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o!едл%›е… …%"/L “C%“%K ,ƒмельче…,  ƒ=м%!%›е……/. м “…/. Kл%*%" “ C%м%?ью че!" ч…/. 
-!еƒ , ,гл%-!еƒ. h“C%льƒ%"=…,е …%"%г% ,ƒмельч,2ел  C%ƒ"%л е2 3л3чш,2ь “2!3*23!3 *%-
…еч…/. C!%д3*2%" м “…/. 2е.…%л%г,L, = 2=*›е C%"/“,2ь .*%…%м,че“*,е C%*=ƒ=2ел, 2е.-
…%л%г,, ,ƒмельче…, . p=““м%2!е…/ C!,…ц,C/ C%“2!%е…,  “,“2ем/ ="2%м=2,че“*%г% 3C!="-
ле…,  2е.…%л%г,че“*,м C!%це““%м ,ƒмельче…,  C% …%"%м3 ме2%д3.

jлюче"/е “л%"=: …%"/L “C%“%K ,ƒмельче…, , ="2%м=2,че“*=  “,“2ем= 3C!="ле…, .

A new method for frozen meat blocks milling by mean of worm mill and needle-shaped mill is 
proposed. New crushing machine utilization permits to improve structure of the meats technologies 
final products and to raise economic characteristics of the milling technology. System construction 
principles for the automatic control of the milling technology process according to new method are 
considered.

Key words: new milling method, automatic control system.

b “%"!еме……/. 3“л%", . %2ече“2"е……/е м “%-
Cе!е!=K=2/"=ю?,е C!едC!, 2,  ,“C%льƒ3ю2 " 
%“…%"…%м ,мC%!2…%е “/!ье, " ч=“2…%“2, Kл%ч…%е 
ƒ=м%!%›е……%е м “%. n2“юд= "%ƒ…,*=е2 ƒ=д=ч= 
.--е*2,"…%L Cе!е!=K%2*, 2=*%г% “/!ь .

Š!=д,ц,%……=  2е.…%л%г,  Cе!е!=K%2*, Kл%ч-
…%г% м “= C!ед3“м=2!,"=е2 …е“*%ль*% “2=д,L ,ƒ-
мельче…, : 

“!ед…ег% # “ ,“C%льƒ%"=…,ем Kл%*%!еƒ%*; 
мел*%г% # “ ,“C%льƒ%"=…,ем "%лч*%" (C!%-

м/шле……/. м “%!3K%*);
2%…*%г% # “ ,“C%льƒ%"=…,ем *322е!%" , д!3г,. 

м=ш,….
b l%“*%"“*%м г%“3д=!“2"е……%м 3…,"е!“,2е2е 

C!,*л=д…%L K,%2е.…%л%г,, (lcroa) C!едл%›е… 
“C%“%K %д…%“2=д,L…%г% ,ƒмельче…,  Kл%ч…%г% 
ƒ=м%!%›е……%г% м “= “ ,“C%льƒ%"=…,ем …%"%г% 
,ƒмельч,2ел , %“…=?‘……%г% !е›3?,м ,…“2!3-
ме…2%м " ",де C=*е2= д,“*%"/. ,гл%-!еƒ л,K% 
че!" ч…%L -!еƒ/.

j “3?е“2"е……/м C!е,м3?е“2"=м 2е.…%л%г,, “ 
,“C%льƒ%"=…,ем …%"%г% ,ƒмельч,2ел  “лед3е2 %2-
…е“2, ƒ…=ч,2ель…%е “%*!=?е…,е 2е.…%л%г,че“*%L 
цеC%ч*, C!%це““= ,ƒмельче…,  C% “!="…е…,ю “ 
2!=д,ц,%……%L (Kл%*%!еƒ*= # "%лч%* # *322е!), 
C%ƒ"%л ю?ее !е=л,ƒ%"=2ь ,мC%!2%ƒ=ме?е…,е д%-
!%г%“2% ?ег% ƒ=!3Kе›…%г% %K%!3д%"=…, , ч2% " 
“%"!еме……/. “л%›…/. .*%…%м,че“*,. 3“л%", . 
 "л е2“  =*23=ль…%L ƒ=д=чеL.

nд…=*% C!,ме…е…,е …%"%L 2е.…%л%г,, ,ƒмель-
че…,  "/д",г=е2 ! д 2!еK%"=…,L * C!%це““3 ,ƒ-
мельче…, . b ч=“2…%“2,, 3ч,2/"=  %д…%“2=д,L-
…%“2ь ,ƒмельче…,  м “…/. Kл%*%", …е%K.%д,м% 
г=!=…2,!%"=……% %Kе“Cеч,2ь C!,ме!…% !="…/е л,-
…еL…/е !=ƒме!/ ч=“2,ц ,ƒмельч‘……%г% “/!ь  
(м “…%L “2!3›*,), ч2% C%"/ш=е2 *=че“2"% *%…еч-
…/. C!%д3*2%" м “…/. 2е.…%л%г,L. qлед%"=2ель…%, 
…е%K.%д,м% %Kе“Cеч,2ь “2=ц,%…=!…/е "% "!еме…, 
C=!=ме2!/ C!%це““= ,ƒмельче…,  C!, ,ƒме… ю-
?,.“  "…еш…,. "%ƒдеL“2", . …= .2%2 C!%це““.

j "=›…еLш,м C=!=ме2!=м C!%це““= ,ƒмельче-
…,  “лед3е2 %2…е“2, “*%!%“2ь !еƒ=…,  (ч=“2%23 
"!=?е…,  -!еƒ/ ,ƒмельч,2ел ) , “*%!%“2ь C%д=-
ч, “/!ь  " ƒ%…3 ,ƒмельче…, . o%дде!›,"=  …е,ƒ-
ме……/м, .2, C=!=ме2!/ " C!%це““е ,ƒмельче…, , 
м%›…% !еш,2ь “-%!м3л,!%"=……3ю "/ше ƒ=д=ч3. 
dл  .2%г% …е%K.%д,м% C!ед3“м%2!е2ь " “,“2еме 
="2%м=2,че“*%г% 3C!="ле…,  (q`r) C!%це““%м 
,ƒмельче…,  %K!=2…/е “" ƒ, C% 3*=ƒ=……/м C=!=-
ме2!=м, ч2% C%ƒ"%л е2 C%“2!%,2ь “,“2ем3 “2=K,-
л,ƒ=ц,, “*%!%“2, !еƒ=…,  , C%д=ч, “/!ь . b *=-
че“2"е C!,…ц,C= “2=K,л,ƒ=ц,, м%›е2 K/2ь "/-
K!=…% !ег3л,!%"=…,е C% %2*л%…е…,ю %2 ƒ=д=……%-
г% ƒ…=че…,  C=!=ме2!%".

o=!=ме2!/ C!%це““= ,ƒмельче…,  %C!едел ю2“  
C!,ме… ем%L 2е.…%л%г,еL ,ƒмельче…, . b lcroa 
!=ƒ!=K%2=…= 2е.…%л%г,  C%л3че…,  м “…/. C!%-
д3*2%" ,ƒ ƒ=м%!%›е……/. Kл%*%" м “=, ,ƒмель-
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че……/. “ ,“C%льƒ%"=…,ем че!" ч…/. -!еƒ. }2= 
2е.…%л%г,  C!ед3“м=2!,"=е2 ! д %C2,м=ль…/. C% 
2е.…%л%г,че“*,м C=!=ме2!=м C!%д3*2= ,ƒмельче-
…,  л,…еL…/. “*%!%“2еL (ч=“2%2) "!=?е…,  че!-
" ч…/. -!еƒ " ƒ=",“,м%“2, %2 C%“лед3ю?ег% ,“-
C%льƒ%"=…,  C!%д3*2= ,ƒмельче…, . b ч=“2…%“2,, 
л,…еL…=  “*%!%“2ь (ч=“2%2=) "!=?е…,  м%›е2 
C!,…,м=2ь ƒ…=че…,  12,64 м/“ (2708,57 %K/м,…) , 
2,93 м/“ (399,91 %K/м,…).

n2“юд= ",д…%, ч2% q`r C!%це““%м ,ƒмельче-
…,  д%л›…= %Kе“Cеч,2ь !ег3л,!%"=…,е ч=“2%2/ 
"!=?е…,  !=K%чег% ,…“2!3ме…2= (-!еƒ/) ,ƒмель-
ч,2ел  " ш,!%*,. C!едел=. " ƒ=",“,м%“2, %2 ,“-
C%льƒ%"=…,  C!%д3*2= ,ƒмельче…, . Š%гд= %K!=2-
…/е “" ƒ, C% !ег3л,!3ем/м C=!=ме2!=м м%г32 
K/2ь ,“C%льƒ%"=…/ …е 2%ль*% " цел . C%л3че…,  
д%“2%"е!…%L ,…-%!м=ц,, % 2е*3?ем ƒ…=че…,, 
*%…2!%л,!3ем/. C=!=ме2!%" " !е›,ме !е=ль…%г% 
"!еме…,, …% , дл  %Kе“Cече…,  ›‘“2*,. ме.=…,-
че“*,. .=!=*2е!,“2,* C!,"%д%" !еƒ=…,  , C%д=ч, 
“/!ь  C!, “…,›е…,, ч=“2%2/ "!=?е…,  C!,"%д-
…/. .ле*2!%д",г=2елеL, 2. е. дл  -%!м,!%"=…,  
C!,емлем/. “2=2,че“*,. .=!=*2е!,“2,* q`r 
C!%це““%м ,ƒмельче…, . j!%ме 2%г%, 3ч,2/"=  
2!еK%"=…,  2е.…%л%г,, ,ƒмельче…,  C% 3“2=…%"-
ле…,ю %C2,м=ль…/. ч=“2%2 "!=?е…,  !=K%чег% 
,…“2!3ме…2= , “%%2"е2“2"3ю?,. ,м “*%!%“2еL 
C%д=ч, “/!ь , “2!3*23!= !ег3л 2%!%" “*%!%“2, 
(pq) “*%!%“2…/. *%…23!%" q`r !еƒ=…,  , C%д=ч, 
“/!ь  д%л›…= “%де!›=2ь ,…2ег!=ль…3ю “%“2="-
л ю?3ю, ч2% C%ƒ"%л,2 “"е“2, “2=2,че“*3ю %ш,K-
*3 !ег3л,!%"=…,  * …3лю.

dл  -%!м,!%"=…,  д,…=м,че“*,. .=!=*2е!,-
“2,* q`r " C!%це““е C!,"еде…,  C%*=ƒ=2елеL *=-
че“2"= !ег3л,!%"=…,  (K/“2!%деL“2", , !ег3л,-
!%"=…, , *%леK=2ель…%“2,) " Cе!е.%д…/. !е›,м=. 
* C!,емлем/м ƒ…=че…, м, “лед3е2 …=“2!%,2ь pq 
“*%!%“2…/. *%…23!%" q`r “2=…д=!2…/м %K!=ƒ%м 
(…= м%д3ль…/L ,л, “,мме2!,ч…/L %C2,м3м). 
nд…=*% C!, …=“2!%L*е !ег3л 2%!%" …е%K.%д,м% 
3че“2ь .=!=*2е! "…еш…,. "%ƒдеL“2",L …= q`r.

j ,ƒме… ю?,м“  "% "!еме…, "…еш…,м "%ƒ-
деL“2", м м%›…% %2…е“2, Cе!еме……/е " %KA‘ме 
%д…%г% Kл%*= , дл  ! д= Kл%*%" ме.=…,че“*,е .=-
!=*2е!,“2,*, “/!ь  , -л3*23=ц,, …=C! ›е…,  
“е2, .ле*2!%“…=K›е…,  це.= м “%Cе!е!=K%2*,.

`…,ƒ%2!%C,  ме.=…,че“*,. .=!=*2е!,“2,* “/-
!ь  м%›е2 K/2ь "/ƒ"=…= “лед3ю?,м, C!,ч,…=м,: 

…е%д…%!%д…/м 2емCе!=23!…/м C%лем " %KAеме 
Kл%*=; 

!=ƒл,ч…%L C!%“2!=…“2"е……%L %!,е…2=ц,еL "%-
л%*%… “/!ь  %2…%“,2ель…% !е›3?,. *!%м%* 
-!еƒ/; 

"*люче…,ем " Kл%* “/!ь  !=ƒл,ч…/. ",д%" 
2*=…, (м/шеч…%L, “%ед,…,2ель…%L, .! ?е"%L).

h““лед%"=…,е C!%д3*2= ,ƒмельче…, , C%л3че…-
…%г% C!, м=*е2,!%"=…,, !=K%2/ ,ƒмельч,2ел  " 
л=K%!=2%!…/. 3“л%", ., C%*=ƒ=л%, ч2% " Cе!"%м 
C!,Kл,›е…,, м%›…% “ч,2=2ь …%!м=ль…/м ƒ=*%… 
!=“C!еделе…,  …=г!3ƒ*, …= -!еƒ3, !=““м=2!,"=е-
м%L " ",де “л3ч=L…%L -3…*ц,, C!, "л, …,, …= 
q`r -=*2%!%" "…еш…ег% "%ƒдеL“2", , ,мею?,. 
“л3ч=L…/L .=!=*2е!.

j=* C%*=ƒ/"=е2 ,…›е…е!…=  C!=*2,*=, “л3ч=L-
…/L C!%це““ -л3*23=ц,L C,2=ю?ег% …=C! ›е-
…,  ч=?е "“ег% ,мее2 …%!м=ль…/L ƒ=*%… !=“C!е-
деле…, .

hме……% дл  !=““м%2!е……/. "/ше …е*%!!ел,-
!%"=……/. “л3ч=L…/. C!%це““%",  "л ю?,.“  
"…еш…,м, "%ƒдеL“2", м, …= “,“2ем3, ч=“2% C!,-
ме… ю2 C=!=ме2!,че“*3ю %C2,м,ƒ=ц,ю q`r дл  
3че2= “л3ч=L…%г% .=!=*2е!= -=*2%!%" "л, …,  …= 
“,“2ем3 “2=K,л,ƒ=ц,, “*%!%“2,. Š%гд= ƒ=д=ч3 C=-
!=ме2!,че“*%L %C2,м,ƒ=ц,, q`r м%›…% “-%!-
м3л,!%"=2ь 2=*: C=!=ме2!/ pq д%л›…/ K/2ь 2=-
*,м,, ч2%K/ !еƒ3ль2,!3ю?=  д,…=м,че“*=  
%ш,K*= “,“2ем/ “2=K,л,ƒ=ц,, “*%!%“2, K/л= 
м,…,м=ль…%L.

pеш,2ь .23 ƒ=д=ч3 м%›…%, %це…,"=  “Cе*2!=ль-
…/е Cл%2…%“2, “л3ч=L…/. "…еш…,. "%ƒдеL“2",L 
C% ме2%д,*=м, C!,… 2/м " ,…›е…е!…%L C!=*2,*е 
,ƒме!е…,  “л3ч=L…/. C!%це““%". qлед3е2 %2ме-
2,2ь, ч2% “2=2,“2,че“*,L м=2е!,=л, …= K=ƒе *%2%-
!%г% C!%"%д 2 “%%2"е2“2"3ю?,е %це…*,, д%л›е… 
K/2ь “%K!=… C!, ,ƒмельче…,, Kл%*%" “/!ь  C!%-
м/шле……/. 2,C%!=ƒме!%".

g…=че…,  C=!=ме2!%" pq " Cе!"%м C!,Kл,›е-
…,, м%›…% C%л3ч,2ь, C%л=г=  q`r л,…еL…%L 
(л,…е=!,ƒ%"=……%L) C!, %C!еделе……/. д%C3?е…,-
 .. Š%ч…ее “,…2еƒ !ег3л 2%!%" q`r м%›…% %“3-
?е“2",2ь C!, K%лее C%л…%м 3ч‘2е %“%Kе……%“2еL 
.ле*2!%ме.=…,че“*%г% C!е%K!=ƒ%"=…,  .…е!г,, " 
=“,….!%……/. .ле*2!%д",г=2ел . C!,"%д%" !еƒ=-
…,  , C%д=ч, “/!ь , = 2=*›е “ 3ч‘2%м Cе!е.%д…/. 
C!%це““%" " 3C!="л ем/. C!е%K!=ƒ%"=2ел ., !=-
K%2=ю?,. …= .2, .ле*2!%д",г=2ел,. pе=л,ƒ%"=2ь 
K%лее 2%ч…/L “,…2еƒ !ег3л 2%!%" q`r "%ƒм%›…% 
C!, ,“C%льƒ%"=…,, C!,*л=д…/. C=*е2%" MATLAB 
, SIMULINK дл  *%мCью2е!…%г% м%дел,!%"=…,  
д,…=м,че“*,. “,“2ем.
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`.c. h"=…%", д-! 2е.…. …=3*, C!%-., b.b. a%L*%" 
()3"=ш“*,L г%“3д=!“2"е……/L 3…,"е!“,2е2 ,м. h.m. rль …%"=, г. )еK%*“=!/)

vitboikov@gmail.com

opn0eqq{ 0emŠpnaefmncn pecrkhpnb`mh“ dbhfemh“ fhdjnqŠh m` 
nqmnbe lmnfeqŠb dbnh)m{u bejŠnpnb  

nC,“=…/ ме2%д ге…е!=ц,, д"%,ч…%г% …е…=23!=ль…%г% *%д=, ег% C!ед“2="ле…,е " C%л !…%L 
“,“2еме %2“ч‘2= …= -=ƒ%"%L Cл%“*%“2, “ C%м%?ью “емеL“2"= “C,!=леL , ,. =CC!%*“,м=-
ц,, дл  ,ƒ3че…,  д",›е…,  ›,д*%“2, " це…2!%Kе›…%м !ег3л 2%!е.

jлюче"/е “л%"=: ге…е!=ц,  …е…=23!=ль…%г% *%д=, л,…еL…%-г!3CC%"%L *%д, C%!%›д=ю?=  м=2-
!,ц=, “емеL“2"% “C,!=леL, ме2%д …=,ме…ьш,. *"=д!=2%", "=!,=ц,%……=  ƒ=д=ч=, ="2%м=2,че“*%е 
!ег3л,!%"=…,е.

Generation method of binary unnatural code, its presentation in the polar system indication on 
the phase plane by mean of spirals family and their approximation for liquid movement examination 
in the centrifugal regulator are described.

Key words: unnatural code generation, linear-group code, generating matrix, spirals family, method 
of least squares, variation task, automatic regulation.

p=““м%2!,м “,“2ем3 C!ед“2="ле…,  ƒ=д=ч, 
це…2!%Kе›…%г% !ег3л,!%"=…,  ›,д*%“2, " ",!-
23=ль…%м *%льце"%м *=…=ле. d%*=›ем 2е%!ем3 % 
“3?е“2"%"=…,, C%д",›…%г% K=ƒ,“= л,…еL…% …еƒ=-
",“,м/. "е*2%!%" дл  C!ед“2="ле…,  "е*2%!-
-3…*ц,,, %C,“/"=ю?еL -=ƒ%"/е “%“2% …,  ›,д-
*%“2, " C%д",›…%L “,“2еме %2“ч‘2=. b !еƒ3ль2=2е 
C%л3ч,м м…%›е“2"% д"%,ч…/. "е*2%!%", %C,“/-
"=ю?,. !е=ль…%е д",›е…,е ›,д*%“2,.

nд…,м ,ƒ ме2%д%" C!ед“2="ле…,  д",›е…,  
›,д*%“2, " це…2!%Kе›…%м C%ле “,л , “,л 2 ›е-
“2,  "л е2“  м%дель м…%г%-=ƒ…%L ›,д*%“2…%L 
“,“2ем/, "!=?=ю?еL“  " %2*!/2%м ›‘л%Kе. o!,-
ч‘м ",!23=ль…/L *%льце"%L ›‘л%K “ ›,д*%“2ью 
“%"е!ш=е2 *%леK=2ель…/е д",›е…,  " C!%“2!=…-
“2"е, .=!=*2е!,ƒ3ю?,е“  3гл=м, α , β "!=?=ю-
?ег%“  C=!=K%л%,д= * %“, !%2%!= z.

h“.%д…/м, д=……/м, дл  ч,“ле……%г% !=“ч‘2= 
 "л ю2“  2!=е*2%!,, “емеL“2"= f (r, θ), C%“2!%е…-
…/е …= Cл%“*%“2, “ C%л !…%L “,“2ем%L %2“ч‘2=, 
где r # !=д,3“ 2%ч*, 2!=е*2%!,,, = θ # е‘ 3гл%"=  
*%%!д,…=2=. Š!=е*2%!,, !=““ч,2/"=ю2 …= %“…%"е 
!еше…,  д,--е!е…ц,=ль…/. 3!="…е…,L д,…=м,*, 
д",›е…,  ›,д*%“2,. pеше…, м, “,“2ем/ д,…=м,-
че“*,. 3!="…е…,L  "л ю2“  -3…*ц,, α(t ), β(t ), θ(t ), 
θ›(t ), θ*›(t ), r (t ). dл  ,““лед%"=…,  “емеL“2"= -3…*-
ц,L f (r, θ) !=““м%2!,м !=ƒл%›е…,е 3гл%"%L *%%!-
д,…=2/ θ " ",де “3мм/ θ(t ) = θ›(t ) + θ*›(t ), где 
θ*›(t ) # 3гл%"=  *%%!д,…=2=, .=!=*2е!,ƒ3ю?=  
-=ƒ3 *%!!е*2,!3ю?еL ›,д*%“2,, Cе!еме?=ю?еL-
“  C% ›‘л%K3 "“лед“2",е *%леK=2ель…/. д",›е…,L 
C=!=K%л%,д= "!=?е…,  " …=C!="ле…,, 3гл%" α , β. 
nC!едел,м " “,“2еме C!е"!=?е…,  д",›е…,  д"е 
-3…*ц,,: f (r, θ) , g (α, β).

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, t = t0, θ = θ0, f (r, θ) = f (r0, θ0);

C!, α = α0 , β = β0, g (α, β) = g (α0, β0).

j=›д=  2%ч*= …= Cл%“*%“2, " C%л !…%L “,“2е-
ме %2“ч‘2= r 0θ (!,“. 1) %C!едел е2“  !=д,3“%м ri , 
3гл%"%L *%%!д,…=2%L θi. }23 ›е 2%ч*3 м%›…% 
C!ед“2=",2ь " ",де "е*2%!= � %C!едел‘……%L дл,…/ 

p,“. 1. t=ƒ%"=  Cл%“*%“2ь " C%л !…%L “,“2еме 
%2“ч‘2=:

 f (r, θ) $ ме2!,*=
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n, *%2%!/L “%%2"е2“2"3е2 *%л,че“2"3 !=ƒ! д%" 
"е*2%!=. bе*2%! �C!,…=дле›,2 …е*%2%!%м3 …е…=-
23!=ль…%м3 *%д3 G ′дл,…/ n, υ □ G ′.

l,…,м=ль…%е !=““2% …,е (" “м/“ле u.мм,…г=) 
дл  д=……%г% *%д= G ′%C!едел е2“  *=* м,…,м=ль-
…%е !=““2% …,е ме›д3 д"3м  C!%,ƒ"%ль…% "ƒ 2/-
м, "е*2%!=м, υ1 , υ2, !=““ч,2/"=е2“  *=* ч,“л% 
…е“%"C=де…,L " !=ƒ! д=. .2,. "е*2%!%" , ƒ=C,“/-
"=е2“  dmin.

hƒ "“е. "%ƒм%›…/. !=““2% …,L d(υ1, υ2) м,…,-
м=ль…/е !=““2% …,  (" “м/“ле u.мм,…г=) дл  
д=……%г% …е…=23!=ль…%г% *%д= G ′ ме…ьше, чем %“-
2=ль…/е !=““2% …, , 2. е. *=›д/L "е*2%! " *%де G 
%2“2%,2 %2 люK%г% д!3г%г% "е*2%!= .2%г% *%д= …= 
!=““2% …,е …е ме…ьше dmin. p=д,3“ i-L 2%ч*, …= 
Cл%“*%“2, r 0θ !="е… dmin + t, где t # ,“*=›е…,е 
"е*2%!= *%д= G %C!едел‘……%L *!=2…%“2,.

o%… 2,е 3“2%Lч,"%“2, -%!м/ " ме2!,че“*%м 
C!%“2!=…“2"е, %K!=ƒ%"=……%м “емеL“2"%м 2!=е*2%-
!,, f (r, θ). d%*=ƒ=2ель“2"% 3“2%Lч,"%“2, ме2!,-
че“*%г% C!%“2!=…“2"= K=ƒ,!3е2“  …= д%*=ƒ=2ель“2-
"е 3“2%Lч,"%“2, -%!м/ " ме2!,че“*%м C!%“2!=…“-
2"е. o%д -%!м%L C%…,м=е2“  люK%е !еше…,е (…е-
C!е!/"…=  -3…*ц, ). qемеL“2"% “C,!=леL %C,-
“/"=ю2 " C=!=ме2!,че“*%L -%!ме. g=2ем C!%"%-
д 2 C%,“* -%!м, “3?е“2"3ю?,. " ме2!,че“*%м 
C!%“2!=…“2"е, C%!%›д=ем%м .2,м “емеL“2"%м. 
l…%›е“2"% *!,"/. C!ед“2="л ю2 …е…=23!=ль…/м 
*%д%м дл,…/ n “ %ш,K*%L *!=2…%“2, t “ %C!еде-
л‘……/м *%л,че“2"%м ,…-%!м=ц,%……/. !=ƒ! д%" 
k , !=““2% …,ем (" “м/“ле u.мм,…г=) dmin.

j=›д/L "е*2%! …е…=23!=ль…%г% *%д= G ′%2“2%,2 
%2 %“2=ль…/. …= !=““2% …,е (" “м/“ле u.мм,…г=) 
2t+1. }2% …е%K.%д,м% дл  *%!!е*ц,, t *!=2…/. 
%ш,K%* " д=……%м *%де. q C%ƒ,ц,, 2е%!,, C%ме-
.%3“2%Lч,"/. *%д%" , 2е%!,, *%д,!%"=…,  …е%K-
.%д,м%, ч2%K/ ге…е!,!3ем/L *%д C%ƒ"%л л %K…=-
!3›,"=2ь , *%!!е*2,!%"=2ь %ш,K*, *!=2…%“2, t. 
dл  .2%г% -%!м,!3е2“  ,…-%!м=ц,%……=  ,ƒK/-
2%ч…%“2ь C%ме.%3“2%Lч,"/. *%д%", 2. е. *%л,че-
“2"% !=ƒ! д%" " д"%,ч…/. *%д=. “2=…%",2“  K%ль-
ше, д%C%л…,2ель…/е !=ƒ! д/ …=ƒ/"=ю2 C!%"е-
!%ч…/м,, " !еƒ3ль2=2е C%л3ч=ем …е…=23!=ль…/L 
*%д.

),“л% ,…-%!м=ц,%……/. !=ƒ! д%" k "/K,!=е2-
“  2=*,м, ч2%K/ “3?е“2"%"=л м,…,м3м -3…*ц,, 
(n # k) = f (k, dmin). g=д=ч= !еш=е2“  “ ,“C%льƒ%-
"=…,ем …,›…еL %це…*,, !=““ч,2/"=ем%L C% -%!-
м3ле u.мм,…г=, , "е!.…еL %це…*, # C% -%!м3ле 
b=!ш=м%"= , c,льKе!2= [1]. g=2ем д%K="л е2“  
ч,“л% C!%"е!%ч…/. !=ƒ! д%" p = n # k.

o!ед“2=",м =лг%!,2м ге…е!=ц,, "е*2%!%" …е-
…=23!=ль…%г% *%д=, %2“2% ?,. д!3г %2 д!3г= …= 
!=““2% …,, dmin, %C!едел‘……/м ч,“л%м !=ƒ! д%". 
`лг%!,2м “%%2"е2“2"3е2 2!еK%"=…, м, C!едA "-
л ем/м * ге…е!=ц,, C%ме.%ƒ=?,?‘……/. *%д%". 
cе…е!,!3ем/L *%д G ′ C%м%г=е2 %K…=!3›,"=2ь , 
*%!!е*2,!%"=2ь %ш,K*, *!=2…%“2, t. o%“лед…ее 

2!еK%"=…,е C%ƒ"%л е2 “%“2="л 2ь -3…*ц,, де*%-
д,!%"=…,  , %C,“/"=2ь ,. C!, C!ед“2="ле…,, 
*%д= " м=2!,ч…%L -%!ме, C%д%K…% де*%д,!%"=-
…,ю л,…еL…/. г!3CC%"/. *%д%", “ C%“2!%е…,ем 
м=2!,ц %ш,K%* 3!="…е…,L де*%д,!%"=…,  [1].

b …=ч=ле =лг%!,2м= C%“2!%,м C%!%›д=ю?3ю 
м=2!,ц3 л,…еL…%г% *%д= G, %K%ƒ…=ч," ,…-%!м=-
ц,%……3ю ч=“2ь -%!м=2= k × k, = C!%"е!%ч…3ю ч=“2ь 
“2%лKц=м,, %C!едел ем/м, p = dmint. j%л,че“2"% 
“2%лKц%" " ед,…,ч…%L м=2!,це ,…-%!м=ц,%……/. 
!=ƒ! д%" k = n # dmint. k,…еL…/L г!3CC%"%L *%д 
G ƒ=д=‘2“  C%!%›д=ю?еL м=2!,цеL, C!ед“2="ле…-
…%L " ле"%L *=…%…,че“*%L -%!ме [1]:

11 12 1,

21 22 2,

31 32 3,

1 2 ,

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

n k

n k

n k

k k k n k

p p p
p p p
p p pG IP

p p p

−

−

−

−

= =

 

     

где I # ед,…,ч…=  м=2!,ц= ,…-%!м=ц,%……/. !=ƒ! -
д%" л,…еL…%г% *%д= -%!м=2= k × k (2=*=  м=2!,ц= 
C%!%›д=е2 …=23!=ль…/L д"%,ч…/L *%д дл,…/ k); 
P # м=2!,ц= C!%"е!%ч…/. !=ƒ! д%" л,…еL…%г% *%д=, 
“%де!›=?=  (n # k) “2%лKц%" , k “2!%*.

g=C,шем ед,…,ц/ ,…-%!м=ц,%……%L ч=“2, C%-
!%›д=ю?еL м=2!,ц/ k × k  " -=Lл seans.txt, “%де!-
›=?,L C!%2%*%л !=K%2/ “ C!%г!=мм%L. dл  -%!-
м,!%"=…,  C!%"е!%ч…%L ч=“2, C%!%›д=ю?еL 
м=2!,ц/ " ="2%м=2,че“*%м !е›,ме ,“C%льƒ3ем 
ге…е!=2%! “л3ч=L…/. ч,“ел, !=K%2=ю?,L C% -%!-
м3ле

g[i, n # tl + j] = round(random1,5 − 0,5),

где i # ,…де*“ “2!%*, м=2!,ц/; j # ,…де*“ “2%лKц%" 
C!%"е!%ч…%L ч=“2, м=2!,ц/ %2 k + 1 д% n; l # ,…де*“ 
…е,ƒме… ю?ег%“  *%л,че“2"= “2%лKц%" C!%"е!%ч-
…%L ч=“2, " ƒ=",“,м%“2, %2 "ел,ч,…/ dmin (C% 3м%л-
ч=…,ю *%л,че“2"% “2%лKц%" C!%"е!%ч…%L ч=“2, !="-
…% dmin); random  # -3…*ц,  ге…е!=ц,, “л3ч=L…/. 
ч,“ел %2 0 д% 1; round  # -3…*ц,  %*!3гле…,  д!%K-
…/. ч,“ел д% цел/. …=  ƒ/*е Š3!K% o=“*=ль.

p=K%2= ге…е!=2%!= “л3ч=L…/. ч,“ел C% ƒ=C%л-
…е…,ю C!%"е!%ч…%L ч=“2, C%!%›д=ю?еL м=2!,-
ц/ G C%дч,… е2“  “2=2,“2,че“*%м3 !="…%ме!…%-
м3 ƒ=*%…3 !=“C!еделе…,  “ C=!=ме2!=м,,  "л ю-
?,м,“  г!=…,ц=м, ,…2е!"=л= ƒ…=че…,L “л3ч=L-
…%L "ел,ч,…/.

b л,2е!=23!е C% 2е%!,, ц,-!%"/. ="2%м=2%" 
[1] !е*%ме…д3е2“  дл  C%л3че…,  “2%лKц%" C!%"е-
!%ч…%L ч=“2, “2%лKц/ ,…-%!м=ц,%……%L ч=“2, 
“*л=д/"=2ь C% м%д3лю 2. Š=*,м %K!=ƒ%м !еш=е2-
“  гл="…=  ƒ=д=ч= # -%!м,!%"=…,е "е*2%!%" C%-
!%›д=ю?еL м=2!,ц/, "е“ *%2%!/. “%%2"е2“2"3е2 
3“л%", м: ω(υ) ≥ (dmin # 2), ω(υ) ≥ (dmin # 1), где 
ω(υ) # "е“ д"%,ч…%г% "е*2%!= υ.
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o%л3че……=  C%!%›д=ю?=  м=2!,ц= "/"еде…= 
…= .*!=… , " -=Lл, “%де!›=?,L “е=…“ !=K%2/. 
h“.%д…=  м=2!,ц= д%л›…= “%%2"е2“2"%"=2ь %це…-
*=м C% -%!м3л=м u.мм,…г=, b=!ш=м%"= , 
c,льKе!2=. m,›…   %це…*= %C!едел е2“  C% -%!-
м3ле u.мм,…г=:

min
1
2

0
,2

d
k i

n
i

c
=

≥ ∑

где i
nc  # ч,“л% “%че2=…,L ,ƒ n C% i; ( )

!
! !

i
n

n
i n i

c =
−

 .

bе!.…   %це…*= %C!едел е2“  C% -%!м3ле 
b=!ш=м%"= , c,льKе!2=:

min2 1

0
2 ,

d
n k i

n i
i

c
−

−
−

=
≥ ∑

  

где (n − k) # ч,“л% C!%"е!%ч…/. !=ƒ! д%" “,“2ем=2,-

че“*%г% *%д=; ( )
( )!

