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p=““м%2!е…/ C!,ме…е…,е SCADA-“,“2ем/ TRACE MODE , 2е%!,, …еч‘2*,. м…%›е“2" 
дл  ="2%м=2,ƒ,!%"=……%г% 3C!="ле…,  C=!%“2!3L…/м *%мC!е““%!%м " “,“2еме C=!%“…=K›е-
…,  ме2=лл3!г,че“*%г% C!едC!, 2, .

jлюче"/е “л%"=: .…е!г%“Kе!е›е…,е, C=!%“2!3L…/L *%мC!е““%!, !ег3л,!%"=…,е !е›,м%" 
C=!%“2!3L…%г% *%мC!е““%!=, C!,ме…е…,е …еч‘2*%L 2е%!,, м…%›е“2".

SCADA-system TRACE MODE and indistinct multitude theory application for steam-jet 
compressor automatic control in the system of metallurgical enterprise steam supply is considered.

Key words: energy conservation, steam-jet compressor, steam-jet compressor regimes adjustment, 
indistinct multitude theory application.

b"еде…,е. o%"/ше…,е д="ле…,  ,…›е*2,!3е-
м%г% C%2%*= C=!= Kеƒ ƒ=2!=2 ме.=…,че“*%L .…е!-
г,,  "л е2“  %“…%"…/м д%“2%,…“2"%м “2!3L…/. 
=CC=!=2%". aл=г%д=!  .2%м3 “"%L“2"3 ,“C%льƒ%"=-
…,е “2!3L…/. =CC=!=2%" "% м…%г,. %2!=“л . 2е.-
…,*, C%ƒ"%л е2 C%л3ч=2ь K%лее C!%“2/е , …=д‘›-
…/е 2е.…,че“*,е !еше…,  C% “!="…е…,ю “ C!,-
ме…е…,ем ме.=…,че“*,. …=г…е2=2елеL. o!%“2%2= 
*%…“2!3*ц,, , “.ем "*люче…,  “2!3L…/. =CC=!=-
2%" " !=ƒл,ч…/е 3“2=…%"*,, = 2=*›е …е“л%›…%“2ь 
,. ,ƒг%2%"ле…,  C%ƒ"%л ю2 ,“C%льƒ%"=2ь “2!3L-
…/е =CC=!=2/ " !=ƒл,ч…/. C!%,ƒ"%д“2"=., " 2%м 
ч,“ле " “,“2ем=. C=!%“…=K›е…,  ме2=лл3!г,че-
“*,. C!едC!, 2,L. 

nд…,м ,ƒ "=!,=…2%" C!%м/шле……%г% C!,ме-
…е…,  “2!3L…/. =CC=!=2%"  "л е2“  ,“C%льƒ%"=-
…,е =CC=!=2= " *=че“2"е C=!%“2!3L…%г% *%мC!е“-
“%!= дл  32,л,ƒ=ц,, %2!=K%2=……%г% C=!= “ 23!-
K%ге…е!=2%!%" .ле*2!,че“*,. “2=…ц,L C32‘м 
“меше…,  ег% “ C=!%м "/“%*%г% д="ле…, . o!, 
.2%м “2=…%",2“  "%ƒм%›…/м "2%!,ч…%е ,“C%ль-
ƒ%"=…,е C=!= дл  2е.…%л%г,че“*,. …3›д C!ед-
C!, 2, .

dл  C!,ме…е…,  C=!%“2!3L…%г% *%мC!е““%!= " 
“,“2еме C=!%“…=K›е…,  C!%м/шле……%г% C!едC!, -
2,  C=!%“2!3L…/L *%мC!е““%! …е%K.%д,м% %“…=-
?=2ь ="2%м=2,ƒ,!%"=……%L “,“2ем%L !ег3л,!%"=-
…,  !е›,м= !=K%2/ дл  C%дде!›=…,  3“2%Lч,"%г% 
C!%це““= “меше…,  C!, “%.!=…е…,, ".%д…/. C=-
!=ме2!%" C=!= …= !=“ч‘2…%м !=K%чем 3!%"…е. 

nC!еделе…,е !=K%чег% !е›,м= -3…*ц,%…,!%"=-
…,  C=!%“2!3L…%г% *%мC!е““%!=. l=2ем=2,че“*%е 
м%дел,!%"=…,е %KAе*2= !ег3л,!%"=…,  "/C%л…е-
…% C% ,ƒ"е“2…%L ме2%д,*е e.“. q%*%л%"= [1]. 
p=K%ч,L !е›,м !=K%2/ C=!%“2!3L…%г% *%мC!е“-
“%!= %C!едел е2“  ,ƒ 3“л%",L 3“2=…%"ле…,  "%ƒ-
м%›…/. ".%д…/. C=!=ме2!%" !=K%чег% , ,…›е*-
2,!3ем%г% C=!=. p=K%ч,м C%2%*%м " C=!%“2!3L-
…%м *%мC!е““%!е  "л е2“  C=!, C%“23C=ю?,L %2 
!ед3*ц,%……%L 3“2=…%"*, “,“2ем/ C=!%“…=K›е-
…,  pr 40/16, = ,…›е*2,!3ем/м C=!%м # %2!=-
K%2=……/L C=! 23!K%=г!ег=2%" .ле*2!%“2=…ц,,. 
dл  3“2=…%"*, *%мC!е““%!= " “,“2еме C=!%“…=K-
›е…,  …е%K.%д,м% %C!едел,2ь м=*“,м=ль…/L 
*%.--,ц,е…2 ,…›е*ц,, =CC=!=2= C!, м=*“,-
м=ль…% "%ƒм%›…%м C%"/ше…,,  д="ле…,  ,…-
›е*2,!3ем%г% C=!= …= "/.%де C=!%“2!3L…%г% 
*%мC!е““%!=. 

p=“ч‘2 C=!=ме2!%" !=K%2/ *%мC!е““%!= " 
ƒ=",“,м%“2, %2 %2…%“,2ель…%L “*%!%“2, C%2%-
*= C!%"ед‘… дл  !=K%чег% д="ле…,  C=!%“2!3L-
…%г% *%мC!е““%!=  p! = 1,569 lo=, ,…›е*2,-
!3ем%г% д="ле…,  C=!%“2!3L…%г% *%мC!е““%!= 
p… = 0,245 lo=, !=“.%д= ,…›е*2,!3ем%г% C=!= 
16,67 *г/“. o!,…,м=  "% "…,м=…,е !е›,м/ 
!=K%2/ C=!%“2!3L…%г% *%мC!е““%!= “ м=*“,-
м=ль…% "%ƒм%›…/м !=“.%д%м ,…›е*2,!3ем%г% 
C=!= целе“%%K!=ƒ…% !=““ч,2/"=2ь C%"/ше…,е 
ег% д="ле…,  C!, *%.--,ц,е…2е ,…›е*ц,, …е 
K%лее 1,5.
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pег3л,!%"=…,е !е›,м%" !=K%2/ C=!%“2!3L…%г% 
*%мC!е““%!=. p=ƒ!=K%2=……=  “,“2ем= ="2%м=2,-
че“*%г% !ег3л,!%"=…,  !е›,м%" !=K%2/ C=!%-
“2!3L…%г% *%мC!е““%!= "*люч=е2: C=!%“2!3L…/L 
*%мC!е““%!; !ег3л,!3ю?,е *л=C=…/ “ .ле*2!%-
ме.=…,че“*,м, ,“C%л…,2ель…/м, ме.=…,ƒм=-
м,, !=“C%л%›е……/е …= C%д"%д ?,. C=!%C!%"%-
д=. дл  !ег3л,!%"=…,  д="ле…,  !=K%чег% , ,…-
›е*2,!3ем%г% C=!=; д=2ч,*, 2емCе!=23!/, д="-
ле…,  , !=“.%д= C=!= …= ".%д=. , "/.%де *%м-
C!е““%!=.

q.ем= !ег3л,!%"=…,  !е›,м= !=K%2/ C=!%-
“2!3L…%г% *%мC!е““%!= C!ед“2="ле…= …= !,“. 1.

pе›,м !=K%2/ C=!%“2!3L…%г% *%мC!е““%!= !е-
г3л,!3е2“  “ C%м%?ью *%.--,ц,е…2= ,…›е*ц,, 
u , д="ле…,  !“ “меш=……%г% C%2%*= …= "/.%де ,ƒ 
*%мC!е““%!=.

dл  !ег3л,!%"=…,  !е›,м%" !=K%2/ C=!%-
“2!3L…%г% *%мC!е““%!= м%›е2 C!,ме… 2ь“  2е%-
!,  …еч‘2*,. м…%›е“2". pег3л,!%"=…,е “2еCе…, 
%2*!/2,  *л=C=…%" …= C%д"%д ?,. C=!%C!%"%д=. 
%“3?е“2"л ю2 …еч‘2*,е !ег3л 2%!/ “ %2“ле›,"=-
…,ем *%.--,ц,е…2= ,…›е*ц,, , “*%!%“2, ег% 
,ƒме…е…, .

p=““м%2!,м C%“2!%е…,е …еч‘2*%г% !ег3л 2%!= 
!=K%2/ *л=C=…= …= 2!3K%C!%"%де ,…›е*2,!3ем%г% 
C=!=. b *=че“2"е ".%д…%L л,…г",“2,че“*%L Cе!е-
ме……%L Cе!"%г% !ег3л 2%!= дл  C%дде!›=…,  

TE3GE3 PE3 TE2GE2 PE2

TE1PE1
y2

-

y1

p,“. 1. pег3л,!%"=…,е !е›,м%" !=K%2/ C=!%“2!3L…%г% *%мC!е““%!=:

31, 32 # ,“C%л…,2ель…/е ме.=…,ƒм/ …= !ег3л,!3ю?,. *л=C=…=.; PE1#PE3 # д=2ч,*, ,ƒме!е…,  д="ле…,  
C=!=; TE1#TE3 # д=2ч,*, ,ƒме!е…,  2емCе!=23!/ C=!=; GE1, GE2 # д=2ч,*, ,ƒме!е…,  !=“.%д= C=!=

*%.--,ц,е…2= ,…›е*ц,, ,“C%льƒ3е2“   %2*л%…е-
…,е *%.--,ц,е…2= ,…›е*ц,, β1; " *=че“2"е "/-
.%д…%L л,…г",“2,че“*%L Cе!еме……%L # C!,!=-
?е…,е “2еCе…, %2*!/2,  *л=C=…= ω1.

b .2%м “л3ч=е “,“2ем= …еч‘2*%г% "/"%д= K3де2 “%-
де!›=2ь “лед3ю?,е C!=",л= …еч‘2*%L C!%д3*ц,,:

eqkh &u K%льше 3“2="*, …= K%льш3ю "ел,ч,-
…3[, Šn &ƒ=*!/2ь *л=C=… …= K%льш3ю "ел,ч,…3[;

eqkh &u K%льше 3“2="*, …= “!ед…юю "ел,ч,-
…3[, Šn &ƒ=*!/2ь *л=C=… …= “!ед…юю "ел,ч,…3[;

eqkh &u K%льше 3“2="*, …= м=л3ю "ел,ч,…3[, 
Šn &ƒ=*!/2ь *л=C=… …= м=л3ю "ел,ч,…3[;

eqkh &u ме…ьше 3“2="*, …= м=л3ю "ел,ч,…3[, 
Šn &%2*!/2ь *л=C=… …= м=л3ю "ел,ч,…3[;

eqkh &u ме…ьше 3“2="*, …= “!ед…юю "ел,ч,-
…3[, Šn &%2*!/2ь *л=C=… …= “!ед…юю "ел,ч,…3[;

eqkh &u ме…ьше 3“2="*, …= K%льш3ю "ел,-
ч,…3[, Šn &%2*!/2ь *л=C=… …= K%льш3ю "ел,-
ч,…3[.

dл  "2%!%г% !ег3л 2%!= “*%!%“2, ,ƒме…е…,  
*%.--,ц,е…2= ,…›е*ц,, K=ƒ= …еч‘2*,. л,…г-
",“2,че“*,. C!=",л =…=л%г,ч…= K=ƒе …еч‘2*,. 
л,…г",“2,че“*,. C!=",л Cе!"%г% !ег3л 2%!=, ƒ= 
,“*люче…,ем 2%г%, ч2% ".%д…%L л,…г",“2,че-
“*%L Cе!еме……%L  "л е2“   &%2*л%…е…,е “*%!%-
“2, ,ƒме…е…,  *%.--,ц,е…2= ,…›е*ц,,[ β2, = " 
*=че“2"е 3“2="*, ,“C%льƒ3е2“  …3ле"%е ƒ…=че…,е 
“*%!%“2,.

GE1
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b *=че“2"е 2е!м-м…%›е“2"= ".%д…%L л,…г",“-
2,че“*%L Cе!еме……%L K3дем ,“C%льƒ%"=2ь м…%-
›е“2"% Š1 = {a%льш%е &+[, q!ед…ее &+[, l=л%е, 
q!ед…ее &#[, a%льш%е &#[} “ -3…*ц, м, C!,…=д-
ле›…%“2,, ,ƒ%K!=›‘……/м, …= !,“. 2.

dл  "2%!%г% !ег3л 2%!= 2е!м-м…%›е“2"% ".%д-
…%L л,…г",“2,че“*%L Cе!еме……%L K3де2 =…=л%-
г,ч…% !ег3л 2%!3, C%“2!%е……%м3 C% C!,…ц,C3 
!ег3л,!%"=…,  %2*л%…е…,  *%.--,ц,е…2= ,…-
›е*ц,,. t3…*ц,, C!,…=дле›…%“2, ,ƒ%K!=›е…/ 
…= !,“. 3.

o%“2!%е…,е …еч‘2*,. !ег3л 2%!%" , %2!=K%2*= 
=лг%!,2м%" !ег3л,!%"=…,  C!%,ƒ"%д,л,“ь …= %“-

p,“. 2. t3…*ц,, C!,…=дле›…%“2, %2*л%…е…,  *%.--,ц,е…2= ,…›е*ц,,:

(uu # u) # "ел,ч,…= %2*л%…е…,  *%.--,ц,е…2= ,…›е*ц,, u %2 3“2="*, uu;
kn, ks # ƒ…=че…,  -3…*ц,L C!,…=дле›…%“2,

&+[ &#[ &+[ &+[

0

0,5

1,0

-0,05-0,1 0,05 0,10

k

 “+” “+”C  “-“ “-“

du/dt

&#[ &#[ &+[ &+[

p,“. 3. t3…*ц,, C!,…=дле›…%“2, “*%!%“2, ,ƒме…е…,  *%.--,ц,е…2= ,…›е*ц,,:

du/dt # “*%!%“2ь ,ƒме…е…,  *%.--,ц,е…2= ,…›е*ц,,

…%"е ,“C%льƒ%"=…,  SCADA-“,“2ем/ TRACE 
MODE 6.0.

m= !,“. 4 C!,"еде…/ !еƒ3ль2=2/ м%дел,!%"=-
…,  !=K%2/ C=!%“2!3L…%г% *%мC!е““%!= C!, !ег3-
л,!%"=…,, *%.--,ц,е…2= ,…›е*ц,, …= 3!%"…е 
3“2="*, 1,5 , 3ме…ьше…,, "ел,ч,…/ !=K%чег% 
д="ле…, . o%“*%ль*3 " …%м,…=ль…%м !е›,ме !=-
K%2/ (!!. …%м = 1,569·106 o=, !…. …%м = 0,245·106 o=,  
Š!. …%м= 240 °q, Š…. …%м= 170 °q) %K= *л=C=…= 
C%л…%“2ью %2*!/2/, 2% C!, 3"ел,че…,, *%.--
-,ц,е…2= ,…›е*ц,, %2…%“,2ель…% 3“2="*, …е-
%K.%д,м% C!,*!/2ь *л=C=… “ ,…›е*2,!3ем/м 
C=!%м.
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p,“. 4. pег3л,!%"=…,е *%.--,ц,е…2= ,…›е*ц,, C!, 3ме…ьше…,, д="ле…,  !=K%чег% C=!= “ 1,569  д% 1,38 lo=:

u # *!,"=  ,ƒме…е…,  *%.--,ц,е…2= ,…›е*ц,, C=!%“2!3L…%г% *%мC!е““%!= "% "!еме…,;
uu # *!,"=  3“2="*, *%.--,ц,е…2= ,…›е*ц,, дл  %Kе“Cече…,  !=K%чег% !е›,м= !=K%2/ C=!%“2!3L…%г% 

*%мC!е““%!=

p,“. 5. pег3л,!%"=…,е *%.--,ц,е…2= ,…›е*ц,, C!, 3"ел,че…,, д="ле…,  ,…›е*2,!3ем%г% C=!= 
“ ! …1 = 0,245 д% ! …2 = 0,294 lo=
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m= !,“. 5 , 6 C!,"еде…/ !еƒ3ль2=2/ м%дел,!%-
"=…,  C!, !ег3л,!%"=…,, *%.--,ц,е…2= ,…›е*-
ц,, C=!%“2!3L…%г% *%мC!е““%!= …= 3!%"…е 3“2="-
*, 1,5 C!,  3"ел,че…,, , 3ме…ьше…,, д="ле…,  
,…›е*2,!3ем%г% C=!= 

o!, 3"ел,че…,, д="ле…,  ,…›е*2,!3ем%г% 
C=!= ег% !=“.%д C%"/ш=е2“ , “лед%"=2ель…%, !=“-
2‘2 *%.--,ц,е…2 ,…›е*ц,,. o!, %2*!/2%м *л=-
C=…е “ !=K%ч,м C=!%м дл  3ме…ьше…,  *%.--,-
ц,е…2= ,…›е*ц,, …е%K.%д,м% C!,*!/2ь *л=C=… “ 
,…›е*2,!3ем/м C=!%м.

o!, 3ме…ьше…,, д="ле…,  ,…›е*2,!3ем%г% 
C=!= ег% !=“.%д “…,›=е2“ , = ƒ…=ч,2, 3ме…ьш=е2-
“  *%.--,ц,е…2 ,…›е*ц,,. o%“*%ль*3 ,ƒ…=ч=ль-
…% %K= *л=C=…= K/л, %2*!/2/, 2% дл  3"ел,че…,  
*%.--,ц,е…2= ,…›е*ц,, …е%K.%д,м% C!,*!/2ь 
*л=C=… “ !=K%ч,м C=!%м.

g=*люче…,е. o=!%“2!3L…/L *%мC!е““%! %2л,-
ч=е2“  C!%“2%2%L *%…“2!3*ц,, , м%›е2 K/2ь ,“-
C%льƒ%"=… дл  32,л,ƒ=ц,, %2!=K%2=……%г% C=!= " 
“,“2еме C=!%“…=K›е…,  ме2=лл3!г,че“*%г% C!ед-
C!, 2, . o!%"едл……%е м=2ем=2,че“*%е м%дел,-
!%"=…,е !=K%2/ C=!%“2!3L…%г% *%мC!е““%!= , 
"/C%л…е…,е =лг%!,2м%" !ег3л,!%"=…,  " SCADA-

“,“2еме TRACE MODE 6.0 C%ƒ"%л ю2 “дел=2ь 
"/"%д % 2%м, ч2% ="2%м=2,ƒ,!%"=……%е !ег3л,!%-
"=…,е =CC=!=2= %Kе“Cеч,2 !=K%23 C=!%“2!3L…%г% 
*%мC!е““%!= " !=“ч‘2…%м !е›,ме.

o!, C!%.%›де…,, %2!=K%2=……%г% …,ƒ*%C%2е…-
ц,=ль…%г% C=!= че!еƒ *%мC!е““%! C%"/ш=е2“  
д="ле…,е “меш=……%г% C=!=, *%2%!/L целе“%%K-
!=ƒ…% ,“C%льƒ%"=2ь дл  C,2=…,  де=.!=2%!%" 
.…е!ге2,че“*%г% 3ч=“2*= C!едC!, 2, . p=ƒ!=K%-
2=……=  “,“2ем= ="2%м=2,че“*%г% !ег3л,!%"=…,  
!е›,м=м, C=!%“2!3L…%г% *%мC!е““%!= C%ƒ"%л,2 
C%"/“,2ь .…е!ге2,че“*3ю .--е*2,"…%“2ь C!ед-
C!, 2,  C32‘м "2%!,ч…%г% ,“C%льƒ%"=…,  %2!=-
K%2=……%г% C=!=. 

a,Kл,%г!=-,че“*,е ““/л*,

1. q%*%л%" e.“., g,…ге! m.l. q2!3L…/е =CC=!=2/. 
l.: }…е!г%=2%м,ƒд=2, 1989.  315 “.

2. `ле*“=…д!%" `.`., c!,г%!ье" a.`. Š=Kл,ц/ 2еCл%-
-,ƒ,че“*,. “"%L“2" "%д/ , "%д …%г% C=!=. l.: l}h, 
1999. 256 “.

3. kе%…е…*%" `.b. mеч‘2*%е м%дел,!%"=…,е " “!еде 
MATLAB , fuzzyTECH. qoK.: aub-oе2е!K3!г, 2005. 
456 “.

p,“. 6. pег3л,!%"=…,е *%.--,ц,е…2= ,…›е*ц,, 
C!, 3ме…ьше…,, д="ле…,  ,…›е*2,!3ем%г% C=!= “ ! …1 = 0,245 д% ! …2 = 0,196 lo=
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 rdj 621.791.75.03-52

b.`. kеKеде", *=…д. 2е.…. …=3* (h…“2,232 .ле*2!%“"=!*, ,м. e.n. o=2%…= m`m r*!=,…/, г. j,е")

lebedevvladimir@ukr.net

`oo`p`Š dk“ `bŠnl`Šh)eqjni qb`pjh ŠnkqŠnkhqŠnb{u jnmqŠprj0hi
  }kelemŠnb  lnym{u `k~lhmheb{u  xhmnopnbndnb 

p=““м%2!е…/ %“…%"/ !=ƒ!=K%2*, =CC=!=2= дл  “"=!*, C!%2 ›‘……/. 3ƒл%" # C! м%л,-
…еL…/. 3ч=“2*%" м%?…/. =люм,…,е"/. ш,…%C!%"%д%" дл  ! д= %2!=“леL C!%м/шле……%“2, 
(.ле*2!%ме2=лл3!г, ) , .…е!ге2,*,.

nC!еделе…/ %“…%"…/е 3“л%", , 2е.…,че“*,е , 2е.…%л%г,че“*,е д=……/е дл  *%…“2!3,!%"=-
…,  “"=!%ч…%г% =CC=!=2=. o%*=ƒ=…%, ч2% C%л3ч,2ь *=че“2"е……%е “"=!…%е “%ед,…е…,е м%›-
…% C!, !=ц,%…=ль…%м !=“C!еделе…,, …=Cл="ле……/. "=л,*%" C!, “%ƒд=…,, м%…%л,2…%L “2!3*-
23!/, “%ед,… ю?еL ш,…/. nC,“=…/ *%…“2!3*ц,  , =лг%!,2м/ -3…*ц,%…,!%"=…,  %2дель-
…/. “,“2ем ="2%м=2=.

jлюче"/е “л%"=: =люм,…,L, ш,…%C!%"%д, “"=!*=, *=че“2"%, ш%", 2е.…%л%г, , .ле*2!%-
C!%"%д…%“2ь, %K%!3д%"=…,е, ="2%м=2,ƒ=ц, .

Apparatus designing bases for lengthy assembly welding are considered. It is mentioned about 
rectilinear sections of the powerful aluminum busbars  for  series industry and  (electrometallurgy) 
and energetics branches. 

Bases conditions, technical and technological dates for welding apparatus designing are defined. 
It is shown that qualitative welded joint can be obtained through weld pad rollers efficient distribution 
when creating of the busbar joining monolithic structure. Design and algorithms of the separate 
automatic machine systems functioning are described. 

Key words: aluminum, busbar, welding, quality, weld, technology, conduction, equipment, 
automation.

q"=!*= =люм,…,е"/. ш,…%C!%"%д%" дл  .ле*-
2!%л,ƒ…%г% C!%,ƒ"%д“2"= ме2=лл%" (=люм,…,L, 
м=г…,L) …= .…е!г%ге…е!,!3ю?,. C!едC!, 2, . , 
м%?…/. C%2!еK,2ел . .ле*2!%.…е! г,, =*23=ль…= 
, ч=“2% %“л%›… е2“  %KA‘м=м, !=K%2, *%2%!/е 
…=д% C!%"%д,2ь " C!%,ƒ"%д“2"е……/. 3“л%", . , 
%г!=…,че……/. "!еме……/. ,…2е!"=л=.. }2%, " ч=-
“2…%“2,, %2…%“,2“  * “,“2ем=м .…е!г%“…=K›е…,  
.ле*2!%л,ƒ‘!%", где *=че“2"е……%е “"=!…%е “%ед,-
…е…,е ш,…%C!%"%д%" C!, !ем%…2е ,л, ""%де " 
.*“Cл3=2=ц,ю м%›…% C%л3ч,2ь л,шь " Cе!,%д 
C%л…%г% “… 2,  …=C! ›е…, . b …=“2% ?ее "!ем  
“"=!*3 ш,…%C!%"%д%" %“3?е“2"л ю2 м=л%C!%,ƒ-
"%д,2ель…/м, “C%“%K=м,, " ч=“2…%“2, “ ,“C%ль-
ƒ%"=…,ем …еCл=" ?ег%“  .ле*2!%д=. a%лее .--
-е*2,"…% ƒ=д=ч3 м%›…% !еш,2ь, ,“C%льƒ3  ме.=-
…,ƒ,!%"=……%е д3г%"%е %K%!3д%"=…,е # C%л3="2%-
м=2/, …% C!, .2%м ,мее2“  , K%льш=  г!3CC= 
C!%2 ›‘……/. д%“2=2%ч…% C! м%л,…еL…/. ш"%", 
где “"=!%ч…/L C!%це““ м%›е2 K/2ь ="2%м=2,ƒ,-
!%"=…. 

`"2%м=2,ƒ=ц,  C%ƒ"%л е2 “3?е“2"е……% 3"ел,-
ч,2ь 2%* “"=!*,, C!%,ƒ"%д,2ель…%“2ь C!%це““= , 
“%ƒд=2ь K%лее *%м-%!2…/е 3“л%",  дл  !=K%2/ 
“"=!?,*=, %Kе“Cеч,2ь C%"2%! ем%“2ь !еƒ3ль2=2%" 
, ,. *=че“2"% (C!%ч…%“2ь “%ед,…е…,  , …,ƒ*%е 

Cе!е.%д…%е .ле*2!,че“*%е “%C!%2,"ле…,е). qле-
д3е2 %2ме2,2ь, ч2% C% ш,…%C!%"%д=м .ле*2!%л,-
ƒ‘!%" C!%.%д,2 2%* " 2/“ ч, =мCе!, ч2% дел=е2 
ƒ=д=ч3 C%л3че…,  *=че“2"е……%г% ш"= ƒ…=ч,м%L. 

o!, “%ƒд=…,, ="2%м=2%" дл  “"=!*, 2%л“2%л,“-
2%"/. ме2=лл%*%…“2!3*ц,L ,ƒ “Cл="%" =люм,…,  
…е%K.%д,м%:

%C!едел,2ь !е›,м/ “"=!*,, C!, *%2%!/. !е=-
л,ƒ3е2“  C!%це““ “"=!*, ƒ= ƒ=д=……%е (%г!=…,че…-
…%е) "!ем ;

ƒ=д=2ь C%! д%* …=л%›е…,  "=л,*%" ме2=лл= , 
2е.…,че“*,е “!ед“2"= дл  !=“*л=д*, ш"%"; 

"/K!=2ь “C%“%K , 3“2!%L“2"% дл  “ле›е…,  ƒ= 
ш"%м;

!=ƒ!=K%2=2ь “,“2ем3 ="2%м=2,че“*%г% "%ƒK3›-
де…,  д3г,;

%C!едел,2ь “,“2ем3 C%д=ч, .ле*2!%д…%L C!%-
"%л%*, , “!ед“2"= C%дде!›=…,  е‘ “2=K,ль…%г% 
д",›е…,  " ƒ%…3 г%!е…,  д3г,;

"/ ",2ь …=,K%лее .--е*2,"…/L C% “%"%*3C…%-
“2, C%*=ƒ=2елеL ("%ль2-=мCе!…/е .=!=*2е!,“2,-
*,, ,…д3*2,"…%“2ь “"=!%ч…%L цеC,, …=д‘›…%“2ь, 
“2%,м%“2ь) ,“2%ч…,* “"=!%ч…%г% 2%*=.

p=““м%2!,м %C!еделе…,е *%л,че“2"= C!%.%д%" 
(ш"%"), *%2%!/е 2!еK3е2“  "/C%л…,2ь C!, “%ƒд=-
…,, “%ед,…е…,  %C!едел‘……%L -%!м/.
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j%л,че“2"% C!%.%д%" n C!, “"=!*е %C!едел е2-
“  C% -%!м3ле

n = S/Si  ,  (1)

где S, Si # Cл%?=д, …=Cл="*, %K?еL , %д…%г% C!%-
.%д= “%%2"е2“2"е……%.

oл%?=дь C%Cе!еч…%г% “ече…,  C!, %д…%м C!%-
.%де “"=!%ч…%г% =CC=!=2=, “%гл=“…% !=K%2е [1] 
!=““ч,2/"=ю2 C% -%!м3ле

св

д
i

IS
v

α=
ρ

,  (2)

где α O *%.--,ц,е…2 !=“Cл="ле…,  .ле*2!%д…%г% 
ме2=лл=; дI  O 2%* “"=!*,; ρ O Cл%2…%“2ь .ле*2!%д-
…%г% ме2=лл=; v“" O “*%!%“2ь “"=!*,.

j%.--,ц,е…2 !=“Cл="ле…,  .ле*2!%д…%L C!%-
"%л%*, " 2е.…,че“*%L л,2е!=23!е [2] %C!едел е2-
“  *=* …е*%2%!=  .мC,!,че“*=  ƒ=",“,м%“2ь дл  
*=›д%г% *%…*!е2…%г% C!%це““= , 3“л%",L ег% 
!е=л,ƒ=ц,,, ч2% …е C%ƒ"%л е2 Kеƒ д%“2=2%ч…% 
%KA‘м…/. .*“Cе!,ме…2=ль…/. !=K%2 !=“C!%“2!=-
…,2ь е‘ …= д!3г,е ",д/ д3г%"/. C!%це““%". 
m=Lд‘м *%.--,ц,е…2 α д!3г,м ме2%д%м. dл  
.2%г% "/ч,“л,м “*%!%“2ь C%д=ч, vC .ле*2!%д…%L 
C!%"%л%*,:

пv l t= ,  (3)

где l — дл,…= 3ч=“2*= C!%"%л%*,, C%д=……%L ƒ= "!ем  t.

j%.--,ц,е…2 !=“Cл="ле…,  C% %C!еделе…,ю 
ƒ=C,ше2“  " ",де

дm I tα = ,  (4)

где m O *%л,че“2"% !=“Cл=","шег%“  ме2=лл= ƒ= 
"!ем  t 2%*%м дI .

j%л,че“2"% !=“Cл=","шег%“  ме2=лл= м%›…% 
%C!едел,2ь C% -%!м3ле

2
эm r l= π ρ

 
,  (5)

где r. O !=д,3“ “ече…,  .ле*2!%д…%L C!%"%л%*,.

b/!=›е…,е (2) дл  %C!еделе…,  “ече…,  …=-
Cл="ле……%г% ме2=лл= “ 3ч‘2%м "/!=›е…,L (3) O 
(5) , *%.--,ц,е…2= C%2е!ь .ле*2!%д…%г% ме2=лл= 
ψ C!,…,м=е2 д%“2=2%ч…% C!%“2%L, %че",д…/L , 
3д%K…/L дл  C!,ме…е…,  " 2е.…%л%г,че“*%L , 
*%…“2!3*2%!“*%L C!=*2,*е ",д: 

п
э

св

.i
vS r
v

= π Ψ   (6)

o!%"е!*= =де*"=2…%“2, "/!=›е…,  (6) !е=ль-
…/м C!%це““=м “"=!*, C!%"%д,л=“ь " л=K%!=2%!-
…/. 3“л%", . “ ,“C%льƒ%"=…,ем C%л3="2%м=2= , 
ме.=…,ƒм= Cе!еме?е…,  ег% де!›=2ел  "д%ль 
“"=!,"=ем%г% “2/*=, C!ед“2="л ю?ег% “%K%L 
2="!%"%е “%ед,…е…,е, ,м,2,!3ю?ее C!,"=!*3 
ш,… д!3г * д!3г3. pе›,м/ “"=!*, .ле*2!%д…%L 
C!%"%л%*%L 2,C= q"`j5 д,=ме2!%м 3,0 мм "/-
K,!=л,“ь " “%%2"е2“2",, “ !=K%2=м, [3] , [4]. 
j%л,че“2"% ш"%" !=““ч,2/"=л%“ь “%гл=“…% "/-
!=›е…, м (1) , (6). 

q*%!%“2ь “"=!*, "/K,!=л=“ь ,ƒ 3“л%",L м,…,-
м=ль…%г% C!%Cл="ле…,  %“…%"…%г% ме2=лл= , %2-
“32“2",  “д3"=…,  C%2%*= ƒ=?,2…%г% г=ƒ=, "/ƒ/-
"=ю?ег% …=!3ше…,е C!%це““= “"=!*,. o!, “"=!*е 
2%*%м 360O380 ` “% “*%!%“2ью 18O20 м/ч !е-
ƒ3ль2=2/ ,ƒме!е…,  Cл%?=д, “ече…,  *=›д%г% 
ш"= , “%ед,…е…,  " цел%м, C!%"ед‘……/е C% м=*-
!%шл,-=м, C%*=ƒ=л, 3д%"ле2"%!,2ель…3ю “.%д,-
м%“2ь .*“Cе!,ме…2=ль…/. ,““лед%"=…,L “ 2е%!е-
2,че“*,м !=“ч‘2%м, ч2% C!едC%л=г=е2 "%ƒм%›-
…%“2ь ,“C%льƒ%"=…,  -%!м3л/ (6) дл  %це…*, 
"%ƒм%›…/. !еƒ3ль2=2%" …=Cл="*, , “"=!*, дл  
C%л3че…,  ƒ=д=……/. “ече…,L ме2=лл= ш"=.

o!, ,“C%льƒ%"=…,, -%!м3л/ (6) “лед3е2 ,ме2ь 
" ",д3, ч2% дл  *=›д%г% д,=ме2!= .ле*2!%д…%L 
C!%"%л%*, “3?е“2"3е2 %C!едел‘……/L д,=C=ƒ%… 
3“2%Lч,"/. !е›,м%" C% 2%*3 “"=!*,. j!%ме 2%г%, 
м=*“,м=ль…%е ƒ…=че…,е 2%*= “"=!%ч…%г% C!%це“-
“= "“егд= %г!=…,ч,"=е2“  "%ƒм%›…%“2 м, 2еCл%-
"%г% …=г!3›е…,  .леме…2%" “"=!%ч…%L г%!ел*, 
(2%*%C%д"%д ?ег% …=*%…еч…,*=, *=…=л= дл  C%-
д=ч, C!%"%л%*, , д!.).

h“.%д  ,ƒ ,ƒл%›е……%г%, м%›…% %C!едел,2ь 
"!ем  tp, ƒ=2!=ч,"=ем%е …= "/C%л…е…,е м…%г%-
“л%L…%г% “"=!…%г% “%ед,…е…, :

tp = tc + t… ,  (7)

где tc, t… O "!ем  “"=!*, , …=л=д*, “%%2"е2“2"е……%.

b!ем  …=л=д*, %C!едел е2“  "%ƒм%›…%“2 м, 
“"=!%ч…%г% %K%!3д%"=…, , ег% 2е.…,че“*,м “%-
"е!ше…“2"%м , %*%…ч=2ель…% 3“2=…="л,"=е2“  
2%ль*% " !еƒ3ль2=2е %C/2…/. “"=!%*. &),“2%е[ 
"!ем  “"=!*, %д…%г% ш"= сit  м%›…% %C!едел,2ь 
,ƒ "/!=›е…,  (6):

ш
с 2

э п

i
i

S lt
r v

=
π Ψ

 

,  (8)

где шl O дл,…= “"=!…%г% “%ед,…е…, .

o%л…%е "!ем  “"=!*,, “%гл=“…% -%!м3ле (1), 
ƒ=C,ше2“  " ",де

ш
с 2

э п
i

Slt
r v

=
π Ψ

.  (9)
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p=ƒ!=K%2=…/ 2е.…%л%г,  "/C%л…е…,  “"=!…/. 
"=л,*%" , C%“лед%"=2ель…%“2ь ,. …=…е“е…,  " ="-
2%м=2,че“*%м ц,*ле. 

p=““м%2!,м C!,ме! !=ƒ!=K%2*, , *%…“2!3,!%-
"=…,  ="2%м=2= дл  “"=!*, =люм,…,е"/. ш,… 
2%л?,…%L 50 мм “ C!%2 ›‘……%“2ью ш"= д% 1,0 м. 
Š=*,е ƒ=д=ч, “2% 2 C!, C!,"=!*е K%*%"/. %2"%-
д%" ш,… " *%…“2!3*ц,, .ле*2!%“…=K›е…,  м=г-
…,е"%г% .ле*2!%л,ƒ‘!=. o!,ме! !=“*л=д*, ш"%" 

C!, 2=*%м “%ед,…е…,, " “%%2"е2“2",, “ C!,"е-
д‘……/м, =…=л,2,че“*,м, “%%2…%ше…, м, C%*=-
ƒ=… …= !,“. 1, где K3*"=м, ` , a %K%ƒ…=че…/ %“-
…%"…=  ш,…= , %2"%д. t%!м= м…%г%“л%L…%г% 
“"=!…%г% “%ед,…е…,  “%%2"е2“2"3е2 …е%K.%д,м%-
м3 “ече…,ю, *%2%!%е %Kе“Cеч,"=е2 C!%.%›де…,е 
2%*= “ C%2е! м,, …е C!е"/ш=ю?,е C%2е!, " “=-
м,. ш,…=.. qлед3е2 %2ме2,2ь, ч2% -%!м= м…%г%-
“л%L…%г% “"=!…%г% “%ед,…е…,  д%л›…= K/2ь 
Kл,ƒ*%L * 2!е3г%ль…%L, …% ƒ=C%л… 2ь 2="!%"%е 
“%ед,…е…,е C%л…%“2ью …е “лед3е2, 2=* *=* …е%K-
.%д,м3ю Cл%?=дь “ече…,  дл  C!%.%›де…,  2%*= 
д%C%л…,2ель…% , “3?е“2"е……% %Kе“Cеч,"=е2 Cе!-
"/L ш%", "/C%л… ем/L " ме“2е “2/*%"*, .ле-
ме…2%" *%…“2!3*ц,, ш,…%C!%"%д=.

b/C%л…е…,е "=л,*%" ш"= %“3?е“2"л е2“  C% 
“лед3ю?ем3 =лг%!,2м3. c%!ел*3 ="2%м=2= 3“2=-
…="л,"=ю2 C%д 3гл%м β = 25#300 C% %2…%ше…,ю * 
"е!2,*=л, , "/C%л… ю2 ш%" 1, “"=!,"=  &" 3г%л[ 
3ƒл/ ` , a ш,…%C!%"%д%" 2=*,м %K!=ƒ%м, ч2%K/ 
C%л3ч,2ь м=*“,м=ль…/L C!%"=! ш,…/ ̀  , %2"%д= 
a. d=лее …= г%!,ƒ%…2=ль…%L Cл%“*%“2, …=Cл="-
л ю2 "=л,*, 2#4, ƒ=2ем &" 3г%л[ "=л,* 5, = "=л,* 
7 # …= г%!,ƒ%…2=ль…%L Cл%“*%“2, C% 3›е "/C%л-
…е……/м "=л,*=м. h 2=* д=лее д% C%“лед…ег% "=-
л,*= 13, *%2%!/L "/C%л… е2“  &" 3г%л[.

