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p=““м%2!е…= "%ƒм%›…%“2ь C%"/ше…,  C!%,ƒ"%д,2ель…%“2, д%ƒ,!%"=…,  м=2е!,=л%" ƒ= 
“ч‘2 =д=C2,"…%г% 3C!="ле…,  ,…2е…“,"…%“2ью C%д=ч,. o!,  !=““м%2!е…,, д,“*!е2…%г% , 
…еC!е!/"…%г% 2,C%" 3C!="ле…,  %“3?е“2"ле…% ,. !=ƒг!=…,че…,е C% %Kл=“2 м C!,ме…е…, .
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Productivity growth possibility of the material batching through the use of a feed intensity adap-
tive control is considered. Application regions differentiation of the discrete and continuous control 
is implemented for control mode consideration.

Key words: step-by-step weight batching, adaptive control, feed intensity.

nд…%L ,ƒ %“…%"…/. “%“2="л ю?,. %C2,м,ƒ=-
ц,, C%!ц,%……%г% "е“%"%г% д%ƒ,!%"=…,    "л е2-
“  %C!еделе…,е %C2,м=ль…%г% !е›,м= д%ƒ,!%"=-
…, , 2. е. …=.%›де…,  2=*%L ƒ=",“,м%“2, ,…2е…-
“,"…%“2, C%д=ч, м=2е!,=л= %2 "!еме…,, *%2%!=  
%Kе“Cеч,"=е2, " ƒ=",“,м%“2, %2 *!,2е!,  %C2,-
м,ƒ=ц,,, м,…,м=ль…%е "!ем  д%ƒ,!%"=…,  C%!-
ц,, ,л, м,…,м=ль…/е 2!еK%"=…,  * 2%ч…%“2, 
.леме…2%" д%ƒ,!3ю?еL “,“2ем/.

m=,K%лее "=›…/м ч=“2…/м “л3ч=ем %C2,м,ƒ=-
ц,, !е›,м= д%ƒ,!%"=…,   "л е2“  %C2,м,ƒ=ц,  
C%.2=C…%г% д%ƒ,!%"=…, , C!, *%2%!%м ,…2е…“,"-
…%“2ь C%д=ч, м=2е!,=л= ,ƒме… е2“  (“…,›=е2“ ) 
“23Cе…ч=2%, C!,ч‘м …= *=›д%м C%“лед3ю?ем .2=-
Cе %“3?е“2"л е2“  *%мCе…“=ц,  C%г!еш…%“2еL 
C!ед/д3?ег% .2=C= [1, 2]. 

o!, д,“*!е2…%м 3C!="л ю?ем "%ƒдеL“2",, …= 
,…2е…“,"…%“2ь C%д=ч, м=2е!,=л= (2%ль*% " м%-
ме…2 Cе!е*люче…,  ,…2е…“,"…%“2, C%д=ч, ме›д3 
.2=C=м, д%ƒ,!%"=…, ) целе“%%K!=ƒ…% %C!едел 2ь 
!е›,м C%“лед3ю?ег% д%ƒ,!%"=…,  " “%%2"е2“2-
",, “  !еƒ3ль2=2%м C!едше“2"3ю?ег%. m=C!,ме!, 
!е›,м д%ƒ,!%"=…,  …= "2%!%м , 2!е2ьем .2=C=. 
2!‘..2=C…%г% д%ƒ,!%"=…, , C%л3че……/L " .%де 
%C2,м,ƒ=ц,, "“ег% !е›,м= д%ƒ,!%"=…, , “2=…%-
",2“  …е%C2,м=ль…/м, е“л, д%ƒ,!%"=…,е Cе!"%г% 
.2=C= ƒ="е!ше…% , !еƒ3ль2=2 д%ƒ,!%"=…,  Cе!"%г% 
.2=C= (,ƒ-ƒ= C!,“32“2",  C%г!еш…%“2еL) %2л,-
ч=е2“  %2 ƒ=Cл=…,!%"=……%г% " .%де %C2,м,ƒ=ц,,. 
b .2%м “л3ч=е “лед3е2 %“3?е“2",2ь …%"3ю %C2,-
м,ƒ=ц,ю “ 3ч‘2%м !еƒ3ль2=2= д%ƒ,!%"=…,  Cе!"%-
г% .2=C=. 

r*=ƒ=……=  д%C%л…,2ель…=  %C2,м,ƒ=ц,  …е"%ƒ-
м%›…= C!, д"3..2=C…%м д%ƒ,!%"=…,,, 2=* *=* "“е 
C=!=ме2!/ д%ƒ,!%"=…,  3›е %C!еделе…/ , …е м%г32 
K/2ь ,ƒме…е…/ Kеƒ C%2е!, 2%ч…%“2, д%ƒ,!%"=…, .

o!, 2!‘..2=C…%м д%ƒ,!%"=…,, д%C%л…,2ель…=  
%C2,м,ƒ=ц,  д%л›…= C!%"%д,2ь“  ,“.%д  ,ƒ “ле-
д3ю?,. “%%2…%ше…,L:

2 2 1 ,Q T KCQ′=  3 3 2 ,Q T KCQ=  3 ,Q K= Δ

1 1 1 ,Q M T′ =  (1)

где Q2, Q3 O C%дле›=?,е %C!еделе…,ю ,…2е…“,"…%-
“2, C%д=ч, …= "2%!%м , 2!е2ьем .2=C=.; T2, T3 O 
C%дле›=?,е %C!еделе…,ю C!%д%л›,2ель…%“2, д%ƒ,-
!%"=…,  …= "2%!%м , 2!е2ьем .2=C=.; K O C!,"ед‘…-
…=  C%г!еш…%“2ь "!еме…, д%ƒ,!%"=…,  ("!ем , ƒ= 
*%2%!%е "/C3“*=е2“  м=““=, !="…=  =K“%лю2…%L C%-
г!еш…%“2,v, C!, 2е*3?ем ƒ…=че…,, ,…2е…“,"…%“2, 
C%д=ч,); C O *%.--,ц,е…2 ƒ=C=“= C% *%мCе…“=ц,, 
C%г!еш…%“2еL ме›д3 .2=C=м,; 1Q′ O ,ƒ"е“2…=  ,…-
2е…“,"…%“2ь C%д=ч, м=2е!,=л= …= Cе!"%м .2=Cе; M1, 
T1 O ,ƒме! ем/е м=““=, д%ƒ,!%"=……=  …= Cе!"%м 
.2=Cе, , C!%д%л›,2ель…%“2ь Cе!"%г% .2=C=.

h“.%д  ,ƒ “%%2…%ше…,L (1)

1 1
2 .M M KCQQ

KC
′− −=
 

o!, че2/!‘..2=C…%м д%ƒ,!%"=…,, д%C%л…,-
2ель…=  %C2,м,ƒ=ц,  (" д=……%м “л3ч=е .2% K3де2 
Cе!"=  д%C%л…,2ель…=  %C2,м,ƒ=ц, ) д%л›…= 
C!%"%д,2ь“  ,“.%д  ,ƒ “лед3ю?,. “%%2…%ше…,L:
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2 2 1 ,Q T KCQ′=  3 3 2 ,Q T KCQ=  4 4 3 ,Q T KCQ=

4 ,Q K= Δ  1 1 1 ,Q M T′ =  (2)

где Q4, T4 O ,…2е…“,"…%“2ь C%д=ч, , C!%д%л›,2ель-
…%“2ь д%ƒ,!%"=…,  …= че2"‘!2%м .2=Cе д%ƒ,!%"=…, .

h“.%д  ,ƒ “%%2…%ше…,L (2)

2
3

4 3
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32
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dл  %C!еделе…,  %C2,м=ль…%г% !е›,м= C!%-
д,--е!е…ц,!3ем T2,3,4 C% Q2 , Q3, = ƒ=2ем C!,-
!="… ем * …3лю:

2,3,4 1 3
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2 32
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b !еƒ3ль2=2е C%л3ч,м “,“2ем3 3!="…е…,L

2 1 3
2 3
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.
1 1
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M MQ
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−  

= "ел,ч,…= Q2 %C!едел,2“  ,ƒ 3!="…е…,  че2"‘!-
2%L “2еCе…,:

 

( ) 2
14 3 2

2 2 2 22
4 4 4

1 4 4
M M KC

Q Q Q Q
Q Q Q

−⎡ ⎤⎣ ⎦− + − +

2
1 0.M M

KC
−⎛ ⎞+ =⎜ ⎟⎝ ⎠  

o%“ле ƒ="е!ше…,  "2%!%г% .2=C= че2/!‘..2=C-
…%г% д%ƒ,!%"=…,  “лед3е2 %“3?е“2",2ь "2%!3ю 
д%C%л…,2ель…3ю %C2,м,ƒ=ц,ю, ,“.%д…/е “%%2-
…%ше…,  дл  *%2%!%L

3 3 2 ,Q T KCQ′=  4 4 3 ,Q T KCQ=  4 ,Q K= Δ

2 2 2 ,Q M T′ =   (3)

где M2, T2 O ,ƒме!е……/е м=““=, д%ƒ,!%"=……=  …= 
"2%!%м .2=Cе, , C!%д%л›,2ель…%“2ь д%ƒ,!%"=…,  …= 
"2%!%м .2=Cе.

h“.%д  ,ƒ "/!=›е…,L (3)

1 2 2
3 .M M M KCQQ

KC
′− − −=

 

n“…%"…%L ƒ=д=чеL =д=C2,"…%г% 3C!="ле…,  C%-
д=чеL м=2е!,=л=  "л е2“  3ме…ьше…,е C%г!еш…%-
“2, "!еме…, д%ƒ,!%"=…,  C%!ц,,. dл  "“е. “л3-
ч=е" д,“*!е2…%г% =д=C2,"…%г% 3C!="ле…,  C%д=-
чеL м=2е!,=л= (2. е. *%гд= "%ƒм%›…= д%C%л…,2ель-
…=  %C2,м,ƒ=ц, ) м=*“,м=ль…=  C%г!еш…%“2ь 
"!еме…, д%ƒ,!%"=…,  C%!ц,, %C!едел е2“  -%!-
м3л%L

 ,nT T C KΣΔ = +  (4)

где Tn O  !=“ч‘2…=  C!%д%л›,2ель…%“2ь д%ƒ,!%"=-
…,  …= C%“лед…ем .2=Cе.

m=! д3 “ д,“*!е2…/м =д=C2,"…/м 3C!="ле…,ем 
,…2е…“,"…%“2ью C%д=ч, Cе!“Cе*2,"…/м  "л е2“  
,“C%льƒ%"=…,е …еC!е!/"…%г% =д=C2,"…%г% 3C!="-
ле…, . b .2%м “л3ч=е %“3?е“2"л е2“  Cе!м=…е…2-
…%е *%!!е*2,!%"=…,е C%д=ч, " “%%2"е2“2",, “ 
!еƒ3ль2=2=м, “%C%“2="ле…,  ,ƒме!е……%г% 2е*3-
?ег% ƒ…=че…,  д%ƒ,!%"=……%L м=““/ , 2е%!е2,че-
“*%г% ƒ…=че…,  м=““/, “%%2"е2“2"3ю?ег% %C2,-
м=ль…%м3 !е›,м3 д%ƒ,!%"=…, .

b%ƒм%›…/ д"= %“…%"…/. "=!,=…2= …еC!е!/"-
…%г% =д=C2,"…%г% 3C!="ле…,  ,…2е…“,"…%“2ью 
C%д=ч, м=2е!,=л=.

b Cе!"%м "=!,=…2е (!,“. 1) 3C!="ле…,е ,…2е…-
“,"…%“2ью C%д=ч, %“3?е“2"л е2“  …= "“е. .2=C=. 
(“2=д, .) д%ƒ,!%"=…, . o!, .2%м ,…2е…“,"…%“2ь 
д%ƒ,!%"=…,  …= ƒ=*люч,2ель…%м .2=Cе (“2=д,,) 
ƒ="ед%м% 3м…%›=е2“  …= (1#1/C).

b% "2%!%м "=!,=…2е (!,“. 2) 3C!="ле…,е ,…2е…-
“,"…%“2ью C%д=ч, %“3?е“2"л е2“  …= "“е. .2=C=. 
(“2=д, .), *!%ме C%“лед…ег%. m= C%“лед…ем .2=Cе 
,…2е…“,"…%“2ь C%д=ч, м=2е!,=л= %C!едел е2“  ,ƒ 
"/!=›е…,  Qn = Δ/K.

d,=C=ƒ%… !ег3л,!%"=…,  …= .2=Cе (“2=д,,) 
м=*“,м=ль…%L ,…2е…“,"…%“2, C%д=ч, м=2е!,=-
л= %C!едел е2“  м=*“,м=ль…%L C%г!еш…%“2ью 
!=“.%д=. b ч=“2…%“2,, дл  2!‘..2=C…%г% д%ƒ,!%-
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"=…,  д,=C=ƒ%… !ег3л,!%"=…,  “%“2=",2 2ΔQ1 
(“м. !,“. 1 , 2).

)2%K/ C%г!еш…%“2ь C!ед/д3?ег% .2=C= м%гл= 
K/2ь C%л…%“2ью *%мCе…“,!%"=…= …= C%“лед3ю-
?ем ƒ= “ч‘2 ,ƒме…е…,  ,…2е…“,"…%“2, C%д=ч, 
Kеƒ ,ƒме…е…,  C!%д%л›,2ель…%“2, д%ƒ,!%"=-
…, , д,=C=ƒ%… !ег3л,!%"=…,  …= k-м C!%ме›3-
2%ч…%м .2=Cе (…е Cе!"%м , …е C%“лед…ем) д%л-
›е… “%“2="л 2ь 2ΔQk/C. }2% %K3“л%"ле…% 2ем, 
ч2% " “%%2"е2“2",, “ 3“л%", м, %C2,м,ƒ=ц,,, 
м=““=, д%ƒ,!3ем=  …= C%“лед3ю?ем .2=Cе, " C 
!=ƒ K%льше C%г!еш…%“2, C!ед/д3?ег% .2=C= 
(QkTk = Qk#1KC).

o!, Cе!"%м "=!,=…2е 3C!="ле…,  ,…2е…“,"…%-
“2ью C%д=ч, д,=C=ƒ%… ,ƒме…е…,  ,…2е…“,"…%“2, 
дл  C%“лед…ег% .2=C= %C!едел е2“  2=* ›е, *=* 
дл  C!%ме›32%ч…/. .2=C%". b% "2%!%м "=!,=…2е 
,ƒме…е…,  ,…2е…“,"…%“2, …е д%C3“*=ю2“ . o%-
г!еш…%“2, ITΣΔ  , IITΣΔ  "!еме…, д%ƒ,!%"=…,  
C%!ц,, " %K%,. "=!,=…2=. %*=ƒ/"=ю2“  %д,…=*%-
"/м,:

( )I ,n n nT K T T K T CΣ ′Δ = + − = +  

II ,nT K T CΣΔ = +  (5)

где  n n n nT T Q Q′ ′= ; nQ′  O ƒ="ед%м% 3ме…ьше……=  ,…-
2е…“,"…%“2ь C%д=ч, …= ƒ=*люч,2ель…%м .2=Cе (“2=-
д,,); Qn, Tn O ,…2е…“,"…%“2ь C%д=ч, , C!%д%л›,-
2ель…%“2ь д%ƒ,!%"=…,  …= ƒ=*люч,2ель…%м .2=Cе 
C!, %C2,м=ль…%м !е›,ме.

1T 2T 3T

3Q

1Q

2Q

12 Q

22 Q C

32 Q C

Q

t

p,“. 1. oе!"/L "=!,=…2 …еC!е!/"…%г% 3C!="ле…, 

1T 2T 3T

3Q

1Q

2Q

12 Q

22 Q C

Q

t

32T C

p,“. 2. b2%!%L "=!,=…2 …еC!е!/"…%г% 3C!="ле…, 

hƒ “!="…е…,  "/!=›е…,L (4) , (5) “лед3е2, ч2% 
C%г!еш…%“2ь "!еме…, д%ƒ,!%"=…,  C%!ц,, C!, 
…еC!е!/"…%м 3C!="ле…,, …е ме…ьше, чем C!, 
д,“*!е2…%м 3C!="ле…,,. o%.2%м3 C!, "/K%!е 
“C%“%K= 3C!="ле…,  C%д=чеL “лед3е2 ,“.%д,2ь ,ƒ 
2е.…,че“*,. (*%…“2!3*2,"…/.) “%%K!=›е…,L. a=-
ƒ%"/м, -=*2%!=м, C!, "/K%!е “C%“%K= 3C!="ле-
…,   "л ю2“  “лед3ю?,е *!,2е!,,:

*%…“2!3*2,"…% C!%?е !е=л,ƒ%"=2ь …еC!е!/"-
…%е 3C!="ле…,е. o!%г!=мм=2%! !е›,м= д%ƒ,!%"=-
…,  м%›е2 K/2ь *=* .ле*2!%……/м, 2=* , ме.=…,-
че“*,м;

C!, "/“%*%L C!%,ƒ"%д,2ель…%“2, д%ƒ,!%"=…,  
…еC!е!/"…%е 3C!="ле…,е 2!еK3е2 ,ƒме!,2ель…/. 
3“2!%L“2", “,“2ем/ г,д!%- ,л, C…е"м%="2%м=2,-
*, %че…ь "/“%*%L 2%ч…%“2, , K/“2!%деL“2", , 
ч2% “%C! ›е…% “ C%"/ше…,ем “2%,м%“2, д%ƒ,-
!3ю?еL “,“2ем/. o!, д,“*!е2…%м 3C!="ле…,, 
2!еK%"=…,  * .леме…2=м д%ƒ,!3ю?еL “,“2ем/ “3-
?е“2"е……% …,›е.

Š=*,м %K!=ƒ%м, C!, …,ƒ*%L , “!ед…еL C!%,ƒ-
"%д,2ель…%“2, м%›…% ,“C%льƒ%"=2ь …еC!е!/"…%е 
3C!="ле…,е, дл  "/“%*%C!%ƒ"%д,2ель…/. д%ƒ,-
!3ю?,. “,“2ем # д,“*!е2…%е 3C!="ле…,е.

a,Kл,%г!=-,че“*,е ““/л*,

1. c!,K*%" `.`., `…д!ее" c.m. j "%C!%“3 % C%"/ше-
…,, 2%ч…%“2, д%ƒ,!%"=…,  м=2е!,=л%" / o!%е*2,!%"=-
…,е 2е.…%л%г,че“*,. м=ш,…. b/C. 12. l.: lcŠr 
&q2=…*,…[. 1998. q. 88#92 

2. c!,г%!ье" q.m., c!,K*%" `.`. nC2,м,ƒ=ц,  2%ч-
…%“2, .леме…2%" д%ƒ,!3ю?еL “,“2ем/ // Šе.…,*= , 
2е.…%л%г, . 2006. 1 5. q. 73#79.
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hdemŠhthj`0h“ Šeumnknch)eqjncn opn0eqq` 
ok`glemmn-}kejŠpnkhŠh)eqjncn njqhdhpnb`mh“ 

p=““м%2!е…= ƒ=д=ч= ,де…2,-,*=ц,, C!%це““= Cл=ƒме……%-.ле*2!%л,2,че“*%г% %*“,д,!%-
"=…,  (o}n) *=* %KAе*2= 3C!="ле…, . o!едл%›е…/ C%д.%д/ * ,де…2,-,*=ц,, .2%г% C!%-
це““= …= %“…%"е -%2%г!=-,L C%C3л ц,, м,*!%!=ƒ! д%", C% "л ю?,.“  …= C%"е!.…%“2, де-
2=л, " .%де %K!=K%2*,. d=…/ !е*%ме…д=ц,, C% ,. C!,ме…е…,ю " “%“2="е ="2%м=2,ƒ,!%-
"=……%L “,“2ем/ 3C!="ле…,  2е.…%л%г,че“*,м C!%це““%м Cл=ƒме……%-.ле*2!%л,2,че“*%г% 
%*“,д,!%"=…, .

jлюче"/е “л%"=: Cл=ƒме……%-.ле*2!%л,2,че“*%е %*“,д,!%"=…,е, ,де…2,-,*=ц,  C!%це““=, ="-
2%м=2,ƒ=ц,  C!%це““=, %K!=K%2*= ,ƒ%K!=›е…,L, Cл%2…%“2ь !=“C!еделе…,  м,*!%!=ƒ! д%", !=ƒ-
ме! м,*!%!=ƒ! д%".

Process identification task of the plasma-electrolytic oxidation (PEO) as control object is 
considered. Approach to this process identification from the microdischarges population photography 
appearing on the workpiece surface as a result of processing are proposed. Guidelines for theirs 
application in the automatic control system structure of the plasma-electrolytic oxidation technological 
process are adduced.

Key words: plasma-electrolytic oxidation, process identification, process automation, imagery processing, 
microdischarges distribution density, microdischarges size.

b"еде…,е. b…ед!е…,е " C!%,ƒ"%д“2"% ,……%"=-
ц,%……/. …=3*%‘м*,. 2е.…%л%г,L C%д!=ƒ3ме"=е2 
C!,ме…е…,е ="2%м=2,ƒ,!%"=……/. “,“2ем 3C!="-
ле…, , %Kе“Cеч,"=ю?,. .--е*2,"…%е C!%"еде-
…,е , 3C!="ле…,е 2е.…%л%г,че“*,м C!%це““%м " 
2!еK3ем%м …=C!="ле…,, [1].

p=ƒ",2,е г=ль"=…,че“*,. C!%це““%" C!,"ел% * 
C% "ле…,ю …%"%г% …=C!="ле…,  " %Kл=“2, C%л3-
че…,  -3…*ц,%…=ль…/. C%*!/2,L !=ƒл,ч…%г% 
…=ƒ…=че…,  # Cл=ƒме……%-.ле*2!%л,2,че“*%г% %*-
“,д,!%"=…,  (o}n) [2, 3]. lе2%д o}n C!,ме-
… е2“  дл  …=…е“е…,  ,ƒ…%“%- , *%!!%ƒ,%……%-
“2%L*,. C%*!/2,L …= C%"е!.…%“2, "е…2,ль…/. 
ме2=лл%" (=люм,…,L, 2,2=…, ц,!*%…,L, м=г…,L , 
2. д.) , ,. “Cл="%", C!,ме… ем/. " ="2%м%K,ль-
…%L, “3д%“2!%,2ель…%L, =",=ц,%……%L , д!3г,. 
%Kл=“2 . C!%м/шле……%“2, [4].

n“…%"…/м %2л,ч,ем o}n %2 2!=д,ц,%……/. 
.ле*2!%.,м,че“*,. C!%це““%" %*“,д,!%"=…,   "-
л е2“  ,“C%льƒ%"=…,е "/“%*,. …=C! ›е…,L (%2 
100 д% 800 b). o!, %*“,д,!%"=…,, …= C%"е!.…%“2, 
"е…2,ль…/. ме2=лл%" %K!=ƒ3е2“  C%л3C!%"%д…,*%-
"/L %*“,д, *%2%!/L C!, =…%д…%м "*люче…,, де-
2=л, ƒ=C,!=е2 2%* [2]. n*“,д…/L “л%L %Kл=д=е2 
…=,K%льш,м “%C!%2,"ле…,ем " “,“2еме, , …= …‘м 
C!%,“.%д,2 %“…%"…%е C=де…,е …=C! ›е…,  ,“2%ч-
…,*= C,2=…, . g= “ч‘2 "/“%*%L …=C! ›‘……%“2, 
C%л  " %*“,де C% "л ю2“  м,*!%!=ƒ! д/, *%2%!/е 

C%"/ш=ю2 ,…2е…“,"…%“2ь !%“2= C%*!/2, , …% C!, 
.2%м дел=ю2 C!%це““ o}n “л%›…/м , …ел,…еL-
…/м [5]. j!%ме 2%г%, C!, C%"/ше……/. 2емCе!=23-
!=. .ле*2!%л,2= "%*!3г де2=л, # .ле*2!%д= ме…ь-
шег% !=ƒме!= # !=“2"%! "“*,C=е2, , %K!=ƒ3е2“  
"/“%*%%м…=  C=!%г=ƒ%"=  %K%л%ч*= (ocn), *%2%-
!=  2=*›е "%ƒдеL“2"3е2 …= C%"е!.…%“2ь, …% 3“л%›-
… е2 ме.=…,ƒм C!%це““=. b !еƒ3ль2=2е “,“2ем= 
,мее2 …ел,…еL…3ю "%ль2-=мCе!…3ю .=!=*2е!,“2,-
*3 “ 3ч=“2*=м, %2!,ц=2ель…%г% д,…=м,че“*%г% “%-
C!%2,"ле…, , *%2%!=  C!,"еде…= " !=K%2е [6]. Š=-
*,м %K!=ƒ%м, " %2л,ч,е %2 %K?е,ƒ"е“2…/. .ле*-
2!%.,м,че“*,. C!%це““%", дл  “,“2ем/ o}n .=-
!=*2е!…/ …=л,ч,е "/“%*%2емCе!=23!…/. .,м,че-
“*,. !е=*ц,L, 2!=…“C%!2,!%"=…,е "е?е“2"= " 
.ле*2!,че“*%м !=ƒ! де, .ле*2!%.!%ƒ,%……%е , г,д-
!%д,…=м,че“*%е "%ƒдеL“2",е …= C%"е!.…%“2ь [2].

b “" ƒ, “ 2ем ч2% …=…е“е…,е ƒ=?,2…/. C%*!/-
2,L ме2%д%м o}n C!едл%›е…% “!="…,2ель…% …е-
д="…%, “%ƒд=…,е ="2%м=2,ƒ,!%"=……/. “,“2ем 
3C!="ле…,  2е.…%л%г,че“*,м C!%це““%м Cл=ƒме…-
…%-.ле*2!%л,2,че“*%г% %*“,д,!%"=…,  (`qr Šo 
o}n) …е!=ƒ!/"…% “" ƒ=…% “ …е%K.%д,м%“2ью ,ƒ3-
че…,  ме.=…,ƒм= C!%це““=, "/ "ле…,  …еƒ=",“,-
м/. C=!=ме2!%" “%“2% …,  C%"е!.…%“2, , C=!=-
ме2!%" %K!=2…%L “" ƒ,, ,ƒме! ем/. " .%де %K!=-
K%2*, [7]. o!, .2%м %д…%L ,ƒ %“…%"…/. C!%Kлем, 
2!еK3ю?,. !еше…,  C!, ="2%м=2,ƒ=ц,, C!%це““= 
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o}n,  "л е2“  ег% ,де…2,-,*=ц,  *=* %KAе*2= 
3C!="ле…, . pеше…,е д=……%L C!%Kлем/ ƒ=2!3д…е-
…% ,ƒ-ƒ= …е…=Kлюд=ем%“2, “"%L“2" %K!=K=2/"=е-
м%L де2=л,  C!, …=…е“е…,, C%*!/2, . o!%Kлем= 
3“л%›… е2“  2ем, ч2% ч,“л% …=Kлюд=ем/. C=!=-
ме2!%" 2е.…%л%г,че“*%г% C!%це““= (2%*, …=C! ›е-
…,е, 2емCе!=23!= .ле*2!%л,2=) %г!=…,че…%.

g…=ч,2ель…/L %KA‘м ,…-%!м=ц,, м%›е2 K/2ь 
,ƒ"леч‘… C!, %K!=K%2*е ,ƒ%K!=›е…,L C%C3л ц,, 
м,*!%!=ƒ! д%" …= C%"е!.…%“2, де2=л,. b !=K%2=. 
[2, 3] %2меч=е2“  ,ƒме…е…,е “Cе*2!= “"ече…, , 
",д,м%г% !=ƒме!= , Cл%2…%“2, !=“C!еделе…,  
м,*!%!=ƒ! д%" " ƒ=",“,м%“2, %2 3“л%",L , дл,-
2ель…%“2, %K!=K%2*,, = “лед%"=2ель…%, %2 “"%L“2" 
C%"е!.…%“2…%г% “л%  , " Cе!"3ю %че!едь %2 2%л-
?,…/ C%*!/2, . b !=K%2=. [8, 9] C!,"ед‘… “2=2,-
“2,че“*,L =…=л,ƒ C%C3л ц,, м,*!%!=ƒ! д%" “ 
целью ,ƒ3че…,  ме.=…,ƒм= C!%це““= o}n. b …=-
“2% ?еL !=K%2е !=““м%2!е…% !еше…,е ƒ=д=ч, 
,де…2,-,*=ц,, “"%L“2" C%"е!.…%“2…%г% “л%  
(2%л?,…/ C%*!/2,  , ше!%.%"=2%“2, C%"е!.…%-
“2,) " .%де 2е.…%л%г,че“*%г% C!%це““= o}n =лю-
м,…,  …= %“…%"е %K!=K%2*, ,ƒ%K!=›е…,L C%C3-
л ц,, м,*!%!=ƒ! д%" “ целью “%ƒд=…,  …%"%г% 
*%…23!= %K!=2…%L “" ƒ, " “%“2="е `qr Šo o}n, 
C%ƒ"%л ю?ег% C%"/“,2ь 2%ч…%“2ь %K!=K%2*,.

hде…2,-,*=ц,  C!%це““= Cл=ƒме……%-.ле*2!%л,-
2,че“*%г% %*“,д,!%"=…,  C% -%2%г!=-, м C%C3л -
ц,, м,*!%!=ƒ! д%". o}n =люм,…,  C!%"%д,л%“ь 
C!, C%“2% ……%м …=C! ›е…,, U: 450, 500, 550, 600 

b , дл,2ель…%“2, %K!=K%2*, t: 1, 5, 10, 15, 20 м,… 
C% ме2%д,*е, C!ед“2="ле……%L " !=K%2е [10]. t%-
2%г!=-,!%"=…,е м,*!%!=ƒ! д%" %“3?е“2"л л%“ь 
-%2%=CC=!=2%м &gе…,2 jl[ “ "/де!›*%L τ: 1/2, 
1/15, 1/250, 1/2000 “. t%2%г!=-,, %K!=K=2/"=-
л,“ь “ C%м%?ью C!%г!=мм/ [11] C% =лг%!,2м3, 
C!ед“2="ле……%м3 …= !,“. 1. o% %*%…ч=…,, %*“,-
д,!%"=…,  ,ƒме! л, 2%л?,…3 C%*!/2,  h (м*м) 
, ше!%.%"=2%“2ь C%"е!.…%“2, Ra (м*м), д=лее %…, 
м%дел,!%"=л,“ь “ C%м%?ью …еL!%……/. “е2еL 
[10]. pеƒ3ль2=2/ "/ч,“л,2ель…%г% .*“Cе!,ме…2= 
дл  C=!=ме2!%" h , Ra ,“C%льƒ%"=л,“ь " д=……%L 
!=K%2е дл  !еше…,  ƒ=д=ч, ,де…2,-,*=ц,,.

pеƒ3ль2=2=м, !=K%2/ C!%г!=мм/ =…=л,ƒ= C%C3-
л ц,, м,*!%!=ƒ! д%"  "л ю2“  г,“2%г!=мм/ !=“-
C!еделе…,  м,*!%!=ƒ! д%" C% !=ƒме!=м, *%2%!/е 
C!,"еде…/ …= !,“. 2 (дл  -%2%г!=-,L, C!ед“2="-
ле……/. " !=K%2е [10]). `…=л,ƒ г,“2%г!=мм C%*=ƒ=л, 
ч2% !=“C!еделе…,е !=ƒ! д%" C% !=ƒме!=м ,мее2 
“л%›…/L ",д , %2л,ч=е2“  %2 …%!м=ль…%г%. o%.2%-
м3 …= Cе!"%м .2=Cе !еше…,  ƒ=д=ч, ,де…2,-,*=-
ц,, C!%це““= o}n ,“C%льƒ3ю2“  ,…2ег!=ль…/е 
.=!=*2е!,“2,*, д=……/. г,“2%г!=мм # Cл%2…%“2ь 
!=“C!еделе…,  м,*!%!=ƒ! д%" N (“м#2) , “!ед…,L 
",д,м/L !=ƒме! м,*!%!=ƒ! д= S (“м2).

b “" ƒ, “% ƒ…=ч,2ель…%L …е%C!едел‘……%“2ью , 
“!="…,2ель…% м=л/м %KA‘м%м д=……/., C%л3че…-

…/. C!, %K!=K%2*е ,ƒ%K!=›е…,L, C!%"%д,л%“ь 
…еL!%“е2е"%е м%дел,!%"=…,е ,…2ег!=ль…/. .=-
!=*2е!,“2,* м,*!%!=ƒ! д%" “ C%м%?ью %K%K-
?‘……%L !ег!е““,%……%L …еL!%……%L “е2, [12], C%-
ƒ"%л ю?еL "/ ",2ь " 2=*,. 3“л%", . …=,K%лее 
“,ль…/е ƒ=",“,м%“2, " м…%г%“" ƒ…%L …ел,…еL-
…%L “,“2еме o}n. o!, м%дел,!%"=…,, C!%"%д,-
л%“ь …%!м,!%"=…,е -=*2%!%" , %2*л,*%" # C!,-
"еде…,е * д,=C=ƒ%…3 [#1; 1].

dл  C%“2!%е…,  м%дел,, =CC!%*“,м,!3ю?еL 
,…2ег!=ль…/е .=!=*2е!,“2,*, C%C3л ц,, м,*!%-
!=ƒ! д%", ,“C%льƒ%"=л, …еL!%……3ю “е2ь F1:

~ ~
1( , ) ( , , )L L LN S F U t= τ ,

где NL # =CC!%*“,м,!%"=……%е ƒ…=че…,е л%г=!,-м,-
!%"=……%L Cл%2…%“2, !=“C!еделе…,  м,*!%!=ƒ! д%"; 

SL # =CC!%*“,м,!%"=……%е ƒ…=че…,е л%г=!,-м,!%"=…-

p,“. 1. `лг%!,2м C!%г!=мм/ %K!=K%2*, ,ƒ%K!=-
›е…,L C%C3л ц,, м,*!%!=ƒ! д%"
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p,“. 2. c,“2%г!=мм/ !=“C!еделе…,  м,*!%!=ƒ! д%" C% !=ƒме!=м:

= # U = 450 b, t = 1 м,…; K # U = 450 b, t = 10 м,…; " # U = 450 b, t = 20 м,…; г # U = 550 b, t = 1 м,…; 
д # U = 550 b, t = 10 м,…; е # U = 550 b, t = 20 м,…

…%г% “!ед…ег% !=ƒме!= м,*!%!=ƒ! д=; U U= −525
75

 # …%!-

м,!%"=……%е ƒ…=че…,е …=C! ›е…, ; 
10,5

9,5
−= tt~   # …%!-

м,!%"=……%е ƒ…=че…,е дл,2ель…%“2, %K!=K%2*,; 
lg( )Lτ τ= −  # л%г=!,-м,!%"=……%е ƒ…=че…,е "/де!›*,.

q2!3*23!= …еL!%“е2, F1 C%*=ƒ=…= …= !,“. 3, =. 
nK3че…,е д=……%L …еL!%“е2, C!%"%д,л%“ь C% *!,-
2е!, м

2
11( , ) ( )= >α ,L LR N N f s

2
12( , ) ( ) ,= >αL LR S S f s

где R 

2 # *%.--,ц,е…2 де2е!м,…=ц,,; NL = lg(N) # 
л%г=!,-м,!%"=……%е ƒ…=че…,е .*“Cе!,ме…2=ль…% ,ƒ-
ме!е……%L Cл%2…%“2, !=“C!еделе…,  м,*!%!=ƒ! д%"; 
SL = lg(S)  # л%г=!,-м,!%"=……%е ƒ…=че…,е .*“Cе!,-

ме…2=ль…% ,ƒме!е……%г% “!ед…ег% ",д,м%г% !=ƒме!= 
м,*!%!=ƒ! д=; s # ш,!,…= г=3““%"“*%L =*2,"=ц,%…-
…%L -3…*ц,, …еL!%…%" spread; α # ƒ=д=……=  2%ч-
…%“2ь %K3че…, .

o=!=ме2!/ , !еƒ3ль2=2/ %K3че…,  …еL!%“е2, 
C!,"еде…/ " 2=Kл. 1. pеƒ3ль2=2/ …еL!%“е2е"%г% м%-
дел,!%"=…,  C=!=ме2!%" C%C3л ц,, м,*!%!=ƒ! д%" 
C%*=ƒ=…/ …= !,“. 4 , 5 дл  =CC!%*“,м,!%"=……%L 
Cл%2…%“2, !=“C!еделе…,  (N

∧

 = 10NL
 ) , =CC!%*“,-

м,!%"=……%г% “!ед…ег% !=ƒме!= (S
∧

L = 10 SL) “%%2"е2-
“2"е……%. hƒ !,“. 4 , 5 ",д…%, ч2% Cл%2…%“2ь м,*!%-
!=ƒ! д%" ,ƒме… е2“  %2 0,3 д% 90 “м#2 " ,““лед3е-
м%м д,=C=ƒ%…е 3“л%",L %K!=K%2*, , "/де!›е*, = 
“!ед…,L ",д,м/L !=ƒме! %2 2·10#4 д% 3·10#2 “м2.

`…=л,ƒ ƒ=",“,м%“2еL C%*=ƒ/"=е2, ч2% " .%де 
%K!=K%2*, Cл%2…%“2ь !=“C!еделе…,  м,*!%!=ƒ! -
д%" 3ме…ьш=е2“ , = “!ед…   Cл%?=дь м,*!%!=ƒ! -
д= "%ƒ!=“2=е2 C!, !%“2е C%*!/2, , …% “…,›=е2“ , 

)
,“
л%

 м
,*

!%
!=

ƒ!
 д

%"

)
,
“л

% 
м

,
*!

%!
=ƒ

! 
д%

"
)

,
“л

% 
м

,
*!

%!
=ƒ

! 
д%

"
)

,
“л

% 
м

,
*!

%!
=ƒ

! 
д%

"

)
,
“л

% 
м

,
*!

%!
=ƒ

! 
д%

"
)

,
“л

% 
м

,
*!

%!
=ƒ

! 
д%

"

nK?ее *%л,че“2"% м,*!%!=ƒ! д%": 1375

p=ƒме! м,*!%!=ƒ! д=

")

p=ƒме! м,*!%!=ƒ! д=

е)

)
,
“л

% 
м

,
*!

