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o!едл%›е…= !%K=“2…=  “,“2ем= 3C!="ле…,  *%мC%ƒ,2…/м *%.--,ц,е…2%м C%2е!ь ",K-
!%демC-,!3ю?,. м=2е!,=л%", %Kе“Cеч,"=ю?=  3“2%Lч,"3ю , .--е*2,"…3ю !=K%23 C!, 
…е“2=K,ль…%“2, C=!=ме2!%" %KAе*2= 3C!="ле…, .

jлюче"/е “л%"=: 2е.…%л%г,че“*,L C!%це““, *%мC%ƒ,2…/L *%.--,ц,е…2 C%2е!ь, ",K!%демC-
-,!3ю?,L м=2е!,=л,  “,“2ем= 3C!="ле…, , !%K=“2…/L !ег3л 2%!, г!3K=  “,“2ем=.

Process research for controlled laser thermsplitting of the brittle materials is introduced as an 
example of oxide glasses based on the application of the infrared laser with strontium vapor.

Key words: research, regimes, brittle nonmetallic materials, controlled laser thermsplitting, oxide 
glasses, infrared laser with strontium vapor.

b !=K%2=. [1#5] C!%"ед‘… =…=л,ƒ 2е.…%л%г,че-
“*%г% C!%це““= (Šo) C%л3че…,  K,23м…/. ",K!%-
демC-,!3ю?,. м=2е!,=л%" *=* %KAе*2= 3C!="ле-
…,  *%мC%ƒ,2…/м *%.--,ц,е…2%м C%2е!ь, C!ед-
л%›е… ме2%д д,…=м,че“*%г% ме.=…,че“*%г% =…=-
л,ƒ= ег% %C!еделе…, , “,…2еƒ,!%"=… л,…еL…/L 
%C2,м=ль…/L “2%.=“2,че“*,L !ег3л 2%! *%мC%-
ƒ,2…%г% *%.--,ц,е…2= C%2е!ь (jjo) , !еше…= 
ƒ=д=ч= C%"/ше…,  ег% .--е*2,"…%“2,. b д=……%L 
“2=2ье дл  %Kе“Cече…,  3“2%Lч,"%“2, , .--е*-
2,"…%“2, !=K%2/ “,“2ем/ C!, ,мею?еL“  …е“2=-
K,ль…%“2, г,д!%д,…=м,че“*%г% !е›,м= , *%.--
-,ц,е…2%" Cе!ед=ч, %KAе*2= 3C!="ле…,  C% 
3C!="л ю?,м "%ƒдеL“2", м C!%,ƒ"%д,2“  “,…2еƒ 
!%K=“2…%г% !ег3л 2%!=. 

q2!3*23!…=  “.ем= “,“2ем/ 3C!="ле…,  *%мC%-
ƒ,2…/м *%.--,ц,е…2%м C%2е!ь 2е.…%л%г,че“*%L 
л,…,, C!%,ƒ"%д“2"= K,23м…/. ",K!%демC-,!3ю-
?,. м=2е!,=л%", C!ед“2="ле……=  …= !,“. 1, "*лю-
ч=е2 " “еK  [1#4]:

Cе!ед=2%ч…3ю -3…*ц,ю д,“*!е2…%г% “ме“,2ел , 
"/!=›=ю?3ю “" ƒь ме›д3 !=“.%д%м K,23м= u1 …= 
C!,г%2%"ле…,е C=!2,, K,23м…%L “ме“, " д,“*!е2…%м 
“ме“,2еле , *%мC%ƒ,2…/м *%.--,ц,е…2%м C%2е!ь …= 
ег% "/.%де,

1
1 1

1

( )
( ) 0,0005

( )
x z

W z k
u z

= = = −
 
jjo / %;

Cе!ед=2%ч…3ю -3…*ц,ю д,“*!е2…%г% “ме“,2ел , 
"/!=›=ю?3ю “" ƒь ме›д3 !=“.%д%м мел= u2 …= C!,-
г%2%"ле…,е C=!2,, K,23м…%L “ме“, " д,“*!е2…%м 
“ме“,2еле , *%мC%ƒ,2…/м *%.--,ц,е…2%м C%-
2е!ь x2 …= ег% "/.%де,

0
)(
)(

)( 2
2

2
2 === k

zu
zx

zW 0,0003jjo / %;

Cе!ед=2%ч…3ю -3…*ц,ю C% jjo …еC!е!/"…%г% 
“ме“,2ел 

4
3 2

3

( ) 0,094 0,067( )
( ) 1,197 0,358

x z zW z
x z z z

+= =
− +

;
 

Cе!ед=2%ч…3ю -3…*ц,ю C% jjo 2е.…%л%г,че-
“*,. Cе!е.%д%" C%“ле …еC!е!/"…%г% “ме“,2ел  д% 
C%л3че…,  !еƒ3ль2=2%" л=K%!=2%!…%г% =…=л,ƒ=

zx
x

zW 1)(
4

5
4 == ;

м=2ем=2,че“*,е м%дел, -%!м,!3ю?,. -,ль2-
!%" "%ƒм3?=ю?,. "%ƒдеL“2",L Wf1 , Wf1, C%л3-
че……/. =CC!%*“,м=ц,еL “Cе*2!=ль…/. Cл%2…%-
“2еL "%ƒм3?=ю?,. "%ƒдеL“2",L f1 , f2  д!%K…%-
!=ц,%…=ль…/м, -3…*ц, м, ч=“2%2/, !=“?еCле-
…, , -=*2%!,ƒ=ц,, , д,“*!е2,ƒ=ц,,. 
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Šе.…%л%г,че“*,L C!%це““ “%де!›,2 C%“лед%"=-
2ель…% "*люч‘……/е д,“*!е2…/L “ме“,2ель, …е-
C!е!/"…/L “ме“,2ель, 2е.…%л%г,че“*,е Cе!е.%д/ 
C%"е!.…%“2…%L %K!=K%2*, C%л%2…= K,23м…%г% 
",K!%демC-,!3ю?ег% м=2е!,=л=. b д,“*!е2…%м 
“ме“,2еле Cе!"%L “2=д,, C%%че!‘д…% C!%,ƒ"%д,2-
“  C!,г%2%"ле…,е C=!2,L K,23м…%L “ме“,. o=!=-
ме2!/ “лед3ю?,. д!3г ƒ= д!3г%м C=!2,L  "л ю2“  
ƒ…=че…, м, "!еме……%г% ! д=. nKAе*2 3C!="ле-
…,   "л е2“  д,“*!е2…/м “ Cе!,%д%м д,“*!е2,ƒ=-
ц,, ΔT = 30 м,…. Š%гд= ч=“2%2= ,ƒме! е2“  " *%-
л,че“2"е *%леK=…,L …= Cе!,%д д,“*!е2,ƒ=ц,, 
(*%л./ΔT  ), = м=*“,м=ль…=  ,““лед3ем=  C% ч=“2%-
2е г=!м%…,*=, “%гл=“…% 2е%!еме j%2ель…,*%"=, 
,мее2 Cе!,%д 2 C=!2,, (ч=“2%2= 0,5 *%л./ΔT ).

q,“2ем= 3C!="ле…,   "л е2“  *%мK,…,!%"=…-
…%L. o! м%L *=…=л 3C!="ле…,  %2!=K=2/"=е2 
ч=“2ь "%ƒм3?=ю?ег% "%ƒдеL“2",  f1 C32‘м ег% 
*%“"е……%L %це…*, , *%!!е*2,!%"*, 3C!="л ю-
?,. "%ƒдеL“2",L. b%ƒм3?е…,е f3, %“2="шее“  %2 
"%ƒм3?е…,  f1, , "%ƒм3?е…,е "2%!%L “2=д,, f2, 
C!,"ед‘……%е * "/.%д3 %KAе*2= 3C!="ле…, , %2!=-
K=2/"=е2“  C% %K!=2…%L “" ƒ,: 

23
2

43 fff SSWWS +=Σ .

d,“*!е2…=  !=“ш,!е……=  м%дель %KAе*2= 
3C!="ле…,  “ 3ч‘2%м м=2ем=2,че“*%L м%дел, 
-%!м,!3ю?ег% -,ль2!= "%ƒм3?е…,  f∑ " C!ед-
“2="ле…,, A, B, C, D ,мее2 ",д

[ 1] [ ] [ ];

[ ] [ ] [ ] ,

x n Ax n Bu n

y n Cx n Du n

+ = +⎧⎪
⎨

= +⎪⎩
 (1)

где x # "е*2%!-“2%лKец C=!=ме2!%" “%“2% …,  !=ƒ-
ме!…%“2ью n = 8; u # "е*2%! ".%д…/. "%ƒдеL“2",L, 
"*люч=ю?,L 3C!="л ю?ее "%ƒдеL“2",е u1, u2, !=ƒ-
ме!…%“2ью r = 2, “л3ч=L…/L C!%це““ 2,C= Kел/L 
ш3м w∑ !=ƒме!…%“2ью f = 1 дл  -%!м,!%"=…,  "%ƒ-
м3?=ю?ег% "%ƒдеL“2",  f∑; y # "е*2%! 3C!="л ем/. 
Cе!еме……/. !=ƒме!…%“2ью m = 2;

 0 0 0,263 0 0 0 0 0 
 0 0,291 # 0,039 0 0 0 0 0 
 0 2,394 0,905 0 0 0 0 0 
 0 0 0 0 0 0 0 0 
A = 0  0 0 0 0 0 0
 0 0 0 0 0 0,361 # 0,161 # 0,014 
 0 0 0 0 0 0,649 0,907 # 0,008

 0 0 0 0 0 0,377 0,967 0,997

     0 0       0

 # 7,47E#05 4,48E# 05 0

 # 0,00017  0,0001 0
 0 0 0
B =    0 0 0 ;
 0 0 0,162
 0 0 0,094
 0 0 0,033

;

p,“. 1. q2!3*23!…=  “.ем= “,“2ем/ 3C!="ле…,  *%мC%ƒ,2…/м *%.--,ц,е…2%м C%2е!ь ",K!%демC-,!3ю?ег% 
м=2е!,=л=

y2 =

1f

u2

 – 
y2 =

2f

:

w1

u1

w2

431,0712,1266,2
0041,00203,00062,0)( 23

2

2 zzz
zzzW f

0005,01W 4
1W
z3 2

0,094 z + 0,066
z - 1,197 z + 0,358

W

5,0301,12866,0
0286,04708,0)( 21 zzz

zzWf

1

20003,02W
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C = | 1 0 0 0 0 0 0      0,185 | ;

D = | 0 0 0 | .

o%“2=…%"*= ƒ=д=ч, “,…2еƒ= !%K=“2…%L “,“2ем/. 
Šе.…%л%г,че“*,L C!%це““ C%л3че…,  ",K!%демC-
-,!3ю?,. м=2е!,=л%" "“лед“2",е ,ƒме…е…,  
C!%,ƒ"%д,2ель…%“2,, = 2=*›е !е=*ц,%……%L “C%-
“%K…%“2, ,“.%д…/. ,…г!ед,е…2%" , "%ƒ"!=2…/. 
%2.%д%"  "л е2“  %KAе*2%м 3C!="ле…,  “ …е-
“2=K,ль…/м, C=!=ме2!=м,. `…=л,ƒ .*“Cе!,ме…-
2=ль…/. д=……/. " C!%це““е C%“2!%е…,  м=2е-
м=2,че“*,. м%делеL C%ƒ"%л,л "/ ",2ь д,=C=ƒ%-
…/ ,ƒме…е…,  *%.--,ц,е…2%" Cе!ед=ч, C% 
*=…=л=м д%ƒ,!%"*, K,23м= , мел= …= *%мC%ƒ,2-
…/L *%.--,ц,е…2 C%2е!ь #0,00083 ≤ k1 ≤ #0,00059; 
0,00021 ≤ k2 ≤ 0,00045 [1, 2]. 

hƒме…е…,  %KA‘м= “ме“, " …еC!е!/"…%м “ме-
“,2еле , !=“.%д= K,23м…%L “ме“, …= ".%де , "/-
.%де C!,"%д 2 * ,ƒме…е…,ю -3…*ц,, !=“C!еделе-
…,  “ме“,2ел  C% "!еме…, C!еK/"=…, . o!, .2%м 
C%“2% ……=  "!еме…, T …еC!е!/"…%г% “ме“,2ел  
м%›е2 ,ƒме… 2ь“  " C!едел=. 1 < T  < 4 ч. 

q целью %Kе“Cече…,  !=K%2/ “,“2ем/ 3C!="ле-
…,  " д=……/. 3“л%", . “2=",2“  ƒ=д=ч= C!%,ƒ"е-
“2, “,…2еƒ !%K=“2…%г% !ег3л 2%!=, %Kе“Cеч,"=ю-
?ег% 3“2%Lч,"3ю , .--е*2,"…3ю !=K%23 C!, ,ƒ-
ме…е…,, C=!=ме2!%" %KAе*2= 3C!="ле…,  " 3*=-
ƒ=……/. C!едел=.. 

dл  “,…2еƒ= ,“C%льƒ%"=л“  ме2%д "е“%"/. 
-3…*ц,L [6, 7]. o!, 2=*%L C%“2=…%"*е ƒ=д=ч, %K-
?=  “2!3*23!…=  “.ем= “,“2ем/ ,мее2 ",д, C%*=-
ƒ=……/L …= !,“. 2.

dл  "/!=›е…,  2!еK%"=…,  * %ш,K*е  e , 3C!="-
л ю?ем3 "%ƒдеL“2",ю u , "/.%д…%L Cе!еме……%L 
y " =…=л,2,че“*%L -%!ме ,“C%льƒ3е2“  %K%K?‘…-
…/L *!,2е!,L, " *%2%!%м д=……/е Cе!еме……/е 
C!ед“2="ле…/ “ "е“%"/м, -3…*ц, м, W1

*,W2
*,W3

*. 

o!, “,…2еƒе …=.%д 2 !ег3л 2%!, м,…,м,ƒ,!3ю-
?,L Kе“*%…еч…3ю …%!м3 m: 

|| Ty1u || = || z1; z2; z3 || ∞ ≤ 1, 

где Ty1u  =  [W1
*S,W2

*R,W3
*T].

q,…2еƒ !%K=“2…%г% !ег3л 2%!=. t3…*ц,  "е“= 
W1

* д%л›…= %Kе“Cеч,"=2ь м=л/L "е“ %ш,K*, " 
%Kл=“2, деL“2",  "%ƒм3?=ю?ег% "%ƒдеL“2",  f∑ 
(“Cе*2!=ль…=  Cл%2…%“2ь Sf∑) , K%льш%L "е“ " %K-
л=“2, “!ед…,. , "/“%*,. ч=“2%2. b/K!=……=  " 
C!%це““е “,…2еƒ= -3…*ц,  W1 дл  д"3ме!…%L 
“,“2ем/ ,мее2 ",д

2

2
*

1

0,5155 1,146 0,9022
3,47 1,304 0,25

0

s s
s s

W

+ +
+ +

=

 

× 

× 2

2

0

0,5155 1,146 0,9022
3,47 1,304 0,25

s s
s s

+ +
+ +

.  (2)

g…=че…,е ч=“2%2…%L -3…*ц,, "е“= W2
* "…=ч=ле 

ƒ=д="=л%“ь " ",де м=л%L "ел,ч,…/ , C%дK,!=л%“ь 
" C!%це““е “,…2еƒ= !ег3л 2%!= дл  "/"%д= 3C!="-
л ю?,. “,г…=л%" u1, u2 …= д%C3“2,м/L 3!%"е…ь 
@40 % %2 …%м,…=ль…%г% ƒ…=че…, :

*
2

0,00001 0
0 0,000007

W =
 
.  (3)

t3…*ц,  W 3
* "/K,!=л=“ь ,ƒ 3“л%",  W3 

*
 ≥ 1 #

#W1
*:

2

*
3 2

0, 49 1, 4 1 0
3, 5

( )
0, 49 1, 4 10

3, 5

s s

W s
s s

+ +

=
+ +

.(4)

c!=-,*, =мCл,23д…%-ч=“2%2…/. .=!=*2е!,“2,* 
"е“%"/. -3…*ц,L W1

*#1
, W3 

*#1
 , “Cе*2!=ль…%L 

Cл%2…%“2, "%ƒм3?=ю?ег% "%ƒдеL“2",  …= %KAе*2 
3C!="ле…,  C!ед“2="ле…/ …= !,“. 3.

pеше…,е ƒ=д=ч, “,…2еƒ= !%K=“2…%г% !ег3л 2%!= 
C!%"%д,л%“ь “ C%м%?ью -3…*ц,L, ".%д ?,. " 
C=*е2 =…=л,ƒ= Robust Control System “,“2ем/ 
MatLab. q,…2еƒ !ег3л 2%!= -3…*ц, м, Robust 
Control System "/C%л… е2“  2%ль*% дл  *"=д-
!=2…/. “,“2ем, C%.2%м3 "/.%д…=  *%%!д,…=2= 
%KAе*2= 3C!="ле…,  ,“*3““2"е……% !=“ш,!е…= д% 
д"3ме!…%L (“м. !,“. 1).

e u f

n

g K
–

W

W1
*

 y2

z1

z2

z3

 y1W2
*

W3
*

p,“. 2. q2!3*23!…=  “.ем= “,“2ем/ дл  “,…2еƒ= 
!%K=“2…%г%   !ег3л 2%!=:

W # %KAе*2; K # !ег3л 2%!; g #ƒ=д=…,е; f # "%ƒ-
м3?е…,е, C!,"ед‘……%е * "/.%д3 %KAе*2=; 
n # %ш,K*=  ,ƒме!е…, ;  e # %ш,K*= !ег3л,!%-
"=…, ; u # 3C!="л ю?ее "%ƒдеL“2",е; W1

*,W2
*, 

W3
* # "е“%"/е -3…*ц,,, ƒ=",“ ?,е %2 ч=“2%2/
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`…=л,ƒ .--е*2,"…%“2, !%K=“2…%L “,“2ем/ 
3C!="ле…, . m= !,“. 4 C!,"еде…/ "!еме……/е ! д/ 
!ег3л,!3ем%L Cе!еме……%L дл  !=ƒ%м*…32%L “,“-
2ем/ , ƒ=м*…32%L !%K=“2…%L “,“2ем/, C%л3че…-
…/е C32‘м м=2ем=2,че“*%г% м%дел,!%"=…, . d=…-
…/е C%*=ƒ/"=ю2, ч2% !%K=“2…/L !ег3л 2%!  "-
л е2“  K%лее .--е*2,"…/м, чем л,…еL…%-*"=д!=-
2,ч…/L г=3““%"/L (kjc) !ег3л 2%! (“м. 2=Kл,ц3), 
, 3ме…ьш=е2 д,“Cе!“,ю joo " 3,2 !=ƒ=.

o%л3че……=  -3…*ц,  “меш=……%L ч3"“2",2ель-
…%“2, Ty1u !%K=“2…%г% !ег3л 2%!= "% "“‘м ч=“2%2-
…%м д,=C=ƒ%…е !=K%2/ “,…2еƒ,!%"=……%L “,“2ем/ 
3C!="ле…,  ме…ьше 1 (!,“. 5). qлед%"=2ель…%, "“е 
2!еK%"=…,  * “,“2еме C% %“л=Kле…,ю "%ƒм3?е-
…,L , %Kе“Cече…,ю ƒ=C=“= 3“2%Lч,"%“2,, “"ед‘…-

…/е C!, C%“2=…%"*е ƒ=д=ч, * 2!еK%"=…,ю C% …%!-
ме || Ty1u || = || z1; z2; z3 || ∞ ≤ 1, "/C%л…е…/.

`…=л,ƒ "л, …,  …е“2=K,ль…%“2, г,д!%д,…=м,че-
“*%г% !е›,м= …еC!е!/"…%г% “ме“,2ел . dл  =…=-
л,ƒ= г!3K%“2, C%л3че……%L !%K=“2…%L “,“2ем/ 
3C!="ле…,  C!%"%д,л%“ь “!="…е…,е !%K=“2…%г% 
!ег3л 2%!= “ kjc [5]. o!, .2%м *%.--,ц,е…2/ 
Cе!ед=ч, , C%“2% ……=  "!еме…, м%дел, …еC!е-
!/"…%г% “ме“,2ел  ,ƒме… л,“ь, C!%,“.%д,л= C%-
2е!  3“2%Lч,"%“2, “,“2ем. 

pеƒ3ль2=2/ C%*=ƒ=л,, ч2% " %2л,ч,е %2 kjc !%-
K=“2…/L !ег3л 2%! %Kе“Cеч,"=е2 3“2%Lч,"3ю !=-
K%23 “,“2ем/ C!, ,ƒме…е…,, C=!=ме2!%" %KAе*2= 
3C!="ле…,  " 3*=ƒ=……/. д,=C=ƒ%…=.. m= !,“. 6 
C!ед“2="ле…/ !еƒ3ль2=2/ =…=л,ƒ= "л, …,  …е-

0,000

0,001

0,002

0,003

0,004

0,005

0,006

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50
, 1/

(
.

)^
2*

c 
  

0

1

2

3

4

5

6

, ./

fS
1*

1W

1*
3W

,
2
·

p,“. 3. bе“%"/е ч=“2%2…/е -3…*ц,, , “Cе*2!=ль…=  Cл%2…%“2ь 

p,“. 4. b/.%д…/е Cе!еме……/е дл  !=ƒ%м*…32%L , ƒ=м*…32%L “,“2ем
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q!="…е…,  C%*=ƒ=2елеL л,…еL…% *"=д!=2,ч…%г% , !%K=“2…%г% !ег3л 2%!%"

m=,ме…%"=…,е C%*=ƒ=2ел 
p%K=“2…/L 
!ег3л 2%!

kjc 
  !ег3л 2%! [5]

d,=C=ƒ%… ,ƒме…е…,  д%ƒ,!%"%*
K,23м= u1,% 39,7 39,7

мел= u2,% 38,5 39,7

)=“2%2…/L д,=C=ƒ%… .--е*2,"…%L !=K%2/ “,“2ем/ 3C!="ле…, , cц [5] 0 # 0,085 0 # 0,078

q2=2,че“*,L *%.--,ц,е…2 Cе!ед=ч, 0,508 0,518

j%.--,ц,е…2 .--е*2,"…%“2,  k.-=s 

2
f  / s 

2
y 3,2 2,65

d,“Cе!“,  "%ƒм3?е…,  s 

2
f 2,56e-04 2,56e-04

d,“Cе!“,  "/.%д= s 

2
y 7,97e-05 9,65e-05

p,“. 5. )=“2%2…=  .=!=*2е!,“2,*= “,“2ем/

p,“. 6. `…=л,ƒ г!3K%“2, “,“2ем/ “ л,…еL…%-*"=д!=2,ч…/м г=3““%"/м , !%K=“2…/м !ег3л 2%!=м,
C!, ,ƒме…е…,, C=!=ме2!= T

0
0,2

0,4
0,6
0,8

1
1,2

1,4
1,6

0 1 2 3 4 5 6 7 8 9 10
T

`  
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1E+00
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, ./

11uyT

1 2y uT

100

10-2

10-4

10-6

10-8

10-10 

Частота,  кол./ΔT
, ,, , , , , , , , ,



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2011. 1 28

“2=K,ль…%“2, C%“2% ……%L "!еме…, …еC!е!/"…%г% 
“ме“,2ел .

b/"%д/. o!%"ед‘… “,…2еƒ !%K=“2…%г% !ег3л -
2%!= *%мC%ƒ,2…%г% *%.--,ц,е…2= C%2е!ь. ̀ …=л,ƒ 
-3…*ц,, “меш=……%L ч3"“2",2ель…%“2, C%*=ƒ=л, 
ч2% 3“л%",  !%K=“2…%“2, “,“2ем/ 3C!="ле…,  "/-
C%л… ю2“ .

p%K=“2…/L !ег3л 2%! %Kе“Cеч,"=е2 3“2%Lч,-
"3ю , .--е*2,"…3ю !=K%23 “,“2ем/ 3C!="ле…,  
C!, ƒ=д=……/. д,=C=ƒ%…=. ,ƒме…е…,  C=!=ме2!%" 
%KAе*2= 3C!="ле…, .

a,Kл,%г!=-,че“*,е ““/л*,

1. j=лю›…/L `.`., a,!ю*%" b.o. o%“2!%е…,е м=2е-
м=2,че“*%L м%дел, …еC!е!/"…%г% “ме“,2ел  K,23м…/. 
",K!%демC-,!3ю?,. м=2е!,=л%" // `"2%м=2,ƒ=ц,  , 
3C!="ле…,е " м=ш,…%- , C!,K%!%“2!%е…,,: “K. …=3ч. 
2!. q=!=2%": qcŠr, 2008. q. 92#95. 

2. j=лю›…/L `.`., a,!ю*%" b.o. o%“2!%е…,е м=-
2ем=2,че“*%L м%дел, ƒ=",“,м%“2, *%.--,ц,е…2= 
C%2е!ь K,23м…%г% ",K!%демC-,!3ю?ег% м=2е!,=л= %2 
ег% “%“2="= // `"2%м=2,ƒ=ц,  , 3C!="ле…,е " м=ш,…%- 

, C!,K%!%“2!%е…,,: “K. …=3ч. 2!. q=!=2%": qcŠr, 2008. 
q. 8#12.

3. j=лю›…/L `.`., a,!ю*%" b.o. p=““м%2!е…,е 2е.-
…%л%г,че“*%г% C!%це““= C!%,ƒ"%д“2"= K,23м…%г% ",K-
!%демC-,!3ю?ег% м=2е!,=л= *=* %KAе*2= 3C!="ле…,  
// `"2%м=2,ƒ=ц,  , 3C!="ле…,е " м=ш,…%- , C!,K%!%-
“2!%е…,,: “K. …=3ч. 2!. q=!=2%": qcŠr, 2008. q. 13#18.

4. j=лю›…/L `.`., a,!ю*%" b.o. b/K%! C=!=ме2-
!%" дл  3C!="ле…,  *=че“2"е……/м, C%*=ƒ=2ел м, ",-
K!%демC-,!3ю?,. м=2е!,=л%" // `"2%м=2,ƒ=ц,  , 3C-
!="ле…,е " м=ш,…%- , C!,K%!%“2!%е…,,: “K. …=3ч. 2!. 
q=!=2%": qcŠr, 2008. q. 86#91.

5. j=лю›…/L `.`., a,!ю*%" b.o. q,…2еƒ kjc !ег3-
л 2%!= *%мC%ƒ,2…%г% *%.--,ц,е…2= C%2е!ь K,23м…%г% 
",K!%демC-,!3ю?ег% м=2е!,=л= // bе“2…,* “=!=2%"-
“*%г% г%“3д=!“2"е……% 2е.…,че“*%г% 3…,"е!“,2е2=. 2009. 
12 (32). q. 78#86.

6. oе!ем3лье! b.l. o=*е2/ !=“ш,!е…,  Matlab. 
Control System Toolbox , Robust Control Toolbox. l.: 
q`knm-opeqq, 2008. 224 “.

7. lе2%д/ !%K=“2…%г%, …еL!%…еч‘2*%г% , =д=C2,"-
…%г% 3C!="ле…, : rчеK. / o%д !ед. m.d. eг3C%"=. hƒд. 
2-е, “2е!е%2,C…%е. l.: hƒд-"% lcŠr ,м. m.}. a=3м=-
…=, 2002. 744 “.

rdj 621.791.78

b.j. xемел,…, *=…д. 2е.…. …=3*, C!%-., `.b. ),!*%" (l%“*%"“*,L г%“3д=!“2"е……/L 
2е.…%л%г,че“*,L 3…,"е!“,2е2 &q2=…*,…[), b.j. q/“%е", д-! 2е.…. …=3* 

(tcro &mon ,м. q.`. k="%ч*,…=[, l%“*%"“*=  %Kл., г. u,м*,) 

supreme@nln.ru

hqqkednb`mhe pefhlnb k`gepmncn rop`bk“elncn Šeplnp`qj`k{b`mh“ 
njqhdm{u qŠejnk m` nqmnbe ophlememh“ hj-k`gep` m` o`p`u qŠpnm0h“ 

o!ед“2="ле…/ !еƒ3ль2=2/ ,““лед%"=…,  C!%це““=  л=ƒе!…%г% 3C!="л ем%г% 2е!м%!=“*=-
л/"=…,  .!3C*,. м=2е!,=л%" …= C!,ме!е %*“,д…/. “2е*%л “ C!,ме…е…,ем hj-л=ƒе!= …= 
C=!=. “2!%…ц, .

jлюче"/е “л%"=: ,““лед%"=…,е, !е›,м, .!3C*,е …еме2=лл,че“*,е м=2е!,=л/, л=ƒе!…%е 3C!="-
л ем%е 2е!м%!=“*=л/"=…,е, %*“,д…/е “2‘*л=, hj-л=ƒе! …= C=!=. “2!%…ц, .

Process research for controlled laser thermsplitting of the brittle materials is introduced as an 
example of oxide glasses based on the application of the infrared laser with strontium vapor. 

Key words: research, regimes, brittle nonmetallic materials, controlled laser thermsplitting, oxide 
glasses, infrared laser with strontium vapor.

q2=2ь  C%“" ?е…= ,““лед%"=…,ю C!%це““%" C!, 
%K!=K%2*е “2е*л= , д!3г,. .!3C*,. …еме2=лл,че-
“*,. м=2е!,=л%" …= %“…%"е C!,ме…е…,  …%"%г% 
ме2%д= л=ƒе!…%L !еƒ*,, 2=* …=ƒ/"=ем%г% ме2%д= 
л=ƒе!…%г% 3C!="л ем%г% 2е!м%!=“*=л/"=…, .

o%“*%ль*3 “3?е“2"3ю?,е 2!=д,ц,%……/е 2е.-
…%л%г,, %K!=K%2*, де2=леL , ,ƒдел,L %C2,че-
“*%г% C!,K%!%“2!%е…,  (" ч=“2…%“2, “2‘*%л) " 
! де “л3ч=е" д%“2,гл, C!едел%" “"%,. "%ƒм%›…%-
“2еL “ 2%ч*, ƒ!е…,  *=* C%"/ше…,  *=че“2"= , 

2%ч…%“2, %K!=K%2*,, 2=* , “еKе“2%,м%“2, "/C3“-
*=ем%L C!%д3*ц,,, 2% =*23=ль…%L  "л е2“  ƒ=д=-
ч= !=ƒ!=K%2*, , C!,ме…е…,  …%"/. ме2%д%" %K-
!=K%2*,. q3?е“2"3ю?,е “C%“%K/ %K!=K%2*, 
C!ец,ƒ,%……/. ,ƒдел,L %“…%"/"=ю2“  …= 3“2=-
!е"ш,. 2!=д,ц,%……/. %Cе!=ц, .: !еƒ*, 2"‘!д%-
“Cл="…/м ,л, =лм=ƒ…/м ,…“2!3ме…2%м, шл,-
-%"*, , д%"%д*, *!%м%* =лм=ƒ…%-=K!=ƒ,"…/м 
,…“2!3ме…2%м, = " ! де “л3ч=е" ме.=…,че“*%L 
,л, %г…е"%L C%л,!%"*,.
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m= .2%м -%…е л=ƒе!…%е 3C!="л ем%е 2е!м%!=“-
*=л/"=…,е “ег%д…  # .2% …=,K%лее .--е*2,"…/L 
ме2%д "/“%*%2%ч…%г% !=ƒделе…,  .!3C*,. …еме-
2=лл,че“*,. м=2е!,=л%", %2л,ч,2ель…=  %“%Kе…-
…%“2ь *%2%!%г% ƒ=*люч=е2“  " 2%м, ч2% !=ƒделе…,е 
м=2е!,=л= C!%,“.%д,2 …е ƒ= “ч‘2 ,“C=!е…,  м=2е-
!,=л= "д%ль л,…,, !еƒ=, = ƒ= “ч‘2 %K!=ƒ%"=…,  
!=ƒдел ю?еL 2!е?,…/ C%д деL“2",ем …=C! ›е-
…,L !=“2 ›е…, , "%ƒ…,*=ю?,. C!, C%"е!.…%“2-
…%м …=г!е"е м=2е!,=л= л=ƒе!…/м ,ƒл3че…,ем , 
C%“лед3ю?ем %.л=›де…,, ƒ%…/ …=г!е"= “ C%м%-
?ью .л=д=ге…2=.

j C!е,м3?е“2"=м .2%г% ме2%д= “лед3е2 %2…е“2, 
"/“%*3ю ч,“2%23 C!%це““=, %“…%"=……3ю …= Kеƒ%2-
.%д…%“2, C!%це““= !=ƒделе…,  м=2е!,=л%" ме2%-
д%м л=ƒе!…%г% 3C!="л ем%г% 2е!м%!=“*=л/"=…, , 
"/“%*3ю “*%!%“2ь !еƒ*, !=ƒл,ч…/. 2,C%" “2е*л=, 
д%“2,г=ю?3ю 1000 мм/“ , K%лее, "/“%*3ю 2%ч-
…%“2ь !еƒ*,, “%“2="л ю?3ю 5#10 м*м …= дл,…е 
500 мм, , ƒ…=ч,2ель…3ю .*%…%м,ч…%“2ь.

q3?…%“2ь ме2%д= л=ƒе!…%г% 3C!="л ем%г% 2е!-
м%!=“*=л/"=…, . o!, %Kл3че…,, C%"е!.…%“2, 
.!3C*%г% м=2е!,=л= л=ƒе!…/м ,ƒл3че…,ем “ дл,-
…%L "%л…/, дл  *%2%!%г% м=2е!,=л  "л е2“  …е-
C!%ƒ!=ч…/м, ч=“2ь .…е!г,, %2!=›=е2“  %2 г!=…,-
ц/ &"%ƒд3.#м=2е!,=л[, = %“2=ль…=  ч=“2ь C%гл%-
?=е2“  , "/дел е2“  " ",де 2еCл%"%L .…е!г,, " 
C!,C%"е!.…%“2…%м “л%е м=2е!,=л= [1].

o!, %Kл3че…,, C%"е!.…%“2, …еC!%ƒ!=ч…%г% 
.!3C*%г% м=2е!,=л= л=ƒе!…/м ,ƒл3че…,ем "% 
"…еш…,. ег% “л% . "%ƒ…,*=ю2 ƒ…=ч,2ель…/е …=-
C! ›е…,  “›=2, , *%2%!/е, %д…=*%, * !=ƒ!3ше-
…,ю …е C!,"%д 2. o!, "/.%де …=г!е2%г% 3ч=“2-
*= ,ƒ ƒ%…/ "%ƒдеL“2",  л=ƒе!…%г% ,ƒл3че…,  
…=ч,…=е2“  %.л=›де…,е C%"е!.…%“2…/. “л%‘" 
м=2е!,=л=. o!, C%д=че .л=д=ге…2= "“лед ƒ= л=-
ƒе!…/м C3ч*%м C!%,“.%д,2 !еƒ*%е л%*=ль…%е 
%.л=›де…,е C%"е!.…%“2, м=2е!,=л= C% л,…,, 

!еƒ=. q%ƒд="=ем/L г!=д,е…2 2емCе!=23! %K3-
“л%"л,"=е2 "%ƒ…,*…%"е…,е " C%"е!.…%“2…/. 
“л% . м=2е!,=л= …=C! ›е…,L !=“2 ›е…, , C!е-
"/ш=ю?,. C!едел C!%ч…%“2, м=2е!,=л=, *%2%-
!/е C!,"%д 2 * %K!=ƒ%"=…,ю м,*!%2!е?,…/, 
C!%…,*=ю?еL " гл3Kь м=2е!,=л= д% "…32!е……,. 
C!%г!е2/. “л%е", ,“C/2/"=ю?,. …=C! ›е…,  
“›=2, . Š=*,м %K!=ƒ%м, " м=2е!,=ле …= г!=…,це 
ƒ%… …=г!е"= , %.л=›де…, , 2. е. " ме“2е м=*“,-
м=ль…%г% г!=д,е…2= 2емCе!=23! &…=г!е"#%.л=›-
де…,е[, %K!=ƒ3е2“  м,*!%2!е?,…=, гл3K,…= *%-
2%!%L %C!едел е2“  !=“C!еделе…,ем 2е!м%3C!3-
г,. …=C! ›е…,L, ƒ=",“ ?,м %2 ! д= -=*2%!%". 
q.ем= %K!=ƒ%"=…,  м,*!%2!е?,…/ C!, л=ƒе!-
…%м 3C!="л ем%м 2е!м%!=“*=л/"=…,, C!,"еде-
…= …= !,“. 1 , 2. 

n“…%"…/е -=*2%!/, "л, ю?,е …= !е›,м/ л=-
ƒе!…%г% 3C!="л ем%г% 2е!м%!=“*=л/"=…,  л,“2%-
"%г% “2е*л=. j ч,“л3 -=*2%!%", ,мею?,. Cе!-
"%“2еCе……%е ƒ…=че…,е дл  C!%це““= л=ƒе!…%г% 
3C!="л ем%г% 2е!м%!=“*=л/"=…, , “лед3е2 %2-
…е“2,:

C=!=ме2!/ л=ƒе!…%г% C3ч*= (Cл%2…%“2ь м%?…%-
“2, л=ƒе!…%г% ,ƒл3че…, , !=ƒме!/ , -%!м3 л=ƒе!-
…%г% C3ч*= …= C%"е!.…%“2, !=ƒдел ем%г% м=2е-
!,=л=);

“*%!%“2ь %2…%“,2ель…%г% Cе!еме?е…,  л=ƒе!-
…%г% C3ч*= , м=2е!,=л=;

2еCл%-,ƒ,че“*,е “"%L“2"=, *%л,че“2"% , 3“л%-
",  C%д=ч, .л=д=ге…2= " ƒ%…3 …=г!е"=;

2еCл%-,ƒ,че“*,е , ме.=…,че“*,е “"%L“2"= !=ƒ-
дел ем%г% м=2е!,=л=, ег% 2%л?,…3 , “%“2% …,е 
C%"е!.…%“2,.

h““лед%"=…,  !е›,м%" 2е!м%!=“*=л/"=…, . m= 
!,“. 3 C%*=ƒ=…= д,=г!=мм= C% !еƒ3ль2=2=м ,““ле-
д%"=…,  , %C!еделе…,  “Cе*2!%" C%гл%?е…,  %*-
“,д…/. “2е*%л , ,ƒл3че…,  л=ƒе!%" дл  2е!м%!=“-
*=л/"=…, .

p,“. 1. q.ем= …=г!е"= C%"е!.…%“2, м=2е!,=л= л=ƒе!…/м .лл,C2,че“*,м C3ч*%м , %.л=›де…,  ƒ%…/ …=г!е"= 
“ C%м%?ью .л=д=ге…2=

