®è−ëå áà¥¤ (Œ‘‘) | ¨§¬¥«ìç¥−¨¥ ïç¥¥ª à�áç¥â−ëå
á¥â®ª (÷‘) ¢ −¥áª®«ìª¨å −�¯à�¢«¥−¨ïå. �â®â íâ�¯ ¢ë¯®«−ï¥âáï ¢ à�¬ª�å
¯à¥¯à®æ¥áá¨−£� ç¨á«¥−−®£® íªá¯¥à¨¬¥−â� ¨ ®¯à¥¤¥«ï¥â â®ç−®áâì à¥§ã«ìâ�â�
(¨â®£®¢®© ç¨á«¥−−®© ¬®¤¥«¨). ‘ä®à¬ã«¨à®¢�−� æ¥«ì ¨áá«¥¤®¢�−¨ï ¨ á®¢®-
ªã¯−®áâì §�¤�ç ¤«ï ¥¥ ¤®áâ¨¦¥−¨ï. �¯à¥¤¥«¥− áâ¥ª â¥å−®«®£¨©, −¥®¡å®¤¨¬ëå
¤«ï à�§à�¡®âª¨ ¬®¤ã«ï, ¯à¥¤áâ�¢«¥−� ¥£® áâàãªâãà−�ï áå¥¬� ¨ ¤¨�£à�¬¬�,
®¯¨áë¢�îé�ï «®£¨ªã ¨á¯®«ì§®¢�−¨ï. ÷¥�«¨§®¢�−−ë© ¬®¤ã«ì ¨−â¥£à¨à®¢�−
¢ â¥ªãéãî ¢¥àá¨î £à�ä¨ç¥áª®© ®¡®«®çª¨ rCF GUI, ª®â®à�ï à�§¬¥é¥−� ¢ ®â-
ªàëâ®¬ ¤®áâã¯¥ −� á¥à¢¨á¥ GitHub. ‚®§¬®¦−®áâ¨ ¬®¤ã«ï ¯à®â¥áâ¨à®¢�−ë
¢ à�¬ª�å à�¡®âë á ãç¥¡−®© §�¤�ç¥© Œ‘‘ ¢ ®¡«�áâ¨ �íà®¤¨−�¬¨ª¨, ¢å®¤ï-
é¥© ¢ ¤¨áâà¨¡ãâ¨¢ ¯à®£à�¬¬−®© áà¥¤ë (�‘) OpenFOAM. �®¤¢¥¤¥−ë ¨â®£¨
¨áá«¥¤®¢�−¨ï, ¢ëï¢«¥−� ¥£® −®¢¨§−� ¨ ¯à�ªâ¨ç¥áª�ï §−�ç¨¬®áâì.

Š«îç¥¢ë¥ á«®¢�: ç¨á«¥−−®¥ ¬®¤¥«¨à®¢�−¨ï; ¬¥å�−¨ª� á¯«®è−ëå áà¥¤; ãâ¨-
«¨â� refineMesh; OpenFOAM; ®âªàëâ®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥; £à�ä¨ç¥-
áª¨© ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï; ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï Python; ¡¨¡«¨®â¥ª�
PyQt

DOI: 10.14357/08696527200312

1 Введение

��áâ®ïé�ï áâ�âìï ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬ ¨áá«¥¤®¢�−¨ï, ¯¥à¢ë¥ à¥§ã«ìâ�-
âë ª®â®à®£® ®¯¨á�−ë ¢ à�¡®â�å [1{4]. ’¥ªãé¨© ¬�â¥à¨�« ¯®á¢ïé¥− ¯à®¡«¥¬¥
íää¥ªâ¨¢−®£® ¢ë¯®«−¥−¨ï íâ�¯� ¯à¥¯à®æ¥áá¨−£� ¯à¨ ¯à®¢¥¤¥−¨¨ ç¨á«¥−−®£® ¬®-
¤¥«¨à®¢�−¨ï §�¤�ç Œ‘‘ ª�ª ®¤−®£® ¨§ −�¨¡®«¥¥ âàã¤®¥¬ª¨å ¨ §�âà�â−ëå ¯®
¢à¥¬¥−¨ íâ�¯®¢ ¢ à�¬ª�å ç¨á«¥−−®£® íªá¯¥à¨¬¥−â� [5, 6].

„�−−ë© íâ�¯ ¢�¦¥− â¥¬, çâ® ¯®§¢®«ï¥â ¬�ªá¨¬�«ì−® ãç¥áâì ®á®¡¥−−®áâ¨
§�¤�ç¨ Œ‘‘ ¨ ®¯à¥¤¥«ï¥â â®ç−®áâì á®§¤�¢�¥¬®© ç¨á«¥−−®© ¬®¤¥«¨. ‚ å®¤¥
¯à®¢¥¤¥−¨ï ¯à¥¯à®æ¥áá¨−£� ¨−¦¥−¥à ¬®¦¥â á®§¤�¢�âì ÷‘ à�§«¨ç−®© á«®¦−®áâ¨,
¨á¯®«ì§ãï ¢áâà®¥−−ë¥ ¢ �‘ OpenFOAM [7] ¨−áâàã¬¥−âë | ãâ¨«¨âë BlockMesh,

1ā¦−®-“à�«ìáª¨© ä¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ìáª®£® ®â¤¥-
«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, cdi9@yandex.ru
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SnappyHexMesh ¨ FoamyQuadMesh. ‚®§¬®¦−®áâì ¨å ¯à¨¬¥−¥−¨ï ¢ ¯à¨¢ï§ª¥
ª £à�ä¨ç¥áª®¬ã ¨−â¥àä¥©áã ¯®«ì§®¢�â¥«ï (GUI) ã¦¥ à¥�«¨§®¢�−� �¢â®à�¬¨ [2{4].
‚ £à�ä¨ç¥áªãî ®¡®«®çªã rCF GUI, à�§à�¡®âª� ª®â®à®© ®¯¨á�−� ¢ áâ�âì¥ [1],
¨−â¥£à¨à®¢�−ë á®®â¢¥âáâ¢ãîé¨¥ ¯à®£à�¬¬−ë¥ ¬®¤ã«¨.

‚ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï à�áç¥â®¢ ¢®§¬®¦−®áâ¥© ¤�−−ëå ãâ¨«¨â §�ç�áâãî ®ª�-
§ë¢�¥âáï −¥¤®áâ�â®ç−®, ¯à¥¦¤¥ ¢á¥£® ª®£¤� à¥çì ¨¤¥â ® á«®¦−ëå ¢ëç¨á«¥−¨ïå.
‘¯¥æ¨�«¨áâã, −�¯à¨¬¥à, ¬®¦¥â ¯®−�¤®¡¨âìáï ã¢¥«¨ç¨âì ç¨á«® ïç¥¥ª ÷‘ ¢¤®«ì
ª®®à¤¨−�â−ëå ®á¥© X, Y , Z ¯®á«¥ ®¯à¥¤¥«¥−¨ï ¨å ¨áå®¤−®£® −�¡®à�.

„«ï ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘ ¢ −¥áª®«ìª¨å −�¯à�¢«¥−¨ïå ¢ �‘ OpenFOAM
¯à¨¬¥−ï¥âáï ãâ¨«¨â� refineMesh. �−� ¯à¥¤¯®«�£�¥â à�§¤¥«¥−¨¥ ª�¦¤®© ïç¥©-
ª¨ −� 8 ¨«¨ −� 4 ç�áâ¨ (¤«ï âà¥å- ¨ ¤¢ãå¬¥à−ëå ÷‘ á®®â¢¥âáâ¢¥−−®). �à¨
íâ®¬ á¯¥æ¨�«¨áâã −¥®¡å®¤¨¬® ¯à¨ âà�¤¨æ¨®−−®¬ ¯®¤å®¤¥ ª ¨á¯®«ì§®¢�−¨î �‘
OpenFOAM ¢àãç−ãî á®§¤�âì ¨ §�¯®«−¨âì −¥®¡å®¤¨¬ë¬¨ ¯�à�¬¥âà�¬¨ á«ã¦¥¡-
−ë© ä�©« fineMeshDict ¯®¤¤¨à¥ªâ®à¨¨ system ¤¨à¥ªâ®à¨¨ à�áç¥â−®£® á«ãç�ï,
á®®â¢¥âáâ¢ãîé¥£® §�¤�ç¥ Œ‘‘.

ˆá¯®«ì§®¢�−¨¥ ãâ¨«¨âë refineMesh ¤®¯®«−ï¥â à�¡®âã á ¯à¨¢ëç−ë¬¨ á¥â®ç-
−ë¬¨ ãâ¨«¨â�¬¨-¯®áâà®¨â¥«ï¬¨, −�¯à¨¬¥à blockMesh. “â¨«¨â� refineMesh §�-
¬¥−ï¥â £àã¡®¥ à�§¡¨¥−¨¥ ÷‘ −� ¡®«¥¥ â®ç−®¥, ¡«�£®¤�àï ¢ë¤¥«¥−¨î ¯®¤®¡«�áâ¥©
¨ à�§¤¥«¥−¨î ¨å ¯® §�¤�−−ë¬ ¬�áèâ�¡�¬ ¢ á®®â¢¥âáâ¢¨¨ á ¢ë¡à�−−ë¬¨ −�¯à�¢-
«¥−¨ï¬¨. Š −¥¤®áâ�âª�¬ â�ª®£® ¯®¤å®¤� ¬®¦−® ®â−¥áâ¨ ã¢¥«¨ç¥−¨¥ à�áç¥â−®£®
¢à¥¬¥−¨ ¢ ¯à®æ¥áá¥ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�.

�®áª®«ìªã �‘ OpenFOAM ®â−®á¨âáï ª ª®−á®«ì−ë¬ ¯à®£à�¬¬−ë¬ ¯à¨«®-
¦¥−¨ï¬, ¢á¥ íâ�¯ë ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï, ¢ª«îç�ï á®§¤�−¨¥ á«ã¦¥¡−ëå
ä�©«®¢ ¤«ï ãâ¨«¨â, §�¯®«−¥−¨¥ ¨å ¯�à�¬¥âà�¬¨ ¨ §�¯ãáª ãâ¨«¨â á¯¥æ¨�«¨áâ
¢ë−ã¦¤¥− ®áãé¥áâ¢«ïâì ¢àãç−ãî, çâ® ¯à¨¢®¤¨â ª ¯®â¥àï¬ à�¡®ç¥£® ¢à¥¬¥−¨.
ˆá¯à�¢¨âì á¨âã�æ¨î ¬®£«� ¡ë £à�ä¨ç¥áª�ï ®¡®«®çª�, ¯à¥¤ãá¬�âà¨¢�îé�ï −�-
«¨ç¨¥ íªà�−−ëå ä®à¬ ¨ í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï, ã¯à®é�îé¨å ¢§�¨¬®¤¥©áâ¢¨¥
¯®«ì§®¢�â¥«ï á �‘ OpenFOAM, � â�ª¦¥ −�«¨ç¨¥ ¯à®£à�¬¬−®£® �«£®à¨â¬�,
�¢â®¬�â¨§¨àãîé¥£® ¢ë¯®«−¥−¨¥ §�¤�ç ¯® á®§¤�−¨î á«ã¦¥¡−ëå ä�©«®¢, ¨å §�-
¯®«−¥−¨î ¨ §�¯ãáªã ãâ¨«¨â.

2 Актуальность проблемы

�−�«¨§ ¯à®¡«¥¬ë ¯®ª�§�«, çâ® ¢®§¬®¦−®áâì à�¡®âë á ãâ¨«¨â®© refineMesh
à¥�«¨§®¢�−� ¢® ¬−®£¨å ¨§¢¥áâ−ëå £à�ä¨ç¥áª¨å ®¡®«®çª�å, ¨á¯®«ì§ã¥¬ëå ¤«ï
¯®áâ�−®¢ª¨ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ −� ¡�§¥ �‘ OpenFOAM. ‘à¥¤¨ ¤�−−ëå
¯à®£à�¬¬−ëå à¥è¥−¨© −�¨¡®«ìè¨¬ ¨−â¥à¥á®¬ á® áâ®à®−ë ¨−¦¥−¥à®¢ ¯®«ì§ãîâáï
¯à®¤ãªâë: Salome [8], HelyxOS [9] ¨ Visual-CFD [10]. �¥á¬®âàï −� ¡®«ìè®¥
ç¨á«® ¯®«ì§®¢�â¥«¥© ãª�§�−−ëå ¯à®£à�¬¬−ëå à¥è¥−¨©, ¨å ¯à¨¬¥−¥−¨¥ á¢ï§�−®
á ®¯à¥¤¥«¥−−ë¬¨ âàã¤−®áâï¬¨, ¯à¥¦¤¥ ¢á¥£® á −¥®¡å®¤¨¬®áâìî ®¯«�âë ª®−áã«ì-
â�æ¨®−−ëå ãá«ã£ ¨ ®âáãâáâ¢¨¥¬ ¤®ªã¬¥−â�æ¨¨ ¤«ï àãááª®ï§ëç−ëå á¯¥æ¨�«¨áâ®¢.
‚ â�¡«. 1 ¯à¨¢¥¤¥−� áà�¢−¨â¥«ì−�ï å�à�ªâ¥à¨áâ¨ª� ¯à¥¤áâ�¢«¥−−ëå ¯à®¤ãªâ®¢.

134 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 3 2020



÷�§à�¡®âª� ¬®¤ã«ï ¤«ï ¨§¬¥«ìç¥−¨ï ïç¥¥ª à�áç¥â−ëå á¥â®ª ¢ −¥áª®«ìª¨å −�¯à�¢«¥−¨ïå

’�¡«¨æ� 1 ƒà�ä¨ç¥áª¨¥ ®¡®«®çª¨ ¤«ï �‘ OpenFOAM

��§¢�−¨¥ ‹¨æ¥−§¨ï
Š®−áã«ìâ�æ¨®−−ë¥

ãá«ã£¨
÷ãááª®ï§ëç−�ï
¤®ªã¬¥−â�æ¨ï

Salome �� á ®âªàëâë¬ ª®¤®¬ �¥ ¯à¥¤ãá¬®âà¥−ë �âáãâáâ¢ã¥â

Helyx-OS �� á ®âªàëâë¬ ª®¤®¬
�à¥¤ãá¬®âà¥−ë,
−� ¯«�â−®© ®á−®¢¥ �âáãâáâ¢ã¥â

Visual-CFD �¥á¯«�â−�ï ¢¥àá¨ï −� 30 ¤−¥©
�à¥¤ãá¬®âà¥−ë,
−� ¯«�â−®© ®á−®¢¥ �âáãâáâ¢ã¥â

ˆ−ä®à¬�æ¨ï, ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«. 1, ¯®¤â¢¥à¦¤�¥â �ªâã�«ì−®áâì ¯à®¡-
«¥¬ë ®âáãâáâ¢¨ï GUI ¤«ï �‘ OpenFOAM, ¢ â®¬ ç¨á«¥ ¢ ç�áâ¨ ®âáãâáâ¢¨ï
£à�ä¨ç¥áª¨å áà¥¤áâ¢ ¤«ï à�¡®âë á ãâ¨«¨â®© refineMesh. ��¨¡®«ìè�ï á«®¦−®áâì
¯à¨¬¥−¥−¨ï ®â¥ç¥áâ¢¥−−ë¬¨ á¯¥æ¨�«¨áâ�¬¨ ¯¥à¥ç¨á«¥−−ëå ¢ â�¡«. 1 ¯à®¤ãªâ®¢
§�ª«îç�¥âáï ¢ â®¬, çâ® ãá«ã£¨ ¯® ¯®¤¤¥à¦ª¥ ¤®áâã¯−ë â®«ìª® −� ª®¬¬¥àç¥áª®©
®á−®¢¥ −� �−£«¨©áª®¬ ï§ëª¥. �à¨ íâ®¬ ¤®ªã¬¥−â�æ¨ï â�ª¦¥ ¯à¥¤áâ�¢«¥−� ¢ �−£«®-
ï§ëç−®© ¢¥àá¨¨, çâ® §�âàã¤−ï¥â ®á¢®¥−¨¥. �ää¥ªâ¨¢−®© �«ìâ¥à−�â¨¢®© ¬®¦¥â
áâ�âì á®§¤�−¨¥ àãá¨ä¨æ¨à®¢�−−®©, á¢®¡®¤−® à�á¯à®áâà�−ï¥¬®©, £à�ä¨ç¥áª®©
®¡®«®çª¨, ª ª®â®à®© ¡ë ¯à¨«�£�«�áì ¯®¤à®¡−�ï àãááª®ï§ëç−�ï ¤®ªã¬¥−â�æ¨ï
¨ ®âáãâáâ¢®¢�«� ¡ë −¥®¡å®¤¨¬®áâì ®¯«�âë ª®−áã«ìâ�æ¨®−−ëå ãá«ã£.

3 Постановка целей и задач

�¯¨áë¢�¥¬®¥ ¢ −�áâ®ïé¥© áâ�âì¥ ¨áá«¥¤®¢�−¨¥ ¯®á¢ïé¥−® à�§à�¡®âª¥ ¯à®-
£à�¬¬−®£® ¬®¤ã«ï ¤«ï £à�ä¨ç¥áª®© ®¡®«®çª¨ rCF GUI, ¯à¨¬¥−ï¥¬®£® ¤«ï
¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘ ¢ −¥áª®«ìª¨å −�¯à�¢«¥−¨ïå −� íâ�¯¥ ¯à¥¯à®æ¥áá¨−£�
¬®¤¥«¨à®¢�−¨ï §�¤�ç¨ Œ‘‘ −� ¡�§¥ �‘ OpenFOAM. ÷¥�«¨§ã¥¬ë© ¬®¤ã«ì
¤®«¦¥− ¡ëâì ¨−â¥£à¨à®¢�− ¢ â¥ªãéãî ¢¥àá¨î £à�ä¨ç¥áª®© ®¡®«®çª¨ rCF GUI
¨ ¯à¥¤ãá¬�âà¨¢�âì £à�ä¨ç¥áª¨¥ áà¥¤áâ¢� ãª�§�−¨ï ¯�à�¬¥âà®¢ á«ã¦¥¡−®£® ä�©«�
fineMeshDict, � â�ª¦¥ �«£®à¨â¬ë ¥£® ¯à®£à�¬¬−®£® §�¯®«−¥−¨ï ¨ §�¯ãáª� ãâ¨«¨-
âë refineMesh. �®¢®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ ¯à¨−ïâ® à¥è¥−¨¥ ¯à¨á¢®¨âì
−�§¢�−¨¥ OpenFOAM GUI. „®áâ¨¦¥−¨¥ ¯®áâ�¢«¥−−®© æ¥«¨ âà¥¡ã¥â ¢ë¯®«−¥−¨ï
ª®¬¯«¥ªá� §�¤�ç.

�® áâàãªâãà¥ ¨−â¥àä¥©á� £à�ä¨ç¥áª®© ®¡®«®çª¨:

(1) à�§à�¡®â�âì ¬�ª¥â íªà�−−®© ä®à¬ë, á®®â¢¥âáâ¢ãé¨© áâàãªâãà¥ á«ã¦¥¡−®£®
ä�©«� fineMeshDict, à¥�«¨§®¢�âì ¢ ¬�ª¥â¥ −¥®¡å®¤¨¬ë¥ í«¥¬¥−âë ã¯à�¢«¥-
−¨ï;

(2) ¤®¡�¢¨âì ¢ ¡«®ª (¤¥à¥¢®) ®â®¡à�¦¥−¨ï áâàãªâãàë à�áç¥â−®£® á«ãç�ï ¢¥â¢ì,
á®®â¢¥âáâ¢ãîéãî íªà�−−®© ä®à¬¥ ä�©«� fineMeshDict;

(3) ¤®¡�¢¨âì ¢ ¯�−¥«ì ¨−áâàã¬¥−â®¢ ã¯à�¢«¥−¨ï £¥−¥à�æ¨¥© à�áç¥â−ëå á¥â®ª
ª−®¯ªã §�¯ãáª� ãâ¨«¨âë refineMesh.
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�® «®£¨ª¥ à�¡®âë £à�ä¨ç¥áª®© ®¡®«®çª¨:

(1) à�§à�¡®â�âì áªà¨¯â, �¢â®¬�â¨§¨àãîé¨© á®§¤�−¨¥ á«ã¦¥¡−®£® ä�©«�
fineMeshDict ¨ §�¯®«−¥−¨¥ ¥£® ¯�à�¬¥âà�¬¨ −� ®á−®¢¥ ¤�−−ëå á®®â¢¥â-
áâ¢ãîé¥© íªà�−−®© ä®à¬ë;

(2) à¥�«¨§®¢�âì ¢�«¨¤�â®àë ¤«ï ª®−âà®«ï ¤®¯ãáâ¨¬®áâ¨ â¨¯®¢ ¤�−−ëå, ãª�§ë-
¢�¥¬ëå ¯®«ì§®¢�â¥«¥¬ ç¥à¥§ íªà�−−ãî ä®à¬ã;

(3) à¥�«¨§®¢�âì bash-áªà¨¯â ¤«ï �¢â®¬�â¨§�æ¨¨ §�¯ãáª� ãâ¨«¨âë refineMesh
á ¯®¬®éìî á®®â¢¥âáâ¢ãîé¥© ª−®¯ª¨ £«�¢−®£® ®ª−� £à�ä¨ç¥áª®© ®¡®«®çª¨;

(4) ¤«ï íªà�−−®© ä®à¬ë ä�©«� fineMeshDict à¥�«¨§®¢�âì ¢®§¬®¦−®áâì ¯¥à¥-
ª«îç¥−¨ï ¬¥¦¤ã àãááª®- ¨ �−£«®ï§ëç−®© ¢¥àá¨ï¬¨ ¨−â¥àä¥©á�.

4 Выбор инструментария разработки

�ää¥ªâ¨¢−®áâì à¥�«¨§�æ¨¨ ¯®áâ�¢«¥−−®© æ¥«¨ ®¯à¥¤¥«ï¥âáï ¬−®£¨¬¨ ä�ª-
â®à�¬¨, ¢ â®¬ ç¨á«¥ ¢ë¡®à®¬ ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï «®£¨ª¨ ¯à®£à�¬¬ë,
¨−áâàã¬¥−â� ¯à®¥ªâ¨à®¢�−¨ï ¨−â¥àä¥©á�, áà¥¤ë à�§à�¡®âª¨. ‘®£«�á−® ¨−¤¥ªáã
TIOBE ¯® á®áâ®ï−¨î −� á¥−âï¡àì 2019 £., ¢ á¯¨á®ª −�¨¡®«¥¥ ¯®¯ã«ïà−ëå ï§ëª®¢
¯à®£à�¬¬¨à®¢�−¨ï ¢å®¤ïâ: Java, C ¨ Python [11]. ‚®§¬®¦−®áâ¨ ¢ëá®ª®ãà®¢-
−¥¢®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python ¯®§¢®«ïîâ à¥è�âì ¡®«ìè¨−áâ¢® §�¤�ç
¢ áä¥à¥ à�§à�¡®âª¨ −�áâ®«ì−ëå ¨ ¢¥¡-¯à¨«®¦¥−¨© [12]. Šà®¬¥ â®£®, ï§ëª Python
®â«¨ç�¥âáï ¯à®áâ®â®© ®á¢®¥−¨ï ¨ ¯®¤¤¥à¦ª®© ¬−®£®ç¨á«¥−−ëå ¡¨¡«¨®â¥ª.

ƒà�ä¨ç¥áª�ï á®áâ�¢«ïîé�ï −�áâ®«ì−ëå Python-¯à¨«®¦¥−¨© ¬®¦¥â à¥�«¨§®-
¢ë¢�âìáï −� ¡�§¥ äà¥©¬¢®àª®¢ Tkinter, PyQt ¨ Kivy. �¢â®à®¬ ¯à¨−ïâ® à¥è¥−¨¥
¨á¯®«ì§®¢�âì äà¥©¬¢®àª PyQt, ¤«ï ª®â®à®£® à¥�«¨§®¢�−� ¯®¤à®¡−�ï ¤®ªã¬¥−â�-
æ¨ï á ¯à¨¬¥à�¬¨ ¨ áãé¥áâ¢ã¥â ¬−®£®ç¨á«¥−−®¥ á®®¡é¥áâ¢® ¨áá«¥¤®¢�â¥«¥© [13].

’�ª¨¬ ®¡à�§®¬, ï§ëª®¬ à¥�«¨§�æ¨¨ «®£¨ª¨ ¯à®£à�¬¬ë ¢ëáâã¯�¥â Python,
¨−â¥àä¥©á áâà®¨âáï −� ¡�§¥ äà¥©¬¢®àª� PyQt, ¢ ª�ç¥áâ¢¥ á¨áâ¥¬ë åà�−¥−¨ï ¤�−-
−ëå ¨á¯®«ì§ã¥âáï áâ�−¤�àâ−�ï ¢áâà®¥−−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå
SQLite. „«ï −�¯¨á�−¨ï ª®¤�, ¥£® §�¯ãáª� ¨ ®â«�¤ª¨ ¯à¨−ïâ® à¥è¥−® ¯à¨¬¥-
−¨âì ¨−â¥£à¨à®¢�−−ãî áà¥¤ã à�§à�¡®âª¨ PyCharm Community Edition (á¢®¡®¤−®
à�á¯à®áâà�−ï¥¬�ï ¢¥àá¨ï á ¡�§®¢ë¬ äã−ªæ¨®−�«®¬). ’�¡«¨æ� 2 à¥§ã«ìâ¨àã¥â
¢ë¡à�−−ë© ¨−áâàã¬¥−â�à¨©.

�¥à¥ç¨á«¥−−ë© −�¡®à ¨−áâàã¬¥−â®¢ �¢â®à ¯à¨¬¥−¨« ¤«ï à�§à�¡®âª¨ ¯à¨«®-
¦¥−¨ï. „«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¥£® ¨á¯®«ì§®¢�−¨ï −� ¢ëç¨á«¨â¥«ì−®¬

’�¡«¨æ� 2 ‘¯¨á®ª ¨−áâàã¬¥−â�à¨ï ¤«ï à�§à�¡®âª¨ ¯à¨«®¦¥−¨ï

Ÿ§ëª
¯à®£à�¬¬¨à®¢�−¨ï

«®£¨ª¨

’¥å−®«®£¨ï
à¥�«¨§�æ¨¨
¨−â¥àä¥©á�

‘à¥¤� à�§à�¡®âª¨

Python 3.5 PyQt5 PyCharm Community Edition
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÷�§à�¡®âª� ¬®¤ã«ï ¤«ï ¨§¬¥«ìç¥−¨ï ïç¥¥ª à�áç¥â−ëå á¥â®ª ¢ −¥áª®«ìª¨å −�¯à�¢«¥−¨ïå

’�¡«¨æ� 3 �¥à¥ç¥−ì �� ¤«ï à�¡®âë á ¯à¨«®¦¥−¨¥¬

�‘ �á−®¢−®¥ �� „®¯®«−¨â¥«ì−®¥ ��
Linux Ubuntu OpenFOAM 6.0 ParaView

ãáâà®©áâ¢¥ −¥®¡å®¤¨¬® ¢ë¯®«−¥−¨¥ âà¥¡®¢�−¨© ¯® ¢ë¡®àã ®¯¥à�æ¨®−−®© á¨áâ¥-
¬ë (�‘), � â�ª¦¥ ¯® ®á−®¢−®¬ã ¨ ¤®¯®«−¨â¥«ì−®¬ã ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î
(��) (â�¡«. 3).

�à®£à�¬¬−�ï áà¥¤� OpenFOAM ®â−®á¨âáï ª á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ë¬
¯à®£à�¬¬−ë¬ ¯à¨«®¦¥−¨ï¬ ¨ à¥�«¨§®¢�−� ¤«ï ¨á¯®«ì§®¢�−¨ï −� ¢ëç¨á«¨â¥«ì-
−ëå ãáâà®©áâ¢�å ¯®¤ ã¯à�¢«¥−¨¥¬ �‘ á¥¬¥©áâ¢� Linux. ‘®®â¢¥âáâ¢¥−−®, ¤«ï
à�¡®âë á ®¯¨áë¢�¥¬ë¬ ¯à¨«®¦¥−¨¥¬ −¥®¡å®¤¨¬® ¯à¨¤¥à¦¨¢�âìáï ãª�§�−−ëå
âà¥¡®¢�−¨©, � â�ª¦¥ ¯à®¢¥à¨âì −�«¨ç¨¥ ãáâ�−®¢«¥−−®£® ¯�ª¥â� ¢¨§ã�«¨§�æ¨¨
à¥§ã«ìâ�â®¢ à�áç¥â®¢ (¯®«ãç¥−−ëå ¬®¤¥«¥© §�¤�ç Œ‘‘) ParaView [14].

÷¨á. 1 ‘âàãªâãà� ¯à¨«®¦¥−¨ï OpenFOAM GUI á ¨−â¥£à¨à®¢�−−ë¬ ¬®¤ã«¥¬ ¤«ï
¨§¬¥«ìç¥−¨ï ÷‘
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5 Структура и логика работы приложения

Œ®¤ã«ì ¤«ï ¨§¬¥«ìç¥−¨ï ÷‘ ¯à¥¤¯®«�£�¥âáï ¨−â¥£à¨à®¢�âì ¢ â¥ªãéãî ¢¥à-
á¨î £à�ä¨ç¥áª®© ®¡®«®çª¨ rCF GUI, à�§à�¡®â�−−®© �¢â®à®¬ ¤«ï ¯®áâ�−®¢ª¨
ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ −� ¡�§¥ �‘ OpenFOAM. ‘âàãªâãà� ãá®¢¥àè¥−áâ¢®-
¢�−−®© ¢¥àá¨¨ ¯à¨«®¦¥−¨ï ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

�� à¨á. 2 ®¯¨á�−� ¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï −� íâ�¯¥ ¯à¥-
¯à®æ¥áá¨−£�, ¢ª«îç�ï ¯à®æ¥áá ¨§¬¥«ìç¥−¨ï ÷‘ ¯® −¥áª®«ìª¨¬ −�¯à�¢«¥−¨ï¬.