n2ме2,м, ч2% " ƒ=",“,м%“2, %2 ƒ=д=ч (%Kе“Cе-
че…,е м,…,м3м= C%2е!ь .ле*2!%.…е!г,,, ме.=…,-
че“*=  C!%ч…%“2ь , д!.) ,мею2“  , д!3г,е =лг%-
!,2м/ "/C%л…е…,  м…%г%“л%L…%г% “"=!…%г% “%ед,-
…е…, .

q2еCе…ь ="2%м=2,ƒ=ц,, “"=!%ч…%г% ="2%м=2= 
%K3“л%"л,"=е2“  "%ƒм%›…%“2ью "/C%л…е…,  
“"=!…%г% “%ед,…е…,  ƒ= “2!%г% %2"ед‘……%е дл  
.2%г% "!ем  “ "/“%*%L “2еCе…ью C%"2%! ем%“2,. 
b…еш…,L ",д ш"%" , ,. “ече…,е C!,"еде…/ …= 
!,“. 2. o!, .2%м …= !,“. 2, K C%*=ƒ=…/ “ече…,  

12 9 10
6 7

                               30°

13

        50,0 11
8
5

1 2 3 4

50,0 50,0

p,“. 1. b=!,=…2 !=“*л=д*, "=л,*%" C!, “"=!*е 
=люм,…,е"/. ш,…%C!%"%д%" 2%*%м д% 380 `

) )

p,“. 2. nK!=ƒц/, C%л3че……/е C!, ="2%м=2,че“*%L м…%г%“л%L…%L “"=!*е =люм,…,е"/. ме2=лл%*%…“2!3*ц,L
2%л?,…%L 40 мм, ,м,2,!3ю?,. !=ƒл,ч…/е .леме…2/ м%?…/. ш,…%C!%"%д%" .ле*2!%л,ƒ…/. C!едC!, 2,L: 

= # "…еш…,L ",д ш"%"; K # “ече…,е ш"%"
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д"3. ш"%": “ле"= – C!, …е3д=ч…% "/K!=……%м, 
C!=*2,че“*, “л3ч=L…%м, C%! д*е !=“*л=д*, , 
!=“C%л%›е…,, "=л,*%" ш"%", = “C!="= # “"=!…%е 
Cл%2…%е “%ед,…е…,е “ %C2,м,ƒ,!%"=……/м, (“Cе-
ц,=ль…% !=““ч,2=……/м,) !=“*л=д*%L , !е›,м=-
м, “"=!*,. b …‘м %2“32“2"3ю2 C%л%“2, , …еме2=л-
л,че“*,е "*люче…, , ч2% дел=е2 .2% “"=!…%е 
“%ед,…е…,е C% .ле*2!,че“*,м “"%L“2"=м (.ле*-
2!%C!%"%д…%“2,) !="…/м %“…%"…%м3 ме2=лл3 ш,-
…%C!%"%д=.

nче",д…%, ч2% C!, !=ƒ!=K%2*е , *%…“2!3,!%"=-
…,, “"=!%ч…%г% ="2%м=2= дл  м…%г%“л%L…%L “"=!-
*, “3?е“2"е……%е ƒ…=че…,е ,мее2 ме“2% "/K%!= 
“,“2ем/, *%2%!=  C%ƒ"%л е2 …е 3ч,2/"=2ь 2=* …=-
ƒ/"=ем/L чел%"ече“*,L -=*2%! C!, …=“2!%L*е 
="2%м=2= …= *=›д/L C%“лед3ю?,L ш%". 

qе!ь‘ƒ…/м  "л е2“  "%C!%“ ="2%м=2,че“*%г% 
"%ƒK3›де…,  д3г, …е 2%ль*% “ ,“.%д…%L C%ƒ,ц,, 
(…=ч=л% ш"=), …% , " люK%м ме“2е, где C% *=*,м-
л,K% C!,ч,…=м C!%,“.%д,2 C!е!/"=…,е ="2%м=-
2,че“*%г% ц,*л=. b .*“Cе!,ме…2=ль…/. !=K%2=. 
C!, C%д=че .ле*2!%д…/. C!%"%л%* д,=ме2!%м 
2,0 мм , K%лее , ,. “%C!,*%“…%"е…,, “% “"=!,-
"=ем/м ,ƒдел,ем "%ƒK3›де…,е д3г, …е C!%,“.%-
д,2. b%ƒм%›…% …е“*%ль*% "=!,=…2%" !еше…,  
.2%L ƒ=д=ч,: ,“C%льƒ%"=…,е ме2=лл,че“*%L “2!3›-
*,, %“ц,лл 2%!= ,л, д%C%л…,2ель…/е м=…,C3л -
ц,, “ .ле*2!%д…%L C!%"%л%*%L. j=* …=,K%лее 
C!%“2%L , …=д‘›…/L “C%“%K "%ƒK3›де…,  д3г,, 

C!едл%›е… , !е=л,ƒ%"=… “C%“%K “ !е"е!“%м C!%-
"%л%*,, "/C%л… ем/L C% %C!едел‘……%м3 =лг%-
!,2м3.

h…“2,232 .ле*2!%“"=!*, ,м. e.n. o=2%…= (г. j,е") 
,мее2 м…%г%ле2…,L 3“Cеш…/L %C/2 “%ƒд=…,  , 
"…ед!е…,  ="2%м=2,ƒ,!%"=……%г% , ме.=…,ƒ,!%-
"=……%г% %K%!3д%"=…,  дл  !=ƒ…/. 2,C%" , ",д%" 
“"=!*, , …=Cл="*,. r“2=…%"*=, !=ƒ!=K%2=……=  дл  
"…ед!е…,  C!, м…%г%“л%L…%L “"=!*е .леме…2%" 
ш,…%C!%"%д%", K=ƒ,!3е2“  …= %C/2е “%ƒд=…,  …=-
д‘›…/. , C!%"е!е……/. !=ƒ!=K%2%* 3ƒл%" , “,“-
2ем C%д=ч, .ле*2!%д…%L C!%"%л%*,, Cе!еме?е-
…,  “"=!%ч…%L г%л%"*,, *%!!е*ц,, “"=!%ч…%L 
г%л%"*, %2…%“,2ель…% “"=!,"=ем%г% ,ƒдел,  , 
…еC%“!ед“2"е……% ме“2= “"=!*,, *%2%!%е .=!=*2е-
!,ƒ3е2“  "%ƒдеL“2",ем ! д= C!%,ƒ"%д“2"е……/. 
-=*2%!%", "л, ю?,. …= !=K%2%“C%“%K…%“2ь “"=-
!%ч…%г% %K%!3д%"=…, . }2, -=*2%!/ ,ƒ3че…/ " 
C!%це““е !=K%2/ …= ! де .ле*2!%ме2=лл3!г,че-
“*,. C!едC!, 2,L r*!=,…/, p%““,, , Š=д›,-
*,“2=…= , 3ч2е…/ C!, !=ƒ!=K%2*е , "…ед!е…,, 
ме.=…,ƒ,!%"=……%г% д3г%"%г% %K%!3д%"=…, .

j%…цеCц,  C%“2!%е…,  3“2=…%"*,. r“2=…%"*=, 
%K?,L ",д *%2%!%L C%*=ƒ=… …= !,“. 3, "/C%л…е…= 
" ",де м%K,ль…%г%, лег*% Cе!еме?=ем%г% , 3“2=-
…="л,"=ем%г% …= ме“2е “"=!*, *%мCле*“=.

q"=!%ч…=  г%л%"*= "/C%л…е…= " ",де ="2%м=-
2,че“*%г% 3“2!%L“2"=, Cе!еме?=ю?ег%“  "д%ль 
“"=!…%г% ш"=, , “%де!›,2 %“…%"…/е ме.=…,ƒм/: 

p,“. 3. r“2=…%"*= rlq-2 (%C/2…/L %K!=ƒец) дл  м…%г%“л%L…%L “"=!*, .леме…2%" =люм,…,е"%г% .ле*2!%л,ƒ‘!=: 

1 # “"=!%ч…=  г%!ел*=; 2 # 3“2!%L“2"% *!еCле…,  =CC=!=2= …= “"=!,"=ем%м ,ƒдел,, “ *%C,!%"=…,ем …=C!="ле…,  
ш"=; 3 # 3“2!%L“2"% Cе!еме?е…,  г%!ел*,; 4 # ,м,2=ц,  “"=!,"=ем%г% ,ƒдел, ; 5 # 3“2!%L“2"% 3C!="ле…,  !=“-

*л=д*%L ш"=; 6 # …=C!="л ю?,L !ель“; 7 # C3ль2 3C!="ле…,  , !ег3л,!%"=…, 
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C%д=ч, .ле*2!%д…%L C!%"%л%*, “ !ег3л,!3ем/м 
.ле*2!%C!,"%д%м , Cе!еме?е…,  “ !ег3л,!3ем/м 
.ле*2!%C!,"%д%м, = 2=*›е "“C%м%г=2ель…/е ме-
.=…,ƒм/ дл  *%!!е*2,!%"*, C%л%›е…,  2%!ц= 
.ле*2!%д…%L C!%"%л%*, %2…%“,2ель…% “"=!…%г% 
ш"=: C%Cе!еч…%г% Cе!еме?е…, , "е!2,*=ль…%г% 
Cе!еме?е…, , …=*л%…= “,“2ем/ C%д=ч, "д%ль 
“"=!…%г% ш"= , …=*л%…= C%Cе!‘* “"=!…%г% ш"=. 
o!, .2%м 3“2!%L“2"= "е!2,*=ль…%г% , г%!,ƒ%…-
2=ль…%г% Cе!еме?е…,  C!%“2/ C% *%…“2!3*ц,, , 
ме.=…,че“*, %KAед,…е…/ " %д…3 “,“2ем3, *%2%-
!=  C%"%!%2%м “%%2"е2“23ю?ег% м=.%",*= “% 
ш*=л%L 3“2=…="л,"=е2 “"=!%ч…3ю г%!ел*3 " …3›-
…%е дл  *=›д%г% C%“лед3ю?ег% ш"= C%л%›е…,е. 
q"=!%ч…=  г%!ел*= “…=K›е…= “%Cл%м дл  C%д"%д= 
* "=……е ƒ=?,2…%г% г=ƒ=, *л=C=…%м г=ƒ%"%г% %2“е-
*=2ел  , д!3г,м, 3“2!%L“2"=м, дл  е‘ -3…*ц,%-
…,!%"=…,  " ="2%м=2,че“*%м !е›,ме (-л=›*, 
дл  *%…це"/. "/*люч=2елеL, *%…2!%л,!3ю?,. 
C!едел/ Cе!еме?е…,  “"=!%ч…%L г%л%"*,). 

q C3ль2= 3C!="ле…,  %“3?е“2"л ю2“  3C!="ле-
…,е .ле*2!%C!,"%д=м, Cе!еме?е…,  .ле*2!%д-
…%L C!%"%л%*, , “"=!%ч…%L г%л%"*,, = 2=*›е 
C3“* , %“2=…%"*= “"=!%ч…%L г%л%"*,. b“е %!г=…/ 
!ег3л,!%"*, !е›,м%" “"=!*, 3“2=…%"ле…/ " %2-
дель…%м Kл%*е , …ед%“23C…/ “"=!?,*3-%Cе!=2%-
!3. m=л=д*= , "/K%! !е›,м%" " “%%2"е2“2",, “ 
2е.…%л%г,че“*%L ,…“2!3*ц,еL “"=!*, %“3?е“2"-
л ю2“  2е.…%л%г%м.

0,*л !=K%2/ 3“2=…%"*,. o%“ле м%…2=›= =CC=-
!=2= …еC%“!ед“2"е……% …= “"=!,"=ем%м ,ƒдел,,, 
*…%C*=м, …= C3ль2е 3C!="ле…,  , !3ч…/м, C!,-
"%д=м, “"=!?,*-%Cе!=2%! 3“2=…="л,"=е2 г%л%"*3 
" …=ч=л% ме“2= “"=!*, , …=*л%… е2 е‘ дл  “"=!*, 

…= 3г%л β (“м. !,“. 1) 3гл%м "Cе!ед C% %2…%ше…,ю 
* …=C!="ле…,ю “"=!*,. m=›=2,ем C3“*%"%L *…%C-
*, “"=!?,* …=ч,…=е2 "/C%л… 2ь Cе!"/L "=л,* 
“"=!…%г% ш"=, *%2%!/L …=*л=д/"=е2“  3 “2е…*, 
(ш,…= ш,…%C!%"%д=) " 3г%л. n“2=…%"*= Cе!еме-
?е…,  “"=!%ч…%L г%л%"*, "/C%л… е2“  ="2%м=-
2,че“*, C% “,г…=л3 *%…еч…%г% "/*люч=2ел . 
d=лее “"=!?,* !/ч=г%м Cе!е"%д,2 г%л%"*3 " C%-
л%›е…,е дл  “"=!*, …= г%!,ƒ%…2=ль…%L Cл%“*%-
“2, (“лед3ю?,L "=л,* "/C%л… е2“  …= Cл%“*%-
“2,) , 3гл%м "Cе!ед C% %2…%ше…,ю * “"=!%ч…%м3 
д",›е…,ю, "/C%л… ем%м3 " %K!=2…%м …=C!="ле-
…,,. Š=*›е …=›=2,ем C3“*%"%L *…%C*, …=ч,…=-
е2“  "/C%л…е…,е “"=!*, " %K!=2…%м …=C!="ле…,, 
д% “!=K=2/"=…,  *%…еч…%г% "/*люч=2ел . Š=*,м 
%K!=ƒ%м, 3 “"=!%ч…%L г%л%"*, %2“32“2"3е2 .%л%-
“2%L .%д. d=лее ц,*л "/C%л… е2“  “ “%%2"е2“2-
"3ю?,м, !3ч…/м, *%!!е*2,!%"*=м, “"=!?,*%м 
C%л%›е…,  “"=!%ч…%L г%л%"*, %2…%“,2ель…% ме“-
2= “"=!*, , " “%%2"е2“2",, “ !=…ее "/K!=……%L 
C!%г!=мм%L (“.ем%L) !=“*л=д*, "=л,*%".

r“2=…%"*= м%›е2 K/2ь C!, %C!едел‘……%L %2…%-
“,2ель…% C!%“2%L Cе!е*%мC%…%"*е (,ƒме…е…,е 
ме“2= 3“2=…%"*, “"=!%ч…%L г%л%"*,) ,“C%льƒ%"=-
…= дл  %м%…%л,ч,"=…,  ш,… це…2!=ль…%г% ш,-
…%C!%"%д= ,л, ег% “2/*%"*,.

q.ем=, !е=л,ƒ3ю?=  ц,*л !=K%2/ 3“2=…%"*,, 
д%“2=2%ч…% C!%“2= , “%де!›,2 ме…ее 20 =*2,"…/. 
.леме…2%", ч2% %Kе“Cеч,"=е2 е‘ "/“%*3ю …=д‘›-
…%“2ь , !ем%…2%C!,г%д…%“2ь, ,, *=* C%*=ƒ/"=е2 
%C/2 .*“Cл3=2=ц,, д3г%"%г% ме.=…,ƒ,!%"=……%г% 
%K%!3д%"=…,  " “л%›…/. 3“л%", . (…=C!,ме!, 
.ле*2!%ме2=лл3!г,че“*,е C!едC!, 2, ),  "л е2“  
%че…ь "=›…/м =“Cе*2%м " ,. *%…“2!3*ц, .. 

1 2
    G1
                                     R3               R4 

1 2

                           R1              V1             K1 

                         R2           K1                   K2 

-
-

- -

p,“. 4. q,“2ем= "%ƒK3›де…,  “"=!%ч…%L д3г,
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b *=че“2"е ,ллю“2!=ц,, C!%“2%2/, %!,г,…=ль-
…%“2, , .--е*2,"…%“2, 2е.…,че“*,. !еше…,L, 
C!,… 2/. C!, !=ƒ!=K%2*е 3“2=…%"*, дл  м…%г%-
“л%L…%L ="2%м=2,че“*%L “"=!*, 2%л“2%л,“2%"%-
г% =люм,…, , !=““м%2!,м !=K%23 !елеL…%г% "=-
!,=…2= д=2ч,*= г%!е…,  д3г, (,л, д=2ч,*= “"=-
!%ч…%г% 2%*=), "/C%л…е……%г% …= !еле j1 , j2 
(!,“. 4). o=!=ме2!/ !еле j1 , j2, = 2=*›е !еƒ,-
“2%!%" R1 , R2, “2=K,л,2!%…= V1 "/K!=…/ 2=*,-
м,, ч2% C!, C%д=че …= …,. …=C! ›е…,  .%л%“2%-
г% .%д= ,“2%ч…,*= “"=!%ч…%г% 2%*=, *%2%!%е “3-
?е“2"е……% "/ше …=C! ›е…,  г%!е…,  “"=!%ч…%L 
д3г,, “!=K=2/"=е2 !еле j1, Kл%*,!3  "*люче…,е 
!еле j2. o!, “…,›е…,, …=C! ›е…,  ,“2%ч…,*= 
“"=!%ч…%г% 2%*= д% 3!%"…  “"=!%ч…%г% …=C! ›е-
…,  %2*люч=е2“  !еле j1, *%2%!%е C!, !=““м=2-
!,"=ем%L “.еме "*люче…,  ,мее2 …,ƒ*,L *%.--
-,ц,е…2 "%ƒ"!=2=, C!, .2%м C%д*люч=е2“  !еле 
j2. b “л3ч=е *%!%2*%г% ƒ=м/*=…,  .ле*2!%д= …= 
,ƒдел,е, *%гд= …=C! ›е…,е …= д3ге !еƒ*% 3ме…ь-
ш=е2“ , %K= !еле %2*люч=ю2“ . b ц,*ле “"=!*, 
…=C! ›е…,е .%л%“2%г% .%д= %2 ,“2%ч…,*= “"=-
!%ч…%г% 2%*= C%“23C=е2 …= д=2ч,* г%!е…,  д3г,, 
C!, .2%м д=2ч,* 2%*= (!еле j1 "*люче…%) C%-
д=‘2 “,г…=л …= Cе!еме?е…,е .ле*2!%д…%L C!%"%-
л%*, * ,ƒдел,ю …= “*%!%“2,, ƒ=д="=ем%L !еƒ,-
“2%!%м R4. o!, ƒ=м/*=…,, .ле*2!%д…%L C!%"%-
л%*, …= ,ƒдел,е д=2ч,* 2%*= (!еле j1 , j2 %2-
*люче…/) C%д=‘2 “,г…=л …= Cе!еме?е…,е .ле*-
2!%д…%L C!%"%л%*, %2 ,ƒдел, . o!, .2%м "%ƒK3-
›д=е2“  “"=!%ч…=  д3г= , д=2ч,* 2%*= (!еле j2 
"*люче…%) Cе!е*люч=е2 C%д=ч3 .ле*2!%д…%L 
C!%"%л%*, …= !=K%ч3ю “*%!%“2ь, %C!едел ем3ю 
!еƒ,“2%!%м R4. nд…%"!еме……% д=2ч,* 2%*= C%-
д=‘2 “,г…=л …= "*люче…,е Cе!еме?е…,  2еле›-
*,. hд‘2 C!%це““ “"=!*,, *%2%!/L C!, …е%K.%-
д,м%“2, м%›е2 K/2ь C!е!"=… , "%ƒ%K…%"л‘… " 
люK%м ме“2е , " люK%м …=C!="ле…,, д",›е…,  
2еле›*,. n2ме2,м, ч2% !=““м%2!е……=  *%…“2!3*-
ц,  д=2ч,*= 2%*= ,мее2 "/“%*3ю “2еCе…ь …=д‘›-
…%“2, , C%ме.%3“2%Lч,"%“2,, ч2% C%д2"е!›де…% 
м…%г%ч,“ле……/м, .*“Cе!,ме…2=м, , ег% %C/2-
…%-C!%м/шле……%L .*“Cл3=2=ц,еL " 3“л%", . 
ме2=лл3!г,че“*,. це.%". 

h…2е!е“…/м C% *%…“2!3*2,"…%м3 !еше…,ю 
 "л е2“  3“2!%L“2"% *%!!е*2,!%"*, C%л%›е…,  

2%!ц= г%!ел*, %2…%“,2ель…% “"=!%ч…%г% ш"=, 
*%2%!%е “%де!›,2 д"3.*%%!д,…=2…/L ме.=…,-
че“*, C!%г!=мм,!3ем/L !ег3л 2%! (C% "е!2,*=-
л, , г%!,ƒ%…2=л,) “ "%ƒм%›…%“2ью !3ч…%L %Cе-
!=2,"…%L 3“2=…%"*, г%!ел*, C%“ле *=›д%г% C!%-
.%д= (“"=!*, %че!ед…%г% ш"=). o!, .2%м "ел,ч,-
…= .%д= C!, г%!,ƒ%…2=ль…%м !ег3л,!%"=…,, “%-
“2="л е2 …е ме…ее 60 мм, = C!, "е!2,*=ль…%м # 
…е ме…ее 200 мм. o!ед3“м%2!е…= г!=д3,!%"*= 
!ег3л 2%!%" " C=!=ме2!=., “%%2"е2“2"3ю?,. ,ƒ-
ме…е…,ю C%л%›е…,  г%!ел*, Cе!ед *=›д/м …%-
"/м ш"%м. n2л,ч,2ель…%L %“%Kе……%“2ью !ег3-
л 2%!= C%л%›е…,  г%!ел*,  "л е2“  ег% 3C!="ле-
…,е %д…%L !3*% 2*%L. Š=*%е !еше…,е ƒ…=ч,2ель-
…% C!%?е , .--е*2,"…ее .ле*2!%ме.=…,че“*,. 
!ег3л 2%!%".

dл  *%мCле*2=ц,, 3“2=…%"*, "/K!=… м%де!…,-
ƒ,!%"=……/L ,“2%ч…,* “"=!%ч…%г% 2%*= 2,C= bdr 
506#25 “% “Cец,=ль…/м, "…еш…,м, !ег3л,!3е-
м/м, *%мK,…,!%"=……/м, "%ль2-=мCе!…/м, .=-
!=*2е!,“2,*=м, , ,…д3*2,"…%“2ью цеC,, “%%2-
"е2“2"3ю?еL ƒ=д=ч=м %Kе“Cече…,  “2=K,ль…%“2, 
C!%це““= “"=!*, =люм,…,е"/м, .ле*2!%д…/м, 
C!%"%л%*=м, C%"/ше……/. д,=ме2!%".

p=““м%2!е……/L C!,ме! 3“2=…%"*, дл  м…%г%-
“л%L…%L “"=!*, %Kе“Cеч,"=е2 *=че“2"е……3ю “"=!*3 
K%*%"/. %2"%д%" ш,…%C!%"%д= 2%л?,…%L 50 мм
“ це…2!=ль…/м ш,…%C!%"%д%м м=г…,е"%г% .ле*-
2!%л,ƒ‘!=. p=““ч‘2 13 "=л,*%" ш"= %“3?е“2"л л, 
" 2ече…,е 80 м,… C!, 2!еK3ем/. C% 2е.…%л%г,, 
120 м,…, ч2% дел=е2 2=*,е 3“2=…%"*, .--е*2,"-
…/м, C!, !ем%…2е , м%…2=›е м%?…/. ш,…%C!%-
"%д%" , д!3г,. *%…“2!3*ц,L.

a,Kл,%г!=-,че“*,е ““/л*,

1. `*3л%" `.m., aельч3* c.h., dем …це",ч b.o. 
Šе.…%л%г,  , %K%!3д%"=…,е “"=!*, Cл="ле…,ем. l.: 
l=ш,…%“2!%е…,е, 1977. 432 “.

2. a=K*,… `.q., j!,"%ше  b.e. p=ƒ!=K%2*= =лг%!,2-
м= !=“ч‘2= C=!=ме2!%" !е›,м%" " 3гле*,“л%м г=ƒе …= 
м,*!%}bl // q"=!%ч…%е C!%,ƒ"%д“2"%. 1985. 1 4. 
q. 3#4.

3. o%2=Cье"“*,L `.c. q"=!*= " ƒ=?,2…/. г=ƒ=. Cл=" -
?,м“  .ле*2!%д%м. l.: l=ш,…%“2!%е…,е, 1974. 240 “.

4. kеKеде" b.`. pег3л,!%"=…,е 2%*= C!, ме.=…,ƒ,-
!%"=……%L “"=!*е =люм,…,  // Šе.…%л%г,  ме2=лл%". 
2008. 1 5. q. 18#23.
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leŠndh)eqjhu oe)`u

 o!едл%›е…= “,“2ем= %C2,м=ль…%г% .*%…%м,ч…%г% …е“,мме2!,ч…%г% …=г!е"= ме2=лл= " …=-
г!е"=2ель…%L ме2%д,че“*%L Cеч,. `"2%м=2,ƒ,!%"=……=  “,“2ем= 3C!="ле…,  …=г!е"%м C%ƒ"%л -
е2 "е“2, C!%це““ г=!=…2,!%"=……%г% …=г!е"= ƒ=г%2%"%* “ м,…,м=ль…/м, 2%Cл,"…/м, ƒ=2!=2=-
м,. p=“ч‘2 %C2,м=ль…%L 2!=е*2%!,, …=г!е"= ƒ=г%2%"%* "ед‘2“  “ C%м%?ью C%,“*%"%г% “,м-
Cле*“…%г% ме2%д=. b…ед!е…,е д=……%L “,“2ем/ C%ƒ"%л е2 3ме…ьш,2ь !=“.%д 2%Cл,"= …= 3#5 %.

jлюче"/е “л%"=: …=г!е"=2ель…=  ме2%д,че“*=  Cечь, ="2%м=2,че“*=  “,“2ем= 3C!="ле…, , …=-
г!е" ме2=лл=, !=“.%д 2%Cл,"=, .*%…%м,ч…/L !е›,м, “,мCле*“…/L ме2%д C%,“*=, …е“,мме2!,ч-
…%е !=“C!еделе…,е 2еCл%"/. …=г!3ƒ%*, …е“,мме2!,ч…/L …=г!е" ƒ=г%2%"*,.

The system of optimum economic asymmetrical heating of metal in the heating methodical 
furnace is offered. The automated control system of heating allows to conduct process of the 
guaranteed heating of preparations with the minimal fuel expenses. Calculation of an optimum 
trajectory of heating of preparations is conducted by means of a search simplex method (Boxing). 
Introduction of the given system allows to reduce the charge of fuel on 3#5 %.

Key words: the heating methodical furnace, automatic control system, heating of metal, the charge of 
fuel, economic mode, simplex method of search, asymmetrical distribution of thermal loadings, asym-
metrical heating of preparation.

b ме2=лл3!г,че“*%м C!%,ƒ"%д“2"е K%лее 20 % 
C%2!еKл ем%г% 2%Cл,"= !=“.%д3е2“  …= …=г!е" ме-
2=лл= Cе!ед C!%*=2*%L. q%C%“2="ле…,е .…е!ге2,-
че“*,. ƒ=2!=2 …= …=г!е" ме2=лл= …= л3чш,. !%“-
“,L“*,. ш,!%*%C%л%“…/. “2=…=. г%! чеL C!%-
*=2*, , ƒ=C=д…%е"!%CеL“*,. C!едC!, 2, . =…=-
л%г,ч…%г% C!%-,л  C%*=ƒ/"=е2, ч2% ƒ=2!=2/ …= 
…=г!е" …= C%“лед…,. C!, C!%ч,. !="…/. 3“л%",-
 ., …= 20#30 % ме…ьше, чем …= %2ече“2"е……/.. 
q%*!=?е…,е .…е!ге2,че“*,. ƒ=2!=2 C!, …=г!е"е 
ме2=лл=  "л е2“  %“…%"…/м …=C!="ле…,ем .*%-
…%м,, C!,!%д…%г% г=ƒ= , “…,›е…,  “еKе“2%,м%-
“2, г%2%"%г% C!%*=2=.

d=……=  C!%Kлем= “2=л= …=,K%лее =*23=ль…%L “ 
2%г% м%ме…2=, *%гд= ƒ=2!=2…/е !е›,м/ !=K%2/ 
Cеч…/. =г!ег=2%" %2ече“2"е……%г% C!%*=2…%г% C!%-
,ƒ"%д“2"=, !=…ее %Kе“Cеч,"=ю?,е м=*“,м=ль…3ю 
C!%,ƒ"%д,2ель…%“2ь, “2=л, .…е!г%“Kе!ег=ю?,м, 
!е›,м=м, …=г!е"= ƒ=г%2%"%* Cе!ед C!%*=2*%L. 

}…е!г%“Kе!ег=ю?,L !е›,м …=г!е"= ƒ=г%2%"%* 
" ме2%д,че“*,. Cеч=. ,мее2 ме“2% 2%ль*% " 2е. 
3“л%", ., *%гд= “3?е“2"3е2 ƒ=C=“ C% "!еме…,, …е-
%K.%д,м%г% …= …=г!е" ƒ=г%2%"*,, 2. е. *%гд= Cечь 
…е  "л е2“  3ƒ*,м ƒ"е…%м " 2е.…%л%г,че“*%L це-

C%ч*е &lmkg (м=ш,…= …еC!е!/"…%-л,2/. ƒ=г%-
2%"%*) # ме2%д,че“*=  Cечь # C!%*=2…/L “2=…[.  

b “%"!еме……/. 3“л%", ., *=* C!=",л%, "!ем , 
*%гд= Cеч, !=K%2=ю2 " !е›,ме м=*“,м=ль…%г% 
K/“2!%деL“2", , “%“2="л е2 4#8 % %2 %K?ег% "!е-
ме…, !=K%2/ 2е.…%л%г,че“*%г% *%мCле*“= C!%-
*=2…%г% C!%,ƒ"%д“2"= [1]. m= !,“. 1 C!,"ед‘… г!=-
-,* ,ƒме…е…,  ч=“%"%L C!%,ƒ"%д,2ель…%“2, “2=-
…= 2000 n`n &llj[ (l=г…,2%г%!“*,L ме2=л-
л3!г,че“*,L *%мK,…=2).

p=ƒ!=K%2*е , "…ед!е…,ю ="2%м=2,че“*,. “,“-
2ем , =лг%!,2м%" 3C!="ле…, , !е=л,ƒ3ю?,. .…е!-
г%“Kе!ег=ю?,L !е›,м …=г!е"= ƒ=г%2%"%* Cе!ед 
C!%*=2*%L, C%“" ?е…% м…%›е“2"% !=K%2. bме“2е 
“ 2ем C%л3че……/е !еƒ3ль2=2/, …е“м%2!  …= ,мею-
?,е“  !=ƒл,ч, , C%ƒ"%л ю2 "/дел,2ь …е*%2%!/е 
.=!=*2е!…/е че!2/ “%"!еме……/. ="2%м=2,ƒ,!%-
"=……/. “,“2ем 3C!="ле…, . 

1. dл  2%г%  ч2%K/ %C2,м=ль…% ,“C%льƒ%"=2ь 
2%Cл,"% …= …=г!е" , 3ме…ьш=2ь C%2е!, ме2=лл= “ 
%*=л,…%L, “,“2ем= 3C!="ле…,  д%л›…=  ,…2е…“,-
-,ц,!%"=2ь C!%це““ …=г!е"= л,шь * *%…ц3 …=-
ƒ…=че……%г% "!еме…, …=г!е"=, 2. е. " C%“лед…,. C% 
.%д3 ме2=лл= ƒ%…=. Cеч, [2].
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p,“. 1. )=“%"=  C!%,ƒ"%д,2ель…%“2ь “2=…= C!, !=K%2е 2!‘. CечеL (“2=… 2000 n`n &llj[)

2. kюK=  “%"!еме……=  “,“2ем= .…е!г%“Kе!е-
г=ю?ег% 3C!="ле…,  …=г!е"%м ƒ=г%2%"%* " ме2%-
д,че“*,. Cеч=. д%л›…= “%де!›=2ь “лед3ю?,е %“-
…%"…/е C%д“,“2ем/ [1, 3]:

,…-%!м=ц,%……%г% “%C!%"%›де…,  д",›е…,  
ме2=лл= …= 3ч=“2*е …=г!е"=2ель…/. CечеL;

%C!еделе…,  2еCл%"%г% “%“2% …,  …=г!е"=ем/. 
ƒ=г%2%"%* " C!%це““е …=г!е"=;

C!%г…%ƒ,!%"=…,  C!едC%л=г=ем%г% "!еме…, 
…=г!е"= , “*%!%“2, C!%д",›е…,  ме2=лл= " Cеч,; 

!=“ч‘2= ƒ=д=…,L …= ƒ%……/е !ег3л 2%!/ “ целью 
%Kе“Cече…,  %C2,м=ль…%г% !=ц,%…=ль…%г% 3C!="-
ле…,  2еCл%"/м !е›,м%м.

3. b“е =лг%!,2м/ " “,“2ем=. 2%Cл,"%“Kе!ег=ю-
?ег% !е›,м= …=г!е"= ƒ=г%2%"%* !=ƒ!=K%2=…/ дл  
“,мме2!,ч…%г% !=“C!еделе…,  …=г!3ƒ%* ме›д3 
"е!.…,м, , …,›…,м, ƒ%…=м,. 

b !е=ль…%м 2е.…%л%г,че“*%м C!%це““е д"3.-
“2%!%……,L …=г!е" ме2=лл= " ме2%д,че“*%L Cеч, 
 "л е2“  “3?е“2"е……% …е“,мме2!,ч…/м. m=C!,-
ме!, дл  ме2%д,че“*,. CечеL “2=…= 2500 llj 
*%.--,ц,е…2 …е“,мме2!,ч…%“2, …=г!е"= “%“2="-
л е2 0,58#0,62. ŠеCл%"%L C%2%* …= ме2=лл " …,›-
…,. ƒ%…=. д%“2,г=е2 л,шь 62#72 % %2 C%2%*= 
"е!.…,. …=г!е"=2ель…/. ƒ%… CечеL [4]. }2% %KA “-
… е2“  ƒ…=ч,2ель…/м, C%2е! м, 2еCл= “ "%д%L, 
%.л=›д=ю?еL *%…“2!3*ц,, CечеL, = 2=*›е C%д“%-
“=м, .%л%д…%г% "%ƒд3.=.  

)=“2% C!, …=г!е"е …е“,мме2!,ч…%“2ь 2емCе!=-
23!…%г% C%л  “л K= C/2=ю2“  *%мCе…“,!%"=2ь ƒ= 
“че2 C%"/ше…,  2емCе!=23!/ !=K%чег% C!%“2!=…-
“2"= …,›…,. …=г!е"=2ель…/. ƒ%…, C!, .2%м 3“2="*, 
л%*=ль…/. !ег3л 2%!%" 2емCе!=23!/ …,›…еL t….ƒ. , 
"е!.…еL t".ƒ. ƒ%…/ ƒ=д=ю2“  “%%2…%ше…,ем [5] 

t….ƒ. = kt".ƒ., 

где k # …е*%2%!/L C%“2% ……/L *%.--,ц,е…2 (%K/ч-
…% k > 1).

d=……/м “C%“%K%м д%“2,г=е2“  !="…%ме!…%е !=“-
C!еделе…,е 2еCл%"%г% C%л , …=г!е"=ю?ег% ƒ=г%2%"-
*,. o!, .2%м C!%,“.%д 2 ƒ…=ч,2ель…/е C%2е!, 2е-
Cл=, C%д=……%г% " …,›…,е ƒ%…/ “ 3.%д ?еL "%д%L, 
ц,!*3л,!3ю?еL " "%д%%.л=›д=ем/. .леме…2=. !=-
K%чег% C!%“2!=…“2"= ме2%д,че“*%L Cеч,. 

`"2%!=м, !=ƒ!=K%2=…= .…е!г%“Kе!ег=ю?=  “,“-
2ем= 3C!="ле…,  …=г!е"%м ƒ=г%2%"%*, *%2%!=  "е-
д‘2 C!%це““ …=г!е"=, 3ч,2/"=  …е 2%ль*% …=,K%-
лее %C2,м=ль…%е !=“C!еделе…,е 2еCл%"/. …=г!3-
ƒ%* C% дл,…е Cеч,, …% , C=!=ллель…% %Kе“Cеч,"=  
…=,K%лее !=ц,%…=ль…%е !=“C!еделе…,е 2еCл%"%L 
м%?…%“2, ме›д3 "е!.…,м, , …,›…,м, ƒ%…=м,. 

q2!3*23!…=  “.ем= ="2%м=2,ƒ,!%"=……%L “,“2е-
м/ 3C!="ле…,  2%Cл,"%“Kе!ег=ю?,м …е“,мме2-
!,ч…/м …=г!е"%м ƒ=г%2%"%* C!,"еде…= …= !,“. 2.

n“…%"…/м .леме…2%м “,“2ем/  "л е2“  Kл%* 
м=2ем=2,че“*%г% м%дел,!%"=…,  !=K%2/ ме2%д,-
че“*%L Cеч,. n“…%"…%е …=ƒ…=че…,е .2%г% Kл%*= 
(д=лее K3дем …=ƒ/"=2ь ег% C!ед,*2%!%м) # !=“ч‘2 
"“е. C=!=ме2!%", ,“C%льƒ3ем/. " C!%це““е C!%-
.%›де…,  ƒ=г%2%"*, %2 ".%д= д% "/.%д= ,ƒ Cеч,.

b “%“2=" C!ед,*2%!= ".%д 2 “лед3ю?,е C%д-
“,“2ем/:

1. aл%* =д=C2=ц,, м=2ем=2,че“*,. м%делеL * 
!е=ль…%м3 %KAе*23. b.%д…/м, д=……/м, дл  д=…-
…%г% Kл%*=  "л ю2“ : ,…-%!м=ц,  % 2е*3?еL 2ем-
Cе!=23!е C%"е!.…%“2, ƒ=г%2%"*, C%“ле че!…%"%L 
г!3CC/ *ле2еL, C%л3че……%L “ C%м%?ью C,!%ме2-
!%" o"/.1, o"/.2, ,…-%!м=ц,  % 2емCе!=23!е 
г!ею?еL “!ед/ " !=K%ч,. ƒ%…=. Cеч,, C%л3че……%L 
“ C%м%?ью 2е!м%C=! Š0#Š10,  , 2емCе!=23!е C%-
"е!.…%“2, …=г!е"=ем%L ƒ=г%2%"*, " ƒ%…=. Cеч,, 
C%л3че……%L “ C%м%?ью C,!%ме2!%" o0#o10. aл%* 
=д=C2=ц,, “!="…,"=е2 !е=ль…/е ƒ…=че…,  2емCе-
!=23!/ г!ею?еL “!ед/ !=K%ч,. ƒ%… , C%"е!.…%-
“2, …=г!е"=ем/. ƒ=г%2%"%* “ !=…ее !=““ч,2=……/-
м, ƒ…=че…, м,. q C%м%?ью "=!,=ц,%……%г% “,м-
Cле*“…%г% ме2%д= …=.%д 2 *%.--,ц,е…2/,  %C,-
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“/"=ю?,е C!%це““ "…32!е……ег% 2еCл%%Kме…= ƒ=-
г%2%"%*: *%.--,ц,е…2 2еCл%%2д=ч,, *%.--,ц,е…2 
2еCл%C!%"%д…%“2, , *%.--,ц,е…2 2емCе!=23!%-
C!%"%д…%“2, “2=л,. `д=C2=ц,ю м=2ем=2,че“*%L 
м%дел, ,ƒме…е…,  2емCе!=23!/ г!ею?еL “!ед/ " 
ƒ%…=. Cеч, %C!едел ю2 “ C%м%?ью *%.--,ц,е…2= 
"л, …,  2емCе!=23! ƒ%… д!3г …= д!3г=, *%.--,ц,-
е…2= "л, …,  2е*3?ег% 2емC= C!%.%›де…,  ƒ=г%-
2%"%*  …= 2емCе!=23!3 " ƒ%…=. , *%.--,ц,е…2=, 
.=!=*2е!,ƒ3ю?ег% ,…е!ц,%……%“2ь ,ƒме…е…,  2е-
мCе!=23!/ " !=K%чеL ƒ%…е Cеч,. o!%це““ !=“ч‘2= 
"…32!е……ег% 2еCл%%Kме…= …=г!е"=ем/. ƒ=г%2%"%* 
C!%,“.%д,2 “ 3ч‘2%м ƒ=д=……%L м=!*, “2=л, , …=-
ч=ль…%L 2емCе!=23!/ ƒ=г%2%"*,.

aл%* м=2ем=2,че“*%г% м%дел,!%"=…,  2емCе-
!=23!/ г!ею?еL “!ед/ " ƒ%…=. Cеч, !=““ч,2/"=е2 
!=“C!еделе…,е 2емCе!=23!/ г!ею?еL “!ед/ C% 
дл,…е !=K%чег% C!%“2!=…“2"=. b.%д…/м, д=……/-
м, дл  .2%г% Kл%*=  "л ю2“  !=“.%д 2%Cл,"= " 
!=K%ч,. ƒ%…=. , 2е*3?,L 2емC C!%.%›де…,  ƒ=г%-
2%"%* " Cеч,.