,
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o!, д=……%м ме2%де %K!=K%2*, %K/ч…% ,“C%ль-
ƒ3ю2 ,ƒл3че…,е qn2- ,л, Nd-л=ƒе!%". b Cе!"%м 
“л3ч=е ,ƒл3че…,е “ дл,…%L "%л…/ 10,6 м*м C%гл%-
?=е2“  " %*“,д…/. “2‘*л=. …= гл3K,…3 …е K%лее 
50#100 м*м, ч2% “%ƒд=‘2 C%"е!.…%“2…3ю м,*!%-
2!е?,…3, дл,…= *%2%!%L %K/ч…% …е C!е"/ш=е2 
5#100 м*м [2]. q*%!%“2ь !=ƒ",2,  м,*!%2!е?,…/ 
м%›е2 д%“2,г=2ь 1000 мм/“. dл  “*"%ƒ…%г% !=ƒделе-
…,  “2е*л ……/. ,ƒдел,L C!,ме… е2“  д%C%л…,-
2ель…=  %Cе!=ц, , ч=?е "“ег% ме.=…,че“*,L ,ƒл%м.

l=*“,м=ль…=  2%л?,…= !=ƒдел ем%г% “ C%м%-
?ью qn2-л=ƒе!= м=2е!,=л=, *=* C!=",л%, …е C!е-
"/ш=е2 5 мм (“*"%ƒ…%е 2е!м%!=“*=л/"=…,е “2е*-
л= "%ƒм%›…% , C!, C%"2%!…%м "%ƒдеL“2",, …= 
“%ƒд=……3ю м,*!%2!е?,…3 !=“-%*3“,!%"=……%г% 

,ƒл3че…,  qn2-л=ƒе!=, …% “*%!%“2ь 2=*%г% C!%-
це““= K3де2 м=л=).

b “л3ч=е ,“C%льƒ%"=…,  Nd-л=ƒе!= “ дл,…%L 
"%л…/ 1,06 м*м C%"е!.…%“2…/L …=г!е" C%д деL“2-
",ем л=ƒе!…%г% ,ƒл3че…,  “%че2=е2“  “ %.л=›де-
…,ем ƒ%…/ …=г!е"= .л=д=ге…2%м, ч2% %Kе“Cеч,"=е2 
"/“%*3ю “*%!%“2ь 2е!м%!=“*=л/"=…,  ƒ= “ч‘2 
“%ƒд=…,  %KA‘м…%L (“*"%ƒ…%L) м,*!%2!е?,…/.

n*“,д…/е “2‘*л= " %Kл=“2, ,ƒл3че…,  Nd-
л=ƒе!= ,мею2 …,ƒ*%е C%гл%?е…,е, %д…=*% C!, 
"/“%*%L м%?…%“2, л=ƒе!= (>>100 b2, д% 800 b2) 
.2%г% д%“2=2%ч…% дл  “%ƒд=…,  2е!м%…=C! -
›е…,L, C!,"%д ?,. * %K!=ƒ%"=…,ю “*"%ƒ…%L 
м,*!%2!е?,…/, !=ƒдел ю?еL “2е*л ……/е ,ƒ-
дел,  [3].

p,“. 2. p=“C!еделе…,е …=C! ›е…,L “›=2,  σ“ , !=“2 ›е…,  σ! , %K!=ƒ%"=…,е м,*!%2!е?,…/ 
C!, л=ƒе!…%м 3C!="л ем%м 2е!м%!=“*=л/"=…,,

p,“. 3. qCе*2!/ C%гл%?е…,  %*“,д…/. “2е*%л β , ,ƒл3че…,е л=ƒе!%" λ дл  2е!м%!=“*=л/"=…, 
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n“%Kе……%“2ью д=……%г% “C%“%K= 3C!="л ем%г% 
л=ƒе!…%г% 2е!м%!=“*=л/"=…,   "л е2“  "%ƒм%›-
…%“2ь “*"%ƒ…%г% !=ƒделе…,  “2‘*%л K%льш%L (д% 
~30 мм) 2%л?,…/, .%2  “*%!%“2ь %K!=K%2*, C!, 
.2%м …е"ел,*= , …е C!е"/ш=е2 100 мм/“. b 2% 
›е "!ем  "/“%*%ч,“2/е “2‘*л=, " *%2%!/. C%гл%-
?е…,е ,ƒл3че…,  Nd-л=ƒе!= “%“2="л е2 ме…ее 
0,1#1 %, …е C%дд=ю2“  2е!м%!=“*=л/"=…,ю “ C%-
м%?ью Nd-л=ƒе!=.

n“…%"…%L %Kл=“2ью C!,ме…е…,  2е.…%л%г,, 
3C!="л ем%г% л=ƒе!…%г% 2е!м%!=“*=л/"=…,   "-
л е2“  !=ƒме!…=  %K!=K%2*= “2е*л= дл  д,“Cлее", 
" *%2%!/. 2!еK3е2“  “*"%ƒ…%е !=ƒделе…,е “2‘*%л 
2%л?,…%L ~0,6#0,8 мм “ 2%ч…%“2ью 5#20 м*м, “% 
“*%!%“2ью д% 500 мм/“ [4]

o%л3ч,2ь 2=*,е C=!=ме2!/ C!%це““= “ C%м%-
?ью qn2- ,л, Nd-л=ƒе!%" …е"%ƒм%›…%, ч2% де-
л=е2 =*23=ль…/м C%,“* …%"/. л=ƒе!…/. ,“2%ч…,-
*%" ,ƒл3че…,  дл  2е!м%!=“*=л/"=…,  “2‘*%л. 
o!ед"=!,2ель…/L =…=л,ƒ C%*=ƒ=л, ч2% %C2,м=ль-
…/м ,“2%ч…,*%м  "л е2“  л=ƒе! “% “Cе*2!%м ,ƒ-
л3че…,  " %Kл=“2, C%л3C!%ƒ!=ч…%“2, “2е*%л (2#7 
м*м), м%?…%“2ь ,ƒл3че…,  *%2%!%г% д%л›…= K/2ь 
…е ме…ее 20#100 b2 (“м. !,“. 3).

q3?е“2"3е2 …е“*%ль*% л=ƒе!%", !=K%2=ю?,. " 
.2%L %Kл=“2, “Cе*2!=: 2"‘!д%2ель…/L ,ƒл3ч=2ель 
εr (λ=2,94 м*м), ,мC3ль“…%-Cе!,%д,че“*,L ,ƒл3-
ч=2ель …= C=!=. Sr (λ = 1; 3; 6,4 м*м) , …еC!е!/"-
…/L г=ƒ%"/L ,ƒл3ч=2ель qn (λ = 5,1#6,2 м*м) [5].

Š"‘!д%2ель…/L ,мC3ль“…%-Cе!,%д,че“*,L л=-
ƒе! εr ,мее2 м=л3ю м%?…%“2ь (<5 b2) , C%.2%м3 
м=л%C!,г%де… дл  д=……%L 2е.…%л%г,,. mеC!е!/"-
…/L г=ƒ%"/L qn-л=ƒе! м%?…%“2ью 10#15 b2 "/-
C3“*=е2“  %2ече“2"е……%L C!%м/шле……%“2ью 
(tcro mon &h“2%*[), %д…=*% 2=*%L 3!%"е…ь 
м%?…%“2, 2=*›е …ед%“2=2%че… дл  3“Cеш…%г% 
2е!м%!=“*=л/"=…, .

k=ƒе! …= C=!=. “2!%…ц,   "л е2“  3…,*=ль…/м 
,“2%ч…,*%м ,ƒл3че…, , %д…%"!еме……% ге…е!,-
!3ю?,м ,ƒл3че…,е “ дл,…=м, "%л… 1, 3 , 6,4 м*м, 
C!, .2%м K%льш=  ч=“2ь м%?…%“2, "/дел е2“  " 
%Kл=“2, 6,4 м*м [6].

o!ед"=!,2ель…/е .*“Cе!,ме…2/, C!%"ед‘……/е 
" Š%м“*%м 3…,"е!“,2е2е …= 3“2=…%"*е “ л=ƒе!%м 
…= C=!=. “2!%…ц,  м%?…%“2ью K%лее 20 b2, C%*=-
ƒ=л, Cе!“Cе*2,"…%“2ь ,“C%льƒ%"=…,  ,ƒл3ч=2е-
леL, !=K%2=ю?,. " %Kл=“2, 4#7 м*м, дл  2е!м%-
!=“*=л/"=…,  “2‘*%л [7].

0елью д=……%L !=K%2/  "л л%“ь “!="…,2ель…%е 
,ƒ3че…,е C=!=ме2!%" C!%це““= 2е!м%!=“*=л/"=-
…,  “2‘*%л C!, ,“C%льƒ%"=…,, ,ƒл3че…,  qn2-, 
Nd- , Sr-л=ƒе!%".

j=* %2меч=л%“ь !=…ее, C!, л=ƒе!…%м 3C!="л е-
м%м 2е!м%!=“*=л/"=…,, м%…%*!,“2=лл%", 3 *%-
2%!/.  !*% "/!=›е…= =…,ƒ%2!%C,  2еCл%-,ƒ,че-
“*,. , ме.=…,че“*,. “"%L“2", …е%K.%д,м% 3ч,2/-
"=2ь ,ƒме…е…,е 2е.…%л%г,че“*,. C=!=ме2!%" " 
ƒ=",“,м%“2, %2 …=C!="ле…,  !еƒ*,. 

j!%ме 2%г%, C!,…ц,C,=ль…/м %2л,ч,ем " C!%-
це““е !еƒ*, 3*=ƒ=……/. =…,ƒ%2!%C…/. м=2е!,=л%" 
ме2%д%м л=ƒе!…%г% 3C!="л ем%г% 2е!м%!=“*=л/-
"=…,  C% “!="…е…,ю “% “2е*л%м  "л е2“  “3?е“2-
"е……%е %2л,ч,е ,. 2еCл%-,ƒ,че“*,. “"%L“2" ,, " 
Cе!"3ю %че!едь, *%.--,ц,е…2%" 2еCл%C!%"%д…%-
“2,, ч2% …=*л=д/"=е2 “%"е!ше……% ,…/е ›‘“2*,е 
%г!=…,че…,  …= C=!=ме2!/ л=ƒе!…%г% C3ч*= , 
2е.…%л%г,че“*,е !е›,м/ C!%це““=.

lе2%д,*= .*“Cе!,ме…2= C% ,““лед%"=…,ю !е›,-
м%" л=ƒе!…%г% 3C!="л ем%г% 2е!м%!=“*=л/"=…,  
(krŠ). h““лед%"=…,  !е›,м%" 2е!м%!=“*=л/"=-
…,  C!%"%д,л,“ь …= …е“*%ль*,. 3“2=…%"*=. “ !=ƒ-
л,ч…/м 2,C%м л=ƒе!…%г% ,ƒл3ч=2ел  (!,“. 4).

n“…%"…/м, .леме…2=м, 3“2=…%"*,  "л ю2“  
qn2-, Nd- , Sr-л=ƒе!/, д"3.*%%!д,…=2…/е д",г=-
2ел, …= "%ƒд3ш…%L C%д"е“*е , “е!",“…/е “,“2е-
м/. }*“Cе!,ме…2/ C!%"%д,л,“ь …= “2‘*л=. %д…%L 
м=!*, 2%л?,…%L t ≈ 0,7 мм. o%“ле !=“*=л/"=…,  
=…=л,ƒ,!%"=л%“ь *=че“2"% C%"е!.…%“2, “*%л= 
“2е*л=, …=л,ч,е м,*!%…е%д…%!%д…%“2еL , C!%ч-
…%“2ь.

pеƒ3ль2=2/ .*“Cе!,ме…2=. Šе!м%!=“*=л/"=…,е 
“2е*л= C!%,“.%д,2 " !еƒ3ль2=2е !=“C!%“2!=…е…,  
м,*!%2!е?,…/, %K!=ƒ3ю?еL“  C%д деL“2",ем 
л%*=ль…/. 2е!м%…=C! ›е…,L.

bел,ч,…= 2е!м%…=C! ›е…,L ƒ=",“,2 " Cе!"3ю 
%че!едь %2 гл3K,…/ C%гл%?е…,  л=ƒе!…%г% ,ƒл3-
че…, . dл  qn2-л=ƒе!= (λ = 10,6 м*м) C%гл%?е-
…,е …%“,2 C%"е!.…%“2…/L .=!=*2е! , C!%,“.%д,2 
…= гл3K,…е ~100 м*м; дл  Nd-л=ƒе!= (λ = 1,06 м*м) 
C%гл%?е…,е C!%,“.%д,2, *=* C!=",л%, C% "“еL 
2%л?,…е “2е*л=, 2. е.  "л е2“  %KA‘м…/м; дл  qn-
л=ƒе!= (λ = 5,1#6,2 м*м) C%гл%?е…,е ,ƒл3че…,  
C!%,“.%д,2 …= гл3K,…е ~300#400 м*м, , %Kл=“2ь, 
" *%2%!%L “%ƒд=ю2“  2е!м%…=C! ›е…, , ,мее2 
-%!м3 *л,…=, ч2% C%ƒ"%л е2 !=“*=л/"=2ь “2‘*л=, 
2%л?,…= *%2%!/. K%льше гл3K,…/ “л%  C%гл%?е-
…,  л=ƒе!…%г% ,ƒл3че…, .

b “л3ч=е Sr-л=ƒе!= %Kл=“2ь C%гл%?е…,  л=ƒе!-
…%г% ,ƒл3че…,  ,мее2 …=,K%лее %C2,м=ль…3ю 
-%!м3 гл3K%*%г% *л,…=, ч2% C%ƒ"%л е2 !=“*=л/-
"=2ь “2‘*л= K%льш%L 2%л?,…/ “ "/“%*,м *=че“2-
"%м *!=  , %Kе“Cеч,"=е2 "/“%*3ю “*%!%“2ь C!%-
це““=.

Šе!м%ме.=…,че“*,е !=“ч‘2/ !=“C!еделе…,  
C%леL !=“2 г,"=ю?,. …=C! ›е…,L, Cе!Cе…д,*3-
л !…/. Cл%“*%“2, !=ƒделе…,  %K!=ƒц%", C!%"е-
д‘……/е дл  qn2- , Sr-л=ƒе!%", C%*=ƒ=л,, ч2% гл3-
K,…= δ !=“C!%“2!=…е…,  2!е?,…/ %C!едел е2“  
C!%“2!=…“2"е……/м !=“C!еделе…,ем " %KA‘ме м=-
2е!,=л= м=*“,м=ль…/. “›,м=ю?,. …=C! ›е…,L, 
C!еC 2“2"3ю?,. !=ƒ",2,ю м,*!%2!е?,…/. dл  
“л3ч=  …=г!е"= Sr-л=ƒе!%м  δ = 600 м*м, = дл  qn2-
л=ƒе!= # 200 м*м, 2. е. C%л  2е!м%3C!3г,. …=C! -
›е…,L “›=2,  C!, …=г!е"е Sr-л=ƒе!%м “C%“%K“2-
"3ю2 K%лее гл3K%*%м3 !=“C!%“2!=…е…,ю м,*!%-
2!е?,…/, чем C!, ,“C%льƒ%"=…,, qn2-л=ƒе!=.
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p,“. 5. c,“2%г!=мм/ C!%ч…%“2, , ге%ме2!,че“*%L %д…%!%д…%“2, C%"е!.…%“2, “*%л%" “2‘*%л, 
C%л3че……/. 2е!м%!=“*=л/"=…,ем “2е*л= 2%л?,…%L 1 мм ,ƒл3че…,ем qn2- , Sr-л=ƒе!=м,

p,“. 4. pе›,м/ л=ƒе!…%г% 3C!="л ем%г% 2е!м%!=“*=л/"=…, 
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Š=*›е K/л% 3“2=…%"ле…%, ч2% C!, %д,…=*%"%L 
м%?…%“2, л=ƒе!…%г% ,ƒл3че…,  , *%…-,г3!=ц,, 
C3ч*= м=*“,м=ль…=  2емCе!=23!= " “л3ч=е Sr-л=ƒе-
!= K3де2 …= ~ 

30 % ме…ьше, чем C!, %Kл3че…,, 
qn2-л=ƒе!%м, C!, .2%м "ел,ч,…= !=“2 г,"=ю?,. 
…=C! ›е…,L " %K%,. “л3ч= . C!=*2,че“*, %д,-
…=*%"=.

n2“юд= “лед3е2, ч2% дл  3"ел,че…,  !=“2 г,-
"=ю?,. …=C! ›е…,L, -%!м,!3ем/. " ƒ%…е C%д=-
ч, %.л=д,2ел , д%“2=2%ч…% C%"/“,2ь м%?…%“2ь 
,ƒл3че…,  Sr-л=ƒе!=. }2% " “"%ю %че!едь C%"/“,2 
"е!% 2…%“2ь "%ƒ…,*…%"е…,  м,*!%2!е?,…/ , 
%Kе“Cеч,2 K%лее "/“%*3ю 3“2%Lч,"%“2ь C!%це““=. 
p=“ч‘2/ C%*=ƒ=л,, ч2% " !е›,ме “*"%ƒ…%г% 2е!-
м%!=“*=л/"=…,  ,л, л=ƒе!…%г% д%*=л/"=…,  ,“-
C%льƒ%"=…,е %KA‘м…%г% …=г!е"= м%›е2 3ме…ьш,2ь 
"л, …,е *!=е"/. .--е*2%", 2=* *=* "ел,ч,…= 
!=“2 г,"=ю?,. …=C! ›е…,L Cе!ед л=ƒе!…/м C3ч-
*%м дл  Sr-л=ƒе!= ме…ьше, чем дл  qn2-л=ƒе!=.

b !еƒ3ль2=2е …е*%…2!%л,!3ем%е д",›е…,е 2!е-
?,…/ C!, C%д.%де * г!=…,це ,ƒдел,  …=ч,…=е2“  
C%ƒ›е, ч2% “…,›=е2 %K!=ƒ%"=…,е *!=е"/. де-е*-
2%". }*“Cе!,ме…2=ль…/е !=K%2/, C!%"ед‘……/е …= 
л=ƒе!…%L 3“2=…%"*е “ C!,ме…е…,ем qn2- , Sr-л=-
ƒе!%", C%д2"е!д,л, !еƒ3ль2=2/ %це…%ч…/. !=“ч‘-
2%" C%"еде…,  м,*!%2!е?,…/ C!, 3C!="л ем%м 
2е!м%!=“*=л/"=…,,. c,“2%г!=мм= C!%ч…%“2, , 
ге%ме2!,че“*%L %д…%!%д…%“2, C%"е!.…%“2, “*%-
л%" “2‘*%л, C%л3че……/. 2е!м%!=“*=л/"=…,ем 
“2е*л= 2%л?,…%L 1 мм ,ƒл3че…,ем qn2- , Sr-л=-
ƒе!%" C%*=ƒ/"=е2, ч2% *=че“2"% “*%л%" “2е*л= C%-
"/ш=е2“  C!, ,“C%льƒ%"=…,, Sr-л=ƒе!= (!,“. 5). 

hƒ д=……/. “!="…,2ель…/. ме.=…,че“*,. ,“C/-
2=…,L “2е*л ……/. %K!=ƒц%" ",д…%, ч2% K%лее "/-
“%*3ю ме.=…,че“*3ю C!%ч…%“2ь ,мею2 ,ƒдел, , 
C%л3че……/е “ C%м%?ью ,ƒл3че…,  Sr-л=ƒе!=.

b/"%д/. o%*=ƒ=…%, ч2% ,“C%льƒ%"=…,е Sr-л=ƒе-
!= C!, 3C!="л ем%м 2е!м%!=“*=л/"=…,, “2е*-
л=, C!, "е“ьм= м=л%L м%?…%“2, л=ƒе!= (20 b2) 
%Kе“Cеч,"=е2 г%!=ƒд% K%лее "/“%*3ю “*%!%“2ь 
“*"%ƒ…%г% 2е!м%!=“*=л/"=…,  “2е*л= 2%л?,…%L 
~ 

0,7#1 мм, чем C!, C!,ме…е…,, qn2- , Nd-
л=ƒе!%". q*%л/ “2е*л= ,мею2 м,…,м=ль…%е *%-
л,че“2"% м,*!%…е%д…%!%д…%“2еL , K%лее "/“%-
*3ю C!%ч…%“2ь, чем C!, ,“C%льƒ%"=…,, qn2-л=-
ƒе!=.

a,Kл,%г!=-,че“*,е ““/л*,

1. l=ч3л*= c.`. k=ƒе!…=  %K!=K%2*= “2е*л=. l.: q%-
"е2“*%е !=д,%, 1979, 136 “.

2. nC2,че“*,е м=2е!,=л/ дл  hj-2е.…,*,. e.l. b%-
!%…*%"=, a.m. c!еч3ш…,*%"=, c.h. d,“2ле!, h.o. oе2-
!%". l.: m=3*=, 1965, 335 “.

3. rC!="л ем%е “"е2%л=ƒе!…%е 2е!м%!=“*=л/"=…,е 
“2‘*%л / b.j. q/“%е", ~.m. a3л*,…, b.q. )=д,…, `.b. 
g=.=!че…*%, o.`. b 2ле", j.k. kеƒ",…“*,L // o,“ьм= " 
fŠt. 2007. Š.33. 1 1. q. 54#59.

4. p=ƒ!=K%2*= 2е.…%л%г,, л=ƒе!…%г% 3C!="л ем%г% 
2е!м%!=“*=л/"=…,  Cл%“*,. д,“CлеL…/. C=…елеL / 
b.q. j%…д!=2е…*%, b.e. a%!,“%"“*,L, o.d. c,…д,…, 
`.q. m=3м%", d›3… k, qе* // o!,K%!/ , ="2%м=2,ƒ=-
ц, . 2005. 1 4. q. 41#49.

5. q%лд=2%" `.m., q%л%м%…%" b.h. c=ƒ%!=ƒ! д…/е 
л=ƒе!/ …= “=м%%г!=…,че……/. Cе!е.%д=. " C=!=. ме2=л-
л%". m%"%“,K,!“*: m=3*=, 1985, 150 “.

6. r"ел,че…,е .--е*2,"…%“2, 3C!="л ем%г% л=ƒе!-
…%г% 2е!м%!=“*=л/"=…,  д,.ле*2!,че“*,. м=2е-
!,=л%" / b.j. q/“%е", a.o. o=Cче…*%, ̀ .b. g=.=!че…*%, 
o.`. b 2ле" // nC2,че“*,L ›3!…=л. 2004. Š. 71. 1 2. 
q. 41#45.

7. q%л,…%" b., q,!%2= `., )=д,… b. k=ƒе!…=  !еƒ*= 
“2е*л= // q2!%,2ель…/е м=2е!,=л/, %K%!3д%"=…,е, 2е.-
…%л%г,, XXI "е*=. 2004. 1 5. q. 50#52.
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leŠnd{ onb{xemh“ Šn)mnqŠh `bŠnmnlm{u m`bhc`0hnmm{u qhqŠel 

p=““м%2!е…/ =лг%!,2м,че“*,е ме2%д/ C%"/ше…,  2%ч…%“2, ,…е!ц,=ль…/. …=",г=ц,%…-
…/. “,“2ем, -3…*ц,%…,!3ю?,. " ="2%…%м…%м !е›,ме. p=ƒ!=K%2=… ме2%д *%!!е*ц,, ="2%-
…%м…/. …=",г=ц,%……/. “,“2ем …= %“…%"е %!,г,…=ль…%г% “C%“%K= -%!м,!%"=…,  ,ƒме!,2ель-
…%г% “,г…=л= “ ,“C%льƒ%"=…,ем ,…-%!м=ц,, “ д=2ч,*%" 3гл%" C!еце““,,, …ел,…еL…%г% -,ль2-
!= j=лм=…= , ме2%д= “=м%%!г=…,ƒ=ц,,.

jлюче"/е “л%"=: ="2%…%м…=  ,…е!ц,=ль…=  …=",г=ц,%……=  “,“2ем=, *%!!е*ц, , C!еце““, , 
-,ль2! j=лм=…=, “=м%%!г=…,ƒ=ц, .

Accuracy increase algorithmic methods of the inertial navigation system functioning in the 
autonomous regime are considered. Correction method for autonomous navigation systems is devised 
based on the original formation method of the measuring signal with information application from 
angles precession sensors, CalmanTs non-linear filter and self-organization method.

Key words: autonomous inertial navigation system, correction, precession  inertial, CalmanTs filter 
self-organization.

lе2%д/ *%мCе…“=ц,, C%г!еш…%“2еL ="2%…%м…/. 
,…е!ц,=ль…/. …=",г=ц,%……/. “,“2ем. b .*“Cл3=-
2=ц,%……/. 3“л%", . ле2=2ель…/L =CC=!=2 (k`), 
…= *%2%!%м 3“2=…%"ле…= ,…е!ц,=ль…=  …=",г=-
ц,%……=  “,“2ем= (hmq), “%"е!ш=е2 д",›е…,  
"%*!3г це…2!= м=““, ч2% C!,"%д,2 * "%ƒм3?=ю-
?,м м%ме…2=м "%*!3г %“еL C%д"е“= г,!%“2=K,л,-
ƒ,!%"=……%L Cл=2-%!м/ (cqo) hmq.

m=,K%лее %C=“…/м,  "л ю2“  Cе!,%д,че“*,е 
,л, ƒ…=*%Cе!еме……/е "%ƒм3?=ю?,е м%ме…2/. 
}2% “" ƒ=…% “ 2ем, ч2% " 3“л%", . ƒ…=*%Cе!еме…-
…/. "%ƒм3?е…,L cqo "%*!3г %“еL C!еце““,, 
&де2е*2,!3ю2“ [ “,“2ем=2,че“*,е “%“2="л ю?,е 
"%ƒм3?=ю?,. г,!%“*%C,че“*,. м%ме…2%", C!,-
"%д ?,е * “,“2ем=2,че“*%м3 д!еL-3 cqo. 

b%ƒм3?=ю?,L г,!%“*%C,че“*,L м%ме…2 "%-
*!3г %“, C!еце““,, г,!%“*%C= "%ƒ…,*=е2 C!, 
"%ƒм3?е…, . cqo , %C,“/"=е2“  …ел,…еL…%L 
-3…*ц,еL, “%де!›=?еL C!%,ƒ"еде…,  3гл%"%L 
“*%!%“2, *%леK=…,L cqo "%*!3г %“, “2=K,л,ƒ=-
ц,, , 3гл= C!еце““,, “%%2"е2“2"3ю?ег% г,!%-
“*%C=.

hƒ"е“2е… ме2%д *%мCе…“=ц,,, %“…%"=……/L …= 
C!,Kл,›‘……%м -%!м,!%"=…,, 3гл%"/. “*%!%“2еL 
cqo "%*!3г %“еL “2=K,л,ƒ=ц,, *=* -3…*ц,, 
“%%2"е2“2"3ю?,. 3гл%" C!еце““,, [1].

lе2%д *%мCе…“=ц,, …ел,…еL…/. г,!%“*%C,че-
“*,. м%ме…2%" C%ƒ"%л е2 3"ел,ч,2ь 2%ч…%“2ь !=-
K%2/ hmq , ,…е!ц,=ль…/. “,“2ем 3C!="ле…, .

d",›е…,е cqo, C%“2!%е……%L …= K=ƒе 2!‘. д"3.-
“2еCе……/. г,!%“*%C%" “ ,…2ег!=ль…%L *%!!е*-
ц,еL , …=“2!%е……%L …= Cе!,%д x3ле!=, м%›е2 
K/2ь C!ед“2="ле…% “лед3ю?еL “,“2ем%L д,…=м,-
че“*,. 3!="…е…,L [1, 2]: 

1
1 1( ) [ ( ) ( )]x x xJ D H L k W s s M−α + α − δ + μ − δ =��� � � ;

1
1 1( ) [ ( ) ( )]y y yJ D H L k W s s M−β + β − λ + μ − λ =�� � � � ;

1
1 1( ) [ ( ) ( )]z z zJ D H L k W s s M−μ + μ − ϑ + μ − ϑ =��� � � ;

Г ( ) y
y

v
J h H k g H H

R
υδ + δ − α + + α = − βδ∫�� � �� � ; (1)

Г ( ) x
x

v
J h H k g H

R
υλ + λ − β + + β = − −∫�� � � �

H Mλ− αλ +� ; 

ГJ h H H Mϑ ϑϑ + ϑ + μ = β +��� � � ,

где xyz # %!2%г%…=ль…=  “,“2ем= *%%!д,…=2, ›‘“2*% 
“" ƒ=……=  “ cqo; α, β, μ − 3гл%"/е *%%!д,…=2/ %!,-
е…2=ц,, cqo %2…%“,2ель…% “%C!%"%›д=ю?ег% 2!‘.-
г!=……,*= ξης (3гл/ “2=K,л,ƒ=ц,,); δ, λ, υ − 3гл/ C!е-



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2011. 1 2 15

це““,, г,!%“*%C%"; H − “%K“2"е……/L *,…е2,че“*,L 
м%ме…2 г,!%“*%C= ("“е 2!, г,!%“*%C= %д,…=*%"/е); 
J., J3, Jz − м%ме…2/ ,…е!ц,, cqo %2…%“,2ель…% %“еL 
“2=K,л,ƒ=ц,,; Jc # м%ме…2 ,…е!ц,, г,!%“*%C= %2-
…%“,2ель…% %“, C!еце““,,; D., D3, Dz # 3дель…/е 
м%ме…2/ “,л “*%!%“2…%г% (" ƒ*%г%) 2!е…, , C!,"е-
д‘……/е * %“ м “2=K,л,ƒ=ц,, cqo; h − 3дель…/L м%-
ме…2 “,л “*%!%“2…%г% 2!е…,  "%*!3г %“, C!еце““,, 
г,!%“*%C=; k1 # “2=2,че“*,L *%.--,ц,е…2 3“,ле…,  
" *=…=ле “2=K,л,ƒ=ц,, (!=ƒг!3ƒ*,); l., l3, lz  # 
м%ме…2/ "…еш…,. , ,…е!ц,%……/. “,л, …е3ч2‘……/. 
" ле"/. ч=“2 . Cе!"/. 2!‘. 3!="…е…,L; g # 3“*%!е-
…,е “,л/ 2 ›е“2,; R − !=д,3“ gемл,; v., v3 # C!%е*-
ц,, =K“%лю2…%L г%!,ƒ%…2=ль…%L “*%!%“2, %KAе*2= 
…= %“, cqo; lδ, lλ, lυ − "%ƒм3?=ю?,е м%ме…2/, 
"*люч=ю?,е ,…е!ц,%……/е м%ме…2/, …е3ч2‘……/е " 
ле"/. ч=“2 . "2%!/. 2!‘. 3!="…е…,L; k = H/R − *%-
.--,ц,е…2 ,…2ег!=ль…%L *%!!е*ц,,; W1(s) − Cе!е-
д=2%ч…=  -3…*ц,  *=…=л= !=ƒг!3ƒ*,, *%2%!=  C%л=-
г=е2“  %д,…=*%"%L дл  "“е. 2!‘. *=…=л%"; L#1 # %Cе-
!=2%! %K!=2…%г% C!е%K!=ƒ%"=…,  k=Cл=“=.

q,“2ем= …=“2!=,"=е2“  …= Cе!,%д x3ле!= 

( 0
g
R

ω =  # ч=“2%2= x3ле!=).

b"еде…/ д%C3?е…,  % 2%м, ч2% ,δ > μ�  ,λ > μ� �
zϑ >�  , г,!%“*%C,че“*,е м%ме…2/ ,Hμ�

 
Hα�  м%-

г32 K/2ь 3ч2е…/ " Mz , ly "% "2%!%м C!,Kл,-
›е…,,.

q" ƒь ме›д3 *=…=л=м, " “,“2еме 3!="…е…,L 
%K3“л%"ле…= …ел,…еL…/м, г,!%“*%C,че“*,м, м%-
ме…2=м, "%*!3г %“еL C!еце““,,. o!е…еK!ег=ем 
…ел,…еL…/м, чле…=м, , м%ме…2=м, lδ, lλ, lk, 
*%2%!/е  "л ю2“  "ел,ч,…=м, "2%!%г% C%! д*= 
м=л%“2, C% “!="…е…,ю “ г,!%“*%C,че“*,м, м%-
ме…2=м,. o%л=г=ем, ч2% %KAе*2 “%"е!ш=е2 г=!м%-
…,че“*,е *%леK=…,  "%*!3г C!%,ƒ"%ль…%L " C!%“-
2!=…“2"е %“,, где ω # ч=“2%2= *%леK=…,L %KAе*2=.

pеше…,е “,“2ем/ (1) " Cе!"%м C!,Kл,›е…,, 
C% %д…%м3 ,ƒ *=…=л%" “ 3ч‘2%м C!,… 2/. д%C3-
?е…,L , %г!=…,че…,L, = 2=*›е C!, 2 2

0ω >> ω  
,мее2 “лед3ю?,L ",д [3]:

( )20
Г 12 2 2

1
( ) s

( )
xM

t J H hk
H k H

⎡α = ω +⎣+ ω
 

sin ωt +

( )Г 1 cosJ k Hh t⎤+ − ω ω ⎦
; (2)

( )0
12 2 2

1
( ) sin cos .

