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o!ед“2="ле…% =…=л,2,че“*%е %C,“=…,е д",›е…,  ›,д*%“2, " г,д!="л,че“*%L “,“2еме, " 
*%2%!%L деL“2"3ю2 д%C%л…,2ель…/е це…2!%Kе›…/е “,л/ ,…е!ц,,. p=ƒл%›е…,е ге%ме2!,, 
д",›е…,  " м…%г%ме!…%м C!%“2!=…“2"е “%%2"е2“2"3е2 “3мме %2дель…/. г=!м%…,*, Cе!,%-
д,че“*,. -3…*ц,L.

jлюче"/е “л%"=: це…2!%Kе›…/L !ег3л 2%!, C=!=K%л%,д "!=?е…, , *%!!е*2,!3ю?=  ›,д*%“2ь, 
C!%“2!=…“2"е……=  ге%ме2!, , .*","=ле…2…=  “.ем= д",›е…, , -=ƒ%"/е C!е"!=?е…, , г,д!="л,-
че“*,е “,“2ем/.

Analytical description of the liquid movement in the hydraulic system with additional centrifugal 
inertia forces is introduced. Movement geometry decomposition in the multidimentional space 
corresponds to sum of periodical functions separate harmonics.

Key words: centrifugal regulator, paraboloid of revolution, correction liquid, space geometry, equivalent 
movement scheme, phase transformation, hydraulic systems.

p=““м%2!,м м%дел,!%"=…,е д",›е…,  ›,д*%-
“2, " г,д!="л,че“*%L “,“2еме, " *%2%!%L деL“2-
"3ю2 д%C%л…,2ель…/е це…2!%Kе›…/е “,л/ ,…е!-
ц,,, = 2=*›е "%ƒ…,*=ю2 д!3г,е ƒ%…/ ,“2ече…,  
›,д*%“2, C%д …=C%!%м, %C,“/"=ем/е *л=““,че“-
*,м, ме2%д=м, “ C%м%?ью  д,--е!е…ц,=ль…/. 
3!="…е…,L, -%!м3л,!%"*, г!=…,ч…/. 3“л%",L, 
C!,Kл,›‘……/. =…=л,2,че“*,. , ч,“ле……/. !=“-
ч‘2%". nд…=*% .2, ме2%д/ …е C%ƒ"%л ю2 C%л3-
ч,2ь !еƒ3ль2=2/, “%%2"е2“2"3ю?,е !е=ль…% …=-
Kлюд=ем%м3 д",›е…,ю, , C% .=!=*2е!3, “%"C=-
д=ю?ем3 “ д!3г,м, C!%це““=м,, 2. е. "%ƒ…,*=е2 
…е*%2%!%е …е“%%2"е2“2",е =…=л,2,че“*%г% !=“ч‘-
2= “ %›,д=ем/м. 

hƒ"е“2…/ 3“2!%L“2"= (це…2!,-3г,, “еC=!=2%!/, 
%2›,м…/е .*“2!=*2%!/, “2,!=ль…/е м=ш,…/, ="-
2%K=л=…“,!3ю?,е 3“2!%L“2"= шл,-%"=ль…/. м=-
ш,…, д!%K,л%*, CD, DVD-C!,"%д%"), " *%2%!/. 
,“C%льƒ3е2“  це…2!%Kе›…%е C%ле ›,д*%“2, , !ег3-
л,!%"=…,е *%2%!/. 3л3чш=е2 2е.…,че“*,е .=!=*-
2е!,“2,*, 3“2!%L“2", *=че“2"% ,. !ег3л,!%"=…,  , 
C%2!еK,2ель“*,е “"%L“2"=. 

d%*=ƒ=…% "%ƒ…,*…%"е…,е C=!=K%л%,д= "!=?е…,  
…= %“…%"е !еше…,  д,--е!е…ц,=ль…%г% 3!="…е…,  
д",›е…,  }Lле!=, 3ч,2/"=ю?ег% …=C%! , д="ле…,е 
" 2!3K%C!%"%де, = 2=*›е "%ƒ…,*…%"е…,е це…2!%Kе›-
…/. “,л ,…е!ц,,, C!,л%›е……/. * ч=“2,ц=м ›,д-
*%“2, (j=ле*,… `.`. n“…%"/ г,д!="л,*, , 2е.…,-
че“*%L г,д!%ме.=…,*,. l.: l,!, 2008. 280 “.).

p=““м%2!,м м%дел,!%"=…,е *%леK=…,L C=!=K%-
л%,д= "!=?=ю?еL“  ›,д*%“2, " “,“2еме “ *%!-
!е*2,!3ю?еL ›,д*%“2ью, *%2%!/е …=.%д 2“  " 
%д…%м …е3!="…%"еше……%м !еƒе!"3=!е. a3дем 3ч,-
2/"=2ь Cе!ед=ч3 ,мC3ль“= д",›3?еL“  ›,д*%“2, 
%2 д!3г,. “л%‘" ›,д*%“2,, “%“ед…,. ч=“2,ц ›,д-
*%“2,, “2е…%* ц,л,…д!,че“*%г% K=!=K=…=. Š=*›е 
…е%K.%д,м% 3ч,2/"=2ь “%C!%2,"ле…,е “!ед/ 
(›,д*%“2,).

m= !,“. 1 C%*=ƒ=…% C!%“2!=…“2"е……%е ,ƒме…е…,е 
C=!=K%л%,д= " д"3. Cл%“*%“2 . z0x , z0y , "%ƒ…,*-
…%"е…,е 3гл%" α , β. q%%2"е2“2"е……%, 2= ч=“2ь ›,д-
*%“2,, *%2%!=  …е ".%д,2 " “%“2=" C=!=K%л%,д=, 
 "л е2“  д!3г%L C%"е!.…%“2ью, %K!=ƒ%"=……%L л,-
…, м, 2%*= ›,д*%“2, (*=“=2ель…/м, * "е*2%!=м 
ме“2…/. “*%!%“2еL !=ƒ…/. ч=“2,ц ›,д*%“2, " д=…-
…/L м%ме…2 "!еме…, t ). nK!=ƒ3е2“  м=““,"…=  
“2!3  %K2е*=…,  C%д",›…%г% C=!=K%л%,д= "!=?е-
…, , C%“2% ……% ме… ю?ег% “"%ю %!,е…2=ц,ю " 
C!%“2!=…“2"е. }2= “2!3  …еC!е!/"…% %K2е*=е2 C%д-
",›…/L C=!=K%л%,д, -=*2,че“*, “меш,"= “ь. 
)=“2,ц/ ›,д*%“2, л,K% %“2=ю2“  " “2!3е ,“2ече-
…,  ,ƒ !еƒе!"3=!=, л,K% " C=!=K%л%,де "!=?е…, . 
q%%2"е2“2"е……% ,ƒме… ю2“  “*%!%“2ь , 3“*%!е…,е 
ч=“2,ц. Š=*,м %K!=ƒ%м, %д…%"!еме……% “3?е“2"3ю2 
д"= ",д= д",›е…,  ›,д*%“2, " це…2!%Kе›…%м !е-
г3л 2%!е, *%2%!%е м%›…% ,де…2,-,ц,!%"=2ь ге%-
ме2!,че“*, " ",де %2дель…/. ƒ%…, ,мею?,. !=ƒ-
…/L %KA‘м V 1 , V 2. o!,ч‘м .2, ƒ%…/ C%“2% ……% 
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,ƒме… ю2 %!,е…2=ц,ю " C!%“2!=…“2"е, Cе!еме?=-
ю2“  %2…%“,2ель…% д!3г д!3г= , "ƒ=,м%“" ƒ=…/.

p=““м%2!,м це…2!%Kе›…/L !ег3л 2%!, *%2%!/L 
C%“2% ……% !=K%2=е2 " !е›,м=. !=ƒг%…= , 2%!м%›е-
…,  " 3“л%", . “2=2,че“*%L …е3!="…%"еше……%“2, 
!%2%!= (д,“K=л=…“…/L г!3ƒ !=ƒме?=е2“  …= %д…%м 
3!%"…е “ це…2!%м 2 ›е“2, !ег3л 2%!=).

q-%!м3л,!3ем д%C3?е…,  C!, "/K%!е !=“ч‘2-
…%L “.ем/:

*%!C3“ це…2!%Kе›…%г% !ег3л 2%!= …еC%д",›е…;
C!, !=““м%2!е…,, …е“2=ц,%…=!…/. C!%це““%" 

K3дем “ч,2=2ь, ч2% “*%!%“2ь "!=?е…,  ›,д*%“2, 
C%“ле ƒ="е!ше…,  !=ƒг%…= 3ме…ьш=е2“  C%д деL“2-
",ем 2%!м%›е…,  C!,"%д=;
д,“K=л=…“ "!=?=ю?еL“  ч=“2, …е “ч,2=ем C%-

“2% ……/м, …= “2=д,, !=ƒг%…= д,“K=л=…“…=  м=““= 
›‘“2*% ƒ=*!еCле…= …= “2е…*е K=!=K=…= , C!, "!=-
?е…,, "%ƒдеL“2"3е2 …= …е‘ C%д "л, …,ем “,л 
,…е!ц,,;
л,…,  деL“2",  це…2!%Kе›…%L “,л/ ,…е!ц,,, 

C!,л%›е……%L * д,“K=л=…“…/L м=““е, ле›,2 …= 
3!%"…е це…2!= 2 ›е“2, C%д",›…%L ч=“2, !ег3л -
2%!=;

›,д*%“2ь "…32!, !ег3л 2%!= Cе!еме?=е2“  C%д 
д="ле…,ем, “%ƒд="=ем/м " г,д!="л,че“*%L “,“2е-
ме. o!, "!=?е…,, ›,д*%“2, %2“32“2"3ю2 %г!=…,-
че…,  , C!еC 2“2",  "…32!, K=!=K=…= це…2!%Kе›-
…%г% !ег3л 2%!=;

Cе!,%д *%леK=…,L C=!=K%л%,д%" "!=?е…,  C%д 
деL“2",ем д,…=м,че“*,. …=г!3ƒ%* “ч,2=ем …е,ƒ-
ме……/м, 2=* *=* "/“%2= !=ƒме?е…,  д,“K=л=…“-
…%L м=““/ , "/“%2= C!,л%›е…,  це…2!%Kе›…%L 
“,л/ ,…е!ц,, …е ,ƒме… ю2“ ;

“!ед= ,ƒ%2!%C…=, 2. е. %Kл=д=е2 %д,…=*%"/м, 
,ƒ%2!%C…/м, “"%L“2"=м, " !=ƒ…/. …=C!="ле…, .;

,““лед%"=…,  C!%"%д 2“  …= %2!еƒ*е "!еме…, 
0 – t2 (Cе!,%д !=ƒг%…= …е3!="…%"еше……%г% !%2%!=);

!%2%! "!=?=е2“  %2 .ле*2!%д",г=2ел  “,….!%…-
…%г% 2,C= “ !ег3л,!%"=…,ем ч=“2%2/ "!=?е…, , 
C!,"%д ›‘“2*% ƒ=*!еCл‘… …= *%!C3“е це…2!%Kе›-
…%г% !ег3л 2%!=;
це…2! 2 ›е“2, "…32!е……еL C%д",›…%L ч=“2, ле-

›,2 …= "е!2,*=ль…%L %“, ,…е!ц,, …е3!="…%"е-
ше……%г% !%2%!=;
це…2! м=““ ч=“2,ц ›,д*%“2, %C!едел е2 C%л%-

›е…,е C=!=K%л%,д= "!=?е…, ;
›,д*%“2ь …= .2=Cе !=ƒг%…= д",›е2“  C%д деL“2-

",ем ›,д*%“2…%г% 2!е…,  “% “2%!%…/ “%“ед…,. 
“л%е" ›,д*%“2,, *%2%!/е, " “"%ю %че!едь, =*2,",-
!3ю2“  ƒ= “ч‘2 м%ме…2= “,л/ 2!е…,  “% “2%!%…/ 
“2е…%* ц,л,…д!,че“*%г% K=!=K=…= , д…=;

" *%льце"%м ›‘л%Kе …= .2=Cе !=ƒг%…= !%2%!= 
C!,“32“2"3е2 2!е…,е, *%.--,ц,е…2 ›,д*%“2…%г% 
2!е…,  ƒ=",“,2 %2 “*%!%“2, д",›е…, ;

“%C!%2,"ле…,е “!ед/, "%ƒ…,*=ю?ее C!, д",›е-
…,,, 3ч,2/"=е2“ .

b/Kе!ем .*","=ле…2…3ю “.ем3 д",›е…, , “ *%-
2%!%L K3дем “!="…,"=2ь -=ƒ/ д",›е…,  ›,д*%“2, 
" це…2!%Kе›…%м !ег3л 2%!е. o!ед“2=",м C%“23C=-
2ель…%е д",›е…,е м=““,"…%г% .*","=ле…2…%г% C=-
!=K%л%,д=, *=* "!=?=ю?еL“  ›,д*%“2,, %2…%“,-
2ель…% "е!2,*=ль…%L %“,. }*","=ле…2…/L C=!=K%-
л%,д “%"е!ш=е2 “л%›…%е C%“23C=2ель…%е д",›е…,е 
C%д деL“2",ем “,л/ 2 ›е“2, , це…2!%Kе›…/. “,л 
,…е!ц,,, C!,л%›е……/. * …е3!="…%"еше……/м , 
*%!!е*2,!3ю?,м м=““=м ›,д*%“2,. Š=* ›е деL“2-
"3ю2 “,л/ “%C!%2,"ле…,  “!ед/ , м%ме…2 “,л 
›,д*%“2…%г% 2!е…, .

o!ед“2="ле……/L …= !,“. 2 м=““,"…/L C=!=K%-
л%,д %Kл=д=е2 ме…ьш,м %KA‘м%м ›,д*%“2,, чем 
!=““ч,2=……/L C=!=K%л%,д "!=?е…, , …=.%д ?,L-
“  " г,д!%“2=2,че“*%м !="…%"е“,, [1].

r!="…е…,е д=……%г% C=!=K%л%,д= ƒ=C,ше2“  " 
",де

2 2

1 2
rz c
g

= + ω
,

где “1 # *%…“2=…2=, %C!едел ю?=  “емеL“2"% C=!=-
K%л%,д%".

o=!=K%л%,д “%"е!ш=е2 C%“23C=2ель…/е д",›е-
…,  " C!%“2!=…“2"е, %C,“/"=ем%м 3гл=м, α , β 
(…=*л%…= C%д"е“*, " Cл%“*%“2 . z0x , z0y), …% 
" %2л,ч,е %2 C=!=K%л%,д=, C!ед“2="ле……%г% …= 
!,“. 1, %“ь ег% "!=?е…,  …е ,ƒме… е2“ . }*","=-
ле…2…/L C=!=K%л%,д ,мее2 23 ›е м=““3, ч2% , 2е%-
!е2,че“*,L. o%.2%м3 Cл%2…%“2ь ег% ›,д*%“2, C!е-
"/ш=е2 Cл%2…%“2ь ›,д*%“2, це…2!%Kе›…%г% !ег3-
л 2%!=, ,ƒ%K!=›‘……%г% …= !,“. 1.

b *=›д%L -=ƒе д",›е…,  це…2!/ м=““ %K%,. C=-
!=K%л%,д%" (2е%!е2,че“*%г% , .*","=ле…2…%г%) 

p,“. 1. o!%“2!=…“2"е……%е ,ƒме…е…,е C=!=K%л%,д= 
"!=?е…,  " Cл%“*%“2 . zOx , zOy:

 1 # ц,л,…д!,че“*,L K=!=K=… це…2!%Kе›…%г% 
!ег3л 2%!=; 2 # ",!23=ль…/L C=!=K%л%,д "!=?е-
…, ; α, β # 3гл/ …=*л%…= C=!=K%л%,д= "!=?е…,  
* %“, !%2%!= z; n

�
 # …%!м=ль * C%"е!.…%“2, C=-

!=K%л%,д=; ω
��

 # 3гл%"=  “*%!%“2ь д",›е…,  ›,д-
*%“2, " C=!=K%л%,де; m0 # д,“K=л=…“…=  м=““=; 

2
0 0 0F m r= ω
�� ��

  # це…2!%Kе›…=  “,л= ,…е!ц,,



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 4 5

“%"C=д=ю2, …% ,мею2 !=ƒ…3ю 2!=е*2%!,ю д",›е-
…, . nд…=*% " *=›д%L -=ƒе .2, 2!=е*2%!,, “%гл=-
“3ю2“ , %C,“/"=  C!%“2!=…“2"е……%е C%“23C=2ель-
…%е д",›е…,е м=““,"…%г% C=!=K%л%,д= C%д деL“2-
",ем “,л/ 2 ›е“2, , це…2!%Kе›…/. “,л ,…е!ц,,, 
,мею?,. “%“2="л ю?,е niF

��
 , iF τ
��

, *%2%!/е "%ƒ-
…,*=ю2 C!, !=ƒг%…е , 2%!м%›е…,,. d=лее м%›…% 
м%дел,!%"=2ь д",›е…,е 2е%!е2,че“*%г% C=!=K%-
л%,д=, " *=›д/L м%ме…2 "!еме…, %C!едел 2ь -=ƒ3 
ег% д",›е…,  *=* “%"C=д=ю?3ю “ -=ƒ=м, *=че…,  
м=““,"…%г% C=!=K%л%,д=, C!,ч‘м ,…е!ц,%……/е .=-
!=*2е!,“2,*, %K%,. C=!=K%л%,д%" “%"C=д=ю2. 
nд…=*% м=““,"…/L C=!=K%л%,д C!ед“2="л е2 “%K%L 
д",›3?,е“  …е3!="…%"еше……/е ч=“2, ›,д*%“2,.

nC!еделе…,е -=ƒ д",›е…,  м=““,"…%г% C=!=K%-
л%,д= “2=…%",2“  “%K“2"е……%L ƒ=д=чеL 2е%!е2,че-
“*%г% !=“ч‘2= -=ƒ д",›е…,  ,“*%м%г% C=!=K%л%,-
д=. q,….!%…,ƒ=ц,  д",›е…,L " 2е%!е2,че“*%L , 
.*","=ле…2…%L “.ем=., " “%%2"е2“2",, “ ƒ=*%…=м, 
Cе!еме?е…,  2"‘!д%г% 2ел= " C!%“2!=…“2"е " C%ле 
“,л 2 ›е“2,,  "л е2“  %“…%"%L м%дел, C!ед“2="ле-
…,  д",›3?ег%“  C=!=K%л%,д= " C%ле це…2!%Kе›-
…/. “,л ,…е!ц,,.

b д,…=м,че“*,. 3!="…е…, . д",›е…,  ›,д*%-
“2, м=““= !=““м=2!,"=е2“  *=* ,…е!ц,%……=  .=!=*-
2е!,“2,*= д",›е…, . q,л/, "%ƒ…,*=ю?,е "…32!,, 
.*","=ле…2…/ “,л=м " д,…=м,че“*%L “,“2еме, 
C!ед“2="ле……%L …= !,“. 1.

p=““м%2!,м C=!=ме2!,че“*%е %C,“=…,е " C!,-
!=?е…, . "!=?е…,  ›,д*%“2, *=* *%!!е*2,!3ю-
?еL м=““/, "/!="…,"=ю?еL C%л%›е…,е C=!=K%-
л%,д= "!=?е…,  " C!%“2!=…“2"е. g=C,шем 3!="…е-
…,е C!,!=?е…,  дл  “лед3ю?,. -3…*ц,L: f (r, θ), 
где r # !=д,3“ "!=?е…,  це…2!= *%!!е*2,!3ю?еL 
м=““/; θ # -=ƒ= "!=?е…, , “%%2"е2“2"3ю?=  %C!е-
дел‘……%L -%!ме 2ече…,  ",!23=ль…%г% ›‘л%K=; 
g(α, β), где α , β # 3гл/ …=*л%…= "!=?=ю?ег%“  C=-
!=K%л%,д= * %“, !%2%!= z.

m=ч=ль…/е 3“л%", , “%%2"е2“2"3ю?,е д,…=м,-
че“*%м3 !="…%"е“,ю ›,д*%“2,, ƒ=C,ш32“  " ",де:

C!, r = r0; θ = θ0 , t = t0, f (r, θ) = f (r0, θ0),
C!, α = α0; β = β0, g(α, β) = g(α0, β0).      (1)
t3…*ц,, f , g  "л ю2“  …еC!е!/"…/м, , д,--

-е!е…ц,!3ем/м, C!, α, β → min(α, β): 
0

lim
e→

 min(α, β)= 
= 0, 2. е. ме2!,*= -=ƒ%"%г% C!%“2!=…“2"= “*=л !-
…/. C!%,ƒ"еде…,L rθ

����
 %C!едел е2“  ме2!,*%L 

C!%“2!=…“2"= “*=л !…/. C!%,ƒ"еде…,L αβ
�����
.

g…=че…,е -3…*ц,%…=л= min(α, β) ƒ=",“,2 %2 C=-
!=ме2!= e, “ 3"ел,че…,ем *%2%!%г% 3"ел,ч,"=е2“  
…еC!е!/"…% , *%.!ц,2,"…% ƒ…=че…,е min(α, β), 
“%%2"е2“2"3ю?ее "ел,ч,…е e*!:

кр

2 10
10 2lim min( , ) .

e e k→

α
α β = α +

�

 
 b C!%,ƒ"%ль…/L м%ме…2 "!еме…, C!, t = t0 > 0, 

f (r0, θ0) = g (α0, β0) , t = t1 > t0 > 0 “C!="едл,"% “%%2-
…%ше…,е

0 0

0 0, ,

( , ) ( , )( , )

( , ) ( , )( )

f r f rf r
r
g gg

∂ θ ∂ θθ + + =
∂ ∂θ
∂ α β ∂ α β= α β + +

∂ ∂α β

  

(2)

C!,ч‘м α = α (t ), β = β (t ), r  = r (t ), θ = θ(t ).
Š=*,м %K!=ƒ%м, %“…%"…/м ƒ=д=ю?,м C=!=ме2-

!%м м…%›е“2"= !еше…,L, C%л3ч=ем/. " "/!=›е-
…,, (2),  "л е2“  C=!=ме2! e , …=ч=ль…/е 3“л%",  
(1). lе2!,*= C!%“2!=…“2"= (2) %C!едел е2“  ме2-
!,*%L -3…*ц,%…=л= min(α, β). t3…*ц,  g (α, β) 
3д%"ле2"%! е2 3“л%", м C!, α ≤ αC!, β ≤ βC!: 

1. g (α, β) = g (t ) = 0  C!, t < 0;
2. g (α, β) = g (t ) …еC!е!/"…= C!,  t ≥ 0; g (α, β) # 

…еC!е!/"…=; f (r, θ) # *3“%ч…% …еC!е!/"…=;
3. |g (t )| ≤ Meχt, где M , χ # C%“2% ……/е дл  *=›-

д%L 2%ч*, -=ƒ%"%г% C!%“2!=…“2"=, C%“2!%е……%г% 
…= *%%!д,…=2=. α, β, α� , β� .

Š=* *=* -3…*ц,, ",д= f (r, θ)  "л ю2“  -3…*-

ц, м, "!еме…,, д%C%л…,2ель…% !=ƒл%›,м d
dt
θ …= 

д"е “%“2="л ю?,е. t=ƒ%"3ю *%%!д,…=23 θ C!ед-

“2=",м " ",де “3мм/ θ = θ› + θ*›, где θ› # 3гл%"=  
*%%!д,…=2=, %C,“/"=ю?=  -=ƒ3 ›,д*%“2, *=* %“-
…%"…%L м=““/, C% C%л%›е…,ю “%"C=д=ю?еL “ 3г-
л%"%L *%%!д,…=2%L !%2%!=;  θ*› # 3гл%"=  *%%!д,-
…=2=, %C,“/"=ю?=  -=ƒ3 *%!!е*2,!3ю?еL ›,д*%-
“2,, *%2%!=  Cе!еме?=е2“  C% ›‘л%K3 C!, …=л,ч,, 
*%леK=2ель…/. д",›е…,L C=!=K%л%,д= "!=?е…,  " 
…=C!="ле…,, 3гл%" α , β.

p,“. 2. }*","=ле…2…=  “.ем= C!%“2!=…“2"е……%г% 
C%“23C=2ель…%г% д",›е…,  м=““,"…%г% C=!=K%-
л%,д=: 

niF
��

 и iF τ

��
 # …%!м=ль…=  , 2=…ге…ц,=ль…=  “%-

“2="л ю?,е це…2!%Kе›…%L “,л/ ,…е!ц,,, C!,-
л%›е……%L * …е3!="…%"еше……%L м=““е; ε

�
 # 3г-

л%"%е 3“*%!е…,е д",›е…,  ›,д*%“2, " C=!=K%-
л%,де; θ – -=ƒ%"=  *%%!д,…=2= C=!=K%л%,д= "!=-
?е…, ; m0 # .*","=ле…2…=  м=““=; А, В – ",!23=ль-
…/е “-е!,че“*,е ш=!…,!/
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o!%д,--е!е…ц,!3ем θ C% t:

кж ж кж ж( ) ;d d dd
dt dt dt dt

θ + θ θ θθ = = +

 

  (3)

1кж
1 2 1

2
tg( );

ad
a a t c

dt a
θ

= +
 
 

    (4)

3ж
3 4 2

4
th( ),

ad
a a t c

dt a
θ

= +

  
  

(5)

где a1, a2, a3, a4 # C=!=ме2!/ дл  !еше…,  "=!,=-

ц,%……/. ƒ=д=ч: кж
1 1

d a t c
dt α
θ = + ,  ж

3 2
d a t c
dt β
θ = + ; 

c1α, c2β # *%…“2=…2/.

Š=* *=* -3…*ц,  θ(t) …еC!е!/"…= C!, м=л/. α 
, β, 2% …е*%2%!3ю …еC!е!/"…3ю "е*2%!--3…*ц,ю 

( )tϕ
��

 м%›…% C!ед“2=",2ь *=* “3мм3 "е*2%!%" 

" !=ƒл%›е…,, C% K=ƒ,“3 { , ,ж кжre e e
� � �

}: r reϕ = θ +
�� �

  
ж кжж кжe e+ θ θ+
� �

 . 
j%%!д,…=2= θ*› .=!=*2е!,ƒ3е2 ,ƒме…е…,е -%!-

м/ 2ече…,  ›,д*%“2, " ",!23=ль…%м ›‘л%Kе C!, 
,ƒме…е…,, -%!м/ ›‘л%K=. o!ед“2="ле……/е -3…*-
ц,, Cе!"/. C!%,ƒ"%д…/.  C%д2"е!›д=ю2, ч2% K=-

ƒ,“ { , ,ж кжre e e
� � �

}  "л е2“  C%д",›…/м “ ,ƒме…е-

…,ем "!еме…, t, , .2= C%д",›…%“2ь !ег3л,!3е2“  
ме2!,*%L g(α, β).

),“л% л,…еL…% …еƒ=",“,м/. "е*2%!%" θ› , θ*›= 
= θ*›1 + θ*›2+…+ θ*›m %C!едел е2 C%д",›…/L 
K=ƒ,“ дл  C!%,ƒ"%ль…%L -3…*ц,, θ(t), " *%2%!%м 
*=›д/L K=ƒ,“…/L "е*2%! “%%2"е2“2"3е2 %д…%м3 …=-
C!="ле…,ю ,ƒме…е…,  θ› , θ*›, ,де…2,-,ц,!3е2-
“  (!=“C%ƒ…=‘2“ ) г=!м%…,*=м, " !=ƒл%›е…,, “1α(t) 
, c2β(t), “%%2"е2“2"3ю?,. л,…еL…/м -%!м=м

кж
1 1 ( );d a t c t

dt α
θ = +

 

ж
3 2 ( ).d a t c t

dt β
θ = +

 

Š=*,м %K!=ƒ%м, *=›д/L …%"/L …=K%! г=!м%…,* 
!=ƒл%›е…,  c1α(t), c2β(t) “%%2"е2“2"3е2 %C!едел‘…-
…%L %Kл=“2, =…=л,2,ч…%“2, θ*› , θ›. o!,меч=-
2ель…%, ч2% ге%ме2!,че“*, !=ƒл%›е…,е θ*› C!ед-
“2="л е2 “%K%L м…%г%ме!…%е C!%“2!=…“2"%, *=›д%е 
…=C!="ле…,е ,ƒме!е…,  *%2%!%г% “%%2"е2“2"3е2 
%2дель…%L г=!м%…,*е θ*›. o!,ч‘м “"%L“2"= …%"%-
г% C!%“2!=…“2"= 2=*%"/, ч2% " *л=““е д,--е!е…ц,-
!3ем/. -3…*ц,L q 

(1) “3?е“2"3е2 C!%,ƒ"%д…=  θ�*› 
 "л ю?= “  “3мм%L Cе!,%д,че“*,. -3…*ц,L, %C-
!едел‘……/. " *л=““е "2%!/. C!%,ƒ"%д…/. q 

(2).
m= -=ƒ%"%L Cл%“*%“2, 0t θ�*› %K…=!3›,"=е2“  

ƒ=*%…%ме!…%“2ь, C!ед“2="ле……=  …= !,“. 3.
q,“2ем= %2“ч‘2= 0t θ�*› # C%д",›…=  “,“2ем= %2-

“ч‘2= “ C%“2% ……% ,ƒме… ю?,м,“  м=“ш2=K=м, 
%“еL θ�*›. k,…еL…=  ƒ=",“,м%“2ь θ*›(t) %“2=‘2“  
,…"=!,=…2…%L. dл  *=›д%L -=ƒ/ C%д",›…%L “,“-
2ем/ %2“ч‘2= 0t θ�*› “3?е“2"3е2 “"%  %Kл=“2ь =…=-
л,2,ч…%“2,.

b…%"ь C%дK,!=ем/е г=!м%…,*, c2β(t) ,мею2 
“м/“л 2%ль*% " .2%L C%д",›…%L “,“2еме %2“ч‘2=. 
nC!еделе…,е C%д",›…%г% K=ƒ,“= “%%2"е2“2"3е2 %C-
!еделе…,ю C%д",›…%L “,“2ем/ %2“ч‘2=, 2=* *=* 
"“е ,ƒме…е…,  %2%K!=›=ем/е " Cл%“*%“2, 0t θ�*› 
,мею2 ме“2% " -%!ме …%"%г% м…%›е“2"= K=ƒ,“…/. 
"е*2%!%".

Š=*,м %K!=ƒ%м, " це…2!%Kе›…/. !ег3л 2%!=. 
C!, ,ƒме…е…,, д,“K=л=…“…%L м=““/ m0 , C!, е‘ 
3“2=…%"*е * "…32!е……еL “2е…*е K=!=K=…=, ,ƒме-
… е2“  .*“це…2!,“,2е2 "!=?=ю?еL“  “,“2ем/. 
}2= %Kл=“2ь 3“2%Lч,"%г% д",›е…,  “,“2ем/ ,ƒме-
! е2“  " -=ƒ%"%м *%%!д,…=2…%м C!%“2!=…“2"е, 
C!,ч‘м Cе!,%д,че“*%е, ме.=…,че“*%е, …е3!="…%-
"еше……%е д",›е…,е ›,д*%“2, "Kл,ƒ, C%л%›е…,  
!="…%"е“,  “%"C=д=е2 “ “,мме2!,ч…% "!=?=ю?еL-
“  “,“2ем%L.

j%леK=2ель…%е д",›е…,е ›,д*%“2, " це…2!%-
Kе›…%м !ег3л 2%!е %C,“/"=е2“  3гл=м, α , β "!=-
?=ю?ег%“  C=!=K%л%,д= * %“, !%2%!=. b %д…%L 
-=ƒе д",›е…,  ›,д*%“2,, %C!едел ем%L мг…%"е…-
…%, "“егд= м%›…% C!ед“2=",2ь 3“2%Lч,"/L C=!=K%-
л%,д, ,мею?,L %C!едел‘……/L Cе!,%д *%леK=…,L 
, ч=“2%23.

p,“. 3. l…%г%ме!…=  C!%“2!=…“2"е……=  ге%ме2-
!,  " “ече…,, t 0θ*› 

π

π
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e.d. )е!2%", д-! 2е.….  …=3*,  C!%-., n.`. m%“%", д-! 2е.…. …=3*, C!%-., l.`. b=“еч*,…, *=…д. 
2е.…. …=3*, д%ц. (b%!%…е›“*=  г%“3д=!“2"е……=  2е.…%л%г,че“*=  =*=дем, )

mihalbob@inbox.ru

l`Šel`Šh)eqj`“ lndek| nazejŠ` &qteph)eqj`“ g`qknmj` $ 
0hkhmdph)eqjne qnokn $ meqry`“ c`gnb`“ opnqknij`[ 

p=ƒ!=K%2=…= м=2ем=2,че“*=  м%дель %KAе*2= &q-е!,че“*=  ƒ=“л%…*= # ц,л,…д!,че“*%е 
“%Cл% # …е“3?=  г=ƒ%"=  C!%“л%L*=[, C%ƒ"%л ю?=  .=!=*2е!,ƒ%"=2ь !=“C!еделе…,е д="ле-
…,  г=ƒ= " C%“лед…еL.

jлюче"/е “л%"=: м=2ем=2,че“*=  м%дель, …е“3?=  г=ƒ%"=  C!%“л%L*=, д,“*!е2…=  C%д=ч= г=ƒ=, 
!=“C!еделе…,е д="ле…, .

Mathematical model of the object &spherical oven-door # cylindrical nozzle - carrier gas 
interlaying[ is devised. This model makes it possible to describe of a gas pressure distribution in the 
carrier gas interlaying.

Key words: mathematical model, carrier gas interlaying, discrete gas discharge, pressure distribution.

b ! де %2!=“леL C!%м/шле……%“2, "%ƒ…,*=е2 
…е%K.%д,м%“2ь м г*%г% (?=д ?ег%) "%ƒдеL“2",  
…= C%л3-=K!,*=2 (,ƒдел,е) " C!%це““е %K!=K%2*,, 
= ч=“2% м%›…% “ч,2=2ь %C2,м=ль…/м, , "%"“е 
Kе“*%…2=*2…/е "%ƒдеL“2", . n“%K% “лед3е2 "/де-
л,2ь “л3ч=,, *%гд= %K!=K%2*е C%д"е!г=ю2“  " ƒ-
*,е .,м,че“*,е , C,?е"/е м=““/ “ "/“%*%L =д-
геƒ,%……%L “C%“%K…%“2ью [1].

eд,…“2"е……/м …= “ег%д… ш…,L де…ь “C%“%K%м 
,ƒKе›=2ь *%…2=*2= “ ,ƒдел,ем  "л е2“  “%ƒд=…,е 
C%д ег% %C%!…%L C%"е!.…%“2ью …е“3?еL г=ƒ%"%L 
C!%“л%L*,, %K!=ƒ%"=……%L ƒ= “ч‘2 ,“2ече…,  !=K%-
чеL “!ед/ “*"%ƒь %2"е!“2,  Cе!-%!=ц,, …е“3?,. 
C%"е!.…%“2еL (г=ƒ%!=“C!едел,2ель…/. !еш‘2%*) 
2е.…%л%г,че“*%г% %K%!3д%"=…,  [2]. p=“C!%“2!=…е-
…/ д"= 2,C= !еш‘2%* # “ %2дель…/м, “%Cл=м, , 
"/C%л…е……/е " ",де C%!,“2/. Cе!ег%!%д%*.

oе!"/е д‘ше"/ " ,ƒг%2%"ле…,, , C!%“2/ " 
.*“Cл3=2=ц,,, %д…=*% ,мею2 “3?е“2"е……/L …е-
д%“2=2%*: C%ле д="ле…,  " C!%“л%L*=., “%ƒд=……/. 
C!, ,. ,“C%льƒ%"=…,,, ч!еƒ"/ч=L…% …е%д…%!%д-
…%, ,мее2 м…%г%ч,“ле……/е C,*, , C!%"=л/. b 
C%“лед…,. м%›е2 …=Kлюд=2ь“  д=›е %2!,ц=2ель-
…%е д="ле…,е !=K%чеL “!ед/, ч2% C!,"%д,2 * "%ƒ-
…,*…%"е…,ю .--е*2= C…е"м%ƒ=."=2=. b%ƒм%›…% 
, C!%ш,"=…,е лег*%де-%!м,!3ем%г% C%л3-=K!,-
*=2= “2!3 м, г=ƒ=, C!,"%д ?ее * …е,ƒKе›…/м де-
-е*2=м г%2%"%L C!%д3*ц,,.

oе!еч,“ле……/. …ед%“2=2*%" л,ше…/ C%!,“2/е 
г=ƒ%!=“C!едел,2ель…/е !еш‘2*, [3]. o!, ,. ,“-
C%льƒ%"=…,, !е=л,ƒ3е2“  !е›,м &!=““е ……%г%[ 
ƒ=C,2/"=…,  C!%“л%L*, (г=ƒ C%д=‘2“  че!еƒ м…%-
›е“2"% .=%2,ч…% !=“C%л%›е……/. *=…=л%" Cе!е-
ме……%L -%!м/ , !=ƒме!%"), ч2% C!,"%д,2 " *%-
…еч…%м “ч‘2е * “%ƒд=…,ю "/!%"…е……%г% C%л  
д="ле…,  " C!%“л%L*е. }2% %“%Kе……% "=›…% C!, 

3де!›=…,, …= C!%“л%L*е .,м,че“*,. , C,?е"/. 
м=““. o%!,“2/е !еш‘2*, ,ƒг%2="л,"=ю2 ме2%д=-
м, C%!%ш*%"%L ме2=лл3!г,, “ ,“C%льƒ%"=…,ем 
д%!%г%“2% ?,. м=2е!,=л%" , 2е.…%л%г,L, ч2% 
“*=ƒ/"=е2“  …= ,. це…е. Š=*,м %K!=ƒ%м, %Kл=“2ь 
C!,ме…е…,  3“2!%L“2" “ C%!,“2%L г=ƒ%!=“C!еде-
л,2ель…%L !еш‘2*%L " ƒ…=ч,2ель…%L “2еCе…, %г-
!=…,че…=.