2. aл%* м=2ем=2,че“*%г% %C,“=…,  3C!="ле…,  
л%*=ль…/м, !ег3л 2%!=м,,  м%дел,!3ю?,L !=K%-
23 !ег3л 2%!%" 2емCе!=23!/ " !=K%ч,. ƒ%…=. Cеч,. 
b.%д…/м, д=……/м, дл  д=……%г% Kл%*=  "л е2“  
,…-%!м=ц,  % 2е*3?ем , ƒ=д=……%м ƒ…=че…, . 
2емCе!=23!/ г!ею?еL “!ед/ " ƒ%…=. Cеч,. 

3. aл%* м%дел,!%"=…,  "…32!е……ег% 2еCл%%Kме-
…= …=г!е"=ем/. ƒ=г%2%"%*, !=““ч,2/"=ю?,L ,ƒме-
…е…,е 2емCе!=23!/ C% “ече…,ю ƒ=г%2%"%*, ,“C%ль-
ƒ3  ме2%д &*%…еч…/. !=ƒ…%“2еL[. dл  !=“ч‘2= !=“-
C!еделе…,  2емCе!=23!/ " *=›д%L ,ƒ ƒ=г%2%"%*, 
…=.%д ?,.“  " Cеч,, …е%K.%д,м% ƒ…=2ь 2е*3?ее 
C%л%›е…,е ƒ=г%2%"%* C% дл,…е !=K%чег% C!%“2!=…-
“2"=, ƒ…=че…,е 2емCе!=23!/ г!ею?еL “!ед/ дл  
д=……%г% C%л%›е…,  ƒ=г%2%"*, , ƒ…=че…,е =д=C2,-
!3ем/. *%.--,ц,е…2%". b/.%д…/м, д=……/м,  "-
л ю2“  2емCе!=23!= C%"е!.…%“2, ƒ=г%2%"*, , м=*-
“,м=ль…/L 2емCе!=23!…/L Cе!еC=д C% “ече…,ю 
ƒ=г%2%"*, " 2ече…,е "“ег% "!еме…, …=г!е"=.

4. aл%* м=2ем=2,че“*%г% %C,“=…,  C!%це““= 
C!%.%›де…,  ƒ=г%2%"%*, !=““ч,2/"=ю?,L 2е*3?ее 
C%л%›е…,е ƒ=г%2%"%* " Cеч,, ,“C%льƒ3  д=……/е % 
2е*3?ем 2емCе д",›е…,  ш=г=ю?,. K=л%* " Cеч,. 

q,“2ем=, C!ед“2="ле……=  …= !,“. 2, !=K%2=е2 
“лед3ю?,м %K!=ƒ%м. o!, C%“23Cле…,, %че!ед…%L 
ƒ=г%2%"*, " !=K%чее C!%“2!=…“2"% …=г!е"=2ель…%L 
Cеч, C!%,“.%д,2 ,ƒме!е…,е 2емCе!=23!/ C%"е!.-
…%“2, ƒ=г%2%"*, C,!%ме2!=м, o"1 , o"2. h…-%!-
м=ц,  % 2емCе!=23!е C%"е!.…%“2, ƒ=г%2%"*, C%“23-
C=е2 " C!ед,*2%!. m= %“…%"е д=……%L ,…-%!м=ц,, 
“%ƒд=е2“  м=2ем=2,че“*=  м%дель !=“C!еделе…,  
2емCе!=23!/ C% “ече…,ю д=……%L ƒ=г%2%"*,. 

aл%* %C!еделе…,  2емC= C!%.%›де…,  ƒ=г%2%-
"%* C%д“ч,2/"=е2 *%л,че“2"% ш=г%", “дел=……/. 
ш=г=ю?еL K=л*%L ƒ= %C!еделе……/L C!%ме›32%* 
"!еме…,. o% д=……%L ,…-%!м=ц,, %C!едел е2“  
2е*3?,L 2емC д",›е…,  ƒ=г%2%"%* , Cе!ед=е2“  " 
C!ед,*2%!.

o%,“* 3“2="%* !ег3л 2%!%" 2емCе!=23! " ƒ%…=. 
Cеч, C!%,ƒ"%д,2“  Kл%*%м !=“ч‘2= .…е!г%“Kе!е-
г=ю?еL 2!=е*2%!,, …=г!е"= ƒ=г%2%"%* C!, C%“23-
Cле…,, " Cечь %че!ед…%L ƒ=г%2%"*, л,K% C!, ,ƒ-
ме…е…,, 2емC= C!%.%›де…,  ƒ=г%2%"%* " Cеч,. 
d=……/L Kл%* C!%"%д,2 C%,“* 2=*,. 3“2="%* л%-
*=ль…/. !ег3л 2%!%", C!, *%2%!/. C!%це““ …=-
г!е"= ƒ=г%2%"%* д% ƒ=д=……%г% 2еCл%"%г% “%“2% -
…,  K3де2 C!%.%д,2ь “ м,…,м=ль…/м, 2%Cл,"…/-
м, ƒ=2!=2=м,.

o%,“* 3“2="%* C%%че!ед…% C!%"%д,2“  дл  "“е. 
ƒ=г%2%"%*, …=.%д ?,.“  " Cеч,. nK?еL 3“2="*%L, 
C%д.%д ?еL дл  "“е. ƒ=г%2%"%*, …=.%д ?,.“  " 
Cеч,, C!,…,м=е2“  м=*“,м=ль…=  ,ƒ "“е. !=““ч,-
2=……/. дл  2е*3?еL ƒ%…/. aеƒ3“л%"…%, ч2% …е "“е 
ƒ=г%2%"*, K3д32 …=г!е"=2ь“  C% 2%Cл,"%“Kе!ег=ю-
?еL 2!=е*2%!,,, …% “3мм=!…/L !=“.%д 2%Cл,"=, 
…е%K.%д,м/L дл  …=г!е"= "“е. ƒ=г%2%"%*, K3де2 
м,…,м=ль…/м. 

b %“…%"е д=……%г% Kл%*= ле›,2 "=!,=ц,%……/L 
м%д,-,ц,!%"=……/L “,мCле*“…/L ме2%д mелде!=#
l,д= “ %г!=…,че…, м, (ме2%д a%*“=) [6]. 

g…=че…, м, ".%д…%г% “,мCле*“=  "л ю2“  ƒ…=-
че…,  2емCе!=23!…/. 3“2="%* !ег3л 2%!%" ƒ%…:

u= Š nƒ=д.г!.“!.,

где X # Cе!"%…=ч=ль…/L “,мCле*“ ƒ…=че…,L; 
Šn

ƒ=д.г!.“!. #  ƒ=д=……%е ƒ…=че…,е  2емCе!=23!/ г!ею-
?еL “!ед/ " ƒ%…=. ме2%д,че“*%L Cеч,; n # C%! д*%-
"/L …%ме! ƒ%…/.

o!, .2%м ,мею2 ме“2%  "…/е  ,  …е "…/е %г-
!=…,че…, :  

1. nг!=…,че…,е …= 2емCе!=23!3 г!ею?еL “!ед/ 
Š nƒ=д.г!.“!:

Š nƒ=д.г!.“! (min) ≤ Š nƒ=д.г!.“! ≤ Š nƒ=д.г!.“! (max),

где Š n
ƒ=д.г!.“! (min), Š n

ƒ=д.г!.“! (max)  # м,…,м=ль-
…%е , м=*“,м=ль…%е ƒ=д=……%е ƒ…=че…,е 2емCе!=23!/ 
г!ею?еL “!ед/ "  ƒ%…=. ме2%д,че“*%L Cеч,; n # C%-
! д*%"/L …%ме! ƒ%…/.

2. nг!=…,че…,е …= 2емCе!=23!3 C%"е!.…%“2, ƒ=г%-
2%"*, T b,mC%" …= "/.%де е‘ ,ƒ Cеч,:

T b,mC%" (min)≤ T b,mC%" ≤ T b,mC%" (max),

где T 

b,m
C%" (max), T 

b,m
C%" (min) # ƒ=д=……%е м=*“,-

м=ль…%е , м,…,м=ль…%е ƒ…=че…,е 2емCе!=23!/ "е!.-
…еL , …,›…еL C%"е!.…%“2, ƒ=г%2%"*, …= "/.%де ,ƒ 
Cеч,;

3. nг!=…,че…,е …= м=*“,м=ль…% д%C3“2,м/L Cе-
!еC=д 2емCе!=23!/ ƒ=г%2%"*, C% “ече…,ю t max

ƒ=г (τ). 
d=……%е %г!=…,че…,е деL“2"3е2 дл  ƒ=г%2%"%* “% 
“!ед…ем=““%"%L 2емCе!=23!%L д% 600 ºq:

� tƒ=г (τ) ≤  �t 
max

ƒ=г (τ),
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где  ∆t max
ƒ=г (τ) # м=*“,м=ль…% д%C3“2,м/L Cе!еC=д 

2емCе!=23!/ C% “ече…,ю ƒ=г%2%"*,; τ # "!ем  …=-
г!е"= ƒ=г%2%"*,.

b *=че“2"е м,…,м,ƒ,!3ем%L -3…*ц,, ,“C%ль-
ƒ3е2“  ƒ…=че…,е !=“.%д= 2%Cл,"= J, C%2!=че……%г% 
…= …=г!е" ƒ=г%2%"*, д% ƒ=д=……%г% 2еCл%"%г% “%-
“2% …, . 

aл%* !=“ч‘2= .…е!г%“Kе!ег=ю?еL 2!=е*2%!,, 
…=г!е"= ƒ=г%2%"%* Cе!ед=е2 "/K!=……/L " “%%2"е2-
“2",, “ =лг%!,2м%м C%,“*= …=K%! 3“2="%* !ег3л -
2%!%" ƒ%…  C!ед,*2%!3, *%2%!/L C!%,ƒ"%д,2 !=“-
ч‘2 2!=е*2%!,, …=г!е"= ƒ=г%2%"*, , %KA‘м= C%-
2!=че……%г% 2%Cл,"= " "е!.…,. J1 , …,›…,. J2  
ƒ%…=. дл  "“ег% "!еме…, …=г!е"= ƒ=г%2%"*,.  
g…=че…,  “3мм=!…%г% !=“.%д= 2%Cл,"= J, !="…%г% 
“3мме "е!.…ег% , …,›…ег% %KA‘м= 2%Cл,"=, 2ем-
Cе!=23!/ C%"е!.…%“2, ƒ=г%2%"*, …= "/.%де ,ƒ 
Cеч,  T b,mC%"  , 2!=е*2%!,  Cе!еC=д= 2емCе!=23! 
" ƒ=г%2%"*е � tƒ=г (τ)  Cе!ед=ю2“  %K!=2…% " Kл%* 
!=“ч‘2= .…е!г%“Kе!ег=ю?еL 2!=е*2%!,,.  

o%,“* .…е!г%“Kе!ег=ю?ег% , г=!=…2,!%"=……%-
г% …=г!е"= ƒ=г%2%"%* " Kл%*е C%,“*= .…е!г%“Kе!е-
г=ю?еL 2!=е*2%!,, м%›…% %C,“=2ь “лед3ю?еL 
“,“2ем%L 3!="…е…,L: 

                                         
                                       
       
                                                                 

                                          
                                                                 

                                          

где J1 # %KA‘м 2%Cл,"=, ,ƒ!=“.%д%"=……%г% …= …=г!е" 
ƒ=г%2%"*, " "е!.…,. ƒ%…=.  ƒ= C!%ме›32%* "!еме…, 
(τ*%…еч. # τ2е*3?.), J2 # %KA‘м 2%Cл,"=, ,ƒ!=“.%д%"=…-
…%г% …= …=г!е" " …,›…,. ƒ%…=. ƒ=г%2%"*,, C!%.%д -
?еL !=““2% …,е " ме2%д,че“*%L Cеч, %2 2е*3?еL 
*%%!д,…=2/ x2е*3?. д% "/.%д= ,ƒ Cеч, (x*%…еч.).  
j%.--,ц,е…2 k .=!=*2е!,ƒ3е2 C%2е!ю 2еCл= (2%Cл,-
"=) " …,›…,. ƒ%…=. (C%! д*= 10#30 %).

b д=……%м Kл%*е C!%,“.%д,2 ,ƒме…е…,е ƒ…=че-
…,  чле…%" “,мCле*“= Š nƒ=д.г!.“!. C% 2=*%м3 =лг%-
!,2м3, C!, *%2%!%м “3мм=!…/L %KA‘м 2%Cл,"= J 
C!,…,м=е2 м,…,м=ль…% "%ƒм%›…%е ƒ…=че…,е “ 
3“л%",ем г=!=…2,!%"=……%г% …=г!е"= ƒ=г%2%"*,. 
o!,… 2,е !еше…,  % …=.%›де…,, м,…,м=ль…%г% 
ƒ…=че…,  "%ƒ…,*=е2 C!, д%“2,›е…,, ƒ=д=……%г% м,-
…,м=ль…%г% &“3›е…, [ ме›д3 …=K%!=м, ƒ…=че…,L 
“,мCле*“%". g=2ем …=.%д,2“  м,…,м=ль…% "%ƒм%›-
…%е ƒ…=че…,е J, , ƒ…=че…,  3“2="%* Š n

ƒ=д.г!.“!. 

Cе!ед=ю2“  " “,“2ем3 3C!="ле…,  2емCе!=23!%L 
г!ею?еL “!ед/ ƒ%… Cеч,.

o%д“,“2ем/ %C2,м,ƒ=ц,, C!%це““= “›,г=…,  
2%Cл,"= дл  "е!.…,. , …,›…,. ƒ%… Cеч, …е%K.%-
д,м/ дл  C%,“*= 2=*%г% %C2,м=ль…%г% %2…%ше…,  
2%Cл,"%/"%ƒд3., C!, *%2%!%м 2еCл%"=  %2д=ч= %2 
“›,г=…,  2%Cл,"= K/л= K/ м=*“,м=ль…%L.

mе“м%2!  …= 2%, ч2% *%.--,ц,е…2/ ,“C%льƒ3е-
м/. м=2ем=2,че“*,.  м%делеL C%“2% ……% =д=C2,-
!3е2“ , …е2 C%л…%L 3"е!е……%“2, " 2%м, ч2% C=!=-
ме2!/ !е=ль…%г% …=г!е"= “%"C=д32 “ !=“ч‘2…/м, 
ƒ…=че…, м,. ŠемCе!=23!=, ,ƒме!е……=  C,!%ме2-
!=м, o"/.1 , o"/.2,  "л е2“  %“…%"…/м %KAе*-
2,"…/м *%…2!%л,!3ем/м C=!=ме2!%м, .=!=*2е-
!,ƒ3ю?,м *=че“2"% …=г!е"= ƒ=г%2%"%*. nд…=*% 
.2%2 2емCе!=23!…/L C=!=ме2! .=!=*2е!,ƒ3е2 2ем-
Cе!=23!3 3›е "/д=……%L ƒ=г%2%"*,, *%гд= %ш,K*= 
…=г!е"= …е м%›е2 K/2ь ,“C!="ле…=. b/д=ч= …= 
“2=… …ед%г!е2%L ƒ=г%2%"*, д%л›…= K/2ь ,“*люче-
…=, C%“*%ль*3 .2% м%›е2 C!,"е“2, * C%л%м*е "=л-
*%" , C!%д%л›,2ель…%м3 C!%“2%ю “2=…=.

mе“=…*ц,%…,!%"=……3ю "/д=ч3 …= “2=… …ед%г-
!е2%L ƒ=г%2%"*, Kл%*,!3е2  “,“2ем= *%…2!%л  *=-
че“2"= …=г!е"= Cе!ед "/д=чеL ƒ=г%2%"%* ,ƒ Cеч,. 
p=K%2=  д=……%г% Kл%*= %“…%"=…=  …= “%Kлюде…,, 
3“л%",  C%“2% …“2"= 2емCе!=23!/ C%"е!.…%“2, , 
%д…%"!еме……%м ,ƒме…е…,, 2емCе!=23!/ !=K%че-
г% C!%“2!=…“2"= [7, 8]. 

m= !,“. 3 C!,"еде…/ !=“ч‘2…/е 2!=е*2%!,, ,ƒ-
ме…е…,  ƒ…=че…,L 2емCе!=23!/ г!ею?еL “!ед/ 
дл  "е!.…,. , …,›…,. ƒ%… “%%2"е2“2"е……%, 2!=е*-
2%!,, ,ƒме…е…,  2емCе!=23!/ “=м%L .%л%д…%L , 
г%! чеL 2%ч*, ƒ=г%2%"*, дл  C!%це““= …=г!е"= “ 
…=ч=ль…/м 2еCл%"/м “%“2% …,ем 800 °q , "!еме-
…ем C!%.%›де…,  300 м,….

m= !,“. 4 C!,"еде…= г,“2%г!=мм=, C%*=ƒ/"=ю-
?=  !=“C!еделе…,е C%д=ч, 2%Cл,"= C% ƒ%…=м ме-
2%д,че“*%L Cеч,. j ч‘2…/м ƒ%…=м %2…%“ 2“  
"е!.…,е ƒ%…/, * …еч‘2…/м # …,›…,е.

`…=л,ƒ,!3  2!=е*2%!,ю ,ƒме…е…,  !=“C!еде-
ле…,  2емCе!=23!/ г!ею?еL “!ед/ C% дл,…е !=-
K%чег% C!%“2!=…“2"=,  ",д…%, ч2% *=* дл  "е!.…,., 
2=* , дл  …,›…,. ƒ%… C!%це““ …=г!е"= ƒ=г%2%"%* 
,…2е…“,-,ц,!%"=… л,шь * *%…ц3 2!еK3ем%г% Cе-
!,%д= …=г!е"=, 2. е. " C%“лед…,. C% .%д3 ме2=лл= 
ƒ%…=. Cеч,, ч2% “%%2"е2“2"3е2 %K?еC!,… 2/м ƒ=-
*%…%ме!…%“2 м 2%Cл,"%“Kе!ег=ю?еL “2!=2ег,, 
…=г!е"= ме2=лл=. e“л, ›е C!%=…=л,ƒ,!%"=2ь !=“-
C!еделе…,е …=г!3ƒ%* ме›д3 "е!.…,м, , …,›…,м, 
ƒ%…=м,, 2% ",д…%, ч2% " "е!.…,е ƒ%…/ C%д=…% г%-
!=ƒд% K%льше 2%Cл,"=, чем " …,›…,е ƒ%…/. q 
Cе!"/. C% .%д3 ƒ%…  л%*=ль…/е !ег3л 2%!/ "е!.-
…,. ƒ%… C%д=ю2 K%льшее *%л,че“2"% 2%Cл,"=, чем 
!ег3л 2%!/ …,›…,., 2ем “=м/м м=*“,м=ль…% ,“-
C%льƒ3  2еCл% …= …=г!е" ƒ=г%2%"%*.

m= C%“лед…,. C% .%д3 ƒ%…=. 2еCл= "е!.…,. ƒ%… 
…е ."=2=е2 дл  2%г%, ч2%K/ ƒ=г%2%"*= "/.%д,л= ,ƒ 
Cеч, " ƒ=д=……%м 2еCл%"%м “%“2% …,,, ,, *=* 

J = (J1+J2) → min

C!, Š nƒ=д.г!.“! (min) ≤  

≤ Š nƒ=д.г!.“!  ≤  Š nƒ=д.г!.“! (max)

C!, T b,mC%" (min) ≤  T b,mC%"  ≤

≤ T b,mC%" (max)

C!,  V tƒ=г (τ) ≤  ∆ t max
ƒ=г (τ)

         τ*%…еч.         
J1 = ∫V"е!.(x)dx

      τ2е*3?.

            τ*%…еч.         
J2 = k ∫V…,ƒ(x)dx,

        τ2е*3?.
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p,“. 3.  p=“ч‘2…/е 2!=е*2%!,, ,ƒме…е…,  2емCе!=23!/ г!ею?еL “!ед/ дл  "е!.…,. (1) ,  …,›…,. (2) ƒ%…, 
“=м%L г%! чеL  (3)  ,  “=м%L .%л%д…%L  (4) 2%че* ƒ=г%2%"%*

p,“. 4.  c,“2%г!=мм= !=“C!еделе…,  C%д=ч, 2%Cл,"= C% ƒ%…=м ме2%д,че“*%L Cеч,

“лед“2",е, C%д*люч=ю2“  …,›…,е ƒ%…/   C32‘м 
3“2=…%"*, м=*“,м=ль…%г% ƒ…=че…,  C%д=ч, 2%C-
л,"=. Š% е“2ь …= "“ем C!%2 ›е…,, !=K%чег% C!%-
“2!=…“2"= “,“2ем= C!, …=г!е"е ƒ=г%2%"*, C% 2%C-
л,"%“Kе!ег=ю?еL 2!=е*2%!,, " "е!.…,е ƒ%…/ C%-
д=‘2 м=*“,м=ль…% "%ƒм%›…/L %KA‘м 2%Cл,"=, = " 
…,›…,. ƒ%…=. ,…2е…“,-,*=ц,  C%д=ч, 2%Cл,"= 
C!%,“.%д,2 Kл,›е * C%“лед…,м ƒ%…=м.

b !е=ль…/. 3“л%", . …= м…%г,. ме2=лл3!г,че-
“*,. C!едC!, 2, . C!%це““ "…ед!е…,  “,“2ем/ 
3C!="ле…,  …=г!е"%м " Cеч=. C!%.%д…%г% 2,C= 
 "л е2“  д%“2=2%ч…% 2!3д%‘м*,м ме!%C!, 2,ем, 
= C%!%L …е"%ƒм%›…/м, 2=* *=* .2% “" ƒ=…% “ %“-
2=…%"*%L CечеL …= C!%д%л›,2ель…%е "!ем .  

b/.%д%м ,ƒ д=……%г% C%л%›е…,   "л е2“  C%-
“2!%е…,е 2=* …=ƒ/"=ем/. …%м%г!=мм C% =!.,"-
…/м д=……/м ƒ= C!ед/д3?,L Cе!,%д "!еме…, “ 
C%м%?ью "/ше%C,“=……%L “,“2ем/.  Šе.…%л%г,-
че“*,L Cе!“%…=л, "ед3?,L C!%це““ …=г!е"= ƒ=г%-
2%"%*, ,“C%льƒ3  ƒ=!=…ее !=““ч,2=……/е …%м%-
г!=мм/, м%›е2 C!%,ƒ"%д,2ь C!%це““ …=г!е"= C% 
2%Cл,"%“Kе!ег=ю?еL 2!=е*2%!,,.    

m= %“…%"=…,, .*“Cе!,ме…2=ль…/. д=……/. ме-
2%д,че“*%L Cеч, 1 1 “2=…= г%! чеL C!%*=2*, 
2000 n`n &llj[ K/л= “%“2="ле…= …%м%г!=мм=  
"/K%!= 3“2="%* ƒ%……/м !ег3л 2%!=м дл  !е=л,ƒ=-
ц,, 2%Cл,"%“Kе!ег=ю?еL 2!=е*2%!,, …=г!е"= ƒ=-
г%2%"*,. m%м%г!=мм/ дл  "/K%!= 2еCл%"/. 3“2=-
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"%*  дл  2!е2ьеL ƒ%…/ ме2%д,че“*%L Cеч, “2=…= 
2000 n`n &llj[ C!ед“2="ле…/ …= !,“. 5.

o% %“, =K“ц,““ %2л%›е…/ ƒ…=че…,  2емC= C!%-
.%›де…,  ƒ=г%2%"*, C% дл,…е !=K%чег% C!%“2!=…-
“2"=. l=*“,м=ль…/L 2емC C!%.%›де…,  ƒ=г%2%"%* 
" Cеч, !="е… 30 м/ч. o% %“, %!д,…=2 %2л%›е…/ 
ƒ…=че…,  …=ч=ль…%L 2емCе!=23!/ C%“=д= " Cечь. 
0,-!/ …= ш*=л=. %K%ƒ…=ч=ю2 2емCе!=23!3 C%"е!.-
…%“2, ƒ=г%2%"*,,  …=.%д ?,L“  " д=……%L ƒ%…е. 

b *=че“2"е C!,ме!= !=K%2/ C% 2=*%L …%м%г!=м-
ме !=““м%2!,м %C!еделе…,е 3“2="*, 2емCе!=23!/ 
г!ею?еL “!ед/ " 2!е2ьеL ƒ%…е …=г!е"=2ель…%L 
Cеч, дл  ƒ=г%2%"*, “ …=ч=ль…/м 2еCл%"/м “%-
“2% …,ем 400 oC , Cл=…,!3ем/м 2емC%м C!%.%›-
де…,  ƒ=г%2%"%* 18 м/ч. )е!еƒ …=ч=л% *%%!д,…=2 
, 2%ч*3, “%%2"е2“2"3ю?3ю …=ч=ль…/м д=……/м, 
C!%"%д,м л3ч,  Cе!е“е*=ю?,L *!,"/е дл  !=ƒ-
л,ч…/. 2емC%" C!%.%›де…,  ƒ=г%2%"%*. nC!еде-
л ем Cе!е“ече…,е л3ч= , *!,"%L, !=““ч,2=……%L 
дл  2емC= 18 м/ч. m= Cе!е“ече…,, л3ч= , *!,"%L 
%C!едел ем ƒ…=че…,е ƒ=д=……%L 2емCе!=23!/ дл  
д=……%L ƒ%…/. `…=л%г,ч…/L C%дK%! C!%,ƒ"%д,2“  
дл  %“2=ль…/. !=K%ч,. ƒ%…. 

x*=л/ *!,"/. м%…%г!=мм/ м%г32 ме… 2ь“  " 
C!%це““е =д=C2=ц,, м=2ем=2,че“*,. м%делеL, C% 
*%2%!/м “%“2="л ю2“  д=……/е м%…%г!=мм/.

nд…,м ,ƒ …е%K.%д,м/. ме!%C!, 2,L дл  %“3-
?е“2"ле…,  …=г!е"= ƒ=г%2%"%* C% 2%Cл,"%“Kе!е-
г=ю?еL …е“,мме2!,ч…%L 2!=е*2%!,, …=г!е"=  "-
л е2“  *%…“2!3*ц,%……=  м%де!…,ƒ=ц,  !=K%ч,. 
ƒ%… ме2%д,че“*,. CечеL. q3?е“2"3ю?,е *%…“2-
!3*ц,%……/е .=!=*2е!,“2,*, !=K%ч,. ƒ%… …е C%-
ƒ"%л ю2 "е“2, C!%це““ …=г!е"= C% 2%Cл,"%“Kе!е-

,
0

p,“. 5.  l%…%г!=мм= дл  "/K%!= 2еCл%"/. 3“2="%*  2!е2ьеL ƒ%…/ ме2%д,че“*%L Cеч, “2=…= 2000 n`n &llj[

г=ю?еL 2!=е*2%!,,. }2% “" ƒ=…% “ …е"%ƒм%›…%-
“2ью C%д=ч, …е%K.%д,м%г% *%л,че“2"= 2%Cл,"= " 
C%“лед…,е ƒ%…/,  " *%2%!/. C!%,“.%д,2 ,…2е…“,-
-,*=ц,  …=г!е"= ме2=лл=.       

o!,ме…е…,е "/ше%C,“=……%L “,“2ем/ ="2%м=-
2,че“*%г% 3C!="ле…,  …=г!е"%м ƒ=г%2%"%* “%"ме-
“2…% “ *%…“2!3*ц,%……/м ,ƒме…е…,ем !=K%ч,. 
ƒ%… Cеч, C%ƒ"%л,2ь “…,ƒ,2ь “еKе“2%,м%“2ь г%2%-
"%L C!%д3*ц,, …= 3#5 %.         

a,Kл,%г!=-,че“*,е ““/л*,
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`.b. l=л*%", *=…д. ге%л.-м,…е!. …=3* (nnn &m=!ƒ=…-г,д!%!е“3!“/[, г. j,“л%"%д“*)

Trias@mail.ru

no{Š ophlememh“ leŠnd` ckrahmmni p`qundnleŠphh oph hgr)emhh 
jnkkejŠnpqjhu qbniqŠb cenknch)eqjncn p`gpeg`

p=““м%2!е…/ !еƒ3ль2=2/ C!,ме…е…,  ме2%д= гл3K,……%L !=“.%д%ме2!,, C!, ,ƒ3че…,, 
*%лле*2%!“*,. “"%L“2" ге%л%г,че“*%г% !=ƒ!еƒ= j3юл3““*%г% ме“2%!%›де…,  =!2еƒ,=…“*,. 
"%д (pе“C3Kл,*= j=ƒ=.“2=…). o!,"еде…/ 2е%!е2,че“*,е ƒ=",“,м%“2, -%!м,!%"=…,  "%д%-
C!,2%*%" ,ƒ "%д%…%“…/. г%!,ƒ%…2%" " C!%це““е %C/2…%--,ль2!=ц,%……/. !=K%2 C!, "“*!/-
2,, ,. %д…%L “*"=›,…%L. o%*=ƒ=…= "%ƒм%›…%“2ь C!,ме…е…,  2!=д,ц,%……/. ме2%д%" "!е-
ме……%г% C!%“ле›,"=…,  дл  ,ƒ3че…,  -,ль2!=ц,%……/. “"%L“2" "%д%…%“…/. г%!,ƒ%…2%". d=…/ 
*%…*!е2…/е C!,ме!/ %C!еделе…,  C=!=ме2!%" "%д%…%“…/. г%!,ƒ%…2%" C% ! д3 “*"=›,….  

jлюче"/е “л%"=: гл3K,……=  !=“.%д%ме2!,  “*"=›,…, "%д%C!,2%*, ,ƒ "%д%…%“…/. г%!,ƒ%…2%", 
-,ль2!=ц,%……/е C=!=ме2!/, %C/2…%--,ль2!=ц,%……/е !=K%2/.

Results of the deep flowmeter survey method application when studying of the geological section 
collector characteristics for Kuyuluss artesian well deposit (Kazakhstan Republic) are considered. 
Theoretical dependences of the inflow forming from water-bearing horizon in the process of experience-
filtration work by its opening using one well are given.  Application possibility of the temporary 
traversal traditional methods for water-bearing horizon filtration characteristics studying is shown. 
Concrete examples of the water-bearing horizon parameters definition for wells row are given.   

Key words: wells deep flowmeter survey, inflow from water-bearing horizons, filtration parameters, 
experience-filtration works.

o!, ге%л%г,че“*%м ,ƒ3че…,, ,л, !е*%…“2!3*-
ц,, "%д%ƒ=K%!%" C%дƒем…/. "%д ч=“2ь “*"=›,… м%-
›е2 K/2ь 3гл3Kле…= , %K%!3д%"=…= %д…,м -,ль2-
!%м …= …е“*%ль*% "%д%…%“…/. г%!,ƒ%…2%". 0ель # 
д%C%л…,2ель…%е ,ƒ3че…,е K%лее гл3K%*,. "%д%…%“-
…/. г%!,ƒ%…2%" , *=че“2"= “%де!›=?,.“  " …,. 
C%дƒем…/. "%д *=* д%C%л…,2ель…/. ,“2%ч…,*%" 
"%д%“…=K›е…, . Š=*,е ,““лед%"=…,  C!%"%д 2“  “ 
,“C%льƒ%"=…,ем ме2%д= гл3K,……%L !=“.%д%ме2!,,, 
целе“%%K!=ƒ…%“2ь *%2%!%г% %KA “… е2“  "/“%*%L 
.*%…%м,че“*%L .--е*2,"…%“2ью. b ƒ=",“,м%“2, 
%2 !еƒ3ль2=2= ,““лед%"=…,L .2, “*"=›,…/ " д=ль-
…еLшем м%г32 K/2ь ,“C%льƒ%"=…/ *=* .*“Cл3=2=-
ц,%……/е ,л, Cе!е%K%!3д%"=…/ C%д “2=…д=!2…/е 
*%…“2!3*ц,, цеме…2=ц,еL ,…2е!"=л%" -,ль2!=, 
"“*!/"=ю?,. …,›…,е ,ƒ3ч=ем/е г%!,ƒ%…2/. 

p=“.%д%ме2!, , *=* ме2%д ,ƒ3че…,  -,ль2!=-
ц,%……/. “"%L“2" "%д%…%“…/. г%!,ƒ%…2%",  “2=л= 
,“C%льƒ%"=2ь“  " 40-. гг. C!%шл%г% "е*=. Š!=д,-
ц,%……% C!,ме…е…,е .2%г% ме2%д= “" ƒ=…% “ 2!ем  
…=C!="ле…, м,: %це…*%L 2е.…,че“*%г% “%“2% …,  
C%дƒем…%L ч=“2, “*"=›,… (ге!ме2,ч…%“2, %K“=д-
…/. *%л%……); %K%“…%"=…,ем %C2,м=ль…%L *%…“2-
!3*ц,, -,ль2!=, %Kе“Cеч,"=ю?ег% !="…%ме!…/L  
"%д%C!,2%*  C% "“еL дл,…е -,ль2!%"%L *%л%……/; 
ге%л%г,че“*,м ,ƒ3че…,ем !=ƒ!еƒ= ("/деле…,е 
*%лле*2%!%", "%д%3C%!%", %C!еделе…,е -,ль2!=-
ц,%……/. C=!=ме2!%"). o%“лед…ее …=C!="ле…,е 
“2=л% =*2,"…% !=ƒ","=2ь“  “ 1970-. гг. nC/2 C!=*-
2,че“*%г% ,“C%льƒ%"=…,  ме2%д= !=“.%д%ме2!,, 

" “%че2=…,, “ г,д!%д,…=м,че“*,м, ме2%д=м, 
,ƒ3че…,  !=ƒ!еƒ= %*=ƒ=л“  "/“%*%.--е*2,"…/м. 
b…ед!е…,е ег% C%ƒ"%л,л% %2*=ƒ=2ь“  %2 д%!%г%-
“2% ?,. 2еле“*%C,че“*,. *%…“2!3*ц,L !=ƒ"ед%ч-
…/. “*"=›,…, 3"ел,ч,2ь 2%ч…%“2ь, де2=ль…%“2ь , 
м=“ш2=K…%“2ь ,““лед%"=…,L. 

dе2=л,ƒ=ц,  ге%л%г,че“*%г% !=ƒ!еƒ= %“%Kе……% 
"=›…= C!, C%“2!%е…,, C!%“2!=…“2"е……/. ,л, 
Cл%“*%-C!%“2!=…“2"е……/. м=2ем=2,че“*,. м%де-
леL "%д%…%“…/. “,“2ем. n“%K3ю =*23=ль…%“2ь ƒ=-
д=ч= C!,%K!ел= " C%“лед…ее "!ем , *%гд= “2=л %2-
меч=2ь“  C%"“еме“2…/L Cе!е.%д %2 “3?е“2"3ю-
?,. ",д%" м%дел,!%"=…,  * м=2ем=2,че“*%м3.     

o!,…ц,C ,ƒме!е…,  !=“.%д= д%“2=2%ч…% C!%“2 
, 2е.…,че“*, м=л% %2л,ч=е2“  %2 ,ƒме!е…,  !=“-
.%д= "%д%ме!…/м, “ч‘2ч,*=м, 23!K,……%г% 2,C=. 
hме……% C!%“2%2= ,ƒме!е…,L , д%“2=2%ч…% "/“%-
*=  2%ч…%“2ь ме2%д= гл3K,……%L !=“.%д%ме2!,, 
%C!едел,л, ег% д%м,…,!3ю?ее ƒ…=че…,е “!ед, 
д!3г,. ме2%д%" ,ƒ3че…,  -,ль2!=ц,%……/. “"%L“2" 
!=ƒ!еƒ=.    

lе2%д !=“.%д%ме2!,, “*"=›,… C!,ме… е2“  " 
3“2=…%","шем“  , …е3“2=…%","шем“  !е›,м=. 
"%д%C!,2%*%". b Cе!"%м “л3ч=е д=……/е ,“C%ль-
ƒ3ю2“  дл  *=че“2"е……%г% !=“чле…е…,  !=ƒ!еƒ= C% 
*%лле*2%!“*,м C!,ƒ…=*=м, "% "2%!%м # дл  %C!е-
деле…,  -,ль2!=ц,%……/. “"%L“2" г%!…/. C%!%д.  

r“2=…%","ш,L“  (%2…%“,2ель…%) !е›,м …=“23-
C=е2 “C3“2  …е*%2%!%е "!ем  C%“ле "%ƒм3?е…,  
“*"=›,…/, *%2%!%е %C!едел е2“  ге%л%г%-г,д!%-
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ге%л%г,че“*,м “2!%е…,ем %KAе*2= , -,ль2!=-
ц,%……/м, “"%L“2"=м, "%д%"ме?=ю?,. %2л%›е-
…,L. o!, ,ƒ3че…,, !=ƒ!еƒ= " 3“2=…%","шем“  
!е›,ме !=“.%д%ме! C%“лед%"=2ель…% Cе!еме?=ю2 
C% “2"%л3 -,ль2!= “ %C!едел‘……/м ш=г%м; C!,-
K%! -,*“,!3ю2 , ,ƒме! ю2 %“е"%L !=“.%д.