( )
xM

t k t H t
k H

δ = − ω − ω ω
+ ω  

`…=л%г,ч…/е "/!=›е…,  K3д32 ,ме2ь β(t) , 
α(t). mел,…еL…/е г,!%“*%C,че“*,е м%ме…2/ H− βδ�  
, H− αλ�  C!, %д…%L , 2%L ›е ч=“2%2е ,ƒме…е…,  
"%ƒм3?е…,L “,“2ем/ "%*!3г %“еL “2=K,л,ƒ=-
ц,, C!,"%д 2 * де2е*2,!%"=…,ю "%*!3г %“еL 
C!еце““,, “,“2ем=2,че“*,. “%“2="л ю?,. , Cе-
!,%д,че“*,. м%ме…2%" “ 3д"%е……%L ч=“2%2%L ,ƒ-
ме…е…,  2ω.

o%г!еш…%“2, hmq "/ƒ"=…/ г,!%“*%C,че“*,-
м, м%ме…2=м, ",д= Hαλ�  , Hβδ� , *%2%!/е "/ƒ/"=-
ю2 д!еL- cqo (ε = βδ), ч2% C!,"%д,2 * “3?е“2-
"е……/м C%г!еш…%“2 м. dл  ,. *%мCе…“=ц,, 
м%›…% “-%!м,!%"=2ь “,г…=л/ *%!!е*ц,, …= 
“%%2"е2“2"3ю?,е м%ме…2…/е д=2ч,*, г,!%“*%-
C%", C!%C%!ц,%…=ль…/е "ел,ч,…=м "%ƒм3?=ю-
?,. …ел,…еL…/. г,!%“*%C,че“*,. м%ме…2%". 

q …е*%2%!/м C!,Kл,›е…,ем C!%,ƒ"%д…/е C% 
"!еме…, %2 "/!=›е…,L дл  3гл%" %!,е…2=ц,, cqo 
…= ч=“2%2=. "/…3›де……/. *%леK=…,L (ω > 0>> ω ) 
м%›…% C!ед“2=",2ь " “лед3ю?ем ",де:

ГJ h
H H

α = − δ − δ;�� ��
 

ГJ h
H H

β = λ + λ� �� � . (3)

hме  ,…-%!м=ц,ю % 2е*3?,. ƒ…=че…, . 3гл%" 
C!еце““,,, д,--е!е…ц,!%"=…,ем C% "!еме…, “,г-
…=л%" “ д=2ч,*%" 3гл%" C!еце““,, , ,“C%льƒ%"=-
…,ем -%!м3л (3) м%›…% “-%!м,!%"=2ь *%мCе…“=-
ц,%……/е м%ме…2/.

o%д=ч= .2,. “,г…=л%" …= м%ме…2…/е д=2ч,*, 
г,!%“*%C%" cqo hmq “3?е“2"е……% 3ме…ьш=е2 
"л, …,е …ел,…еL…/. г,!%“*%C,че“*,. м%ме…2%" 
…= 2%ч…%“2…/е .=!=*2е!,“2,*, hmq. mед%“2=2-
*%м 2=*%L *%мCе…“=ц,,  "л е2“  …е%K.%д,м%“2ь 
K!=2ь C!%,ƒ"%д…/е C% "!еме…, %2 “,г…=л%" “ д=2-
ч,*%" 3гл%" C!еце““,,, ч2% 3"ел,ч,"=е2 ш3м/, 
,мею?,е ме“2% " C%“лед…,..

d!3г%L ме2%д *%мCе…“=ц,, "л, …,  …ел,…еL-
…%г% г,!%“*%C,че“*%г% м%ме…2=, "/ƒ/"=ю?ег% 
д!еL- cqo hmq, ƒ=*люч=е2“  " *%!!е*ц,, "/-
.%д…%L ,…-%!м=ц,, “,“2ем/ [3]. lе2%д C!едC%-
л=г=е2 %C!еделе…,е %ш,K%* hmq, "/ƒ"=……/. 
д!еL-%м cqo. d!еL- %K3“л%"ле… "л, …,ем …е-
л,…еL…/. г,!%“*%C,че“*,. м%ме…2%". g=",“,-
м%“2ь “!ед…ег% ƒ…=че…,  %ш,K*, hmq " %C!еде-
ле…,, ме“2%C%л%›е…,  %2 3гл= C!еце““,, , 3гл%-
"%L “*%!%“2, %2*л%…е…,  cqo %2 Cл%“*%“2, г%-
!,ƒ%…2= ,мее2 ",д

( ) ГJ hy t
H H

∗⎛ ⎞Δ = − λ + λ⎜ ⎟⎝ ⎠
�� �

 
0

0

1 sinR t t
⎛ ⎞

δ − ω⎜ ⎟ω⎝ ⎠
.  (4)

o%г!еш…%“2, hHC “ *%мCе…“=ц,еL д,…=м,че-
“*,. %ш,K%*, "/ƒ"=……/. …ел,…еL…/м, г,!%“*%-
C,че“*,м, м%ме…2=м,, !=““ч,2=…/ C% -%!м3ле

( ) ГJ hy t R
H H

∗
∗

⎧ ⎫⎡ ⎤⎪ ⎛ ⎞ ⎪Δ = − ε − λ + λ δ⎨ ⎬⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦⎪ ⎪⎩ ⎭

�� �

 

×
 

× 0
0

1 sin ,t t
⎛ ⎞

− ω⎜ ⎟ω⎝ ⎠
  (5)

где , иλ λ δ�� �  %C!еделе…/ “ 3ч‘2%м "/!=›е…,  (4).
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mед%“2=2*%м ме2%д%" *%!!е*ц,, ="2%…%м…/. 
hmq  "л е2“  …е"/“%*=  2%ч…%“2ь.

lе2%д -%!м,!%"=…,  ,ƒме!е…,L дл  *%мCе…“=-
ц,, C%г!еш…%“2еL ="2%…%м…%L ,…е!ц,=ль…%L …=",-
г=ц,%……%L “,“2ем/. nд…%L ,ƒ C!,ч,… C% "ле…,  
д!еL-= г,!%“*%C%"  "л ю2“  Cе!е*!‘“2…/е 3г-
л%"/е “*%!%“2,, "%ƒ…,*=ю?,е C!, “%"е!ше…,, 
k`, …= *%2%!%м 3“2=…%"ле…= hmq, “л%›…%г% д",-
›е…, .

j%мCе…“=ц,  %ш,K%* hmq ме2%д=м, л,…еL-
…%г% %це…,"=…,  Kеƒ ,“C%льƒ%"=…,  "…еш…,. ,ƒ-
ме!е…,L ,ƒ"е“2…= 2%ль*% дл  д",›е…,  …е“3?ег% 
hmq %KAе*2= “ C%“2% ……%L “*%!%“2ью [4]. o!, 
.2%м " *=че“2"е 3!="…е…,L %KAе*2= " =лг%!,2ме 
%це…,"=…,  ,“C%льƒ3ю2“  3!="…е…,  %ш,K%* ="-
2%…%м…%L hmq, = “,г…=л/ “ =*“еле!%ме2!%" " 
3“л%", . д",›е…,  k` “ C%“2% ……%L “*%!%“2ью 
C!,…,м=ю2“  ƒ= ,ƒме!е…, . b C!=*2,че“*,. C!,-
л%›е…, . k` “%"е!ш=е2, *=* C!=",л%, “л%›…%е 
3“*%!е……%е д",›е…,е, C%.2%м3 ,“C%льƒ%"=2ь .2%2 
C%д.%д дл  *%мCе…“=ц,, %ш,K%* …е C!ед“2="-
л е2“  "%ƒм%›…/м. o%"/“,2ь 2%ч…%“2ь "/.%д…%L 
,…-%!м=ц,, hmq, ,“C%льƒ3  2%ль*% "…32!е……,е 
“" ƒ,, м%›…% …е …=*л=д/"=  %г!=…,че…,L …= !е-
›,м C%л‘2=.

j%мCе…“=ц,  %ш,K%* hmq C!едC%л=г=е2 -%!-
м,!%"=…,е “,г…=л%" *%!!е*ц,,, C!%C%!ц,%…=ль-
…/. %ш,K*=м “,“2ем/ " %C!еделе…,, “*%!%“2,, 
3гл=м %2*л%…е…,  cqo %2…%“,2ель…% “%C!%"%›-
д=ю?ег% 2!‘.г!=……,*= , д!еL-=м cqo. b *=че“2-
"е 3!="…е…,L %KAе*2= " =лг%!,2ме %це…,"=…,  
C!,… 2/ 3!="…е…,  %ш,K%* hmq, "/!=›е……/е 
че!еƒ 3гл/ %2*л%…е…,  cqo %2…%“,2ель…% %C%!-
…%L “,“2ем/ *%%!д,…=2, = " *=че“2"е ,ƒме!е…,L � 
3гл/ %2*л%…е…,  cqo %2 Cл%“*%“2, г%!,ƒ%…2= , 
ƒ=д=……%г% …=C!="ле…,  " =ƒ,м32е, “-%!м,!%"=…-
…/е …= %“…%"е ,…-%!м=ц,,, “…,м=ем%L “ д=2ч,-
*%" 3гл%" C!еце““,, г,!%“*%C%".

b"ед‘м %K%ƒ…=че…, : t1, t2, t3 − 3гл%"/е *%%!-
д,…=2/ %!,е…2=ц,, cqo %2…%“,2ель…% "/K!=……%-
г% “%C!%"%›д=ю?ег% 2!‘.г!=……,*=; δ, λ, υ − 3гл/ 
C!еце““,, г,!%“*%C%"; J − м%ме…2 ,…е!ц,, г,!%-
“*%C= %2…%“,2ель…% %“, C!еце““,,: H − “%K“2"е…-
…/L *,…е2,че“*,L м%ме…2 г,!%“*%C=; h − 3дель-
…/L м%ме…2 “,л “*%!%“2…%г% 2!е…,  "%*!3г %“, 
C!еце““,, г,!%“*%C=; ( )1,  2,  3iM i =  − C!%ч,е м=-
л/е "%ƒм3?=ю?,е м%ме…2/, ,мею?,е “л3ч=L-
…/L .=!=*2е! , " д=ль…еLшем …е !=““м=2!,"=ю-
?,е“ . rгл/ %!,е…2=ц,, cqo м%›…% ƒ=C,“=2ь " 
",де

( )Г
1 Г

1Ф
J h J h
H H H

⎡= − δ − δ + λ + λ δ −⎢⎣∫� �� �
 

( )( )Г Г
1 ;J h J h dt
H

⎤− ϑ + ϑ λ + λ ⎥⎦
��� �

( )2
1Ф J h J h

H H H
⎡= λ + λ + δ + δ  λ +⎢⎣∫� �� �

( )( )1 ;J h J h dt
H

⎤+ ϑ + ϑ δ + δ ⎥⎦
��� �

( )3
1Ф J h J h

H H H
= − ϑ − ϑ + λ + λ  ϑ +∫ �� ��

( )( )1 .J h J h dt
H

+ δ + δ λ + λ�� � �
 

(6)

Š=*,м %K!=ƒ%м, C%л3че…/ -%!м=л,ƒ%"=……/е 
ƒ=",“,м%“2, 3гл%" %!,е…2=ц,, cqo %2 3гл%" C!е-
це““,, г,!%“*%C%". q-%!м,!%"=……/е " “%%2"е2-
“2",, “ -%!м3л=м, (6) 3гл/ %!,е…2=ц,, м%›…% 
,“C%льƒ%"=2ь " =лг%!,2ме %це…,"=…,  " *=че“2"е 
,ƒме!е…, .

hƒме!,2ель…/е “,г…=л/ дл  =лг%!,2м= %це…,-
"=…,  C!ед“2="л ю2 “%K%L ƒ=",“,м%“2, 3гл%" %2-
*л%…е…,  , д!еL-%" cqo, = 2=*›е %ш,K%* hmq 
" %C!еделе…,, “*%!%“2, %2 3гл%" C!еце““,, г,!%-
“*%C%".

m=,K%лее C%л…3ю *%мCе…“=ц,ю %ш,K%* ="2%-
…%м…%L hmq м%›…% C%л3ч,2ь “ C%м%?ью =лг%-
!,2м%" %це…,"=…, .

j%!!е*ц,  ="2%…%м…%L hmq “ C%м%?ью …ел,-
…еL…%г% -,ль2!= j=лм=…=. g…=че…,  *%.--,ц,е…-
2%", "/ч,“ле……/. =…=л,2,че“*,, " C!%це““е C%-
л‘2= k` ме… ю2“ . o%.2%м3 целе“%%K!=ƒ…% %“3-
?е“2"л 2ь ,. ,де…2,-,*=ц,ю ,л, C%“2!%е…,е 
м%дел, ,““лед3ем%г% C!%це““=.

g=д=ч3 ,де…2,-,*=ц,, м%›…% !еш=2ь “ C%м%-
?ью м…%г%%K!=ƒ…/. =лг%!,2м%", = C%“2!%е…,е 
м%дел, # =лг%!,2м= “=м%%!г=…,ƒ=ц,,, ,“C%ль-
ƒ3ем%г% дл  C!%г…%ƒ,!%"=…,  C%г!еш…%“2еL hmq 
" ="2%…%м…%м !е›,ме, *%2%!%м3 C!едше“2"%"=л 
*%!!е*2,!3ем/L !е›,м C%л‘2=.

o!, “%"е!ше…,, k` м=…‘"!%" 3гл/ %2*л%…е-
…,  cqo hmq %2…%“,2ель…% "/K!=……%L “,“2ем/ 
*%%!д,…=2 …=!=“2=ю2, , л,…еL…=  м%дель е‘ C%-
г!еш…%“2еL, C%л3че……=  “ 3ч‘2%м C!едC%л%›е…,  
% г%!,ƒ%…2=ль…%м д",›е…,, …е“3?ег% k` , м=-
л%“2, 3гл%" “2=K,л,ƒ=ц,,, “2=…%",2“  …е=де*"=2-
…%L !е=ль…%м3 C!%це““3.

b .2%м “л3ч=е %K!=K%2*3 ,…-%!м=ц,, ="2%…%м-
…%L hmq %“3?е“2"л ю2 …ел,…еL…/м -,ль2!%м 
j=лм=…=.

hƒ"е“2…/ !=ƒл,ч…/е “C%“%K/ !е=л,ƒ=ц,, …е-
л,…еL…%г% -,ль2!= j=лм=…= [5,6].

b “л3ч=е, *%гд= 3!="…е…,е дл  "е*2%!= “%“2% -
…,  ,мее2 ",д 

,)( 1 kkkk WxAx += −

где xk # "е*2%! “%“2% …, ; Ak(xk-1) # …ел,…еL…=  м=2-
!,ц= м%дел,.
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)=“2ь "е*2%!= “%“2% …,  ,ƒме! е2“  

,kkkk VxHz +=

где zk # "е*2%! ,ƒме!е…,L; Hk # м=2!,ц= ,ƒме!е-
…,L; Wk , Vk # д,“*!е2…/е =…=л%г, г=3““%"“*%г% 
Kел%г% ш3м= “ …3ле"/м, м=2ем=2,че“*,м, %›,д=-
…, м, , м=2!,ц=м, *%"=!,=ц,L Qk , Rk “%%2"е2“2-
"е……%. 

r!="…е…,  -,ль2!= j=лм=…= ,мею2 “лед3ю-
?,L ",д [5]:

( )[ ]/ 1 1 / 1k k k k k k k k kx x K x z H x− − −= + − ;

( )/ 1 1k k k kx A x− −= ;

( ) ( )1
1 / 1 / 1

T T
k k k k k k k k k kK x P H H P H R

−
− − −= + ;

( ) ( )1 1
/ 1 1

1 1

T
k k k k

k k kT T
k k

A x A x
P P

x x
− −

− −
− −

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

∂ ∂
=

∂ ∂ kQ+ ;  (7)

( )( )1 / 1k k k k k kP I K x H A− −= − ,

где I # ед,…,ч…=  м=2!,ц=; Pk # *%"=!,=ц,%……=  
м=2!,ц= %ш,K%* %це…,"=…, .

m% 2=*%L C%д.%д C!,ме…,м л,шь " “л3ч=е 3…,-
м%д=ль…%г% .=!=*2е!= =C%“2е!,%!…%L Cл%2…%“2,. 
j%гд= =C%“2е!,%!…=  Cл%2…%“2ь м…%г%.*“2!е-
м=ль…=, ,“C%льƒ3е2“  =лг%!,2м, " *%2%!%м =C%-
“2е!,%!…=  Cл%2…%“2ь C!ед“2="ле…= …=K%!%м 
дель2=--3…*ц,L.

b 2=*%м C!ед“2="ле…,, %K?ее *%л,че“2"% 3ƒ-
л%" “е2*,, ,. !=“C%л%›е…,е , ƒ…=че…,  "е“%" це-
ле“%%K!=ƒ…% C%д%K!=2ь 2=*, ч2%K/ %Kе“Cеч,2ь 
…=,K%лее 2%ч…%е “%"C=де…,е .=!=*2е!,“2,* деL-
“2",2ель…%L =C%“2е!,%!…%L Cл%2…%“2, , "/ч,“-
л ем/. “ C%м%?ью C!,Kл,›е…, . 

mед%“2=2*%м C!ед“2="ле…,  =C%“2е!,%!…%L 
Cл%2…%“2, " ",де дель2=--3…*ц,L  "л е2“  2%, 
ч2% …е 3ч,2/"=е2“  л%*=ль…%е C%"еде…,е -3…*-
ц,, Ak " %*!е“2…%“2, 3ƒл%" “е2*, x k 

j

 
. r"ел,че…,е 

*%л,че“2"= 3ƒл%" “е2*, C%ƒ"%л,2 C%"/“,2ь 2%ч-
…%“2ь, …% C!, .2%м "%ƒ!=“2‘2 %KA‘м "/ч,“ле…,L.

`лг%!,2м, C%ƒ"%л ю?,L 3че“2ь л%*=ль…%е C%-
"еде…,е -3…*ц,L Ak(xk-1) , C%“2!%е… …= C%л,г=3“-
“%"“*%L =CC!%*“,м=ц,, =C%“2е!,%!…%L Cл%2-
…%“2,.

o!ед“2="ле……/е "=!,=…2/ !е=л,ƒ=ц,L …ел,-
…еL…%г% -,ль2!= j=лм=…= C!едC%л=г=ю2 л,…е=-
!,ƒ=ц,ю м%дел, C%г!еш…%“2еL hmq “ C%м%?ью 
! д= ŠеLл%!=, C!ед“2="ле…,е =C%“2е!,%!…%L 
Cл%2…%“2, " ",де …=K%!= дель2=--3…*ц,L ,л, ƒ=-
ме…3 =C%“2е!,%!…%L Cл%2…%“2, “,“2ем%L ч=“2…/. 
г=3““%"“*,. Cл%2…%“2еL, "ƒ 2/. “ !=ƒл,ч…/м, 

"е“=м,. b ,2%ге " -,ль2!е j=лм=…= ,“C%льƒ3ю2“  
л,…еL…/е м%дел, C%г!еш…%“2еL hmq.

h“C%льƒ%"=…,е …ел,…еL…/. м%делеL " -,ль2!е 
j=лм=…= ƒ=2!3д…,2ель…% "",д3 2%г%, ч2% =C%“2е-
!,%!…=  Cл%2…%“2ь "е*2%!= “%“2% …,  …е  "л е2-
“  г=3““%"“*%L, ,, “лед%"=2ель…%, C%л3ч,2ь лег*% 
=лг%!,2м,ƒ,!3ем/е !е*3!!е…2…/е “%%2…%ше…,  
дл  "/ч,“ле…,  %це…%* "е*2%!= “%“2% …,  …е 
C!ед“2="л е2“  "%ƒм%›…/м.

hƒ"е“2…/ C%д.%д/ [5], " !=м*=. *%2%!/. !е=-
л,ƒ=ц,  -,ль2!= j=лм=…= “"еде…= * !еше…,ю 
“2%.=“2,че“*%г% д,--е!е…ц,=ль…%г% 3!="…е…,  " 
ч=“2…/. C!%,ƒ"%д…/., ƒ=C,“=……%г% " -%!ме h2% 
,л, " -%!ме q2!=2%…%",ч=. mед%“2=2*%м !е=л,-
ƒ=ц,, …ел,…еL…%г% -,ль2!= j=лм=…=  "л е2“  
…е"/“%*=  2%ч…%“2ь ,“.%д…%L …ел,…еL…%L м%де-
л,, 2=* *=* м%дель  "л е2“  =C!,%!…%L (C%л3че…= 
=…=л,ƒ%м -,ƒ,че“*,. ƒ=*%…%"). o%.2%м3 " C!%-
це““е “л%›…%г% д",›е…,  k` ,л, -3…*ц,%…,!%-
"=…,, k` " 2ече…,е дл,2ель…%г% "!еме…, Kеƒ 
*%!!е*ц,, %2 "…еш…,. ,ƒме!,2ель…/. “,“2ем 
…е%K.%д,м= ,де…2,-,*=ц,  C=!=ме2!%" м%дел, 
C%г!еш…%“2еL hmq. dл  !еше…,  .2%L ƒ=д=ч,, 
2. е. ƒ=д=ч, “%"ме“2…%г% %це…,"=…,  C=!=ме2!%" , 
“%“2% …,  %KAе*2=, м%›…% ,“C%льƒ%"=2ь ме2%д 
,…"=!,=…2…%г% C%г!3›е…,  “ !=“ш,!е……/м "е*-
2%!%м “%“2% …,  , !=“ш,!е……/L -,ль2! j=лм=-
…=. nд…=*% !=“ш,!е…,е "е*2%!= “%“2% …,  "*лю-
че…,ем " …ег% …е,ƒ"е“2…/. C=!=ме2!%" C!,"%д,2 
* 2%м3, ч2% 3!="…е…,  м%дел, “2=…%" 2“  …ел,-
…еL…/м, д=›е " “л3ч=е л,…еL…%L C% “%“2% …,ю 
, C=!=ме2!=м ,“.%д…%L м%дел,.

dл  .2%г% ,“C%льƒ3е2“  !=“ш,!е……/L -,ль2! 
j=лм=…=, C!, !е=л,ƒ=ц,, *%2%!%г% %це…*,, *=* 
C!=",л%, ,мею2 !=“.%д ?,L“  .=!=*2е!, %K3“л%"-
ле……/L %2“32“2",ем =C!,%!…%L ,…-%!м=ц,, % 
“2=2,“2,че“*,. .=!=*2е!,“2,*=. ш3м%" , ,ƒ-ƒ= 
C%г!еш…%“2еL л,…е=!,ƒ=ц,,.

o!, C%“2!%е…,, “л%›…/. м%делеL “лед3е2 3ч,-
2/"=2ь "л, …,е ,…“2!3ме…2=ль…/. C%г!еш…%“2еL 
.леме…2%" “,“2ем/, .=!=*2е! д",›е…,  …е“3?ег% 
k` , !е›,м -3…*ц,%…,!%"=…,  hmq (",K!=ц,ю, 
Cе!е*!е“2…/е “" ƒ, , д!.). d%“2%"е!…=  ,…-%!-
м=ц,  % “2=2,“2,че“*,. .=!=*2е!,“2,*=. …= C!=*-
2,*е %2“32“2"3е2, C%.2%м3 C!, %це…,"=…,, C%-
г!еш…%“2еL hmq “ ,“C%льƒ%"=…,ем “л%›…/. м%-
делеL …е%K.%д,м% %“3?е“2"л 2ь ,де…2,-,*=ц,ю 
C=!=ме2!%" , “2!3*23!/ м%дел, " д,…=м,*е.

m=,K%лее C%л…% 3че“2ь "“е %“%Kе……%“2, .=!=*-
2е!= ,ƒме…е…,  C%г!еш…%“2еL hmq ,, ч2% %“%-
Kе……% "=›…%, *%…*!е2…%L hmq " 3“л%", . *=›д%-
г% *%…*!е2…%г% C%л‘2= "%ƒм%›…% C%“2!%е…,ем …е-
л,…еL…%L м%дел, ме2%д%м “=м%%!г=…,ƒ=ц,, [7].

q C%м%?ью ме2%д= “=м%%!г=…,ƒ=ц,, м%›…% 
C%л3ч,2ь м%дел, Kеƒ *=*,.-л,K% %г!=…,че…,L. 
Š%ч…%“2ь C%“2!%е…,  м%дел, ме2%д%м “=м%%!г=-
…,ƒ=ц,, ƒ=",“,2 %2 ,“C%льƒ3ем%г% …=K%!= -3…*-
ц,L , =…“=мKл  *!,2е!,е" “еле*ц,, ,, 2=* ›е, 
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*=* , " д!3г,. =лг%!,2м=., %2 д%“2%"е!…%“2, ,ƒ-
ме!е…,L. 

nд,… ,ƒ C%д.%д%" * !еше…,ю ƒ=д=ч, %це…,"=-
…,  C%г!еш…%“2еL hmq ƒ=*люч=е2“  " “,…2еƒе …е-
л,…еL…%г% -,ль2!= j=лм=…= , =лг%!,2м= “=м%%!-
г=…,ƒ=ц,, [6]. b …ел,…еL…%м -,ль2!е j=лм=…= 
м%дель ,““лед3ем%г% C!%це““= C!едл=г=е2“  C%-
л3ч=2ь “ C%м%?ью =лг%!,2м= “=м%%!г=…,ƒ=ц,,. 
q2!3*23!= , K=ƒ,“…/е -3…*ц,, м%делеL =лг%!,2-
м= "/K,!=ю2“  " ƒ=",“,м%“2, %2 ",д= м=2!,ц/ 
м%дел, ,““лед3ем%г% C!%це““=. m=K%! K=ƒ,“…/. 
-3…*ц,L Fp ( ){ 1, }ib x i N== , где bi(x) # …ел,…еL-
…/е -3…*ц,,, м%›е2 ,ƒме… 2ь“  " ƒ=",“,м%“2, 
%2 *%…*!е2…/. C!=*2,че“*,. C!,л%›е…,L. j=›-
д%L K=ƒ,“…%L -3…*ц,, “2=",2“  " “%%2"е2“2",е 
д"3.ме!…/L "е*2%! C=!=ме2!%" (a,f)T, где a # =м-
Cл,23д=; f # ч=“2%2=, %C!едел ем%г% " C!%це““е 
-3…*ц,%…,!%"=…,  =лг%!,2м=. h“*%м=  м%дель 
K3де2 ,ме2ь ",д

∑
=

=
N

i
ini xfbaxA

i
1

)()( .  (8)

`лг%!,2м “=м%%!г=…,ƒ=ц,, %“…%"/"=е2“  …= 
г,C%2еƒе “еле*ц,, м%делеL. oе!"/L ш=г =лг%!,2-
м= “%“2%,2 " ,де…2,-,*=ц,, K=ƒ,“…/. -3…*ц,L 
C% ƒ=д=……%м3 *!,2е!,ю. m= “лед3ю?,. 3!%"… . 
“2!%,2“  *%мK,…=ц,  м%делеL C!ед/д3?ег% 3!%"-
… , C!%шедш,. C%!%г%"/L “=м%%2K%! C% =…“=мK-
лю *!,2е!,е" [7]. 

j%мK,…,!%"=…,е …ел,…еL…%г% -,ль2!= j=л-
м=…= “ =лг%!,2м%м “=м%%!г=…,ƒ=ц,, C%ƒ"%л е2 
C%“2!%,2ь м=2ем=2,че“*3ю м%дель %це…,"=ем%г% 
C!%це““= …= %“…%"е 2е*3?,. ,ƒме!е…,L, -%!м,-
!3ю?,.“  “,г…=л=м, “ д=2ч,*%" 3гл%" C!еце““,, 
г,!%“*%C%" ="2%…%м…%L hmq.
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p=““м%2!е…% "л, …,е “,“2ем=2,че“*,. , “л3ч=L…/. C%г!еш…%“2еL ,ƒме!е…,L …= .--е*-
2,"…%“2ь *%…2!%ль…%L *=!2/ u%2елл,…г= , %“%Kе……%“2, е‘ C%“2!%е…,  C!, “2=2,“2,че-
“*%м *%…2!%ле м…%г%C=!=ме2!,че“*%г% 2е.…%л%г,че“*%г% C!%це““= “ 3ч‘2%м .2,. C%г!еш-
…%“2еL.

jлюче"/е “л%"=:  “2=2,“2,че“*,L *%…2!%ль, м…%г%C=!=ме2!,че“*,L 2е.…%л%г,че“*,L C!%це““, 
*%…2!%ль…=  *=!2= u%2елл,…г=, C%г!еш…%“2, ,ƒме!е…,L.

Influence of the systematic and casual measurement errors on the KhotellingTs control card 
efficiency and its construction features for statistical control of the polyvalent technological process 
with these errors accounting is considered.

Key words: statistical control, polyvalent technological process, KhotellingTs control card, measurement 
errors.

dл  %це…*, “2=K,ль…%“2, м…%г%C=!=ме2!,че-
“*%г% 2е.…%л%г,че“*%г% C!%це““=, " *%2%!%м *=-
че“2"% ,ƒг%2="л,"=ем%г% ,ƒдел,  %це…,"=е2“  C% 
м…%›е“2"3 *%!!ел,!%"=……/. C%*=ƒ=2елеL, ,“-
C%льƒ3е2“  *%…2!%ль…=  *=!2= u%2елл,…г= [1]. 
o!%це““ “ч,2=е2“  “2=K,ль…/м (“2=2,“2,че“*, 
3C!="л ем/м), е“л, ƒ…=че…,  “2=2,“2,*, u%2ел-
л,…г=, …=Lде……/е " C!%це““е м%…,2%!,…г= *%…-
2!%л,!3ем/. C%*=ƒ=2елеL, …е C!е"/ш=ю2 …е*%2%-
!%е *!,2,че“*%е ƒ…=че…,е. 

o!, .2%м C!едC%л=г=е2“ , ч2% C%г!еш…%“2, ,ƒ-
ме!е…,L %2“32“2"3ю2. lе›д3 2ем “,“2ем=2,че-
“*,е , “л3ч=L…/е C%г!еш…%“2, ,ƒме!е…,L м%г32 
“3?е“2"е……% "л, 2ь …= .--е*2,"…%“2ь C!,…,-
м=ем/. !еше…,L C% 3C!="ле…,ю C!%це““%м. dл  
“2=…д=!2…/. *%…2!%ль…/. *=!2 x3.=!2=, C!,ме-
… ем/. C!, *%…2!%ле %д…%г% C%*=ƒ=2ел  [2], .2% 
"л, …,е ,ƒ3че…% u. l,22=г%м [3]. o!, .2%м 3“2=-
…%"ле…%, ч2% C%г!еш…%“2, м%г32 ƒ…=ч,2ель…% 
“…,ƒ,2ь ч3"“2",2ель…%“2ь *%…2!%ль…%L *=!2/ * 
"%ƒм%›…/м …=!3ше…, м C!%це““=. 

m,›е !=““м=2!,"=е2“  "л, …,е “,“2ем=2,че-
“*,. , “л3ч=L…/. C%г!еш…%“2еL ,ƒме!е…,L *%…-
2!%л,!3ем/. C%*=ƒ=2елеL …= ч3"“2",2ель…%“2ь 
*=!2/ u%2елл,…г= , %“%Kе……%“2, е‘ C%“2!%е…,  “ 
3ч‘2%м .2,. C%г!еш…%“2еL.

n“…%"…/е ƒ=",“,м%“2, дл  C%“2!%е…,  *=!2/ 
u%2елл,…г=. o!едC%л%›,м, ч2% " 2е.…%л%г,че“-
*%м C!%це““е *%…2!%л,!3ю2“  ! C%*=ƒ=2елеL *=-
че“2"= u1, u2, …, u!. o!,ме…е…,е *%…2!%ль…%L 
*=!2/ u%2елл,…г= C!едC%л=г=е2 !=“ч‘2 дл  *=›-
д%L t-L мг…%"е……%L "/K%!*, (t = 1, ..., m) “2=2,-
“2,*, [4]:

Tt
2 = n(X 

−
t − μ0)

T S −1(X 
−
t − μ0),  (1)

где n # %KA‘м мг…%"е……%L "/K%!*,; ⎯Xt # "е*2%! “!ед-
…,. " мг…%"е……/. "/K%!*=.; ⎯Xt = (xt1,  ...,⎯xtp)

T;
x−tj # “!ед…ее ƒ…=че…,е " t-L мг…%"е……%L "/K%!*е C% 
j-м3 C%*=ƒ=2елю (j = 1,..., p); μ0 # "е*2%! целе"/. 
“!ед…,. (μ0 = (μ01,…,μ0p)

T), ƒ=д=……/. 2е.…,че“*,-
м, 3“л%", м, ,л, %це…,"=ем/. C% "/K%!*=м.

nце…*, *%мC%…е…2 *%"=!,=ц,%……%L м=2!,ц/ 
S !=ƒме!…%“2, p×p, %C!едел ю?,е !=““е,"=…,е 
C%*=ƒ=2елеL *=че“2"= , “2еCе…ь 2е“…%2/ ,. “" ƒ,, 
м%г32 K/2ь …=Lде…/ C% -%!м3ле 

sjk = 
1 1

1 ( )( )
( 1)

m n

ijt j ikt k
t i

x x
m n = =

− μ − μ
− ∑∑ ,

 
j,k = 1,…, p.  (2)

o!, …%!м=ль…%м .%де C!%це““= д%л›…% "/C%л-
… 2ь“  3“л%",е Tt

2 < T*p
2, где T*p

2 # г!=…,ц= *!,-
2,че“*%L %Kл=“2,. 

o!, %це…,"=…,, *%мC%…е…2 *%"=!,=ц,%……%L 
м=2!,ц/ c ,“C%льƒ%"=…,ем 2е*3?,. мг…%"е……/. 
"/K%!%* (n > 1) г!=…,ц= *!,2,че“*%L %Kл=“2, %C-
!едел е2“  C% -%!м3ле 

T*p
2 = 1

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

p m n F p mn m p
mn m p −α

− − − − +
− − +

 (3)

= дл  2е*3?,. ,…д,",д3=ль…/. …=Kлюде…,L (n = 1) 

T*p
2 = 1

( 1) ( , ),p m F p m p
m p −α

− −
−

  (4)

где F1#α(k1, k2) # *"=…2,ль F-!=“C!еделе…,  t,ше-
!= “ ч,“л=м, “2еCе…еL “"%K%д/ " ч,“л,2еле k1, = " 
ƒ…=ме…=2еле k2; α # 3!%"е…ь ƒ…=ч,м%“2,.
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b%ƒм%›…/е …=!3ше…,  м…%г%C=!=ме2!,че“*%-
г% 2е.…%л%г,че“*%г% C!%це““= (%2*л%…е…,е -=*-
2,че“*%г% “!ед…ег% 3!%"…  C!%це““= μ %2 целе"%-
г% μ0) .=!=*2е!,ƒ3ю2“  C=!=ме2!%м …еце…2!=ль-
…%“2,, *%2%!/L ƒ=C,ше2“  " ",де 

 λ2 = n(μ # μ0)
 T S−1 (μ # μ0).  (5)

n“…%"…=  .=!=*2е!,“2,*= ч3"“2",2ель…%“2, 
*=!2/ * "%ƒм%›…/м …=!3ше…, м C!%це““= (“!ед-
…   дл,…= “е!,L *=!2/ u%2елл,…г=) %C!еде-
л е2“  " ƒ=",“,м%“2, %2 C=!=ме2!= …еце…2!=ль-
…%c2, λ:

2
кр

0

1( )

1 ( ; )
T

L

f t dt

λ =

− λ∫

,   (6)

где f (t;λ) – плотность нецентрального распределения 
Хотеллинга [5].

rч‘2 C%г!еш…%“2еL ,ƒме!е…,L. o!едC%л%›,м, 
ч2% C!, *%…2!%ле ! C%*=ƒ=2елеL *=че“2"= м…%-
г%C=!=ме2!,че“*%г% 2е.…%л%г,че“*%г% C!%це““= 
,мею2 ме“2% =дд,2,"…/е C%“2% ……/е “,“2ем=2,-
че“*,е , “л3ч=L…/е C%г!еш…%“2, ,ƒме!е…,L, *%-
2%!/е %це…,"=ю2“  C% !еƒ3ль2=2=м ,“C/2=…,L. 
q,“2ем=2,че“*,е C%г!еш…%“2, м%›…% ƒ=д=2ь 
"е*2%!%м q, .леме…2/ *%2%!%г% Cj = cj σj (" д%л . 
%2 “2=…д=!2…%г% %2*л%…е…,  j-г% C=!=ме2!= σj, cj 
# %2…%“,2ель…=  “,“2ем=2,че“*=  C%г!еш…%“2ь). 
qл3ч=L…/е C%г!еш…%“2,, "л, ю?,е гл="…/м 
%K!=ƒ%м …= д,“Cе!“,, *%…2!%л,!3ем/. C=!=ме2-
!%", ƒ=д=д,м д,=г%…=ль…%L м=2!,цеL V, .леме…-
2/ *%2%!%L C!ед“2=",м " ",де σ2

vj = r 

2
j σ

2
j (r 

2
j # 

%2…%“,2ель…=  д,“Cе!“,  “л3ч=L…%L C%г!еш-
…%“2,).

Š%гд= ƒ=",“,м%“2ь (1) дл  !=“ч‘2= “2=2,“2,*, 
u%2елл,…г= ƒ=C,ше2“  " ",де (,…де*“ е %ƒ…=ч=е2, 
ч2% “%%2"е2“2"3ю?=  .=!=*2е!,“2,*= %C!едел е2-
“  “ 3ч‘2%м C%г!еш…%“2,)

Tеt
2 = n((X

−
t + q ) − μ0)

T (S + V)−1 × 

× ((X
−
t + q ) − μ0),  (7)

= C=!=ме2! …еце…2!=ль…%“2, (5)

λe
2 = n(Δ + q )T (S + V )−1(Δ + q ),  (8)

где "е*2%! Δ = (Δ1, …, Δ!)
Š, Δj = μj # μ0j.

bл, …,е C%г!еш…%“2еL ,ƒме!е…,L …= ч3"“2",-
2ель…%“2ь *=!2/ u%2елл,…г=. ),“ле……%е ,““ле-
д%"=…,е "л, …,  !=ƒл,ч…/. -=*2%!%" …= ч3"“2-
",2ель…%“2ь *=!2/ u%2елл,…г= C!%"%д,л%“ь %2-

дель…% C!, …=л,ч,, “,“2ем=2,че“*%L , “л3ч=L-
…%L C%г!еш…%“2еL " “!еде C=*е2= Mathcad [6]. 
h““лед%"=л%“ь "л, …,е "ел,ч,…/ C%г!еш…%-
“2еL, *%л,че“2"= *%…2!%л,!3ем/. C=!=ме2!%", 
“2еCе…, ,. *%!!ел,!%"=……%“2,, %KA‘м= "/K%!%*. 
o!, .2%м ,“C%льƒ%"=…/ -%!м3л= (8) дл  C=!=-
ме2!= …еце…2!=ль…%“2, , ƒ=",“,м%“2ь (6) дл  
!=“ч‘2= “!ед…еL дл,…/ “е!,L “ 3ч‘2%м “%%2…%-
ше…,L (3) , (4).

b *=че“2"е C!,ме!= …= !,“. 1 C%*=ƒ=…% "л, …,е 
“,“2ем=2,че“*%L C%г!еш…%“2, C!, *%…2!%ле д"3. 
(! = 2) , 2!‘. (! = 3) C=!=ме2!%" , …=л,ч,, “,“-
2ем=2,че“*%L C%г!еш…%“2, “1 = 0,25 C% Cе!"%м3 
,ƒ *%…2!%л,!3ем/. C=!=ме2!%".

hƒ !,“. 1 ",д…%, ч2% …=л,ч,е C%г!еш…%“2, 
“…,›=е2 “!ед…юю дл,…3 “е!,L, 2. е. C%"/ш=е2 
ч3"“2",2ель…%“2ь *=!2/. m= “=м%м деле .2% …е 
2=*. m=л,ч,е “,“2ем=2,че“*%L C%г!еш…%“2, C!,-
"ел% * ,ƒме…е…,ю 3!%"…  ƒ…=ч,м%“2,. j=* C!=-
",л%, C!, C!%"еде…,, м…%г%ме!…%г% *%…2!%л  
3!%"е…ь ƒ…=ч,м%“2,, %C!едел ю?,L "е!% 2…%“2ь 
л%›…%L 2!е"%г,, α = 0,005. }2% %ƒ…=ч=е2, ч2% C!, 
%2“32“2",, …=!3ше…,L C!%це““= (λ = 0) "%ƒм%›…= 
%д…= л%›…=  2!е"%г= …= 200 "/K%!%*: L(0) = 1/α. 
m= !,“. 1 ",д…%, ч2% L(0) = 200 2%ль*% C!, %2“32-
“2",, C%г!еш…%“2еL (C!, “1 = 0). o!, …=л,ч,, 
“,“2ем=2,че“*%L C%г!еш…%“2, ƒ…=че…,е L(0) “3-
?е“2"е……% %2л,ч=е2“  %2 200: C!, ! = 2 , “1 = 
= 0,25 ,меем L(0) = 103.

mе%K.%д,м% %2*%!!е*2,!%"=2ь 3!%"е…ь ƒ…=ч,-
м%“2, 2=*,м %K!=ƒ%м, ч2%K/ C!, λ = 0 %Kе“Cе-
ч,2ь …е K%лее %д…%г% …=!3ше…,  …= 200 "/K%!%*. 
g=д=ч= !еш=е2“  ч,“ле……%. b C!,"ед‘……%м C!,-
ме!е %2*%!!е*2,!%"=……/L 3!%"е…ь ƒ…=ч,м%“2, 
α0 = 0,0024.

bл, …,е “л3ч=L…%L C%г!еш…%“2, …= ч3"“2",-
2ель…%“2ь *=!2/ u%2елл,…г= C%*=ƒ=…% …= !,“. 2, 
где C!,"еде…/ ƒ=",“,м%“2, “!ед…еL дл,…/ “е-
!,L %2 C=!=ме2!= …еце…2!=ль…%“2, C!, *%…2!%ле 
д"3. , 2!‘. C=!=ме2!%" , %2…%“,2ель…%L д,“Cе!-
“,, “л3ч=L…%L C%г!еш…%“2, C% %д…%м3 ,ƒ …,. 
r 
2
1 = 1. b,д…%, ч2% ч3"“2",2ель…%“2ь *=!2/ C!, 

…=л,ч,, “л3ч=L…%L C%г!еш…%“2, “…,›=е2“ . 
o!, .2%м "е!% 2…%“2ь л%›…%L 2!е"%г, …е ,ƒме-
…,л=“ь.

o%“2!%е…,е *=!2/ u%2елл,…г= “ 3ч‘2%м C%г!еш-
…%“2еL ,ƒме!е…,L. dл  !=“ч‘2= *=!2/ u%2елл,…г= 
“ 3ч‘2%м C%г!еш…%“2еL ,ƒме!е…,L ,“C%льƒ3ю2“  
-%!м3л/ (2) , (7). o%л%›е…,е *%…2!%ль…%L г!=-
…,ц/ %C!едел е2“  ,ƒ ƒ=",“,м%“2еL (3) ,л, (4), " 
*%2%!/. "ме“2% α ""%д,2“  α0 # %2*%!!е*2,!%-
"=……/L 3!%"е…ь ƒ…=ч,м%“2,.

dл  д,=г…%“2,*, м…%г%C=!=ме2!,че“*%г% 2е.-
…%л%г,че“*%г% C!%це““= C% !еƒ3ль2=2=м “2=2,“2,-
че“*%г% *%…2!%л  C!,ме… л%“ь C!%г!=мм…%е 
%Kе“Cече…,е [7]. b C!%г!=мм3 д%K="ле…/ м%д3л, 
*%!!е*2,!%"*, 3!%"…  ƒ…=ч,м%“2, , C%“2!%е…,  
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p,“. 1. g=",“,м%“2ь “!ед…еL дл,…/ “е!,L %2 C=!=ме2!= …еце…2!=ль…%“2, 
C!, …=л,ч,, , %2“32“2",, (“1 = 0) “,“2ем=2,че“*%L C%г!еш…%“2,

p,“. 2. g=",“,м%“2ь “!ед…еL дл,…/ “е!,L %2 C=!=ме2!= …еце…2!=ль…%“2, C!, …=л,ч,, 
, %2“32“2",, (r1 = 0) “л3ч=L…%L C%г!еш…%“2,

 c1 = 0

 c1 = 0,25

 p = 2

 p = 3

 L (λ) 

 λ 0    0,2    0,4    0,6    0,8    1,0

 
 λ 

 L (λ) 
200

0    0,2    0,4    0,6    0,8    1,0

 r1 = 0

 r1 = 1

 p = 2

 p = 3
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*=!2 “ 3ч‘2%м C%г!еш…%“2еL. dл  3д%K“2"= =…=л,-
ƒ= "л, …,  C%г!еш…%“2еL …= *=!2е u%2елл,…г= , 
%C/2…/е 2%ч*,, , *%…2!%ль…=  г!=…,ц= "/"%д 2-
“  " д"3. "=!,=…2=. # Kеƒ 3ч‘2= , “ 3ч‘2%м C%-
г!еш…%“2еL.

b *=че“2"е C!,ме!= !=““м=2!,"=е2“  C!%це““ 
ме.=…,че“*%L %K!=K%2*, "=л= …= C%л3="2%м=2е, " 
*%2%!%м *%…2!%л,!3ю2“  C 2ь C=!=ме2!%": д,=-
ме2!/ 2!‘. “23Cе…еL "=л=, = 2=*›е %"=ль…%“2ь …= 
Cе!"%L , 2!е2ьеL “23Cе… .. q%%2"е2“2"3ю?=  
*=!2= u%2елл,…г= C%*=ƒ=…= …= !,“. 3.

o!%це““ %K!=K%2*, "=л= “2=2,“2,че“*, 3C!="-
л ем: …= *=!2е …е2 2%че*, "/.%д ?,. ƒ= *%…-
2!%ль…3ю г!=…,ц3. o!, .2%м ",д…% "л, …,е C%-
г!еш…%“2еL ,ƒме!е…,L …= ",д *=!2/ u%2елл,…-
г=, = ƒ…=ч,2, , …= C!,… 2,е !еше…,  C% 3C!="ле-
…,ю 2е.…%л%г,че“*,м C!%це““%м ,ƒг%2%"ле…,  
"=л=.

p=““м=2!,"=ем=  C!%г!=мм= C%ƒ"%л е2 %це…,2ь 
, "%“C!%,ƒ"%д,м%“2ь C!%це““= “ 3ч‘2%м C%г!еш-
…%“2еL ,ƒме!е…,L. m= !,“. 4 C%*=ƒ=…= C!%е*ц,  

p,“. 3. j%…2!%ль…=  *=!2= u%2елл,…г= “ 3ч‘2%м (›,!…=  л,…, ) C%г!еш…%“2еL 
,ƒме!е…,L , Kеƒ 3ч‘2= (2%…*=  л,…, )

.лл,C“%,д= !=““е …,  …= люK/е д"= "/K!=……/. 
C=!=ме2!= (ƒде“ь "/K!=…/ “2%лKц/ 1 , 2 -=Lл= 
,“.%д…/. д=……/., “%%2"е2“2"3ю?,е Cе!"/м д"3м 
*%…2!%л,!3ем/м C=!=ме2!=м) “ 3ч‘2%м C%г!еш-
…%“2еL (›,!…=  л,…, ) , Kеƒ 3ч‘2=, = 2=*›е %C/2-
…/е 2%ч*, , г!=…,ц/ д%C3“*%".

g=*люче…,е. o!%"ед‘……%е ,““лед%"=…,е C%*=-
ƒ=л%, ч2% C%г!еш…%“2, ,ƒме!е…,L “3?е“2"е……% 
"л, ю2 …= .--е*2,"…%“2ь “2=2,“2,че“*%г% *%…-
2!%л  м…%г%C=!=ме2!,че“*%г% 2е.…%л%г,че“*%г% 
C!%це““=. q,“2ем=2,че“*=  C%г!еш…%“2ь ,ƒме!е-
…,L “…,›=е2 "е!% 2…%“2ь л%›…%L 2!е"%г,. qл3-
ч=L…=  C%г!еш…%“2ь …е "л, е2 …= "е!% 2…%“2ь 
л%›…%L 2!е"%г,, …% 3"ел,ч,"=е2 “!ед…юю дл,…3 
“е!,L, ч2% “",де2ель“2"3е2 % “…,›е…,, ч3"“2",-
2ель…%“2, *=!2/. rч‘2 C%г!еш…%“2еL ,ƒме!е…,L 
C%ƒ"%л е2 C%"/“,2ь .--е*2,"…%“2ь C!,…,м=е-
м/. !еше…,L C% 3C!="ле…,ю 2е.…%л%г,че“*,м 
C!%це““%м.

p=K%2= "/C%л…е…= C!, C%дде!›*е г!=…2= 
ptth 08-08-97004.
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a,Kл,%г!=-,че“*,е ““/л*,

1. jл ч*,… b.m. q2=2,“2,че“*,е ме2%д/ 3C!="ле-
…,  *=че“2"%м: *%мCью2е!…/е 2е.…%л%г,,. l.: t,…=…-
“/ , “2=2,“2,*=, h…-!=-l, 2009. 304 “.