0еле“%%K!=ƒ…% “%"ме“2,2ь д%“2%,…“2"= %K%,. 
2,C%" !еш‘2%*, ,“C%льƒ3  &!=““е ……/L[ !е›,м 
ƒ=C,2/"=…,  C!%“л%L*, , !еш‘2*, “ C!%“2/м, 
ц,л,…д!,че“*,м, “%Cл=м,. }2% "%ƒм%›…% ƒ= “ч‘2 
C!,ме…е…,  д,“*!е2…%L C%д=ч, г=ƒ%"%L “!ед/ " 
C!%“л%L*3 “ "/“%*%L ч=“2%2%L, !е=л,ƒ3ем%L " 
“,“2еме (!,“. 1) , "*люч=ю?еL “-е!,че“*3ю ƒ=-
“л%…*3 1 !=д,3“%м Rc, ›‘“2*% ƒ=*!еCл‘……3ю …= 
*%!%м/“ле 2 дл,…%L L*, 3“2=…%"ле……%м …= "=л3 
.ле*2!%д",г=2ел  3, C…е"м%*=ме!3 “ ц,л,…д!,че-
“*,м “%Cл%м 4 !=д,3“%м r0 , 3де!›,"=ем%е …= 
…е“3?еL г=ƒ%"%L C!%“л%L*е ,ƒдел,е 5 !=д,3“%м 
R,. q-е!,че“*=  ƒ=“л%…*= Cе!еме?=е2“  C% %*-
!3›…%“2, , C!%.%д,2 че!еƒ &ƒ%…3 ч3"“2",2ель…%-
“2,[ !=д,3“%м Rч. o…е"м%*=ме!= %“…=?е…= Cе!е-
C3“*…/м *л=C=…%м (…= !,“. 1 …е C%*=ƒ=…) “ C%!%-
г%м “!=K=2/"=…,  C!, д="ле…,, " *=ме!е, C!е"/-
ш=ю?ем "ел,ч,…3, …е%K.%д,м3ю дл  3де!›=…,  
,ƒдел,  C!, C%л…%“2ью %2*!/2%L ƒ=“л%…*е.

nче",д…%, ч2% “-е!= "л, е2 …= 2ече…,е г=ƒ= " 
C!%“л%L*е л,шь " 2%м “л3ч=е, *%гд= " *=*%L-2% 
ме!е Cе!е*!/"=е2 "C3“*…%е %2"е!“2,е “%Cл=:

2
п 0S r< π

 

,

где SC # C!%C3“*…=  Cл%?=дь *=…=л=, %K!=ƒ%"=……%г% 
C%"е!.…%“2 м, “-е!/ , г=ƒ%!=“C!едел,2ель…%L !е-
ш‘2*,, м2.
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b .2%м “л3ч=е м%›…% г%"%!,2ь % …е*%2%!%L 
&ƒ%…е ч3"“2",2ель…%“2,[ “,“2ем/ (!,“. 2), !=д,3“ 
*%2%!%L лег*% %C!едел,2ь C% "/!=›е…,ю

0
ч .

tg 2

r
R = α

 

o!, Cе!е“ече…,, це…2!%м “-е!,че“*%L ƒ=-
“л%…*, &ƒ%…/ ч3"“2",2ель…%“2,[ ,ƒме… е2“  .=-
!=*2е! 2ече…,  г=ƒ%"%L “!ед/ “*"%ƒь “%Cл% , че-
!еƒ "%ƒд3ш…3ю C!%“л%L*3; 2=*›е ,ƒме… е2“  .=-
!=*2е! !=“C!еделе…,  д="ле…,  г=ƒ= "д%ль %“, r. 

l,…,м=ль…=  Cл%?=дь C!%C3“*…%г% “ече…,  
(!,“. 3), %K!=ƒ%"=……%г% C%"е!.…%“2 м, ƒ=“л%…*, 
, !еш‘2*,, %C!едел е2“  ,ƒ "/!=›е…,  [4]

SC = S* # S*“,

где S* # Cл%?=дь K%*%"%L C%"е!.…%“2, *%…3“= “ %“-
…%"=…,ем !=д,3“%м r0 , "е!ш,…%L " 2%ч*е `, мм2; 
S*“ # Cл%?=дь K%*%"%L C%"е!.…%“2, *%…3“= “ %“…%-
"=…,ем,  "л ю?,м“  ч=“2ью C%"е!.…%“2, “-е!/, , 
"е!ш,…%L " 2%ч*е `, мм2.

oл%?=дь K%*%"%L C%"е!.…%“2, *%…3“= “ %“…%-
"=…,ем !=д,3“%м r0 , "е!ш,…%L " 2%ч*е ` " %K-
?ем “л3ч=е %C!едел е2“  ,ƒ "/!=›е…, 

2

0
0

1 ,
2

S lr d
π

= λ∫
 где l – образующая конуса, м; r0 – радиус основания конуса, 

равный радиусу цилиндрического сопла, м; λ – параметр 
интегрирования. 

o%“ле ! д= C!е%K!=ƒ%"=…,L "/!=›е…,е дл  %C-
!еделе…,  Cл%?=д, K%*%"%L C%"е!.…%“2, *%…3“= 
“ %“…%"=…,ем !=д,3“%м r0 , "е!ш,…%L " 2%ч*е `, 
C!,ме2 ",д

2
2 2 2

0 0 0
0

1 2 cos2S r z r r rr d
π

= + + + λ λ∫
 

, (1)

где z , r # *%%!д,…=2/ це…2!= “-е!/ C% "е!2,*=л, 
, г%!,ƒ%…2=л,.

oл%?=дь *%…3“= “ %“…%"=…,ем,  "л ю?,м“  
ч=“2ью C%"е!.…%“2, “-е!/, , "е!ш,…%L " 2%ч*е 
S, %C!едел е2“  ,ƒ "/!=›е…, 

2
кс c sin 2S R α= π  . (2)

q 3ч‘2%м 3!="…е…,L (1) , (2) "/!=›е…,е дл  
%C!еделе…,  м,…,м=ль…%L Cл%?=д, C!%C3“*…%г% 
“ече…, , %K!=ƒ%"=……%г% C%"е!.…%“2 м, “-е!/ , 
г=ƒ%!=“C!едел,2ель…%L !еш‘2*,, C!,ме2 ",д

2
2 2 2 2

П 0 0 0 c
0

1 2 cos sin2 2S r z r r rr d R
π

α= + + + λ λ − π∫ .

A#A

p,“. 1. q,“2ем= &q-е!,че“*=  ƒ=“л%…*= $ ц,л,…-
д!,че“*%е “%Cл% $ …е“3?=  г=ƒ%"=  C!%“л%L*=[

p,“. 2. &g%…= ч3"“2",2ель…%“2,[ “,“2ем/ &q-е!,че“*=  
ƒ=“л%…*= $ ц,л,…д!,че“*%е “%Cл% $ …е“3?=  г=ƒ%"=  

C!%“л%L*=[: 

1 # “2е…*= C…е"м%*=ме!/; 2 # “-е!=
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dл  %C!еделе…,  .=!=*2е!= !=“C!еделе…,  д="-
ле…,  г=ƒ= " …е“3?еL г=ƒ%"%L C!%“л%L*е C!, че-
!ед%"=…,, Cе!,%д%", *%гд= "/C3“*…%е %2"е!“2,е 
“%Cл= Cе!е*!/"=е2“  “-е!%L, “ Cе!,%д=м, “"%-
K%д…%г% ,“2ече…,  г=ƒ= дл  “,“2ем/, ,ƒ%K!=›‘…-
…%L …= !,“. 4, "%“C%льƒ3ем“  3!="…е…, м, m="ье 
# q2%*“= , …е!=ƒ!/"…%“2, [2]:

( )

2

2 ;

1 0,

U U P UU
t r r z

rU
rt r

⎧ ∂ ∂ ∂ ∂ρ + ρ = − + μ⎪
∂ ∂ ∂ ∂⎪

⎨
⎪ ∂ ρ∂ρ + =⎪ ∂ ∂⎩      

(3)

где P – давление в воздушной прослойке, Па; μ – динамиче-
ская вязкость воздуха, Па·с; U – скорость воздуха в про-
слойке, м/с; ρ – плотность воздуха, кг/м3.

dл  ,“*люче…,  …е,ƒ"е“2…%г% ƒ…=че…,  Cл%2-
…%“2, ρ "%“C%льƒ3ем“  3!="…е…,ем “%“2% …,  
г=ƒ=:

a

a

PP
χ =

ρρ
 

,  (4)

где χ # C%*=ƒ=2ель C%л,2!%C/, дл  ,ƒ%2е!м,че“*%г% 
C!%це““= χ = 1; P= # =2м%“-е!…%е д="ле…,е, o=; 
ρ= # Cл%2…%“2ь г=ƒ= C!, =2м%“-е!…%м д="ле…,,, *г/м3.

o!е%K!=ƒ3  3!="…е…,е (4), C%л3ч,м "/!=›е…,е 
дл  %C!еделе…,  ƒ…=че…,  Cл%2…%“2, ρ

a

a

P
P
ρ

ρ =
 

.                                         (5)

nC!едел,м %“!ед…‘……%е ƒ…=че…,е “*%!%“2, 
"%ƒд3.= " C!%“л%L*е:

2
2
6

c h
U = − , (6)

где “2 # *%…“2=…2= ,…2ег!,!%"=…, ; h # "/“%2= …е-
“3?еL C!%“л%L*,, м.

o%д“2="," " 3!="…е…,е (3) "/!=›е…,  (5) , (6), 
C%л3ч,м “лед3ю?3ю “,“2ем3 3!="…е…,L:

2
2

2
a a 2

a a

2
2

2
a 2a

aa

6

6

6
;

61 0.

c h
P P c h
P t P

c h
P

r r

rP c hP
PP

rt r

⎧ ⎛ ⎞
∂ −⎪ ⎜ ⎟ ⎛ ⎞⎝ ⎠ρ ρ⎪ + − ×⎜ ⎟⎪ ∂ ⎝ ⎠⎪

⎪ ⎛ ⎞⎪ ∂ −⎜ ⎟⎨ ⎝ ⎠ ∂⎪× = −
∂ ∂⎪

⎪ ⎛ ⎞⎛ ⎞ρ⎛ ⎞ρ⎪ ∂ −⎜ ⎟∂ ⎜ ⎟⎜ ⎟⎪ ⎝ ⎠⎝ ⎠ ⎝ ⎠⎪ + =
∂ ∂⎩     

(7)

o%“ле ! д= C!е%K!=ƒ%"=…,L “,“2ем/ (7) C%л3-
ч,м "/!=›е…,е, .=!=*2е!,ƒ3ю?ее !=“C!еделе…,е 
C%л  д="ле…,  " C!%“л%L*е:

2 2
ср ср срa

2 2 2 3
a

0.
2 4 2

Q Q QP hP
t P rh t h r rh

⎛ ⎞⎛ ⎞∂ ∂− + =⎜ ⎟⎜ ⎟∂ ∂⎝ ⎠⎝ ⎠

ρ
π π π

 

d=……=  ƒ=",“,м%“2ь м%›е2 K/2ь ,“C%льƒ%"=…= 
дл  %C!еделе…,  *=че“2"е……/. , *%л,че“2"е……/. 
.=!=*2е!,“2,* !=“C!еделе…,  д="ле…,  г=ƒ= " …е-
“3?еL г=ƒ%"%L C!%“л%L*е, %K!=ƒ%"=……%L C%"е!.-
…%“2 м, ,ƒдел,  , г=ƒ%!=“C!едел,2ель…%L !е-
ш‘2*,, C!, ег% д,“*!е2…%L C%д=че.

a,Kл,%г!=-,че“*,е ““/л*,

1. pе%л%г,  C,?е"/. м=2е!,=л%" / j.o. c3“ь*%", 
~.`. l=ч,.,…, q.`. l=ч,.,…, k.m. k3…,…. l.: kег*=  
, C,?е"=  C!%м/шле……%“2ь, 1970. 257 “.

2. a,2ю*%" b.j., j%л%де›…%" b.m., j3?е" a.h. 
o…е"м=2,че“*,е *%…"еLе!/. b%!%…е›: hƒд-"% bcr, 
1984. 164 “.

3. aел%" q.b. o%!,“2/е м=2е!,=л/ " м=ш,…%“2!%е-
…,,. 2-е ,ƒд., Cе!е!=K. , д%C. l.: l=ш,…%“2!%е…,е, 
1981. 247 “.

4. m%“%" n.`., o="л%"“*,L l.~., u=K=!%"= m.b. 
l=2ем=2,че“*=  м%дель %KAе*2= &“-е!,че“*=  ƒ=“л%…*= 
# ц,л,…д!,че“*%е “%Cл%[ // l=2ем=2,че“*,е ме2%д/ " 2е.-
…,*е , 2е.…%л%г, . # llŠŠ#19: qK. 2!. ΧΙΧ lе›д3…=!. 
…=3ч. *%…-.  b 10 2. Š. 10.  qе*ц,  11 / o%д %K?. !ед. 
b.q. a=л=*,!е"=. b%!%…е›. г%“. 2е.…%л. =*=д., 2006. 250 “.

p,“. 3. j %C!еделе…,ю м,…,м=ль…%L C!%C3“*…%L 
Cл%?=д,
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`.b. q,!%2*,…, *=…д. 2е.…. …=3*, д%ц. (qе"е!%-b%“2%ч…/L г%“3д=!“2"е……/L 3…,"е!“,2е2, 
г. l=г=д=…)

andrew_sirotkin@mail.ru

`bŠnl`Šhg`0h“ opedopnejŠmncn `m`khg` 
hmtnpl`0hnmm{u opn0eqqnb b qhqŠel`u rop`bkemh“ 

p=““м%2!е…/ "%C!%“/ C!едC!%е*2…%г% =…=л,ƒ= ,…-%!м=ц,%……/. C!%це““%" C!, !=ƒ!=K%2-
*е ="2%м=2,ƒ,!%"=……/. “,“2ем 3C!="ле…, . `*23=ль…%“2ь ,““лед%"=…,  %K%“…%"/"=е2“  
“%%K!=›е…, м, .--е*2,"…%“2, .2,. “,“2ем. o!едл%›е…= ме2%д,*= C!едC!%е*2…%г% ,“-
“лед%"=…, , "*люч=ю?=  " “еK  =…=л,ƒ ,…-%!м=ц,%……/. C%2%*%" !е=ль…%L “,“2ем/ , м%-
дел,!%"=…,е C!%це““%" %C2,м=ль…%г% %K“л3›,"=…, . p=ƒ!=K%2=…/ , =C!%K,!%"=…/ C!%г!=м-
м/, !е=л,ƒ3ю?,е д=……3ю ме2%д,*3.

jлюче"/е “л%"=: ,…-%!м=ц,%……%е %K“л3›,"=…,е, Cе!ед=ч= д=……/., ,…-%!м=ц,%……/е C!%-
це““/, =…=л,ƒ C%2%*%", C!%це““/ 3C!="ле…, , “!ед“2"= =…=л,ƒ=.

Predesigned analysis questions are considered when automatic control systems development. 
Research actuality is based on the consideration of this systems efficiency. Predesigned research 
methodology is proposed includes of a real system informational flow analysis and optimum 
maintenance processes modeling. Implement programs of this methodology are devised.

Key words: informational maintenance, date transmission, informational processes, flow analysis, 
control processes, analysis means.

h…2е…“,-,*=ц,  C!%це““%" 3C!="ле…,  " “%-
"!еме……%м %K?е“2"е 2!еK3е2 C!,ме…е…,  …%"/. 
%!г=…,ƒ=ц,%……/. , 2е.…,че“*,. “!ед“2" дл  д%“-
2,›е…,  …е%K.%д,м%г% *=че“2"= ,…-%!м=ц,%…-
…%г% %Kе“Cече…, . nд…,м ,ƒ 2=*,. “!ед“2"  "-
л е2“  ="2%м=2,ƒ=ц,  "ƒ=,м%деL“2",  *%мC%…е…-
2%" “,“2ем 3C!="ле…,  " 2ече…,е "“ег% C!%це““= 
,…-%!м=ц,%……%г% %Kме…=, "*люч=  "/C%л…е…,е 
ƒ=C!%“%"  …= ,…-%!м=ц,%……%е %K“л3›,"=…,е 
це…2!=л,ƒ%"=……/м, ,“2%ч…,*=м, д=……/..

q%ƒд=…,е ="2%м=2,ƒ,!%"=……/. ,…-%!м=ц,%…-
…/. “,“2ем (`hq), ,г!=ю?,. !%ль %Kе“Cеч,"=ю-
?,. C%д“,“2ем " ="2%м=2,ƒ,!%"=……/. “,“2ем=. 
3C!="ле…,  (`qr), C!%,ƒ"%д,2“  " “%%2"е2“2",, 
“ C!,… 2/м, м%дел м, ›,ƒ…е……%г% ц,*л=, %д-
…,м ,ƒ .2=C%" *%2%!%г%  "л е2“  C!едC!%е*2…/L 
=…=л,ƒ. m= .2%м .2=Cе =…=л,ƒ,!3ю2 2!еK%"=…,  * 
-3…*ц,%…=ль…/м "%ƒм%›…%“2 м , =!.,2е*23!е 
“%ƒд="=ем%L “,“2ем/, *%2%!/е " д=ль…еLшем  "-
л ю2“  ,“.%д…/м, *!,2е!, м, дл  …еC%“!ед“2-
"е……%г% C!%е*2,!%"=…,  2е.…,че“*,. , C!%-
г!=мм…/. “!ед“2" *%мCле*“=. m= C%“лед3ю?,. 
.2=C=. C!%е*2,!%"=…,  , !е=л,ƒ=ц,, “-%!м,!%-
"=……/е 2!еK%"=…,  !е=л,ƒ3ю2“  “ C%м%?ью *%м-
Cью2е!…/. C!%г!=мм “ ,“C%льƒ%"=…,ем “!ед“2" 
=CC=!=2…%г% %Kе“Cече…, , *%2%!/е %K/ч…% C!ед-
“2="л ю2 “%K%L 2,C%"/е 2е.…,че“*,е !еше…,  
="2%м=2,ƒ=ц,,. 

q3?е“2"3ю?=  C!=*2,*= C!%е*2,!%"=…,  , 
"/K%!= 2е.…,че“*,. “!ед“2" …е "“егд= 3ч,2/"=е2 
%“%Kе……%“2, .*“Cл3=2=ц,, “%ƒд="=ем%г% *%м-
Cле*“=, " ч=“2…%“2, ,…%гд= …е =…=л,ƒ,!3е2“  "%ƒ-

м%›…%“2ь "%ƒ…,*…%"е…,  , "л, …,  де-,ц,2= 
!е“3!“%" %K“л3›,"=…,  " “,“2ем=. “ "/деле……/м 
,“2%ч…,*%м д=……/.. }2% м%›е2 K/2ь, …=C!,ме!, 
“лед“2",ем ме›д,“ц,Cл,…=!…%г% !=ƒ!/"= ме›д3 
C!%е*2,!%"=…,ем -3…*ц,%…=ль…%-“2!3*23!…%L 
=!.,2е*23!/ ,…-%!м=ц,%……%L “,“2ем/ , “%ƒд=-
…,ем C!%г!=мм…%-2е.…,че“*,. “!ед“2" -%!м,!%-
"=…,  , Cе!ед=ч, д=……/.. a%лее 2%г%, " “%"!е-
ме……%L ме2%д%л%г,, …ед%“2=2%ч…% !=ƒ",2/ “!ед-
“2"= =…=л,ƒ= ,е!=!.,че“*%г% "л, …,  %Kе“Cеч,-
"=ю?,. C%д“,“2ем Cе!ед=ч, д=……/. …= .--е*-
2,"…%“2ь ,…-%!м=ц,%……%г% %Kме…= ,, "“лед“2",е 
.2%г%, …= .--е*2,"…%“2ь `qr. o%.2%м3 !=ƒ!=-
K%2*= “!ед“2", %Kе“Cеч,"=ю?,. C%д%K…/L =…=-
л,ƒ,  д%“2=2%ч…% =*23=ль…=.

o!%“2/е C!,ме!/ ,ƒ C!%,ƒ"%д“2"е……%L C!=*-
2,*,, *%гд= C!,%K!е2‘……=  , "…ед!‘……=  “,“2е-
м= ="2%м=2,ƒ=ц,, …е %Kе“Cеч,"=е2 2!еK3ем%г% 
*=че“2"= !=K%2/ " !еƒ3ль2=2е е‘ …,ƒ*%L C!%,ƒ"%-
д,2ель…%“2,, …=гл д…% ,ллю“2!,!3ю2, * чем3 
C!,"%д,2 %2“32“2",е =…=л,ƒ= .*“Cл3=2=ц,%……/. 
.=!=*2е!,“2,* ="2%м=2,ƒ,!%"=……%L “,“2ем/ ,, " 
ч=“2…%“2,, ,…-%!м=ц,%……%L ,…-!=“2!3*23!/ 
…= C!едC!%е*2…%м .2=Cе. n“…%"…%L C!,ч,…%L 
…,ƒ*%L C!%,ƒ"%д,2ель…%“2,  "л ю2“  ƒ=де!›*, 
%K“л3›,"=…, , "%ƒ…,*=ю?,е " це…2!=л,ƒ%"=…-
…/. ,…-!=“2!3*23!=. “ "/деле……/м ,“2%ч…,*%м 
д=……/., %2…%“ ?,.“  * *л=““3 “,“2ем м=““%"%г% 
%K“л3›,"=…, . hƒKе›=2ь "%ƒ…,*…%"е…,  C!%-
Kлем/ C%ƒ"%л е2 …=л,ч,е ме2%д,*,, “!ед“2" , 
%C/2= ,““лед%"=…,  ,…-%!м=ц,%……/. C!%це“-
“%" C!, C!%"еде…,, C!едC!%е*2…/. !=K%2. 
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h“C!=",2ь .2% C%л%›е…,е ,…2е…“,"…/м …=!=-
?,"=…,ем м%?…%“2еL =CC=!=2…%L ч=“2, 3›е !=-
K%2=ю?еL “,“2ем/ 3д=‘2“  !ед*%, C%“*%ль*3 C!, 
.2%м …е =…=л,ƒ,!3ю2“  , …е !ег3л,!3ю2“  C%! -
д%* "%ƒ…,*=ю?,. %че!едеL ,…-%!м=ц,%……%г% 
%K“л3›,"=…,  , .=!=*2е! ,. "л, …,  …= .--е*-
2,"…%“2ь “,“2ем/.

dл  2%г% ч2%K/ ,“C!=",2ь %C,“=……%е C%л%›е-
…,е …е%K.%д,м 2?=2ель…/L C!едC!%е*2…/L =…=-
л,ƒ "“е. .*“Cл3=2=ц,%……/. .=!=*2е!,“2,* “,“-
2ем/, "*люч=  “*%!%“2ь %K“л3›,"=…,  ƒ=C!%“%" 
, Cе!ед=ч, д=……/., .=!=*2е!,ƒ3ю?,. ,…-%!м=-
ц,%……/L %Kме… " “,“2еме. n2ме2,м, ч2% " …=-
“2% ?ее "!ем  !/…%* C!%г!=мм…/. “!ед“2" …е 
C!едл=г=е2 д%“2=2%ч…% ш,!%*%L …%ме…*л=23!/ 
3…,-,ц,!%"=……/. ,ƒдел,L дл  !еше…,  C%д%K-
…%L ƒ=д=ч,, = %2“32“2",е 3…,"е!“=ль…%L ме2%д,-
*, =…=л,ƒ= , -%!м=л,ƒ=ц,, C=!=ме2!%" ,…-%!-
м=ц,%……%г% "ƒ=,м%деL“2",  "/…3›д=е2 !=ƒ!=-
K%2ч,*%" C!%"%д,2ь ,““лед%"=…,  " .2%м …=-
C!="ле…,,.

b “%"!еме……/. !=ƒ!=K%2*=. -%!м=л,ƒ=ц,  ,…-
-%!м=ц,%……%г% "ƒ=,м%деL“2",  " `qr …е %C!е-
деле…= *=* ,…“2!3ме…2 ,““лед%"=…,  ,…-%!м=-
ц,%……/. C!%це““%". p=K%2/ " .2%L %Kл=“2, …=.%-
д 2“  " “2=д,, …=3ч…/. ,““лед%"=…,L, C!, .2%м 
…=Kлюд=е2“  K%льш%е !=ƒ…%%K!=ƒ,е ме2%д%" , 
C%д.%д%" * =…=л,ƒ3 , %C,“=…,ю .=!=*2е!,“2,* 
,…-%!м=ц,%……%г% %K“л3›,"=…,  [1#2], = 2=*›е 
*!,2е!,е", ,“C%льƒ3ем/. дл  %C2,м,ƒ=ц,, C!%-
це““%" Cе!ед=ч, д=……/. [3#4]. q,“2ем/ Cе!ед=ч, 
д=……/. !=““м=2!,"=ю2“  *=* *%…еч…/L %KAе*2, 
Kеƒ 3ч‘2= 2%г%, ч2% *=›д=  ,ƒ …,., C% “32,,  "л е2-
“  %Kе“Cеч,"=ю?еL C%д“,“2ем%L …е*%2%!%L ̀ qr. 
b “%%2"е2“2",, “ .2,м 3C!="ле…,е C!%це““=м, 
%K“л3›,"=…,  C!%,ƒ"%д,2“  Kеƒ 3ч‘2= .*“Cл3=2=-
ц,%……/. .=!=*2е!,“2,* “,“2ем/ , …е  "л е2“  
%K%“…%"=……/м “ 2%ч*, ƒ!е…,  е‘ .--е*2,"…%-
“2,.

dл  %Kе“Cече…,  м=*“,м=ль…%L .--е*2,"…%-
“2, ,…-%!м=ц,%……/. C!%це““%" " “,“2еме 3C!="-
ле…,  “лед3е2 C!е›де "“ег% 3ч,2/"=2ь *%…еч…/е 
.=!=*2е!,“2,*, “,“2ем/, 2. е. .--е*2,"…%“2ь 
“,“2ем/ 3C!="ле…, , дл  *%2%!%L ,…-%!м=ц,%…-
…=  “,“2ем= "/“23C=е2 " *=че“2"е %Kе“Cеч,"=ю-
?еL C%д“,“2ем/. b “,л3 .2%г% C!, =…=л,ƒе .*“-
Cл3=2=ц,%……/. .=!=*2е!,“2,* C%д“,“2ем/ Cе!е-
д=ч, д=……/. целе“%%K!=ƒ…% 3ч,2/"=2ь 2е C=!=-
ме2!/ ,…-%!м=ц,%……/. C!%це““%", *%2%!/е …е-
C%“!ед“2"е……% "л, ю2 …= .--е*2,"…%“2ь “,“2е-
м/. o!%"еде…,е %C2,м,ƒ=ц,, C!%це““%" ,л, ,…-
-%!м=ц,%……%г% !е,…›,…,!,…г= …= C!едC!%е*2-
…%м .2=Cе “%C! ›е…% *=* “% “K%!%м ,…-%!м=ц,, 
% 2е*3?ем “%“2% …,, “,“2ем/, 2=* , “ C!%"еде-
…,ем .*“Cе!,ме…2=ль…/. ,““лед%"=…,L, “" ƒ=…-
…/. “ ,ƒме…е…,ем %че!‘д…%“2, %K“л3›,"=…,  
*л,е…2%" ,“2%ч…,*=м, д=……/. , C%дK%!%м …=,-
л3чшег% "=!,=…2=. o!, C!%"еде…,, 2=*,. ,““ле-

д%"=…,L “лед3е2 !3*%"%д“2"%"=2ь“  д"3м  C%л%-
›е…, м,:

…е "“егд= "%ƒм%›…% , .--е*2,"…% C!%"еде…,е 
.*“Cе!,ме…2=ль…/. ,““лед%"=…,L …= !е=ль…%м 
C!%,ƒ"%д“2"е……%м %KAе*2е, "меш=2ель“2"% " “%-
“2% …,е *%2%!%г% м%›е2 C%"л, 2ь …= ег% !=K%23 , 
"/ƒ"=2ь …е%C!="д=……/е ƒ=2!=2/;

C!%"еде…,е =…=л,ƒ= Kеƒ C!,ме…е…,  ="2%м=2,-
ƒ,!%"=……/. “!ед“2" %K!=K%2*, , ",ƒ3=л,ƒ=ц,,, 
3“*%! ю?,. C%л3че…,е !еƒ3ль2=2%" , “…,›=ю-
?,. ƒ=2!=2/ …= ,““лед%"=…, , …е.--е*2,"…%.

q%гл=“…% “-%!м3л,!%"=……/м C%л%›е…, м 
=*23=ль…= ƒ=д=ч= !=ƒ!=K%2*, ="2%м=2,ƒ,!%"=…-
…/. “!ед“2", C!ед…=ƒ…=че……/. дл  =…=л,ƒ= C!%-
це““%" ,…-%!м=ц,%……%г% "ƒ=,м%деL“2",  …=  
C!едC!%е*2…%м .2=Cе ›,ƒ…е……%г% ц,*л= “,“2е-
м/ 3C!="ле…, . m=,K%лее =*23=ль…/е !=ƒ!=K%2-
*, " .2%L %Kл=“2, …=C!="ле…/ …= м%дел,!%"=-
…,е C!%це““%" 3C!="ле…, , …=C!,ме!, “ ,“C%ль-
ƒ%"=…,ем 2е.…%л%г,L CASE (Computer Aided 
Software Engineering) [5#6] Kеƒ =…=л,ƒ= !=K%2/ 
%Kе“Cеч,"=ю?,. ,…-%!м=ц,%……/. C%д“,“2ем , 
,““лед%"=…,  ,…-!=“2!3*23!/ Cе!ед=ч, д=…-
…/.. lе›д3 2ем ,ме……% %2“32“2",е =…=л,ƒ= …=-
г!3ƒ*, …= ,…-%!м=ц,%……3ю ,…-!=“2!3*23!3 
,л, е‘ *%мC%…е…2/ м%›е2  ",2ь“  C!,ч,…%L 
"%ƒ…,*…%"е…,  %C,“=……/. "/ше C!%Kлем, ч2% 
2!еK3е2 …е 2%ль*% !=ƒ!=K%2*, “%%2"е2“2"3ю?еL 
ме2%д%л%г,, , м=2ем=2,че“*%L K=ƒ/, …% , ="2%-
м=2,ƒ=ц,, C!%це““%" ,““лед%"=…, . dл  !еше-
…,  .2,. ƒ=д=ч …= C!едC!%е*2…%м .2=Cе C!едл=-
г=е2“  ,“C%льƒ%"=2ь ="2%м=2,ƒ,!%"=……/е “!ед-
“2"= =…=л,ƒ= , м%дел,!%"=…,  ,…-%!м=ц,%……/. 
C!%це““%".

qCец,-,*= C!%це““%" "ƒ=,м%деL“2",  " `hq 
%K3“л%"л,"=е2 д"= …=C!="ле…,  ,““лед%"=…,L:

!=ƒ!=K%2*3 “!ед“2" =…=л,ƒ= , м%…,2%!,…г= ,…-
-%!м=ц,%……/. C%2%*%" " %д…%!%д…%L ш,!%*%"е-
?=2ель…%L ,…-!=“2!3*23!е;

!=ƒ!=K%2*3 м%дел, дл  -%!м=л,ƒ=ц,, , ,““ле-
д%"=…,  C!%цед3! ,…-%!м=ц,%……%г% "ƒ=,м%деL-
“2",  “ целью "/!=K%2*, *!,2е!,е" 3C!="ле…,  
%K“л3›,"=…,ем " “,“2ем=. “ "/деле……/м ,“2%ч-
…,*%м д=……/..

j%…цеCц,  C%д%K…/. ,““лед%"=…,L, %“…%"=…-
…=  …= ,е!=!.,че“*%L “" ƒ, 3!%"…еL %Kе“Cече-
…,  3C!="ле…,  (д=……/е → ,…-%!м=ц,  → 3C!="-
ле…,е), C!ед3“м=2!,"=е2 %C2,м,ƒ=ц,ю C%д“,“2е-
м/ Cе!ед=ч, д=……/. дл  C%"/ше…,  .--е*2,"-
…%“2, `qr C32‘м !ег3л,!%"=…,  ,…-%!м=ц,%…-
…/. C%2%*%" " C!%це““=. %K“л3›,"=…,  [7]. 
t%!м=л,ƒ=ц,  ,…-%!м=ц,%……/. C!%це““%" C%-
ƒ"%л е2 %C!едел,2ь ме›д3 “3KAе*2=м, “,“2ем/ 
…=C!="ле……/е C%2%*, д=……/., дл  !ег3л,!%"=-
…,  *%2%!/. ,“C%льƒ3ю2“  *!,2е!,,, %C,“/"=ю-
?,е “%“2% …,е “,“2ем/ 3C!="ле…, . q .2%L це-
лью C%2%*, !=““м=2!,"=ю2“  " ",де C!%цед3!-
…%-д,“*!е2…/. ,…-%!м=ц,%……/. %KAе*2%", д,--
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-е!е…ц,!%"=……/. C% 3!%"…ю "%ƒдеL“2",  …= 
“,“2ем3.

pеше…,е ƒ=д=ч, -%!м=л,ƒ=ц,, C!%це““%" ,…-
-%!м=ц,%……%г% "ƒ=,м%деL“2",  " !е=ль…%L C!%-
,ƒ"%д“2"е……%L “,“2еме ƒ…=ч,2ель…% ƒ=2!3д…е…%. 
mе“м%2!  …= -3…*ц,%…=ль…%е “2!3*23!…%е %C,-
“=…,е “,“2ем/ , *%л,че“2"е……%е %C,“=…,е %KA‘-
м%" Cе!ед="=ем/. д=……/., “-%!м3л,!%"=……/е " 
!еƒ3ль2=2е C!едC!%е*2…%г% =…=л,ƒ=, C!ед“*=ƒ=2ь 
.*“Cл3=2=ц,%……/е .=!=*2е!,“2,*, ,…-%!м=ц,-
%……%L “,“2ем/, ,мею?еL .=!=*2е! C!,%!,2е2…%L 
“,“2ем/ м=““%"%г% %K“л3›,"=…,  (qln), м%›…% 
2%ль*% “ ,“C%льƒ%"=…,ем 2е%!,, "е!% 2…%“2,, = 
"/C%л…,2ь C!е"е…2,"…%е %C,“=…,е “%“2% …,  
%че!едеL %K“л3›,"=…, , ƒ=де!›е*, !=ƒме!%" ,…-
-%!м=ц,%……/. -!=гме…2%" -%!м,!3ем/. C%2%-
*%" , C!%чег% "е“ьм= “л%›…%. Šем …е ме…ее ="2%-
м=2,ƒ=ц,  д%*3ме…2%%K%!%2= C!едC!, 2,L C!,-
"%д,2 * 2%м3, ч2% C!%це““/ 3C!="ле…,  “2=…%" 2-
“  C%"2%! ю?,м,“ , " %C!едел‘……%L “2еCе…, 
,…2ег!,!%"=……/м, , д%*3ме…2,!%"=……/м,. b %“-
…%"е ,…-%!м=ц,%……%г% %Kе“Cече…,  ле›=2 %K-
?,е *л=““,-,*=2%!/, -%!м=л,ƒ=ц,  -%!м=2= 
д=……/. , д%*3ме…2%" " цел%м, ,“C%льƒ3ем/. дл  
"ƒ=,м%деL“2", , ч2% C%ƒ"%л е2 %“3?е“2",2ь де-
*%мC%ƒ,ц,ю C%2%*%" …= %KAе*2…%-%!,е…2,!%"=…-
…/е C!%цед3!/ %K“л3›,"=…, . d%C%л…е…,е C%-
д%K…%L -%!м=л,ƒ=ц,, ,““лед%"=…, м, !е=ль…/. 
C!%це““%" %K“л3›,"=…,  д=‘2 "%ƒм%›…%“2ь C!%-
"е“2, C%л…%це……/L =…=л,ƒ ,…-%!м=ц,%……%г% 
"ƒ=,м%деL“2",  , “-%!м,!%"=2ь м%дель деL“2-
"3ю?еL `hq.