Š=*3ю C!%цед3!3 "/C%л… ю2 C!, д"3. # 2!‘. 
!=ƒл,ч…/. “23Cе… . …=г!3ƒ*, …= “*"=›,…3. b !е-

=) K)

p,“. 1. h…2ег!=ль…/е !=“.%д%г!=мм/ C% “2"%л3 -,ль2!= (“2=ц,%…=!…/L !е›,м):  

                    Q # %“е"%L !=“.%д C% “2"%л3 -,ль2!= …= !=ƒ…/. !е›,м=. %2*=ч*,; 
= # “*"=›,…= 1 24d2+3;  K # “*"=›,…= 1 19d2+3

ƒ3ль2=2е C%л3ч=ю2 *3м3л 2,"…3ю !=“.%д%г!=мм3, 
%2%K!=›=ю?3ю %K?,е ƒ=*%…%ме!…%“2, !=“C!еде-
ле…,  %“е"%г% C%2%*= C% “2"%л3 -,ль2!=. m= !,“. 1 
,ƒ%K!=›е…/ 2,C%"/е !=“.%д%г!=мм/, C%л3че…-
…/е C!, ,ƒ3че…,, !=ƒ!еƒ= j3юл3““*%г% ме“2%!%-
›де…,  =!2еƒ,=…“*,. "%д (pе“C3Kл,*= j=ƒ=.“2=…) 
C% “*"=›,…=м 1 24d2+3 , 1 19d2+3, "“*!/"=ю-
?,м “%"ме“2…% "2%!%L , 2!е2,L =льK“*,е "%д%-

p,“. 2. h…д,*=2%!…/е г!=-,*, “*"=›,…
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…%“…/е г%!,ƒ%…2/. o!, C!%"еде…,, !=K%2 C!ед3-
“м=2!,"=л=“ь %це…*= C%2е…ц,=ль…/. "%ƒм%›…%-
“2еL 2!е2ьег% =льK“*%г% г%!,ƒ%…2= *=* д%C%л…,-
2ель…%г% ,“2%ч…,*= "%д%“…=K›е…, .

m= !=“.%д%г!=мм=. "/дел ю2“  ,…2е!"=л/ “ C%-
“2% ……/м %“е"/м !=“.%д%м , 3ч=“2*, “ !=“.%д%м, 
,мею?,м 2е…де…ц,ю !%“2= (“…,›е…, ). rч=“2*,, 
где %“е"%L !=“.%д …е,ƒме……/L, %2"еч=ю2 !=“C!%-
“2!=…е…,ю "%д%3C%!…/. %2л%›е…,L; ,…2е!"=л/ 
›е, где %… ,мее2 C!,!=?е…,е, “",де2ель“2"3ю2 % 
…=л,ч,, "%д%“%де!›=?,. %2л%›е…,L. 

o% д=……/м ,ƒме!е…,L “2!% 2“  ,…д,*=2%!…/е 
г!=-,*,, C%ƒ"%л ю?,е 3“2=…%",2ь “2=2,че“*,е …=-
C%!/ , г,д!="л,че“*,е .=!=*2е!,“2,*, “*"=›,…/.  
h…д,*=2%!…/е г!=-,*,, C%“2!%е……/е дл  .2,. ›е 
“*"=›,… C% д=……/м д"3. 3“2=…%","ш,.“  !е›,м%" 
(Q0 = const; Q0 = 0), ,ƒ%K!=›е…/ …= !,“. 2.

dл  “2=ц,%…=!…%г% !е›,м= “C!="едл,"/ “%%2-
…%ше…, 

ст
cт0 0

0

0 ст ст0n

; ;

; ( ),

i i
i

i i ii

H q
H q q

q

Q Q Q q H H

= =

= = −

∑ ∑
∑    (1)

где m“2i , Qi , qi # “2=2,че“*,L 3!%"е…ь, деK,2 , 3дель-
…/L деK,2 i-г% "%д%…%“…%г% г%!,ƒ%…2= “%%2"е2“2"е…-
…%; ,…де*“%м &0[ C%мече…/ .=!=*2е!,“2,*, “*"=›,-
…/; Qni # Cе!е2%* ме›д3 г%!,ƒ%…2=м, " …е!=K%2=ю-
?еL “*"=›,…е.                      

d=……/е “%%2…%ше…,  "/2е*=ю2 ,ƒ ге%ме2!,че-
“*,. C%“2!%е…,L , …е 2!еK3ю2 %“%K/. д%*=ƒ=-
2ель“2".

o!, …е“2=ц,%…=!…%м !е›,ме ме2%д !=“.%д%-
ме2!,, …е“*%ль*% ,…%L. n“…%"…=  цель  # ,ƒ3че-
…,е -,ль2!=ц,%……/. “"%L“2" "%д%…%“…/. %2л%-
›е…,L. b .2%м “л3ч=е !=“.%д%ме2!,че“*,е ,““ле-
д%"=…,  “%"ме?=ю2“  “ C%ле"/м, %C/2…%--,ль2-
!=ц,%……/м, !=K%2=м, (ntp). o!, C!%"еде…,, 
ntp !=“.%д%ме! 3“2=…="л,"=ю2 ме›д3 ,ƒ3ч=е-
м/м, "%д%…%“…/м, г%!,ƒ%…2=м,, , " C!%це““е 
,““лед%"=…,L C%л%›е…,е ег% …е ме… е2“ . 
hƒме!е…,  C!%"%д 2 “ "!еме……/м ш=г%м, *=* 
C!=",л%, “%%2"е2“2"3ю?,м "!еме…, -,*“=ц,, 
!=“.%д= , %KAед,…‘……%г% д,…=м,че“*%г% 3!%"…  
“*"=›,…/.   

o!, “%"ме“2…%м "“*!/2,, …е“*%ль*,. "%д%-
…%“…/. г%!,ƒ%…2%" “*"=›,…= !=K%2=е2 “ %K%K-
?‘……/м, C=!=ме2!=м, [1, 2]: 

0
0 * *

01 1
; ,

n n
i

i
ii i

km km
km km

a a= =
= =∑ ∑

   
(2) 

                 

где km0, a0
* # "%д%C!%"%д,м%“2ь , Cьеƒ%C!%"%д…%“2ь 

!=ƒ!еƒ= “%%2"е2“2"е……%; kmi, ai
* # "%д%C!%"%д,м%“2ь 

, Cьеƒ%C!%"%д…%“2ь i-г% г%!,ƒ%…2= “%%2"е2“2"е……%.                                       

r“2=…%"ле…%, ч2% C!, %C!%K%"=…,, “*"=›,…/ 
“%%2…%ше…,е "%д%C!,2%*%" ,ƒ г%!,ƒ%…2%" ме-
… е2“  "% "!еме…, , C%дч,… е2“  %C!едел‘……/м 
ƒ=*%…%ме!…%“2 м. m=,K%лее C%л…% ,““лед%"=…,  
" д=……%L %Kл=“2, ,ƒл%›е…/ " м%…%г!=-,, [3], 
%д…=*% ме2%д,че“*,е C!,‘м/ ,…2е!C!е2=ц,, C%-
ле"/. ntp !=ƒ!=K%2=…/ …ед%“2=2%ч…% , 2!еK3ю2 
д=ль…еLшег% “%"е!ше…“2"%"=…, . 

o!едл%›е…= 3“%"е!ше…“2"%"=……=  ме2%д,*= 
,…2е!C!е2=ц,, %C/2…/. !=K%2, %“…%"=……=  …= 
г!=-%=…=л,2,че“*%м ме2%де "!еме……%г% C!%“ле-
›,"=…,  C%…,›е…,  3!%"… .   

o!, “%"ме“2…%м %C!%K%"=…,, "%д%…%“…/. г%!,-
ƒ%…2%", ,мею?,. !=ƒ…/е г,д!%“2=2,че“*,е …=C%-
!/, ме2%д,*%L !=K%2 C!ед3“м=2!,"=е2“  *%…“е!"=-
ц,  “*"=›,…/, C!%д%л›,2ель…%“2ь *%2%!%L д%л›-
…= K/2ь д%“2=2%ч…%L дл  2%г%, ч2%K/ Cе!е2%*, ме-
›д3 г%!,ƒ%…2=м, д%“2,гл, %2…%“,2ель…%L “2=K,л,-
ƒ=ц,, , !=““м=2!,"=л,“ь *=* C%“2% ……/е …= C!%-
2 ›е…,, "“ег% C%“лед3ю?ег% ц,*л= ntp. j%…“е!-
"=ц,   "л е2“  Cе!"%L “23Cе…ью %2*=ч*, C!, “2=-
ц,%…=!…%м !е›,ме “ …3ле"/м деK,2%м. m= !=“ч‘2-
…%L “.еме (!,“. 3) Cе!,%д *%…“е!"=ц,, ,ƒ%K!=›‘… “ 
ле"%L “2%!%…/. b C!%це““е *%…“е!"=ц,, " “*"=›,…е 
3“2=…="л,"=е2“  %KAед,…‘……/L 3!%"е…ь m“20, C%л%-
›е…,е *%2%!%г% %C!едел е2“  “%%2…%ше…, м, (1).

o!, C%“лед3ю?ем "%ƒм3?е…,, “*"=›,…/ "%-
д%C!,2%* ,ƒ *=›д%г% г%!,ƒ%…2= м%›…% !=““м=2-
!,"=2ь *=* …=л%›е…,е д"3. C!%це““%": %2*=ч*3 
C!, C%“2% ……%м деK,2е , д%C%л…,2ель…/L "%д%-
C!,2%*, C%д "%ƒдеL“2",ем *%2%!%г% " *=›д%м г%-
!,ƒ%…2е 3“2=…="л,"=е2“  …е ,…д,",д3=ль…%е, = 
ед,…%е дл  "“е. C%…,›е…,е д,…=м,че“*%г% 3!%"-
…  S0. o%“*%ль*3 дл  люK%г% г%!,ƒ%…2= 3“2=…="-
л,"=е2“  ед,…%е C%…,›е…,е 3!%"… , 2% -%!м,!%-
"=2ь“  д%C%л…,2ель…/е "%д%C!,2%*, K3д32 C% 
“.еме &C!, C%“2% ……%м C%…,›е…,, 3!%"… [. nKе 
.2, “.ем/ ,ƒ"е“2…/, ,, “%гл=“…% ,мею?,м“  !е-
ше…, м [2], м%›…% ƒ=C,“=2ь         

2 *

0 *

( ) ,
4 4 2 ( )

i i i
i

i i i i

Q r Q tS E
km a t km G f

⎡ ⎤⎛ ⎞Δ Δ
= − +⎢ ⎥⎜ ⎟π π⎝ ⎠⎣ ⎦    

(3)

где ΔQi # C%“2% ……/L деK,2 i-г% г%!,ƒ%…2=; kmi, ri, 
ai* # "%д%C!%"%д,м%“2ь, !=д,3“ -,ль2!= , Cьеƒ%-
C!%"%д…%“2ь i-г% "%д%…%“…%г% г%!,ƒ%…2= “%%2"е2“2-
"е……%; ΔQi*(t) # д%C%л…,2ель…%е C!,!=?е…,е деK,2= 
!=““м=2!,"=ем%г% г%!,ƒ%…2=; fi = ai*t/ri

2; G(fi) # Kеƒ-
!=ƒме!…%е г,д!="л,че“*%е “%C!%2,"ле…,е. 

b “"%ю %че!едь,    

2

2 2 2
0 00

4( ) ,
[ ( ) ( )]

if
i

dG f e
I N

∞
−λ λ=

π λ λ + λ∫
 

(4)

где I0(λ), N0(λ) # -3…*ц,, aе““ел  Cе!"%г% , "2%!%-
г% !%д= %2 м…,м%г% =!г3ме…2= …3ле"%г% C%! д*=; 

/ *r p aλ = ; ! # %Cе!=2%! k=Cл=“=.
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p,“. 3. t%!м,!%"=…,е "%д%C!,2%*%" " “*"=›,…е C!, %C/2…%--,ль2!=ц,%……/. !=K%2=.

o!, "/C%л…е…,, 3“л%",  fi >100 " -%!м3ле (4) 
м%›…% “дел=2ь “лед3ю?3ю ƒ=ме…3:

2 *

* 2

2, 25–   ln ;  
4

2( ) .
ln(2,25 )

i i
i

i i

i
i

r aE
a t r

G f
f

⎡ ⎤⎛ ⎞
=⎢ ⎥⎜ ⎟⎝ ⎠⎣ ⎦

=
 

(5)
  

q 3ч‘2%м "/!=›е…,  (5) дл  “*"=›,…/ , *=›-
д%г% г%!,ƒ%…2= “C!="едл,"/ ƒ=",“,м%“2,

*
0 0

0 2
0 0

*

0 2

2,25
ln ;

4

( ) 2,25
ln ,

4
i i

i i

Q a t
S

km r

Q t a t
S

km r

=
π

Δ
=

π
 (6)

где ΔQi(t) = ΔQi + ΔQi* (t) # %K?ее C!,!=?е…,е де-
K,2= i-г% г%!,ƒ%…2= (∑ΔQi (t) = Q0).

q,“2ем= (6) C%ƒ"%л е2 ,“C%льƒ%"=2ь дл  ,…2е!-
C!е2=ц,, д=……/. ntp 2!=д,ц,%……3ю ме2%д,*3 
"!еме……%г% C!%“ле›,"=…,  [1, 4].

q%%2…%ше…,е "%д%C!,2%*%" м%›е2 K/2ь "/!=-
›е…% “лед3ю?,м %K!=ƒ%м:

0

0 0

( ) ln( )
ln( )

i i

i

Q t km f
Q km f

Δ
=

  

,л, 

0 0
0

0 0
ln( )

( )
ln(2,25 )

i i
i i

i

km
Q t Q km Q

f
γ

Δ = + , (7)
 

* 2
0 0 0

0 * 2
0

* 2
0 0 0

/ ; ln( ) ln ;

 / .

i
i i i

i

a r
km km km

a r

f a t r

⎛ ⎞
= γ = ⎜ ⎟

⎝ ⎠

=

Š% е“2ь C!,2%* ,ƒ *=›д%г% г%!,ƒ%…2= C!ед“2="-
л е2 “%K%L “3мм3 C%“2% ……%г% “л=г=ем%г% , д%-
C%л…,2ель…%г% чле…=, *%2%!/L " ƒ=",“,м%“2, %2 
“%%2…%ше…,  ‘м*%“2…/. C=!=ме2!%" м%›е2 ,ме2ь 
!=ƒ…/L ƒ…=*.  

oе!е2%* ,ƒ i-г% г%!,ƒ%…2= " …е!=K%2=ю?еL 
“*"=›,…е %C!едел е2“  "/!=›е…,ем                           

ст ст0
n

4 ( )
( ) .

ln(2,25 )
i i

i
i

km H H
Q t

f
π −

=

  

(8)

oе!е2%* м%›…% “ч,2=2ь 3“2=…%","ш,м“  C!, 
3“л%",,, ч2% ƒ= Cе!,%д C%“лед3ю?,. ntp ег% 
,ƒме…е…,  …е C!е"/“ 2 3“2=…%"ле……3ю "ел,ч,…3. 
o!,…,м=  д%C3“2,м3ю C%г!еш…%“2ь !="…%L 5 % 
, 3ч,2/"= , ч2% дл,2ель…%“2ь %д,…%ч…/. ntp 
“%“2="л е2 C 2ь # “емь “32%*, C!%д%л›,2ель…%“2ь 
Cе!,%д= *%…“е!"=ц,, м%›е2 K/2ь 3“2=…%"ле…= ,ƒ 
“%%2…%ше…,  (8)

к к

к

n n

n

( ) ( )
,

( )
i i

i

Q t t Q t
Q t
+ Δ −

ε =

где ε # ƒ=д=……=  C%г!еш…%“2ь; Δt, t* #  дл,2ель…%“2ь 
ntp , *%…“е!"=ц,, “%%2"е2“2"е……%.                                         

Qn
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m= !,“. 4 C!,"еде…/ !=“ч‘2/ …е%K.%д,м/. 
“!%*%" *%…“е!"=ц,, “*"=›,…/ " ƒ=",“,м%“2, 
%2 lg(2,25fi), %2*3д= “лед3е2, ч2% “!%*, %2…%“,-
2ель…%L “2=K,л,ƒ=ц,, Cе!е2%*%" C% “2"%л3 
-,ль2!= д%"%ль…% %г!=…,че……/ , …е C!е"/ш=ю2 
10 “32%*. a%лее %?32,м/е C%г!еш…%“2,  “" ƒ=-
…/ “ ,г…%!,!%"=…,ем …=“лед“2"= %2 C!ед/д3-
?,. “23Cе…еL "%ƒм3?е…,  “*"=›,…/. b !=K%2е 
[1] C%*=ƒ=…%, ч2% ,г…%!,!%"=…,е …=“лед“2"= %2-
*=ч*, м%›е2 C!,"е“2, * д%"%ль…% “3?е“2"е…-
…/м C%г!еш…%“2 м , д%“2,г=2ь 40 %. )2%K/ 
,ƒKе›=2ь %ш,K%*, !е*%ме…д3е2“  C!%д%л›,-
2ель…%“2ь *%…“е!"=ц,, “*"=›,…/ C!,…,м=2ь ,ƒ 
3“л%",  Δt/t* < 0,2 # 0,4.

m,›е C!,"еде…/ !еƒ3ль2=2/ %C/2…%--,ль2!=-
ц,%……/. ,““лед%"=…,L …= “*"=›,…=. j3юл3““*%г% 
ме“2%!%›де…, , "“*!/"=ю?,. “%"ме“2…% "2%!%L 
, 2!е2,L =льK“*,е "%д%…%“…/е г%!,ƒ%…2/ …,›…е-
мел%"/. %2л%›е…,L. c%!,ƒ%…2/ ƒ=лег=ю2 …= гл3-
K,…е 600#800 м …,›е C%"е!.…%“2, ƒемл, , “%де!-
›=2 …=C%!…/е "%д/. b .*“Cл3=2=ц,, …=.%д,л“  
"2%!%L =льK“*,L г%!,ƒ%…2. b C!%це““е Cл=…%"%L 
!е*%…“2!3*ц,, "%д%ƒ=K%!…/. “*"=›,… ч=“2ь ,. 
K/л= 3гл3Kле…= , %K%!3д%"=…= %д…,м -,ль2!%м 
…= "2%!%L , 2!е2,L =льK“*,е г%!,ƒ%…2/. 0еле“%-
%K!=ƒ…%“2ь “%"ме“2…%г% "“*!/2,  г%!,ƒ%…2%" 
%KA “… е2“  K%льш,м, гл3K,…=м, ,. ƒ=лег=…,  , 
"/“%*%L “2%,м%“2ью K3!%"/. !=K%2, = 2=*›е …е-
%K.%д,м%“2ью ,ƒ3че…,  2!е2ьег% =льK“*%г% г%!,-
ƒ%…2= *=* "%ƒм%›…%г% д%C%л…,2ель…%г% ,“2%ч…,-
*= "%д%“…=K›е…, .   

b%д%"ме?=ю?,е %2л%›е…,  2!е2ьег% г%!,ƒ%…2= 
C!ед“2="ле…/ мел*%- , 2%…*%ƒе!…,“2/м, Cе“*=-
м, м%?…%“2ью 80#100 м, !=ƒдел‘……/м, 40-ме2-
!%"%L 2%л?еL гл,… [4]. q*"=›,…/ .=!=*2е!,ƒ3ю2-
“  "/“%*,м %2!,ц=2ель…/м “*,…-.--е*2%м, ,, 
…е“м%2!  …= Kл,ƒ*,е ƒ…=че…,  Cьеƒ%C!%"%д…%“2,, 
!=ƒл,ч,  " C=!=ме2!=. ai*/ri

2 д%"%ль…% “3?е“2-
"е……/. n2*=ч*, "/C%л… л,“ь " !е›,ме “=м%,ƒ-
л,"= C!, C%“2% ……%м деK,2е. t,*“,!%"=л,“ь
д,…=м,че“*,L 3!%"е…ь, "%д%C!,2%* ,ƒ 2!е2ьег% 

p,“. 4. o!%д%л›,2ель…%“2ь *%…“е!"=ц,, “*"=›,…/ " ƒ=",“,м%“2, %2 C=!=ме2!= lg(2,25fi)

г%!,ƒ%…2= , деK,2 “*"=›,…/. dеK,2 "2%!%г% г%-
!,ƒ%…2= 3“2=…="л,"=л“  !=“ч‘2…/м C32‘м. pе-
ƒ3ль2=2/ C%ле"/. ,ƒме!е…,L " C!%це““е %C/2…/. 
!=K%2 (“%*!=?‘……%) C!ед“2="ле…/ " 2=Kл. 1.  

h…2е!C!е2=ц,  д=……/. ntp "/C%л… л=“ь C% 
%C,“=……%L ме2%д,*е. c!=-,*, "!еме……%г% C!%-
“ле›,"=…,  "/“2!=,"=л,“ь " *%%!д,…=2=.
S0/ΔQi(t) # lg(t). m= !,“. 5 C!,"ед‘… C!,ме! C%-
“2!%е…,  г!=-,*%" C% “*"=›,…=м 1 24d2+3 , 
1 19d2+3. `…=л%г,ч…% “2!%,л,“ь г!=-,*, "!е-
ме……%г% C!%“ле›,"=…,  C% %“2=ль…/м “*"=›,-
…=м. o%л3че……/е д=……/е =CC!%*“,м,!%"=л,“ь 
л,…еL…%L ƒ=",“,м%“2ью ",д=

0 lg( )
( ) i i

i

S
A C t

Q t
= +

Δ
,
   

где

 

*

2
2,250,183 0,183lg ; .i

i i
i ii

a
A C

km kmr
= =

 

p=“ч‘2/ C=!=ме2!%" “"еде…/ " 2=Kл. 2, %2*3д= 
",д…%, ч2% “.%д,м%“2ь "C%л…е 3д%"ле2"%!,2ель-
…= . b%д%C!%"%д,м%“2ь  !=ƒ!еƒ=, 3“2=…%"ле……=  
C% “*"=›,…=м , C32‘м Cе!е“ч‘2= че!еƒ C=!=ме2!/ 
"%д%…%“…/. г%!,ƒ%…2%" C% -%!м3л=м (2), !=ƒл,-
ч=е2“  …е K%лее чем …= 10 %.

b 2% ›е "!ем  д=……/е 2=Kл. 2 “",де2ель“2"3ю2, 
ч2% !=“C!%“2!=…‘……/L C!,‘м %C!еделе…,  -,ль2-
!=ц,%……/. C=!=ме2!%" че!еƒ “%%2…%ше…,е 
ΔQi / kmi [3] “C!="едл,"  2%ль*% C!, Kл,ƒ*,. ,л, 
!="…/. ƒ…=че…, . C=!=ме2!%" a*/r 

2. e“л, .2% …е 
3ч,2/"=2ь, 2% C%г!еш…%“2, !=“ч‘2%" м%г32 K/2ь 
д%"%ль…% %?32,м/. m=,K%лее 2%ч…=  %це…*= 
"%д%-C!%"%д,м%“2, !=ƒ!еƒ= м%›е2 K/2ь C%л3че…= 
2%ль*% C!, ,“C%льƒ%"=…,, ме2%д,*, "!еме……%г% 
C!%“ле›,"=…, .

g…=ч,2ель…=  !=ƒ…,ц= " C=!=ме2!=. (=*/r 
2) 

г%!,ƒ%…2%", д%“2,г=ю?=  д"3. C%! д*%", C!ед-
C%л=г=е2 дл,2ель…/е , ƒ…=ч,2ель…/е C% "ел,-
ч,…е ,ƒме…е…,  C%,…2е!"=ль…/. "%д%C!,2%*%". 

1

3

5

7

9

3 4 5 6 7 8 9 10

t ,

lg(2,25fi )9 lg(2,25fi) 
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Š = K л  , ц =  1

pеƒ3ль2=2/ %C/2…/. !=K%2 C% “*"=›,…=м 

o%…,›е…,е 3!%"…  (S0, м) " “*"=›,…=. , "%д%C!,2%*, ,ƒ
г%!,ƒ%…2%" (∆Qi (t), м

3/“32) " C!%це““е C!%"еде…,  ntp

t,
“32*,

1 24d2+3 1 19d2+3

S0 ∆Q2(t) ∆Q3(t) S0 ∆Q2(t) ∆Q3(t)

0,021 13,9 1704 240 7,9 566 202

0,042 17,5 1674 270 8,8 567 192

0,063 19,4 1659 285 9,1 580 187

0,083 20,9 1644 300 9,5 581 187

0,125 22 1634 310 9,8 581 187

0,167 23 1624 320 10,0 581 187

0,208 23,4 1614 330 10,4 581 187

0,250 24,3 1599 345 10,5 588 180

0,333 25,5 1585 359 10,7 588 180

0,417 27 1579 365 11,0 589 180

0,583 29 1570 374 11,1 600 168

0,667 29,7 1567 377 11,2 600 168

0,833 31 1564 379 11,3 600 168

1,000 31,4 1564 380 11,5 600 168

1,167 32,8 1564 380 11,6 600 168

1,333 32,8 1564 380 11,7 600 168

1,667 33,4 1564 380 12,0 600 168

2,000 34 1564 380 12,1 600 168

p,“. 5. h…2е!C!е2=ц,  %C/2…/. !=K%2 C% “*"=›,…=м

m= !,“. 6 “%C%“2="ле…/ !=“ч‘2…/е (C% -%!м3ле 
(7)) , -=*2,че“*,е "%д%C!,2%*, ,ƒ г%!,ƒ%…2%". 
mе“м%2!  …= K%льш3ю !=ƒ…,ц3 C=!=ме2!%", 
“.%д,м%“2ь !еƒ3ль2=2%" д%"%ль…% "/“%*= . 
q3?е“2"е……/е  !=“.%›де…,  (д% 30 %) %2мече-
…/ 2%ль*% " 2ече…,е Cе!"/. 2!‘. ч=“%" C%“ле 
"%ƒм3?е…,  “*"=›,…; " д=ль…еLшем C%г!еш-

…%“2ь …е C!е"/ш=л= 10 %, ч2% “%%2"е2“2"3е2 
2%ч…%“2, ,ƒме!е…,L.

b/"%д/. lе2%д гл3K,……%L !=“.%д%ме2!,, …= 
“ег%д… ш…,L де…ь %“2=‘2“  %д…,м ,ƒ …=,K%лее 
.--е*2,"…/. дл  C%,…2е!"=ль…%г% ,ƒ3че…,  
-,ль2!=ц,%……/. “"%L“2" ге%л%г,че“*%г% !=ƒ!еƒ=. 
b *%…*!е2…/. 3“л%", . C!,ме…е…,е ег% C%ƒ"%л,-

S0/Qi,
м3/сут

S0/Qi,
м3/сут

llllg (t, cут) llllg (t, cут)
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Š = K л  , ц =  2

         pеƒ3ль2=2/ ,…2е!C!е2=ц,, %C/2…/. !=K%2 C% “*"=›,…=м j3юл3““*%г% ме“2%!%›де…, 

m%ме! 
“*"=›,…/

c%!,ƒ%…2

o=!=ме2!/ "%д%…%“…/. г%!,ƒ%…2%"

Ai,  м qi,  м km,  м2/“32 lg(2,25fi ) qi,  м
2/“32 ∆Qi,  м

3/“32 H“2,  м ∆Qi /kmi

19d2+3

2 0,0193 0,0029 63,10 6,655 49,59 600 11,50 9,51

3 0,0680 0,0167 10,96 4,072 13,88 168 58,00 15,32

q*"=›,…= 0,0151 0,0026 70,38 5,529 63,47 768 21,50 10,91

2+3 # # 74,06 5,780 # # 21,66 #

21d2+3

2 0,0521 0,0226 8,10 2,305 16,98 540 32,00 66,67

3 0,0903 0,0232 7,89 3,892 10,19 324 74,00 41,06

q*"=›,…= 0,0331 0,0123 14,88 2,691 27,17 864 48,00 58,06

2+3 # # 15,99 2,885 # # 47,75 #

23d2+3

2 0,0299 0,0093 19,68 3,215 30,30 800 17,50 40,65

3 0,0529 0,0241 7,59 2,195 16,67 440 62,00 57,97

q*"=›,…= 0,0191 0,0069 26,52 2,768 46,97 1240 35,50 46,76

2+3 # # 27,27 2,846 # # 33,29 #

24d2+3

2 0,0199 0,0071 25,77 2,803 46,00 1564 28,00 60,69

3 0,0831 0,0240 7,63 3,463 11,18 380 138,00 49,8

q*"=›,…= 0,0161 0,0053 34,53 3,038 57,18 1944 52,00 56,29

2+3 # # 33,40 2,931 # # 49,51 #

p,“. 6. d,…=м,*= "%д%C!,2%*%" ,ƒ г%!,ƒ%…2%" " C!%це““е %C/2…/. !=K%2:

` # "2%!%L =льK“*,L г%!,ƒ%…2; a # 2!е2,L =льK“*,L г%!,ƒ%…2; л,…,  # !=“ч‘2…/е д=……/е; 
2%ч*, # -=*2,че“*,е д=……/е; 1 # “*"=›,…= 1 19d2+3; 2 # “*"=›,…= 1 21d2+3; 3 # “*"=›,…= 1 23d2+3;   

4 # “*"=›,…= 1 24d2+3

л% C!=*2,че“*, Kеƒ д%C%л…,2ель…/. -,…=…“%"/. 
ƒ=2!=2 ,ƒ3ч,2ь 2!е2,L =льK“*,L "%д%…%“…/L г%!,-
ƒ%…2 " !=L%…е j3юл3““*%г% ме“2%!%›де…, , !=…ее 
…е ,ƒ3че……%г% , …е .*“Cл3=2,!%"="шег%“ . o!, 
“%"ме“2…%м "“*!/2,, , %C!%K%"=…,, …е“*%ль*,. 
"%д%…%“…/. г%!,ƒ%…2%" %д…%L “*"=›,…%L .=!=*-
2е! "%д%C!,2%*%" ,ƒ *=›д%г% "% "!еме…, %C!еде-

л е2“  “%%2…%ше…,ем C=!=ме2!%" =i*/ri
2. o!, !="-

…/. ,л, Kл,ƒ*,. C=!=ме2!=. “2=K,л,ƒ=ц,  "%д%-
C!,2%*%" %2меч=е2“  д%"%ль…% K/“2!% , %“2=‘2“  
" д=ль…еLшем C%“2% ……%L "ел,ч,…%L. b C!%2,"-
…%м “л3ч=е ,ƒме…е…,  "%д%C!,2%*%" "% "!еме…, 
м%г32 K/2ь “3?е“2"е……/ , C!%,“.%д 2 " 2ече…,е 
дл,2ель…%г% "!еме…, (Cе!"/е …е“*%ль*% “32%*), 

S0/Q2(t),
м3/сут

S0/Q3(t),
м3/сут

t, сут t, сут
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ч2% …е%K.%д,м% 3ч,2/"=2ь " ме2%д,*е %C/2…%-
-,ль2!=ц,%……/. ,““лед%"=…,L. 

o!, ,…2е!C!е2=ц,, д=……/. %C/2…%--,ль2!=-
ц,%……/. ,““лед%"=…,L "%ƒм%›…% ,“C%льƒ%"=…,е 
2!=д,ц,%……%L г!=-%=…=л,2,че“*%L ме2%д,*, 
"!еме……%г% C!%“ле›,"=…, , *%2%!=  " д=……%м 
“л3ч=е %“3?е“2"л е2“  " *%%!д,…=2=. 3дель…%г% 
C%…,›е…,  %2 л%г=!,-м= "!еме…,. 

oе!е“ч‘2 "%д%C!%"%д,м%“2, че!еƒ 3“2=…%","-
ш,е“  "%д%C!,2%*, “C!="едл," л,шь дл  3“л%-
",L, *%гд= “%%2…%ше…,е =i*/ri

2 г%!,ƒ%…2%" Kл,ƒ*% 
C% ƒ…=че…,ю ,л, !="…%. b C!%2,"…%м “л3ч=е "%ƒ-
м%›…/ “3?е“2"е……/е C%г!еш…%“2, %C!еделе…,  
C=!=ме2!%". 

a,Kл,%г!=-,че“*,е ““/л*,

1. a%!е"“*,L a.b., q=м“%…%" a.c., “ƒ",… k.q. lе2%-
д,*= %C!еделе…,  C=!=ме2!%" "%д%…%“…/. г%!,ƒ%…2%" 
C% д=……/м %2*=че*. l.: mед!=, 1973. 302 “.

2. a%че"е! t.l. Šе%!,  , C!=*2,че“*,е ме2%д/ 
г,д!%ге%л%г,че“*,. !=“ч‘2%" .*“Cл3=2=ц,%……/. ƒ=C=-
“%" C%дƒем…/. "%д. l.: mед!=, 1968. 325 “.

3. cе!ш=…%",ч h.l. c,д!%ге%л%г,че“*,е ,““лед%"=-
…,  " “*"=›,…=. ме2%д%м !=“.%д%ме2!,,. l.: mед!=, 
1981. 295 “.          

4. j=ме…“*,L c.~., l=л*%" `.b. nC!еделе…,е г,д-
!%д,…=м,че“*,. C=!=ме2!%" C!, “%"ме“2…%м %C!%K%-
"=…,, д"3. "%д%…%“…/. г%!,ƒ%…2%" “ !=ƒл,ч…/м, “2=-
2,че“*,м, …=C%!=м, // hƒ". "3ƒ%". cе%л%г,  , !=ƒ"ед-
*=. dеC. bhmhŠh 20.02.84. 12 “.

rdj 658.512 

p.`. `л,е", д-! 2е.…. …=3*, C!%-., l.`. `.мед%", д-! 2е.…. …=3*, C!%-., 
d›.t. l=мед%", *=…д. 2е.…. …=3*, д%ц., `.c. c3“еL…%", *=…д. 2е.…. …=3*, д%ц. 

(`ƒе!K=Lд›=…“*=  г%“3д=!“2"е……=  …е-2 …=  =*=дем, , г. a=*3)

cavan62@mail.ru

qngd`mhe hmqŠprlemŠ` `bŠnl`Šhghpnb`mmncn opnejŠhpnb`mh“ 
meqŠ`md`pŠm{u }kelemŠnb chajni opnhgndqŠbemmni qhqŠel{

b !еƒ3ль2=2е =…=л,ƒ= ме2%д%" C!%е*2,!%"=…,  …= .2=C=. !=ƒ!=K%2*, …е“2=…д=!2…/. 
.леме…2%" г,K*%L C!%,ƒ"%д“2"е……%L “,“2ем/ (coq) C!,ме…,2ель…% дл  ме2=лл3!г,че“*%L 
C!%м/шле……%“2, %C!еделе…/ %“…%"…/е 2!еK%"=…,  , ƒ=д=ч, “%ƒд=…,  ,…“2!3ме…2= ="2%-
м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  …е“2=…д=!2…/. .леме…2%". b ƒ=",“,м%“2, %2 %C!еде-
л‘……/. 2!еK%"=…,L , ƒ=д=ч ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  !=““м%2!е… "%C!%“ “%ƒ-
д=…,  %K?еL “2!3*23!/ ,…“2!3ме…2= ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  …е“2=…д=!2-
…/. .леме…2%" coq. 

jлюче"/е “л%"=: г,K*=  C!%,ƒ"%д“2"е……=  “,“2ем=, ="2%м=2,ƒ,!%"=……%е C!%е*2,!%"=…,е.

Principal requirements and tasks of the automatic projecting instrument creation of the nonstandard 
components are defined as a result of projecting methods analysis during development stages of the 
flexible production system nonstandard components for metallurgical industry. Creation question of 
the instrument general structure for nonstandard GPS (coq) components automatic projecting is 
considered depending on the specified requirements and tasks of the automatic projecting.

Key words: flexible production system, automatic projecting.

qл%›…/е 2е.…%л%г,че“*,е, -3…*ц,%…=ль…/е 
C!%,ƒ"%д“2"е……/е 3ƒл/, м%д3л, , 3ч=“2*, coq, 
“" ƒ=……/е “% “Cец,-,*%L C!%е*2,!3ем%г% C!%,ƒ-
"%д“2"= C!,ме…,2ель…% * ме2=лл3!г,че“*%L C!%-
м/шле……%“2,, 2!еK3ю2 “Cец,=ль…/. 3“2!%L“2", 
…е“2=…д=!2…/. ме.=…,че“*,. , .ле*2!%……/. ч=“-
2еL, *%2%!/е д%л›…/ %Kе“Cеч,"=2ь ="2%м=2,че-
“*3ю , Cе!е…=л=›,"=ем3ю !=K%23 C!, ƒ=г!3ƒ%ч-
…%-!=ƒг!3ƒ%ч…/. 2е.…%л%г,че“*,. %Cе!=ц, . 
C!%м/шле……/. !%K%2%" (op), ,ƒме…е…,, “2=…-
д=!2…/. 3ƒл%" %K%!3д%"=…, , = 2=*›е Cе!е.%де …= 
"/C3“* …%"/. ,ƒдел,L, 2е.…,че“*%м *%…2!%ле, 
д,=г…%“2,!%"=…,, , 3C!="ле…,, coq [1]. 

h““лед%"=…,ем !=K%2 " %Kл=“2, C!%е*2,!%"=-
…,  …е“2=…д=!2…/. ме.=…,че“*,. , .ле*2!%……/. 
3ƒл%" дл  C!%,ƒ"%д“2"е……/. “,“2ем !=ƒ…/. %2-
!=“леL C!%м/шле……%“2, 3“2=…%"ле…%, ч2% !=ƒ!=-
K%2=……/е м%дел, 2е.…,че“*%г%, ,…-%!м=ц,%…-
…%г%, м=2ем=2,че“*%г% , C!%г!=мм…%г% %Kе“Cече-
…,  !=““м=2!,"=л,“ь *=* %2дель…/L ,…“2!3ме…2 
="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  (h`o) дл  
!=ƒ!=K%2%* …е“2=…д=!2…/. .леме…2%" (m}), %C!е-
дел л,“ь “Cец,-,*%L 2%г% ,л, ,…%г% C!%,ƒ"%д-
“2"= [2]. o!, .2%м …ед%“2=2%ч…% %Kе“Cеч,"=л“  
*%мCле*“…/L C%д.%д !еше…,  ƒ=д=ч, “%ƒд=…,  
h`o "е!% 2…/. m} coq. 
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pеше…,е ƒ=д=ч, C% “%ƒд=…,ю h`o m} coq 
2!еK3е2 !=“ш,!е…,  %Kл=“2, ,““лед%"=…,  …= %“-
…%"е “!ед“2" =лг%!,2м,че“*%г% , м=2ем=2,че“*%-
г% %Kе“Cече…,  дл  K%лее де2=ль…%г% -3…*ц,%-
…=ль…%г%, 2е.…%л%г,че“*%г% , “2!3*23!…%г% ,“-
“лед%"=…,  C%дле›=?,. !=ƒ!=K%2*е ме.=…,че“*,. 
, .ле*2!%……/. 3ƒл%" m}. o%.2%м3 …=,K%лее "=›-
…/м "%C!%“%м  "л е2“  “%ƒд=…,е м%делеL ,…-
-%!м=ц,%……/. , C!%г!=мм…/. “!ед“2" дл  !=ƒ-
!=K%2*, m} …= .2=C=. 2е.…,че“*%г% C!едл%›е…, , 
.“*,ƒ…%г% , !=K%чег% C!%е*2%" , ,“C/2=…,  …= 
деL“2"3ю?ем C!%,ƒ"%д“2"е. 

m= .2=Cе 2е.…,че“*%г% C!едл%›е…,  C!%е*2,-
!%"?,*, " *=че“2"е ,“.%д…/. C=!=ме2!%" C!ед-
л=г=ю2 "=!,=…2/ *%мC%…%"%ч…/. “.ем г,K*,. 
="2%м=2,ƒ,!%"=……/. 3ч=“2*%" (c`rI) coq. m= 
%“…%"е ƒ=д=……/. ,“.%д…/. C%ƒ,ц,L !=ƒме?е…,  
“2=…д=!2…/. =*2,"…/. .леме…2%" %C!едел ю2“  
*%%!д,…=2/ C%ƒ,ц,%…,!%"=…, , !=K%ч,е ƒ%…/ , 
д!3г,е C=!=ме2!/ …е“2=…д=!2…/. 3“2!%L“2" , 
.леме…2%", *%2%!/е " “%%2"е2“2",, “ 2е.…%л%г,-
че“*,м, %Cе!=ц, м, C!%е*2,!3ем%г% C!%,ƒ"%д-
“2"= C%дле›=2 !=ƒ!=K%2*е. o!, .2%м м%›…% "/де-
л,2ь м…%›е“2"% ".%д…/. C=!=ме2!%", " “%%2"е2-
“2",, “ *%2%!/м, "/C%л… ю2“  C!%е*2…/е C!%-
цед3!/ …= .2=Cе 2е.…,че“*%г% C!едл%›е…, :

_

_ _

_ _

I

I

КС ГАУ

ГАУ
p НЭ СЭ J

ТО НЭ K

M

D M

M

⎧ ⎫
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⎪ ⎪
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_
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KC ГАУ KC ГАУ KC ГАУ 2I 1

KC ГАУN

M M M

M I N

∈

=

2

_1 _1 _ 2

_1 _ _1

_

_1 _ 2 _ 2

_ 2 _ _ 2
_ _

_

_1 _ _ 2

_ _ _

_

[ ,

, ..., ]

{ }

[ ,

, ..., ]

{ }
...