2. r,ле! d., )=мKе!“ d. q2=2,“2,че“*%е 3C!="ле…,е 
C!%це““=м,. nC2,м,ƒ=ц,  K,ƒ…е“= “ ,“C%льƒ%"=…,ем 
*%…2!%ль…/. *=!2 x3.=!2= / oе!. “ =…гл. l.: `льC,…= 
a,ƒ…е“ a3*“, 2009. 409 “.

3. l,22=г u., p,……е u. q2=2,“2,че“*,е ме2%д/ 
%Kе“Cече…,  *=че“2"= / oе!. “ …ем. / o%д !ед. a.m. l=!-
*%"=. l.: l=ш,…%“2!%е…,е, 1995. 616 “.

4. jл ч*,… b.m. l…%г%ме!…/L “2=2,“2,че“*,L *%…-
2!%ль 2е.…%л%г,че“*%г% C!%це““= “ ,“C%льƒ%"=…,ем 
*=!2/ u%2елл,…г= // `"2%м=2,ƒ=ц,  , “%"!еме……/е 
2е.…%л%г,,. 2003. 1 6. q. 19#23.

5. bе!% 2…%“2ь , м=2ем=2,че“*=  “2=2,“2,*=: }…-
ц,*л%Cед, . l.: a%льш=  p%““,L“*=  }…ц,*л%Cед, , 
1999. 910 “. 

6. jл ч*,… b.m., q=-,… b.`. l…%г%ме!…/L “2=2,-
“2,че“*,L *%…2!%ль 2е.…%л%г,че“*%г% C!%це““= “ 3ч‘-
2%м C%г!еш…%“2еL ,ƒме!е…,L // q,“2ем…/е C!%Kлем/ 
…=д‘›…%“2,, *=че“2"=, ,…-%!м=ц,%……%-2еле*%мм3…,-
*=ц,%……/. , .ле*2!%……/. 2е.…%л%г,L " 3C!="ле…,, 
,……%"=ц,%……/м, C!%е*2=м,. l=2е!,=л/ ме›д3…=!. 
*%…-. , p%““,L“*%L …=3ч…%L ш*%л/. ). 2. l.: }…е!-
г%=2%м,ƒд=2, 2009. q. 3#4.

7. jл ч*,… b.m. d,=г…%“2,*= м…%г%C=!=ме2!,че-
“*%г% 2е.…%л%г,че“*%г% C!%це““= C% !еƒ3ль2=2=м “2=-
2,“2,че“*%г% *%…2!%л  // `"2%м=2,ƒ=ц,  , “%"!еме…-
…/е 2е.…%л%г,,. 2009. 1 2. q. 20#24.

p,“. 4. }лл,C“ !=““е …,  C% C=!=ме2!=м u1 , u2
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rdj 623.76

j.`. b%!%Kь‘" (b%е……=  =*=дем,  "%L“*%"%L C!%2,"%"%ƒд3ш…%L %K%!%…/ 
b%%!3›е……/. q,л p%““,L“*%L tеде!=ц,, ,м. l=!ш=л= q%"е2“*%г% q%юƒ= 

`.l. b=“,ле"“*%г%, г. qм%ле…“*) 

vorobkir@mail.ru

qhqŠel{ rop`bkemh“ gemhŠm{u rop`bk“el{u p`jeŠ 
q ophlememhel me)HŠjncn qroepbhgnpmncn pecrkhpnb`mh“ 

p=““м%2!е… "%C!%“ C!,ме…е…,  =CC=!=2= …еч‘2*%L л%г,*,, *%2%!/L C%ƒ"%л е2 !еш,2ь 
ƒ=д=ч3 =д=C2=ц,, “,“2ем/ 3C!="ле…,  “=м%…="%д ?,.“  ƒе…,2…/. 3C!="л ем/. !=*е2 * 
,ƒме… ю?,м“  3“л%", м.

jлюче"/е “л%"=: =д=C2,"…=  “,“2ем= 3C!="ле…, , …еч‘2*,L “3Cе!",ƒ%!…/L !ег3л 2%!.

Application question of the indistinct logic device, that allows to solve a problem of control system 
adaptation for the self-guided anti-aircraft controlled rockets by changing conditions is consi-
dered.

Key words: adaptive control system, indistinct supervision regulator.

m= “ег%д… ш…,L де…ь C!,.%д,2“  C!,ƒ…=2ь, 
ч2% “,“2ем/ 3C!="ле…,  ƒе…,2…/. 3C!="л ем/. 
!=*е2 (grp) ƒе…,2…/. !=*е2…/. *%мCле*“%" (gpj) 
…е %Kл=д=ю2 “"%L“2"=м, =д=C2,"…%“2, -3…*ц,%-
…,!%"=…,  " 3“л%", . …е%C!едел‘……%“2, …е*%…-
2!%л,!3ем/. "…еш…,. 2!=е*2%!…/. , ,…-%!м=-
ц,%……/. "%ƒдеL“2",L (м=…‘"!/ цел,, %г…е"%е 
C!%2,"%деL“2",е, C!,ме…е…,е C%ме. , л%"3ше* , 
2. C.), = 2=*›е ,ƒме…е…,L C=!=ме2!%" д,…=м,*, 
“%K“2"е……%г% д",›е…,  !=*е2/. hƒ"е“2…%, ч2% “2е-
Cе…ь =д=C2=ц,, “,“2ем 3C!="ле…,  д%л›…= %Kе“-
Cеч,"=2ь -3…*ц,%…,!%"=…,е ,. *=* C!, ,де=ль-
…/. 3“л%", ., 2=* , !=ƒл,ч…/. “л3ч= . ,. …=!3-
ше…,L.

q3?е“2"3е2 ! д C!%Kлем, *%2%!/е ƒ…=ч,2ель…% 
3“л%›… ю2 ƒ=д=ч3 “,…2еƒ= “,“2ем 3C!="ле…, , 
=д=C2,"…/. * ,ƒме… ю?,м“  3“л%", м: 

"%-Cе!"/., .2% …=!3ше…,е 3“л%",L “%гл=“%-
"=…,  (…е%C!едел‘……%“2ь "л, …,  …е,ƒ"е“2…/. 
2!=е*2%!…/. , C%ме.%"/. "%ƒдеL“2",L, = 2=*›е 
C=!=ме2!%" grp, …е"%ƒм%›…%“2ь *%мCе…“=ц,, …е-
C%“!ед“2"е……% “%%2"е2“2"3ю?,м 3C!="ле…,ем); 

"%-"2%!/., C!, %2…%“,2ель…% "/“%*%м C%! д*е 
“,“2ем/ д,--е!е…ц,=ль…/. 3!="…е…,L, %C,“/-
"=ю?,. д,…=м,*3 C%л‘2= grp, "%ƒ…,*…%"е…,е 
“3?е“2"е……/. 2!3д…%“2еL " “" ƒ, “ …ед%“23C…%-
“2ью C! м/. ,ƒме!е…,L "“е. *%%!д,…=2 "е*2%!= 
“%“2% …, .

p=ƒ",2,е 2е%!,, , C!=*2,*, =",=ц,%……%L …=3-
*, C!,"ел% * “%ƒд=…,ю 2=* …=ƒ/"=ем/. “"е!.м=-
…‘"!е……/. ле2=2ель…/. =CC=!=2%" (qlk`) [1]. 
}леме…2=м, “"е!.м=…‘"!е……%“2, %Kл=д=ю2 "“е 
,“2!еK,2ел, , м…%г%-3…*ц,%…=ль…/е “=м%л‘2/ 
C 2%г% C%*%ле…,  F-22, F-35, Š-50, q3-35 , 
q3-37, = 2=*›е …е*%2%!/е “=м%л‘2/ че2"‘!2%г% 
C%*%ле…,  F-15, F-16, F-18A, l,c-29, q3-27 , 
,. м%д,-,*=ц,,. 

b 2=*2,че“*%м Cл=…е “"е!.м=…‘"!е……%“2ь C%-
ƒ"%л е2 “3?е“2"е……% C%"/“,2ь “%K“2"е……3ю Kеƒ%-
C=“…%“2ь, " 2%м ч,“ле , ƒ= “ч‘2 "/C%л…е…,  K%лее 
.--е*2,"…/. м=…‘"!%" 3*л%…е…,  %2 3C!="л е-
м/. “!ед“2" C%!=›е…, .

b 2е.…,че“*%м Cл=…е “"е!.м=…‘"!е……%“2ь ле2=-
2ель…/. =CC=!=2%" C!едA "л е2 K%лее ›‘“2*,е 
2!еK%"=…,  * 2%ч…%“2,, K/“2!%деL“2",ю , 3“2%L-
ч,"%“2, ,. “%C!%"%›де…,  K%!2%"/м, “лед ?,-
м, “,“2ем=м, !=*е2 *л=““= &ƒемл #"%ƒд3.[ , 
&"%ƒд3.#"%ƒд3.[ " “" ƒ, “ !=“ш,!е…,ем “%“2="= 
%це…,"=ем/. *%%!д,…=2 "е*2%!= “%“2% …, . 0е-
ле…=C!="ле……%е "/C%л…е…,е м=…‘"!=, C!, *%2%-
!%м C% "л е2“  2!е2ь  , K%лее "/“%*,е C!%,ƒ"%д-
…/е д=ль…%“2,, “*%!%“2, , 3гл%"/. *%%!д,…=2, 
C!,"%д,2 * “!/"3 “%C!%"%›де…, . l=…‘"! цел, 
K3де2 .--е*2,"…/м, е“л, %… …=ч…‘2“ , …=C!,ме!, 
ƒ= 2#4 “ д% 2%ч*, "“2!еч, “ м=*“,м=ль…/м, 3“*%-
!е…, м, Wц3, 2%гд= д%“2,г=е2“  2=*=  "ел,ч,…= 
C!%м=.= grp (!,“. 1), C!, *%2%!%L "е!% 2…%“2ь 
C%д!/"= K%е"%L ч=“2, C!=*2,че“*, !="…= …3лю.

b=›…еLш,м, .=!=*2е!,“2,*=м, *=че“2"= “,“-
2ем/ “=м%…="еде…,   "л ю2“  2%ч…%“2ь , 3“2%L-
ч,"%“2ь е‘ !=K%2/, *%2%!/е ƒ=",“ 2 %2 м…%г,. 
-=*2%!%", " 2%м ч,“ле %2 д,…=м,че“*,. “"%L“2" 
“,“2ем/ 3C!="ле…, , "%ƒм3?=ю?,. "%ƒдеL“2",L, 
…=ч=ль…/. 3“л%",L " м%ме…2 C3“*= !=*е2/, ƒ=*%-
…= д",›е…,  цел,.

Š!=е*2%!…%е 3C!="ле…,е “=м%…="%д ?еL“  grp 
Kл,›…ег% деL“2",  (д% 5 *м) !е=л,ƒ3е2“  “%гл=“-
…% ƒ=*%…3 3C!="ле…, , " *%2%!%м ,…-%!м=ц,%…-
…/м,  "л ю2“  *,…ем=2,че“*,е C=!=ме2!/ %2…%-
“,2ель…%г% д",›е…, , "ел,ч,…/ *%2%!/. “3?е“2-
"е……% ƒ=",“ 2 %2 м=…‘"!= цел,:

л лср
,w N rλ = ω�
  

(1)
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где wλ  # -=ƒ%"=  *%%!д,…=2= "е*2%!= *%м=…д/ 2!=е*-
2%!…%г% 3C!="ле…, ; N # C%“2% ……=  …=",г=ц,,; 

л ср
�r  # C!,K%!…%е “!ед…ее ƒ…=че…,е %2…%“,2ель…%L 

“*%!%“2, “Kл,›е…,  (*%…“2!3*2,"…/L C=!=ме2!); 

лω  # -=ƒ%"=  *%%!д,…=2= %це…*, "е*2%!= 3гл%"%L
“*%!%“2, л,…,, ",ƒ,!%"=…,  (,ƒме!е……=  "ел,-
ч,…=).

b "/!=›е…,, (1) ƒ…=че…,е л ср
�r  C!, 2е.…,че“-

*%L !е=л,ƒ=ц,, C!,…,м=е2“  "ел,ч,…%L C%“2% …-
…%L , " grp *%!!е*2,!3е2“  д% “2=!2= " ƒ=",“,-
м%“2, %2 C!,… 2%г% !еше…,  # “2!ельK/ …="“2!е-
ч3 ,л, "д%г%…. }2% ƒ…=ч,2, ч2% ƒ=*%… 3C!="ле…,  
,мее2 ",д

л к лср
,w N r Kλ = ω�

 
1

2

K
K

K

  при стрельбе   навстречу;
где 

  при стрельбе   вдогон,
⎧⎪= ⎨
⎪⎩

K
K

K

1 2К К≠K K .

b/K%! 
1KK  , 

2KK %“3?е“2"л е2“  ,ƒме…е…,ем 
*%.--,ц,е…2= Cе!ед=ч, 3“2!%L“2"= "/!=K%2*, 
*%м=…д (rbj) д% “2=!2= grp (" ч=“2…%“2,, "/-
K%!%м !е›,м= “2!ельK/ &bд%г%…[ ,л, &m="“2!е-
ч3[). j ,ƒме…е…,ю 3“л%",L “2!ельK/ (!,“. 2) 
“,“2ем= 3C!="ле…,  C%л‘2%м …е %Kл=д=е2 “"%L-
“2"=м, =д=C2,"…%“2,. j%.--,ц,е…2 Cе!ед=ч, 
*%…23!= …= !=ƒл,ч…/. 3ч=“2*=. м%›е2 !=ƒл,-
ч=2ь“  " …е“*%ль*% !=ƒ, ч2% C!,"%д,2 * 3.3д-
ше…,ю д,…=м,*, “=м%…="еде…,  ,, *=* “лед“2-
",е, * “…,›е…,ю *=че“2"= …="еде…,  grp , " 
*%…еч…%м “ч‘2е * “…,›е…,ю .--е*2,"…%“2, 
“2!ельK/.

h“.%д  ,ƒ .2%г% "%ƒ…,*=е2 …е%K.%д,м%“2ь 
,ме2ь …= K%!23 grp 2=*%е 3“2!%L“2"%-!ег3л 2%!, 
*%2%!%е K/ %Kе“Cеч,"=л% “=м%…="еде…,е grp " 
3“л%", . …е%C!едел‘……%“2,, " ч=“2…%“2, C!, …=-
"еде…,, …= м=…е"!,!3ю?3ю цель.

`…=л,ƒ ,““лед%"=…,L " .2%L %Kл=“2, C%*=ƒ/-
"=е2, ч2% " “лед ?,е ,ƒме!,2ел, целе“%%K!=ƒ…% 
"*люч=2ь “Cец,=ль…/е 3“2!%L“2"= (=лг%!,2м/) 

p,“. 1. g=",“,м%“2ь *%…еч…%г% д,…=м,че“*%г% C!%м=.= h*д
 %2 "!еме…, …=ч=л= м=…‘"!= цел, tм

p,“. 2. hƒме…е…,е 3“л%",L …="еде…,  C!, “%"е!ше…,, целью м=…‘"!= &!=ƒ"%!%2[
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%K…=!3›е…,  м=…‘"!= , *%!!е*ц,, (=д=C2=ц,,) 
C=!=ме2!%" ,л, “2!3*23!/ “,“2ем/ 3C!="ле…,  " 
“%%2"е2“2",, “ !е=ль…%L %K“2=…%"*%L.

b %C2,м=ль…/. ,ƒме!,2ел ., "/C%л…е……/. …= 
%“…%"е -,ль2!%" j=лм=…=, " ч=“2…%“2,, " -,ль2-
!=. “%C!%"%›де…,  C% 3гл=м , д=ль…%“2,, " *=че-
“2"е %K…=!3›,2елеL …=ч=л= м=…‘"!= , 3“2!%L“2" 
*%!!е*ц,, C=!=ме2!%" -,ль2!%" м%›…% ,“C%ль-
ƒ%"=2ь %K…=!3›,2ел, !=“.%д,м%“2,, !ег3л 2%!/ 
,л, -%!м,!%"=2ел, =дд,2,"…/. 3C!="л ю?,. 
C%C!="%* " *%!!е*2%!=. …е" ƒ*,.

m=C!,ме!, " “=м%…="%д ?,.“  grp “!ед…еL 
д=ль…%“2, (д% 40 *м) =д=C2,"…%“2ь “,“2ем/ 
3C!="ле…,  * ,ƒме… ю?,м“  3“л%", м …="еде-
…,  д%“2,г=е2“  C32‘м ,ƒме!е…,  , %це…*, *,…е-
м=2,че“*,. C=!=ме2!%", ".%д ?,. " ƒ=*%… 3C!="-
ле…, , “Cец,=ль…/м, K%!2%"/м, ,ƒме!,2ел м,. 
nд…=*% дл  grp Kл,›…ег% деL“2",  ,. !е=л,ƒ=-
ц,  " C%л…%L ме!е C!=*2,че“*, …е"%ƒм%›…= ,ƒ-
ƒ= “3?е“2"е……/. %г!=…,че…,L м=““%г=K=!,2…/. 
.=!=*2е!,“2,*.

h““лед%"=…,  2=*›е C%д2"е!д,л,, ч2% " м…%г%-
*%…23!…/. ,ƒме!,2ел . м=…‘"! м%›е2 3.3дш=2ь 
2%ч…%“2ь %це…,"=…,  " -,ль2!=. %2“ле›,"=ем%г% 
C!%це““= (tno) л,K% "/ƒ"=2ь !=“.%д,м%“2ь C!%-
це““= %це…,"=…,  ,ƒ-ƒ= …е“2=ц,%…=!…%“2, tno 
" “" ƒ, “ C% "ле…,ем C!%,ƒ"%д…/. %це…,"=ем/. 
C=!=ме2!%" 3-г% C%! д*= , "/ше. mе“2=ц,%…=!-
…%“2ь “" ƒ=…= “ …=л,ч,ем " -,ль2!=. Cе!еме……/. 
*%.--,ц,е…2%" …е" ƒ%*,  "л ю?,.“  -3…*ц, -
м, *,…ем=2,че“*,. C=!=ме2!%" − %2…%“,2ель…%L 
д=ль…%“2, rл , “*%!%“2, е‘ ,ƒме…е…,  ŕл.

e“2ь ! д …ед%“2=2*%", *%2%!/е %г!=…,ч,"=ю2 
C!,ме…е…,е %C2,м=ль…/. !ег3л 2%!%" " 3“л%", . 
…е%C!едел‘……%“2,.

1. j%.--,ц,е…2/ 3“,ле…,  …е" ƒ%* "/ч,“-
л ю2“  дл  "C%л…е %C!едел‘……%L =C!,%!…%L “2=-
2,“2,*, , " C!%це““е ,ƒме…е…,  3“л%",L -3…*-
ц,%…,!%"=…,  ,ƒме!,2ел  ,. ƒ…=че…,  K3д32 %2-
л,ч=2ь“  %2 %C2,м=ль…/..

2. bл, …,е !=ƒме!…%“2, "е*2%!= “%“2% …,  …= 
3“2%Lч,"%“2ь , !=“.%д,м%“2ь -,ль2!%" j=лм=…= 

C!%2,"%!еч,"%. q %д…%L “2%!%…/, 3"ел,че…,е 
!=ƒме!…%“2, дл  C%"/ше…,  2%ч…%“2, “%%2"е2“2-
",  м%дел, !е=ль…/м 3“л%", м !=K%2/ -,ль2!= 
C!,"%д,2 * C%"/ше…,ю 3“2%Lч,"%“2, , “…,›е-
…,ю 2е…де…ц,, * !=“.%д,м%“2, %це…%*, “ д!3г%L 
# 2=*=  м%дель “2=…%",2“  K%лее C!," ƒ=……%L * 
*%…*!е2…/м 3“л%", м !=K%2/ , …е=д=C2,"…%L * 
,. ,ƒме…е…, м. o%“лед…ее %“%Kе……% …еC!,емле-
м% дл  “,“2ем 3C!="ле…, , *%2%!/е !=K%2=ю2 " 
3“л%", . …е%C!едел‘……%“2,.

3. b%ƒ!=“2=…,е !=ƒме!…%“2, “,…2еƒ,!3ем%г% 
-,ль2!= C!,"%д,2 * !еƒ*%м3 C%"/ше…,ю %ш,K%* 
"/ч,“ле…,L, 3“,л,"=  2ем “=м/м 2е…де…ц,ю * 
!=“.%д,м%“2,.

4. dл  !е=л,ƒ=ц,, %C2,м=ль…%г% 3C!="ле…,  
…е%K.%д,м= ,…-%!м=ц,  % ƒ=*%…е ,ƒме…е…,  %2-
…%“,2ель…%L д=ль…%“2, rл(t), *%2%!3ю м%›…% C%-
л3ч,2ь …= K%!23 !=*е2/ л,K% C!, "%ƒм%›…%“2, 
,ƒме!е…, , л,K% "/ч,“ле…, . dл  !=*е2 “ %г!=…,-
че……/м, м=““%г=K=!,2…/м, .=!=*2е!,“2,*=м,, 
2=*,м, *=* grp Kл,›…ег% деL“2",  (ad), !е=л,-
ƒ%"=2ь ,ƒме!е…,е rл …= K%!23 grp …е"%ƒм%›…%. 

Š=*,м %K!=ƒ%м, …е%K.%д,м% "/!=K%2=2ь 2=*,е 
C%д.%д/ * “,…2еƒ3 “,“2ем/ 3C!="ле…,  “=м%…="%-
д ?,.“  grp, *%2%!/е 3чл, K/ Cе!еч,“ле……/е 
"/ше …ед%“2=2*, , %Kе“Cеч,л, …="еде…,е !=*е2/ 
" 3“л%", . …е%C!едел‘……%“2,. 

b …=“2% ?ее "!ем  ƒ…=ч,2ель…%е !=“C!%“2!=…е-
…,е C%л3ч,л, “,“2ем/ 3C!="ле…,  …= %“…%"е ме-
2%д%" …еч‘2*%L л%г,*,. mеч‘2*%е 3C!="ле…,е 
(Fuzzy Control, Fuzzy-3C!="ле…,е)  "л е2“  %д…%L 
,ƒ Cе!“Cе*2,"…/. ,…2елле*23=ль…/. 2е.…%л%г,L, 
C%ƒ"%л ю?,. “%ƒд="=2ь "/“%*%*=че“2"е……/е “,“-
2ем/ 3C!="ле…, .

o%д …еч‘2*,м, “,“2ем=м, ="2%м=2,че“*%г% 
3C!="ле…,  (q`r) C%…,м=ю2“  “,“2ем/ 3C!="ле-
…, , “%де!›=?,е “2!3*23!…/е Kл%*, …еч‘2*%г% 
л%г,че“*%г% "/"%д= (amb) (!,“. 3).

j д%“2%,…“2"=м 2=*,. “,“2ем м%›…% %2…е“2,:
"%ƒм%›…%“2ь ,“C%льƒ%"=…,  дл  “л%›…/. C!%-

це““%", *%гд= …е2 C!%“2%L м=2ем=2,че“*%L м%-
дел,;

p,“. 3. q2!3*23!= Kл%*= …еч‘2*%г% "/"%д=
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-%!м3л,!%"=…,е .*“Cе!2…/. ƒ…=…,L %K %KAе*-
2е 3C!="ле…,  ,л, C!%це““е " “л%"е“…%L -%!ме;

"%ƒм%›…%“2ь =CC!%*“,м=ц,, Cе!ед=2%ч…%L 
-3…*ц,,;

C!%“2%2= “2!3*23!/;
!%K=“2…%“2ь ,л, =д=C2,"…%“2ь. 
aл%*, …еч‘2*%г% "/"%д= C!ед“2="л ю2 “%K%L 

…ел,…еL…/е ƒ"е…ь , %Cе!=2%!/ *%2%!/. %C!еде-
л ю2“  K=ƒ%L ƒ…=…,L, “%“2% ?,. ,ƒ …еч‘2*,. 
C!%д3*ц,%……/. C!=",л , ,“C%льƒ3ем/. =лг%!,2-
м%м …еч‘2*%г% л%г,че“*%г% "/"%д= [2]. n“…%"…/м 
C!,ƒ…=*%м *л=““,-,*=ц,, …еч‘2*,. “,“2ем 
3C!="ле…,   "л е2“  ме“2%…=.%›де…,е Kл%*%" 
…еч‘2*%г% л%г,че“*%г% "/"%д=, C!, .2%м …еч‘2-
*=  “,“2ем= л,K% “=м= -%!м,!3е2 3C!="л ю?,е 
“,г…=л/, л,K% “,г…=л/ “ …еч‘2*%L “,“2ем/ 
3C!="л ю2 C=!=ме2!=м, 2!=д,ц,%……%L “,“2ем/ 
3C!="ле…,  (!,“. 4).

Š%гд= 2=*,е …еч‘2*%-л%г,че“*,е “,“2ем/ ="-
2%м=2,че“*%г% 3C!="ле…,  “2!% 2“  C% д"3.-
3!%"…е"%L “.еме [3, 4]. m= …,›…ем 3!%"…е 2=*,. 
q`r ,“C%льƒ3ю2“  2!=д,ц,%……/е ohd-!ег3л -
2%!/ ("*люч=ю?,е " “еK  C!%C%!ц,%…=ль…/е, 
,…2ег!,!3ю?,е, д,--е!е…ц,!3ю?,е ƒ"е…ь ), 
= …= "е!.…ем # …еч‘2*,е “,“2ем/, …=ƒ/"=ем/е 
“3Cе!",ƒ%!=м,, *%!!е*2,!3ю?,м, C=!=ме2!/ 
!ег3л 2%!%" …,›…ег% 3!%"…  " ƒ=",“,м%“2, %2 
C!%це““%", C!%2е*=ю?,. " “,“2еме, C!,д="=  
еL “"%L“2"= =д=C2,"…%“2, ,л, !%K=“2…%“2, 
(!,“. 5).

m= !,“. 5 FUZZY 1 , FUZZY 2 # …еч‘2*,е 
“3Cе!",ƒ%!…/е !ег3л 2%!/, %Kе“Cеч,"=ю?,е 
=д=C2=ц,ю “,“2ем/ 2!=е*2%!…%г% 3C!="ле…,  * 

3“л%", м “=м%…="еде…,  grp (м=…‘"! цел,); 
FUZZY 3 # !ег3л 2%!, %Kе“Cеч,"=ю?,L !%K=“2-
…%“2ь “,“2ем/ C,л%2=›…%г% 3C!="ле…, , " ч=“2-
…%“2, *=* “,“2ем/, г!3K%L * ,ƒме…е…,ю *%.--
-,ц,е…2= Cе!ед=ч, !=*е2/ C% …%!м=ль…%м3 3“-
*%!е…,ю W3 [3].

Šе%!,  “,“2ем 3C!="ле…,  “ …еч‘2*,м, м%де-
л м, ,“C%льƒ3е2“  " …=3ч…%м ,““лед%"=…,, C% 
“,…2еƒ3 “,“2ем/ 2!=е*2%!…%г% 3C!="ле…,  (qŠr) 
“=м%…="%д ?еL“  grp ad “ …еч‘2*,м “3Cе!",-
ƒ%!…/м !ег3л 2%!%м (mqp) (!,“. 6), !е=л,ƒ3ю-
?еL ме2%д C!%C%!ц,%…=ль…%г% “Kл,›е…, . q,…-
2еƒ,!3ем/L =лг%!,2м -3…*ц,%…,!%"=…,  C%ƒ"%-
л,2 3че“2ь …ел,…еL…/L , …е“2=ц,%…=!…/L .=!=*-
2е! grp *=* %KAе*2= 3C!="ле…,  , %Kе“Cеч,2ь 
"/“%*,е C%*=ƒ=2ел, *=че“2"= 3C!="ле…,  Kеƒ 
“2!3*23!…%L , C=!=ме2!,че“*%L =д=C2=ц,,, = 2=*-
›е C!%“2%23 =CC=!=23!…%L , C!%г!=мм…%L !е=л,-
ƒ=ц,, =лг%!,2м= 3C!="ле…, .

q,…2еƒ !ег3л 2%!= дл  qŠr м%›е2 K/2ь C!%"е-
д‘… C% “лед3ю?еL ме2%д,*е:

%C!еделе…,е “2!3*23!/ “,“2ем/ 2!=е*2%!…%г% 
3C!="ле…,  “ mqp “=м%…="%д ?еL“  grp;

C!%"еде…,е .*“Cе!2…%L %це…*, дл  C%“2!%е…,  
K=ƒ/ ƒ…=…,L amb (=CC=!=23!…/. ƒ…=че…,L C=!=-
ме2!%" !ег3л 2%!=);

-%!м,!%"=…,е =лг%!,2м= amb mqp. 
0елью .*“Cе!2…%L %це…*,  "л е2“  %C!еделе-

…,е д,=C=ƒ%…= ƒ…=че…,L *%.--,ц,е…2= *%!!е*-
ц,, K*, C!, *%2%!/. %Kе“Cеч,"=ю2“  2!еK3ем/е 
ƒ…=че…,  C%*=ƒ=2елеL д,…=м,*, “=м%…="еде…,  " 
,ƒме… ю?,.“  3“л%", . “Kл,›е…,  !=*е2/ “ це-
лью. dл  2%г% ч2%K/ “%.!=…,2ь 2!еK3ем/е C%*=-

p,“. 4. q2!3*23!…=  “.ем= *%…23!= “=м%…="еде…,  ƒе…,2…%L 3C!="л ем%L !=*е2/:

W3, Wц3 # C=!=ме2!/ д",›е…,  цел, , !=*е2/ (…%!м=ль…/е 3“*%!е…, ); υ # 3г%л *!е…= grp %2…%“,2ель…% C!%д%ль-

…%L %“,; φ= # 3г%л Cеле…г= =…2е……%г% 3“2!%L“2"=; Δφ # ƒ…=че…,е %2…%“,2ель…%г% C%л%›е…,  grp , цел,; лω�  − *%%!-
д,…=2= %це…*, 3гл%"%L “*%!%“2, л,…,, ",ƒ,!%"=…, ; λw − *%м=…д= 2!=е*2%!…%г% 3C!="ле…,  (1); δ # C%л%›е…,е 
!3леL grp: rл,  ŕл # "%ƒм3?е…, , %K3“л%"ле……/е …е%C!едел‘……/м, ("",д3 …ед%“23C…%“2, ,ƒме!е…, ) %2…%“,2ель…%L 
д=ль…%“2ью д% цел, , “*%!%“2ью е‘ ,ƒме…е…, ; F" # "%ƒм3?е…, , %K3“л%"ле……/е “%K“2"е……/м д",›е…,ем grp " 

C!%“2!=…“2"е
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p,“. 5. j%…23! “=м%…="еде…,  ƒе…,2…%L 3C!="л ем%L !=*е2/ Kл,›…ег% 
деL“2",  “ …еч‘2*,м “3Cе!",ƒ%!…/м !ег3л,!%"=…,ем:

 K-1,  K-2,  Kλ,  K! # *%.--,ц,е…2/ *%!!е*ц,, !=K%2/ 2!=д,ц,%……/. !ег3л 2%!%"

p,“. 6. q,“2ем= 2!=е*2%!…%г% 3C!="ле…,  
“ …еч‘2*,м “3Cе!",ƒ%!…/м !ег3л 2%!%м

ƒ=2ел, д,…=м,че“*,. “"%L“2" !=*е2/ C!, …="еде-
…,, …= м=…е"!,!3ю?3ю цель, …е%K.%д,м% %“3-
?е“2"л 2ь *%!!е*ц,ю Cе!ед=2%ч…/. “"%L“2" *%…-
23!= …="еде…, . b ч=“2…%“2,, ƒ= “ч‘2 ="2%м=2,че-
“*%г% ,ƒме…е…,  *%.--,ц,е…2= Cе!ед=ч, rbj 
qŠr C% ,…-%!м=ц,, “ "/.%д= !ег3л 2%!=, %“3?е-
“2"л ю?ег% *%…2!%ль ƒ= .=!=*2е!%м д",›е…,  
цел, C% ,ƒме…е…,ю *=*%г%-л,K% %це…,"=ем%г% 
,…-%!м=ц,%……%г% C=!=ме2!=.

Š=*,м %K!=ƒ%м, ƒ=д=ч=м, .*“Cе!2…%L %це…*, 
K3д32  "л 2ь“ :

"%-Cе!"/., %C!еделе…,е ",д= ,…-%!м=ц,%……%-
г% C=!=ме2!=, “ C%м%?ью *%2%!%г% м%›…% -,*-
“,!%"=2ь м%ме…2 ,ƒме…е…,  .=!=*2е!= д",›е…,  
цел, " C!%це““е м=…‘"!= (2%ч*= q …= !,“. 2);

"%-"2%!/., %C!еделе…,е ƒ…=че…,L *%.--,-
ц,е…2%" Cе!ед=ч,, %Kе“Cеч,"=ю?,. 2!еK3ем/е 
C%*=ƒ=2ел, д,…=м,*, “=м%…="еде…,  C!, ,ƒме-

…е…,, .=!=*2е!= д",›е…,  цел, " C!%це““е м=-
…‘"!=;

"-2!е2ь,., %C!еделе…,е -3…*ц,%…=ль…%L ƒ=",-
“,м%“2, ,ƒме…е…,  *%.--,ц,е…2= *%!!е*ц,, 
rbj %2 ,ƒме…е…,  2!=е*2%!…%г% C=!=ме2!=, *%…-
2!%л,!3ю?ег% .=!=*2е! д",›е…,  м=…е"!,!3ю-
?еL цел,.

m= %“…%"е *,…ем=2,че“*%г% =…=л,ƒ= 3“2=…%"ле-
…%, ч2% дл  *%…2!%л  .=!=*2е!= д",›е…,  м=…е"-
!,!3ю?еL цел, м%›…% ,“C%льƒ%"=2ь 3гл%"3ю 
“*%!%“2ь л,…,, ",ƒ,!%"=…,  έл, C% ,ƒме…е…,ю 
*%2%!%L "%ƒм%›…% "/дел,2ь 3ч=“2*,, “%%2"е2“2-
"3ю?,е …="еде…,ю !=*е2/ …= "“2!еч…%м , д%г%…-
…%м *3!“=., = 2=*›е -,*“,!%"=2ь м%ме…2 ,ƒме…е-
…,  *3!“= цел, [5]. 