%!
=ƒ

! 
д%

"

nK?ее *%л,че“2"% м,*!%!=ƒ! д%": 917

nK?ее *%л,че“2"% м,*!%!=ƒ! д%": 20

p=ƒме! м,*!%!=ƒ! д=

г)

p=ƒме! м,*!%!=ƒ! д=

=)

p=ƒме! м,*!%!=ƒ! д=

K)

p=ƒме! м,*!%!=ƒ! д=

д)

nK?ее *%л,че“2"% м,*!%!=ƒ! д%": 53

nK?ее *%л,че“2"% м,*!%!=ƒ! д%": 49 nK?ее *%л,че“2"% м,*!%!=ƒ! д%": 113
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е“л, C%*!/2,е Cе!е“2=‘2 !=“2,. q !%“2%м …=C! -
›е…,  Cл%2…%“2ь м,*!%!=ƒ! д%" 3"ел,ч,"=е2“ , 
ч2% “" ƒ=…% “ C%"/ше…,ем ,…2е…“,"…%“2, %K!=-
K%2*,. mе*%2%!/е %2*л%…е…,  %2 3*=ƒ=……%L ƒ=*%-
…%ме!…%“2, C!, U = 600 b м%г32 K/2ь “" -ƒ=…/ “ 
%K!=ƒ%"=…,ем C3ƒ/!ь*%"%L C=!%г=ƒ%"%L %K%л%ч-
*,, *%2%!=  ,“*=›=е2 -%2%г!=-,!3ем3ю *=!2,…3 
C%C3л ц,, м,*!%!=ƒ! д%". q!ед…,L ",д,м/L 
!=ƒме! м,*!%!=ƒ! д%" 2=*›е 3"ел,ч,"=е2“  “ !%“-
2%м …=C! ›е…, . o!, 3"ел,че…,, "/де!›*, -,*-
“,!3ем=  Cл%2…%“2ь м,*!%!=ƒ! д%" C%"/ш=е2“ , 
ч2% “" ƒ=…% “ ,…2ег!,!3ю?,м, “"%L“2"=м, -%2%-
г!=-,L. o!, м=л/. "/де!›*=. ƒ=",“,м%“2ь C=!=-
ме2!= N

∧  

 %2 …=C! ›е…,  C!% "л е2“  “,ль…ее, C!, 
3ме…ьше…,, "/де!›*, “!ед…,L ",д,м/L !=ƒме! 
м,*!%!=ƒ! д%" 3ме…ьш=е2“ , C!,ч‘м .--е*2 
3ме…ьше…,  ƒ=",“,2 %2 “2=д,, %K!=K%2*,: C!, =*-
2,"…%м !%“2е C%*!/2,  .2%2 .--е*2 C!% "л е2“  
“л=Kее. q%"ме“2…/L =…=л,ƒ !,“. 4 , 5 C%*=ƒ/"=е2, 
ч2% ƒ=",“,м%“2ь Cл%2…%“2, !=“C!еделе…,  м,*!%-
!=ƒ! д%" , “!ед…ег% !=ƒме!= м,*!%!=ƒ! д= %2 …=-
C! ›е…,  , дл,2ель…%“2, %K!=K%2*, …=,K%лее 
 !*% C!% "л е2“  C!, "/де!›*е 1/250 “.

o%,“* ,…-%!м=2,"…%г% C=!=ме2!= P C!%"%д,л-
“  …= %“…%"е *%!!ел ц,%……%г% =…=л,ƒ= ме›д3 C=-
!=ме2!=м, C%C3л ц,, м,*!%!=ƒ! д%" , C=!=ме2-
!=м, “%“2% …,  C%"е!.…%“2,. q2еCе…ь л,…еL…%L 
ƒ=",“,м%“2, %це…,"=л, “ C%м%?ью *%.--,ц,е…-
2= де2е!м,…=ц,, R 

2, C!ед“2="л ю?ег% “%K%L *"=д-
!=2 *%.--,ц,е…2= C=!…%L *%!!ел ц,, R. pеƒ3ль-
2=2/ *%!!ел ц,%……%г% =…=л,ƒ= C!,"еде…/ " 2=Kл. 
2, ,ƒ *%2%!%L “лед3е2, ч2% C=!=ме2!/ “%“2% …,  
C%"е!.…%“2, h , Ra  "л ю2“  “,ль…% *%!!ел,!%-
"=……/м,, ч2% %Kлегч=е2 ,де…2,-,*=ц,ю Šo o}n. 
`…=л,ƒ 2=*›е C%*=ƒ/"=е2, ч2% ,…2ег!=ль…/е C=!=-
ме2!/ C%C3л ц,, м,*!%!=ƒ! д%" N

∧

 , S
∧

 …е *%!!е-
л,!%"=…/ C!, K%льш,. "/де!›*=. , “л=K% *%!!е-
л,!%"=…/ C!, м=л/. "/де!›*=.. n2“32“2",е л,-
…еL…%L “" ƒ, ме›д3 д=……/м, C=!=ме2!=м, 3*=ƒ/-
"=е2 …= ,. …еƒ=",“,м%“2ь , C%ƒ"%л е2 ,“C%льƒ%"=2ь 
" *=че“2"е ,…-%!м=2,"…/. C=!=ме2!%" дл  ,де…-
2,-,*=ц,, C!%це““=. `…=л,ƒ *%!!ел ц,, ме›д3 
C=!=ме2!=м, “%“2% …,  C%"е!.…%“2, , C%C3л ц,, 
м,*!%!=ƒ! д%" 3*=ƒ/"=е2 …= ,. …ед%“2=2%ч…3ю дл  
C!%"еде…,  ,де…2,-,*=ц,, *%!!ел,!%"=……%“2ь, 
ч2% 2!еK3е2 C!,ме…е…,  …ел,…еL…%г% C!е%K!=ƒ%-
"=…,  дл  ,ƒ"лече…,  ,…-%!м=ц,,.

dл  !еше…,  ƒ=д=ч, ,де…2,-,*=ц,, C!едл=-
г=е2“  д"= =ль2е!…=2,"…/. C%д.%д=:  C!,ме…е…,е 
%K%K?‘……%г% ,…-%!м=2,"…%г% C=!=ме2!=, "/ч,“-
л ем%г% ,ƒ C=!=ме2!%" C%C3л ц,, м,*!%!=ƒ! д%" 
, …е ƒ=",“ ?ег%  "…% %2 …=C! ›е…,  , "!еме…,; 
,“C%льƒ%"=…,е д,=г…%“2,!3ю?еL …еL!%……%L “е-
2,, "/ч,“л ю?еL C% ƒ…=че…, м ,…-%!м=2,"…/. 
C=!=ме2!%" ,де…2,-,ц,!3ем/е C=!=ме2!/ “%-
“2% …,  C%"е!.…%“2,.

b !еƒ3ль2=2е =…=л,ƒ= д,…=м,*, ,…-%!м=2,"-
…/. C=!=ме2!%" N

∧

 , S
∧

 C!едл%›е…= ,. “лед3ю?=  

Š=Kл,ц =  1 

o=!=ме2!/ %K3че…,  …еL!%……/. “е2еL

mеL!%……=  “е2ь F1 F2 F2

x,!,…= =*2,"=ц,%……%L 
-3…*ц,, s

0,70 0,05 0,03

g=д=……=  2%ч…%“2ь α 0,950 0,990

q!ед…,L *%.--,ц,е…2 
де2е!м,…=ц,, R2 

0,956 0,997 0,999

p,“. 3. q2!3*23!= …еL!%……/. “е2еL:

= # м%дель, =CC!%*“,м,!3ю?=  ,…2ег!=ль…/е 
.=!=*2е!,“2,*, C%C3л ц,, м,*!%!=ƒ! д%" (…еL-
!%……=  “е2ь F1); K # м%дель дл  …еL!%“е2е"%L ,де…-
2,-,*=ц,, C!%це““= o}n (…еL!%……=  “е2ь F2)

 800 

N€~

S€~

h€~

aR€~

NL
~

SL
~

K)

h
~

Ra
~

 75 

U~

t~
LN€

LS€

NL

SL

τ

=)

U~

t~
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“"‘!2*= " %K%K?‘……/L Kеƒ!=ƒме!…/L ,…-%!м=-
2,"…/L C=!=ме2! P :

0

( )
t

P t k= ∫S
∧

(x)N
∧

(x)dx,  (1)

где x # Cе!еме……=  ,…2ег!,!%"=…, ; k # .мC,!,че-
“*,L *%.--,ц,е…2.

m= !,“. 6 C!,"еде…/ !еƒ3ль2=2/ C!,ме…е…,  
“"‘!2*, (1) * ,…-%!м=2,"…/м C=!=ме2!=м N

∧

 , S
∧

 
C!, !=ƒл,ч…/. "/де!›*=.. `…=л,ƒ д,…=м,*, *!,-
"/. 3*=ƒ/"=е2 …= ,. %K?ее “%%2"е2“2",е *!,"/м 
!%“2= C%*!/2, , %K%ƒ…=че……/. …= !,“. 7 2%ч*=м,. 
`…=л,ƒ *%!!ел ц,%……/. *%.--,ц,е…2%" (“м. 2=Kл. 
2) “",де2ель“2"3е2 % "/“%*%L “2еCе…, *%!!ел ц,, 
%K%K?‘……%г% ,…-%!м=2,"…%г% C=!=ме2!= P , C=!=-
ме2!%" “%“2% …,  C%"е!.…%“2, h , Ra. ̀ …=л,ƒ ƒ=",-
“,м%“2, “2еCе…, *%!!ел ц,, %2 "/де!›*, C%*=ƒ=л, 
ч2% …=,K%лее ,…-%!м=2,"…%L 2=*›е  "л е2“  "/-
де!›*= 1/250 “, ч2% C%ƒ"%л е2 !е*%ме…д%"=2ь .*“-
C%ƒ,ц,, " д,=C=ƒ%…е %2 1/100 д% 1/1000 “ дл  ,де…-

p,“. 4. pеƒ3ль2=2/ …еL!%“е2е"%г% м%дел,!%"=…,  дл  =CC!%*“,м,!%"=……%L Cл%2…%“2,

!=“C!еделе…,  м,*!%!=ƒ! д%"  N C!, !=ƒл,ч…/. "/де!›*=. �τ , …=C! ›е…, . U: 

a # 1/2 “; K # 1/15 “; " # 1/250 “; г # 1/2000 “;
1 # 450 b; 2 # 500 b; 3 # 550 b; 4 # 600 b

2,-,*=ц,, C!%це““= o}n C% -%2%г!=-, м C%C3-
л ц,, м,*!%!=ƒ! д%".

dл  …еL!%“е2е"%L ,де…2,-,*=ц,, ,“C%льƒ%"=-
л=“ь …еL!%……=  “е2ь F2, %Kе“Cеч,"=ю?=  %2%K!=-
›е…,е ,ƒ C!%“2!=…“2"= ,…-%!м=2,"…/. C=!=ме2-
!%" (дл  "/де!›*, 1/250 “) " C!%“2!=…“2"% C=!=-
ме2!%" “%“2% …,  C%"е!.…%“2,:

(h~
∧

, R~
∧

a) = F 2(N
~
∧

L, S
~
∧

L),

где h~
∧

 # ,де…2,-,ц,!%"=……%е ƒ…=че…,е …%!м,!%"=…-

…%L 2%л?,…/ C%*!/2,  h~
     25

25
h −= ; R~

∧

a  # ,де…2,-,-

ц,!%"=……%е ƒ…=че…,е …%!м,!%"=……%L ше!%.%"=2%-

“2, C%"е!.…%“2, R~
∧

a= a 2,5
2,5

R −
; N~

∧

L = (N~L# 0,5) # 

…%!м,!%"=……%е ƒ…=че…,е =CC!%*“,м,!%"=……%L л%-
г=!,-м,!%"=……%L Cл%2…%“2, !=“C!еделе…,  м,*!%-

!=ƒ! д%"; S~
∧

L = 
2 75

2 75
LS ,

,
−

# …%!м,!%"=……%е ƒ…=че…,е 

=CC!%*“,м,!%"=……%г% л%г=!,-м,!%"=……%г% “!ед…е-
г% ",д,м%г% !=ƒме!= м,*!%!=ƒ! д=.

")               г)

a) K)
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p,“. 5. pеƒ3ль2=2/ …еL!%“е2е"%г% м%дел,!%"=…,  дл  =CC!%*“,м,!%"=……%г% “!ед…ег%
!=ƒме!= м,*!%!=ƒ! д= S

∧

L C!, !=ƒл,ч…/. "/де!›*=. τ , …=C! ›е…, . U: 

a # 1/2 “; K # 1/15 “; " # 1/250 “; г # 1/2000 “;
1 # 450 b; 2 # 500 b; 3 # 550 b; 4 # 600 b

Š=Kл,ц =  2

j"=д!=2/ *%.--,ц,е…2= C=!…%L *%!!ел ц,, R2 (*%.--,ц,е…2/ де2е!м,…=ц,,)

b/де!›*= τ, “ 1/2 1/15 1/250 1/2000

R2(h, Ra) 0,991

R2(N
∧

L,S
∧

L) 0,015 0,039 0,498 0,687

R2(NL, h) 0,044 0,004 0,034 0,067

R2(S
∧

L, h) 0,793 0,801 0,650 0,508

R2(N
∧

L, Ra) 0,032 0,001 0,046 0,085

R2(S
∧

L, Ra) 0,784 0,797 0,671 0,536

R2(P, h) 0,695 0,870 0,967 0,959

R2(P, Ra) 0,661 0,845 0,959 0,952

a)               K)

")               г)
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q2!3*23!= …еL!%“е2, F2 C!ед“2="ле…= …= !,“. 3, K. 
nK3че…,е д=……%L …еL!%“е2, C!%"%д,л%“ь C% *!,-
2е!, м

R 

2(h~
∧

, h~    ) = f21(s) > α, R2(R~
∧

a, R
~
   

a) = f12(s) > α .

b %2л,ч,е %2 …еL!%“е2, F1, дл  д,=г…%“2,че“-
*%L м%дел, F2 2!еK3е2“  "/“%*=  “2еCе…ь =де*-
"=2…%“2,, ч2% …е%K.%д,м% дл  3“Cеш…%г% !еше-
…,  %K!=2…%L ƒ=д=ч, ,де…2,-,*=ц,,. 

m= !,“. 7 C%*=ƒ=…/ !еƒ3ль2=2/ …еL!%“е2е"%L 
,де…2,-,*=ц,, 2%л?,…/ C%*!/2,  , ше!%.%-
"=2%“2, C%"е!.…%“2, C% ,…-%!м=2,"…/м C=!=-
ме2!=м C%C3л ц,, м,*!%!=ƒ! д%". `…=л,ƒ *!,-
"/., “%%2"е2“2"3ю?,. s = 0,05 , C!,"ед‘……/. …= 
!,“. 7, =, C%*=ƒ=л, ч2% C!едл%›е……/L “C%“%K …еL-
!%“е2е"%L ,де…2,-,*=ц,, 3“2%Lч,"% !=K%2=е2 "% 
"“‘м д,=C=ƒ%…е 3“л%",L =*2,"…%г% !%“2= C%*!/-
2,L C!, o}n. r“2%Lч,"%“2ь д,=г…%“2,че“*%L 
м%дел, 3ме…ьш=е2“  " 3“л%", . “л=K%г% !%“2= 
C%*!/2,L, *%гд= м,*!%!=ƒ! д/ C!=*2,че“*, ,“-
чеƒ=ю2, ч2% C!% "л е2“  " *%леK=…, . …= *!,"%L 

,де…2,-,*=ц,,. rме…ьше…,е ш,!,…/ =*2,"=ц,-
%……%L -3…*ц,, …еL!%…%" д% s ≤ 0,03 C!,"%д,2 * 
C%л…%м3 “%"C=де…,ю *!,"%L ,де…2,-,*=ц,, , 
,де…2,-,ц,!3ем/. 2%че* (“м. !,“. 7, K).

g=*люче…,е. o!едл%›е… C%д.%д * ,де…2,-,*=-
ц,, C!%це““= o}n *=* %KAе*2= 3C!="ле…,  …= 
%“…%"е -%2%г!=-,L м,*!%!=ƒ! д%", C% "л ю-
?,.“  …= C%"е!.…%“2, де2=л, " .%де %K!=K%2*,, 
C%ƒ"%л ю?,L %це…,2ь “%“2% …,е C%"е!.…%“2, 
Kеƒ C!е!/"=…,  C!%це““=. o!едл%›е…/ “C%“%K/ 
,де…2,-,*=ц,, Šo o}n “ ,“C%льƒ%"=…,ем Cл%2-
…%“2, !=“C!еделе…,  м,*!%!=ƒ! д%" , “!ед…ег% 
",д,м%г% !=ƒме!= м,*!%!=ƒ! д=:

…= %“…%"е ,. “"‘!2*, " %K%K?‘……/L ,…-%!м=-
2,"…/L C=!=ме2!, “,ль…% *%!!ел,!%"=……/L “ C=-
!=ме2!=м, “%“2% …,  C%"е!.…%“2,;

…= %“…%"е …еL!%“е2е"%L д,=г…%“2,че“*%L м%-
дел,.

oе!еч,“ле……/е “C%“%K/ C%ƒ"%л ю2 ,де…2,-,-
ц,!%"=2ь “%“2% …,е C%"е!.…%“2, " .%де 2е.…%л%-
г,че“*%г% C!%це““= o}n “ 2%ч…%“2ью C%! д*=
95 % , м%г32 K/2ь ,“C%льƒ%"=…/ " `qr Šo o}n 

p,“. 6. nK%K?‘……/L Kеƒ!=ƒме!…/L ,…-%!м=2,"…/L C=!=ме2! P(t)
C!, !=ƒл,ч…/. "/де!›*=. τ� , …=C! ›е…, . U:

a # 1/2 “; K # 1/15 “; " # 1/250 “; г # 1/2000 “;
1 # 450 b; 2 # 500 b; 3 # 550 b; 4 # 600 b

a)               K)

")               г)
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“ …%"/м *%…23!%м %K!=2…%L “" ƒ, C% C=!=ме2!=м 
“%“2% …,  C%"е!.…%“2,.

a,Kл,%г!=-,че“*,е ““/л*,

1. h…2елле*23=ль…%е 3C!="ле…,е C!%,ƒ"%д“2"е……/-
м, “,“2ем=м, / q.Š. j3“,м%", a.c. hль “%", k.`. h“м=-
г,л%"=, p.c. b=лее"=. l.: l=ш,…%“2!%е…,е, 2001. 327 “.

2. oл=ƒме……%-.ле*2!%л,2,че“*=  =…%д…=  %K!=K%2*= 
ме2=лл%" / b.b. a=*%"ец, n.b. o%л *%", h.o. d%лг%"е“%"=. 
m%"%“,K,!“*: m=3*=. q,K. %2д., 1991. 164 “.

3. l,*!%д3г%"%е %*“,д,!%"=…,е: Šе%!, , 2е.…%л%г, , 
%K%!3д%"=…,е / h.b. q3м,…%", `.b. }Cель-ельд, b.a. kю-
д,…. l.: }*%ме2, 2005. 368 “

4. c%!д,е…*% o.q., p3д…е" b.q. }ле*2!%.,м,че“*%е -%!-
м,!%"=…,е C%*!/2,L …= =люм,…,, , ег% “Cл="=. " 3“л%-
", . .ле*2!,че“*%г% C!%K% . bл=д,"%“2%*: d=ль…=3*=, 
1999. 233 “.

5. l,*!%Cл=ƒме……/е .ле*2!%.,м,че“*,е C!%це““/ / 
b.h. aеле"=…це", n.o. Šе!лее"=, c.`. l=!*%", e.j. x3леC-
*%, `.h. qл%…%"=, b.b. r2*,…. nKƒ%! // g=?,2= ме2=лл%". 
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p=““м%2!е…= "%ƒм%›…%“2ь C%“2!%е…,  ,…2елле*23=ль…/. ,…-%!м=ц,%……/. “,“2ем “ C!,-
ме…е…,ем !ече"/. , 2еле*%мм3…,*=ц,%……/. 2е.…%л%г,L. o!,"ед‘… =…=л,ƒ …=д‘›…%“2,, .--
-е*2,"…%“2, , “еKе“2%,м%“2, !=ƒл,ч…/. "=!,=…2%" call-“,“2ем , “!ед“2" ,. !е=л,ƒ=ц,,. 
o!едл%›е…= *%…цеCц,  “,“2ем…%г% !еше…,  C!%Kлем/ C%"/ше…,  .--е*2,"…%“2, ,…-%!м=-
ц,%……/. , “е!",“…/. “,“2ем …= K=ƒе “%"!еме……/. !ече"/., ,…2елле*23=ль…/., ,…-%!м=ц,%…-
…/.  ,  2еле*%мм3…,*=ц,%……/.  2е.…%л%г,L.

jлюче"/е “л%"=: ,…-%!м=ц,%……/е 2е.…%л%г,,, “!ед“2"= “" ƒ,, call-це…2!/, !ече"/е 2е.…%л%-
г,,, Cе!ед=ч= !ече"%г% 2!=-,*=, *%…2=*2-це…2!/, ,…2елле*23=ль…/е  ,…-%!м=ц,%……/е “,“2е-
м/, %2*!/2/е ,…-%!м=ц,%……/е , “е!",“…/е “,“2ем/.

Construction possibility of the intellectual information systems with application speech and 
telecommunication technology application is considered. Reliability, efficiency and cost price 
analysis of the call-systems different versions and  their implementation means is adduced. 
Problem systemic decision conception  for information and service systems efficiency growth from 
a contemporary speech, intellectual, information and telecommunication technology is proposed.

Key words: information technology, communication means, call-centers, speech technology, speech 
traffic transmission, contact centers, intellectual information systems, opened information and service 
systems.

b"еде…,е. b *%…це XX ". " м,!е C!%,ƒ%шл= …=3ч-
…%-2е.…,че“*=  !е"%люц,  " %Kл=“2, ,…-%!м=-
ц,%……%-2е.…,че“*,. 2е.…%л%г,L. m= ме›д3…=-
!%д…%м -%!3ме " n*,…="е " 2000 г. "%“емь ,…д3-
“2!,=ль…% !=ƒ",2/. “2!=… C!,… л, .=!2,ю %2-
*!/2%г% ,…-%!м=ц,%……%г% %K?е“2"=. b …еL г%-
"%!,2“ , ч2% ,…-%!м=ц,%……%-2е.…,че“*,е 2е.…%-
л%г,, д%л›…/ “л3›,2ь гл="…%L цел, # %Kе“Cече-
…,ю 3“2%Lч,"%г% .*%…%м,че“*%г% !%“2=, C%"/-
ше…,ю Kл=г%“%“2% …,  %K?е“2"=, 3“2=…%"ле…,ю 
м,!= , “2=K,ль…%“2,. b .2,. 3“л%", . ƒ…=че…,е 
2еле*%мм3…,*=ц,%……/. “,“2ем …=.%д,2 “"%‘ 
C!,ме…е…,е " !=ƒл,ч…/. %2!=“л . , C%“2% ……% 
"%ƒ!=“2=е2. 

b “%"!еме……%м дел%"%м м,!е %д…%L ,ƒ гл="-
…/. ƒ=д=ч “2=…%",2“  .--е*2,"…%е ,“C%льƒ%"=-
…,е ,…-%!м=ц,, “ е‘ 3C%! д%че…,ем, %K…%"ле-
…,ем, Cе!ед=чеL, C!е%K!=ƒ%"=…,ем, %K!=K%2*%L , 
%2%K!=›е…,ем. dл  д%“2,›е…,  …=,л3чш,. !е-
ƒ3ль2=2%" 2!еK3ю2“  …%"/е 2е.…%л%г,,. n“…%"-
…/м .леме…2%м, %C!едел ю?,м C32, !=ƒ",2,  
,…-%!м=ц,%……/. “,“2ем , .--е*2,"…%“2ь "%ƒ-
!=“2=ю?,. ƒ=2!=2 …= %K!=K%2*3 д=……/.,  "л е2“ , 
…е“%м…е……%, C!%г!=мм…%е %Kе“Cече…,е. 

b%ƒм%›…/е C%д.%д/ C%“2!%е…,  *%…2=*2-це…-
2!%". b …=“2% ?ее "!ем  ,…2е…“,"…% !=ƒ","=ю2-
“  “!ед“2"= 2еле-%……%L “" ƒ, Kл=г%д=!  "…ед!е-
…,ю !=ƒ…%%K!=ƒ…/. *%мCью2е!…/. 3“л3г, *%2%-
!/е "*люч=ю2 " “еK  ="2%%2"е2ч,*,, г%л%“%"3ю 
C%ч23 , ! д д!3г,. “%"!еме……/. -3…*ц,L. m%-
"еLш,е 2еле*%мм3…,*=ц,%……/е *%мCле*“/ C!ед-
л=г=ю2 цел/L …=K%! 3“л3г, "*люч=  Cе!е=д!е“=-
ц,ю "/ƒ%"=, ш,!%*,L …=K%! "%ƒм%›…%“2еL 2=!,-
-,*=ц,, , -,…=…“%"%е Cл=…,!%"=…,е *%мC=…,,. 
c%л%“%"=  C%ч2= C%ƒ"%л е2 .*%…%м,2ь "!ем  
C%льƒ%"=2ел , *%2%!%м3 …е2 …е%K.%д,м%“2, д%ƒ-
"=…,"=2ь“  " 2ече…,е дл,2ель…%г% "!еме…, д% 
…3›…%г% =K%…е…2=. m=,K%лее "=›…% C!, .2%м, 
ч2% " 2еле-%……/. “,“2ем=. "“‘ ш,!е !е=л,ƒ3е2-
“  …е 2%ль*% Cе!ед=ч= г%л%“=, …% , Cе!ед=ч= 
д=……/..

oе!ед=ч= д=……/. C!ед“2="л е2 “%K%L Cе!ед=-
ч3 .ле*2!,че“*,. “,г…=л%" " ц,-!%"%м л,K% " 
=…=л%г%"%м ",де C% *=…=л=м “" ƒ,, " 2%м ч,“ле 
Kе“C!%"%д…/м. p=ƒ",2,е “%"!еме……/. 2е.…%-
л%г,L K/“2!% !=“ш,! е2 …%ме…*л=23!3 C!,ме-
… ем/. “!ед. n“%Kе……% .2% *=“=е2“  %C2%"%л%-
*%……/., ,…-!=*!=“…/. , !=д,%*=…=л%". o%“лед-

qnbpelemm{e Šeumnknchh
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…,е д=ю2 "%ƒм%›…%“2ь ,“C%льƒ%"=…,  Cе!е…%“-
…/. 2е!м,…=л%" " %-,“е, ="2%2!=…“C%!2е, “=м%-
ле2е , д%м=.

rч,2/"=  “…,›е…,е “2%,м%“2, “!ед“2" Cе!ед=-
ч, ,…-%!м=ц,, , 3"ел,че…,е ,. C!%C3“*…%L 
“C%“%K…%“2,, д%!%›е "“ег% %K.%д,2“  %Kе“Cече-
…,е "ƒ=,м%деL“2",  ме›д3 2еле*%мм3…,*=ц,%…-
…/м, “,“2ем=м,. dл  л3чшег% ,“C%льƒ%"=…,  
C!%C3“*…%L “C%“%K…%“2, *=…=л%" “" ƒ, C!,ме-
… ю2 ме2%д/ м3ль2,Cле*“,!%"=…,  , "!еме……%г% 
3Cл%2…е…,  д=……/.. o!, .2%м м3ль2,Cле*“,!%-
"=…,е д=‘2 "%ƒм%›…%“2ь !=K%2=2ь " %д…%L “!еде 
…е“*%ль*,м C%льƒ%"=2ел м. q%"ме?е…,е !=ƒл,ч-
…/. ме2%д%" C%ƒ"%л е2 " …е“*%ль*% !=ƒ 3"ел,ч,2ь 
.--е*2,"…%“2ь “,“2ем “" ƒ, , “%%2"е2“2"е……% 
%*3C=ем%“2ь =CC=!=2…/. “!ед“2" , C!%г!=мм…%г% 
C!%д3*2=. 

m=,K%лее !=“C!%“2!=…е…/ " “,“2ем=. “" ƒ, “%-
ед,…,2ель…/е л,…,, …= %“…%"е ",2%L C=!/, *%-
=*“,=ль…/. *=KелеL ,л, %C2%"%л%*…=. b/K%! …е-
%K.%д,м/. “!ед“2" %C!едел е2“  ,. C!%,ƒ"%д,-
2ель…%“2ью, “2%,м%“2ью, .--е*2,"…%“2ью, …=-
д‘›…%“2ью, %2*=ƒ%3“2%Lч,"%“2ью , C%ме.%ƒ=?,-
?‘……%“2ью. b=›…3ю !%ль ,г!=е2 "%ƒм%›…%“2ь 
"%““2=…%"ле…,  ,…-%!м=ц,, C%“ле C%2е!ь ,л, 
C%"!е›де…,  д=……/.. }2= -3…*ц, , *=* C!=",л%, 
!е=л,ƒ3е2“  " C!%2%*%л=. 3C!="ле…,  *=…=л=м, 
Cе!ед=ч, д=……/. [1#3].

o% “%%K!=›е…, м “2%,м%“2,, Kеƒ%C=“…%“2, , 
3д%K“2"= ч=“2…/е -,!м/ ,“C%льƒ3ю2 г%л%“%"/е 
“е2,, =!е…д3  2еле-%……/е л,…,, 3 *!3C…/. 2еле-
*%мм3…,*=ц,%……/. *%мC=…,L. o!, .2%м C!,ме-
… ю2“  !=ƒл,ч…/е 2е.…%л%г,, *%мм32=ц,, C=*е-
2%", д3Cле*“…/L ме2%д Cе!ед=ч, , .!=…е…,  д=…-
…/. (дл  ,“*люче…,  люK/. C%2е!ь ,…-%!м=ц,,). 
b цел . Kеƒ%C=“…%“2, ,“C%льƒ3ю2“  м…%г%C!%це“-
“%!…/е “,“2ем/ “ "“2!%е……%L "…32!е……еL “е2ью, 
*%2%!=  C%л…%“2ью C!ед%2"!=?=е2 C%2е!ю ,…-%!-
м=ц,,, д=›е C!, "…еƒ=C…%м %2*люче…,, C,2=…, . 
q .2%L ›е целью “%ƒд=‘2“  ц,-!%"=  “е2ь “ ,…2ег-
!,!%"=……/м, 3“л3г=м, (Integrated Service Digital 
Network, ISDN). n…= C!ед“2="л е2 “%K%L …=K%! 
C!%2%*%л%" , 3“л3г, !е=л,ƒ3ем/. дл  Cе!ед=ч, 
д=……/., ",де% , г%л%“= “ "/“%ч=Lш,м *=че“2"%м 
, .--е*2,"…%“2ью. k%*=ль…/е “е2,, ,“C%льƒ3ю-
?,е C!%2%*%л Ethernet, *=* C!=",л%, 3“2=…="л,-
"=ю2“  " ед,…%м C%ме?е…,, ,л, *%мCле*“е ƒд=-
…,L %д…%г% C!едC!, 2, . }--е*2,"…/м , %2…%-
“,2ель…% деш‘"/м “!ед“2"%м Cе!ед=ч, г%л%“%"%г% 
2!=-,*= м%›е2 “л3›,2ь 2=*›е гл%K=ль…=  “е2ь %K-
?ег% C%льƒ%"=…,  h…2е!…е2 [4#6].

b “%"!еме……%м м,!е *%мCью2е!…/. 2е.…%л%-
г,L "%ƒ…,*=е2 …е%K.%д,м%“2ь “%ƒд=…,  “,“2ем, 
C%дде!›,"=ю?,. !ече"%L ,…2е!-еL“. }2= …е%K-
.%д,м%“2ь %K3“л%"ле…= 2ем, ч2% 3 !=ƒл,ч…/. 
*%мC=…,L "%ƒ!=“2=е2 C%2!еK…%“2ь " 3"ел,че…,, 
%Kме…= ,…-%!м=ц,еL. k=",…%%K!=ƒ…% "%ƒ!=“2=-

е2 ч,“л% Cе!ег%"%!%" , ƒ= "%* …= C%л3че…,е ,…-
-%!м=ц,,. q%%2"е2“2"е……% "%ƒ!=“2=е2 ч,“л% C%-
2!еK,2елеL ,…-%!м=ц,,. Šеле-%……/е “л3›K/ 
…е “C!="л ю2“  “ м=““%L 2еле-%……/. ƒ"%…*%". 
n2"е2/ 2еле-%……/. %Cе!=2%!%" ч=“2% …е 3д%"ле-
2"%! ю2 ƒ=C!%“=м C%2!еK,2ел . m=C!,ме!, 3 
C!%,ƒ"%д“2"е……/. C!едC!, 2,L, = 2=*›е C!ед-
C!, 2,L, !е=л,ƒ3ю?,. 2%"=!, C%“2="л ю?,. 
“/!ье , м=2е!,=л/, ƒ=Cч=“2, , де2=л, …= C!%,ƒ-
"%д“2"%, “3?е“2"3е2 C%2!еK…%“2ь " %K!=K%2*е 
K%льш%г% %KA‘м= 2еле-%……/. Cе!ег%"%!%", “%-
%K?е…,L, ƒ=C!%“%" , "/ƒ%"%". j%мC=…,, " “-е-
!е 3“л3г 2=*›е …3›д=ю2“  " %Kе“Cече…,, “2=-
K,ль…%г% , .--е*2,"…%г% C!%це““= %K!=K%2*, 
,…-%!м=ц,,. b “,“2ем=. м=““%"%г% %K“л3›,"=-
…,  ч,“л% C%2!еK,2елеL, …3›д=ю?,.“  " “C!=-
"%ч…%L ,…-%!м=ц,, " !=ƒл,ч…/. “-е!=. C%-
2!еKле…, , 2=*›е “2!ем,2ель…% !=“2‘2. )2% *=“=-
е2“  “,“2ем/ Kеƒ%C=“…%“2, , %C%"е?е…, , “" -
ƒ=……%L “ C!%,ƒ%шедш,м, 2е!!%!,“2,че“*,м, 
=*2=м,, 2% %K!=K%2*= ,…-%!м=ц,, , “%%K?е…,е 
“C,“*%" ›е!2", = 2=*›е “"%е"!еме……%е 3"ед%м-
ле…,е !%д…/. , Kл,ƒ*,. …е …3›д=ю2“  " *%м-
ме…2=!, ., 2=* *=* “%2%"=  “" ƒь " .2% "!ем  
,…%гд= "%%K?е %2*люч=е2“  [7, 8].

d=……=  C!%Kлем= %K%“2! е2“  “ !%“2%м ,…-%!-
м=ц,%……/. C%2%*%", “%C!%"%›д=ю?,. …=*%Cле-
…,е , Cе!е!=K%2*3 ,…-%!м=ц,,. )=?е "“ег% %…= 
!еш=е2“  “ C%м%?ью ="2%%2"е2ч,*%" , Cе!е!=“-
C!еделе…,ем C%2%*= 2еле-%……/. ƒ=C!%“%" * !=ƒ-
л,ч…/м ,…-%!м=ц,%……/м “л3›K=м “" ƒ,. b …=-
“2% ?ее "!ем  %K!=K%2*= ƒ=C!%“%" , “C!="%ч…%L 
,…-%!м=ц,, %“3?е“2"л е2“  " call-це…2!=.. nCе-
!=2%!/-2еле-%…,“2/ “C%“%K…/ "ƒ 2ь …= “еK  %“-
…%"…%L C%2%* ƒ=C!%“%", …% "%ƒ…,*=ю2 “,23=ц,,, 
*%гд= %…, …е “C!="л ю2“  “ "%ƒ!=“2=ю?,м C%2%-
*%м ƒ=C!%“%". h…%гд= 2!еK3ю2“  ч=“/, ч2%K/ 
C!%“2% д%ƒ"%…,2ь“  " “%%2"е2“2"3ю?3ю “л3›K3 ƒ= 
“C!="*%L. o%.2%м3 м%›…% !=““м%2!е2ь "=!,=…2/ 
Cе!ед=ч, …е*%2%!/. -3…*ц,, call-це…2!%" “,“2е-
ме “=м%%K“л3›,"=…,  “ ,“C%льƒ%"=…,ем 2е.…%л%-
г,, !=“C%ƒ…="=…,  , “,…2еƒ= !еч,, чем3 “C%“%K-
“2"3е2 м%?…%е !=ƒ",2,е *%мCью2е!…/. 2е.…%л%-
г,L , =CC=!=2…/. “!ед“2" “" ƒ,. n“%Kе……% =*-
23=ль…% !еше…,е .2,. C!%Kлем " “,“2ем=. м=““%-
"%г% %K“л3›,"=…, , *%гд= C%2%*, C%“23C=ю?,. 
ƒ=C!%“%" %г!%м…/ , 2!еK3ю2 …емедле……%г% !еше-
…,  [9, 10].

m= “ег%д… ш…,L де…ь “3?е“2"3е2 2!, "%ƒм%›-
…/. "=!,=…2= “%ƒд=…,  call-це…2!%":

.*“Cл3=2=ц,  *%!C%!=2,"…%г% call-це…2!= дл  
%K!=K%2*, "“ег% C%2%*= "/ƒ%"%" 2%ль*% "…32!, 
*%!C%!=ц,,;

%K!=?е…,е * C!%-е““,%…=ль…%м3 call-це…2!3 , 
=32“%!“,…г 3“л3г 3 “Cец,=л,ƒ,!%"=……/. *%мC=-
…,L, ƒ=…,м=ю?,.“  %K“л3›,"=…,ем , =дм,…,“2-
!,!%"=…,ем K=ƒ д=……/.;
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,“C%льƒ%"=…,е 2е.…%л%г,, !=“C%ƒ…="=…,  !еч, 
, “%ƒд=…,е ,…2елле*23=ль…%L ,…-%!м=ц,%……%L 
“,“2ем/ “=м%%K“л3›,"=…, .

oе!"/е д"= “C%“%K= !еше…,  C!%Kлем/ %2…%-
“ 2“ , " %“…%"…%м, * 2е.…,че“*%L , ,…-%!м=-
ц,%……%L C%дде!›*е *%мC=…,, “ C%м%?ью “"%,. 
“%2!3д…,*%" ,л, “Cец,=л,“2%" д!3г%L %!г=…,ƒ=-
ц,,, “ *%2%!%L ƒ=*люч‘… д%г%"%! % “%"ме“2…%L 
!=ƒ!=K%2*е “,“2ем/. j%!C%!=ц, , " д=……%м “л3-
ч=е, C!ед%“2="л   д%“23C * “"%,м "…32!е……,м K=-
ƒ=м д=……/. , ,…-%!м=ц,, % “"%,. *л,е…2=. “2%-
!%……,м люд м, C%C=д=е2 " ƒ%…3 !,“*=. }2% …е 
"“егд= C!,емлем% , дл  “=м%L *%мC=…,,, 2ем K%-
лее C% “%%K!=›е…, м Kеƒ%C=“…%“2,, е“л, ,…-%!-
м=ц,  *=“=е2“  "=›…/. г%“3д=!“2"е……/. ,…2е!е-
“%". o% .2%L C!,ч,…е *%мC=…,,, ›ел=ю?,е “%-
.!=…,2ь *%…-,де…ц,=ль…%“2ь “"%еL ,…-%!м=ц,,, 
C!,Kег=ю2 * 2!е2ьем3 2,C3 call-це…2!%" # ,…2ел-
ле*23=ль…/м ,…-%!м=ц,%……/м “,“2ем=м “=м%-
%K“л3›,"=…,  , ="2%м=2,ƒ=ц,, C%,“*= …3›…%L 
,…-%!м=ц,, " K=ƒе д=……/. (ad) “ 3ч‘2%м C!,%!,-
2е2%" д%“23C= * “%%2"е2“2"3ю?,м 3!%"… м ƒ…=-
…, . }2, “,“2ем/ %Kл=д=ю2 “%%2"е2“2"3ю?,м, 
,…2елле*23=ль…/м, “C%“%K…%“2 м, " !=“C%ƒ…=-
"=…,, !еч, , C%,“*е …3›…%L ,…-%!м=ц,, " ad , 
K=ƒ=. ƒ…=…,L (ag). q%"!еме……/е 2еле*%мм3…,*=-
ц,%……/е “,“2ем/ C%ƒ"%л ю2 ,…2ег!,!%"=2ь %K-
!=K%2*3 г%л%“%"/. “%%K?е…,L, ƒ= "%*, ƒ=C!%“%", 
“C!="%* , д=……/. ,ƒ ad , ag " !=м*=. %д…%L 
“е2е"%L “2!3*23!/.