[ ,

, ..., ]

{ }

I

I

N

СЭ КС СЭ

КС СЭ N КС

ГАУ
НЭ I

СЭ КС СЭ

ГАУ КС СЭ M КС
НЭ СЭ J

ГАУ
НЭ J

СЭ КС N СЭ

КС N СЭ T КС N

ГАУ
НЭ S

M M M

M M M

M

M M M

M M MM
M

M M M

M M M

M

⎧∀ → →
⎪
→ → ∈⎪

⎪
∈⎪

⎪∀ → →⎪
⎪⎪→ → ∈∈⎨
⎪∈
⎪
⎪

∀ → →⎪
⎪
→ → ∈

∈⎩

⎫
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎪
⎬
⎪
⎪
⎪
⎪
⎪

⎪ ⎪
⎪ ⎪
⎪ ⎪⎭

;

1

2

_ _ _

_ _ _
_ _
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{ }

{ }
...

{ }

ТО НЭ I СЭJ ГАУ

ТО НЭ J СЭJ ГАУ
ТО НЭ K

ТО НЭ K СЭJ ГАУN

М М

М МM

М М

∀ ∈⎧ ⎫
⎪ ⎪⎪ ⎪∀ ∈= ⎨ ⎬
⎪ ⎪

∀ ∈⎪ ⎪⎩ ⎭

,
 

где ljq_c`rI 
# м…%›е“2"% *%мC%…%"%ч…/. “.ем (jq) 

!=““м=2!,"=ем/. c`rI " coq; _ _
IГАУ

НЭ СЭ JM  # м…%›е-

“2"% m} " *%мC%…%"%ч…/. “.ем=. c`rJ coq, 3“2=-
…="л,"=ем/. …= “2=…д=!2…/. .леме…2=. (q}), 

TJMJNJ ,1,,1,,1 === ; lŠn_m}_j # м…%›е“2"% 
2е.…%л%г,че“*,. %Cе!=ц,L (Šn) m}, C!,ме… ем/. 
…= “2=…д=!2…/. .леме…2=. *=›д%г% 3ч=“2*= coq; 
lq}J_c`rI 

# м…%›е“2"% “2=…д=!2…/. .леме…2%" *=›-

д%г% c`rI coq.

rч,2/"= , ч2% " coq %“…%"…/е 2е.…%л%г,че-
“*,е %Cе!=ц,, (ƒ=г!3ƒ*=, !=ƒг!3ƒ*=, C%ƒ,ц,%…,-
!%"=…,е, Cе!е…=л=д*=) -3…*ц,%…=ль…% ,ƒме-
… ю2“  " ƒ=",“,м%“2, %2 “Cец,-,*, C!%е*2,!3ем%-
г% C!%,ƒ"%д“2"=, 2% дл  …=д‘›…%г% , 2%ч…%г% "/-
C%л…е…,  .2,. !=K%2 2!еK3ю2“  !=ƒ!=K%2*, …%"/. 
“Cец,=ль…/. ме.=…,че“*,. , .ле*2!%……/. m}. 

}2=C .“*,ƒ…%г% C!%е*2,!%"=…, , %2л,ч=ю?,L-
“  K%лее м=“ш2=K…/м, …=3ч…%-,““лед%"=2ель“*,-
м, !=K%2=м,, 2!еK3е2 !=ƒ!=K%2*, м…%›е“2"= м%-
делеL м=2ем=2,че“*%г%, ,…-%!м=ц,%……%г% , C!%-
г!=мм…%г% …=ƒ…=че…, , *%2%!/е д%л›…/ %Kе“Cе-
ч,"=2ь "/K%! *%…“2!3*ц,%……/. C=!=ме2!%", м=-
2е!,=л%" ме.=…,че“*,. , .ле*2!%……/. 3ƒл%" m}; 
*,…ем=2,че“*%г%, -3…*ц,%…=ль…%г%, д,…=м,че-
“*%г% , “2!3*23!…%г% ,““лед%"=…,  m}, = 2=*›е 
де*л=!=2,"…/. ƒ…=…,L дл  %C,“=…,  %Kл=“2, ,. 
C!,ме…е…, , -3…*ц,%…=ль…/. , 2е.…%л%г,че“*,. 
“" ƒеL “% “2=…д=!2…/м, =*2,"…/м, .леме…2=м, 
coq; !=ƒ!=K%2*, “!ед“2" “Cец,=ль…%г% C!%г!=мм-
…%г% %Kе“Cече…,  дл  *%…“2!3*2%!“*%г% %-%!м-
ле…,  .“*,ƒ…%г% C!%е*2= m}: 

_

_ _

_

{ } модели МО

{ } модели ИО

{ } модели ПО

НЭМО I

НЭ I НЭИО J

НЭПО S

M

М M
M

→⎡ ⎤
⎢ ⎥

= →⎢ ⎥
⎢ ⎥→⎣ ⎦

,

где lm}ln_I # м%дел, м=2ем=2,че“*%г% %Kе“Cече…,  
(ln) m} (*%…“2!3*ц,, m} , ег% де2=леL, ме.=…,-
че“*%г% ,““лед%"=…,  дл  "/K%!= *%…“2!3*ц,%……/. 
м=2е!,=л%" , C=!=ме2!%" m} *=›д%г% C!%,ƒ"%д“2-
"е……%г% м%д3л  3ч=“2*%" coq, ,. *,…ем=2,че“*%г%, 
-3…*ц,%…=ль…%г%, д,…=м,че“*%г% , “2!3*23!…%г% 
=…=л,ƒ=); lm}hn_J # м%дел, ,…-%!м=ц,%……%г% %Kе“-
Cече…,  (hn) m} (“%ƒд=…,  K=ƒ/ д=……/. , ƒ…=…,L 
!=ƒ!=K%2=……/. …е“2=…д=!2…/. .леме…2%", C%,“*= , 
"/K%!= …е“2=…д=!2…/. 3ƒл%" , ч=“2еL); lm}on_S # 
м%дел, C!%г!=мм…%г% %Kе“Cече…,  (on) m} (*%…-
“2!3*2%!“*%г% %-%!мле…,  C!%е*2…%-2е.…,че“*%L 
д%*3ме…2=ц,,, C!%г!=мм…%L !е=л,ƒ=ц,, м=2ем=2,-
че“*,. м%делеL).

j%…“2!3*2%!“*,е че!2е›, m} , 3“2!%L“2", “Cе-
ц,-,*=ц,, “ 2е.…,че“*,м, C%*=ƒ=2ел м,, 2,C=м, 
м=2е!,=л%", ƒ…=че…, м, %K!=K=2/"=ем/. ме.=…,-
че“*,. ч=“2еL C%дг%2="л,"=ю2“  *=* ,“.%д…/е м=-
2е!,=л/ дл  ,“C/2=…,L " л=K%!=2%!…/. 3“л%", . 
, ,ƒг%2%"ле…,  ,. …= C%“лед3ю?,. .2=C=..
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q-%!м,!%"=……/е …= .2=C=. C!%е*2,!%"=…,  
m} coq C!%е*2…/е C!%цед3!/ …= %“…%"е м…%›е-
“2"= м%делеL lm}_I ,…-%!м=ц,%……%г%, м=2ем=-
2,че“*%г% , C!%г!=мм…%г% %Kе“Cече…,   "л ю2“  
K=ƒ%"/м, h`o.

`…=л,ƒ "%C!%“%" C% “%ƒд=…,ю h`o m} coq 
…= .2=C=. 2е.…,че“*%г% C!едл%›е…, , .“*,ƒ…%г% 
C!%е*2,!%"=…,  C%*=ƒ/"=е2, ч2% дл  !еше…,  
д=……%г% "%C!%“= …е%K.%д,м% "/C%л…е…,е “ле-
д3ю?,. %“…%"…/. 2!еK%"=…,L: %C!еделе…,е “Cе-
ц,-,*, -3…*ц,%…=ль…%-2е.…%л%г,че“*,. д=……/. 
=*2,"…/. .леме…2%" coq, " *%2%!/. C!,ме… ю2-
“  m} , 3“2!%L“2"=; г,K*%“2ь ="2%м=2,ƒ,!3ем/. 
C!%,ƒ"%д“2" C!, "/C3“*е C!%д3*ц,, !=ƒ…/. 2,-
C%" , !=ƒме!%"; .--е*2,"…%“2ь "/K%!= 2,C%" 
m}, ,. ме.=…,че“*,., .ле*2!%……/. 3ƒл%" [3] , 
C=!=ме2!%" …= %“…%"е ,…-%!м=ц,%……%-л%г,че-
“*,. ƒ…=…,L, м=2ем=2,че“*,. м%делеL , C!%-
г!=мм…/. “,“2ем; ,…2елле*23=л,ƒ=ц,  2е.…%л%-
г,че“*,. -3…*ц,L m} ƒ= “ч‘2 C%"/ше…,  3!%"…  
…=д‘›…%“2, “,“2ем/ 3C!="ле…,  , %ч3"“2"ле…, ; 
2%ч…%“2ь %C!еделе…,  *,…ем=2,че“*,., “2=2,че-
“*,. , д,…=м,че“*,. C=!=ме2!%" m} …= %“…%"е 
м=2ем=2,че“*,. , =лг%!,2м,че“*,. м%делеL. 

m= %“…%"е C!,"ед‘……/. "/ше 2!еK%"=…,L %C-
!едел ю2“  %“…%"…/е ƒ=д=ч, h`o m} coq: 

%Kе“Cече…,е C!%це““= ="2%м=2,ƒ=ц,, C!, !=ƒ-
!=K%2*е m} coq …= K=ƒе C!%г!е““,"…/. ,…“2!3-
ме…2%" C!%г!=мм…/. “!ед“2", =лг%!,2м,че“*,. , 
м=2ем=2,че“*,. м%делеL; 

%Kе“Cече…,е .--е*2,"…%“2, "/C%л…е…,  ,…›е-
…е!…%-*%…“2!3*2%!“*,. !=K%2, .!=…е…,  , %2%K!=-
›е…,  C!%е*2…%-г!=-,че“*%L ,…-%!м=ц,, m} coq 
C!, %C!еделе…,, %K?еL “2!3*23!/ h`o m} coq; 

%Kе“Cече…,е .--е*2,"…%“2, ,…-%!м=ц,%……%-
C%,“*%"/. %Cе!=ц,L дл  "/K%!= *%…“2!3*ц,%…-
…/. 2,C%!=ƒме!%", 2!=е*2%!,, д",›е…, , м=2е-
!,=л=, “2!3*23!…/. , .ле*2!,че“*,. “.ем …е“2=…-
д=!2…/. ме.=2!%……/. .леме…2%" " “%%2"е2“2",, “ 
2!еK%"=…, м, C!%е*2,!3ем%L coq , =*2,"…/. 
.леме…2%";

“%ƒд=…,е м=2ем=2,че“*,. м%делеL, %Kе“Cеч,-
"=ю?,. %C!еделе…,е -3…*ц,%…=ль…%-2е.…%л%г,-
че“*,., ме.=…,че“*,. , .ле*2!,че“*,. !=“ч‘2…/. 
д=……/. m} " ƒ=",“,м%“2, %2 “Cец,-,*, C!%е*-
2,!3ем%г% coq.

b ƒ=",“,м%“2, %2 %C!едел‘……/. 2!еK%"=…,L , 
ƒ=д=ч ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  !=“-
“м%2!,м “%ƒд=…,е %K?еL “2!3*23!/ h`o m} 
coq. o!, .2%м C%д“,“2ем/ %K?еL “2!3*23!/ 
д%л›…/ %Kе“Cеч,"=2ь д%“2%"е!…%“2ь ,““лед%"=-
…,  m} …= %“…%"е м%делеL м=2ем=2,че“*%г% , 
=лг%!,2м,че“*%г% %Kе“Cече…, , .!=…е…,е, C%,“* 
, "/K%! m} , ,. “2=…д=!2…/. “%ед,…,2ель…/. 
ч=“2еL …= %“…%"е !=ƒ!=K%2=……/. м%делеL ,…-%!-
м=ц,%……%г% %Kе“Cече…, ; "/C%л…е…,е *%…“2!3*-
2%!“*%г% C!%е*2,!%"=…,  m} …= K=ƒе “2=…д=!2-
…/. г!=-,че“*,. C!%г!=мм…/. C=*е2%".

nK?=  “2!3*23!= h`o m} coq (!,“. 1) -%!-
м,!3е2“  " ",де ге…е!=ц,, *%мCле*“= C%д“,“2ем: 
"/K%!= …е“2=…д=!2…/. ме.=…,че“*,. , .ле*2!%…-
…/. ч=“2еL м=…,C3л 2%!%", op , 2е.…%л%г,че-
“*%г% %K%!3д%"=…,  coq " “%%2"е2“2",, “ C!%,ƒ-
"%д“2"е……/м, 2!еK%"=…, м,; "/K%!= 2!=е*2%!,, 
д",›е…,  …е“2=…д=!2…/. 3“2!%L“2" , де2=леL; 
"/K%!= 2,C= *%мC%…%"*, m} coq; "/K%!= м=2е-
!,=л= m} , м=…,C3л ц,%……%L 2е.…,*, " “%%2"е2-
“2",, “ д=……/м, C!%ч…%“2…%г% !=“ч‘2=.

o%д“,“2ем= C!%е*2,!%"=…, , C%,“*= , "/K%!= 
m} coq, C%дде!›,"=ем=  м=2ем=2,че“*,м =CC=-
!=2%м , л%г,че“*,м, =лг%!,2м=м, "/K%!= …е“2=…-
д=!2…/. ме.=…,че“*,. , .ле*2!%……/. 3“2!%L“2" , 
3ƒл%", C!ед“2="л е2“  %2дель…%L “2!3*23!…%L “.е-
м%L ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  , "/-
K%!= …е“2=…д=!2…/. 3ƒл%" 2е.…%л%г,че“*%г% %K%-
!3д%"=…,  coq “ ,“C%льƒ%"=…,ем *%…“2!3*2%!-
“*,. !=“ч‘2%" , "/K%!= ,…-%!м=ц,%……/. д=……/. 
m}, *%2%!=  C%ƒ"%л е2 .--е*2,"…% , 3“*%!е……% 
%“3?е“2"л 2ь ,. C%,“* , "/K%! [4]. 

h…-%!м=ц,%……%-C%,“*%"%е =лг%!,2м,че“*%е 
%Kе“Cече…,е,  "л ю?ее“  K=ƒ%"%L м%делью C%д-
“,“2ем/ "/K%!= m} “%гл=“…% 2!еK%"=…, м C!%,ƒ-
"%д“2"=, -%!м,!3е2“  ,ƒ ƒ…=…,L " ",де л%г,че-
“*,. 32"е!›де…,L , 3“л%",L 2%ч…%“2,, K/“2!%-
деL“2",  “ C!,ме…е…,ем !=“ч‘2…/. C%*=ƒ=2елеL 
*%…“2!3*ц,%……/. -%!м, *,…ем=2,че“*,. , *%м-
C%…%"%ч…/. “2!3*23! , !=K%ч,. ƒ%… m}. p=“ч‘2…/е 
д=……/е, .=!=*2е!,ƒ3ю?,е %C2,м=ль…3ю 2!=е*2%-
!,ю д",›е…,  , C!%ч…%“2…/е .=!=*2е!,“2,*,, 
"/K,!=ю2“  2=*›е " !еƒ3ль2=2е ƒ=C!%“%" " C%д-
“,“2ем3 K=ƒ/ д=……/. m}. 

n“…%"…/е 2,C/ m} op , 2е.…%л%г,че“*%г% 
%K%!3д%"=…,  coq, = 2=*›е !=“ч‘2…/е C=!=ме2!/ 
.!=… 2“  " K=ƒе д=……/., !=ƒ!=K%2=……%L “ C%м%-
?ью C!%г!=мм…%г% C=*е2= Microsoft Access. o!, 
C%,“*е , "/K%!е 2,C%" m} ,ƒ K=ƒ/ д=……/. л%г,-
че“*, “%ƒд=……/е 3“л%"…/е ƒ=C!%“/ “%“2="л ю2“  
" “%%2"е2“2",, “ 2!еK%"=…, м, ,. 2е.…%л%г,че“-
*,. %Cе!=ц,L. g=C!%“/ ,ƒ K=ƒ/ д=……/. " “,“2еме 
Microsoft Access C!ед“2="л ю2“  " ",де л%г,че-
“*,. %Cе!=2%!%" “!="…е…,L.

b/K%! m} ,ƒ г%2%"%L K=ƒ/ д=……/. %“3?е“2-
"л е2“  C%“ле %C!еделе…,  ,. 2,C%" " г,K*,. ="-
2%м=2,ƒ,!%"=……/. 3ч=“2*=. (c`r) coq. dл  .2%г% 
%2дель…% …= .*!=… "/"%д,2“  …=,ме…%"=…,е c`r. 
o!, .2%м ,ƒ K=ƒ/ д=……/. "/K,!=ю2“  “%%2"е2“2-
"3ю?,е 2,C/ m} , д!3г,е ,. 2е.…,че“*,е C%*=ƒ=-
2ел,. Šе.…,че“*,е д=……/е m} "/"%д 2“  …= .*!=… 
C!, ""%де 2,C= ,л, д!3г,. 2!еK3ем/. 2е.…,че“*,. 
C%*=ƒ=2елеL m} " д,=л%г%"%L C%д“,“2еме. 

o%д“,“2ем= C!%г!=мм…%г% %Kе“Cече…,  (K=ƒ%-
"=  C%д“,“2ем= %K?еL “2!3*23!/)  "л е2“  ,…“2-
!3ме…2%м ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  
m} coq, = 2=*›е Kл%*%м " ",де %K%л%че* =!.,-
2е*23!/ h`o coq, -3…*ц,%…,!3е2 …= %“…%"е 
“Cец,=ль…/. ,…›е…е!…%-*%…“2!3*2%!“*,. C!%-
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p,“. 1.  nK?=  “2!3*23!= ,…“2!3ме…2= ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  …е“2=…д=!2…/. .леме…2%" coq

г!=мм…/. C=*е2%" AutoCAD, T-FLEX CAD , 
C!%г!=мм,!3ем%L “,“2ем/ Delphi.

o!ед“2="ле……=  …= !,“. 2 “2!3*23!= C%д“,“2ем 
г!=-,че“*,. C!%г!=мм…/. C=*е2%" C%ƒ"%л е2 "/-
C%л… 2ь *%…“2!3*2%!“*%е C!%е*2,!%"=…,е …е-
“2=…д=!2…/. =*2,"…/. .леме…2%" coq, %!г=…,-
ƒ%"=2ь K=ƒ3 д=……/. , 3C!="ле…,е ,. “%ед,…,2ель-
…/м, 3ƒл=м,, = 2=*›е “Cец,-,*=ц,L 2е.…,че“*,. 
.=!=*2е!,“2,* .леме…2%", %“3?е“2"л 2ь C!%це““ 
*%…“2!3*2%!“*%г% "/че!ч,"=…,  “K%!%ч…/. , %2-
дель…/. че!2е›еL …е“2=…д=!2…/. ме.=…,че“*,. 
3“2!%L“2", ч=“2еL. 

o%д“,“2ем= K=ƒ/ д=……/. K,Kл,%2е*, г!=-,че-
“*,. C!%г!=мм…/. “,“2ем AutoCAD , T-FLEX 
CAD C%ƒ"%л е2 %“3?е“2"л 2ь C%,“* “2=…д=!2…/. 
де2=леL …е%K.%д,м/. “%ед,…,2ель…/. 3ƒл%" …е-
“2=…д=!2…/. ме.=…,че“*,. , .ле*2!%……/. 3“2-

!%L“2", "“2="л 2ь ,. " че!2е›, “K%!%ч…%г% че!2е-
›= !=ƒ!=K=2/"=ем%L coq. d,=л%г%"=  “!ед= C%д-
“,“2ем/ K=ƒ/ д=……/. %Kе“Cеч,"=е2 ""%д !еƒ3ль-
2=2%" !=ƒ!=K%2=……/. м%делеL м=2ем=2,че“*%г%, 
=лг%!,2м,че“*%г% , C!%г!=мм…%г% %Kе“Cече…,  
ме.=…,че“*,. , .ле*2!%……/. m} coq. o%,“* 
г!=-,че“*,. ,ƒ%K!=›е…,L m} ,ƒ K,Kл,%2е*, 
%“3?е“2"л е2“  " д,=л%г%"%м !е›,ме " “%%2"е2-
“2",, “ 2е.…,че“*,м, 2!еK%"=…, м, coq. 

h…-%!м=ц,  *,…ем=2,че“*%г%, д"3.- , 2!‘.ме!-
…%г% *%мC%…%"%ч…%г% C!ед“2="ле…,  че!2е›еL m}, 
2е*“2%"/е , ч,“л%"/е д=……/е " “Cец,-,*=ц, ., 
.!=…,м/е " K,Kл,%2е*е г!=-,че“*,. C!%г!=мм…/. 
“,“2ем, = 2=*›е " K,Kл,%2е*е Access, ,“C%льƒ3ю2“  
C!, C%“лед3ю?ем C%“2!%е…,, че!2е›еL m}. o!, 
“%ƒд=…,, …%"%г% че!2е›= ме.=2!%……/. ч=“2еL m} 
2!еK3ю2“  д=……/е C!%е*2,!%"=…,  m} coq.
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nK?е“,“2ем…=  C!%г!=мм…=  “!ед=, где ,мею2-
“  г%2%"/е г!=-,че“*,е “,“2ем/, C%ƒ"%л е2 %“3-
?е“2"л 2ь "ƒ=,м%деL“2",е “ C%д“,“2ем=м, м=2е-
м=2,че“*%г% , =лг%!,2м,че“*%г% %Kе“Cече…,  ̀ o. 
o!, .2%м C!,ме… ю2“  .*“Cе!2…/е ƒ…=…,  " %K-
л=“2, !=ƒ!=K%2*, м=2ем=2,че“*,. м%делеL дл  
*,…ем=2,че“*%г%, д,…=м,че“*%г% , *%…“2!3*2%!-
“*%г% =…=л,ƒ= “2=…д=!2…/. .леме…2%", *%2%!/е 
""%д 2“  " K,Kл,%2е*3 г!=-,че“*,. “,“2ем.

Š=*,м %K!=ƒ%м, " C!едл=г=ем%L “2!3*23!е h`o 
m} coq C%д“,“2ем/ =лг%!,2м,че“*%г% , C!%-
г!=мм…%г% ,…“2!3ме…2=,  "л ю?,е“  K=ƒ%"/м, 
C%д“,“2ем=м, “2!3*23!/, %Kе“Cеч,"=ю2 м=2ем=-
2,че“*,L !=“ч‘2 *%…“2!3*2%!“*,., C!%ч…%“2…/., 
“2=2,че“*,. , д,…=м,че“*,. C=!=ме2!%", м%де-
л,!%"=…,е 2е.…%л%г,че“*,. %Cе!=ц,L , *%…“2-
!3,!%"=…,е m} coq, %!г=…,ƒ=ц,ю K=ƒ/ д=……/. 
, ,…-%!м=ц,%……%-C%,“*%"/. %Cе!=ц,L.

:

;
-

;
-

,

p,“. 2. q2!3*23!= C%д“,“2ем C!%г!=мм…/. C=*е2%" *%…“2!3*2%!“*%г% C!%е*2,!%"=…,  
…е“2=…д=!2…/. .леме…2%" coq

a,K,Kл,%г!=-,че“*,е ““/л*,

1. o!%е*2,!%"=…,е м=…,C3л 2%!%" C!%м/шле……/. 
!%K%2%" , !%K%2,ƒ,!%"=……/. *%мCле*“%". l.: b/“ш. 
ш*., 1986. 264 “.

2. c3“еL…%" `.c., l=мед%" d›. t. j%мCью2е!…=  
“,“2ем= "/K%!= , C!%е*2,!%"=…,  .леме…2%" г,K*%г% 
="2%м=2,ƒ,!%"=……%г% 3ч=“2*= // hƒ". `*=дем,, …=3* 

`ƒе!K=Lд›=…=. Š. XVII. 1 6. a=*3, 1998. q. 55#60.

3. t=!.=д%" g.h., t=!.=д%" h.d., l=мед%" d›. t. 
aе“*%…2=*2…%е 3“2!%L“2"% *%…2!%л  C!едель…%г% д="-
ле…,  дл  “,“2ем 3C!="ле…,  г,д!="л,че“*,. C!е““%" // 

lе.=…,ƒ=ц,  , ="2%м=2,ƒ=ц, . 1990. 1 10. q. 19#23.

4. l=мед%" d›. t. l=2ем=2,че“*=  м%дель *%…“2-
!3*2%!“*%г% C!%е*2,!%"=…,  ƒ=."=2…%г% 3“2!%L“2"= 
C!%м/шле……%г% !%K%2= // hƒ". `*=дем,, …=3* `ƒе!-

K=Lд›=…=. Š. XXV. 1 3. a=*3, 2005. q. 125#128.
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h.b. d%л%2%"“*,L, e.`. k=!,…, *=…д. 2е.…. …=3*, C!%-., m.b. d%л%2%"“*= , *=…д. 2е.…. …=3*, д%ц. 
(q=!=2%"“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2)

dnw50@yandex.ru

hmtnpl`0hnmmn-`m`khŠh)eqj`“ qhqŠel` }mepceŠh)eqjncn jnlokejq` 
opedoph“Šhi on oepep`anŠje rckebndnpndmncn q{p|“

o!едл%›е…/ *%…цеCц,  , “2!3*23!= ,…-%!м=ц,%……%-=…=л,2,че“*%L “,“2ем/ Cл=…,!%-
"=…, , 3ч‘2= , …%!м,!%"=…,  C%2!еKле…,  , ге…е!=ц,, .…е!ге2,че“*,. !е“3!“%" …= C!едC!, -
2, ., Cе!е!=K=2/"=ю?,. 3гле"%д%!%д…%е “/!ь‘. o!,"еде…/ "ƒ=,м%“" ƒ, ,…-%!м=ц,%……%-
!=“ч‘2…/. Kл%*%" “,“2ем/ " ,е!=!.,че“*%L “2!3*23!е .…е!ге2,че“*%г% *%мCле*“= , 2е.-
…%л%г,че“*,. C!%,ƒ"%д“2" Cе!е!=K%2*, г=ƒ=, г=ƒ%"%г% *%…де…“=2= , …е-2,. 

jлюче"/е “л%"=: ,…-%!м=ц,%……%-=…=л,2,че“*=  “,“2ем=, Cл=…,!%"=…,е, 3ч‘2, …%!м,!%"=-
…,е, 2%Cл,"…%-.…е!ге2,че“*,е !е“3!“/, …е-2ег=ƒ%Cе!е!=K=2/"=ю?,е C!едC!, 2, .

Information-analytical system conception and structure of the planning, recording and rate setting 
of the energy resources consumption and generation for enterprises, which hydrocarbon raw treatment 
are proposed. Information-calculating system blocks interconnections are given for hierarchical 
structure of the energy complex and technological enterprises for gas condensate and petroleum 
treatment.   

Key words: Information-analytical system, planning, recording, rate setting, fuel-energy resources, 
petroleum processing plant.

b"еде…,е. m= “%"!еме……%м .2=Cе 2е.…%л%г,че-
“*%г% !=ƒ",2,  …е-2ег=ƒ%.,м,че“*,. C!едC!, -
2,L (mcuo), Cе!е!=K=2/"=ю?,. ге2е!%ге……%е 
3гле"%д%!%д…%е “/!ь‘ Cе!еме……%г% “%“2="=, C!%-
Kлем/ .--е*2,"…%“2, ,“C%льƒ%"=…,  .…е!ге2,-
че“*,. !е“3!“%" (}p) , !=ц,%…=л,ƒ=ц,, “2!3*23-
!/ .…е!ге2,че“*%г% *%мCле*“= (}j) ,мею2 дл  
.2,. C!едC!, 2,L “2!=2ег,че“*%е ƒ…=че…,е. o!, 
%че",д…%“2, .2%г% -=*2= " ,…-%!м=ц,%……/е “,“-
2ем/ K%льш,…“2"= mcuo …е ".%д 2 “!ед“2"= .--
-е*2,"…%г% =…=л,ƒ=, 3ч‘2= , …%!м,!%"=…,  C%-
2!еKле…,  , ге…е!=ц,, }p, "%д%C%2!еKле…,  , 
"%д%%2"еде…, . }2% “" ƒ=…% " Cе!"3ю %че!едь “ 
2ем, ч2% деL“2"3ю?,е mcuo .=!=*2е!,ƒ3ю2“  
“л%›…%L 2е.…%л%г,че“*%L “2!3*23!%L %“…%"…/. 
, "“C%м%г=2ель…/. C!%,ƒ"%д“2", .…е!г%%Kе“Cече-
…,е *%2%!/. %“3?е“2"л е2“  %2 "…еш…,. , "…32-
!,C!%,ƒ"%д“2"е……/. ,“2%ч…,*%" “ м…%г%3!%"…е-
"/м, "ƒ=,м%“" ƒ м, “ 2е.…%л%г,че“*,м, 3“2=-
…%"*=м,. rче“2ь !е›,м…/е, *л,м=2,че“*,е, *%…-
“2!3*2,"…/е -=*2%!/, "л, ю?,е …= C%2!еKле…,е 
, ге…е!=ц,ю }p, "%д%C%2!еKле…,е , "%д%%2"еде-
…,е " 3“2=…%"*=. C% Cе!е!=K%2*е г=ƒ=, г=ƒ%"%г% 
*%…де…“=2= , …е-2,, "/C%л…,2ь K%лее 2%ч…%е 
Cл=…,!%"=…,е , =…=л,ƒ -=*2,че“*,. C%*=ƒ=2елеL 
,“C%льƒ%"=…,  2%Cл,"=, 2еCл%"%L, .ле*2!,че“*%L 
.…е!г,,, %K%“…%"=2ь …%!м/ C%2!еKле…,  }p " %2-
дель…/. 2е.…%л%г,че“*,. C!%це““=., 3“2=…%"*=., 
=CC=!=2=. C%ƒ"%л е2 !=ƒ!=K%2=……=  “Cец,=л,ƒ,-
!%"=……=  ,…-%!м=ц,%……%-=…=л,2,че“*=  “,“2е-
м= (h`q) [1].

aл%ч…%-,е!=!.,че“*=  “2!3*23!= h`q !=ƒ!=K%-
2=…= " “%%2"е2“2",, “ ме2%д%л%г,еL “,“2ем…%г% 
=…=л,ƒ= , C!%е*2,!%"=…,  [2]. e‘ -3…*ц,%…,!%-
"=…,е %“3?е“2"л е2“  " м=2ем=2,че“*, =K“2!=*2-
…%м *%%!д,…=2…%м C!%“2!=…“2"е “ че2/!ьм  
"ƒ=,м%“" ƒ=……/м, г!=… м,:

“2!3*23!,!%"=……/L %KAе*2 # }j mcuo, где 
"/деле…/ 3!%"…, C!%,ƒ"%д“2", 3“2=…%"%* , =CC=-
!=2%";

*%мCле*“ !еш=ем/. ƒ=д=ч C%"/ше…,  .…е!ге-
2,че“*%L .--е*2,"…%“2, .леме…2%" , %KAе*2= " 
цел%м. gде“ь "/деле…/ 3!%"…, ƒ=д=ч дл  деL“2-
"3ю?,. , C!%е*2,!3ем/. mcuo # Cл=…,!%"=-
…, , 3ч‘2= , …%!м,!%"=…,  C%2!еKле…,  (ге…е!=-
ц,,) }p, "%д%C%2!еKле…,  , "%д%%2"еде…, , %C-
2,м,ƒ=ц,, !е›,м%" .*“Cл3=2=ц,, , “2!3*23!/ 
}j mcuo;
ме2%д,че“*%е , C!%г!=мм…%е %Kе“Cече…,е !е-

ше…,  C%“2="ле……/. ƒ=д=ч …= "“е. 3!%"… . 
%KAе*2=;

“%"%*3C…%“2ь "…еш…,. "л, ю?,. -=*2%!%" 
(!е›,м…/., .*%…%м,че“*,., .*%л%г%-*л,м=2,че-
“*,.), %K3“л%"ле……/. !ег,%…%м !=“C%л%›е…,  
mcuo , ег% "ƒ=,м%деL“2",ем “ ,“2%ч…,*=м, “/-
!ь  , "…еш…,м, “,“2ем=м, .…е!г%- , "%д%%Kе“-
Cече…, .

j%…цеC23=ль…=  K=ƒ= h`q "*люч=е2 “лед3ю?,е 
!еƒ3ль2=2/ ,““лед%"=…,L:
д=……/е д%*3ме…2=ль…%г% , ,…“2!3ме…2=ль…%г% 

=…=л,ƒ=, "/C%л…е……%г% " !=м*=. .…е!ге2,че“*%г% 
=3д,2= mcuo;
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м=2ем=2,че“*,е м%дел, “2!3*23!…/. .леме…-
2%" }j: .…е!г%2е.…%л%г,че“*,. K=л=…“%"; !=“ч‘2= 
.…е!ге2,че“*,. .=!=*2е!,“2,* =CC=!=2%" , 3“2=-
…%"%* %“…%"…/. 2е.…%л%г,че“*,. C!%,ƒ"%д“2" 
(2е.…%л%г,че“*,. CечеL, =CC=!=2%" "%ƒд3ш…%г% 
%.л=›де…, , .…е!г%2е.…%л%г,че“*,. =г!ег=2%" , 
д!3г%г% %K%!3д%"=…, ) [2];

!еƒ3ль2=2/ .*“Cе!,ме…2=ль…/. ,““лед%"=…,L, 
д%C%л… ю?,. м=2ем=2,че“*,е м%дел, , C%д2"е!-
›д=ю?,е =де*"=2…%“2ь !еƒ3ль2=2%" ,м,2=ц,%…-
…%г% м%дел,!%"=…, ;

…%!м/ , …%!м=2,"/ C%2!еKле…,  , ге…е!=ц,, 
}p, "%д%C%2!еKле…,  , "%д%%2"еде…, .

h…-%!м=ц,%……/е , !=“ч‘2…/е Kл%*, h`q:
1 # “2!3*23!,!%"=……/е д=……/е (C% 3“2=…%"-

*=м, C!%,ƒ"%д“2"=м, ",д=м }p) C% %“…%"…%м3 
.…е!г%C%2!еKл ю?ем3 2е.…%л%г,че“*%м3 %K%!3-
д%"=…,ю , ге…е!=2%!=м 2еCл%"%L .…е!г,, # .…е!-
г%2е.…%л%г,че“*,м =г!ег=2=м , *%2л=м-32,л,ƒ=-
2%!=м;

2 # !егл=ме…2…/е !=“.%д…/е …%!м/ “/!ь , 
!е=ге…2%" , .…е!г,, %2дель…/. C!%,ƒ"%д“2";

3 # -=*2,че“*,е C%*=ƒ=2ел, 3дель…%г% C%2!еK-
ле…,  (ге…е!=ц,,) }p , "%д%C%2!еKле…,  " 2е.-
…%л%г,че“*,. 3“2=…%"*=., C%л3че……/е …= %“…%"=-
…,, “2=2,“2,че“*%L %K!=K%2*, !еƒ3ль2=2%" .*“-
Cе!,ме…2=ль…/. ,““лед%"=…,L , .…е!ге2,че“*%г% 
=3д,2=;

4 # !=“ч‘2…/е C!%г!=мм/, “2!3*23!,!%"=……/е 
C% ",д=м }p (2%Cл,"%, .ле*2!%.…е!г, , 2еCл%"=  
.…е!г, , C=!%"%L *%…де…“=2, "%д= 2е.…%л%г,че-
“*=  , %K%!%2…= );

5 # 32"е!›д‘……/е ме2%д,*, …%!м,!%"=…,  
C%2!еKле…,  }p, "%д%C%2!еKле…,  , "%д%%2"е-
де…,  …= mcuo; !=“ч‘2…/е ме2%д,*, “%“2="ле-
…,  K=л=…“%" м=2е!,=ль…/. 2е.…%л%г,че“*,. 
C%2%*%", C%2!еKле…,  }p, "/.%д= "2%!,ч…/. 
}p, "%д%C%2!еKле…,  , "%д%%2"еде…, . b“е ме-
2%д,*, K=ƒ,!3ю2“  …= !еƒ3ль2=2=. .*“Cе!,ме…-
2=ль…/. ,““лед%"=…,L …= 2,C%"/. 2е.…%л%г,че“-
*,. 3“2=…%"*=. mcuo , !еƒ3ль2=2=. ,““лед%"=-

…,L %2!=“ле"/. …=3ч…%-,““лед%"=2ель“*,. %!г=-
…,ƒ=ц,L;

6 # …%!м=2,"…%-ме2%д,че“*,е д%*3ме…2/;
7 # ,…“2!3*ц,, C%льƒ%"=2елю ,…-%!м=ц,%…-

…%-C!%г!=мм…/м %Kе“Cече…,ем.
pе=л,ƒ=ц,  h`q %“3?е“2"л е2“  …= "“е. 3!%"-

… . ,е!=!.,, mcuo (=CC=!=2/, 3“2=…%"*,, 
C!%,ƒ"%д“2"=, C%д“,“2ем/ .…е!г%%Kе“Cече…, , 
C!едC!, 2,е " цел%м) дл  !еше…,  *%мCле*“= 
"ƒ=,м%“" ƒ=……/. ƒ=д=ч -%!м,!%"=…,  .…е!г%2е.-
…%л%г,че“*,. K=л=…“%" C% ",д=м }p, %це…*, C%-
*=ƒ=2елеL .…е!ге2,че“*%L .--е*2,"…%“2, , …%!-
м,!%"=…,  .…е!г%C%2!еKле…, .

p=“ч‘2…/L че2"‘!2/L Kл%* h`q C!ед“2="ле… 
%2дель…/м, м%д3л м,, "ƒ=,м%“" ƒь ме›д3 *%2%-
!/м, %“3?е“2"л е2“  C% =*2,",ƒ,!3ем/м *=…=-
л=м “" ƒ, (!,“. 1). o% *=›д%м3 ",д3 }p C!%-
г!=мм…/е м%д3л, “%де!›=2 !еƒ3ль2=2/ !=“ч‘2%" 
, ,“.%д…3ю !ед=*2,!3ем3ю ,…-%!м=ц,ю дл  3“-
2=…%"*, N C!%,ƒ"%д“2"= l.

n“…%"…/е C!%г!=мм…/е м%д3л, че2"‘!2%г% 
Kл%*= “%де!›=2 “лед3ю?3ю ,…-%!м=ц,ю:

rNl # д=……/е C% %K%!3д%"=…,ю 3“2=…%"%* 
C!%,ƒ"%д“2"=. q2!3*23!= .2,. м%д3леL !=ƒл,ч…= 
дл  *=›д%г% ",д= }p. b"%д ,…-%!м=ц,, %“3?е“2-
"л е2“  C32‘м =*2,",ƒ=ц,, *=…=л= I, *%гд= C%ль-
ƒ%"=2ель C%л3ч=е2 д%“23C * “2!3*23!,!%"=……/м 
д=……/м C% %K%!3д%"=…,ю 3“2=…%"*, , !ед=*2,-
!3е2 ег% .=!=*2е!,“2,*, (“%“2=", C!%д%л›,2ель-
…%“2ь "*люче…,  .ле*2!%д",г=2елеL , C=!%"%г% 
C!,"%д=, *%.--,ц,е…2 ƒ=г!3ƒ*, 2еCл%%Kме……,-
*%" C% …=г!е"=ем%L ,л, %.л=›д=ем%L “!еде, 2ем-
Cе!=23!3, д="ле…,е);

hNl # !=“ч‘2…/е Cе!еме……/е …= %“…%"е ="-
2%м=2,че“*, %K…%"л ем%L C% *=…=л3 “" ƒ, V 
,…-%!м=ц,, % ч=“%"%м C%2!еKле…,, , ге…е!=-
ц,, }p. dл  *=›д%г% ",д= }p , "%д/ ,…-%!м=-
ц,%……/L *=…=л “" ƒ, V “%де!›,2 ,…д,",д3=ль-
…/е “"еде…, . o!, …е%K.%д,м%“2, " …,. м%г32 
K/2ь "*люче…/ д%C%л…,2ель…/е ,2%г%"/е !е-
ƒ3ль2=2/;

