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p=““м%2!е…= “2!3*23!= ="2%м=2,ƒ,!%"=……%г% 3C!="ле…,  м=ƒ32…/м 2е!м,…=л%м. 
b/ "ле…/ C32, %C2,м,ƒ=ц,, 3C!="ле…,  2е!м,…=л%м , C!едл%›е…/ 2е.…,че“*,е !еше…,  
C% C%“2!%е…,ю ="2%м=2,ƒ,!%"=……%г% *%мCле*“=.

jлюче"/е “л%"=: м=ƒ32, …е-2еK=ƒ=, ="2%м=2,ƒ,!%"=……%е 3C!="ле…,е, "/“%*%" ƒ*,е …е-2еC!%-
д3*2/, !=ƒ%г!е", ›елеƒ…%д%!%›…=  .“2=*=д=.

Automatic control structure of the black oil terminal is considered. Control optimization directions 
of the terminal are indicate and technical decisions for automatic complex construction are 
proposed.

Key words: black oil petroleum storage depot, automatic control, high-viscosity oil products, reheating, 
railroad pier.

oе!е"=л%ч…/е 2е!м,…=л/ …е-2еC!%д3*2%" , 
…е-2еK=ƒ/  "л ю2“  "=›…%L “%“2="…%L ч=“2ью 
“%"!еме……%L 2!=…“C%!2…%L “,“2ем/ .…е!г%…%“,-
2елеL.

m,›е !=““м%2!е…/ C32, C%"/ше…,  .--е*-
2,"…%“2, , …=д‘›…%“2, -3…*ц,%…,!%"=…,  C!%-
це““= Cе!е"=л*, "/“%*%" ƒ*,. …е-2еC!%д3*2%" 
…= C!,ме!е м=ƒ32…%г% 2е!м,…=л=.

n“…%"…/м, 2е.…%л%г,че“*,м, .леме…2=м, м=-
ƒ32…%г% 2е!м,…=л= (!,“. 1)  "л ю2“  ›елеƒ…%д%-
!%›…=  .“2=*=д=, …=“%“…=  “2=…ц, , 2еCл%%Kме…-
…,*,, *%2ель…= , !еƒе!"3=!…/L C=!*, …=л,"…%е 
3“2!%L“2"% 2=…*е!=.

m= 2е!м,…=л м=ƒ32 C%“23C=е2 " ›елеƒ…%д%!%›-
…/. ц,“2е!…=., = “л,"=е2“  че!еƒ …,›…юю г%!л%-
",…3 3“2!%L“2"= “л,"…%г% …,›…ег% (rqm) !=ƒ!3-
ше…,ем ƒ=“2/"шег% м=ƒ32= “2!3‘L, -%!м,!3ем%L 
г,д!%м%…,2%!%м rqm.

o!, C3“*е “,“2ем/ 2!3K%C!%"%д/ ƒ=C%л… ю2-
“  м=ƒ32%м ,ƒ !еƒе!"3=!…%г% C=!*=. l=ƒ32 C!%*=-
ч,"=е2“  …=“%“…%L “2=…ц,еL че!еƒ 2еCл%%Kме…-
…,*,. ŠемCе!=23!= м=ƒ32= C%"/ш=е2“  2еCл%…%-
“,2елем, C%д="=ем/м ,ƒ *%2ель…%L. p=ƒ%г!е2/L 
д% ƒ=д=……%L 2емCе!=23!/ м=ƒ32 ц,!*3л,!3е2 C% 
*%…23!3 &…=“%“…=  “2=…ц,  # 2еCл%%Kме……,*,[ 
, ч=“2,ч…% …=C!="л е2“  " rqm ›елеƒ…%д%!%›-
…%L .“2=*=д/ …= !=ƒм/" .%л%д…%г% м=ƒ32= " ц,“-
2е!…=. [1].

b “3?е“2"3ю?,. “,“2ем=. …е“2=K,ль…%“2ь C!%-
це““= “л,"=, "/ƒ"=……=  "%ƒм%›…%“2ью ƒ=*3C%!,-

"=…,  “л,"…%г% 2!3K%C!%"%д=, C!,"%д,2 * …е%K-
.%д,м%“2, 3ме…ьш=2ь д="ле…,е м=ƒ32=, C%д="=е-
м%г% …= г,д!%м%…,2%!, ч2% 3"ел,ч,"=е2 C!%д%л-
›,2ель…%“2ь C!%це““= “л,"= [2]. o%"/ше…,е д="-
ле…,  "ед‘2 * ƒ=*3C%!,"=…,ю “л,"…%г% 2!3K%C!%-
"%д= , ="=!,L…%L %“2=…%"*е "“ег% 2е!м,…=л=. 
pеше…,е C!%Kлем/ ƒ=*3C%!,"=…,  “л,"…%г% 2!3-
K%C!%"%д= [3] C%ƒ"%л,2 3"ел,ч,2ь “*%!%“2ь ,ƒ-
"лече…,  м=ƒ32= ,ƒ ›елеƒ…%д%!%›…%L ц,“2е!…/ 
K%лее чем " 2 !=ƒ=.

p=ƒ%г!е2/L м=ƒ32, “л,"=ем/L ,ƒ ›елеƒ…%д%-
!%›…%L ц,“2е!…/, …=C!="л е2“  …= .!=…е…,е " 
!еƒе!"3=!…/L C=!*. ŠемCе!=23!= " !еƒе!"3=!=. 
C%дде!›,"=е2“  " 2ече…,е "“ег% "!еме…, .!=-
…е…,  м=ƒ32=. dл  .2%г% " !еƒе!"3=!=. *%…2!%-
л,!3е2“  2емCе!=23!= м=ƒ32= , %“3?е“2"л е2“  
ег% C!%*=ч,"=…,е че!еƒ 2еCл%%Kме……,*, C!, 
C%…,›е…,, 2емCе!=23!/ …,›е ƒ=д=……%г% ƒ…=-
че…, . 

o!, …=л,ч,, " !еƒе!"3=!…%м C=!*е *%л,че“2"= 
м=ƒ32=, д%“2=2%ч…%г% дл  ƒ=C%л…е…,  2=…*е!=, 
C!%,ƒ"%д,2“  %2г!3ƒ*=. rч‘2 м=““/ , C=!=ме2!%" 
м=ƒ32= %“3?е“2"л е2“  3ƒл%м 3ч‘2= …= %“…%"е *%-
!,%л,“%"/. !=“.%д%ме!%".

h“.%д  ,ƒ -3…*ц,%…=ль…%г% …=ƒ…=че…,  , 2е!-
!,2%!,=ль…%г% !=“C!еделе…, , "/деле…/ “лед3ю-
?,е C%д“,“2ем/ ="2%м=2,ƒ,!%"=……%г% м=ƒ32…%г% 
2е!м,…=л=: ›елеƒ…%д%!%›…=  .“2=*=д=, …=“%“…=  
“2=…ц, , 2еCл%%Kме……,*,, *%2ель…= , !еƒе!"3=!-
…/L C=!*, C!,ч=л, д,“Cе2че!“*= .
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dл  3C!="ле…,  м=ƒ32…/м 2е!м,…=л%м ,“C%ль-
ƒ%"=…= д"3.3!%"…е"=  “,“2ем= 3C!="ле…, , "е!.-
…,м 3!%"…ем *%2%!%L  "л е2“  ="2%м=2,ƒ,!%"=…-
…%е !=K%чее ме“2% (`pl) д,“Cе2че!=. m= …,›…ем 
3!%"…е C!,ме…е…= !=“C!едел‘……=  “,“2ем= C%ле-
"/. *%…2!%лле!%". o!е,м3?е“2"% 2=*%L “2!3*23-
!/ # C%"/ше…,е …=д‘›…%“2, -3…*ц,%…,!%"=…,  
, %Cе!=2,"…%“2ь 3C!="ле…, .

j%…2!%лле!/ …,›…ег% 3!%"…  C!ед…=ƒ…=че…/ 
дл  “K%!=, Cе!",ч…%L %K!=K%2*, , Cе!ед=ч, ,…-
-%!м=ц,, …= `pl, = 2=*›е %2!=K%2*, …е%K.%д,-
м/. 2е.…%л%г,че“*,. Kл%*,!%"%* , …еш2=2…/. 
“,23=ц,L. j=›д/L *%…2!%лле! “ д=2ч,*=м, , !е-
г3л 2%!=м,  "л е2“  C%д“,“2ем%L ="2%м=2,ƒ,!%-
"=……%г% *%мCле*“= , м%›е2 !=K%2=2ь ="2%…%м…% 
C!, …е,“C!="…%“2 . " д!3г,. *%…2!%лле!=. , 
“е2,. b д=……%L !=K%2е C!,ме… л,“ь *%…2!%лле!/ 
XC200 -,!м/ &Moeller[ (cе!м=…, ), “%де!›=?,е 
C!%м/шле……/L ,…2е!-еL“ Ethernet , ,…2ег!,!%-
"=……/L web-“е!"е!.

g=д=ч, "/K%!= =лг%!,2м= -3…*ц,%…,!%"=…, , 
“K%!= , %K!=K%2*, “2=2,“2,че“*%L ,…-%!м=-
ц,, , -%!м,!%"=…,  3C!="л ю?,. “,г…=л%" 
…=“2!%L*, !ег3л 2%!%" "%ƒл=г=ю2“  …= `pl. 
b“е C%д“,“2ем/ 3C!="ле…,  %KAед,…е…/ “е2ью 
Ethernet , C%д*люче…/ * `pl, " “%“2=" *%2%-
!%г% ".%д,2 C=…ель…/L *%мCью2е! “ “е…“%!-
…/м .*!=…%м iROBO-5000 , 3“2!%L“2"%м ƒ=-
C,“, =!.,"…%L ,…-%!м=ц,, (CD-ROM) , "/-
"%д= C=!=ме2!%" …= Cеч=2ь. `pl C%д*люче…% * 
%K?еL *%мCью2е!…%L “е2, C!едC!, 2,  , C!е-
д%“2="л е2 ,…-%!м=ц,ю % 2е*3?ем -3…*ц,%…,-

!%"=…,, 2е!м,…=л= !3*%"%д ?ем3 Cе!“%…=л3 , 
C!%г!=мм=м ="2%м=2,ƒ=ц,, д%*3ме…2%%K%!%2= 
(1q-o!едC!, 2,е).

rC!%?‘……=  -3…*ц,%…=ль…=  “.ем= ="2%м=2,ƒ=-
ц,, м=ƒ32…%г% 2е!м,…=л= C!ед“2="ле…= …= !,“. 2.

rC!="ле…,е м=ƒ32…/м 2е!м,…=л%м %“3?е“2"-
л е2“  " “%%2"е2“2",, “% “лед3ю?,м =лг%!,2-
м%м.

Šе.…%л%г,че“*,е 2!3K%C!%"%д/ ƒ=C%л… ю2-
“  ,ƒ !еƒе!"3=!= 1  C!, %2*!/2,, *л=C=…= 2. 
l=ƒ32 Cе!е*=ч,"=е2“  …=“%“%м 3 че!еƒ 2еCл%%K-
ме……,* 4.

o!, C%д.%де %че!ед…%L ›елеƒ…%д%!%›…%L ц,“-
2е!…/ 5 C%д*люч=е2“  rqm 6. rC!="ле…,е C%д=-
чеL м=ƒ32= " г,д!%м%…,2%! 7 , ,ƒме!е…,е C=!=-
ме2!%" м=ƒ32= %“3?е“2"л ю2“  C%ле"/м *%…2!%л-
ле!%м. `pl …= %“…%"е ,…-%!м=ц,, % *%…2!%л,-
!3ем/. C=!=ме2!=. ,ƒме… е2 !е›,м/ !=K%2/ 
C%д“,“2ем/ “л,"= м=ƒ32=.

o%“ле C%д*люче…,  rqm %2*!/"=е2“  ƒ=д",›-
*= 8, , м=ƒ32 C%“23C=е2 …= г,д!%м%…,2%! 7. 
b ц,“2е!…е 5 !=ƒ!3ш=е2“  ƒ=“2/"ш,L м=ƒ32 “2!3-
‘L ,ƒ г,д!%м%…,2%!= “ C%“лед3ю?,м Cе!емеш,-
"=…,ем , Cл="ле…,ем %2*%л%"ш,.“  -!=гме…2%". 
d"3.-=ƒ…=  “ме“ь м=ƒ32= C%“23C=е2 " “л,"…%L 
2!3K%C!%"%д 9.

o!, 3"ел,че…,, д="ле…,  м=ƒ32= " г,д!%м%…,-
2%!е !=“2‘2 "е!% 2…%“2ь C%C=д=…,  " “л,"…%L 
2!3K%C!%"%д …е!=“Cл="ле……/. -!=гме…2%" [3], 
д,=ме2! , *%л,че“2"% *%2%!/.  "л ю2“  “л3ч=L-
…/м, "ел,ч,…=м, , ƒ=",“ 2 %2 д="ле…,  м=ƒ32= 
…= ".%де г,д!%м%…,2%!=.

p,“. 1. q2!3*23!…=  “.ем= м=ƒ32…%г% 2е!м,…=л=
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t!=гме…2/ …е!=“Cл="ле……%г% C!%д3*2= …=*=C-
л,"=ю2“  " -,ль2!е г!3K%L %ч,“2*, 10 [4]. j%…-
це…2!=ц,  …е!=“Cл="ле……/. -!=гме…2%" " д"3.-
-=ƒ…%L “ме“, C!%д3*2= ƒ=",“,2 %2 !=ƒ…%“2, 2ем-
Cе!=23!/ “ме“,, ,ƒме! ем%L д=2ч,*%м 11, , 2ем-
Cе!=23!/ м=ƒ32=, д%“2=2%ч…%L дл  3“2%Lч,"%L 
!=K%2/ 3“2=…%"*,. o%…,›е…,е “!ед…еL 2емCе!=-
23!/ “л,"=ем%г% м=ƒ32= C!,"%д,2 * 3"ел,че…,ю 
*%л,че“2"= C%“23C=ю?,. -!=гме…2%" , ƒ=C%л…е-
…,ю -,ль2!=.

dл  C!%г…%ƒ,!%"=…,  …=C%л… ем%“2, -,ль2!= 
,“C%льƒ3е2“  ƒ…=че…,е ,…2ег!=л= !=ƒ…%“2, 2ем-
Cе!=23!/ “л,"=ем%г% м=ƒ32= , ƒ=д=……%г% ƒ…=че-
…,  2емCе!=23!/, C!, *%2%!%L %Kе“Cеч,"=е2“  
3“2%Lч,"=  !=K%2= “л,"…%г% 3“2!%L“2"= [5]. b =л-
г%!,2ме 3C!="ле…, , C!ед“2="ле……%м …= !,“. 3, 
,…2ег!=л ƒ=ме… е2“  ,…2ег!=ль…%L “3мм%L, “ 
3ме…ьше…,ем *%2%!%L 3"ел,ч,"=е2“  3г%л %2-
*!/2,  *л=C=…= 12 (“м. !,“. 2), …=C!="л ю?ег% 
м=ƒ32 " .›е*2%! 13 [6]. o!, C=де…,, д="ле…, , 
,ƒме! ем%г% д=2ч,*%м 14, …= ".%де …=“%“= 3 *%!-
!е*2,!3е2“  ƒ=д=……%е ƒ…=че…,е 2емCе!=23!/ , 
Cе!е“ч,2/"=е2“  ,…2ег!=ль…=  “3мм=. o!, C!%-
д%л›=ю?ем“  C=де…,, д="ле…,  …,›е *!,2,че-
“*%г% ƒ…=че…,  ƒ=*!/"=е2“  *л=C=… 8 , %2*!/"=-
е2“  *л=C=… 12. 

p=“.%д м=ƒ32=, C%д="=ем%г% " г,д!%м%…,2%! 
(*л=C=… 8), !ег3л,!3е2“  C% ег% 2емCе!=23!е …= 
".%де " …=“%“ (д=2ч,* 15). p=“.%д м=ƒ32=, %2"%д,-
м%г% " !еƒе!"3=! (*л=C=… 16), 3"ел,ч,"=е2“  C!, 
!%“2е 2емCе!=23!/ , д="ле…,  …= ".%де …=“%“=. 
qл," C!е*!=?=е2“  C% “,г…=л3 д=2ч,*= м=““/ 
ц,“2е!…/ 17.

ŠемCе!=23!= м=ƒ32= …= "/.%де 2еCл%%Kме……,*= 
!ег3л,!3е2“  *%…2!%лле!%м C% C%*=ƒ=…, м д=2-
ч,*= 18. o%д=ч= 2еCл%…%“,2ел  ,ƒме… е2“  C% 
“,г…=л=м *%…2!%лле!= *л=C=…%м 19.

p=K%2= …=“%“…%L “2=…ц,, ="2%м=2,ƒ,!%"=…= “ 
3ч‘2%м …е%K.%д,м%“2, C%дде!›=…,  ƒ=д=……%г% 
д="ле…,  …= ".%де 2еCл%%Kме……,*=, ,ƒме! ем%г% 
д=2ч,*%м 20, , %Kе“Cече…,  ƒ=?,2/ …=“%“%". m= 
*=›д%м …=“%“е 3“2=…%"ле… д=2ч,*, *%…2!%л,!3ю-
?,L …=л,ч,е м=ƒ32= " 2!3K%C!%"%де , ,“C%льƒ3е-
м/L дл  ƒ=?,2/ …=“%“%" %2 &“3.%г%[ .%д=. dл  
C%дде!›=…,  д="ле…,  " …=C%!…%м 2!3K%C!%"%де 
C!,ме… е2“  C!,"%д “ ч=“2%2…/м !ег3л,!%"=-
…,ем, C%ƒ"%л ю?,L “…,ƒ,2ь .…е!г%ƒ=2!=2/ …= 
Cе!е*=ч,"=…,е , !ег3л,!%"=…,е д="ле…,  …= "/-
.%де …=“%“=. o3“* C%д“,“2ем/ Cе!е*=ч,"=…,  , 
3“2=…%"*= C=!=ме2!%", %C!едел ю?,. е‘ -3…*-
ц,%…,!%"=…,е, C!%,ƒ"%д,2“  “ `pl " ="2%м=2,-
че“*%м ,л, ="2%м=2,ƒ,!%"=……%м !е›,ме.

p=““м%2!е……=  ="2%м=2,ƒ,!%"=……=  “,“2ем= 
3C!="ле…,  %C!%K%"=…= C!, “%ƒд=…,, …е-2еK=ƒ/ 
33-qpg г. a=л2,L“*= j=л,…,…г!=д“*%L %Kл=“2,. 
q,“2ем=  "л е2“  “"%K%д…% !=“ш,! ем%L " %2…%-
ше…,, C%д*люче…,  * C%ле"%L ш,…е *=* …%"/. 
д=2ч,*%", 2=* , …%"/. *%…2!%лле!%", ч2% C%ƒ"%-
л е2 !=“ш,! 2ь , м%де!…,ƒ,!%"=2ь “,“2ем3 Kеƒ 
д%C%л…,2ель…/. ƒ=2!=2 …= ,ƒме…е…,  3›е -3…*-
ц,%…,!3ю?,. .леме…2%".

o!,ме…е…,е ="2%м=2,ƒ,!%"=……%г% *%мCле*“= 
C%ƒ"%л е2 3"ел,ч,2ь C!%,ƒ"%д,2ель…%“2ь 2е!м,-
…=л= Cе!е"=л*, "/“%*%" ƒ*,. …е-2еC!%д3*2%" …= 
40 %, C%"/“,2ь .*%…%м,ч…%“2ь , …=д‘›…%“2ь 
…е-2еK=ƒ/.

p,“. 2. t3…*ц,%…=ль…=  “.ем= ="2%м=2,ƒ=ц,, м=ƒ32…%г% 2е!м,…=л=:

Še, Pe, Le, le # C!е%K!=ƒ%"=2ел, ,ƒме!е…,  2емCе!=23!/, д="ле…, , 3!%"…  м=ƒ32= м=““/ ц,“2е!…/ 
“%%2"е2“2"е……%
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p,“. 3. `лг%!,2м !=ƒм/"= м=ƒ32= " ц,“2е!…е:

Tƒд # %C%!…%е ƒ…=че…,е 2емCе!=23!/; i # C%! д*%"/L ,…де*“; I0 # …=ч=ль…%е ƒ…=че…,е ,…2ег!=ль…%L 
“3мм/; T" # 2емCе!=23!= м=ƒ32= …= ".%де …=“%“=; Ti # 2емCе!=23!= “л,"=ем%L “ме“,; I # !=““ч,2/"=ем=  
,…2ег!=ль…=  “3мм=; t # "!ем , C!%шедшее %2 …=ч=л= !=K%2/ =лг%!,2м=; Pi # д="ле…,е м=ƒ32= …= ".%де 

…=“%“=; Tƒд.… # !=““ч,2=……%е %C%!…%е ƒ…=че…,е 2емCе!=23!/

ов 8 и 12
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jnm0eo0h“ lndekhpnb`mh“ l`jqhl`k|mn opha{k|m{u
Šeumnknchi qrxjh gepm` b oknŠmnl ondbhfmnl qkne  

q-%!м3л,!%"=…= *%…цеCц,  м%дел,!%"=…,  м=*“,м=ль…% C!,K/ль…/. 2е.…%л%г,L “3ш*, 
ƒе!…= " Cл%2…%м C%д",›…%м “л%е …= %“…%"е д%“2,›е…,  *%мC!%м,““= ме›д3 …=,K%лее "=›-
…/м, 2е.…,*%-.*%…%м,че“*,м, C%*=ƒ=2ел м,.

jлюче"/е “л%"=: “3ш*=, ƒе!…%, м%дель, %C2,м=ль…/L !е›,м.

Modeling conception of the maximum profitable technology for grain drying in the compact 
mobile layer is formulated from a compromise advance between the most significant technical and 
economical indicators.

Key words: drying, grain, model, optimum conditions.

o%"/ше…,е .--е*2,"…%“2, “3ш*, ƒе!…= %“…%-
"=…% …= ме2%д%л%г,, “,“2ем…%г% C%д.%д=. lе2%-
д=м, м=2ем=2,че“*%г% м%дел,!%"=…,  !еш=ю2-
“  2=*,е л%г,че“*, "ƒ=,м%“" ƒ=……/е ƒ=д=ч,, 
*=* %K%“…%"=…,е !=ц,%…=ль…%L “%"%*3C…%“2, “,“-
2ем%%K!=ƒ3ю?,. .леме…2%" 2е.…%л%г,, , C!%-
м/шле……=  !е=л,ƒ=ц,  %C2,м=ль…/. !е›,м%" 
“3ш*, [1, 2].

o!едл=г=е2“  *%…цеC23=ль…/L C%д.%д * “%ƒд=-
…,ю м=*“,м=ль…% C!,K/ль…/. 2е.…%л%г,L “3ш-
*, ƒе!…= " Cл%2…%м C%д",›…%м “л%е. b *=че“2"е 
…=,K%лее "=›…/. 2е.…,*%-.*%…%м,че“*,. C%*=-
ƒ=2елеL C!,… 2/: м=*“,м=ль…/L %KA‘м "/“3ше…-
…%г% ƒе!…= (C!%,ƒ"%д,2ель…%“2ь), м,…,м=ль…/е 
м=2е!,=ль…/е , .…е!ге2,че“*,е ƒ=2!=2/ …= C!%-
це““ “3ш*, C!, “%Kлюде…,, %г!=…,че…,L …= *=-
че“2"% “3.%г% ƒе!…=.

b *=че“2"е -3…*ц,, цел, (*!,2е!,  %C2,м,ƒ=-
ц,,) ,“C%льƒ%"=…= “!ед…   C% "!еме…, C!,K/ль, 
C%л3ч=ем=  ƒ= "/“3ше……/L C!%д3*2. o!, .2%м ,ƒ 
%KA‘м= "/“3ше……%г% C!%д3*2= " ед,…,ц3 "!еме-
…, (" “2%,м%“2…%м "/!=›е…,,) "/ч,2=л,“ь м=2е-
!,=ль…/е , .*“Cл3=2=ц,%……/е ƒ=2!=2/ …= ег% 
C!%,ƒ"%д“2"%:

Н ( )
п т

0

Ц Ц
П ( , )

Q

k

k р
k н k

F F
y dy

τ

= ρ τ −
λτ τ∫  ×

 ×
 

са
са са са

0

( , ) ( , 0) ( ( , 0) )
( )

k
р

т k

у с Т Т
d

τ ∗ρ τ ω τ τ −
τ −

η τ∫

э э

э э0

Ц ( ,0) ( ) ,
( ) ( )

k

в k
k

k F Р d
τ

ω τ τ− τ
τ η τ η τ∫

 
 

(1)

где 0C, 02, 0. # це…= "/“3ше……%г% C!%д3*2=, 2%Cл,-
"=, .ле*2!%.…е!г,, “%%2"е2“2"е……%; τk # "!ем  “3ш*,; 
F # Cл%?=дь “ече…,  “3ш,ль…%L *=ме!/; ρ(τk, y) # 
…=“/C…=  Cл%2…%“2ь C!%д3*2= " *%…це “3ш*,; y # 
*%%!д,…=2= C% "/“%2е “л% ; m(τk) # "/“%2= “л%  " 
*%…це “3ш*,; λ # *%.--,ц,е…2 C%2е!ь; р

нQ  # 2еC-
л%2= “г%!=…,  2%Cл,"=; ρca(τk, y) # Cл%2…%“2ь “3ш,ль-
…%г% =ге…2=; ω(τ, 0) # л,…еL…=  “*%!%“2ь “3ш,ль…%г% 
=ге…2= …= ".%де " “л%L ƒе!…=; са

рс  # ,ƒ%K=!…=  2еCл%-
‘м*%“2ь “3ш,ль…%г% =ге…2=; Tca(τ, 0), Tca*    # 2емCе!=23-
!= “3ш,ль…%г% =ге…2= …= ".%де " “л%L C!%д3*2= , 
Cе!ед *=л%!,-е!%м “%%2"е2“2"е……%; ηk(τk) # “3м-
м=!…/L jod 2%C*, , 2еCл%Cе!ед=ю?,. 3“2!%L“2"; 
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k. # *%.--,ц,е…2 Cе!е"%д= ме.=…,че“*%L .…е!г,, 
C%2%*= “3ш,ль…%г% =ге…2= " .ле*2!,че“*3ю .…е!г,ю 
.ле*2!%C!,"%д= "е…2,л 2%!=; P(τ) # д="ле…,е, !=ƒ-

","=ем%е "е…2,л 2%!%м; η"
э(τ), η

k
э(τ) # jod "е…2,-

л 2%!= , *%мC!е““%!= дл  “3ш,ль…/. 3“2=…%"%*, 
!=K%2=ю?,. " ƒ=м*…32%м ц,*ле C% “3ш,ль…%м3 
=ге…23 “ ,“C%льƒ%"=…,ем 2еCл%…=“%“…%L 3“2=…%"*, 
дл  %“3ше…, .

nC2,м=ль…/L !е›,м “3ш*, “ 2%ч*, ƒ!е…,  
*!,2е!,  (1) !=““м=2!,"=л“  *=* !=ƒ!=K%2*= м=-
2ем=2,че“*%г% %C,“=…,  C!%це““= “3ш*, " 2=*%м 
%KA‘ме, *%2%!/L C%ƒ"%л,л ,“*люч,2ь ,ƒ "/!=›е-
…,  целе"%L -3…*ц,, Cе!еме……/е "ел,ч,…/, 
"/!=ƒ," ,. "=!ь,!3ем/м, , C%“2% ……/м, !е-
›,м…/м, C=!=ме2!=м,. o!, .2%м ,“C%льƒ%"=л“  
-е…%ме…%л%г,че“*,L C%д.%д * -,ƒ,че“*,м  "ле-
…, м [3], %“…%"=……/L …= ƒ=*%…=. “%.!=…е…,  
.…е!г,, “ "%ƒм%›…%“2ью ,“C%льƒ%"=…,  .*“Cе-
!,ме…2=ль…/. д=……/..

m=“/C…3ю Cл%2…%“2ь C!%д3*2= %C!едел л, ,ƒ 
3“л%",  м=2е!,=ль…%г% K=л=…“= " Cе!е“ч‘2е C% 
“3.,м "е?е“2"=м " ƒе!…е:

( )
( )

0
0

,0
( , ) (1 (0)) 1

100 ,0
W

у H
W

⎛ ⎞τ
ρ τ = − ε − ρ⎜ ⎟− τ⎝ ⎠

 

×

× 
(  )

0

(1 ( , )) (1 ( , )/
H

W y W y
τ

+ β τ + β τ∫
 

×

× 
( , )1 ,

100 ( , )
W y dy

W y
⎛ ⎞τ−⎜ ⎟− τ⎝ ⎠

 

(2)

где ε (0) # …=ч=ль…=  C%!%ƒ…%“2ь “л%  ƒе!…=; m0 # 
…=ч=ль…=  "/“%2= “л% ; W(τ,0), W(τ,y) # …=ч=ль…=  , 
2е*3?=  "л=›…%“2ь ƒе!…= (" Cе!е“ч‘2е C% “3.,м "е-
?е“2"=м); ρ0 # Cл%2…%“2ь =K“%лю2…% “3.%г% C!%д3*-
2=; β # *%.--,ц,е…2 C!%C%!ц,%…=ль…%“2,.

d=лее %C!едел л, ,ƒме…е…,е "/“%2/ “л%  ƒе!-
…= "% "!еме…, “ 3ч‘2%м ег% 3“=д*,:

0
1( ) 1 (  ,0)

W (  ,0)

f

k
H H W

⎛⎛ ⎞ττ = γ − τ +⎜⎜ ⎟τ τ⎜⎝ ⎠⎝  

0(1 ) ,
f

k
k

W H
⎞⎛ ⎞τ+ + − τ⎟⎜ ⎟τ ⎟⎝ ⎠ ⎠   

(3)

где Wk # *%…еч…=  "л=›…%“2ь C!%д3*2=; γ # 3“=д*= 
“л% ; τ # 2е*3?ее "!ем ; f > 1 # …е*%2%!=  C%“2% …-
…= , %C!едел ем=  .*“Cе!,ме…2=ль…%.

dл  “3ш,ль…%г% =ге…2= ,“C%льƒ%"=л, 3!="…е-
…,е м=2е!,=ль…%г% K=л=…“= C% "л=ге:

са са( , ) ( ( , )  ( , ))d y d y y
d dy

ρ τ ρ τ ω τ
− = −

τ

( , ) ( , )
100 ( , )

,

W yd y
W y

d

⎛ ⎞τ ρ τ⎜ ⎟⎝ + τ ⎠
−

τ   
(4)

где ω(τ, 3) – “*%!%“2ь “3ш,ль…%г% =ге…2= " “л%е ƒе!…=.

r!="…е…,е 2еCл%"%г% K=л=…“= дл  “3ш,ль…%г% 
=ге…2= м%›…% ƒ=C,“=2ь " ",де [4]

ca
са са( ( , ) ( , ))pd y c T y

d
ρ τ τ

=
τ  
са

са са( ( , )  ( , ) ( , ))pd y c y T у
dy

ρ τ ω τ τ
= са( ( , ))v T y− α τ −

п
и

( , ) ( , )
100 ( , )

,p

W уd y
W у

c T
d

⎛ ⎞τ ρ τ⎜ ⎟⎝ + τ ⎠
−

τ  
(5)

где Š“=(τ,3) # 2е*3?=  2емCе!=23!= “3ш,ль…%г% =ге…2=; 
п
рс  # ,ƒ%K=!…=  2еCл%‘м*%“2ь C!%д3*2=; αv # 2еC-

л%‘м*%“2ь C=!=; Š, # 2емCе!=23!= ,“C=!е…, .

r!="…е…,е 2еCл%"%г% K=л=…“= дл  C!%д3*2= 
C!ед“2="ле…% " ",де

п
п

са
(  ( , )) ( , ) ( , ))

( , )
– (p

v
d у с y T y

T y
d

ρ τ τ τ
= α τ −

τ  

п ( , ))T y− τ ca

ca( , , , )
( , )

100 ( , , , )
W T y

d y
W T y

r
d

⎛ ⎞τ ω
ρ τ⎜ ⎟+ τ ω⎝ ⎠

−
τ

, (6)

где ŠC (τ,3) # 2е*3?=  2емCе!=23!= C!%д3*2=; r # 2еC-
л%2= C=!%%K!=ƒ%"=…, .

r!="…е…,е K=л=…“= .…е!г,, ƒ=C,“=…% …= %“…%-
"е Cе!"%г% ƒ=*%…= 2е!м%д,…=м,*, [4, 5]:

1 1 2 2 тр 2 1( / / ) ( ) (dQ P р P р dG dl dl z z dG+ − = + + − +

 2 2
2 1

2 1
( )

( ) ,
2

U U dG dG
g

⎛ ⎞−
+ − + ⎜ ⎟

⎝ ⎠
ω ω

 
(7)

где dQ # C%д"ед‘……%е *%л,че“2"% 2еCл=; (P1/p1#
–P2/p2)dG – .…е!г,  C!,!=?е…,  д="ле…, ; dl , dl2! 
– .…е!г, , !=“.%д3ем=  г=ƒ%м …= "/C%л…е…,е 2е.…,-
че“*%L !=K%2/ , !=K%2/ …= C!е%д%ле…,е “,л 2!е…, ; 
(z2 # z1)dG – C!,!=?е…,е C%2е…ц,=ль…%L .…е!г,,;
(U2 # U1)dG – C!,!=?е…,е "…32!е……еL .…е!г,,; 2

2((ω − 

– 2
1 ) / 2 )g dGω  – C!,!=?е…,е *,…е2,че“*%L .…е!г,,.
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Š!еK3ем%е д="ле…,е, !=ƒ","=ем%е "е…2,л 2%-
!%м, %C!едел л, “ 3ч‘2%м =.!%д,…=м,че“*%г% “%-
C!%2,"ле…,  “л%  ƒе!…= , C%2е!ь д="ле…,  " 
ме“2…/. “%C!%2,"ле…, . C% -%!м3ле:

(  )
*1,5 *

0

( ( , )) ( / са)
H

HP a y dy l d= ω τ + λ + ξ ρ ×∑∫
τ

2 0 2( , ) ( , ) / ,y× τ ω τ  (8)

где λ∗  # *%.--,ц,е…2 “%C!%2,"ле…,  "%ƒд3.%"%д%"; 
l # дл,…= "%ƒд3.%"%д%"; d # "…32!е……,L д,=ме2! 
"%ƒд3.%"%д%"; ξ * # *%.--,ц,е…2 ме“2…/. “%C!%2,"-
ле…,L.

o!,2%* (%22%*) 2еCл= * “3ш,ль…%м3 =ге…23 ƒ= 
"!ем  dτ %“3?е“2"л л“  2еCл%%Kме…%м ме›д3 “3-
ш,ль…/м =ге…2%м , “л%ем ƒе!…=, = 2=*›е 2еCл%м 
,“C=!,"шеL“  ,ƒ …ег% "л=г,:

са п( ( , ) ( ,  ))vdQ T у T y

⎧
⎪⎪= −α τ − τ −⎨
⎪
⎪⎩

п
и

( , )
100 (  , )

,
( , )p

W уd
W у dyc T dV

d у

⎫⎛ ⎞τ
⎪⎜ ⎟⎝ + τ ⎠ ⎪− ⎬τ ω τ⎪
⎪⎭  

(9)

где dy/ω(τ,y) = dτ; dV # %KA‘м…/L !=“.%д “3ш,ль…%-
г% =ге…2=.

o%“ле ! д= C!е%K!=ƒ%"=…,L C%л3че…%

п
са п и( ( , ) ( , )v p

d T y T y c T
dy

⎧ω ⎪= −α τ − τ − ×⎨
⎪⎩

2
са

( ,  ) / / ( ,  ) ( , )
100 ( ,  )

W yd d y y A
W y

⎫⎛ ⎞τ ⎪× τ ω τ ρ τ −⎬⎜ ⎟⎝ + τ ⎠ ⎪⎭

1,5

са

(  ( ,  ))
( , ) ( , )  ( ,  ) ( ,  )

vc ga y g
A y y A y A y

ω τ− − − ×
ω τ ρ τ ω τ ω τ

са ( , )
,

dT y
dy

τ
×

 
(10)

где ` , = # *%…“2=…2/; “v # 2еCл%‘м*%“2ь “3ш,ль…%-
г% =ге…2= C!, C%“2% ……%м %KA‘ме.

d%“2,›е…,е цел, (1) “" ƒ=…% “ 3ч‘2%м *%…*!е2-
…/. 3“л%",L, " *%2%!/. д%л›…% K/2ь C!,… 2% 
%C2,м=ль…%е !еше…,е. }2, 3“л%",  %C!едел ю2-
“  “%"%*3C…%“2ью %г!=…,че…,L, -,*“,!3ю?,. 
%Kл=“2ь ,ƒме…е…,  Cе!еме……/. C=!=ме2!%" C!%-

це““= “3ш*,, .=!=*2е!,ƒ3ю?,. “2еCе…ь д%“2,›е-
…,  …е*%2%!/. C%дцелеL.

c!=…,ч…%е 3“л%",е ρ“=(τ, 0) дл  3!="…е…,  (4) 
%C!едел л%“ь 3!="…е…,ем “%“2% …,  ,де=ль…%г% 
г=ƒ=:

( )
1,5

са 0
са

са са

( ( ,  ))

( ,  0) ,
( ,  0) ( ,  0)

H

а y dy
P

RT RT

τ

ω τ

ρ τ = =
τ τ

∫
 
(11)

где p“= # д="ле…,е “3ш,ль…%г% =ге…2=; R # 3…,"е!-
“=ль…=  г=ƒ%"=  C%“2% ……= .

c!=…,ч…%е 3“л%",е 3!="…е…,  (6), %Kе“Cеч,-
"=ю?ее …е%K.%д,м/е K,%.,м,че“*,е C!е"!=?е-
…,  " C!%д3*2е " C!%це““е “3ш*,, %C!едел л%“ь 
"/!=›е…,ем

( )

п 0
0

( , )( ,  ) ,
( ) 100 ( ,  )

H
q W yT y T dy

H W y

τ
ττ = −

τ + τ∫
 
(12)

где T0 , q # C%“2% ……/е *%.--,ц,е…2/.

dл  3!="…е…,L (5) , (9) г!=…,ч…/м, 3“л%", -
м,  "л л,“ь 3C!="л ю?,е "%ƒдеL“2", :

са 0 0( ) ;yT T=τ =
 0 0( ) .y=ω τ = ω

     
(13)

Š=*,м %K!=ƒ%м, м%дел,!%"=…,е м=*“,м=ль…% 
C!,K/ль…/. 2е.…%л%г,L “3ш*, ƒе!…= " Cл%2…%м 
C%д",›…%м “л%е C!ед“2="ле…% “%"%*3C…%“2ью 
-3…*ц,, цел, (*!,2е!,  %C2,м=ль…%“2,) (1), м=-
2ем=2,че“*,м %C,“=…,ем C!%це““= “3ш*, (2)# 
(10) , “,“2ем%L %г!=…,че…,L (11)#(13).

b/!=›е…,е (1) C%ƒ"%л е2 *%мCле*“…% 3ч,2/-
"=2ь …=,л3чш,L *%мC!%м,““ ме›д3 д%“2,›е…,ем 
!=ƒ…/. C%дцелеL …= %“…%"=…,, C%леƒ…%“2, "ƒ=,м-
…%г% “%,ƒме!е…,  *%…еч…/. !еƒ3ль2=2%" (*=че“2-
"= , *%л,че“2"= "/“3ше……%г% C!%д3*2=) , ,. “%-
C%“2="ле…,  “ ƒ=2!=2=м, !е“3!“%" "“е. ",д%".

a,Kл,%г!=-,че“*,е ““/л*,
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2/ч…=  Š.m. q2!3*23!…%--3…*ц,%…=ль…/L =…=л,ƒ 2е.-
…%л%г,че“*%L “,“2ем/ “3ш*, , .!=…е…,  ƒе!…= // `"2%-
м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,. 2008. 1 9. q.8 – 13.
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УДК 004.932.2
q.q. q=д/*%", д-! 2е.…. …=3*, C!%-., l.h. Š*=ч3* 

(l3!%м“*,L ,…“2,232, -,л,=л bл=д,м,!“*%г% г%“3д=!“2"е……%г% 3…,"е!“,2е2=), 
h.`. q=-,3л%"=, *=…д. мед. …=3* (fелеƒ…%д%!%›…=  K%ль…,ц=, г. l3!%м), 

maxim.tkachuk@gmail.com

qhqŠel` `bŠnl`Šhg`0hh nap`anŠjh h `m`khg` 
}unj`pdhncp`th)eqjhu qmhljnb 

nC,“=…= “,“2ем= ="2%м=2,ƒ,!%"=……%г% =…=л,ƒ= 3ль2!=ƒ"3*%"/. “…,м*%" “е!дц=. 
o!едл%›е…= %K?=  “.ем= “,“2ем/ " “%%2"е2“2",, “ "/д",…32/м, 2!еK%"=…, м,, %C,“=-
…/ %“…%"…/е м%д3л, , C%2%*, ,…-%!м=ц,,. o!,"еде…% %C,“=…,е %2дель…/. =лг%!,2м%", 
!е=л,ƒ%"=……/. " “,“2еме. d=…= “!="…,2ель…=  %це…*= !еƒ3ль2=2%" ,““лед%"=…,L “ !еƒ3ль-
2=2=м,, C%л3че……/м, C!, ,“C%льƒ%"=…,, “3?е“2"3ю?еL 2е.…%л%г,,.

jлюче"/е “л%"=: %K!=K%2*= , =…=л,ƒ ..%*=!д,%г!=-,че“*,. “…,м*%", “,“2ем= ="2%м=2,ƒ=ц,,, 
3ль2!=ƒ"3*.

Automation system for heart ultrasonic pictures analysis is described. System general scheme in 
accordance with laid down demands is proposed, principal moduluses and information currents are 
described. Description of the separate algorithms that were realized is adduced. Comparative valuation 
of the research results with results that were received through the use of exist technology is given.

Key words: processing and analysis of the echocardiographic pictures, automation systems, 
ultrasound.

b"еде…,е. b e"!%Cе %2меч=е2“  “=м=  K%льш=  
" м,!е д%л  “ме!2…%“2,, C!,.%д ?= “  …= …е,…-
-е*ц,%……/е K%леƒ…,. q!ед, C!,ч,… "/“%*%L 
“ме!2…%“2,, C% д=……/м b“ем,!…%L %!г=…,ƒ=ц,, 
ƒд!="%%.!=…е…,  (bng), д%м,…,!3ю2 %…*%л%г,-
че“*,е , “е!деч…%-“%“3д,“2/е K%леƒ…, (qqa). n2 
qqa " e"!%Cе 3м,!=ю2 “"/ше че2/!‘. м,лл,%-
…%" чел%"е* е›ег%д…% [1]. b p%““,, %2 “е!деч…%-
“%“3д,“2/. ƒ=K%ле"=…,L C%г,K=е2 %д,… м,лл,%… 
чел%"е* " г%д, ,ƒ *%2%!/. 100 2/“. 3м,!=ю2 " 2!3-
д%“C%“%K…%м "%ƒ!=“2е. e?‘ 374 2/“. е›ег%д…% 
“2=…%" 2“  ,…"=л,д=м, "“лед“2",е .2,. ƒ=K%ле"=-
…,L. rме…ьше…,е ƒ=K%ле"=ем%“2, qqa ƒ=…,м=е2 
%д…% ,ƒ C!,%!,2е2…/. …=C!="ле…,L " C!%г!=мме 
ƒд!="%%.!=…е…,  pt. aл=г%д=!  !е=л,ƒ=ц,, …%-
"%L C!%г!=мм/ " 2008 г. " 12 “3KAе*2=. pt K/л% 
“%ƒд=…% 12 !ег,%…=ль…/. “%“3д,“2/. це…2!%" , 
36 Cе!",ч…/. “%“3д,“2/. це…2!%" [2]. Š=*›е ш,-
!%*% ,“C%льƒ3ю2“  ,““лед%"=…,  , д,=г…%“2,*= 
qqa 3ль2!=ƒ"3*%"/м, (rg) =CC=!=2=м, -,!м 
Philips, Medison , д!. }2, 3“2=…%"*, C%ƒ"%л ю2 
C%л3ч=2ь rg “…,м*,, ч2% %че…ь "=›…% дл  ",-
ƒ3=ль…%L %це…*, “%“2% …,  “е!дц= *=!д,%л%г%м. 
j!%ме 2%г%, %…, д=ю2 "%ƒм%›…%“2ь "еде…,  =!.,-
"= ,““лед%"=…,L , C%дг%2%"*, %2ч‘2%", ,…“2!3-
ме…2=!,L дл  !3ч…%г% "/деле…,  *=ме! “е!дц= , 
д!3г,. -!=гме…2%" …= “…,м*е “ ="2%м=2,че“*,м 
C%д“ч‘2%м ,. C=!=ме2!%".

nK“лед%"=…,е м%›е2 C!%"%д,2ь“  Kеƒ …=г!3ƒ*, 
("!ем  %K“лед%"=…,  %2 5 д% 10 м,… “ !ег,“2!=-
ц,еL %2 25 д% …е“*%ль*,. “%2е… “…,м*%") , “ …=-
г!3ƒ*%L (ƒ=…,м=е2 C%! д*= C%л3ч=“=, !ег,“2!,-
!3е2“  %2 …е“*%ль*,. “%2е… д% …е“*%ль*% 2/“ ч 

“…,м*%"). b *=че“2"е …=г!3ƒ*, ,“C%льƒ3е2“  .ле*-
2!%*=!д,%“2,м3л ц, , -=!м=*%л%г,че“*,е C!%-
K/ ,л, -,ƒ,че“*,е 3C!=›…е…,  [3#4]. b% "!ем  
C!%“2%г% %K“лед%"=…,  "!=ч ,ƒме! е2 %“…%"…/е 
C=!=ме2!/ *=ме! “е!дц= …= 2#4 “…,м*=. ,ƒ %K-
?ег% ч,“л= ƒ=!ег,“2!,!%"=……/., %це…,"=е2 *!%-
"%2%*, “%“2% …,е м,2!=ль…%г%, 2!‘.“2"%!ч=2%г%, 
=%!2=ль…%г% *л=C=…%". o!, %K“лед%"=…,, “ …=-
г!3ƒ*%L =…=л,ƒ,!3е2“  л%*=ль…=  “%*!=2,м%“2ь 
“2е…%* ле"%г% ›ел3д%ч*= (kf) “е!дц=, ч2% C%ƒ"%-
л е2 д,=г…%“2,!%"=2ь ,шем,че“*3ю K%леƒ…ь “е!д-
ц= (haq) , ›,ƒ…е“C%“%K…%“2ь м,%*=!д=. q3?е“2-
"3ю2 !=ƒл,ч…/е ",д/ “…,м*%", *%2%!/е м%›…% 
C%л3ч,2ь ме…   C%л%›е…,е rg д=2ч,*=. n“…%"-
…/м, C%ƒ,ц, м, дл  д,=г…%“2,*, qqa  "л ю2“  
C=!=“2е!…=ль…/е C% дл,……%L , *%!%2*%L %“ м, 
д"3.- , че2/!‘.*=ме!…/е =C,*=ль…/е [3]. b *=›-
д%L C%ƒ,ц,, "!=ч "/K,!=е2 %д,…-д"= *=д!= 
(“…,м*=) , C!%"%д,2 C%д!%K…/L !3ч…%L =…=л,ƒ, 
"/дел   …е%K.%д,м/е .леме…2/ (*=ме!/ “е!дц=, 
*%!е…ь =%!2/ , д!.). o=!=ме2!/ "/деле……/. -,-
г3! ="2%м=2,че“*, !=““ч,2/"=ю2“  “,“2ем%L, C%-
“ле чег% "!=ч Cе!е…%“,2 ,. " %2ч‘2 ,л, мед,ц,…-
“*3ю *=!23. n“2=ль…/е *=д!/ …е ,“C%льƒ3ю2“  
,ƒ-ƒ= %г!=…,че……%г% "!еме…, C!,‘м=, ч2% C!,"%-
д,2 * C%2е!е K%льш%г% %KA‘м= ,…-%!м=ц,,, *%-
2%!/L “лед%"=л% K/ ,“C%льƒ%"=2ь дл  K%лее 2%ч-
…%L %це…*, “%“2% …,  “е!дц=, C%“2=…%"*, д,=г-
…%ƒ=, 3ме…ьше…,  “3KAе*2,",ƒм= *=!д,%л%г=.

Š=*,м %K!=ƒ%м, C%“2!%е…,е *%мCью2е!…/. 
“,“2ем ="2%м=2,ƒ,!%"=……%L %K!=K%2*, , =…=л,ƒ= 
rg “…,м*%" “е!дц= =*23=ль…%, C%“*%ль*3 .2% 
“м%›е2 %Kе“Cеч,2ь C%л…/L =…=л,ƒ "“е. “…,м*%" 
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%K“лед%"=…, , C%л3че…,е …%"/. д=……/. %K ,ƒме-
…е…,, C=!=ме2!%" “е!дц= %2 *=д!= * *=д!3, %Kлег-
ч,2ь !=K%23 *=!д,%л%г=, 3ме…ьш,2ь "!ем  %K“ле-
д%"=…,  ,, …=*%…ец, “=м%е гл="…%е, C%"/“,2ь 
2%ч…%“2ь , %KAе*2,"…%“2ь !еƒ3ль2=2%" %K“лед%"=-
…,  , д,=г…%ƒ=.

Š!еK%"=…,  * “,“2еме. q%ƒд="=ем=  “,“2ем= ="-
2%м=2,ƒ=ц,, %K!=K%2*, , =…=л,ƒ= д%л›…=:

C%л3ч=2ь C%“лед%"=2ель…%“2ь “…,м*%" %2 rg 
=CC=!=2=;

,ме2ь C%д“,“2ем3 C!ед"=!,2ель…%L %K!=K%2*, 
“…,м*%", %“3?е“2"л ю?3ю C%д="ле…,е C%ме., 
ш3м=, 3"ел,че…,е *%…2!=“2= , 2. д.;

C%ƒ"%л 2ь ="2%м=2,че“*, "/дел 2ь *=ме!/ 
“е!дц= # ле"/L ›ел3д%че* (kf), C!="/L ›ел3д%-
че* (of), ле"%е C!ед“е!д,е (ko), C!="%е C!ед-
“е!д,е (oo);

="2%м=2,че“*, !=““ч,2/"=2ь …е%K.%д,м/е дл  
д,=г…%“2,*, C=!=ме2!/ "/деле……/. -,г3! , 
“!="…,"=2ь ,. “ 3“2=…%"ле……/м, …%!м=м,;

C!%,ƒ"%д,2ь =…=л,ƒ л%*=ль…%L “%*!=2,м%“2, 
kf;

"/ "л 2ь %2*л%…е…,  %2 …%!м/ , ,…-%!м,!%-
"=2ь "!=ч= % …,.;

C%ƒ"%л 2ь ""%д,2ь д%C%л…,2ель…3ю ,…-%!м=-
ц,ю % C=ц,е…2е;

“%.!=… 2ь C%л3че……3ю ,…-%!м=ц,ю " K=ƒе 
д=……/. (ad) , -%!м,!%"=2ь %2ч‘2/;

ƒ=2!=ч,"=2ь м,…,м3м "!еме…, дл  %K!=K%2*, , 
=…=л,ƒ= !еƒ3ль2=2%" %K“лед%"=…,  %д…%г% C=-
ц,е…2=.

q2!3*23!= , -3…*ц,, “,“2ем/. b “%%2"е2“2",, 
“ 3“2=…%"ле……/м, "/ше 2!еK%"=…, м, …= !,“. 1 
C!ед“2="ле…= %K?=  “.ем= “,“2ем/, "/деле…/ 
%“…%"…/е Kл%*, C%л3че…, , C!е%K!=ƒ%"=…,  , 
%K!=K%2*, ,…-%!м=ц,,.

aл%*, 1#3 C!ед“2="л ю2 “%K%L =CC=!=2…/е 
ч=“2,, …е%K.%д,м/е дл  C!%"еде…,  rg %K“лед%-
"=…,  , “" ƒ, rg 3“2=…%"*, “ %K/ч…/м oj, %“-
2=ль…/е “%%2"е2“2"3ю2 C!%г!=мм…/м C%д“,“2е-
м=м. m,›е C!,"еде…/ ,. -3…*ц,,:

1 # rg д=2ч,* -%!м,!3е2 “,г…=л, *%2%!/L %2%-
K!=›=е2“  …= д,“Cлее =CC=!=2=;

2 # rg =CC=!=2 C%“2!%е… …= K=ƒе “%"!еме……%г% 
oj, C%ƒ"%л е2 “ C%м%?ью “Cец,=ль…%L %K%л%ч-
*, дл  %Cе!=ц,%……%L “,“2ем/ C!%"%д,2ь ,…2е!-
=*2,"…/е %K“лед%"=…, , "е“2, =!.," , C%дг%2="-
л,"=2ь %2ч‘2/ (*!%ме 2%г%, "%ƒм%›е… .*“C%!2 
д=……/. “ C%м%?ью “Cец,=ль…%г% -%!м=2= 
DICOM C% “е2, , че!еƒ ,…2е!-еL“ S-Video); 

3 # Cл=2= ",де%ƒ=."=2= ,“C%льƒ3е2“  дл  C%л3-
че…,  ",де%C%“лед%"=2ель…%“2, rg *=д!%" %2 =C-
C=!=2= (дл  .*“C%!2= *=д!%" ,мее2“  ,…2е!-еL“ 
S-Video);

4 # д!=L"е! …= ".%д C%л3ч=е2 ",де%C%“лед%"=-
2ель…%“2ь rg *=д!%" че!еƒ ,…2е!-еL“ S-Video, 
*%2%!3ю !=ƒK,"=е2 …= %2дель…/е *=д!/;

5 # C%д“,“2ем= 3л3чш=е2 *=че“2"% ,ƒ%K!=›е-
…,L (C%д="ле…,е C%ме. , ш3м=, C%"/ше…,е *%…-
2!=“2=);

6 # C%д“,“2ем= %K!=K%2*, ( д!% “,“2ем/) "/-
C%л… е2 ="2%м=2,че“*%е "/деле…,е *=ме! “е!дц=, 

p,“. 1. q,“2ем= ="2%м=2,ƒ=ц,, %K!=K%2*, , =…=л,ƒ= 3ль2!=ƒ"3*%"/. “…,м*%" “е!дц=

ёё

ё

 Пациент                Уз сигнал         Видеообследования
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!=““ч,2/"=е2 ,. C=!=ме2!/, “!="…,"=е2 “ …%!м=-
2,"…/м,, .!=… ?,м,“  " “C!="%ч…,*=. ad, %це-
…,"=е2 л%*=ль…3ю “%*!=2,м%“2ь kf;

7 # C%д“,“2ем= C!ед“2="л е2 “%K%L …=K%! -%!м 
""%д= ,…-%!м=ц,, % C=ц,е…2е (!ег,“2!=ц,%……/е 
д=……/е), !еƒ3ль2=2/ =…=л,ƒ= , 2. д.;

8 # ad, " *%2%!%L “%.!=… е2“  ""ед‘……=  ,…-
-%!м=ц,  % C=ц,е…2е , C!%"ед‘……/. %K“лед%"=-
…, . (2=*›е " …еL ,мее2“  …=K%! “C!="%ч…,*%" 
“% ƒ…=че…, м, …%!м/);

9 # C%д“,“2ем= “%.!=… е2 , дел=е2 "/K%!*3 
д=……/. ,ƒ ad % C=ц,е…2е , %K“лед%"=…, .;

10 # C%д“,“2ем= -%!м,!3е2 %2ч‘2 % C!%"ед‘…-
…%м %K“лед%"=…,,.

pе=л,ƒ=ц,  *%мC%…е…2%" “,“2ем/. m,›е C!,"е-
д‘… %д,… ,ƒ "%ƒм%›…/. "=!,=…2%" !е=л,ƒ=ц,, “,“-
2ем/. b *=че“2"е rg =CC=!=2= ,“C%льƒ3е2“  Philips 
EnVisor C , д=2ч,* p` 4-2 *=!2!,д›…%г% 2,C= 
“е*2%!…/L, дл  ",де%ƒ=."=2= # Cл=2= Pinnacle. 

d!=L"е! “,“2ем/ !е=л,ƒ%"=… " ",де %2дель…%г% 
м%д3л . eг% %“…%"…%L ƒ=д=чеL  "л е2“  ƒ=."=2 ",-
де%C%“лед%"=2ель…%“2,, *%2%!=  !=ƒK,"=е2“  …= 
%2дель…/е C%л32%…%"/е "%“ьм,K,2…/е ,ƒ%K!=›е-
…, . Š=*›е C%д“,“2ем= "/C%л… е2 ! д д%C%л…,-
2ель…/. -3…*ц,L # ƒ=."=2 …е "“е. *=д!%", %г!=-
…,че…,е "!еме…, ƒ=."=2=, %г!=…,че…,  C%  !*%-
“2…/м C%!%г=м, %K!еƒ*= ,ƒ%K!=›е…,L.

o%д“,“2ем= ""%д= ,…-%!м=ц,, !е=л,ƒ%"=…= " 
",де -%!м дл  !ег,“2!=ц,, ,…-%!м=ц,, % C=-
ц,е…2е, *%2%!=  " д=ль…еLшем “%.!=… е2“  " ad. 
rg ,ƒ%K!=›е…,  ч=“2%  "л ю2“  м=л%*%…2!=“2-
…/м,, …= …,. C!,“32“2"3ю2 !=ƒл,ч…%г% !%д= C%-
ме.,. dл  C%д="ле…,  ш3м= ,“C%льƒ3ю2“  
-,ль2!/ k,, j=3…= , мед,=……/е -,ль2!/ [5]. 
hƒ ,ƒ"е“2…/. ме2%д%" C%"/ше…,  *%…2!=“2= 
л3чш,е !еƒ3ль2=2/ C%*=ƒ=л ме2%д !=“C!еделе…,  
2 /3 “2еCе…,. rд=ле…,е C%ме. %C,“=…% " !=K%2е 
[6]. ad !=K%2=е2 C%д 3C!="ле…,ем qrad Firebird 
2.1. m= %“…%"е ""ед‘……%L ,…-%!м=ц,, , "/ч,“-
ле……/. C=!=ме2!%" -%!м,!3е2“  %2ч‘2 %K %K“ле-
д%"=…,,.

p=““м%2!,м %K!=K%2*3 “…,м*%" " %“…%"…/. 
C%ƒ,ц, . " C%д“,“2еме %K!=K%2*,.

nK!=K%2*= “…,м*%" " =C,*=ль…/. C%ƒ,ц, .. `л-
г%!,2м %K!=K%2*, ,ƒ%K!=›е…,L " д=……/. C%ƒ,-
ц, . “%“2%,2 ,ƒ “лед3ю?,. ш=г%":

“егме…2=ц,  …= %“…%"е 2е*“23!…/. C!,ƒ…=*%" 
(C%л3че…,е K,…=!…%г% ,ƒ%K!=›е…, , *%2%!%е %K%-
ƒ…=ч,м че!еƒ a);

C%л3че…,е K,…=!…%г% ,ƒ%K!=›е…,  b …= %“…%"е 
*%…23!…/. C!е%K!=ƒ%"=…,L;

%C!еделе…,е г!=…,ц kf …= ,ƒ%K!=›е…,, b;
"/деле…,е kf;
"/ч,“ле…,е C=!=ме2!%" kf.
qегме…2=ц, . cл="…%L %“%Kе……%“2ью rg “…,м-

*%" “е!дц=  "л е2“  м=л/L *%…2!=“2 , …еч‘2*% 
"/!=›е……/е *%…23!/, C%.2%м3 “егме…2=ц,ю це-
ле“%%K!=ƒ…% C!%"%д,2ь C% K%льшем3 *%л,че“2"3 

C!,ƒ…=*%". b !=K%2е ,“C%льƒ3ю2“  “емь д"3ме!-
…/. , 2!, %д…%ме!…/. 2е*“23!…/. C!,ƒ…=*= ,ƒ%-
K!=›е…,L. b/ч,“ле…,е 2е*“23!…/. C!,ƒ…=*%" 
%“3?е“2"л е2“  …= ,“.%д…%м ,ƒ%K!=›е…,, (%K%-
ƒ…=ч,м ег% че!еƒ `). o%“ле "/ч,“ле…,  *=›д=  
.=!=*2е!,“2,*= …%!м,!3е2“  " C!едел=. %2 0 д% 1. 
g=2ем C%д“ч,2/"=е2“  “3мм= =K“%лю2…/. %2*л%-
…е…,L C!,ƒ…=*%" ме›д3 2%ч*=м,, …= %“…%"е *%-
2%!%L ,. %KAед,… ю2 " %Kл=“2,, 2ем “=м/м -%!-
м,!3  “2е…*, kf:

10

0
( , ) ( , )i i

i
N f j k f l m

=

= −∑ , 

где ( j, k) , (l, m) # 2%ч*, ,ƒ%K!=›е…,  “ *%%!д,…=-
2=м, j , k, l , m; fi # 2е*“23!…/L C!,ƒ…=* 2%ч*,.

o%“ле %KAед,…е…,  2%че* " %Kл=“2, "/дел ю2 
г!=…,ч…/е 2%ч*,, *%2%!/е “ч,2=ю2“  *%…23!…/-
м,; ,м C!,“"=,"=е2“  ƒ…=че…,е b(x, y) = 1, %“-
2=ль…/м # 0. Š=*,м %K!=ƒ%м, -%!м,!3е2“  K,-
…=!…%е ,ƒ%K!=›е…,е a.

nC!еделе…,е г!=…,ц kf. o%“ле C%л3че…,  K,-
…=!…%г% ,ƒ%K!=›е…,  a …е%K.%д,м% %C!едел,2ь 
ме“2%C%л%›е…,е kf …= rg “…,м*е. d=…= -3…*-
ц,   !*%“2, ,“.%д…%г% ,ƒ%K!=›е…,  ` f (x, y). b 
!еƒ3ль2=2е *%…23!…%г% C!е%K!=ƒ%"=…,  %C!еде-
л е2“  м%д3ль "е*2%!= г!=д,е…2= G(x, y) [7]. dл  
ег% C%л3че…,  …е%K.%д,м% C%%че!ед…% "/C%л-
…,2ь “"‘!2*3 -3…*ц,, f (x, y) “% “лед3ю?,м, 
-3…*ц, м,-м=“*=м, dx(x, y), dy(x, y), ƒ…=че…,  
*%2%!/. !=““ч,2/"=ю2 “лед3ю?,м %K!=ƒ%м:

2 2

22
2

2( , )
2

x y

x
xd x y e

+−
σ= −

σ π
.

m= %“…%"е C%л3че……%г% м%д3л  г!=д,е…2= G 
-%!м,!3е2“  K,…=!…%е ,ƒ%K!=›е…,е b, = C%!%г 
%C!едел е2“  *=* 3д"%е……%е “!ед…ее.

dл  3“2=…%"ле…,  г!=…,ц kf ,“C%льƒ3е2“  
K,…=!…%е ,ƒ%K!=›е…,е b. o!="=  *%%!д,…=2= 
%C!едел е2“  “лед3ю?,м %K!=ƒ%м: " *=›д%м 
“2%лKце “3мм,!3ю2 ƒ…=че…,  K,…=!…%г% ,ƒ%K!=-
›е…,  b, “2%лKец “ м=*“,м=ль…/м ƒ…=че…,ем 
“C!="= %2 це…2!= C!,…,м=ю2 ƒ= C!="3ю г!=…,ц3 
kf. dл  "/ч,“ле…,  ле"%L *%%!д,…=2/ ,ƒ ƒ…=-
че…,  C!="%L г!=…,ц/ "/ч,2=ю2 2/5 ч=“2, ш,-
!,…/ “…,м*=. bе!.…   *%%!д,…=2= Kе!‘2“  
(30@20) C,*“елеL, …,›…   # …= 3!%"…е 2/3 "/-
“%2/ ,ƒ%K!=›е…, . Š=*,м %K!=ƒ%м, C%л3ч=ем 
C! м%3г%ль…,* (%K%ƒ…=ч,м ег% че!еƒ o), " *%2%-
!%м “%де!›,2“  kf.

b/деле…,е kf. m= ,ƒ%K!=›е…,, a “2!% 2 C! -
м%3г%ль…,* o C% C%л3че……/м !=…ее *%%!д,…=2=м 
, %C!едел ю2 ег% це…2! 2 ›е“2, (X, Y). hƒ це…2!= 
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2 ›е“2, C!%"%д 2 л3ч, “ ,…2е!"=л%м " 1#10 г!=-
д3“%": 

0

0

cos ;
sin ,

x X k
y Y k

= − α⎧
⎨ = − α⎩ ,

где (X, Y) # *%%!д,…=2/ це…2!=; k = [0, M]; α # 3г%л 
…=*л%…= л3ч=; ƒ…=че…,е M 3“2=…="л,"=е2“  .*“Cе!,-
ме…2=ль…%, C%*= …е "“2!е2,2“  ч‘!…=  2%ч*= ,ƒ%K!=-
›е…,  a b(x, y) = 1. 

b !еƒ3ль2=2е C%л3ч=е2“  …=K%! C=! *%%!д,…=2 
2%че* (x0, y0), (x1, y1), …, (xM, yM), *%2%!/е “%ед,-
… ю2 C32‘м C%“2!%е…,  "/C3*л%L %K%л%ч*,. Š%ч-
*, "…32!, "/C3*л%L %K%л%ч*, м=!*,!3ю2, , %…, 
 "л ю2“  2%ч*=м, kf.

b/ч,“ле…,е C=!=ме2!%" kf. n“…%"…/м, C=!=-
ме2!=м,  "л ю2“  Cл%?=дь S, *%%!д,…=2/ це…2!= 
2 ›е“2, (0Š) X2, Y2, дл,…= L, ш,!,…= H, %KA‘м V.

dл,…= kf L # м=*“,м=ль…% дл,……/L %2!еƒ%*, 
C!%"ед‘……/L че!еƒ 0Š C%д 3гл%м (3г%л …=*л%…= 
%2!еƒ*= дл,…/ …= %“ь OX), ш,!,…= H # %2!еƒ%*, 
Cе!Cе…д,*3л !…/L дл,…е L (!,“. 2, =).

dл  %C!еделе…,  %KA‘м= “3?е“2"3е2 ме2%д д,“-
*%" Vld C% "ƒ=,м…% Cе!Cе…д,*3л !…/м C%ƒ,ц,-
 м , ме2%д Cл%?=дь#дл,…= Vlod [3]. b !=K%2е 
,“C%льƒ3е2“  ме2%д д,“*%":

20
2

МД
1

/80i
i

V L a
=

= π∑ , 2
МПД 0,85 /V S L= .

d=лее %C!едел ю2 *=д!, где kf ,мее2 м,…,-
м=ль…/L %KA‘м (“,“2%л3), *=д!, где kf ,мее2 

м=*“,м=ль…/L %KA‘м (д,=“2%л3), -!=*ц,ю "/-
K!%“= (tb) , C%л…/L ц,*л “%*!=?е…,  kf [3]. 
o%д C%л…/м “%*!=?е…,ем kf C%…,м=е2“  C%-
“лед%"=2ель…%“2ь ,ƒ 20#25 *=д!%", …=ч,…=ю?,.-
“  , ƒ=*=…ч,"=ю?,.“  д,=“2%л%L. q.ем= ,ƒме…е-
…,  C=!=ме2!%" kf C!, C%л…%м “%*!=?е…,, C%-
*=ƒ=…= …= !,“. 2, K.

tb, *%2%!=   "л е2“  %д…%L ,ƒ "=›…/. .=!=*-
2е!,“2,* %це…*, “%“2% …,  “е!дц=, "/ч,“л е2“  
C% -%!м3ле

ДО СО

ДО

ФВ 100%
V V

V
−

=  , 

где Vdn # д,=“2%л,че“*,L %KA‘м kf; Vqn # “,“2%-
л,че“*,L %KA‘м kf.