ƒ«�¢−®¥ ®ª−® ¯à¨«®¦¥−¨ï ¯à¥¤ãá¬�âà¨¢�¥â ¢ë¡®à ¯à®¥ªâ� §�¤�ç¨ Œ‘‘
(à�áç¥â−®£® á«ãç�ï) ¤«ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨© á ÷‘ ¢ à�¬ª�å íâ�¯� ¯à¥¯à®-
æ¥áá¨−£�. �®¤£®â®¢ª� á¥âª¨ ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ãâ¨«¨â blockMesh,
snappyHexMesh, foamyQuadMesh, ¤«ï ª�¦¤®© ¨§ ª®â®àëå ¢ £à�ä¨ç¥áª®© ®¡®-
«®çª¥ à¥�«¨§®¢�− á®®â¢¥âáâ¢ãîé¨© ¬®¤ã«ì.

�® ¨â®£�¬ £¥−¥à�æ¨¨ ÷‘ á¯¥æ¨�«¨áâ §�¯ãáª�¥â ¢¨§ã�«¨§�æ¨î ¨ ®æ¥−¨¢�¥â
ª�ç¥áâ¢® ¯®«ãç¥−−®© á¥â®ç−®© ¬®¤¥«¨, ¤�«¥¥ ¢ë¯®«−ï¥â ¨§¬¥«ìç¥−¨¥ ¨ ¯®¢â®à-
−ãî ¢¨§ã�«¨§�æ¨î. �à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦−® ¢−¥áâ¨ ¯à�¢ª¨ ¨ ¢ë¯®«−¨âì
¯¥à¥ç¨á«¥−−ë¥ è�£¨ ¥é¥ à�§.

÷¨á. 2 �®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨© ¯à¨ ¢ë¯®«−¥−¨¨ ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘ á ¯®¬®éìî
¬®¤ã«ï, ¨−â¥£à¨à®¢�−−®£® ¢ £à�ä¨ç¥áªãî ®¡®«®çªã rCF GUI
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÷�§à�¡®âª� ¬®¤ã«ï ¤«ï ¨§¬¥«ìç¥−¨ï ïç¥¥ª à�áç¥â−ëå á¥â®ª ¢ −¥áª®«ìª¨å −�¯à�¢«¥−¨ïå

‚ ®á−®¢¥ à¥�«¨§�æ¨¨ ¯à®¥ªâ� «¥¦¨â ¬−®£®á«®©−�ï �àå¨â¥ªâãà�: á«®© ¯à¥¤-
áâ�¢«¥−¨ï, á«®© ¡¨§−¥á-«®£¨ª¨ ¨ á«®© åà�−¥−¨ï ¤�−−ëå. ‘«®© ¯à¥¤áâ�¢«¥−¨ï
¢®¯«®é¥− ¢ ¢¨¤¥ GUI −� ¡�§¥ äà¥©¬¢®àª� PyQt5, á«®© ¡¨§−¥á-«®£¨ª¨ −�¯¨á�−
−� ¡�§¥ ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python 3.5, á«®© åà�−¥−¨ï ¤�−−ëå à¥�«¨§®¢�−
á ¯®¬®éìî DB-API sqlite3 ¤«ï ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python.

6 Результаты исследования

„«ï ¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨ ãá®¢¥àè¥−áâ¢®¢�−−®© ¢¥àá¨¨ £à�ä¨ç¥áª®©
®¡®«®çª¨ ¬®¦−® ¢®á¯®«ì§®¢�âìáï ®¤−¨¬ ¨§ ãç¥¡−ëå ¯à¨¬¥à®¢ (ãç¥¡−ëå §�¤�ç
Œ‘‘), ¢å®¤ïé¨å ¢ ¤¨áâà¨¡ãâ¨¢ �‘ OpenFOAM. ��¯à¨¬¥à, §�¤�ç¥© Œ‘‘
throttle3D, ¬®¤¥«¨àã¥¬®© ¯®áà¥¤áâ¢®¬ à¥è�â¥«ï cavitatingFoam, ª®â®àë© ®à¨-
¥−â¨à®¢�− −� ¯à®¢¥¤¥−¨¥ ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¬�«®èã¬−®£® ¬�−¥¢à¨à®¢�−¨ï
®¡ê¥ªâ�. �«�£®¤�àï ¥£® ¨á¯®«ì§®¢�−¨î ã á¯¥æ¨�«¨áâ®¢ ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì
§�¬¥−¨âì ¤®à®£®áâ®ïé¨¥ ¨ á«®¦−ë¥ ¨á¯ëâ�−¨ï ¢ �íà®¤¨−�¬¨ç¥áª®© âàã¡¥ −�
¨¬¨â�æ¨®−−ë¥ ¯à®£à�¬¬−ë¥ ¨á¯ëâ�−¨ï. ‡�¤�ç� Œ‘‘ throttle3D á®®â¢¥âáâ¢ã¥â
¬®¤¥«¨ ¤à®áá¥«ï á ®¤−¨¬ ¤¢¨£�â¥«¥¬ ¨ ï¢«ï¥âáï �ªâã�«ì−®© ¤«ï ¯à¥¤¯à¨ïâ¨©, à�-
¡®â�îé¨å ¢ áä¥à¥ à�ª¥â®áâà®¥−¨ï ¨ �¢¨�ª®á¬¨ç¥áª®© ¯à®¬ëè«¥−−®áâ¨ [15,16].

�¯¨áë¢�¥¬ë© ¢ áâ�âì¥ ¬®¤ã«ì à�áè¨àï¥â ¨áå®¤−ë© ª®¤ á®§¤�−−®© �¢â®à®¬
£à�ä¨ç¥áª®© ®¡®«®çª¨.

“á®¢¥àè¥−áâ¢®¢�−−�ï ¢¥àá¨ï ¯à¨«®¦¥−¨ï OpenFOAM GUI (á ¨−â¥£à¨à®-
¢�−−ë¬ ¬®¤ã«¥¬ ¤«ï ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘) à�§¬¥é¥−� −� á¥à¢¨á¥ GitHub
¨ ¤®áâã¯−� ¤«ï â¥áâ¨à®¢�−¨ï ¨−¦¥−¥à�¬¨ ¨ ¨áá«¥¤®¢�â¥«ï¬¨ [17].

7 Научная новизна исследования

‚ à�¬ª�å −�áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï ¯à¨¬¥−¥−ë ¯®¤å®¤ë, áä®à¬ã«¨à®¢�−−ë¥
�¢â®à®¬ à�−¥¥ ¯à¨ ¯®¤£®â®¢ª¥ ¡�§®¢®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨. „«ï ¬®¤ã«ï
¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘ à¥�«¨§®¢�−ë:

(1) á¢ï§ª� íªà�−−�ï úä®à¬� + ä�©« á ¯à®£à�¬¬−ë¬ ª®¤®¬û. ’¥¬ á�¬ë¬ ¢−¥è-
−¥¥ ¯à¥¤áâ�¢«¥−¨¥ ¨−â¥àä¥©á� ®â¤¥«¥−® ®â «®£¨ª¨ ¯à¨«®¦¥−¨ï, çâ® ã¯à®-
é�¥â ¥£® ¤�«ì−¥©èãî ¬®¤¨ä¨ª�æ¨î;

(2) ¬¥å�−¨§¬ á¥à¨�«¨§�æ¨¨ ¯�à�¬¥âà®¢ á«ã¦¥¡−ëå ä�©«®¢ (¢ ¤�−−®¬ á«ãç�¥ |
ä�©«� fineMeshDict á ¯�à�¬¥âà�¬¨ ¨§¬¥«ìç¥−¨ï). Œ¥å�−¨§¬ ¯®§¢®«ï¥â
¢ë¯®«−ïâì á®åà�−¥−¨¥ ¯�à�¬¥âà®¢ ¨ ¨å ¯®á«¥¤ãîé¥¥ ¢®ááâ�−®¢«¥−¨¥ ¤«ï
¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ ¯�à�¬¥âàë ¨§¬¥«ìç¥−¨ï;

(3) ¬¥å�−¨§¬ £¥−¥à�æ¨¨ bash-áªà¨¯â®¢, ®¡¥á¯¥ç¨¢�îé¨© ¯à®£à�¬¬−ë© §�¯ãáª
ãâ¨«¨â �‘ OpenFOAM, ¢ â®¬ ç¨á«¥ ¨ ãâ¨«¨âë refineMesh [18];

(4) ¬¥å�−¨§¬ ¢�«¨¤�æ¨¨ ¢å®¤−ëå ¯�à�¬¥âà®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï §�é¨âë ®â −¥-
¢¥à−ëå ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï ¯à¨ §�¤�−¨¨ á¢®©áâ¢ ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘.
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8 Практическая значимость исследования

’¥áâ¨à®¢�−¨¥ à�áá¬�âà¨¢�¥¬®£® ¬®¤ã«ï ¯®ª�§�«® ¥£® íää¥ªâ¨¢−®áâì ¢ à�¬-
ª�å ¯à®¢¥¤¥−¨ï ®¤−®£® ¨§ íâ�¯®¢ ¯à¥¯à®æ¥áá¨−£� | ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘.
�®«ì§®¢�â¥«¨, ¯®à�¡®â�¢è¨¥ á ¬®¤ã«¥¬, ®â¬¥â¨«¨ á«¥¤ãîé¨¥ ¥£® ¤®áâ®¨−áâ¢� ¯®
áà�¢−¥−¨î á ¨á¯®«ì§®¢�¢è¨¬áï à�−¥¥ ¯®¤å®¤®¬ ¢§�¨¬®¤¥©áâ¢¨ï ç¥à¥§ ª®¬�−¤−ãî
áâà®ªã:

(1) áãé¥áâ¢¥−−�ï íª®−®¬¨ï ¢à¥¬¥−¨. �â�¯ ¯à¥¯à®æ¥áá¨−£� −�àï¤ã á íâ�¯®¬
à¥è¥−¨ï §�¤�ç¨ Œ‘‘ §�−¨¬�¥â ¯à®¤®«¦¨â¥«ì−®¥ ¢à¥¬ï. ÷�§à�¡®â�−−ë©
�¢â®à®¬ ¬®¤ã«ì ¢ ç�áâ¨ ¬®¤¨ä¨ª�æ¨¨ á¥â®ç−ëå ¬®¤¥«¥© ®¡¥á¯¥ç¨¢�¥â íª®-
−®¬¨î ¢à¥¬¥−¨ ¯à¨ ¨§¬¥«ìç¥−¨¨ ïç¥¥ª ÷‘. �â® ¤®áâ¨£�¥âáï ¡«�£®¤�àï
íªà�−−®© ä®à¬¥, �«£®à¨â¬ã £¥−¥à�æ¨¨ á®¤¥à¦¨¬®£® á«ã¦¥¡−ëå ä�©«®¢
¨ ¬¥å�−¨§¬ã ¯à®£à�¬¬−®£® §�¯ãáª� ª®−á®«ì−®© ãâ¨«¨âë refineMesh �‘
OpenFOAM;

(2) ¬¨−¨¬¨§�æ¨ï ®è¨¡®ª ¢ å®¤¥ ¯à¥¯à®æ¥áá¨−£�. �� íâ�¯¥ ¯®¤£®â®¢ª¨ ª ¨§-
¬¥«ìç¥−¨î ïç¥¥ª ÷‘, ¢ ç�áâ−®áâ¨ ¯®¤£®â®¢ª¨ ä�©«� fineMeshDict, á¯¥æ¨�-
«¨áâ ¬®¦¥â áä®à¬¨à®¢�âì −¥¯à�¢¨«ì−ãî áâàãªâãàã ä�©«�, ãª�§�âì ¤�−−ë¥
−¥ª®àà¥ªâ−®£® â¨¯� ¨«¨ ä®à¬�â�. Š�ª á«¥¤áâ¢¨¥, ¨â®£®¢ë© à¥§ã«ìâ�â ç¨á-
«¥−−®£® íªá¯¥à¨¬¥−â� ¬®¦¥â −¥ á®®â¢¥âáâ¢®¢�âì ¯�à�¬¥âà�¬ §�¤�ç¨ Œ‘‘.
‘¨áâ¥¬� ¢�«¨¤�æ¨¨ ¢å®¤−ëå ¤�−−ëå ¯®§¢®«ï¥â ¨áª«îç¨âì â�ªãî á¨âã�æ¨î;

(3) ã¯à®é¥−¨¥ ®á¢®¥−¨ï ¬¥å�−¨§¬� ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘ ¯à¨ ¯à®¢¥¤¥−¨¨
ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç Œ‘‘ −� ¡�§¥ �‘ OpenFOAM. ‚ £à�ä¨-
ç¥áª®¬ ¨−â¥àä¥©á¥ à�áá¬�âà¨¢�¥¬®£® ¬®¤ã«ï, ª�ª ¨ ¢ £à�ä¨ç¥áª®© ®¡®«®çª¥
¢ æ¥«®¬, ¯à¥¤ãá¬®âà¥−ë ¢á¯«ë¢�îé¨¥ ¯®¤áª�§ª¨, ª«îç¥¢ë¥ ¤¥©áâ¢¨ï ¯®«ì-
§®¢�â¥«ï á®¯à®¢®¦¤�îâáï ¢ë¢®¤®¬ á«ã¦¥¡−ëå á®®¡é¥−¨©, ª í«¥¬¥−â�¬
ã¯à�¢«¥−¨ï ä®à¬ ¯à¨«�£�îâáï ¯®ïá−ïîé¨¥ −�¤¯¨á¨. ‚ á®¢®ªã¯−®áâ¨ íâ®
á¯®á®¡áâ¢ã¥â ã¯à®é¥−¨î ®á¢®¥−¨ï ãâ¨«¨âë refineMesh, ¯à¨¬¥−ï¥¬®© ¢ �‘
OpenFOAM ¤«ï ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘.

9 Заключение

„«ï ¯à®¢¥¤¥−¨ï ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç Œ‘‘ à�§à�¡®âç¨ª�¬¨ á®-
§¤�−ë ¬−®£®ç¨á«¥−−ë¥ ¯à®£à�¬¬−ë¥ ª®¬¯«¥ªáë, áà¥¤¨ ª®â®àëå ®¤−¨¬ ¨§ −�¨-
¡®«¥¥ ¯®¯ã«ïà−ëå ï¢«ï¥âáï �‘ OpenFOM, ¯®áª®«ìªã ®â−®á¨âáï ª á¢®¡®¤−®
à�á¯à®áâà�−ï¥¬®¬ã �� ¨ ¯®§¢®«ï¥â ãá¯¥è−® á®§¤�¢�âì ç¨á«¥−−ë¥ ¬®¤¥«¨ à�§-
«¨ç−ëå ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢ ¢® ¬−®£¨å ®âà�á«ïå ¯à®¬ëè«¥−−®áâ¨. ƒ«�¢−ë©
−¥¤®áâ�â®ª ¤�−−®© �‘ §�ª«îç�¥âáï ¢ ®âáãâáâ¢¨¨ ¢áâà®¥−−ëå £à�ä¨ç¥áª¨å áà¥¤áâ¢
¤«ï ã¯à�¢«¥−¨ï ç¨á«¥−−ë¬ íªá¯¥à¨¬¥−â®¬. „«ï ¥£® ãáâà�−¥−¨ï �¢â®à®¬ ¯à¥¤-
«®¦¥−® à¥è¥−¨¥ | £à�ä¨ç¥áª�ï ®¡®«®çª� OpenFOAM GUI. ��áâ®ïé�ï áâ�âìï
¯à®¤®«¦�¥â ¨áá«¥¤®¢�−¨¥, −�ç�â®¥ ¢ à�¡®â¥ [1].

�¤¨− ¨§ íâ�¯®¢ ¯à¥¯à®æ¥áá¨−£� §�ª«îç�¥âáï ¢ ¯®¤£®â®¢ª¥ ÷‘, ®¯à¥¤¥«ïîé¨å
â®ç−®áâì ¨â®£®¢®© æ¨äà®¢®© ¬®¤¥«¨. „«ï ä®à¬¨à®¢�−¨ï ÷‘ ¢ �‘ OpenFOAM
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÷�§à�¡®âª� ¬®¤ã«ï ¤«ï ¨§¬¥«ìç¥−¨ï ïç¥¥ª à�áç¥â−ëå á¥â®ª ¢ −¥áª®«ìª¨å −�¯à�¢«¥−¨ïå

¯à¥¤ãá¬®âà¥− −�¡®à ¢áâà®¥−−ëå ãâ¨«¨â, ª®â®àëå ¢ −¥ª®â®àëå á«ãç�ïå ®ª�§ë¢�-
¥âáï −¥¤®áâ�â®ç−® ¤«ï §�¤�ç á ¢ëá®ª¨¬¨ âà¥¡®¢�−¨ï¬¨ ¯® â®ç−®áâ¨ ¬®¤¥«¨. ‚ íâ®¬
á«ãç�¥ á¯¥æ¨�«¨áâ ¬®¦¥â ¢®á¯®«ì§®¢�âìáï ãâ¨«¨â®© refineMesh, ¢ë¯®«−ïîé¥©
−� ®á−®¢¥ ä�©«� fineMeshDict ¨§¬¥«ìç¥−¨¥ ÷‘ ¯® −¥áª®«ìª¨¬ −�¯à�¢«¥−¨ï¬.
”�©« fineMeshDict ®¯à¥¤¥«ï¥â ¯�à�¬¥âàë ¨§¬¥«ìç¥−¨ï.

��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ¬®¤ã«ï á £à�ä¨ç¥áª¨¬
¨−â¥àä¥©á®¬ ¤«ï �¢â®¬�â¨§�æ¨¨ à�¡®âë á ãâ¨«¨â®© refineMesh. ‚ë¯®«−¥−�
¨−â¥£à�æ¨ï ¬®¤ã«ï á â¥ªãé¥© ¢¥àá¨¥© ¯à®£à�¬¬−®£® à¥è¥−¨ï OpenFOAM GUI.
ˆáå®¤−ë© ª®¤ ¬®¤¨ä¨æ¨à®¢�−−®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ à�§¬¥é¥− −�
á¥à¢¨á¥ GitHub. ’¥áâ¨à®¢�−¨¥ ¬®¤ã«ï −� ¯à¨¬¥à¥ ®¤−®© ¨§ ãç¥¡−ëå §�¤�ç Œ‘‘,
¢å®¤ïé¨å ¢ ¤¨áâà¨¡ãâ¨¢ �‘ OpenFOAM, ¯®ª�§�«® íª®−®¬¨î à�¡®ç¥£® ¢à¥¬¥−¨
á¯¥æ¨�«¨áâ®¢, ã¯à®é¥−¨¥ ¢ë¯®«−¥−¨ï íâ�¯� ¨§¬¥«ìç¥−¨ï ïç¥¥ª ÷‘ ¢ à�¬ª�å
¯à¥¯à®æ¥áá¨−£� ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï.
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DEVELOPMENT OF A MODULE FOR GRINDING MESHES CELLS
IN SEVERAL DIRECTIONS AND ITS INTEGRATION INTO THE GUI

FOR THE OpenFOAM SOFTWARE ENVIRONMENT

D. I. Chitalov

South Urals Federal Research Center of Mineralogy and Geoecology of the Urals
Branch of the Russian Academy of Sciences, Ilmen reserve, Miass, Chelyabinsk
Region 456317, Russian Federation

Abstract: This article is devoted to the development of a software module that
extends the source code of the graphical shell rCF GUI, created by the author,
and that allows automating one of the stages of a numerical experiment for the
problems of continuum mechanics | grinding cells of computational meshes in
several directions. This stage is performed as a part of preprocessing of a numerical
experiment and determines the accuracy of the result (final numerical model).
The goal of the study and the set of tasks for its achievement are formulated.
The stack of technologies necessary for development of the module is defined,
its block diagram and diagram describing the logic of use are presented. The
implemented module is integrated into the current version of the graphical shell
rCF GUI, which is available in the public access on the GitHub service. The
module's capabilities have been tested as a part of the research with the training
task of continuum mechanics in the field of aerodynamics, which is a part of the
OpenFOAM software environment distribution. The results of the study are
summarized, its novelty and practical significance are revealed.
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АВТОМАТИЗИРОВАННЫЙ ПОИСК ПРОТИВОРЕЧИЙ
В КОНКРЕТНО-ИСТОРИЧЕСКОЙ ИНФОРМАЦИИ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ). ’¥å−®«®£¨ï ¯®áâà®-
¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−� −� è¨à®ª¨©
ªàã£ ¯®«ì§®¢�â¥«¥©, −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�-
ä�¬. ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î â¥å−®«®£¨¨ ¯ãâ¥¬ ¨−â¥£à�æ¨¨
¢ −¥¥ ¬¥å�−¨§¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ª®−ªà¥â−®-
¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨. �¡®á−®¢ë¢�¥âáï −¥¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï
áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª ¤�−−®© ¯à®¡«¥¬¥, ¢ëâ¥ª�îé�ï ¨§ á¯¥æ¨ä¨ª¨ ª®−-
ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¨ ®¡à�¡�âë¢�¥¬®© ¢ ¥£® à�¬ª�å ¨−ä®à-
¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© ¢ ä®à¬¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ä�ªâ�. ‘ä®à¬ã-
«¨à®¢�−ë æ¥«¨ ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨,
¢ëâ¥ª�îé¨¥ ¨§ íâ®© á¯¥æ¨ä¨ª¨ ¨ §�ª«îç�îé¨¥áï −¥ ¢ áã¦¥−¨¨ ®¡ê¥¬�
¤®áâã¯−®© ¨áá«¥¤®¢�â¥«î ¨−ä®à¬�æ¨¨, � ¢ ¢ëï¢«¥−¨¨ −®¢ëå −�¯à�¢«¥−¨©
¨áá«¥¤®¢�−¨ï. �à®¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ¢¨¤®¢ ¯à®â¨¢®à¥ç¨© ¢ ª®−ªà¥â-
−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨, ®¡®á−®¢�−® ¢¢¥¤¥−¨¥ ¢ â¥å−®«®£¨î ¬¥å�−¨§¬�
¯®¤¤¥à¦ª¨ −®à¬�«¥©, à¥£«�¬¥−â¨àãîé¨å §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ä�ªâ�¬¨. �¯¨-
á�−ë ¨ ®¡®á−®¢�−ë −¥®¡å®¤¨¬ë¥ ¨§¬¥−¥−¨ï ®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨,
¯à¨¢¥¤¥−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ �«£®à¨â¬�, ®¯à¥¤¥«¥−ë ¯à®æ¥¤ãàë ®¡à�¡®âª¨
à¥§ã«ìâ�â®¢ ¯®¨áª�.

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

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© | ®¤−� ¨§ �ªâã�«ì−ëå
§�¤�ç á®¢à¥¬¥−−®áâ¨ ¢ á¢ï§¨ á ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨© ¯à®æ¥áá −¥ â®«ìª®
ç«¥−®¢ ¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�¬ëå è¨à®ª¨å á«®¥¢
−¥¯à®ä¥áá¨®−�«®¢ ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ¨−â¥à¥á®¬ ª ç�áâ−®©, á¥¬¥©−®©
¨áâ®à¨¨ [1].

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
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‚ [2, 3] ®¯¨á�−� à�§à�¡®â�−−�ï ¢ ”ˆ– ˆ“ ÷�� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï
�Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨-
à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©). „�−−ë¥
â¥å−®«®£¨¨ ®à£�−¨§®¢�−ë ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨. “§«ë á¥â¨ �à¥¤áâ�¢«ïîâ
á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë ®¡ê¥ªâ®¢. ”�ªâë §�¤�îâáï §−�ç¥−¨-
ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§ á¥â¨
ª«�áá®¢ [4].

‘¯¥æ¨ä¨ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ä�ªâë,
ª®â®àë¬¨ ®¯¥à¨àã¥â ¨áá«¥¤®¢�â¥«ì (¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë), ®¡«�¤�îâ
á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨. �®«ãç¥−¨¥ íâ¨å ä�ªâ®¢ |
−¥®¡å®¤¨¬�ï ¨ −�¨¡®«¥¥ âàã¤®¥¬ª�ï áâ�¤¨ï ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, á®-
áâ®ïé�ï ¢ à�¡®â¥ ¢ �àå¨¢�å ¨ ¯à®á¬®âà¥ ®£à®¬−®£® ç¨á«� ¤®ªã¬¥−â®¢. ÷�¡®â�
¨áá«¥¤®¢�â¥«ï −� ¢â®à®¬ íâ�¯¥ á®áâ®¨â ¢ á®¯®áâ�¢«¥−¨¨ ¢ëï¢«¥−−ëå ä�ªâ®¢
¬¥¦¤ã á®¡®© á æ¥«ìî ¢§�¨¬®ã¢ï§ë¢�−¨ï ¨ à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨© [5].

‘ãé¥áâ¢ãîâ ¨ �ªâ¨¢−® à�§¢¨¢�îâáï ¬−®£®ç¨á«¥−−ë¥ ¯®¤å®¤ë ª ¯à®¡«¥¬¥
¯®¨áª� «®£¨ç¥áª¨å ¨ á¥¬�−â¨ç¥áª¨å ¯à®â¨¢®à¥ç¨© ¢ ¤�−−ëå [6{8]. ‚ ®á−®¢−®¬, íâ®
�¢â®¬�â¨ç¥áª¨© ¯®¨áª ä®à¬�«ì−ëå ¯à®â¨¢®à¥ç¨© ¢ ãá«®¢¨ïå ¡®«ìè¨å ¤�−−ëå,
−¥ ¯®¤¤�îé¨åáï àãç−®¬ã �−�«¨§ã §� à�§ã¬−®¥ ¢à¥¬ï.

Š�ª ¯®ª�§�−® ¢ëè¥, ª á¯¥æ¨ä¨ª¥ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ®â-
−®á¨âáï ¢ëá®ª�ï âàã¤®¥¬ª®áâì ¯®¨áª� ¨−ä®à¬�æ¨¨, ¨§ ç¥£® á −¥¨§¡¥¦−®áâìî
á«¥¤ãîâ ®£à�−¨ç¥−−®áâì ¨ äà�£¬¥−â�à−®áâì ®¡ê¥¬� ä�ªâ®¢, á ª®â®àë¬ à�¡®â�-
¥â ¨áá«¥¤®¢�â¥«ì. ‚ ãá«®¢¨ïå ¯à¥¤áâ�¢«¥−¨ï ä�ªâ®¢ ¢ ä®à¬¥ ¨¥à�àå¨ç¥áª¨å
áâàãªâãà ¢ à�¬ª�å á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ �Šˆˆ ¯àï¬ë¥ ä®à¬�«ì−ë¥
¯à®â¨¢®à¥ç¨ï ¢¨¤−ë ¨áá«¥¤®¢�â¥«î −¥¯®áà¥¤áâ¢¥−−®.

�à®¡«¥¬� ¯®¨áª� −¥ä®à¬�«ì−ëå ¯à®â¨¢®à¥ç¨© á®áâ®¨â ¢ â®¬, çâ® ¡¨®£à�ä¨-
ç¥áª¨¥ ä�ªâë, ã¢ï§ë¢�îé¨¥ ®¡ê¥ªâë ¨áâ®à¨ç¥áª®© à¥�«ì−®áâ¨ á ¨å ¤¨−�¬¨ç¥-
áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ (�âà¨¡ãâ�¬¨), á¢ï§�−ë ®¯à¥¤¥«¥−−ë¬¨ §�¢¨á¨¬®áâï¬¨.
�â¨ §�¢¨á¨¬®áâ¨ à¥£«�¬¥−â¨àãîâáï ¥áâ¥áâ¢¥−−ë¬¨ §�ª®−®¬¥à−®áâï¬¨, ®¯à¥¤¥-
«ïîé¨¬¨ ¤®¯ãáâ¨¬ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á®¡ëâ¨© ¨ §�¤�îé¨¬¨ −¥ª¨© è�¡«®−,
áæ¥−�à¨© ¨«¨ −�¡®à ®£à�−¨ç¥−¨© (−�¯à¨¬¥à: á¬¥àâì á«¥¤ã¥â §� à®¦¤¥−¨¥¬; ¨¬¥-
îâáï ¤®¯ãáâ¨¬ë¥ ¯à¥¤¥«ë à�§−¨æë ¬¥¦¤ã ¤�â®© à®¦¤¥−¨ï ç¥«®¢¥ª� ¨ £à�−¨æ�¬¨
¦¨§−¨ ¥£® à®¤¨â¥«¥©; ¢ ª�¦¤ë© ª®−ªà¥â−ë© ¬®¬¥−â ¢à¥¬¥−¨ ç¥«®¢¥ª ¬®¦¥â −�å®-
¤¨âìáï â®«ìª® ¢ ®¤−®© â®çª¥ £¥®£à�ä¨ç¥áª®£® ¯à®áâà�−áâ¢�), §�ª®−�¬¨ ¯à¨à®¤ë,
§�ª®−�¬¨ ¨ −®à¬�â¨¢−ë¬¨ ¤®ªã¬¥−â�¬¨, âà�¤¨æ¨ï¬¨ [9].