Š=*›е C32‘м !еше…,  *,…ем=2,че“*,. 3!="…е-
…,L , C!%"еде…,  ,м,2=ц,%……%г% м%дел,!%"=-
…,  …= Cе!“%…=ль…/. .ле*2!%……%-"/ч,“л,2ель-
…/. м=ш,…=. (o}bl) м%›…% %C!едел,2ь д,=C=-
ƒ%… ,ƒме…е…,  3гл%"%L “*%!%“2, л,…,, ",ƒ,!%"=-
…,  έл " ƒ=",“,м%“2, %2 %2…%“,2ель…%L “*%!%“2, 
“Kл,›е…, , "л, ю?еL …= *%.--,ц,е…2 Cе!ед=ч, 
*%…23!= " (1) [5].

t%!м,!%"=…,е =лг%!,2м= amb ƒ=*люч=е2“  " 
"/!=K%2*е C!=",л, &“" ƒ/"=ю?,.[ ".%д…3ю "ел,-
ч,…3 έл , "/.%д…%L *%.--,ц,е…2 *%!!е*ц,, K*, 
%C!едел‘……/L " .%де .*“Cе!2…%L %це…*,. }2% д%“-
2,г=е2“  Kл=г%д=!  =лг%!,2м=м …еч‘2*%г% "/"%д=, 
…=C!,ме! q3г.…%, l=мд=…, , д!. [2]. b/!=K%2=…-
…/е C!, .2%м =лг%!,2м/ д=д32 "%ƒм%›…%“2ь %Cе-
!=2,"…% , …еC!е!/"…% *%!!е*2,!%"=2ь !=K%23 
“,“2ем/ 3C!="ле…,  “=м%…="%д ?,.“  grp ad, 
ч2% C%ƒ"%л е2 !еш,2ь ƒ=д=ч3 =д=C2=ц,, * ,ƒме-
… ю?,м“  3“л%", м “ K%лее C!%“2%L “2!3*23!%L 
“,“2ем/ 3C!="ле…,  C!, ,“C%льƒ%"=…,, …еч‘2*%-
г% “3Cе!",ƒ%!…%г% !ег3л 2%!= *%.--,ц,е…2= Cе-
!ед=ч, rbj.
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Š=*,м %K!=ƒ%м, ,ƒ “*=ƒ=……%г% "/ше “лед3е2, 
ч2% “,“2ем/ “=м%…="еде…,  grp -3…*ц,%…,!3ю2 
" 3“л%", . …е%C!едел‘……%“2,, %K3“л%"ле……/. *=* 
"/C%л…е…,ем целью м=…‘"!%" 3*л%…е…, , 2=* , 
…ед%“23C…%“2ью C! м%г% ,ƒме!е…,  "“е. *%%!д,-
…=2 "е*2%!= “*%!%“2, цел, , “%K“2"е……/. C=!=-
ме2!%" д",›е…,  grp. }2% “%ƒд=‘2 %C!едел‘……/е 
2!3д…%“2, C!, “,…2еƒе =д=C2,"…/. “,“2ем 3C!="-
ле…,  grp, *%2%!/е д%л›…/ “ "/“%*%L 2%ч…%-
“2ью …="%д,2ь !=*е23 …= цель *=* " ,де=ль…/. 
3“л%", ., 2=* , C!, !еƒ*%м ,. ,ƒме…е…,,. b “=-
м%…="%д ?,.“  grp ad ,мею2 ме“2% %г!=…,че-
…, , “" ƒ=……/е “ м=““%г=K=!,2…/м, .=!=*2е!,-
“2,*=м, “=м%L grp. nд…,м ,ƒ C32еL !еше…,  
C!%Kлем/ дл  2=*,. !=*е2  "л е2“  “,…2еƒ “,“2е-
м/ 3C!="ле…,  grp “ ,“C%льƒ%"=…,ем …еч‘2*%г% 
“3Cе!",ƒ%!…%г% !ег3л,!%"=…, .

a,Kл,%г!=-,че“*,е ““/л*,

1. j=…=?е…*%" `.h. t%!м,!%"=…,е %Kл,*= =",=-
ц,%……/. “,“2ем 3C!="ле…,  "%%!3›е…,ем. l.: p=д,%-
2е.…,*=, 2006. 138 “.

2. r“*%" `.`., j!3гл%" b.b. h…2елле*23=ль…/е “,“-
2ем/ 3C!="ле…,  …= %“…%"е ме2%д%" …еч‘2*%L л%г,*,. 
qм%ле…“*, 2003. 177 “.

3. j!3гл%" b.b., r“*%" `.`. p%K=“2…%“2ь “,“2ем 
3C!="ле…,  “ …еч‘2*,м, !ег3л 2%!=м, // d%*л=д/ ме-
›д3…=!. *%…-. &h…-%!м=ц,%……/е “!ед“2"= , 2е.…%л%-
г,,[. Š. 1. 2001. 121 “.

4. r“*%" `.`., j,“ел‘" e.b. q,“2ем/ 3C!="ле…,  “ 
…еч‘2*,м, “3Cе!",ƒ%!…/м, ohd-!ег3л 2%!=м, // o!,-
K%!/ , “,“2ем/. 2005. 1 9. q. 68.

5. u32%!“*%L h.m., t,…%ге…%" q.m. q,“2ем/ …="е-
де…,  ƒе…,2…/. !=*е2 “ %C2,м=ль…/м 3C!="ле…,ем. 
qм%ле…“*: b` bobn bq pt, 2008. 327 “.
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tnplhpnb`mhe opnqŠp`mqŠb` u`p`jŠephqŠhj noŠhl`k|mn 
p`qonknfemm{u }kelemŠnb 

q-%!м3л,!%"=…% %C!еделе…,е C!%“2!=…“2"= .=!=*2е!,“2,* %C2,м=ль…% !=“C%л%›е……/. 
.леме…2%" , C!едл%›е… C%д.%д * ег% -%!м,!%"=…,ю. p=““м%2!е…/ .2=C/ %2%K!=›е…,  
,“.%д…%г% C!%“2!=…“2"= 2е.…,*%-.*%…%м,че“*,. .=!=*2е!,“2,* %KAе*2%" *%…2!%л  !=-
д,%.ле*2!%……%г% %K%!3д%"=…,  …= “%%2"е2“2"3ю?ее ем3 C!%“2!=…“2"% .=!=*2е!,“2,* %C-
2,м=ль…% !=“C%л%›е……/. .леме…2%". o!,"ед‘… C!,ме! C%“2!%е…,  C!%“2!=…“2"= .=!=*-
2е!,“2,* %C2,м=ль…% !=“C%л%›е……/. .леме…2%" дл  *л=““,-,*=ц,, “!ед“2" *%…2!%л  
!=д,%.ле*2!%……%г% %K%!3д%"=…, .

jлюче"/е “л%"=: C!%“2!=…“2"% %C2,м=ль…% !=“C%л%›е……/. .леме…2%", C!е%K!=ƒ%"=…,е C!%“2-
!=…“2"=, C!е%K!=ƒ%"=…,е м…%г%ме!…/. д=……/., *л=““,-,*=ц,  “!ед“2" *%…2!%л  !=д,%.ле*2!%…-
…%г% %K%!3д%"=…, .

Space characteristic definition for optimally oriented components is stated and approach to its 
forming is proposed. Reflection phases for initial space of the technical and economic characteristic 
for radio-electronic equipment control object on the corresponding space characteristic for optimally 
oriented components are considered. Example of the space characteristic forming for optimally 
oriented components that allows to solve a problem of radio-electronic equipment control means 
classification is considered.

Key words: space for optimally oriented components, space transformation, many-dimensional dates 
transformation, radio-electronic equipment control means classification.

b"еде…,е. o!, =…=л,ƒе, ,““лед%"=…,, , *л=“-
“,-,*=ц,, %KAе*2%" *%…2!%л  (nj) !=д,%.ле*-
2!%……%г% %K%!3д%"=…,  (p}n) , ,. “!ед“2" *%…-
2!%л  (qj) "%ƒ…,*=е2 ƒ=д=ч=, “" ƒ=……=  “ C!е%K-
!=ƒ%"=…,ем !=ƒл,ч…/. ед,…,ц ,ƒме!е…,  2е.…,-
*%-.*%…%м,че“*,. .=!=*2е!,“2,* (Š}u) nj/qj 
p}n * %д…%L 3“л%"…%L ед,…,це ,ƒме!е…, . Šе.-
…,*%-.*%…%м,че“*,м, .=!=*2е!,“2,*=м, nj/qj 

p}n м%г32  "л 2ь“ , …=C!,ме!, “,л= 2%*=, м%?-
…%“2ь ,ƒл3че…,  " ч=“2%2…%м д,=C=ƒ%…е, м=““= 
%K%!3д%"=…, , ег% “2%,м%“2ь , 2. C.

o!едл=г=ем%е …,›е C!е%K!=ƒ%"=…,е !=ƒл,ч…/. 
ед,…,ц ,ƒме!е…,  * %д…%L 3“л%"…%L ед,…,це ,ƒ-
ме!е…,  %“…%"/"=е2“  …= ,“C%льƒ%"=…,, C%д.%д= 
* -%!м,!%"=…,ю C!%“2!=…“2"= .=!=*2е!,“2,* 
%C2,м=ль…% !=“C%л%›е……/. .леме…2%", " *%2%-
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!%м “%.!=… е2“  “3?е“2"3ю?ее %2…%ше…,е C%-
! д*= ме›д3 ч,“ле……/м, ƒ…=че…, м, C!%е*ц,L 
Š}u nj/qj p}n ,“.%д…%г% C!%“2!=…“2"= C%“ле 
ег% C!е%K!=ƒ%"=…, .

t%!м,!%"=…,е C!%“2!=…“2"= .=!=*2е!,“2,* %C-
2,м=ль…% !=“C%л%›е……/. .леме…2%" C!%,“.%д,2 
“лед3ю?,м %K!=ƒ%м. o% "“ем C!%е*ц, м Š}u 
nj/qj p}n, ,мею?,. !=ƒл,ч…/е ед,…,ц/ ,ƒ-
ме!е…, , " ,“.%д…%м C!%“2!=…“2"е %“3?е“2"л е2-
“  C%,“* *л=““%" .*","=ле…2…/. C% м%д3лю ч,“-
ле……/. ƒ…=че…,L C!%е*ц,L Š}u nj/qj p}n. 
g=2ем "/C%л… е2“  %Cе!=ц,  ƒ=ме…/ !="…/. C% 
м%д3лю ч,“ле……/. ƒ…=че…,L C!%е*ц,L Š}u 
nj/qj p}n, C!,…=дле›=?,. %д…%м3 *л=““3 …= 
C%! д*%"/L …%ме! “=м%г% *л=““=. 

d=лее "%““2=…="л,"=е2“  ƒ…=* # Cлю“ ,л, м,-
…3“ # дл  *=›д%г% C!е%K!=ƒ%"=……%г% ч,“ле……%г% 
ƒ…=че…,  C!%е*ц,, Š}u nj/qj p}n " “%%2"е2-
“2",, “ %2!,ц=2ель…/м, , C%л%›,2ель…/м, ƒ…=-
че…, м, C!%е*ц,L Š}u nj/qj p}n " ,“.%д…%м 
C!%“2!=…“2"е д% м%ме…2= ег% C!е%K!=ƒ%"=…, . 

q-%!м3л,!3ем %C!еделе…,е C!%“2!=…“2"= .=-
!=*2е!,“2,* %C2,м=ль…% !=“C%л%›е……/. .ле-
ме…2%". 

o!%“2!=…“2"% .=!=*2е!,“2,* %C2,м=ль…% !=“-
C%л%›е……/. .леме…2%". nC!еделе…,е. o!%“2!=…“2-
"%м .=!=*2е!,“2,* %C2,м=ль…% !=“C%л%›е……/. 
.леме…2%" N 

M
A,D K3дем …=ƒ/"=2ь C!е%K!=ƒ%"=……%е 

C!%“2!=…“2"% Š}u nj/qj p}n RM, где дл  "“е. 
nj/qj p}n M

i RS ∈ , 1,  2, ,  i I= …  # *%л,че“2"% 
nj/qj p}n, " !еƒ3ль2=2е C!е%K!=ƒ%"=…,  “%-
.!=… е2“  “3?е“2"3ю?ее %2…%ше…,е C%! д*= 

1 1,2 1, 1,, , , ,m m m m m m
i i i I I Is s sα α α− −{ }… … , )(1 """"m

i,i ≤∨<α − , 
mm

i,i A∈α −1 , AAm ∈  # %2…%ше…,е C%! д*= ме›д3 
ƒ…=че…, м, C!%е*ц,L Š}u nj/qj p}n s 

m
i ∈Si, 

!=““2% …,е дл  C=!/ mm
i

m
i Ss,s ∈− )( 1  C% *=›д%L 

%“, {m} ∈R 

m %C!едел е2“  "/!=›е…,ем m
i,id =−1  

m
i

m
i ss −= −1 , mm

i,i Dd ∈−1 , D 

m
 ∈D  C!, 3“л%",,, ч2% 

mm
i,id γ→−1 , min→γm , 0, 1, ,m Nγ = …  # м%…%2%……% 

"%ƒ!=“2=ю?=  C%“лед%"=2ель…%“2ь цел/. ч,“ел, 
"*люч=  …еL2!=ль…/L .леме…2 …%ль, Mm ≤≤1  # 
!=ƒме!…%“2ь C!%“2!=…“2"= R 

M.
o!,"ед‘м м=2ем=2,че“*%е %C,“=…,е C%д.%д= 

C% -%!м,!%"=…,ю C!%“2!=…“2"= .=!=*2е!,“2,* 
%C2,м=ль…% !=“C%л%›е……/. .леме…2%" N 

M
A,D  дл  

…е*%2%!%г% ,“.%д…%г% C!%“2!=…“2"= Š}u nj/qj 
p}n RM.

l=2ем=2,че“*%е %C,“=…,е -%!м,!%"=…,  C!%-
“2!=…“2"= .=!=*2е!,“2,* %C2,м=ль…% !=“C%л%›е…-
…/. .леме…2%". o3“2ь ƒ=д=…/ nj/qj p}n # Si " 
",де 2%че* м…%г%ме!…%г% C!%“2!=…“2"= RM , дл  
*=›д%L %“, {m} ∈Rm “-%!м,!%"=…/ C%“лед%"=-
2ель…%“2, ƒ…=че…,L C!%е*ц,L Š}u nj/qj p}n 

1 , , , ,m m m m
i Is s s S∈{ }… … , где s 

m
i ∈Si , i = 1, 2, ... I, 

I # ч,“л% 2%че* RM, m = 1, 2, ... M, M # !=ƒме!-
…%“2ь RM.

b/дел,м !="…/е C% ƒ…=че…,ю .леме…2/ s 

m
i ∈S 

m
 

Kеƒ 3ч‘2= ƒ=д=……/. ед,…,ц ,ƒме!е…,L , %KAед,-
…,м ,. " %д…3 г!3CC3. rч,2/"= , ч2% ƒ…=че…,  
.леме…2%" s 

m
i ∈S 

m м%г32 K/2ь *=* C%л%›,2ель…/-
м,, 2=* , %2!,ц=2ель…/м,, ,“C%льƒ3ем !="е…“2"% 
ƒ…=че…,L .леме…2%" .2,. м…%›е“2" C% м%д3лю ,. 
ч,“л=.

t3…*ц, , C%ƒ"%л ю?=  !=ƒдел,2ь C%“лед%"=-
2ель…%“2ь м…%›е“2" 1, , , ,m M MS S S R∈{ }… …  …= 
г!3CC/ c(S 

m) C% C!,ƒ…=*3 !="…/. C% м%д3лю 
.леме…2%" mm

i Ss ∈ , %C!едел е2“  "/!=›е…,ем

1

1

\

1 11

\

1 11

| ,

,

| ,

,

M k k
k Mk

M k m
k

k
k M S S

M M M
m m k

k km
m

m

S S

M M M
m m k

k km

S

S S S

S
S

S S S

∈=

=

⎧ ⎫⎪ ⎪∈ Λ⎨ ⎬
⎪ ⎪⎩ ⎭

= ==

⎧ ⎫⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

= ==

⎧ Λ
⎪
⎪
⎪
⎪ ⎛ ⎞⎛ ⎞ ⎧ ⎫
⎪ ≠ ∅ ∧ ∀ ≠ ∅⎨ ⎬⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎪ ⎩ ⎭⎪Γ = ⎨
⎪
⎪
⎪
⎪
⎪ ⎛ ⎞⎛ ⎞ ⎧ ⎫

≠ ∅ ∧ ∀ = ∅⎪ ⎨ ⎬⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎪ ⎩ ⎭⎩

( )

∪

∪

∪ ∩

∪ ∩

 (1)

где ∪  ,  ∩  # ƒ…=*, %KAед,…е…,  , Cе!е“ече…,  м…%-
›е“2"; \# ƒ…=* !=ƒ…%“2, д"3. м…%›е“2"; | # “,м"%л, 
%K%ƒ…=ч=ю?,L %K ƒ=2ель…%е "/C%л…е…,е 3“л%",  
(C!, 3“л%",,); 

Mk∈
Λ  # %Cе!=ц,  u=3“д%!-=, %C!еде-

л ю?=  “3мм3 C%“лед%"=2ель…%“2еL м…%›е“2" C% 

k ∈ M; 
M

k 1=
∀  # *"=…2%! %K?…%“2,, C!,ме… ем/L …= 

,…2е!"=ле Mk ≤≤1 ; S 

m , S 

k # м…%›е“2"=, “%де!›=-
?,е .леме…2/, “%%2"е2“2"3ю?,е ƒ…=че…, м C!%е*-
ц,L m , k Š}u nj/qj p}n; mS  , kS  # м…%›е“2-
"=, ƒ…=че…,  .леме…2%" *%2%!/. !=““м=2!,"=ю2“  
2%ль*% C% м%д3лю ч,“л=. 

pеƒ3ль2=2%м C!,ме…е…,  "/!=›е…,  (1)  "л е2-
“  C%“лед%"=2ель…%“2ь {c(S 

1), ..., c(S 

m), ..., c(S 

M)}∈ 
∈c, “%“2% ?=  ,ƒ г!3CC c(S 

m) м…%›е“2" S 

m. e“л, 
"/дел,2ь 2=*%е “"%L“2"%, *=* 2%ле!=…2…%“2ь ме›-
д3 “%K%L г!3CC  c(S 

m) C% м%д3лю ƒ…=че…,L C!,…=д-

ле›=?,. ,м .леме…2%" )( mm
i Ss Γ∈ , 2% м%›…% 

“дел=2ь “лед3ю?,е "/"%д/.
b%-Cе!"/., е“л, г!3CC/ c(S 

m) …е 2%ле!=…2…/ 
ме›д3 “%K%L, 2% м…%›е“2"= S 

m …е ,мею2 %д,…=-
*%"/. C% м%д3лю .леме…2%", 2. е. *=›д%L г!3CCе  
c(S 

m) K3де2 “%%2"е2“2"%"=2ь %д…% м…%›е“2"% %C-
2,м=ль…% !=“C%л%›е……/. .леме…2%".

b%-"2%!/., е“л, …е*%2%!=  ч=“2ь г!3CC c(S 

m)  
2%ле!=…2…= ме›д3 “%K%L, = д!3г=  ч=“2ь # …е2, 2% 
дл  2е. г!3CC c(S 

m), *%2%!/е ,мею2 %д,…=*%"/е 
C% м%д3лю .леме…2/, = 2=*›е дл  “л3ч= , *%гд= 
ƒ…=че…,  .леме…2%" %д…%L г!3CC/ м%г32 C%C=-
д=2ь ме›д3 д"3м  ƒ…=че…, м, .леме…2%" д!3г%L 
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г!3CC/, …е%K.%д,м% %KAед,…,2ь 2=*,е г!3CC/ 
c(S 

m) " %д…3 %K?3ю г!3CC3 ,л, г!3CC/ c~(S 

m) , 
ƒ=2ем 3›е дл  C%л3че……%L C%“лед%"=2ель…%“2,  
c~(S 

m) , c(S 

m) %“3?е“2"л 2ь ,. C!е%K!=ƒ%"=…,е 
"% м…%›е“2"= %C2,м=ль…% !=“C%л%›е……/. .ле-
ме…2%".

b-2!е2ь,., е“л, "“е г!3CC/ c(S 

m) 2%ле!=…2…/ 
ме›д3 “%K%L, 2% "“е м…%›е“2"= S 

m
 ∈ c(S 

m), где  
c(S  

m) ∈ c !=““м=2!,"=ю2“  , C!е%K!=ƒ%"/"=ю2“  
*=* ед,…=  C%“лед%"=2ель…%“2ь ч,“ел " %д…% м…%-
›е“2"% %C2,м=ль…% !=“C%л%›е……/. .леме…2%".

d=лее ""ед‘м ƒ=ме…3 %K%ƒ…=че…,  c(S 

m) = cm. 
q 3ч‘2%м ,ƒл%›е……%г% -3…*ц,  %KAед,…е…,  
2%ле!=…2…/. ме›д3 “%K%L г!3CC cm K3де2 ,ме2ь 
",д

⎪⎩

1

1

1

\

1 11

\

1

1

\

1

| ,

,

| ,

inf { } sup ,

| ,

M k k
k Mk

M k k
k Mk

M k m
k

k
k M

M M M
m m k

k km

k
k M

M
m

m

m M
k m m k

i
k

m

M
m

m

s

∈=

∈=

=

⎧ ⎫⎪ ⎪∈ Γ Λ Γ⎨ ⎬
⎪ ⎪⎩ ⎭

= ==

⎧ ⎫⎪ ⎪∈ Γ Λ Γ⎨ ⎬
⎪ ⎪⎩ ⎭

=

=

⎧ ⎫⎪ ⎪Γ Γ⎨ ⎬
⎪ ⎪⎩ ⎭

=

Λ Γ

⎛ ⎞⎛ ⎞ ⎧ ⎫
Γ ≠ ∅ ∧ ∀ Γ Γ ≠ ∅⎨ ⎬⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎩ ⎭

Λ Γ

⎛ ⎞
Γ ≠ ∅ ∧⎜ ⎟⎝ ⎠

Γ Γ = ⎛ ⎞
∧ Γ ≤ ∀ ∈Γ ≤≤ Γ⎜ ⎟⎝ ⎠

Γ

⎛
Γ ≠ ∅

( )

∪

∪

∪

∪ ∩

∪

�

∪
1 1

,
M M

m k
k k= =

⎧
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪ ⎛ ⎞⎞ ⎧ ⎫

∧ ∀ Γ Γ = ∅⎨ ⎬⎪ ⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎩ ⎭⎪
⎪

∩

 

(2)

где inf ck
 # …,›…   г!=…,ц= дл  г!3CC/ ck; sup ck

 # 

"е!.…   г!=…,ц= дл  г!3CC/ ck; cm , ck  # г!3CC/, 
“%“2% ?,е ,ƒ м…%›е“2" .леме…2%" S 

m , S 

m; mΓ  , 
kΓ  # г!3CC/ cm , ck, ƒ…=че…,  .леме…2%" *%2%!/. 

!=““м=2!,"=ю2“  C% м%д3лю ч,“л=.

b/!=›е…,е (2) C%ƒ"%л,2 C!е%K!=ƒ%"=2ь ,“.%д-
…3ю C%“лед%"=2ель…%“2ь c 

m
 ∈ c " C%“лед%"=2ель-

…%“2ь c~(cm) ∈ c~, “%“2% ?3ю ,ƒ д"3. 2,C%" г!3CC: 
2%ле!=…2…/. ме›д3 “%K%L ccm ∈ c~(cm), “%“2% ?,. 
2%ль*% ,ƒ %д…%г% м…%›е“2"= S 

m ∈ c~(cm).

b"ед‘м ƒ=ме…3 %K%ƒ…=че…,  c~(cm) = c~
m

 , д%C%л-
…,2ель…/L "“C%м%г=2ель…/L *л=““ f (Cl 

m
0 ) = ∅  дл  

“л3ч= , е“л, 0=m
is . p=ƒ%Kь‘м *=›д3ю г!3CC3 

c~(cm) ∈ c~ …= *л=““/ .*","=ле…2…/. C% м%д3лю 
.леме…2%", ,“C%льƒ3  !е*3!!е…2…%е "/!=›е…,е

1 1
1

1

1

1
1

, min ,

0 1 ,

, min ,

0 1 ,

, min \

\ ,

0 1 ,

I
m m m m
i i i

i
m m

i

I
m m m m
i i im ii m m

i

I
m m m
i i

i
i

m m
i i

k
m m

i

Cl s Cl

s i

Cl s Cl
f Cl

s i

Cl s

f Cl Cl

s i

− −
=

=

=

−
=

⎪
⎪ ∈Γ ⊂
⎪
⎪ Γ ≠ ∅ ∧ = ∧ =
⎪
⎪

∈Γ ⊂⎪= ⎨
⎪ Γ ≠ ∅ ∧ ≠ ∧ =
⎪
⎪

∈ Γ⎪
⎪
⎪ Λ ⊂
⎪
⎪ Γ ≠ ∅ ∧ ≠ ∧ >⎩

{ }

( ) ( ) ( )

{ }
( )

( ) ( ) ( )

{ {

{ ( )}}

( ) ( ) ( )

�

�

�

�

�

�

⎧

  

(3)

где \ # ƒ…=* ,“*люче…,  *л=““= f (Cl 

m
i )  ,ƒ г!3CC/ c~m; 

⊂ # ƒ…=* "*люче…,  .леме…2%" mm
i

~s Γ∈
 
" …%"/L 

*л=““ f (Cl mi  ) ; i = 1, 2, ... I  # *%л,че“2"% nj/qj p}n; 
m = 1, 2, ... M # *%л,че“2"% г!3CC c~m.

o!%"ед‘м *%!!е*ц,ю “3мм/ C%“лед%"=2ель…%-

“2еL *л=““%" 0
1

\
I

m m m
i

i
f Cl f Cl

=
Λ ∈Γ{ ( ) ( )} �

 
дл  “л3ч= , 

е“л,  f (Cl 

m
0 ) = ∅  C% "“ем m = 1, 2, ... M. g=2ем ƒ=ме-

…,м *=›д/L .леме…2 m
is ∈ f (Cl 

m
i    ) …= C%! д*%"/L 

…%ме! *л=““= i ∈ f (Cl 

m
i    )   “ “%.!=…е…,ем C%! д*= 

“лед%"=…,  C% "е!.…ем3 , …,›…ем3 ,…де*“=м 
m
i

m
i is = . b%““2=…%",м C%! д%* “лед%"=…,  C!е%K-

!=ƒ%"=……/. .леме…2%" i 

m
i ∈ f (Cl 

m
i    ) дл  *=›д%L г!3C-

C/ c~m ∈ c~, ,“C%льƒ3  ƒ…=че…,  ƒ…=*%" sg 

m
i  .леме…-

2%" s 

m
i ∈S 

m д% ,. C!е%K!=ƒ%"=…, , “%гл=“…% -%!м3ле

s~ 
 

m
i = sgmi i 

m
i ,  (4)

где sg mi  %C!едел е2“  "/!=›е…,ем

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

m
i

m m
i i

m
i

s
sg s

s

⎧ >
⎪= =⎨
⎪− <⎩    

(5)

m= %“…%"е C%л3че……/. .леме…2%" m
is~  “-%!м,-

!3ем м…%›е“2"= mS~  %C2,м=ль…% !=“C%л%›е……/. 
.леме…2%", *%2%!/е -=*2,че“*,  "л ю2“  C!е%K-
!=ƒ%"=……/м, м…%›е“2"=м, ƒ…=че…,L C!%е*ц,L 
.=!=*2е!,“2,* nj/qj p}n " C!%“2!=…“2"е %C2,-
м=ль…% !=“C%л%›е……/. .леме…2%" N 

M
A,D . p=“-

“м%2!,м C!=*2,че“*%е C!,ме…е…,е C!едл%›е…-
…%г% C%д.%д=.

o!,ме! -%!м,!%"=…,  C!%“2!=…“2"= %C2,м=ль-
…% !=“C%л%›е……/. .леме…2%". o3“2ь ƒ=д=…% м…%-
›е“2"% qj p}n Sqj, *=›д%е Sqji # qj p}n %C,-
“/"=е2“  д"3м  Š}u: S 

m
qji ∈Sqji # м=““%L, ,ƒ-

ме! ем%L " *,л%г!=мм=., , S 

c
qji ∈Sqji # ег% 

“2%,м%“2ью, %C!едел‘……%L " !3Kл ., Sqji ∈Sqj, 
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i = 1, 2, ... I, I = 14. mе%K.%д,м% “-%!м,!%"=2ь 
г!3CC/ C%.%›,. ме›д3 “%K%L C% Š}u qj p}n. 
b=!,=…2/ qj p}n , ƒ…=че…,  ,. Š}u C!ед“2="-
ле…/ " 2=Kл,це. 

c!=-,че“*%е !=“C%л%›е…,е qj p}n %2…%“,-
2ель…% д!3г д!3г= " C!%“2!=…“2"е Š}u C!ед“2="-
ле…% …= !,“. 1.

o!е%K!=ƒ3ем ,“.%д…%е C!%“2!=…“2"% Š}u qj 
p}n " C!%“2!=…“2"% .=!=*2е!,“2,* %C2,м=ль…% 
!=“C%л%›е……/. .леме…2%", ,“C%льƒ3  "/!=›е…,  
(1) # (5) (!,“. 2).

n2ме2,м, ч2% %2…%ше…,е C%! д*= ,“.%д…%г% 
C!%“2!=…“2"= Š}u qj p}n дл  2%че* Sqji !="…% 
%2…%ше…,ю C%! д*= " “-%!м,!%"=……%м C!%-
“2!=…“2"е .=!=*2е!,“2,* %C2,м=ль…% !=“C%л%›е…-
…/. .леме…2%" дл  2%че* S~qji (“м. !,“. 1 , 2). 

nKAед,…,м qj p}n " г!3CC/ …= %“…%"е C!,-
ƒ…=*=, %C!едел ю?ег% ,. “.%д“2"%, “лед3ю?,м %K-
!=ƒ%м. dл  *=›д%L 2%ч*, C!%“2!=…“2"= .=!=*2е!,-
“2,* %C2,м=ль…% !=“C%л%›е……/. .леме…2%" C!%-
"ед‘м %*!3›…%“2ь “ ед,…,ч…/м !=д,3“%м. b *=че-
“2"е ме!/ “.%д“2"= .=!=*2е!,“2,* qj p}n ,“C%ль-

h“.%д…/е д=……/е , 2е.…,*%-.*%…%м,че“*,е .=!=*2е!,“2,*, "=!,=…2%" qj p}n

b=!,=…2 Sqji l=““= S 

m
qji, *г q2%,м%“2ь S 

c
qji, !3K.

Sqj1 200 200 000

Sqj2 190 270 000

Sqj3 100 200 000

Sqj4 300 300 000

Sqj5 120 150 000

Sqj6 280 150 000

Sqj7 150 220 000

Sqj8 200 150 000

Sqj9 220 220 000

Sqj10 150 250 000

Sqj11 320 170 000

Sqj12 170 180 000

Sqj13 160 260 000

Sqj14 140 260 000

p,“. 1. p=“C%л%›е…,е “!ед“2" *%…2!%л  !=д,%.ле*2!%……%г% %K%!3д%"=…,  %2…%“,2ель…% 
д!3г д!3г= " C!%“2!=…“2"е ,. 2е.…,*%-.*%…%м,че“*,. .=!=*2е!,“2,*

300 000

250 000

200 000

150 000

0
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ƒ3ем C!,ƒ…=* Cе!е*!/2,  %*!3›…%“2еL ме›д3 “%-
K%L. e“л, Cе!е*!/2,е “3?е“2"3е2, 2% 2%ч*, C!%-
“2!=…“2"= %KAед,… ю2“  " %д…3 г!3CC3, " C!%2,"-
…%м “л3ч=е # …е2. 

pеƒ3ль2=2 -%!м,!%"=…,  г!3CC C%.%›,. ме›д3 
“%K%L qj p}n C!ед“2="ле… …= !,“. 3.

b“ег% K3д32 %K!=ƒ%"=…/ д"е 2=*,е г!3CC/ #
{S~qj7, S~qj10, S~qj13, S~qj14} ∈ c~1 , {S~qj1, S~qj9} ∈ c~2.

g=*люче…,е. o!едл%›е… C%д.%д * -%!м,!%"=-
…,ю C!%“2!=…“2"= .=!=*2е!,“2,* %C2,м=ль…% 
!=“C%л%›е……/. .леме…2%", C%ƒ"%л ю?,L Kеƒ ,“-
C%льƒ%"=…,  -3…*ц,, “2!е““= %Kе“Cеч,2ь “"еде-
…,е !=ƒл,ч…/. ед,…,ц ,ƒме!е…,  Š}u nj/qj 
p}n * %д…%L 3“л%"…%L ед,…,це ,ƒме!е…, , 2. е. 
"е?е“2"е……/е ƒ…=че…,  C!%е*ц,L Š}u nj/qj 

p}n ,“.%д…%г% C!%“2!=…“2"= C!е%K!=ƒ3ю2“  * 
цел%ч,“ле……/м ƒ…=че…, м C!%е*ц,L .=!=*2е!,-
“2,* C!%“2!=…“2"= %C2,м=ль…% !=“C%л%›е……/. 
.леме…2%". nC2,м=ль…%“2ь !=“C%л%›е…,  .ле-
ме…2%" " C!е%K!=ƒ%"=……%м C!%“2!=…“2"е %Kе“Cе-
ч,"=е2“  ƒ= “ч‘2 “%.!=…е…,  “3?е“2"3ю?ег% %2-
…%ше…,  C%! д*= ме›д3 .леме…2=м, …= ,“.%д…%м 
C!%“2!=…“2"е C%“ле ег% C!е%K!=ƒ%"=…,  , C!ед-
“2="ле…,  !=““2% …,L ме›д3 “%“ед…,м, .леме…-
2=м, " цел%ч,“ле……%м ",де “ м,…,м=ль…% "%ƒ-
м%›…/м ш=г%м. 

h““лед%"=…,  C% -%!м,!%"=…,ю C!%“2!=…“2"= 
.=!=*2е!,“2,* %C2,м=ль…% !=“C%л%›е……/. .ле-
ме…2%" "/C%л…е…/ C!, C%дде!›*е г!=…2= o!еƒ,-
де…2= p%““,L“*%L tеде!=ц,, 1 lj#3735.2004.10.

p,“. 2. p=“C%л%›е…,е “!ед“2" *%…2!%л  !=д,%.ле*2!%……%г% %K%!3д%"=…,  %2…%“,2ель…% 
д!3г д!3г= " C!%“2!=…“2"е .=!=*2е!,“2,* %C2,м=ль…%  !=“C%л%›е……/. .леме…2%" 

p,“. 3. t%!м,!%"=…,е г!3CC м=*“,м=ль…% C%.%›,. “!ед“2" *%…2!%л  !=д,%.ле*2!%……%г%
%K%!3д%"=…,  " C!%“2!=…“2"е .=!=*2е!,“2,* %C2,м=ль…% !=“C%л%›е……/. .леме…2%"
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}jnmnlhj` h npc`mhg`0h“ m`r)mni h ung“iqŠbemmni de“Šek|mnqŠh

rdj 658.512

o.l. aе2“,“ (nnn &q,“*% “,“2ем“[, г. l%“*"=)

apalladi@cisco.com

qeŠeb`“ }jnmnlhj` qŠ`mnbhŠq“ mnplni 

o%*=ƒ=…% *=* ,“C%льƒ%"=…,е Cе!ед%"/. 2е.…%л%г,L "л, е2 …= C!%це““/ .*%…%м,че“*,. 
C!е%K!=ƒ%"=…,L.

jлюче"/е “л%"=: “е2е"=  .*%…%м,*=, “е2е"/е C%д*люче…, , “%ц,=ль…/е “е2,, 2е.…%л%г,че-
“*=  ,…-!=“2!3*23!=.

There is shown how using of high technology influences the processes of economic transformation.