! 2 !
i
n i

n i
i n i

c −
−=
−

.

p=“ч‘2 *%л,че“2"= “%че2=…,L ,ƒ n C% i , ,ƒ (n −  i) 
C% i %“3?е“2"л е2“  “ C%м%?ью -3…*ц,, cni, *%-
2%!=  C%ƒ"%л е2 !=““ч,2/"=2ь *%.--,ц,е…2/ i

nc   
, i

n ic − .
h“.%д…3ю C%!%›д=ю?3ю м=2!,ц3 ƒ=C,шем " 

д"3.ме!…/L м=““," G matrix, C!ед“2="л ю?,L 
“%K%L м=2!,ц3 -%!м=2= 100 × 100. d=лее " !еƒ3ль-
2=2е “л%›е…,  C% м%д3лю 2 "е*2%!%" C%!%›д=ю-

?еL м=2!,ц/ C%л3ч,м C%“лед%"=2ель…%“2ь "е*2%-
!%" л,…еL…%г% г!3CC%"%г% *%д=, ,ƒ *%2%!%г% "/-
K,!=ем 2%ль*% 2е "е*2%!/, *%2%!/е %2“2% 2 д!3г 
%2 д!3г= …= !=““2% …,е ≥ dmin. Š=*,м %K!=ƒ%м, 
C%л3ч,м …е…=23!=ль…/L *%д G ′ “ %K…=!3›,"=ю-
?еL “C%“%K…%“2ью дл  %ш,K%* *!=2…%“2, t. 
p=““ч,2/"=ем “3мм3 C% м%д3лю 2 "е*2%!%" C%!%-
›д=ю?еL м=2!,ц/ " ц,*ле C%C=!…% дл  ƒ=C,“, 
м=““,"= "“е. "%ƒм%›…/. "е*2%!%" л,…еL…%г% 
г!3CC%"%г% *%д= G,  "л ю?ег%“  …=23!=ль…/м 
*%д%м. g=C,шем .2, "е*2%!/ " %2дель…/L -=Lл 
vectors.txt. Š=* ›е "е*2%!/ ге…е!,!3ю2“  …= .*!=… 
дл  C!%“м%2!=. d=лее Cе!еC,“/"=ем "е*2%!/ ,ƒ 
м=““,"= g1, “%де!›=?ег% "е*2%!/ л,…еL…%г% 
г!3CC%"%г% *%д=, " м=““," g2, 2. е. %2K,!=ем "е*-
2%!/ …е…=23!=ль…%г% *%д=, %2“2=ю?,е д!3г %2 
д!3г= …= !=““2% …,е dmin , K%лее. dл  .2%г% Kе!‘м 
Cе!"/L "е*2%! " м=““,"е g1, C%C=!…% “!="…,"=ем 
ег% “ д!3г,м,, “ч,2=  ч,“л% …е“%"C=де…,L " ,. 
!=ƒ! д=.. e“л, ч,“л% …е“%"C=де…,L K3де2 ме…ьше 
dmin, 2% д=……/L "е*2%! " м=““," g2 …е ƒ=C,“/-
"=е2“ . bе*2%!/ …е…=23!=ль…%г% *%д= G ′, “%де!-
›=?,е“  " м=““,"е g2, K3д32 “%де!›=2ь -=Lл vec-
tors.txt. o%л3ч,м …е*%2%!%е м…%›е“2"% д"%,ч…/. 
"е*2%!%", дл  *=›д%г% ,ƒ *%2%!/. !=““ч,2=…% 
dmin " C!%цед3!е scan1. e“л, "ƒ 2ь m "е*2%!%" , 
*=›д%м3 “%C%“2=",2ь 3гл%"3ю *%%!д,…=23 θ, !="-
…%ме!…% !=“C!едел   ,. C% %*!3›…%“2, " д,=C=-
ƒ%…е ,ƒме…е…,  3гл= θ %2 0 д% 2π, 2% "е*2%!/ K3-
д32 %2“2% 2ь д!3г %2 д!3г=  …= Δθ = 2π/m

 
(!,“. 2).

b%ƒьм‘м !еƒ3ль2=2/ д,…=м,че“*%г% !=“ч‘2= .*-
","=ле…2…%L “.ем/ “ м=““,"…/м C=!=K%л%,д%м, 

p,“. 2. p=“C%л%›е…,е "е*2%!%" …= Cл%“*%“2, " C%л !…%L “,“2еме %2“ч‘2= r 0θ “ !="…%ме!…/м ,“ч,“ле…,ем 3гл= θ
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*%2%!/е ƒ=C,“=…/ " -=Lл=. w.dbf , wb.dbf, где 
C!ед“2="ле…/ !еƒ3ль2=2/ ч,“ле……%г% !=“ч‘2= “,“-
2ем/ д,--е!е…ц,=ль…/. 3!="…е…,L. b д=……/. 
-=Lл=. “%де!›=2“  C 2ь Cе!еме……/., %K%ƒ…=ч=ю-
?,. …%ме! 2%ч*,, 3гл%"3ю *%%!д,…=23 д",›е…,  
›,д*%“2, θ›, 3гл%"3ю *%%!д,…=23 д",›е…,  *%!-
!е*2,!3ю?еL м=““/ ›,д*%“2, θ*›, 3гл%"/е “*%-
!%“2, д",›е…,  ω› , ω*›, 3гл%"/е 3“*%!е…,  ε› , 
ε*›, ƒ…=че…,е "!еме…, t “ ш=г%м 1 м“.

u=!=*2е! д",›е…,  C% .*","=ле…2…%L “.еме 
C!%“ле›,"=е2“  " C%“лед%"=2ель…%“2, ,ƒме…е…,  
3гл%"/. *%%!д,…=2 θ› , θ*› ƒ= "!ем  "/C%л…е…,  
%д…%г% %K%!%2= !%2%!= "%*!3г “"%еL %“,. e“л, C!,-
… 2ь θ = θ› + θ*›, 2% м%›…% !=““ч,2=2ь ц,*л д",›е-
…,  , ег% .=!=*2е! "% "!ем  "/C%л…е…,  д"3. Cе-
!еме?е…,L θ› , θ*› , ,. “3мм/ θ %2 0 д% 2π.

qге…е!,!3ем …е…=23!=ль…/L *%д G ′ дл,…%L 
n = 70, *%2%!/L C%ƒ"%л е2 %K…=!3›,"=2ь %ш,K*, 
*!=2…%“2, t ≤ 3, *%!!е*2,!%"=2ь %ш,K*, *!=2…%-
“2, t ≤ 2 , !=““2% …,  (" “м/“ле u.мм,…г=) ме›-
д3 "е*2%!=м, .2%г% *%д= dmin ≥ 6. Š!еK%"=…,е *%!-
!е*2,!%"*, %ш,K%* *!=2…%“2, t ≤ 3 %C!едел е2 
dmin ≥ 7. o%!%›д=ю?=  м=2!,ц= “2!%,2“  дл  
-%!м,!%"=…,  …=23!=ль…%г% *%д= G, …е ,мею?е-
г% %K…=!3›,"=ю?еL , *%!!е*2,!3ю?еL “C%“%K-
…%“2,, ,ƒ "е*2%!%" *%2%!%г% "/K,!=е2“  …е…=23-
!=ль…/L *%д “ dmin ≥ 6. h…-%!м=ц,%……=  ч=“2ь 
C%!%›д=ю?еL м=2!,ц/ ,мее2 дл,…3 k = 52, = е‘ 
C!%"е!%ч…=  ч=“2ь p = n # k = 18. b/K,!=ем …е…=-
23!=ль…/L *%д “ dmin ≥ 6.

o!%г!=мм= “ге…е!,!%"=л= …е…=23!=ль…/L *%д 
G ′, “%“2% ?,L ,ƒ 59 "е*2%!%". j!=2…%“2ь %ш,K*, 
t %C!едел е2 *%!!е*2,!3ю?3ю “C%“%K…%“2ь *%д= 
, ег% dmin. dл  *=›д%г% "е*2%!= !=““ч,2/"=ем 
м,…,м=ль…%е !=““2% …,е dmin, “%%2"е2“2"3ю?ее 
!=д,3“3 2%ч*, " C%л !…%L “,“2еме %2“ч‘2=. 
d,“*!е2,ƒ=ц,ю ,ƒме…е…,  3гл%"%L *%%!д,…=2/ 
%“3?е“2"л ем д"3м  “C%“%K=м,:

!=ƒK,"=ем !="…%ме!…% 3г%л θ %2 0 д% 2π (“м. !,“. 
2) …= “2%ль*% ч=“2еL, “*%ль*% C%л3че…% "е*2%!%" 
…е…=23!=ль…%г% *%д= G ′;

“%“2="л ем м=2ем=2,че“*3ю м%дель д",›е…,  
›,д*%“2, " C%ле це…2!%Kе›…/. “,л ,…е!ц,, , 
!=““ч,2/"=ем .23 м%дель. g=C,“/"=ем 3гл%"/е 
*%%!д,…=2/ “*%!%“2, , 3“*%!е…,  " -=Lл w.dbf, 
*%2%!/L K3де2 “%де!›=2ь ƒ…=че…,е 3гл= "!=?е…,  
›,д*%“2…%г% !%2%!= "% "!ем  !=ƒг%…=,  " 2ече…,е 
30 “. ("“ег% 10 000 ƒ=C,“еL). b/K%!*3 ƒ…=че…,L 
3гл= θ "/C,“/"=ем дл  %д…%г% %K%!%2= (ц,*л= 
д",›е…, ) θ = 0,…, 2π. o%! д*%"/L …%ме! %K%-
!%2= "/K,!=ем C!%,ƒ"%ль…%. j=›д%L -=ƒе д",›е-
…,  “%%2"е2“2"3е2 д"%,ч…/L "е*2%! …е…=23!=ль-
…%г% *%д= G ′, .=!=*2е!,ƒ3ем/L !=““2% …,ем dmin. 
m= !,“. 2 C%*=ƒ=…% 59 "е*2%!%", “%%2"е2“2"3ю?,. 
-=ƒ=м д",›е…,  ›,д*%“2, " %д…%м ц,*ле ƒ= %д,… 
%K%!%2. o%л3че……%е м…%›е“2"% 2%че* “%ед,… ем 
л,…, м, (…= !,“. 2 дл  *=›д%г% "е*2%!= C%*=ƒ=…= 
ег% *%%!д,…=2= dmin).

h“C%льƒ3  ме2%д …=,ме…ьш,. *"=д!=2%" [2] 
C%дK,!=ем =CC!%*“,м,!3ю?3ю “C,!=ль, !=““ч,-
2/"=  *%.--,ц,е…2/ C1 , C2 " 3!="…е…,, “C,!=-
л,. o%л3ч=ем C1 = 0,1338, C2 = 10,4921. r!="…е-
…,е =CC!%*“,м,!3ю?еL “C,!=л, r = 0,1338 θ + 

+ 10,4921.
j!,2,че“*=  %ш,K*= !=K%2/ …е="2%…%м…%L 

“,“2ем/ “ Cе!,%д,че“*%L %ш,K*%L , C%2е!  3“-
2%Lч,"%“2, “,“2ем/ %це…,"=ю2“  …= %“…%"е …=-
.%›де…,  -3…*ц,, k C3…%"= # *"=д!=2,ч…%г% 
-3…*ц,%…=л= , -%!м/, %C,“/"=ю?еL -=ƒ%"3ю 
2!=е*2%!,ю, “%%2"е2“2"3ю?3ю …е*%2%!%м3 C!%-
це““3. b/K,!=ем " *=че“2"е 2=*%L -%!м/ 3!="…е-
…,е “емеL“2"= “C,!=леL " C%л !…%L “,“2еме %2-
“ч‘2=

υ(r, θ) = r + C1θ + C2,                          (1)

где q1 # *%…“2=…2=, %C!едел ю?=  “*%!%“2ь 3"ел,-
че…,  !=д,3“= “C,!=леL; C2 # *%…“2=…2=, %C!еде-
л ю?=  …=ч=ль…/е 3“л%",  , …=ч=ль…/L !=д,3“ 
“C,!=леL. 

Š=*,м %K!=ƒ%м, м%›…% ƒ=C,“=2ь C!%,ƒ"еде…,е 
C∑ = C1C2, %2%K!=" 2%ль*% 2е C=!/, *%2%!/е 3д%"-
ле2"%! ю2 3“л%",ю

C∑ ≥ C1C2, (2)

2. е. %2K,!=ю2“  2е 2!=е*2%!,,, *%2%!/е …е "/.%-
д 2 ƒ= г!=…,ц3 %Kл=“2,,  "л ю?3ю“  *!3г%м , 
%Kл=“2ью л%*=л,ƒ=ц,, ƒ…=че…,L C!%,ƒ"еде…,  " 
…е!="е…“2"% (2). p=д,3“ *!3г= %C!едел е2 ƒ…=че-
…,е C∑. r“л%",е (2) C!,… 2% …=ƒ/"=2ь "=!,=-
ц,%……/м …е!="е…“2"%м.

`…=л,ƒ,!3  !,“. 2 , 3, C%л3че……/е д"3м  !=ƒ-
…/м, “C%“%K=м, C!ед“2="ле…,  *=!2,…/ !=“C!е-
деле…,  д"%,ч…/. "е*2%!%" …е…=23!=ль…%г% *%д= 
G ′, м%›…% ƒ=ме2,2ь, ч2% …=,K%льшее !=“.%›де-
…,е *%.--,ц,е…2%" q1 , C2 %C!едел е2“  " “%2/. 
д%л . ед,…,ц/.

l=2!,ч…%е C!ед“2="ле…,е C%ƒ"%л е2 *%мC=*2-
…% %C,“/"=2ь г=!м%…,*, , %д…%ƒ…=ч…% ƒ=д="=2ь 
C!%цед3!3 ,. ,де…2,-,*=ц,,, ƒ=C,“/"=  
Meχt = f (r, θ› + θ*›1 + θ*›2 +…+ θ*›n), где θ›, θ*›1, 
θ*›2,…, θ*›n  # *%.--,ц,е…2/ " !=ƒл%›е…,, 3гл= 
θ C% л,…еL…% …еƒ=",“,м%м3 K=ƒ,“3 {e

�
›, e
�
*›1, e

�
*›2, 

…, e
�
*›n}.

h“.%д…%е !=ƒл%›е…,е 

ж кж1 кж2 кжж кж1 кж2 кж... n ne e e e+ +θ + θ + θ θ
�� �� �� ��

  (3) 

…е !="…% …3лю.
e“л, C!ед“2=",2ь ,ƒме…е…,  θ›, θ*›1, θ*›2,…, 

θ*›n " ",де ц,*л,че“*, C%"2%! ю?ег%“  %2!еƒ*= 
0,…, 2π, 2% C%!%›д=ю?=  м=2!,ц= K3де2 C!ед-
“2="л 2ь “%K%L м…%г%ме!…/L м=““,", “%“2% ?,L 
,ƒ *%…еч…%г% …=K%!= “лед%" ",д=:
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1 0 0 ... 0
0 1 0 ... 0
0 0 1 ... 0
... ... ... ... ...
0 0 0 ... 1  

ж

кж1

кж2

кж

0
0
0

...
0n

θ =
θ =
θ =

θ =    

1 0 0 ... 0
0 1 0 ... 0
0 0 1 ... 0
... ... ... ... ...
0 0 0 ... 1  

ж

кж1

кж2

кж

...
n

π/64

π/64

π/64

π/64

θ =
θ =
θ =

θ =

... “!еƒ       ||…||.  (4)

j%л,че“2"% “!еƒ%" %C!едел е2“  ч,“л%м 3!%"-
…еL д,“*!е2,ƒ=ц,, 3гл%"/. *%%!д,…=2 θ›, θ*›1, 
θ*›2,…, θ*›n, 2=* *=* -3…*ц,  θ› + θ*›1 + θ*›2 + … 

+ θ*›n   "л е2“  *3“%ч…%-…еC!е!/"…%L, 2. е. ,мее2 
%“%K/е 2%ч*, (2%ч*, !=ƒ!/"= 2-г% !%д=).

),“л% %2!еƒ*%" (ƒ%… =…=л,2,ч…%“2,) K3де2 *%-
…еч…/м, “%%2"е2“2"е……% *%…еч…/м K3де2 , ч,“л% 
!=““м=2!,"=ем/. “!еƒ%" C%!%›д=ю?еL м=2!,ц/ 
G. bе*2%!/, C!,…=дле›=?,е м=2!,це G, л,…еL…% 
…еƒ=",“,м/е. e“л, C!%…3ме!%"=2ь "е*2%!/ *=›-
д%г% “!еƒ= C%!%›д=ю?еL м=2!,ц/ “"е!.3 "…,ƒ " 
C%! д*е "%ƒ!=“2=…,  …%ме!%", 2% м%›…% C!ед“2=-
",2ь "%ƒм%›…/е *%мK,…=ц,, ".%д ?,. " C%л…/L 
…=K%! "е*2%!%", ".%д ?,. " “!еƒ/, *=* “л%›е…,е 
"е*2%!%" “ %C!едел‘……/м …%ме!%м " *=›д%м “!е-
ƒе. }2% м…%г%ме!…%е C!ед“2="ле…,е C%л…%г% …=-
K%!= "%ƒм%›…/. !=ƒл%›е…,L (3).

p,“. 3. p=“C%л%›е…,е "е*2%!%" …= Cл%“*%“2, " C%л !…%L “,“2еме %2“ч‘2= r0θ “ …е!="…%ме!…/м ,“ч,“ле…,ем 3гл= θ

Šе%!ем=. o%!%›д=ю?=  м=2!,ц= G, %K!=ƒ3ю-
?= “  м=*“,м=ль…/м …=K%!%м л,…еL…% …еƒ=",“,-
м/. "е*2%!%" ,  "л ю?= “  C!ед“2="ле…,ем %!,-
г,…=л= ",д= g (α, β) = Me 

χt " ƒ=д=че g (α, β) = f (r, θ), 
где θ(t ) # C!%,ƒ"%ль…=  -3…*ц, , дл  *%2%!%L 
м%›…% …=L2, C%д",›…/L K=ƒ,“ л,…еL…% …еƒ=",-
“,м/. "е*2%!%" θ›, θ*›1, θ*›2,…, θ*›n,  "л е2“  
C%!%›д=ю?еL м=2!,цеL л,…еL…%г% г!3CC%"%г% 
*%д=.

d%*=ƒ=2ель“2"%. h“C%льƒ3ем !=““3›де…, , ч2% 
C% %C!еделе…,ю %!,г,…=л= -3…*ц,  g (α, β) = Me 

χt 
C!, д,--е!е…ц,!%"=…,, “3?е“2"е……% …е ме… е2 
“"%ю -%!м3, 2. е.

( ) ( ), 't tdg Me M e
dt

χ χα β = = χ ;

2 2
2

( ) ( ) '', t td g Me M e
dt

α β = =χ χχ .

q%%2"е2“2"е……% , C!="=  -3…*ц,  " ƒ=д=че 
g (α, β) = f (r, θ) 2=*›е ,мее2 ",д " C!%,ƒ"%д…/.:

( , ) tdf r
M e

dt
χθ

= χ ,

2
2

2
( , ) td f r M e

dt
χθ = χ .

Š=*,м %K!=ƒ%м ч,“л% M C!ед“2=",м *=* 0 0 12, 
Mχ # *=* 0 1 02, = Mχ2 # *=* 1 0 02.

1-L “!еƒ

2-L “!еƒ
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b…,м=…,ю ="2%!%"!

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

м%›…% …=L2, …= “=L2е www.mashin.ru

l=2!,ц= 
2  

 

M
M
M

χ
χ

 

ƒ=C,“/"=е2“  *=* C%!%›д=ю-

?=  м=2!,ц= л,…еL…%г% г!3CC%"%г% *%д=

1 0 0
0 1 0
0 0 1

. (5)

b "/!=›е…,, (5) C!ед“2="ле…= C%!%›д=ю?=  
м=2!,ц=, .леме…2=м, *%2%!%L  "л ю2“  *%.--,-
ц,е…2/ " "/!=›е…, . -3…*ц,L g (α, β), g ′(α, β), 
g ′′ (α, β). j=›д/L *%.--,ц,е…2 “%%2"е2“2"3е2 %C-
!едел‘……%м3 !=ƒ! д3 , ,мее2 %C!едел‘……/L "е“, 
“%%2"е2“2"3е2 %C!едел‘……%м3 *л=““3 д,--е!е…-
ц,!3ем/. -3…*ц,L.

b ƒ=д=че Meχt = f (r, θ› + θ*›1 + θ*›2 + … + θ*›n) 
…=.%д,м

ж кж1 кж2ж кж1 кж2 ...t
r rr e r e Me e e eχ= + + += = θ θ θ

�� �� �� �� �� ��

кжкж .nne+ θ
��

                   (6)

l%д3ль "е*2%!= " ле"%L ч=“2, %C!едел е2“  C% 
-%!м3ле

2 2 2 2
ж кж1 кж2 кж...t

nMeχ θ θ + θ + + θ= + .

Š=*,м %K!=ƒ%м, 2е%!ем= д%*=ƒ=…=.
b “%%2"е2“2",, “ д%*=ƒ=……%L "/ше 2е%!ем%L “*=-

л ! Meχt м%›…% C!ед“2=",2ь C%д",›…/м K=ƒ,“%м 
л,…еL…% …еƒ=",“,м/. "е*2%!%" { жe

�
, кж1e
�

, кж2e
�

,…,
кжne
�

} че!еƒ “*=л !/ θ›, θ*›1, θ*›2,…, θ*›n. ),“л= 
“*=л !%" %C!едел ю2“  м…%›е“2"%м C!ед“2="ле-
…,L -3…*ц,, θ.

q 3ч‘2%м ,…де*“=ц,, “2%лKц%" C%!%›д=ю?еL 
м=2!,ц/ (5) *=›д%е !=ƒл%›е…,е (6) м%›…% C!ед-
“2=",2ь " ",де %C!едел‘……%г% “!еƒ= C%!%›д=ю-

?еL м=2!,ц/ (4). o%!%›д=ю?=  м=2!,ц= G ,мее2 
*%…еч…%е ч,“л% “!еƒ%", %K!=ƒ3е2“  м=*“,м=ль-
…/м …=K%!%м л,…еL…% …еƒ=",“,м/. "е*2%!%" e

�
›, 

e
�
*›1, e

�
*›2, …, e

�
*›n} ,  "л е2“  C!ед“2="ле…,ем 

%!,г,…=л= g (α, β) = Me 
χt " ƒ=д=че g (α, β) = f (r, θ) “% 

“*=л !=м, θ›, θ*›1, θ*›2,…, θ*›n.
dл  *=›д%г% “!еƒ= , *=›д%L *%мK,…=ц,, ч,“л= 

“*=л !%" θ›, θ*›1, θ*›2,…, θ*›n C%!%›д=ю?=  м=2-
!,ц= G  "л е2“  C%!%›д=ю?еL м=2!,цеL л,…еL-
…%г% г!3CC%"%г% *%д=.

b/"%д/. e“л, " *=че“2"е C!ед“2="ле…,  dmin 
"/K!=2ь !=д,3“ д",›е…,  2%ч*,, %C,“/"=ю?еL 
2%ч*3 ›,д*%“2,, “%"е!ш=ю?3ю "!=?е…,е, 2% 
м…%›е“2"% 2=*,. 2%че* " ц,*ле, !=“C%л=г=ем/. " 
“%%2"е2“2",, “ .=!=*2е!%м ,ƒме…е…,  3гл= θ, K3-
де2 “%%2"е2“2"%"=2ь 2!=е*2%!,,, %C,“/"=ем%L 
л,…еL…%-г!3CC%"/м *%д%м G …е…=23!=ль…%г% 
*%д= G ′, !е=л,ƒ3ем%L " !е=ль…%м C!%це““е "!=-
?е…,  ›,д*%“2,, 2=* *=* .=!=*2е! .2%г% д",›е-
…,  3ч,2/"=е2“  C!, ,“ч,“ле…,, 3гл%"%L *%%!-
д,…=2/ θ.

`"2%м=2,че“*%е !ег3л,!%"=…,е !е=ль…%г% C!%-
це““= м%›…% %“3?е“2"л 2ь " “,“2еме …е…=23!=ль-
…/. *%д%" “ ƒ=д=……/м dmin, !="…/м r, ,ƒме…е-
…,ем 3гл%"%L “*%!%“2, "!=?е…,  , ƒ=*%…= ,ƒме-
…е…,  θ, 2=*,м %K!=ƒ%м, ч2%K/ %Kе“Cеч,2ь л,K% 
*=!2,…3 !="…%ме!…%г% C!ед“2="ле…,  м…%›е“2"= 
2%че* " C%л !…%L “,“2еме %2“ч‘2=, л,K% !=ƒ",2,е 
C!%це““= C% “C,!=л, r = q1θ+q2. qC,!=ль C%дK,-
!=е2“  C% .=!=*2е!3 д",›е…,  …= %“…%"е ме2%д= 
…=,ме…ьш,. *"=д!=2%" ,л, д!3г,. ме2%д%", м,-
…,м,ƒ,!3ю?,. …е*%2%!/L *"=д!=2,ч…/L -3…*-
ц,%…=л, “" ƒ/"=ю?,L *%%!д,…=2/ r  , θ.

a,Kл,%г!=-,че“*,е ““/л*,

1. o!,*л=д…=  2е%!,  ц,-!%"/. ="2%м=2%" / j.c. q=-
м%-=л%", `.m. p%м=…*е",ч, b.m. b=л3L“*,L, ~.q. j=-
…е"“*,L, l.l. o,…е",ч. j,е": b,?= ш*., 1987. 375 “.

2. j%лем=е" b.`., j=л,…,…= b.m. Šе%!,  "е!% 2…%-
“2еL , м=2ем=2,че“*=  “2=2,“2,*=. l.: ~mhŠh-
d`m`. 2003. 352 “.
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j%л,че“2"е……/е ƒ…=че…,  C=!=ме2!%" демC-
-,!%"=…,  ме.=…,че“*,. “,“2ем “ 3C!3г%-д,““,-
C=2,"…/м, .леме…2=м,  "л ю2“  "=›…/м, ,…-
-%!м=2,"…/м, C!,ƒ…=*=м, ,. 2е.…,че“*%г% “%-
“2% …, . j%л,че“2"е……=  ,де…2,-,*=ц,  д,““,-
C=2,"…/. C=!=ме2!%" *%леK=2ель…/. “,“2ем …е-
%K.%д,м= , C!, C%“2!%е…,, ,. м=2ем=2,че“*,. 
м%делеL. dл  3C!3г,. “,“2ем, *%2%!/е C!, .*“-
Cл3=2=ц,, -3…*ц,%…,!3ю2 " %*%л%!еƒ%…=…“…/. 
!е›,м=. ,л, …еC%“!ед“2"е……% C%д"е!г=ю2“  !е-
ƒ%…=…“…/м *%леK=…, м, ,ƒ3че…,е ,. демC-,-
!3ю?,. “"%L“2" C!,%K!е2=е2 ,“*люч,2ель…% 
"=›…%е ƒ…=че…,е. Š=*,м %K!=ƒ%м, !=ƒ!=K%2*= 
%K%“…%"=……/. ме2%д%" %C!еделе…,  д,““,C=2,"-
…/. .=!=*2е!,“2,* !е=ль…/. 3C!3г,. ме.=…,че-
“*,. “,“2ем  "л е2“  =*23=ль…%L ƒ=д=чеL.

a%льш,…“2"% ,ƒ"е“2…/. ме2%д%" %C!еделе…,  
.=!=*2е!,“2,* !=““е …,  .…е!г,, C!, *%леK=-
…, . %2…%“ 2“  * л,…еL…/м “,“2ем=м “ …е3C!3-
г,м “%C!%2,"ле…,ем, C!%C%!ц,%…=ль…/м Cе!"%L 
“2еCе…, “*%!%“2,, ,л, * л,…е=!,ƒ%"=……/м “,“2е-
м=м “ =мCл,23д…%-…еƒ=",“,м/м %2…%“,2ель…/м 
!=““е …,ем .…е!г,, [1]. nд…,м ,ƒ “=м/. !=“C!%-
“2!=…‘……/.  "л е2“  ме2%д “"%K%д…/. ƒ=23.=ю-
?,. *%леK=…,L, *%2%!/L ƒ=*люч=е2“  " C%л3че-
…,, , !ег,“2!=ц,, ",K!%г!=мм/ “"%K%д…/. *%-
леK=…,L ,““лед3ем%L “,“2ем/, C% 2емC3 3K/"=-
…,  *%2%!/. %C!едел е2“  "ел,ч,…= л,…еL…%г% 
" ƒ*%г% “%C!%2,"ле…, .

rdj 629.11.012.8

a.b. k3ш…,*%", *=…д. 2е.…. …=3*, д%ц. 
(j3!“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2)

teormeh@inbox.ru

leŠnd bhapndh`cmnqŠhjh dhqqho`Šhbm{u o`p`leŠpnb qruncn h 
b“gjncn Špemh“ m` nqmnbe jnlo|~Šepmncn `m`khg` bhapncp`ll 

qbnandm{u jnkea`mhi 

p=““м%2!е… ме2%д !=ƒдель…%г% %C!еделе…,  д,““,C=2,"…/. C=!=ме2!%" “3.%г% *3л%…%"= 
, " ƒ*%г% 2!е…,  C!, ,. “%"ме“2…%м деL“2",, …= %“…%"е *%мCью2е!…%г% =…=л,ƒ= ",K!%-
г!=мм “"%K%д…/. *%леK=…,L. `лг%!,2м ,де…2,-,*=ц,, C%“2!%е… “ ,“C%льƒ%"=…,ем 2%ч…%г% 
=…=л,2,че“*%г% !еше…,  …ел,…еL…%г% д,--е!е…ц,=ль…%г% 3!="…е…,  *%леK=…,L , ме2%д= 
дем%д3л ц,, мг…%"е……%L =мCл,23д/ ",K!%“,г…=л= C32‘м ,…2ег!=ль…%г% C!е%K!=ƒ%"=…,  
c,льKе!2=.

jлюче"/е “л%"=: *%мCью2е!…=  ",K!%д,=г…%“2,*=, “3.%е , " ƒ*%е 2!е…,е, ",K!%г!=мм= “"%-
K%д…/. *%леK=…,L, C!е%K!=ƒ%"=…,е c,льKе!2=.

Dissipate parameters separate definition method for combined action of the dry Coulomb’s friction 
and viscous friction from a computer analysis of the independent oscillations vibrorecord is considered. 
Identification algorithm is created with utilization of exact analytical decision for oscillations non-
linear differential equation and demodulation method of the vibrosignal instantaneous amplitude by 
GilbertTs integral transformation.

Key words: computer vibrodiagnostics, dry and viscous friction, independent oscillations vibrorecord, 
GilbertTs transformation.

dл  "%ƒм%›…%“2, !=ƒдель…%г% %C!еделе…,  
д,““,C=2,"…/. C=!=ме2!%" “3.%г% *3л%…%"= , л,-
…еL…%г% " ƒ*%г% 2!е…,  C!, ,. “%"ме“2…%м деL-
“2",, " *%леK=2ель…%L “,“2еме C!едл%›е… ме2%д 
[2] “"%K%д…/. *%леK=…,L, ƒ=*люч=ю?,L“  " !е-
г,“2!=ц,, люK/. 2!‘. C%“лед%"=2ель…/. =мCл,-
23д %2*л%…е…,L “,“2ем/ %2 C%л%›е…,  !="…%"е-
“,  Ai, Ai+1, Ai+2, C% *%2%!/м %C!едел ю2 ,“*%-
м/е C=!=ме2!/. q,л3 F “3.%г% *3л%…%"= 2!е…,  
!=““ч,2/"=ю2 C% -%!м3ле 

2
1 2

2
,i i i

i i

A A A
F С

A A
+ +

+

+
=

−
 
                 

(1)

= *%.--,ц,е…2 b л,…еL…%г% " ƒ*%г% “%C!%2,"ле-
…,  # C% -%!м3ле

1

1 2

4 ln ,( )i i

i i

A AMb
T A A

+

+ +

−=
−                     

(2)

где q # ›‘“2*%“2ь *%леK=2ель…%L “,“2ем/, m/м; 
M # C!,"ед‘……=  м=““= “,“2ем/, *г; T# 3“л%"…/L 
Cе!,%д “"%K%д…/. *%леK=…,L “,“2ем/, “.

dл  C%"/ше…,  2%ч…%“2, ,де…2,-,*=ц,, д,“-
“,C=2,"…/. C=!=ме2!%" м%›…% ,“C%льƒ%"=2ь ме-
2%д [3] C%“2!%е…,  (дем%д3л ц,,) мг…%"е……%L 
=мCл,23д/ (%г,K=ю?еL) ƒ=23.=ю?ег% ",K!%“,г-
…=л= C32‘м C!,ме…е…,  ,…2ег!=ль…%г% C!е%K!=-
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ƒ%"=…,  c,льKе!2=. }2% C%ƒ"%л е2 C%л3ч,2ь мг…%-
"е……/е .=!=*2е!,“2,*, " *=›д%L 2%ч*е ƒ=23.=ю-
?ег% C!%це““= *%леK=…,L, ч,“л% *%2%!/. “3?е-
“2"е……% K%льше ч,“л= C,*%"/. 2%че*.

nд…=*% 3*=ƒ=……/L ме2%д …е %Kе“Cеч,"=е2 "%ƒ-
м%›…%“2, !=ƒдель…%г% %C!еделе…,  д,““,C=2,"-
…/. C=!=ме2!%" “3.%г% , " ƒ*%г% 2!е…,  C!, ,. 
“%"ме“2…%м деL“2",,. b …‘м л,шь ,“C%льƒ3ю2“  
.%!%ш% ,ƒ"е“2…/е ,ƒ 2е%!,, *%леK=…,L %“%Kе…-
…%“2, 3K/"=…,  C%“лед%"=2ель…/. м=*“,м=ль…/. 
%2*л%…е…,L (3“л%"…/. =мCл,23д) C!, “"%K%д…/. 
ƒ=23.=ю?,. *%леK=…, ..

b “,“2еме “ л,…еL…%-" ƒ*,м “%C!%2,"ле…,ем 
=мCл,23д/ 3K/"=ю2 C% .*“C%…е…ц,=ль…%м3 ƒ=*%-
…3 , “%“2="л ю2 ге%ме2!,че“*3ю C!%г!е““,ю “% 
ƒ…=ме…=2елем

1

nTi

i

A
q e

A +
= =  ,

где 
22

2
np

T
−

= π
 # 3“л%"…/L Cе!,%д “"%K%д…/. *%-

леK=…,L; 
Сp
M

=
 
# “%K“2"е……=  ч=“2%2= *%…“е!"=-

2,"…%L “,“2ем/; 
M
bn

2
=  # *%.--,ц,е…2 л,…еL…%-

" ƒ*%г% ƒ=23.=…, .

b “,“2еме “ “3.,м *3л%…%"/м 2!е…,ем =мCл,-
23д/ 3K/"=ю2 C% л,…еL…%м3 ƒ=*%…3 , C!ед“2="-
л ю2 “%K%L =!,-ме2,че“*3ю C!%г!е““,ю “ !=ƒ-
…%“2ью 

12 ,i ia A A += −
 

где 
C
Fa =  # C=!=ме2! “3.%г% 2!е…, .

o!, “%"ме“2…%м деL“2",, д,““,C=2,"…/. “,л 
“3.%г% , " ƒ*%г% 2!е…,  3K/"=…,е C%“лед%"=2ель-
…/. C%л3!=ƒм=.%" ",K!%г!=мм/ “"%K%д…/. *%ле-
K=…,L C!%,“.%д,2 C% “л%›…%м3 ƒ=*%…3, %2л,ч…%-
м3 %2 =!,-ме2,че“*%L ,л, ге%ме2!,че“*%L C!%-
г!е““,,.

dл  3“2=…%"ле…,  ƒ=*%…%ме!…%“2, C%"еде…,  
-3…*ц,, мг…%"е……%L =мCл,23д/ , -3…*ц,, %г,-
K=ю?еL дл  “,“2ем/ “ “3.,м , " ƒ*,м 2!е…,ем, 
“"%K%д…/е *%леK=…,  *%2%!%L %C,“/"=ю2“  3!="-
…е…,ем  

sign 0MX bX CX F X+ + + =�� � � ,          (3)

где sign /X X X=� � �  # “,г…=23!…=  -3…*ц, , 

,“C%льƒ3ем ме2%д C%.2=C…%г% C!,C=“%"/"=…,  
=…=л,2,че“*,. !еше…,L …= %2дель…/. C%л3Cе-
!,%д=. *%леK=…,L C!, 0>X�  , 0<X� .

pеше…,е 3!="…е…,  (3), C%л3че……%е д=……/м 
ме2%д%м, ,мее2 ",д

2 2 2 2
0

( 1)( , ) ( )
m

m

m mX t m t
p n p n=

π π += ≤ ≤ ×
− −

∑

2 2
0

1
1 ( 0)2

k n
m

p n

k
A a m e

π

−

=

⎡ ⎤⎛ ⎞
⎢ ⎥⎜ ⎟× − + > ×⎢ ⎥⎜ ⎟
⎢ ⎥⎜ ⎟⎝ ⎠⎣ ⎦

∑

2 2
2 2

cos ( ) ( 1) ,nt mp p n t e a
p n

−⎡ ⎤× − + α + −⎢ ⎥⎣ ⎦−

где t # "!ем , “; A0 # …=ч=ль…%е м=*“,м=ль…%е %2-
*л%…е…,е “,“2ем/ %2 C%л%›е…,  !="…%"е“, , м; 
m # ч,“л% C%л3Cе!,%д%", дл  *%2%!/. "ед‘2“  !=“-
ч‘2 ",K!%г!=мм/; k=1, 2, …, m # “ч‘2ч,* д,“*!е2-
…/. ƒ…=че…,L.

b/!=›е…,е дл  д,“*!е2…/. ƒ…=че…,L мг…%"е…-
…/. =мCл,23д  ƒ=23.=ю?,. *%леK=…,L 2=*%L “,“-
2ем/ ,мее2 ",д

0 0
2( 0) ( 0) 1in t

i
aA i A i A e

N
− Δ

⎡ ⎡
⎢= = + > − +⎢
⎢ ⎢⎣⎣

( )
1

1
1 0 2

i
kn t in t

k
i e e

−
− Δ − Δ

=

⎤⎤
⎥+ ⎡ − > ⎤ + ⎥⎣ ⎦ ⎥⎥⎦⎦

∑ ,

где i # “ч‘2ч,* д,“*!е2…/. ƒ…=че…,L; N # ч,“л% 
,ƒме!е…,L …= 3“л%"…%м Cе!,%де *%леK=…,L; ct # ,…-
2е!"=л "!еме…, ме›д3 ,ƒме!е…, м,.

m= !,“. 1 C!ед“2="ле…/ ",K!%г!=мм= “"%K%д-
…/. ƒ=23.=ю?,. *%леK=…,L “,“2ем/ C!, “%"ме-
“2…%м деL“2",, д,““,C=2,"…/. “,л л,…еL…%-" ƒ-
*%г% , “3.%г% *3л%…%"= 2!е…,  , г!=-,* мг…%"е…-
…/. =мCл,23д Ai = f (ti).

