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p=““м%2!е…/ ге%ме2!,че“*,е , *,…ем=2,че“*,е %“%Kе……%“2, Kе“це…2!%"%г% шл,-%"=…,  
“ C!%д%ль…%L C%д=чеL. o!,"еде…/ !е*%ме…д=ц,, C% …=л=д*е “2=…*%", %Kе“Cеч,"=ю?,е 
…=,л3чш,L .=!=*2е! ,ƒме…е…,  “*%!%“2, ƒ=г%2%"%* C% дл,…е %K!=K%2*,.

jлюче"/е “л%"=: Kе“це…2!%"%е шл,-%"=…,е, *,…ем=2,*= шл,-%"=…, , …=л=д*= шл,-%"=ль-
…/. “2=…*%".

Geometrical and kinematical features of the centerless grinding with longitudinal feed are 
considered. Guidelines for machine-tool setting-up are adduce that provide the best change conditions 
of the blanks velocity on the machining length.

Key words: centerless grinding, grinding kinematic, grinding machine setting-up.

aе“це…2!%"%е шл,-%"=…,е “ C!%д%ль…%L C%д=-
чеL ,мее2 ! д ге%ме2!,че“*,., *,…ем=2,че“*,. , 
“,л%"/. %“%Kе……%“2еL. b%-Cе!"/., 2!=е*2%!,  
%2…%“,2ель…%г% д",›е…,  ƒ=г%2%"%* , шл,-%-
"=ль…%г% *!3г=, = 2=*›е …еC!е!/"…%“2ь ,. *%…-
2=*2= %C!едел ю2“  C!%-,лем "ед3?ег% *!3г=. 
b%-"2%!/., C!%д%ль…=  “*%!%“2ь Cе!еме?е…,  
ц,л,…д!,че“*,. ƒ=г%2%"%* “%ƒд=‘2“  ƒ= “ч‘2 C!%-
“2!=…“2"е……%г% !=ƒ"%!%2= %“, "ед3?ег% *!3г= %2-
…%“,2ель…% …=C!="ле…,  д",›е…, . b-2!е2ь,., 
!="…%ме!…%“2ь "!=?е…,  ƒ=г%2%"%* ƒ=",“,2 %2 
“2=K,ль…%“2, “,л%"%г% ƒ=м/*=…,  *%…2=*2= " 3“-
л%", . %д…%“2%!%……,. “" ƒеL ме›д3 ƒ=г%2%"*%L , 
K=ƒ,!3ю?,м, .леме…2=м, “2=…*=. Š=*,м %K!=-
ƒ%м, дл  …=л=д*, Kе“це…2!%"/. шл,-%"=ль…/. 
“2=…*%" 2!еK3е2“  "ƒ=,м%“" ƒ=……%е !еше…,е ге%-
ме2!,че“*%L, *,…ем=2,че“*%L , “,л%"%L ƒ=д=ч.

hƒ3че…,ю ге%ме2!,че“*,. =“Cе*2%" Kе“це…2!%-
"%г% шл,-%"=…,  C%“" ?е…/ !=K%2/ [1#4], …е-
*%2%!/е ,ƒ *%2%!/. [2] %“…%"=…/ …= C!,Kл,›‘…-
…/. "/!=›е…, .. j,…ем=2,че“*=  ƒ=д=ч= !=“-
“м%2!е…=, …=C!,ме!, " !=K%2е [1], = “,л%"=  ƒ=д=-
ч= # " !=K%2е [5]. b%C!%“/ C!="*, "ед3?ег% *!3г= 
%“2!%*%…еч…/м =лм=ƒ…/м ,…“2!3ме…2%м ,““ле-
д%"=…/ " !=K%2е [6]. nд…=*% " C!,"ед‘……/. !=K%-
2=. …е ,““лед%"=… …=,л3чш,L .=!=*2е! ,ƒме…е-
…,  “*%!%“2, ƒ=г%2%"%* C% дл,…е %K!=K%2*, , …е 
C!едл%›е…/ “C%“%K/ 3C!="ле…,  “*%!%“2ью C!%-
д%ль…%г% Cе!еме?е…, .

oе!",ч…%L ,ƒ 3*=ƒ=……/. ƒ=д=ч  "л е2“  ге%-
ме2!,че“*= , C%ƒ"%л ю?=  …=L2, C!%-,ль "ед3-
?ег% *!3г= , 3гл/ ег% *%…2=*2= “ ƒ=г%2%"*%L C% 

дл,…е %K!=K%2*,. p=“ч‘2 C!%-,л  "ед3?,. *!3-
г%" Kе“це…2!%"/. шл,-%"=ль…/. “2=…*%" K=ƒ,-
!3е2“  …= %“…%"…/. C%л%›е…, . 2е%!,, -%!м%-
%K!=ƒ%"=…, , = -%!м%%K!=ƒ3ю?=  “,“2ем= “2=…*= 
C!ед“2="л е2“  " ",де C!%“2!=…“2"е……%г% ме.=-
…,ƒм= “ Cе!е*!е?,"=ю?,м,“  %“ м, [4].

nC!едел,м C%"е!.…%“2ь "ед3?ег% *!3г= “ 3ч‘-
2%м ег% л,…еL…%г% *=“=…,  “ ƒ=г%2%"*%L C% "“еL 
дл,…е %K!=K%2*,. p=““м%2!,м “лед3ю?,е *%%!-
д,…=2…/е “,“2ем/ (!,“. 1): S1 (X1 01 Y1 Z1) # “,“-
2ем= ƒ=г%2%"*,, S2 (X2 02 Y2 Z2) # “,“2ем= "ед3?е-
г% *!3г=. b!=?=2ель…%е , C! м%л,…еL…%-C%“23-

p,“. 1. j%%!д,…=2…=  “.ем= C!%-,л,!%"=…,  
"ед3?ег% *!3г=
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C=2ель…%е д",›е…,е C%д=ч, ƒ=г%2%"*е “%%K?=е2 
"ед3?,L *!3г, %“ь *%2%!%г% Cе!е*!е?,"=е2“  “ 
%“ью шл,-%"=ль…%г% *!3г= , %“ью ƒ=г%2%"*, C%д 
3гл%м α " C!%е*ц,, …= "е!2,*=ль…3ю Cл%“*%“2ь , 
C%д 3гл%м β " C!%е*ц,, …= г%!,ƒ%…2=ль…3ю Cл%“-
*%“2ь. dл  3“2%Lч,"%г% “,л%"%г% ƒ=м/*=…,  *%…-
2=*2= %“ь ƒ=г%2%"*, 3“2=…="л,"=ю2 %K/ч…% "/ше 
%“еL *!3г%" …= "ел,ч,…3 h.

o%"е!.…%“2ь "ед3?ег% *!3г=, %C,“=……3ю !=-
д,3“%м-"е*2%!%м 2r , C%л3ч,м C!, Cе!е…%“е C%-
"е!.…%“2, ƒ=г%2%"*, !=д,3“%м-"е*2%!%м 1r  ,ƒ 
“,“2ем/ *%%!д,…=2 S1 " “,“2ем3 S2 “ C%м%?ью 
м=2!,ц/ Cе!е.%д= Φ , …=.%›де…,  *%…2=*2…%L 
л,…,, …= %“…%"е *,…ем=2,че“*%г% 3“л%", . r!="-
…е…,  C%"е!.…%“2, "ед3?ег% *!3г= " "е*2%!…%L 
-%!ме ƒ=C,шем " ",де

2 1;

0,

r r

nv

⎫= Φ ⎪
⎬

= ⎪⎭ 
(1)

где n  # "е*2%! …%!м=л, * C%"е!.…%“2 м; v # "е*2%! 
“*%!%“2, %2…%“,2ель…%г% д",›е…, .

l=2!,ц= ? ,мее2 ",д

cos sin sin sin cos
0 cos sin

sin cos sin cos cos 0
0 0 0 1

h
e

α − α β α β
β β

− α − α β α β
, (2)

где е # ме›%“е"%е !=““2% …,е ƒ=г%2%"*, , "ед3?ег% 
*!3г= " 2%ч*е 02.

n*%…ч=2ель…% 3!="…е…,  “емеL“2"= C%"е!.-
…%“2еL "ед3?ег% *!3г= ,мею2 ",д

2

2

2

(sin cos cos sin sin )
sin cos ;

cos cos sin ;
(sin sin cos cos sin )

cos cos ,

X r
l h

Y r l e
Z r

l

= − ϑ α + ϑ α β +⎫
⎪+ α β + ⎪⎪= ϑ β + β + ⎬
⎪= ϑ α − ϑ α β + ⎪
⎪+ α β ⎭  

(3)

где r # !=д,3“ ƒ=г%2%"*,; ϑ, l # *!,"%л,…еL…/е *%-
%!д,…=2/ ц,л,…д!,че“*%L C%"е!.…%“2,.

j,…ем=2,че“*%е 3“л%",е л,…еL…%г% *=“=…,  
C%"е!.…%“2еL %C!едел е2“  3“л%",ем Cе!е“ече-
…,  …%!м=л, * C%"е!.…%“2, ƒ=г%2%"*, “ %“ью "е-
д3?ег% *!3г=:

sin cos
sin cos 0 0
sin sin cos cos

r h r e l− ϑ + ϑ +
− ϑ ϑ =
− α − β α β

. (4)

hƒ 3“л%",  (4) 3“2=…%",м ƒ=",“,м%“2ь ме›д3 
*%%!д,…=2=м, ϑ , l:

tg sectg
tg sec

l h
e l

α β +ϑ =
+ β α

. (5)

Š=*,м %K!=ƒ%м, C%"е!.…%“2ь "ед3?ег% *!3г= 
%C,“=…= 3!="…е…, м, (3) , (5). o!%-,ль *!3г= 

ƒ=д=ю2 *%%!д,…=2=м, (Z2, R2), где 
2

2
2
22 YXR += , 

= *%%!д,…=2= Z2  "л е2“  …еƒ=",“,м/м C=!=ме2-
!%м. `…=л,ƒ C%*=ƒ=л, ч2% C%"е!.…%“2ь "ед3?ег% 
*!3г= Kл,ƒ*= C% -%!ме * C%"е!.…%“2, %д…%C%л%-
“2…%г% г,Cе!K%л%,д=. Š=*, C!, !=д,3“е ƒ=г%2%"*,, 
!="…%м …3лю, ц,л,…д! C!е"!=?=е2“  " C! м3ю , 
%K!=ƒ3е2 %д…%C%л%“2…/L г,Cе!K%л%,д. o%.2%м3 
C%л3че……3ю C%"е!.…%“2ь "ед3?ег% *!3г= м%›…% 
…=ƒ"=2ь *"=ƒ,г,Cе!K%л%,д…%L. j!,",ƒ…= C!%-,-
л  "ед3?ег% *!3г= 3ме…ьш=е2“  “ 3"ел,че…,ем 
!=д,3“= r ƒ=г%2%"*,. r"ел,че…,е !=““2% …,  h 
,л, 3ме…ьше…,е 3гл= α “C%“%K“2"3ю2 “%ƒд=…,ю 
K%лее !=ц,%…=ль…%L -%!м/ *!3г= “ ме…ьшеL 
*!,",ƒ…%L C!%-,л . q3?е“2"е……%е ƒ…=че…,е д=…-
…/L -=*2 C!,%K!е2=е2 дл  “2=…*%" “ ш,!%*,м, 
шл,-%"=ль…/м, *!3г=м,.

p=““м%2!,м ,ƒме…е…,е %*!3›…%L , C!%д%ль-
…%L “*%!%“2еL ƒ=г%2%"%* C% дл,…е %K!=K%2*, , 
"л, …,е …= …,. C=!=ме2!%" …=л=д*, Kе“це…2!%"%-
г% шл,-%"=ль…%г% “2=…*=. b C!%це““е %K!=K%2*, 
ƒ=г%2%"*= , "ед3?,L *!3г *=“=ю2“  д!3г д!3г= C% 
C!%“2!=…“2"е……%L л,…,, *%…2=*2= (!,“. 2).  m=-
C!="ле…,е "!=?е…,  "ед3?ег% *!3г= ƒ=д=…% 2=-
*,м %K!=ƒ%м,  ч2%K/ C!%д%ль…=  “%“2="л ю?=  
“*%!%“2, vo д",›е…,  ƒ=г%2%"*, ,мел= C%л%›,-
2ель…%е …=C!="ле…,е C% %“, Z1,  2. е. %2 ".%д= * 
"/.%д3 ,ƒ ƒ%…/ %K!=K%2*,.

o!, "!=?е…,, "ед3?ег% *!3г= “ C%“2% ……%L 

3гл%"%L “*%!%“2ью 2ω  " !=ƒл,ч…/. 2%ч*=. *%…-

2=*2= “*%!%“2ь v %2л,ч=е2“  *=* C% "ел,ч,…е, 2=* 
, C% …=C!="ле…,ю, = “лед%"=2ель…%, ме… е2“  , 
C!%д%ль…=  “%“2="л ю?=  “*%!%“2, ƒ=г%2%"*, 
"д%ль 2!=е*2%!,, е‘ д",›е…, . o!, %2“32“2",, 
C!%“*=льƒ/"=…,  ƒ=г%2%"*= ,мее2 %*!3›…3ю “*%-
!%“2ь, !="…3ю %*!3›…%L “*%!%“2, vn "ед3?ег% 
*!3г= " 2%ч*е *%…2=*2= `.

bе*2%! “*%!%“2, *%…2=*2…%L 2%ч*, ` …= C%-
"е!.…%“2, "ед3?ег% *!3г= …=.%д 2 C% -%!м3ле

22 Rv ×ω= , (6)

где 2R  #  !=д,3“-"е*2%! "ед3?ег% *!3г= " 2%ч*е *%…-
2=*2=.

o!%ец,!3  “*%!%“2ь v …= %“, *%%!д,…=2, C%л3-
ч,м "/!=›е…,е дл  %*!3›…%L

О
2 2

2 2[sin cos (cos cosv R= ω ϑ α + ϑ β −

2 1/ 2sin sin sin ) ]− ϑ α β  (7)

, C!%д%ль…%L “*%!%“2еL ƒ=г%2%"%*
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p,“. 2. q.ем= !=“ч‘2= *,…ем=2,че“*,. C=!=ме2!%" шл,-%"=…, 

П 2 2 (cos sin sin sin cos )v R= ω ϑ β + ϑ α β . (8)

o!,ме! !=“ч‘2= ге%ме2!,че“*,. , *,…ем=2,че-
“*,. C=!=ме2!%" C!, Kе“це…2!%"%м шл,-%"=…,, 
C!,"ед‘… " 2=Kл,це дл  “лед3ю?,. ,“.%д…/. 
д=……/.: r = 10 мм, h = 25 мм,  e = 200 мм, α = 2°, 
β = 30′, ω = 200 м,…#1.

`…=л,ƒ 2=Kл,ц/ C%*=ƒ=л, ч2% ƒ…=че…,  %*!3›-
…%L vn, C!%д%ль…%L vo , !еƒ3ль2,!3ю?еL v “*%-
!%“2еL ƒ=г%2%"*, ƒ=",“ 2 " Cе!"3ю %че!едь %2 !=-
д,3“=, 3гл= C%"%!%2= " "е!2,*=ль…%L Cл%“*%“2, , 
3гл%"%L “*%!%“2, "ед3?ег% *!3г=. b …=,K%льшеL 
“2еCе…, .=!=*2е! ,ƒме…е…,  “*%!%“2еL ƒ=г%2%"*, 
%K3“л%"ле… C!%-,лем "ед3?ег% *!3г=. o!, ƒ=-
д=……/. C=!=ме2!=. …=л=д*, “2=…*= ,ƒме…е…,е 
“*%!%“2еL ,мее2 %д,…=*%"/L .=!=*2е! , дл  C!,-
ме… ем/. …= C!=*2,*е "ел,ч,… …е C!е"/ш=е2 
5#10 % %2 “!ед…ег% ƒ…=че…, . o!, .2%м %Kе“Cе-
ч,2ь C%“2% …“2"% “*%!%“2еL C% "“еL дл,…е %K!=-
K%2*, …е C!ед“2="л е2“  "%ƒм%›…/м.

Š,C,ч…/е г!=-,*, ,ƒме…е…,  %*!3›…%L vn , 
C!%д%ль…%L vo “*%!%“2еL ƒ=г%2%"%* " ƒ=",“,м%“2, 
%2 3гл= β C!, h = 0 C%*=ƒ=…/ …= !,“. 3. o%л%›,-
2ель…%е ƒ…=че…,е "е!2,*=ль…%г% “ме?е…,  h “C%-
“%K“2"3е2 “ме?е…,ю м,…,м3м= “*%!%“2еL " …=-

cе%ме2!,че“*,е , *,…ем=2,че“*,е C=!=ме2!/ C!, Kе“це…2!%"%м шл,-%"=…,,

Z1, мм R2, мм ϑ, градус v, мм/мин vО, мм/мин vП, мм/мин

–200 192,549 5,19 38 510 38 507 456,3

–100 192,021 6,16 38 404 38 401 477,1

0 191,557 7,13 38 311 38 308 497,6

100 191,155 8,07 38 231 38 228 517,7

200 190,818 9,01 38 163 38 160 537,5

C!="ле…,, "/.%д= ,ƒ ƒ%…/ %K!=K%2*, (C%л%›,-
2ель…%е …=C!="ле…,е %“, Z1). hƒ !,“. 3 ",д…%, ч2% 
,мею2 ме“2% 2!, "=!,=…2= ,ƒме…е…,  “*%!%“2еL vn 
, vo, C!,ч‘м , дл  %*!3›…%L, , дл  C!%д%ль…%L 
“*%!%“2еL %…, …%“ 2 %д,…=*%"/L .=!=*2е!.

oе!"/L "=!,=…2 (*!,"=  1 ) …=Kлюд=е2“  C!, 
C%л%›,2ель…%м ƒ…=че…,, 3гл= β , ƒ=*люч=е2“  " 
Cл="…%м 3ме…ьше…,, “*%!%“2еL %2 ".%д= * "/.%-
д3 ,ƒ ƒ%…/ %K!=K%2*,. b% "2%!%м "=!,=…2е (*!,-
"=  2) дл  β = 0 “*%!%“2ь ,мее2 м,…,м=ль…%е ƒ…=-
че…,е. b 2!е2ьем "=!,=…2е (*!,"=  3) C!, %2!,ц=-
2ель…%м 3гле β “*%!%“2ь Cл="…% 3"ел,ч,"=е2“  C% 
дл,…е %K!=K%2*,. Š=*,м %K!=ƒ%м, …=,K%лее !=-
ц,%…=ль…/м “лед3е2 “ч,2=2ь Cе!"/L "=!,=…2 ,ƒ-
ме…е…,  C!%д%ль…%L “*%!%“2,, C!, *%2%!%м е‘ 
ƒ…=че…,е …= ".%де K%льше, чем …= "/.%де ,ƒ !=-
K%чеL ƒ%…/. Š%гд= " Cл%2…%м C%2%*е *=›д=  C%-
“лед3ю?=  ƒ=г%2%"*= 2%!ц%м C%дде!›,"=е2 C!е-
д/д3?3ю, ч2% “%ƒд=‘2 2=* …=ƒ/"=ем/L C%дC%! , 
%Kе“Cеч,"=е2 C!,ме!…% C%“2% ……3ю “*%!%“2ь 
"“е. ƒ=г%2%"%* C% дл,…е %K!=K%2*,.

o!%"ед‘……/е ,““лед%"=…,  C%ƒ"%л ю2 “дел=2ь 
“лед3ю?,е "/"%д/:

"ед3?,L *!3г Kе“це…2!%"%г% шл,-%"=ль…%г% 
“2=…*= ,мее2 *"=ƒ,г,Cе!K%л%,д…3ю -%!м3 (Kл,ƒ-
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p,“. 3. hƒме…е…,е C!%д%ль…%L , %*!3›…%L “*%!%“2еL ƒ=г%2%"%*

*3ю * %д…%C%л%“2…%м3 г,Cе!K%л%,д3), *%2%!=  
ƒ=",“,2 %2 C=!=ме2!%" ег% 3“2=…%"*, # 3гл%" C%-
"%!%2= C% "е!2,*=л,, г%!,ƒ%…2=л, , "е!2,*=ль…%-
г% “ме?е…,  %2…%“,2ель…% %“, ƒ=г%2%"*,;

%*!3›…=  , C!%д%ль…=  “*%!%“2, ƒ=г%2%"*, ƒ=-
",“ 2, " Cе!"3ю %че!едь, %2 !=д,3“%", 3гл= C%"%-
!%2= " "е!2,*=ль…%L Cл%“*%“2, , 3гл%"%L “*%!%-
“2, "ед3?ег% *!3г=. hƒме…е…,  3*=ƒ=……/. “*%!%-
“2еL C% дл,…е %K!=K%2*, ,мею2 %д,…=*%"/L .=-
!=*2е! , дл  C!,ме… ем/. …= C!=*2,*е …=л=д%* 
“2=…*%" …е C!е"/ш=ю2 5#10 % “!ед…ег% ƒ…=че-
…, ;
.=!=*2е! ,ƒме…е…,  %*!3›…%L , C!%д%ль…%L 

“*%!%“2еL ƒ=г%2%"%* " …=,K%льшеL “2еCе…, %K3-
“л%"ле… C!%-,лем "ед3?ег% *!3г=. o%л3ч,2ь C%-
“2% ……%е ƒ…=че…,е “*%!%“2еL C% "“еL дл,…е %K-
!=K%2*, …е"%ƒм%›…%. rC!="л 2ь ,ƒме…е…,ем 
“*%!%“2еL “лед3е2 “ C%м%?ью 3гл= C%"%!%2= "ед3-
?ег% *!3г= " г%!,ƒ%…2=ль…%L Cл%“*%“2,;

…=,K%лее !=ц,%…=ль…/м “лед3е2 “ч,2=2ь .=!=*-
2е! ,ƒме…е…,  C!%д%ль…%L “*%!%“2,, C!, *%2%-
!%м е‘ ƒ…=че…,е …= ".%де K%льше, чем …= "/.%де 
,ƒ !=K%чеL ƒ%…/. b .2%м “л3ч=е “%ƒд=‘2“  C%“2%-
 ……/L C%дC%! ƒ=г%2%"%* “% “2%!%…/ C!ед/д3?,. 
, %Kе“Cеч,"=е2“  C!,ме!…% %д,…=*%"=  “*%!%“2ь 

"“е. ƒ=г%2%"%*. dл  .2%г% …е%K.%д,м C%"%!%2 "е-
д3?ег% *!3г= C% г%!,ƒ%…2=л, …= …еK%льш%L 3г%л 
2=*,м %K!=ƒ%м, ч2%K/ 3ме…ьш,2ь ме›%“е"%е !=“-
“2% …,е …= "/.%де ,ƒ !=K%чеL ƒ%…/.
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це…2!%"%г% шл,-%"=…,  “ C!%д%ль…%L C%д=чеL C% “,-
л%"/м C=!=ме2!=м // `"2%м=2,ƒ=ц,  , “%"!еме……/е 
2е.…%л%г,,. 2007. 1 11. q. 9#11.

6. g=.=!%" n.b., a!›%ƒ%"“*,L a.l. o!="*= "ед3?е-
г% *!3г= Kе“це…2!%"%г% шл,-%"=ль…%г% “2=…*= // ̀ "2%-
м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,. 2006. 1 9. 
q. 20#23. 

r"=›=ем/е ч,2=2ел,!

oе!еCеч=2*= м=2е!,=л%" ,ƒ ›3!…=л= &`"2%м=2,ƒ=ц,  , “%"!еме……/е 

2е.…%л%г,,[ "%ƒм%›…= C!, %K ƒ=2ель…%м C,“ьме……%м “%гл=“,, !ед=*ц,, 

›3!…=л=. o!, .2%м ““/л*= …= ›3!…=л %K ƒ=2ель…=.
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p=““м%2!е… C%д.%д * C!%е*2,!%"=…,ю =…=л%г%"/. , ц,-!%"/. !ег3л 2%!%" “ *%…23!=м, 
3C!е›д=ю?ег% 3C!="ле…,  C% %C%!…%м3 ƒ…=че…,ю 3C!="л ем%L "ел,ч,…/ , е‘ "%ƒм3?е…,ю , 
“ *%…23!%м %K!=2…%L “" ƒ,, C%ƒ"%л ю?,L ,“C%льƒ%"=2ь м%дел, C!, !е=л,ƒ=ц,, “,“2ем ="-
2%м=2,че“*%г% !ег3л,!%"=…,  …= 3C!="л ю?ем *%мCью2е!е. nC!еделе…/ д,=г…%“2,че“*,е 
C=!=ме2!/, .=!=*2е!,ƒ3ю?,е C!ед="=!,L…/е , ="=!,L…/е “,23=ц,,, …= %“…%"е .2,. C=!=-
ме2!%" “,…2еƒ,!%"=…/ =лг%!,2м/ “,г…=л,ƒ=ц,,, %“2=…%"*, ,л, ="=!,L…%L %“2=…%"*, Kеƒ 
3ч=“2,  %Cе!=2%!=.

jлюче"/е “л%"=: “е!%"%д%!%д, %ч,“2*=, %*,“ле…,е, C=!=ме2!/, C“е"д%%›,›е…,е, ="2%м=2,ƒ=-
ц, , !ег3л 2%!/, *%…23!/, C!%2,"%="=!,L…=  ƒ=?,2=, д,=г…%“2,*=, ="=!,L…=  , C!ед="=!,L…=  
“,23=ц, .

Designing method of the analog and digital regulators with forestalls control contours in accordance 
with controlled parameter supporting meaning and its disturbance and with outline reverse connection 
is considered. This method allows to use models by automatic adjustment system realization by 
mean of operating computer. Diagnostic parameters defining pre-breakdown and breakdown 
situations are described. Algorithms of signaling, stopping and breakdown stopping without operator 
participation are synthesized.

Key words: hydrogen sulfide, cleaning, oxidation, parameters, fluidization, automation, regulators, 
outlines, anti-damage safeguard, diagnostics, pre-breakdown and breakdown situation.

nд…,м ,ƒ Cе!“Cе*2,"…/. ме2%д%" Cе!е!=K%2*, 
“е!%"%д%!%д“%де!›=?,. г=ƒ%" (qbqc)  "л е2“  
C! м%е %*,“ле…,е ,. д% %K!=ƒ%"=…,  “е!/ " *,-
C ?ем “л%е “-е!,че“*%г% *=2=л,ƒ=2%!= (jqj) 
[1]. b %2л,ч,е %2 ме2%д= jл=3“= %… м%›е2 K/2ь 
,“C%льƒ%"=… дл  Cе!е!=K%2*, г=ƒ%", “%де!›=?,. 
“е!%"%д%!%д " ш,!%*%м д,=C=ƒ%…е *%…це…2!=ц,L 
[2]. }2%2 ме2%д C%ƒ"%л е2 C%д"е!г=2ь “еле*2,"…%-
м3 %*,“ле…,ю “е!%"%д%!%д, “%де!›=?,L“  " 
&*,“л/.[ г=ƒ=. *%л%……/ де“%!Kц,, 3“2=…%"%* 
=м,…%"%L %ч,“2*,, , “е!%"%д%!%д " C!,“32“2",, 
3гле"%д%!%д%" (2. е. " “%“2="е C%C32…/., …е-2еƒ=-
"%д“*,. ,л, C!,!%д…/. г=ƒ%") дл  %ч,?е…,  3г-
ле"%д%!%д…/. г=ƒ%" Kеƒ C!ед"=!,2ель…%г% "/де-
ле…,  “е!%"%д%!%д= =K“%!Kц,%……/м ме2%д%м, 
…=C!,ме!, …= 3“2=…%"*=. =м,…%"%L %ч,“2*,. 

nC/2…%-C!%м/шле……/е ,“C/2=…,  C!%це““= 
C! м%г% %*,“ле…,  “е!%"%д%!%д= C%*=ƒ/"=ю2, 
ч2% д=ль…еLшее “%"е!ше…“2"%"=…,е C!%це““= 
д%л›…% ,д2, " …=C!="ле…,, C%"/ше…,  3“2%Lч,-
"%“2, !=K%2/ !е=*2%!…%г% 3ƒл=. b%ƒм%›…%“2ь 
3C!="ле…,  2емCе!=23!…/м !е›,м%м %*,“ле…, , 
!е›,м%м jqj , C%дде!›=…,е 2!еK3ем%г% %2…%-
ше…,  “е!%"%д%!%д= * *,“л%!%д3  "л ю2“  "=›-
…/м, 3“л%", м, “2=K,ль…%г% -3…*ц,%…,!%"=…,  
C!%це““=. 

n2 2емCе!=23!…%г% !е›,м= !е=*2%!= (Špp) ƒ=-
",“,2 %д,… ,ƒ "=›…еLш,. C%*=ƒ=2елеL C!%це““= 
%*,“ле…,  # “еле*2,"…%“2ь C!е"!=?е…,  “е!%"%-
д%!%д= " “е!3. m= 2емCе!=23!3 %*=ƒ/"=е2 "л, …,е 
“%де!›=…,е “е!%"%д%!%д= " ,“.%д…%м г=ƒе, C%-
“*%ль*3 “ ег% 3"ел,че…,ем C%"/ш=е2“  "/деле-
…,е 2еCл= C!, C!%"еде…,, .*ƒ%2е!м,че“*%L !е-
=*ц,, %*,“ле…,  “е!%"%д%!%д=. m= Špp 2=*›е 
"л, е2 .--е*2,"…%“2ь 2еCл%“A‘м= ,ƒ !е=*ц,%…-
…%L ƒ%…/ .*ƒ%2е!м,че“*%L !е=*ц,, %*,“ле…,  
“е!%"%д%!%д= " “л%е *=2=л,ƒ=2%!=.

mе%K.%д,м%“2ь %2"%д= 2еCл= “ целью C%дде!-
›=…,  ,ƒ%2е!м,че“*,. 3“л%",L !=K%2/ *=2=л,ƒ=-
2%!= C!, C%д=че …= %*,“ле…,е "/“%*%*%…це…2!,-
!%"=……/. &*,“л/.[ г=ƒ%"  "л е2“  %д…%L ,ƒ 2!3д-
…%“2еL %“3?е“2"ле…,  C!%це““=. `д,=K=2,че“*,L 
!е›,м %*,“ле…,  "%ƒм%›е… 2%ль*% C!, …еK%ль-
ш%L *%…це…2!=ц,, “е!%"%д%!%д= " 3ƒ*%м ,…2е!-
"=ле ƒ…=че…, . o!, “%де!›=…,, ег% " г=ƒе " C!е-
дел=. %2 6#8 д% 50#60 % %*,“ле…,е " 3“2%Lч,"%м 
!е›,ме 3д=‘2“  C!%"%д,2ь " jqj, " !е=*2%!е “% 
"“2!%е……/м ƒмее",*%м дл  C%д=ч, %.л=›д=ю?е-
г% =ге…2=. o!, K%лее "/“%*%м “%де!›=…,, “е!%-
"%д%!%д= ƒ=д=ч= ƒ…=ч,2ель…% 3“л%›… е2“ . dл  
C%л3че…,  2еCл= C!, %*,“ле…,, 2=*,. "/“%*%-
*%…це…2!,!%"=……/. г=ƒ%" C%2!еK3е2“  3"ел,ч,2ь 
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C%"е!.…%“2ь ƒмее",*%"%г% 2еCл%%Kме……,*=, ч2% 
"%ƒм%›…% 2%ль*% д% %C!едел‘……%г% C!едел=. p=“-
ч‘2/ C%*=ƒ/"=ю2, ч2% “3?е“2"3ю2 C!едель…/е 
ƒ…=че…,  “%%2…%ше…,  %KA‘м= !е=*2%!=, ƒ=… 2%-
г% ƒмее",*%"/м .леме…2%м, * %K?ем3 ег% %KA‘м3, 
"/ше *%2%!%г% …=!3ш=е2“  !е›,м jqj , %“3?е-
“2"ле…,е C!%це““= “2=…%",2“  …е"%ƒм%›…/м

pе›,м jqj %C!едел е2“  " %“…%"…%м “*%!%-
“2ью C%д=ч, г=ƒ%"%г% C%2%*= " !е=*2%!. m= …ег% 
%*=ƒ/"=е2 "л, …,е 2=*›е *%леK=…,е “%де!›=…,  
“е!%"%д%!%д= " ,“.%д…%м г=ƒ%"%м C%2%*е. b .2%м 
“л3ч=е C% .%д3 2е.…%л%г,че“*%г% C!%це““= (Šo) 
"%ƒ…,*=е2 …е%K.%д,м%“2ь " 3"ел,че…,, ,л, 3ме…ь-
ше…,, C%д=ч, %*,“л,2ел  "%ƒд3.= …= “меше…,е “ 
%ч,?=ем/м г=ƒ%"/м C%2%*%м “ целью %Kе“Cече-
…,  2!еK3ем%г% дл  !е=*ц,, %*,“ле…,  “2е.,%ме2-
!,че“*%г% “%%2…%ше…,  &“е!%"%д%!%д#*,“л%!%д[, 
!="…%г% 2:1, ч2% "/ƒ/"=е2 ,ƒме…е…,е " 23 ,л, д!3-
г3ю “2%!%…3 “3мм=!…%г% *%л,че“2"= C%2%*= г=ƒ=, 
C!%C3“*=ем%г% че!еƒ !е=*2%! " ед,…,ц3 "!еме…,.

qK%! , %K!=K%2*= ,…-%!м=ц,, % C!%це““е C! -
м%г% %*,“ле…,  qbqc ,“C%льƒ%"=…/ дл  “%ƒд=-
…,  C!,…ц,C,=ль…%L %“…%"/ , -3…*ц,%…=ль…/. 
.леме…2%" C!%це““= !=ƒ!=K%2*, “,“2ем 3C!="ле-
…,  2е.…%л%г,че“*,м C!%це““%м. Šе.…%л%г,че-
“*,L Kл%* %*,“ле…,  “е!%"%д%!%д=, "/K%! 2е.…,-
че“*,. “!ед“2" ="2%м=2,ƒ=ц,, , “.ем/ C!%2,"%-
="=!,L…%L ƒ=?,2/ (o`g) д%л›…/ %Kе“Cеч,"=2ь 
м,…,м=ль…/L 3!%"е…ь "ƒ!/"%%C=“…%“2,. b o!=-
",л=. Kеƒ%C=“…%“2, [3] %C!еделе…/ “лед3ю?,е 
ƒ=д=ч, *%…2!%л  , 3C!="ле…, , *%2%!/е д%л›…/ 
!еш=2ь ="2%м=2,ƒ,!%"=……/е “,“2ем/ 3C!="ле…,  
2е.…%л%г,че“*,м C!%це““%м (`qrŠo):

C%“2% ……/L *%…2!%ль ƒ= C=!=ме2!=м, C!%це“-
“= , ,. C%дде!›=…,е …= ƒ=д=……%м 3!%"…е;

!ег,“2!=ц,  “!=K=2/"=…,  , *%…2!%ль !=K%2%-
“C%“%K…%“2, “!ед“2" o`g (ƒ=д=ч, 2е.…,че“*%L 
д,=г…%“2,*, !=K%2%“C%“%K…%“2, o`g);