Key words: network economics, network connections, social networking, technology infrastructure.

b"еде…,е. }*%…%м,че“*,L “C=д *%…ц= 2е*3?е-
г% де“ 2,ле2, , *%2%!/L …= g=C=де ч=“2% …=ƒ/"=-
ю2 &bел,*%L !еце““,еL[, %*=ƒ=л ч!еƒ"/ч=L…% 
гл3K%*%е "л, …,е …= м,!%"%L K,ƒ…е“. j!,ƒ,“ …=-
ч=л“  " 2007 г. “ “е!ьеƒ…%г% “K%  " =ме!,*=…“*%L 
-,…=…“%"%L “,“2еме, *%2%!/L, C% м…е…,ю K%ль-
ш,…“2"= .*%…%м,“2%", м%г “2=2ь де2%…=2%!%м “=-
м%г% гл3K%*%г% .*%…%м,че“*%г% *!,ƒ,“= “% "!е-
ме… bел,*%L деC!е““,, 1920-. гг. l,!%"=  .*%-
…%м,*= K/“2!% C%ч3"“2"%"=л= C%“лед“2",  .2%г% 
“K% . b 2008 , 2009-м гг. *%мC=…,, C%…е“л, K%ль-
ш,е C%2е!,. rд=!/ C%“/C=л,“ь …= K,ƒ…е“ K/“2!% 
, ч=“2%, C!,"%д  * !еƒ*,м “%*!=?е…, м д%.%д%", 
C!,K/леL , !=K%ч,. ме“2.

nд…=*%, *=ч…3"ш,“ь " %д…3 “2%!%…3, м= 2…,* 
"“егд= д",›е2“  %K!=2…%, , м,!%"=  .*%…%м,*= 
"ед‘2 “еK  2=* ›е. qCец,=л,“2/ …=C!%!%ч,л, еL 
медле……/L, …% “2=K,ль…/L C%дAем, "% "!ем  *%-
2%!%г% "/›,"ш,е *%мC=…,, "%ƒме“2 2 C%2е!, , 
=д=C2,!3ю2“  * …%"%м3 !/…%ч…%м3 л=…дш=-23. 
h деL“2",2ель…%, …е*%2%!/е *%мC=…,, " !=ƒ…/. 
“2!=…=. 3›е ",д 2 “"е2 " *%…це 23……ел  , !=д3ю2-
“  C%“23C=ю?,м "!ем  %2 "!еме…, .%!%ш,м …%-
"%“2 м. bме“2е “ 2ем м…%г,е ƒ=д=ю2“  "%C!%“%м: 
&)2% ›е д=льше?[

o% ","ш,е“  "% "!ем  *!,ƒ,“= …%"/е K,ƒ…е“-
м%дел,, “*%!ее "“ег%, …,*3д= …е ,“чеƒ…32. j C!,-
ме!3, !=K%2= " &!е›,ме "/›,"=…, [, *%гд= *%м-
C=…,, “2!ем 2“  C%л3ч,2ь K%льше C!, ме…ьш,. 
ƒ=2!=2=. (,ме……% .2%2 C%д.%д “2=л …= !/…*е C%-
"“еме“2…/м " *!,ƒ,“…%е "!ем ), C% "“еL ",д,м%-
“2,, %“2=…е2“  %“…%"…/м C!,…ц,C%м де 2ель…%-
“2, , " %K%ƒ!,м%м K3д3?ем. j!%ме 2%г%, "/.%д  
…= !/…%*, м…%г,е *%мC=…,, C%-C!е›…ем3 K3д32 
,“*=2ь …%"/е ,“2%ч…,*, д%.%д= , "…ед! 2ь …%"/е 
3“л3г,.

o%*= %д…, *%мC=…,, %?32,л, …е*%2%!/L !%“2 
C!,K/л,, д!3г,е д% “,. C%! ›д32, *%гд= ›е, …=*%-
…ец, ,. C%д."=2,2 …%"=  "%л…= .*%…%м,че“*%г% 
C%дA‘м=. m% е“2ь , 2=*,е *%мC=…,,, *%2%!/е !=“-
“м=2!,"=ю2 …/…еш…юю “,23=ц,ю *=* 3д%K…/L 
“л3ч=L дл  C%,“*= , "…ед!е…,  …%"/., K%лее .--
-е*2,"…/. ме2%д%" "еде…,  K,ƒ…е“=. oе!ед 2=*,-
м, *%мC=…, м, м%г32  %2*!/2ь“  г!=…д,%ƒ…/е 
"%ƒм%›…%“2,, *%2%!/е …е 2%ль*% *%мCе…“,!3ю2 
C%2е!,, C%…е“е……/е "% "!ем  *!,ƒ,“=, …% , C%-
м%г32 “-%!м,!%"=2ь &…%"/L м,!%"%L C%! д%*[ " 
.*%…%м,че“*%L %Kл=“2,.

b “%"!еме……%L гл%K=ль…%L .*%…%м,че“*%L 
“!еде 3“2%Lч,"/е *%…*3!е…2…/е C!е,м3?е“2"= 
C%л3ч=2 2е, *2% K/“2!% "…ед!,2 ме2%д/ “%"ме“2-
…%L !=K%2/ , ,…“2!3ме…2=ль…/е “!ед“2"=, C%ƒ"%-
л ю?,е “%2!3д…,*=м, ƒ=*=ƒч,*=м , C=!2…е!=м 
“" ƒ/"=2ь“  д!3г “ д!3г%м , "ƒ=,м%деL“2"%"=2ь " 
люK%м ме“2е " люK%е "!ем  “ C%м%?ью люK%г% 
3“2!%L“2"=, = 2=*›е C%льƒ%"=2ь“  3“л3г=м,, *%2%-
!/е .*%…%м 2 "!ем  , де…ьг,, = 2=*›е C!,…%“ 2 
K%лее "е“%м/е !еƒ3ль2=2/.

oе!е.%д * гл%K=ль…%L .*%…%м,*е. l%?…=  -3…*-
ц,%…=ль…%“2ь 2е.…%л%г,L Web 2.0 , “%ц,=ль…/. 
“е2еL д=‘2 *%…еч…/м C%льƒ%"=2ел м "%ƒм%›…%“2ь 
дел,2ь“  л,ч…/м %C/2%м ,“C%льƒ%"=…,  2%"=!%" 
, 3“л3г , "% м…%г,. “л3ч= . C%ƒ"%л е2 " !е=ль…%м 
"!еме…, %*3C=2ь ,…"е“2,ц,,, "л%›е……/е " .2, 
2%"=!/ , 3“л3г,. q!ед= ш,!%*,. "ƒ=,м…/. “е2е-
"/. C%д*люче…,L, C%ƒ"%л ю?=  “"%K%д…% %Kме-
…,"=2ь“  ƒ…=…, м, , ,де м,, 3›е C%м%г=е2 "е“2, 
K,ƒ…е“ м…%г,м *%мC=…, м, г%2%"/м “л3ш=2ь “"%-
,. ƒ=*=ƒч,*%" , "ƒ=,м%деL“2"%"=2ь “ …,м, , ›е-
л=ю?,м !=ƒ!=K=2/"=2ь …%"=2%!“*,е, K%лее це…-
…/е , *=че“2"е……/е C!%д3*2/ “ 3ч‘2%м ,…2е!е“%" 
*л,е…2%".
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}*%…%м,*=, C%“2!%е……=  …= &3м…%м[ 2е.…%л%-
г,че“*%м -3…д=ме…2е, C%ƒ"%л,2 %!г=…,ƒ=ц, м , 
ч=“2…/м г!=›д=…=м C!%д3*2,"…% !=K%2=2ь , “%-
2!3д…,ч=2ь д!3г “ д!3г%м …еƒ=",“,м% %2 ,. ме-
“2%C%л%›е…, . j C!,ме!3, *%гд= *%мC=…,, “2=л, 
“%*!=?=2ь *%л,че“2"% *%м=…д,!%"%*, м…%г,е 
%Cе!=2%!/ 3."=2,л,“ь ƒ= .23 "%ƒм%›…%“2ь , “2=-
л, "*л=д/"=2ь “!ед“2"= " …%"/е *%!C%!=2,"…/е 
2е.…%л%г,,, %“%Kе……%, " 2е.…%л%г,, “%"ме“2…%L 
!=K%2/. j!%ме 2%г%, " дел%"%L “!еде !=“2‘2 C%-
…,м=…,е "=›…%“2, г%“3д=!“2"е……%-ч=“2…%г% 
C=!2…е!“2"= дл  д=ль…еLшег% .*%…%м,че“*%г% 
!%“2= , C!%ц"е2=…, . u%2  ч=“2…/L K,ƒ…е“ K3де2 
,г!=2ь ƒ=ме2…3ю !%ль " C!е%д%ле…,, .*%…%м,че-
“*%г% *!,ƒ,“=, “%"ме“2…=  !=K%2= г%“3д=!“2"е…-
…%г% , ч=“2…%г% “е*2%!= “ег%д…  "=›…=, *=* …,-
*%гд=.

hме……% г%“3д=!“2"е……%е “2,м3л,!%"=…,е C%-
м%гл% "/L2, ,ƒ *!,ƒ,“= м…%г,м “2!=…=м. cде-2% 
%…% C!,… л% -%!м3 “!%ч…%L ““3д/, *=* " nKAе-
д,…е……/. `!=K“*,. }м,!=2=., где C!=",2ель“2"= 
`K3-d=K, , d3K=   "/!3ч,л, 2е!Cе"ш3ю Kед“2-
",е “2!%,2ель…3ю *%мC=…,ю &Nakheel[. b д!3г,. 
“2!=…=. дл  K%!ьK/ “ *!,ƒ,“%м “%ƒд="=л,“ь це-
ле"/е -%…д/ # …=C!,ме!, " qx` C!еƒ,де…2 
nK=м= "/дел,л …= K%!ьK3 “ *!,ƒ,“%м 787 мл!д 
д%лл. Š=* ,л, ,…=че, г%“3д=!“2"е……%-ч=“2…%е 
C=!2…е!“2"% м%›е2 3“*%!,2ь де…е›…/L %K%!%2, 
“2,м3л,!%"=2ь !%“2 .*%…%м,*, , C%"/“,2ь =*-
2,"…%“2ь K,ƒ…е“= …= ме“2…%м, !ег,%…=ль…%м , 
гл%K=ль…%м 3!%"… ..

nд,… ,ƒ “=м/.  !*,. C!,ме!%" # “"%K%д…=  
.*%…%м,че“*=  ƒ%…= " q%…гд% (~›…=  j%!е ), 
“2="ш=  %K!=ƒц%м г%“3д=!“2"е……%-ч=“2…%г% 
C=!2…е!“2"= ме›д3 "ед3?,м, 2!=…“…=ц,%…=ль-
…/м, *%!C%!=ц, м, , C!=",2ель“2"%м ~›…%L 
j%!е,, “2!% ?,м, …%"/L г%!%д “ …3л . b q%…-
гд% K3д32 "%Cл%?е…/ “=м/е C%“лед…,е д%“2,›е-
…,  …=3*, , 2е.…,*,. c%!%д C!едл%›,2 “"%,м 
›,2ел м "“е “%"!еме……/е 3д%K“2"=, " 2%м ч,“ле 
%2*!/2/е C!%“2!=…“2"= , C=!*, %K?еL Cл%?=-
дью " 250 г=.

j!%ме 2%г%, " q%…гд% K3де2 “%ƒд=…= “=м=  “%-
"!еме……=  2е.…%л%г,че“*=  ,…-!=“2!3*23!= “ 
K,ƒ…е“-це…2!=м,, г%“2,…,ц=м,, ш*%л=м,, м3ƒе -
м, , “3Cе!м=!*е2=м,. c%!%д “3л,2 “"%,м ›,2е-
л м, !=K%2…,*=м , г%“2 м …еK/"=л% "/“%*%е *=-
че“2"% ›,ƒ…,, %“…%"=……%е …= Cе!ед%"%м %C/2е 
г%!%д“*%г% Cл=…,!%"=…,  , .*%л%г,че“*, ч,“2%L 
3!K=…,ƒ=ц,,.

d!3г%L C!,ме! # &.*%…%м,че“*,L г%!%д ,ме-
…, *%!%л  `Kд3лл/[ (King Abdullah Economic 
City, KAEC) " q=3д%"“*%L `!=",,. n… дем%…“2-
!,!3е2 "=›…3ю !%ль ,…"е“2,ц,L, “%ƒд=…,  …%-
"/. !=K%ч,. ме“2 , C%"/ше…,  Cл=2‘›е“C%“%K-
…%“2, …=“еле…,  дл  3“2%Lч,"%г% .*%…%м,че-
“*%г% !=ƒ",2, . q2!=2ег,  “%ƒд=2елеL г%!%д= 

“%“2%,2 " “2!%,2ель“2"е “=м%L “%"!еме……%L ,…-
-!=“2!3*23!/ , -%!м,!%"=…,, C!%це““%", ме-
… ю?,. C!,"/ч…/е “2=…д=!2/ , C!едл=г=ю-
?,. …%"/е C%д.%д/ "“ем “2!=…=м. cл=д*=  ,…2е-
г!=ц,  .2%L ,…-!=“2!3*23!/ , “%"!еме……/. 
2е.…%л%г,L “ *%!C%!=2,"…/м, , %K?е“2"е……/-
м, 3“л3г=м, C%ƒ"%л,2 “%ƒд=2ь C%л…%“2ью “=м%-
д%“2=2%ч…%е “%%K?е“2"%, %2*!/2%е дл  "“е. ›е-
л=ю?,..

Šе.…%л%г,  *=* "=›…еLш,L -=*2%! 3“*%!е…,  
.*%…%м,че“*%г% !%“2=. o!,ме!/ q%…гд% , K`EC 
C%*=ƒ/"=ю2, ч2% 2е.…%л%г,  м%›е2 3“*%!,2ь C!%-
це““/ ,……%"=ц,L , C!е%K!=ƒ%"=…,L “ C%м%?ью 
…%"/. “C%“%K%" д%“2="*, 3“л3г. j C!,ме!3, " 
q%…гд% Cл=…,!3е2“  C!ед%“2="л 2ь г!=›д=…=м 
мед,ц,…“*,е 3“л3г, "/“шег% *=че“2"= C% 2!еK%-
"=…,ю “ C%м%?ью 2е.…%л%г,, Cisco HealthPresence, 
*%2%!=  3“2=…="л,"=е2 3д%K…3ю , .--е*2,"…3ю 
“" ƒь ме›д3 C=ц,е…2%м , "!=ч%м …еƒ=",“,м% %2 
!=““2% …,L.

n2 “,“2ем ƒд!="%%.!=…е…,  "% "“е. “2!=…=. "“‘ 
ч=?е 2!еK3ю2 C%"/ше…,  *=че“2"= мед,ц,…“*,. 
3“л3г. qег%д…  д%“23C C=ц,е…2%" * мед,ц,…“*,м 
3“л3г=м ƒ=ч=“23ю %г!=…,че…. n“%Kе……% .2% *=“=-
е2“  3“л3г  3ƒ*,. “Cец,=л,“2%" , лече…,  .!%…,-
че“*,. ƒ=K%ле"=…,L, C!,ч‘м , " г%!%д=., , " 
“ель“*%L ме“2…%“2,. m=г!3ƒ*= …= мед,ц,…“*,. 
!=K%2…,*%" …еC!е!/"…% !=“2‘2. hм …е%K.%д,м 
д%“23C * …3›…%L ,…-%!м=ц,,, …=д‘›…=  “" ƒь , 
“!ед“2"= “%"ме“2…%L !=K%2/ " “!еде мед,ц,…“*%-
г% 3ч!е›де…, .

mеCл%.% K/ C%л…%“2ью 2!=…“-%!м,!%"=2ь , 
“,“2ем3 %K!=ƒ%"=…, . dл  .2%г% м%›…% ,“C%ль-
ƒ%"=2ь 2е.…%л%г,, “%"ме“2…%L !=K%2/, C%ƒ"%-
л ю?,е *=›д%м3 “%ƒд="=2ь, !ед=*2,!%"=2ь, Cе-
!ед="=2ь , C%л3ч=2ь *%…2е…2 , Cе!ед%"%L %C/2. 
d%“23C * "/“%*%*=че“2"е……/м 3“л3г=м %K3че-
…,  “ C%м%?ью г%“3д=!“2"е……%-ч=“2…%г% C=!2-
…е!“2"= C!, 3ч=“2,, "ед3?,. 3чеK…/. ƒ="еде-
…,L C%м%›е2 “%ƒд=2ь .*%…%м,*3 ƒ…=…,L, C!ед-
л%›,2ь C!%-е““,%…=ль…%е %K3че…,е “ель“*%L 
м%л%д‘›, , C%дг%2%",2ь “23де…2%" * C!%д3*-
2,"…%L !=K%2е " м,!%"%L .*%…%м,*е 21-г% “2%-
ле2, .

p=ƒ3м…%е …%"=2%!“*%е ,“C%льƒ%"=…,е …%"/. 
2е.…%л%г,L C%"/“,2 C!%,ƒ"%д,2ель…%“2ь 2!3д=, 
“%*!=2,2 !=“.%д/ , C%м%›е2 C!е%K!=ƒ%"=2ь *%м-
C=…,,, г%!%д=, “2!=…/ ,, " *%…еч…%м “ч‘2е, ›,ƒ…ь 
*=›д%г% ,ƒ …=“. q2!=…/, 3дел ю?,е Cе!"%%че-
!ед…%е "…,м=…,е !=ƒ",2,ю “е2еL " …=ц,%…=ль…%м 
м=“ш2=Kе, C%л3ч=2 “е!ьеƒ…/е *%…*3!е…2…/е C!е-
,м3?е“2"= , C!,"ле*32 ль",…3ю д%лю C! м/. 
,…%“2!=……/. ,…"е“2,ц,L.

b “%"!еме……%м м,!е …, *%мC=…,,, …, ч=“2…/е 
л,ц= деL“2"%"=2ь " %д,…%ч*3 …е м%г32. l/ 2е“…% 
“" ƒ=…/ д!3г “ д!3г%м, , .*%…%м,че“*,L *!,ƒ,“ 
C%*=ƒ=л .2% “ C!едель…%L  “…%“2ью. m=м …3›…% 
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,ƒ"лечь ,ƒ *!,ƒ,“= 3!%*,. oе!ед 2ем,, *2% .2% 
“дел=е2, %2*!%ю2“  …еK/"=л/е "%ƒм%›…%“2,. o%-
2%м3-2% C!=",2ель“2"= м…%г,. “2!=… , "*л=д/"=-
ю2 K%льш,е “!ед“2"= " !=ƒ",2,е …=ц,%…=ль…/. 
2е.…%л%г,че“*,. ,…-!=“2!3*23! , ,. м%де!…,ƒ=-
ц,ю, = 2=*›е " “%ƒд=…,е …%"/. 2е.…%л%г,че“*,. 
,…-!=“2!3*23! дл  “%"ме“2…%L !=K%2/, “C%“%K-
…/. д%"е“2, …%"=2%!“*,е !=ƒ!=K%2*, д% *=›д%г% 
чел%"е*=.

h…/м, “л%"=м,, “е2ь “2=л= Cл=2-%!м%L дл  
!=ƒ!=K%2*, !=ƒ3м…/. д%лг%“!%ч…/. !еше…,L " 
2=*,. %Kл=“2 ., *=* Kеƒ%C=“…%“2ь , %.!=…= %K?е-
“2"е……%г% C%! д*=, 2!=…“C%!2, “2!%,2ель“2"%, 
*%мм3…=ль…/е “л3›K/, ƒд!="%%.!=…е…,е , %K!=-
ƒ%"=…,е. qе2е"=  Cл=2-%!м= C!,%K!ел= *!,2,че-
“*, "=›…%е ƒ…=че…,е дл  …%"=2%!“2"=, .--е*2,"-
…%“2,, !%“2= C!%,ƒ"%д,2ель…%“2, 2!3д= , .*%…%-
м,че“*%г% !=ƒ",2,  люK%L “2!=…/ , …=!%д=.

rdj 338.45:621.311

p.`. t=Lƒ!=.м=…%", д-! .*%…. …=3*, C!%-., ~.t. p3Kц%", *=…д. 2е.…. …=3*, C!%-. 
(oе!м“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2)

rehino@permlink.ru

leŠndnknch)eqjhe nqnaemmnqŠh `bŠnl`Šhghpnb`mmncn 
rop`bkemh“ }mepcnpeqrpqnqaepefemhel 

p=““м%2!е…/ ме2%д%л%г,че“*,е %“%Kе……%“2, !еше…,  ƒ=д=ч C% .…е!г%!е“3!“%“Kе!е›е…,ю. 
o!едл%›е…/ C!,…ц,C “,“2ем…%“2,, .2=C/ ="2%м=2,ƒ=ц,, , ме2%д,*= %це…*, .*%…%м,, 
%2 "…ед!е…,  “,“2ем 3C!="ле…,   .…е!г%!е“3!“%“Kе!е›е…,ем.

jлюче"/е “л%"=: .…е!г%!е“3!“%“Kе!е›е…,е, ="2%м=2,ƒ,!%"=……/е “,“2ем/, ме2%д,*=, “,“2ем=.

Problem solution methodological features for energoresource-saving are considered. Systemacy 
principle, automation phases and economy valuation methodology for implementation of the 
energoresource-saving control system are proposed.

Key words: energoresource-saving, automatic systems, methodology, system.

b"еде…,е. `…=л,ƒ м,!%"%г% %C/2= C%*=ƒ/"=е2, 
ч2% C!%Kлем/ .…е!г%!е“3!“%“Kе!е›е…,  (}pq) 
“%.!=… ю2 “"%ю =*23=ль…%“2ь д=›е дл  .*%…%м,-
че“*, !=ƒ",2/. “2!=…, "/.%д *%2%!/. ,ƒ %че!ед-
…%г% .…е!ге2,че“*%г% ,л, !е“3!“…%г% *!,ƒ,“=, 
*=* C!=",л%, “%C!%"%›д=е2“  Cе!е.%д%м …= K%лее 
"/“%*,L .…е!г%- , !е“3!“%“Kе!ег=ю?,L 2е.…%л%-
г,че“*,L 3!%"е…ь.

nд…=*% “,“2ем…%е !еше…,е C!%Kлем/ }pq 
е?‘ …е …=Lде…%. qл=K%,ƒ3че……/м, %“2=ю2“  "%-
C!%“/ ме2%д%л%г,че“*%г% %Kе“Cече…,  !=ƒ",2,  
“%%2"е2“2"3ю?ег% *%мCле*“= 2е.…%л%г,L. j!%ме 
2%г%, “лед3е2 %2ме2,2ь, ч2% " …=3*е д% “,. C%! 
…е2 ед,…%L 2%ч*, ƒ!е…,  C% C%"%д3 2!=*2%"*, 
.*%…%м,че“*%г% “%де!›=…,  *=2ег%!,L &.…е!-
г%!е“3!“%“Kе!е›е…,е[, &3C!="ле…,е .…е!г%C%2!е-
Kле…,ем[ , 2. д. [1].

Šе%!е2,че“*,L =…=л,ƒ. nK ƒ=2ель…/м 3“л%",ем 
“,“2ем/ }pq C!едC!, 2, , C%“еле…, , !=L%…= 
 "л е2“  е‘ ед,…=  “2!3*23!= (“м. !,“3…%*), %KA-
ед,… ю?=  “,“2ем/ .…е!г%“…=K›е…,  "“е. C%-
2!еK,2елеL [2#4].

`"2%м=2,ƒ,!%"=……=  “,“2ем= 3C!="ле…,  .…е!-
г%!е“3!“=м, (`qr}p) д%л›…= K/2ь цел%“2…%L 
“2!3*23!%L, %Kе“Cеч,"=ю?еL це…2!=л,ƒ%"=……/L 
*%…2!%ль , 3C!="ле…,е "“ем, %KAе*2=м, .…е!г%-
“…=K›е…, .

q%“2="…/м, C%д“,“2ем=м, `qr}p  "л ю2“  
`qjr}p, `qjr}q, `qŠr}, `qr}q, `qrb, 
`qrjnq.

h“C%льƒ%"=…,е C%д“,“2ем `qr}p д=‘2 *%…-
*!е2…/L .--е*2:

“%*!=?=ю2“  ƒ=2!=2/ …= %K!=K%2*3 ,…-%!м=-
ц,, ƒ= “ч‘2 C%л3че…,  %Cе!=2,"…%L, д%“2%"е!…%L 
,…-%!м=ц,, %K .…е!г%C%2!еKле…,, , “%“2% …,, 
%K%!3д%"=…,  " .ле*2!%……%м ",де;

!ег,“2!=2%! ="=!,L…/. C!%це““%" д%*3ме…-
2=ль…% C%д2"е!›д=е2 , 3“2=…="л,"=е2 C!,ч,…/ 
"/.%д= ,ƒ “2!%  %K%!3д%"=…,  ("!еме……%е %2“32-
“2",е C,2=ю?ег% …=C! ›е…, , “!=K=2/"=…,е *=-
*%L-л,K% ƒ=?,2/ , 2. C.);

,ƒме!,2ель *=че“2"= .ле*2!%.…е!г,, д%*3ме…-
2=ль…% C%д2"е!›д=е2 , 3“2=…="л,"=е2 .=!=*2е! 
C%2е!ь .ле*2!%.…е!г,, C% C!,“32“2",ю "/“ш,. 
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г=!м%…,* …= "/.%де %K%!3д%"=…,  ,, *=* “лед“2-
",е, 3"ел,че…,е !е=*2,"…%L “%“2="л ю?еL;
д,=г…%“2,!%"=…,е !=K%2/ %K%!3д%"=…,  “"%е-

"!еме……% %C!едел е2 ег% C!едель…%е “%“2% …,е, 
C!, *%2%!%м C!е*!=?=е2“  д=ль…еLш=  .*“Cл3=-
2=ц, . 

o%л3че……/е д=……/е % 2е.…,че“*%м “%“2% …,, 
%K%!3д%"=…,  C%ƒ"%л ю2 ="2%м=2,ƒ,!%"=2ь "еде-
…,е 2е.…,че“*%г% C=“C%!2= %K%!3д%"=…, , "/д=-
"=2ь !е*%ме…д=ц,, C% %KA‘м=м , “!%*=м !ем%…2-
…%-"%““2=…%",2ель…/. !=K%2.

d=ль…еLшее !=ƒ",2,е `qr}p “%“2%,2 " %!г=-
…,ƒ=ц,, .…е!г%ме…ед›ме…2= …= C!едC!, 2,,, 
"*люч=ю?ег% ! д %!г=…,ƒ=ц,%……/. деL“2",L, …=-
C!="ле……/. …= “%*!=?е…,е .…е!ге2,че“*,. ƒ=2!=2 
, 3"ел,че…,е C!%,ƒ"%д,2ель…%“2, 2!3д=. }…е!-
г%ме…ед›е! "/C%л… е2 ƒ=д=ч, Cл=…,!%"=…, , 
*%…2!%л  .*%…%м,че“*,. C%*=ƒ=2елеL (3дель…/. 
…%!м C%2!еKле…,  .…е!г,, …= ед,…,ц3 C!%,ƒ"е-
д‘……%L C!%д3*ц,,) , %C2,м,ƒ=ц,, C!%,ƒ"%д“2-
"е……%г% ц,*л=, м%…,2%!,…г= , 3C!="ле…,  !е›,-
м=м, !=K%2/ “,“2ем/ .ле*2!%“…=K›е…, .

lе2%д,*= %це…*, .*%…%м,, %2 "…ед!е…,  C!%-
г!=мм/ .…е!г%!е“3!“%“Kе!е›е…,  , ="2%м=2,ƒ=ц,, 
3C!="ле…, . dл  д%“2,›е…,  ед,…“2"= %це…*, 
.*%…%м,, C!, -%!м,!%"=…,, C!%г!=мм , ,. !е=-
л,ƒ=ц,, C!едл=г=е2“  ме2%д,*=, ,ƒл%›е……=  " 
!=K%2=. [5#8].

}*%…%м,  -%!м,!%"=…,  C!%г!=мм , ,. !е=-
л,ƒ=ц,, %це…,"=е2“  C!%г…%ƒ…/м , -=*2,че“*,м 
!=“ч‘2=м,.

o!%г…%ƒ…/е !=“ч‘2/ .*%…%м,, "/C%л… ю2“  
…= .2=C=. -%!м,!%"=…,  C!%г!=мм, C!%е*2,!%"=-
…,  , "…ед!е…,  }pq ме!%C!, 2,L. o!, .2%м " 
C!%г…%ƒ…/L !=“ч‘2 ƒ=*л=д/"=ю2“  Cл=…%"/е C%-
*=ƒ=2ел, "л, …,  …= .*%…%м,*3 .%ƒ L“2"3ю?ег% 
“3KAе*2= }pq ме!%C!, 2,L (.*%…%м,  2еCл%"%L 
.…е!г,, 10#50 %) , Cл=…%"/е ƒ=2!=2/ …= ,. "…е-
д!е…,е.

t=*2,че“*,е !=“ч‘2/ .*%…%м,, C!%"%д 2“  
C%“ле "…ед!е…,  }pq ме!%C!, 2,L …= %“…%"=…,, 
-=*2,че“*,. ƒ=2!=2 …= ,. "…ед!е…,е , -=*2,че-
“*,. !=ƒме!%" C%*=ƒ=2елеL, "л, ю?,. …= .*%…%-
м,*3 .%ƒ L“2"3ю?ег% “3KAе*2=. t=*2,че“*,L 
!=“ч‘2 "*люч=е2 =…=л,ƒ C!,ч,… %2*л%…е…,  Cл=-
…%"/. C%*=ƒ=2елеL , -=*2,че“*, C%л3че……/. ƒ=-
2!=2. 

o!, -%!м,!%"=…,, Cл=…%"/. C%*=ƒ=2елеL C!%-
г!=мм/ ,“C%льƒ3ю2“  д=……/е C% -=*2,че“*%м3 
!=“.%д3 %“…%"…/. .…е!г%…%“,2елеL , "%д/ " 
“2%,м%“2…%м , …=23!=ль…%м "/!=›е…,, ƒ= C!ед-
ше“2"3ю?,L г%д !=ƒ!=K%2*, C!%г!=мм/ л,K% 32-
"е!›д‘……/е л,м,2/ …= 2е*3?,L г%д , 2=!,-/ 
г%д= !=ƒ!=K%2*, C!%г!=мм/.

o!, "…ед!е…,, “,“2ем/ “ ,“C%льƒ%"=…,ем …%-
"еLш,. 2е.…%л%г,L , ме2%д%" Cл=…,!3е2“  д%“-

p,“. 1.  t3…*ц,%…=ль…=  “2!3*23!=  ="2%м=2,ƒ,!%"=……%L “,“2ем/ 3ч‘2= .…е!г%!е“3!“%":

`qjr}p # ="2%м=2,ƒ,!%"=……=  “,“2ем= *%мме!че“*%г% 3ч‘2= .…е!г%!е“3!“%"; `qjr}q # ="2%м=2,ƒ,!%"=……=  
“,“2ем= *%мме!че“*%г% 3ч‘2= .ле*2!%“…=K›е…, ; `qŠr} # ="2%м=2,ƒ,!%"=……=  “,“2ем= 2е.…,че“*%г% 3ч‘2= .…е!г%-
“…=K›е…, ; `qr}q # ="2%м=2,ƒ,!%"=……=  “,“2ем= 3C!="ле…,  .ле*2!%“…=K›е…,ем; `qrŠ # ="2%м=2,ƒ,!%"=……=  
“,“2ем= 3C!="ле…,  2еCл%“…=K›е…,ем; `qrb # ="2%м=2,ƒ,!%"=……=  “,“2ем= 3C!="ле…,  "%д%“…=K›е…,ем; 

`qrjnq # ="2%м=2,ƒ,!%"=……=  “,“2ем= 3C!="ле…,  *=…=л,ƒ=ц,%……%-%ч,“2…/. “%%!3›е…,L

-

 ( -
)

`qjr}p
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2,чь .*%…%м,, .ле*2!%.…е!г,, д% 30, "%д/ д% 50, 
2еCл%"%L .…е!г,, д% 40, 2%Cл,"= д% 30, "%д%%2"е-
де…,  д% 50 %.

b=›…еLш,м, “%C32“2"3ю?,м, -=*2%!=м, .--
-е*2,"…%“2, "…ед!е…,  Cе!ед%"/. 2е.…%л%г,L , 
ме2%д%"  "л ю2“ :

C!%г…%“2,че“*,е (C!ед3C!е›де…,е ="=!,L , 
%“л%›…е…,L ƒ= “ч‘2 д,=г…%“2,*,, %“…%"=……%L …= 
2е*3?еL , =!.,"…%L ,…-%!м=ц,,; "/ "ле…,е C%-
2е!ь , .,?е…,L .…е!г%!е“3!“%" …= %“…%"=…,, “%-
“2="ле……/. .…е!г%K=л=…“%");

.*%л%г,че“*,е (ƒ= “ч‘2 “…,›е…,  3!%"…  .…е!-
г%C%2!еKле…, );

“%ц,=ль…/е (C%"/ше…,е *3ль23!/ C!%,ƒ"%д“2-
"=).

mе3ч2‘……/е C%*=ƒ=2ел, C!, C!%г…%ƒ…%м !=“-
ч‘2е K3д32 !еƒе!"%м C!, !=“ч‘2е -=*2,че“*%L 
.*%…%м,, C%“ле "…ед!е…,  }pq ме!%C!, 2,L.

dл  !=“ч‘2= Cл=…%"/. ƒ=2!=2 C!,… 2 “!%* %*3-
C=ем%“2, …= "е“ь Cе!,%д деL“2",  C!%г!=мм/ 
(2!, г%д=).

}*%…%м,  C!%г!=мм/ 3ч,2/"=е2“  …= “!%* 
%*3C=ем%“2, }pq ме!%C!, 2,L Cлю“ д"= г%д=.

c%д%"=  .*%…%м,  .…е!г%…%“,2ел  " …=23!=ль-
…%м "/!=›е…,, " i-м г%д3 %C!едел е2“  C% -%!-
м3ле 

П
Э

100
ji

nji nj ji njQ K Q ,= =
 

где Qnj# -=*2,че“*,L !=“.%д " …=23!=ль…%м "/!=›е-
…,, j-г% .…е!г%…%“,2ел  " C!едше“2"3ю?ем г%д3 
!=ƒ!=K%2*, C!%г!=мм/; Kji 

# *%.--,ц,е…2 г%д%"%L 
.*%…%м,, j-г% .…е!г%…%“,2ел  " i-м г%д3 C!%г!=м-
м/; oji 

# C!%це…2 г%д%"%L .*%…%м,, j-г% .…е!г%…%-
“,2ел  " i-м г%д3 C!%г!=мм/.

c%д%"=  .*%…%м,  .…е!г%…%“,2ел  " “2%,м%“2-
…%м "/!=›е…,, !=““ч,2/"=е2“  C% -%!м3ле

П
Э

100
ji

cji cj ji cjQ K Q ,= =

где Qcj# -=*2,че“*,L !=“.%д " “2%,м%“2…%м "/!=-
›е…,, j-г% .…е!г%…%“,2ел  " C!едше“2"3ю?ем г%д3 
!=ƒ!=K%2*, C!%г!=мм/.

nK?=  г%д%"=  .*%…%м,  %2 "“е. .…е!г%…%“,-
2елеL " “2%,м%“2…%м "/!=›е…,, !=““ч,2/"=е2“  
C% -%!м3ле

Э Эoci cji= ∑ .

nK?=  .*%…%м,  " “2%,м%“2…%м "/!=›е…,, %2 
"…ед!е…,  C!%г!=мм/ " g ,…2е!"=ле ле2 %C!еде-
л е2“  C% -%!м3ле

Э Эocg oci= ∑ .

c%д%"/е ƒ=2!=2/ " “2%,м%“2…%м "/!=›е…,, …= 
"…ед!е…,е }pq ме!%C!, 2,L " i-м г%д3 !=““ч,-
2/"=ю2“  C% -%!м3ле

З Э ПCci oci i= ,

где oqi 
# Cл=…,!3ем/L “!%* %*3C=ем%“2, ƒ=2!=2 " 

i-м г%д3 C!%г!=мм/.

g=2!=2/ " “2%,м%“2…%м "/!=›е…,, …= "…ед!е-
…,е C!%г!=мм/ …= ,…2е!"=ле g ле2 %C!едел ю2“  
C% -%!м3ле

З Зcg i= ∑ .

oл=…,!3ем/L “!ед…,L “!%* %*3C=ем%“2, C!%-
г!=мм/ !=““ч,2/"=е2“  C% -%!м3ле

ок
З

ПС
Э

cg

ocg
= ∑

∑
.

c%д%"=  .*%…%м,  " “2%,м%“2…%м "/!=›е…,, 
%2 "…ед!е…,  }pq ме!%C!, 2,  %C!едел е2“  C% 
-%!м3ле

эм
П

Э .
100

j
cj j cjQ K Q= =∑ ∑

oл=…,!3ем/L “!%* %*3C=ем%“2, }pq ме!%-
C!, 2,  !=““ч,2/"=е2“  C% -%!м3ле

эм
окэм

эм

З
Т

Э
,=

где g.м # ƒ=2!=2/ де…е›…/. “!ед“2", Cл=…,!3ем/е 
дл  !е=л,ƒ=ц,, "…ед!е…,  }pq ме!%C!, 2, .

}*“Cе!,ме…2=ль…=  ч=“2ь. o!%це““ }pq , ="-
2%м=2,ƒ=ц,, 3C!="ле…,  C!едC%л=г=е2 =*2,"…%е 
3ч=“2,е "“е. .%ƒ L“2"3ю?,. “3KAе*2%" !=L%…= 
*=* " !=ƒ!=K%2*е, 2=* , " !е=л,ƒ=ц,, C!%г!=мм/ 
[6#8].

o!, 3C!="ле…че“*%L "е!2,*=л, }pq , ="2%м=-
2,ƒ=ц,, 3C!="ле…,  …е%K.%д,м% %Kе“Cеч,2ь -%!-
м,!%"=…,е C!%г!=мм …= "“е. 3!%"… ., Cе!е-
д=ч3 !е“3!“%" , !е*%ме…д=ц,L, , %“3?е“2"ле…,  
*%…2!%л  (“"е!.3 "…,ƒ) , %2ч‘2…%“2ь (“…,ƒ3 
""е!.).

pе=л,ƒ=ц,  C!%г!=мм %“3?е“2"л е2“  " …е-
“*%ль*% .2=C%".

oе!"/L .2=C. q%ƒд=…,е *%м,““,, , …=ƒ…=че…,е 
%2"е2“2"е……%г% …= 3!%"…е !=L%…=.

o%“2=…%"ле…,е % "…ед!е…,, .ле*2!%……%L %K-
!=K%2*, ,…-%!м=ц,, C% }pq , …=ч=ле !=ƒ!=K%2-
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*, C!%г!=мм/ C% }pq "*люч=е2 “лед3ю?,е ме-
!%C!, 2, :

“%ƒд=…,е *%м,““,, C% }pq;
""еде…,е д%л›…%“2, .…е!г%ме…ед›е!= " ш2=2-

…%е !=“C,“=…,е =дм,…,“2!=ц,, !=L%…= , "%ƒл%-
›е…,е …= …ег% %2"е2“2"е……%“2, ƒ= .ле*2!%……3ю 
%K!=K%2*3 ,…-%!м=ц,, C% }pq;

%C!еделе…,е ме“2…%L %!г=…,ƒ=ц,, C% !=“C!%-
“2!=…е…,ю , “%C!%"%›де…,ю C!%г!=мм…%г% %Kе“-
Cече…,  , д%*3ме…2=ц,, C% }pq;

C!,‘м*= " %C/2…3ю .*“Cл3=2=ц,ю …е%K.%д,-
м%г% C!%г!=мм…%г% %Kе“Cече…, ;

""%д " деL“2",е (!=ƒ!=K%2*=) …= 2е!!,2%!,, 
!=L%…= …%!м=2,"…%-ме2%д,че“*,. д%*3ме…2%".

b2%!%L .2=C. m=ƒ…=че…,е %2"е2“2"е……/. …= 
3!%"…е 3C!="ле…,  !=L%…= , =дм,…,“2!=ц,L C%-
“еле…,L:
д%*3ме…2=ль…%е %-%!мле…,е %2"е2“2"е……/. ƒ= 

}pq " 3C!="ле…, . !=L%…= , C%“еле…че“*,. =д-
м,…,“2!=ц, .;

“%“2="ле…,е *!=2*%L .=!=*2е!,“2,*, !=L%…=;
“%“2="ле…,е *=!2 C%2!еKле…,  .…е!г%!е“3!“%" 

ƒ= C!%шедш,L г%д C% 3C!="ле…, м, C%“еле…, м , 
!=L%…3 " цел%м;

“%“2="ле…,е “C!="*, C% 3C!="ле…, м, C%“еле-
…, м , !=L%…3 " цел%м % …=л,ч,, “!ед“2" 3ч‘2= 
.…е!г%!е“3!“%" C% ",д=м;

!=ƒ!=K%2*= C!%г!=мм/ }pq !=L%…=.
Š!е2,L .2=C. q%ƒд=…,е *%м,““,L , …=ƒ…=че…,е 

%2"е2“2"е……/. …= 3!%"…е .%ƒ L“2"3ю?,. “3KAе*-
2%" !=L%…=; ,ƒд=…,е C!,*=ƒ= % …=ч=ле !=ƒ!=K%2*, 
C!%г!=мм/ C% }pq; “%ƒд=…,е *%м,““,, C% }pq.

