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hƒл%›е…/ “%"!еме……/е =“Cе*2/ 2е%!,, "ƒ=,м%деL“2",  ме.=…,че“*%г% !е›3?ег% ,…“2-
!3ме…2= , %K!=K=2/"=ем%г% м=2е!,=л= " C!%,ƒ"%д“2"е……/. C!%це““=. л‘г*%L C!%м/шле…-
…%“2,. pе*%ме…д=ц,, , =…=л,2,че“*,е ƒ=",“,м%“2, м%г32 K/2ь ,“C%льƒ%"=…/ C!, “%ƒд=-
…,,  2е.…%л%г,че“*%г% %K%!3д%"=…,  , д=ль…еLшеL !=ƒ!=K%2*е %K?еL 2е%!,, 2е.…%л%г,че-
“*%г% !еƒ=…,  леƒ",ем.

jлюче"/е “л%"=: !е›3?,L ,…“2!3ме…2, ,“.%д…/L м=2е!,=л, "ƒ=,м%деL“2",е, C!%це““/ л‘г*%L 
C!%м/шле……%“2,, =…=л,2,че“*,е ƒ=",“,м%“2,, !е*%ме…д=ц,,.

Contemporary theory aspects of the mechanical cutting tool and machined material interaction 
in the light industry production processes are stated. Guidelines and analytical dependences may be 
used for technological equipment creature and general theory subsequent development of the tech-
nological cutting via a blade.

Key words: cutting tool, initial material, interaction, light industry processes, analytical dependences, 
guidelines.

b л‘г*%L C!%м/шле……%“2, K%льш%L %KA‘м ,“-
.%д…/. м=2е!,=л%" %K!=K=2/"=ю2 ме.=…,че“*,м 
!е›3?,м ,…“2!3ме…2%м, “%"е!ше…“2"%"=…,е *%2%-
!%г% "е“ьм=  =*23=ль…%. nд…%L ,ƒ "=›…/. ƒ=д=ч " 
.2%м …=C!="ле…,,  "л е2“  !=ƒ!=K%2*= %K?еL 2е%-
!,, 2е.…%л%г,че“*%г% !еƒ=…,  леƒ",ем. `*23=ль-
…%“2ь ƒ=д=ч, "%ƒ!%“л= “ C% "ле…,ем !=“*!%L…/. 
="2%м=2%" , ="2%м=2,ƒ,!%"=……/. …=“2,л%ч…%-
!=“*!%L…/. *%мCле*“%".

b *=че“2"е ме.=…,че“*%г% ,…“2!3ме…2=, C!е›де 
"“ег% дл  !=“*!%  ,“.%д…/. м=2е!,=л%", ,“C%ль-
ƒ3ю2 !еƒ=*,, ле…2%ч…/е, “2е!›…е"/е, д,“*%"/е , 
д!3г,е …%›,, !=K%чеL ч=“2ью *%2%!/.  "л е2“  
леƒ",е, ,мею?ее ƒ=%“2!е…,е " ",де %д…%“2%!%…-
…ег%, д"3“2%!%……ег% ,л, K%лее “л%›…%L -%!м/ 
*л,…= , !е›3?3ю *!%м*3 !=ƒл,ч…%г% C!%-,л .
kеƒ",е ,мее2 3г%л ƒ=%“2!е…,  α3, %K!=ƒ%"=……/L 
Cл%“*%“2 м, *л,…= %“2!,  леƒ",  " Cл%“*%“2,, 
Cе!Cе…д,*3л !…%L !е›3?еL *!%м*е. dл  C%"е!.-
…%“2…%L %K!=K%2*, ,“C%льƒ3е2“  м…%г%леƒ",L-
…/L ,…“2!3ме…2 (-!еƒ/, =K!=ƒ,"…/е *=м…, , C%-
л%2…=, ме2=лл,че“*,е ?‘2*,). m=,K%лее 3…,"е!-
“=ль…/е , ш,!%*% ,“C%льƒ3ем/е …%›,-леƒ",  
C!ед“2="л ю2 “%K%L C! м3ю, *!3г%"3ю л,K% ,…%L 
-%!м/ Cл=“2,…3, ,мею?3ю *л,…%",д…%е C! м%е 
,л, *!,"%л,…еL…%е %“2!,е, %*=…ч,"=ю?ее“  !е-
›3?еL *!%м*%L.

b/дел,м %“…%"…/е K=ƒ%"/е !=ƒ…%",д…%“2, 
2е.…%л%г,че“*%г% !еƒ=…,  леƒ",ем, *%2%!%е %“-
…%"/"=е2“  …= *,…ем=2,*е, %“%Kе……%“2 . ,…“2!3-
ме…2= , C!%це““= ег% "ƒ=,м%деL“2",  “ %K!=K=2/-
"=ем/м м=2е!,=л%м:

!3K ?ее !еƒ=…,е (!3K*=). o!, !3K*е !е›3?=  
*!%м*= леƒ",  !=“C%л%›е…= C=!=ллель…% Cл%“*%-
“2, м=2е!,=л=; “*%!%“2ь !еƒ=…,  Cе!Cе…д,*3л !-
…= !е›3?еL *!%м*е (!,“. 1);

p,“. 1. p3K ?ее !еƒ=…,е

1 =

…=*л%……%е !еƒ=…,е. pе›3?=  *!%м*= !=“C%л%›е-
…= C%д 3гл%м * Cл%“*%“2, м=2е!,=л=. oл%“*%“2ь 
!еƒ=…,  л,K% Cе!Cе…д,*3л !…=, л,K% C=!=ллель-
…= Cл%“*%“2, м=2е!,=л= (!,“. 2);
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�1

1

2

�1

p,“. 2. m=*л%……%е !еƒ=…,е:

“*%!%“2ь Cе!еме?е…,  …%›= Cе!Cе…д,*3л !…= 
Cл%“*%“2, м=2е!,=л= (=) , C=!=ллель…= Cл%“*%“2, 
м=2е!,=л= (K )

=) K )

“*%льƒ ?ее !еƒ=…,е. u=!=*2е!,ƒ3е2“  “*%!%“2ью 
…%›= (м=2е!,=л=), Cе!Cе…д,*3л !…%L !е›3?еL 
*!%м*е , “*%!%“2ью …%›=, …=C!="ле……%L "д%ль 
!е›3?еL *!%м*, (!,“. 3);

p,“. 3. q*%льƒ ?ее !еƒ=…,е

�1

�
�1

C,л ?ее !еƒ=…,е (C,ле…,е). n“2!,‘ !е›3?,. 
ƒ3Kье" C%л%2…= C,л/ "…ед! е2“  " м=2е!,=л C!, 
%д…%"!еме……%м д",›е…,, C%л%2…= "д%ль C%"е!.-
…%“2, !еƒ= ("%ƒ"!=2…%-C%“23C=2ель…%м л,K% "!=-
?=2ель…%м) (!,“. 4);

!еƒ=…,е …%›…,ц=м, (д"3м  леƒ", м,). bƒ=,м%деL-
“2"3ю2 д"= C!,›=2/. д!3г * д!3г3 леƒ",  (!,“. 5);

=) K )

p,“. 5. pеƒ=…,е …%›…,ц=м, “ C%“23C=2ель…/м Cе!е-
ме?е…,ем %д…%г% ,ƒ леƒ",L (=); “ "%ƒ"!=2…%-C%"%-
!%2…/м д",›е…,ем %д…%г% л,K% %K%,. леƒ",L (K ); 
ш2=мC%м “ C!%2,"%!е›3?еL Cл=“2,…%L (")

�1

�
2�ð

p,“. 4. pеƒ=…,е C,ле…,ем

�1

")

*%мK,…,!%"=……%е !еƒ=…,е. u=!=*2е!,ƒ3е2“  …=-
л,ч,ем C!,ƒ…=*%", %2…%“ ?,.“  * %2мече……/м 
"/ше !=ƒ…%",д…%“2 м !еƒ=…, , C!, *%2%!%м %“3-
?е“2"л е2“  л,K% м=*!%-, л,K% м,*!%!еƒ=…,е 
(C%"е!.…%“2…%е %2деле…,е) м=2е!,=л= (!,“. 6).

o% “"%еL “32, 2е.…%л%г,че“*%е !еƒ=…,е леƒ-
",ем  "л е2“  “C%“%K%м !=ƒделе…,  (%2деле…, ) 
м=2е!,=л=, “" ƒ=……/м “ …=C!="ле……/м ег% !=ƒ!3-
ше…,ем C% л,…,, !еƒ= ,л, C% C%"е!.…%“2, %K!=-
K%2*, (*%…2=*2=), , C%.2%м3 "ƒ=,м%деL“2",е леƒ-
",  , %K!=K=2/"=ем%г% м=2е!,=л=  "л е2“  де-%!-
м=ц,%……%-“,л%"/м. }2% "ƒ=,м%деL“2",е %C!еде-
л е2“  -,ƒ,*%-ме.=…,че“*,м, “"%L“2"=м, м=2е-
!,=л=, “C%“%K%м !еƒ=…, , C=!=ме2!=м, леƒ", , 
“*%!%“2ью !еƒ=…,  , д!3г,м, -=*2%!=м,. p=ƒ!3-

�1

�

�
2 �2

�
1

=) K )

p,“. 6. o!,ме!/ =K!=ƒ,"…%г% !еƒ=…,  (=) , -!е-
ƒе!%"=…,  (K)
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ше…,е м=2е!,=л= C!%,“.%д,2 …еC%“!ед“2"е……% " 
ме“2е ег% *%…2=*2= “ !е›3?еL *!%м*%L. nCе!е-
›=ю?=  2!е?,…= C!, !еƒ=…,, леƒ",ем …е .=!=*-
2е!…= , C!%,“.%д,2 2%ль*% C!, %K!=K%2*е ›‘“2*,. 
м=2е!,=л%" (*=!2%…, ›‘“2*=  *%›= , д!.).

b л‘г*%L C!%м/шле……%“2, ,“C%льƒ3ю2“  2е*-
“2,ль…/е, *%›е"е……/е , д!3г,е м=2е!,=л/, %Kл=-
д=ю?,е 3C!3г%" ƒ*,м, “"%L“2"=м, , =…,ƒ%2!%-
C,еL. o% “2!3*23!е м…%г,е ,ƒ …,.  "л ю2“  "%-
л%*…,“2/м,. o!, !еƒ=…,, C%д%K…/. м=2е!,=л%" 
леƒ",ем, " %K?ем “л3ч=е, Cе!,%д3 …еC%“!ед“2"е…-
…%г% !еƒ=…,  (!=ƒделе…, ) м=2е!,=л= C!едше“2"3-
е2 Cе!,%д ег% “›=2,  д% "%ƒ…,*…%"е…,  !=ƒ!3-
ш=ю?ег% *%…2=*2…%г% …=C! ›е…,  σ! (!,“. 7) [1].

dл  %це…*, .=!=*2е!,“2,* "ƒ=,м%деL“2",  !е-
›3?ег% ,…“2!3ме…2= , м=2е!,=л=, C!е›де "“ег% 
3“,л,  !еƒ=…,  , !=ƒ!3ш=ю?ег% …=C! ›е…, , 
…е%K.%д,м% ƒ…=2ь де-%!м=ц,%……%-C!%ч…%“2…/е 
“"%L“2"= %K!=K=2/"=ем/. м=2е!,=л%", .=!=*2е! 
ƒ=",“,м%“2, ме›д3 …=C! ›е…,ем , де-%!м=ц,еL 
"% "ƒ=,м%“" ƒ, “ C!%д%л›,2ель…%“2ью "%ƒдеL“2-
",  !=K%чег% ,…“2!3ме…2= …= м=2е!,=л, “ 3ч‘2%м 
2%г%, ч2% ,“C%льƒ3ем/е ,“.%д…/е м=2е!,=л/, " 
%K?ем “л3ч=е, …е C%дч,… ю2“  ƒ=*%…3 c3*=. 

o!%"ед‘……/е ,““лед%"=…,  …= C!,ме!е …=“2,-
л%" 2е*“2,ль…/. м=2е!,=л%" C%*=ƒ=л, “3?е“2-
"е……3ю =…,ƒ%2!%C,ю ,. !ел=*“=ц,%……/. “"%L“2" 
[2]. b C!%це““е !ел=*“=ц,, де-%!м=ц,, …=“2,л%" 
C!е%Kл=д=е2 K/“2!=  мг…%"е……%-3C!3г=  де-%!-
м=ц,  “ C%“2% ……%L "!еме…, %2 0,04 д% 1,15 “. 
d%л  "/“%*%.л=“2,че“*%L “%“2="л ю?еL “ C%-
“2% ……%L "!еме…, %2 3 д% 16 “ " .2%м C!%це““е 
…еƒ…=ч,2ель…=. o!, !=“ч‘2е дл,2ель…%“2, “,л%-
"/. "%ƒдеL“2",L …= …=“2,л/ м=2е!,=л%" ме…ее 
0,5 “ , C%“2!%е…,, =де*"=2…/. -,ƒ,*%-м=2ем=2,-
че“*,. м%делеL C!%це““= 2е.…%л%г,че“*%г% !еƒ=-
…,  …=“2,л%" м=2е!,=л%" “лед3е2 3ч,2/"=2ь 
мг…%"е……/L м%д3ль 3C!3г%“2, E1 , C%“2% ……3ю 
"!еме…, K/“2!%г% C!%це““= "%““2=…%"ле…,  3C-

h
h

A A

h

m
x

p,“. 7. d,=г!=мм= !еƒ=…,  …=“2,л= м=2е!,=л=

!3г%L де-%!м=ц,, T1, = 2=*›е  "…3ю =…,ƒ%2!%-
C,ю м=2е!,=л=.

q3?е“2"е……%L  "л е2“  ƒ…=ч,2ель…=  !=ƒ…,ц= 
!=ƒ!/"…%г% 3“,л,  2е*“2,ль…/. м=2е!,=л%" C!, 
…=г!3ƒ*е, деL“2"3ю?еL C%д !=ƒ…/м, 3гл=м, * %“-
…%"е 2*=…,. p=ƒ!/"…%е 3“,л,е C% 32*3 , %“…%"е 
м%›е2 !=ƒл,ч=2ь“  " 2 !=ƒ= , K%лее. o% д=……/м 
!=K%2/ [3] …= !,“. 8 C%*=ƒ=…%  ,ƒме…е…,е !=ƒ!/"-
…%г% 3“,л,  " ƒ=",“,м%“2, %2 3гл= ме›д3 %“…%-
"%L 2*=…, , деL“2"3ю?еL …=г!3ƒ*%L.

o%л3че……=  =…=л,2,че“*=  ƒ=",“,м%“2ь C!ед-
“2="ле…= " ",де C%л,…%м,=ль…%L -3…*ц,, C 2%L 
“2еCе…,

y = k1 + k2 x  + … + knx 

n#1,

где y # 3“,л,е !=ƒ!/"=; x # 3г%л ме›д3 %“…%"%L , 
…=C!="ле…,ем деL“2"3ю?еL …=г!3ƒ*,; k1 # k6  # *%-
.--,ц,е…2/ (k1 = 553,2774171, k2 = # 35,3197198, 
k3 = 1,7501399, k4 = # 0,0261188, k5 = 0,0000597, 
k6 = 0,0000007); n # ,…де*“ *%.--,ц,е…2%". 

u=!=*2е!…%L %“%Kе……%“2ью "%л%*…,“2/. м=2е!,=-
л%"  "л е2“  2=*›е ƒ…=ч,2ель…=  !=ƒ…%“2ь ме›д3 
!=ƒ!3ш=ю?,м, …=C! ›е…, м, C!, !=“2 ›е…,, , 
“›=2,,. Š=*, …=C!,ме!, дл  2е*“2,ль…/. м=2е!,=л%" 
2*=…, м,…,м=ль…%е …=C! ›е…,е σ!. !=“2 = 35,7 m/мм2, 

м=*“,м=ль…%е σ“. “› = 368 m /мм2 .
o!, !еƒ=…,, " *%…2=*2е !е›3?еL *!%м*, леƒ-

",  , м=2е!,=л= "%ƒ…,*=е2 “л%›…%е …=C! ›е…,е, 
" *%2%!%м “3мм,!3ю2“  …=C! ›е…,  !=“2 ›е…, , 
“›=2, , ,ƒг,K= , “д",г= [1]. o!, .2%м %д…% ,ƒ 
.2,. …=C!="ле…,L м%›е2 C!е"=л,!%"=2ь. b ,2%ге 
!=ƒ!3ш=ю?ее …=C! ›е…,е σ!  "л е2“  "ел,ч,…%L 
Cе!еме……%L, ƒ=",“ ?еL %2 м…%г,. -=*2%!%", " 
2%м ч,“ле “л3ч=L…/., , 2%гд= %…= C%дч,… е2“  
%C!едел‘……%м3 ƒ=*%…3 !=“C!еделе…, , " K%ль-

p,“. 8. g=",“,м%“2ь !=ƒ!/"…%г% 3“,л,  %2 3гл= ме›д3 
…=C!="ле…,ем …,2%* %“…%"/ , деL“2",ем …=г!3ƒ*,
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ш,…“2"е “л3ч=е" …%!м=ль…%м3. o!, .2%м !=ƒ!3-
ш=ю?ее …=C! ›е…,е “лед3е2 !=““м=2!,"=2ь …е 
2%ль*% *=* .=!=*2е!,“2,*3 м=2е!,=л= (…=“2,л=), 
…% , *=* .=!=*2е!,“2,*3 C!%це““= "ƒ=,м%деL“2-
",  леƒ",  , м=2е!,=л=. 

o=!=ме2!/ леƒ",  (%“2!, ) 2=*›е  "л ю2“  Cе-
!еме……/м, "ел,ч,…=м,, C%дч,… ю?,м,“  %C-
!едел‘……/м ƒ=*%…=м !=“C!еделе…, ; !=ƒK!%“ ƒ…=-
че…,L C=!=ме2!%" C!%,“.%д,2 "“лед“2",е …е2%ч-
…%“2, ,ƒг%2%"ле…,  , ,ƒ…%“=, = 2=*›е *,…ем=2,-
че“*%L 2!=…“-%!м=ц,, (,ƒме…е…, ) 3гл= ƒ=%“2!е-
…,  (ƒ=2%ч*,) , !е›3?еL *!%м*, C!, “*%льƒ ?ем 
, …=*л%……%м !еƒ=…,, [1].

Š=*,м %K!=ƒ%м, "“лед“2",е 3*=ƒ=……/. C!,ч,… 
"ƒ=,м%деL“2",е 3C!3г%" ƒ*%г% =…,ƒ%2!%C…%г% м=-
2е!,=л= , леƒ",  C!, 2е.…%л%г,че“*%м !еƒ=…,, 
 "л е2“  “л%›…/м C!%це““%м “ Cе!еме……/м, 
C=!=ме2!=м,. o=!=ме2!/ .2%г% "е!% 2…%“2…%г% 
C!%це““= C%дч,… ю2“  ƒ=*%…=м !=“C!еделе…,  
“л3ч=L…/. "ел,ч,…. o!, !=“ч‘2е, ,““лед%"=…,, , 
м%дел,!%"=…,, C%д%K…/. C!%це““%" “лед3е2 ,“-
C%льƒ%"=2ь ме2%д/ 2е%!,, "е!% 2…%“2еL , м=2е-
м=2,че“*%L “2=2,“2,*,, = …=Lде……/е C=!=ме2!/ 
“ч,2=2ь %це…*=м,.

m=! д3 “ !=ƒ!3ш=ю?,м …=C! ›е…,ем σ! %C!е-
дел ю?,м, C=!=ме2!=м, де-%!м=ц,%……%-“,л%-
"%г% "ƒ=,м%деL“2",  леƒ",  , м=2е!,=л=  "л ю2-
“  3“,л,е !еƒ=…,  P! , “*%!%“2ь !еƒ=…,  υр. o%д 
“*%!%“2ью !еƒ=…,  C%д!=ƒ3ме"=е2“  “*%!%“2ь !е-
›3?еL *!%м*, леƒ",  " %C!едел‘……%L 2%ч*е " …=-
C!="ле…,, !еƒ=…,  $ "…ед!е…,  леƒ",  " м=2е-
!,=л [1]. b “%%2"е2“2",, “ .2,м Cл%“*%“2ь !еƒ=-
…,  %C!едел е2“  !=“C%л%›е…,ем 3гл= !еƒ=…,  , 
"е*2%!= “*%!%“2, !еƒ=…, . m= !=ƒ…/. “*%!%“2 . 
!еƒ=…,  ме… е2“  м%д3ль де-%!м,!%"=…,  3C!3-
г%" ƒ*,. м=2е!,=л%".

u=!=*2е!,“2,*%L C!%це““= !еƒ=…,   "л е2“  
3г%л !еƒ=…,  α!, C%д *%2%!/м C!%,“.%д,2 !=ƒде-
ле…,е (!=ƒ"еде…,е) м=2е!,=л= …= %“2!,е леƒ",  ƒ= 
!е›3?еL *!%м*%L. g…=че…,е .2%г% 3гл= %C!еде-
л е2“  !=ƒ…%",д…%“2ью !еƒ=…, , 3гл%м ƒ=%“2!е…,  
леƒ", , “*%!%“2ью !еƒ=…,  "д%ль !е›3?еL *!%м-
*, , 3гл%м …=*л%…= %“2!,  леƒ",  * …=C!="ле…,ю 
!еƒ=…, . rг%л !еƒ=…,  ,ƒме… е2“  " C!едел=.

0 < α!  ≤ α3,

где αƒ # 3г%л ƒ=2%ч*, …%›=.

rг%л !еƒ=…,  дл  …=,K%лее !=“C!%“2!=…‘……%г% 
Cл%“*%г% …%›=-леƒ",  “ "е!2,*=ль…%L , …=*л%…-
…%L !е›3?,м, *!%м*=м, (!,“. 9) м%›…% %C!еде-
л,2ь ,ƒ -%!м3л

р з
н н

1tg tg (cos sin )
2 2 21

k
k

⎡ ⎤α α ⎢ ⎥= α + α
⎢ ⎥+⎣ ⎦

;

р з
2

1tg tg
2 2 11

k

α α
=

⎛ ⎞+ ⎜ ⎟⎝ ⎠

,

где k = 1

2

υ
υ

; υ1 $ г%!,ƒ%…2=ль…=  “*%!%“2ь …%›= (м=-

2е!,=л=); υ2 $ "е!2,*=ль…=  “*%!%“2ь …%›=.

bƒ=,м%деL“2",е леƒ",  , м=2е!,=л= (…=“2,л= м=-
2е!,=л=) C!%,“.%д,2 " Cл%“*%“2 . !еƒ=…, . h. C%-
л%›е…,е %C!едел е2“  “ече…, м, леƒ", , " *%2%!/. 
…=.%д 2“  "е*2%! “*%!%“2, !еƒ=…,  , 3г%л !еƒ=…, .

r“,л,е !еƒ=…,  # “,л=, *%2%!3ю …е%K.%д,м% 
C!,л%›,2ь * леƒ",ю дл  C!е%д%ле…,  “%C!%2,"-
ле…,  ег% "…ед!е…,ю " “л%L м=2е!,=л=. eг% ƒ…=-
че…,е %C!едел е2“  " Cе!"3ю %че!едь де-%!м=-
ц,%……%-C!%ч…%“2…/м, “"%L“2"=м, м=2е!,=л=.

nK?ее 3“,л,е !еƒ=…,  p! “%%2"е2“2"3е2 %C!е-
дел‘……/м Cе!,%д=м C!%це““= !еƒ=…, . b K%ль-
ш,…“2"е “л3ч=е" м=*“,м=ль…%е 3“,л,е !еƒ=…,  
"%ƒ…,*=е2 …еC%“!ед“2"е……% C!, !=ƒделе…,, м=2е-
!,=л= леƒ",ем. b !=K%2е [1]  .2% 3“,л,е !еƒ=…,  
…=ƒ"=…% *!,2,че“*,м:

p! = p!. *! = p! max.

p,“. 9. p=“ч‘2…=  “.ем= %C!еделе…,  3гл= !еƒ=…, 

b

1

2
A

C 1 ;B1

C; B

1

1

2

900-

1 2

0
1

2

1
1

1

0 = 

2

1
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o!, !=““м%2!е…,, “,л%"%г% "ƒ=,м%деL“2",  
леƒ",  , м=2е!,=л= "/дел ю2 3“,л,е …= !е›3?еL 
*!%м*е, “,л3 д="ле…,  …= Cл%“*%“2, %“2!,  леƒ",  
, “,л3 2!е…,  …= K%*%"/. “2%!%…=. леƒ",  [1].

q.ем= “,л, деL“2"3ю?,. …= леƒ",е “ %“2!,ем " 
",де д"3“2%!%……ег% *л,…= , …= K%*%"/е Cл%“*%-
“2, леƒ", , C%*=ƒ=…= …= !,“. 10.

r“,л,е !еƒ=…,  %C!едел ем C% -%!м3ле

2
рсж

р р.к р tg
2

h
P l E

h

⎡ α
= δσ + +⎢

⎢⎣

2
рсж

р2 tg sin
4 2

h Ef
h

⎛ α
+ α +⎜

⎝

2 2
р2сж сж1 cos ,

2 2
h h

E f E
h h

⎤⎞α
+ μ + μ ⎥⎟

⎠ ⎥⎦

где δ # ш,!,…= !е›3?еL *!%м*,; l!.* # дл,…= !е›3-
?еL *!%м*,; E # м%д3ль де-%!м=ц,,; h“› # "ел,ч,-
…= де-%!м=ц,, м=2е!,=л=; h # …=ч=ль…=  2%л?,…= 
м=2е!,=л= ("/“%2= …=“2,л=); f # *%.--,ц,е…2 2!е-
…,  леƒ",  % м=2е!,=л; μ # *%.--,ц,е…2 o3=““%…= 
(μ=1).

dл  “л3ч= , *%гд= μ ≠ 1, 3“,л,е %K›=2,  K%*%-
"/. “2%!%… , Cл%“*%“2еL %“2!,  *л,…= леƒ",  %C-
!едел е2“  C% -%!м3ле [1]

1 1 1
сж 1 сж

1 tg1 1

n nEР h
h

n

+⎛ ⎞= α⎜ ⎟⎝ ⎠+
.

p,“. 10. p=“ч‘2…=  “.ем= “,л%"%г% "ƒ=,м%деL“2",  леƒ",  “ м=2е!,=л%м: 

1 # леƒ",е; 2 # м=2е!,=л (…=“2,л)

o!, !=“ч‘2=. , м%дел,!%"=…,, %K?ее 3“,л,е 
!еƒ=…, , C!,л%›е……%е * леƒ",ю-…%›3 " м%ме…2 
…=ч=л= …еC%“!ед“2"е……%г% !=ƒделе…,  (%2деле-
…, ) =…,ƒ%2!%C…%г% 3C!3г%" ƒ*%г% м=2е!,=л=, 
%C!едел ю2 ,ƒ ƒ=",“,м%“2, [4]

p p

6

р
1

1= 2 ( 3) +
cos /2

lP S R mσ
⎡ ⎤⎛ ⎞δ ⎢ ⎥−⎜ ⎟α γ ⎢ ⎥⎝ ⎠⎣ ⎦

∑ σ , (1)

где δ $ д,=ме2! %*!3›…%“2,, "C,“=……%L " *%…23! 
!е›3?еL *!%м*, $ %“2!%2= леƒ",  [1]; l $ дл,…= !е-
›3?еL *!%м*,; γ $ .*“Cе!,ме…2=ль…/L *%.--,ц,-
е…2, !="…/L 0,4 $ 0,8; p

Sσ , p
mσ  $ “!ед…е*"=д!=2,ч-

…%е %2*л%…е…,е !=ƒ!3ш=ю?ег% …=C! ›е…,  σ! , ег% 
“!ед…ее ƒ…=че…,е “%%2"е2“2"е……%; R $ “л3ч=L…%е 
ч,“л%, !="…%е (0$1).

),“л% !е=л,ƒ=ц,L “л3ч=L…%г% ч,“л= R, C%дч,-
… ю?ее“  !="…%ме!…%м3 ƒ=*%…3 !=“C!еделе…, , 
м%›е2 K/2ь !="…% л,K% ше“2,, л,K% 12 [5].

n“%Kе……%“2ью !еƒ=…,  леƒ",ем =…,ƒ%2!%C…%г% 
3C!3г%" ƒ*%г% "%л%*…,“2%г% м=2е!,=л=  "л е2“  
“*%ль›е…,е м=2е!,=л= C% *!%м*е леƒ",  "“лед“2-
",е ег% Cе!еме?е…,  “ %д…%L “2%!%…/ *!%м*, …= 
д!3г3ю [1]. n2…%“,2ель…%е “*%ль›е…,е м=2е!,=л= 
, !е›3?еL *!%м*, леƒ",  " Cл%“*%“2, !еƒ=…,  
# %д,… ,ƒ %“…%"…/. -=*2%!%", %C!едел ю?,. е‘ 
,ƒ…=ш,"=…,е, " !еƒ3ль2=2е *%2%!%г% "%ƒ…,*=е2 
%ш,K*= C%л%›е…,  !е›3?еL *!%м*,. g…=че…,е 
,ƒме…е…,  “ме?е…,  !е›3?еL *!%м*, "“лед“2-
",е Cе!,%д,че“*%L ƒ=2%ч*, (ƒ=%“2!е…, ) леƒ",  
целе“%%K!=ƒ…% “3мм,!%"=2ь “ "ел,ч,…%L ,ƒ…%“= 
, 3ч,2/"=2ь C!, !=“ч‘2е.

1

2

N1

F2

F1

N1

Pp

N1

F1

F2

N1p

h h

α!
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nце…*= “!ед…ег% ƒ…=че…,  “*%!%“2, “*%ль›е-
…,  υ“*.C C%Cе!‘* !е›3?еL *!%м*, м%›е2 K/2ь 
C!%"еде…= C% ƒ=",“,м%“2,

1пр 1нач
ск.п

кр2 tg 2
А

tkp
υ

δ −δ
=

α
, (2)

где δ1C! 
, δ1…=ч 

$ C!едель…% д%C3“2,м=  , …=ч=ль…=  
%“2!%2= леƒ", ; α $ 3г%л !еƒ=…, ; ` $ “!ед…ее ƒ…=че-
…,е Cл%?=д, !е›3?еL *!%м*,; t $ "!ем  ,ƒ…%“= %2 
ƒ…=че…,  δ1C! д% δ1…=ч ме›д3 ƒ=2%ч*=м,; k $ *%.--
-,ц,е…2 ,ƒ…=ш,"=…, ; p*! $ “!ед…ее ƒ…=че…,е 3дель-
…%г% д="ле…,  " C=!е &!е›3?=  *!%м*= $ м=2е!,=л[.

o!, “*%льƒ ?ем !еƒ=…,, C!%,“.%д,2 2=*›е %2-
…%“,2ель…%е “*%ль›е…,е леƒ",  , м=2е!,=л= "д%ль 
!е›3?еL *!%м*,. q*%!%“2ь .2%г% “*%ль›е…,  %C-
!едел е2“  “*%!%“2ью Cе!еме?е…,  леƒ", . m=-
C!,ме!, C!, "%ƒ"!=2…%-C%“23C=2ель…%м д",›е…,, 
!=“*!%L…%г% …%›= " Cл%2…/. м=2е!,=л=. , “,ль…% 
3Cл%2…‘……/. …=“2,л=. %2…%“,2ель…=  “*%!%“2ь 
“*%ль›е…,  м%›е2 K/2ь C!,… 2= !="…%L “*%!%“2, 
…%›= "д%ль ег% !е›3?еL *!%м*,. o!, ,“C%льƒ%-
"=…,, *!,"%ш,C…%-C%лƒ3……%г% ме.=…,ƒм=

2 1
ск.в

2

sin( )
cos

r
j

ϕ − ϕ
υ = ω ,

где ω $ 3гл%"=  “*%!%“2ь *!,"%ш,C=; r $ !=д,3“ 
*!,"%ш,C=; ϕ1 , ϕ2 $ 3гл/, %C!едел ю?,е C%л%›е-
…,е *!,"%ш,C= , ш=23…= ме.=…,ƒм=.

o!, м%дел,!%"=…,, 2е.…%л%г,че“*,. %Cе!=-
ц,L “ ,“C%льƒ%"=…,ем !еƒ=…,  леƒ",ем , дл  …=-
.%›де…,  %це…%* C=!=ме2!%" C!%це““= ег% "ƒ=,-
м%деL“2",  “ м=2е!,=л%м целе“%%K!=ƒ…% ,“C%ль-
ƒ%"=2ь ме2%д “2=2,“2,че“*,. ,“C/2=…,L (ме2%д 
l%…2е-j=!л%) [6].

b “л3ч=е %2“32“2",  …е%K.%д,м/. ,“.%д…/. 
д=……/. ч,“л%"/е .=!=*2е!,“2,*, ƒ=*%…%" !=“-
C!еделе…,  “л3ч=L…/. -=*2%!%" м%г32 K/2ь %це-
…е…/ C% ,. C!едель…/м ƒ…=че…, м [7]. Š%гд= 
Cл%2…%“2ь !=“C!еделе…,  f (σp) !=ƒ!3ш=ю?ег% …=-
C! ›е…,  " *%…2=*2е “ !е›3?еL *!%м*%L леƒ",  
, м=2е!,=л= м%›…% %C!едел,2ь ,ƒ "/!=›е…, 

2
р рmax min

р

2
р рmax min

р

2
-

2
6

р
1( ) е

2
f

S

σ + σ⎛ ⎞
σ −⎜ ⎟⎝ ⎠

σ − σ⎛ ⎞
⎜ ⎟⎜ ⎟⎝ ⎠

σ
σ =

π
,

где σPmax
 , σPmin $ м=*“,м=ль…%е , м,…,м=ль…%е 

ƒ…=че…,  !=ƒ!3ш=ю?ег% …=C! ›е…, .

m=C!,ме!, дл  2*=…, …=C! ›е…,е σPmax !="…% 
!=ƒ!3ш=ю?ем3 …=C! ›е…,ю C!, “›=2,,, σPmin

  
# C!, !=“2 ›е…,,.

lе.=…,че“*,L !е›3?,L ,…“2!3ме…2 …%›-леƒ-
",е дл  !=“*!%  ,“.%д…%г% м=2е!,=л= %2…%“,2“  * 
,ƒдел, м м=““%"%г% C!%,ƒ"%д“2"=. m%›,, %“%-
Kе……% дл  !=“*!%L…/. ="2%м=2%", ,ƒг%2="л,"=ю2-
“  ,ƒ "/“%*%*=че“2"е……/. “2=леL , ,мею2 д%“2=-
2%ч…% "/“%*3ю “2%,м%“2ь.

p=“*!%L…/е …%›,  "л ю2“  3…,"е!“=ль…/м ,…-
“2!3ме…2%м, C!ед…=ƒ…=че……/м дл  %K!=K%2*, !=ƒ-
…%%K!=ƒ…/. C% “"%L“2"=м , “%“2="3 м=2е!,=л%", 
!=“*!%  …=“2,л%" м=2е!,=л%" “ !=ƒ…/м, !=ƒме!-
…/м, C=!=ме2!=м, , “%C!%2,"ле…,ем !еƒ=…, . 
p=“*!%L %“3?е“2"л е2“  " K%льш%м д,=C=ƒ%…е ,ƒ-
ме…е…,  !е›,м%" %K!=K%2*,, ч2% д%л›…% 3ч,2/-
"=2ь“  C!, %C!еделе…,, 2е.…,че“*,. C=!=ме2!%" 
…%›еL. b C!%це““е !=K%2/ C!%,“.%д,2 ,ƒ…%“ …%-
›еL, ч2% "/ƒ/"=е2 “ме?е…,е !е›3?еL *!%м*, 
…%›= %2…%“,2ель…% %“, ег% C%"%!%2= , C!,"%д,2 * 
%ш,K*е C%л%›е…,  !е›3?еL *!%м*, …%›= %2…%-
“,2ель…% !=“*!%L…%г% м=2е!,=л= (!,“. 11).

o!, C%"%!%2е …%›= …= 3г%л ϕ "%ƒ…,*=е2 %ш,K-
*= C%л%›е…,  !е›3?еL *!%м*,:

22 YХ Δ+Δ=Δ ,

где Δu , ΔY # “ме?е…,  !е›3?еL *!%м*, …%›= C% 
%“ м u , Y “%%2"е2“2"е……%.

Š%гд= "е!% 2…%“2ь Kеƒ%2*=ƒ…%L !=K%2/ …%›= 
P(t) C!, C%“2% ……%L “*%!%“2, !еƒ=…,  %C!еде-
л е2“  *=* "е!% 2…%“2ь 2%г%, ч2% " C!едел=. ƒ=д=…-
…%L …=!=K%2*, (дл,…/ л,…,, !еƒ=) д% Cе!е2%ч*, 
,л, "!еме…, !=K%2/ …%›= %2*=ƒ …е …=“23C,2.

d%лг%"еч…%“2ь …%›= %C!едел е2“  !е“3!“%м # 
дл,…%L !еƒ=…,  л,K% C!%д%л›,2ель…%“2ью !=K%-
2/ …%›= д% C!едель…% д%C3“2,м%г% ,ƒ…%“=. pе-
“3!“ (“!%* “л3›K/) ,л, …=!=K%2*= д% %2*=ƒ= …%›= 
C!, л,…еL…%м ƒ=*%…е ,ƒ…=ш,"=…,  м%›…% %C!е-
дел,2ь ,ƒ -%!м3л/

и

0max

υ
UU

T
−

= ,

где Umax $ C!едель…% д%C3“2,м/L ,ƒ…%“ …%›=; U0$ 
…=ч=ль…/L ,ƒ…%“ л,K% C!,!="…е……=  * …ем3 C%г!еш-
…%“2ь ,ƒг%2%"ле…, ; υ, $ “*%!%“2ь ,ƒ…=ш,"=…, .

1

U
h

p,“. 11. o%Cе!еч…%е “ече…,е !=“*!%L…%г% …%›=:

a # …=ч=ль…%е C%л%›е…,е !е›3?еL *!%м*,; 
a1 # C%л%›е…,е !е›3?еL *!%м*, C!, ,ƒ…%“е; 
U  #  “ме?е…,е !е›3?еL *!%м*, C% %“, …%›=
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Š=*,м %K!=ƒ%м, C!%г…%ƒ,!%"=2ь ,ƒ…%“ …%›= 
м%›…% C% ,ƒме…е…,ю "ел,ч,…/ P(t) "% "!еме…,, 
,“C%льƒ3  ƒ=",“,м%“2ь [8]:

пр зат. ср и

2 2 2
и. зат и

( ) 0,5  
U U T

P t
T

⎡ ⎤− −⎢ ⎥= + ϕ
⎢ ⎥σ + σ⎣ ⎦υ

υ
,

где σ,.ƒ=2 $ “!ед…е*"=д!=2,ч…%е %2*л%…е…,е "ел,ч,-
…/ ,ƒ…%“= (“ме?е…,  !е›3?еL *!%м*,) %2 "ел,ч,-
…/ ƒ=2%ч*,.

o!,ме! ƒ=",“,м%“2, "е!% 2…%“2, Kеƒ%2*=ƒ…%L 
!=K%2/ …%›= P(t) %2 …=!=K%2*, C%*=ƒ=… …= !,“. 12.

hƒл%›е……/е C%л%›е…,  “2=2,“2,че“*%L ме.=-
…,*, , м%дел,!%"=…,  2е.…%л%г,че“*%г% !еƒ=…,  
леƒ",ем C%ƒ"%л ю2 =де*"=2…% %2!=ƒ,2ь " 2е%!,, 
!еƒ=…,   "ле…, , C!%,“.%д ?,е C!, де-%!м=-
ц,%……%-“,л%"%м "ƒ=,м%деL“2",, !е›3?,. ,…“2-
!3ме…2%" , м=2е!,=л%", %Kл=д=ю?,. 3C!3г%" ƒ-
*,м, “"%L“2"=м,, , %це…,2ь C=!=ме2!/ .2%г% 
"ƒ=,м%деL“2", . m= C!=*2,*е .2% д=‘2 "%ƒм%›-
…%“2ь %C!едел 2ь %C2,м=ль…/е C=!=ме2!/ !е›3-
?,. ,…“2!3ме…2%" , !е›,м/ %K!=K%2*, м=2е!,=-
л%" 2е.…%л%г,че“*,м !еƒ=…,ем. 