C%“2% ……/L *%…2!%ль ƒ= “%“2% …,ем "%ƒд3ш-
…%L “!ед/ " C!едел=. %KAе*2=;

C%“2% ……/L =…=л,ƒ ,ƒме…е…,  C=!=ме2!%" " 
“2%!%…3 *!,2,че“*,. ƒ…=че…,L , C!%г…%ƒ,!%"=-
…,е "%ƒм%›…%L ="=!,,;
деL“2",е “!ед“2" 3C!="ле…,  , o`g, C!е*!=-

?=ю?,. !=ƒ",2,е %C=“…%L “,23=ц,, (!=ƒ!=K%2*= 
“,“2ем/ м г*%г% "/"%д= ="=!,L…%L “,23=ц,, …= 
Kеƒ%C=“…/L !е›,м);

"/K%! , !е=л,ƒ=ц,  %C2,м=ль…/. 3C!="л ю-
?,. "%ƒдеL“2",L;

C!%"еде…,е %Cе!=ц,L Kеƒ ="=!,L…%г% C3“*=, 
%“2=…%"= , "“е. …е%K.%д,м/. дл  .2%г% Cе!е*лю-
че…,L;

"/д=ч= ,…-%!м=ц,, % “%“2% …,, %KAе*2= " "/-
ше“2% ?,е “,“2ем/ 3C!="ле…, .

oе!еч,“ле……/е …%!м/ д%л›…/ ле›=2ь " %“…%-
"е !=ƒ!=K%2*, `qrŠo. dл  C!%,ƒ"%д“2"е……/. 
“,“2ем Cе!е!=K%2*, …е-2, , г=ƒ= "%C!%“/ %Kе“-
Cече…,  .--е*2,"…%“2, 3C!="ле…,  , Kеƒ%C=“-
…%“2,, …=ч,…=  “ м=“ш2=K%" %2!=“л, , ƒ=*=…ч,-
"=  C!%,ƒ"%д“2"е……/м, 3“2=…%"*=м, , %2дель-
…/м, 2е.…%л%г,че“*,м, =CC=!=2=м,, %“%Kе……% 
=*23=ль…/ " “,л3 .*%…%м,че“*%L "=›…%“2, [4]. 

o%д“,“2ем/ C% C%дде!›=…,ю ,ƒме! ем/. 2е.-
…%л%г,че“*,. C=!=ме2!%" …= ƒ=д=……%м 3!%"…е 
%“3?е“2"л ю2:

“K%! ,…-%!м=ц,, % C=!=ме2!=.;
"/!=K%2*3 3C!="л ю?,. "%ƒдеL“2",L …= Šo;
“,г…=л,ƒ=ц,ю % "/.%де .2,. C=!=ме2!%";
Kл%*,!%"*3 %ш,K%ч…/. деL“2",L Cе!“%…=л= , 

3C!="л ю?,. деL“2",L;
C!%2,"%="=!,L…3ю ƒ=?,23 Šo C% -=*23 ="=-

!,L…/. “%K/2,L.
o%д“,“2ем/ 2=*%г% 3!%"…  м%г32 K/2ь, *=* 

C!=",л%, !е=л,ƒ%"=…/ “ ,“C%льƒ%"=…,ем 2!=д,-
ц,%……/. ме2%д%" !ег3л,!%"=…,  д,…=м,че“*,м, 
%KAе*2=м, C% “.еме &%KAе*2#!ег3л 2%![ [5]. o!,-

p,“. 1. pег3л,!%"=…,е 2емCе!=23!/ " !е=*2%!е:

uo # %C%!…/L “,г…=л, “%%2"е2“2"3ю?,L м=*“,м=ль…%L 2емCе!=23!е " !е=*2%!е; ut p # “,г…=л, C!%C%!ц,%…=ль-
…/L м=*“,м=ль…%L 2емCе!=23!е " !е=*2%!е
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ме!=м,  "л ю2“  C%д“,“2ем/ C%дде!›=…,  2ем-
Cе!=23!/, д="ле…, , 3!%"… , !=“.%д= "е?е“2"= " 
!еƒе!"3=!=., !е*2,-,*=ц,%……/. *%л%……=., =д-
“%!Kе!=., Cеч=., …=“%“=., !е=*2%!=. , 2. д. p=ƒ!=-
K=2/"=е2“  C%д“,“2ем= !ег3л,!%"=…,  , “2=K,л,-
ƒ=ц,, 2е.…%л%г,че“*,. C=!=ме2!%" “ ,“C%льƒ%"=-
…,ем д,“*!е2…/. !ег3л 2%!%".

m= !,“. 1 C!ед“2="ле…= “.ем= “2=K,л,ƒ=ц,, , !е-
г3л,!%"=…,  2емCе!=23!/ " !е=*2%!е. n…= "*лю-
ч=е2 2емCе!=23!…/е д=2ч,*, Še1, …, Še5, 3“2!%L-
“2"% “!="…е…, , ц,-!%"%L C!%C%!ц,%…=ль…%-,…-
2ег!=ль…%-д,--е!е…ц,=ль…/L !ег3л 2%! (ohd-
!ег3л 2%!), ,“C%л…,2ель…%е 3“2!%L“2"%, ,ƒме-
… ю?ее !=“.%д %.л=›д=ю?еL ›,д*%“2, че!еƒ 
ƒмее",* !е=*2%!=. rC!="л ю?,L *%мCью2е! ,мее2 
=…=л%г%"/L ".%д , =…=л%г%"/L "/.%д, C%.2%м3 " 
“,“2еме ц,-!%"%L !ег3л 2%! м%›…% !=““м=2!,-
"=2ь *=* =…=л%г%"/L, "/!=K=2/"=ю?,L “,г…=л " 
“%%2"е2“2",, “ "/!=›е…,ем 

( )( ) ( ) ( )P I D
de tu t K e t K e t dt K

dt
= + +∫ ,

где KP, KI, KD # *%.--,ц,е…2/ …=“2!%L*, !ег3л 2%-
!=; e(t) # “,г…=л %ш,K*,.

nC2,м=ль…/е …=“2!%L*, !ег3л 2%!= %C!еде-
л ю2“  …= %“…%"е C%л…%L “2!3*23!/ “,“2ем/ !е-
г3л,!%"=…,  , ƒ…=…,  "“е. Cе!ед=2%ч…/. -3…*-
ц,L. o%“ле %C!еделе…,  %C2,м=ль…/. …=“2!%е* 
!=ƒ!=K=2/"=е2“  ц,-!%"=  м%дель !ег3л 2%!=. 

dл  ц,-!%"%г% м%дел,!%"=…,  ,…2ег!=л= %K/ч-
…% ,“C%льƒ3ю2 ме2%д C! м%3г%ль…,*%" ,л, ме2%д 
2!=Cец,L. b%“C%льƒ%"="ш,“ь ме2%д%м 2!=Cец,L, 
C%л3ч,м: 

( )1 12I k I k k ku u e e− −
Δ= + −  ,

где uIk # “,г…=л, “%%2"е2“2"3ю?,L *%.--,ц,е…23 
…=“2!%L*, !ег3л 2%!= KI ; ek#1 , еk # “,г…=л %ш,K*, 
" (k#1)∆ , " k∆ д,“*!е2…/е м%ме…2/ "!еме…,.

nK%ƒ…=че…,  .2%г% м=2ем=2,че“*%г% "/!=›е…,  
C!,"еде…/ …= !,“. 2. o!%,ƒ"%д…3ю ƒ=ме…,м *%-
…еч…%L !=ƒ…%“2ью " “%%2"е2“2",, “ "/!=›е…,ем

( )1
1

Dk k ku e e −= −
Δ  

,

где uDk # “,г…=л, “%%2"е2“2"3ю?,L *%.--,ц,е…23 
…=“2!%L*, !ег3л 2%!= KD.

n2“юд= ц,-!%"3ю м%дель C!ед“2=",м " ",де

1k Pk I k Dk P k I ku u u u K e K u −
⎛= + + = + +⎜⎝

( ) ( )1 12
D

k k k k
K

e e e e− −
Δ ⎞+ − + −⎟⎠ Δ  

,л,

1 2
D

k I k P I k
K

u K u K K e−
Δ⎛ ⎞= + + + −⎜ ⎟⎝ ⎠Δ

12
D

I k
K

K e −
Δ⎛ ⎞− +⎜ ⎟⎝ ⎠Δ

,

где uPk – сигнал, соответствующий коэффициенту настрой-
ки регулятора КР
o!,…ц,C,=ль…/м  "л е2“  "%C!%“ "/K%!= ,…-

2е!"=л= д,“*!е2,ƒ=ц,, Δ ,л, ч=“2%2/ д,“*!е2,-
ƒ=ц,, fD = 1/Δ. b %K?ем “л3ч=е "ел,ч,…= fD д%л›-
…= "/K,!=2ь“  …= %“…%"е 2е%!ем/ %2“ч‘2%" (2е%-
!ем/ j%2ель…,*%"=), 2. е. ч=“2%2= д,“*!е2,ƒ=ц,, 
д%л›…= K/2ь " 2 !=ƒ= K%льше м=*“,м=ль…%L ч=“-
2%2/ “Cе*2!= “,г…=л= %ш,K*, e(t).

d!3г,м "=›…/м "%C!%“%м  "л е2“  "/K%! Cе!-
",ч…%г% C!е%K!=ƒ%"=2ел  2емCе!=23!/. rч,2/"=  
2емCе!=23!…/L д,=C=ƒ%…, …=,K%лее 3д%K…% C!,-
ме…,2ь !еƒ,“2,"…/е д=2ч,*, 2емCе!=23!/.

pеƒ,“2,"…/е д=2ч,*, 2емCе!=23!/ %K/ч…% "/-
C%л… ю2“  ,ƒ Cл=2,…%"%L C!%"%л%*,. q%C!%2,"-
ле…,е R  "л е2“  C!=*2,че“*, л,…еL…%L -3…*-
ц,еL 2емCе!=23!/ t C!, …=ч=ль…%м ƒ…=че…,, t0 = 0. 
n2…%ше…,е “%C!%2,"ле…,  R C!, 2емCе!=23!е t * 
“%C!%2,"ле…,ю R0 C!, …=ч=ль…%L 2емCе!=23!е 
t0 = 0 м%›…% "/!=ƒ,2ь *=*

R/R0=1+ at + bt 
2 + … +,

где a # 2емCе!=23!…/L *%.--,ц,е…2 “%C!%2,"ле-
…, ; b # C%л%›,2ель…=  ,л, %2!,ц=2ель…=  C%-
“2% ……= .

dл  Cл=2,…/ 2,C,ч…/м, ƒ…=че…, м, C=!=ме2-
!%"  "л ю2“  a = 0,004 , b = 0,59·10#6. 

p,“. 2. `CC!%*“,м=ц,  ,…2ег!=л=:

е (t) # “,г…=л %ш,K*,; ek-1, еk # “,г…=л %ш,K*, 
" (k#1)∆ , " k∆ д,“*!е2…/е м%ме…2/ "!еме…,; 
k # д,“*!е2…/L =!г3ме…2; ∆ $ ш=г д,“*!е2,ƒ=-
ц,, C% "!еме…,; t # "!ем 
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d=2ч,*, C!ед“2="л ю2 “%K%L …=K%! “2=…д=!2…/. 
“%C!%2,"ле…,L. m=,K%лее ч=“2% ,“C%льƒ3ем/L 
2,C .2,. д=2ч,*%" ,мее2 “%C!%2,"ле…,е 100 nм 
C!, 2емCе!=23!е t0 = 0.

d=2ч,*, ,мею2 "е“ьм= …,ƒ*3ю ч3"“2",2ель-
…%“2ь, , люK%L 2%*, ,“C%льƒ3ем/L дл  %C!еделе-
…,  ,ƒме…е…,  “%C!%2,"ле…, , K3де2 …=г!е"=2ь 
д=2ч,*, ,ƒме…   ег% C%*=ƒ=…,  …= "ел,ч,…3, C!%-
C%!ц,%…=ль…3ю "ел,ч,…е 2%*= " *"=д!=2е I 

2. q%-
C!%2,"ле…,е д=2ч,*= %K/ч…% C!е%K!=ƒ3е2“  " …=-
C! ›е…,е м%“2%"/м, “.ем=м,.

q2=K,л,ƒ=ц,  *,C ?ег% “л%  *=2=л,ƒ=2%!= " 
!е=*2%!е. q,“2ем= “2=K,л,ƒ=ц,, *,C ?ег% “л%  
*=2=л,ƒ=2%!= [6] "*люч=е2 д"= *%…23!= !ег3л,!%-
"=…,  (!,“. 3). 

oе!"/L *%…23! “2=K,л,ƒ,!3е2 “3мм=!…/L !=“-
.%д г=ƒ%"/. C%2%*%", C%“23C=ю?,. " !е=*2%! ƒ= 
“ч‘2 ,ƒме…е…,  !=“.%д= !ец,!*3л ц,%……%г% г=ƒ=; 
"2%!%L (3C!е›д=ю?,L) *%!!е*2,!3е2 3!%"е…ь *,-
C ?ег% “л%  *=2=л,ƒ=2%!=.

b.%д…/м “,г…=л%м дл  Cе!"%г% *%…23!= !ег3л,-
!%"=…,   "л е2“  “,г…=л, C!%C%!ц,%…=ль…/L 
“3мм=!…%м3 !=“.%д3. o!, 3"ел,че…,, !=“.%д= 
ц,-!%"%L !ег3л 2%! "/!=K=2/"=е2 3C!="л ю?,L 
“,г…=л, 3ме…ьш=ю?,L C%д=ч3 !ец,!*3л ц,%……%-
г% г=ƒ=. 

b.%д…/м “,г…=л%м дл  "2%!%г% *%…23!= !ег3-
л,!%"=…,   "л е2“  “,г…=л, C!%C%!ц,%…=ль…/L 
!=ƒ…%“2, д="ле…,  д% , C%“ле *,C ?ег% “л%  *=-
2=л,ƒ=2%!=. o!, “…,›е…,, 3!%"…  *,C ?ег% “л%  
!=ƒ…%“2ь д="ле…,  C%"/ш=е2“ , ч2% C!,"%д,2 * 
3"ел,че…,ю C%д=ч, !ец,!*3л ц,%……%г% г=ƒ= , 
“3мм=!…%г% !=“.%д=. 0,-!%"%L !ег3л 2%! C!ед-

“2="л е2 “%K%L ohd-!ег3л 2%! “% “"%,м, …=-
“2!%L*=м,.

q2=K,л,ƒ=ц,  %C2,м=ль…%г% “%%2…%ше…,  &*,-
“л%!%д#“е!%"%д%!%д[. nC2,м=ль…%е “%%2…%ше…,е 
“2=K,л,ƒ,!3е2“  !ег3л,!%"=…,ем *%…це…2!=ц,, 
*,“л%!%д= [7]. p=…ее K/л% C%*=ƒ=…%, ч2% %C2,-
м=ль…/м “%%2…%ше…,ем дл  k  "л е2“ 

k = k…= Gb qn2 
/ Gc qH2S

 = 0,525 ,

где k… # %C2,м=ль…%е “2е.,%ме2!,че“*%е “%%2…%ше-

…,е; G" # %KA‘м…/L !=“.%д "%ƒд3.=; qn2
# *%…це…-

2!=ц,  *,“л%!%д= " "%ƒд3.е; Gг # %KA‘м…/L !=“.%д 
qbqc; qH2S # *%…це…2!=ц,  “е!%"%д%!%д= " qbqc.

o!, ,“C%льƒ%"=…,, !=ƒдел,2елеL "%ƒд3.= *%…-
це…2!=ц,  *,“л%!%д= м%›е2 д%.%д,2ь д% 85 %, 2. е. 
м%›е2 K/2ь 3"ел,че…= " 4 !=ƒ=. qлед%"=2ель…%, 
C!, C%“2% ……/. ƒ…=че…, . Gг , G", д,=C=ƒ%… 
д%C3“2,м%г% ,ƒме…е…,  *%…це…2!=ц,, “е!%"%д%-
!%д= “%“2=",2 10#40 % C!, %C2,м=ль…%м ƒ…=че-
…,, k. d,=C=ƒ%… ,ƒме…е…,  *%…це…2!=ц,, “е!%-
"%д%!%д= 3"ел,ч,"=е2“  д% 80 % ƒ= “ч‘2 C%"/-
ше…,  …%м,…=ль…%г% !=“.%д= "%ƒд3.= " 2 !=ƒ=, 
G"2 = 4 G".

d,=C=ƒ%… ,ƒме…е…,  !=“.%д= !ец,!*3л ц,%……%-
г% C%2%*= C!, G" = 75 м3/ч “%“2=",2 130#180 м3/ч, 

C!, G"2 = 150 м3/ч # 45#105 м3/ч.
pег3л,!%"=…,е д%“2,г=е2“  ƒ= “ч‘2 ,“C%льƒ%-

"=…,  мемK!=……%г% !=ƒдел,2ел  "%ƒд3.=, C%ƒ"%-
л ю?ег% ,ƒме… 2ь *%…це…2!=ц,ю *,“л%!%д= " 
ш,!%*,. C!едел=.. q2!3*23!= “,“2ем/ !ег3л,-
!%"=…,  “ ,“C%льƒ%"=…,ем 3C!="л ю?ег% *%м-

p,“. 3. q,“2ем= “2=K,л,ƒ=ц,, *,C ?ег% “л%  *=2=л,ƒ=2%!=:

p% # %C%!…%е ƒ…=че…,е C% !=ƒ…%“2, д="ле…,L; G% # %C%!…%е ƒ…=че…,е C% “3мм=!…%м3 %KA‘м…%м3 !=“.%д3
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Š = K л , ц =  1                 

 o!,ч,…/ "%ƒ…,*…%"е…,  C!ед="=!,L…/. , ="=!,L…/. “,23=ц,L 
, 2е…де…ц,, ,. !=ƒ",2, 

 q%K/2, o!,ч,…/ Šе…де…ц,, !=ƒ",2, 

X1
∆P ≥ ∆P*

rме…ьше…,е ,л, 3"ел,че…,е !=“.%д= 
“/!ь 

n“ед=…,е ,л, 3…%“ jqj,  
ƒ=23.=…,е !е=*ц,,,  C!%“*%* 
*,“л%!%д=

X2
Pс ≤ Pс

*
 

q…,›е…,е м%?…%“2, , %2*люче…,е 
,“2%ч…,*= “/!ь 

n“ед=…,е  jqj,  ƒ=23.=…,е 
!е=*ц,,,  C!%“*%* *,“л%!%д=

X3
T ≤ T 

 

*
q…,›е…,е !=“.%д= "%ƒд3.=,  …,ƒ*=  
2емCе!=23!= “/!ь .  m=!3ше…,е 
2еCл%%Kме…=

rг!%ƒ= C!%“*%*= *,“л%!%д=,  
ƒ=23.=…,е !е=*ц,,

X4
T ≥ T 

*
r"ел,че…,е *%…це…2!=ц,, H2S,  
…ед%“2=2%ч…/L 2еCл%%Kме…

c%!е…,е *%мC%…е…2%" qbqc,  
3г!%ƒ= де2%…=ц,, , !=ƒ!3ше…,  
!е=*2%!=

X5
α ≥ α*

rме…ьше…,е !=“.%д= qbqc,  ƒ=*л,…,-
"=…,е *л=C=…= Gг,  %2*=ƒ ="2%м=2,*,

rг!%ƒ= "ƒ!/"=

X6
Pр ≥ Pр

*
c%!е…,е "%д%!%д=,  “=м%"%“Cл=ме…е…,е 
“ме“,

rг!%ƒ= де2%…=ц,,,  !=ƒ!3ше…,е 
!е=*2%!=

X7 
R ≥ R 

*
rме…ьше…,е !=“.%д= !ец,!*3л,!3ю?ег% 
C%2%*=

c%!е…,е %ч,?=ем/. *%мC%…е…2%"

Cью2е!= "/гл д,2 д%“2=2%ч…% C!%“2%. q2е.,%-
ме2!,че“*%е “%%2…%ше…,е "/ч,“л е2“  3C!="-
л ю?,м *%мCью2е!%м , “!="…,"=е2“  “ %C2,-
м=ль…/м (k…). 

b%ƒдеL“2",е …= ц,-!%"%L !ег3л 2%! (!,“. 4) 
C!%,“.%д,2 C!%C%!ц,%…=ль…% !=ƒ…%“2, (k… # k). 
pег3л 2%! "/!=K=2/"=е2 “,г…=л …= !ег3л,!3ю-
?,L *л=C=…, !=“C%л%›е……/L …= л,…,, %2.%д -
?ег% C%2%*= ,ƒ мемK!=……%г% !=ƒдел,2ел  "%ƒд3-
.=. o!, .2%м “3мм=!…/L !=“.%д г=ƒ%"/. C%2%*%" 
%“2=‘2“  C%“2% ……/м. n… !ег3л,!3е2“  д!3г%L 

“,“2ем%L, “лед ?еL ƒ= C%“2% …“2"%м “3мм=!…%г% 
!=“.%д=. 

b% "“е. “.ем=. !ег3л,!%"=…,  ,“C%льƒ3е2“  
C!%г!=мм= ц,-!%"%г% ohd-!ег3л 2%!=. nд…=*% 
*=›д=  C!%г!=мм= ,мее2 “"%, …=“2!%L*,, “%%2"е2-
“2"3ю?,е *%.--,ц,е…2=м KP, KI, KD, *%2%!/е 
%Kе“Cеч,"=ю2 %C2,м=ль…/е C=!=ме2!/ !ег3л,!%-
"=…, . b/K%! .2,. …=“2!%е* ƒ=",“,2 %2 2,C= Cе!е-
д=2%ч…/. -3…*ц,L, ".%д ?,. " *%…23! !ег3л,!%-
"=…, , = 2=*›е %2 …е%K.%д,м/. C=!=ме2!%" !ег3-
л,!%"=…, .

                                                          Š = K л , ц =  2

q%“2% …,е *л=C=…%" C!, …=“23Cле…,, “%K/2,L Xi

q%K/2, Gг
(U1)

G"
(U2)

G-
(U3)

GC
(U4) 

oj   
(U5)

jk
(U6)

jp
(U7)

q%“2% …,е
C!%це““=

u 1 1 0 1 1 0 1 1 XX

u 2 1 0 1 1 0 1 1 XX 

u 3 1 0 1 1 0 1 1 XX 

u 4 0 0 1 0 0 0 1 nqŠ

u 5 1 0 1 1 0 1 1 XX 

u 6 0 0 1 0 1 0 0 `bnqŠ

u 7 1 1 1 1 0 1 0 XX 
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o%д“,“2ем= C!%2,"%="=!,L…%L ƒ=?,2/. }2= C%д-
“,“2ем= C!ед…=ƒ…=че…= дл  !еше…,  “лед3ю?,. 
ƒ=д=ч.

1. d,=г…%“2,*= C!ед="=!,L…/. , ="=!,L…/. 
“,23=ц,L:

C%“2% ……/L =…=л,ƒ ,ƒме…е…,  C=!=ме2!%" Šo 
" “2%!%…3 *!,2,че“*,. ƒ…=че…,L;

C!%г…%ƒ,!%"=…,е "%ƒм%›…%L ="=!,,;
“,г…=л,ƒ=ц,  C!, д%“2,›е…,, *!,2,че“*%г% 

ƒ…=че…,  Šo.
2. b/!=K%2*= 3C!="л ю?,. "%ƒдеL“2",L, C!е-

д%2"!=?=ю?,. !=ƒ",2,е %C=“…/. “,23=ц,L:
" C!%це““е C3“*= , %“2=…%"*,;
C!, …еƒ…=ч,2ель…/. %2*л%…е…, . C=!=ме2!%" 

Šo (&м г*,L[ "/"%д …= Kеƒ%C=“…/L !е›,м);
C!, д%“2,›е…,, *!,2,че“*,. ƒ…=че…,L Šo 

("/"%д ,ƒ ="=!,L…/. “,23=ц,L).
d,=г…%“2,*= C!ед="=!,L…/. , ="=!,L…/. “,-

23=ц,L %2 "…еƒ=C…/. …=!3ше…,L 2е.…%л%г,че“*%-
г% !е›,м=, %2*=ƒ%" %K%!3д%"=…, , “K%е" ="2%м=-
2,*, , %ш,K%* %Cе!=2%!%" %“3?е“2"л е2“  …= %“-
…%"е "е!% 2…%“2, "%ƒ…,*…%"е…,  “лед3ю?,. ="=-
!,L…%-,…-%!м=2,"…/. “%K/2,L (C=!=ме2!%"):

C!е"/ше…,е д,=C=ƒ%…= Cе!еC=д= д="ле…,  
" !е=*ц,%……%L *=ме!е, .=!=*2е!,ƒ3ю?ее %“ед=-
…,е ,л, 3…%“ *,C ?ег% “л%  *=2=л,ƒ=2%!=?
ΔP 

* (X1);
C=де…,е д="ле…,  “/!ь  д% *!,2,че“*%г% P“

* 

(X2);
ƒ…=че…,е 2емCе!=23!/ " !е=*2%!е …,›е *!,2,-

че“*%г% ƒ…=че…,  T * (X3);

ƒ…=че…,е 2емCе!=23!/ " !е=*2%!е "/ше *!,2,-
че“*%г% ƒ…=че…,  T *(X4);

ƒ…=че…,е *%.--,ц,е…2= ,ƒK/2*= "%ƒд3.= "/ше 
*!,2,че“*%г% ƒ…=че…,  α*(X5);
д="ле…,е " !е=*2%!е "/ше *!,2,че“*%г% ƒ…=че-

…,  P!* (X6);
*%.--,ц,е…2 !ец,!*3л ц,, …,›е д%C3“2,м%-

г% ƒ…=че…,  R 

* (X7).
j=›д%е ,ƒ “%K/2,L Xi %K3“л%"ле…% м…%›е“2-

"%м C!,ч,… (2=Kл. 1).
m=C!,ме!, C%"/ше…,е 2емCе!=23!/ " !е=*2%!е 

(“%K/2,е X4) м%›е2 K/2ь %K3“л%"ле…% ,ƒме…е-
…,ем !=“.%д= C%2%*%", *%…це…2!=ц,еL “е!%"%д%-
!%д= " ,“.%д…%м г=ƒе, …ед%“2=2%ч…/м 2еCл%%2"%-
д%м , д!. o!,ч‘м %д…= C!,ч,…= м%›е2 "/ƒ"=2ь 
"%ƒ…,*…%"е…,е …е“*%ль*,. “%K/2,L Xi. Š=*, C=-
де…,е д="ле…,  “/!ь  м%›е2 C!,"е“2, * “%K/2,-
 м X1, X5, X3, X7 (%“ед=…,е jqj, C!е"/ше…,е 
*!,2,че“*%г% ƒ…=че…,  *%.--,ц,е…2= ,ƒK/2*= 
"%ƒд3.=, “…,›е…,е 2емCе!=23!/ " !е=*2%!е, “…,-
›е…,е *%.--,ц,е…2= !ец,!*3л ц,, …,›е *!,2,-
че“*%г% ƒ…=че…, ). Š=*,м %K!=ƒ%м, C!едл=г=ем/L 
*%мCле*“ ,…-%!м=2,"…/. C=!=ме2!%" Xi %Kе“Cе-
ч,"=е2 !еƒе!",!%"=…,е , C%"/ш=е2 C%*=ƒ=2ел, 
…=д‘›…%“2,.

o%“ле …=“23Cле…,  люK%г% ,ƒ “%K/2,L Xi …е%K-
.%д,м% Cе!е"е“2, C!%це““ " Kеƒ%C=“…/L !е›,м 
,л, %“3?е“2",2ь %“2=…%" C!%це““=.

pе›,м/, " *%2%!/е …е%K.%д,м% Cе!е"е“2, Šo 
C!, …=“23Cле…,, “%K/2,  Xi, C% “2еCе…, 2 ›е“2, 

p,“. 4.  q2=K,л,ƒ=ц,  %C2,м=ль…%г% “%%2…%ше…,  &*,“л%!%д$“е!%"%д%!%д[:

Cn2
# *%…це…2!=ц,  *,“л%!%д= " "%ƒд3.е; G" # %KA‘м…/L !=“.%д "%ƒд3.=, CH2S

# *%…це…2!=ц,  “е!%"%д%!%д=; 
Gг  # %KA‘м…/L !=“.%д ,“.%д…%г% qbqc; k # “2е.,%ме2!,че“*%е “%%2…%ше…,е; k… # %C2,м=ль…%е “2е.,%ме2-
!,че“*%е “%%2…%ше…,е
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C%“лед“2",L м%›…% 3“л%"…% !=ƒдел,2ь …= 2!, *=-
2ег%!,,: .%л%“2%L .%д (XX), %“2=…%"*= (nqŠ), 
="=!,L…/L %“2=…%" (`bnqŠ).

pе›,м uu C!,“3? C!едC3“*%"%м3 “%“2% …,ю: 
…е3“2=…%","ш,L“  3!%"е…ь jqj, …,ƒ*=  2емCе-
!=23!= !е=*ц,%……%L ƒ%…/. dл  Cе!е"%д= %KAе*2= 
" .2% “%“2% …,е " Cе!"3ю %че!едь …е%K.%д,м% 
“"%е"!еме……% %2*люч,2ь C%д=ч3 "%ƒд3.= "% ,ƒ-
Kе›=…,е %K!=ƒ%"=…,  "ƒ!/"%%C=“…%L г=ƒ%"%L 
“ме“,. }2%2 !е›,м .=!=*2е!,ƒ3е2“  2ем, ч2% C=-
!=ме2!/ Šo м%г32 "%L2, " …%!м3 Kеƒ …ег=2,"…/. 
C%“лед“2",L " !е›,ме ="2%м=2,че“*%г% “=м%ƒ=-
C3“*=.

dл  %Kе“Cече…,  “=м%ƒ=C3“*= ,ƒ !е›,м= XX , 
ƒ=C!е2= ег% "/.%д= ,ƒ д!3г,. !е›,м%" …е%K.%д,м 
л%г,че“*,L .леме…2 &*л=C=…-*люч[ (jk). o!, 
C3“*е 3“2=…%"*, %Cе!=2%! Cе!е"%д,2 jk " “%-
“2% …,е &1[ (C3“* !=ƒ!еш‘… C!, д%“2,›е…,, C=-
!=ме2!%" Šo …%м,…=ль…/. ƒ…=че…,L). e“л, 3“-
2=…%"*= C!%г!е2= , " =CC=!=2е  %K!=ƒ3е2“  *,C -
?,L “л%L *=2=л,ƒ=2%!=, 2% ="2%м=2,че“*, "*лю-
ч=е2“  C%д=ч= "%ƒд3.=. e“л, ›е C=!=ме2!/ Šo …е 
д%“2,гл, …%м,…=ль…/. ƒ…=че…,L, "“е C%C/2*, 
!3ч…%L C%д=ч, "%ƒд3.= K3д32 ="2%м=2,че“*, Kл%-
*,!%"=…/.

pе›,м %“2=…%"*,  "л е2“  C!ед="=!,L…/м “%“-
2% …,ем "“лед“2",е ƒ…=ч,2ель…/. …=!3ше…,L Špp: 
Cе!ег!е" !е=*2%!= “ C%“лед3ю?,м “Cе*=…,ем jqj. 
dл  C!ед%2"!=?е…,  ="=!,, …е%K.%д,м% Cе!е-
*!/2ь C%д=ч3 "“е. ".%д ?,. " !е=*2%! г=ƒ%"/. 
C%2%*%". b/.%д ,ƒ .2%г% !е›,м= …ед%C3“2,м Kеƒ 
"/ “…е…,  C!,ч,… , C!%"еде…,  "%““2=…%",2ель-
…/. !=K%2.

pе›,м `bnqŠ "%ƒ…,*=е2 C!, …ед%C3“2,м%м 
"%ƒ!=“2=…,, д="ле…,  " !е=*2%!е ,ƒ-ƒ= г%!е…,  
"%д%!%д=. dл  C!ед%2"!=?е…,  ="=!,, …е%K.%д,-
м% Cе!е*!/2ь C%д=ч3 "“е. ".%д ?,. " !е=*2%! г=-
ƒ%"/. C%2%*%", = "/.%д !е=*2%!= Cе!е*люч,2ь …= 
-=*ель…3ю л,…,ю …еƒ=",“,м% %2 “!=K=2/"=…,  
C!ед%.!=…,2ель…%г% *л=C=…= (oj). 

o!, …=“23Cле…,, “%“2% …,L nqŠ , `bnqŠ 
%“3?е“2"л е2“  Cе!е"%д jk " “%“2% …,е &0[ (C3“* 
ƒ=C!е?‘…) "% ,ƒKе›=…,е л%›…%г% ="2%ƒ=C3“*= 
(C%д=ч= г=ƒ%"/. C%2%*%" " !е=*2%!).

b “%%2"е2“2",, “ ,ƒл%›е……/м "/ше %C!еде-
л ем …е%K.%д,м/е “%“2% …,  C!ед%.!=…,2ель-
…/. *л=C=…%" , *люч= jk, *%2%!/е C!,"еде…/ " 
2=Kл. 2 (ƒ…=че…,е &1[ “%%2"е2“2"3е2 %2*!/2%м3 “%-
“2% …,ю *л=C=…=, = &0[ # ƒ=*!/2%м3).

b 2=Kл. 2 Gг, G", G-, GC # *л=C=…/ …= л,…,, 
".%д= qbqc,  C%д=ч, "%ƒд3.=, “K!%“= г=ƒ%" …= -=-
*ел, %ч,?е……%г% г=ƒ= C%2!еK,2елю “%%2"е2“2"е…-
…%; oj, jk, jp # C!ед%.!=…,2ель…/L *л=C=…, 
*л=C=…-*люч, *л=C=… …= !ец,!*3л ц,, “%%2"е2-
“2"е……%.

dл  Cе!е"%д= ,ƒ C!ед="=!,L…/. “%“2% …,L Xi  
" Kеƒ%C=“…/L !е›,м  …е%K.%д,м% “,…2еƒ,!%-

"=2ь “,г…=л/ 3C!="ле…,  *л=C=…=м,-%2“е*=2е-
л м, jk " “%%2"е2“2",, “ 2=Kл. 2 , “,г…=л/ 
2!е"%г,:

)1,10()( == I,XfU II ,

где )1,7(=I,U I  # “,г…=л/ 3C!="ле…,  *л=C=…=м, , 

jk; )8,10(=I,UI  # “,г…=л/ 2!е"%г,.

q%“2% …,е jk %C!едел е2“  *=* U 7 = U 7 × 
× ( 4 6)X X∨ , 3“2=…="л,"=е2“  …=›=2,ем *…%C*, 
&o3“*[, , д=лее “K!=“/"=е2“  “,г…=л=м, u 4 , u 6. 
o!, .2,. ›е “%K/2, . u 4 , u 6 …еƒ=",“,м% %2 
“%“2% …,  jk (U 6) %2*люч=е2“  C%д=ч= qbqc, …% 
“ ƒ=де!›*%L C% u 4:

З1 4( ) 6U X t X= − τ , 

 где  τ3 # %C2,м=ль…%е  "!ем  *%…2=*2= " !е=*2%!е.