`…=л%г,ч…/м %K!=ƒ%м %C!едел ю2 .=!=*2е!,-
“2,*, of, ko , oo.

m= !,“. 3, = , K C!ед“2="ле…/ д"= *=д!=, “%%2-
"е2“2"3ю?,е “,“2%ле , д,=“2%ле. m= !,“3…*=. 
"/деле… kf, !=ƒK,2/L …= 20 д,“*%" , C%“2!%е…/ 
ег% %“,.

nK!=K%2*= “…,м*%" " C%ƒ,ц,, C% дл,……%L %“,. b 
C%ƒ,ц,, C% дл,……%L %“, %C!едел ю2“  %“, kf, 
of, ko , =%!2/.

`лг%!,2м “%“2%,2 ,ƒ “лед3ю?,. ш=г%":
“егме…2=ц,  …= %“…%"е 2е*“23!…/. C!,ƒ…=*%";
C%л3че…,е K,…=!…%г% ,ƒ%K!=›е…,  …= %“…%"е 

C!%"ед‘……%L “егме…2=ц,, (!,“. 4, K);
!=ƒK,е…,е …= “е*2%!/, “%%2"е2“2"3ю?,е г!=-

…,ц=м *=ме! “е!дц= , =%!2/ (…= !,“. 4, = C%*=ƒ=… 
“е*2%!, " *%2%!%м …=.%д,2“  kf);

p,“. 2. n“…%"…/е .=!=*2е!,“2,*, (=) , д,…=м,*= ,ƒме…е…,  C=!=ме2!%" (K) ле"%г% ›ел3д%ч*=:

d # д,=“2%л=;  q # “,“2%л=

=)                                                                           K)

Y

X

 Объём, мл

 Параметры, мл

 Номер 
 кадра

Д                      С                    Д
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=)                                                                           K)

p,“. 3. pеƒ3ль2=2/ %K!=K%2*, “…,м*%":

 = # “,“2%л=; K # д,=“2%л=

p,“. 4. pеƒ3ль2=2/ %K!=K%2*, “…,м*%" " C%ƒ,ц, . C% дл,……%L , *%!%2*%L %“ м:

= # !=ƒK,е…,е ,ƒ%K!=›е…,  …= “е*2%!/; K # K,…=!…%е ,ƒ%K!=›е…,е; " # !еƒ3ль2=2 C%“2!%е…,  %“еL; 
г # !еƒ3ль2=2 %K!=K%2*, " C%ƒ,ц,, C% *%!%2*%L %“,

=)                                                                           K)

")                                                                           г)
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%C!еделе…,е м=*“,м=ль…% ш,!%*%L %Kл=“2, " 
“е*2%!е;

C%“2!%е…,е %“еL (!,“. 4, ").
b д=……%L C%ƒ,ц,, д,=“2%л= %C!едел е2“  *=-

д!%м, …= *%2%!%м %“ь kf ,мее2 м=*“,м=ль…3ю 

дл,…3, “,“2%л= # *=д!%м “ м,…,м=ль…%L дл,…%L 
%“, kf.

nK!=K%2*= “…,м*%" " C%ƒ,ц,, C% *%!%2*%L %“,. 
b C%ƒ,ц,, C% *%!%2*%L %“, kf =CC!%*“,м,!3е2-
“  %*!3›…%“2ью , дл  ег% "/деле…,  C!,ме… е2-
“  ,…2ег!=ль…%е C!е%K!=ƒ%"=…,е C% %*!3›…%“2,:

[
2

0 0( , , ) ( , ) cos ( , )
R

h r x y b x y r x y= δ Φ +∫∫

] [ ]0 0sin ( , ) ,x x r x y y y dxdyδ+ − Φ + −

где h(r, x0, y0) # -3…*ц,  C=!=ме2!,че“*%г% C!%-
“2!=…“2"=, %C,“/"=ю?=  %*!3›…%“2ь “ !=д,3“%м r , 
*%%!д,…=2=м, це…2!= (x0, y0); t(x, y) # -3…*ц,  …=-
C!="ле…,  "е*2%!= г!=д,е…2=; b(x, y) # -3…*ц,  K,-
…=!…%г% ,ƒ%K!=›е…, .

pеƒ3ль2=2 "/деле…,  C!ед“2="ле… …= !,“. 4, г. 
d,=“2%л= %C!едел е2“  *=д!%м, …= *%2%!%м !=-
д,3“ kf ,мее2 м=*“,м=ль…3ю дл,…3, = “,“2%л= 
# м,…,м=ль…3ю.

`…=л,ƒ “%*!=2,м%“2, kf. dл  =…=л,ƒ= ,“C%ль-
ƒ3е2“  16-“егме…2…=  м%дель “е!дц=, “32ь *%2%!%L 
ƒ=*люч=е2“  " деле…,, kf " %“…%"…/. C%ƒ,ц, . 
…= %C!едел‘……/е “егме…2/ (!,“. 5).

Š=*, " =C,*=ль…/. C%ƒ,ц, . K%*%"/е “2е…*, 
дел 2“  …= ше“2ь “егме…2%", дл  ,““лед%"=…,  

p,“. 5. 16-“егме…2…=  м%дель “%*!=2,м%“2,:

1 #6  # “егме…2/ " че2/!‘.*=ме!…%L =C,*=ль…%L 
C%ƒ,ц,,; 7 #12 # “егме…2/ " д"3.*=ме!…%L =C,-
*=ль…%L C%ƒ,ц,,; 13 #16 # “егме…2/ " C%ƒ,ц,, 
C% дл,……%L %“, (2, 5, 8, 11, 14, 15 # “егме…2/ " 
C%ƒ,ц,, C% *%!%2*%L %“,)

p,“. 6. hƒме…е…,е дл,… д,“*%"

Д
ли

на
, м

м

Номер кадра

  1   2   3   4   5   6   7   8   9   10  11  12  13  14  15  16  17  18  19  20  21

45

40

35

30

25

20

15

10

5

0

 8
...  

 10

 1
 ...
 6
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“%*!=2,м%“2, ,“C%льƒ3е2“  =…=л,ƒ ,ƒме…е…,  
дл,… д,“*%": "е!.…,м , …,›…,м “егме…2=м “%-
%2"е2“2"3ю2 C% ше“2ь д,“*%", “!ед…,м # "%-
“емь.

o% *%!%2*%L %“, %C!едел ю2 %2*л%…е…,  *%-
%!д,…=2 це…2!= %*!3›…%“2, …= *=д!=. %2 *%%!д,-
…=2 це…2!= " д,=“2%ле. e“л, це…2! Cе!еме“2,л“  
" “2%!%…3 “егме…2%" 2, 5, 8, 11, 14 ,л, 15), 2% 
“ч,2=е2“ , ч2% " .2%м “егме…2е …=!3ше…= “%*!=-
2,м%“2ь kf. 

o% дл,……%L %“, =…=л,ƒ,!3ю2 ,ƒме…е…,  дл,-
…/ kf , %це…,"=ю2 “%*!=2,м%“2ь “егме…2%" “ 13 
C% 16.

q!="…,2ель…=  %це…*= !еƒ3ль2=2%". m,›е C!,-
"еде…/ !еƒ3ль2=2/ %K!=K%2*, C%“лед%"=2ель…%“2, 
rg “…,м*%" дл  =C,*=ль…%L че2/!‘.*=ме!…%L 
C%ƒ,ц,, (д"= *=д!= C!,"еде…/ …= !,“. 2). o%л3-

че……/е ƒ…=че…,  C=!=ме2!%" “!="…,"=ю2 “ !е-
ƒ3ль2=2=м, !3ч…%L %K!=K%2*, , %C!едел ю2 %2-
*л%…е…,  " C!%це…2=., *%2%!/е C!,"еде…/ " 2=K-
л,це.

hƒ 2=Kл,ц/ ",д…%, ч2% !еƒ3ль2=2/ ="2%м=2,че-
“*%L %K!=K%2*, ,мею2 …еK%льш,е %2*л%…е…,  %2 
!3ч…%г% “C%“%K=, *%2%!/L "ƒ 2 ƒ= %“…%"3. n2*л%-
…е…,  C% дл,…е , ш,!,…е “%“2="л ю2 " “!ед…ем 
2,5 %, C% %KA‘м3 # 3,2 %, ч2% “ч,2=е2“  д%C3“2,-
м/м. d,=“2%ле “%%2"е2“2"3ю2 1-L , 21-L *=д!/, 
“,“2%ле # 9-L *=д!, -!=*ц,  "/K!%“= !="…= 61 %. 
hƒме…е…,  дл,…/, ш,!,…/ , %KA‘м= “%%2"е2“2-
"3ю2 C!едл%›е……%L “.еме. pеƒ3ль2=2/ 2=*,. !=“-
ч‘2%" C% м…%г,м C=ц,е…2=м C%*=ƒ=л, 2=*›е …е-
K%льш%е %2*л%…е…,е ="2%м=2,че“*%L 2е.…%л%-
г,, %2 !3ч…%L, *%2%!%е " “!ед…ем “%“2="л е2 
%2 3 д% 6,5 %.

pеƒ3ль2=2/ !3ч…%L , ="2%м=2,че“*%L %K!=K%2*, C%“лед%"=2ель…%“2, rg “…,м*%"

m%ме! 
*=д!=

Автоматический вариант p3ч…=  2е.…%л%г, n2*л%…е…, , %

dл,…=, 
мм

x,!,…=, 
мм

nKA‘м, 
мл

dл,…=, 
мм

x,!,…=, 
мм

nKA‘м, 
мл

dл,…= x,!,…= nKA‘м

1 68,4 41,85 88,10299 70,65 44,1 87,54558 3,184713 5,102041 0,636708

2 66,6 40,15 71,73168 71,55 41,85 75,786 6,918239 4,062127 5,349695

3 68,25 39,35 68,73499 70,2 40,95 70,30157 2,777778 3,907204 2,228371

4 67,5 36,9 58,53641 67,95 38,25 60,8768 0,662252 3,529412 3,844469

5 66,6 35,55 51,68721 67,95 35,55 54,98105 1,986755 0 5,990864

6 66,6 34,65 48,23748 66,15 35,55 50,92599 0,680272 2,531646 5,279249

7 64,05 32,35 44,21786 63 33,75 41,33334 1,666667 4,148148 6,978676

8 62,35 30,2 36,09162 59,85 31,5 38,52802 4,177109 4,126984 6,323709

9 61,55 29,2 34,58266 59,4 29,7 35,57282 3,619529 1,683502 2,783473

10 65,25 33,05 40,93527 62,1 34,2 43,87719 5,072464 3,362573 6,704896

11 65,35 32,6 46,65847 67,95 33,75 49,25552 3,826343 3,407407 5,272607

12 68,35 36,75 42,4483 72 38,25 46,55262 5,069444 3,921569 8,816518

13 69,25 40,25 50,44793 71,1 41,85 52,24434 2,601969 3,823178 3,438478

14 67,5 40,05 56,75651 72 40 55,71364 6,25 0,125 1,87184

15 70,85 41,4 65,59669 73,8 40,95 69,68015 3,99729 1,098901 5,860292

16 69,3 40,5 68,57795 71,1 40,5 72,10355 2,531646 0 4,889634

17 66,6 36 64,23597 70,65 38,25 64,70367 5,732484 5,882353 0,722834

18 72 41,4 66,88941 70,2 42,75 69,51201 2,564103 3,157895 3,772873

19 72 43,2 68,53315 73,8 43,5 70,19542 2,439024 0,689655 2,36806

20 72 41,85 68,50051 72 39,6 65,68017 0 5,681818 4,294051

21 72 40,95 72,07269 76,05 41,4 75,12589 5,325444 1,086957 4,064112
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m= !,“. 6 C!,"еде…/ *!,"/е ,ƒме…е…,  дл,… 
10 д,“*%" " =C,*=ль…%L C%ƒ,ц,,. kf “%*!=?=е2-
“  !="…%ме!…%, 2=* *=* "“е дл,…/ д,“*%" ,ƒме-
… ю2“  %д,…=*%"%, ч2% “%%2"е2“2"3е2 C!едл%›е…-
…%L м%дел,.

m= !,“. 7 C%*=ƒ=…/ *!,"/е …е!="…%ме!…%г% 
,ƒме…е…,  дл,… 10 д,“*%".

g=*люче…,е. q,“2ем= ="2%м=2,ƒ=ц,, %K!=K%2-
*, , =…=л,ƒ= ..%*=!д,%г!=-,че“*,. “…,м*%" …= 
%“…%"е 3“2="…%"ле……/. 2!еK%"=…,L %Kе“Cеч,"=е2 
C%л…3ю ="2%м=2,че“*3ю %K!=K%2*3 *=д!%" (%2 25 
д% 100 “…,м*%") %K“лед%"=…,  “е!дц= " 2ече…,е 
3#7 м,… C%“ле !ег,“2!=ц,, д=……/., ч2% ƒ…=ч,-
2ель…% ме…ьше, чем “3?е“2"3ю?,L “C%“%K %K!=-
K%2*,; дл,2ель…%“2ь %K!=K%2*, 2=*%г% %KA‘м= 
д=……/. # %2 10 м,… д% 1 ч. hƒ-ƒ= %г!=…,че……%г% 
"!еме…, C!,‘м= "!=ч =…=л,ƒ,!3е2 %2 1 д% 5 *=д-
!%", ƒ=2!=ч,"=  …= .2% 2#5 м,…. q,“2ем= м%›е2 
!=K%2=2ь *=* " !3ч…%м, 2=* , " ="2%м=2,че“*%м 
!е›,ме, %K!=K=2/"=  , =…=л,ƒ,!3  rg “…,м*,, 
ч2% д=‘2 "%ƒм%›…%“2ь %K“лед%"=2ь K%льшее ч,“л% 
C=ц,е…2%". n…=  "л е2“  %“…%"%L дл  -%!м,!%-
"=…,  ="2%м=2,ƒ,!%"=……%г% !=K%чег% ме“2= *=!-
д,%л%г=, ,…2ег!,!3ю?ег% "“е д=……/е % C=ц,е…2е, 
ч2% C%"/ш=е2 2%ч…%“2ь , %KAе*2,"…%“2ь д,=г-
…%ƒ=. p=““м%2!е……=  “,“2ем= ,“C%льƒ3е2“  " 

*=!д,%л%г,че“*%м %2деле…,, ›елеƒ…%д%!%›…%L 
K%ль…,ц/ г. l3!%м=.

a,Kл,%г!=-,че“*,е ““/л*,

1. cл%K=ль…=  “2!=2ег,  bng " %Kл=“2, !=ц,%…= , 
!е›,м= C,2=…, , -,ƒ,че“*%L =*2,"…%“2, , ƒд%!%"ь : 
*%…“3ль2=2,"…=  "“2!еч= “2!=… e"!%CеL“*%г% !ег,%…=. 
n2ч‘2 % *%…“3ль2=2,"…%L "“2!ече. j%Cе…г=ге…, 2#4 =C-
!ел  2003 г.

2. j=!д,%л%г,че“*,е це…2!/ " p%““,, , qmc. URL: 
http://www.cardiosite.ru/cardio-russian (д=2= %K!=?е…, : 
26.08.2009).

3. x,лле! m.a., n“,C%" l.`. jл,…,че“*=  ..%*=!-
д,%г!=-, . hƒд. 2-е. l.: o!=*2,*=, 2005. 344 “.

4. Crouse L.J., Kramer P.H. Stress echocardiography: 
technical considerations. Prog Cardiovasc Dis, 43, 2001. 
P. 303#314.

5. a/“2!/е =лг%!,2м/ " ц,-!%"%L %K!=K%2*е ,ƒ%-
K!=›е…,L / o%д !ед. Š. u3=…г=. l.: p=д,% , “" ƒь, 
1984. 320 “.

6. Š*=ч3* l.h. nC!еделе…,е C%л%“/ l-!е›,м= …= 
..%*=!д,%г!=-,че“*,. ,ƒ%K!=›е…, .: l=2е!,=л/ lе-
›д3…=!. …=3ч.-C!=*2. *%…-. &m%"еLш,е …=3ч…/е д%“2,-
›е…,  # 2009[. d…еC!%Cе2!%"“*: m=3*= , %K!=ƒ%"=…,е, 
2009. q. 40#45.

7. Canny J.A Computational approach to edge detection, 
IEEE Trans. Pattern Analysis and Machine Intelligence, 8, 
1986. P. 679#714.

p,“. 7. mе!="…%ме!…%е ,ƒме…е…,  дл,… д,“*%"
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УДК 004.932.2
e.n. eг%!3ш*,…

(m,›ег%!%д“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2 ,м. p.e. `ле*“ее"=) 

E_ngtu@inbox.ru

meipnqeŠebni leŠnd mep`gprx`~yecn jnmŠpnk“ j`)eqŠb` 
l`Šeph`knb “)ehqŠni qŠprjŠrp{ 

p=““м%2!е… ме2%д ,ƒме!е…,  “!ед…ег% !=ƒме!=  чеL*,, %д…%г% ,ƒ "=›…еLш,. C=!=ме2!%" 
*=че“2"= м=2е!,=л%"  че,“2%L “2!3*23!/. lе2%д !=ƒ!=K%2=… …= %“…%"е м=2ем=2,че“*%-
г% =CC=!=2= ,“*3““2"е……/. …еL!%……/. “е2еL (hmq). o!,"еде…= “2!3*23!= , =лг%!,2м 
%K3че…,  hmq. p=ƒ!=K%2=…/ “C%“%K/ C%"/ше…,  C%ме.%3“2%Lч,"%“2, !=K%2/ ме2%д=.

jлюче"/е “л%"=: *%…2!%ль *=че“2"=, “!ед…,L !=ƒме!  чеL*,, Cе…%C%л,3!е2=…, м=2е!,=л/ 
 че,“2%L “2!3*23!/, “,“2ем= 2е.…,че“*%г% ƒ!е…, .

Measuring method of the cell average dimensions, one of the significant quality parameter for 
materials with cellular structure, is considered. This method is created from a mathematical instrument 
for artificial connectionist (hNS).  Structure and training algorithm (hNS) are adduced. Means of 
the noise immunity growth in measuring method utilization are created.

Key words: quality control, cell average dimensions, polyurethane foam, materials with cellular 
structure, technical sight system.

b …=“2% ?ее "!ем  “%.!=… е2“  C%2!еK…%“2ь " 
!=ƒ!=K%2*е …%"/. , “%"е!ше…“2"%"=…,, “3?е“2-
"3ю?,. ме2%д%" , “!ед“2" *%…2!%л  *=че“2"= C!, 
C!%,ƒ"%д“2"е !=ƒл,ч…/. м=2е!,=л%" “л%›…%L 
“2!3*23!/ (Cе…%C%л,3!е2=…, Cе…%Cл=“2,  че,“2/е 
Cл=“2м=““/). }2% %K3“л%"ле…% …е%K.%д,м%“2ью 
C%"/ше…,  .--е*2,"…%“2, *%…2!%л , !еше…,  
ƒ=д=ч ег% ="2%м=2,ƒ=ц,, дл  3"ел,че…,  *%…-
*3!е…2%“C%“%K…%“2, C!%,ƒ"%д,м%г% C!%д3*2= " 
3“л%", . “%"!еме……%г% !/…*=. o!,ме… ем/е " 
…=“2% ?ее "!ем  !3ч…/е ме2%д/ *%…2!%л  C!, 

“%"!еме……%м “е!,L…%м C!%,ƒ"%д“2"е  "л ю2“  
…е.--е*2,"…/м,, C%.2%м3 ƒ=д=ч= ="2%м=2,ƒ=ц,, 
*%…2!%л  *=че“2"= "*люч=е2“  " “C,“%* 3ƒ*,. 
ме“2 C!%,ƒ"%д“2"е……/. C!едC!, 2,L.

0ель д=……%L !=K%2/ # ,““лед%"=…,е ге%ме2-
!,че“*,. C=!=ме2!%" *=че“2"=  че,“2/. м=2е-
!,=л%", !=ƒ!=K%2*= ме2%д,*, ,. %C!еделе…,  
C% ,ƒ%K!=›е…,ю. b …=“2% ?ее "!ем  …=,K%ль-
ш,е 2!3д…%“2, "%ƒ…,*=ю2 C!, ="2%м=2,ƒ=ц,, 
*%…2!%л  "=›…еLш,. C=!=ме2!%" *=че“2"= м=2е-
!,=л%" # “!ед…ег% !=ƒме!=  чее* , ег% %д…%-
!%д…%“2,.

o!, ,““лед%"=…,, ,ƒ%K!=›е…,L *%…2!%л,!3е-
м%г% м=2е!,=л= 3“2=…%"ле…= ,. Cе!,%д,че“*=  
“2!3*23!= , “дел=… "/"%д % “,ль…%L ƒ=ш3мл‘…-
…%“2, ,…-%!м=ц,%……%г% “,г…=л= # ,ƒ%K!=›е…,  
 чее* м=2е!,=л=, …=.%д ?,.“  …= C%"е!.…%“2,, 
C!%“"еч,"=ю?,м, -!=гме…2=м, …,›еле›=?,. 
“л%е". }2% %“%Kе……% .=!=*2е!…% дл  .л=“2,ч…/. 
Cе…%C%л,3!е2=…%" (!,“. 1).

}2,м %KA “… ю2“  %ш,K*,, K%льш,е ƒ=2!=2/ 
"!еме…, , "/ч,“л,2ель…/. !е“3!“%" дл  %C!еде-
ле…,  !=ƒме!%"  чее* “ C%м%?ью ч=“2%2…/. ме-
2%д%" (*%!!ел ц,%……%г% ,л, t3!ье-=…=л,ƒ=).

dл  C%л3че…,  K%льшеL “*%!%“2,, …е%K.%д,-
м%L C%ме.%ƒ=?,?‘……%“2, C!%це““= %K!=K%2*, 
2!еK3е2“  "/"%д K%лее 2%ч…%L ƒ=",“,м%“2, !=ƒ-
ме!%"  чее* %2 ",д%" ,ƒ%K!=›е…,L, C%д="=ем/. 
…= ".%д ,ƒме!,2ель…%L “,“2ем/. o%д%K…/е 
ƒ=д=ч, !еш=ю2“  “ C%м%?ью м=2ем=2,че“*%-
г% =CC=!=2= ,“*3““2"е……/. …еL!%……/. “е2еL 
(hmq). 

hmq # ",д м=2ем=2,че“*,. м%делеL, *%2%!/е 
“2!% 2“  C% C!,…ц,C3 %!г=…,ƒ=ц,, , -3…*ц,%-p,“. 1. hƒ%K!=›е…,е C%"е!.…%“2, Cе…%C%л,3!е2=…=
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…,!%"=…,  ,. K,%л%г,че“*,. =…=л%г%" # “е2еL 
…е!"…/. *ле2%* (…еL!%…%") м%ƒг=.

b/K%! hmq %K%“…%"=… 2ем, ч2% %…, %Kл=д=ю2 
"%ƒм%›…%“2ью “=м%“2% 2ель…% %K%K?=2ь (,…2е!-
C%л,!%"=2ь , .*“2!=C%л,!%"=2ь) C%л3че……/L 
…="/* !еше…,  ƒ=д=ч, , "/д="=2ь C!%г…%ƒ дл  
…%"/. ƒ…=че…,L ".%д…/. “,г…=л%", !=…ее …е 
"*люч‘……/. " …=K%! д=……/. дл  %K3че…, . hmq 
2=*›е “C%“%K…/ "/дел,2ь …=,K%лее ,…-%!м=-
2,"…/е дл  !еше…,  ƒ=д=ч, ".%д…/е “,г…=л/, 
%2K!%“,2ь …е,…-%!м=2,"…/е, ш3м%"/е “,г…=л/ 
, " ,2%ге C%"/“,2ь …=д‘›…%“2ь !еше…, . dл  
C%“2!%е…,  ="2%м=2,ƒ,!%"=……%L “,“2ем/ "=›-
…/м  "л е2“  2%2 -=*2, ч2% =лг%!,2м/, ,“C%ль-
ƒ3ем/е C!, %K3че…,, …еL!%……%L “е2,, 3…,"е!-
“=ль…/ дл  !=ƒл,ч…/. %KAе*2%" =…=л,ƒ=. }2% 
C%ƒ"%л е2 “%ƒд="=2ь “,“2ем/, %Kл=д=ю?,е 2=*,-
м, "=›…/м, “"%L“2"=м,, *=* г,K*%“2ь , м=“-
ш2=K,!3ем%“2ь.

b *=че“2"е %K3ч=ю?ег% "/K!=… =лг%!,2м kе-
"е…Kе!г=#l=!*=!= (Levenberg#Marquardt) [2] # 
ме2%д …ел,…еL…%L %C2,м,ƒ=ц,,, %2…%“ ?,L“  * 
ме2%д=м mью2%…=. dл  C%,“*= м,…,м3м= ,“C%ль-
ƒ3ю2 *%мK,…,!%"=……3ю “2!=2ег,ю # л,…еL…3ю 
=CC!%*“,м=ц,ю , г!=д,е…2…/L “C3“*. oе!е.%д * 
“C3“*3 C!%,“.%д,2 " ƒ=",“,м%“2, %2 2%г%, K/л= 
л, 3“Cеш…%L л,…еL…=  =CC!%*“,м=ц, . n“…%"-
…%е "/!=›е…,е дл  *%!!е*ц,, "е“%"/. *%.--,-
ц,е…2%" hmq %C!едел е2“  *=*

1
1 ,T T

k kx x J J I J e
−

+ ⎡ ⎤= − + μ⎣ ⎦

где μ # C=!=ме2! =лг%!,2м=, %C!едел ем/L " C!%-
це““е л,…еL…%L (“*=л !…%L) %C2,м,ƒ=ц,, "д%ль "/-
K!=……%г% …=C!="ле…, ; J(.) # м=2!,ц=- *%K,=…, “%-
де!›=?=  Cе!"/е ч=“2…/е C!%,ƒ"%д…/е %ш,K%* 
hmq C% Cе!еме……/м "е“%" , “ме?е…,L; е # "е*2%! 
%ш,K%*; J # м=2!,ц= ,де…2,ч…%“2,.

p,“. 2. q2!3*23!= …еL!%……%L “е2,:

LW # м=2!,ц= ".%д…/. ƒ…=че…,L; b # м=2!,ц= целе"/. ƒ…=че…,L

dл  C%"/ше…,  C%ме.%3“2%Lч,"%“2, !=K%2/ 
=лг%!,2м= =…=л,ƒ= " C!%це““е %K3че…,  …= ".%д 
“е2, C%д=‘2“  м=““," ,ƒ “!ед…,. ƒ…=че…,L “е*2%-
!%" ,“.%д…/. ,ƒ%K!=›е…,L !=ƒме!=м, 50×50 C,*-
“елеL. b “е!,, дл  %K3че…,  "*люч=ю2“  ,ƒ%K!=-
›е…, , C%л3че……/е "!=?е…,ем , “д",г%м ,“.%д-
…%г%, = 2=*›е ,ƒ%K!=›е…,  “ !=ƒ…%L “2еCе…ью 
%“"е?‘……%“2,. 

nK3че…,е C!%"%д,л%“ь “ C%м%?ью “е!,, ,ƒ 
150 ,ƒ%K!=›е…,L C%"е!.…%“2, м=2е!,=л= " 2ече-
…,е 30 м,…. 

o%л3че……/е !еƒ3ль2=2/ %C!еделе…,  !=ƒме!%" 
 чеL*, C!, !=K%2е “е2, …= ,ƒ%K!=›е…, ., C!,-
…=дле›=?,. “е!,, дл  %K3че…, , “%%2"е2“2"3ю2 
целе"/м, ч2% 3*=ƒ/"=е2 …= 3“Cеш…3ю ƒ="е!ш‘…-
…%“2ь C!%це““= %K3че…, .

q!="…е…,е !еƒ3ль2=2%" !=K%2/ hmq C% ,ƒме!е-
…,ю “!ед…ег% !=ƒме!=  чее* !е=ль…/. ,ƒ%K!=›е-
…,L “ д=……/м,, C%л3че……/м, " !еƒ3ль2=2е !3ч…%-
г% ,ƒме!е…, , C%*=ƒ=л%, ч2% %ш,K*= %C!еделе…,  
!=ƒме!=  чеL*, “%“2="л е2 …е K%лее 10 %, = дл,-
2ель…%“2ь %д…%г% ц,*л= ,ƒме!е…,  …е K%лее 1,2 “. 
hƒме…е…,  %“"е?‘……%“2,, %“%Kе……%“2, “2!3*23-
!/ м=2е!,=л= , ег% %!,е…2=ц, , C!ед3“м%2!е…-
…/е C!, %K3че…,, hmq, …= !еƒ3ль2=2 ,ƒме!е…,  
"л, ю2 …еƒ…=ч,2ель…%. n“2=ль…/е %2*л%…е…,  " 
3“л%", . .*“Cе!,ме…2= “…,›=ю2 2%ч…%“2ь ,ƒме-
!е…,  …= 5 # 10 %

mеL!%“е2е"%L ме2%д ,ƒме!е…,  “!ед…ег% !=ƒ-
ме!=  чеL*, м%›е2 K/2ь !е*%ме…д%"=… дл  ,“-
C%льƒ%"=…,  " ="2%м=2,ƒ,!%"=……/. “,“2ем=. …е-
!=ƒ!3ш=ю?ег% *%…2!%л  *=че“2"= ш,!%*%г% *!3г= 
м=2е!,=л%"  че,“2%L “2!3*23!/. 

a,Kл,%г!=-,че“*,е ““/л*,

1. r%““е!м=… t. mеL!%*%мCью2е!…=  2е.…,*=: Šе%-
!,  , C!=*2,*=. l.: l,!, 1992.  237 “.

2. r,д!%3 a., q2,!…ƒ q. `д=C2,"…=  %K!=K%2*= “,г-
…=л%". l.: p=д,% , “" ƒь, 1989. 440 “.

LW{1,1} LW{2,1} LW{3,1}

   b{3}   b{2}   b{2}   b{1}
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qnbpelemm{e Šeumnknchh

УДК 004.67(85)+519.688
`.m. bе2!%"

(q=…*2-oе2е!K3!г“*,L г%“3д=!“2"е……/L .ле*2!%2е.…,че“*,L 3…,"е!“,2е2) 

vetrovan@bk.ru

opncp`llm{i jnlokejq dk“ hqqkednb`mh“ 
`d`oŠhbmni qped{ `bŠnl`Šhghpnb`mmncn nar)emh“ 

m` nqmnbe jncmhŠhbm{u lndekei 

nC,“=… C!%г!=мм…/L *%мCле*“, C!ед…=ƒ…=че……/L дл  ="2%м=2,ƒ=ц,, “,“2ем…%г% =…=л,-
ƒ= ,…-%!м=ц,%……%L “!ед/ ="2%м=2,ƒ,!%"=……%г% %K3че…,  “% “"%L“2"=м, =д=C2=ц,, …= 
%“…%"е C=!=ме2!,че“*,. *%г…,2,"…/. м%делеL, "*люч=ю?,L .ле*2!%……/L 3чеK…,* …= %“…%-
"е C!%це““%!= =д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. -!=гме…2%", 3ч,2/"=ю?,L ,…-
д,",д3=ль…/е %“%Kе……%“2, “3KAе*2%" , 2е.…,че“*,е "%ƒм%›…%“2, “!ед“2" %K3че…, ; %“…%"-
…%L д,=г…%“2,че“*,L м%д3ль дл  2е“2,!%"=…,  3!%"…  %“2=2%ч…/. ƒ…=…,L %K3ч=ем/.; C!,-
*л=д…%L д,=г…%“2,че“*,L м%д3ль дл  %Kе“Cече…,  ="2%м=2,ƒ=ц,,  C!%це““= ,““лед%"=…,  
C=!=ме2!%" *%г…,2,"…/. м%делеL “3KAе*2=.

jлюче"/е “л%"=: *%г…,2,"…=  м%дель, 2е.…%л%г,  *%г…,2,"…%г% м%дел,!%"=…, , C!%це““ 
=д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. -!=гме…2%".

Program complex is described. This complex is suitable for systemic analysis automation of the 
automatic teaching informational surrounding with adaptation characteristics based on the parametric 
cognitive models. The complex includes an electronic textbook based on the adaptive representation 
processor of the informational fragments, taking into account of the subject individual features and 
teaching means technical facilities; basic diagnostic module for standard of residual knowledge testing; 
applied diagnostic module for automation ensuring of the parameters research process for the subject 
cognitive models.