ŠеCе!ь, ,“C%льƒ3  =…=л,2,че“*%е "/!=›е…,е 
дл  ƒ=*%…= ,ƒме…е…,  -3…*ц,, мг…%"е……%L =м-
Cл,23д/ , .*“Cе!,ме…2=ль…/е !еƒ3ль2=2/, %K!=-
K%2=……/е “ C!,ме…е…,ем ,…2ег!=ль…%г% C!е%K!=-
ƒ%"=…,  c,льKе!2= [3], м%›…% C%“2!%,2ь =лг%!,2м 
%C!еделе…,  д,““,C=2,"…/. C=!=ме2!%" “3.%г% , 
" ƒ*%г% 2!е…, .

o!,ме…   ме2%д,*3 &2!‘. =мCл,23д[, =…=л%-
г,ч…3ю "/!=›е…, м (1) , (2), = 2=*›е 3ч,2/"=  
д%“2%,…“2"= ме2%д= C%“2!%е…,  -3…*ц,, мг…%-
"е……%L =мCл,23д/, C%л3ч,м “лед3ю?,е "/!=-
›е…,  дл  ,де…2,-,*=ц,, д,““,C=2,"…/. C=-
!=ме2!%" “3.%г% 2!е…,  a , " ƒ*%г% “%C!%2,"ле-
…,  n:
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p,“. 3. b%““2=…%"ле……/L ƒ=*%… ,ƒме…е…,  “,л/ 
“3.%г% 2!е…,  " ƒ=",“,м%“2, %2 ",K!%“*%!%“2,

 X j

  .

p,“. 2. g=",“,м%“2ь ,де…2,-,ц,!3ем/. C=!=ме2-
!%" “3.%г% aj , " ƒ*%г% nj 2!е…,  дл  j = 0, …, 70 
(a = 0,1; n = 0,38) 

0,4

0,3

0,2

0,1

0      10      20      30      40      50      60      70

     j

 nj

 aj

 0,38

0,1

p,“. 1. b,K!%г!=мм= (1 ) “"%K%д…/. ƒ=23.=ю?,. 
*%леK=…,L “,“2ем/ X = f (t) C!, “%"ме“2…%м деL-
“2",, д,““,C=2,"…/. “,л л,…еL…%-" ƒ*%г% , “3-
.%г% *3л%…%"= 2!е…,  , *!,"=  (2 ) -3…*ц,, мг…%-
"е……/. =мCл,23д Ai = f (ti) (a = 0,1; n = 0,38)

t

1 2

p,“. 4. b%““2=…%"ле……/L ƒ=*%… ,ƒме…е…,  “,л/ 
" ƒ*%г% “%C!%2,"ле…, 

X j

 .

[2
2 2( ) /{ ( 1)

2j j k j j k j j k
Na A A A A A k+ + += − − + − >

]
1

2
1

0 2 ( ) ( ) }
m k mk
k k

j k j k j j k
m

A A A A
−−

+ + +
=

> − −∑ ; (4)

2

ln j j k
j

j k j k

A ANn
Tk A A

+

+ +

⎛ ⎞−
= ⎜ ⎟⎜ ⎟−⎝ ⎠

,     (5)

где 0,..., (2 2 )j mN k= −  – “ч‘2ч,* *%л,че“2"= !=“ч‘-
2%"; k # ш=г ме›д3 ,“C%льƒ3ем/м, =мCл,23д=м,; 
N – ч,“л% ,ƒме!е…,L …= *=›д%м Cе!,%де; m # ч,“л% 
!=““м=2!,"=ем/. C%л3Cе!,%д%"; T # 3“л%"…/L Cе-
!,%д ƒ=23.=ю?,. *%леK=…,L. 

m= !,“. 2 C!,"еде…/ ,де…2,-,ц,!%"=……/е ƒ…=-
че…,  д,““,C=2,"…/. C=!=ме2!%" “3.%г% aj , " ƒ-
*%г% nj 2!е…,  дл  j = 0,…, 70, = …= !,“. 3 , 
4 # ƒ=",“,м%“2, "%““2=…%"ле……/. “,л “3.%г% 2!е-
…,  %2 ",K!%“*%!%“2, , " ƒ*%г% “%C!%2,"ле…,  
“%%2"е2“2"е……%.

o!е,м3?е“2"= C!едл=г=ем%г% ме2%д= ƒ=*лю-
ч=ю2“  " “лед3ю?ем:

100%-  2%ч…%“2ь !еш=ю?ег% =лг%!,2м=, %K3-
“л%"ле……=  2%ч…/м =…=л,2,че“*,м !еше…,ем 
…ел,…еL…%г% д,--е!е…ц,=ль…%г% 3!="…е…, . pе-
ƒ3ль2,!3ю?=  2%ч…%“2ь ,де…2,-,*=ц,, ,“*%м/. 
C=!=ме2!%" K3де2 %C!едел 2ь“  C%г!еш…%“2 м, 
!ег,“2!=ц,, , ,ƒме!е…,  2е. "ел,ч,…, *%2%!/е 
".%д 2 " "/!=›е…,  (4) , (5);

"%ƒм%›…%“2ь C%л3че…,  цел%г% м=““,"= ƒ…=че-
…,L ,“*%м/. д,““,C=2,"…/. C=!=ме2!%", ч2% C%-
ƒ"%л е2 C!%,ƒ"%д,2ь “2=2,“2,че“*3ю %K!=K%2*3 
!еƒ3ль2=2%" ,л, ,““лед%"=2ь C%"еде…,е .2,. C=-
!=ме2!%" " ƒ=",“,м%“2, %2 д!3г,. (,ƒме…е…,е "% 
"!еме…,, ƒ=",“,м%“2ь %2 “*%!%“2,, *%%!д,…=2/ 
, д!.);

"%ƒм%›…%“2ь 3C!="ле…,  C!%це““%м ,де…2,-
-,*=ц,, ƒ= “ч‘2 "=!ь,!%"=…,  ш=г= k, ч2% %Kе“-
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Cеч,"=е2 д%“2,›е…,е …=,K%льшеL ч3"“2",2ель…%-
“2, , 2%ч…%“2,;

"%ƒм%›…%“2ь ="2%м=2,ƒ=ц,, C!%цед3!/ ,де…-
2,-,*=ц,, ƒ= “ч‘2 д,“*!е2…%“2,, *%2%!=  ƒ=л%-
›е…= " =лг%!,2м, ,  C!,ме…е…,  }bl.

o!ед"=!,2ель…%е 2е“2,!%"=…,е !=““м%2!е……%-
г% ме2%д= ,де…2,-,*=ц,, д,““,C=2,"…/. C=!=-
ме2!%" “3.%г% , " ƒ*%г% 2!е…,  " *%леK=2ель…%L 
“,“2еме C%д2"е!›д=е2 3*=ƒ=……/е д%“2%,…“2"= , 
C%*=ƒ/"=е2, ч2% %… C%ƒ"%л е2 C%л…ее , м…%г%-
г!=……ее ,““лед%"=2ь C!%це““/ д,““,C=ц,, .…е!-
г,, C!, *%леK=…, . , %“3?е“2"л 2ь д,=г…%“2,*3 
д,…=м,че“*,. “,“2ем. 

p=K%2= "/C%л…е…= C!, C%дде!›*е г!=…2= 
j3!“*cŠr 1.77.09o/12.

a,Kл,%г!=-,че“*,е ““/л*,

1. o,“=!е…*% c.q., l=2"ее" b.b., “*%"ле" `.o. 
lе2%д/ %C!еделе…,  .=!=*2е!,“2,* демC-,!%"=-
…,  *%леK=…,L 3C!3г,. “,“2ем. j,е": m=3*%"= д3м*=, 
1976. 86 “.

2. `. “. 1467455, ljh G 01 N 19/02. qC%“%K %C!е-
деле…,  “,л/ “3.%г% 2!е…,  , *%.--,ц,е…2= " ƒ*%г% 
2!е…,  " *%леK=2ель…%L “,“2еме / a.b. k3ш…,*%", 
q.k. 0/-=…“*,L, l.`. l=г%…е. p,›“*,L C%л,2е.…. 
,…-2; 14232321/25-28; ƒ= "л. 20.04.87; %C3Kл. 23.03.89. 
aюл. 1 8.

3. d%K!/…,… q.`., tельдм=… l.q., t,!“%" c.h. 
lе2%д/ ="2%м=2,ƒ,!%"=……%г% ,““лед%"=…,  ",K!=ц,, 
м=ш,…. l.: l=ш,…%“2!%е…,е,1987. 224 “.
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УДК 004.421
o.b. mе“2е!%", a.d. x=ш*%", *=…д. 2е.…. …=3*, C!%-.

(oе…ƒе…“*,L г%“3д=!“2"е……/L 3…,"е!“,2е2)

parallaXis2004@yandex.ru

`kcnphŠl{ h opncp`llm{e qpedqŠb` nap`anŠjh, up`memh“ h 
opedqŠ`bkemh“ d`mm{u lnmhŠnphmc` qŠpnhŠek|mncn nazejŠ` 

p=““м%2!е…/ C!,‘м/ “%*!=?е…,  !=ƒме!…%“2еL м…%г%ме!…%г% C!%“2!=…“2"=, .=!=*2е-
!,ƒ3ю?ег% “%“2% …,е %KAе*2=, *%мC=*2…%г% C!ед“2="ле…,  %K!=ƒ= %KAе*2= " ",де …=K%!= 
д=2,!%"=……/. &“…,м*%"[, = 2=*›е C!,‘м/ %2K%!= , %K…%"ле…,  “…,м*%", *%2%!/е %Kе“Cе-
ч,"=ю2 *%мC=*2…%е , д%“2=2%ч…% де2=ль…%е %C,“=…,е %KAе*2= " ,“2%!,че“*%м Cл=…е.

jлюче"/е “л%"=: м%…,2%!,…г “%“2% …,  “2!%,2ель…%г% %KAе*2=, д=2ч,*,, =лг%!,2м/, *л=“2е-
!,ƒ=ц, .

Methods for dimensions shortening of the multidimensional space that defines object state, methods 
for object compact presentation as dated œpicturesB set and methods for pictures selection and 
renovation, which provide compact and sufficiently detailed object description in historical plane 
are considered.

Key words: structural health monitoring, sensors, algorithms, clustering.

b"еде…,е. q%"!еме……%е “2!%,2ель“2"% .=!=*2е-
!,ƒ3е2“  "/“%*,м, 2емC=м, C!%,ƒ"%д“2"= !=K%2 
, K%льш,м, %KA‘м=м, "%ƒ"%д,м/. ƒд=…,L , “%-
%!3›е…,L. q2!%,2ель…=  ,…д3“2!,  “2=л= ш,!%-
*% ,“C%льƒ%"=2ь !еше…, , C%л3че……/е “ C%м%-
?ью *%мCью2е!…/. м%делеL, ,ƒ%K,л3ю?,. д%-
C3?е…, м, , 3C!%?е…, м,. ̀ *2,"…% "…ед! ю2“  
,……%"=ц,%……/е 2е.…%л%г,,, …е“2=…д=!2…/е *%…-
“2!3*ц,,, …%"/е %Kлегч‘……/е м=2е!,=л/. nд…=*% 
C!,…,м=ем/е " !=“ч‘2=. д%C3?е…,  ƒ=ч=“23ю …е 
3ч,2/"=ю2 !=ƒK!%“ .=!=*2е!,“2,* C!,ме… ем/. 
м=2е!,=л%", 2емC%" “2=!е…,  *%мC%…е…2%", = 2=*-
›е "%ƒм%›…/е ,ƒме…е…,  ге%л%г,че“*%г% C!%-
“2!=…“2"= -3…д=ме…2%" (C%“лед“2",  C="%д*%", 
ƒемле2! “е…,L, 32ече* ,ƒ “,“2ем г%!%д“*%L ,…-
-!=“2!3*23!/). o% %це…*е …е*%2%!/. “Cец,=л,-
“2%" г%д%"%L 3?е!K %2 !=ƒ!3ше…,L “2!%,2ель…/. 
%KAе*2%" %це…,"=е2“  " 60 мл!д д%лл. [1]. 
mе%K.%д,м%“2ь C%“2% ……%г% …=Kлюде…,  ƒ= ƒ…=-
ч,м/м, “2!%,2ель…/м, %KAе*2=м, (м%“2/, "/-
“%2…/е ƒд=…, , “C%!2,"…/е “%%!3›е…,  , д!.) 
(2=Kл. 1), “2=…%",2“  =*23=ль…%L [2]. g= !3Kе›%м 
2=*%L м%…,2%!,…г C%л3ч,л …=ƒ"=…,е &m=Kлюде…,е 
ƒ= ƒд%!%"ьем *%…“2!3*ц,L[ (SHM, Structural 
Health Monitoring).

g=д=ч, “,“2ем/ м%…,2%!,…г=. q,“2ем= м%…,2%-
!,…г= (ql) “2!%,2ель…%г% %KAе*2= д%л›…= !е-
ш=2ь “лед3ю?,е ƒ=д=ч,:

%K…=!3›е…,е =…%м=ль…/. ,ƒме…е…,L " %KAе*2е;
л%*=л,ƒ=ц,  C%"!е›де…,L %KAе*2=;

%це…*= 3!%"…  C%"!е›де…,L;
%це…*= C!%д%л›,2ель…%“2, ›,ƒ…, %KAе*2=.
nK…=!3›е…,е =…%м=л,L " %KAе*2е  "л е2“  

…=,K%лее %2"е2“2"е……/м м%ме…2%м [3], 2=* *=* 
,. %KA‘м , д,…=м,*= !=ƒ",2,  %C!едел ю2 ƒ=2!=-
2/ …= !ем%…2 ,л, "%““2=…%"ле…,е *%…“2!3*ц,L. 
e“л, ›е м%…,2%!,…г "/ƒ"=л л%›…3ю 2!е"%г3 (false 
positive), 2% ƒ= .2,м C%“лед3ю2 …е 2%ль*% ƒ=2!=2/, 
…% , д,“*!ед,2=ц,  “,“2ем/ …=Kлюде…,L, “%C!%-
"%›д=ю?= “  “…,›е…,ем Kд,2ель…%“2, , "%ƒ!=“-
2=…,ем "е!% 2…%“2, …е ƒ=ме2,2ь  C%-…=“2% ?ем3 
2!е"%›…/е  "ле…,  (false negative).

p%ль д=2ч,*%" " ql. b 2=*,. “,“2ем=. ,“C%ль-
ƒ3ю2“  !=ƒл,ч…/е ,…“2!3ме…2/ …е!=ƒ!3ш=ю?ег% 
*%…2!%л : д=2ч,*, де-%!м=ц,L, …=*л%…=, ",K!=-
ц,,, д="ле…, ; 3ль2!=ƒ"3*%"/е л%*=2%!/; =…ем%-
ме2!/ , 3“2!%L“2"= гл%K=ль…%г% C%ƒ,ц,%…,!%"=-
…,  (GPS). }23 “л%›…3ю , д%!%г3ю “е2ь " C%-
“лед…ее "!ем  C/2=ю2“  ƒ=ме…,2ь “,“2ем=м, 
",K!=ц,%……%г% *%…2!%л , ,“C%льƒ3ю?ег% гл%-
K=ль…/е .=!=*2е!,“2,*, %KAе*2=: !еƒ%…=…“…/е 
ч=“2%2/, м%д/ *%леK=…,L, 3!%"е…ь демC-,!%"=-
…, . o!, 2=*%м C%д.%де м%›…% “.*%…%м,2ь …= 
д%!%г%“2% ?,. д=2ч,*=. , %KA‘м=. C!%,ƒ"%д,-
м/. "/ч,“ле…,L, %д…=*% …= C!=*2,*е "/ "ле…/ 
“3?е“2"е……/е …ед%“2=2*, 2=*%L &.*%…%м,ч…%L[ 
“е2,. hƒме…е…,  3“л%",L .*“Cл3=2=ц,, (%Cе!=-
2,"…%L …=г!3ƒ*,, 2емCе!=23!/, "е2!%"%L , “…ег%-
"%L …=г!3ƒ%* , 2. C.) "л, ю2 …= ",K!=ц,%……/е 
.=!=*2е!,“2,*, &ƒд%!%"%г%[ %KAе*2=, C!%"%ц,-
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Š = K л  , ц =  1

jлюче"/е г!=›д=…“*,е “2!%,2ель…/е %KAе*2/, C%дле›=?,е …=Kлюде…,ю

q,“2ем/,  C%дле›=?,е …=Kлюде…,ю rг!%›=ю?,е -=*2%!/

o%д"е“…/е м%“2/ oе!ег!3ƒ*=,  *%!!%ƒ, ,  3“2=л%“2ь,  ",K!=ц,  C!, "%ƒдеL“2",, 
"е2!= , д%›д ,  ƒемле2! “е…,е,  …=ме!е……/е C%"!е›де…, ,  
!=ƒ!/" *=KелеL,  …е!="…%ме!…=  ƒ=г!3ƒ*= *=KелеL

b/“%2…/е “2=ль…/е *%…“2!3*ц,,,  *3C%ль…/е 
“2!%е…,  “  K%льш,м, C!%л‘2=м,,  ƒд=…,  =2%м-
…/. .ле*2!%“2=…ц,L

oе!ег!3ƒ*=,  *%!!%ƒ, ,  "е2е!,  д%›дь,  ƒемле2! “е…,е,  …=ме!е…-
…/е C%"!е›де…, 

j%…“2!3*ц,, м%!“*,. Cл=2-%!м j%!!%ƒ, ,  3“2=л%“2ь,  "е2е!,  л‘д,  "%л…/,  2ече…, ,  
…=ме!е……/е C%"!е›де…, 

l…%г%C!%л‘2…/е ›елеƒ%Kе2%……/е м%“2/ p=“2!е“*,"=…,е %2 “д",г=,  Cе!ег!3ƒ*=,  32!=2= C!ед…=C! ›е……%г% 
“%“2% …, ,  *%!!%ƒ, ,  ƒемле2! “е…,е,  …=ме!е……/е C%"!е›де…, 

q,“2ем/ ›,ƒ…е%Kе“Cече…,  “2!%,2ель…/. 
%KAе*2%"

r2еч*,,  *%!!%ƒ, ,  "е2е!,  ƒемле2! “е…,е,  …=ме!е……/е C%"!е-
›де…, 

!3ю2 л%›…/е 2!е"%г,, м=“*,!3ю2 =…%м=ль…/е 
,ƒме…е…,  " “%“2% …,, %KAе*2=. )2%K/ 3че“2ь 
"…еш…,е "%ƒдеL“2", , C!,.%д,2“  “3?е“2"е……% 
!=“ш,! 2ь ql. n 2%м, …=“*%ль*% C%л…%L %…= 
д%л›…= K/2ь, м%›…% “3д,2ь C% “,“2ем=м м%…,2%-
!,…г= *!3C…еLш,. м%“2%" j,2=  [4]. m=C!,ме!, 
м%“2 0ƒ …,…ь (C!%",…ц,  0ƒ …“3) %“…=?е… 1400 
д=2ч,*=м, 10 2,C%" [4].

qлед3е2 2=*›е 3че“2ь, ч2% ,ƒ-ƒ= …е“%"е!ше…“2-
"= д=2ч,*%" "…еш…,е "%ƒдеL“2",  м%г32 "…%“,2ь 
“3?е“2"е……/L "*л=д " C%*=ƒ=…,  д=2ч,*%" , ,“-
*=›=2ь C!ед“2="ле…,е % “%“2% …,, %KAе*2=. m=-
C!,ме!, ,ƒме…е…,  2емCе!=23!/ “3?е“2"е……% 
"л, ю2 …= C%*=ƒ=…,  %C2%"%л%*%……/. д=2ч,*%" 
де-%!м=ц,, FBG (!еше2*= a!.гг=). )2%K/ *%м-
Cе…“,!%"=2ь .2, ,ƒме…е…, , C!,.%д,2“  C=!=л-
лель…% “ FBG 3*л=д/"=2ь %д…%м%д%"/е "%л%*…=, 
!е=л,ƒ3ю?,е %2!=›=2ель a!,ллю.…= (B-OTDR). 
Š=*,е д=2ч,*, " …е…=C! ›‘……%м “%“2% …,, м%-
г32 ,“C%льƒ%"=2ь“  " *=че“2"е д=2ч,*%" 2емCе!=-
23!/. o!,ме! 2=*%г% =г!ег,!%"=…,  д=2ч,*%" 
м%›…% "“2!е2,2ь " C%д"е“*е м%“2= q32%…г (C!%-
",…ц,  0ƒ …“3, j,2=L) [4].

Š!еK%"=…,  * ql. h“C%льƒ%"=…,е " ql м=“-
“,"…%L “е2, !=ƒ…%2,C…/. д=2ч,*%", ƒ=ч=“23ю д=-
л‘*,. %2 “%"е!ше…“2"=, * 2%м3 ›е м=л%д%“23C…/. 
дл  C!%"еде…,  C%"е!%* , !ем%…2=, ƒ=“2="л е2 
“2!%,2ь “л%›…3ю “,“2ем3 “K%!=, %K!=K%2*, , 
=…=л,ƒ= д=……/. (!,“. 1).

n“%Kе……%“2, C!%е*2,!%"=…,  ql. dл  “%*!=-
?е…,  %KA‘м= %K!=K=2/"=ем/. , .!=…,м/. д=…-
…/. " *=че“2"е .=!=*2е!,“2,* “%“2% …,  %KAе*2= 
(features) ,“C%льƒ3ю2 =г!ег,!%"=……/е (&“Cл="ле…-
…/е[, fused) C%*=ƒ=…,  …е“*%ль*,. д=2ч,*%". 
n“…%"=…,ем дл  =г!ег,!%"=…,  м%г32 “л3›,2ь 
-3…*ц,%…=ль…/е “" ƒ,, "/ "ле……/е C!, м%дел,-
!%"=…,, *%…“2!3*ц,L %KAе*2=, *%!!ел ц,%……/е 

“" ƒ,, ƒ=-,*“,!%"=……/е " C!%це““е …=Kлюде…,L 
ƒ= C%"еде…,ем %KAе*2= , д!. 0елью =г!ег,!%"=-
…,   "л е2“  “%*!=?е…,е !=ƒме!…%“2еL " м…%г%-
ме!…%м C!%“2!=…“2"е д=……/. м%…,2%!,…г=. 
hƒ"е“2…/е C!,‘м/ “%*!=?е…,  !=ƒме!…%“2еL # 
PCA (Principal Component Analysis)[5], MDS 
(Multidimensional Scaling) [6], SOM (Self Organizing 
Maps) [7]. nд…=*% -%!м,!3ем/е .2,м, ме2%д=м, 
!еƒ3ль2=2/ Cл%.% ,…2е! C!е2,!3ю2“  , C!=*2,че-
“*, …ед%“23C…/ дл  …=C!="ле……%г% ,…2е!=*2,"-
…%г% "%ƒдеL“2", . g=“л3›,"=е2 "…,м=…,  !=ƒ!=-
K%2=……/L " b3“2е!“*%м C%л,2е.…,че“*%м ,…“2,-
232е (qx`) =лг%!,2м ",ƒ3=ль…%г% ,…2е!=*2,"…%-
г% “%*!=?е…,  !=ƒме!…%“2еL VHDR (Visual 
Hierarchical Dimension Reduction) [8], *%2%!/L 
C%“ле “%%2"е2“2"3ю?еL Cе!е!=K%2*, м%›е2 K/2ь 
,“C%льƒ%"=… " C!%це““е C!%е*2,!%"=…,  ql *=* 
“!ед“2"% ",ƒ3=ль…%L ,…2е!C!е2=ц,, “" ƒеL ме›-
д3 ,“2%ч…,*=м, д=……/.. Š=*%L ,…“2!3ме…2 C%-
ƒ"%л,2 =г!ег,!%"=2ь ,“2%ч…,*, д=……/., ,“C%ль-
ƒ3  ƒ…=…,  %K %“%Kе……%“2 . ql.

hƒ-ƒ= 2е.…,че“*%г% …е“%"е!ше…“2"= д=2ч,*%" " 
,. C%*=ƒ=…, . ,мею2“  ш3м%"/е “%“2="л ю?,е, 
C%.2%м3 C%“23C=ю?,е " “,“2ем3 д=……/е д%л›…/ 
"%“C!,…,м=2ь“  " “2=2,“2,че“*%м Cл=…е. Š=* *=* 
C=!=ме2!/ !=“C!еделе…,L “,г…=л%" ƒ=!=…ее …е 
,ƒ"е“2…/, 2% “лед3е2 “2!ем,2ь“  * ,“C%льƒ%"=…,ю 
3…,"е!“=ль…/. %це…%*, C%л3ч=ем/., …=C!,ме!, " 
",де де*%мC%ƒ,ц,, "еL"ле2%" (wavelets decom-
position) [9, 10] ,л, ,е!=!.,, *л=“2е!%" [11], -%!-
м,!3ем/. " !еƒ3ль2=2е &C!%м/"*,[ д=……/. м%-
…,2%!,…г= %KAе*2=.

h“2%!,  %KAе*2= …3›…= дл  "/ "ле…,  ,ƒме-
…е…,L " ег% “%“2% …,, , %K3че…,  ql. h“2%!,  
%KAе*2= м%›е2 K/2ь C!ед“2="ле…= " ",де д=2,!%-
"=……/. &“…,м*%"[ # ƒ=C,“еL " K=ƒе д=……/., “%-
де!›=?,. “2=2,“2,че“*,е %це…*, 2е*3?ег% “%-
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y(
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:
- fi(t) 
- . i

- i
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-
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 - wavelet 

:
- , ,
- ,
- . (AR, ARMA) 

:
-
-
-
-  ( )

:
-
-
-
-

:
-
-
-

 (
)

 «
»

(
) (Baysian inference) 

,
,

(pattern) 

(Data Mining): 
-
(Outlier Detection) 
-
-

 (
,

.)

p,“. 1.  nK!=K%2*= д=……/. " ql

“2% …,  %KAе*2=. q2!3*23!= 2=*%L ƒ=C,“,, …=C!,-
ме!, м%›е2 “%де!›=2ь м,*!%*л=“2е!/, *%2%!/е 
,“C%льƒ3ю2“  " =лг%!,2м=. CluStream , On-
Demand-Stream-classifier -,!м/ IBM (qx`) [12, 
13], е“л, ,. м%д,-,ц,!%"=2ь “ 3ч‘2%м 2!еK%"=-
…,L ,е!=!.,че“*%L *л=“2е!,ƒ=ц,,.

b “%%2"е2“2",, “ ƒ=д=чеL “›=2,  м=““,"= “%-
.!=… ем/. д=……/. “…,м*, м%›…% “%K!=2ь " &C,-
!=м,д3[ (pyramidal time frame), " *%2%!%L C%ƒд…,е 
“…,м*, ч=?е ƒ=“ел ю2 "!еме……3ю %“ь, чем !=…-
…,е. Š=*%L ,“2%!,че“*,L Cл=… ,“C%льƒ3е2“  " =л-
г%!,2м=. &C!%м/"*,[ C%2%*%" д=……/. -,!м/ 
IBM (qx`) [13].

b%ƒм%›…% д=ль…еLшее “%*!=?е…,е *%л,че“2"= 
.!=…,м/. “…,м*%". Š=*, …ецеле“%%K!=ƒ…% .!=-
…,2ь “…,м*,, %2…%“ ?,е“  * Cе!е.%д…/м C!%-
це““=м, “" ƒ=……/м “ K/“2!%L “ме…%L 2емCе!=23-
!/ %*!3›=ю?еL “!ед/. nKAе*2 , д=2ч,*, …е 3“-
Cе"=ю2 ƒ= .%д%м 2емCе!=23!…%г% ц,*л=. b C!%-
“2еLшем “л3ч=е м%›…% %2K,!=2ь “…,м*, C% м,-
…,м3м3 "=!,=ц,, C%*=ƒ=…,L д=2ч,*%" " C%д%K-
!=……%м “*%льƒ ?ем %*…е, %д…=*% "%ƒм%›…= K%лее 
2%…*=  C!%цед3!=, " *%2%!%L =…=л,ƒ,!3е2“  ,ƒ-
ме…ч,"%“2ь м,*!%*л=“2е!%", “%“2="л ю?,. “…,-
м%*. }2% &C!%м/"*=[ …= K%лее "/“%*%м, гл%K=ль-
…%м 3!%"…е (&м=*!%=…=л,ƒ[).
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p=““м%2!,м C%д!%K…ее %“…%"…/е =лг%!,2м/ , 
C%дC!%г!=мм/.

o!%г!=мм= DataViewer-SHM. d,“Cе2че!%м , 
%K%л%ч*%L дл  "“ег% C!%г!=мм…%г% *%мCле*“= 
“л3›,2 C!%г!=мм= DataViewer-SHM, *%2%!=  C%-
ƒ"%л е2:

%2%K!=›=2ь 2=Kл,ч…% , г!=-,че“*, " ƒ=д=……%м 
"!еме……%м ,…2е!"=ле д=……/е, ƒ=C!%2%*%л,!%-
"=……/е “,“2ем%L GeotekSHM, ч2% 3д%K…% дл  
C!%“м%2!= &“/!/.[ д=……/.;
дел=2ь “2=…д=!2…/е “2=2,“2,че“*,е %це…*, *=* 

" -,*“,!%"=……%м, 2=* , " “*%льƒ ?ем "!еме…-
…%м %*…е “ целью %C!еделе…,  3ч=“2*%" …=,K%ль-
шеL де",=ц,, C%*=ƒ=…,L д=2ч,*%";

C=!=ме2!,ƒ,!%"=2ь , ƒ=C3“*=2ь C!%г!=мм/, 
!е=л,ƒ3ю?,е =лг%!,2м/ Snapshot-SHM, DimRe-
duction-SHM, History-SHM, HistoryRefiner-SHM, 
SnapshotNovelty-SHM;

%2%K!=›=2ь ,е!=!.,че“*,е “2!3*23!/, C%л3че…-
…/е " !еƒ3ль2=2е &C!%м/"*,[ д=……/. =лг%!,2м%м 
DataClustering-SHM, " ",де *!3г%"/. д,=г!=мм, 
*%2%!/е …=гл д…% ,…2е!C!е2,!3ю2 ,е!=!.,ю, 
.--е*2,"…% ,“C%льƒ3ю2 г!=-,че“*%е C!%“2!=…-
“2"%, C%ƒ"%л ю2 м=“ш2=K,!%"=2ь, &!=“*!/"=2ь[ 
,…2е!е“3ю?,е “е*2%!/ (ClusterRing-SHM).

`лг%!,2м Snapshot-SHM. b *=че“2"е .=!=*2е-
!,“2,*, 2е*3?ег% “%“2% …,  %KAе*2= # &“…,м*=[ 
,“C%льƒ3е2“  “2=2,“2,че“*=  %це…*= " ",де ,е-
!=!.,, *л=“2е!%", C%л3че……/. " !еƒ3ль2=2е &C!%-
м/"*,[ д=……/., C%“23C=ю?,. “ %KAе*2= , ƒ=C!%-
2%*%л,!%"=……/. C!%г!=мм%L GeotekSHM. j!%ме 
2%г%, "е*2%! 2е*3?ег% “%“2% …,  %KAе*2= д%C%л-
… е2“  д=2%L , C=!=ме2!=м, "…еш…ег% "%ƒдеL“2-
",  (…= д=……%м .2=Cе ,““лед%"=…,L # .2% 2емCе-
!=23!= %*!3›=ю?еL “!ед/).

e“л, %2 “…,м*= * “…,м*3 C!%,“.%д 2 ,ƒме…е-
…,  " ,е!=!.,, *л=“2е!%" (C% "ле…,е &%2шель…,-
*%"[ # outliers, ƒ=!%›де…,е …%"/. *л=“2е!%"), 2% 
.2%  "л е2“  C!,ƒ…=*%м ,ƒме…е…,L " “%“2% …,, 
%KAе*2=.

p,“. 2. d=2ч,*, де-%!м=ц,, " “,“2еме м%…,2%!,…г= “C%!2*%мCле*“= &a3!2=“/[ (г. oе…ƒ=)

o!, !=ƒ!=K%2*е =лг%!,2м= Snapshot-SHM " *=-
че“2"е C!%2%2,C= K/л ,“C%льƒ%"=… =лг%!,2м 
OnlineDataClustering b3“2е!“*%г% C%л,2е.…,че-
“*%г% ,…“2,232= (qx`) [14]. `лг%!,2м K/л Cе!е-
!=K%2=… дл  !еше…,  ƒ=д=ч ql, *%гд= д=……/е 
C%“23C=ю2 …еC!е!/"…/м C%2%*%м. b 2=*,. 3“л%-
", . &*л=“2е!…/L .леме…2[ (Cluster Node) д%л›е… 
%Kе“Cеч,"=2ь *=* "%“.%д ?ее, 2=* …,“.%д ?ее 
д",›е…,е C% де!е"3 ,е!=!.,, (!,“. 3).

o“е"д%*%д =лг%!,2м= Snapshot-SHM "/гл д,2 
“лед3ю?,м %K!=ƒ%м. 

b.%д…/е д=……/е:
д=……/е C%*=ƒ=…,L д=2ч,*%" “%“2% …,  *%…“2-

!3*ц,,;
д=……/е C%*=ƒ=…,L д=2ч,*%" 2емCе!=23!/.
b/.%д…/е д=……/е – “…,м*, C%*=ƒ=…,L д=2ч,*%".
`лг%!,2м:
1. g=C3“2,2ь C!%це““ “K%!= д=……/..
2. n›,д=2ь …=*%Cле…,  *%л,че“2"= д=……/., 

д%“2=2%ч…%г% дл  -%!м,!%"=…,  “…,м*=.
3. e“л, д=……/. д%“2=2%ч…%, 2%
3.1. nK!=K%2=2ь д=……/е =лг%!,2м%м Data-

Clustering-SHM (100 ,2е!=ц,L).
3.2. q-%!м,!%"=2ь &“…,м%*[, “%де!›=?,L ,е-

!=!.,ю *л=“2е!%", C%*=ƒ=…,  д=2ч,*%" 2емCе!=-
23!/ …= 2%2 м%ме…2, , %2ме2*3 "!еме…,.

3.3. q%.!=…,2ь “…,м%* " K=ƒе д=……/..
4. oе!е.%д …= ш=г 3.
pеƒ3ль2=2/ &C!%м/"*,[ м%г32 %2%K!=›=2ь“  " 

",де *!3г%"%L д,=г!=мм/, -%!м,!3ем%L =лг%-
!,2м%м ClusterRing-SHM.

`лг%!,2м DimReduction-SHM. b “,“2ем=. м%-
…,2%!,…г= C!,ме… е2“  K%льш%е *%л,че“2"% д=2-
ч,*%" (д% …е“*%ль*,. “%2е…). nKA‘м “%K,!=ем/. 
д=……/. ƒ=",“,2 2=*›е %2 ч=“2%2/ %C!%“= д=2ч,-
*%" , м%›е2 K/2ь "е“ьм= "ел,*, ч2%, " “"%ю %че-
!едь, ƒ=2!3д… е2 ,…2е!C!е2=ц,ю 2=*,. д=……/.. 
Šем …е ме…ее, м…%г,е д=2ч,*, (…=C!,ме!, 3“2=-
…%"ле……/е …ед=ле*% д!3г %2 д!3г=) ,мею2 “.%›,е 
"% "!еме…, C%*=ƒ=…, . 0еле“%%K!=ƒ…% %KAед,-
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ID –  ( )

Radius – 

Data_Min1 – 
 1 

Data_Max1 –
 1 

… … 

Data_MinN – 
 N 

Data_MaxN – 
 N 

Data1 –  0 

…

DataN –  N 

Entries – 

Parent – 

Child1 – 

... 

