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`kcnphŠl hdemŠhthj`0hh oknqjhu nazejŠnb q hqonk|gnb`mhel 
lhmhl`k|mncn )hqk` ophgm`jnb  

o!едл%›е… =лг%!,2м, C%ƒ"%л ю?,L ,де…2,-,ц,!%"=2ь Cл%“*,е %KAе*2/ 2%ль*% л,шь …= 
%“…%"е ƒ…=че…,L *!,",ƒ…/ 2%че* ,. "…еш…,. *%…23!%".

jлюче"/е “л%"=: =лг%!,2м ,де…2,-,*=ц,, Cл%“*,. %KAе*2%", *!,",ƒ…= 2%че*.

Algorithm permitting to identify of the flat objects only from a curvature value of the external 
outline spots is proposed.

Key words: flat objects identification algorithm, external outline spots curvature.

`"2%м=2,ƒ=ц,  2=*,. %Cе!=ц,L, *=* *=““е2,!%-
"=…,е, “%!2,!%"*= де2=леL, *%мCле*2=ц,  *%мC%-
…е…2 дл  “K%!*,, “%K“2"е……% “=м= “K%!*= , д!3-
г,. 2!еK3е2 ,“C%льƒ%"=…,  “,“2ем/ 2е.…,че“*%г% 
ƒ!е…,  (qŠg) (" C!%м/шле……/. !%K%2=.), C%ƒ"%-
л ю?,. " !е=ль…%м м=“ш2=Kе "!еме…, %C!еде-
л 2ь ме“2%C%л%›е…,е, %!,е…2=ц,ю , ,де…2,-,-
*=ц,ю %KAе*2%" …= %“…%"е %K!=K%2*, , =…=л,ƒ= 
,. ,ƒ%K!=›е…,L [1].

dл  "/C%л…е…,  3C%м …32/. "/ше , =…=л%-
г,ч…/. ,м %Cе!=ц,L д%“2=2%ч…% %“3?е“2",2ь 
=…=л,ƒ K,…=!…/. ,ƒ%K!=›е…,L %KAе*2%". g…=ч,-
2ель…%е "!ем  C!, .2%м ƒ=2!=ч,"=е2“  …= .2=C 
,де…2,-,*=ц,,, C%“*%ль*3 …= “3?е“2"3ю?,. 
qŠg  ,“C%льƒ3е2“  ƒ…=ч,2ель…%е ч,“л% C!,ƒ…=*%" 
%KAе*2%" , д%“2=2%ч…% “л%›…/е =лг%!,2м/. g=-
2!=2/ "!еме…, qŠg …= д=……%м .2=Cе м%›…% “3-
?е“2"е……% “%*!=2,2ь C32‘м "/K%!=  м=л%г% ч,“л= 
…=,K%лее ,…-%!м=2,"…/. C!,ƒ…=*%" %KAе*2%" , 
3C!%?е…,  =лг%!,2м= ,де…2,-,*=ц,,. }*“Cе!,-
ме…2=ль…/е ,““лед%"=…,  C%д2"е!›д=ю2 .2%. 
m=,K%лее ,…-%!м=2,"…/м C!,ƒ…=*%м дл  ,де…-
2,-,*=ц,, C!%“2!=…“2"е……%-!=ƒдел‘……/. C!%-
“2/. %KAе*2%"  "л ю2“  ƒ…=че…,  *!,",ƒ…/ 2%-
че* ,. "…еш…,. *%…23!%". d=……/L C!,ƒ…=* ,…"=-
!,=…2е… %2…%“,2ель…% Cе!еме?е…,  , C%"%!%2= 
%KAе*2%" " C%ле ƒ!е…,  qŠg, …= ег% %“…%"е м%›-
…% “-%!м,!%"=2ь м…%›е“2"% C!%,ƒ"%д…/. (д%-
C%л…,2ель…/.) C!,ƒ…=*%".

o!едл=г=ем/L =лг%!,2м ,де…2,-,*=ц,, Cл%-
“*,. %KAе*2%", %“…%"=……/L  …= %д…%м C!,ƒ…=*е 
# ƒ…=че…,, *!,",ƒ…/ 2%че* "…еш…ег% *%…23!=, 
# “%“2%,2 ,ƒ “лед3ю?,. ш=г%":

1. o!,"еде…,е K,…=!…/. ,ƒ%K!=›е…,L %KAе*-
2%" * ,“.%д…%м3 (“2=…д=!2…%м3) C%л%›е…,ю. o!, 

.2%м %C!едел ю2“  *%%!д,…=2/ це…2!%" 2 ›е“2,, 
"/ч,“л ю2“  дл,…/, 3гл/ …=*л%…%" φ %KAе*2%" * 
г%!,ƒ%…2=л, ,, …=*%…ец, %“3?е“2"л е2“  C%"%!%2 
("!=?е…,е) %KAе*2%" "%*!3г це…2!%" 2 ›е“2, 2=-
*,м %K!=ƒ%м, ч2%K/ 3гл/ φ “2=л, !="…/ …3лю.

2. b/деле…,е %д…%2%чеч…/. Kеƒ!=ƒ!/"…/. *%…-
23!%" ,ƒ%K!=›е…,L %KAе*2%".

3. b/ч,“ле…,е ƒ…=че…,  *!,",ƒ…/ α " *=›д%L 
2%ч*е *%…23!%" %KAе*2%".

4. t%!м,!%"=…,е α--3…*ц,, *=›д%г% %KAе*2=.
5. hде…2,-,*=ц,  %KAе*2%" C32‘м “!="…е…,  

,. α--3…*ц,L.
x=г, 1 , 2 !е=л,ƒ3ю2“  “ C%м%?ью =лг%!,2-

м%", C!,"ед‘……/. " !=K%2=. [1 , 2].
b/ч,“ле…,е ƒ…=че…,  *!,",ƒ…/ α " *=›д%L 2%ч*е 

*%…23!= %KAе*2=. g…=че…,  *!,",ƒ…/ α " *=›д%L 
2%ч*е д,“*!е2…%г% %д…%2%чеч…%г% *%…23!= ,ƒ%K!=-
›е…,  %KAе*2= "/ч,“л ю2 “лед3ю?,м %K!=ƒ%м. 
o3“2ь %2!еƒ%* …еC!е!/"…%L л,…,, l (!,“. 1) C!ед-
“2="ле… " C=м 2, м=ш,…/ д,“*!е2…/м, 2%ч*=м, 
A, B, C, D, E, F. m3›…% %C!едел,2ь ƒ…=че…,е *!,-
",ƒ…/ " 2%ч*е C. g…=че…,е *!,",ƒ…/ …еC!е!/"-
…%L л,…,, " 2%ч*е q C!%C%!ц,%…=ль…% 3гл3 α, 
%K!=ƒ%"=……%м3 л,…,еL CC1 , “2%!%…%L CD  [1].

dл,…/ “2%!%… 2!е3г%ль…,*= "/ч,“л ю2 ,ƒ "/-
!=›е…,L [3]

BC = a = 
22 )()( CBCB yyxx −+− ;

CD = b= 
22 )()( DCDC yyxx −+− ;

BD = c= 
22 )()( DBDB yyxx −+− ,

где (xB, yB), (xC, yC), (xD, yD) # *%%!д,…=2/ "е!ш,… 
B, C, D. 
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p,“. 1. b/ч,“ле…,е *!,",ƒ…/ α 2%ч*, д,“*!е2…%г% 
%д…%2%чеч…%г% *%…23!=

b/“%2= 2!е3г%ль…,*= h %C!едел е2“  *=* 

( )( )( )
2
p p a p b p c

h
c

− − −
= ,

где 
2
cbap ++= .

b .2%м “л3ч=е

arccos h
a

β = ;
 

arccos h
b

γ = ,

где β , γ # 3гл/, %K!=ƒ%"=……/е “2%!%…=м, BC , CK, 
CD , CK “%%2"е2“2"е……%.

n2“юд= α = 1800  # (β + γ).
d=лее C%“лед%"=2ель…% C% .%д3 %K.%д= ƒ=д=…-

…%L д,“*!е2…%L *!,"%L "/ч,“л ем “%гл=“…% !=“-
“м%2!е……%м3 "/ше =лг%!,2м3 ƒ…=че…,  *!,",ƒ-
…/ α " 2%ч*=. D, E, F , 2. д. д% Cе!"%…=ч=ль…%L 
2%ч*, %K.%д= (" д=……%м “л3ч=е .2% 2%ч*= C).

t%!м,!%"=…,е α--3…*ц,, *=›д%г% %KAе*2=. 
o%“*%ль*3 *%…23!/ %KAе*2%" C!ед“2="л ю2 “%K%L 
ƒ=м*…32/е д,“*!е2…/е *!,"/е, 2% "% "“е. ,. 2%ч-
*=. K3д32 %C!еделе…/ ƒ…=че…,  *!,",ƒ…/. nK/ч-
…% 2%ч*, ƒ=м*…32%г% *%…23!= (" C!%це““е ег% %K-
.%д= , "/ч,“ле…,  *!,",ƒ…/ л,…,, " .2,. 2%ч-
*=.) …3ме!3ю2“  , “%%2"е2“2"3ю?,е ,м ƒ…=че…,  
*!,",ƒ…/ ƒ=…%“ 2“  " 2=Kл. 1.

o%“лед%"=2ель…%“2ь ƒ…=че…,L *!,",ƒ…/ "% 
"“е. 2%ч*=. д,“*!е2…%г% *%…23!= (д,“*!е2…%L л,-

h

E

DB

C

F

K

C1

A

l

Š=Kл,ц =  1

pеƒ3ль2=2/ !=“ч‘2= ƒ…=че…,L *!,",ƒ…/ "% "“е. 2%ч*=. 
д,“*!е2…%L л,…,,

1 2%ч*, *%…23!= nKAе*2 1 nKAе*2 2 … nKAе*2 N

1 α11 α12 … α1N

2 α21 α22 … α2N
3 α31 α32 … α3N
4 α41 α42 … α4N

5 α51 α52 … α5N
… … … … …
M αM1 αM2 … αMN

…,,) K,…=!…%г% ,ƒ%K!=›е…,  %KAе*2=, !=“C%л%-
›е……=  " *=›д%м “2%лKце 2=Kл. 1, …=ƒ/"=е2“  α-
-3…*ц,еL %KAе*2=.

hде…2,-,*=ц,  %KAе*2%". b C!%це““е %K3че…,  
" C=м 2ь qŠg ƒ=…%“ 2 α--3…*ц,, .2=л%…%". m= 
C 2%м ш=ге =лг%!,2м= дл  ,де…2,-,*=ц,, “!="-
…,"=ю2 α--3…*ц,ю .*ƒ=ме…=ц,%……%г% (…е,ƒ"е“2-
…%г%) %KAе*2= “% "“ем, α--3…*ц, м, .2=л%…%" 
…= %“…%"е -%!м3л/

2

1
( )

M

kl ik il
i

Z
=

= α − α∑ ,

где M # ч,“л% 2%че* *%…23!=  %KAе*2=, 2. е. *%л,че-
“2"% ƒ…=че…,L *!,",ƒ…/ %KAе*2=; k # …%ме! .2=л%…-
…%г% %KAе*2= (k = 1, 2,…, N); l # …%ме! .*ƒ=ме…=-
ц,%……%г% %KAе*2= (l = 1, 2,…, P); i # …%ме!= 2%че* 
.2=л%……%г% , .*ƒ=ме…=ц,%……%г% %KAе*2%", !=ƒ…%“2ь 
ƒ…=че…,L *!,",ƒ…/ *%2%!/. %C!едел е2“  " 2е*3-
?ем ш=ге "/ч,“ле…,  (i = 1, 2,…, M); Zkl # “3мм= 
*"=д!=2= =K“%лю2…/. "ел,ч,… %2*л%…е…,L ƒ…=че…,L 
*!,",ƒ…/ 2%че* *%…23!= .2=л%……%г% , …е,ƒ"е“2…%г% 
%KAе*2%" (=…=л%г “3мм=!…%г% “!ед…е*"=д!=2,ч…%г% 
%2*л%…е…, ), …=ƒ%"‘м е‘ “3мм=!…/м %2*л%…е…,ем.

 o!, …е*%2%!/. ƒ=д=……/. м…%›е“2"=. .2=л%-
…%" , .*ƒ=ме…=ц,%……/. %KAе*2%" ,де…2,-,*=ц,  
…е,ƒ"е“2…%г% %KAе*2= l C% α--3…*ц, м, ƒ=д=……/м 
" 2=Kл. 2, %“3?е“2"л е2“  …= %“…%"е “лед3ю?ег% 
"/!=›е…, :

min min{min }kl kl
k l

Z Z= ,

где 
k

min Zkl # "/K%! м,…,м=ль…%г% ƒ…=че…,  Zkl “!е-

д, "“е. Zkl C!, k = 1, 2,…, N , C%“2% ……%м ƒ…=че…,, l;
min kl
l
Z  # "/K%! м,…,м=ль…%г% ƒ…=че…,  Zkl “!ед, 

"“е. Zkl C!, l = 1, 2,…, P  , C%“2% ……%м ƒ…=че…,, k.

}*“Cе!,ме…2=ль…/е ,““лед%"=…, . dл  .*“Cе!,-
ме…2=ль…/. ,““лед%"=…,L K/л, ,“C%льƒ%"=…/ “ге-
…е!,!%"=……/е K,…=!…/е ,ƒ%K!=›е…,  16 %KAе*-
2%" (!,“. 2).

)=“2ь !еƒ3ль2=2%" !=“ч‘2%" ƒ…=че…,L *!,",ƒ…/ 
%KAе*2%" 1 7 , 1 15 (“м. !,“. 2) C!,"еде…= " 
2=Kл. 3.

b *=че“2"е .*ƒ=ме…=ц,%……%г% %KAе*2= K!=л“  
люK%L ,ƒ ,“.%д…/. , C!%"%д,л=“ь ег% ,де…2,-,-
*=ц,  (!,“. 3). )=“2ь !=“ч‘2%" ƒ…=че…,L -3…*ц,, 
Zkl C!,"еде…= " 2=Kл. 4.