rч!е›де…че“*,е ="2%м=2,че“*,е 2еле-%……/е 
“2=…ц,, *=* %“…%"…%L .леме…2 *%…2=*2-це…2!%". 
rч!е›де…че“*,е ="2%м=2,че“*,е 2еле-%……/е 
“2=…ц,, (r`Šq) ,мею2 “%%2"е2“2"3ю?,е C!%-
г!=мм…%-=CC=!=2…/е “!ед“2"=, C%ƒ"%л ю?,е !=-
K%2=2ь “ C%2%*=м, г%л%“%"/. “%%K?е…,L *=* 
"…32!, *%!C%!=2,"…%L “е2,, 2=* , "…еш…,м,. b 
…=“2% ?ее "!ем  *%мC=…,, %“3?е“2"л ю2 "ƒ=,-
м%деL“2",е “ *л,е…2=м, “ C%м%?ью !=ƒл,ч…/. 
",д%" “" ƒ,, C!, .2%м *%…2=*2/ ч=?е "“ег% %K-
!=K=2/"=ю2“  C% 2еле-%…3 " !е›,ме !е=ль…%г% 
"!еме…,. o%.2%м3 " !=м*=. ,“C%льƒ%"=…,  !=ƒ-
л,ч…/. C!,л%›е…,L r`Šq "%ƒ!=“2=е2 ,…2е!е“ * 
="2%м=2,ƒ=ц,, “C!="%ч…%-,…-%!м=ц,%……/. 
“л3›K , “%ƒд=…,ю C%л…%м=“ш2=K…/. *%…2=*2-
це…2!%". b 2=*,. це…2!=. ".%д ?,е ƒ"%…*, м%г32 
%K!=K=2/"=2ь“  *=* %Cе!=2%!%м “" ƒ, (2!=д,-
ц,%……/м “C%“%K%м), 2=* , “ C%м%?ью г%л%“%"%-
г% C%!2=л= " “,“2еме “=м%%K“л3›,"=…,  (“ ,“-
C%льƒ%"=…,ем ,…2елле*23=ль…/. !ече"/. 2е.…%-
л%г,L). )2%K/ м,…,м,ƒ,!%"=2ь "л, …,е чел%"е-
че“*%г% -=*2%!= "“‘ ш,!е ,“C%льƒ3ю2“  !еше…,  
дл  !=“C%ƒ…="=…,  , “,…2еƒ= !еч,. n“…%"…=  ƒ=-
д=ч= C%“2!%е…,  *%…2=*2-це…2!%" …= K=ƒе …%"еL-
ш,. r`Šq # “%ƒд=…,е ="2%м=2,ƒ,!%"=……/. “,“-
2ем, *%2%!/е *!3гл%“32%ч…% "/C%л… л, C!,‘м 
C%“23C=ю?,. "/ƒ%"%". b .2%м “л3ч=е ш,!%*% 

C!,ме… е2“  ,…2елле*23=ль…/L C%,“* ,…-%!м=-
ц,, “ 3ч‘2%м C!,%!,2е2%" д%“23C= * !=ƒл,ч…/м 
3!%"… м ,…-%!м=ц,, дл  !=ƒ…/. г!3CC C%льƒ%-
"=2елеL. q%"!еме……/е r`Šq %“3?е“2"л ю2 3C!="-
ле…,е "/ƒ%"=м, “ …=,K%льшеL .--е*2,"…%“2ью, 
“%*!=?=  2ем “=м/м "!ем  …= %K!=K%2*3 г%л%“%-
"/. , -=*“,м,ль…/. “%%K?е…,L , C%“2% ……% 
!=“ш,!   …=K%! C!ед%“2="л ем/. C%льƒ%"=2елю 
3“л3г. x,!%*%е !=“C!%“2!=…е…,е C%л3ч=ю2 2е.-
…%л%г,, “,…2еƒ= !еч,. Š=* 2е.…%л%г,  “,…2еƒ= 
Text#to#Speech !е=л,ƒ3е2 !ече"%е "%“C!%,ƒ"еде-
…,е “%%K?е…,L .ле*2!%……%L C%ч2/. q%"!еме…-
…/е “,“2ем/, “%ƒд=……/е …= K=ƒе …%"еLш,. !=ƒ!=-
K%2%* *%мCью2е!…%-2еле-%……/. C!,л%›е…,L, 
%Kе“Cеч,"=ю2 *%мK,…=ц,ю -3…*ц,L ="2%%Cе!=-
2%!= (Auto Attendant) , г%л%“%"%L C%ч2/ “ “%K“2-
"е……/м, "%ƒм%›…%“2 м, C% %K!=K%2*е !ече"/. , 
2е*“2%"/. “%%K?е…,L. q,“2ем/ %K!=K%2*, г%л%-
“%"/. “%%K?е…,L ,мею2 =CC=!=2…3ю C%дде!›*3. 
m=C!,ме!, " r`Šq STAREX-CS *%!C%!=ц,  LG 
# Nortel ""ел= дл  “,“2ем/ г%л%“%"/. “%%K?е…,L 
“Cец,=ль…3ю “е!",“…3ю Cл=23 # VPM, *%2%!=  
%“3?е“2"л е2 %K!=K%2*3 г%л%“%"/. (!ече"/.) д=…-
…/. “ C%м%?ью 2е.…%л%г,, %K!=K%2*, !ече"%г% 
“,г…=л=. j=* C!=",л%, 2=*,е Cл=2/  "л ю2“  
"“2!%е……/м %K%!3д%"=…,ем “,“2ем/. b STATEX-
CS %д…= Cл=2= VPM %K!=K=2/"=е2 “,г…=л/ д% 8 
*=…=л%" [11, 12]. b ч=“2…%“2,, “ C%м%?ью .2%L 
Cл=2/ %“3?е“2"л е2“  *%д,!%"=…,е , де*%д,!%-
"=…,е г%л%“%"/. д=……/. PCM " -%!м=2 G.729A “ 
,“C%льƒ%"=…,ем DSP , DTMF “,г…=л%". m%"еL-
ш,е r`Šq %2"еч=ю2 2!еK%"=…, м, C!едA "л е-
м/м C!, !е=л,ƒ=ц,, “%"!еме……/. *%…2=*2-це…-
2!%", 2=* *=* %…, ,мею2 %2*!/2/е ,…2е!-еL“/ 
дл  C%дде!›*, !=ƒл,ч…/. K,ƒ…е“-C!,л%›е…,L.

q%"!еме……/е ,…-%!м=ц,%……%-2еле*%мм3…,*=-
ц,%……/е 2е.…%л%г,,. `…=л,ƒ C%*=ƒ/"=е2, ч2% " 
p%““,, …= “%"!еме……%м .2=Cе , " 3“л%", . д",-
›е…,  “2!=…/ * ,…-%!м=ц,%……%м3 %K?е“2"3 
,…-%!м=ц,%……%-*%мм3…,*=ц,%……/е 2е.…%л%г,, 
=*2,"…% ,“C%льƒ3ю2“  " .*%…%м,че“*%L , “%-
ц,=ль…%L ›,ƒ…, %K?е“2"=. o!, .2%м “%.!=… е2“  
…е!="е…“2"% " д%“23Cе * ,…-%!м=ц,, , !е“3!“=м 
!=ƒл,ч…/. г!3CC …=“еле…,  , !ег,%…%", ч2% м%-
›е2 C!е"!=2,2ь“  " -=*2%!, 2%!м%ƒ ?,L “%ц,=ль-
…%-.*%…%м,че“*%е !=ƒ",2,е %K?е“2"=.

p=““м%2!,м !=ƒ",2,е д"3. %“…%"…/. %2!=“леL 
%Kе“Cече…,  д%“23C= …=“еле…,  * ,…-%!м=ц,,: 
*%…2=*2-це…2!%" , “е2е"/. “,“2ем %K“л3›,"=-
…, . 

j%…2=*2-це…2!/, где !=K%2=ю2 %Cе!=2%!/,  "-
л ю2“  2!=д,ц,%……/м “!ед“2"%м C!ед%“2="ле…,  
,…-%!м=ц,, C% 2еле-%…3. b !=ƒ",2,, *%…2=*2-
це…2!%" м%›…% "/дел,2ь …е“*%ль*% .2=C%". 

oе!"%…=ч=ль…% це…2!/ %K!=K%2*, "/ƒ%"%" 
“2!%,л,“ь …= K=ƒе !=ƒл,ч…/. 2,C%" `Šq “ %д…,м 
,ƒ C!%“2еLш,. ме.=…,ƒм%" !=“C!еделе…,  "/ƒ%-
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"%": ,л, ц,*л,че“*=  м=!ш!32,ƒ=ц, , ,л, Cе!-
"/L д%“23C…/L %Cе!=2%!, ,л, …=,K%лее “"%K%д-
…/L %Cе!=2%!. h…-%!м=ц,  .!=…,л=“ь, *=* C!=-
",л%, …= K3м=›…/. …%“,2ел . , " л3чшем “л3ч=е 
…= м=г…,2…/. ле…2=..

qлед3ю?,м .2=C%м K/л= %ц,-!%"*= д=……/. , 
C% "ле…,е *%мCью2е!…%-2еле-%……%L ,…2ег!=-
ц,,, C%ƒ"%л,"шеL “,….!%…,ƒ,!%"=2ь , ч=“2,ч…% 
,…2ег!,!%"=2ь !=K%23 *%мм3…,*=ц,%……%г%  д!= , 
K,ƒ…е“-C!,л%›е…,L. o!,ме!%м 2=*%L ,…2ег!=-
ц,, м%г32 “л3›,2ь "“Cл/"=ю?,е %*…= “ ,…-%!-
м=ц,еL % ƒ"%… ?ем *л,е…2е. }2= ,…-%!м=ц,  
м%›е2 K/2ь "ƒ 2= ,ƒ ad K,ƒ…е“-C!,л%›е…,L …= 
%“…%"=…,, 2еле-%……%г% …%ме!= ƒ"%… ?ег% , ег% 
“%%K?е…,, % “еKе. 

Š!е2ь,м .2=C%м 2е.…,че“*%г% !=ƒ",2,  м%›…% 
“ч,2=2ь C% "ле…,е м3ль2,мед,L…/. *%…2=*2-це…-
2!%", C%ƒ"%л ю?,. %K!=K=2/"=2ь %K!=?е…,  C% 
!=ƒл,ч…/м .ле*2!%……/м *=…=л=м *%мм3…,*=ц,L. 
o!, .2%м " %2л,ч,е %2 2е.…%л%г,L *%мCью2е!…%-
2еле-%……%L ,…2ег!=ц,,, 2=*,е *%…2=*2-це…2!/ 
C%ƒ"%л ю2 %“3?е“2"л 2ь “" ƒь …= “%"е!ше……% 
…%"%м 3!%"…е # %2 %KAед,…е…,  !=ƒл,ч…/. ad " 
люK%L 2%ч*е =лг%!,2м= м=!ш!32,ƒ=ц,, д% !=K%-
2/ “ м…%›е“2"%м C!%г!=мм…/. ,…2е!-еL“%". 
}2%2 .2=C .=!=*2е!,ƒ3е2“  C% "ле…,ем K%льш%г% 
*%л,че“2"= д%C%л…,2ель…/. C!%г!=мм…/. C!%-
д3*2%" дл  Cл=2-%!м *%…2=*2-це…2!%". Š=*,е 
C!%д3*2/, *=* “,“2ем/ ƒ=C,“, !=ƒг%"%!%" , 
“…,м*%" “ .*!=…%" %Cе!=2%!%", “,“2ем/ *%…2!%-
л  *=че“2"= !=K%2/ %Cе!=2%!%", “,“2ем/ 3C!="ле-
…,  !е“3!“=м,, “,“2ем/ 2елем=!*е2,…г= , д!3г,е 
C!,*л=д…/е C!%г!=мм/, C% ",л,“ь "“лед“2",е 
%2*!/2%“2, “=м,. Cл=2-%!м *%…2=*2-це…2!%". 

q%"!еме……/е *%…2=*2-це…2!/ ,“C%льƒ3ю2 2=*-
›е “,“2ем/ ,…2е!=*2,"…%г% !ече"%г% "ƒ=,м%деL-
“2",  (Interactive Voice Response, IVR) дл  ="2%-
м=2,ƒ=ц,, -3…*ц,L д%…е“е…,  %2"е2%" =K%…е…-
2=м …= ч=“2% ƒ=д="=ем/е "%C!%“/. )2%K/ …е 2!=-
2,2ь !е“3!“/ %Cе!=2%!%" …= %д…%2,C…/е, .%!%ш% 
*л=““,-,ц,!3ем/е "%C!%“/, …=C!,ме! % "!еме-
…, !=K%2/ *%мC=…,,, % C!%д3*2=. , 2. д., K/л, 
“%ƒд=…/ “,“2ем/ ,…2е!=*2,"…/. г%л%“%"/. ме…ю. 
o%льƒ3 “ь г%л%“%"/м, ме…ю , 2%…%"/м …=K%!%м 
# д"3.2%…=ль…/м м…%г%ч=“2%2…/м =…=л%г%"/м 
“,г…=л%м (Dual Tone Multi Frequency, DTMF), 
C%льƒ%"=2ель м%г "/K,!=2ь …3›…/е C3…*2/ ме…ю 
" де!е"е ="2%,…-%!м=2%!=, C%л3ч=  " *%…еч…%м 
“ч‘2е …е%K.%д,м/е “"еде…, .

r“л%›…е…,е , 3д%!%›=…,е C!%г!=мм…%-2е.…,-
че“*%L “2!3*23!/ *%…2=*2-це…2!%" , !%“2 .*“Cл3=-
2=ц,%……/. !=“.%д%" …= %K3че…,е, , %Cл=23 2!3д= 
%Cе!=2%!%" " “%че2=…,, “ ,ƒме…,"шеL“  “%ц,=ль-
…%-C!%,ƒ"%д“2"е……%L “2!3*23!%L %K?е“2"= C!,"е-
л, * 2%м3, ч2% C%л3че…,е C%ч2, люK/. “C!="%* 
,л, 3“л3г че!еƒ *%…2=*2-це…2!/ “2=л% Cл=2…/м, = 
!=“це…*, …= 3“л3г, C%“2% ……% !=“232, ч2%, е“2е“2-

"е……%, %г!=…,ч,"=е2 д%“23C…%“2ь ,…-%!м=ц,, , 
3“л3г дл  м=л%%Kе“Cече……/. “л%е" %K?е“2"=.

`…=л,ƒ,!3  ."%люц,ю *%…2=*2-це…2!%", ƒ=ме-
2,м, ч2% “ 2%ч*, ƒ!е…,  C%льƒ%"=2ел  Kеƒ3“л%"-
…/м …%"ше“2"%м “2=л% "…ед!е…,е IVR, C%ƒ"%л,"-
шее C%л3ч=2ь ч=“2ь ,…-%!м=ц,, " !е›,ме “=м%-
%K“л3›,"=…, , Kеƒ 3ч=“2,  %Cе!=2%!=. o%л3че-
…,е ,…-%!м=ц,, Kеƒ 3ч=“2,  %Cе!=2%!= д%л›…% 
%K.%д,2ь“  C%льƒ%"=2елю г%!=ƒд% деше"ле, ч2% 
2=*›е м%›е2 K/2ь C!,"ле*=2ель…/м !еше…,ем. 
nд…=*% %че",д…%, ч2% IVR …= K=ƒе DTMF м%г32 
C!ед%“2=",2ь л,шь "е“ьм= %г!=…,че……/L %KAем 
,…-%!м=ц,,.

qе2е"/е “,“2ем/ %K“л3›,"=…,  "%ƒ…,*л, " !е-
ƒ3ль2=2е ."%люц,, ="2%м=2,ƒ,!%"=……/. “,“2ем/ 
м=““%"%г% %K“л3›,"=…,  …= -%…е д%“2,›е…,L " 
%Kл=“2, *%мм3…,*=ц,%……%-“е2е"/. , C!%г!=мм-
…/. 2е.…%л%г,L, = 2=*›е !=ƒ",2,  “е2, h…2е!…е2.

`"2%м=2,ƒ,!%"=……/е “,“2ем/ м=““%"%г% %K-
“л3›,"=…,  (`qln) # .2% %“%K/L *л=““ ,…2ег-
!,!%"=……/. “,“2ем. n… C!ед“2="л е2 “%K%L “л%›-
…3ю “,“2ем3 “ це…2!%м %K!=K%2*, д=……/. , !=ƒ-
",2%L “е2ью 2е!м,…=ль…/. =ге…2%". j!,2е!,=ль-
…/е C=!=ме2!/ .2,. “,“2ем %C,“/"=ю2“  “ле-
д3ю?,м, "ел,ч,…=м,: "!еме……/м, %це…*=м, 
("!ем  %K“л3›,"=…, , "!ем  %›,д=…,  " %че!е-
д,, "!ем  %2*л,*=), "е!% 2…%“2…/м, .=!=*2е!,-
“2,*=м, (дл,…/ %че!едеL, "е!% 2…%“2ь %2*=ƒ= " 
%K“л3›,"=…,,) , 2!еK%"=…, м, * …=д‘›…%“2, 
-3…*ц,%…,!%"=…,  (“%.!=……%“2ь ,…-%!м=ц,,, 
"%““2=…%"ле…,е C%“ле ="=!,L, ƒ=?,2= !е“3!“= %2 
!=ƒ!/"= цеC%ч*, 2!=…ƒ=*ц,L, “=…*ц,%…,!%"=…,е 
д%“23C=). j!%ме 2%г%, %K“л3›,"=…,е `qln “" -
ƒ=…% “ …е%K.%д,м%“2ью 3ч‘2= д…е"…/. , “еƒ%…-
…/. C,*%" …=г!3ƒ*, …= “е2ь, …еƒ=Cл=…,!%"=……%г% 
3"ел,че…,  ƒ=C!%“%" *л,е…2%" " !еƒ3ль2=2е …е-
C!ед",де……/. “,23=ц,L , -%!“-м=›%!…/. %K-
“2% 2ель“2" (2е!!%!,“2,че“*,. =*2%", .*“2!е-
м=ль…/. *л,м=2,че“*,. 3“л%",L, 2е.…%ге……/. , 
C!,!%д…/. *=2=“2!%-) ,л, C!%“2% 3ч‘2 2=* …=ƒ/-
"=ем%г% C%… 2,  &…е2е!Cел,"%“2, *л,е…2=[.

oе!"/е ="2%м=2,ƒ,!%"=……/е “,“2ем/ м=““%-
"%г% %K“л3›,"=…,  C% ",л,“ь "% "2%!%L C%л%",-
…е C!%шл%г% “2%ле2,  " “-е!е =",=ц,%……%г% K,ƒ-
…е“= , K/“2!% д%*=ƒ=л, “"%ю "/“%*3ю .--е*2,"-
…%“2ь , Cе!“Cе*2,"…%“2ь. h…-%!м=ц,  % !е“3!-
“=., .!=… ?= “  C!е›де …= K3м=›…/. …%“,2ел ., 
K/л= ""еде…= " C=м 2ь "/ч,“л,2ель…/. м=ш,… 
це…2!%" %K!=K%2*, д=……/., = д%“23C * …еL %“3-
?е“2"л л“  “ 2е!м,…=л%" =ге…2%" че!еƒ *%!C%!=-
2,"…/е *=…=л/ “" ƒ,. t3…д=ме…2=ль…/е д%“2,-
›е…,  " *%мCью2е!…/., “е2е"/. , C!%г!=мм…/. 
2е.…%л%г, . "ме“2е “ !=ƒ",2,ем “е2, h…2е!…е2 " 
C%“лед…,е де“ 2,ле2,  C!,"ел, * ш,!%ч=Lшем3 
"…ед!е…,ю `qln C!=*2,че“*, "% "“е “-е!/ %K-
?е“2"е……%L , .*%…%м,че“*%L ›,ƒ…, "% "“е. 
“2!=…=. м,!=, , “еLч=“ 3›е …е"%ƒм%›…% C!ед“2=-
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",2ь ›,ƒ…ь г%!%д“*%г% …=“еле…,  …=шеL “2!=…/ 
Kеƒ 2=*,. “,“2ем.

b !=ƒ",2,, `qln м%›…% …=Kлюд=2ь 2!, .2=-
C=, %C!едел ем/. “%“2% …,ем 2е.…%л%г,L “%%2-
"е2“2"3ю?,. Cе!,%д%".

dл  2=*,. “,“2ем Cе!"%г% C%*%ле…,  .=!=*2е!-
…= &"ед%м“2"е……= [ C!,…=дле›…%“2ь, це…2!=л,-
ƒ=ц,  %K!=K%2*, д=……/. , ƒ=*!/2%“2ь “е2еL Cе-
!ед=ч, д=……/.. m=“еле…,е C%л3ч=л% ,…-%!м=ц,ю 
, 3“л3г, 2%ль*% че!еƒ %K3че……/. =ге…2%" (%Cе!=-
2%!%", *=““,!%", д,“Cе2че!%"), !=K%ч,е ме“2= *%-
2%!/. %“…=?=л,“ь “Cец,=л,ƒ,!%"=……/м, …еC!%-
г!=мм,!3ем/м, 2е!м,…=л=м,. bƒ=,м%деL“2",е 
=ге…2%" “ це…2!=м, %K!=K%2*, д=……/. %“3?е“2"-
л л%“ь “ C%м%?ью “Cец,=л,ƒ,!%"=……/.  ƒ/*%", 
%2л,ч="ш,.“  ƒ…=ч,2ель…%L л=*%…,ч…%“2ью, ч2% 
%KA “… л%“ь ›‘“2*,м, 2!еK%"=…, м, * "!еме…, 
%K!=K%2*, " 3“л%", . %г!=…,че……%L C!%C3“*…%L 
“C%“%K…%“2, *=…=л%" “" ƒ,.

dл  “,“2ем "2%!%г% C%*%ле…,  .=!=*2е!…% ,“-
C%льƒ%"=…,е …= !=K%ч,. ме“2=. =ге…2%" м…%г%-
-3…*ц,%…=ль…/. 2е!м,…=л%" , Cе!“%…=ль…/. 
*%мCью2е!%", = дл  Cе!ед=ч, д=……/. # “е2, h…-
2е!…е2 …=! д3 “ *%!C%!=2,"…/м, “е2 м,. “ƒ/*, 
чел%"е*%-м=ш,……%г% "ƒ=,м%деL“2",  =ге…2%" “ 
це…2!=м, %K!=K%2*, д=……/. “2=л, ме…ее ›‘“2*,-
м,, ш,!%*% ,“C%льƒ%"=л,“ь ме…ю, м=“*,, C,*2%-
г!=мм/, …% %!,е…2=ц,  …= C!%-е““,%…=ль…/. 
C%льƒ%"=2елеL “%.!=… л=“ь, …,*2% д!3г%L " “,“-
2ем/ 2%г% "!еме…, …е д%C3“*=л“ .

dл  2!е2ьег% C%*%ле…,  `qln .=!=*2е!…% 
C!ед%“2="ле…,е д%“23C= * ,…-%!м=ц,, , 3“л3г=м 
м=““%"%м3 C%льƒ%"=2елю че!еƒ д%м=ш…,L ,л, !=-
K%ч,L *%мCью2е! , “е2ь h…2е!…е2 (…=! д3 “ 2!=-
д,ц,%……/м д%“23C%м че!еƒ =ге…2%") , л=",…%%K-
!=ƒ…/L !%“2 *%л,че“2"= “,“2ем, C!ед%“2="л ю-
?,. ,…-%!м=ц,ю , 3“л3г, " “е2, h…2е!…е2 (ч=“-
2% 3›е Kеƒ "%ƒм%›…%“2, д%“23C= че!еƒ %-,“ , 
д=›е C% 2еле-%…3). j%!C%!=2,"…/е “е2, м%де!-
…,ƒ,!3ю2“  *=* " …=C!="ле…,, 3"ел,че…,  C!%-
C3“*…%L “C%“%K…%“2, *=…=л%" , 3ƒл%", 2=* , " 
ч=“2, ,ƒме…е…,  C!%2%*%ль…%г% C!%-,л  " “2%-
!%…3 “2=…д=!2,ƒ=ц,, , %2*!/2%“2,. m=Kлюд=е2“  
2=*›е 2е…де…ц,  * “2=…д=!2,ƒ=ц,, “C%“%K%" 
"ƒ=,м%деL“2",  “,“2ем ме›д3 “%K%L.

`…=л,ƒ,!3  ."%люц,ю “е2е"/. “,“2ем, %2ме-
2,м, ч2% “ 2%ч*, ƒ!е…,  …=“еле…,  …=,K%лее "=›-
…/м м%ме…2%м  ",л%“ь C!ед%“2="ле…,е д%“23C= * 
,…-%!м=ц,, , 3“л3г=м “ *%мCью2е!%" че!еƒ “е2ь 
h…2е!…е2, 2. е. ,“*люче…,е ,ƒ цеC%ч*, &*%…еч…/L 
C%2!еK,2ель[ # &C%“!ед…,*[ # &“,“2ем=[ “!ед…ег% 
ƒ"е…= # C%“!ед…,*= , C!ед%“2="ле…,е *%…еч…%м3 
C%2!еK,2елю "%ƒм%›…%“2, C%л3че…,  д=……/. , 
3“л3г " !е›,ме “=м%%K“л3›,"=…, . n*=ƒ=л%“ь, ч2% 
…%"/L “е!",“ “!=ƒ3 ›е C%л3ч,л ш,!%*%е !=“C!%-
“2!=…е…,е, …е“м%2!  …= 2%, ч2% C%льƒ%"=2ел, “2=л, 
ƒ=2!=ч,"=2ь …= C%л3че…,е д=……/. , 3“л3г K%льше 

"!еме…,, чем !=…ьше. pе›,м “=м%%K“л3›,"=…,  
“2=л …=“2%ль*% C%C3л !е…, ч2% C!%"=Lде!/ ,…-
-%!м=ц,, , 3“л3г “2=л, “%*!=?=2ь ч,“л% =ге…2%"-
C%“!ед…,*%", ч2% ƒ=2!3д…,л% д%“23C * “,“2ем=м 
2%L ч=“2, …=“еле…, , *%2%!=  *%мCью2е!%" …е 
,мее2 ,л, …е ,мее2 д%“23C= " “е2ь, = .2%, *=* C!=-
",л%, …=,K%лее Kед…=  ч=“2ь …=“еле…, : C%›,л/е 
люд,, ,…"=л,д/, ›,2ел, %2д=л‘……/. !ег,%…%".

Š=*,м %K!=ƒ%м, “%"!еме……/е “,“2ем/ м=““%-
"%г% ,…-%!м=ц,%……%-“е!",“…%г% %K“л3›,"=…,  
…=“еле…, , *=* “е2е"/е, 2=* , 2еле-%……/е, …е " 
C%л…%L ме!е “%%2"е2“2"3ю2 ƒ=д=ч=м, “2% ?,м Cе-
!ед …,м, " “"е2е !еше…,  ƒ=д=ч, C!%д",›е…,  * 
C%“2,…д3“2!,=ль…%м3 ,…-%!м=ц,%……%м3 %K?е-
“2"3. o!е%д%ле…,е ,. …ед%“2=2*%" C%Lде2 …= 
C%льƒ3 *=* …=“еле…,ю, 2=* , C!%"=Lде!=м ,…-%!-
м=ц,, , 3“л3г. 

b .%де C!%"ед‘……/. ,““лед%"=…,L K/л% …=Lде-
…%, ч2% C!,ме…е…,е !ече"/. 2е.…%л%г,L C%ƒ"%л,2 
“%ƒд=2ь “е!",“/ 2еле-%……%г% “=м%%K“л3›,"=…, , 
*%2%!/е C!ед%“2=" 2 …=“еле…,ю "%ƒм%›…%“2ь C%-
л3ч=2ь ,…-%!м=ц,ю , 3“л3г, ƒ…=ч,2ель…% деше"-
ле, Kеƒ %че!ед, * %Cе!=2%!3, д= , Kеƒ "/.%д= " 
h…2е!…е2, *!3гл%“32%ч…% , …= !=ƒ…/.  ƒ/*=.. 
}2, !еше…,  м%г32 ,“C%льƒ%"=2ь“  *=* " “е2е"/. 
,…-%!м=ц,%……/. *%мCле*“=., ƒ=ме…   2!=д,ц,-
%……/L h…2е!…е2-K!=3ƒе! г%л%“%"/м K!=3ƒе!%м, 
2=* , " це…2!=. 2еле-%……%г% %K“л3›,"=…, , ƒ…=-
ч,2ель…% !=“ш,!   -3…*ц,, IVR. o%м,м% .2%г%, 
“е!",“/ , д=……/е м%г32 K/2ь C!ед%“2="ле…/ 
*%мCле*“…%, ,ƒ !=ƒ…/. “,“2ем, C32‘м %!г=…,ƒ=-
ц,, ,…2елле*23=ль…%г% д,=л%г= “ “е!"е!%м “=м%-
%K“л3›,"=…,  , "ƒ=,м%деL“2",  .2%г% “е!"е!= “ 
!=ƒ…%%K!=ƒ…/м, C!,*л=д…/м, “,“2ем=м,, ч2% 
2=*›е "/г%д…% , 3д%K…% дл  C%льƒ%"=2елеL. nд-
…%"!еме……% C%“2="?,*, 3“л3г, *%…2=*2-це…2!/ , 
*%…2е…2-C!%"=Lде!/ м%г32 C%"/“,2ь “"%ю .--
-е*2,"…%“2ь C32‘м "…ед!е…,  “е!",“%" “=м%%K-
“л3›,"=…, , ч2% C%ƒ"%л,2 ,м “%*!=2,2ь ч,“л% 
%Cе!=2%!%", “гл=д,2ь C,*%"/е …=г!3ƒ*,, “…,ƒ,2ь 
!=“.%д/ …= %!г=…,ƒ=ц,ю ,…-!=“2!3*23!/.

o!,ме…е…,е !ече"/. 2е.…%л%г,L " “,“2ем=. %K-
“л3›,"=…,  *л,е…2%". p=“C%ƒ…="=…,е !еч, C!ед-
“2="л е2 “%K%L д%"%ль…% “л%›…/L C!%це““ , 
,мее2 "е“ьм= !=ƒ"е2"л‘……3ю ,е!=!.,че“*3ю “2!3*-
23!3 =…=л,ƒ= !ече"%г% “,г…=л=. n… "*люч=е2 " 
“еK  “лед3ю?,е C%“лед%"=2ель…/е деL“2", :

=*3“2,*%--%…ем…/L =…=л,ƒ ƒ=C!%“=;
ле*“,че“*,L =…=л,ƒ C!едл%›е…, ;
л%г,че“*,L =…=л,ƒ C!,*=ƒ=;
“,…2=*“,че“*,L , “ем=…2,че“*,L =…=л,ƒ C!ед-

л%›е…, ;
“%“2="ле…,е %!-%г!=-,че“*%--%…е2,че“*%L 

2!=…“*!,Cц,, “л%"=;
C!%“%д,че“*,L =…=л,ƒ C%“23C,"шег% C!едл%-

›е…, ;
C!=гм=2,че“*,L =…=л,ƒ “*=ƒ=……%г%;
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C!ед“*=ƒ=…,е “л%"=, " “л3ч=е …еC%л…%L ,…-%!-
м=ц,, , 2. д.

o!ед"=!,2ель…=  %K!=K%2*= C%“23C,"шег% 
C!едл%›е…,  ƒ=*люч=е2“  " =*3“2,*%--%…е2,че-
“*%м =…=л,ƒе “л%" , “%“2="ле…,е “=м%г% C!едл%-
›е…,  ,ƒ %2дель…/. “л%". q,…2=*“,че“*,L =…=-
л,ƒ , %C!еделе…,е ,ƒ%л,!%"=……/. “л%" м%›е2 
“2%л*…32ь“  “ …е!=“C%ƒ…="=…,ем C%“лед…,.. o%-
.2%м3 д=ль…еLш,L C!%це““ д%л›е… "*люч=2ь 
C!%цед3!/ C!%г…%ƒ,!%"=…,  , C!ед“*=ƒ=…,  C!ед-
л%›е…,  C% *люче"/м “л%"=м ,ƒ “л%"=!  д=……/. 
“ ,е!=!.,че“*%L “2!3*23!%L "%ƒм%›…/. "=!,=…-
2%" C!едл%›е…,L, “%“2="ле……/. " ag. b !еƒ3ль2=-
2е =…=л,ƒ C%л3че……%г% %2 %Cе!=2%!= C!едл%›е…,  
C!%.%д,2 “л%›…/L C!%це““ !=“C%ƒ…="=…,  , д%ƒ-
…=…, . n… C!%,ƒ"%д,2“  “ ,“C%льƒ%"=…,ем “C!=-
"%ч…%г% м=““,"= ,ƒ ad , ag, = 2=*›е C%д …еC%-
“!ед“2"е……/м *%…2!%лем Kл%*= 3C!="ле…,  , 
C!%г…%ƒ,!%"=…, .

b !=ƒ",2,, !ече"%г% ,…2е!-еL“= …= “ег%д… ш-
…,L де…ь %C!еделе…% …е“*%ль*% …=C!="ле…,L 
C%,“*= !еше…,  " !=“C%ƒ…="=…,, !еч,:

!=“C%ƒ…="=…,е …еC%“!ед“2"е……% !еч, чел%"е*=;
,ƒ"лече…,е ,ƒ !еч, чел%"е*= C%леƒ…%L ,…-%!-

м=ц,,;
"%“C!%,ƒ"еде…,е “м/“л= “*=ƒ=……%г%;
C!е%K!=ƒ%"=…,е ,…-%!м=ц,,;
м%дел,!%"=…,е %2"е2=.
m= C!%г!=мм…%м , =CC=!=2…%м 3!%"…е "“е .2, 

ƒ=д=ч, " 2%L ,л, ,…%L “2еCе…, !еш=ю2“ . q!ед-
“2"= ="2%м=2,че“*%г% !=“C%ƒ…="=…,  !еч, (Auto-
mated Speech Recognition, ASR) C!е%K!=ƒ3ю2 
!ечь " 2е*“2%"%е “%%K?е…,е. dл  .2%г% C!%,ƒ"%-
д,2“  “Cе*2!=ль…/L =…=л,ƒ %ц,-!%"=……%L !еч, 
, %C!едел е2“  “ C%м%?ью !=ƒл,ч…/. ме2%д%" 
ƒ"3*%"/е ед,…,ц/  ƒ/*= # -%…ем/. p=“C%ƒ…=-
"=…,е !еч, “" ƒ=…% “ K%льш,м %KA‘м%м Cе!еK%-
!= д=……/. , е‘ “%!2,!%"*%L. q,“2ем= !=“C%ƒ…=-
"=…,  !еч, ,…2е!C!е2,!3е2 C!%,ƒ…%“,м/е “л%-
"=, “!="…,"=е2 ,. “ .2=л%……/м, -!=ƒ=м, ,ƒ 
-=Lл%" K=ƒ/ д=……/. , …=.%д,2 …=,л3чшее “%"-
C=де…,е.

q,…2еƒ !еч, 2=*›е …е C!%“2%L C!%це““, …% %… 
" …=“2% ?ее "!ем  “ 3“Cе.%м !еш=е2“ . q3?е“2-
"3е2 м…%›е“2"% C!%г!=мм…/. C!%д3*2%", “C%-
“%K…/. “,…2еƒ,!%"=2ь !ечь чел%"е*= д=›е !=ƒ-
л,ч…/м, г%л%“=м,. o!, .2%м -!=ƒ/ дл  -%!м,-
!%"=…,  %2"е2…/. C!едл%›е…,L "/K,!=ю2“  ,ƒ 
“2=…д=!2…/. .2=л%……/. -!=ƒ, C%ме?=ем/. " 
“Cец,=ль…/е !=ƒдел/ ag, ,мею?,е д!е"%",д-
…3ю “2!3*23!3. o!=*2,ч…%“2ь , C!,емлем%“2ь 
2%ч…%“2, !=“C%ƒ…="=…,  !еч, 2!еK3е2 …%"/. ме-
2%д%" " %!г=…,ƒ=ц,, C=м 2,, C%,“*= …3›…%L ,…-
-%!м=ц,, , “%ƒд=…,  3…,"е!“=ль…/. !ече"/. 
Kл%*%" !=“C%ƒ…="=…,  (3…,-,ц,!%"=……%L K=ƒ/ 
д=……/. дл  ,…-%!м=ц,%……%г% C%,“*=) дл  !=ƒ-
!=K%2*, !=ƒ…%%K!=ƒ…/. ,…2елле*23=ль…/. C!,-
л%›е…,L.

q%"!еме……=  =!.,2е*23!= ,…2елле*23=ль…%L ,…-
-%!м=ц,%……%L “,“2ем/. `!.,2е*23!= ,…2елле*23-
=ль…%L %K!=K%2*, д%л›…/ “%де!›=2ь “лед3ю?,е 
*%мC%…е…2/:

,…2елле*23=ль…3ю “е2е"3ю ,…-!=“2!3*23!3 …= 
K=ƒе C!%2%*%л= IP;

,…2елле*23=ль…/е *л,е…2“*,е ме“2= “ C%д-
де!›*%L IP C!%2%*%л=;
ц,-!%"3ю IP-2еле-%…,ю , “%%2"е2“2"3ю?3ю 

=CC=!=23!3;
“Cец,=ль…%е C!%г!=мм…%е %Kе“Cече…,е дл  г=-

!=…2,!%"=……%г% !=“C%ƒ…="=…,  !еч,;
Kе“ш3м%"3ю Cе!ед=ч3 ƒ"3*%"%г% “,г…=л= " 