Child  – ,
E = Entries

p,“. 3. q2!3*23!= *л=“2е!…%г% .леме…2=

…,2ь C%*=ƒ=…,  .2,. д=2ч,*%" , ƒ=C,“/"=2ь " 
K=ƒ3 д=……/. ,. 3“!ед…‘……%е ƒ…=че…,е. dл  !еше-
…,  .2%L ƒ=д=ч, K/л, “%ƒд=…/ C!%г!=мм…/е 
“!ед“2"= DimReduction-SHM.

b *=че“2"е ,“.%д…/. д=……/. "/K,!=ю2 C%*=ƒ=-
…,  д=2ч,*%" ƒ= %C!еделе……/L м%ме…2 "!еме…, 
(…=C!,ме!, ƒ= …еделю). }2, д=……/е C%д"е!г=ю2 
C!ед"=!,2ель…%L %K!=K%2*е C% =лг%!,2м3 Data-
Clustering-SHM. hƒ C%л3че……%L “2!3*23!/ "/K,-
!=ю2 *л=“2е!/ …еK%льш%г% !=ƒме!=, …= %“…%"е 
*%2%!/. , “2!% 2 ,е!=!.,ю !=ƒме!…%“2еL (,е!=!-
.,  д=2ч,*%"). }2= ,е!=!.,  "/"%д,2“  …= .*!=… 
" ",де *!3г%"%L д,=г!=мм/ ClusterRing-SHM, …= 
*%2%!%L ",д…%, *=*,е д=2ч,*,  "л ю2“  “.%›,м, 
, C%дле›=2 %KAед,…е…,ю. Š=*›е м%›…% "/K!=2ь 
“C%“%K %KAед,…е…,  (3“!ед…е…,е C%*=ƒ=…,L л,K% 
,“C%льƒ%"=…,е C%*=ƒ=…,L %д…%г% ,ƒ %KAед,… е-
м/. д=2ч,*%"). rC!%?‘……/L "=!,=…2 =лг%!,2м= 
м%›…% C!ед“2=",2ь “лед3ю?,м %K!=ƒ%м.

b.%д…/е д=……/е $ Recordset # “C,“%* ƒ=C,“еL 
C%*=ƒ=…,L д=2ч,*%".

b/.%д…/е д=……/е:
Dimqlusterset # “C,“%* *л=“2е!…/. .леме…2%" 

!=ƒме!…%“2еL, "/“2!%е……/. C% ,е!=!.,,.
RepresentativeDimList # “C,“%* &C!ед“2=",2ель-

“*,.[ !=ƒме!…%“2еL, “%де!›=?,L 2=*›е ,…-%!-
м=ц,ю % “C%“%Kе %KAед,…е…,  !=ƒме!…%“2еL.

`лг%!,2м:
1. nK!=K%2=2ь Recordset C% =лг%!,2м3 ,е!=!.,-

че“*%L *л=“2е!,ƒ=ц,,, C!,“"%," *=›д%м3 д=2ч,-
*3 %2дель…3ю !=ƒме!…%“2ь. pеƒ3ль2=2%м  "л е2“  
,е!=!.,  Clusterset.

2. t%!м,!%"=…,е …= %“…%"е Clusterset …=ч=ль-
…%г% “C,“*= *л=“2е!…/. .леме…2%" !=ƒме!…%“2еL 
DimPointset, …е "/“2!%е……/. C% ,е!=!.,,. 
j%л,че“2"% *л=“2е!…/. .леме…2%" !="…% *%л,че-
“2"3 !=ƒме!…%“2еL.

3. nK!=K%2=2ь DimPointset C% =лг%!,2м3 *л=“2е-
!,ƒ=ц,,, =…=л%г,ч…%м3 =лг%!,2м3 DataClustering-
SHM, C!, .2%м ,“C%льƒ3е2“  C%!%г “.%›е“2, 
!=ƒме!…%“2еL Threshold = N*0.7, где N # *%л,че“2"%  
ƒ=C,“еL Recordset.

4. q-%!м,!%"=2ь C% !еƒ3ль2=2=м !=K%2/ =лг%-
!,2м= *л=“2е!,ƒ=ц,, “C,“%* DimClusterset.

5. m= %“…%"=…,, "/K!=……/. C%льƒ%"=2елем 
*л=“2е!%" “-%!м,!%"=2ь “C,“%* &C!ед“2=",2ель-
“*,. !=ƒме!…%“2еL[ RepresentativeDimList , ƒ=-
-,*“,!%"=2ь “C%“%K/ %KAед,…е…,  !=ƒме!…%-
“2еL.

o!,ме! ,“C%льƒ%"=…,  C!,"ед‘……%г% =лг%!,2-
м= C%*=ƒ=… …= !,“. 4.

`лг%!,2м History-SHM. b “%%2"е2“2",, “ ƒ=д=-
чеL “›=2,  м=““,"= “%.!=… ем/. д=……/. м%ме…-
2/ -,*“=ц,, “…,м*%" д%л›…/ %K!=ƒ%"=2ь “2!3*-
23!3, " *%2%!%L C%ƒд…,е “…,м*, Cл%2…ее C%*!/-
"=ю2 "!еме……3ю %“ь, чем !=……,е. b .2%м “л3ч=е 
м%›…% "%“C%льƒ%"=2ь“  л%г=!,-м,че“*%L ш*=-
л%L. m=C!,ме!, "!еме……/е ,…2е!"=л/ ме›д3 
“…,м*=м, м%г32 ,ƒме… 2ь“  C% ƒ=*%…3:

Δt = αi,

где α # …е*%2%!%е цел%е ч,“л%, α ≥ 1, …=C!,ме! α = 2; 
i # C%! д%* ,…2е!"=л= ме›д3 *=д!=м,.
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e“л, ,…2е!"=л "!еме…, T %2 …=ч=л= C!%це““= 
&C!%м/"*,[ д% 2е*3?ег% м%ме…2= tc "/!=›е… " 
,…2е!"=л=. 2=*2%"%г% “,г…=л=, 2% %… K3де2 …=“е-
л‘… “…,м*=м, C%! д*%" %2 0 д% logα(T).

dл  3“2!=…е…,  ,ƒK/2%ч…%“2, м%›…% ""е“2, 
C!=",л% # “%.!=… 2ь 2%ль*% (αm+1) C%“лед…,. 
“…,м*%" *=›д%г% C%! д*=. b 2=*%м “л3ч=е %K?ее 
*%л,че“2"% “%.!=…‘……/. “…,м*%" “%“2=",2 …е K%-
лее (αm+1)logα(T). dл  целеL =…=л,ƒ= "=›…% ƒ…=2ь, 
“ *=*%L 2%ч…%“2ью м%›…% C% “…,м*=м =CC!%*“,-
м,!%"=2ь “%“2% …,е %KAе*2= " ,…2е!е“3ю?,L м%-
ме…2 "!еме…,. m=,K%лее !=ƒ!е›‘……/м,  "л ю2“  
,…2е!"=л/ " …=ч=ле C!%це““=. nш,K*= =CC!%*“,-
м=ц,, ƒде“ь K3де2 …=,K%льшеL. nце…*, м%›…% 
C%л3ч,2ь ,ƒ “лед3ю?,. !=““3›де…,L:

“!ед, “%.!=…е……/. “…,м*%" …=Lд32“  “…,м*, 
C%! д*= ri, *%2%!/е 3д%"ле2"%! ю2 “%%2…%ше…,ю

int(logαT  )  #  m  =  r i,

где int(logαT ) # Kл,›=Lшее K%льшее цел%е.

p,“. 4. h“C%льƒ%"=…,е =лг%!,2м= DimReduction-SHM дл  3“2!=…е…,  ,ƒK/2%ч…%“2,

b“е "/ше“*=ƒ=……%е %ƒ…=ч=е2, ч2% ,…2е!"=л T 
!=ƒK,2 …= αm ,…2е!"=л%" !=ƒме!%м …е K%лее αri 
2=*2%"/. ,…2е!"=л%", , м=*“,м=ль…=  C%г!еш-
…%“2ь C!, =CC!%*“,м=ц,, K3де2 …е K%лее

δ = 0,5(αri /T ).

m= !,“. 5 C!,"еде…/ C!,ме!/ C,!=м,д.
e“л, "/K!=2ь m = 10, α = 2, 2% м%›…% “ C%-

г!еш…%“2ью 0,1 % =CC!%*“,м,!%"=2ь “%“2% …,е 
%KAе*2= …= ,…2е!"=л=. " де“ 2*, ле2. m=C!,ме!, 
дл  ,…2е!"=л= 100 ле2 C!, 2=*2%"%L ч=“2%2е 1 cц 
(ч=“2%2е %C!%“= д=2ч,*%") …3›…% .!=…,2ь 
(210+1)log2 (100 · 365 · 24 · 60 · 60) = 32 343 *=д!%".

l%›…% ƒ=ме2,2ь, ч2% C,!=м,д/ (“м. !,“. 5) “%-
де!›=2 C%"2%! ю?,е“  “…,м*,:

*=д!/ …3ле"%г% C%! д*=, "!еме……/е %2ме2*, 
*%2%!/. *!=2…/ 2;

*=д!/ Cе!"%г% C%! д*=, "!еме……/е %2ме2*, 
*%2%!/. *!=2…/  4;
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*=д!/ "2%!%г% C%! д*=, "!еме……/е %2ме2*, 
*%2%!/. *!=2…/ 8;

… 
*=д!/ C%! д*= l, "!еме……/е %2ме2*, *%2%!/. 

*!=2…/ 2l+1 (“м.!,“. 6).
q%*!=?е……/е C,!=м,д/ …= !,“. 6 %K3“л%"л,-

"=ю2 ,…%L C%д.%д * -%!м,!%"=…,ю ,“2%!,, %KA-
е*2=:

C!,мем, ч2% *=›д/L “…,м%* 3д=л‘… C% "!еме-
…, %2 …=ч=л= C!%це““= &C!%м/"*,[ …= T 2=*2%"/. 
,…2е!"=л%" , д=2,!3е2“  "ел,ч,…%L T;
е“л, (T mod 2i) = 0, …% (T mod 2i+1) ≠ 0, 2% “…,-

м%* C%ме?=е2“  " “2!%*3 i “2!3*23!/ ,“2%!,, 
%KAе*2=;

r m=2
0 127 126 125 124 123 
1 126 124 122 120 118 
2 124 120 16 112 108 
3 120 112 104 96 88 
4 112 96 80 64 48 
5 96 64 32 
6   64   

r         m=4         
0 127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112 111
1 126 124 122 120 118 116 114 112 110 108 106 104 102 100 98 96 94
2 124 120 16 112 108 104 100 96 92 88 84 80 76 72 68 64 60
3 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 
4      112 96 80 64 48 32 16      
5        96 64 32        
6         64         

 =0,5(32/127) 
 = 0,5(8/127) 

p,“. 5. o!,ме!/ .!=…е…,  ,“2%!,, %KAе*2= " ",де &C,!=м,д[ “…,м*%"

r m=2   
0 127 126 125 124 123 
1 126 124 122 120 118 
2 124 120 16 112 108 
3 120 112 104 96 88 
 112 96 80 64 48 
5 96 64 32 
6   64   

r         m=4         
0 127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112 111 
1 126 124 122 120 118 116 114 112 110 108 106 104 102 100 98 96 94 
2 124 120 116 112 108 104 100 96 92 88 84 80 76 72 68 64 60 
3 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 
4      112 96 80 64 48 32 16      
5        96 64 32        
6         64         

p,“. 6. r“2!=…е…,е ,ƒK/2%ч…%“2, " C,!=м,д=ль…%L “2!3*23!е .!=…е…,  “…,м*%"

*=›д=  “2!%*= “2!3*23!/ д%л›…= “%де!›=2ь …е 
K%лее (2m + 1) “…,м*%". e“л, “2!%*= Cе!еC%л… -
е2“ , 2% ,ƒ …е‘ 3д=л ю2“  !=……,е “…,м*,.

Š=*,м %K!=ƒ%м, -%!м,!3е2“  “2!3*23!= ,“2%-
!,, %KAе*2=, C%л3ч,"ш=  …=ƒ"=…,е &ге%ме2!,че-
“*= [. m= !,“. 7 C!,"еде…/ C!,ме!/ ге%ме2!,че-
“*,. “2!3*23!.

l=*“,м=ль…=  %ш,K*= =CC!%*“,м=ц,,, *%2%-
!=  %2…%“,2“  * …=ч=л3 C!%це““=, м%›е2 K/2ь C%-
л3че…= ,ƒ !=““3›де…,L, =…=л%г,ч…/. дл  C,!=-
м,д=ль…/. “2!3*23!:

“!ед, “%.!=…‘……/. …=Lд32“  “…,м*, C%! д*= 
ri, *%2%!/е 3д%"ле2"%! ю2 “%%2…%ше…,ю



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 522

int(logαT) # (m + 1) = ri, 

где int(logαT) # Kл,›=Lшее K%льшее цел%е;

.2% %ƒ…=ч=е2, ч2% ,…2е!"=л T !=ƒK,2 …= αm ,…2е!-
"=л%" !=ƒме!%м …е K%лее αri 2=* 2%"/. ,…2е!"=л%" 
, м=*“,м=ль…=  C%г!еш…%“2ь C!, =CC!%*“,м=-
ц,, K3де2 …е K%лее δ = 0,5(αri

 / T ).
o!,ме!/ …= !,“. 7 “",де2ель“2"3ю2 % 2%м, ч2% 

C!, %д,…=*%"/. C=!=ме2!=. ге%ме2!,че“*=  
“2!3*23!= 3д"=,"=е2 де2=ль…%“2ь C!ед“2="ле…,  
д=……/..

`лг%!,2м HistoryRefiner-SHM. dл  д=ль…еLше-
г% “%*!=?е…,  *%л,че“2"= .!=…,м/. “…,м*%" 
,“C%льƒ3е2“  C!%цед3!=, %“…%"=……=  …= =…=л,ƒе 
,ƒме…ч,"%“2, ,е!=!.,, *л=“2е!%", “%“2="л ю?,. 
“…,м%*.

m= !,“. 8 C%*=ƒ=…/ !еƒ3ль2=2/ %K!=K%2*, д=…-
…/., C%л3че……/. “ че2/!‘. д=2ч,*%" де-%!м=ц,, 
=!*, 1 2 д"%!ц= “C%!2= &a3!2=“/[ " г. oе…ƒ= 
" Cе!,%д “ 12.00 23.03.2009 C% 9.00 26.03.2009. 
hƒме…е…,  " C%*=ƒ=…, . д=2ч,*%" C!%,“.%д 2 …= 

r m=2   
0 127 125 123 121 119 
1 126 122 118 114 110 
2 124 116 108 100 92 
3 120 104 88 72 56 
4 112 80 48 16  
5 96 64 32   
6 64     

 = 0,5(16/127

p,“. 7. cе%ме2!,че“*,е “2!3*23!/ .!=…е…,  “…,м*%"

-%…е 2емCе!=23!…/. ц,*л%", ƒ=-,*“,!%"=……/. 
д=2ч,*%м 2емCе!=23!/. m= г!=-,*е “2=…д=!2…/. 
%2*л%…е…,L , “…,м*=. ,ƒ ,“2%!,, %KAе*2= ,ме-
ю2“  3ч=“2*, “ !=ƒл,ч…/м, г!=д,е…2=м, 2емCе-
!=23!/. b,д…= ,…е!ц,%……%“2ь %KAе*2=. q2=…д=!2-
…/е %2*л%…е…,  дл  че2/!‘. д=2ч,*%" C!ед“2="-
ле…/ %K%K?‘……%. q…,м*, ,“2%!,, %KAе*2= C!ед-
“2="ле…/ *!3г%"/м, д,=г!=мм=м,, %2!=›=ю?,-
м, ,е!=!.,, *л=“2е!%". hƒме…е…,  " C%"еде…,, 
%KAе*2= -,*“,!3ю2“  " ,ƒме…е…, . ,е!=!.,че-
“*%L “2!3*23!/ *л=“2е!%" C% "ле…,ем Cе!,-е-
!,L…/. 3!%"…еL, !=“?еCле…,ем *л=“2е!%", "%ƒ-
…,*…%"е…,ем "/K!%“%" (outliers # &%2шель…,-
*%"[).

dл  %K3че…,  “,“2ем/ " ,“2%!,, %KAе*2= д%л›-
…/ K/2ь “%.!=…е…/ 2%ль*% 2е “…,м*,, *%2%!/е 
“%%2"е2“2"3ю2 ,…2е!"=л=м 3“2=…%","шеL“  2ем-
Cе!=23!/.

g=*люче…,е. m= %“…%"=…,, ,ƒ3че……/. ме2%д%" 
%K!=K%2*, д=……/. м%…,2%!,…г= “2!%,2ель…/. 
%KAе*2%" C!едл%›е…% -%!м,!%"=2ь м%дель &…%!-

r         m=4         
0 127 125 123 121 119 117 115 113 111 109 107 105 103 101 99 97 95 
1 126 122 118 114 110 106 102 98 94 90 86 82 78 74 70 68 62 
2 124 116 108 100 92 84 76 68 60 52 44 36 28 20 12 4 
3 120 104 88 72 56 40 24 8          
4 112 80 48 16              
5 96 64 32               
6 64                 

 = 0,5(4/127) 

  δ = 0,5(16/127)
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p,“. 8. p=ƒме?е…,е д=2ч,*%" …= =!*е 12 д"%!ц= “C%!2= &a3!2=“/[ " г. oе…ƒ= (=) 
, -%!м,!%"=…,е &“…,м*%"[ “%“2% …,  =!*, (K):

1 # C%*=ƒ=…,  д=2ч,*= 2емCе!=23!/; 2 # C%*=ƒ=…,  д=2ч,*= де-%!м=ц,, D1; 3 # C%*=ƒ=…,  д=2ч,*= де-%!м=ц,, D3; 
4 # C%*=ƒ=…,  д=2ч,*=  де-%!м=ц,, D2; 5 # C%*=ƒ=…,  д=2ч,*= де-%!м=ц,, D4; 6 # %K%K?‘……%е “2=…д=!2…%е 
%2*л%…е…,е д=2ч,*%"; 7 # ,е!=!.,  м,*!%*л=“2е!%" &“…,м*=[, “дел=……%г% д% 3ч=“2*= “3?е“2"е……%г% ,ƒме…е…,  
C%*=ƒ=…,L д=2ч,*%"; 8 # ,е!=!.,  м,*!%*л=“2е!%" &“…,м*=[, “дел=……%г% "% "!ем  “3?е“2"е……%г% ,ƒме…е…,  

C%*=ƒ=…,L д=2ч,*%"; 9 # ,е!=!.,  м,*!%*л=“2е!%" &“…,м*=[, “дел=……%г% C%“ле “3?е“2"е……%г% ,ƒме…е…,  
C%*=ƒ=…,L д=2ч,*%"

)

)

1

2
3

4

5

6

  7   8              9
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м=ль…%г%[ C%"еде…,  %KAе*2= …= -%…е 2емCе!=-
23!…/. ц,*л%" “ ,“C%льƒ%"=…,ем =лг%!,2м%" ,е-
!=!.,че“*%L *л=“2е!,ƒ=ц,,. q%ƒд=……=  ,““лед%-
"=2ель“*=  C!%г!=мм…=  Cл=2-%!м=  "л е2“  ,…-
“2!3ме…2%м %C2,м,ƒ=ц,, , &%K*=2*,[ =лг%!,2м%" 
%K!=K%2*, д=……/. м%…,2%!,…г= “2!%,2ель…%г% 
%KAе*2=.
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УДК 536.21
h.t. dь *%", д-! 2е.…. …=3*, C!%-. 

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

i.dyakov@ulstu.ru

ophlememhe leŠnd` jnme)m{u }kelemŠnb dk“ nopedekemh“ 
Šeloep`Šrpm{u m`op“femhi b Šnplngmnl a`p`a`me 

o!,"еде…/ !еƒ3ль2=2/ ,““лед%"=…,  …=C! ›е…,L " 2%!м%ƒ…%м K=!=K=…е C%д деL“2",ем 
“,л%"/. , 2емCе!=23!…/. …=г!3ƒ%* …= %“…%"е ,“C%льƒ%"=…,  ме2%д= *%…еч…/. .леме…2%". 
o!едл%›е…= ег% -%!м3л,!%"*= *=* %K%K?е…,е  ме2%д= a3K…%"=−c=л‘!*,…= дл  !еше…,  
…ел,…еL…/. *!=е"/. ƒ=д=ч 2еCл%C!%"%д…%“2,, ƒ=",“ ?ег% %2 "!еме…, , 2емCе!=23!/ ,“-
“лед3ем%г% %KAе*2=.

jлюче"/е “л%"=: ме2%д *%…еч…/. .леме…2%", 2еCл%C!%"%д…%“2ь, 2%!м%ƒ…%L K=!=K=…, 2%!м%-
›е…,е.

There are given the results of investigation of stresses in a break drum under the action of power 
and temperature loads on the basis of using finite elements method. Its statement as generalization 
of the Bubnov−Galerkin method for solution of nonlinear boundary-value problems of heat 
conduction, which depend on the time and temperature of the investigated object, is offered.

Key words: finite elements method, heat conduction, break drum, braking.

b"еде…,е. a=!=K=…/ *%л‘“…/. 2%!м%ƒ%" (="2%м%-
K,леL, “=м%л‘2%", ›елеƒ…%д%!%›…/. “%“2="%", ƒем-
ле!%L…%-2!=…“C%!2…/. м=ш,…) C%д"е!г=ю2“  2ем-
Cе!=23!…/м , ме.=…,че“*,м …=г!3ƒ*=м “% “2%!%…/ 
2%!м%ƒ…/. *%л%д%*, Kеƒ 3ч‘2= *%2%!/. …е"%ƒм%›…% 
C!=",ль…% C%д%K!=2ь м=2е!,=л , ге%ме2!,че“*,е 
.=!=*2е!,“2,*, дл  2%!м%ƒ…%L C=!/. b% "!ем  2%!-
м%›е…,  *,…е2,че“*=  .…е!г,  д",›3?,.“  , "!=-
?=ю?,.“  м=““ " 2%!м%ƒ=. C!е"!=?=е2“  " 2еCл%-
"3ю, !=“.%д3ем3ю " %“…%"…%м …= …=г!е" 2%!м%ƒ…/. 
K=!=K=…%", д,“*%" ,л, *%л‘“. o!, .2%м ц,л,…д!,-
че“*=  ч=“2ь 2%!м%ƒ…%г% K=!=K=…= " %2дель…/е Cе-
!,%д/ м%›е2 …=г!е"=2ь“  !="…%ме!…% C% "“еL дл,-
…е , …е!="…%ме!…% C% 2%л?,…е. m=,K%льш,е 2ем-
Cе!=23!…/е …=C! ›е…,  "%ƒ…,*=ю2, *%гд= !="…%-
ме!…% …=г!е2 "е“ь 2%!м%ƒ…%L K=!=K=… ,л, *%гд= 
…=г!е2= 2%ль*% ег% "…32!е……   C%"е!.…%“2ь. o!, 
!="…%ме!…%м …=г!е"=…,, K=!=K=…= C% %KA‘м3 ег% 
…=!3›…/е *!=  .%!%ш% %.л=›д=ю2“  , 2емCе!=23!-
…/е …=C! ›е…,  " …‘м …е "%ƒ…,*=ю2. m% 2=* *=* 
%д,… *!=L K=!=K=…= ƒ=*!еCл‘… “ д,“*%м, 2% “"%K%д-
…%е !=“ш,!е…,е K=!=K=…= …е"%ƒм%›…% , " …‘м "%ƒ-
…,*=ю2 …=C! ›е…,  ,ƒг,K=, !=“2 ›е…,  , м%ме…-
2/ %2 “%%2"е2“2"3ю?,. “,л. 

lе2%д !еше…, . b м=2ем=2,че“*%L м%дел, 3!="-
…е…,  “,л%"/. , 2емCе!=23!…/. …=г!3ƒ%*, деL“2-
"3ю?,. " K=!=K=…е, "ƒ=,м%“" ƒ=…/ , д%л›…/ !е-
ш=2ь“  “%"ме“2…%. nд…=*%, *%гд= “*%!%“2, ,ƒме-
…е…,  2емCе!=23!…/. C%леL, C%леL …=C! ›е…,  , 
де-%!м=ц,L м=л/ C% “!="…е…,ю “% “*%!%“2ью 
!=“C!%“2!=…е…,  ƒ"3*= " м=2е!,=ле, “,“2ем= 3!="-
…е…,L C!е%K!=ƒ3е2“  " %K/ч…%е 3!="…е…,е …е“2=-
ц,%…=!…%L 2еCл%C!%"%д…%“2, , " 3!="…е…, , %C,-
“/"=ю?,е 3C!3г%е ,л, 3C!3г%Cл=“2,че“*%е C%"е-

де…,е K=!=K=…= C!, ƒ=д=……%м 2емCе!=23!…%м 
C%ле. 

o!, C!%е*2,!%"=…,, …%"/. 2%!м%ƒ…/. K=!=K=-
…%" ,л, д,“*%" , C!%"еде…,, C%"е!%ч…/. !=“ч‘-
2%" 2=*,е ƒ=д=ч, %K/ч…% !еш=ю2“  “ C%м%?ью 
ч,“ле……/. ме2%д%", %2л,ч=ю?,.“  д!3г %2 д!3г= 
“C%“%K%м !=“ч‘2= , 2%ч…%“2ью !еше…, . b .2%м 
“л3ч=е "%ƒ…,*=ю2 2!3д…%“2,, *%2%!/е 3“3г3K-
л ю2“  C!, =…=л,ƒе …е,ƒ%2е!м,че“*%г% …=г!3›е-
…, . o%.2%м3 целе“%%K!=ƒ…= !=ƒ!=K%2*= ед,…%г% 
C%д.%д= дл  %C!еделе…,  2емCе!=23!…/. C%леL, 
…=C! ›е…,L , де-%!м=ц,L " .леме…2=. K=!=K=…=. 
dл  .2%L цел, м%г32 ,“C%льƒ%"=2ь“  !=ƒл,ч…/е 
ме2%д/ !=“ч‘2=, = …=,K%лее 3…,"е!“=ль…/м  "-
л е2“  ме2%д *%…еч…/. .леме…2%" (lj}). dл  
,““лед%"=…,  C!%ч…%“2, 2%!м%ƒ…%г% K=!=K=…= д%-
“2=2%ч…% %г!=…,ч,2ь“  !=““м%2!е…,ем …=C! ›‘…-
…%-де-%!м,!%"=……%г% “%“2% …,  ег% …=,K%лее …=-
г!3›е……%L *%льце"%L ч=“2,. Š%гд= C!, !=“ч‘2=. " 
“л3ч=е !е›,м= дл,2ель…%г% 2%!м%›е…,  (2%!м%ƒ-
…%L K=!=K=… !="…%ме!…% …=г!е2 , C%д"е!›е… 2ем-
Cе!=23!…%м3 "%ƒдеL“2",ю) м%›…% ,“C%льƒ%"=2ь 
lj} *=* %K%K?е…,е ме2%д= a3K…%"= − c=л‘!*,…= 
дл  !еше…,  …ел,…еL…/. *!=е"/. ƒ=д=ч 2еCл%-
C!%"%д…%“2,. o!, .2%м 2еCл%-,ƒ,че“*,е “"%L“2-
"= , г!=…,ч…/е 3“л%",  ƒ=",“ 2 %2 "!еме…, , 
2емCе!=23!/.

 o%“2=…%"*= *!=е"%L ƒ=д=ч, 2еCл%C!%"%д…%“2,. 
o3“2ь %KA‘м K=!=K=…= ƒ=C%л… е2 " C!%“2!=…“2"е 
%д…%“" ƒ…3ю ,л, м…%г%“" ƒ…3ю %Kл=“2ь D, %г!=-
…,че……3ю C%"е!.…%“2ью 

=S r
n

r
S

1

1

+

=
∪ , 
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где r # …=ч=ль…=  2%ч*= %2“ч‘2= C%"е!.…%“2,; S 
r # 

"…еш…   C%"е!.…%“2ь …=ч=ль…%г% .леме…2=; S n+1#
"…еш…   C%"е!.…%“2ь .леме…2%" м…%г%“" ƒ…%L %K-
л=“2, K=!=K=…=. 

p=“C!еделе…,е 2емCе!=23!/ T " *%…еч…%м .ле-
ме…2е, C%д"е!›е……%м 2еCл%"%м3 "%ƒдеL“2",ю, ƒ= 
"!ем  t …= дл,…е xi (i = 1, 2,..., n) .леме…2= %C!е-
дел е2“  -3…*ц,еL q(xi, t) , %C,“/"=е2“  " %K?ем 
“л3ч=е …ел,…еL…%L *!=е"%L ƒ=д=чеL. h“C%льƒ3  
2е…ƒ%! 2еCл%C!%"%д…%“2, kji(xi,T), *%2%!/L “%-
гл=“…% ,ƒ"е“2…%м3 C!,…ц,C3 "ƒ=,м…%“2, n…ƒ=ге!= 
“,мме2!,че…, %KA‘м…3ю 2еCл%‘м*%“2ь c (xi,T), 
*%.--,ц,е…2 2еCл%%2д=ч, α (xi,T) , ,…2е…“,"-
…%“2ь ,“2%ч…,*= 2еCл= Q (xi,T), !=“C!еделе…,е 
2емCе!=23!/ " *%…еч…%м .леме…2е ƒ= C!%ме›32%* 
"!еме…, t м%›…% %C,“=2ь " %K?ем ",де …ел,…еL-
…%L *!=е"%L ƒ=д=чеL C=!=K%л,че“*%г% 2,C= 

( )ji i
j h

T Tс k Q x , t
t x x

⎛ ⎞∂ ∂ ∂= +⎜ ⎟∂ ∂ ∂⎝ ⎠  

,  (1)

где “ # 3дель…=  2еCл%‘м*%“2ь м=2е!,=л=; kji # *%.--
-,ц,е…2 2еCл%C!%"%д…%“2, м=2е!,=л= i-г% .леме…2= 
C!, j-м 3“л%",, …=г!3›е…,  (2емCе!=23!…%м , “,л%-
"%м); xh 

# дл,…= .леме…2= C!, 2%л?,…е h .

dл  !еше…,  "/!=›е…,  (1) C!ед“2=",м ,“.%д-
…3ю %Kл=“2ь D 2%!м%ƒ…%г% K=!=K=…= " ",де 3“л%-
",L xi ∈D, Dt 

= {0 ≤ t ≤ τ} “ ƒ=",“ ?,м, %2 "!еме-
…, г!=…,ч…/м, 3“л%", м,

( ) ( )2 1, 0ji i i
j

Tk n q х t T T
x

∂ + + α − =
∂  

     (2)

, …=ч=ль…/м 3“л%",ем 

T(xl, t) = T(xl)  " %Kл=“2, D C!, t = 0,

где ni 
# ч,“л% 3ƒл%" i-г% .леме…2=; q(xi, t) # 

,…2е…-
“,"…%“2ь 2еCл%"%г% "%ƒдеL“2",  C% дл,…е .леме…2= 
ƒ= "!ем  t; α(T2#T1) # *%.--,ц,е…2 2еCл%%2д=ч, " 
Cе!,%д 2%!м%›е…,  %2 "…32!е……еL C%"е!.…%“2, K=-
!=K=…= * …=!3›…еL; T (xi,t) – %це…*= 2емCе!=23!…%L 
C%г!еш…%“2, д,“*!е2,ƒ=ц,, "% "!еме…, C% дл,…е 
i-г% .леме…2=; T (xl) –  !=“C!еделе…,е 2емCе!=23!/ 
C% дл,…е xi .леме…2=. 

hƒ "/!=›е…,  (1), *=* ч=“2…/L “л3ч=L, "/2е-
*=е2 3!="…е…,е o3=““%…= дл  “2=ц,%…=!…%L 2еC-
л%C!%"%д…%“2,:

jh
j h

Tk Q
x x

⎛ ⎞∂ ∂− =⎜ ⎟∂ ∂⎝ ⎠

 
 

" %Kл=“2, D,  (3)

где xh # дл,…= .леме…2= 2%л?,…%L h; xj # дл,…= .ле-
ме…2= 2%л?,…%L h C!, j-м …=г!3›е…,,; kjh # *%.--
-,ц,е…2 2еCл%C!%"%д…%“2, м=2е!,=л= C% 2%л?,…е 
.леме…2= C!, j-м …=г!3›е…,,.

 hƒ г!=…,ч…%г% 3“л%",  (2) C!, “%%2"е2“2"3ю-
?ем "/K%!е "ел,ч,… q , α "/2е*=е2 3“л%",е 
d,!,.ле ,л, 3“л%",е j%ш,. o!, ƒ…=ч,2ель…%м 
2еCл%"%м "%ƒдеL“2",, 2еCл%-,ƒ,че“*,е “"%L“2"= 
м=2е!,=л= ƒ=",“ 2 %2 2емCе!=23!/, , 3!="…е…,  
(1) , (3) “2=…%" 2“  …ел,…еL…/м,. dл  !еше…,  
“%%2"е2“2"3ю?,. *!=е"/. ƒ=д=ч C!, %K?,. C!ед-
C%л%›е…, . %2…%“,2ель…% -%!м/ %Kл=“2, , 3“-
л%",L 2емCе!=23!…%г% …=г!3›е…,  C!,ме… ем 
lj}. o!, …е“2=ц,%…=!…%L 2еCл%C!%"%д…%“2, C% 
2%л?,…е h .леме…2= K=!=K=…= ,“C%льƒ3ем C%д-
C!%“2!=…“2"% Hh, Hh ∈ω(D), K=ƒ,“…/. -3…*ц,L 
“Cец,=ль…%г% ",д=, “%%2"е2“2"3ю?,. "=!,=ц,%…-
…%м3 ме2%д3 a3K…%"=−c=л‘!*,…=. h“.%д…=  %K-
л=“2ь C%дC!%“2!=…“2"= C%*!/"=е2“  “е2*%L, “%-
“2="ле……%L ,ƒ “%"%*3C…%“2, v C!%“2/. …еCе!е“е-
*=ю?,.“  C%д%Kл=“2еL ,л, *%…еч…/. 2!е3г%ль-

…/. .леме…2%" Δi, 2=* ч2%K/ D = ∪
v

i 1=
Δ

 

Δi. b/K%! 