Š=Kл,ц =  2

pеƒ3ль2=2/ !=“ч‘2= “3мм=!…/. %2*л%…е…,L

mе,ƒ"е“2…/L 
%KAе*2

}2=л%… 1 }2=л%… 2 … }2=л%… N

1 Z11 Z12 … Z1N

2 Z21 Z22 … Z2N
… … … … …
P ZP1 ZP2 … ZPN
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           1 1                                    1 2                                     1 3                          1 4

           1 5                                    1 6                                     1 7                          1 8

           1 9                                    1 10                                   1 11                         1 12

           1 13                                  1 14                                    1 15                        1 16

p,“. 2. Šе“2%"/е %KAе*2/ “ 1 1 C% 1 16

Š=Kл,ц =  4

p=“ч‘2 “3мм=!…/. %2*л%…е…,L C!, ,де…2,-,*=ц,, 
%KAе*2%" 1 7 , 1 15

m%ме! .2=л%…= nKAе*2 1 7 nKAе*2 1 15

1 6286,080 3815,674

2 8098,824 7446,824

3 9368,532 6668,922

4 8588,863 6029,336

5 6073,879 5830,505

6 6171,034 5099,294

7 0,00053 6352,360

8 7030,821 10122,813

9 10122,33 7687,850

10 3738,219 6245,881

11 4041,934 7592,896

12 8097,868 6784,400

13 4875,843 7225,696

14 7265,222 3763,552

15 6559,822 0,000253

16 0,000535 2655,338

Š=Kл,ц =  3

pеƒ3ль2=2/ !=“ч‘2%" ƒ…=че…,L *!,",ƒ…/ %KAе*2%"

m%ме! 
%KAе*2=

m%ме! 2%ч*, *%…23!=

1 2 3 4 ... 1603 1604

1 89,99 89,99 0 44,99 ... # #

2 89,99 44,99 44,99 44,99 ... # #

3 44,99 89,99 0 0 ... # #

4 44,99 89,99 44,99 0 ... # #

5 44,99 0 44,99 89,99 ...  0 44,99

6 44,99  44,99 44,99 0 ... # #

7 44,99 0 0 0 ... # #

8 49,99 44,99 44,99 44,99 ... # #

9 44,99 0 89,99 0 ... # #

10 44,99 44,99 0 44,99 ... # #

11 134,99 0 0 0 ... # #

12 44,99 0 0 44,99 ... # #

13 134,99 44,99 0 0 ... # #

14 44,99 0 44,99 44,99 ... # #

15 44,99 89,99 44,99 44,99 ... # #

16 44,99 89,99 0 0 ... # #
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hƒ 2=Kл. 4 ",д…%, ч2% C!, “!="…е…,, α--3…*-
ц,L %KAе*2%" 1 7 , 1 15 “ .2=л%……/м, α--3…*-
ц, м, "“е. %KAе*2%", “3мм=!…/е %2*л%…е…,  
min Zkl ,мею2 м,…,м=ль…/е ƒ…=че…,  C!, * = 7 
, l = 7 (Z7,7 = 0,00053), = 2=*›е C!, * = 15 , l = 
15 (Z15,15 = 0,000253). Š=*,м %K!=ƒ%м, C!%,ƒ%шл= 
,де…2,-,*=ц,  .*ƒ=ме…=ц,%……/. %KAе*2%" 1 7 
, 1 15.

b/"%д/. o%*=ƒ=…= "%ƒм%›…%“2ь “%ƒд=…,  =лг%-
!,2м= ,де…2,-,*=ц,, Cл%“*,. !е=ль…/. %KAе*-
2%" …= %“…%"е ед,…“2"е……%г% C!,ƒ…=*= # *!,",ƒ-
…/ 2%че* ,. K,…=!…/. *%…23!%". d%“2%,…“2"= 
д=……%г% =лг%!,2м= # .2% C!%“2%2= !е=л,ƒ=ц,,, 
,…"=!,=…2…%“2ь * Cе!еме?е…,ю , C%"%!%23 
%KAе*2= …= д,“*!е2…%L Cл%“*%“2,. mед%“2=2%* 
=лг%!,2м= # .2% …е,…"=!,=…2…%“2ь * ,ƒме…е…,ю 

м=“ш2=K= …= д,“*!е2…%L Cл%“*%“2,. `лг%!,2м 
“%"е!ше…“2"3е2“  “ целью ег% ,“C%льƒ%"=…,  дл  
,де…2,-,*=ц,, !е=ль…/. Cл%“*,. %KAе*2%" …= 
%“…%"е ,. C%л32%…%"/. ,ƒ%K!=›е…,L, = 2=*›е “%-
*!=?е…,  "!еме……/. ƒ=2!=2 …= ег% "/C%л…е…,е.

a,Kл,%г!=-,че“*,е ““/л*,

1. q=д/*%" q.q., q23л%" m.m. lе2%д/ , =лг%!,2м/ 
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г% ƒ!е…, . l.: c%! ч=  л,…,  # Šеле*%м, 2005. 204 “.
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м=2ем=2,*е. l.: m=3*=, 1975. 416 “.

                       h“.%д…/L %KAе*2                                              nC!еделе…,е це…2!= 2 ›е“2,

p,“. 3. o!,ме! %K!=K%2*, Šе“2= 1 7

               o%,“* л,…,, дл,…/ %KAе*2=                                              o%"%!%2 %KAе*2=

b…,м=…,ю ="2%!%"!

Š!еK%"=…,  * %-%!мле…,ю “2=2еL, C!,“/л=ем/. дл  C3Kл,*=ц,,,
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jnme)mn-}kelemŠm{i ondund j pexemh~ Šeumnknch)eqjhu g`d`) 
qbepuok`qŠh)eqjni tnplnbjh  

o!ед“2="ле…= м=2ем=2,че“*=  м%дель де-%!м,!%"=…,  ƒ=г%2%"*, г=ƒ%"%L “!ед%L " !е-
›,ме “"е!.Cл=“2,ч…%“2,. l%дель %C,“/"=е2 2!‘.ме!…%е 2ече…,е " ƒ*%Cл=“2,че“*,. “!ед 
“ 3ч‘2%м ,. “2!3*23!…/. ,ƒме…е…,L.

jлюче"/е “л%"=: ме2%д *%…еч…/. .леме…2%", .*","=ле…2…%е …=C! ›е…,е, “"е!.Cл=“2,че“*=  -%!-
м%"*=,  д="ле…,е г=ƒ%"%L “!ед/, “*%!%“2ь %KA‘м…%L де-%!м=ц,,, *,…е2,*= !%“2= ƒ‘!е….

The mathematical model of the billet deformation by means of gas medium under superplasticity 
conditions is presented. The model describes a three-dimensional flow of viscousplasticity media by 
taking into account their structural changes.

Key words: finite element method, equivalent stress, superplasticity forming, gas medium pressure, 
three-dimensional strain rate, grain growth kinetics.

b =",=“2!%е…,, , м=ш,…%“2!%е…,, ш,!%*% 
C!,ме… ю2 2%…*%“2е……/е “л%›…%C!%-,ль…/е 
%K%л%ч*,, *%2%!/е ,ƒг%2="л,"=ю2 ,ƒ 2!3д…%де-
-%!м,!3ем/. “Cл="%". nд…,м ,ƒ .--е*2,"…/. 
ме2%д%" ,ƒг%2%"ле…,  .2,. %K%л%че*  "л е2“  
“"е!.Cл=“2,че“*=  -%!м%"*= [1].

dл  3“Cеш…%г% "…ед!е…,  …%"/. 2е.…%л%г,L 
“"е!.Cл=“2,че“*%L -%!м%"*, " C!%,ƒ"%д“2"% …е-
%K.%д,м% ,“C%льƒ%"=2ь 2е%!е2,че“*,L =…=л,ƒ 
C!,ме… ем/. C!%це““%". 

l=2ем=2,че“*3ю м%дель де-%!м,!%"=…,  г=-
ƒ%"%L “!ед%L ƒ=г%2%"*, ,ƒ …ел,…еL…%-" ƒ*%г% 
м=2е!,=л= K3дем %“…%"/"=2ь …= *%…еч…%-.ле-
ме…2…%L =CC!%*“,м=ц,, " ƒ*%Cл=“2,че“*%L %K-
л=“2, , %“…%"…/. “%%2…%ше…, . 2е%!,, 2ече…, :

2 ; ; ( ); 
3
e

ij ij e e e
e

S
σ

= μξ μ = σ =σ ξ
ξ   

0,52 ( ) ;
3e ij ijξ = ξ ξ

 

1 ;
2

ji
ij

j i

uu
x x

⎛ ⎞∂∂
ξ = +⎜ ⎟∂ ∂⎝ ⎠

( )
0

 ; 0
t

e ij vt dtε = ξ ξ =∫ , (1)

где Sij # *%мC%…е…2/ де",=2%!= …=C! ›е…,L; μ # 
*%.--,ц,е…2 " ƒ*%“2,; σe # .*","=ле…2…%е …=C! -
›е…,е; ξe # .*","=ле…2…=  “*%!%“2ь де-%!м=ц,,; 
ξij # *%мC%…е…2/ 2е…ƒ%!= “*%!%“2еL де-%!м=ц,,; 
ξv # “*%!%“2ь %KA‘м…%L де-%!м=ц,,; 

 
εe # …=*%C-

ле……=  “2еCе…ь де-%!м=ц,,; t # "!ем  де-%!м,!%-
"=…, ; ui # *%мC%…е…2/ "е*2%!= “*%!%“2, Cе!еме-
?е…, .

pеше…,е ƒ=д=ч, % -%!м%,ƒме…е…,, " ƒ*%Cл=-
“2,че“*%L “!ед/ K3дем %“…%"/"=2ь …= "=!,=-
ц,%……%м “%%2…%ше…,, [2]

e e v v
W W

dW K dWδπ = σ δξ + ξ δξ −∫ ∫
0

p

i i
S

p u dS− δ =∫ , (2)

где K # *%.--,ц,е…2, …е%K.%д,м/L дл  C%,“*= !е-
ше…,  “!ед, *л=““= -3…*ц,L, C!,Kл,›е……% 3д%"-
ле2"%! ю?,. 3“л%",ю …е“›,м=ем%“2,; δξe, δξv, 
δui # "=!,=ц,, .*","=ле…2…%L “*%!%“2, де-%!м=-
ц,,, “*%!%“2, %KA‘м…%L де-%!м=ц,, , “*%!%“2, 
Cе!еме?е…,  “%%2"е2“2"е……%; pi # “%“2="л ю?,е 
"…еш…еL …=г!3ƒ*,; W # %KA‘м " ƒ*%Cл=“2,че“*%L 
%Kл=“2,; Sp # C%"е!.…%“2ь, …= *%2%!%L ƒ=д=…= "…еш-
…   …=г!3ƒ*=.

h“C%льƒ%"=…,е "/!=›е…,L (1), (2) “%"ме“2…% “ 
%“…%"…/м, “%%2…%ше…, м, ме2%д= *%…еч…/. 
.леме…2%" (lj}) [3] C%ƒ"%л е2 C%л3ч,2ь “,“2ем3 
=лгеK!=,че“*,. 3!="…е…,L дл  %д…%г% *%…еч…%г% 
.леме…2=

(K1+K2)Ve=Fe, (3)

где 1 2  
e

T

W

dWK B DB= μ∫ ;

( )( )2   
e

T T

W

K dWK B E E B= ∫ ;  
p

T
e

S

dSF C p= ∫ ; B # м=2-

!,ц= д,--е!е…ц,=ль…%г% %Cе!=2%!=; C # м=2!,ц= 
,…2е!C%л ц,%……/. -3…*ц,L; Ve # "е*2%! “*%!%“2еL 
Cе!еме?е…,  3ƒл%" *%…еч…%г% .леме…2=; p # "е*2%! 
"…еш…,. “,л; D = diag{1 1 1 0,5 0,5 0,5}; 
ET = {1  1  1  0  0  0}; T # *%.--,ц,е…2 2!=…“C%…,-
!%"=…, .
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bе*2%! "…еш…еL …=г!3ƒ*, p " м=2!,ч…%м 3!="-
…е…,, (3) K3дем %C!едел 2ь *=*

p = ±pn, (4)

где p # C!,л%›е……%е д="ле…,е г=ƒ%"%L “!ед/; n # 
"е*2%! ед,…,ч…%L …%!м=л,.

b “%%2…%ше…,, (4), C!, …=C!="ле…,, "е*2%!= 
ед,…,ч…%L …%!м=л, n " 2ел% *%…еч…%г% .леме…2=, 
Cе!ед p “2=",2“  ƒ…=* Cлю“, " C!%2,"…%м “л3ч=е # 
м,…3“.

o!, !=““м%2!е…,, !=“ч‘2…%L %Kл=“2, *=* “%-
"%*3C…%“2, *%…еч…/. .леме…2%" “,“2ем= =лгеK-
!=,че“*,. 3!="…е…,L K3де2 ,ме2ь ",д

1 2( ) e
e e
K K V F+ =∑ ∑ , (5)

где V # "е*2%! “*%!%“2еL Cе!еме?е…,  3ƒл%" !=“-
ч‘2…%L %Kл=“2,. 

q,“2ем= =лгеK!=,че“*,. 3!="…е…,L (5)  "л е2-
“  …ел,…еL…%L, C%.2%м3 е‘ …е%K.%д,м% !еш=2ь 
,2е!=ц,%……/м ме2%д%м. o!, .2%м 2=*›е K3дем 
*%…2!%л,!%"=2ь "/C%л…е…,е 3“л%",  …е“›,м=е-
м%“2,. Š%гд= " *=че“2"е *!,2е!,  %*%…ч=…,  C!%-
це““= C%,“*= !еше…,  C!едл=г=е2“  ,“C%льƒ%"=2ь 
3“л%",  ",д=

( ) ( )

( )
( )

1

2

2

;

i i
i
v vi

V

−

∞

−
≤ Δ ξ ≤ Δξ

V V

V
,

где i # …%ме! ,2е!=ц,,; ξv # %д…%ме!…/L м=““," 
("е*2%!) “*%!%“2еL %KA‘м…%L де-%!м=ц,,; ΔV = 
= 0,05,..., 0,0005; Δξv = 10#6,..., 10#8 “#1. 

o!, м%дел,!%"=…,, 2е.…%л%г,че“*,. %Cе!=-
ц,L “"е!.Cл=“2,че“*%L -%!м%"*, C!%це““ де-
-%!м,!%"=…,  …е%K.%д,м% !=ƒK,"=2ь …= ! д ш=-
г%" 2=*,м %K!=ƒ%м, ч2%K/ де-%!м=ц,, " C!едел=. 
*=›д%г% "!еме……%г% ш=г= K/л, д%“2=2%ч…% м=л/. 
o!, .2%м " C!%це““е !=“ч‘2= …е%K.%д,м% Cе!е-
“ч,2/"=2ь *%%!д,…=2/ 3ƒл%" *%…еч…%-.леме…2-
…%L “е2*,:

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

;
;
,

x

y

z

X t t X t tV t t
Y t t Y t tV t t
Z t t Z t tV t t

⎧ + Δ = + Δ + Δ
⎪ + Δ = + Δ + Δ⎨
⎪ + Δ = + Δ + Δ⎩

где X, Y, Z #  *%%!д,…=2/ 3ƒл%" *%…еч…%-.леме…2…%L 
“е2*,; Vx, Vy, Vz # C!%е*ц,, "е*2%!= “*%!%“2, 3ƒл%" 
…= %“, *%%!д,…=2; Δt # *%…еч…/L %2!еƒ%* "!еме…,.

nд…%L ,ƒ гл="…/. C!%Kлем C!, !еше…,, 2е.…%-
л%г,че“*,. ƒ=д=ч “"е!.Cл=“2,че“*%L -%!м%"*, 
 "л е2“  м%дел,!%"=…,е *%…2=*2…%г% "ƒ=,м%деL-

“2",  де-%!м,!3ем%L ƒ=г%2%"*, , -%!м%%K!=ƒ3ю-
?еL м=2!,ц/. dл  !еше…,  C!%Kлем/ *%…2=*2…%-
г% "ƒ=,м%деL“2",  C!,мем, ч2% C%"е!.…%“2ь -%!-
м%%K!=ƒ3ю?ег% ,…“2!3ме…2= “%“2%,2 ,ƒ 2!е3г%ль-
…/. .леме…2%". Š%гд= " *=че“2"е 3“л%",  "%ƒ…,*-
…%"е…,  *%…2=*2= 3ƒл= *%…еч…%-.леме…2…%L “е2*, 
, ,…“2!3ме…2= K3дем ,“C%льƒ%"=2ь “%%2…%ше…,е

( ) 0PBA PCB PCA ABCS S S S SΔ Δ Δ ΔΔ = + + − = , (6)

где SΔPBA, SΔPCB, SΔPCA, SΔABC # Cл%?=д, 2!е3г%ль-
…,*%" ΔPBA, ΔPCB, ΔPCA (!,“. 1).