N

H

N

I

N
VIIV VI VIII

II II

N

III

VIII IV
N

p,“. 1. bƒ=,м%“" ƒ, м%д3леL че2"‘!2%г% Kл%*= ,…-%!м=ц,%……%-=…=л,2,че“*%L “,“2ем/
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cNl # !=“ч‘2…=  , ""%д,м=  ,…-%!м=ц, , 
C%ƒ"%л ю?=  %C!едел,2ь C%2!еKле…,е , ге…е!=-
ц,ю }p , "%д%C%2!еKле…,е " “%%2"е2“2",, “ 
!е›,м=м, !=K%2/ %K%!3д%"=…,  3“2=…%"%*. 
l%д3ль "*люч=е2 C 2ь "ƒ=,м%“" ƒ=……/. ,…-%!-
м=ц,%……/. .леме…2%", %K…%"л ем/. ="2%м=2,-
че“*,, " ƒ=",“,м%“2, %2 !е›,м…/. .=!=*2е!,-
“2,* %K%!3д%"=…, . q"еде…,  % *%.--,ц,е…2=. 
ƒ=г!3ƒ*, 3“2=…%"%* " 2ече…,е !=“ч‘2…%г% Cе!,%-
д= C!, …е%K.%д,м%“2, !ед=*2,!3ю2“  C%льƒ%"=-
2елем; .2, д=……/е ".%д 2 " ,…-%!м=ц,%……/L 
*=…=л II;

oNl # ="2%м=2,че“*, -%!м,!3ем/е Cл=…,-
!3ем/е C%*=ƒ=2ел, C%2!еKле…,  , ге…е!=ц,, }p 
, "%д%C%2!еKле…,  ƒ= !=“ч‘2…/L Cе!,%д .*“-
Cл3=2=ц,, # ме“ ц, *"=!2=л, г%д. h“.%д…/е д=…-
…/е дл  "/C%л…е…,  !=“ч‘2= C%“23C=ю2 C% *=…=-
л3 “" ƒ, VII. dл  %C!еделе…,  3дель…/. C%*=ƒ=-
2елеL C%2!еKле…,  , ге…е!=ц,, }p , "%д%C%-
2!еKле…,  C%льƒ%"=2елю …е%K.%д,м% =*2,",ƒ,-
!%"=2ь *=…=л “" ƒ, II, C% *%2%!%м3 %K…%"л е2“  
,…-%!м=ц,  % !=“.%д=. Cл=…,!3ем/. 2е.…%л%г,-
че“*,. C%2%*%" (ƒ= *"=!2=л). h2%г%"/е !еƒ3ль2=-
2/ м%д3л  oNl C% ,…-%!м=ц,%……/м *=…=л=м 
“" ƒ, VIII %K%K?=ю2“  " м%д3ле m C% д=……%м3 
",д3 }p;

tNl # -%!м,!3ем/е C% 3“2=…%"*=м C!%,ƒ-
"%д“2"=, " “%%2"е2“2",, “ C%*=ƒ=…, м, C!,K%!%" 
3ч‘2=, -=*2,че“*,е C%*=ƒ=2ел, C%2!еKле…,  , 
ге…е!=ц,, }p , "%д%C%2!еKле…,  ƒ= !=“ч‘2…/L 
Cе!,%д .*“Cл3=2=ц,, # ме“ ц, *"=!2=л, г%д. 
o%“ле =*2,",ƒ=ц,, *=…=л= “" ƒ, III, C% *%2%!%-
м3 %K…%"л е2“  ,…-%!м=ц,  % !=“.%д=. …%!м%-
%K!=ƒ3ю?,. 2е.…%л%г,че“*,. C%2%*%" " м%д3ле 
tN, ="2%м=2,че“*, %“3?е“2"л е2“  !=“ч‘2 -=*-
2,че“*,. C%*=ƒ=2елеL 3дель…%г% C%2!еKле…,  
(ге…е!=ц,,) }p , "%д%C%2!еKле…, . n“3?е“2-
"л е2“  2=*›е C%“2!%е…,е д,=г!=мм д,…=м,*, 
Cл=…,!3ем%г% , -=*2,че“*%г% C%2!еKле…,  (ге-
…е!=ц,,) }p , "%д%C%2!еKле…,  …= -%…е д,…=-
м,*, !=“.%д= ,л, C%2!еKле…,  2е.…%л%г,че“*%-
г% C%2%*=, C% *%2%!%м3 %“3?е“2"л е2“  …%!м,-
!%"=…,е.

h2%г%"/е !еƒ3ль2=2/ м%д3л  ="2%м=2,че“*, Cе-
!ед=ю2“  C% ,…-%!м=ц,%……/м *=…=л=м “" ƒ, IV 
" %K%K?=ю?,L м%д3ль m C% д=……%м3 ",д3 }p.

qлед3е2 %2ме2,2ь, ч2% *=…=л/ “" ƒ, II , III м%-
г32 K/2ь "/.%д=м, д!3г,. ,…-%!м=ц,%……%-3C!="-
л ю?,. “,“2ем mcuo # `qrŠo , `qro.

o!, ="2%…%м…%L !=K%2е “ ,“C%льƒ%"=…,ем h`q 
""%д ,…-%!м=ц,, C% *=…=л=м II , III м%›е2 =*-
2,",ƒ,!%"=2ь“  C%льƒ%"=2елем C% ме!е …е%K.%д,-
м%“2, дл  *%!!е*2,!%"*, 3›е ,мею?еL“  ,…-
-%!м=ц,, ƒ= C!ед/д3?,L Cе!,%д.

bƒ=,м%“" ƒь 2е.…%л%г,че“*,. , .…е!ге2,че-
“*,. .=!=*2е!,“2,* 3“2=…%"%* C%*=ƒ=…= …= %!-
г=…,ƒ=ц,%……%L д,=г!=мме (!,“. 2), ,ллю“2!,-

!3ю?еL ме2%д%л%г,ю “,“2ем…%г% =…=л,ƒ= .…е!-
г%2е.…%л%г,че“*%г% K=л=…“= 3“2=…%"%* mcuo. 
j=›д/L .леме…2 !=“ч‘2= …= д,=г!=мме %K%ƒ…=-
че… “%%2"е2“2"3ю?,м ,де…2,-,*=ц,%……/м …%-
ме!%м `0, …, `7. }леме…2/ “" ƒ=…/ ме›д3 “%-
K%L д3г=м, I#O (".%д#"/.%д) , C!ед“2="ле-
…/ " !е=л,ƒ%"=……/. C!%г!=мм=. “%%2"е2“2"3ю-
?еL C!%цед3!%L. n2дель…/е .леме…2/ ,мею2 
“"%K%д…/е д3г, ".%д=#"/.%д=, *%2%!/е …е ,“-
C%льƒ3ю2“  " д!3г,. .леме…2=. !=“ч‘2=. 
nK%ƒ…=че…,е д3г “%%2"е2“2"3е2 %K%K?‘……%L 
-%!м=л,ƒ%"=……%L м%дел, .…е!г%2е.…%л%г,че-
“*%г% K=л=…“=.

b C!%г!=мм/ !=“ч‘2= д3г, ".%д=#"/.%д= "*лю-
ч=ю2 “лед3ю?3ю ,…-%!м=ц,ю:

b.%д…/е д3г,:
I0 # %K?,е д=……/е: *%мC%…е…2…/L “%“2=" “/-

!ь  (г=ƒ, …е“2=K,ль…/L *%…де…“=2, …е-2ь), “%“2=" 
C!%ме›32%ч…/. C%2%*%", *л,м=2,че“*,е д=……/е, 
!е›,м/ !=K%2/ %K%!3д%"=…, ;

I1 (.леме…2 `0) # д=……/е дл  !=“ч‘2= м=2е-
!,=ль…%г% K=л=…“=: *%мC%…е…2…/L “%“2=" “/!ь , 
“%“2=" C!%ме›32%ч…/. C%2%*%", *л,м=2,че“*,е 
д=……/е, !е›,м/ !=K%2/ 3“2=…%"%*, "/C%л… ю-
?,. д%м,…,!3ю?,е ƒ=д=ч, " 2е.…%л%г,че“*,. 
C!%це““=. mcuo # %ч,“2*, г=ƒ=, C!%,ƒ"%д“2"= 
“е!/ , д!.;

p,“. 2. n!г=…,ƒ=ц,%……=  д,=г!=мм= !=“ч‘2= .…е!-
г%2е.…%л%г,че“*%г% K=л=…“= …е-2ег=ƒ%.,м,че-
“*,. C!едC!, 2,L

Баланс химически 
очищенной воды 
и парового конденсата
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I2 (.леме…2 `2) # д=……/е дл  !=“ч‘2= "/.%-
д= 2еCл%"%L .…е!г,, C!, 32,л,ƒ=ц,, "2%!,ч-
…/. .…е!г%!е“3!“%" (b}p): !=“.%д “/!ь  …= 
2еCл%ге…е!,!3ю?,е .…е!г%2е.…%л%г,че“*,е 3“-
2=…%"*,, *л,м=2,че“*,е д=……/е, !е›,м/ 2еC-
л%"%г% C%2!еKле…,  …= “%K“2"е……/е …3›д/ 2е-
Cл%ге…е!,!3ю?,. C!%,ƒ"%д“2", C!%,ƒ"%д,2ель-
…%“2ь *%2л%"-32,л,ƒ=2%!%" ƒ= 2е.…%л%г,че“*,м, 
Cеч=м,;

I3 (.леме…2 `3) # C=!=ме2!/ C=!%"/. C%2%*%": 
д="ле…,е, 2емCе!=23!=, .…2=льC, .

b/.%д…/е д3г,:
n0 (.леме…2 `0) # м=2е!,=ль…/е C%2%*, %“-

…%"…/. C!%,ƒ"%д,м/. C!%д3*2%" , C%л3C!%д3*-
2%", C% *%2%!/м %“3?е“2"л е2“  …%!м,!%"=…,е 
}p, "%д%C%2!еKле…,е , "%д%%2"еде…,е;

n1 (.леме…2 `1) # *%л,че“2"% 2%Cл,"…%г% г=ƒ=, 
%2K,!=ем%г% ,ƒ “е2, mcuo …= “%K“2"е……/е …3›-
д/ 3“2=…%"%* дл  2е.…%л%г,че“*,. CечеL, *%2ель-
…/. =г!ег=2%", -=*ель…/. “,“2ем;

n2 (.леме…2 `2) # *%л,че“2"% C=!= C%“ле .…е!-
г%2е.…%л%г,че“*,. 3“2=…%"%* , *%2л%"-32,л,ƒ=-
2%!%" (" 2%м ч,“ле !=“.%д3ем%г% …= “%K“2"е……/е 
…3›д/ .2,. 3“2=…%"%*) , ег% 2еCл%2=;

n3 (.леме…2 `3) # *%л,че“2"% C=!=, "/!=K=2/-
"=ем%г% " ƒ=ме?=ю?ем ,“2%ч…,*е 2еCл%"%L .…е!-
г,, # *%2ель…%L mcuo, , ег% 2еCл%2=, *%л,че“2-
"% 2еCл%2/, C%2!еKл ем%L %“…%"…/м, , "“C%м%-
г=2ель…/м, 3“2=…%"*=м, “ 3ч‘2%м 2еCл%"/. C%-
2е!ь " %*!3›=ю?3ю “!ед3 , Kеƒ"%ƒ"!=2…/. C%2е!ь 
C=!=;

n4 (.леме…2 `4) # *%л,че“2"% .ле*2!%.…е!г,,, 
C%2!еKл ем%L 3“2=…%"*=м, %“…%"…%г% , "“C%м%-
г=2ель…%г% C!%,ƒ"%д“2"= mcuo;

n5 (.леме…2 `5) # *%л,че“2"% C,2=2ель…%L 
"%д/ , %ч,?е……%г% C=!%"%г% *%…де…“=2=, C%2!еK-
л ем%г% 3“2=…%"*=м,;

n6 (.леме…2 `6) # *%л,че“2"% %.л=›д=ю?еL 
"%д/, C%д="=ем%L ,ƒ “,“2ем %K%!%2…%г% "%д%-
“…=K›е…,  …= 2е.…%л%г,че“*,е 3“2=…%"*, , "“C%-
м%г=2ель…/е C!%,ƒ"%д“2"=;

n7 (.леме…2 `7) # %K?ее *%л,че“2"% “2%ч…/. 
"%д, C%д="=ем/. %2 2е.…%л%г,че“*,. 3“2=…%"%* , 
"“C%м%г=2ель…/. C!%,ƒ"%д“2" mcuo (" 2%м ч,“-
ле " “%K“2"е……/е 3“2=…%"*, %ч,“2*,);

n8 (.леме…2 `7) # *%л,че“2"% “2%*%", C%д="=е-
м/. mcuo " “2%!%……,е “,“2ем/ 32,л,ƒ=ц,, , 
.!=…е…,  ›,д*,. %2.%д%";

n9 (.леме…2 `3) # *%л,че“2"% 2еCл%"%L 
.…е!г,,, C%2!еKл ем%L %2 “2%!%……ег% ,“2%ч-
…,*=;

n10 (.леме…2 `5) # *%л,че“2"% дем,…е!=л,ƒ%-
"=……%L "%д/, C%д="=ем%L …= mcuo %2 “2%!%……е-
г% ,“2%ч…,*= дл  "%“C%л…е…,  C%2е!ь;

n11 (.леме…2 `6) # *%л,че“2"% 2е.…,че“*%L 
"%д/, C%д="=ем%L …= mcuo %2 “2%!%……ег% ,“2%ч-

…,*= дл  "%“C%л…е…,  C%2е!ь “ 3…%“%м, ,“C=!е-
…,ем, C!%д3"*%L.

b !=ƒ!=K%2=……/. C!%г!=мм=. …=! д3 “ д3г=м, 
".%д=#"/.%д= C!ед3“м%2!е…/ д3г, q#l (3C!="-
ле…,е#ме.=…,ƒм), м%д,-,*=ц,  *%2%!/. C%ƒ"%-
л е2 C!%"%д,2ь =…=л,ƒ !еƒ3ль2=2%" !=“ч‘2= *=›-
д%г% .леме…2=, %C!едел 2ь …=,K%лее ƒ…=ч,м/е 
-=*2%!/, "л, ю?,е …= C%2!еKле…,е .…е!г%!е-
“3!“%" , "%д/. q!="…е…,е !=“ч‘2…/. (-=*2,че-
“*,.) ƒ…=че…,L 3дель…%г% C%2!еKле…,  2%Cл,"-
…%-.…е!ге2,че“*,. !е“3!“%" , "%д/ “ …%!м=л,ƒ%-
"=……/м, !егл=ме…2…/м, д=……/м, C%ƒ"%л е2 
%це…,2ь .--е*2,"…%“2ь ,“C%льƒ%"=…,  2%г% ,л, 
,…%г% ",д= }p C% 3“2=…%"*=м , C!едC!, 2,ю " 
цел%м.

p=ƒ!=K%2=……=  h`q %Kл=д=е2 “"%L“2"%м !=“-
ш,! ем%“2, # C% ме!е 3"ел,че…,  -3…*ц,%…=ль-
…/. "%ƒм%›…%“2еL mcuo (!е*%…“2!3*ц,  ,л, 
м%де!…,ƒ=ц,  C!%,ƒ"%д“2", ,ƒме…е…,е …%ме…*-
л=23!/ "/C3“*=ем%L C!%д3*ц,,) " Kл%*=. h`q 
м%›…% "…е“2, …е%K.%д,м/е ,ƒме…е…,  , д%C%л-
…е…, , ч2% “C%“%K“2"3е2 е‘ "…ед!е…,ю …= C!ед-
C!, 2, . “ !=ƒл,ч…%L 2е.…%л%г,че“*%L 2%C%л%-
г,еL. j!%ме 2%г%, C!, 3"ел,че…,, !еш=ем/. ƒ=-
д=ч (…=C!,ме!, д%C%л…,2ель…%г% !еше…,  2е.…,-
*%-.*%…%м,че“*,. ƒ=д=ч) " h`q д%K="л ю2“  
“%%2"е2“2"3ю?,е …е%K.%д,м/е Kл%*, , м%д3л,. 
b …=“2% ?ее "!ем  !=ƒ!=K%2=……=  h`q 3“Cеш…% 
,“C%льƒ3е2“  …= `“2!=.=…“*%м г=ƒ%Cе!е!=K=2/-
"=ю?ем ƒ="%де.

g=*люче…,е. p=ƒ!=K%2=……=  “2!3*23!= h`q 
Cл=…,!%"=…, , 3ч‘2= , …%!м,!%"=…,  C%2!еKле-
…,  , ге…е!=ц,, .…е!г%!е“3!“%", "%д%C%2!еKле-
…,  , "%д%%2"еде…,   "л е2“  …%"/м C%д.%д%м * 
C%“2!%е…,ю ,…-%!м=ц,%……%L “,“2ем/ .…е!ге-
2,че“*%г% *%мCле*“= mcuo. o%*=ƒ=…/ "ƒ=,м%-
“" ƒ, .леме…2%" “,“2ем/, %2!=›=ю?,е 2е.…%л%-
г,че“*3ю , .…е!ге2,че“*3ю 2%C%л%г,ю , 3ч,2/-
"=ю?,е !е›,м…/е, *л,м=2,че“*,е , .*%л%г,че-
“*,е -=*2%!/, ч2% C%ƒ"%л е2 ,“C%льƒ%"=2ь h`q 
дл  C%"/ше…,  .…е!ге2,че“*%L .--е*2,"…%“2, 
C!едC!, 2,L C% Cе!е!=K%2*е г=ƒ=, г=ƒ%"%г% *%…-
де…“=2= , …е-2, “ !=ƒл,ч…/м, 2е.…%л%г,че“*,-
м, C!%це““=м, , “2!3*23!%L .…е!ге2,че“*%г% 
*%мCле*“=.

a,Kл,%г!=-,че“*,е ““/л*,

1. o=2. 1 63537 p%““,L“*=  tеде!=ц, , loj G 06 
Q 10/00; G 07 C 3/14. q,“2ем= ="2%м=2,ƒ,!%"=……%г% 
3ч‘2= , Cл=…,!%"=…,  …= C!едC!, 2,, / e.`. k=!,…, 
m.b. d%л%2%"“*= , h.b. d%л%2%"“*,L. 1 2007106539/
22(007086); ƒ= "л. 20.02.07; %C3Kл. 27.05.07. aюл. 1 15.

2. k=!,… e.`., d%л%2%"“*,L h.b., d%л%2%"“*=  m.b. 
}…е!ге2,че“*,L *%мCле*“ г=ƒ%Cе!е!=K=2/"=ю?,. 
C!едC!, 2,L. q,“2ем…/L =…=л,ƒ, м%дел,!%"=…,е, …%!-
м,!%"=…,е. l.: }…е!г%=2%м,ƒд=2, 2008. 440 “.
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}jnmnlhj` h npc`mhg`0h“ m`r)mni h ung“iqŠbemmni de“Šek|mnqŠh

rdj 65.9

`.o. h"=…%", д-! .*%…. …=3*, C!%-. (l%“*%"“*,L г%“3д=!“2"е……/L 3…,"е!“,2е2 C32еL
“%%K?е…, ), `.b. l,…=*%", *=…д. .*%…. …=3*, д%ц. (`*=дем,  .*%…%м,че“*%L Kеƒ%C=“…%“2, 

lbd p%““,,, г. l%“*"=)

minakov-info@yandex.ru

thm`mqnb`“ qŠ`ahkhg`0h“ opnhgbndqŠbemmn-ung“iqŠbemmni 
de“Šek|mnqŠh opedoph“Šhi

p=““м%2!е…/ ме!/, “C%“%K“2"3ю?,е C!е%д%ле…,ю *!,ƒ,“…/. “,23=ц,L …= C!едC!, 2,, " 
*%!%2*,е “!%*, , “ м,…,м=ль…/м, C%2е! м,. r“2%Lч,"%е -,…=…“%"%е !=ƒ",2,е C!ед-
C!, 2,  д%“2,г=е2“  .--е*2,"…/м ,“C%льƒ%"=…,ем ег% C%2е…ц,=л= (C!,K/ль…%“2,, л,*-
",д…%“2,, Cл=2‘›е“C%“%K…%“2,, ,…"е“2,ц,%……/. "%ƒм%›…%“2еL , д!.). 

jлюче"/е “л%"=: -,…=…“%"=  “2=K,ль…%“2ь, …еCл=2‘›е“C%“%K…%“2ь, K=…*!%2“2"%, =…2,*!,ƒ,“-
…%е 3C!="ле…,е.

Arrangements, which enable enterprise crisis situation overcoming in the short time and minimum 
loss are considered. Enterprise steady financial development is ensured through the efficient use its 
potential (profitability, liquidity, solvency, investment possibility.

Key words: financial stabilization,  insolvency,  bankruptcy,  crisis management.

t,…=…“%"=  “2=K,л,ƒ=ц,  де 2ель…%“2, C!%-
м/шле……%г% C!едC!, 2,  "*люч=е2 C!е"е…2,"-
…/е ме!/ (C!%г…%ƒ, C!%-,л=*2,*3 "%ƒ…,*…%"е-
…,  *!,ƒ,“…/. “,23=ц,L) , .--е*2,"…3ю “,“2е-
м3 “2=K,л,ƒ=ц,%……/. ме!%C!, 2,L C% C!е%д%-
ле…,ю …ег=2,"…/.  "ле…,L [1]. j!,ƒ,“…/е “,-
23=ц,, "%ƒ…,*=ю2 ,ƒ-ƒ= …е“%%2"е2“2",  -,…=…-
“%"%-.%ƒ L“2"е……/. C%*=ƒ=2елеL де 2ель…%“2, 
C!едC!, 2,  C=!=ме2!=м %*!3›=ю?еL “!ед/. 
j!,ƒ,“ …=ч,…=е2“  C% !=ƒл,ч…/м C!,ч,…=м, *%-
2%!/е м%›…% !=ƒдел,2ь …= д"е %“…%"…/е г!3CC/ 
(!,“. 1):

"…еш…,е, …е ƒ=",“ ?,е %2 де 2ель…%“2, C!ед-
C!, 2,  (!%“2 ,…-л ц,,, C%л,2,че“*=  …е“2=-
K,ль…%“2ь, “…,›е…,е ‘м*%“2, "…32!е……ег% !/…-
*=, C=де…,е “C!%“=, 3"ел,че…,е “2%,м%“2, ƒ=‘м-
…%г% *=C,2=л=, г%“3д=!“2"е……=  Kюд›е2…=  , …=-
л%г%"=  C%л,2,*= , 2. д.). b %K?е.*%…%м,че“*%м 
Cл=…е %“…%"…/е …=C!="ле…,  C!е%д%ле…,  …ег=-
2,"…%г% "л, …,  .2,. -=*2%!%" "*люч=ю2 м=*!%-
.*%…%м,че“*,е ме!%C!, 2, , …=C!="ле……/е …= 
!=“ш,!е…,е "…32!е……ег% !/…*=, “2=K,л,ƒ=ц,ю 
“2="%* *!ед,2%"=…, , -%!м,!%"=…,е “,“2ем/ 
“…=K›е…,  , “K/2=, C%ƒ"%л ю?еL C%л3ч=2ь K%ль-
ш3ю ч=“2ь д%.%д%" C!едC!, 2,  %2 !е=л,ƒ=ц,, 
C!%д3*ц,, , 3“л3г;

"…32!е……,е, %K3“л%"ле……/е де 2ель…%“2ью 
C!едC!, 2,  (…е.--е*2,"…%е ,“C%льƒ%"=…,е %“-

…%"…/. “!ед“2", !%“2 деK,2%!“*%L , *!ед,2%!-
“*%L ƒ=д%л›е……%“2,, …е.--е*2,"…/L ме…ед›-
ме…2, …е!=ц,%…=ль…=  ,…"е“2,ц,%……=  C%л,2,-
*= , д!.).

n“…%"…/м, г!3CC=м, “3KAе*2%", ƒ=,…2е!е“%-
"=……/. " C%л3че…,, C%д!%K…%L ,…-%!м=ц,, % 
-,…=…“%"%L “,23=ц,, …= C!едC!, 2,, , .=!=*2е-
!е ег% де 2ель…%“2,,  "л ю2“ : *!ед,2%!/ (C!е-
д%“2="л ю?,е *!=2*%“!%ч…/е ,л, д%лг%“!%ч…/е 
*!ед,2/), “%K“2"е……,*, (=*ц,%…е!/) ,, …=*%…ец, 
!3*%"%д“2"% C!едC!, 2, . j=›д=  г!3CC= ,мее2 
“"%ю 2%ч*3 ƒ!е…,  , C!е“лед3е2 %2л,ч…/е %2 д!3-
г,. ,…2е!е“/ C!, C!%"еде…,, -,…=…“%"%г% =…=-
л,ƒ=. )2%K/ C%… 2ь ,…2е!е“/ *=›д%L г!3CC/ , 
%C!едел,2ь %2"еч=ю?,е ,м …=C!="ле…,  =…=л,ƒ=, 
!=““м%2!,м -=ƒ/ !=ƒ",2,  *!,ƒ,“…/. “,23=ц,L 
, “Cец,-,*3 !=ƒл,ч,L " %це…*е %“…%"…/. -,-
…=…“%"/. C%*=ƒ=2елеL. aеƒ3“л%"…%, !еш=ю?=  
!%ль " !е=л,ƒ=ц,, ,…2е!е“%" *=›д%L г!3CC/ C!,-
…=дле›,2 !3*%"%д“2"3 C!едC!, 2, .

h…д,",д3=ль…%“2ь *=›д%г% C!едC!, 2,  2!е-
K3е2 !=ƒг!=…,че…,  “2=д,L C!% "ле…,  *!,ƒ,“-
…/. C!,ƒ…=*%" (…е“%“2% 2ель…%“2ь, …еCл=2‘›е-
“C%“%K…%“2ь, K=…*!%2“2"%) “ %“3?е“2"ле…,ем 
ме! C!е"е…2,"…%L “=…=ц,,. b .2%м %2…%ше…,, 
!=ƒг!=…,че…,е “2=д,L *!,ƒ,“= 2!еK3е2 C!%"еде-
…,  “%%2"е2“2"3ю?,. =…2,*!,ƒ,“…/. ме!%-
C!, 2,L [2].
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p,“. 1. t=*2%!/, %K3“л%"л,"=ю?,е "%ƒ…,*…%"е…,е *!,ƒ,“= C!едC!, 2,L

oе!"=  “2=д,  *!,ƒ,“= (ч=“2% “*!/2= ) # .2% 
C=де…,е C!едель…%L .--е*2,"…%“2, *=C,2=л=, 
C%*=ƒ=2елеL дел%"%L =*2,"…%“2,, “…,›е…,е !е…-
2=Kель…%“2, , %KA‘м%" C!,K/л,. b“лед“2",е .2%-
г% 3.3дш=е2“  -,…=…“%"%е C%л%›е…,е C!едC!, -
2, , “%*!=?=ю2“  ,“2%ч…,*, , !еƒе!"/ !=ƒ",-
2, . `…2,*!,ƒ,“…%е !еше…,е C!%Kлем …= .2%L 
“2=д,, м%›е2 ƒ=*люч=2ь“  " Cе!е“м%2!е 2=*2,*, 
,л, !е“2!3*23!,ƒ=ц,, д%лг%", = 2=*›е " ,“C%ль-
ƒ%"=…,, ме!, "ед3?,. * “…,›е…,ю ,ƒде!›е*, 
“%*!=?е…,ю ш2=2= 3C!="ле…че“*%г% =CC=!=2= , 
!=K%ч,. ме“2, C%"/ше…,ю C!%,ƒ"%д,2ель…%“2, 
2!3д= , 2. C.

b2%!=  “2=д,  *!,ƒ,“= # C% "ле…,е C!,ƒ…=*%" 
…е“%“2% 2ель…%“2, , 3K/2%ч…%“2, C!%,ƒ"%д“2"=. 
d=……=  C!%Kлем= !еш=2“  ме2%д=м, %Cе!=2,"…%-
г% 3C!="ле…,  , !е=л,ƒ3е2“  "…32!е……еL !е“2!3*-
23!,ƒ=ц,еL *=C,2=л=. o!,ме… ем/е " .2%м “л3-

ч=е ме2%д/ -,…=…“%"%г% =…=л,ƒ= , д,=г…%“2,*, 
%2л,ч=ю2“  %2 д!3г,. “"%еL …=C!="ле……%“2ью , 
2!еK%"=…, м, * ,“.%д…%L ,…-%!м=ц,,.

Š!е2ь  “2=д,  (…еCл=2‘›е“C%“%K…%“2ь) %ƒ…=-
ч=е2 C!=*2,че“*%е %2“32“2",е “%K“2"е……/. “!ед“2" 
, !еƒе!"…/. -%…д%" …= C!едC!, 2,,. }2% %2!,-
ц=2ель…% "л, е2 …= Cе!“Cе*2,"/ !=ƒ",2, , д%лг%-
“!%ч…%е , “!ед…е“!%ч…%е Cл=…,!%"=…,е де…е›-
…/. C%2%*%", !=ц,%…=ль…%е Kюд›е2,!%"=…,е , 
“%C! ›е…% “% ƒ…=ч,2ель…/м “%*!=?е…,ем %KA‘-
м%" C!%,ƒ"%д“2"=, 2=* *=* ƒ…=ч,2ель…=  ч=“2ь 
%K%!%2…/. “!ед“2" …=C!="л е2“  …= C%г=ше…,е 
3K/2*%" , %K“л3›,"=…,е "%ƒ!%“шеL *!ед,2%!-
“*%L ƒ=д%л›е……%“2,.

o!%г!=мм= “2=K,л,ƒ=ц,, -,…=…“%"%-.*%…%м,-
че“*%г% “%“2% …,  …= .2%L “2=д,, 2!еK3е2 .*“2-
!е……/. ме! C% …=.%›де…,ю “!ед“2" дл  ,. %“3-
?е“2"ле…, . b “л3ч=е …еC!,… 2,  %Cе!=2,"…/. 
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ме! …=“23C=е2 *!,ƒ,“ л,*",д…%“2, , K=…*!%2“2-
"%. n“%Kе……%“2ь д,=г…%“2,*, …= .2%L “2=д,, ƒ=-
*люч=е2“  " %це…*е д,=г…%“2,че“*%L це……%“2, 
C!,ƒ…=*%", .=!=*2е!,ƒ3ю?,. *!,ƒ,“ , 3!%"…, 
!,“*= C!, C!,… 2,, 3C!="ле…че“*,. !еше…,L 
дл  .*“2!е……%г% "=!,=…2= …=.%›де…,  %K%!%2…/. 
“!ед“2". m=C!,ме!, !е=л,ƒ=ц,  ч=“2, C!%,ƒ"%д-
“2"е……/. ƒ=C=“%", м=2е!,=л%", %KA‘м%" …еƒ="е!-
ше……%г% C!%,ƒ"%д“2"= " ,…%L Cе!,%д K/л= K/ …е 
%C!="д=…=, = " д=……%L “,23=ц,,  "л е2“  деL“2-
"е……%L .*“2!е……%L ме!%L.

)е2"‘!2=  “2=д,  # “%“2% …,е %“2!%L …еCл=2‘-
›е“C%“%K…%“2,, -=*2,че“*%е K=…*!%2“2"%. o!ед-
C!, 2,е …е м%›е2 C!%-,…=…“,!%"=2ь д=›е “%*!=-
?‘……%е "%“C!%,ƒ"%д“2"% , C!%д%л›=2ь Cл=2е›, 
C% C!ед/д3?,м %K ƒ=2ель“2"=м. b%ƒ…,*=е2 !е=ль-
…=  3г!%ƒ= %“2=…%"*, ,л, C!е*!=?е…,  C!%,ƒ"%д-
“2"=, = ƒ=2ем , K=…*!%2“2"=. b .2%L “,23=ц,, 
д,=г…%“2,*= “ ,“C%льƒ%"=…,ем *%.--,ц,е…2%" 
л,*",д…%“2,, %Kе“Cече……%“2, “%K“2"е……/м, %K%-
!%2…/м, “!ед“2"=м,, "%““2=…%"ле…,  Cл=2‘›е-
“C%“%K…%“2, C%ƒ"%л е2 3“2=…%",2ь …=л,ч,е -=*2= 
-,…=…“%"%L …е“%“2% 2ель…%“2, , "%ƒм%›…%“2ь 
…еL2!=л,ƒ%"=2ь е‘ C!%цед3!%L K=…*!%2“2"=.

r2%ч…е…,е .2=C%" *!,ƒ,“= , ме2%д%" д,=г…%-
“2,*, C!,"%д,2 * "/"%д3, ч2% Cе!"= , "2%!=  
, %2ч=“2, 2!е2ь  “2=д,, “%“2="л ю2 “%де!›=-
…,е *!,ƒ,“= дл  е‘ ,…"е“2%!%" , *!ед,2%!%". 
)е2"‘!2=  “2=д,  C!ед“2="л е2 “%K%L 3г!%ƒ3 дл  
“%K“2"е……,*%" , !3*%"%д“2"= *%мC=…,,. b"еде-

…,е " %K%!%2 “2=д,L *!,ƒ,“…%“2, , %K%“…%"=…,е 
ме! C% ,. C!е%д%ле…,ю 2!еK3е2 “Cец,-,че“*,. 
C!,‘м%" , ме2%д%" -,…=…“%"%г% =…=л,ƒ=. b ƒ=-
",“,м%“2, %2 “%“2% …,  (“2=д,L *!,ƒ,“=) !=“-
“м=2!,"=ю2 "…32!е……,е , "…еш…,е C!,ч,…/ 
=…=л,ƒ= (!,“. 2).

b…32!е……,L -,…=…“%"/L =…=л,ƒ %“3?е“2"л е2-
“  …= Cе!"%L , "2%!%L “2=д, . *!,ƒ,“=. n… …е%K-
.%д,м дл  3д%"ле2"%!е…,  “%K“2"е……/. C%2!еK-
…%“2еL *%мC=…,,, …=C!="ле… …= %C!еделе…,е л,-
*",д…%“2, -,!м/ ,л, %це…*3 е‘ !еƒ3ль2=2%" " 
C%“лед…ем %2ч‘2…%м Cе!,%де " 2%м “л3ч=е, *%гд= 
!3*%"%д“2"3 -,!м/ …е%K.%д,м% ƒ…=2ь, м%›…% л, 
"/дел,2ь “!ед“2"= …= Cл=…,!3ем3ю C!%,ƒ"%д“2-
"е……3ю де 2ель…%“2ь ,л, !=“ш,!е…,е C!%,ƒ"%д-
“2"= ,ƒ “%K“2"е……/. ,“2%ч…,*%".

b !еƒ3ль2=2е -,…=…“%"%г% =…=л,ƒ= …= 2!е2ьеL , 
%“%Kе……% …= че2"‘!2%L “2=д,, *!,ƒ,“=, ,…,ц,=-
2,"= *%2%!%г% ч=“2% 3›е …е C!,…=дле›,2 !3*%"%д-
“2"3, %C!едел ю2“  , %це…,"=ю2“  *!ед,2%“C%-
“%K…%“2ь , ,…"е“2,ц,%……/е "%ƒм%›…%“2, C!ед-
C!, 2, . m=C!,ме!, C!ед“2=",2ел  K=…*= м%›е2 
ƒ=,…2е!е“%"=2ь "%C!%“ % л,*",д…%“2, ,л, Cл=2‘-
›е“C%“%K…%“2,, C%2е…ц,=ль…/L ,…"е“2%! ƒ=.%че2 
3ƒ…=2ь, …=“*%ль*% !е…2=Kель…% C!%,ƒ"%д“2"% , 
*=*%"= “2еCе…ь д%.%д…%“2, , !,“*= C!, ,…"е“2,-
!%"=…,,. dл  .2%г% “3?е“2"3ю2 ме2%д/ [3], C%-
ƒ"%л ю?,е c C%м%?ью =…=л,ƒ= -,…=…“%"%-%2-
ч‘2…%L д%*3ме…2=ц,, , !=ƒл,ч…/. -,…=…“%"/. 
C%*=ƒ=2елеL “C!%г…%ƒ,!%"=2ь "%ƒм%›…%“2ь %KA "-

p,“. 2. d,=г…%“2,*= 2е*3?еL де 2ель…%“2, C!едC!, 2, 
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ле…,  *%…*3!“…%г% 3C!="ле…, , K=…*!%2“2"= -,!-
м/ ,л, 3Kед,2ь“  " е‘ …=д‘›…%“2,.

mеƒ=",“,м% %2 2%г%, чем "/ƒ"=…= …е%K.%д,-
м%“2ь =…=л,ƒ=, ег% C!,‘м/, "“егд= %д…, , 2е ›е. 
cл="…/L ,…“2!3ме…2 =…=л,ƒ= # !=“ч‘2 , ,…2ег!=-
ц,  !=ƒл,ч…/. *%.--,ц,е…2%", .=!=*2е!,ƒ3ю-
?,. “2еCе…ь .*%…%м,че“*%L 3“2%Lч,"%“2, C!ед-
C!, 2,  [2].

j!,ƒ,“ C!,"%д,2 * д%“2=2%ч…% %?32,м/м ,ƒ-
ме…е…, м " -,…=…“%"%-.%ƒ L“2"е……%L де 2ель-
…%“2, , 3г!%›=е2 .*%…%м,че“*%L Kеƒ%C=“…%“2, 
C!едC!, 2, . e“л, *!,ƒ,“ C!,%K!е2=е2 ƒ=2 ›…%L 
.=!=*2е!, 2% %… м%›е2 ƒ="е!ш,2ь“  K=…*!%2“2"%м 
C!едC!, 2,  , ег% л,*",д=ц,еL.