%ц,-!%"=……%м ",де C% *=…=л=м “" ƒ,;
"%*%де! дл  -%!м,!%"=…,  г%л%“%"%г% “%%K-

?е…,  ,л, %2"е2=;
“л3›еK…/е “е!",“…/е C!,л%›е…, , 3C!="л ю-

?,е *%!C%!=2,"…%L “,“2ем%L IP-2еле-%…,,;
“е!"е!/, %Kе“Cеч,"=ю?,е ,…-%!м=ц,ю C% “%-

%2"е2“2"3ю?,м ƒ=C!%“=м;
C!%г!=мм…%е C!,л%›е…,е, %C!едел ю?,е “2=-

23“ C%льƒ%"=2ел  , !=“C!едел ю?,е ,…-%!м=ц,ю 
" ,е!=!.,че“*%L C%“лед%"=2ель…%“2, ,л, “е2е"%L 
“2!3*23!е ad , ag;

“,“2ем3 3…,-,ц,!%"=……%L %K!=K%2*, C%“23-
C=ю?,. ƒ=C!%“%" , "/д=ч, г%л%“%"/. “%%K?е-
…,L % C!%це““е C%,“*= , …=л,ч,, ƒ=C!=ш,"=ем%L 
,…-%!м=ц,,, " 2%м ч,“ле *%мме…2=!,, , 32%ч…е-
…,  * ƒ=C!%“=м C%льƒ%"=2ел .

o!,ме!…/L %K!=ƒец =!.,2е*23!…%L “.ем/ ,…-
2елле*23=ль…%L “,“2ем/ %K!=K%2*, д=……/. " IP-
“е2 . “ C%м%?ью !ече"%г% ,…2е!-еL“= C!,"еде… 
…= !,“. 1.

b…ед!е…,е C%д%K…/. C!,л%›е…,L " ="2%м=2,-
че“*,е “,“2ем/ C%,“*= *%…2=*2-це…2!%" C%ƒ"%-
л,2 %Kе“Cеч,2ь д%C%л…,2ель…/е "%ƒм%›…%“2, дл  
*л,е…2%" # C%льƒ%"=2елеL *%!C%!=2,"…%L 2еле-
*%мм3…,*=ц,%……%L “е2,, C%"/“,2ь 3д%K“2"% , 
.--е*2,"…%“2ь ,“C%льƒ%"=…,  “,“2ем/.

o%“лед%"=2ель…%“2ь “%%K?е…,L " C!%2%*%ле " 
%K%K?‘……%м ",де C!ед“2="л е2 “%K%L “лед3ю?,L 
“C,“%* 3“2=…%"%* , “%%K?е…,L:

3“2=…%"*= “%ед,…е…, ;
C%д2"е!›де…,е 3“2=…%"*, “%ед,…е…, ;
“%%K?е…,е % “%ед,…е…,,;
C!%д%л›е…,е "/ƒ%"=;
“%%K?е…,е % C%“2=…%"*, ƒ= "*, " %че!едь;
%C%"е?е…,е % C!%д",›е…,, C% %че!ед,;
%“"%K%›де…,е ,ƒ %че!ед,;
ƒ="е!ше…,е %“"%K%›де…,  ,ƒ %че!ед,;
“%%K?е…,е % "/.%де ,ƒ %че!ед,;
“%%K?е…,е % Kл=г%C%л3ч…%м ƒ="е!ше…,, %›,-

д=…, ;
C!е!/"=…,е , %2*люче…,е “" ƒ,;
,…-%!м=ц,%……%е “%%K?е…,е %K %2*люче…,,;
“%%K?е…,е % !=ƒ!/"е “" ƒ,;
,…-%!м=ц,%……%е “%%K?е…,е % C!,ч,…е !=ƒ!/-

"= “" ƒ,.
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o!е,м3?е“2"= !ече"/. C!,л%›е…,L. o!,ме…е-
…,е г%л%“%"%г% ,…2е!-еL“= C!, %K!=K%2*е ".%д -
?,. ƒ"%…*%" " *%…2=*2-це…2!=. C%"/ш=е2 !=K%-
2%“C%“%K…%“2ь C%“лед…,. " …е“*%ль*% !=ƒ, ч2% 
…ем=л%"=›…% дл  *л,е…2=, 2=* *=* .2% .*%…%м,2 
ег% "!ем  , …е!"/. b .2%м “л3ч=е, м%›…% ,“C%ль-
ƒ%"=2ь “лед3ю?,е …=C!="ле…,  " C!,ме…е…,, !е-
че"/. C!,л%›е…,L:

="2%м=2,че“*,L Cе!е"%д "/ƒ%"%" "…32!, *%м-
C=…,, %“3?е“2"л е2“  “ C%м%?ью *=че“2"е……%L 
“,“2ем/ !=“C%ƒ…="=…,  г%л%“= , ƒ=!=…ее ƒ=C,-
“=……/. " C!%-е““,%…=ль…%L “23д,, г%л%“%"/. 
C!,"е2“2",L;

"…ед!е…,е " =CC=!=2…3ю ч=“2ь д%“2=2%ч…% …=-
д‘›…/. &г%л%“%"/.[ Cл=2 Intel Dialogic , C!%-
г!=мм…%г% %Kе“Cече…,  3…,"е!“=ль…%L 2еле*%м-
м3…,*=ц,%……%L Cл=2-%!м/;

%“3?е“2"ле…,е м=!ш!32,ƒ=ц,, ".%д ?,. "/-
ƒ%"%" ƒ= “ч‘2 ,“C%льƒ%"=…,  м…%г%*=…=ль…%г% 
…%ме!= “ !=ƒл,ч…/м, "=!,=…2=м, д%“23C= * =K%-
…е…23: C% ,ме…,, %2че“2"3 , -=м,л,,, …=ƒ"=…,ю 
%2дел=, *%…*!е2…%L 3“л3г, ,л, C!%д3*2= *%мC=-
…,, , 2. д.;

м,…,м,ƒ=ц,  “!%*%" "…ед!е…,  !ече"/. C!,-
л%›е…,L " *%мC=…,, ƒ= “ч‘2 ,……%"=ц,%……/. !=ƒ-
!=K%2%* “Cец,=л,“2%" h…“2,232= C!%Kлем 3C!="-
ле…,  p`m;

%K“л3›,"=…,е *л,е…2%" …= !3““*%м  ƒ/*е, = 
2=*›е C%д*люче…,е …%"/. “%2!3д…,*%" " *!=2-
ч=Lш,е “!%*, “ м%ме…2= C%“23Cле…,  ƒ=C!%“=;

!=K%2= 7 д…еL " …еделю , 24 ч=“= " “32*,; 
C%"/ше…,е C!е“2,›= *%мC=…,, " “" ƒ, “ ,“-

C%льƒ%"=…,ем C%д%K…%г% !%д= C!%д3*2%". 
b …=“2% ?ее "!ем  !ече"%е ,…2елле*23=ль…%е 

“=м%%K“л3›,"=…,е # 3…,*=ль…%е !еше…,е “ C!,-
ме…е…,ем 2е.…%л%г,, !=“C%ƒ…="=…,  !еч,. o% "-
ле…,е 2=*,. “е!",“%" “" ƒ=…% “ *%…"е!ге…ц,еL 
2!‘. C!%д3*2%": 2еле-%……/. ,…2е!-еL“…/. Cл=2 
“ !ече"/м, !е“3!“=м,, *%мCью2е!…%-2еле-%…-
…/. C!,л%›е…,L , “,“2ем/ !=“C%ƒ…="=…,  !еч,. 
b …=“2% ?,L м%ме…2 "% м…%г,. *%мC=…, . ,“-
C%льƒ3е2“  "“2!%е……/L л,K% "…еш…,L ="2%“е*!е-
2=!ь, где дл  …=K%!= "…32!е……ег% …%ме!= “%2!3д-
…,*= C!,ме… ю2“  2%…%"/е “,г…=л/. rC!="ле…,е 
!ечью C%ƒ"%л е2 м=!ш!32,ƒ,!%"=2ь ƒ"%…*, …е 
2%ль*% *л=““,че“*,м “C%“%K%м, …% , C%“!ед“2-

,

,

, ,

, ,

,

INTERNET  

,

,

p,“. 1. nK%K?е……=  “.ем= *%мм32=ц,, !=ƒл,ч…/. ме2%д%" “" ƒ, " ,…2елле*23=ль…%L 
“,“2еме  %K!=K%2*, д=……/. " IP-“е2 . , “ C%м%?ью !ече"%г% ,…2е!-еL“=
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"%м !=“C%ƒ…="=…,  ,м‘… “%2!3д…,*%", …=ƒ"=…,L 
%2дел%", C!%д3*ц,,, *%…*!е2…%L 3“-л3г, , 2. д. 
p=“C%ƒ…="=…,е C!%,“.%д,2 мг…%"е……%, …е …3›…% 
д%›,д=2ь“  C%*= ƒ=*%…ч,2“  г%л%“%"%е ме…ю. b 
!ече"/. C!,л%›е…, . C!ед3“м%2!е…% 2!, 3!%"…  
*=че“2"=, %“…%"=……/. …= =…=л,ƒе "е!% 2…%“2, 
“%"C=де…,  “л%" (!,“. 2). o!, *=че“2"е !=“C%ƒ…=-
"=…,  80#100 % "/ƒ%" K3де2 …=C!="ле… …= =K%-
…е…2= Kеƒ д%C%л…,2ель…%г% ме…ю. o!, 60#80 % 
K3де2 C!едл%›е…% д%C%л…,2ель…%е ме…ю. e“л, 
*=че“2"% !=“C%ƒ…="=…,  ме…ьше 60 %, ƒ"%…%* K3-
де2 …=C!="ле… …= “е*!е2=! . qлед3е2 %2ме2,2ь, 
ч2% …= люK%м 3!%"…е ме…ю "“егд= м%›…% "%“-
C%льƒ%"=2ь“  2%…%"/м …=K%!%м.

b…ед!е…,е !ече"/. C!,л%›е…,L C!ед“2="л е2 
“%K%L д%“2=2%ч…% “л%›…3ю C!%цед3!3. o!, “%ƒ-
д=…,, , "…ед!е…,, .ле*2!%……%г% “е*!е2=!  
д%л›…/ 3ч,2/"=2ь“  3…,*=ль…=  *%мK,…=ц,  
“л%", ,…-!=“2!3*23!= *%мC=…,,, г,K*%“2ь “,“-
2ем/ ,…2е!=*2,"…%г% ме…ю, = 2=*›е 2еле-%……/е 
…=“2!%L*,. a%льш%L %C/2 “%ƒд=…,  !ече"/. 
C!,л%›е…,L …=*%Cле… " hor p`m, где " !=м*=. 
"/C%л…е……/. !=K%2 “%2!3д…,*, "/C%л…,л, 3“-
2=…%"*, , …=“2!%L*, !ече"/. C!,л%›е…,L. o!,-
ме!=м, “,“2ем %K!=K%2*, "/ƒ%"%" “ “е!",“=м, 
“=м%%K“л3›,"=…,  …= K=ƒе !ече"/. 2е.…%л%г,L 
м%г32 “л3›,2ь “,“2ем= &`"2%д,“Cе2че![ дл  
C!,‘м= ƒ= "%* …= C%д=ч3 2=*“, [13], “,“2ем= 
&`"2%“е*!е2=!ь[ дл  д,“Cе2че!,ƒ=ц,, "/ƒ%"%" 
[14] , д!. [15, 16]. b/ƒ%"/ *л,е…2%" C%“23C=ю2 " 
це…2! %K!=K%2*, "/ƒ%"%" че!еƒ “е2, !=ƒ…%г% 
",д=: 2еле-%……3ю “е2ь %K?ег% C%льƒ%"=…,  
(Š-no), “е2, %Cе!=2%!%" м%K,ль…%L “" ƒ, 
(nlq), “е2ь h…2е!…е2. `!.,2е*23!…=  м%дель 
!=ƒ!=K%2=……%L “,“2ем/ “=м%%K“л3›,"=…,  C!,-
"еде…= …= !,“. 3.

lе.=…,ƒм !=“C%ƒ…="=…,  C!ед%“2="л е2 …е%г-
!=…,че……/е "%ƒм%›…%“2, C% “%ƒд=…,ю C!,л%›е-
…,L 2еле-%……/. 3“л3г, " *%2%!/. =K%…е…2 %“3-
?е“2"л е2 "/K%! " ме…ю …е 2%…=ль…/м …=K%!%м, 
= люK/м, г%л%“%"/м, *%м=…д=м,. q,“2ем= “2=-
…%",2“  C!,"ле*=2ель…ее дл  =K%…е…2= ƒ= “ч‘2 
K%лее д!3›е“2"е……%г% , е“2е“2"е……%г% ,…2е!-еL-
“=. b ,2%ге !=“C%ƒ…="=…,е !еч, C%ƒ"%л е2 “%ƒд=-
"=2ь 2=*,е “,“2ем/, *%2%!/е C!=*2,че“*, …е"%ƒ-
м%›…% !е=л,ƒ%"=2ь, ,ме  " *=че“2"е ,…2е!-еL“= 
2%ль*% 2%…=ль…/L …=K%!. m=C!,ме!, “,“2ем= ="-
2%м=2,че“*%г% K!%…,!%"=…,  =",=K,ле2%" C% 2е-
ле-%…3 C%д!=ƒ3ме"=е2 "/K%! ,ƒ K%льш%г% ч,“л= 
г%!%д%", , 2%…=ль…%е ме…ю ƒде“ь C!=*2,че“*, …е-
!е=л,ƒ3ем%. o!, ,“C%льƒ%"=…,, ›е !=“C%ƒ…="=-
…,  !еч,, д,=л%г “,“2ем/ “ C%льƒ%"=2елем м%›е2 
"/гл де2ь C!,ме!…% 2=*: 

q,“2ем=: &m=ƒ%",2е г%!%д= "/ле2= , C!,л‘2=[
`K%…е…2: &l%“*"= # j,е"[
q,“2ем=: &m=ƒ%",2е д=23[
`K%…е…2: &15 ,юл [.
}2%2 C!,ме! C%*=ƒ/"=е2, ч2% "ƒ=,м%деL“2",е 

%“3?е“2"л е2“  м=*“,м=ль…% е“2е“2"е……% , C!,-
Kл,›‘……% * %K“л3›,"=…,ю ›,"/м %Cе!=2%!%м. 

Š=*,е “,“2ем/ 3›е м…%г% ле2 ш,!%*% "…ед-
! ю2“  …= g=C=де, %д…=*% д% …ед="…ег% "!еме…, 
…е K/л% “,“2ем/ !=“C%ƒ…="=…,  !3““*%L !еч,, 
*%2%!3ю м%›…% K/л% K/ ,“C%льƒ%"=2ь " 2еле-%…-
…/. “,“2ем=. “ д%“2=2%ч…/м дл  *%мме!че“*%L 
.*“Cл3=2=ц,, *=че“2"%м. 

p=“C%ƒ…="=…,е !еч, " 2=*,. “,“2ем=. м%›е2 
C!%,ƒ"%д,2“  C% …е“*%ль*,м …=C!="ле…, м. }2% 
м%›е2 K/2ь:
д,*2%!%…еƒ=",“,м%е !=“C%ƒ…="=…,е (е“л, …е-

%K.%д,м%, "%ƒм%›…% "*люче…,е 2=*›е д,*2%!%-
ƒ=",“,м%г% !е›,м= !=K%2/);

p,“. 2. q.ем= C!%це““= !=“C%ƒ…="=…,  !еч, C!, ,“C%льƒ%"=…,, 
="2%м=2,ƒ,!%"=……%L “,“2ем/ *%…2=*2 це…2!= 
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!=“C%ƒ…="=…,е Kеƒ …е%K.%д,м%“2, …=“2!%L*, 
…= г%л%“ (C!, …е%K.%д,м%“2, "%ƒм%›…= …=“2!%L-
*= …= %C!еделе……/L г%л%“); 

!=“C%ƒ…="=…,е …еC!е!/"…%L !еч, # C%дде!›*= 
2е.…%л%г,, Intel Continuous Speech Processing 
(CSP, …еC!е!/"…=  %K!=K%2*= !еч,); 

!=“C%ƒ…="=…,е !еч, …= 45 C%дде!›,"=ем/. 
 ƒ/*=., "*люч= , !3““*,L, =…гл,L“*,L, …емец-
*,L, ,“C=…“*,L, -!=…ц3ƒ“*,L , д!.;

C!%,ƒ"%ль…/L “л%"=!ь !=“C%ƒ…="=ем/. “л%", 
“%“2="л ем/L !=ƒ!=K%2ч,*%м C!,л%›е…,  “=м%-
“2% 2ель…%; 
м=*“,м=ль…/L !=ƒме! "%ƒм%›…%г% “л%"=!  " 

%д…%м C!,л%›е…,, # C%л2%!= м,лл,%…= !=“C%-
ƒ…="=ем/. “л%" (C!,ме… е2“  " г%!%д“*,. 2еле-
-%……/. “C!="%ч…/. , 2. C.).

n“…%"…/е .=!=*2е!,“2,*, C%“2!%е…,  ,…2ел-
ле*23=ль…%L *%…2=*2-“,“2ем/. o!, "/K%!е C!%-
г!=мм…%г% C!%д3*2= …е%K.%д,м% 3ч,2/"=2ь “ле-
д3ю?,е %“…%"…/е .=!=*2е!,“2,*, “,“2ем/ !=“-
C%ƒ…="=…,  !еч,:

3“2%Lч,"%“2ь " !=“C%ƒ…="=…,, “л%" “,“2ем%L 
(" “л,2…%L , д,“*!е2…%L !еч,);

…=д‘›…%“2ь “,“2ем/ !=“C%ƒ…="=…,  !еч,; 
=д=C2,!3ем%“2ь “,“2ем/ * !=ƒл,ч…/м C!,л%-

›е…, м; 
3д%K…/L , C!=*2,ч…/L ,…2е!-еL“ C%льƒ%"=-

2ел ;
…ед%!%г%е =CC=!=2…%е %Kе“Cече…,е дл  !е=л,-

ƒ=ц,, C!%е*2=;
*%мм32=2,"…%“2ь " !=ƒл,ч…/. "=!,=…2=. “" ƒ,;
3…,"е!“=ль…%“2ь ,…2е!-еL“= “" ƒ,;
C!%“2%2= " C!,ме…е…,,;
3…,"е!“=ль…%“2ь C!%г!=мм…%г% C!%д3*2= * !=ƒ-

л,ч…/м "е!“, м.
b“е Cе!еч,“ле……/е .=!=*2е!,“2,*, д=ю2 "%ƒ-

м%›…%“2ь "…ед!е…,  3…,"е!“=ль…%L ,…2елле*23-

p,“. 3. `!.,2е*23!= ,…2ег!,!%"=……%L “,“2ем/ “=м%%K“л3›,"=…,  

=ль…%L “,“2ем/ 3C!="ле…,  д,=л%г%м “ C%льƒ%"=-
2елем C!, м,…,м3ме ,“C%льƒ3ем/. 2е.…,че“*,. 
“!ед“2" , *=C,2=л%"л%›е…,L “=м%г% C%льƒ%"=2ел .

n“…%"…/е 2е…де…ц,, " !=ƒ!=K%2*е ,…2елле*23-
=ль…/. ,…-%!м=ц,%……/. “,“2ем " *%…2=*2-це…-
2!=.. b …=“2% ?ее "!ем  * ч,“л3 %“…%"…/. 2е…-
де…ц,L !=ƒ",2,  ,…2елле*23=ль…/. ,…-%!м=-
ц,%……/. “,“2ем м%›…% %2…е“2, “лед3ю?,е: 

*%л,че“2"% ,…-%!м=ц,, C%“2% ……% 3"ел,ч,-
"=е2“  , C!%Kлем= д%“23C= * …еL “2=…%",2“  "“‘ 
K%лее =*23=ль…%L, ч2% %“%Kе……% "=›…% …= .2=Cе 
C!%д",›е…,  “2!=…/ * ,…-%!м=ц,%……%м3 %K?е-
“2"3;

“3?е“2"3ю?,е ,…-%!м=ц,%……%-“е!",“…/e “,“-
2ем/ м=““%"%г% %K“л3›,"=…,  *=* “е2е"/е, 2=* , 
2еле-%……/е, C%“2% ……% !=ƒ","=ю2“ , " 2%м ч,“ле 
" ч=“2, C!ед%“2="ле…,  !=ƒл,ч…/. “!ед“2" д%“23-
C= * …,м;

…е!="е…“2"% " д%“23Cе * ,…-%!м=ц,, , ,…-%!-
м=ц,%……%-*%мм3…,*=ц,%……/м 2е.…%л%г, м !=ƒ-
л,ч…/. г!3CC …=“еле…,  , !ег,%…%" “%.!=… е2“ , 
%“%Kе……% дл  Kед…%L ч=“2, …=“еле…,  , …=“еле-
…,  3д=л‘……/. %Kл=“2еL “2!=…/;

!ече"/е 2е.…%л%г,, д%“2,гл, C%*=ƒ=2елеL *=-
че“2"=, д%“2=2%ч…/. дл  …=ч=л= ,. ш,!%*%г% 
C!=*2,че“*%г% C!,ме…е…, , Kл=г%д=!  ,“C%льƒ%-
"=…,ю “2=2,“2,че“*,. ме2%д%" " ƒ=д=ч=. !=“C%-
ƒ…="=…, ; 

!=ƒ!=K%2ч,*, “,“2ем м%г32 , д%л›…/ 3“2!=… 2ь 
“л=K/е ме“2= , "%ƒм%›…/е %ш,K*, !=“C%ƒ…="=2е-
леL, ,“C%льƒ3  ,мею?,е“  " ,. !=“C%! ›е…,, 
ме2%д/ C%“2!%е…,  &.%!%ш,.[ C!,л%›е…,L.

g=*люче…,е. h“C%льƒ%"=…,е !еƒ3ль2=2%" !=K%-
2/ C%ƒ"%л е2 “3?е“2"е……% !=“ш,!,2ь *!3г C%ль-
ƒ%"=2елеL “,“2ем м=““%"%г% %K“л3›,"=…, , C!е-
д%“2="," ,м 3д%K…/L д%C%л…,2ель…/L *=…=л д%“-
23C= * 3“л3г=м .2,. “,“2ем. }2% д=“2 "%ƒм%›…%“2ь 
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%Kе“Cеч,2ь …%"/L 3!%"е…ь ,…-%!м=ц,%……/. 3“-
л3г, C!ед%“2="л ем/. …=“еле…,ю , %!г=…,ƒ=ц, м 
" !е›,ме “=м%%K“л3›,"=…, , = 2=*›е C%"/“,2 
.--е*2,"…%“2ь ,“C%льƒ%"=…,  “,“2ем %K“л3›,-
"=…, . o%л3че……/е !еƒ3ль2=2/ м%г32 K/2ь C%леƒ-
…/ “Cец,=л,“2=м дл  C!%е*2,!%"=…, , ,““лед%-
"=…,  , %!г=…,ƒ=ц,, "/“%*%.--е*2,"…%L !=K%2/ 
*%…2=*2-це…2!%" “%"!еме……%L =!.,2е*23!/ …= 
%“…%"е Cе!ед%"/. 2е.…%л%г,L.
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rdj 519.711.3

b.j. h"=…%", *=…д. 2е.…. …=3*, д%ц. 
(l=!,L“*,L  г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2)

ivladko1@rambler.ru

 `bŠnl`Šhg`0h“ lndekhpnb`mh“ h rop`bkemh“ bnglnfmnqŠ“lh 
opnhgbndqŠbemmni qhqŠel{ 

p=““м%2!е…= ƒ=д=ч= м%дел,!%"=…,  , %“…%"…=  ƒ=д=ч= 3C!="ле…,  "%ƒм%›…%“2 м, C!ед-
C!, 2,  “ 3ч‘2%м  %K%!3д%"=…,  ,  де2=леL, *"=л,-,*=ц,, “Cец,=л,“2%", = 2=*›е ƒ=д=…-
…%г% 2е.…%л%г,че“*%г% C!%це““=. o%“2="ле…= , !еше…= ƒ=д=ч= "/K%!= !=ц,%…=ль…/. C=!=-
ме2!%" C!%,ƒ"%д“2"е……%L “,“2ем/.

jлюче"/е “л%"=: м%дел,!%"=…,е, %“…%"…=  ƒ=д=ч= 3C!="ле…, , 2е.…,*%-.*%…%м,че“*,е 2!еK%-
"=…, , 2е.…,че“*,е 3“л%", , *!,2е!,, *=че“2"=, %C2,м,ƒ=ц, , !=ц,%…=ль…/е C=!=ме2!/.

Simulation task and basic task of the enterprise facilities control by taking into account the 
equipment and workpieces, personnel qualification as well as specified technological process are 
considered. Task of the production system rational characteristic selection is raised and decided.

Key words: simulation, basic control task, technical and economic objective, technical conditions,  
quality criteria, optimization, rational characteristic.

b"еде…,е. Šе.…%л%г,че“*,е "%ƒм%›…%“2, C!ед-
C!, 2,  " %“…%"…%м ƒ=",“ 2 %2 ",д= %K%!3д%"=-
…,  , *"=л,-,*=ц,, C!%,ƒ"%д“2"е……%г% Cе!“%-
…=л=, = %…, " “"%ю %че!едь # %2 *%…*!е2…%г% ",д= 
C!%д3*ц,,, "/C3“*=ем%L …= C!едC!, 2,,. 

o!, C!%е*2,!%"=…,, C!%,ƒ"%д“2"е……%L “,“-
2ем/ , 3C!="ле…,, е‘ C=!=ме2!/ д%л›…/ “%%2-
"е2“2"%"=2ь *!,2е!, м *=че“2"= “,“2ем/ , ƒ=-
д=……/м 2е.…,че“*,м 3“л%", м. Š=*=  C%“2=…%"-
*= %2…%“,2“  * %“…%"…%L ƒ=д=че 3C!="ле…,  
(ngr) [1].

n“…%"…=  ч=“2ь. j%мCле*“ “!ед“2", !=ƒ!=K%-
2=……/. *=* дл  м%дел,!%"=…, , 2=* , дл  !еше-
…,  ngr, “%де!›,2 K=ƒ3 д=……/. C% ",д=м , 2,-
C=м %K%!3д%"=…, , “Cец,=л,“2%" , де2=леL [2].

dл  !=K%2/ “ “,“2ем%L …е%K.%д,м ""%д “ле-
д3ю?еL ,…-%!м=ц,,:

“2%,м%“2, Sk !=K%2/ %K%!3д%"=…,  k-г% ",д=;
“2%,м%“2, Sm !=K%2/ “Cец,=л,“2%" m-г% ",д=;
,мею?ег%“  *%л,че“2"= Fk %K%!3д%"=…,  k-г% 

",д= , *%л,че“2"= Lm “Cец,=л,“2%" m-г% ",д=, 
*%2%!/м !=“C%л=г=е2 C!едC!, 2,е;

…е%K.%д,м%г% *%л,че“2"= nk
 p де2=леL !-г% ",д=, 

"!еме…, Šk
p ,ƒг%2%"ле…,  …е%K.%д,м%г% *%л,че-

“2"= де2=леL !-г% ",д= …= %K%!3д%"=…,, k-г% 
",д=, …е%K.%д,м%г% *%л,че“2"= nm

p де2=леL !-г% 
",д=, "!еме…, Šm

p ,ƒг%2%"ле…,  …е%K.%д,м%г% 
*%л,че“2"= де2=леL !-г% ",д= “Cец,=л,“2=м, 
m-г% ",д=, "!еме…, %K!=K%2*, Fk

p де2=леL !-г% 
",д= …= %K%!3д%"=…,, k-г% ",д= , "!еме…, %K!=-
K%2*, Lm

p де2=леL !-г% ",д= “Cец,=л,“2=м, m-г% 
",д=; 

“е2е"%г% г!=-,*= 2е.…%л%г,че“*%г% C!%це““=.

pеƒ3ль2=2%м м%дел,!%"=…,  , !еше…,  ngr 
 "л ю2“ :

"!ем  Š! , “2%,м%“2ь Sp "/C3“*= де2=леL *=›-
д%г% ",д=;

"!ем  !=K%2/ TF
 k , C!%“2%  %K%!3д%"=…,  k-г% 

",д=, "!ем  !=K%2/ TL
m , C!%“2%  “Cец,=л,“2%" 

m-г% ",д=;
C%л…%е "!ем  T , “2%,м%“2ь S "/C3“*= "“еL 

C=!2,, де2=леL;
"%ƒм%›…/L "/C3“* Nk

p де2=леL *=›д%г% ",д= 
…= %K%!3д%"=…,, k-г% ",д= , "/C3“* Nm

p де2=леL 
*=›д%г% ",д= “Cец,=л,“2=м, m-г% ",д=;

!=ц,%…=ль…/е C=!=ме2!/ C!%,ƒ"%д“2"е……%L 
“,“2ем/ ("е*2%! 3C!="ле…, ). 

b/K%! !=ц,%…=ль…/. C=!=ме2!%" C!%,ƒ"%д“2-
"е……%L “,“2ем/ “" ƒ=… “ %“…%"…%L ƒ=д=чеL 3C!="-
ле…,  # ƒ=д=чеL =…=л,2,че“*%г% C!%е*2,!%"=…, . 
dл  .2%г% * C%д“,“2еме м%дел,!%"=…,  " *%…23! 
%K!=2…%L “" ƒ, C%д*люч‘… Kл%* %C2,м,ƒ=ц,, 
(!,“. 1).

g=2ем ""%д 2“  *%мC%…е…2/ "е*2%!= 3C!="ле-
…,   ω = {Sk, Fk, Sm, Lm, nk

p, Šk
!, nm

p, Šm
p

 }, *%2%!/е 
"/K,!=ю2“  ,ƒ %Kл=“2,, ƒ=д=……%L " “%%2"е2“2",, 
“ 2е.…%л%г,че“*,м, , .*“Cл3=2=ц,%……/м, 2!е-
K%"=…, м, (Š}Š):

=1k ≤ Sk ≤ `1k ;

=2k ≤ Fk ≤ `2k ;

a3m ≤ Sm ≤ A3m ;  (1)
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, 0

 a4m ≤ Lm ≤ A4m ;

 a5k ≤ nk 
! ≤ A5k ;

 a6k ≤ Tk 
! ≤ A6k ;

 a7m ≤ nm
! ≤ A7m ;

 a8m ≤ Tm
! ≤ `8m ,

где =1k ,…, a8m, `1k, …, `8m # ƒ=д=……/е C%“2% ……/е 
"ел,ч,…/.

b *=че“2"е *!,2е!,е" *=че“2"= I [ω] "/K!=…/ 
“3мм=!…=  “2%,м%“2ь S ,ƒг%2%"ле…,  "“еL C=!2,, 
де2=леL, "!ем  !=K%2/ TF

k %K%!3д%"=…,  k-г% ",д= 
, TL

m “Cец,=л,“2%" m-г% ",д=, = 2=*›е *%л,че“2"% 
де2=леL *=›д%г% ",д= Nk

p
 , Nm

p, ,ƒг%2="л,"=ем/. 
" ƒ=д=……%е "!ем . m= …,. 2=*›е …=л%›е…/ %г!=-
…,че…, , *%2%!/е C!ед“2="л ю2 “%K%L 2е.…,че-
“*,е 3“л%",  (Šr): 

 0 ≤ S [ω] ≤ D1 ; 

 d2k ≤ TF
k [ω] ≤ D2k ;

 d3m ≤ TL
m [ω] ≤ D3m ; (2) 

 d4k ≤ Nk
p [ω] ≤ D4k ; 

 d5m ≤ Nm
p [ω] ≤ D5m ,

где d2k, d3m, d4k, d5m, D1, D2k, D3m, D4k, D5m # ƒ=д=…-
…/е C!едель…% д%C3“2,м/е ƒ…=че…,  “%%2"е2“2"3ю-
?,. Cе!еме……/..

o%“2=…%"*= ƒ=д=ч,. q!ед, д%C3“2,м/. ƒ…=че-
…,L "е*2%!= 3C!="л ю?,. C=!=ме2!%" (1) …е%K-
.%д,м% …=L2, 2=*,е, C!, *%2%!/. !еƒ3ль2=2/ !е-
ше…,  ngr 3д%"ле2"%! ю2 ƒ=д=……/м 2е.…,че-
“*,м 3“л%", м (2). lе2%д !еше…,  ƒ=д=ч, 2=*%г% 
2,C= ƒ=*люч=е2“  " “лед3ю?ем.

b"%д 2“  Kеƒ!=ƒме!…/е -3…*ц,%…=л/ γη
1[ω] < 1 

, γη
2[ω] < 1, %це…,"=ю?,е 3д=ле…,е ƒ…=че…,L Iη[ω] 

%2 “"%,. г!=…,ц " 2е.…,че“*,. 3“л%", . (2) " 
",де 

1 2[ ] [ ]
[ ]   [ ]  

D I I d
, ,

D d D d
η η η η

η η
η η η η

− ω ω −
γ ω = γ ω =

− −
 

1, .η = θ
 

nче",д…%, ч2% C!, "/C%л…е…,, 2е.…,че“*,. 
3“л%",L "“е ƒ…=че…,  γη

  [ω] < 1, " C!%2,"…%м “л3-
ч=е .%2  K/ %д…% ƒ…=че…,е γη

  [ω] > 1. g=2ем %C!е-
дел ю2 ч,“л% 

 c0 = min max γη
  [ω]  

          ω       η

, C!%"е! ю2 3“л%",е c0 ≤ 1. e“л, %…% "/C%л… е2-
“ , 2% %“…%"…=  ƒ=д=ч= 3C!="ле…,  ,мее2 !еше-
…,е, , …=Lде……/е ƒ…=че…,  *%мC%…е…2%" "е*2%!= 
ω* = {Sk

*, Fk
*, Sm

*, Lm
*, nk

 p*, Šk
!*, nm

p*, Šm
p*}  "-

л ю2“  !=ц,%…=ль…/м,. o!, …е%K.%д,м%“2, 
м%›…% !еш,2ь ƒ=д=ч3 %C2,м,ƒ=ц,, C% %д…%м3 ,ƒ 
*!,2е!,е". e“л, c0 > 1, 2% %“…%"…=  ƒ=д=ч= 3C!="-
ле…,  !еше…,  …е ,мее2. b .2%м “л3ч=е …е%K.%-
д,м% ,ƒме…,2ь 2е.…,*%-.*%…%м,че“*,е 2!еK%"=-
…,  ,л, 2е.…,че“*,е 3“л%", .

o!,ме!. b"еде…/ м…%›е“2"=: K 

p # "“е ",д/ %K%-
!3д%"=…, , …е%K.%д,м%г% дл  C!%,ƒ"%д“2"= C!%-
д3*ц,, p-г% 2,C=, M 

p # "“е ",д/ “Cец,=ль…%“2еL, 
…е%K.%д,м/. дл  "/C3“*= C!%д3*ц,, p-г% 2,C=, 

p,“. 1. q2!3*23!= “,“2ем/ ="2%м=2,ƒ=ц,,
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P 

p # C!%д3*ц,  p-г% ",д=. o!,ч‘м ",д/ %K%!3д%-
"=…, , “Cец,=ль…%“2еL , де2=леL дел 2“  …= 2,C/. 
Š%гд= 

j 
! = {k1, k2, k3, k4, k5, k6 }, 

где k1 “%%2"е2“2"3е2 -!еƒе!…/м “2=…*=м 2,C= t-1; 
k2 # 2%*=!…/м “2=…*=м 2,C= Š-1; k3 # -!еƒе!…/м 
“2=…*=м 2,C= t-2; k4 # -!еƒе!…/м “2=…*=м 2,C= t-
3; k5 # 2%*=!…/м “2=…*=м 2,C= Š-2; k6 # 2%*=!…/м 
“2=…*=м 2,C= Š-3; 

M 

! = {m1, m2, m3}, 

где m1 “%%2"е2“2"3е2 “ле“=!ю-“K%!?,*3 2,C= q-1; 
m2 # “ле“=!ю-“K%!?,*3 2,C= q-2; m3 # “ле“=!ю-
“K%!?,*3 2,C= q-12; 

p 
! = {p1, p2, p3, p4, p5, !6, p7, p8, !9}, 

где p1 “%%2"е2“2"3е2 *%!C3“…/м де2=л м 2,C= j-1, 
!2 # 2ел=м "!=?е…,  2,C= Šb-1; !3 # *%!C3“…/м де-
2=л м 2,C= j-2; !4 # *%!C3“…/м де2=л м 2,C= j-11; 
!5 # *%!C3“…/м де2=л м 2,C= j-21; !6 # мел*,м де2=-
л м 2,C= ld-4; !7 # мел*,м де2=л м 2,C= ld-41; 
!8 # 3ƒл=м 2,C= rq-1; !9 # 3ƒл=м 2,C= rq-2.