Š=* *=* C!, *%…еч…%-.леме…2…%м м%дел,!%"=-
…,, ƒ=д=ч= !еш=е2“  C%ш=г%"%, 2% "/C%л…,2ь 3“-
л%",е (6) C!=*2,че“*, …е"%ƒм%›…%. Š%гд= дл  C%-
,“*= *%…2=*2= 3ƒл= *%…еч…%-.леме…2…%L “е2*, “ 
,…“2!3ме…2%м K3дем ,“C%льƒ%"=2ь “лед3ю?,L 
=лг%!,2м:

,ƒ "“е. 2!е3г%ль…/. .леме…2%" ,…“2!3ме…2= 
%2/“*,"=е2“  2%2, дл  *%2%!%г% "ел,ч,…= ΔS м,-
…,м=ль…=;
е“л, дл  2!е3г%ль…%г% .леме…2= ΔS ≤ [ΔS], где  

[ΔS] # д%C3“* "ел,ч,…/ ΔS, 2% “ч,2=ем, ч2% дл  
…=Lде……%г% 2!е3г%ль…%г% .леме…2= "%ƒм%›е… 
*%…2=*2 “ !=““м=2!,"=ем/м 3ƒл%м *%…еч…%-.ле-
ме…2…%L “е2*,;

C!%"е! ем, C!%,ƒ%ш‘л л, *%…2=*2 3ƒл= *%…еч-
…%-.леме…2…%L “е2*, “ …=Lде……/м 2!е3г%ль…/м 
.леме…2%м ,…“2!3ме…2=. dл  .2%г% Cе!е.%д,м " 
“,“2ем3 *%%!д,…=2, 3 *%2%!%L %“ь Z ' “%"C=д=е2 “ 
…=C!="ле…,ем "е*2%!= ед,…,ч…%L …%!м=л, ne, 
C!,ч‘м "е*2%! ne , %“ь Z ' д%л›…/ K/2ь …=C!="ле-
…/ …е " 2ел% ,…“2!3ме…2=. o%“ле 2%г% *=* Cе!е-
шл, " …%"3ю “,“2ем3 *%%!д,…=2, C!%"е! ем, C!%-
,ƒ%ш‘л л, *%…2=*2 3ƒл= P *%…еч…%-.леме…2…%L 
“е2*, “ ,…“2!3ме…2%м. o!, *%%!д,…=2е Z 'P 3ƒл= 
P, !="…%L z ' *%%!д,…=2е люK%L 2%ч*, 2!е3г%ль…%-
г% .леме…2= `bq, 3ƒел K3де2 ле›=2ь " Cл%“*%“2, 
!=““м=2!,"=ем%г% 2!е3г%ль…,*=. o!, "/C%л…е-
…,, 3“л%",  Z 'P > z ' 3ƒел …е K3де2 *%…2=*2,!%"=2ь 
“ ,…“2!3ме…2%м. Š=* *=* ƒ=д=ч= C!, C!,ме…е…,, 
lj} !еш=е2“  C%ш=г%"%, 2% "%ƒм%›е… “л3ч=L 
C!%…,*…%"е…,  3ƒл= P " 2ел% ,…“2!3ме…2=, *%2%-
!/L K3де2 %C!едел 2ь“  3“л%",ем Z 'P < z ' (!,“. 2). 
b .2%м “л3ч=е C!едл=г=е2“  C!%"е“2, *%!!е*2,-
!%"*3 ег% C%л%›е…, , *%2%!=  ƒ=*люч=е2“  " Cе-
!еме?е…,, 3ƒл= C% …%!м=л, …= C%"е!.…%“2ь 2!е-
3г%ль…%г% .леме…2=. Š%гд= *%%!д,…=2/ 3ƒл= P 
…е%K.%д,м% !=““ч,2=2ь C% -%!м3л=м

'

'

'

( ' ' )( ) ;
( ' ' )( ) ;
( ' ' )( ) ,

P P P x e

P P P y e

P P P z e

X X z Z n
Y Y z Z n
Z Z z Z n

= + −⎧
⎪ = + −⎨
⎪ = + −⎩

где (nx)e, (ny)e, (nz)e# …=C!="л ю?,е *%“,…3“/ "е*-
2%!= ед,…,ч…%L …%!м=л, 2!е3г%ль…%г% .леме…2=.
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p,“. 1. p=“ч‘2…=  “.ем= дл  C%,“*= *%…2=*2=

o%“ле 2%г% *=* …=Lде…/ *%…2=*2,!3ю?,е 3ƒл/, 
…е%K.%д,м% …=л%›,2ь %г!=…,че…, :

" “л3ч=е C!,л,C=…,  

Vx = Vy = Vz = 0;

C!, “*%ль›е…,, 3ƒл= 

(Vk)
T . ne = 0,

где (Vk)
T = {Vx Vy Vz } # "е*2%! “*%!%“2, Cе!еме?е-

…,  k-г% 3ƒл= *%…еч…%-.леме…2…%L “е2*,; Vx , Vy , 
Vz  # C!%е*ц,, "е*2%!= “*%!%“2, 3ƒл=.

dл  %C,“=…,  ме.=…,че“*,. “"%L“2" “"е!.Cл=-
“2,ч…%г% м=2е!,=л= целе“%%K!=ƒ…% ,“C%льƒ%"=2ь 
м%дель " ƒ*%Cл=“2,че“*%L “!ед/ " ",де [4]

0 ;

1 ,

m
T e

e P

b
e

d

K

A

⎧ ξ
σ =σ +⎪⎪ Ω

⎨
ω( + ξ )⎪Ω =⎪⎩ Ω

�

где σ0 # C%!%г%"%е …=C! ›е…,е; Ω # %K%K?‘…-
…/L “2!3*23!…/L C=!=ме2!; дл  %д…%-=ƒ…%L !="…%-
%“…%L “2!3*23!/ C%д C=!=ме2!%м Ω C%…,м=ю2 “!ед-
…,L !=ƒме! ƒе!…= де-%!м,!3ем%г% м=2е!,=л=; ω, A, 
P, d, b, KT, m # %K%K?‘……/е !е%л%г,че“*,е C=!=-
ме2!/.

p,“. 2. p=“ч‘2…=  “.ем= дл  *%!!е*2,!%"*,
C%л%›е…,  3ƒл= *%…еч…%-.леме…2…%L “е2*,:

αz ' , βz ' , γz ' # 3гл/ ме›д3 %“ью Z ' 
, %“ м, X, Y, Z “%%2"е2“2"е……%

mе%K.%д,м% %2ме2,2ь, ч2% 3ч‘2 *,…е2,*, !%“2= 
ƒ‘!е…  "л е2“  "=›…/м =“Cе*2%м, 2=* *=* …=Kлю-
д=ю?,L“  C!, де-%!м=ц,, !%“2 ƒ‘!е… C!,"%д,2 
* л%*=ль…%м3 “…,›е…,ю -%!м3ем%“2, м=2е!,=-
л=, 3.3дше…,ю .*“Cл3=2=ц,%……/. .=!=*2е!,“2,* 
C%л3ч=ем/. ,ƒдел,L. b …е*%2%!/. “л3ч= . !%“2 
ƒ‘!е… м%›е2 C!,"е“2, * "/.%д3 ,ƒ !е›,м= “"е!.-
Cл=“2,ч…%“2,.

Š=*,м %K!=ƒ%м, C!ед“2="ле……=  м=2ем=2,че“*=  
м%дель де-%!м,!%"=…,  ƒ=г%2%"*, г=ƒ%"%L “!ед%L 
" !е›,ме “"е!.Cл=“2,ч…%“2, C%ƒ"%л е2 %C,“/"=2ь 
2!‘.ме!…%е 2ече…,е " ƒ*%Cл=“2,че“*,. м=2е!,=л%" 
“ 3ч‘2%м ,. “2!3*23!…/. ,ƒме…е…,L, ч2%  "л е2“  
"=›…/м 3“л%",ем “%ƒд=…,  …%"/. !е“3!“%“Kе!е-
г=ю?,. 2е.…%л%г,L C%л3че…,  “л%›…%C!%-,ль…/. 
2%…*%“2е……/. ,ƒдел,L %2"е2“2"е……%г% …=ƒ…=че…, .

a,Kл,%г!=-,че“*,е ““/л*,

1. qм,!…%" n.l. q"е!.Cл=“2,ч…%“2ь м=2е!,=л%": %2 
!е%л%г,, * 2е.…%л%г,, // j3ƒ…еч…%-ш2=мC%"%ч…%е 
C!%,ƒ"%д“2"%. 1998. 1 2. q. 18#23.

2. Kobayashi S., Oh S., Altan T. Metal Forming and the 
Finite Element Method. New York: Oxford University 
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3. jл%"=…,ч q.t. lе2%д *%…еч…/. .леме…2%" " …е-
л,…еL…/. ƒ=д=ч=. ,…›е…е!…%L ме.=…,*, / a,Kл,%2е*= 
›3!…=л= &q"i2 ге%2е.…i*,[, 9-L "/C. g.: nnn &hon 
&g=C%!%›ье[, 2009. 400 “.

4. )3м=че…*% e.m., qм,!…%" n.l., 0еC,… l.`. 
q"е!.Cл=“2,ч…%“2ь: м=2е!,=л/, 2е%!, , 2е.…%л%г,,. 
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p`gp`anŠj` `kcnphŠlnb opncmng` dk“ hmtnpl`0hnmmni qhqŠel{ 
}kejŠpnqm`afemh“ fekegmni dnpnch

p=ƒ!=K%2=…/ =лг%!,2м/ C%“2!%е…,  C!%г…%ƒ,!3ю?,. м%делеL дл  ,…-%!м=ц,%……%L “,“-
2ем/ .ле*2!%“…=K›е…,  ›елеƒ…%L д%!%г,. `лг%!,2м/ %“…%"=…/ …= ,“C%льƒ%"=…,, ге…е2,-
че“*%г% C%д.%д= , 2е%!,,  “=м%%!г=…,ƒ=ц,,.

jлюче"/е “л%"=: “,“2ем= .ле*2!%“…=K›е…,  ›елеƒ…%L д%!%г,, “=м%%!г=…,ƒ=ц, , ге…е2,че“*,L =л-
г%!,2м.

Prediction models building algorithms for the information system of the railway power supply are 
developed. Algorithms are based through the use of the genetic approach and self-organization 
theory.

Key words: railway power supply system, self-organization, genetic algorithm.

q,“2ем/ 3C!="ле…,  “л%›…/м, 2е.…,че“*,м, 
“,“2ем=м, C%ƒ"%л ю2 %K!=K=2/"=2ь K%льш%е *%-
л,че“2"% !=ƒ…%%K!=ƒ…%L ,…-%!м=ц,, дл  C!,… -
2,  …е%K.%д,м/. 3C!="ле…че“*,. !еше…,L, .--
-е*2,"…%“2ь *%2%!/. ƒ=",“,2 %2 “"%е"!еме……%L 
, *=че“2"е……%L %K!=K%2*, ,“.%д…%L ,…-%!м=-
ц,,. `…=л,ƒ , %K!=K%2*= ,…-%!м=ц,, " “л%›…/. 
2е.…,че“*,. “,“2ем=. %K3“л%"ле…/ …е%K.%д,м%-
“2ью C%"/“,2ь ,. .--е*2,"…%“2ь , …=д‘›…%“2ь. 
b 2=*,. “,“2ем=. K%льш%е ƒ…=че…,е ,мею2 =лг%-
!,2м/ C!%г…%ƒ,!%"=…, , %це…*, .--е*2,"…%“2,, 
*=че“2"= , …=д‘›…%“2, -3…*ц,%…,!%"=…,  , .*“-
Cл3=2=ц,,.

}--е*2,"…%“2ь “,“2ем/ 3C!="ле…,  д,…=м,-
че“*,м, %KAе*2=м, м%›…% C%"/“,2ь “ C%м%?ью 
!=ƒ!=K%2*, …%"%L .леме…2…%L K=ƒ/ ,  “,…2еƒ%м 
…%"%г%, K%лее “%"е!ше……%г% =лг%!,2м,че“*%г% 
%Kе“Cече…, , "*люч=ю?ег%  =лг%!,2м/ %K!=K%2-
*, ,ƒме!,2ель…%L ,…-%!м=ц,,, " ч=“2…%“2, =л-
г%!,2м/ C!%г…%ƒ,!%"=…, . b C!=*2,че“*,. C!,-
л%›е…, . ,“C%льƒ%"=…,е =лг%!,2м,че“*%г% %Kе“-
Cече…,  “,“2ем/ 3C!="ле…,  “%C! ›е…% “ ! д%м 
%“%Kе……%“2еL, “" ƒ=……/. “% “Cец,-,*%L %KAе*2= 
C!,л%›е…,  3C!="л ю?,. "%ƒдеL“2",L, " ч=“2-
…%“2, …е  "…% "/!=›е……%L “" ƒью .леме…2%". 
nK!=K%2*= ,…-%!м=ц,,, C!%г…%ƒ,!%"=…,е , *%…-
2!%ль %“…%"…/. C=!=ме2!%" 2е.…,че“*%г% %KAе*2= 
 "л ю2“  "=›…%L , д%!%г%“2% ?еL ƒ=д=чеL. b  
“2=2ье !=““м%2!е…/ !=ƒ!=K%2*= , C!,ме…е…,е  
“%"!еме……/. =лг%!,2м%" " “,“2еме .ле*2!%“…=K-
›е…,  ›елеƒ…%L д%!%г, (q}fd).

dл  .--е*2,"…%г% !еше…,  %K%ƒ…=че……%г% 
*%мCле*“= ƒ=д=ч C!едл=г=е2“  C!,ме…,2ь =лг%!,2-
м/ “=м%%!г=…,ƒ=ц,,, = 2=*›е ге…е2,че“*,е =лг%-
!,2м/ C%“2!%е…,  C!%г…%ƒ,!3ю?,. м%делеL.

o!%г…%ƒ,!%"=…,е , *%…2!%ль %“…%"…/. C=!=-
ме2!%" 2е.…,че“*%г% %KAе*2=  "л ю2“  "=›…%L , 
д%!%г%“2% ?еL ƒ=д=чеL, !еше…,е *%2%!%L д%“2,-
г=е2“  “,“2ем…/м C%д.%д%м, “ C%м%?ью 2е%!,, 
%C2,м=ль…%г% 3C!="ле…, , 2е%!,, “=м%%!г=…,ƒ=-
ц,,, ге…е2,че“*,м, C%д.%д=м,, =…=л,2,че“*,м, 
, ч,“ле……/м, ме2%д=м,, “2=2,“2,че“*,м, ме2%-
д=м, %K!=K%2*, ,…-%!м=ц,, , м=2ем=2,че“*,м, 
ме2%д=м, %K!=K%2*, %ц,-!%"=……/. д=……/. …= 
o}bl.

h““лед%"=…,е ,ƒл%›е……/. C!%Kлем…/. "%C!%-
“%" " ч=“2, !=ƒ!=K%2*, ме2%д%", =лг%!,2м%" , 
C!%г!=мм, C%ƒ"%л ю?,. C!%г…%ƒ,!%"=2ь C% "ле-
…,е %2*=ƒ%" , …=*%Cле…,е %“2=2%ч…/. де-%!м=-
ц,L 2е.…,че“*,. %KAе*2%",  "л е2“  "=›…/м , 
=*23=ль…/м C!, !=ƒ!=K%2*е “%"!еме……/. , Cе!-
“Cе*2,"…/. “,“2ем 3C!="ле…,  q}fd.

lе2%д,че“*,е %“…%"/ м%дел,!%"=…,  q}fd. 
m= .2=Cе ,““лед%"=…,  , C!%е*2,!%"=…,  “,“-
2ем C!, C%“2!%е…,, , !е=л,ƒ=ц,,  м%делеL (=…=-
л,2,че“*,. , ,м,2=ц,%……/.) C!,ме… е2“  ме-
2%д “2=2,“2,че“*%г% м%дел,!%"=…,  (l%…2е-
j=!л%), *%2%!/L K=ƒ,!3е2“  …= ,“C%льƒ%"=…,, 
“л3ч=L…/. ч,“ел, 2.е. "%ƒм%›…/. ƒ…=че…,L …е-
*%2%!%L “л3ч=L…%L "ел,ч,…/ “ ƒ=д=……/м !=“-
C!еделе…,ем "е!% 2…%“2еL [1]. q2=2,“2,че“*%е 
м%дел,!%"=…,е C!ед“2="л е2 “%K%L ме2%д C%л3-
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че…,  “ C%м%?ью }bl “2=2,“2,че“*,. д=……/. 
% C!%це““=., C!%,“.%д ?,. " м%дел,!3ем%L “,“-
2еме &3ч=“2%* ›елеƒ…%L д%!%г, # ƒемл …%е C%-
л%2…% # *%…2=*2…=  “е2ь[. dл  C%л3че…,  C!ед-
“2="л ю?,. ,…2е!е“ %це…%* .=!=*2е!,“2,* м%-
дел,!3ем%L q}fd (ƒ…=че…,е %2*л%…е…,L C=!=-
ме2!%" *%…2=*2…%L “е2, , C%л%›е…,  ›елеƒ…%-
д%!%›…%г% C32,) “ 3ч‘2%м "%ƒдеL“2",L "…еш…еL 
“!ед/ “2=2,“2,че“*=  ,…-%!м=ц,  %K/ч…% %K-
!=K=2/"=е2“  ме2%д=м, м=2ем=2,че“*%L “2=2,-
“2,*,.

b !еƒ3ль2=2е “2=2,“2,че“*%г% м%дел,!%"=…,  
q}fd “ C%м%?ью C!%г!=мм…%г% *%мCле*“=  C%-
л3ч=ю2 “е!,ю ч=“2…/. ƒ…=че…,L ,“*%м/. "ел,-
ч,… ,л, -3…*ц,L, “2=2,“2,че“*=  %K!=K%2*= *%-
2%!/. C%ƒ"%л е2 C%л3ч,2ь “"еде…,  % C%"еде…,, 
!е=ль…%г% %KAе*2=. e“л, *%л,че“2"% ,ƒме!е…,L  
д%“2=2%ч…% "ел,*%, 2% C%л3че……/е !еƒ3ль2=2/ 
м%дел,!%"=…,  “,“2ем/ C!,%K!е2=ю2 “2=2,“2,-
че“*3ю 3“2%Lч,"%“2ь , “ д%“2=2%ч…%L 2%ч…%“2ью 
м%г32 K/2ь C!,… 2/ " *=че“2"е %це…%* ,“*%м/. 
.=!=*2е!,“2,* “,“2ем/.