”®à¬ã«¨à®¢ª¨ à¥£«�¬¥−â¨àãîé¨å §�ª®−®¬¥à−®áâ¥©, §�ª®−®¢, âà�¤¨æ¨© −�-
§ë¢�îâáï −®à¬�«ï¬¨. ˆ¬¥−−® −®à¬�«¨ ¯®§¢®«ïîâ á®¯®áâ�¢¨âì ä�ªâë, ¢ëï¢¨âì
¨ à�§à¥è¨âì ¯à®â¨¢®à¥ç¨ï, áä®à¬¨à®¢�âì −®¢ë¥ ä�ªâë-á«¥¤áâ¢¨ï, ¨−â¥£à¨à®-
¢�âì ¤�−−ë¥ ¢ ®¡éãî ª�àâ¨−ã. ‹¨èì ¢ à¥¤ª¨å á«ãç�ïå −®à¬�«ì ¬®¦¥â ¡ëâì
ä®à¬�«¨§®¢�−� ¨ ¯à¥¤áâ�¢«¥−� ¢ ä®à¬¥, ¤®¯ãáª�îé¥© ¥¥ �¢â®¬�â¨ç¥áªãî ®¡-
à�¡®âªã. �®«ìè¨−áâ¢® ¨§ −¨å §�¤�¥âáï −¥ä®à¬�«ì−ë¬¨ â¥ªáâ�¬¨ ¨«¨ ¤�¦¥
®âáë«ª®© −� −¥ª®â®à®¥ −¥ä®à¬�«ì−®¥ §−�−¨¥. �à®¢¥àª� á®¡«î¤¥−¨ï ¨å ¯à�-
¢¨« | úàãç−�ïû ¯à®æ¥¤ãà� [9]. �à¨ íâ®¬, ¯®áª®«ìªã «î¡�ï −®à¬�«ì ¬®¦¥â
¨¬¥âì ª�ª áà®ª¨ ¤¥©áâ¢¨ï, â�ª ¨ ¬−®¦¥áâ¢® ¨áª«îç¥−¨© ¨ à¥¤�ªæ¨©, çâ® ¬®¦¥â
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�¢â®¬�â¨§¨à®¢�−−ë© ¯®¨áª ¯à®â¨¢®à¥ç¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨

¡ëâì −¥ ¢ ¯®«−®© ¬¥à¥ ®âà�¦¥−® ¢ ¥¥ ªà�âª®© ä®à¬ã«¨à®¢ª¥, à�§«¨ç−ë¥ ¨áá«¥-
¤®¢�â¥«¨ ¬®£ãâ ¢®á¯à¨−¨¬�âì ¥¥ ¯®-à�§−®¬ã, ®è¨¡®ç−® ã¯ãáª�ï ¨§ à�áá¬®âà¥−¨ï
à�§«¨ç−ë¥ ¥¥ �á¯¥ªâë.

�à¨¬¥−¨â¥«ì−® ª â¥å−®«®£¨¨ �Šˆˆ §�¤�ç� ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ª®−-
ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå á ãç¥â®¬ ¢á¥å íâ¨å ¯à®ï¢«¥−¨© á¯¥æ¨ä¨ç−®áâ¨
ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï à�á¯�¤�¥âáï −� ¤¢¥ ¯®¤§�¤�ç¨:

(1) ¯®¨áª ¯àï¬®£® ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ã ¤¢ã¬ï ä�ªâ�¬¨. ‚ â¥å−®«®£¨¨ �Šˆˆ
íâ� §�¤�ç� á¢®¤¨âáï ª áà�¢−¥−¨î à�§«¨ç−ëå §−�ç¥−¨© ®¤−®£® �âà¨¡ãâ� ®¤−®£®
®¡ê¥ªâ�. �à¨¬¥à ¯à®â¨¢®à¥ç¨ï: ¤�â� à®¦¤¥−¨ï «¨æ� ãª�§�−� ¯®-à�§−®¬ã
¢ à�§−ëå ¤®ªã¬¥−â�å. �à®â¨¢®à¥ç¨¥ ¢¨¤−® ¨áá«¥¤®¢�â¥«î −¥¯®áà¥¤áâ¢¥−−®
¨ −¥ −ã¦¤�¥âáï ¢ �¢â®¬�â¨§�æ¨¨. Š�ª�ï-«¨¡® ¤®à�¡®âª� â¥å−®«®£¨¨ ¢ íâ®¬
á«ãç�¥ −¥ âà¥¡ã¥âáï;

(2) ¯®¨áª −¥ä®à¬�«ì−®£® ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ã £àã¯¯®© ä�ªâ®¢ ¨ á¢ï§ë¢�îé¨-
¬¨ ¨å −®à¬�¬¨. �à¨¬¥à ¯à®â¨¢®à¥ç¨ï: ¯à®¦¨¢�−¨¥ «¨æ� ¢ 1901 £. |
£. ‘ã¬ë •�àìª®¢áª®© £ã¡¥à−¨¨, −�æ¨®−�«ì−®áâì «¨æ� | ¥¢à¥©. ƒ®à®¤
‘ã¬ë à�á¯®«�£�«áï ¢−¥ ¯à¥¤¥«®¢ ç¥àâë ®á¥¤«®áâ¨. ‚ ÷®áá¨©áª®© ¨¬¯¥à¨¨
á 1791 ¯® ä�ªâ¨ç¥áª¨ 1915 ££. ¥¢à¥ï¬ §�¯à¥é�«®áì ¯à®¦¨¢�−¨¥ §� ¯à¥-
¤¥«�¬¨ ç¥àâë ®á¥¤«®áâ¨. „�−−®¥ ¯à®â¨¢®à¥ç¨¥ −¥ ®§−�ç�¥â �¢â®¬�â¨ç¥áª¨
®è¨¡ª¨ ¢ ¤�−−ëå, ¯®áª®«ìªã á®®â¢¥âáâ¢ãîé�ï −®à¬� ä�ªâ¨ç¥áª¨ ¨¬¥«�
àï¤ ¨áª«îç¥−¨©: −�¯à¨¬¥à, ¯à®¦¨¢�−¨¥ ¢−¥ ç¥àâë ®á¥¤«®áâ¨ à�§à¥è�-
«�áì ¥¢à¥ï¬-ªã¯æ�¬ 1-© £¨«ì¤¨¨. �®íâ®¬ã ¢ëï¢«¥−¨¥ ä�ªâ� ¯à®â¨¢®à¥ç¨ï
áâ�−®¢¨âáï −¥ ¯®¢®¤®¬ ®â¡à®á¨âì ïª®¡ë ®è¨¡®ç−ë¥ ¤�−−ë¥, ª�ª ¯à¥¤¯®-
«�£�¥â âà�¤¨æ¨®−−ë© ¯®¤å®¤ ª §�¤�ç¥ ¢ëï¢«¥−¨ï ¯à®â¨¢®à¥ç¨©, −® â®«ìª®
¯®¢®¤ ¨áá«¥¤®¢�â¥«î áª®−æ¥−âà¨à®¢�âìáï −� ¯®¨áª¥ á¢¨¤¥â¥«ìáâ¢ −�«¨ç¨ï
®á−®¢�−¨© ¤«ï ¨áª«îç¥−¨©, â. ¥. ¢ëï¢«¥−¨¥ ¯à®â¨¢®à¥ç¨ï ¢¬¥áâ® áã¦¥−¨ï
®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¤�¥â −®¢ë© ¨¬¯ã«ìá ¨áá«¥¤®¢�−¨î, çâ® ¨««îáâà¨àã¥â
á¯¥æ¨ä¨ç−®áâì ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï.

�à®â¨¢®à¥ç¨ï â�ª®£® à®¤� −¥ ¬®£ãâ ¡ëâì à�§à¥è¥−ë �¢â®¬�â¨ç¥áª¨ á ¯®¬®éìî
à�áá¬®âà¥−−ëå ¢ëè¥ âà�¤¨æ¨®−−ëå ¯®¤å®¤®¢ ª §�¤�ç¥ ¯®¨áª� á¥¬�−â¨ç¥áª¨å
¯à®â¨¢®à¥ç¨© ¢ ¡®«ìè¨å ¤�−−ëå. –¥«ìî −�áâ®ïé¥© áâ�âì¨ áâ�¢¨âáï ®¯¨á�−¨¥
¯®¤å®¤� ª à¥è¥−¨î ¤�−−®© §�¤�ç¨ ¨ á®®â¢¥âáâ¢ãîé¨å ¤®à�¡®â®ª â¥å−®«®£¨¨
�Šˆˆ.

2 Модификация объектной модели технологии

�¢â®¬�â¨§�æ¨ï ¯®¨áª� ¯à®â¨¢®à¥ç¨© ®á«®¦−ï¥âáï â¥¬, çâ® áâàãªâãà� ¨ á®-
áâ�¢ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ �Šˆˆ −¥ ®¯à¥¤¥«¥−ë §�à�−¥¥, � á®§¤�îâáï
¤¨−�¬¨ç¥áª¨ è¨à®ª¨¬ ªàã£®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©, â. ¥.
�«£®à¨â¬ ¯®¨áª� ¯à®â¨¢®à¥ç¨© −¥ ¬®¦¥â ®¯¥à¥âìáï −� §�à�−¥¥ ¨§¢¥áâ−®¥ à�á-
¯®«®¦¥−¨¥ −®à¬�«¥© ¢ ¡�§¥ ¤�−−ëå (�„) â¥å−®«®£¨¨, ª�ª¨¥-«¨¡® ¨§−�ç�«ì−®
ä¨ªá¨à®¢�−−ë¥ ¨å á¢ï§¨ á �âà¨¡ãâ�¬¨ ®¡ê¥ªâ®¢, á®áâ�¢ ¨ −�¨¬¥−®¢�−¨¥ â¥¬¯®-
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

à�«ì−ëå �âà¨¡ãâ®¢ ¨ â. ¯. �®íâ®¬ã âà¥¡ã¥âáï ¬®¤¨ä¨ª�æ¨ï ®¡ê¥ªâ−®© ¬®¤¥«¨
â¥å−®«®£¨¨.

1. ‚¢®¤¨âáï ¯®−ïâ¨¥ −®à¬�«¨, ¤«ï ª®â®à®© ¯®«ì§®¢�â¥«¥¬ ¬®£ãâ ¡ëâì §�¤�−ë:

{ −�¨¬¥−®¢�−¨¥;
{ −¥ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ¢ â¥ªáâ®¢®© ä®à¬¥;
{ áà®ª¨ ¤¥©áâ¢¨ï;
{ ¯¥à¥ç¥−ì ¨áª«îç¥−¨©;
{ ¯¥à¥ç¥−ì à¥¤�ªæ¨© −®à¬�«¨ á ®¯¨á�−¨¥¬ ¨ áà®ª�¬¨ ¤¥©áâ¢¨ï à¥¤�ªæ¨©.

‹î¡®© ¨§ íâ¨å ¯�à�¬¥âà®¢ −®à¬�«¨ −¥ ï¢«ï¥âáï ®¡ï§�â¥«ì−ë¬ ¤«ï ¢¢®¤�,
¯®áª®«ìªã ¯®«ì§®¢�â¥«ì ¬®¦¥â ¨ −¥ §−�âì ª�ª¨å-â® â®−ª®áâ¥©, −¥ ¡ã¤ãç¨
á¯¥æ¨�«¨áâ®¬ ¨¬¥−−® ¢ íâ®¬ ¢®¯à®á¥, � ¬®¦¥â çâ®-â® á®§−�â¥«ì−® ®¯ãáâ¨âì,
¯®áª®«ìªã ¤«ï æ¥«¥© ¥£® ¨áá«¥¤®¢�−¨ï íâ® −¥ ¢�¦−®.

„«ï ¯®¨áª� ã¦¥ ¢¢¥¤¥−−ëå −®à¬�«¥© ¨ ¨áª«îç¥−¨ï ¤ã¡«¨à®¢�−¨ï ¢¢®¤¨âáï
¨å â¥£¨à®¢�−¨¥. Š á®¦�«¥−¨î, á¢ï§�âì −®à¬�«¨ á ¨¥à�àå¨ç¥áª¨¬ àã¡à¨ª�â®-
à®¬ ¢ ãá«®¢¨ïå ¯®¯®«−¥−¨ï �„ â¥å−®«®£¨¨ �Šˆˆ ¬−®¦¥áâ¢®¬ −¥§�¢¨á¨¬ëå
¨áá«¥¤®¢�â¥«¥© −¥¢®§¬®¦−®. ‘«¥¤ã¥â à�áá¬®âà¥âì ¢®§¬®¦−®áâì ¨á¯®«ì§®-
¢�−¨ï ¨¥à�àå¨ç¥áª¨å â¥£®¢ [10], ¤«ï ª®â®àëå ¤®ª�§�−� íää¥ªâ¨¢−®áâì ¨å
¨á¯®«ì§®¢�−¨ï ¢ ãá«®¢¨ïå à�á¯à¥¤¥«¥−−ëå â¥å−®«®£¨©.

2. „«ï �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ¯à®â¨¢®à¥ç¨© −¥®¡å®¤¨¬® §�¢¥àè¨âì ä®à¬�«¨-
§�æ¨î â¥¬¯®à�«ì−ëå �âà¨¡ãâ®¢. �®¤¤¥à¦ª� ®á−®¢−ëå á¯®á®¡®¢ §�¤�−¨ï ¤�â
¢ ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â�å §� áç¥â ¢¢¥¤¥−¨ï â¨¯®¢ §−�ç¥−¨© ú−¥ §�¤�−®û,
úà�−ìè¥û, ú¯®§¦¥û, ú®¤−®¢à¥¬¥−−®û ¨ ú¯à¨¬¥à−® ®¤−®¢à¥¬¥−−®û, � â�ª¦¥
®â−®è¥−¨© â¥¬¯®à�«ì−ëå ¯�à�¬¥âà®¢ ¡¥§ ãª�§�−¨ï á�¬¨å §−�ç¥−¨© íâ¨å ¯�-
à�¬¥âà®¢, çâ® ¯®§¢®«ï¥â, −�¯à¨¬¥à, ®¯à¥¤¥«ïâì ¤�âã à®¦¤¥−¨ï ç¥à¥§ ¢®§à�áâ
−� ª®−ªà¥â−ãî ¤�âã, ¡ë«� ®áãé¥áâ¢«¥−� ¯à¨ á®§¤�−¨¨ ¥¤¨−®© â¥å−®«®£¨¨
�Šˆˆ á ®¯®à®© −� á¨áâ¥¬ã ’-¯�àá¥à, ®áãé¥áâ¢«ïîéãî �¢â®¬�â¨ç¥áª®¥ ¨§-
¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨, ¨ ¨−-
áâàã¬¥−â�«ì−ë© ª®¬¯«¥ªá π-”�ªâ®£à�ä, ®à¨¥−â¨à®¢�−−ë© −� ¯®¤¤¥à¦ªã
á�¬®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá� [3]. �¥¤®áâ�â®ª â¥ªãé¥© à¥�«¨§�æ¨¨
â¥å−®«®£¨¨ ¢ ¯«�−¥ �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá� ¯®¨áª� ¯à®â¨¢®à¥ç¨© | ¨§-
«¨è−ïï ã−¨¢¥àá�«ì−®áâì ®¡ê¥ªâ−®© ¬®¤¥«¨, −¥ ¯®§¢®«ïîé�ï �«£®à¨â¬ã
®â«¨ç¨âì â¥¬¯®à�«ì−ë¥ �âà¨¡ãâë ®â ¯à®ç¨å, ¯®áª®«ìªã â¨¯ §−�ç¥−¨ï ú¤�â�û
¨«¨ ú¤¨�¯�§®− ¤�âû −¥ ï¢«ï¥âáï ¤«ï −¨å ¥¤¨−áâ¢¥−−® ¢®§¬®¦−ë¬. �âà¨¡ãâ,
§�¤�îé¨© ç¨á«® «¥â ®â ¨§¢¥áâ−®© ¤�âë, | â¥¬¯®à�«ì−ë©, −® ¨¬¥¥â â¨¯
§−�ç¥−¨ï úæ¥«®¥û, çâ® −¥ ¯®§¢®«ï¥â �«£®à¨â¬ã ¨¤¥−â¨ä¨æ¨à®¢�âì ¥£®. „«ï
à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¢¢®¤¨âáï ï¢−®¥ ãª�§�−¨¥ â¥¬¯®à�«ì−®áâ¨ �âà¨¡ãâ�.

3 Алгоритм поиска противоречий

�®áª®«ìªã −®à¬�«¨ −¥ ä®à¬�«¨§®¢�−ë, � ¨å á¢ï§¨ á �âà¨¡ãâ�¬¨ −¥ ä¨ªá¨à®-
¢�−ë, �«£®à¨â¬ ¯®¨áª� ¯à®â¨¢®à¥ç¨© áâà®¨âáï á ®¯®à®© −� ¯à¥æ¥¤¥−âë, â. ¥. −�
¯à®â¨¢®à¥ç¨ï, ï¢−® ¢ëï¢«¥−−ë¥ ¯®«ì§®¢�â¥«ï¬¨.
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�¢â®¬�â¨§¨à®¢�−−ë© ¯®¨áª ¯à®â¨¢®à¥ç¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨

�«£®à¨â¬ ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¨¬¥¥â âà¨ ¯®¤á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¨å ¯®-
á«¥¤®¢�â¥«ì−®¥ ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å íâ�¯®¢:

{ á®§¤�−¨¥ ¯à¥æ¥¤¥−â� ¯®«ì§®¢�â¥«¥¬;

{ �¢â®¬�â¨ç¥áª¨© ¯®¨áª ¯à®â¨¢®à¥ç¨© ¯® ¯à¥æ¥¤¥−âã;

{ ®¡à�¡®âª� à¥§ã«ìâ�â®¢ ¯®¨áª�.

1. ‘®§¤�−¨¥ ¯à¥æ¥¤¥−â� ¯®«ì§®¢�â¥«¥¬.
‚ á«ãç�¥ −�å®¦¤¥−¨ï ¯à®â¨¢®à¥ç¨ï ¯®«ì§®¢�â¥«¥¬ ®− ä¨ªá¨àã¥â ¥£®. �®

®¯ëâã ¯à®¢¥¤¥−−ëå ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¨áá«¥¤®¢�â¥«ì §�-
¨−â¥à¥á®¢�− ¢ ä¨ªá�æ¨¨ ¨ âé�â¥«ì−®¬ ®¯¨á�−¨¨ ¢á¥å �á¯¥ªâ®¢ ¯à®â¨¢®à¥ç¨ï,
¯®áª®«ìªã, ª�ª ¡ë«® ¯®ª�§�−® ¢ëè¥, ¨¬¥−−® ®−¨ ¤�îâ ¨¬¯ã«ìá ¨ §�¤�îâ −�¯à�¢-
«¥−¨¥ ¤�«ì−¥©è¥¬ã ¨áá«¥¤®¢�−¨î. �®íâ®¬ã ¯®¤á¨áâ¥¬� á®§¤�−¨ï ¯à¥æ¥¤¥−â�,
¯®§¢®«ïîé�ï §�ä¨ªá¨à®¢�âì âé�â¥«ì−®¥ ®¯¨á�−¨¥ ¯à®â¨¢®à¥ç¨ï, ¡ã¤¥â ¢®áâà¥-
¡®¢�−� ¨áá«¥¤®¢�â¥«ï¬¨-¯à�£¬�â¨ª�¬¨, � −�¡®à ¯à¥æ¥¤¥−â®¢ ¡ã¤¥â ¯®áâ®ï−−®
¯®¯®«−ïâìáï, −¥á¬®âàï −� â® çâ® ®â ¯®«ì§®¢�â¥«¥© à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨,
¤¥©áâ¢ãîé¨å ¡¥á¯«�â−® −� ¤®¡à®¢®«ì−ëå −�ç�«�å, −¥ á«¥¤ã¥â ®¦¨¤�âì �«ìâàã¨-
áâ¨ç¥áª®£® ¯®¢¥¤¥−¨ï.

�®«ì§®¢�â¥«ì á®§¤�¥â ¯à¥æ¥¤¥−â â¨¯� ú�û (¨«¨ �-¯à®â¨¢®à¥ç¨¥ | ¯à®â¨¢®-
à¥ç¨¥, §�¤�−−®¥ ¯®«ì§®¢�â¥«¥¬). „«ï −¥£® ä¨ªá¨àãîâáï:

{ −�¡®à ãá«®¢¨© á®®â¢¥âáâ¢¨ï −®à¬�«ï¬;

{ −�¡®à ãá«®¢¨© ¯à®â¨¢®à¥ç¨ï.

“á«®¢¨¥ ¯à®â¨¢®à¥ç¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ááë«ªã −� −®à¬�«ì ¨ «®£¨ª®-�à¨ä-
¬¥â¨ç¥áª®¥ ¢ëà�¦¥−¨¥ −�¤ §−�ç¥−¨ï¬¨ �âà¨¡ãâ®¢ −¥ª¨å ®¡ê¥ªâ®¢, ¨áâ¨−−®áâì
ª®â®à®£® ï¢«ï¥âáï âà¥¡®¢�−¨¥¬ −®à¬�«¨, −® −¥ ¢ë¯®«−ï¥âáï ¢ à¥�«ì−®áâ¨ ¤«ï
¤�−−ëå ®¡ê¥ªâ®¢, ¢ ç¥¬ ¨ ¯à®ï¢«ï¥âáï ¯à®â¨¢®à¥ç¨¥. ��¯à¨¬¥à, ¥á«¨ −¥ª®â®àë©
ç¥«®¢¥ª, ¢ëáâã¯�îé¨© ®¡ê¥ªâ®¬ ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ¡ë« ¯à¨§¢�− −�
¢®¥−−ãî á«ã¦¡ã ¢ 1886 £., � ã¢®«¥− ¢ §�¯�á ¢ 1889 £., â® ãá«®¢¨¥ ¯à®â¨¢®à¥ç¨ï
¡ã¤¥â á®áâ®ïâì ¨§ ááë«ª¨ −� ‚ëá®ç�©è¥ ãâ¢¥à¦¤¥−−®¥ ¬−¥−¨¥ ƒ®áã¤�àáâ¢¥−−®£®
‘®¢¥â� ®â 14 ¨î−ï 1888 £. ú�¡ ¨§¬¥−¥−¨¨ áà®ª®¢ á«ã¦¡ë ¢ ¢®©áª�å ¨ ¢ ®¯®«ç¥−¨¨
¨ ¯à�¢¨«, ®â−®áïé¨åáï ¤® à�â−¨ª®¢ ¯¥à¢®£® à�§àï¤� ®¯®«ç¥−¨ïû ¨ ãá«®¢¨¥:

〈ÄÁÔÁ Õ×ÏÌØÎÅÎÉÑ × ÚÁÐÁÓ〉 − 〈ÄÁÔÁ ÐÒÉÚÙ×Á〉 = 5 «¥â,

¯®áª®«ìªã áâ�âìï 17 ãª�§�−−®© −®à¬�«¨ £«�á¨â: ú�¡é¨© áà®ª á«ã¦¡ë ¢ áã-
å®¯ãâ−ëå ¢®©áª�å ¤«ï ¯®áâã¯�îé¨å ¯® ¦¥à¥¡ìî ãáâ�−�¢«¨¢�¥âáï ¢ 18 «¥â, ¨§
ª®¨å 5 «¥â ¤¥©áâ¢¨â¥«ì−®© á«ã¦¡ë ¨ 13 «¥â ¢ §�¯�á¥û. Š�ª «¥£ª® ¢¨¤¥âì, ¤«ï
¤�−−®£® ¯à¨¬¥à� íâ® ãá«®¢¨¥ −¥ ¢ë¯®«−ï¥âáï, ¢ ç¥¬ ¨ §�ª«îç�¥âáï ¯à®â¨¢®à¥ç¨¥.

“á«®¢¨¥ á®®â¢¥âáâ¢¨ï −®à¬�«¨ ®¯à¥¤¥«ï¥â ¯à¨¬¥−¨¬®áâì −®à¬�«¨ ª ¤�−−®©
á¨âã�æ¨¨. “á«®¢¨ï à�§¤¥«ïîâáï −� â¥¬¯®à�«ì−ë¥ ¨ ¯à®ç¨¥. �¡ï§�â¥«ì−®¥
â¥¬¯®à�«ì−®¥ ãá«®¢¨¥ ®¯à¥¤¥«ï¥â á®®â¢¥âáâ¢¨¥ ¤�âë ®á−®¢−®£® á®¡ëâ¨ï áà®ª�¬
¤¥©áâ¢¨ï −®à¬�«¨. ’�ª®¥ ãá«®¢¨¥ §�¤�¥âáï ááë«ª®© −� −®à¬�«ì ¨ §−�ç¥−¨¥¬
â¥¬¯®à�«ì−®£® �âà¨¡ãâ� (¢ ¢ëè¥®¯¨á�−−®¬ ¯à¨¬¥à¥ | ¤�â� ã¢®«ì−¥−¨ï ¢ §�¯�á).
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

�à®ç¨¥ ãá«®¢¨ï §�¤�îâáï �−�«®£¨ç−® ãá«®¢¨ï¬ ¯à®â¨¢®à¥ç¨ï, â. ¥. ááë«ª®©
−� −®à¬�«ì ¨ «®£¨ª®-�à¨ä¬¥â¨ç¥áª¨¬ ¢ëà�¦¥−¨¥¬ −�¤ §−�ç¥−¨ï¬¨ �âà¨¡ãâ®¢
−¥ª¨å ®¡ê¥ªâ®¢, ¨áâ¨−−®áâì ª®â®à®£® á«ã¦¨â ªà¨â¥à¨¥¬ ¯à¨¬¥−¨¬®áâ¨ −®à¬�«¨.
’�ª®¥ à�§¤¥«¥−¨¥ ®¯à¥¤¥«ï¥âáï â¥¬, çâ® −¥â¥¬¯®à�«ì−ë¥ ãá«®¢¨ï ¢ ¯à¨−æ¨¯¥
−¥ ä®à¬�«¨§ã¥¬ë −� ãà®¢−¥ −®à¬�«¨, ¯®áª®«ìªã −¥â ®¡ê¥ªâ¨¢−ëå á¯®á®¡®¢
¯à¨¢ï§�âì à¥�«ì−ãî −®à¬ã ¯à�¢� ¨«¨ ®¡ê¥ªâ¨¢−ãî §�ª®−®¬¥à−®áâì ª áâàãªâãà¥
á¥¬�−â¨ç¥áª®© á¥â¨. �¡à�â−®¥ ¦¥ ¤¥©áâ¢¨¥ ¢¯®«−¥ ¢®§¬®¦−®.

2. �¢â®¬�â¨ç¥áª¨© ¯®¨áª ¯à®â¨¢®à¥ç¨© ¯® ¯à¥æ¥¤¥−âã.
�®á«¥ ¯®ï¢«¥−¨ï −®¢®£® �-¯à®â¨¢®à¥ç¨ï �«£®à¨â¬ ¯à®¢®¤¨â ¯®¨áª ®¡ê¥ªâ®¢

â®£® ¦¥ â¨¯� (¨−ëå íª§¥¬¯«ïà®¢ â¥å ¦¥ ¯®−ïâ¨©), ¤«ï ª®â®àëå ¢á¥ ãá«®¢¨ï
¨§ −�¡®à� ãá«®¢¨© á®®â¢¥âáâ¢¨ï −®à¬�«ï¬ ¨áâ¨−−ë, � ª�ª¨¥-â® ¨§ ãá«®¢¨©
¯à®â¨¢®à¥ç¨ï −¥ ¢ë¯®«−ïîâáï, ¨ ®¡êï¢«ï¥â ¤«ï −¨å ¯à®â¨¢®à¥ç¨¥ â¨¯� ú�û
(¨«¨ �-¯à®â¨¢®à¥ç¨¥ | ¯à®â¨¢®à¥ç¨¥, §�ä¨ªá¨à®¢�−−®¥ �¢â®¬�â¨ç¥áª¨, â. ¥.
âà¥¡ãîé¥¥ ¯®¤â¢¥à¦¤¥−¨ï ¯®«ì§®¢�â¥«¥¬).