}--е*2,"…%“2ь !=K%2/ qln “лед3е2 %C!еде-
л 2ь “ C%м%?ью *!,2е!,е" 3C!="ле…, , дл  "/-
!=K%2*, , ч,“ле……%L %це…*, *%2%!/. C!едл=-
г=е2“  ме2%д%л%г,  ,““лед%"=…,L, "*люч=ю?=  " 
“еK  C%“лед%"=2ель…/е .2=C/:

=…=л,ƒ C%2%*%" д=……/., ,. -%!м=ль…/. C=!=-
ме2!%" " !=K%2=ю?еL ,…-%!м=ц,%……%L ,…-!=-
“2!3*23!е " !е=ль…%м !е›,ме "!еме…, C32‘м м%-
…,2%!,…г= C!%це““%" %K“л3›,"=…, ;
м%дел,!%"=…,е , C!%"еде…,е .*“Cе!,ме…2%" 

C% 3C!="ле…,ю C!%це““=м, "ƒ=,м%деL“2",  " ,…-
-%!м=ц,%……%L “,“2еме …= %“…%"е C=!=ме2!%", 
C%л3че……/. " !еƒ3ль2=2е =…=л,ƒ=. 

dл  ="2%м=2,ƒ=ц,, д=……/. .2=C%" K/л !=ƒ!=-
K%2=… C!%г!=мм…/L *%мCле*“, "*люч=ю?,L " 
“еK  “лед3ю?,е м%д3л,:

C!%г!=мм3 InfoPainter дл  =…=л,ƒ= , ",ƒ3=л,ƒ=-
ц,, ,…-%!м=ц,%……/. C%2%*%" " “!еде Ethernet 
802.3;

C!%г!=мм3 PMODII (Priority Model of Optimization 
of Information Interaction) дл  м%дел,!%"=…,  "ƒ=,-
м%деL“2",  " ,…-!=“2!3*23!е `hq “ "/деле…-
…/м ,“2%ч…,*%м д=……/..

o!%г!=мм= InfoPainter C!ед…=ƒ…=че…= дл  C!ед-
C!%е*2…%г% =…=л,ƒ= ,…-%!м=ц,%……%г% %K“л3›,-
"=…,  " ,…-!=“2!3*23!е !е=ль…% !=K%2=ю?еL 

“,“2ем/. h…-%!м=ц,%……/е C%2%*, -%!м,!3ю2-
“  ,ƒ C%“лед%"=2ель…%“2еL *=д!%" д=……/. Ethernet 
802.3, ,мею?,. %C!едел‘……3ю …=C!="ле……%“2ь 
&,“2%ч…,*#C%л3ч=2ель[, C%“23C=ю?,. …= “е2е"%L 
,…2е!-еL“ “е!"е!=, “%де!›=?ег% 3“2=…%"ле……3ю 
, !=K%2=ю?3ю C!%г!=мм3. h“2%ч…,* , C%л3ч=-
2ель д=……/. ,де…2,-,ц,!3ю2“  C% =д!е“=м “%%2-
"е2“2"3ю?,. “е2е"/. ,…2е!-еL“%" “3KAе*2%". 
pег,“2!,!3е2“  "!ем  C%л3че…,  *=›д%г% ƒ=."=-
че……%г% *=д!=, !=““ч,2/"=ю2“  C=!=ме2!/ ,…-
-%!м=ц,%……/. C%2%*%". 

b *=че“2"е C=!=ме2!%" C%2%*%" "/K!=…/ Cл%2-
…%“2ь , *%…це…2!=ц, , -%!м=л,ƒ%"=……/е " !=K%-
2е [8]. oл%2…%“2ь ri ,…-%!м=ц,%……%г% C%2%*=, 
“-%!м,!%"=……%г% " “!еде Ethernet, !=““ч,2/"=е2-
“  *=* %2…%ше…,е %KA‘м= Wi д=……/., Cе!ед=……/. 
C% "/K!=……%L “" ƒ, &,“2%ч…,*#C%л3ч=2ель[, ƒ=-
!ег,“2!,!%"=……%г% ƒ= "!ем  t, * &%KA‘м3 *=…=л=[, 
%C!едел ем%м3 C!%,ƒ"еде…,ем ш,!,…/ q C%л%“/ 
C!%C3“*=…,  *=…=л= …= "!ем  t: 

( )
1

; ; [0, ],
n

i
i i ji

j

W
r t W w t T

q t =
= = ∈∑  

 (1)

где T # C!едель…%е "!ем  !ег,“2!=ц,, *=д!%" ƒ=."=-
2/"=ем%г% C%2%*=; n # ч,“л% ƒ=!ег,“2!,!%"=……/. 
*=д!%" i-г% C%2%*= ƒ= "!ем  t; wij # %KA‘м j-г% ƒ=."=-
че……%г% *=д!= i-г% =…=л,ƒ,!3ем%г% C%2%*=.

oл%2…%“2ь ,…-%!м=ц,%……%г% C%2%*= .=!=*2е-
!,ƒ3е2 ƒ=г!3ƒ*3 (ƒ=… 2%“2ь) *=…=л= =…=л,ƒ,!3е-
м/м C%2%*%м, ч2% C%ƒ"%л е2 ,““лед%"=2елю C%-
л3ч,2ь C!ед“2="ле…,е % “%“2% …,, !е“3!“%", ,“-
C%льƒ3ем/. дл  ег% Cе!ед=ч,, = 2=*›е % д,…=м,*е 
%K“л3›,"=…,  *%…*!е2…%г% “3KAе*2= “,“2ем/, 
ч2% м%›е2 “л3›,2ь %“…%"=…,ем дл  C!,… 2,  !е-
ше…,  %K ,ƒме…е…,, “%%2"е2“2"3ю?,. C!,%!,2е-
2%" "ƒ=,м%деL“2", .

j%…це…2!=ц,  ,…-%!м=ц,%……%г% C%2%*= .=-
!=*2е!,ƒ3е2 “%де!›=…,е д=……/. ,““лед3ем%г% 
C%2%*= " *%мC%ƒ,2…%м “е2е"%м 2!=-,*е. j%…це…-
2!=ц,  di i-г% C%2%*= !=““ч,2/"=е2“  *=* %2…%ше-
…,е %KA‘м= д=……/. Wi, ƒ=!ег,“2!,!%"=……%г% ƒ= 
"!ем  t, * %K?ем3 %KA‘м3 WΣ: 

( )
1

; ,
m

i
i j

j

W
d t W w

W ∑
∑ =

= = ∑
 
 (2)

где m # %K?ее ч,“л% ƒ=!ег,“2!,!%"=……/. *=д!%" ƒ= 
"!ем  t; wj # %KA‘м j-г% C!%,ƒ"%ль…% ƒ=."=че……%г% 
*=д!= “е2е"%г% 2!=-,*=.

b%ƒм%›…%“2, C!%г!=мм/ C% %2%K!=›е…,ю !е-
ƒ3ль2=2%" =…=л,ƒ= C!ед3“м=2!,"=ю2 ",ƒ3=л,ƒ=-
ц,ю ƒ=",“,м%“2еL C=!=ме2!%" ,““лед3ем/. C%2%-
*%". o%д%K…%е “!ед“2"% C%ƒ"%л е2 …е 2%ль*% !е-
г,“2!,!%"=2ь C=!=ме2!/ "ƒ=,м%деL“2",  дл  ,. 
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д=ль…еLшег% =…=л,ƒ=, …% , C!%"%д,2ь м%…,2%-
!,…г !е=ль…%г% “%“2% …,  C%д“,“2ем/ “ целью 
-%!м,!%"=…,  =де*"=2…%г% C!ед“2="ле…,  % .%де 
%K“л3›,"=…,  , C!,… 2,  %Cе!=2,"…/. !еше…,L 
дл  3C!="ле…,  ,м.  

o=!=ме2!/ ,ƒ "/!=›е…,L (1) , (2) м%›…% ,ƒ%-
K!=ƒ,2ь " ",де -3…*ц,L r(m) , d(m). b/K!=……%е " 
*=че“2"е =!г3ме…2= -3…*ц,, ч,“л% Cе!ед=……/. 
*=д!%" m 3Cл%2… е2 г!=-,*, ,“*люч=е2 !=ƒ!=“2=-
…,е %Kл=“2, ,ƒ%K!=›е…, , …е “%C%“2=",м%L “ 
м=“ш2=K=м, г!=-,*=, %2%K!=›=е2 2%ль*% ƒ…=ч,-
м/е 3ч=“2*, …=Kлюде…, .

q%“2% …,е *=…=л= *%…2!%л,!3е2“  ",ƒ3=ль…/м 
C!ед“2="ле…,ем *%мC%ƒ,2…%г% “е2е"%г% 2!=-,*=. 
dл  ег% %2%K!=›е…,  "/K!=… C=!=ме2! “*%!%“2, 
Cе!ед=ч, д=……/. V, !=““ч,2/"=ем/L *=* %2…%-
ше…,е !=ƒме!= ƒ=."=че……%г% *=д!= L * "!еме…, 
ег% C%“23Cле…,  ΔT :

1; ; 1,i
i i i i

i

L
V T T T i m

T −= Δ = − =
Δ

 .

c!=-,* %2%K!=›=е2“  " K=ƒ%"%м %*…е C!%г!=м-
м/ InfoPainter " “,“2еме *%%!д,…=2 V(m) “%%2"е2-
“2"е……% “ г!=-,*=м, Cл%2…%“2, , *%…це…2!=ц,, 
(!,“. 1), ч2% C%ƒ"%л е2 %Cе!=2%!3 %“3?е“2"л 2ь 

м%…,2%!,…г “%“2% …,  “,“2ем/ , 3C!="л 2ь C%-
2%*=м,. g=!ег,“2!,!%"=……/е .=!=*2е!,“2,*, ,…-
-%!м=ц,%……/. C%2%*%" ,“C%льƒ3ю2“  дл  =…=л,-
ƒ= C!%цед3! "ƒ=,м%деL“2", , …= %“…%"е *%2%!/. " 
д=ль…еLшем -%!м,!3е2“  м%дель C!%це““%" %K-
“л3›,"=…,  " `hq, C!,ме… ем=  дл  ,. %C2,м,-
ƒ=ц,,. l%дел,!%"=…,е C!,%!,2е2…%L %C2,м,ƒ=-
ц,, д,“*!е2…/. C!%це““%" ,…-%!м=ц,%……%г% 
%K“л3›,"=…,  " ,…-!=“2!3*23!е `qr C!%,ƒ"%-
д,2“  “ ,“C%льƒ%"=…,ем C!%г!=мм/ PMODII.

b *=че“2"е м%дел, ƒ=д=‘2“  “,“2ем= C!%цед3! 
,…-%!м=ц,%……%г% %K“л3›,"=…, , -%!м=л,ƒ3ю-
?=  !=K%23 ,“2%ч…,*= (“е!"е!=) C% -%!м,!%"=-
…,ю , Cе!ед=че д=……/., C%д*люч‘……%г% * ш,!%-
*%"е?=2ель…%L “!еде, …=C!,ме! Ethernet 802.3 [9]. 
b“е C!%це““/ ,…-%!м=ц,%……%г% "ƒ=,м%деL“2",  
C%д"е!г=ю2“  де*%мC%ƒ,ц,, д% 3!%"…  C!%цед3! 
Cе!ед=ч, p ∈P м…%›е“2"= P “ем=…2,че“*, -%!м=-
л,ƒ%"=……/. %KAе*2%" ме›д3 “3KAе*2=м, “,“2ем/, 
" *=че“2"е *%2%!/. "/“23C=ю2 ="2%м=2,ƒ,!%"=…-
…/е !=K%ч,е ме“2= %2"е2“2"е……/. ,“C%л…,2елеL. 
rC!="ле…,е %K“л3›,"=…,ем %“3?е“2"л е2“  …= 
%“…%"е C!,%!,2е2%", -%!м,!3ем/. " !еƒ3ль2=2е 
=…=л,ƒ= =!г3ме…2%" %C2,м,ƒ,!3ю?еL -3…*ц,,, 
2=*,. *=* !=…г “3KAе*2= , %KAе*2= (-!=гме…2= 
д=……/.) ,…-%!м=ц,%……%г% "ƒ=,м%деL“2", . nK= 
!=…г= %K!=ƒ3ю2 !=…г C!%цед3!/ %K“л3›,"=…, . 

p,“. 1. b,д %“…%"…/. %*%… C!%г!=мм/ InfoPainter
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nC2,м,ƒ=ц,  м%дел,!3е2“  …= %“…%"е д,“*!е2-
…%г% .=!=*2е!= Cе!ед=ч, д=……/. " “!еде Ethernet “ 
3ч‘2%м C!,%!,2е2…%г% %K“л3›,"=…, . `…=л,ƒ 
%че!ед, %K“л3›,"=…,  , "/K%! “%%2"е2“2"3ю?еL 
C!%цед3!/ pij :  i=1, 2,…, n; j=1, 2,…, m, где n , m 
# ч,“л% “3KAе*2%" , %KAе*2%" “%%2"е2“2"е……%, 
C!%"%д 2“  C%“ле &Cе!ед=ч,[ *=›д%г% Ethernet-
*=д!= д=……/.. o!%цед3!= "/K,!=е2“  …= %“…%"е 
=…=л,ƒ= %C2,м,ƒ,!3ю?еL -3…*ц,,, 3ч,2/"=ю-
?еL !=…г, “3KAе*2= , %KAе*2=, " “%"%*3C…%“2, 
“%“2="л ю?,е C!,%!,2е2 %K“л3›,"=…, , , …=*%-
Cле……3ю ƒ=де!›*3 дл  *=›д%L C!%цед3!/.

dл  !=“ч‘2= м%дел, =…=л,ƒ,!3ю2 “лед3ю?,е 
C=!=ме2!/:

2!еK3ем%е "!ем  Tij …=ч=л= "/C%л…е…,  C!%це-
д3!/ pij;

%KA‘м Wij “%%2"е2“2"3ю?еL C!%цед3!/ pij, %C-
!едел ем/L %KA‘м%м Si Cе!ед="=ем%г% qi-г% ,…-
-%!м=ц,%……%г% %KAе*2= " K=L2=..

nKAем W 

*
i j      " *=д!=. м%›…% %C!едел,2ь ,ƒ "/-

!=›е…,  

* 1; 1, ; 1, ; 1,i
ij ij

S
W i n j m p

W
= + = = =

где W # -,*“,!%"=……/L %KA‘м д=2=г!=мм/ *=д!= 
Ethernet, …=C!,ме! 1500 K=L2; n # ч,“л% %KAе*2%", 
3ч=“2"3ю?,. " C%л…%м C!%це““е "ƒ=,м%деL“2", ; 
m # ч,“л% “3KAе*2%".

m=*%Cле……3ю ƒ=де!›*3 σij "/C%л…е…,  C!%це-
д3!/ pij %C!едел ем ,ƒ "/!=›е…, 

( )

1

M
y

ij ij
y=

σ = σ∑

 

,

где ( )y
ijσ  # =K“%лю2…=  ƒ=де!›*= Cе!ед=ч, y-г% *=д-

!=; M # ч,“л% *=д!%", …е%K.%д,м/. дл  ,…*=C“3л -
ц,, %KAе*2= C!%цед3!/ pij. 

g=де!›*= σij “-%!м,!%"=…= “ 3ч‘2%м %›,д=…,  
"/C%л…е…,  “%"C=д=ю?,. C% "!еме…, C!%цед3!, 
дл  *%2%!/. 

( ) ( )l , , , , , ; ,k ijT T k l i j k i Q l j S≤ ≠ ∈ ∈ ,

где Tkl # "!ем  …=ч=л= C!%,ƒ"%ль…%L C!%цед3!/ %K-
“л3›,"=…, , …е “%"C=д=ю?еL “ =…=л,ƒ,!3ем%L;  
Tij # "!ем  …=ч=л= =…=л,ƒ,!3ем%L C!%цед3!/, дл  *%-
2%!%L !=““ч,2/"=е2“  ƒ=де!›*=; Q # м…%›е“2"% "“е. 
,…-%!м=ц,%……/. %KAе*2%"; S # м…%›е“2"% "“е. 
“3KAе*2%" 3C!="ле…, ; k, i # ,…де*“/ %KAе*2%", ,де…-
2,-,ц,!3ю?,е ,. …= м…%›е“2"е Q; l, j # ,…де*“/ 
“3KAе*2%", ,де…2,-,ц,!3ю?,е ,. …= м…%›е“2"е S.

j=д!%"=  д,“*!е2,ƒ=ц,  Cе!ед=ч, д=……/. " 
Ethernet 802.3 -%!м,!3е2 C!ед“2="ле…,е % C!%це-
д3!е *=* % C%“лед%"=2ель…%“2, *=д!%" %2…%“ -
?,.“  * …еL д=……/.. t3…*ц,  "/C%л…е…,  %Cе-
!=ц,, Cе!ед=ч, *=д!= p* “%%2"е2“2"3ю?еL C!%це-
д3!/ p ∈P "/ч,“л е2“  *=*

( ) ( )

* *

,
, ,

( ) ( ).ij sq sq sq
s S q Q
s q i j

f p d p
∈ ∈

≠

= σ +∑

 

 

p,“. 2. b,д %“…%"…/. %*%… C!%г!=мм/ PMODII
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m%!м,!%"=……=  ƒ=де!›*= %K“л3›,"=…,  дл  
C!%цед3!/ pij %C!едел е2“  ,ƒ "/!=›е…, 

 
* ( ) ; ; ,ij
ij ij ij

F
f d p i Q j S

σ
σ = σ = ∈ ∈

σ
 

где σF # -,*“,!%"=……=  ƒ=де!›*=  %K“л3›,"=…, , 
“Cец,-,ц,!%"=……=  "!еме…ем Cе!ед=ч, *=д!= 
Ethernet.

dл  C!,… 2,  !еше…,  % "/K%!е 2%L ,л, ,…%L 
C!%цед3!/ * %K“л3›,"=…,ю !=““ч,2/"=е2“  3“-
л%",е %C2,м,ƒ=ц,, *=* *( , ) min ( )ijk l Arg f p= , ƒ=-
*люч=ю?ее“  " C%,“*е ,…де*“%" 2=*%L C!%цед3-
!/, C!, Cе!ед=че *=д!= д=……/. *%2%!%L “3мм=!-
…=  "л, ю?=  ƒ=де!›*= σkl K3де2 м,…,м=ль…%L 
C% “!="…е…,ю “ %“2=ль…/м,, 3д%"ле2"%! ю?,м, 
3“л%",ю (k, l) ≠ (i, j).

o%“ле “%ƒд=…,  м%дел, C!%,ƒ"%д,2“  е‘ %C2,-
м,ƒ=ц,   " “%%2"е2“2",, “ ƒ=!=…ее "/K!=……/м 
*!,2е!,ем. b *=че“2"е 2=*%"%г% м%г32 K/2ь ,“-
C%льƒ%"=…/: C=!=ме2! м,…,м=ль…%L ƒ=де!›*,, 
м=*“,м=ль…/L ,л, м,…,м=ль…/L !=…г, C!%це-
д3!, ,мею?,. “%"C=д=ю?ее "!ем  …=ч=л= " C!е-
дел=. C%л…%г% "!еме…, C!%це““=, , C!. u%д %C2,-
м,ƒ=ц,, %2!=›=е2“  “%%2"е2“2"3ю?,м, ,…д,*=-
2%!=м, " %*…е C!%г!=мм/ (!,“. 2). d=ль…еLш,е 
,““лед%"=…,  C!ед3“м=2!,"=ю2 ,ƒме…е…,  !=…-
г%" “3KAе*2%" , %KAе*2%" " 3“2=…%"ле……/. C!еде-
л=., "!еме…, …=ч=л= C!%цед3!, %K?ег% "!еме…, 
"ƒ=,м%деL“2",  , C!. b !еƒ3ль2=2е ,““лед%"=…,  
м%дел, C%дK,!=ю2 2=*,е C=!=ме2!/ C!%цед3!, 
*%2%!/е C%ƒ"%л ю2 %Kе“Cеч,2ь м,…,м=ль…/е ƒ=-
де!›*, %K“л3›,"=…,  дл  C!%цед3! “ …=,K%ль-
ш,м, C!,%!,2е2=м, (!=…г=м,). o%л3че……=  C=-
!=ме2!,че“*=  *=!2= C!%цед3! ,“C%льƒ3е2“  дл  
-%!м,!%"=…,  *!,2е!,е" 3C!="ле…,  2!=-,*%м 
QoS (Quality of Service) ,л, ,…/. *!,2е!,е", 3“2=-
…="л,"=ю?,. C!,%!,2е2/ Cе!ед=ч, д=……/. " 
м3ль2,“е!",“…/. “е2 ..

o!,ме…е…,е !=ƒ!=K%2=……/. “!ед“2" ="2%м=2,-
ƒ=ц,, “ ,“C%льƒ%"=…,ем C!едл=г=ем%L ме2%д,*, 
C%ƒ"%л,2 !е=л,ƒ%"=2ь “,“2ем…/L C%д.%д * "/!=-
K%2*е *!,2е!,е" 3C!="ле…,  C%2%*=м, д=……/. " 
%д…%!%д…%L ,…-!=“2!3*23!е ,…-%!м=ц,%……%L 
“,“2ем/ …= C!едC!%е*2…%м .2=Cе. o!%г!=мм/ 
м%г32 ,“C%льƒ%"=2ь“  *=* " *%мCле*“е, 2=* , %2-
дель…% дл  м%…,2%!,…г= , C!%г…%ƒ,!%"=…,  !=-
K%2/ “,“2ем/. o=!=ме2!/ 3C!="ле…, , "/!=K%-
2=……/е “ C%м%?ью д=……%г% *%мCле*“= “!ед“2", 
м%г32 K/2ь C!,ме…е…/ дл  -%!м,!%"=…,  C%л,-

2,*, ,…-%!м=ц,%……%г% %Kме…= " *%!C%!=2,"…/. 
,…-%!м=ц,%……/. “,“2ем=., %“…%"=……/., …=C!,-
ме!, …= C!%г!=мм…%-=CC=!=2…/. *%мCле*“=. 
Avaya Cajun Rules Policy Manager ,л, =…=л%г,ч-
…/., ,“C%льƒ3ю?,. 2е.…%л%г,ю QoS дл  !ег3л,-
!%"=…,  C%2%*%" д=……/. " “,“2ем=. м=““%"%г% 
%K“л3›,"=…, . b%ƒм%›…% C!,ме…е…,е C!%г!=м-
м/ InfoPainter дл  м%…,2%!,…г= C%2%*%" " ,…/. 
ш,!%*%"е?=2ель…/. “!ед=., %“…%"=……/. …= “Cе-
ц,-,*=ц,, IEEE 802.x, “ ,“C%льƒ%"=…,ем “%%2-
"е2“2"3ю?,. д!=L"е!%" “е2е"/. 3“2!%L“2".
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~.j. t%!2,…“*,L, *=…д. 2е.. …=3*

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

nilit1@rambler.ru

pe`khg`0h“ opnakelmn-nphemŠhpnb`mmncn naeqoe)emh“ 
`bŠnl`Šhg`0hh opnejŠhpnb`mh“

p=““м%2!е… !=ƒ!=K%2=……/L *%мCле*“, C%ƒ"%л ю?,L %це…,2ь “2%L*%“2ь м,*!%“.ем * 
“2=2,че“*,м , ,мC3ль“…/м ",д=м !=д,=ц,, " C!%це““е C!%е*2,!%"=…, .

jлюче"/е “л%"=: C!%г!=мм…%е %Kе“Cече…,е, !=д,=ц,%……%е "%ƒдеL“2",е, ="2%м=2,ƒ=ц,  C!%е*-
2,!%"=…, , .ле*2!%……=  *%мC%…е…2…=  K=ƒ=.

Developed complex is considered, which makes it possible to evaluate microchips firmness over 
the pulse type radiation during designing.

Key words: software, radiation influence, designing automation, electronic component data base.

b"еде…,е. dл  м%дел,!%"=…,  !=д,=ц,%……/. , 
.ле*2!%м=г…,2…/. .--е*2%"  !=ƒ!=K%2=… C=*е2 
C!%г!=мм op`d [1#3], 3ч,2/"=ю?,L 2!еK%"=…,  
*%мCле*“= г%“3д=!“2"е……/. “2=…д=!2%" (jcq) 
&jл,м=2-7[ " ч=“2, .=!=*2е!,“2,* "%ƒдеL“2",  
“Cец,=ль…/. "…еш…,. -=*2%!%". o=*е2 C!%г!=мм 
C%ƒ"%л е2 C!%г…%ƒ,!%"=2ь C%*=ƒ=2ел, !=д,=ц,%…-
…%L “2%L*%“2, , C=!=ме2!,че“*%L …=д‘›…%“2, " 
!=ƒл,ч…/. !е›,м=. .*“Cл3=2=ц,,, = 2=*›е =…=л,-
ƒ,!%"=2ь !=K%2%“C%“%K…%“2ь K%льш%L ,…2ег!=ль-
…%L “.ем/ (ahq) дл  C%"/ше…,  “2%L*%“2,.

q C%м%?ью д=……%г% C=*е2= !=““ч,2/"=ю2“  
C!%це““/, “" ƒ=……/е “ Cе!е!=“C!еделе…,ем 2еC-
л=, …е%д…%!%д…/м !=“ш,!е…,ем , C%“лед3ю?еL 
де-%!м=ц,еL м=2е!,=л%" "“лед“2",е ,. …=г!е"=, " 
2%м ч,“ле %2 !=д,=ц,%……%г% "%ƒдеL“2", . nC!е-
дел е2“  дег!=д=ц,  .ле*2!%C=!=ме2!%" ahq C!, 
"%ƒдеL“2",, “2=2,че“*,. ",д%" ,%…,ƒ=ц,%……%г% 
,ƒл3че…,  (hh). p=““м=2!,"=е2“  ,ƒме…е…,е C=-
!=ме2!%", *=* %2 е“2е“2"е……%г% “2=!е…, , 2=* , %2 
!=д,=ц,,, C!, .2%м 3ч,2/"=е2“  м%?…%“2ь д%ƒ/, 
2емCе!=23!= “!ед/ , !е›,м !=K%2/ ahq. p=““ч,-
2/"=ю2“  C%*=ƒ=2ел, “2%L*%“2, ц,-!%"/. *%м-
Cлеме…2=!…/. (jlno) ahq C!, "%ƒдеL“2",, 
,мC3ль“…%г% !=д,=ц,%……%г% , .ле*2!%м=г…,2…%г% 
,ƒл3че…, .

q2!3*23!= *%мCле*“=, C!ед“2="ле……=  …= !,“. 1, 
“%“2%,2 ,ƒ 2!‘. м%д3леL, 3C!="ле…,е *%2%!/м, 
%“3?е“2"л е2“  “ C%м%?ью K=ƒ%"%L C!%г!=мм/ 
3C!="ле…,  [1#3]. h…-%!м=ц,%……%е %Kе“Cече…,е 
C!ед“2="ле…% “,“2ем%L 3C!="ле…,  д=……/м, , 
K=…*%м д=……/. (".%д…/. , "/.%д…/.). dл  -%!-
м,!%"=…,  ".%д…/. д=……/. ,“C%льƒ3е2“   ƒ/* 
ahlnd [1]. h…2ег!=ц,  !=ƒ!=K%2=……%L C%д“,“-
2ем/ " “2!3*23!е q`op %“3?е“2"л е2“  че!еƒ 
“,“2ем3 3C!="ле…, , K,Kл,%2е*3 д=……/. , C!%це-
д3!/. p=ƒ!=K%2=……/L *%мCле*“ C%дг%2="л,"=е2 
д=……/е, …е%K.%д,м/е дл  м%дел,!%"=…,  …= “.е-

м%2е.…,че“*%м , -3…*ц,%…=ль…%-л%г,че“*%м 
3!%"… ., …=C!,ме!, C=!=ме2!/ м%дел, 2!=…ƒ,-
“2%!%", "!ем  ƒ=де!›е* , 2. C. d=……/L C%д.%д 
%Kе“Cеч,"=е2 ед,…“2"%: !=“ч‘2, 3C!="ле…,е …=-
ч=ль…/м, , !=““ч,2=……/м, ƒ…=че…, м, , "ƒ=,-
м%деL“2",ем “ д!3г,м, C!%г!=мм…/м, “!ед“2"=-
м, q`op. j!%ме 2%г%, *=›д/L ,ƒ 2!‘. м%д3леL 
м%›е2 !=K%2=2ь ="2%…%м…%. p=““м%2!,м !=K%23 
м%д3леL K%лее C%д!%K…%.

dл  !=“ч‘2= 2еCл%"/. , 2е!м%ме.=…,че“*,. 
.--е*2%" " ,ƒдел, . .ле*2!%……%L 2е.…,*, , Kл%-
*=. !=ƒ!=K%2=… C!%г!=мм…/L м%д3ль IRBIC !=“-
ч‘2= "л, …,  !=д,=ц,, …= “2!3*23!3 ,…2ег!=ль-
…/. .леме…2%".

l%д3ль “%“2%,2 ,ƒ %“…%"…%L C!%г!=мм/ IRBIC, 
" *%2%!%L -%!м,!3ю2“  …=ч=ль…/е д=……/е , C!%-
"%д,2“  !=“ч‘2, = 2=*›е м%д3леL "/"%д= OUT , 
C%,“*= !=““ч,2=……/. ƒ…=че…,L POISK. 

p=“ч‘2 %“3?е“2"л е2“  дл  “ече…,L .леме…2%" 
" че2/!‘. !е›,м=.: %д…%ме!…=  , д"3ме!…=  м%-
дель, Cе!е!=“C!еделе…,е 2еCл=, %K?,L !е›,м, 
"*люч=ю?,L " “еK  "“е !е›,м/. q2%L*%“2ь ,ƒде-
л,  %це…,"=е2“  C% д"3м 3!%"… м: C%!%г%"%м3 , 
C!едель…%м3. q2!3*23!= C!%г!=мм/ ,ƒ%K!=›е…= 
…= !,“. 2.

dл  !=“ч‘2= ,%…,ƒ=ц,%……/. .--е*2%" C!, !=-
д,=ц,%……%м , .ле*2!%м=г…,2…%м "%ƒдеL“2",, !=ƒ-
!=K%2=… *%мCле*“ C!%г!=мм, “%“2% ?,L ,ƒ C!%-
г!=мм/ PRICIR, *%2%!=  -%!м,!3е2 …=ч=ль…/е 
д=……/е, “,“2ем3 3!="…е…,L , "/.%д…3ю ,…-%!м=-
ц,ю (*!%ме 2%г%, “ е‘ C%м%?ью %C!едел ю2“  C=-
!=ме2!/ м=*!%м%дел,!%"=…, ). aл%* MD_ION 
C!%,ƒ"%д,2 !=“ч‘2 м%?…%“2, д%ƒ/ , ,%…,ƒ=-
ц,%……%г% 2%*=, = 2=*›е е‘ "ел,ч,…3 " ƒ=",“,м%-
“2, %2 C=!=ме2!%" .ле*2!%м=г…,2…%г% ,мC3ль“=. 
aл%* TRANZ -%!м,!3е2 …=ч=ль…/е д=……/е, “,“-
2ем3 3!="…е…,L , "/.%д…3ю ,…-%!м=ц,ю, = 2=*›е 
%“3?е“2"л е2 !=“ч‘2 Cе!е.%д…%г% C!%це““=. aл%* 
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p,“. 1. bƒ=,м%деL“2",е C!%г!=мм !=“ч‘2= C%*=ƒ=2елеL “2%L*%“2, , …=д‘›…%“2,

REAK %C!едел е2 !е=*ц,ю м,*!%- , м=*!%.ле-
ме…2=, = Kл%* OUT !е=л,ƒ3е2 "/"%д !=““ч,2=……/. 
ƒ…=че…,L , C!%г!=мм/ C%,“*= POISK (!,“. 3).

d=……/L *%мCле*“ C!%г!=мм C%ƒ"%л е2 м%дел,-
!%"=2ь !е=*ц,ю “Cец,=л,ƒ,!%"=……/. ahq …= ,м-
C3ль“…%е hh.

`"2%…%м…%е C!,ме…е…,е *%мCле*“= C%ƒ"%л е2 
%C!едел,2ь ,ƒме…е…,е *!,2е!,=ль…%г% C=!=ме2!= 
" ƒ=",“,м%“2, %2 "!еме…, C!, "%ƒдеL“2",, ,м-
C3ль“…%г% ,ƒл3че…, . p=“ч‘2 C!%"%д,2“  " д"3. 
!е›,м=.: “2=2,че“*%м , д,…=м,че“*%м. 

}ле*2!%м=г…,2…/L ,мC3ль“ м%дел,!3е2“  C% 
%!,г,…=ль…%L м%дел,, %“…%"3 *%2%!%L “%“2="л е2 
%C!еделе…,е "ел,ч,…/ ,%…,ƒ=ц,%……/. 2%*%" " 
ƒ=",“,м%“2, %2 …=C! ›‘……%“2, м=г…,2…%г% , 
.ле*2!,че“*%г% C%л , 3ч,2/"=ю?еL …е 2%ль*% 
C=!=ме2!/ =*2,"…/. .леме…2%" м,*!%“.ем/, …% 
, "л, …,е дл,…/ ме2=лл,ƒ=ц,, , "/"%д%" "…32!, 
ahq. 

dл  %C!еделе…,  "!еме……%L C%2е!, !=K%2%-
“C%“%K…%“2, (bop) !=““ч,2/"=е2“  Cе!е.%д…=  
.=!=*2е!,“2,*= *!,2е!,=ль…%г% C=!=ме2!= дл  
ƒ=д=……%L м%?…%“2, ,ƒл3че…,  “ 3*=ƒ=…,ем "!е-

ме…,, " 2ече…,е *%2%!%г% C=!=ме2! …=.%д,2“  ƒ= 
C!едел=м, …%!м Šr.

r!%"е…ь Kе““K%L…%L !=K%2/ (rap) %C!едел е2-
“  =…=л%г,ч…% bop …= Cе!"%м .2=Cе. g=2ем "=!ь,-
!3е2“  м%?…%“2ь д%ƒ/, дл  *%2%!%L %C!едел е2“  
Cе!е.%д…=  .=!=*2е!,“2,*=. bел,ч,…= м%?…%“2, 
д%ƒ/, дл  *%2%!%L ,ƒме…е…,е C=!=ме2!= 3*л=д/-
"=е2“  " …%!м3 Šr “ ƒ=д=……%L C%г!еш…%“2ью, %C-
!едел е2“  *=* rpa.

dл  м%дел,!%"=…,  !=K%2%“C%“%K…%“2, ahq " 
3“л%", . "%ƒдеL“2",  “2=2,че“*,. ",д%" hh (“ 
3ч‘2%м …,ƒ*%L ,…2е…“,"…%“2,), = 2=*›е %C!еделе-
…,  м,…,м=ль…%L …=!=K%2*, , C!едель…%L д%ƒ/ 
%2*=ƒ= !=ƒ!=K%2=… C!%г!=мм…/L *%мCле*“ RAPNIS 
(!=“ч‘2 C%*=ƒ=2елеL …=д‘›…%“2, , “2%L*%“2,). 

o!, !=K%2е " “%“2="е q`op д=……/L *%мCле*“ 
C!%г!=мм !=““ч,2/"=е2 C=!=ме2!/, …е%K.%д,м/е 
дл  %C!еделе…,  “2%L*%“2, ,ƒдел, . o!, !=K%2е 
" ="2%…%м…%м !е›,ме %… C!%г…%ƒ,!3е2 ,ƒме…е-
…,е “!ед…ег% ƒ…=че…,  , “!ед…е*"=д!=2,ч…%г% 
%2*л%…е…,  C%*=ƒ=2ел  # *!,2е!,  C!,г%д…%“2, 
hq ,л, Kл%*= " ƒ=",“,м%“2, %2 "!еме…, ,л, д%ƒ/ 
"%ƒдеL“2",  ,ƒл3че…, .