dл  !еше…,  ƒ=д=ч ме2%д%м l%…2е-j=!л%
…е%K.%д,м% …= }bl C%л3ч,2ь C%“лед%"=2ель-
…%“2ь "/K%!%ч…/. ƒ…=че…,L “л3ч=L…%L "ел,ч,…/ 
“ ƒ=д=……/м !=“C!еделе…,ем. g=*%…/ !=“C!еделе-
…,  “л3ч=L…/. "ел,ч,… %K/ч…% м%дел,!3ю2 “ 
C%м%?ью C!е%K!=ƒ%"=…,L %д…%г% ,л, …е“*%ль-
*,. …еƒ=",“,м/. ƒ…=че…,L !="…%ме!…% !=“C!еде-
л‘……%L “л3ч=L…%L "ел,ч,…/ [1, 2].

lе2%д “=м%%!г=…,ƒ=ц,,. b C!=*2,че“*,. C!,-
л%›е…, . C!%г…%ƒ,!%"=…,е “%“2% …,  д,…=м,че-
“*%г% %KAе*2= “ ,“C%льƒ%"=…,ем =C!,%!…/. м=2е-
м=2,че“*,. м%делеL …е C!ед“2="л е2“  "%ƒм%›-
…/м, C%.2%м3 м%дел, …е%K.%д,м% “2!%,2ь  " C!%-
це““е -3…*ц,%…,!%"=…,  %KAе*2=.

o!, -3…*ц,%…,!%"=…,, д,…=м,че“*%г% %KAе*-
2= " “2%.=“2,че“*,. 3“л%", . %KA‘м =C!,%!…%L 
,…-%!м=ц,, % …‘м, *=* C!=",л%, м,…,м=ле…. 
o%.2%м3 дл  .*“2!=C%л ц,, целе“%%K!=ƒ…% C!,-
ме… 2ь C%д.%д “=м%%!г=…,ƒ=ц,, [3].

b *=че“2"е =лг%!,2м%" C%“2!%е…,  м%дел,  
%KAе*2= C!едл=г=ю2“   м%д,-,*=ц,, =лг%!,2м= 
“=м%%!г=…,ƒ=ц,, , ге…е2,че“*%г% =лг%!,2м=.

o%д.%д “=м%%!г=…,ƒ=ц,,  .=!=*2е!,ƒ3е2“  м,-
…,м=ль…/м %KA‘м%м =C!,%!…%L ,…-%!м=ц,,, = 
2=*›е "%ƒм%›…%“2ью C%“2!%е…,  м%делеL Kеƒ 
3ч‘2= ! д=  -=*2%!%". o%д.%д “=м%%!г=…,ƒ=ц,, 
C%ƒ"%л е2 “2!%,2ь м%дель " 3“л%", ., *%гд= C%-
ме.= м%›е2 C!е"/ш=2ь C%леƒ…/L “,г…=л " …е-
“*%ль*% !=ƒ [3].

lе2%д%л%г,че“*%L %“…%"%L C!,ме…е…,  “=-
м%%!г=…,ƒ=ц,,  "л е2“  д%C3?е…,е % 2%м, ч2% 
"“  ,…-%!м=ц,  % “2!3*23!е , -3…*ц, . “,“2ем/ 
“%де!›,2“  " 2=Kл,це …=Kлюде…,L м%дел,!3ем%L 
“,“2ем/, = 2=*›е " ƒ=д="=ем/. *!,2е!, . "/K%!= 
м%дел,.

o!, “=м%%!г=…,ƒ=ц,, м%делеL C!,ме… е2“  
…е*%2%!/L ге…е!=2%! м%делеL-C!е2е…де…2%". cе-
…е!=2%! ƒ=д=‘2 “2!3*23!/ !еше…,L !=ƒл,ч…%L 
“л%›…%“2,. q C%м%?ью =…“=мKл  *!,2е!,е"  %2-
K,!=ю2“  м=2ем=2,че“*,е м%дел, # C!%,“.%д,2 
C%“2еCе……%е 3“л%›…е…,е м%делеL “ %це…*%L  C%-
“!ед“2"%м *!,2е!,е", м,…,м3м *%2%!/. %C!еде-
л е2 м%дель %C2,м=ль…%L “л%›…%“2,. nд…,м ,ƒ 
“C%“%K%" !е=л,ƒ=ц,, C%д.%д= “=м%%!г=…,ƒ=ц,, 
 "л е2“  ме2%д г!3CC%"%г% 3ч‘2= =!г3ме…2%" 
(lcr`) [3].

`лг%!,2м/ “=м%%!г=…,ƒ=ц,, %2л,ч=ю2“  C% 
“C%“%K3 ге…е!=ц,, м%делеL !=ƒл,ч…%L “л%›…%-
“2,. b ч=“2…%“2, " *%мK,…,!%"=……/. =лг%!,2м=. 
“ ƒ=…3ле…,ем *%.--,ц,е…2%" ƒ=д=‘2“  …е*%2%!%е 
&C%л…%е %C,“=…,е[ “,“2ем/, “%де!›=?ее "“е Cе-
!еме……/е “%“2% …, . )=“2…/е %C,“=…,  C%л3- 
ч=ю2“  ,ƒ C%л…%г% C!,  C!,!="…,"=…,, …3лю *%-
.--,ц,е…2%" C%л…%L м%дел,. b м…%г%! д…%м 
(C%!%г%"%м) =лг%!,2ме lcr` Cе!"/L ! д м%де-
леL “%“2%,2 ,ƒ Cе!еме……/. “%“2% …, . b “лед3ю-
?,L ! д C!%.%д 2 м%дел,,  "л ю?,е“  *%мK,…=-
ц, м, м%делеL ,ƒ C!ед/д3?ег% [3].

cе…е!=ц,  м…%›е“2"= м%делеL-C!е2е…де…2%" 
м%›е2 K/2ь %“…%"=…= …= C!,…ц,C=. C%л…%L , …е-
C%л…%L м=2ем=2,че“*%L ,…д3*ц,,. o%л…=  ,…-
д3*ц,  C!едC%л=г=е2 Cе!еK%! "“е. "%ƒм%›…/. 
.леме…2=!…/. м%делеL, = …еC%л…=  .=!=*2е!,- 
ƒ3е2“  2ем, ч2% ч,“л% м%делеL %“2=‘2“  "/K!=…-
…%L *%мK,…=ц,еL %C%!…/. -3…*ц,L.

`лг%!,2м/ “=м%%!г=…,ƒ=ц,, %2л,ч=ю2“  2=*-
›е , C% ,“C%льƒ3ем/м =…“=мKл м *!,2е!,е" %2-
K%!= (,…=че # *!,2е!,е" “еле*ц,,). l…%г%*!,2е-
!,=ль…/L "/K%! м%дел, …е%K.%д,м дл  2%г%, 
ч2%K/ C%"/“,2ь C%ме.%3“2%Lч,"%“2ь =лг%!,2м%" 
“=м%%!г=…,ƒ=ц,,. o%д.%д “=м%%!г=…,ƒ=ц,, %“-
…%"/"=е2“  …= 2=*,. C%… 2, ., *=* 2е%!,  м…%-
›е“2"е……%“2, м%делеL, геделе"“*,е “,“2ем/, 
"…еш…ее д%C%л…е…,е , г,C%2еƒ= “еле*ц,, [3].

b…еш…ее д%C%л…е…,е # .2% 2!еK%"=…,е, C!едA "-
л ем%е %д…%L ч=“2ью …е%д…%!%д…%L “,“2ем/ * 
д!3г%L. e“л, "2%!=  ч=“2ь %Kл=д=е2 д%“2=2%ч…%L 
,ƒме…ч,"%“2ью, 2% %…= C!е%K!=ƒ3е2“  “%гл=“…% 
.2%м3 2!еK%"=…,ю. b .2%м , “%“2%,2 C!%це““ е‘ 
“=м%%!г=…,ƒ=ц,,. j!,2е!,, %2K%!= м%делеL “ле-
д3е2 !=ƒдел,2ь …= "…32!е……,е , "…еш…,е. e“л, 
ƒ…=че…,е *!,2е!,  "/ч,“л е2“  C% 2ем ›е д=…-
…/м, *%2%!/е ,“C%льƒ3ю2“  дл  C%л3че…,  “=м%L 
м%дел,, 2% *!,2е!,L …=ƒ/"=е2“  "…32!е……,м. 
m=,K%лее ч=“2% ,“C%льƒ3ем/м "…32!е……,м *!,-
2е!,ем  "л е2“  *!,2е!,L “!ед…е*"=д!=2,ч…%г% 
%2*л%…е…,  , …=,K%льшег% C!="д%C%д%K,  [3].

e“л, ƒ…=че…,е *!,2е!,  "/ч,“л е2“  …= 2%ч-
*=., …е 3ч=“2"%"="ш,. " %K!=ƒ%"=…,, м%дел,, 2% 
2=*%L *!,2е!,L …=ƒ/"=е2“  "…еш…,м. l,…,м3м 
"…еш…ег% *!,2е!,  “%%2"е2“2"3е2 “2!3*23!е м%-
дел, %C2,м=ль…%L “л%›…%“2,.
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dл  "/K%!= “2!3*23!/ м%дел, “лед3е2 ,“C%ль-
ƒ%"=2ь 2%ль*% "…еш…,е *!,2е!,,, 2=* *=* " C!%-
2,"…%м “л3ч=е ,““лед%"=2ель C%C=д=е2 " “,23=-
ц,ю: &чем “л%›…ее м%дель, 2ем %…= 2%ч…ее[, ч2% 
C!,"%д,2 * ге…е!=ц,, …е%C!="д=……% Cе!е3“л%›-
…‘……/. м%делеL.

Š%ль*% "…еш…,е *!,2е!,, м%г32 C!,"е“2, * 
ед,…“2"е……%L м%дел, %C2,м=ль…%L “л%›…%“2,, 
C!,ч‘м гл3K,…= м,…,м3м= "…еш…ег% *!,2е!,  
м%›е2 “л3›,2ь ме!%L д%“2%"е!…%“2, м%дел,.

b =лг%!,2м=. “=м%%!г=…,ƒ=ц,, ,“C%льƒ3е2“  
!=ƒделе…,е ,“.%д…/. д=……/. …= д"е ч=“2, (%K3-
ч=ю?3ю , C!%"е!%ч…3ю C%“лед%"=2ель…%“2,). 
o!, .2%м …= %д…%L ,ƒ …,. “2!% 2“  м%дел, , !=“-
“ч,2/"=ю2“  ƒ…=че…,  "…32!е……,. *!,2е!,е", = 
д!3г=  “л3›,2 дл  %K!=ƒ%"=…,  "…еш…ег% д%C%л-
…е…, . dл  2%г% ч2%K/ C!%"е“2, 2=*%е деле…,е 
%C2,м=ль…/м “C%“%K%м, …е%K.%д,м% е?‘ %д…% 
"…еш…ее д%C%л…е…,е , 2. д. [3].

m=,K%лее ч=“2% C!,ме… ю2“  2=*,е "…еш…,е 
д%C%л…е…, , *=* 3*=ƒ=…,е “2!3*23!/ м%дел,, "/-
K%! м%дел, C% д%"е!,2ель…%м3 ,…2е!"=л3, ме2%д 
C“е"д%C%д%K…/. м=2!,ц , 2. C.

c,C%2еƒ= “еле*ц,, %“…%"=…= …= ƒ=*%…=. ."%лю-
ц,, ",д%" " C!,!%де, " ч=“2…%“2, …= C!,…ц,C=. 
,“*3““2"е……%L “еле*ц,, !=“2е…,L , ›,"%2…/..

c,C%2еƒ= “еле*ц,, " де2е!м,…,!%"=……%L C%-
“2=…%"*е 32"е!›д=е2, ч2% "%ƒдеL“2", , …е C!%-
шедш,е C%!%г%"%г% “=м%%2K%!= (C!, %C2,м=ль-
…%м ег% ƒ…=че…,,) " C!ед/д3?ем ! д3, …е 3ч=“2-
"3ю2 " %K!=ƒ%"=…,, “=м%г% л3чшег% !еƒ3ль2=2= " 
“лед3ю?ем ! д3.

b %K?ем “л3ч=е г,C%2еƒ= “еле*ц,, ,мее2 "е-
!% 2…%“2…/L .=!=*2е!. )ем K%льше "ел,ч,…= 
д=……%L Cе!еме……%L C!е"/ш=е2 C%!%г, 2ем K%ль-
ше "е!% 2…%“2ь 2%г%, ч2% ,ме……% %…= …е“‘2 " “еKе 
,…-%!м=ц,ю % “=м%м л3чшем (%C2,м=ль…%м) !е-
ше…,,. j=›д/L C%!%г ,мее2 ед,…“2"е……3ю %C2,-
м=ль…3ю …=“2!%L*3, “%%2"е2“2"3ю?3ю м=*“,м3-
м3 2%ч…%“2, !еƒ3ль2=2= [4]. nC!едел,м “,“2ем3 
(,л, C!%г!=мм3) “=м%%!г=…,ƒ=ц,,, *%2%!=  ,мее2 
м…%г%! д…3ю ,л, ,е!=!.,че“*3ю “2!3*23!3 =лг%-
!,2м=, " *=›д%м ! д3 *%2%!%L ,“C%льƒ3ю2“  C%-
!%г%"/е “=м%%2K%!/ C%леƒ…%L ,…-%!м=ц,,. )2%-
K/ “дел=2ь  “=м%%2K%!/ .--е*2,"…/м,, C!,ме-
… е2“  %д,… ,л, …е“*%ль*% ге…е!=2%!%" “л3ч=L-
…/. *%мK,…=ц,L. b“лед“2",е .2%г% “л%›…%“2ь 
м%делеL “ *=›д/м ! д%м 3"ел,ч,"=е2“ . e“л, 
*%мK,…=ц,L …е %че…ь м…%г%, 2% %“3?е“2"л е2“  
C%л…/L ,. Cе!еK%! [3,4].

o!,…ц,C “=м%%!г=…,ƒ=ц,, м%делеL %C!еде-
л е2“  “лед3ю?,м %K!=ƒ%м: C!, C%“2еCе……%м 3“-
л%›…е…,, м%делеL (…=C!,ме!, 3"ел,че…,, “2еCе-
…, C%л,…%м=) ƒ…=че…,е "…32!е……,. *!,2е!,е" 
(C!, …=л,ч,, ш3м=) м%…%2%……% 3K/"=е2. b 2е. 
›е 3“л%", . "“е "…еш…,е *!,2е!,, C!%.%д 2 че-
!еƒ “"%, м,…,м3м/ (.*“2!ем3м/), ч2% , C%ƒ"%-
л е2 %C!едел,2ь м%дель %C2,м=ль…%L “л%›…%“2,, 
ед,…“2"е……3ю дл  *=›д%г% *!,2е!,  [3].

b =лг%!,2ме C!едл%›е…% ,“C%льƒ%"=2ь !ед3ц,-
!%"=……/L …=K%! K=ƒ,“…/. -3…*ц,L, *%2%!/L %C-
!едел е2“  ,ƒ C!=*2,че“*,. “%%K!=›е…,L …= %“-
…%"е =…=л,ƒ=  .=!=*2е!= ,ƒме…е…,  ,““лед3ем/. 
C=!=ме2!%", C%л3че……/. " C!%це““е C%л3…=23!-
…%г% .*“Cе!,ме…2=.