3. �¡à�¡®âª� à¥§ã«ìâ�â®¢ ¯®¨áª�.
„«ï �-¯à®â¨¢®à¥ç¨ï ¯®«ì§®¢�â¥«ì ¬®¦¥â ¢ë¯®«−¨âì ®¤−® ¨§ á«¥¤ãîé¨å

¤¥©áâ¢¨©:

{ ¯®¤â¢¥à¤¨âì, á¬¥−¨¢ â¨¯ ¯à®â¨¢®à¥ç¨ï −� ú�û;

{ ®â¬¥−¨âì á ¯®¬¥âª®© úˆáª«îç¥−¨¥û á ãª�§�−¨¥¬ −�¡®à� ãá«®¢¨© ¨áª«îç¥-
−¨ï ¢ ä®à¬¥ «®£¨ª®-�à¨ä¬¥â¨ç¥áª¨å ¢ëà�¦¥−¨© −�¤ §−�ç¥−¨ï¬¨ �âà¨¡ãâ®¢,
¨áâ¨−−®áâì ª®â®àëå ï¢«ï¥âáï ªà¨â¥à¨¥¬ ¨áª«îç¥−¨ï ¤«ï ¤�−−®£® ¯à®â¨-
¢®à¥ç¨ï. �à¨¬¥à®¬ â�ª®£® ãá«®¢¨ï ¤«ï ®¯¨á�−−®© ¢ëè¥ á¨âã�æ¨¨ ¬®¦¥â
á«ã¦¨âì −�«¨ç¨¥ ¢ëáè¥£® ®¡à�§®¢�−¨ï, ¯®áª®«ìªã áà®ª¨ ¤¥©áâ¢¨â¥«ì−®© ¢®-
¥−−®© á«ã¦¡ë ¤«ï ¨¬¥¢è¨å ¢ëáè¥¥ ®¡à�§®¢�−¨¥ áãé¥áâ¢¥−−® á®ªà�é�«¨áì.
ˆáª«îç¥−¨¥ ¨§ ®¤−®£® ¯à®â¨¢®à¥ç¨ï ¢¯®«−¥ ¬®¦¥â áâ�âì ¯à¥¤¬¥â®¬ ¤àã£®£®,
à�áá¬�âà¨¢�îé¥£® ¨¬¥−−® â�ª¨¥ á«ãç�¨. �«£®à¨â¬ ¯à®¢¥à¨â ¯à®ç¨¥ �−�«®-
£¨ç−ë¥ ¯à®â¨¢®à¥ç¨ï â¨¯� ú�û ¨ ¢ á«ãç�¥ ®¡−�àã¦¥−¨ï −�¡®à� �âà¨¡ãâ®¢,
¤«ï ª®â®àëå ãá«®¢¨¥ ¨áª«îç¥−¨ï ¨áâ¨−−®, ®â¬¥−¨â ¨å �¢â®¬�â¨ç¥áª¨;

{ ®â¬¥−¨âì á ¯®¬¥âª®© ú�á®¡ë© á«ãç�©û. ‚ íâ®¬ á«ãç�¥ ¯à¨ç¨−� áç¨â�¥âáï
−¥ä®à¬�«ì−®© ¨ −¥ ãª�§ë¢�¥âáï. Š ª®àà¥ªâ¨à®¢ª¥ ¯à®ç¨å ¯à®â¨¢®à¥ç¨©
¤�−−�ï ®â¬¥−� −¥ ¯à¨¢®¤¨â;

{ ®â¬¥−¨âì á ¯®¬¥âª®© ú�¥á®®â¢¥âáâ¢¨¥ ¤�âû á ãª�§�−¨¥¬ ¤�âë ¨ −®à¬�«¨,
áà®ª�¬ ¤¥©áâ¢¨ï ª®â®à®© ®−� −¥ á®®â¢¥âáâ¢ã¥â. �à¨¢®¤¨â ª á®®â¢¥âáâ¢ãîé¥©
ª®àà¥ªâ¨à®¢ª¥ áà®ª®¢ ¤¥©áâ¢¨ï −®à¬�«¨ á ¯®¬¥âª®© ú�û (§�¤�−® �¢â®¬�â¨ç¥-
áª¨). „�−−�ï á¨âã�æ¨ï ¢®§−¨ª�¥â, ª®£¤� áà®ª¨ ¤¥©áâ¢¨ï −®à¬�«¨ −¥ ãª�§�−ë
¨áå®¤−®;

{ ®âª®àà¥ªâ¨à®¢�âì �-¯à®â¨¢®à¥ç¨¥, ®¡−�àã¦¨¢ ¢ à¥§ã«ìâ�â¥ �−�«¨§� �-¯à®-
â¨¢®à¥ç¨ï, çâ® ¨áå®¤−® −¥ ¡ë«® ãª�§�−® áãé¥áâ¢¥−−®¥ ãá«®¢¨¥ ¨ ¢ à¥§ã«ìâ�â¥
¯®¨áª ¯à®â¨¢®à¥ç¨© ¯à®¢®¤¨«áï ¨ ¤«ï ®¡ê¥ªâ®¢, ª ª®â®àë¬ á®®â¢¥âáâ¢ãîé�ï
−®à¬�«ì −¥ ¯à¨¬¥−¨¬�. �®á«¥ íâ®£® ¯®¢â®à−® ¯à®¢®¤¨âáï ¯®¨áª �-¯à®â¨¢®-
à¥ç¨©.
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�¢â®¬�â¨§¨à®¢�−−ë© ¯®¨áª ¯à®â¨¢®à¥ç¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨

4 Выводы

�à¥¤«®¦¥−−ë© ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ¨áâ®à¨ª®-
¡¨®£à�ä¨ç¥áª¨å ä�ªâ�å áãé¥áâ¢¥−−® ¤®¯®«−ï¥â ¨ à�§¢¨¢�¥â â¥å−®«®£¨î �Šˆˆ,
®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£ −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨-
ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©, çâ® ®ç¥−ì �ªâã�«ì−® ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�-
îé¨¬ ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨.

Œ¥å�−¨§¬ ¢ ¯®«−®© ¬¥à¥ ®âà�¦�¥â á¯¥æ¨ä¨ªã ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨á-
á«¥¤®¢�−¨ï ¨ á«ã¦¨â −¥ áã¦¥−¨î ¨ â�ª ªà�©−¥ áªã¤−®© ª®−ªà¥â−®-¨áâ®à¨ç¥áª®©
¨−ä®à¬�æ¨¨ §� áç¥â ¨áª«îç¥−¨ï ïª®¡ë ®è¨¡®ç−ëå ¤�−−ëå, ª�ª ¯à¥¤¯®«�£�¥â
âà�¤¨æ¨®−−ë© ¯®¤å®¤ ª §�¤�ç¥ ¢ëï¢«¥−¨ï ¯à®â¨¢®à¥ç¨©, � ¢ëï¢«¥−¨î −®¢ëå
−�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨ï.

Œ®¤¨ä¨ª�æ¨ï â¥å−®«®£¨¨ ¯à¥¤¯®«�£�¥â −¥§−�ç¨â¥«ì−®¥ ãá®¢¥àè¥−áâ¢®¢�−¨¥
®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨ ¨ á®§¤�−¨¥ á®®â¢¥âáâ¢ãîé¥£® �«£®à¨â¬�, íää¥ª-
â¨¢−®áâì ª®â®à®£® ¬®¦¥â ¡ëâì ®æ¥−¥−� ¬¥â®¤®¬ ¬®¤¥«¨à®¢�−¨ï.
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Abstract: The article continues the series of works devoted to the technology of
concrete historical research support. The technology is based on the principles
of co-creation and crowdsourcing and is designed for a wide range of users
which are not professional historians and biographers. The article is devoted
to the further development of the technology by integrating the mechanism
of automated search for contradictions in concrete-historical information. The
impossibility of using existing approaches to this problem was substantiated by
the specificity of concrete-historical research and the processed in its context
information which is presented in the form of historical-biographical fact. The
goals of searching for contradictions in concrete-historical information which
follow from this specificity and consist not in reducing of available to the
researcher information but in discovery of new lines of research are formulated.
The classification of types of contradictions in concrete-historical information is
carried out and the usage of the mechanism of normals supporting regulating the
dependencies between facts is justified. The necessary changes to the technology
object model are described and justified, the algorithm is described in detail, and
the procedures for processing search results are defined.

Keywords: concrete historical investigation; distributed technology; contradic-
tion; historical-biographical fact; automated procedure
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СИТУАЦИОННАЯ МОДЕЛЬ УНИВЕРСАЛЬНОГО ДОГОВОРА
В ЦИФРОВОЙ СРЕДЕ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: ‘¨âã�æ¨®−−�ï ¬®¤¥«ì ¯à®£à�¬¬−® à¥�«¨§ã¥¬®£® ¢ æ¨äà®¢®©
áà¥¤¥ ã−¨¢¥àá�«ì−®£® ¤®£®¢®à� (“–‘-¤®£®¢®à�) à�áá¬�âà¨¢�¥âáï ª�ª ç�áâì
¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï â¥å−®«®£¨© à¥�«¨§�æ¨¨ ¤®£®¢®à−ëå ®â−®è¥-
−¨©: “–‘-¤®£®¢®à ¬®¦¥â ®âà�¦�âì ¨¬ãé¥áâ¢¥−−ë¥ ®â−®è¥−¨ï (¡�−ª®¢áª¨©
¤®£®¢®à, ¤®£®¢®à ® â®à£®¢®© á¤¥«ª¥ ¨ ¤à.), âàã¤®¢ë¥ ®â−®è¥−¨ï (âàã¤®¢®©
¤®£®¢®à, ¤®£®¢®à ¯®¤àï¤� ¨ ¤à.) ¨ «î¡ë¥ ¤àã£¨¥ ®â−®è¥−¨ï ¤®£®¢®à¨¢è¨åáï
áâ®à®− (ä¨§¨ç¥áª¨å ¨/¨«¨ îà¨¤¨ç¥áª¨å «¨æ). �− ¯à¥¤áâ�¢«ï¥â á®¡®© á¨á-
â¥¬ã ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨©, ®¯à¥¤¥«ïîé¨å ¯®¢¥¤¥−¨¥
¨ áâ�âãáë áâ®à®−. �à®æ¥áá ¢ë¯®«−¥−¨ï “–‘-¤®£®¢®à� ¯à¥¤áâ�¢«¥− ®¯à¥¤¥-
«¥−−ë¬¨ ¢ −¥¬ á¨âã�æ¨ï¬¨. „�−−ë¥, ®¯à¥¤¥«ïîé¨¥ á¨âã�æ¨¨, ¯®áâ�¢«ïîâáï
æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨, ®¡á«ã¦¨¢�îé¨¬¨ “–‘-¤®£®¢®à. �â¨ ¤�−−ë¥ ¯¥à¥-
¤�îâáï −� ¢å®¤ ¯à®£à�¬¬ë “–‘-¤®£®¢®à�, ¢ë¯®«−ï¥¬®© −� ª®¬¯ìîâ¥à−ëå
ãáâà®©áâ¢�å (á¬�àâä®−�å, −®ãâ¡ãª�å ¨ ¤à.) áâ®à®−. ‘¨âã�æ¨®−−�ï ¬®¤¥«ì
“–‘-¤®£®¢®à� ®á−®¢�−� −� ¨¤¥¥ á¬�àâ-ª®−âà�ªâ�, ¯à¥¤«®¦¥−−®© �¨ª®¬ ‘�-
¡®, ¨ ¬¥â®¤®«®£¨¨ á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨, à�§à�¡®â�−−®© �¢â®à�¬¨.
�à¥¤«®¦¥−−�ï ¬®¤¥«ì ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� ¯à¨ à�§à�¡®âª¥ â¥å−®«®£¨©
¯à®¨§¢®«ì−ëå ¤®£®¢®à−ëå ®â−®è¥−¨©, à¥�«¨§ã¥¬ëå ¢ æ¨äà®¢®© áà¥¤¥.

Š«îç¥¢ë¥ á«®¢�: ã−¨¢¥àá�«ì−ë© ¤®£®¢®à ¢ æ¨äà®¢®© áà¥¤¥ (“–‘-¤®£®¢®à);
á¨âã�æ¨®−−�ï ¬®¤¥«ì “–‘-¤®£®¢®à�; â¥å−®«®£¨ï ¤®£®¢®à−ëå ®â−®è¥−¨©;
á¬�àâ-ª®−âà�ªâ; æ¨äà®¢ë¥ ¤¢®©−¨ª¨, ®¡á«ã¦¨¢�îé¨¥ “–‘-¤®£®¢®à

DOI: 10.14357/08696527200314

1 Введение

„®£®¢®à−ë¥ ®â−®è¥−¨ï ®¯à¥¤¥«ïîâ ¢§�¨¬®¤¥©áâ¢¨¥ ä¨§¨ç¥áª¨å ¨/¨«¨ îà¨-
¤¨ç¥áª¨å «¨æ (áâ®à®− ¤®£®¢®à�) ¢ à�§«¨ç−ëå ¢¨¤�å ¤¥ïâ¥«ì−®áâ¨. �−¨ á«ã¦�â
¯à�¢®¢ë¬ ®á−®¢�−¨¥¬ ¢ ¨¬ãé¥áâ¢¥−−ëå, âàã¤®¢ëå ¨ ¤àã£¨å ®â−®è¥−¨ïå. „®£®-
¢®à®¬ ®¡ëç−® −�§ë¢�îâ ¤®ªã¬¥−â�«ì−® ®ä®à¬«¥−−®¥ á®£«�è¥−¨¥ −¥ ¬¥−¥¥ ¤¢ãå
áâ®à®− ®¡ ãáâ�−®¢«¥−¨¨, ¨§¬¥−¥−¨¨ ¨«¨ ¯à¥ªà�é¥−¨¨ −¥ª®â®àëå ¯à�¢ ¨ ®¡ï§�−-
−®áâ¥©. —¥âª®áâì ®¯à¥¤¥«¥−¨ï ¯à¥¤¬¥â� ¤®£®¢®à� ¨ ¯à�¢¨« ¥£® ¨á¯®«−¥−¨ï ¢®
¬−®£®¬ ®¯à¥¤¥«ïîâ à¥§ã«ìâ�â¨¢−®áâì ¤®£®¢®à−ëå ®â−®è¥−¨©. �¥à¥¤ª® ¬−®£®-
á«®¢¨¥ ¨ −¥®¤−®§−�ç−®áâì ä®à¬ã«¨à®¢®ª á«ã¦�â ¯à¨ªàëâ¨¥¬ −�¬¥à¥−¨© áªàëâì

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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‘¨âã�æ¨®−−�ï ¬®¤¥«ì ã−¨¢¥àá�«ì−®£® ¤®£®¢®à� ¢ æ¨äà®¢®© áà¥¤¥

ãï§¢¨¬®áâ¨ ¨ á¤¥«�âì ¤®£®¢®à ¢ë£®¤−ë¬ ¤«ï ®¤−®© ¨§ áâ®à®−. ‚®§¬®¦−ë «¨ ¤®-
£®¢®àë, ¨áâ®«ª®¢�−¨¥ ¨ ¨á¯®«−¥−¨¥ ª®â®àëå −¥ ¢ë§ë¢�«® ¡ë â�ª¨å à�§−®£«�á¨©,
ª®â®àë¥ âà¥¡ãîâ §�âà�â −� îà¨áâ®¢ ¨ áã¤¥¡−ë¥ à�§¡¨à�â¥«ìáâ¢�?

„®¢®«ì−® ãá¯¥è−®© ¯®¯ëâª®© ®â¢¥â¨âì −� íâ®â ¢®¯à®á áâ�«� ¯à¥¤«®¦¥−-
−�ï �¨ª®¬ ‘�¡® (�−£«. Nick Szabo) ª®−æ¥¯æ¨ï ¯à®£à�¬¬−® à¥�«¨§ã¥¬®£® ¤®-
£®¢®à�, −�§¢�−−®£® á¬�àâ-ª®−âà�ªâ®¬ [1]. ‘¬�àâ-ª®−âà�ªâ à�áá¬�âà¨¢�¥âáï
ª�ª á®£«�è¥−¨¥ áâ®à®−, £®â®¢ëå á®âàã¤−¨ç�âì ¢ à�áç¥â¥ −� ¯®«ãç¥−¨¥ ¢ë£®¤ë
á ®£à�−¨ç¥−−ë¬ à¨áª®¬ ¯à¨ç¨−¥−¨ï ¢§�¨¬−®£® ¢à¥¤�. ‚ ¯à®æ¥áá¥ ¨á¯®«−¥−¨ï
á¬�àâ-ª®−âà�ªâ� (¯à¨ ¢ë¯®«−¥−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨©) â� ¨«¨ ¨−�ï áâ®à®−�
¯®«ãç�¥â ®£®¢®à¥−−®¥ ¢ ª®−âà�ªâ¥ ¯à¨®¡à¥â¥−¨¥ (íâ® ¬®¦¥â ¡ëâì í«¥ªâà®−−ë©
¤®ªã¬¥−â, ¤¥−¥¦−�ï áã¬¬� ¨«¨ çâ®-â® ¥é¥). Œ®¤¥«¨ á¬�àâ-ª®−âà�ªâ®¢ −�§ë¢�îâ
â�ª¦¥ ¬®¤¥«ï¬¨ á®âàã¤−¨ç¥áâ¢� ¡¥§ ãï§¢¨¬®áâ¨ (�−£«. Patterns of Cooperation
without Vulnerability).

÷¥�«¨§�æ¨ï â¥å−®«®£¨© æ¨äà®¢®© íª®−®¬¨ª¨ [2{8] ¯à¥¤¯®«�£�¥â æ¨äà®¢¨§�-
æ¨î ¯à®æ¥áá®¢ ä®à¬¨à®¢�−¨ï, §�ª«îç¥−¨ï ¨ ¨á¯®«−¥−¨ï ¤®£®¢®à®¢ à�§«¨ç−ëå
¢¨¤®¢. �à¥¤áâ�¢«¥−−�ï ¢ áâ�âì¥ á¨âã�æ¨®−−�ï ¬®¤¥«ì ã−¨¢¥àá�«ì−®£® ¤®£®¢®à�,
à¥�«¨§ã¥¬®£® ¢ æ¨äà®¢®© áà¥¤¥ (á¨âã�æ¨®−−�ï ¬®¤¥«ì “–‘-¤®£®¢®à�) ®á−®¢�−�
−� ¨¤¥¥ á¬�àâ-ª®−âà�ªâ� [1] ¨ ¬¥â®¤®«®£¨¨ á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨
á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¯à®æ¥áá®¢ [9, 10].

‡�¯¨áì ä®à¬ã« ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥-
−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá� (TSM:
textual symbolic modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï â¥ª-
áâ®¢ëå ¬®¤¥«¥© [11].

‚ 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 ¢−¨¬�−¨¥.

�¡áã¦¤�¥¬ë¥ à¥§ã«ìâ�âë. ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−� ç�áâì à¥§ã«ìâ�â®¢ ¬¥-
â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï â¥å−®«®£¨© ¯à®¨§¢®«ì−ëå ¤®£®¢®à−ëå ®â−®è¥−¨©,
à¥�«¨§ã¥¬ëå ¢ æ¨äà®¢®© áà¥¤¥. ÷¥§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� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷��.

♦ Œ�â¥à¨�« áâ�âì¨ �¤à¥á®¢�− ¯à¥¦¤¥ ¢á¥£® ¨áá«¥¤®¢�â¥«ï¬, §�−¨¬�îé¨¬áï
¬¥â®¤®«®£¨ç¥áª¨¬ ®¡¥á¯¥ç¥−¨¥¬ à�§à�¡®â®ª ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© æ¨ä-
à®¢®© íª®−®¬¨ª¨. ♦
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2 Методологическое обеспечение ситуационных технологий
формирования и реализации договорных отношений
в цифровой среде: концептуальные основы

Š�¦¤ë© ¢¨¤ “–‘-¤®£®¢®à� (© ® ¯«�â¥¦−®¬ ¨«¨ â®¢�à−®¬ ªà¥¤¨â¥ [12]©)
¯à¥¤áâ�¢«¥− ¨−â¥à�ªâ¨¢−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬®© (“–‘„-á¨áâ¥¬®©),
á®¤¥à¦�é¥© ®¯¨á�−¨¥ ¯à¥¤¬¥â� ¨ ãá«®¢¨© “–‘-¤®£®¢®à�, ¯à�¢¨« ¥£® ä®à¬¨à®-
¢�−¨ï, §�ª«îç¥−¨ï ¨ ¨á¯®«−¥−¨ï áâ®à®−�¬¨ “–‘-¤®£®¢®à� (“–‘„-áâ®à®−�¬¨).

“−¨¢¥àá�«ì−ë© ¤®£®¢®à ¢ æ¨äà®¢®© áà¥¤¥ áç¨â�¥âáï §�ª«îç¥−−ë¬, ¥á«¨
ª�¦¤�ï ¨§ áâ®à®− ¤®ªã¬¥−â�«ì−® ¯®¤â¢¥à¤¨«� ¯à¨−ïâ¨¥ ¯à¥¤«®¦¥−¨ï §�ª«î-
ç¨âì ¤®£®¢®à. ‡�ª«îç¥−¨î ¤®£®¢®à� ¯à¥¤è¥áâ¢ã¥â ¤®ªã¬¥−â�«ì−® ®ä®à¬«¥−−ë©
¯à®æ¥áá ®¯à¥¤¥«¥−¨ï ¯à¥¤¬¥â� ¤®£®¢®à� ¨ ¢á¥å áãé¥áâ¢¥−−ëå ãá«®¢¨© ¥£® ¨á¯®«-
−¥−¨ï.

‚ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï, §�ª«îç¥−¨ï ¨ ¨á¯®«−¥−¨ï ¤®£®¢®à� “–‘„-á¨áâ¥-
¬� ®¡¬¥−¨¢�¥âáï á®®¡é¥−¨ï¬¨ á “–‘„-áâ®à®−�¬¨ ¨ á¥â¥¢®© ª®®¯¥à�æ¨¥© ®¡ãç�-
¥¬ëå æ¨äà®¢ëå ¤¢®©−¨ª®¢ [13], ®âá«¥¦¨¢�îé¨å −�§¢�−−ë¥ ¯à®æ¥ááë. ’�ª¨¬
á¯®á®¡®¬ ®áãé¥áâ¢«ï¥âáï ¨−ä®à¬¨à®¢�−−®áâì “–‘„-áâ®à®− (¯® ¨å §�¯à®á�¬
¨ ¯à¨ −�áâã¯«¥−¨¨ á¨âã�æ¨©, ®¯à¥¤¥«¥−−ëå ¢ ¤®£®¢®à¥).

�à®áâà�−áâ¢® á®áâ®ï−¨© ¤®£®¢®à−ëå ®â−®è¥−¨©. „«ï íâ®£® ¯à®áâà�−-
áâ¢� ¤®«¦−ë ¡ëâì ®¯à¥¤¥«¥−ë â¨¯ë ª®−âà®«¨àã¥¬ëå −�àãè¥−¨¨© “–‘-¤®-
£®¢®à�; ¤«ï ª�¦¤®£® â¨¯� −�àãè¥−¨© | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¢®§¤¥©áâ¢¨©
−� −�àãè¨¢èãî ¤®£®¢®à áâ®à®−ã; ¤«ï ª�¦¤®£® ¤®¯ãáâ¨¬®£® ¢®§¤¥©áâ¢¨ï |
¬−®¦¥áâ¢® ®¡¥á¯¥ç¨¢�îé¨å ¢®§¤¥©áâ¢¨¥ à¥áãàá®¢ (¨−ä®à¬�æ¨®−−ëå, �¤¬¨−¨-
áâà�â¨¢−ëå ¨ ¤à.); ¯à�¢¨«�, ãáâ�−�¢«¨¢�îé¨¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã −�àãè¥−¨ï¬¨
¨ ¢®§¤¥©áâ¢¨ï¬¨; ¯à�¢¨«�, ãáâ�−�¢«¨¢�îé¨¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¢®§¤¥©áâ¢¨ï¬¨
¨ ®¡¥á¯¥ç¨¢�îé¨¬¨ à¥áãàá�¬¨; ¯à�¢¨«� ä®à¬¨à®¢�−¨ï ®¡¥á¯¥ç¨¢�îé¨å à¥áãà-
á®¢ [14].

‘¨âã�æ¨¨ ¨ ¨å ¯®àâà¥âë. � ‘¨âã�æ¨ï ¢ ¤®£®¢®à−ëå ®â−®è¥−¨ïå |
á®¡ëâ¨¨©−ë© äà�£¬¥−â ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¤®£®¢®à−ëå ®â−®è¥−¨©. –¥«¥¢®©
−�§ë¢�¥âáï á¨âã�æ¨ï, ª®â®àãî ¯«�−¨àã¥âáï á®§¤�âì ¢ à¥§ã«ìâ�â¥ ¨á¯®«−¥−¨ï
¤®£®¢®à�; áâ�àâ®¢®© | á¨âã�æ¨ï ¢ ¬®¬¥−â §�ª«îç¥−¨ï ¤®£®¢®à�; ¤®áâ¨£−ãâ®© |
á¨âã�æ¨ï, á«®¦¨¢è�ïáï ¢ ¯à®æ¥áá¥ ¨á¯®«−¥−¨ï ¤®£®¢®à�. �

� �®àâà¥â á¨âã�æ¨¨ | á¯¥æ¨ä¨æ¨à®¢�−−®¥ ®¯¨á�−¨¥ ¯à®áâà�−áâ¢� á®áâ®ï-
−¨© ¤®£®¢®à−ëå ®â−®è¥−¨©. ‘®¤¥à¦¨â ¤�−−ë¥, å�à�ªâ¥à¨§ãîé¨¥ áãé¥áâ¢¥−−ë¥
¯�à�¬¥âàë íâ®£® ¯à®áâà�−áâ¢�, à�á¯®«�£�¥¬ë¥ ¢�à¨�−âë ¤®¯ãáâ¨¬ëå ¢®§¤¥©áâ¢¨©
(¢ á«ãç�ïå −�àãè¥−¨©) ¨ à¥áãàáë, −¥®¡å®¤¨¬ë¥ ¤«ï à¥�«¨§�æ¨¨ ¢®§¤¥©áâ¢¨©. �

�®àâà¥â á¨âã�æ¨¨ à�ááç¨â�− −� �−�«¨§ áâ®à®−�¬¨ “–‘-¤®£®¢®à�. �− ¢ë-
¯®«−¥− (á ¨á¯®«ì§®¢�−¨¥¬ â¥à¬¨−®¢, ¯à¨−ïâëå áâ®à®−�¬¨ ¤®£®¢®à�) ¢ ä®à¬¥
£¨¯¥à¬¥¤¨©−®£® ¤®ªã¬¥−â�. �¡ï§�â¥«ì−®¥ á¢®©áâ¢® íâ®£® ¤®ªã¬¥−â� (¯à¥¤ãá¬®â-
à¥−−®¥ ¤«ï ã¤®¡áâ¢� �−�«¨§�) | ¢®§¬®¦−®áâì á¢¥àâª¨-à�§¢¥àâª¨ äà�£¬¥−â®¢
¯®àâà¥â�.

�®àâà¥â á¨âã�æ¨¨ ä®à¬¨àã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á® á¯¥æ¨�«ì−®© á¨áâ¥¬®© ¯à�-
¢¨«. �� ¢å®¤ íâ®© á¨áâ¥¬ë ¯®áâã¯�îâ ¤�−−ë¥ ® ¯�à�¬¥âà�å ¯à®áâà�−áâ¢� á®áâ®-
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‘¨âã�æ¨®−−�ï ¬®¤¥«ì ã−¨¢¥àá�«ì−®£® ¤®£®¢®à� ¢ æ¨äà®¢®© áà¥¤¥

ï−¨© ¤®£®¢®à−ëå ®â−®è¥−¨©, ® à�á¯®«�£�¥¬ëå â¨¯�å ¢®§¤¥©áâ¢¨© ¨ ® à¥áãàá�å,
®¡¥á¯¥ç¨¢�îé¨å à¥�«¨§�æ¨î ¢®§¤¥©áâ¢¨©.

„¨−�¬¨ª� ¨§¬¥−¥−¨ï á¨âã�æ¨© ®âà�¦�¥âáï ¯®áà¥¤áâ¢®¬ ¢à¥¬¥−−‚ëå àï¤®¢,
á®áâ®ïé¨å ¨§ ¯®àâà¥â®¢ á¨âã�æ¨©. �â® ¯®§¢®«ï¥â áâ®à®−�¬ “–‘-¤®£®¢®à�
¯à®á«¥¤¨âì ¯®á«¥¤áâ¢¨ï à¥�«¨§�æ¨¨ ¢®§¤¥©áâ¢¨©. �®àâà¥âë á¨âã�æ¨© åà�−ïâáï
¢ á¯¥æ¨�«ì−®¬ �àå¨¢¥ “–‘„-á¨áâ¥¬ë [9,10,14].

‘¨âã�æ¨®−−�ï ®æ¥−ª� á®áâ®ï−¨© ¤®å®¤−®© ¨ à�áå®¤−®© ç�áâ¨ á®æ¨�«ì−®-
íª®−®¬¨ç¥áª®£® ¯à®¥ªâ�, à¥�«¨§ã¥¬®£® ¯® ã−¨¢¥àá�«ì−®¬ã ¤®£®¢®àã ¢ æ¨ä-
à®¢®© áà¥¤¥: ¯à¨¬¥à. ‘¨âã�æ¨ï ¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ “–‘-¤®£®¢®à� (“–‘„-
á¨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¯«¥−¨© ¤¥−¥¦−ëå
áà¥¤áâ¢, à�áå®¤−ë¥ áâ�âì¨ ¨ ¤à.

–¥«¥¢®© −�§ë¢�¥âáï “–‘„-á¨âã�æ¨ï, ª®â®àãî ¯«�−¨àã¥âáï á®§¤�âì ¢ à¥-
§ã«ìâ�â¥ §�¢¥àè¥−¨ï ¯à®¥ªâ�; áâ�àâ®¢®© | áãé¥áâ¢ãîéãî ¢ −�ç�«¥ à�§à�¡®âª¨
¯à®¥ªâ�; ¤®áâ¨£−ãâ®© | á®§¤�−−ãî ¢ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï íâ�¯� ¯à®¥ªâ�.

�®àâà¥â “–‘„-á¨âã�æ¨¨ | ¯à®£à�¬¬−® à¥�«¨§ã¥¬®¥ ®¯¨á�−¨¥ á®áâ®ï−¨ï
¤®å®¤−®© ¨ à�áå®¤−®© ç�áâ¨ ¯à®¥ªâ�.

‘®¢®ªã¯−®áâì ¯à�¢¨« ¯®áâà®¥−¨ï ¯®àâà¥â� “–‘„-á¨âã�æ¨¨, ¯®àï¤®ª ¨å
áà�¡�âë¢�−¨ï ¨ ¨áâ¨−−®áâì ®¯¨á�−¨© ®¯à¥¤¥«ïîâáï ¬¥å�−¨§¬®¬ ¨−â¥à¯à¥â�æ¨¨
§�¯à®á®¢ −� §�¤�−−®¬ ¬−®¦¥áâ¢¥ ¯à�¢¨« ¨á¯®«−¥−¨ï “–‘-¤®£®¢®à�.