0,6
0,5
0,4
0,3
0,2
0,1

0 500 1000 1500 2000 t = T

1
0,9
0,8
0,7

P (t = T)

p,“. 12. bе!% 2…%“2ь Kеƒ%2*=ƒ…%L !=K%2/ …%›=

a,Kл,%г!=-,че“*,е ““/л*,

1. pеƒ…,* m.e. Šе%!,  !еƒ=…,  леƒ",ем , %“…%"/ 
!=“ч‘2= !е›3?,. =CC=!=2%". l.: l=ш,…%“2!%е…,е, 
1975. 311 “.

2. h““лед%"=…,е " ƒ*%3C!3г,. “"%L“2" 2е*“2,ль…/. 
…=“2,л%" / b.t. `K!=м%", `.c. a3!м,“2!%", b.m. q%*%-
л%", e.b. k,2",…. `"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.-
…%л%г,,. 2009. 1 6. q. 7#10.

3. g3!=K … j.l., j!=“…%" a.“., aе!…ш2еL… l.l. 
l=2е!,=л%"еде…,е ,ƒдел,L ,ƒ *%›,. k‘г*=  C!%м/ш-
ле……%“2ь , K/2%"%е %K“л3›,"=…,е. l.: kегC!%м, 1988. 
415 “.

4. `K!=м%" b.t., q%*%л%" b.m., k,2",… e.b. l%де-
л,!%"=…,е C!%це““= “,л%"%г% "ƒ=,м%деL“2",  леƒ",  
, м=2е!,=л= C!, !=“*!%е …=“2,л%" " л‘г*%L C!%м/ш-
ле……%“2,. `"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,. 
2009. 1 3. q. 3#5.

5. bе…2цель e.q. h““лед%"=…,е %Cе!=ц,L. l.: q%-
"е2“*%е !=д,%, 1972. 575 “.

6. q%K%ль h.l. ),“ле……/е ме2%д/ l%…2е-j=!л%. 
l.: m=3*=, 1973. 285 “.

7. pеше2%" d.m., h"=…%" `.q., t=дее" b.g. m=д‘›-
…%“2ь м=ш,…. l.: b/“ш=  ш*%л=. 1978. 238 “.

8. o!%…,*%" `.q. o=!=ме2!,че“*=  …=д‘›…%“2ь м=-
ш,…. l.: hƒд-"%. lcŠr ,м. m.}. a=3м=…=. 2002. 559 “.

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,,[ "%ƒ-

м%›…= 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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rdj 519.6:539.3

q.`. )е!…%", *=…д. 2е.…. …=3*
(rль …%"“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2) 

chernovcapital@yandex.ru

`bŠnl`Šhg`0h“ b{)hqkemh“ cenleŠph)eqjhu u`p`jŠephqŠhj 
ŠnmjnqŠemmncn qe)emh“ 

p=““м%2!е…= м=2!,ч…=  -%!м= “C%“%K= ,…2ег!,!%"=…,  C!%,ƒ"%ль…/. .Cю!. o!едл%›е… 
,  !е=л,ƒ%"=… =лг%!,2м "/ч,“ле…,  ге%ме2!,че“*,. .=!=*2е!,“2,* C!%,ƒ"%ль…%г% 2%…*%-
“2е……%г% “ече…,  *=* %2*!/2%г%, 2=* , %д…%*%…23!…%г% ƒ=*!/2%г% C!%-,л . o!,"еде…= 
2=K3л г!=мм= "/ч,“ле…,  ге%ме2!,че“*,. .=!=*2е!,“2,* 2%…*%“2е……%г% “ече…, .

jлюче"/е “л%"=: 2%…*%“2е……%е “ече…,е, ге%ме2!,че“*,е .=!=*2е!,“2,*,, м=2!,ц=, C!%г!=мм=.

Matrix form of the arbitrary epure integration method is considered. Geometrical behaviors 
calculation algorithm of the arbitrary thin-walled section for opened and single-circuit closed 
shapes is proposed and implemented. Calculation tabulation of the thin-walled section geometrical 
behaviors is adduced.

Key words: thin-walled section, geometrical behaviors, matrix, program.

o!, !=“ч‘2е “2е!›…е"/. “,“2ем %д…,м ,ƒ %“-
…%"…/. , 2!3д%‘м*,. .2=C%" C%дг%2%"*, ,“.%д-
…%L ,…-%!м=ц,,  "л е2“  "/ч,“ле…,е ге%ме2!,-
че“*,. .=!=*2е!,“2,* “ече…,L “2е!›…еL. qC%“%K 
,…2ег!,!%"=…,  C!%,ƒ"%ль…/. .Cю! [1] , ег% 
м=2!,ч…=  -%!м= …=,K%лее C!,емлем/ дл  "/-
ч,“ле…,  ге%ме2!,че“*,. .=!=*2е!,“2,* 2%…*%-
“2е……%г% “ече…,  %2*!/2%г% C!%-,л  …= }bl. 

q,“2ем3 л,…еL…/. =лгеK!=,че“*,. 3!="…е…,L 
“C%“%K= ,…2ег!,!%"=…,  C!%,ƒ"%ль…/. .Cю! " 
м=2!,ч…%L -%!ме м%›…% C!ед“2=",2ь “лед3ю?,м 
%K!=ƒ%м: 

[ ]{ } { }T X P= ;

2

2

2

[ ]
F F F

F F F

F F F

x dF yxdF zxdF

T xydF y dF zydF

xzdF yzdF z dF

⎡ ⎤
⎢ ⎥−
⎢ ⎥
⎢ ⎥
⎢ ⎥= −
⎢ ⎥
⎢ ⎥
⎢ ⎥−
⎢ ⎥⎣ ⎦

∫ ∫ ∫

∫ ∫ ∫

∫ ∫ ∫

;

{ }
y

xX

α⎧ ⎫
⎪ ⎪= α⎨ ⎬
⎪ ⎪β⎩ ⎭

;

   

0

0

0

{ }
F

F

F

xdF

P ydF

zdF

⎧ ⎫
⎪ ⎪− ω
⎪ ⎪
⎪ ⎪⎪ ⎪= − ω⎨ ⎬
⎪ ⎪
⎪ ⎪

− ω⎪ ⎪
⎪ ⎪⎩ ⎭

∫

∫

∫

,

где [ ]T
 
# 2!=…“C%…,!%"=…,е м=2!,ц/ [ ]; αx, αy # 

*%%!д,…=2/ це…2!= ,ƒг,K= ` “ече…,  %2 C%лю“= “е*-

2%!,=ль…/. *%%!д,…=2 C% …=C!="ле…,ю %“еL X, Y; 
β # *%.--,ц,е…2, %C!едел ю?,L C%л%›е…,е …=-
ч=ль…%L 2%ч*, M0 %2“ч‘2= “е*2%!,=ль…/. *%%!д,-
…=2, е“л, .Cю!= ω  "л е2“  .Cю!%L гл="…/. “е*2%-
!,=ль…/. *%%!д,…=2, 2. е. C%“2!%е……%L ,ƒ це…2!= 
,ƒг,K= 2%…*%“2е……%г% “ече…, ; x, y, z # .Cю!/ л,-
…еL…/. *%%!д,…=2 3ƒл%"; ω0 # .Cю!= “е*2%!,=ль-
…/. *%%!д,…=2 (Cл%?=деL) 3ƒл%", C%“2!%е……=  ,ƒ 
C!%,ƒ"%ль…%г% C%лю“= , C!%,ƒ"%ль…%L 2%ч*, %2“ч‘-
2= “е*2%!,=ль…/. *%%!д,…=2; F # Cл%?=дь “ече…, . 

q%гл=“…% C!=",л3 q,мC“%…=#j%!…%3.%"=, м=2-
!,ц= [T ] , "е*2%! {P } "/ч,“л ю2“  “ C%м%?ью 
“лед3ю?,. "/!=›е…,L [2]:

[T ]= [K ]T[L][K ][E ];

[P ]= [K ]T[L][R ],

где [K ] # Kл%ч…=  м=2!,ц=. 

)2%K/ 3ме…ьш,2ь ч,“л% "/ч,“ле…,L C!, ,…-
2ег!,!%"=…,, " м=2!,ц=. [Ki], дл  "“е. 3ƒл%" “е-
че…,  !е*%ме…д3е2“  C!,…,м=2ь z =1:

1

2[ ]

n

K
K

K
M
K

⎡ ⎤
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎣ ⎦

;

 

н н

к к

1
[ ]

1i
x y

K
x y

⎡ ⎤
= ⎢ ⎥

⎣ ⎦
,

где n, x…, y…, x*, y* # ч,“л% 3ч=“2*%" д,“*!е2…%L 
!=“ч‘2…%L “.ем/ 2%…*%“2е……%г% “ече…, , *%%!д,…=-
2/ …=ч=л= , *%…ц= i-г% 3ч=“2*= “%%2"е2“2"е……%. 

j"=ƒ,д,=г%…=ль…=  м=2!,ц= [L] “%“2%,2 ,ƒ 
Kл%*%" м=2!,ц [Li]:
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1

2

0 0 0
0 0 0

[ ]
0 0 0
0 0 0 n

L
L

L

L
�

⎡ ⎤
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎣ ⎦

; 
2 1

[ ]
1 26

i i
i

l
L

δ ⎡ ⎤
= ⎢ ⎥

⎣ ⎦
;

2 2
к н к н( ) ( )il x x y y= − + − ,

где δi, li 
# 2%л?,…= , дл,…= i-г% 3ч=“2*= “%%2"е2“2-

"е……%.

l=2!,ц= [E ] ,мее2 ",д

1 0 0
[ ] 0 1 0

0 0 1
E

⎡ ⎤
⎢ ⎥= −⎢ ⎥
⎢ ⎥⎣ ⎦

.

bе*2%! {R } “%“2%,2 ,ƒ "е*2%!%" {Ri}:

1

2{ }

n

R
R

R

R
�

⎧ ⎫
⎪ ⎪⎪ ⎪= ⎨ ⎬
⎪ ⎪
⎪ ⎪⎩ ⎭

; 
0

0
{ } i

i

н
i

к
R

ω⎧ ⎫⎪ ⎪= ⎨ ⎬ω⎪ ⎪⎩ ⎭
,

где 
iн0ω , 

iк0ω # “е*2%!,=ль…/е *%%!д,…=2/ 3ƒл%" …=-
ч=л= , *%…ц= i-г% 3ч=“2*=.

dл  -%!м,!%"=…,  "е*2%!= {Ri} …е%K.%д,м% C%-
“2!%,2ь "“C%м%г=2ель…3ю .Cю!3 ω0, ч2%  "л е2“  
д%"%ль…% 2!3д%‘м*%L ƒ=д=чеL , 2!еK3е2 %C!еде-
л‘……/. …="/*%". 

b “" ƒ, “ .2,м " =лг%!,2ме ƒ=д=ч, C!, ч,“ле…-
…%L ег% !е=л,ƒ=ц,, C!едл=г=е2“  ,“*люч,2ь ,ƒ 
,“.%д…/. д=……/. “е*2%!,=ль…/е *%%!д,…=2/ ω0  
, "/ч,“л 2ь ,. …еC%“!ед“2"е……% " C!%г!=мме. 

qе*2%!,=ль…=  *%%!д,…=2= 3ƒл= # .2% 3д"%е……=  
Cл%?=дь -,г3!/, ƒ=*люч‘……=  ме›д3 …=ч=ль…/м 
!=д,3“-"е*2%!%м , !=д,3“%м, C!,"ед‘……/м ,ƒ C%-
лю“= " !=““м=2!,"=ем/L 3ƒел. e“л, “,“2ем3 *%%!-
д,…=2 XY, C%лю“ , 2%ч*3 %2“ч‘2= ω0 !=“C%л%›,2ь " 
Cе!"%м 3ƒле !=“ч‘2…%L “.ем/ “ече…, , 2% ω0* м%›-
…% "/ч,“л 2ь C% л,…еL…/м *%%!д,…=2=м 3ƒл%":

0к 0н н н

к к

1 0 0
det 1

1
x y
x y

ω =ω + .

p=“*!/" %C!едел,2ель, C%л3ч,м

к
0к 0н н

н
{ } .к

y
x x

y
⎧ ⎫

ω =ω + ⎨ ⎬−⎩ ⎭

b/ч,“ле…,е *%%!д,…=2 ω0* , -%!м,!%"=…,е 
"е*2%!= {Ri} C!едл=г=е2“  2=*›е "/C%л… 2ь " м=2-
!,ч…%L -%!ме:

0к { }{ }ТN Hω = ,

где {N} = {ω0…  x…  x*}; {m } = {1 y* # y…}.

nче",д…%, дл  Cе!"%г% 3ч=“2*= "е*2%! {Ri} K3-
де2

1
0

{ }
0

R
⎧ ⎫

= ⎨ ⎬
⎩ ⎭

.

Š=* *=* 
1к0н0 −

ω=ω
ii
, 2% -%!м,!%"=…,е "е*2%-

!%" {Ri} дл  %“2=ль…/. 3ч=“2*%" “ече…, , 2. е. дл  
2 ≤ i ≤ n, м%›…% "/C%л…,2ь C% -%!м3ле

0н

0к
{ } [ ]{ }i

i

T
i i iR U V

ω⎧ ⎫⎪ ⎪= =⎨ ⎬ω⎪ ⎪⎩ ⎭
,
   

где 1 1 10н н к

0н н к

0 0 0
[ ]

0 0 0
i i i

i i i
i

x x
U

x x
− − −

ω⎡ ⎤
= ⎢ ⎥

ω⎢ ⎥⎣ ⎦
;

1 1к н к н{ } { 1 1 }
i i i i

V y y y y
− −

= − − .

                                                                 
    bе*2%! {W } гл="…/. “е*2%!,=ль…/. *%%!д,…=2 
3ƒл%" C% 3ч=“2*=м “ече…,  %C!едел е2“  C% -%!-
м3ле

{W } = [D ]{S }.

l=2!,ц= [D ] C!ед“2="л е2 “%K%L %KAед,…‘…-
…3ю м=2!,ц3, “%“2% ?3ю ,ƒ м=2!,ц/ [K ] , "е*-
2%!= {R }, = "е*2%! {S } %K!=ƒ%"=… C!,“%ед,…е…,ем 
* .леме…2=м "е*2%!= {X } ед,…,ц/ “…,ƒ3:

1 1

2 2[ ] [ ]

n n

K R
K R

D K R

K R
� �

⎡ ⎤
⎢ ⎥
⎢ ⎥= =
⎢ ⎥
⎢ ⎥
⎣ ⎦

;

 

{ }

1

y

xS

α⎧ ⎫
⎪ ⎪

−α⎪ ⎪= ⎨ ⎬
β⎪ ⎪

⎪ ⎪⎩ ⎭

.

qе*2%!,=ль…/L м%ме…2 ,…е!ц,, Jω “ече…,  
"/ч,“л е2“  C% -%!м3ле

Jω = {S }
T[D ]

T[L ][R ]. 

q%гл=“…% 2е%!,, !=“ч‘2= “2е!›…еL ƒ=*!/2%г% 
(ƒ=м*…32%г%) C!%-,л , C!, "/ч,“ле…,, ге%ме2!,-
че“*,. .=!=*2е!,“2,* ƒ=*!/2%г% “ече…,  ,“C%ль-
ƒ3е2“  “лед3ю?=  “е*2%!,=ль…=  *%%!д,…=2= 0ω� :

Ωω ω
δ

δ

0 0

0

,= − ∫
∫

�

�

S
dS

dS
,

где ω0  # “е*2%!,=ль…=  *%%!д,…=2= 3ƒл= %“…%"…%L 
“,“2ем/ ƒ=*!/2%г% “ече…,  (“%%2"е2“2"3ю?ее %2-
*!/2%е “ече…,е); Ω # 3д"%е……=  Cл%?=дь “ече…, ; 
S # 2е*3?=  *%%!д,…=2= C% *%…23!3 “ече…, .
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b “" ƒ, “ .2,м "/ч,“ле…,е " м=2!,ч…%L -%!ме 
*%%!д,…=2/ к0ω�  *%…ц= 3ч=“2*= м%›…% K3де2 "/-
C%л… 2ь C% -%!м3ле

0к 0к { }{ }ТI С D�ω =ω − ;

1

{ }{ }i n Т
i

i i

I
l А В=

=

Ω Ω= =

δ∑
; 

1 к 1

1 1{ } ...С
−

⎧ ⎫
= ⎨ ⎬δ δ⎩ ⎭

;

1 к 1{ } { ... }D l l −= ; 

1

1 1{ } ...
n

А
⎧ ⎫

= ⎨ ⎬δ δ ⎪⎩ ⎭
; 1{ } { ... }nВ l l= .

bе*2%! {Ri} дл  3ч=“2*%" ƒ=*!/2%г% “ече…,  K3-
де2

0н

0к
{ } [ ]{ }i

i

Т
i i iR Q G

�

�
ω⎧ ⎫⎪ ⎪= =⎨ ⎬ω⎪ ⎪⎩ ⎭

,

где 1 1 10н н к

0н н к

0 0 0
[ ]

0 0 0
i i i

i i i
i

x x
Q

x x
− − −

ω⎡ ⎤
= ⎢ ⎥

ω⎢ ⎥⎣ ⎦
;

1 1к н к н{ } { 1 1 }
i i i iiQ y y y y
− −

= − − .

d!3г,е ге%ме2!,че“*,е .=!=*2е!,“2,*, “ече…,  
"/ч,“л ю2“  C% “%%2"е2“2"3ю?,м -%!м3л=м.

m= %“…%"е !=“ч‘2…%L “.ем/ “ече…,  (“м. !,“3-
…%*) ,“.%д…/м, д=……/м, дл  !=“ч‘2= C% C!%-
г!=мме [3]  "л ю2“ : ч,“л% 3ƒл%" , .леме…2%" 
(3ч=“2*%"), л,…еL…/е *%%!д,…=2/ 3ƒл%", м=2!,ц= 
,…де*“%", .леме…2/ *%2%!%L # …%ме!= “%%2"е2“2-
"3ю?,. 3ƒл%" “ече…, , 2%л?,…= .леме…2%".

b C!%г!=мме ,“C%льƒ3е2“  Kеƒ!=ƒме!…=  “,“2е-
м= ед,…,ц ,ƒме!е…,L, 2. е. ед,…,ц/ ,ƒме!е…,L 
!еƒ3ль2=2%" !=“ч‘2= K3д32 " 2е. ›е ед,…,ц=. дл,-

4

1 5

4

3

3

1 2 5 6

2

Y

X

o!,ме!/ д,“*!е2…/. !=“ч‘2…/. “.ем “ече…,L:

1, 2, …, 9 # …%ме!= 3ƒл%" .леме…2%" “ече…, ; 
,    , …,     # …%ме!= .леме…2%"

2

1

9

5 4 3

1 2

Y

3

8

X

6
7

8

…/, ч2% , "/K!=……/е !=“ч‘2ч,*%м (*%%!д,…=2/ 
3ƒл%", 2%л?,…= .леме…2%"); " 2е“2%"%м C!,ме!е 
ед,…,ц/ ,ƒме!е…,L дл,…/ # “м. b“е ,“.%д…/е 
д=……/е "/"%д 2“  …= Cеч=2ь. 

m,›е C!,"еде…= 2=K3л г!=мм= "/ч,“ле…,  
ге%ме2!,че“*,. .=!=*2е!,“2,* 2%…*%“2е……%г% “е-
че…,  %2*!/2%г% C!%-,л . 

cе%ме2!,че“*,е .=!=*2е!,“2,*, “ече…, 

h“.%д…/е д=……/е
rƒл%":         6
}леме…2%":  5

K%%!д,…=2/ 3ƒл%"
  rƒел             X                     Y
     1             0,00                 0,00
     2             4,00                 0,00
     3             4,00                 8,00
     4            12,00                 8,00
     5            12,00                 0,00
     6            16,00                 0,00

}леме…2     M=2!,ц= ,…де*“%"     T%л?,…=      
     1               1           2                0,50           
     2               2           3                0,50           
     3               3           4                0,50             
     4               4           5                0,50              
     5               5           6                0,50 

Pеƒ3ль2=2/ !=“ч‘2=
oл%?=дь “ече…, : 16,000
l%ме…2 ,…е!ц,, C!, *!3че…,,: 1,333
K%%!д,…=2/ це…2!= ,ƒг,K=  
     X = 8,000        Y = 10,857
m=C!="ле……/L м%ме…2 ,…е!ц,,: 0,000
K%.--,ц,е…2 ,“*=›=ем%“2, *%…23!=: 1,000
qе*2%!,=ль…/L м%ме…2 ,…е!ц,,: 1657,895
K%%!д,…=2/ це…2!= 2 ›е“2, 
     X = 8,000       Y = 4,000

1 2 8
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M%ме…2/ ,…е!ц,, %2…%“,2ель…% це…2!=ль…/. 
%“еL 

     I.  = 170,666   I3 = 298,666     
     I.3 =    0,000
cл="…/е м%ме…2/ ,…е!ц,,
     Iu  = 170,666   Iv = 298,666 
rг%л C%"%!%2= це…2!=ль…/. %“еL 
(+ C%"%!%2 %“еL C!%2," ч=“%"%L “2!ел*,)
     p=д,=… = 0,000     c!=д3“ = 0,000
K%%!д,…=2/ це…2!= ,ƒг,K= " гл="…/. %“ .
     U = 0,000       V = 6,857
K%%!д,…=2/ 3ƒл%" " гл="…/. %“ . 
, гл="…=  “е*2%!,=ль…=  *%%!д,…=2= W: 
rƒел           U                 V                W                    
  1          #8,000         #4,000         #22,857             
  2          #4,000         #4,000           20,571             
  3          #4,000           4,000         #11,429             
  4            4,000           4,000           11,429             
  5            4,000         #4,000         #20,571             
  6            8,000         #4,000            22,857            
l%ме…2/ “%C!%2,"ле…,  “ече…, :
rƒел         Wu                Wv             Ww
  1        #42,667         #37,333        #72,533
  2        #42,667         #74,667          80,592
  3          42,667         #74,667       #145,066
  4          42,667           74,667         145,066
  5        #42,667           74,667        #80,592 
  6        #42,667           37,333          72,533

g= г!=…,ц/ .леме…2%" " !=“ч‘2…%L “.еме “ече-
…,  C!,…,м=ю2“  3ƒл/, " *%2%!/. C!%,“.%д,2 ,ƒ-
ме…е…,е …=C!="ле…,  л,…,, *%…23!=, = 2=*›е ,ƒ-
ме…е…,е 2%л?,…/ .леме…2= “ече…, . e“л, 2%л?,-
…= .леме…2= “ече…,  Cе!еме……= , 2% %…= ме… е2“  
…= “23Cе…ч=2%-Cе!еме……3ю 2%л?,…3 C% ег% дл,…е. 

j!,"%л,…еL…/е ч=“2, *%…23!= ƒ=ме… ю2“  C! -
м%л,…еL…/м,. m3ме!=ц,  .леме…2%" , C%“лед%-
"=2ель…%“2ь …%ме!%" (…=ч=л% # *%…ец) 3ƒл%" “%%2-
"е2“2"3ю2 C%“лед%"=2ель…%“2, C!%.%›де…,  !=-
д,3“-"е*2%!= C% 3ƒл=м !=“ч‘2…%L “.ем/ “ече…, . 

o!, "/ч,“ле…,, ге%ме2!,че“*,. .=!=*2е!,-
“2,* “ече…,  ƒ=*!/2%г% C!%-,л  %2л,ч,  ƒ=*лю-
ч=ю2“  " “лед3ю?ем: Cе!"/L , C%“лед…,L 3ƒл/ 
“%"C=д=ю2, = …3ме!=ц,  3ƒл%" , .леме…2%" "/-
C%л… е2“  C!%2," ч=“%"%L “2!ел*,, 2. е. " “%%2-
"е2“2",, “ C!,… 2/м C%л%›,2ель…/м …=C!="ле-
…,ем д",›е…,  !=д,3“-"е*2%!=. 

l=2!,ч…=  -%!м= “C%“%K= ,…2ег!,!%"=…,  
C!%,ƒ"%ль…/. .Cю! C%ƒ"%л е2 "/ч,“л 2ь ге%ме2-
!,че“*,е .=!=*2е!,“2,*, C!%,ƒ"%ль…%г% 2%…*%-
“2е……%г% “ече…,  %2*!/2%г% , %д…%*%…23!…%г% 
ƒ=*!/2%г% C!%-,л  , “2!%,2ь .--е*2,"…/е "/-
ч,“л,2ель…/е =лг%!,2м/ C!, м,…,м3ме ,“.%д-
…/. д=……/. , ,. C!%“2%2е.

a,Kл,%г!=-,че“*,е ““/л*,

1. a/ч*%" d.a. q2!%,2ель…=  ме.=…,*= “2е!›…е"/. 
2%…*%“2е……/. *%…“2!3*ц,L. l.: c%““2!%L,ƒд=2, 1962. 
475 “.

2. b/ч,“ле…,е ге%ме2!,че“*,. .=!=*2е!,“2,* C!%,ƒ-
"%ль…%г% 2%…*%“2е……%г% “ече…,  %2*!/2%г% C!%-,л  
…= }bl / `.`. g=.=!%", `.m. )е!…/L. l.: dеC. mhh-
m="2%C!%м, d367, 1979. 5 “. 

3. q",де2ель“2"% pt %K %-,ц,=ль…%L !ег,“2!=ц,, 
C!%г!=мм/ дл  }bl 1 2005610795. b/ч,“ле…,е ге%ме2-
!,че“*,. .=!=*2е!,“2,* C!%,ƒ"%ль…%г% 2%…*%“2е……%г% 
“ече…,  %2*!/2%г% , ƒ=*!/2%г% C!%-,л  / q.`. )е!-
…%", e.l. a3л/›е". g= ",2ель , C!="%%Kл=д=2ель rль-
 …. г%“. 2е.…. 3…-2. 1 2005610202; ƒ= "л. 8.02.2005; ƒ=-
!ег,“2!. " pее“2!е C!%г!=мм дл  }bl 6.04.2005.
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q.`. nK!=ƒц%",  d.h. o=…-,л%",  д-! 2е.…. …=3*, C!%-.
 (m=ц,%…=ль…/L ,““лед%"=2ель“*,L 3…,"е!“,2е2 &l%“*%"“*,L .…е!ге2,че“*,L ,…“2,232[) 

sergey.obraztsov@gmail.com

pe`khg`0h“ GSM xk~g` dk“ p`anŠ{ q aeqopnbndm{lh qeŠ“lh 
m` a`ge qŠ`md`pŠ` IEEE 802.15.4 

p=““м%2!е…/ "%C!%“/ “%ƒд=…,  GSM-шлюƒ=, C%дде!›,"=ю?ег% =ль2е!…=2,"…/е “2е*, 
C!%2%*%л%" …= K=ƒе IEEE 802.15.4, “ ,“C%льƒ%"=…,ем г%2%"%г% “2=…д=!2…%г% %K%!3д%"=-
…, .

jлюче"/е “л%"=: ZigBee, IEEE 802.15.4, GSM, GPRS, шлюƒ, ="2%м=2,ƒ=ц, , C!%м/шле……/е 
“е2,, Kе“C!%"%д…/е “е2,, “2е* C!%2%*%л%".

GSM gateway creature questions for maintenance of the alternative protocol stack from a standard 
IEEE 802.15.4 through the use of ready standard equipment are considered.

Key words: ZigBee, IEEE 802.15.4, GSM, GPRS, gateway, automation, industrial networks, wireless 
networks, protocol stack.

aе“C!%"%д…/е “е2, …= K=ƒе “2=…д=!2= IEEE 
802.15.4, " 2%м ч,“ле , ZigBee, …=.%д 2 ш,!%*%е 
C!,ме…е…,е " !=ƒл,ч…/. “-е!=. д,“2=…ц,%……%г% 
м%…,2%!,…г= , 3C!="ле…,  [1, 2]. Š=*, %д…,м ,ƒ 
Cе!“Cе*2,"…/. C!,ме…е…,L !=д,%“е2еL IEEE 
802.15.4 " ›,л%м “е*2%!е fju  "л е2“  “%ƒд=…,е 
Kе“C!%"%д…%L “е2, 3“2!%L“2" 3че2= C%2!еKл ем/. 
!е“3!“%", %KAед,… ю?еL …е 2%ль*% .ле*2!%“че2-
ч,*,, …% , “че2ч,*, "%д/ , г=ƒ=. b %K?е“2"е……/. 
, =дм,…,“2!=2,"…/. ƒд=…, . !=д,%“е2, IEEE 
802.15.4 “ 3“Cе.%м *%…*3!,!3ю2 “  C!%"%д…/м, 
“е2 м, …= K=ƒе -,ƒ,че“*%г% “2=…д=!2= RS-485 " 
“-е!е ="2%м=2,ƒ=ц,, ƒд=…,L.

qе2, IEEE 802.15.4,  "л  “ь Cе!“%…=ль…/м, 
!=д,%“е2 м, WPAN, …е C%ƒ"%л ю2 Cе!ед="=2ь 
д=……/е …= !=““2% …,е “"/ше 100 м " C%ме?е…,, 
, “"/ше 500#1000 м …= %2*!/2%L ме“2…%“2, Kеƒ 
,“C%льƒ%"=…,  C!%ме›32%ч…/. 3ƒл%". o%.2%м3 
дл  3д=ле……%г% м%…,2%!,…г= , 3C!="ле…,  “е2ью 
…е%K.%д,м% ,“C%льƒ%"=2ь ,…/е 2е.…%л%г,, Cе!е-
д=ч, д=……/.. b …=“2% ?ее "!ем  …=,K%льш3ю 
ƒ%…3 C%*!/2,  ,мею2 “е2, ц,-!%"%L м%K,ль…%L 
“" ƒ, GSM, C%.2%м3 ,. целе“%%K!=ƒ…% ,“C%льƒ%-
"=2ь дл  %!г=…,ƒ=ц,, 3д=л‘……%г% д%“23C= * WPAN 
“е2,. o% .2%L C!,ч,…е C!, !=ƒ!=K%2*е “,“2ем 
3д=л‘……%г% м%…,2%!,…г= , 3C!="ле…,  “ ,“C%ль-
ƒ%"=…,ем “е2еL …= K=ƒе “2=…д=!2= IEEE 802.15.4 
C!=*2,че“*, "“егд= "%ƒ…,*=е2 ƒ=д=ч= C!,ме…е…,  
GSM-шлюƒ=.

o!,“32“2"3ю?,е …= !/…*е г%2%"/е !еше…,  
(…=C!,ме!, h…2е!…е2-шлюƒ/ qonnectPort X [3] 

*%мC=…,, Digi) ,мею2 "/“%*3ю “2%,м%“2ь ,ƒ-ƒ= 
ч!еƒме!…%L ,ƒK/2%ч…%“2,, 2=* *=* C%“2!%е…/ …= 
K=ƒе 32-!=ƒ! д…%г% м,*!%*%…2!%лле!= ARM ,, 
C%м,м% GSM-м%д3л , “%де!›=2 2=*›е Wi-Fi-м%-
д3ль , ,…2е!-еL“ Ethernet. j!%ме 2%г%, ,…2е!…е2-
шлюƒ/ ConnectPort X !=K%2=ю2 “ C!%C!,е2=!…%L 
“е2ью DigiMesh , “е2ью ZigBee 2%ль*% л,шь че-
!еƒ "“2!%е……/L API-,…2е!-еL“ м%д3леL XBee Se-
ries 1 , XBee Series 2 “%%2"е2“2"е……%. l%д3л, 
XBee ,мею2 ƒ=*!/2%е C!%г!=мм…%е %Kе“Cече…,е 
, …е C%ƒ"%л ю2 ƒ=г!3›=2ь …= C!,*л=д…%L 3!%"е…ь 
“2е*= C%льƒ%"=2ель“*,е C!,л%›е…, , C%.2%м3 дл  
“%ƒд=…,  *%…еч…/. 3“2!%L“2" “ C%дде!›*%L “е2, 
DigiMesh C!,.%д,2“  ,“C%льƒ%"=2ь "…еш…,L 
м,*!%*%…2!%лле!, ч2%, " *%…еч…%м “че2е, 3д%!%-
›=е2 !=ƒ!=K%2*3. q2е* ZigBee C%“2!%е… …= K=ƒе 
“2=…д=!2= IEEE 802.15.4, д%C%л…   ег% C!%2%*%-
л=м, “е2е"%г% , C!,*л=д…%г% 3!%"…еL (!,“. 1). 
o!е,м3?е“2"%м “2е*= ZigBee  "л е2“  ег% %2*!/-
2%“2ь , “%"ме“2,м%“2ь =CC=!=2…/. , C!%г!=мм-
…/. “!ед“2" !=ƒ…/. C!%,ƒ"%д,2елеL. nд…=*% ег% 
C!,ме…е…,е "% м…%г,. C!,л%›е…, . …ецеле“%%K-
!=ƒ…% [4]. dел% " 2%м, ч2% ,де, 3…,"е!“=ль…%“2,, 
="2%м=2,ƒ=ц,, C!%це““%" *%…-,г3!,!%"=…,  
“е2,, = 2=*›е %!,е…2=ц,  …= 2е.…%л%г,, &3м…%г% 
д%м=[, ƒ=л%›е……/е " “2е*е ZigBee, " ! де “л3ч=е" 
 "л ю2“  …ед%“2=2*%м. 

b C!,л%›е…, . “% “"е!.…,ƒ*,м C%2!еKле…,ем 
.ле*2!%.…е!г,, %“…%"…/м …ед%“2=2*%м “е2еL 
ZigBee  "л е2“  C%“2% ……=  !=K%2= C%л…%-3…*-
ц,%…=ль…/. 3ƒл%" (FFD) " !е›,ме C!,‘м=, " 2% 
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"!ем  *=* ".%д ?,е " !е›,м .…е!г%“Kе!е›е…,  
%*%…еч…/е 3ƒл/ “ %г!=…,че……%L -3…*ц,%…=ль-
…%“2ью (RFD) …е м%г32 !е2!=…“л,!%"=2ь C=*е2/ 
C% “е2,. 

b C!%м/шле……%L ="2%м=2,ƒ=ц,, * …=,K%лее 
*!,2,ч…/м C=!=ме2!=м %2…%“ 2“  де2е!м,…,!%-
"=……=  ƒ=де!›*= , де2е!м,…,!%"=……=  …=д‘›-
…%“2ь. q2=…д=!2 IEEE 802.15.4 %C!едел е2 д"= ме-
2%д= д%“23C= * %K?еL “!еде: “л3ч=L…/L д%“23C “ 
%це…*%L ƒ=… 2%“2, *=…=л= CSMA-CA , ме.=…,ƒм 
C!ед%“2="ле…,  г=!=…2,!%"=……/. 2=Lм-“л%2%" 

p,“. 1. q2!3*23!= “2е*= ZigBee (SSP $ “е!",“ Kеƒ%-
C=“…%“2,, ZDO $ %KAе*2 3“2!%L“2"= ZigBee, 
%Kе“Cеч,"=ю?,L !=K%23 3ƒл= " “е2,)

Š=Kл,ц =  1

 q!="…е…,е “2е*%" C!%2%*%л%", C%“2!%е……/. …= K=ƒе “2=…д=!2= IEEE 802.15.4

u=!=*2е!,“2,*= MiWi ZigBee Wireless HART ISA#100

Š!еK%"=…,  * C=м 2, 
4#10 K flash 40#100 K flash

34 K flash, 10 K 
RAM

< 128 K

o%дде!›*= м…%г% чеL*%"/. 
“е2еL

+ (дл,…= м=!ш!32= 
# …е K%лее 4 3ƒл%")

+ + +

l=“ш2=K,!3ем%“2ь 
…= “"е!.K%льш,е “е2,

# + + +

dе2е!м,…,!%"=……=  
ƒ=де!›*=

# # + +

dе2е!м,…,!%"=……=  
…=д‘›…%“2ь

# # + +

b“2!%е……/е -3…*ц,, 
Kеƒ%C=“…%“2,

# + + +

(GTS) дл  %Kе“Cече…,  г=!=…2,!%"=……%L Cе!ед=-
ч, ,…-%!м=ц,,. nд…=*% " “е2 . ZigBee ,“C%льƒ3-
е2“  2%ль*% л,шь ме2%д CSMA-CA, …е г=!=…2,-
!3ю?,L *%…еч…%е "!ем  д%“2="*, C=*е2=. t3…*-
ц,  де2е!м,…,!%"=……%L …=д‘›…%“2, C%ƒ"%л е2 
3“2=…%",2ь г=!=…2,!%"=……/L *=…=л “" ƒ, ме›д3 
д"3м  3ƒл=м,. nд…%L ,ƒ %“…%"…/. C!,ч,… …=!3-
ше…,  “" ƒ,  "л ю2“  C%ме., %2 Cе!ед=2ч,*%" 
ч=“2%2…%г% д,=C=ƒ%…= 2,4 ccц, " ч=“2…%“2, %2 3ƒ-
л%" “е2, Wi-Fi [4].  o%“*%ль*3 д=……/е C%ме., 
,мею2 д!3г%L 2,C м%д3л ц,,, %…, …%“ 2 “л3ч=L-
…/L .=!=*2е!. o!%2%*%л WirelessHART ,“C%льƒ3-
е2 дл  Cе!ед=ч, "“е 16 ч=“2%2…/. *=…=л%" “ %це…-
*%L ,. ƒ=ш3мл‘……%“2,, ч2% “3?е“2"е……% 3"ел,-
ч,"=е2 "е!% 2…%“2ь д%“2="*, C=*е2=.  j!%ме 2%г%, 
“2е* ZigBee …е ,мее2 "“2!%е……/. ме.=…,ƒм%" %K-
…%"ле…,  C!%г!=мм…%г% %Kе“Cече…,  3ƒл%" “е2, 
C% !=д,%*=…=л3. d=……=  -3…*ц,  %че…ь "=›…= 
C!=*2,че“*, "% "“е. C!%м/шле……/. C!,ме…е…,-
 ., C%.2%м3 ее !е=л,ƒ=ц,ю C!,.%д,2“  "/C%л… 2ь 
д%C%л…,2ель…% [5].

dл  “%ƒд=…,  C!%“2еLш,. ƒ=*!/2/. Kе“C!%-
"%д…/. “е2еL “2е* ZigBee  "л е2“  ,ƒK/2%ч…/м, 
C%“*%ль*3 C!едA "л е2 C%"/ше……/е 2!еK%"=…,  
* =CC=!=2…/м “!ед“2"=м. o%.2%м3 " ! де “л3ч=е" 
целе“%%K!=ƒ…% ,“C%льƒ%"=2ь ,…/е C!%2%*%л/, 
2=*›е C%“2!%е……/е …= K=ƒе “2=…д=!2= IEEE 
802.15.4, 2=*,е *=* MiWi, ISA-100, Wireless HART, 
C!%“2еLш,е C!%2%*%л/ “%K“2"е……%L !=ƒ!=K%2*,, 
= 2=*›е %Cе!=ц,%……/е “,“2ем/ дл  “е2еL д=2ч,-
*%" TinyOS, Nano-RK, ERIKA Enterprise , д!3г,е 
(2=Kл. 1, 2).