Š=*,м %K!=ƒ%м, !=ƒ!=K%2=… C!%“2%L =лг%!,2м  
“=м%%!г=…,ƒ=ц,,. pеƒ3ль2=2/ м=2ем=2,че“*%г% 
м%дел,!%"=…,  *л=““,че“*%г% =лг%!,2м= “=м%%!-
г=…,ƒ=ц,, , =лг%!,2м= “ !еƒе!",!%"=…,ем 2!е…-
д%" C%д2"е!д,л, !=K%2%“C%“%K…%“2ь  , д%“2=2%ч-
…% "/“%*3ю 2%ч…%“2ь C!, 3C!%?е…,, =лг%!,2м= 
ƒ= “ч‘2 "/K%!= =де*"=2…/. K=ƒ,“…/. -3…*ц,L, 
,“C%льƒ%"=…,  K%лее C!%“2/. м%делеL-C!е2е…-
де…2%" “ C!ед/д3?,. ! д%" “еле*ц,,  , “%*!=?е-
…,  %KA‘м= "/ч,“ле…,L.

cе…е2,че“*,L =лг%!,2м. dл  !еше…,  C%“2="-
ле……/. ƒ=д=ч м%›…% ,“C%льƒ%"=2ь 2=*›е ге…е2,-
че“*,е =лг%!,2м/ C%“2!%е…,  м%делеL [4]. b %“-
…%"3 “,“2ем/ C!%г…%ƒ,!%"=…,  м%г32 K/2ь C%л%-
›е…/ ге…е2,че“*,е =лг%!,2м/ м…%г%C=!=ме2!,-
че“*%г% C%,“*= !еше…,L, =де*"=2…% %C,“/"=ю-
?,. ƒ…=че…,  2е.…%л%г,че“*,. C=!=ме2!%" q}fd 
" *%%!д,…=2…%м C!%“2!=…“2"е, *%2%!/е C%ƒ"%-
л ю2 …=.%д,2ь %2*л%…е…,  C=!=ме2!%" %2 …%м,-
…=ль…/. ƒ…=че…,L Kеƒ ,ƒл,ш…,. "/ч,“л,2ель…/. 
ƒ=2!=2.

cе…е2,че“*,е =лг%!,2м/ %Cе!,!3ю2 “ C%C3л -
ц,еL %це…%* C%2е…ц,=ль…/. !еше…,L (,…д,",-
д33м%"), ,“C%льƒ3  C!,…ц,C &"/›,"=е2 …=,K%лее 
C!,“C%“%Kле……/L[. m= *=›д%м ш=ге =лг%!,2м= 
%K!=ƒ3е2“  …%"%е м…%›е“2"% C!,Kл,›е…,L, “%ƒ-
д="=ем%е “ C%м%?ью C!%це““= %2K%!= ,…д,",-
д33м%" “%гл=“…% 3!%"…ю ,. C!,г%д…%“2,. nCе-
!=…д%м ге…е2,че“*%г% =лг%!,2м=  "л е2“  ге… G 
(ƒ=*%д,!%"=……=  %це…*= 2%г% ,л, ,…%г% %“л%›…е-
…,  2е.…%л%г,че“*%г% !е›,м=), %KAед,…‘……/L " 
&.!%м%“%м3[ n-ме!…/L "е*2%! S .

m= C!ед"=!,2ель…%м .2=Cе "/ "л ю2“  %2*л%-
…е…, , C%дле›=?,е %це…*е, ,ƒ *%2%!/. -%!м,-
!3е2“  “2!3*23!= .!%м%“%м/. rч,2/"=  е“2е“2-
"е……%е %г!=…,че…,е (д,“*!е2…%“2ь C!%“2!=…“2"= 
д,=г…%“2,че“*%г% C%,“*= …е м%›е2 C!е"/ш=2ь 
-,ƒ,че“*%г%, *%2%!%е %K3“л%"ле…% …=л,ч,ем д=2-
ч,*%" C% дл,…е l < c,), *=›д%м3 3ч=“2*3 “е2, ме›-
д3 ƒ=ме!…/м, C3…*2=м, C%“2="ле… " “%%2"е2“2",е 
ге…%м {P, T, U, K, N}, “%“2% ?,L ,ƒ C 2, ге…%":

U # “*%!%“2ь; P # “%“2% …,е C%л%2…=; T # 2%…-
…=›; K # *л,м=2,че“*,е 3“л%", ; N # …=*%Cле-
…,е C%"!е›де…,L.

nKл=“2ь "“е. ƒ…=че…,L ге…%" G 3…,-,ц,!%"=-
…=, ч2% %Kе“Cеч,"=е2 "%ƒм%›…%“2ь C!,ме…е…,  
%Cе!=2%!%" ге…е2,че“*,. =лг%!,2м%" ме›д3 …,м,. 
p=ƒме!…%“2ь *%д= ƒ=",“,2 %2 2!еK3ем%L 2%ч…%“2, 
%це…*, C!%г…%ƒ,!3ем/. C=!=ме2!%". g…=че…,е 
*%д= ге…%" G %C!едел е2 *%л,че“2"е……3ю %це…*3 
%“л%›…е…, , *%2%!=  м%›е2 K/2ь C!%C%!ц,%-
…=ль…%L ,л, C!%г!е““,"…%L. o!%C%!ц,%…=ль…%е  
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*%д,!%"=…,е целе“%%K!=ƒ…% C!,ме… 2ь дл  2%…-
…=›…/. , *л,м=2,че“*,. "%ƒдеL“2",L. o!%г!е“-
“,"…%е *%д,!%"=…,е K%лее C!едC%ч2,2ель…% дл  
“*%!%“2…/., г!3…2%"/. “д",г%", де-%!м=ц,L 
C32, , C!. o% …=*%Cле…, м %2*л%…е…,L -%!м,-
!3е2“  “2!3*23!= .!%м%“%м/. o%“ле чег% дл  *=-
›д%г% 3ч=“2*= jq %це…,"=е2“  м=*“,м=ль…% "%ƒ-
м%›…/L 3!%"е…ь %2*л%…е…, , *%2%!%м3 “2=",2“  
" “%%2"е2“2",е м=*“,м=ль…%е ƒ…=че…,е *%д=: дл  
2%……=›…/. # .2% дл,…= "“е. 3ч=“2*%" C32,; дл  
“*%!%“2…/. # дл,…= "“е. 3ч=“2*%" jq; дл  …=*%-
Cле…,  C%"!е›де…,L !е*%ме…д%"=…% C!,… 2ь 
C!едель…3ю %це…*3 %2*л%…е…,  C=!=ме2!%" ›е-
леƒ…%д%!%›…%г% C%л%2…=; дл  *л,м=2,че“*,. 3“-
л%",L целе“%%K!=ƒ…% K!=2ь ƒ…=че…,  “2=2,“2,-
че“*,. д=……/..

b *=че“2"е =лг%!,2м= C%“2!%е…,  C!%г…%ƒ,-
!3ю?еL м%дел, "/K!=… ге…е2,че“*,L =лг%!,2м “ 
!еƒе!",!%"=…,ем 3д=ч…/. м%делеL. h“C%льƒ3е-
м/L ге…е2,че“*,L =лг%!,2м C!ед“2="л е2 “%K%L 
=лг%!,2м “ "/“%*,м *%.--,ц,е…2%м ›‘“2*%“2, 
%2K%!=. dл  C%"/ше…,  2%ч…%“2, =лг%!,2м= ,“-
C%льƒ3е2“  !еƒе!",!%"=…,е …е“*%ль*,. “=м/. 
3д=ч…/. м%делеL …= *=›д%м ! д3 “еле*ц,,. g=!е-
ƒе!",!%"=……/е м%дел, 3ч=“2"3ю2 " *!%““,…г%"е-
!е …= *=›д%м “лед3ю?ем ! д3 “еле*ц,,. o%д%K-
…=  м%д,-,*=ц,  C%ƒ"%л е2 “,…2еƒ,!%"=2ь *%м-
C=*2…/L ге…е2,че“*,L =лг%!,2м, …еƒ…=ч,2ель…% 
2е! ю?,L " 2%ч…%“2, C%“2!%е…,  м%дел, , "/,г-
!/"=ю?,L " K/“2!%деL“2",, C% “!="…е…,ю “ 
*л=““,че“*%L “.ем%L !е=л,ƒ=ц,, ге…е2,че“*%г% 
=лг%!,2м= [4, 5].

pеƒ3ль2=2/ м=2ем=2,че“*%г% м%дел,!%"=…,  
*л=““,че“*%г% =лг%!,2м= “=м%%!г=…,ƒ=ц,, , =л-
г%!,2м= “ !еƒе!",!%"=…,ем 2!е…д%" C%д2"е!д,л, 

!=K%2%“C%“%K…%“2ь , д%“2=2%ч…% "/“%*3ю 2%ч-
…%“2ь C!, 3C!%?е…,, =лг%!,2м= ƒ= “ч‘2 "/K%!= 
=де*"=2…/. K=ƒ,“…/. -3…*ц,L, ,“C%льƒ%"=…,  
K%лее C!%“2/. м%делеL-C!е2е…де…2%" “ C!ед/д3-
?,. ! д%" “еле*ц,,  , “%*!=?е…,  %KA‘м= "/-
ч,“ле…,L.

o!,ме…е…,е ге…е2,че“*%г% =лг%!,2м= C%ƒ"%-
л е2 C%л3ч,2ь K%лее "/“%*3ю 2%ч…%“2ь, …% C!,-
"%д,2 * 3"ел,че…,ю "/ч,“л,2ель…/. ƒ=2!=2. 

cе…е2,че“*,е =лг%!,2м/ %Cе!,!3ю2 “ C%C3л -
ц,еL %це…%* C%2е…ц,=ль…/. !еше…,L (,…д,",-
д33м%"), ,“C%льƒ3  C!,…ц,C &"/›,"=е2 …=,K%лее 
C!,“C%“%Kле……/L[. m= *=›д%м ш=ге =лг%!,2м= 
%K!=ƒ3е2“  …%"%е м…%›е“2"% C!,Kл,›е…,L, “%ƒ-
д="=ем%е “ C%м%?ью C!%це““= %2K%!= ,…д,",д33-
м%" “%гл=“…% ,. 3!%"…ю C!,г%д…%“2,.

pеƒ3ль2=2/ м=2ем=2,че“*%г% м%дел,!%"=…, , 
2=* ›е *=* " “л3ч=е м%дел,!%"=…,  =лг%!,2м%" 
“=м%%!г=…,ƒ=ц,,, C%д2"е!д,л, "/“%*3ю .--е*-
2,"…%“2ь "/K!=……%г% ге…е2,че“*%г% =лг%!,2м=.

a,Kл,%г!=-,че“*,е ““/л*,

1. mеLм=!* ~.h., j%г=… m.“., q="елье" b.o. d,…=-
м,че“*,е м%дел, 2е%!,, 3C!="ле…, . l.: m=3*=, 1985. 
400 “.

2. )е2/!*,… e.l. q2=2,“2,че“*,е ме2%д/ C!%г…%ƒ,-
!%"=…, . l.: q2=2,“2,*=, 1975. 352 “. 

3. h"=.…е…*% `.c., lюлле! i.“. q=м%%!г=…,ƒ=ц,  
C!%г…%ƒ,!3ю?,. м%делеL. j,е": Šе.…,*=, 1985. 375 “.

4. qе!гее" q. `., l=.%2,л% j.b. cе…е2,че“*,е =лг%-
!,2м/ " “,…2еƒе C! м%л,…еL…/. …еL!%……/. “е2еL. 
m%"/е ,…-%!м=ц,%……/е 2е.…%л%г,, " …=3*е, %K!=ƒ%-
"=…,, , K,ƒ…е“е // Š!3д/ 2!,…=дц=2%L ме›д3…=!. *%…-. 
“л2=, 1996.  q. 338#342.

5. j… ƒе"= e.m., j3!дюм%" q.o. g=*%…/ ."%люц,, , 
“=м%%!г=…,ƒ=ц,, “л%›…/. “,“2ем. l.: m=3*=, 1994. 
236 “.
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rop`bkemhe `bŠnl`Šhghpnb`mm{lh hmtnpl`0hnmm{lh qhqŠel`lh 
oph mepecrk“pm{u bmexmhu bngdeiqŠbh“u

p=““м%2!е…= ƒ=д=ч= 3C!="ле…,  ="2%м=2,ƒ,!%"=……/м, ,…-%!м=ц,%……/м, “,“2ем=м, 
(`hq), "/деле…/ %“%Kе……%“2, 3C!="ле…,  .2,м, “,“2ем=м,, ,ƒ3че…= "%ƒм%›…%“2ь C!,ме-
…е…,  *л=““,че“*,. C%д.%д%" 2е%!,, 3C!="ле…,  * `hq.

jлюче"/е “л%"=: ="2%м=2,ƒ,!%"=……=  ,…-%!м=ц,%……=  “,“2ем=, 3C!="ле…,е, "…еш…,е "%ƒдеL“2-
", , “%K/2,L…/L C%д.%д.

Automatic information systems (AIS) management task is considered, these systems management 
features are distinguished, the application possibility of the management theory classical approaches 
for AIS is studied.

Key words: automatic information system, management, external influence, event-trigger approach.

Šе%!,  , C!=*2,*= 3C!="ле…,  C!%це““=м, , 
%KAе*2=м, м=2е!,=ль…%г% м,!= C!%шл, !=ƒ",2,е 
%2 C!%“2еLш,. “.ем ="2%м=2,че“*%г% !ег3л,!%"=-
…,  д% “л%›…/. ="2%м=2,ƒ,!%"=……/. “,“2ем 
%Kе“Cече…,  !=ƒл,ч…/. ",д%" де 2ель…%“2,.

l…%г,е K=ƒ%"/е C%… 2,  “-%!м,!%"=л,“ь " 
Cе!,%д 3“*%!е……%г% !=ƒ",2,  =",=ц,%……%-*%“-
м,че“*%L 2е.…,*,. n“2="= “ь …е,ƒме……/м, " 
“"%еL %“…%"е, %…, !=“ш,! л,“ь , д%C%л… л,“ь 
.леме…2=м,, %2!=›="ш,м, “32ь …%"/. ƒ=C!%“%" 
C!=*2,*,, ме… ю?ег%“  C%…,м=…,  3C!="ле…-
че“*,. ƒ=д=ч , “C%“%K%" ,. ,““лед%"=…, .

b C%“лед…ее "!ем  “"%е%K!=ƒ…/м (, "е“ьм= 
!=“C!%“2!=…‘……/м) %KAе*2%м 3C!="ле…,  “2=…%-
" 2“  ="2%м=2,ƒ,!%"=……/е ,…-%!м=ц,%……/е 
“,“2ем/ (`hq) !=ƒл,ч…%г% …=ƒ…=че…, , C%ƒ"%-
л ю?,е %Cе!=2,"…% “%K,!=2ь …3›…3ю ,…-%!м=-
ц,ю, %Kе“Cеч,"=2ь 3д%K…/L , K/“2!/L д%“23C * 
…еL, C!%"%д,2ь е‘ %K!=K%2*3, =…=л,ƒ,!%"=2ь C%-
л3ч=ем/е !еƒ3ль2=2/, = 2=*›е %“3?е“2"л 2ь д!3-
г,е -3…*ц,,. b цел%м, "“‘ K%лее ш,!%*%е ,“-
C%льƒ%"=…,е `hq м%›е2 !=““м=2!,"=2ь“  *=* 
%д…= ,ƒ гл="…/. “%"!еме……/. 2е…де…ц,L.

nд…%"!еме……% “ .2,м "%ƒ!=“2=е2 , “л%›…%“2ь 
`hq. o%.2%м3 2!еK3е2“  “%ƒд=…,е “Cец,=л,ƒ,!%-
"=……/. “!ед“2" 3C!="ле…,  дл  %“3?е“2"ле…,  
*=* *%…2!%ль…/. -3…*ц,L, 2=* , C%д“2!%L*, C%д 
,ƒме… ю?,е“  3“л%",  "…еш…еL “!ед/. Š=*%г% 
!%д= 3C!="ле…,е "*люч=е2 …е 2%ль*% !еше…,е 
C!%Kлем …= C!%г!=мм…%-2е.…,че“*%м 3!%"…е, …% 
, %!г=…,ƒ=ц,%……%-ме2%д,че“*,е деL“2",  C% !=ƒ-
!=K%2*е …%"/. !егл=ме…2%" C%льƒ%"=…,  ,…-%!-
м=ц,%……%L “,“2ем%L, C%дг%2%"*е Cе!“%…=л=,  =…=-
л,2,че“*%L %це…*е *=че“2"= -3…*ц,%…,!%"=…,  
“,“2ем/ , “C%“%K%" ег% 3л3чше…, . b“‘ .2% 3*=-
ƒ/"=е2 …= …е%K.%д,м%“2ь %C!еделе…,  C!,…ц,C%" 

%!г=…,ƒ=ц,, 3C!="ле…,  ,…-%!м=ц,%……/м, “,“-
2ем=м, …= “%"!еме……%м .2=Cе ,. !=ƒ",2, .