Šе.…%л%г,че“*,L C!%це““ C!ед“2="ле… …= !,“. 2, 
где 1 # -!еƒе!…/L “2=…%* 2,C= t-1, %K!=K=2/"=-
е2“  *%!C3“…=  де2=ль 2,C= j-1, "!ем  %K!=K%2*, 
де2=л, F1

1 = 1,0 “2=…*%-ч/ш2.; 2 # 2%*=!…/L “2=-
…%* 2,C= Š-1, %K!=K=2/"=е2“  2ел% "!=?е…,  2,C= 
Šb-1, "!ем  %K!=K%2*, де2=л, F2

2 = 1,0 “2=…-
*%-ч/ш2.; 3 # “ле“=!ь-“K%!?,* 2,C= q-1, “%K,-
!=е2“  *%!C3“…=  де2=ль 2,C= j-2, "!ем  !=K%2/ 
“Cец,=л,“2= L1

3 = 0,1 чел.-ч/ш2.; 4 # -!еƒе!…/L 

“2=…%* 2,C= t-2, %K!=K=2/"=е2“  *%!C3“…=  де2=ль 
2,C= j-11, "!ем  %K!=K%2*, де2=л, F3

4 = 1,0 “2=…-
*%-ч/ш2.; 5 # -!еƒе!…/L “2=…%* 2,C= t-3, %K!=-
K=2/"=е2“  *%!C3“…=  де2=ль 2,C= j-21, "!ем  
%K!=K%2*, F4

5 = 1,0 “2=…*%-ч/ш2.; 6 # 2%*=!…/L 
“2=…%* 2,C= Š-2, %K!=K=2/"=е2“  мел*=  де2=ль 
2,C= ld-4, "!ем  %K!=K%2*, F5

6 = 1,0 “2=…-
*%-ч/ш2.; 7 # 2%*=!…/L “2=…%* 2,C= Š-3, %K!=-
K=2/"=е2“  мел*=  де2=ль 2,C= ld-41, "!ем  
%K!=K%2*, F6

7 = 1,0 “2=…*%-ч/ш2.; 8 # “ле“=!ь-
“K%!?,* 2,C= q-2, “%K,!=е2“  3ƒел 2,C= rq-1, 
"!ем  !=K%2/ “Cец,=л,“2= L2

8 = 0,1 чел.-ч/ш2.; 
9 # “ле“=!ь-“K%!?,* 2,C= q-12, “%K,!=е2“ , 3ƒел 
2,C= rq-2, "!ем  !=K%2/ “Cец,=л,“2= L3

9 = 
= 0,1 чел.-ч/ш2.

n“…%"…=  ƒ=д=ч= 3C!="ле…,  (“м. 2=Kл,ц3) !е-
ше…= C!, “лед3ю?,. ,“.%д…/. д=……/.: “2%,-
м%“2ь !=K%2/ -!еƒе!…%г% “2=…*= 2,C= t-1 # Sk

1 = 

= 100 !3K./ч; “2%,м%“2ь !=K%2/ 2%*=!…%г% “2=…*= 
2,C= Š-1 Sk

2 = 100 !3K./ч; “2%,м%“2ь !=K%2/ -!е-
ƒе!…%г% “2=…*= 2,C= t-2 Sk

3 = 100 !3K./ч; “2%,-
м%“2ь !=K%2/ -!еƒе!…%г% “2=…*= 2,C= t-3 Sk

4 = 
= 100 !3K./ч; “2%,м%“2ь !=K%2/ 2%*=!…%г% “2=…*= 
2,C= Š-2 Sk

5 = 100 !3K./ч; “2%,м%“2ь !=K%2/ 2%-
*=!…%г% “2=…*= 2,C= Š-3 # Sk

6 = 100 !3K./ч; “2%,-
м%“2ь !=K%2/ “ле“=! -“K%!?,*= 2,C= q-1 # Sm

1 = 
= 100 !3K./ч; “2%,м%“2ь !=K%2/ “ле“=! -“K%!?,-
*= 2,C= q-2 # Sm

2 = 100 !3K./ч; “2%,м%“2ь !=K%2/ 
“ле“=! -“K%!?,*= 2,C= q-12 # Sm

3 = 200 !3K./ч; 
"!ем  ,ƒг%2%"ле…,  …е%K.%д,м%г% *%л,че“2"= де-
2=леL "“е. 2,C%" Tk

! = 10 ч.
j%мC%…е…2/ "е*2%!= 3C!="ле…,  ω = {F1, F2, 

L1, F3, F4, F5, F6, L2, L3, nk
1, nk

2, nm
3, nk

4, nk
5, nk

6, nk
7, 

nm
8, nm

9} "/K,!=ю2“  ,ƒ %Kл=“2,, ƒ=д=……%L " “%%2-
"е2“2",, “ 2е.…%л%г,че“*,м, , .*“Cл3=2=ц,%…-
…/м, 2!еK%"=…, м,: 

1

2

3 4

5

6

7

8 9

p,“. 2. Šе.…%л%г,че“*,L C!%це““ ,ƒг%2%"ле…,  3ƒл= 2,C= rq-2
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Š=Kл,ц =  1

pеƒ3ль2=2/ !еше…,  %“…%"…%L ƒ=д=ч, 3C!="ле…,                          

j%мC%…е…2
"е*2%!=

3C!="ле…, 

x=г

1 2 3 4 5 6 7 8 9 10 11 12

F1,
“2=…%*

3 3 5 5 5 6 6 5 4 3 4 4

F2,
“2=…%*

4 2 2 4 5 6 6 6 6 6 6 6

L1,
чел%"е*

2 5 6 4 4 2 2 2 2 2 2 2

F3,
“2=…%*

3 4 4 5 6 6 4 2 2 2 4 6

F4,
“2=…%*

3 4 5 3 4 3 2 2 2 3 4 3

F5,
“2=…%*

3 4 4 5 3 2 2 4 6 6 6 5

F6,
“2=…%*

2 2 3 3 3 4 6 6 6 5 4 5

L2,
чел%"е*

6 3 4 3 3 2 2 2 2 2 2 2

L3,
чел%"е*

5 5 5 2 3 4 4 3 2 2 2 2

nk
1,

ш2.
6 5 2 9 8 6 5 2 2 2 2 3

nk
2,

ш2.
7 2 8 2 2 4 3 2 2 5 10 10

nm
3,

ш2.
5 7 7 7 8 10 10 7 6 8 9 10

nk
4,

ш2.
3 8 8 3 2 2 4 4 4 6 10 10

nk
5,

ш2.
9 2 7 4 5 8 8 10 8 2 2 4

nk
6,

ш2.
8 4 9 7 6 2 2 2 2 2 4 5

nk
7,

ш2.
9 6 5 3 2 2 2 2 2 2 6 7

nm
8,

ш2.
5 5 7 6 8 6 6 9 9 10 10 10

nm
9,

ш2.
3 5 9 5 7 9 10 10 9 10 10 10

TF1, ч 1,5 1,67 0,4 1,8 1,6 1,0 0,83 0,4 0,5 0,67 0,5 0,75

TF2, ч 1,75 1,0 4,0 0,5 0,4 0,8 0,5 0,33 0,33 0,83 1,67 1,67

TL1, ч 0,25 0,14 0,12 0,18 0,2 0,5 0,5 0,35 0,3 0,4 0,45 0,5

TF3, ч 1,0 2,0 2,0 0,6 0,33 0,33 1,0 2,0 2,0 3,0 2,5 1,67

TF4, ч 3,0 0,5 1,4 1,33 1,25 2,67 4,0 5,0 4,0 0,67 0,5 1,33

TF5, ч 2,67 1,0 2,25 1,4 2,0 1,0 1,0 0,5 0,33 0,33 0,67 1,0

TF6, ч 4,5 3,0 1,67 1,0 0,67 0,5 0,33 0,33 0,33 0,4 1,5 1,4

TL2, ч 0,08 0,17 0,18 0,2 0,27 0,3 0,3 0,45 0,45 0,5 0,5 0,5

TL3, ч 0,06 0,1 0,18 0,25 0,23 0,23 0,25 0,33 0,45 0,5 0,5 0,5
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2 ≤ F1 ≤ 6;   2 ≤ nk
1 ≤ 10; 

2 ≤ F2 ≤ 6;   2 ≤ nk 
2 ≤ 10; 

2 ≤ L1 ≤ 6;   2 ≤ nm
3 ≤ 10;

2 ≤ F3 ≤ 6;   2 ≤ nk 
4 ≤ 10; 

2 ≤ F4 ≤ 6;   2 ≤ nk 
5 ≤ 10; 

2 ≤ F5 ≤ 6;   2 ≤ nk 
6 ≤ 10; 

2 ≤ F6 ≤ 6;   2 ≤ nk 
7 ≤ 10; 

2 ≤ L2 ≤ 6;   2 ≤ nm
8 ≤ 10;

2 ≤ L3 ≤ 6;   2 ≤ nm
9 ≤ 10. 

Šе.…,че“*,е 3“л%",  ƒ=д=…/ " ",де

0,5 ≤ ŠF1 ≤ 4,0;  4 ≤ Nk
1 ≤ 30;

0,5 ≤ ŠF2 ≤ 4,0;  4 ≤ Nk
2  ≤ 30;

0,1 ≤ ŠL1 ≤ 1,0;  4 ≤ Nm
3 ≤ 30; 

0,5 ≤ ŠF3 ≤ 4,0;  4 ≤ Nk
4 ≤ 30;

0,5 ≤ ŠF4 ≤ 4,0;  4 ≤ Nk
5 ≤ 30;

0,5 ≤ ŠF5 ≤ 4,0;  4 ≤ Nk
6 ≤ 30;

0,5 ≤ ŠF6 ≤ 4,0;  4 ≤ Nk
7 ≤ 30;

0,1 ≤ ŠL2 ≤ 1,0;  4 ≤ Nm
8 ≤ 30; 

0,1 ≤ ŠL3 ≤ 1,0;  4 ≤ Nm
9 ≤ 30. 

Š=*,м %K!=ƒ%м, !=ц,%…=ль…/е ƒ…=че…,  C=!=-
ме2!%" C!%,ƒ"%д“2"е……%L “,“2ем/: F1* = 4 “2=…-
*=, F2* = 6 “2=…*%", L1* = 2 чел%"е*=, F3* = 6 “2=…-
*%", F4* = 3 “2=…*=, F5* = 5 “2=…*%", F6* = 5 “2=…-
*%", L2* = 2 чел%"е*=, L3* = 2 чел%"е*=, nk

1* = 3 ш2.,  

nk
2* = 10 ш2., nm

3* = 10 ш2., nk
4* = 10 ш2., nk

5* = 4 ш2., 

nk
6* = 5 ш2., nk

7*
 = 7 ш2., nm

8* = 10 ш2., nm
9* = 10 ш2.

g=*люче…,е. p=ƒ!=K%2=……=  “,“2ем= ="2%м=-
2,ƒ=ц,, C%ƒ"%л е2 %“3?е“2"л 2ь м%дел,!%"=-
…,е, "/K,!=2ь !=ц,%…=ль…/е C=!=ме2!/ C!%,ƒ-
"%д“2"е……%L “,“2ем/ (!еш=2ь %“…%"…3ю ƒ=д=ч3 
3C!="ле…, ), C!, *%2%!/. 3д%"ле2"%! ю2“  
ƒ=д=……/е 2е.…,че“*,е 3“л%",  …= C%*=ƒ=2ел, 
*=че“2"=. o%л3че…= .%!%ш=  “.%д,м%“2ь !еƒ3ль-
2=2%". 

a,Kл,%г!=-,че“*,е ““/л*,

1. q,!=ƒе2д,…%" Š.j. lе2%д/ !еше…,  м…%г%*!,2е-
!,=ль…/. ƒ=д=ч “,…2еƒ= 2е.…,че“*,. “,“2ем . l.: l=-
ш,…%“2!%е…,е, 1988. 160 “.

2. h"=…%" b.j. `"2%м=2,ƒ=ц,  C!%е*2,!%"=…,  , 
3C!="ле…,  "%ƒм%›…%“2 м, C!едC!, 2,  / nK%ƒ!е…,е 
C!,*л=д…%L , C!%м/шле……%L м=2ем=2,*,. l.: m=3ч-
…%е ,ƒд-"% &Šbo[, 2009. Š. 16. b/C. 5. q. 853#854.

j%мC%…е…2
"е*2%!=

3C!="ле…, 

x=г

1 2 3 4 5 6 7 8 9 10 11 12

Nk
1,

ш2.
6,67 6,0 25,0 5,56 6,25 10,0 12,0 25,0 20,0 15,0 20,0 13,3

Nk
2,

ш2.
5,7 10,0 2,5 20,0 25,0 12,5 20,0 30,0 30,0 12,0 6,0 6,0

Nm
3,

ш2.
40,0 71,4 85,7 57,1 50,0 20,0 20,0 28,6 33,3 25,0 22,2 20,0

Nk
4,

ш2.
10,0 5,0 5,0 16,7 30,0 30,0 10,0 5,0 5,0 3,33 4,0 6,0

Nk
5,

ш2.
3,33 20,0 7,14 7,5 8,0 3,75 2,5 2,0 2,5 15,0 20,0 7,5

Nk
6,

ш2.
3,75 10,0 4,44 7,14 5,0 10,0 10,0 20,0 30,0 30,0 15,0 10,0

Nk
7,

ш2.
2,22 3,33 6,0 10,0 15,0 20,0 30,0 30,0 30,0 25,0 6,67 7,14

Nm
8,

ш2.
120,0 60,0 57,1 50,0 37,5 33,3 33,3 22,2 22,2 20,0 20,0 20,0

Nm
9,

ш2.
166,7 100,0 55,6 40,0 42,9 44,4 40,0 30,0 22,2 20,0 20,0 20,0

c0 6,26 3,69 3,14 2,04 1,77 1,56 1,39 1,29 1,13 1,05 1,0 0,93

o!%д%л›е…,е 2=Kл. 1
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rdj 519.866

k.b. q2еC=…%", *=…д. 2е.…. …=3*, д%ц. (h…“2,232 ме…ед›ме…2=, м=!*е2,…г= , -,…=…“%", 
г. b%!%…е›)

stepanovlv@yandex.ru

lndekhpnb`mhe nkhcnonkhqŠh)eqjni jnmjrpem0hh opedoph“Šhi 

nл,г%C%л,“2,че“*=  *%…*3!е…ц,  .=!=*2е!,ƒ3е2“  *%%!д,…=ц,еL Cл=…%" 3ч=“2…,*%". 
p=““м%2!е…/ !=ƒл,ч…/е ",д/ %л,г%C%л,,. m= %“…%"е 2е%!,, м…%›е“2" C!едл%›е…= м%дель %л,-
г%C%л,“2,че“*%г% !/…*=. p=ƒ!=K%2=…/ д"е м%дел, дл  !=ƒл,ч…/. ",д%" *%…*3!е…ц,,, C%“2!%е…-
…/е …= %“…%"е ге…е2,че“*%г% =лг%!,2м=, …еL!%“е2е"/. 2е.…%л%г,L , ме2%д%" 2е%!,, ,г!.

jлюче"/е “л%"=: *%…*3!е…ц, , %л,г%C%л,“2,че“*=  *%…*3!е…ц, , м%дель !/…*=, ге…е2,че-
“*,L =лг%!,2м, …еL!%……/е “е2,.

Oligopolistic competition is characterized by participants agenda coordination. Different oligopoly 
types are considered. Oligopolistic market model from a multitude theory is proposed. Two models 
of the different competition types constructed from a genetic algorithm, connectionist technology and 
games theory methods are developed.

Key words: competition, oligopolistic competition, market model, genetic algorithm, neural 
networks.

b"еде…,е. m=3ч…/. !=K%2, C%“" ?‘……/. .*%-
…%м,че“*,м C!%Kлем=м *%…*3!е…ц,,, %C3Kл,*%-
"=…% д%“2=2%ч…% м…%г% *=* " %2ече“2"е……%L [1#4], 
2=* , " ƒ=!3Kе›…%L Cеч=2, [5#8]. o!,ч‘м C!=*2,-
че“*, " *=›д%L ,ƒ …,. д=ю2“  2е ,л, ,…/е %C!е-
деле…, . l…%г%%K!=ƒ,е C3Kл,*=ц,L %2!=›=е2 
%KAе*2,"…3ю “л%›…%“2ь C!едме2= д=……%г% …=3ч-
…%г% ,““лед%"=…, . 

nд…,м ,ƒ ",д%" *%…*3!е…ц,,  "л е2“  %л,г%-
C%л,“2,че“*=  *%…*3!е…ц,  O 2,C !/…*=, *%гд= 
…= …‘м г%“C%д“2"3ю2 …е“*%ль*% C!едC!, 2,L (…% 
…е м…%г%), *%%!д,…,!3ю?,. “"%, “2!=2ег,че-
“*,е, %Cе!=2,"…/е , (,л,) 2=*2,че“*,е Cл=…/ C% 
"ƒ=,м%деL“2",ю “ д!3г,м, 3ч=“2…,*=м,, C!,ч‘м 
*=* C!%,ƒ"%д,2ел м,, 2=* , C%2!еK,2ел м, 2%"=-
!%" , 3“л3г. 

b “%"!еме……/. 3“л%", . "% м…%г,. “2!=…=. “ 
!=ƒ",2/м !/…*%м C!е%Kл=д=е2 ,ме……% %л,г%C%л,-
“2,че“*,L 2,C *%…*3!е…ц,,, *%2%!=  *%…2!%л,!3-
е2“  г%“3д=!“2"%м , =…2,2!е“2%"/м ƒ=*%…%д=2ель-
“2"%м. }2%2 -=*2 д%C%л…,2ель…% C%дче!*,"=е2 =*-
23=ль…%“2ь м%дел,!%"=…,  "ƒ=,м%деL“2",  C!ед-
C!, 2,L " 3“л%", . %л,г%C%л,“2,че“*%г% !/…*=.

q 3ч‘2%м .*%…%м,че“*%L “3?…%“2, %л,г%C%-
л,, C!едл=г=е2“  !=““м=2!,"=2ь д"= 2,C= %KAед,-
…е…, :

%KAед,…е…,е “ -%!м,!%"=…,ем %д…%г% &“%"%-
*3C…%г%[ 3ч=“2…,*= !/…*= # -=*2,че“*, “%ƒд=‘2-
“  %д,… …%"/L 3ч=“2…,* !/…*=, , "“е "%шедш,е 
" …ег% C!едC!, 2,  2е! ю2 “=м%“2% 2ель…%“2ь. 
j 2=*%L %л,г%C%л,, %2…%“ 2 2!е“2, .%лд,…г, *%…-
це!…. Š=*=  -%!м= %че…ь Kл,ƒ*= * м%…%C%л,, , 
C%.2%м3 !=““м=2!,"=2ь“  …е K3де2;

%KAед,…е…,е “ *%%Cе!=ц,еL # C!едC!, 2,  “%-
.!=… ю2 “"%ю …еƒ=",“,м%“2ь, -=*2,че“*, "/“23-

C=  *=* %2дель…/е 3ч=“2…,*, !/…*=. j .2%L %л,-
г%C%л,, м%›…% %2…е“2, *=!2ель, “,…д,*=2, *%…-
“%!ц,3м, *%…гл%ме!=2. nд…=*% ме›д3 …,м, “3-
?е“2"3ю2 !=ƒл,ч, , “" ƒ=……/е “ 2ем, *=*3ю C!%-
д3*ц,ю "/C3“*=ю2 C!едC!, 2, . b/дел ю2 д,--
-е!е…ц,!%"=……3ю , ч,“23ю %л,г%C%л,ю “ *%%-
Cе!=ц,еL.

Š%"=!/ …= 2=*%м !/…*е %K/ч…% !=“C!едел -
ю2“  C% 2=* …=ƒ/"=ем/м *л=“2е!=м O г!3CC=м 
%д…%2,C …/. C% “%“2="3, …% …е%д…%!%д…/. C% 
ƒ…=че…, м .=!=*2е!,“2,* 2%"=!%". o!, .2%м 2=-
*%е !=ƒделе…,е …%“,2 3“л%"…/L .=!=*2е!, 2=* 
*=* C% “"%L“2"=м 2%"=!/ д,--е!е…ц,!%"=…/. 
Š=*,м %K!=ƒ%м, …= !/…*е C!,“32“2"3е2 2%"=! *=* 
VIP-, 2=* , .*%…%м*л=““=. o!едме2%м *%%Cе-
!=ц,, " .2%м “л3ч=е  "л ю2“  C=!=ме2!/ C!%-
д3*ц,,. 

o%д м=2ем=2,че“*%L м%делью !/…*= K3дем C%-
…,м=2ь “%"%*3C…%“2ь .леме…2%"

{ } 1
nR pt ,i i= =

{ } 1{{ } } 11{ } 1

wy jkhl j yjkmt jk jm kpr ,Gj j

=
==

= , (1)

где {pt} # м…%›е“2"% C%2!еK,2елеL 2%"=!=; {pr} # 
м…%›е“2"% C!%,ƒ"%д,2елеL 2%"=!=; G # г%“3д=!“2"% 
*=* !ег3л,!3ю?,L ме.=…,ƒм !/…*=; tjk # k-L 2%"=! 
j-г% C!%,ƒ"%д,2ел ; h 

y
jk # y-  .=!=*2е!,“2,*= k-г% 

2%"=!= j-г% C!%,ƒ"%д,2ел ; wjk # *%л,че“2"% .=!=*2е-
!,“2,* k-г% 2%"=!= j-г% C!%,ƒ"%д,2ел ; m # ч,“л% 
C!%,ƒ"%д,2елеL; n # ч,“л% C%2!еK,2елеL; lj # ч,“л% 
2%"=!%" j-г% C!%,ƒ"%д,2ел .
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l%дель (1)  "л е2“  …=,K%лее %K?еL , “%%2-
"е2“2"3ю?еL "“ем 2,C=м %л,г%C%л,,, " 2%м ч,“-
ле е‘ ч,“2%L -%!ме. 

dл  д,--е!е…ц,=ль…%L %л,г%C%л,, ",д ƒ=",-
“,м%“2, …е“*%ль*% 3C!%?=е2“ :

{ } 1{ } { }1 1

lt jk kn mR pt , pr ,Gi i j j
== = =

{ } 1
wy kh yk =

.(2)

b !еƒ3ль2=2е C%л3че……/е %C,“=…,  (1) , (2) 
!/…*= %л,г%C%л,“2,че“*%L *%…*3!е…ц,, *=* 
“,“2ем/ C%ƒ"%л ю2 Cе!еL2, * м%дел,!%"=…,ю 
!/…%ч…%г% C!%це““=, 2. е. “=м%г% *%…*3!е…2…%г% 
"ƒ=,м%деL“2", . n“%Kе……%“2, ",д%" %л,г%C%л,, 
2!еK3ю2 C%“2!%е…,  %2дель…%L м%дел, дл  *=›-
д%г% ,ƒ …,..

0ель д,--е!е…ц,!%"=……%L %л,г%C%л,, “%-
“2%,2 " %Kе“Cече…,, …е%K.%д,м%г% 3!%"…  C%2!е-
K,2ель“*,. “"%L“2" *=›д%г% 2%"=!= Kеƒ …=!3ше…,  
“-%!м,!%"=……%L …= !/…*е д,--е!е…ц,=ц,,. 

g=меч=…,е. Š%"=! C% .=!=*2е!,“2,*=м д%л›е… 
“%%2"е2“2"%"=2ь 2!еK%"=…, м C%2!еK,2ел , …% …е 
ƒ=ме?=2ь д!3г,е 2%"=!/ …= !/…*е. e“л, 2%"=! t1 
C!е"%“.%д,2 2%"=! t2, 2% ег% C=!=ме2!/ H1 C!е-
"%“.%д 2 C=!=ме2!/ H2. d!3г,м, “л%"=м,, е“л, 

21 tt � , 2% }2{}1{ yhyh � , где ƒ…=* &� [ %K%ƒ…=ч=е2 
C!е"%“.%д“2"% (д%м,…,!%"=…,е).

dл  "“е. 2%"=!%" !/…*= R

...}1{ если ......1
yhltktt ������

. при }{...}{ yy
lhy

kh ∀���
 

(3)

o!,ме…   C%д.%д/ 2е%!,, ,г! [9, 10], м%›…% 
32"е!›д=2ь, ч2% t* C!е"%“.%д,2 C% C=!=ме2!=м 
t**, е“л, ∀h ∈H:o(h*) ≥ o(h**), где o # …е*%2%-
!=  -3…*ц, , ƒ=",“ ?=  %2 .=!=*2е!,“2,*, 2%"=-
!=, C!,ч‘м .%2  K/ %д…% …е!="е…“2"% "/C%л…е…% 
“2!%г%.

Š%гд= “ 3ч‘2%м 2!=…ƒ,2,"…%“2, м%›…% ƒ=C,“=2ь

... ...  1t t tk l� � � �

е“л, .ПП1П l...k... ≥≥≥≥    (4)

q 3ч‘2%м .*%…%м,че“*%L “3?…%“2, д,--е!е…-
ц,!%"=……%L *%…*3!е…ц,, , "/!=›е…,  (3) !е-
ƒ3ль2=2%м !/…%ч…%г% C!%це““= д%л›…/ “2=2ь %C-
2,м=ль…/е .=!=*2е!,“2,*, 2%"=!=, …е …=!3ш=ю-
?,е “%%2…%ше…,  (4), 2. е.

опт опт опт1{ } ... { } ... { }y y y
k lh h h� � � �

 
    (5)

т при .y∀  

b *=че“2"е ме2%д%л%г,че“*%L K=ƒ/ дл  C%-
“2!%е…,  м%дел, д,--е!е…ц,!%"=……%L %л,г%C%-
л,, C!едл=г=е2“  C!,ме…,2ь ге…е2,че“*,L =лг%-
!,2м, *%2%!/L дем%…“2!,!3е2 ƒ…=ч,2ель…/е 3“-
Cе., C!, !еше…,, м…%г,. “л%›…/. ƒ=д=ч %C2,-
м,ƒ=ц,, " 3“л%", ., *%гд= целе"/е -3…*ц,,  "-
л ю2“  м…%г%.*“2!ем=ль…/м,. 

t%!м,!%"=…,е ,“.%д…%L C%C3л ц,, (,…,ц,=-
л,ƒ=ц, ) ƒ= *люч=е2“  " "/K%!е ƒ=д=……%г% *%л,-
че“2"= .!%м%“%м (%“% KеL), C!ед“2="л ем/. C%“ле-
д%"=2ель…%“2 м, -,*“,!% "=……%L дл,…/. b 3“л%-
", . %л,г%C%л,, C!едл=г=е2“  “-%!м,!%"=2ь д"е 
!%д,2ель“*,е C%C3л ц,,.

1. l…%›е“2"% -=*2,че“*,. C=!=ме2!%" 2%"=-
!=, "/C3“*=ем%г% C!%,ƒ"%д,2ел м, HPR …= !/…-
*е R:

1
1 11{{ } ... { } ...kwwy yPR

ykyH h h === � � � �
 

1{ },} lwy
ylh =�  (6)

где h 

y
k # ƒ…=че…,е y-L *=че“2"е……%L .=!=*2е!,“2,*, 

k-г% 2%"=!=, C!%,ƒ"%д,м%г% …= !/…*е R; wk # ч,“л% 
.=!=*2е!,“2,* k-г% 2%"=!=.

2. l…%›е“2"% C=!=ме2!%" 2%"=!=, %Kе“Cеч,-
"=ю?,. …=,K%льш3ю C%леƒ…%“2ь 2%"=!%" дл  C%-
2!еK,2елеL HPT (…=,K%лее ›ел=ем/.): 

1
1 1 1{{ } ... { } ...kw wy yPT

iy yH h h= == � � � �

1{ } },lwy
n yh =�    (7)

где h  

y
i # ƒ…=че…,е y-L *=че“2"е……%L .=!=*2е!,“2,*, 

2%"=!= i-г% C%2!еK,2ел  …= !/…*е R; wk # ч,“л% .=-
!=*2е!,“2,* k-г% 2%"=!=.

),“л% .леме…2%" " "/!=›е…,, (7) …е%K ƒ=2ель-
…% д%л›…% “%%2"е2“2"%"=2ь ч,“л3 C%2!еK,2елеL n 
…= !/…*е R. }2% “" ƒ=…% “ 2ем, ч2% C%2!еK,2ель 
pti м%›е2 …3›д=2ь“  " 2%"=!=. ,ƒ !=ƒл,ч…/. *л=-
“2е!%", …=C!,ме! ,ƒ VIP- , .*%…%м*л=““= %д…%-
"!еме……%. 

a=ƒ%"/е C!,…ц,C/ -%!м=л,ƒ=ц,, *=че“2"е…-
…/. .=!=*2е!,“2,* !=““м%2!е…/ " !=K%2=., C%-
“" ?‘……/. 2е%!,, …еч‘2*,. м…%›е“2" [11, 12] , 
2е%!,, C!,… 2,  !еше…,L [13#15]. o!,ме…е…,е 
.2,. м%делеL C%ƒ"%л е2 Cе!еL2, %2 …=K%!= л,…-
г",“2,че“*,. *%…“2!3*ц,L * ч,“л%"%м3 C!ед“2="-
ле…,ю .=!=*2е!,“2,*. }2% %K ƒ=2ель…%, 2=* *=* 
!=ƒ…/е C=!=ме2!/ м%г32 ,ме2ь !=ƒл,ч…/L …=K%! 
2е!м,…%", ,“C%льƒ3ем/. дл  ,. .=!=*2е!,“2,*,. 
oе!е.%д * ч,“л%"%L -%!ме C%ƒ"%л е2 ,. 3…,-,-
ц,!%"=2ь.

g=2ем м%›…% %це…,2ь C!,“C%“%Kле……%“2ь (oPR 
, oPT) дл  *=›д%L ,ƒ .!%м%“%м (6) , (7) “%гл=“…% 
-%!м3ле
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'
'

'
1''

1
П  или П ,

'

w
Cy

kw
yCywk kk

y

h

h
w

=

=
= =

∑
∏

  

(8)

где h'Cy
k # …%!м=л,ƒ%"=……%е ƒ…=че…,е y-L .=!=*2е-

!,“2,*, k-L .!%м%“%м/; w' # ч,“л% .=!=*2е!,“2,* 
2%"=!=.

p=““ч,2/"=ем%е ƒ…=че…,е ok  K3де2 C!ед“2="-
л 2ь “%K%L "ел,ч,…3, 3ч,2/"=ю?3ю !="…%ƒ…=ч-
…%“2ь "“е. h'Cy

k . q!ед…еге%ме2!,че“*=  ƒ=",“,-
м%“2ь %Kе“Cеч,"=е2 Kóльш3ю 2%ч…%“2ь, …% …е м%-
›е2 C!,ме… 2ь“  C!, 3“л%",, ∃h'Cy

k = 0. 
qеле*ц,  .!%м%“%м  "л е2“  %д…%L ,ƒ …=,K%-

лее "=›…/. %Cе!=ц,L. m= д=……%м .2=Cе C!%,“.%-
д,2 -%!м,!%"=…,е C=! .!%м%“%м дл  C%“лед3ю-
?ег% “*!е?,"=…, . hме……% …= .2%м .2=Cе …е%K-
.%д,м% ""е“2, м%д,-,*=ц,ю, C%ƒ"%л ю?3ю !е=-
л,ƒ%"=2ь *%%Cе!=2,"…/L .=!=*2е! C%"еде…,  
C!едC!, 2,L …= !/…*е. o!едл=г=е2“  !=ƒдел,2ь 
м…%›е“2"% HPT …= “%"%*3C…%“2ь …еCе!е“е*=ю-
?,.“  C%дм…%›е“2" …= %“…%"=…,, ƒ…=че…,  
-3…*ц,, C!,“C%“%Kле……%“2, *=›д%L ,ƒ .!%м%-
“%м. q 3ч‘2%м "/!=›е…,  (5) 2%"=! t1 ,ƒ VIP *л=“-
“= K3де2 C!е"%“.%д,2ь C% ƒ…=че…, м .=!=*2е!,-
“2,* 2%"=! t2 ,ƒ .*%…%м*л=““=. qлед%"=2ель…%, 
3“л%",е oPT

1  > oPT
2 K3де2 "е!…%.

b“е C%“лед3ю?,е .2=C/ ге…е2,че“*%г% =лг%!,2-
м= (“*!е?,"=…,е , -%!м,!%"=…,е …%"%L C%C3л -
ц,,) C%д!%K…% !=““м%2!е…/ " !=K%2е [16] , …е 2!е-
K3ю2 ,ƒме…е…,L. }2, .2=C/ C!,ме… ю2“  %2дель-
…% * *=›д%м3 ,ƒ C%дм…%›е“2" м…%›е“2"= HPT.

b !еƒ3ль2=2е C%“лед%"=2ель…%г% C!,ме…е…,  ге-
…е2,че“*%г% =лг%!,2м= *% "“ем “-%!м,!%"=……/м 
C%дм…%›е“2"=м м%›е2 K/2ь C%л3че…% м…%›е“2"% 

опт опт опт опт1{{ } ... { } ... { } }y y yPT PT PT PT
k lH h h h= � � � �

  
,(9)

где {h 

y
k}

PT
%C2 # C%дм…%›е“2"% %C2,м=ль…/. .=!=*2е-

!,“2,* k-г% 2%"=!=.

mе%K.%д,м% %2ме2,2ь, ч2% ч,“л% C%дм…%›е“2" 
{hy}PT

%C2 " м…%›е“2"е H 

PT
%C2 !="…% l # ч,“л3 2%"=-

!%", C!%,ƒ"%д,м/. дл  C%2!еKле…,  …= !/…*е R.
r“л%",е (5) "/C%л… е2“  дл  "“е. …=K%!%" .=-

!=*2е!,“2,*. j=›д/L C%“лед3ю?,L …=K%! C=!=-
ме2!%" 2%"=!= C!е"%“.%д,2 C!ед/д3?,L, …% K3де2 
C!е"ƒ%Lд‘… C% ƒ…=че…,ю -3…*ц,, C!,“C%“%Kле…-
…%“2, “лед3ю?ег% 2%"=!=.

dл  3ч‘2= C=!=ме2!%" C!%,ƒ"%д,м%г% 2%"=!= 
C!едл=г=е2“  “-%!м,!%"=2ь …%"3ю C%C3л ц,ю …= 
%“…%"е "/!=›е…,  (7) , C!,ме…,2ь * …еL ге…е2,-
че“*,L =лг%!,2м.

b !еƒ3ль2=2е м%›е2 K/2ь C%л3че…% м…%›е“2"% 
!%д,2ель“*,. C%C3л ц,L, C!ед“2="л ю?,. “%K%L 
*%!2е›:

опт{ } ,{ }kwy y PT
k k kh h  (10)

}*%…%м,че“*,L “м/“л !еш=ем%L …= д=……%м 
.2=Cе ƒ=д=ч, “%“2%,2 " 2%м, ч2% …е%K.%д,м% …=L-
2, %C2,м=ль…%е “%%2…%ше…,е ме›д3 C%2!еK,-
2ель“*,м, (›ел=ем/м,) , !е=ль…/м, C=!=ме2!=-
м, 2%"=!=. o!, .2%м м%›…% C!едC%л%›,2ь, ч2% 
›ел=ем/е C=!=ме2!/ м%г32 K/2ь …е“*%ль*% ƒ="/-
ше……/м,, = !е=ль…/е # ƒ=…,›е……/м, " “,л3 
“2!емле…,  C!%,ƒ"%д,2ел  м,…,м,ƒ,!%"=2ь ,ƒ-
де!›*,. Š=*,м %K!=ƒ%м, %C2,м=ль…/е C=!=ме2!/ 
K3д32 …=.%д,2ь“  ме›д3 …,м,. 

Š=* *=* ге…е2,че“*,L =лг%!,2м C!,ме… е2“  
2%ль*% * %д…%L C=!е .!%м%“%м , “ 3ч‘2%м .*%…%-
м,че“*%г% “м/“л= !еш=ем%L ƒ=д=ч, C!едл=г=е2“  
"…е“2, ,ƒме…е…,  " 3“л%",е %“2=…%"*, =лг%!,2-
м=, "/K!="

П П ,| |PT PR
k k− ≤ Δ  (11)

где ∆ # д%C3“2,м=  C%г!еш…%“2ь !=K%2/ =лг%!,2м=, 
*%2%!=  %C!едел е2“  .*“Cе!2…%.

b !еƒ3ль2=2е C%“лед%"=2ель…%г% C!,ме…е…,  ге-
…е2,че“*%г% =лг%!,2м= *% "“ем “-%!м,!%"=……/м 
C%C3л ц, м м%›е2 K/2ь C%л3че…% м…%›е“2"%

опт опт опт опт
1{{ } ,...,{ } ,...,{ } },y y y

k lH h h h=    (12)

где {h 

y
k}

%C2 # C%дм…%›е“2"% %C2,м=ль…/. .=!=*2е!,-
“2,* k-г% 2%"=!=.

}леме…2/ H 

%C2 K3д32 “%%2"е2“2"%"=2ь ,…2е!е-
“=м *=* C!%,ƒ"%д,2елеL, 2=* , C%2!еK,2елеL 2%-
"=!= …= !/…*е. 

qлед3ю?,м ",д%м *%%Cе!=ц,, …= !/…*е  "-
л е2“  ч,“2=  %л,г%C%л, . b е‘ %“…%"е ле›,2 *%-
%!д,…=ц,  C!, !=“C!еделе…,, *%л,че“2"= "/C3“-
*=ем%L C!%д3*ц,, …= !/…*е. j%=л,ц,еL K3дем 
…=ƒ/"=2ь %KAед,…е…,е “3KAе*2%" !/…*= дл  !е-
ше…,  %K?,. .*%…%м,че“*,. ƒ=д=ч , д%“2,›е…,  
%K?,. целеL.

o!, !еше…,, ƒ=д=ч, !е“3!“…%г% !=“C!еделе-
…,  …е%K.%д,м% %Kе“Cеч,2ь "/C%л…е…,е 3“л%", 

,
1

∑
=

=
m

j

k
j

k qQ
 

(13) 

,л, 

{ }, 1,k k
jQ q j m= =

 
, (14)

где q 

k 
j # *%л,че“2"% k-L C!%д3*ц,,, "ме… ем%L дл  

"/C3“*= j-м C!%,ƒ"%д,2елем *%=л,ц,, S.

o!, %C!еделе…,, 3!="…е…,  (14) д%л›…/ 3ч,-
2/"=2ь“  ,…д,",д3=ль…/е %“%Kе……%“2, *=›д%г% 
“3KAе*2= prj *%=л,ц,, S.
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dл  C%л3че…,  !=“C!еделе…,  C!едл=г=е2“  
"%“C%льƒ%"=2ь“  "е*2%!%м xеCл, [17, 18]. b !=-
K%2е [19] д%*=ƒ=…%, ч2% %C2,м=ль…/L "е*2%! !=“-
C!еделе…,  xеCл, K3де2 ед,…“2"е……/м дл  *%=-
л,ц,, C!едC!, 2,L.

bе*2%! D = {Dj (Ψ)} K3дем …=ƒ/"=2ь !=“C!еделе-
…,ем D C% .леме…2=м S, где Ψ # …е*%2%!=  .=!=*-
2е!,“2,че“*=  -3…*ц, .

q-%!м3л,!%"=……/е K=ƒ%"/е =*“,%м/ =…=л,-
2,че“*%г% “C%“%K= ƒ=д=…,  .=!=*2е!,“2,че“*%L 
-3…*ц,, Ψ [19] C%л…%“2ью C!,ме…,м/ * д=……%-
м3 ,““лед%"=…,ю.