GSM-шлюƒ д%л›е… 3ч,2/"=2ь %“%Kе……%“2, 
C!,ме… ем%г% “2е*= C!%2%*%л%" ,л, !=K%2=2ь …= 
*=…=ль…%м 3!%"…е “ C=*е2=м, IEEE 802.15.4. 
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Š=Kл,ц =  2

 q!="…е…,е %Cе!=ц,%……/. “е2еL дл  Kе“C!%"%д…/. “е2еL д=2ч,*%"

u=!=*2е!,“2,*= TinyOS Nano-RK ERIKA Enterprise Contiki LiteOS

k,це…ƒ, q"%K%д…=  BSD q"%K%д…=  GPL 
,л, *%мме!че“*= 

q"%K%д…=  GPL 
linking exception 

q"%K%д…=  BSD q"%K%д…=  
BSD

`CC=!=2…=  
Cл=2-%!м=

MicaZ (AVR / 
CC1000), MSP430 

/ CC2420, 
TDA5250, RF212, 

RF230

MicaZ, FireFly 
(AVR / CC2420)

PIC24, dsPIC33, 
dsPIC30, AVR, 
Altera Nios II, 
ARM7TDMI / 

Digi XBee, Atmel
 IEEE802.15.4, 

Zigbee

Tmote, AVR, 
MSP430 / 

CC2420, RF230

MicaZ

l…%г%C%2%ч-
…%“2ь

mе"/2е“… ю?= b/2е“… ю?= b/2е“… ю?=  
, …е"/2е“… ю?= 

b/2е“… ю?=  
, …е"/2е“… ю?= 

b/2е“… ю?= 

`!.,2е*23!= q%K/2,L…= l…%г%C%2%ч…= l…%г%C%2%ч…=  
“ C%дде!›*%L 

“%K/2,L

q%K/2,L…=  
“ C%дде!›*%L 
м…%г%C%2%ч-

…%“2,

l…%г%C%2%ч-
…=  “ C%дде!›-
*%L “%K/2,L

rд=ле……=  
%2л=д*=

+ # # # +

rд=ле……%е 
%K…%"ле…,е on

+ (2%ль*% цел/L 
%K!=ƒ)

# # + + (C!,*л=д…%L 
3!%"е…ь)

q2!=2ег,  
м,…,м,ƒ=ц,, 
C%2!еKле…, 

oе!е.%д " “C ?,L 
!е›,м C%“ле %K!=-

K%2*, “%K/2, 

nг!=…,че…,е 
“3мм=!…%L C%2!еK-
л ем%L м%?…%-
“2, CPU, “е2, , 

д=2ч,*%"

# o!%-,л, .…е!г%-
C%2!еKле…, 

pеƒе!",!%"=-
…,е .…е!г,, 
" K=2=!ее дл  
*=›д%г% C!,-
л%›е…, 

Š!еK%"=…,  
* C=м 2,

3,5 K flash, 200 
K=L2 RAM

10 K flash, 2K 
RAM

1#4 K flash, 200 
K=L2 RAM

40 K flash, 2 K 
RAM

128j flash, 4K 
RAM

j%…-,г3!=ц, q2=2,че“*, “*%м-
C,л,!%"=……= 

q2=2,че“*, “*%м-
C,л,!%"=……= 

q2=2,че“*, “*%м-
C,л,!%"=…-…= 

d,…=м,че“*, 
“" ƒ/"=ем/е 
K,Kл,%2е*,

d,…=м,че“*= 

t=Lл%"=  
“,“2ем=

nд…%3!%"…е"= # # nд…%3!%"…е"= hе!=!.,че“-
*=  Unix-C%-
д%K…= 

b“2!%е……=  
C%дде!›*= 
Cе!,-е!,,

`0o, UART, 
3C!="ле…,е C,2=-
…,ем, 2=Lме!/, 

C%!2/

`0o, д=2ч,*, 
FireFly, UART, 

3C!="ле…,е C,2=-
…,ем, 2=Lме!/, 

C%!2/

UART, 2=Lме!/, 
C%!2/

UART, USB, 
2=Lме!/, C%!2/

UART

d%C%л…,2ель-
…/е "%ƒм%›…%-
“2,

j%мC%…е…2…=  
м%дель

q2=2,“2,*= C%2%-
*%"

o%дде!›*= м…%-
г%C!%це““%!…%“2,, 

%KAед,…е……/L “2е*, 
C%дде!›*= GTS

o%дде!›*= IPv6, 
г!=-,че“*,L ,…-
2е!-еL“, ƒ=г!3ƒ*= 

C% “е2,

rд=л‘……=  
*%…“%ль, “е2е-
"=  -=Lл%"=  

“,“2ем=

Š%C%л%г, l…%г% чеL*%"=  
“е2ь

g"еƒд=, ч=“2,ч…% 
м…%г% чеL*%"=  

“е2ь

h“C%льƒ3е2 “2е* 
Open-ZB

l…%г% чеL*%"=  
“е2ь

l…%г% чеL*%-
"=  “е2ь
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b C%“лед…ем “л3ч=е %K!=K%2*3 C=*е2%" "е!.…,. 
3!%"…еL C!%,ƒ"%д,2 C!%г!=мм…%е %Kе“Cече…,е 
“е!"е!=, * *%2%!%м3 C%д*люч=е2“  GSM-шлюƒ. 
nд…=*% " K%льш,…“2"е C!=*2,че“*,. C!,ме…е-
…,L GSM-шлюƒ %*=ƒ/"=е2“  “%"ме?‘……/м “ *%-
%!д,…=2%!%м “е2,, *%2%!/L д%л›е… %Kе“Cеч,"=2ь 
е‘ -3…*ц,%…,!%"=…,е , C!, C%2е!е “" ƒ, “ “е!-
"е!%м. o%.2%м3 !=ƒ!=K%2=……%е C!%г!=мм…%е 
%Kе“Cече…,е шлюƒ= …е%K.%д,м% =д=C2,!%"=2ь * 
*=›д%м3 *%…*!е2…%м3 “2е*3 C!%2%*%л%" Kе“C!%-
"%д…%L “е2, WPAN. `"2%!=м, C!едC!,… 2= C%-
C/2*= “%ƒд=…,  3…,"е!“=ль…%L Cл=2-%!м/ шлю-
ƒ=, лег*% =д=C2,!3ем%L * ,“C%льƒ%"=…,ю !=ƒл,ч-
…/. C!%2%*%л%" …= K=ƒе “2=…д=!2= IEEE 802.15.4.

b шлюƒе “.%д 2“  C%2%*, ,…-%!м=ц,, “ !=ƒ-
л,ч=ю?,м,“  …= …е“*%ль*% C%! д*%" “*%!%“2 -
м,: C=*е2/ д=……/. WPAN “е2,, C=*е2/ д=……/., 
C!,… 2/е %2 GSM-м%дем=, *%м=…д/ 3C!="л ю-
?ег% =лг%!,2м=, C=*е2/ “е2, Modbus , C!.. o%-
“*%ль*3 "“е ,…2е!-еL“/ шлюƒ= !=K%2=ю2 “ !=ƒ-
л,ч…/м, “*%!%“2 м,, дл  …=,л3чшег% ,“C%льƒ%-
"=…,  !е“3!“%" =CC=!=2…/. “!ед“2" C!%г!=мм…%е 
%Kе“Cече…,е д%л›…% !=K%2=2ь " м…%г%ƒ=д=ч…%м 
!е›,ме, 2. е. "ме“2% %›,д=…,  %2"е2= *=*%г%-л,K% 

p,“. 2. `CC=!=2…%-C!%г!=мм…=  м%дель шлюƒ=

,…2е!-еL“= “лед3е2 Cе!е*люч=2ь“  …= !=K%23 “% 
“"%K%д…/м ,…2е!-еL“%м, C%л3ч=  %2"е2/ =“,…-
.!%……%. o!, .2%м “3?е“2"е……% "%ƒ!=“2=е2 C!%C3-
“*…=  “C%“%K…%“2ь шлюƒ=. o%д%K…%е on д%“2=-
2%ч…% лег*% !е=л,ƒ3е2“  “ C%м%?ью ме.=…,ƒм= 
%че!едеL. nче!едь C!ед“2="л е2 “%K%L м=““," 
3*=ƒ=2елеL …= C=*е2/ д=……/. “ ,де…2,-,*=2%!%м 
“%%K?е…, . nK!=K%2ч,* %че!ед, C%“лед%"=2ель-
…% ,ƒ"ле*=е2 ,ƒ …е‘ “%%K?е…,  , %K!=K=2/"=е2 ,. 
" “%%2"е2“2",, “ ,де…2,-,*=2%!%м. b “л3ч=е ƒ=-
… 2%“2, ,…2е!-еL“=, дл  *%2%!%г% C!ед…=ƒ…=че… 
".%д ?,L " “%%K?е…,е C=*е2 д=……/., “%%K?е…,е 
Cе!е…%“,2“  " *%…ец %че!ед,. dл  %K%ƒ…=че…,  
ƒ=… 2%“2, ,…2е!-еL“= ,“C%льƒ3ю2“  д"%,ч…/е 
“ем=-%!/ # мью2е*“/. Š=*,м %K!=ƒ%м, %че!едь 
 "л е2“  це…2!=ль…/м .леме…2%м =CC=!=2…%-
C!%г!=мм…%L м%дел, шлюƒ= (!,“. 2).

h“C%льƒ%"=…,е %че!ед, C%ƒ"%л е2 …е 2%ль*% 
=“,….!%……% Cе!ед="=2ь д=……/е ,ƒ %д…%г% ,…2е!-
-еL“= " д!3г%L, …% , %Kме…,"=2ь“  =“,….!%……/м, 
“%%K?е…, м, ме›д3 !=ƒл,ч…/м, %KAе*2=м, =C-
C=!=2…%-C!%г!=мм…%L м%дел,. o!едл=г=ем/L ме-
.=…,ƒм %че!едеL C%ƒ"%л е2 !е=л,ƒ%"=2ь …е"/2е“-
… ю?3ю м…%г%ƒ=д=ч…%“2ь C!%“2/м, “!ед“2"=м,.

n–1

Счётчик Счётчик
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XBee Pro C!ед“2="л е2 “%K%L -3…*ц,%…=ль…% 
ƒ=*%…че……/L м%д3ль …= K=ƒе Cл=2-%!м/ MC13213 
*%мC=…,, Freescale Semiconductor “% "“2!%е……/м 
on, д%“2=2%ч…/м дл  C%“2!%е…,  “=м%“2% 2ель-
…%L “е2,. nд…=*% "/ше K/л% %2мече…%, ч2% " 
! де “л3ч=е" "“2!%е……/L “2е* C!%2%*%л%"  "л е2-
“  л,K% ,ƒK/2%ч…/м, л,K% ,мее2 %“%Kе……%“2,, …е 
C%ƒ"%л ю?,е ,“C%льƒ%"=2ь ег% дл  *%…*!е2…%г% 
C!,ме…е…, . nд…%L ,ƒ …ед%*3ме…2,!%"=……/. 
"%ƒм%›…%“2еL м%д3л  XBee Pro  "л е2“  "%ƒм%›-
…%“2ь Cе!еC!%г!=мм,!%"=…,  "“2!%е……%г% м,*-
!%*%…2!%лле!= “ C%м%?ью “2=…д=!2…/. “!ед“2" 
%2л=д*, , C!%г!=мм,!%"=…, , …=C!,ме! Multilink 
*%мC=…,, P&E Micro, C%ƒ"%л ю?=  ƒ=г!3ƒ,2ь " 
!=д,%м%д3ль “2=…д=!2…/L “2е* C!%2%*%л%" “е2, 
WPAN. 

Š=*,м %K!=ƒ%м, !=ƒ!=K%2ч,* м%›е2 ,“C%льƒ%-
"=2ь г%2%"/L м%д3ль XBee / XBee Pro " *=че“2"е 
=CC=!=2…%L Cл=2-%!м/ “ люK/м “2е*%м C!%2%*%-
л%", …е %г!=…,ч,"= “ь C!едл=г=ем/м *%мC=…,еL 
Digi !еше…,ем. Š=*›е “лед3е2 %2ме2,2ь, ч2% C!, 
…е%K.%д,м%“2, “%ƒд=…,  C!%“2/. 3“2!%L“2" “ !=-
д,%*=…=л%м “2=…%",2“  "%ƒм%›…/м ,…2ег!,!%-
"=2ь -3…*ц,, 3C!="ле…,  3“2!%L“2"%м , -3…*-
ц,, !=д,%“" ƒ, " %д…%м *!,“2=лле, " 2% "!ем  
*=* ,“C%льƒ%"=…,е “2=…д=!2…%г% API C%д!=ƒ3ме-
"=е2 !=ƒделе…,е .2,. -3…*ц,L ме›д3 !=д,%м%д3-
лем , *%…2!%лле!%м 3“2!%L“2"=. 

dл  3C!%?е…,  !=ƒ!=K%2*, шлюƒ= ,“C%льƒ%"=… 
-3…*ц,%…=ль…% ƒ=*%…че……/L GSM-м%дем RM/D 
*%мC=…,, `…=л,2,*-Šq [6]. l%дем RM/D "/-
C%л…е… " C!%м/шле……%м ,“C%л…е…,, “ д,=C=ƒ%-
…%м !=K%ч,. 2емCе!=23! %2 #40 д% +70 ºC , д"3м  
SIM-*=!2=м,: %“…%"…%L , !еƒе!"…%L. GSM-м%дем 
C%ƒ"%л е2 Cе!ед="=2ь д=……/е 2!ем  !=ƒл,ч…/м, 
“C%“%K=м,: SMS “%%K?е…, м,, че!еƒ *=…=л г%л%-
“%"%L “" ƒ, “ C%м%?ью 2е.…%л%г,, CSD , “ ,“-
C%льƒ%"=…,ем C=*е2…%L Cе!ед=ч, д=……/. GPRS. 
Š=!,-…=  C%л,2,*= C%д="л ю?ег% K%льш,…“2"= 
м%K,ль…/. %Cе!=2%!%" C%“2!%е…= 2=*,м %K!=ƒ%м, 
ч2% *=…=л GPRS ,мее2 …=,ме…ьш3ю “2%,м%“2ь 
Cе!ед=……%г% K=L2= д=……/., C%.2%м3 …=,K%лее це-
ле“%%K!=ƒ…% ,“C%льƒ%"=2ь ,ме……% ег% [6].

l%дем RM/D ,мее2 "“2!%е……%е on, C%ƒ"%-
л ю?ее ="2%м=2,че“*, C%д*люч=2ь“  * 3д=л‘…-
…%м3 “е!"е!3 " “е2, h…2е!…е2 , “ C%м%?ью C!%-
“2еLшег% C!%2%*%л= %Kме…,"=2ь“  д=……/м, ме›-
д3 “е!"е!%м , шлюƒ%м. b д%*3ме…2=ц,, м%дем= 
C%д!%K…% %C,“=…/ C!%цед3!/ ,…,ц,=л,ƒ=ц,, , 
…=“2!%L*, м%дем=. qлед3е2 л,шь %2ме2,2ь, ч2% 
дл  “…,›е…,  -,…=…“%"/. ƒ=2!=2 …= %Cл=23 3“л3г 
“" ƒ, м%›…% C%д*люч=2ь м%дем * “е!"е!3 л,K%, 
*=* C!едл=г=ю2 !=ƒ!=K%2ч,*, м%дем=, Cе!,%д,-
че“*, че!еƒ 3“2=…%"ле……/L ,…2е!"=л "!еме…,, 
л,K% C% ƒ=C!%“3 шлюƒ=. b C%“лед…ем “л3ч=е дл  
!=ƒ!/"= “%ед,…е…,  ,“C%льƒ3ю2“  “2=…д=!2…/е 
AT-*%м=…д/.

d!3г,м, ,“2%ч…,*=м, “%%K?е…,L м%г32  "-
л 2ь“  ч=“/ !е=ль…%г% "!еме…,, !=ƒл,ч…/е д,“-
*!е2…/е ,“C%л…,2ель…/е 3“2!%L“2"=, ,…-%!м=-
ц,%……/е 3“2!%L“2"=, C%д*люч=ем/е че!еƒ C!%-
"%д…%L ,…2е!-еL“ RS-485, = 2=*›е 3C!="л ю?=  
C!%г!=мм=. t3…*ц,%…=ль…%“2ь шлюƒ= лег*% !=“-
ш,! е2“  д%K="ле…,ем …%"/. ,де…2,-,*=2%!%" " 
%K!=K%2ч,* %че!ед, “%%K?е…,L.

dл  !=ƒ!=K%2*, C!%г!=мм…%г% %Kе“Cече…,  
шлюƒ= м%›…% ,“C%льƒ%"=2ь ",ƒ3=ль…%е “!ед“2"% 
!=ƒ!=K%2*, Processor Expert ,…2ег!,!%"=……%L 
“!ед/ CodeWarrior *%мC=…,, Freescale Semicon-
ductor. q!ед“2"% Processor Expert C%ƒ"%л е2 !=ƒ!=-
K%2ч,*3 …е 2%ль*% ,“*люч,2ь !32,……3ю C!%цед3-
!3 ,…,ц,=л,ƒ=ц,, !ег,“2!%" м,*!%*%…2!%лле!=, 

p,“. 3. b"%д…%-!=“C!едел,2ель…/L ш*=- “,“2е-
м/ 3л,ч…%г% %“"е?е…, 
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…% , C%л…%“2ью =K“2!=г,!%"=2ь“  %2 “Cец,-,*, 
=CC=!=2…%L Cл=2-%!м/ “ C%м%?ью м%?…%г% API. 
dл  !=K%2/ “ Cе!,-е!,еL C!%г!=мм,“2 C%д*лю-
ч=е2 , …=“2!=,"=е2 C!%г!=мм…/е м%д3л, # д!=L-
"е!/, C!ед%“2="л ю?,е ,…2е!-еL“ * %C!едел‘…-
…%м3 *%мC%…е…23 C!%це““%!=. o!, .2%м, " “л3ч=е 
C!%2,"%!еч,"%г% *%…-,г3!,!%"=…,  Cе!,-е!,,, 
.*“Cе!2…=  “,“2ем= “%%K?=е2 C%льƒ%"=2елю % …е-
д%C3“2,м%“2, "/K!=……/. !е›,м%" , C!едл=г=е2 
"%ƒм%›…/е "=!,=…2/ 3“2=…%"%*. }2% C%ƒ"%л е2 
"/ ",2ь %ш,K*, ,…,ц,=л,ƒ=ц,, м,*!%*%…2!%л-
ле!= …= !=……,. “2=д, . !=ƒ!=K%2*,, ч2% " ! де 
“л3ч=е" ƒ…=ч,2ель…% %Kлегч=е2 , 3“*%! е2 %2л=д-
*3 C!%г!=мм…%г% %Kе“Cече…, . d%“23C * -3…*-
ц,%…=ль…%“2, Cе!,-е!,, %“3?е“2"л е2“  "/ƒ%-
"%м API--3…*ц,L , %K!=K%2*%L “%K/2,L, %д,…=-
*%"/. дл  "“е. 2,C%" ,“C%льƒ3ем/. м,*!%*%…-
2!%лле!%", ч2% %Kе“Cеч,"=е2 "%ƒм%›…%“2ь л‘г*%г% 
Cе!е…%“= !=ƒ!=K%2=……%г% C!%г!=мм…%г% %Kе“Cе-
че…,  “ %д…%г% м,*!%*%…2!%лле!= …= д!3г%L. Š=-
*,м %K!=ƒ%м, ,“C%льƒ3  ",ƒ3=ль…/L ,…“2!3ме…2 
Processor Expert “% "“2!%е……%L .*“Cе!2…%L “,“2е-
м%L, C!%г!=мм,“23 …е2 …е%K.%д,м%“2, де2=ль…% 
!=ƒK,!=2ь“  " 2%…*%“2 . *=›д%г% *%…*!е2…%г% 
м,*!%*%…2!%лле!=, ч2% ƒ…=ч,2ель…% 3“*%! е2 
C!%це““ !=ƒ!=K%2*, , %2л=д*,.

nC,“=……/L " “2=2ье шлюƒ C!,ме…‘… " ,…2ел-
ле*23=ль…%L “,“2еме 3C!="ле…,  3л,ч…/м %“"е-
?е…,ем # " *=че“2"е Kл%*= г!3CC%"%г% 3C!="ле-
…,  " “%“2="е ""%д…%-!=“C!едел,2ель…%г% ш*=-= 
…=!3›…%г% %“"е?е…,  (!,“. 3). rC!="ле…,е “"е-
2,ль…,*=м, %“3?е“2"л е2“  “ C%м%?ью Kе“C!%-
"%д…%L “е2, …= %“…%"е IEEE 802.15.4 “ “е2е"/м , 
C!,*л=д…/м 3!%"… м, C!%2%*%л%" “%K“2"е……%L 
!=ƒ!=K%2*,.

o%м,м% %“…%"…/. -3…*ц,L шлюƒ= Kл%* г!3C-
C%"%г% 3C!="ле…,  2=*›е %“3?е“2"л е2 ="2%м=2,-
че“*%е 3C!="ле…,е !е›,м=м, !=K%2/ “"е2,ль…,-
*%" C% ч=“=м !е=ль…%г% "!еме…, , ,…-%!м=ц,, “ 
д=2ч,*%" %“"е?‘……%“2, , ,…2е…“,"…%“2, д",›е-
…, , C!%,ƒ"%д,2 C%“лед%"=2ель…/L %C!%“ "“е. 
3ƒл%" “е2, “ целью "/ "ле…,  %2*=ƒ%" ,“2%ч…,-
*%" C,2=…,  ,л, %“"е2,2ель…/. C!,K%!%", C!%-
"%д,2 д,=г…%“2,*3 “е2, " “л3ч=е %ш,K%* !=“C!%-
“2!=…е…,  C=*е2%" C% “е2,, 3C!="л е2 *%мм32=-
ц,%……%L =CC=!=23!%L , %Kе“Cеч,"=е2 *%…2!%ль 
…е“=…*ц,%…,!%"=……%г% д%“23C= " !=“C!едел,-
2ель…/L ш*=-. rд=л‘……%е 3C!="ле…,е “,“2ем%L 
%“"е?е…,  C!%,ƒ"%д,2“  " д,“Cе2че!“*%м C3ль2е 
“ C%м%?ью 3C!="л ю?еL C!%г!=мм/ “% "“2!%е…-
…%L ге%,…-%!м=ц,%……%L “,“2ем%L, %2%K!=›=ю-

?еL …= *=!2е ме“2%C%л%›е…,е “"е2,ль…,*%", !е-
›,м ,. !=K%2/ , …=л,ч,е …е,“C!="…%“2еL.

Š=*,м %K!=ƒ%м,  !=““м%2!е… C!,ме! C!=*2,че-
“*%г% C%“2!%е…,  , C!,ме…е…,  шлюƒ=, " *%2%!%м 
"ме“2% “2е*= C!%2%*%л%" ZigBee "%ƒм%›…= !е=л,-
ƒ=ц,  д!3г,. “3?е“2"3ю?,. C!%2%*%л%" ,л, ,. 
м%д,-,*=ц,,, = 2=*›е “е…“%!…/е %Cе!=ц,%……/е 
“,“2ем/, *%2%!/е " “Cец,=ль…/. C!,л%›е…, . 
,мею2 …е%“C%!,м/е C!е,м3?е“2"= Cе!ед ZigBee: 
C%…,›е……%е .…е!г%C%2!еKле…,е, де2е!м,…,!%"=…-
…/е ƒ=де!›*, , …=д‘›…%“2ь, …,ƒ*,е 2!еK%"=…,  * 
=CC=!=2…/м !е“3!“=м, "%ƒм%›…%“2ь %K…%"ле…,  
on C% !=д,%*=…=л3, C%дде!›*= м…%г%ƒ=д=ч…%“2, 
, 2. д. o%*=ƒ=…%, ч2% %2“32“2",е “2=…д=!2…/. !е-
ше…,L дл  “%C! ›е…,  2=*,. “2е*%" “ C!%2%*%л=-
м, “е2, h…2е!…е2 …е  "л е2“  2%!м%ƒ%м C!, "…е-
д!е…,, C%д%K…/. “,“2ем. nC,“=… C!%це““  !=ƒ!=-
K%2*, шлюƒ= …= K=ƒе г%2%"/. =CC=!=2…/. “!ед“2" 
“ ,“C%льƒ%"=…,ем д%“23C…/. “!ед“2" ="2%м=2,ƒ=-
ц,, !=ƒ!=K%2*, C!%г!=мм…%г% %Kе“Cече…, . o!, 
.2%м ƒ= “ч‘2 ,“C%льƒ%"=…,  !=““м%2!е……%L C!%-
г!=мм…%L м%дел, , ,“*люче…,  …е,“C%льƒ3ем/. 
=CC=!=2…/. “!ед“2": ,…2е!-еL“= Ethernet , Wi-Fi-
м%д3л  O 3д=л%“ь !е=л,ƒ%"=2ь шлюƒ …= 8-!=ƒ! д-
…%м м,*!%*%…2!%лле!е , ƒ…=ч,2ель…% “…,ƒ,2ь 
“2%,м%“2ь *%…еч…%г% ,ƒдел, . 

p=K%2= "/C%л…е…= C!, C%дде!›*е t0o &h“-
“лед%"=…,  , !=ƒ!=K%2*, C% C!,%!,2е2…/м …=-
C!="ле…, м !=ƒ",2,  …=3ч…%-2е.…,че“*%г% *%м-
Cле*“= p%““,, …= 2007#2012 г%д/[ (C!%е*2 2008-
6-2.6-31-01-004).

a,Kл,%г!=-,че“*,е ““/л*,

1. o=…-,л%" d., q%*%л%" l. b"еде…,е " Kе“C!%"%д-
…3ю 2е.…%л%г,ю ZigBee “2=…д=!2= 802.15.4 // }ле*-
2!%……/е *%мC%…е…2/. 2004. 1 12. q. 73#79.
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noŠhlhg`0h“ p`anŠnqonqnamnqŠh Šp`mqonpŠmni qhqŠel{
m` nqmnbe hlhŠ`0hnmmncn lndekhpnb`mh“ 

h““лед%"=…% “%%2…%ше…,е ме›д3 C!%,ƒ"%д,2ель…%“2ью "/C3“*= C!%д3*ц,,, “*%!%“2ью 
*%…"еLе!= , г!3ƒ%C%дA‘м…%“2ью ="2%2!=…“C%!2=, “ %д…%L “2%!%…/, , C%*=ƒ=2ел м, “,“2е-
м/, 2=*,м, *=* %KA‘м "/C3“*= C!%д3*ц,, ƒ= “ме…3, "!ем  ц,*л= д",›е…,  г!3ƒ%",*%", 
C!%C3“*…=  “C%“%K…%“2ь , м%?…%“2ь C!,"%д= *%…"еLе!= # “ д!3г%L. p=““м%2!е…/ "%C!%“/ 
Cл=…,!%"=…,  *%мCью2е!…%г% .*“Cе!,ме…2= , гл%K=ль…%L %C2,м,ƒ=ц,, C%*=ƒ=2елеL 2!=…“-
C%!2…%L “,“2ем/.

jлюче"/е “л%"=: %C2,м,ƒ=ц, , 2!=…“C%!2…=  “,“2ем=, *%…"еLе!, ,м,2=ц,%……%е м%дел,!%-
"=…,е.

Correlation between production output productivity, conveyor speed and motor transport load 
carrying capacity, on the one hand, and system activities namely  shift production output dimension, 
truck movement cycle time, throughput capability and conveyor drive power, on the other hand, is 
research. Questions of the computer experiment planning and global optimization of the transport 
system activities are considered.

Key words: optimization, transport system, conveyor, simulation modeling.

b"еде…,е. b м=““%"%м C!%,ƒ"%д“2"е ш,!%*% 
,“C%льƒ3ю2 2!=…“C%!2…/е “,“2ем/ *%…"еLе!…%г% 
2,C=. hƒ-ƒ= K%льш,. %KA‘м%" "/C3“*= C!%д3*-
ц,,, “л%›…%“2, 2е.…%л%г,че“*,. Cе!е.%д%", …е-
“%C! ›‘……%“2, %K%!3д%"=…,  , д!3г,. C!,ч,… 
!,2м C!%,ƒ"%д“2"= м%›е2 *%леK=2ь“  " ш,!%*,. 
C!едел=.. b !еƒ3ль2=2е C%2%* м=2е!,=л%" ме›д3 
%2дель…/м, !=K%ч,м, 3ч=“2*=м, “2=…%",2“  …е-
!="…%ме!…/м, "/ƒ/"=  " %2дель…/. “л3ч= . C!%-
“2%, %K%!3д%"=…, . dл  "/!="…,"=…,  д",›е…,  
м=2е!,=л%" , 3“2!=…е…,  "%ƒм%›…/. Cе!еK%е" 
C!%,ƒ"%д“2"= 2!=…“C%!2…/е “,“2ем/ %“…=?=ю2 
*%…"еLе!=м,-…=*%C,2ел м, “ цеC м, Rex [1]. 
b “2=2ье C!едл%›е… ",!23=ль…/L ме2%д ,““лед%-
"=…,  , %C2,м,ƒ=ц,, !=K%2%“C%“%K…%“2, 2!=…“-
C%!2…%L “,“2ем/ “ 2=*,м *%…"еLе!%м. 0еC, REX 
,мею2 "/“%*3ю C!%ч…%“2ь , …,ƒ*,L *%.--,-
ц,е…2 2!е…, . aл=г%д=!  .2%м3 д",›е…,е г!3ƒ%" 
м%›е2 K/2ь C!е*!=?е…% " люK%L 2%ч*е 2!=е*2%-
!,, д",›е…,  Kеƒ %“2=…%"*, *%…"еLе!=. lе›д3 
цеC м, , %“…%"=…, м, …еC%д",›…/. г!3ƒ%" "%ƒ-
…,*=ю2 “,л/ 2!е…,  “*%ль›е…, , *%2%!/е 3"ел,-
ч,"=ю2 …=г!3ƒ*3 …= цеC,. nд…=*% C!%ч…%“2ь це-
CеL REX д%“2=2%ч…= д=›е C!, …=*%Cле…,, K%ль-
ш%г% *%л,че“2"= г!3ƒ%". b%ƒм%›…%“2ь г,K*% !е=-
г,!%"=2ь …= 2!еK%"=…,  2е.…%л%г,че“*%г% C!%-
це““= (C%д="=2ь г!3ƒ/ ,л, …=*=Cл,"=2ь) “%ƒд=‘2 
K%льш,е C!е,м3?е“2"= дл  C!%,ƒ"%д“2" “ …е!="-
…%ме!…/м !=K%ч,м ц,*л%м.

p=ƒ!=K%2*= *%…"еLе!= *=* .леме…2= 2!=…“C%!2-
…%L “,“2ем/, *%2%!=  “%де!›,2 м…%г% д!3г,. м=-
ш,…, 2е.…%л%г,че“*,. , 2!=…“C%!2…/., …=м…%г% 
“л%›…ее, чем C!%е*2,!%"=…,е %2дель…%г% *%…-
"еLе!=. b …=“2% ?ее "!ем  C!%Kлем= м%›е2 K/2ь 
!еше…= C%-!=ƒ…%м3, " 2%м ч,“ле “ C%м%?ью м%-
дел,!%"=…,  2!=…“C%!2…%L “,“2ем/ , ,м,2=ц,, 
е‘ !=K%2/ …= *%мCью2е!е.

hм,2=ц,%……%е м%дел,!%"=…,е "“‘ K%льше ,“-
C%льƒ3е2“  дл  ,““лед%"=…,  *%…"еLе!…/. “,“-
2ем Kл=г%д=!  K/“2!%м3 “%"е!ше…“2"%"=…,ю 
 ƒ/*%" , “,“2ем м%дел,!%"=…, . Ramiro Fuentes 
Ayala !=ƒ!=K%2=л ,м,2=ц,%……3ю м%дель 2!=…“-
C%!2,!%"*, %K3", …= -=K!,*е MANACO (a%л,-
", ) , %C!едел,л 3!%"е…ь !=K%2%“C%“%K…%“2, 
ƒ=м*…32%г% ле…2%ч…%г% *%…"еLе!= [2]. `.~. l,-
.=Lл,ш,… , o.b. c!еч,ш*,… C%“2!%,л, ,м,2=-
ц,%……3ю м%дель “,“2ем/ *%…"еLе!%" дл  ,““ле-
д%"=…,  “е2еL C%дƒем…%г% 2!=…“C%!2= [3]. Qiuli 
Yu , д!. C!,ме…,л, C=*е2 м%дел,!%"=…,  Pro-
Model дл  %це…*, C!%,ƒ"%д,2ель…%“2, “K%!%ч-
…%L л,…,, , %C!еделе…,  м=*“,м=ль…%L “*%!%-
“2, *%…"еLе!= " 3“л%", . “л3ч=L…/. …=!3ше…,L 
" C!%це““е “K%!*, …= ="2%м%K,ль…%м ƒ="%де qx` 
[4]. Marcelo Moretti Fioroni , д!. ,“C%льƒ%"=л, 
“,“2ем3 ARENA дл  ,““лед%"=…,  *%…"еLе!…%L 
л,…,, …= “2=лел,2еL…%L -=K!,*е COSIPA " a!=-
ƒ,л,, дл  =…=л,ƒ= C%2%*%" м=2е!,=л= ме2%д%м ,. 
д,“*!е2,ƒ=ц,, [5]. 
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b …=“2% ?еL “2=2ье C%“2="ле…= , !еше…= ƒ=д=-
ч= гл%K=ль…%L %C2,м,ƒ=ц,, *=* C=!=ме2!%" л%-
г,“2,*,, 2=* , .ле*2!%ме.=…,че“*,. .=!=*2е!,-
“2,* *%…"еLе!= “ цеC м, REX.
Описание транспортной системы. j%мC=-

…,  C% C!%,ƒ"%д“2"3 Kеƒ=л*%г%ль…/. …=C,2*%" 
,мее2 2!=…“C%!2…3ю “,“2ем3, *%2%!=  “%де!›,2 
ш2=Kеле3*л=дч,* *%…2еL…е!%" “ …=C,2*=м,, …=-
*%C,2ель…/L *%…"еLе! “ цеC м, REX , 2е!м,…=л 
дл  г!3ƒ%"/. ="2%м%K,леL (!,“. 1). n2дель…/е 
*%…2еL…е!/, “%де!›=?,е 16 K32/л%* …=C,2*%", 
ƒ=г!3›=ю2“  …= *%…"еLе! %2 C!%,ƒ"%д“2"е……%L 
л,…,, , 2!=…“C%!2,!3ю2“  * ш2=Kеле3*л=дч,*3, 
" *%2%!%м -%!м,!3ю2“  ш2=Kел  ,ƒ ше“2, *%…-
2еL…е!%". d=лее ш2=Kел  C%д=ю2“  "д%ль 2!=““/ 
*%…"еLе!= * !=ƒг!3ƒ%ч…%L “2=…ц,, дл  ƒ=г!3ƒ*, " 
г!3ƒ%"%L ="2%м%K,ль. o!%,ƒ"%д“2"е……=  л,…,  
"/C3“*=е2 *%…2еL…е!/ “ …=C,2*=м, …еC!е!/"…% " 
2ече…,е “32%*, …% …е!="…%ме!…%. g=де!›*, ,мею2, 
*=* C!=",л%, “л3ч=L…/L .=!=*2е!. o%“ле ƒ=г!3ƒ*, 
%че!ед…%г% г!3ƒ%",*= C%д ƒ=г!3ƒ*3 “2=",2“  д!3-
г%L г!3ƒ%",*, е“л, %… "е!…3л“  C%“ле д%“2="*, 
…=C,2*%" " м=г=ƒ,…/.

o!, %2“32“2",, г!3ƒ%",*= …= !=ƒг!3ƒ%ч…%м 
*%…це *%…"еLе!= 3“2=…="л,"=е2“  “2%C%! дл  …=-
*%Cле…,  ш2=KелеL *%…2еL…е!%" (!,“. 2). o!, 
…=*%Cле…,, *%…2еL…е!%" д"е цеC, 2,C= REX 
C!%д%л›=ю2 д",г=2ь“  …еC!е!/"…% C%д %“…%"=-
…, м, ш2=KелеL. b !еƒ3ль2=2е “,л 2!е…,  “*%ль-
›е…,  …=г!3ƒ*= …= цеC, "%ƒ!=“2=е2 " ƒ=",“,м%“2, 
%2 ч,“л= …=*%Cле……/. ш2=KелеL. q%%2"е2“2"е……% 
3"ел,ч,"=е2“  …=г!3ƒ*= …= C!,"%д *%…"еLе!=. 
l%?…%“2ь …= C!,"%де м%›е2 "%ƒ!=“2, " …е“*%ль-

p,“. 1. q.ем= 2!=…“C%!2…%L “,“2ем/

p,“. 2. m=*%Cле…,е ш2=KелеL *%…2еL…е!%" , ,. ƒ=г!3ƒ*= " г!3ƒ%",*

*% !=ƒ C!, …=*%Cле…,, K%льш%г% ч,“л= ш2=Kе-
леL. o!%,ƒ"%д“2"е……=  л,…,  “%де!›,2 ле…2%ч-
…/L *%…"еLе! дл  2!=…“C%!2,!%"*, K32/л%* ме-
›д3 …е“*%ль*,м, м=ш,…=м,: м%еч…%L, дл  ƒ=-
C%л…е…,  K32/л%* …=C,2*=м,, дл  ƒ=*3C%!,"=…,  
K32/л%*, дл  …=*леL*, .2,*е2%* , 3C=*%"*, K3-
2/л%* " *%…2еL…е!/. hƒ-ƒ= “л3ч=L…/. ,ƒме…е…,L 
C!%д%л›,2ель…%“2, !=K%ч,. %Cе!=ц,L, C%л%м%* 
м=ш,…, "!еме…, !ем%…2= м=ш,… , …е!,2м,ч…%L 
C%д=ч, г!3ƒ%",*%" …=*%C,2ель…/L *%…"еLе! “ 
цеC м, REX !=K%2=е2 " …=C! ›‘……%м …е!="…%-
ме!…%м !е›,ме. o!%C3“*…=  “C%“%K…%“2ь *%…-
"еLе!= ме… е2“ , = “л3ч=L…/е , !еƒ*,е ,ƒме…е-
…,  …=г!3ƒ*, C!,"%д 2 * 3ме…ьше…,ю “!%*= 
“л3›K/ цеCеL , Cе!ег!3ƒ*е C!,"%д=.