Š=*,м %K!=ƒ%м, -,…=…“%"/L *!,ƒ,“ C!едC!, -
2,  # .2% …=!3ше…,е ег% -,…=…“%"%г% !="…%"е-
“, , *%2%!%е %2!=›=е2 C!%2,"%!еч,  ме›д3 -=*-
2,че“*,м “%“2% …,ем -,…=…“%"/. "%ƒм%›…%“2еL 
C!едC!, 2,  , …е%K.%д,м/м %KA‘м%м -,…=…“%-
"/. C%2!еK…%“2еL. n“…%"…=  цель -,…=…“%"%L 
“2=K,л,ƒ=ц,, C!едC!, 2,  − K/“2!%е "%““2=…%"-
ле…,е …е%K.%д,м%г% 3!%"…  Cл=2‘›е“C%“%K…%“2, 
, -,…=…“%"%L 3“2%Lч,"%“2,.

dл  .2%г% д%л›…= K/2ь !=ƒ!=K%2=…= , !е=л,ƒ%-
"=…= C%л,2,*= -,…=…“%"%L “2=K,л,ƒ=ц,,, *%2%-
!=  C!ед“2="л е2 “%K%L “%“2="…3ю ч=“2ь %K?еL 
-,…=…“%"%L “2!=2ег,, C!едC!, 2, , "*люч=ю-
?еL *%мCле*“ ме! C!ед"=!,2ель…%L %це…*, "е-
!% 2…%“2, "%ƒ…,*…%"е…,  *!,ƒ,“= , ме2%д%", …=-
C!="ле……/. …= -,…=…“%"%е %ƒд%!%"ле…,е C!ед-
C!, 2, .

b ме›д3…=!%д…%L C!=*2,*е “3?е“2"3е2 …е-
“*%ль*% ме2%д%" , м%делеL д,=г…%“2,*, …е“%-
“2% 2ель…%“2, , K=…*!%2“2"= C!едC!, 2,L. 
nKA “… е2“  .2% 2ем, ч2% " 3“л%", . ,ƒме… ю-
?,.“  "%ƒдеL“2",L "…еш…,. , "…32!е……,. -=*-
2%!%" …= !еƒ3ль2=2/ де 2ель…%“2, C!едC!, 2,  
ме… е2“  , …=C!="ле……%“2ь =…=л,ƒ=. m= C!=*2,*е 
K%льш,…“2"% *%…2!%л,!3ю?,. %!г=…%" ,“C%ль-
ƒ3ю2 C%д.%д, “" ƒ=……/L “ =…=л,ƒ%м .%ƒ L“2"е…-
…%L де 2ель…%“2, (“м. !,“. 2).

lе2%д/ , C!,‘м/ =…=л,ƒ= -,…=…“%"%-.*%…%-
м,че“*%г% “%“2% …,  C!едC!, 2,  , C%“лед3ю-
?ег% "/"%д= % “2еCе…, ег% -,…=…“%"%L 3“2%Lч,-
"%“2, "*люч=ю2 %це…*3:

“%“2="= , “2!3*23!/ K=л=…“=, ч2% C!едC%л=г=е2 
C%“2!%е…,е =…=л,2,че“*%г% K=л=…“= "е!2,*=ль-
…/L , г%!,ƒ%…2=ль…/L =…=л,ƒ K=л=…“=, =…=л,ƒ 
*=че“2"е……/. ,ƒме…е…,L ,м3?е“2"е……%г% “%-
“2% …,  C!едC!, 2, ;

-,…=…“%"%L 3“2%Lч,"%“2, …= %“…%"е !=“ч‘2%" 
=K“%лю2…/. C%*=ƒ=2елеL -,…=…“%"%L 3“2%Lч,"%-
“2,, %2…%“,2ель…/. C%*=ƒ=2елеL -,…=…“%"%L 3“-
2%Lч,"%“2,;
л,*",д…%“2, , Cл=2‘›е“C%“%K…%“2,, %C!еде-

л ем3ю " !еƒ3ль2=2е =…=л,ƒ= л,*",д…%“2, K=л=…-
“=, д",›е…,  де…е›…/. “!ед“2";

дел%"%L =*2,"…%“2, C!едC!, 2,  “ 3ч‘2%м =…=-
л,ƒ= *=че“2"е……/. , *%л,че“2"е……/. *!,2е!,е".

t,…=…“%"=  “2=K,л,ƒ=ц,  C!едC%л=г=е2 целе-
"%L …=K%! …=,K%лее .--е*2,"…/. ме!%C!, 2,L 
-,…=…“%"%L C%л,2,*,, …е%K.%д,м/. " *%…*!е2-
…%L “,23=ц,, …= C!едC!, 2,,. hƒ3че…,е %C/2= 
C!е%д%ле…,  *!,ƒ,“…/. “,23=ц,L C%ƒ"%л е2 
“-%!м3л,!%"=2ь %K?,е, %K ƒ=2ель…/е C!%цед3!/ 
C%л,2,*, -,…=…“%"%L “2=K,л,ƒ=ц,,:

%це…*= -,…=…“%"%-.*%…%м,че“*%г% C%л%›е…,  
C!едC!, 2, ;

%C!еделе…,е C!,ч,… %2*л%…е…,  %2 …%!м=ль-
…%г% !=ƒ",2, ;

"/K%! “2!=2ег,, , 2=*2,*, -,…=…“%"%г% %ƒд%-
!%"ле…, ;

!е=л,ƒ=ц,ю Cе!"%%че!ед…/. ме!%C!, 2,L C% 
-,…=…“%"%м3 %ƒд%!%"ле…,ю ("%““2=…%"ле…,е 
Cл=2‘›е“C%“%K…%“2,, C%"/ше…,е -,…=…“%"%L 
3“2%Lч,"%“2,, %Kе“Cече…,е C!,K/ль…%“2, де -
2ель…%“2, C!едC!, 2, ).

q…=ч=л= =…=л,ƒ,!3ю2“  .*%…%м,че“*%е C%л%-
›е…,е C!едC!, 2,  , -,…=…“%"/е !еƒ3ль2=2/ де -
2ель…%“2,. }*%…%м,че“*%е “%“2% …,е C!едC!, 2,  
"/!=›=е2“  " “K=л=…“,!%"=……%“2, %2дель…/. C%-
*=ƒ=2елеL, “2!3*23!/ %“…%"…/. -%…д%" , "…е%K%-
!%2…/. =*2,"%", ,“2%ч…,*%" -,…=…“,!%"=…, , = 
2=*›е .--е*2,"…%“2, ,. ,“C%льƒ%"=…, . 

b C!%це““е =…=л,ƒ= …= %“…%"е %це…*, д,…=м,-
*, , “2!3*23!/ =K“%лю2…/. , %2…%“,2ель…/. C%-
*=ƒ=2елеL 2е*3?еL , Cе!“Cе*2,"…%L де 2ель…%“2, 
"/ "л ю2“  %“…%"…/е ƒ=д=ч,, *%2%!/е …е%K.%д,-
м% !еш,2ь дл  -,…=…“%"%L “2=K,л,ƒ=ц,,, Cе!е-
че…ь *%2%!/. %C!едел е2“  !3*%"%д“2"%м C!ед-
C!, 2, , ег% ме…ед›ме…2%м , м%›е2 K/2ь !е*%-
ме…д%"=… =3д,2%!=м,, …% %K ƒ=2ель…% д%л›…/ 
3ч,2/"=2ь“  …%!м/ ƒ=*%…= &n …е“%“2% 2ель…%“2, 
(K=…*!%2“2"е)[ [4]. 

mе ƒ=",“,м% %2 …=K%!= C%*=ƒ=2елеL =…=л,ƒ -,-
…=…“%"%г% “%“2% …,  C!едC!, 2,  %“3?е“2"л е2-
“  %це…*%L , =…=л,ƒ%м “лед3ю?,. C%*=ƒ=2елеL:

“2!3*23!/ , д,…=м,*, %“…%"…/. -%…д%" , ,“-
2%ч…,*%" %K!=ƒ%"=…,  "…е%K%!%2…/. =*2,"%";

=K“%лю2…/. , %2…%“,2ель…/. C%*=ƒ=2елеL -,-
…=…“%"%L 3“2%Lч,"%“2,, “!="…е…,  ,. “ …%!м=-
2,"…/м, ƒ…=че…, м,;

Cл=2‘›е“C%“%K…%“2, C!едC!, 2,  , л,*",д…%-
“2, K=л=…“=.

p=““м%2!,м *=›д%е …=C!="ле…,е =…=л,2,че-
“*%L !=K%2/ C% %ƒд%!%"ле…,ю C!едC!, 2, .

q2!3*23!…%-д,…=м,че“*,L =…=л,ƒ =*2,"%" , 
C=““,"%". b .2%м “л3ч=е ,ƒ3ч=ю2“  =K“%лю2…/е 
ƒ…=че…,  C%*=ƒ=2елеL, ,. 3дель…/L "е“ C% ",д=м 
, " %K?еL “3мме =*2,"%" C!едC!, 2, ; %це…,-
"=е2“  д,…=м,*= =K“%лю2…/. "ел,ч,… , ,. 3дель-
…/. "е“%" " !=““м=2!,"=ем%м Cе!,%де. `…=л,ƒ,-
!3е2“  2=*›е д,…=м,*= ,ƒме…е…,L 3дель…/. "е-
“%" C% *=›д%м3 ",д3 " %K?еL “3мме =*2,"%" 
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C!едC!, 2, . b C!%це““е =…=л,ƒ= "/ "л ю2“  =*-
2,"/ (%K ƒ=2ель“2"=), *%2%!/е " K%льшеL “2еCе…, 
%C!едел ю2 ,“2%ч…,*, -,…=…“,!%"=…,  C!ед-
C!, 2, .

m= %“…%"=…,, “2!3*23!/ "…е%K%!%2…/. =*2,-
"%" %C!едел е2“  C%л,2,*= C!едC!, 2,  " %2…%-
ше…,, д%лг%“!%ч…/. "л%›е…,L. m=C!,ме!, "/-
“%*=  д%л  …ем=2е!,=ль…/. =*2,"%" , ƒ…=ч,2ель-
…/L 2емC ,. C!,!%“2= .=!=*2е!,ƒ3е2 ,……%"=-
ц,%……/L .=!=*2е! “2!=2ег,, C!едC!, 2, . 
o%д%K…=  д,…=м,*= C% д%лг%“!%ч…/м -,…=…“%-
"/м "л%›е…, м “",де2ель“2"3е2 % -,…=…“%"%-,…-
"е“2,ц,%……%L …=C!="ле……%“2, .%ƒ L“2"%"=…, .

`…=л%г,ч…% =…=л,ƒ,!3ю2“  ,“2%ч…,*, -,…=…-
“,!%"=…, . dе2=л,ƒ,!%"=……/L =…=л,ƒ “2!3*23!/ 
“%K“2"е……/. , ƒ=‘м…/. “!ед“2" ("*люч=  *!ед,-
2%!“*3ю ƒ=д%л›е……%“2ь), ,“2%ч…,*%" -,…=…“,-
!%"=…,  "/C%л… е2“  %2дель…% C% *=›д%м3 3*-
!3C…‘……%м3 ",д3 C=““,"%". d=лее %це…,"=ю2“  
“2!3*23!= , д,…=м,*= “%K“2"е……/. , ƒ=‘м…/. ,“-
2%ч…,*%" -,…=…“,!%"=…, , =…=л,ƒ,!3е2“  “%%2-
…%ше…,е д%лг%“!%ч…/. , *!=2*%“!%ч…/. ƒ=‘м…/. 
,“2%ч…,*%", K=…*%"“*,. *!ед,2%" , *!ед,2%!-
“*%L ƒ=д%л›е……%“2,. 

 `…=л,ƒ -,…=…“%"%L 3“2%Lч,"%“2,. nце…,"=е2“  
"ел,ч,…= , д,…=м,*= “%K“2"е……%г% *=C,2=л= (дл  
=*ц,%…е!…/. %K?е“2" ч,“2/. =*2,"%"), ƒ=2ем 
=…=л,ƒ,!3е2“  “%%2…%ше…,е “%K“2"е……%г% , ƒ=‘м-
…%г% *=C,2=л=, д%“2=2%ч…%“2ь ,“2%ч…,*%" -%!-
м,!%"=…,  %K%!%2…/. =*2,"%". 

dл  %це…*, Cл=2‘›е“C%“%K…%“2, C!едC!, 2,  
2!=д,ц,%……% C!,ме… ю2“  %“…%"…/е C%*=ƒ=2е-
л,, !=ƒл,ч=ю?,е“  “3мм%L л,*",д…/. =*2,"%", 
*%2%!/е м%›…% ,“C%льƒ%"=2ь дл  C%*!/2,  
*!=2*%“!%ч…/. %K ƒ=2ель“2". dл  C!%г…%ƒ= ,ƒ-
ме…е…,  Cл=2‘›е“C%“%K…%“2, 3“2=…="л,"=е2“  
*%.--,ц,е…2 "%““2=…%"ле…,  (32!=2/) Cл=2‘›е-
“C%“%K…%“2,. j%мCле*“…=  %це…*= .2,. C%*=ƒ=-
2елеL C%ƒ"%л е2 …е 2%ль*% K%лее 2%ч…% %C!еде-
л,2ь -=*2,че“*,L 3!%"е…ь Cл=2‘›е“C%“%K…%“2,, 
…% , C!,ƒ…=2ь “2!3*23!3 K=л=…“= 3д%"ле2"%!,-
2ель…%L ,л, …е3д%"ле2"%!,2ель…%L, = C!ед-
C!, 2,е # Cл=2‘›е“C%“%K…/м л,K% …еCл=2‘›е-
“C%“%K…/м.

o!, =…=л,ƒе -,…=…“%"/. !еƒ3ль2=2%" !=““м=2!,-
"=е2“  "ел,ч,…= C!,K/л,. m= %“…%"е д=……/. %2ч‘2= 
% C!,K/л . , 3K/2*=. 2!=д,ц,%……% !=““м=2!,-
"=ю2“  2!, …=C!="ле…,  =…=л,ƒ=: “2!3*23!/ , д,-
…=м,*, -,…=…“%"/. !еƒ3ль2=2%";  C%*=ƒ=2елеL 
!е…2=Kель…%“2,; C%*=ƒ=2елеL дел%"%L =*2,"…%“2,.

b/ "ле…,е C!,ч,… %2*л%…е…,  C%*=ƒ=2елеL %2 
!е*%ме…д3ем/. …%!м=2,"…/. ƒ…=че…,L. m= .2%м 
.2=Cе Cл=…,!3ю2“  …=C!="ле…,  !е=л,ƒ=ц,, Cе!-
"%%че!ед…/. ме!%C!, 2,L C% -,…=…“%"%L “2=K,-
л,ƒ=ц,,, *%2%!/е " ƒ=",“,м%“2, %2 C!%Kлем *%…-
*!е2…%г% C!едC!, 2,  м%г32 "*люч=2ь *%мK,…=-
ц,ю “лед3ю?,. ме!:

3“,ле…,е м=!*е2,…г%"%L де 2ель…%“2, …= C!ед-
C!, 2,,, C%,“* K%лее деше"%г% ,л, *=че“2"е……%-
г% “/!ь , !=“ш,!е…,е ге%г!=-,, C!%д=›;

,ƒме…е…,е 3“л%",L !е=л,ƒ=ц,, 2%"=!%", !=K%2, 
3“л3г;

!=ƒ!=K%2*3 K%лее г,K*,. “.ем C%л3че…,  , 
“K/2= г%2%"%L C!%д3*ц,,;

%K%“…%"=…,е …%ме…*л=23!/ , %KA‘м= C!%,ƒ-
"%д“2"= дл  “…,›е…,  ,ƒде!›е*;
л,*",д=ц,ю …е!е…2=Kель…/. C!%,ƒ"%д“2";
3л3чше…,е ,“C%льƒ%"=…,  %K%!3д%"=…,  , Cл%-

?=деL;
3л3чше…,е *=че“2"= C!%д3*ц,,;
3C!="ле…,е ƒ=2!=2=м, , 2. д.
b/K%! C%л,2,*, -,…=…“%"%L “2=K,л,ƒ=ц,,. 

j!=2*%“!%ч…=  -,…=…“%"=  C%л,2,*= "*люч=е2 
ме!/, *%2%!/е д=ю2 K/“2!/е !еƒ3ль2=2/ , …=-
C!="ле…/ …= 3ч=“2*, !=K%2/ …=,K%лее %2ƒ/"ч,-
"/е …= *%!!е*2,!3ю?,е ме!%C!, 2, . d%лг%-
“!%ч…=  -,…=…“%"=  C%л,2,*= C!едC%л=г=е2 гл3-
K,……/е C!е%K!=ƒ%"=…, , %Kе“Cеч,"=ю?,е д%лг%-
"!еме……%е 3“2%Lч,"%е !=ƒ",2,е, ƒ=C=“ C!%ч…%“2, 
C!, *%леK=…, . "…еш…еL *%…Aю…*23!/ , …=!3-
ше…,, !="…%"е“,  C% "…32!е……,м дл  C!едC!, -
2,  C!,ч,…=м. 

Š=*,м %K!=ƒ%м, "=›…% “"%е"!еме……% %C!еде-
л,2ь …ег=2,"…/е ,ƒме…е…,  " де 2ель…%“2, C!ед-
C!, 2, , 3“2=…%",2ь ,. м=“ш2=K , C!,ч,…/ "%ƒ-
…,*…%"е…, . g=2ем !=ƒ!=K%2=2ь *%мCле*“ ме!, 
%Kе“Cеч,"=ю?,. C!е%д%ле…,е *!,ƒ,“…/. “,23=-
ц,L, C%ƒ"%л ю?,. "%““2=…%",2ь …е%K.%д,м/L 
3!%"е…ь -,…=…“%"%L 3“2%Lч,"%“2,, Cл=2‘›е“C%-
“%K…%“2, , .--е*2,"…%“2, .%ƒ L“2"%"=…, . o!=- 
",ль…% , “"%е"!еме……% %K%“…%"=……=  C%л,2,*= 
-,…=…“%"%L “2=K,л,ƒ=ц,, де 2ель…%“2, C!ед-
C!, 2,L C%ƒ"%л,2 %Kе“Cеч,2ь 3“2%Lч,"%е !=ƒ",-
2,е C!%,ƒ"%д“2"= …= %“…%"е C!%г…%ƒ= %KA‘м%" 
!е=л,ƒ=ц,,, C!%ƒ!=ч…%“2ь -,…=…“%"%L %2ч‘2…%-
“2, , д",›е…,  -,…=…“%"/. !е“3!“%", -%!м,!%-
"=…,е …=,K%лее "/г%д…/. "=!,=…2%" -,…=…“%"/. 
Cл=…%", %Cе!=2,"…%г% 3ч‘2= -=*2,че“*%L ,…-%!-
м=ц,, дл  *%…2!%л  %2*л%…е…,L %2 Cл=…= !=ƒ",-
2,  C!едC!, 2, .
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lndek| bg`hlndeiqŠbh“ opedoph“Šhi b rqknbh“u 
lnmnonkhqŠh)eqjni jnmjrpem0hh m` p{mje

nC!еделе…/ %“%Kе……%“2, м%…%C%л,“2,че“*%L *%…*3!е…ц,,. m= %“…%"е C!,ме…е…,  2е%!,, 
м…%›е“2" C!едл%›е…= м%дель м%…%C%л,“2,че“*%г% !/…*= *=* “,“2ем/. r“2=…%"ле…%, ч2% 
Cе!еме……/м, " д=……%L м%дел,  "л ю2“  C=!=ме2!/ 2%"=!=. o!едл%›е…% дл  %C!еделе…,  
.=!=*2е!,“2,* 2%"=!= C!,ме…,2ь ге…е2,че“*,L =лг%!,2м. o%д!%K…% %C,“=…/ "“е .2=C/ 
=лг%!,2м= C!,ме…,2ель…% * м%…%C%л,“2,че“*%L *%…*3!е…ц,,. 

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

Monopolistic competition features are defined. Monopolistic market model, as system, is proposed 
from a multitude theory application. It is established that goods characteristics are variable of this 
model. It is proposed to apply of the genetic algorithm for goods characteristics definition. All 
algorithm stage over the monopolistic competition has been described in some details.

Key words: monopolistic competition, market model, genetic algorithm, price behavior, unpriced 
behavior.

b"еде…,е. l%…%C%л,“2,че“*3ю *%…*3!е…ц,ю 
м%›…% %.=!=*2е!,ƒ%"=2ь *=* 2,C !/…*=, …= *%2%-
!%м C!едC!, 2,  C!%д=ю2 д,--е!е…ц,!%"=……3ю 
C!%д3*ц,ю (3…,*=ль…3ю , %Kл=д=ю?3ю ! д%м 
*=че“2", *%2%!/е …=,K%лее це… 2 C%2!еK,2ел,), = 
2=*›е %“3?е“2"л ю2 це…%"%L *%…2!%ль …=д 2%"=-
!=м,. l%…%C%л,“2,че“*=  *%…*3!е…ц,  # …=,-
K%лее Kл,ƒ*,L ",д * “%"е!ше……%L *%…*3!е…ц,,. 
b%ƒм%›…%“2ь дл  %2дель…%г% C!едC!, 2,  *%…-
2!%л,!%"=2ь це…3 ƒде“ь …еƒ…=ч,2ель…= . p/…*, “ 
м%…%C%л,“2,че“*%L *%…*3!е…ц,еL ,мею2 “ле-
д3ю?,е %2л,ч,2ель…/е .=!=*2е!,“2,*,: K%льш%е 
*%л,че“2"% C!%,ƒ"%д,2елеL , C%2!еK,2елеL; %!,е…-
2=ц,  C%2!еK,2елеL …= це…%"/е , …еце…%"/е !=ƒ-
л,ч,  ме›д3 C!%д3*2=м,; м=л%е *%л,че“2"% K=!ь-
е!%" дл  ".%д= …= !/…%* , "/.%д= ,ƒ …ег%; …еƒ…=-
ч,2ель…=  "%ƒм%›…%“2ь C!%,ƒ"%д,2елеL "л, 2ь 
…= це…/, "%“C!,  2,е *=›д/м C!едC!, 2,ем  це…/ 
д!3г,. C!едC!, 2,L *=* ƒ=д=……%L , !ег3л,!%"=-
…,е 2%ль*% “"%еL це…/.

b д=……/. 3“л%", . "%ƒ…,*=ю2 д"е ƒ=д=ч,:
-%!м=л,ƒ=ц,  !/…*= *=* “,“2ем/;
…еC%“!ед“2"е……%е м%дел,!%"=…,е !/…%ч…%г% 

C!%це““= " 3“л%", . м%…%C%л,“2,че“*%L  *%…-
*3!е…ц,,.

b 3“л%", . м%…%C%л,“2,че“ *%L *%…*3!е…ц,, 
*=›д/L C!%,ƒ"%д,2ель "/C3“*=е2 “"%L C!%д3*2, = 
"“е "ме“2е O 2%"=!/ %д…%L г!3CC/. Š%"=!/, "/-
C3“*=ем/е !=ƒ…/ м, C!едC!, 2, м,, …е  "л ю2“  
,де…2,ч…/м, , %2л,ч=ю2“  *=че“2"%м ,“C%л…е-
…, , д,ƒ=L…%м, 3C=*%"*%L, 2%"=!…/м ƒ…=*%м, C%-
“леC!% д=›…/м %K“л3›,"=…,ем , C%ч2, "“е !=ƒ-

л,ч=ю2“  це…%L. j=› д%е C!едC!, 2,е " “,л3 
C!%д3*2%"%L д,--е!е…ц,=ц,,  "л е2“  ед,…“2-
"е……/м C!%,ƒ"%д,2елем “"%ег% 2% "=!= , " .2%м 
“м/“ле м%…%C%л,“2%м. 

dл  %C,“=…,  !/…*= *=* “,“2ем/ C!едл=г=е2“  
C!,ме…,2ь 2е%!е2,*%-м…%›е“2"е……/L C%д.%д 
[1, 2]. o%д м=2ем=2,че“*%L м%делью !/…*= " …=,-
K%лее %K?еL -%!ме C%…,м=е2“  “%"%*3C…%“2ь .ле-
ме…2%":

1 1

{ } 1{ } 1{ } ,{ } ,

y k
kl

k kn m
i i j j

w
h yt

R pt pr G
=

== = = , (1)

где {pti} # м…%›е“2"% C%2!еK,2елеL 2%"=!=; {prj} # 
м…%›е“2"% C!%,ƒ"%д,2елеL 2%"=!=; G # г%“3д=!“2"%, 
*=* !ег3л,!3ю?,L ме.=…,ƒм !/…*=; n # ч,“л% C%-
2!еK,2елеL; m # ч,“л% C!%,ƒ"%д,2елеL; tk # k-L ",д 
2%"=!=; l # ч,“л% 2%"=!%"; hy

k # y-  .=!=*2е!,“2,*= 
k-г% ",д= 2%"=!=; wk # ч,“л% .=!=*2е!,“2,* k-г% 
",д= 2%"=!=.

o!,ч‘м

| ,y y y
jk jk jkh h C h NC∀ ∈ ∨ ∈

где C # це…%"/е .=!=*2е!,“2,*,; NC # …еце…%"/е 
.=!=*2е!,“2,*, 2%"=!=.

g=меч=…,е 1. o3“2ь |y y
jk jkh h C∀ ∈ , е“л, ƒ…=че-

…,е .2%L .=!=*2е!,“2,*, м%›…% "/!=ƒ,2ь *%л,-
че“2"е……%. 
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g=меч=…,е 2. o3“2ь |y y
jk jkh h NC∀ ∈ , е“л, ƒ…=че-

…,е .2%L .=!=*2е!,“2,*, м%›…% "/!=ƒ,2ь *=че“2-
"е……%. 

Š=*,м %K!=ƒ%м, C # м…%›е“2"% (це…%"/.) *%-
л,че“2"е……/. .=!=*2е!,“2,*, = NC # м…%›е“2"% 
(…еце…%"/.) *=че“2"е……/. .=!=*2е!,“2,* 2%"=!=. 
hƒ ƒ=меч=…,L 1 , 2 “лед3е2, ч2% м…%›е“2"= C , 
NC …е Cе!е“е*=ю2“ .

m=C!,ме!, г=K=!,2…/L !=ƒме! 2%"=!=,  "л  “ь 
*%л,че“2"е……%L .=!=*2е!,“2,*%L, …е ,мее2 де-
…е›…%г% "/!=›е…, , …% м%›е2 K/2ь %2…е“‘… * 
м…%›е“2"3 C " “,л3 2%г%, ч2% …= C!%,ƒ"%д“2"% 
*!3C…%г% 2%"=!= 2!еK3е2“  K%льшее *%л,че“2"% 
“/!ь , ,, “лед%"=2ель…%, .2% д%л›…% “*=ƒ=2ь“  …= 
це…е д=……%L C!%д3*ц,,.

p%ль г%“3д=!“2"= ƒ=*люч=е2“  " ƒ=*%…%д=2ель-
…%м !ег3л,!%"=…,, %2…%ше…,L …= !/…*е, , *=* 
3ч=“2…,* *%…*3!е…2…/. C!%це““%" %…% …е !=“-
“м=2!,"=е2“ .

q!ед, "“е. ",д%" *%…*3!е…ц,, м%…%C%л,“2,-
че“*=  *%…*3!е…ц,  # ед,…“2"е……/L ",д !/…%ч-
…%г% "ƒ=,м%деL“2", , C!, *%2%!%м %д…%"!еме……% 
3ч,2/"=ю2“  це…%"/е , …еце…%"/е .=!=*2е!,-
“2,*, 2%"=!=. b “,л3 2%г%, ч2% .2, .=!=*2е!,“2,-
*, ,мею2 !=ƒл,ч…3ю C!,!%д3, ,. “лед3е2 !=“-
“м=2!,"=2ь %2дель…%.

hƒ-ƒ= д%“23C…%“2, ,…-%!м=ц,, % “%“2% …,, 
!/…*= м%г32 K/2ь “%K!=…/ ,“че!C/"=ю?,е д=…-
…/е , % 2%"=!=. *%…*3!е…2%". o%.2%м3 дл  C%л3-
че…,  C!е,м3?е“2" …е%K.%д,м% %C!едел,2ь 2=*,е 
C=!=ме2!/ 2%"=!=, *%2%!/е K/ C!е"%“.%д,л, д!3-
г,е C!едл%›е…,  …= !/…*е. b=›…% %2ме2,2ь, ч2% 
*%…*3!е…2%“C%“%K…%“2ь 2%"=!= %C!едел е2“  ег% 
.=!=*2е!,“2,*=м, , …е ƒ=",“,2 %2 2,C= , ",д= 
*%…*!е2…%г% 2%"=!=.

nK%ƒ…=ч,м це…%"/е .=!=*2е!,“2,*, 2%"=!=:

{ }, 1,  ',CyCH h y w= =

где  'w  # %K?ее ч,“л% .=!=*2е!,“2,* 2%"=!=, ,мею-
?,. *%л,че“2"е……%е "/!=›е…,е; hCy # y-  це…%"=  
.=!=*2е!,“2,*= 2%"=!=.

Š=*,м %K!=ƒ%м, Kл=г%д=!  ,…-%!м,!%"=……%“2, 
3ч=“2…,*%" (3“л%",  …е,…-%!м,!%"=……%“2,, .=-
!=*2е!…/е дл  …ед%K!%“%"е“2…%L *%…*3!е…ц,,, 
…е !=““м=2!,"=ю2“ ) !/…*= м%…%C%л,“2,че“*%L 
*%…*3!е…ц,, % “"%L“2"=. 2%"=!%" , 3“л3г м%›…% 
,ƒ *%л,че“2"е……/. .=!=*2е!,“2,* “-%!м,!%"=2ь 
м=2!,ц3:

' ' '
1 1 1 1{{ } ,...,{ } ,...,{ } }C Cy w Cy w Cy w

y k y l yH h h h= = == ,  (2)

где Cy
kh  # ƒ…=че…,е y-г% *%л,че“2"е……%г% C=!=ме2!= 

k-г% 2%"=!= …= !/…*е R.

b“е ƒ…=че…,  м=2!,ц/ (2) %C!едел ю2“  …= %“-
…%"е “Cец,-,*=ц,, 2%"=!= , .=!=*2е!,ƒ3ю2 ег% 
“2%,м%“2ь, "…еш…,L ",д, -%!м3, !=ƒме! , 2. д., 2. е. 
2е ег% C=!=ме2!/, *%2%!/е ƒ=д=…/ " ч,“л%"%L (*%-
л,че“2"е……%L) -%!ме. a3дем C%л=г=2ь 0Cy

kh = , 
е“л, y-L C=!=ме2!  3 k-г% 2%"=!= …= !/…*е R %2-
“32“2"3е2.

b “,л3 K%льш%г% !=ƒме!= м=2!,ц/ (2) C!,ме-
…е…,е 2!=д,ц,%……/. ме2%д%" дл  !еше…,  д=…-
…%L ƒ=д=ч, …е.--е*2,"…%, 2=* *=* м%›е2 C%2!е-
K%"=2ь “3?е“2"е……%г% "!еме…, , "/ч,“л,2ель…/. 
!е“3!“%". }2% дел=е2 целе“%%K!=ƒ…/м C!,ме…е-
…,е ге…е2,че“*%г% =лг%!,2м=. 

}2=C/ ге…е2,че“*%г% =лг%!,2м=:
}2=C 1. h…,ц,=л,ƒ=ц,  C%C3л ц,, .!%м%“%м. 

h“.%д…%L C%C3л ц,еL .!%м%“%м C!едл=г=е2“  
“ч,2=2ь м=2!,ц3 .=!=*2е!,“2,* 2%"=!%" HC(2). 
g…=че…,  Cy

kh  C!ед“2="л е2 “%K%L y-ю *%л,че“2-
"е……3ю .=!=*2е!,“2,*3 k-г% 2%"=!= …= !/…*е R. 
mе"ƒ,!=  …= 2% ч2% "“е .леме…2/ м=2!,ц/ HC 
,мею2 ч,“ле……%е ƒ…=че…,е, %…, "/!=›=ю2 !=ƒ-
л,ч…/е C=!=ме2!/ 2%"=!=. x*=л/ , ед,…,ц/ ,ƒ-
ме!е…,  .2,. ƒ…=че…,L м%г32 …е “%"C=д=2ь. b 2% 
›е "!ем  ге…е2,че“*,L =лг%!,2м м%›е2 !=K%2=2ь 
2%ль*% “ %д…%!%д…/м, ƒ…=че…, м,. dл  л,*",-
д=ц,, .2%L …е%д…%!%д…%“2, C!едл=г=е2“  C!%,ƒ-
"е“2, …%!м=л,ƒ=ц,ю ƒ…=че…,L м=2!,ц/ HC.

nC!едел,м м=*“,м=ль…%е ƒ…=че…,е Cyh
�

 y-г% 
*!,2е!, :

max( ), 1,  ,Cy Cy
k

h h k l= =
�

где k # …%ме! 2%"=!= …= !/…*е.

nC!едел,м м,…,м=ль…%е ƒ…=че…,е yh
�

 y-г% 
*!,2е!, :

min( ), 1,  .Cy Cy
k

h h k l= =
�

b “л3ч=е м=*“,м,ƒ=ц,, *!,2е!,е" (чем K%льше 
C%*=ƒ=2ель, 2ем л3чше) …%!м=л,ƒ%"=……/е %це…*, 

'
CyCy

kCy
k Cy Cy

h h
h

h h

−
=

−

�

� � .  (3)

b “л3ч=е м,…,м,ƒ=ц,, *!,2е!,е" (чем ме…ьше 
C%*=ƒ=2ель, 2ем л3чше) …%!м=л,ƒ%"=……/е %це…*, 

'
Cy Cy

kCy
k Cy Cy

h h
h

h h

−
=

−

�

� � .  (4)

b=›…% %2ме2,2ь, ч2% м,…,м,ƒ=ц,  , м=*“,м,-
ƒ=ц,  м%г32 C!,ме… 2ь“  %д…%"!еме……% " !=м*=. 
%д…%L ƒ=д=ч,, …% * !=ƒ…/м *!,2е!, м. b “,л3 
д,--е!е…ц,!%"=……%“2, 2%"=!%" Cy Cyh h≠

� �
 дл  

"“е. *!,2е!,е".
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nд…=*% …е "“е *%л,че“2"е……/е .=!=*2е!,“2,*, 
K3д32 “C%“%K“2"%"=2ь C%л3че…,ю *%…*3!е…2…/. 
C!е,м3?е“2". Š=*, …=C!,ме!, це…= 2%"=!=,  "-
л  “ь "=›…еLшеL .=!=*2е!,“2,*%L, C!, "%ƒ!=“2=-
…,, K3де2 C%…,›=2ь ег% C!,"ле*=2ель…%“2ь дл  
C%2!еK,2ел . e“л, 3"ел,че…,е це…%"%L .=!=*2е-
!,“2,*, 2%"=!= C%ƒ,2,"…% “*=ƒ/"=е2“  …= ег% C%-
2!еK,2ель“*,. “"%L“2"=., 2% ,“C%льƒ3е2“  "/!=-
›е…,е (3), " C!%2,"…%м “л3ч=е (…=C!,ме!, *=* “ 
це…%L 2%"=!=) # "/!=›е…,е (4).

b !еƒ3ль2=2е ,“.%д…=  C%C3л ц,  C!ед“2="л е2 
“%K%L м=2!,ц3 'CH , “%“2% ?3ю ,ƒ …%!м=л,ƒ%-
"=……/. ƒ…=че…,L .=!=*2е!,“2,* 2%"=!=.

}2=C 2. nце…*= C!,“C%“%Kле……%“2, .!%м%“%м. 
o!,“C%“%Kле……%“2ь .=!=*2е!,ƒ3е2 %K?ее &*=че-
“2"%[ .!%м%“%м/. dл  !=“ч‘2= ƒ…=че…,  -3…*ц,, 
C!,“C%“%Kле……%“2, .!%м%“%м/ C!едл=г=ем ,“-
C%льƒ%"=2ь “!ед…еге%ме2!,че“*3ю ,л, “!ед…е-
=!,-ме2,че“*3ю ƒ=",“,м%“2ь

'
'

'
1''

1
 или ,

'

w
Cy

kw
yCywk kk

y

h

P h P
w

=

=
= =

∑
∏

 

(5)

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

!,“2,*, k-L .!%м%“%м/.

p=““ч,2/"=ем%е ƒ…=че…,е Pk  K3де2 3ч,2/"=2ь 
!="…%ƒ…=ч…%“2ь "“е. 'Cy

kh .
q!ед…еге%ме2!,че“*=  ƒ=",“,м%“2ь %Kе“Cеч,-

"=е2 K3льш3ю 2%ч…%“2ь, …% м%›е2 C!,ме… 2ь“  
2%ль*% C!, "/C%л…е…,, 3“л%",  ' 0Cy

kh∀ ≠ .
}2=C 3. o!%"е!*= 3“л%",  %“2=…%"= =лг%!,2м=. 

b/K%! 3“л% ",  %“2=…%"= ге…е2,че“*%г% =лг%!,2м= 
ƒ=",“,2 %2 3“л%",L !еш=ем%L ƒ=д=ч,. b д=……%м 
“л3ч=е м=*“,м=ль …%е (,л, м,…,м=ль…%е) ƒ…=че-
…,е -3…*ц,, C!,“C%“%Kле……%“2, ƒ=!=…ее …е,ƒ-
"е“2…%. mельƒ  ,“C%льƒ%"=2ь 3“л%",е %2“32“2",  
3л3чше…,  !еше…,  ƒ=д=ч,, = 2=*›е %“2=…%"*3 C% 
,“2ече…,, %C!едел‘……%г% "!еме…, ,л, ч,“л= ,2е-
!=ц,L. q 3ч‘2%м “Cец,-,*, ƒ=д=ч, , “C%“%K= “е-
ле*ц,, " *=че“2"е "=!,=…2= %“2=…%"*, C!едл=-
г=е2“  !=““м=2!,"=2ь 2%2 м%ме…2, *%гд= " !%д,-
2ель“*%м C3ле %“2=…е2“  %д…= C=!= .!%м%“%м. 
o!, .2%м %“3?е“2"л е2“  Cе!е.%д * "/K%!3 …=,-
л3чшеL .!%м%“%м/. b 2%м “л3ч=е, е“л, д=……%е 
“%“2% …,е …ед%“2,г…32%, "/C%л… е2“  Cе!е.%д * 
.2=C3 “еле*ц,,.

}2=C 4. qеле*ц,  .!%м%“%м. q C%ƒ,ц,, ге…е2,-
че“*%г% =лг%!,2м= .2=C “еле*ц,,  "л е2“  %д…,м 
,ƒ …=,K%лее "=›…/.. o!%,“.%д,2 -%!м,!%"=…,е 
C=! .!%м%“%м дл  C%“лед3ю?ег% “*!е?,"=…, . 
dл  д%“2,›е…,  л3чшег% “%%2"е2“2",  !=ƒ!=K=-
2/"=ем%L м%дел, C!%це““=м " K,%л%г,че“*%L 
“,“2еме C!едл=г=е2“  %“3?е“2"л 2ь -%!м,!%"=-
…,е !%д,2ель“*%г% C3л= …= %“…%"е C!,ме…е…,  

ме2%д= !3ле2*, [3]. }2% …е C!%2,"%!еч,2 %“%Kе…-
…%“2 м м%…%C%л,“2,че“*%г% *%…*3!е…2…%г% "ƒ=,-
м%деL“2", , 2=* *=* "“е 3ч=“2…,*, !/…*= деL“2-
"3ю2 …еƒ=",“,м% , м%г32, “ 3ч‘2%м д,--е!е…ц,-
!%"=……%“2, 2%"=!%", !="…%"е!% 2…% %*=ƒ/"=2ь 
"л, …,е …= д!3г,. “3KAе*2%".

}2=C 5. o!,ме…е…,е ге…е2,че“*%г% %Cе!=2%!= “*!е-
?,"=…, . q целью C%"/ше…,  2%ч…%“2, C!едл=г=е2-
“  ,“C%льƒ%"=2ь м…%г%2%чеч…%е “*!е?,"=…,е:

"/C%л…,2ь ге…е!=ц,ю “л3ч=L…%г% ч,“л= 2%че* 
!=ƒ!/"= J ,ƒ д,=C=ƒ%…= [1, L#1], где L # ч,“л% 
ге… " .!%м%“%ме;

"/C%л…,2ь J ге…е!=ц,L 2%че* “*!е?,"=…,  zJ  
(3*=ƒ=……=  C!%цед3!= "/C%л… е2“  дл  *=›д%L 
C=!/ !%д,2ель“*%г% C3л=);

"/C%л… е2“  “*!е?,"=…,е.
dл  *=›д%L .!%м%“%м/-C%2%м*= !=““ч,2/-

"=е2“  …%"%е ƒ…=че…,е -3…*ц,, C!,“C%“%Kле……%-
“2, (5). 

}2=C 6. t%!м,!%"=…,е …%"%L C%C3л ц,,. q2=д,  
-%!м,!%"=…,  …%"%L C%C3л ц,,  "л е2“  ƒ="е!-
ш=ю?,м .2=C%м ,2е!=ц,, =лг%!,2м=. dл  !е=л,-
ƒ=ц,, ƒ=Cл=…,!%"=……%г% “C%“%K= %“2=…%"= =лг%-
!,2м= …= д=……%L “2=д,, C!едл=г=е2“  !е=л,ƒ%"=2ь 
"=!,=…2 е“2е“2"е……%г% %2K%!= C% м=*“,м3м3 
-3…*ц,, C!,“C%“%Kле……%“2,:

'' \ { } | min( ).CyC
k k

H h P P=

b !еƒ3ль2=2е C%C3л ц,  C%2%м*%" “%*!=?=е2“  
…= %д…3 &“=м3ю .3дш3ю[ .!%м%“%м3 , "/C%л-
… е2“  Cе!е.%д * C!%"е!*е 3“л%",  %“2=…%"*, =л-
г%!,2м=.