Š%гд= " “%%2"е2“2",, “ 3“л%", м, C%“2=…%"*, 
ƒ=д=ч, -3…*ц,  D, “2=" ?=  " “%%2"е2“2",е “%-
гл=“…% =*“,%м=м *%=л,ц,, S "е*2%! !=“C!еделе-
…,  xеCл, дл  д=……%г% ,““лед%"=…,  D = {Dj (Ψ)}, 
,мее2 ",д

  ( 1)! )!
( ) ( ( )!

j

j
Spr  S

| S | (n | S |SD  = Sn 
∈

− −
Ψ Ψ −∑

( { }))S \ j , j S,− Ψ ∈          (15)

где Ψ(S) # .=!=*2е!,“2,че“*=  -3…*ц, ; nS # ч,“л% 
.леме…2%" *%=л,ц,, S; |S | # Cе!еме……=  “3мм,!%"=-
…, . g…=* м%д3л  " .2%м “л3ч=е %ƒ…=ч=е2, ч2% "ел,-
ч,…= S ,“C%льƒ3е2“  …е *=* *%=л,ц, , = *=* …е*%2%-
!=  цел%ч,“ле……=  "ел,ч,…=, C%*=ƒ/"=ю?=  *%л,-
че“2"% K=ƒ%"/. .леме…2%" C%дм…%›е“2"= S м…%›е“2-
"= C!%,ƒ"%д,2елеL.

b"ед‘м %K%ƒ…=че…,е .=!=*2е!,“2,* j-г% C!%,ƒ-
"%д,2ел  k-г% 2%"=!=:

{ } , 1, , 1, ,j jpr pr
y kkH h y w k l= = =  

  (16)

где h # ,…д,",д3=ль…=  .=!=*2е!,“2,*= j-г% C!%,ƒ"%-
д,2ел ; {hpr

y } # м…%›е“2"% .=!=*2е!,“2,* j-г% C!%,ƒ-
"%д,2ел  k-г% 2%"=!=.

b 3“л%", . %л,г%C%л,, …= !/…*е C!ед“2="ле…/ 
C!%,ƒ"%д,2ел, %д…%!%д…%L C!%д3*ц,,, C%.2%м3 
м%›…% 32"е!›д=2ь, ч2% C% C=!=ме2!=м .2, C!ед-
C!, 2,  “.%›,, 2. е. ,мею2 %д,…=*%"/L “%“2=" 
.=!=*2е!,“2,*:

{ } , 1, , 1, .pr pr
y kkH h y w k l= = =   (17)

nд…=*% “" ƒ=2ь ме›д3 “%K%L …е*%2%!/е ,ƒ …,. 
, C!ед“2=",2ь " =…=л,2,че“*%L -%!ме …е C!ед-
“2="л е2“  "%ƒм%›…/м. b “" ƒ, “ .2,м дл  C%л3-
че…,  ƒ…=че…,L, .=!=*2е!,ƒ3ю?,. *=›д%г% ,ƒ 
3ч=“2…,*%" *%=л,ц,,, C!едл=г=е2“  "%“C%льƒ%-
"=2ь“  2е.…%л%г,еL …еL!%……/. “е2еL [20, 21].

dл  м%дел,!%"=…,  *%=л,ц,, S C!%,ƒ"%д,2е-
леL C!едл=г=е2“  ,“C%льƒ%"=2ь д"3.“л%L…3ю =!-
.,2е*23!3 (“м. !,“3…%*).

b C!едл%›е……%L =!.,2е*23!е ".%д…%L “л%L “%-
“2%,2 ,ƒ …еL!%…%" N, ч,“л% *%2%!/. “%%2"е2“2-
"3е2 ч,“л3 ".%д…/. .=!=*2е!,“2,* j-г% C!%,ƒ"%-
д,2ел . b !еƒ3ль2=2е C!е%K!=ƒ%"=…,  "е*2%! ".%д-
…/. .=!=*2е!,“2,* K3де2 C!е%K!=ƒ%"=… " "е*2%! 
2=*%L ›е дл,…/ ψ. o!%це““ C!е%K!=ƒ%"=…,  м%-
›е2 K/2ь "/!=›е… -%!м3л%L

ψ = F1(H),  (18)

где F1 # =*2,"=ц,%……=  -3…*ц,  Cе!"%г% “л% .

`!.,2е*23!= ,“*3““2"е……%L …еL!%……%L “е2, k-г% 2%"=!=

N1
1

h1
k

N2
1

1k

11
1

hy
k

11
y

hw
k

11
w

…
…

N1
y N2

j
jk

N1
w N2

m
mk

…
…

y1
1

y1
y

y1
w

w1
1 w1

y

w1
w

…
…

…
…

12
1

12
j

12
m

22
1

y2
m

w2
1

w2
j

w2
m

1

11

1

1

1

2

2

2

 j
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b 3“л%", . д=……%L ƒ=д=ч, ƒ…=че…,  "е*2%!= 
".%д…/. C=!=ме2!%"  "л ю2“  %д,…=*%"% ƒ…=ч,-
м/м,, ч2% C%ƒ"%л е2 ,“C%льƒ%"=2ь г%м%ге……3ю 
“2!3*23!3. nд…%L ,ƒ …=,K%лее !=“C!%“2!=…‘……/. 
-3…*ц,L  "л е2“  …ел,…еL…=  -3…*ц,  “ …=“/-
?е…,ем, 2=* …=ƒ/"=ем=  л%г,“2,че“*=  -3…*ц, , 
,л, “,гм%,д [22]. 

bе*2%! ψ K3де2 C!ед“2="л 2ь “%K%L “%"%*3C-
…%“2ь "ƒ"еше……/. .=!=*2е!,“2,че“*,. ƒ…=че…,L 
"е*2%!= ,“.%д…/. C=!=ме2!%". 

dл  C!,ме…е…,  "е*2%!= xеCл, (15) 2!еK3е2“  
C%л3ч,2ь .=!=*2е!,“2,че“*,е ƒ…=че…,  дл  *=›-
д%г% C!%,ƒ"%д,2ел  *%=л,ц,,. dл  !еше…,  .2%L 
ƒ=д=ч, …еL!%……=  “е2ь д%C%л…е…= "2%!/м “л%ем 
(“м. !,“3…%*), ч,“л% …еL!%…%" *%2%!%г% !="…% 
ч,“л3 C!%,ƒ"%д,2елеL.

b !еƒ3ль2=2е C!е%K!=ƒ%"=…,  C%л3ч=ем:

Ψ=F2(ψ),  (19)

где F2 # =*2,"=ц,%……=  -3…*ц,  "2%!%г% “л% .

mеL!%……/е “е2, C!ед“2="л ю2 “%K%L =д=C2,"-
…3ю “,“2ем3, ›,ƒ…е……/L ц,*л *%2%!%L “%“2% ,2 
,ƒ д"3. …еƒ=",“,м/. -=ƒ # %K3че…,  , !=K%2/ 
“е2,. q3?е“2"3е2 м…%›е“2"% !=ƒл,ч…/. “C%“%K%" 
%K3че…,  …еL!%……%L “е2, [16].

o!%,ƒ"%д“2"е……/е .=!=*2е!,“2,*, C!едC!, -
2,L !/…*= R ƒ=",“ 2 %2 %“%Kе……%“2еL "/C3“*=е-
м%г% 2%"=!=. }2, %2л,ч,  “" ƒ=…/ …е 2%ль*% “ 
2е.…%л%г,еL C!%,ƒ"%д“2"= %2дель…/. 2%"=!%", …% 
, “ .*%…%м,че“*,м, C!%це““=м, …= C!едC!, -
2, . (…=C!,ме!, “K/2%м , .!=…е…,ем). o%.2%м3 
,“C%льƒ%"=2ь %д…3 , 23 ›е …еL!%……3ю “е2ь дл  
!=ƒл,ч…/. 2%"=!%" !/…*= …ельƒ . b 2% ›е "!ем , 
%C!еделе…,е .=!=*2е!,“2,че“*,. ƒ…=че…,L “" ƒ=-
…% “ =…=л,ƒ%м %д…,. , 2е. ›е C!%,ƒ"%д“2"е……/. 
.=!=*2е!,“2,*, C%.2%м3 ,ƒме… 2ь C!едл%›е……3ю 
=!.,2е*23!3 …е 2!еK3е2“ . Š%гд= …еL!%……=  “,“2е-
м= *%=л,ц,, S C!%,ƒ"%д,2елеL !/…*= R м%›е2 
K/2ь C!ед“2="ле…= “%"%*3C…%“2ью …еƒ=",“,м/. 
,“*3““2"е……/. …еL!%……/. “е2еL, *%л,че“2"% *%-
2%!/. !="…% ч,“л3 2%"=!%" …= !/…*е R.

o%л3ч," …= %“…%"е …еL!%……%L “,“2ем/ м…%-
›е“2"% "е*2%!%" .=!=*2е!,“2,че“*,. ƒ…=че…,L , 
,“C%льƒ3  "/!=›е…,е (15), м%›…% C%л3ч,2ь !=“-
C!еделе…,е (14) , C!%C%!ц,%…=ль…% ем3 %C!еде-
л,2ь *%л,че“2"% C!%д3*ц,,, "ме… ем%L дл  "/-
C3“*= *=›д/м C!%,ƒ"%д,2елем *%=л,ц,, S.

g=*люче…,е. qлед3е2 %“%K% %2ме2,2ь, ч2% …%-
",ƒ…%L C!едл%›е……%г% C%д.%д=  "л е2“  "%ƒм%›-
…%“2ь 3ч‘2= K%льш%г% “Cе*2!= C!%,ƒ"%д“2"е……/. 
.=!=*2е!,“2,* C!едC!, 2,L. l%›…% 3че“2ь …е 
2%ль*% -,…=…“%"/е C%*=ƒ=2ел, C!%,ƒ"%д“2"=, …% 
, %“%Kе……%“2, 2е.…%л%г,че“*,. C!%це““%" …= 
C!едC!, 2, ., = 2=*›е C!%ч,е .*%…%м,че“*,е 
-=*2%!/ (м=!*е2,…г, “K/2, “…=K›е…,е, .!=…е…,е 
, д!.) ,. де 2ель…%“2,.
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p=““м%2!е…= *л=““,-,*=ц,   %Kл=“2еL, …=Lде……/. …= ,ƒ%K!=›е…,, Cеч=2…%г% д%*3ме…-
2=. }2= ƒ=д=ч=  "л е2“  %д…,м ,ƒ .2=C%" =…=л,ƒ= “2!3*23!/ д%*3ме…2= " C!%це““е !=“-
C%ƒ…="=…,  2е*“2=. o!,"ед‘… C!,ме! =…=л,ƒ= “е!/. ,ƒ%K!=›е…,L, “%де!›=?,. 2е*“2, 
*=!2,…*, , !=ƒл,ч…/L м3“%!, = 2=*›е !еƒ3ль2=2/ .*“Cе!,ме…2=ль…%L =C!%K=ц,, C!едл%-
›е……%г% C%д.%д=.

jлюче"/е “л%"=: *л=““,-,*=ц, , =…=л,ƒ д%*3ме…2=, !=“C%ƒ…="=…,е 2е*“2=.

Regions classification founded on the printing document imagery is considered. This task is one 
of document structure analysis phase in the text recognition process. Analysis example of the grey 
imagery containing text, pictures and different sweepings as well as results of the offered approach 
experimental approbation are adduced.

Key words: classification, document analysis, text recognition.

b"еде…,е. o!, “%ƒд=…,, Cе!"/. C!%г!=мм дл  
!=“C%ƒ…="=…,  2е*“2= =…=л,ƒ3 д%*3ме…2= 3дел -
л%“ь м=л% "…,м=…, . j=* C!=",л%, 2=*,е C!%-
г!=мм/ …е м%гл, !=K%2=2ь “% “л%›…% -%!м=2,!%-
"=……/м, “2!=…,ц=м,, 2!еK%"=л, %2 C%льƒ%"=2ел  
"/деле…,  ,…2е!е“3ю?,. ег% -!=гме…2%" "!3ч-
…3ю ,л, ,мел, д%“2=2%ч…% C!%“23ю, C%л3="2%м=-
2,че“*3ю “,“2ем3 =…=л,ƒ= [1]. q !=ƒ",2,ем 
“!ед“2" %C2,че“*%г% !=“C%ƒ…="=…,  , C!%…,*…%-
"е…,ем “%%2"е2“2"3ю?ег% C!%г!=мм…%г% %Kе“Cе-
че…,  …= !/…%* C%д“,“2ем= =…=л,ƒ= д%*3ме…2= 
C%“2% ……% 3“л%›… л=“ь, C%д“2!=,"= “ь C%д 2!е-
K%"=…,  C%льƒ%"=2елеL. b “%"!еме……/. C!%г!=м-
м=. %…= д%л›…= …е 2%ль*% %C!едел 2ь C%л%›е…,е 
2е*“2= …= “2!=…,це, …% , …=.%д,2ь "“е %“2=ль…/е 
.леме…2/ е‘ “2!3*23!/ , -%!м=2,!%"=…,  (*…,›-
…/L !=ƒ"%!%2, "!еƒ*,, *=!2,…*,, 2=Kл,ц/, ш2!,.-
*%д/ , 2. C.).

o!, %K!=K%2*е “л%›…% -%!м=2,!%"=……/. ›3!-
…=ль…/. “2!=…,ц C%,“* , ,де…2,-,*=ц,  …е2е*-
“2%"/. %KAе*2%" ,мею2 %“%K%е ƒ…=че…,е. m= д%-
*3ме…2=. 2е*“2 ч=“2% …=.%д,2“  Cе!ед -%2%г!=-
-, м,, *%2%!/е, " “"%ю %че!едь, ,мею2 “л%›…/е 
…е!%"…/е г!=…,ц/. q2%,2 %2ме2,2ь, ч2% C!, C%-
л3че…,, !=“C%ƒ…="=ем%г% ,ƒ%K!=›е…,  “ C%-
м%?ью -%2%“A‘м*, ,л, ,ƒ-ƒ= …е=**3!=2…%г% “*=-
…,!%"=…,  …= д%*3ме…2е %K!=ƒ3ю2“  3ч=“2*, …е-
%д…%!%д…%L %“"е?‘……%“2, (%“%Kе……% "Kл,ƒ, 
*…,›…%г% !=ƒ"%!%2=), = 2=*›е C%“2%!%……,е %KA-
е*2/ C%C=д=ю2 " %Kл=“2ь ",д,м%“2, (…=C!,ме!, 
*!/ш*= “*=…е!= ,л, C%"е!.…%“2ь “2%л=).

b C!%це““е =…=л,ƒ= "/C%л… ю2“  д"е "=›…/е 
ƒ=д=ч,: “егме…2=ц,  (!=ƒделе…,е “2!=…,ц/ …= %K-
л=“2,, %Kл=д=ю?,е %C!едел‘……/м, “"%L“2"=м,) 
, *л=““,-,*=ц,  (%C!еделе…,е 2,C= *=›д%L ,ƒ 
%Kл=“2еL). o!, =…=л,ƒе д%*3ме…2= .2, ƒ=д=ч, 
C!,.%д,2“  "/C%л… 2ь …е%д…%*!=2…%, …=ч,…=  “ 

C%,“*= C!%“2еLш,. %KAе*2%" (C3…*23=ц, , %2-
дель…/е “,м"%л/ ,л, !=ƒдел,2ел,) , ƒ=*=…ч,"=  
"/деле…,ем "/“%*%3!%"…е"/. %KAе*2%" (2=Kл,ц= 
,л, 2е*“2%"=  *%л%…*= “ "!еƒ*=м,). 

b “2=2ье !=““м=2!,"=ю2“  C%д.%д/ * !еше…,ю 
ƒ=д=ч, *л=““,-,*=ц,, 2е*“2%"/. , …е2е*“2%"/. 
%Kл=“2еL …= %“…%"е ,…-%!м=ц,,, C%л3че……%L “ 
“е!%г% , K,…=!,ƒ%"=……%г% ,ƒ%K!=›е…,L “2!=…,-
ц/. qе!/м …=ƒ/"=е2“  ,ƒ%K!=›е…,е, ,…-%!м=ц,  
%  !*%“2 . C,*“елеL *%2%!%г% C!ед“2="ле…= " 
",де цел%г% ч,“л= (%2 0 д% 255). e“л, *=›д/L 
C,*“ель ,ƒ%K!=›е…,  ,мее2 2%ль*% д"= “%“2% …,  
(ч‘!…%е , Kел%е), 2% ,ƒ%K!=›е…,е …=ƒ/"=е2“  ч‘!-
…%-Kел/м, ег% C%л3ч=ю2 ,ƒ “е!%г% K,…=!,ƒ=ц,еL. 
b C!%це““е K,…=!,ƒ=ц,, "“е C,*“ел,,  !*%“2ь 
*%2%!/. C!е"/ш=е2 …е*%2%!/L, “Cец,=ль…% C%-
д%K!=……/L C%!%г, “ч,2=ю2“  Kел/м,, = %“2=ль-
…/е # ч‘!…/м,.

pеше…,е ƒ=д=ч,. m= !,“. 1 C!,"ед‘… C!,ме! 
“2!=…,ц/, …= *%2%!%L "/деле…/ 2!, %Kл=“2,: 
2е*“2, *=!2,…*= , м3“%!. jл=““,-,*=2%!3 …е%K-
.%д,м% %C!едел,2ь 2,C *=›д%L ,ƒ …,.. p=ƒл,че-
…,е 2е*“2%"/. , …е2е*“2%"/. %Kл=“2еL  "л е2“  
.%!%ш% C!%!=K%2=……%L ƒ=д=чеL [2], " %2л,ч,е %2 
ƒ=д=ч, !=ƒл,че…,  м3“%!= , *=!2,…%*. 

)2%K/ *л=““,-,ц,!%"=2ь г!=-,че“*,е %KAе*-
2/, ,. …е%K.%д,м% %C,“=2ь “ C%м%?ью C!,ƒ…=-
*%". nд…,м ,ƒ ,“2%ч…,*%" ,…-%!м=ц,, дл  C%д-
“ч‘2= C!,ƒ…=*%" м%›е2 “л3›,2ь ч‘!…%-Kел%е ,ƒ%-
K!=›е…,е “2!=…,ц/, C%л3че……%е " .%де K,…=!,-
ƒ=ц,, ,“.%д…%г% “е!%г% ,л, ц"е2…%г% ,ƒ%K!=›е-
…, . h“C%льƒ%"=…,е K,…=!,ƒ%"=……%г% ,ƒ%K!=›е-
…,  3д%K…% е?‘ , C%2%м3, ч2% %…% …е%K.%д,м% …е 
2%ль*% дл  !еше…,  д=……%L ƒ=д=ч,, …% , дл  м…%-
›е“2"= C!едше“2"3ю?,. , C%“лед3ю?,. .2=C%" 
!=“C%ƒ…="=…, , = ƒ…=ч,2, ег% C%л3че…,е …е 2!е-
K3е2 д%C%л…,2ель…/. ƒ=2!=2, , * м%ме…23 ,“C%ль-
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ƒ%"=…,  %C,“/"=ем%г% *л=““,-,*=2%!= %…%, *=* 
C!=",л%, 3›е “3?е“2"3е2. 

b *%мме!че“*%L “,“2еме %C2,че“*%г% !=“C%-
ƒ…="=…,  FineReader†, ч=“2ью *%2%!%L  "л е2“  
!=““м=2!,"=ем/L *л=““,-,*=2%!, ч‘!…%-Kел/е 
,ƒ%K!=›е…,  C!ед“2="ле…/ “ C%м%?ью RLE-*%-
д,!%"=…,  (Run-Length Encoding), “32ь *%2%!%г% 
ƒ=*люч=е2“  " 2%м, ч2%K/ дл  *=›д%L “2!%*, ,ƒ%-
K!=›е…,  “%.!=… 2ь ,…-%!м=ц,ю 2%ль*% % …=ч=-
ле , *%…це …еC!е!/"…/. C%“лед%"=2ель…%“2еL 
ч‘!…/. C,*“елеL. Š=*,е C%“лед%"=2ель…%“2, …=-
ƒ/"=ю2“  RLE-ш2!,.=м,. d=……/L “C%“%K *%д,-
!%"=…,  C%ƒ"%л е2 “3?е“2"е……% .*%…%м,2ь "/-
ч,“л,2ель…/е !е“3!“/.

h“C%льƒ3  K,…=!,ƒ%"=……%е ,ƒ%K!=›е…,е " 
RLE-C!ед“2="ле…,,, м%›…% C%л3ч,2ь C!%“2еL-
ш,е ег% .=!=*2е!,“2,*, (*%л,че“2"% г%!,ƒ%…-
2=ль…/. , "е!2,*=ль…/. RLE- ш2!,.%", *%л,че-
“2"% ч‘!…%г% ш2!,.= , ег% …=,K%льш3ю дл,…3). 
}2, .=!=*2е!,“2,*,, C%д“ч,2=……/е дл  "/!еƒ=…-
…%г% 3ч=“2*= ,ƒ%K!=›е…,  "ме“2е “ ,…-%!м=ц,еL 
% ег% ш,!,…е, "/“%2е , *%л,че“2"е “%де!›=?,.-
“  " …‘м “" ƒ…/. Kел/. %Kл=“2еL,  "л ю2“  K=ƒ%-
"/м, C!,ƒ…=*=м, дл  *л=““,-,*=ц,, 2е*“2=. 
o%.2%м3 %…, "/K!=…/ " *=че“2"е Cе!"/. C!е2е…-
де…2%" дл  %C,“=…,  *л=““,-,ц,!3ем%г% г!=-,-
че“*%г% %KAе*2=.

e?‘ %д…,м ,“2%ч…,*%м ,…-%!м=ц,, “л3›=2 
д=……/е % “" ƒ…/. ч‘!…/. %Kл=“2 ., C!,“32“2"3ю-
?,. …= ч‘!…%-Kел%м ,ƒ%K!=›е…,,. }2, *%мC%-
…е…2/ "/дел ю2“  …= Cе!"%м .2=Cе =…=л,ƒ= “2!=-
…,ц/ &“…,ƒ3 ""е!.[ , 2=*›е ,ƒ"е“2…/ * м%ме…23 
…=ч=л= *л=““,-,*=ц,,. o%д.%д &“…,ƒ3 ""е!.[ 
C!ед3“м=2!,"=е2 "/деле…,е C!%“2/. %KAе*2%" 

(K3*"/ ,л, ƒ…=*, C3…*23=ц,,) , C%“лед3ю?ее ,. 
%KAед,…е…,е " K%лее *!3C…/е , “л%›…/е (“л%"=), 
= ƒ=2ем " “2!%*,, C=!=г!=-/ , 2е*“2%"/е *%л%…-
*,. Š=*%L C%д.%д C!%2,"%C%л%›е… C!%цед3!е 
&“"е!.3 "…,ƒ[, " .%де *%2%!%L ,“.%д…%е ,ƒ%K!=-
›е…,е дел,2“  “…=ч=л= …= *!3C…/е %KAе*2/, = ƒ=-
2ем %KAе*2/ !е*3!“,"…% дел 2“  …= K%лее мел*,е 
C%д%KAе*2/.

dл  *=›д%L “" ƒ…%L *%мC%…е…2/ ,ƒ"е“2…/ 
*%%!д,…=2/ е‘ %C,“/"=ю?ег% C! м%3г%ль…,*=, 
= 2=*›е C 2, 3C%м …32/. "/ше C!,ƒ…=*%" 
(*%л,че“2"% ч‘!…%г%, г%!,ƒ%…2=ль…/. , "е!2,-
*=ль…/. RLE-ш2!,.%", Kел/. д/!%* , …=,K%ль-
ш=  дл,…= ч‘!…%г% ш2!,.=). }2, д=……/е C%ƒ"%-
л ю2 C%д“ч,2=2ь 2=*,е .=!=*2е!,“2,*, ,…2е!е-
“3ю?ег% 3ч=“2*= ,ƒ%K!=›е…,  *=* !=“C!еделе-
…,е *%мC%…е…2 C% !=ƒме!=м, *%л,че“2"3 ч‘!…%г% 
ш2!,.=, ег% 2%л?,…е (%2…%ше…,ю *%л,че“2"= 
ч‘!…%г% ш2!,.= * “3мме г%!,ƒ%…2=ль…/. , "е!-
2,*=ль…/. RLE-ш2!,.%") , …=L2, C=!=ме2!/ 
“!ед…е“2=2,“2,че“*%L *!3C…%L , мел*%L *%м-
C%…е…2/.

)2%K/ %C!едел,2ь, *=*,е C!,ƒ…=*, “2%,2 ,“-
C%льƒ%"=2ь, C!%"%д,л%“ь “!="…,2ель…%е 2е“2,!%-
"=…,е *л=““,-,*=2%!%" “ !=ƒл,ч…/м, …=K%!=м, 
C!,ƒ…=*%". dл  .2%г% C!,ме… л=“ь *%лле*ц,  
,ƒ%K!=›е…,L “2!=…,ц (2е“2%"=  K=ƒ=), …= *%2%!/. 
"/деле…/ %Kл=“2,, ƒ=…,м=ем/е *=!2,…*=м,, 2е*-
“2%м , м3“%!%м. a=ƒ= “%“2% л= ,ƒ -%2%г!=-,L , 
%2“*=…,!%"=……/. ,ƒ%K!=›е…,L Cеч=2…/. м=2е-
!,=л%" !=ƒл,ч…%г% 2,C=, *=че“2"= , "‘!“2*, (*…,-
г,, ›3!…=л/, г=ƒе2/, *=2=л%г,, Kл=…*, , 2. д.). 
a=ƒ= K/л= !=ƒделе…= …= 2!, ч=“2,, Cе!"=  ,ƒ *%-
2%!/. ,“C%льƒ%"=л=“ь дл  %K3че…,  *л=““,-,*=-

p,“. 1. o!,ме! %2“*=…,!%"=……%L “2!=…,ц/, “%де!›=?еL *=* 2е*“2%"/е, 2=* , …е2е*“2%"/е 
(*=!2,…*= , м3“%!) %KAе*2/
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2%!=, "2%!=  дл  2е“2,!%"=…,  *=че“2"= ег% !=K%-
2/. b ƒ=",“,м%“2, %2 !еƒ3ль2=2%" "/K,!=л“  2%2 
,л, ,…%L C!,ƒ…=*. Š=* *=* м…%г%*!=2…%е C%"2%-
!е…,е C!%цед3!/ &%K3че…,е # 2е“2,!%"=…,е # …=-
“2!%L*=[ м%›е2 C!,"е“2, * Cе!е%K3че…,ю, 2% 
…е%K.%д,м “C%“%K *%…2!%л  д=……%г% .--е*2=. 
}2,м “C%“%K%м “2=л% 2е“2,!%"=…,е “ C%м%?ью 
2!е2ьеL ч=“2, K=ƒ/, !еƒ3ль2=2/ *%2%!%г% …е "л, -
л, …= .%д %K3че…, , ч2% C%ƒ"%л л% !=““м=2!,"=2ь 
,. *=* д%“2%"е!…3ю %це…*3 *=че“2"= !=K%2/ *л=“-
“,-,*=2%!=.

r“2!%L“2"% *л=““,-,*=2%!= C%д!%K…% %C,“=…% 
…,›е. gде“ь ›е …3›…% %2ме2,2ь, ч2% !еƒ3ль2=2%м 
!=K%2/ *л=““,-,*=2%!=  "л е2“  %це…*= "е!% 2-
…%“2, 2%г%, ч2% *л=““,-,ц,!3ем/L %KAе*2 C!,-
…=дле›,2 * *=›д%м3 ,ƒ 2!‘. 2,C%" (*=!2,…*=, 
2е*“2 , м3“%!). dл  !=“ч‘2= *=че“2"= *л=““,-,*=-
ц,, ,“C%льƒ%"=л“  2е%!е2,*%-,…-%!м=ц,%……/L 
*!,2е!,L:

, { , , }
lnij ij

i j P T N
s p p

∈
= ∑ , (1)

где pij # "е!% 2…%“2ь 2%г%, ч2% *л=““,-,ц,!3ем/L 
%KAе*2 C!,…=дле›,2 * *л=““3 j, " 2% "!ем  *=* *л=“-
“,-,*=2%! %2…‘“ ег% * *л=““3 i; ,…де*“/ i , j м%г32 
C!,…,м=2ь ƒ…=че…,  P, T , N, “%%2"е2“2"3ю?,е 
*л=““=м *=!2,…%*, 2е*“2= , м3“%!=. 

)ем K%льше ƒ…=че…,е s, 2ем л3чше !=K%2=е2 
*л=““,-,*=2%!. bел,ч,…/ pij !=““ч,2/"=л,“ь C% 
!еƒ3ль2=2=м 2е“2,!%"=…,  “лед3ю?,м %K!=ƒ%м:

j

P L T

ik
k

ij
ik ik ik

k k k

q

p
q q q
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+ +

∑

∑ ∑ ∑
 

, (2)

где qik # %це…*= (д=……=  *л=““,-,*=2%!%м) 2%г%, ч2% 
k-L %KAе*2 2е*“2%"%L "/K%!*, C!,…=дле›,2 * *л=“-
“3 i; “3мм,!%"=…,е "ед‘2“  C% м…%›е“2"=м Ωj %KAе*-
2%" *л=““= j. 

m=“2!%L*= *л=““,-,*=2%!= ƒ=*люч=е2“  " C%д-
K%!е *%мK,…=ц,, C!,ƒ…=*%", C!, *%2%!%L ƒ…=че-
…,е s, !=“ч,2=……%е C% д=……/м "2%!%L K=ƒ/, K/л% 
K/ м=*“,м=ль…/м. o!%це““ …=ч,…=е2“  “ …е*%2%-
!%L г!3CC/ C!,ƒ…=*%", *%2%!=  “л3›,2 Cе!"/м 
C!,Kл,›е…,ем. g=2ем * .2%L г!3CCе д%K="л е2“  
…%"/L C!,ƒ…=*, , е“л, C%“лед3ю?ее 2е“2,!%"=-
…,е C%*=ƒ/"=е2, ч2% ƒ…=че…,е s "/!%“л%, 2% д%-
K="ле……/L C!,ƒ…=* %“2=‘2“  " K=ƒе. `…=л%г,ч…=  
C!%цед3!= C!%"%д,2“  “ 3д=ле…,ем , ƒ=ме…%L 
C!,ƒ…=*%".

hƒ ч,“л= C!,ƒ…=*%", !=“ч,2=……/. C% ч‘!…%-
Kел%м3 ,ƒ%K!=›е…,ю , 3ч=“2"%"="ш,. " C%дK%!е, 
“2%,2 "/дел,2ь г!3CC3 (Cе!"3ю), " *%2%!3ю "%-

шл, C!,ƒ…=*,, .%!%ш% ƒ=!е*%ме…д%"="ш,е “еK  
" ƒ=д=ч=. C!ед"=!,2ель…%L *л=““,-,*=ц,, 2е*-
“2%"/. %Kл=“2еL:

1. j%л,че“2"% г%!,ƒ%…2=ль…/. , "е!2,*=ль…/. 
RLE-ш2!,.%", %2…е“‘……/. * Cл%?=д, (д"= C!,-
ƒ…=*=).

2. q!ед…,е дл,…/ ч‘!…/. , Kел/., "е!2,*=ль-
…/. , г%!,ƒ%…2=ль…/. RLE-ш2!,.%" (че2/!е 
C!,ƒ…=*=).

3. j%л,че“2"% ч‘!…/. (Kел/.) “" ƒ…/. *%мC%-
…е…2, %2…е“‘……/. * Cл%?=д, %KAе*2= (д"= C!,-
ƒ…=*=).

4. q!ед…ее *%л,че“2"% ч‘!…/. (Kел/.) д/!%* 
" Kел%L (ч‘!…%L) “" ƒ…%L *%мC%…е…2е (д"= C!,-
ƒ…=*=).

5. n2…%ше…,е *%л,че“2"= ч‘!…%г% * Cл%?=д, 
%KAе*2= (%д,… C!,ƒ…=*).

6. n2…%ше…,е “3мм/ г%!,ƒ%…2=ль…/. , "е!2,-
*=ль…/. RLE-ш2!,.%" * *%л,че“2"3 ч‘!…%г% (%д,… 
C!,ƒ…=*).

b2%!3ю г!3CC3 “%“2=",л, C!,ƒ…=*,, *=ƒ="ш,е-
“  …=,K%лее =де*"=2…/м, дл  %C,“=…,  2=*,. %2-
л,ч,2ель…/. %“%Kе……%“2еL *=!2,…%*, *=* K%ль-
ш%е *%л,че“2"% ".%›де…,L *=›д%г% ,ƒ %22е…*%" 
“е!%г% ,л, …=л,ч,е “!ед…,. ƒ…=че…,L г!=д,е…-
2%". b .23 г!3CC3 "%шл, C%дг!3CC/, “%“2% ?,е 
,ƒ че2/!‘. %“…%"…/. .=!=*2е!,“2,* !=“C!еделе-
…,L 2е. ,л, ,…/. "ел,ч,…, %C,“/"=ю?,. *л=“-
“,-,ц,!3ем/L %KAе*2: “!ед…ее ƒ…=че…,е !=“C!е-
деле…, , ег% д,“Cе!“, , *%.--,ц,е…2 =“,мме2-
!,, ("ел,ч,…=, .=!=*2е!,ƒ3ю?=  =“,мме2!,ю 
!=“C!еделе…, , м%›е2 K/2ь "/ч,“ле…= C% -%!м3-

ле 3
1 3

μ
γ =

σ
 где μ3 # 2!е2,L це…2!=ль…/L м%ме…2 

!=““м=2!,"=ем%г% !=“C!еделе…, , = σ # д,“Cе!-
“, ) , *%.--,ц,е…2 .*“це““= (ме!= %“2!%2/ C,*= 
!=“C!еделе…,  “л3ч=L…%L "ел,ч,…/, м%›е2 K/2ь 

"/ч,“ле…= C% -%!м3ле 4
2 4 3μγ = −

σ
, где μ4 # че2-

"е!2/L це…2!=ль…/L м%ме…2 !=““м=2!,"=ем%г% 
!=“C!еделе…, ). 

dл  %C!еделе…,  ƒ…=че…,L C!,ƒ…=*%" "2%!%L 
г!3CC/ ,“C%льƒ%"=л,“ь !=“C!еделе…,  2=*,. "е-
л,ч,…, *=* ƒ…=че…,   !*%“2, C,*“елеL , г!=-
д,е…2%", !=“ч,2=……/. , 3“!ед…‘……/. !=ƒл,ч…/-
м, “C%“%K=м,. b% "2%!3ю г!3CC3 ".%д 2:

1. q!ед…ее, д,“Cе!“, , =“,мме2!,  , .*“це““ 
!=“C!еделе…,  ч=“2%2 "“2!еч=ем%“2, %22е…*%" “е-
!%г% ,ƒ%K!=›е…,  %KAе*2= (че2/!е C!,ƒ…=*=).

2. q!ед…ее, д,“Cе!“, , =“,мме2!,  , .*“це““ 
!=“C!еделе…,  ч=“2%2 "“2!еч=ем%“2, ƒ…=че…,L 
г%!,ƒ%…2=ль…%L , "е!2,*=ль…%L “%“2="л ю?,. 
C%л  г!=д,е…2= “е!%г% ,ƒ%K!=›е…,  %KAе*2= ("%-
“емь C!,ƒ…=*%").