o%“ле "“е“2%!%……ег% ,ƒ3че…,  3“л%",L C!%,ƒ-
"%д“2"= K/л, %C!еделе…/ ƒ=д=ч,: “…,ƒ,2ь …е!="-
…%ме!…%“2ь д",›е…,  г!3ƒ%" че!еƒ 2!=…“C%!2…3ю 
“,“2ем3, 3"ел,ч,2ь е‘ C!%C3“*…3ю “C%“%K…%“2ь , 
%г!=…,ч,2ь *%леK=…,  …=г!3ƒ*, …= *%…"еLе!е. 
m=,K%лее .--е*2,"…/м , !е=ль…/м "=!,=…2%м 
!еше…,  C!%Kлем/ %*=ƒ=л%“ь *%мCью2е!…%е м%-
дел,!%"=…,е, “ C%м%?ью *%2%!%г% K/л% %C!еде-
ле…% %C2,м=ль…%е “%%2…%ше…,е ме›д3 C!%,ƒ"%-
д,2ель…%“2ью "/C3“*= C!%д3*ц,,, “*%!%“2ью 
*%…"еLе!= , г!3ƒ%C%дA‘м…%“2ью ="2%2!=…“C%!2=.

p=ƒ!=K%2=……=  *%мCью2е!…=  м%дель %2!=›=е2 
…е 2%ль*% %“…%"…/е .=!=*2е!,“2,*, C!%,ƒ"%д“2-
"= , 2!=…“C%!2…%L “,“2ем/, …% , %“%Kе……%“2, ,. 
!=K%2/. b 2%м ч,“ле !=ƒме!/ , м=““3 *%…2еL…е-
!%" “ …=C,2*=м,, …е!="…%ме!…/L "/C3“* *%…-
2еL…е!%" , ,. д",›е…,е …= *%…"еLе!е “ Cе!еме…-
…/м ш=г%м * ш2=Kеле3*л=дч,*3, -%!м,!%"=…,е 
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ш2=KелеL *%…2еL…е!%" C% ше“2ь ш23*, Cе!еме?е-
…,е ш2=KелеL * !=ƒг!3ƒ%ч…%L “2=…ц,,, ƒ=г!3ƒ*3 
ш2=KелеL " г!3ƒ%",* ,л, ,. …=*%Cле…,е " “л3ч=е 
%2“32“2",  г!3ƒ%",*= , 2. д. b “%%2"е2“2",, “ ,ƒ-
ме…е…, м, C%л%›е…,  ,л, “%“2% …,  .леме…2%" 
“,“2ем/ м%дель %C!едел е2 2е*3?,е C%*=ƒ=2ел,, 
2=*,е *=* "!ем  д",›е…,  г!3ƒ%" че!еƒ “,“2ем3, 
ч,“л% ƒ=г!3›е……/. ед,…,ц ="2%2!=…“C%!2=, 2 г%-
"%е 3“,л,е …= C!,"%д…/. ƒ"‘ƒд%ч*=., м%?…%“2ь 
C!,"%д= *%…"еLе!= , д!. b *=че“2"е ,“.%д…/. 
д=……/. " м%дел, K/л, ,“C%льƒ%"=…/ !е=ль-
…/е C%*=ƒ=2ел, 2!=…“C%!2…%L “,“2ем/: !=ƒме!/ 
*%…2еL…е!= 0,34 × 0,3 м; м=““= *%…2еL…е!= “ …=-
C,2*=м, 16 *г; м=““= ш2=Kел  *%…2еL…е!%" ,ƒ 
ше“2, ш23* 96 *г; C!%,ƒ"%д,2ель…%“2ь "/C3“*= 
*%…2еL…е!%" 550#950 ш2./ч; “*%!%“2ь *%…"еLе!= 
14#26 м/м,…; !=K%ч=  дл,…= *%…"еLе!= “ цеC м, 
REX 57,80 м; дл,…= %че!ед, ш2=KелеL …= *%…"еL-
е!е 0#145 *%…2еL…е!%"; г!3ƒ%C%дA‘м…%“2ь г!3ƒ%-
"/. ="2%м%K,леL 240#320 ш2=KелеL, C!%д%л›,-
2ель…%“2ь !=K%чеL “ме…/ 24 ч.

j!%ме 2%г%, " м%дел, 3ч2е…%, ч2% C!, …=*%Cле-
…,, ш2=KелеL *%.--,ц,е…2 “%C!%2,"ле…,  …= 
C! м/. 3ч=“2*=. *%…"еLе!= 3"ел,ч,"=е2“  "д"%е. 
b ,2%ге м%дель “ "/“%*%L 2%ч…%“2ью "%“C!%,ƒ-
"%д,2 !=K%23 !е=ль…%L “,“2ем/ " 2ече…,е !=K%-
чеL “ме…/. b% "!ем  *=›д%г% C!%г%…=, “%%2"е2“2-
"3ю?ег% 24-ч=“%"%L “ме…е, …= *=›д%м ш=ге " 
0,02#0,04 “ м%дель…%г% "!еме…, -,*“,!3ю2“  !е-
ƒ3ль2=2/ ,ƒме!е…,L 2е*3?,. .=!=*2е!,“2,* м%-
дел,. ),“л% ,ƒме!е…,L дл  %2дель…/. .=!=*2е!,-
“2,* м%›е2 “%“2="л 2ь %2 …е“*%ль*,. “%2е… 2/“ ч 
д% …е“*%ль*,. м,лл,%…%". b *%…це C!%г%…= …= 
%“…%"=…,, .2,. д=……/. "/C%л… е2“  “2=2,“2,че-
“*,L =…=л,ƒ дл  *=›д%L .=!=*2е!,“2,*, (Cе!е-
ме……%L %2*л,*=). b!ем  %д…%г% C!%г%…= м%дел, 
“%“2="л е2 1#2 м,… !е=ль…%г% "!еме…,, 2. е. “*%-
!%“2ь !=K%2/ м%дел, " “!ед…ем " 1000 !=ƒ K%ль-
ше, чем “*%!%“2ь 2!=…“C%!2…%L “,“2ем/.

o!едC%“/л*, дл  %C2,м,ƒ=ц,, 2!=…“C%!2…%L 
“,“2ем/. o!%,ƒ"%д,2ель…%“2ь (ш2/ч) *%…"еLе!= 
C!, !="…%ме!…%L C%д=че г!3ƒ%" “% “*%!%“2ью v , 
ш=г%м a %C!едел е2“  C% -%!м3ле [6]

    Z  = 3600 v/a. (1)

nче",д…%, ч2%K/ ,ƒKе›=2ь “*%Cле…,  *%…2еL-
…е!%" Cе!ед *%…"еLе!%м, C!%,ƒ"%д,2ель…%“2ь 
"/C3“*= C!%д3*ц,, …е д%л›…= K/2ь "/ше C!%,ƒ-
"%д,2ель…%“2, *%…"еLе!= Z"C ≤  Z.

q!ед…   C!%,ƒ"%д,2ель…%“2ь "/C3“*= C!%д3*-
ц,, “%“2="л е2 Z"C = 750 *%…2/ч, = C%“ле -%!м,-
!%"=…,  ш2=KелеL C% ше“2ь *%…2еL…е!%" Z"C =
= 750/6 = 125 ш2=KелеL/ч.

o!, “!ед…еL “*%!%“2, *%…"еLе!= v  = 0,333 м/“ 
ш=г ме›д3 ш2=Kел м, " “%%2"е2“2",, “ -%!м3л%L 
(1) “%“2="л е2 a = 3600v/Z"C = 36000 ⋅ 333/125 ≈  9,6 м. 
o!, .2%м "!ем  ƒ=г!3ƒ*, %д…%г% г!3ƒ%",*=, "ме-

?=ю?ег% G = 280 ш2=KелеL, “%“2="л е2 T =G/ Z"C= 
= 280/125 = 2,24 ч.

o!, %2“32“2",, г!3ƒ%",*%" ш2=Kел  *%…2еL…е-
!%" …=*=Cл,"=ю2“  …= *%…"еLе!е 2=*, ч2% *=“=ю2-
“  д!3г д!3г=. b .2%м “л3ч=е ш=г ме›д3 ш2=Kе-
л м, “2=…%",2“  !="…/м !=ƒме!3 *%…2еL…е!= 
a = 0,34 м, , C!%,ƒ"%д,2ель…%“2ь ƒ=г!3ƒ*, %че!ед-
…%г% г!3ƒ%",*= (1) !еƒ*% "%ƒ!=“2=е2 д% "ел,ч,…/ 
Z%ч = 3600v/a  = 3529 ш2=KелеL/ч.

d%C3“2,м=  дл,…= %че!ед, L%ч 
C!, …=*%Cле-

…,, ш2=KелеL “%“2="л е2 145 ш2=KелеL. b!ем  ,. 
ƒ=г!3ƒ*, " г!3ƒ%",* !="…% t%ч = L%ч/Z%ч = 0,0411 ч.

n“2=ль…/е R ш2=KелеL K3д32 ƒ=г!3›=2ь“  " г!3-
ƒ%",* Kеƒ %K!=ƒ%"=…,  %че!ед,. bел,ч,…= R %C!е-
дел е2“  *=* R = G # L%ч = 280 # 145 = 135 ш2=KелеL.

b!ем  ƒ=г!3ƒ*, “"%K%д…%L ч=“2, г!3ƒ%",*= K3-
де2 !="…% tR = R/Z%ч = 135/125 = 1,08 ч, = %K?ее "!е-
м  ƒ=г!3ƒ*, г!3ƒ%",*= ,ƒ %че!ед, , ƒ=2ем C!, “"%-
K%д…%L 2!=…“C%!2,!%"*е ш2=KелеL %C!едел е2“  
*=* “3мм= T“ = t%ч + tR = 0,0411 + 1,08 = 1,1211 ч. 
}2% …=м…%г% ме…ьше "!еме…, ƒ=г!3ƒ*, T = 2,24 ч 
,ƒ “"%K%д…%г% C%2%*= ш2=KелеL Kеƒ %K!=ƒ%"=…,  
%че!ед,. Š=*,м %K!=ƒ%м, C!%“2%L г!3ƒ%",*%" C!, 
ƒ=г!3ƒ*е “…,›=е2“  " 1,998 !=ƒ= C!, …=*%Cле…,, 
…= *%…"еLе!е %че!ед, ш2=KелеL.

dл  .--е*2,"…%L !=K%2/ 2!=…“C%!2…%L “,“2е-
м/ …е%K.%д,м% “…,›=2ь "!ем  ƒ=г!3ƒ*, г!3ƒ%",-
*%" , C% "%ƒм%›…%“2, ,ƒKег=2ь ,. C!%“2%  " %›,-
д=…,, ƒ=г!3ƒ*,. o%.2%м3 C!едC%ч2,2ель…%, ч2%K/ 
,…2е!"=л ме›д3 г!3ƒ%",*=м, K/л !="е… "!еме…, 
…=*%Cле…,  %че!ед, м=*“,м=ль…%L дл,…/, …% …е 
C!е"/ш=л ег%. nC!едел,2ь 3“л%",  .2%г% !="е…-
“2"= " деL“2"3ю?еL “,“2еме …е C!ед“2="л е2“  
"%ƒм%›…/м ,ƒ-ƒ= …еC!е!/"…%г% !е›,м= !=K%2/  
C!%,ƒ"%д“2"=, …е!="…%ме!…%г% -%!м,!%"=…,  
%че!ед, *%…2еL…е!%" , “л3ч=L…/. ,ƒме…е…,L 
"!еме…, д",›е…,  г!3ƒ%",*%" %2 C!едC!, 2,  * 
2%!г%"/м 2%ч*=м , %K!=2…%. nд…=*%, ,“C%льƒ3  
м%дель “,“2ем/, м%›…% …=L2, “2=2,“2,че“*%е !е-
ше…,е .2%L C!%Kлем/. 

l%дель 2!=…“C%!2…%L “,“2ем/. l%дель C%-
“2!%е…= “ C%м%?ью 3…,"е!“=ль…%г% C=*е2= м%де-
л,!%"=…,  GPSS World [7]. q2!3*23!= м%дел, “%-
де!›,2 2!, Kл%*=, “емь “егме…2%" , д"е C%дC!%-
г!=мм/ …=  ƒ/*е PLUS. b Cе!"%м Kл%*е ƒ=д=ю2“  
 д!= ге…е!=2%!= “л3ч=L…/. ч,“ел дл  C%"2%!…/. 
C!%г%…%" м%дел, (!еCл,* .*“Cе!,ме…2=) , 3!%"-
…, -=*2%!%" дл  %2дель…/. ,“C/2=…,L. b2%!%L 
Kл%* “%де!›,2 ,“.%д…/е д=……/е C% ге%ме2!,,, 
*,…ем=2,*е , д,…=м,*е  2!=…“C%!2…%L “,“2ем/. 
b 2!е2ьем Kл%*е C!ед“2="ле…/ !=“ч‘2…/е -%!м3-
л/ дл  %C!еделе…,  C%*=ƒ=2елеL “,“2ем/ " ƒ=",-
“,м%“2, %2 2е*3?ег% “%“2% …,  м%дел,.

b “егме…2е 1 %2*!/"=ю2“  2е*“2%"/е -=Lл/ 
дл  ƒ=C,“, .*“Cе!,ме…2=ль…/. д=……/. , -%!м,-
!%"=…,  %K?ег% %2ч‘2=. qегме…2 2 ,м,2,!3е2 …е-
!="…%ме!…/L "/C3“* *%…2еL…е!%" C%2%ч…%L л,-
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…,еL, ,. ƒ=г!3ƒ*3 …= *%…"еLе! “ цеC м, REX, 
Cе!еме?е…,е *%…2еL…е!%" * ш2=Kеле3*л=дч,*3 , 
-%!м,!%"=…,е ш2=KелеL C% ше“2ь *%…2еL…е!%". 
b “егме…2е 3 ш2=Kел  Cе!еме?=ю2“  C% 3ч=“2*=м 
*%…"еLе!= “ цеC м, REX. m= *=›д%м ш=ге м%-
дель…%г% "!еме…, %C!едел е2“  ч,“л% ш2=KелеL 
…= 3ч=“2*=. *%…"еLе!=, !=““ч,2/"=е2“  2е*3?=  
…=г!3ƒ*= …= цеC, *%…"еLе!= , %C!едел ю2“  2 г%-
"%е 3“,л,е , м%?…%“2ь …= C!,"%д…/. ƒ"еƒд%ч*=.. 
j!%ме 2%г%, " .2%м “егме…2е C%2%* ш2=KелеL “ 
*%…"еLе!= ƒ=г!3›=е2“  " г!3ƒ%",*.

qегме…2 4 м%дел,!3е2 %K!=ƒ%"=…,е %че!ед, 
ш2=KелеL …= !=ƒг!3ƒ%ч…%м *%…це *%…"еLе!= C!, 
%2“32“2",, г!3ƒ%",*= ,л, !=ƒг!3ƒ*3 ш2=KелеL " 
г!3ƒ%",* ,ƒ %че!ед,. qегме…2 5 ,м,2,!3е2 3“2=-
…%"*3 г!3ƒ%",*= C%д ƒ=г!3ƒ*3, C!%це““ ƒ=г!3ƒ*,, 
д",›е…,е г!3ƒ%",*= %2 2е!м,…=л= * 2%!г%"/м 
2%ч*=м , %K!=2…%. gде“ь ›е ,м,2,!3е2“  C!%“2%L 
г!3ƒ%",*= " %›,д=…,, ƒ=г!3ƒ*,, е“л, 2е!м,…=л 
ƒ=… 2 C!ед/д3?,м г!3ƒ%",*%м. qегме…2 6 “л3›,2 
дл  !ег,“2!=ц,, “2=2,“2,че“*,. д=……/. C% %2-
дель…/м C%*=ƒ=2ел м “,“2ем/, 2=*,м *=* "!ем  
д",›е…,  , C!%“2%  г!3ƒ%",*%", 2е*3?ее ч,“л% 
ш2=KелеL " %че!ед,, 2е*3?,е ƒ…=че…,  м%?…%“2, 
…= C!,"%д…/. ƒ"еƒд%ч*=. , 2. C. b “егме…2е 7 
*%…2!%л,!3е2“  "!ем  !=K%2/ “,“2ем/ " “%%2"е2-
“2",, “ ƒ=д=……%L C!%д%л›,2ель…%“2ью !=K%чеL 
“ме…/ , ƒ=*!/"=ю2“  2е*“2%"/е -=Lл/ “ %2ч‘2=-
м, C% !еƒ3ль2=2=м .*“Cе!,ме…2=. dл  ="2%м=2,-
ƒ=ц,, C%"2%!…/. "/ч,“ле…,L “ !=ƒл,ч…/м, ,“-
.%д…/м, д=……/м, “л3›=2 д"е C!%цед3!/ …=  ƒ/-
*е PLUS.

b=л,д=ц,  м%дел,. q2еCе…ь C%д%K,  м%дел, , 
2!=…“C%!2…%L “,“2ем/ %це…,"=л=“ь C% !еƒ3ль2=-
2=м “!="…е…,  “2=2,“2,* C% %2дель…/м C%*=ƒ=2е-
л м. l%дель ,“C/2/"=л=“ь  " 3“л%", ., %д,…=*%-
"/. “ !е=ль…/м,: !е›,м%м "/C3“*= *%…2еL…е!%", 
“*%!%“2ью , …=г!3ƒ*%L *%…"еLе!= , д!. j=›д%е 
,“C/2=…,е C%"2%! л%“ь д% “ем, !=ƒ, “ !=ƒ…/м, 
C%2%*=м, “л3ч=L…/. ч,“ел. dл  %це…*, “.%д,м%-
“2, !еƒ3ль2=2%" м%дел, , 2!=…“C%!2…%L “,“2ем/ 
K/л C!,… 2 90 % д%"е!,2ель…/L ,…2е!"=л. mе“%"-
C=де…,  !еƒ3ль2=2%" =…=л,ƒ,!%"=л,“ь , %C!едел -
л,“ь "%ƒм%›…/е C!,ч,…/ !=“.%›де…,L. b м%дель 
"…%“,л,“ь “%%2"е2“2"3ю?,е ,“C!="ле…, , *=*-2%: 
!=ƒ" ƒ/"=л,“ь "!еме……/е 3ƒл/, 32%ч… л%“ь !=“-

C!еделе…,е ,…2е!"=л%" "!еме…, ме›д3 *%…2еL…е-
!=м, C!, ƒ=г!3ƒ*е …= *%…"еLе!, ,ƒме… л%“ь !=“-
C!еделе…,е ,…2е!"=л%" "!еме…, д",›е…,  г!3ƒ%-
",*%" , 2. C. h“C/2=…,  м%дел, C%"2%! л,“ь д% 
2е. C%!, C%*= “2=2,“2,*= C%*=ƒ=2елеL 2!=…“C%!2-
…%L “,“2ем/ …е C%C=д=л= " 90 % д%"е!,2ель…/L 
,…2е!"=л “2=2,“2,че“*,. д=……/. м%дел,.

oл=…,!%"=…,е .*“Cе!,ме…2= , =…=л,ƒ !еƒ3ль2=-
2%". dл  “!="…е…,  , %це…*, !=ƒл,ч…/. !е›,м%" 
!=K%2/ 2!=…“C%!2…%L “,“2ем/ K/л, "/K!=…/ “ле-
д3ю?,е C%*=ƒ=2ел,: "/C3“* Q C!%д3*ц,, ƒ= !=K%-
ч3ю “ме…3, “!ед…ее "!ем  T“ц ц,*л= д",›е…,  
г!3ƒ%",*%", “!ед…ее ч,“л% N ƒ=г!3›е……/. г!3ƒ%-
",*%" " 2ече…,е “ме…/, “!ед…ее "!ем  T“ Cе!еме-
?е…,  *%…2еL…е!%" че!еƒ “,“2ем3, “!ед…   C%-
2!еKл ем=  м%?…%“2ь P C!,"%д= *%…"еLе!=.

}2, C%*=ƒ=2ел, ƒ=",“ 2 " %“…%"…%м %2 2!‘. .=-
!=*2е!,“2,*: г!3ƒ%C%дA‘м…%“2, G ="2%м%K,ль…%-
г% 2!=…“C%!2=, C!%,ƒ"%д,2ель…%“2, Z C%2%ч…%L 
л,…,, , “*%!%“2, *%…"еLе!= v, *%2%!/е , K/л, 
C!,… 2/ " *=че“2"е -=*2%!%", %C!едел ю?,. !е-
›,м !=K%2/ 2!=…“C%!2…%L “,“2ем/. g…=че…,  
3!%"…еL -=*2%!%" C!, ,“C/2=…, . м%дел, д=…/ 
" 2=Kл. 1.

oл=… !=…д%м,ƒ,!%"=……%г% C 2,Kл%ч…%г% .*“Cе-
!,ме…2= 2,C= 33 “ %K?,м ч,“л%м !еCл,* 135 K/л 
“-%!м,!%"=… …= K=ƒе C=*е2= Statgrapfic Plus [8]. 
h“C/2=…,  м%дел, C!, %д…%L , 2%L ›е *%мK,…=-
ц,, -=*2%!%" C%"2%! л,“ь …е“*%ль*% !=ƒ “ !=ƒ-
л,ч…/м,  д!=м, ге…е!=2%!= “л3ч=L…/. ч,“ел. 
),“л% !еCл,* r = 5 %C!еделе…% C% ме2%д,*е [9] ,ƒ 
3“л%", , г=!=…2,!3ю?ег% 2%ч…%“2ь Cе!еме……/. 
%2*л,*= " C!едел=. 95 % д%"е!,2ель…%г% ,…2е!"=-
л=. `…=л,ƒ !еƒ3ль2=2%" .*“Cе!,ме…2= C!%"ед‘… “ 
C%м%?ью Statgrapfic Plus. dл  %це…*, =де*"=2…%-
“2, м%дел, K/л= C!%"е!е…= г,C%2еƒ= % …%!м=ль-
…%м !=“C!еделе…,, %ш,K%* !еƒ3ль2=2%" .*“Cе!,-
ме…2=. b *=че“2"е C!,ме!= …= !,“. 3 C!,"ед‘… г!=-
-,* …%!м=ль…%г% !=“C!еделе…,  %“2=2*%" м%?…%-
“2, P дл  C!,"%д= *%…"еLе!=. n2…%“,2ель…=  C! -
м%л,…еL…%“2ь г!=-,*= " це…2!=ль…%L ч=“2, C%д-
2"е!›д=е2 =де*"=2…%“2ь м%дел,.

q2=2,“2,че“*=  ƒ…=ч,м%“2ь "/K!=……/. -=*2%-
!%" дл  !еƒ3ль2=2%" .*“Cе!,ме…2= K/л= C!%"е!е-
…= “ C%м%?ью г!=-,*%" o=!е2%. m= !,“. 4 C!,"е-
д‘… г!=-,* o=!е2% дл  "!еме…, T“ Cе!еме?е…,  

Š=Kл,ц =  1

t=*2%!/ , ,. 3!%"…, C!, ,“C/2=…,, м%дел,

t=*2%!/ r!%"…, -=*2%!%"

c!3ƒ%C%дA‘м…%“2ь ="2%м%K,ль…%г% 2!=…“C%!2= G, ш2. 240 280 320

o!%,ƒ"%д,2ель…%“2ь C%2%ч…%L л,…,, Z, *%…2/ч 550 750 950

q*%!%“2ь *%…"еLе!= v, м/м,… 14 20 26
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*%…2еL…е!%" че!еƒ “,“2ем3. t=*2%!/, *%л%…*, 
*%2%!/. Cе!е“е*=ю2 "е!2,*=ль…3ю л,…,ю, ,мею2 
95 % 3!%"е…ь ƒ…=ч,м%“2,.

q2еCе…ь ,ƒме…ч,"%“2, Cе!еме……/. %2*л,*= " 
ƒ=",“,м%“2, %2 "/K!=……/. -=*2%!%" %це…е…= “ 
C%м%?ью *%.--,ц,е…2= де2е!м,…=ц,, R2 , …%!-
м,!%"=……%г% *%.--,ц,е…2= де2е!м,…=ц,, 2

ajR   
[10] (2=Kл. 2). nче",д…%, ч2% "л, …,е …е3ч2‘……/. 
-=*2%!%" …,ч2%›…%.

b 2=Kл. 3 C!,"ед‘… =…=л,ƒ д,“Cе!“,, дл  Cе!е-
ме……%L T“. b“ем .--е*2=м (-=*2%!=м , ,. "ƒ=,-
м%деL“2", м) “%%2"е2“2"3е2 2%2 ,л, ,…%L *%мC%-
…е…2 д,“Cе!“,,. m= .2%L %“…%"е %C!едел е2“  
ƒ…=ч,м%“2ь .--е*2%" дл  "!еме…, Cе!еме?е…,  
*%…2еL…е!%" че!еƒ “,“2ем3 T“.

b д=……%м “л3ч=е "%“емь .--е*2%" ,мею2 2е“-
2%"%е ƒ…=че…,е ! ме…ее 0,01, ч2% C%д2"е!›д=е2 “ 
99 % 3!%"…ем "е!% 2…%“2, ,. "/“%*3ю ƒ…=ч,-
м%“2ь дл  T“. `…=л%г,ч…/L =…=л,ƒ K/л "/C%л…е… 
дл  %“2=ль…/. Cе!еме……/. %2*л,*=. n… C%*=ƒ=л, 
ч2% …е “3?е“2"3е2 д!3г,. -=*2%!%", *%2%!/е %*=-
ƒ/"=л, K/ %?32,м%е "л, …,е …= ƒ…=че…,  Cе!е-
ме……/. %2*л,*= ,, “лед%"=2ель…%, …= !=K%23 

p,“. 3. m%!м=ль…%е !=“C!еделе…,е %“2=2*%" 
м%?…%“2, C!,"%д= *%…"еLе!=

Š=Kл,ц =  2

q2еCе…ь %2!=›е…,  ,ƒме…ч,"%“2, Cе!еме……/. %2*л,*=

o=!=ме2!/
b/C3“* 

C!%д3*ц,,
Q, ш2

b!ем  ц,*л= д",›е-
…,  г!3ƒ%",*%"

T“ц, “

),“л% г!3ƒ%",*%" 
" 2ече…,е “ме…/

N

b!ем  Cе!еме?е…,  
*%…2еL…е!%" 

" “,“2еме T“ , “

l%?…%“2ь C!,-
"%д= *%…"еLе!=

P, b2

c!=…,ц/
,ƒме…е…, 

1920#3640 29 315#408 402 6#14 118#261 1214#7671

j%.--,ц,е…2
де2е!м,…=ц,, R2, %

98,10 95,51 98,25 99,66 96,11

o!,"ед‘……/L *%.--
-,ц,е…2 де2е!м,…=-
ц,, 2

ajR , %

97,97 95,18 98,12 99,64 95,83

2!=…“C%!2…%L “,“2ем/. )2%K/ %C2,м,ƒ,!%"=2ь 
2!=…“C%!2…3ю “,“2ем3 “!=ƒ3 C% …е“*%ль*,м .=-
!=*2е!,“2,*=м, = ,ме……% ,ме2ь м=*“,м=ль…/L 
"/C3“* C!%д3*ц,,, м,…,м=ль…%е "!ем  ц,*л= 
!=K%чег% 2!=…“C%!2=, м,…,м=ль…%е ч,“л% г!3ƒ%-
",*%" " “,“2еме, м,…,м=ль…%е "!ем  д",›е…,  
*%…2еL…е!%" че!еƒ “,“2ем3 , м,…,м=ль…3ю м%?-
…%“2ь C!,"%д= *%…"еLе!=, K/л C!,ме…‘… ме2%д 
гл%K=ль…%L %C2,м,ƒ=ц,, -3…*ц,, C!едC%ч2е…,  
[8, 11]. nKл=“2ь %C2,м,ƒ=ц,, %г!=…,ч,"=л=“ь 
C!едель…/м, ƒ…=че…, м, -=*2%!%". m= !,“. 5 
,ƒ%K!=›е…= C%"е!.…%“2ь %2*л,*= “ 2%ч*%L гл%-
K=ль…%г% %C2,м3м= -3…*ц,, C!едC%ч2е…, , 
,мею?еL *%%!д,…=23 0,63983. }2= 2%ч*= %C!еде-
л е2 %C2,м=ль…/е 3!%"…, г!3ƒ%C%дA‘м…%“2, ="-
2%2!=…“C%!2= G = 320 ш2=KелеL, C!%,ƒ"%д,2ель-
…%“2, C%2%ч…%L л,…,, Z = 825,425 *%…2./ч , “*%-
!%“2, *%…"еLе!= v = 23,71 м/м,….

q2=2,“2,че“*,L =…=л,ƒ !еƒ3ль2=2%" .*“Cе!,-
ме…2= …= м%дел, , ,. %C2,м,ƒ=ц,  C%*=ƒ=л,, ч2% 
C!, .2,. 3!%"… . -=*2%!%" д%“2,г=ю2“  …=,л3ч-
ш,е C%*=ƒ=2ел, 2!=…“C%!2…%L “,“2ем/. o!, 
.2%м ,. ƒ…=че…,  “%“2="л ю2: "/C3“* C!%д3*ц,, 
Q = 3163 ш2=Kел , "!ем  ц,*л= д",›е…,  г!3ƒ%",*%" 

p,“. 4. c!=-,* o=!е2% дл  "!еме…, T“ Cе!еме-
?е…,  *%…2еL…е!%" че!еƒ “,“2ем3
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Š=Kл,ц =  3

`…=л,ƒ д,“Cе!“,, дл  "!еме…, T“ Cе!еме?е…,  *%…2еL…е!%" че!еƒ “,“2ем3

t=*2%!/ , ,.
"ƒ=,м%деL“2", 

q3мм=
*"=д!=2%"

q2еCе…ь
“"%K%д/

r“!ед…‘……/е
*"=д!=2/

q2=2,“2,*=
t,ше!=

Šе“2%"%е
!-ƒ…=че…,е

`: G 2240,01 1 2240,01 312,97 0,0000

b: Z 22848,4 1 22848,4 3192,37 0,0000

q: V 228514,0 1 228514,0 31927,86 0,0000

`` 8,18148 1 8,18148 1,14 0,2871

`b 1450,42 1 1450,42 202,65 0,0000

`q 141,067 1 141,067 19,71 0,0000

bb 185,837 1 185,837 25,97 0,0000

bq 432,017 1 432,017 60,36 0,0000

qq 6760,0 1 6760,0 944,51 0,0000

nK?=  %ш,K*= 894,648 125 7,15719

nK?=  “3мм= 263474,0

R2
,% 99,66

2
ajR ,% 99,64

T“ц = 36475,6 “, ч,“л% г!3ƒ%",*%" " “,“2еме N = 9,94 , 
"!ем  д",›е…,  *%…2еL…е!%" че!еƒ “,“2ем3 
T“ = 154,356 “, м%?…%“2ь C!,"%д= *%…"еLе!= 
P  = 2144,58 b2. 

dл  C!%"е!*, !еƒ3ль2=2%" %C2,м,ƒ=ц,, K/л, 
C!%"еде…/ ,“C/2=…,  м%дел, “ %C2,м=ль…/м, 
ƒ…=че…, м, -=*2%!%". b *=›д%м ,ƒ C 2, C!%г%-
…%" ,ƒме… л,“ь C%2%*, “л3ч=L…/. ч,“ел. b 2=Kл. 
4 C!,"еде…/ ƒ…=че…,  C%*=ƒ=2елеL 2!=…“C%!2…%L 
“,“2ем/ …= %“…%"е “2=2,“2,че“*%г% =…=л,ƒ= , " 
!еƒ3ль2=2е м%дел,!%"=…, .

p=“.%›де…,  C%*=ƒ=2елеL …еƒ…=ч,2ель…/ (%2 
0,62 д% 3,24 %), ч2% C%д2"е!›д=е2 "/“%*3ю 2%ч-
…%“2ь .*“Cе!,ме…2=ль…%г% ,““лед%"=…, . q!="-
…е…,е C%*=ƒ=2елеL деL“2"3ю?еL 2!=…“C%!2…%L 
“,“2ем/ “ %C2,м=ль…/м, 2е.…,че“*,м, .=!=*2е-
!,“2,*=м, м%дел, C!,"еде…% " 2=Kл. 5. n2ме2,м, 
ч2% %C2,м=ль…/е .=!=*2е!,“2,*, C!е"%“.%д 2 
!е=ль…/е C%*=ƒ=2ел, C% "/C3“*3 Q C!%д3*ц,, 
…= 31,8 %, C% C!%C3“*…%L “C%“%K…%“2, Tc …= 
15,2 %, C% ч,“л3 ,“C%льƒ3ем/. г!3ƒ%",*%" N 
…= 0,6 %. o% %“2=ль…/м C%*=ƒ=2ел м %…, …,›е: 
C% "!еме…, T“ц ц,*л= д",›е…,  г!3ƒ%",*%" …= 
2,74 %, C% м%?…%“2, P C!,"%д= *%…"еLе!= …= 
17,8 %. n*%…ч=2ель…%е !еше…,е % "…ед!е…,, C%-
л3че……/. !еƒ3ль2=2%" !3*%"%д“2"% *%мC=…,, 
C!,ме2 …= %“…%"е %це…*, ,. .*%…%м,че“*%L .--
-е*2,"…%“2,.

b/"%д/. j “%"!еме……/м 2!=…“C%!2…/м “,“2е-
м=м C!едA "л ю2 "/“%*,е 2!еK%"=…,  " %2…%ше-
…,, г,K*%“2,, C!%,ƒ"%д,2ель…%“2, , …=д‘›…%-
“2,. b% м…%г,. “л3ч= . .2, “,“2ем/ ,мею2 *%…-
"еLе!/ “ цеC м, REX. hме  2=*,е *%…"еLе!/, 
2!=…“C%!2…/е “,“2ем/ м%г32 K/“2!ее !е=г,!%-
"=2ь …= 2!еK%"=…,  2е.…%л%г,че“*%г% C!%це““=, 
C%д="=  г!3ƒ/ …еC!е!/"…/м C%2%*%м ,л, %“2=-
…="л,"=  , …=*=Cл,"=  ,. " 2ече…,е …е*%2%!%г% 
C!%ме›32*= "!еме…,. dл  C!%,ƒ"%д“2" “ …е!="-

p,“. 5. o%"е!.…%“2ь %2*л,*= C% !еƒ3ль2=2=м 
,“C/2=…,  м%дел, 2!=…“C%!2…%L “,“2ем/
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Š=Kл,ц =  4

q!="…е…,е %C2,м=ль…/. .=!=*2е!,“2,* 2!=…“C%!2…%L “,“2ем/,
C%л3че……/. “2=2,“2,че“*,м !=“ч‘2%м , .*“Cе!,ме…2=ль…%

u=!=*2е!,“2,*= eд,…,ц=
,ƒме!е…, 

q2=2,“2,че“*%е
ƒ…=че…,е

}*“Cе!,ме…2=ль…%е 
ƒ…=че…,е

nш,K*=, %

b/C3“* C!%д3*ц,, Q ш2=Kель 3163,32 3200,0 1,16

b!ем  д",›е…, 
г!3ƒ%",*%" T“ц

“ 36475,6 37002,0 1,44

),“л% г!3ƒ%",*%" N ш2. 9,938 10,0 0,62

b!ем  Cе!еме?е…,  
*%…2еL…е!%" че!еƒ “,“2ем3 Tc

“ 154,356 155,4 0,68

l%?…%“2ь C!,"%д=
*%…"еLе!= P

b2 2144,58 2214,0 3,24

…%ме!…/м !е›,м%м !=K%2/ .2% "=›…%е C!е,м3-
?е“2"%. bме“2е “ 2ем C!%е*2,!%"=…,е , .*“Cл3=-
2=ц,  2=*,. “,“2ем “" ƒ=…/ “ !еше…,ем ! д= 
C!%Kлем. o!е›де "“ег% .2% %C!еделе…,е 3“л%",L 
%C2,м=ль…%г% "ƒ=,м%деL“2",  “,“2ем/ “ %K%!3-
д%"=…,ем, ,мею?,м Cе!еме……/L !,2м !=K%2/ 
,л, “л3ч=L…/е “K%, " 2ече…,е “ме…/. m, " C!%-
це““е C!%е*2,!%"=…,  2=*,. 2!=…“C%!2…/. “,“-
2ем, …, " C!%це““е ,. .*“Cл3=2=ц,, …е C!ед“2="-
л е2“  "%ƒм%›…/м %C!едел,2ь …=,л3чш,е 3“л%-
",  ,. C!,ме…е…, . Š%ль*% ,“C%льƒ3  “%"!еме…-
…/е ме2%д/ ,м,2=-ц,%……%г% м%дел,!%"=…, , 
м%›…% !еш,2ь .23 C!%Kлем3 д%“2=2%ч…% .--е*-
2,"…%.

b …=“2% ?еL “2=2ье K/л, %C!еделе…/ %C2,-
м=ль…/е C=!=ме2!/ 2!=…“C%!2…%L “,“2ем/, “%-

де!›=?еL ш2=Kеле3*л=дч,* *%…2еL…е!%" “ …=-
C,2*=м,, …=*%C,2ель…/L *%…"еLе! “ цеC м, REX 
, 2е!м,…=л дл  г!3ƒ%"/. ="2%м%K,леL. o%л3че…-
…%е “%%2…%ше…,е ме›д3 C!%,ƒ"%д,2ель…%“2ью 
"/C3“*= C!%д3*ц,,, “*%!%“2ью *%…"еLе!= , г!3-
ƒ%C%дA‘м…%“2ью ="2%2!=…“C%!2= %Kе“Cеч,"=е2 
%C2,м=ль…3ю !=K%2%“C%“%K…%“2ь “,“2ем/.

q,“2ем= %K“л3›,"=е2 C!%,ƒ"%д“2"е……3ю л,-
…,ю, "/C3“*=ю?3ю Kеƒ=л*%г%ль…/е …=C,2*,. 
hм,2=ц,%……=  м%дель 2!=…“C%!2…%L “,“2ем/, 
!=ƒ!=K%2=……=  “ C%м%?ью  ƒ/*= GPSS World, “ 
"/“%*%L 2%ч…%“2ью ,м,2,!3е2 е‘ !=K%23 , C%ƒ"%-
л е2 "%“C!%,ƒ"%д,2ь !=ƒл,ч…/е “це…=!,, .*“-
Cл3=2=ц,,.

b “%%2"е2“2",, “ Cл=…%м .*“Cе!,ме…2=, “%-
“2="ле……%г% “ C%м%?ью “2=2,“2,че“*%г% C=*е2= 

Š=Kл,ц =  5

o%*=ƒ=2ел, деL“2"3ю?еL 2!=…“C%!2…%L “,“2ем/
, %C2,м=ль…/е C%*=ƒ=2ел, м%дел,

t=*2%!/ , Cе!еме……/е
%2*л,*=

eд,…,ц=
,ƒме!е…, 

dеL“2"3ю?=  
“,“2ем=

l%дель q!="…,2ель…=  
%це…*=, %

c!3ƒ%C%дA‘м…%“2ь ="2%2!=…“C%!2= G ш2=Kель 240 320 #33,3

o!%,ƒ"%д,2ель…%“2ь л,…,, Z *%…2/ч 655 825,5 #26,0

q*%!%“2ь *%…"еLе!= v м/м,… 20,5 23,7 –15,6

b/C3“* C!%д3*ц,, ƒ= “ме…3 Q ш2=Kель 2400 3163 #31,8

b!ем  д",›е…,  г!3ƒ%",*%" T“ц “ 35503 36476 #2,74

),“л% г!3ƒ%",*%" N ш2. 10 9,94 0,6

b!ем  Cе!еме?е…,  *%…2еL…е!%" 
че!еƒ “,“2ем3 T“

“ 182 154,36 15,2

l%?…%“2ь C!,"%д= *%…"еLе!= P b2 1821 2144,6 #17,8
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Statgrapfic Plus, K/л, C!%"еде…/ ,“C/2=…,  м%де-
л, , C%л3че…/ “2=2,“2,че“*,е д=……/е % !=K%2е 
2!=…“C%!2…%L “,“2ем/ " !=ƒл,ч…/. 3“л%", .. m= 
%“…%"е =…=л,ƒ= д=……/. .*“Cе!,ме…2= K/л= C%д-
2"е!›де…= =де*"=2…%“2ь м%дел, , ƒ…=ч,м%“2ь "/-
K!=……/. -=*2%!%". a/л% C%*=ƒ=…%, ч2% …е “3?е“2-
"3е2 д!3г,. …е3ч2‘……/. -=*2%!%", %*=ƒ/"=ю?,. 
*=*%е-л,K% "л, …,е …= !=K%23 2!=…“C%!2…%L “,“-
2ем/. dл  %C2,м,ƒ=ц,, 2!=…“C%!2…%L “,“2ем/ 
“!=ƒ3 C% …е“*%ль*,м .=!=*2е!,“2,*=м, = ,ме……% 
C% "/C3“*3 C!%д3*ц,,, C% "!еме…, ц,*л= г!3ƒ%-
"%г% 2!=…“C%!2=, C% ч,“л3 г!3ƒ%",*%" " “,“2еме, 
C% C!%C3“*…%L “C%“%K…%“2, “,“2ем/ , C% ƒ=2!=-
2=м .…е!г,, C!,"%д%м *%…"еLе!=, K/л C!,ме…‘… 
ме2%д гл%K=ль…%L %C2,м,ƒ=ц,, -3…*ц,, C!едC%ч-
2е…, . pеƒ3ль2=2/ %C2,м,ƒ=ц,, …= %“…%"е “2=2,-
“2,че“*%г% =…=л,ƒ= K/л, C!%"е!е…/ C!, ,“C/2=-
…,, м%дел,. q!="…е…,е !=“ч‘2…/. , .*“Cе!,ме…-
2=ль…/. д=……/. C%д2"е!д,л% д%“2%"е!…%“2ь “2=2,-
“2,че“*%г% =…=л,ƒ= , !еƒ3ль2=2%" %C2,м,ƒ=ц,,. 
Š=*,м %K!=ƒ%м, C!,"ед‘……/L ме2%д ,““лед%"=…,  
, %C2,м,ƒ=ц,, 2!=…“C%!2…%L “,“2ем/, ,мею?еL 
" “"%ем “%“2="е *%…"еLе! “ цеC м, REX, м%›е2 
K/2ь “ 3“Cе.%м C!,ме…‘… дл  ,““лед%"=…,  “%"е!-
ше…“2"%"=…,  C%д%K…/. 3“2!%L“2". `…=л%г,ч…%е 
,““лед%"=…,е целе“%%K!=ƒ…% C!%"%д,2ь …= “2=д,, 
C!%е*2,!%"=…, , ч2%K/ …е %“2=…="л,"=2ь деL“2-
"3ю?3ю “,“2ем3 , …е Cе!едел/"=2ь е‘.
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tnplhpnb`mhe l`Šeph`k|m{u h hmtnpl`0hnmm{u onŠnjnb 
b `bŠnl`Šhghpnb`mm{u opnhgbndqŠbemm{u qhqŠel`u 

p=““м%2!е…/ C!,…ц,C/ -%!м,!%"=…,  %“…%"…/. C%2%*%" " ="2%м=2,ƒ,!%"=……/. “,“2е-
м=. (`q) *=* “%"%*3C…%“2ь .леме…2%" “ 3“2%Lч,"/м, “" ƒ м,, %2!=›=ю?,м, ед,…“2"%  
C!%2,"%C%л%›…/. “2%!%…: !=“чле…‘……%“2, , цел%“2…%“2,. b/деле…/ д"е гл="…/е C%д“,“-
2ем/ `q # ,“C%л…,2ель…=  , ,…-%!м=ц,%……%-3C!="л ю?= , %K!=ƒ3ю?,е ед,…/L ="2%м=-
2,ƒ,!%"=……/L C!%,ƒ"%д“2"е……/L C%2%* (Š-C%2%*). p=““м%2!е…/ “%“2="л ю?,е Š-C%2%*= 
, ,. “,“2ем…%е ,…2ег!,!%"=…,е " `q.