}2=C 7. b/K%! &…=,л3чшеL[ .!%м%“%м/. o!, 
д%“2,›е…,, 3“л%",  %“2=…%"*, ге…е2,че“*%г% =л-
г%!,2м= "/K%! &…=,л3чшеL[ .!%м%“%м/ C!едл=-
г=е2“  %“3?е“2"л 2ь C% м=*“,м=ль…%м3 ƒ…=че…,ю 
е‘ C!,“C%“%Kле……%“2,:

''
опт опт

{ } | max( ).CyC
k k

H h P P= =

d=……=  .!%м%“%м= C!ед“2="л е2 “%K%L "е*2%! 
…%!м=л,ƒ%"=……/. .=!=*2е!,“2,* 2%"=!=, %Kе“Cе-
ч,"=ю?,. *%…*3!е…2…/е C!е,м3?е“2"= C!едC!, -
2,ю “ 3ч‘2%м 2е*3?еL “,23=ц,, …= !/…*е м%…%-
C%л,“2,че“*%L *%…*3!е…ц,,. dл  Cе!е.%д= * =K-
“%лю2…/м ƒ…=че…, м м%г32 ,“C%льƒ%"=2ь“  %K-
!=2…/е "/!=›е…,  (3) ,л, (4), " !еƒ3ль2=2е чег% 
C%л3ч,м

опт { }.C Cy
kH h=  (6)

q .*%…%м,че“*%L 2%ч*, ƒ!е…,  "/!=›е…,е (6) 
C!ед“2="л е2 “%K%L "е*2%! ƒ…=че…,L C=!=ме2!%" 
2%"=!= (це…=, м=““=, !=ƒме! , 2. д.), %Kе“Cеч,"=ю-
?,. C!едC!, 2,ю C!е,м3?е“2"= C% “!="…е…,ю “ 
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*%…*3!е…2=м,. b=›…% %2ме2,2ь, ч2% Kл=г%д=!  
C!едл%›е……%м3 ме.=…,ƒм3 Cе!е…%“= &…еC=!…/.[ 
.!%м%“%м " …%"/е C%C3л ц,, 3ме…ьш=е2“  !,“* 
C%2е!, це……/. дл  =лг%!,2м= ƒ…=че…,L .=!=*2е-
!,“2,* 2%"=!=. 

d!3г,м ",д%м .=!=*2е!,“2,*, 2%"=!%"  "л ю2-
“  C%*=ƒ=2ел,, "/!=›е……/е *=че“2"е……%. o!,ме-
…,2ь дл  ,. %K!=K%2*, C!едл%›е……/L =лг%!,2м 
…ельƒ . dл  !еше…,  ƒ=д=ч, C%л3че…,  *=че“2-
"е……/. .=!=*2е!,“2,* *%…*3!е…2%“C%“%K…%г% 2%-
"=!= ег% …е%K.%д,м% д%C%л…,2ь.

nK%ƒ…=ч,м …еце…%"/е .=!=*2е!,“2,*, 2%"=!=

{ }, 1,  '',NCyNCH h y w= =

где w ' ' # %K?ее ч,“л% .=!=*2е!,“2,* 2%"=!=, ,мею-
?,. *=че“2"е……%е "/!=›е…,е; hNCy # y-  …еце…%"=  
.=!=*2е!,“2,*= 2%"=!=.

mеце…%"=  *%…*3!е…ц,   "л е2“  дл  м%…%C%-
л,“2,че“*%г% !/…*= 3…=“лед%"=……/м C!,ƒ…=*%м 
%2 м%…%C%л,L. o%д *=че“2"е……% %C!едел‘……%L "е-
л,ч,…%L “лед3е2 C%…,м=2ь C%*=ƒ= 2ель C!,"ле*=-
2ель…%“2, 2%"=!=, "/!=›е……/L %д…,м ,л, м…%›е-
“2"%м л,…г",“2,че“*,. *%…“2!3*ц,L (“л%"% ,л, 
“л%"%“%че2=…,е) е“2е“2"е……%г% ,л, ,“*3““2"е……%-
г%  ƒ/*=, C!,… 2%г% " 2%L ,л, ,…%L C!едме2…%L 
%Kл=“2,, …=C!,ме!, &l=!*= *%мC=…,, # ,ƒ"е“2-
…=[, &rд%K“2"% д%“2="*, 2%"=!= # “!ед…ее[ , 2. д.

aл=г%д=!  ,…-%!м,!%"=……%“2, 3ч=“2…,*%" 
!/…*= м%›…% ,ƒ *=че“2"е……/. .=!=*2е!,“2,* 
“-%!м,!%"=2ь м=2!,ц3 

'' ''
1 1 1

''
1

{{ } ,...,{ } ,...,

,...,{ } },

NC NCy w NCy w
y k y

NCy w
l y

H h h

h
= =

=

=

 (7)

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

“2,*, k-г% 2%"=!= …= !/…*е R.

g…=че…,  NCy
kh  " -%!м3ле (7) %C!едел ю2“  

.*“Cе!2…/м C32‘м …= %“…%"е !еƒ3ль2=2%" ,ƒ3че-
…,  !/…*= , %C!%“= ег% 3ч=“2…,*%". o% =…=л%г,, 
“ *%л,че“2"е……/м, .=!=*2е!,“2,*=м, K3дем C%-
л=г=2ь, ч2% «нет»NCy

k
h = , е“л, y-L C=!=ме2! 3 k-г% 

2%"=!= …= !/…*е R %2“32“2"3е2.
o!,ме…,2ель…% * "/!=›е…,ю (7) …е%K.%д,м% 

%C!едел,2ь 2=*%L "е*2%! .=!=*2е!,“2,*, *%2%!/L 
K/ %Kе“Cеч,"=л *%…*3!е…2…/е C!е,м3?е“2"= 
C!едC!, 2,ю. 

a=ƒ%"/е C!,…ц,C/ -%!м=л,ƒ=ц,, *=че“2"е…-
…/. .=!=*2е!,“2,* !=““м%2!е…/ " !=K%2=., C%-
“" ?‘……/. 2е%!,, …еч‘2*,. м…%›е“2" [4, 5] , 
2е%!,, C!,… 2,  !еше…,L [6, 7]. o!,ме…е…,е 
.2,. м%делеL C%ƒ"%л е2 Cе!еL2, %2 …=K%!= л,…-
г",“2,че“*,. *%…“2!3*ц,L * ч,“л%"%м3 C!ед“2="-
ле…,ю .=!=*2е!,“2,*. }2%2 Cе!е.%д %K ƒ=2еле…, 
2=* *=* !=ƒ…/е C=!=ме2!/ м%г32 ,ме2ь !=ƒл,ч-

…/L …=K%! 2е!м,…%", ,“C%льƒ3ем/. дл  ,. %C,-
“=…, . oе!е.%д * ч,“л%"%L -%!ме C%ƒ"%л е2 3…,-
-,ц,!%"=2ь C=!=ме2!/.

b !еƒ3ль2=2е м%›е2 K/2ь C%л3че…= м=2!,ц= 

H 
' 
NC, *%2%!3ю “лед3е2 !=““м=2!,"=2ь, *=* ,“.%д-

…3ю C%C3л ц,ю .!%м%“%м. o%“лед3ю?ее C!,ме-
…е…,е ге…е2,че“*%г% =лг%!,2м= C%ƒ"%л,2 C% д%“-
2,›е…,, 3“л%",  %“2=…%"*, C%л3ч,2ь "е*2%! %C-
2,м=ль…/. .=!=*2е!,“2,*

''
опт опт

{ } | max( ).NCyNC
k k

H h P P= =
 

(8)

nд…=*% " %2л,ч,е %2 "/!=›е…,  (7) .леме…2/ 
"е*2%!= (8) K3д32 C!ед“2="ле…/ " ч,“л%"%L -%!-
ме. dл  C%л…%г% ƒ="е!ше…,  ге…е2,че“*%г% =лг%-
!,2м= 2!еK3е2“  "/C%л…,2ь %K!=2…%е C!е%K!=ƒ%-
"=…,е * л,…г",“2,че“*,м *%…“2!3*ц, м, …=C!,-
ме!, …= %“…%"е ш*=л [4].

b !еƒ3ль2=2е C%л3ч,м

опт { }.NC NCy
kH h=  (9)

mеƒ=",“,м%е C!,ме…е…,е ге…е2,че“*%г% =лг%-
!,2м= * це…%"/м , …еце…%"/м C=!=ме2!=м 2%"=-
!%" !/…*= м%…%C%л,“2,че“*%L *%…*3!е…ц,, C%-
ƒ"%л,2 C%л3ч,2ь д"= "е*2%!= %C2,м=ль…/. .=!=*-
2е!,“2,* (6) , (9). pеƒ3ль2,!3ю?,L "е*2%! C!ед-
“2="л е2 ,. %KAед,…е…,е

опт опт опт;  .C NCH H H=  (10)

b=›…% %2ме2,2ь, ч2% "/!=›е…,е (10) -=*2,че-
“*,  "л е2“  м%делью ,де=ль…%г% 2%"=!= “ C%ƒ,-
ц,, C%2!еK,2ель“*,. (це…%"/. C , …еце…%"/. 
NC) .=!=*2е!,“2,*. }2, .=!=*2е!,“2,*, C%л3че-
…/ “ 3ч‘2%м *%…*3!е…2…%г% "ƒ=,м%деL“2", , …% 
Kеƒ 3ч‘2= C%2!еK…%“2еL “3KAе*2%" д!3г%г% “ег-
ме…2= !/…*=. kюK/е %2*л%…е…,  %2 д=……%г% .2=-
л%…= K3д32 C!,"%д,2ь * C%2е!е *%…*3!е…2%“C%-
“%K…%“2,.

dл  %C,“=…,  “%“2% …,  !/…%ч…%г% C!%це““= 
" 3“л%", . м%…%C%л,“2,че“*%L *%…*3!е…ц,, …е-
%K.%д,м% %C!едел,2ь …е 2%ль*% C=!=ме2!/ …=,-
K%лее *%…*3!е…2%“C%“%K…%г% 2%"=!= “ C%ƒ,ц,, 
ег% C!%,ƒ"%д,2елеL, …% , .=!=*2е!,“2,*, 2%г% 
2%"=!=, *%2%!/L  "л е2“  …=,K%лее %›,д=ем/м “ 
C%ƒ,ц,, ег% C%2!еK,2елеL, 2. е. …3›…% “-%!м,-
!%"=2ь

опт опт;  ,PR PTH H  (11)

где опт
PRH  # м…%›е“2"% %C2,м=ль…/. .=!=*2е!,“2,* 

*%…*3!е…2%“C%“%K…%г% 2%"=!=, C!%,ƒ"%д,м%г% …= 
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!/…*е; опт
PTH # м…%›е“2"% %C2,м=ль…/. .=!=*2е!,-

“2,* …=,K%лее %›,д=ем%г% C%2!еK,2ел м, 2%"=!=.

d%“2%,…“2"%м C!едл%›е……/. м%делеL  "л е2-
“  3…,"е!“=ль…%“2ь, 2. е. %…, м%г32 …еƒ=",“,м% 
,“C%льƒ%"=2ь“  дл  %C!еделе…,  *=* опт

PRH , 2=* , 

опт
PTH . o!, .2%м м=2!,ц/ (2) , (7) -%!м,!3ю2“  

…= %“…%"е ,…-%!м=ц,, % .=!=*2е!,“2,*=. C!%,ƒ-
"%д,м/. , …=,K%лее ›ел=ем/. C%2!еK,2ел м, 
2%"=!%". }2, д=……/е м%г32 K/2ь C%л3че…/ C32‘м 
%C!%“= 3ч=“2…,*%" !/…*=. o!,ме…е…,е 3*=ƒ=…-
…/. м%делеL C%ƒ"%л,2 %C!едел,2ь %K= C=!=ме2!= 
“%“2% …,  !/…*= (11). 

o!, -%!м,!%"=…,, м…%›е“2" .!%м%“%м (2) , 
(7) …е%K.%д,м%, ч2%K/ ,“.%д…%е м…%›е“2"% .=-
!=*2е!,“2,* 2%"=!=, "/C3“*=ем%г% C!%,ƒ"%д,2е-
л м,, , м…%›е“2"% .=!=*2е!,“2,* 2%"=!=, %›,-
д=ем%г% C%2!еK,2ел м,, “%"C=д=л, C% “%“2="3.

dл  %C!еделе…,  C=!=ме2!%" 2%"=!=, “%%2"е2-
“2"3ю?ег% C%2!еK…%“2 м "“е. 3ч=“2…,*%" !/…%ч-
…%г% C!%це““=, C!едл=г=е2“  C!,ме…,2ь 2%2 ›е 
ге…е2,че“*,L =лг%!,2м * "/!=›е…,ю (11).

b “,л3 2%г% ч2% ,“.%д…%е м…%›е“2"% .!%м%“%м 
C!ед“2="ле…% 2%ль*% %д…%L C=!%L, " *=че“2"е 3“-
л%",  %“2=…%"*, =лг%!,2м= “лед3е2 ,“C%льƒ%"=2ь

| | ,1 2P P− ≤ Δ

где ∆ # д%C3“2,м=  C%г!еш…%“2ь !=K%2/ =лг%!,2м=, 
%C!едел ем=  .*“Cе!2…/м C32‘м.

bел,ч,…= д%C3“2,м%L C%г!еш…%“2, %C!еде-
л е2“  ,“.%д  ,ƒ “лед3ю?,. “%%K!=›е…,L. o!, 
∆→0 "%ƒм%›…% &ƒ=",“=…,е[ =лг%!,2м= ,ƒ-ƒ= …е-
д%“2,›,м%“2, 2=*%L 2%ч…%“2,. b 3“л%", . д%C3“-
2,м%“2, K%льш%L C%г!еш…%“2, 3ме…ьш=е2“  “2е-
Cе…ь &“меш,"=…, [ ƒ…=че…,L !е=ль…/. , ›ел=е-
м/. C=!=ме2!%" 2%"=!=.

b !еƒ3ль2=2е C%л3ч,м

оптопт опт .;  PR PT RH H H→

o%л3че……/L "е*2%! RHопт K3де2 %C,“/"=2ь “%-
“2% …,е !/…*= " цел%м. j%мC%…е…2/ "е*2%!= K3-
д32 3ч,2/"=2ь …е 2%ль*% 3“л%",  м%…%C%л,“2,че-
“*%L *%…*3!е…ц,, "…32!, C!%,ƒ"%д“2"е……%г% 
,л, C%2!еK,2ель“*%г% “егме…2= !/…*=, …% , C%-
2!еK…%“2, "“е. 3ч=“2…,*%" !/…%ч…%г% C!%це““= " 
цел%м. 

g=*люче…,е. Š=*,м %K!=ƒ%м, !/…%* R (1) C!ед-
л=г=е2“  !=““м=2!,"=2ь *=* “%"%*3C…%“2ь …еCе!е-
“е*=ю?,.“  м…%›е“2" C%2!еK,2елеL {pti} , C!%-
,ƒ"%д,2елеL {prj} 2%"=!%", "ƒ=,м%деL“2"3ю?,. “ 
3ч‘2%м !ег3л,!3ю?еL -3…*ц,, г%“3д=!“2"= G, “ 
ƒ=д=……/м …= .2%L “%"%*3C…%“2, м…%›е“2"%м 
3…,*=ль…/. C!%,ƒ"%д,м/. (C%2!еKл ем/.) 2%"=-
!%" {tk} “ %C!едел‘……/м, це…%"/м, , …еце…%"/-
м, .=!=*2е!,“2,*=м, {hy

k}. 
Š%"=!/ !/…*= C!, м%…%C%л,“2,че“*%L *%…*3-

!е…ц,, .=!=*2е!,ƒ3ю2“  м…%›е“2"=м, це…%"/. 
, …еце…%"/. C%*=ƒ=2елеL. dл  %C!еделе…,  C=-
!=ме2!%" *%…*3!е…2%“C%“%K…%г% 2%"=!= C!едл%-
›е…% …еƒ=",“,м% C!,ме…,2ь ге…е2,че“*,L =лг%-
!,2м *% м…%›е“2"=м .2,. C%*=ƒ=2елеL “…=ч=л= " 
C!%,ƒ"%д“2"е……%м, = C%2%м " C%2!еK,2ель“*%м 
“егме…2е !/…*=. dл  …=.%›де…,  %C2,м=ль…/. 
.=!=*2е!,“2,* 2%"=!= !/…*= " цел%м =лг%!,2м 
C!,ме… е2“  * .=!=*2е!,“2,*=м д"3. “егме…2%" 
!/…*=.

b=›…/м C!е,м3?е“2"%м C!едл%›е……%г% C%д-
.%д=  "л е2“  C%“лед%"=2ель…%е C!,ме…е…,е %д-
…%г% , 2%г% ›е ге…е2,че“*%г% =лг%!,2м= …= !=ƒ-
…/. “2=д, . !еше…,  ƒ=д=ч,.

a,Kл,%г!=-,че“*,е ““/л*,

1. b=!C=.%"“*,L t.k., q%л%д%"…,*%" `.q. `лгеK!=. 
}леме…2/ 2е%!,, м…%›е“2". k,…еL…/е 3!="…е…,  , 
…е!="е…“2"=. l=2!,ц/ , %C!едел,2ел,. l.: 
o!%“"е?е…,е, 1981. 168 “.

2. k="!%" h.`., l=*“,м%"= k.k. g=д=ч, C% 2е%!,, 
м…%›е“2", м=2ем=2,че“*%L л%г,*е , 2е%!,, =лг%!,2-
м%". l.: m=3*=, 2006. 256 “.

3. p32*%"“*=  d., o,л,…ь“*,L l., p32*%"“*,L k. 
mеL!%……/е “е2,, ге…е2,че“*,е =лг%!,2м/ , …еч‘2*,е 
“,“2ем/: oе!. “ C%ль“*. h. d. p3д,…“*%г%. l.: c%! ч=  
л,…,  # Šеле*%м, 2007. 452 “.

4. j%-м=… `., u,л `л3.= u. b"еде…,е 2е%!,, …еч‘2-
*,. м…%›е“2" " 3C!="ле…,, C!едC!, 2, м,: oе!. “ 
,“C. l….: b/шеLш=  ш*%л=, 1992. 224 “.

5. g=де k.`. n“…%"/ …%"%г% C%д.%д= * =…=л,ƒ3 “л%›-
…/. “,“2ем , C!%це““%" C!,… 2,  !еше…,L. b *….: 
l=2ем=2,*= “ег%д… . l.: g…=…,е, 1974. q. 5#49

6. `Lƒе!м=… l.`., l=л,ше"“*,L `.b. mе*%2%!/е =“-
Cе*2/ %K?еL 2е%!,, "/K%!= л3чш,. "=!,=…2%". 
`"2%м=2,*= , 2елеме.=…,*=, 1982. q. 65#83.

7. aел е" k.q. pеше…,е “л%›…/. %C2,м,ƒ=ц,%……/. 
ƒ=д=ч " 3“л%", . …е%C!едел‘……%“2,. m%"%“,K,!“*: 
m=3*=, 1978. 128 “.
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nagnp oephndh)eqjni oe)`Šh

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

l%дел,!%"=…,е C!%це““= ,“C=!е…,  ›,д*%“2, “ 
C%"е!.…%“2, ="=!,L…%г% C!%л,"=. aеƒ%C=“…%“2ь 
›,ƒ…еде 2ель…%“2,. 2009. 1  6.

p=““м%2!е…= м=2ем=2,че“*=  м%дель ,“C=!е…,  
›,д*%“2, “ C%"е!.…%“2, ="=!,L…%г% C!%л,"=. 
o!%"еде…% ,““лед%"=…,е "л, …,  %K"=л%"=…,  
…= C!%це““ ,“C=!е…,  ›,д*%“2, …= C!,ме!е ме-
2=…%л= , ге*“=…=.

l%дел,!%"=…,е !=K%чег% C!%це““= *=!ье!…/. 
.*“*="=2%!%".  c%!…%е %K%!3д%"=…,е , .ле*2!%ме.=-
…,*=. 2009.  1 6.

p=““м%2!е… "%C!%“  C%"/ше…,   .--е*2,"…%-
“2, !=K%2/ *=!ье!…/. .*“*="=2%!%". p=ƒ!=K%2=…= 
м%дель дл  C!%"еде…,  ,““лед%"=…,L !=K%чег% 
C!%це““= *=!ье!…/. .*“*="=2%!%", C!едл%›е…= 
3C!%?‘……=  м%дель дл  “,“2ем/ 3C!="ле…, .  
b/C%л…е… =…=л,ƒ "л, …,  2!=е*2%!,L  д",›е…,  
*%"ш= …= 3“,л,  …=C%!= , C%дA‘м=, C%“2!%е…  
г!=-,* 2!еK3ем%L “*%!%“2, …=C%!…%г% ме.=…,ƒ-
м=. p=““м%2!е…/ д"= "=!,=…2= 2!=е*2%!,L *%C=-
…, : C% %*!3›…%“2, , C% C! м%L.

l,…,=2ю!…/L д=2ч,* д="ле…,  дл  м%…,2%!,…-
г= , д,=г…%“2,*, !=*е2…%-*%“м,че“*%L 2е.…,*, " 
3“л%", . ме.=…,че“*,.  , 2еCл%"/. "%ƒдеL“2",L. 
m=…%- , м,*!%“,“2ем…=  2е.…,*=. 2009. 1 6.

o%“2!%е…/ “" ƒ=……/е м=2ем=2,че“*,е м%дел,  
…е“2=ц,%…=!…/. 2еCл%"/. C!%це““%", 2е!м%3C!3-
г%г% …=C! ›‘……%-де-%!м,!%"=……%г% “%“2% …,    
, C!%ч…%“2, м,…,=2ю!…%г%  д=2ч,*= д="ле…, , 
C!,ме… ем%г% дл  м%…,2%!,…г= , д,=г…%“2,*, 
“%“2% …,  !=*е2…%-*%“м,че“*%L 2е.…,*, , -3…*-
ц,%…,!3ю?ег% " 3“л%", . ме.=…,че“*,. , 2еCл%-
"/. 3д=!%". pеше…/ ƒ=д=ч, !=“ч‘2= , =…=л,ƒ= …е-
“2=ц,%…=!…/. 2емCе!=23!…/. C%леL д=2ч,*= , 
ег% 2е!м%3C!3г%г% …=C! ›‘……%-де-%!м,!%"=…-
…%г% “%“2% …, . o%л3че…/ %це…*, C!%ч…%“2, 
д=2ч,*= C!, ме.=…,че“*,. , 2еCл%"/. "%ƒдеL“2-
", .. o!%"еде…/ *%мCью2е!…/е .*“Cе!,ме…2/, 
C%д2"е!›д=ю?,е =де*"=2…%“2ь , !=K%2%“C%“%K-
…%“2ь м=2ем=2,че“*%г%, =лг%!,2м,че“*%г% , C!%-
г!=мм…%г% %Kе“Cече…, , C%л3че…/  *%л,че“2"е…-
…/е %це…*, , "/!=K%2=…/ !е*%ме…д=ц,, C% 
%Kе“Cече…,ю .--е*2,"…%г% -3…*ц,%…,!%"=…,  
м,…,=2ю!…%г% д=2ч,*= д="ле…, .

o!%Kлем/ г!3CC%"%г% 3C!="ле…,  !%K%2=м,. 
lе.=2!%…,*=, ="2%м=2,ƒ=ц, , 3C!="ле…,е. 2009. 
1 6.

p=““м%2!е…/ C!%Kлем/ г!3CC%"%г% 3C!="ле…,  
!%K%2=м, " !=ƒл,ч…/. 3“л%", ., " 2%м  ч,“ле  C!, 

-3…*ц,%…,!%"=…,, г!3CC !%K%2%" " 3“л%", . д,-
…=м,че“*, ,ƒме… ю?,.“ , …еде2е!м,…,!%"=…-
…/. “,23=ц,L. d=…= -%!м=ль…=  C%“2=…%"*= ƒ=-
д=ч, г!3CC%"%г% 3C!="ле…,  !%K%2=м,. dл  !е-
ше…,  д=……%L ƒ=д=ч, C!едл%›е… ме2%д *%лле*-
2,"…%г% 3C!="ле…, , “32ь *%2%!%г% ƒ=*люч=е2“  " 
2%м, ч2% *=›д/L !%K%2 г!3CC/ “=м%“2% 2ель…% 
%C!едел е2 “"%, %че!ед…/е деL“2", , …=C!="ле…-
…/е …= д%“2,›е…,е *%лле*2,"…%L цел, …=,л3ч-
ш,м " 2е*3?еL “,23=ц,, %K!=ƒ%м. b %“…%"3 C!ед-
л=г=ем%г% C%д.%д= C%л%›е…/ C!,…ц,C/ *%лле*-
2,"…%г% "ƒ=,м%деL“2", , ,“C%льƒ3ем/е *%лле*-
2,"=м, людеL, "/C%л… ю?,. %K?3ю !=K%23 Kеƒ 
!3*%"%д,2ел  ,л, *%м=…д,!=.

`"2%м=2,ƒ,!%"=……=  “,“2ем= дл  м%дел,!%"=…,  
г=ƒ%"/. C%2%*%" ме2%д%м ле…2%ч…/. =д=C2,"…/. 
“е2%*. h…-%!м=ц,%……/е 2е.…%л%г,,. 2009. 1 6.

o!едл%›е… ме2%д C%“2!%е…,  ="2%м=2,ƒ,!%-
"=……%L “,“2ем/ дл  м%дел,!%"=…,  2ече…,L 
м…%г%ме!…/. …е“2=ц,%…=!…/. г=ƒ%"/. C%2%*%" " 
%Kл=“2 . “л%›…%L -%!м/. lе2%д %“…%"=… …= ,“-
C%льƒ%"=…,, =д=C2,"…/. !ег3л !…/. “е2%*. b *=-
че“2"е C!,ме!= C!ед“2="ле…/ !еƒ3ль2=2/ м%дел,-
!%"=…,  г=ƒ%"/. C%2%*%" " *=…=л=. "%ƒд3.%ƒ=K%!-
…,*%" “"е!.ƒ"3*%"/. ле2=2ель…/. =CC=!=2%".

nC2,м,ƒ=ц,  !=“C,“=…,L C=!=ллель…%-C%“лед%-
"=2ель…/. “,“2ем " *=ле…д=!…%м Cл=…,!%"=…,,. 
h…-%!м=ц,%……/е 2е.…%л%г,,.  2009. 1 6.

o!едл%›е…/ м%дел, , =лг%!,2м “,…2еƒ= %C2,-
м=ль…/. !=“C,“=…,L C=!=ллель…%-C%“лед%"=2ель-
…/. %K“л3›,"=ю?,. “,“2ем. o!ед“2="ле……/е 
м%дел, “,…2еƒ= !=“C,“=…,L C!,…=дле›=2 * *л=“-
“3 л,…еL…/. ƒ=д=ч %C2,м,ƒ=ц,, “ K3ле"/м, Cе-
!еме……/м, л,K% !ед3ц,!3ю2“  " …ег%, %!,е…2,-
!%"=…/  …= C!=*2,че“*%е C!,ме…е…,е  " *=ле…-
д=!…%м Cл=…,!%"=…,, , %Cе!=2,"…%м !ег3л,!%-
"=…,, C!%,ƒ"%д“2"е……/. C!%це““%" “ д,“*!е2…/м 
.=!=*2е!%м.

o!,ме…е…,е ",.!е"/. *=",2=ц,%……/. ге…е!=2%-
!%" "%л… дл  %ч,“2*, C!,ƒ=K%L…/. ƒ%… “*"=›,…. 
h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 2009. 1 6.

}*“Cе!,ме…2=ль…% д%*=ƒ=…= .--е*2,"…%“2ь 
"%л…%"%г% "%ƒдеL“2",  …= C%!,“2/е “!ед/, …=“/-
?е……/е ›,д*%“2ью. nC,“=… .--е*2 “%ƒд=…,  
%д…%…=C!="ле……/. д",›е…,L ›,д*%“2, , "*лю-
че…,L " C%!,“2%L “!еде “ C%м%?ью "%л…%"%г% 
"%ƒдеL“2", . b C!,*л=д…%м * …е-2ед%K/че =“-
Cе*2е .2% %ƒ…=ч=е2, ч2% "%л…%"=  %K!=K%2*= .--
-е*2,"…% %ч,?=е2 C!,ƒ=K%L…3ю ƒ%…3  Cл=“2=  %2 
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ƒ=г! ƒ…е…,L , "%““2=…="л,"=е2 C!%…,ц=ем%“2ь 
C%!%д/, %*=ƒ/"=е2 "л, …,е …= ƒ…=ч,2ель…/е 3ч=-
“2*, Cл=“2=, C%ƒ"%л е2 3л3чш,2ь .=!=*2е!,“2,*, 
…е 2%ль*% %K!=K=2/"=ем%L “*"=›,…/, …% , “%“ед-
…,. “ …еL “*"=›,…. 

o!,"еде…/ !еƒ3ль2=2/ !=“ч‘2%" 2!‘.ме!…/. 
%“е“,мме2!,ч…/. 23!K3ле…2…/. ƒ=*!3че……/. C%-
2%*%" “ *=",2=ц,еL " %“е“,мме2!,ч…/.   *=…=л=. 
“ !=ƒл,ч…%L ге%ме2!,еL. Š=*,е !=“ч‘2/  м%г32 
,“C%льƒ%"=2ь“  дл  %C2,м,ƒ=ц,, ",.!е"/. *=",-
2=ц,%……/. ге…е!=2%!%" "%л…, ,“C%льƒ3ем/. дл  
"%л…%"/. %K!=K%2%*.

nC2,м,ƒ=ц,  *%…“2!3*2,"…/. C=!=ме2!%"  ="-
2%м%K,л  “ ,“C%льƒ%"=…,ем *%мCью2е!…%г% м%де-
л,!%"=…, . c!3ƒ%",*, “2!%,2ель…%-д%!%›…/е м=-
ш,…/, ="2%K3“, 2!%ллеLK3“, 2!=м"=L. 2009. 1 6.

q=м/м, Cе!“Cе*2,"…/м, …=C!="ле…, м, !е-
ше…,  C!=*2,че“*,. ƒ=д=ч C!%е*2,!%"=…,  , д%-
"%д*, ="2%м%K,ль…%L 2е.…,*,   %*=ƒ=л,“ь  ,…-
2е…“,"…% !=ƒ","=ем/е "ме“2е “ !%“2%м  2е.…,че-
“*,. .=!=*2е!,“2,* "/ч,“л,2ель…%L 2е.…,*, ме-
2%д/ м=2ем=2,че“*%г% м%дел,!%"=…,  C!%це““= 
д",›е…,  `Šq C!, !=ƒл,ч…/. …=г!3ƒ*=. , *л,-
м=2,че“*,. 3“л%", .. 

p=““*=ƒ=…% % "%ƒм%›…%“2 . %д…%L ,ƒ 2=*,. 
C!%г!=мм , C!,"еде…% “!="…е…,е !еƒ3ль2=2%"  
!=“ч‘2%" " д=……%L C!%г!=мме “ !еƒ3ль2=2=м, д%-
!%›…/. ,“C/2=…,L.

qемеL“2"% м…%г%C!%це““%!…/. "/ч,“л,2ель…/.  
“,“2ем “ д,…=м,че“*, Cе!е“2!=,"=ем%L =!.,2е*23-
!%L. bе“2…,* *%мCью2е!…/. , ,…-%!м=ц,%……/. 
2е.…%л%г,L. 2009. 1 6.

o!,"еде…/ C!,…ц,C/ C%“2!%е…,  , %C,“=…,е 
“емеL“2"= м…%г%C!%це““%!…/. "/ч,“л,2ель…/. 
“,“2ем “ д,…=м,че“*, Cе!е“2!=,"=ем%L =!.,2е*-
23!%L …= %“…%"е !е*%…-,г3!,!3ем%L .леме…2…%L 
K=ƒ/ C!%,ƒ"%д,2ель…%“2ью д% 6 Š-л%C“, “%ƒд=-
"=ем/. " !=м*=. tеде!=ль…%L целе"%L C!%г!=м-
м/ &h““лед%"=…,  , !=ƒ!=K%2*= C% C!,%!,2е2…/м 
…=C!="ле…, м !=ƒ",2,  …=3ч…%-2е.…%л%г,че“*%г% 
*%мCле*“= p%““,, …= 2007#2012 г%д/[. b *=че“2"е 
%“…%"…%г% "/ч,“л,2ель…%г% .леме…2= " …,. ,“-
C%льƒ%"=…/ …е 3…,"е!“=ль…/е  м,*!%C!%це““%!/, 
= C!%г!=мм,!3ем/е л%г,че“*,е ,…2ег!=ль…/е 
“.ем/ “"е!.K%льш%L ,…2ег!=ц,,. b“е C!ед“2=",-
2ел, “емеL“2"= C!ед…=ƒ…=че…/ дл  !еше…,  "/-
ч,“л,2ель…% 2!3д%‘м*,. ƒ=д=ч " !=ƒл,ч…/. C!ед-
ме2…/. %Kл=“2 . , %Kе“Cеч,"=ю2 !е=ль…3ю C!%,ƒ-
"%д,2ель…%“2ь …е …,›е 50 % %2 C,*%"%L.

l%дел,!%"=…,е C!%це““%"  "…еш…ег% 2!е…,  " 
C%“23C=2ель…/. *,…ем=2,че“*,. C=!=.. Š!е…,е  , 
“м=ƒ*= " м=ш,…=. , ме.=…,ƒм=.. 2009. 1 6.

m= %“…%"=…,, =…=л,ƒ= м%делеL 2!,K%л%г,че-
“*,. “,“2ем , -,ƒ,че“*,. м%делеL C=! 2!е…,  
!=ƒ!=K%2=… ме2%д  ме.=…,че“*%г% м%дел,!%"=…,  
C!%це““%" "…еш…ег% 2!е…,  " C%“23C=2ель…/. 
*,…ем=2,че“*,. C=!=. C!, !=ƒл,ч…/. “C%“%K=. 
Cе!ед=ч,  ме.=…,че“*%L .…е!г,, %2 "ед3?ег% 2ел= 

* "ед%м%м3. o!, !=ƒ!=K%2*е ме.=…,че“*,. м%де-
леL ,“C%льƒ%"=… ме2%д ,…"е!“,,, *%2%!/L C%ƒ"%-
л,л ƒ=ме…,2ь  деL“2",е д,““,C=2,"…/. “,л " C=!е 
2!е…,  C%2е…ц,=ль…/м, “,л=м, " ме.=…,че“*%L 
м%дел, C=!/ 2!е…, . `…=л,ƒ ме.=…,че“*,. м%де-
леL C%ƒ"%л е2 %це…,2ь !=“.%д м%?…%“2, "…еш…е-
г% (-,.) ,“2%ч…,*=(-%") ме.=…,че“*%L .…е!г,, …= 
*%…2=*2…/. C%"е!.…%“2 . 2ел C=!/ 2!е…,  " C!%-
це““е е‘ д,““,C=ц,,. 

o=““,"…%-=*2,"…%е %2…%“,2ель…%е %!,е…2,!%-
"=…,е " 3“л%", . ="2%м=2,че“*%L “K%!*,. qK%!*= " 
м=ш,…%“2!%е…,,, C!,K%!%“2!%е…,,. 2009. 1 6.

o!ед“2="ле…% ="2%м=2,че“*%е %K%!3д%"=…,е 
дл  “K%!*, ц,л,…д!,че“*,. “%ед,…е…,L де2=леL 
“ ƒ=ƒ%!%м, "*люч=ю?ее 3“2!%L“2"= дл  C=““,"-
…%-=*2,"…%г% %2…%“,2ель…%г% %!,е…2,!%"=…, . 
r“2=…%"ле…= ƒ=",“,м%“2ь дл  %C!еделе…,  м=*-
“,м=ль…% д%C3“2,м%L *%…2=*2…%L “,л/, деL“2-
"3ю?еL C% …=C!="ле…,ю %“, “K%!*,, *%2%!3ю 
м%›…% ,“C%льƒ%"=2ь дл  3C!="ле…,  C!%це““%м. 
o!%"еде…/ .*“Cе!,ме…2/, C%*=ƒ/"=ю?,е “,л%-
"%е  "ƒ=,м%деL“2",е де2=леL " C!%це““е “K%!*,.

`"2%м=2,ƒ=ц,  !=“ч‘2= ,ƒ…%“= ш=23……%L шеL*, 
*%ле…ч=2%г% "=л= че2/!‘.2=*2…%г% ! д…%г% д",г=-
2ел . bе“2…,* м=ш,…%“2!%е…, .  2009. 1 6.

o!ед“2="ле…=  ме2%д,*= ="2%м=2,ƒ,!%"=……%г% 
!=“ч‘2= ,ƒ…%“= ш=23……%L шеL*, *%ле…ч=2%г% "=л= 
“ ,“C%льƒ%"=…,ем C!%г!=мм…%г% %Kе“Cече…,  
Mathcad. n“%Kе……%“2ью ме2%д,*,  "л е2“  2%, ч2%  
!=“ч‘2…/е ƒ=",“,м%“2,  ƒ=C,“/"=ю2“  " !=K%чем 
C%ле Mathcad " ",де %Cе!=2%!%", Kл,ƒ*,. * %K?е-
C!,… 2/м м=2ем=2,че“*,м "/!=›е…, м ,  "л ю-
?,.“  " 2% ›е "!ем  "/ч,“л,2ель…%L C!%г!=мм%L. 
m= люK%м .2=Cе  C!%е*2,!%"=…,  м%›…% ,ƒме…,2ь 
C=!=ме2!/, C%л3ч,2ь …%"/е !еƒ3ль2=2/, C!%=…=л,-
ƒ,!%"=2ь ,.  , "/K!=2ь  %C2,м=ль…%е !еше…,е.

p=ƒ",2,е ="2%м=2,ƒ,!%"=……/. “!ед“2" .ле*2!%-
м=г…,2…%L де-е*2%“*%C,, дл  C%2%ч…%г% *%…2!%л  
м=““%"%L ме2=лл%C!%д3*ц,,. j%…2!%ль. d,=г…%“-
2,*=. 2009. 1 6.

p=““м%2!е…/ "%C!%“/ !=ƒ",2,  ="2%м=2,ƒ,!%-
"=……/. ",.!е2%*%"/. де-е*2%“*%C%" дл  *%…2!%-
л  2!3K, C!%*=2= , C!%"%л%*, " 3“л%", . ,. 
C!%,ƒ"%д“2"=. o!,"еде…/ .=!=*2е!,“2,*, .2%L 
2е.…,*,: %Kл=“2ь C!,ме…е…, , %“…%"…/е д%“2%-
,…“2"= , …ед%“2=2*,  де-е*2%“*%C%". hƒл%›е…/ 
!=ƒ",2/е " C%“лед…,е г%д/ ме2%д/, …=C!="ле…-
…/е …= 3“2!=…е…,е …ед%“2=2*%" .2,. C!,K%!%":  
д"= ме2%д= C%"/ше…,  “%%2…%ше…,  “,г…=л/ш3м 
“ ,“C%льƒ%"=…,ем ме2=лл,че“*,. .*!=…%" “Cе-
ц,=ль…%L -%!м/ , д%C%л…,2ель…%г% ш3м%C%д="-
л ю?ег% *=…=л=, ме2%д C%"/ше…,  ч3"“2",2ель-
…%“2, * C!%д%ль…/м де-е*2=м “ Cл="…/м, ƒ=.%д-
…/м, ƒ%…=м,, ме2%д C%д="ле…,  ,мC3ль“…/. 
C%ме. “ Kл,ƒ*,м * ,…-%!м=2,"…/м “,г…=л=м 
“Cе*2!%м. o!,"еде…/ 2е.…,че“*,е .=!=*2е!,“2,-
*, C!%м/шле……%г% де-е*2%“*%C= bd-41o, " *%-
2%!%м %C,“=……/е ме2%д/ !е=л,ƒ%"=…/.
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