q3?е“2"3е2 &3ƒ=*%…е……%е[ %C!еделе…,е %K?е-
г% C%… 2,  &,…-%!м=ц,%……=  “,“2ем=[ (hq). 
Š=*, " 2е*“2е tеде!=ль…%г% ƒ=*%…= p%““,L“*%L 
tеде!=ц,, %2 27 ,юл  2006 г. N 149-tg &nK ,…-
-%!м=ц,,, ,…-%!м=ц,%……/. 2е.…%л%г, . , % ƒ=-
?,2е ,…-%!м=ц,,[ г%"%!,2“  “лед3ю?ее: &,…-
-%!м=ц,%……=  “,“2ем= O “%"%*3C…%“2ь “%де!›=-
?еL“  " K=ƒ=. д=……/. ,…-%!м=ц,, , %Kе“Cеч,-
"=ю?,. е‘ %K!=K%2*3 ,…-%!м=ц,%……/. 2е.…%л%-
г,L , 2е.…,че“*,. “!ед“2"[.

h“.%д  ,ƒ 2%г%, ч2% " люK%м “л3ч=е %“…%"…%L 
ƒ=д=чеL hq  "л е2“  3д%"ле2"%!е…,е ,…-%!м=-
ц,%……/. C%2!еK…%“2еL %2дель…/. л,ц ,л, *%л-
ле*2,"%" (" ч=“2…%“2,, =дм,…,“2!=2,"…/. %!г=-
…%"), ч2% “%"!еме……/е hq де--=*2% …ем/“л,м/ 
Kеƒ ,“C%льƒ%"=…,  K=ƒ д=……/. (ad) , “,“2ем 
3C!="ле…,  (qrad) , ч2% hq …е%2дел,м/ %2 
“%%2"е2“2"3ю?,. C!%г!=мм…%-2е.…,че“*,. *%м-
Cле*“%" (oŠj), !е=л,ƒ3ю?,. "/K!=……/е (!=ƒ!=-
K%2=……/е) ,…-%!м=ц,%……/е 2е.…%л%г,, (hŠ) 
C!, …еC%“!ед“2"е……%м 3ч=“2,, *"=л,-,ц,!%"=…-
…%г% Cе!“%…=л=, м%›…% д=2ь …=3ч…%-C!=*2,че“*%е 
C%…,м=…,е `hq *=* “,“2ем, %KAед,… ю?,. "“‘ 
.2% , …=целе……/. …= "/C%л…е…,е !=ƒ…%%K!=ƒ…/. 
-3…*ц,L ,…-%!м=ц,%……%г% , %!г=…,ƒ=ц,%……%г% 
Cл=…= " ="2%м=2,ƒ,!%"=……%м (“ 3ч=“2,ем чел%"е-
*=) !е›,ме.

rC!="ле…,е ,…-%!м=ц,%……/м, “,“2ем=м,, 
"*люч=  `hq, д%л›…% K/2ь %!г=…,ƒ%"=…% " “%%2-
"е2“2",, “% “л%›,"ш,м,“  C!ед“2="ле…, м, % 
“%“2% …, . 3C!="л ем%г% %KAе*2=, ".%д…/. , "/-
.%д…/. "ел,ч,…=., "%ƒм%›…/. "%ƒм3?=ю?,. 
"%ƒдеL“2", ., %K!=2…/. “" ƒ . , д!3г,. =2!,K3-
2=. *л=““,че“*,. “.ем (!,“. 1), …% " 2% ›е "!ем  
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%2!=›=2ь “Cец,-,*3 `hq , 3ч,2/"=2ь C!,!%д3 
C!%це““%", C!%,“.%д ?,. *=* " “,“2еме, 2=* , " 
%*!3›=ю?еL “!еде.

b Cе!"3ю %че!едь “лед3е2 “*=ƒ=2ь % 2%м, ч2% 
C!,ме…,2ель…% * `hq 3C!="л ю?,е "%ƒдеL“2",  
, !е=*ц,, …= …,. %KAе*2= 3C!="ле…,   "л ю2“  
…е*%2%!/м, ,…-%!м=ц,%……/м, “%%K?е…, м,, = 
…е =…=л%г%"/м, ,л, ц,-!%"/м, “,г…=л=м,. 
t%!м=л,ƒ=ц,  2=*,. “%%K?е…,L (C!,"еде…,е ,. 
* C!ед,*=2,"…%L -%!ме) C!=*2,че“*, …е"%ƒм%›-
…= (%“%Kе……%, *%гд= !ечь ,д‘2 %K =дм,…,“2!=2,"-
…%L де 2ель…%“2,), C%.2%м3 …е%K.%д,м% "*люче-
…,е г!3CC “Cец,=л,“2%" (*"=л,-,ц,!%"=……%г% 
Cе!“%…=л=) " C!%це““/ Cе!ед=ч, , C!е%K!=ƒ%"=-
…,  ,…-%!м=ц,,, ц,!*3л,!3ю?еL " *%…23!=. 
3C!="ле…, , ч2% …=*л=д/"=е2 %2Cеч=2%* …= "“е 
.леме…2/ “.ем/ (“м. !,“. 1). e“л, 3че“2ь е?‘ , 
C!,“32“2",е C%льƒ%"=2елеL `hq, дл  *%2%!/. 
"=›…% 3ме…ьш,2ь …е%C!едел‘……%“2, (.…2!%C,ю) 
“"%,. “%“2% …,L ƒ= “ч‘2 "ƒ=,м%деL“2",  “ `hq, 
2% C!е%K!=ƒ%"=……=  (!=“ш,!е……= ) “.ем= 3C!="-
ле…,  `hq C!,…,м=е2 K%лее C%л…/L (%K%K?‘…-
…/L) ",д (!,“. 2), “%.!=…   "“е .=!=*2е!…/е де2=-
л, , %“%Kе……%“2, C%… 2,L…%г% =CC=!=2= 2е%!,, 
3C!="ле…, . q .2%L 2%ч*, ƒ!е…,  C%леƒ…% %K!=-
2,2ь“  * ч=“2% ,“C%льƒ3ем%м3 C%… 2,ю &“%“2% -
…,е %KAе*2=[, ""%д,м%м3 …= ,…23,2,"…%м 3!%"…е 
, %2%›де“2"л ем%м3 “ ег% "…32!е……еL .=!=*2е!,-
“2,*%L, *%2%!=  …е%K.%д,м= дл  %це…*, 2е*3?,. 
, K3д3?,. !е=*ц,L …= C!едC%л=г=ем/е "%ƒдеL“2-
", . o%д%K…=  2!=*2%"*= C!ед“2="л е2“  "=›…%L 
дл  д=ль…еLшег% %K“3›де…,  *%…цеC23=ль…/. 
"%C!%“%" %!г=…,ƒ=ц,, 3C!="ле…,  ,…-%!м=-
ц,%……/м, “,“2ем=м,.

( )

f(t) (
)

( )

( )

x(t)
( )

y(t)
( )

p,“. 1. jл=““,че“*=  “.ем= 3C!="ле…,  C% "%ƒм3?е…,ю C!,ме…,2ель…%
* ="2%м=2,ƒ,!%"=……/м ,…-%!м=ц,%……/м “,“2ем=м

n2мече……/е "/ше %K“2% 2ель“2"= "л, ю2 …= 
!еƒ3ль2=2/ !=K%2/ ̀ hq , …= "%ƒм%›…/е C%д.%д/ 
* ,. %це…*е (= “лед%"=2ель…%, , * %це…*е *=че“2"= 
-3…*ц,%…,!%"=…,  `hq). b %K?ем “л3ч=е м%›-
…% г%"%!,2ь % C!ед%“2="ле…,, …е*%L *%мCле*“-
…%L ,…-%!м=ц,%……%L 3“л3г, C%льƒ%"=2ел м 
`hq, "*люч=ю?еL 2=*,е “%“2="л ю?,е, *=* 
C%л…%2=, 2%ч…%“2ь, =*23=ль…%“2ь "/.%д…%L ,…-
-%!м=ц,,, м%д,-,ц,!3ем%“2ь “,“2ем/, е‘ K/“2-
!%деL“2",е , 2.C. n2C!="…%L 2%ч*%L %це…*, *=че-
“2"= (.--е*2,"…%“2,) `hq м%›е2 “л3›,2ь cnqŠ 
24.104#85 &`"2%м=2,ƒ,!%"=……/е “,“2ем/ 3C!="-
ле…, . nK?,е 2!еK%"=…, [.

b=›…3ю !%ль " ,ƒ3че…,, !=““м=2!,"=ем%г% 
%KAе*2= 3C!="ле…,  (`hq) ,г!=е2 %C,“=…,е 
"…еш…,. "%ƒдеL“2",L (“м. !,“. 2). b д=……%м “л3-
ч=е 2=*%"/м,  "л ю2“  !=ƒл,ч…/е м=2е!,=л/, 
C!едC,“=…,  , 3*=ƒ=…, , C!,.%д ?,е ,ƒ"…е. }2, 
"%ƒдеL“2",  C%!%›д=ю2“  *=* …е*%…2!%л,!3ем/-
м, "…еш…,м, “,л=м, (деL“2", м, *%…*3!е…2%", 
,ƒме…е…, м, …%!м=2,"…/. д%*3ме…2%", "ед%м“2-
"е……/м, 3“2=…%"*=м, , 2. C), 2=* , "…32!е……,м, 
3“,л, м,, …=C!="ле……/м, …= C%"/ше…,е .--
-е*2,"…%“2, !=K%2/ “,“2ем/ , %2!=›=ем/м, " 
“%%2"е2“2"3ю?,. ме!%C!, 2, ., ,…“2!3*ц, ., 
C!=*2,че“*,. деL“2", .. nче",д…%, "%C!%“ % 2%м, 
*=*,м %K!=ƒ%м -%!м,!3ю2“  , %2*3д= C!,.%д 2 
"…еш…,е "%ƒдеL“2", , …е=*23=ле…, ,…2е!е“ C!ед-
“2="л е2 C!,!%д= , …еC%“!ед“2"е……%е “%де!›=…,е 
2%г% ,л, ,…%г% "%ƒдеL“2", .

o!,ме…,2ель…% * %K?еL “.еме 3C!="ле…,  (“м.
!,“. 2) м%›…% C!едл%›,2ь …е“*%ль*% "=!,=…2%" 
!=ƒ",2,  “%K/2,L. b %2"е2 …= "…еш…ее "%ƒдеL“2-
",е 3C!="л ю?=  “,“2ем= "…%“,2 ,ƒме…е…,  " 
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f(t1) f(t2) f(t3)
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x(ti)

y(ti)
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,
)

f(ti)
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)

p,“. 2. nK%K?‘……=  “.ем= 3C!="ле…,  ="2%м=2,ƒ,!%"=……/м, ,…-%!м=ц,%……/м, “,“2ем=м,

C=!=ме2!/ -3…*ц,%…,!%"=…,  %KAе*2= 3C!="ле-
…, , = "%ƒм%›…% , ме… е2 ег% “2!3*23!3. Š=*›е 
м%›е2 "%ƒ…,*=2ь “,23=ц, , *%гд= 3C!="л ю?=  
“,“2ем= …е “C%“%K…= “-%!м,!%"=2ь ("/K!=2ь) 
!е=*ц,ю. }2% "C%л…е …%!м=ль…% дл  “л3ч=е" K/-
“2!% , “,ль…% ме… ю?еL“  !е=ль…%“2,, , 2%гд= " 
деL“2",е "“23C=е2 %K“л3›,"=ю?,L Cе!“%…=л 
(“Cец,=л,ƒ,!%"=……=  &*%м=…д=[) дл  C!%"еде…,  
=…=л,ƒ= “,23=ц,, , "…е“е…,  л,K% %д…%*!=2…/. 
,ƒме…е…,L " C=!=ме2!/ “,“2ем/ (*%гд= C!%,“.%-
д,2 32!=2= “2!3*23!,!%"=……%“2, "%ƒдеL“2", ), 
л,K% ,ƒме…е…,L =лг%!,2м%" 3C!="ле…,  дл  д=ль-
…еLшеL %2!=K%2*, C%д%K…/. "…еш…,. "%ƒдеL“2-
",L " ="2%м=2,че“*%м !е›,ме. Š=*,м %K!=ƒ%м, 

"/дел ю2“  C% *!=L…еL ме!е д"= 2,C= "…еш…,. 
"%ƒдеL“2",L " “%%2"е2“2",, “ "%ƒм%›…%“2ью ,. 
="2%м=2,че“*%L %2!=K%2*, “,“2ем%L 3C!="ле…, :

“2!3*23!,!%"=……/е "…еш…,е "%ƒдеL“2",  # 2=-
*,е, *%2%!/е &C%… 2…/[ “,“2еме 3C!="ле…,  , 
дл  *%2%!/. %C!едел‘… “C%“%K %2"е2…%L !е=*ц,,; 
%…, C!=*2,че“*, !="…%це……/ …еC%“!ед“2"е……% 
3C!="л ю?,м "%ƒдеL“2", м, C%2%м3 ч2% д%C3“-
*=ю2 -%!м=л,ƒ%"=……/е C!е%K!=ƒ%"=…,  " …3›-
…/. …=C!="ле…, ., K3д3ч, C!ед“2="ле……/м, " 
…е*%2%!%м 3“2=…%"ле……%м дл  …,. -%!м=2е;

…е“2!3*23!,!%"=……/е "…еш…,е "%ƒдеL“2",  # 
2=*,е, *%2%!/е …е м%г32 K/2ь %2!=K%2=…/ " ="2%-
м=2,че“*%м !е›,ме , 2!еK3ю2 "меш=2ель“2"= 
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*"=л,-,ц,!%"=……%г% Cе!“%…=л= дл  -%!м,!%"=-
…,  3C!="л ю?,. "%ƒдеL“2",L; " !еƒ3ль2=2е %2-
!=K%2*, …е“2!3*23!,!%"=……/. "%ƒдеL“2",L м%›е2 
"%ƒ…,*=2ь …%"/L C=!=ме2! “,“2ем/ (2%, ч2% !=-
…ее “ч,2=л%“ь *%…“2=…2%L) ,л, …%"=  C!%цед3!= 
,ƒме…е…,  “2!3*23!/ “,“2ем/; 2ем “=м/м C%“2е-
Cе……% …е“2!3*23!,!%"=……/е "%ƒдеL“2",  C!,"%-
д 2“  * “2!3*23!,!%"=……%L -%!ме, , .2%2 C!%це““ 
м%›…% …=ƒ"=2ь ."%люц,еL “2!3*23!/ 3C!="л ю-
?еL “,“2ем/ " “2%!%…3 !=“ш,!е…,  "%ƒм%›…%-
“2еL ="2%м=2,ƒ,!%"=……%г% 3C!="ле…, .

n2ме2,м, ч2% C% "ле…,е C!,…ц,C,=ль…% …%-
"/. "…еш…,. "%ƒдеL“2",L д%л›…% "/ƒ/"=2ь ,ƒ-
ме…е…,е ,ме……% C=!=ме2!%" “,“2ем/, = …е е‘ 
“2!3*23!/. nд…=*% е“л, .2, "%ƒдеL“2",  C!,%K-
!е2=ю2 “,“2ем=2,че“*,L .=!=*2е!, 2% K%лее .--
-е*2,"…%L м%›е2 K/2ь Cе!е“2!%L*= “2!3*23!/ 
3C!="л ю?еL “,“2ем/.

q2!3*23!…/е ,ƒме…е…,  ч=?е "“ег% 2!еK3ю2“  
дл  C%дг%2%"*, Cл=2-%!м/ * "…е“е…,ю д=ль…еL-
ш,. !3ч…/. ,ƒме…е…,L " “%%2"е2“2",, “ …%"/м 
2е.…%л%г,че“*,м C!%це““%м %K!=K%2*, ,…-%!м=-
ц,, " “,“2еме. m=C!,ме!, *=* C%*=ƒ=…% …= !,“. 3, 
" !еƒ3ль2=2е %2!=K%2*, "…еш…,. "%ƒдеL“2",L f(t1) 
, f(t2) 2е.…%л%г,че“*,L C!%це““ ,ƒме… е2“  “ ,ƒ-
…=ч=ль…%г% S(t0) …= S(t2).