)е2"‘!2/L .2=C. b…е“е…,е ,ƒме…е…,L " д%л›-
…%“2…/е ,…“2!3*ц,, " ч=“2, %!г=…,ƒ=ц,, }pq , 
="2%м=2,ƒ=ц,, 3C!="ле…, .

o 2/L .2=C. nK3че…,е %2"е2“2"е……/. "“е. 
3!%"…еL:

%C!еделе…,е %KAе*2%" дл  %2!=K%2*, C%! д*= 
-%!м,!%"=…,  “,“2ем/ 3C!="ле…,  , C!%г!=мм/ 
}pq;

%K3че…,е %2"е2“2"е……/. C!ед“2=",2елеL %KAе*-
2%".

xе“2%L .2=C. nK“лед%"=…,е .%ƒ L“2"3ю?,. 
“3KAе*2%" !=L%…=. t%!м,!%"=…,е .…е!ге2,че“*,. 
C=“C%!2%" , *=!2 C%2!еKле…,  .…е!г%!е“3!“%" .%-
ƒ L“2"3ю?,. “3KAе*2%" !=L%…=, C%“еле…, :

C!%"еде…,е %K“лед%"=…,  %KAе*2%" C!едC!, -
2, ;

“%“2="ле…,е *=!2 C%2!еKле…,  C% %KAе*2=м 
C!едC!, 2,  , C!едC!, 2,ю " цел%м ƒ= C!%шед-
ш,L г%д;

“%“2="ле…,е “C!="*, C% %KAе*2=м C!едC!, 2,  
% …=л,ч,, “!ед“2" 3ч‘2= .…е!г%!е“3!“%";

!=ƒ!=K%2*= Cе!"%L ч=“2, C!%г!=мм/ }pq C% 
C!едC!, 2,ю;

C!,‘м*= " %C/2…3ю .*“Cл3=2=ц,ю …е%K.%д,-
м%г% C!%г!=мм…%г% %Kе“Cече…, ;

""%д " деL“2",е (!=ƒ!=K%2*=) …= 2е!!,2%!,, 
!=L%…= …%!м=2,"…%-ме2%д,че“*,. д%*3ме…2%".

qедьм%L .2=C. t%!м,!%"=…,е C!%г!=мм .%ƒ L-
“2"3ю?,. “3KAе*2%" !=L%…=. oе!ед=ч= C!%г!=мм 
" 3C!="ле…,е !=L%…= C% C%дч,…‘……%“2,:

C!,‘м*= " C!%м/шле……3ю .*“Cл3=2=ц,ю …е%K-
.%д,м%г% C!%г!=мм…%г% %Kе“Cече…, ;

!=““м%2!е…,е , 32"е!›де…,е C!%г!=мм.
b%“ьм%L .2=C. t%!м,!%"=…,е C!%г!=мм 3C!="-

ле…,  !=L%…=: 
C!,‘м*= " C!%м/шле……3ю .*“Cл3=2=ц,ю …е%K-

.%д,м%г% C!%г!=мм…%г% %Kе“Cече…, ;
!=““м%2!е…,е , 32"е!›де…,е C!%г!=мм;
Cе!ед=ч= C!%г!=мм/ …= 3!%"е…ь !=L%…=.
dе" 2/L .2=C. t%!м,!%"=…,е C!%г!=мм/ 

!=L%…=:
C!,‘м*= " C!%м/шле……3ю .*“Cл3=2=ц,ю …е%K-

.%д,м%г% C!%г!=мм…%г% %Kе“Cече…, ;
!=““м%2!е…,е , 32"е!›де…,е C!%г!=мм.
dе“ 2/L .2=C. t%!м,!%"=…,е -%…д= }pq:
32"е!›де…,е C%л%›е…,  % -%…де }pq;
%2!=K%2*= ме.=…,ƒм= "%ƒ"!=2= ,…"е“2,ц,L C% 

}pq *%…2!=*2=м;
!=ƒ!=K%2*= o%л%›е…,  C% -,…=…“,!%"=…,ю 

ме!%C!, 2,L.
nд,……=дц=2/L .2=C. r2"е!›де…,е C!%г!=мм 

"“е. 3!%"…еL , *%…2!%ль ,“C%л…е…, . oе!ед=ч= 
C!%г!=мм !=L%…= " *%м,2е2 C% .…е!ге2,*е. o!ед-
“2="ле…,е е›е*"=!2=ль…%г% %2ч‘2= C% .%д3 !е=л,-
ƒ=ц,, C!%г!=мм "“е. 3!%"…еL:

Cе!ед=ч= C!%г!=мм/ …= 3!%"е…ь 3C!="ле…,  
*!= ;

%“3?е“2"ле…,е C!,‘м*, " C!%м/шле……3ю .*“-
Cл3=2=ц,ю …е%K.%д,м%г% C!%г!=мм…%г% %Kе“Cе-
че…, ;

C!ед“2="ле…,е “2=2%2ч‘2…%“2, "“е. .%ƒ L“2-
"3ю?,. “3KAе*2%" !=L%…=.

d"е…=дц=2/L .2=C. l%…,2%!,…г .*%…%м,, %2 
"…ед!е……/. ме!%C!, 2,L. t%!м,!%"=…,е е›е-
г%д…%г% %2ч‘2= , C!едл%›е…,L …= “лед3ю?,L г%д. 
h…-%!м,!%"=…,е .%ƒ L“2"3ю?,. “3KAе*2%" , 
…=“еле…,  !=L%…= % .%де !е=л,ƒ=ц,, C!%г!=мм/:

C!,‘м*= " C!%м/шле……3ю .*“Cл3=2=ц,ю …е%K-
.%д,м%г% C!%г!=мм…%г% %Kе“Cече…, ;

%“3?е“2"ле…,е м%…,2%!,…г= "“е. .%ƒ L“2"3ю-
?,. “3KAе*2%" !=L%…=.

j%.--,ц,е…2 ,“C%л…,2ель“*%L д,“ц,Cл,…/ 
(j,д) !=““ч,2/"=е2“  C% -%!м3ле [3]

нв в кв
ид

Н П К
K 1

Н
+ +

= − ,
 

где m…" # *%л,че“2"% …е"/C%л…е……/. д%*3ме…2%" 
(ме!%C!, 2,L) …= ƒ=д=……/L Cе!,%д; o" # *%.--,-
ц,е…2, 3ч,2/"=ю?,L "/C%л…е…,е д%*3ме…2%" (ме-
!%C!, 2,L) “ %C%ƒд=…,ем; j*" # *%.--,ц,е…2, 3ч,-
2/"=ю?,L *=2ег%!,ю "=›…%“2, д%*3ме…2= (ме!%-
C!, 2, ); m # *%л,че“2"% д%*3ме…2%" (ме!%C!, -
2,L), C%“2="ле……/. …= *%…2!%ль, C% ,“C%л…,2елю 
(C%д!=ƒделе…,ю).
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j%.--,ц,е…2 o" !=““ч,2/"=е2“  C% -%!м3ле

o" = 1,2o1 + 1,3o2 +1,5o3, 

где o1 # *%л,че“2"% д%*3ме…2%", "/C%л…е……/. “ 
%C%ƒд=…,ем (%2 %д…%г% д% C 2, д…еL); o2 # 2% ›е, " 
,…2е!"=ле 6#10 д…еL; o3 # 2% ›е, " ,…2е!"=ле 11 , 
K%лее д…еL.

j%.--,ц,е…2 j*" !=““ч,2/"=е2“  C% -%!м3ле

j*" = 0,01j1 + 0,02j2 + 0,03j3 + 0,05j4, 

где j1 # *%л,че“2"% д%*3ме…2%", "/C%л…е……/. “ 
%C%ƒд=…,ем C% 1-L *=2ег%!,, "=›…%“2,; j2 # 2% ›е, 
C% 2-L *=2ег%!,, "=›…%“2,; j3 # 2% ›е, C% 3-L *=2е-
г%!,, "=›…%“2,; j4 # 2% ›е, C% 4-L *=2ег%!,, "=›-
…%“2,.

j=2ег%!,, "=›…%“2, д%*3ме…2%" ,мею2 “ле-
д3ю?,е ƒ…=че…, : %K/ч…=  (1- ), "=›…=  (2- ), 
%“%K% "=›…=  (3- ), ,“*люч,2ель…%L "=›…%“2, 
(4- ).

p=“ч‘2 *%.--,ц,е…2= ,“C%л…,2ель“*%L д,“ц,-
Cл,…/ %2дель…%г% ,“C%л…,2ел  , “2!3*23!…%г% 
C%д!=ƒделе…,  C%ƒ"%л е2 %KAе*2,"…% %це…,"=2ь 
%C!еделе…,е !=ƒме!= C!ем,!%"=…,  , 3ч,2/"=2ь 
C!%д",›е…,е ,“C%л…,2ел  C% “л3›Kе.

Š=*,м %K!=ƒ%м, C!,…ц,C “,“2ем…%“2, %Kе“Cе-
ч,"=е2 це…2!=л,ƒ%"=……/L *%…2!%ль , 3C!="ле-
…,е "“ем, %KAе*2=м, .…е!г%“…=K›е…, , ч2% " 
“"%ю %че!едь C%ƒ"%л е2 “%ƒд="=2ь `qr }pq 
*%мCле*“%".

lе2%д,*= %це…*, .*%…%м,, %2 "…ед!е…,  C!%-
г!=мм/ }pq %Kе“Cеч,"=е2 !=“ч‘2 ƒ=2!=2, Cл=…,-
!3ем/. дл  !е=л,ƒ=ц,, "…ед!е…,  }pq ме!%-
C!, 2,L.

o!,…ц,C “,“2ем…%“2,, ме2%д,*3 %це…*, , .2=-
C/ ="2%м=2,ƒ=ц,, " “%"%*3C…%“2, …е%K.%д,м% 
!=““м=2!,"=2ь *=* ч=“2ь ме2%д,*, C!, !=ƒ!=K%2-
*е , %це…*е C!%г!=мм C% }pq.

o!едл%›е……/L C%д.%д C%ƒ"%л е2 “%ƒд=2ь “%-
"!еме……3ю `qr}p # -3…д=ме…2 "“еL “,“2ем/ 
.…е!г%!е“3!“%“Kе!е›е…, .
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~.j. t%!2,…“*,L, *=…д. 2е.…. …=3* 
(b%!%…е›“*=  г%“3д=!“2"е……=  ле“%2е.…,че“*=  =*=дем, ) 

eanikeev@gmail.com

lndekhpnb`mhe g`d`) rop`bkemh“ opedoph“Šh“lh }kejŠpnmmni 
opnl{xkemmnqŠh 

p=““м%2!е…/ “!ед“2"= м%дел,!%"=…,  ƒ=д=ч 3C!="ле…,  C!едC!, 2, м, .ле*2!%……%L 
C!%м/шле……%“2, " “%%2"е2“2",, “ д"3.3!%"…е"%L м%делью. j …,›…ем3 3!%"…ю .2%L м%де-
л, %2…%“ 2“  -,ƒ,че“*,е C!%це““/, = * "е!.…ем3 # ,…-%!м=ц,%……/е C!%це““/ 3C!="ле…,  
C!едC!, 2,ем.

jлюче"/е “л%"=: м%дел,!%"=…,е, 3C!="ле…че“*=  “,“2ем=, ,…-%!м=ц,%……/е C!%це““/.

Control modeling tasks means for electronic industry enterprises in accordance with two-level 
model are considered. Physical processes attribute to the lower level of this model, informational 
control processes of the enterprise # to the upper level.

Key words: modeling, management system, informational processes.

b"еде…,е. `…=л,ƒ !=ƒ",2,  %K?еL 2е%!,, 
3C!="ле…,  %!г=…,ƒ=ц,%……/м, “,“2ем=м, [1] 
C%*=ƒ/"=е2, ч2% “%"!еме……/L .2=C 2е%!,, .=!=*-
2е!,ƒ3е2“  Cе!е.%д%м …= …%"/L C!,…ц,C 3C!="-
ле…, , “%“2% ?,L ,ƒ д"3. %“…%"…/. "ƒ=,м%д%-
C%л… ю?,. C%л%›е…,L.

oе!"%е C%л%›е…,е “" ƒ=…% “ …е%K.%д,м%“2ью 
%C!едел‘……%г% %2.%д= %2 3C!="ле…че“*%г% !=-
ц,%…=л,ƒм=. o!, 2!=д,ц,%……%м C%д.%де %!г=-
…,ƒ=ц,  !=““м=2!,"=е2“  *=* *%…цеC23=ль…% 
&ƒ=*!/2= [ “,“2ем=, е‘ цел,, ƒ=д=ч, , 3“л%",  
де 2ель…%“2, “ч,2=ю2“  ,ƒ"е“2…/м,, ƒ=д=……/-
м, , …е ,ƒме… ю?,м,“  " 2ече…,е дл,2ель…%г% 
(%K%ƒ!,м%г%) Cе!,%д=. b …%"%L 3C!="ле…че“*%L 
“,“2еме %!г=…,ƒ=ц,  !=““м=2!,"=е2“  *=* *%…-
цеC23=ль…% &%2*!/2= [ “,“2ем=, “C%“%K…=  C%-
“2% ……% *%!!е*2,!%"=2ь “"%е %2…%ше…,е * "…еш-
…еL “!еде , целе…=C!="ле……% "ƒ=,м%деL“2"%"=2ь 
“ …еL. o!, .2%м C!едC%л=г=е2“  …е 2%ль*% "…32-
!е……   “=м%%!г=…,ƒ=ц, , …% , целе…=C!="ле…-
…=  2!=…“-%!м=ц,  "…еш…еL “-е!/. }2% %ƒ…=-
ч=е2, ч2% ƒ=д=ч= !=ц,%…=ль…%L "…32!е……еL %!г=-
…,ƒ=ц,, C!, "“еL е‘ "=›…%“2, , %K ƒ=2ель…%м 
!еше…,, %2.%д,2 …= "2%!%L Cл=…. n“…%"…%L 
C!%Kлем%L 3“2%Lч,"%L !=K%2/ C!едC!, 2,  , 
“%%2"е2“2"е……% ег% C%д“,“2ем  "л е2“  !=ƒ!=-
K%2*= *%…цеC23=ль…/. %“…%" %!г=…,ƒ=ц,%……%-
г% “2!%,2ель“2"= , !=ƒ",2, , "/.%д ?,. ƒ= !=м-
*, "…32!е……еL %Kл=“2, ›,ƒ…е……% "=›…/. ,…2е-
!е“%".

b2%!%е C%л%›е…,е 3C!="ле…,  # C!,…ц,C,=ль-
…% …%"/L "ƒгл д …= C%д“,“2ем3 *=* “3KAе*2 де -
2ель…%“2, , …= е‘ !%ль " %Kе“Cече…,, ›,ƒ-…е-
“C%“%K…%“2, “,“2ем/. o!е›…,L ме.=…,“2,-че“-
*,L C!,…ц,C 3C!="ле…,  ,“.%д,л ,ƒ 2%г%, ч2% 
гл="…/м ,“2%ч…,*%м "%ƒм3?е…,  " “,“2еме  "-

л л,“ь C%д“,“2ем/. oе!е…%“ це…2!= 2 ›е“2, 
“ %Cе!=2,"…%г% 3C!="ле…,  …= ƒ=д=ч, “2!=2ег,-
че“*%г% Cл=…,!%"=…,  , !=ƒ",2,  C!едC!, 2,  
%K3“л%",л …е%K.%д,м%“2ь !=“ш,!е…,  %Cе!=-
2%!…%L (,“C%л…,2ель“*%L) -3…*ц,, C%д“,“2ем. 

Š=*,м %K!=ƒ%м, …%"/L C%д.%д * C!%Kлеме C%д-
“,“2ем/ " %!г=…,ƒ=ц,, 2!еK3е2 %2.%д= %2 2%2=ль-
…%г% !=ц,%…=л,ƒм= " м%дел . C%"еде…,  , C!,-
ƒ…=…,  ƒ= C%д“,“2ем%L C!="= 2"%!че“*%L ,!!=-
ц,%…=ль…%“2,.

n“…%"…=  ч=“2ь. b%ƒм%›…= де*%мC%ƒ,ц,  *=-
че“2"= -3…*ц,%…=ль…%L =*2,"…%“2, C%д“,“2ем 
C!едC!, 2,  …= “лед3ю?,е %“…%"…/е C!% "ле-
…, : "%ƒK3›д=2ь , Cл=…,!%"=2ь =*2,"…%“2ь, …е“2, 
%2"е2“2"е……%“2ь, C!% "л 2ь ,…д,",д3=ль…%“2ь.

qC%“%K…%“2ь "%ƒK3›д=2ь =*2,"…%“2ь %K3“л%"-
ле…= “,“2ем%L C%2!еK…%“2еL, *%2%!/е “3?е“2-
"3ю2 л,K% " ",де C!%це““%" &“2,м3л # !е=*ц, [, 
л,K% %“%ƒ…=……/. …%!м , це……%“2еL (&“2,м3л # 
%2*л,*[).

qC%“%K…%“2ь Cл=…,!%"=2ь =*2,"…%“2ь C!% "-
л е2“  " “"%L“2"=.:

%“%ƒ…=…,, “"%,. C%2!еK…%“2еL;
-%!м,!%"=…,, “,“2ем/ C%2е…ц,=ль…/. ,…2е-

!е“%";
=…=л,ƒе !е“3!“…/. "%ƒм%›…%“2еL, -%!м,!%"=-

…,  =*23=ль…/. ,…2е!е“%";
!=ƒ!=K%2*е , “%гл=“%"=……/. C% цел м, ƒ=д=ч=м, 

ме“23 , "!еме…, “C%“%K%" C!е2"%!е…,  =*23=ль-
…/. ,…2е!е“%" " ›,ƒ…ь;

C!% "ле…,, …=“2%Lч,"%“2, " д%“2,›е…,, цел,;
“C%“%K…%“2, * “=м%%K3че…,ю.
b %“…%"е “C%“%K…%“2, “,“2ем/ Cл=…,!%"=2ь 

=*2,"…%“2ь ле›,2 -3…д=ме…2=ль…/L C!,…ц,C [1], 
C%ƒ"%л ю?,L “C!%г…%ƒ,!%"=2ь C%“лед“2",  !=ƒ-
л,ч…/. деL“2",L, = ƒ=2ем "/K!=2ь ,ƒ …,. деL“2-
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", , %Kе“Cеч,"=ю?,е " *%…*!е2…/. 3“л%", . 
м=*“,м=ль…3ю .--е*2,"…%“2ь C%"еде…,  C!, 
м,…,м=ль…/. ƒ=2!=2=..

Š=*,м %K!=ƒ%м, *%…цеC23=ль…=  %“…%"= 3C-
!="ле…,  C!едC!, 2,ем # C%… 2,е …%!м=2,"…%-
це……%“2…%L “,“2ем/. b д=……%м “л3ч=е *!%ме 
%C,“=2ель…%L м%дел, деL“2",2ель…%“2,, C!ед-
“2="л ю?еL “%K%L м%дель &"%ƒм%›…%г%[, м%дель 
д%л›…= “%де!›=2ь 2=*›е , …%!м=2,"…3ю “%“2="-
л ю?3ю, …=ƒ/"=ем3ю м%делью &д%л›…%г%[. }2= 
м%дель ƒ=д=‘2“  " ",де ƒ…=ч,м%L (дл  C!едC!, -
2,  " цел%м , C%д“,“2ем " %2дель…%“2,) “%"%*3C-
…%“2, …%!м , це……%“2еL (C%леƒ…%“2еL), -%!м,-
!3ем/. …= "“‘м C!%“2!=…“2"е ,…-%!м=ц,%……%-
C!едме2…%L “!ед/. qлед%"=2ель…%, м%›…% “ч,-
2=2ь, ч2% м%дель *=* …%!м=2,"…%-це……%“2…=  
“,“2ем= %!г=…,ƒ3е2 "“ю “%"%*3C…%“2ь C!%це““%" 
(.*%…%м,че“*,., 2е.…%л%г,че“*,. , д!.), C!%2е-
*=ю?,. " ,…-%!м=ц,%……%L %Kл=“2,, , 3C!="л е2 
.2%L “%"%*3C…%“2ью.

b “%%2"е2“2",, “ C!едл%›е……/м C!,…ц,C%м 
!=ƒ!=K%2=…= д"3.3!%"…е"=  “2!3*23!…=  м%дель 
3C!="ле…,  C!едC!, 2,ем. m,›…,L 3!%"е…ь м%-
дел, %C,“/"=е2 -,ƒ,че“*,е C!%це““/, = "е!.…,L 
3!%"е…ь # ,…-%!м=ц,%……/е C!%це““/ 3C!="ле-
…,  C!едме2…%L %Kл=“2, C!едC!, 2,ем “% “2%!%-
…/ %2дель…/. C%д“,“2ем, ".%д ?,. " “2!3*23!3. 
q2!3*23!…3ю м%дель C!едC!, 2,  м%›…% C!ед-
“2=",2ь " ",де *%!2е›=:

,,, 00
И

0
П

0 RMMM =
 

(1)

где 
0
И

0
П , MM  # м%дел, C!едме2…%L , ,…-%!м=ц,-

%……%L %Kл=“2,; 
0R  # м%дель "ƒ=,м…/. %2…%ше…,L 

ме›д3 C%д“,“2ем=м,; 0 # ,…де*“, %K%ƒ…=ч=ю?,L …3-
ле"%L 3!%"е…ь “2!=2,-,*=ц,, (…=,K%лее =K“2!=*2-
…/L 3!%"е…ь %C,“=…,  C!едC!, 2, ). 

l%дель 0
ПM  C!едме2…%L %Kл=“2, C!едC!, -

2,  "*люч=е2 д"= 2,C= м%делеL. j Cе!"%м3 2,C3 
%2…%“,2“  м%дель 0

П , ( 1, )iM i n=  , C!едме2…%L %K-
л=“2, i-. C%д“,“2ем, где n # ч,“л% C%д“,“2ем " 
“2!3*23!е C!едC!, 2, . j% "2%!%м3 # м%дель 

0
0ПM  C!едме2…%L %Kл=“2, ед,…%L ме›“,“2ем-

…%L “!ед/, где i = 0 # 3“л%"…/L …%ме! -=*-
2%!%" (“%ц,=ль…/., 2е.…%ге……/. , д!.), *%2%-
!/е …е ".%д 2 " “2!3*23!3 …, %д…%L ,ƒ C%д-
“,“2ем. 

b *=че“2"е *%…цеC23=ль…%L %“…%"/ м%дел, 
0
ПM  C!едме2…%L %Kл=“2, C!едC!, 2,  C!,мем 

""ед‘……%е d›. t%!!е“2%м [2] C%… 2,е &“%ц,=ль-
…%-2е.…%ге……%-C!,!%д…/L *%мCле*“[, C%д *%2%-
!/м C%…,м=ю2“  !е“3!“/, 2. е. "“е “!ед“2"= (-,-
…=…“%"/е, м=2е!,=ль…/е , д!.), *%2%!/е …е%K.%-
д,м/ дл  д%“2,›е…,  целеL C!едC!, 2, . Š%гд= 
“2!3*23!= м%дел, 0

ПM  ƒ=C,ше2“  " ",де:

FZYXMMM iiiiii ,,,,, 00000
П

0
П

0 ==

ni ,0= ,
 

(2)

где 000 ,, iii ZYX  # !е“3!“…/L *=C,2=л “%ц,=ль…%L, 
2е.…%ге……%L , C!,!%д…%L “%“2="л ю?еL i-L C%д“,“-
2ем/ C!едC!, 2, ; 0

iF  # "е*2%!--3…*ц, , .=!=*2е-
!,ƒ3ю?=  ƒ=2!=2/ …= "%“C!%,ƒ"%д“2"% (" C!%це““е 
-3…*ц,%…,!%"=…, ) C%2е…ц,=л%".

mе%K.%д,м%“2ь C!%г…%ƒ,!%"=…,  C%“лед“2-
",L, “" ƒ=……/. “ C!,… 2,ем “,“2ем…/. 3C!="-
ле…че“*,. !еше…,L, “ C%ƒ,ц,, ,. "*л=д= " 2е*3-
?ее ,…д,",д3=ль…%е C%"еде…,е %2дель…/. C%д-
“,“2ем, = 2=*›е "л, …,  .2,. !еше…,L …= 3!%-
"е…ь “2!=2ег,че“*%L “2=K,ль…%“2, C!едC!, 2, , 
2!еK3е2 3" ƒ*, "“е. C!%2е*=ю?,. -,ƒ,че“*,. 
C!%це““%" “ "%ƒм%›…%“2ью ,. *%…2!%л  , 2е.…%-
л%г,че“*%г% 3C!="ле…, . qлед%"=2ель…%, "“е ч=-
“2…/е м%дел,, ".%д ?,е " “%“2=" м=*!%м%дел, 
(2), д%л›…/ K/2ь C!ед“2="ле…/ *=* %KAе*2/ 
3C!="ле…, , “" ƒ=……/е “ “%%2"е2“2"3ю?еL ,…-
-%!м=ц,%……%L %Kл=“2ью че!еƒ !е“3!“…/е …=*%-
C,2ел,, C!ед“2="л ю?,е “%K%L !е=л,ƒ3ем%е 
3C!="л ю?ее !еше…,е. l%дель  0M  ,…-%!м=ц,-
%……%L %Kл=“2, C!едC!, 2,  м%›…% ƒ=C,“=2ь " 
",де *%!2е›=:

niMMMM ki ;,0,,, 0
И

0
0И

0
И

0 ==

mk ,0= , (3)

где 0
ИiM  # м%дель ,…-%!м=ц,%……%L %Kл=“2, i-L 

C%д“,“2ем/; 0
0ИM  # м%дель ,…-%!м=ц,%……%L %K-

л=“2, ме›“,“2ем…%L “!ед/ C!едC!, 2, ; 
0
ИkM  # 

м%дель ,…-%!м=ц,%……%L %Kл=“2, "%ƒм%›…/. %KAе-
д,…е…,L "ƒ=,м%деL“2",  C%д“,“2ем C!едC!, 2, .

q2!3*23!= м%дел, 0
ИiM  ,…-%!м=ц,%……%L %K-

л=“2, i-L C%д“,“2ем/ д%л›…= "*люч=2ь д"е "ƒ=,-
м%“" ƒ=……/е "е!2,*=л,. oе!"=  (C!%,ƒ"%д“2"е…-
…= ) "е!2,*=ль C!ед“2="л е2 “%K%L “%"%*3C…%“2ь 
C%д“,“2ем, *%2%!/е 3C!="л ю2 …еƒ=",“,м/м, 
2е.…%л%г, м,, …% “" ƒ=……/м, C% ".%д=м , "/.%-
д=м C!%це““=м, м=2е!,=ль…%г% C!%,ƒ"%д“2"=, 
C!%2е*=ю?,м, " C!едме2…%L %Kл=“2, C!едC!, -
2, .

b2%!=  "е!2,*=ль %Kе“Cеч,"=е2 цел%“2…%“2ь 
“,“2ем/ ("е!2,*=ль м%›…% …=ƒ"=2ь =дм,…,“2!=-
2,"…%L) “%ƒд=…,ем 3“л%",L 2=* …=ƒ/"=ем%г% &%!-
г=…,че“*%г% ед,…“2"=[, "/!=›=ю?ег%“  " “C%-
“%K…%“2, "“е. C%д“,“2ем %“3?е“2"л 2ь %KAед,…е-
…,е 2!3д=, г=!м%…,ч…% “%че2=ю?ег% ,…2е!е“/ 
ч=“2, , цел%г% %2…%“,2ель…% целеL, ƒ=д=ч , “C%-
“%K%" г!3CC%"/. деL“2",L. }2= "е!2,*=ль д%л›…= 
2=*›е !еш=2ь C!%Kлем…/е "%C!%“/, …=C!="ле…-
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…/е …= ƒ=?,23 ,…2е!е“%" “,“2ем/ %2 %2дель…/. 
C%д“,“2ем, *%2%!/е …=…%“ 2 3?е!K !=K%2е "“еL 
“,“2ем/ " цел%м.

q 3ч‘2%м “*=ƒ=……%г% "/ше, “2!3*23!3 м%дел, 
,…-%!м=ц,%……%L %Kл=“2, i-L C%д“,“2ем/ м%›…% 
ƒ=C,“=2ь "/!=›е…,ем:

,, 0
А

0
П

0
И iii VVM =

 
(4)

где 0
А

0
П , ii VV  # C!%,ƒ"%д“2"е……=  , =дм,…,“2!=-

2,"…=  ,…-%!м=ц,%……=  "е!2,*=ль i-L C%д“,“2ем/.

o!%,ƒ"%д“2"е……=  "е!2,*=ль 0
ПiV  i-L C%д“,“2е-

м/ "*люч=е2 “лед3ю?,е "е*2%!--3…*ц,,:
0
iK  # "е*2%!--3…*ц, , .=!=*2е!,ƒ3ю?=  м%-

дель 2е.…%л%г,че“*%г% 3C!="ле…,  “%"%*3C…%“2ью 
C!%це““%", %“3?е“2"л ем/. " C!едме2…%L %Kл=“-
2, ,…-%!м=ц,%……%-C!едме2…%L “!ед/, !е“3!“/ 
*%2%!%L  "л ю2“  “%K“2"е……%“2ью i-L “,“2ем/ 
C!едC!, 2, ;

0
iP  # "е*2%!--3…*ц, , .=!=*2е!,ƒ3ю?=  м%-

дель %!г=…,ƒ=ц,%……%-2е.…%л%г,че“*%г% 3C!="ле-
…, , …=C!="ле……=  …= 3д%"ле2"%!е…,е “%"%*3C-
…%“2, C!%,ƒ"%д“2"е……/. ,…2е!е“%" i-L “,“2ем/ " 
3“л%", . “л%›,"шеL“  м=2е!,=ль…%- , ,…-%!м=-
ц,%……%-C!%,ƒ"%д“2"е……%L %!г=…,ƒ=ц,,; 

0
iE  # "е*2%!--3…*ц, , .=!=*2е!,ƒ3ю?=  м%-

дель -%!м,!%"=…,  "е*2%!= C!%,ƒ"%д“2"е……/. 
,…2е!е“%", C!ед“2="л ю?=  “%K%L !еƒ3ль2=2 %“%ƒ-
…=…,  м…%›е“2"= -,ƒ,че“*,. C%2!еK…%“2еL " 
*%мC%…е…2=. 000 ,, iii ZYX  C% "“ем “%“2="л ю?,м 
"е*2%!--3…*ц,L, %“3?е“2"л ю?,. C!%,ƒ"%д“2"% 
м=2е!,=ль…/. , ,…-%!м=ц,%……/. C!%д3*2%" " 
“%“2="е ,…-%!м=ц,%……%-C!едме2…%L “!ед/ 
("*люч=  "…еш…,. C%2!еK,2елеL , C%“2="?,*%" 
i-L C%д“,“2ем/) " %C!едел‘……/. 3“л%", .. pе-
ƒ3ль2=2=м, "/C%л…е…,  C%д“,“2ем%L "е*2%!-
-3…*ц,,  "л ю2“ , " ч=“2…%“2,, Cл=…%"/е C!%-
,ƒ"%д“2"е……/е ƒ=д=…,  , д%г%"%!/ % *3Cле-C!%-
д=›е;

0
iH  # "е*2%!--3…*ц, , .=!=*2е!,ƒ3ю?=  м%-

дель %!г=…,ƒ=ц,%……%г% 3C!="ле…,  i-L C%д“,“2е-
м/ , %C!едел ю?=  "%ƒм%›…%“2, =д=C2,"…%L 
2!=…“-%!м=ц,, м=2е!,=ль…%L , ,…-%!м=ц,%…-
…%-C!%,ƒ"%д“2"е……%L м%дел, %!г=…,ƒ=ц,%……%г% 
ме.=…,ƒм= 3C!="ле…, , " *=че“2"е *%2%!%г% м%›-
…% "/K!=2ь “ем,-=*2%!…3ю м%дель &7S[ l=*-
j,…“, [3]:

0 , 1,7
i liH h l= =  , (5)

где hli  # %!г=…,ƒ=ц,%……/е -=*2%!/ %“…%"…/. .ле-
ме…2%" …%"/. %!г=…,ƒ=ц,%……/. 2е.…%л%г,L. 

q2!3*23!3 C!%,ƒ"%д“2"е……%L "е!2,*=л, м%›…% 
ƒ=C,“=2ь " ",де:

0
П

0
П

0
П

0
П

0
П ,,, iiiii HEPKV = . (6)

dл  !е=л,ƒ=ц,, “%де!›=?,.“  " *%!2е›е (6) 
"е*2%!--3…*ц,L , 3C!="л ем%L ,м "е*2%!--3…*-
ц,, 0

iF  (2) м=2е!,=ль…%г% "%“C!%,ƒ"%д“2"= , !=ƒ-
",2,  2!еK3ю2“  %C!едел‘……%г% *%л,че“2"= , *=-
че“2"= !е“3!“/. nд…=*% "%ƒ…,*=ю2 C!%Kлем/ C%-
“2!%е…,  м%дел, C!едC!, 2,  %C2,м=ль…/м "/-
K%!%м , %C2,м=ль…/м !=“C!еделе…,ем !е“3!“%" " 
3“л%", . ,. %г!=…,че…, . `дм,…,“2!=2,"…=  ,…-
-%!м=ц,%……=  "е!2,*=ль 0

АiV  C!ед…=ƒ…=че…= дл  
-%!м,!%"=…,  *%!C%!=2,"…/. ,…2е!е“%" i-L C%д-
“,“2ем/ C!едC!, 2,  *=* цел%г% , “%гл=“%"=…,  
,…2е!е“%" цел%г% “ ,…2е!е“=м, ч=“2еL, * *%2%-
!/м, " Cе!"3ю %че!едь, %2…%“,2“  "“  %Kл=“2ь 
C!%,ƒ"%д“2"е……/. %2…%ше…,L, = 2=*›е ƒ=?,2= %2 
де“2!3*2,"…/. деL“2",L “% “2%!%…/ д!3г,. C%д-
“,“2ем. o!%Kлем= =дм,…,“2!=2,"…%L ,…-%!м=-
ц,%……%L "е!2,*=л, “%“2%,2 " 2%м, ч2% …е%K.%д,-
м% “%гл=“%"=2ь д%лг%“!%ч…/е ,…2е!е“/, “" ƒ=…-
…/е “ 3“2%Lч,"/м -3…*ц,%…,!%"=…,ем i-L C%д-
“,“2ем/ " K3д3?ем, “ 2е*3?,м “%“2% …,ем. pечь 
,де2 % “%гл=“%"=…,, 2е*3?,. ,…2е!е“%" (&Kл,-
›=Lш=  Cе!“Cе*2,"=[), *%2%!/е %K!=ƒ3ю2 C%д/…-
2ег!=ль…3ю -3…*ц,ю ,…2ег!=ль…%L “%“2="л ю?еL 
" ƒ=д=че %C2,м=ль…%г% 3C!="ле…, , , …%!м=2,"-
…%-це……%“2…%L “,“2ем/, *%2%!=  “%%2…%“,2“  “ 
“%де!›=…,ем 2е!м,…=ль…%L -3…*ц,,, ".%д ?еL 
"2%!/м “л=г=ем/м " ед,…/L -3…*ц,%…=л ƒ=д=ч, 
a%льц= (&%2д=л‘……=  Cе!“Cе*2,"=[) [4].

b/K%! "=!,=…2= .*%…%м,че“*%г% , =дм,…,“2-
!=2,"…%г% “C%“%K%" деL“2",  3*=ƒ/"=е2 …= …е%K-
.%д,м%“2ь …е*%2%!%L 2е.…%л%г,, 3C!="ле…, , = 
2=*›е %C!едел‘……%г% C%2е…ц,=л= “%ц,=ль…%г%, 
2е.…%ге……%г% , C!,!%д…%г% !е“3!“=, ч2% %ƒ…=ч=е2 
C!,“32“2",е " “2!3*23!е м%дел, =дм,…,“2!=2,"-
…%L "е!2,*=л, 2=*›е 2е.…%л%г,че“*%г%, %!г=…,-
ƒ=ц,%……%-2е.…%л%г,че“*%г% , %!г=…,ƒ=ц,%……%г% 
3!%"…еL 3C!="ле…,  =дм,…,“2!=2,"…%L де 2ель-
…%“2ью.

q2!3*23!3 =дм,…,“2!=2,"…%L "е!2,*=л, м%›-
…% ƒ=д=2ь *%!2е›ем ",д=:

0
А

0
А

0
А

0
А

0
А ,,, iiiii HEPKV = . (7)

gде“ь *=›д=  *%мC%…е…2= “%%2"е2“2"3е2 =…=л%-
г,ч…%L "е*2%!--3…*ц,, ,ƒ “%“2="= C!%,ƒ"%д“2-
"е……%L ,…-%!м=ц,%……%L "е!2,*=л, (6). o!,ч‘м 
"е*2%!--3…*ц,  0

АiP  "*люч=е2, " ч=“2…%“2,, “!="-
…,2ель…/L =…=л,ƒ C%д“,“2ем “ ,“C%льƒ%"=…,ем 
%K%“…%"=……/. ,…-%!м=ц,%……%-м=2ем=2,че“*,. 
C%*=ƒ=2елеL.

l%дель 0
И

0
П

0 , RRR =  "ƒ=,м…/. %2…%ше…,L 
ме›д3 C%д“,“2ем=м, C!едC!, 2,  "*люч=е2 м%-
дель 0

ПR  -,ƒ,че“*,. %2…%ше…,L ме›д3 …,м, " 
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C!едме2…%L %Kл=“2, ,…-%!м=ц,%……%-C!едме2-
…%L “!ед/ , м%дель 0

ИR  ,…-%!м=ц,%……/. %2…%-
ше…,L " ,…-%!м=ц,%……%L %Kл=“2,. 

l%дель 0
ПR  -,ƒ,че“*,. %2…%ше…,L ме›д3 

C%д“,“2ем=м, ƒ=C,шем " ",де

0
П , , , 0,ij ijR A B i j n= = , (8)

где Aij  # м%дель C! м/. , %K!=2…/. .*%…%м,че“*,. 
"%ƒдеL“2",L (C%2%*%" м=2е!,=ль…/. !е“3!“%" i-L 
C%д“,“2ем/ C!едC!, 2,  …= j-ю ,л,, C!, j = 0, …= 
ме›“,“2ем…3ю %Kл=“2ь; !="е…“2"% ,…де*“%" i = j 
“%%2"е2“2"3е2 "…32!е……ем3 %Kме…3 " i-L C%д“,“2еме; 
Bij # =…=л%г,ч…=  м%дель …%!м=2,"…%-C!="%"/. "%ƒ-
деL“2",L. 

o!, i = 0 "%ƒдеL“2",  ,“.%д 2 ,ƒ ме›“,“2ем-
…%L %Kл=“2, C!едC!, 2,  (i = j “%%2"е2“2"3е2 
"…32!е……ем3 …%!м=2,"…%-C!="%"%м3 *%…-л,*23 
" i-L C%д“,“2еме).

l%дель 0
ИR  ,…-%!м=ц,%……/. %2…%ше…,L "*лю-

ч=е2 м%дел,:
,…-%!м=ц,%……/. %2…%ше…,L ме›д3 C%д“,“2е-

м=м, C!едC!, 2, ;
“K%!= %“"ед%мл ю?еL ,…-%!м=ц,, i-L C%д-

“,“2ем/ % j-L C%д“,“2еме (,…-%!м=ц,%……%L =*-
2,"…%“2ью %Kл=д=ю2 "“е 2!, ,…-%!м=ц,%……/е 
"е!2,*=л, C%д“,“2ем);

,…-%!м=ц,%……/. %2…%ше…,L ме›д3 C!едC!, -
2,ем , "…еш…еL “!ед%L. 

g=*люче…,е. b“е м%дел, "ƒ=,м…/. -,ƒ,че“*,. 
, ,…-%!м=ц,%……/. %2…%ше…,L дл  “"%еL !е=л,-
ƒ=ц,, 2!еK3ю2 %C!едел‘……/. ƒ=2!=2 “%ц,=ль…/., 
2е.…%ге……/. , C!,!%д…/. !е“3!“%". l%дел, 3C-
!="л ю2“  C!%,ƒ"%д“2"е……%L , =дм,…,“2!=2,"-
…%L "е!2,*=л м,, C%“лед…   ,ƒ *%2%!/. *%%!д,-
…,!3е2 , …=C!="л е2 "“ю ме›“,“2ем…3ю де 2ель-
…%“2ь ƒ= “ч‘2 C!,…=дле›=?,. еL !/ч=г%" ,“C%л-
…,2ель…%L , ƒ=*%…%д=2ель…%L "л=“2,. n“%Kе……%-
“2, !=ƒ!=K%2=……%L “2!3*23!…%L м%дел, 3C!="ле-

…,  C!едC!, 2,ем ƒ=*люч=ю2“  " “лед3ю?ем. 
b/!=›е…,е (2) %C,“/"=е2 д,…=м,*3 C!едC!, 2,  
…= -,ƒ,че“*%м 3!%"…е, где %“…%"…/м, !ег3л 2%-
!=м,  "л ю2“  ƒ=*%…/ “%.!=…е…,  (-,ƒ,че“*,е, 
.*%…%м,че“*,е , д!.). b"еде…,е "е*2%!--3…*ц,, 
(8) "ƒ=,м…%г% !е“3!“…%г% %Kме…=, ƒ=д=……%L …= 
"“‘м м…%›е“2"е C=!=ме2!%" м%дел,, C%ƒ"%л е2 
г%"%!,2ь % 2%м, ч2% %…= "*люч=е2 2=*›е , K=ƒ%-
"/е C%л%›е…,  м%дел, LINK [5] (C!%е*2 &LINK[ 
(&q%ед,…е…,е[) k. jлеL…=). b *=че“2"е ,“.%д…%г% 
C%л%›е…, , …= %“…%"е *%2%!%г% "%ƒм%›…= !=ƒ!=-
K%2*= ,м,2=ц,%……/. м%делеL K=ƒ%"/. (%C!еде-
л ю?,. ,ƒме…е…,  “%“2% …,  C!едме2…%L %Kл=“-
2, C!едC!, 2, ) "е*2%!--3…*ц,L 0F  , 0

ПM , ,“-
C%льƒ3е2“  C%… 2,е &C!%,ƒ"%д“2"е……=  -3…*ц, [. 
b *=че“2"е %“…%"…%г% C%*=ƒ=2ел  .*%…%м,че“*%г% 
!=ƒ",2,  C!,…,м=е2“  %KA‘м "=л%"%г% …=ц,%-
…=ль…%г% C!%д3*2=. 

b"еде…,е " “%“2=" %“…%"…/. *%…цеC23=ль…/. 
C%л%›е…,L м%дел, ,…-%!м=ц,%……%L %Kл=“2, ƒ…=-
ч,2ель…% !=“ш,! е2 C!%г…%“2,че“*,е "%ƒм%›…%-
“2, C!едC!, 2,  , C%"/ш=е2 д%“2%"е!…%“2ь C%л3-
че……/. …= е‘ %“…%"е C!=*2,че“*,. !е*%ме…д=ц,L. 
o!,"ед‘……=  м%дель “%%2"е2“2"3е2 …3ле"%м3 3!%"-
…ю “2!=2,-,*=ц,,, …= *%2%!%м =K“2!=г,!3е2“  
м%дель…%е C!%“2!=…“2"%, C!е›де "“ег% %2 C!%-
“2!=…“2"е……%-ге%г!=-,че“*%L *%мC%…е…2/.

a,Kл,%г!=-,че“*,е ““/л*,

1. l=!*= d. lе2%д%л%г,  “2!3*23!…%г% =…=л,ƒ= , 
C!%е*2,!%"=…, . l.: lе2= Šе.…%л%г, , 1993. 240 “.