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

Basic streams forming principles in the automatic systems (AS) as elements with steady relations 
totality reflecting opposite sides unity, extended and integrity, are considered. Two principal 
subsystems AS, executive and information-control, constituent of the united automatic production 
stream (T-stream) are marked out. T-stream components and its systemic integration in AS are 
considered.

Key words: automatic system, material stream, tools stream, information stream, stream integration.

b"еде…,е. q2!3*23!3 `q %C!едел е2 “%"%*3C-
…%“2ь .леме…2%" (C%д“,“2ем) “ 3“2%Lч,"/м, “" -
ƒ м, ме›д3 …,м,, %2!=›=ю?,м, ед,…“2"% C!%-
2,"%C%л%›…/. “2%!%…: !=“чле…‘……%“2, , цел%“2-
…%“2,. b *=че“2"е гл="…/. C%д“,“2ем `q "/де-
л ю2 ,“C%л…,2ель…3ю , ,…-%!м=ц,%……%-3C!="-
л ю?3ю “,“2ем/.

h“C%л…,2ель…=  “,“2ем= !е=л,ƒ3е2 2е.…%л%г,-
че“*,е C!%це““/ , "*люч=е2 2е.…%л%г,че“*%е 
%K%!3д%"=…,е, 2!=…“C%!2…/е “!ед“2"=, “*л=д/-
…=*%C,2ел,, *%…2!%ль…%-,ƒме!,2ель…/L *%м-
Cле*“, "“C%м%г=2ель…%е %K%!3д%"=…,е [1].

h…-%!м=ц,%……%-3C!="л ю?=  “,“2ем= %“3-
?е“2"л е2 -3…*ц,, %Cе!=2,"…%г% Cл=…,!%"=…, , 
3C!="ле…,  %K%!3д%"=…,ем, д,=г…%“2,*, %2*=ƒ%", 
*%…2!%л  *=че“2"= C!%д3*ц,,. h…-%!м=ц,%……=  
ч=“2ь “,“2ем/ .!=…,2 , "/д=‘2 ,…-%!м=ц,ю,
…е%K.%д,м3ю дл  ="2%м=2,ƒ,!%"=……%г% C!%е*2,-
!%"=…,  , C!%,ƒ"%д“2"= C!%д3*ц,, ƒ=д=……%L …%-
ме…*л=23!/, = 2=*›е ,“C%льƒ3е2“  " *=че“2"е ,“-
2%ч…,*= ,…-%!м=ц,, , “,г…=л%" %K!=2…%L “" ƒ, 
дл  3C!="л ю?еL ч=“2, “,“2ем/.

b “%"%*3C…%“2, ,“C%л…,2ель…=   , ,…-%!м=-
ц,%……%-3C!="л ю?=  “,“2ем/ !е=л,ƒ3ю2 ед,…/L 
="2%м=2,ƒ,!%"=……/L C!%,ƒ"%д“2"е……/L Š-C%2%* 
м=2е!,=л%", ,…“2!3ме…2= , ,…-%!м=ц,, [2], .=-
!=*2е!,ƒ3ю?,L“  2!‘.C%2%*%"%L “2!3*23!%L

T = {d, h, o},

где d # C%2%* м=2е!,=л%", ƒ=г%2%"%*, де2=леL; 
h # C%2%* ,…“2!3ме…2%" (,…“2!3ме…2=ль…%L “!ед/); 
o # C!%г!=мм…%-,…-%!м=ц,%……/L C%2%*.

q.ем= -!=гме…2= Š-C%2%*= C!,"еде…= …= !,“. 1. 
nK?,е .=!=*2е!,“2,*, %!г=…,ƒ=ц,%……%L “2!3*-
23!/ `q !=““м%2!е…/ " !=K%2е [2].

t%!м,!%"=…,е “2!3*23!/ C%2%*=, м=2е!,=л%" ƒ=г%-
2%"%*, де2=леL (d-C%2%*=) `q. q2!3*23!= d-C%2%*= 
"л, е2 …= -%!м,!%"=…,е *%…-,г3!=ц,, `q , 
*%мC%…%"*3 е‘ 2!=…“C%!2…%-…=*%C,2ель…%L “,“-
2ем/. m= “2!3*23!3 d-C%2%*= "%ƒдеL“2"3ю2 “ле-
д3ю?,е -=*2%!/:

*%…“2!3*2,"…%-2е.…%л%г,че“*,е %“%Kе……%“2, (2е.-
…%л%г,че“*,е C%2!еK…%“2,) де2=леL , ƒ=г%2%"%*;

2е.…%л%г,че“*,е "%ƒм%›…%“2, %“…%"…%г% %K%-
!3д%"=…,  , ег% “" ƒ, “ 2!=…“C%!2…%-…=*%C,-
2ель…%L “,“2ем%L;

*%мC%…%"*=, !=“C%л%›е…,е , -3…*ц,, ="2%м=-
2,ƒ,!%"=……%г% “*л=д=-…=*%C,2ел  (`qm).

p,“. 1. q.ем= -!=гме…2= ="2%м=2,ƒ,!%"=……%г% 
C!%,ƒ"%д“2"е……%г% Š-C%2%*=
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pеш=ю?ее "л, …,е …= C%“2!%е…,е “2!3*23!/ 
d-C%2%*=  %*=ƒ/"=ю2 2е.…%л%г,че“*,е C%2!еK…%-
“2, де2=леL , 2е.…%л%г,че“*,е "%ƒм%›…%“2, %K%-
!3д%"=…,  `q, *%2%!/е м%г32 …=.%д,2ь“  " !=ƒ-
л,ч…/. “%%2…%ше…, . [1, 2] , !=““м%2!е…/ 
…,›е:

*=›д=  ƒ=г%2%"*= d ∈ D (D # C=!2,  ƒ=г%2%"%*) 
м%›е2 K/2ь %K!=K%2=…= …= %д…%м !=K%чем ме“2е 
`q (“2=…*е) ƒ= %д,… 3“2=…%" " д"3. "=!,=…2=.. 
b Cе!"%м "=!,=…2е де2=ль %K!=K=2/"=е2“  C%л…%-
“2ью 2%ль*% …= %д…%м *%…*!е2…%м “2=…*е `q 
“ ∈ q (q # м…%›е“2"% “2=…*%" " “%“2="е `q). 
b% "2%!%м # ƒ=г%2%"*3 м%›…% %K!=K%2=2ь …= лю-
K%м “2=…*е “,“2ем/. Š%гд= 2е.…%л%г,че“*,е  "%ƒ-
м%›…%“2, "“е. “2=…*%" “%"C=д=ю2  fq1 =  fq2 = … = 
=  fqn; 

ƒ=г%2%"*= C%л…%“2ью %K!=K=2/"=е2“  …= %д…%м 
“2=…*е K%лее чем ƒ=  %д,… 3“2=…%". gде“ь 2=*›е 
"%ƒм%›…/ д"= "=!,=…2=. oе!"/L # %K!=K%2*= ƒ= 
…е“*%ль*% ="2%м=2,че“*,. Cе!е3“2=…%"%*. b2%-
!%L # %K!=K%2*= ƒ= …е“*%ль*% 3“2=…%"%", 2!еK3ю-
?,. 3д=ле…,  ƒ=г%2%"*, ,ƒ !=K%чеL ƒ%…/ “2=…*=. 
o!, .2%м " %K%,. "=!,=…2=. ме›“2=…%ч…/е “" ƒ, 
…е ,“C%льƒ3ю2“ ;

ƒ=г%2%"*= C%л…%“2ью %K!=K=2/"=е2“  %2 %д…%L 
2е.…%л%г,че“*%L K=ƒ/ …= д"3. ,л, …е“*%ль*,. 
“2=…*=.. }2% ,мее2 ме“2%, *%гд= 2е.…%л%г,че“*,е 
"%ƒм%›…%“2, %д…%г% ,л, …е“*%ль*,. “2=…*%" …е 
3д%"ле2"%! ю2 "“ем 2е.…%л%г,че“*,м 2!еK%"=-
…, м де2=л,;

ƒ=г%2%"*= C%л…%“2ью %K!=K=2/"=е2“  …= д"3. , 
K%лее “2=…*=. “% “ме…%L 2е.…%л%г,че“*,. K=ƒ. oе-
!еK=ƒ,!%"=…,е %“3?е“2"л е2“  “Cец,=ль…/м, 
3“2!%L“2"=м, (*=…2%"=2ел м,, !%K%2=м,) ,л, %Cе-
!=2%!%м.

Šе.…%л%г,че“*,е C%2!еK…%“2, де2=леL , 2е.…%-
л%г,че“*,е "%ƒм%›…%“2, =г!ег=2%" (“2=…*%") `q 
м%г32 K/2ь !е=л,ƒ%"=…/ d-C%2%*=м, !=ƒл,ч…/. 
“2!3*23!, …= *%2%!/е “3?е“2"е……% "л, ю2 `qm. 
o!, .2%м "%ƒм%›…% “%"ме“2…%е .!=…е…,е ƒ=г%2%-
"%* , г%2%"/. де2=леL " %д…%м `qm (!,“. 2, =), 
ч2% -%!м,!3е2 ƒ=м*…323ю “2!3*23!3 d-C%2%*=. 
o!, д,--е!е…ц,!%"=……%м .!=…е…,, ƒ=г%2%"%* , 
де2=леL (!,“. 2, K) 2!=…“C%!2…%-…=*%C,2ель…=  
“,“2ем= ,мее2 д"= “*л=д= # “*л=д ƒ=г%2%"%* 
(`qm#1) , “*л=д г%2%"/. де2=леL (`qm#2). 
b .2%м “л3ч=е “2!3*23!= d-C%2%*= !=ƒ%м*…32=.

e“л, " `q ,мею2“  C!%ме›32%ч…/е …=*%C,2е-
л, (om), 2% “2!3*23!= d-C%2%*= “,“2ем/ ,мее2 
д"= ,е!=!.,че“*,. 3!%"…  (!,“. 3) om1 … omn, 
%Kе“Cеч,"=ю?,. !=K%23 “2=…*%" C!, %2*=ƒе `qm 
д% C%л…%L ,ƒде!›*, "“е. ƒ=г%2%"%* ,ƒ om.

o!, %д…,. , 2е. ›е "ƒ=,м%“" ƒ . .леме…2%" 
`q е‘ Cл=…,!%"*= м%›е2 K/2ь !=ƒл,ч…%L, " 2%м 
ч,“ле “ д"3“2%!%……,м !=“C%л%›е…,ем “2=…*%" 
%2…%“,2ель…% `qm.

m= -%!м,!%"=…,е “2!3*23!/ d-C%2%*= "л, е2 
, -%!м= `qm. Š=*, C!, ц,л,…д!,че“*%L -%!ме 
“*л=д= C%2%* C!,%K!е2=е2 л3че%K!=ƒ…3ю ,л, 
*%льце"3ю “2!3*23!3.

p,“. 2. q2!3*23!/ d-C%2%*=: 

= # “ “%"ме?‘……/м .!=…е…,ем ƒ=г%2%"%* , де2=леL; K # “ д,--е!е…ц,!%"=……/м .!=…е…,ем

p,“. 3. d"3.3!%"…е"/е “2!3*23!/ d-C%2%*%" “ C!%ме›32%ч…/м, …=*%C,2ел м,: 

= # C=!=ллель…= ; K # C%“лед%"=2ель…= 

=) K)

=) K)
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Š=*,м %K!=ƒ%м, ге…е!,!%"=…,е "%ƒм%›…/. 
“2!3*23! d-C%2%*%" `q “"%д,2“  * *%мK,…,!%"=-
…,ю -=*2%!%", %C!едел ю?,. *%…*!е2…3ю “2!3*-
23!3 …= %“…%"е де*%мC%ƒ,ц,%……%г% =…=л,ƒ= .2,. 
-=*2%!%" (C!,ƒ…=*%" , “"%L“2") , “,…2еƒ= .--
-е*2,"…/. (%C2,м=ль…/.) C%2%*%". Š!=…“C%!2-
…/е “" ƒ, ме›д3 `qm , %K%!3д%"=…,ем `q !е=-
л,ƒ3ю2“  !=ƒл,ч…/м, “!ед“2"=м, # *%…"еLе!=-
м,, C!%м/шле……/м, !%K%2=м,, ш2=Kел‘!=м,, 
!ель“%"/м, , Kеƒ!ель“%"/м, 2еле›*=м,.

t%!м,!%"=…,е “2!3*23!/ C%2%*= ,…“2!3ме…2%" 
(h-C%2%*=) `q. o%2%* ,…“2!3ме…2%", %“3?е“2"-
л ем/L “,“2ем%L ,…“2!3ме…2=ль…%г% %Kе“Cече-
…,  (qhn),  "л е2“  “%“2="…%L ч=“2ью м=2е-
!,=ль…%г% C%2%*=, !е=л,ƒ3ем%г% `q. j qhn ,…-
“2!3ме…2 д%“2="л е2“  “!ед“2"=м, г,K*%L 2!=…“-
C%!2…%L “,“2ем/ (cŠq) ƒ="%д= (це.=). q2!3*23!= 
д=……%г% C%2%*= “3?е“2"е……% "л, е2 …= 2е.…%л%-
г,че“*,е "%ƒм%›…%“2, `q , .--е*2,"…%“2ь е‘ 
-3…*ц,%…,!%"=…, .

qhn C%ƒ"%л е2 "/C%л… 2ь ! д -3…*ц,L C% 
дл,2ель…%м3 , %Cе!=2,"…%м3 .!=…е…,ю ,…“2!3-
ме…2=, ег% C!,‘м3 …= .!=…е…,е , "/д=ч3 * “2=…-
*=м, "/C%л… ем/м 2е.…%л%г,че“*,е %Cе!=ц,, 
[3]. dл,2ель…%е .!=…е…,е ,…“2!3ме…2= ƒ=д=……%L 
…%ме…*л=23!/ %“3?е“2"л е2 це…2!=ль…/L …=*%-
C,2ель ,…“2!3ме…2= (0mh), = %Cе!=2,"…%е .!=-
…е…,е, C!,‘м , "/д=ч3 # ,…д,",д3=ль…/е “2=-
…%ч…/е м=г=ƒ,…/ ,…“2!3ме…2= (lh), !=K%2=ю-
?,е “%"ме“2…% “ ="2%м=2,че“*,м, 3“2!%L“2"=м, 
“ме…/ ,…“2!3ме…2=.

lе›д3 0mh , lh “2=…*%" " `q м%г32 …=.%-
д,2ь“  om ,л, %д,… …=*%C,2ель, C%ƒ"%л ю?,L 
K/“2!ее ,ƒме…,2ь 2е.…%л%г,че“*,е "%ƒм%›…%“2, 
“2=…*%" , “"е“2, * м,…,м3м3 ,. C!%“2%L " %›,-
д=…,, ,…“2!3ме…2= (!,“. 4).

b “%“2=" qhn ".%д 2 “!ед“2"= *%…2!%л  …е,“-
C!="…%“2еL , ,ƒ…%“= ,…“2!3ме…2= j,, = 2=*›е “!ед-
“2"= ег% …=“2!%L*, m,. q,…2еƒ “2!3*23!/ qhn K=-
ƒ,!3е2“  …= ,“C%льƒ%"=…,, “2!3*23!/ `q , д%C%л-
…,2ель…/. “2!3*23!%%K!=ƒ3ю?,. -=*2%!=.:

“%“2="= 2е.…,че“*,. “!ед“2", -%!м,!3ю?,. 
C%2%* Š, = {0mh, omh, lh, j,, m,};

“C%“%K%" Cе!ед=ч, ,…“2!3ме…2%" ме›д3 …=*%-
C,2ел м, (C%ш23ч…/L, г!3CC%"%L (*=““е2…/L), 
м=г=ƒ,…%-*%мCле*2…/L);

“C%“%K%" %Kме…= ,…“2!3ме…2=м, ме›д3 “2=…-
*=м, " C!%це““е ,. -3…*ц,%…,!%"=…, ;

3!%"…  це…2!=л,ƒ=ц,, ,…“2!3ме…2=ль…%г% %Kе“-
Cече…, . o!,ч‘м "е!.…,L C!едел це…2!=л,ƒ=ц,, 
-%!м,!3е2“ , *%гд= `q (“%"%*3C…%“2ь  “2=…*%" , 
=г!ег=2%") %K“л3›,"=е2“  %д…,м 0mh, …,›…,L 
# *%гд= *=›д/L “2=…%* “…=K›‘… ,…д,",д3=ль…/м 
м=г=ƒ,…%м-…=*%C,2елем. lе›д3 .2,м, C!едель-
…/м, “2!3*23!=м, !=ƒме?=ю2“  C!%ме›32%ч…/е 
“2!3*23!/ h-C%2%*=.

o!, …=л,ч,, " qhn 2!‘. ",д%" …=*%C,2елеL 
(0mh, omh, lh) , 2!=…“C%!2…/. “" ƒеL ме›д3 
…,м, -%!м,!3е2“  C%л…=  “2!3*23!= h-C%2%*=, = 
C!едель…/е , C!%ме›32%ч…/е “2!3*23!/  "л ю2-
“  е‘ C%д“2!3*23!=м,. m= !,“. 5, = C%л…=  “2!3*-
23!= C!ед“2="ле…= …=г!3›е……/м г!=-%м. j=›д%L 
"е!ш,…е г!=-= “%%2"е2“2"3е2 …=*%C,2ель, = д3г=м 
# “C%“%K/ , “!ед“2"= Cе!ед=ч, ,…“2!3ме…2%" ме-
›д3 “ме›…/м, …=*%C,2ел м,. m= !,“. 5, K C%*=-
ƒ=…= C!%ме›32%ч…=  г!=-%"=  “2!3*23!= h-C%2%-
*= “ %д…,м om, %Kе“Cеч,"=ю?,м …=*%Cле…,е, 
"/д=ч3 , C!,‘м ,…“2!3ме…2%", = 2=*›е “" ƒь “ 
2!=…“C%!2…%L “,“2ем%L ,. д%“2="*, C!, Cе!е…=-
“2!%L*=..

q%гл=“…% !,“. 5, 2!=…“C%!2…/е , C!,‘м%Cе!е-
д=ю?,е “!ед“2"=, “" ƒ/"=ю?,е …=*%C,2ел, ,…-
“2!3ме…2%" !=ƒл,ч…/. ,е!=!.,че“*,. 3!%"…еL, 
“%%2"е2“2"3ю2 "е!2,*=ль…/м д3г=м г!=-%", = 
“!ед“2"=, %Kе“Cеч,"=ю?,е %Kме… ,…“2!3ме…2=м, 
ме›д3 …=*%C,2ел м, %д…%г% ,е!=!.,че“*%г% 
3!%"… , # г%!,ƒ%…2=ль…/м д3г=м.

rд=ле…,е %д…%L ,л, …е“*%ль*,. "е!ш,… ,“-
.%д…%г% (C%л…%г%) г!=-= !="…%“,ль…% ,“*люче-
…,ю ,ƒ “%“2="= qhn “%%2"е2“2"3ю?,. .2,м "е!-
ш,…=м …=*%C,2елеL ,…“2!3ме…2%" (“м. !,“. 5, K), 
= ,“*люче…,е д3г г!=-%" “%%2"е2“2"3е2 ,“*люче-
…,ю 2!=…“C%!2…/. 3“2!%L“2", C%C=!…% “" ƒ/-
"=ю?,. …=*%C,2ел,.

h“*люче…,е "е!ш,… , д3г ,“.%д…%г% г!=-= 
(“м. !,“. 5, =) C!,"%д,2 * “3›е…,ю -3…*ц,%…=ль-
…/. "%ƒм%›…%“2еL “%%2"е2“2"3ю?,. ,м “2!3*23!, 
= м…%г%%K!=ƒ,е C%дг!=-%" , ч=“2еL ,“.%д…%г% 

p,“. 4. q2!3*23!…=  “.ем= “,“2ем/ ,…“2!3ме…-
2=ль…%г% %Kе“Cече…,  ="2%м=2,ƒ,!%"=……%L 
“,“2ем/
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г!=-= C%!%›д=е2 м…%г%%K!=ƒ,е “2!3*23! qhn. 
a%лее 2%г%, C!, %д,…=*%"/. “2!3*23!=. д"е qhn 
…е%K ƒ=2ель…% д%л›…/ ,ме2ь %д,…=*%"/е *%…“2-
!3*2,"…%-*%мC%…%"%ч…/е %-%!мле…,  , %д,…=-
*%"/е *=че“2"= -3…*ц,%…,!%"=…, .

q,“2ем…%е ,…2ег!,!%"=…,е “%“2="л ю?,. ="2%-
м=2,ƒ,!%"=……%г% C!%,ƒ"%д“2"е……%г% Š-C%2%*= `q. 
d,--е!е…ц,!%"=……%е !=““м%2!е…,е d- , h-C%-
2%*%", = 2=*›е o-C%2%*= "%ƒм%›…% 2%ль*% C!, 
,ƒ3че…,, ,. ,…д,",д3=ль…/. “"%L“2" , “2!3*23!. 
o!%“2!=…“2"е……%-"!еме……%е %KAед,…е…,е d- , 
h-C%2%*%" C%!%›д=е2 м=2е!,=ль…/L C%2%* (l-
C%2%*). q,“2ем…%е "ƒ=,м%деL“2",е .2,. C%2%*%" 
" ед,…%м l-C%2%*е %“3?е“2"л е2“  C!%г!=мм…%-
,…-%!м=ц,%……/м o-C%2%*%м, " !еƒ3ль2=2е чег% 
%K!=ƒ3е2“  ед,…=  2!‘.C%2%*%"=  “,“2ем= м=2е-
!,=ль…%-,…-%!м=ц,%……%г% %Kе“Cече…, , “2!3*-
23!= *%2%!%L C%л…%“2ью %C!едел е2 *%…-,г3!=-
ц,ю `q, е‘ "%ƒм%›…%“2, , 2е.…%л%г,че“*,L C%-
2е…ц,=л.

h…2ег!,!%"=…,е d- , h-C%2%*%" "…32!, %д…%L 
`q !е=л,ƒ3е2“  %д…,м, , 2ем, ›е 2е.…,че“*,м, 
“!ед“2"=м,. b “2!3*23!е C%2%*%" ,мею2“  це…-
2!=ль…/L ="2%м=2,ƒ,!%"=……/L “*л=д, C!%ме›3-
2%ч…/е , ,…д,",д3=ль…/е …=*%C,2ел,. b 3“л%-
", . ,…2ег!,!%"=……%г% l-C%2%*= …=*%C,2ел,, 
…=.%д ?,е“  …= !=ƒл,ч…/. ,е!=!.,че“*,. 3!%"-
… ., %д…%"!еме……% "/C%л… ю2 -3…*ц,, .!=…е-
…,  , 2!=…“C%!2,!%"=…,  ƒ=г%2%"%*, де2=леL , 
,…“2!3ме…2%". b !еƒ3ль2=2е ,ƒме… е2“  “2!3*23!= 
`q, е‘ *%мC%…%"%ч…/е !еше…,  , 3ме…ьш=е2“  
ƒ=…,м=ем=  ею C!%,ƒ"%д“2"е……=  Cл%?=дь.

o!, ,“C%льƒ%"=…,, %K%!3д%"=…,  “ )or “,“-
2ем…%е ,…2ег!,!%"=…,е C%2%*%" `q %“3?е“2-
"л е2“  “ C%м%?ью C!%г!=мм…%г% %Kе“Cече…,  
o-C%2%*=. nK%!3д%"=…,е C!, .2%м !=ƒдел е2“  …= 
…е“*%ль*% л%г,че“*,. (C% 3C!="ле…,ю) г!3CC. 
Š=*, дл  “2=…%ч…%г% %K%!3д%"=…,  “ )or м%г32 
K/2ь “-%!м,!%"=…/ “лед3ю?,е г!3CC/:

p,“. 5. c!=-%"/е м%дел, “2!3*23!/ “,“2ем/ ,…“2!3ме…2=ль…%г% %Kе“Cече…, : 

= # C%л…=  (3…,"е!“=ль…= ) “2!3*23!= h-C%2%*=; 
K # C!%ме›32%ч…=  (“ %д…,м C!%ме›32%ч…/м …=*%C,2елем ,…“2!3ме…2=) 

=) K)

г!3CC= 1 # “2=…*, “ “%"!еме……/м, “,“2ем=м, 
)or, %“…=?‘……/е 3“2!%L“2"=м, дл  %KAед,…е-
…,  ,. " “е2ь “ !е=л,ƒ=ц,еL 2е!м,…=ль…/. ƒ=д=ч 
…= %“…%"е nq  Windows;
г!3CC= 2 # “2=…*, “ )or, %“…=?‘……/е C%“ле-

д%"=2ель…/м, C%!2=м, ""%д=/"/"%д= д=……/.  
RS232  Kеƒ “2=…д=!2…/. “е2е"/. C!%2%*%л%";
г!3CC= 3 # ="2%м=2,ƒ,!%"=……/е !=K%ч,е ме“2= 

(`pl) 2е.…%л%г%"-C!%г!=мм,“2%" , д,“Cе2че!= 
…= K=ƒе д%“2=2%ч…% м%?…/. oj.

o!,  2=*%м !=ƒделе…,, %Kе“Cече…,е o-C%2%-
*%м Cе!ед=ч, , %Kме…= д=……/м, ме›д3 )or 
%K%!3д%"=…,ем , =!.,"%м 2е.…%л%г,че“*,. C!%-
г!=мм %“3?е“2"л е2“  “2=…д=!2…%L “е2ью Ethernet 
(г!3CC= 1) , C%“лед%"=2ель…/м C%!2%м  RS232 
(г!3CC= 2). o!, .2%м !е=л,ƒ3ю2“  -3…*ц,, .!=-
…е…,  д=……/. )or " K=ƒе д=……/. Microsoft SOL 
Server; %K“л3›,"=…,  , =дм,…,“2!,!%"=…,  м=-
ш,……/. д=……/. , =!.,"%" д=……/. C% C!,"%д=м , 
.ле*2!%="2%м=2,*е; *%…-,г3!,!%"=…,  “,“2ем/; 
,мC%!2=/.*“C%!2= д=……/.; Cе!ед=ч, д=……/. …= 
“2=…*, “ )or  , " %K!=2…%м …=C!="ле…,,; =дм,-
…,“2!,!%"=…,  C%льƒ%"=2елеL; 3C!="ле…,  -,ль-
2!=м, д=……/. , д!.

oе!ед=ч= , C!,‘м д=……/. %“3?е“2"л е2“  “ 
C%м%?ью C!%г!=мм/, ,…2ег!,!%"=……%L “ )or 
“2=…*%" , =!.,"%м C!%г!=мм. dл  %Cе!=2%!= `q 
…= .*!=…е C! м%г% 3C!="ле…,  (DNq) C!ед3“м%2-
!е… C!%“м%2! “C,“*= д%“23C…/. C!%г!=мм , д=…-
…/. )or " !е›,ме !е=ль…%г% "!еме…,.

o!%г!=мм…/м %Kе“Cече…,ем (on) o-C%2%*= 
!еш=ю2“  ƒ=д=ч, C% 3ч‘23 "!еме…, !=K%2/ , C!%-
“2%е" %K%!3д%"=…, , = 2=*›е !=K%2/ “ “,г…=л=м, 
="=!,L…/. “%%K?е…,L C!, ="2%м=2,че“*%м C%д-
*люче…,, “%%2"е2“2"3ю?,. “л3›K дл  ,. !е=г,-
!%"=…,  , =…=л,ƒ= “,23=ц,L …= `q (…= 3ч=“2*е, " 
це.е).

m= %“…%"е 3ч2‘……/. д=……/. on o-C%2%*= %C-
!едел е2“  *%мCле*“ C%*=ƒ=2елеL .--е*2,"…%“2, 
-3…*ц,%…,!%"=…,  “,“2ем/. o!, .2%м on C!е-
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д3“м%2!е…% C!,"лече…,е “Cец,=л,“2%" дл  "/!=-
K%2*, .*“Cе!2…/. %це…%* ,  C!,… 2,  !еше…,L. 
o!, %C!еделе…,, .--е*2,"…%“2, !=K%2/ `q ,л, 
е‘ %2дель…%г% !=K%чег% ме“2= (“2=…*=) м%г32 ,“-
C%льƒ%"=2ь“  “лед3ю?,е ƒ=",“,м%“2,:

Q = Σj%K?(Šƒ#ŠC) / Šƒ;

j=ч = Σ(j%K?#jK!)100 % / (j%K?);                

nee = j,“CQj=ч / 106;

lŠFb = ŠC!%д / j%л,ч. …=!3ш.;

lŠŠR = dл,2. …=!3ш. / j%л,ч. …=!3ш.,

где Q # C!%,ƒ"%д,2ель…%“2ь `q; j=ч # *=че“2"% !=-
K%2/ “,“2ем/ ,л, ед. %K%!3д%"=…, ; nee (Overall 
Equipment Effectiveness ) # C%*=ƒ=2ель %K?еL .--е*-
2,"…%“2, !=K%2/ %K%!3д%"=…,  ̀ q; MTFB (Meantime 
between Failure) # …=д‘›…%“2ь, “!ед…ее "!ем  Kеƒ%2-
*=ƒ…%L !=K%2/ %K%!3д%"=…,  `q; lŠŠR (Meantime 
to Repair) # !ем%…2, “!ед…   …=!=K%2*= д% !ем%…2=; 
j%K? # %K?ее *%л,че“2"% ,ƒг%2%"ле……/. де2=леL; 
jK! # *%л,че“2"% K!=*%"=……/. де2=леL; j,“C # *%.--
-,ц,е…2 ,“C%льƒ%"=…,  %K%!3д%"=…, ; Šƒ # ƒ=Cл=-
…,!%"=……%е "!ем  !=K%2/ `q; ŠC # "!ем  C!%“2%е" 
ед,…,ц/ %K%!3д%"=…, ; ŠC!%д # C%леƒ…%е %Cе!=2,"-
…%е "!ем  !=K%2/ %K%!3д%"=…, . 

     b…ед!е…,е “,“2ем/ %C!еделе…,  C%*=ƒ=2елеL 
.--е*2,"…%“2, ƒ…=ч,2ель…% 3"ел,ч,"=е2 ,…-%!-
м=ц,%……3ю *=!2,…3 !=K%2/ %K%!3д%"=…,  `q, = 
2=*›е ƒ="е!ш=е2 C%д "%ƒдеL“2",ем o-C%2%*= ,…-
2ег!=ц,ю "“е. 2!‘. C%2%*%" " ед,…/L ="2%м=2,-
ƒ,!%"=……/L Š-C%2%*, ч2% C%ƒ"%л е2 …еC!е!/"…% 
%C2,м,ƒ,!%"=2ь C!%,ƒ"%д“2"е……/L C!%це““ , 
%KAе*2,"…% %це…,"=2ь целе“%%K!=ƒ…%“2ь C!,…,-
м=ем/. 2е.…,че“*,. , %!г=…,ƒ=ц,%……/. !еше-
…,L. Š=*,м %K!=ƒ%м, o-C%2%* "/C%л… е2 !=ƒл,ч-
…/е C!%,ƒ"%д“2"е……/е , "“е"%ƒм%›…/е %K“л3›,-
"=ю?,е -3…*ц,,, "*люч=  -3…*ц,, д,=г…%“2,*, 
, “е!",“=.

g=*люче…,е. p=““м%2!е……/е C!,…ц,C/ -%!-
м,!%"=…,  м=2е!,=ль…/. , ,…-%!м=ц,%……%-
3C!="л ю?ег% C%2%*%" " `q “C%“%K“2"3ю2 “,“-
2ем…%м3 !еше…,ю ! д= ,““лед%"=2ель“*,. , C!%-
е*2…%-*%…“2!3*2%!“*,. ƒ=д=ч , C%ƒ"%л ю2

C!, *%мCле*“…%м , д,--е!е…ц,!%"=……%м 3ч‘-
2е “"%L“2" , %“%Kе……%“2еL !=““м%2!е……/. C%2%-

*%" =…=л,ƒ,!%"=2ь C!%це““ “%ƒд=…,  ,л, м%де!-
…,ƒ=ц,, ="2%м=2,ƒ,!%"=……/. C!%,ƒ"%д“2"е……/. 
“,“2ем;

%K%“…%"=……% !=“*!/"=2ь , 3“2=…="л,"=2ь C%2%-
*%"/е , *%…“2!3*2,"…/е “" ƒ, ме›д3 м…%›е“2"=-
м, %KAе*2%" `q , “%“2="л ю?,м, %KAе*2/ ч=“-
2 м, (.леме…2=м,);

%C!едел 2ь -3…*ц,,, “2!3*23!3 , ме“2= !=“C%-
л%›е…,  ="2%м=2,ƒ,!%"=……/. …=*%C,2елеL м=2е-
!,=л%", ƒ=г%2%"%*, де2=леL ,…“2!3ме…2=;

%“3?е“2"л 2ь "/K%! " “%“2="е `q .--е*2,"-
…/. “,“2ем , 3“2!%L“2" 2!=…“C%!2,!%"=…,  м=2е-
!,=л%", де2=леL, *%мCле*23ю?,. ,ƒдел,L, ,…“2-
!3ме…2%" , д!3г,. %KAе*2%";

%“3?е“2"л 2ь %K?3ю 2е.…%л%г,че“*3ю *%мC%-
…%"*3 `q " “%“2="е це.= (ƒ="%д=).

n“%K%е ме“2% " %K?ем Š-C%2%*е `q ƒ=…,м=е2 
,…-%!м=ц,%……/L C!%г!=мм…%-3C!="л ю?,L o-
C%2%*, C%ƒ"%л ю?,L ,…2ег!,!%"=2ь м=2е!,=ль-
…/е C%2%*, ,л, ,. %2дель…/е %Cе!=ц,, (2!=…“-
C%!2,!%"=…,е, .!=…е…,е , …=*%Cле…,е, %Kме… 
,…“2!3ме…2=м, , “!ед“2"=м, %“…=?е…,  ме›д3 
“2=…*=м, , 2. C.). }2% …%"/L, ,…2е…“,"…% !=ƒ","=ю-
?,L“  C%2%*. e“л, !=…ее, …=C!,ме!, " !=K%2е [1] 
% o-C%2%*е …е 3C%м,…=л%“ь, ч2% "C%л…е %KA “…,-
м% %2“32“2",ем дл  .2%г% “%%2"е2“2"3ю?,. 
“!ед“2" 3C!="ле…, , 2% " …=“2% ?ее "!ем  o-C%-
2%*  "л е2“  &м%ƒг%м[ `q. eг% л%*=ль…/е 3C!="-
л ю?,е “е2, 2,C= Ethernet “2=л, “2=…д=!2…/м,, 
= ,. ,“C%льƒ%"=…,е " “%че2=…,, “ “,“2ем=м, %C-
!еделе…,  C%*=ƒ=2елеL .--е*2,"…%“2, !=K%2/ 
`q (…=! д3 “ 3C!="ле…,ем) C%ƒ"%л е2 …еC!е!/"-
…% %C2,м,ƒ,!%"=2ь C!%,ƒ"%д“2"е……/L C!%це““, 
!е=л,ƒ3ем/L `q.

a,Kл,%г!=-,че“*,е ““/л*,

1. m= …ƒ,… m.c. o%,“*%"%е C!%е*2,!%"=…,е г,K*,. 
C!%,ƒ"%д“2"е……/. “,“2ем. l.: bmhhŠ}lp, 1986. 75 “.