Key words: cognitive model, cognitive modeling technology, adaptive representation process of the 
informational fragments.

h…-%!м=2,ƒ=ц,  ,…-%!м=ц,%……%-%K!=ƒ%"=-
2ель…/. “!ед (hnq) %K3“л%"л,"=е2 C% "ле…,е 
…%"/. …=3ч…/. C!%Kлем , ч=“2…/. C!,*л=д…/. 
ƒ=д=ч, =*23=л,ƒ,!3е2 …е%K.%д,м%“2ь “%ƒд=…, , 
"…ед!е…,  , ,“C%льƒ%"=…,  !=ƒл,ч…/. “!ед“2" 
="2%м=2,ƒ=ц,, дл  “,“2ем…%г% =…=л,ƒ= , C%"/-
ше…,  .--е*2,"…%“2, ,…-%!м=ц,%……%г% "ƒ=,-
м%деL“2",  ме›д3 “3KAе*2=м, , “!ед“2"=м, 3C!="-
л ем%г% C!%це““= -%!м,!%"=…,  ƒ…=…,L %K3ч=е-
м/. *=* 2е.…%л%г,че“*%г% C!%це““=, "*люч=ю?ег% 
C%“лед%"=2ель…%“2ь ƒ=дел%", …= *=›д%м ,ƒ *%2%!/. 
,“C%льƒ3е2“  %!г=…,ƒ=ц,%……%е, =CC=!=2…%е, C!%г!=м-
м…%е , ме2%д,че“*%е  %Kе“Cече…,е [1].

Š!=д,ц,%……/е C%д.%д/, ме2%д/, =лг%!,2м/ , 
,…-%!м=ц,%……/е 2е.…%л%г,, " %“…%"е ="2%м=2,-
ƒ,!%"=……/. hnq 2е! ю2 “"%ю Cе!",ч…3ю =*-
23=ль…%“2ь, ч2% ,…,ц,,!3е2 C% "ле…,е ,……%"=-
ц,%……/. =д=C2,"…/. м%делеL , ,…д,",д3=ль…%-
%!,е…2,!%"=……/. 2е.…%л%г,L дл  C%дде!›*, 
C!%це““= %K3че…,  " 3ч!е›де…, . “!ед…ег% (%K-

?ег%) %K!=ƒ%"=…, , "/“шег% C!%-е““,%…=ль…%г% 
%K!=ƒ%"=…,  , C!%-е““,%…=ль…%L Cе!еC%дг%2%"-
*, [2, 3].

m,›е !=““м%2!е…/ C%д.%д * “%ƒд=…,ю, =…=л,ƒ3 
, C%"/ше…,ю .--е*2,"…%“2, -3…*ц,%…,!%"=…,  
“,“2ем/ ="2%м=2,ƒ,!%"=……%г% %K3че…,  “% “"%L-
“2"=м, =д=C2=ц,, …= %“…%"е *%г…,2,"…/. м%де-
леL, 2е.…%л%г,  *%г…,2,"…%г% м%дел,!%"=…,  дл  
“,“2ем…%г% =…=л,ƒ= hnq , *%мCле*“ C!%г!=мм дл  
="2%м=2,ƒ=ц,, ƒ=д=ч ,““лед%"=…,  [3#11].

n“%Kе……%“2, “,“2ем/ ="2%м=2,ƒ,!%"=……%г% %K3-
че…,  “% “"%L“2"=м, =д=C2=ц,, …= %“…%"е Kл%*= 
C=!=ме2!,че“*,. *%г…,2,"…/. м%делеL. q,“2ем= 
="2%м=2,ƒ,!%"=……%г% %K3че…,  (q`n) “% “"%L“2-
"=м, =д=C2=ц,, …= %“…%"е C=!=ме2!,че“*,. *%г-
…,2,"…/. м%делеL (jl) [1, 3#5, 9], “%ƒд=……=  “ 
C%м%?ью 2е.…%л%г,, *%г…,2,"…%г% м%дел,!%"=-
…,  (Šjl) [2, 5, 8], "*люч=е2 ше“2ь *=…=л%" 
,…-%!м=ц,%……%г% %Kме…= …= д"3. 3!%"… . ,…-
-%!м=ц,%……%г% "ƒ=,м%деL“2",  ме›д3 !=ƒ…/м, 
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“3KAе*2=м, , “!ед“2"=м, 3C!="л ем%г% C!%це““= 
-%!м,!%"=…,  ƒ…=…,L (!,“. 1):

 Cе!"/L 3!%"е…ь # ме›д3 ,“2%ч…,*=м, ,…-%!-
м=ц,, , *%мC%…е…2=м, q`n;

 "2%!%L 3!%"е…ь # ме›д3 *%мC%…е…2=м, q`n , 
C%2!еK,2ел м, ,…-%!м=ц,,.

h…-%!м=ц,%……%е "ƒ=,м%деL“2",е ме›д3 ,“2%ч-
…,*=м, , C%2!еK,2ел м, ,…-%!м=ц,, " q`n “% 
“"%L“2"=м, =д=C2=ц,, …= %“…%"е jl  "л е2“  
%C%“!ед%"=……/м , C!%,“.%д,2 …= д"3. 3!%"… .: 
“3KAе*2/ %K3че…,  "ƒ=,м%деL“2"3ю2 че!еƒ 2е.…,че“-
*,е “!ед“2"= %K3че…, , ч2%  "л е2“  “3?е“2"е……/м 
…ед%“2=2*%м, *%2%!/L …е%K.%д,м% 3“2!=… 2ь 2е.…%-
л%г,че“*,  "…ед!е…,ем !=ƒл,ч…/. “!ед“2" ="2%м=2,-
ƒ=ц,, …= %“…%"е “%"!еме……/. ,…-%!м=ц,%……/. , 
*%мм3…,*=ц,%……/. 2е.…%л%г,L.

h“2%ч…,*, ,…-%!м=ц,, C%д!=ƒдел ю2“  …= д"е 
…еƒ=",“,м/е *=2ег%!,,: е“2е“2"е……%г% (*"=л,-,-
ц,!%"=……/е “Cец,=л,“2/) , ,“*3““2"е……%г% 
C!%,“.%›де…,  (2!=д,ц,%……/е , .ле*2!%……/е 
*…,г,, “е!"е!/, K=ƒ/ д=……/., …=*%C,2ел, ,…-%!-
м=ц,, …%"%г% C%*%ле…, ).

o%2!еK,2ел, ,…-%!м=ц,, # ="2%!/ *3!“%", 
2ью2%!/, %K3ч=ем/е, “%2!3д…,*,.

q2!3*23!= *%мCле*“= C!%г!=мм дл  C%дде!›*, 
-3…*ц,%…,!%"=…,  q`n “% “"%L“2"=м, =д=C2=ц,, 
…= %“…%"е Kл%*= C=!=ме2!,че“*,. jl. p=ƒ!=K%-
2=……/L *%мCле*“ C!%г!=мм [3#6, 9] C!ед…=ƒ…=-
че… дл  C%дде!›*, -3…*ц,%…,!%"=…,  q`n “% 
“"%L“2"=м, =д=C2=ц,, …= %“…%"е Kл%*= C=!=ме2-
!,че“*,. jl [3#6] , ="2%м=2,ƒ=ц,, ƒ=д=ч ,““ле-
д%"=…,  ,…-%!м=ц,%……%L “!ед/ %K!=ƒ%"=2ель-

p,“. 1. q2!3*23!= “!ед/ ="2%м=2,ƒ,!%"=……%г% %K3че…,  “% “"%L“2"=м, =д=C2=ц,, …= %“…%"е *%г…,2,"…/. м%делеL

…%г% 3ч!е›де…,  [1, 3, 5]. o!, .2%м “2!3*23!= 
*%мCле*“= "*люч=е2 …е“*%ль*% %“…%"…/. C!%-
г!=мм…/. *%мC%…е…2%", !е=л,ƒ3ю?,. %C!едел‘…-
…/L …=K%! -3…*ц,L , ƒ=д=ч [6, 7, 10] (!,“. 2): 

=д=C2,"…/L .ле*2!%……/L 3чеK…,* (}r) [3, 5#7, 
9, 10] !е=л,ƒ3е2 ,…д,",д3=ль…% %!,е…2,!%"=……3ю 
ге…е!=ц,ю C%“лед%"=2ель…%“2, !=ƒ…%!%д…/. %K!=-
ƒ%"=2ель …/. "%ƒдеL“2",L %K3ч=ем%м3 “ C%м%?ью 
!=ƒ!=K%2=……%г% C!%це““%!= =д=C2,"…%L !еC!еƒе…-
2=ц,, ,…-%!м=ц,%……/. -!=гме…2%" …= %“…%"е Kл%-
*= C=!=ме2!,че“*,. jl;

%“…%"…%L д,=г…%“2,че“*,L м%д3ль (dl) [3#6, 
9] !е=л,ƒ3е2 ="2%м=2,ƒ=ц,ю 2е“2,!%"=…,  3!%"…  
%“2=2%ч…/. ƒ…=…,L %K3ч=ем/. (rngn) “ C%м%-
?ью …=K%!= 2е“2%" C% !=ƒ…/м C!едме2…/м %Kл=“-
2 м …= %“…%"е -3…*ц,, %це…,"=…,  , д"3. ,…2е!-
"=ль…/. ш*=л,  C%ƒ"%л ю?,. …еƒ=",“,м% 3ч,2/-
"=2ь *%л,че“2"% C!=",ль…/. %2"е2%" …= "%C!%“/ 
, “3мм3 …=K!=……/. K=лл%" ƒ= *=›д/L C!=",ль-
…/L "=!,=…2 %2"е2= …= "%C!%“;

C!,*л=д…%L dl [3, 5, 6, 9] %Kе“Cеч,"=е2 ="2%-
м=2,ƒ=ц,ю д,=г…%“2,*, ƒ…=че…,L C=!=ме2!%" 
jl “3KAе*2= %K3че…,  " -%!ме 2е“2,!%"=…,  …= 
%“…%"е C!ед"=!,2ель…% C%д%K!=……%г% …=K%!= 
C!,*л=д…/. ме2%д%" ,““лед%"=…,  " %Kл=“2, 
-,ƒ,%л%г,, =…=л,ƒ=2%!%", *%г…,2,"…%L C“,.%л%-
г,, , C!,*л=д…%L л,…г",“2,*,;

Kл%* C=!=ме2!,че“*,. jl [3#5, 8, 11] "*люч=-
е2 д"= %“…%"…/. 2,C= jl:

jl “3KAе*2= %K3че…,  *%…це…2!,!3е2 C=!=ме2-
!/, *%2%!/е %2!=›=ю2 ,…д,",д3=ль…/е %“%Kе……%-
“2, л,ч…%“2, %K3ч=ем%г% (hnkqn) C!, Cе!",ч…%м 

 n << m 

n m
 

K=…=л K=…=л 

K=…=л =…=л,ƒ= K=…=л д,=г…%“2,*, 

K=…=л д,=г…%“2,*, K=…=л =…=л,ƒ= 
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p,“. 2. q2!3*23!…%--3…*ц,%…=ль…=  “.ем= *%мCле*“= C!%г!=мм дл  
="2%м=2,ƒ=ц,, ,““лед%"=…,  =д=C2,"…%L “!ед/ ="2%м=2,ƒ,!%"=……%г% %K3че…, 

=дм,…,“2!,!%-

 a=ƒ=
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“е…“%!…%м "%“C!, 2,, (-,ƒ,%л%г,че“*,L C%!2!е2), 
"2%!,ч…%L %K!=K%2*е , C%…,м=…,, “%де!›=…,  ,…-
-%!м=ц,%……/. -!=гме…2%" …= ƒ=д=……%м  ƒ/*е;

jl “!ед“2"= %K3че…,  =г!ег,!3е2 C=!=ме2!/, %2-
!=›=ю?,е 2е.…,че“*,е "%ƒм%›…%“2, “!ед“2"= %K3че-
…,  C!, ге…е!=ц,, %K!=ƒ%"=2ель…/. "%ƒдеL“2",L (2е*“2, 
Cл%“*=  ,л, %KA‘м…=  “.ем= “ C%дK%!%м ц"е2= , 
г=!…,23!/ ш!,-2= , -%…=, ц"е2%"=  “.ем=). 

`!.,2е*23!= *%мCле*“= C!%г!=мм дл  =…=л,ƒ= 
hnq C!ед“2="ле…= …= !,“. 2 [9].

j%мC%…е…2/ *%мCле*“= C!%г!=мм -3…*ц,%…,-
!3ю2 " 2!‘. !е›,м=.:

=дм,…,“2!,!%"=…,е (C%ƒ"%л е2 м%д,-,ц,!%-
"=2ь “%де!›=…,е K=ƒ/ д=……/.): 

=дм,…,“2!,!%"=…,е K=ƒ/ д=……/. C%льƒ%"=2е-
леL (C%ƒ"%л е2 ,ƒме…,2ь C=!=ме2!/ 3ч‘2…/. ƒ=-
C,“еL C%льƒ%"=2елеL , C!%“м%2!е2ь =C%“2е!,%!-
…/е д=……/е 2е“2,!%"=…,  rngn , д,=г…%“2,*, 
hnkqn C%“!ед“2"%м …=K%!= ме2%д%");

=дм,…,“2!,!%"=…,е K=ƒ/ д=……/. ме2%д%" ,“-
“лед%"=…,  (%Kе“Cеч,"=е2 ,ƒме…е…,е ƒ…=че…,L 
*=›д%г% ме2%д= ,““лед%"=…,  " ,…2е!-еL“е , 
K=ƒе д=……/., !е=л,ƒ3ю?ег% д,=г…%“2,*3 ƒ…=че-
…,L C=!=ме2!%" -,ƒ,%л%г,че“*%г%, C“,.%л%г,че“-
*%г% , л,…г",“2,че“*%г% C%!2!е2%" jl “3KAе*2= 
%K3че…, ); 

=дм,…,“2!,!%"=…,е K=ƒ/ д=……/. =д=C2,"…%г% 
}r (!е=л,ƒ3е2 м%д,-,*=ц,ю “2!3*23!,!%"=……%L 
C%“лед%"=2ель…%“2, ,…-%!м=ц,%……/. -!=гме…-
2%", %2!=›=ю?,. “%де!›=…,е C!едме2= ,ƒ3че…,  
# м%д3ль, !=ƒдел, C%д!=ƒдел, C=!=г!=-);

=д=C2,"…%е %K3че…,е (!е=л,ƒ3е2 ,…д,",д3=ль-
…%%!,е…2,!%"=……3ю ге…е!=ц,ю ! д= ,…-%!м=-
ц,%……/. -!=гме…2%" !=ƒ…%г% 2,C= !=ƒл,ч…/м 
“C%“%K%м c C%м%?ью “%ƒд=……%г% C!%це““%!= 
=д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. 
-!=гме…2%", !=““ч,2/"=ю?ег% %C2,м=ль…/е C=-
!=ме2!/ %2%K!=›е…, );

=…=л,ƒ д=……/. (C%ƒ"%л е2 C!%“м%2!е2ь =C%“2е-
!,%!…/е д=……/е, *%2%!/е C%л3че…/ C!, ="2%м=-
2,ƒ,!%"=……%м %K3че…,,, 2е“2,!%"=…,, rngn , 
д,=г…%“2,*е hnkqn, = ƒ=2ем !е=л,ƒ%"=2ь м=2ем=-
2,че“*3ю %K!=K%2*3 =C%“2е!,%!…/. д=……/. “ C%-
м%?ью …=K%!= ме2%д%" “2=2,“2,че“*%г% =…=л,ƒ=).

}r "/“23C=е2 %“…%"…/м *%мC%…е…2%м q`n “% 
“"%L“2"=м, =д=C2=ц,, …= %“…%"е jl, !е=л,ƒ3е2 
,…д,",д3=ль…%%!,е…2,!%"=……3ю ге…е!=ц,ю C%-
“лед%"=2ель…%“2, %K!=ƒ%"=2ель…/. "%ƒдеL“2",L “ 
C%м%?ью  !=ƒ!=K%2=……%г% C!%це““%!= =д=C2,"-
…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. -!=гме…-
2%", *%2%!/е %2!=›=ю2 C!ед"=!,2ель…% “2!3*23-
!,!%"=……%е “%де!›=…,е …=K%!= %C!едел‘……/. 
C!едме2%" ,ƒ3че…,  , .!=… 2“  …еC%“!ед“2"е……% 
" K=ƒе д=……/. “ C!едме2…/м …=C%л…е…,ем , !е-
ƒе!"…%L K=ƒе д=……/..

oе!е*люче…,е ме›д3 !е›,м=м, -3…*ц,%…,-
!%"=…,  C!,*л=д…%г% dl %“3?е“2"л е2“  гл="-

…%L *…%C*%L C!%г!=мм…%L !е=л,ƒ=ц,, q`n “% 
“"%L“2"=м, =д=C2=ц,, …= %“…%"е Kл%*= C=!=ме2-
!,че“*,. jl, ч2% C%ƒ"%л е2 =*2,",ƒ,!%"=2ь !е-
›,м =дм,…,“2!,!%"=…, , д,=г…%“2,*, , =…=л,ƒ= 
д=……/..

j=›д/L ,ƒ ,мею?,.“  !е›,м%" !е=л,ƒ3е2 %C-
!едел‘……/L %г!=…,че……/L …=K%! -3…*ц,L , !=ƒ-
л,ч…/. ƒ=д=ч.

}ле*2!%……/L 3чеK…,*, “%ƒд=……/L …= %“…%"е C!%-
це““%!= =д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%…-
…/. -!=гме…2%". h…2е!-еL“ =д=C2,"…%г% }r " 
!е›,ме =дм,…,“2!,!%"=…,  (!,“. 3) C%ƒ"%л е2 
!е=л,ƒ%"=2ь м%д,-,*=ц,ю C=!=ме2!%" C!ед"=!,-
2ель…% “2!3*23!,!%"=……%г% “%де!›=…,  ,мею-
?,.“  C!едме2%" ,ƒ3че…, , ""е“2, Cе!ече…ь 
г!3CC , “C,“%* C%льƒ%"=2елеL, = ƒ=2ем !е=л,ƒ%-
"=2ь !ед=*2,!%"=…,е C=!=ме2!%" 3ч‘2…/. ƒ=C,“еL 
C%льƒ%"=2елеL , %Kе“Cеч,2ь C!%“м%2! ƒ…=че…,L 
C=!=ме2!%" Kл%*= C=!=ме2!,че“*,. jl [10].

dл  =дм,…,“2!,!%"=…,  *%…2е…2= =д=C2,"…%г% 
}r ,“C%льƒ3е2“  …=K%! !=ƒл,ч…/. .леме…2%" ,…-
2е!-еL“=, *%2%!/е “%“!ед%2%че…/ …= "*л=д*=. 
-%!м/: 

"*л=д*= &Languages/Disciplines[ C%ƒ"%л е2 !е-
д=*2,!%"=2ь C=!=ме2!/ д,“ц,Cл,…/, “%де!›,2 
C%ле *%д%" , …=,ме…%"=…,L  ƒ/*%" ,ƒл%›е…,  
м=2е!,=л= д,“ц,Cл,…/, *%д, …=,ме…%"=…,е , 
%C,“=…,е д,“ц,Cл,…/, C=!=ме2!/ jl “!ед“2"= 
%K3че…,  C% 3м%лч=…,ю (ƒ…=че…,  .2,. C=!=ме2-
!%" ,“C%льƒ3ю2“  C!, %2“32“2",, C!ед3“2=…%"-
ле……/. ƒ…=че…,L C=!=ме2!%" “!ед“2"= %K3че…, , 
" C!%2,"…%м “л3ч=е C!%це““%! =д=C2,"…%L !еC!е-
ƒе…2=ц,, ,…-%!м=ц,%……/. -!=гме…2%" де=*2,-
",!3е2“ , , !е›,м =д=C2,"…%г% %K3че…,  "/*лю-
ч=е2“ );

"*л=д*= &Units[  C%ƒ"%л е2 м%д,-,ц,!%"=2ь 
*%д, …=,ме…%"=…,е, “2=23“ %2%K!=›е…,  , %C,“=-
…,е *=›д%г% !=ƒдел= "/K!=……%L д,“ц,Cл,…/; 

"*л=д*= &Modules[ ,ƒме… е2 *%д,-,*=2%!, …=-
,ме…%"=…,е, “2=23“ %2%K!=›е…,  , %C,“=…,е *=›д%-
г% м%д3л  " C!едел=. "/K!=……%г% !=ƒдел= д,“ц,Cл,-
…/, %2%K!=›=ем%г% …= %C!едел‘……%м …=ц,%…=ль…%м 
,л, ,…%“2!=……%м  ƒ/*е, C!, .2%м “%де!›=…,е д,“-
ц,Cл,…/ C!ед"=!,2ель…% ""%д,2“  " !е›,ме =д-
м,…,“2!,!%"=…,  , д%“23C…% дл  C%“лед3ю?ег% 
,“C%льƒ%"=…,  " !е›,ме =д=C2,"…%г% %K3че…, ;

"*л=д*= &Pages[ C%ƒ"%л е2 “…=ч=л= "/K!=2ь 
д,“ц,Cл,…3 ,  ƒ/* ,ƒл%›е…,  м=2е!,=л= (E`1), 
!=ƒдел (E`2) , м%д3ль (E`3), = ƒ=2ем !ед=*2,!%-
"=2ь *%д,-,*=2%! (E`4.1), …%м,…=ль…%е ƒ…=че…,е 
,…2е!"=л= "!еме…, %2%K!=›е…,  “2!=…,ц/ 
(E`4.2), C=!=ме2!/ %2%K!=›е…,  “2!=…,ц/ 
(E`4.3), 2е*“2%л%г,че“*%е “%де!›=…,е "%C!%“= 
(E`5.1) , г!=-,че“*%е “%де!›=…,е "%C!%“= 
(E`5.2) “ ,“C%льƒ%"=…,ем ц"е2%"/. “.ем ƒ=ме?е-
…,  ,л, *%мCе…“=ц,, %C!едел‘……/. ц"е2%" “Cе*-
2!= …= г!=-,че“*,. ,ƒ%K!=›е…, . дл  2!,.!%м=-
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EA1 EA2 EA3 

E 4.1

E 5.1

E 4.2 E 4.3

E 5.2

E 5.3 
E 5.4

p,“. 3. h…2е!-еL“ =д=C2,"…%г% .ле*2!%……%г% 3чеK…,*= " !е›,ме =дм,…,“2!,!%"=…,  K=ƒ/ д=……/.
 “ C=!=ме2!=м, C!едме2= ,ƒ3че…, 

2%", C%л…/. ,л, ч=“2,ч…/. д,.!%м=2%" (C!%2=-
…%C/ …е "%“C!,…,м=ю2 C%л32%…= *!=“…%г%, деL-
2е!=…%C/ …е %?3?=ю2 %22е…*, ƒел‘…%г% , 2!,2=-
…%C/ …е !=ƒл,ч=ю2 “,…,L , -,%ле2%"/L);

"*л=д*= &Database[ ,ƒме… е2 “C,“%* д%“23C…/. 
*%д%" , …=,ме…%"=…,L г!3CC, Cе!ече…ь C=!=ме2!%" 
3ч‘2…/. ƒ=C,“еL C%льƒ%"=2елеL, C%ƒ"%л е2 C!%-
“м%2!е2ь , !ед=*2,!%"=2ь C=!=ме2!/ jl “3KAе*-
2= , “!ед“2"= %K3че…, , ,ƒме!е……/. ,л, ƒ=д=……/. 
дл  %C!едел‘……%г% C%льƒ%"=2ел  ,л, “!ед“2"=.

g…=че…,  C=!=ме2!%" jl “3KAе*2= %K3че…,  
д,=г…%“2,!3ю2“  ме2%д=м, ,““лед%"=…,  “ C%м%-
?ью C!,*л=д…%г% dl " %“…%"е *%мCле*“= C!%-
г!=мм.

dл  д,=г…%“2,*, ƒ…=че…,L C=!=ме2!%" jl 
“3KAе*2= %K3че…,  C!,ме… е2“  ме2%д,*= ,“-
“лед%"=…,  C=!=ме2!%" jl “3KAе*2= %K3че…, , " 
%“…%"е Šjl, *%2%!=  C%ƒ"%л е2 “-%!м,!%"=2ь 
=*23=ль…%е м…%›е“2"% !=ƒл,ч…/. C=!=ме2!%" " 
.*“Cе!,ме…2=ль…%L “2!3*23!е jl, = ƒ=2ем C%-
д%K!=2ь …%"/е , 3“%"е!ше…“2"%"=2ь ,мею?,е“  
ме2%д/ ,““лед%"=…,  %C!едел‘……/. C=!=ме2!%" 
-,ƒ,%л%г,че“*%г%, C“,.%л%г,че“*%г% ,л, л,…-

г",“2,че“*%г% C%!2!е2= jl " ",де …=K%!= !=ƒ-
л,ч…/. !=ƒ!=K%2=……/. C!%цед3! дл  C%“лед3ю-
?еL !е=л,ƒ=ц,, ="2%м=2,ƒ=ц,, C!%це““= ,““лед%-
"=…,  hnkqn.

g…=че…,  C=!=ме2!%" jl “!ед“2"= %K3че…,  
3“2=…="л,"=ю2“  , “,“2ем=2,че“*, %K…%"л ю2“  
…= %“…%"е “3?е“2"3ю?ег% 2е.…,че“*%г% %C,“=…,  
" 2ече…,е ›,ƒ…е……%г% ц,*л= !=ƒ!=K%2=……%L C!%-
г!=мм…%L !е=л,ƒ=ц,, %C!едел‘……%г% “!ед“2"= 
%K3че…, .

dл  д,=г…%“2,*, ƒ…=че…,L C=!=ме2!%" jl “!ед-
“2"= %K3че…,  C!,ме… ю2 %C!едел‘……3ю ме2%д,*3 
,““лед%"=…,  C=!=ме2!%" jl “!ед“2"= %K3че…,  " 
%“…%"е Šjl, *%2%!=  C%ƒ"%л е2 м%д,-,ц,!%"=2ь 
“3?е“2"3ю?ее =*23=ль…%е м…%›е“2"% C=!=ме2!%" 
…= %“…%"е ƒ=д=……%L 2е%!е2,че“*%L “2!3*23!/ 
jl, = 2=*›е !е=л,ƒ%"=2ь д%K="ле…,е …%"/. , 
3д=ле…,е 3“2=!е"ш,. C=!=ме2!%" jl , “%%2"е2-
“2"3ю?,. ,м ме2%д%" ,““лед%"=…, .

dл  !е=л,ƒ=ц,, C!%це““= ="2%м=2,ƒ,!%"=……%г% 
-%!м,!%"=…,  ƒ…=…,L *%…2,…ге…2= %K3ч=ем/. 
,“C%льƒ3е2“  !=ƒ!=K%2=……/L =д=C2,"…/L }r 
(!,“. 4), -3…*ц,%…,!3ю?,L …= %“…%"е C!%це““%-
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EE1 

EE4 

EE2 EE3 

EE5 

p,“. 4. h…2е!-еL“…=  -%!м= .ле*2!%……%г% 3чеK…,*= " !е›,ме =д=C2,"…%г% %K3че…,  
C!, %2%K!=›е…,, ,…-%!м=ц,, " ",де Cл%“*%L “.ем/

!= =д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. 
-!=гме…2%", *%2%!/е …еC%“!ед“2"е……% %2!=›=ю2 
“%де!›=…,е %д…%г% ,л, …е“*%ль*,. C!едме2%" 
,ƒ3че…, .

b !е›,ме =д=C2,"…%г% %K3че…,  %K3ч=ем/L 
C%“лед%"=2ель…% "/K,!=е2 !=ƒдел (EE1), м%д3ль 
(EE2) , “2!=…,ц3 (EE3), “%де!›=?3ю %C!едел‘…-
…/L ,…-%!м=ц,%……/L -!=гме…2 C% д,“ц,Cл,…е 
(EE4). j…%C*= (EE5) !е=л,ƒ3е2 “*!/2,е ,л, %2%-
K!=›е…,е C=…ел, …=",г=ц,, “%%2"е2“2"е……% дл  
3"ел,че…,  ,л, 3ме…ьше…,  .--е*2,"…%г% !=ƒ-
ме!= C!%“м=2!,"=ем%L !=K%чеL %Kл=“2, %*…= ,…-
2е!-еL“=.

b%ƒм%›…% ="2%м=2,че“*%е , !3ч…%е Cе!е*лю-
че…,е ме›д3 ,…-%!м=ц,%……/м, -!=гме…2=м, 
C!едме2= ,ƒ3че…,  C%“!ед“2"%м ,“C%льƒ%"=…,  
!=ƒ…/. C=…елеL …=",г=ц,, д"3. %“…%"…/. 2,C%": 
,е!=!.,че“*%е де!е"%, %2!=›=ю?ее “2!3*23!3 %д-
…%г% ,л, …е“*%ль*,. C!едме2%" ,ƒ3че…, , ,  C=-
…ель, %Kе“Cеч,"=ю?=  C%“лед%"=2ель…%е л,…еL-
…%е Cе!е*люче…,е !=ƒдел=, м%д3л , “2!=…,ц/ “ 
.леме…2=!…/м ,…-%!м=ц,%……/м -!=гме…2%м C% 
%C!едел‘……%м3 C!едме23 ,ƒ3че…, .

o!%це““%! =д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=-
ц,%……/. -!=гме…2%". q2!3*23!= C!%це““%!= =д=C2,"-
…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. -!=гме…2%" "/-
C%л…е…= …= %“…%"е C!,…ц,C= C=!=ллель…%L , Kл%ч-
…%-м%д3ль…%L =!.,2е*23!/ , "*люч=е2 м%д3л,, 
C!%цед3!/ , =лг%!,2м/ дл  !=“ч‘2= %C2,м=ль…%г% “%-
че2=…,  ƒ…=че…,L C=!=ме2!%" %2%K!=›е…,  ,…-%!м=-
ц,, …= %“…%"е ƒ…=че…,L C=!=ме2!%" jl “3KAе*2= %K3-
че…,  , “!ед“2"= %K3че…,  (!,“. 5).

n“…%"…%L д,=г…%“2,че“*,L м%д3ль дл  2е“2,!%-
"=…,  3!%"…  %“2=2%ч…/. ƒ…=…,L. n“…%"…%L dl 
 "л е2“  "=›…/м *%мC%…е…2%м q`n “% “"%L“2"=-
м, =д=C2=ц,, …= %“…%"е jl, !е=л,ƒ3е2 ="2%м=2,-
ƒ,!%"=……%е 2е“2,!%"=…,е rngn C%“!ед“2"%м ,“-
C%льƒ%"=…,  …=K%!= 2е“2%" C% !=ƒ…/м C!едме2…/м 
%Kл=“2 м " %“…%"е K=ƒ/ д=……/. (!,“. 6) [3, 5].

dл  =дм,…,“2!,!%"=…,  C=!=ме2!%" 2е“2= ,“-
C%льƒ3е2“  ! д .леме…2%" ,…2е!-еL“=: C%ле !е-
д=*2,!%"=…,  2е*“2%л%г,че“*%г% “%де!›=…,  "%-
C!%“= (B`1), C%ле !ед=*2,!%"=…,  C!,ƒ…=*= *%!-
!е*2…%“2,, 2е*“2%л%г,че“*%г% “%де!›=…,  "=-
!,=…2%" %2"е2= , "е“%"/. *%.--,ц,е…2%" дл  =*-
2,",ƒ=ц,, 2%ч…%L ш*=л/ …= %“…%"е “3мм/ …=-



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 1026

p,“. 5. o!%це““%! =д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. -!=гме…2%"

ё
ё
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BA12 

BA1 BA3 

BA2 

BA10 BA11 BA4 
BA9 

BA6 

BA7 

BA8 

BA5 

BA14 
BA13 

p,“. 6. h…2е!-еL“ %“…%"…%г% д,=г…%“2,че“*%г% м%д3л  " !е›,ме =дм,…,“2!,!%"=…,  
"/K%!*, "%C!%“…%-%2"е2…/. “2!3*23! , “C,“*= ,“C/23ем/.