Š=*,м %K!=ƒ%м, "…еш…,е "%ƒдеL“2",  C% ,. 
"л, …,ю …= “,“2ем3 м%›…% !=ƒдел,2ь …=

C=!=ме2!,че“*,е # *%гд= ,ƒме… ю2“  л,шь 
%C!едел‘……/е C=!=ме2!/ 3C!="л ем%L “,“2ем/;

“2!3*23!…/е # *%гд= ,ƒме…е…,  "…%“ 2“  " 
2е.…%л%г,че“*,L C!%це““ %K!=K%2*, ,…-%!м=-
ц,,, ч2% 2!еK3е2 ,ƒме…е…,  “2!3*23!/ 3C!="л е-
м%L “,“2ем/;

“Cец,=л,ƒ,!%"=……/е # *%гд= ,ƒме…е…,  %д…%-
*!=2…/е , …е м%г32 K/2ь -%!м=л,ƒ%"=…/ дл  
д=ль…еLшеL ="2%м=2,че“*%L %K!=K%2*,.

t

A1 B1 C1 D1

f(t1)

t0

t1

t2

A1 B1|B2 C1 D1

A1 B1|B2 C1 D1|D2
f(t2)

S(t0)

S(t1)

S(t2)

q2!3*23!,!%"=……/е "…еш…,е "%ƒдеL“2",  "“е-
гд=  "л ю2“  C=!=ме2!,че“*,м, ,л, “2!3*23!…/-
м,, …е“2!3*23!,!%"=……/е м%г32 %2…%“,2ь“  * лю-
K%м3 ,ƒ C!едл%›е……/. 2,C%".

nд…,м ,ƒ "=!,=…2%" %!г=…,ƒ=ц,, 3C!="ле…,  
,…-%!м=ц,%……/м, “,“2ем=м, " 3“л%", . %2ме-
че……%L “Cец,-,*, "…еш…,. , 3C!="л ю?,. "%ƒ-
деL“2",L “2=л “%K/2,L…/L C%д.%д. q%K/2,ем " 
д=……%м “л3ч=е  "л е2“  ƒ=C,“ь " K=ƒе д=……/. % 
"…еш…ем ,ƒме…е…,, ("%ƒдеL“2",,) # “ 3*=ƒ=…,ем 
ег% C=!=ме2!%". q%K/2,е # .2% …е*%2%!/L C!%%K-
!=ƒ 3C!="л ю?ег% "%ƒдеL“2", , C%2%м3 ч2% "*лю-
ч=е2 ,…-%!м=ц,ю % д=2е C!%,“.%›де…,  , “32, 
,ƒме…е…,L " “,“2еме " “%%2"е2“2",, “ "%ƒм3?е-
…, м, "…еш…еL “!ед/. 

b %K?ем ",де ƒ=C,“ь “%K/2,  " K=ƒе д=……/. 
“%де!›,2 “лед3ю?,е C%л :

,де…2,-,*=2%! “%K/2, ;
2,C “%K/2, ;
д=23 …=“23Cле…,  “%K/2, ;
д=23 %*%…ч=…,  “%K/2,  (…е%K ƒ=2ель…%).
b *=че“2"е C!,ме!= …= !,“. 4 C!,"еде…% %K?ее 

%C,“=…,е “%K/2,  дл  “,“2ем/ 3C!="ле…,  *%…-
*3!“…/м C!%це““%м (*%…*3!“/ C!%.%д 2 е›ег%д-
…% ,л, %д,… !=ƒ " …е“*%ль*% ле2).

n2 2%г%, …=“23C,л% ,л, е?‘ …е ƒ=*%…ч,л%“ь 2% 
,л, ,…%е “%K/2,е, ƒ=",“ 2 %2%K!=›е…,е , .=!=*-
2е! C%"еде…,  !=ƒл,ч…/. -3…*ц,%…=ль…/. Kл%-
*%" “,“2ем/, "%ƒм%›…%“2ь "*люче…,  2е. ,л, 
,…/. е‘ -3…*ц,L, C%л3че…,е %C!едел‘……/. ",-
д%" “2=2,“2,*,, ƒ…=че…,  C=!=ме2!%" “,“2ем/.

o!,ме…е…,е “%K/2,L…%г% C%д.%д= д%“2=2%ч…% 
.--е*2,"…% C!, ц,*л,че“*%м ,л, .%!%ш% C!ед-
“*=ƒ3ем%м .=!=*2е!е 3C!="л ем%г% C!%це““=, 2=* 
*=* ƒ=!=…ее ,ƒ"е“2е… “C,“%* “%K/2,L , “C%“%K/ 
!е=*ц,, “,“2ем/. b ч=“2…%“2,, C!, C!,ме…е…,, 
.2%г% C%д.%д= * 3C!="ле…,ю *%…*3!“…/м C!%це“-

p,“. 3. hƒме…е…,е 2е.…%л%г,че“*%г% C!%це““= %K!=K%2*, ,…-%!м=ц,, 
" !еƒ3ль2=2е %2!=K%2*, "…еш…,. "%ƒдеL“2",L
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p,“. 4. q2!3*23!= ƒ=C,“, “%K/2,  дл  “,“2ем/ 3C!="ле…,  *%…*3!“…/м C!%це““%м

“%м м%›…% "/дел,2ь 2=*3ю ц,*л,че“*3ю C%“лед%-
"=2ель…%“2ь “%K/2,L, *=* &ƒ= "%ч…=  *=мC=…, [ 
# &.*“Cе!2,ƒ= ƒ= "%*[ #&%KA "ле…,е !еƒ3ль2=2%" 
*%…*3!“=[ # &ƒ=*люче…,е д%г%"%!%" …= -,…=…“,-
!%"=…,е[ #&-,…=…“,!%"=…,е[ # &“K%! г%д%"/. %2-
ч‘2%"[ # &.*“Cе!2,ƒ= г%д%"/. %2ч‘2%"[ # &%KA "-
ле…,е !еƒ3ль2=2%" .*“Cе!2,ƒ/ г%д%"/. %2ч‘2%"[.

q%K/2,L…/L C%д.%д д%“2=2%ч…% 3…,"е!“=ле… ƒ= 
“ч‘2 ,“C%льƒ%"=…,  C!%,ƒ"%ль…/. д%C%л…,2ель-
…/. =2!,K32%" “%K/2,  , " цел%м C%*=ƒ=л “еK  
3д%K…/м , .--е*2,"…/м “C%“%K%м 3C!="ле…, , 
.%!%ш% %2!=›=ю?,м C!,… 23ю м%дель 3C!="ле-
…,  ,…-%!м=ц,%……/м, “,“2ем=м,.

nC,“=……=  “,“2ем= "% м…%г%м 3*л=д/"=е2“  " 
C!ед“2="ле…,  *л=““,че“*%L 2е%!,, 3C!="ле…, . 
b ч=“2…%“2,, " …еL м%›…% "/дел,2ь %KAе*2 3C!="-
ле…, , "…еш…,е , 3C!="л ю?,е "%ƒдеL“2", , %C-
!едел,2ь …е*%2%!/е "/.%д…/е C=!=ме2!/. nд…=*% 
“3?е“2"3е2 ! д %“%Kе……%“2еL, …е C%ƒ"%л ю?,. 
C!,ме… 2ь .%!%ш% ,ƒ"е“2…/е м=2ем=2,че“*,е ме-
2%д/. j ч,“л3 2=*,. %“%Kе……%“2еL %2…%“,2“  …е-
"%ƒм%›…%“2ь C!ед“2=",2ь " -3…*ц,%…=ль…%м ,л, 
ч,“л%"%м ",де "%ƒдеL“2",  …= “,“2ем3 , е‘ "/.%д-
…/е C=!=ме2!/ (,, *=* “лед“2",е, …е%K.%д,м%“2ь 
%K ƒ=2ель…%г% 3ч=“2,  чел%"е*= " C!е%K!=ƒ%"=…,, 
.2,. "%ƒдеL“2",L * ",д3, C!,г%д…%м3 дл  %K!=K%2-
*, “,“2ем%L). j!%ме 2%г%, “лед3е2 %2ме2,2ь , …е-
“2=ц,%…=!…%“2ь "…еш…,. "%ƒдеL“2",L (%…, C!,.%-
д 2 " C!%,ƒ"%ль…/е м%ме…2/ "!еме…,, , …е"%ƒм%›-
…% ƒ=!=…ее C!ед3г=д=2ь …, м%ме…2 C% "ле…, , …, 
“%де!›,м%е , -%!м3 "%ƒдеL“2", ). q%%2"е2“2"е…-

…%, *=че“2"% -3…*ц,%…,!%"=…,  “,“2ем/ %це…,"=-
е2“  …е !ег3л !…%, = C%“ле %2!=K%2*, "…еш…,. 
"%ƒдеL“2",L. q 3ч‘2%м “*=ƒ=……%г% м%›…% “дел=2ь 
"/"%д, ч2% * !=““м=2!,"=ем%L “,“2еме …е"%ƒм%›-
…% …=C! м3ю C!,ме…,2ь -%!м=л,ƒ%"=……/е ме2%-
д/ *л=““,че“*%L 2е%!,, 3C!="ле…, , = …е%K.%д,м% 
C%дK,!=2ь ,…д,",д3=ль…/е “C%“%K/ %!г=…,ƒ=ц,, 
3C!="ле…,  (.мC,!,че“*,е), *%2%!/е м%г32 "*лю-
ч=2ь .леме…2/ ме2%д%" *л=““,че“*%L 2е%!,, 
3C!="ле…,  …= %C!еделе……/. .2=C=. 3C!="ле…, .

Š=*,м %K!=ƒ%м, ,…-%!м=ц,%……/е “,“2ем/ " 
…=“2% ?ее "!ем  # .2% %“…%"…%е “!ед“2"% !=K%2/ 
“ ,…-%!м=ц,еL. h. “%“2=" , “2!3*23!=, = 2=*›е 
"/C%л… ем/е ,м, -3…*ц,, …еC!е!/"…% !=“ш,-
! ю2“ , C%.2%м3 …е%K.%д,м% ,ме2ь "%ƒм%›…%“2ь 
.--е*2,"…%г% 3C!="ле…,  C%д%K…/м, “,“2ем=м, 
“ 3ч‘2%м ,ƒме…е…,  "%ƒдеL“2",L "…еш…еL “!ед/. 
}2% д%“2=2%ч…% “л%›…=  ƒ=д=ч=, …е " C%л…%L ме!е 
3*л=д/"=ю?= “  " !=м*, *л=““,че“*%L 2е%!,, " 
“,л3 “л%›…%“2, C!,"еде…,  * -%!м=л,ƒ%"=……%м3 
",д3 *=* ".%д…/. "%ƒдеL“2",L, 2=* , "/.%д…/. 
!еƒ3ль2=2%" -3…*ц,%…,!%"=…,  “,“2ем/. o%.2%-
м3 дл  е‘ !еше…,  2!еK3е2“  -%!м,!%"=…,е …е-
*%2%!%г% г,K!,д…%г% C%д.%д=, C!едC%л=г=ю?ег% 
%K ƒ=2ель…%е 3ч=“2,е " C!%2е*=ю?,. C!%це““=. 
чел%"е*= “ C%“2еCе……%L -%!м=л,ƒ=ц,еL !еш=е-
м/. ƒ=д=ч 3C!="ле…, . nд…,м ,ƒ C%д.%д%" * 2=-
*%L C%“2еCе……%L -%!м=л,ƒ=ц,,  "л е2“  “%K/-
2,L…/L C%д.%д ƒ= “ч‘2 .%!%шег% %2!=›е…,  м%-
дел, -3…*ц,%…,!%"=…,  ,…-%!м=ц,%……%L “,“-
2ем/ C!, …е“2=ц,%…=!…%м C%2%*е “%K/2,L.
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b.`. b=“,…, *=…д. 2е.…. …=3*, e.m. h"=ш%", д-! 2е.…. …=3*, C!%-., q.b. q2еC=…ч,*%", *=…д. 
2е.…. …=3*, д%ц. (l%“*%"“*,L г%“3д=!“2"е……/L ,…“2,232 .ле*2!%…,*, , м=2ем=2,*,
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`bŠnl`Šhg`0h“ m`meqemh“ ŠnmjnokHmn)m{u onjp{Šhi b 
qnbpelemm{u b`jrrlm{u Šeumnknch“u

o!ед“2="ле…= м=2ем=2,че“*=  м%дель “л%›…/. Cе!еме?е…,L ,“C%л…,2ель…%г% 3“2!%L-
“2"= ="2%м=2,ƒ,!%"=……%г% "=*33м…%г% 2е.…%л%г,че“*%г% %K%!3д%"=…, , C%ƒ"%л ю?=  
3C!="л 2ь !="…%ме!…%“2ью …=…е“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L “ целью е‘ C%"/ше…, . 
o%*=ƒ=…/ 2е.…%л%г,че“*,е C!е,м3?е“2"= ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2" " 
“!="…е…,, “ Cл=…е2=!…/м, *%мC%…%"*=м, , %“…%"…/е C32, 3C!="ле…,  , C%"/ше…,  !="…%-
ме!…%“2, …=…е“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L " “%"!еме……/. "=*33м…/. 2е.…%л%г, ..

jлюче"/е “л%"=: “%"!еме……/е "=*33м…/е 2е.…%л%г,,, ="2%м=2,ƒ,!%"=……%е %K%!3д%"=…,е, 2%…*%-
Cл‘…%ч…/е C%*!/2, , ℓ-*%%!д,…=2…/е ,“C%л…,2ель…/е 3“2!%L“2"=, ,“C=!,2ель дл  "=*33м…/. 3“2=-
…%"%*.

Mathematical model of the executor complex movements for the automatic vacuum technological 
equipment is introduced. The model permits to control of the thin-film coating deposition uniformity 
meant to uniformity increase. Technological features of the l-coordinate executors in comparison 
with planetary arranging and basic ways of the control and the thin-film coating deposition uniformity 
increase for modern vacuum technology are shown.

Key words: modern vacuum technology, automatic equipment, thin-film coating, ℓ-coordinate 
executors, evaporator for vacuum equipment.

o%л3че…,е "/“%*%*=че“2"е……/. , "%“C!%,ƒ-
"%д,м/. C% .ле*2!%-,ƒ,че“*,м C=!=ме2!=м 
2%…*%Cл‘…%ч…/. C%*!/2,L  "л е2“  %д…,м ,ƒ 
"=›…еLш,. 2е.…%л%г,че“*,. C!%це““%" -%!м,-
!%"=…,  “2!3*23! .леме…2%" ,…2ег!=ль…/. м,*-
!%“.ем. o!, "/C%л…е…,, 2е.…%л%г,че“*,. %Cе-
!=ц,L K!=* %“%Kе……% .*%…%м,че“*, %?32,м , 
д%л›е… K/2ь “"ед‘… * м,…,м3м3.

dл  !е=л,ƒ=ц,, "=*33м…/. 2е.…%л%г,L …=…е-
“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L !=ƒ!=K=2/-
"=е2“  “Cец,=ль…%е "=*33м…%е %K%!3д%"=…,е Cе-
!,%д,че“*%г% C%л3…еC!е!/"…%г% , …еC!е!/"…%-
г% деL“2", , …= *%2%!%м м%›…% …=…%“,2ь …е-
“*%ль*% !=ƒл,ч…/. C% “%“2="3 , “"%L“2"=м “л%‘" 
,ƒ !=ƒл,ч…/. ,“2%ч…,*%" " ед,…%м 2е.…%л%г,-
че“*%м ц,*ле [1].

q3?е“2"е……%е C%"/ше…,е .*“Cл3=2=ц,%……/. 
.=!=*2е!,“2,* %K%!3д%"=…,  дл  C!%,ƒ"%д“2"= 
C!,K%!%" .ле*2!%……%L 2е.…,*, д%“2,г=е2“  ƒ= 
“ч‘2 C!,ме…е…,  ℓ-*%%!д,…=2…/. ,“C%л…,2ель-
…/. 3“2!%L“2" [2].

j,…ем=2,че“*,е , -3…*ц,%…=ль…/е "%ƒм%›-
…%“2, ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2-
!%L“2" …= ше“2ь “2еCе…еL C%д",›…%“2, C%ƒ"%-
л ю2 .--е*2,"…% ,“C%льƒ%"=2ь ,. дл  ="2%м=-
2,ƒ=ц,, C!%це““= …=…е“е…,  2%…*%Cл‘…%ч…/. 
C%*!/2,L " “%"!еме……/. "=*33м…/. 2е.…%л%-
г, . [3].

h“.%д…/м, C!едC%“/л*=м, C!, !=ƒ!=K%2*е 
м=2ем=2,че“*%L м%дел, “л%›…/. Cе!еме?е…,L 
ℓ-*%%!д,…=2…%г% ,“C%л…,2ель…%г% 3“2!%L“2"= 
дл  ="2%м=2,ƒ,!%"=……%г% C!%це““= …=…е“е-
…,  2%…*%Cл‘…%ч…/. C%*!/2,L " "=*33ме  "-
л ю2“ :