2. o3.%" `.q. q,…2еƒ !еше…,L C!, C%,“*%"%м 
C!%е*2,!%"=…,, ="2%м=2,ƒ,!%"=……/. “,“2ем: l%…%г!.
j3!г=…: hƒд-"% j3!г=…“*%г% г%“. 3…-2=, 2009. 154 “.

3. o3.%" `.q. n!г=…,ƒ=ц,%……%-2е.…,че“*,е C!,…-
ц,C/ “%ƒд=…,  ="2%м=2,ƒ,!%"=……/. “,“2ем // bе“2…,* 
j3!г=…“*%г% г%“3д=!“2"е……%г% 3…,"е!“,2е2=. qе!,  
&Šе.…,че“*,е …=3*,[. b/C. 4. j3!г=…: hƒд-"% j3!г=…-
“*%г% г%“. 3…-2=, 2008. q. 112#114.

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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drannikov@list.ru

`kcnphŠl lhjpnopn0eqqnpmncn rop`bkemh“ o`p`leŠp`lh
jrk|Šhbhpnb`mh“ `bŠnŠpntm{u lhjpnnpc`mhglnb 

o!едл%›е… =лг%!,2м 3C!="ле…,  C=!=ме2!=м, C!%це““= *3ль2,",!%"=…,  м,*!%"%д%!%“-
леL. o%*=ƒ=…= целе“%%K!=ƒ…%“2ь ,“C%льƒ%"=…,  ме2%д= C!%C%!ц,%…=ль…%-C!%2%ч…/. *3ль-
23! ,л, *"=ƒ,…еC!е!/"…/. *3ль23!.

jлюче"/е “л%"=: 3C!="ле…,е, *3ль2,",!%"=…,е, м,*!%"%д%!%“л,, K,%!е=*2%!.

Parameters control algorithm for microalgae cultivation process is proposed. Method utilization 
suitability of proportion-flowing crops or quasicontinuous crops is shown.

Key words: control, cultivation, microalgae, bioreactor.

nд…,м ,ƒ C32еL 3“%"е!ше…“2"%"=…,  C!%це““= 
*3ль2,",!%"=…,  м,*!%"%д%!%“леL  "л е2“  C%-
"/ше…,е “2еCе…, ,“C%льƒ%"=…,  ,“.%д…%L “3“-
Cе…ƒ,,, “…,›е…,е “/!ье"/. C%2е!ь , “еKе“2%,-
м%“2, г%2%"%L C!%д3*ц,, [1, 2], = 2=*›е C%"/ше-
…,е 2%ч…%“2, , …=д‘›…%“2, 3C!="ле…,  C!%це“-
“%м *3ль2,",!%"=…,  K,%л%г,че“*, =*2,"…/. 
“3K“2=…ц,L, " ч=“2…%“2, “3“Cе…ƒ,, м,*!%“*%C,-
че“*,. "%д%!%“леL Chlorella, Scenedesmus, Du-
naliella, Spirulina , 2. д.

0ель !=K%2/ # !=ƒ!=K%2*= “.ем/ %Cе!=2,"…%г% 
3C!="ле…,  C!%це““%м *3ль2,",!%"=…,  м,*!%-
"%д%!%“леL C!, %г!=…,че…, . …= 3C!="л ем/е 
C=!=ме2!/ " 3“л%", . “л3ч=L…/. "%ƒм3?е…,L.

h“C%льƒ3ем/L C!, *3ль2,",!%"=…,, K,%л%г,-
че“*,L -%2%!е=*2%! Cле…%ч…%г% 2,C= [3] C%ƒ"%-
л е2 C!%"%д,2ь C!%це““ *3ль2,",!%"=…,  *!3гл%-
г%д,ч…%. l,*!%"%д%!%“ль " …е%K.%д,м%м *%л,-
че“2"е “…=K›=е2“  3гле*,“л/м г=ƒ%м, “"е2%"%L 
.…е!г,еL , C,2=2ель…/м, "е?е“2"=м,.

q.ем= ="2%м=2,че“*%г% 3C!="ле…,  -%2%="2%-
2!%-…/м K,%“,…2еƒ%м (“м. !,“3…%*) "*люч=е2 
-%2%K,%!е=*2%! 1 [4], “%“2% ?,L ,ƒ “е*ц,, ""%-
д= 2, %“"е?е…,  3, %.л=›де…,  4 , "/"%д= 5, “%-
де!›=?,L люм,…е“це…2…/е л=мC/ 6 , 7, C!%-
ƒ!=ч…/е ц,л,…д!,че“*,е 2!3K*, 8, C=2!3K*, 
дл  ""%д= “ме“, "%ƒд3.= “ 3гле*,“л/м г=ƒ%м 9 , 
K=!K%2е! 10; “K%!…,* 3!%›=  11 , 2е.…%л%г,че-
“*3ю ‘м*%“2ь 12; 3ль2!=2е!м%“2=2/ дл  !еге…е!=-
ц,, %.л=›д=ю?ег% "%ƒд3.= 13 , %.л=›д=ю?еL 
"%д/ 14; “ме“,2ель "%ƒд3.= “ 3гле*,“л/м г=ƒ%м 
15; г=ƒ%"3ю ‘м*%“2ь 16; де“%!Kе! *,“л%!%д= 17; 
“еC=!=2%!-Cе…%г=“,2ель 18; ц,!*3л ц,%……3ю 
C%мC3 19; …=“%“ 20, *%мC!е““%! 21, "е…2,л 2%!/ 
22 , 23; !=“C!едел,2ел, C%2%*%" 24 , 25, *%лле*-
2%! 26; м,*!%C!%це““%! 27; *%…23!/ !ец,!*3л -
ц,,: “3“Cе…ƒ,, -%2%="2%2!%-…%г% м,*!%%!г=-
…,ƒм= 0.1.1, “ме“, "%ƒд3.= “ 3гле*,“л/м г=ƒ%м 

5.7, %.л=›д=ю?ег% "%ƒд3.= 3.2, %.л=›д=ю?еL 
"%д/ 1.1; л,…,, C%д=ч,: г%2%"%L K,%м=““/ " 
“K%!…,* 3!%›=  0.1.2, %“…%"…%г% 0.2.1 , *%!!е*-
2,!3ю?ег% 0.2.2 C%2%*%" C,2=2ель…%L “!ед/, 3г-
ле*,“л%г% г=ƒ= 5.4, “ме“, "%ƒд3.= “ 3гле*,“л/м 
г=ƒ%м " C!%ƒ!=ч…/е ц,л,…д!,че“*,е 2!3K*, 5.7.1 
, " K=!K%2е! 5.7.2; л,…,, %2"%д=: г%2%"%L K,%-
м=““/ ,ƒ “K%!…,*= 3!%›=  0.1.3, Cе…/ ,ƒ “е*ц,, 
"/"%д= -%2%K,%!е=*2%!= 0.3, “3“Cе…ƒ,, ,ƒ “еC=-
!=2%!=-Cе…%г=“,2ел  0.1.4, “ме“, "%ƒд3.= “ 3гле-
*,“л/м г=ƒ%м ,ƒ “еC=!=2%!=-Cе…%г=“,2ел  5.7.3, 
*,“л%!%д= 3.7, “K!%“ д="ле…,  “ме“, "%ƒд3.= “ 
3гле*,“л/м г=ƒ%м ,ƒ “ме“,2ел  5.7.4 , ,ƒ г=ƒ%"%L 
‘м*%“2, 5.7.5 , ,“C%л…,2ель…/е ме.=…,ƒм/: 
`, a, b, c, d, e, f, g, h, j, k, l, m, n, o # ".%д-
…/е *=…=л/ 3C!="ле…, , =, K, ", г, д, е, ›, ƒ, ,, *, 
л, м, …, % # "/.%д…/е *=…=л/ 3C!="ле…, , д=2ч,-
*,: TE # 2емCе!=23!/, FE # !=“.%д=, LE # 3!%"-
… , QE # “%“2="=.

h“.%д…=  C,2=2ель…=  “!ед= "ме“2е “ ,…%*3л -
2%м -%2%="2%2!%-…%г% м,*!%%!г=…,ƒм= (…=C!,-
ме!, ц,=…%K=*2е!,, Spirulina platensis) C%д=‘2“  " 
-%2%K,%!е=*2%!. q C%м%?ью !=“C!едел,2ель…/. 
3“2!%L“2" " C!%ƒ!=ч…/. ц,л,…д!,че“*,. 2!3K*=. 
8 " “е*ц,, ""%д= 2 -%2%K,%!е=*2%!= 1 -%!м,-
!3е2“  Cл‘…*= “3“Cе…ƒ,, -%2%="2%2!%-…%г% м,*-
!%%!г=…,ƒм=, “2е*=ю?=  C% "…32!е……еL C%"е!.-
…%“2, C!%ƒ!=ч…/. ц,л,…д!,че“*,. 2!3K%*. nд-
…%"!еме……% C% л,…,, 5.7.1 C%д=‘2“  “ме“ь "%ƒд3-
.= “ 3гле*,“л/м г=ƒ%м, !=ƒдел ем=  *%лле*2%!%м 
28 …= …е“*%ль*% C%2%*%" , C%“23C=ю?=  " 2!3K*, 
" C!%2,"%2%ч…%м !е›,ме “ ,“2ече…,ем Cл‘…*, 
“3“Cе…ƒ,,.

m=л,ч,е K=!K%2е!= " …,›…еL ч=“2, -%2%K,%-
!е=*2%!= C%ƒ"%л е2 д%C%л…,2ель…% …=“/2,2ь 
*ле2*, -%2%="2%2!%-…%г% м,*!%%!г=…,ƒм= 3гле-
*,“л/м г=ƒ%м, ч2% “%"ме“2…% “ %“"е?е…,ем г%!,-
ƒ%…2=ль…%L л=мC%L C%ƒ"%л,2 %“3?е“2"л 2ь -%2%-
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q.ем= ="2%м=2,че“*%г% 3C!="ле…,  -%2%="2%2!%-…/м K,%“,…2еƒ%м
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“,…2еƒ *ле2*=м , " "/.%д…%L “е*ц,,, = 2=*›е C!е-
д%2"!=2,2ь “ед,ме…2=ц,ю *ле2%* …= "…32!е……,е 
“2е…*, "/.%д…%L “е*ц,, -%2%K,%!е=*2%!= C!, 
,“C%льƒ%"=…,, ш2=мм%" -%2%="2%2!%-…/. м,*-
!%%!г=…,ƒм%", …е %Kл=д=ю?,. Cл=…*2%……/м, 
“"%L“2"=м,.

o!, 2ече…,, C% "…32!е……еL C%"е!.…%“2, C!%-
ƒ!=ч…/. ц,л,…д!,че“*,. 2!3K%* " “е*ц,, %“"е-
?е…,  3 -%2%K,%!е=*2%!= “3“Cе…ƒ,  -%2%="2%-
2!%-…%г% м,*!%%!г=…,ƒм= …еC!е!/"…% %“"е-
?=е2“  люм,…е“це…2…/м, л=мC=м, 6 , 7, …=г!е" 
%2 *%2%!/. …е%K.%д,м% *%мCе…“,!%"=2ь "%ƒд3ш-
…/м , (C!, C!е"/ше…,, д%C3“2,м%L 2емCе!=23-
!/) "%д …/м %.л=›де…,ем. n.л=›д=ю?,е "%ƒд3. 
, "%д= ц,!*3л,!3ю2 C% ƒ=м*…32/м *%…23!=м 3.2 
, 1.1 “ C%м%?ью "е…2,л 2%!= 22 , …=“%“= 20 “ 
%.л=›де…,ем " 3ль2!=2е!м%“2=2=. 13 , 14.

hƒ C!%ƒ!=ч…/. ц,л,…д!,че“*,. 2!3K%* “3“-
Cе…ƒ,  -%2%="2%2!%-…%г% м,*!%%!г=…,ƒм= “2е-
*=е2 " “е*ц,ю "/"%д= 5 -%2%K,%!е=*2%!=, где 
C%д"е!г=е2“  K=!K%2=›3 “ C%м%?ью K=!K%2е!= 10 
“ …еC!е!/"…/м %“"е?е…,ем люм,…е“це…2…%L 
л=мC%L 7.

d=лее “3“Cе…ƒ,  -%2%="2%2!%-…%г% м,*!%%!-
г=…,ƒм= "/"%д,2“  ,ƒ -%2%K,%!е=*2%!= " *%…23! 
е‘ !ец,!*3л ц,, 0.1.1 “ C%м%?ью ц,!*3л ц,%…-
…%L C%мC/ 19 “ C!%ме›32%ч…/м %2деле…,ем %K-
!=ƒ%"="шег%“  " C!%це““е *3ль2,",!%"=…,  *,-
“л%!%д= " де“%!Kе!е 17 , ег% %2"%д%м C% л,…,, 
3.7 "е…2,л 2%!%м 23. q3“Cе…ƒ,  -%2%="2%2!%--
…%г% м,*!%%!г=…,ƒм= д",›е2“  C% *%…23!3 !е-
ц,!*3л ц,,.

p=“.%д %.л=›д=ю?ег% "%ƒд3.= 3“2=…="л,"=ю2 
C% 2емCе!=23!е *3ль2,",!%"=…, , C!, %2*л%…е-
…,, *%2%!%L %2 ƒ=д=……%г% ƒ…=че…,  *%!!е*2,-
!3ю2 *%.--,ц,е…2 2еCл%Cе!ед=ч, %2 .л=д=ге…2= 
* %.л=›д=ю?ем3 "%ƒд3.3 ,ƒме…е…,ем !=“.%д= %.-
л=›д=ю?ег% "%ƒд3.=. o% %C2,че“*%L Cл%2…%“2, 
г%2%"%L K,%м=““/ %C!едел ю2 *%…це…2!=ц,ю 
*ле2%* м,*!%"%д%!%“л,, " ƒ=",“,м%“2, %2 *%2%-
!%L 3“2=…="л,"=ю2 "!ем  *3ль2,",!%"=…,  “ C%-
м%?ью “,….!%…,ƒ,!%"=……%г% ,ƒме…е…,  !=“.%-
д%" ,“.%д…%L “3“Cе…ƒ,, , г%2%"%L K,%м=““/. Šе-
*3?ее ƒ…=че…,е *%…це…2!=ц,, *ле2%* м,*!%"%-
д%!%“л, %C!едел ю2 C% %C2,че“*%L Cл%2…%“2, 
г%2%"%L “3“Cе…ƒ,,:

c  = D/(l ε), (1)

где “ # *%…це…2!=ц,  =K“%лю2…% “3.%L K,%м=““/ " 
“3“Cе…ƒ,,; D # %C2,че“*=  Cл%2…%“2ь г%2%"%L “3“-
Cе…ƒ,,; l # 2%л?,…= C%гл%?=ю?ег% “"е2 “л%  “3“-
Cе…ƒ,,; ε # м%л !…/L *%.--,ц,е…2 C%гл%?е…,  
г%2%"%L “3“Cе…ƒ,,.

o% …=Lде……%м3 ƒ…=че…,ю “ "/!=K=2/"=е2“  
“,г…=л %2*л%…е…,  2е*3?ег% ƒ…=че…,  %2 ƒ=д=…-
…%г%, " “%%2"е2“2",, “ *%2%!/м ,ƒме… ю2 "!ем  
*3ль2,",!%"=…,  м,*!%"%д%!%“л,.  

}*“Cе!,ме…2=ль…=  C!%"е!*= C!едл=г=ем%г% 
“C%“%K= 3C!="ле…,  C!%"%д,л=“ь …= %C/2…%м %K-
!=ƒце Cле…%ч…%г% -%2%K,%!е=*2%!=, ,мею?ег% 
2е.…,че“*3ю .=!=*2е!,“2,*3:

c=K=!,2…/е !=ƒме!/ *%!C3“=, м:
"/“%2= ("*люч=  “2=…,…3)          1,6
д,=ме2!                0,35
Šе.…%л%г,че“*,е C=!=ме2!/ “2е*л ……/. 2!3K%*:
Cл%?=дь !=K%чеL C%"е!.…%“2,, 10#2 м2       0,3
ш=г ",2*%" “C,!=л,, мм       5,0#20,0
"/“%2= ",2*%" “C,!=л,, мм        0,9#1,5
p=“.%д %.л=›д=ю?ег% "%ƒд3.=, м3/ч    610#630
p=“.%д г=ƒ%"%ƒд3ш…%L “ме“,, м3/ч        2,0#2,3
j%…це…2!=ц,  3гле*,“л%2/ " г=ƒ%"%ƒд3ш…%L 
“ме“,, %                                       1,6#1,8
o!%,ƒ"%д,2ель…%“2ь C% г%2%"%L “3“Cе…ƒ,,,
л/“32                                                         100
j%…це…2!=ц,  г%2%"%L K,%м=““/, % 0,08#0,12
ŠемCе!=23!= *3ль2,",!%"=…,  (дл  “C,!3л,…/),
0q                                                   30#35

o!едл=г=ем/L “C%“%K ="2%м=2,че“*%г% 3C!="ле-
…,  C%ƒ"%л е2 !еш,2ь ƒ=д=ч3 C%"/ше…,  “2еCе…, 
,“C%льƒ%"=…,  “3“Cе…ƒ,, м,*!%"%д%!%“л, C!, 
C!%"еде…,, C!%це““= *3ль2,",!%"=…,  " …еC!е-
!/"…%м !е›,ме " K,%!е=*2%!е Cле…%ч…%г% 2,C=, = 
2=*›е %Kе“Cеч,2ь "/“%*%е *=че“2"% г%2%"%L C!%-
д3*ц,, , .…е!ге2,че“*3ю .--е*2,"…%“2ь C!%це““= 
ƒ= “ч‘2 %Cе!=2,"…%г% 3C!="ле…,  ег% 2е.…%л%г,че-
“*,м, C=!=ме2!=м,.

p=K%2= "/C%л…е…= " !=м*=. !е=л,ƒ=ц,, t0o 
&m=3ч…/е , …=3ч…%-Cед=г%г,че“*,е *=д!/ ,……%-
"=ц,%……%L p%““,,[ …= 2009#2013 гг.

a,Kл,%г!=-,че“*,е ““/л*,

1. xе"ц%" `.`., xе…ц%"= e.q., d!=……,*%" `.b., o%-
…%м=!е" `.b. h““лед%"=…,е C!%це““= м=““%"%г% *3ль-
2,",!%"=…,  .л%!елл/ ме2%д=м, Cл=…,!%"=…,  .*“Cе-
!,ме…2= // hƒ". "3ƒ%". qе!. &o,?е"=  2е.…%л%г, [. 
2009. 1 2,3. q. 62#64.

2. xе…ц%"= e.q., d!=……,*%" `.b., o%…%м=!е" `.b., 
q,2…,*%" m.~. pе=л,ƒ=ц,  C!,*л=д…/. ƒ=д=ч ="2%-
2!%-…%г% K,%“,…2еƒ= " 2е.…%л%г,, *%мK,*%!м%" // 
bе“2…,* bcŠ`. qе!. &o,?е"=  K,%2е.…%л%г, [. 2010. 
1 3. q. 19#22.

3. xе"ц%" `.`., xе…ц%"= e.q., d!=……,*%" `.b., o%-
…%м=!е" `.b. l%дел,!%"=…,е C!%це““= *3ль2,",!%"=-
…,  м,*!%"%д%!%“леL " K,%!е=*2%!=. C!, 23!K3ле…2-
…%м !е›,ме ,“2ече…,  ›,д*%“2, // bе“2…,* bcŠ`. 
qе!. &o!%це““/ , =CC=!=2/ C,?е"/. C!%,ƒ"%д“2"[. 
2008. 1 1. q. 80#85.

4. xе"ц%" `.`., q,2…,*%" m.~., o%…%м=!е" `.b. 
j%…“2!3*ц,  -%2%K,%!е=*2%!= Cле…%ч…%г% 2,C= дл  
*3ль2,",!%"=…,  м,*!%"%д%!%“л, .л%!елл=. l=2е!,=-
л/ XLVIII %2ч‘2…%L …=3ч. *%…-. 2009 г. b 3 ч. ).2. 
b%!%…е›: b%!%…е›. г%“. 2е.…%л. =*=д. 2010. 207 “.
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`.o. h"=…%", д-! .*%…. …=3*, C!%-. (j%ш=л,…“*,L 2е.…%л%г,че“*,L 3…,"е!“,2е2, o%льш=), 
n.`. f,"%2%"“*=  (tcro &0drŠ}j[, г. l%“*"=)

zhyvotovskay@zdv.oilnet.ru

qa`k`mqhpnb`mm`“ qhqŠel` onj`g`Šekei j`j leu`mhgl 
qŠhlrkhpnb`mh“ Šprd` oepqnm`k`

p=““м%2!е…/ “3?…%“2ь , ƒ…=че…,е “K=л=…“,!%"=……%L “,“2ем/ C%*=ƒ=2елеL C!, “2!=2е-
г,че“*%м 3C!="ле…,, C!едC!, 2,ем, C!е,м3?е“2"= …%"%г% C%д.%д= * м%2,"=ц,, 2!3д= Cе!-
“%…=л=.

jлюче"/е “л%"=: “2!=2ег,  !=ƒ",2,  *%мC=…,,, “K=л=…“,!%"=……=  “,“2ем= C%*=ƒ=2елеL, “2!=-
2ег,че“*=  *=!2=, дел%"=  !еC32=ц,  *%мC=…,,, K!е…д !=K%2%д=2ел .

Essence and meaning of the activities balance system for enterprise strategic control, new approach 
advantages for staff labour motivation are considered.

Key words: firm development strategy, activities balance system, strategic card, firm business image, 
employer brand.

oе!е.%д %2 ,…23,2,"…/. , “,23=ц,%……/. ме2%-
д%" 3C!="ле…,  * …=3ч…%м3 ме…ед›ме…23 # %д…% 
,ƒ 3“л%",L "/.%д= C!едC!, 2,L ,ƒ *!,ƒ,“…/. “,-
23=ц,L. nC/2 C%*=ƒ/"=е2, ч2% .--е*2,"…/м ме-
2%д%м “%ƒд=…, , "…ед!е…,  , *%…2!%л  C!едC!,-
…,м=2ель“2"=  "л е2“  “,“2ем= “K=л=…“,!%"=……/. 
C%*=ƒ=2елеL (qqo) !=ƒ",2,  C!%,ƒ"%д“2"=.

j%…цеCц,  qqo д%“2=2%ч…% C!%“2=: -%!м,-
!%"=…,е “2!=2ег,, !=ƒ",2,  C!%,ƒ"%д“2"= , е‘ 
!е=л,ƒ=ц,  “ 3ч‘2%м 2е*3?,. !еƒ3ль2=2%" " !=ƒ-
!еƒе *люче"/. …=C!="ле…,L де 2ель…%“2, C!ед-
C!, -2,L [1]. }2= ,де  ,ƒ"е“2…= д="…% , “3?е“2-
"3е2 м…е…,е, ч2% …е …3›…% …,*=*,. …%"/. “2!=-
2ег,L. d%“2=2%ч…% ,ƒ3ч,2ь “3?е“2"3ю?,е .2=-
л%……/е “2!=2ег,,, ,ƒ"е“2…/е …= C!=*2,*е , 
%C,“=……/е " л,2е!=23!е (2=Kл. 1). h“C%льƒ3  !=-
м%ч…/е “2!=2ег,,, м%›…% C%“2!%,2ь “%K“2"е…-
…3ю “2!=2ег,ю, …=,K%лее C%д.%д ?3ю дл  *%…-
*!е2…/.  3“л%",L. 

nд…=*% …еƒ…=ч,2ель…%е ч,“л% *%мC=…,L 3“-
Cеш…% !е=л,ƒ3е2 “%K“2"е……3ю “2!=2ег,ю , д%“2,-
г=е2 “2!=2ег,че“*,. целеL. o!,ч,…= K%льш,…“2"= 
…е3д=ч ƒ=*люч=е2“  " м…%г%ч,“ле……/. %ш,K*=. 
Cе!“%…=л= C!, !е=л,ƒ=ц,, “2!=2ег,, , д%“2,›е-
…,, C%“2="ле……/. ƒ=д=ч. b ƒ…=ч,2ель…%L ме!е .2% 
%KA “… е2“  …е“%гл=“%"=……%“2ью “2!=2ег,че“*,. 
Cл=…%" “ 2е*3?,м, ƒ=д=ч=м, Cе!“%…=л=. nC/2  
C%*=ƒ/"=е2, ч2% %“…%"…/е C!,ч,…/ …е3д=ч !е=л,-
ƒ=ц,, “2!=2ег,, *%мC=…,, ƒ=*люч=ю2“  " “ле-
д3ю?ем:

C%д="л ю?ее K%льш,…“2"% Cе!“%…=л= …е “" -
ƒ/"=е2 !еƒ3ль2=2/ “"%еL !=K%2/ “% “2!=2ег,че-
“*,м, цел м, *%мC=…,,;

ƒ…=ч,2ель…=  ч=“2ь *%мC=…,L %!,е…2,!3е2 
Kюд›е2 …= 2е*3?3ю де 2ель…%“2ь, = …е …= !=ƒ",-
2,е C!едC!, 2, ;

K%льш,…“2"% C%*=ƒ=2елеL .--е*2,"…%“2, де -
2ель…%“2, *%мC=…,, …е “" ƒ=…/ “ …е%K.%д,м%-
“2ью д%“2,›е…,  “2!=2ег,че“*,. целеL;

!=ƒ!=K%2=…% …еƒ…=ч,2ель…%е ч,“л% "…32!,*%!-
C%!=2,"…/. C!%г!=мм, %!,е…2,!%"=……/. …= Cе!-
“Cе*2,"3.

oе!еч,“ле……/е "/ше C!,ч,…/ %ƒ…=ч=ю2, ч2% 
Cе!“%…=л …е ƒ…=е2 ,л, …е “" ƒ/"=е2 “2!=2ег,че-
“*,е цел, *%мC=…,, “% “"%еL 2е*3?еL де 2ель…%-
“2ью, = !=“C!еделе…,е !е“3!“%" , Kюд›е2%" …е 
“" ƒ=…% “% “2!=2ег,еL *%мC=…,,. j%…2!%ль де -
2ель…%“2, “%2!3д…,*%" %."=2/"=е2 д=ле*% …е "“е 
"=›…/е дл  K,ƒ…е“= …=C!="ле…,  , C%*=ƒ=2ел,, = 
м%2,"=ц,  “%2!3д…,*%" …=C!="ле…= …= "/C%л…е-
…,е 2е*3?,. Cл=…%".

h““лед%"=…, , C!%"ед‘……/е " 80-. гг. uu ".,  
C%*=ƒ=л,, ч2% *%мC=…,, %!,е…2,!%"=…/ C!е,м3-
?е“2"е……% …= -,…=…“%"3ю %2ч‘2…%“2ь , C%*=ƒ=-
2ел, (*=C,2=л,ƒ=ц,ю *%мC=…,,, 3"ел,че…,е д%-
K="ле……%L “2%,м%“2, , 2. д.). r“Cе. *%мC=…,, 
%C!едел е2 …е 2%ль*% .--е*2,"…%е ,“C%льƒ%"=-
…,е м=2е!,=ль…/. =*2,"%" , де…е›…/. !е“3!“%", 
…% , *=че“2"% 3C!="ле…,  …ем=2е!,=ль…/м, =*-
2,"=м, , !,“*=м,, !е=*ц,еL …= ƒ=C!%“/ , %›,д=-
…,  ƒ=,…2е!е“%"=……/. л,ц, "ƒ=,м%деL“2",е “ *%-
2%!/м, !3*%"%д“2"% *%мC=…,, “ч,2=е2 =*23=ль-
…/м …= д=……%м .2=Cе (C%дде!›=…,е "/“%*%L де-
л%"%L !еC32=ц,,). )=“2% д%“2,›е…,е !еƒ3ль2=2%"  
" *!=2*%“!%ч…%м Cе!,%де  “%C!%"%›д=е2“  “…,›е-
…,ем !=“.%д%"  …= %K3че…,е Cе!“%…=л=, м=!*е2,…г 
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, %K“л3›,"=…,е *л,е…2%", ч2% " д%лг%“!%ч…%м Cе-
!,%де %2!,ц=2ель…% “*=ƒ/"=е2“  …= %K?ем -,…=…-
“%"%м “%“2% …,, *%мC=…,,. p=““м%2!е…,е .2,. 
"%C!%“%" 2!еK3е2 “Cец,=ль…%г% ,ƒл%›е…,  [2].

d!3г%L "=›…/L "/"%д ƒ=*люч=е2“  " 2%м, ч2% 
ме…ед›ме…2 ч=“2% …е C%…,м=е2 “"%еL !%л, " !е=-
л,ƒ=ц,, *%!C%!=2,"…%L “2!=2ег,, , …е ,мее2 м%-
2,"=ц,, е‘ д%“2,›е…, . b *=че“2"е ,…“2!3ме…2= 
!еше…,  .2,. C!%Kлем !=ƒ!=K%2=…= *%…цеCц,  
qqo, ,мею?=  че2/!е C!%е*ц,,, *=›д=   ,ƒ *%-
2%!/. =““%ц,,!3е2“  “ *люче"/м, "%C!%“=м, 
-3…*ц,%…,!%"=…,  *%мC=…,,. n2"е2/ …= "%C!%-
“/ C!ед“2="л ю2 цел,, д%“2,›е…,е *%2%!/. “",-
де2ель“2"3е2 % C!%д",›е…,, !е=л,ƒ=ц,, “2!=2е-
г,, (2=Kл. 2).

lе›д3 C!%е*ц, м, д%л›…/ K/2ь "/ "ле…/ 
"ƒ=,м%“" ƒь , C%“лед%"=2ель…%“2ь !е=л,ƒ=ц,, 
*люче"/. …=C!="ле…,L !=ƒ",2,  *%мC=…,,. q…=-
ч=л= %C!едел ю2“  -,…=…“%"/е цел,, %!,е…2,!/ 
!=ƒ",2,  , “%"е!ше…“2"%"=…,  C!%,ƒ"%д“2"е…-
…/. C!%це““%". d=лее …=меч=ю2“  C!%Kлем/, 
“" ƒ=……/е “ C!,"лече…,ем *л,е…2%", !=ƒ!=K%2-
*%L ме! C% 3л3чше…,ю "%“C!, 2,  *л,е…2=м, 

Š=Kл,ц =  1 

}2=л%……/е “2!=2ег,,

q2!=2ег,,

m=,ме…%"=…,е nC,“=…,е q3?…%“2ь 

j%…це…2!,!%"=……/L !%“2

h…2ег!,!%"=……/L !%“2

d,"е!“,-,ц,!%"=……/L !%“2

q%*!=?е…,е

hƒме…е…,  C!%д3*2= , C%л%›е…,  
…= !/…*е …е ƒ=2!=г,"=ю2 2е.…%л%г,ю, 
%2!=“ль , C%л%›е…,е C!едC!, 2, 

p=“ш,!е…,е C!едC!, 2,  ƒ= “ч‘2 
д%K="ле…,  …%"/. “2!3*23!
o!едл%›е…,е …%"/. C!%д3*2%"

n“"%е…,е …%"%г% !/…*=
n“"%е…,е …%"%L %2!=“л,

oе!ег!3CC,!%"*= “,л , C%"/ше…,е 
.--е*2,"…%“2, " 3“л%", . *!,ƒ,“…/. 
“,23=ц,L

p=ƒ",2,е !/…*=
p=ƒ",2,е C!%д3*2=

bе!2,*=ль…=  ,…2ег!=ц, 
c%!,ƒ%…2=ль…=  ,…2ег!=ц, 

p=“ш,!е…,е “-е!/ "л, …,  ƒ= “ч‘2 
…%"/. !/…*%" , …%"/. C!%д3*2%"

k,*",д=ц,  C!едC!, 2, 
q%*!=?е…,е !=“.%д%"
pе%!г=…,ƒ=ц, 

h“2%ч…,*: }*%…%м,*= K,ƒ…е“=. 2007. 1 50(06). q.3.

Š =Kл,ц =  2

o!%е*ц,, “2!=2ег,че“*, "=›…/. …=C!="ле…,L де 2ель…%“2, *%мC=…,,

Проекция Ключевые направления реализации
t,…=…“/
jл,е…2“*=  K=ƒ=
o!%,ƒ"%д“2"е……/е 
C!%це““/
nK3че…,е , !=ƒ",2,е 
Cе!“%…=л=

bл, …,е !=ƒ!=K%2=……%L “2!=2ег,, …= -,…=…“%"%е “%“2% …,е , 3“2%Lч,"%“2ь *%мC=…,,
o%дде!›=…,е дел%"%L !еC32=ц,, *%мC=…,, “!ед, ƒ=,…2е!е“%"=……/. л,ц
nце…*= “%“2% …,  , Cе!“Cе*2," !=ƒ",2,  “2!=2ег,че“*, "=›…/. K,ƒ…е“-C!%це““%"

p=ƒ!=K%2*= C!%г!=мм !=K%2/ “ Cе!“%…=л%м дл  !е=л,ƒ=ц,, “2!=2ег,,

C!%д3*ц,, ,л, 3“л3г *%мC=…,,. o%“ле .2%г% …=-
ч,…=е2“  C%,“* “!ед“2" , ме2%д%" д%“2,›е…,  
C%“2="ле……/. целеL. o!, .2%м %C!едел ю2“  
ме!/ C% “%"е!ше…“2"%"=…,ю "…32!е……,. K,ƒ…е“-
C!%це““%", *%2%!/е …е%K.%д,м% !е=л,ƒ%"=2ь дл  
“%ƒд=…,  …%"/. C!%д3*2%", 3л3чше…,  C%2!еK,-
2ель“*,. “"%L“2"  C!%д3*ц,, , 2. д. b ƒ…=ч,2ель-
…%L ме!е .2% ƒ=",“,2 %2 2е.…%л%г,L, *"=л,-,*=-
ц,, , %C/2= “%2!3д…,*%", *л,м=2= " *%лле*2,"е 
, д!3г,. -=*2%!%". o!,ме!…=  “.ем= целеL C% 
%2дель…/м C!%е*ц, м C!ед“2="ле…= …= !,“. 1.

b *%…цеCц,, qqo K=л=…“ ,мее2 м…%г%Cл=…%-
"/L .=!=*2е!, "*люч=е2 “" ƒь ме›д3  -,…=…“%"/-
м, , д!3г,м, C%*=ƒ=2ел м, C!%,ƒ"%д“2"е……%L 
де 2ель…%“2,, “2!=2ег,че“*,м, , 2е*3?,м, ƒ=д=-
ч=м, 3C!="ле…, , = 2=*›е ме›д3 "…32!е……,м, , 
"…еш…,м, ƒ=д=ч=м, !=K%2/ C!едC!, 2,  , ег% 
C%д!=ƒделе…,L. dл  !еше…,  .2,. ƒ=д=ч " !=м*=. 
qqo !=ƒ!=K%2=…/ …е*%2%!/е C!,‘м/ [3].

qqo ,мее2 3д%K…/L , …=гл д…/L ,…“2!3ме…2 
# “2!=2ег,че“*3ю *=!23, " *%2%!%L %C,“/"=ю2“  
C!,ч,……%-“лед“2"е……/е “" ƒ,  ме›д3  “2!=2ег,-
че“*,м, цел м, C% *люче"/м Cе!“Cе*2,"=м: -,-
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p,“. 1. t!=гме…2 целеL дл  !=ƒл,ч…/. …=C!="ле…,L де 2ель…%“2, *%мC=…,,

…=…“/, *л,е…2/, K,ƒ…е“-C!%це““/, Cе!“%…=л 
(2=Kл. 3).

0ел, *%мC=…,, (C%д!=ƒделе…, ) д%л›…/ K/2ь 
%C,“=…/ , C!ед“2="ле…/ C% .2,м Cе!“Cе*2,"=м. 
`…=л%г,ч…% -%!м=л,ƒ3ю2“  , деL“2",  Cе!“%…=-
л= C% !е=л,ƒ=ц,, …е 2%ль*% 2е*3?,. ƒ=д=ч, …% , 
Cе!“Cе*2,"…/. …=C!="ле…,L !=ƒ",2,  *%мC=…,, 
,л, C%д!=ƒделе…, .

q2!=2ег,че“*=  *=!2= C%ƒ"%л е2 %це…,2ь Cе!-
“Cе*2,"/, цел, , C%*=ƒ=2ел, де 2ель…%“2, *%м-
C=…,, ,л, е‘ C%д!=ƒделе…, , = 2=*›е C!,ч,……%-
“лед“2"е……/е “" ƒ, ме›д3 !=““м=2!,"=ем/м, 
C%*=ƒ=2ел м,. }2= *=!2= C%ƒ"%л е2 д%"е“2, д% “%-
2!3д…,*%" ,л, C%д!=ƒделе…,L ƒ…=че…,е ,. !%л, " 
!е=л,ƒ=ц,, “2!=2ег,,. j=!2= м%›е2 K/2ь !=ƒ!=-
K%2=…= дл  люK/. C%д!=ƒделе…,L, , *=›д/L ,“-
C%л…,2ель м%›е2 ",де2ь “"%е ме“2% , 3ч=“2,е " 
!е=л,ƒ=ц,, %K?еL “2!=2ег,,.

q2!=2ег,че“*=  2ем= # г!3CC,!%"*= %д,…=*%-
"/. целеL , C%*=ƒ=2елеL !еƒ3ль2=2,"…%“2,, ч2% 
C%ƒ"%л е2 “дел=2ь “2!=2ег,ю K%лее C%… 2…%L , 
д%“23C…%L. h“.%д…%L 2%ч*%L  "л е2“  =…=л,ƒ, 
C%ƒ"%л ю?,L "/ ",2ь %“…%"…/е -=*2%!/, 
"л, ю?,е …= д%“2,›е…,е “2!=2ег,че“*,. целеL. 