BT1 

BT2 

BT3 BT4 

BT5 

p,“. 7. h…2е!-еL“ %“…%"…%г% д,=г…%“2,че“*%г% м%д3л  " !е›,ме д,=г…%“2,*, 3!%"…  %“2=2%ч…/. ƒ…=…,L 
*%…2,…ге…2= %K3ч=ем/. C% д,“ц,Cл,…е &h…-%!м=2,*=[
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K!=……/. K=лл%" (B`2), C%ле !ед=*2,!%"=…,  *%-
л,че“2"= "=!,=…2%" %2"е2= , 2,C= “еле*2%!= "=!,-
=…2%" %2"е2= (B`3), C%ле м%д,-,*=ц,, “2=23“= 
=*2,",ƒ=ц,, 2%ч…%L ш*=л/ …= %“…%"е "е“%"/. *%-
.--,ц,е…2%" (B`4), C%ле !ед=*2,!%"=…,  -%!м3-
л,!%"*, %KA “…е…,  (B`5), C%ле м%д,-,*=ц,, 
“2=23“= %2%K!=›е…,  %KA “…е…,  C!, …е"е!…%м 
%2"е2е …= "%C!%“ (B`6), C%ле м%д,-,*=ц,, “2=23-
“= =*2,",ƒ=ц,, 2=Lме!= дл  3ч‘2= ,…2е!"=л= "!е-
ме…, %2%K!=›е…,  "%C!%“= (B`7), C%ле м%д,-,-
*=ц,, “2=23“= =*2,",ƒ=ц,, м3ль2,мед,= “%C!%"%-
›де…,  ,ƒ -=Lл= “ C%2%*%"/м =3д,% (B`8), C%ле 
,…д,*=ц,, “2=23“= ,“C/23ем%г%, “%де!›=?ее *%-
л,че“2"% "е!…/. , …е"е!…/. %2"е2%", …%м,…=л 
3!%"…  "л=де…,  м=2е!,=л%м C% г!3K%L ш*=ле …= 
%“…%"е *%л,че“2"= "е!…/. %2"е2%", “3мм3 K=лл%" 

ƒ= "“е C!=",ль…/е "=!,=…2/ %2"е2= …= "%C!%“/, 
%це…*3 rngn C%“!ед“2"%м 2%ч…%L ш*=л/ …= %“…%-
"е “3мм/ …=K!=……/. K=лл%", “3мм3 ш2!=-…/. K=л-
л%" ƒ= "“е …е*%!!е*2…/е "=!,=…2/ %2"е2= …= "%C!%“ 
(B`14).

h…2е!-еL“ %“…%"…%г% dl " !е›,ме д,=г…%-
“2,*, rngn “ "/K%!*%L *%…2!%ль…/. "%C!%“%" 
C% д,“ц,Cл,…е &h…-%!м=2,*=[ дл  2е“2,!%"=…,  
C!ед“2="ле… …= !,“. 7.

b !е›,ме д,=г…%“2,*, rngn м%›…% ,“C%льƒ%-
"=2ь !=ƒ…/е .леме…2/ ,…2е!-еL“= дл  C%“лед%"=-
2ель…%г% "/K%!= , ""%д= C!=",ль…/. "=!,=…2%" 
%2"е2= …= *=›д/L "%C!%“, = 2=*›е !е=л,ƒ=ц,, C%д-
2"е!›де…,  "/K%!= ,…,ц,=л,ƒ=ц,, C3“*= =лг%!,2-
м= C!%"е!*, , Cе!е.%д= * “лед3ю?ем3 ƒ=д=…,ю: 
C%ле %2%K!=›е…,  2е*“2= -%!м3л,!%"*, "%C!%“= 

AA1 
AA2

AA3 

AA4 

AA6

AA10

AA13

AA5

AA15 

AA11

AA16 AA17

AA14

AA19

AA7 AA8

AA18

AA9 

AA12

p,“. 8. h…2е!-еL“ %“…%"…%г% д,=г…%“2,че“*%г% м%д3л  " !е›,ме =дм,…,“2!,!%"=…,  C=!=ме2!%"
 ме2%д= ,““лед%"=…,  , “C,“*= ,“C/23ем/.
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(BT1), C%ле %2%K!=›е…,  2е*“2= "=!,=…2%" %2"е2= 
(BT2), C%ле %2%K!=›е…,  2е*“2= %KA “…е…,  C!, …е-
"е!…%м %2"е2е ,“C/23ем%г% (BT3), *…%C*= дл  
C%д2"е!›де…,  %2"е2= …= д=……/L "%C!%“, ,…,-
ц,,!3ю?=  Cе!е.%д * “лед3ю?ем3 "%C!%“3 (BT4), 
C=…ель “2=23“= ,“C/23ем%г% (BT5).

b C!%це““е ="2%м=2,ƒ,!%"=……%г% 2е“2,!%"=…,  
rngn !=““ч,2/"=ю2“  ƒ…=че…,  *%.--,ц,е…2%" 
, -%!м,!3е2“  “2=23“ ,“C/23ем%г%. `C%“2е!,%!-
…/е д=……/е “%.!=… ю2“  " !е=ль…%м м=“ш2=Kе 
"!еме…, " K=ƒе д=……/., ч2% C%ƒ"%л е2 %K!=K=2/-
"=2ь ,. м=2ем=2,че“*, …=K%!%м “2=2,“2,че“*,. 
ме2%д%" (*%!!ел ц,%……/м, д,“Cе!“,%……/м, !ег-
!е““,%……/м, д,“*!,м,…=…2…/м , -=*2%!…/м =…=-
л,ƒ%м). 

o!,*л=д…%L д,=г…%“2,че“*,L м%д3ль дл  д,=г-
…%“2,*, ,…д,",д3=ль…/. %“%Kе……%“2еL *%…2,…ге…-
2= %K3ч=ем/.. o!,*л=д…%L dl  "л е2“  …е%2Aем-
лем/м *%мC%…е…2%м q`n “% “"%L“2"=м, =д=C2=ц,, 
…= %“…%"е jl , !е=л,ƒ3е2 д,=г…%“2,*3 C=!=ме2-
!%" jl “3KAе*2= %K3че…,  (!,“. 8) [3#7, 10].

dл  =дм,…,“2!,!%"=…,  C=!=ме2!%" ме2%д= ,““ле-
д%"=…,  ц"е2%%?3?е…,  (e.m. ~“2%"%L , e.a. p=K-
*,…=) ,“C%льƒ3е2“  ! д .леме…2%" ,…2е!-еL“=: 
C%л  …=,ме…%"=…,  , %C,“=…,  л%*=л,ƒ=ц,, 
(AA1), %C,“=…,  "% "“Cл/"=ю?ем %*…е, %C,“=-

AT1
AT2 

AT3

AT4 AT5 

AT6 

p,“. 9. h…2е!-еL“ C!,*л=д…%г% д,=г…%“2,че“*%г% м%д3л  " !е›,ме д,=г…%“2,*, C=!=ме2!%" ц"е2%%?3?е…, 
 ,“C/23ем%г% C% ме2%д3 e.a. p=K*,…=

…,  " “2!%*е “2=23“= (AA2), 2е*“2= "%C!%“= (AA3),  
г!=-,че“*%г% “%C!%"%›де…,  "%C!%“= (AA4), C=…е-
л, 3C!="ле…,  !,“3…*%м (AA5) , “еле*2%!= C=!=-
ме2!%" %2%K!=›е…,  *%…2е…2= "%C!%“= (AA6), C%л  
“2=23“= 2=Lме!= дл  3ч‘2= ,…2е!"=л= "!еме…, %2%K!=-
›е…,  "%C!%“= (AA7) , “2=23“= м3ль2,мед,= (AA8), 
C=…ел, …=",г=ц,, "%C!%“%" (AA9), “еле*2%!= C=!=-
ме2!%" %2%K!=›е…,  *%…2е…2= "=!,=…2%" %2"е2= 
(AA10), Cе!еч…  "=!,=…2%" %2"е2= (AA11), “2=23“= 3ч‘-
2= "=!,=…2= %2"е2= " !=“ч‘2=., м%д,-,*=ц,, 2е*“2= 
"=!,=…2= %2"е2=, 2,C= C=2%л%г,, (AA12) , “2еCе…, е‘ 
"/!=›е……%“2, (AA13), …=",г=ц,, "=!,=…2%" %2"е2= 
(AA14), г!3CC C%льƒ%"=2елеL (AA15), Cе!еч…  C%ль-
ƒ%"=2елеL (AA16), Cе!е*люче…,  C%C/2%* 2е“2,!%-
"=…,  (AA17), …%м,…=ль…/. ƒ…=че…,L *%.--,ц,е…-
2%", ,…д,ц,!3ю?,. !=ƒ…/е C=2%л%г,, ц"е2%%?3-
?е…,  , “2еCе…, ,. "/!=›е……%“2, (AA18), %2%-
K!=›е…,  , !ед=*2,!%"=…,  д,=г…%ƒ= (AA19).

m= !,“. 9 ,ƒ%K!=›‘… ,…2е!-еL“ C!,*л=д…%г% 
dl " !е›,ме д,=г…%“2,*,.

b !е›,ме д,=г…%“2,*, C=!=ме2!%" ц"е2%%?3-
?е…,  ,…2е!-еL“ C!,*л=д…%г% dl “%де!›,2 
C%л  %2%K!=›е…,  2е*“2%л%г,че“*%г% “%де!›=…,  
-%!м3л,!%"*, "%C!%“= (AT1), г!=-,че“*%г% ,ƒ%-
K!=›е…,  " -%!м3л,!%"*е "%C!%“= (AT2), Cе-
!еч…  "=!,=…2%" %2"е2= ,“C/23ем%г% …= д=……/L 
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"%C!%“ (AT3), 3д=ле…,  "/K!=……%г% , д%K="ле-
…,  …%"%г% "=!,=…2= %2"е2= ,“C/23ем%г% (AT4), 
*…%C*3 дл  C%д2"е!›де…,  Cе!еч…  "=!,=…2%" 
%2"е2= …= д=……/L "%C!%“, ,…,ц,,!3ю?3ю Cе!е-
.%д * “лед3ю?ем3 ƒ=д=…,ю (AT5), C=…ель “2=23“= 
,“C/23ем%г% (AT6).

b/"%д/ , !еƒ3ль2=2/ C!=*2,че“*%г% ,“C%льƒ%-
"=…, . h…-%!м=2,ƒ=ц,  hnq д%“2,г=е2“  ƒ= 
“ч‘2 “!ед“2" ="2%м=2,ƒ=ц,,, *%2%!/е “3?е“2"е…-
…% C%"/ш=ю2 .--е*2,"…%“2ь де 2ель…%“2, …= %“-
…%"е ,……%"=ц,L " %Kл=“2, ,…-%!м=ц,%……/. 2е.-
…%л%г,L.

Š!=д,ц,%……/е C%д.%д/, ме2%д/ , 2е.…%л%г,, 
2е! ю2 “"%ю =*23=ль…%“2ь, ч2% %K3“л%"л,"=е2 
C% "ле…,е =д=C2,"…/. , ,…д,",д3=ль…%%!,е…-
2,!%"=……/. “!ед , “!ед“2". p=ƒ!=K%2=… *%мCле*“ 
C!%г!=мм дл  ="2%м=2,ƒ=ц,, ,““лед%"=…,  hnq 
, C%"/ше…,  .--е*2,"…%“2, q`n “% “"%L“2"=-
м, =д=C2=ц,, …= %“…%"е Kл%*= C=!=ме2!,че“*,. 
jl, *%2%!/L "*люч=е2 }r, %“…%"…%L , C!,*л=д-
…%L dl.

m=Kлюд=л%“ь 3“Cеш…%е C!=*2,че“*%е ,“C%ль-
ƒ%"=…,е !=ƒ!=K%2=……%г% !=…ее }r, %Kе“Cеч,"=ю-
?ег% ,…д,",д3=ль…%%!,е…2,!%"=……3ю ге…е!=ц,ю 
%K!=ƒ%"=2ель…/. "%ƒдеL“2",L …= %“…%"е C!%це““%-
!= =д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%……/. 
-!=гме…2%".

j%мCле*“ C!%г!=мм "/C%л…е… C% Kл%ч…%-м%-
д3ль…%м3 C!,…ц,C3 , м%›е2 K/2ь м%де!…,ƒ,!3е-
м/м “ C%м%?ью ƒ=ме…/ !=ƒл,ч…/. C!%г!=мм…/. 
м%д3леL, д%K="ле…,  …%"/. , 3д=ле…,  3“2=!е"-
ш,. C!%цед3! дл  !е=л,ƒ=ц,, д,=г…%“2,*, C=!=-
ме2!%" jl. p=ƒ!=K%2=…% 2е.…,че“*%е %C,“=…,е 
дл  !=ƒл,ч…/. *=2ег%!,L C%льƒ%"=2елеL.

o!=*2,че“*%е ,“C%льƒ%"=…,е C%л3че……/. !=…ее 
…=3ч…/. 2е%!е2,че“*,. , C!=*2,че“*,. !еƒ3ль2=-
2%" %“3?е“2"л л%“ь " lе›д3…=!%д…%м K=…*%"“*%м 
,…“2,232е “ 2004 г. , q=…*2-oе2е!K3!г“*%м г%“3-
д=!“2"е……%м .ле*2!%2е.…,че“*%м 3…,"е!“,2е2е “ 
2003 г. b .%де C!%"ед‘……/. .*“Cе!,ме…2%" C%л3че-
…/ =*2/ % C!=*2,че“*%м ,“C%льƒ%"=…,, , 2!, ="2%!-
“*,. “",де2ель“2"=.

}--е*2,"…%“2ь q`n “% “"%L“2"=м, =д=C2=-
ц,, …= %“…%"е Kл%*= C=!=ме2!,че“*,. jl %це-
…,"=л=“ь %K?еC!,… 2/м, C%*=ƒ=2ел м, .--е*-
2,"…%“2, (!еƒ3ль2=2,"…%“2,) 2е.…%л%г,че“*%г% 
C!%це““= ="2%м=2,ƒ,!%"=……%г% -%!м,!%"=…,  
ƒ…=…,L:

2 2 1
1 2 3 2 1

1 1
{ ; ; } ; ; 100 % ,

Y Y Y
K k k k Y Y

Y Y
⎧ ⎫−

= = −⎨ ⎬
⎩ ⎭

где k1, k2, k3 # *%.--,ц,е…2/ =K“%лю2…%г%, “!="…,-
2ель…%г% , %2…%“,2ель…%г% C%*=ƒ=2елеL !еƒ3ль2=2,"…%“2, 
-%!м,!%"=…,  ƒ…=…,L %K3ч=ем/. [11, 12]. 

pеƒ3ль2=2/ “2=2,“2,че“*%L %K!=K%2*, =C%“2е!,-
%!…/. д=……/. C!,"еде…/ " 2=Kл. 1. 

`K“%лю2…/L, “!="…,2ель…/L , %2…%“,2ель…/L 
C%*=ƒ=2ел, .--е*2,"…%“2, C!%це““= -%!м,!%"=-
…,  ƒ…=…,L *%…2,…ге…2= %K3ч=ем/. %2!=›=ю2, …= 
“*%ль*% C!%це…2%" ,ƒме…,л%“ь …%м,…=ль…%е ƒ…=-
че…,е %2…%“,2ель…% K=ƒ%"%г% Cе!,%д=.

j%!!ел ц,%……/L , д,“Cе!“,%……/L =…=л,ƒ/ 
…е %2!=ƒ,л, “3?е“2"е……/. , …=3ч…% %K%“…%"=…-
…/. 2е…де…ц,L, ƒ=",“,м%“2еL , ƒ=*%…%ме!…%-
“2еL.

b !еƒ3ль2=2е C!%"ед‘……%г% !ег!е““,%……%г% 
=…=л,ƒ= =C%“2е!,%!…/. д=……/. C%л3че……/е 
ƒ…=че…,  *%.--,ц,е…2= м…%›е“2"е……%L *%!!е-
л ц,, (jlj = 0,558) , *%.--,ц,е…2= м…%›е“2-
"е……%L де2е!м,…=ц,, (jld=0,312) “",де2ель“2-
"3ю2, ч2%31,2 % д,“Cе!“,, ƒ=",“,м%L Cе!еме…-

…%L iY
∧

 (%це…*= rngn) %C!едел е2“  "=!,=ц,еL 
ƒ…=че…,L *%.--,ц,е…2%" (C!ед,*2%!%") Ki, …=-
.%д ?,.“  " C%л3че……%L л,…еL…%L !ег!е““,%…-

…%L м%дел, )( iKY
∧

. g…=че…,  ,“.%д…/. β , “2=…-

д=!2,ƒ%"=……/. *%.--,ц,е…2%" 'β  л,…еL…%L 

!ег!е““,%……%L м%дел, )( iKY
∧

 C!ед“2="ле…/ " 2=Kл. 
2 , 3.  j%…“2=…2= !="…= 4,653.

g=",“,м%L Cе!еме……%L  "л е2“  !еƒ3ль2=2,"…%“2ь 
-%!м,!%"=…,  ƒ…=…,L *%…2,…ге…2= %K3ч=ем/. Y, = 
C!ед,*2%!=м, " C%л3че……%L л,…еL…%L м…%›е“2"е…-
…%L !ег!е““,%……%L м%дел, "/“23C=ю2 Vozr # "%ƒ!=“2, 
K7 # C!%2=…%C, , K8 # деL2е!=…%C, , K9 # 2!,2=…%-
C, , K14 # "е!K=ль…/L ,…2елле*2, K15 # %K%K?е…,е, 
K16 # *л=““,-,*=ц, , K17 # =…=л,2,ч…%“2ь, K18 # 
=!,-ме2,че“*,L “ч‘2, K19 # *%мK,…=2%!,*=, K20 # 
м…ем%…,*= , C=м 2ь, K21 # Cл%“*%“2…%е м/шле…,е, 
K22 # %KA‘м…%е "%%K!=›е…,е, K23 # "е!K=ль…=  =“-
“%ц,=2,"…%“2ь, K24 # "е!K=ль…=  %!,г,…=ль…%“2ь, 
K25 # "е!K=ль…=  “еле*2,"…%“2ь, K27 # %K!=ƒ…=  =“-
“%ц,=2,"…%“2ь, K28 # %K!=ƒ…=  %!,г,…=ль…%“2ь, K29 
# %K!=ƒ…=  “еле*2,"…%“2ь, K45 

# 3!%"е…ь "л=де…,  
 ƒ/*%м ,ƒл%›е…, .

Š%гд= 3!="…е…,е м…%›е“2"е……%L !ег!е““,, 
,мее2 ",д 

Y = 4,653 # 0,006Vozr # 0,002K7 # 0,156K8 +
+ 0,121K9 + 0,064K14 # 0,029K15 + 0,006K16#  

# 0,074K17 + 0,025K18 # 0,009K19 # 0,026K20+  
+ 0,001K21 + 0,035K22 + 0,013K23 + 0,009K24#   
# 0,008K25 # 0,111K27 # 0,008K28 + 0,032K29 + 
+ 0,022K45.

Šjl C%ƒ"%л е2 !е=л,ƒ%"=2ь д%C%л…,2ель…/L 
*%…23! =д=C2=ц,, …= %“…%"е Kл%*= C=!=ме2!,че-
“*,. jl, = 2=*›е C!%"е“2, *%мCле*“…/L “,“2ем-
…/L =…=л,ƒ hnq, …=C!="ле……/L …= C%"/ше…,е 
.--е*2,"…%“2, ,…-%!м=ц,%……%г% "ƒ=,м%деL“2-
",  ме›д3 “3KAе*2=м, , “!ед“2"=м, %K3че…, , 
3"ел,че…,е !еƒ3ль2=2,"…%“2, 2е.…%л%г,че“*%г% 
C!%це““= -%!м,!%"=…,  ƒ…=…,L %K3ч=ем/. " 
C!%це““е -3…*ц,%…,!%"=…,  “,“2ем/ `dn.
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Š = K л , ц =  1

pеƒ3ль2=2/ Cе!",ч…%г% “2=2,“2,че“*%г% =…=л,ƒ= !еƒ3ль2=2,"…%“2, %K3че…, 

o%*=ƒ=2ель
m%ме! г!3CC/ %K3ч=ем/.

1 2 3 4 5 6 7 8

o%*=ƒ=2ел, !еƒ3ль2=2,"…%“2, %K3че…,  ƒ= 2004 г.

nKA‘м "/K%!*, 20 21 25 18 18 15 0 0

q!ед…,L K=лл Y1 4,05 4,286 4,24 4,611 4,056 4,4 # #

qjn “!ед…ег% K=лл= 0,686 0,845 0,779 0,502 0,802 0,507 # #

o%*=ƒ=2ел, !еƒ3ль2=2,"…%“2, %K3че…,  ƒ= 2005 г.

nKA‘м "/K%!*, 24 22 24 25 24 22 23 21

q!ед…,L K=лл Y2 4,333 4,046 4,375 4,16 4,042 4,091 4,696 4

qjn “!ед…ег% K=лл= 0,817 0,785 0,824 0,8 0,859 0,811 0,559 0,894

o%*=ƒ=2ел, !еƒ3ль2=2,"…%“2, %K3че…,  ƒ= 2006 г. (“ ,“C. Šjl " 3 г!3CC=.)

nKA‘м "/K%!*, 26 23 29 24 25 22 22 22

q!ед…,L K=лл Y3 4,5 4,609 4,379 3,708 3,92 3,773 4,455 3,818

qjn “!. K=лл= 0,707 0,656 0,775 0,751 0,572 0,612 0,858 0,853

h2%г, Cе!",ч…%г% “2=2,“2,че“*%г% =…=л,ƒ=

o%*=ƒ=2ел,, %2!=›=ю?,е ,ƒме…е…,е .--е*2,"…%“2, %K3че…,  ƒ= 2004/2005 гг., %

k1 0,283 #0,240 0,135 #0,451 #0,014 #0,309 # #

k2 1,07 0,944 1,032 0,902 0,997 0,93 # #

k3 6,996 #5,606 3,184 #9,781 #0,345 #7,023 # #

hƒме…е…,е qjn 0,131 # 0,06 0,045 0,298 0,057 0,304 # #

o%*=ƒ=2ел,, %2!=›=ю?,е ,ƒме…е…,е .--е*2,"…%“2, %K3че…,  ƒ= 2005/2006 гг., %

k1 0,167 0,563 0,004 #0,452 #0,122 #0,318 #0,241 # 0,182

k2 1,039 1,139 1,001 0,891 0,97 0,922 0,949 0,955

k3 3,854 13,915 0,091 #10,865 #3,018 #7,773 #5,132 # 4,55

hƒме…е…,е qjn # 0,11 #0,129 #0,049 #0,049 #0,287 #0,199 0,299 # 0,041

Š = K л , ц =  2

g…=че…,  ,“.%д…/. β , “2=…д=!2,ƒ%"=……/. *%.--,ц,е…2%" 'β

o!ед,*=2%! Vozr K7 K8 K9 K14 K15 K16 K17 K18 K19

g…=че…,е ,“.%д…%г%
*%.--,ц,е…2= β 

#0,006 #0,002 #0,156 0,121 0,064 #0,029 0,006 #0,074 0,025 #0,009

q2=…д=!2,ƒ%"=……/L 
*%.--,ц,е…2 'β  

#0,017 #0,010 #0,714 0,611 0,247 #0,104 0,034 #0,262 0,159 #0,052

Š = K л , ц =  3

o!ед,*=2%! K20 K21 K22 K23 K24 K25 K27 K28 K29 K45

g…=че…,е ,“.%д…%г%
*%.--,ц,е…2= β 

#0,026 0,001 0,035 0,013 0,009 #0,008 #0,111 #0,008 0,032 0,022

q2=…д=!2,ƒ%"=……/L 
*%.--,ц,е…2 'β  

#0,147 0,002 0,182 0,052 0,052 #0,113 #0,226 #0,018 0,172 0,037
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b .%де д,“*!,м,…=…2…%г% =…=л,ƒ= "/деле…% 
…е“*%ль*% г!3CC %K3ч=ем/. (" ƒ=",“,м%“2, %2 
д,…=м,*, ƒ…=че…,L C%*=ƒ=2ел  !еƒ3ль2=2,"…%“2, 
%K3че…, ) (%це…*, rngn): &5[ # г!3CC= %2л,ч…,-
*%"; &4[ # г!3CC= .%!%ш,“2%"; &3[ # г!3CC= 
2!%еч…,*%". 

 m= !,“. 10 C%*=ƒ=…= ге%ме2!,че“*=  ,…2е!C!е2=-
ц,  "ƒ=,м…%г% !=“C%л%›е…,  це…2!%,д%" *л=““%", 
"/деле……/. г!3CC %K3ч=ем/. " C!%“2!=…“2"е д"3. 
д,“*!,м,…=…2…/. -3…*ц,L.

h…-%!м=2,"…%“2ь *=…%…,че“*,. д,“*!,м,…=…-
2…/. -3…*ц,L C!,ме!…% %д,…=*%"=, = ,. !=ƒ!е-
ш=ю?=  “C%“%K…%“2ь “3?е“2"е……% д,--е!е…ц,-
!3е2“  C% %2…%ше…,ю * це…2!%,д=м *л=““%": Cе!-
"=  *=…%…,че“*=  д,“*!,м,…=…2…=  -3…*ц,  
!=ƒл,ч=е2 це…2!%,д/ *л=““%" 2!%еч…,*%" , .%!%-
ш,“2%" %2…%“,2ель…% це…2!%,д= *л=““= %2л,ч…,-
*%", …% Cл%.% !=ƒл,ч=е2 ме›д3 “%K%L це…2!%,д/ 
*л=““%" 2!%еч…,*%" , .%!%ш,“2%"; "2%!=  *=…%-
…,че“*=  д,“*!,м,…=…2…=  -3…*ц,  !=ƒл,ч=е2 
це…2!%,д/ *л=““%" .%!%ш,“2%" , %2л,ч…,*%" 
%2…%“,2ель…% це…2!%,д= *л=““= 2!%еч…,*%", …% 
Cл%.% !=ƒл,ч=е2 ме›д3 “%K%L це…2!%,д/ *л=““%" 
.%!%ш,“2%" , %2л,ч…,*%".

j%мCле*“ C!%г!=мм C%ƒ"%л е2 !е=л,ƒ%"=2ь ="-
2%м=2,ƒ=ц,ю ,““лед%"=…,  , “,“2ем…%г% =…=л,ƒ= 
hnq, ,…-%!м=ц,%……%г% "ƒ=,м%деL“2",  ме›д3 
“3KAе*2=м, , “!ед“2"=м, %K3че…, , = 2=*›е “3-
?е“2"е……% C%"/“,2ь .--е*2,"…%“2ь -3…*ц,%…,-
!%"=…,  q`n “% “"%L“2"=м, =д=C2=ц,, …= %“…%"е 
Kл%*= C=!=ме2!,че“*,. jl.

Function 1
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p,“. 10. 0е…2!%,д/ 2!‘. *л=““%" %K3ч=ем/. " C!%“2!=…“2"е д"3. *=…%…,че“*,. -3…*ц,L

a,Kл,%г!=-,че“*,е ““/л*,

1. bе2!%" `.m., bе2!%" m.`. t=*2%!/ 3“Cе.= " %K!=-
ƒ%"=2ель…%L де 2ель…%“2, brg=: Šе…де…ц,, !=ƒ",2,  
,…-%!м=ц,%……%L “!ед/ д,“2=…ц,%……%г%: l%…%г!. / o%д  
!ед. чл.-*%!!. l`m bx h.m. g=.=!%"=. qoK.: lah, 
2004. q. 54#65.

2. bе2!%" ̀ .m., j%2%"= e.e. t=*2%!/ 3“Cе.= " %K!=-
ƒ%"=2ель…%L де 2ель…%“2, "3ƒ=: j%г…,2,"…=  м%дель 
дл  =д=C2,"…/. “,“2ем д,“2=…ц,%……%г% %K3че…, : l%-
…%г!. / o%д  !ед.  чл.-*%!!. l`m bx h.m. g=.=!%"=. 
qoK.: lah, 2004. q. 65#78.

3. bе2!%" `.m.,  bе2!%" m.`.  n“%Kе……%“2, “2!3*23-
!/ ,…-%!м=ц,%……%L “!ед/ =д=C2,"…/. “,“2ем dn.  ̀ *-
23=ль…/е C!%Kлем/ .*%…%м,*, , …%"/е 2е.…%л%г,, 
C!еC%д="=…, : м=2е!,=л/ IV ме›д3…=!. …=3ч.-C!=*2. 
*%…-., г. q.-oе2е!K3!г, 15#16 м=!2= 2005 г.  qoK.: 
lah, 2005. q. 45#46.

4. bе2!%" `.m., j%2%"= e.e., j3ƒьм,… m.m. h…-%!-
м=ц,%……=  “!ед= ="2%м=2,ƒ,!%"=……%г% %K3че…,  …= 
%“…%"е *%г…,2,"…/. м%делеL // hƒ"е“2,  lе›д3…=!. 
=*=дем,, …=3* bx. 13(37). l.: l`m bx, 2006. 18 “.

5. bе2!%" `.m. q!ед= ="2%м=2,ƒ,!%"=……%г% %K3че-
…,  “% “"%L“2"=м, =д=C2=ц,, …= %“…%"е *%г…,2,"…/. 
м%делеL: l%…%г!. l.: dеC. p`n, 2007. 256 “.

6. bе2!%" `.m. o!%г!=мм…/L *%мCле*“ дл  ,“-
“лед%"=…,  =д=C2,"…%L ,…-%!м=ц,%……%-%K!=ƒ%"=2ель-
…%L “!ед/ …= %“…%"е *%г…,2,"…/. м%делеL. q%"!е-
ме……%е %K!=ƒ%"=…,е: “%де!›=…,е, 2е.…%л%г,,, *=че“2-
"%: м=2е!,=л/ XIII ме›д3…=!. …=3ч.-C!=*2. *%…-., 
г. q.-oе2е!K3!г, 19 =C!ел  2007 г.. qoK.: qoKc}Šr, 
2007. q. 142#144.

7. bе2!%" `.m. `д=C2,"…%е “!ед“2"% %K3че…,  " ="-
2%м=2,ƒ,!%"=……%L %K!=ƒ%"=2ель…%L “!еде …= %“…%"е 
Kл%*= C=!=ме2!,че“*,. *%г…,2,"…/. м%делеL. rC!="-
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ле…,е *=че“2"%м " “%"!еме……%м "3ƒе: м=2е!,=л/ V ме-
›д3…=!. …=3ч.-ме2%д. *%…-., г. q.-oе2е!K3!г, 21#22 
,ю…  2007 г.. qoK.: lah, 2007. q. 110#113.

8. bе2!%" `.m. lе2%д,*, , =лг%!,2м/ " %“…%"е 
2е.…%л%г,, *%г…,2,"…%г% м%дел,!%"=…, . rC!="ле…,е 
*=че“2"%м " “%"!еме……%м "3ƒе: м=2е!,=л/ V ме›д3…=!. 
…=3ч.-ме2%д. *%…-., г. q.-oе2е!K3!г, 21#22 ,ю…  2007 г. 
qoK.: lah, 2007. q. 86#89.

9. bе2!%" `.m. pе=л,ƒ=ц,  =д=C2,"…%г% %K3че…,  " 
="2%м=2,ƒ,!%"=……%L %K!=ƒ%"=2ель…%L “!еде …= %“…%"е 
*%г…,2,"…/. м%делеL. b/C. 1. qoK.: hƒд-"% qoKc}Šr 
&k}Šh[, 2007. 9 “.

10. bе2!%" `.m. }ле*2!%……/L 3чеK…,* …= %“…%"е 
C!%це““%!= =д=C2,"…%L !еC!еƒе…2=ц,, ,…-%!м=ц,%…-
…/. -!=гме…2%" " ="2%м=2,ƒ,!%"=……%L %K!=ƒ%"=2ель-
…%L “!еде. l.: l=ш,…%“2!%е…,е, 2008. bjhŠ 1 11. 
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b/ "ле…/ %“%Kе……%“2, “%"е!ше……%L *%…*3!е…ц,,. b/C%л…е… %Kƒ%! 2е.…%л%г,L …еL!%……/. 
“е2еL. nC!еделе…% …=C!="ле…,е “%ƒд=…,  …еL!%……%L “,“2ем/, 3ч,2/"=ю?еL "“е %“%Kе……%-
“2, “%"е!ше……%L *%…*3!е…ц,,. o!едл%›е…= =!.,2е*23!= …еL!%……%L “е2, C!%,ƒ"%д“2"е…-
…%г% “егме…2= !/…*= , "“еL …еL!%……%L “,“2ем/ !/…*= " цел%м.

jлюче"/е “л%"=: *%…*3!е…ц, , “%"е!ше……=  *%…*3!е…ц, , м%дель !/…*=, …еL!%……/е “е2,

Perfect competition features are revealed. Neural network technology survey is perform. Neural 
network creature direction taking account the whole of perfect competition features is defined. 
Neural network architecturt for market production segment and market neural system as a whole is 
proposed.

Key words: competition, perfect competition, market model, neural networks.

b"еде…,е. p/…%* “%“2%,2 ,ƒ K%льш%г% ч,“л= 
…еƒ=",“,м/. .леме…2%", “=м%“2% 2ель…% %C!еде-
л ю?,. 2=*2,*3 , “2!=2ег,ю “"%ег% C%"еде…, . b 
3“л%", . !="…%L %“"ед%мл‘……%“2, *=›д/L ,ƒ 3ч=-
“2…,*%" !/…%ч…%г% C!%це““= “2!ем,2“  м=*“,м,-
ƒ,!%"=2ь “"%ю "/г%д3, …% “ 3ч‘2%м =…=л%г,ч…/. 
целеL д!3г,. C!едC!, 2,L. bƒ=,м%деL“2",е C!ед-
C!, 2,L " 3“л%", . “%"е!ше……%L *%…*3!е…ц,, 
м%›…% !=““м=2!,"=2ь “ !=ƒл,ч…/. 2%че* ƒ!е…, : “ 
C%ƒ,ц,, *=›д%г% C!едC!, 2, -C!%,ƒ"%д,2ел  
C!, !еше…,, ƒ=д=ч, !е=л,ƒ=ц,, “"%еL C!%,ƒ"%-
д,м%L C!%д3*ц,, (ƒ=д=ч= 1); “ C%ƒ,ц,, *=›д%г% 
%2дель…%г% ",д= 2%"=!= …= !/…*е (ƒ=д=ч= 2); 
“ C%ƒ,ц,, %K?ег% “%“2% …,  *%…*3!е…2…%г% C!%-
це““= …= !/…*е " цел%м (ƒ=д=ч= 3).

b Cе!"%м “л3ч=е …е%K.%д,м% !=““м=2!,"=2ь 
",!23=ль…/L 3!%"е…ь *%…*3!е…ц,,, 2. е. “%“2% -
…,е “3KAе*2= , ег% "ƒ=,м%деL“2", , Kеƒ 3ч‘2= "/-
C3“*=ем%г% ,м 2%"=!=, "% "2%!%м “л3ч=е # 3!%"е…ь 
!е=ль…%L *%…*3!е…ц,,, 2. е. “%"%*3C…/е .=!=*2е-
!,“2,*, 2%"=!=, Kеƒ 3ч‘2= 2%г%, *ем %… C!%,ƒ"е-
д‘…. Š!е2,L "=!,=…2 %“…%"=… …= C%,“*е %C2,м=ль-

…%г% (&3“2!=,"=ю?ег%[ "“е. C!%,ƒ"%д,2елеL , 
C%2!еK,2елеL) “%“2% …,  !/…*= " цел%м. hме……% 
2=*%L "=!,=…2  "л е2“  …=,K%лее %K?,м.

nC!едел,м .2, …=C!="ле…,  !=““м%2!е…,  *=* 
ƒ=д=ч,, *%2%!/е д%л›…/ K/2ь !еше…/ " !еƒ3ль2=-
2е м%дел,!%"=…,  !/…*= “%"е!ше……%L *%…*3!е…-
ц,,.

n“…%"…/е Cе!“Cе*2,"/ ,“C%льƒ%"=…,  2е%!,, 
…еL!%……/. “е2еL “" ƒ=…/ “ !еше…,ем “л%›…/. 
C!=*2,че“*,. ƒ=д=ч. b “" ƒ, “ .2,м ,. ,“C%льƒ%-
"=…,е дл  м%дел,!%"=…,  *%…*3!е…ц,, "C%л…е 
%K%“…%"=……%. m=ч=л% “%"!еме……/м м%дел м …еL-
!%……/. “е2еL K/л% C%л%›е…% " !=K%2е r. l=*-
*=лл%*= , r. o,22“=, " *%2%!%L C!едC!,… 2= C%-
C/2*= .м3л,!%"=2ь чел%"ече“*,е “C%“%K…%“2,, 
*л=““,-, ц,!%"=2ь , !=“C%ƒ…="=2ь %K!=ƒ/. d=ль-
…еLшее !=ƒ",2,е “" ƒ=…% “ != K%2%L t. p%ƒе…K-
л=22= [1]. eг% м%дель K/л= …=ƒ"=…= Cе!цеC2!%…%м. 
q …=ч=л= 1980-. гг. …=ч=л“  …%"/L ",2%* !=ƒ",-
2,  м%делеL …еL!%……/. “е2еL, “" ƒ=……/L “ !=K%-
2=м, q. c!%““Kе!г=, Š. j%.%…е…=, d. u%C-,лд= , 
д!. [2], = 2=*›е "л, …,ем !=ƒ",2,  %C2,че“*,. 
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2е.…%л%г,L , qahq [3], “C%“%K…/. %Kе“Cеч,2ь 
!е=л,ƒ=ц,ю …%"/. =!.,2е*23! …= C!=*2,*е. n“%-
K/L .=!=*2е! “л%›…/. C!%Kлем …е C%ƒ"%л е2 “%ƒ-
д="=2ь 3…,"е!“=ль…/е “е2,, "/…3›д=  !=ƒ!=K=2/-
"=2ь “Cец,= л,ƒ,!%"=……/е …еL!%……/е “е2, дл  
*=›д%L ƒ=д=ч,. b …=“2% ?ее "!ем  “3?е“2"3е2 
K%льш%е *%л,че“2"% !=ƒ…%%K!=ƒ…/. 2,C%" “е2еL. 
}2, м%дел, %2л,ч=ю2“  “2!3*23!%L “" ƒеL, C!=-
",л=м, %C!еделе…,  "е“%" ,л, C!=",л=м, %K3че-
…,  , C!%г!=мм,!%"=…, .