n2“е*=…,е "%ƒд3.= C!%,ƒ"%д,2“  C!, …=“23Cле-
…,, люK%г% “%K/2,  Xi, = ег% "*люче…,е (="2%ƒ=-
C3“*) %C!едел е2“  “%“2% …,ем U 6 , "%““2=…%"-
ле…,ем …%м,…=ль…/. C=!=ме2!%" Šo (“%K/2,  
u 1, u 2, u 3 , u 5 %2!,ц=2ель…/): 

2 {( 4 6) [ 7( 1 2 3 5 7)]}U X X U X X X X X= ∨ ∨ ∨ ∨ ∨ ∨ .

oе!е*люч=2ель "/.%д= &-=*ел/!ец,!*3л ц, [ 
%д…%ƒ…=ч…% “" ƒ=… “ “,г…=л%м U2 , …е д%л-
›е… 3“3г3Kл 2ь “,23=ц,ю, C%.2%м3 “,г…=л/ 3C-
!="ле…,  -=*ел%м , !ец,!*3л ц,еL -%!м,-
!3ю2“  *=*

3 2U U=   ,  4 3U U= .

q,г…=л/ …= ƒ"3*%"3ю , “"е2%"3ю “,г…=л,ƒ=-
ц,ю -%!м,!3ю2“  “лед3ю?,м, л%г,че“*,м, 
-3…*ц, м,:

8 ( 1 2 3 5 7) 6 4U X X X X X X X= ∨ ∨ ∨ ∨  ,

9 4,U X=  10 6U X=  . 
o!едл%›е… , !=ƒ!=K%2=… “C%“%K !ег3л,!%"=-

…,  %C2,м=ль…%г% “%%2…%ше…,  %KA‘м…/. !=“-
.%д%" *,“л%!%д= , “е!%"%д%!%д=, ƒ=*люч=ю?,L-
“  " ,ƒме…е…,, *%…це…2!=ц,, *,“л%!%д= " "%ƒ-
д3.е “ C%м%?ью мемK!=……%г% г=ƒ%!=“C!едел,-
2ель…%г% =CC=!=2=. qC%“%K !е=л,ƒ%"=… “ ,“C%ль-
ƒ%"=…,ем ц,-!%"%г% !ег3л 2%!= …= 3C!="л ю-
?ем *%мCью2е!е. n… C%ƒ"%л е2 C!%,ƒ"%д,2ь 
%ч,“2*3 г=ƒ= “ *%…це…2!=ц,еL “е!%"%д%!%д= %2 
10 д% 80 %. o!едл%›е… , !=ƒ!=K%2=… “C%“%K !е-
г3л,!%"=…,  3!%"…  jqj, ƒ=*люч=ю?,L“  " 
“2=K,л,ƒ=ц,, “3мм=!…%г% %KA‘м…%г% !=“.%д=, 
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C%“23C=ю?ег% " !е=*2%!, ƒ= “ч‘2 ,ƒме…е…,  !=“-
.%д= C%2%*= !ец,!*3л ц,, “ *%!!е*ц,еL C% Cе-
!еC=д3 д="ле…,  " !е=*2%!е. qC%“%K !е=л,ƒ%"=… 
“ ,“C%льƒ%"=…,ем ц,-!%"%г% !ег3л 2%!= …= 
3C!="л ю?ем *%мCью2е!е , C%ƒ"%л е2 C!%,ƒ"%-
д,2ь %ч,“2*3 г=ƒ= C!, ,ƒме…е…,, ег% !=“.%д= " 
C!едел=. 10 %.

nC!еделе…/ д,=г…%“2,че“*,е C=!=ме2!/, .=-
!=*2е!,ƒ3ю?,е C!ед="=!,L…/е , ="=!,L…/е “,-
23=ц,,. m= %“…%"е .2,. C=!=ме2!%" “,…2еƒ,!%"=-
…/ =лг%!,2м/ “,г…=л,ƒ=ц,,, %“2=…%"*, ,л, ="=-
!,L…%L %“2=…%"*, Kеƒ 3ч=“2,  %Cе!=2%!=.

a,Kл,%г!=-,че“*,е ““/л*,
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q.b. l*!2/че", *=…д. 2е.…. …=3*, д%ц.
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knch)eqjne lndekhpnb`mhe ondqhqŠel{ `bŠnl`Šhghpnb`mmncn 
r)HŠ` ak`mjnb qŠpncni nŠ)HŠmnqŠh b qŠp`unbni de“Šek|mnqŠh

p=““м%2!е… C%д.%д * !=ƒ!=K%2*е л%г,че“*%L м%дел, C%д“,“2ем/ ="2%м=2,ƒ,!%"=……%г% 
3ч‘2= Kл=…*%" “2!%г%L %2ч‘2…%“2, " “2!=.%"%L де 2ель…%“2, …= %“…%"е м%дел, %K!=K%2-
*, 3ч‘2…%-=…=л,2,че“*%L ,…-%!м=ц,, " %д…%Cе!едель…%м C!%,ƒ"%д“2"е.

jлюче"/е “л%"=: л%г,че“*=  м%дель, C%д“,“2ем= ="2%м=2,ƒ,!%"=……%г% 3ч‘2=, Kл=…* “2!%г%L 
%2ч‘2…%“2,, “2!=.%"=  де 2ель…%“2ь, %д…%Cе!едель…%е C!%,ƒ"%д“2"%.

Approach to logical model creature of the automatic account subsystem for strict accountability 
in the insurance activity from a processing model of account-analytical information in the one 
repartition production is considered.

Key words: logical model, automatic account subsystem, strict accountability form, insurance activity, 
one repartition production.

nK%!%2 Kл=…*%" C%л,“%" , *",2=…ц,L, %2…%“ -
?,.“  * *=2ег%!,, Kл=…*%" “2!%г%L %2ч‘2…%“2, 
(aqn),  "л е2“  %д…%L ,ƒ “%“2="…/. ч=“2еL C!%-
,ƒ"%д“2"е……%г% д%*3ме…2%%K%!%2= “%"!еме……%L 
“2!=.%"%L *%мC=…,, [1]. 

d,…=м,ч…%е !=ƒ",2,е %K ƒ=2ель…%г% “2!=.%"=-
…,  г!=›д=…“*%L %2"е2“2"е……%“2, "л=дельце" 
2!=…“C%!2…/. “!ед“2" (nq`cn) , Cе!“Cе*2,"= 
“%ƒд=…,  ед,…%г% “2!=.%"%г% ,…-%!м=ц,%……%г% 
C!%“2!=…“2"= %K3“л%",л, …е%K.%д,м%“2ь ›‘“2*%L 
!егл=ме…2=ц,, , .--е*2,"…%г% *%…2!%л  ,“C%ль-
ƒ%"=…,  aqn " “2!=.%"%L де 2ель…%“2,, *%2%!/е, 

*=* C%*=ƒ/"=е2 C!=*2,*=, %Kе“Cеч,"=ю2“  C32‘м 
,…2ег!=ц,, " hŠ-,…-!=“2!3*23!3 “2!=.%"%L *%м-
C=…,, C%д“,“2ем/ ="2%м=2,ƒ,!%"=……%г% 3ч‘2= 
(o`r) aqn [2]. 

nд…=*% “3?е“2"3е2 ! д -=*2%!%", %“л%›… ю-
?,. C!,ме…е…,е “2=…д=!2…/. !еше…,L дл  д%“-
2,›е…,  3*=ƒ=……%L цел,. Š=*, 3ч‘2 aqn " %2л,-
ч,е %2 д!3г,. ",д%" %Cе!=2,"…%г% “2!=.%"%г% 3ч‘-
2= %!г=…,ƒ%"=… …= %“…%"е м%дел, K=л=…“= 2%"=!-
…%-м=2е!,=ль…/. це……%“2еL …= “*л=де.

bме“2е “ 2ем д",›е…,  aqn, %Kе“Cеч,"=ю?,е 
!е=л,ƒ=ц,ю “2!=.%"/. 3“л3г, “" ƒ=…/ C!е,м3?е-
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“2"е……% “ K,ƒ…е“-C!%це““=м, ƒ=*люче…,  , Cе!е-
%-%!мле…,  д%г%"%!%" “2!=.%"=…, , 3C!="ле…,е 
*%2%!/м,, C!,…,м=  "% "…,м=…,е “Cец,-,*3 
,““лед3ем%L C!едме2…%L %Kл=“2,, …= м%ме…2 "…е-
д!е…,  o`r aqn м%›е2 K/2ь %!г=…,ƒ%"=…% “!ед-
“2"=м, 3…,*=ль…%L “2!=.%"%L ="2%м=2,ƒ,!%"=…-
…%L ,…-%!м=ц,%……%L “,“2ем/ (q`hq), “C!%е*-
2,!%"=……%L C%д ƒ=д=ч, *%…*!е2…%L *%мC=…,,. 

b .2%L “" ƒ, =*23=ль…= !=ƒ!=K%2*= o`r aqn 
…= %“…%"е C%д.%д=, %Kе“Cеч,"=ю?ег% C!%“2%23 е‘ 
,…2ег!=ц,, “ q`hq *%мC=…,,.

b *%…цеCц,, C!%це““…%-%!,е…2,!%"=……%г% C%д-
.%д= * C%“2!%е…,ю , !=ƒ",2,ю ="2%м=2,ƒ,!%"=…-
…/. “,“2ем 3C!="ле…,  *люче"%L “ч,2=е2“  “2=-
д,  л%г,че“*%г% м%дел,!%"=…, , K=ƒ,!3ю?= “  
…= C!,…ц,C=. %KAе*2…%-%!,е…2,!%"=……%г% =…=-
л,ƒ= , C!%е*2,!%"=…,  [3]. 

o!, .2%м “%ƒд=……=  " ",де …=K%!= UML-д,=-
г!=мм л%г,че“*=  м%дель "…ед! ем%L C%д“,“2е-
м/ !=““м=2!,"=е2“  *=* “" ƒ3ю?ее ƒ"е…% ме›д3 
!е=л,ƒ3ем%L ею …%"%L -3…*ц,%…=ль…%“2ью , 
.*“Cл3=2,!3ем%L " *%мC=…,, “Cец,=л,ƒ,!%"=…-
…%L ,…-%!м=ц,%……%L “,“2ем%L. 

qлед3е2 %2ме2,2ь, ч2% …=,K%лее %2"е2“2"е……/м 
.2=C%м л%г,че“*%г% м%дел,!%"=…,   "л е2“  %C-
!еделе…,е ш=Kл%…= дл  C!%е*2,!%"=…,  K3д3?еL 
м%дел,, ч2% %“%Kе……% "=›…% дл  “2!=.%"%L %2!=“-
л,, %2л,ч=ю?еL“  …,ƒ*,м 3!%"…ем “2=…д=!2,ƒ=-
ц,, , *=* “лед“2",е %г!=…,че……/м "/K%!%м 2,-
C%"/. K,ƒ…е“-м%делеL.

d=……=  C!%Kлем= м%›е2 K/2ь !еше…= …= %“…%-
"е %…2%л%г,че“*%г% C%д.%д=, " ч=“2…%“2,, ме2%-
д%м Cе!е…%“= 2,C%"%L м%дел,-=…=л%г= ,ƒ д!3г%L 
C!едме2…%L %Kл=“2,, %K%“…%"=……%г% !еƒ3ль2=2=-
м, “2!3*23!…%--3…*ц,%…=ль…%г% =…=л,ƒ= "…е-
д! ем%L C%д“,“2ем/ [4].

Š=*, " *=че“2"е ш=Kл%…= дл  л%г,че“*%г% м%де-
л,!%"=…,  o`r aqn "/K!=…= м%дель %K!=K%2*, 

3ч‘2…%-=…=л,2,че“*%L ,…-%!м=ц,, " 2е.…%л%г,-
че“*%м C!%це““е C!%,ƒ"%д“2"= C%Cе!едель…%г% 
2,C= [5].

o!едл=г=ем%е !еше…,е %“…%"=…% …= "%ƒм%›…%-
“2, %C,“=…,  C!%це““%" %K!=K%2*, д%г%"%!= “2!=-
.%"=…,  “ C%ƒ,ц,L *%…цеC23=ль…%-л%г,“2,че“*%-
г% C%д.%д=, *=* 2е.…%л%г,че“*,. C!%це““%" %д…%-
Cе!едель…%г% C!%,ƒ"%д“2"=, %!,е…2,!%"=……/. …= 
C%2%* aqn, !%л, !е=ль…/. ме“2 .!=…е…,  " %K%-
!%2е *%2%!%г% ,г!=ю2 =ге…2/ , *л,е…2/ “2!=.%-
"%L *%мC=…,, (!,“. 1).

o% =…=л%г,, “ C!%“2/м %д…%Cе!едель…/м C!%-
,ƒ"%д“2"%м " C!%це““е %K!=K%2*, д%г%"%!= “2!=-
.%"=…,  …е !ег,“2!,!3ю2“  Cе!е.%д ?,е %“2=2*, 
,“C%льƒ3ем/. aqn. 

o!, .2%м *=›д/L Kл=…* " *%…цеCц,, *л=““,-
че“*%г% “*л=д“*%г% 3ч‘2= C!ед“2="л е2 “%K%L %2-
дель…3ю …%ме…*л=23!…3ю C%ƒ,ц,ю, дл  *%2%!%L 
“C!="едл,"% “лед3ю?ее "/!=›е…,е:

q%* = q%… + eqkh (q%… = 1; 0; 1) # eqkh

(q%… = 1; 1; 0), 

где q%…, q%* # %“2=2*, aqn …= !е=ль…%м “*л=де …= 
…=ч=л% , *%…ец C!%цед3!/ %K!=K%2*, д%г%"%!= “2!=-
.%"=…, , C!,…,м=ю?,е ƒ…=че…,е 0 ,л, 1. 

Š=*,м %K!=ƒ%м, дл  C!ед“2="ле…,  ,…-%!м=-
ц,, %K %“2=2*=. Kл=…*%" д%“2=2%ч…% ""е“2, " “%-
“2=" “"%L“2" %KAе*2=-“*л=д= aqn =2!,K32, .=!=*-
2е!,ƒ3ю?,L “2=23“ ,“C%льƒ%"=…,  Kл=…*=, *%2%-
!/L 3“2=…="л,"=е2“  ,л, “K!=“/"=е2“  C!, "/-
C%л…е…,, %Cе!=ц,L 3ч‘2= д",›е…,L aqn.

qлед3е2 2=*›е %2ме2,2ь, ч2% C!, ƒ=*люче…,, 
,л, Cе!е%-%!мле…,, д%г%"%!= “2!=.%"=…,  “%-
“2% …,е ƒ=деL“2"%"=……/. " .2,. C!%це““=. Kл=…-
*%" C%л,“%" C%д"е!г=е2“  !егл=ме…2,!%"=……/м 
,ƒме…е…, м " “%%2"е2“2",, “ C!,"ед‘……/м …,›е 

p,“. 1. k%г,“2,че“*,е цеC, C!%це““%" %K!=K%2*, д%г%"%!= “2!=.%"=…, 

П
от
ок

 Б
С
О
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-!=гме…2%м 2=Kл,ц/ ›,ƒ…е……%г% ц,*л= aqn, 
"/C%л… ю?еL " !=““м=2!,"=ем%м “л3ч=е -3…*-
ц,, 2е.…%л%г,че“*%L *=!2/ [6].

j=* ,ƒ"е“2…%, %д…,м ,ƒ K=ƒ%"/. *%мC%…е…2%" 
л%г,че“*%L м%дел, ,…-%!м=ц,%……%L “,“2ем/ 
C!едC!, 2,   "л е2“  “Cец,-,*=ц,  ,“C%льƒ3е-
м/. " …еL %KAе*2%", " *%2%!%L %…, %C,“/"=ю2“  
*=* C%2%м*, 2%г% ,л, ,…%г% *л=““= .леме…2%" 
C!%,ƒ"%д“2"е……/. “,“2ем: “*л=д%", =г!ег=2%" ,л, 
,. *%мK,…=ц,L.

h“.%д  ,ƒ ,ƒл%›е……%г% "/ше %KAе*2/ o`r 
aqn, C!ед“2="л ю?,е “%K%L Cе!едел/ C!%це““%" 
%K!=K%2*, д%г%"%!%" “2!=.%"=…, , C%ƒ,ц,%…,-
!3ю2“  *=* ",!23=ль…/е “*л=д/-=г!ег=2/, = C!, 
“%“2="ле…,, ,. “Cец,-,*=ц,, C!,ме…е…= м…%г%-
3!%"…е"=  м%дель …=“лед%"=…,  2,C%" %KAе*2%" 
(!,“. 2).

 q%K/2,е q%“2% …,е

o%л3че…,е Kл=…*= “% “*л=д= aqn *%мC=…,, m=.%д,2“  3 =ге…2=

b/д=ч= Kл=…*= *л,е…23 C!, ƒ=*люче…,, ,л, 
,ƒме…е…,, 3“л%",L д%г%"%!= “2!=.%"=…, 

m=.%д,2“  3 *л,е…2=

r2!=2= “,л/ Kл=…*%м "“лед“2",е ег% ƒ=ме…/ 
…%"/м Kл=…*%м C!, ,ƒме…е…,, 3“л%",L ,л, 
д%“!%ч…%м C!е*!=?е…,, д%г%"%!= “2!=.%"=…,  

r2!=2,л  “,л3

p,“. 2. l%дель …=“лед%"=…,  2,C%" %KAе*2%" C%д“,“2ем/ ="2%м=2,ƒ,!%"=……%г% 
3ч‘2= Kл=…*%" “2!%г%L %2ч‘2…%“2,

m= ƒ=*люч,2ель…%L “2=д,, л%г,че“*%г% м%де-
л,!%"=…,  целе“%%K!=ƒ…% C!%"е“2, ,““лед%"=…,е 
“Cец,-,*=ц,L л%г,че“*,. м%делеL "…ед! ем%г% 
, K=ƒ%"%г% C!%г!=мм…%г% %Kе“Cече…,  “2!=.%"%L 
*%мC=…,, …= C!едме2 …=л,ч,  " …,. %K?,. 
%KAе*2%". }2% C%ƒ"%л,2 %C!едел,2ь "%ƒм%›…/L 
3!%"е…ь ,…2ег!=ц,, C!%е*2,!3ем%L C%д“,“2ем/ 
“ q`hq , C!едл%›,2ь .--е*2,"…/L “C%“%K ег% 
д%“2,›е…, . 

m=C%м…,м, ч2% K,ƒ…е“-C!%це““/ %K%!%2= aqn 
 "л ю2“  %Kе“Cеч,"=ю?,м, C% %2…%ше…,ю * 
K,ƒ…е“-C!%це““=м "еде…,  д%г%"%!%" “2!=.%"=-
…, . o%.2%м3 %KAе*2/ %C,“=……%L л%г,че“*%L 
м%дел, o`r aqn д%л›…/ C!,“32“2"%"=2ь " C!ед-
“2="ле…,, люK%L %2"еч=ю?еL “%"!еме……/м 2!е-
K%"=…, м , “C!%е*2,!%"=……%L " =!.,2е*23!е 
&*л,е…2-“е!"е![ q`hq, " 2%м ч,“ле " ",де .ле-
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ме…2%" !ел ц,%……%L м%дел, д=……/. , K,ƒ…е“- 
л%г,*,. b .2%м “л3ч=е …=,K%лее %C2,м=ль…/м 
C!ед“2="л е2“  C%“2!%е…,е “е!"е!…%L ч=“2, o`r 
aqn …= Cл=2-%!ме q`hq, …=C!,ме! C32‘м д%-
K="ле…,  " “2!3*23!3 е‘ K=ƒ/ д=……/. 2=Kл,ц , 
“" ƒеL, …е%K.%д,м/. дл  C%дде!›*, 2!еK3ем%L 
-3…*ц,%…=ль…%“2, , %Kе“Cече…,  “"%L“2"е……%L 
3ч‘2…/м “,“2ем=м "/“%*%L “2еCе…, …%!м=л,ƒ=-
ц,, д=……/.. a,ƒ…е“-л%г,*= 3ч‘2= aqn, "/C%л-
… ем=  " C!%це““е %K!=K%2*, д%г%"%!= “2!=.%"=-
…, , м%›е2 K/2ь !е=л,ƒ%"=…= “ C%м%?ью ме.=-
…,ƒм= "л%›е……/. 2!=…ƒ=*ц,L …= 3!%"…е .!=…,-
м/. C!%цед3! *%!C%!=2,"…%г% “е!"е!= K=ƒ д=…-
…/. " “%%2"е2“2",, “ C%*=ƒ=……%L …= !,“. 3 д,=-
г!=мм%L C%“лед%"=2ель…%“2, [7].

Š=*,м %K!=ƒ%м, ,“C%льƒ%"=…,е ед,…%L м%дел, 
д=……/., !е=л,ƒ%"=……%L " !=м*=. C!%м/шле……%L 
qrad, C%ƒ"%л,2 3C!%“2,2ь C!%це““ ,…2ег!=ц,, 
o`r aqn “ q`hq Kеƒ “3?е“2"е……%L д%!=K%2*, 
C!%г!=мм…%г% *%д= C!,л%›е…,L. 

j!%ме 2%г%, %че",д…/м д%“2%,…“2"%м %C,“=…-
…%L л%г,че“*%L м%дел,  "л е2“  "%ƒм%›…%“2ь 
“%ƒд=…,  …еƒ=",“,м/. ,…“2!3ме…2%" C!%"е!*, 
K,ƒ…е“-C!=",л , г,K*%L …=“2!%L*, ме2%д%" , 
“"%L“2" е‘ K=ƒ%"/. %KAе*2%" , *=* “лед“2",е C%-
"/ше…,е …=д‘›…%“2, "…ед! ем%L C%д“,“2ем/ , 
е‘ =д=C2,"…%“2, * ,ƒме… ю?,м“  3“л%", м “2!=-
.%"%L де 2ель…%“2,.

o`r aqn, !=ƒ!=K%2=……=  …= %“…%"е C!едл=г=е-
м%г% " “2=2ье C%д.%д= , ,…2ег!,!%"=……=  " *%!-
C%!=2,"…3ю ,…-%!м=ц,%……3ю “,“2ем3 “2!=.%"%L 

p,“. 3. d,=г!=мм= C%“лед%"=2ель…%“2, C!%цед3!/ ƒ=*люче…,  д%г%"%!= “2!=.%"=…, :

T…д%г, T*д%г, T…K“%, T*K“% # ме2*, …=ч=л= , *%…ц= 2!=…ƒ=*ц,L %K!=K%2*, д%г%"%!= “2!=.%"=…,  , ,ƒме…е…,  
“%“2% …,  Kл=…*= “2!%г%L %2ч‘2…%“2, “%%2"е2“2"е……%

*%мC=…,,, %Kе“Cеч,л= ="2%м=2,ƒ=ц,ю 3ч‘2= 
Kл=…*%" C%л,“%" nq`cn " “%%2"е2“2",, “ 2!еK%-
"=…, м, !ег3л,!3ю?,. %!г=…%" , деL“2"3ю?еL 
…%!м=2,"…%-C!="%"%L K=ƒ%L C% д=……%м3 ",д3 
“2!=.%"=…,  [8]. 
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qhmŠeg h `m`khg noŠhl`k|mncn ongh0hnmmncn rop`bkemh“ 
Šeumnknch)eqjhlh opn0eqq`lh opnhgbndqŠb` cra)`Šncn ŠhŠ`m` 

hƒл%›е…= ме2%д%л%г,  C%“2!%е…,  C%ƒ,ц,%……/. “,“2ем 3C!="ле…, , %Kе“Cеч,"=ю?,. 
.--е*2,"…%е -3…*ц,%…,!%"=…,е C!%це““%" "%““2=…%"ле…,  , "=*33м…%L “еC=!=ц,, г3Kч=-
2%г% 2,2=…= " 3“л%", . …еC%л…%L =C!,%!…%L ,…-%!м=ц,, % д,…=м,*е C!%це““%". p=““м%2!е…/ 
%“%Kе……%“2, 2е.…%л%г,че“*,. C!%це““%" *=* %KAе*2%" 3C!="ле…, . nC,“=…/ ме2%д/ “,…2е-
ƒ= , =…=л,ƒ= %C2,м=ль…%г% C%ƒ,ц,%……%г% 3C!="ле…,  C!%це““=м,.

jлюче"/е “л%"=: 2,2=…, C!%,ƒ"%д“2"%, %C2,м=ль…%е 3C!="ле…,е.

Positional control systems designing methodology is stated that provide the efficient functioning of 
the spongy titan restoration and vacuum separation in the presence of not full a priori information 
about processes dynamics. Technological processes features, as controlled objects, are considered. 
Synthesis and analysis methods for optimum positional control are described.

Key words: titan, production, optimum control. 

b"еде…,е. o!%це““/ "%““2=…%"ле…,  2е2!=.л%-
!,д= 2,2=…= м=г…,ем , C%“лед3ю?еL "=*33м…%L 
“еC=!=ц,, “%“2="л ю2 %“…%"3 C!%м/шле……%г% 
C!%,ƒ"%д“2"= г3Kч=2%г% 2,2=…=. o%“ле "%““2=…%"-
ле…,  " !е=*2%!е %“2=‘2“  “Cе*ш,L“  Kл%* !е=*-
ц,%……%L м=““/ " ",де 2,2=…%"%L г3K*,, C!%C,-
2=……%L %“…%"…/м, C!,ме“ м, (м=г…,ем , .л%!,-
д%м м=г…, ). o%“лед…,е ,мею2 д%“2=2%ч…% "/“%-
*%е д="ле…,е C=!%" , C!, …=г!е"=…,, C%д "=*33-
м%м ,“C=! ю2“ , = ƒ=2ем *%…де…“,!3ю2“  " “Cе-
ц,=ль…%м 3“2!%L“2"е (*%…де…“=2%!е). o!%це““/ 
%“3?е“2"л ю2“  " =CC=!=2=. Cе!,%д,че“*%г% деL-
“2", . j%…“2!3*ц,  =CC=!=2%" "%““2=…%"ле…,  , 
“еC=!=ц,, C!ед3“м=2!,"=е2 !=ƒделе…,е !=K%чег% 
%KA‘м= *=›д%г% =CC=!=2= …= ƒ%…/ …=г!е"= (=CC=-
!=2 “еC=!=ц,,), …=г!е"= , .*ƒ%2е!м,че“*%L !е=*-
ц,, (=CC=!=2 "%““2=…%"ле…, ). u=!=*2е!…=  %“%-
Kе……%“2ь 2=*,. “,“2ем, *=* %KAе*2%" 3C!="ле…, , 
“%“2%,2 " C%дде!›=…,, C%ƒ,ц,%……/м, !ег3л 2%-
!=м, " *=›д%L ƒ%…е …=г!е"= (ƒ%…е !е=*ц,,) %C!е-
дел‘……%L 2емCе!=23!/ “ 2!еK3ем%L 2%ч…%“2ью. 
ŠемCе!=23!= ƒ%… …=г!е"= =CC=!=2%" "%““2=…%"ле-
…,  , “еC=!=ц,, !ег3л,!3е2“  C!,2%*%м .ле*2!,-
че“*%L .…е!г,,, C%“23C=ю?еL %2 …=г!е"=2елеL, = 
2емCе!=23!= ƒ%…/ .*ƒ%2е!м,че“*%L !е=*ц,, # %2-
2%*%м 2еCл%"%L .…е!г,, C%“!ед“2"%м “%ƒд="=ем%-
г% "е…2,л 2%!%м "%ƒд3ш…%г% %.л=›де…,  [1].

q,“2ем/ C%ƒ,ц,%……%г% !ег3л,!%"=…,  2емCе-
!=23!/ C!%це““%" "%““2=…%"ле…,  , “еC=!=ц,, 
!=K%2=ю2 " !е›,ме ="2%*%леK=…,L, C=!=ме2!/ 
*%2%!/. ƒ=",“ 2 %2 3“л%",L -3…*ц,%…,!%"=…, , 
"%““2=…%"ле…,  , “еC=!=ц,, , ,ƒме… ю2“  C!, 
,ƒме…е…,, …=г!3ƒ%* C!%,ƒ"%д“2"=. b%C!%“/ C%-
"/ше…,  *=че“2"= C%ƒ,ц,%……%г% 3C!="ле…,  2ем-

Cе!=23!…/м !е›,м%м C!%це““%" "%““2=…%"ле…,  
, "=*33м…%L “еC=!=ц,, ,““лед%"=…/ …ед%“2=2%ч-
…%, ч2% “3?е“2"е……% “…,›=е2 2е.…,*%-.*%…%м,-
че“*,е C%*=ƒ=2ел, C!%,ƒ"%д“2"= г3Kч=2%г% 2,2=-
…=. o%.2%м3 “%"е!ше…“2"%"=…,е “,“2ем 3C!="ле-
…,  2емCе!=23!…/м !е›,м%м C!%це““%"  "л е2“  
%д…%L ,ƒ =*23=ль…/. ƒ=д=ч C!%,ƒ"%д“2"= г3Kч=2%-
г% 2,2=…= [1].

nC2,м=ль…%е C%ƒ,ц,%……%е 3C!="ле…,е *=* “C%-
“%K C%"/ше…,  .--е*2,"…%“2, -3…*ц,%…,!%"=…,  
2е.…%л%г,че“*,. C!%це““%". nд…,м ,ƒ C32еL !е-
ше…,  3*=ƒ=……/. ƒ=д=ч  "л е2“  “%ƒд=…,е …%"%-
г% *л=““= “,“2ем ="2%м=2,ƒ=ц,, C!%,ƒ"%д“2"= 
г3Kч=2%г% 2,2=…= # %C2,м=ль…/. C%ƒ,ц,%……/. 
“,“2ем 3C!="ле…,  2емCе!=23!…/м !е›,м%м 
C!%це““%" "%““2=…%"ле…,  , "=*33м…%L “еC=!=-
ц,, [2]. Š=*,е “,“2ем/ 3C!="ле…,  д%л›…/ 3д%"-
ле2"%! 2ь д"3м %“…%"…/м 2!еK%"=…, м. q %д…%L 
“2%!%…/, …е%K.%д,м%, ч2%K/ %…, “ "/“%*%L 2%ч-
…%“2ью C%дде!›,"=л, ƒ=д=……/е ƒ…=че…,  2емCе-
!=23!/ дл  %Kе“Cече…,  “2=K,ль…%“2, 2е.…%л%-
г,че“*,. !е›,м%" C!%це““%" "%““2=…%"ле…,  , 
“еC=!=ц,,. q д!3г%L “2%!%…/, дл  ,…2е…“,-,*=-
ц,, C!%це““%" , “%*!=?е…,  ,. дл,2ель…%“2, 
.2, “,“2ем/ д%л›…/ ƒ= “ч‘2 3л3чше…,  *=че“2"= 
3C!="ле…,  %Kе“Cеч,"=2ь C%"/ше…,е " д%C3“2,-
м/. C!едел=. ƒ=д=……/. ƒ…=че…,L 2емCе!=23!/, 
2=* *=* …= C!=*2,*е ƒ=д=…,  !ег3л 2%!=м 2емCе-
!=23!/ …=ƒ…=ч=ю2 ƒ…=ч,2ель…% …,›е 2е%!е2,че-
“*, "%ƒм%›…/. ƒ…=че…,L.

o!, C!%,ƒ"%д“2"е г3Kч=2%г% 2,2=…= …е%K.%д,-
м% %“3?е“2"л 2ь K%льш%е *%л,че“2"% %Cе!=ц,L, 
"/C%л… ем/. “ 3ч=“2,ем 2е.…%л%г= # л,ц=, C!,-
…,м=ю?ег% !еше…,е (kop).
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Š=*, …=C!,ме!, %“%Kе……%“2ь %!г=…,ƒ=ц,, 
C!%,ƒ"%д“2"= г3Kч=2%г% 2,2=…= C!едC%л=г=е2 ƒ…=-
…,е “,23=ц,L -3…*ц,%…,!%"=…,  (qt) C!%це“-
“%" "%““2=…%"ле…,  , "=*33м…%L “еC=!=ц,, [3]: 
л,м,2,!3ю?,. “2=д,L C!%це““= "%““2=…%"ле…, , 
C%л%›е…,L ƒ%…/ .*ƒ%2е!м,че“*%L !е=*ц,, C% 
"/“%2е =CC=!=2= "%““2=…%"ле…, , 3“л%",L Cе!е-
д=ч, 2еCл= ,ƒ ƒ%…/ .*ƒ%2е!м,че“*%L !е=*ц,, " 
ƒ%…/ …=г!е"= =CC=!=2= "%““2=…%"ле…, , “2=д,L , 
м%ме…2= %*%…ч=…,  C!%це““= "=*33м…%L “еC=!=-
ц,,, !е›,м= %.л=›де…,  *%…де…“=2%!= =CC=!=2= 
“еC=!=ц,,.

nC!еделе…,е qt 2е.…%л%г,че“*,. C!%це““%" 
, C!,… 2,е %Cе!=2,"…/. !еше…,L " !е›,ме 
!е=ль…%г% "!еме…, деL“2"3ю?ег% C!%,ƒ"%д“2"= 
%“3?е“2"л е2 kop, ,“C%льƒ3  “"%, ƒ…=…, , %C/2, 
,…23,ц,ю. nд…=*% "% м…%г,. “л3ч= . ƒ…=…,L , 
,…23,ц,, 3 %C/2…%г% kop K/"=е2 …ед%“2=2%ч…% 
дл  %д…%ƒ…=ч…%L %це…*, *%…*!е2…%L qt , C!,-
… 2,  =де*"=2…%г% !еше…, . b !еƒ3ль2=2е %ш,K*, 
kop C!%,“.%д,2 “…,›е…,е C!%,ƒ"%д,2ель…%“2, 
2е.…%л%г,че“*,. C!%це““%" , *=че“2"= г3Kч=2%г% 
2,2=…=, C%"/ше…,е .…е!г%ƒ=2!=2.

b “" ƒ, “ .2,м …е%K.%д,м% !=ƒ!=K%2=2ь ,…-%!-
м=ц,%……/е “,“2ем/, %Kе“Cеч,"=ю?,е C%"/ше-
…,е .--е*2,"…%“2, деL“2",L kop (C%дде!›*3 
C!,… 2,  !еше…,L) ƒ= “ч‘2 ,де…2,-,*=ц,, qt 
C!%це““%" "%““2=…%"ле…,  , "=*33м…%L “еC=!=-
ц,, " C%ƒ,ц,%……/. “,“2ем=..

n“%Kе……%“2, 2е.…%л%г,че“*,. C!%це““%" , “,“-
2ем 3C!="ле…,  C!%,ƒ"%д“2"= г3Kч=2%г% 2,2=…=. 
oе!еч,“ле……/е …,›е %“%Kе……%“2, C!%,ƒ"%д“2"= 
“3?е“2"е……% ƒ=2!3д… ю2 !=ƒ!=K%2*3 “,“2ем %C2,-
м=ль…%г% 3C!="ле…,  [4].