�à�¢¨«� ¤®£®¢®à−ëå ®â−®è¥−¨©. � �à�¢¨«� “–‘-¤®£®¢®à� (“–‘„-¯à�-
¢¨«�) á®áâ�¢«¥−ë ¨§ ®¡ï§�â¥«ì−ëå /̈̈ «¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨©. �à�¢¨«®
“–‘-¤®£®¢®à� | íâ® ¢ëà�¦¥−¨¥ ®¤−®£® ¨§ ¤¢ãå ¢¨¤®¢: «¨¡® S1 → S2, «¨¡®
S → I. ‡¤¥áì S, S1 ¨ S2 | ®¯¨á�−¨ï ¯à®¨§¢®«ì−ëå á¨âã�æ¨©, ¯à¨−�¤«¥¦�é¨å
¬−®¦¥áâ¢ã ª®−âà®«¨àã¥¬ëå “–‘„-á¨âã�æ¨©, � I | ¨−áâàãªæ¨ï, ®¯à¥¤¥«ïîé�ï
¤¥©áâ¢¨ï ¢ á«ãç�¥ −�áâã¯«¥−¨ï á¨âã�æ¨¨ S. �

‘¨áâ¥¬� ¯à�¢¨« “–‘-¤®£®¢®à� ã¯®àï¤®ç¥−� á ¯®¬®éìî ®â−®è¥−¨ï á¯¥æ¨-
�«¨§�æ¨¨. …á«¨ ¯à�¢¨«® r2 ®¯à¥¤¥«¥−® ª�ª á¯¥æ¨�«¨§�æ¨ï ¯à�¢¨«� r1, â® ®−®
¯à¥¤−�§−�ç¥−® ¤«ï áà�¡�âë¢�−¨ï ¢ ¡®«¥¥ ç�áâ−®© á¨âã�æ¨¨, ç¥¬ r1 (®¡®¡é¥-
−¨¥ r2). ‹î¡®¥ ¯à�¢¨«®-á¯¥æ¨�«¨§�æ¨ï ¨¬¥¥â ¯à¨®à¨â¥â ¢ áà�¡�âë¢�−¨¨ ¯¥à¥¤
á®®â¢¥âáâ¢ãîé¨¬ ¯à�¢¨«®¬-®¡®¡é¥−¨¥¬ [9,10].

�¡ï§�â¥«ì−ë¥ âà¥¡®¢�−¨ï ¢å®¤ïâ ¢ á®áâ�¢ −¥¯à¥¬¥−−® ¨á¯®«−ï¥¬ëå ¯à�¢¨«
¨§¬¥−¥−¨ï áâ�âãá®¢ /̈̈ «¨ ¤¥©áâ¢¨© áâ®à®− ¯à¨ −�áâã¯«¥−¨¨ á¨âã�æ¨©, ¯à¥¤®¯à¥-
¤¥«¥−−ëå ¢ ¤®£®¢®à¥.

�à¨¥−â¨àãîé¨¥ âà¥¡®¢�−¨ï ¢å®¤ïâ ¢ á®áâ�¢ −¥®¡ï§�â¥«ì−® ¨á¯®«−ï¥¬ëå
¯à�¢¨«. ‘«¥¤®¢�−¨¥ íâ¨¬ ¯à�¢¨«�¬ ¢ â®© ¨«¨ ¨−®© á¨âã�æ¨¨ ®¯à¥¤¥«ï¥âáï ¢ë-
¡®à®¬ ª�¦¤®© ¨§ áâ®à®− ¤®£®¢®à�. ��«¨ç¨¥ ¢ á¨áâ¥¬¥ ¯à�¢¨« “–‘-¤®£®¢®à�
®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨© ¤¥«�¥â ¥¥ ¡®«¥¥ £¨¡ª®© ¨ �¤�¯â¨¢-
−®©. �à¨ ®âáãâáâ¢¨¨ ¯à�¢¨« á ®à¨¥−â¨àãîé¨¬¨ âà¥¡®¢�−¨ï¬¨ á¨áâ¥¬� ¯à�¢¨«
áâ�−®¢¨âáï ¦¥áâª®© (−¥¯à¥¬¥−−® ¨á¯®«−ï¥¬®©).
© ‚ ¯à®æ¥áá¥ ¨á¯®«−¥−¨ï “–‘-¤®£®¢®à� ®−«�©−-¡î¤¦¥â¨à®¢�−¨ï [15] ¤®-

å®¤ë ¨ §�¯à®áë ¯® à�áå®¤−ë¬ áâ�âìï¬ ®¡−®¢«ïîâáï ¢ â¥ç¥−¨¥ ¢á¥£® ¦¨§−¥−−®£®
æ¨ª«� ¡î¤¦¥â¨à®¢�−¨ï. �â® á¢ï§�−® á ª®−ªà¥â¨§�æ¨¥© ¨áâ®ç−¨ª®¢ ¤®å®¤®¢

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 3 2020 157



�. ‚. ˆ«ì¨−, ‚. „. ˆ«ì¨−

¨ à�áå®¤−ëå áâ�â¥©, ãâ®ç−¥−¨¥¬ ¢¥«¨ç¨− à�á¯®«�£�¥¬ëå ¤¥−¥¦−ëå áà¥¤áâ¢,
¨§¬¥−¥−¨¥¬ æ¥− ¨ ¤àã£¨¬¨ ä�ªâ®à�¬¨. �¥¢®§¬®¦−®áâì â®ç−®£® ¯à®£−®§� ¤®-
å®¤−®© ç�áâ¨ | �ªá¨®¬�, á¯à�¢¥¤«¨¢�ï ¨ ¤«ï à�áå®¤−ëå áâ�â¥©. �®íâ®¬ã ¡®«¥¥
�¤¥ª¢�â−ë¬ ¢ë£«ï¤¨â ¯à¥¤áâ�¢«¥−¨¥ ¤�−−ëå ¨ à¥§ã«ìâ�â� ¢ ¢¨¤¥ ç¨á«®¢ëå ®âà¥§-
ª®¢ («¥¢�ï £à�−¨æ� ®âà¥§ª� á®®â¢¥âáâ¢ã¥â −�¨¬¥−ìè¥¬ã ®¦¨¤�¥¬®¬ã §−�ç¥−¨î,
� ¯à�¢�ï | −�¨¡®«ìè¥¬ã) c ãç¥â®¬ à¥�«ì−®© â®ç−®áâ¨ ¤�−−ëå ¨ à¥�«¨§�æ¨¨
à¥è¥−¨© [16].

�à¨¢¥¤¥¬ ¯à¨¬¥à ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨© ¢ §�¤�ç¥ ®−-
«�©−-¡î¤¦¥â¨à®¢�−¨ï, à¥è�¥¬®© ¢ á®®â¢¥âáâ¢¨¨ á “–‘-¤®£®¢®à®¬ ® ¡î¤¦¥â−ëå
®â−®è¥−¨ïå. „«ï ç¨á«®¢®£® ®âà¥§ª� [amin, amax] (amin ≥ 0, amax > 0), §�¤�-
îé¥£® ®æ¥−ªã à�á¯à¥¤¥«ï¥¬®© áã¬¬ë ¤¥−¥£, ®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�á¯à¥¤¥«¥−¨¥ ¯® 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).

�¡ï§�â¥«ì−ë¥ âà¥¡®¢�−¨ï ¨¬¥îâ ¯à¨®à¨â¥â +∞. �à¨®à¨â¥âë ®à¨¥−â¨àã-
îé¨å âà¥¡®¢�−¨© §�¤�îâáï ¯®«®¦¨â¥«ì−ë¬¨ ¢¥é¥áâ¢¥−−ë¬¨ ç¨á«�¬¨. ’à¥¡®¢�-
−¨ï (1) ï¢«ïîâáï ®¡ï§�â¥«ì−ë¬¨. ’à¥¡®¢�−¨ï (2) ¬®£ãâ ¡ëâì ª�ª ®¡ï§�â¥«ì−ë¬¨,
â�ª ¨ ®à¨¥−â¨àãîé¨¬¨. Œ¥â®¤ à¥è¥−¨ï §�¤�ç¨ ¯à¨¢¥¤¥− ¢ [17].

3 Применение договорных отношений в технологиях
товарно-денежного обращения

’¥å−®«®£¨¨ ¯«�â¥¦−®£® ¨ â®¢�à−®£® ªà¥¤¨â®¢�−¨ï −� ®á−®¢¥ “–‘-¤®£®-
¢®à−ëå ®â−®è¥−¨© à�ááç¨â�−ë ¯à¥¦¤¥ ¢á¥£® −� ã¢¥«¨ç¥−¨¥ ¨−ä®à¬�æ¨®−−®©
−¥ãï§¢¨¬®áâ¨ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ¢ æ¨äà®¢®© áà¥¤¥ [12].

�«�â¥¦−®¥ ªà¥¤¨â®¢�−¨¥ à�áá¬�âà¨¢�¥âáï ª�ª ¯à®£à�¬¬−® ª®−âà®«¨àã¥¬�ï
ç�áâ¨ç−�ï ¨«¨ ¯®«−�ï ¯à¥¤®¯«�â� §�ª�§�−−ëå â®¢�à®¢, ¯à�¢¨«� à¥�«¨§�æ¨¨
ª®â®à®© ¦¥áâª® á¢ï§�−ë á ¯à�¢¨«�¬¨ ¨á¯®«−¥−¨ï §�ª�§�. ƒà�ä¨ª ¯¥à¥ç¨á«¥−¨ï
¯«�â¥¦−®£® ªà¥¤¨â� á®¤¥à¦¨âáï ¢ “–‘-¤®£®¢®à¥ ¨ ª®−âà®«¨àã¥âáï ¢ ¯à®æ¥áá¥
à¥�«¨§�æ¨¨ ¤®£®¢®à�.
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‘¨âã�æ¨®−−�ï ¬®¤¥«ì ã−¨¢¥àá�«ì−®£® ¤®£®¢®à� ¢ æ¨äà®¢®© áà¥¤¥

’®¢�à−®¥ ªà¥¤¨â®¢�−¨¥ | ¯à®£à�¬¬−® ª®−âà®«¨àã¥¬�ï ¯®áâ�¢ª� §�ª�§�−−ëå
â®¢�à®¢ á ç�áâ¨ç−®© ¨«¨ ¯®«−®© ®âáà®çª®© ®¯«�âë, ¯à�¢¨«� à¥�«¨§�æ¨¨ ª®â®à®©
¦¥áâª® á¢ï§�−ë á ¯à�¢¨«�¬¨ ¯®áâ�¢ª¨ (®á−®¢�−® −� â¥å−®«®£¨¨ í«¥ªâà®−−®© ¤®«-
£®¢®© â®à£®¢«¨ [18]). �¡¥á¯¥ç¨¢�¥â ®ä®à¬«¥−¨¥ ®âáà®ç¥−−®© ç�áâ¨ ®¯«�âë â®¢�à�
ª�ª ¤®«£� ¯®ªã¯�â¥«ï (§�ª�§ç¨ª�) ¯à®¤�¢æã (¯®áâ�¢é¨ªã), ¨¬¥îé¥¬ã ª®à¯®à�-
â¨¢−ë© í«¥ªâà®−−ë© ¡�−ª ¨«¨ ¯¥àá®−�«ì−ë© í«¥ªâà®−−ë© ¡�−ª. �¥®¯«�ç¥−−�ï
ç�áâì áâ®¨¬®áâ¨ â®¢�à� ®ä®à¬«ï¥âáï ª�ª ¤®«£, £à�ä¨ª ¢ë¯«�âë ª®â®à®£® ä¨ª-
á¨àã¥âáï ¢ “–‘-¤®£®¢®à¥ (£¤¥ ãª�§ë¢�îâáï èâà�ä−ë¥ á�−ªæ¨¨ §� −�àãè¥−¨¥
£à�ä¨ª� ¢ë¯«�â ¤®«£� ¨ −¥−�¤«¥¦�é¥¥ ª�ç¥áâ¢® ¯à®¤�−−®£® (¯®áâ�¢«¥−−®£®)
â®¢�à�).

Œ®−¨â®à¨−£ ¨á¯®«−¥−¨ï “–‘-¤®£®¢®à� | §�¤�ç�, à¥è�¥¬�ï ª®¬¯«¥ªá®¬
æ¨äà®¢ëå ¤¢®©−¨ª®¢, ¯à¥¤áâ�¢«ïîé¨¬ á®¡®© á¥â¥¢ãî ®¡ãç�¥¬ãî á¨âã�æ¨®−−ãî
¬®¤¥«ì ¤®å®¤−®© ¨ à�áå®¤−®© ç�áâ¨ ¯à®¥ªâ�, à¥�«¨§®¢�−−ãî ¢ ç¥«®¢¥ª®-¬�è¨−−®©
áà¥¤¥ à¥è¥−¨ï §�¤�ç (s-áà¥¤¥) [11].

4 Заключение

‘¨âã�æ¨®−−�ï ¬®¤¥«ì “–‘-¤®£®¢®à� | à�áè¨à¥−¨¥ �àá¥−�«� ¬¥â®¤®«®£¨ç¥-
áª®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª â¥å−®«®£¨© á®¢¥àè¥−áâ¢®¢�−¨ï à�§«¨ç−ëå ¢¨¤®¢
¤¥ïâ¥«ì−®áâ¨, à¥�«¨§ã¥¬ëå ¢ æ¨äà®¢®© áà¥¤¥ −� ®á−®¢¥ ¤®£®¢®à−ëå ®â−®è¥−¨©.

‘«ã¦¨â ï¤à®¬ ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª á¨âã�æ¨®−−ëå â¥å-
−®«®£¨© ä®à¬¨à®¢�−¨ï ¨ ¨á¯®«−¥−¨ï “–‘-¤®£®¢®à®¢.

‚ ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ ®¯à¥¤¥«¥−ë ¯à�¢¨«�, ¢ª«îç�¥¬ë¥ ¢ “–‘-¤®£®-
¢®àë; ®¡ï§�â¥«ì−ë¥ ¨ ®à¨¥−â¨àãîé¨¥ âà¥¡®¢�−¨ï, ¯à¨¬¥−ï¥¬ë¥ ¢ ¯à�¢¨«�å;
¯à®áâà�−áâ¢® á®áâ®ï−¨© ¤®£®¢®à−ëå ®â−®è¥−¨©; á¨âã�æ¨¨ (æ¥«¥¢�ï, ¤®áâ¨£−ãâ�ï
¨ ¤à.), ®¯à¥¤¥«ïîé¨¥ á®áâ®ï−¨ï ¤®£®¢®à−ëå ®â−®è¥−¨©; ¯®àâà¥âë á¨âã�æ¨©.
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Abstract: The situational model of universal agreement programmatically
implementable in the digital environment (UDE-agreement) is considered as
a part of the methodological support for implementation of contractual relations.
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Situational model of universal agreement in a digital environment

Universal agreement in the digital environment may reflect property relations
(bank agreement, trade agreement, etc.), labor relations (employment contract,
work contract, etc.), and any other relations of the contracting parties (individuals
and/or legal entities). Universal agreement in the digital environment is a system
of mandatory and orienting requirements that determine the behavior and statuses
of the parties. The fulfilling of the UDE-agreement is represented by the
situations determined in the agreement. Situation-specific data are supplied by
digital twins serving the UDE-agreement. These data are transmitted to the
input of the UDE-agreement software running on computer devices (smartphones,
laptops, etc.) of the parties. The situational model of UDE-agreement is based
on the idea of a smart contract proposed by Nick Szabo and the methodology of
situational informatization developed by the authors. The model can be applied
in development of technologies for arbitrary contractual relations implementable
in the digital environment.

Keywords: universal agreement in the digital environment (UDE-agreement);
situational model of the UDE-agreement; technology of contractual relations;
smart contract; digital twins serving the UDE-agreement
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БАЗИСНЫЕ ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ
И «ПРОМЫШЛЕННЫЕ РЕВОЛЮЦИИ»:

КАКОВА ИХ ВЗАИМОСВЯЗЬ?

С. Н. Гринченко1

�−−®â�æ¨ï: �� ¡�§¥ ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨ç¥áª®© ¬®¤¥«¨ (ˆŠŒ) á�¬®-
ã¯à�¢«ïîé¥©áï ¨¥à�àå®-á¥â¥¢®© á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢� ãáâ�−®¢«¥−®, çâ®:
(�) ¯¥à¢�ï ¯à®¬ëè«¥−−�ï à¥¢®«îæ¨ï (�÷) ¯® Š. ˜¢�¡ã (1760{1840 ££.) | íâ®
�÷ ¢ ®¡é¥¯à¨−ïâ®¬ á¬ëá«¥ íâ®£® â¥à¬¨−� ¨ ®¤−®¢à¥¬¥−−® á¨áâ¥¬−�ï, ¨−¨-
æ¨¨àã¥¬�ï ¡�§¨á−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¥© (�ˆ’) â¨à�¦¨à®¢�−¨ï
â¥ªáâ®¢ à¥¢®«îæ¨ï (1806 £.) ¯à®¨§¢®¤áâ¢¥−−ëå ¨ á®æ¨�«ì−®-¨−äà�áâàãªâãà-
−ëå â¥å−®«®£¨©; (¡) ¢â®à�ï �÷ ¯® Š. ˜¢�¡ã (ª®−¥æ XIX { −�ç�«® XX ¢¢.)
−¥ ¢¯¨áë¢�¥âáï ¢ ¬®¤¥«ì−ãî áå¥¬ã ¤�â¨à®¢ª¨ à¥¢®«îæ¨© á¨áâ¥¬−ëå â¥å−®-
«®£¨© ¢ ¨áâ®à¨¨ —¥«®¢¥ç¥áâ¢� ¢® ¢á¥© ¨å æ¥«®áâ−®áâ¨. …¥, ¢ ®âáãâáâ¢¨¥
á®®â¢¥âáâ¢ãîé¥© ¨−¨æ¨¨àãîé¥© �ˆ’, á«¥¤ã¥â âà�ªâ®¢�âì ª�ª ¢â®àãî ä�-
§ã (§−�¬¥−ãîéãî −�ç�«® ú¢¥ª� í«¥ªâà¨ç¥áâ¢�û) ¯¥à¢®© �÷ (§−�¬¥−ãîé¥©
−�ç�«® ú¢¥ª� ¯�à�û). ‘®¢®ªã¯−®áâì ¯¥à¢®© ¨ ¢â®à®© �÷ ®¯à¥¤¥«ï¥â ä®à¬¨-
à®¢�−¨¥ ú¬¨à� á¨«®¢ëå ¬�è¨−û ¢ á�¬®ã¯à�¢«ïîé¥©áï á¨áâ¥¬¥ —¥«®¢¥ç¥áâ¢�;
(¢) âà¥âìï �÷ ¯® Š. ˜¢�¡ã (1960-¥ ££.) | íâ® á¨áâ¥¬−�ï, ¨−¨æ¨¨àã¥¬�ï �ˆ’
«®ª�«ì−ëå ª®¬¯ìîâ¥à®¢ à¥¢®«îæ¨ï (1970 £.) ¯à®¨§¢®¤áâ¢¥−−ëå ¨ á®æ¨�«ì-
−®-¨−äà�áâàãªâãà−ëå â¥å−®«®£¨©; (£) ç¥â¢¥àâ�ï �÷ ¯® Š. ˜¢�¡ã (àã¡¥¦
−®¢®£® âëáïç¥«¥â¨ï) | íâ® á¨áâ¥¬−�ï, ¨−¨æ¨¨àã¥¬�ï �ˆ’ â¥«¥ª®¬¬ã−¨ª�-
æ¨© à¥¢®«îæ¨ï (2003 £.) ¯à®¨§¢®¤áâ¢¥−−ëå ¨ á®æ¨�«ì−®-¨−äà�áâàãªâãà−ëå
â¥å−®«®£¨©. ‘®¢®ªã¯−®áâì âà¥âì¥© ¨ ç¥â¢¥àâ®© �÷ ®¯à¥¤¥«ï¥â ä®à¬¨à®¢�−¨¥
ú¬¨à� ¨−â¥««¥ªâã�«ì−ëå ¬�è¨−û, ¨«¨ ¬¨à� ú¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û.
’�ª¨¬ ®¡à�§®¬, ãª�§�−−�ï ¢§�¨¬®á¢ï§ì �ˆ’ ¨ �÷ á®áâ®¨â ¢ â®¬, çâ® ¯¥à¢ë¥
¨−¨æ¨¨àãîâ ¢â®àë¥ | á −¥ª®â®à®© ¨−¥àæ¨®−−®áâìî.

Š«îç¥¢ë¥ á«®¢�: ¡�§¨á−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; ¯à®¨§¢®¤áâ¢¥−-
−ë¥ â¥å−®«®£¨¨; á®æ¨�«ì−®-¨−äà�áâàãªâãà−ë¥ â¥å−®«®£¨¨; ¯à®¬ëè«¥−−ë¥
à¥¢®«îæ¨¨; Š. ˜¢�¡; ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨ç¥áª�ï ¬®¤¥«ì; á�¬®ã¯à�¢«ï-
îé�ïáï ¨¥à�àå®-á¥â¥¢�ï á¨áâ¥¬� —¥«®¢¥ç¥áâ¢�

DOI: 10.14357/08696527200315

�à¥¤áâ�¢«¥−¨¥ ®¡ ¨áâ®à¨¨ ª�ª ® ¥¤¨−®¬ ¯à®æ¥áá¥ à�§¢¨â¨ï ç¥«®¢¥ç¥áâ¢�
�ªâ¨¢−® ®¡áã¦¤�¥âáï −�ãç−ë¬ á®®¡é¥áâ¢®¬ ¢ á�¬ëå à�§«¨ç−ëå à�ªãàá�å [1{6].
Œã«ìâ¨¤¨áæ¨¯«¨−�à−ë¥ ¯®¤å®¤ë, ¢ à�¬ª�å ª®â®àëå ¤�îâáï à�áç¥â−ë¥ ç¨á«®¢ë¥
®æ¥−ª¨ ®á−®¢−ëå ¬®¬¥−â®¢ íâ®£® ¯à®æ¥áá�, à�§¢¨¢�îâáï ¢ ª®−â¥ªáâ¥ ª®«¨ç¥áâ¢¥−-
−®© ¨áâ®à¨¨, ª®â®à�ï ú¢−®á¨â ã¯®àï¤®ç¥−−®áâì ¢ ª�«¥©¤®áª®¯ ä�ªâ®¢, á®¡ëâ¨©,

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, sgrinchenko@ipiran.ru
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â¥®à¨©. �−� ¢® ¬−®£®¬ ä®à¬¨àã¥â ¬¨à®¢®§§à¥−¨¥û [7]. ‚ ç�áâ−®áâ¨, íâ® ®¡ê-
¥¤¨−¥−¨¥ úä¨¡®−�çç¨¥¢®©û ¬®¤¥«¨ åà®−®«®£¨¨ ¨ ¯¥à¨®¤¨§�æ¨¨ �àå¥®«®£¨ç¥áª®©
í¯®å¨ (¯à¥¤«®¦¥−−®© ā. ‹. ™�¯®¢®©) ¨ �¢â®àáª®© ˆŠŒ á�¬®ã¯à�¢«ïîé¥©-
áï ¨¥à�àå®-á¥â¥¢®© á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢� (â®ç−¥¥, åà®−®«®£¨ç¥áª®© èª�«ë ¥¥
«¨ç−®áâ−®-¯à®¨§¢®¤áâ¢¥−−®-á®æ¨�«ì−®© ¬¥â�í¢®«îæ¨¨1) [8,9]. �¤¥ª¢�â−®áâì ¯®-
«ãç¥−−ëå à¥§ã«ìâ�â®¢ í¬¯¨à¨ç¥áª¨¬ ¤�−−ë¬ ¯�«¥®−â®«®£®¢, �àå¥®«®£®¢ ¨ ¨áâ®-
à¨ª®¢ ¯à®¤¥¬®−áâà¨à®¢�−ë, −�¯à¨¬¥à, ¢ ¬®−®£à�ä¨ïå [10,11].

‘®£«�á−® ˆŠŒ, ¯à®¨áå®¤ïé¨¥ ¢ å®¤¥ ¬¥â�í¢®«îæ¨¨ á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢�
á¨áâ¥¬−ë¥ ¯¥à¥¢®à®âë â¥á−¥©è¨¬ ®¡à�§®¬ ¢§�¨¬®á¢ï§�−ë ¨ ®¯à¥¤¥«ïîâ ª�à-
¤¨−�«ì−ë¥ ¨§¬¥−¥−¨ï ¢ à�§¢¨â¨¨: (�) �ˆ’; (¡) ¯à®¨§¢®¤áâ¢¥−−ëå â¥å−®«®£¨©
(�’); (¢) ¯�à úá®æ¨�«ì−ë¥ â¥å−®«®£¨¨ { ¨−äà�áâàãªâãà−ë¥ �’û (‘’/̂ �’) (á¬.
à¨áã−®ª, −� ª®â®à®¬ ¢®áå®¤ïé¨¥ áâà¥«ª¨, ¨¬¥îé¨¥ áâàãªâãàã ú¬−®£¨¥ | ª ®¤-
−®¬ãû, ®âà�¦�îâ ¯®¨áª®¢ãî �ªâ¨¢−®áâì ¯à¥¤áâ�¢¨â¥«¥© á®®â¢¥âáâ¢ãîé¨å ïàãá®¢
¢ ¨¥à�àå¨¨; −¨áå®¤ïé¨¥ á¯«®è−ë¥ áâà¥«ª¨, ¨¬¥îé¨¥ áâàãªâãàã ú®¤¨− | ª®
¬−®£¨¬û, ®âà�¦�îâ æ¥«¥¢ë¥ ªà¨â¥à¨¨ ¯®¨áª®¢®© ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬−®© í−¥à-
£¥â¨ª¨; −¨áå®¤ïé¨¥ ¯ã−ªâ¨à−ë¥ áâà¥«ª¨, ¨¬¥îé¨¥ áâàãªâãàã ú®¤¨− | ª®
¬−®£¨¬û, ®âà�¦�îâ á¨áâ¥¬−ãî ¯�¬ïâì «¨ç−®áâ−®-¯à®¨§¢®¤áâ¢¥−−®-á®æ¨�«ì−®-
£®: à¥§ã«ìâ�â �¤�¯â¨¢−ëå ¢«¨ï−¨© ¯à¥¤áâ�¢¨â¥«¥© ¢ëè¥«¥¦�é¨å ¨¥à�àå¨ç¥áª¨å
ïàãá®¢ −� áâàãªâãàã ¨ ¯®¢¥¤¥−¨¥ ¢«®¦¥−−ëå ¢ −¨å −¨¦¥«¥¦�é¨å). �ç¥¢¨¤−®,
çâ® ¤�−−ë¥ á¨áâ¥¬−ë¥ ¯¥à¥¢®à®âë ¨−¨æ¨¨àãîâ ¯®¤®¡−ë¥ áª�çª¨ ä®à¬¨à®¢�−¨ï
¨ ãá«®¦−¥−¨ï ¨−ëå á¯¥æ¨�«ì−ëå â¥å−®«®£¨©: íª®−®¬¨ç¥áª¨å, £ã¬�−¨â�à−ëå,
®¡à�§®¢�â¥«ì−ëå, −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å, ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¨ â. ¯.

‘¨áâ¥¬−®© ®á®¡¥−−®áâìî ãª�§�−−ëå ¬ã«ìâ¨¤¨áæ¨¯«¨−�à−ëå ¤¥¤ãªâ¨¢−ëå
¬®¤¥«¥© [12] ï¢«ï¥âáï â®â ä�ªâ, çâ® ¯à¨ á®¯®áâ�¢«¥−¨¨ á ¨¬¥îé¨¬¨áï í¬¯¨-
à¨ç¥áª¨¬¨ ®æ¥−ª�¬¨ â¥å ¨«¨ ¨−ëå ¨áâ®à¨ç¥áª¨å á®¡ëâ¨© ¨å åà®−®«®£¨ç¥áª¨¥
ç¨á«®¢ë¥ àï¤ë ¬®¦−® ¤¢¨£�âì ú¢¯à�¢®-¢«¥¢®û ¯® ¢à¥¬¥−−‚®© èª�«¥ «¨èì ª�ª
æ¥«®¥ | ¯®¤£®−ª� ª�¦¤®© ®â¤¥«ì−®© ¬®¤¥«ì−®© ¤�â¨à®¢ª¨ ¯®¤ í¬¯¨à¨ç¥áªãî
®æ¥−ªã ¨áª«îç¥−�! ’�ª¨¬ ®¡à�§®¬, ¢áï á®¢®ªã¯−®áâì ¬®¤¥«ì−ëå ¤�â¨à®¢®ª
¤®«¦−� ã¤®¢«¥â¢®à¨â¥«ì−® (ª�ª ¬¨−¨¬ã¬) ®¯¨áë¢�âì ¢áî á®¢®ªã¯−®áâì á®®â¢¥â-
áâ¢ãîé¨å ¨áâ®à¨ç¥áª¨å á®¡ëâ¨©. …á«¨ ¦¥ ¯®á«¥¤−¨¥ áãé¥áâ¢¥−−® ú¢ë¯�¤�îâû
¨§ ¬®¤¥«ì−®£® àï¤�, â® íâ® á«ã¦¨â ®á−®¢�−¨¥¬ ¤«ï ã£«ã¡«¥−−®£® �−�«¨§� ¯à¨ç¨−
â�ª®£® −¥á®¢¯�¤¥−¨ï.

‘à�¢−¨¬ ¨¬¥îé¨¥áï ¢ «¨â¥à�âãà¥ à¥§ã«ìâ�âë ¬®¤¥«ì−®£® ¨ í¬¯¨à¨ç¥áª®£®
¯®¤å®¤®¢ ª ¤�â¨à®¢ª¥ �÷ ¯® Š. ˜¢�¡ã ¢ ¨áâ®à¨ç¥áª®¬ à�§¢¨â¨¨ —¥«®¢¥ç¥áâ¢�.
’�ª, ¢ ¬®−®£à�ä¨¨ [6] ¯à¨¢®¤¨âáï ª«�áá¨ä¨ª�æ¨ï �÷ ¢ ¨áâ®à¨¨ ç¥«®¢¥ç¥áâ¢�
(á¬. â�¡«¨æã, áâ®«¡æë 1 ¨ 2), � ¢ ¬®−®£à�ä¨¨ [9] | ª«�áá¨ä¨ª�æ¨ï ª�à¤¨−�«ì−ëå
¬®¬¥−â®¢ ¢ á¨áâ¥¬−®¬ à�§¢¨â¨¨ �ˆ’, �’ ¨ ‘’/ˆ�’ (áâ®«¡æë 3 ¨ 4).