`…=л,ƒ л,2е!=23!/ [4#6] C%ƒ"%л е2 “дел=2ь 
"/"%д, ч2% %“…%"…%е "…,м=…,е ="2%!%" 3дел е2“  
C!,ме…е…,ю …еL!%“е2е"/. 2е.…%л%г,L " 2еле-
*%мм3…,*=ц,%……/. , д!3г,. 2е.…,че“*,. “,“2е-
м=.. b/“%*=  .--е*2,"…%“2ь …еL!%……/. 2е.…%-
л%г,L C!, !еше…,, ƒ=д=ч =д=C2,"…%г% 3C!="ле-
…,  д, …=м,ч…/м, %KAе*2=м, м%›е2 “дел=2ь ,. 
…еƒ=ме …,м/м, C!, “%ƒд=…,, …%"/. C%*%ле…,L 
“е2еL м%K,ль…%L “" ƒ, , д!3г,. Kе“C!%"%д…/. 
“е2еL. ̀ *23=ль…%“2ь ,““лед%"=…,L ,“*3““2"е……/. 
…еL!%……/. “е2еL C%д 2"е!›д=е2“  м…%г%%K!=ƒ,ем 
,. "%ƒм%›…/. C!,ме…е…,L. 

q%"!еме……/е }bl C!е"%“.%д 2 чел% "е*= C% 
“C%“%K…%“2, C!%,ƒ"%д,2ь ч,“л%"/е , “,м"%ль…/е 
"/ч,“ле…, . nд…=*%, е“л, ƒ=д=ч= "/.%д,2 ƒ= !=м*, 
C!%“2/. "/ч,“л,2ель…/. %Cе!=ц,L , ƒ=2!=г,"=е2 
“-е!/ =…=л,ƒ= , %K%K?е…,  ,…-%!м=ц,,, *%м-
Cью2е!…=  2е.…,*= дем%…“2!,!3е2 “"%ю …е“%-
“2% 2ель…%“2ь C% “!="…е…,ю “ чел%"е*%м. o!,ч,…= 
“2%ль ƒ…=ч,2ель…%г% !=ƒл,ч,  " ,. C!%,ƒ"%д,2ель-
…%“2, ƒ=*люче…= " 2%м, ч2% =!.,2е*23!= K,%л%г,-
че“*%L …еL!%……%L “,“2ем/ “% "е!ше……% …е C%.%›= 
…= =!.,2е*23!3 м=ш,…/ -%… mеLм=…=, = .2% “3-
?е“2"е……% "л, е2 …= 2,C/ -3…*ц,L, *%2%!/е K%-
лее .--е* 2,"…% ,“C%л… ю2“  *=›д%L ,ƒ 
м%делеL.

mеL!%……=  “е2ь # .2% “е2ь “ *%…еч…/м ч,“л%м 
“л%е" ,ƒ %д…%2,C…/. .леме…2%" # =…=л%г%" …еL-
!%…%" “ !=ƒл,ч…/м, 2,C=м, “" ƒеL ме›д3 “л% м,. 
o!, .2%м ч,“л% …еL!%…%" " “л% . "/K,!=е2“  ,“-
.%д  ,ƒ …е %K.%д,м%“2, %Kе“Cече…,  ƒ=д=……%г% *=-
че“2"= !еше…,  ƒ=д=ч,, = ч,“л% “л%е" …еL!%…%" # 
*=* м%›…% ме…ьшее дл  “%*!=?е…,  "!еме…, !е-
ше…,  ƒ=д=ч,.

u%2  %д,… …еL!%… , “C%“%Kе… "/C%л… 2ь 
C!%“2еLш,е C!%цед3!/ !=“ C%ƒ…="=…, , “,л= …еL-
!%……/. "/ч,“ле…,L C!%,“2е*=е2 %2 “%ед,…е…,L 
…еL !%…%" " “е2 ..

h““лед%"=…,L "%ƒм%›…%“2, C!,ме…е…,  …еL-
!%“е2е"/. 2е.…%л%г,L " “-е!е %!г=…,ƒ=ц,%……%г% 
3C!="ле…,  , .*%…%м,че“*,. “,“2ем=. *!=L…е 
м=л%. }2% дел=е2 %“%Kе……% =*23=ль…/м C%“2!%е-
…,е м%дел, “%"е!ше……%L *%…*3!е…ц,, " 3“л%-
", . !/…%ч…%L .*%…%м,*, “ ,“C%льƒ%"=…,ем K=-
ƒ%"/. C%л%›е…,L д=……%L 2е.…%л%г,,.

h“*3““2"е……/L …еL!%… ,м,2,!3е2 “"%L“2"= 
K,%л%г,че“*%г% …еL!%…=. m= ".%д ,“*3““2"е……%г% 
…еL!%…= C%“23C=е2 …е*%2%!%е м…%›е“2"% “,г…=-

л%", *=›д/L ,ƒ *%2%!/.  "л е2“  "/.%д%м д!3г%-
г% …еL!%…=. j=›д/L ".%д 3м…%›=е2“  …= “%%2"е2-
“2"3ю?,L "е“, =…=л%г,ч…/L “,…=C2,че“*%L “,ле, 
, "“е C!%,ƒ"еде…,  “3мм,!3ю2“ , %C!едел   3!%-
"е…ь =*2,"=ц,, …еL!%…=. l…%›е“2"% m ".%д…/. 
“,г…=л%" C%“23C=е2 …= ,“*3““2"е……/L …еL!%…. 
}2, ".%д…/е “,г…=л/ “%%2"е2“2"3ю2 “,г…=л=м, 
C!,.%д ?,м " “,…=C“/ K,%л%г,че“*%г% …еL!%…=. 
j=›д/L “,г…=л 3м…%›=е2“  …= “%%2"е2“2"3ю?,L 
"е“ ω1, ω2,…, ωl , C%“23C=е2 …= “3мм,!3ю?,L 
Kл%* Σ. j=›д/L "е“ “%%2"е2“2"3е2 &“,ле[ %д…%L 
K,%л%г,че“*%L “,…=C2,че“*%L “" ƒ,. l…%›е“2"% 
"е“%" " “%"%*3C…%“2, %K%ƒ…=ч=е2“  "е*2%!%м Ω. 
q3мм,!3ю?,L Kл%*, “%%2"е2“2"3ю?,L “%ме, 
“*л=д/"=е2 "ƒ"еше……/е ".%д/ =лгеK!=,че“*,, 
“%ƒд="=  "/.%д ψ:

1

l

k k
k

h
=

ψ = ω∑ , (1)

q,г…=л ψ д=лее C!е%K!=ƒ3е2“  =*2,"=ц,%……%L 
-3…*ц,еL F , д=‘2 "/.%д…%L …еL!%……/L “,г…=л Ψ:

Ψ=F (ψ). (2)

Š=*,м %K!=ƒ%м, !=K%2= ,“*3““2"е……%г% …еL!%-
…= “"%д,2“  * C!е%K!=ƒ%"=…,ю ".%д…%г% "е*2%!= 
H " …е*%2%!%е ƒ…=че…,е -3…*ц,, Ψ …= "/.%де. 

o!,ме…,м д=……3ю *%…цеCц,ю * 3“л%", м “%-
"е!ше……%L *%…*3!е…ц,,.

j=›д/L 2%"=! ,мее2 м…%›е“2"% це…%"/. C=!=-
ме2!%". qлед%"=2ель…%, .2%2 -=*2 м%›…% %2!=ƒ,2ь 
%д…,м …еL!%…%м (!,“. 1).

o!="%м%ч…%“2ь “3мм,!3ю?ег% Kл%*= g C%д2"е!-
›д=е2“  2ем, ч2% "“е 3ч,2/"=ем/е C=!=ме2!/ 2%-
"=!= tk …%“ 2 це…%"%L .=!=*2е!. mеце…%"/е C=!=-
ме2!/ 2%"=!= " 3“л%", . “%"е!ше……%L *%…*3!е…-
ц,, …е 3ч,2/"=ю2“ .

nд…=*% …= !/…*е …еƒ=",“,м% -3…*ц,%…,!3е2 
m C!%,ƒ"%д,2елеL, *%2%!/е "/C3“*=ю2 %д,…=*%-
"/L =““%!2,ме…2 “2=…д=!2,ƒ%"=……%г% 2%"=!=. Š=-
*,м %K!=ƒ%м, k-L 2%"=! 3 !=ƒ…/. C!%,ƒ"%д,2елеL 
,мее2 %д,…=*%"/L …=K%! C=!=ме2!%" {h1

k,…, h 

y
k, 

…, hw
k}. b .2%м “л3ч=е *=›д/L 2%"=! K3де2 %C,“/-

p,“. 1. h“*3““2"е……/L …еL!%… k-г% 2%"=!=

h1
k

F

1
k

k k

h1
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1
k

tk
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k y

k hy
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…
…
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k
hw

k
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"=2ь“  "е*2%!%м .=!=*2е!,“2,*, ч,“л% *%2%!/. 
K3де2 !="…% ч,“л3 C!%,ƒ"%д,2елеL …= !/…*е.

dл  C%л3че…,  .2,. .=!=*2е!,“2,* …е%K.%д,м% 
C%“2!%,2ь …еL!%……3ю “е2ь , %C!едел,2ь %C2,м=ль-
…%е ч,“л% “*!/2/. “л%е" , ч,“л% …еL!%…%" " …,..

mеC!е!/"…=  -3…*ц,  м%›е2 K/2ь =CC!%*“,-
м,!%"=…= “ "/“%*%L 2%ч…%“2ью …еL!%“е2ью “ 
ед,…“2"е……/м “л%ем, …% …е%г!=…,че……/м ч,“-
л%м …еL!%…%". o!=*2,че“*, !е=л,ƒ%"=2ь 2=*3ю 
“е2ь …е"%ƒм%›…%. o!, %г!=…,че…,, ч,“л= …еL!%-
…%" "%ƒ!=“2=е2 %ш,K*= “е2,. }2% м%›е2 C%2!еK%-
"=2ь е‘ Cе!,%д,че“*%г% Cе!е%K3че…, . mеL!%“е2ь 
“% “*!/2/м “л%ем %Kл=д=е2 л3чшеL “C%“%K…%“2ью 
* %K%K?е…,ю C!, %г!=…,че……%м ч,“ле …еL!%…%", 
…% C!%це““ е‘ %K3че…,  “2=…%",2“  “л%›…ее. q 
%д…%L “2%!%…/, “л,ш*%м м=л%е *%л,че“2"% “*!/-
2/. …еL!%…%" C!,"%д,2 * …ед%“2=2%ч…%L “C%“%K-
…%“2, “е2, * %K%K?е…,ю. q д!3 г%L # “л,ш*%м 
K%льш%е *%л,че“2"% “*!/2/. …еL!%…%" “C%“%K-
“2"3е2 3"ел,че…,ю "!еме…, %K3че…,  , "!еме…, 
!е=*ц,, (%2*л,*=) %K3че……%L “е2,. o!едл%›е…% 
ƒ…=ч,2ель…%е *%л,че“2"% ме2%д%", C%ƒ"%л ю?,. 
%C!едел,2ь ч,“ л% “*!/2/. …еL!%…%". )=“2ь ,ƒ 
…,. %“…%"=…= …= 2%м, ч2% “*!/2/е …еL!%…/ д%-
K="л ю2“  "% "!ем  C!%це““= %K3че…, , д!3г,е 
ме2%д/, …=%K%!%2, ,“C%льƒ3 ю2 3д=ле…,е ,. " .%де 
.2%г% C!%це““= [7, 8].

q 3ч‘2%м %“%Kе……%“2еL !еш=ем%L ƒ=д=ч, C!ед-
л=г=е2“  дл  "/K%!= =!.,2е*23!/ “е2, !3*%"%д“-
2"%"=2ь“  2!еK%"=…, м, 2%ч…%“2, -3…*ц,%…,!%-
"=…,  “е2,, = 2=*›е “л%›…%“2, , C!%2 ›‘……%“2, 
C!%це““= е‘ %K3че…, . 

b “,л3 2%г% ч2% "“е 3ч,2/"=ем/е C=!=ме2!/ 
2%"=!= tk …%“ 2 це…%"%L .=!=*2е!, " *=че“2"е =*-
2,"=ц,%……%L -3…*ц,, м%›е2 K/2ь "/K!=…= л,-
…еL…=  ƒ=",“,м%“2ь ме›д3 "/.%д%м , ".%д=м, 

p,“. 2. h“*3““2"е……=  …еL!%……=  “е2ь NSk k-г% 
2%"=!= “ л,…еL…%L -3…*ц,еL

…еL!%…=. }2% %K%“…%"/"=е2“  2ем, ч2% .=!=*2е!,-
“2,*= k-г% 2%"=!= 3 j-г% C!%,ƒ"%д,2ел  м%›е2 л,-
…еL…% ,ƒме… 2ь“  C!, “%%2"е2“2"3ю?ем ,ƒме…е-
…,, ".%д…%г% "е*2%!= C=!=ме2!%". nд…=*% " .2,. 
3“л%", . м%›е2 "%ƒ…,*=2ь д%C%л…,2ель…=  …е-
2%ч…%“2ь C!, %2*л%…е…,, ".%д…/. ƒ…=че…,L %2 
"ел,ч,… %K3ч=ю?еL "/K%!*,. e“л, …е*%2%!=  
…е2%ч…%“2ь д%C3“2,м=, 2% C!едл=г=е2“  C!ед“2=-
",2ь k-L 2%"=! "“е. C!%,ƒ"%д,2елеL %д…%“л%L…%L 
…еL!%……%L “е2ью NSk “ л,…еL…%L =*2,"=ц,%……%L 
-3…*ц,еL (!,“. 2).

b …еL!%……%L “е2, "е*2%! {Ψ1k,…, Ψjk,…, Ψmk} 
C!ед“2="л е2 “%K%L "ƒ"еше……/е .=!=*2е!,“2,*, 
k-г% 2%"=!= "“е. C!%,ƒ"%д,2елеL. ),“л% …еL!%…%" 
!="…% ч,“л3 C!%,ƒ"%д,2елеL. Š=*=  “е2ь %Kе“Cе-
ч,2 "/“%*3ю “*%!%“2ь !е=*ц,, , %K3че…, , …% 
д=“2 …е*%2%!3ю …е2%ч…%“2ь "/.%д…/. C=!=ме2!%", 
%“%Kе……% *%гд= " *=че“2"е ".%д…/. C=!=ме2!%" еL 
C!едA "л ю2“  ƒ…=че…, , …е ,“C%льƒ%"=……/е " 
C!%це““е %K3че…, . e“л, 2!еK3е2“  "/“%*=  2%ч-
…%“2ь , д%C3“2,м% K%льшее "!ем  …= !е=*ц,ю , 
%K3че…,е “е2,, C!едл=г=е2“  д"3.“л%L…=  …еL!%…-
…=  “е2ь “ …ел,…еL…%L =*2,"=ц,%……%L -3…*ц,еL.

b …еL!%……%L “е2, (!,“. 3) "е*2%! {Ψ1k, …, Ψjk, 
…, Ψmk} 2=*›е C!ед“2="л е2 “%K%L "ƒ"еше……/е 
.=!=*2е!,“2,*, k-г% 2%"=!= "“е. C!%,ƒ"%д,2елеL. 
),“л% …еL!%…%" “*!/2%г% “л%  !="…% ч,“л3 .=-
!=*2е!,“2,* k-г% 2%"=!=, = *%л,че“2"% …еL!%…%" 
"/.%д…%г% “л%  !="…% ч,“л3 C!%,ƒ"%д,2елеL. Š=-
*=  “е2ь %Kе“Cеч,2 д%“2=2%ч…% "/“%*3ю 2%ч…%“2ь 
"/.%д…/. C=!=ме2!%" дл  !=““м=2!,"=ем%L C!%-
Kлем/.

nд…=*% дл  !еше…,  C%“2="ле……/. "/ше ƒ=д=ч 
м%дел,!%"=…,  !/…*= “%"е!ше……%L *%…*3!е…-
ц,, …ед%“2=2%ч…%, C%.2%м3 C!едл=г=е2“  “%ƒд=2ь 
…еL!%……3ю “,“2ем3. 

p,“. 3. h“*3““2"е……=  …еL!%……=  “е2ь NSk k-г% 
2%"=!= “ …ел,…еL…%L -3…*ц,еL
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o%д …еL!%……%L “,“2ем%L !/…*= “%"е!ше……%L 
*%…*3!е…ц,, K3дем C%…,м=2ь “%"%*3C…%“2ь "ƒ=,-
м%“" ƒ=……/. !е=ль…% ,л, 3“л%"…% C% "/.%д=м , 
(,л,) ".%д=м …еL!%……/. “е2еL “егме…2%" !/…*=, 
%KAед,…‘……/. " ед,…3ю “2!3*23!3.

b .2%L “,“2еме "/дел,м д"е C%д“,“2ем/:
C!%,ƒ"%д“2"е……/L “егме…2 # C%д“,“2ем= C!%-

,ƒ"%д,2елеL 2%"=!=;
C%2!еK,2ель“*,L “егме…2# C%д“,“2ем= C%2!е-

K,2елеL 2%"=!=.
m= !/…*е R …еƒ=",“,м% -3…*ц,%…,!3е2 m C!%-

,ƒ"%д,2елеL l-г% *%л,че“2"= 2%"=!%". Š%гд= C!%-
,ƒ"%д“2"е……/L “егме…2 !/…*= м%›…% C!ед“2=",2ь 
“%"%*3C…%“2ью ,ƒ l …еƒ=",“,м/. …еL!%……/. “е-
2еL (!,“. 4). 

Š=*,м %K!=ƒ%м, Cе!"/L “л%L …еL!%……/. “е2еL 
C!%,ƒ"%д“2"е……%г% “егме…2= !/…*= C!ед“2="л е2 
“%K%L C%д“,“2ем3 …еL!%……%L “,“2ем/. o%л3че…-
…%е м…%›е“2"% "е*2%!%" {{Ψ}1, …, {Ψ}k, …, {Ψ}l} 
%2!=›=е2 “%"%*3C…3ю .=!=*2е!,“2,*3 "“е. 2%"=-
!%" "“е. C!%,ƒ"%д,2елеL. nK?,L %KA‘м м…%›е“2-
"= !="е… l × m. 

nд…=*% 2=*%L "=!,=…2 !=““м%2!е…,  !/…%ч-
…%г% C!%це““= …е C%ƒ"%л е2 %.=!=*2е!,ƒ%"=2ь 
*=›д/L 2%"=! ,л, *=›д%г% C!%,ƒ"%д,2ел  " 
цел%м.

d%C%л…,м C!%,ƒ"%д“2"е……3ю C%д“,“2ем3 …еL-
!%……%L “,“2ем/ !/…*= "2%!/м “л%ем. o!,ч‘м 
.2%2 “л%L д%л›е… ,ме2ь д"= 3!%"… , %Kе“Cеч,-
"=ю?,. …еƒ=",“,м%е !еше…,е ƒ=д=ч 1 , 2.

p=““м%2!,м 3!%"е…ь %K?е…,  .=!=*2е!,“2,* 
C!%,ƒ"%д,2елеL (ƒ=д=ч= 1) (!,“. 5). qл%L “%“2%,2 
,ƒ m …еL!%…%". j=›д/L …еL!%… .2%г% “л%  C!ед-
“2="л е2 “%K%L C!%,ƒ"%д,2ел  2%"=!= prj. d=……/L 
“л%L “" ƒ/"=е2 …еƒ=",“,м/е …еL!%……/е “е2, C!е- 

p,“. 4. h“*3““2"е……/е …еL!%……/е “е2, Cе!"%г% 
“л%  …еL!%……%L “,“2ем/

д/д3?ег% “л%  “,“2ем/ " ед,…3ю “2!3*23!3. g=-
д=ч= “л%  “%“2%,2 " %KAед,…е…,, %2дель…/. .=-
!=*2е!,“2,че“*,. "ел,ч,… C% C!,ƒ…=*3 C!%,ƒ"%-
д,2ел  2%"=!=.

Š=*,м %K!=ƒ%м, ,ƒ l × m .=!=*2е!,“2,че“*,. "е-
л,ч,… Ψ C%л3ч=ем m "/.%д%" Ψ1. o!,ч‘м, Ψ1

j, 
 "л ю?= “  .=!=*2е!,“2,*%L j-г% C!%,ƒ"%д,2ел  
…= !/…*е R, -=*2,че“*, C!ед“2="л е2 “%K%L "ƒ"е-
ше……3ю "ел,ч,…3, *%2%!=  3ч,2/"=е2 C=!=ме2!/ 
д!3г,. 3ч=“2…,*%" !/…*=. n“%K% “лед3е2 %2ме-
2,2ь, ч2% ƒ…=че…,  "е“%"/. *%.--,ц,е…2%" ,ƒ 
"е*2%!= Ω C%ƒ"%л 2 3че“2ь "л, …,е 2%"=!%" ,ƒ 
м…%›е“2"= 2%"=!%" T, е“л, %…, дл  д=……%г% C!%-
,ƒ"%д,2ел  ,мею2 !=ƒл,ч…3ю ƒ…=ч,м%“2ь.

p,“. 5. h“*3““2"е……=  …еL!%……=  “е2ь Cе!"%г% 
3!%"…  "2%!%г% “л% 

p,“. 6. h“*3““2"е……=  …еL!%……=  “е2ь "2%!%г% 
3!%"…  "2%!%г% “л% 
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p,“. 7. h“*3““2"е……/L …еL!%… k-г% 2%"=!=

-

 1  2  3

p,“. 8. nK%K?‘……=  =!.,2е*23!= C!%,ƒ"%д“2"е……%г% “егме…2= !/…*= …еL!%……%L “,“2ем/

o% =…=л%г,, “ Cе!"/м 3!%"…ем "2%!%г% “л%  
"2%!%L 3!%"е…ь "2%!%г% “л%  C!едл=г=е2“  C!ед-
“2=",2ь ,ƒ l …еL!%…%" (!,“. 6). j=›д/L …еL!%… 
C!ед“2="л е2 “%K%L 2%"=! tk.

Š=*,м %K!=ƒ%м, l "/.%д%" Ψ2
k  "л ю2“  .=!=*-

2е!,“2,*=м, *=›д%г% ,ƒ 2%"=!%" !/…*=, ч2% “%%2-
"е2“2"3е2 !еше…,ю ƒ=д=ч, 2, C%“2="ле……%L "/ше. 
n“%K% “лед3е2 %2ме2,2ь, ч2% ƒ…=че…,  "е“%"/. 
*%.--,ц,е…2%" C%ƒ"%л 2 3че“2ь "л, …,е C!%,ƒ-
"%д,2елеL, е“л, %…, дл  д=……%г% 2%"=!= ,мею2 
!=ƒл,ч…3ю ƒ…=ч,м%“2ь.

dл  !еше…,  ƒ=д=ч, 3 …е%K.%д,м% %K%K?,2ь 
%2дель…/е .=!=*2е!,“2,че“*,е "ел,ч,…/ Ψ дл  
C%л3че…,  ед,…%г% C=!=ме2!=, %C,“/"=ю?ег% 
"“ю C!%,ƒ"%д“2"е……3ю C%д“,“2ем3 " цел%м. dл  
.2%L цел, …е%K.%д,м 2!е2,L “л%L, “%“2% ?,L ,ƒ 

%д…%г% …еL!%…=. o!,ч‘м “%"%*3C…/L C%*=ƒ=2ель 
м%›…% -%!м,!%"=2ь *=* …= %“…%"е .=!=*2е!,“2,* 
Ψ1, 2=* , …= %“…%"е Ψ2 (!,“.7). bел,ч,…= Ψpr  "л -
е2“  .=!=*2е!,“2,*%L “%“2% …,  "“ег% C!%,ƒ"%д-
“2"е……%г% “егме…2= !/…*=.

m= !,“. 8 C!ед“2="ле…= “л%›…=  =!.,2е*23!= 
C!%,ƒ"%д“2"е……%L C%д“,“2ем/ …еL!%……%L “,“2е-
м/ !/…*=. `…=л%г,ч…% м%›…% C%“2!%,2ь =!.,2е*-
23!3 …еL!%……%L C%д“,“2ем/ C%2!еK,2ель“*%г% “ег-
ме…2= !/…*=. b !еƒ3ль2=2е …еL!%……=  “,“2ем= !/…-
*= K3де2 ,ме2ь ",д, C!ед“2="ле……/L …= !,“. 9.

q%"%*3C…%“2ь "е*2%!%" .=!=*2е!,ƒ3е2 “%“2% -
…,е !/…%ч…%г% C!%це““= " 3“л%", . “%"е!ше……%L 
*%…*3!е…ц,,. o!, .2%м .=!=*2е!,“2,*, C!%,ƒ-
"%д“2"е……%г% , C%2!еK,2ель“*%г% “егме…2= C!ед-
“2="л ю2 “%K%L =г!ег,!%"=……/е "ел,ч,…/, C%л3-
че……/е …= %“…%"е "е*2%!%" .=!=*2е!,“2,* 2%"=!=. 
}2, "е*2%!/ “%%2"е2“2"3ю2 ",!23=ль…%м3 , 
!е=ль…%м3 3!%"…ю *%…*3!е…ц,, …= !/…*е, = 2=*-
›е 2%м3, *=*%L ,ƒ .2,. 3!%"…еL !=““м=2!,"=е2“  
" !е=ль…%L “,23=ц,,.

g=*люче…,е. nK?,е .=!=*2е!,“2,*, C!%,ƒ"%д-
“2"е……%г% “егме…2= , C%2!еK,2ель“*%г% “егме…2=, 
C%л3че……/е “ C%м%?ью 2!е2ьег% “л% , C%ƒ"%л ю2 
“3д,2ь % “%“2% …,, !/…*= " цел%м. o!, !="е…“2"е 
,. ƒ…=че…,L “%“2% …,е !/…*= м%›…% “ч,2=2ь !="-
…%"е“…/м. nд…=*% " “,л3 K%льш%г% (Kе“*%…еч…% 
K%льш%г%) ч,“л= 3ч=“2…,*%" !/…%ч…%г% C!%це““=, 
2=*3ю “,23=ц,ю м%›…% “ч,2=2ь ,де=ль…%L. dл  
!е=л,ƒ=ц,, ме.=…,ƒм%" C=м 2, " C!%це““е дл,-

1
1

F
pr1

j

…
…

1
m

2
1

2
k

2
l



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 1038

p,“. 9. mеL!%……=  “,“2ем= !/…*=

2ель…%L .*“Cл3=2=ц,, “лед3е2 C!%"е! 2ь C!=",ль-
…%“2ь -3…*ц,%…,!%"=…,  “,“2ем/. o!, %2*л%…е-
…,, .=!=*2е!,“2,че“*,. ƒ…=че…,L …е%K.%д,м% 
C!%"%д,2ь Cе!е%K3че…,е …еL!%……/. “е2еL.

o!едл%›е……=  =!.,2е*23!= ƒ=",“,2 %2 ,ƒме…е-
…,  ч,“л= 2%"=!%" ,л, “3KAе*2%" …= !/…*е. nд-
…=*% .=!=*2е! “" ƒеL …еL!%…%" …е  "л е2“  “л%›-
…/м , м%›е2 K/2ь лег*% ,ƒме…‘…. ),“л% 3!%"…еL 
“,“2ем/ C!, люK%м ч,“ле “3KAе*2%" …е,ƒме……%.

a,Kл,%г!=-,че“*,е ““/л*,

1. p%ƒе…Kл=22 t. o!,…ц,C/ …еL!%д,…=м,*, (Cе!-
цеC2!%…/ , 2е%!,  ме.=…,ƒ м%" м%ƒг=).  l.: l,!, 1965. 
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qngd`mhe qhqŠel{ `bŠnl`Šhghpnb`mmncn opnejŠhpnb`mh“ 
Šeumnknch)eqjncn opn0eqq` Šp`mqonpŠhpnbjh c`g` 

o!едл%›е… C%д.%д * “%ƒд=…,ю “,“2ем/ ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  2е.…%л%-
г,че“*,. C!%це““%" " C!%м/шле……%“2,, " ч=“2…%“2, 2!=…“C%!2,!%"*, г=ƒ=, %2!=›=ю?,L 
,дею “2!3*23!…%--3…*ц,%…=ль…%L де*%мC%ƒ,ц,,.

jлюче"/е “л%"=: ="2%м=2,ƒ=ц,  C!едC!, 2, , м=2ем=2,че“*%е м%дел,!%"=…,е, ,…2ег!,!%"=…-
…=  C!%,ƒ"%д“2"е……=  “,“2ем=.

Approach to automatic designing system creature of the industry technological processes, gas 
transportation in particular, reproducing structural-functional decomposition idea is proposed.