-%!м/ .леме…2= %C!едел е2“  ",д%м ,“.%д…%L 
%Kл=“2, , 2!еK3ем%L 2%ч…%“2ью !еше…, . pеше…,е 
д"3ме!…/. ƒ=д=ч 2еCл%C!%"%д…%“2, “" ƒ=…% “ ,“-
C%льƒ%"=…,ем 2!е3г%ль…/. , че2/!‘.3г%ль…/. 
.леме…2%", " 2%м ч,“ле ,ƒ%C=!=ме2!,че“*,. [1]. 
dл  *=›д%г% *%…еч…%г% .леме…2= !=“C!еделе…,е 
2емCе!=23!/ T (xj,t) C% ег% дл,…е C!, j-м …=г!3›е-
…,, ƒ= "!ем  2%!м%›е…,  t C!ед“2=",м " ",де "/-
!=›е…, 

( ) ( ) ( ) ( ), h
j h j j j jТ x , t T x t N x T t≈ = � ,  (4)

где Th(xj,t) – ,ƒме…е…,е 2емCе!=23!/ .леме…2= C% 
2%л?,…е h , дл,…е xj ƒ= "!ем  2%!м%›е…,  t (C!,-
Kл,›‘……%е !еше…,е); Nj (xj) − 2=* …=ƒ/"=ем=  -3…*-
ц,  -%!м/ ,л, ,…2е!C%л ц,%……=  -3…*ц, , %Kе“-
Cеч,"=ю?=  ,ƒме…е…,е 2емCе!=23!/ Th(xj,t) ∈ ω(D); 
"ел,ч,…= ( )h

jT t�
 
“%%2"е2“2"3е2 ƒ…=че…,ю Th дл  n-г% 

3ƒл= Δi-г% .леме…2= C!, j-м …=г!3›е…,, ƒ= "!ем  t.

b/!=›е…,  -3…*ц,L -%!м/ дл  цел%г% ! д= 
“емеL“2" 2!е3г%ль…/. , че2/!‘.3г%ль…/. .ле-
ме…2%" C!,"еде…/ " !=K%2е [2]. o!,Kл,›‘……%е 
!еше…,е C% c=л‘!*,…3 м%›…% C%л3ч,2ь “ C%м%-
?ью 3!="…е…,  (4). q3мм= …е" ƒ%* 3!="…е…,  (1) 
, г!=…,ч…/е 3“л%",  (2) %K%ƒ…=ч,м “%%2"е2“2-
"е……% 

Rd = L~T # Q , Rs = l~T # q,

где L~ , l~ − %Cе!=2%!/ " “%%2…%ше…, . (1) , (2), 
%!2%г%…=ль…/е *% "“ем "е*2%!=м ,ƒ C%дC!%“2!=…“2-
"= Hh “ "е“%м Nj (xi). 

d=лее ƒ=C,шем "/!=›е…,е

0
к h

j d h j s h
S

N R dD N R dS
Δ

+ =∫ ∫
 

( )1, 2,...,j n= .  (5)
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r!="…е…,е (5) “%%2"е2“2"3е2 ƒ…=че…,ю (Δi) дл  
i-г% .леме…2= “ 3ч‘2%м 2%г%, ч2% -3…*ц,  Th (xj,T) 
…еC!е!/"…= …= г!=…,це ме›д3 .леме…2=м, , 
3д%"ле2"%! е2 3“л%", м (2) дл  2е. 3ƒл%" .леме…-
2=, *%2%!/е ле›=2 …= г!=…,це .леме…2%" " %Kл=“-
2, Dh. o%д“2="л   " "/!=›е…,е (5) "ме“2% …е" -
ƒ%* ,. "/!=›е…,  ,ƒ 3!="…е…,L (1), (2) , C!,ме-
…   -%!м3л/ c!,…= [3] * “%%2"е2“2"3ю?,м "ел,-
ч,…=м Cе!"%г% ,…2ег!=л= (5), C%“ле ""еде…,  
3!="…е…,  (4) C%л3ч,м "/!=›е…,е

( ) ( )

l i

vi v
ij v t i v t

i j

T tN N
к T t dD cN N dD

x x t
Δ Δ

∂∂ ∂
+ −

∂ ∂ ∂∫ ∫
�

�

 

( , )
i

i j tN Q x t dD
Δ

− ∫ ( )
i

i v v i
S

N N T t dS+ α −∫ �

( ),
i

i i i i s
S

N q x t N T dS Ri⎡ ⎤− + α =⎣ ⎦∫

( )nvi ,...,2,1, = ,  (6)

где Ni # ч,“л% %д…%2,C…/. *%…еч…/. .леме…2%"; 
Nv # ч,“л% .леме…2%", ".%д ?,. " “%"%*3C…%“2ь v 
C!%“2/. …еCе!е“е*=ю?,.“  C%д%Kл=“2еL; Tv (t) #

 !=“C!еделе…,е 2емCе!=23!/ " C%дC!%“2!=…“2"е C!%-
“2/. …еCе!е“е*=ю?,.“  %Kл=“2еL; Ti # 2емCе!=23!= 
…=г!е"= i-г% .леме…2=.

nKAед,…," Cе!"/L ,…2ег!=л " 3!="…е…,, (6) “ 
че2"‘!2/м, = 2!е2,L “ C 2/м, %K%ƒ…=ч,м ,. “%%2-
"е2“2"3ю?,м, K3*"=м, , C!ед“2=",м " ",де "/-
!=›е…,  

1 i i

v
i v

ij h i v h
i ji S h

N N
k dD N N dS

x x= Δ

⎧ ⎫∂ ∂⎪ ⎪+ α⎨ ⎬∂ ∂⎪ ⎪⎩ ⎭
∑ ∫ ∫  = [Giv].

n“2=ль…/е "/!=›е…,  " 3!="…е…,, (6) C!ед-
“2=",м " “лед3ю?ем ",де: 

( ) ( )
1

, ,
i

v

i i i i l i
i i S

N Q x t dD N q x t
= Δ

⎧⎪ ⎡+ +⎨ ⎣
⎪⎩

∑ ∫ ∫

{ }i i i iN T dS F
⎫⎪⎤+ α =⎬⎦
⎪⎭

 ; 

[ ]
1 i

v

i v k iv
i

cN N dD P
= Δ

⎧ ⎫⎪ ⎪ =⎨ ⎬
⎪ ⎪⎩ ⎭

∑ ∫  . 

 q3мм,!3  C% *%…еч…/м .леме…2=м v, C%л3ч,м 
“,“2ем3 …ел,…еL…/. %K/*…%"е……/. д,--е!е…-
ц,=ль…/. 3!="…е…,L C% "!еме…,:

[ ]{ } [ ] { } 0h
h

T
G T P F

T
⎧ ⎫∂

+ − =⎨ ⎬∂⎩ ⎭

�
�  .  (7)

b “л3ч=е “2=ц,%…=!…%L 2еCл%C!%"%д…%“2, 3!="-
…е…,е (7) K3де2 ,ме2ь ",д [G ]{{~Th} # {F }, *%2%!%е 
C!ед“2="л е2 “%K%L “е2%ч…/L =…=л%г 3!="…е…,  
(3). Š=* *=* .2% 3!="…е…,е …ел,…еL…%е, 2% дл  ег% 
!еше…,  …е%K.%д,м% ,“C%льƒ%"=2ь ,2е!=ц,%…-
…/L ме2%д. 

q,“2ем= C%л3че……/. …ел,…еL…/. д,--е!е…-
ц,=ль…/. 3!="…е…,L (7) м%›е2 K/2ь !еше…= “ ,“-
C%льƒ%"=…,ем !=ƒ…%“2…%L “.ем/ C% "!еме……%L 
*%%!д,…=2е [3]. b .2%м “л3ч=е %2!еƒ%* "!еме…, (0, 
τ) !=ƒK,"=е2“  2%ч*=м, …= ,…2е!"=л/ Δt = τ /V, 
где V # %K?ее *%л,че“2"% .леме…2%". o!,…,м=е2“ , 
ч2% …= *=›д%м "!еме……%м ,…2е!"=ле ƒ…=че…,е  
{dT/dt} ме… е2“  л,…еL…%. m=,K%лее 3д%K…%L  "-
л е2“  д,“*!е2…=  “.ем= j!=…*=−m,*%ль“%…= [4], 
*%2%!=   "л е2“  це…2!,!%"=……%L. e“л, дл  k-L 
2еCл%-,ƒ,че“*%L 2%ч*, "!еме……%L ,…2е!"=л “%-
“2=",2 (tk+0,5)Δt, 2% д%“2,г=е2“  "2%!%L C%! д%* 
2%ч…%“2, !еше…,  ƒ=д=ч, C% "!еме…,: 

{ } { }1
12k

k
t h

t

t TТ T
t+

+

⎛Δ ∂⎧ ⎫⎜= + ⎨ ⎬⎜ ∂⎩ ⎭⎝ h

T
t

⎞∂⎧ ⎫ ⎟+ ⎨ ⎬ ⎟∂⎩ ⎭ ⎠
. (8)

b/!=›е…,е (8)  "л е2“  =K“%лю2…% 3“2%Lч,-
"/м C!, Δt > 0, C%.2%м3 "%ƒм%›…% ,“C%льƒ%"=-
…,е K%льш,. ш=г%" "% "!еме…,, ч2% *!=L…е "=›-
…% дл  %C!еделе…,  2емCе!=23!…/. C%леL " .ле-
ме…2=. 2%!м%ƒ…%г% K=!=K=…= ,л, *%ле“=. o%л=г= , 
ч2% 2еCл%-,ƒ,че“*,е “"%L“2"= м=2е!,=л= C!, C%-
"/ше…,, 2емCе!=23!/ ме… ю2“  “!="…,2ель…% 
медле……% , C!,…,м=  м=2!,ц/ [G] , [p] C%“-
2% ……/м, …= д=……%м "!еме……%м ,…2е!"=ле Δt, 
ƒ=C,шем 3!="…е…,е (8) дл  !=ƒл,ч…/. 2еCл%-,-
ƒ,че“*,. 2%че* k м%ме…2%" "!еме…, tk , tk+1. 
o%д“2="л   " Cе!"%е C%л3че……%е C!, .2%м 3!="-
…е…,е ƒ…=че…,е { } 1/

kt
Т t +∂ ∂  ,ƒ “%%2…%ше…,  (8) , 

“*л=д/"=  ег% “% "2%!/м 3!="…е…,ем, C%л3ч,м 
%*%…ч=2ель…%е м=2!,ч…%е 3!="…е…,е …е“2=ц,%-
…=!…%L 2еCл%C!%"%д…%“2,:

1 1 1
2[ ] [ ] { }k k kG P T
t+ + +

⎛ ⎞+ =⎜ ⎟Δ⎝ ⎠
�

1
2[ ] [ ] { } { } { } .k k k k kG P T F F
t +

⎛ ⎞= − + + +⎜ ⎟Δ⎝ ⎠
�

  
(9)

l=2!,ц/ [G ] , [P ], ƒ=",“ ?,е %2 2емCе!=23!/ 
…=г!е"= 2%!м%ƒ…%г% K=!=K=…=, м%›…% "/ч,“л,2ь 
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),“ле……/е !еƒ3ль2=2/. dл  %C!еделе…,  C%леL 
2емCе!=23! " 2%!м%ƒ…%м K=!=K=…е K/л, 3ч2е…/ 
г!=…,ч…/е 3“л%",  , “.ем/ д,“*!е2,ƒ=ц,, C% 
C!%“2!=…“2"3. h“C%льƒ%"=л,“ь 3!="…е…,  (2) , 
(3) C!, “2=ц,%…=!…%м …=г!е"е 2%!м%ƒ…%г% K=!=-
K=…= ="2%м%K,л  r`g-3162Š. n2…%ше…,е …=!3›-
…ег% !=д,3“= K=!=K=…= R1 * "…32!е……ем3 R2  “%-
“2=",л% 1,2. Š%!м%ƒ…=  “,“2ем= # д"3.*%…23!…=  
“ г,д!="л,че“*,м C!,"%д%м , "=*33м…/м 3“,л,-
2елем, Cе!ед…,е 2%!м%ƒ= # д,“*%"/е ("е…2,л,-
!3ем/е), ƒ=д…,е − K=!=K=……/е. 

m= !,“. 1 *!,"/е 1 , 2 C%л3че…/ дл  г!=…,ч-
…/. 3“л%",L %д…%!%д…%г% K=!=K=…= C!, ,де=ль-
…%м 2еCл%"%м *%…2=*2е, %2…%ше…,, 2еCл%C!%-
"%д…%“2еL "…32!е……еL , "…еш…еL “2е…*, K=!=K=-
…=, !="…%м 1,5. j!,"/е 3 , 4 “%%2"е2“2"3ю2 “л3-
ч=ю, *%гд= …= "…32!е……еL “2е…*е K=!=K=…= ƒ=д=…/ 
ед,…,ч…/L 2еCл%"%L C%2%* , *%…"е*ц,  “ ед,-
…,ч…/м *%.--,ц,е…2%м 2еCл%%2д=ч, , …3ле"%L 
2емCе!=23!%L “!ед/. m= "…еш…еL C%"е!.…%“2, " 
г!=…,ч…%м 3“л%",, Cе!"%г% !%д= K/л, C!,… 2/ 
“лед3ю?,е ƒ…=че…,  2еCл%-,ƒ,че“*,. *%…“2=…2 
м=2е!,=л= K=!=K=…=: k = 0,1 **=л/м·ч·г!=д; Cл%2-
…%“2ь ρ = 7,74 *г/м3; 3дель…=  2еCл%‘м*%“2ь 
c = 0,102 **=л/(*г·г!=д).

b “" ƒ, “ 2ем ч2% "/K!=……=  “.ем= д,“*!е2,ƒ=-
ц,, …е C%ƒ"%л е2 “%Kлюд=2ь …еC!е!/"…%“2ь 2еC-
л%"/. C%2%*%" C!, Cе!е.%де %2 %д…%г% .леме…2= 
* д!3г%м3, м%›…% “ ,“C%льƒ%"=…,ем м=2!,ц/ Cе-
!е…%“= "Kл,ƒ, г!=…,ц .леме…2%" ƒ=д=2ь 3“л%",  
"2%!%г% !%д= (3“л%",  mеLм=…=). o%г!еш…%“2ь 
м%›е2 K/2ь 3ме…ьше…= C32‘м ,ƒмельче…,  “е2*, 
"Kл,ƒ, “%%2"е2“2"3ю?,. г!=…,ц , !=“C!еделе…,  
,ƒ%2е!м, “%%2"е2“2"3ю?,. 0,09 ч=“= %2 …=ч=л= 
!=“.%л=›,"=…, . 

p=“ч‘2…=  %Kл=“2ь K/л= !=ƒK,2= …= 150 *%…еч-
…/. .леме…2%" , 525 3ƒл%". m= 3ч=“2*е *!,"%л,-
…еL…%L C%"е!.…%“2, дл  “%Kлюде…,  2!еK%"=…,L 
Cл%“*%“2…%“2, *%…еч…%г% .леме…2= ,“C%льƒ%"=л, 
2!е3г%ль…3ю , че2/!‘.3г%ль…3ю -%!м3 (!,“. 2). 
q*=ч*%%K!=ƒ…%е ,ƒме…е…,е 2%л?,…/ “2е…%* 2%!-
м%ƒ…%г% K=!=K=…= 3ч,2/"=л, C!, …=…е“е…,, *%-
…еч…%-.леме…2…%L “е2*, C32‘м “%"ме?е…,  г!=-
…,ц *%…еч…%г% .леме…2= “ г!=…,ц=м, Cе!е.%д= 
2%л?,…/ “2е…%* , ƒ=д=…,  *%…еч…%г% .леме…2= 
Cе!еме……%L 2%л?,…/. qлед3е2 %2ме2,2ь, ч2% “%-
"!еме……/е C!%г!=мм…/е *%мCле*“/, !е=л,ƒ3ю-
?,е lj}, C%ƒ"%л ю2 ="2%м=2,че“*, ге…е!,!%-
"=2ь “е2*3 *%…еч…%г% .леме…2=. nд…=*% " K%ль-
ш,…“2"е “л3ч=е" C%л3че……=  2=*,м %K!=ƒ%м “е2*= 
“%де!›,2 …е%C!="д=……% K%льш%е ч,“л% *%…еч…/. 
.леме…2%" , 3ƒл%". }2% "C%л…е C!,емлем% дл  !е-
ше…,  “2=2,че“*,. ƒ=д=ч, …% …е !е=л,ƒ3ем% C!, 
!еше…,, …ел,…еL…/. *!=е"/. ƒ=д=ч , ƒ=д=ч %C-
2,м=ль…%г% C!%е*2,!%"=…,  …= д%“2=2%ч…% м%?-
…/. д%“23C…/. "/ч,“л,2ель…/. “!ед“2"=.. 
o%.2%м3 дл  !еше…,  K/л= ,“C%льƒ%"=…= C!%-
г!=мм= ANSYS " C%л3="2%м=2,че“*%м !е›,ме. 

p,“. 1. q.ем= д,“*!е2,ƒ=ц,, , !=“C!еделе…,е 
2емCе!=23!/ C% 2%л?,…е K=!=K=…= C!, !=ƒл,ч…/. 
*!=е"/. 3“л%", .:

1, 2 # г!=…,ч…/е 3“л%",  Cе!"%г% !%д=; 3, 4 # C!, 
ед,…,ч…%м 2еCл%"%м C%2%*е

p,“. 2. q.ем= д,“*!е2,ƒ=ц,  K=!=K=…= …= *%…еч-
…/е .леме…2/ , !=“C!еделе…,е 2емCе!=23!…/. 
C%леL " !е›,ме 2%!м%›е…, 

дл  *=›д%г% "!еме……%г% ш=г= “ ,“C%льƒ%"=…,ем 
2еCл%-,ƒ,че“*,. “"%L“2" м=2е!,=л=. }2= ƒ=",“,-
м%“2ь м%›е2 K/2ь C!ед“2="ле…= " -3…*ц,%…=ль-
…%L -%!ме, %“…%"=……%L …= 2е%!,, “Cл=L…%"/. 
-3…*ц,L [5]. }--е*2,"…/е ,2е!=ц,%……/е ме2%-
д/ 3ч‘2= …ел,…еL…%“2, " 3!="…е…, . (9) !=““м%2-
!е…/ " !=K%2е [3], ,. м%›…% ,“C%льƒ%"=2ь C!, 
!еше…,, д=……%L ƒ=д=ч,. 

160 °C
180 °C

200 °C 226 °C

120 °C100 °C

120 °C
140 °C

Наружная
поверхность

Внутренняя
поверхность

Виды конечных 
элементов

T, °C
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Š=* *=* 2емCе!=23!= 2%!м%ƒ…%г% K=!=K=…= !=“-
C!еделе…= …е!="…%ме!…% C% 2%л?,…е ег% ц,л,…-
д!,че“*%L ч=“2,, 2% м=*“,м=ль…/е …=C! ›е…,  
"%ƒ…,*=ю2 " “!ед…еL ч=“2, K=!=K=…= (116,9 lo=), 
…=.%д ?еL“  …=д !еK!%м *%л%д*,. b %“2=ль…%L 
ч=“2, *%…“2!3*ц,, "%ƒ…,*=ю2 …=C! ›е…,  " C!е-
дел=. 64,2#85,6 lo= , %…= ,мее2 "/“%*3ю ›‘“2-
*%“2ь. o!,ч‘м 2емCе!=23!…/е , “,л%"/е ц,*л/ 
…=г!3›е…,  , !=ƒг!3›е…,  “%ƒд=ю2 Cе2лю г,“2е-
!еƒ,“= [6], Cл%?=дь *%2%!%L C!%C%!ц,%…=ль…= 
C%2е…ц,=ль…%L .…е!г,,: 

oг ( )ц м п,( ) / 2F z V kσ δ= μ π , 

где F (zц) – Cл%?=дь Cе2л, г,“2е!еƒ,“= " ƒ=",“,м%-
“2, %2 ч,“л= ц,*л%" 2%!м%›е…, ; μ(σ,δ) – м=“ш2=K-
…/L *%.--,ц,е…2 C% …=C! ›е…, м , де-%!м=ц, м 
K=!=K=…=; Vм – %KA‘м м=2е!,=л=; kC – *%.--,ц,е…2 
C!%C%!ц,%…=ль…%“2,.

hƒме…е…,е Cл%?=д, Cе2л, г,“2е!еƒ,“= " ƒ=-
",“,м%“2, %2 ч,“л= ц,*л%" …=г!3›е…,  , !=ƒ-
г!3›е…,  !=““м%2!е…% " !=K%2е [6]. q 3"ел,че-
…,ем ч,“л= ц,*л%" Cл%?=дь Cе2л, г,“2е!еƒ,“= 
"%ƒ!=“2=е2, ч2% C!,"%д,2 * !=ƒ!3ше…,ю м=2е-
!,=л=. 

hме  ƒ…=че…,  2емCе!=23!/ "…32!е……еL , …=-
!3›…%L C%"е!.…%“2, K=!=K=…= " !=““м=2!,"=ем%м 
“ече…,, (…=д !еK!%м *%л%д*,) " Cе!,%д, *%гд= 
г!=д,е…2 2емCе!=23!/ д%“2,г=е2 м=*“,м3м=, м%›-
…% %C!едел,2ь 2емCе!=23!…/е …=C! ›е…,  2%!-
м%ƒ…%г% K=!=K=…= [7] …= "…32!е……еL , …=!3›…%L 
C%"е!.…%“2 .: 

( ) ( )( )
( )

0
вн

cp 0

, , 2
3

6 1 2
i h ix T Е T x t h

R h

⎛ ⎞α
σ = − +⎜ ⎟− μ −⎝ ⎠

,

( ) ( )( )
( )

0
нар

cp 0

, , 2
3

6 1 2
i h ix T Е T x t h

R h

⎛ ⎞α
σ = −⎜ ⎟− μ −⎝ ⎠

,

 

где e # м%д3ль 3C!3г%“2, м=2е!,=л=; μ − *%.--,-
ц,е…2 o3=““%…=; h0 − 2%л?,…= 2%!м%ƒ…%г% K=!=K=…=; 
R“! − “!ед…,L !=д,3“ %*!3›…%“2, 2%!м%ƒ…%г% K=!=-
K=…=.

f‘“2*%“2ь 2%!м%ƒ…%г% K=!=K=…= д%“2=2%ч…=, 
е“л, "/C%л… е2“  3“л%",е [8] δ“2 ≤ 0,0008D, где 
δ“2 − м=*“,м=ль…/L “2=2,че“*,L C!%г,K K=!=K=-
…=; D − !=K%ч,L д,=ме2! K=!=K=…= [8]. 

g=*люче…,е. h““лед%"=…,  C%*=ƒ=л,, ч2% " 3“-
л%", . !=K%2/ 2%!м%ƒ…%L “,“2ем/ " !е›,ме 
дл,2ель…%г% ,л, ч=“2%г% ,“C%льƒ%"=…,  2%!м%-
›е…,  "%ƒ…,*=ю2 ,ƒме…е…,  де-%!м=ц,L C!, 
…=г!3›е…,, , !=ƒг!3›е…,,. o%д "%ƒдеL“2",ем 
,ƒг,K=ю?,. м%ме…2%" , Cе!е!еƒ/"=ю?,. “,л, 
"/ƒ"=……/. 2емCе!=23!…/м , “,л%"/м !=“ш,!е-
…,ем 2%!м%ƒ…%г% K=!=K=…=, ,ƒме… ю2“  Cл%?=д, 
Cе2ель г,“2е!еƒ,“=. l=*“,м=ль…/е !=д,=ль…/е 
C!%г,K/ …=Kлюд=ю2“  …=д !=ƒ›,м…/м 3“2!%L“2-
"%м, , K=!=K=… C!,…,м=е2 -%!м3 .лл,C“= C!, 
…=г!3›е…,, , ч=“2,ч…% "%““2=…="л,"=е2“  C!, 
!=ƒг!3›е…,,. o%л3че……/е 3!="…е…,  дл  %C!е-
деле…,  2емCе!=23!…/. …=C! ›е…,L 2%!м%ƒ…%г% 
K=!=K=…= “ 3ч‘2%м деL“2"3ю?,. …=г!3ƒ%* “% “2%-
!%…/ 2%!м%ƒ…/. *%л%д%* C%ƒ"%л ю2 …= “2=д,, 
C!%е*2,!%"=…,  %C2,м,ƒ,!%"=2ь C=!=ме2!/ , 
“"%L“2"= м=2е!,=л%" 2%!м%ƒ…%L “,“2ем/.

a,Kл,%г!=-,че“*,е ““/л*, 
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Šeumnknch“ h nanprdnb`mhe dk“ opnhgbndqŠb` b pnkhj`u 
xhpnjnonkn)m{u deŠ`kei q opndnk|mni jphbhgmni 

o!,"еде…/ м=2ем=2,че“*,е м%дел, C%2е!, 3“2%Lч,"%“2, , %C!еделе…,  “,л%"/. C=!=-
ме2!%" C!%це““= г,K*, ш,!%*%C%л%ч…/. C!%-,леL …= !еK!% " ƒ=*!/2/. !%л,*%"/. *=л,K!=. 
“ !=“*=2*%L …= *л,…, ,“C%льƒ3ем/е " 2е.…%л%г,, C!%,ƒ"%д“2"= *%льце"/. де2=леL. r*=ƒ=…% 
2е.…%л%г,че“*%е %K%!3д%"=…,е дл  !е=л,ƒ=ц,, д=……%L 2е.…%л%г,,.

jлюче"/е “л%"=: г,K*= …= !еK!%, ш,!%*%C%л%ч…/L C!%-,ль, !=“*=2*=, C%2е!  3“2%Lч,"%“2,, 
*%льце"=  де2=ль.

Mathematical models for steadiness loss and force characteristics definition for over rib bending 
process of the wide shelf shapes in closed roller gauges with drawing on wedge are given. These 
models are used in the technology of the annular details manufacture. Engineering equipment for 
this technology implementation is indicated.

Key words: over rib bending, wide shelf shape, drawing, steadiness loss, annular detail.

x,!%*%C%л%ч…/е де2=л, “ C!%д%ль…%L *!,-
",ƒ…%L  ш,!%*% C!,ме… ю2“  " ="2%м%K,ле“2!%е-
…,, (K=мCе!/ ="2%м%K,леL), д%!%›…%м “2!%,-
2ель“2"е (%г!=›де…, ), ме2=лл3!г,, (%K!3ч,-
"“2="*, дл  3C=*%"*, , 2!=…“C%!2,!%"=…,  !3-
л%……%г% 2%…*%л,“2%"%г% C!%*=2=) [1, 2]. d% …е-
д="…ег% "!еме…, 2=*,е де2=л, ,ƒг%2="л,"=л, 
ш2=мC%"*%L ,л, C!,ме… л, C!%-,л,!%"=…,е “ 
C%“лед3ю?,м C!,д=…,ем C!%-,лю C!%д%ль…%L 
*!,",ƒ…/ " ш2=мCе. }2, %Cе!=ц,, 2!еK3ю2 ƒ…=-
ч,2ель…/. ƒ=2!=2 …= 2е.…%л%г,че“*3ю C%дг%2%"*3 
C!%,ƒ"%д“2"= , ,ƒг%2%"ле…,е де2=леL.

a%лее "/г%д…/м,  "л ю2“  2е.…%л%г,, C!%,ƒ-
"%д“2"= 2=*,. де2=леL " !%л,*=. (!,“. 1). 
hƒг%2%"ле…,е де2=леL " C!%-,л,!%"%ч…/. м=-
ш,…=. “ %д…%"!еме……/м -%!м,!%"=…,ем C!%-
д%ль…%L *!,",ƒ…/  C!ед3“м=2!,"=е2 -%!м%%K!=-
ƒ%"=…,е “ече…,  C!%-,л  C!, %Kе“Cече…,, 3“л%-
",L …=C!="ле……%г% "%ƒдеL“2",  …= %ч=г де-%!м=-
ц,, дл  C%л3че…,  2!еK3ем%L *!,",ƒ…/ де2=л,. 
Š=*, C!,л%›е…,е "!=?=ю?ег% м%ме…2= “% “2%!%-
…/ C!=", ль…%г% 3“2!%L“2"= * C!%-,лю, "/.%д -
?ем3 ,ƒ C%“лед…еL C=!/ -%!м3ю?,. !%л,*%" 
“2=…*=, C%ƒ"%л е2 "%ƒдеL“2"%"=2ь …= %ч=г де-%!-
м=ц,, , C%л3ч=2ь 2!еK3ем3ю *!,",ƒ…3 де2=л,. 
o% д=……%L 2е.…%л%г,,, !=ƒ!=K%2=……%L " n`n 
&rль …%"“*,L mh`Š[, C!%,ƒ"%д,л, K=мCе!/ ="-
2%м%K,л  b`g-06 (!,“. 2, =) [1] , “2е*л%C%дA‘м-
…,*, ="2%м%K,леL “емеL“2"= r`g [2]. 

b/K%!%м -%!м/ %“, C!%-,л,!%"=…,  C!%-,-
лю м%›…% C!,д=2ь %2…%“,2ель…% …еK%льш3ю 
*!,",ƒ…3 …= “2=…*=. “ …е!ег3л,!3ем/м, C% "/-
“%2е …,›…,м, "=л=м,, C%“*%ль*3 -%!м= %“, 
C!%-,л,!%"=…,  " д=……%м “л3ч=е ,ƒме… е2“  " 

!еƒ3ль2=2е "/K%!= д,=ме2!%" -%!м3ю?,. !%л,-
*%". q3?е“2"е……/м %г!=…,че…,ем  "л е2“  “*%-
!%“2…%L !е›,м C!%це““= -%!м%%K!=ƒ%"=…,  
C!%-,л . 

pег3л,!3ем/е …,›…,е "=л/ C!%-,л,!%"%ч…%-
г% “2=…*= C%ƒ"%л ю2 %Kе“Cеч,"=2ь *!,",ƒ…3 ,ƒг%-
2="л,"=ем%L де2=л,. t%!м3 л,…,, C!%-,л,!%"=-
…, , *=* C!=",л%, ,ƒме… ю2 л,шь " "е!2,*=ль…%L 
Cл%“*%“2,. b C!,…ц,Cе, дл  C!,д=…,  C!%-,лю 
“=Kле",д…%“2, м%›…% ,ƒме… 2ь -%!м3 %“, C!%-
-,л,!%"=…,  , " г%!,ƒ%…2=ль…%L Cл%“*%“2,, %д-
…=*% ч=“2% .2% C!,"%д,2 * …е3д%"ле2"%!,2ель…%-
м3 *=че“2"3 C%"е!.…%“2, C!%-,л  , C%2е!е 3“-
2%Lч,"%“2, ег% .леме…2%". a%лее целе“%%K!=ƒе… 
д,--е!е…ц,!%"=……/L %K›,м д%……%L ч=“2, C!%-
-,л  C% ег% ш,!,…е. hƒме…е…,ем -%!м/ л,…,, 
C!%-,л,!%"=…,  ,ƒг%2%"л ю2 C!%-,ль д%!%›…%-
г% %г!=›де…,  “ ƒ=д=……%L …еK%льш%L C!%д%ль…%L 
*!,",ƒ…%L (!,“. 2, K). 

o!%-,ль д%!%›…%г% %г!=›де…,  “ K%льш%L 
*!,",ƒ…%L C%л3ч=ю2 C!%-,л,!%"=…,ем “ C%“ле-
д3ю?еL г,K*%L " 2!‘.!%л,*%"/. г,K%ч…/. м=-
ш,…=.. x,!%*%C%л%ч…/е C!%-,л, “ C!%д%ль-
…%L *!,",ƒ…%L целе“%%K!=ƒ…% ,ƒг%2%"л 2ь “ 
д,--е!е…ц,!%"=……/м (л%*=ль…/м) %K›,м%м 
%C!едел‘……/. 3ч=“2*%" ƒ=г%2%"*,. o% 2=*%м3 
“C%“%K3 ,ƒг%2%"л ю2 K=мCе! ="2%м%K,л  b`g-07 
(!,“. 2, ") [2].

)2% *=“=е2“  C!%,ƒ"%д“2"= де2=леL “ K%льш%L 
*!,",ƒ…%L ,л, *%льце"/. де2=леL (!,“. 2, г), 2% 
C!%-,л, %2*!/2%г% “ече…,  "/“%2%L д% 60 мм 
м%г32 ,ƒг%2="л,"=2ь“  C% “%"ме?‘……%L “.еме л%-
*=ль…/м %K›,м%м " !%л,*=. C%“лед…ег% Cе!е.%-
д= C!%-,л,!%"%ч…%г% “2=…*=, = *!3C…%г=K=!,2-
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p,“. 2. b,д/ ,ƒг%2="л,"=ем/. де2=леL “ C!%д%ль…%L *!,",ƒ…%L " !%л,*=.: 
= $ K=мCе! ="2%м%K,л  b`g-06;  K $ C!%-,ль д%!%›…%г% %г!=›де…, ;  " $ K=мCе! ="2%м%K,л  b`g-07; 

г $ *%льце"=  де2=ль 2,C= &%K!3ч 3C=*%"%ч…/L[

…/е де2=л, C%“ле -%!м%%K!=ƒ%"=…,  “ече…,  
2!еK3ю2 д%C%л…,2ель…%L %Cе!=ц,, де-%!м,!%-
"=…,  …= г,K%ч…%-!=“*=2…%м “2=…*е. }2% “" ƒ=…%, 
" %“…%"…%м, “ 2е.…,че“*,м, "%C!%“=м, %2"%д= 
C!%-,л  , ег% !=ƒ!еƒ=…,ем …= ме!…/е %2!еƒ*,, = 
2=*›е “ 2е.…%л%г,че“*,м, "%ƒм%›…%“2 м, C!%-
-,л,!%"%ч…/. “2=…*%" (%г!=…,че…,  C% "/“%2е 
-%!м3ем%г% C!%-,л ).

o%“лед…,L ,ƒ !=““м%2!е……/. “C%“%K%" ,ƒг%-
2%"ле…,  *%льце"/. де2=леL K/л ,“C%льƒ%"=… дл  

!=ƒ!=K%2*, 2е.…%л%г,, ,ƒг%2%"ле…,  ,ƒ “2=ль…%L 
ле…2/ 3C=*%"%ч…%г% %K!3ч= 2!е. 2,C%!=ƒме!%" C% 
“ече…,ю (50×50×2,5; 60×40×2,5 , 100×70×2 мм). 
o%C/2*= ,“C%льƒ%"=…,  2!‘.2%чеч…%L г,K*, 
C!,"ел= * %2!,ц=2ель…/м !еƒ3ль2=2=м: K%*%"=  
C%л*= 2е! л= 3“2%Lч,"%“2ь " -%!ме *!%м*%"%L 
"%л…,“2%“2, д=›е C!, !=д,3“е *!,",ƒ…/, " 8 !=ƒ 
C!е"/ш=ю?ем ƒ=д=……/L. m,›е C!,"еде…/ !е-
ƒ3ль2=2/ м%дел,!%"=…,  C!%це““= , %2!=K%2*, 
2е.…%л%г,, C!%,ƒ"%д“2"= &%K!3ч= 3C=*%"%ч…%г%[ 

p,“. 1. jл=““,-,*=2%! “C%“%K%" ,ƒг%2%"ле…,  " !%л,*=. ш,!%*%C%л%ч…/. л,“2%"/. де2=леL 
“ C!%д%ль…%L *!,",ƒ…%L

‘

 =)                          K)                         ")                       г)
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,ƒ 3г%л*%"%г% C!%-,л  100×70×2 мм, C%“*%ль*3 
%… …=,K%лее C%д"е!›е… л%*=ль…%L C%2е!е 3“2%L-
ч,"%“2, C!, де-%!м,!%"=…,, ,ƒ-ƒ= ƒ…=ч,2ель…/. 
!=ƒме!%" C%л%*.

p=““м%2!,м Cе!"%…=ч=ль…% г,K*3 …= !еK!% 
3г%л*%"%г% C!%-,л , " *%2%!%м !еK!%м  "л е2“  
C%л*= ме…ьшеL ш,!,…/. p=д,3“ ,ƒг,K= " Cл%“*%-
“2, .2%L C%л*, ш,!,…%L m %K%ƒ…=ч,м K3*"%L R. 
dл  %C!еделе…,  %*!3›…/. де-%!м=ц,L …е%K.%-
д,м% ƒ…=2ь C%л%›е…,е це…2!= м=““ “ече…, , C% 
*!=L…еL ме!е, " …=C!="ле…,, !=д,3“= ,ƒг,K=. 
o!едC%л%›,м, ч2% C!, ,ƒг,Kе C!%-,л  C%л*= 
3де!›,"=е2“  %2 K%*%"%г% “ме?е…, . o%л%›е…,е 
це…2!= м=““ “ече…,  "д%ль !=д,3“= ,ƒг,K= “ %2-
“ч‘2%м %2 "…еш…еL C%"е!.…%“2, ш,!%*%L C%л*, 
м%›…% %C!едел,2ь C% -%!м3ле 

0
2 2

0{4 [ ( )] 4[ ( ) ]h s b r s H r s= − + + − + +

0 0 0(2 )[(2 )(1 cos ) ]} /r s r s s+ π + + − α +

0 08 8 16( ) 2 (2 ))/ ( b H r s r s+ − + + π + ,  (1)

где s0 # 2%л?,…= “2е…*, C!%-,л ; b, H # ш,!,…= 
C%л%* (b > H); r # !=д,3“ “%C! ›е…,  C%л%* C% "…32-
!е……ем3 *%…23!3 ƒ%…/ ,ƒг,K=; α # 3г%л ме›д3 C%л-
*=м, C!%-,л  (ƒде“ь α = π/2). 

l=*“,м=ль…/е %*!3›…/е де-%!м=ц,, дл  ƒ%… 
!=“2 ›е…,  , “›=2,  %C!едел ю2“  “%%2"е2“2"е…-
…% -%!м3л=м,

ln , lnp cR H Re e
R h R hθθ

+⎛ ⎞ ⎛ ⎞= =⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠+ +
,  (2)

где h %C!едел е2“  “%%2…%ше…,ем (1). 

nд…=*% C!, ,ƒг,Kе Cл=“2,че“*, де-%!м,!3е2-
“  л,шь 3гл%"=  ƒ%…=, = Cе!Cе…д,*3л !…=  Cл%“-
*%“2, ,ƒг,K= C%л*= ш,!,…%L b 2е! е2 3“2%Lч,-
"%“2ь " -%!ме *!%м*%"%L "%л…,“2%“2,.

j!,2,че“*,е де-%!м=ц,, C%2е!, 3“2%Lч,"%“2, 
C%л*, м%›…% %C!едел,2ь, ,“C%льƒ3  -%!м3л3 [3]

1
4   1

* 2( )
 – 

n
cr

h

n E se k
K b b

+⎡ ⎤⎛ ⎞⎢ ⎥= λ ⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
,

2

2    
12(1 - )

πλ =
π

,                    (3)