hƒме…ч,"%“2ь C=!=ме2!%" =CC=!=2%" "%““2=-
…%"ле…,  , “еC=!=ц,,. b C!%це““е .*“Cл3=2=ц,, 
!е=*2%!/ 3дл,… ю2“ , 3ме…ьш=е2“  2%л?,…= ,. 
“2е…%*, ,ƒ…=ш,"=е2“  -32е!%"*= CечеL, " 3“л%-
", . =г!е““,"…/. “!ед “…,›=е2“  м%?…%“2ь …=-
г!е"=2елеL.

mе“2=ц,%…=!…%“2ь , …ел,…еL…%“2ь C!%це““%" 
*=* %KAе*2%" 3C!="ле…, . m= %KAе*2/ 3C!="ле-
…,  деL“2"3ю2 …е*%…2!%л,!3ем/е Cе!еме……/е 
"%ƒм3?е…, , "/ƒ"=……/е ,ƒме…е…,ем 2еCл%-,-
ƒ,че“*,. .=!=*2е!,“2,* !е=*ц,%……%L м=““/, 
е‘ “2!3*23!/, “%“2="= , *%…-,г3!=ц,,, ,ƒме…е-
…,ем 2еCл= .*ƒ%2е!м,че“*%L !е=*ц,, "%““2=-
…%"ле…,  2е2!=.л%!,д= 2,2=…= м=г…,ем , C%-
2!еKл ем%г% 2еCл= C!, "=*33м…%L %ч,“2*е г3K-
ч=2%г% 2,2=…= %2 C!,ме“еL м=г…,  , .л%!,д= 
м=г…, . q2=2,че“*,е , д,…=м,че“*,е .=!=*2е-
!,“2,*, ƒ%… …=г!е"= , ƒ%…/ !е=*ц,, !=ƒл,ч…/ 
…= !=ƒ…/. “2=д, . C!%це““%", .=!=*2е! ,. ,ƒ-
ме…е…,  …е C%дч,… е2“  *=*%м3-л,K% %C!еде-
л‘……%м3 ƒ=*%…3.

l…%г%ме!…%“2ь %KAе*2%" 3C!="ле…,  %K3“л%"-
ле…= м…%г%ƒ%……%L “,“2ем%L …=г!е"= =C-

C=!=2= “еC=!=ц,, , м…%г%ƒ%……/м, “,“2ем=м, 
…=г!е"= , %.л=›де…,  =CC=!=2= "%““2=…%"ле-
…,  “% ƒ…=ч,2ель…/м ч,“л%м "ƒ=,м%“" ƒ=……/., 
!=“C!едел‘……/. C% "!еме……/м , C!%“2!=…“2-
"е……/м *%%!д,…=2=м ".%д…/. , "/.%д…/. "е-
л,ч,…. 

b д,…=м,*е (" !е=ль…/. 3“л%", . .*“Cл3=2=-
ц,,) %2“32“2"3е2 =C!,%!…=  ,…-%!м=ц,  % 
-%!ме , “2еCе…, “" ƒ, "/.%д…/. "ел,ч,… =C-
C=!=2%" “ “%%2"е2“2"3ю?,м, ".%д…/м, "ел,-
ч,…=м,, *%2%!=  %д…%"!еме……% 3ч,2/"=л= K/ 
"л, …,е …= "/.%д…/е "ел,ч,…/ 2еCл%"/. !е-
›,м%" “%“ед…,. ƒ%… , …е*%…2!%л,!3ем/. "%ƒ-
м3?е…,L.

mел,…еL…%“2ь “,“2ем 3C!="ле…, . o!, “3?е-
“2"3ю?ем =CC=!=23!…%м %-%!мле…,, C!%це“-
“%" "%““2=…%"ле…,  , “еC=!=ц,, ,“C%л…,2ель-
…/м, ме.=…,ƒм=м, “л3›=2 !елеL…/е .леме…2/ 
(*%…2=*2%!/, C3“*=2ел,, *л=C=…/, д%ƒ=2%!/), 
*%2%!/е ,мею2 д"= !=K%ч,. C%л%›е…,  ("*лю-
че…% # "/*люче…%). }2% %K“2% 2ель“2"% C!ед%-
C!едел,л% C%ƒ,ц,%……/L C!,…ц,C 3C!="ле…,  
2е.…%л%г,че“*,м, C!%це““=м,. `"2%м=2,ƒ=ц,  
%“3?е“2"ле…= …= K=ƒе …ел,…еL…/. “,“2ем 3C!="-
ле…, , " *%2%!/. ƒ=д=……/е ƒ…=че…,  2емCе!=-
23!/ C%дде!›,"=ю2 д"3.C%ƒ,ц,%……/е !ег3л -
2%!/. p=K%ч,е !е›,м/ !ег3л,!%"=…,  2емCе!=-
23!/ " …ел,…еL…/. “,“2ем=. # “л%›…/е ="2%-
*%леK=2ель…/е C!%це““/, .=!=*2е!,ƒ3ю?,е“  
=“,мме2!,еL ="2%*%леK=…,L , %“2=2%ч…%L …е-
!="…%ме!…%“2ью, 2. е. ,мее2 ме“2% %ш,K*= !е-
г3л,!%"=…, , "ел,ч,…= , ƒ…=* *%2%!%L ме… ю2-
“  “л3ч=L…/м %K!=ƒ%м " .%де *=›д%г% ед,…,ч-
…%г% C!%це““= "%““2=…%"ле…,  , "=*33м…%L “е-
C=!=ц,,.

b цел%м м%›…% “ч,2=2ь, ч2% C!%це““/ "%““2=-
…%"ле…,  , "=*33м…%L “еC=!=ц,,  "л ю2“  м…%-
г%ме!…/м,, м…%г%“" ƒ…/м, …е“2=ц,%…=!…/м, 
…ел,…еL…/м, %KAе*2=м,, = “,“2ем/ 3C!="ле…,  
.2,м, %KAе*2=м, # м…%г%ме!…/м, м…%г%“" ƒ…/-
м, …е“2=ц,%…=!…/м, …ел,…еL…/м, “,“2ем=м, 
3C!="ле…,  [4].

hƒл%›е……/е "/ше %“%Kе……%“2, C!%,ƒ"%д“2"= 
г3Kч=2%г% 2,2=…= “",де2ель“2"3ю2 % “л%›…%“2, 
C!%це““%" "%““2=…%"ле…,  , “еC=!=ц,, *=* 
%KAе*2%" 3C!="ле…,  , " цел%м .=!=*2е!…/ дл  
3C!="ле…,  , %це…*, “%“2% …,  “,“2ем " 3“л%-
", . …е%C!едел‘……%“2, , …е“2=ц,%…=!…%“2,.

lе2%д%л%г,  “,…2еƒ= , =…=л,ƒ= %C2,м=ль…%г% 
C%ƒ,ц,%……%г% 3C!="ле…,  2е.…%л%г,че“*,м, C!%-
це““=м,. q3?е“2"3ю?,е ме2%д/ “,…2еƒ= , =…=л,-
ƒ= C%ƒ,ц,%……/. “,“2ем !ег3л,!%"=…,  [5] !=ƒ!=-
K%2=…/ C!,ме…,2ель…% * “!="…,2ель…% C!%“2/м 
“2=ц,%…=!…/м %KAе*2=м 3C!="ле…, . d,…=м,че-
“*,е “"%L“2"= %KAе*2%" C!едC%л=г=ю2“  ƒ=!=…ее 
,ƒ"е“2…/м,. p=K%ч,е !е›,м/ C%ƒ,ц,%……/. “,“-
2ем !ег3л,!%"=…,  # 3“2=…%","ш,е“  ="2%*%ле-
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K=…, . n“…%"…/е ƒ=д=ч, “,…2еƒ= , =…=л,ƒ= “,“-
2ем C%ƒ,ц,%……%г% !ег3л,!%"=…,  “%“2% 2 " 2%м, 
ч2%K/ C% ƒ=д=……%м3 д,--е!е…ц,=ль…%м3 3!="…е-
…,ю ,л, Cе!ед=2%ч…%L -3…*ц,, %KAе*2= %C!еде-
л,2ь C=!=ме2!/ 3“2=…%","ш,.“  ="2%*%леK=…,L 
, "/ “…,2ь, *=* ,. м%›…% ,ƒме…,2ь " “%%2"е2“2-
",, “ C!едA "л ем/м, * %KAе*23 3C!="ле…,  2!е-
K%"=…, м,.

d,…=м,че“*,е “"%L“2"= C!%це““%" "%““2=…%"-
ле…,  , "=*33м…%L “еC=!=ц,, =C!,%!, …е,ƒ-
"е“2…/ [4]. o%ƒ,ц,%……/е “,“2ем/ 3C!="ле…,  
2=*,м, %KAе*2=м, !=K%2=ю2 " Cе!е.%д…/. !е›,-
м=., *%2%!/е .=!=*2е!,ƒ3ю2“  ="2%*%леK=…, м, 
“л%›…%L -%!м/ “ Cе!еме……/м, C=!=ме2!=м,. 
o!, .2%м д%л›…% %Kе“Cеч,"=2ь“  3л3чше…,е *=-
че“2"= 3C!="ле…,  (“…,›е…,е =мCл,23д/ ="2%-
*%леK=…,L), 2. е. .--е*2,"…%е -3…*ц,%…,!%"=-
…,е 2е.…%л%г,че“*,. %KAе*2%" " 3“л%", . ,ƒме-
…е…,  ,. д,…=м,че“*,. “"%L“2" , деL“2",  …е-
*%…2!%л,!3ем/. "%ƒм3?е…,L. hƒ"е“2…/е ме2%-
д/ 2е%!,, C%ƒ,ц,%……%г% !ег3л,!%"=…,  …е-
C!,емлем/ дл  !еше…,  .2%L C!%Kлем/ [5]. 
o%.2%м3 2!еK3е2“  д=ль…еLшее !=ƒ",2,е 2е%!,, 
C%ƒ,ц,%……%г% !ег3л,!%"=…,  , !=ƒ!=K%2*= …= е‘ 
%“…%"е ме2%д%" “,…2еƒ= , =…=л,ƒ= “,“2ем %C2,-
м=ль…%г% C%ƒ,ц,%……%г% 3C!="ле…,  2е.…%л%г,-
че“*,м, C!%це““=м, " 3“л%", . …еC%л…%L =C-
!,%!…%L ,…-%!м=ц,, %K ,. д,…=м,*е. o!едл=-
г=ем=  ме2%д%л%г,  "*люч=е2 “лед3ю?,е %“…%"-
…/е .2=C/ [6].

o%“2!%е…,е м=2ем=2,че“*,. м%делеL д,…=м,*, 
C!%це““%" "%““2=…%"ле…,  , "=*33м…%L “еC=!=ц,,. 
m= д=……%м .2=Cе %C!едел ю2 “2!3*23!/ , C=!=-
ме2!/ м=2ем=2,че“*,. м%делеL 2е.…%л%г,че“*,. 
C!%це““%", *%2%!/е !=““м=2!,"=ю2 *=* …е“2=-
ц,%…=!…/е %KAе*2/ Cе!"%г% C%! д*= “ “=м%"/-
!="…,"=…,ем ,л, Kеƒ …ег%, %C,“/"=ем/м, д,--
-е!е…ц,=ль…/м, 3!="…е…, м, “ Cе!еме……/м, 
*%.--,ц,е…2=м,. o!%це““/ C%ƒ,ц,%……%г% 3C!="-
ле…,  2емCе!=23!%L (="2%*%леK=2ель…/е !е›,-
м/) дл  *=›д%L ,ƒ м%делеL д,…=м,*, %C,“/"=-
ю2 “%%2"е2“2"3ю?еL “,“2ем%L *%…еч…/. 3!="…е-
…,L, “" ƒ/"=ю?,. C=!=ме2!/ ="2%*%леK=…,L 
, …е,ƒ"е“2…/е *%.--,ц,е…2/ м=2ем=2,че“*,. 
м%делеL. p=ƒ!=K=2/"=ю2 ме2%д/ !еше…,  “,“2ем 
*%…еч…/. 3!="…е…,L (=лг%!,2м/ ,де…2,-,*=-
ц,,), “ C%м%?ью *%2%!/. C% ,ƒме!е……/м ƒ…=-
че…, м C=!=ме2!%" ="2%*%леK=…,L "/ч,“л ю2 
…е,ƒ"е“2…/е *%.--,ц,е…2/ м%делеL д,…=м,*, 
%KAе*2%" (C%“2% ……/е "!еме…,, *%.--,ц,е…-
2/ 3“,ле…, , ƒ=C=ƒд/"=…, , "%ƒм3?е…, ). o!%-
"е! ю2 =де*"=2…%“2ь м=2ем=2,че“*,. м%делеL 
д,…=м,*, !е=ль…/м 2е.…%л%г,че“*,м C!%-
це““=м.

q,…2еƒ %C2,м=ль…/. C%ƒ,ц,%……/. “,“2ем 
3C!="ле…,  C!%це““=м, "%““2=…%"ле…,  , "=*33м-
…%L “еC=!=ц,,. q C!,ме…е…,ем м=2ем=2,че“*,. 

м%делеL д,…=м,*, , “,“2ем *%…еч…/. 3!="…е-
…,L -%!м3л,!3ю2 ƒ=д=ч, %C2,м=ль…%г% C%ƒ,-
ц,%……%г% 3C!="ле…,  2е.…%л%г,че“*,м, C!%-
це““=м,, "/K,!=ю2 *!,2е!,, *=че“2"= 3C-!="-
ле…,  , %г!=…,че…, . p=ƒ!=K=2/"=ю2 =лг%!,2м/ 
-3…*ц,%…,!%"=…,  , “2!3*23!/ C%ƒ,ц,%……/. 
“,“2ем 3C!="ле…,  2емCе!=23!%L " ƒ=",“,м%“2, 
%2 ƒ=д=ч %C2,м=ль…%г% 3C!="ле…,  (*%мK,…,!%-
"=……= , =д=C2,"…= , ,мC3ль“…= ), %C!едел ю2 
%C2,м=ль…/е …=“2!%еч…/е C=!=ме2!/ C%ƒ,-
ц,%……/. “,“2ем. o!ед"=!,2ель…% %це…,"=ю2 
*=че“2"% C%ƒ,ц,%……%г% 3C!="ле…,  C% !еƒ3ль-
2=2=м ,м,2=ц,%……%г% м%дел,!%"=…,  , =…=л,-
2,че“*,. !=“ч‘2%". o!, C%л%›,2ель…/. !еƒ3ль-
2=2=. "*люч=ю2 C%ƒ,ц,%……3ю “,“2ем3 3C!="ле-
…, .

o%“2!%е…,е м=2ем=2,че“*,. м%делеL, %C,“/-
"=ю?,. qt 2е.…%л%г,че“*,. C!%це““%". mе“2=-
ц,%…=!…%“2ь , …ел,…еL…%“2ь 2е.…%л%г,че“*,. 
C!%це““%" %2!=›=ю2“  …= !е›,м=. -3…*ц,%-
…,!%"=…,  C%ƒ,ц,%……%L “,“2ем/ 3C!="ле…, , 
*%2%!/е, *=* 3›е %2меч=л%“ь, .=!=*2е!,ƒ3ю2“  
="2%*%леK=…, м, 2емCе!=23!/ “л%›…%L -%!-
м/ “ Cе!еме……/м, C=!=ме2!=м,. b д=……%м “л3-
ч=е ,“C%льƒ3ю2“  3*=ƒ=……/е "/ше м=2ем=2,че-
“*,е м%дел,, " *%2%!/. qt %2“ле›,"=ю2 C% 
,ƒме…е…,ю "%ƒм3?=ю?,. "%ƒдеL“2",L: "/де-
л ем%г% 2еCл= .*ƒ%2е!м,че“*%L !е=*ц,, "%““2=-
…%"ле…,  2е2!=.л%!,д= 2,2=…= м=г…,ем, C%2!еK-
л ем%г% 2еCл= …= "=*33м…3ю %ч,“2*3 г3Kч=2%г% 
2,2=…= %2 C!,ме“еL м=г…,  , .л%!,д= м=г…, . 
q C!,ме…е…,ем м%делеL “%“2="л ю2 =…=л,2,че“-
*,е %C,“=…,  ="2%*%леK=2ель…/. !е›,м%", .=-
!=*2е!,ƒ3ю?,е qt 2е.…%л%г,че“*,. C!%це““%". 
o!%"%д 2 *=че“2"е……/L =…=л,ƒ ="2%*%леK=2ель-
…/. !е›,м%" дл  3“2=…%"ле…,  2е*3?,. qt , 
C!%"е! ю2 =де*"=2…%“2ь м=2ем=2,че“*,. м%де-
леL !е=ль…/м qt. 

q,…2еƒ ,…-%!м=ц,%……/. “,“2ем C%дде!›*, 
3C!="ле…,  2е.…%л%г,че“*,м, C!%це““=м,. p=ƒ!=K=-
2/"=ю2 =лг%!,2м/ ,де…2,-,*=ц,, qt 2е.…%л%-
г,че“*,. C!%це““%" " C%ƒ,ц,%……/. “,“2ем=. 
3C!="ле…, . o!, .2%м C=!=ме2!/ ="2%*%леK=…,L 
2емCе!=23!/ “л3›=2 ,де…2,-,*=ц,%……/м, C!,-
ƒ…=*=м, дл  %C!еделе…,  qt C!%це““%" "%““2=-
…%"ле…,  , "=*33м…%L “еC=!=ц,,. pеƒ3ль2=2/ 
,де…2,-,*=ц,, ,“C%льƒ3ю2“  " `qrŠo дл  ,…-
-%!м=ц,%……%L C%дде!›*, kop C!, %C!еделе…,, 
2е*3?,. qt 2е.…%л%г,че“*,. C!%це““%", = 2=*›е 
дл  !=ƒ!=K%2*, “,“2ем ="2%м=2,че“*%г% 3C!="ле-
…,  qt [7].

g=*люче…,е. q%ƒд=…,е , "…ед!е…,е %C2,м=ль-
…/. C%ƒ,ц,%……/. “,“2ем 3C!="ле…,  2емCе!=-
23!…/м !е›,м%м C!%це““%" "%““2=…%"ле…,  , 
"=*33м…%L “еC=!=ц,, 3л3чш,л, 2е.…,*%-.*%…%-
м,че“*,е C%*=ƒ=2ел, C!%,ƒ"%д“2"= г3Kч=2%г% 2,-
2=…= [8]: C%"/“,л=“ь C!%,ƒ"%д,2ель…%“2ь C!%це“-
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“%", 3л3чш,л%“ь *=че“2"% г3Kч=2%г% 2,2=…=, “…,-
ƒ,л,“ь .…е!г%ƒ=2!=2/, 3"ел,ч,л“  “!%* “л3›K/ 
2е.…%л%г,че“*%г% %K%!3д%"=…, . o!едл%›е……/е 
C%д.%д/ м%›…% C!,ме… 2ь дл  “,…2еƒ= , =…=л,ƒ= 
C%ƒ,ц,%……%г% 3C!="ле…,  “л%›…/м, 2е.…%л%г,-
че“*,м, %KAе*2=м, " !=ƒл,ч…/. %2!=“л . C!%-
м/шле……%“2,.
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p=““м=2!,"=е2“  "%ƒм%›…%“2ь м%дел,!%"=…,  C!%це““= 3C!="ле…,  …=3ч…/м, ,““лед%"=-
…, м,, ,“C%льƒ3  ме2%д%л%г,ю м%дел,!%"=…,  IDEF0. r*=ƒ=……=  ме2%д%л%г,  C%ƒ"%л е2 
-%!м=л,ƒ%"=2ь д=……/L C!%це““ " г!=-,че“*%м , 2=Kл,ч…%м ",де. }2= -%!м=л,ƒ=ц,   "л -
е2“  %“…%"%L дл  “%ƒд=…,  !ел ц,%……%L K=ƒ/ д=……/. “ C%“лед3ю?еL ="2%м=2,ƒ=ц,еL C!ед-
“2="ле……%г% C!%це““=.

jлюче"/е “л%"=: 3C!="ле…,е …=3ч…/м, ,““лед%"=…, м,, …=3ч…%-,““лед%"=2ель“*=  !=K%2=, 
2е.…,че“*%е ƒ=д=…,е, м%дел,!%"=…,е C!%це““%".

Control process modeling possibility of the scientific researches control process by using modeling methodology 
IDEF0 is considered. This methodology allows given process to formalize in the graphic and tabular type. This 
formalization represents basis for relational data base creature with subsequent presented process 
automation.

Key words: scientific researches control, research work, technical task, processes modeling.

q !=ƒ",2,ем 2е.…%л%г,L "“е K%льше "…,м=…,  
3дел е2“  3C!="ле…,ю …=3ч…/м, ,““лед%"=…, м,. 
o!, .2%м …=3ч…%е ,““лед%"=…,е м%›…% !=““м=2!,-
"=2ь *=* K,ƒ…е“-C!%це““, C%д%K…% *%2%!%м3 %…% 
…=целе…% …= C%л3че…,е !еƒ3ль2=2= " 3“2=…%"ле……/е 
“!%*, “ ,“C%льƒ%"=…,ем "/деле……/. !е“3!“%". b 
!=м*=. C!%це““= 3C!="ле…,  …=3ч…/м, ,““лед%"=-
…, м, …е%K.%д,м% !еш=2ь 2=*,е ƒ=д=ч,, *=*:

"/ "ле…,е &3ƒ*,.[ ме“2 , …=.%›де…,е C32еL ,. 
л,*",д=ц,,;

%C2,м,ƒ=ц,  %2дель…/. .2=C%" , "“ег% C!%це“-
“= " цел%м;

%2“ле›,"=…,е “!%*%" "/C%л…е…,  " “%%2"е2“2-
",, “ *=ле…д=!…/м, Cл=…=м,;

3C!="ле…,е ƒ=г!3ƒ*%L Cе!“%…=л=;
*%…2!%ль …=д %“3?е“2"ле…,ем C!%це““= " “%%2-

"е2“2",, “ cnqŠ 15.1.101#98. 
n“…%"%L дл  м%дел,!%"=…,  C!%це““= 3C!="ле-

…,  …=3ч…/м, ,““лед%"=…, м,  "л ю2“  2е.…,-
че“*%е ƒ=д=…,е (Šg) , *=ле…д=!…/L Cл=… C!%"е-
де…,  …=3ч…%-,““лед%"=2ель“*%L !=K%2/ (mhp). 
Šg “%де!›,2:

%K%“…%"=…,е C!%"еде…,  mhp; 
“"еде…,  % г%л%"…%м ,“C%л…,2еле , “%,“C%л-

…,2ел . mhp;
цел, "/C%л…е…,  mhp , %“…%"…/е 2!еK%"=…,  

* е‘ "/C%л…е…,ю;
2е.…,*%-.*%…%м,че“*,е C%*=ƒ=2ел,, *%2%!/е 

д%л›…/ K/2ь C%л3че…/ " !еƒ3ль2=2%е "/C%л…е…,  
mhp; 

Cе!ече…ь .2=C%", “%де!›=…,е "/C%л… ем/. !=-
K%2, = 2=*›е “!%*, ,. "/C%л…е…,  , “2%,м%“2ь 
*=›д%г% .2=C=; 

C!едC%л=г=ем%е ,“C%льƒ%"=…,е !еƒ3ль2=2%" 
mhp; 

C%! д%* “д=ч,-C!,‘м*, mhp. 
o!%це““ "/C%л…е…,  mhp C!%"%д,2“  …= %“-

…%"е *=ле…д=!…%г% Cл=…= C!%"еде…,  mhp “%гл=“-
…% C. 4.4 cnqŠ 15.1.101#98. 

o!%це““ 3C!="ле…,  …=3ч…/м, ,““лед%"=…, -
м, м%›…% C!ед“2=",2ь " ",де м%дел,. o!, .2%м 
м%дел, м%г32 K/2ь 2е*“2%"/м,, м=2ем=2,че“*,-
м,, 2=Kл,ч…/м, , г!=-,че“*,м, [1]. j=›д/L 
2,C м%дел, ,мее2 *=* C!е,м3?е“2"=, 2=* , …е-
д%“2=2*, , C%2%м3, *=* C!=",л%, ,“C%льƒ3ю2“  
“меш=……/е 2,C/. dл  ="2%м=2,ƒ=ц,, 3C!="ле-
…,  …=3ч…%-,““лед%"=2ель“*%L !=K%2%L C!едC%ч-
2,2ель…ее ,“C%льƒ%"=2ь 2=Kл,ч…3ю м%дель “ C%-
“лед3ю?,м е‘ Cе!е"%д%м " !ел ц,%……3ю K=ƒ3 
д=……/.. 

dл  K%льшеL “%C! ›‘……%“2, 2=Kл,ч…%г% , г!=-
-,че“*%г% ",д= м%дел, “2%лKц/ м%›…% “%C%“2=-
",2ь “ .леме…2=м, ме2%д%л%г,, IDEF0 “емеL“2"= 
IDEF (ICAM Definition), %“…%"=……%L …= C%д.%де 
SADT (Structured Analysis and Design Technique # 
2е.…%л%г,, “2!3*23!…%г% =…=л,ƒ= , C!%е*2,!%"=-
…, ) , !=ƒ!=K%2=……%L d3гл=“%м Š. p%““%м " …=ч=-
ле 1970-. гг. " !=м*=. C!%г!=мм/ ,…2ег!,!%"=…-
…%L *%мCью2е!…%L C%дде!›*, C!%,ƒ"%д“2"= 
ICAM (Integrated Computer Aided Manufacturing) 
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[2]. n“…%"…/м %KAе*2%м д,=г!=мм/ C!%це““%" " 
…%2=ц,, IDEF0  "л е2“  %KAе*2 Activity, C!ед-
“2="л ю?,L “%K%L Kл%* " ",де че2/!‘.3г%ль…,-
*=, %K%ƒ…=ч=ю?ег% -3…*ц,ю (!=K%23, деL“2",е, 
%Cе!=ц,ю). j=›д3ю -3…*ц,ю м%›…% !=““м=2!,-
"=2ь " *=че“2"е …е*%2%!%г% C!%це““=. m= "е!.…ем 
3!%"…е *=›д/L C!%це““ м%›е2 K/2ь !=““м%2!е… 
*=* œч‘!…/L  ?,*B. t3…*ц,  ,ме…3е2“  гл=г%л%м 
,л, %2гл=г%ль…/м “3?е“2",2ель…/м, .=!=*2е!,-
ƒ3ю?,м деL“2",е, C!%,ƒ"%д,м%е …=д %KAе*2%м.

aл%*, !=ƒме?=ю2“  …= д,=г!=мме " “%%2"е2“2-
",, “ C!,…ц,C%м д%м,…,!%"=…,  # K%лее "=›-
…/L (“ 2%ч*, ƒ!е…,  ="2%!=) ,л, K%лее !=……,L " 
C!%це““е ƒ=…,м=е2 "е!.…,L ле"/L 3г%л, = ме…ее 
"=›…/L ,л, C%“лед…,L # C!="/L …,›…,L.

d!3г%L %“…%"…%L “%“2="л ю?еL “2=…д=!2= 
IDEF0  "л ю2“  “2!ел*,. q2!ел*= ,ме…3е2“  “3-
?е“2",2ель…/м, .=!=*2е!,ƒ3ю?,м “2=23“ %KAе*-
2=. j=›д%L “2%!%…е че2/!‘.3г%ль…,*= (-3…*ц,,) 
“%%2"е2“2"3е2 %C!едел‘……/L 2,C “2!ел%* ("“ег% 5 
2,C%"): 

b.%д (Input) # м=2е!,=ль…/е !е“3!“/ ,л, ,…-
-%!м=ц, , ,“C%льƒ3ем/е , C!е%K!=ƒ3ем/е !=K%-
2%L. hƒ%K!=›=е2“  " ",де “2!ел*,, ".%д ?еL " 
ле"3ю г!=…ь че2/!‘.3г%ль…,*=. p=K%2= м%›е2 …е 
,ме2ь …, %д…%г% ".%д=;

rC!="ле…,е (Control) # ,…-%!м=ц,%……/е C%-
2%*, (…%!м=2,"…/е д%*3ме…2/, “2=…д=!2/, Šg), 
!егл=ме…2,!3ю?,е "/C%л…е…,е !=K%2. hƒ%K!=-
›=е2“  " ",де “2!ел*,, ".%д ?еL " "е!.…юю г!=…ь 
че2/!‘.3г%ль…,*=. p=K%2= д%л›…= ,ме2ь .%2  K/ 
%д…% 3C!="л ю?ее "%ƒдеL“2",е; 

b/.%д (Output) # г%2%"=  C!%д3*ц,  ,л, ,…-
-%!м=ц, , C%л3ч=ем/е " !еƒ3ль2=2е !=K%2/. hƒ%-
K!=›=е2“  " ",де “2!ел*,, "/.%д ?еL ,ƒ C!="%L 
г!=…, че2/!‘.3г%ль…,*=. p=K%2= д%л›…= ,ме2ь 
.%2  K/ %д,… "/.%д;

lе.=…,ƒм (Mechanism) # Cе!“%…=л, ,…-!=“2!3*-
23!= (,…-%!м=ц,%……/е “,“2ем/, %K%!3д%"=…,е), 
"/C%л… ю?,е !=K%23. hƒ%K!=›=е2“  " ",де “2!ел-
*,, ".%д ?еL " …,›…юю г!=…ь че2/!‘.3г%ль…,*=. 
p=K%2= м%›е2 …е ,ме2ь …, %д…%г% ме.=…,ƒм=;

b/ƒ%" (Call) # “Cец,=ль…=  “2!ел*=, 3*=ƒ/"=ю-
?=  …= д!3г3ю !=K%23, "/C%л… ем3ю ƒ= C!едел=-
м, м%дел,!3ем%L “,“2ем/. 

dл  K%лее .--е*2,"…%L !=K%2/ “ г!=…,ч…/м, 
“2!ел*=м, …= д,=г!=мме ,. C%дC,“/"=ю2 Cе!"/-
м, K3*"=м, %2 …=ƒ"=…,  Cе!"/. че2/!‘. 2,C%" 
(Input, Control, Output, Mechanism) # 2=* …=ƒ/-
"=ем/L ICOM-*%д. 

l%дел,!%"=…,е C!%це““%" " …%2=ц,, IDEF0 
…=ч,…=е2“  “ “%ƒд=…,  *%…2е*“2…%L (гл="…%L) 
д,=г!=мм/ (!,“. 1), *%2%!=  %C,“/"=е2 де 2ель-
…%“2ь %!г=…,ƒ=ц,, ,л, C!%це““= " цел%м.

m= *%…2е*“2…%L д,=г!=мме ,ƒ%K!=›=е2“  2%ль-
*% %д…= -3…*ц, , д=лее %…= де*%мC%ƒ,!3е2“  (де-
2=л,ƒ,!3е2“ ) …= е‘ “%“2="л ю?,е. m= %д…%L д,=-
г!=мме м%›е2 K/2ь …е ме…ее 2!‘. , …е K%лее ше“-
2, -3…*ц,L. q *=›д%L “2%!%…/ " -3…*ц,ю м%г32 
".%д,2ь , "/.%д,2ь …е K%лее ше“2, “2!ел%*. 

dл  %2%K!=›е…,  Cе!ед=ч, !е“3!“%" ,л, ,…-
-%!м=ц,, %2 %д…%L -3…*ц,, * д!3г%L ,“C%льƒ3-
ю2“  “" ƒ,. q3?е“2"3ю2 2!, C! м/е , д"е %K!=2-
…/е “" ƒ,. 

p,“. 1. t%!м,!%"=…,е м%дел, C!%це““=
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q" ƒь C% ".%д3 # г%2%"/L C!%д3*2, C!%,ƒ"е-
д‘……/L …= C!ед/д3?еL !=K%2е, ,“C%льƒ3е2“  *=* 
!е“3!“ " C%“лед3ю?еL !=K%2е. 

q" ƒь C% 3C!="ле…,ю # г%2%"/L C!%д3*2, C!%-
,ƒ"ед‘……/L …= C!ед/д3?еL !=K%2е, ,“C%льƒ3е2“  
*=* 3C!="л ю?ее "%ƒдеL“2",е дл  C%“лед3ю?еL 
!=K%2/. 

q" ƒь "/.%д-ме.=…,ƒм # г%2%"/L C!%д3*2, C!%-
,ƒ"ед‘……/L …= C!ед/д3?еL !=K%2е, ,“C%льƒ3е2“  
*=* ,…“2!3ме…2=!,L " C%“лед3ю?еL !=K%2е.

nK!=2…=  “" ƒь C% ".%д3 # ,“C%льƒ3е2“  дл  
%C,“=…,  ц,*л%" ,л, *%!!е*2,!%"*,, Cе!е!=K%2-
*, C!%д3*2=.

nK!=2…=  “" ƒь C% 3C!="ле…,ю # ,“C%льƒ3е2“  
дл  *%!!е*2,!%"*, ,л, д%C%л…е…,  3C!="л ю?е-
г% "%ƒдеL“2",  " C!ед/д3?еL !=K%2е C%“ле !е=л,-
ƒ=ц,, , =…=л,ƒ= C%“лед3ю?еL !=K%2/.

cл="…=  д,=г!=мм= , Cе!"/L 3!%"е…ь де*%мC%-
ƒ,ц,, м%дел, " …%2=ц,, IDEF0 C!ед“2="ле…= …= 

!,“. 2 , 3 “%%2"е2“2"е……%, = ,. 2=Kл,ч…/L "=!,-
=…2 " 2=Kл,це.

dл  ="2%м=2,ƒ=ц,, 3C!="ле…,  …е%K.%д,м% "/-
C%л…22ь де*%мC%ƒ,ц,ю !=K%2 ̀ 0#1, ̀ 0#2, ̀ 0#3 , 
д%C%л…,2ь 2=Kл,ц3 “2%лKц=м, &lе.=…,ƒм[, &rC-
!="ле…,е[, &dл,2ель…%“2ь[ (" “2=2ье 2=Kл,ц= …е 
C!,"%д,2“  ,ƒ-ƒ= е‘ ƒ…=ч,2ель…%г% !=ƒме!=). 
“чеL*, &b.%д[, &lе.=…,ƒм[, &b/.%д[ “лед3е2 
“дел=2ь д"%L…/м,, " Cе!"%L ч=“2,  чее* м%›…% 
3*=ƒ=2ь …=ƒ"=…,е !е“3!“= , …=,ме…%"=…,е C!%д3*-
2= “ ед,…,ц=м, ,. ,ƒме!е…, , = "% "2%!%L ч=“2, 
# д=2ь *%л,че“2"е……3ю %це…*3. g…= , “*%ль*% 
2!еK3е2“  !е“3!“%" дл  ,ƒг%2%"ле…,  ед,…,ц/ 
C!%д3*2=, C% ƒ=д=……%м3 "/.%д3 м%›…% %C!едел,2ь 
%K?,L %KA‘м !е“3!“%". q2%лKец &rC!="ле…,е[ “%-
де!›,2 ,…-%!м=ц,ю C% !егл=ме…2,!3ю?,м д%-
*3ме…2=м: 2е.…,че“*%м3 ƒ=д=…,ю , *=ле…д=!…%м3 
Cл=…3. q2%лKец &dл,2ель…%“2ь[ ƒ=C%л… е2“  " “%-
%2"е2“2",, “ *=ле…д=!…/м Cл=…%м. 

t%!м=л,ƒ%"=……=  м%дель …=3ч…% ,““лед%"=2ель“*,. !=K%2

p=K%2= t3…*ц, b.%д b/.%д

`0
rC!="ле…,е  …=3ч…/м,  
,““лед%"=…, м,

# n2ч‘2 % "/C%л…е…,е mhp

`0#1 b/K%! …=C!="ле…,  ,““лед%"=…, #
o!%ме›32%ч…/L %2ч‘2 % "/K%!е 
…=C!="ле…,  ,““лед%"=…, 

`0#2
Šе%!е2,че“*,е , .*“Cе!,ме…2=ль-
…/е ,““лед%"=…,  C%“2="ле……/. 
Cе!ед mhp ƒ=д=ч

o!%ме›32%ч…/L %2ч‘2 
% "/K%!е …=C!="ле…,  
,““лед%"=…, 

o!%ме›32%ч…/L %2ч‘2 % "/K%!е 
…=C!="ле…,  ,““лед%"=…, 

`0#3
nK%K?е…,е , %це…*= !еƒ3ль2=2%" 
,““лед%"=…,L

o!%ме›32%ч…/L %2ч‘2 % 
C!%"еде……/. ,““лед%"=…, .

n2ч‘2 % "/C%л…е…,, mhp

p,“. 2. cл="…=  д,=г!=мм= м%дел, C!%це““=
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nче",д…%, ч2% “" ƒ, " 2=Kл,це м%›…% !=“C%-
ƒ…=2ь, *=* %д…%,м‘……/е “2!ел*,, "/.%д ?ее ,ƒ 
%д…,. !=K%2 , ".%д ?,е " д!3г,е. Š=*, дл  !еше-
…,  ƒ=д=ч, ="2%м=2,ƒ=ц,,, “" ƒь C% ".%д3 &pе-
ƒ3ль2=2/ ,““лед%"=…,L[ (!,“. 3), "%ƒм%›…% ƒ=C,-
“=2ь " -%!м=2е &OA2IA3[. Š% е“2ь, “" ƒь ,ƒ "/.%-
д= (O # Output) !=K%2/ A2 (“%*!=?е……=  -%!м= 
ƒ=C,“, !=K%2/ A0#2) …= ".%д (I # Input) !=K%2/ 
A3 (“%*!=?‘……=  -%!м= ƒ=C,“, !=K%2/ A0#3).

dл  %C2,м,ƒ=ц,, 3C!="ле…,  Kюд›е2%м целе-
“%%K!=ƒ…% ,“C%льƒ%"=2ь -3…*ц,%…=ль…%-“2%,м%-
“2…/L =…=л,ƒ. d=……/L ме2%д =…=л,ƒ= C%“2!%е… 
…= *=ль*3л ц,, це…2!%" ƒ=2!=2 (" 2=Kл,це “2%лK-
ц/ &b.%д[ , &lе.=…,ƒм[). dл  ="2%м=2,ƒ=ц,, 
3C!="ле…,  ƒ=2!=2=м, "%ƒм%›…% "%“C%льƒ%"=2ь“  
*=* “%K“2"е……/м, !еше…, м,, 2=* , C!%г!=мм-
…/м %Kе“Cече…,ем “2%!%……,. !=ƒ!=K%2ч,*%", …=-
C!,ме! C!%г!=мм…/м C!%д3*2%м bho-j%“2,…г 
*%мC=…,, &bho `…=2е.[ [3].

o!%"еде…,е м%дел,!%"=…,  C!%це““= 3C!="ле-
…,  …=3ч…/м, ,““лед%"=…, м, …= %“…%"е м%дел, 

K,ƒ…е“-C!%це““%" %Kе“Cеч,"=е2 C% *=›д%м3 .2=C3 
Cл=…,!%"=…,е !=K%2, *%…2!%ль ,. ,“C%л…е…, , = 
2=*›е =…=л,ƒ м=2е!,=ль…/. ƒ=2!=2 " цел%м , C% 
*=›д%L !=K%2е %2дель…%. q 3ч‘2%м 2%г%, ч2% ,“-
C%льƒ3ем=  д%*3ме…2=ц,  !=ƒ!=K%2=…= C% cnqŠ 
15.101#98, %Kе“Cеч,"=ю2“  C!=*2,че“*, "“е ",д/ 
,““лед%"=…,L. }2% C%ƒ"%л е2 C!%"%д,2ь м%дел,-
!%"=…,е C!%це““= 3C!="ле…,  …=3ч…/м, ,““лед%-
"=…, м, !=ƒл,ч…/. mhp C% ед,…%L “.еме, ,“-
C%льƒ%"=2ь 3…,"е!“=ль…3ю д%*3ме…2=ц,ю , %д,-
…=*%"/L C%д.%д * C!%цед3!=м ,. C!%"еде…, .

a,Kл,%г!=-,че“*,е ““/л*,

1. j=л …%" c.m. l%дел,!%"=…,е, =…=л,ƒ, !е%!г=…,-
ƒ=ц,  , ="2%м=2,ƒ=ц,  K,ƒ…е“-C!%це““%". l.: t,…=…-
“/ , “2=2,“2,*=, 2006. 240 c.