3. q!ед…ее, д,“Cе!“, , =“,мме2!,  , .*“це““ 
!=“C!еделе…,  ч=“2%2 "“2!еч=ем%“2, м%д3л  ƒ…=-
че…,L C%л  г!=д,е…2= “е!%г% ,ƒ%K!=›е…,  %KAе*-
2= (че2/!е C!,ƒ…=*=).
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n*%…ч=2ель…%е м…%›е“2"% “%“2=",л, C!,ƒ…=*,, 
д%K="ле…,е *%2%!/. …=,л3чш,м %K!=ƒ%м “*=ƒ/-
"=л%“ь …= *=че“2"е *л=““,-,*=ц,,. b .2% м…%›е-
“2"% "%шл, C%дг!3CC= 2 Cе!"%L г!3CC/ C!,ƒ…=*%" 
, C%дг!3CC= 2 "2%!%L г!3CC/, = 2=*›е д%C%л…,-
2ель…/L C!,ƒ…=*, !="…/L “!ед…ем3 *%л,че“2"3 
Kел/. д/!%* " ч‘!…/. “" ƒ…/. *%мC%…е…2=. г!=-
д,е…2…%г% ,ƒ%K!=›е…,  (г!=д,е…2…%е ,ƒ%K!=›е-
…,е # .2% ч‘!…%-Kел%е ,ƒ%K!=›е…,е, ч‘!…/е C,*-
“ел, *%2%!%г% “%%2"е2“2"3ю2 2%ч*=м, где ƒ…=че…,е 
г!=д,е…2= C!е"/ш=е2 …е*,L C%!%г). q2%,2 %2ме-
2,2ь, ч2% C!, !=“ч‘2е !=“C!еделе…,  ч=“2%2 "“2!е-
ч=ем%“2, ƒ…=че…,L г!=д,е…2= ƒ…=че…,  3“!ед… -
л,“ь C% “%“ед…,м 2%ч*=м, = 2=*›е " !=“C!еделе…,е 
"*люч=л,“ь 2%ль*% 2е 2%ч*,, ƒ…=че…,  *%2%!/. 
C!е"/ш=л, %C!едел‘……/L C%!%г. }2% дел=л%“ь 
дл  %2“ече…,  ш3м%"%L “%“2="л ю?еL, *%2%!=  " 
C!%2,"…%м “л3ч=е K3де2 д%м,…,!%"=2ь " !=“C!е-
деле…,,. d!3г,м, “л%"=м,, 80 % C%"е!.…%“2, 
“!ед…е“2=2,“2,че“*%L *=!2,…*, “%де!›=2 …еK%ль-
ш,е г!=д,е…2/, ,м “%%2"е2“2"3е2 !еƒ*,L м=*“,-
м3м " !=“C!еделе…,,, …= -%…е *%2%!%г% %“2=ль-
…/е %“%Kе……%“2, “2=…%" 2“  м=л%ƒ=ме2…/м,. m= 
!,“. 2 C!,"еде…/ C!,ме!/ 2,C,ч…/. !=“C!еделе-
…,L, !=“ч,2=……/. дл  !=ƒ…/. 2,C%" %KAе*2%".

jл=““,-,*=ц, . n“%Kе……%“2ью м3“%!=  "л е2-
“  2%, ч2% ƒ…=че…,  ег% C!,ƒ…=*%" м%г32 ле›=2ь " 
ш,!%*%м д,=C=ƒ%…е, " %2л,ч,е %2 *=!2,…%* ,л, 
2е*“2=, чь, C!,ƒ…=*, л%*=л,ƒ%"=…/ " д%“2=2%ч…% 
%г!=…,че……%м %KA‘ме C!%“2!=…“2"=. }2% "/ƒ"=…% 
!=ƒ…%%K!=ƒ,ем C!,ч,… "%ƒ…,*…%"е…,  м3“%!= , 
ег% C!% "ле…,L. m= !,“. 3 C!,"ед‘… C!,ме! !=“-

C!еделе…,  %KAе*2%" 2!‘. 2,C%" C!, д"3.ме!…%м 
C!%“2!=…“2"е C!,ƒ…=*%". gде“ь %2дел 2ь C%л%›,-
2ель…/е C!,ме!/ %2 %2!,ц=2ель…/. г,Cе!Cл%-
“*%“2ью …ецеле“%%K!=ƒ…%, "ме“2% .2%г% м%›…% 
C%C!%K%"=2ь %C,“=2ь C!%“2!=…“2"е……%е !=“C!еде-
ле…,е Cл%2…%“2, C%л%›,2ель…/. C!,ме!%" (2е*-
“2= , *=!2,…%*). nC,!= “ь …= 2%, ч2% C%л%›,-
2ель…/е C!,ме!/ “%“!ед%2%че…/ "%*!3г …е*%2%-
!/. ƒ…=че…,L C!,ƒ…=*%", %K!=ƒ3  г!3CC/ (*л=-
“2е!/), ,“*%м%е !=“C!еделе…,е Cл%2…%“2, φ(q) 
м%›…% C!ед“2=",2ь *=* “3мм3 !=“C!еделе…,L 
Cл%2…%“2еL " .2,. *л=“2е!=.:

,

, ,( ) ( ),
N p t

p t i p ti
i

q qϕ = α ϕ∑  (3)

где p , t # ,…де*“/, “%%2"е2“2"3ю?,е "ел,ч,…=м 
дл  *=!2,…%* ,л, 2е*“2=; N # *%л,че“2"% *л=“2е!%"; 
αi # %KA‘м i-г% *л=“2е!= (*%л,че“2"% 2%че* " *л=“2е-
!е); ϕi # -3…*ц, , ƒ=д=ю?=  -%!м3 !=“C!еделе…,  
Cл%2…%“2, "…32!, *л=“2е!= (,…2ег!=л .2%L -3…*ц,, 
C% C!%“2!=…“2"3 C!,ƒ…=*%" !="е… ед,…,це). 

b *=че“2"е -3…*ц,, ϕi ,“C%льƒ%"=л%“ь м…%г%-
ме!…%е г=3““%"% !=“C!еделе…,е:

( )
( )

( ) ( )11
2

1 22
1

2

T
i iq qi

i K
i

q e
−− −μ Σ −μ

′
ϕ =

π Σ
, (4)

где μi # !=д,3“-"е*2%! це…2!=; Σi # м=2!,ц= *%"=-
!,=ц,, i-г% *л=“2е!=. 

p,“. 2. o!,ме! !=“C!еделе…,  ƒ…=че…,L г!=д,е…2= дл  !=ƒл,ч…/. %KAе*2%"
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dл  …=.%›де…,  …е,ƒ"е“2…/. C=!=ме2!%" !=“-
C!еделе…,  αi, μi , Σi ,“C%льƒ%"=л“  =лг%!,2м …е-
*%…2!%л,!3ем%L *л=“2е!,ƒ=ц,, EM (Expectation 
Maximization) [3, 4], “32ь *%2%!%г% ƒ=*люч=е2“  " 
,2е!=2,"…%L %C2,м,ƒ=ц,, ƒ…=че…,L ,“*%м/. Cе-
!еме……/. " C!,“32“2",, “*!/2/. C=!=ме2!%" 
(“*!/2/м, C=!=ме2!=м,  "л ю2“  "е!% 2…%“2, 
2%г%, ч2% C!,ме! C!,…=дле›,2 ƒ=д=……%м3 *л=“2е-
!3), %2 *%2%!/. …е%K.%д,м% ,ƒK=",2ь“  ,…2ег!,-
!%"=…,ем. j=›д=  ,2е!=ц,  =лг%!,2м= “%“2%,2 ,ƒ 
д"3. ш=г%". m= Cе!"%м ш=ге (expectation) %це…,-
"=е2“  !=“C!еделе…,е “*!/2/. C=!=ме2!%", ,“.%-
д  ,ƒ ƒ…=че…,L ,“*%м/. Cе!еме……/., C%л3че…-
…/. " C!ед/д3?еL ,2е!=ц,,. m= "2%!%м ш=ге 
(maximization) # "/C%л… е2“  C%,“* …%"%L %це…-
*, дл  ,“*%м/. Cе!еме……/., д%“2="л ю?еL м=*-
“,м3м -3…*ц,, C!="д%C%д%K,  “ 3ч‘2%м …%"%г% 
!=“C!еделе…,  “*!/2/. C=!=ме2!%". 

dл  *л=““,-,*=ц,, %че!ед…%г% %KAе*2=, %C!е-
дел л,“ь ег% C!,ƒ…=*,, ƒ=2ем “ C%м%?ью -%!м3-
л/ (3) # Cл%2…%“2ь C%л%›,2ель…/. C!,ме!%" " 
%*!е“2…%“2, 2%ч*, " C!%“2!=…“2"е C!,ƒ…=*%", 
“%%2"е2“2"3ю?еL ,…2е!е“3ю?ем3 …=“ %KAе*23. 
d=лее C%л3че……%е ƒ…=че…,е “!="…,"=л, “% ƒ…=че-
…,ем Cл%2…%“2, %2!,ц=2ель…/. C!,ме!%", *%2%-
!=  =CC!%*“,м,!%"=л=“ь *%…“2=…2%L. h“*%м%е 
*=че“2"% *л=““,-,ц,!3ем%г% %KAе*2= %C!едел -
л%“ь C% -%!м3ле

,
,

,

( )
( )

( )
p t

p t
p t trash

j q
F q

j q C
=

+
 

. (5)

g=*люче…,е. Š=*,м %K!=ƒ%м, "/ше !=““м%2-
!е… C%д.%д * C!,ƒ…=*%"%L *л=““,-,*=ц,, !=ƒ-
л,ч…/. г!=-,че“*,. %KAе*2%" …= ,ƒ%K!=›е…,, 
“2!=…,ц/ Cеч=2…%г% д%*3ме…2=, C!ед…=ƒ…=че…-
…/L дл  !=K%2/ “ “е!/м, ,л, ц"е2…/м, ,ƒ%-
K!=›е…, м,. nд…=*% Cе!"=  г!3CC= C!,ƒ…=*%" 
2=*›е м%›е2 K/2ь ,“C%льƒ%"=…= “=м%“2% 2ель…% 
дл  *л=““,-,*=ц,, %KAе*2%" …= ч‘!…%-Kел%м 
,ƒ%K!=›е…,,. n“%K3ю .--е*2,"…%“2ь " *=че“2-
"е C!,ƒ…=*%" C!%дем%…“2!,!%"=л, “!ед…,е дл,-
…/ ч‘!…/. , Kел/., "е!2,*=ль…/. , г%!,ƒ%…-
2=ль…/. RLE-ш2!,.%" (че2/!е C!,ƒ…=*=), “!ед-
…ее, д,“Cе!“, , =“,мме2!,  , .*“це““ !=“C!е-
деле…,  ч=“2%2 "“2!еч=ем%“2, ƒ…=че…,L г%!,-
ƒ%…2=ль…%L , "е!2,*=ль…%L “%“2="л ю?,. C%л  
г!=д,е…2= “е!%г% ,ƒ%K!=›е…,  ("%“емь C!,ƒ…=-
*%"), = 2=*›е “!ед…ее *%л,че“2"% Kел/. д/!%* 
" ч‘!…/. “" ƒ…/. *%мC%…е…2=. г!=д,е…2…%г% 
,ƒ%K!=›е…, .

a,Kл,%г!=-,че“*,е ““/л*,
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4. Dellaert. F. The Expectation Maximization Algo-
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p=““м%2!е…/ %“…%"…/е …ед%“2=2*, , !еƒе!"/ ="2%м=2,ƒ=ц,, 2е.…%л%г,че“*%L C%дг%-
2%"*, C!%,ƒ"%д“2"= * "/C3“*3 …%"/. ,ƒдел,L “ 2%ч…/м, %2"е!“2, м,. a%лее C%д!%K…% 
%C,“=… “C%“%K ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  2е.…%л%г,че“*,. C!%це““%" %K!=K%2-
*, 2%ч…/. %2"е!“2,L, %“…%"=……/L …= м%д3ль…%м C!,…ц,Cе C%“2!%е…,  м=ш,…%“2!%,2ель-
…%г% C!%,ƒ"%д“2"=.

jлюче"/е “л%"=: ="2%м=2,че“*%е !=“C%ƒ…="=…,е %2"е!“2,L, *л=““,-,*=ц,  2е.…%л%г,че“*,. 
C!%це““%", м%д3л, C%"е!.…%“2еL, C%"/ше…,е “2еCе…, ="2%м=2,ƒ=ц,,.

Basic limitation and reserves of the technological preparation automation of the production for 
new products output with precise holes are considered. Automatic designing method of the precise 
holes machining technological processes based on the modular principle of the engineering industry 
construction is described in every detail.

Key words: holes automatic recognition, technological processes classification, surface modulus, 
automatic degree growth.

Šе.…%л%г,че“*=  C%дг%2%"*= C!%,ƒ"%д“2"= 
(Šoo) * "/C3“*3 …%"/. ,ƒдел,L  "л е2“  %д…,м 
,ƒ %2"е2“2"е……/. .2=C%" ›,ƒ…е……%г% ц,*л= ,ƒг%-
2%"ле…,  ,ƒдел,L. d=……/L .2=C .=!=*2е!,ƒ3е2“  
K%льш%L 2!3д%‘м*%“2ью , ч!еƒме!…%L C!%д%л-
›,2ель…%“2ью. b ч=“2…%“2,, C!, %K!=K%2*е …= 
“2=…*=. “ )or %“3?е“2"ле…,е Šoo " K%льш,…-
“2"е “л3ч=е" ƒ=…,м=е2 г%!=ƒд% K%льше "!еме…,, 
чем %K!=K%2*= "“еL C=!2,, де2=леL.

b…ед!е…,е ,…-%!м=ц,%……/. 2е.…%л%г,L ƒ…=-
ч,2ель…% “%*!=2,л% “!%*, , 2!3д%‘м*%“2ь C!%"е-
де…,  Šoo * "/C3“*3 …%"/. ,ƒдел,L. h“C%льƒ%-
"=…,е CAD/CAM-“,“2ем (Computer Aided Design/ 
Manufacturing system) “2=л% …е%2Aемлем%L ч=“2ью 
!=K%2/ *%…“2!3*2%!%", 2е.…%л%г%" , C!%г!=мм,-
“2%". aеƒ д=……/. “,“2ем  …е"%ƒм%›…% C!ед“2=-
",2ь C%л…%це……3ю !=K%23 “%"!еме……%г% м=ш,…%-
“2!%,2ель…%г% C!едC!, 2, .

CAD/CAM-“,“2ем “2=…%",2“  "“‘ K%льше, %…, 
C%“2% ……% “%"е!ше…“2"3ю2“ . nд…=*% …е%K.%д,-
м% C!,ƒ…=2ь, ч2% "“е !=ƒ!=K%2*, C% ="2%м=2,ƒ=-
ц,, C!%е*2,!%"=…,  2е.…%л%г,че“*,. C!%це““%" 
(Šo) !=ƒ!%ƒ…е……/ , C!%це““ “%"е!ше…“2"%"=…,  
“,“2ем “2=…%",2“  "“‘ K%лее …е3C!="л ем/м, 
C%.2%м3 д%л›…% K/2ь %K?ее …=C!="ле…,е !=ƒ",-
2,  ="2%м=2,ƒ,!%"=……/. “,“2ем, = 2=*›е …е%K.%-
д,м% “%ƒд=…,е ч‘2*%L 2е!м,…%л%г,, %“…%"…/. 
C%… 2,L , C!%це““%" дл  “%гл=“%"=……%г% “%"е!-
ше…“2"%"=…,  “,“2ем. 

q%"!еме……/е CAD/CAM-“,“2ем/ C%“2!%е…/ 
…= *%…цеCц,, ="2%м=2,че“*%г% !=“C%ƒ…="=…,  
*%…“2!3*2,"…/. .леме…2%" (j}) де2=л, (*=!м=-
…/, %2"е!“2,  , 2. д.) дл  ="2%м=2,че“*%г% C!,-
ме…е…,  * …,м 2,C%"/. Šo %K!=K%2*,. j} де2=-
л,  "л ю2“  .леме…2=!…/м, “%“2="л ю?,м, 
,“.%д…/. д=……/. дл  C%“2!%е…,  Šo %K!=K%2*, 
де2=л,. b м%д3ль…%м C!,…ц,Cе C%“2!%е…,  м=-
ш,…%“2!%,2ель…%г% C!%,ƒ"%д“2"= =…=л%г,ч…% 
!=“-“м=2!,"=ю2“  м%д3л, C%"е!.…%“2еL (lo) 
,л, м%д3л, “%"%*3C…%“2, C%"е!.…%“2еL де2=л,, 
*=* .леме…2=!…/е &ч=“2,ц/[ ,“.%д…/. д=……/. 
[1]. Š=*›е “3?е“2"3ю2 C%… 2,  2е.…%л%г,че“*,. 
*%мCле*“%" (Š-*%мCле*“%"), ,“C%льƒ3ю?,.“  
дл  2е.…%л%г,че“*%г% м%дел,!%"=…,  C!, C=-
!=ллель…%м C!%е*2,!%"=…,, де2=леL м=ш,… [2]. 
j=* K/ …, …=ƒ/"=л, .2, .леме…2/, !ечь ,д‘2 % 
…е*%2%!%L “%"%*3C…%“2, C%"е!.…%“2еL !=ƒл,ч-
…/. 2,C%", %K!=K=2/"=ю?,.“  ƒ= %д,… 3“2=…%" 
де2=л, , %Kл=д=ю?,. ! д%м “"%L“2". mе%K.%д,-
м% д=2ь %д…% %K?еC!,ƒ…=……%е %C!еделе…,е д=…-
…/м “%"%*3C…%“2 м C%"е!.…%“2еL, *%2%!/м 
м%›…% K/л% K/ %Cе!,!%"=2ь. mе“м%2!  …= “3?е-
“2"%"=…,е !=ƒ!%ƒ…е……/. “"еде…,L " .2%L %Kл=“-
2,, д=……%е …=C!="ле…,е  "л е2“  "е!…/м " !=ƒ-
",2,, "“е. ="2%м=2,ƒ,!%"=……/. “,“2ем , м=ш,-
…%“2!%е…,  " цел%м. Š%ль*% 2=* "%ƒм%›…% %“3-
?е“2",2ь " ед,…%м *%мCле*“е C!%е*2,!%"=…,е, 
,ƒг%2%"ле…,е , .*“Cл3=2=ц,ю м=ш,…%“2!%,2ель-
…%L C!%д3*ц,, , 2ем “=м/м !еƒ*% C%"/“,2ь е‘ 
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2е.…,че“*,L 3!%"е…ь. b Cе!"3ю %че!едь дл  .2%-
г% …е%K.%д,м% 3“2=…%",2ь "ƒ=,м%“" ƒ, ме›д3 
де2=лью, Šo е‘ ,ƒг%2%"ле…,  , 2е.…%л%г,че“*,м 
%“…=?е…,ем, = 2=*›е %“3?е“2",2ь *=че“2"е……/е 
*л=““,-,*=ц,, Šo, 2е.…%л%г,че“*%г% %“…=?е-
…,  , 2. д., “ 3ч‘2%м 2%г%, ч2% д=……/е *л=““,-,-
*=ц,, “%гл=“%"=…/ ме›д3 “%K%L. Š=*,е *л=““,-
-,*=ц,, , ,. "ƒ=,м%“" ƒ, “ег%д…  …е !е=л,ƒ%-
"=…/ , 2!еK3ю2 K%лее гл3K%*,. ,““лед%"=…,L. 
oе!"%“2еCе……%L ƒ=д=чеL C!, .2%м  "л е2“  3“-
2=…%"ле…,е %“…%"…/. *!,2е!,е" д=……/. *л=““,-
-,*=ц,L. 

m=C!,ме!, дл  *л=““,-,*=ц,, Šo %K!=K%2*, 
2%ч…/. %2"е!“2,L %“…%"…/м, *!,2е!, м, K3д32 
",д %2"е!“2, , ег% …=ƒ…=че…,е (K=ƒ,!3ю?ее, !=-
K%чее , 2. д.), C!едель…/е д,=ме2!=ль…/е !=ƒме-
!/ %2"е!“2, , %2…%ше…,е гл3K,…/ * д,=ме2!3 
%2"е!“2, , 2%ч…%“2ь д,=ме2!=ль…/. !=ƒме!%", 

p,“. 1. jл=““,-,*=ц,  2е.…%л%г,че“*,. C!%це““%" %K!=K%2*, 2%ч…/. %2"е!“2,L:

L/d # %2…%ше…,е дл,…/ %2"е!“2,  * д,=ме2!3; Ta # 2%ч…%“2ь %2…%“,2ель…%г% !=“C%л%›е…,  %2"е!“2, ; 
Td # 2%ч…%“2ь д,=ме2!=ль…%г% !=ƒме!= %2"е!“2, 

2%ч…%“2ь %2…%“,2ель…%г% !=“C%л%›е…,  %“, %2-
"е!“2, , ше!%.%"=2%“2ь C%"е!.…%“2,, м=2е!,=л 
де2=л,, %K!=K=2/"=ю?ее %K%!3д%"=…,е, ›‘“2-
*%“2ь ƒ=г%2%"*,, …=л,ч,е C!ед"=!,2ель…% C%дг%-
2%"ле……%г% %2"е!“2, , "%ƒм%›…%“2ь %K!=K%2*, 
%2"е!“2,  “ д"3. “2%!%…. t!=гме…2 C%д%K…%L 
*л=““,-,*=ц,, Šo %K!=K%2*, 2%ч…/. %2"е!“2,L 
C!ед“2="ле… …= !,“. 1. d=……/L -!=гме…2 C!,"е-
д‘… дл  C!%“2/. гл=д*,. %2"е!“2,L.

Š%ч…%е %2"е!“2,е # .2% д%"%ль…% C!%“2%L *%…-
“2!3*2,"…/L .леме…2. nд…=*% C!,"ед‘……=  *л=“-
“,-,*=ц,  дем%…“2!,!3е2 K%льш%е *%л,че“2"% 
-=*2%!%", 2!еK3ю?,. 3ч‘2= дл  C!%е*2,!%"=…,  
Šo %K!=K%2*, %2"е!“2, . o%.2%м3 %!г=…,ƒ=ц,  
="2%м=2,че“*%г% C!%е*2,!%"=…,  %C2,м=ль…%г% 
Šo дл  !=“C%ƒ…=……%г% j}  "л е2“  “л%›…%L ƒ=-
д=чеL , гл="…%L C!%Kлем%L *%мCле*“…%L ="2%м=-
2,ƒ=ц,, C!%е*2,!%"=…,  Šo. b/ƒ/"=е2 ,…2е!е“ 
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="2%м=2,че“*%е C!,ме…е…,е * j} …е C!%“2% 2,-
C%"%г%, = %C2,м=ль…%г% Šo %K!=K%2*,.

j!%ме 2%г%, !=…% 32"е!›д=2ь, ч2% C%д%K…=  
*л=““,-,*=ц,  %*%…ч=2ель…= , 2=* *=* …е "“е е‘ 
3!%"…, C%д!%K…% !=ƒ%K!=…/, " …еL …е 3ч,2/"=е2-
“  2%ч…%“2ь Cе!Cе…д,*3л !…%“2, %“, %2"е!“2, , 
",д д…= гл3.%г% %2"е!“2, , = 2=*›е “л3›еK…%е …=-
ƒ…=че…,е %2"е!“2,  (K=ƒ,!3ю?ее, !=K%чее, “%ед,-
…,2ель…%е , 2. д.). mе%K.%д,м% д=ль…еLшее е‘ 
“%"е!ше…“2"%"=…,е.

hме……% ,е!=!.,че“*%е C!ед“2="ле…,е *л=““,-
-,*=ц,, Šo %K!=K%2*, 2%ч…/. %2"е!“2,L дел=е2 
C!%г!=мм…3ю !е=л,ƒ=ц,ю ="2%м=2,ƒ,!%"=……%г% 
C!%е*2,!%"=…,  Šo %K!=K%2*, 2%ч…/. %2"е!“2,L 
K%лее C!%ƒ!=ч…%L.

mе*%2%!3ю де2=ль, “%гл=“…% м%д3ль…%м3 C!,…-
ц,C3 C%“2!%е…,  м=ш,…%“2!%,2ель…%г% C!%,ƒ-
"%д“2"=, C!ед“2=",м “лед3ю?,м %K!=ƒ%м.

b“е C%"е!.…%“2, де2=л, м%г32 K/2ь !=ƒK,2/ …= 
.леме…2=!…/е lo. b ч=“2…%“2,, C%"е!.…%“2, де-

p,“. 2. }“*,ƒ де2=л, “ 2%ч…/м, %2"е!“2, м,

2=л,, C!ед“2="ле……%L …= !,“. 2, !=ƒK,2/ …= “ле-
д3ю?,е lo: a112 # Cл%“*,е …=!3›…/е C%"е!.-
…%“2, (a # K=ƒ,!3ю?,е C%"е!.…%“2,); p112 # Cл%-
“*,е …=!3›…/е C%"е!.…%“2, (p # !=K%ч,е C%"е!.-
…%“2,); q121 # "…32!е……   C%"е!.…%“2ь "!=?е…,  
(q # “%ед,…,2ель…=  C%"е!.…%“2ь); p121 # "…32-
!е……   C%"е!.…%“2ь "!=?е…, .

p=“C%ƒ…="=…,е ге%ме2!,, "…32!е……,. C%"е!.-
…%“2еL "!=?е…,  (p121; q121) …е д%“2=2%ч…% дл  
д=ль…еLшег% C!%е*2,!%"=…,  ,. %K!=K%2*,, 2=* 
*=* %…, %Kл=д=ю2 K%льш,м *%л,че“2"%м %2л,ч,-
2ель…/. C!,ƒ…=*%" (“м. !,“. 1). o%.2%м3 C!, !=“-
C%ƒ…="=…,, %2"е!“2,L ("…32!е……,. C%"е!.…%“2еL 
"!=?е…, ) “,“2ем= д%л›…= *=›д%L “23Cе…, C!,-
“"=,"=2ь %C!едел‘……%е 3“л%"…%е %K%ƒ…=че…,е, 
“%%2"е2“2"3ю?ее *л=““,-,*=ц,, (“м. !,“. 1). Š=-
*,м %K!=ƒ%м, %2"е!“2,  де2=л,, C%*=ƒ=……%L …= 
!,“. 2, м%г32 K/2ь C!ед“2="ле…/ " ",де г!=-%", 
“%“2% ?,. ,ƒ 3“л%"…/. %K%ƒ…=че…,L %2"е!“2,L " 
“%%2"е2“2",, “ *л=““,-,*=ц,еL Šo (!,“. 3).

o%“ле C!ед“2="ле…,  2%ч…/. %2"е!“2,L " ",де 
C%д%K…/. г!=-%" CAD/CAM-“,“2ем= “м%›е2 
C%л…%“2ью ="2%м=2,че“*, “-%!м,!%"=2ь %C2,-
м=ль…/L Šo ,. %K!=K%2*, “ C%м%?ью *л=““,-,-
*=ц,, Šo. `"2%м=2,ƒ,!%"=……%е -%!м,!%"=…,е 
Šo дл  %K!=K%2*, “23Cе…ч=2/. %2"е!“2,L %“3-
?е“2"л е2“  %K%K?е…,ем C!%це““%" %K!=K%2*, 
*=›д%L “23Cе…, " %2дель…%“2,. dл  .2%г% !=ƒ!=-
K%2=… “Cец,=ль…/L =лг%!,2м C!%е*2,!%"=…,  Šo 
%K!=K%2*, “23Cе…ч=2/. %2"е!“2,L.

mе ме…ее "=›…/м …=C!="ле…,ем !=ƒ",2,  
CAD/CAM-“,“2ем  "л е2“  C%"/ше…,е “2еCе…, 
,. ="2%м=2,ƒ=ц,,. mе%K.%д,м% …=L2, …е 2%ль*% 
“C%“%K/ ="2%м=2,ƒ=ц,, !еше…,L !=ƒл,ч…/. ƒ=-
д=ч, …% , ,…2ег!,!%"=2ь ,. " %д…% %K?ее !еше-
…,е. m=C!,ме!, " “,“2еме ="2%м=2,ƒ,!%"=……%г% 
C!%е*2,!%"=…,  Šoo …= “2=…*=. “ )or (&q`op 
Šoo )or[ v.1.0) !е=л,ƒ%"=…% ,…2ег!,!%"=…,е 
ч=“2…/. !еше…,L 2=*,. ƒ=д=ч, *=* …=ƒ…=че…,е 
2е.…%л%г,че“*%L “.ем/ %K!=K%2*, 2%ч…/. %2"е!-
“2,L, "/K%! !е›3?,. ,…“2!3ме…2%" , !=“ч‘2 %“-
…%"…/. C=!=ме2!%" %K!=K%2*, " %д…% %K?ее !е-
ше…,е [3]. }2% C%ƒ"%л,л% !еш=2ь д=……/е ƒ=д=ч, 
" “ч,2=……/е “е*3…д/ дл  люK%г% 2,C= %2"е!“2, , 

p,“. 3. o!ед“2="ле…,е 2%ч…/. %2"е!“2,L де2=л, " ",де г!=-%"
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C!,ч‘м 3ч,2/"=  м…%›е“2"% -=*2%!%", C!ед“2="-
ле……/. " *л=““,-,*=ц,, (“м. !,“. 1). p=ƒ!=K%2=… 
%K%K?‘……/L =лг%!,2м !еше…,  д=……/. ƒ=д=ч. 
Š=*›е …е%K.%д,м% ,…2ег!,!%"=2ь , д!3г,е ƒ=д=-
ч,, …=L2, "ƒ=,м%“" ƒь ме›д3 …,м,. Š%ль*% C%“ле 
.2%г% м%›…% “%ƒд=2ь ,…2елле*23=ль…3ю ="2%м=2,-
ƒ,!%"=……3ю “,“2ем3.

nд…,м ,ƒ "=›…/. м%ме…2%" C!, .2%м  "л е2“  
…=деле…,е %2"е!“2,L 2!‘.ме!…%L м%дел, де2=л, 
C=!=ме2!=м, 2%ч…%“2, *=* д,=ме2!=ль…/. !=ƒме-
!%", 2=* , %2…%“,2ель…%г% ,. !=“C%л%›е…, . q%-
"!еме……/е CAD/CAM-“,“2ем/ “ч,2/"=ю2 ге%-
ме2!,че“*,е C=!=ме2!/ %2"е!“2, , м=2е!,=л де-
2=л,, …% …е м%г32 %C!едел,2ь 2%ч…%“2ь д,=ме2-
!=ль…%г% !=ƒме!= %2"е!“2,  , %2…%“,2ель…%г% ег% 
!=“C%л%›е…, . o%.2%м3 “,“2ем/ …е " “%“2% …,, 
="2%м=2,че“*, !=ƒ!=K%2=2ь %C2,м=ль…/L Šo ег% 
%K!=K%2*,. mельƒ  “*=ƒ=2ь, ч2% “,“2ем/ "%%K?е 
…е м%г32 3че“2ь 2%ч…%“2ь %2"е!“2, . b% м…%г,. 
“,“2ем=. ,“C%льƒ3ю2“  ш=Kл%…/ Šo %K!=K%2*, 
ч=“2% "“2!еч=ю?,.“  2%ч…/. %2"е!“2,L. o!, …=-
.%›де…,, ш=Kл%…= %K!=K%2*, 2%ч…%г% %2"е!“2, , 
*%…*!е2…%г% ег% ",д= , 2,C%!=ƒме!= " K=ƒе д=…-
…/. “,“2ем= м%›е2 ="2%м=2,ƒ,!%"=……% “%ƒд=2ь 
Šo ег% %K!=K%2*,. q%%2"е2“2"е……% C!, %2“32“2-
",, C%д%K…%г% ш=Kл%…= ег% …е%K.%д,м% “%ƒд=2ь 
"!3ч…3ю, ч2%  "л е2“  гл="…/м …ед%“2=2*%м д=…-
…%г% “C%“%K= ="2%м=2,ƒ=ц,, Šo. mе%K.%д,м C%д-
.%д, C!, *%2%!%м “,“2ем/ “=м%“2% 2ель…% “м%г-
л, K/ !=ƒ!=K%2=2ь Šo %K!=K%2*, 2%ч…%г% %2"е!-
“2,  люK%L *%…-,г3!=ц,,, C!,“32“2"3ю?ег% …= 
2!‘.ме!…%L м%дел, де2=л,.

q3?е“2"3ю?ее C!ед“2="ле…,е 2!‘.ме!…%L м%-
дел, де2=л, …е C%ƒ"%л е2 2е.…%л%г3  !=ƒ!=K%2=2ь 
%C2,м=ль…/L Šo е‘ %K!=K%2*,. dл  .2%г% …е%K-
.%д,м% …=дел,2ь j} 2!‘.ме!…%L м%дел, де2=л,, 
" 2%м ч,“ле , %2"е!“2, , C=!=ме2!=м, 2%ч…%“2, 
(Ta, Td , 2. д.). Š=*,м %K!=ƒ%м, CAD/CAM-“,“2е-
м= C!, !=“C%ƒ…="=…,, %2"е!“2,  …= 2!‘.ме!…%L 
м%дел, “м%›е2 %C!едел,2ь …е 2%ль*% ег% ге%ме2-
!,че“*,е !=ƒме!/, …% , C%*=ƒ=2ел, 2%ч…%“2,, = 
ƒ=2ем ="2%м=2,че“*, C!,ме…,2ь , …е%K.%д,м/L 
Šo ег% %K!=K%2*,.

o%“ле ="2%м=2,че“*%г% C!,ме…е…,  Šo %K!=-
K%2*, j} ,л, lo, "/K%!= !е›3?,. ,…“2!3ме…-
2%", !=“ч‘2= %“…%"…/. C=!=ме2!%" %K!=K%2*, 
…е%K.%д,м% "/K!=2ь "“C%м%г=2ель…/е ,…“2!3-
ме…2/ , 2е.…%л%г,че“*3ю %“…=“2*3. `"2%м=2,ƒ=-
ц,  !еше…,  д=……/. ƒ=д=ч %г!=…,че……% !е=л,ƒ%-
"=…= " “%"!еме……/. CAD/CAM-“,“2ем=.. n“…%"-
…%L C!%-Kлем%L  "л е2“  2%, ч2% !=ƒ…%%K!=ƒ,е 
2е.…%л%г,че“*%г% %“…=?е…,  “2=л% ч!еƒме!…% 
K%льш,м. pеше…,е д=……%L C!%Kлем/ "%ƒм%›…% 
3…,-,*=ц,еL , *л=““,-,*=ц,еL 2е.…%л%г,че“*%-
г% %“…=?е…, . o!,ч‘м 2=*%L *л=““,-,*=ц,еL, 
*%2%!=  “%гл=“%"/"=л=“ь K/ “ *л=““,-,*=ц, м, 
j} , Šo, ч2% ,мее2 "=›…%е ƒ…=че…,е. hме……% 
“%ƒд=……/е “" ƒ, ме›д3 де2=лью, Šo , 2е.…%л%г,-

че“*,м %“…=?е…,ем C%ƒ"%л ю2 !еш,2ь K%льш,…-
“2"% ƒ=д=ч # %2 C!%е*2,!%"=…,  2е.…%л%г,че“*%L 
“.ем/ %K!=K%2*, д% "/K%!= C!,“C%“%Kле…,  дл  
*%…*!е2…%г% %K%!3д%"=…,  " &“*"%ƒ…%м[ !е›,ме.

nд…=*% .2%г% …ед%“2=2%ч…% дл  *%мCле*“…%L 
Šoo * "/C3“*3 …%"/. ,ƒдел,L …= “2=…*=. “ )or. 
dл  .2%г% …е%K.%д,м= 2е.…%л%г,че“*=  д%*3ме…-
2=ц, : *=!2/ …=л=д*, “2=…*= “ )or, *=!2/ …=-
“2!%L*, ,…“2!3ме…2=, %Cе!=ц,%……/е *=!2/, %Cе-
!=ц,%……/е .“*,ƒ/ , 2. д. `"2%м=2,ƒ,!%"=……%е 
%-%!мле…,е д=……%L 2е.…%л%г,че“*%L д%*3ме…2=-
ц,, …ед%“2=2%ч…% .%!%ш% !е=л,ƒ%"=…% " “3?е“2-
"3ю?,. ="2%м=2,ƒ,!%"=……/. “,“2ем=..

p=ƒ!=K%2ч,*, “%"!еме……/. CAD/CAM-“,“2ем 
“2!ем 2“  * %K!=ƒ%"=…,ю ед,…%L “!ед/ дл  !=K%-
2/ *=* *%…“2!3*2%!%", 2=* , 2е.…%л%г%". o%д%K-
…%е C%“2!%е…,е “,“2ем C%ƒ"%л е2  “%ƒд=2ь 2е.…%-
л%г,че“*3ю д%*3ме…2=ц,ю " CAD-“,“2еме, 2=* 
*=* " …еL ,мею2“  "“е “" ƒ, “ CAM-м%д3л м,. 
dл  ="2%м=2,ƒ,!%"=……%г% C%“2!%е…,  че!2е›= 
!е›3?,. , "“C%м%г=2ель…/. ,…“2!3ме…2%" (" 
“%%2"е2“2",, “ ,. 2%ч…/м, !=ƒме!=м,) " г!=-,-
че“*%L “,“2еме C%2!еK%"=л=“ь !=ƒ!=K%2*= м=2е-
м=2,че“*,. %C,“=…,L ,. ге%ме2!,, , “%ƒд=…,е 
K=ƒ д=……/. ,. %“…%"…/. !=ƒме!%" [4]. hме……% 
м=2ем=2,че“*%е %C,“=…,е ,…“2!3ме…2= C%ƒ"%л е2 
C%л3ч,2ь ег% че!2‘› " г!=-,че“*%L “,“2еме “ лю-
K/м 2,C%!=ƒме!%м, ,мею?,м“  " K=ƒе д=……/.. 
Š=*,м %K!=ƒ%м, "%ƒм%›…% …е 2%ль*% "/че!ч,"=2ь 
,…“2!3ме…2/, …% , “%ƒд="=2ь *=!2/ …=л=д*, це-
л,*%м. d=……=  "%ƒм%›…%“2ь !е=л,ƒ%"=…= " “,“2е-
ме &q`op Šoo )or[ v. 1.0, *%2%!=  ,…2ег!,!%-
"=…= , !=K%2=е2 C%л…%“2ью " “!еде г!=-,че“*%L 
“,“2ем/ &j%мC=“-3D[, ч2% , C%ƒ"%л е2 ="2%м=2,-
ƒ,!%"=……% ге…е!,!%"=2ь 2е.…%л%г,че“*3ю д%*3-
ме…2=ц,ю " г!=-,че“*%L “,“2еме.

oе!ед …=ч=л%м C!%,ƒ"%д“2"= …%"/. ,ƒдел,L 
“%ƒд=……=  *=!2= …=л=д*, “2=…*= “ )or Cе!ед=‘2-
“  " ,…“2!3ме…2=ль…%е %2деле…,е C!едC!, 2, , 
*%2%!%е " “%%2"е2“2",, “ Cл=…%м C%дг%2%"*, ,…-
“2!3ме…2=ль…/. …=л=д%* C%дг%2="л,"=е2 , …=-
“2!=,"=е2 3*=ƒ=……/е ,…“2!3ме…2/. m=л=дч,* 
“2=…*= “ )or C!,“23C=е2 * !=K%2е “%гл=“…% *=!2е 
…=л=д*, “2=…*=, ,“C%льƒ3  3›е C%дг%2%"ле……/е 
,…“2!3ме…2/. o%“ле .2%г% …=ч,…=е2“  C!%це““ 
ме.=…,че“*%L %K!=K%2*, C=!2,, де2=леL. dл  
“…,›е…,  “!%*%" C!%"еде…,  Šoo * "/C3“*3 …%-
"/. ,ƒдел,L ="2%м=2,ƒ,!%"=……%е %-%!мле…,е 
…е%K.%д,м%L 2е.…%л%г,че“*%L д%*3ме…2=ц,, 
,мее2 K%льш%е ƒ…=че…,е.

q,“2ем= &q`op Šoo )or[ v. 1.0 %Kл=д=е2 
"%ƒм%›…%“2ью &“*"%ƒ…%г%[ C!%е*2,!%"=…,  Šo 
%K!=K%2*, %2"е!“2,L " ƒ=",“,м%“2, %2 C=!=ме2-
!%" 2%ч…%“2, д,=ме2!=ль…/. !=ƒме!%" , ,. %2…%-
“,2ель…%г% !=“C%л%›е…,  " *%мCле*“е, = 2=*›е 
,мее2 "/“%*3ю “2еCе…ь ="2%м=2,ƒ=ц,, C!,… -
2,  !=ƒл,ч…/. !еше…,L [4]. b “,“2еме !е=л,ƒ%-
"=… %K%K?‘……/L =лг%!,2м ="2%м=2,ƒ,!%"=……%г% 
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C!%е*2,!%"=…,  Šo %K!=K%2*, 2%ч…/. %2"е!“2,L, 
K=ƒ,!3ю?,L“  …= ,…2ег!=ц,, ч=“2…/. !еше…,L 
%“…%"…/. ƒ=д=ч, "*люч=ю?,. !=ƒ!=K%2*3 2е.…%-
л%г,че“*,. “.ем %K!=K%2*, %2"е!“2,L, "/K%! !е-
›3?,. ,…“2!3ме…2%", !=“ч‘2 C=!=ме2!%" %K!=-
K%2*,. m= %“…%"е !еƒ3ль2=2%" д=……%г% C!%е*2,!%-
"=…,  “,“2ем= “C%“%K…= ="2%м=2,ƒ,!%"=……% “ге-
…е!,!%"=2ь 3C!="л ю?,е C!%г!=мм/ дл  м…%г%-
%Cе!=ц,%……/. “2=…*%" “ )or , %-%!мл 2ь …е%K-
.%д,м3ю 2е.…%л%г,че“*3ю д%*3ме…2=ц,ю " г!=-
-,че“*%L “,“2еме &j%мC=“-3D[.

}*“Cе!,ме…2=ль…/е ,““лед%"=…,  , 2е“2,!%-
"=…,е “,“2ем/ &q`op Šoo )or[ v. 1.0 C%*=ƒ=-
л,, ч2% е‘ ,“C%льƒ%"=…,е C%ƒ"%л е2 “…,ƒ,2ь “!%-
*, C!%е*2,!%"=…,  %Cе!=ц,L %K!=K%2*, 2%ч…/. 
%2"е!“2,L …= 50 %, %K?,е “!%*, C!%"еде…,  Šoo 
дл  "/C3“*= де2=леL “ 2%ч…/м, %2"е!“2, м, …= 
30 %, 2!3д%‘м*%“2ь C!%е*2,!%"=…,  …= 30 % C% 
“!="…е…,ю “ “3?е“2"3ю?,м, “,“2ем=м,.