где k* # *%.--,ц,е…2, 3ч,2/"=ю?,L 3“л%",  ƒ=-
*!еCле…,  *!=‘" C%л*,; E, μ  # м%д3ль ~…г= , *%-
.--,ц,е…2 o3=““%…= “%%2"е2“2"е……%; b, bh # ш,!,-
…= C%л*, , *%%!д,…=2= це…2!= 2 ›е“2, “ече…,  C!%-
-,л  " Cл%“*%“2,, Cе!Cе…д,*3л !…%L Cл%“*%“2, 
,ƒг,K=, “%%2"е2“2"е……%; j, n # C=!=ме2!/ 3C!%ч…е-
…,  м=2е!,=л= ƒ=г%2%"*,.

q%%2…%ше…,е (3) д=‘2 "/!=›е…,е C!едель…%L 
де-%!м=ц,, " ƒ=*!,2,че“*%L %Kл=“2,, C%.2%м3 
μ = 0,5. j%.--,ц,е…2 k*, 3ч,2/"=ю?,L 3“л%",  
ƒ=*!еCле…,  *!=‘" C%л%* (%д,… *!=L ƒ=?емл‘…, 
д!3г%L “"%K%де…), C!,… 2  !="…/м 3,6 [4].

p=д,3“ *!,",ƒ…/, “%%2"е2“2"3ю?,L 3“л%",ю 
%2“32“2",  *!%м*%"%L "%л…,“2%“2,, м%›…% %C!е-
дел,2ь C% -%!м3л=м (2) , (3)

exp( )
1 exp( )

cr

cr
h eR

e
≤

−
.   (4)

b “!еде MathCad “ ,“C%льƒ%"=…,ем -%!м3л 
(2)#(4) C%“2!%е…/ *!,"/е (!,“. 3), C!ед“2="л ю-
?,е “%K%L *!,2,че“*3ю де-%!м=ц,ю , %*!3›-
…/е де-%!м=ц,, 3гл%"%L ƒ%…/, …= %“…%"е *%2%-
!/. м%›…% %C!едел,2ь C!едель…/L !=д,3“ де2=л, 
C!, !=ƒл,ч…/. ƒ…=че…, . "/“%2/ C%л*,, Cе!Cе…-
д,*3л !…%L Cл%“*%“2, ,ƒг,K=. b ч=“2…%“2,, дл  
ш,!,…/ C%л*, b = 100 мм C!едель…/L !=д,3“ ,ƒ-
г,K= “%“2="л е2 %*%л% 6 м, = дл  ме…ьш,. ƒ…=че-
…,L !=д,3“= .=!=*2е!…= C%2е!  3“2%Lч,"%“2, " 
-%!ме *!%м*%"%L "%л…,“2%“2, (!,“. 4, =). b .2%L 
“" ƒ, K/л= C!едC!,… 2= C%C/2*= C%л3че…,  ме…ь-
шег% !=д,3“= ,ƒг,K= C32‘м 3де!›=…,  %Kе,. C%л%* 
%2 деCл=…=ц,L. b .2%м “л3ч=е C%л*=, Cе!Cе…д,*3-
л !…=  Cл%“*%“2, ,ƒг,K=, ,“C/2/"=е2 л%*=ль…3ю 
C%2е!ю 3“2%Lч,"%“2, " -%!ме "/C3ч,"=…,  3ч=-
“2*=, C!,м/*=ю?ег% * 3гл%"%L ƒ%…е. d=ль…еLшее 

p,“. 3. g=",“,м%“2ь дл  %C!еделе…,  C!едель…%г% 
!=д,3“= ,ƒг,K= де2=л,: 

1 $ де-%!м=ц,  Cе!,-е!,L…/. "%л%*%… C%л*,, 
…=.%д ?еL“  "…е Cл%“*%“2, г,K=; 2 $7 $ *!,2,-
че“*,е де-%!м=ц,, C!, R = 3, 4, 5, 6, 7 , 8 м 
“%%2"е2“2"е……%



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 5 33

3ме…ьше…,е !=д,3“= *!,",ƒ…/ C!,"%д,2 * !=ƒ!3-
ше…,ю ƒ=г%2%"*, C% ƒ%…е “г,K= (!,“. 4, K).

b ƒ=*!,2,че“*%L %Kл=“2, ƒ…=че…,е %*!3›…%L де-
-%!м=ц,, 3гл%"%L ч=“2, C!%-,л  м%›е2 K/2ь “" -
ƒ=…% “ C=!=ме2!=м, *!%м*%"%L "%л…,“2%“2,, *%2%-
!=  %C,“/"=е2“  " 2е!м,…=. %2*л%…е…,L w (r, ϕ) 
м=2е!,=ль…/. ч=“2,ц 3ч=“2*%" C%л*, %2 Cл%“*%“2, 
Cл=“2,че“*, …еде-%!м,!%"=……/. 3ч=“2*%" C% ƒ=-
*%…3 [2] 

w (r, ϕ) =  sin ,n

n

r r m Rf
b r a

− π ϕ
−

 
 

(5)

где f # =мCл,23д= "%л…/ …= *!%м*е; r # 2е*3?=  
*%%!д,…=2=, %2“ч,2/"=ем=  C% …%!м=л, %2 ƒ%…/ 
“г,K= * *!%м*е; rn # ш,!,…= 3ч=“2*= C%л*,, …е C%д-
"е!›е……%г% *!%м*%"%L "%л…,“2%“2,; m # ч,“л% C%-
л3"%л… C!, C%2е!е 3“2%Lч,"%“2,; ϕ # 2е*3?,L 3г%л, 
,ƒме! ем/L " Cл%“*%“2, ,ƒг,K=.

o!, C%2е!е 3“2%Lч,"%“2, C%л*, е‘ C!%д%ль…=  
де-%!м=ц,  м%›е2 K/2ь C%д“ч,2=…= a posteriori, 
е“л, ,ƒме!,2ь =мCл,23д3 , ш=г "%л…/ …= *!%м*е. 
b .2%м “л3ч=е " -%!м3ле (5) r = b , m = 2. g=2ем 
“ ,“C%льƒ%"=…,ем -3…*ц,, w (r, z) “лед3е2 C!%,ƒ-
"е“2, “C! мле…,е "%л…/, *%2%!%е C%“ле …е“л%›-
…/., …% г!%м%ƒд*,. "/ч,“ле…,L C!,"%д,2 * “ле-
д3ю?ем3 "/!=›е…,ю:

22 21 ,  
2

a fJ E p
a
π π⎛ ⎞ ⎛ ⎞= + ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠π

,  (6)

где J # дл,…= “,…3“%,д/ …= е‘ Cе!,%де; E (π/2, p)  #  
.лл,C2,че“*,L ,…2ег!=л "2%!%г% !%д= C!, 0 < p2 < 1.

b -%!м3ле (6) C=!=ме2! ! %C!едел е2“  “%%2…%-
ше…,ем

2 2

2 2 2
2

 2
fp

a f
π=

+ π
.

g=",“,м%“2ь C!%д%ль…%L де-%!м=ц,, *!%м*,, 
"/ч,“ле……%L …= %“…%"е "/!=›е…,  (6), %2 =мCл,-
23д/ , ш=г= "%л…/ C!ед“2="ле…= …= !,“. 5 " !е-
ƒ3ль2=2е !=“ч‘2%" " “!еде MathCAD. j “%›=ле-
…,ю, д=……=  м%дель …е C%ƒ"%л е2 %C!едел,2ь C=-
!=ме2!/ *!%м*%"%L "%л…,“2%“2,, е“л, ,ƒ"е“2…= 
C!%д%ль…=  (%*!3›…= ) де-%!м=ц,  3гл%"%L ƒ%…/ 
C!%-,л . nд…=*% %K!=2…=  C!%цед3!= "C%л…е 
"%ƒм%›…=, C%“*%ль*3 C=!=ме2!/ *!%м*%"%L "%л-
…,“2%“2, м%г32 K/2ь C%л3че…/ C32‘м …еC%“!ед“2-
"е……%г% ,. ƒ=ме!= …= де2=л,, C%д"е!›е……%L .2%-
м3 ",д3 C%2е!, 3“2%Lч,"%“2,. q!="…е…,е C%л3-
че……%г% ƒ…=че…,  де-%!м=ц,, “ де-%!м=ц,еL, 
%C!едел ем%L C% !,“. 4, д=‘2 "%ƒм%›…%“2ь %це…-
*, 2%ч…%“2, C!едл=г=ем%L м%дел,. m=C!,ме!, 
C!, R = 3 м K/л, C%л3че…/ C=!=ме2!/ *!%м*%-
"%L "%л…,“2%“2, = = 140 мм, 2 f = 6 мм. g…=че…,  

p,“. 4. dе-е*2/, "%ƒ…,*=ю?,е C!, г,K*е C!%-,л  C% *%…23!3:
= $ *!%м*%"=  "%л…,“2%“2ь; K $ ме“2…=  C%2е!  3“2%Lч,"%“2, , !=ƒ!/" ƒ=г%2%"*, C% 3гл%"%L ƒ%…е

p,“. 5. dе-%!м=ц,, C%л*,, C%д"е!›е……%L *!%м-
*%"%L "%л…,“2%“2,: 

1$5 $ f = 3, 4, 5, 6 , 7 мм “%%2"е2“2"е……%

=)                                                                             K)
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де-%!м=ц,L C% !,“. 4 (b = 100 мм) , C% !,“. 5 
%2л,ч=ю2“  …е K%лее чем …= 6 %. 

o%л3че…,е де2=л, &%K!3ч 3C=*%"%ч…/L[ Kеƒ де-
-е*2%" 2,C= *!%м*%"%L "%л…,“2%“2, "%ƒм%›…% 
д,--е!е…ц,!%"=……/м %K›,м%м " *%…,че“*,. 
!%л,*=. (!,“. 6) C%л*,, ле›=?еL " Cл%“*%“2, ,ƒ-
г,K=. o!, .2%м "%ƒ…,*=е2 "%C!%“ "/K%!= ,ƒ ч,“-
л= “3?е“2"3ю?,. ,л, !=ƒ!=K%2*, “Cец,=л,ƒ,!%-
"=……%г% !=“*=2…%г% “2=…*= …= %“…%"=…,, 2!еK3е-
м/. ƒ…=че…,L “,л%"/. -=*2%!%" # “,л/ !=“C%!= 
" !%л,*=. , *!32 ?ег% м%ме…2=.

dл  %C!еделе…,  “,л%"/. -=*2%!%" C!%це““= 
!=“*=2*, !=““м%2!,м .леме…2 !=“*=2/"=ем%L 
C%л*, ед,…,ч…%L ш,!,…/ " …=C!="ле…,, !=д,3-
“= R г,K= *%льц=. a3дем “ч,2=2ь "ел,ч,…3 %K›,-
м= .леме…2= C%“2% ……%L " …=C!="ле…,, R. m= 
д=……/L .леме…2 деL“2"3е2 …%!м=ль…%е …=C! ›е-
…,е ! “% “2%!%…/ !%л,*%" “ "ел,ч,…%L C!,"ед‘…-
…%г% !=д,3“= 

н в
пр

н в

2R R
R

R R
=

+
 

,                           (7)

где R…, R" # !=д,3“ …,›…ег% , "е!.…ег% !=“*=2…%г% 
!%л,*= “%%2"е2“2"е……%.

r!="…е…,е !="…%"е“,  дл  д=……%г% .леме…2= 
C!, %2“32“2",, 3ш,!е…,  ƒ=г%2%"*, ,мее2 ",д

1 0
tg( )

fsd p dsθ θ
⎡ ⎤⎛ ⎞

σ + σ + + =⎢ ⎥⎜ ⎟⎝ α ⎠⎣ ⎦
 ,  (8)

где s # 2е*3?ее ƒ…=че…,е 2%л?,…/ “›,м=ем%г% .ле-
ме…2=; σθ # …=C! ›е…,е " 2=…ге…ц,=ль…%м …=C!="-
ле…,, (Cе!Cе…д,*3л !…% !=д,3“3 R " Cл%“*%“2, ƒ=-
г%2%"*,); f # *%.--,ц,е…2 2!е…,  ме›д3 ƒ=г%2%"-
*%L , !=“*=2…/м, !%л,*=м,; α # це…2!=ль…/L 3г%л 
!=“*=2…%г% !%л,*= C!,"ед‘……%г% !=д,3“=, “2 г,"=е-

м/L д3г%L *%…23!= *%…2=*2…%L ƒ%…/ ƒ=г%2%"*, , 
!%л,*=.

r“л%",е Cл=“2,ч…%“2, дл  "/деле……%г% .ле-
ме…2= м%›…% ƒ=C,“=2ь " “лед3ю?ем ",де:

 

0
 ln  

n
sp K
sθ

⎛ ⎞
σ + = ⎜ ⎟⎝ ⎠

 ,     (9)

где K, n # *%…“2=…2/ 3C!%ч…е…,  м=2е!,=л= ƒ=г%-
2%"*,; s0 # ,“.%д…=  2%л?,…= ƒ=г%2%"*,.

o%д“2="," ƒ…=че…,е ! ,ƒ “%%2…%ше…,  (9) " 
3!="…е…,е (8), C%“ле …е*%2%!/. C!е%K!=ƒ%"=…,L 
C%л3ч,м

 
пр

0 0

s ln  
s

nRf K
s s s sθ θ

⎛ ⎞ ⎛ ⎞
σ − σ = −′ ⎜ ⎟ ⎜ ⎟− ⎝ ⎠⎝ ⎠

,  (10)

где RC! %C!едел е2“  “%%2…%ше…,ем (7).

r!="…е…,е (10) лег*% C!,"%д,2“  * “2=…д=!2-
…%м3 ",д3:

( ) ( )Q s R sθ θσ + σ =′
 
,  (11)

где 

 
пр

0 0

s( ) ; ( )  ln  
s

nRf KQ s R s
s s s s

⎛ ⎞
= − = − ⎜ ⎟− ⎝ ⎠

.

 

k,…еL…%е д,--е!е…ц,=ль…%е 3!="…е…,е Cе!-
"%г% C%! д*= (11) ,мее2 %K?,L ,…2ег!=л:

( ) ( )
( ) ( )

Q s ds Q s ds
s e R s e ds C

−
θ

⎡ ⎤
σ = +⎢ ⎥

⎣ ⎦
∫ ∫∫ ,  (12)

p,“. 6. p=“*=2*= C%л*, " !%л,*=.: 
= $ “.ем= !=“*=2*,; K $ !=“*=2…/е !%л,*,

=)                                                              K)

S

2

F
1

R

b

H
F

1
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где q # *%…“2=…2=, %C!едел ем=  ,ƒ г!=…,ч…/. 3“-
л%",L.

pеше…,е (12) …е м%›е2 K/2ь C!ед“2="ле…% " 
2е!м,…=. .леме…2=!…/. -3…*ц,L, %д…=*% дл  ƒ=-
д=……%L 2%л?,…/ ƒ=г%2%"*, %…% м%›е2 K/2ь л,-
…е=!,ƒ%"=…% “ C%м%?ью C=*е2= MathCAD 2=*, ч2% 
ег% *%…еч…/L ",д C!ед“2="л е2“  ƒ=",“,м%“2ью

22,4 1
0

0
( ) 4,4 1

s
s ss Ke C

s

⎛ ⎞
−⎜ ⎟⎝ ⎠

θ

⎡ ⎤⎛ ⎞⎢ ⎥σ = − +⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
.   (13)

rд%"ле2"%!е…,е г!=…,ч…/м 3“л%", м " "/.%д-
…%м “ече…,, ƒ=г%2%"*, C%ƒ"%л е2 C!е%K!=ƒ%"=2ь 
!еше…,е (13) * ",д3

0
2,4 1

0 к к
2
0

(2 )( )
( ) 4,4

s
ss s s s s

s K e
s

⎛ ⎞
−⎜ ⎟⎝ ⎠

θ
− − −

σ = − , (14)

где s* # 2%л?,…= ƒ=г%2%"*, " "/.%д…%м “ече…,, !=“-
*=2…%г% *=л,K!= (ƒ=ƒ%! " *=л,K!е).

rч,2/"= , ч2% C% ш,!,…е !=“*=2/"=ем%L C%л-
*, “2еCе…ь %K›,м= !=ƒл,ч…=, ,л, 2%ч…ее, ,ƒме-
… е2“  л,…еL…% C% ш,!,…е C%л*,, C!ед“2=",м 
"ел,ч,…3 ƒ=ƒ%!= " *=л,K!е s* “лед3ю?,м %K!=-
ƒ%м:

0 к
к 0

( )
( )

s s
s t s t

H
−

= − ,          (15)

где t # C=!=ме2!, %C!едел ю?,L 2е*3?ее C%л%›е…,е 
2%ч*, …= !=“*=2/"=ем%L C%л*е “ %2“ч‘2%м %2 ƒ%…/ 
“г,K=.

o%д“2=…%"*= ƒ…=че…,  s*(t) ,ƒ ƒ=",“,м%“2, (15) 
" (14) C%ƒ"%л е2 %C!едел 2ь …=C! ›е…,е σθ " лю-
K%L 2%ч*е %ч=г= де-%!м=ц,,.

nд…,м ,ƒ %“…%"…/. “,л%"/. C=!=ме2!%" C!%-
це““= !=“*=2*,  "л е2“  “,л= !=“C%!= " !%л,*=., 
*%2%!3ю м%›…% …=L2, ,…2ег!,!%"=…,ем …%!м=ль-
…%г% …=C! ›е…,  ! C% %ч=г3 де-%!м=ц,,. hƒ 3“-
л%",  Cл=“2,ч…%“2, (9) “лед3е2, ч2%

 

0
 ln  ( )

n
sp K s
s θ

⎧ ⎫⎛ ⎞⎪ ⎪= − + σ⎨ ⎬⎜ ⎟⎝ ⎠⎪ ⎪⎩ ⎭
.  (16)

o!%2 ›‘……%“2ь 3ч=“2*= %ч=г= де-%!м=ц,, ед,-
…,ч…%L ш,!,…/ "д%ль R д=‘2“  C!,Kл,›е……%L 
-%!м3л%L

0 к( ) ( ( )) tt R s s t
H

Δ = − .   (17)

dл  !=“ч‘2= !=“C,!=ю?еL “,л/ " *=л,K!е “ле-
д3е2 %C!едел,2ь м=*“,м=ль…/е ƒ…=че…,  ! " -%!-
м3ле (16). q .2%L целью …е%K.%д,м% C!%д,--е-
!е…ц,!%"=2ь “%%2…%ше…,е (16) , C!,!="… 2ь C!=-
"3ю ч=“2ь * …3лю, %2*3д= %C!едел е2“  ƒ…=че…,е 
s, “%%2"е2“2"3ю?ее м=*“,м=ль…%м3 ƒ…=че…,ю !. 
o%д“2=…%"*= …=Lде……%г% ƒ…=че…,  s " -%!м3л3 
(16) д=‘2 ƒ…=че…,е pmax(t ). gде“ь 3ч2е…= ƒ=",“,-
м%“2ь s*(t ) ,ƒ -%!м3л/ (15).

l=*“,м=ль…%е ƒ…=че…,е pmax(t ) …=,K%лее C!%-
“2% …=L2, “!ед“2"=м, C=*е2= MathCAD. m=C!,ме!, 
C!, 3!%"…е %K›,м= C%! д*= 15 % (s* = 1,7 мм) 
м=*“,м=ль…%е ƒ…=че…,е …%!м=ль…%г% …=C! ›е-
…,  д%“2,г=е2“  C!, smax = 1,8 мм.

q,л= !=“C%!= p %C!едел е2“  ,…2ег!,!%"=…,ем 
pmax(t ) C% %ч=г3 де-%!м=ц,, “ 3ч‘2%м “%%2…%ше-
…,  (17):

max
0

( ) ( )
H

P p t t dt= Δ∫ .    (18)

p=“ч‘2 C% -%!м3ле (18) целе“%%K!=ƒ…% 2=*›е 
C!%,ƒ"%д,2ь ч,“ле……% " “!еде MathCAD. dл  
!=““м=2!,"=ем%г% “л3ч=  …=Lде……%е ƒ…=че…,е 
!=“C,!=ю?еL “,л/ “%“2="л е2 55 *m. j!32 ?,L 
м%ме…2 …= "=л3, ,д3?,L …= де-%!м,!%"=…,е C!, 
!=“*=2*е C%л*,, %C!едел е2“  -%!м3л%L [5]

кр пр 0 к ср2 ( ( ) )M P R s s= ψ − ,  (19)

где ψ # *%.--,ц,е…2 Cлеч= м%ме…2=; (s*)“! # “!ед-
…ее ƒ…=че…,е ƒ=ƒ%!= " *=л,K!е.

g…=че…,е ψ " -%!м3ле (19), = 2=*›е д!3г,е “%-
“2="л ю?,е “3мм=!…%г% *!32 ?ег% м%ме…2= 
(м%ме…2 д%K="%ч…/. “,л 2!е…, , м%ме…2 C!, 
.%л%“2%м .%де, д,…=м,че“*,L м%ме…2) м%›…% 
%C!едел,2ь …= %“…%"е ме2%д,*,, %C,“=……%L " 
!=K%2е [5]. o!,"ед‘……/е C!%цед3!/ !=“ч‘2= 
K/л, ,“C%льƒ%"=…/ C!, *%…“2!3,!%"=…,, !=“-
*=2…%г% “2=…*= (!,“. 7, K) " n`n &rль …%"“*,L 
mh`Š[. 

j!,",ƒ…= C!%-,л  " !=“*=2…%м “2=…*е %Kе“-
Cеч,"=л=“ь "/K%!%м ƒ=ƒ%!= ме›д3 !%л,*=м, “ 
ег% л,…еL…/м ,ƒме…е…,ем %2 s0 3 3гл%"%L ƒ%…/ 
д% (0,6#0,7)s0 3 2%!ц= C!%-,л . o!, .2%м C!,-
ме… л“  *=л,K! ƒ=*!/2%г% 2,C=, ч2% C!ед%2"!=-
?=л% 2ече…,е ме2=лл= " C%Cе!еч…%м …=C!="ле-
…,,. p=“*=2/"=ем=  C%л*= C!,%K!е2=е2 м=*“,-
м=ль…%е 3дл,…е…,е 3 2%!ц= , м,…,м=ль…%е # 3 
3гл%"%L ƒ%…/. bел,ч,…= !=д,3“= ,ƒг,K= !ег3л,-
!3е2“  …=“2!%L*%L ƒ=ƒ%!= ме›д3 !=“*=2…/м, 
!%л,*=м,. o!, %2!=K%2*е 2е.…%л%г,, C!%"%д,-
л, .*“Cе!,ме…2=ль…/е ,““лед%"=…,  де-%!м=-
ц,%……%L *=!2,…/ !=“*=2/"=ем%L C%л*, д"3м  
ме2%д=м, # ме2%д%м “е2%* , ме2%д%м %2"е!-
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“2,L. m,›е C!,"%д 2“  !еƒ3ль2=2/ ,““лед%"=-
…,L C% “"е!2*е 3г%л*%"%г% C!%-,л  100×70×2 мм 
" %K!3ч.

o!, ,“C%льƒ%"=…,, ме2%д= “е2%* …= ƒ=г%2%"*е, 
…= ме“2е !=“*=2/"=ем%L C%л*,, ш2=…ге…ц,!*3лем 
“ ш=г%м 10 мм K/л= …=…е“е…= !=ƒме2*=, = C%“ле 
!=“*=2*, K/л, “… 2/ ƒ=ме!/ C=!=ме2!%" “е2*, 
(!,“. 8, =, K). o% ш,!,…е !=“*=2/"=ем%L C%л*, 
“е2*= ,мел= ц,-!%"3ю …3ме!=ц,ю ! д%" (%2 1 д% 
6), = " %*!3›…%м …=C!="ле…,, # K3*"е……%е %K%-
ƒ…=че…,е (%2 &=[ д% &›[). hƒме!е…,  C% *=›д%L 
 чеL*е C!%,ƒ"%д,л, 2!%е*!=2…% C% "…еш…,м , 
"…32!е……,м г!=…,ц=м “ целью “…,›е…,  C%г!еш-

…%“2,, “" ƒ=……%L “ “%K“2"е……%L ш,!,…%L !,“%* 
, !=ƒм/2%“2ью ,. г!=…,ц C%“ле !=“*=2*,. g=2ем 
д=……/е 3“!ед… л,, C%“ле чег% "/ч,“л л, де-%!-
м=ц,, C% ,ƒ"е“2…/м -%!м3л=м. pеƒ3ль2=2/ "/-
ч,“ле…,L C!,"еде…/ " 2=Kл. 1, %2*3д= ",д…%, ч2% 
“…,›е…,е де-%!м=ц,L * 3гл%"%L ƒ%…е C!%,“.%-
д,2 C%ч2, C% л,…еL…%м3 ƒ=*%…3.

Š=*›е C!%,ƒ"%д,л, ƒ=ме!/ 2%л?,…/ ƒ=г%2%"-
*, C%“ле !=“*=2*, …= 3!%"…е “е!ед,…/  чее* 2!‘. 
%K!=ƒц%", C%л3че……/. !=ƒ!еƒ*%L !=“*=2=……%L 
C%л*, "д%ль !=д,3“= R. b *=›д%L  чеL*е "/C%л-
… л, C 2,*!=2…/е ƒ=ме!/ “ C%м%?ью м,*!%ме2-
!=, C%“ле чег% 3“!ед… л, !еƒ3ль2=2 , ƒ=…%“,л, 

=)                                      K)                                        г)

      ")

p,“. 7. nK%!3д%"=…,е дл  C!%,ƒ"%д“2"= %K!3ч= 3C=*%"%ч…%г%: 
= $ C!%-,л,!%"%ч…/L “2=…%*; K $ !=“*=2…%L “2=…%*

=)                                                                         K)

p,“. 8. h““лед%"=…,е де-%!м=ц,L !=“*=2/"=ем%L C%л*,: 

=, K $ ме2%д%м “е2%* (д% , C%“ле !=“*=2*, “%%2"е2“2"е……%); ", г $ ме2%д%м %2"е!“2,L 
(д% , C%“ле !=“*=2*, “%%2"е2“2"е……%)
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ег% " 2=Kл. 2. g=2ем "/C%л… л, !=“ч‘2 де-%!м=-
ц,L C% 2%л?,…е ƒ=г%2%"*,.

o!, Cл=“2,че“*%м де-%!м,!%"=…,,, *=* ,ƒ-
"е“2…%, "/C%л… е2“  3“л%",е …е“›,м=ем%“2,:

0n Rθε + ε + ε = ,           (20)

где εR # !=д,=ль…=  де-%!м=ц, .

o%д“2=…%"*= “%%2"е2“2"3ю?,. ƒ…=че…,L де-%!-
м=ц,L ,ƒ 2=Kл. 1 , 2 " -%!м3л3 (20)  C%*=ƒ/"=е2,  
ч2% !=д,=ль…=  де-%!м=ц,  Kл,ƒ*= …3лю,  
“лед%"=2ель…%,  C!, !=“*=2*е C%л*, -=*2,че“*, 
,мее2 ме“2% Cл%“*=  де-%!м=ц, ,  *%2%!=  
%Kе“Cеч,"=е2“  ƒ=*!/2/м *=л,K!%м.

3д%"ле2"%!,2ель…/е !еƒ3ль2=2/ 2%ль*% " “л3ч=е, 
*%гд= 2%л?,…= ƒ=г%2%"*, ,ƒме… е2“  …еƒ…=ч,-
2ель…%.

m= !=“*=2=……%L C%л*е K/л, C!%"еде…/ ƒ=ме!/ 
2"‘!д%“2, 3ль2!=ƒ"3*%"/м C%!2=2,"…/м 2"‘!д%-
ме!%м leŠ-r1 дл  "/ “…е…,  “2еCе…, 3C!%ч…е-
…,  м=2е!,=л= ƒ=г%2%"*, C!, де-%!м,!%"=…,,. 
n2 3гл%"%L ƒ%…/ * 2%!ц3 C%л*, 2"‘!д%“2ь ,ƒме-
… е2“  м%…%2%……% %2 160 д% 200 ед,…,ц mb, ч2% 
л,шь C%д2"е!›д=е2 …е%K.%д,м%“2ь 3ч‘2= 3C!%ч-
…е…,  C!, C!%"еде…,, !=“ч‘2%" C!%це““= -%!м%-
%K!=ƒ%"=…,  де2=л,.

o% !=ƒ!=K%2=……%L 2е.…%л%г,, ,ƒг%2%"ле…/ C,-
л%2…/е C=!2,, де2=леL, *%2%!/е C!%шл, 2е.…,-
че“*,L *%…2!%ль , C!,ƒ…=…/ г%д…/м, * C!,ме-
…е…,ю. nK%!3д%"=…,е , 2е.…%л%г,   (“м. !,“. 7) 
"…ед!е…/ , .*“Cл3=2,!3ю2“  …= C!едC!, 2,, ƒ=-
*=ƒч,*=. 

b/"%д/. o!%,ƒ"%д“2"% ш,!%*%C%л%ч…/. C!%-
-,ль…/. де2=леL “% ƒ…=ч,2ель…%L C!%д%ль…%L 

Š=Kл,ц= 1

n*!3›…/е де-%!м=ц,, C%л*, " …=C!="ле…,, !=“*=2*,

m%ме!
! д=

g…=че…,е %*!3›…/. 
де-%!м=ц,L !=“*=2/"=ем%L 

C%л*,,  %
εθ“!,
%

Δεθ“!,
%

= K " г д е ›

1 16 15 16 15 18 15 16 15,8 1,07

2 11 11 10 12 13 13 11 11,6 1,13

3 10 8 8 10 8 11 10 9,3 1,25

4 8 7 6 6 5 8 8 6,8 1,21

5 6 7 3 6 3 6 6 5,3 1,60

6 3 2 3 3 0 3 3 2,4 1,13

o!, %C!еделе…,, де-%!м=ц,L ме2%д%м %2"е!-
“2,L " ƒ=г%2%"*е …= 3!%"…е л,…,L “е2*, K/л, 
C!%“"е!ле…/ %2"е!“2,  д,=ме2!%м 5 мм, !=ƒ…е-
“‘……/е …= !=““2% …,е 25 мм " %*!3›…%м …=C!="-
ле…,, , “ ш=г%м " 10 мм C% "/“%2е C%л*, (!,“. 
8, ", г). nK?ее ч,“л% %2"е!“2,L # 18: C% ше“2ь 
%2"е!“2,L " *=›д%L ,ƒ 2!‘. ƒ%… дл  C%"/ше…,  
д%“2%"е!…%“2, !еƒ3ль2=2%". nK!=K%2*= д=……/. 
C%*=ƒ=л= (2=Kл. 3), ч2% " “!ед…еL ч=“2, C%л*, 
%*!3›…/е де-%!м=ц,, C!,ме!…% …= 5#7 % (" 
2е!м,…=. =K“%лю2…/. ƒ…=че…,L) "/ше, чем 2е 
›е де-%!м=ц,, C%л*,, C%л3че……/е ме2%д%м “е-
2%*. )2% *=“=е2“  де-%!м=ц,L "Kл,ƒ, 2%!ц= !=“-
*=2/"=ем%L C%л*,, 2% ƒде“ь …=Kлюд=е2“  “3?е-
“2"е……%е !=“.%›де…,е, *%2%!%е %KA “… е2“  
“Cец,-,че“*,м 2ече…,ем ме2=лл= "Kл,ƒ, %2"е!-
“2,  " “%%2"е2“2",, “ C!,…ц,C%м *!=2ч=LшеL 
…%!м=л,. b цел%м, *=* C%*=ƒ/"=е2 2=Kл. 3, " д=…-
…%м “л3ч=е г%"%!,2ь %K 3“л%", . Cл%“*%L де-
-%!м=ц,, …е C!,.%д,2“ : " ƒ%…=., C!,м/*=ю-
?,. * %2"е!“2, м, ,мее2 ме“2% %KA‘м…%е де-%!-
м,!%"=……%е “%“2% …,е. n2“юд= “лед3е2, ч2% 
C!,ме…е…,е ме2%д= %2"е!“2,L м%›е2 д="=2ь 

Š=Kл,ц= 2

dе-%!м=ц,, C% 2%л?,…е !=“*=2/"=ем%L C%л*,

m%ме!
! д=

Š%л?,…= C%л*, " 
,ƒме! ем/. 2%ч*=. %K!=ƒц%" 

C% …%ме!=м,  мм

dе-%!м=ц,  C%
2%л?,…е !=“*=-
2/"=ем%L C%л*, 

εn“!,  

%1 2 3
q!ед…ее 
ƒ…=че…,е

1 1,68 1,71 1,65 1,68 #16

2 1,76 1,75 1,75 1,75 #12,5

3 1,83 1,83 1,82 1,83 #8,5

4 1,92 1,90 1,87 1,89 #5,5

5 1,92 1,91 1,90 1,91 #4,5

6 1,97 1,96 1,92 1,95 #2,5

Š=Kл,ц= 3

dе-%!м=ц,  %2"е!“2,L C%“ле !=“*=2*,

m%ме!
! д=

Dθ“!,
мм

εθ“!,
%

DR“!,
мм

εR“!,
%

1 5,3 6 4,2 #16

2 5,7 14 4,9 #2

3 6,0 20 4,9 #2

4 6,1 22 5,2 4

5 5,8 16 4,8 #4

6 5,2 4 4,4 #12
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*!,",ƒ…%L целе“%%K!=ƒ…% %“3?е“2"л 2ь " !%л,-
*=. " д"= .2=C=: C!%-,л,!%"=…,е ƒ=г%2%"*, , г,K-
*= C!%-,л  C% *%…23!3 “ !=“*=2*%L Cе!,-е!,L-
…/. .леме…2%" …= *л,… " ƒ=*!/2/. *=л,K!=..

p=ƒ!=K%2=……=  м%дель C%2е!, 3“2%Lч,"%“2, 
.леме…2%" C!%-,л , ле›=?,. "…е Cл%“*%“2, г,K=, 
C%ƒ"%л е2 %C!едел,2ь д%C3“2,м/L !=д,3“ ,ƒг,K= 
C!, 2!‘.2%чеч…%L “.еме г,K*,. p=“.%›де…,е .*“-
Cе!,ме…2=ль…/. , !=“ч‘2…/. д=……/., C%л3че…-
…/. …= %“…%"е !=ƒ!=K%2=……%L м%дел,, …е C!е"/-
ш=е2 6 %.

l%дель !=“*=2*, C%л*, C%ƒ"%л е2 %C!едел 2ь 
“,л%"/е C=!=ме2!/ C!%це““= (“,л3 !=“C%!= , 
*!32 ?,L м%ме…2), …е%K.%д,м/е дл  "/K%!= ,л, 
C!%е*2,!%"=…,  !=“*=2…/. “2=…*%".

pеƒ3ль2=2/ .*“Cе!,ме…2=ль…/. ,““лед%"=…,L 
де-%!м=ц,L !=“*=2/"=ем%L C%л*, C%*=ƒ/"=ю2, 
ч2% C!,ме…е…,е ƒ=*!/2%г% *=л,K!= C%ƒ"%л е2 
%“3?е“2"л 2ь C!%це““ -%!м%%K!=ƒ%"=…,  " 3“л%-
", . Cл%“*%L де-%!м=ц,,. hƒме!е…,е 2"‘!д%“2, 
!=“*=2/"=ем%L C%л*, C%д2"е!›д=е2 …е%K.%д,-
м%“2ь 3ч‘2= 3C!%ч…е…,  C!, !=ƒ!=K%2*е м=2ем=-
2,че“*,. м%делеL C!%це““=.

dл  !е=л,ƒ=ц,, 2е.…%л%г,, м%›…% ,“C%льƒ%-
"=2ь “е!,L…/е C!%-,л,!%"%ч…/е , г,K%ч…%-!=“-
*=2…/е “2=…*, C!%,ƒ"%д“2"= n`n &rль …%"“*,L 
mh`Š[.

a,Kл,%г!=-,че“*,е ““/л*,
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p=ƒ!=K%2=… =*цеC2%! деL“2",  ,…2елле*23=ль…%L “,“2ем/, "*люч=ю?,L =лг%!,2м “=-
м%%!г=…,ƒ=ц,,. o!едл%›е… “C%“%K “еле*ц,, Cе!еме……/. “%“2% …,   , “2!3*23! “=м%%!г=-
…,ƒ3ю?,.“  м%делеL. }--е*2,"…%“2ь !=ƒ!=K%2=……%г% “C%“%K= !е=л,ƒ=ц,, =*цеC2%!= деL-
“2",  C!%дем%…“2!,!%"=…= …= C!,ме!е C%“2!%е…,  м%делеL C%г!еш…%“2еL ,…е!ц,=ль…%L 
…=",г=ц,%……%L “,“2ем/.

jлюче"/е “л%"=: ,…2елле*23=ль…=  “,“2ем=, =*цеC2%! деL“2", , ле2=2ель…/L =CC=!=2.