2. )е!ем…/. q.b., p3ч*,… b.q., qеме…%" h.n. l%де-
л,!%"=…,е , =…=л,ƒ “,“2ем: IDEF-2е.…%л%г,,. l.: t,-
…=…“/ , “2=2,“2,*=, 2002. 192 “.

3. h"ле" b.`., o%C%"= Š.b. ABC/ABM/ABB # ме2%-
д/ , “,“2ем/. l.: 1q-o=Kл,ш,…г, 2004. 192 “. 

p,“. 3. d%че!…   д,=г!=мм= м%дел, C!%це““=

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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`bŠnl`Šhg`0h“ b{anp` p`0hnm`k|m{u o`p`leŠpnb          
opnhgbndqŠbemmni qhqŠel{ 

 p=““м%2!е…% м%дел,!%"=…,е C!%,ƒ"%д“2"е……%L “,“2ем/ “ 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…= 
ƒ=д=ч= "/K%!= !=ц,%…=ль…/. C=!=ме2!%" “,“2ем/ , C!едл%›е… ме2%д е‘ !еше…, .

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

Production system modeling taking into account equipment and details, personnel qualification 
as well as given technological process is considered is introduced. Selection task of the system 
efficient parameters is defined and its decision method is proposed.

Key words: technological possibilities, mathematical modeling, control basic task, technical and 
economic requests, optimization, efficient parameters.

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 ƒ=",“ 2 %2 *%…*!е2…%-
г% ",д= C!%д3*ц,,, "/C3“*=ем%L …= C!едC!, 2,,. 
o!, !еше…,, ƒ=д=ч, “2!3*23!…%L Cе!е“2!%L*, 
…е%K.%д,м% C%л3ч,2ь %2"е2 …= "%C!%“: м%›е2 л, 
д=……%е C!едC!, 2,е C!%,ƒ"%д,2ь , "/C3“*=2ь ƒ=-
д=……3ю C!%д3*ц,ю , " *=*%м *%л,че“2"е " ед,-
…,ц3 "!еме…, [1]. 

dл  %2"е2= 2!еK3е2“  ,…-%!м=ц, , *%2%!=  ƒ=-
",“,2 %2 C%“2=…%"*, ƒ=д=ч,:

*=*%"/ C%*=ƒ=2ел, !=K%2/ C!%,ƒ"%д“2"е……%L 
“,“2ем/ C!, ƒ=д=……/. ".%д…/. ƒ…=че…, . C=!=-
ме2!%" , .=!=*2е!,“2,* .2%L “,“2ем/ (ƒ=д=ч= м%-
дел,!%"=…, ). o!, .2%м %C!едел ю2“  C!,…ц,-
C,=ль…=  "%ƒм%›…%“2ь C!%,ƒ"%д“2"= ƒ=д=……%г% 
,ƒдел,  …= *%…*!е2…%м C!едC!, 2,,, "!ем  , 
“2%,м%“2ь ,ƒг%2%"ле…,  ƒ=д=……%г% *%л,че“2"= ,ƒ-
дел,L, *%л,че“2"% ,ƒдел,L, *%2%!%е C!едC!, 2,е 
м%›е2 ,ƒг%2%",2ь ƒ= ƒ=д=……%е "!ем , !еƒе!"/ C!%-
,ƒ"%д“2"= C% %K%!3д%"=…,ю , “Cец,=л,“2=м; 

*=*%"/ д%л›…/ K/2ь C=!=ме2!/ C!%,ƒ"%д“2-
"е……%L “,“2ем/, C!, *%2%!/. *!,2е!,, *=че“2"= 
“,“2ем/ 3д%"ле2"%! ю2 ƒ=д=……/м 2е.…,че“*,м 
3“л%", м (ƒ=д=ч= C!%е*2,!%"=…, , “,…2еƒ=).

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

dл  !=K%2/ “ “,“2ем%L ""%д 2 “лед3ю?3ю ,…-
-%!м=ц,ю:

“2%,м%“2ь !=K%2/ Sk %K%!3д%"=…,  k-г% ",д=;

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

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

C!едC!, 2,,;
…е%K.%д,м%е *%л,че“2"% n! де2=леL !-г% ",д=, 

"!ем  Š! ,ƒг%2%"ле…,  де2=леL !-г% ",д=, "!ем  
%K!=K%2*, Fk

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

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

= 2=*›е 2!еK3е2“  “е2е"%L г!=-,* 2е.…%л%г,че-
“*%г% C!%це““=.

pеƒ3ль2=2%м м%дел,!%"=…,   "л ю2“ :
"!ем  Š! , “2%,м%“2ь Sp "/C3“*= де2=леL *=›-

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

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

2,, де2=леL;
"%ƒм%›…/L "/C3“* де2=леL *=›д%г% ",д= Np.
pеƒ3ль2=2/ !еше…,  ƒ=д=ч, м%дел,!%"=…,, дл  

2е.…%л%г,че“*%г% C!%це““=, C!ед“2="ле……%г% …= 
!,“3…*е, C!,"еде…/ " 2=Kл. 1 # 4 дл  “лед3ю?,. 
,“.%д…/. д=……/.:

“2%,м%“2, !=K%2/ %K%!3д%"=…,  – S1 = 100 !3K./ч, 
S2 = 200 !3K./ч; ,мею?ег%“  *%л,че“2"= %K%!3д%-
"=…,  # F1 # 5 “2=…*%", F 2 # 1 “2=…%*; “2%,м%“-
2, !=K%2/ “Cец,=л,“2%" # S1 = 100 !3K./ч, 
S2 = 100 !3K./ч, S3 = 200 !3K./ч, ,мею?ег%“  *%-
л,че“2"= “Cец,=л,“2%" # L1 = 1, L2 = 1, L3 = 1; 
…е%K.%д,м%г% *%л,че“2"= де2=леL # n1 = 50 ш2., 
n2 = 5 ш2., n3 = 50 ш2., n4 = 5 ш2., n5 = 1 ш2.; 
"!еме…, ,ƒг%2%"ле…,  …е%K.%д,м%г% *%л,че“2-
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"= де2=леL p-г% ",д= # Š1 = 0,5 ч, Š2 = 0,1 ч, 
Š3 = 0,05 ч, Š4 = 0,1 ч, Š 5 = 1 ч. 

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% ",д=, M p # "“е ",д/ “Cец,=ль…%“2еL, …е%K-
.%д,м/. дл  "/C3“*= C!%д3*ц,, p-г% ",д=, 
P p # C!%д3*ц,  p-г% ",д=. Š%гд= j ! = {k1, k2}, где 
k1 “%%2"е2“2"3е2 -!еƒе!…/м “2=…*=м 2,C= t-1, = 
k2 # -!еƒе!…/м “2=…*=м 2,C= t-2; M ! = {m1, m2, 
m3}, m1 “%%2"е2“2"3е2 2%*=!ю 6-г% !=ƒ! д=, m2 # 
“ле“=!ю ме.=…%“K%!%ч…/. !=K%2, m3 # “ле“=!ю-
3…,"е!“=л3; p ! = {p1, p2, p3, p4, p5}, p1 “%%2"е2“2-
"3е2 *%!C3“…/м де2=л м 2,C= j-1, !2 # 2ел=м 
"!=?е…,  2,C= Šb-3, !3 # мел*,м де2=л м 2,C= 
ld-4, !4 # *%!C3“…/м де2=л м 2,C= j-2, !5 # 3ƒ-
л=м , “K%!*=м 2,C= rq-1.

o!, “%“2="ле…,, 2е.…%л%г,че“*%г% C!%це““= 
3*=ƒ/"=ю2“  "ел,ч,…/:

F1
3 = 0,31 “2=…*%-ч/ш2., F2

4 = 0,64 “2=…*%-ч/ш2., 

L1
2 = 0,25 чел.-ч/ш2., L2

1 = 0,72 чел.-ч/ш2., L3
5 = 

= 0,84 чел.-ч/ш2.
o%“2=…%"*= , !еше…,е ƒ=д=ч, "/K%!= !=ц,%-

…=ль…/. C=!=ме2!%" C!%,ƒ"%д“2"е……%L “,“2ем/ 
“" ƒ=…/ “ !еше…,ем %“…%"…%L ƒ=д=ч, 3C!="ле…,  
(ƒ=д=чеL =…=л,2,че“*%г% C!%е*2,!%"=…, ) [2].

j%мC%…е…2/ "е*2%!= 3C!="ле…,  ω = {Sk, Fk, 
Sm, Lm, np, Šp} "/K,!=ю2“  ,ƒ %Kл=“2,, ƒ=д=……%L 
" “%%2"е2“2",, “ 2е.…,*%-.*%…%м,че“*,м, 2!е-
K%"=…, м,:

=1k ≤ Sk ≤ `1k ;

=2k ≤ Fk ≤ `2k ;

a3m ≤ Sm ≤ A3m ;  (1)

a4m ≤ Lm ≤ A4m ;

a5p ≤ np ≤ A5p ;

a6p ≤ Tp ≤ A6p .

b *=че“2"е *!,2е!,е" I [ω] "/K!=…/ “3мм=!…%е 
"!ем  Š , “2%,м%“2ь S ,ƒг%2%"ле…,  "“еL C=!2,, 
де2=леL, = 2=*›е *%л,че“2"% де2=леL *=›д%г% ",д= 
Np , ,ƒг%2="л,"=ем/. ƒ= 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%", :

0 ≤ Š [ω] ≤ D1 ;

0 ≤ S [ω] ≤ D2 ; (2)

d3p ≤ Np [ω] ≤ D3p .

o%“2=…%"*= ƒ=д=ч,. q!ед, д%C3“2,м/. ƒ…=че-
…,L "е*2%!= 3C!="л ю?,. C=!=ме2!%" (1) …=L2, 
2=*,е, C!, *%2%!/. !еƒ3ль2=2/ !еше…,  ƒ=д=ч, 
м%дел,!%"=…,  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/ [ ]ηγ ω , 
%це…,"=ю?,е 3д=ле…,е ƒ…=че…,L Iη[ω] %2 “"%,. 
г!=…,ц " 2е.…,че“*,. 3“л%", . (2) " ",де

' [ ]
[ ] ,

D I
D d
η η

η
η η

− ω
γ ω =

−
'' [ ]

 [ ] ,   1,
I d
D d

ωη η
η

η η

−
γ ω = η = θ

−
 

,

где ? = 7. 

Šе.…%л%г,че“*,L C!%це““ ,ƒг%2%"ле…,  3ƒл=, “%“2% ?ег% ,ƒ C 2, де2=леL

           145 
        -2 

                     -2
   0,64 

          146 
            -1

                     -1
   0,72

         144 
           -6

                    -3
  0,25 

          147 
        -1 

                  -4 
  0,31

           150 
             -2

                   -1 
   0,84
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Š = K л , ц =  1

o!%ме›32%ч…/е !еƒ3ль2=2/   

j%д Š,C де2=л, b!ем ,  ч q2%,м%“2ь,  !3K.

j-1 a`8.021.155 Š1 = 35,80 S1 = 3580,0

Šb-3 a`8.483.107 Š2 = 1,23 S2 = 123,5

ld-4 ac8.034 Š3 = 3,12 S3 = 312,0

j-2 ac8.020 Š4 = 3,21 S4 = 963,0

rq-1 cq6.119.240 Š5 = 0,84 S5 = 167,4

Š = K л , ц =  2

g=г!3›е……%“2ь %K%!3д%"=…, 

j%д
Š,C

%K%!3д%"=…, 
b!ем 

!=K%2/,  ч
b!ем 

C!%“2% ,  ч
q2%,м%“2ь

!=K%2/,  !3K.

t-1 2623olt4 3,12 36,73 312,00

t-2 2611olt4 3,21 36,64 963,00

                    Š = K л , ц =  3

g=г!3›е……%“2ь “Cец,=л,“2%"

j%д
Š,C

“Cец,=л,“2%"
b!ем 

!=K%2/,  ч
b!ем 

C!%“2% ,  ч
q2%,м%“2ь

!=K%2/,  !3K.

Š-6 Š%*=!ь 6-г% !=ƒ! д= 1,23 38,62 123,50

q-1 qле“=!ь ме.=…%-
“K%!%ч…/. !=K%2

35,80 4,05 3580,00

q-2 qле“=!ь-3…,"е!“=л 0,84 39,01 167,40

Š = K л , ц =  4 

b%ƒм%›…/L "/C3“* де2=леL *=›д%г% 2,C= (" ш23*=.) 

j%д Š,C де2=л, N1! N2! N!

j-1 a`8.021.155 0,01 0,00 0,01

Šb-3 a`8.483 0,08 0,00 0,08

ld-4 ac8.034 0,02 0,00 0,02

j-2 ac8.020 0,03 0,00 0,03

rq-1 cq6.119.240 0,00 1,19 1,19

n*%…ч=2ель…/е !еƒ3ль2=2/: C%л…%е "!ем  Š = 39,85 ч; C%л…=  “2%,м%“2ь  S = 5145,90 !3K.



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 9 29

nче",д…%, ч2% C!, "/C%л…е…,, 2е.…,че“*,. 
3“л%",L "“е ƒ…=че…,  [ ]ηγ ω  < 1, " C!%2,"…%м “л3-
ч=е, .%2  K/ %д…% ƒ…=че…,е [ ]ηγ ω  > 1. g=2ем !=“-
“ч,2/"=ю2 ч,“л%

c0 = min max [ ]ηγ 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…,е ω*  "л е2“  !=ц,%…=ль-
…/м. o!, …е%K.%д,м%“2, м%›…% !еш,2ь ƒ=д=ч3 %C-
2,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%"=…,  (1) ,л, 2е.…,че“*,е 3“л%",  (2), 
2. е. !еш,2ь ƒ=д=ч3 -%!м,!%"=…,  !=ц,%…=ль…/. 2е.-
…,че“*,. 3“л%",L [3]. 

g=*люче…,е. p=ƒ!=K%2=……=  “,“2ем= ="2%м=2,-
ƒ=ц,, C%ƒ"%л е2 "/K!=2ь !=ц,%…=ль…/е C=!=ме2-
!/ C!%,ƒ"%д“2"е……%L “,“2ем/, C!, *%2%!/. K3-
д32 3д%"ле2"%! 2ь“  ƒ=д=……/е 2е.…,че“*,е 3“л%-
",  …= C%*=ƒ=2ел, *=че“2"=. 

a,Kл,%г!=-,че“*,е ““/л*,

1. q,!=ƒе2д,…%" Š.j. d,…=м,че“*%е м%дел,!%"=…,е 
.*%…%м,че“*,. %KAе*2%". j=ƒ=…ь: t}m, 1996. 224 “.

2. 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 “.

3. h"=…%" b.j. nK ="2%м=2,че“*%м C%,“*е %C2,-
м=ль…/. 2е.…,че“*,. 3“л%",L // nC2,м,ƒ=ц,  C!%-
це““%" " =",=ц,%……%L 2е.…,*е. j=ƒ=…ь: j`h, 1980. 
b/C. 3. q. 67#70.

rdj  519.8

`.`. j%л%*%л%", д-! -,ƒ.-м=2. …=3*, C!%-. (nм“*,L -,л,=л h…“2,232= м=2ем=2,*, 
,м. q.k. q%K%ле"= qn p`m), `.c. k3*ь …%" (tcro nм“*,L mhh C!,K%!%“2!%е…, ) 

lukyanov@mail.ru

}bphqŠh)eqjhe `kcnphŠl{ dk“ pexemh“ ndmni g`d`)h ok`mhpnb`mh“ 
lekjnqephimncn opnhgbndqŠb` qknfm{u hgdekhi 

 h““лед%"=…/ ƒ=д=ч, Cл=…,!%"=…,  мел*%“е!,L…%г% C!%,ƒ"%д“2"= “л%›…/. ,ƒдел,L  …= 
%“…%"е д,“*!е2…%L %C2,м,ƒ=ц,,. o%“2!%е…= м%дель цел%ч,“ле……%г% л,…еL…%г% C!%г!=мм,-
!%"=…, , !=ƒ!=K%2=…/ ."!,“2,че“*,е =лг%!,2м/ !еше…,  ƒ=д=ч,, " 2%м ч,“ле =лг%!,2м/ 
м3!="ь,…%L *%л%…,, , л%*=ль…%г% C%,“*=, C!%"ед‘… "/ч,“л,2ель…/L .*“Cе!,ме…2.

jлюче"/е “л%"=: Cл=…,!%"=…,е C!%,ƒ"%д“2"=, м=2ем=2,че“*=  м%дель, ."!,“2,че“*,е =лг%-
!,2м/.

Planning task decisions of the complex articles small-scale production from a discrete optimization 
are investigated. Integer linear programming model is constructed, heuristic algorithms for task 
decision are devised and including algorithm of the ant colony and local search, computing 
experiment is carried out.

Key words: production planning, mathematical model, heuristic algorithms.

b"еде…,е. b …=“2% ?ее "!ем  " мел*%“е!,L…%м 
C!%,ƒ"%д“2"е “л%›…/. ,ƒдел,L C!,ме… ю2“  “,“-
2ем/ [1], %Kе“Cеч,"=ю?,е "/“%*%е *=че“2"% C!,-
…,м=ем/. !еше…,L, “%*!=?=ю?,е !=“.%д !е“3!-
“%" , "!ем  …= ,ƒг%2%"ле…,е ,ƒдел,L, C%"/ш=ю-
?,е .--е*2,"…%“2ь 2!3д= “Cец,=л,“2%". bме“2е “ 
2ем " 3*=ƒ=……/. !=ƒ!=K%2*=. …ед%“2=2%ч…% C!,ме-
… ю2“  м%дел, , ме2%д/ %C2,м,ƒ=ц,,, ч2% "% 
м…%г,. “л3ч= . C!,"%д,2 * Cе!еK%!3 , “!="…е…,ю 
K%льш%г% *%л,че“2"= "=!,=…2%", = C%л3че……%е !е-
ше…,е м%›е2 K/2ь д=ле*,м %2 %C2,м=ль…%г%. 

m= C!едC!, 2, . *!,%ге……%г% м=ш,…%“2!%е…,  
" C!%це““е C!%,ƒ"%д“2"е……%г% Cл=…,!%"=…,  "%ƒ-
…,*=ю2 “,23=ц,,, “" ƒ=……/е “ C!%Kлем%L …ед%“2=-

2%ч…%L ƒ=г!3ƒ*, %K%!3д%"=…,  ,л,, …=%K%!%2, Cе-
!ег!3ƒ*, м%?…%“2еL. nш,K*=, д%C3?е……=  C!, 
Cл=…,!%"=…,,, м%›е2 C%"лечь “е!ь‘ƒ…/е ш2!=--
…/е “=…*ц,,, 2=* *=* " !е=ль…%“2, …е"%ƒм%›…% "/-
C%л…,2ь !=K%2/ C% д%г%"%!=м " 3“2=…%"ле……/е “!%-
*,. b ч=“2…%“2,, =*23=ль…%L  "л е2“  C!%Kлем= ƒ=-
г!3ƒ*, м%?…%“2еL 2=*,м %K!=ƒ%м, ч2%K/ "/C%л… 2ь 
"“е C%л3че……/е ƒ=*=ƒ/ " м,…,м=ль…/L “!%*. dл  
!еше…,  C%д%K…/. ƒ=д=ч C!ед“2="л е2“  Cе!“Cе*-
2,"…/м ,“C%льƒ%"=…,е 2е%!,, !=“C,“=…,L, м%де-
леL , ме2%д%" д,“*!е2…%L %C2,м,ƒ=ц,, [2#4].

o%“2=…%"*= ƒ=д=ч, , м%дель цел%ч,“ле……%г% л,-
…еL…%г% C!%г!=мм,!%"=…, . p=““м=2!,"=ем=  ƒ=д=-
ч= Cл=…,!%"=…,  мел*%“е!,L…%г% C!%,ƒ"%д“2"= 
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“л%›…/. ,ƒдел,L "%ƒ…,*л= …= %д…%м ,ƒ м=ш,…%-
“2!%,2ель…/. C!едC!, 2,L. j!=2*,е “%%K?е…,  
%K е‘ ,““лед%"=…,, %C3Kл,*%"=…/ " !=K%2=. [5, 6].

o!едC%л%›,м, ч2% ,мее2“  C%!2-ель ƒ=*=ƒ%" 
…= C!%,ƒ"%д“2"% ,ƒдел,L “ д,!е*2,"…/м, “!%*=-
м, ,. "/C%л…е…, . j=›д%е ,ƒдел,е “%“2%,2 ,ƒ 
м…%›е“2"= де2=леL , “K%!%ч…/. ед,…,ц (dqe), 
“%“2=" *%2%!/. %C!едел е2“  *%…“2!3*2%!“*%-
2е.…%л%г,че“*%L д%*3ме…2=ц,еL. o!, .2%м %…, 
м%г32 “%“2% 2ь ,ƒ д!3г,., K%лее мел*,. dqe. dл  
C!%,ƒ"%д“2"= dqe ,ƒ"е“2е… …=K%! %Cе!=ц,L, ƒ=-
д=……/L 2е.…%л%г,че“*,м C!%це““%м. 

o!, Cл=…,!%"=…,, 3ч,2/"=ю2“  “лед3ю?,е 
%г!=…,че…, :

"“е %Cе!=ц,,  "/C%л… ю2“  …еC!е!/"…%; 
*=›д=  %Cе!=ц,  ,мее2 д,!е*2,"…/L “!%* "/-

C%л…е…, ;
“2=…*, ,мею2 г!=-,*, !=K%2/ , ,…д,",д3=ль-

…/е Cе!е!/"/, “" ƒ=……/е “ Cл=…%"/м, !ем%…2=-
м,, C!%-,л=*2,*%L;

%Cе!=ц,, !=“C!еделе…/ C% 2,C=м " ƒ=",“,м%-
“2, %2 ",д= , “л%›…%“2, ,. "/C%л…е…, ;
дл  *=›д%г% “2=…*= ƒ=д=… …=K%! %Cе!=ц,L, *%-

2%!/е …= …‘м м%›…% "/C%л…,2ь;
“2=…*, ,мею2 C%*=ƒ=2ел, C!%,ƒ"%д,2ель…%“2, 

дл  *=›д%г% 2,C= %Cе!=ц,L.
mе%K.%д,м% “%“2=",2ь !=“C,“=…,е "/C%л…е…,  

%Cе!=ц,L …= “2=…*=. C!, 3*=ƒ=……/. 3“л%", . 2=*, 
ч2%K/ %K?ее "!ем  "/C%л…е…,  "“е. ƒ=*=ƒ%" 
K/л% м,…,м=ль…/м. dл  !=““м=2!,"=ем%L ƒ=д=-
ч, " !=K%2е [5] C!ед“2="ле…= м%дель цел%ч,“ле…-
…%г% л,…еL…%г% C!%г!=мм,!%"=…,  (0ko).

p=““м=2!,"=е2“  C%!2-ель ƒ=*=ƒ%", "*люч=ю-
?,L m %Cе!=ц,L, *%2%!/е 2!еK3е2“  "/C%л…,2ь " 
%C!едел‘……%L C%“лед%"=2ель…%“2, …= n “2=…*=.. 
n2ме2,м, ч2% ƒде“ь , д=лее i = 1,…, m, j = 1,…,n, 
k=1,…,m. dл  C%“2!%е…,  м%дел, 0ko ,“C%ль-
ƒ3ю2“  “лед3ю?,е %K%ƒ…=че…, : vi # …%!м=2,"-
…%е "!ем  "/C%л…е…,  %Cе!=ц,, i; di # д,!е*2,"-
…/L “!%* %Cе!=ц,, i; qij # *%.--,ц,е…2 .--е*-
2,"…%“2,, !="…/L %2…%ше…,ю "!еме…, "/C%л…е-
…,  %Cе!=ц,, i …= “2=…*е j * …%!м=2,"…%м3 "!е-
ме…, "/C%л…е…,  %Cе!=ц,, i; B # м…%›е“2"% 
Cе!е!/"%", “%“2% ?ее ,ƒ C=! (i, j), где i # %Cе!=-
ц, ,  "л ю?= “  Cе!е!/"%м …= “2=…*е j ; Ci # "!е-
м  …=ч=л= Cе!е!/"= i; G=<V,E> # %!,е…2,!%"=…-
…/L г!=- “ м…%›е“2"%м "е!ш,… V , д3г E; H # 
д%“2=2%ч…% K%льш%е ч,“л%, *%2%!%е !="…% “3м-
м=!…%м3 "!еме…, "/C%л…е…,  "“е. %Cе!=ц,L …= 
.3дш,. “2=…*=..

l…%›е“2"% "е!ш,… “%%2"е2“2"3е2 %Cе!=ц, м, 
= м…%›е“2"% д3г %C!едел е2 %че!ед…%“2ь "/C%л-
…е…,  %Cе!=ц,L " “%%2"е2“2",, “ 2е.…%л%г,че-
“*,м C!%це““%м.

b"ед‘м Cе!еме……/е ƒ=д=ч,: f # "!ем  "/C%л…е-
…,  C%!2-ел  ƒ=*=ƒ%"; xik, yjk # K3ле"/ Cе!еме…-

…/е; 
F

ijkT , 
S

ijkT # "е?е“2"е……/е Cе!еме……/е. 

p=““м%2!,м C!%,ƒ"%ль…3ю Cе!е“2=…%"*3 "“е. 
%Cе!=ц,L. Š%гд= xik= 1, е“л, %Cе!=ц,  i “2%,2 …= 
ме“2е k " 3*=ƒ=……%L Cе!е“2=…%"*е, xik=  0 # ,…=че. 
oе!еме……=  yjk=1, е“л, %Cе!=ц, , “2% ?=  …= 
ме“2е k " 3*=ƒ=……%L Cе!е“2=…%"*е, "/C%л… е2“  

…= “2=…*е j, yjk=  0 # ,…=че. 
F

ijkT , 
S

ijkT  # "!ем  …=-
ч=л= , %*%…ч=…,  %Cе!=ц,, i …= “2=…*е j, е“л, %…= 
K3де2 …= ме“2е k " 3*=ƒ=……%L Cе!е“2=…%"*е.