УПРАВЛЯЮЩЕЕ ПРОГРАММНОЕ ОБЕСПЕЧЕНИЕ ПОДСИСТЕМЫ САПР
ДИСКОВАЯ ОПЕРАЦИОННАЯ СИСТЕМА

Ё Ё Ё

ё ё ё

ё

ё
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p,“. 2. q2!3*23!= C!%г!=мм !=“ч‘2= 2еCл%"/. , 2е!м%ме.=…,че“*,. .--е*2%"

q2!3*23!= *%мCле*“= C!%г!=мм C!,"еде…= …= 
!,“. 4. o!%г!=мм…/L *%мCле*“ !=K%2=е2 " д"3. 
!е›,м=.: %Cе!=2,"…%м “ K%лее K/“2!/м !=“ч‘-
2%м Kеƒ ,“C%льƒ%"=…,  ad !еƒ3ль2=2%" ,“C/2=-
…,L м,*!%“.ем C% 3C!%?‘……/м -%!м3л=м , 
2%ч…%м “ ,“C%льƒ%"=…,ем ad. qлед3е2 %2ме-
2,2ь, ч2% C!ед3“м%2!е… , “меш=……/L !е›,м 
!=“ч‘2=, *%гд= " ad C!,“32“2"3е2 2%ль*% ч=“2ь 
д=……/..

g=*люче…,е. Š=*,м %K!=ƒ%м, C!,ме…е…,е д=…-
…%г% *%мCле*“= C!%г!=мм " “%“2="е C%д“,“2ем/ 
q`op C%ƒ"%л,л% %C!едел,2ь "“е …е%K.%д,м/е .=-
!=*2е!,“2,*, дл  C!%г…%ƒ,!%"=…,  “2%L*%“2, , 
…=д‘›…%“2, “Cец,=л,ƒ,!%"=……%L .леме…2…%L K=ƒ/. 
j 2=*,м .=!=*2е!,“2,*=м %2…%“ 2“  ƒ…=че…,  
.ле*2!%C=!=ме2!%" *%мC%…е…2%" %2 "!еме…, , 
д%ƒ/, "ел,ч,…= *%.--,ц,е…2= 3“,ле…,  *%мC%-
…е…2%" , …=г!3ƒ%ч…=  “C%“%K…%“2ь *%мC%…е…2%". 

Комплекс прикладных программ IRBIC

ё

ё

ё
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p,“. 3. q2!3*23!= *%мCле*“= C!%г!=мм PRICIR

`"2%…%м…%е C!,ме…е…,е д=……%г% *%мCле*“= %C!е-
дел е2 %“…%"…/е C%*=ƒ=2ел, “2%L*%“2, , …=д‘›…%-
“2, hq: C!едель…3ю д%ƒ3 %2*=ƒ=, м,…,м=ль…/L 
г=мм=-C!%це…2…/L !е“3!“, “!ед…,L !е“3!“ , 2. C. 
j%мCле*“ !=K%2=е2 " д,=л%г%"%м !е›,ме “ ,“C%ль-
ƒ%"=…,ем K,Kл,%2е* *=* …=ч=ль…/., 2=* , !=““ч,-
2=……/. д=……/.. 

p=““ч,2=……/е C!%г!=мм…/м, м%д3л м, "ел,-
ч,…/ …=.%д 2“  " ad, *%2%!3ю 2=*›е м%›…% ="2%-

…%м…% C!%“м%2!е2ь. nK?,L C!%“м%2! !еƒ3ль2=2%" 
дл  !=““ч,2/"=ем/. ,ƒдел,L C%ƒ"%л е2 %Cе!=2,"-
…% …=.%д,2ь , “!="…,"=2ь !еƒ3ль2=2/ !=“ч‘2= дл  
!=ƒл,ч…/. ,ƒдел,L.

nце…*= 2%ч…%“2, м=2ем=2,че“*%г% м%дел,!%-
"=…,  !=д,=ц,%……/. .--е*2%" C!%"е! л=“ь 
“!="…е…,ем !еƒ3ль2=2%" !=“ч‘2= “ .*“Cе!,ме…-
2=ль…/м, д=……/м,, C%л3че……/м, …= м%дел,-
!3ю?,. 3“2=…%"*=., = 2=*›е C% !еƒ3ль2=2=м ,“-

Комплекс прикладных программ PRICIR
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p,“. 4. q2!3*23!= *%мCле*“= RAPNIS

C/2=…,L " !е=ль…/. 3“л%", . .*“Cл3=2=ц,, ,ƒ-
дел,L. p=“ч‘2 C!%"%д,л“  …= ! де “е!,L ahq, = 
2=*›е …= 2!=…ƒ,“2%!=. , 2!=…ƒ,“2%!…/. “K%!*=. 
("“ег% K%лее 400 ,ƒдел,L). pеƒ3ль2=2/ !=“ч‘2= " 
“!="…е…,, “ .*“Cе!,ме…2=ль…/м, C%*=ƒ=л, .%-
!%шее “%"C=де…,е. 

a,Kл,%г!=-,че“*,е ““/л*,

1. `ч*=“%" b.m. p=ƒ!=K%2*= “!ед“2" ="2%м=2,ƒ=-
ц,, C!%е*2,!%"=…,  “Cец,=л,ƒ,!%"=……/. м,*!%-

“.ем дл  3C!="л ю?,. "/ч,“л,2ель…/. *%мCле*“%"
д"%L…%г% …=ƒ…=че…, . b%!%…е›: b%!%…е›. г%“. 3…-2, 
2005. 240 “.

2. t%!2,…“*,L ~.j. `"2%м=2,ƒ=ц,  3C!="ле…,  , 
C!%е*2,!%"=…,  " .ле*2!%……%L C!%м/шле……%“2,. 
b%!%…е›: b%!%…е›. г%“. 3…-2, 2007.  275 “.

3. j3ƒьм,… `.b. q,“2ем= ="2%м=2,ƒ=ц,, C!%"еде…,  
*%…*3!“%" , =3д,2= "/C%л…е…,  “Cец,=ль…/. C!%е*-
2%" “%ƒд=…,  м,*!%“.ем д"%L…%г% C!,ме…е…, . 
b%!%…е›: b%!%…е›. г%“. 3…-2., 2008. 137 “.

ёт
ёт

ёт
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rdj 681.5
`.a. )е!…/ше", *=…д. 2е.…. …=3*, д%ц.

(qе"е!%-j="*=ƒ“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2,
г. q2="!%C%ль)

chalbor@rambler.ru

hqqkednb`mhe `aqnk~Šmni rqŠni)hbnqŠh mekhmeim{u 
p`qopedekHmm{u qhqŠel

o!,"еде…= *л=““,-,*=ц,  !=“C!едел‘……/. …ел,…еL…/. .=!=*2е!,“2,*. p=““м%2!е…/ 3“-
л%",  C!,ме…е…,  *!,2е!,  =K“%лю2…%L 3“2%Lч,"%“2, дл  !=“C!едел‘……/. “,“2ем 3C!="-
ле…, . o%л3че…% 3!="…е…,е C%"е!.…%“2,, %г!=…,ч,"=ю?еL “е*2%! =K“%лю2…%L 3“2%Lч,"%-
“2, !=“C!едел‘……/. …ел,…еL…/. .=!=*2е!,“2,*. q-%!м3л,!%"=… *!,2е!,L =K“%лю2…%L 
3“2%Lч,"%“2, …ел,…еL…/. “,“2ем “ !=“C!едел‘……/м, C=!=ме2!=м,, C!едл%›е…= ег% ге%-
ме2!,че“*=  ,…2е!C!е2=ц, .

jлюче"/е “л%"=: …ел,…еL…/е .=!=*2е!,“2,*,, =K“%лю2…=  3“2%Lч,"%“2ь, ч=“2%2…/L *!,2е!,L.

Non-linear distributed behaviors classification is adduced. Application conditions of the absolute 
steadiness criteria for the distributed systems are considered. Surface equation is derived that 
absolute steadiness sector of the non-linear distributed behaviors restricts. The absolute steadiness 
criteria is formulated for the non-linear systems with distributed parameters and its geometrical 
interpretation is offered.

Key words: non-linear behaviors, absolute steadiness, frequency criteria.

qnbpelemm{e Šeumnknchh

b"еде…,е. a%льш,…“2"% !еƒ3ль2=2%", C%л3че…-
…/. " 2е%!,, “,“2ем “ !=“C!едел‘……/м, C=!=ме2-
!=м,, " 2%м ч,“ле , =…=л,ƒ ,. 3“2%Lч,"%“2,, %2-
…%“,2“  * л,…еL…/м “,“2ем=м. jл=““ …ел,…еL…/. 
м%делеL %че…ь ш,!%*, ч2% ƒ=2!3д… е2 ,. ед,…%%K-
!=ƒ…%е %C,“=…,е, ,“C%льƒ%"=…,е 3…,"е!“=ль…/. 
ме2%д%" =…=л,ƒ= , “,…2еƒ=. o%.2%м3 C!, !=ƒ!=-
K%2*е ме2%д,* ,““лед%"=…,  ="2%м=2,че“*,. “,“-
2ем 3C!="ле…,  C% …ел,…еL…/м м%дел м "/K,-
!=ю2“  …е*%2%!/е !=“ч‘2…/е -%!м/ м%делеL, * 
*%2%!/м C% "%ƒм%›…%“2, C/2=ю2“  C!,"е“2, ,“-
.%д…/е м%дел,. p=““м%2!,м *л=““ …ел,…еL…/. 
“,“2ем 3C!="ле…, , “2!3*23!…=  “.ем= *%2%!/. 
C!ед“2="л е2“  C%“лед%"=2ель…/м “%ед,…е…,ем 
…ел,…еL…%г% Kл%*= , л,…еL…%L ч=“2, [1]. b .2%м 
“л3ч=е м%›…% ,“C%льƒ%"=2ь =CC=!=2 Cе!ед=2%ч…/. 
-3…*ц,L л,…еL…%L ч=“2, “,“2ем/.

jл=““,-,*=ц,  …ел,…еL…/. .леме…2%" дл  “,“-
2ем “ !=“C!едел‘……/м, C=!=ме2!=м,. dл  “,“2ем 
“ !=“C!едел‘……/м, C=!=ме2!=м, ".%д…%L “,г…=л 
ƒ=",“,2 …е 2%ль*% %2 "!еме…,, …% , %2 C!%“2!=…-
“2"е……/. *%%!д,…=2. t3…*ц,  "/.%д= …ел,…еL-
…%L ч=“2, “,“2ем/ " %K?ем ",де м%›е2 K/2ь 
C!ед“2="ле…= “%%2…%ше…,ем

z = ϕ (x, t, σ (x, t)),

где -3…*ц,  σ (x, t) – ".%д…%е "%ƒдеL“2",е; x ∈[0; l] # 
C!%“2!=…“2"е……=  *%%!д,…=2=; l # ге%ме2!,че“*,L 
C=!=ме2! %KAе*2=; t # "!ем . 

mе …=!3ш=  %K?…%“2, !=““3›де…,L, !=““м%2-
!,м …ел,…еL…/е .леме…2/ дл  !=“C!едел‘……/. 
%KAе*2%" “ %д…%L C!%“2!=…“2"е……%L *%%!д,…=2%L:

…ел,…еL…=  -3…*ц,  ",д= ϕ (σ (t )). b *=›д%L 
2%ч*е x ∈ [0; l] ".%д…%е "%ƒдеL“2",е %д,…=*%"%, 
.=!=*2е!,“2,*= …ел,…еL…%г% .леме…2= “2=2,че-
“*= , %д…%г% , 2%г% ›е 2,C=;

…ел,…еL…=  -3…*ц,  ",д= ϕ (σ (x, t )). b !=ƒл,ч-
…/. 2%ч*=. x ∈ [0; l] ".%д…%е "%ƒдеL“2",е !=ƒл,ч-
…%, .=!=*2е!,“2,*= …ел,…еL…%г% .леме…2= “2=2,-
че“*= , %д…%г% , 2%г% ›е 2,C=;

…ел,…еL…=  -3…*ц,  ",д= ϕ (x, σ (t )). b *=›д%L 
2%ч*е x ∈ [0; l] ".%д…%е "%ƒдеL“2",е %д,…=*%"%, 
.=!=*2е!,“2,*= …ел,…еL…%г% .леме…2= “2=2,че“-
*= , 2,C …ел,…еL…%L .=!=*2е!,“2,*,, *=* !е=*-
ц,, …= .2% ".%д…%е "%ƒдеL“2",е, " *=›д%L 2%ч*е 
!=ƒл,ч…/L;

…ел,…еL…=  -3…*ц,  ",д= ϕ (x, σ (x, t)).
b.%д…%е "%ƒдеL“2",е !=ƒл,ч…% "% "“е. 2%ч*=. 
x ∈ [0; l], .=!=*2е!,“2,*= …ел,…еL…%г% .леме…2= 
“2=2,че“*= , 2,C …ел,…еL…%L .=!=*2е!,“2,*, " 
*=›д%L 2%ч*е !=ƒл,ч…/L;
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…ел,…еL…=  -3…*ц,  ",д= ϕ (x, t, σ (x, t)). b.%д-
…%е "%ƒдеL“2",е !=ƒл,ч…% "% "“е. 2%ч*=. x ∈ [0; l], 
2,C/ …ел,…еL…/. .=!=*2е!,“2,* " *=›д%L 2%ч*е 
x ∈ [0; l] , " *=›д/L м%ме…2 "!еме…, !=ƒл,ч…/, 
2. е. …ел,…еL…=  .=!=*2е!,“2,*= д,…=м,че“*= .

r“л%",  C!,ме…,м%“2, *!,2е!,  =K“%лю2…%L 3“-
2%Lч,"%“2, дл  !=“C!едел‘……/. “,“2ем 3C!="ле-
…, . dл  ,…2е!C!е2=ц,, *!,2е!,  =K“%лю2…%L 
3“2%Lч,"%“2, C!, =…=л,ƒе “,“2ем 3C!="ле…,  “ 
!=“C!едел‘……/м, C=!=ме2!=м, м%›…% C!едC%л%-
›,2ь "/C%л…е…,е “лед3ю?,. 3“л%",L [2]:

…ел,…еL…%е ƒ"е…% C!ед“2="ле…% " ",де C%“ле-
д%"=2ель…%г% “%ед,…е…,  …ел,…еL…%г% .леме…2= 
, л,…еL…%L ч=“2,;
л,…еL…/L Kл%* “,“2ем/ м%›е2 K/2ь C!ед“2="-

ле… Kе“*%…еч…%L “%"%*3C…%“2ью …еƒ=",“,м/. 
*%…23!%";
л,…еL…=  ч=“2ь “,“2ем/  "л е2“  3“2%Lч,"%L;
…ел,…еL…=  .=!=*2е!,“2,*=, ƒ=",“ ?=  %2 C!%-

“2!=…“2"е……/. *%%!д,…=2, м%›е2 K/2ь C!ед“2="-
ле…= " ",де ! д= t3!ье C% C!%“2!=…“2"е……/м 
*%%!д,…=2=м.

o!, "/C%л…е…,, 3*=ƒ=……/. 3“л%",L "%ƒм%›…% 
C!,ме…е…,е м%д,-,ц,!%"=……%г% *!,2е!,  дл  
,““лед%"=…,  =K“%лю2…%L 3“2%Lч,"%“2, %C!еде-
л‘……%г% *л=““= …ел,…еL…/. “,“2ем “ !=“C!еде-
л‘……/м, C=!=ме2!=м,.

j!,2е!,L =K“%лю2…%L 3“2%Lч,"%“2, дл  …е ƒ=-
",“ ?еL %2 C!%“2!=…“2"е……/. *%%!д,…=2 …ел,…еL-
…%L .=!=*2е!,“2,*,. o3“2ь ƒ=д=…% ,ƒ%K!=›е…,е 
C% k=Cл=“3 C!, …3ле"/. …=ч=ль…/. 3“л%", . 
".%д…%г% "%ƒдеL“2",  σ (x,  y, s). b.%д…%е "%ƒдеL-
“2",е м%›е2 K/2ь C!ед“2="ле…% " ",де ! д= 
t3!ье:

4

, , , ,
, 1 1

( , , ) ( ) ( , ),x y s C s B x y
∞

η γ ξ η γ ξ
η γ = ξ=

σ = ∑ ∑
  

где
 , ,1( , ) cos( )cos( );B x y x yη γ η γ= ψ ψ�

, ,2 ( , ) sin( )cos( );B x y x yη γ η γ= ψ ψ�

, ,3 ( , ) cos( )sin( );B x y x yη γ η γ= ψ ψ�

, ,4 ( , ) sin( )cos( )B x y x yη γ η γ= ψ ψ� ;

η, γ # …%ме!= “%“2="л ю?,. ! д= t3!ье C% C!%-
“2!=…“2"е……/м *%%!д,…=2=м . , y “%%2"е2“2"е……%; 
ξ # …%ме! ",д= -3…*ц,, B(x, y), ƒ=",“ ?еL %2 …=-
K%!= 2!,г%…%ме2!,че“*,. “%“2="л ю?,.; ( ), ,C sη γ ξ = ( ), , expq sη γ ξ= − ƒ=д=……/е -3…*ц,,.

b “"%ю %че!едь 

xl
η

πηψ = ;
 yl

γ
πγψ =� ,

где lx, ly # ге%ме2!,че“*,е C=!=ме2!/ %KAе*2=; s # 
%Cе!=2%! C!е%K!=ƒ%"=…,  k=Cл=“=.

b"ед‘м " “,“2ем3 *%%!д,…=2 %“ь 
2

2~
⎟
⎠
⎞⎜

⎝
⎛ π=ψ=

l
nG n  

C!, n = η = γ (n = 1, 2, 3,...). Š%гд= ( )G n�  # д,“-
*!е2…=  -3…*ц,  “ %Kл=“2ью ,ƒме…е…,  %2 НG~  д% 

КG~ , где 
2

2НG
l
π=�  # ƒ…=че…,е -3…*ц,, C!, n = 1; 

∞→КG~  # ƒ…=че…,е -3…*ц,, C!, ∞→n . g=ме-

…,м д,“*!е2…3ю -3…*ц,ю ( )nG~  …еC!е!/"…%L 

-3…*ц,еL G  “ %Kл=“2ью %C!еделе…,  );~[ ∞НG  [3].
o!едC%л%›,м, ч2% …ел,…еL…=  .=!=*2е!,“2,*= 

%KAе*2= …е ƒ=",“,2 %2 -3…*ц,, 
2

22~
l
nG π= , 2. е. %2 

C=!=ме2!= n. d!3г,м, “л%"=м,, ",д , -%!м= …е-
л,…еL…%L .=!=*2е!,“2,*, %“2=ю2“  …е,ƒме……/-
м, дл  *=›д%L “%“2="л ю?еL !=ƒл%›е…,  Cе!е-
д=2%ч…%L -3…*ц,, " ! д t3!ье.

o!, ""ед‘……/. д%C3?е…, . *!,2е!,L =K“%-
лю2…%L 3“2%Lч,"%“2, дл  “,“2ем “ !=“C!едел‘…-
…/м, C=!=ме2!=м, м%›е2 K/2ь ,…2е!C!е2,!%"=… 
“лед3ю?,м %K!=ƒ%м [4].

dл  =K“%лю2…%L 3“2%Lч,"%“2, …ел,…еL…%L !=“-
C!едел‘……%L “,“2ем/ C!, 3“л%",,, ч2% …ел,…еL-
…=  .=!=*2е!,“2,*= …е ƒ=",“,2 %2 C!%“2!=…“2"е…-
…/. *%%!д,…=2, д%“2=2%ч…%, ч2%K/ м%д,-,ц,!%-
"=……/L C!%“2!=…“2"е……/L г%д%г!=- !=ƒ%м*…32%L 
“,“2ем/ !=“C%л=г=л“  “C!="= %2 Cл%“*%“2,, C!%-

.%д ?еL че!еƒ л,…,ю 1:{ Im( ) 0; Re( ) ; }L W W Gkω = = −  
C%д 3гл%м 1arctg qα =  * Cл%“*%“2, {Re(W); G}.

b .2%м “л3ч=е ч=“2%2…=  .=!=*2е!,“2,*= *=›-
д%г% *%…23!= “,“2ем/ 3C!="ле…,  K3де2 ле›=2ь 

C!="ее C! м%L 1Re( ) Im( ) 0W q W k− ω + = , где W # 

Cе!ед=2%ч…=  -3…*ц,  л,…еL…%L ч=“2, “,“2ем/; 
Re(W ) # деL“2",2ель…=  ч=“2ь; Im(W ) # м…,м=  
ч=“2ь; q # …е*%2%!%е деL“2",2ель…%е ч,“л%; ω # *!3-
г%"=  ч=“2%2=; k # 3г%л =K“%лю2…%L 3“2%Lч,"%“2,. 

qлед%"=2ель…%, *=›д/L *%…23! “,“2ем/ 3C!="-
ле…,  3“2%Lч,", = ƒ…=ч,2, K3де2 3“2%Lч,"= , "“  
“,“2ем=.

nд…=*% ".%д…%L “,г…=л м%›е2 ƒ=",“е2ь …е 
2%ль*% %2 "!еме…,, …% , %2 C!%“2!=…“2"е……/. 
*%%!д,…=2, 2%гд= C=!=ме2! k (3г%л =K“%лю2…%L 
3“2%Lч,"%“2,), %г!=…,ч,"=ю?,L “е*2%! …ел,-
…еL…%L .=!=*2е!,“2,*,, K3де2 ƒ=",“е2ь %2 ƒ…=че-
…,  %K%K?‘……%L *%%!д,…=2/ G.

qе*2%! =K“%лю2…%L 3“2%Lч,"%“2, C!%“2!=…“2"е…-
…%-"!еме……%L …ел,…еL…%L .=!=*2е!,“2,*,. o3“2ь 
…ел,…еL…/L .леме…2 ƒ=д=‘2“  -3…*ц,еL  z(x, y, t) 
= ϕ (σ (x, y, t)). p=““м%2!,м …ел,…еL…3ю “,“2ем3 
“ 3“2%Lч,"%L л,…еL…%L ч=“2ью. o%л%›,м, ч2% 
…ел,…еL…/L .леме…2 ,мее2 %д…%ƒ…=ч…3ю “2=2,-
че“*3ю .=!=*2е!,“2,*3. hƒ"е“2…%, ч2% дл  “,“2ем 
“ “%“!ед%2%че……/м, C=!=ме2!=м, “2=2,че“*=  
.=!=*2е!,“2,*= 3д%"ле2"%! е2 3“л%", м:

( )0 ( ) ; 0 0k≤ ϕ σ ≤ σ ϕ = ,
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2. е. .=!=*2е!,“2,*= …ел,…еL…%г% .леме…2= д%л›-
…= C!,…=дле›=2ь “е*2%!3 [0; k].

o!,ме…,2ель…% * “,“2ем=м “ !=“C!едел‘……/-
м, C=!=ме2!=м, !=““м%2!,м *%.--,ц,е…2 k *=* 
*%.--,ц,е…2 3“,ле…,  C!%“2!=…“2"е……%-3“,л,-
2ель…%г% ƒ"е…=:

( ) 1
1

1 1

1 1 ,  0nk G E G G
n n

⎡ ⎤−= + ≤ ≤ ∞⎢ ⎥
⎣ ⎦

,

где E1# %K?,L *%.--,ц,е…2 3“,ле…,  (ƒ=д=……%е 
ч,“л%); n1 # "е“%"%L *%.--,ц,е…2 (n1 ≥ 1). 

r!="…е…,е C! м%L, %г!=…,ч,"=ю?еL “е*2%! 
…ел,…еL…%L .=!=*2е!,“2,*, “"е!.3, дл  *=›д%г% 
*%…23!= м%›…% ƒ=C,“=2ь " ",де

nnn G
nn

nEz σ⎥
⎦

⎤
⎢
⎣

⎡
+

−
=

11

1
1

11
,

где n # …%ме! *%…23!=.

r!="…е…,е C%"е!.…%“2,, %г!=…,ч,"=ю?еL “е*-
2%! …ел,…еL…%L .=!=*2е!,“2,*,, "/!=›е……%е че!еƒ 
ч=“2…/е C!%,ƒ"%д…/е, м%›е2 K/2ь ƒ=C,“=…% " ",де

σ⎥
⎦

⎤
⎢
⎣

⎡
∇−

−
= 2

11

1
1

11
nn

nEz
 
=

( )=σ⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟⎠

⎞
⎜⎜⎝

⎛
∂
∂+

∂
∂−

−
= tyx

yxnn
nE ,,11

2

2

2

2

11

1
1

( ) ( )
⎢
⎣

⎡
⎜⎜⎝

⎛
+

∂
σ∂−σ

−
= 2

2

11

1
1

,,1,,1
x

tyx
n

tyx
n

nE

( )
⎥
⎦

⎤
⎟⎟⎠

⎞
∂

σ∂+ 2

2 ,,
y

tyx
, (1)

где 
2

2

2

2
2

yx ∂
∂+

∂
∂=∇  # %Cе!=2%! k=Cл=“=.

e“л, …ел,…еL…%е ".%д…%е "%ƒдеL“2",е …е ƒ=",-
“,2 %2 C!%“2!=…“2"е……/. *%%!д,…=2 x, y, 2% "/!=-
›е…,е (1) C!,ме2 ",д

( )t
n

nEz σ
−

=
1

1
1

1
,

где
 1

1
1

1
n

nEk −
= ,

2. е. 3!="…е…,е C! м%L z = kσ (t )) …е ƒ=",“,2 %2 
ƒ…=че…,  %K%K?‘……%L *%%!д,…=2/ G. g…=че…,е 
3гл%"%г% *%.--,ц,е…2= k ƒ=",“,2 %2 ƒ=д=……%г% 
*%.--,ц,е…2= 3“,ле…,  E1 , "е“%"%г% *%.--,-
ц,е…2= n1, C%дK%! *%2%!/. C%ƒ"%л,2 м,…,м,ƒ,-
!%"=2ь “е*2%!, *%2%!%м3 C!,…=дле›,2 …ел,…еL-
…=  .=!=*2е!,“2,*=.

g=",“,м%“2ь 3гл%"%г% *%.--,ц,е…2= k(G ) %2 
"е“%"%г% *%.--,ц,е…2= n1

bе“%"%L 
*%.--,ц,е…2 n1

rгл%"%L 
*%.--,ц,е…2 k(G)

1 k = G

2 k = 0,5 + 0,5G 

5 k = 0,8 + 0,2G 

10 k = 0,9 + 0,1G 

∞ 1

k

G0

1

5,0

1

11n

21n

101n

1n

p,“. 1. g=",“,м%“2ь 3гл%"%г% *%.--,ц,е…2= %2 %K%K?‘……%L *%%!д,…=2/
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G

z

G

z

G

z

)

)

)

p,“. 2. o%"е!.…%“2ь, %г!=…,ч,"=ю?=  “е*2%! …ел,…еL…%L .=!=*2е!,“2,*,:

a # E1 = 1; n1 = 1; k = G; z = Gσ; K # E1 = 1; n1 = 10; k = 0,9 + 0,1G; z = 0,9G + 0,1Gσ;

" # E1 = 1; n1 → ∞ 1; k = 1; z = σ 
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e“л, ".%д…%е "%ƒдеL“2",е, ƒ=",“ ?ее %2 C!%-
“2!=…“2"е……/. *%%!д,…=2, ƒ=д=…% " ",де ,ƒ%K!=-
›е…,  C% k=Cл=“3 σ (x, y, s ), 2% C%"е!.…%“2ь, %г-
!=…,ч,"=ю?=  “е*2%! [0; k(G )] “"е!.3, K3де2 
,ме2ь ",д

1
1

1 1

1 1 ( , , ),
n

z E G x y s
n n

⎡ ⎤−
= + σ⎢ ⎥

⎣ ⎦
 

где ( ) ⎥
⎦

⎤
⎢
⎣

⎡
+

−
= G

nn
nEGk

11

1
1

11
.

b/!=›е…,  3гл%"%г% *%.--,ц,е…2= k(G ) C!, 
!=ƒл,ч…/. ƒ…=че…, . "е“%"%г% *%.--,ц,е…2= n1 
C!,"еде…/ " 2=Kл,це. g=",“,м%“2ь 3гл%"%г% *%-
.--,ц,е…2= k(G ) %2 %K%K?‘……%L *%%!д,…=2/ G 
(C!, E1 = 1) C%*=ƒ=…= …= !,“. 1. e“л, E1 ≠ 1  (…=-
C!,ме!, E1 = 10), 2% C!, n1 = 5k = 8 + 2G. r"ел,-
че…,е *%.--,ц,е…2= E1 3"ел,ч,"=е2 C=!=ме2!/ 

b~  , k~ C! м%L Gkbk ~~ +=  " E1 !=ƒ, 2. е. C! м=  
K3де2 “д",г=2ь“  ""е!. , 3"ел,ч,"=2ь 3гл%"%L 
*%.--,ц,е…2 k~ .

dл  “,“2ем “ !=“C!едел‘……/м, C=!=ме2!=м, 
C%"е!.…%“2ь, %г!=…,ч,"=ю?=  “е*2%! =K“%лю2-
…%L 3“2%Lч,"%“2, …ел,…еL…%L .=!=*2е!,“2,*, 
“"е!.3, K3де2 ,ме2ь ",д, C%*=ƒ=……/L …= !,“. 2. 
o!, "%ƒ!=“2=…,, "е“%"%г% *%.--,ц,е…2= n1 г,-
Cе!K%л,че“*=  C%"е!.…%“2ь "/C! мл е2“ , C!, 
n1 = ∞ C!ед“2="л е2 “%K%L Cл%“*%“2ь. o!, 3"ел,-
че…,, %K?ег% *%.--,ц,е…2= 3“,ле…,  E1 3"ел,-
ч,"=е2“  3гл%"%L *%.--,ц,е…2 k(G ) дл  *=›д%г% 
,ƒ ƒ…=че…,L G.

l%д,-,ц,!%"=……/L *!,2е!,L =K“%лю2…%L 3“-
2%Lч,"%“2, …ел,…еL…/. !=“C!едел‘……/. “,“2ем 
3C!="ле…, . o3“2ь "/C%л… ю2“  3“л%", :

"“е C%лю“/ Cе!ед=2%ч…%L -3…*ц,, л,…еL…%L 
ч=“2, “,“2ем/ ,мею2 %2!,ц=2ель…/е деL“2",-
2ель…/е ч=“2, (2. е. л,…еL…=  ч=“2ь !=ƒ%м*…32%L 
“,“2ем/ 3“2%Lч,"=);
.=!=*2е!,“2,*= …ел,…еL…%г% .леме…2= z = 

= ϕ (σ (x,y, t)) C!,…=дле›,2 %Kл=“2,, %г!=…,че…-
…%L Cл%“*%“2ью z = 0 , C%"е!.…%“2ью

( ) ( )2
1

1 2
1 1

, ,1 1, ,
x y tn

z E x y t
n n x

⎡ ⎛ ∂ σ−⎢= σ − +⎜
∂⎢ ⎝⎣

( )2

2
, ,x y t

y

⎤⎞∂ σ
⎥+ ⎟

∂ ⎥⎠ ⎦
,

 
2. е. 

  
(0) 0,ϕ =

 
( )( , , )

0
( , , )

x y t
x y t

ϕ σ
≤ ≤

σ

2 2
1

1 2 2
1 1

1 1n
E

n n x y

⎡ ⎤⎛ ⎞− ∂ ∂≤ − +⎢ ⎥⎜ ⎟∂ ∂⎝ ⎠⎢ ⎥⎣ ⎦
 

C!, "“е. σ (x, y, t ) ≠ 0.
e“л, ".%д…%е "%ƒдеL“2",е ƒ=д=…% " ",де ,ƒ%-

K!=›е…,  C% k=Cл=“3 σ (x, y, t ), 2% C%"е!.…%“2ь, 
%г!=…,ч,"=ю?=  “е*2%! “"е!.3, K3де2 ,ме2ь ",д

WIm

G

WRe

0

qG
nn

nE
11

1
1

11
1

p,“. 3. c!=-,че“*=  ,…2е!C!е2=ц,  =…=л,ƒ= =K“%лю2…%L 3“2%Lч,"%“2,
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1
1

1 1

1 1 ( , , ),
n

z E G x y s
n n

⎡ ⎤−
= + σ⎢ ⎥

⎣ ⎦
 

(0) 0,ϕ =
 

( ) 1
1

1 1

( , , ) 1 10  
( , , )

x y s n
E G

x y s n n
ϕ σ ⎡ ⎤−

≤ ≤ +⎢ ⎥σ ⎣ ⎦
,

C!, "“е. σ (x, y, s ) ≠ 0, где

22 2 2 2 2

2 2

( )
;y x

x y x y

n l ln nG
l l l l

⎛ ⎞ π +⎛ ⎞π π= + =⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠

 
“3?е“2"3е2 2=*%е деL“2",2ель…%е ч,“л% q, ч2% C!, 
"“е. ω ∈[0; ∞) "/C%л… е2“  …е!="е…“2"%

[ ]
1

1
1 1

1Re (1 ) ( ) .
1 1

j q W j
nE G

n n

+ ω ω > −
⎡ ⎤− +⎢ ⎥
⎣ ⎦

 Š%гд= C!, люK/. %г!=…,че……/. …=ч=ль…/. %2-
*л%…е…, . %2 …3ле"%г% ƒ…=че…,  -3…*ц,  ".%д…%-
г% "%ƒдеL“2",  σ (x, y, t ) %“2=‘2“  %г!=…,че……%L, 
е“л, t > 0 , σ (x, y, t ) → 0 C!, t → ∞. q,“2ем= K3де2 
=“,мC2%2,че“*, 3“2%Lч,"%L, 2=* *=* ,ƒ %г!=…,-
че……%“2, σ (x, y, t ) “лед3е2 %г!=…,че……%“2ь %2*л%-
…е…,  3C!="л ем%г% C=!=ме2!= Q (x, y, t ), = C!, 
σ (x, y, t ) → 0 3C!="л ем/L C=!=ме2! Q (x, y, t ) → 0 
C!, t → ∞.

m= !,“. 3. C!ед“2="ле…= г!=-,че“*=  ,…2е!C!е-
2=ц,  м%д,-,ц,!%"=……%г% *!,2е!,  =K“%лю2…%L 
3“2%Lч,"%“2,.

e“л, Cе!ед=2%ч…=  -3…*ц,  !=ƒ%м*…32%L “,“-
2ем/ …е ,мее2 C%лю“%", ле›=?,. " C!="%L C%л3-
Cл%“*%“2,, 2% дл  =K“%лю2…%L 3“2%Lч,"%“2, 

ƒ=м*…32%L “,“2ем/ д%“2=2%ч…%, ч2%K/ м%д,-,-
ц,!%"=……/L C!%“2!=…“2"е……/L г%д%г!=- …е Cе-
!е“е*=л C%"е!.…%“2ь, C!%.%д ?3ю че!еƒ л,…,ю
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, C! м3ю {Re(W ) = 0; Im(W ) = q; G}.
g=*люче…,е. b !еƒ3ль2=2е C!,ме…е…,  ме2%д%" 

2е%!,, “,“2ем “ “%“!ед%2%че……/м, C=!=ме2!=м, 
, ,“C%льƒ%"=…,  “2!3*23!/ Cе!ед=2%ч…/. -3…*-
ц,L, "/!=›е……/. че!еƒ %K%K?‘……3ю *%%!д,…=23, 
C%л3че… =…=л%г ч=“2%2…%г% *!,2е!,  =K“%лю2…%L 
3“2%Lч,"%“2, b.l. o%C%"= дл  *л=““= “,“2ем “ 
!=“C!едел‘……/м, C=!=ме2!=м,, ч2% C%ƒ"%л е2 
,““лед%"=2ь д,…=м,че“*,е .=!=*2е!,“2,*, …ел,-
…еL…/. !=“C!едел‘……/. “,“2ем 3C!="ле…, .

a,Kл,%г!=-,че“*,е ““/л*,

1. p=C%C%!2 }.“. q2!3*23!…%е м%дел,!%"=…,е %KAе*-
2%" , “,“2ем 3C!="ле…,  “ !=“C!едел‘……/м, C=!=ме2-
!=м,. l.: b/“ш=  ш*%л=, 2003. 299 “.

2. )е!…/ше" `.a. nC!еделе…,е *л=““= “,“2ем “ !=“-
C!едел‘……/м, C=!=ме2!=м, дл  м%д,-,*=ц,, ч=“2%2-
…%г% *!,2е!,  =K“%лю2…%L 3“2%Lч,"%“2, // h…-%*%м-3: 
lе›д3…=!. …=3ч.-2е.…. *%…-. q2="!%C%ль, 2008. q. 284#288.

3. oе!ш,… h.l. `…=л,ƒ , “,…2еƒ “,“2ем “ !=“C!е-
дел‘……/м, C=!=ме2!=м,. o 2,г%!“*: hƒд-"% ph`-
jlb, 2007. 244 “.

4. )е!…/ше" `.a. h…2е!C!е2=ц,  *!,2е!,  =K“%-
лю2…%L 3“2%Lч,"%“2, дл  …ел,…еL…/. !=“C!едел‘……/. 
“,“2ем // `"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,. 
2010. 1 2. C. 28#32

b…,м=…,ю ="2%!%"!