�à¨¢¥¤¥−−ë¥ ¢ â�¡«¨æ¥ (áâ®«¡¥æ 3) à�áç¥â−ë¥ ¤�â¨à®¢ª¨ á®®â¢¥âáâ¢ãîâ åà®-
−®«®£¨ç¥áª®© èª�«¥ ˆŠŒ á�¬®ã¯à�¢«ïîé¥©áï ¨¥à�àå®-á¥â¥¢®© á¨áâ¥¬ë —¥«®-
¢¥ç¥áâ¢�, ®¯¨à�îé¥©áï −� £¥®¬¥âà¨ç¥áªãî ¯à®£à¥áá¨î á® §−�¬¥−�â¥«¥¬ ee =

1Œ¥â�í¢®«îæ¨ï | ¯à®æ¥áá ¯®á«¥¤®¢�â¥«ì−®£® −�à�é¨¢�−¨ï ç¨á«� ãà®¢−¥©/ïàãá®¢ ¨¥à�àå¨ç¥-
áª®© á¨áâ¥¬ë ¢ å®¤¥ ¥¥ ä®à¬¨à®¢�−¨ï ª�ª â�ª®¢®©.
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‘à�¢−¥−¨¥ ¬®¤¥«ì−®£® ¨ í¬¯¨à¨ç¥áª®£® ¯®¤å®¤®¢ ª ¨áâ®à¨ç¥áª®© ¤�â¨à®¢ª¥
|�® Š. ˜¢�¡ã, 2018 �® ‘. �. ƒà¨−ç¥−ª®, 2007

„�â¨à®¢ª�
(í¬¯¨à¨ç¥áª¨¥

®æ¥−ª¨)

‘®¤¥à¦�â¥«ì−�ï
âà�ªâ®¢ª�
á®¡ëâ¨ï

„�â¨à®¢ª�
(à�áç¥â−ë¥

®æ¥−ª¨)

‘â�àâ ¨ ªã«ì¬¨−�æ¨ï áª®à®áâ¨
à�§¢¨â¨ï �ˆ’.

ˆ−¨æ¨¨àã¥¬�ï ¥î �÷
· · · · · · · · · · · ·

| |
123 âëá. «¥â

−�§�¤ ‘â�àâ �ˆ’ à¥ç /̈ï§ëª�

| |
40,3 âëá. «¥â

−�§�¤

Šã«ì¬¨−�æ¨ï �ˆ’ à¥ç /̈ï§ëª�.
‚¥àå−¥¯�«¥®«¨â¨ç¥áª�ï

à¥¢®«îæ¨ï
„¥áïâì âëáïç

«¥â −�§�¤
�£à�à−�ï

à¥¢®«îæ¨ï | |

| | 8100 «¥â −�§�¤
‘â�àâ �ˆ’

¯¨áì¬¥−−®áâ /̈çâ¥−¨ï

| | 670 «¥â ¤® −. í.
Šã«ì¬¨−�æ¨ï �ˆ’

¯¨áì¬¥−−®áâ /̈çâ¥−¨ï.
÷¥¢®«îæ¨ï ú®á¥¢®£® ¢à¥¬¥−¨û

| | 1446 £.
‘â�àâ �ˆ’

â¨à�¦¨à®¢�−¨ï â¥ªáâ®¢

1760{1840 ££. �¥à¢�ï �÷ 1806 £.
Šã«ì¬¨−�æ¨ï �ˆ’

â¨à�¦¨à®¢�−¨ï â¥ªáâ®¢.
�à®¬ëè«¥−−�ï à¥¢®«îæ¨ï

Š®−¥æ XIX {
−�ç�«® XX ¢¢. ‚â®à�ï �÷ | |

| | 1946 £. ‘â�àâ �ˆ’ ª®¬¯ìîâ¥à®¢

1960-¥ ££. ’à¥âìï �÷ 1970 £.
Šã«ì¬¨−�æ¨ï �ˆ’

ª®¬¯ìîâ¥à®¢: ¬¨ªà®-
¯à®æ¥áá®à−�ï à¥¢®«îæ¨ï

| | 1979 £. ‘â�àâ �ˆ’ â¥«¥ª®¬¬ã−¨ª�æ¨©

÷ã¡¥¦
−®¢®£®

âëáïç¥«¥â¨ï
—¥â¢¥àâ�ï �÷ 2003 £.

Šã«ì¬¨−�æ¨ï �ˆ’
â¥«¥ª®¬¬ã−¨ª�æ¨©:

â¥«¥ª®¬¬ã−¨ª�æ¨®−−�ï/
úæ¨äà®¢�ïû à¥¢®«îæ¨ï

| | 1981 £. ‘â�àâ ¯¥àá¯¥ªâ¨¢−®© −�−®-�ˆ’

| |
2341 £.

(¯à®£−®§)

Šã«ì¬¨−�æ¨ï ¯¥àá¯¥ªâ¨¢−®©
−�−®-�ˆ’:

à¥¢®«îæ¨ï −�−®-�ˆ’
· · · · · · · · · · · ·

= 15,15426. . ., ª®â®àãî à�−¥¥ ¢ëï¢¨«¨ ¯à¨ ¨§ãç¥−¨¨ ¡¨®«®£¨ç¥áª¨å á¨áâ¥¬
�. ‚. †¨à¬ã−áª¨© ¨ ‚. ˆ. Šã§ì¬¨− [13]. ‚ ç�áâ−®áâ¨, ç¨á«®¢®© àï¤ ®âà¥§ª®¢
¢à¥¬¥−¨ ¬¥¦¤ã áâ�àâ�¬¨ �ˆ’ á®áâ�¢«ï¥â: . . . { 114 826 { 7577 { 500 «¥â { 33 {
2,2 { 0,14 £®¤� { . . ., � ç¨á«®¢®© àï¤ §�¯�§¤ë¢�−¨ï á®®â¢¥âáâ¢ãîé¨å ªã«ì¬¨−�æ¨©
�ˆ’ ¯® ®â−®è¥−¨î ª ¨å áâ�àâ�¬: . . . { 82 700 { 5431 { 360 «¥â { 24 { 24 £®¤� {
360 «¥â { . . . á®®â¢¥âáâ¢¥−−® (¯®¤à®¡−®áâ¨ á¬. ¢ [9,14]).
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��§¨á−ë¥ ˆ’ ¨ ú¯à®¬ëè«¥−−ë¥ à¥¢®«îæ¨¨û: ª�ª®¢� ¨å ¢§�¨¬®á¢ï§ì?

‘à�¢−¨â¥«ì−ë© �−�«¨§ á®¤¥à¦�−¨ï «¥¢®© ¨ ¯à�¢®© ¯®«®¢¨− â�¡«¨æë ¯®§¢®-
«ï¥â ª®−áâ�â¨à®¢�âì á«¥¤ãîé¥¥.

1. ��«¨æ® ¡®«¥¥ ç¥¬ ã¤®¢«¥â¢®à¨â¥«ì−®¥ á®¢¯�¤¥−¨¥ í¬¯¨à¨ç¥áª¨å ¤�â¨à®¢®ª
¯¥à¢®©, âà¥âì¥© ¨ ç¥â¢¥àâ®© �÷ ¯® Š. ˜¢�¡ã á �¢â®àáª¨¬¨ à�áç¥â−ë¬¨ ¤�â¨-
à®¢ª�¬¨ ªã«ì¬¨−�æ¨© (¯¨ª®¢ áª®à®áâ¨ ¨å à�§¢¨â¨ï) á®®â¢¥âáâ¢ãîé¨å �ˆ’.
�ãáª®¢ë¬ ¬¥å�−¨§¬®¬ ¯¥à¢®© �÷ áâ�«® ¯®ï¢«¥−¨¥ §�¤®«£® ¤® íâ®£®, ¢ à�á-
ç¥â−®¥ ¯® ˆŠŒ ¢à¥¬ï, �ˆ’ â¨à�¦¨à®¢�−¨ï â¥ªáâ®¢, ¨«¨ ª−¨£®¯¥ç�â�−¨ï.

2. ��¯à®â¨¢, ú¢â®à�ï �÷û Š. ˜¢�¡� ¢ë¯�¤�¥â ¨§ à�¢−®¬¥à−®£® (¢ «®£�-
à¨ä¬¨ç¥áª®¬ ¬�áèâ�¡¥) �¢â®àáª®£® ¬®¤¥«ì−®£® ç¨á«®¢®£® àï¤�, ¨ −� íâ®¬
®á−®¢�−¨¨ ¥¥ ¢¢¥¤¥−¨¥ | ¢ íâ®¬ à�−£¥! | ¯à¥¤áâ�¢«ï¥âáï −¥®¯à�¢¤�−−ë¬.
÷®«ì í«¥ªâà¨ç¥áâ¢� ¨ ª®−¢¥©¥à� ¢¥áì¬� ¢¥«¨ª�, −® ¤® ãà®¢−ï á¨áâ¥¬−®© �÷,
ã¢ë, −¥ ¤®âï£¨¢�¥â | ä�ªâ¨ç¥áª¨, íâ® ¨−¥àæ¨®−−®¥ ¯à®¤®«¦¥−¨¥ ¯¥à¢®©
�÷, ¥¥ ¢â®à�ï ä�§�, ®âªàë¢�îé�ï ú¢¥ª í«¥ªâà¨ç¥áâ¢�û. �®áª®«ìªã ¯¥à¢�ï
¥¥ ä�§� | íâ® ®âªàëâ¨¥ ú¢¥ª� ¯�à�û, ¤«ï ¢á¥£® íâ®£® ¯¥à¨®¤� −�¯à�è¨¢�¥âáï
®¡é¥¥ −�¨¬¥−®¢�−¨¥ ú¬¨à á¨«®¢ëå ¬�è¨−û. ‘ ¯®á«¥¤ãîé¨¬ ¯¥à¥å®¤®¬
—¥«®¢¥ç¥áâ¢� | ¢ á¥à¥¤¨−¥ XX ¢¥ª� | ¢ ú¬¨à ¨−â¥««¥ªâã�«ì−ëå ¬�è¨−û
¨«¨ ¬¨à ú¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û!

3. � ¤�«ì−¥©è¥© ¯¥àá¯¥ªâ¨¢¥: ª®£¤� ®¦¨¤�¥âáï á«¥¤ãîé�ï �÷, ¨ ª�ª�ï �ˆ’
¥¥ ¡ã¤¥â ¨−¨æ¨¨à®¢�âì [15,16]? �� íâ®â ¢®¯à®á â�ª¦¥ ¤�¥â (£¨¯®â¥â¨ç¥áª¨©)
®â¢¥â ¬®¤¥«ì−ë© ¯®¤å®¤ −� ¡�§¥ ˆŠŒ: íâ® −�−®-�ˆ’, −�ç�«® à�§¢¨â¨ï
ª®â®à®© ∼ 1981 £., � ¯¨ª áª®à®áâ¨ ä®à¬¨à®¢�−¨ï ¯à®£−®§¨àã¥âáï ®ª®«®
2341 £., á á®¯àï¦¥−−ë¬¨ −�−®-�’ ¨ £¨£�-‘’/̂ �’.

Заключение

‚§�¨¬®á¢ï§ì ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ ¨ ¤�â�¬¨ ¢®§−¨ª−®¢¥−¨ï −®¢ëå
�ˆ’ ¨ −®¢ëå �÷ −�«¨æ®: ®−� ¬�àª¨à®¢�−� ¬�â¥¬�â¨ç¥áª¨ ¨ ¯à®á«¥¦¨¢�¥âáï
í¬¯¨à¨ç¥áª¨. …¥ á®¤¥à¦�â¥«ì−ë© á¬ëá«: �ˆ’ ¨−¨æ¨¨àãîâ �÷ | á −¥ª®â®à®©
¨−¥àæ¨®−−®áâìî.

Šà®¬¥ â®£®, áä®à¬¨à®¢�−−®¥ −� ª�ç¥áâ¢¥−−®¬ í¬¯¨à¨ç¥áª®¬ ãà®¢−¥ ¬−¥−¨¥
Š. ˜¢�¡� ®â−®á¨â¥«ì−® â®£®, çâ® á¥£®¤−ï ú®âáãâáâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−�ï, ¯®§¨-
â¨¢−�ï ¨ ¥¤¨−�ï ª®−æ¥¯æ¨ï −� £«®¡�«ì−®¬ ãà®¢−¥, ª®â®à�ï ¬®£«� ¡ë ®¯à¥¤¥«¨âì
¢®§¬®¦−®áâ¨ ¨ ¢ë§®¢ë ç¥â¢¥àâ®© �÷û [6, á. 12], −� ä®−¥ ¯à¥¤áâ�¢«¥−−®£® ª®«¨-
ç¥áâ¢¥−−®£® ¬®¤¥«ì−®£® �−�«¨§� ãª�§�−−ëå á¨áâ¥¬−ëå ¯à®æ¥áá®¢ ¯à¥¤áâ�¢«ï¥âáï
−¥ ¢¯®«−¥ ®¯à�¢¤�−−ë¬.
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Basic information technologies and \industrial revolutions": What is their relationship?

BASIC INFORMATION TECHNOLOGIES AND “INDUSTRIAL
REVOLUTIONS”: WHAT IS THEIR RELATIONSHIP?

S. N. Grinchenko

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

Abstract: Based on the informatics-cybernetic model of the self-controlling
hierarchical-network system of humankind, it was stated that: (a) the first
industrial revolution (IR) by K. Schwab (1760{1840) is an IR in the generally
accepted sense of this term and at the same time, system initiated by basic
information technology (BIT) of the replication of texts, revolution (1806) of
production and social infrastructure technologies; (b) the second IR according
to K. Schwab (end of the 19th { beginning of the 20th centuries) does not fit
into the model diagram of the dating of system technology revolutions in the
history of humankind in its entirety. It, in the absence of an appropriate
initiating BIT, should be interpreted as the second phase (marking the beginning
of the \century of electricity") of the first IR (marking the beginning of the
\century of steam"). The totality of the first and second IR determines the
formation of \the world of power machines" in the self-controlling system of
humankind; (c) the third IR according to K. Schwab (1960s) is a systemic,
initiated by BIT of local computers, revolution (1970) of production and social
infrastructure technologies; and (d) the fourth IR according to K. Schwab (\the
frontier of the new millennium") is a system revolution initiated by BIT of
telecommunications (2003) of production and socioinfrastructural technologies.
The combination of the third and fourth IR determines the formation of \the
world of intelligent machines" or \the world of artificial intelligence." Thus, the
indicated relationship between BIT and IR is that the former initiates the latter
with some inertia.

Keywords: basic information technologies; production technologies; social and
infrastructural technologies; industrial revolutions; K. Schwab; informatics-
cybernetic model; self-controlling hierarchical-network system of humankind
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ИСТОРИЯ. ПАМЯТНЫЕ ДАТЫ. СОБЫТИЯ
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(ª ¢®áì¬¨¤¥áïâ¨«¥â¨î §�á«ã¦¥−−®£® ¤¥ïâ¥«ï −�ãª¨

÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ˆ. �. ‘¨−¨æë−�)

1 Введение

ˆ£®àì �¨ª®«�¥¢¨ç ‘¨−¨æë−, ¯à®ä¥áá®à, ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, | ¢ë-
¤�îé¨©áï ãç¥−ë© ¢ ®¡«�áâ¨ ¯à¨ª«�¤−®© ¬¥å�−¨ª¨ ¨ ã¯à�¢«¥−¨ï, ¯à¨ª«�¤−®©
¬�â¥¬�â¨ª¨ ¨ ¨−ä®à¬�â¨ª¨, ®á−®¢�â¥«ì −�ãç−®© èª®«ë ¢ ®¡«�áâ¨ áâ®å�áâ¨ç¥-
áª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) ¨ á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨, �¢â®à á¢ëè¥
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ˆ‘’�÷ˆŸ. ��ŒŸ’�›… „�’›. ‘��›’ˆŸ

600 −�ãç−ëå âàã¤®¢, 60 ¬®−®£à�ä¨© ¨ ª−¨£ ¨ 30 ¨§®¡à¥â¥−¨©. ˆ¬¥¥â ¡®«ìè®©
®¯ëâ à�¡®âë ¢ ¯à®¬ëè«¥−−®áâ¨ ¨ ¢ëáè¨å â¥å−¨ç¥áª¨å ãç¥¡−ëå §�¢¥¤¥−¨ïå.

ˆ£®àì �¨ª®«�¥¢¨ç ‘¨−¨æë− à®¤¨«áï 14 �¢£ãáâ� 1940 £. ¢ Œ®áª¢¥. �ª®−ç¨«
�−£«¨©áªãî á¯¥æèª®«ã ü 1 ¢ ‘®ª®«ì−¨ª�å á á¥à¥¡àï−®© ¬¥¤�«ìî. ‚ëáè¥¥
®¡à�§®¢�−¨¥ ¯®«ãç¨« ¢ Œ‚’“ ¨¬. �. �. ��ã¬�−� ¨ Œƒ“ ¨¬. Œ. ‚. ‹®¬®−®á®¢�.
�¤−®¢à¥¬¥−−® á ãç¥¡®© ¢ Œƒ“ −�ç�« à�¡®â�âì ¢ ¨§¢¥áâ−®¬ à�ª¥â−®-ª®á¬¨ç¥áª®¬
−�ãç−®-¨áá«¥¤®¢�â¥«ìáª®¬ ¨−áâ¨âãâ¥, −ë−¥ ˆ−áâ¨âãâ¥ ¯à¨ª«�¤−®© ¬¥å�−¨ª¨ ¨¬.
‚. ˆ. Šã§−¥æ®¢� (�ˆˆ �Œ). ‚ 1965 £. §�é¨â¨« ª�−¤¨¤�âáªãî ¤¨áá¥àâ�æ¨î
¢ Œƒ“, � ¢ 1983 £. | ¤®ªâ®àáªãî ¢ �ˆˆ �Œ.

‚ ¯¥à¨®¤ 1960{1983 ££. ãç�áâ¢®¢�« ¢ à�§à�¡®âª¥ ¨ ¨á¯ëâ�−¨ïå £¨à®áª®¯¨ç¥-
áª¨å ª®¬�−¤−ëå ¯à¨¡®à®¢ ¨ ¨−ä®à¬�æ¨®−−®-¨§¬¥à¨â¥«ì−ëå á¨áâ¥¬, ¢¥« ¨−¦¥-
−¥à−ãî ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáªãî ¤¥ïâ¥«ì−®áâì, á®¢¬¥é�« ¥¥ á ¯¥¤�£®£¨ç¥áª®©
¤¥ïâ¥«ì−®áâìî á−�ç�«� ¢ Œ‚’“ ¨¬. �. �. ��ã¬�−�, §�â¥¬ ¢ ‚®¥−−®-¢®§¤ãè−®©
¨−¦¥−¥à−®© �ª�¤¥¬¨¨ ¨¬. ¯à®ä¥áá®à� �. …. †ãª®¢áª®£® (‚‚ˆ�). ‚ ¯¥à¨®¤
1974{1983 ££. ˆ. �. ‘¨−¨æë− à�¡®â�« −� ä�ªã«ìâ¥â¥ �¢¨�æ¨®−−®£® ¢®®àã¦¥−¨ï
‚‚ˆ�, £¤¥ §�−¨¬�«áï ¯®¤£®â®¢ª®© �¢¨�æ¨®−−ëå ¨−¦¥−¥à®¢ ¨ ¯¥à¢ëå ª®á¬®−�¢-
â®¢, ¯à¨−¨¬�« ãç�áâ¨¥ ¢ à�§à�¡®âª¥ ¨ ¨á¯ëâ�−¨ïå á¯¥æ¨�«ì−®© â¥å−¨ª¨.

‚ 1983 £. ˆ. �. ‘¨−¨æë− ¡ë« ¯¥à¥¢¥¤¥− ¢® ¢−®¢ì ®à£�−¨§®¢�−−ë© ˆ−áâ¨âãâ
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ �� ‘‘‘÷ (¢¯®á«¥¤áâ¢¨¨ ”ˆ– ˆ“ ÷��) ¤«ï à�¡®â
¢ ®¡«�áâ¨ á¯¥æ¨�«ì−ëå á¨áâ¥¬−ëå ¯à¨¬¥−¥−¨© �‚Œ −®¢ëå ¯®ª®«¥−¨©. ‚ −�-
áâ®ïé¥¥ ¢à¥¬ï ˆ. �. ‘¨−¨æë− ï¢«ï¥âáï −�ãç−ë¬ àãª®¢®¤¨â¥«¥¬ −�¯à�¢«¥−¨ï
ú’¥®à¥â¨ª®-¢¥à®ïâ−®áâ−ë¥ ¨ áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ¬®¤¥«¨à®¢�−¨ïû ¢ ”ˆ–
ˆ“ ÷��. ‚ à�§−ë¥ £®¤ë ˆ. �. ‘¨−¨æë− ¡ë« §�¬¥áâ¨â¥«¥¬ £¥−¥à�«ì−®£® ª®−-
áâàãªâ®à�, §�¬¥áâ¨â¥«¥¬ £«�¢−®£® ª®−áâàãªâ®à� ¨ £«�¢−ë¬ ª®−áâàãªâ®à®¬ àï¤�
�¢â®¬�â¨§¨à®¢�−−ëå ¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï.

ˆ. �. ‘¨−¨æë− ¬−®£® á¨« ®â¤�¥â ¯®¤£®â®¢ª¥ −�ãç−®-¯¥¤�£®£¨ç¥áª¨å ª�¤à®¢.
‘ 1987 £. ˆ. �. ‘¨−¨æë− | ¯à®ä¥áá®à Œ�ˆ, ç¨â�¥â á¯¥æªãàáë ú‘â®å�áâ¨-
ç¥áª�ï ¤¨−�¬¨ª�, −�¤¥¦−®áâì ¨ ¡¥§®¯�á−®áâì á¨áâ¥¬û. �®¤ ¥£® àãª®¢®¤áâ¢®¬
¢ë¯®«−¥−® á¢ëè¥ 30 ª�−¤¨¤�âáª¨å ¨ ¤®ªâ®àáª¨å ¤¨áá¥àâ�æ¨©. ‚ −�áâ®ïé¥¥
¢à¥¬ï ®− ï¢«ï¥âáï §�¬¥áâ¨â¥«¥¬ ¯à¥¤á¥¤�â¥«ï ãç¥−®£® á®¢¥â� ˆ�ˆ ÷�� ¨ àã-
ª®¢®¤¨â¥«¥¬ á¯¥æ¨�«ì−®© á¥ªæ¨¨, á®áâ®¨â ç«¥−®¬ âà¥å ¤¨áá¥àâ�æ¨®−−ëå á®¢¥â®¢
(”ˆ– ˆ“ ÷�� ¨ �ˆˆ �� ¨¬. �ª�¤. ‚. ‘. ‘¥¬¥−¨å¨−�), ç«¥−®¬ íªá¯¥àâ−®£®
á®¢¥â� ÷””ˆ, ÷®áá¨©áª®£® −�ãç−®£® ä®−¤�, §�¬¥áâ¨â¥«¥¬ £«�¢−®£® à¥¤�ªâ®à�
¦ãà−�«� ú‘¨áâ¥¬ë ¢ëá®ª®© ¤®áâã¯−®áâ¨û, � â�ª¦¥ ç«¥−®¬ à¥¤ª®««¥£¨© àï¤�
®â¥ç¥áâ¢¥−−ëå ¨ ¬¥¦¤ã−�à®¤−ëå ¦ãà−�«®¢: úˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ïû,
ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û, úPattern Recognition and Image Analysisû,
ú��ãª®¥¬ª¨¥ â¥å−®«®£¨¨û ¨ ¤à.

2 Основные направления работ

�á−®¢−ë¥ −�ãç−ë¥ âàã¤ë ˆ. �. ‘¨−¨æë−� ®â−®áïâáï ª á«¥¤ãîé¨¬ ®¡«�áâï¬:

{ áâ�â¨áâ¨ç¥áª�ï â¥®à¨ï ˆ’ ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬;
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{ ¯à¥æ¨§¨®−−ë¥ ¨−ä®à¬�æ¨®−−®-¨§¬¥à¨â¥«ì−ë¥ â¥å−®«®£¨¨, á¨áâ¥¬ë ¤«ï −�-
ãç−ëå ¨áá«¥¤®¢�−¨© ¨ á¨áâ¥¬ë á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï;

{ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨¥ â¥å−®«®£¨¨ ¨ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ¤«ï ¨−ä®à¬�â¨§�æ¨¨ ¢ëáè¨å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ÷”,
ä¥¤¥à�«ì−ëå ¢¥¤®¬áâ¢;

{ â¥®à¨ï á¨áâ¥¬ ¨−â¥£à¨à®¢�−−®© «®£¨áâ¨ç¥áª®© ¯®¤¤¥à¦ª¨ (ˆ‹�), ®à£�−¨§�-
æ¨®−−®-â¥å−¨ª®-íª®−®¬¨ç¥áª¨å á¨áâ¥¬ (�’�‘) ¨ ¤à.

‚ ®¡«�áâ¨ áâ�â¨áâ¨ç¥áª®© â¥®à¨¨ ˆ’ ¨ �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬ ˆ. �. ‘¨−¨æë−ã ¯à¨−�¤«¥¦�â äã−¤�¬¥−â�«ì−ë¥ à¥§ã«ìâ�âë ¯® â¥®à¨¨
ª�−®−¨ç¥áª¨å ¨ ®¡®¡é¥−−ëå ª�−®−¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨© á«ãç�©−ëå äã−ªæ¨©
¢ á«®¦−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‘â‘), ¢ â®¬ ç¨á«¥ á à�á¯à¥¤¥«¥−−ë¬¨
¯�à�¬¥âà�¬¨ ¨ á«ãç�©−®© áâàãªâãà®© (1964{1983). Œ¥â®¤ë â¥®à¨¨ ‘â‘ ¨¬
à�á¯à®áâà�−¥−ë −� ‘â‘, ®¯¨áë¢�¥¬ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨ á®
á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨ á®áâ®ï−¨ï, ãà�¢−¥−¨ï¬¨ ¢ £¨«ì¡¥àâ®¢ëå ¨ ¡�−�å®¢ëå
¯à®áâà�−áâ¢�å. ˆ¬ à�§à�¡®â�−ë íää¥ªâ¨¢−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ¬¥â®¤ë −�å®¦¤¥-
−¨ï à�á¯à¥¤¥«¥−¨©, ®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨§�æ¨¨, ¯®§¢®«ïîé¨¥ à�¤¨ª�«ì−®
á®ªà�â¨âì ç¨á«® ãà�¢−¥−¨© ¤«ï ¯�à�¬¥âà®¢ à�á¯à¥¤¥«¥−¨©, � â�ª¦¥ −®¢ë¥ ¢ë-
ç¨á«¨â¥«ì−ë¥ ¬¥â®¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¨ á¨−â¥§�, ¤®¯ãáª�îé¨¥ íää¥ª-
â¨¢−®¥ ®æ¥−¨¢�−¨¥ â®ç−®áâ¨ ¨ ®à¨¥−â¨à®¢�−−ë¥ −� ¯�à�««¥«ì−ë¥ áâ�â¨áâ¨ç¥áª¨¥
¢ëç¨á«¥−¨ï. ˆ. �. ‘¨−¨æë− à�§à�¡®â�« ¬¥â®¤ë −�å®¦¤¥−¨ï â®ç−ëå ¢ëà�¦¥−¨©
¤«ï à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®©, ®¡−�àã¦¨« àï¤ −®¢ëå ª«�áá®¢ â®ç−ëå
à�á¯à¥¤¥«¥−¨© (1979{1993). ‚�¦−ë¥ à¥§ã«ìâ�âë ¯®«ãç¥−ë ˆ. �. ‘¨−¨æë−ë¬
¯® â¥®à¥â¨ª®-£àã¯¯®¢ë¬ ¬¥â®¤�¬ �−�«¨§� ¨ á¨−â¥§� �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬
(1983{2000). ˆ¬ à�§à�¡®â�−� áâ�â¨áâ¨ç¥áª�ï â¥®à¨ï ª�â�áâà®ä®ãáâ®©ç¨¢®áâ¨
�¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢ëá®ª®© â®ç−®áâ¨ ¨ ¤®áâã¯−®áâ¨. ‚ 2005{2007 ££.
ˆ. �. ‘¨−¨æë− à�§à�¡®â�« â¥®à¨î á¨−£ã«ïà−ëå ‘â‘. ‚ à�§−ë¥ £®¤ë ®− ¢®§¢à�-
é�«áï ª ¢®¯à®á�¬ �−�«¨§� ¨ á¨−â¥§� íà¥¤¨â�à−ëå ‘â‘. ‚ ¡®«ìè®© á¥à¨¨ áâ�â¥©
ˆ. �. ‘¨−¨æë− à�§à�¡®â�« ¬¥â®¤ë ¨ �«£®à¨â¬ë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨
á«®¦−ëå −¥«¨−¥©−®áâ¥©, ®¯¨áë¢�¥¬ëå ¤à®¡−®-à�æ¨®−�«ì−ë¬¨, ¨àà�æ¨®−�«ì-
−ë¬¨ ¨ ®á−®¢−ë¬¨ á¯¥æ¨�«ì−ë¬¨ äã−ªæ¨ï¬¨. ˆ¬ ¯®«ãç¥−ë ¢�¦−ë¥ à¥§ã«ìâ�âë
¢ ®¡«�áâ¨ ‘â‘ −� ¬−®£®®¡à�§¨ïå, ¢ â®¬ ç¨á«¥ ªàã£®¢ëå, áä¥à¨ç¥áª¨å, æ¨«¨−¤-
à¨ç¥áª¨å ¨ ¤à.