Š%гд= м%дель 0ko м%›…% ƒ=C,“=2ь " ",де:

min→f

fT F
ijk ≤ , 

 
;,...,1;,...,1, njmki ==   (1)

1ik
i

x =∑ , ;,...,1 mi =   (2)

1ik
k

x =∑ , ;,...,1 mk =   (3)

1ik
j

y =∑ ,

 

;,...,1 mk =   (4)

  (  – 1),F S
ijk ijk i ij ik jkT T v q x y≥ + +

, 1,..., ; 1,..., ;i k m j n= =   (5)

, , 1 (2 )S F
i j k rjk rk jkT T H x y+ ≥ − − −  ,

;1,...,1;,...,1;,...,1, −=== mknjmri   (6)

, , 1
S S

i j k ijkT T+ ≥
 
, 

;1,...,1;,...,1;,...,1 −=== mknjmi   (7)

( ) 0rh ih
h k

x x
≤

− ≥∑ , ;,...,1;),( mkEir =∈   (8)

, , 1 (2 )S F
i j k ruk rk ukT T H x y+ ≥ − − −  ,

;1,...,1;,...,1,;),( −==∈ mknujEir   (9)

(1 )F
ijk ik iT H x d− − ≤ , , 1,..., ; 1,..., ;i k m j n= =   (10)

S
ijk i ikT C x≥ , ;,...,1;),( mkBji =∈      (11)

(1 )S
ijk ik iT H x C− − ≤

 

, ;,...,1;),( mkBji =∈   (12)
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F
ijkT H≤ , , 1,..., ; 1,..., ;i k m j n= =   (13)

, , ;  , {0,1};  , 1,..., ;S F
ijk ijk ik jkf T T R x y i k m+∈ ∈ =

 1,..., .j n=

0еле"=  -3…*ц,  !="…= "!еме…, "/C%л…е…,  
C%!2-ел  ƒ=*=ƒ%", *%2%!%е 2!еK3е2“  м,…,м,ƒ,-
!%"=2ь. r“л%",е (1) %ƒ…=ч=е2, ч2% "“е %Cе!=ц,, 
д%л›…/ K/2ь ƒ=*%…че…/ *% "!еме…, "/C%л…е…,  
C%!2-ел  ƒ=*=ƒ%". p="е…“2"= (2) , (3) г=!=…2,-
!3ю2, ч2%  %Cе!=ц,, K3д32 …=ƒ…=че…/, = %г!=…,-
че…,е (4) # ч2% дл  *=›д%L %Cе!=ц,, K3де2 "/-
K!=… “2=…%*. mе!="е…“2"% (5) %C!едел е2 "!ем  

%*%…ч=…,  %Cе!=ц,, 
F

ijkT . nг!=…,че…,  (6) , (7) 
%2!=›=ю2 "/C%л…е…,е C%“лед%"=2ель…%“2, %Cе-
!=ц,L …= “2=…*е. r“л%",  (8) , (9) %Kе“Cеч,"=ю2 
“%%2"е2“2",е "/C%л…е…,  %Cе!=ц,L 2е.…%л%г,че-
“*%м3 C!%це““3. nг!=…,че…,е (10) 2!еK3е2 "/-
C%л…е…,  д,!е*2,"…/. “!%*%". mе!="е…“2"= (11) 
, (12) %ƒ…=ч=ю2, ч2% "“е Cе!е!/"/ K3д32 “%Kлю-
д=2ь“ . r“л%",е (13) C%*=ƒ/"=е2, ч2% "“е %Cе!=-
ц,, "/C%л… ю2“  ƒ= "!ем  H.

nC2,м=ль…%е !еше…,е, C%л3че……%е “ C%м%?ью 
д=……%L м%дел,, м%›…% C!е%K!=ƒ%"=2ь " Cл=… C!%-
,ƒ"%д“2"= “лед3ю?,м %K!=ƒ%м. dл  *=›д%L %Cе-
!=ц,, i …=.%д,м 2=*%L м%ме…2 k, ч2% xik = 1. g=-
2ем %C!едел ем “2=…%*, "/K!=……/L " м%ме…2 
k (yjk = 1) , …=.%д,м C% ,ƒ"е“2…/м (i, j, k) "!ем  

…=ч=л= 
S

ijkT  ,  %*%…ч=…,  
F

ijkT  %Cе!=ц,,.
d=……=  м%дель C%ƒ"%л е2 …=L2, 2%ч…%е !еше-

…,е ƒ=д=ч,. nд…=*% ƒ=д=ч=  "л е2“  NP-2!3д…%L, 
= !е=ль…/е ƒ=д=ч, ,мею2 K%льш3ю !=ƒме!…%“2ь 
(…е“*%ль*% “%2е… 2/“ ч , K%лее Cе!еме……/.). 
o%.2%м3 дл  !еше…,  !=““м=2!,"=ем%L ƒ=д=ч, 
C!едл=г=ю2“  ."!,“2,че“*,е =лг%!,2м/.

b=!,=…2/ &›=д…%г%[ =лг%!,2м=. q…=ч=л= K/л 
!=ƒ!=K%2=… "=!,=…2 &›=д…%г%[ =лг%!,2м= G1, %“-
…%"=……/L …= C!ед“2="ле…,, %Cе!=ц,L " ",де 
%!,е…2,!%"=……%г% г!=-=,   "л ю?ег%“  де!е"%м, 
!=ƒK,2/м …= 3!%"…,, *%2%!/е ƒ=д=ю2 %че!‘д…%“2ь 
!=ƒме?е…,  %Cе!=ц,L …= “2=…*=.. dл  3ч‘2= д,-
!е*2,"…/. “!%*%" …е*%2%!/е C%дде!е"ь  д%л›…/ 
K/2ь “д",…32/ …= K%лее …,ƒ*,е 3!%"…, %2…%“,-
2ель…% C%дде!е"ье" “ K%лее C%ƒд…,м, д,!е*2,"-
…/м, “!%*=м,. b C!едл%›е……%м =лг%!,2ме …= 
“2=…*, " Cе!"3ю %че!едь …=ƒ…=ч=л,“ь %Cе!=ц,, 
л,“2ье" де!е"=, = " *%…це # *%!е…ь де!е"=. Š=*,м 
%K!=ƒ%м, C%л3ч=л=“ь C%“лед%"=2ель…%“2ь !=“C!е-
деле…,  %Cе!=ц,L C% “2=…*=м.

b =лг%!,2ме G1 %Cе!=ц,, …=ƒ…=ч=л,“ь …= “2=…-
*, 2=*,м %K!=ƒ%м, ч2%K/ "!ем  %*%…ч=…,  %че-
!ед…%L %Cе!=ц,, K/л% м,…,м=ль…/м. o!, %C!е-
деле…,, "!еме…, …=ч=л= 3ч,2/"=л“  м%ме…2 
%*%…ч=…,  %Cе!=ц,L, C!едше“2"3ю?,. д=……%L 

C% 2е.…%л%г,че“*%м3 C!%це““3, , м%ме…2 %*%…ч=-
…,  "/C%л…е…,  3›е !=“C!едел‘……/. C% “2=…*=м 
%Cе!=ц,L, = 2=*›е ,…д,",д3=ль…/е Cе!е!/"/ !=-
K%2/ “2=…*%". Š!3д%‘м*%“2ь .2%г% =лг%!,2м= !="-
…= O (nm).

g=2ем …= %“…%"=…,, де!е"= %Cе!=ц,L K/л C%-
“2!%е… =лг%!,2м GR [6], " *%2%!%м *=›д%L "е!-
ш,…е i C!,C,“=… "е“, !="…/L е‘ …%!м=2,"…%м3 
"!еме…, "/C%л…е…, , ч2%  C%ƒ"%л,л% %C!едел,2ь 
!=““2% …,е %2 люK%L "е!ш,…/ д% *%!…  де!е"=, 
…е !=ƒK,"=  де!е"% …= 3!%"…,. b/K%! …=,K%лее 
3д=л‘……%L "е!ш,…/ ƒ=д="=л C%“лед%"=2ель…%“2ь 
!=“C!еделе…,  %Cе!=ц,L C% “2=…*=м. Š=*›е C!ед-
л%›е…% “лед3ю?ее C!е%K!=ƒ%"=…,е: “C,“%* д%-
C3“2,м/. “2=…*%" дл  %Cе!=ц,, %C!едел 2ь “л3-
ч=L…%, …=L2, " …‘м л3чш,L “2=…%* C% "!еме…, 
%*%…ч=…,  %Cе!=ц,,. Š=*,м %K!=ƒ%м, …е“*%ль*% 
!=ƒ ƒ=C3“2," =лг%!,2м, м%›…% C%л3ч,2ь ! д !е-
ше…,L , "/K!=2ь ,ƒ …,. л3чшее.

`лг%!,2м л%*=ль…%г% C%,“*=. dл  !=““м=2!,-
"=ем%L ƒ=д=ч, (1)#(13) C%“2!%е… =лг%!,2м л%-
*=ль…%г% C%,“*= LS [7]. l…%›е“2"%м !еше…,L X 
ƒ=д=ч,  "л л=“ь “%"%*3C…%“2ь "“е. !=“C!еделе-
…,L %Cе!=ц,L C% “2=…*=м , %че!‘д…%“2, ,. "/-
C%л…е…, . pеше…,е x ∈ X C!ед“2="л л%“ь " ",де 
м=2!,ц/, *=›д%L “2!%*е *%2%!%L “%%2"е2“2"%"=л 
“2=…%*, = .леме…23 # %Cе!=ц,  дл  .2%г% “2=…*=. 
m=C!,ме!, xjk = i, е“л, %Cе!=ц,  i !=“C!еделе…= 
…= “2=…%* j , "/C%л… е2“  k-L C% %че!ед, …= д=…-
…%м “2=…*е, е“л, ›е …= “2=…*е j …е2 2=*%L %Cе!=-
ц,,, 2% xjk= 0.

o%“ле C%л3че…,  !еше…,  %“3?е“2"л л,“ь 
“лед3ю?,е C!е%K!=ƒ%"=…, :

Cе!еме?е…,е %Cе!=ц,, …= люK%е д!3г%е ме-
“2%;

Cе!е“2=…%"*= д"3. C!%,ƒ"%ль…/. %Cе!=ц,L 
ме“2=м,.

m=ч=ль…%е 2е*3?ее !еше…,е "/K,!=л%“ь “л3-
ч=L…%, …% K/л% д%C3“2,м/м, 2. е. C!, "/C%л…е-
…,, %Cе!=ц,L …е "%ƒ…,*=л% "ƒ=,м…%L Kл%*,!%"-
*,, 2=* *=* дл  …,. ƒ=д=… ч=“2,ч…/L C%! д%*. 
m=C!,ме!, 2=*%е !еше…,е м%›…% C%л3ч,2ь C%“ле 
Cе!"%L ,2е!=ц,, =лг%!,2м= GR. o%“ле 2%г% *=* “ 
2е*3?,м !еше…,ем K/л, C!%"еде…/ %C,“=……/е 
C!е%K!=ƒ%"=…, , "/K,!=л%“ь …=,л3чшее !еше…,е 
, %…% “2=…%",л%“ь 2е*3?,м. g=2ем “…%"= C!%"%-
д,л,“ь C!е%K!=ƒ%"=…,  , 2=* д=лее, д% 2е. C%!, 
C%*= …е K/л% …=Lде…% !еше…,е, ,ƒ *%2%!%г% “ 
C%м%?ью 3*=ƒ=……/. C!е%K!=ƒ%"=…,L …е"%ƒм%›-
…% C%л3ч,2ь л3чшее. 

d=……/L =лг%!,2м !=““м=2!,"=е2 %*!е“2…%“2ь 
2%че* м%?…%“2, C%! д*= O (m2). dл  *=›д%L 2%ч-
*, C!%"е! е2“  д%C3“2,м%“2ь , "/ч,“л е2“  ƒ…=-
че…,е целе"%L -3…*ц,, ƒ= O (nm) %Cе!=ц,L, 2. е. 
%д…= ,2е!=ц,  =лг%!,2м= ,мее2 2!3д%‘м*%“2ь 
O (nm3), *%2%!=  …е"ел,*= дл  !=ƒме!…%“2еL 
n ~ 100, = m ~ 10 000 “3?е“2"е……=. o%.2%м3 л3ч-
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ше Cе!е.%д,2ь ,ƒ 2е*3?ег% !еше…,  …е " …=,л3ч-
шее, = " Cе!"%е 3л3чш=ю?ее !еше…,е, ч2% м%›е2 
“3?е“2"е……%  “%*!=2,2ь "!ем  ,““лед%"=…,  %*-
!е“2…%“2,.

`лг%!,2м м3!="ь,…%L *%л%…,,. hде  =лг%!,2-
м%" д=……%г% 2,C= “%“2%,2 " м%дел,!%"=…,, C%-
"еде…,  м3!="ь‘", “" ƒ=……%г% “ ,. “C%“%K-
…%“2ью K/“2!% …=.%д,2ь …=,л3чш,L (" …е*%2%-
!%м “м/“ле) C32ь %2 м3!="еL…,*= * ,“2%ч…,*3 
C,?, , =д=C2,!%"=2ь“  * ,ƒме… ю?,м“  3“л%-
", м. o!, д",›е…,, м3!="еL ме2,2 C!%Lде…-
…/L C32ь “Cец,=ль…/м "е?е“2"%м (-е!%м%…%м) 
, .2= ,…-%!м=ц,  ,“C%льƒ3е2“  д!3г,м, м3-
!="ь м, дл  "/K%!= …=C!="ле…,  C32,. Š=*%е 
C%"еде…,е м3!="ь‘" м%›…% !=““м=2!,"=2ь *=* 
%C2,м,ƒ=ц,%……/L C!%це““, " *%2%!%м *=›д/L 
м3!="еL "…%“,2 …еK%льш%L "*л=д " C%,“* %C-
2,м=ль…%г% C32,.

b =лг%!,2м=. м3!="ь,…%L *%л%…,, !=““м=2!,-
"=е2“  м…%›е“2"% 2=* …=ƒ/"=ем/. ,“*3““2"е……/. 
м3!="ь‘", *%2%!/е м%дел,!3ю2 %“…%"…/е м%ме…-
2/ C%"еде…,  м3!="ь‘" C!, C%,“*е ,“2%ч…,*= 
C,?,. m= *=›д%L ,2е!=ц,, =лг%!,2м= ,“*3““2-
"е……/е м3!="ь,, ,“C%льƒ3  %C!едел‘……/е "е-
!% 2…%“2…/е C!%цед3!/, “2!ем 2“  C%“2!%,2ь 
Kл,ƒ*,е * %C2,м=ль…%м3 д%C3“2,м/е !еше…,  
ƒ=д=ч, д,“*!е2…%L %C2,м,ƒ=ц,,. b C!%це““е C%-
“2!%е…,  .2,. !еше…,L …=*=Cл,"=е2“  C%леƒ…=  
,…-%!м=ц, , *%2%!=  м%›е2 !=““м=2!,"=2ь“  
=…=л%г%м -е!%м%…= C!,!%д…/. м3!="ь‘". `лг%-
!,2м м3!="ь,…%L *%л%…,, AC C!ед“2="л е2 “%K%L 
"е!% 2…%“2…3ю, &›=д…3ю[ ."!,“2,*3, " *%2%!%L 
"е!% 2…%“2, “%K/2,L 3“2=…="л,"=ю2“  ,“.%д  ,ƒ 
,…-%!м=ц,, % *=че“2"е C%л3че……/.  !=…ее !еше-
…,L [7, 8].

g=д=ч= (1)#(13) м%›е2 K/2ь ,…2е!C!е2,!%"=-
…= *=* …=ƒ…=че…,е %Cе!=ц,L …= “2=…*, , %C!е-
деле…,е %че!‘д…%“2, "/C%л…е…,  %Cе!=ц,L 2=-
*,м %K!=ƒ%м, ч2%K/ "!ем  ,ƒг%2%"ле…,  ,ƒде-
л,L K/л% м,…,м=ль…/м “ 3ч‘2%м Cе!е!/"%" , 
2е.…%л%г,че“*%г% C!%це““=. dл  !еше…,  д=…-
…%L ƒ=д=ч, !=ƒ!=K%2=… =лг%!,2м м3!="ь,…%L *%-
л%…,,.

b =лг%!,2ме ,“*3““2"е……/е м3!="ь, C!, C%-
“2!%е…,, !еше…,  ,“C%льƒ3ю2 д"е м=2!,ц/ F 

1 = 
= (f 1ik) , F 

2 = (f 2ik),  где f 
1
ik # 3!%"е…ь -е!%м%…= 

C!, Cе!е.%де ме›д3 %Cе!=ц, м, i , k, i = 1,…,
m#1, k = 1,…, m, дл  i = 0 # 3!%"е…ь -е!%м%…= 
дл  "/K%!= Cе!"%L %Cе!=ц,,, = f 2ij # 3!%"е…ь -е-
!%м%…= C!, "/K%!е “2=…*= j дл  %Cе!=ц,, i, 
i =1,…, m#1, j = 1,…, n. m= *=›д%L ,2е!=ц,, =л-
г%!,2м= ,“*3““2"е……/е м3!="ь, м%г32 деL“2"%-
"=2ь, ,“C%льƒ3  ,…-%!м=ц,ю %K 3!%"…е -е!%м%-
…= ,л, "/K,!=2ь люK3ю д%C3“2,м3ю %Cе!=ц,ю 
,л, “2=…%* “ !="…%L "е!% 2…%“2ью. }2% %C!еде-
л е2“  C=!=ме2!%м q>0: е“л, “л3ч=L…=  "ел,ч,…= 
s>0 K%льше q, 2% ,“*3““2"е……/L м3!="еL C!, 

C%,“*е ,“C%льƒ3е2 ,…-%!м=ц,ю %K 3!%"…е -е!%-
м%…=, ,…=че # “л3ч=L…/L "/K%!. o!, "/K%!е 
%Cе!=ц,L C=!=ме2! q !="е… q1, = дл  “2=…*%" !=-
"е… q2. nCе!=ц,  “ч,2=е2“  д%C3“2,м%L, е“л, "“е 
C!едше“2"3ю?,е еL C% 2е.…%л%г,че“*%м3 C!%-
це““3 %Cе!=ц,, 3›е !=“C!еделе…/.

qлед3ю?=  C%“ле i %Cе!=ц,  C% 3!%"…ю -е!%-
м%…= "/K,!=е2“  “лед3ю?,м %K!=ƒ%м: 

1arg max{( ) ( 1) | 1,..., }i ik k
k

f t k mν α β= + = ,

где tk # м,…,м=ль…%е "!ем  …=ч=л= %Cе!=ц,, k 
(чем %…% ме…ьше, 2ем K%лее C!едC%ч2,2ель…= %Cе!=-
ц,  k); α > 0, β < 0 # 3C!="л ю?,е C=!=ме2!/, %2-
!=›=ю?,е "л, …,е 3!%"…  -е!%м%…= , м,…,м=ль-
…%г% "!еме…, …=ч=л= %Cе!=ц,, …= "/K%! ,“*3““2-
"е……%г% м3!="ь . 

m%ме! “2=…*= дл  %Cе!=ц,, i C% 3!%"…ю -е!%-
м%…= %C!едел е2“  C% -%!м3ле 

2arg max{( ) ( 1) | 1,..., }i ij j
j

f s j nω η μ= + = ,

где sj  # "!ем  %*%…ч=…,  C%“лед…еL …=ƒ…=че……%L …= 
“2=…%* j %Cе!=ц,, (чем %…% ме…ьше, 2ем C!едC%ч2,-
2ель…ее “2=…%* j);  η > 0, μ < 0 # 3C!="л ю?,е C=!=-
ме2!/, %C,“/"=ю?,е "л, …,е …= "/K%! ,“*3““2"е…-
…%г% м3!="ь  3!%"…  -е!%м%…= , "!еме…, %“"%K%›-
де…,  “2=…*=.

b …=ч=ль…/L м%ме…2 "!еме…, "“ем .леме…2=м 
м=2!,ц F 

1 , F 
2 C!,“"=,"=ю2“  ƒ…=че…,  g 

1
0 ,  g20. 

g=2ем ,“*3““2"е……/е м3!="ь, …=ч,…=ю2 C%“лед%-
"=2ель…% Cе!еме?=2ь“ . j%л,че“2"% ,“*3““2"е…-
…/.  м3!="ь‘", ,“C%льƒ3ем/. " =лг%!,2ме, !="…% 
ч,“л3 л,“2ье" " де!е"е %Cе!=ц,L. o!, Cе!е.%де 
*=›д%г% ,“*3““2"е……%г% м3!="ь  ме›д3 %Cе!=-
ц, м, , !=“C!еделе…,, ,. C% “2=…*=м 3ме…ь-
ш=е2“  *%л,че“2"% -е!%м%…= …= "ел,ч,…/ δ1

# , 
δ2#, ч2% “%%2"е2“2"3е2  ,“C=!е…,ю -е!%м%…= " 
C!,!%де. b !еƒ3ль2=2е C%л3ч=е2“  …е“*%ль*% !е-
ше…,L, ,ƒ *%2%!/. "/K,!=е2“  л3чшее C% ƒ…=че-
…,ю целе"%L -3…*ц,, , C32, ,“*3““2"е……%г% м3-
!="ь , C%л3ч,"шег% .2% !еше…,е, 3"ел,ч,"=е2“  
*%л,че“2"% -е!%м%…= …= δ1

+ , δ2+. 
`лг%!,2м м3!="ь,…%L *%л%…,, ƒ="е!ш=е2 !=-

K%23 C!, д%“2,›е…,, %C!едел‘……%г% ч,“л= ,2е!=-
ц,L. k3чшее !еше…,е  C%“23C=е2 …= ".%д л%*=ль-
…%г% C%,“*=, “ C%м%?ью *%2%!%г% C%л3ч=е2“  
%*%…ч=2ель…/L !еƒ3ль2=2. 

o!, !е=л,ƒ=ц,, =лг%!,2м= "/K,!=л,“ь ƒ…=че-
…,  3C!="л ю?,. C=!=ме2!%": "ел,ч,…/ q1 , q2 
"л, ю2 …= “*%!%“2ь !=K%2/ =лг%!,2м= ("/K,!=-
л,“ь Kл,ƒ*,м, * 0); α, β, η, μ %C!едел л,“ь C%-
“2еCе……% C% ме!е …=*%Cле…,  ,…-%!м=ц,, C!, 
!еше…,, 2е“2%"/. ƒ=д=ч. bел,ч,…/ g1

0 , g20 K/л, 
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ƒ…=ч,2ель…% K%льше δ1
+ , δ2+, = δ

1
# , δ2# # ƒ…=-

ч,2ель…% ме…ьше δ1
+ , δ2+, *%2%!/е ƒ=",“ел, %2 

!=ƒме!…%“2, ƒ=д=ч, , *%л,че“2"= ,“*3““2"е……/. 
м3!="ь‘".

 b/ч,“л,2ель…/L .*“Cе!,ме…2. p=““м%2!е……/е 
=лг%!,2м/ !е=л,ƒ%"=…/ , =C!%K,!%"=…/ " "/-
ч,“л,2ель…%м .*“Cе!,ме…2е, цель *%2%!%г% 
"/ ",2ь =лг%!,2м “ л3чш,м, C%*=ƒ=2ел м, 2%ч-
…%“2, , "!еме…, !=K%2/. b Cе!"%L ч=“2, .*“Cе-
!,ме…2= ,“C%льƒ%"=л,“ь 2е“2%"/е ƒ=д=ч, %2…%“,-
2ель…% …еK%льш%L !=ƒме!…%“2,. o!,Kл,›‘……/е 
!еше…,  “!="…,"=л,“ь “ 2%ч…/м, C%л3че……/м “ 
C%м%?ью C=*е2= C!,*л=д…/. C!%г!=мм GAMS 
(General Algebraic Modeling System Compilation) м%-
д3ль CPLEX, "/ч,“л л=“ь %2…%“,2ель…=  C%-
г!еш…%“2ь =лг%!,2м%" C% целе"%L -3…*ц,, " 
“!ед…ем. pеƒ3ль2=2/ ,““лед%"=…,  дл  Cе!"%L 
ч=“2, C!,"еде…/ " 2=Kл. 1.

b% "2%!%L ч=“2, .*“Cе!,ме…2= "/ч,“ле…,  
C!%"%д,л,“ь дл  ƒ=д=ч K%льш%L !=ƒме!…%“2,, C%-
л3че……/. …= !е=ль…%м C!%,ƒ"%д“2"е. o!, .2%м 
…е “2=",л“  "%C!%“ % C%,“*е 2%ч…%г% !еше…, , 
2=* *=* ег% C!=*2,че“*, …е"%ƒм%›…% C%л3ч,2ь. 
o!,Kл,›‘……/е !еше…,  =лг%!,2м%" “!="…,"=-
л,“ь ме›д3 “%K%L. a/л% 3“2=…%"ле…%, …= “*%ль*% 
C!%це…2%" " “!ед…ем C!,Kл,›‘……%е !еше…,е *=-
›д%г% =лг%!,2м= л3чше, чем !еше…,е =лг%!,2м= 
G1 (C% ƒ…=че…,ю целе"%L -3…*ц,, ƒ=д=ч,). pе-
ƒ3ль2=2/ "2%!%L ч=“2, ,““лед%"=…,L C!,"еде…/ " 
2=Kл. 2.

m= %“…%"е C!,"ед‘……%г% "/ч,“л,2ель…%г% .*“-
Cе!,ме…2= “дел=… "/"%д % 2%м, ч2% =лг%!,2м л%-
*=ль…%г% C%,“*= C%ƒ"%л е2 C%л3ч=2ь K%лее 2%ч…%е 
!еше…,е C% “!="…е…,ю “ =лг%!,2м%м G1. o!, 
.2%м "!ем  !=K%2/ =лг%!,2м= LS K%льше "!еме-
…,, ,“C%льƒ%"=……%г% =лг%!,2м=м, G1 , GR, …% 
ме…ьше, чем =лг%!,2м%м AC.

Š = K л , ц =  1

 n2…%“,2ель…=  C%г!еш…%“2ь =лг%!,2м%" 
C% целе"%L -3…*ц,,, %

`лг%!,2м
),“л% %Cе!=ц,L 

" ƒ=д=че  m

10 20 30

G1 17 15 23

GR 12 4,5 3,8

AC 3 3 4

LS 4,5 3 3,5

Š = K л , ц =  2

q!="…е…,е =лг%!,2м%" “ &›=д…/м[ G1

`лг%-
!,2м

),“л% %Cе!=ц,L " ƒ=д=че  m

1000 2000 5000

% b!ем ,  “ % b!ем ,  “ % b!ем ,  “

G1 # 1 # 1 # 1

GR 3 11 2,3 22 2,7 103

AC 6 21 4 268 3 3162

LS 6,3 17 4,6 198 3,2 2152

g=*люче…,е. o!%"еде…% ,““лед%"=…,е ƒ=д=ч, 
Cл=…,!%"=…,  мел*%“е!,L…%г% C!%,ƒ"%д“2"= “л%›-
…/. ,ƒдел,L. p=ƒ!=K%2=…/ м=2ем=2,че“*=  м%-
дель , ."!,“2,че“*,е =лг%!,2м/, *%2%!/е м%›…% 
,“C%льƒ%"=2ь дл  !еше…,  ƒ=д=ч K%льш%L !=ƒ-
ме!…%“2,. b д=ль…еLшем C!едC%л=г=е2“  3л3ч-
ш,2ь C!едл%›е……/е =лг%!,2м/ , ,“C%льƒ%"=2ь 
,. " “,“2ем=. 3C!="ле…,  C!едC!, 2,ем, ч2% C%-
ƒ"%л,2 C%"/“,2ь C!%,ƒ"%д,2ель…%“2ь 2!3д=, “%-
*!=2,2ь "!еме……/е ƒ=2!=2/ …= "/C3“* C!%д3*-
ц,,, “…,ƒ,2ь "л, …,е “3KAе*2,"…%г% -=*2%!=.
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 p=““м%2!е…= .--е*2,"…%“2ь ме2%д= *%!!е*ц,, 3C!="ле…,  C% %2…%ше…,ю * *%…2!%л,-
!3ем/м "%ƒм3?е…, м.

jлюче"/е “л%"=: *%!!е*ц, , *%…2!%л,!3ем/е "%ƒм3?е…, , “,“2ем/ 3C!="ле…, .

Correction method efficiency relevant to controlled disturbance is considered.

Key words: correction, controlled disturbance, control systems.

nд…= ,ƒ гл="…/. ƒ=д=ч “!ед, !еш=ем/. !=ƒ!=-
K%2ч,*=м, ="2%м=2,че“*,. “,“2ем # C%"/ше…,е 
*=че“2"= 3C!="ле…, . dл  .2%г% .--е*2,"…/м 
“!ед“2"%м м%›е2 K/2ь 3ч‘2 ,…-%!м=ц,, % *%…-
2!%л,!3ем/. "%ƒдеL“2", . …= “,“2ем3 3C!="ле-
…, , …е %2…%“ ?,.“  * 3C!="л ю?,м, …% "л, ю-
?,м …= *=че“2"% 3C!="ле…,  (x="!%" `.b. o%-
*=ƒ=2ель ,ƒме…е…,  3C!="л ю?,. "%ƒдеL“2",L " 
="2%м=2,че“*,.  “,“2ем=. // bе“2…,* “ель“*%.%-
ƒ L“2"е……%L …=3*,. 1991. 1 8. q. 126 # 127).

p=““м%2!,м *%!!е*ц,ю 3C!="ле…,  C% %2…%-
ше…,ю * *%…2!%л,!3ем%м3 "%ƒм3?=ю?ем3 "%ƒ-
деL“2",ю ?(t)  " ƒ=м*…32/. !%K=“2…/. “,“2ем=.,  
,мею?,. м=*“,м=ль…%е K/“2!%деL“2",е (!,“. 1). 
o!, .2%м “2=2,“2,че“*,е .=!=*2е!,“2,*, "%ƒм3-
?е…,  λ(t)

 
…е,ƒ"е“2…/ , “,…2еƒ *%!!е*2,!3ю?е-

г% 3“2!%L“2"= C!,.%д,2“  %“3?е“2"л 2ь …= %“…%-
"=…,, ,…-%!м=ц,, % д,…=м,*е ƒ=м*…32%г% *%…-
23!= 3C!="ле…, . 

o!, !еше…,, д=……%L ƒ=д=ч, "/K,!=ю2 Cе!е-
д=2%ч…3ю -3…*ц,ю *%!!е*2,!3ю?ег% 3“2!%L“2"= 
Wkp(s)  2=*, ч2%K/ "/C%л… л%“ь 2%›де“2"% 

Wλy(s) ≡ 0,   (1)

где Wλy(s) # Cе!ед=2%ч…=  -3…*ц,  %KAе*2= C% *=…=-
л3 деL“2",  "%ƒм3?е…,  λ(t)

 
…= "/.%д…3ю "ел,ч,-

…3 y(t).

Š%›де“2"% (1) "/C%л… е2“ , е“л,

)()(
)()(

sWsW
sWsW

u
kp

 

, (2)

где Wu  , W  # Cе!ед=2%ч…/е -3…*ц,, %KAе*2= C% 
*=…=л=м Cе!ед=ч,; W!ег(s) # Cе!ед=2%ч…=  -3…*ц,  
*=…=л= 3C!="ле…,  !ег3л 2%!=.

)2%K/ *%!!е*2,!3ю?ее ƒ"е…%, “,…2еƒ,!3ем%е 
“%гл=“…% "/!=›е…,ю (2), K/л% 2е.…,че“*, !е=л,-
ƒ3ем%, *=…=л Cе!ед=ч, %KAе*2= λ(t) → ν(t) д%л›е… 

K/2ь K%лее ,…е!ц,%……/м, чем *=…=л Cе!ед=ч, 
u(t) → μ(t). b .2%м “л3ч=е “2еCе…ь C%л,…%м= ч,“-
л,2ел  Cе!ед=2%ч…%L -3…*ц,, (2) …е C!е"/ш=е2 
“2еCе…, C%л,…%м= е‘ ƒ…=ме…=2ел .

e“л, *%!!е*2,!3ю?ее 3“2!%L“2"% “ Cе!ед=2%ч-
…%L -3…*ц,еL (2) 2е.…,че“*, !е=л,ƒ3ем%, 2% ег% 
“,…2еƒ,!3ю2 " д"= .2=C=.

m= Cе!"%м .2=Cе "/K,!=е2“  ƒ=*%… 3C!="ле…, , 
2. е. %C!едел е2“  ,ƒ 2е. ,л, ,…/. “%%K!=›е…,L 
2,C !ег3л 2%!= , ƒ…=че…,  ег% C=!=ме2!%" …=-
“2!%L*,.

m= "2%!%м .2=Cе, *%гд= Cе!ед=2%ч…=  -3…*ц,  
!ег3л 2%!= W!ег(s) 3›е ,ƒ"е“2…=, " “%%2"е2“2",, “ 
"/!=›е…,ем (2) %C!едел е2“  Cе!ед=2%ч…=  -3…*-
ц,  *%!!е*2,!3ю?ег% 3“2!%L“2"=.

nд…=*% …= C!=*2,*е “,…2еƒ *%!!е*2,!3ю?,. 
3“2!%L“2" …= %“…%"е "/!=›е…,  (2) %*=ƒ/"=е2“  
…е"%ƒм%›…/м, 2=* *=* *=…=л %KAе*2=, C% *%2%!%-
м3 деL“2"3е2 "%ƒм3?е…,е λ(t),  "л е2“  ме…ее 
,…е!ц,%……/м, чем *=…=л Cе!ед=ч, 3C!="л ю?,. 
"%ƒдеL“2",L u(t). o%.2%м3 …е%K.%д,м% ,“*=2ь 
д!3г,е “C%“%K/ !еше…,  ƒ=д=ч, *%!!е*ц,, 3C!="-
ле…,  C% %2…%ше…,ю * *%…2!%л,!3ем/м "%ƒм3-
?е…, м.

p=““м%2!,м %д,… ,ƒ C%д.%д%" * !еше…,ю д=…-
…%L C!%Kлем/, %“…%"=……/L …= "ƒ=,м…%м “%*!=-
?е…,, …3леL ч,“л,2ел  , д%м,…,!3ю?,. C%лю-
“%" ƒ…=ме…=2ел  Cе!ед=2%ч…%L -3…*ц,, Wλy(s), 
ƒ=д=……%L "/!=›е…,ем 

)()(1

)()()()(
)(

sWsW

sWsWsWsW
sW

u

kpu
y .  (3)

b .2%м “л3ч=е …= Cе!"%м .2=Cе, *%гд= "/K,!=е2-
“  ƒ=*%… 3C!="ле…,  , %C!едел ю2“  ƒ…=че…,  C=-
!=ме2!%" …=“2!%L*, !ег3л 2%!=, …е%K.%д,м% ,“-
C%льƒ%"=2ь ме2%д/ !=“ч‘2=, целе“%%K!=ƒ…%“2ь ,“-
C%льƒ%"=…,  *%2%!/. %KA “… е2“  2ем, ч2% %…, C%-
ƒ"%л ю2 %C!едел,2ь …е 2%ль*% ƒ…=че…,  C=!=ме2-
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!%" …=“2!%L*, "/K!=……%г% !ег3л 2%!=, …% , !=“-
C%л%›е…,е д%м,…,!3ю?,. C%лю“%" sk( д,1 nk = ) 
ƒ=м*…32%L “,“2ем/.

o%“*%ль*3 дл  ƒ…=ме…=2ел  Cе!ед=2%ч…%L 
-3…*ц,, (3) "/C%л… ю2“  !="е…“2"=

0)()(1 kku sWsW ,
 д,1 nk = ,

2% дл  "ƒ=,м…%г% “%*!=?е…,  …3леL , д%м,…,-
!3ю?,. C%лю“%" “,“2ем/ ч,“л,2ель .2%L Cе!е-
д=2%ч…%L -3…*ц,, C!, s = sk, д,1 nk =  2=*›е д%л-
›е… %K!=?=2ь“  " …3ль.

o%.2%м3 …= "2%!%м .2=Cе “,…2еƒ= *%!!е*2,-
!3ю?ег% 3“2!%L“2"= ег% Cе!ед=2%ч…=  -3…*ц,  
Wkp(s)  ƒ=C,ше2“  " ",де

1

0)1(
)(

n

h

h
hn

k
kp sK

s
ssW , (4)

где Kh, 1,0 −= дnh  # C=!=ме2!/ …=“2!%L*, *%!!е*-
2,!3ю?ег% 3“2!%L“2"=; τk # ƒ=д=……=  C%“2% ……=  
"!еме…, *%!!е*2,!3ю?ег% 3“2!%L“2"=.

b",д3 2%г% ч2% “2еCе…ь C%л,…%м= ч,“л,2ел  
Cе!ед=2%ч…%L -3…*ц,, (4) …е C!е"/ш=е2 “2еCе-
…, C%л,…%м= е‘ ƒ…=ме…=2ел , 2% “,…2еƒ,!3ем%е 
*%!!е*2,!3ю?ее 3“2!%L“2"% 2е.…,че“*, !е=л,-
ƒ3ем%.