Intellectual system activity acceptor with self-organization algorithm is devised. Variable selection 
method of the self-organization models state and structures is proposed. Devised method efficiency 
of the activity acceptor implementation is illustrated as an example of errors models construction for 
inertial navigation system.

Key words: intellectual system,  activity acceptor,  aircraft.

nд…,м ,ƒ Cе!“Cе*2,"…/. …=C!="ле…,L “,…2еƒ= 
,…2елле*23=ль…/. “,“2ем 3C!="ле…,  (hqr)  "-
л е2“  “,мK,%ƒ .*“Cе!2…/. “,“2ем, ме2%д%" “=-
м%%!г=…,ƒ=ц,,, =лг%!,2м%" C%дг%2%"*, , C!,… -
2,  !еше…,L, =д=C2,"…%г% 3C!="ле…, , = 2=*›е 
=лг%!,2м%" -%!м,!%"=…,  цел,, %KAед,…‘……/. " 
!=м*=. -3…*ц,%…=ль…%L “2!3*23!/ [1].

q%"!еме……/е hqr  !=ƒ!=K=2/"=ю2“  *=* -3…*-
ц,%…=ль…/е “,“2ем/ “ C!,“3?,м, ,м C!,“C%“%-
K,2ель…/м, .--е*2=м,. n2л,ч,2ель…=  че!2= 
люK%г% !еƒ3ль2=2=, *%2%!/L “C%“%K“2"3е2 д%“2,-
›е…,ю цел,, “%“2%,2 " !е=л,ƒ=ц,, C!,…ц,C= “=-
м%!ег3л ц,,.

n“…%"…/м, C!е,м3?е“2"=м, ,“C%льƒ%"=…,  
2е%!,, -3…*ц,%…=ль…/. “,“2ем дл  2е%!,, , 
C!=*2,*, hqr  "л ю2“  3…,"е!“=ль…=  =!.,2е*-
23!= -3…*ц,%…=ль…/. “,“2ем, = 2=*›е %22%че…-
…/е ."%люц,еL ме.=…,ƒм/ -3…*ц,%…=ль…/. 
“,“2ем.

q,…2еƒ цел, %“3?е“2"л е2“  “ 3ч‘2%м ,…-%!м=-
ц,, % "…еш…еL “!еде, “%K“2"е……%м “%“2% …,, 
hqr, м%2,"=ц,, , C!, …=л,ч,, C=м 2,. g=2ем 
д,…=м,че“*=  .*“Cе!2…=  “,“2ем= C!%"%д,2 %це…-
*3, *%2%!=  ле›,2 " %“…%"е C!,… 2,  !еше…, , = 
2=*›е %“3?е“2"л е2“   C!%г…%ƒ дл  =*цеC2%!= деL-
“2", . o%“ле 2%г% *=* !еше…,е "/!=K%2=…%, !е=л,-
ƒ3е2“  3C!="ле…,е ле2=2ель…/м =CC=!=2%м (k`).

`*цеC2%! деL“2",  "*люч=е2 =лг%!,2м “=м%%!-
г=…,ƒ=ц,,, *%2%!/L C%ƒ"%л е2 C%“2!%,2ь C!%г…%-
ƒ,!3ю?3ю м%дель " 3“л%", . м,…,м3м= =C!,%!-
…%L ,…-%!м=ц,,, = 2=*›е =лг%!,2м “л,че…,  
!еƒ3ль2=2= деL“2",  , C!%г…%ƒ=. h…-%!м=ц,  % 
“%%2"е2“2",, !еƒ3ль2=2%" деL“2",  , C!%г…%ƒ= 
Cе!ед=‘2“  " .*“Cе!2…3ю “,“2ем3 ,  “,“2ем3 “,…-
2еƒ= цел, -3…*ц,%…,!%"=…,  k`.

o!, %2“32“2",, “%%2"е2“2",  !еƒ3ль2=2%" деL-
“2",  , C!%г…%ƒ= "/!=K=2/"=е2“  …%"=  .*“Cе!2-
…=  %це…*=, C!,…,м=е2“  д!3г%е !еше…,е , !е=-
л,ƒ3е2“  …%"%е 3C!="л ю?ее "%ƒдеL“2",е. b “л3-
ч=е, *%гд= “%%2"е2“2",  д%“2,чь …е"%ƒм%›…% 
C!%,“.%д,2 ,ƒме…е…,е цел, hqr. e“л, !еƒ3ль2=-
2/ деL“2",  3д%"ле2"%! ю2 C!%г…%ƒ3, ч2% “%%2-
"е2“2"3е2 3д=ч…% "/K!=……%м3 3C!="ле…,ю, 2% 
цель hqr д%“2,г=е2“ .

h2=*, %“…%"…/м =лг%!,2м%м =*цеC2%!= деL“2-
",  hqr  "л е2“  =лг%!,2м “=м%%!г=…,ƒ=ц,,, 
,мею?,L цел/L ! д м%д,-,*=ц,L, *%2%!/е C!,-
ме… ю2“  " ƒ=",“,м%“2, %2 %2"ед‘……%г% %KA‘м= 
м=ш,……%L C=м 2, , K/“2!%деL“2",  a0bl, "е-
л,ч,…/ ,ƒме!,2ель…%L "/K%!*,, 2!еK%"=…,L * 
2%ч…%“2, C%“2!%е……%L м%дел, , 2. д.

`*цеC2%! деL“2",  C!%е*2,!3е2“  " “%%2"е2“2-
",, “ C!,…ц,C=м, !=ƒ!=K%2*, =лг%!,2м,че“*%г% 
%Kе“Cече…,  [2], %д…,м ,ƒ *%2%!/.  "л е2“  
C!,…ц,C !=ц,%…=ль…%L 3…,-,*=ц,,. o%"/ше…,е 
“2еCе…, 3…,-,*=ц,, =лг%!,2м,че“*%г% %Kе“Cе-
че…,  3ме…ьш=е2 “2%,м%“2ь “,“2ем/, “…,›=е2 
=лг%!,2м,че“*,е C%г!еш…%“2, , "/ч,“л,2ель…/е 
%ш,K*,. nд…=*% .2% C!,"%д,2 * =лг%!,2м,че“*%L 
, C!%г!=мм…%L ,ƒK/2%ч…%“2,, “лед“2",ем чег% 
 "л е2“  …е*%2%!%е 3д%!%›=…,е “,“2ем/. o%.2%м3 
!еше…,е ƒ=д=ч, !=ц,%…=ль…%L 3…,-,*=ц,, # .2% 
"=›…=  , =*23=ль…=  ƒ=д=ч= C!, “,…2еƒе =лг%!,2-
м,че“*%г% %Kе“Cече…,  hqr k`.

b “%%2"е2“2",, “ *%…цеCц,еL “,“2ем…%г% “,…-
2еƒ= [3] …е%K.%д,м% !=ц,%…=ль…%е “%*!=?е…,е 
ч,“л= C=!=ме2!%" м%дел, ,““лед3ем%г% %KAе*2=. 
n“3?е“2",2ь “%*!=?е…,е м%›…% ,“C%льƒ%"=" 
!=ƒл,ч…/е *!,2е!,,, …=C!,ме!, "/дел   Cе!е-
ме……/е “ !=ƒл,ч…/м, 2емC=м, ,ƒме…е…,  [4]. 
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nK/ч…% "/дел ю2 медле……/е, …%!м=ль…/е , K/“2-
!/е Cе!еме……/е. o!, ,ƒме…е…,, “,23=ц,,  ,…-
-%!м=ц,  %K!=K=2/"=е2“  “лед3ю?,м %K!=ƒ%м: 
медле……/е Cе!еме……/е ƒ=ме… ю2“  *%…“2=…2=-
м,, K/“2!/е # ,. %“!ед…‘……/м, ƒ…=че…, м,. 
e“л, K/“2!/е Cе!еме……/е  “3?е“2"е……% …е "л, ю2 
…= %C,“=…,е C!%це““=, 2% ,. целе“%%K!=ƒ…% ,“-
*люч,2ь ,ƒ !=““м%2!е…, . d=лее 32%ч… ю2 %“2="-
ш,е“  Cе!еме……/е, е“л, .2% 2!еK3е2“  " “%%2"е2-
“2",, “ C%“2=…%"*%L ƒ=д=ч,.

hе!=!.,  Cе!еме……/.  “%“2% …,  м%делеL C!ед-
“2="ле…= …= !,“.  1.

o!ед“2="ле……3ю ,е!=!.,ю Cе!еме……/. “%“2% -
…,  м%›…% ,“C%льƒ%"=2ь C!, !е=л,ƒ=ц,, =*цеC2%-
!= деL“2",  hqr, " ч=“2…%“2, C!, “,…2еƒе =лг%-
!,2м%" “=м%%!г=…,ƒ=ц,,. b *=че“2"е K=ƒ%"%г% =л-
г%!,2м= целе“%%K!=ƒ…% C!,… 2ь *л=““,че“*,L =л-
г%!,2м “=м%%!г=…,ƒ=ц,, [2], C!,  !е=л,ƒ=ц,, *%-
2%!%г% …е%K.%д,м% "…е“2, …е*%2%!/е ,ƒме…е…, , 
2. е. м%д,-,ц,!%"=2ь *л=““,че“*,L =лг%!,2м. m= 
Cе!"%м ! д3 “еле*ц,, -%!м,!3ю2“  л,…еL…/е 
2!е…д/,  …= “лед3ю?,.  %“3?е“2"л е2“  ,. 3“л%›-
…е…,е , %2K%!.

b *=че“2"е *!,2е!,е", C!,… 2/. " !=м*=. *%…-
цеCц,, “,“2ем…%г% “,…2еƒ=, м%›…% C!,… 2ь ч,“-
ле……/е *!,2е!,, “2еCе…, 3C!="л ем%“2, , …=-

Kлюд=ем%“2,. t3…*ц,%…=ль…=  “.ем= -%!м,!%-
"=…,  м%делеL " =*цеC2%!е деL“2",  hqr C!ед-
“2="ле…= …= !,“. 2.

d%м,…,!3ю?,е C=!=ме2!/ ,ƒ %C!едел ю?,. 
C=!=ме2!%" м%делеL (“м. !,“. 2) "/дел ю2 “ C%м%-
?ью *!,2е!,е" “2еCе…, 3C!="л ем%“2, , …=Kлю-
д=ем%“2, “ …,ƒ*,м, C%!%г%"/м, ƒ…=че…, м,. 
d=лее, " ƒ=",“,м%“2, %2 !е›,м= -3…*ц,%…,!%"=-
…,  k`, -%!м,!3ю2 !=ƒл,ч…/е ",д/ м%делеL. dл  
!е›,м= ,…2е…“,"…%г% м=…е"!,!%"=…,  %2K,!=ю2 
C=!=ме2!/ “ C%м%?ью ч,“ле……/. *!,2е!,е" “2е-
Cе…, 3C!="л ем%“2, , …=Kлюд=ем%“2,, …% 3›е “ 
"/“%*,м, C%!%г%"/м, ƒ…=че…, м,. Š=*%L *%…-
цеC23=ль…/L C%д.%д C%ƒ"%л е2 %2K,!=2ь дл  %“3-
?е“2"ле…,  м=…‘"!%" k` 2%ль*% .--е*2,"…% 
3C!="л ем/е , д%“2%"е!…% %C!едел ем/е C=!=-
ме2!/.

n2…%“,2ель…% .2,. C=!=ме2!%" “2!% 2 л,…еL-
…/е 2!е…д/, *%2%!/е ,“C%льƒ3ю2 дл  C%л3че…,  
*!=2*%“!%ч…/. C!%г…%ƒ%" , “,…2еƒ= г!3K/. “це-
…=!,е" д",›е…,  k`. Š!е…д/ …= “лед3ю?,. .2=-
C=. “еле*ц,, 3“л%›… ю2“ . b !еƒ3ль2=2е %2K%!= 
ме2%д%м “=м%%!г=…,ƒ=ц,, C%л3ч=е2“  …ел,…еL-
…=  м%дель %C2,м=ль…%L “л%›…%“2,. 

o!, д",›е…,, k` " *!еL“е!“*%м !е›,ме д%-
м,…,!3ю?,е C=!=ме2!/ "/K,!=ю2 “ C%м%?ью 

p,“. 1. hе!=!.,  Cе!еме……/. “%“2% …,  м%делеL ,…2елле*23=ль…%L “,“2ем/ 3C!="ле…, 

,
,
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*!,2е!,е" “2еCе…, 3C!="л ем%“2, , …=Kлюд=ем%-
“2, “ C%!%г%"/м, ƒ…=че…, м, …е“*%ль*% ме…ь-
ш,м,, чем " !е›,ме ,…2е…“,"…%г% м=…е"!,!%"=-
…, . }2% %KA “… е2“  2ем, ч2% м%›…% C%л3ч,2ь 
Kóльш,е ,ƒме!,2ель…/е "/K%!*,, д%“2%"е!…% %2-
!=›=ю?,е ,““лед3ем/L C!%це““. b .2%м “л3ч=е 
целе“%%K!=ƒ…% 3"ел,ч,2ь *%л,че“2"% C=!=ме2!%", 
3ч=“2"3ю?,. " %C,“=…,, ,““лед3ем%г% C!%це““=, 
2=* *=* "%ƒм%›…% C%“2!%е…,е K%лее C%л…%L , 
2%ч…%L м%дел,.

dл  C%“2!%е…,   м%дел, " *!еL“е!“*%м !е›,ме 
,“C%льƒ3е2“  2%2 ›е =лг%!,2м “=м%%!г=…,ƒ=ц,, 
(*=* , " C!ед/д3?ем “л3ч=е).

dл  !=““м%2!е……/. !е›,м%" C%“2!%е…,е м%-
делеL C!ед3“м=2!,"=е2 %C!еделе…,е “2!3*23!/ 
.2,. м%делеL (ƒ= ,“*люче…,ем л,…еL…/. 2!е…-
д%", C%л3ч=ем/. …= Cе!"%м .2=Cе !=K%2/ =лг%-
!,2м= “=м%%!г=…,ƒ=ц,,). o%.2%м3 C%“2!%е……/е 
м%дел, м%›…% ,“C%льƒ%"=2ь дл  %C!еделе…,  
“це…=!,е" д",›е…,  k` , *%!!е*ц,, hqr " "/-
.%д…%м “,г…=ле.

o!, ,“C%льƒ%"=…,, м%делеL " =лг%!,2м=. 
3C!="ле…,  целе“%%K!=ƒ…% ƒ=д="=2ь “2!3*23!3 м%-
делеL =C!,%!,, *%гд= ,де…2,-,ц,!3ю2“  …е,ƒ-
"е“2…/е *%.--,ц,е…2/ м%дел,. hде…2,-,*=ц,  
%“3?е“2"л е2“  =лг%!,2м%м “=м%%!г=…,ƒ=ц,, “ 

,“C%льƒ%"=…,ем *!,2е!,е" “2еCе…, 3C!="л ем%-
“2, ,  …=Kлюд=ем%“2,. b ƒ=",“,м%“2, %2 !е›,м= 
-3…*ц,%…,!%"=…,  k` C%!%г%"/е ƒ…=че…,  "/-
K,!=ю2 ,ƒ C!=*2,че“*,. “%%K!=›е…,L *=* , " 
C!ед/д3?,. “л3ч= ..

`лг%!,2м “=м%%!г=…,ƒ=ц,, м%›…% !е=л,ƒ%"=2ь 
“ C%м%?ью !=ƒл,ч…/. %C%!…/. -3…*ц,L. o%“ле 
C!ед"=!,2ель…%L %K!=K%2*, ,мею?еL“  =C!,%!-
…%L ,…-%!м=ц,, м%›…% C!=",ль…% "/K!=2ь %C%!-
…/е -3…*ц,,, *%2%!/е K%лее 2%ч…% %2!=›=ю2 ,“-
“лед3ем/е C!%це““/.

t3…*ц,  2!е…д= C!, “%%2"е2“2"3ю?,. д%C3-
?е…, . ,мее2 ",д

)(),()( tsctfty += ,  (1)

где s(t) # =дд,2,"…=  C%ме.=; c # *%.--,ц,е…2 *!3-
2,ƒ…/ 2!е…д=.

t3…*ц,  2!е…д= ),( ctf  м%›е2 K/2ь =CC!%*“,-
м,!%"=…= …е*%2%!%L “,“2ем%L %C%!…/. -3…*ц,L:

0
( , ) ( ),

n

i i
i

f t c c t
=

= ϕ∑   (2)

где ( )i tϕ  # %C%!…=  -3…*ц, .

p,“. 2. t3…*ц,%…=ль…=  “.ем= -%!м,!%"=…,  м%делеL " =*цеC2%!е деL“2",  ,…2елле*23=ль…%L “,“2ем/ 3C!="ле…, 

Алгоритм самоорганизации с резервированием трендов



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 542

o!, “,…2еƒе =лг%!,2м%" “=м%%!г=…,ƒ=ц,, C!,-
ме… ю2“  !=ƒ…%%K!=ƒ…/е %C%!…/е -3…*ц,,. H=-

C!,ме!, дл  C%“2!%е…,  м%дел, 
0

( )
n

i
i

i
y t c t

=
= ∑  # “2е-

Cе……/е C%л,…%м/ ( ) i
i t tϕ = ; дл  C%“2!%е…,  м%-

дел, ",д=
 0 0

( ) cos sin ,
m m

i i i i
i i

y t c t d t
= =

= ω + ω∑ ∑
0, 1, 2,...,i m=  # 2!,г%…%ме2!,че“*,е -3…*ц,, 

2 1( ) sini it t−ϕ = ω , 2 ( ) cosi it tϕ = ω ; дл  C%“2!%е…,  

м%дел, ",д= 
0

( ) i
m

t
i

i
y t c eβ

=
= ∑ #.*“C%…е…ц,=ль…/е 

-3…*ц,, ( ) it
i t eβϕ = .

l%дел, “2!% 2 …= %“…%"е ,ƒме!,2ель…%L "/-
K%!*, N. pе=л,ƒ=ц,  ,ƒме!,2ель…%L "/K%!*, N 
дел,2“  …= !е=л,ƒ=ц,ю %K3ч=ю?еL "/K%!*, NA, “  
C%м%?ью *%2%!%L %це…,"=ю2“  C=!=ме2!/ м%де-
л,, , C!%"е!%ч…%L "/K%!*, NB, C%ƒ"%л ю?еL 
"/K,!=2ь л3чш3ю м%дель.

b/K%!*= ,“.%д…/. д=……/. дел,2“  …= д"е %д,-
…=*%"/е ч=“2, N` , Nb, “ C%м%?ью *%2%!/. %C!е-
дел ю2“  м%дел,  ` , b “ "/.%д=м, ,A B

t ty y  , C=!=-
ме2!=м, ,A B

i iC C . j!,2е!,L м,…,м3м= “ме?е…,  
!="е… “!ед…е*"=д!=2,че“*%м3 ƒ…=че…,ю %2*л%…е-
…,L "/.%д%" м%делеL ` , b дл  "“еL "/K%!*, 

)( Nt ∈ :

2 2 2
CM ( ) / min.A B

t t t
t N t N

n y y y
∈ ∈

= − →∑ ∑
 
 

 (3)

k,…еL…/е 2!е…д/ %2л,ч=ю2“  C!%“2%2%L !е=-
л,ƒ=ц,, , C%ƒ"%л ю2 %C!едел,2ь 2е…де…ц,ю ,ƒ-
ме…е…,  ,““лед3ем%г% C!%це““= ƒ= м,…,м=ль…/L 
,…2е!"=л "!еме…,. 

k,…еL…/е 2!е…д/ %C!едел ю2“  д"3м  2%ч*=-
м,, *%2%!/е "/K,!=ю2 “лед3ю?,м %K!=ƒ%м.

1. Š!е…д, C%“2!%е……/L C% 2%ч*=м "/K%!*,, "/-
!=›=е2“  " ",де

0 0 0i i i ik t d= + ,  (4)

где 0# C!%г…%ƒ,!3ем=  "ел,ч,…=; k0, d0 # C=!=ме2-
!/ 2!е…д=,  "л ю?,е“  *!32,ƒ…%L , *%…“2=…2%L 
2!е…д= “%%2"е2“2"е……%; i # м%ме…2 "!еме…,, " *%2%-
!/L ,“C%льƒ3е2“  д=……=  м%дель дл  C%л3че…,  
C!%г…%ƒ,!3ем%L "ел,ч,…/.

2. k,…еL…/L 2!е…д, C%“2!%е……/L …= %“…%"е 
%“!ед…‘……/. ƒ…=че…,L "/K%!*, “ "/K!=……/м, 
%C%!…/м, 2%ч*=м, a1, b1, ƒ=C,ше2“  " ",де

1 1 1 1 1( , )i i i ia b k t d= + ,    (5)

где 1# C!%г…%ƒ,!3ем=  "ел,ч,…=; k1, d1# C=!=ме2-
!/ 2!е…д=,  "л ю?,е“   *!32,ƒ…%L , *%…“2=…2%L; 
a1, b1 # *%%!д,…=2/ %C%!…/. 2%че*.

lе2%д “=м%%!г=…,ƒ=ц,, C%ƒ"%л е2 32%ч… 2ь 
л,…еL…/L 2!е…д ƒ= “ч‘2 ег% 3“л%›…е…,  “ C%м%-
?ью …ел,…еL…%L ч=“2, м%дел,, *%2%!=  “2!%,2“  
ме2%д%м “=м%%!г=…,ƒ=ц,,. b *=че“2"е =лг%!,2м= 
“=м%%!г=…,ƒ=ц,, ,“C%льƒ%"=… *л=““,че“*,L =л-
г%!,2м, !е=л,ƒ3ю?,L ме2%д г!3CC%"%г% 3ч‘2= =!-
г3ме…2= [2]. dл  C%“2!%е…,  м%дел, “ C%м%?ью 
*л=““,че“*%г% =лг%!,2м= “=м%%!г=…,ƒ=ц,, [4] “ 
C%л…/м K=ƒ,“%м …е%K.%д,м% дл,2ель…%е "!ем , 
*%2%!%е " …е*%2%!/.  C!=*2,че“*,. C!,л%›е…, . 
›‘“2*% %г!=…,че…%.

hƒ"е“2…/L =лг%!,2м м%д,-,ц,!%"=……/. 2!е…-
д%" dем=!*= ,мее2 ",д [4]

k= 1 1k kc− −+
 
,              (6)

где k# C!%г…%ƒ Cе!еме……%L “%“2% …,  ,…2елле*-
23=ль…%L “,“2ем/ д,…=м,че“*%г% %KAе*2=; ck#1 # 
-3…*ц, , .=!=*2е!,ƒ3ю?=  *!32,ƒ…3 2!е…д=. 

j%.--,ц,е…2 *!32,ƒ…/ 2!е…д= C%ƒ"%л е2 %C-
!едел,2ь 2е…де…ц,ю C!%,“.%д ?,. ,ƒме…е…,L 
Cе!еме……%L “%“2% …, . h“C%льƒ%"=…,е  -3…*-
ц,, *!32,ƒ…/ 2!е…д= C%ƒ"%л е2 32%ч…,2ь .=!=*-
2е! C!%,“.%д ?,. ,ƒме…е…,L. t3…*ц,, "/K,-
!=ю2“  ,ƒ “2=…д=!2…%г% …=K%!= K=ƒ,“…/. -3…*-
ц,L [4].

o!%г…%ƒ,!3ю?=  м%дель " *л=““,че“*%м =лг%-
!,2ме “=м%%!г=…,ƒ=ц,, ,мее2 ",д

1
1

( , )
L

k i i i
i

c a f x−
=

= μ∑ , (7)

где L # ч,“л% K=ƒ,“…/. -3…*ц,L; μi # K=ƒ,“…/е 
-3…*ц,, ,ƒ C=!=ме2!,ƒ%"=……%г% м…%›е“2"= Fp; 

{ ( , ) | 1, }p i i iF a f x i L= μ = . 

j=›д=  K=ƒ,“…=  -3…*ц,  %C!едел е2“  " 
“%%2"е2“2",, “ д"3.ме!…/м "е*2%!%м C=!=ме2!%"

T
ii fa ),( , где ai 

# =мCл,23д=; fi # ч=“2%2=.
Š=*%L =лг%!,2м C%ƒ"%л е2 C%“2!%,2ь 2!е…д, = 

ƒ=2ем , …ел,…еL…3ю м%дель " 3“л%", . де-,ц,2=  
"!еме…, , м=ш,……%L C=м 2, a0bl.

j!,2е!,L !ег3л !…%“2, C!ед“2="л е2 “%K%L 
“!ед…е*"=д!=2,че“*3ю %ш,K*3 Δ2, "/ч,“ле……3ю 

…= C!%"е!%ч…%L "/K%!*е NB [4]:

Δ2

2

1

2

1

=

−
=

=

∑

∑

( )z x

z

i i
i

N

i
i

N

B

B
, (8)

где zi # ,ƒме! ем=  "ел,ч,…=;  # ƒ…=че…,е, C!%г…%-
ƒ,!3ем%е C% м%дел,.
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j!,2е!,L “.%д,м%“2, C%ш=г%"%г% ,…2ег!,!%-
"=…,  *%…еч…%-!=ƒ…%“2…/. м%делеL ,мее2 ",д

I
x z

z

i i
i

N

i
i

N=

−
=

=

∑

∑

( )2

1

2

1

, (9)

где I # ƒ…=че…,е %ш,K*, C%ш=г%"%г% ,…2ег!,!%"=-
…,  …= "“‘м ,…2е!"=ле ,…2е!C%л ц,,, *%2%!/L 
"*люч=е2 %K3ч=ю?3ю NA , C!%"е!%ч…3ю "/K%!*3 
NB , 2. е. N = N` +NB .

p=““м%2!,м -%!м,!%"=…,е м%делеL " =*цеC2%-
!е деL“2",  hqr. b *=че“2"е C!,ме!= ,““лед3ем 
ƒ=д=ч3 C%“2!%е…,  м%делеL C%г!еш…%“2еL ,…е!-
ц,=ль…%L …=",г=ц,%……%L “,“2ем/ (hmq). 

b C!%це““е -3…*ц,%…,!%"=…,  hqr !=““м%2-
!е…/ “лед3ю?,е че2/!е м%дел,.

1. k,…еL…/L 2!е…д, C%“2!%е……/L …= %“…%"е 
%“!ед…‘……/. ƒ…=че…,L "/K%!*, “ "/K!=……/м, 
%C%!…/м, 2%ч*=м, a1 , b1 (м%дель 1), ƒ=C,шем " 
",де

x a b k t dk k k k1 1 1 1 1( , ) = + , (10)

где 1 # C!%г…%ƒ,!3ем=  "ел,ч,…=.

b“е "ел,ч,…/ , C=!=ме2!/ %C!едел ю2“  " ƒ=-
",“,м%“2, %2 м%ме…2= "!еме…, tk. o=!=ме2!/ k1, 
d1, a1 , b1 "/ч,“л ю2“  “лед3ю?,м %K!=ƒ%м. 
hƒме!,2ель…=  "/K%!*= дел,2“  …= д"е ч=“2,. 
r“!ед…   "ел,ч,…/ "“е. 2%че*, C%л3ч,м д"=  ƒ…=-
че…, , *%2%!/е ,“C%льƒ%"=…/ *=* *%%!д,…=2/ 
%C%!…/. 2%че* " “%че2=…,, “ "/K!=……/м, C=!=-
ме2!=м, a1 , b1. q%ед,…е…,ем C! м%L л,…,еL 
д"3. %C%!…/. 2%че* C%л3ч=е2“  2!е…д.

2. mел,…еL…=  м%дель, C%л3че……=  “ C%м%?ью 
=лг%!,2м= “=м%%!г=…,ƒ=ц,,. dл  C%“2!%е…,  м%-
дел, %ш,K%* hmq целе“%%K!=ƒ…% "/K!=2ь …ел,-
…еL…/е -3…*ц,,:

x A t P A t Pk mk k k mk k k2 1 1 2 2= + + +sin( ) cos( ),ω ω   (11)

где 2 # C!%г…%ƒ,!3ем=  "ел,ч,…=; A1m, P1, A2m, P2 # 
=мCл,23д/ , -=ƒ/ г=!м%…,че“*,. “%“2="л ю?,., 
*%2%!/е C%д%K!=…/ ме2%д%м “=м%%!г=…,ƒ=ц,,. 

b“е "ел,ч,…/ , C=!=ме2!/ %C!едел ю2“  " ƒ=-
",“,м%“2, %2 м%ме…2= "!еме…, tk (м%дель 2).

3. l%д,-,ц,!%"=……/L 2!е…д dем=!*=, м%д,-
-,ц,!%"=……/L ме2%д%м “=м%%!г=…,ƒ=ц,, (м%-
дель 3):

x x ck k k= +− −1 1 , (12)

где k # C!%г…%ƒ Cе!еме……%L “%“2% …,   д,…=м,че-

“*%г% %KAе*2= " м%ме…2  "!еме…, k ; c w xk i ik
i

−
=

= ∑1
1

2
, 

где x iik , ,= 1 2  #  л,…еL…/L 2!е…д , *%мK,…,!3ю-

?=  …ел,…еL…=  -3…*ц, ; wi # "е“%"%L *%.--,ц,-

е…2 (" ,…2е!"=ле %2 …3л  д% ед,…,ц/), %C!едел е-

м/L " ƒ=",“,м%“2, %2 дл,2ель…%“2, C!%г…%ƒ=.

4. `C!,%!…=  м%дель %ш,K%* hmq.
o%г!еш…%“2, ="2%…%м…%L hmq %C,“/"=ю2“  

=C!,%!…%L м=2ем=2,че“*%L м%делью ",д=

Xk = tuk#1 + Wk#1,  (13)

где ,
k

k k k

k

V
x W −

δ⎡ ⎤
⎢ ⎥= ϕ⎢ ⎥
⎢ ⎥ε⎣ ⎦

10
0 ,

0k

T
R

W

⎡⎡ ⎤ ⎢⎢ ⎥ ⎢= Φ =⎢ ⎥ ⎢⎢ ⎥⎣ ⎦ ⎢⎣

1

0

gT− 0

;T

T

⎤
⎥
⎥
⎥
⎥−β ⎦

W1 # д,“*!е2…/L =…=л%г Kел%г% г=3““%"= ш3м=; 
β # “!ед…   ч=“2%2= “л3ч=L…%г% ,ƒме…е…,  д!еL-=; 
δVk # %ш,K*= hmq " %C!еделе…,, “*%!%“2,; φk # 
3г%л %2*л%…е…,  г,!%“2=K,л,ƒ,!%"=……%L Cл=2-%!-
м/ (cqo) %2…%“,2ель…% “%C!%"%›д=ю?ег% 2!‘.-
г!=……,*=; g # 3“*%!е…,е “,л/ 2 ›е“2,; R # !=д,3“ 
gемл,; T # Cе!,%д д,“*!е2,ƒ=ц,,.

b/ч,“л ем “2еCе…ь …=Kлюд=ем%“2, C%г!еш…%-
“2еL hmq “ C%м%?ью ч,“ле……%г% *!,2е!,  [1]

2

*2

( )

( )

i

ii

M x r
rM y

⎡ ⎤⎣ ⎦λ =
⎡ ⎤⎣ ⎦

,

где r = M [v2] # д,“Cе!“,  ,“.%д…%г% ,ƒме!,2ель…%-

г% ш3м=; r*i = M [(vi*)2] # д,“Cе!“,  C!,"ед‘……%г% * 
i-L *%мC%…е…2е ,ƒме!,2ель…%г% ш3м=; M [(xi)2] # 
д,“Cе!“,  C!%,ƒ"%ль…%L i-L *%мC%…е…2/ "е*2%!= 
“%“2% …, ; M [(yi)2] # д,“Cе!“,  …еC%“!ед“2"е……% 
,ƒме! ем%L *%мC%…е…2/ "е*2%!= “%“2% …, .

o!,мем C%!%г%"%е ƒ…=че…,е !="…/м 0,1. b !е-
ƒ3ль2=2е C%л3ч,м, ч2% 2!е2ь  *%мC%…е…2= "е*2%!= 
“%“2% …,  …е “%%2"е2“2"3е2 2!еK%"=…, м (“2еCе…ь 
…=Kлюд=ем%“2, …ед%“2=2%ч…=). Š%гд= м%дель K3-
де2 ,ме2ь ",д

1
, .

0
k

k
k

gTV
X T

R

−⎡ ⎤δ⎡ ⎤ ⎢ ⎥= Φ =⎢ ⎥ ⎢ ⎥ϕ⎣ ⎦ ⎣ ⎦

 b C!%це““е -3…*ц,%…,!%"=…,  hmq  %C2,м,-
ƒ=ц,  *%.--,ц,е…2%" =C!,%!…%L м%дел, %“3?е-
“2"л е2“  “лед3ю?,м %K!=ƒ%м.

nC!едел,м %K!=2…3ю м=2!,ц3 …=Kлюд=ем%“2, 
S#1:

1

1 0
.1 1S

gT gT

−
⎡ ⎤
⎢ ⎥= ⎢ ⎥−
⎢ ⎥⎣ ⎦
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dл  ,ƒме!е…,  *%мC%…е…2 "е*2%!= “%“2% …,  
C%л3ч,м 3!="…е…, :

Z (δV ) = Zk ,

1
1 1( ) k kZ Z Z

gT gT +ϕ = −  ,

где Z(δV) # ,ƒме!е…,е %ш,K*, hmq " %C!еделе…,, 
“*%!%“2,; Z(φ) # ,ƒме!е…,е 3гл= %2*л%…е…,  cqo 
%2…%“,2ель…% “%C!%"%›д=ю?ег% 2!е.г!=……,*=.

j%.--,ц,е…2/ " 3!="…е…, . C!,"ед‘……/. 
,ƒме!е…,L  "л ю2“  -3…*ц, м, .леме…2%" м=2-
!,ц/ …=Kлюд=ем%“2, S. }леме…2/ м=2!,ц/ S#1 
%C!едел ю2 "е“=, “ *%2%!/м, " C!,"ед‘……/. ,ƒ-
ме!е…, . C!,“32“2"3е2 ,ƒме!,2ель…/L ш3м. 
Š=*,м %K!=ƒ%м, C!, %C!еделе…,, 3гл= %2*л%…е-
…,  cqo %2…%“,2ель…% “%C!%"%›д=ю?ег% 2!‘.-
г!=……,*= C!,"ед‘……/L ,ƒме!,2ель…/L ш3м 
м%›…% 3ме…ьш,2ь 3"ел,че…,ем Cе!,%д= д,“*!е-
2,ƒ=ц,,.