Šoo * "/C3“*3 де2=леL &oл,2=[ (!,“. 4), 
,мею?,. че2/!е %2"е!“2,  “ д,=ме2!=ль…/м, 
!=ƒме!=м, 7-г% *"=л,2е2= 2%ч…%“2, , C!едель…/-
м, %2*л%…е…, м, !=ƒме!%" %2…%“,2ель…%г% ,. 
!=“C%л%›е…,  @0,025 мм, " “,“2еме &q`op Šoo 
)or[ v. 1.0 ƒ=… л= …= 20#35 % ме…ьше "!еме…,, 
чем C!, =…=л%г,ч…%м C!%е*2,!%"=…,, " !=ƒл,ч-
…/. “3?е“2"3ю?,. “%"!еме……/. CAD/CAM-
“,“2ем=..

h“C%льƒ3  “,“2ем3 &q`op Šoo )or[ v. 1.0 " 
="2%м=2,ƒ,!%"=……%м !е›,ме “C!%е*2,!%"=…/ 
2е.…%л%г,че“*,е “.ем/ %K!=K%2*, %2"е!“2,L Cл,-
2/ " ƒ=",“,м%“2, %2 ,. C%*=ƒ=2елеL 2%ч…%“2,, 
"/K!=…/ !е›3?,е ,…“2!3ме…2/ ,ƒ K=ƒ/ д=……/., 
!=““ч,2=…/ %“…%"…/е C=!=ме2!/ %K!=K%2*,, “ге-
…е!,!%"=…= 3C!="л ю?=  C!%г!=мм= дл  м…%-

г%%Cе!=ц,%……%г% “2=…*= “ )or, “%ƒд=…= 2е.…%л%-
г,че“*=  д%*3ме…2=ц,  (*=!2= …=л=д*,, %Cе!=-
ц,%……=  *=!2=, %Cе!=ц,%……/е .“*,ƒ/) " г!=-,-
че“*%L “,“2еме &j%мC=“-3D[.

m=деле…,е %2"е!“2,L 3D-м%дел, де2=л, C=!=-
ме2!=м, 2%ч…%“2,, ,. ="2%м=2,че“*%е !=“C%ƒ…=-
"=…,е , C!ед“2="ле…,е " ",де г!=-%" " “%%2"е2“2-
",, “ *л=““,-,*=ц,еL 2е.…%л%г,че“*,. C!%це“-
“%", ,…2ег!,!%"=…,е ч=“2…/. !еше…,L !=ƒл,ч…/. 
ƒ=д=ч ="2%м=2,ƒ=ц,, Šoo C%ƒ"%л 2 “3?е“2"е……% 
C%"/“,2ь “2еCе…ь ="2%м=2,ƒ=ц,, CAD/CAM-“,“-
2ем , “…,ƒ,2ь “!%*, , 2!3д%‘м*%“2ь C!%"еде…,  
Šoo д% 50 % , K%лее C% “!="…е…,ю “ ,“C%льƒ%-
"=…,ем “3?е“2"3ю?,. CAD/CAM-“,“2ем. 

j!3C…еLш,е C!едC!, 2,  м,!= ƒ= "л ю2 %K 
,“C%льƒ%"=…,, "/“%*,. 2е.…%л%г,L (high-tech) " 
%Kл=“2, ="2%м=2,ƒ=ц,, , 3C!="ле…,  2е.…%л%г,-
че“*,м, C!%це““=м, , C!%,ƒ"%д“2"%м, ч2% “",де-
2ель“2"3е2 % "/“%*%м *=че“2"е C!%д3*ц,,. b “%-
"!еме……/. 3“л%", . “…,›е…,е ƒ=2!=2 …= ,ƒг%2%"-
ле…,е ,ƒдел,L …=C! м3ю ƒ=",“,2 %2 “%"е!ше…“2-
"%"=…,  2е.…%л%г,L ="2%м=2,ƒ=ц,, , 3C!="ле…,  
2е.…%л%г,че“*,м, C!%це““=м, , C!%,ƒ"%д“2"%м. 
hме……% " д=……%L %Kл=“2, …=.%д 2“  !еƒе!"/ C% 
“…,›е…,ю ƒ=2!=2 …= Šoo , C!%,ƒ"%д“2"% ,ƒде-
л,L " цел%м. 

Š=*,м %K!=ƒ%м, C!ед“2="ле……/L C%д.%д * ="-
2%м=2,ƒ=ц,, Šoo %K!=K%2*, 2%ч…/. %2"е!“2,L 
 "л е2“  …=,K%лее C!%г!е““,"…/м, ег% !=ƒ",2,е 
C%ƒ"%л,2 !еш=2ь ƒ=д=ч, C!%е*2,!%"=…,  Šo %K-
!=K%2*, 2%ч…/. %2"е!“2,L " &“*"%ƒ…%м[ !е›,ме 
Kеƒ 3ч=“2,  чел%"е*=. mе%K.%д,м% 2=*›е ="2%м=-
2,ƒ,!%"=2ь C!%це““/ %K!=K%2*, , %“2=ль…/. м%-
д3леL C%"е!.…%“2еL де2=л,.

h“C%льƒ%"=…,е м%д3ль…%г% C!,…ц,C= дл  ="-
2%м=2,ƒ=ц,, 2е.…%л%г,че“*,. C!%це““%" %K!=-
K%2*, де2=леL д=‘2 ›ел=ем/L !еƒ3ль2=2 , C!,"е-
д‘2 * “%ƒд=…,ю деL“2",2ель…% ,…2елле*23=ль…%L 
="2%м=2,ƒ,!%"=……%L “,“2ем/.

a,Kл,%г!=-,че“*,е ““/л*,
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л,ƒ=ц,  ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  %K!=-
K%2*, 2%ч…/. %2"е!“2,L …= “2=…*=. -!еƒе!…%-“"е!-
л,ль…%-!=“2%ч…%L г!3CC/ “ )or. Šе.…%л%г,  м=ш,-
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o.o. j3ць*%,  д-! 2е.…. …=3*, p.q. oе!м *%" 
(b%!%…е›“*=  г%“3д=!“2"е……=  ле“%2е.…,че“*=  =*=дем, ) 

milya@niet.ru

n0emj` phqjnb oph b{onkmemhh opnejŠnb on cnqrd`pqŠbemmnlr 
nanpnmmnlr g`j`gr b }kejŠpnmmni opnl{xkemmnqŠh 

o!едл%›е… ме2%д %це…*, !,“*%" C!, "/C%л…е…,, C!%е*2= C% г%“3д=!“2"е……%м3 %K%!%…-
…%м3 ƒ=*=ƒ3 " .ле*2!%……%L C!%м/шле……%“2,.

jлюче"/е “л%"=: .ле*2!%……=  *%мC%…е…2…=  K=ƒ=, !,“* C!, "/C%л…е…,, C!%е*2%", "е!% 2-
…%“2ь “%K/2, , !=…›,!%"=…,е "=›…%“2, !,“*%".

Risks valuation method for projects implementation of the state defense order in the electronic 
industry is proposed.

Key words: electronic component base, projects implementation risk, event probability, risks importance 
rating.

}jnmnlhj` h npc`mhg`0h“ m`r)mni h ung“iqŠbemmni de“Šek|mnqŠh

b rC!="ле…,, !=ƒ",2,  .ле*2!%……%L *%мC%-
…е…2…%L K=ƒ/ (rp}ja) l,…,“2е!“2"= %K%!%…/ 
“%ƒд=…= ,…-%!м=ц,%……=  “,“2ем= *%%!д,…=-
ц,%……%г% 3C!="ле…,  K=ƒ%"/м, C!едC!, 2, м, 
.ле*2!%……%L C!%м/шле……%“2,, *%2%!/е 3ч=“2-
"3ю2 " "/C%л…е…,, г%“3д=!“2"е……%г% %K%!%……%г% 
ƒ=*=ƒ= (cng) # “%ƒд=…,, ,ƒдел,L м,*!%.ле*2!%-
…,*, "%е……%г% …=ƒ…=че…,  [1, 2]. b е‘ “%“2=" 
"*люче…= C%д“,“2ем= C!%"еде…,  !=ƒл,ч…/. .*“-
Cе!2,ƒ ƒ= "%* !=K%2 дл  "*люче…,  " cng.

b д=……%L “2=2ье !=““м%2!е…/ ме2%д, м%дель , 
=лг%!,2м %це…*, !,“*%" C!%"еде…,  …=3ч…%-,“-
“лед%"=2ель“*,. , %C/2…%-*%…“2!3*2%!“*,. !=-
K%2 (mhnjp) (“м. !,“3…%*).

nC2,м=ль…/м “це…=!,ем (“%K/2,ем) ` %це…*, 
!,“*%"  "л е2“  “"%е"!еме……=  !е=л,ƒ=ц,  %2дель-
…%г% C!%е*2= C% !=ƒ",2,ю .ле*2!%……%L *%мC%-
…е…2…%L K=ƒ/ (}ja) “ ƒ=д=……/м, 2!еK%"=…, м, " 
C!едел=. "/деле……/. =““,г…%"=…,L. nK!=2…/м “%-
K/2,ю `  "л е2“  “%K/2,е A , “" ƒ=……%е “ …е"/-
C%л…е…,ем 2!еK%"=…,L 2е.…,че“*%г% ƒ=д=…,  " 3“-
2=…%"ле……/е “!%*, " C!едел=. "/деле……/. =““,г-
…%"=…,L. q%K/2,  ` , A C% %C!еделе…,ю  "л ю2-
“  …е“%"ме“2,м/м, ( A ∩ A) , C!ед“2="л ю2 “%-
K%L м…%›е“2"% .леме…2=!…/. “%K/2,L e = (`, A).

nд…,м ,ƒ %“…%"…/. C%*=ƒ=2елеL %це…*, !,“*%" 
C!, "/C%л…е…,, %2дель…/. C!%е*2%" mhnjp 
м%›е2 K/2ь "е!% 2…%“2ь “"%е"!еме……%L !е=л,ƒ=-
ц,, *%…*!е2…%г% C!%е*2= “ ƒ=д=……/м, 2!еK%"=-
…, м, " C!едел=. "/деле……/. =““,г…%"=…,L:

)(1)( APAP −= . (1)

o!едл=г=ем/L C%д.%д ƒ=*люч=е2“  " "/ч,“ле-
…,, "е!% 2…%“2, “%K/2,  ` че!еƒ %C!еделе…,е "е-
!% 2…%“2, %K!=2…%г% “%K/2,  A .

o3“2ь Bs # м…%›е“2"% “%K/2,L, *%2%!/е ƒ=-
*люч=ю2“  " C!% "ле…,, 2%L ,л, ,…%L “%"%*3C-
…%“2, !,“*%" r " C!%це““е "/C%л…е…,  C!%е*2= 
mhnjp s = l,…, Ω, где Ω # ч,“л% "%ƒм%›…/. 
“%K/2,L Bs. e“л, bri # “%K/2,е C!% "ле…,  !,“*= 
ri, 2% “%%2"е2“2"е……% brj # “%K/2,е %K%ƒ…=ч=ю?ее, 
ч2% д=……/L !,“* …е C!% ",л“ . Š%гд= м…%›е“2"% 
“%K/2,L Bs м%›е2 K/2ь C!ед“2="ле…% "/!=›е…,ем 
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B . (2)

o!едC%л=г=  …=л,ч,е C!ед"=!,2ель…%L ,…-%!-
м=ц,, % !,“*=. (,л, ,. “%че2=…, .), C!% "ле…,е 
*%2%!/. …е,ƒKе›…% "ед‘2 * “!/"3 !е=л,ƒ=ц,, 
C!%е*2=, 2. е. “%K/2,ю A , , …= %“…%"е -%!м3л/ 
C%л…%L "е!% 2…%“2, C%л3ч,м ƒ…=че…,е ,“*%-
м%L "е!% 2…%“2, “%K/2,  `:

∑
Ω

=

=
1

)()()(
s

ss BAPBPAP , (3)

где P(Bs) # "е!% 2…%“2ь …=“23Cле…,  “%K/2,  Bs; 
p( A/Bs) # 3“л%"…=  "е!% 2…%“2ь “%K/2,  A  C!, 
3“л%",,, ч2% “%K/2,е Bs 3›е C!%,ƒ%шл%.
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`лг%!,2м *%л,че“2"е……%L %це…*, !,“*%" !е=л,ƒ=ц,, C!, "/C%л…е…,, 
C!%е*2%" C% !=ƒ",2,ю *%мC%…е…2…%L K=ƒ/

q 3ч‘2%м "/!=›е…,L (2) , (3) ,“*%м=  "е-
!% 2…%“2ь “"%е"!еме……%L !е=л,ƒ=ц,, C!%е*2= C% 
!=ƒ",2,ю }ja “ ƒ=д=……/м, 2!еK%"=…, м, " C!е-
дел=. "/деле……/. =““,г…%"=…,L !е=л,ƒ=ц,, 
C!%е*2= ,мее2 ",д

∑
Ω

=

−=
1

)()(1)(
s

ss BAPBPAP . (4)

p=““м%2!е……/L C%*=ƒ=2ель м%›е2 C!,ме-
… 2ь“  …е 2%ль*% дл  %це…*, !е=л,ƒ=ц,, C!%-
е*2= " цел%м, …% , C!, =…=л,ƒе !,“*%" …= %C!е-
дел‘……/. .2=C=. mhnjp. b .2%м “л3ч=е ""%-
д,2“  %г!=…,че…,е …= “%“2=" !,“*%", C!,“3?,. 
C!%е*23. 

m= %“…%"е C%л3че……/. ƒ…=че…,L "е!% 2…%“2еL 
дл  "/K%!*, C!%е*2%" mhnjp, " “л3ч=е е“л, 
.2=C 3*л=д/"=е2“  " г%д%"%L “!еƒ, м%›…% C!%,ƒ-
"%д,2ь %це…*3 !,“*= !е=л,ƒ=ц,, г%д%"%г% Cл=…= 
C% “%ƒд=…,ю }ja.

`*23=ль…/м,  "л ю2“  C%д.%д/, %“…%"=…-
…/е …= “3KAе*2,"…%L "е!% 2…%“2, C!% "ле…,  
-=*2%!%" !,“*= ri, C%л3ч=ем%L …= K=ƒе *=че“2"е…-
…/. “3›де…,L .*“Cе!2%", *%2%!/е “2!% 2 “"%‘ 
м…е…,е …= %“…%"е ,мею?ег%“  %C/2= “ 3ч‘2%м !е-
ƒ3ль2=2%" =…=л,ƒ= 2е*3?еL ,…-%!м=ц,,.

j=›д%м3 .*“Cе!23 C!ед%“2="л е2“  Cе!ече…ь 
Cе!",ч…/. !,“*%" " ",де =…*е2 , C!едл=г=е2“  
%це…,2ь "е!% 2…%“2ь ,. "%ƒ…,*…%"е…, , !3*%-
"%д“2"3 “ь !=ƒ!=K%2=……%L “,“2ем%L %це…%*. 
o!едC%л=г=е2“ , ч2% C!ед"=!,2ель…=  *=!2= !,“-
*%" дл  *%…*!е2…%г% C!%е*2= 3›е “%“2="ле…=. n“-
…%"…%L целью C!,ме…е…,  .*“Cе!2…/. C%д.%д%" 
" ƒ=д=че %це…*, !,“*%" C!%е*2%"  "л е2“  C%л3-
че…,е “%гл=“%"=……/. г!3CC%"/. %це…%* # "е!%-
 2…%“2еL "%ƒ…,*…%"е…,  “%K/2,L, "/“23C=ю?,. 
-=*2%!=м, !,“*=.

nце…*3 "е!% 2…%“2еL …=“23Cле…,  …ег=2,"…/. 
“%K/2,L м%›…% %2…е“2, * *л=““,-,*=ц,%……%L ƒ=-
д=че. nце…,"=ем3ю "е!% 2…%“2ь “лед3е2 !=““м=2-
!,"=2ь *=* "ел,ч,…3 “ C!,!%д%L ,…2е!"=ль…%L 
…е%C!едел‘……%“2,. g…=че…,е "е!% 2…%“2, C!% "-
ле…,  !,“*= !=“C!еделе…% C% %C!едел‘……%м3 ƒ=-
*%…3 " C!едел=. ƒ…=че…,L %2 0 д% 1. }*“Cе!2/ м%-
г32 %Cе!,!%"=2ь *=че“2"е……/м, ƒ=*люче…, м,, 
*%2%!/е " “"%ю %че!едь м%г32 K/2ь “%%2…е“е…/ “ 
K=лль…/м, %це…*=м, , “%%2"е2“2"е……% “ ,…2е!"=-
л=м, ƒ…=че…,L "е!% 2…%“2, C!% "ле…,  2%г% ,л, 
,…%г% !,“*=. b 2=Kл. 1 C!ед“2="ле…/ *=че“2"е……/е 
C%*=ƒ=2ел, *л=““,-,*=ц,, !,“*%" C% "е!% 2…%“2, 
C!% "ле…, , “%%2…е“‘……/е “ *%л,че“2"е……/м, 
ƒ…=че…, м, д,=C=ƒ%…%" "е!% 2…%“2еL.
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Š=Kл,ц =  1
j=че“2"е……=  , *%л,че“2"е……=  *л=““,-,*=ц,  !,“*%" C% "е!% 2…%“2, C!% "ле…,                    

b,д !,“*=
bе!% 2…%“2ь "%ƒ…,*…%"е…,  “%K/2,  (P)

a=лл
j%л,че“2"е……=  

%це…*=
j=че“2"е……=  %це…*=

qл=K%"е!% 2…/е 1 0 < p < 0,1
q%K/2,е м%›е2 C!%,ƒ%L2, " ,“*люч,2ель…/. 
“л3ч= .

l=л%"е!% 2…/е 3 0,1 <p < 0,4 pед*%е “%K/2,е, *%2%!%е ,мел% ме“2%

bе!% 2…/е 5 0,4 < p < 0,6
m=л,ч,е “",де2ель“2",  д%“2=2%ч…/. дл  C!едC%-
л%›е…,  "%ƒм%›…%“2, …=“23Cле…,  “%K/2, 

bе“ьм= "е!% 2…/е 7 0,6 < p < 0,9  q%K/2,е м%›е2 C!%,ƒ%L2,

o%ч2, "%ƒм%›…/е 9 0,9 < p < 1,0 q%K/2,е, *=* %›,д=е2“ , C!%,ƒ%Lд‘2

Š=Kл,ц =  2

p=…›,!%"=…,е "=›…%“2, !,“*%", “3?е“2"3ю?,. C!, !е=л,ƒ=ц,, %2дель…/. C!%е*2%" 
…=3ч…%-,““лед%"=2ель“*,. , %C/2…%-*%…“2!3*2%!“*,. !=K%2 C% !=ƒ",2,ю }ja

nце…*=     nC!еделе…,е o% “…е…, 

1 p="…=  ƒ…=ч,м%“2ь nK= !,“*= "…%“ 2 %д,…=*%"/L "*л=д

3 qл=K%е C!е%Kл=д=…,е oе!"/L !,“* …еƒ…=ч,2ель…% C!е"%“.%д,2 "2%!%L

5
q3?е“2"е……%е 
 C!е%Kл=д=…,е

q3?е“2"3ю2 "е“*,е =!г3ме…2/ 2%г%, ч2% Cе!"/L !,“* 
K%лее ƒ…=ч,м, чем "2%!%L

7 “"…%е C!е%Kл=д=…,е
hмею2“  …е%C!%"е!›,м/е %“…%"=…,  C!едC%ч2,2ель-
…%“2, Cе!"%г% !,“*= "2%!%м3

9
`K“%лю2…%е 
C!е%Kл=д=…,е

o!е"%“.%д“2"% Cе!"%г% !,“*= %че",д…%

2
4
6
8

o!%ме›32%ч…/е     
“3›де…, 

b/K%! ме›д3 д"3м  “%“ед…,м,   …еч‘2…/м, ч,“л=м, 
ƒ=2!3д…,2еле…

),“л=, %K!=2…/е  
C!,"ед‘……/м

e“л, C!, “!="…е…,, Cе!"%г% !,“*= “% "2%!/м, Cе!"/L C%л3ч,л %д,… ,ƒ 3*=-
ƒ=……/. "/ше !=…г%" "=›…%“2,, 2% C!, “!="…е…,, "2%!%г% *!,2е!,  “ Cе!"/м 
"2%!%L C%л3ч=е2 %K!=2…%е ƒ…=че…,е

b *=че“2"е .*“Cе!2…%L ,…-%!м=ц,, C!едл=-
г=е2“  ,“C%льƒ%"=2ь K=лль…/е %це…*,, “%%2"е2-
“2"3ю?,е ƒ…=че…, м д,=C=ƒ%…= "е!% 2…%“2, C!%-
 "ле…,  2%г% ,л, ,…%г% !,“*=, = " *=че“2"е C!%це-
д3!/ C%л3че…,  г!3CC%"%L %це…*, # "/ч,“ле…,е 
мед,=…/ "=!,=ц,%……%г% ! д=.

mем=л%"=›…/м  "л е2“  "%C!%“ %C!еделе…,  
%2…%“,2ель…%г% 3дель…%г% "е“= !=““м=2!,"=ем/. 
!,“*%". d=……/L =“Cе*2, C% “32,, " *%л,че“2"е…-
…%м "/!=›е…,, %K%“…%"/"=е2 C!,емлем%“2ь 
!,“*%", -%!м3л,!3ем3ю …= .2=Cе ,. *=че“2"е…-
…%L %це…*,.

m=,K%лее C%*=ƒ=2ель…/м *!,2е!,ем  "л е2“  
"%ƒм%›…%“2ь …=…е“е…,  м=*“,м=ль…%г% 3?е!K= 
!е=л,ƒ=ц,, C!%е*2= C!, C!% "ле…,, !=““м=2!,-
"=ем%г% !,“*= (“%"%*3C…%“2, !,“*%"). d=……=  
C%дƒ=д=ч= м%›е2 K/2ь !еше…= C32‘м C=!…/. 
“!="…е…,L !,“*%" “ целью -%!м,!%"=…,  …%!-
м,!%"=……%г% "е*2%!= C!,%!,2е2%" C% "ел,ч,…е 
м=*“,м=ль…%г% 3?е!K= дл  !е=л,ƒ=ц,, C!%е*2=. 
dл  C!,ме…е…,  ме2%д= C=!…/. “!="…е…,L 
C!едл=г=е2“  ,“C%льƒ%"=2ь !=…›,!%"=…,е "=›-
…%“2, !,“*%" …= %“…%"е C%! д*%"%L ш*=л/ 
(2=Kл. 2).
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pеƒ3ль2=2%м ƒ=C%л…е…,  K3де2 *"=д!=2…=  м=2-
!,ц= R = (r0), 3д%"ле2"%! ю?=  “лед3ю?,м 3“-
л%", м:

0, , 1,..., ;
1 , , 1,..., ,

ij
ij ij

r i j n
r r i j n

> =⎧
⎨ = =⎩

  (5)

где C # ч,“л% “!="…,"=ем/. !,“*%", i, j # …%ме!= 
“2!%*, , “2%лKц= м=2!,ц/ “%%2"е2“2"е……%.

o!, ,“C%льƒ%"=…,, ме2%д= C=!…/. “!="…е…,L 
%KAе*2%" (C%“2!%е…,е м=2!,ц/ C!,"еде…% " 2=Kл. 3) 
дл  "/ "ле…,  C!е%Kл=д=…,L %д…,. …=д д!3г,-
м, “3?е“2"3е2 …е%K.%д,м%“2ь C!%"е!*, “%гл=-

Š=Kл,ц =  3

o%“2!%е…,е м=2!,ц/ C=!…/. “!="…е…,L !,“*%"

m%ме! !,“*= 1 2 3 ... n

1 1 r12 r13 ... r1n

2 1/r12 1 # # r2n

3 1/r13 # 1 # r3n

... ... # # 1 #

n 1/r1n 1/r2n 1/r3n ... 1

Š=Kл,ц =  4

jл=““,-,*=ц,  ",д%" !,“*%" C% д,=C=ƒ%…3 ƒ…=че…,L  
"е“%"/. *%.--,ц,е…2%" C=!…%г% “!="…е…, 

b,д !,“*=
bе!% 2…%“2ь “!/"= !=K%2 

дл  !=ƒ…/. ",д%" !,“*= " ƒ=",“,м%“2, 
%2 ƒ…=че…,  "е“%"%г% *%.--,ц,е…2=

l,…,м=ль…/L 0 < p ≤ 0,1

m,ƒ*,L 0,1 <p ≤ 0,4

q!ед…,L 0,4 <p ≤ 0,6
b/“%*,L 0,6 < p  ≤ 0,9

l=*“,м=ль…/L 0 <p ≤ 0,1

“%"=……%“2, C%л3че……%L м=2!,ц/ “!="…е…,L. 
t%!м=ль…% ƒ=д=ч= “"%д,2“  * C%л3че…,ю %2*л%-
…е…,  “%гл=“%"=……%“2, м=2!,ц/ , “!="…е…,  .2%-
г% ƒ…=че…,  “ …%!м=ль…/м.

q 3ч‘2%м !еƒ3ль2=2%" "ƒ"еш,"=…,  !,“*, C%д-
!=ƒдел ю2“  …= г!3CC/ (2=Kл. 4).

o!ед“2="ле……=  *л=““,-,*=ц,  C%ƒ"%л е2 C%-
л3ч,2ь ƒ…=че…,  3“л%"…/. "е!% 2…%“2еL p( riA B ), 
2. е. ƒ…=че…,е "е!% 2…%“2, “!/"= !е=л,ƒ=ц,, %2-
дель…%г% C!%е*2= mhnjp # “%K/2,  ` C!, "%ƒ-
…,*…%"е…,, .леме…2=!…%г% “%K/2,  bri м…%›е-
“2"= “%K/2,L Bs.

n“…%"/"= “ь …= *%л,че“2"е……%L %це…*е C!ед-
л%›е……%г% C%*=ƒ=2ел  !,“*= *=* дл  %2дель…%г% 
.2=C= C!%е*2= C% “%ƒд=…,ю .ле*2!%……%L *%мC%-
…е…2…%L K=ƒ/, 2=* , C!%е*2= " цел%м …= %“…%"е 
%2…%ше…,  л,ц=, C!,…,м=ю?ег% !еше…,е, * !,“-
*3 д=……%г% ",д=, м%г32 %“3?е“2"л 2ь“  “лед3ю?,е 
ме!%C!, 2, :

C%“2=…%"*= %2дель…%г% C!%е*2= mhnjp …= %“-
…%"е C!%г…%ƒ,!3ем/. Kл=г%C!, 2…/. 3“л%",L ег% 
!е=л,ƒ=ц,,;

"/K%! ,“C%л…,2ел  C32‘м “!="…е…,  C%л3-
че……/. C%*=ƒ=2елеL дл  !=ƒл,ч…/. 3“л%",L 
!е=л,ƒ=ц,, C!%е*2=, %K3“л%"ле……/. "…е“е-
…,ем …е%C!едел‘……%“2еL, “" ƒ=……/. “ 3ч=“2,ем 
" ег% !е=л,ƒ=ц,, 2%г% ,л, ,…%г% ,“C%л…,2ел ;

"%ƒм%›…%“2ь ,ƒме…е…,  3“2=…%"ле……/. “!%-
*%" , л,м,2%" =““,г…%"=…,L, …е%K.%д,м/. дл  
!е=л,ƒ=ц,, "/C%л… ем%г% %2дель…%г% C!%е*2=; 

…е%K.%д,м%“2ь C!е*!=?е…,  ,л, %2*=ƒ= "/-
C%л…е…,  %C!едел‘……%г% C!%е*2= дл  3*л%…е…,  
%2 …ецеле“%%K!=ƒ…%г% !=“.%д%"=…,  =““,г…%"=-
…,L , “"%е"!еме……%г% C%,“*= =ль2е!…=2,"…/. !е-
ше…,L.

a,Kл,%г!=-,че“*,е ““/л*,

1. j3ць*% o.o., t%!2,…“*,L ~.j., `…2,м,!%" b.l. 
h…-%!м=ц,%……=  “,“2ем= *%%!д,…=ц,%……%г% 3C!="-
ле…,  .ле*2!%……%L C!%м/шле……%“2ью. b%!%…е›: bcr, 
2007. 143 “.

2. `"2%м=2,ƒ=ц,  3C!="ле…,  , C!%е*2,!%"=…,  " 
.ле*2!%……%L C!%м/шле……%“2, / ~.j. t%!2,…“*,L, 
b.e. lе›%", b.j. g%ль…,*%", o.o. j3ць*%. b%!%…е›: 
bcr, 2008. 275 “.

b…,м=…,ю ="2%!%"!

Š!еK%"=…,  * %-%!мле…,ю “2=2еL, C!,“/л=ем/. дл  C3Kл,*=ц,,,

м%›…% …=L2, …= “=L2е www.mashin.ru
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b{qŠ`bjh h opegemŠ`0hh

h2%г, !=K%2/ *%мC=…,, SAP qmc " 2010 г.

j%мC=…,  SAP (NYSE: SAP) # л,де! …= !/…*е 
*%!C%!=2,"…/. !еше…,L # C%д"ел= ,2%г, !=K%2/ " 
“2!=…=. qmc , p%““,, " 2010 г. d%.%д *%мC=…,, 
SAP %2 C!%д=›, C!%г!=мм…%г% %Kе“Cече…,  " “2!=-
…=. qmc C%*=ƒ=л !%“2 " 84% (" p%““,, …= 83%), 
д%.%д %2 “е!",“…/. 3“л3г "/!%“ …= 38% (" p%““,, 
…= 84%), = !%“2 “%"%*3C…%г% д%.%д= C% “2!=…=м qmc 
“%“2=",л 53% (" p%““,, 2=*›е 53%). m=,K%лее "Cе-
ч=2л ю?,L !%“2 " “!="…е…,, “ 2009 г. K/л %2мече… 
" д,“*!е2…%м C!%,ƒ"%д“2"е (157%), " K=…*%"“*%м 
“е*2%!е (370%), %K!=K=2/"=ю?еL C!%м/шле……%“2, 
(132%), г%“3д=!“2"е……%м “е*2%!е (250%), !%ƒ…,ч-
…%L 2%!г%"ле (102%) , “-е!е 3“л3г (168%).

l,!%"%L л,де! …= !/…*е *%!C%!=2,"…/. C!,л%-
›е…,L, *%мC=…,  SAP C%м%г=е2 %!г=…,ƒ=ц, м лю-
K%г% !=ƒме!= , “Cец,=л,ƒ=ц,, .--е*2,"…ее 3C!="-
л 2ь “"%,м K,ƒ…е“%м. a3дь 2% "“C%м%г=2ель…/е 
“л3›K/ ,л, “%"е2 д,!е*2%!%", “*л=д ,л, м=г=ƒ,…, 
…=“2%ль…/е ,л, м%K,ль…/е C!,л%›е…,  # !еше-
…,  SAP C%ƒ"%л ю2 C%"/“,2ь .--е*2,"…%“2ь "ƒ=,-
м%деL“2",  %2дель…/. “%2!3д…,*%" , %!г=…,ƒ=ц,L 
" цел%м, “-%!м,!%"=2ь гл3K%*%е C%…,м=…,е K,ƒ…е-
“= , “%ƒд=2ь *%…*3!е…2…%е C!е,м3?е“2"%. pеше-
…, м, , “е!",“=м, SAP C%льƒ3ю2“  K%лее 105 000 
*л,е…2%", Cе!ед%"/е 2е.…%л%г,, *%мC=…,, г=!=…-
2,!3ю2 "/“%*3ю !е…2=Kель…%“2ь, “C%“%K“2"3ю2 …е-
C!е!/"…%L =д=C2=ц,, , 3“2%Lч,"%м3 !%“23. 

n2 K.*-%-,“= д% “%"е2= д,!е*2%!%", %2 “*л=д= д% 
м=г=ƒ,…=, %2 …=“2%ль…/. oj д% м%K,ль…/. 3“2-
!%L“2" # SAP C!ед%“2="л е2 %2дель…/м “Cец,=л,-
“2=м , %!г=…,ƒ=ц, м " цел%м ,…“2!3ме…2/, %Kе“Cе-
ч,"=ю?,е .--е*2,"…3ю *%лле*2,"…3ю !=K%23, 
C!%д3*2,"…%е ,“C%льƒ%"=…,  K,ƒ…е“-д=……/. , C%-
"/ше…,е *%…*3!е…2%“C%“%K…%“2,. aл=г%д=!  “"%еL 
,“*люч,2ель…%L д%“23C…%“2, C!%г!=мм…/е !еше-
…,  SAP м%г32 3“2=…="л,"=2ь“  …= “2%!%…е *л,е…-
2%", ,“C%льƒ%"=2ь“  &C% ƒ=C!%“3[, = 2=*›е !=ƒ"е!-
2/"=2ь“  …= м%K,ль…/. 3“2!%L“2"=..

n“…%"=……=  " 1972 г., *%мC=…,  SAP (…=ƒ"=…,е 
*%2%!%L %ƒ…=ч=е2: Systems, Applications, and Products 
in Data Processing O &q,“2ем/, C!,л%›е…,  , C!%-
д3*2/ дл  %K!=K%2*, д=……/.[) ,мее2 K%г=2/L %C/2 
!=ƒ!=K%2*, ,……%"=ц,L , !е=л,ƒ=ц,, “2!=2ег,L !%“-
2= ,  "л е2“  …е“%м…е……/м л,де!%м " “"%еL %Kл=“-
2,. qег%д…  C%д!=ƒделе…,  SAP C% !=ƒ!=K%2*е , 
C!%д=›е C!%г!=мм…/. C!%д3*2%" …=.%д 2“  " 50 
“2!=…=. м,!=. aл=г%д=!  C!,л%›е…, м , 3“л3г=м 
SAP K%лее 109 000 *л,е…2%" *%мC=…,, "% "“ем м,!е 
,мею2 "%ƒм%›…%“2ь !=K%2=2ь C!,K/ль…ее, г,K*% 
C!,“C%“=Kл,"=2ь“  * ме… ю?,м“  !/…%ч…/м 3“л%-
", м , %Kе“Cеч,"=2ь 3“2%Lч,"/L !%“2 “"%ег% K,ƒ…е-
“=. b 1992 г. K/л %2*!/2 %-,“ SAP AG " l%“*"е. g= 
C!%шедш,е “ 2е. C%! 19 ле2 %2*!/л,“ь C!ед“2=",-

2ель“2"= SAP " q=…*2-oе2е!K3!ге, m%"%“,K,!“*е, 
p%“2%"е-…=-d%…3, `лм=2/, l,…“*е , j,е"е, = ч,“-
ле……%“2ь “%2!3д…,*%" C!е"/“,л= 700 чел%"е*. j%м-
C=…,  SAP “2=л= Cе!"/м " p%““,, ,…%“2!=……/м 
!=ƒ!=K%2ч,*%м “,“2ем 3C!="ле…,  !е“3!“=м, C!ед-
C!, 2, , "/“%*,L 3!%"е…ь Kеƒ%C=“…%“2, C!%г!=мм-
…%г% %Kе“Cече…,  *%2%!%L K/л C%д2"е!›де… “Cе-
ц,=л,“2=м, l,…,“2е!“2"= nK%!%…/ pt.

dл  C%дг%2%"*, C%льƒ%"=2елеL " l%“*"е , j,е"е 
“%ƒд=…/ h…-%!м=ц,%……%-“е!",“…/е це…2!/, где 
C%2е…ц,=ль…/е *л,е…2/ м%г32 C%ƒ…=*%м,2ь“  “ 
C!%г!=мм…/м %Kе“Cече…,ем SAP " !=м*=. ,…-%!-
м=ц,%……/. ме!%C!, 2,L, = *л,е…2/ # C%“е2,2ь 
“ем,…=!/ C% ,…2е!е“3ю?,м ,. “,“2ем=м.

b *%мC=…,, %2меч=ю2, ч2% "=›…%L “%“2="л ю-
?еL 3“Cе.= " C%“2*!,ƒ,“…%м 2010 г. “2=л= …%"=  
“2!=2ег,  !=ƒ",2,  SAP. q32ь “2!=2ег,, ƒ=*люч=-
л=“ь " .*“C=…“,, " !ег,%…/, !=ƒ",2,, .*%“,“2ем/ 
SAP , !%“2е …=K%!= !еше…,L дл  *%мC=…,L люK/. 
!=ƒме!%" , ,…д3“2!,L. Š=*, * C!,ме!3, %д,… ,ƒ =*-
це…2%" K/л “дел=… …= C!ед…=“2!%е……/. !еше…, . 
%2 C=!2…е!%" дл  “!ед…ег% , м=л%г% K,ƒ…е“=. b ,2%-
ге *%л,че“2"% 2=*,. K/“2!%!=“23?,. *%мC=…,L " 
*л,е…2“*%L K=ƒе SAP qmc 3"ел,ч,л%“ь …= 67% " 
2010 г., = !%“2 "/!3ч*, " г%д%"%м ,“ч,“ле…,, " 
д=……%м “егме…2е “%“2=",л 73%.

j!%ме 2%г%, " 2010 г. *%мC=…,  е?е !=ƒ C!%дем%…-
“2!,!%"=л=, ч2% SAP # .2% …е 2%ль*% ERP (Enterprise 
Resource Planning System O q,“2ем= Cл=…,!%"=…,  
!е“3!“%" C!едC!, 2, ), …% , ш,!%*,L ! д д!3г,. 
!еше…,L дл  K,ƒ…е“=. o!%д=›, !еше…,L, …е “" ƒ=…-
…/. “ ERP-“,“2ем=м,, 3"ел,ч,л,“ь , “еLч=“ “%“2="-
л ю2 51% " “2!3*23!е "“е. C!%д=›. h %че",д…%, ч2% 
2е…де…ц,  “…,›е…,  д%л, ERP “%.!=…,2“  " 2011 г.

e?е %д,… ,ƒ C%"%!%2…/. м%ме…2%" # .2% ,ƒме-
…е…,е “2!3*23!/ C!%д=›. b 2010 г. ч,“л% …еC! м/. 
“дел%*, %“3?е“2"л‘……/. че!еƒ C=!2…е!%" SAP, "/-
!%“л% …= 10% , " %K?ем ƒ=че2е K%лее 30% "“е. “де-
л%* *%мC=…,, C% C!%д=›е C!%г!=мм…%г% %Kе“Cече-
…,  K/л, !е=л,ƒ%"=…/ ,ме……% C=!2…‘!=м, (г%д%м 
!=…ее # 20%).

qеLч=“ SAP  "л е2“  Kеƒ%г%"%!%ч…/м л,де!%м " 
%Kл=“2, K,ƒ…е“ C!,л%›е…,L …= !/…*е p%““,,. q%-
гл=“…% ,““лед%"=2ель“*%L *%мC=…,, IDC, д%л  !/…-
*= SAP " p%““,, “%“2="л е2 50,1%. j%мC=…,  SAP " 
“2!=…=. qmc C!%д%л›=е2 %“2="=2ь“  л,де!%м !/…*= 
!еше…,L дл  3C!="ле…,  C!едC!, 2, м,, е‘ д%л  
“%“2="л е2 49,6% C% д=……/м %2че2= IDC, "ед3?еL 
ме›д3…=!%д…%L ,““лед%"=2ель“*%L , *%…“=л2,…г%-
"%L *%мC=…,,. jл,е…2=м, SAP " p%““,,  "л ю2“  9 
,ƒ 10 *!3C…еLш,. *%мC=…,L " !еL2,…ге ›3!…=л= 
&}*“Cе!2[ # &c=ƒC!%м[, &p%“…е-2ь[, &k3*%Lл[, &m%-
!,ль“*,L m,*ель[, &q3!г32…е-2ег=ƒ[, &b/мCел*%м[, 
&mklj[, &c=ƒC!%м…е-2ь[, &m%"=Š}j[.
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