Š=* *=* C%“ле "/C%л…е…,  Cе!"%г% .2=C= “,…-
2еƒ= !=“C%л%›е…,е д%м,…,!3ю?,. C%лю“%" “,“-
2ем/ “2=…%",2“  ,ƒ"е“2…/м, 2% C%л3ч=ю2 %C!еде-
л‘……/е ƒ…=че…,  ".%д ?,е " …,. "ел,ч,…/ η , 
mC, где η # "ел,ч,…= =K“%лю2…%г% демC-,!%"=-
…,  (демC-,!%"=…,е, *%гд= ƒ…=че…,е %C!едел е2 

“*%!%“2ь ƒ=23.=…,  "“е. г=!м%…,че“*,. “%“2="-
л ю?,. Cе!е.%д…%г% C!%це““=); mC # C!едель…% 
д%C3“2,м%е  ƒ…=че…,е "ел,ч,…/.

b .2%м “л3ч=е "/Kе!ем ƒ…=че…,е C%“2% ……%L 
"!еме…, τk, ,“.%д  ,ƒ 3“л%", 

τk<
1
η  

, (5)

"/C%л…е…,е *%2%!%г% г=!=…2,!3е2, ч2% *%!!е*2,-
!3ю?ее 3“2!%L“2"% …е K3де2 “3?е“2"е……% C%"/-
ш=2ь ,…е!ц,%……%“2ь *=…=л= Cе!ед=ч, “,г…=л%" 
λ(t) →  y(t), 2=* *=* .2% C!,"ел% K/ * …е›ел=2ель-
…%м3 ƒ=2 г,"=…,ю "%ƒ…,*=ю?,. C!, ,ƒме…е…, . 
"%ƒм3?=ю?ег% "%ƒдеL“2",  λ(t) Cе!е.%д…/. C!%-
це““%" y(t) …= "/.%де “,“2ем/.

dл  ,ллю“2!=ц,, .--е*2,"…%“2, ме2%д= “,…-
2еƒ= *%!!е*2,!3ю?ег% 3“2!%L“2"=, %Kе“Cеч,"=ю-
?ег% C%"/ше…,е *=че“2"= 3C!="ле…,  C!, деL“2-
",, …= “,“2ем3 *%…2!%л,!3ем/. "%ƒм3?е…,L, 
!=““м%2!,м C!,ме!.

o!,ме!. o!едC%л%›,м, ч2% *=…=л=м Cе!ед=ч, 
“,г…=л%" u(t) → μ(t) , λ(t) → ν(t) 3C!="л ем%г% 
%KAе*2= “%%2"е2“2"3ю2 Cе!ед=2%ч…/е -3…*ц,,.

dл  3C!="ле…,  !=““м=2!,"=ем/м %KAе*2%м 
,“C%льƒ3е2“  oh-!ег3л 2%!.

o%“*%ль*3 τ1 #  τ2 > 0, 2% Cе!ед=2%ч…=  -3…*-
ц,  %C,“/"=е2 2е.…,че“*, …е!е=л,ƒ3ем%е 3“2-
!%L“2"%. o%.2%м3 C!, “,…2еƒе *%!!е*2,!3ю?ег% 
3“2!%L“2"= K3дем ,“C%льƒ%"=2ь Cе!ед=2%ч…3ю 
-3…*ц,ю (4).

m= Cе!"%м .2=Cе “,…2еƒ= …е%K.%д,м% "/K!=2ь 
C%д.%д ?ее ƒ…=че…,е C%“2% ……%L "!еме…, τk. 
dл  .2%г%, C%л=г= 

mC = 0,313 ,                                        (6)

p,“. 1. t3…*ц,%…=ль…=  “.ем= “,“2ем/ 3C!="ле…, :
 ja # *%м=…д…/L Kл%*; yƒд(t) # ƒ=д=ю?ее "%ƒдеL“2",е; ε(t) # %ш,K*= 3C!="ле…, ; ζ(t) # “,г…=л *%!!е*ц,,; 

u(t) # 3C!="л ю?,L “,г…=л; μ(t) , ν(t) # !е=*ц,  %KAе*2= …= 3C!="л ю?ее , "%ƒ…,*=ю?ее "%ƒдеL“2",е

ζ(t)
μ(t)

λ(t)

u(t)

v(t)

yзд(t) ε(t)

y(t)
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%C!едел,м ƒ…=че…,  C=!=ме2!%" …=“2!%L*, oh-
!ег3л 2%!=, ,“.%д  ,ƒ 2!еK%"=…,L * !=“C%л%›е-
…,ю д%м,…,!3ю?,. C%лю“%" “,“2ем/.

b !еƒ3ль2=2е C%л3ч,м

K! = 2,5310 ;  T, = 94,209 c ,   (7)

где K!# *%.--,ц,е…2 Cе!ед=ч, !ег3л 2%!=; T, # C%“-
2% ……/е "!еме…, ,…2ег!,!%"=…, ; C!,чем

η   = 0,0096914 c#1.     (8)

Š=* *=* ,ƒ !="е…“2"= (8) “лед3е2, ч2% 1/η =
= 103,18 c, 2% " “%%2"е2“2",, “ 3“л%",ем (5) дл  
"ел,ч,…/ τk "/Kе!ем ƒ…=че…, , C!ед“2="ле……/е 
" 2=Kл,це.

g…=че…,  C=!=ме2!%" …=“2!%L*,
*%!!е*2,!3ю?ег% 3“2!%L“2"=

τk,  “ K0  K1,c K2,c
2

20 100 286 2725,2 97,000

30 102 080 1,3652 2250,4

50 109 152 #672,11 4,1448

p,“. 2. `мCл,23д…%-ч=“2%2…/е .=!=*2е!,“2,*, *=…=л= Cе!ед=ч, “,г…=л%" 
λ(t) →

 
ν(t)  C!, ƒ…=че…, . C%“2% ……%L "!еме…, τk: 

τk = 20 c (1); τk = 30 c (2); τk = 50 c (3); Kеƒ *%!!е*ц,, (4)

p,“. 3. oе!е.%д…/е C!%це““/ …= "/.%де “,“2ем/ 3C!="ле…, : 

Kеƒ *%!!е*ц,, (1); τk = 50 c (2); τk = 30 c (3)

m= "2%!%м .2=Cе “,…2еƒ=, !еш," “ 3ч‘2%м C%л3-
че……/. !="е…“2" (6)#(8) , "/K!=……/. ƒ…=че-
…,L τk “,“2ем3 3!="…е…,L, %C!едел,м ,“*%м/е 
ƒ…=че…,  C=!=ме2!%" …=“2!%L*, *%!!е*2,!3ю-
?ег% 3“2!%L“2"=, *%2%!/е 2=*›е C!ед“2="ле…/ 
" 2=Kл,це.

|Wλy(iω)|

y(t)
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c!=-,* =мCл,23д…%-ч=“2%2…/. .=!=*2е!,“2,* 
*=…=л= Cе!ед=ч, “,г…=л%" λ(t) → ν(t) C%*=ƒ=… 
…= !,“. 2.

j=* ",д…% ,ƒ !,“. 2, C!,ме…е…,е *%!!е*2,-
!3ю?ег% 3“2!%L“2"= C%ƒ"%л е2 3ме…ьш,2ь "е-
л,ч,…3 !еƒ%…=…“…%г% C,*= `)u *=…=л= Cе!е-
д=ч, “,г…=л%" λ(t) →

 
ν(t), C!,ч‘м ег% м,…,-

м=ль…%е ƒ…=че…,е д%“2,г=е2“  C!, τk = 30 “.
nд…=*% " 2%м “л3ч=е, *%гд= τk = 50 “, ƒ…=че…,  
`)u " %Kл=“2, "/“%*,. ч=“2%2 ме…ьше, чем 
C!, τk = 30 “.

dл  %K%“…%"=……%г% "/K%!= C%“2% ……%L "!еме-
…и τ

k 
целе“%%K!=ƒ…% ,““лед%"=2ь "%ƒ…,*=ю?,е …= 

"/.%де “,“2ем/ 3C!="ле…,  C!, деL“2",, C% *=-
…=л3 λ(t) → ν(t) ед,…,ч…%г% “23Cе…ч=2%г% "%ƒ-
м3?е…,  λ(t) = 1(t), Cе!е.%д…/е C!%це““/ y(t) 
(!,“. 3).

hƒ !,“. 3 ",д…%, ч2% м,…,м=ль…/е ƒ…=че…,  
"/K!%“= , дл,2ель…%“2, Cе!е.%д…%г% C!%це““=  
y(t) д%“2,г=ю2“  C!, τk = 30 c .

o%.2%м3 ƒ…=че…,  C=!=ме2!%" …=“2!%L*, 
*%!!е*2,!3ю?ег% 3“2!%L“2"= 3“2=…="л,"=ю2“  

C% д=……/м 2=Kл,ц/ “%гл=“…% “лед3ю?,м !="е…-
“2"=м:

τk = 30 c ;  K = 102 080 ;  K1 = 1,3652 c ; 

K2 = 2250,4 c2.

m= %“…%"=…,, .2,. !=“ч‘2%" м%›…% “дел=2ь 
“лед3ю?,е "/"%д/:

C!,ме…е…,е !=ƒ!=K%2=……%г% ме2%д= C%ƒ"%л е2 
3ме…ьш,2ь дл,2ель…%“2ь Cе!е.%д…/. C!%це““%" 
" “,“2еме 3C!="ле…, , = 2=*›е "ел,ч,…3 ,. "/-
K!%“%";
дл  C!,ме…е…,  !=ƒ!=K%2=……%г% ме2%д= *%!-

!е*ц,, …е 2!еK3е2“  ,…-%!м=ц,  % “2=2,“2,че-
“*,. .=!=*2е!,“2,*=. *%!!е*2,!3ем/. "%ƒдеL-
“2",L;

“!ед, м…%›е“2"= "%ƒм3?=ю?,. "%ƒдеL“2",L, 
деL“2"3ю?,. …= %KAе*2 3C!="ле…, , дл  *%!!е*-
ц,, “лед3е2 "/K,!=2ь "%ƒм3?е…,е, …=,K%лее 
"л, ю?ее …= *=че“2"% 3C!="л ем%г% 2е.…%л%г,-
че“*%г% C!%це““=.
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}jnmnlhj` h npc`mhg`0h“ m`r)mni h ung“iqŠbemmni de“Šek|mnqŠh

rdj  681.32.019.3

~.j. t%!2,…“*,L,  *=…д.  2е.….  …=3* 
(b%!%…е›“*=  г%“3д=!“2"е……=  ле“%2е.…,че“*=  =*=дем, )   

nilit1@rambler.ru

`rdhŠ pe`khg`0hh qoe0h`k|m{u opnejŠnb b }kejŠpnmmni 
opnl{xkemmnqŠh 

 p=““м%2!е…% м=2ем=2,че“*%е %Kе“Cече…,е =3д,2= !е=л,ƒ=ц,, “Cец,=ль…/. C!%е*2%" 
, -%!м,!%"=…,  д=……/. дл  32%ч…е…,  !еL2,…г= C!едC!, 2,L-,“C%л…,2елеL.

jлюче"/е “л%"=: =3д,2, C!%е*2, !еL2,…г C!едC!, 2,L, 3C!="ле…,е.

Mathematical and software of the special projects implementation audit and forming dates 
for enterprise-executor rating definition are considered.

Key words: audit, project, enterprise rating, management.

b"еде…,е. dл  !еше…,  ƒ=д=ч, =3д,2= C!%е*-
2%" !=ƒ!=K%2*, , C!%,ƒ"%д“2"= м,*!%.ле*2!%…-
…/. *%мC%…е…2%" (l}j) д"%L…%г% C!,ме…е…,  
C!едл%›е…/ “%%2"е2“2"3ю?,е ме2%д,*=, м%дель 
, =лг%!,2м (t%!2,…“*,L ~.j. `"2%м=2,ƒ=ц,  
3C!="ле…,  , C!%е*2,!%"=…,  " .ле*2!%……%L 
C!%м/шле……%“2,. b%!%…е›: b%!%…е›. г%“. 3…-2. 
2007. 275 “). 

p=ƒ!=K%2=……/е “!ед“2"= C!ед…=ƒ…=че…/ дл  
%це…*, !е=л,ƒ=ц,, 2е*3?,. Cл=…%" “%ƒд=…,  , 
C!%,ƒ"%д“2"= l}j …= !=ƒл,ч…/. .2=C=. "/C%л-
…е…, . dл  .2%г% …= C!едC!, 2, . .ле*2!%……%L 
C!%м/шле……%“2, (}o) C!%"%д,2“  м%…,2%!,…г 
“%“2% …,  C!%це““%" "/C%л…е…,  2е*3?,. Cл=-
…%", д=……/е % *%2%!/. ƒ=…%“ 2“  , Cе!ед=ю2“  " 
%K?3ю K=ƒ3 д=……/. (nad) *%%!д,…=ц,%……%г% 
3C!="ле…,  (jr). rC!="ле…,е !=ƒ",2,  .ле*-
2!%……%L *%мC%…е…2…%L K=ƒ/ (rp}ja) l,…,-
“2е!“2"= %K%!%…/ (ln) ,  "л е2“  %“…%"%L дл  
=3д,2=.

h“.%д…/м, д=……/м, дл  %це…*, .%д= !е=л,-
ƒ=ц,, 2е*3?,. Cл=…%" “Cец,=ль…/. C!%е*2%" 
…= !=ƒл,ч…/. .2=C=. "/C%л…е…,   "л ю2“ : *%-
л,че“2"% mhnjp, Cл=…,!3ем/. * "/C%л…е…,ю 
ƒ= %2ч‘2…/L Cе!,%д (!=K%2/, "*люч‘……/е " г%-
“3д=!“2"е……/L %K%!%……/L ƒ=*=ƒ (cng)), “%%2-
"е2“2"3ю?,е !=K%2=м г%“3д=!“2"е……%г% Cл=…= 
"%%!3›е…,L (cob); Cл=…,!3ем/е “!%*, "/C%л-
…е…,  !=K%2; Cл=…,!3ем/е ƒ…=че…,  %“…%"…/. 
.=!=*2е!,“2,* l}j, C%л3ч=ем/. " !еƒ3ль2=2е 
"/C%л…е…,  mhnjp; Cл=…,!3ем/L %KA‘м -,-
…=…“,!%"=…,  mhnjp (C% cob); д%“2,г…32/е 
" !еƒ3ль2=2е "/C%л…е…,  njp ƒ…=че…,  .=!=*-

2е!,“2,* l}j; !е=ль…/L %KA‘м -,…=…“,!%"=-
…,  mhnjp; *%л,че“2"% ƒ="е!ш,"ш,.“  .2=-
C%" , !=K%2 " цел%м; !е=ль…/е “!%*, ƒ="е!ше-
…,  !=K%2.

b %“…%"3 ме2%д,*, C%л%›е… !=“ч‘2…%-=…=л,2,-
че“*,L ме2%д “!="…,2ель…%г% =…=л,ƒ= ,“.%д…%L , 
*%…еч…%L ,…-%!м=ц,, % .%де "/C%л…е…,  2е*3-
?,. Cл=…%".

dл  %це…*, .%д= !е=л,ƒ=ц,, C!%г!=мм…/. д%-
*3ме…2%" C!едл%›е…/ д"= "=!,=…2= =…=л,ƒ=: .*“-
C!е““-=…=л,ƒ , C%л…/L =…=л,ƒ.

o!, .*“C!е““-=…=л,ƒе C!%"%д,2“  %K%K?е…,е , 
=…=л,ƒ "“е. “"еде…,L, = 2=*›е %C!еделе…,е %2-
*л%…е…,  %2 ,де=ль…%г% ме2%д=, "“лед“2",е чег% 
C!,…,м=е2“  !еше…,е % Cе!е.%де * C%л…%м3 ме-
2%д3.

o%л…/L =…=л,ƒ C%ƒ"%л е2 %це…,"=2ь .%д !е=-
л,ƒ=ц,, cng , cob *=* C% г!3CC=м l}j, 2=* , 
" цел%м, ч2% д=‘2 "%ƒм%›…%“2ь K%лее гл3K%*% 
%2“ле›,"=2ь д,…=м,*3 "/C%л…е…,  Cл=…%". 
o!едл%›е……/L =лг%!,2м %це…*, .%д= !е=л,ƒ=-
ц,, Cл=…%" …= !=ƒл,ч…/. .2=C=. C!ед“2="ле… …= 
!,“. 1 [1].

m= %“…%"=…,, ,“.%д…/. д=……/. %C!едел е2“  
*%.--,ц,е…2 C%л…%2/ "/C%л…е…,  !=K%2:

M
mk =раб , (1)

где m # *%л,че“2"% ƒ="е!ш‘……/. !=K%2; M # *%л,-
че“2"% !=K%2, ƒ=Cл=…,!%"=……/. * ƒ="е!ше…,ю …= 
=…=л,ƒ,!3ем%м .2=Cе.
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p,“. 1. `лг%!,2м %це…*, .%д= !е=л,ƒ=ц,, Cл=…%" …= !=ƒл,ч…/. .2=C=. "/C%л…е…, 

g=2ем !=““ч,2/"=е2“  *%.--,ц,е…2 C%л…%2/ 
д%“2,›е…,  ƒ=д=……/. .=!=*2е!,“2,* …= %“…%"е 
“!="…е…,  .=!=*2е!,“2,* l}j, C%л3че……/. " 
!еƒ3ль2=2е "/C%л…е…,  !=K%2, “ ƒ=Cл=…,!%"=……/-
м, !еƒ3ль2=2=м,:

рез
1

рез

i

m

i
k

k
m

==
∑

,  (2)

где k!еƒi # *%.--,ц,е…2 д%“2,›е…,  !еƒ3ль2=2= %2-
дель…%L !=K%2/. 

g…=че…,е k!еƒi = 1, е“л, C%л…%“2ью "/C%л…е…% 
Šg , д%“2,г…32/ ƒ=д=……/е C=!=ме2!/; k!еƒi = 0,65, 
е“л, !=K%2= C!,… 2=, …% C% %2дель…/м (…е %“…%"-
…/м) C=!=ме2!=м …е д%“2,г…32/ ƒ=д=……/е C%*=-
ƒ=2ел,; k!еƒi= 0,3, е“л, !=K%2= C!,… 2=, …% C% %2-
дель…/м ("=›…еLш,м) C=!=ме2!=м …е д%“2,г…32/ 
ƒ=д=……/е C%*=ƒ=2ел,.

d=лее %C!едел е2“  ,…2ег!=ль…/L *%.--,-
ц,е…2 C%л…%2/ "/C%л…е…,  !=K%2 ƒ= %2ч‘2…/L 
Cе!,%д k.- , *%.--,ц,е…2 -,…=…“,!%"=…,  
k-,…:

k.- = k!=K k!еƒ; (3)
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1
фин

1

реал

план i

N

i
N

i

S
k

S

=

=

=
∑

∑
,  (4)

где N # *%л,че“2"% !=K%2, ƒ=Cл=…,!%"=……/. " cng; 
SCл=…# Cл=…,!3ем/L %KA‘м -,…=…“,!%"=…,  (C% cob); 
S!е=л # !е=ль…/L %KA‘м -,…=…“,!%"=…,  (C% cng).

n2*л%…е…,  ,…2ег!=ль…%г% *%.--,ц,е…2= C%л-
…%2/ "/C%л…е…,  !=K%2 k%2*л , *%.--,ц,е…2= 
C%л…%2/ -,…=…“,!%"=…,  %2 ,де=ль…%г% ме2%д= 
k%2*л.-,…  !=““ч,2/"=ю2“  C% -%!м3л=м

k%2*л = 1 # k.-;                (5)

k%2*л.-,…  = 1 # k-,….               (6)

d=……/е *%.--,ц,е…2/ %C!едел ю2 .%д !е=л,-
ƒ=ц,, 2е*3?,. Cл=…%": е“л, "ел,ч,…= %2*л%…е-
…,  ,…2ег!=ль…%г% *%.--,ц,е…2= C%л…%2/ "/-
C%л…е…,  !=K%2 k%2*л K%льше д%C3“2,м%г% kд%C, 
2% C!,…,м=е2“  !еше…,е % C%л…%м "/C%л…е…,, 
Cл=…%" …= ƒ=д=……%м .2=Cе. e“л, "ел,ч,…= %2*л%-
…е…,  ,…2ег!=ль…%г% *%.--,ц,е…2= C%л…%2/ "/-
C%л…е…,  !=K%2 k%2*л ме…ьше д%C3“2,м%г% kд%C, 
2% C!,…,м=е2“  !еше…,е % "/C%л…е…,, Cл=…%" " 
…еC%л…%м %KA‘ме , Cе!е.%де * ме2%д3 C%л…%г% 
=…=л,ƒ=.

o!, C%л…%м =…=л,ƒе …= %“…%"=…,, ,“.%д…/. 
д=……/. %C!едел е2“  !е=ль…%е , Cл=…,!3ем%е 
-,…=…“,!%"=…,е %2дель…%L г!3CC/ l}j:

реал реал
1

j

j i

M

i
Z S

=
= ∑

 

;                (7)

план план
1

jM

j i
i

Z S
=

= ∑
 

,                (8)

где SCл=… i # Cл=…,!3ем%е -,…=…“,!%"=…,е !=K%2/ 
(C% cob); S!е=л i # !е=ль…%е -,…=…“,!%"=…,е !=K%2/ 
(C% cng); Mj # *%л,че“2"% !=K%2 " г!3CCе.

j%.--,ц,е…2 -,…=…“,!%"=…,  *=›д%L г!3C-
C/ l}j %C!едел е2“  C% -%!м3ле

реал
фин.гр.

план

j
j

j

Z
k

Z
= .                (9)

q"еде…,  % !=K%2=., ƒ="е!ш,"ш,.“  " %2ч‘2-
…%м г%д3, C!ед“2="л ю2“  дл  …=гл д…%“2, " 2=K-
л,це, где 3*=ƒ/"=ю2“  г!3CC/ l}j, …=,ме…%"=-

…,е !=K%2, Cл=…,!3ем/е , д%“2,г…32/е .=!=*2е-
!,“2,*, l}j.

g=2ем, “%гл=“…% ме2%д,*е, !=““ч,2/"=ю2“  
*%.--,ц,е…2 .--е*2,"…%“2, !=K%2 " г!3CCе 
l}j , *%.--,ц,е…2 "/C%л…е…,  !=K%2 " г!3CCе 
l}j:

эф.гр рез
1

;
m

j i
i

k k
=

= ∑    (10)

раб.гр ,i
j

j

mk
N

=   (11)

где mj  # *%л,че“2"% !=K%2 " г!3CCе, ƒ="е!ш,"ш,.“  
ƒ= %2ч‘2…/L Cе!,%д; Nj # *%л,че“2"% !=K%2 " г!3CCе, 
Cл=…,!%"="ш,.“  * ƒ="е!ше…,ю.

d=лее %C!едел ю2“  *%.--,ц,е…2 .--е*2,"-
…%“2, г!3CC/ l}j , *%.--,ц,е…2 C%л…%2/ "/-
C%л…е…,  !=K%2 ƒ= %2ч‘2…/L Cе!,%д:

эф.гр эф.гр раб.гр ;j j jk k k=               (12)

эф эф.гр 
1

,
E

j
j

k k
=

= ∑
 

(13)

где e # *%л,че“2"% г!3CC l}j.

h2%г%"/е ƒ…=че…,  C!ед“2="л ю2“  " ",де 2=K-
л,ц/, " *%2%!%L 3*=ƒ/"=ю2“  г!3CC/ l}j, 
*%.--,ц,е…2/ .--е*2,"…%“2, , -,…=…“,!%"=-
…, , ,2%г ƒ= Cе!,%д. 

g…=че…, , C!ед“2="л ем/е " 2=Kл,це, %2!=-
›=ю2 .%д !е=л,ƒ=ц,, Cл=…%" …= ƒ=д=……%м .2=Cе 
C% г!3CC=м l}j " цел%м , ,“C%льƒ3ю2“  дл  
C!,… 2,  !еше…,L % ме!=. "%ƒдеL“2",  …= .%д 
!е=л,ƒ=ц,, Cл=…%" дл  %Kе“Cече…,  C%л…%2/ ,. 
"/C%л…е…, .

d%C%л…,2ель…% %це…,2ь !=ƒл,ч…/е C!едC!, -
2,  м%›…% C% ме2%д,*е, !=““м%2!е……%L …,›е.

q2!3*23!…% i-е C!едC!, 2,е м%›…% C!ед“2=-
",2ь " ",де *%!2е›=

, { ( )}, ,i i i ij ijD R X X t K= < = >  

1, , 1, ,i I j J= =   (14)

где Ri # !е“3!“/ …= i-м C!едC!, 2,,; Xi = {Xij (t)} # 
м…%›е“2"% j-. “"%L“2" …= i-м C!едC!, 2,,; Kij # %це…-
*, j-. “"%L“2" …= i-м C!едC!, 2,,. 

nC,“=…,е C!едC!, 2,  Di …%“,2 …еч‘2*,L .=-
!=*2е!. l…%›е“2"% ег% “"%L“2" ƒ=",“,2 %2 "!еме-
…, , ,мее2 %K/ч…% “л%"е“…%е %C,“=…,е (л,…г",“-
2,че“*%е). 
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0е…2! C!,… 2,  !еше…,L C!, Cл=…,!%"=…,, 
mhnjp 3ч,2/"=е2 2еƒ=3!3“ “"%L“2" C!едC!, -
2,L. Šеƒ=3!3“ “%“2="ле… " ",де 2е!м,…%л%г,че“-
*%г% г!=-=, "е!ш,…/ *%2%!%г%  "л ю2“  C!,-
ƒ…=*=м, *л=““,-,*=ц,,, = !еK!= # %2…%ше…, -
м, 2,C= h. }2% C%ƒ"%л е2 дл  …е*%ег% “"%L“2"= 
C!едC!, 2,  3че“2ь "“е "%ƒм%›…/е ег% C!% "-
ле…, .

o!, .*“Cе!2…%м “C%“%Kе %це…*, “"%L“2" C!ед-
C!, 2,  ,мее2 ме“2% …е%C!едел‘……%“2ь, %K3“л%"-
ле……=  %2“32“2",ем 3 ! д= C%*=ƒ=2елеL %K?еC!,-
… 2/. ед,…,ц ,ƒме!е…, , = 2=*›е ч‘2*,. г!=…,ц. 
o%.2%м3 K/л, ""еде…/ д"е л,…г",“2,че“*,е Cе-
!еме……/е:

=) &*=че“2"%[: [ ( )], 1,6, 1,k jb K X k j NN= = ,
 

где Xj # …=ƒ"=…,е j-г% C%*=ƒ=2ел ; j # л,…г",“2,че-
“*%е ƒ…=че…,е (%це…*=), "/!=›е……%е Cе!",ч…/м 
2е!м%м &*=че“2"е……%[ дл  Cе!еме……%L &*=че“2"%[; 
bk # м%д,-,*=2%! дл  л,…г",“2,че“*%г% ƒ…=че…,  
K: b1 # &…е[, b2 # &K%лее ,л, ме…ее[, b3 # &C%ч2,[, 
b4 # &д%“2=2%ч…%[, b5 # &%че…ь[, b6 # &"/“%*%[;

K) &"ел,ч,…=[: , 1,3, 1,6,k lb a l k⊗ = =
 

где al # Cе!",ч…/е 2е!м-м…%›е“2"=: a1 # &"/“%*,L[, 
a2 # &“!ед…,L[, a3 # &…,ƒ*,L[.

p,“. 2. `лг%!,2м %це…*, C%*=ƒ=2елеL C!едC!, 2, 

j%мCле*“…/L C%*=ƒ=2ель %це…,"=л“  C% -%!-
м3ле

1 2
1 1 2 2[ ]: [ ( )] [ ( )]A K(X) A K X A K X= γ γ∩ ∩

[ ( )],nn
nn nn... A K Xγ∩  (15)

где "/!=›е…,е " C!="%L ч=“2, # *%мC%ƒ,ц,  ед,-
…,ч…/. j-. C%*=ƒ=2елеL Aj [K(Xj)]; γj − *%.--,ц,е…2 
"е“%м%“2, j-г% C%*=ƒ=2ел ; nn # *%л,че“2"% ед,…,ч-
…/. C%*=ƒ=2елеL, “%“2="л ю?,. *%мCле*“…/L C%*=-
ƒ=2ель; ∩  # %Cе!=ц,  Cе!е“ече…, , “%%2"е2“2"3ю?=  
%Cе!=ц,, min дл  ƒ…=че…,L ед,…,ч…/. C%*=ƒ=2елеL, 
2. е. .*“Cе!23 !=ƒ!еш=е2“  C%льƒ%"=2ь“  “%“2="…/м, 
м%д,-,*=2%!=м, “% “" ƒ*=м, &h[ , &hkh[, = 2=*›е 
“л%›…/м, "/“*=ƒ/"=…, м,. 

b !=K%2е !=ƒ!=K%2=… =лг%!,2м %це…*, C%*=ƒ=2е-
леL C!едC!, 2,  (!,“. 2). 

g=*люче…,е. p=ƒ!=K%2=……/е м%дель , =лг%-
!,2м C%дде!›*, C!,… 2,  !еше…,L " “,л3 ,…"=-
!,=…2…%“2, “,“2ем…/. “"%L“2" C!,ме…,м/ дл  
%це…*, %2дель…/. C%*=ƒ=2елеL , C!едC!, 2,  " 
цел%м дл  C!,"лече…,  ег% " *=че“2"е ,“C%л…,-
2ел .

o%л3че……/е *%л,че“2"е……/е д=……/е %це…*, 
C%*=ƒ=2елеL C!едC!, 2,L 2=*›е 3ч,2/"=ю2“  C!, 
!=“ч‘2е !еL2,…г= .--е*2,"…%“2, "/C%л…е…,  
“Cец,=ль…/. C!%е*2%".

-
ijB

-
-

ij -

« »

« »

-

« »
 ab lk (k = 1,…,6,
i = 1,…,3)

-
-

K(X) = ikba1

-
-

A[K(X)] 

 2ел  K(X) = a1
bkγi
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rdj 65.012.224:004

e.m. oе!г3…, `.c. “…,ше"“*= , *=…д.2е.….…=3*, д%ц., m.`. k3ч*,…
(nм“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2) 

anna-yanish@mail.ru

p`gp`anŠj` qhqŠel{ }kejŠpnmmncn dnjrlemŠnnanpnŠ` 
m` opedoph“Šh“u

p=““м%2!е…/ %“…%"…/е .2=C/ C!%це““= !=ƒ!=K%2*, “,“2ем/ .ле*2!%……%г% д%*3ме…2%-
%K%!%2= …= C!едC!, 2,,. o!,"еде…/ C!,ме!/ “.ем !=ƒ!=K%2*,, “%гл=“%"=…,  , 32"е!›де-
…,  д%*3ме…2%" , %!г=…,ƒ=ц,%……%L “2!3*23!/ “,“2ем/ “ ,“C%льƒ%"=…,ем Cл=2-%!м/ Lotus 
Domino Workflow.

jлюче"/е “л%"=: ="2%м=2,ƒ=ц,  C!едC!, 2, , “,“2ем= .ле*2!%……%г% д%*3ме…2%%K%!%2=, %!г=-
…,ƒ=ц,%……=  “2!3*23!= “,“2ем/.

Creature process basic phase for electron circulation of documents system on an enterprise are 
considered. Examples of the documents creature, agreement and statement schemes as well as 
system organizational structure with use of Lotus Domino Workflow platform are given.

Key words: enterprise automation, electron documents circulation system, system organizational 
structure.

b …=“2% ?ее "!ем  “,“2ем/ .ле*2!%……%г% д%-
*3ме…2%%K%!%2= (q}d) =*2,"…% C!,ме… ю2“  …= 
!=ƒл,ч…/. C!едC!, 2, ., " г%“3д=!“2"е……/. 
“2!3*23!=., , ,…2е!е“ * …,м …еC!е!/"…% !=“2‘2. 
}2% %KA “… е2“  2ем, ч2% C!,ме…е…,е q}d %K/ч-
…% C!,"%д,2 * 3“%"е!ше…“2"%"=…,ю , “2!3*23!,-
!%"=…,ю K,ƒ…е“-C!%це““%" …= C!едC!, 2,,. dл  
“%%2"е2“2",  %!г=…,ƒ=ц,, “2=…д=!2=м 3C!="ле…,  
*=че“2"%м ISO9000 ,л, qll …=л,ч,е q}d  "-
л е2“  …е%K.%д,м/м 3“л%",ем. q}d C%ƒ"%л ю2 
C%л3ч=2ь *%л,че“2"е……/е %це…*, .--е*2,"…%“2, 
!=K%2/ “%2!3д…,*%", %Kе“Cеч,"=2ь "/C%л…е…,е 
…=мече……/. Cл=…%" , “%Kлюде…,е 2!еK%"=…,L 
“2=…д=!2%" 3C!="ле…,  *=че“2"%м. 

m%"/е "е!“,, q}d дем%…“2!,!3ю2  "…3ю …=-
целе……%“2ь …= !=K%23 “ K,ƒ…е“-C!%це““=м, *=* 
3C%! д%че……/м, …=K%!=м, д%*3ме…2%" , ƒ=д=ч. 
}2% C%д2"е!›д=е2“ , " ч=“2…%“2,, 2ем, ч2% C!=*-
2,че“*, "“е ƒ=C=д…/е “,“2ем/ 2=*%г% *л=““= Cе-
!е“2=л, …=ƒ/"=2ь“  “,“2ем=м, *л=““= &Document 
Management[, ,. “2=л, *л=““,-,ц,!%"=2ь *=*, 
…=C!,ме!, &Enterprise Content Management[ 
(ECM), 2. е. “,“2ем/ 3C!="ле…,  *%!C%!=2,"…/м 
*%…2е…2%м (C!едC%л=г=е2“  3C!="ле…,е люK/м 
*%…2е…2%м, = …е 2%ль*% “%де!›=…,ем д%*3ме…-
2%"), ,л, &Smart Enterprise Suite[ (SES), 2. е. ,…-
2елле*23=ль…/е *%!C%!=2,"…/е “,“2ем/ “ ш,!%-
*,м …=K%!%м …е%K.%д,м/. *=›д%м3 C!едC!, 2,ю 
-3…*ц,L [1, 2]. 

m= "%ƒм%›…%“2ь q}d K/2ь ,…“2!3ме…2%м 
“2!3*23!,!%"=…,  *%!C%!=2,"…%L ,…-%!м=ц,, 
%K!=2,м %“%K%е "…,м=…,е, 2=* *=* *=›д%е C!ед-
C!, 2,е %Kл=д=е2 3…,*=ль…/м,, C!,“3?,м, 

2%ль*% ем3 %“%Kе……%“2 м, ,…-%!м=ц,%……%L 
“2!3*23!/. mе“м%2!  …= "=›…%“2ь “!ед“2" %K!=-
K%2*, …е“2!3*23!,!%"=……%L ,…-%!м=ц,, (…=C!,-
ме!, 2е*“2%" " C!%,ƒ"%ль…%м -%!м=2е), %…, …е 
м%г32 ƒ=ме…,2ь C!%це““ “2!3*23!,!%"=…,  *%!-
C%!=2,"…%L ,…-%!м=ц,, " -%!ме ƒ=C,“, " K=ƒе 
д=……/..

b/K%! “,“2ем/ д%*3ме…2%%K%!%2= O .2% …е 
C!%“2% 2е.…%л%г,че“*=  ,л, ,…›е…е!…=  ƒ=д=ч=, 
%… “" ƒ=… “ %K?еL “2!=2ег,еL !=ƒ",2,  %!г=…,ƒ=-
ц,,, %C!едел е2“  "% м…%г%м е‘ цел м,, *%…*3-
!е…2…%L “!ед%L, “2!3*23!%L, *%2%!=  ,мее2“  …= 
д=……/L м%ме…2, “2!3*23!%L, * *%2%!%L %!г=…,ƒ=-
ц,  C!,д‘2 " K3д3?ем, 2!еK%"=…, м, C%л…%2/ 
3ч‘2= ƒ=д=ч, !еш=ем/. %!г=…,ƒ=ц,еL, %“%Kе……%-
“2 м, .2,. ƒ=д=ч, “" ƒ=……/м, “% “Cец,-,*%L е‘ 
де 2ель…%“2,.

}--е*2,"…%“2ь ,“C%льƒ%"=…,  q}d, *=* C!=-
",л%, "/ше, чем .--е*2,"…%“2ь ,“C%льƒ%"=…,  
д!3г,. *%!C%!=2,"…/. “,“2ем. 

j!%ме *%л,че“2"е……/. %це…%* .--е*2,"…%“2, 
!=K%2/ “,“2ем/, “3?е“2"3ю2 2=*›е , *=че“2"е…-
…/е, 2=*,е, *=* C%"/ше…,е …=гл д…%“2, Cе!еме-
?е…,  д%*3ме…2%", "%ƒм%›…%“2, %!г=…,ƒ=ц,, 
ед,…%г% *%!C%!=2,"…%г% ,…-%!м=ц,%……%г% C!%-
“2!=…“2"=, %KAед,…е…,е , %Kе“Cече…,е “%.!=……%-
“2, *%!C%!=2,"…%L ,…-%!м=ц,, ,, …=*%…ец, C%-
"/ше…,е 3C!="л ем%“2, *%мC=…,, " цел%м.