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

м%›…% …=L2, …= “=L2е www.mashin.ru
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leŠndhj` jnlokejqmni n0emjh noŠhl`k|mnqŠh Šeumh)eqjhu 
nazejŠnb h eH ophlememhe j n0emje aeqohknŠm{u qhqŠel

p=““м%2!е…/ "%C!%“/ ме2%д%л%г,, %C2,м=ль…%г% "/K%!= 2е.…,че“*,. %KAе*2%", %C!еде-
ле…/ г!3CC/ *!,2е!,е" %це…*, %C2,м=ль…%“2,, C!,"еде…/ ме2%д,*= %це…*, , !еƒ3ль2=2/ 
!=“ч‘2%" C!,ме…,2ель…% * …е*%2%!/м 2е.…,че“*,м %KAе*2=м, " ч=“2…%“2, * “,“2ем=м “ 
Kе“C,л%2…/м, ле2=2ель…/м, =CC=!=2=м,.

jлюче"/е “л%"=: %C2,м=ль…%“2ь, %C2,м=ль…/L "/K%!, %це…*= %C2,м=ль…%“2,, %це…*= Kе“C,-
л%2…/. “,“2ем.

Methodology questions of the engineering objects optimum choice are considered; criterion groups 
of the optimality valuation are defined; valuation methodology and calculating results are adduced 
for application to certain technical objects, and particular, to systems with unmanned flying 
devises.

Key words: optimality, optimum choice, optimality valuation, unmanned systems valuation.

q2!ем,2ель…%е !=ƒ",2,е !/…*= Kе“C,л%2…%L 
2е.…,*, …= “%"!еме……%м .2=Cе C!,"ел% * -%!м,-
!%"=…,ю !=ƒл,ч…/. -3…*ц,%…=ль…/. *л=““%" “,“-
2ем “ Kе“C,л%2…/м, ле2=2ель…/м, =CC=!=2=м, 
(qak`) , ƒ…=ч,2ель…%м3 !%“23 ,. м…%г%%K!=ƒ,  
"…32!, *л=““%". Š=*,е “,“2ем/ C%ƒ"%л ю2 "/C%л-
… 2ь “л%›…/е ƒ=д=ч, "%е……%г%, “Cец,=ль…%г% , 
г!=›д=…“*%г% …=ƒ…=че…, : !=ƒ"ед*= , …=Kлюде…,е, 
2!=…“C%!2,!%"*= K%еC!,C=“%" , 2%Cл,"=, .*%л%г,-
че“*,L м%…,2%!,…г, C%дде!›*= “C=“=2ель…/. %Cе-
!=ц,L. b% "“ем м,!е 2=*,е “,“2ем/ 3“Cеш…% ƒ=!е-
*%ме…д%"=л, “еK  *=* …е%2Aемлем=  ч=“2ь …=ц,%-
…=ль…%L %K%!%……%L , C!%м/шле……%L C%л,2,*,. 
l…%г,е =“Cе*2/ =…=л,ƒ= qak` " …=“2% ?ее "!ем  
!=ƒ!=K=2/"=ю2“ , = !еше…,е %2дель…/. ƒ=д=ч …=-
шл% %2!=›е…,е " ! де “Cец,=ль…/. !=K%2 [1]. 
nд…=*% д% …=“2% ?ег% "!еме…, %2“32“2"3е2 3…,-
"е!“=ль…=  ме2%д,*= *%мCле*“…%L %це…*, %C2,-
м=ль…%“2, qak`, “%де!›=?=  "“ю “%"%*3C…%“2ь 
*!,2е!,е" , ме2%д%", …е%K.%д,м/. дл  …=,K%лее 
=де*"=2…%L 2е.…,*%-.*%…%м,че“*%L %це…*, %C2,-
м=ль…/. C=!=ме2!%" C!%е*2,!3ем/., “%ƒд="=ем/. 
, .*“Cл3=2,!3ем/. qak`.

p=ƒ!=K%2=…= ме2%д,*= *%мCле*“…%L %це…*, 
%C2,м=ль…%“2, qak`, %“3?е“2"ле…/ е‘ =C!%K=-
ц,  C!, %це…*е !=ƒ!=K=2/"=ем/. “,“2ем, = 2=*›е 
&3…,"е!“=л,ƒ=ц, [ , !=“C!%“2!=…е…,е …= K%лее 
ш,!%*,е *л=““/ 2е.…,че“*,. %KAе*2%" (Šn).

b ме2%д,*е *%мCле*“…%L %це…*, %C2,м=ль…%-
“2, C!ед3“м%2!е…% C!,ме…е…,е C 2, г!3CC %“-
…%"…/. *!,2е!,е" [2]. j=›д=  г!3CC= “%де!›,2 
! д *!,2е!,е", C%ƒ"%л ю?,. …=,K%лее C%л…% *%-
л,че“2"е……% %.=!=*2е!,ƒ%"=2ь 2е ,л, ,…/е “"%L-
“2"= “,“2ем/ Šn. }2% C%ƒ"%л е2 C%л3ч=2ь “%C%“-
2=",м/е !еƒ3ль2=2/ C!, “!="…е…,, !=ƒл,ч…/. 

“,“2ем %д…%г% *л=““=, “.%д…/. C% -3…*ц,%…=ль-
…%м3 …=ƒ…=че…,ю , %Kл=“2, C!,ме…е…, , = 2=*›е 
-%!м3л,!%"=2ь *%…*!е2…/е ƒ=д=ч, , …=C!="ле-
…,  !=K%2 C% ,. целе…=C!="ле……%м3 3л3чше…,ю:

1. t3…*ц,%…=ль…/е *!,2е!,, .=!=*2е!,ƒ3ю2 
“"%L“2"= C!%е*2,!3ем%г% ,л, 3›е “%ƒд=……%г% ,ƒ-
дел, , %C!едел ю?,е ег% %“…%"…/е -3…*ц,,, , 
%K3“л%"л,"=ю2 %Kл=“2ь ег% C!,ме…е…, . j …,м 
%2…%“ 2“ : (“!ед…,L) *%.--,ц,е…2 C%леƒ…%г% 
деL“2",  “,“2ем/, "*люч=ю?еL ,““лед3ем/L 
Šn; *!,2е!,L г=K=!,2…/. !=ƒме!%" , м=““/; д,=-
C=ƒ%… !=K%ч,. 2емCе!=23!; *!,2е!,L ="2%м=2,ƒ=-
ц,, “,“2ем/ “ Šn , *!,2е!,L 2%ч…%“2,.

j!%ме 2%г%, ме2%д,*= %це…*, %C2,м=ль…%“2, 
C!ед3“м=2!,"=е2 .*“C!е““-%це…*3 Šn C% г!3CCе 
K=ƒ%"/. -3…*ц,%…=ль…/. *!,2е!,е". o!,ме…,2ель-
…% * qak` " д=……3ю г!3CC3 *!,2е!,е" ".%д 2 2%ч-
…%“2ь %C!еделе…,  *%%!д,…=2 %KAе*2%" , C!%"%д-
*, C% м=!ш!323, C!едель…=  C!%д%л›,2ель…%“2ь 
C%л‘2=, %2…%“,2ель…=  м=““= целе"%L …=г!3ƒ*,.

2. Šе.…%л%г,че“*,е *!,2е!,, %C!едел ю2 2е.…,-
че“*3ю .--е*2,"…%“2ь, 2!3д%‘м*%“2ь ,ƒг%2%"ле-
…,  , !=“.%д/ …= …еC%“!ед“2"е……%е %Kе“Cече…,е 
*=че“2"=. j …,м %2…%“ 2“  *!,2е!,, 2!3д%‘м*%-
“2, ,ƒг%2%"ле…, , ,“C%льƒ%"=…,  м=2е!,=л%" , 
2е.…%л%г,че“*,. "%ƒм%›…%“2еL.

3. j!,2е!,, …=д‘›…%“2, .=!=*2е!,ƒ3ю2 Kеƒ%2-
*=ƒ…%“2ь, д%лг%"еч…%“2ь, !ем%…2%C!,г%д…%“2ь, 
“%.!=… ем%“2ь 3“2!%L“2"=, 2. е. 2е “"%L“2"=, %2 
*%2%!/. C!,…ц,C,=ль…% ƒ=",“,2 .--е*2,"…%“2ь 
,“C%льƒ%"=…,  ,ƒдел,  C%2!еK,2елем. j …,м %2-
…%“ 2“  …=д‘›…%“2ь (ƒ=*%… !=“C!еделе…,  …=!=-
K%2*, д% %2*=ƒ=), "е!% 2…%“2ь Kеƒ%2*=ƒ…%L !=K%-
2/, C=!=ме2! C%2%*= %2*=ƒ%", “!ед…   …=!=K%2*= 
…= %2*=ƒ, *%.--,ц,е…2 г%2%"…%“2,, .*%…%м,че-
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“*,L *!,2е!,L .--е*2,"…%“2, ме2%д%" C%"/ше-
…,  …=д‘›…%“2,.

4. }!г%…%м,че“*,е , .*%л%г,че“*,е *!,2е!,, .=-
!=*2е!,ƒ3ю2 “%%2"е2“2",е Šn, 2е.…,че“*%L “,“-
2ем/, 2е.…%л%г,, ,л, C!%це““= .*%л%г,че“*,м 
2!еK%"=…, м (!егл=ме…2,!%"=…/ ме›д3…=!%д…/-
м, “2=…д=!2=м, “е!,, hqn 9000#14000), -,ƒ,-
че“*,м , -,ƒ,%л%г,че“*,м "%ƒм%›…%“2 м чел%-
"е*=, = 2=*›е C!,“C%“%Kле……%“2ь Šn, 2е.…,че-
“*%L “,“2ем/, 2е.…%л%г,, ,л, C!%це““= * 3“л%-
", м .*“Cл3=2=ц,, “ 3ч‘2%м 2!еK%"=…,L “=…,2=!-
…/. …%!м. }2% *!,2е!,, .!г%…%м,ч…%“2,, Kеƒ%-
C=“…%“2, , .*%л%г,ч…%“2,.

5. }*%…%м,че“*,е *!,2е!,, "*люч=ю2 …еC%“!ед-
“2"е……% “2%,м%“2…/е C%*=ƒ=2ел, Šn, = 2=*›е 
м=!*е2,…г%"/L (!/…%ч…/L) C%2е…ц,=л, *%2%!/L 
%це…,"=е2“  (C!%г…%ƒ,!3е2“ ) C% д=……/м м=!*е-
2,…г%"%г% C%д!=ƒделе…,  *%мC=…,,, , л%г,“2,че-
“*,L C%2е…ц,=л, %C!едел ем/L …= %“…%"е д=……/. 
C%д!=ƒделе…,L м=2е!,=ль…%-2е.…,че“*%г% %Kе“-
Cече…,  , 2!=…“C%!2=. j …,м %2…%“ 2“  *!,2е!,, 
!=“.%д= м=2е!,=л%", !=“.%д= .…е!г,,, ƒ=2!=2 …= 
,…-%!м=ц,%……%е %Kе“Cече…,е, ƒ=2!=2 …= г=!=…-
2,L…%е %K“л3›,"=…,е, *!,2е!,, ƒ=2!=2 …= %Kе“-
Cече…,е *=че“2"=, = 2=*›е %2…%“,2ель…=  д%л  
%2ече“2"е……%г% (м,!%"%г%) !/…*=, .--е*2,"…/L 
Cе!,%д ›,ƒ…е……%г% ц,*л=, “!ед…   C!,"ед‘……=  
це…=, 3дель…/е !=“.%д/ …= C!%д",›е…,е 2%"=!=.

b ƒ=",“,м%“2, %2 .=!=*2е!= !еш=ем%L ƒ=д=ч, 
“!="…е…,е Šn %д…%г% -3…*ц,%…=ль…%г% …=ƒ…=че-
…,  , %Kл=“2, C!,ме…е…,  (" ч=“2…%“2, qak`) 

%“3?е“2"л ю2 C% люK%L ,ƒ C!,"ед‘……/. "/ше 
г!3CC *!,2е!,е". dл  .*“C!е““-%це…*, -3…*ц,%-
…=ль…%L це……%“2, …%"%L qak` м%›…% ,“C%льƒ%-
"=2ь 2%ль*% г!3CC3 K=ƒ%"/. -3…*ц,%…=ль…/. *!,-
2е!,е". dл  C%л3че…,  …=,K%лее C%л…%L , =де*"=2-
…%L *%мCле*“…%L %це…*, …е%K.%д,м% ,“C%льƒ%-
"=2ь "“е C 2ь г!3CC *!,2е!,е": -3…*ц,%…=ль…/е 
(K=ƒ%"/е , %K?,е), 2е.…%л%г,че“*,е, …=д‘›…%“2,, 
.!г%…%м,че“*,е, .*%л%г,че“*,е , .*%…%м,че“*,е.

o%“лед%"=2ель…%“2ь !=“ч‘2%" C% ме2%д,*е:
1. n“3?е“2"л е2“  "/K%! ме2%д,*, %це…*,:
.*“C!е““-%це…*= %C2,м=ль…%“2, C% K=ƒ%"/м 

-3…*ц,%…=ль…/м *!,2е!, м;
*%мCле*“…=  %це…*= C% "“ем C 2, г!3CC=м 

*!,2е!,е".
2. hƒ "“еL “%"%*3C…%“2, *!,2е!,е" .*“Cе!2/ 

"/K,!=ю2 ƒ…=ч,м/е дл  %це…*, *!,2е!,е" ,л, 
,. г!3CC/. o!, …е%K.%д,м%“2, …= %“…%"е м…е…,  
.*“Cе!2%" “%"%*3C…%“2ь *!,2е!,е" м%›е2 K/2ь 
д%C%л…е…= *=* K=ƒ%"/м, -3…*ц,%…=ль…/м,, 2=* 
, %K?,м,.

3. dл  *=›д%L г!3CC/ *!,2е!,е" “%K,!=ю2“  
,“.%д…/е д=……/е дл  !=“ч‘2=.

4. o!, %це…*е C% *=›д%L г!3CCе *!,2е!,е" 
%“3?е“2"л ю2“  !=“ч‘2/ “%гл=“…% 2=Kл. 1.

b 2=Kл,це ""еде…/ “лед3ю?,е %K%ƒ…=че…, : 
Šn # =…=л,ƒ,!3ем/L 2е.…,че“*,L %KAе*2 (“,“2е-
м=); `…2,…, `…n # “%"%*3C…%“2ь =…=л%г%" %2 2 д% 
n; 

jAk , 
jXk  # "е“%"/е *%.--,ц,е…2/, %C!едел ю-

?,е ƒ…=ч,м%“2ь *=›д%г% *!,2е!,  "…32!, г!3CC/ 
дл  C%*=ƒ=2елеL Aj , Xj (…=ƒ…=ч=ю2“  .*“Cе!2=-

Š = K л , ц =  1

nце…*= %C2,м=ль…%“2, C% %д…%L г!3CCе *!,2е!,е"

m=,ме…%"=…,е 
*!,2е!, 

Šn

`…=л%г,

q!ед…ее 
ƒ…=че…,е

q%%2"е2“2",е 
C%*=ƒ=2ел  
“!ед…ем3 
ƒ…=че…,ю

hде=ль…%е 
ƒ…=че…,е 

(,л, “!ед…   
.*“Cе!2…=  
%це…*=)

q%%2"е2“2",е 
C%*=ƒ=2ел  
,де=ль…%м3 
(“!ед…ем3 

.*“Cе!2…%м3)  
ƒ…=че…,ю
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j%мCле*“…/L C%*=ƒ=2ель (“!ед…ее ƒ…=че…,е C% г!3CCе 
C%*=ƒ=2елеL)

m
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Š = K л , ц =  2

q"%д…=  2=Kл,ц= *%мCле*“…/. C%*=ƒ=2елеL %це…*, %C2,м=ль…%“2,

m=,ме…%"=…,е г!3CC/ *!,2е!,е"
q%%2"е2“2",е C%*=ƒ=2ел  
“!ед…ем3 ƒ…=че…,ю C% 

г!3CCе

q%%2"е2“2",е C%*=ƒ=2ел  
,де=ль…%м3 (“!ед…ем3 
.*“Cе!2…%м3)  ƒ…=че…,ю

t3…*ц,%…=ль…/е *!,2е!,, ("*люч=  K=ƒ%"/е) UA1
UX1

Šе.…%л%г,че“*,е *!,2е!,, UA2
UX2

j!,2е!,, …=д‘›…%“2, UA3
UX3

}!г%…%м,че“*,е , .*%л%г,че“*,е *!,2е!,, UA4
UX4

}*%…%м,че“*,е *!,2е!,, UA5
UX5

j%мCле*“…=  %це…*= %C2,м=ль…%“2,

5

5

1
∑

== i
A

K
A

i
U

U
5

5

1
∑

== i
X

K
X

i
U

U

м,), 0 ≤ 
jAk  ≤ 1, mj ,1= ; p11,…, pmn # “%"%*3C-

…%“2ь ч,“л%"/. ƒ…=че…,L C%*=ƒ=2елеL (е“л, C%-
*=ƒ=2ель д%л›е… K/2ь м=*“,м=ль…/м, 2% ег% ƒ…=-
че…,  " “2!%*е m !=““м=2!,"=ю2“  Kеƒ ,ƒме…е-
…,L; е“л, C%*=ƒ=2ель д%л›е… K/2ь м,…,м=ль…/м, 
2% !=“ч‘2 C!%"%д,2“  C% "ел,ч,…=м, %K!=2…/м 

ег% ƒ…=че…, м, 2. е. 1/pj1,…, 1/!jn, где mj ,1= ); 
p,

1,…, p,
m # “%"%*3C…%“2ь ,де=ль…/. ч,“л%"/. 

ƒ…=че…,L C%*=ƒ=2елеL C% “2!%*=м (C% *=›д%L ,ƒ 
m “2!%* "/K,!=е2“  …=,л3чшее (м=*“,м=ль…%е) 

,ƒ ƒ…=че…,L pj1,…, !jn, где mj ,1= ) ,л, “%"%*3C-
…%“2ь “!ед…,. .*“Cе!2…/. %це…%*.

5. o!, *%мCле*“…%L %це…*е C% "“ем г!3CC=м 
C%*=ƒ=2елеL “%“2="л ю2 2=Kл,ц/, =…=л%г,ч…/е 
2=Kл. 1. g=2ем …= %“…%"е "/ч,“ле…,  “!ед…ег% C% 
ƒ…=че…, м "ел,ч,… UA , UX “2!% 2 “"%д…3ю 2=K-
л,ц3 (2=Kл. 2) , !=““ч,2/"=ю2 *%мCле*“…3ю 
%це…*3 %C2,м=ль…%“2, C% г!3CC=м *!,2е!,е".

6. m= %“…%"е C%л3че……%г% %K?ег% C%*=ƒ=2ел  
%це…*, %C2,м=ль…%“2, дл  =…=л,ƒ,!3ем%г% Šn 
дел=ю2 "/"%д/:

% …=л,ч,, "%ƒм%›…%“2еL “%"е!ше…“2"%"=…,  
,ƒдел, ,

% целе“%%K!=ƒ…%“2, "…ед!е…,  ,ƒдел,  " C!%-
м/шле……%“2ь (целе“%%K!=ƒ…%“2, C!,%K!е2е…, ).

q%%2"е2“2"е……%, "/"%д/ м%г32 K/2ь “лед3ю-
?,м,:

C!, (U 
K
A < 1 , U 

K
X < 1) Šn 3“23C=е2 “!ед…ем3 

3!%"…ю, ег% д=ль…еLшее !=ƒ",2,е/"…ед!е…,е …е-
целе“%%K!=ƒ…%;

C!, (U 
K
A ≈ 1 , U 

K
X < 1) Šn “%%2"е2“2"3е2 “!ед-

…ем3 3!%"…ю, "%ƒм%›…% ег% д=ль…еLшее !=ƒ",-
2,е/"…ед!е…,е;

C!, (U 
K
A > 1 , U 

K
X < 1) Šn C!е"%“.%д,2 “!ед-

…,L 3!%"е…ь, !е*%ме…д3е2“  ег% "…ед!е…,е;
C!, (U 

K
A > 1 , U 

K
X ≥ 1) Šn Kл,ƒ%* * ,де=ль…%-

м3 3!%"…ю, C!ед“2="л е2 “%K%L "/“%*%.--е*2,"-
…%е ,ƒдел,е, !е*%ме…д3е2“  ег% "…ед!е…,е.

}*“Cе!,ме…2=ль…=  !е=л,ƒ=ц,  ме2%д,*, *%м-
Cле*“…%L %це…*, %C2,м=ль…%“2, K/л= %“3?е“2"-
ле…= C!,ме…,2ель…% * *%мCле*“=м “ Kе“C,л%2…/-
м, ле2=2ель…/м, =CC=!=2=м,, !=ƒ!=K=2/"=ем/м 
n`n &j%…“2!3*2%!“*%е Kю!% &k3ч[, г. p/K,…“* 
(".%д,2 " “%“2=" n`n &j%…це!… !=д,%“2!%е…,  
&bег=[), " ч=“2…%“2, * K=ƒ%"%м3 "=!,=…23 ,“C%л-
…е…,  *%мCле*“= “ Kе“C,л%2…/м, ле2=2ель…/м, 
=CC=!=2=м, &Š,Cч=*[, *%2%!/L  "л е2“  C!ед“2=-
",2елем *л=““= 2=*2,че“*,. qak` “!ед…еL "/“%-
2/ , C!%д%л›,2ель…%“2, C%л‘2= [3].

j%мCле*“ "%ƒд3ш…%L !=ƒ"ед*, &Š,Cч=*[ C!ед-
…=ƒ…=че… дл  "еде…,  !=ƒ"ед*, , …=Kлюде…,  " 
люK%е "!ем  “32%* " ,…2е!е“=. !=ƒл,ч…/. “,л%-
"/. “2!3*23!, " 2%м ч,“ле дл  !еше…,  ƒ=д=ч Kе-
!ег%"%L %.!=…/, дл  .*%л%г,че“*%г% м%…,2%!,…-
г= …е-2ег=ƒ%"%L ,…-!=“2!3*23!/, *%…2!%л  ле“-
…%L ,…-!=“2!3*23!/, "%ƒд3ш…%L C%дде!›*, “C=-
“=2ель…/. %Cе!=ц,L. j%мCле*“ %Kе“Cеч,"=е2 C%-
л3че…,е !=ƒ"ед/"=2ель…%L ,…-%!м=ц,, (",д,м%-
г% , ,…-!=*!=“…%г% д,=C=ƒ%…%") " !е›,ме !е=ль-
…%г% "!еме…, …= д=ль…%“2 . д% 70 *м %2 …=ƒем…%-
г% C3…*2= 3C!="ле…, .

o!, ,“C%льƒ%"=…,, ме2%д,*, *%мCле*“…%L 
%це…*, %C2,м=ль…%“2, C!,ме…,2ель…% * д=……%L 
qak` C%л3че…/ “лед3ю?,е !еƒ3ль2=2/:
дл  .*“C!е““-%це…*, C% K=ƒ%"/м -3…*ц,%-

…=ль…/м C%*=ƒ=2ел м

U 
K
A = 1,228, U 

K
X = 0, 473;

дл  *%мCле*“…%L %це…*, C% "“ем г!3CC=м *!,-
2е!,е"

U 
K
A = 1,013, U 

K
X = 0,371.

m= %“…%"=…,, .2,. %це…%* “дел=… "/"%д %K 
.*%…%м,че“*%L целе“%%K!=ƒ…%“2, C!%д%л›е…,  
!=K%2 C% “%"е!ше…“2"%"=…,ю *%мCле*“=, = 2=*›е 
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% …=л,ч,, !/…%ч…%г% C%2е…ц,=л= *%мCле*“= (" 
*=че“2"е =…=л%г%" дл  “!="…е…,  ,“C%льƒ%"=… ! д 
qak` ,…%“2!=……%г% C!%,ƒ"%д“2"=).

o!, 3…,"е!“=л,ƒ=ц,, д=……%L ме2%д,*, C!%-
"еде…= %це…*= %C2,м=ль…%“2, ! д= .ле*2!%2е.-
…,че“*,. 3“2!%L“2", " ч=“2…%“2, !ег3л 2%!= Cе-
!еме……%г% …=C! ›е…,  , ="2%м=2,ƒ,!%"=……%г% 
*%мCле*“= ,ƒме!е…,  C=!=ме2!%" "%д/, !=ƒ!=-
K=2/"=ем/. C!, 3ч=“2,, “Cец,=л,“2%" n`n 
ja &k3ч[.

nце…,"=ем/L !ег3л 2%! Cе!еме……%г% …=C! ›е-
…, , C!,ме… ем/L " 3“2!%L“2"=. , “,“2ем=. !е-
г3л,!%"=…,  C=!=ме2!%" 2е.…%л%г,че“*,. C!%це“-
“%", %Kе“Cеч,"=е2 !="…%ме!…%“2ь !ег3л,!%"%ч…%L 
.=!=*2е!,“2,*, " ш,!%*%м д,=C=ƒ%…е …=C! ›е-
…,L. }2% дел=е2 .--е*2,"…/м ег% C!,ме…е…,е " 
ц,-!%"/. “,“2ем=. 3C!="ле…, , …е *!,2,ч…/. * 
-%!ме "/.%д…%г% …=C! ›е…, , " ч=“2…%“2, " 
.ле*2!%C!,"%д=.,C!ец,ƒ,%……/. !ег3л 2%!=. 2ем-
Cе!=23!/, !ег3л 2%!=. %“"е?е…, .

o!, ,“C%льƒ%"=…,, ме2%д,*, *%мCле*“…%L 
%це…*, %C2,м=ль…%“2, …= м%дел, д=……%г% !ег3-
л 2%!= Cе!еме……%г% …=C! ›е…,  K/л, C%л3че…/ 
“лед3ю?,е !еƒ3ль2=2/:
дл  .*“C!е““-%це…*, C% K=ƒ%"/м -3…*ц,%-

…=ль…/м C%*=ƒ=2ел м

U 
K
A = 1,421, U 

K
X = 0,536;

дл  *%мCле*“…%L %це…*, C% "“ем г!3CC=м *!,-
2е!,е"

U 
K
A = 1,378, U 

K
X = 0,439.

m= %“…%"=…,, .2,. %це…%* , C!,…ц,C%" C%-
“2!%е…,  м%дел, K/л “дел=… "/"%д % целе“%%K-
!=ƒ…%“2, !=ƒ!=K%2*, , C%дг%2%"*, C!%,ƒ"%д“2"= 
д=……%г% ,ƒдел, . m= д=……%е ,ƒдел,е C%л3че… C=-
2е…2 …= ,ƒ%K!е2е…,е [4].

`"2%м=2,ƒ,!%"=……/L *%мCле*“ ,ƒме!е…,  C=-
!=ме2!%" "%д/ &r!%"е…ь[, %це…,"=ем/L C% ме2%-
д,*е, ,“C%льƒ3е2“  дл  *%…2!%л  3!%"…  ›,д*%-
“2, " %2*!/2/. "%д%‘м=., = 2=*›е м%›е2 …=L2, 
C!,ме…е…,е " г,д!%л%г,,. b д=……%м *%мCле*“е 
,“C%льƒ%"=… …%"/L “C%“%K ,ƒме!е…, , %Kе“Cеч,-
"=ю?,L “3?е“2"е……%е C%"/ше…,е 2%ч…%“2, ,ƒ-
ме!е…,L 3!%"…  ›,д*%“2, C% “!="…е…,ю “ =…=л%-
г=м, [5]. 

o!, ,“C%льƒ%"=…,, ме2%д,*, *%мCле*“…%L 
%це…*, %C2,м=ль…%“2, …= м%дел, д=……%г% *%м-
Cле*“= K/л, C%л3че…/ “лед3ю?,е !еƒ3ль2=2/:
дл  .*“C!е““-%це…*, C% K=ƒ%"/м -3…*ц,%-

…=ль…/м C%*=ƒ=2ел м

U 
K
A = 1,749, U 

K
X = 0,788;

дл  *%мCле*“…%L %це…*, C% "“ем г!3CC=м *!,-
2е!,е"

U 
K
A = 1,657, U 

K
X = 0,681.

m= %“…%"=…,, %це…%* , C!,…ц,C%" C%“2!%е-
…,  м%дел, “дел=… "/"%д % целе“%%K!=ƒ…%“2, 
!=ƒ!=K%2*, , C%дг%2%"*, C!%,ƒ"%д“2"= д=……%г% 
,ƒдел, . nC/2…/е %K!=ƒц/ !=ƒ!=K%2=…/, C!%,ƒ-
"еде…/, 3“2=…%"ле…/ , “ 2005 г. C!%.%д 2 .*“-
Cл3=2=ц,ю …= p/K,…“*%L c}q j=“*=д= bе!.…е-
"%л›“*,. c}q. b“е “м%дел,!%"=……/е , !=““ч,-
2=……/е C=!=ме2!/ “%"C=л, “ C!едA "ле……/м, 
2!еK%"=…, м, 2е.…,че“*%г% ƒ=д=…, . n“…%"…/м 
C!е,м3?е“2"%м *%мCле*“=  "л е2“  %че…ь "/“%-
*=  2%ч…%“2ь ,ƒме!е…,L (@1 “м дл  “2%лK= ›,д-
*%“2, 10 м). o%л3че……/L " C!%це““е .*“Cл3=2=-
ц,, 3“2!%L“2" !еƒ3ль2=2 C%д2"е!›д=е2 д%“2%"е!-
…%“2ь !еƒ3ль2=2%" !=“ч‘2%" , C!=*2,че“*3ю це…-
…%“2ь !=ƒ!=K%2=……%L ме2%д,*, *%мCле*“…%L 
%це…*, %C2,м=ль…%“2,.

o!%"ед‘……/е ,““лед%"=…,  C=!=ме2!%" qak`, 
д!3г,. “,“2ем , 3“2!%L“2", = 2=*›е "л, …,  
"…еш…,. , "…32!е……,. -=*2%!%" …= ,. !=K%23 C%-
ƒ"%л,л, “%ƒд=2ь %“…%"3 дл  !=ƒ!=K%2*, *%мCле*“-
…%L ме2%д,*, %це…*, %C2,м=ль…%“2, “л%›…/. 
Šn. q ,“C%льƒ%"=…,ем !=ƒ!=K%2=……%L ме2%д,*, 
“%ƒд=… C!%г!=мм…/L C!%д3*2, C%ƒ"%л ю?,L ="-
2%м=2,ƒ,!%"=2ь C!%це““ C!,… 2,  !еше…,  % 
!=ƒ",2,, ("…ед!е…,, " C!%,ƒ"%д“2"%) …%"/. !=ƒ-
!=K%2%* " %Kл=“2, Kе“C,л%2…/. “,“2ем. o!%-
г!=мм…%е %Kе“Cече…,е ,мее2 "“2!=,"=ем/е м%д3-
л, !=“ч‘2= *=›д%г% *!,2е!, , = 2=*›е "%ƒм%›-
…%“2ь д%C%л…е…,  г!3CC *!,2е!,е" …%"/м, *!,-
2е!, м,, …е%K.%д,м/м,, C% м…е…,ю .*“Cе!2%", 
дл  K%лее C%л…%L %це…*, =…=л,ƒ,!3ем%г% Šn.

b …=“2% ?ее "!ем  C!%"%д 2“  ме!%C!, 2,  
C% д%!=K%2*е C!%г!=мм…%г% %Kе“Cече…,  , !=“-
ш,!е…,ю %Kл=“2, ,“C%льƒ%"=…,  ме2%д,*, …= 
K%лее ш,!%*,е *л=““/ Šn, " ч=“2…%“2, " “,“2е-
м=. ="2%м=2,ƒ,!%"=……%г% 3C!="ле…,  г=ƒ%23!-
K,……/м, д",г=2ел м, , 3“2=…%"*=м,.

a,Kл,%г!=-,че“*,е ““/л*,

1. m%",ч*%" m.m., a=!*%"“*,L b.`. n“…%"…/е …=-
C!="ле…,  !=ƒ",2,  Kе“C,л%2…/. =",=ц,%……/. *%м-
Cле*“%" // p/…*, "%%!3›е…,L. 2008. 1 1. q. 1#38.

2. j3ƒ…ец%" ̀ .b. ̀ дд,2,"…/е *!,2е!,, %це…*, 2е.…,че-
“*,. %KAе*2%" // l=ш,…%“2!%,2ель.  2003.  1 9. q. 1#6.

3. ~д,… ̀ .b., j3ƒ…ец%" ̀ .b. l%дел,!%"=…,е ,…-%!-
м=ц,%……/. C%2%*%" " “,“2ем=. 3C!="ле…,  “%ƒд=…,ем 
2е.…,че“*,. %KAе*2%" // hƒ"е“2,  Š3лcr. qе!. &Šе.…%-
л%г,че“*=  “,“2ем%2е.…,*=[.  Š3л=,  2003. b/C. 1. q. 
242#247.

4. ~д,… ̀ .b., c%г%ле" m.`., j3ƒ…ец%" ̀ .b. pег3л 2%! 
Cе!еме……%г% …=C! ›е…, . o=2е…2 p%““,, 1 2246745. 
2004. aюл. 1 5. 

5. l%“*",… n.`., j3ƒ…ец%" ̀ .b. ̀ "2%м=2,ƒ,!%"=……/L 
*%мCле*“ ,ƒме!е…,  C=!=ме2!%" "%д/ &r!%"е…ь[ дл  
г,д!%.ле*2!%“2=…ц,L // hƒ%K!е2=2ел, м=ш,…%“2!%е-
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bhgr`k|m`“ qped` dk“ p`gp`anŠjh 
o`p`kkek|m{u opncp`ll m` “g{je mnpl`

nK“3›де…/  2е.…%л%г,  , “%%2"е2“2"3ю?ее C!%г!=мм…%е %Kе“Cече…,е дл  ="2%м=2,ƒ=-
ц,, !=ƒ!=K%2*, C=!=ллель…/. C!%г!=мм " 2е.…%л%г, . MPI , DVM “ ,“C%льƒ%"=…,ем ,…2е-
!=*2,"…%L “!ед/  ƒ/*= “"е!."/“%*%г% 3!%"…  mnpl`. p=““м=2!,"=ем=   2е.…%л%г,  ,“-
*люч=е2 !3ч…%L ""%д ,“.%д…%г% 2е*“2= , %Kе“Cеч,"=е2 C%л…3ю “,…2=*“,че“*3ю *%!!е*2-
…%“2ь ,“.%д…/. 2е*“2%"

jлюче"/е “л%"=: C=!=ллель…%е C!%г!=мм,!%"=…,е, ="2%м=2,ƒ=ц,  !=ƒ!=K%2*, C!%г!=мм, -3…*-
ц,%…=ль…%е C!%г!=мм,!%"=…,е, ",ƒ3=ль…%е C!%г!=мм,!%"=…,е,  ƒ/* mnpl`, 2е.…%л%г,, MPI , 
DVM,  ƒ/*, C , Fortran, C!%,ƒ"%д,2ель…%“2ь C=!=ллель…/. C!%г!=мм, !=ц,%…=ль…%е ,“C%льƒ%-
"=…,е *.ш=.

Technology and correspond software for parallel programs development automation are discussed 
in MPI and DVM technology with interactive surroundings utilization of ultrahigh level sublanguage 
mnpl`. Considered technology excludes manual input of the initial text and provides full syntactical 
correctness of the initial text.