2. t%!!е“2 d›. l,!%"=  д,…=м,*=. l.: m=3*=, 1978. 
481 “.

3. j=!л%-- a. dел%"=  “2!=2ег, . l.: }*%…%м,*=, 
1991. 236 “.

4. l%,“ее" m.m. l=2ем=2,че“*,е ƒ=д=ч, “,“2ем…%-
г% =…=л,ƒ=  l.: m=3*=, 1981. 487 “.

5. jлеL… k. o!%е*2 khmj. }*%…%м,*= , .*%…%м,че-
“*,е ме2%д/. Š. 13. 1977. b/C. 3. q. 43 # 72.

r"=›=ем/е ="2%!/ , ч,2=2ел, ›3!…=л=!

b “%%2"е2“2",, “ !еше…, м, C!еƒ,д,3м= b/“шеL =22е“2=ц,%……%L *%м,““,, l,…%K!…=3*, 

p%““,, ›3!…=л &`"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,[ "*люч‘… " oе!ече…ь "ед3?,. !е-

це…ƒ,!3ем/. …=3ч…/. ›3!…=л%" , ,ƒд=…,L, " *%2%!/. д%л›…/ K/2ь %C3Kл,*%"=…/ %“…%"…/е 

…=3ч…/е !еƒ3ль2=2/ д,““е!2=ц,L …= “%,“*=…,е 3ч‘…/. “2еCе…еL  *=…д,д=2= , д%*2%!= …=3*.
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nagnp oephndh)eqjni oe)`Šh

}"%люц,%……/L ме2%д C%,“*= %C2,м=ль…/. !е-
ше…,L дл  ƒ=д=ч “% м…%›е“2"%м .*“2!ем3м%". 
bе“2…,* *%мCью2е!…/. , ,…-%!м=ц,%……/. 2е.…%-
л%г,L. 2010. 1 5.

o!ед“2="ле…/ %C,“=…,е , =…=л,ƒ "%ƒм%›…%-
“2еL “%ƒд=……%г% ."%люц,%……%г% ме2%д= C%,“*%-
"%L %C2,м,ƒ=ц,, дл  ƒ=д=ч, .=!=*2е!,ƒ3ю?,.“  
…=л,ч,ем м…%›е“2"= %C2,м=ль…/. !еше…,L. 
o!едл%›е… ."%люц,%……/L ме2%д м%д,-,*=ц,, 
ге…е2,че“*%г% =лг%!,2м= “ !=“ш,!е……%L -3…*-
ц,%…=ль…%“2ью …= %“…%"е ,“C%льƒ%"=…,  C!,…-
ц,C%" *л=“2е!,ƒ=ц,, !еше…,L. o!,"еде…/ !е-
ƒ3ль2=2/ .*“Cе!,ме…2%", дем%…“2!,!3ю?,е "%ƒ-
м%›…%“2, C!едл=г=ем%L м%д,-,*=ц,, ге…е2,че“-
*%г% =лг%!,2м=.

q!="…е…,е д,“*!е2…%г% C!е%K!=ƒ%"=…,, t3!ье , 
м%д,-,ц,!%"=……%г% *%“,…3“-C!е%K!=ƒ%"=…,  C!, 
“›=2,, =3д,%,…-%!м=ц,,. bе“2…,* *%мCью2е!…/. 
, ,…-%!м=ц,%……/. 2е.…%л%г,L. 2010. 1 5.

p=““м%2!е…= C!едC%ч2,2ель…%“2ь д,“*!е2…%г% 
C!е%K!=ƒ%"=…,  t3!ье *=* “C%“%K= %2%K!=›е…,  
=3д,%д=……/. " ч=“2%2…3ю %Kл=“2ь C!, ,. “Cе*-
2!=ль…%м “›=2,,. o!%=…=л,ƒ,!%"=…/ "/ч,“л,-
2ель…/е ƒ=2!=2/ …= %2%K!=›е…,е =3д,%д=……/. 
" ч=“2%2…3ю %Kл=“2ь дл  м%д,-,ц,!%"=……%г% 
*%“,…3“-C!е%K!=ƒ%"=…, , C!,ме… ем%г% " “,“-
2еме “Cе*2!=ль…%г% *%д,!%"=…,  Dolby AC-3. 
o%*=ƒ=…%, ч2% "ƒ"еш,"=…,е -!еLм= “,…3“…/м 
%*…%м д=‘2 3"ел,че…,е “2еCе…, “›=2,  ƒ= “ч‘2 
“3?е“2"е……%г% 3л3чше…,  3Cл%2…е…,  .…е!г,, 
“Cе*2!=.

}--е*2,"…%“2ь “…,›е…,  …,ƒ*%ч=“2%2…/. *%леK=-
…,L " г,д!="л,че“*,. “,“2ем=. !еƒ%…=2%!=м, cельм-
г%льц=. bе“2…,* м=ш,…%“2!%е…, . 2010. 1 5.

o!ед“2="ле…/ !еƒ3ль2=2/ ,““лед%"=…,L …,ƒ-
*%ч=“2%2…/. г=“,2елеL C3ль“=ц,L д="ле…,  " !=-
K%чеL “!еде 2!3K%C!%"%д…%L “,“2ем/ “2е…д= # 
=…=л%г= IV *%…23!= =2%м…%L .…е!ге2,че“*%L 3“-
2=…%"*,. o!,"еде…/ !=“ч‘2/ =*3“2,че“*,. .=-
!=*2е!,“2,* !еƒ%…=2%!%" cельмг%льц= , !еƒ3ль-
2=2/ =*3“2,че“*,. ,“C/2=…,L C% “…,›е…,ю 
3!%"…еL *%леK=…,L …= л%C=“2…/. ч=“2%2=. ц,!-
*3л ц,%……%г% …=“%“=. o%*=ƒ=…%, ч2% .--е*2,"-
…%“2ь 2=*,. *%…“2!3*ц,L ƒ=",“,2 *=* %2 2%ч…%-
“2, …=“2!%L*, ч=“2%2/ “%K“2"е……/. *%леK=…,L 
!еƒ%…=2%!= …= л%C=“2…3ю ч=“2%23 ,“2%ч…,*= *%-
леK=…,L, 2=* , %2 ме“2= 3“2=…%"*, !еƒ%…=2%!= " 
2!3K%C!%"%д…%L “,“2еме.

`"2%м=2,ƒ,!%"=……/L *%мCле*“ дл  %це…*, *=-
че“2"= 2"‘!д%“Cл="…/. !е›3?,. Cл=“2,…, *%м-
Cле*23ем/. " “K%!…/е м…%г%леƒ",L…/е ,…“2!3ме…-
2/. qK%!*= " м=ш,…%“2!%е…,,, C!,K%!%“2!%е…,,. 
2010. 1 5.

o!едл%›е…% “.ем…%е !еше…,е ="2%м=2,ƒ,!%-
"=……%г% *%мCле*“= дл  !=“C!еделе…,  C% г!3C-
C=м *=че“2"= 2"‘!д%“Cл="…/. !е›3?,. Cл=“2,…, 
*%мCле*23ем/. " “K%!…/е м…%г%леƒ",L…/е ,…“2-
!3ме…2/, …= %“…%"е %C!еделе…,  ,. !е›3?,. 
“"%L“2" C% "ел,ч,…е *%.!ц,2,"…%L “,л/. p=ƒ!=-
K%2=…% C!%г!=мм…%е %Kе“Cече…,е дл  “2=2,“2,че-
“*%г% =…=л,ƒ= !еƒ3ль2=2%" ,ƒме!е…,L , "еде…,  
K=ƒ/ д=……/. C% !е›3?,м “"%L“2"=м Cл=“2,… дл  
="2%м=2,ƒ,!%"=……%L “,“2ем/ 2е.…%л%г,че“*%L 
C%дг%2%"*, C!%,ƒ"%д“2"=(`qŠoo). 

l%дел,!%"=…,е .=!=*2е!= 2ече…,  2е.…%л%г,че-
“*%L “!ед/ C!, *%мK,…,!%"=……%L !еƒ*е д,“*%"/м 
.ле*2!%д%м-,…“2!3ме…2%м. h…›е…е!…/L ›3!…=л 
&qC!="%ч…,*[. 2010. 1 5.

`"2%!=м 3д=л%“ь …=L2, C!,…ц,C,=ль…% …%"%е 
…=C!="ле…,е “%"е!ше…“2"%"=…,  2е.…%л%г,, %K-
!=K%2*, C!ец,ƒ,%……/. де2=леL м=ш,… , C!,K%-
!%" " C!%це““е .ле*2!%=лм=ƒ…%L !еƒ*,. o!,"еде-
…= м=2ем=2,че“*=  м%дель C% !=“ч‘23 , %C2,м,-
ƒ=ц,, C!%це““= !еƒ=…, , C!, .2%м C%"/ш=е2“  
C!%,ƒ"%д,2ель…%“2ь, *=че“2"% %K!=K%2*,, 2%ч-
…%“2ь , ше!%.%"=2%“2ь C%"е!.…%“2,. b %“…%"е 
!=““м=2!,"=ем%L м%дел,, *=че“2"е……% “%%2"е2“2-
"3ю?еL C!%це““3 .ле*2!%=лм=ƒ…%L !еƒ*,, ƒ=л%-
›е…% …=“/?е…,е 2е.…%л%г,че“*%L “!ед/ г=ƒ%"%L 
-=ƒ%L , ,…2е…“,"…%е е‘ Cе!емеш,"=…,е. 0е…2!%-
Kе›…=  C!%*=ч*= 2=*%L г=ƒ%›,д*%“2…%L “ме“,-
“C%“%K“2"3е2 &“.л%C/"=…,ю[ г=ƒ%"%L -=ƒ/ , 
,…,ц,,!%"=…,ю *=",2=ц,%……/.  "ле…,L " *%…-
2=*2…%L ƒ%…е.

`лгеK!=,че“*=  C%“2=…%"*= ƒ=д=ч , *%…2!%л  
“,“2ем…%г% "/!%›де…,  “л%›…/. 2е.…,че“*,. 
“,“2ем. lе.=2!%…,*=, ="2%м=2,ƒ=ц, , 3C!="ле-
…,е. 2010. 1 5.

p=““м%2!е…= C!%Kлем= *%…2!%л  “,“2ем…%г% 
"/!%›де…,  “л%›…/. 2е.…,че“*,. “,“2ем " =л-
геK!=,че“*%L C%“2=…%"*е. o%“2="ле……=  ƒ=д=ч= 
!еш=е2“  *%л,че“2"е……% “ C%м%?ью -3…*ц,%…=-
л%" "/!%›де…, , “*%…“2!3,!%"=……/. …= “Cе*2!е 
“,…г3л !…/. ч,“ел *!,2е!,=ль…/. м=2!,ц. o!ед-
“2="ле…/ ме2%д/ *%…“2!3,!%"=…,  *!,2е!,=ль-
…/. м=2!,ц “л%›…%L 2е.…,че“*%L “,“2ем/.

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"
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Šе%!е2,че“*%е %K%“…%"=…,еC!,ме…е…,  2е%!,, 
!=“C%ƒ…="=…,  %K!=ƒ%" C!, *%…“2!3,!%"=…,, .,-
м,че“*,. мемK!=…. m=…%- , м,*!%“,“2ем…=  2е.-
…,*=. 2010. 1 5.

o!,"еде…% 2е%!е2,че“*%е %K%“…%"=…,е C!,…-
ц,C,=ль…%L C!,ме… ем%“2, 2е%!,, !=“C%ƒ…="=-
…,  %K!=ƒ%" C!, *%…“2!3,!%"=…,, .,м,че“*,. 
мемK!=… дл  м%делеL “ C!%“2!=…“2"е……/м, , 
ге%ме2!,че“*,м, %г!=…,че…, м,. o%*=ƒ=…/ ме-
2%д/ C%“2!%е…,  !=“C%ƒ…=ю?ег% %Cе!=2%!= , !е-
ш=ю?ег% C!=",л= дл  ,““лед3ем/. м%делеL.

n“%Kе……%“2, C%“2!%е…,  г,K!,д…/. ,…2елле*-
23=ль…/. “,“2ем %K!=K%2*, ,…-%!м=ц,,. h…-%!-
м=ц,%……/е 2е.…%л%г,,. 2010. 1 5.

h““лед%"=…/ C!,…ц,C/ “%ƒд=…,  ,…2елле*-
23=ль…/. г,K!,д…/. “,“2ем, %Kе“Cеч,"=ю?,. 
!еше…,е !=ƒ…%%K!=ƒ…/. C!,*л=д…/. ƒ=д=ч " 3“-
л%", . …еC%л…%2/ , …еч‘2*%“2, ,“.%д…%L ,…-
-%!м=ц,,. o%*=ƒ=…%, ч2% д=ль…еLшее …=C!="ле-
…,е ,““лед%"=…,L " .2%L %Kл=“2, “" ƒ=…% “ “%ƒд=-
…,ем ."%люц,%……/., C%“2% ……% !=ƒ","=ю?,.“  
д,…=м,че“*,. ,…2елле*23=ль…/. “,“2ем, !=K%-
2=ю?,. " !е›,ме on-line , C%д“2!=,"=ю?,.“  
C%д *%…*!е2…3ю !еш=ем3ю ƒ=д=ч3.

nC!еделе…,е %C2,м=ль…/. =лг%!,2м%" !ег3л,-
!%"=…,  =*2,"…%-3C!="л ем/. C…е"м%C%д"е“%*. 
c!3ƒ%",*. 2010. 1 5.

opед“2="ле…= м=2ем=2,че“*=  м%дель =*2,"…%-
3Cp="л ем%L C…е"м%C%д"е“*, , pеƒ3ль2=2/ p=“-
ч‘2=, …= %“…%"=…,, *%2%p/. %Cpеделе…/ %C2,-
м=ль…/е =лг%p,2м/ pег3л,p%"=…,  дл  pе›,м%" 
"/…3›де……/. , “"%K%д…/. ƒ=23.=ю?,. *%леK=-
…,L, "%ƒ…,*=ю?,. Cp, д",›е…,, `Šq C% д%p%-
г=м “ …еp%"…/м C%*p/2,ем. 

nце…*= C!%,ƒ"%д,2ель…%“2, "/ем%ч…/. м=ш,… 
…еC!е!/"…%г% деL“2", . c%!…%е %K%!3д%"=…,е , 
.ле*2!%ме.=…,*=. 2010. 1 5.

o!едл%›е… ме2%д !=“ч‘2= 2е.…,че“*%L C!%,ƒ-
"%д,2ель…%“2, "/ем%ч…/. м=ш,… …еC!е!/"…%г% 
деL“2",  ,ƒ 3“л%",  K=л=…“= м%?…%“2, д",г=2е-
л , C%ƒ"%л ю?,L %K%“…%"=……% %це…,"=2ь ,. !=-
K%2%“C%“%K…%“2ь " *%…*!е2…/. г%!…%-*л,м=2,че-
“*,. 3“л%", .. o!, %C!еделе…,, C!%,ƒ"%д,2ель-
…%“2, 3ч,2/"=ю2“  !=“C!еделе…,е *!еC%“2, C%-
!%д/ C% гл3K,…е м=““,"= , *%!!ел ц,%……=  “" ƒь 
ме›д3 3дель…/м “%C!%2,"ле…,ем !еƒ=…,ю C%!%-
д/ , *%.--,ц,е…2%м *!еC%“2, C% ш*=ле C!%-. 
l.l. o!%2%дь *%"=.

q%"!еме……/е C!%Kлем/, “" ƒ=……/е “ 2е.…%л%г,-
че“*,м, %“2=2%ч/м, …=C! ›е…, м,. rC!%ч… ю?,е 
2е.…%л%г,, , C%*!/2, . 2011. 1 6.

p=““м%2!е…/ %“…%"…/е C!,ч,…/ %K!=ƒ%"=…, , 
"ел,ч,…= , .=!=*2е! !=“C!еделе…,  %“2=2%ч…/. 
…=C! ›е…,L " де2=л ., %“%Kе……%“2, !=ƒ!=K%2*, 
2е%!е2,че“*,. ме2%д%" C!%г…%ƒ,!%"=…,  2е.…%-
л%г,че“*,. %“2=2%ч…/. …=C! ›е…,L. o!%=…=л,-
ƒ,!%"=…/ .*“Cе!,ме…2=ль…/е д=……/е, C%ƒ"%л,"-
ш,е 3“2=…%",2ь …е*%2%!/е %K?,е *=че“2"е……/е 

ƒ=*%…%ме!…%“2, "л, …,  %K!=K=2/"=ем/. м=2е-
!,=л%", ме2%д%", ,…“2!3ме…2%", !е›,м%" , 3“л%-
",L %K!=K%2*, …= …=ч=ль…/е …=C! ›е…,  " C%-
"е!.…%“2…%м “л%е де2=леL.

bл, …,е 2!е…,  …= …е“3?3ю “C%“%K…%“2ь %д…%-
“л%L…/. 2%C%*%мC%ƒ,2%". Š!е…,е , “м=ƒ*= " м=ш,-
…=. , ме.=…,ƒм=.. 2010. 1 6.

p=““м%2!е…= ме.=…,*= *%…2=*2…%г% "ƒ=,м%деL-
“2",  “-е!,че“*%г% ,…де…2%!= “ д"3.“л%L…/м 
3C!3г%-Cл=“2,ч…/м C%л3C!%“2!=…“2"%м, ,м,2,-
!3ю?,м 2"‘!д%е 2ел% “ C%"е!.…%“2…/м “л%ем. 
h““лед%"=… “л3ч=L “,л%"%г% "ƒ=,м%деL“2",  
›‘“2*%г% “-е!,че“*%г% ш2=мC= C!, …=л,ч,, 2!е-
…,  " *%…2=*2е. m%!м=ль…/е , *=“=2ель…/е …=-
C! ›е…,  " *%…2=*2е “" ƒ=…/ ме›д3 “%K%L ƒ=*%-
…%м `м%…2%…=-j3л%…=. `…=л,ƒ,!3ю2“  ƒ=",“,-
м%“2, …е“3?еL “C%“%K…%“2, %2 *%.--,ц,е…2= 
"…еш…ег% 2!е…,  , 2%л?,…/ C%"е!.…%“2…%г% 
“л%  (C%*!/2, ) дл  "“ег% д,=C=ƒ%…= "%ƒм%›…/. 
ƒ…=че…,L 2%л?,…/. n“%K%е "…,м=…,е 3деле…% 
=…=л,ƒ3 C%"еде…,  “л%,“2/. “,“2ем, %2…%“ ?,.-
“  * 2%C%*%мC%ƒ,2=м. p=“ч‘2/ C%*=ƒ/"=ю2, ч2% 
3"ел,че…,е *%.--,ц,е…2= 2!е…,  C!,"%д,2 * 
“…,›е…,ю м=*“,м=ль…%г% ƒ…=че…,  …е“3?еL 
“C%“%K…%“2, C%"е!.…%“2, %д…%“л%L…/. 2%C%*%м-
C%ƒ,2%". dл  2%C%*%мC%ƒ,2%" “…,›е…,е м=*“,-
м=ль…%L "ел,ч,…/ …е“3?еL “C%“%K…%“2, “%C!%-
"%›д=е2“  3ме…ьше…,ем *!,2,че“*%L 2%л?,…/ 
C%*!/2, , C!, *%2%!%L %Kе“Cеч,"=ю2“  .--е*-
2,"…/е ƒ=?,2…/е -3…*ц,, C%*!/2, . dл  2"‘!-
д/. 2%C%*%мC%ƒ,2%" " %Kл=“2, м=л/. ƒ…=че…,L 
2%л?,…/ C%*!/2,  C!, *%.--,ц,е…2=. 2!е…,  
0,35 , "/ше ,“чеƒ=е2 %Kл=“2ь =…%м=ль…%L Cл=-
“2,ч…%“2,. 

`"2%м=2,ƒ,!%"=……=  “2=K,л,ƒ=ц,  2емCе!=23!/ 
…= ,ƒме!,2ель…/. 3ч=“2*=. “K%!%ч…/. це.%". qK%!-
*= " м=ш,…%“2!%е…,,, C!,K%!%“2!%е…,,. 2010. 1 6.

p=ƒ!=K%2=…/ м=2ем=2,че“*,е м%дел,, %C,“/-
"=ю?,е 2еCл%"/е C!%це““/ " 2е!м%*%…“2=…2…%м 
C%ме?е…,,, C!ед…=ƒ…=че……%м дл  "/“%*%2%ч…/. 
,ƒме!е…,L , “K%!*, " це.%"/. 3“л%", .. m= %“-
…%"е .2,. м%делеL !=ƒ!=K%2=…= ="2%м=2,ƒ,!%"=…-
…=  “,“2ем= “2=K,л,ƒ=ц,, 2емCе!=23!/ …= ,ƒме-
!,2ель…/. 3ч=“2*=. “K%!%ч…/. це.%", C%ƒ"%л ю-
?=  C%дде!›,"=2ь е‘ “ 2%ч…%“2ью @0,1 %q " C%ме-
?е…, . Cл%?=дью д% 100 м2. 

qC%“%K 2е.…,че“*%г% д,=г…%“2,!%"=…,  д",г=2е-
леL "…32!е……ег% “г%!=…,   “ *%мCле*“…%L “,“2ем%L 
3C!="ле…, . j%…2!%ль. d,=г…%“2,*=. 2010. 1 6.

p=ƒ!=K%2=… “C%“%K 2е.…,че“*%г% д,=г…%“2,!%-
"=…,  д",г=2елеL "…32!е……ег% “г%!=…,  “ *%м-
Cле*“…%L “,“2ем%L 3C!="ле…, . qC%“%K ,мее2 
32%ч…‘……/е ƒ=",“,м%“2,, “" ƒ/"=ю?,е “%“2="-
л ю?,е 3гл%"%г% 3“*%!е…,  *%ле…ч=2%г% "=л= 
д",г=2ел  " Cе!е.%д…/. !е›,м=. “ ц,л,…д!%"/-
м, м%?…%“2 м, " ц,*ле ег% !=K%2/. b д=……%м 
2е.…,че“*%м !еше…,, 3“2!=…е…/ “3?е“2"3ю?,е 
!=…ее …ед%“2=2*, д,=г…%“2,!%"=…,  (…,ƒ*=  2%ч-
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…%“2ь %C!еделе…,  2е.…,че“*%г% “%“2% …,  dbq, 
"/ƒ"=……=  …е“%"е!ше…“2"%м “,“2ем/ ƒ=›,г=…,  
, !=ƒK!%“%м ц,*л%"%L C%д=ч, 2%Cл,"= ме›д3 ц,-
л,…д!=м, " ц,*ле !=K%2/ д",г=2ел  …= !=ƒг%…е 
,ƒ-ƒ= …е“%"е!ше…“2"= !=K%2/ “,“2ем/ C,2=…, ; 
C%ме., C!, "*люче…,, .ле*2!%д",г=2ел  "е…2,-
л 2%!= “,“2ем/ %.л=›де…, ; “л%›…%“2ь л%*=л,-
ƒ=ц,, …е,“C!="…%“2еL C% C%*=ƒ=2ел м, %C!еде-
л ем/м д=……/м “C%“%K%м).

bл, …,е %2*л%…е…,  -%!м/ C%"е!.…%“2еL …= 
!=K%2%“C%“%K…%“2ь C!е““%"/. “%ед,…е…,L K3!%"/. 
ш=!%шеч…/. д%л%2. qK%!*= " м=ш,…%“2!%е…,,, 
C!,K%!%“2!%е…,,. 2010. 1 6. 

h““лед%"=…% "л, …,е %"=ль…%“2, C%"е!.…%“2еL 
%2"е!“2,L , C!е““3ем/. " …,. 2"‘!д%“Cл="…/. 
ƒ3K*%" …= !=K%2%“C%“%K…%“2ь “%ед,…е…,L “ …=2 -
г%м K3!%"/. ш=!%шеч…/. д%л%2 “ ,“C%льƒ%"=-
…,ем м%дел,!%"=…,  " C!%г!=мме Ansys. 

j%…еч…%-.леме…2…=  м%дель дл  !=“ч‘2= "…32-
!е……,. 2!е?,…%C%д%K…/. де-е*2%" " %Kл=“2, “"=!-
…%г% “%ед,…е…,  C=2!3K*= “ “%“3д%м. g=г%2%",2ель-
…/е C!%,ƒ"%д“2"= " м=ш,…%“2!%е…,,. 2010. 1 6.

dл  3C!%?е…,  ƒ=д=ч,, "/C%л… ем%L !=“ч‘2-
ч,*%м C!, м%дел,!%"=…,, *%…*!е2…%L *%…“2!3*-
ц,,, !=ƒ!=K%2=…= 3…,"е!“=ль…=  м%дель, !е=л,ƒ%-
"=……=  “ ,“C%льƒ%"=…,ем ,…2е!C!е2,!3ем%г% 
 ƒ/*= APDL " *%…еч…%-.леме…2…%м C=*е2е Ansys. 
l%дель C!,ме…,м= дл  %C!еделе…,  C!%ч…%“2, 
2=*%г% !=“C!%“2!=…‘……%г% *%…“2!3*2,"…%г% .ле-
ме…2=, *=* “"=!…%L ш%", “%ед,… ю?,L C=2!3K%* 
“ “%“3д%м, C!, …=л,ч,, " “"=!…%м ш"е 2!е?,…%-
C%д%K…%г% де-е*2=. dл  м%дел, м%г32 ƒ=д="=2ь“  
люK/е *%…*!е2…/е !=ƒме!/ , C!%,ƒ"%ль…=  …=-
г!3ƒ*=. p=“ч‘2 C% м%дел, C%ƒ"%л е2 %C!едел,2ь 
C=!=ме2!/ ме.=…,*, !=ƒ!3ше…, .

o!%е*2,!%"=…,е %Cе!=ц,L 3C!%ч… ю?еL %K!=-
K%2*, де2=леL м=ш,… ме2%д=м, ood. rC!%ч… ю-
?,е 2е.…%л%г,, , C%*!/2, . 2010. 1 7.

p=““м%2!е…/ "%C!%“/ “2!3*23!…%--3…*ц,%-
…=ль…%г% м%дел,!%"=…,  , C!%е*2,!%"=…,  %Cе-
!=ц,L 3C!%ч… ю?еL %K!=K%2*, де2=леL м=ш,… 
ме2%д=м, ood. hƒл%›е…/ %“…%"…/е …=C!="ле-
…,  , ƒ=д=ч, ,““лед%"=…,L " %Kл=“2, 2е.…%л%г,, 
3C!%ч… ю?еL %K!=K%2*, де2=леL ме2%д=м, ood, 
ƒ=*%…%ме!…%“2, "ƒ=,м%деL“2",  де-%!м,!3ю?е-
г% .леме…2= “ C%"е!.…%“2ью 3C!3г%Cл=“2,че“*%г% 
2ел=, 3“л%",  3“2%Lч,"%“2, 2е.…%л%г,че“*%L “,“-
2ем/ %K!=K%2*, де2=леL ме2%д=м, ood.

d,…=м,*= ,“2,!=…,  ме2=лл%C%л,ме!…/. м=2е-
!,=л%" " C!%це““е .*“Cл3=2=ц,,. Š!е…,е , “м=ƒ*= " 
м=ш,…=. , ме.=…,ƒм=.. 2010. 1 7.

p=““м%2!е… C!%це““ ,ƒ…%“= ме2=лл%C%л,ме!-
…/. м=2е!,=л%" “ =…2,-!,*ц,%……/м “л%ем " 
",де “е2*, " 3ƒл=. 2!е…, . o!,"ед‘… !=“ч‘2 ,ƒме-
…е…,  *%…-,г3!=ц,, , Cл%?=д, *%…2=*2= “е2*, “ 
*%…2!2ел%м. o%*=ƒ=…%, ч2% Cл%?=дь *%…2=*2= " 
C!%це““е !=K%2/ 3"ел,ч,"=е2“  д% л%*=ль…%г% 
м=*“,м3м=, ƒ=2ем 3ме…ьш=е2“  д% …е*%2%!%L "е-

л,ч,…/ , д=лее "%ƒ!=“2=е2. o%л3че……/е д=……/е 
C%ƒ"%л ю2 %C!едел,2ь C!едель…3ю "ел,ч,…3 ,ƒ-
…%“= , !=““ч,2=2ь ƒ…=че…,  3дель…/. …=г!3ƒ%* 
!=ƒ!=K%2=……/. м=2е!,=л%". 

l%дел,!%"=…,е 2ече…,  "%*!3г "!=?=ю?ег%“  
д,“*=. Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=…,ƒм=.. 
2010. 1 7.

p=““м%2!е…= *л=““,че“*=  ƒ=д=ч= 2ече…,  "%-
*!3г "!=?=ю?ег%“  " …е%г!=…,че……%м C!%“2!=…-
“2"е д,“*=, C!едл=г=ю2“  =…=л,2,че“*,е ƒ=",“,-
м%“2, дл  !=“ч‘2= “%“2="л ю?,. “*%!%“2еL 2ече-
…, ; C!%"еде…% м%дел,!%"=…,е C!%це““= 2!е…,  
" “,“2еме Matlab-Simulink, C%д2"е!д,"шее .%!%-
ш3ю “.%д,м%“2ь “ .*“Cе!,ме…2=ль…/м, ƒ=",“,-
м%“2 м,. 

rC!="ле…,е *=че“2"%м …еC%д",›…/. “%ед,…е…,L 
ƒ= “ч‘2 …%!м,!%"=…,  *%…“2!3*2,"…%-2е.…%л%г,че-
“*,. C=!=ме2!%". qK%!*= " м=ш,…%“2!%е…,,, C!,-
K%!%“2!%е…,,. 2010. 1 7.

hƒл%›е…= ме2%д,*= ="2%м=2,ƒ,!%"=……%г% !=“-
ч‘2= , %C2,м,ƒ=ц,, "/K%!= “%ед,…е…,L “ …=2 г%м 
“ 3ч‘2%м *%мCле*“= %C!едел ю?,. -=*2%!%". dл  
.2%г% " “,“2еме C!ед3“м%2!е…= "%ƒм%›…%“2ь =…=-
л,ƒ= “2еCе…, "л, …,  !=ƒл,ч…/. *%…“2!3*2,"…/. 
, 2е.…%л%г,че“*,. C=!=ме2!%", %C!едел ю?,. .=-
!=*2е! “%C! ›е…, , %“%Kе……%“2, %K!=K%2*, де2=-
леL , “K%!*,, , 2=*,м %K!=ƒ%м 3C!="л 2ь *=че“2-
"%м “%ед,…е…,  “ …=2 г%м “ целью %Kе“Cече…,  
м=*“,м=ль…%г% ƒ=C=“= C!%ч…%“2,. q 3ч‘2%м *%…-
*!е2…/. "%ƒм%›…%“2еL C!%,ƒ"%д“2"= *%…“2!3*2%! 
%*%…ч=2ель…% "/K,!=е2 C%“=д*3 ,ƒ ч,“л= C%л3-
че……/. !=“ч‘2%м C%“=д%* C% cnqŠ ,л, ISO. 

d,…=м%ме2!,че“*,е 3C!3г,е .леме…2/ "е“%,ƒ-
ме!,2ель…/. 3“2!%L“2". qK%!*= " м=ш,…%“2!%е-
…,,, C!,K%!%“2!%е…,,. 2010. 1 7.

p=““м%2!е…/ “2!3*23!…/е цеC, "е“%,ƒме!,-
2ель…/. 3“2!%L“2", ,“C%льƒ3ю?,. 3C!3г,е ч3"“2-
",2ель…/е .леме…2/ , C!ед…=ƒ…=че……/. дл  !=-
K%2/ " ="2%м=2,ƒ,!%"=……/. ме.=…,ƒм=.. h““ле-
д%"=…% "л, …,е C=!=ме2!%" 3C!3г%г% *%льц= …= 
"ел,ч,…3 ег% де-%!м=ц,,. b/C%л…е… =…=л,ƒ 
"л, …,  C!%,ƒ"%д“2"е……/. C%г!еш…%“2еL …= 
ме2!%л%г,че“*,е .=!=*2е!,“2,*, "е“%,ƒме!,-
2ель…%г% 3“2!%L“2"=.

o%“2!%е…,е ="2%м=2,ƒ,!%"=……%L “,“2ем/ 3C!="-
ле…,  %K%л%ч*%"/м, 2е.…,че“*,м, %KAе*2=м, “ 
,де…2,-,*=ц,еL м…%›е“2"= “%“2% …,L. bе“2…,* 
*%мCью2е!…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L. 
2011. 17.

o!едл%›е…% C!%"еде…,е ,де…2,-,*=ц,, м…%-
›е“2"= “%“2% …,L …= м3ль2,г!=-=. дл  2е.…,че-
“*,. %KAе*2%" “ C%"!е›д=ю?,м,“  " C!%це““е 
.*“Cл3=2=ц,, %K%л%ч*=м,. p=ƒ!=K%2=…/ “2!3*23-
!= ="2%м=2,ƒ,!%"=……%L “,“2ем/ 3C!="ле…,  
(`qr) %K%л%ч*%"/м, 2е.…,че“*,м, %KAе*2=м, , 
C!%г!=мм…/L *%мCле*“ *=* Kл%* `qr, ="2%м=2,-
ƒ,!3ю?,L "/K%! =…=л%г%"%L Cе!еме……%L, .=!=*-
2е!,ƒ3ю?еL C%"!е›де…, .
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