‚ ¯¥à¨®¤ 2016{2020 ££. ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. ‘¨−¨æë−� ¯®«ãç¥−ë ¢�¦−ë¥
à¥§ã«ìâ�âë ¢ ®¡«�áâ¨ áã¡- ¨ ãá«®¢−®-®¯â¨¬�«ì−®£® ®æ¥−¨¢�−¨ï ¯à®æ¥áá®¢ ¢ ‘â‘
−� ¬−®£®®¡à�§¨ïå, ¢ íà¥¤¨â�à−ëå ‘â‘, � â�ª¦¥ â¥®à¨¨ ãá«®¢−®-®¯â¨¬�«ì−®£®
ã¯à�¢«¥−¨ï ¯® à�§«¨ç−ë¬ ªà¨â¥à¨ï¬.

ˆ. �. ‘¨−¨æë− | ®á−®¢®¯®«®¦−¨ª áâ®å�áâ¨ç¥áª¨å ˆ’ ®¯¥à�â¨¢−®© ®¡-
à�¡®âª¨ ¨−ä®à¬�æ¨¨, ª®−âà®«ï ¨ ¬®−¨â®à¨−£� �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬,
� â�ª¦¥ áâ®å�áâ¨ç¥áª®£® ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ë¬¨ �ªâ¨¢�¬¨. �®¤ ¥£® àã-
ª®¢®¤áâ¢®¬ ¨ ¯à¨ −¥¯®áà¥¤áâ¢¥−−®¬ ãç�áâ¨¨ á®§¤�−ë ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢�
¤«ï áâ�â¨áâ¨ç¥áª®£® �−�«¨§�, ¬®¤¥«¨à®¢�−¨ï ¨ á¨−â¥§� á¨áâ¥¬: ¯à®¡«¥¬−®-®à¨-
¥−â¨à®¢�−−ë¥ ¤¨�«®£®¢ë¥ á¨áâ¥¬ë ¨ ¡¨¡«¨®â¥ª¨ ú‘â‘-�−�«¨§û (1989{1990,
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2004{2007), ú‘â‘-”¨«ìâàû (1991, 2004{2007), ú‘â‘-Œ®¤¥«ìû (1993, 2007),
Nalib (1991{1993), TransStatLib (1991{1993), ASAP-ALPHA-97, ú�¥§®¯�á-
−®áâì ¨ −�¤¥¦−®áâìû (1991{1995), ú‡¤®à®¢ì¥ ÷”û (1992{1996, 1999, 2003)
¨ ¤à. ˆ¬ à�§à�¡®â�−ë íää¥ªâ¨¢−ë¥ á¨¬¢®«ì−ë¥ ¬¥â®¤ë �−�«¨§� ¨ á¨−â¥§�
‘â‘. ‚ 2005{2007 ££. á®§¤�−® ¨ ¢−¥¤à¥−® á¯¥æ¨�«¨§¨à®¢�−−®¥ ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥ ú‘â‘-‘Œ�û ¨ ú‘â‘-ˆ’Š÷û (2007{2010).

‚ ¯®á«¥¤−¨¥ £®¤ë ˆ. �. ‘¨−¨æë− à�§à�¡®â�« â¥®à¨î ¢¥©¢«¥â-ª�−®−¨ç¥áª¨å
à�§«®¦¥−¨©. �®¤ ¥£® àãª®¢®¤áâ¢®¬ á®§¤�−® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï �−�«¨§�
â®ç−®áâ¨ á«®¦−ëå ‘â‘, äã−ªæ¨®−¨àãîé¨å ¢ ãá«®¢¨ïå ¢¨¡à�æ¨© ¨ ã¤�à®¢.

…£® ª−¨£¨ ¢ ®¡«�áâ¨ â¥®à¨¨ ‘â‘ | ú‘â®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥
á¨áâ¥¬ë. �−�«¨§ ¨ ä¨«ìâà�æ¨ïû (1985, 1987, 1990), ú‹¥ªæ¨¨ ¯® äã−ªæ¨®−�«ì-
−®¬ã �−�«¨§ã ¨ ¥£® ¯à¨«®¦¥−¨ï¬û (1999, 2018), ú’¥®à¨ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬û
(2000, 2001, 2004) (á®¢¬¥áâ−® á ‚. ‘. �ã£�çñ¢ë¬), � â�ª¦¥ ú”¨«ìâàë Š�«¬�−�
¨ �ã£�çñ¢�û (2005, 2007), úŠ�−®−¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥−¨ï á«ãç�©−ëå äã−ªæ¨©
¨ ¨å ¯à¨¬¥−¥−¨¥ ¢ §�¤�ç�å ª®¬¯ìîâ¥à−®© ¯®¤¤¥à¦ª¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©û
(2009) ¨ ú‹¥ªæ¨¨ ¯® −®à¬�«ì−®© ¨ í««¨¯á®¨¤�«ì−®© �¯¯à®ªá¨¬�æ¨¨ à�á¯à¥-
¤¥«¥−¨© ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�åû (2013, á®¢¬¥áâ−® á ‚. ˆ. ‘¨−¨æë−ë¬) |
è¨à®ª® ¨§¢¥áâ−ë ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬.

‚ ®¡«�áâ¨ ¯à¥æ¨§¨®−−ëå ¨−ä®à¬�æ¨®−−®-¨§¬¥à¨â¥«ì−ëå â¥å−®-
«®£¨©, á¨áâ¥¬ á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨á-
â¥¬ ¤«ï −�ãç−ëå ¨áá«¥¤®¢�−¨© ˆ. �. ‘¨−¨æë−ë¬ à�§à�¡®â�−� â¥®à¨ï àï¤�
¨−ä®à¬�æ¨®−−®-¨§¬¥à¨â¥«ì−ëå á¨áâ¥¬ ¢ ãá«®¢¨ïå á«ãç�©−ëå ¤¨−�¬¨ç¥áª¨å ¢®§-
¬ãé¥−¨©, ®âªàëâ àï¤ −®¢ëå áâ�â¨áâ¨ç¥áª¨å ¤¨−�¬¨ç¥áª¨å íää¥ªâ®¢ (¢ë¡à®áë
à�§−ëå â¨¯®¢, ä«ãªâã�æ¨®−−ë¥ ãå®¤ë, −�ª®¯«¥−¨¥ ¢®§¬ãé¥−¨© ¨ ¤à.). …¬ã ¯à¨-
−�¤«¥¦�â ¯¥à¢ë¥ à�¡®âë ¯® áâ�â¨áâ¨ç¥áª®© ¤¨−�¬¨ª¥ ª®¬�−¤−®-¨§¬¥à¨â¥«ì−ëå
£¨à®áª®¯¨ç¥áª¨å ¯à¨¡®à®¢, �ªá¥«¥à®¬¥âà®¢, £à�¤¨¥−â®¬¥âà®¢ ¨ ¬¥âà®«®£¨ç¥áª¨å
á¨áâ¥¬ ¢ëá®ç�©è¥© â®ç−®áâ¨, ¨−ä®à¬�æ¨®−−®© â¥®à¨¨ ¨ ¬¥â®¤�¬ ¨§¬¥à¥−¨©,
ª�«¨¡à®¢®ª, ãáª®à¥−−ëå ¨á¯ëâ�−¨© ¢ íªáâà¥¬�«ì−ëå ãá«®¢¨ïå, � â�ª¦¥ áâ�â¨-
áâ¨ç¥áª®£® ¨ ¯®«ã−�âãà−®£® ¬®¤¥«¨à®¢�−¨ï. �®¤ ¥£® àãª®¢®¤áâ¢®¬ ¨ ¯à¨ ¥£® −¥-
¯®áà¥¤áâ¢¥−−®¬ ãç�áâ¨¨ à�§à�¡®â�−® ¨ ¢−¥¤à¥−® −¥áª®«ìª® ¯®ª®«¥−¨© á¥à¨©−ëå
á¨áâ¥¬ (¢ â®¬ ç¨á«¥ á® ¢áâà®¥−−ë¬¨ ãáâà®©áâ¢�¬¨ ¤«ï á−¨¦¥−¨ï ¢®§¬ãé¥−¨©),
®¡«�¤�îé¨å ã−¨ª�«ì−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ (1959{1983). ˆ. �. ‘¨−¨æë− ¯à¨-
−¨¬�« −¥¯®áà¥¤áâ¢¥−−®¥ ãç�áâ¨¥ ¢ ®¯à¥¤¥«¥−¨¨ â¥å−¨ç¥áª®© ¯®«¨â¨ª¨ ¢ ®¡«�áâ¨
−®¢®© á¯¥æ¨�«ì−®© â¥å−¨ª¨ (1979{1983).

‘ ¨¬¥−¥¬ ˆ. �. ‘¨−¨æë−� á¢ï§�−® á®§¤�−¨¥ ª®−æ¥¯æ¨© �¢â®¬�â¨§�æ¨¨ −�-
ãç−ëå ¨áá«¥¤®¢�−¨© ¢ ‘‘‘÷, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ®á−®¢�−−ëå −� áà¥¤áâ¢�å ¬�á-
á®¢®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ (1983{1988). �®¤ àãª®¢®¤áâ¢®¬ ¨ ¯à¨ ãç�áâ¨¨
ˆ. �. ‘¨−¨æë−� áä®à¬ã«¨à®¢�−ë ¯à¨−æ¨¯ë á®§¤�−¨ï ¬¨ªà®¢¨¤¥®á¨áâ¥¬, á®-
§¤�− àï¤ ¡�§®¢ëå á¨áâ¥¬. �−¨ ¢−¥¤à¥−ë ¢ Œ‚„ ¨ Œ¨−§¤à�¢¥ ‘‘‘÷ (1983{
1988). �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯®«ãç¨«¨ à�§¢¨â¨¥ ¢ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥-
¬�å ¬¥âà®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï, ¢¨¤¥®ª®−âà®«ï ¨ ¡¨®¬¥âà¨ç¥áª¨å á¨áâ¥¬�å.
�®¤ àãª®¢®¤áâ¢®¬ ˆ. �. ‘¨−¨æë−� à�§à�¡®â�−ë ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï ¨ �àå¨-
â¥ªâãàë ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ ª®¬�−¤−ëå ¯ã−ªâ®¢, � â�ª¦¥ −®¢ë¥ ¡ëáâàë¥
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¬¥â®¤ë ¨ �«£®à¨â¬ë ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨©, ®¡«�¤�îé¨å á¨«ì−®© ¯à®áâà�−áâ-
¢¥−−®-¢à¥¬¥−−‚®© ¤¥ä®à¬�æ¨¥©. ‚ ¨−â¥à¥á�å �¢â®¬�â¨§�æ¨¨ �áâà®¬¥âà¨ç¥áª¨å
−�ãç−ëå ¨áá«¥¤®¢�−¨© ¡ë« á®§¤�− ª®¬¯«¥ªá ¬®¤¥«¥©, �«£®à¨â¬®¢ ¨ á¯¥æ¨�«ì-
−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¤«ï −¥áâ�−¤�àâ−®©
¨−â¥£à¨à®¢�−−®© ®¡à�¡®âª¨ ¯�à�¬¥âà®¢ ¢à�é¥−¨ï ‡¥¬«¨ ¯® äã−¤�¬¥−â�«ì−®©
¯à®¡«¥¬¥ ú‘â�â¨áâ¨ç¥áª�ï ¤¨−�¬¨ª� ¢à�é¥−¨ï ‡¥¬«¨û. ‚ 2005{2010 ££. á®-
¢¬¥áâ−® á ā. ƒ. Œ�àª®¢ë¬ ¨ ‹. ‚. ÷ëå«®¢®© ¢¯¥à¢ë¥ ®¡−�àã¦¥− àï¤ −®¢ëå
íää¥ªâ®¢ (�¢â®ª®«¥¡�−¨ï ¯®«îá� ‡¥¬«¨ −� ç�−¤«¥à®¢áª®© ç�áâ®â¥, ¯�à�¬¥âà¨-
ç¥áª�ï áâ�¡¨«¨§�æ¨ï ç�−¤«¥à®¢áª¨å ª®«¥¡�−¨©, −¥«¨−¥©−ë¥ ä«ãªâã�æ¨®−−ë¥
¤à¥©äë −¥áâ�¡¨«ì−®áâ¨ ¢à�é¥−¨ï ‡¥¬«¨ ¨ ¤à.).

‚ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å â¥å−®«®£¨© ¨ �¢â®-
¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¤«ï ¨−ä®à-
¬�â¨§�æ¨¨ ¢ëáè¨å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨, ä¥¤¥à�«ì−ëå
¢¥¤®¬áâ¢ ¨ ¤à. à�§à�¡®â�− ¨ ¢−¥¤à¥− àï¤ ¡�§®¢ëå ˆ’ (®¡à�¡®âª� ¨−ä®à¬�æ¨¨
®â −¥§�¢¨á¨¬ëå ¨áâ®ç−¨ª®¢, ä®à¬¨à®¢�−¨¥ ¨ åà�−¥−¨¥ ¡®«ìè¨å ¡�§ í«¥ªâà®−-
−ëå ®¡à�§®¢, ã¯à�¢«¥−¨¥ ¨−ä®à¬�æ¨®−−ë¬¨ �ªâ¨¢�¬¨ ¨ ¤à.). ‘ä®à¬ã«¨à®-
¢�−ë ¯à¨−æ¨¯ë ¨ à�§à�¡®â�−ë ¡�§®¢ë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¤«ï àï¤�
ªàã¯−®¬�áèâ�¡−ëå �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå ¨ ¨−ä®à¬�æ¨®−−®-
ã¯à�¢«ïîé¨å á¨áâ¥¬ á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï ¢ëá®ª®© â®ç−®áâ¨ ¨ ¤®áâã¯−®áâ¨.
‚ ¯¥à¨®¤ 1999{2010 ££. ¢ à�¬ª�å à�¡®â, ¢®§£«�¢«ï¥¬ëå ‘. ‚. …¬¥«ìï−®¢ë¬
¨ ‘. Š. Š®à®¢¨−ë¬, ˆ. �. ‘¨−¨æë− à�§à�¡®â�« â¥®à¨î á¨áâ¥¬ ¢ëá®ª®© ¤®-
áâã¯−®áâ¨ á −®¢ë¬¨ ¢¨¤�¬¨ áâ®å�áâ¨ç¥áª®© ®¡à�â−®© á¢ï§¨. ‚ ¯®á«¥¤−¨¥ £®¤ë
¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. ‘¨−¨æë−� ¢¥¤ãâáï à�¡®âë ¢ ®¡«�áâ¨ áâ®å�áâ¨ç¥áª¨å
ª®£−¨â¨¢−ëå ˆ’ ¬®¤¥«¨à®¢�−¨ï, ®¡ãç¥−¨ï ¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©.

‚ ®¡«�áâ¨ â¥®à¨¨ ˆ‹� ¨ �’�‘ ˆ. �. ‘¨−¨æë−ë¬ á®¢¬¥áâ−®
á �. ‘. ˜�«�¬®¢ë¬ ¢ ¯¥à¨®¤ 2009{2020 ££. á®§¤�−� −�ãç−�ï èª®«�, ®¯ã¡«¨-
ª®¢�−® á¢ëè¥ 50 à�¡®â, ¢ª«îç�ï ¬®−®£à�ä¨î ú‹¥ªæ¨¨ ¯® â¥®à¨¨ á¨áâ¥¬ ¨−â¥-
£à¨à®¢�−−®© «®£¨áâ¨ç¥áª®© ¯®¤¤¥à¦ª¨û (2012, 2019) ¨ £«�¢ë ¢ ª−¨£�å: £«�¢�
úProbabilistic modeling, estimation and control for CALS organization-technical-
economic systemsû ¢ ª−¨£¥ úProbability, combinatorics and controlû (2019); £«�¢�
úDevelopment of ellipsoidal analysis and filtering methods for nonlinear control
stochastic systemsû ¢ ª−¨£¥ úAutomation and control. Control stochastic systemsû
(2020).

3 Развитие стохастических CALS-технологий
и организационно-технико-экономических систем

Š�ª ¨§¢¥áâ−®, ˆ‹� | íâ® á¨áâ¥¬� −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å, ¯à®¥ªâ−®-
ª®−áâàãªâ®àáª¨å, ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å, ¯à®¨§¢®¤áâ¢¥−−ëå ¨ ¨−ä®à-
¬�æ¨®−−®-ã¯à�¢«¥−ç¥áª¨å â¥å−®«®£¨©, áà¥¤áâ¢ ¨ ¯à�ªâ¨ç¥áª¨å ¬¥à®¯à¨ïâ¨©,
¨á¯®«ì§ã¥¬ëå (¯à¨¬¥−ï¥¬ëå) ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«� (†–) ¨§¤¥«¨© −�ã-
ª®¥¬ª®© ¯à®¤ãªæ¨¨ (ˆ��), −�¯à�¢«¥−−ëå −� ¤®áâ¨¦¥−¨¥ ¬¨−¨¬�«ì−ëå §�âà�â
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¯® ®¡á«ã¦¨¢�−¨î ¨ à¥¬®−âã ˆ�� ¯à¨ ®¡¥á¯¥ç¥−¨¨ âà¥¡ã¥¬ëå å�à�ªâ¥à¨áâ¨ª
¨ ¯®ª�§�â¥«¥© äã−ªæ¨®−�«ì−®£® ª�ç¥áâ¢� ¨ â¥å−¨ç¥áª®© £®â®¢−®áâ¨ ¯à®¤ãªæ¨¨
¯à¨ íªá¯«ã�â�æ¨¨. �®¢ë¥ −�ãç−ë¥ ¯®¤å®¤ë ¯®§¢®«ïîâ ª�à¤¨−�«ì−® à¥ä®à¬¨-
à®¢�âì âà�¤¨æ¨®−−ë¥ á¨áâ¥¬ë á®§¤�−¨ï ¨ íªá¯«ã�â�æ¨¨ ˆ�� ¯ãâ¥¬ ¢−¥¤à¥−¨ï
¬¥â®¤®¢ à�æ¨®−�«ì−®£® ¨, ¯® ¢®§¬®¦−®áâ¨, ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨
à�áå®¤®¢�−¨ï ¢à¥¬¥−−‚ëå, ¬�â¥à¨�«ì−ëå, âàã¤®¢ëå ¨ ¤àã£¨å à¥áãàá®¢ −� ¢á¥å
áâ�¤¨ïå †– ¨§¤¥«¨© (†–ˆ) ¯® ªà¨â¥à¨ï¬ íª®−®¬¨ç¥áª®© æ¥«¥á®®¡à�§−®áâ¨
¨ íää¥ªâ¨¢−®áâ¨.

�¥à¢ë¬¨ −� íâ®â ¯ãâì ¢áâã¯¨«¨ §�¯�¤−ë¥ áâà�−ë, ª®£¤� ¢ 1990-å ££. ¡ë«¨
à¥§ª® á®ªà�é¥−ë ¡î¤¦¥âë ¢®¥−−ëå ¢¥¤®¬áâ¢, çâ® ¢ë−ã¤¨«® ¨å ¨áª�âì ¢®§¬®¦-
−®áâ¨ íª®−®¬¨¨ ä¨−�−á®¢ëå à¥áãàá®¢, á®åà�−ïï ¯à¨ íâ®¬ ®á−®¢−ë¥ ¯®ª�§�â¥«¨
®¡®à®−®á¯®á®¡−®áâ¨. �ë«¨ ¢ëà�¡®â�−ë −®¢ë¥ áâ�−¤�àâë ¯® á®§¤�−¨î ¢®®àã-
¦¥−¨© ¨ ¢®¥−−®© â¥å−¨ª¨ (‚‚’), ®¡¥á¯¥ç¨¢�îé¨¥ á−¨¦¥−¨¥ áâ®¨¬®áâ¨ †–ˆ.
Š®−âà�ªâë, §�ª«îç�¥¬ë¥ á ¯®áâ�¢é¨ª�¬¨ ‚‚’, áâ�«¨ á®¤¥à¦�âì âà¥¡®¢�−¨ï
¯® á®¡«î¤¥−¨î ¯à�¢¨« ¨ ¯à®æ¥¤ãà, ®¡¥á¯¥ç¨¢�îé¨å §�¤�−−ë¥ å�à�ªâ¥à¨áâ¨ª¨
¨ ¯®ª�§�â¥«¨ ª�ç¥áâ¢� ¨ íª®−®¬¨ç−®áâ¨ ¯à®¤ãªæ¨¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï −� íâ®â
¯ãâì ¯¥à¥¢®¤ïâáï ¨ ®âà�á«¨ íª®−®¬¨ª¨ £à�¦¤�−áª®£® −�§−�ç¥−¨ï. ‚ ®á−®¢ã á¥-
à¨¨ íâ¨å ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ «¥£«� CALS-¬¥â®¤®«®£¨ï ª�ª ¯¥à¢®®á−®¢�
á®¢à¥¬¥−−ëå £«®¡�«ì−ëå ¨−â¥£à¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå
á¨áâ¥¬ (CALS | Continuous Acquisition and Life cycle Support | ¨−â¥£à¨à®¢�−-
−�ï ¯®¤¤¥à¦ª� ¨§¤¥«¨©) | −¥¯à¥àë¢−�ï ¨−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¯®áâ�¢®ª
¨ †–. �â� ¬¥â®¤®«®£¨ï ¯®§¢®«ï¥â á®§¤�¢�âì ¢¨àâã�«ì−ë¥ ¯à¥¤¯à¨ïâ¨ï (‚�) ¨§
ä¨à¬-ãç�áâ−¨ª®¢ †–ˆ, ¨−â¥£à¨àãï ¨å −� ¨−ä®à¬�æ¨®−−®© ®á−®¢¥.

‘ â®çª¨ §à¥−¨ï á®§¤�−¨ï, ¨á¯®«ì§®¢�−¨ï ¯® −�§−�ç¥−¨î ¨ ®¡á«ã¦¨¢�−¨ï
®¡à�§æ®¢ â¥å−¨ª¨ −®¢ëå ¯®ª®«¥−¨© íâ® áâ�«® à¥¢®«îæ¨®−−ë¬ ¯¥à¥¢®à®â®¬.
ƒ«�¢−ë¬ ¥£® íää¥ªâ®¬ ®ª�§�«�áì à¥�«ì−�ï ¢®§¬®¦−®áâì ¯�à�««¥«ì−®£®, ®−«�©−-
¯à®¥ªâ¨à®¢�−¨ï −¥ â®«ìª® í«¥¬¥−â®¢ ˆ��, ª®£¤� à�§à�¡®âç¨ª¨ ¬®£ãâ −�å®¤¨âìáï
−� à�§−ëå ª®−â¨−¥−â�å, −® ¨ á¨áâ¥¬ë ¥£® ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï, ç¥£®
à�−ìè¥ −¥ ¡ë«®. ‚ à¥§ã«ìâ�â¥ ¬®£ãâ ¡ëâì áãé¥áâ¢¥−−® á®ªà�é¥−ë áà®ª¨ ¢ëå®¤�
¯à®¤ãªæ¨¨ −� àë−®ª, çâ®, ¥áâ¥áâ¢¥−−®, ¢«¨ï¥â −� áâ®¨¬®áâì íâ�¯� ¯à®¥ªâ¨à®¢�−¨ï
¢ áâ®à®−ã ¥¥ ã¬¥−ìè¥−¨ï. Šà®¬¥ â®£®, ¯®ªã¯�â¥«ì, ¢ª«îç¥−−ë© ¢ á¨áâ¥¬ã
‚� ¨ ¨¬¥îé¨© ®¯à¥¤¥«¥−−ë© ¤®áâã¯ ª ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬, ¯®«ãç�¥â
¢®§¬®¦−®áâì ®æ¥−¨âì £�à�−â¨¨ ¢ë¯®«−¥−¨ï ¥£® âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã ¨ áâ®¨¬®áâ¨
¯à®¤ãªæ¨¨ −¥ â®«ìª® −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï, −® ¨ −� ¯®áâ¯à®¨§¢®¤áâ¢¥−−ëå
áâ�¤¨ïå. ‚á¥ íâ® ¤�¥â ®á−®¢ã ¤«ï ¤®«£®¢à¥¬¥−−®£® ¯�àâ−¥àáâ¢� ¢ à�¬ª�å ‚�,
� â�ª¦¥ ¤®¯®«−¨â¥«ì−ë¥ á®æ¨�«ì−®-¯®«¨â¨ç¥áª¨¥ ¤¨¢¨¤¥−¤ë áâà�−�¬-ãç�áâ−¨-
ª�¬ ¯®¤®¡−ëå ¯à®¥ªâ®¢, çâ® áãé¥áâ¢¥−−® ¯®¢ëè�¥â ª®−ªãà¥−â−ë¥ ¯à¥¨¬ãé¥áâ¢�
â�ª®© ¯à®¤ãªæ¨¨ −� ¬¨à®¢ëå àë−ª�å.

�á−®¢−ë¥ ¯à¨−æ¨¯ë ¨−â¥£à�æ¨¨ ‚� ¨§«®¦¥−ë ¢ áâ�−¤�àâ�å MIL STD 1388
(‘˜�) ¨ DEF STAN 00-60 (‚¥«¨ª®¡à¨â�−¨ï). „¢�¤æ�âì âà¥âì¥£® �¯à¥«ï 2010 £.
¢§�¬¥− áâ�−¤�àâ� Def Stan 00-60 ¡ë« ¢¢¥¤¥− ¢ ¤¥©áâ¢¨¥ Def Stan 00-600 úInte-
grated Logistic Support. Requirements for MOD Projectsû (úˆ−â¥£à¨à®¢�−−�ï
«®£¨áâ¨ç¥áª�ï ¯®¤¤¥à¦ª�. ’à¥¡®¢�−¨ï ª ¯à®¥ªâ�¬ ¬¨−¨áâ¥àáâ¢� ®¡®à®−ëû),
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¤�«¥¥ | áâ�−¤�àâ 00-600. ‘â�−¤�àâ 00-600 áâ�« à�¬®ç−ë¬ ¤®ªã¬¥−â®¬, ®¯à¥-
¤¥«ïîé¨¬ ª®−æ¥¯âã�«ì−ë¥ ¯®«®¦¥−¨ï ˆ‹�. �á−®¢−®© á¬ëá« ¯®−ïâ¨ï ˆ‹�
á¢®¤¨âáï ª â®¬ã, çâ® íâ® ¨−áâàã¬¥−â ã¯à�¢«¥−¨ï áâ®¨¬®áâìî †–ˆ ¯à¨ ã¤®¢«¥-
â¢®à¥−¨¨ âà¥¡®¢�−¨© §�ª�§ç¨ª�. �à¨¬¥−¥−¨¥ ˆ‹� ¯®ïá−ï¥â ¤àã£®© ¤®ªã¬¥−â |
JSP-886 úThe defence logistic support chain manual. Volume 7: Integrated logistic
supportû (ú÷ãª®¢®¤áâ¢® ¯® ®¡®à®−−®© «®£¨áâ¨ç¥áª®© æ¥¯®çª¥ ¯®áâ�¢®ª. ’®¬ 7:
ˆ−â¥£à¨à®¢�−−�ï «®£¨áâ¨ç¥áª�ï ¯®¤¤¥à¦ª�û). �â®â ¤®ªã¬¥−â, ª�ª ¨ áâ�−¤�àâ
DEF STAN 00-60, â¥á−® á¢ï§�− á® á¯¥æ¨ä¨ª�æ¨ï¬¨ ASD (AeroSpace and Defense
Industries Association of Europe | …¢à®¯¥©áª®© �áá®æ¨�æ¨¨ �íà®ª®á¬¨ç¥áª®©
¨ ®¡®à®−−®© ¯à®¬ëè«¥−−®áâ¨):

{ S1000D úInternational specification for technical publications utilizing a com-
mon source data baseû (úŒ¥¦¤ã−�à®¤−�ï á¯¥æ¨ä¨ª�æ¨ï −� â¥å−¨ç¥áª¨¥ ¯ã¡-
«¨ª�æ¨¨, ¨á¯®«ì§ãîé¨¥ ®¡éãî ¨áå®¤−ãî ¡�§ã ¤�−−ëåû);

{ S2000M úInternational specification for material managementû (úŒ¥¦¤ã−�-
à®¤−�ï á¯¥æ¨ä¨ª�æ¨ï −� ®à£�−¨§�æ¨î ã¯à�¢«¥−¨ï ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª¨¬
®¡¥á¯¥ç¥−¨¥¬û);

{ S3000L úInternational procedure specification for logistics support analysisû
(úŒ¥¦¤ã−�à®¤−�ï á¯¥æ¨ä¨ª�æ¨ï −� ¯à®æ¥¤ãàë �−�«¨§� «®£¨áâ¨ç¥áª®© ¯®¤-
¤¥à¦ª¨û);

{ S4000M úInternational procedural handbook for developing scheduled main-
tenance program for military aircraftsû (úŒ¥¦¤ã−�à®¤−®¥ àãª®¢®¤áâ¢® ¯®
¯à®æ¥¤ãà�¬ à�§à�¡®âª¨ ¯à®£à�¬¬ë ¯«�−®¢®£® â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï
¤«ï ¢®¥−−®© �¢¨�â¥å−¨ª¨û).

‚ ÷®áá¨¨ â�ª¦¥ áãé¥áâ¢ãîâ −®à¬�â¨¢−ë¥ ¤®ªã¬¥−âë ¢ ®¡«�áâ¨ ¨−ä®à¬�-
æ¨®−−®© ¯®¤¤¥à¦ª¨ †–ˆ. �¤−�ª® ¯® ¡®«ìè¥© ç�áâ¨ íâ® ®¡à�¡®âª� ¯¥à¥¢®¤®¢
®â¤¥«ì−ëå ãª�§�−−ëå §�àã¡¥¦−ëå áâ�−¤�àâ®¢ ¨«¨ ¨§êïâ¨© ¨§ −¨å.