Key words: parallel programming, programs development automation, functional programming, visual 
programming, sublanguage mnpl`, technology MPI and DVM, sublanguages C and Fortran, parallel 
programs efficiency, cache rational utilization.

b …=“2% ?ее "!ем  %2“32“2"3ю2 ме2%д/ .--е*-
2,"…%L (K/“2!%L , “"%K%д…%L %2 %ш,K%*) !=ƒ!=-
K%2*, C=!=ллель…/. C!%г!=мм. nд…% ,ƒ -3…д=-
ме…2=ль…/. C%л%›е…,L ƒ=*люч=е2“  " 2%м, ч2% 
!=ц,%…=ль…/L !=ƒме! ƒе!…= !=“C=!=ллел,"=…,  
C!%г!=мм/ д%л›е… ƒ…=ч,2ель…% C!е"%“.%д,2ь .=-
!=*2е!…/L !=ƒме! 2,C,ч…%г% %Cе!=2%!=  ƒ/*= 
C!%г!=мм,!%"=…, . mег=2,"…/м “лед“2",ем .2%-
г% C%л%›е…,   "л е2“  C!=*2,че“*=  “л%›…%“2ь 
*=че“2"е……%г% !=“C=!=ллел,"=…,  ,мею?еL“  
C%“лед%"=2ель…%L C!%г!=мм/ [1]. nд…=*% “%"е!-
ше……% …е %че",д…% (*!%ме "=!,=…2= C!,…3д,-
2ель…%г% !=“C=!=ллел,"=…,  це……/. ,“.%д…%-C=-
!=ллель…/. C!%г!=мм), ч2% !=ц,%…=ль…% “…=ч=л= 
“%ƒд="=2ь C%“лед%"=2ель…/L "=!,=…2 C!%г!=мм/, 
= C%2%м (…= ег% %“…%"е) “2!%,2ь C=!=ллель…/L. 

pе=ль…/L  C32ь %K.%д= .2=C= !=ƒ!=K%2*, 2!=д,-
ц,%……%-C%“лед%"=2ель…%L C!%г!=мм/ ƒ=*люч=е2“  
" C!,ме…е…,, *%…цеCц,, -3…*ц,%…=ль…%г% C!%-
г!=мм,!%"=…,  (%“…%"%C%л%›…,*, # l%ƒе“ 
xе…-,…*ель, u=“*елл j=!!, , `л%…ƒ% )‘!ч) *=*  
C!%2,"%"е“ ,мCе!=2,"…%м3 # %Cе!=2%!…%м3 # C!%-
г!=мм,!%"=…,ю (ч=“2% “" ƒ/"=ем%м3 “ ,ме…=м, 
`л=…= Šью!,…г= ,  d›%…= -%… mеLм=…=). b …=“2% -
?ее "!ем  “3?е“2"3е2 м…%›е“2"%  ƒ/*%" -3…*ц,%-
…=ль…%г% C!%г!=мм,!%"=…, , “!ед, *%2%!/. …=,-
K%льш3ю ,ƒ"е“2…%“2ь C%л3ч,л, Lisp, ML, Scheme, 
Gofer, Hope, Miranda, Clean, Caml, Haskell. dл  “%ƒ-
д=…,  C=!=ллель…/. C!%г!=мм ш,!%*% ,“C%льƒ3ю2-

“ , " ч=“2…%“2,, T- ƒ/* (T-“,“2ем=, h…“2,232 C!%-
г!=мм…/. “,“2ем p`m, г. oе!е“л="ль-g=ле““*,L) , 
 ƒ/* mnpl` (h…“2,232 C!,*л=д…%L м=2ем=2,*, 
,м. l.b. jелд/ш= p`m [2]).

“ƒ/*  mnpl` м%›…% %2…е“2, * -3…*ц,%…=ль-
…/м  ƒ/*=м л,шь “  …е*%2%!/м, д%C3?е…, м,, 
%д…=*% " …‘м !е=л,ƒ%"=…/  "=›…/е %“%Kе……%“2, 
-3…*ц,%…=ль…/.  ƒ/*%" (…еC!%цед3!…%“2ь, %2-
“32“2",е C%K%ч…/. .--е*2%",  3C!="л ю?,. %Cе-
!=2%!%" ,  C%"2%!…%г% C!,“"=,"=…,  C%“*%ль*3 %2 
C!%г!=мм,“2= “*!/2= C%“лед%"=2ель…%“2ь "/C%л-
…е…,  %Cе!=2%!%") [2, 3]. }2%2  ƒ/* …=ƒ/"=ю2 
де*л=!=2,"…/м (%C,“=2ель…/м) "“лед“2",е 3C%!= 
,ме……% …= %C,“=…,е C!=",л "/ч,“ле…, , = …е 
…= C%д!%K…3ю *%…*!е2,ƒ=ц,ю =лг%!,2м=. “ƒ/* 
mnpl` %!,е…2,!%"=… …= !еше…,е ƒ=д=ч м=2ем=-
2,че“*%L -,ƒ,*, “е2%ч…/м, ме2%д=м, (" %“…%"-
…%м  ме2%д%м *%…еч…/. !=ƒ…%“2еL), .%2  ,  C!,ме-
… е2“  дл  !еше…,  ,…/. ƒ=д=ч (…=C!,ме!, C!, 
C=!=ллель…%L ц,-!%"%L %K!=K%2*е ,ƒ%K!=›е…,L).  
}--е*2,"…/L ="2%м=2,че“*,L “,…2еƒ C=!=ллель-
…%г% *%д= …= %“…%"е mnpl`-C!%г!=мм/ д%“2,-
г=е2“  %C!едел‘……/м, %г!=…,че…, м,  ƒ/*=: %2-
“32“2",ем C%"2%!…%г% C!,“"=,"=…,  , гл%K=ль…/. 
Cе!еме……/., ƒ=C!е2%м !е*3!“,, , д!.

m= !,“. 1 C!,"еде…= “.ем= C%л3че…,   д"%,ч-
…%г% ,“C%л… ем%г% *%д= C% *л=““,че“*%L “.еме 
“ C!,ме…е…,ем *%мC,л ц,, , !ед=*2,!%"=…,  
“" ƒеL (“м. !,“.1, a) , C!, ,“C%льƒ%"=…,,  ƒ/*= 



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 432

mnpl` (“м. !,“.1, K); " C%“лед…ем “л3ч=е …е%K-
.%д,м= д%C%л…,2ель…=  C!%г!=мм= # C!е%K!=ƒ%-
"=2ель (“,…2еƒ=2%!) ,“.%д…%г% *%д= mnpl`-
C!%г!=мм/ " Fortran ,л, q-C!%г!=мм3. b l%“-
*%"“*%м г%“3д=!“2"е……%м 3…,"е!“,2е2е C!,K%-
!%“2!%е…,  , ,…-%!м=2,*, "ед‘2“  !=ƒ!=K%2*= 
",ƒ3=ль…%L ,…2е!=*2,"…%L “!ед/ ="2%м=2,ƒ,!%-
"=……%г% “%ƒд=…,  mnpl`-C!%г!=мм. b/C%л…е…-
…=  " 2е.…%л%г,, web-“=L2= %K%л%ч*= &h…2е!=*-
2,"…=  mnpl`[ д%C%л… е2 “.ем3 …= !,“. 1, K 
л,ш…,м .леме…2%м, C!, .2%м -=*2,че“*, “*!/-
"=  .2=C !3ч…%L C%дг%2%"*, 2е*“2= mnpl`-C!%-
г!=мм/.

o!, !=ƒ!=K%2*е  mnpl`-C!%г!=мм/ *л=““,-
че“*,м ме2%д%м …е%K.%д,м C!%г!=мм,“2, ƒ…=*%-
м/L “ C!=",л=м,  ƒ/*= , -%!м=ль…% &…=K,"=ю-
?,L[ ,“.%д…/L 2е*“2 C!%г!=мм/. k%г,ч…% "%%K-
?е %2*=ƒ=2ь“  %2 ,“C%льƒ%"=…,  2е*“2%"%г% C!ед-
“2="ле…,  C!%г!=мм/ , “…=Kд,2ь  ƒ/* mnpl` 
,…2е!=*2,"…%L %K%л%ч*%L, *%2%!=  K3де2  "л 2ь-
“   3д%K…/м ,…2е!-еL“%м дл  …=C,“=…,  C=!=л-
лель…/. C!%г!=мм, ƒ…=ч,2ель…% 3ме…ьш=ю?,м 
"!еме……/е ƒ=2!=2/ “Cец,=л,“2= …= %C,“=…,е 
“"%еL ƒ=д=ч, " 2е!м,…=.  ƒ/*= mnpl`, , " 2% ›е 
"!ем  "/C%л… 2ь -3…*ц,, ="2%м=2,че“*%L ге…е-
!=ц,, mnpl`-2е*“2= “ =C!,%!, *%!!е*2…/м  
“,…2=*“,“%м. Š=*,м %K!=ƒ%м, м%›…% м=…,C3л,-
!%"=2ь C!%г!=мм%L …=  ƒ/*е mnpl` *=* “%"%-
*3C…%“2ью %KAе*2%",  %2%K!=›‘……/. " ",де г!=-
-,*, , г,Cе!2е*“2= [1].

nд…,м ,ƒ .2=C%" C%д%K…%г% !=ƒ",2,   "л е2“  
!=…ее 3C%м …32=  %K%л%ч*= &h…2е!=*2,"…=  

=)

K)

Синтезатор про-
грамм на языках   
  С или Fortran

p,“. 1.  }2=C/ “%ƒд=…,  ,“C%л… ем/. C!%г!=мм: 

a # *л=““,че“*,L  C%д.%д; K # ,“C%льƒ%"=…,е mnpl`-C!%г!=мм,!%"=…,  
“%"ме“2…% “ %K%л%ч*%L &h…2е!=*2,"…=  mnpl`[

mnpl`[, "/C%л…е……=  " ",де web-“=L2=. p=K%2= 
“=L2= C%дде!›,"=е2“  2%ль*%   ƒ/*=м, C!%г!=м-
м,!%"=…,  PHP , qrad MySQL, *%2%!/е  "л -
ю2“  ш2=2…/м, дл  K%льш,…“2"= *%мCью2е!…/. 
“,“2ем. Š=*,м %K!=ƒ%м, “%ƒд=……=  %K%л%ч*= 
&h…2е!=*2,"…=  mnpl`[ Cл=2-%!ме……% …еƒ=-
",“,м=.

p=K%2= “ ,…2е!=*2,"…%L “!ед%L “%ƒд=…,   mnp-
l`-C!%г!=мм *%…еч…% 2!еK3е2 %2 !=ƒ!=K%2ч,*= 
%C!едел‘……/. …="/*%" !=K%2/ “ }bl, %д…=*% 
…е2 …е%K.%д,м%“2, 3“"%е…,  C%л…%г% “,…2=*“,“= 
!=““м=2!,"=ем%г%  ƒ/*= C!%г!=мм,!%"=…, , = 
…=л,ч,е д%C%л… ем/. ш=Kл%…%" C!%г!=мм…%г% 
*%д= е?‘ K%лее 3C!%?=е2 !=K%23.

b *=че“2"е *%…*!е2…%г% C!,ме!=  C!,ме…е…,  
“,“2ем/ &h…2е!=*2,"…=  mnpl`[ !=““м%2!,м 
C!%цед3!3 3м…%›е…,  м=2!,ц q←A × B; *л=““,че-
“*,L “C%“%K 3м…%›е…,  м=2!,ц %“…%"=… …=  "/-
C%л…е…,, “лед3ю?,. %Cе!=ц,L дл  *=›д%г% cij  
.леме…2= !еƒ3ль2,!3ю?еL м=2!,ц/:

ij ik kj
k

c a b= ×∑
 
 
                          

m= !,“. 2 C!,"ед‘… C!,ме! %*…= &q%ƒд=…,е …%-
"%г% деL“2", [ " “,“2еме &h…2е!=*2,"…=  mnp-
l`[, " *%2%!%м  ƒ=д=‘2“  *%лле*2,"…=  %Cе!=ц,  
c = SUM((Ok)a[ik]*b[kj] …= %Kл=“2, Ok (д=……=  
%Cе!=ц,  “%%2"е2“2"3е2 %“…%"…%L %Cе!=ц,,  3м-
…%›е…,  м=2!,ц).

r“л%",  ƒ=д=ч, , -%!м3л/ " “,“2еме &h…2е!-
=*2,"…=  m%!м=[ ƒ=д=ю2“  " ,…2е!=*2,"…%м !е-

Исходный текст
на языке 
НОРМА
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p,“. 2. n*…% “%ƒд=…,  …%"%L *%лле*2,"…%L %Cе!=ц,, 3м…%›е…,  м=2!,ц 
" “,“2еме &h…2е!=*2,"…=  mnpl`[

›,ме C% %че!ед,: “…=ч=л= !=ƒме!/ м=2!,ц, ƒ=2ем 
ƒ…=че…,  " 3ƒл=. м=2!,ц/, ,“C%льƒ3ем/е -%!м3-
л/, ч,“л% C!%це““%!%" , ме2%д !=“C!еделе…,  
д=……/. C% …,м.

m,›е C!,"еде…= “-%!м,!%"=……=  C%д%K…/м 
%K!=ƒ%м C!%г!=мм= …=  ƒ/*е mnpl` (C%*=ƒ=…= 
2%ль*% %“…%"…=  -3…*ц, , " *%2%!%L "/C%л… ю2-
“  "“е "/ч,“ле…, ; д=……%е !еше…,е !=“C=!=лле-
ле…% …= “ем, C!%це““%!=.):

PART Matrix.
      a, b RESULT c
BEGIN
      Oi: (i = 1...300).
      Oj: (j = 1...200).
      Ok: (k = 1...100).
      OA: (Oi; Ok).
      OB: (Ok; Oj).
      OC: (Oi; Oj).
      VARIABLE a DEFINED ON OA DOUBLE.
      VARIABLE b DEFINED ON OB DOUBLE.
      VARIABLE c DEFINED ON OC DOUBLE.
      FOR OC ASSUME c = SUM((Ok) a[i, k] * b[k, j]).
      DISTRIBUTION INDEX k = 1...7, j = 1.
END PART.

d=ль…еLш,е деL“2",  C% C!е%K!=ƒ%"=…,ю “ге-
…е!,!%"=……%L mnpl`-C!%г!=мм/ " "/C%л… е-
м/L -=Lл (“%гл=“…% !,“.1, K) Kеƒ 2!3д= ="2%м=2,-
ƒ,!3ю2“  (" C!%“2еLшем “л3ч=е C32‘м !=ƒ!=K%2*, 
“%%2"е2“2"3ю?ег% C=*е2…%г% -=Lл=).

n!г=…,ƒ=ц,  "/ч,“ле…,L “ 3ч‘2%м =!.,2е*23-
!/ *%…*!е2…%L }bl ("%ƒм%›…%“2ь C=!=ллель-

…%L, "е*2%!…%L %K!=K%2*, , д!.)   "л е2“  ƒ=д=-
чеL 2!=…“л 2%!= (“,…2еƒ=2%!=) “  ƒ/*= mnpl` " 
*%…*!е2…3ю “,“2ем3 C=!=ллель…%г% C!%г!=мм,-
!%"=…,  (…=C!,ме!, q ,л, Fortran “ MPI-"/ƒ%"=-
м,). nд…=*% C%л…%“2ью ="2%м=2,ƒ,!%"=2ь C!%-
це““ 3ч‘2= =!.,2е*23!/ целе"%L }bl “л%›…%. 
nCе!=2%! DISTRIBUTION INDEX (“м. C!,"ед‘…-
…/L "/ше л,“2,…г) , “л3›,2 “!ед“2"%м ƒ=д=…,  
!=“C!еделе…,  .леме…2%" %K!=K=2/"=ем/. м=2-
!,ц C% м=2!,це C!%це““%!…/. .леме…2%", C!,-
ч‘м ƒ=д=‘2“  .2% !=“C!еделе…,е "!3ч…3ю …= %“-
…%"е =C!,%!…/. C!ед“2="ле…,L !=ƒ!=K%2ч,*= 
C!%г!=мм/.

`"2%м=2,ƒ=ц,  .2%г% !=“C!еделе…,  дл  “л%›-
…/. ("*люч=ю?,. м…%г% ц,*л%" !=ƒл,ч…%L гл3-
K,…/ "л%›е……%“2,) C!%г!=мм C!ед“2="л е2“  
Cе!“Cе*2,"…%L дл  C%"/ше…,  C!%,ƒ"%д,2ель-
…%“2, C32‘м “%%2"е2“2"3ю?ег% (!=ƒл,ч…%г% дл  
 ƒ/*%" q , Fortran) ,“C%льƒ%"=…,  "%ƒм%›…%“2еL  
*.ш,!%"=…, ; C!, .2%м C!%,ƒ"%д,2ель…%“2ь м%-
›е2 K/2ь C%"/ше…= " …е“*%ль*% !=ƒ Kеƒ *=*,.-
л,K% д%!%г%“2% ?,. “Cец,=ль…/. C!,‘м%".

g=*люче…,е. p=ƒ!=K%2=…= Cл=2-%!ме……%-…еƒ=-
",“,м=  г!=-,че“*=  %K%л%ч*= &h…2е!=*2,"…=  
mnpl`[ *  ƒ/*3 “"е!."/“%*%г% 3!%"…  mnpl`, 
C%ƒ"%л ю?=  C%льƒ%"=2елю  " ,…2е!=*2,"…%м !е-
›,ме ге…е!,!%"=2ь ,“.%д…/е 2е*“2/ …= 3*=ƒ=…-
…%м  ƒ/*е.

cе…е!=ц,  ,“.%д…/. mnpl`-2е*“2%" “ ,“-
C%льƒ%"=…,ем “,“2ем/ &h…2е!=*2,"…=  mnpl`[ 
2!еK3е2 %2 C%льƒ%"=2ел  м,…,м=ль…/. …="/*%" " 
C!%г!=мм,!%"=…,,, “ге…е!,!%"=……=  C!%г!=мм= 
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ƒ= “ч‘2 "“2!%е……%L “,“2ем/ -%!м=ль…%L C!%"е!-
*, “,…2=*“,“=  "л е2“  “,…2=*“,че“*, *%!!е*2-
…%L, "“лед“2",е чег%  3ме…ьш=е2“  "!ем  ц,*л= 
!=ƒ!=K%2*, C!%г!=мм…%г% %Kе“Cече…,  , !=“ш,-
! е2“  *!3г “Cец,=л,“2%", ,“C%льƒ3ю?,. C=!=л-
лель…/е "/ч,“ле…,  " “"%еL !=K%2е. nC!еделе…/ 
д=ль…еLш,е C32, “%"е!ше…“2"%"=…,  “,“2ем/ 
&h…2е!=*2,"…=  mnpl`[,  …=C!="ле……/е …= C%-
"/ше…,е K/“2!%деL“2",  C!%г!=мм " !еƒ3ль2=2е 
3ч‘2= “%че2=…,  =!.,2е*23!…/. %“%Kе……%“2еL 
}bl , “2=…д=!2%"  ƒ/*%" C!%г!=мм,!%"=…, .

a,Kл,%г!=-,че“*,е ““/л*,

1. k=ц,“ `.n. j=* C%“2!%,2ь , ,“C%льƒ%"=2ь “3Cе!-
*%мCью2е!. M.: aе“2“елле!. 2003. 240 c.

2. q,“2ем= C%“2!%е…,  C=!=ллель…/. C!%г!=мм 
[}ле*2!%……/L !е“3!“]. M.: hol ,м. l.b. jелд/ш= 
p`m, 2009. pе›,м д%“23C=: http://www.keldysh.ru/pages/
norma (д=2= %K!=?е…,  15.11.2009).

3. m%!м=. nC,“=…,е  ƒ/*=. p=K%ч,L “2=…д=!2. 
`.m. ̀ …д!,=…%", `.a. a3ге! , j.m. e-,м*,…, h.a. g=д/-
.=Lл% // o!еC!,…2 hol ,м. l.b. jелд/ш= p`m. 
1 120. M., 1995. 50 “.

rdj  621.315.592

b.`. b=“,…, *=…д. 2е.…. …=3*, д%ц., e.m. h"=ш%", д-! 2е.…. …=3*, C!%-., `.o. k3ч…,*%", 
q.b. q2еC=…ч,*%", *=…д. 2е.…. …=3*

(l%“*%"“*,L г%“3д=!“2"е……/L ,…“2,232 .ле*2!%…,*, , м=2ем=2,*,)

vacuumWa@list.ru

oepqoejŠhbm{e rqŠpniqŠb` m` nqmnbe lmncnqŠeoemm{u ophbndnb b 
nanprdnb`mhh }kejŠpnmmni Šeumhjh

p=““м%2!е…/ "%C!%“/ C!,ме…е…,  м…%г%*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2" " %K%-
!3д%"=…,, .ле*2!%……%L 2е.…,*,. o%*=ƒ=…%, ч2% “3?е“2"е……%е C%"/ше…,е .*“Cл3=2=ц,%…-
…/. .=!=*2е!,“2,* %K%!3д%"=…,  .ле*2!%……%г% м=ш,…%“2!%е…,  м%›е2 K/2ь д%“2,г…32% 
ƒ= “ч‘2 ,“C%льƒ%"=…,  3“2!%L“2" …= %“…%"е ℓ-*%%!д,…=2, *%2%!/е C% “!="…е…,ю “ 2!=д,-
ц,%……/м, ,“C%л…,2ель…/м, 3“2!%L“2"=м, м%г32 %д…%"!еме……% "/C%л… 2ь -3…*ц,, м=…,-
C3л 2%!%", 2!=…“C%!2…/. 3“2!%L“2", г=“,2елеL *%леK=…,L , д!.

jлюче"/е “л%"=: м…%г%*%%!д,…=2…/е ,“C%л…,2ель…/е 3“2!%L“2"=, %K%!3д%"=…,е .ле*2!%……%L 
2е.…,*,,  м…%г%“2еCе……/е C!,"%д/, ℓ-*%%!д,…=2…/е C!,"%д/.

Application questions of the multicoordinate efficient facilities in the electronic engineering 
equipment are considered. It is shown that essential operational behaviors growth of the electronic 
engineering industry can reach through the use of the facilities with G-coordinate. These facilities 
unlike other traditional efficient facilities can simultaneously fulfil functions of manipulators, 
transport facilities, dampers and etc.

Key words: multicoordinate efficient facilities, electronic engineering equipment, multiphase drives, 
ℓ-coordinate drives.

o%л%›е…,е 2"‘!д%г% 2ел= " C!%“2!=…“2"е %2…%-
“,2ель…% люK%L “,“2ем/ *%%!д,…=2 %C!едел е2“  
ше“2ью ч,“л=м, # 3гл%"/м, , л,…еL…/м, "ел,-
ч,…=м,. b “,“2еме, C%“2!%е……%L C% “2!3*23!е ℓ-
*%%!д,…=2 [1], " *=че“2"е 2=*,. ч,“ел ,“C%льƒ3ю2“  
дл,…/ ℓ1, ℓ2,…, ℓ6 ше“2, %2!еƒ*%", “%ед,… ю?,. 
"/.%д…%е ƒ"е…% “ …еC%д",›…/м %“…%"=…,ем 2=-
*,м %K!=ƒ%м, ч2% C!, ƒ=д=……/. ƒ…=че…, . ℓ1, 
ℓ2,…, ℓ6 %K!=ƒ3е2“  ге%ме2!,че“*, …е,ƒме… ем=  
“2!3*23!=. b %2л,ч,, %2 %K?еC!,… 2/. 3!="…е-
…,L д",›е…,  “"%K%д…%г% 2"‘!д%г% 2ел= “ ,“-
C%льƒ%"=…,ем 3гл%" }Lле!=, 3!="…е…,  д",›е…,  
" G-*%%!д,…=2=. %C,“/"=ю2 д",›е…,е 2ел= 2%ль*% 
" л,…еL…/. "ел,ч,…=..

nK?ее “"%L“2"% ℓ-*%%!д,…=2 ƒ=*люч=е2“  " 
2%м, ч2% %…, %K!=ƒ3ю2 C!%“2!=…“2"е……/е -е!м/, 

“2е!›… м, *%2%!/.  "л ю2“  %2!еƒ*, ℓ1, ℓ2,…, ℓ6, 
= “-е!,че“*,е ш=!…,!/ !=“C%л%›е…/ " 2%ч*=. 
"/.%д…%г% ƒ"е…= , …еC%д",›…%г% %“…%"=…, , “%-
ед,…е……/. .2,м, %2!еƒ*=м,.

h“C%л…,2ель…%е  ℓ-*%%!д,…=2…%е 3“2!%L“2"% (!,“. 
1) “%де!›,2 …еC%д",›…%е %“…%"=…,е 1 , "/.%д-
…%е ƒ"е…% 2, “%ед,…е……/е ме›д3 “%K%L ше“2ью 
2 г=м, 3 Cе!еме……%L дл,…/. dл,…= 2 г !ег3л,!3-
е2“  C!,"%д=м, C% *%м=…д=м C!%г!=мм/, 3C!="-
л ю?еL д",›е…,ем "/.%д…%г% ƒ"е…= %2…%“,2ель-
…% …еC%д",›…%г% %“…%"=…, . Š г, “" ƒ/"=ю2 …е-
C%д",›…%е %“…%"=…,е , "/.%д…%е ƒ"е…% C%“!ед-
“2"%м ш=!…,!%".

b %д…%м ℓ-*%%!д,…=2…%м ,“C%л…,2ель…%м 3“2-
!%L“2"е !е=л,ƒ3е2“  2!, (Cл%“*,L “л3ч=L) , ше“2ь 
(C!%“2!=…“2"е……/L) “2еCе…еL C%д",›…%“2,. o!, 
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,. C%“лед%"=2ель…%м “%ед,…е…,, ч,“л% “2еCе…еL 
C%д",›…%“2, %C!едел е2“  C% -%!м3л=м:
дл  Cл%“*%г% “л3ч=                                

 W = K (3n # 2p1 # p2);

дл  C!%“2!=…“2"е……%г% “л3ч=                

W = K (6n # 5p1 # 4p2 # 3p3 # 2p4 # p5),

где n # ч,“л% C%д",›…/. ƒ"е…ье" *,…ем=2,че“*%L 
цеC,; K # ч,“л% ℓ#*%%!д,…=2…/. м%д3леL; p1, p2,..., 
p5 # ч,“л% C=! “%%2"е2“2"3ю?ег% *л=““= “ %д…%L, 
д"3м , …, C 2ью “2еCе… м, C%д",›…%“2,.

r“2!%L“2"= …= %“…%"е ℓ-*%%!д,…=2 ,“C%льƒ3ю2-
“  " *=че“2"е ,“C%л…,2ель…/. , ,…-%!м=ц,%……/. 
(2=Kл. 1). j=* ,“C%л…,2ель…/е %…, ,“C%льƒ3ю2“  
" C!%м/шле……/. !%K%2=. (op), ƒ=г!3ƒ%ч…%-
2!=…“C%!2…/. 3“2!%L“2"=. , 3“2!%L“2"=. г=ше…,  p,“. 1. ℓ-*%%!д,…=2…%е ,“C%л…,2ель…%е 3“2!%L“2"%

Š = K л  , ц =  1

nKл=“2, ,“C%льƒ%"=…,  ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2" " %K%!3д%"=…,, 
.ле*2!%……%L 2е.…,*,

b,д/ %K%!3д%"=…, 

m=ƒ…=че…,е

h
r

 д
л 

 “
л%

›
…
/
. 

C
е!
ем
е?
е…

,
L
.

o
!е
ц
,
ƒ,

%…
…
% 

м
=…

,
C
3л
 ц

,
%…

…
/
е 

“,
“2
ем

/
.

Š
!=

…
“C

%!
2…

/
е 

“,
“2
ем

/

b
,
K!

%ƒ
=?

,
2…

/
е 

“,
“2
ем

/

nK%!3д%"=…,е “3Kм,*!%……%L л,2%г!=-,,

nK%!3д%"=…,е "/!=?,"=…,  м%…%*!,“2=лл%"

nK%!3д%"=…,е "=**33м…%-Cл=ƒме……%г% 
2!="ле…, 

nK%!3д%"=…,е дл  %“=›де…,  Cл‘…%* 
2е!м,че“*,м ,“C=!е…,ем " "=*33ме

nK%!3д%"=…,е *=2%д…%г% !=“C/ле…, 

nK%!3д%"=…,е м=г…е2!%……%г% !=“C/ле…, 

nK%!3д%"=…,е ,%……%-Cл=ƒме……%г% 2!="ле…, 

nK%!3д%"=…,е м%ле*3л !…%-л3че"%L .C,2=*“,,

nK%!3д%"=…,е ,%……%-л3че"%L .C,2=*“,,

nK%!3д%"=…,е .ле*2!%……%-л3че"%г%,“C=!е…, 

nK%!3д%"=…,е nfe-“Cе*2!=ль…%г% C%“л%L…%г% 
=…=л,ƒ=

xлюƒ%"/е 3“2!%L“2"= , “,“2ем/ "=*33м…%г% 
%K%!3д%"=…, 

nK%!3д%"=…,е ƒ%…д%"%г% *%…2!%л 
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p
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 C
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%!
д,

…=
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/
. 
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C%
л…

,2
ел
ь…

/
. 
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"

,

-

-
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*%леK=…,L [2, 3]. o!, .2%м " *=че“2"е C!,"%д= 
,“C%льƒ3е2“  люK%L ,ƒ ,ƒ"е“2…/. д% …=“2% ?ег% 
"!еме…, C!,"%д%" # C…е"м%- ,л, г,д!%C!,"%д, 
.ле*2!%ме.=…,че“*,L, м=г…,2%“2!,*ц,%……/L 
,л, …= %“…%"е Cьеƒ%.--е*2= (!,“. 2).

j=* ,…-%!м=ц,%……/е %…, ,“C%льƒ3ю2“  " *=-
че“2"е д=2ч,*%" “,л%м%ме…2…%г% %ч3"“2"ле…,  (2е…-
ƒ%ме2!,че“*,е, “2!3……/е , 2. д.), 3“2!%L“2" дл  
%C!еделе…,  C%л%›е…,  , Cе!еме?е…,  2ел= " 
C!%“2!=…“2"е, " *%2%!/. C=!=ме2!/ ℓi %C!едел -
ю2“  *%…2=*2…/м ,л, Kе“*%…2=*2…/м ме2%д=м,, 
…=C!,ме!, 3ль2!=ƒ"3*%м.

n“…%"…/е C!е,м3?е“2"= ℓ-*%%!д,…=2…/. ,“-
C%л…,2ель…/. 3“2!%L“2" C% “!="…е…,ю “ ,ƒ"е“2-
…/м, “лед3ю?,е: м=2ем=2,че“*%е %C,“=…,е C%л%-
›е…,  , Cе!еме?е…,  2ел= ("/.%д…%г% ƒ"е…=) 
2%ль*% “ C%м%?ью л,…еL…/. "ел,ч,…; "%ƒм%›-
…%“2ь C%“2!%е…,  ,“C%л…,2ель…/. , ,…-%!м=-
ц,%……/. 3“2!%L“2" …= ед,…%м C!,…ц,Cе ℓ-*%%!д,-
…=2; ,де…2,-,*=ц,  C!,"%д%"; "%ƒм%›…%“2ь ,“-
C%льƒ%"=…,  "“е. ,ƒ"е“2…/. “C%“%K%" Cе!ед=ч, 
д",›е…,  " "=*33м…/L 2е.…%л%г,че“*,L %KA‘м 
Kеƒ 3ƒл%" 2!е…, ; C%"/ше……=  ›‘“2*%“2ь; "/“%-
*=  2%ч…%“2ь.

b% м…%г,. “л3ч= . " C!=*2,че“*,. !=“ч‘2=. 
C!ед“2="л е2 ,…2е!е“ %C!еделе…,е “%%2"е2“2"3ю-
?,. дл,… %2!еƒ*%" (ℓ-*%%!д,…=2) ℓ1, ℓ2,…, ℓ6 " ƒ=-
",“,м%“2, %2 C%л%›е…,  2ел= ("/.%д…%г% ƒ"е…=).

o%л%›е…,е 2ел= p %2…%“,2ель…% …еC%д",›…%г% 
%“…%"=…,  " де*=!2%"/. *%%!д,…=2=. %C!едел е2-
“  дл  *=›д%L “2!3*23!/ %2дель…%.

p=““м%2!,м *%…*!е2…/L C!,ме!. o3“2ь д=…= 
…е*%2%!=  “2!3*23!= (!,“. 3).

o%л%›е…,е %“…%"=…,  %C!едел е2“  2!ем  2%ч-
*=м, ` {0, a, 0 }, 0 {0, 0, 0 }, B {", 0, 0 }, = 2ел= # 2%ч-
*=м, ̀ ′{XA, YA, ZA}, 0 ′ {X0, Y0, Z0}, B ′ {XB, YB, ZB}, C!,-
чем ``′ = ℓ1, 0`′ = ℓ2, `′b = ℓ3, 00 ′ = ℓ4, 0 ′b = ℓ5, 
0b ′ = ℓ6.

C,“2ем=  3!="…е…,L дл  %C!еделе…,  XA, YA, 
ZA, XB, YB, ZB, X0, Y0, Z0  ,мее2 ",д:

,

2 2 2
1

2 2 2
2

2 2 2
3

2 2 2
4 0 0 0

2 2 2
5 0 0 0

2 2 2
6

2 2 2
0 0 0

2 2 2
0 0 0

2 2 2

( )

( )

( )

( )

( ) ,

,

,

,

,

,

( ) ( )

( ) ( ) ( ) ,

( ) ( ) ( ) .

A A

A A A

A A A

В В В

A A A

B B B

B A B A B A

X Y a Z

X Y Z

X в Y Z

X Y Z

X в Y Z

X в Y Z

a X X Y Y Z Z

b X X Y Y Z Z

c X X Y Y Z Z

+

+

+

+

−

−

−

−

⎧ = + − +⎪
⎪ = + +⎪
⎪

= +⎪
⎪

= + +

= +⎨

= +

= − + −

= − + − + −

= − + − + −

�

�

�

�

�

�

⎪
⎪⎪

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎩

p,“. 3. j !еше…,ю ƒ=д=ч, C%л%›е…, 

mе "д="= “ь " C%д!%K…%“2, !еше…,  “,“2ем/ 
3!="…е…,L, C%*=›ем л,шь C%“лед%"=2ель…%“2ь 
деL“2",L:

1-L .2=C. pеш=ем “,“2ем3:

( )22 2
1

2 2 2
2

2 2 ,3

,

,

( )

A A A

A A A

A A A

X Y a Z

X Y Z

X в Y Z

⎧ = + − +⎪
⎪

= + +⎨
⎪
⎪ = − + +
⎩

�

�

�
  

…=.%д,м XA YA ZA.

2-L .2=C. pеш=ем “,“2ем3: 

2 2 2
4 0 0 0

2 2 2
5 0 0 0

2 2 2
0 0 0

= ,

= ( ) ,

= ( ) ( ) ( ) ,A A A

X Y Z

X в Y Z

a X X Y Y Z Z

⎧ + +⎪
⎪ − + +⎨
⎪
⎪ − + − + −
⎩

�

�

…=.%д,м u0, Y0, Z0.

3-L .2=C.  pеш=ем “,“2ем3: 

2 2 2
6

2 2 2
0 0 0

2 2 2

( ) ,

( ) ( ) ( ) ,

( ) ( ) ( ) ,

B B B

B B B

B A B A B A

X в Y Z

b X X Y Y Z Z

c X X Y Y Z Z

⎧ = − + +⎪
⎪ = − + − + −⎨
⎪
⎪ = − + − + −
⎩

�

…=.%д,м XB , YB, ZB.
Š=*,м %K!=ƒ%м, “,“2ем= (1) C%л…%“2ью !еше…=.