Key words: enterprise automation, mathematical modeling, integrated production system. 

q%ƒд=…,е “,“2ем ="2%м=2,ƒ,!%"=……%г% C!%е*-
2,!%"=…,   "л е2“  “л%›…/м ",д%м де 2ель…%-
“2,, *%2%!/L 2!еK3е2 C!,ме…е…,  ме2%д%", “" -
ƒ=……/. “ м=2ем=2,че“*,м %C,“=…,ем C!%це““%", 
м=2ем=2,че“*,м м%дел,!%"=…,ем , ,“C%льƒ%"=-
…,ем ,…-%!м=ц,%……/. 2е.…%л%г,L. o!%г!=мм…/е 
“!ед“2"= ="2%м=2,ƒ=ц,, C!%е*2,!%"=…,  C%ƒ"%-
л ю2 “%ƒд=2ь:  

C!%г!=мм/ дл  м%дел,!%"=…,  C!%це““%" C!%-
,ƒ"%д“2"= ,ƒдел,L; 

3…,"е!“=ль…/е “!ед“2"=, C!ед…=ƒ…=че……/е дл  
,ƒг%2%"ле…,  че!2е›еL; 

C!%г!=мм…/е “!ед“2"= ="2%м=2,ƒ=ц,, !=“ч‘2-
…/. !=K%2; 

,…2ег!,!%"=……/е “,“2ем/ ="2%м=2,ƒ=ц,, 
C!%е*2,!%"=…, . 

b …=“2% ?ее "!ем  !=ƒ!=K%2=…% K%льш%е *%л,-
че“2"% м%?…/. д%!%г%“2% ?,. “,“2ем ="2%м=2,-
ƒ,!%"=……%г% C!%е*2,!%"=…,  (q`op) !=ƒл,ч…%г% 
…=ƒ…=че…, . nд…=*%, *=* C%*=ƒ/"=е2 %C/2 C!,-
ме…е…,  C%д%K…/. “,“2ем, "%ƒм%›…%“2, ,. %“-
2=ю2“  …ед%,“C%льƒ%"=……/м,, C%“*%ль*3 3 C!%е*-
2,!%"?,*%" …е2 "!еме…, …= ,. %“"%е…,е.

nд…,м ,ƒ %“…%"…/. !еƒ3ль2=2%" ,““лед%"=…,L 
 ",л%“ь C!ед“2="ле…,е м%дел, !=“ш,!е……%L C!%-
,ƒ"%д“2"е……%L “,“2ем/ (!,“. 1).

b !е=ль…/. 3“л%", . “.ем= 3д%"ле2"%!е…,  C%-
2!еK…%“2еL !/…*= “л%›…ее, , %…= м%›е2 "*лю-
ч=2ь ›,ƒ…е……/L ц,*л ,ƒдел,  CALS (Continuos 
Acquisition and Life Cycle Support # C%дде!›*= 
›,ƒ…е……%г% ц,*л= ,ƒдел, ). j!%ме C!%,ƒ"%д“2-
"е……%г% ц,*л=, “3?е“2"е……3ю !%ль ,г!=ю2 ц,*л/ 
!=“C!еделе…, , C%2!еKле…,  , 32,л,ƒ=ц,, %2.%-
д%". q%"%*3C…%“2ь "“е. .2,. C!%,ƒ"%д“2" %K!=-
ƒ3е2 ед,…3ю C!%,ƒ"%д“2"е……3ю “е2ь дл  3д%"ле-
2"%!е…,  !=““м=2!,"=ем%L C%2!еK…%“2, !/…*=. 

o%… 2,  ,ƒдел,  , ег% ›,ƒ…е……%г% ц,*л=  "-
л ю2“  це…2!=ль…/м, " !=““м=2!,"=ем%L *%…-
цеCц,,. n…, ле›=2 " %“…%"е =…=л,ƒ= %!г=…,ƒ=-
ц,%……%L “2!3*23!/ C!%,ƒ"%д“2"е……%L “,“2ем/, 
= 2=*›е  ме2%д%л%г,, “%ƒд=…,  …%"/. ",д%" “л%›-
…%L C!%д3*ц,,. a%лее 2%г%, !=““м=2!,"=  “л%›-
…%е ,ƒдел,е *=* “,“2ем3, м%›…% " !=м*=. %K?ег% 
C%д.%д= C!,ме…,2ь ƒ=д=ч3 C%“2!%е…,  ме2%д%л%-
г,, C!%е*2,!%"=…, , "…ед!е…,  , “%C!%"%›де…,  
C!%,ƒ"%д“2"е……/. “,“2ем. 

b …=“2% ?ее "!ем  "“‘ K%льшее !=“C!%“2!=…е-
…,е C%л3ч=е2 *%…цеCц,  3C!="ле…,  C!едC!, -
2,ем …= %“…%"е C%… 2,  ›,ƒ…е……%г% ц,*л= ,ƒде-
л, . f,ƒ…е……/L ц,*л ,ƒдел,  ,мее2 %C!едел‘…-
…3ю “2!3*23!3, 2. е. %… !=ƒK,"=е2“  …= ! д %2!еƒ-
*%". dл  *=›д%г% ",д= ,ƒдел,L м%г32 “3?е“2"%-
"=2ь “"%, "=!,=…2/ !=ƒK,е…,  ц,*л%".

dе2=ль…=  !=ƒ!=K%2*= %2*!/2%L C!%,ƒ"%д“2-
"е……%L “,“2ем/  "л е2“  !еƒ3ль2=2%м ,““лед%"=-
…,L. p=““м%2!,м %д,… ,ƒ 2=*,. "=!,=…2%". f,ƒ-
…е……/L ц,*л !=ƒK,"=е2“  …= ! д -=ƒ, *=›д=  ,ƒ 
*%2%!/. !еш=е2 “"%, “Cец,-,че“*,е ƒ=д=ч, " %K-
?ем C!%це““е “%ƒд=…,  ,ƒдел,L. t=ƒ/ м%г32 ч=“-
2,ч…% Cе!е*!/"=2ь“ , ч2% “%%2"е2“2"3е2 е“2е“2-
"е……%м3 .%д3 “%K/2,L, ,, *!%ме 2%г%, C%ƒ"%л ю2 
“%*!=2,2ь “!%*, “%ƒд=…,  ,ƒдел, . 

o!едл=г=ем/L "=!,=…2 де*%мC%ƒ,ц,, C!%це“-
“= ›,ƒ…е……%г% ц,*л= ,ƒдел,  "*люч=е2 “лед3ю-
?,е -=ƒ/:

=…=л,ƒ , C!едC!%е*2…%е ,““лед%"=…,е C%2!еK-
…%“2, " ,ƒдел,,;

C!%е*2,!%"=…,е ,ƒдел, ;
2е.…,че“*=  C%дг%2%"*= C!%,ƒ"%д“2"= ,ƒдел, ;
C!%,ƒ"%д“2"% ,ƒдел, ;
C!%д",›е…,е ,ƒдел,  * C%2!еK,2елю; 
,“C%льƒ%"=…,е , 32,л,ƒ=ц,  ,ƒдел, .
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p,“. 1. l%дель !=“ш,!е……%L C!%,ƒ"%д“2"е……%L “,“2ем/, ƒ=м*…32%L …= !/…%*

p=ƒK,е…,е …= -=ƒ/ C%ƒ"%л е2 C!%,ƒ"е“2, " 
Cе!"%м C!,Kл,›е…,, де*%мC%ƒ,ц,ю ƒ=д=ч, 
3C!="ле…,  ›,ƒ…е……/м ц,*л%м ,ƒдел, . nд…=*% 
.2%г% …ед%“2=2%ч…% дл  %C!еделе…,  -3…*ц,%-
…=ль…%L “2!3*23!/ C!едC!, 2, , C%“2% ……% “%ƒ-
д=ю?ег% …%"/е ,ƒдел, . mе%K.%д,м= д%C%л…,-
2ель…=  де*%мC%ƒ,ц,  C% -3…*ц, м 3C!="ле…,  
›,ƒ…е……/м ц,*л%м (!,“. 2).

b -3…*ц,, 3C!="ле…,  ›,ƒ…е……/м ц,*л%м 
".%д 2 .леме…2/, C!ед“2="ле……/е …= !,“. 2. j=›-
д=  -3…*ц,  ,мее2 “"%ю ,…2е!C!е2=ц,ю дл  “%-
%2"е2“2"3ю?еL -=ƒ/. Š=*, …=C!,ме!, -3…*ц,  
,ƒг%2%"ле…,  " -=ƒе 2е.…,че“*%L C%дг%2%"*, м%-
›е2 "*люч=2ь ,ƒг%2%"ле…,е %C/2…%г% %K!=ƒц=, = " 
-=ƒе  C!%,ƒ"%д“2"= #  "/C3“* де2=леL, “K%!%ч…/. 

ед,…,ц , “е!,L…/. м=ш,…. q%%2"е2“2"е……% " 
.2,. д"3. -=ƒ=. “3?е“2"е……% !=ƒл,ч=ю2“  2!еK%-
"=…,  * 3!%"…ю ="2%м=2,ƒ=ц,,, ме2%д/ Cл=…,!%-
"=…,  , д!. b !еƒ3ль2=2е C%л3ч=е2“  м=2!,ц= ƒ=-
д=ч &-3…*ц, #-=ƒ=[, *%2%!=  -=*2,че“*, %C!е-
дел е2 м=2!,ч…3ю “2!3*23!3 C!едC!, 2, . 

m= “лед3ю?ем 3!%"…е де*%мC%ƒ,ц,, м%›…% 
!=““м=2!,"=2ь !=ƒK,е…,е -=ƒ …= K%лее мел*,е 
.2=C/ , (,л,) 32%ч…,2ь “C,“%* -3…*ц,L. b !е-
ƒ3ль2=2е C%л3ч=е2“  …%"/L …=K%! м=2!,ц. o%д%K-
…=  C!%цед3!= де*%мC%ƒ,ц,, …%“,2 !ег3л !…/L 
.=!=*2е!, ч2% C%ƒ"%л е2 3C%! д%ч,2ь C!%це““ C%-
“2!%е…,  %!г=…,ƒ=ц,%……%L “2!3*23!/ C!едC!, -
2,  , “2!3*23!,!%"=2ь 3C!="ле…,е ›,ƒ…е……/м 
ц,*л%м.
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p,“. 2. l%дель &-3…*ц, $-=ƒ=[

`"2%м=2,ƒ,!%"=……%е C!%е*2,!%"=…,е 2е.…%л%-
г,че“*,. C!%це““%" (Šo), %“%Kе……% де2=леL 
“л%›…%L *%…“2!3*ц,, , %2"е2“2"е……%г% …=ƒ…=че-
…, , “C%“%K“2"3е2 “%*!=?е…,ю “!%*%" , “…,›е-
…,ю м=2е!,=ль…/. , 2!3д%"/. ƒ=2!=2 *=* C!, 
2е.…%л%г,че“*%L C%дг%2%"*е C!%,ƒ"%д“2"=, 2=* , 
C!, %“…%"…%м C!%,ƒ"%д“2"е. b/“%*,L 3!%"е…ь , 
*%мCле*“…%“2ь ="2%м=2,ƒ=ц,, C!%е*2,!%"=…,  
%Kе“Cеч,"=ю2“  C!,ме…е…,ем !=ц,%…=ль…/. !=“-
ч‘2…/. ме2%д%" , C!%цед3!. b “"%ю %че!едь, .2% 
…е%K.%д,м% дл  “%ƒд=…,  q`op Šo.

o%д ,…2ег!,!%"=……%L C!%,ƒ"%д“2"е……%L “,“-
2ем%L C%…,м=е2“  “,“2ем=, *%2%!=  %!,е…2,-
!%"=…= …= "/C3“* ,ме……% ,ƒдел,L , C%дде!›,-
"=е2 C%л…/L ›,ƒ…е……/L ц,*л "/C3“*=ем/. ,ƒ-
дел,L %2 м%ме…2= "%ƒ…,*…%"е…,  C%2!еK…%“2, " 
…%"%м ,ƒдел,, д% ,“C%льƒ%"=…,  ег% C%2!еK,2е-
лем [1].

b …=“2% ?ее "!ем  ,…2ег!,!%"=……3ю C!%,ƒ-
"%д“2"е……3ю “,“2ем3 м%›…% C!ед“2=",2ь " ",де 
2е%!е2,че“*%L м%дел, *%мCью2е!,ƒ,!%"=……%г% 
,…2ег!,!%"=……%г% C!%,ƒ"%д“2"=:

1 2 1 2{[ ( , ,...,  ) ( ,  ,...,  )]a u A a a a P u u uη μ∀ ∃ → ∨

1 2 1 2,[ ( ,  ,...,  ) ( ,  ...,  )]},A a a a P u u uη μ∨ ∨  (1)

где a – C!едме2…=  C%“2% ……= , %2!=›=ю?=  2е.…%-
л%г,че“*,L .леме…2 C!%,ƒ"%д“2"е……%г% C!%це““=; 
u – C!едме2…=  C%“2% ……= , %2!=›=ю?=  “%“2=" 2е.-

…%л%г,че“*%г% %K%!3д%"=…,  , %“…=“2*,; A (a1, ..., a2, 
..., aη) – C!ед,*=2 “%“2="= 2е.…%л%г,че“*%г% %K%!3д%-
"=…,  , %“…=“2*,; P (u1, ..., u2, ..., uμ) – C!ед,*=2 C!%-
,ƒ"%д“2"е……%г% C!%це““= ,ƒг%2%"ле…,  ,ƒдел, .

m= C!%м/шле……%м C!едC!, 2,,, ,“C%льƒ3ю-
?ем “л%›…3ю 2е.…%л%г,ю ,ƒг%2%"ле…,  ,ƒдел,  
,л, 2!=…“C%!2,!%"*, C!%д3*ц,,, C!%,ƒ"%д“2"%, 
*=* C!=",л%, -3…*ц,%…,!3е2 C% 2е.…%л%г,че“*%-
м3 C!,…ц,C3.

o!%,ƒ"%д“2"% “ 3ч‘2%м  *%…“2!3*2%!“*%г% “%-
“2="= ,ƒдел,  м%›е2 K/2ь %C,“=…% "/!=›е…,ем 

1 2 1 2 1 2, ,..., , ,..., {[ ( , ,..., )a a a a A a a aη∨ ∨ ∀ ∀ ∃ ∨

1 2 1 2( , ,..., )] ( , ,...,  )}.kA a a a P u u uμ∨ →� � � �  (2)

h“*люч," " "/!=›е…,, (2) ƒ…=* ,мCл,*=ц,,, 
C%л3ч,м

1 2 1 2 1 2, ,..., , ,..., {[ ( , ,..., )&a a a a u A a a aη∨ ∨ ∀ ∀ ∃

1 2 1 2& ( , ,..., )] ( , ,..., )},kA a a a P u u uμ→� � � �
 (3)

где ) ..., , ,( 21 kaaaA ����  # C!ед,*=2 *%…“2!3*2%!“*%г% 
“%“2="= ,ƒдел,  (2), =!г3ме…2=м, *%2%!%г% “л3›=2 
2е.…%л%г,че“*,е -=*2%!/, ,ƒме… ю?,е 2е.…%л%г,-
че“*,L .леме…2 C!%,ƒ"%д“2"е……%г% C!%це““= (1).

q%“2=" C!%,ƒ"%д“2"= “ 3ч‘2%м *%…“2!3*2%!“*%-
г% “%“2="= ,ƒдел,  ƒ=C,шем че!еƒ .леме…2=!…/е 
C!ед,*=2/, %2!=›=ю?,е ег% -3…*ц,%…=ль…3ю ƒ=-
",“,м%“2ь: 

1 2 1 2( , ,..., ) [ ( , ,..., )&kA a a a G g g gα⇔

1 2 1 2& ( , ,..., )& ( , ,..., ) &B h h h C i i iβ ν

1 2 1 2& ( , ,..., ) & ( , ,..., ) &D m m m E n n nσ ξ

1 2& ( , ,..., )],F s s sζ  (4)

где G (g1,..., g2,..., gα) # C!ед,*=2 “%“2="= 2е.…%л%г,-
че“*%г% %K%!3д%"=…,  , %“…=“2*,, дл  *%2%!/. 2!е-
K3е2“  ""еде…,е C!,ƒ…=*= &3!%"е…ь г%2%"…%“2,[; 
B (h1,..., h2,..., hβ) # C!ед,*=2 …%"%г% 2е.…%л%г,че-
“*%г% %K%!3д%"=…,  , %“…=“2*,, %K!=ƒ%"=……/. C% 
2е.…%л%г,че“*%L …е%K.%д,м%“2,; C (i1,..., i2,..., iν) # 
C!ед,*=2 “K%!%*, *%2%!/е ,“*люч=ю2“  ,ƒ “%“2="= 
2е.…%л%г,че“*%г% %K%!3д%"=…,  , %“…=“2*, *=* “=-
м%“2% 2ель…/е ед,…,ц/; D (m1,..., m2,..., mσ) # C!е-
д,*=2, 3ч,2/"=ю?,L ƒ=ме…3 м=2е!,=л= дл  ,ƒдел,  
" “,л3 .*%…%м,*%-C!%,ƒ"%д“2"е……%L …е%K.%д,м%-
“2,; E (n1,..., n2,..., nξ) # C!ед,*=2 "=!,=…2%" ,“C%л-
…е…,  2е.…%л%г,че“*%г% %K%!3д%"=…,  , %“…=“2*,, 
…е%K.%д,м%“2ь *%2%!/. "/ƒ"=…= 2!еK%"=…, м, ƒ=-
*=ƒч,*=; F (s1,..., s2,..., sζ) # C!ед,*=2 “%“2="= 2е.…%-
л%г,че“*%г% %K%!3д%"=…,  , %“…=“2*,, 3ч,2/"=ю-
?,L 2%ль*% …%ме…*л=23!3 …%!м=л,ƒ%"=……/. , “2=…-
д=!2,ƒ%"=……/. де2=леL , 3ƒл%".
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j%…еч…%, " C!%,ƒ"%д“2"е д!3г%г% C!едC!, 2,  
м%г32 C% "л 2ь“  C!ед,*=2/, %2л,ч…/е %2 !=“-
“м%2!е……/. (4).

Š%гд= -%!м3л= (3) “ 3ч‘2%м "/!=›е…,  (4) C!,-
ме2 ",д

' '
1 2 1 2 1 2, ,..., , ,..., { ( , ,..., )&[a a a a u A a a aη∀ ∀ ∀ ∀ ∃

1 2 1 2&[ ( , ,..., ) ( , ,..., )G g g g B h h hα β∨ ∨

1 2 1 2( , ,..., ) ( , ,..., )C i i i D m m mν σ∨ ∨ ∨

1 2 1 2( , ,..., ) ( , ,..., )E n n n F s s sζξ∨ ∨ →

1 2( , ,..., )}.P u u uμ→   (5)

Š=*,м %K!=ƒ%м, “%“2=" C!%,ƒ"%д“2"= “ 3ч‘2%м 
*%…“2!3*2%!“*%г% “%“2="= ,ƒдел,  ,мее2 м=2ем=-
2,че“*3ю ƒ=",“,м%“2ь (5).

rч,2/"= , ч2% %KA‘м ,…-%!м=ц,,, “%де!-
›=?,L “"еде…,  % “%“2="е “л%›…%г% 2е.…%л%г,-
че“*%г% %K%!3д%"=…,  , %“…=“2*,,  "л е2“  %д-
…,м ,ƒ …=,K%лее *!3C…/. , C%“2% ……% ,“C%ль-
ƒ3ем/. " !еше…,, ƒ=д=ч ="2%м=2,ƒ=ц,, C!%е*-
2,!%"=…,  2е.…%л%г,че“*,. C!%це““%", C!%-
Kлем= ег% м,…,м,ƒ=ц,, “2=…%",2“  "е“ьм= =*-
23=ль…%L.

l…%›е“2"%, C!ед“2="л ю?ее “%K%L %Kл=“2ь !=-
K%чег% C%л  м=г…,2…%г% …%“,2ел , …= *%2%!%м ƒ=-
C,“=… %KAед,…‘……/L м=““," “%“2="= 2е.…%л%г,-
че“*%г% м=!ш!32= C!%,ƒ"%д“2"=, 2е.…%л%г,че“*%-
г% %K%!3д%"=…,  , %“…=“2*,, м%›…% "/!=ƒ,2ь 
“лед3ю?,м …е!="е…“2"%м:

Mσμ ⇔ Mσ & Mμ , 
(6)

где Mσ # C%дм…%›е“2"% .леме…2%" C%л  “%“2="= 2е.-
…%л%г,че“*%г% %K%!3д%"=…,  , %“…=“2*,; Mμ #  C%д-
м…%›е“2"% .леме…2%" C%л  2е.…%л%г,че“*%г% м=!-
ш!32= ,ƒг%2%"ле…,  ,ƒдел,  " C!%,ƒ"%д“2"е.

o%дм…%›е“2"% Mσ (6) "/!=›=е2“  -3…*ц,%-
…=ль…%L ƒ=",“,м%“2ью

Mσ  = C f (Ai , Aξ , Wξ) , (7)

где Ai # ш,-! 2е.…%л%г,че“*%г% %K%!3д%"=…,  , %“-
…=“2*,; Aξ # ш,-! i-L %“…=“2*,, ".%д ?еL " i-е 2е.-
…%л%г,че“*%е %K%!3д%"=…,е; Wξ # ".%д,м%“2ь j-L 
%“…=“2*, " i-е 2е.…%л%г,че“*%е %K%!3д%"=…,е, ш2. 

o%“2% ……=  "ел,ч,…= C, ƒ=",“ ?=  %2 C!,…=д-
ле›…%“2, j-L %“…=“2*, ,л, 2е.…%л%г,че“*%г% %K%-
!3д%"=…,  * “%%2"е2“2"3ю?ем3 ",д3 (%!,г,…=ль-

…/., …%!м=л,ƒ%"=……/., “2=…д=!2,ƒ%"=……/. , 2. д.), 
3ч,2/"=е2 3“!ед…‘……3ю ƒ…=ч,м%“2ь ш,-!=  “%%2-
"е2“2"3ю?ег% ",д= 2е.…%л%г,че“*%г% %K%!3д%"=-
…,  , %“…=“2*, , ƒ=",“,2 %2 ш,-!= це.=:

C =  f (Pν , Zν) ,

где Pν # ƒ…=ч,м%“2ь ш,-!= 2е.…%л%г,че“*%г% %K%-
!3д%"=…,  , %“…=“2*,, C!,…=дле›=?еL * “%%2"е2“2-
"3ю?ем3 ",д3; Zν # ƒ…=ч,м%“2ь ш,-!= це.=.

o%дм…%›е“2"% C%л  Mμ м%›…% ƒ=C,“=2ь *=*

Mμ  =  f (Aξ , Zνj , Z%j )  C!,  j ∈ (1, k) ,

где k # ч,“л% .2=C%" (Z ν → Z ο) м=!ш!32= д",›е…,  
i-г% ,ƒдел, ; Zν, Zο  # ƒ…=ч,м%“2ь ш,-!= це.= , %Cе-
!=ц,L “%%2"е2“2"е……%.

m= м…%›е“2"е, C!ед“2="л ю?ем “%K%L %KAед,-
…‘……/L м=““," “%“2="= 2е.…%л%г,че“*%г% %K%!3-
д%"=…,  , %“…=“2*, , 2е.…%л%г,че“*%г% м=!ш!3-
2= д",›е…,  ,ƒг%2%"ле…,  ,ƒдел,  Mσμ, %C!еде-
л,м C!ед,*=2/. l…%›е“2"% Mσμ …=ƒ%"‘м %Kл=-
“2ью. j=›д%м3 C!ед,*=23 Cе!еме……%L F(X) м%›-
…% C%“2=",2ь " “%%2"е2“2",е м…%›е“2"% .леме…-
2%" Y ,ƒ %Kл=“2, Mσμ. j=›д%м3 м…%›е“2"3 Mσ, 
“%де!›=?ем3“  " Mσμ, м%›…% C%“2=",2ь " “%%2-
"е2“2",е C!ед,*=2 P(x), C!ед“2="л ю?,L “%K%L 
,“2,……%е "/“*=ƒ/"=…,е 2%гд= , 2%ль*% 2%гд=, *%-
гд= x ∈ Mσ. o!ед,*=2 C!,…,м=е2 ,“2,……%е ƒ…=-
че…,е h …= C%дм…%›е“2"е Mσ , л%›…%е k "…е 
MσF , “лед%"=2ель…%, C%дм…%›е“2"% Mσ= MσF . 
}2% “%%2"е2“2",е ме›д3 C%дм…%›е“2"=м, Mσμ , 
C!ед,*=2=м, %2 %д…%L Cе!еме……%L "ƒ=,м…% %д-
…%ƒ…=ч…%.

`…=л%г,ч…% д%*=ƒ=2ель“2"% , дл  C%дм…%›е“2-
"= Mμ .

b/дел,м ,ƒ %Kл=“2, Mσμ C%ле Mσ (7) C%д -=Lл 
“%“2="= 2е.…%л%г,че“*%г% %K%!3д%"=…,  , %“…=-
“2*, “ м,…,м=ль…% д%C3“2,м%L ч=“2ью !=K%чег% 
C%л  м=г…,2…%г% …%“,2ел :

min( ) ( )&{ ( )&[[ ( )& ( )]i iM x K x A x A x W xσ ξ ξ ξ⇔ ∨

[ ( )& ( )] [ ( )& ( )]]& }i i jA x W x A x W x Rν ν ζ ζ∨ ∨
 

C!, . ∈Mσ, Aξ(x) ≠ Aν(x) ≠ Aζ(x), Δ x = 0,

где Kξ(x) # C!ед,*=2 *%.--,ц,е…2= ƒ=C%л…е…,  
C%л  м=г…,2…%г% …%“,2ел  C!, ƒ=C,“,; Aξ(x), Aν(x), 
Aζ(x) # C!ед,*=2 ƒ…=ч…%“2, ш,-!= “%%2"е2“2"е……% 

ξ-L # %!,г,…=ль…%г%, ν-L # …%!м=л,ƒ%"=……%г%, ζ-L # 
“2=…д=!2,ƒ%"=……%г% 2е.…%л%г,че“*%г% %K%!3д%"=…,  
, %“…=“2*,, ƒ=",“ ?,L %2 =!г3ме…2= x ; Wξi (x), 
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Wνi (x), Wζi (x) # C!ед,*=2 ".%д,м%“2, " i-е 2е.…%-
л%г,че“*%е %K%!3д%"=…,е , %“…=“2*3 “%%2"е2“2"3ю-

?,. ",д%" ξ, ν, ζ-. ед,…,ц 2е.…%л%г,че“*%г% %K%!3-
д%"=…,  , %“…=“2*,; Rj # !=…г ".%д,м%“2, j -L %“…=-
“2*, " i-е 2е.…%л%г,че“*%е %K%!3д%"=…,е , %“…=“2*3; 

Δ x # C!,!=?е…,е ш,-!= 2е.…%л%г,че“*%г% %K%!3-
д%"=…,  , %“…=“2*, …еƒ…=ч=?,м, “,м"%л=м,.

b/дел,м ,ƒ %Kл=“2, Mσμ м=*“,м=ль…% д%C3“-
2,м3ю ч=“2ь дл  -=Lл= Mσ:

max( ) ( )&{ ( )[[( ( ) ) &iM x K x A x A x xσ ζ ξ ξ⇔ ∨ Δ

& ( )] [( ( ) )& ( )] [( ( )iiW x A x x W x A xν ν ζξ ∨ ∨ Δ ∨ ∨
 

)& ( )]]& }i jx W x Rζ ζ∨ Δ

C!, . ∈Mσ, ( ( ) ) ( ( ) )A x x A x xν νξ ξ∨ Δ ⇔ ∨ Δ ⇔ 
( ( ) )A x xζ⇔ ∨ Δ ζ

 
,

где Aξ(x), Aν(x), Aζ(x) # C!ед,*=2 C!едме2…%г% ш,--
!= “%%2"е2“2"3ю?,. ",д%" ξ, ν, ζ-. ед,…,ц 2е.…%л%-
г,че“*%г% %K%!3д%"=…,  , %“…=“2*,.

nKA‘м ,…-%!м=ц,,, ƒ=C,“=……%L …= м=г…,2…%м 
…%“,2еле че!еƒ м=*“,м=ль…% д%C3“2,м/е %Kл=“-
2,, ƒ=!еƒе!",!%"=……/е C%д .2, цел,, 3C!%?=е2 
C%“2!%е…,е м%дел,, 2=* *=* -=Lл -%!м,!3е2“  …= 
м=г…,2…%м …%“,2еле ,ƒ .*","=ле…2…/. дл,… 
ш,-!%", C!,"ед‘……/. * “2!3*23!е C!едме2…%г% 
ш,-!=2%!= м=*“,м=ль…%L дл,…/, C!,…=дле›=-
?ег% %д…%м3 ,ƒ ",д%" де2=леL. nд…=*% .2% C!,-
"%д,2 * C% "ле…,ю C3“2/. -!=гме…2%" …= м=г-
…,2…%м …%“,2еле , …е!=ц,%…=ль…/м ƒ=2!=2=м 
м=ш,……%г% "!еме…,.

e“л, %K%ƒ…=ч,2ь .леме…2=!…3ю ч=“2ь C!,!=-
?е…,  C3“2%г% C%л  …= м=г…,2…%м …%“,2еле C%д-
м…%›е“2"%м Mσμ че!еƒ Δm, = C3“2/е “,м"%л/ " 
ш,-!е де2=л, че!еƒ Δ x , 2% 2емC !%“2= C3“2%г% 
C%л  м%›…% %C!едел,2ь ,ƒ 3!="…е…,   

0
( ) lim

x

mT x
xξ

Δ →

Δ=
Δ

 .

o3“2%е C%ле м=г…,2…%г% …%“,2ел  %Kл=“2, 
м…%›е“2"= Mσμ %2 -=Lл= “%“2="= 2е.…%л%г,че“*%-
г% %K%!3д%"=…,  , %“…=“2*, м%›…% "/!=ƒ,2ь 
-%!м3л%L

0

( )nM T x dxρσ ξ
ξ=

= ∫
 
 C!,  {0, }nξ∈  .

Š=*,м %K!=ƒ%м, ,ƒме…е…,е “2!3*23!/ ,…-%!-
м=ц,,, ƒ=C,“=……%L …= м=г…,2…%м …%“,2еле, “%-

“2="= 2е.…%л%г,че“*%г% %K%!3д%"=…,  , %“…=“2*, 
д%л›…% “"%д,2ь“  * *!,2е!, м:

%Kе“Cече…,  .*","=ле…2…%“2, ш,-!%" "“е. 
ед,…,ц ξ, ν, ζ 2е.…%л%г,че“*%г% %K%!3д%"=…,  , 
%“…=“2*,;
д%“2,›е…,  2=*%г% “%“2% …,  " ƒ=C%л…е…,, !=-

K%чег% C%л  м=г…,2…%г% …%“,2ел , C!, *%2%!%м 
Mρσ “2!ем,л%“ь K/ * …3лю.

q 3ч‘2%м ,ƒме…е…,  “2!3*23! -%!м,!3е2“  
,мCл,*=ц,%……/L ш=Kл%…-ш,-!=2%! “%“2="= ,ƒ-
дел, , " *%2%!%м C!едC%“/л*%L “л3›,2 C!ед-
ме2…/L %C2,м,ƒ,!%"=……/L ш,-!=2%! дл  %!,-
г,…=ль…%г% 2е.…%л%г,че“*%г% %K%!3д%"=…,  , 
%“…=“2*,, = “лед“2",ем # =K“2!=*2…/L C!едме2-
…/L ш,-!=2%! …= …%!м=л,ƒ%"=……%е , “2=…д=!-
2,ƒ%"=……%е 2е.…%л%г,че“*%е %K%!3д%"=…,е , %“-
…=“2*3 [2].

o!ед“2=",м =K“2!=*2…/L C!едме2…/L ш,-!=-
2%! "/!=›е…,ем

[ ( ) ( )]&[ ( ) ( )]A x F x A x F xν ζξ ξ→ →
 
,  (8)

где Fν(x), Fζ(x) # C!ед,*=2/ =K“2!=*2…%г% , 3*%!%-
че……%г% C!едме2…%г% ш,-!= (ν-г% …%!м=л,ƒ%"=……%-
г% , “2=…д=!2,ƒ%"=……%г% ζ-г% 2е.…%л%г,че“*%г% %K%-
!3д%"=…,  , %“…=“2*, “%%2"е2“2"е……%).

o!, “%Kлюде…,, 3“л%",  (8) -=Lл “%“2="= 2е.-
…%л%г,че“*%г% %K%!3д%"=…,  , %“…=“2*, Mσ K3-
де2 !=“C%л=г=2ь %C2,м=ль…/м %KA‘м%м ,…-%!-
м=ц,,: 

( ) ( )&{ ( )&[( ( )&opt iM x K x A x A xσ ζ ξ⇔

& ( )) [( ( ) )& ( )]iiW x A x x W xν νξ ν∨ ∨ Δ ∨

[( ( ) ( ))& ( )]]& }i iA x x x W x Rζ ζζ∨ ∨ Δ  .         (9)

g=2ем -%!м,!3е2“  ,ƒме…‘……/L ш,-!=2%! 
“%“2="= 2е.…%л%г,че“*%г% %K%!3д%"=…,  , %“-
…=“2*,.

t=*2,че“*%е %“3?е“2"ле…,е ,…2ег!=ц,, C!ед-
C%л=г=е2 !еше…,е “лед3ю?,. *%мCле*“%" ƒ=д=ч:
де*%мC%ƒ,ц,, -3…*ц,L 3C!="ле…,  ›,ƒ…е…-

…/м ц,*л%м ,ƒдел, ;
!=ƒ!=K%2*, %!г=…,ƒ=ц,%……%L “2!3*23!/ , “.е-

м/ "ƒ=,м%деL“2",  C%д!=ƒделе…,L;
C%“2!%е…,  *%…*!е2…/. ме2%д%" !еше…,  

ч=“2…/. ƒ=д=ч (2. е. %“3?е“2"ле…,  -3…*ц,L) 
3C!="ле…,  ›,ƒ…е……/м ц,*л%м , ,. !е=л,ƒ=-
ц,,.

p=ƒ!=K%2=……=  м%дель C!%,ƒ"%д“2"е……%L “,“-
2ем/ …%"%г% C%*%ле…, , " %2л,ч,е %2 “%ƒд=……/. 
!=…ее, 3ч,2/"=е2 2е.…%л%г,че“*,L .леме…2 C!%-
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,ƒ"%д“2"е……%г% C!%це““= , ="2%м=2,ƒ=ц,ю C!%е*-
2,!%"=…,  Šo …= C!%м/шле……%м C!едC!, 2,, 
C!, “лед3ю?,. %г!=…,че…, .:

“%.!=…е…,, -3…*ц,%…=ль…%“2, C%д!=ƒделе-
…,L;
м,…,м,ƒ=ц,, “" ƒеL ме›д3 C%д!=ƒделе-

…, м,;
C%“2% …“2"е !=ƒме!%" C%д!=ƒделе…,L (…= *=›-

д%м 3!%"…е ,е!=!.,,) " !=ƒ3м…/. C!едел=. дл  
%Kе“Cече…,  3C!="л ем%“2,;

%Kе“Cече…,, г,K*%“2, !е%!г=…,ƒ=ц,,.
n“…%"…/м, 2!еK%"=…, м, * ="2%м=2,ƒ=ц,, 

C!%,ƒ"%д“2"е……/. “,“2ем  "л ю2“ :
%."=2 -3…*ц,%…=ль…% ƒ=*%…че……%L “,“2ем/ 

" %!г=…,ƒ=ц,%……%м, C!%,ƒ"%д“2"е……%м , 3C!="-
ле…че“*%м Cл=…е " “%%2"е2“2"3ю?еL C%д“,“2еме, 
“ 2ем ч2%K/ 3ме…ьш,2ь 2!3д…%“2, е‘ ,…2ег!=ц,, 
" !е=ль…/L C!%,ƒ"%д“2"е……/L C!%це““;

…=л,ч,е !=ƒ",2%L %!г=…,ƒ=ц,%……%-ме2%д,че-
“*%L C%дде!›*, !=ƒ!=K%2*,, "…ед!е…, , %K3че-
…, , ,“C%льƒ%"=…,  , “%C!%"%›де…, ;