`…=л,ƒ -=*2%!%" "л, …,  %“3?е“2"л е2“  …е 
2%ль*% …= "е!.…ем 3!%"…е 3C!="ле…, , …% , …= 
3!%"… . %2дель…/. …=C!="ле…,L де 2ель…%“2, 
(C!%,ƒ"%д“2"%, -,…=…“/, м=!*е2,…г, л%г,“2,*=, 
,…-%!м=ц,%……/е 2е.…%л%г,,, Cе!“%…=л , 2. д.).

j%…цеCц,ю qqo ч=“2% C%…,м=ю2 2%ль*% *=* 
“!ед“2"% г!3CC,!%"*, *люче"/. C%*=ƒ=2елеL де -
2ель…%“2, C% !=““м=2!,"=ем/м C!%е*ц, м, 2%гд= 
*=* C%*=ƒ=2ел, -,…=…“%"%г% C%л%›е…,  *%мC=-
…,, д%C%л… ю2 “%ц,=ль…/м, C%*=ƒ=2ел м, ,л, 
,…д,*=2%!=м,. qqo -%*3“,!3е2 “2!=2ег,ю , е‘ 
де2=л,ƒ=ц,ю  …= цел ., *%2%!/е %2!=›=ю2  !=ƒ-
л,ч…/е =“Cе*2/ де 2ель…%“2, *%мC=…,,. o!, 
,…2ег!=ц,, ,…д,",д3=ль…/. целеL ме›д3 …,м, 
м%›…% "/ ",2ь C!,ч,……%-“лед“2"е……/е “" ƒ,. 
m=C!,ме!, м%г32 K/2ь !=““м%2!е…/ “лед3ю?,е 
цел,:
ч‘2*=  -%!м3л,!%"*= “2!=2ег,,;
“%гл=“%"=…,е “2!=2ег,, *%мC=…,, “ ƒ=д=ч=м, 

Cе!“%…=л=;
“" ƒь целеL “ Kюд›е2%м *%мC=…,, ,л, е‘ C%д-

!=ƒделе…,L;
,де…2,-,*=ц,  C!%е*2%" , ƒ=д=ч;
!ег3л !…=  C!%"е!*=  C%д!=ƒделе…,L (“л3›K) 
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Š=Kл,ц =  3

o!,ме!/ C%*=ƒ=2елеL !=ƒл,ч…/. C!%е*ц,L 
дл  !=ƒ!=K%2*, “2!=2ег,че“*,. *=!2

o!%е*ц, o%*=ƒ=2ел, , ,…д,*=2%!/

t,…=…“/

jл,е…2“*=  
*=!2=

o!%,ƒ"%д-
“2"е……/е 
C!%це““/

nK3че…,е 
, !=ƒ",2,е 
Cе!“%…=л=

l=2е!,=ль…/е =*2,"/
mем=2е!,=ль…/е =*2,"/
q%"%*3C…/е =*2,"/ …= %д…%г% “%2!3д-
…,*=
n2…%ше…,е д%.%д= * “%"%*3C…/м =*-
2,"=м
d%.%д/ …= “%2!3д…,*=
d%K="ле……=  “2%,м%“2ь

),“л% *л,е…2%"
q!ед…,L %K%!%2 …= *л,е…2=
h…де*“ л% ль…%“2, *л,е…2%"
h…де*“ 3д%"ле2"%!‘……%“2, *л,е…2%"
Šе*3че“2ь *л,е…2%"

p%“2 C!%,ƒ"%д,2ель…%“2, 2!3д=
nKA‘м/ C!%,ƒ"%д“2"=
q%"е!ше…“2"%"=…,е 2е.…%л%г,L
h“C%льƒ%"=…,е ,…-%!м=ц,%……/. 2е.-
…%л%г,L
k%г,“2,*=
nK%!=ч,"=ем%“2ь ƒ=C=“%"

Šе*3че“2ь Cе!“%…=л=
o!%г!=мм/ %K3че…, 
g=2!=2/ …= %K3че…,е
h…де*“ 3д%"ле2"%!‘……%“2, “%2!3д…,*%"

*%мC=…,, дл  "/ "ле…,  …е%K.%д,м/. *%!!е*-
2," , 2. д. 

b !=м*=. qqo …е%K.%д,м% !=ƒл,ч=2ь C%*=ƒ=2е-
л,, *%2%!/е %це…,"=ю2 2е*3?,е !еƒ3ль2=2/, , 
C%*=ƒ=2ел,, %2…%“ ?,е“  * C!%це““=м, “C%“%K“2-
"3ю?,м C%л3че…,ю ƒ=Cл=…,!%"=……/. !еƒ3ль2=-
2%". }2, г!3CC/ C%*=ƒ=2елеL д%л›…/ K/2ь 3" ƒ=-
…/ ме›д3 “%K%L, 2=* *=* дл  д%“2,›е…,  Cе!"/. 
(C%л3че…,е %C!едел‘……%г% 3!%"…  C!%,ƒ"%д,-
2ель…%“2,  2!3д=) …е%K.%д,м% !е=л,ƒ%"=2ь "2%!/е 
(д%K,2ь“  …3›…%L ƒ=г!3ƒ*, %K%!3д%"=…, ).

nд…% ,ƒ C!е,м3?е“2" qqo # %Kе“Cече…,е 
*%…2!%л  д%“2,›е…,  *=* -,…=…“%"/., 2=* , 
…е-,…=…“%"/. целеL (3"ел,че…,е 3ƒ…="=ем%“2, 
K!е…д=, !%“2 дел%"%L !еC32=ц,,, %Kе“Cече…,е 
л% ль…%“2, *л,е…2%", C%"/ше…,е 3д%"ле2"%-
!‘……%“2, , *"=л,-,*=ц,, “%2!3д…,*%" , 2. д.),  
*%2%!/е ,…%гд= ƒ…=ч,2ель…% "=›…ее дл  !=ƒ",-
2,  *%мC=…,,, чем 2е*3?,е -,…=…“%"/е !еƒ3ль-
2=2/ [4]. j!%ме 2%г%, qqo %Kл=д=е2 ч‘2*,м ме-
.=…,ƒм%м C!е"!=?е…,  “2!=2ег,, " %Cе!=2,"-
…/е деL“2",  “%2!3д…,*%", ч2% C%ƒ"%л е2 ƒ=-
C%л…,2ь “3?е“2"3ю?,L "% м…%г,. *%мC=…, . 

C!%Kел ме›д3 !=ƒ!=K%2=……%L “2!=2ег,еL , е‘ 
!е=л,ƒ=ц,еL.

p=““м%2!,м %“…%"…/е "/г%д/, *%2%!/е C%л3-
ч=2 &ƒ=,…2е!е“%"=……/е “2%!%…/[ %2 ,“C%льƒ%"=-
…,  *%…цеCц,, “2!=2ег,че“*%г% 3C!="ле…, [4]. 
dл  *%мC=…,, "…ед!е…,е qqo %ƒ…=ч=е2:

*%мCле*“…% , …=гл д…% %C,“=2ь “2!=2ег,ю;
%!,е…2,!%"=2ь де 2ель…%“2ь *%мC=…,, …= д%“-

2,›е…,е C%“2="ле……/. целеL;
Cе!е"е“2, “2!=2ег,че“*,е цел, …= 3!%"е…ь %Cе-

!=2,"…%г% 3C!="ле…, ;
%Kе“Cеч,2ь %Cе!=2,"…/L  *%…2!%ль  ƒ= !еше-

…,ем 2е*3?,. , Cе!“Cе*2,"…/. ƒ=д=ч “ C%м%?ью 
“2!=2ег,че“*,. *=!2;

"е“2, …еC!е!/"…/L м%…,2%!,…г !е=л,ƒ=ц,, 
целеL, C!%е*2%" , C!%це““%";

3C!="л 2ь …е-,…=…“%"/м, =“Cе*2=м, де 2ель-
…%“2, дл  д%“2,›е…,  -,…=…“%"/. !еƒ3ль2=2%";

!=“C!едел 2ь !е“3!“/ *%мC=…,, " “%%2"е2“2-
",, “% “2!=2ег,че“*,м, C!,%!,2е2=м,;

C%л3ч=2ь %K%“…%"=……/е , K%лее 2%ч…/е, C!=-
",ль…/е , %Cе!=2,"…/е !еше…,  ме…ед›е!%".

h“C%льƒ%"=…,е “,“2ем/ “2!=2ег,че“*%г% 3C!="-
ле…,  дл  "л=дельце" *%мC=…,, C!ед“2="л е2:

.--е*2,"…/L ,…“2!3ме…2 дл  C%“2=…%"*, це-
леL, ƒ=д=ч , *%…2!%л  ƒ= ,. д%“2,›е…,ем;
ч‘2*3ю C!%г!=мм3 деL“2",L , C%… 2…/е %!,-

е…-2,!/ " ",де “2!=2ег,че“*,. *=!2 дл  ме…ед›-
ме…2=;

.--е*2,"…/L ,…“2!3ме…2 3“2!=…е…,  C!%2,-
"%!еч,L "% "ƒгл д=. …= цел, , “!ед“2"= ,. д%“2,-
›е…, ;

…=гл д…3ю “,“2ем3 %!,е…2,!%" дл  %C!еделе-
…,  K=л=…“= ме›д3 ,…"е“2,ц, м, , 2е*3?,м C%-
2!еKле…,ем.

b/г%д/ дл  “%2!3д…,*%" ƒ=*люч=ю2“  " 2%м, 
ч2%

Cе!“%…=л C!=",ль…% C%…,м=е2 “2!=2ег,ю *%м-
C=…,, , м%›е2 %це…,2ь “"%L "*л=д " …е‘;
ме…ед›е!/ ƒ…=ю2 ƒ= ч2% !=K%2=ю2, “,“2ем= м%-

2,"=ц,, C%“2!%е…= …= д%лг%"!еме……%L %“…%"е;
“%2!3д…,*=м C%… 2е… ме.=…,ƒм %це…*, .--е*-

2,"…%“2, ,. де 2ель…%“2,, 2. е. C!, %це…*е %2“32-
“2"3е2 “3KAе*2,"…/L -=*2%!.

l%2,"=ц,  (де…е›…%е “2,м3л,!%"=…,е) …= 
K=ƒе qqo  "л е2“  !е=ль…/м !ег3л 2%!%м, C%-
“2!%е……/м …= “2!=2ег,, *%мC=…,,, %!,е…2,!%-
"=……%L …= 2е*3?,е , Cе!“Cе*2,"…/е цел,. b %2-
л,ч,е %2 -,*“,!%"=……%L ƒ=!=K%2…%L Cл=2/ (%*-
л=д=) Cе!еме……=  ч=“2ь …= K=ƒе “2!=2ег,че“*,. 
*=!2 “2,м3л,!3е2 K%лее *=че“2"е……%е "/C%л…е-
…,е …е 2%ль*% -3…*ц,%…=ль…/. %K ƒ=……%“2еL, 
…% , д%“2,›е…,е “2!=2ег,че“*,. целеL *%мC=-
…,,. q,“2ем= м%2,"=ц,, “%2!3д…,*=, %!,е…2,-
!%"=……=  …= “2!=2ег,ю, " *%…еч…%м ,2%ге “%“2%-
,2 ,ƒ …=K%!= “2!=2ег,че“*,. *=!2, ƒ= *%2%!/е %… 
%2"еч=е2, = %це…*= ,. "/C%л…е…,  "л, е2 …= ,2%-
г%"3ю C!ем,ю (!,“. 2).
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q,“2ем= м%2,"=ц,, “%2!3д…,*= *%мC=…,,, 
%!,е…2,!%"=……=  …= “2!=2ег,ю, " *%…еч…%м “ч‘2е 
ƒ=",“,2 %2 …=K%!= “2!=2ег,че“*,. *=!2, %C!еде-
л ю?,. ег% “-е!3 де 2ель…%“2,. nце…*= "/C%л-
…е…,  -,*“,!%"=……/. " *=!2=. целеL , ƒ=д=ч 
"л, е2 …= ,2%г%"3ю C!ем,ю. ),“л% *=!2 дл  !=ƒ-
…/. *=2ег%!,L “%2!3д…,*%" “%“2="л е2: 7#12 …= 
3!%"…е  !3*%"%д“2"= *%мC=…,,  , C%д!=ƒделе…,L; 
5#7 …= 3!%"…е !3*%"%д“2"= %2дел%"; 3#5 дл  *=›-
д%г% “%2!3д…,*= [5].

p=ƒме! C!ем,, (K%…3“=) ƒ= !еƒ3ль2=2/ "/C%л-
…е…,  Cл=…= !=K%2 “ 3ч‘2%м “2!=2ег,че“*,. *=!2 
м%›е2 K/2ь %C!едел‘… C% -%!м3ле

SC! = W% (∑n

i=1
ki αi),

где W% # д%л›…%“2…%L %*л=д “%2!3д…,*= C% ш2=2…%-
м3 !=“C,“=…,ю; ki # C%C!="%ч…/L *%.--,ц,е…2, 
ƒ=",“ ?,L %2 “2еCе…, , *=че“2"= !=K%2, "/C%л…е…-
…/. “%2!3д…,*%м  C% “2!=2ег,че“*%L *=!2е; αi # "е“ 
*%.--,ц,е…2=, %C!едел ем/L ме!%L "=›…%“2, !=-
K%2; n # ч,“л%  “2!=2ег,че“*,. *=!2 “%2!3д…,*=.

o!, .2%м д%л›…% "/C%л… 2ь“  3“л%",е 
1

1
n

i
i =

=∑α , 

2. е. “3мм= &"е“%"[ “%“2="л е2 C%л…3ю г!3CC3 (3“-
л%",е …%!м,!%"=…, ). g…=че…,  C%C!="%ч…/. 
*%.--,ц,е…2%" , ,. "е“ %C!едел ю2“  дл  *=›-
д%L *%мC=…,, ,…д,",д3=ль…% , д%л›…/ K/2ь  
д%"еде…/ д% “%2!3д…,*%".

Š=*,м %K!=ƒ%м, qqo C%ƒ"%л е2 “" ƒ=2ь “2!=2е-
г,ю *%мC=…,, “ …=K%!%м C%*=ƒ=2елеL ,л, ,…д,-
*=2%!%", ,…д,",д3=ль…% !=ƒ!=K%2=……/. дл  !=ƒ-
л,ч…/. 3!%"…еL, C%д!=ƒделе…,L , “%2!3д…,*%". 
n“…%"…%е ƒ…=че…,е qqo ƒ=*люч=е2“  " 3“,ле…,, 
“2!=2ег,, K,ƒ…е“=, -%!м=л,ƒ=ц,, , д%"еде…,, д% 
*=›д%г% “%2!3д…,*= целеL , ƒ=д=ч ег% де 2ель…%-
“2,, %Kе“Cече…,, м%…,2%!,…г= , %K!=2…%L “" ƒ, 
дл  %2“ле›,"=…,  , ге…е!=ц,, …%"/. ,…,ц,=2,"  
“!ед, “%2!3д…,*%", %K%“…%"=……%г% C%%?!е…,  
!еƒ3ль2=2%" !=K%2/ Cе!“%…=л=.

qег%д…  " K%льш,…“2"е *%мC=…,L !3*%"%д“2"% 
C%…,м=е2, ч2% " 3“л%", . де-,ц,2= *=д!%" …е%K-
.%д,м% C%дде!›,"=2ь "/“%*3ю дел%"3ю !еC32=-
ц,ю *%мC=…,, *=* .%!%шег% !=K%2%д=2ел . }2% 
д=‘2 C!е,м3?е“2"%  C!, …=K%!е Cе!“%…=л=, “%-
*!=?=е2 -,…=…“%"/е ƒ=2!=2/ ƒ= “ч‘2 3ме…ьше…,  
2е*3че“2, *=д!%" , 3л3чш=е2 -,…=…“%"/е !еƒ3ль-
2=2/, 2=* *=* л% ль…/е “%2!3д…,*, !=K%2=ю2 K%-
лее .--е*2,"…%. hƒ"е“2…%, ч2% *%мC=…,, C%л3-
ч=ю2 *%…*3!е…2…/е C!е,м3?е“2"= …= !/…*=. !е-
“3!“%", " 2%м ч,“ле , чел%"ече“*,., л,шь " 2%м 
“л3ч=е, е“л, ,. !еC32=ц,  =““%ц,,!3е2“  “ 3“Cе-
.%м “%2!3д…,*%".

a!е…д !=K%2%д=2ел   "л е2“  K%лее 3ƒ*,м C%-
… 2,ем, чем дел%"=  !еC32=ц,  *%мC=…,, *=* 
C!%,ƒ"%д,2ел . n… %!,е…2,!%"=… …= C!,"лече…,е 
C%2е…ц,=ль…/. , 3де!›=…,е 3›е !=K%2=ю?,. “%-
2!3д…,*%". o!, .2%м "/“%*=  , “2=K,ль…=  дел%-
"=  !еC32=ц,  *%мC=…,, “%деL“2"3е2 д%“2,›е…,ю 
"/“%*%г% K!е…д= !=K%2%д=2ел . n2ме2,м, ч2% C!%-
Kлем/ "ƒ=,м%%2…%ше…,L , ƒ=",“,м%“2еL *=2ег%-
!,L K!е…д= , дел%"%L !еC32=ц,, е?е …е ,ƒ3че…/ 
" %2ече“2"е……%L …=3*е. hм  *%мC=…,, г=!=…2,-
!3е2 ч‘2*3ю "…32!е……юю %!г=…,ƒ=ц,%……3ю 
“2!3*23!3 , .%!%ш,е 3“л%",  2!3д=. aеƒ .2%г% 
*%мC=…,  …е м%›е2 K/2ь л,де!%м !/…*=. q%2!3д-
…,*=м .2,. *%мC=…,L C!%?е C%… 2ь, ,ƒ чег% 
“*л=д/"=е2“  ,. ƒ=!Cл=2=, *=* %…, м%г32 д",г=2ь-
“  C% *=!ье!…%L ле“2…,це, *=*,е дл  .2%г% …3›-
…/ *=че“2"=. j!%ме 2%г%, е“л, чел%"е* !=K%2=е2 " 
,ƒ"е“2…%L *%мC=…,, (C!,ч‘м ,ƒ"е“2…%“2ь м%›е2 
K/2ь , !ег,%…=ль…= ), 2% .2% C%м%г=е2 3д%"ле2"%-
!,2ь “"%L“2"е……3ю K%льш,…“2"3 людеL C%2!еK-
…%“2ь " 3"=›е…,, , C!,ƒ…=…,, %*!3›=ю?,.. nд-
…=*% м=л%"е!% 2…%, ч2% 3 *%мC=…,, “ ,ƒ"е“2…/м 
,ме…ем, …% “ Cл%.%L !еC32=ц,еL …е K3де2 %2K%  
%2 “Cец,=л,“2%". aеƒ3“л%"…%, C!=",л= !=K%2/ “ 
Cе!“%…=л%м , "“‘, ч2% %Kе?=е2“  “%2!3д…,*=м, 
%K ƒ=2ель…% …3›…% "/C%л…,2ь. o!, д"%L…/. 
“2=…д=!2=. “%ƒд=2ь , 3де!›=2ь *!еC*,L K!е…д !=-

p,“. 2. q.ем= м%2,"=ц,, Cе!“%…=л=
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K%2%д=2ел  …е"%ƒм%›…%. e“л, " *%мC=…,, …=ч,-
…=ю2“  “е!ь‘ƒ…/е Cе!еме…/ (ƒ=де!›*= ƒ=!Cл=2/, 
“ме…= “%K“2"е……,*%", ,ƒме…е…,е *=д!%"%L C%л,-
2,*,), 2% Cе!“%…=л …=ч,…=е2 =*2,"…% ,“*=2ь …%-
"3ю !=K%23.  oе!"/м, %K .2%м 3ƒ…=ю2 !е*!32,…-
г%"/е =ге…2“2"=. Š=*%е  C!едC!, 2,е “!=ƒ3  “2=-
…%",2“  д%…%!%м дл  K%лее *%…*3!е…2%“C%“%K…/. 
*%мC=…,L. a%!%2ь“  “ .2,м м%›…%, е“л, ч‘2*% 
"/“2!%,2ь *=д!%"3ю “2!=2ег,ю (м%2,"=ц,ю Cе!-
“%…=л=, %K3че…,е, C!%д",›е…,е , C!.), = 2=*›е 
"ме“2е “% “Cец,=л,“2=м, C% !е*л=ме !=ƒме?=2ь " 
qlh м=2е!,=л/, .=!=*2е!,ƒ3ю?,е *%мC=…,ю 
*=* C!,"ле*=2ель…%г% !=K%2%д=2ел .

b C%“лед…ее "!ем  ме2%д/ , .2=C/ C%дK%!= 
“Cец,=л,“2%" “%“!ед%2%че…/ " “Cец,=л,ƒ,!%"=…-
…/. *=д!%"/. =ге…2“2"=., %*=ƒ/"=ю?,. 3“л3г, 
.ед.=…2,…г= [6]. Š=* C!,… 2% …=ƒ/"=2ь “%деL“2",е 
" !еше…,, C!%Kлем 3C!="ле…че“*%г% *!,ƒ,“= 2%L 
,л, ,…%L “2еCе…, “л%›…%“2,. nC/2…/е *%…“3ль-
2=…2/ .2,. =ге…2“2" "ме“2е “ ƒ=*=ƒч,*=м,, *%2%-
!/м,  "л ю2“  “%K“2"е……,*, *%мC=…,,, !=ƒ!=K=-
2/"=ю2 …%"/е 3C!="ле…че“*,е “2!3*23!/, …=.%д 2 
“Cец,=л,“2%", “C%“%K…/. !е=л,ƒ%"=2ь …=мече…-
…/е Cл=…/. o!, .2%м ,“C%льƒ3ю2“  !=ƒл,ч…/е 
ме2%д/ C%,“*=, %“…%"3 *%2%!/.  “%“2="л ю2 …=!=-
K%2=……/е C!%-е““,%…=ль…/е  ƒ…=…,  , “" ƒ, 
*%…“3ль2=…2%", гл3K%*%е C%…,м=…,е C!%,“.%д -
?ег% " д=……%м “е*2%!е .*%…%м,*, , " *%мC=…,,.

0ель .ед.=…2,…г= # …=L2, л3чш,. *=…д,д=2%" 
…= “"%K%д…3ю "=*=…“,ю. kюK=  "=*=…“,  3…,*=ль-
…=, 2=* *=* "%ƒ…,*=е2 " *%…*!е2…%L *%мC=…,, " 
%C!едел‘……/L м%ме…2 "!еме…,: …е2 д"3. %д,…=*%-
"/. *%мC=…,L , 2!еK%"=…,L * “Cец,=л,“2=м …= 
*%…*!е2…/е "=*=…“,,. o%.2%м3, C%дK,!=  *=…д,-

д=2=, *%…“3ль2=…2 д%л›е… &"е“2,[ “Cец,=л,“2= д% 
%*%…ч=…,  &г=!=…2,L…%г%[ “!%*=. dл  C%д%K…/. 
C!%е*2%" .2% м,…,м3м ше“2ь ме“ це" , K%лее. 
j!%ме 2%г%, *%…“3ль2=…2 д%л›е… "/“23C=2ь =!K,2-
!%м дл  %Kе,. “2%!%…, C%м%г=2ь …=.%д,2ь !еше…,  
"%ƒ…,*=ю?,. C!%Kлем , л%*=ль…/. *%…-л,*2%", 
*%2%!/е …е,ƒKе›…/ …= Cе!"/. .2=C=. !=K%2/.

b ƒ=*люче…,е “лед3е2 %2ме2,2ь, ч2% !еƒ3ль2=2 
*=›д%г% C!%е*2= # Cл%д де 2ель…%“2, м…%г,. лю-
деL, цел%L C!%е*2…%L *%м=…д/. h. 2!3д, *=* , лю-
K%L C%д%K…/L 2!3д, “2%,2 д%!%г%, “!%*, , !еƒ3ль-
2=2/ *=›д%г% C!%е*2= "“егд= …еC!ед“*=ƒ3ем/. 
l%›…% !еш,2ь ƒ=д=ч3, C!,Kег…3" * 3“л3г=м &Cе!-
"%г% *=…д,д=2=[, = м%›…% C%2!=2,2ь ƒ…=ч,2ель…%е 
"!ем  , “ме…,2ь …е“*%ль*% …=C!="ле…,L C%,“*= 
C!е›де чем 3д=“2“  …=L2, ед,…“2"е……% C%д.%д -
?ег% “Cец,=л,“2=. }2, -=*2%!/ %C!едел ю2 д%“2=-
2%ч…% "/“%*,е це…/ …= 3“л3г3 .ед.=…2,…г= , дел=-
ю2 е‘ д%“23C…%L 2%ль*% дл  *!3C…/. *%мC=…,L.

a,Kл,%г!=-,че“*,е ““/л*,

1. j=Cл=… p., m%!2%… d. qK=л=…“,!%"=……=  “,“2ем= 
C%*=ƒ=2елеL. l.: nл,мC-a,ƒ…е“, 2006. 213 “. 

2. l=ƒ3! m.h. , д!. j%!C%!=2,"…/L ме…ед›ме…2. 
l.: b/“ш=  ш*%л=, 2003. 143 “.

3. cе!ш3… `., c%!“*,L l. Šе.…%л%г,, “K=л=…“,!%-
"=……%г% 3C!="ле…, . l.: nл,мC-a,ƒ…е“, 2006. 154 “.

4. lе“*%… l.u. , д!. n“…%"/ ме…ед›ме…2=. l.: 
dел%, 1992. 546 “.

5. k=C2е"= `. c!еLд,!%"=…,е *=* ,…“2!3ме…2 м%2,-
"=ц,, Cе!“%…=л= // t,…=…“%"=  г=ƒе2=. pег,%…=ль…/L 
"/C3“*. 2008. 1 33. q. 7. 

6. q%л%"ье" p. uед.=…2,…г: “C%“%K/ , .2=C/ C%дK%-
!= “Cец,=л,“2%" // t,…=…“%"=  г=ƒе2=. pег,%…=ль…/L 
"/C3“*. 2008. 1 30. q. 5.
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noŠhlhg`0h“ p`qopedekemh“ hmbeqŠh0hnmm{u peqrpqnb 
dk“ }jnmnlh)eqjni aegno`qmnqŠh opnhgbndqŠbemm{u qhqŠel

nK%“…%"=…% !=“C!еделе…,е ,…"е“2,ц,%……/. !е“3!“%" дл  .*%…%м,че“*%L Kеƒ%C=“…%“2, , 
…=3ч…%-2е.…,че“*%г% !=ƒ",2,  C!%,ƒ"%д“2"е……/. “,“2ем, !=“C!еделе…,  !е“3!“%" C% %2-
дель…/м %Cе!=ц, м ,…"е“2,ц,%……%г% C!%е*2=, %C2,м,ƒ=ц,, г!=-,*= -,…=…“,!%"=…,  ,…-
"е“2,ц,%……%L де 2ель…%“2, C!%,ƒ"%д“2"е……%L “,“2ем/, C!%е*2,!%"=…,  *=ле…д=!…%г% 
Cл=…= "/C%л…е…,  ,…"е“2,ц,%……%г% C!%е*2= “ 3ч‘2%м “%"ме?е…,  …еƒ=",“,м/. %Cе!=ц,L.

jлюче"/е “л%"=: .*%…%м,че“*=  Kеƒ%C=“…%“2ь, !е“3!“/, ,…"е“2,ц,%……/L C!%е*2, %C2,м,ƒ=-
ц, .

Investment resource distribution for production system economic safety and scientific and technical 
development, resource distribution of the investment project separate operations, financing schedule 
optimization of the production system investment activity, calendar  plan designing of the investment 
project implementation by taking into account the independent operations combination is 
substantiated.

Key words: economic safety, resource, investment project, optimization.

b 3“л%", . “%"!еме……%L !/…%ч…%L .*%…%м,*, 
,…"е“2,ц,%……/е C!%е*2/  "л ю2“  %C!едел ю-
?,м, -=*2%!=м, C!%,ƒ"%д“2"=, "л, ю2 …= -%!-
м,!%"=…,е ,……%"=ц,%……%г% C%2е…ц,=л= ,, 2=*,м 
%K!=ƒ%м, “л3›=2 %“…%"%L 3“2%Lч,"%г% !=ƒ",2,  
C!%,ƒ"%д“2"е……/. “,“2ем. qC%“%K…%“2ь “,“2ем/ 
ге…е!,!%"=2ь …%"/е ƒ…=…, , ,……%"=ц,, , C!=*-
2,че“*, ,. !е=л,ƒ%"/"=2ь %C!едел е2 ме.=…,ƒм/ 
!=ƒ",2,  , %Kе“Cече…,  .*%…%м,че“*%L Kеƒ%C=“-
…%“2,. o%.2%м3 дл  .*%…%м,че“*%L Kеƒ%C=“…%“2, 
C!%,ƒ"%д“2"е……/. “,“2ем …е%K.%д,м% “%ƒд=2ь 
%C2,м=ль…/е 3“л%",  ,…"е“2,!%"=…,  " ,……%"=-
ц,%……3ю де 2ель…%“2ь.

k3чш,е ,…"е“2,ц,%……/е C!%е*2/ , C!=",ль-
…/е K,ƒ…е“-!еше…,  Kе“C%леƒ…/, е“л, %…, …е 
д%"еде…/ д% C!=*2,че“*%L !е=л,ƒ=ц,, , …е C!,-
…%“ 2 !е=ль…%L %2д=ч,. }--е*2 д%“2,г=е2“  
2!=…“-%!м=ц,еL “2!=2ег,L C% д%“2,›е…,ю целеL 
" *%…*!е2…/е ƒ=д=…,  “ C%“лед3ю?,м ,. д%"еде-
…,ем д% *%…*!е2…/. ,“C%л…,2елеL. q,“2ем= 
3C!="ле…,  *%…2!%л,!3е2 2е*3?ее “%“2% …,е 
C!%це““%" !=“C!еделе…,  !е“3!“%" " C!%,ƒ"%д“2-
"е……%L “,“2еме " люK%L м%ме…2 "!еме…, , C!ед-
C!,…,м=е2 …е%K.%д,м/е деL“2",  “ 3ч‘2%м ,ƒме-
…,"ш,.“  %K“2% 2ель“2", C%.2%м3 !=ƒ!=K%2=……/е 
,…"е“2,ц,%……/е C!%е*2/ …е 2е! ю2 “"%еL =*23=ль-
…%“2,.

}*%…%м,че“*=  Kеƒ%C=“…%“2ь C!%,ƒ"%д“2"е…-
…%L “,“2ем/ # .2%, “ %д…%L “2%!%…/, *%мCле*“ 
"…32!е……,. , "…еш…,. ме!%C!, 2,L, *%2%!/е 
!ег3л,!3ю2 "%ƒдеL“2",е , =*2,"…% C!%2,"%деL“2-
"3ю2 "…еш…,м , "…32!е……,м 3г!%ƒ=м; %Kе“Cеч,-
"=ю2 ƒ=?,23 ,……%"=ц,%……%г% C%2е…ц,=л=; -%!-

м,!3ю2 "…32!е……юю …е"%“C!,,мч,"%“2ь , "…еш-
…юю ƒ=?,?‘……%“2ь %2 "%ƒдеL“2",L *!,ƒ,“%"; 
C%"/ш=ю2 *%…*3!е…2%“C%“%K…%“2ь “,“2ем/. q 
д!3г%L “2%!%…/, .2% “л%›,"ш= “  “2!3*23!= .ле-
ме…2%" “,“2ем/, C%ƒ"%л ю?=  !е=л,ƒ%"/"=2ь .2, 
ме!%C!, 2,  [1].

}*%…%м,че“*=  Kеƒ%C=“…%“2ь *=›д%L C!%,ƒ-
"%д“2"е……%L “,“2ем/ %C,!=е2“  …= ,мею?,е“  
!е“3!“/, ,. “Cец,-,*3 , “,ль…/е *%мC%…е…2/, 
…% …е м%›е2 K/2ь %Kе“Cече…= "…е "ƒ=,м%деL“2",  
“ д!3г,м, “,“2ем=м,.

p=ƒ",2,е .*%…%м,*, 3"ел,ч,"=е2 "%ƒм%›…%“2ь 
"/›,"=…,  C!%,ƒ"%д“2"е……/. “,“2ем, = 2=*›е 
“%C!%2,"л ем%“2ь , C!,“C%“=Kл,"=ем%“2ь * 
"…еш…,м , "…32!е……,м 3г!%ƒ=м. o%.2%м3 "=›-
…%L ƒ=д=чеL %Kе“Cече…,  .*%…%м,че“*%L Kеƒ%-
C=“…%“2, C!%,ƒ"%д“2"е……/. “,“2ем  "л е2“  .--
-е*2,"…%е ,“C%льƒ%"=…,е !е“3!“%" дл  C%л3че-
…,  м=*“,м=ль…%г% !еƒ3ль2=2= …= %“…%"=…,, 
C!=*2,че“*%г% C!,ме…е…,  ,……%"=ц,L " “-е!е 
2е.…%л%г,L, %!г=…,ƒ=ц,, C!%,ƒ"%д“2"=, 3C!="ле-
…,  “%ц,=ль…%-.*%…%м,че“*,м, C!%це““=м,.  

o%дде!›=…,е …е%K.%д,м%г% 3!%"…  ,…"е“2,-
ц,%……/. "л%›е…,L " ,……%"=ц,%……3ю де 2ель-
…%“2ь # …е%K.%д,м%е 3“л%",е %Kе“Cече…,  .*%-
…%м,че“*%L Kеƒ%C=“…%“2, “,“2ем/.

h…"е“2,ц,%……%е %Kе“Cече…,е .*%…%м,че“*%L 
Kеƒ%C=“…%“2, # .2% “C%“%K…%“2ь C!%,ƒ"%д“2"е…-
…%L “,“2ем/ %Kе“Cеч,2ь ,……%"=ц,%……%е !=ƒ",-
2,е , !=“ш,!е……%е "%“C!%,ƒ"%д“2"% “ ,“C%льƒ%-
"=…,ем ,…"е“2,ц,%……/. !е“3!“%".

dл  ,……%"=ц,%……%г% !=ƒ",2,  C!%,ƒ"%д“2"е…-
…/. “,“2ем …е%K.%д,м% “3?е“2"е……% 3"ел,ч,2ь 
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%KA‘м ,…"е“2,ц,L, %Kе“Cеч,"=ю?,. C!,!%“2 %“-
…%"…/. -%…д%" " C!%,ƒ"%д“2"е……/. “,“2ем=. " 
!=ƒме!е, д%“2=2%ч…%м дл  C%л3че…,  !=““ч,2/-
"=ем%г% 3"ел,че…,  .*%…%м,че“*%г% !%“2= C!, 
C%"/ше…,, .--е*2,"…%“2, ,“C%льƒ%"=…,  м%?-
…%“2еL.  o%.2%м3 м%›…% “ч,2=2ь, ч2% ,“2%ч…,*, 
-,…=…“,!%"=…,  , “2!=2ег,че“*,е !еше…, , *=-
“=ю?,е“  !=ƒл,ч…/. ,…"е“2,ц,%……/. C!%е*2%", 
-%!м,!3ю2 %“…%"3  .*%…%м,че“*%L Kеƒ%C=“…%“2, 
C!%,ƒ"%д“2"е……%L “,“2ем/.

dл  3“Cеш…%L %!г=…,ƒ=ц,, !=K%2 C% Cл=…,!%-
"=…,ю, !е=л,ƒ=ц,, ме!%C!, 2,L , *%…2!%лю -,-
…=…“,!%"=…,  ,…"е“2,ц,%……%L де 2ель…%“2, 
…е%K.%д,м% !еш,2ь ƒ=д=ч3 %C2,м,ƒ=ц,, !=“C!е-
деле…,  !е“3!“%" дл  %Kе“Cече…,  .*%…%м,че-
“*%L Kеƒ%C=“…%“2, ,…"е“2,ц,%……/. C!%е*2%". 

dл  %C2,м,ƒ=ц,, !=“C!еделе…,  !е“3!“%" 
…е%K.%д,м% C%"/“,2ь .--е*2,"…%“2ь C!%це““= 
3C!="ле…,  -,…=…“,!%"=…,ем ,…"е“2,ц,%……%L 
де 2ель…%“2, %Kе“Cече…,ем .*%…%м,че“*%L Kеƒ%-
C=“…%“2, ,…"е“2,ц,%……/. C!%е*2%". nC2,м,ƒ=-
ц,  !=“C!еделе…,  !е“3!“%" C!ед“2="л е2 “%K%L 
ƒ=д=ч3 !=“C!еделе…,  %г!=…,че……%г% *%л,че“2"= 
!е“3!“%" ме›д3 …е“*%ль*,м, …еƒ=",“,м/м, C!%-
е*2=м, %д…%г% “3KAе*2=. b *=че“2"е *!,2е!,  %C-
2,м=ль…%“2, C!,…,м=е2“  л,K% м%ме…2 ƒ="е!ше-
…,  ,…"е“2,ц,%……%L де 2ель…%“2,, л,K% 3C3?е…-
…=  "/г%д=, 2. е. "ƒ"еше……=  “3мм= м%ме…2%" ƒ=-
"е!ше…,  !е=л,ƒ=ц,, %2дель…/. C!%е*2%".

lе2%д %C2,м,ƒ=ц,, !=“C!еделе…,  !е“3!“%" 
%“…%"=… …= =г!ег,!%"=……%м C!ед“2="ле…,, *=›-
д%г% C!%е*2= " ",де n …еƒ=",“,м/. %Cе!=ц,L.

l%›…% "/дел,2ь 2!, “л3ч=  ,де=ль…%г% =г!е-
г,!%"=…, :

“*%!%“2ь %Cе!=ц,L  "л е2“  л,…еL…%L -3…*-
ц,еL %2 *%л,че“2"= !е“3!“%";

“*%!%“2ь %Cе!=ц,L  "л е2“  …ел,…еL…%L -3…*-
ц,еL %2 *%л,че“2"= !е“3!“%";

*=›д=  %Cе!=ц,  "/C%л… е2“  3“2=…%"ле……/м 
*%л,че“2"%м !е“3!“%".

dл  ,де=ль…%г% =г!ег,!%"=…,  !=ƒ!=K%2=…/ 
2%ч…/е ме2%д/ !еше…,  ƒ=д=ч, м,…,м,ƒ=ц,, 
дл,2ель…%“2, ,…"е“2,ц,%……/. C!%е*2%", = 2=*›е 
C!,Kл,›‘……/е ме2%д/ !еше…,  ƒ=д=ч, 3C3?е…-
…%L "/г%д/.

p=“C!еделе…,е !е“3!“%" C% n %2дель…/м %Cе!=-
ц, м ,…"е“2,ц,%……%г% C!%е*2=. h…"е“2,ц,%……/L 
C!%е*2 м%›е2 "*люч=2ь …е“*%ль*% …еƒ=",“,м/. 
%Cе!=ц,L, …=C!="ле……/. …= !еше…,е *%…*!е2…/. 
ƒ=д=ч. dеле…,е ,…"е“2,ц,%……%г% C!%е*2= …= %Cе-
!=ц,, %“3?е“2"л е2“  ,“.%д  ,ƒ м=“ш2=K…%“2, , 
“л%›…%“2, !еш=ем/. C!%Kлем, = 2=*›е …е%K.%д,-
м%“2, !=ц,%…=ль…%L %!г=…,ƒ=ц,, ,. !еше…, .