ℓ1 =
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rгл/ ϕ, ψ, θ ме›д3 *%%!д,…=2…/м, %“ м, 0X , 
0′X′, 0Y , 0′Y′, 0Z , 0′Z′ …=.%д 2 C% C!=",л=м "е*-
2%!…%L =лгеK!/ *=* 3гл/ ме›д3 “%%2"е2“2"3ю?,-

м, "е*2%!=м, 0     0 ,0     0A и A B и B′ ′
� � � �

, .0  0 DиD
��

′′
Š=*, …=C!,ме!, 3г%л ϕ …=.%д,2“  ,ƒ Cе!ем…%-

›е…,  "е*2%!%" AиA
��
′′0  0 :

A
�

0 = {0, a, 0},

A
�
′′0 = {XA # X0; YA # Y0; ZA # Z0},

0   0A A′ ′
� �

= |0A|·|0′A′| cos ϕ,

0( ) =Aa Y Y−

2 2 2
0 0 0= ( ) ( ) ( )A A AX X Y Y Z Z− + − + − a.cos ϕ.

n2*3д= ϕ = arccos × 

×

 

0
2 2 2

0 0 0

.
( ) ( ) ( )

A

A A A

Y Y

X X Y Y Z Z

−

− + − + −

rг%л ψ …=.%д,2“  ,ƒ Cе!ем…%›е…,  "е*2%!%" 
BиB
��
′′0   0 :

B
�
′′0 ={XB#X0; YB#Y0; ZA#Z0},

B
�

0 ={", 0, 0},

0 0B B⋅′ ′
� �

 =|0′B′|.|0B| cos ψ,

"(XB#X0)=

= 2 2 2
0 0( ) ( ) ( )0B B BX X Y Y Z Z− + − + − ".cos ψ,

ψ = arccos ×

×

 

0
2 2 2

0 0 0( ) ( ) ( )
B

B B B

X X

X X Y Y Z Z

−

− + − + −
.

rг%л θ …=.%д,2“  ,ƒ Cе!ем…%›е…,  "е*2%!%"
D0  и  0
��

′′D :

=D
�

0  |0`|.|0b| sin 90°,

D
�

′′0 = |0′`′| . 0′b′| sin 90°,

DD
��

00 ⋅′′ =|0′A′|.|0′B′|.|0A|.|0B| cos θ,

0′A′ ={XA # X0; YA # Y0; ZA # Z0},

0′B 
′ = {XB # X0; YB # Y0; ZB # Z0},

A
�

0  = {0; a; 0}, |0A| = a,

B
�

0  = {"; 0; 0}, |0B| = ",

D
�

0 =|0A| ⋅ |0B| sin 900,

D
�

′′0  = (XA # X0) (XB # X0) + (YA # Y0) (YB # Y0) + 

+ (ZA # Z0) (ZB # Z0),

D0D0
��

′′⋅ =|0′A′|⋅|0′B′|⋅|0A|⋅|0B|⋅cosθ,

="[(XA#X0) (XB#X0)+ (YA#Y0)(YB#Y0)+ 

+ (ZA#Z0) (ZB#Z0)]=

2 2 2
0 0 0( ) ( ) ( )A A AX X Y Y Z Z= − + − + −

 
×

×
 

2 2 2
0 0 0( ) ( ) ( ) cosB B BX X Y Y Z Z aв− − − − − ⋅ θ,

где 0 0 0arccos[([( )( ) ( )A B AY Y Z Z Z Zθ = − − − − ×

2
0( )]BX X× − + 0 0 0[( )( ) ( )A B AZ Z X X X X− − − − ×

2
0( )]BZ Z× − + [ 0 0 0( )( ) ( )A B AX X Y Y Y Y− − − − ×

1
2

0( )])BX X× − 2 2
0 0([( ) ( )A AX X Y Y− + − 0( )AZ Z+ − 2]×

  
× 2 2 2

0 0 0[( ) ( ) ( ) ]B B BX X Y Y Z Z− + − + − )
1
2 ].

o%л3че……/е “%%2…%ше…,  C%ƒ"%л ю2 C!%,ƒ"%-
д,2ь Cе!е.%д %2 ℓ-*%%!д,…=2 * %K/ч…/м де*=!2%-
"/м *%%!д,…=2=м, %2*!/"=ю2 "%ƒм%›…%“2, * !е-
ше…,ю ƒ=д=ч д,…=м,*, , 3C!="ле…,  2=*,м, 3“2-
!%L“2"=м,. 

n“…%"…/м, C=!=ме2!=м, !=K%2%“C%“%K…%“2, 
,“C%л…,2ель…%г% 3“2!%L“2"= (!,“. 4) , ег% .леме…-
2%"  "л ю2“  K/“2!%деL“2",е a, ",K!%3“2%Lч,-
"%“2ь b, 2%ч…%“2ь Š, 2!е…,е ,ƒ…%“= , г=ƒ%"/деле-
…,е c, *%2%!/е %C!едел ю2“  "!еме…ем “!=K=2/-
"=…,  t, =мCл,23д%L `, C%г!еш…%“2ью C%ƒ,ц,%…,-
!%"=…,  Δ, *%.--,ц,е…2%м 2!е…,  f, ,…2е…“,"…%-
“2ью ,ƒ…=ш,"=…,  Jh , г=ƒ%"/м C%2%*%м q, *%2%-
!/е “" ƒ=…/ “ C!%це““%м "/.%д= г%д…/. F , C!%-
,ƒ"%д,2ель…%“2ью %K%!3д%"=…,  " цел%м Q.     

q2!3*23!…=  м%дель “л%›…/. C!%це““%" " ,“-
C%л…,2ель…%L “,“2еме, “%“2% ?еL ,ƒ N ,“C%л…,-
2ель…/. 3“2!%L“2", *=›д%е ,ƒ *%2%!/. %Kл=д=е2 
%C!еделе……%L “%"%*3C…%“2ью "…32!е……,. “"%L“2" 
FG: …= *=›д%е деL“2",е “%"%*3C…%“2ь "…еш…,. 
"%ƒм3?е…,L Uj, ".%д ?,. C=!=ме2!%" Ri , "/.%д-
…/. Xk ,мее2 ",д (!,“. 5).

h“.%д  ,ƒ ƒ=C=“= !=K%2%“C%“%K…%“2, C% K/“2-
!%деL“2",ю Kt , ",K!%3“2%Lч,"%“2, KA , 2%ч…%“2, 
Kp, 2!е…,ю Kf, ,ƒ…%“3 KJ, г=ƒ%"/деле…,ю Kq, “3м-
м=!…/L ƒ=C=“ !=K%2%“C%“%K…%“2, KΣ !="е…:

6

1

1

i

ii

K
a
K

Σ

=

=

∑
 

,

где ai # "е“%"/е *%.--,ц,е…2/ C% *=›д%м3 C=!=-
ме2!3; Ki # “%%2"е2“2"3ю?,L ƒ=C=“ !=K%2%“C%“%K-

…%“2, C% *=›д%м3 C=!=ме2!3: 
p

t

t
K

t
= ; 

p
A

A
K

A
= ;
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pKΔ

Δ
=

Δ
; 

p
f

f
K

f
= ; 

p
J

J
K

J
= ; p

q

q
K

q
=  ;   

gде“ь tp, Ap, Δp, Jp, qpi # д%C3“2,м/е ƒ…=че…,  
"!еме…, “!=K=2/"=…, , =мCл,23д/ *%леK=…,L, 
C%г!еш…%“2,, *%.--,ц,е…2= 2!е…, , ,ƒ…=ш,"=-
…,  , г=ƒ%"%г% C%2%*= " ,“C%л…,2ель…%м 3“2!%L-
“2"е; T, A, Δ, f, J, q # -=*2,че“*,е ƒ…=че…,  3*=-
ƒ=……/. "/ше "ел,ч,….

m=,K%лее “3?е“2"е……/е C=!=ме2!/ !=K%2%“C%-
“%K…%“2, ,“C%л…,2ель…/. 3“2!%L“2" дл  !=ƒл,ч-
…%г% %K%!3д%"=…,  }Š C!ед“2="ле…/ " 2=Kл. 2.

p=K%2%“C%“%K…%“2ь "“ег% ,“C%л…,2ель…%г% 3“2-
!%L“2"= K3де2 “%.!=… 2ь“  д% KΣ = 1.

h“C%л…,2ель…/е 3“2!%L“2"= …= %“…%"е G-*%%!-
д,…=2 C% "“ем C=!=ме2!=м !=K%2%“C%“%K…%“2,: 
K/“2!%деL“2",ю, ",K!%3“2%Lч,"%“2,, 2%ч…%“2,, 
.=!=*2е!,“2,*=м г=ƒ%"/деле…, , 2!е…,  , ,ƒ…%-

“=, C!е"%“.%д 2 =…=л%г,ч…/е *%…“2!3*ц,,, C%-
“2!%е……/е …= *л=““,че“*,. *%%!д,…=2…/. “,“2е-
м=., ч2% %2!=›е…% " 2=Kл. 3, 4. 

p=““м%2!,м C!,ме!/ C!,ме…е…,  ℓ-*%%!д,-
…=2…/. 3“2!%L“2" дл  *%…*!е2…%г% %K%!3д%"=…,  
.ле*2!%……%L 2е.…,*, (2=Kл. 4).

nK%!3д%"=…,е дл  "/!=?,"=…,  м%…%*!,“2=л-
л%". m=! д3 “ "/“%*%L 2%ч…%“2ью C%дде!›=…,  
"/K!=……/. “*%!%“2еL Cе!еме?е…,  де2=леL 3“2=-
…%"*,, %2“32“2",ем ƒ=г! ƒ…е…,L !=“Cл="= , "/!=-
?,"=ем%г% м%…%*!,“2=лл=, “2=K,ль…%“2ью 2еCл%-
"/. 3“л%",L, %“…%"…/м 2!еK%"=…,ем  "л е2“  
%2“32“2",е ",K!=ц,L, *%2%!%е д%“2,г=е2“  ƒ= “че2 
C!,ме…е…,  “Cец,=ль…/. ше“2,“2еCе……/. ",K-
!%г=“,2елеL …= %“…%"е ℓ-*%%!д,…=2. b !еƒ3ль2=2е 
C%"/ш=е2“  C!%це…2 "/.%д= г%д…/. ,ƒдел,L.

nK%!3д%"=…,е "=*33м…%-Cл=ƒме……%г% 2!="ле…, . 
b=*33м…%-Cл=ƒме……%е 2!="ле…,е C!ед…=ƒ…=че…% 

F Q

N a B T

f Jn q

, I

,
II

,
III

p,“. 4. q2!3*23!…=  “.ем= "ƒ=,м%“" ƒ, %“…%"…/. C=!=ме2!%" ,“C%л…,2ель…%г% 3“2!%L“2"=
 , ег% .леме…2%" “ C=!=ме2!=м, %K%!3д%"=…, :

 N # *%л,че“2"% .леме…2%"; a # C=!=ме2!/ ге…е!,!3ем/. м,*!%ч=“2,ц ,ƒ…%“=

                     ________ 

F  ,  = 1,…L

                 _______ 
Uj , j = 1,…G

                 _______ 
Xk , k = 1,…K

                 _______ 
Ri , i = 1,…J

p,“. 5. q2!3*23!…=  м%дель “л%›…/.  C!%це““%"  " ,“C%л…,2ель…%м 3“2!%L“2"е
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дл  %K!=K%2*, м…%г%“л%L…/. Cл‘…%* “ …е“%"ме“-
2,м/м, " 3“л%", . .,м,че“*%L %ч,“2*, “"%L“2-
"=м, “л%‘". dл  C%"/ше…,  *=че“2"= C%"е!.…%-
“2, “2%л,* “ C%дл%›*=м, д%л›е… ,ме2ь ше“2ь 
“2еCе…еL C%д",›…%“2,, ч2% м%›е2 K/2ь %Kе“Cече-
…% ƒ= “ч‘2 ,“C%льƒ%"=…,  ℓ-*%%!д,…=2…/. 3“2-
!%L“2" “ .ле*2!%ме.=…,че“*,м C!,"%д%м.

nK%!3д%"=…,е дл  ƒ%…д%"%г% *%…2!%л . q2!3*-
23!= 3“2=…%"%* ƒ%…д%"%г% *%…2!%л  C!ед“2="л е2 
“%K%L *%мCле*“ д"3. 3“2!%L“2": .ле*2!%ме.=…,-
че“*%г% , .ле*2!%……%г%. }ле*2!%ме.=…,че“*%е 
3“2!%L“2"% “%де!›,2 *%%!д,…=2…3ю “,“2ем3, …= 
*%2%!%L !=ƒме?=е2“  C%"%!%2…/L “2%л,* дл  
%!,е…2=ц,, ƒ=*!еCл‘……%L …= …‘м C%л3C!%"%д…,-
*%"%L Cл=“2,…/ “ ме.=…,ƒм%м "е!2,*=ль…%г% Cе-
!еме?е…,  дл  *%…2=*2= “ ƒ%…д=м,. o!,ме…е…,е 
" .2,. 3“л%", . ℓ-*%%!д,…=2…/. 3“2!%L“2" %д…%-
ƒ…=ч…%.

n“%K%е "…,м=…,е 3дел е2“  ",K!%ƒ=?,2е %K%-
!3д%"=…,  " цел%м.  b “л3ч=е …=л,ч,  ",K!=ц,L 
"%ƒм%›…% !=ƒ!3ше…,е Cл‘…*, C!, *%…2=*2е “ 
ƒ%…д%м, “%"е!ш=ю?,м *%леK=2ель…%е *=“=2ель-
…%е д",›е…,е. j%гд= 3“,л,е "%ƒдеL“2",  ƒ%…д= 
…= *%…2=*2…3ю Cл%?=д*3 "ел,*%, "%ƒ…,*=е2 &C!%-
*%л[. m=,K%лее .--е*2,"…= " .2%м “л3ч=е ",K!%-
ƒ=?,2= C% "“ем ше“2, “2еCе… м C%д",›…%“2, …= 
%“…%"е ℓ-*%%!д,…=2.

nK%!3д%"=…,е дл  %“=›де…,  Cле…%* 2е!м,че-
“*,м ,“C=!е…,ем " "=*33ме. j "=*33м…%м3 %K%!3-
д%"=…,ю дл  %“=›де…,  Cле…%* C!едA "л ю2 “ле-
д3ю?,е 2!еK%"=…, : "/“%*=  “*%!%“2ь %2*=ч*, 
г=ƒ%" ,ƒ !=K%чеL *=ме!/, "/“%*=  “*%!%“2ь ,“C=-
!е…,  "е?е“2" , "%ƒм%›…%“2ь !ег3л,!%"=…,  е‘ " 
ш,!%*,. C!едел=. ƒ= “ч‘2 ,ƒме…е…,  C%д"%д,м%L 
* ,“C=!,2елю м%?…%“2,, "/“%*=  C!%,ƒ"%д,-
2ель…%“2ь C!, г!3CC%"%L ƒ=г!3ƒ*е , %K!=K%2*е 

Š = K л  , ц =   2

m=,K%лее “3?е“2"е……/е C=!=ме2!/ !=K%2%“C%“%K…%“2, ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 
3“2!%L“2" дл  !=ƒл,ч…%г% %K%!3д%"=…,  .ле*2!%……%L 2е.…,*,

b,д/ %K%!3д%"=…, 

o=!=ме2!/

a
/

“2
!%
де

L
“2

",
е

b
,
K!

%3
“2

%L
ч,

"%
“2
ь

Š
%ч

…
%“

2ь

Š
!е

…
,
е

h
ƒ…

%“

c
=ƒ

%"
/
де
ле

…
,
е

nK%!3д%"=…,е “3Kм,*!%……%L л,2%г!=-,,

nK%!3д%"=…,е "/!=?,"=…,  
м%…%*!,“2=лл%"

nK%!3д%"=…,е "=**33м…%-Cл=ƒме……%г% 
2!="ле…, 

nK%!3д%"=…,е дл  %“=›де…,  Cл‘…%* 
2е!м,че“*,м ,“C=!е…,ем " "=*33ме

nK%!3д%"=…,е *=2%д…%г% !=“C/ле…, 

nK%!3д%"=…,е м=г…е2!%……%г% !=“C/ле…, 

nK%!3д%"=…,е ,%……%-Cл=ƒме……%г% 
2!="ле…, 

nK%!3д%"=…,е м%ле*3л !…%-л3че"%L 
.C,2=*“,,

nK%!3д%"=…,е ,%……%-л3че"%L .C,2=*“,,

nK%!3д%"=…,е .ле*2!%……%-л3че"%г% 
,“C=!е…, 

nK%!3д%"=…,е nfe-“Cе*2!=ль…%г% 
C%“л%L…%г% =…=л,ƒ=

xлюƒ%"/е 3“2!%L“2"= , “,“2ем/ 
"=*33м…%г% %K%!3д%"=…, 

nK%!3д%"=…,е ƒ%…д%"%г% *%…2!%л 
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C%дл%›е*, "%ƒм%›…%“2ь %д…%"!еме……% “ %“=›де-
…,ем Cле…*, C%л3ч=2ь 2!еK3ем3ю *%…-,г3!=ц,ю 
2%…*%Cл‘…%ч…/. .леме…2%" C=““,"…%L ч=“2, ,…-
2ег!=ль…/. м,*!%“.ем, "%ƒм%›…%“2ь "е“2, C!%-
це““ *=* " "/“%*%м "=*33ме, 2=* , " %*,“л,2ель-
…%L ,л, "%““2=…%",2ель…%L “!еде !=ƒ! ›е……%г% 
г=ƒ=. o!,ме…е…,е "…32!,*=ме!…%г% ℓ-*%%!д,…=2-
…%г% 3“2!%L“2"= “…,›=е2 д% м,…,м3м= 3ƒл/ 2!е-
…,  " "=*33ме, C%"/ш=е2 !="…%ме!…%“2ь C%*!/-
2, , 3л3чш=е2 ч,“2%23 …=C/л ем%г% “л% . rƒл/ 
2!е…,  " "=*33ме м%г32 K/2ь C%л…%“2ью 3“2!=…е-
…/, е“л, " *=че“2"е C!,"%д…/. .леме…2%" ,“-
C%льƒ%"=2ь 3C!3г%де-%!м,!%"=……/е 2!3Kч=2/е 
.леме…2/.

nK%!3д%"=…,е дл  *=2%д…%г% !=“C/ле…, . 
j=2%д…%е !=“C/ле…,е, C% “!="…е…,ю “ 2е!м,че-
“*,м, ,мее2 %C!едел‘……/е C!е,м3?е“2"=: K%ль-
ш=  Cл%?=дь C%"е!.…%“2, !=“C/ле…, , "%ƒм%›-

…%“2ь !=“C/ле…,  23г%Cл="*,. ме2=лл%" , “Cл=-
"%" Kеƒ ,ƒме…е…,  “%“2="=, %2“32“2",е !=ƒ%г!е2/. 
де2=леL " "=*33м…%L *=ме!е, "%ƒм%›…%“2ь 2%ч-
…%L !ег3л,!%"*, 2%л?,…/ Cл‘…*, C32‘м ,ƒме…е-
…,  "ел,ч,…/ …=C! ›е…,  …= .ле*2!%д=., "%ƒ-
м%›…%“2ь ,ƒг%2%"ле…,  м…%г%“л%L…/. Cл‘…%*. 
}--е*2,"…%“2ь .2%г% ме2%д= !=“C/ле…,  м%›…% 
е?‘ K%льше C%"/“,2ь, е“л, "…32!,*=ме!…%е 3“2-
!%L“2"% "/C%л…,2ь C% %д…%L ,ƒ “2!3*23! ℓ-*%%!-
д,…=2, C!, .2%м !="…%ме!…%“2ь C%*!/2,  ƒ= “ч‘2 
“л%›…%г% д",›е…,  C%дл%›*%де!›=2ел  C%"/-
ш=е2“ .

nK%!3д%"=…,е дл  ,%……%-Cл=ƒме……%г% …=C/ле-
…, . h%……%-Cл=ƒме……%е …=C/ле…,е C!%"%д 2 C!, 
д="ле…,, 10#1#10#2 o=, ч2% …= C%! д%* ме…ьше, 
чем C!, *=2%д…%м !=“C/ле…,,. }2% %Kе“Cеч,"=е2 
K%лее ч,“2/е 3“л%",  %“=›де…,  Cле…%* ƒ= “че2 
3"ел,че…,  *%…це…2!=ц,, .ле*2!%…%" “ 2е!м%-

Š = K л  , ц =   3

n“…%"…/е .=!=*2е!,“2,*,  ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2" , ,. C!,ме…е…,е 
" %K%!3д%"=…,, .ле*2!%……%L 2е.…,*,

n“…%"…/е C=!=ме2!/

m=ƒ…=че…,е

o…е"м=-
2,че“*,е

}ле*2!%-
ме.=…,че“*,е

oьеƒ%-
.ле*2!,че“*,е

l=г…,2%-
“2!,*ц,%……/е

a/“2!%деL“2",е,  “ 0,01#0,1 0,05#03 0,001#0,01 0,001#0,01

d,=C=ƒ%… ч=“2%2 
“%K“2"е……/. *%леK=…,L, cц 5#20 20#200 200#2000 200#2000

o%г!еш…%“2ь 
C%ƒ,ц,%…,!%"=…, , м*м 5#100 0,5#10 0,005#1 0,01#2

j%л,че“2"% 3ƒл%" 2!е…,  
" "=*33ме 6 # # #

u%д ,“C%л…,2ель…%г% 
3“2!%L“2"=,  мм

100#200,
1#5 50#150 1#5 1#3

l=““= 3“2!%L“2"= (Kеƒ 
“,“2ем/ 3C!="ле…, ), *г 3#10 5#15 0,1#0,5 0,2#0,7

m=ƒ…=че…,е r“2!%L“2"= 
Cе!еме?е…, ; 
",K!%ƒ=?,2…/е 
“,“2ем/

r“2!%L“2"= 
Cе!еме?е…, 

o!ец,ƒ,%……/е 
м=…,C3л ц,%……/е 
“,“2=м/

o!ец,ƒ,%……/е 
м=…,C3л ц,%……/е 
“,“2=м/

c=K=!,2/ !=ƒме!/,  мм 100×150×100 100×150×150 20×50×70 50×70×90

nKл=“2, C!,ме…е…,  " 
.ле*2!%……%L 2е.…,*е

nK%!3д%"=…,е "/-
!=?,"=…,  м%…%-
*!,“2=лл%";
-%2%л,2%г!=-, ;
%K%!3д%"=…,е ƒ%…-
д%"%г% *%…2!%л ;
nfe-“Cе*2!=ль…/L 
=…=л,ƒ

lk};
b=*33м…%-Cл=ƒме…-
…%е 2!="ле…,е;
,%……%л3че"=  %K!=-
K%2*=;
3“2=…%"*, ,%……%-
Cл=ƒме……%г% 2!="-
ле…, ;
nfe-“Cе*2!=ль…/L 
=…=л,ƒ

r“2=…%"*, .ле*-
2!%……%L , !е…ге…%-
л,2%г!=-,,; 
lk};
%K%!3д%"=…,е ƒ%…-
д%"%г% *%…2!%л 

r“2=…%"*, .ле*-
2!%……%L , !е…ге…%-
л,2%г!=-,,; 
%K%!3д%"=…,е ƒ%…-
д%"%г% *%…2!%л 
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Š = K л , ц =  4

o!,ме!/ ,“C%льƒ%"=…,  , -3…*ц,%…=ль…%е …=ƒ…=че…,е  ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2"

o!,ме!/
,“C%льƒ%"=…, 

t3…*ц,%…=ль…%е
…=ƒ…=че…,е

q!ед= q.ем=
d%“2,г=ем/L

!еƒ3ль2=2

nK%!3д%"=…,е дл  "/!=?,"=-
…,  м%…%*!,“2=лл%"

b,K!%ƒ=?,2= `2м%“-е!= o%"/ше…,е C!%це…2= 
"/.%д= г%д…/. ,ƒде-
л,L

nK%!3д%"=…,е "=*33м…%-Cл=ƒ-
ме……%г% 2!="ле…, 

oе!еме?е…,е C%д-
л%›*%де!›=2ел  C% 
ƒ=д=……%м3 ƒ=*%…3 
д",›е…, 

b=*33м , 
,…е!2…/L г=ƒ

o%"/ше…,е *=че“2"= 
C%"е!.…%“2,

nK%!3д%"=…,е дл  ƒ%…д%"%г% 
*%…2!%л 

b,K!%ƒ=?,2=. q%"-
ме?е…,е *%%!д,…=2-
…%L , C%"%!%2…%L 
“,“2ем

`2м%“-е!= q…,›е…,е K!=*=

nK%!3д%"=…,е дл  %“=›де…,  
Cле…%* 2е!м,че“*,м ,“C=!е-
…,ем " "=*33ме

b…32!,*=ме!…%е ,“-
C%л…,2ель…%е 3“2!%L-
“2"%

b=*33м o%"/ше…,е !="…%-
ме!…%“2, C%*!/2, 

nK%!3д%"=…,е дл  *=2%д…%г% 
!=“C/ле…, 

b…32!,*=ме!…%е 
,“C%л…,2ель…%е 3“2-
!%L“2"%

b=*33м o%"/ше…,е !="…%-
ме!…%“2, C%*!/2, 

nK%!3д%"=…,е дл  ,%……%-
Cл=ƒме……%г% …=C/ле…, 

oе!еме?е…,е C%дл%›-
*%де!›=2ел  C% ƒ=д=…-
…%м3 ƒ=*%…3 д",›е-
…, 

b=*33м q%ƒд=…,е C%*!/-2,  
“  ƒ=д=……/м ƒ=*%…%м 
!=“C!еделе…,  2%л-
?,…/

nK%!3д%"=…,е м%ле*3л !…%-
л3че"%L .C,2=*“,,

oе!еме?е…,е C%дл%›-
*%де!›=2ел  C% ƒ=д=…-
…%м3 ƒ=*%…3 д",›е-
…, 

b=*33м o%"/ше…,е C!%це…2= 
"/.%д= г%д…/. ,ƒде-
л,L

nK%!3д%"=…,е nfe-“Cе*2!=ль-
…%г% C%“л%L…%г% =…=л,ƒ=

b,K!%ƒ=?,2= `2м%“-е!= o%"/ше…,е д%“2%-
"е!…%“2, "%“C!%,ƒ-
"еде…,  “Cе*2!=

l…%г%“2еCе……/е C!%м/ш-
ле……/е !%K%2/ , м=…,C3л -
2%!/

oе!еме?е…,е %KAе*2= 
“ C!е%д%ле…,ем C!е-
C 2“2", 

`2м%“-е!=,  
"=*33м

o%"/ше…,е *,…ем=-
2,че“*,. "%ƒм%›…%-
“2еL

c,K*,е C!%,ƒ"%д“"е……/е 
“,“2ем/ м,*!%.ле*2!%…,*,

h…-%!м=ц,%……%-,ƒ-
ме!,2ель…/е 3“2!%L-
“2"=

`2м%“-е!= nC!еделе…,е 2е*3?,. 
C%л%›е…,L C%д",›…/. 
%KAе*2%"
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.м,““,%……%г% *=2%д=, ч2% C!,"%д,2 * 3"ел,че-
…,ю *%…це…2!=ц,, ,%…,ƒ,!%"=……/. =2%м%" !=-
K%чег% г=ƒ=. q C%м%?ью м=г…,2…%L “,“2ем/ C!%-
,“.%д,2 -%*3“,!%"*= , л%*=л,ƒ=ц,  Cл=ƒм/ "Kл,-
ƒ, м,ше…,, ℓ-*%%!д,…=2…%е ,“C%л…,2ель…%е 3“2-
!%L“2"% " д=……%м “л3ч=е м%›е2 %Kе“Cеч,"=2ь Cе-
!еме?е…,е C%дл%›*%де!›=2ел  C% ƒ=д=……%м3 ƒ=-
*%…3 д",›е…,  ,, *=* !еƒ3ль2=2, “%ƒд=…,е 2%…*%-
Cл‘…%ч…%г% C%*!/2,  “ ƒ=д=……/м ƒ=*%…%м !=“-
C!еделе…,  2%л?,…/ …=C/л ем%г% “л% .

nK%!3д%"=…,е м%ле*3л !…%-л3че"%L .C,2=*“,,. 
nC/2 .*“Cл3=2=ц,, м…%г%*=ме!…/. 3“2=…%"%* 
м%ле*3л !…%-л3че"%L .C,2=*“,, C%*=ƒ=л, ч2% 
C!%м/шле……%е %K%!3д%"=…,е д%л›…% %Kе“Cеч,-
"=2ь C%л3че…,е !="…%ме!…/. C% 2%л?,…е “2!3*-
23! …= д,=ме2!е C%дл%›*, 76#100 мм , K%лее, 
3ль2!="/“%*3ю ч,“2%23 " !=K%ч,. *=ме!=., K%лее 
"/“%*3ю C!%,ƒ"%д,2ель…%“2ь, !=“ш,!е…,е 2е.-
…%л%г,че“*,. "%ƒм%›…%“2еL 3“2=…%"%*, "/“%*,L 
3!%"е…ь ="2%м=2,ƒ=ц,, %“…%"…/. , "“C%м%г=-
2ель…/. %Cе!=ц,L. dл  3л3чше…,  %д…%!%д…%“2, 
Cл‘…*, м%г32 K/2ь ,“C%льƒ%"=…/ ме2%д/ Cе!е-
!=“C!еделе…,  "е?е“2"=, C%C=д=ю?ег% …= C%д-
л%›*3 “ C%м%?ью …еC%д",›…%L ,л, "!=?=ю?еL-
“  д,=-!=гм/ ,л, ƒ= “ч‘2 "!=?е…,  C%дл%›*,. 
o!,ме…е…,е д,=-!=гм/ 3ме…ьш=е2 C!%це…2 ,“-
C%льƒ%"=…,  !=K%чег% "е?е“2"= ,“2%ч…,*=, = "!=-
?е…,е C%дл%›*, 3“л%›… е2 *%…“2!3*ц,ю 3“2-
!%L“2"= …=г!е"=, C%.2%м3 …=,K%лее целе“%%K!=ƒ-
…% д",›е…,е C%дл%›*, C% “л%›…%L 2!=е*2%!,, “ 
2!ем  ,л, ше“2ью “2еCе… м, C%д",›…%“2,, чем3 
…=,K%лее C%л…% 3д%"ле2"%! ю2 ,“C%л…,2ель…/е 
3“2!%L“2"= …= %“…%"е Cл%“*,. , C!%“2!=…“2"е…-
…/. ℓ-*%%!д,…=2.

nK%!3д%"=…,е %›е-“Cе*2!=ль…%г% C%“л%L…%г% 
=…=л,ƒ=. lе2%д .ле*2!%……%L %›е-“Cе*2!%“*%C,, 
(}nq) ,“C%льƒ3е2“  дл  .,м,че“*%г% =…=л,ƒ= C%-
"е!.…%“2, %KAе*2= " 2%ч*е. q C%м%?ью !=“2!%"%L 
}nq "%ƒм%›…% %C!еделе…,е C!%“2!=…“2"е……%г% 
!=“C!еделе…,  .,м,че“*,. .леме…2%" …= C%"е!.-
…%“2,, = C!, C%“л%L…%м =…=л,ƒе # 2!е.ме!…%г% 
!=“C!еделе…,  .леме…2%". dл  C%л3че…,  "/“%-
*%L !=ƒ!еш=ю?еL “C%“%K…%“2, …е%K.%д,м= C%л-
…=  ",K!%,ƒ%л ц,  %K%!3д%"=…,  %2 C%л=, = 2=*-
›е %2дель…/. 3“2!%L“2" %2 %K%!3д%"=…, .

dл  !еше…,  .2%L C!%Kлем/ …=,K%лее целе“%-
%K!=ƒ…/L C%д.%д # ,“C%льƒ%"=…,е “Cец,=ль…/. 
м…%г%*%%!д,…=2…/. демC-е!%", ч2% м%›е2 K/2ь 
!еше…% C!,ме…е…,ем ℓ-*%%!д,…=2…/. 3“2!%L“2" 
г=ше…,  *%леK=…,L. b !еƒ3ль2=2е чег% д%“2%"е!-
…%“2ь "%“C!%,ƒ"%д,м%г% “Cе*2!= C%"/ш=е2“ . 

l…%г%“2еCе……/е C!%м/шле……/е !%K%2/ , м=-
…,C3л 2%!/. b C!%м/шле……/. !%K%2=. , м=…,C3-
л 2%!=. 3“2!%L“2"= …= %“…%"е ℓ-*%%!д,…=2 м%г32 
K/2ь ,“C%льƒ%"=…/ " *=че“2"е ,“C%л…,2ель…/. , 
,…-%!м=ц,%……/. *=* дл  Cл%“*%г%, 2=* , дл  
C!%“2!=…“2"е……%г% д",›е…, . o!,…,м=  "% "…,-

м=…,е, ч2% ℓ-*%%!д,…=2/ %д…%"!еме……%  "л ю2“  
, %K%K?е……/м, *%%!д,…=2=м,, 2. е. …еƒ=",“,м/-
м,, 3C!%?=е2“  3C!="ле…,е д",›е…,ем op, 2=* 
*=* %Kе“Cеч,"=е2“  …еC%“!ед“2"е……%е ,ƒме!е…,е 
2е*3?,. ƒ…=че…,L ℓ-*%%!д,…=2 “ 3ч‘2%м "л, …,  
де-%!м=ц,L ƒ"е…ье" !3*, C!%м/шле……%г% !%K%-
2= …= C%л%›е…,е “."=2= " C!%“2!=…“2"е.

c,K*,е C!%,ƒ"%д“2"е……/е “,“2ем/ .ле*2!%……%L 
2е.…,*,. gде“ь ℓ-*%%!д,…=2…/е 3“2!%L“2"= м%г32 
K/2ь ,“C%льƒ%"=…/ дл  %C!еделе…,  C%л%›е…,  
, Cе!еме?е…,  %KAе*2%" " C!%“2!=…“2"е.

oе!еч,“ле……%е %K%!3д%"=…,е …е ,“че!C/"=е2 
"“е. "%ƒм%›…/. %Kл=“2еL C!,ме…е…,  ℓ-*%%!д,-
…=2…/. 3“2!%L“2".

b ƒ=*люче…,е “лед3е2 %2ме2,2ь, ч2% %2л,ч,-
2ель…%L %“%Kе……%“2ью “%"!еме……%г% .2=C= .ле*-
2!%……%г% м=ш,…%“2!%е…,   "л е2“  !еше…,е "%-
C!%“%" …=.%›де…,  !=ц,%…=ль…/. “%%2…%ше…,L 
ме›д3 "%ƒ!=“2=ю?,м, 2!еK%"=…, м, * C!%,ƒ"%-
д,2ель…%“2, %K%!3д%"=…,  .ле*2!%……%г% C!%,ƒ-
"%д“2"= , *=че“2"3 "/C3“*=ем%L C!%д3*ц,,, *%-
2%!%е "% м…%г%м ƒ=",“,2 %2 ,“C%льƒ3ем/. " %K%-
!3д%"=…,, ,“C%л…,2ель…/. 3“2!%L“2".

q3?е“2"е……%е C%"/ше…,е .*“Cл3=2=ц,%……/. 
.=!=*2е!,“2,* %K%!3д%"=…,  .ле*2!%……%г% C!%-
,ƒ"%д“2"= м%›е2 K/2ь д%“2,г…32% ƒ= “ч‘2 ,“C%ль-
ƒ%"=…,  3“2!%L“2" …= %“…%"е ℓ-*%%!д,…=2, *%2%-
!/е, C% “!="…е…,ю “ 2!=д,ц,%……/м, ,“C%л…,-
2ель…/м, 3“2!%L“2"=м,, м%г32 %д…%"!еме……% 
"/C%л… 2ь -3…*ц,, м=…,C3л 2%!%", 2!=…“C%!2-
…/. 3“2!%L“2", г=“,2елеL *%леK=…,L , д!.

p=ƒ!=K%2=……=  “,“2ем= ℓ-*%%!д,…=2,  "л  “ь 
“!="…,2ель…% …%"/м м=2ем=2,че“*,м =CC=!=2%м, 
%2*!/"=е2 ш,!%*,е "%ƒм%›…%“2, C%л3че…,  C%-
ƒ,2,"…/. !еƒ3ль2=2%" C!, !еше…,, C!,*л=д…/. 
ƒ=д=ч " !=ƒл,ч…/. %Kл=“2 . …=3*, , 2е.…%л%г,L, 
“" ƒ=……/. “ д",›е…,ем 2"‘!д%г% 2ел= " C!%“2!=…-
“2"е, " 2%м ч,“ле " “,“2ем=. г,K*,. ="2%м=2,ƒ,-
!%"=……/. , !%K%2,ƒ,!%"=……/. C!%,ƒ"%д“2", ",K-
!%ме2!,,, …=",г=ц,,, 2е.…,че“*%L д,=г…%“2,*,, 
ме.=…,ƒм=. дл  %!,е…2=ц,, , Cе!еме?е…,  ,ƒде-
л,L (…=C!,ме!, [4]) , д!. 

a,Kл,%г!=-,че“*,е ““/л*,

1. j%л,“*%! `.x. !=ƒ!=K%2*= , ,““лед%"=…,е C!%-
м/шле……/. !%K%2%" …= %“…%"е ℓ-*%%!д,…=2 // q2=…*, 
, ,…“2!3ме…2. 1982. 1 12. q. 21#24.

2. b=“,ле…*% m.b., h"=ш%" e.m., q2еC=…ч,*%" q.b. 
, д!. p=“ч‘2 , *%…“2!3,!%"=…,е ме.=…,че“*,. “,“2ем 
%K%!3д%"=…,  =.!%*%“м,че“*%L , .ле*2!%……%L 2е.…,-
*,: rчеK. C%“. дл  "3ƒ%". Š%м“*: lco &p`qjn[ C!, 
,ƒд-"е &p=д,% , “" ƒь[, 1999. 304 “. 

3. h"=ш%" e.m. r“2!%L“2"= …= %“…%"е ℓ-*%%!д,…=2 
" %K%!3д%"=…,, .ле*2!%……%L 2е.…,*,: rчеK. C%“. l.: 
lh}l, 1995. 35 “. 

4.  ̀ .“. 1366389 qqqp: ljh 4 b25 J, 11/00. lе.=…,ƒм 
дл  %!,е…2=ц,, , Cе!еме?е…,  ,ƒдел,L.
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}jnmnlhj` h npc`mhg`0h“ m`r)mni h ung“iqŠbemmni de“Šek|mnqŠh
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c.u. h!ƒ=е", *=…д. 2е.…. …=3*, д%ц.
(d=ге“2=…“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2, г. l=.=ч*=л=)

irzajev@mail.ru

b{anp jnkh)eqŠbemmncn qnqŠ`b` }jqoepŠmni cproo{ 
oph n0emje qbniqŠb opnl{xkemm{u hgdekhi

o!едл%›е…/ !е*%ме…д=ц,, C% "/K%!3 *%л,че“2"е……%г% “%“2="= .*“Cе!2…%L г!3CC/ C!, 
Cе!"%…=ч=ль…%м е‘ -%!м,!%"=…,, , %!г=…,ƒ=ц,, C%"2%!…%L .*“Cе!2,ƒ/. nK%“…%"=…= …е%K-
.%д,м%“2ь 3ч‘2= -=*2%!%", "л, ю?,. …= *%л,че“2"е……/L “%“2=" .*“Cе!2…%L г!3CC/.

jлюче"/е “л%"=: .*“Cе!2…=  г!3CC=, …=д‘›…%“2ь %це…%*, C%г!еш…%“2ь %це…%*.