‚ ¯à®¬ëè«¥−−® à�§¢¨âëå áâà�−�å ¬¥¦¤ã−�à®¤−ë© áâ�−¤�àâ 00-600 ¯®ª�
â®«ìª® ¯à®¤¥ª«�à¨à®¢�− ¨ ¢ ®á−®¢−ëå ¯®«®¦¥−¨ïå ¬�«® ç¥¬ ®â«¨ç�¥âáï ®â á¢®¥£®
�−�«®£�, ¤�«¥¥ ¡ã¤¥¬ ¯®-¯à¥¦−¥¬ã ®¯¨à�âìáï −� ¢ë¡à�−−ë© à�−¥¥ ¢ ª�ç¥áâ¢¥
®¡é¥¥¢à®¯¥©áª®£® áâ�−¤�àâ� DEF STAN 00-60. …£® ®á−®¢®© á«ã¦¨â ¤®áâ�â®ç−®
áâ�â¨ç−�ï â¥å−¨ª®-íª®−®¬¨ç¥áª�ï ¬®¤¥«ì ª®¬¯«¥ªá−®© á¨áâ¥¬ë úˆ�� { á¨áâ¥-
¬� ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï (‘���)û, á®§¤�¢�¥¬�ï ¨ ¯®¤¤¥à¦¨¢�¥¬�ï
¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨ ¢ â¥ç¥−¨¥ ¢á¥£® †–ˆ. �â® ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì,
¯à¥¤áâ�¢«ïîé�ï á®¡®© á®¢®ªã¯−®áâì ¡�§ ¤�−−ëå, á®¤¥à¦�é¨å âà¥¡ã¥¬ë¥ ¨ ¤®-
áâ¨£−ãâë¥ §−�ç¥−¨ï ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª ¨ ¯®ª�§�â¥«¥© ãª�§�−−®© ª®¬¯«¥ªá-
−®© á¨áâ¥¬ë. �−� á«ã¦¨â ¨−ä®à¬�æ¨®−−ë¬ ï¤à®¬ ¯à¨ ã¯à�¢«¥−¨¨ áâ®¨¬®áâìî
†–ˆ. ‚�¦−® ®â¬¥â¨âì, çâ® ¢ ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ�å CALS-¬¥â®¤®«®£¨¨
®âáãâáâ¢ãîâ ãª�§�−¨ï −� ¬¥â®¤ë ¨ áà¥¤áâ¢�, ¯®§¢®«ïîé¨¥ íää¥ªâ¨¢−® ¨á¯®«ì-
§®¢�âì ¤�−−ãî ¨−ä®à¬�æ¨®−−ãî ¬®¤¥«ì ¤«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−ëå æ¥«¥©.
“ç�áâ−¨ª¨ ‚�, ¯® áãâ¨, á�¬®áâ®ïâ¥«ì−® ¯ëâ�îâáï à¥è�âì á¢®¨ ¯à®¡«¥¬ë ¢ íâ®©
®¡«�áâ¨ ¨«¨ ¯à¨¡¥£�îâ ª ãá«ã£�¬ ä¨à¬-à�§à�¡®âç¨ª®¢ ¯à®£à�¬¬−®© ¯à®¤ãªæ¨¨
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¤«ï à¥è¥−¨ï ç�áâ−ëå (á¥à¢¨á−®-®à¨¥−â¨à®¢�−−ëå) §�¤�ç ¯® ã¯à�¢«¥−¨î ¯à®-
æ¥áá�¬¨. �à¨ íâ®¬, ª�ª ¯à�¢¨«®, ¨−ä®à¬�æ¨ï ®¡ ¨á¯®«ì§®¢�−¨¨ ª�ª¨å-«¨¡®
¬¥â®¤®¢ à¥è¥−¨ï íâ¨å §�¤�ç ®áâ�¥âáï §�ªàëâ®©, çâ® ¯à¨¢−®á¨â −¥®¯à¥¤¥«¥−−®áâì
¯à¨ ®æ¥−ª¥ ¯®ªã¯�â¥«¥¬ £�à�−â¨© ¤®áâ®¢¥à−®áâ¨ â�ª¨å ¯à®£à�¬¬. ’�ª¨¬ ®¡à�-
§®¬, −�¯à�è¨¢�¥âáï ¢ë¢®¤ ®¡ ®¯à¥¤¥«¥−−®© −¥¯®«−®â¥ á®¢à¥¬¥−−®£® á®¤¥à¦�−¨ï
CALS, ¢ëà�¦�¥¬®© ®âáãâáâ¢¨¥¬ â¥®à¥â¨ç¥áª¨å ®¡®á−®¢�−¨© ¯ãâ¥© ¤®áâ¨¦¥−¨ï
¯à®¢®§£«�è�¥¬ëå ¥î æ¥«¥©. „«ï ¯®«−®æ¥−−®£® ¨á¯®«ì§®¢�−¨ï ¯à¥¨¬ãé¥áâ¢ ¤�−-
−®© ¬¥â®¤®«®£¨¨ −¥®¡å®¤¨¬� à�§à�¡®âª� â¥®à¨¨ á¨áâ¥¬ ˆ‹�, ¢ª«îç�îé¥© ¢ á¥¡ï
¥¤¨−ë© ª®¬¯«¥ªá á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ¬®¤¥«¨à®¢�−¨ï, ®æ¥−¨¢�−¨ï ¨ ®¯â¨¬�«ì-
−®£® ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ −� ¢á¥å áâ�¤¨ïå †– ª®¬¯«¥ªá−®© á¨áâ¥¬ë úˆ��{
‘���û, ¢−®áïé¨¬¨ ®á−®¢−®© ¢ª«�¤ ¢ ¥¥ áâ®¨¬®áâì ¨ ª�ç¥áâ¢®.

”�ªâ¨ç¥áª®© ®á−®¢®© á®§¤�−¨ï ¥¤¨−®© â¥®à¨¨ ¯à®¥ªâ¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï
á¨áâ¥¬®© úˆ��{‘���û á«ã¦�â âà¥¡®¢�−¨ï áâ�−¤�àâ®¢ ˆ‹� à�áá¬�âà¨¢�âì
ˆ�� −� ¢á¥å áâ�¤¨ïå †–ˆ ª�ª á®¢®ªã¯−®áâì ¤¢ãå ¢§�¨¬®á¢ï§�−−ëå áâàãªâãà:
äã−ªæ¨®−�«ì−®© ¨ íªá¯«ã�â�æ¨®−−®-â¥å−¨ç¥áª®©. �¥à¢�ï | áâàãªâãà� ˆ�� |
íâ® ¨¥à�àå¨ç¥áª¨ ã¯®àï¤®ç¥−−�ï á®¢®ªã¯−®áâì äã−ªæ¨©, ª®â®àë¬¨ ¤®«¦−® ®¡«�-
¤�âì ¨§¤¥«¨¥ ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨. ‚â®à�ï áâàãªâãà� ®âà�¦�¥â â�ª¦¥
¨¥à�àå¨ç¥áª¨ ã¯®àï¤®ç¥−−ë© −�¡®à ä¨§¨ç¥áª¨å í«¥¬¥−â®¢, ¡«®ª®¢, �£à¥£�â®¢
¨ á¨áâ¥¬, ®¡¥á¯¥ç¨¢�îé¨å âà¥¡ã¥¬®¥ äã−ªæ¨®−�«ì−®¥ ª�ç¥áâ¢® ¨ íªá¯«ã�â�æ¨-
®−−®-â¥å−¨ç¥áª®¥ ª�ç¥áâ¢® ˆ�� ¨ ‘��� ¢ æ¥«®¬. ‘ â®çª¨ §à¥−¨ï á®¢à¥¬¥−−®£®
á¨áâ¥¬−®£® �−�«¨§� ª®¬¯«¥ªá−�ï á¨áâ¥¬� úˆ��{‘���û, ¢ ®á−®¢¥ ª®â®à®© «¥-
¦¨â á®¢®ªã¯−®áâì ¤�−−ëå áâàãªâãà, ï¢«ï¥âáï á«®¦−®© á¨áâ¥¬®©, ¤«ï ®¯¨á�−¨ï
ª®â®à®© âà¥¡ã¥âáï à�§à�¡®âª� á¯¥æ¨ä¨ç¥áª¨å £¨¡à¨¤−ëå ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ ¨å
¯à¨«®¦¥−¨©, ®¡ê¥¤¨−¥−−ëå ¥¤¨−ë¬¨ æ¥«ï¬¨ ¨ §�¤�ç�¬¨.

�−�«¨§ â¥ªãé¨å ¯à®¡«¥¬, á¢ï§�−−ëå á ¯à¨¬¥−¥−¨¥¬ ˆ‹� ¯à®æ¥áá®¢ †–ˆ
¢ ãá«®¢¨ïå ãáª®à¥−−®£® à�§¢¨â¨ï á®¢à¥¬¥−−ëå ˆ’ ÷”, ¯à¨¢¥« ª −¥®¡å®¤¨¬®áâ¨
ä®à¬ã«¨à®¢�âì ¨ à¥è�âì −®¢ë¥ §�¤�ç¨. ’�ª, ¢ à�¡®â�å 2014{2019 ££. ¢ ”ˆ–
ˆ“ ÷�� ¢¯¥à¢ë¥ ¤«ï ®â¥ç¥áâ¢¥−−®© ¨ ¬¨à®¢®© «¨â¥à�âãàë ¡ë«¨ ®¯¨á�−ë ¡®-
«¥¥ ®¡é¨¥, ¯® áà�¢−¥−¨î á ¯¥à¢ë¬ ¨§¤�−¨¥¬ ª−¨£¨, ¯à¨−æ¨¯ë ¬®¤¥«¨à®¢�−¨ï
¨ ã¯à�¢«¥−¨ï ¤¥ïâ¥«ì−®áâìî å®§ï©áâ¢ãîé¨å áã¡ê¥ªâ®¢ íª®−®¬¨ª¨, ¨−ä®à¬�-
æ¨®−−® ®¡ê¥¤¨−¥−−ëå ¢ ‚�, ¤¥©áâ¢ãîé¨¥ −� ¢−ãâà¥−−¥¬ ¨ ¢−¥è−¥¬ àë−ª�å
ä¨−�−á®¢, â®¢�à®¢, ª�¤à®¢, ¨−ä®à¬�æ¨¨ ¨ ãá«ã£, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ª«�áá
�’�‘, −�å®¤ïé¨åáï, ª�ª ¯à�¢¨«®, ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å áâ®-
å�áâ¨ç¥áª¨å ¯®¬¥å ¨ á«ãç�©−ëå ä�ªâ®à®¢. ’¥¬� áâ®å�áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
¨ ¢ëâ¥ª�îé¨å ®âáî¤� ˆ’ ¡®àì¡ë á ¯®¬¥å�¬¨ ¯ãâ¥¬ ®æ¥−¨¢�−¨ï (íªáâà�¯®«ïæ¨¨,
¨−â¥à¯®«ïæ¨¨, ä¨«ìâà�æ¨¨), � â�ª¦¥ â¥¬� ®¯â¨¬¨§�æ¨¨ ã¯à�¢«¥−¨ï ¢ �’�‘,
¢ â®¬ ç¨á«¥ ¯® ¨−â¥£à�«ì−ë¬ á®æ¨�«ì−®-â¥å−¨ª®-íª®−®¬¨ç¥áª¨¬ ªà¨â¥à¨ï¬, ª�ª
â¥®à¥â¨ç¥áª�ï ®á−®¢� á®§¤�−¨ï á¥â¥© ¨§ −®¢ëå â¨¯®¢ ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨-
â¥«ì−ëå ª®¬¯«¥ªá®¢ ˆ‹� ¢ áãé¥áâ¢ãîé¨å ¢�à¨�−â�å ¬�â¥¬�â¨ç¥áª®© â¥®à¨¨
íª®−®¬¨ç¥áª¨å á¨áâ¥¬ ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨ â�ª¦¥ −¥ ¯®¤−¨¬�«�áì. ‚ ãá«®¢¨ïå
¯¥à¥å®¤� ª −®¢®¬ã íª®−®¬¨ç¥áª®¬ã ãª«�¤ã −� ¡�§¥ £«®¡�«ì−®© úæ¨äà®¢¨§�æ¨¨û
®−� ¨¬¥¥â ¤«ï ÷” ®á®¡¥−−® �ªâã�«ì−®¥ §−�ç¥−¨¥. ˆáá«¥¤ã¥¬ë¬¨ ¯à®æ¥áá�¬¨
¢ �’�‘ ï¢«ïîâáï ¯à®æ¥ááë †– ®¤−®à®¤−ëå á®¢®ªã¯−®áâ¥© â¨¯®¢ëå ¢¨¤®¢

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 3 2020 179



ˆ‘’�÷ˆŸ. ��ŒŸ’�›… „�’›. ‘��›’ˆŸ

à¥áãàá®¢ ¨ ®¡à�§æ®¢ ¯à®¤ãªæ¨¨ è¨à®ª®£® á¯¥ªâà�, � â�ª¦¥ â¨¯®¢ëå ª�â¥£®à¨©
¯¥àá®−�«� ¯à¥¤¯à¨ïâ¨© ¯à®¬ëè«¥−−®áâ¨ ¨ ¤àã£¨å ®à£�−¨§�æ¨© ª�ª ®¡ê¥ªâ®¢
¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨ ¨ á®¢¥àè¥−áâ¢®¢�−¨ï, � â�ª¦¥ ¨å ¬¥¤¨æ¨−áª®£®
®¡¥á¯¥ç¥−¨ï.

‡�¤�ç¨ ¬®¤¥«¨à®¢�−¨ï ¨ ®æ¥−¨¢�−¨ï ¢ �’�‘ §�ª«îç�îâáï ¢ �¯à¨®à−®¬ ¯à®-
£−®§¨à®¢�−¨¨ ¨ ¯®á«¥¤ãîé¥¬ −�å®¦¤¥−¨¨ ®¯â¨¬�«ì−®© �¯®áâ¥à¨®à−®© ®æ¥−ª¨
ç¨á«� á®®â¢¥âáâ¢ãîé¨å ®¡ê¥ªâ®¢, −�å®¤ïé¨åáï ¢ à�§«¨ç−ëå â¥å−®«®£¨ç¥áª¨å
ä�§�å á æ¥«ìî �−�«¨§� ¯à®æ¥áá®¢ ®¡á«ã¦¨¢�−¨ï ˆ��, á®æ¨�«ì−®£® ®¡¥á¯¥ç¥−¨ï
¯¥àá®−�«� ¨ ®¯à¥¤¥«¥−¨ï à¥�«ì−ëå §�âà�â −� ¥£® ¯®¤¤¥à¦ªã. ‡�¤�ç¨ ®¯â¨¬�«ì−®-
£® ã¯à�¢«¥−¨ï §�ª«îç�îâáï ¢ à�§à�¡®âª¥ â¥å−®«®£¨© ®¯â¨¬�«ì−®£® ¯«�−¨à®¢�−¨ï
¨ à¥£ã«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ �’�‘, ®¡ê¥¤¨−¥−−ëå ®¡é¨¬ ¡î¤¦¥â®¬.

‚ 2018 £. ¡ë« ®¯ã¡«¨ª®¢�− “ª�§ �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 7 ¬�ï
2018 £. ü 204 ú� −�æ¨®−�«ì−ëå æ¥«ïå ¨ áâà�â¥£¨ç¥áª¨å §�¤�ç�å à�§¢¨â¨ï ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨ −� ¯¥à¨®¤ ¤® 2024 £®¤�û, ¢ ª®â®à®¬ ¡ë«¨ ¯®áâ�¢«¥−ë §�¤�ç¨
¯® 12 −�¯à�¢«¥−¨ï¬, áâ�¢è¨¬¨ §�â¥¬ ¢ ¯®áâ�−®¢«¥−¨ïå ¯à�¢¨â¥«ìáâ¢� ��æ¨®-
−�«ì−ë¬¨ ¯à®¥ªâ�¬¨ (¯à®£à�¬¬�¬¨), −�¯à�¢«¥−−ë¬¨ −� ®¡¥á¯¥ç¥−¨¥ ¯à®àë¢−®£®
−�ãç−®-â¥å−®«®£¨ç¥áª®£® ¨ á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨¨. ‘à¥¤¨
íâ¨å ¯à®¥ªâ®¢ ¯à¨áãâáâ¢ãîâ ú–¨äà®¢�ï íª®−®¬¨ª�û ¨ úŒ¥¦¤ã−�à®¤−�ï ª®®¯¥-
à�æ¨ï ¨ íªá¯®àâû, â¥¬�â¨ª� ª®â®àëå −�¯àï¬ãî á¢ï§�−� á á®¤¥à¦�−¨¥¬ −�áâ®ïé¥£®
¨§¤�−¨ï ª−¨£¨, ¯®á¢ïé¥−−®£® ¢®¯à®á�¬ æ¨äà®¢®© íª®−®¬¨ª¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì
¬�è¨−®áâà®¨â¥«ì−ëå ®âà�á«¥©, ®¯â¨¬¨§�æ¨¨ ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ †– ¨å
¯à®¤ãªæ¨¨ ¨ ¯¥àá®−�«� ¯à¥¤¯à¨ïâ¨© ¢ á®®â¢¥âáâ¢¨¨ á â¥å−¨ª®-íª®−®¬¨ç¥áª¨¬¨
¨ á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨¬¨ ªà¨â¥à¨ï¬¨, � â�ª¦¥ −�¯à�¢«¥−−®£® −� ¯®¢ëè¥-
−¨¥ ª�ç¥áâ¢� ¢ã§®¢áª¨å ¯à®£à�¬¬ ¨ ¢ æ¥«®¬ á®¢à¥¬¥−−®£® −�ãç−®-â¥å−¨ç¥áª®£®
®¡à�§®¢�−¨ï, ¢ â®¬ ç¨á«¥ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¡�§ë ã−¨¢¥àá¨â¥â®¢ ¢ íâ®©
®¡«�áâ¨.

��æ¨®−�«ì−�ï ¯à®£à�¬¬� ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û
¢ª«îç�¥â ¢ á¥¡ï 6 ä¥¤¥à�«ì−ëå ¯à®¥ªâ®¢: ú�®à¬�â¨¢−®¥ à¥£ã«¨à®¢�−¨¥ æ¨äà®-
¢®© áà¥¤ëû, úˆ−ä®à¬�æ¨®−−�ï ¨−äà�áâàãªâãà�û, úŠ�¤àë ¤«ï æ¨äà®¢®© íª®−®-
¬¨ª¨û, úˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâìû, ú–¨äà®¢ë¥ â¥å−®«®£¨¨û ¨ ú–¨äà®-
¢®¥ £®áã¤�àáâ¢¥−−®¥ ã¯à�¢«¥−¨¥û. ’® ¦¥ ª�á�¥âáï −�æ¯à®¥ªâ� úŒ¥¦¤ã−�à®¤−�ï
ª®®¯¥à�æ¨ï ¨ íªá¯®àâû, ¢ á®®â¢¥âáâ¢¨¨ á ¯�á¯®àâ®¬ ª®â®à®£® ¯à�¢¨â¥«ìáâ¢® ¤®«¦-
−® ®¡¥á¯¥ç¨âì, ¢ ç�áâ−®áâ¨, íªá¯®àâ â®¢�à®¢ ®¡à�¡�âë¢�îé¨å ®âà�á«¥©, ¢ â®¬
ç¨á«¥ ¬�è¨−®áâà®¥−¨ï, ¨ ¢ëá®ª¨© ãà®¢¥−ì ª®−ªãà¥−â®á¯®á®¡−®áâ¨ ¯à®¤ãªæ¨¨,
çâ®, ®ç¥¢¨¤−®, ¢ëâ¥ª�¥â ¨§ ¯®«−®¬�áèâ�¡−®£® ¢−¥¤à¥−¨ï æ¨äà®¢ëå â¥å−®«®£¨©
¢ â®à£®¢ë¥ ®â−®è¥−¨ï ÷” á ¥¥ ¯�àâ−¥à�¬¨. �®áª®«ìªã †– â�ª®© ¯à®¤ãª-
æ¨¨, ®á®¡¥−−® ¯à®¤ãªæ¨¨ á ¤«¨â¥«ì−ë¬¨ áà®ª�¬¨ ¨á¯®«ì§®¢�−¨ï, ¯®¤à�§ã¬¥¢�¥â
ãáâ�−®¢«¥−¨¥ −¥®¡å®¤¨¬ëå á¢ï§¥© á íª®−®¬¨ª�¬¨ §�àã¡¥¦−ëå áâà�−, ¢�¦−¥©è¨¬
à¥§ã«ìâ�â®¬ áâ�−®¢¨âáï â�ª¦¥ ¬¥¦¤ã−�à®¤−�ï ª®®¯¥à�æ¨ï, ¢ â®¬ ç¨á«¥ ¢ ç�á-
â¨ ¨á¯®«ì§®¢�−¨ï á®¢à¥¬¥−−®© ¨−äà�áâàãªâãàë ¨ â¥å−®«®£¨© ¨−ä®à¬�æ¨®−−®£®
á®¯à®¢®¦¤¥−¨ï †– â¥å−¨ç¥áª¨å ¨§¤¥«¨©, çâ® ®¡¥á¯¥ç¨¢�¥â ¤®«£®¢à¥¬¥−−®¥
¯«®¤®â¢®à−®¥ á®âàã¤−¨ç¥áâ¢® áâ®à®− ¨ ï¢«ï¥âáï ç�áâìî ¯®«¨â¨ª¨ à�áè¨à¥−¨ï
¢«¨ï−¨ï ÷®áá¨¨ ¨ á®åà�−¥−¨ï ®¡é¥£® ¬¨à�.
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‚ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â� ¨áá«¥¤®¢�−¨© ¤®«¦−ë ¡ëâì á®§¤�−ë ¨ ¨á¯®«ì§®¢�âì-
áï ª®¬¯«¥ªá−ë¥ ¨¬¨â�æ¨®−−®-�−�«¨â¨ç¥áª¨¥ áâ®å�áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¢ëá®ª®©
â®ç−®áâ¨, à�§¬¥à−®áâ¨ ¨ ¬�ªá¨¬�«ì−®£® ¡ëáâà®¤¥©áâ¢¨ï ¤«ï ®¯¨á�−¨ï, ®¯â¨-
¬�«ì−®£® ®æ¥−¨¢�−¨ï ¨ ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ ¢ �’�‘ à�§«¨ç−®£® −�§−�ç¥−¨ï.
�à¨ íâ®¬ ¢ëá®ª�ï â®ç−®áâì ¡ã¤¥â ®¡¥á¯¥ç¨¢�âìáï §� áç¥â ¨¬¨â�æ¨®−−ëå ¬®¤¥-
«¥© (ˆŒ), � à�§¬¥à−®áâì ¨ ¡ëáâà®¤¥©áâ¢¨¥ | §� áç¥â �−�«¨â¨ç¥áª¨å ¬®¤¥«¥©
á ¯à¥¤¢�à¨â¥«ì−® ®âª�«¨¡à®¢�−−ë¬¨ ¯® ˆŒ ¯�à�¬¥âà�¬¨ ¢ à¥�«ì−®© áâàãªâãà¥
à¥¦¨¬®¢ äã−ªæ¨®−¨à®¢�−¨ï �’�‘. ‘®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å
ª®¬¯«¥ªá®¢ ¢¥àâ¨ª�«ì−® ¨ £®à¨§®−â�«ì−® ¨−â¥£à¨à®¢�−−ëå �’�‘ ¯®âà¥¡ã¥â
à�§à�¡®âª¨ ˆ’ ®¯â¨¬�«ì−®£® ®æ¥−¨¢�−¨ï, ¯«�−¨à®¢�−¨ï ¨ à¥£ã«¨à®¢�−¨ï §�âà�â
¢á¥¢®§¬®¦−ëå à¥áãàá®¢ −� íâ�¯�å †– ¯à®¤ãªæ¨¨ ¨ ¯¥àá®−�«� ¯à¥¤¯à¨ïâ¨©-
ãç�áâ−¨ª®¢ á ®¡¥á¯¥ç¥−¨¥¬ �£à¥£¨à®¢�−¨ï ¨−ä®à¬�æ¨¨ ¯à¨ ¯¥à¥¤�ç¥ á−¨§ã ¢¢¥àå
¨ ¤¥§�£à¥£¨à®¢�−¨ï ¯à¨ ¯¥à¥¤�ç¥ á¢¥àåã ¢−¨§ ¤«ï ¥¥ ¨á¯®«ì§®¢�−¨ï −� à�§«¨ç-
−ëå ãà®¢−ïå ã¯à�¢«¥−¨ï | −� ®á−®¢¥ ¯à¨¬¥−¥−¨ï ª�áª�¤−®© ¬−®£®ãà®¢−¥¢®©
�àå¨â¥ªâãàë −�¡«î¤�â¥«¥©, ä¨«ìâà®¢ ¨ ®¯â¨¬�«ì−ëå à¥£ã«ïâ®à®¢.

„«ï ®¡áâ®ïâ¥«ìáâ¢ ®áâà®£® ¯à®â¨¢®¡®àáâ¢� ª�ª¨å-«¨¡® á¨áâ¥¬ ¨«¨ ®à£�−¨§�-
æ¨©, ª®£¤� à¥è�îé¨¬¨ ¬®£ãâ ®ª�§�âìáï ¤®áâ®¢¥à−®áâì ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨
¨ ¢ëâ¥ª�îé¥¥ ª�ç¥áâ¢® ã¯à�¢«¥−¨ï, ¯®âà¥¡ã¥âáï á®§¤�−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ áâ®-
å�áâ¨ç¥áª¨å ¬®¤¥«¥© ¨ ˆ’ ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ −� ®á−®¢¥ â¥®à¨¨ á¨áâ¥¬ á®
á«ãç�©−®© áª�çª®®¡à�§−® ¨§¬¥−ïîé¥©áï áâàãªâãà®©, á ¯®¬®éìî ª®â®à®© ¢®§-
¬®¦−® à¥è¥−¨¥ §�¤�ç à�§−®®¡à�§−®£® á®¤¥à¦�−¨ï. �â® å�à�ªâ¥à−® ¤«ï ãá«®¢¨©,
ª®£¤� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ á«ãç�©−ë¬ ®¡à�§®¬ ¬®£ãâ ¢®§−¨ª�âì á¨âã�æ¨¨, ¨§¬¥-
−ïîé¨¥ ¯®«¥ ¢®§¬®¦−®áâ¥©, −�¯à¨¬¥à ¤«ï ¯à®â¨¢®¤¥©áâ¢¨ï, ¢ à�¬ª�å ª®â®à®£®
¤®«¦−ë ¨§¬¥−ïâìáï áâà�â¥£¨ï, â�ªâ¨ª� ¨ ª®−ªà¥â−�ï ®¯â¨¬�«ì−�ï à¥�ªæ¨ï ¤«ï
®âà�¦¥−¨ï ¨−ä®à¬�æ¨®−−®© ¨ ¤àã£¨å ¢¨¤®¢ �â�ª.

“ç¥−¨ª¨ ¨ ª®««¥£¨ ˆ. �. ‘¨−¨æë−� ¯®§¤à�¢«ï¥â ˆ£®àï �¨ª®«�¥¢¨ç� á î¡¨-
«¥¥¬ ¨ ¦¥«�îâ ¤®«£¨å «¥â ¦¨§−¨ ¨ â¢®àç¥áª¨å ãá¯¥å®¢.

ˆ. �. ‘®ª®«®¢, ‚. �. ‡�å�à®¢, ‘. Ÿ. ˜®à£¨−,
�. ÷. Š®à¥¯�−®¢, ‚. ˆ. ‘¨−¨æë−

Хронологический указатель научных трудов И. Н. Синицына
(2011–2020 годы)

2011

1. ‘®ª®«®¢ ˆ. �., ‘¨−¨æë− ˆ. �., ��¦¥−®¢� ’. ‚., �ëáâà®¢ ˆ. ˆ., ‡�å�à®¢ ‚. �.,
‹�¢à¥−îª ā. �., ‘®¬¨− �. ‚. Œ�â¥à¨�«ë ª ¡¨®¡¨¡«¨®£à�ä¨¨ ãç¥−ëå ˆ�ˆ ÷��:
ƒ¥−−�¤¨© „¬¨âà¨¥¢¨ç ”à®«®¢. | Œ.: ˆ�ˆ ÷��, 2011. 31 á.

2. �ª�¤¥¬¨ª �ã£�çñ¢ ‚«�¤¨¬¨à ‘¥¬¥−®¢¨ç: ª áâ®«¥â¨î á® ¤−ï à®¦¤¥−¨ï / �à¥¤¨á«.
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Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

��§�à®¢� ˆà¨−� �«¥ªá�−¤à®¢−� (à. 1966) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�-
â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�ãà¨¥¢ ‚¨â�«¨© �«¥ªá�−¤à®¢¨ç (à. 1980) | ª�−¤¨¤�â ä¨«®«®£¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
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�¡ �¢â®à�å

÷®¦¤¥áâ¢¥−áª¨© āà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1952) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, −�ãç−ë©
á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷ëç¨å¨− �«¥ªá¥© Š®−áâ�−â¨−®¢¨ç (à. 1995) | ¨−¦¥−¥à ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ã-
é¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�-
â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
—¨â�«®¢ „¬¨âà¨© ˆ¢�−®¢¨ç (à. 1989) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ā¦−®-
“à�«ìáª®£® ä¥¤¥à�«ì−®£® −�ãç−®£® æ¥−âà� ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ì-
áª®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

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

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

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

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

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

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

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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�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¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

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

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

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

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

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

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

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

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

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
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