o!ед“2=",м ,…"е“2,ц,%……3ю де 2ель…%“2ь " 
",де k …еƒ=",“,м/. C!%е*2%". o!, .2%м люK%L 
C!%е*2 " =г!ег,!%"=……%м ",де ƒ=C,“/"=е2“  *=* 
%Cе!=ц,  “ C%м%?ью д"3. .=!=*2е!,“2,*:

%KA‘м= C!%е*2= Vi;

ƒ=",“,м%“2, “*%!%“2, C!=*2,че“*%L !е=л,ƒ=-
ц,, C!%е*2= vi (t) = fi (ui(t)) %2 д%“23C…%“2, %C!е-
дел‘……%г% *%л,че“2"= !е“3!“%" ui(t) " м%ме…2 
"!еме…,  t.

nKA‘м i-г% C!%е*2=, “*%!%“2ь ег% !е=л,ƒ=ц,, , 
м%ме…2 ƒ="е!ше…,  C!%е*2= (Ti) ƒ=C,ш32“  " 
",де

0

( ( ))= ∫
iT

i i iV f u t dt.

nK%ƒ…=ч,м "ел,ч,…3 !е“3!“%" …= %“3?е“2"ле-
…,е ,…"е“2,ц,%……%L де 2ель…%“2, *=* R(t).

g=д=ч= ƒ=*люч=е2“  " !=“C!еделе…,, д=……/. 
!е“3!“%" C% %2дель…/м …еƒ=",“,м/м %Cе!=ц, м 
2=*, ч2%K/ ,…"е“2,ц,%……=  де 2ель…%“2ь !е=л,-
ƒ%"=л=“ь ƒ= м,…,м=ль…%е "!ем  max i

i
T T=

 
.

j%гд= C%“23Cле…,е !е“3!“%" "% "!еме…, !="…%-
ме!…% ,л, R(t)=R " люK%L C!%ме›32%* "!еме…, t, 
= fi(ui) # "%г…32/е -3…*ц,, ui, ƒ=д=ч= %C2,м=ль-
…%г% !=“C!еделе…,  !е“3!“%" C%д!%K…% ,““лед%-
"=…= " !=K%2е [2].

o!, %C2,м=ль…%м !=“C!еделе…,, !е“3!“%" 
"“е %Cе!=ц,, ƒ="е!ш=ю2“  " %д…% "!ем ;
*=›д=  %Cе!=ц,  "/C%л… е2“  C!, C%“2% ……%м 

3!%"…е !е“3!“%" ui(t)=ui, ki ,1= , t ∈ [0, T ], =, “ле-
д%"=2ель…%, “ C%“2% ……%L “*%!%“2ью.

e“л, м%ме…2 %*%…ч=…,  "“е. %Cе!=ц,L T, 2% 
i

i
V

v
T

=
 
# C%“2% ……=  “*%!%“2ь i-L %Cе!=ц,,.

e“л, %K%ƒ…=ч,2ь -3…*ц,еL gi(vi) -3…*ц,ю, %K-
!=2…3ю fi(ui), 2% -%!м3л=

( )i
i i

V
u g

T
=

 

%C!едел е2 *%л,че“2"% !е“3!“%", 2!еK3ем%е дл  
ƒ="е!ше…,  i-L %Cе!=ц,, ƒ= "!ем  T.

l,…,м=ль…%е "!ем  T " 2=*%м “л3ч=е %C!еде-
л е2“  ,ƒ 3!="…е…, 

1

k
i

i
i

V
R g

T=

⎛ ⎞= ⎜ ⎟⎝ ⎠∑ .

o!%це““ %Kе“Cече…,  .*%…%м,че“*%L Kеƒ%C=“-
…%“2, ,…"е“2,ц,%……/. C!%е*2%" C!ед“2="л е2 
“%K%L “%"%*3C…%“2ь ме2%д%", ме2%д,*, м%делеL, 
C!%г!=мм…/. , 2е.…,че“*,. “!ед“2", C!,ме… е-
м/. дл  !=ƒ!=K%2*, , !е=л,ƒ=ц,, C!%е*2%", 2. е., 
“Cец,-,че“*,. C!%це““%", %г!=…,че……/. "% "!е-
ме…, , 2!еK3ю?,. ƒ=2!=2 !е“3!“%". q3?е“2"е…-
…3ю ч=“2ь м%делеL , ме2%д%" 3C!="ле…,  ,…"е-
“2,ц,%……/м, C!%е*2=м, “%“2="л ю2 ƒ=д=ч, C%-
“2!%е…,  *=ле…д=!…/. Cл=…%" !е=л,ƒ=ц,, C!%е*2-
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…/. %Cе!=ц,L, “" ƒ=……/. “ !=“C!еделе…,ем %г!=-
…,че……/. !е“3!“%".

nC2,м,ƒ=ц,  г!=-,*= -,…=…“,!%"=…,  ,…"е“2,-
ц,%……%L де 2ель…%“2, C!%,ƒ"%д“2"е……%L “,“2ем/. 
o3“2ь ƒ=",“,м%“2, fi(ui) # "%г…32/е -3…*ц,, *%-
л,че“2"= !е“3!“%" ui. b 2=*%м “л3ч=е C!, ƒ=д=…-
…%м %K?ем %KA‘ме -,…=…“,!%"=…,  …= %2!еƒ*е 
[0,T] м=*“,м3м %KA‘м= "/C%л…е……/. !=K%2 д%“-
2,г=е2“  " !еƒ3ль2=2е !="…%ме!…%г% C%“23Cле…,  
“!ед“2".

b *=че“2"е д%*=ƒ=2ель“2"= C!%=…=л,ƒ,!3ем д"= 
Cе!,%д= дл,2ель…%“2, T1 , T2 “ 3!%"… м, -,…=…-
“,!%"=…,  R1 , R2 “%%2"е2“2"е……%.

nK%ƒ…=ч,м !=“C!еделе…,е !е“3!“%" " Cе!,%д=.  
T1 , T2 *=* u

1={ui
1} , u2={ui

2}.
q%%2"е2“2"е……% C% i-м3 ,…"е“2,ц,%……%м3 C!%е*-

23 K3де2 "/C%л…е… %KA‘м !=K%2

1 2
1 2( ) ( )i i i if u T f u T+ .

o!едC%л%›,м, ч2% -,…=…“,!%"=…,е " %KA‘ме 
R1T1+R2T2 …= %2!еƒ*е [0; T1+T2] %“3?е“2"л е2“  
!="…%ме!…% “ 3!%"…ем -,…=…“,!%"=…,  " ед,…,-
ц3 "!еме…,:

21

2211

TT
TRTRR

+
+= .

o!%=…=л,ƒ,!3ем !=“C!еделе…,е !е“3!“%" R C% 
C!%е*2=м:

1 21 2

1 2 1 2
.i i i

T Tu u u
T T T T

= +
+ +

}2% %ƒ…=ч=е2, ч2% !=“C!еделе…,е !е“3!“%" , 
е“2ь "/C3*л=  л,…еL…=  *%мK,…=ц,  !=“C!еделе-
…,  -3…*ц,L u1 , u2. t3…*ц,  fi(ui) ƒ=C,ше2“  " 
",де

1 21 2

1 2 1 2
( )i i i i i

T Tf u f u u
T T T T

⎛ ⎞
= + ≥⎜ ⎟+ +⎝ ⎠

1 21 2

1 2 1 2
( ) ( )i i i i

T Tf u f u
T T T T

≥ +
+ +

.

qлед%"=2ель…%, %KA‘м !=K%2, "/C%л…е……/L " 
д"3. "!еме……/. Cе!,%д=. C!, 3“л%",, !="…%ме!-
…%г% C%“23Cле…,  -,…=…“%"/. !е“3!“%" “%“2=",2 
fi(ui)(T1+T2)  (“2!%г% K%льше C!, "%г…32/. ƒ=",-
“,м%“2 .) %KA‘м= !=K%2 C!, 3“л%",, …е!="…%ме!-
…%г% C%“23Cле…,  !е“3!“%".

d%*=ƒ=……/L -=*2 C%ƒ"%л е2 %C2,м,ƒ,!%"=2ь 
г!=-,* C%“23Cле…,  !е“3!“%" " “2%!%…3 !="…%-
ме!…%“2,, *%2%!=  д%“2,г=е2“  “д",г%м -,…=…“,-
!%"=…,  ,…"е“2,ц,%……/. C!%е*2%" …= K%лее 
C%ƒд…,L Cе!,%д.

}--е*2,"…%“2ь 3C!="ле…,  ,…"е“2,ц,%……/м 
C!%е*2%м %це…,"=е2“  C% г%д=м ,л, .2=C=м " 2е-
че…,е "“ег% Cе!,%д= ,…"е“2,ц,%……%L де 2ель…%-
“2,, = C!, …е%K.%д,м%“2, , C%“ле е‘ ƒ="е!ше-
…, .

o!%е*2,!%"=…,е *=ле…д=!…%г% Cл=…= "/C%л…е-
…,  ,…"е“2,ц,%……%г% C!%е*2= “ 3ч‘2%м “%"ме?е…,  
…еƒ=",“,м/. %Cе!=ц,L. o!%це““ !=“C!еделе…,  
,…"е“2,ц,%……/. !е“3!“%" м%›…% !=““м=2!,"=2ь " 
%2!/"е %2 C!%це““= !=“ш,!е……%г% "%“C!%,ƒ-
"%д“2"=, *%2%!%е C!ед“2="л е2 “%K%L …=*%Cле…,е, 
2. е. C!,!=?е…,е !е“3!“%", %Kе“Cеч,"=ю?ее C%-
л%›,2ель…3ю д,…=м,*3 !=ƒ",2,  C!%,ƒ"%д“2"е…-
…%L “,“2ем/. g=д=ч= 3C!="ле…,  C!%це““%м !=“-
ш,!е……%г% "%“C!%,ƒ"%д“2"= ƒ=*люч=е2“  " C%д-
де!›=…,, %C2,м=ль…%г% “%%2…%ше…,  ме›д3 "е-
л,ч,…=м, …=*%Cле…,  , C%2!еKле…,  %K?е“2"е…-
…%г% C!%д3*2=. d=……%е “%%2…%ше…,е %C!едел е2-
“  .--е*2,"…%“2ью ,“C%льƒ%"=…,  ,…"е“2,ц,%…-
…/. !е“3!“%". 

h…"е“2,ц,%……/е C!%е*2/ !е=л,ƒ3ю2“  C!, %2-
"лече…,, ƒ…=ч,2ель…/. %KA‘м%" !е“3!“%" C!%,ƒ-
"%д“2"е……%L “,“2ем/. a%льш=  дл,2ель…%“2ь ,…-
"е“2,ц,%……%г% ц,*л= , "/“%*=  “2%,м%“2ь 2!е-
K3ю2 “%"ме?е…,  %Cе!=ц,L " !=м*=. ,…"е“2,ц,-
%……/. C!%е*2%".

)=“2…/м “л3ч=ем =г!ег,!%"=……%г% %C,“=…,  
,…"е“2,ц,%……%г% C!%е*2=  "л е2“  ег% C!ед“2="-
ле…,е " ",де C%“лед%"=2ель…%“2, n =г!ег,!%"=…-
…/. %Cе!=ц,L, "ƒ=,м%“" ƒь ме›д3 *%2%!/м, 3ч,-
2/"=е2“  "ел,ч,…%L, .=!=*2е!,ƒ3ю?еL "%ƒм%›-
…%“2ь “%"ме?е…,  %2дель…/. %Cе!=ц,L ,…"е“2,-
ц,%……%г% ц,*л= "% "!еме…, , C!%“2!=…“2"е ,л, 
*%.--,ц,е…2=м, “%"ме?е…, . 

j%.--,ц,е…2 “%"ме?е…,  %Cе!=ц,L ,…"е“2,-
ц,%……%г% C!%е*2= C!ед“2="л е2 “%K%L %2…%ше…,е 
“3мм=!…%г% "!еме…, “%"ме?е…,  C!%це““%" , 
%Cе!=ц,L * “3мм=!…%м3 "!еме…, ,. C%“лед%"=-
2ель…%г% "/C%л…е…,  [3].

o!, .2%м *%.--,ц,е…2 “%"ме?е…,  …= …=ч=л% 
%Cе!=ц,L [αbh] %ƒ…=ч=е2, ч2% %Cе!=ц,ю b м%›…% 
…=ч,…=2ь 2%ль*% C!, 3“л%",,, е“л, "/C%л…е…= 
%C!едел‘……=  ч=“2ь (αbh) %Cе!=ц,, h. 

j%.--,ц,е…2 “%"ме?е…,  …= *%…ец %Cе!=ц,L 
[γbh] %ƒ…=ч=е2, ч2% C%“ле ƒ="е!ше…,  %Cе!=ц,, b 
…е%K.%д,м% %“3?е“2",2ь …е ме…ее %C!едел‘……3ю 
ч=“2ь [γbh] %Cе!=ц,, h. 

j%.--,ц,е…2/ “%"ме?е…,  C%ƒ"%л ю2 %C,-
“/"=2ь *=* !е“3!“…/е 2=* , 2е.…%л%г,че“*,е ƒ=-
",“,м%“2,. 

m=л,ч,е *%.--,ц,е…2%" “%"ме?е…,  [αbh] , 
[γbh] …е %ƒ…=ч=е2, ч2% %Cе!=ц,  b д%л›…= …=ч=2ь-
“ /ƒ="е!ш,2ь“  !=…ьше чем …=ч…‘2“ /ƒ="е!ш,2“  
%Cе!=ц,  h, = %ƒ…=ч=е2, ч2% %…, ,мею2 “м/“л, 
е“л, %Cе!=ц,  b …=ч…е2“ /ƒ="е!ш,2“  !=…ьше 
%Cе!=ц,, h. a%лее 2%г%, %Cе!=ц,  h м%›е2 …=-
ч=2ь“ /ƒ="е!ш,2ь“  !=…ьше, чем %Cе!=ц,  d. 
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b .2%м “л3ч=е C% "л ю2“  *%.--,ц,е…2/ “%"ме-
?е…,  [αbh] , (γbh).

e“л, %че!‘д…%“2ь %Cе!=ц,L ƒ=Cл=…,!%"=…=, 2% 
м%›…% C%“2!%,2ь “е2е"3ю м%дель , %C!едел,2ь 
%C2,м=ль…%е !=“C!еделе…,е !е“3!“%" .2%L м%де-
л,. )2%K/ 3Kед,2ь“  " .2%м, д%“2=2%ч…% !=““м%2-
!е2ь %Cе!=ц,, b , h, = дл  -%!м=ль…%г% %C,“=…,  
%Cе!=ц,L …е%K.%д,м% ƒ=д=2ь ,. %KA‘м [vb] , [vh] 
“%%2"е2“2"е……%.

e“л, %Cе!=ц,  b …=ч,…=е2“  , ƒ=*=…ч,"=е2“  
!=…ьше %Cе!=ц,, h, 2% C%л3ч=ем “е2е"%L г!=- ` 
(!,“. 1).

e“л, %Cе!=ц,  b …=ч,…=е2“  !=…ьше %Cе!=ц,, 
h, = ƒ=*=…ч,"=е2“  C%ƒ›е, 2% “е2е"%L г!=- K3де2 
,ме2ь ",д b (!,“. 2).

`…=л%г,ч…/м %K!=ƒ%м м%›…% C!ед“2=",2ь %“-
2=ль…/е “л3ч=, "/C%л…е…,  %Cе!=ц,L C% ,…"е-
“2,ц,%……%м3 C!%е*23 i.

o!%е*2,!%"=…,е *=ле…д=!…%г% Cл=…= !е=л,ƒ=-
ц,, ,…"е“2,ц,%……%г% C!%е*2= …= %“…%"е =г!ег,-
!%"=…,  *%мCле*“= %Cе!=ц,L “ л,…еL…/м, ƒ=",-
“,м%“2 м, C!%,ƒ"%ль…%г% ",д= C%ƒ"%л е2 C%л3-
ч,2ь !еше…,е !е=ль…%L ƒ=д=ч, !=“C!еделе…,  
…е“*%ль*,. 2,C%" ,…"е“2,ц,%……/. !е“3!“%".

Š=*,м %K!=ƒ%м, *%мCле*“…=  %це…*= .--е*-
2,"…%“2, 3C!="ле…,  C!%,ƒ"%д“2"е……/м, “,“2е-
м=м, C!%м/шле……%г% *%мCле*“= p%““,L“*%L 

tеде!=ц,, !е=л,ƒ=ц,еL ,…"е“2,ц,%……/. C!%е*-
2%" C%ƒ"%л е2 *%!!е*2,!%"=2ь …%!м=2,"…%-C!=-
"%"3ю K=ƒ3 " ч=“2, 3“л%",L !е=л,ƒ=ц,, ,…"е“2,-
ц,%……%L де 2ель…%“2,.

g…=че…,е C%л3че……/. ме2%д,че“*,. !еƒ3ль2=-
2%" дл  C!=*2,*, “%“2%,2 " “%ƒд=…,, "%ƒм%›…%-
“2еL дл  3C!="ле…,  C!%це““=м, !=ƒ!=K%2*, , 
!е=л,ƒ=ц,, ,…"е“2,ц,%……/. C!%е*2%" “ 3ч‘2%м 
,мею?,.“  !е“3!“%" , *%…Aю…*23!/ !/…*=, = 
2=*›е Cл=…,!%"=…,  ,, *=* “лед“2",е, C%"/ше-
…,  *%…*3!е…2%“C%“%K…%“2, C!%,ƒ"%д“2"е……/. 
“,“2ем.

a,Kл,%г!=-,че“*,е ““/л*,

1. l,.=л*% e.p. }*%…%м,че“*=  Kеƒ%C=“…%“2ь C%-
2!еK,2ель“*%L *%%Cе!=ц,, " 3“л%", . ,……%"=ц,%……%-
г% !=ƒ",2, : l%…%г!=-, . h"=…%"%: h"=…. г%“. 3…-2, 
2009. 340 “.

2. a3!*%" b.m., c%!г,дƒе h.`., k%"ец*,L q.e. o!,-
*л=д…/е ƒ=д=ч, 2е%!,, г!=-%". ŠK,л,“,: lец…,е!еK=, 
1973. 234 “.

3. d=д=л*% b.`., l,.=л*% e.p., q="ч3* }.`. }*%…%-
м,*%-м=2ем=2,че“*=  м%дель %це…*, .--е*2,"…%“2, 
3C!="ле…,  *%мCле*“%м -еде!=ль…/. целе"/. C!%-
г!=мм " “-е!=. %Kе“Cече…,  Kеƒ%C=“…%“2, , …=3ч…%-
2е.…,че“*%г% !=ƒ",2,  p%““,, // }*%…%м,че“*,е …=3-
*,. 2010. 1 6. q. 223#231.

b

h

bh vb – bh

vh – bh bh

p,“. 1. qе2е"%L г!=- `

 b

 h

bh wb – bh – hb

wh

hb

p,“. 2. qе2е"%L г!=- B
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b{qŠ`bjh h opegemŠ`0hh

nanpnŠ jnlo`mhh SOFTLINE on hŠn-
c`l 2010 thm`mqnbncn cnd` b p`g{ ope-
b{qhk pnqŠ hŠ-p{mj`

j%мC=…,  Softline, %K!=ƒ%"=……=  " 1993 г., # 
"ед3?=  ме›д3…=!%д…=  *%мC=…,  " “-е!е л,-
це…ƒ,!%"=…,  C!%г!=мм…%г% %Kе“Cече…,  , %*=-
ƒ=…,  C%л…%г% “Cе*2!= IT-3“л3г C% %K3че…,ю, 
*%…“=л2,…г3, 2е.…,че“*%L , ю!,д,че“*%L C%д-
де!›*=м, IT-=32“%!“,…г3 #   "л е2“  "ед3?,м 
C%“2="?,*%м K%лее 3000 C!%,ƒ"%д,2елеL C!%-
г!=мм…%г% %Kе“Cече…, .  

nKл=д=ю?=  18-ле2…,м %C/2%м 3“Cеш…%L !=-
K%2/ …= !/…*е ,…-%!м=ц,%……/. 2е.…%л%г,L 
*%мC=…,  ƒ=…,м=е2 %д…3 ,ƒ л,д,!3ю?,. C%ƒ,-
ц,L " %Kл=“2, л,це…ƒ,!%"=…,  C!%г!=мм…%г% 
%Kе“Cече…,  , C!ед%“2="ле…,  C%л…%г% “Cе*2!= 
3“л3г C% C%“2!%е…,ю, %C2,м,ƒ=ц,,, C%дде!›*е , 
!=ƒ",2,ю IT-,…-!=“2!3*23!/ ƒ=*=ƒч,*=. nK%!%2 
*%мC=…,, ƒ= 2010 -,…=…“%"/L г%д “%“2=",л 
456 мл… д%лл., ч2% …= 58 % C!е"/ш=е2 C%*=ƒ=2ел, 
2009 -,…=…“%"%г% г%д= , " !=ƒ/ # !%“2 hŠ-!/…-
*=. b ш2=2е Softline # 1700 “%2!3д…,*%". j%мC=-
…,  C!ед“2="ле…= " 21 “2!=…е , 65 г%!%д=. C% "“е-
м3 м,!3, " 2010 -,…=…“%"%м г%д3 %2*!/2/ C!ед-
“2=",2ель“2"= " C 2, …%"/. “2!=…=.. 

j%мC=…,  Softline %Kл=д=е2 3…,*=ль…%L .*“-
Cе!2,ƒ%L " C%“2!%е…,, , %C2,м,ƒ=ц,, hŠ-“,“-
2ем, %C/2%м " !е=л,ƒ=ц,, C!%е*2%" !=ƒл,ч…%г% 
м=“ш2=K= "% "“е. %2!=“л . !/…*=, C!едл=г=е2 
C%л…/L “Cе*2! 3“л3г C% .--е*2,"…%м3 %K“л3›,-

"=…,ю hŠ-,…-!=“2!3*23!/ C!едC!, 2, . b ш2=-
2е *%мC=…,, K%лее 500 “е!2,-,ц,!%"=……/. hŠ-
“Cец,=л,“2%" C% "“ем3 м,!3. q,“2ем= ме…ед›-
ме…2= *%мC=…,, “%%2"е2“2"3е2 ме›д3…=!%д…%м3 
“2=…д=!23 ISO 9001:2008.

&b%2 3›е 18 ле2 *%мC=…,  Softline ƒ=…,м=е2 л,-
д,!3ю?,е C%ƒ,ц,, …= !/…*е hŠ. o% ,2%г=м 2010 
-,…=…“%"%г% г%д= %K%!%2 г!3CC/ " !=ƒ/ C!е"/“,л 
!%“2 hŠ-!/…*=, м/ C!е"ƒ%шл, C%*=ƒ=2ел, д%*!,-
ƒ,“…%г% 2008 г. # .2% ƒ…=*, ч2% *!,ƒ,“ ƒ=*%…че…, 
!/…%* 3“2%Lч,"% !=“2е2. g= C%“лед…,е 5 ле2 %K%!%2 
K,ƒ…е“= "/!%“ " 10 !=ƒ, , .2% # C!е"%“.%д…/L !е-
ƒ3ль2=2! Softline  "л е2“  ед,…%L 2%ч*%L ".%д= дл  
!еше…,  "“е. hŠ-ƒ=д=ч *%мC=…,,: %2 л,це…ƒ,!%-
"=…,  on д% "…ед!е…,  “л%›…/. *%мCле*“…/. IT-
!еше…,L, %2 %K3че…,  IT-“Cец,=л,“2%" д% 2е.…,-
че“*%г% “%C!%"%›де…,  hŠ-“,“2ем/ ƒ=*=ƒч,*=. q 
м%ме…2= %“…%"=…,  *%мC=…,, , C% “еL де…ь %“-
…%"…/м C!,%!,2е2%м дл  …=“  "л е2“  C!едл%›е-
…,е ,……%"=ц,%……/. , .--е*2,"…/. !еше…,L дл  
K,ƒ…е“=. l/ ƒ…=ем, *=* C%“2=",2ь 2е.…%л%г,, …= 
“л3›K3 K,ƒ…е“3 …=,K%лее !=ц,%…=ль…/м , C!%д3*-
2,"…/м “C%“%K%м[, # %2ме2,л hг%!ь a%!%",*%", 
C!ед“ед=2ель “%"е2= д,!е*2%!%" Softline.

b “2!=2ег,че“*,. Cл=…=. Softline д% 2015 г. # 
!%“2 " C 2ь !=ƒ “ д%“2,›е…,ем %K%!%2= " !=ƒме-
!е 2,5 мл!д д%лл.; д%"еде…,е д%л, “е!",“%" д% 25 %, 
д%л, Cloud+SaaS # д% 10 %, “%K“2"е……%г% on # 
д% 5 % " %K%!%2е *%мC=…,,. n›,д=ем/L !%“2 
“е!",“…%г% …=C!="ле…,  # …= 100 % " г%д, C!%-
д=› C!%г!=мм…%г% %Kе“Cече…,  # …= 30 % " г%д.
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nagnp oephndh)eqjni oe)`Šh

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

o!,ме…е…,е %“…%"=……%г% …= *%г…,2,"…%м =…=-
л,ƒе ме2%д= %K!=K%2*, д%*3ме…2%" дл  C%"/ше…,  
.--е*2,"…%“2, ,. C%,“*= " “е2, h…2е!…е2. bе“2-
…,* *%мCью2е!…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L. 
2010. 1 11.

o!едл%›е… …%"/L ме2%д %K!=K%2*, 2е*“2%"/. 
д%*3ме…2%", %“…%"=……/L …= *%г…,2,"…%м =…=л,-
ƒе. o%*=ƒ=…= целе“%%K!=ƒ…%“2ь C!,ме…е…,  ме2%-
д= " “%“2="е !=“C!едел‘……%L м3ль2,=ге…2…%L C%-
,“*%"%L “,“2ем/. 

mе*%2%!/е C!%Kлем/ “,…2=*“,“= !ег3л !…/. 
"/!=›е…,L “2=…д=!2= Perl. bе“2…,* *%мCью2е!-
…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L. 2010. 1 11.

p=““м%2!е…/ …е*%2%!/е C!%Kлем/ “,…2=*“,-
“= !ег3л !…/. "/!=›е…,L Perl: C!%Kлем/, C%!%-
›д=ем/е ƒ=",“,м%“2ью %Cе!=2%!%" C%,“*= %2 
*%…2е*“2= !ег3л !…%г% "/!=›е…, , …е."=2*= 
3C!="л ю?,. ме2=“,м"%л%", 2!3д…%“2, “ %K!=2-
…/м, ““/л*=м, , ,. деL“2",е "…е !ег3л !…%г% 
"/!=›е…, , …ед%“2=2*, “%"!еме……%г% д,ƒ=L…= 
м%д,-,*=2%!%". o!,"еде…/ C!,ме!/ *%д=, 
C!ед“2="ле…/ "%ƒм%›…/е C32, !еше…,  д=……/. 
C!%Kлем.

p=“ч‘2…%-.*“Cе!,ме…2=ль…/L ме2%д C!%г…%ƒ,-
!%"=…,  %“2=2%ч…%г% !е“3!“= ƒ3Kч=2/. Cе!ед=ч. 
`"2%м%K,ль…=  C!%м/шле……%“2ь. 2010. 1 11.

o!едл%›е…a ме2%д,*= -%!м,!%"=…,  Kл%*%" 
…=г!3›е…,  ƒ3Kье" ше“2е!…, C!, C!%"еде…,, !е-
“3!“…/. ,“C/2=…,L ƒ3Kч=2/. Cе!ед=ч, !=““м=2-
!,"=ю?=  *=›д/L ƒ3K *=* %2дель…/L %KAе*2 ,“-
C/2=…,L , C%ƒ"%л ю?=  C% !еƒ3ль2=2=м ",K!%-
м%…,2%!,…г= C!%г…%ƒ,!%"=2ь %“2=2%ч…/L !е“3!“ 
ƒ3Kч=2/. C=!.

n“%Kе……%“2, %C!еделе…,  !=ц,%…=ль…/. C=!=-
ме2!%" де-%!м,!3ю?,. .леме…2%" , 2е.…%л%г,че-
“*,. !е›,м%" %K!=K%2*, C!, C%"е!.…%“2…%м Cл=-
“2,че“*%м де-%!м,!%"=…,,. rC!%ч… ю?,е 2е.…%-
л%г,,. 2010. 1 12.

p=““м%2!е…/ %“%Kе……%“2, C!%це““= C%"е!.…%-
“2…%г% Cл=“2,че“*%г% де-%!м,!%"=…,  , ме2%д,-
*, "/K%!= !=ц,%…=ль…/. *%…“2!3*2,"…/. C=!=-
ме2!%" де-%!м,!3ю?,. .леме…2%" %K!=K=2/"=ю-
?ег% ,…“2!3ме…2=. q-%!м3л,!%"=…/ %“…%"…/е 
"/"%д/, *%2%!/е м%г32 K/2ь !е*%ме…д%"=…/ , 
C%л%›е…/ " %“…%"3 C!, “%ƒд=…,, C!%г!е““,"…%г% 
,…“2!3ме…2= дл  C%"е!.…%“2…%г% Cл=“2,че“*%г% 
де-%!м,!%"=…, , = 2=*›е C!, "/K%!е !=ц,%…=ль-
…/. 2е.…%л%г,че“*,. !е›,м%" %K!=K%2*,.

g…=че…,е !елье-= C%"е!.…%“2, " -%!м,!%"=…,, 
C%*!/2,  C!, “%3д=!е…,, …=г!е2/. ч=“2,ц “ C%д-
л%›*%L. rC!%ч… ю?,е 2е.…%л%г,,. 2010. 1 12.

hƒ3че…% ƒ…=че…,е !елье-= C%"е!.…%“2, " -%!-
м,!%"=…,, C%*!/2,  C!, де2%…=ц,%……%м …=C/-
ле…,,. h““лед%"=…/ C%*!/2,  ,ƒ 23г%Cл="*%г% 
C%!%ш*= *е!ме2= WC/Co , %2…%“,2ель…% лег*%-
Cл="*%г% “Cл="= NiCrSiBC. r“2=…%"ле…%, ч2% C!, 
%C2,м=ль…%м !е›,ме …=C/ле…,  C!%ч…%“2ь “" ƒ, 
C%*!/2,L ,ƒ *е!ме2= C!е"/ш=е2 200 lo= …еƒ=",-
“,м% %2 “C%“%K= C!ед"=!,2ель…%L C%дг%2%"*, C%-
"е!.…%“2, C%дл%›*,, = C%*!/2,  ,ƒ NiCrSiBC 
дем%…“2!,!3ю2 ч!еƒ"/ч=L…3ю ч3"“2",2ель…%“2ь * 
.=!=*2е!,“2,*=м !елье-= C%"е!.…%“2,. h. C!%ч-
…%“2ь “" ƒ, ме… л=“ь %2 180 lo= д% …3л . b/ "-
ле…%, ч2% …=C/л ем/е " %C2,м=ль…%м !е›,ме 
ч=“2,ц/ лег*%Cл="*%г% м=2е!,=л= “C%“%K…/ .--
-е*2,"…% C!%Cл=",2ь C%дл%›*3 л,шь " 3“л%", . 
.%!%ш% !=ƒ",2%г% ше!%.%"=2%г% !елье-=. 

h““лед%"=…,  ,ƒ…%“%“2%L*,. .ле*2!%,“*!%"/. 
C%*!/2,L “ …=…%*!,“2=лл,че“*%L , =м%!-…%L “2!3*-
23!%L. rC!%ч… ю?,е 2е.…%л%г,,. 2010. 1 12.

o!,"еде…/ !еƒ3ль2=2/ ,““лед%"=…,L …%"/. 
.ле*2!%,“*!%"/. C%*!/2,L ,мею?,. =м%!-…3ю 
, …=…%*!,“2=лл,че“*3ю “2!3*23!3. o!%=…=л,ƒ,-
!%"=…/ !еƒ3ль2=2/ ме2=лл%г!=-,че“*,. , !е…2ге-
…%“2!3*23!…/. ,““лед%"=…,L. o!%"еде…/ ƒ=ме!/ 
2"‘!д%“2, , 2%л?,…/ ,““лед3ем/. C%*!/2,L.

p=ƒ!=K%2*= 2е.…%л%г,L C%"е!.…%“2…%г% 3C!%ч-
…е…,  де2=леL м=ш,… , ,…“2!3ме…2= …= %“…%"е …=-
3ч…%-ме2%д%л%г,че“*%г% *%мCле*“= ,…›е…е!,, C%-
"е!.…%“2, ме2=лл,че“*,. м=2е!,=л%". rC!%ч… ю-
?,е 2е.…%л%г,,. 2010. 1 12.

o!ед“2="ле… …=3ч…%-ме2%д%л%г,че“*,L *%м-
Cле*“ ,…›е…е!,, C%"е!.…%“2, ме2=лл,че“*,. м=-
2е!,=л%", C!ед“2="л ю?,L “%K%L “%"%*3C…%“2ь 
2е%!е2,че“*,., .*“Cе!,ме…2=ль…/. , 2е.…%л%г,-
че“*,. ,““лед%"=…,L, …=C!="ле……/. …= !=ƒ!=K%2-
*3 .--е*2,"…/. 2е.…%л%г,L C%"е!.…%“2…%г% 3C-
!%ч…е…,  де2=леL м=ш,… , ,…“2!3ме…2=. 

p=“ч‘2 ,“2,……%г% %KA‘м= 2!е…, . Š!е…,е , “м=ƒ-
*= " м=ш,…=. , ме.=…,ƒм=.. 2010. 1 12.

o!едл=г=е2“  ме2%д !=“ч‘2= !=ƒме!= *!,2,че-
“*%г% %KA‘м= 2!е…, , =де*"=2…%г% C%… 2,ю “%"!е-
ме……%L 2!,K%л%г,, % !="…%"е“…%L ше!%.%"=2%-
“2,. }2%2 !=ƒме! %KA‘м= 2!е…,  C!ед“2="л е2 “%-
K%L !=ƒме! .леме…2=!…%L 2!,K%л%г,че“*%L “,“2е-
м/, *%2%!=  " !=м*=. м%дел, д",›3?ег%“  *!,2,-
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че“*%г% %KA‘м= 2!е…,  е“2ь .леме…2=!…/L 2!,-
K%2!=…“-%!м=2%! .…е!г,,. 

n“%Kе……%“2, “,“2ем…%г% %Kе“Cече…,  !=K%2%-
“C%“%K…%“2, 3ƒл%" 2!е…,  *%“м,че“*%L 2е.…,*,. 
Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=…,ƒм=.. 2010. 
1 12. 

p=““м%2!е…/ “,“2ем…/е -=*2%!/, %2!=›=ю?,е 
“Cец,-,*3 C!%Kлем %Kе“Cече…,  !=K%2%“C%“%K-
…%“2, 3ƒл%" 2!е…,  " 3“л%", . *%“м%“=. j %“…%"-
…/м %KAе*2=м =…=л,ƒ= %2…е“е…/ %“%Kе……%“2, 
3“2!%L“2"= C!,"%д%" #,“2%ч…,*%" д",›е…, ; .=-
!=*2е! ,. K/“2!%деL“2", ; "%C!%“/ “2=K,ль…%“2, 
, "ел,ч,…/ 2!е…, ; “Cец,-,*= C!,ме… ем/. м=-
2е!,=л%", = 2=*›е ! д “C%“%K%", !=ƒ!=K=2/"=ем/. 
="2%!=м, дл  C!,ме…е…,  …= ,ƒдел, . cmo pj0 
&0qja-o!%г!е““[. 

Š!е…,е , ,ƒ…%“ ,%……%-,мCл=…2,!%"=……%г% “"е!.-
"/“%*%м%ле*3л !…%г% C%л,.2,ле…= дл  ,мCл=…2=-
2%". Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=…,ƒм=.. 2010. 
1 10.

q целью !=ƒ!=K%2*, C%л,ме!…/. ,мCл=…2=2%", 
C!,ме… ем/. " .…д%- , *=!д,%C!%2еƒ,!%"=…,,, 
,““лед%"=…% "л, …,е м%д,-,*=ц,, C%"е!.…%“2, 
“"е!."/“%*%м%ле*3л !…%г% C%л,.2,ле…= (qblo}) 
,%……%L ,мCл=…2=ц,еL Alb.+ !=ƒл,ч…%L д%ƒ/ (0,5, 
1 , 2 · 1017 ,%…/“м2 ) …= ег% -!,*ц,%……/е “"%L“2-
"=. o%*=ƒ=…%, ч2% ,%……=  ,мCл=…2=ц,  C%"е!.…%-
“2, qblo} %C2,м=ль…%L д%ƒ%L (1 · 1017 ,%…/“м2) 
C!,"%д,2 * 3"ел,че…,ю ,ƒ…%“%“2%L*%“2, " 4 !=ƒ= 
C% “!="…е…,ю “ ,“.%д…/м C%л,ме!%м. lе2%д=м, 
%C2,че“*%L C!%-,л%ме2!,,, !е…2ге…%“2!3*23!…%-
г% =…=л,ƒ=, “*=…,!3ю?еL .ле*2!%……%L м,*!%“*%-
C,, , hj-“Cе*2!%“*%C,, ,““лед%"=…/ д%!%›*, 
2!е…,  , …=дм%ле*3л !…=  “2!3*23!= %KA‘м= , C%-
"е!.…%“2…/. “л%‘" 2!,K%“%C! ›е…, . o%*=ƒ=…%, 
ч2% ,%……=  ,мCл=…2=ц,  C!,"%д,2 * ,ƒме…е…,ю 
…=дм%ле*3л !…%L “2!3*23!/ " C%"е!.…%“2…/. 
“л% . ,, *=* “лед“2",е, “C%“%K“2"3е2 -%!м,!%"=-
…,ю Cл‘…%* -!,*ц,%……%г% Cе!е…%“= …= “2=д,, 
3“2=…%","шег%“  ,ƒ…%“= qblo}. o%*=ƒ=…%, ч2% 
,%……=  ,мCл=…2=ц,  qblo} =…=л%г,ч…% ме.=-
…,че“*%L =*2,"=ц,, 3л3чш=е2 2!,K%2е.…,че“*,е 
“"%L“2"= C%л,ме!= " !еƒ3ль2=2е 3C%! д%че…,  …=д-
м%ле*3л !…%L “2!3*23!/ " C%"е!.…%“2…%м “л%е. 

Š!,K%л%г,че“*,е “"%L“2"= …е*%2%!/. 2,2=…%-
"/. “Cл="%" дл  2еCл%%Kме……%г% %K%!3д%"=…, . 
Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=…,ƒм=.. 2010. 
1 10. 

h““лед%"=…/ 2!,K%л%г,че“*,е .=!=*2е!,“2,*, 
д"3. “%че2=…,L 2,2=…%"/. “Cл="%": oŠ-7l # bŠ1-
00 , oŠ-7l # oŠ-7l " 3“л%", . 2!е…,  “*%ль›е-
…,  Kеƒ “м=ƒ*,. b/ "ле…% Cе!,%д,че“*%е ,ƒме…е-
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