Guidelines for authority group numerical composition choice when primary forming and repeated 
examination arrangement are proposed. Factors accounting necessity that have an influence on 
authority group numerical composition is substantiated.

Key words: authority group, valuation safety, valuation error.

b"еде…,е. }--е*2,"…%м3 ,““лед%"=…,ю .*“-
Cе!2…/. ме2%д%" дл  %це…*, , C!%г…%ƒ,!%"=…,  
!=ƒ…%%K!=ƒ…/. “"%L“2" C!%м/шле……/. ,ƒдел,L 
C!еC 2“2"3е2 “л=K=  %K%“…%"=……%“2ь 2е%!,, , …е-
ƒ="е!ш‘……%“2ь C!=*2,че“*%L ме2%д%л%г,, "/-
C%л…е…,  %2дель…/. .2=C%" .*“Cе!2…%L %це…*,. 
b !=K%2е [1], C%“" ?‘……%L "%C!%“=м %2K%!= *%м-
Cе2е…2…/. .*“Cе!2%" , C!%цед3!=м …=ƒ…=че…,  
,м, %це…%*, ƒ=2!%…32/ .2, C!%Kлем/. j!%ме 
.2%г%, …ед%“2=2%ч…% !=ƒ!=K%2=…/ , 2!еK3ю2 “Cе-
ц,=ль…/. …=3ч…/. ,““лед%"=…,L "%C!%“/ %!г=-
…,ƒ=ц,, .*“Cе!2,ƒ ,, " ч=“2…%“2,, C!=",ль…/L 
"/K%! *%л,че“2"е……%г% “%“2="= .*“Cе!2…%L г!3C-
C/. j%л,че“2"% .*“Cе!2%" д%л›…% K/2ь м,…,-
м=ль…/м дл  3ме…ьше…,  2!3д%‘м*%“2, C!%це-
д3! %C!%“= , %K!=K%2*, ,…-%!м=ц,,, …% д%“2=-
2%ч…/м, ч2%K/ C%л3ч,2ь C!%г…%ƒ…/е %це…*,, 
2%ч…%“2ь , …=д‘›…%“2ь *%2%!/. K/л, K/ "/ше 
…е*%2%!%г% C!ед"=!,2ель…% ƒ=д=……%г% д%"е!,-
2ель…%г% 3!%"… . o!, K%льш%м *%л,че“2"е .*“-
Cе!2%" ,. м…е…,  “2=…%" 2“  …е“%гл=“%"=……/м, 
(" %“…%"…%м ƒ= “ч‘2 .*“Cе!2%" …,ƒ*%L *"=л,-,-
*=ц,,) , "%ƒ…,*=ю2 2!3д…%“2, " %!г=…,ƒ=ц,, 
.*“Cе!2,ƒ/.

`…=л,ƒ !е*%ме…д=ц,L , д%"%д%" ,ƒ …=3ч…%L 
л,2е!=23!/ C% .*“Cе!2…/м %це…*=м C%ƒ"%л е2 
г%"%!,2ь % C!%,ƒ"%ль…%м %C!еделе…,, *%л,че“2-
"= .*“Cе!2%". 

lе2%д,*= %C!еделе…,  *%л,че“2"е……%г% “%“2="= 
.*“Cе!2…%L г!3CC/. o!, -%!м,!%"=…,, .*“Cе!2-
…%L г!3CC/ …= C!ед"=!,2ель…%м .2=Cе "/ "л е2-
“  , “2=K,л,ƒ,!3е2“  !=K%2%“C%“%K…=  “е2ь .*“-
Cе!2%", *%2%!3ю “ч,2=ем ге…е!=ль…%L “%"%*3C-

…%“2ью “Cец,=л,“2%", *%мCе2е…2…/. " C!едме2-
…%L %Kл=“2, !еш=ем/. C!%,ƒ"%д“2"е……/. ƒ=д=ч. 
nд…=*% C!, C!=*2,че“*,. %г!=…,че…, . целе-
“%%K!=ƒ…% "/C%л… 2ь !еC!еƒе…2=2,"…3ю "/K%!*3 
.*“Cе!2%" ,ƒ ге…е!=ль…%L “%"%*3C…%“2,.

dл  …=3ч…% %K%“…%"=……%L ме2%д,*, %C!еделе-
…,  *%л,че“2"= .*“Cе!2%" ,“C%льƒ3ем !е*%ме…-
д=ц,,, “%де!›=?,е“  " 2е%!,, "е!% 2…%“2еL [2].

hƒ -%!м3л/ C!едель…%L %ш,K*, дл  C%"2%!-
…%L "/K%!*,

,t
n
δΔ =

где t − 2=K3л,!%"=……%е ƒ…=че…,е Cл%2…%“2, -3…*ц,, 
!=“C!еделе…,  …%!м,!%"=……%L “л3ч=L…%L "ел,ч,…/ 
дл  …е*%2%!%L …=д‘›…%“2, %це…*и α; δ − “!ед…ее 
*"=д!=2,че“*%е %2*л%…е…,е " "/K%!*е; n − %KA‘м "/-
K%!*,,

%C!едел,м ч,“л% .*“Cе!2%"

2 2

2 .tn δ=
Δ  

(1)

o!,ме…,2ель…% * ƒ=д=че %це…*, ,л, C!%г…%ƒ,-
!%"=…,  “"%L“2" ,ƒдел,  δ %ƒ…=ч=е2 “!ед…ее *"=д-
!=2,че“*%е %2*л%…е…,е C!%г…%ƒ,!3ем%L "ел,ч,-
…/ …е*%2%!%г% “"%L“2"= (C%*=ƒ=2ел ), C%*=ƒ=2ель 
t “%%2"е2“2"3е2 C!,… 2%м3 3!%"…ю д%"е!,2ель…%L 
"е!% 2…%“2, (ч=?е "“ег% t = 3 C!, д%"е!,2ель…%L 
"е!% 2…%“2, 99,7 %), = C%*=ƒ=2ель Δ − =K“%лю2…%L 
"ел,ч,…е C!едель…%L %ш,K*, (C%г!еш…%“2,) !е-
ƒ3ль2=2=.
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nд…=*% "ел,ч,…= δ2, .=!=*2е!,ƒ3ю?=  д,“Cе!-
“,ю %це…*,, ƒ=ч=“23ю …е,ƒ"е“2…=, %“%Kе……% *%-
гд= .*“Cе!2…=  г!3CC= -%!м,!3е2“  ƒ=…%"%, е‘ 
%C!%“ !=…ее …е C!%"%д,л“  , .23 "ел,ч,…3 …е"%ƒ-
м%›…% %C!едел,2ь C% C!ед/д3?,м .*“Cе!2,ƒ=м. 
b д=……%м “л3ч=е "%“C%льƒ3ем“  C!,Kл,›‘……/м, 
ме2%д=м, %це…*, д,“Cе!“,, !еƒ3ль2=2=:

C!%"ед‘м C!ед"=!,2ель…/L *%…2!%ль…/L %C-
!%“ .*“Cе!2%", …= K=ƒе *%2%!%г% %C!едел е2“  "е-
л,ч,…= д,“Cе!“,, %це…*, “"%L“2"=:

2
контр

2 1
( )

,

n

i
i

x x

n
=

−

δ =
∑

 
  

где xi − %це…*= “"%L“2"= ,ƒдел, , д=……=   i-м .*“Cе!-
2%м; x*%…2! # “!ед…ее =!,-ме2,че“*%е ƒ…=че…,е %це-
…%* C% !еƒ3ль2=2=м *%…2!%ль…%г% %C!%“=; n # ч,“л% 
.*“Cе!2%", 3ч=“2"%"="ш,. " *%…2!%ль…%L %це…*е 
“"%L“2" C!%м/шле……%г% ,ƒдел, ;

ƒ=д=д,м C%г!еш…%“2ь …е " ",де =K“%лю2…%L "е-
л,ч,…/ Δ, = " ",де %2…%“,2ель…%L C%г!еш…%“2, 
Δ*, "/!=›е……%L " д%л . %2 δ (д=›е е“л, ƒ…=че…,е 
δ …е,ƒ"е“2…%). Š%гд= “ 3ч‘2%м 2%г%, ч2% * ,ΔΔ =

δ  
 

-%!м3л= (1) ƒ=C,ше2“  " ",де

2

2

∗Δ
= tn ;

                                            
(2)

е“л, "%ƒм%›…%, 2% “ д%“2=2%ч…%L 2%ч…%“2ью 
3*=›ем м=*“,м=ль…% , м,…,м=ль…% "%ƒм%›…/е 
ƒ…=че…,  C!%г…%ƒ,!3ем%L %це…*, “"%L“2"= (C%-
*=ƒ=2ел ) “!ед, .*“Cе!2%", 2. е. K3дем “ч,2=2ь 
…%!м=ль…/м, = !=“C!еделе…,е ƒ…=че…,L %це…%* 
"*люч,м " C!%ме›32%* 3 ,x ± δ  *%2%!/L “%де!-
›,2 99,7 % "“е. "=!,=…2%" ƒ…=че…,L C!%г…%ƒ=.

Š%гд= “!ед…ее *"=д!=2,че“*%е %2*л%…е…,е %C-
!едел,2“  ,ƒ "/!=›е…, 

max min .
6

x x−
δ =

 
e“л, д=……=  .*“Cе!2…=  г!3CC= !=…ее 3›е д=-

"=л= %це…*, “"%L“2" *=*,.-л,K% д!3г,. C!%м/ш-
ле……/. ,ƒдел,L, 2% ,“C%льƒ3ем д,“Cе!“,ю !е-
ƒ3ль2=2%" δ2 .2,. %це…%* дл  …=.%›де…,  *%л,че-
“2"= “Cец,=л,“2%", C!,"ле*=ем/. * …%"%L .*“-
Cе!2,ƒе. o% !еƒ3ль2=2=м %C!%“= м%›…% %C!еде-
л,2ь , *%.--,ц,е…2 "=!,=ц,, %це…%*:

100 %,V
x
δ=

 
 

где x # “!ед…ее ƒ…=че…,е .*“Cе!2…/. %це…%* “"%L-
“2"= ,ƒдел, .

Š%гд= -%!м3л= (1) ƒ=C,ше2“  " ",де

2 2

2 ,t Vn =
ε

 
где ε # %2…%“,2ель…=  C%г!еш…%“2ь, ƒ=д="=ем=  " д%-
л . x  (%K/ч…% “%“2="л е2 5 %).

nд…=*% …е “лед3е2 ,“*люч=2ь, ч2% …= "/K%! *%-
л,че“2"= .*“Cе!2%" "л, ю2 …е 2%ль*% …=д‘›…%“2ь 
, 2%ч…%“2ь !еƒ3ль2=2%" .*“Cе!2,ƒ/, …% , 2!3д%-
‘м*%“2ь C!%це““= %C!%“=, 3C!="л ем%“2ь г!3C-
C%L, %г!=…,че……%“2ь *%л,че“2"= *"=л,-,ц,!%-
"=……/. “Cец,=л,“2%" …= C!едC!, 2,, , д!. Š=*,м 
%K!=ƒ%м, " %K?ем ",де м%›…% ƒ=C,“=2ь 

n = f (α, Δ, K2!, K3C!, KC!), 

 2. е. *%л,че“2"% .*“Cе!2%" е“2ь -3…*ц,  %2 2=*,. 
=!г3ме…2%", *=* …=д‘›…%“2ь %це…%* α, 2%ч…%“2ь 
(C%г!еш…%“2ь) Δ, д%C3“2,м=  2!3д%‘м*%“2ь %C!%-
“= K2!, "%ƒм%›…%“2ь 3C!="ле…,  .*“Cе!2…%L г!3C-
C%L K3C!, "%ƒм%›…%“2, C!едC!, 2,  C% -%!м,-
!%"=…,ю .*“Cе!2…%L г!3CC/ KC!.

p=“ч‘2…/е ƒ…=че…,  *%л,че“2"е……%г% “%“2="= .*“Cе!2…%L г!3CC/ " ƒ=",“,м%“2, 
%2 …=д‘›…%“2, , C%г!еш…%“2, %це…%*

oл%2…%“2ь -3…*ц,, 
!=“C!еделе…,  
…%!м,!%"=……%L 

“л3ч=L…%L 
"ел,ч,…/,  t

m=д‘›…%“2ь 
%це…%*,  α

o!едель…=  %ш,K*= (C%г!еш…%“2ь) %це…*,, Δ

0,5 0,45 0,4 0,35 0,3 0,25 0,2 0,15 0,1

1,00 0,683 4 5 7 9 12 16 25 45 100

1,96 0,950 16 19 24 32 43 62 96 171 384

2,00 0,954 16 20 25 33 45 64 100 178 400

2,58 0,990 27 33 42 55 74 107 167 267 666

3,00 0,997 36 45 57 74 100 144 225 400 900
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p=““ч,2=ем !е*%ме…д3ем%е *%л,че“2"% .*“Cе!-
2%" дл  -%!м,!%"=…,  …%"%L г!3CC/. g=д=д,м 
,…2е!"=л ,ƒме…е…,  %2…%“,2ель…%L C%г!еш…%“2, 
Δ %2 0,1 д% 0,5 %2 “!ед…ег% *"=д!=2,че“*%г% %2*л%-
…е…, . Š%гд=  !=“ч‘2…/е  ƒ…=че…,  n дл  “%%2"е2-
“2"3ю?,. "ел,ч,… α , Δ, C%л3че……/.  C% -%!м3-
ле (2), м%›…% %2!=ƒ,2ь " ",де 2=Kл,ц/, " *%2%!%L 
C!ед“2="ле…/ 3!%"…, …=д‘›…%“2, %це…%* α дл  
“%%2"е2“2"3ю?,. ƒ…=че…,L t.  m=,K%лее C!едC%ч-
2,2ель…/е "=!,=…2/ *%л,че“2"= .*“Cе!2%" “ %*-
!3гле…,ем " K%льш3ю “2%!%…3 "/деле…/ !=м*%L.

Š!3д%‘м*%“2ь C!%"еде…,  %C!%“= .*“Cе!2%" 
ƒ…=ч,2ель…% “…,›=е2“  C!, ="2%м=2,ƒ,!%"=……/. 
ме2%д=. , ,“C%льƒ%"=…,, "/ч,“л,2ель…%L 2е.…,-
*,. rч‘2 "л, …,  -=*2%!%" K3C! , KC! !е=л,ƒ3е2-
“  …= %“…%"=…,, %K%K?е…,  C!=*2,че“*%г% %C/2= 
C!%"еде…,  .*“Cе!2,ƒ. q%“2=" г!3CC/ ,ƒ 12#18 
чел%"е* м%›…% “ч,2=2ь %C2,м=ль…/м C% C=!=-
ме2!=м K3C!, KC!, K2! , C!,емлем/м C% 2%ч…%“2, 
, …=д‘›…%“2, !еƒ3ль2=2%".

g=*люче…,е. j%л,че“2"% , *=че“2"% ,“.%д…%L 
,…-%!м=ц,,, ,“C%льƒ3ем%L дл  C%л3че…,  %K%K-
?‘……%г% м…е…, , ƒ=",“,2 %2 *%л,че“2"= , *=че“2-

"= ,“2%ч…,*%" ,…-%!м=ц,, # .*“Cе!2%". o!, 
%C!еделе…,, *%л,че“2"е……%г% “%“2="= .*“Cе!2-
…%L г!3CC/ "/д",г=е2“  2!еK%"=…,е д%“2=2%ч…%-
“2, ч,“л= .*“Cе!2%" дл  2%г%, ч2%K/ %…, " “%"%-
*3C…%“2, м%гл, 3че“2ь “3?е“2"е……/е “"%L“2"= 
ƒ=д=ч, , C!едл%›,2ь 2%ч…%е !еше…,е.

d%"%ль…% ч=“2% C!, -%!м,!%"=…,, .*“Cе!2-
…/. г!3CC …= C!едC!, 2, . *%л,че“2"% .*“Cе!2%" 
"/K,!=е2“  “л3ч=L…/м %K!=ƒ%м, Kеƒ %K%“…%"=…,L 
, 3ч‘2= деL“2"3ю?,. -=*2%!%". p=ƒ!=K%2=…/ !е-
*%ме…д=ц,, C% C%"/ше…,ю 2%ч…%“2, .*“Cе!2…/. 
%це…%* ƒ= “ч‘2 %C2,м,ƒ=ц,, *%л,че“2"е……%г% “%-
“2="= .*“Cе!2%" *=* C!, -%!м,!%"=…,, …%"/. 
г!3CC .*“Cе!2%", 2=* , C!, C%"2%!…%м C!,"лече-
…,, .*“Cе!2%" * %це…*е. 

a,Kл,%г!=-,че“*,е ““/л*,

1. h!ƒ=е" c.u. q,“2ем= %2K%!= *%мCе2е…2…/. .*“-
Cе!2%" дл  !еше…,  C!%е*2…%-C!%,ƒ"%д“2"е……/. ƒ=д=ч 
// `"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,. 2008. 
1 1. q. 40#46.

2. cм3!м=… b.e. Šе%!,  "е!% 2…%“2еL , м=2ем=2,че-
“*=  “2=2,“2,*=. l.: b/“ш=  ш*%л=, 2003. 479 “.



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 4 47

b{qŠ`bjh h opegemŠ`0hh

Softcloud $ …%"%е ,м  " 2е.…%л%г, . &%Kл=ч…/. "/-
ч,“ле…,L[ 

b -е"!=ле .2%г% г%д= *%мC=…,  Softline,  ƒ=…,м=ю?=  
"ед3?,е C%ƒ,ц,, " “-е!е л,це…ƒ,!%"=…,  C!%г!=мм…%-
г% %Kе“Cече…, , %K3че…,  , *%…“=л2,…г=,  %KA ",л= % 
ƒ=C3“*е " *%мме!че“*3ю .*“Cл3=2=ц,ю Cе!"%г% " p%““,, 
C!%е*2=, C%“2!%е……%г% …= C%л…%це……%L &%Kл=ч…%L[ 
SaaS-Cл=2-%!ме, # Softcloud (www.softcloud.ru).  Softcloud 
Cе!"/L " p%““,, C%!2=л, C!ед%“2="л ю?,L *л,е…2=м 
K%льш%L "/K%! &%Kл=ч…/.[ !еше…,L, = !=ƒ!=K%2ч,*=м 
# Cл=2-%!м3 дл  !=ƒ!=K%2*, , C%л…/L ц,*л C!%д",›е-
…,  , C!%д=› SaaS. Šе.…%л%г,че“*,м C=!2…е!%м C!%е*2= 
 "л е2“  *%мC=…,  Parallels. 

&p%““,L“*,L !/…%* SaaS …=.%д,2“  " “=м%м …=ч=ле 
“"%ег% C32,, , …е2 …, %д…%г% C%-…=“2% ?ем3 “,ль…%г% 
,г!%*=. m=ш C!%е*2 Softcloud  "л е2“  ед,…“2"е……/м , 
"ед3?,м C!%е*2%м C%д%K…%г% !%д= " p%““,,, .2% Cе!-
"/L C%л…%це……/L &%Kл=ч…/L[ “е!",“, , м/ Cл=…,!3ем 
“2=2ь %“…%"…%L SaaS-Cл%?=д*%L " p%““,,, # “*=ƒ=л 
hг%!ь a%!%",-*%", C!ед“ед=2ель “%"е2= д,!е*2%!%" 
Softline. # q2!=2ег,  *%мC=…,, Softline # .2% л,де!“2"%, 
, м/ Cл=…,!3ем ƒ=… 2ь …е ме…ее 50% !/…*= SaaS-3“л3г 
" “2!=…=. “"%ег% C!,“32“",  (17 “2!=… м,!= C% “%“2% -
…,ю …= …=ч=л% 2010 г.). q2!=2ег,че“*%е “%2!3д…,че“2"% 
“ м,!%"/м л,де!%м " %Kл=“2, ="2%м=2,ƒ=ц,, &%Kл=ч-
…/.[ “е!",“%" # *%мC=…,еL Parallels, дел=е2 .23 цель 
!е=ль…%L , д%“2,›,м%L. l…е %“%Kе……% C!, 2…%, ч2% 
д"е !%““,L“*,е *%мC=…,, м%г32 C!едл=г=2ь !еше…,  
м,!%"%г% 3!%"…  , ƒ=…,м=2ь л,д,!3ю?,е C%ƒ,ц,,[.

o!%е*2 Softcloud …=целе… …= 2%, ч2%K/ “"е“2, "%ед,…% 
!=ƒ!=K%2ч,*%" , C%*3C=2елеL SaaS-3“л3г. jл,е…2=м 
Softcloud C!ед%“2="л е2“  K%льш%L "/K%! SaaS-!еше…,L, 
= !=ƒ!=K%2ч,*=м C!едл=г=е2“  C%л…/L ц,*л %!г=…,ƒ=ц,, 
C!%це““= C!%д=›, "*люч=ю?,L C!ед%“2="ле…,е Cл=2-%!-
м/ *%мC=…,, Softline дл  !=ƒме?е…,  “е!",“%" , C!%д",-
›е…,е *%…еч…/м C%льƒ%"=2ел м. Šе.…%л%г,че“*,м C=!2-
…е!%м C!%е*2=  "л е2“  *%мC=…,  Parallels, , C!%е*2 
Softcloud C%“2!%е… …= K=ƒе Cл=2-%!м/ Parallels Automation. 
d%“23C…%“2ь , Kеƒ%C=“…%“2ь “е!",“%" %Kе“Cеч,"=е2 .%“-
2,…г " !=“C!еделе……%L “е2, 0nd "/“%*%г% 3!%"…  " 
p%““,,, aел%!3““,,, e"!%Cе , qx`. 

&b…ед!е…,е Parallels Automation " !=м*=. Softcloud # 
.2% Cе!"/L C!%е*2 ="2%м=2,ƒ=ц,,, !е=л,ƒ%"=……/L …=м, 
" p%““,,. dл  …=“ C=!2…е!“2"% 2ем K%лее це……%, ч2% 
дем%…“2!,!3е2 C%…,м=…,е *!3C…/м, *%мC=…, м, …е-
%K.%д,м%“2, ,“C%льƒ%"=…,  “Cец,=л,ƒ,!%"=……/. “%--
2"е!…/. C!%д3*2%", %Kлегч=ю?,. %*=ƒ=…,е SaaS-“е!",-
“%", #  ƒ= ",л qе!геL aел%3“%", ге…е!=ль…/L д,!е*2%! 
Parallels. # o!,ме…е…,е .2,. C!%д3*2%" ,мее2 2=*›е 
C!,…ц,C,=ль…%е ƒ…=че…,е дл  3“*%!е…,  Cе!е.%д= * 
…%"%L м%дел, C!%д=› # White Laber, *%гд= C!%"=Lде!=-
м, %Kл=ч…/. 3“л3г м%г32 “2=…%",2ь“  люK/е *%мC=…,,, 
›ел=ю?,е д,"е!“,-,ц,!%"=2ь “"%L K,ƒ…е“[. 

bе…д%!=м, C!%е*2= Softcloud 3›е  "л ю2“  2=*,е 
*!3C…/е !=ƒ!=K%2ч,*, SaaS-!еше…,L, *=* LogneX Co, 
Microsoft Corp, Google Ins, Symantek Corp, ITooLabs Co, 
`rah-це…2!, MetaQuotes Software Corp, Ideomax 
Software, lег=Cл=…, Moodle Pty Ltd. b …=“2% ?ее "!ем  
" *=2=л%ге Softcloud 3›е …=.%д,2“  K%лее 20 SaaS-“е!",-
“%", C%ƒ"%л ю?,. “…,ƒ,2ь “2%,м%“2ь C%дде!›*, IŠ-
,…-!=“2!3*23!/ ƒ= “че2 %2“32“2",  …е%K.%д,м%“2, 
C!,%K!е2е…,  C!%г!=мм…%г% , =CC=!=2…%г% %Kе“Cече-
…, , = 2=*›е ег% %K“л3›,"=…,  , %K…%"ле…, . 

&b Cе!"3ю %че!едь, …=м …е%K.%д,м% C%ƒ…=*%м,2ь 
*л,е…2%" “ SaaS-!еше…, м, , C%C3л !,ƒ%"=2ь д=……3ю 
м%дель ,“C%льƒ%"=…,  on, # %2ме2,л `…2%… q=л%…, 
!3*%"%д,2ель %2дел= *%!C%!=2,"…/. h…2е!…е2-!еше-
…,L. # l/ …=*%C,л, д%“2=2%ч…/L %C/2 C% C!%д",›е-
…,ю &%Kл=ч…/.[ “е!",“%" “!ед, K,ƒ…е“-*л,е…2%" , 
!=““ч,2/"=ем, ч2% че!еƒ …е“*%ль*% ле2 SaaS-м%дель 
,“C%льƒ%"=…,  on “2=…е2 %“…%"…%L " p%““,,[. 

dл  !=ƒ!=K%2ч,*%" SaaS-!еше…,L Softline C!едл=г=е2 
…е“*%ль*% ",д%" “%2!3д…,че“2"= " %Kл=“2, !=“C!%“2!=-
…е…,  , C!%д",›е…,  SaaS-!еше…,L. Softcloud  C!едл=-
г=е2 C%л…/L ц,*л %!г=…,ƒ=ц,, C!%це““= C!%д=›, "*лю-
ч=ю?,L C!ед%“2="ле…,е Cл=2-%!м/ дл  !=ƒме?е…,  
“е!",“%" , ,. C!%д",›е…,е *%…еч…/м C%льƒ%"=2ел м. 
o=!2…е!“2"% “ Softcloud д=“2 !=ƒ!=K%2ч,*=м "%ƒм%›-
…%“2ь Kеƒ л,ш…,. 3“,л,L C!ед%“2="л 2ь *л,е…2=м “"%, 
“е!",“/ … *!=2ч=Lш,е “!%*, , “ м,…,м=ль…/м, ,…"е-
“2,ц, м,. Š=*›е !=ƒ!=K%2=…= м%дель C% "ƒ=,м%деL“2-
",ю “ C=!2…е!=м, C% м%дел, White label # Softcloud %2-
*!/2 * “%2!3д…,че“2"3 “ 2еле*%мм3…,*=ц,%……/м, *%м-
C=…, м,, .%“2,…г- , ,…2е!…е2- C!%"=Lде!=м,, *%2%!/е 
ƒ=,…2е!е“%"=…/ " C!%д",›е…,, …= !/…%* &%Kл=ч…/.[ 
“е!",“%" че!еƒ “"%, “е2,. l%дель White label C!едC%л=-
г=е2 “%ƒд=…,е *=“2%м,ƒ,!%"=……/. .ле*2!%……/. 2%!г%-
"/. Cл%?=д%* …= K=ƒе Cл=2-%!м/ Softcloud “ м,…,м=ль-
…/м, "!еме……/м, , -,…=…“%"/м, ƒ=2!=2=м, дл  C=!2-
…е!%".  

Softline ,мее2 C!ед“2=",2ель“2"= " %“…%"…/. г%!%д=. 
p%““,, (l%“*"=, q=…*2-oе2е!K3!г, e*=2е!,…K3!г, p%-
“2%"-…=-d%…3, q=м=!=, r-=, u=K=!%"“*, m%"%“,K,!“*, 
m,›…,L m%"г%!%д, j=ƒ=…ь, j!=“…% !“*, nм“*, )ел -
K,…“*, oе!мь, j!=“…%д=!, bл=д,"%“2%*, h!*32“*, 
j=л,…,…г!=д, b%лг%г!=д, q=!=2%", a=!…=3л, h›е"“*, 
Šюме…ь, ̀ !.=…гель“*, jеме!%"%, q/*2/"*=!, n!е…K3!г, 
b%!%…е›, Š%м“*, rль …%"“*, m=Kе!е›…/е )ел…/, “!%-
“л="ль, q3!г32, oе…ƒ=, q2="!%C%ль), r*!=,…/ (j,е", 
u=!ь*%"), aел=!3“, (l,…“*, c%мель, b,2еK“*, a!е“2), 
j=ƒ=.“2=…= (`лм=2/, ̀ “2=…=, j=!=г=…д=, ̀ *2%Kе), rƒKе*,-
“2=…= (Š=ш*е…2), j/!г/ƒ“2=…= (a,ш*е*), Š=д›,*,“2=…= 
(d3ш=…Kе), `ƒе!K=Lд›=…= (a=*3), l%…г%л,, (rл=…-
a=2%!), c!3ƒ,, (ŠK,л,“,), Š3!*ме…,“2=…= (`ш.=K=д), 
`!ме…,, (e!е"=…), Š3!ц,, (q2=мK3л), bе…е“3.л/ 
(j=!=*=“), bье2…=м= (u=…%L), h!=…= (Šеге!=…). 
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o% “2!=…,ц=м ›3!…=л%"

j%…2=*2…=  C!%ч…%“2ь ƒ3Kье" ƒ3Kч=2/. *%л‘“ 
cŠd, ,ƒг%2%"ле……/. .ле*2!%.!%ƒ,%……%L %K!=K%2-
*%L “ C!,ме…е…,ем ме2%д%" .,м,*%-2е!м,че“*%г% 
3C!%ч…е…, . rC!%ч… ю?,е 2е.…%л%г,, , C%*!/2, . 
2009. 1 9. 

o!%"еде…/ ,““лед%"=…,  *%…2=*2…%L C!%ч…%-
“2,, ше!%.%"=2%“2, , м,*!%“2!3*23!/ !=K%ч,. 
C%"е!.…%“2еL ƒ3Kье" *%л‘“ cŠd, ,ƒг%2%"ле……/. 
.ле*2!%.!%ƒ,%……%L %K!=K%2*%L “ C%“лед3ю?еL 
.,м,*%-2е!м,че“*%L %K!=K%2*%L. b/C%л…е… 
“!="…,2ель…/L =…=л,ƒ !=ƒ!=K%2=……%L , “е!,L…%L 
2е.…%л%г,L ,ƒг%2%"ле…,  ƒ3Kье" ц,л,…д!,че“*,. 
ƒ3Kч=2/. *%л‘“ "…еш…ег% ƒ=цеCле…, .

h““лед%"=…% *=че“2"% C%"е!.…%“2…%г% “л%  !=-
K%ч,. C%"е!.…%“2еL ƒ3Kье" ƒ3Kч=2/. Cе!ед=ч cŠd, 
,ƒг%2%"ле……/. .ле*2!%.!%ƒ,%……%L %K!=K%2*%L. 
r“2=…%"ле…% "л, …,е !е›,м%" .ле*2!%.!%ƒ,%…-
…%L %K!=K%2*, …= *=че“2"% !=K%ч,. C%"е!.…%“2еL 
, ,. "ƒ=,м%“" ƒь “ ше!%.%"=2%“2ью. b/C%л…е… 
.,м,че“*,L =…=л,ƒ C%"е!.…%“2еL, ,ƒг%2%"ле……/. 
C% C!едл=г=ем%L , “е!,L…%L 2е.…%л%г, м.

h““лед%"=…,е .--е*2,"…%“2, C!,ме…е…,  C%л3-
C!%"%д…,*%"%г% л=ƒе!…%г% ,ƒл3ч=2ел  дл  Cе!ед=-
ч, “"е!."/“%*%“*%!%“2…%г% ц,-!%"%г% “,г…=л=. 
m=…%- , м,*!%“,“2ем…=  2е.…,*=. 2009. 1 9. 

nC,“=…/ C!,…ц,C/ , %“%Kе……%“2, .*“Cе!,-
ме…2=ль…%г% ,““лед%"=…,  C=!=ме2!%" л=ƒе!…%г% 
,ƒл3ч=2ел  " qb) д,=C=ƒ%…е , *=че“2"= Cе!ед=ч, 
“ C%м%?ью 2=*%г% ,ƒл3ч=2ел  “"е!."/“%*%“*%!%-
“2…/. ц,-!%"/. “,г…=л%". 

o!едл%›е… C!%“2%L %“ц,лл%г!=-,че“*,L ме2%д 
=…=л,ƒ= *=че“2"= Cе!ед=ч, ц,-!%"%г% “,г…=л=, C%-
ƒ"%л ю?,L !=““ч,2=2ь *%.--,ц,е…2 %ш,K%* C% 
!еƒ3ль2=2=м ,ƒме!е…,  ге%ме2!,че“*,. C=!=ме2!%" 
гл=ƒ-д,=г!=мм Cе!ед=……%г% ц,-!%"%г% “,г…=л=. 
o!,"еде…/ ме2%д,*= , !еƒ3ль2=2/ ,““лед%"=…,  
.=!=*2е!,“2,* -%!м/ C“е"д%“л3ч=L…%г% “,г…=л=, = 
2=*›е ег% гл=ƒ-д,=г!=мм/ , *%.--,ц,е…2= %ш,-
K%*, C%д2"е!›д=ю?,е .--е*2,"…%“2ь C!,ме…е…,  
!=ƒ!=K%2=……%г% л=ƒе!…%г% ,ƒл3ч=2ел  “ C!%,ƒ"еде-
…,ем “!ед…еL м%?…%“2, …= C%л%“3 м%д3л ц,, K%-
лее 300 мb2·ccц дл  Cе!ед=ч, ц,-!%"%г% “,г…=л= 
“% “*%!%“2ью д% 10 cK,2/“.

o!%Kлем/ !=ƒ",2,  !%K%2%2е.…,*, " "%““2=…%-
",2ель…%L мед,ц,…е. lе.=2!%…,*=, ="2%м=2,*=, 
3C!="ле…,е. 2009. 1 9. 

p=““м%2!е…% “%“2% …,е !%K%2%2е.…,*, " "%“-
“2=…%",2ель…%L мед,ц,…е , "%ƒм%›…/е Cе!“Cе*-

2,"/ е‘ !=ƒ",2, . nK“3›де…/ C!%Kлем/ !=“ш,-
!е…,  “-е!/ C!,ме…е…,  !%K%2%2е.…,*, " "%“-
“2=…%",2ель…%L мед,ц,…е " …=C!="ле…,, C!%-,-
л=*2,*, %ƒд%!%"ле…, , “%.!=…е…,  , C%"/ше…,  
!=K%2%“C%“%K…%“2, …=“еле…, . o%*=ƒ=…%, ч2% дл  
%Kе“Cече…,  "/“%*%г% 2е!=Cе"2,че“*%г% .--е*-
2=, Kеƒ%C=“…%“2, , “е!",“= …е%K.%д,м% ,“C%ль-
ƒ%"=…,е =д=C2,"…%L ,…2елле*23=ль…%L !%K%2%2е.-
…,*,.

q,“2ем= *%…2!%л  *=че“2"= ƒ=г%2%"%* C!, %2-
!еƒ*е %2 C!32*%"%г% м=2е!,=л=. j%…2!%ль. d,=-
г…%“2,*=. 2009. 1 9.

o!,"еде…= ,…-%!м=ц,  % "%ƒм%›…%“2 . C%-
“2!%е…,  “,“2ем/ ="2%м=2,ƒ,!%"=……%г% *%…2!%-
л  *=че“2"= ƒ=г%2%"%*, C%л3ч=ем/. %2!еƒ*%L Cл=-
“2,че“*,м “д",г%м %2 C!32*%"%г% м=2е!,=л=, “ 
,“C%льƒ%"=…,ем C!%г!=мм…/. , 2е.…,че“*,. 
“!ед“2", C%ƒ"%л ю?,. "/C%л… 2ь C!%"е!*3 *=че-
“2"= *=›д%L ƒ=г%2%"*,.

bл, …,е 2е.…%л%г,L =K!=ƒ,"…%L %K!=K%2*, …= 
“%C!%2,"ле…,е 3“2=л%“2, де2=леL м=ш,…. h…›е-
…е!…/L ›3!…=л &qC!="%ч…,*[. 2009. 1 9. 

b …=“2% ?ее "!ем  %д…,м ,ƒ "=›…еLш,. .*“-
Cл3=2=ц,%……/. “"%L“2" де2=леL  "л е2“  “%C!%-
2,"ле…,е 3“2=л%“2,. m= д=……/L C=!=ме2! %*=-
ƒ/"=е2 "л, …,е K%льш%е ч,“л% -=*2%!%": ",д 
%K!=K%2*,, ше!%.%"=2%“2ь C%"е!.…%“2,, %“2=2%ч-
…/е …=C! ›е…,  " C%"е!.…%“2…%м “л%е де2=л,. 
a/л% 3“2=…%"ле…%, ч2% ",д , !е›,м/ =K!=ƒ,"-
…%L %K!=K%2*, м%г32 " K%льш%м д,=C=ƒ%…е ,ƒ-
ме… 2ь C!едел "/…%“л,"%“2, де2=л,. o!едл%›е…= 
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