`!.,2е*23!3 “,“2ем/ …е%K.%д,м% "/K,!=2ь “ 
3ч‘2%м !еш=ем/. …= C!едC!, 2,, ƒ=д=ч.

b д=……%L “2=2ье C!едл=г=е2“  =!.,2е*23!…%е 
!еше…,е …= Cл=2-%!ме Lotus Domino Workflow, 
*%2%!%е %Kе“Cеч,"=е2 ш,!%*3ю -3…*ц,%…=ль-
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Š!еK%"=…,  * “,“2еме .ле*2!%……%г% д%*3ме…2%%K%!%2=

h“C%л…,2ель t3…*ц, 

lе…ед›е!
p=ƒ!=K%2*= (!ед=*2,!%"=…,е) д%*3ме…2%" (&C%л,2,*,[, &C!%цед3!/[, 2е.…%л%г,че-
“*,. ,…“2!3*ц,L, “Cец,-,*=ц,L) , %2C!="ле…,е ,. …= C!%"е!*3 “%2!3д…,*3 3C!="-
ле…, 

q%2!3д…,* 3C!="ле…, 
q%ƒд=…,е д%*3ме…2%" (&C%л,2,*,[, &C!%цед3!/[, 2е.…%л%г,че“*,. ,…“2!3*ц,L, 
“Cец,-,*=ц,,, -%!м/);
C!%"е!*= ,. C%“ле “%ƒд=…,  ме…ед›е!%м,  -%!м,!%"=…,е  *%мме…2=!,  C% C!%-
"е!*е;
%C!еделе…,е “C,“*= “%2!3д…,*%", “%гл=“3ю?,. *=›д/L д%*3ме…2; 
%2C!="ле…,е “%%2"е2“2"3ю?,. д%*3ме…2%" …= “%гл=“%"=…,е “%2!3д…,*3 , "%ƒ"!=-
?е…,е …е“%%2"е2“2"3ю?,. д%*3ме…2%" ме…ед›е!3;
3д=ле…,е д%*3ме…2%" (&C%л,2,*,[, &C!%цед3!/[, 2е.…%л%г,че“*,. ,…“2!3*ц,L, 
“Cец,-,*=ц,,, -%!м/);
%“3?е“2"ле…,е “л3›еK…/. %Cе!=ц,L " Domino Worklow (!=K%2= “ Domino Workflow 
View, !=K%2= “ Domino Workflow Architect);
!=K%2= “ м=2!,цеL “%%2"е2“2",  д%*3ме…2%", = 2=*›е “% “C!="%ч…,*=м, &pеƒ3ль2=-
2/[ , &m=C!="ле…,  де 2ель…%“2,[

q%2!3д…,*,  “%гл=“3ю?,L 
д%*3ме…2/

o!%“м%2! д%*3ме…2%" “,“2ем/, C!,“л=……/. …= “%гл=“%"=…,е, , "…е“е…,е !еƒ3ль-
2=2%" " л,“2 “%гл=“%"=…,L

j%%!д,…=2%! 
o!%“м%2! д%*3ме…2%" “,“2ем/, C%л3че……/. …= 32"е!›де…,е, , "…е“е…,е !еше…,  
" л,“2 32"е!›де…, 

`дм,…,“2!=2%! q%ƒд=…,е , !ед=*2,!%"=…,е д%*3ме…2%" " %!г=…,ƒ=ц,%……%L “2!3*23!е

q%2!3д…,* *%мC=…,, )2е…,е 32"е!›д‘……/. д%*3ме…2%" “,“2ем/

p,“. 1. q.ем= !=ƒ!=K%2*,, “%гл=“%"=…,  , 32"е!›де…,  д%*3ме…2%"
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p,“. 2. `лг%!,2м %це…*, C%*=ƒ=2елеL C!едC!, 2, 

p,“. 3. q2!3*23!…/е ч=“2, “,“2ем/

подразделении

Ч

Ч

Ч Ч

Ч

З

З

З
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…%“2ь, 3д%"ле2"%! ю?3ю ƒ…=ч,2ель…3ю ч=“2ь 
2!еK%"=…,L * “,“2еме (“м. 2=Kл,ц3), !=ƒ",2/е 
"%ƒм%›…%“2, !=ƒ!=K%2*, , ",ƒ3=л,ƒ=ц,, K,ƒ…е“-
C!%це““%", "“2!%е……/L ме.=…,ƒм %2ч‘2…%“2, C% 
C!%.%д ?,м K,ƒ…е“-C!%це““=м д=……%L Cл=2-
-%!м/.

p=ƒ!=K%2*3, “%гл=“%"=…,е , 32"е!›де…,е д%*3-
ме…2%" " “,“2еме (!,“. 1) %“3?е“2"л ю2 “лед3ю-
?,е Kл%*,:

&p=ƒ!=K%2*= C!%цед3!/[ (!ед=*2,!%"=…,е д%-
*3ме…2=, %C,“/"=ю?ег% C!%цед3!/, -%!м,!%"=-
…,е ег% !=ƒдел%" , %2C!="*3 …= C!%"е!*3);

&p=ƒ!=K%2*= “.ем/ C!%цед3!/[ (""%д , !ед=*-
2,!%"=…,е C%“!ед“2"%м г!=-,че“*%г% !ед=*2%!= 
!=ƒдел=, "…ед!е……%г% " д%*3ме…2 &o!%цед3!=[  
%KAе*2=;.

&p=ƒ!=K%2*= “л%"е“…%L ч=“2, C!%цед3!/[ (ме-
…ед›е!3 C!ед%“2="л е2“  "%ƒм%›…%“2ь !ед=*2,-
!%"=…,  "…ед!е……%г% " д%*3ме…2 &o!%цед3!=[ 
%KAе*2= # &qл%"е“…%е %C,“=…,е C!%цед3!/[ C%-
“!ед“2"%м "/ƒ%"= 2е*“2%"%г% !ед=*2%!=; 

&nC!еделе…,е !еƒ3ль2=2%" C!%цед3!/[;
&p=ƒ!=K%2*= 2е.…%л%г,че“*%L ,…“2!3*ц,,[ (!е-

д=*2,!%"=…,е д%*3ме…2= &Šе.…%л%г,че“*=  ,…“2-
!3*ц, [ , "…ед!‘……%г% " …ег% %KAе*2= &Šе.…%л%-

г,че“*=  ,…“2!3*ц, [ C%“!ед“2"%м "/ƒ%"= 2е*-
“2%"%г% !ед=*2%!= , %2C!="*, д%*3ме…2= …= C!%-
"е!*3);

&p=ƒ!=K%2*= “Cец,-,*=ц,,[ (!ед=*2,!%"=…,е 
д%*3ме…2= &qCец,-,*=ц, [ , "…ед!‘……%г% " …ег% 
%KAе*2= &qCец,-,*=ц, [ C%“!ед“2"%м "/ƒ%"= 
2е*“2%"%г% !ед=*2%!= “ C%“лед3ю?еL %2C!="*%L 
д%*3ме…2= …= C!%"е!*3);

&p=ƒ!=K%2*= -%!м/[ (!ед=*2,!%"=…,е д%*3ме…-
2= , "…ед!‘……%г%  " …ег% %KAе*2= &qCец,-,*=-
ц, [ C%“!ед“2"%м "/ƒ%"= 2е*“2%"%г% !ед=*2%!= , 
%2C!="*, д%*3ме…2= …= C!%"е!*3).

&p=ƒ!=K%2*= C%л,2,*,[ (!ед=*2,!%"=…,е д%*3-
ме…2= &o%л,2,*=[ , "…ед!‘……%г%  " …ег% %KAе*2= 
&o%л,2,*=[ C%“!ед“2"%м "/ƒ%"= 2е*“2%"%г% !ед=*-
2%!= , %2C!="*, .2%г% д%*3ме…2= …= C!%"е!*3).

o!, .2%м “,“2ем= %Kе“Cеч,"=е2:
%!г=…,ƒ=ц,ю ““/л%* …=  “%%2"е2“2"3ю?,е !е-

ƒ3ль2=23 д%*3ме…2/ &t%!м=[ ,л, &qCец,-,*=-
ц, [;

-%!м,!%"=…,е г,Cе!““/л%* " !=ƒделе &q“/л*,[ 
"% "…ед!‘……/. %KAе*2=. д%*3ме…2%" “,“2ем/;

ƒ=C%л…е…,е “л3›еK…/. C%леL дл  -%!м,!%"=-
…,  ,е!=!.,че“*%L “2!3*23!/  д%*3ме…2%" C% 
“,“2еме.

p,“. 4. q.ем= !=ƒ"‘!2/"=…,  “,“2ем/
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dл  !=K%2/ " “,“2еме C!едл=г=е2“  %!г=…,ƒ=-
ц,%……=  “2!3*23!=, C!ед“2="ле……=  …=  !,“. 2.

b Kл%*=. &p=K%2= “ C%д!=ƒделе…, м,[, &p=K%2= 
“ Cе!“%…=ль…%L *=!2%ч*%L[ , &p=K%2= “ !=K%чеL 
г!3CC%L[ ,“C%л…,2елем "/“23C=е2 =дм,…,“2!=-
2%!. n… м%›е2 !=K%2=2ь “ *=!2%ч*%L C%д!=ƒделе-
…,  " “2!3*23!е C!едC!, 2, , Cе!“%…=ль…%L *=!-
2%ч*%L “%2!3д…,*= C!едC!, 2,  , “ д%*3ме…2=м, 
!=K%ч,. г!3CC " “2!3*23!е C!едC!, 2, . o!ед-
“2="ле……=  “.ем= %C,“/"=е2 …=,K%лее ƒ…=ч,м/е 
ч=“2, “,“2ем/ , ,. "ƒ=,м%деL“2",е.

t3…*ц,%…=ль…% “,“2ем= C!ед“2="л е2 “%K%L 
*%мCле*2 Windows-C!,л%›е…,L ,ƒ C=*е2= Lotus 
Domino Workflow , K=ƒ д=……/. " -%!м=2е Lotus 
Notes. p=ƒ!=K=2/"=ем=  ч=“2ь “,“2ем/ C!ед“2="-
ле…= K=ƒ%L д=……/. &pеC%ƒ,2%!,L д%*3ме…2%" 
“,“2ем/[. m= !,“. 3 C!,"еде…/ …=,K%лее ƒ…=ч,-
м/е “2!3*23!…/е ч=“2, “,“2ем/:

Domino Workflow Architect # .2% Windows-C!,-
л%›е…,е дл  !=ƒ!=K%2*, , м%д,-,*=ц,, C!%це“-
“%" д%*3ме…2%%K%!%2= “,“2ем/;

Domino Workflow Viewer # Windows-C!,л%›е-
…,е дл  C!%“м%2!= C!%це““= д%*3ме…2%%K%!%2= , 
%2“ле›,"=…,  “%“2% …,  д%*3ме…2= " .2%м C!%-
це““е;

“2!3*23!= %!г=…,ƒ=ц,, # K=ƒ= д=……/. дл  “%ƒ-
д=…, , м%д,-,*=ц,, , .!=…е…,  “2!3*23!/ %!г=-
…,ƒ=ц,, , Cе!“%…=ль…%L ,…-%!м=ц,, %K 3ч=“2-
…,*=. д%*3ме…2%%K%!%2=, …=“2!%еч…%L ,…-%!м=-
ц,,, …е%K.%д,м%L дл  !=K%2/ “,“2ем/;
м%дель .!=…,л,?= # K=ƒ= д=……/. дл  .!=…е…,  

%KAе*2%" д%*3ме…2%%K%!%2= , C%“лед3ю?ег% ,. 
,“C%льƒ%"=…,  C!, C%“2!%е…,, C!%це““%";

C!%це““ %C!еделе…,  # K=ƒ= д=……/. дл  .!=…е-
…,  “%ƒд=……/. C!%це““%";

!еC%ƒ,2%!,L д%*3ме…2%" “,“2ем/ # K=ƒ= д=…-
…/. дл  "ƒ=,м%деL“2",  “ 3ч=“2…,*=м, C!%це““= 
д%*3ме…2%%K%!%2= (“%ƒд=…,е , м%д,-,*=ц,  д%-
*3ме…2%" " “%%2"е2“2",, “ C!=",л=м,  C!%це““= 
д%*3ме…2%%K%!%2=);

C!%"е!*= # K=ƒ= д=……/. дл  C!%2%*%л,!%"=…,  
“%K/2,L д%*3ме…2%%K%!%2=;

=!.," # K=ƒ= д=……/. дл  =!.,",!%"=…,  , 
.!=…е…,  …е =*2,"…/. д%*3ме…2%", …=.%д ?,.“  
" *%…еч…%м “%“2% …,, C!%це““= д%*3ме…2%%K%-
!%2=.

m= !,“. 4 C!,"еде…= "%ƒм%›…=  =CC=!=2…=  
*%…-,г3!=ц,  дл  !=ƒ"‘!2/"=…,  “,“2ем/.

q}d !=ƒ!=K=2/"=е2“  “ 3ч‘2%м !=K%2/ " !=“-
C!едел‘……%L “,“2еме. o!, .2%м “,….!%…,ƒ=ц,  
д=……/. ме›д3 3д=л‘……/м, “е!"е!=м, %“3?е“2"-
л е2“  "“2!%е……/м, ме.=…,ƒм=м, !еCл,*=ц,, 
Lotus Domino. qе!"е! C!,л%›е…,L C!ед“2="л е2 
“%K%L “е!"е! Lotus Domino. 

p=ƒK,е…,е =!.,2е*23!/ “,“2ем/ …= “л%, , C%д-
“,“2ем/ C%ƒ"%л е2 "/ ",2ь %2дель…/е л%г,че-
“*,е C=*е2/, *%2%!/е м%г32 !=ƒ!=K=2/"=2ь“  !=ƒ-
дель…%.  Š=*%е !=ƒK,е…,е C%"/ш=е2 г,K*%“2ь “,“-
2ем/, %Kлегч=е2 %2л=д*3 , " *%…еч…%м “ч‘2е “%-
*!=?=е2 "!ем  !=ƒ!=K%2*,.

Š=*,м %K!=ƒ%м, q}d -%!м,!3ю2 …%"%е C%*%-
ле…,е “,“2ем ="2%м=2,ƒ=ц,, C!едC!, 2,L. n“-
…%"…/м, %KAе*2=м, ="2%м=2,ƒ=ц,, " 2=*,. “,“-
2ем=.  "л ю2“  д%*3ме…2/ (" “=м%м ш,!%*%м ,. 
C%…,м=…,,, %2 %K/ч…/. K3м=›…/. д% .ле*2!%…-
…/. люK%г% -%!м=2= , “2!3*23!/) , K,ƒ…е“-C!%-
це““/, C!ед“2="л ем/е *=* д",›е…,е д%*3ме…2%" 
, ,. %K!=K%2*=. d=……/L C%д.%д * ="2%м=2,ƒ=ц,, 
C!едC!, 2,L  "л е2“  %д…%"!еме……% , *%…“2!3*-
2,"…/м , 3…,"е!“=ль…/м, %Kе“Cеч,"=  ="2%м=2,-
ƒ=ц,ю д%*3ме…2%%K%!%2= , "“е. K,ƒ…е“-C!%це“-
“%" C!едC!, 2, , ч2% C%ƒ"%л е2 Cе!еL2, …= “3?е-
“2"е……% K%лее "/“%*,L 3!%"е…ь !=K%2/.

a,Kл,%г!=-,че“*,е ““/л*,

1. International Data Corporation, Europe Document 
Management Market Review and Forecast. 2000. 
February.

2. International Data Corporation, Europe Document 
Management Market Review and Forecast. 1999. July.
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nagnp oephndh)eqjni oe)`Šh

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

n л%*=л,ƒ%"=……/. …=C! ›е…, . " л=ƒе!…%-%K-
л3ч‘……%L C%"е!.…%“2, ме2=лл,че“*,. м=2е!,=л%". 
rC!%ч… ю?,е 2е.…%л%г,, , C%*!/2, . 2010. 1 1. 

p=““м%2!е…/ "%ƒм%›…/е ме.=…,ƒм/ "%ƒ…,*-
…%"е…,  2е!м,че“*,. , “2!3*23!…/. …=C! ›е-
…,L C!, ,мC3ль“…%м л=ƒе!…%м …=г!е"е “2=леL , 
“Cл="%", C!,"%д ?,е * л%*=ль…%L Cл=“2,че“*%L 
де-%!м=ц,, C%"е!.…%“2…/. “л%‘" ме2=лл=. b/ "-
ле…= "%ƒм%›…%“2ь -%!м,!%"=…,  " C%"е!.…%“2-
…/. “л% . ме2=лл,че“*,. м=2е!,=л%" *%мC%ƒ,-
ц,, “ %C2,м=ль…/м “%че2=…,ем C!%ч…%“2,, Cл=-
“2,ч…%“2, , “%C!%2,"ле…,  .!3C*%м3 !=ƒ!3ше-
…,ю.

j%!!е*2,!3ю?,е =лг%!,2м/ дл  “,“2ем/ 3C!="-
ле…,  г,д!%%KA‘м…%L 2!=…“м,““,еL C%л…%C!,"%д-
…%г% ̀ Šq C!, C! м%л,…еL…%м ег% д",›е…,,. ̀ "2%-
м%K,ль…=  C!%м/шле……%“2ь. 2010. 1 1. 

Šе%!е2,че“*, %K%“…%"=…= …е%K.%д,м%“2ь ,“-
C%льƒ%"=…,  *%!!е*2,!3ю?,. =лг%!,2м%" " “,“-
2еме ="2%м=2,че“*%г% 3C!="ле…,  г,д!%%KA‘м…%L 
2!=…“м,““,еL (cnŠ) м…%г%C!,"%д…%L *%л‘“…%L 
2!=…“C%!2…%-2 г%"%L м=ш,…%L. n“…%"…%L целью 
,. ,“C%льƒ%"=…,   "л е2“  =д=C2=ц,  !=K%2/ *%-
л‘“…%L м=ш,…/ “ cnŠ * 3“л%", м д",›е…, . 
o!, .2%м %Kе“Cеч,"=е2“  C%"/ше…,е .…е!г%.--
-е*2,"…%“2, м=ш,…/.

b%л…%"=  2е.…%л%г,  C!%,ƒ"%д“2"= м=г…,2%д,-
.ле*2!,*%". h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 
2010. 1 1. 

o!,"еде…/ !еƒ3ль2=2/ !=“ч‘2…%-2е%!е2,че“*%-
г% , .*“Cе!,ме…2=ль…%г% ,““лед%"=…,  C!%це““= 
C%л3че…,  C% "%л…%"%L 2е.…%л%г,, “3“Cе…ƒ,, 
(›,д*%L -=ƒ/ м=г…,2%д,.ле*2!,*=) …= %“…%"е 
“2,!%л=*!,л%"%L д,“Cе!“,, (л=2е*“=) , C%!%ш*= 
*=!K%…,ль…%г% ›елеƒ= “ ƒ=д=……/м “%%2…%ше…,ем 
*%мC%…е…2.

o%*=ƒ=…%, ч2% "%л…%"=  2е.…%л%г,  C!,г%2%"-
ле…,  “3“Cе…ƒ,L “ ƒ=д=……/м “%%2…%ше…,ем “%-
“2="л ю?,., " %2л,ч,е %2 2!=д,ц,%……%L, %Kе“Cе-
ч,"=е2 C%"/ше…,е %д…%!%д…%“2, м=2е!,=л=, чем3, 
…=! д3 “ Cе!емеш,"=…,ем, “C%“%K“2"3е2 2=*›е 
д,“Cе!г,!%"=…,е %“…%"/ , д!%Kле…,е *%…гл%ме-
!=2%" …=C%л…,2ел .

d,“*%"%е …%›е"%е 3“2!%L“2"% дл  !=ƒ!еƒ=…,  
C%*!/ше*. Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=…,ƒ-
м=.. 2010. 1 1.

o!едл%›е…% д,“*%"%е …%›е"%е 3“2!%L“2"% дл  
!=ƒ!еƒ=…,  C%*!/ш*, “ %“2!,‘м ме2=лл,че“*%г% 

леƒ", , "/C%л…е……/м “ C%"е!.…%“2ью, Kл,ƒ*%L * 
C%"е!.…%“2, C“е"д%“-е!/, , !е›3?еL *!%м*%L, 
“%%2"е2“2"3ю?еL !еK!3 "%ƒ"!=2= C“е"д%“-е!/. 
dл  C%д=ч, !=ƒ!еƒ=ем%г% м=2е!,=л= " ƒ%…3 !еƒ=-
…,  ,“C%льƒ%"=…/ “,л/ 2!е…, , "%ƒ…,*=ю?,е 
C!, !=ƒ!еƒ=…,,, ч2% C%ƒ"%л е2 %K%L2,“ь Kеƒ д%-
C%л…,2ель…/. 3“2!%L“2" , C!,“C%“%Kле…,L дл  
C%д=ч, м=2е!,=л=. 

t,ƒ,че“*=  , м=2ем=2,че“*=  м%дел, ,ƒме!е-
…,  C!, ="2%м=2,ƒ,!%"=……%м *%…2!%ле *%л%!,-
ме2!,че“*,. .=!=*2е!,“2,* %KAе*2%". j%…2!%ль. 
d,=г…%“2,*=. 2010. 1 1.

p=““м%2!е…/ “%"!еме……/е ме2%д/ ,ƒме!е…,  
ц"е2=, C!,ме… ем/е C!, *%…2!%ле ,ƒдел,L “ л=-
*%*!=“%ч…/м C%*!/2,ем. o!едл%›е… “C%“%K ,ƒ-
ме!е…,  ц"е2%"/. .=!=*2е!,“2,* %KAе*2%" C32‘м 
%K!=K%2*, ,. ц,-!%"/. ,ƒ%K!=›е…,L. p=ƒ!=K%2=-
…/ -,ƒ,че“*=  , м=2ем=2,че“*=  м%дел, C!%це“-
“= ,ƒме!е…,L, C%ƒ"%л ю?,е “ д%“2=2%ч…%L дл  
C!=*2,*, 2%ч…%“2ью %“3?е“2"л 2ь *%…2!%ль…%-
,ƒме!,2ель…/е C!%цед3!/ C32‘м !=“ш,!е…,  д,-
…=м,че“*%г% д,=C=ƒ%…= *%л%!,ме2!,че“*,. ,ƒме-
!е…,L.

l=2ем=2,че“*%е м%дел,!%"=…,е д,…=м,че“*,. 
!е=*ц,L %C%! м=…,C3л 2%!…%L м=ш,…/. bе“2…,* 
м=ш,…%“2!%е…, . 2010. 1 1.

o%л3че…/ “%%2…%ше…,  “2=2,че“*,. , д,…=-
м,че“*,. “%“2="л ю?,. !е=*ц,L %C%! м=…,C3-
л 2%!=, ,““лед%"=…/ ƒ=",“,м%“2, д,…=м,че“*%L 
“%“2="л ю?еL %2 3гл%"%L “*%!%“2,, "е“= г!3ƒ=, 
3гл= …=*л%…= !3*% 2*,, "/ч,“ле…/ C%C!="*, * 
%C!%*,д/"=ю?ем3 м%ме…23, "/ƒ"=……/е д,…=м,-
че“*%L !е=*ц,еL %C%!.

nце…*= C%г!еш…%“2еL “K%!*, м=ш,… ",K!%=*3-
“2,че“*,м ме2%д%м. qK%!*= " м=ш,…%“2!%е…,,, 
C!,K%!%“2!%е…,,. 2010. 1 1.

p=““м%2!е… ме2%д Kеƒ.2=л%……%L %це…*, C%-
г!еш…%“2еL “K%!*, м=ш,… …= %“…%"е =…=л,ƒ= 
",K!%=*3“2,че“*,. “,г…=л%", “" ƒ=……/. “ …е…=-
Kлюд=ем/м, C%г!еш…%“2 м, м=ш,… , =г!ег=2%", 
"%ƒ…,*=ю?,. C!, ,ƒг%2%"ле…,, , " .*“Cл3=2=-
ц,,, ч=“2ь ,ƒ *%2%!/. …е ,мее2 =де*"=2…%г% C!ед-
“2="ле…,  " ш*=л=. %2…%ше…,  , ,…2е!"=л%". b/-
"еде…% *=…%…,че“*%е 3!="…е…,е “" ƒ, ме›д3 
д,=г…%“2,че“*,м, C!,ƒ…=*=м, “,г…=л= , “2!3*-
23!…/м, C=!=ме2!=м, “%“2% …,  м=ш,…/. o!,-
"еде…/ !еƒ3ль2=2/ м%дел,!%"=…,  , .*“Cе!,ме…-
2=ль…/. ,““лед%"=…,L.
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h…2елле*23=ль…=  q`op 2е.…%л%г,че“*,. C!%-
це““%" *%"*, "=л%" …= м%л%2=.. g=г%2%",2ель…/е 
C!%,ƒ"%д“2"= " м=ш,…%“2!%е…,,. 2010. 1 1.

nC,“=…/ …=ƒ…=че…,е, %Kл=“2ь C!,ме…е…, , 
"%ƒм%›…%“2, ,…2елле*23=ль…%L *%мCью2е!…%L 
“,“2ем/ ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  
2е.…%л%г,че“*,. C!%це““%" *%"*, “23Cе…ч=2/. 
"=л%" …= м%л%2=. &q`op b`k[, !=ƒ!=K%2=……%L " 
h…“2,232е м=ш,…%"еде…,  r!=ль“*%г% %2деле…,  
p%““,L“*%L =*=дем,, …=3*.

r…,-,ц,!%"=……/L %C2,че“*,L ,ƒме!,2ель Cе!е-
ме?е…,L дл  “,“2ем д,=г…%“2,*, 2е.…,че“*%г% 
“%“2% …,  м=2е!,=л%" , ,ƒдел,L. j%…2!%ль. d,=г-
…%“2,*=. 2010. 1 2. 

o!едл%›е… Cе!“Cе*2,"…/L 3…,-,ц,!%"=……/L 
%C2,че“*,L ,ƒме!,2ель Cе!еме?е…,L C%"е!.…%-
“2еL %KAе*2%" *%…2!%л  …= %“…%"е л=ƒе!…%г% ,…-
2е!-е!%ме2!= дл  “,“2ем д,=г…%“2,*, 2е.…,че-
“*%г% “%“2% …,  *%…“2!3*ц,%……/. м=2е!,=л%" , 
,ƒдел,L. nC,“=…/ …=ƒ…=че…, , “%“2=" , C!,…ц,C 
деL“2", . o!ед“2="ле…/ 2е.…,че“*,е C!едл%›е-
…,  C% C%"/ше…,ю 2%ч…%“2, , *=че“2"= !еƒ3ль-
2=2%" ,ƒме!е…,L, = 2=*›е C!,ме!/ C!=*2,че“*%г% 
,“C%льƒ%"=…, .

mеL!%=лг%!,2м/ " ="2%м%K,ле“2!%е…,,. c!3ƒ%-
",*. 2010. 1 2. 

o!едл%›е…/ …еL!%“е2е"/е =лг%!,2м/, C%ƒ"%-
л ю?,е %це…,2ь “2еCе…ь C%д%K,  де2=леL C% 
C!%“2!=…“2"е……%м3 !=“C!еделе…,ю м=2е!,=л=. 
o%*=ƒ=…= "%ƒм%›…%“2ь C!,ме…е…,  !=ƒ!=K%2=…-
…/. =лг%!,2м%" дл  !еше…,  ƒ=д=ч, Cе!",ч…%г% 
"/K%!= л,2…,*%"%L “,“2ем/ %2л,"*, …= “2=д,, 
C!%е*2,!%"=…, .

nC2,м,ƒ=ц,  “2!3*23!/ м…%г%3!%"…е"%L !еƒе!-
",!%"=……%L *%мCью2е!…%L “,“2ем/ C!, м…%г%"=-
!,=…2…%“2, C%2%*= ƒ=C!%“%". bе“2…,* *%мCью2е!-
…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L. 2010. 1 2.

p=““м%2!е…= "е*2%!…=  %C2,м,ƒ=ц,  “2!3*23-
!/ м…%г%3!%"…е"%L *%мCью2е!…%L “,“2ем/ " 3“-
л%", . м…%г%"=!,=…2…%“2, ".%д…%г% C%2%*= C% 
,…2е…“,"…%“2, ƒ=C!%“%" , !=“C!еделе…,ю "е!%-
 2…%“2еL ƒ=C!%“%" * !=ƒл,ч…/м г!3CC=м “е!"е-
!%". nC!еделе…% !=“C!еделе…,е ч,“л= *%мм3…,-
*=ц,%……/. , “е!"е!…/. 3ƒл%" (*!=2…%“2еL !еƒе!-
",!%"=…, ) !=ƒл,ч…/. 2,C%", дл  *%2%!%г% д%“-
2,г=е2“  *%мC!%м,““ C% м=*“,м3м3 …=д‘›…%“2, 
“2!3*23!/ , м,…,м3м3 "!еме…, C!еK/"=…,  ƒ=-
C!%“%", C!, %г!=…,че…,, “!ед“2" …= C%“2!%е…,е 
“,“2ем/.

`…=л,ƒ C%2е!ь д="ле…,  м=“л= " *=…=л=. *%ле…-
ч=2%г% "=л= д",г=2ел . Š!е…,е , “м=ƒ*= " м=ш,…=. 
, ме.=…,ƒм=.. 2010. 1 2.

hƒл%›е…/ !еƒ3ль2=2/ !=“ч‘2…/. ,““лед%"=…,L 
-3…*ц,%…,!%"=…,  “,“2ем/ “м=ƒ/"=…,  C%д-
ш,C…,*%" *%ле…ч=2%г% "=л= д",г=2ел  "…32!е…-
…ег% “г%!=…, , д=… =…=л,ƒ C!,ч,…, %C!едел ю-
?,. C%2е!, д="ле…,  м=“л= " *=…=л=. *%ле…ч=2%-

г% "=л=. `…=л,2,че“*,е ,““лед%"=…,  C%д2"е!-
›де…/ .*“Cе!,ме…2=ль…%.

q,“2ем= …еC!е!/"…%г% *%…2!%л  “%C!%2,"ле…,L 
,ƒ%л ц,, %2дель…/. -=ƒ .ле*2!,че“*%L “е2, “ 
,ƒ%л,!%"=……%L …еL2!=лью. c%!…%е %K%!3д%"=…,е , 
.ле*2!%ме.=…,*=. 2010. 1 2.

nC,“=…= “,“2ем= …еC!е!/"…%г% *%…2!%л  “%-
C!%2,"ле…,L ,ƒ%л ц,, %2дель…/. -=ƒ .ле*2!,че-
“*%L “е2, “ ,ƒ%л,!%"=……%L …еL2!=лью, %“…%"=…-
…=  …= м%д,-,ц,!%"=……%м ме2%де д%K="%ч…%L 
C!%"%д,м%“2,. o!,"ед‘… =лг%!,2м !=K%2/ “,“2е-
м/. b/C%л…е…% ,““лед%"=…,е Cе!е.%д…/. C!%-
це““%" , 3“2=…%"ле…/ ,…2е!"=л/ "!еме…, C%д-
*люче…,  д%K="%ч…%L C!%"%д,м%“2, * *=›д%L 
-=ƒе “е2,, = 2=*›е "!ем , …е%K.%д,м%е дл  !=“ч‘-
2= C=!=ме2!%" “%C!%2,"ле…,  ,ƒ%л ц,, …еC%-
“!ед“2"е……% “,“2ем%L.

nце…*= .--е*2,"…%“2, *%ге…е!=ц,%……%L “,“-
2ем/ C!е%K!=ƒ%"=…,  .…е!г,, .*“е!ге2,че“*,м 
ме2%д%м. h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 
2010. 1 2.

p=““м%2!е…/ "%C!%“/ %це…*, .--е*2,"…%“-
2, *%ге…е!=ц,%……%L “,“2ем/ C!е%K!=ƒ%"=…,  
.…е!г,, *=* 2е!м%д,…=м,че“*%L C%“!ед“2"%м 
.*“е!ге2,че“*%г% jod. o!,"еде…/ 2е%!е2,че-
“*,е C%л%›е…,  , C!,ме!/ ег% !=“ч‘2= дл  …=,-
K%лее !=“C!%“2!=…‘……/. .…е!ге2,че“*,. 3“2=-
…%"%*.

pе=л,ƒ=ц,  *%мCью2е!…%г% 3C!="ле…,  …= C%-
“2% ……%L …е“3?еL ч=“2%2е C!,ме…,2ель…% * %K%!3-
д%"=…,ю “ C=!=ллель…/м, C!,"%д=м,. qK%!*= " 
м=ш,…%“2!%е…,,, C!,K%!%“2!%е…,,. 2010. 1 2.

o!едл%›е… C%д.%д * -%!м,!%"=…,ю 2!еK3ем%L 
2!=е*2%!,, д",›е…,  !=K%чег% %!г=…= %K%!3д%"=-
…,  “ C=!=ллель…/м, C!,"%д=м,, C!, *%2%!%м 
,“C%льƒ3е2“  3C!="ле…,е …= C%“2% ……%L …е“3?еL 
ч=“2%2е. o%л3ч=ем=  C%г!еш…%“2ь -%!м,!%"=…,  
2!=е*2%!,, C% л,…еL…/м *%%!д,…=2=м …е C!е"/-
ш=е2 ƒ=д=……%г% ƒ…=че…, . Š!еK3е2“  C!%"еде…,е 
=…=л,ƒ= *,…ем=2,че“*%L “.ем/ ме.=…,ƒм=, ле›=-
?ег% " %“…%"е %K%!3д%"=…,  “ C=!=ллель…/м, 
C!,"%д=м,.

p=ƒ",2,е м,*!%“2!3*23!…%г% ме2%д= ,““лед%-
"=…,  *%…еч…/. Cл=“2,че“*,. де-%!м=ц,L. g=г%-
2%",2ель…/е C!%,ƒ"%д“2"= " м=ш,…%“2!%е…,,. 
2010. 1 2.

o!едл%›е…% !=ƒ",2,е м,*!%“2!3*23!…%г% ме-
2%д= ,““лед%"=…,  *%…еч…/. Cл=“2,че“*,. де-
-%!м=ц,L " …=C!="ле…,, C!,ме…е…,  C!%г!=мм-
…/. C!%д3*2%" дл  “…,›е…,  2!3д%‘м*%“2, ƒ=ме-
!%" л,…еL…/. !=ƒме!%" “2!3*23!…/. “%“2="л ю-
?,. ме2=лл=, !=“ч‘2%" *%мC%…е…2%" де-%!м,!%-
"=……%г% “%“2% …,  , !=“ш,!е…,  2е.…%л%г,че-
“*,. "%ƒм%›…%“2еL " "/ "ле…,, …=,K%лее .=!=*-
2е!…/. ƒ%… де-%!м,!%"=……%L “2!3*23!/ , C!%-
“ле›,"=…,е ,. Cе!еме?е…,L C% Cе!е.%д=м ш2=м-
C%"*,. 
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