Š%ч…%“2ь -%!м,!%"=…,  ,ƒме!е…,L м%›…% C%-
"/“,2ь C!ед"=!,2ель…/м “гл=›,"=…,ем  ,ƒме!,-
2ель…/. ш3м%". oе!ед C!%це““%м %це…,"=…,  
C!%"%д,2“  C!ед"=!,2ель…%е “гл=›,"=…,е ,ƒме-
!,2ель…/. ш3м%" “ ,“C%льƒ%"=…,ем %Cе!=ц,, 
C“е"д%%K!=?е…,  м=2!,ц/. )ем ме…ьше C!,"е-
д‘……/L ,ƒме!,2ель…/L ш3м, 2ем 2%ч…ее  ,ƒме!е-
…,  Cе!еме……/. “%“2% …, . o!,"ед‘……/L ,ƒме-
!,2ель…/L ш3м м%›…% 3ме…ьш,2ь ,ƒме…е…,ем 
.леме…2%" м=2!,ц/ S, *%2%!/е C!ед“2="л ю2 “%-
K%L *%мK,…=ц,, .леме…2%" м=2!,ц/ ,ƒме!е…,L   
, м=2!,ц/ м%дел, t, 2=* *=* м=2!,ц= ,ƒме!е…,L 
ƒ=д=…= ›‘“2*%. l=2!,ц= “,“2ем/ (" =лг%!,2ме 
C!%г…%ƒ= м=2!,ц= м%дел,) .=!=*2е!,ƒ3е2 ,““ле-
д3ем/L C!%це““, "“е е‘ .леме…2/  "/K,!=ю2“  " 
C!%це““е “еле*ц,,. bе“ ,ƒме!,2ель…%г% ш3м= " 
3!="…е…,, C!,"ед‘……/. ,ƒме!е…,L %C!едел е2“  
*%.--,ц,е…2=м,:

det
ii

ii
A

S
S

=  .

r"ел,че…,е detS  C%"/ш=е2 2%ч…%“2ь %C!еделе-
…,  "е*2%!= “%“2% …, . rч,2/"= , ч2% sign(detS) 

…е,ƒ"е“2е…, C!едл=г=е2“  C!,… 2ь *!,2е!,L “е-
ле*ц,, " ",де 

I = [detS]2 → max.  (14)

o!, “2=ц,%…=!…%“2, м=2!,ц/ “,“2ем/, м=2!,-
ц= S  "л е2“  м=2!,цеL …=Kлюд=ем%“2, “,“2ем/,  
“лед%"=2ель…%, S#1 “3?е“2"3е2.

b C!%це““е “еле*ц,, C% *!,2е!,ю (14) "/K,-
!=ю2“  м%дел, “ K%льш,м detS, 2. е. “ K%льш,м, 
“2еCе… м, …=Kлюд=ем%“2, (3ме…ьше…,е ш3м= 
C!,"%д,2 * C%"/ше…,ю *=че“2"= …=Kлюде…, ).

pеƒ3ль2=2/ м%дел,!%"=…,  C%г!еш…%“2, C!%г-
…%ƒ= %ш,K%* hmq “ ,“C%льƒ%"=…,ем л,…еL…%г% 
м%д,-,ц,!%"=……%г% 2!е…д= , …ел,…еL…%L м%де-
л,  дл  *!=2*%“!%ч…%г%, “!ед…е“!%ч…%г% , д%лг%-
“!%ч…%г% C!%г…%ƒ= C%*=ƒ=л,, ч2%  *!=2*%“!%ч…/L 
C!%г…%ƒ C%г!еш…%“2, hmq “ ,“C%льƒ%"=…,ем 
2!‘. м%делеL  %2л,ч=е2“  C% 2%ч…%“2, , C% "!е-
ме…,. b!ем , C%2!=че……%е …=  %2K%! …ел,…еL…%L 
*%мK,…=ц,,, " “емь !=ƒ K%льше, чем …= C%“2!%е-
…,е л,…еL…%L м%дел,. q "%ƒ!=“2=…,ем дл,2ель-
…%“2, C!%г…%ƒ= .--е*2,"…%“2ь ,“C%льƒ%"=…,  
ме2%д= “=м%%!г=…,ƒ=ц,, C% “!="…е…,ю “ л,…еL-
…/м 2!е…д%м , =C!,%!…%L м%делью “ ,де…2,-,-
*=ц,еL C=!=ме2!%" "%ƒ!=“2=е2. o!, д%лг%“!%ч…%м 
C!%г…%ƒе м%дель, C%л3че……=  =лг%!,2м%м “=м%-
%!г=…,ƒ=ц,,, C%ƒ"%л е2 C%л3ч,2ь !еƒ3ль2=2/ 
C!,ме!…% " д"= !=ƒ= 2%ч…ее, чем л,…еL…/L 
2!е…д.

a,Kл,%г!=-,че“*,е ““/л*,

1. o3C*%" j.`., mе3“/C,… j.`. b%C!%“/ 2е%!,, , 
!е=л,ƒ=ц,, “,“2ем 3C!="ле…,  , …=",г=ц,,. l.: 
a,%,…-%!м, 1997. 365 “.

2. o!%ле2=!“*,L `.b. q,“2ем…/L “,…2еƒ “,“2ем 
3C!="ле…,  // `"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%-
г,,.  2007. 1 5.

3. mе3“/C,… j.`., t=м q3=… t=…г. o%"/ше…,е “2е-
Cе…, 3C!="л ем%“2, k` // `"2%м=2,ƒ=ц,  , “%"!еме…-
…/е 2е.…%л%г,,. 2007. 1 2. q. 21#25.

4. mе3“/C,… j.`., o!%ле2=!“*,L `.b., 0,K,ƒ%"= Š.~. 
q,“2ем/ 3C!="ле…,  ле2=2ель…/м, =CC=!=2=м, , =лг%-
!,2м/ %K!=K%2*, ,…-%!м=ц,,. l.: hƒд-"% lcnr, 
2006. 235 “.        
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Cisco "*люч=е2“  " K%!ьK3 “ Kеƒ!=K%2,цеL 
" p%““,,

11 -е"!=л  2010 г. …= K=ƒе c%“3д=!“2"е……%г% %K!=ƒ%-
"=2ель…%г% 3ч!е›де…,  j%ллед›= C!едC!,…,м=2ель“2-
"= 111 …=ч=л !=K%23 nK!=ƒ%"=-2ель…/L це…2! &qе2е"=  
=*=дем,  Cisco[. 0е…2! “%ƒд=… " !=м*=. “%"ме“2…%L 
C!%г!=мм/ *%мC=…,, Cisco , деC=!2=ме…2= %K!=ƒ%"=-
…,  г. l%“*"/, …=целе……%L …= Cе!еC%дг%2%"*3 , C%"/-
ше…,е *"=л,-,*=ц,, Kеƒ!=K%2…/. г!=›д=… , “%ц,=ль-
…% …еƒ=?,?е……/. г!3CC …=“еле…, . Cisco C!ед%“2=",-
л= %K%!3д%"=…,е дл  3чеK…%L л=K%!=2%!,, , %K3ч,л= 
,…“2!3*2%!%", *%2%!/е K3д32 C!еC%д="=2ь %“…%"/ ,…-
-%!м=ц,%……/. , *%мм3…,*=ц,%……/. 2е.…%л%г,L " “%-
%2"е2“2",, “ C!%г!=мм%L qе2е"/. =*=дем,L Cisco. 
nK3че…,е K3де2 "е“2,“ь Kе“Cл=2…%. 

nK!=ƒ%"=2ель…/L це…2!, “-%!м,!%"=……/L " !=м*=. 
%K?еL “2!=2ег,, 2е.…%л%г,че“*%г% C=!2…е!“2"= Cisco , 
o!=",2ель“2"= pt, “2=л %д…,м ,ƒ Cе!"/. 3ч!е›де…,L 
2=*%г% !%д= " p%““,,. b nK!=ƒ%"=2ель…%м це…2!е &qе2е"=  
=*=дем,  Cisco[ K3д32 ƒ=…,м=2ь“  Kеƒ!=K%2…/е , м=л%-
%Kе“Cече……/е ›,2ел, l%“*"/, ,…"=л,д/, “23де…2/, %2-
“2="…/е "%е……/е , д!3г,е *=2ег%!,, г!=›д=…, …=,K%лее 
C%“2!=д="ш,е %2 .*%…%м,че“*%г% *!,ƒ,“=. b Cе!"3ю 
%че!едь " 0е…2!е K3д32 %K3ч=2ь“  л,ц=, …=C!="ле……/е …= 
C!%-е““,%…=ль…%е Cе!е%K3че…,е “л3›K%L ƒ=… 2%“2, C!, 
деC=!2=ме…2е 2!3д= , ƒ=… 2%“2, …=“еле…,  г. l%“*"/. 
n…, C!%Lд32 %K3че…,е C% C!%г!=мме Cе!"%г% , "2%!%г% 
*3!“%" “Cец,=ль…%“2, CCNA Discovery “ целью C%дг%-
2%"*, * ,…д3“2!,=ль…%L “е!2,-,*=ц,, CCENT. (q2%,2 
%2ме2,2ь, ч2% ƒ= C!%шедш,L г%д C% !=ƒл,ч…/м C!%г!=м-
м=м Cе!е*"=л,-,*=ц,, " j%ллед›е C!едC!,…,м=2ель“2-
"= 1 11 K/л% %K3че…% K%лее 500 Kеƒ!=K%2…/.). j!%ме 
2%г%, " nK!=ƒ%"=2ель…%м це…2!е &qе2е"=  =*=дем,  
Cisco[ “м%г32 ƒ=…,м=2ь“  2е “23де…2/ j%ллед›= C!ед-
C!,…,м=2ель“2"= 111, *%2%!/е C%›ел=ю2 C!%L2, %K3че-
…,е C% "“ем че2/!ем *3!“=м C!%г!=мм/ CCNA  Discovery, 
ч2%K/ ƒ=2ем “д=2ь .*ƒ=ме… …= “е!2,-,*=ц,ю CCNA. 

oл=…,!3е2“ , ч2% …= K=ƒе *%ллед›= K3де2 %2*!/2 
це…2! 2е“2,!%"=…,  Pearson-VUE, ч2% C%ƒ"%л,2 "“ем 
ƒ=ч,“л ем/м " nK!=ƒ%"=2ель…/L це…2! “д="=2ь “е!2,-
-,*=ц,%……/е .*ƒ=ме…/ “!=ƒ3 ›е C% ƒ="е!ше…,, 3че-
K/. oе!"=  г!3CC= "/C3“*…,*%" nK!=ƒ%"=2ель…%г% 
це…2!= “м%›е2 “д=2ь “е!2,-,*=ц,%……/е .*ƒ=ме…/ Kе“-
Cл=2…%. g= Cе!"/L г%д !=K%2/ nK!=ƒ%"=2ель…%г% це…-
2!= * C%л3че…,ю C!%-е““,%…=ль…/. “е!2,-,*=2%" 
Cл=…,!3е2“  C%дг%2%",2ь *=* м,…,м3м 2!,дц=2ь Kеƒ!=-
K%2…/. г!=›д=… , C 2ьде“ 2 “23де…2%" j%ллед›= C!ед-
C!,…,м=2ель“2"= 1 11. 

r…,*=ль…%“2ь C!%е*2= nK!=ƒ%"=2ель…%г% це…2!= “%-
“2%,2 " 2%м, ч2% ег% м%›…% лег*% "%“C!%,ƒ"е“2, " лю-
K%м !ег,%…е pt: дл  %2*!/2,  C%д%K…%г% 3ч!е›де…,  
…=д% л,шь %K3ч,2ь д"3. ,…“2!3*2%!%" C% C!%г!=мме 
qе2е"/. =*=дем,L Cisco , 3“2=…%",2ь “%%2"е2“2"3ю?ее 

л=K%!=2%!…%е %K%!3д%"=…,е " 3чеK…/. *л=““=.. &b 
l%“*"е м/ ""%д,м " деL“2",е C,л%2…/L C!%е*2, , 
=…=л%г,ч…/е це…2!/ м%›…% %2*!/2ь , " д!3г,. !ег,%-
…=. p%““,,, %“%Kе……%, " 2=* …=ƒ/"=ем/. &м%…%г%!%-
д=.[, #  г%"%!,2 ге…е!=ль…/L д,!е*2%! nnn q,“*% 
q,“2ем“[ o="ел aе2“,“. # q%ƒд=…,е nK!=ƒ%"=2ель…%г% 
це…2!= &qе2е"=  =*=дем,  Cisco[ C%л…%“2ью “%%2"е2“2-
"3е2 C!,…ц,C3 *%!C%!=2,"…%L “%ц,=ль…%L %2"е2“2"е…-
…%“2,, *%2%!%г% *%мC=…,  Cisco C!,де!›,"=е2“  " “"%-
еL де 2ель…%“2, "% "“е. “2!=…=. м,!=. n2*!/2,е це…-
2!= “C%“%K“2"3е2 !еше…,ю д"3. …ем=л%"=›…/. ƒ=д=ч: 
“…,›е…,ю “%ц,=ль…%L …=C! ›е……%“2,, "/ƒ"=……%L м,-
!%"/м .*%…%м,че“*,м *!,ƒ,“%м, , “%*!=?е…,ю де-,-
ц,2= “е2е"/. “Cец,=л,“2%", *%2%!/L C!,… л гл%K=ль-
…/L .=!=*2е! , “ *=›д/м г%д%м C!,%K!е2=е2 "“е K%ль-
ш3ю %“2!%23 (C% %це…*е =…=л,2,че“*%L *%мC=…,, IDC, 
" 2011 г. …е."=2*= “Cец,=л,“2%" C% “е2е"/м 2е.…%л%г,-
 м K3де2 ,ƒме! 2ь“  ц,-!%L " 396 2/“. чел%"е*)[. 

nK!=ƒ%"=2ель…/L це…2! &qе2е"=  =*=дем,  Cisco[ # 
=…=л%г C!%е*2=, !е=л,ƒ3ем%г% " qx` " !=м*=. “%"ме“2-
…%L ,…,ц,=2,"/ %!г=…%" "л=“2, , ч=“2…/. *%мC=…,L 
C%д …=ƒ"=…,ем Workforce Retraining Initiative (&o!%г!=мм= 
Cе!еC%дг%2%"*, !=K%2%“C%“%K…%г% …=“еле…, [). b ,юле 
2009 г. .2= ,…,ц,=2,"= K/л= ""еде…= " деL“2",е " ш2=2е 
l,ч,г=… # %д…%м ,ƒ !ег,%…%" qx`, …=,K%лее “,ль…% 
C%“2!=д="ш,. %2 .*%…%м,че“*%г% *!,ƒ,“=. nK .2%L 
,…,ц,=2,"е, !=ƒ!=K%2=……%L " цел . “%ƒд=…,  …%"/. !=-
K%ч,. ме“2 , C%дде!›=…,  *%…*3!е…2%“C%“%K…%“2, 
qx`, “ C%."=л%L %2%ƒ"=л“  гл="= aел%г% д%м= a=!=* 
nK=м=. Cisco %“3?е“2"л е2 д=……/L C!%е*2 " C=!2…е!“2-
"е “ ме“2…/м, "3ƒ=м, , 3ч!е›де…, м, ƒд!="%%.!=…е…,  
, C%"/ше…,  *"=л,-,*=ц,, *=д!%", ш,!%*% C!,ме…   
%C/2 “"%,. qе2е"/. =*=дем,L.

q2=!2%"="ш=  " %*2 K!е 1997 г. C!%г!=мм= qе2е"/. 
=*=дем,L Cisco …/…е деL“2"3е2 3›е " 168 “2!=…=. м,!=. 
o!%г!=мм= …%“,2 …е*%мме!че“*,L .=!=*2е! (…= ее %“3-
?е“2"ле…,е Cisco C%2!=2,л= K%лее 350 мл…. д%лл. qx`) 
, …=целе…= …= -3…д=ме…2=ль…3ю C%дг%2%"*3 “Cец,=л,-
“2%" C% 2е%!,, , C!=*2,*е C!%е*2,!%"=…, , “2!%,2ель-
“2"= , .*“Cл3=2=ц,, л%*=ль…/. , гл%K=ль…/. “е2еL “ 
C!,ме…е…,ем %K?еC!,ƒ…=……/. “2=…д=!2%". qе2е"/е 
=*=дем,, Cisco ,“C%льƒ3ю2 .ле*2!%……3ю м%дель %K!=-
ƒ%"=…,  (e-learning), “%че2=ю?3ю web-%K3че…,е “ ƒ=… -
2, м, C%д !3*%"%д“2"%м C!еC%д="=2елеL. n…= "*люч=-
е2 " “еK  л=K%!=2%!…/е !=K%2/, д=ю?,е C!=*2,че“*,е 
…="/*, C!%е*2,!%"=…, , “2!%,2ель“2"= , %K“л3›,"=-
…,  *%мCью2е!…/. “е2еL. 

qл3ш=2ел,  qе2е"/. =*=дем,L Cisco C%л3ч=ю2 "%ƒ-
м%›…%“2ь C!,%K!е“2, ƒ…=…,  , …="/*,, …е%K.%д,м/е 
дл  !=K%2/ " 3“л%", . "“е K%лее 2е.…%л%г,че“*, ƒ=",-
“,м%L .*%…%м,*,. b p%““,, %2*!/2% 125 qе2е"/. =*=-
дем,L Cisco. b …=“2% ?ее "!ем  " …,. %K3ч=е2“  K%лее 
5600 чел%"е*. 

b{qŠ`bjh h opegemŠ`0hh



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 546

&o!%д.*“C%-2010[

b 0е…2!=ль…%м  "/“2="%ч…%м *%мCле*“е (0bj) 
&}*“C%це…2![ "  l%“*"е “ 8 C%12 -е"!=л  2010 г. 
3“Cеш…% C!%шл= 17-  lе›д3…=!%д…=  "/“2="*= 
C!%д3*2%" C,2=…, , …=C,2*%"  , “/!ь  дл  ,. C!%-
,ƒ"%д“2"= # &o!%д.*“C%-2010[. b/“2="*=  K/л= %!-
г=…,ƒ%"=…= 0bj &}*“C%це…2![ C!, “%деL“2",, 
l,…,“2е!“2"= “ель“*%г% .%ƒ L“2"= p%““,L“*%L  
tеде!=ц,, , C!%"%д,л=“ь C%д C=2!%…=2%м Š%!г%"%-
C!%м/шле……%L C=л=2/ pt  , q%"е2= !3*%"%д,2елеL 
2%!г%"%-C!%м/шле……/. C=л=2 г%“3д=!“2" # 3ч=“2-
…,*%" qmc. g…=ч,м%“2ь "/“2="*, дл  !%““,L“*%г% 
, м,!%"%г% C!%д%"%ль“2"е……%г% !/…*= C%д2"е!›де-
…= ƒ…=*=м, *=че“2"= b“ем,!…%L =““%ц,=ц,, "/“2=-
"%ч…%L ,…д3“2!,, (UFI) , p%““,L“*%г% q%юƒ= "/-
“2="%* ,  !м=!%* (pqb“).

m= "/“2="*е “"%ю C!%д3*ц,ю  C!ед“2=",л, “ле-
д3ю?,е “2!=…/: `"“2!=л, , `"“2!, , `ƒе!K=Lд›=…, 
`!ге…2,…=,  `!ме…, , aельг, , a%лг=!, , a!=ƒ,л, , 
bел,*%K!,2=…, , bе…г!, , cе!м=…, , c!ец, , 
d=…, , hƒ!=,ль, h…д, , h…д%…еƒ, , h!=…, 
h!л=…д, , h“C=…, , h2=л, ,  j=ƒ=.“2=…, j=…=д=, 
j,C!, jmp,  k=2", , k,2"=,  l=л=Lƒ, , lе*“,*=, 
l%лд%"=, l%…=*%, l%…г%л, , m,де!л=…д/, n`}, 
oе!3, o%льш=, o%!23г=л, , pе“C3Kл,*= aел=!3“ь, 
pе“C3Kл,*= j%!е , p%““, , p3м/…, , qе!K, , 
q,…г=C3!, qx`, Š=,л=…д, Š3…,“, Š3!ц, , r*!=,…=, 
r!3г"=L, t,…л …д, , t!=…ц, , u%!"=2, , )еш“*=  
pе“C3Kл,*=, ),л,, x!,-k=…*=, }“2%…, , ~›…%-
`-!,*=…“*=  pе“C3Kл,*=, “C%…, . rч=“2…,*=м, 
.2%г% “м%2!=  ",л,“ь  ,ƒ"е“2…/е м,!%"/е C!%,ƒ"%-
д,2ел,  , C%“2="?,*, C!%д3*2%" C,2=…,  , …=C,2-
*%", " ч,“ле *%2%!/. &Hyleys[ (bел,*%K!,2=…, ); 
&Le CafL[, &Lactalis[ (t!=…ц, ); &`л%*%ƒ=L Šh[ 
(n`}); &Milford[, &Tonnies Fleisch[ (cе!м=…, );  
&Cacique[ (a!=ƒ,л, ); &Cibus[ (r!3г"=L); &VALIO[, 
&Myllyn Paras[ (t,…л …д, ); &Cykoria[ (o%льш=); 
&Lamb Weston[ (m,де!л=…д/); &Rigas Sprotes[ 
(k=2", ); &Eurovision[ (qx`); &Tea Tang[, &Imperial 
Teas[, &Dilmah[, &p,“2%…[ (x!,-k=…*=); &Vetroelite 
S.P.A.[ (h2=л, ) ,  д!.

hƒ 1800 -,!м, C!,… "ш,. 3ч=“2,е " "/“2="*е, 
1200 K/л, p%““,L“*,е. q!ед, …=,K%лее ,ме…,2/. 
%2ече“2"е……/. 3ч=“2…,*%" "/“2="*, м%›…% %2ме-
2,2ь &n“2=…*,…“*,L м “%*%мK,…=2[, &p3Kл‘"“*,е 
*%лK=“/ , дел,*=2е“/[, &l,!=2%!г[, &j!=“…%д=!-
“*,L “/!ƒ="%д[, &mе"“*,е м%л%*%C!%д3*2/[, 
&n“2=…*,…“*,L м%л%ч…/L *%мK,…=2[, &d%ш,!=*[, 
&j,…г kе%…[, Šd &j3.…  Kеƒ г!=…,ц[, &j%л",[, 
&}мK%!г[, &xель--2000[, &)ел…/-u%л%д[, Šd 
&o%“Cел[, &l%!ег!=…д[, &q3.%г!3ƒ[, &`льK=2!%“ 
“,-3д 2!еLд,…г[, &cл="C!%д3*22%!г[, &a3лг=!*%…-
“е!"[, &p3““*=  *%…“е!"…=  *%мC=…, [, &c,C=![, 
&a=л2,м%![, &`*м=ль*%[, &m,=г=!=[, &p3““*=  2!=-
Cеƒ=[, &lе!C=“=[, moo &b%“.%д[, &o,?м=ш“е!-
",“[ , д!.

r…,"е!“=ль…=  C% “"%еL 2ем=2,*е "/“2="*= K/л=  
%!г=…,ƒ%"=…= C% “=л%……%м3 C!,…ц,C3. 17 2ем=2,че“-
*,. .*“C%ƒ,ц,L K/л, C%“" ?е…/ "“еL …%ме…*л=23-
!е C!%д3*2%"  C,2=…,  , …=C,2*%", = 2=*›е “%C32“2-
"3ю?ем3 %K%!3д%"=…,ю , 3C=*%"*е. &o!%д.*“C%-
2010[ # “=м%е ="2%!,2е2…%е K,ƒ…е“-C!едC!, 2,е  
C,?е"%L %2!=“л, p%““,,, " *%2%!%м C!,…,м=л, 
3ч=“2,е "“е "ед3?,е !%““,L“*,е , м,!%"/е K!.…д/ 
C,?е"%L %2!=“л,. 

mе%K.%д,м% %2ме2,2ь, ч2% …е“*%ль*% C%“лед…,. 
ле2 “2=K,ль…/L !%“2 C%*=ƒ=л !=ƒдел 3C=*%"*,, 3C=-
*%"%ч…%г% %K%!3д%"=…,  , м=2е!,=л%": .2%2 “егме…2 
C%льƒ3е2“  "%ƒ!=“2=ю?,м “C!%“%м “!ед, C!%,ƒ"%-
д,2елеL C!%д3*2%" C,2=…,  , …=C,2*%", C%“*%ль*3 
3C=*%"*= д="…% “2=л= %д…,м ,ƒ %“…%"…/. ,…“2!3-
ме…2%" C!%д",›е…,  C!%д3*ц,, “!ед, C%2!еK,2е-
леL.

o!емье!%L г%д=  ",л=“ь .*“C%ƒ,ц,  &o!%д- 
.*“C%o=*-2010[ # &rC=*%"%ч…/е !еше…,  дл  C,-
?е"%L C!%м/шле……%“2,[, *%2%!=  ,ƒ “=л%…= 
&rC=*%"%ч…%е %K%!3д%"=…,е , м=2е!,=л/[ K/л= "/-
деле…= " “=м%“2% 2ель…3ю "/“2="*3. b .*“C%ƒ,ц,, 
K/л, C!ед“2="ле…/: 3C=*%"*= ,ƒ !=ƒл,ч…%г% “/!ь  , 
м=2е!,=л%"; “2е*л%2=!=; K32,л,!%"=…,е, 3*3C%!%ч-
…/е “!ед“2"=; 3C=*%"%ч…%е %K%!3д%"=…,е, %K%!3д%-
"=…,е дл  !%ƒл,"=, 3*3C%!*,; %K%!3д%"=…,е дл  C!%-
,ƒ"%д“2"= .2,*е2%*, …=…е“е…,  Cеч=2, …= 3C=*%"*3; 
.2,*е2*=, C%л,г!=-, ; д,ƒ=L… 3C=*%"*,, .*“*люƒ,"-
…=  3C=*%"*=.

bCе!"/е " !=м*=.  &o!%д.*“C%-2010[ C!%"%д,л“  
q=л%… м%!%›е…%г%, %!г=…,ƒ%"=……/L g`n &}*“C%-
це…2![ “%"ме“2…% “ q%юƒ%м м%!%›е…?,*%" p%““,,. 
bед3?,е %2ече“2"е……/е , ƒ=!3Kе›…/е C!%,ƒ"%д,2е-
л, м%!%›е…%г%,  ,…г!ед,е…2%", 2%!г%"%г% , .%л%-
д,ль…%г% %K%!3д%"=…,  3“2=…%",л, C! м/е *%…2=*-
2/ “% “Cец,=л,“2=м, ,ƒ "“е. !ег,%…%" pt, “2!=… 
Kл,›…ег% , д=ль…ег% ƒ=!3Kе›ь , C%л3ч,л,  C%л…/L 
%Kƒ%! ,……%"=ц,L , д%“2,›е…,L " %2!=“л, C!%,ƒ"%д-
“2"= м%!%›е…%г%, %C!едел,л, “2!=2ег,ю !=ƒ",2,   
%2!=“л,, ƒ=*люч,л, *%…2!=*2/ …= C%“2="*3  “"%еL 
C!%д3*ц,,. 

n“%K%е ме“2% ƒ=… л= …=“/?е……=  *%…г!е““…/м, 
ме!%C!, 2, м, дел%"=  C!%г!=мм=, *%2%!=  C%ƒ"%-
л,л= …е 2%ль*% ш,!%*% C!%дем%…“2!,!%"=2ь C!%-
д3*ц,ю ,ƒ"е“2…/. C!%,ƒ"%д,2елеL, …% , C!%"е“2, 
д,“*3““,, %K %“…%"…/. м=!*е2,…г%"/. “2!=2ег, . 
C!%д",›е…,  2%"=!%" C,?е"%L 2ем=2,*,,  C% !=ƒ-
л,ч…/м C!%Kлем=м ƒд%!%"%г% C,2=…,  , …=C,2*%". 
rч=“2,е " "/“2="*е &o!%д.*“C%[ # ƒ=л%г 3“Cеш…%г% 
!=ƒ",2,   K,ƒ…е“= дл  *%мC=…,,, 3*!еCле…,е е‘ C%-
ƒ,ц,L , ,м,д›= “!ед, C!%-е““,%…=ль…%L =3д,2%-
!,,, .--е*2,"…=  "%ƒм%›…%“2ь  "/"%д= …= !/…%* 
…%"/. C!%д3*2%" , 3“л3г. j%мме!че“*=  %2д=ч= %2 
3ч=“2,   " "/“2="*е 2=*›е C%"/ш=е2“  ƒ= “ч‘2 C!,-
ме…е…,   .*“Cе!2=м, &}*“C%це…2!=[ ,……%"=ц,%…-
…/. "/“2="%ч…/. 2е.…%л%г,L , ""еде…,  дл  .*“C%-
…е…2%" , C%“е2,2елеL д%C%л…,2ель…/. 3“л3г.
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o!%е*2,!%"=…,е *!,"%ш,C…%-C!е““%"/. м=ш,… “ 
,“C%льƒ%"=…,ем “%%2…%ше…,L C%д%K, . g=г%2%",-
2ель…/е C!%,ƒ"%д“2"= " м=ш,…%“2!%е…,,. 2009. 1 9. 

hƒл%›е…= ме2%д,*= C!%е*2,!%"=…,  *!,"%-
ш,C…/. м=ш,…, C%ƒ"%л ю?=  …= %“…%"е %KAе*-
2=-C!ед“2=",2ел  %C!едел,2ь “ C!,емлем%L 2%ч-
…%“2ью "“е C=!=ме2!/ м…%›е“2"= C%д%K…/. ем3 
%KAе*2%" д!3г,. 2,C%!=ƒме!%".

`"2%м=2,ƒ,!%"=……=  “,“2ем= 3C!="ле…,  *%мK,…,-
!%"=……/м C!,"%д%м !3д…,ч…%г% .ле*2!%"%ƒ=. c%!…%е 
%K%!3д%"=…,е , .ле*2!%ме.=…,*=. 2009. 1 9. 

o%*=ƒ=…%, ч2% %д…%L ,ƒ C!,ч,… “…,›е…,  2е.-
…,*%-.*%…%м,че“*,. C%*=ƒ=2елеL !3д…,ч…/. 
.ле*2!%"%ƒ%"  "л е2“  “…,›е…,е *%.--,ц,е…2= 
“цеCле…,  *%л‘“ …= %2дель…/. 3ч=“2*=..

o!едл%›е…= , %C,“=…= “2!3*23!…=  “.ем= *%м-
K,…,!%"=……%г% C!,"%д=, "*люч=ю?ег% д%C%л…,-
2ель…% л,…еL…/L д",г=2ель, %Kе“Cеч,"=ю?=  !=-
ц,%…=ль…%е ,“C%льƒ%"=…,е %“…%"…%г% , д%C%л…,-
2ель…%г% C!,"%д%" " !=ƒл,ч…/. !е›,м=. !=K%2/.

Šе.…%л%г,ч…%“2ь C!%д3*ц,, м=ш,…%“2!%е…,  
дл  3“л%",L ="2%м=2,ƒ,!%"=……%г% “K%!%ч…%г% C!%-
,ƒ"%д“2"=. bе“2…,* м=ш,…%“2!%е…, . 2009. 1 9.

p=““м%2!е…/ "%C!%“/ %Kе“Cече…,  “K%!%ч…%L 
2е.…%л%г,ч…%“2, м=ш,…%“2!%,2ель…%L C!%д3*-
ц,, …= “2=д,, C!%е*2,!%"=…,  дл  ="2%м=2,ƒ,-
!%"=……%г% “K%!%ч…%г% C!%,ƒ"%д“2"=, C!едл%›е…/ 
…=C!="ле…,  !еше…,  C%“2="ле……%L ƒ=д=ч,.

Šе.…%л%г,  ="2%м=2,че“*%г% “ч,2/"=…,  “,м-
"%ль…%L ,…-%!м=ц,,. bе“2…,* *%мCью2е!…/. , 
,…-%!м=ц,%……/. 2е.…%л%г,L. 2009. 1 9.

dл  !еше…,  ƒ=д=ч, ="2%м=2,че“*%г% “ч,2/"=-
…,  м=ш,…%“ч,2/"=ем/. д%*3ме…2%" !=ƒ!=K%2=-
…= м%д3ль…=  “.ем= %K!=K%2*, ,ƒ%K!=›е…, , 
C!едC%л=г=ю?=  C%“лед%"=2ель…%е "/C%л…е…,е 
“лед3ю?,. .2=C%": %K…=!3›е…,е “2!%*, %C!еделе-
…,е ƒ…=*%ме“2, K,…=!,ƒ=ц,  “,м"%л%", !=“C%ƒ…=-
"=…,е “,м"%л%", C%“2C!%"е!*= !еƒ3ль2=2%" !=“-
C%ƒ…="=…, . d%“2,г…32% …е%K.%д,м%е *=че“2"% 
="2%м=2,че“*%г% “ч,2/"=…,  д=……/. " м=ш,…%-
“ч,2/"=ем%L ƒ%…е 2е“2%"/. д%*3ме…2%" ƒ= “ч‘2 
C!,ме…е…,  *!%““-C!%"е!*, …= %“…%"е ме2%д%" 
ƒ%… , Cе!е“ече…,L, = 2=*›е ,“C%льƒ%"=…,  ! д= 
“2!3*23!…/. *%…2е*“2…/. C!=",л.

pеƒ3ль2=2/ ме›д3…=!%д…%г% м%…,2%!,…г= %2*=-
ƒ%" , …е,“C!="…%“2еL лег*%"/. ="2%м%K,леL. 
`"2%м%K,ль…=  C!%м/шле……%“2ь. 2009. 1 9.

o!,"еде…/ !еƒ3ль2=2/ ,““лед%"=…,  ,…2е…-
“,"…%“2, %2*=ƒ%" лег*%"/. ="2%м%K,леL " …е-

“*%ль*,. “2!=…=. м,!=. nC!еделе…/ %“…%"…/е 
C!,ч,…/ …е,“C!="…%“2еL, = 2=*›е ,. .=!=*2е!, 
…=!=K%2*,, -=*2,че“*,е Cе!,%д,ч…%“2, %K“л3-
›,"=…,  " C!%це““е .*“Cл3=2=ц,,. m= %“…%"=…,, 
C!,"ед‘……/. д=……/. дел=ю2“  “%%2"е2“2"3ю?,е 
"/"%д/.

o!%г…%ƒ,!%"=…,е C%“лед“2",L ="=!,L, “" ƒ=…-
…/. “ !=ƒге!ме2,ƒ=ц,еL !еƒе!"3=!…%г% %K%!3д%"=-
…, . aеƒ%C=“…%“2ь ›,ƒ…еде 2ель…%“2,. 2009. 1 9. 

o!едл%›е…= ме2%д,*= %C!еделе…,  C%“лед“2-
",L ="=!,L…%L !=ƒге!ме2,ƒ=ц,, !еƒе!"3=!…%г% 
%K%!3д%"=…, , C!,"еде…/ !еƒ3ль2=2/ .*“Cе!,-
ме…2=ль…%L =C!%K=ц,, д=……%L ме2%д,*, , м%де-
л,!%"=…,  ="=!,L…/. “,23=ц,L. 

`"2%м=2,ƒ,!%"=……/L .*“C!е““-=…=л,ƒ *=че“2"= 
,ƒг%2%"ле…,  , “K%!*, …=“%“%" " це.%"/. 3“л%-
", . , г,д!%C!,"%д%" …="е“…/. 3“2!%L“2" " “%“2=-
"е 2!=*2%!=. qK%!*= " м=ш,…%“2!%е…,,, C!,K%!%-
“2!%е…,,. 2009. 1 10.

o!,"еде…/ ме2%д/ , =CC=!=2…%-C!%г!=мм…/е 
“!ед“2"= м%…,2%!,…г= 2е.…,че“*%г% “%“2% …,  
г,д!%C!,"%д%"  …="е“…/. 3“2!%L“2" 2!=*2%!%" 
C% ,. jod, "*люч=ю?,е %C!еделе…,е jod г,д-
!%C!,"%д= дл  *%…2!%л  *=че“2"= ег% ,ƒг%2%"ле-
…,  , “K%!*, “ ,“C%льƒ%"=…,ем " *=че“2"е  …=-
г!3›=ю?ег% 3“2!%L“2"= г,д!%=**3м3л 2%!= ,л, 
C!%г!=мм…%-3C!="л ем%г% д!%““ел , , *%“"е…-
…%L %це…*, jod г,д!%C!,"%д= …="е“…%г% 3“2-
!%L“2"= 2!=*2%!= C% C=!=ме2!=м *%леK=…,L д="-
ле…, , %K3“л%"ле……/. “%K“2"е……/м, ƒ=23.=ю-
?,м,  *%леK=…, м, г,д!%ме.=…,че“*%L  “,“2е-
м/  …="е“…%г%  3“2!%L“2"=, "%ƒ…,*=ю?,м, " 
…=ч=ль…/L  м%ме…2  "/д",›е…,  ш2%*%" г,д!%-
ц,л,…д!%". 

nце…*= !=K%2%“C%“%K…%“2, 2!,K%“,“2ем …= %“-
…%"е .*“2!ем=ль…/.  C%*=ƒ=2елеL ,. д,…=м,че“*%L 
=д=C2=ц,,. Š!е…,е  , “м=ƒ*= " м=ш,…%“2!%е…,, , 
ме.=…,ƒм=.. 2009. 1 10.

o!едл%›е… ме2%д ,“C/2=…,L 2!,K%2е.…,че“-
*,. м=2е!,=л%", “C%“%K…/. * д,…=м,че“*%L =д=C-
2=ц,,. o%*=ƒ=…= "%ƒм%›…%“2ь C!%г…%ƒ,!%"=…,  
"е!% 2…%“2, %2*=ƒ= 2!,K%“%C! ›е…,  C% !еƒ3ль-
2=2=м C!едC%л%›е……%г% ме2%д= ,“C/2=…,L.

lе2%д ="2%м=2,че“*%г% %K…=!3›е…,  “,г…=л%" 
…= %“…%"е Cе!ем…%›е…,  -!=гме…2%" !е=л,ƒ=ц,L 
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