%2*!/2%“2ь “,“2ем/, 2. е. дл  …е‘ д%л›е… K/2ь 
%C!едел‘… …= C!%г!=мм…%-=CC=!=2…%м 3!%"…е 
,…2е!-еL“, %Kе“Cеч,"=ю?,L е‘ “2/*%"*3 “ д!3-
г,м, ="2%м=2,ƒ,!%"=……/м, “,“2ем=м,;

C!,“32“2",е !ег3л !…%г% ме.=…,ƒм= “2!3*-
23!…%L, -3…*ц,%…=ль…%L , C=!=ме2!,че“*%L …=-
“2!%L*, …= *%…*!е2…/е 3“л%",  C!,ме…е…, ; 

%Kе“Cече…,е 3д%K…%г% дл  Cе!“%…=л= ,…2е!-еL-
“=, !=““ч,2=……%г% …= …еC%дг%2%"ле……%г% C%льƒ%-
"=2ел ;

%K?е…,е (д,=л%г) “,“2ем/ “ C%льƒ%"=2елем " 
2е!м,…=. , C%… 2, . C!едме2…%L %Kл=“2,,  C!,-
"/ч…%L дл  C%льƒ%"=2ел . 

p=““м%2!е……/е "/ше C%… 2,  %K!=ƒ3ю2 *%…-
цеC23=ль…3ю K=ƒ3 ,““лед%"=…,L C% “%ƒд=…,ю 
*%мCью2е!,ƒ,!%"=……/. ,…2ег!,!%"=……/. C!%,ƒ-
"%д“2". qлед3ю?,м ш=г%м  "л е2“  !=ƒ!=K%2*= 
,. =!.,2е*23!/. 

o%д =!.,2е*23!%L 2е.…,че“*%L “,“2ем/ (" д=…-
…%м “л3ч=е ,…2ег!,!%"=……%L C!%,ƒ"%д“2"е……%L 
“,“2ем/) C%…,м=е2“  “2!3*23!…%--3…*ц,%…=ль-
…=  м%дель, %C,“/"=ю?= :

.леме…2/ “,“2ем/ (C%д“,“2ем/, *%мCле*“/ 
ƒ=д=ч , ƒ=д=ч,);

-3…*ц,, .леме…2%";
“" ƒ, , "ƒ=,м%деL“2",е (,…2е!-еL“/) .леме…-

2%";
C!=",л= *%мC%ƒ,ц,, .леме…2%". 
b=›…%L %“%Kе……%“2ью =!.,2е*23!/ “,“2ем/ 

 "л е2“  2%, ч2% *=›д=  "/дел ем=  C!, е‘ де-
*%мC%ƒ,ц,, C%д“,“2ем= ,мее2 *%…*!е2…%е -3…*-
ц,%…=ль…%е …=ƒ…=че…,е. j!%ме 2%г%, 32%ч…е…,е 

-3…*ц,, C%д“,“2ем/ д%“2,г=е2“  “ C%м%?ью 
%C,“=…,  ,…2е!-еL“= C%д“,“2ем/, 2. е. C%л…%г% 
…=K%!= е‘ “" ƒеL (м=2е!,=ль…/., ,…-%!м=ц,%…-
…/., =лг%!,2м,че“*,. , 2. д.) “ д!3г,м, “,“2ем=-
м, [3]. 

o%д.%д, %“…%"=……/L …= -3…*ц,%…=ль…%L 
“2!3*23!,ƒ=ц,,, ,мее2 “лед3ю?,е %“…%"…/е C!е-
,м3?е“2"=:

%“%K%е "…,м=…,е 3дел е2“  -3…*ц,%…=ль…%-
м3 %C,“=…,ю “,“2ем/, *%2%!%е  "л е2“  …=,K%-
лее "=›…/м , “л%›…/м C!, ="2%м=2,ƒ=ц,, 
C!%е*2,!%"=…,  “,“2ем, ,мею?,. “л%›…%е C%-
"еде…,е;

*=›д=  -3…*ц,  "/дел е2“  *=* “=м%“2% 2ель-
…=  л,шь " 2%м “л3ч=е, *%гд= "%ƒм%›…% е‘ %C!е-
деле…,е че!еƒ ч‘2*%е , …е%д…%ƒ…=ч…%е %C,“=…,е 
"…еш…ег% C%"еде…,  *%мC%…е…2=, !е=л,ƒ3ю?ег% 
д=……3ю -3…*ц,ю; 

%C!едел ю2“  C!едC%ч2,2ель…/е "=!,=…2/ 
!е=л,ƒ=ц,, “,“2ем/, " *%2%!/. г!=…,ц= ме›д3 
&!е=ль…/м,[ C%д“,“2ем=м, C!%.%д,2 C% г!=-
…,це ме›д3 C%д“,“2ем=м,, "/деле……/м, " 
“2!3*23!…%--3…*ц,%…=ль…%L м%дел, (2=*,м 
%K!=ƒ%м, !е=л,ƒ=ц,  “%.!=… е2 л%г,че“*3ю 
“2!3*23!3); 

%Kе“Cеч,"=е2“  "%ƒм%›…%“2ь !=“C=!=ллел,"=-
…,  “,“2ем/ …= "%ƒм%›…% K%лее !=……еL “2=д,, 
!=K%2 C% е‘ C!%е*2,!%"=…,ю , !е=л,ƒ=ц,,;

3C!%?=е2“  “2/*%"*= *%мC%…е…2%" , *%м-
Cле*“…=  %2л=д*= “,“2ем/ ƒ= “ч‘2 ч‘2*,. 2!еK%-
"=…,L * "ƒ=,м%деL“2",ю C%д“,“2ем , *%мC%-
…е…2%";

%Kлегч=е2“  !=ƒ",2,е “,“2ем/ ƒ= “ч‘2 3л3чше-
…,  !е=л,ƒ=ц,,, = 2=*›е 3д=ле…,  (д%K="ле…, ) 
%2дель…/. .леме…2%" C!, “%Kлюде…,, ,. “,“2ем-
…/. ,…2е!-еL“%", C!, .2%м ,ƒме…е…,  "“егд= …%-
“ 2  &л%*=ль…/L[ .=!=*2е!.

o!,ме!%м =!.,2е*23!/ “л%›…%L 2е.…,че“*%L 
“,“2ем/ м%›е2 “л3›,2ь м%дель “%ед,…е…,  %2-
*!/2/. “,“2ем, %C,“/"=ю?=  C!,…ц,C/ ,е!=!-
.,че“*,-м%д3ль…%г% C!%е*2,!%"=…,  C!%це““%" 
2!=…“C%!2,!%"*, г=ƒ=.

a,Kл,%г!=-,че“*,е ““/л*,
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e.`. `…,*ее", *=…д. 2е.…. …=3*, д%ц. (b%!%…е›“*=  г%“3д=!“2"е……=  ле“%2е.…,че“*=  =*=дем, ), 
d.b. yе*=ле", *=…д. 2е.…. …=3*. (nnn &h…›е…е!C!%е*2[, г. b%!%…е›) 

EAnikeev@gmail.com

lndekhpnb`mhe oepeundmni jphbni jphbnkhmeimncn r)`qŠj` dnpnch 
aeg jprcnbni bqŠ`bjh 

o!едл%›е… “C%“%K C%“2!%е…,  Cе!е.%д…%L *!,"%L *!,"%л,…еL…%г% 3ч=“2*= д%!%г,, 3ч,-
2/"=ю?,L %“%Kе……%“2, !елье-= ме“2…%“2,. o!,ме…е…,е C!едл=г=ем%г% “C%“%K= C%ƒ"%л,2 
C!%е*2,!%"=2ь K%лее Cл="…/е C% -%!ме 2!=““/.

jлюче"/е “л%"=: *л%2%,д=, м%дел,!%"=…,е, ="2%м%K,ль…/е д%!%г,, Cе!е.%д…=  *!,"= .

Construction method of the transition curve for curvilinear road section, taking into account 
country relief features, is proposed. Offered method application will permit to design road with more 
smooth forms.

Key words: clotoid, modeling, main road, transition curve.

b"еде…,е. g…=ч,2ель…%е ч,“л% *!,"%л,…еL…/. 
3ч=“2*%" ="2%м%K,ль…/. д%!%г “ C!е,м3?е“2"е…-
…% м=л/м, !=д,3“=м, C!, C!%е*2,!%"=…,, (“ 
3ч‘2%м %“%Kе……%“2еL !елье-= ме“2…%“2,) %K3-
“л%"л,"=е2 …е!="…%ме!…/L “*%!%“2…%L !е›,м 
2!=…“C%!2…/. “!ед“2", ч2% C!,"%д,2 * C%"/ше…-
…%м3 !=“.%д3 2%Cл,"=, 3.3дше…,ю .*%л%г,че“*%L 
%K“2=…%"*,, C!е›де"!еме……%м3 ,ƒ…%“3 ="2%м%-
K,ль…%L 2е.…,*,. o%"/ше…,е 2%ч…%“2, "C,“/"=-
…,  Cе!е.%д…%L *!,"%L " !елье- “ 3ч‘2%м %“%-
Kе……%“2еL д",›е…,  ="2%м%K,л  C%м%›е2 “…,-
ƒ,2ь …ег=2,"…%е "л, …,е .2,. -=*2%!%". 

h“C%льƒ3ем/е " …=“2% ?ее "!ем  …= *!,"%л,-
…еL…/. 3ч=“2*=. Cе!е.%д…/е *!,"/е Cе!еме……%-
г% !=д,3“= ƒ=д=ю2“  …еC!е!/"…/м, =…=л,2,че“-
*,м, -3…*ц, м,. b !еƒ3ль2=2е &"C,“/"=…,е[ " 
!елье- ме“2…%“2, =…=л,2,че“*, ƒ=д=……%L *!,"%L 
“"%д,2“  * д,“*!е2…%м3 …=K%!3 *!,"/., ,ƒ *%2%-
!/. "/K,!=е2“  2=, *%2%!=  K%лее C%д.%д,2 C%д 
!елье- д=……%L ме“2…%“2,. d!3г,е ,“C%льƒ3ем/е 
Cе!е.%д…/е *!,"/е (“Cл=L…%"/е, *%!%K%"=  *!,-
"= ) …е ,мею2 ч‘2*,. =лг%!,2м%" C%“2!%е…, , 
 "…% 3ч,2/"=ю?,. 2=*,е "=›…/е -=*2%!/, *=* 
*%мCе…“=ц,  це…2!%Kе›…%L “,л/, "C,“/"=…,е " 
!елье- ме“2…%“2,, !=“ч‘2 3ш,!е…,  C!%еƒ›еL 
ч=“2, , %KA‘м= ƒемл …/. !=K%2.

n“…%"…=  ч=“2ь. o!едл=г=е2“  гл=д*=  “%“2="-
…=  м…%г%це…2!%"=  *!,"=  (cлqlj) [1] " *=че-
“2"е 2!=““/ *!,"%л,…еL…%г% 3ч=“2*= ="2%м%K,ль-
…%L д%!%г,, “%“2% ?=  ,ƒ “%C! ›‘……/. д3г %*-
!3›…%“2еL !=ƒл,ч…/. !=д,3“%". Š=*%L C%д.%д 
C%ƒ"%л е2 3ч,2/"=2ь *%мCе…“=ц,ю це…2!%Kе›…%L 
“,л/ …= *=›д%м “е*2%!е .2%L *!,"%L, м=*“,м=ль-
…% 2%ч…% "C,“/"=2ь Cе!е.%д…3ю *!,"3ю " !елье- 
ме“2…%“2,, = 2=*›е …=,K%лее 2%ч…% 3ч,2/"=2ь 
C!%-,ль…/L %KA‘м %“…%"…/. ƒемл …/. !=K%2 ƒ= 
“ч‘2 2%ч…%г% !=“ч‘2= %KA‘м= *=›д%г% “е*2%!= ",-
!=›=, %“…%"=……%г% …= cлqlj. o!, C%“2!%е…,, 

cлqlj ,“C%льƒ3ю2“  2%ль*% л,…еL…/е -3…*ц,,, 
ч2% 3C!%?=е2 !=“ч‘2/ C% “!="…е…,ю “ 2!=д,ц,%…-
…/м, Cе!е.%д…/м, *!,"/м,, ,“C%льƒ3ю?,м, 
“2еCе……/е -3…*ц,, "2%!%г% C%! д*= , "/ше.

l=2ем=2,че“*=  м%дель дл  %C!еделе…,  C=!=-
ме2!%" cлqlj C!,"еде…= …,›е.

dл,…= cлqlj !="…= “3мме дл,… д3г %*!3›-
…%“2еL %C!едел‘……%г% …=K%!= !=д,3“%" (“м. !,“3-
…%*):

1

i

i
i

K C
=

= ∑ ,
 (1)

где Ci # дл,…= д3г, i-г% “е*2%!= “%“2="…%г% ",!=›=.

d3г, , .%!д/ i-г% “е*2%!= “%“2="…%г% ",!=›= 
%C!едел ю2“  C% -%!м3л=м

o ;
180i i iC R π= γ

 
(2)

2 sin ,
2
i

i iU R
γ

=
 

(3)

где Ui # .%!д= i-г% “е*2%!= “%“2="…%г% ",!=›=; Ri # 
!=д,3“ i-г% “е*2%!= “%“2="…%г% ",!=›=;  γi # це…-
2!=ль…/L 3г%л i-г% “е*2%!= “%“2="…%г% ",!=›=.

o!е%K!=ƒ%"=" "/!=›е…,е (3) дл  %C!еделе…,  
"ел,ч,…/ це…2!=ль…%г% 3гл= , C%д“2="," -%!м3-
л3 (4) " "/!=›е…,е (2), C%л3ч,м C! м3ю ƒ=",“,-
м%“2ь дл,…/ д3г, %2 дл,…/ .%!д/ i-г% “е*2%!= 
“%“2="…%г% ",!=›=:

2arcsin ;
2

i
i

i

U
R

γ =
 

(4)

o2 arcsin .
2 180

i
i i

i

U
C R

R
⎛ ⎞ π= ⎜ ⎟⎝ ⎠  

(5)
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Š=*,м %K!=ƒ%м, C%л…3ю дл,…3 cлqlj ƒ=C,-
шем " ",де

ГлСМК o
1

2 arcsin .
2 180

i
i

i
ii

U
K R

R=

⎛ ⎞⎛ ⎞ π= ⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠∑
 

 (6)

dл  …=ƒ…=че…,  %“…%"…/. C=!=ме2!%" C%"%!%-
2= (3г%л C%"%!%2= ле“%"%ƒ…%L ="2%м%K,ль…%L д%-
!%г, α, !=д,3“ *!3г%"%L *!,"%L Rk, K,““е*2!,-
“= a) ,“C%льƒ3ю2“  д=……/е % *=2ег%!,, C!%е*2,-
!3ем%L д%!%г,, “"еде…,  % 2%C%г!=-,че“*,., ге%-
л%г,че“*,. , д!3г,. %“%Kе……%“2 . !елье-= ме“2= 
C!едC%л=г=ем%г% д%!%›…%г% “2!%,2ель“2"= [2].

p=““м%2!,м *!,"3ю `q`1, “%“2% ?3ю ,ƒ д"3. 
"е2"еL “%C! ›‘……/. cлqlj, *%гд= *!3г%"=  
*!,"=  %K!=?=е2“  " 2%ч*3 (“м. !,“3…%*).

j%%!д,…=2/ i-L 2%ч*, cлqlj Xi , Yi %C!еде-
л ю2“  C% -%!м3л=м:

1

1
1

sin ;
2

i
i

i i i i
i

X U X
−

−
=

⎛ ⎞γ
= + γ +⎜ ⎟

⎝ ⎠
∑

 

(7)

1

1
1

cos ,
2

i
i

i i i i
i

Y U Y
−

−
=

⎛ ⎞γ
= + γ +⎜ ⎟

⎝ ⎠
∑

 
(8)

где γi # 3гл%"%L !=“2"%! i-г% “е*2%!= cлqlj; Ui # 
дл,…= .%!д/ i-г% “е*2%!= cлqlj.

j%%!д,…=2/ *%…ц= cлqlj Xk , Yk (“м. !,“3-
…%*, 2%ч*= C ), 2. е. 2%ч*, “%C! ›е…,  е‘ “ *!3г%-
"%L *!,"%L (*%2%!=  " д=……%м “л3ч=е %K!=?=е2“  
" 2%ч*3), ,мею2 ",д

r“2!%L“2"% *!,"%л,…еL…%г% 3ч=“2*= д%!%г, C!, 
C%м%?, гл=д*%L “%“2="…%L м…%г%це…2!%"%L *!,-
"%L Kеƒ *!3г%"%L "“2="*,:

α – 3г%л C%"%!%2= 2!=““/; 
1

n

i
i=

γ∑  – “3мм= це…2!=ль-

…/. 3гл%" "“е. “е*2%!%" cлqlj; Xk , Yk # *%%!-
д,…=2/ *%…ц= cлqlj; Š # 2=…ге…“ cлqlj; 
a # K,““е*2!,“= cлqlj

1

1
1

sin ;
2

i
k

k k i i
i

X U X
−

−
=

⎛ ⎞γ
= + γ +⎜ ⎟

⎝ ⎠
∑

 

(9)

1

1
1

cos .
2

i
k

k k i i
i

Y U Y
−

−
=

⎛ ⎞γ
= + γ +⎜ ⎟

⎝ ⎠
∑

 

(10)

Š=…ге…“ T cлqlj # !=““2% …,е %2 …=ч=л= *!,-
"%L д% це…2!= 3гл= C%"%!%2= (!,“3…%*, %2!еƒ*, 
AD , DA1), %C!едел е2“  C% -%!м3ле

o
.

tg 90
2

k
k

X
Т Y= +

α⎛ ⎞−⎜ ⎟⎝ ⎠  

 (11)

a,““е*2!,“= a cлqlj # !=““2% …,е %2 це…2!= 
*!,"%L д% це…2!= 3гл= C%"%!%2= (%2!еƒ%* DC), %C-
!едел е2“  C% -%!м3ле

o
Б .

sin 90
2

kX
=

α⎛ ⎞−⎜ ⎟⎝ ⎠  

(12)

dл,…= гл=д*%L “%“2="…%L м…%г%це…2!%"%L *!,-
"%L K (*!,"/е `q ,л, `1q) %C!едел е2“  C% -%!-
м3ле (1).

d%ме! d cлqlj !="… е2“  !=ƒ…%“2, ме›д3 
д"3м  2=…ге…“=м, , дл,…%L *!,"%L:

d = 2Š # 2j = 2(Š # j). (13)

g=*люче…,е. o!едл=г=ем=  " *=че“2"е 2!=““/ 
*!,"%л,…еL…%г% 3ч=“2*= ="2%м%K,ль…%L д%!%г, 
cлqlj C%ƒ"%л е2 C!%е*2,!%"=2ь K%лее Cл="…3ю 
C% -%!ме " Cл=…е 2!=““3, чем C!,ме… ем/е " “3-
?е“2"3ю?,. ме2%д,*=., Kл=г%д=!  "/K%!3 K%лее 
!=ц,%…=ль…%L “2!=2ег,, C!%е*2,!%"=…, . o!ед-
л%›е……/L C%д.%д * C!%е*2,!%"=…,ю 2!=““/ *!,-
"%л,…еL…%г% 3ч=“2*= д%!%г, C%ƒ"%л е2 3ч,2/"=2ь 
2%C%г!=-,че“*,е, ге%л%г,че“*,е , д!3г,е %“%-
Kе……%“2, л=…дш=-2=. j!%ме 2%г%, C!ед“2="л е2“  
"%ƒм%›…/м “-%!м,!%"=2ь %C2,м,ƒ,!%"=……/L 
! д 3…,-,ц,!%"=……/. Cл,2…/. .леме…2%" “%-
“2="…%г% д%!%›…%г% C%*!/2, , *%л,че“2"% 2,C%-
…%м,…=л%" " *%2%!%м K3де2 " 1,5#2,5 !=ƒ= ме…ь-
ше, чем C!, ,“C%льƒ%"=…,, *л%2%,д/ " *=че“2"е 
Cе!е.%д…%L *!,"%L.

a,Kл,%г!=-,че“*,е ““/л*,

1. u=!,… b.m. o!,ме…е…,е !="…%.%!д%"/. “%“2="-
…/. *!,"/. " C!%е*2,!%"=…,, !=ƒ"%!%2%" / b.m. u=-
!,…, e.`. `…,*ее" // o!,*л=д…/е ƒ=д=ч, м%дел,!%"=-
…,  , %C2,м,ƒ=ц,,: lе›"3ƒ. “K. …=3ч. 2!. / o%д !ед.
C!%-. b.m. t!%л%"=. b%!%…е›: bcŠr, 2000. q. 124#131.

2. `л Kье" b.h. q3.%C32…/L 2!=…“C%!2 ле“=: rчеK. / 
b.h. ̀ л Kье", a.`. hль,…, c.t. c!е.%", a.h. j3"=лд,…. 
l.: kе“…=  C!%м/шле……%“2ь, 1990.  416 “.

Y
k
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nagnp oephndh)eqjni oe)`Šh

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

bе*2%!,ƒ=ц,  -%2%,ƒ%K!=›е…,L г%!%д“*,. “це… 
дл  3D-!е*%…“2!3*ц,,. h…-%!м=ц,%……/е 2е.…%л%-
г,,. 2010. 1 3.

o!едл%›е… C%д.%д * "е*2%!,ƒ=ц,, ,ƒ%K!=›е-
…,L C!,ме…,2ель…% * ƒ=д=че !е*%…“2!3*ц,, “це… 
г%!%д“*%L %K“2=…%"*, C% C%“лед%"=2ель…%“2, 
-%2%,ƒ%K!=›е…,L, %“…%"=……/L …= *%мK,…,!%-
"=……%м C!,ме…е…,, де2е*2%!= г!=…,ц Canny , 
C!%цед3!/ C%“2!%е…,  C,*“ель…%г% %“2%"= “ C%-
“лед3ю?еL "е*2%!,ƒ=ц,еL. n“%Kе……%“2ь C%д.%д= 
ƒ=*люч=е2“  " !=ƒ!=K%2*е д%C%л…,2ель…/. “!ед“2" 
%K!=K%2*, д=……/., …=C!="ле……/. …= C%"/ше…,е 
*=че“2"= "е*2%!,ƒ=ц,, , %2"еч=ю?,. д"3м !=ƒ-
л,ч…/м C% 2!еK%"=…, м !е›,м=м "е*2%!,ƒ=ц,, 
" *%…2е*“2е "/ше3C%м …32%г% C!,л%›е…, . 
o!ед“2="ле…/ д"= !е=л,ƒ3ю?,. C%д.%д =лг%!,2-
м= "е*2%!,ƒ=ц,, # дл  де2е*2,!%"=…,  л,…,L, 
,“C%льƒ3ем/. " ƒ=д=че *=л,K!%"*, *=ме! , дл  
C%“2!%е…,  "е*2%!…%L %“…%"/ " ƒ=д=че 3D-!е-
*%…“2!3*ц,, %KAе*2%" г%!%д“*%L ƒ=“2!%L*,.

l=2ем=2,че“*=  м%дель ƒ=д=ч, C!%е*2,!%"=…,  
"е…2,л ц,%……%L “,“2ем/. aеƒ%C=“…%“2ь ›,ƒ…еде -
2ель…%“2,. 2010. 1 3.

p=““м%2!е… C!%це““ -%!м,!%"=…,  м=2ем=2,-
че“*%L м%дел, ƒ=д=ч, C!%е*2,!%"=…,  "е…2,л -
ц,%……%L “,“2ем/ “ ме.=…,че“*,м C%K3›де…,ем. 
q-%!м3л,!%"=…= , ,““лед%"=…= м=2ем=2,че“*=  
м%дель, C%ƒ"%л ю?=  %C!едел,2ь %C2,м=ль…%е 
ƒ…=че…,е “*%!%“2, д",›е…,  "%ƒд3.= C% "%ƒд3.%-
"%д3 , д,=ме2! "%ƒд3.%"%д=. r*=ƒ=…/ …=C!="ле-
…,  “%"е!ше…“2"%"=…,  м%дел,.

t=*2%! j3!2%ƒ,“= *=* д,=г…%“2,че“*,L C!,ƒ…=* 
…е,“C!="…%“2еL C%дш,C…,*=. j%…2!%ль. d,=г…%-
“2,*=. 2010. 1 3.

o!%=…=л,ƒ,!%"=…/ ме2%д/ ,““лед%"=…,  "!е-
ме……/. “,г…=л%" ",K!=ц,,. p=““м%2!е…= "%ƒ-
м%›…%“2ь ,“C%льƒ%"=…,  -=*2%!= j3!2%ƒ,“= " 
*=че“2"е д,=г…%“2,че“*%г% C!,ƒ…=*= …е,“C!="…%-
“2еL C%дш,C…,*%". o!,"еде…/ !еƒ3ль2=2/ %K!=-
K%2*, .*“Cе!,ме…2=ль…/. д=……/. , м=2ем=2,че-
“*%г% м%дел,!%"=…, . d=…/ C!=*2,че“*,е !е*%-
ме…д=ц,,. p=““м%2!е… C!,ме! "…ед!е…,  !еƒ3ль-
2=2%" ,““лед%"=…, .

bл, …,е …=г!е"= .ле*2!%д%" …= ,ƒме…е…,е ,. 
м=““/ C!, .ле*2!%,“*!%"%L %K!=K%2*е. rC!%ч… ю-
?,е 2е.…%л%г,, , C%*!/2, . 2010. 1 4.

b/ "ле…/ -=*2%!/, %*=ƒ/"=ю?,е “3?е“2"е…-
…%е "л, …,е …= ,ƒме…е…,е м=““/ *=2%д= " …=-

ч=ль…/L Cе!,%д .ле*2!%,“*!%"%L %K!=K%2*,. r“-
2=…%"ле…%, ч2% 3ме…ьше…,е -,*“,!3ем%L C% !е-
ƒ3ль2=2=м "ƒ"еш,"=…,  м=““/ %K3“л%"ле…% “…,-
›е…,ем 2%л?,…/ "%д …%L Cл‘…*, …= C%"е!.…%“2, 
*=2%д= , C%"е!.…%“2, ч=ш*, =…=л,2,че“*,. "е-
“%". nC!еделе…= ƒ=",“,м%“2ь м=““/ "%д …%L 
Cл‘…*, %2 "!еме…, %.л=›де…, . dл  3“2!=…е…,  
"л, …,  .2%г%  "ле…,  …= !еƒ3ль2=2/ ,ƒме!е…,  
м=““/ !е*%ме…д3е2“  "/де!›,"=2ь %K!=ƒц/ Cе-
!ед "ƒ"еш,"=…,ем д% ,. C%л…%г% %“2/"=…,  " 
*%…2!%л,!3ем/. C% "л=›…%“2, "%ƒд3.= 3“л%", ..

l=!*%"“*=  м%дель ме.=…,че“*%г% "ƒ=,м%деL“2-
",  ше!%.%"=2/. C%"е!.…%“2еL " C!%це““е 2!е…, . 
Š!е…,е , “м=ƒ*= м=ш,… , ме.=…,ƒм%". 2010. 1 3.

o!едл%›е…= м=!*%"“*=  м%дель ,ƒме…е…,  "/-
“%2 "/“23C%" ше!%.%"=2/. C%"е!.…%“2еL " C!%-
це““е 2!е…, . b %“…%"3 ƒ=л%›е… "е!% 2…%“2…/L 
ме.=…,ƒм %д…%*!=2…%г% *%…2=*2…%г% "ƒ=,м%деL“2-
",  д"3. "/“23C%" “ ,ƒ"е“2…/м, "/“%2=м,. pе-
ƒ3ль2=2%м "ƒ=,м%деL“2",  “ч,2=е2“  ,ƒме…е…,е 
"/“%2 "/“23C%". lе.=…,ƒм "ƒ=,м%деL“2",  3ч,-
2/"=е2 3C!3г%-Cл=“2,че“*3ю де-%!м=ц,ю "/“23-
C%" , ,. 3“2=л%“2…%е !=ƒ!3ше…,е. pе=л,ƒ=ц,  м%-
дел, …= }bl C%ƒ"%л е2 C% -,ƒ,че“*,м “"%L“2"=м 
м=2е!,=л%", .=!=*2е!,“2,*=м ,“.%д…%L ше!%.%"=-
2%“2, , "ел,ч,…е …=г!3ƒ*, %це…,"=2ь ,ƒме…е…,е 
"% "!еме…, .=!=*2е!,“2,* 2!е…,  (Cл%?=дь *%…-
2=*2=, “,л/ 2!е…, , ,ƒ…%“) , C=!=ме2!%" ше!%.%-
"=2%“2, (“!ед…е=!,-ме2,че“*,е %2*л%…е…, ). 

p=“ч‘2 ",K!=ц,%……/. , ш3м%"/. .=!=*2е!,“2,* 
“2=…*%" C!, C!%е*2,!%"=…,,. h…›е…е!…/L ›3!…=л 
&qC!="%ч…,*[. 2010. 1 3.

o!,"еде…/ м=2ем=2,че“*=  м%дель 3C!3г%L 
“,“2ем/ “2=…*= , ме2%д,*= !=“ч‘2= ",K!=ц,%…-
…/. , ш3м%"/. ,ƒл3че…,L .леме…2%" м%дел, C%д 
деL“2",ем “%"%*3C…%“2, ,“2%ч…,*%" *%леK=…,L.

n“%Kе……%“2, 3C!="ле…,  !=K%2%L “2!3L…/. C%-
"%!%2…/. 3“2!%L“2". qK%!*= " м=ш,…%“2!%е…,,, 
C!,K%!%“2!%е…,,. 2010. 1 3.

o!едл%›е…= *%…“2!3*ц,  C%"%!%2…%г% “2%л= 
“% “2!3L…/м C!,"%д%м , “,“2ем= 3C!="ле…,  ,м. 
p=““м%2!е…/ %“%Kе……%“2, %C!еделе…,  "!еме…, 
"“Cл/2,  де2=л, …= "%ƒд3ш…%L C!%“л%L*е , е‘ 
C%"%!%2= C%д деL“2",ем “2!3, “›=2%г% "%ƒд3.=, 
ч2% …е%K.%д,м% дл  C!%г!=мм/ 3C!="ле…,  3“2-
!%L“2"%м. o!едл%›е……/е м=2ем=2,че“*,е м%де-
л, 2=*›е C%ƒ"%л ю2 "/K,!=2ь *%…“2!3*2,"…/е , 
!=K%ч,е C=!=ме2!/ C%"%!%2…%г% “2%л=. 
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Головин Ю.И.

НАНОИНДЕНТИРОВАНИЕ
И ЕГО ВОЗМОЖНОСТИ
М.: Машиностроение. 2009

Цена 693 р. с НДС

Îïèñàíû ïðèíöèïû, ìåòîäû è ñðåäñòâà äëÿ ðåàëèçàöèè èñïûòàíèé è îïðåäåëåíèÿ

ìåõàíè÷åñêèõ ñâîéñòâ â íàíîøêàëå, êîòîðûå ïîëó÷èëè â ïîñëåäíèå ãîäû áîëüøîå

ðàñïðîñòðàíåíèå ïîä îáùèì íàçâàíèåì "íàíîèíäåíòèðîâàíèå". Îáñóæäåíû

èíôîðìàöèîííûå âîçìîæíîñòè ýòîãî áîëüøîãî è ìíîãîôóíêöèîíàëüíîãî ñåìåéñòâà

ìåòîäîâ íàíî- è ìèêðîìåõàíè÷åñêèõ èñïûòàíèé. Ðàññìîòðåíû ðàçëè÷íûå àñïåêòû

è îñîáåííîñòè ïîâåäåíèÿ òâåðäûõ òåë â óñëîâèÿõ ñèëüíî ñòåñíåííîé äåôîðìàöèè,

âîçíèêàþùåé ïðè ëîêàëüíîì íàãðóæåíèè ïîâåðõíîñòè ìèêðîíàãðóçêîé. Îïèñàíû

ñïîñîáû èçâëå÷åíèÿ ìåõàíè÷åñêèõ õàðàêòåðèñòèê òîíêèõ ïðèïîâåðõíîñòíûõ ñëîåâ

ðàçíîîáðàçíûõ ìàòåðèàëîâ, ïëåíîê è ìíîãîñëîéíûõ ïîêðûòèé ïðè ëîêàëüíîì

íàãðóæåíèè. Îñîáîå âíèìàíèå óäåëåíî ôèçè÷åñêèì ìåõàíèçìàì äåôîðìàöèè è

ðàçðóøåíèÿ â ýòèõ óñëîâèÿõ.

Êíèãà àäðåñîâàíà íàó÷íûì è èíæåíåðíî-òåõíè÷åñêèì ðàáîòíèêàì,

çàíèìàþùèìñÿ ñîçäàíèåì, èññëåäîâàíèåì è àòòåñòàöèåé íîâûõ íàíîñòðóêòóðíûõ

ìàòåðèàëîâ è ñèñòåì, ïîëåçíà ñòóäåíòàì è àñïèðàíòàì, îáó÷àþùèìñÿ ïî

íàïðàâëåíèÿì íàíîòåõíîëîãèè è íàíîìàòåðèàëîâåäåíèÿ.

Ïðèîáðåñòè êíèãó ïî öåíå èçäàòåëÿ ìîæíî, ïðèñëàâ çàÿâêó â îòäåë ïðîäàæ, ìàðêåòèíãà 

è ðåêëàìû: ïî ïî÷òå: 107076, ã. Ìîñêâà, Ñòðîìûíñêèé ïåð., 4; 

ïî ôàêñó: (499) 269-48-97; ïî e-mail: realiz@mashin.ru.

Äîïîëíèòåëüíóþ èíôîðìàöèþ ìîæíî ïîëó÷èòü ïî òåëåôîíàì:

(499) 269-66-00, 269-52-98

è íà ñàéòå WWW.MASHIN.RU

П Р Е Д С Т А В Л Я Е Т
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