C%2%* ,“C=! ем%г% "е?е“2"= , “" ƒ=……=  “ 
…,м 2%л?,…= …=…е“‘……%г% 2%…*%Cл‘…%ч…%г% C%-
*!/2  …= C%"е!.…%“2, …еC%д",›…%L C%дл%›*, 
C%дч,… ю2“  ƒ=*%…3 j…3д“е…=;

"!еме……=   …е“2=K,ль…%“2ь ,“C=!,2ел  д%“2=-
2%ч…% м=л= , C%.2%м3 “*%!%“2ь %“=›де…,  "е-
?е“2"= " люK%L 2%ч*е C%дл%›*, “ч,2=е2“  C%-
“2% ……%L "% "!еме…,.
м,г!=ц,  =2%м%" …= C%"е!.…%“2, C%дл%›*, , 

"2%!,ч…%е ,. ,“C=!е…,е “ C%"е!.…%“2, C%дл%›-
*, …еƒ…=ч,2ель…%.

q 3ч‘2%м C!,"ед‘……/. C!едC%“/л%* !=““м%2-
!,м д",›е…,е ,“C%л…,2ель…%г% 3“2!%L“2"= дл  
C!%це““= …=…е“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L, 
,ƒ%K!=›‘……%г% …= !,“. 1. b"ед‘м д"е “,“2ем/ 
*%%!д,…=2 # …еC%д",›…3ю nξηζ , C%д",›…3ю 
“,“2ем3 *%%!д,…=2 n1xyz, “" ƒ=……3ю “ C%дл%›-
*%L l. Š%ч*= O1 “%"C=д=е2 “ це…2!%м 2 ›е“2, 
C%дл%›*, l.

b 2%ч*е n,(ξ,, η,, ζ,) …=.%д,2“  ,“C=!,2ель, 
C!, !=K%2е *%2%!%г% "е?е“2"% %“=›д=е2“  …= 
C%дл%›*3 “% “*%!%“2ью
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p,“. 1. q.ем= ,“C%л…,2ель…%г% 3“2!%L“2"= дл  
="2%м=2,ƒ,!%"=……%г% %K%!3д%"=…,  …=…е“е…,  
2%…*%Cл‘…%ч…/. C%*!/2,L

2
cos cosV

j L
μ β ⋅ γ=

π
 “м/“,

где μ # C%2%* "е?е“2"=, г/“; β # 3г%л ме›д3 …=C!="-
ле…,ем л3ч= ,“C=!,2ел , “%ед,… ю?ег% 2%ч*3 n, , 
.леме…2=!…3ю Cл%?=д*3 , …%!м=лью * C%"е!.…%“2, 
.леме…2=!…%L C%дл%›*,; γ # 3г%л ме›д3 …=C!="ле…,-
ем л3ч= ,“C=!,2ел , “%ед,… ю?ег% 2%ч*3 n, , .ле-
ме…2=!…3ю Cл%?=д*3 …%!м=ль…% * C%"е!.…%“2, ,“-
C=!е…, ; j # Cл%2…%“2ь %“=›д=ем%г% "е?е“2"=, г/“м3; 
L # !=““2% …,е %2 ,“C=!,2ел  д% .леме…2=!…%L Cл%-
?=д*,, “м.

Š%л?,…= “л%  …=…е“‘……%г% 2%…*%Cл‘…%ч…%г% 
C%*!/2,  …= C%дл%›*е " 2%ч*е “ *%%!д,…=2=м, 
x", y", z" " ƒ=",“,м%“2, %2 C!%ме›32*= "!еме…, Δt 
%C!едел е2“  C% -%!м3ле: 

Δδ(x", y", z", t) = V(L, β, γ)Δt.

b цел%м, ƒ= "!ем  τ 2%л?,…= “л%  “%“2=",2

2
0

( , , , )

cos ( , , , ) cos ( , , , )
d .

4 ( , , , )

i j k

i j k i j k

i j k

x y z t

x y z t x y z t
t

j L x y z t

τ

δ =

β γμ=
π⋅ ∫

j%%!д,…=2/ 2%ч*, xi, yj, zk C%дл%›*, " …еC%д-
",›…%L “,“2еме *%%!д,…=2 м%›…% ƒ=C,“=2ь:

ξ" = ξƒ+x"(cosψ. cosφ - cosθ . sinψ . sinφ) +

+y"(-cosψ . sinφ - cosθ . sinψ . cosφ) + z"jsinθ . sinψ;

η" = ηƒ + x"(sinψ . cosφ + cosθ . cosψ . sinφ) +

+ y"(-sinψ . sinφ + cosθ . cosψ . cosφ) # z"jsinθ . cosψ;

ζ" = ζƒ + x"jsinθ . sinφ + y"jsinθ . cosφ + z"jcosθ.

d%K=",м * .2,м 2!‘м "/!=›е…, м *,…ем=2,-
че“*,е 3!="…е…,  }Lле!=, %C!едел ю?,е ƒ=",“,-
м%“2ь ме›д3 C!%е*ц, м, 3гл%"%L “*%!%“2, …= 
“%%2"е2“2"3ю?,е %“, C%д",›…%L “,“2ем/ *%%!-
д,…=2 x, y, z , 3гл=м, }Lле!= φ, ψ, θ , ,. C!%,ƒ-
"%д…/м, "% "!еме…,:

sin sin cos ;

sin cos sin ;

cos .

x

y

z

w

w

w

= ψ θ ϕ + θ ϕ

= ψ θ ϕ − θ ϕ

= ψ θ+ ϕ

��
��

� �

o!, .2%м 3г%л β %C!едел е2“  ,ƒ “*=л !…%г% 
C!%,ƒ"еде…,  д"3. "е*2%!%"

n (ξA-ξ", ηA-η", ζA-ζ") ,

L (ξ,-ξ", η,-η", ζ,-ζ"):

А в и вcos ( )( )n L
n L

⋅β = = ξ − ξ ξ − ξ +
⋅

А в и в А в и в( )( ) ( )( )+ η − η η − η + ζ −ζ ζ −ζ

2 2 2
А в А в А в( ) ( ) ( )ξ − ξ + η − η + ζ −ζ ×

2 2 2
и в и в и в( ) ( ) ( )× ξ − ξ + η − μ + ζ −ζ .

rг%л γ %C!едел е2“  че!еƒ

и вcos
L

ζ −ζ
γ = ,

где 2 2 2
и в и в и в( ) ( ) ( )L= ξ − ξ + η − η + ζ −ζ .

Šе*3?,е ƒ…=че…,  дл,… 2 г (“м. !,“. 1) %C!еде-
л ю2“  C% -%!м3л=м:

2 2 2
1 1 1 1= ξ + η +ζ� ;

2 2 2
2 2 2 2= ξ + η +ζ� ;

2 0 2 2
3 3 2 1 2( )= ξ + η − η +ζ� ;

0 2 0 2 2
4 2 2 2 2 2( ) ( )= ξ − ξ + η − η +ζ� ;

0 2 0 2 2
5 3 2 3 2 3( ) ( )= ξ − ξ + η − η +ζ� ;

0 2 0 2 2
6 1 2 1 2 1( ) ( )= ξ − ξ + η − η +ζ� .

pеш=  C%“лед…ее 3!="…е…,е *%мCью2е!…/м 
ме2%д%м C%л3ч,м ц,*л%г!=мм3 ,ƒме…е…,  ℓi.
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u=!=*2е! !=“C!еделе…,  …=…е“‘……%г% 2%…*%C-
л‘…%ч…%г% C%*!/2,  …= C%"е!.…%“2, C%дл%›*, 
C!ед“2="ле… …= !,“. 2 (дл  “л3ч=  …е,ƒме……%“2, 
3гл= …32=ц,, j , C!, ег% ,ƒме…е…,,). o!, "/K%!е 
C!=",ль…%г% ƒ=*%…= !=“C!еделе…,  !=ƒ…%2%л?,…-
…%“2ь …е C!е"/ш=е2 7 %.

m= !,“. 3 C!ед“2="ле…= “.ем= ="2%м=2,ƒ,!%-
"=……%L "=*33м…%L 2е.…%л%г,че“*%L 3“2=…%"*, 
…=…е“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L, …= *%2%-
!%L !е=л,ƒ%"=…= м=2ем=2,че“*=  м%дель “л%›…/. 
Cе!еме?е…,L. n“…%"…/м, -3…*ц, м, ℓ-*%%!д,-
…=2…%г% ,“C%л…,2ель…%г% 3“2!%L“2"=  "л ю2 “ :

ƒ=."=2 C%дл%›*, “ Cе!ед=ю?ег% м=…,C3л -
2%!=;

Cе!е…%“ C%дл%›*, " ƒ%…3 …=…е“е…,  2%…*%Cл‘-
…%ч…%г% C%*!/2,  (.C,2=*“,=ль…%г% !%“2=);

"/C%л…е…,е “л%›…%г% д",›е…,  “ целью C%-
"/ше…,  !="…%ме!…%“2, 2%…*%Cл‘…%ч…%г% C%-
*!/2, .

q 3ч‘2%м 2%г%, ч2% 2%л?,…= %“=›д‘……%г% "е?е“2-
"= …= C%дл%›*е " люK%L 2%ч*е C%дл%›*, “ *%%!д,-
…=2=м, x, y, z д%л›…= K/2ь "ел,ч,…%L C%“2% ……%L, 
C%л3ч,,м "/!=›е…,  дл  2е*3?,. ƒ…=че…,L ℓi .

p,“. 2. u=!=*2е! !=“C!еделе…,  2%…*%Cл‘…%ч…%г% 
C%*!/2,  …= C%"е!.…%“2, C%дл%›*,:
= # Kеƒ ,ƒме…е…,  3гл= …32=ц,,;
K # C!, ,ƒме…е…,, 3гл= …32=ц,,

=)                                      K)

p,“. 3. q.ем= ="2%м=2,ƒ,!%"=……%L "=*33м…%L 
2е.…%л%г,че“*%L 3“2=…%"*,

p,“. 4. Šе*3?,е ƒ…=че…,  дл,… 2 г ℓi C!, 3гле 
…32=ц,, θ = π/16

p,“. 5. Šе*3?,е ƒ…=че…,  дл,… 2 г ℓi C!, 3гле
…32=ц,, θ = π/8

b %2…%“,2ель…/. ед,…,ц=., 2е*3?,е ƒ…=че…,  
дл,… 2 г ℓi C!, ƒ=д=……%м 3гле …32=ц,, θ , 3гле 
C!еце““,, θ ≤ ψ ≤ 2π  ,мею2 ",д, C%*=ƒ=……/L …= 
!,“. 4#6.

dл  “%ƒд=…,  2=*%г% “л%›…%г% д",›е…,  ,“-
C%льƒ3ю2“  ш=г%"/е д",г=2ел, “ ="2%м=2,ƒ,!%-
"=……%L “,“2ем%L 3C!="ле…,  "!еме……/м, ,…2е!-
"=л=м, ме›д3 ш=г=м,.

Šе.…%л%г,че“*,е C!е,м3?е“2"= ℓ-*%%!д,…=2-
…/. ,“C%л…,2ель…/. 3“2!%L“2" C% “!="…е…,ю “ 
%K/ч…/м, Cл=…е2=!…/м, *%мC%…%"*=м, C!ед-
“2="ле…/ " 2=Kл. 1.

Š=*,м %K!=ƒ%м, “ C%м%?ью ℓ-*%%!д,…=2…/. 
,“C%л…,2ель…/. 3“2!%L“2" м%›…% "%“C!%,ƒ"%-
д,2ь люK%L ƒ=*%… д",›е…,  “ люK%L ƒ=д=……%L 
2%л?,…%L …=…е“‘……%г% C%*!/2, , ,“.%д  ,ƒ ƒ=-
д=……%г% ƒ=*%…= !=“C!еделе…,  2%л?,…/ …=…е-
“‘……%г% C%*!/2, .

m=! д3 “ Cе!еме?е…,ем C%дл%›*%де!›=2ел  
"%ƒм%›…% 2=*›е Cе!еме?е…,е ,“2%ч…,*= ,“C=-
! ем%г% м=2е!,=л= C% ƒ=д=……%м3 ƒ=*%…3 д",›е-
…, , ч2% 2=*›е %Kе“Cеч,"=е2“  C!,ме…е…,ем 
ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2".
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p,“. 6. Šе*3?,е ƒ…=че…,  дл,… 2 г ℓi C!, 3гле 
…32=ц,, θ = π/4

Š = K л , ц =  1

Šе.…%л%г,че“*,е C!е,м3?е“2"= ℓ-*%%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2" 
="2%м=2,ƒ,!%"=……%г% "=*33м…%г% %K%!3д%"=…,  …=…е“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L

1
C/C

n“…%"…/е
C%*=ƒ=2ел,

q.ем/ *%мC%…%"%*

oл=…е2=!…/е ℓ-*%%!д,…=2…/е

1 g=*%… д",›е…, fе“2*,L kюK%L

2 b%ƒм%›…%“2ь 3C!="ле…,  
2е.…%л%г,че“*,м C!%це““%м

n2“32“2"3е2 q3?е“2"3е2

3 n“…%"…%е …=ƒ…=че…,е Šе.…%л%г,че“*=  %K!=K%2*= Š!=…“C%!2,!%"*=, 2е.…%л%г,че-
“*=  %K!=K%2*=, =…=л,-2,че“*,е 
,““лед%"=…, 

4 j%л,че“2"% %д…%"!еме……% 
ƒ=г!3›=ем/. , %K!=K=2/"=ем/. 
C%дл%›е*

6#16 6#16

5 n“…%"…/е ,“2%ч…,*, C!,"…%“,-
м%L де-е*2…%“2, " "=*33м…%м 
%KA‘ме

g3Kч=2/е C=!/,
C%дш,C…,*, *=че…, 

n2“32“2"3ю2

6 n“…%"…%е C!,ме…е…,е dл  K/“2!%2е*3?,. C!%це““%" 
…=…е“е…,  2%…*%Cл‘…%ч…/. C%-
*!/2,L

dл  люK/. C!%це““%" …=…е“е-
…,  2%…*%Cл‘…%ч…/. C%*!/2,L

7 mе!="…%ме!…%“2ь C% 2%л?,…е 10% 7%

p,“. 7. ℓ-*%%!д,…=2…/L ,“C=!,2ель дл  "=*33м-
…/. 3“2=…%"%*.

ψ,
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Š = K л , ц =  2

n“…%"…/е C32, ="2%м=2,ƒ=ц,, 3C!="ле…,  , C%"/ше…,  !="…%ме!…%“2, …=…е“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L

qC%“%K

rC!="ле…,е
C%2%*%м j%…“2!3*2,"…%е ,“C%л…е…,е

м=““/ .…е!г,,

oл=…е2=!…%е "!=?е…,е C%дл%›е*

hƒме…е…,е C%л%›е…,  ,“C=!,2ел 

b"еде…,е *%!!,г,!3ю?еL д,=-!=гм/

hƒме…е…,е !=““2% …,  
,“C=!,2ель # C%дл%›*=

q*=…,!%"=…,е Cе!",ч…/м C%2%*%м .…е!г,,

hƒме…е…,е д,=ме2!=, -%*3“…%г% C 2…=, 
Cл%2…%“2, Cе!",ч…%г% 2%*=

d",›е…,е C%дл%›*%де!›=2ел  C% ƒ=д=……%-
м3 ƒ=*%…3 C%“!ед“2"%м ℓ-*%%!д,…=2…%г% 
,“C%л…,2ель…%г% 3“2!%L“2"=

d",›е…,е ,“C=!,2ел  C% ƒ=д=……%м3 
ƒ=*%…3 C%“!ед“2"%м ℓ-*%%!д,…=2…%г% 
,“C%л…,2ель…%г% 3“2!%L“2"=

 # е“2ь,   # …е2
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m= !,“. 7 C!ед“2="ле… ,“C=!,2ель дл  "=*33м-
…/. 3“2=…%"%*, C%“2!%е……/L C% “2!3*23!е ℓ-*%-
%!д,…=2. h“C=!,2ель “%де!›,2 ме2=лл,че“*,L 
*%…2еL…е! 1, 3“2=…%"ле……/L …= %“…%"=…,, 2 че-
!еƒ 2еCл%,ƒ%л 2%! 3, Cе!-%!,!%"=……3ю *!/ш*3 
4, …=г!е"=2ель 5, %2!=›=2ель…/L .*!=… 6 “м%…2,-
!%"=……/L …= 2еCл%C!%"%де 7, Cе!-%!,!%"=……3ю 
д,=-!=гм3 8, 3“2=…%"ле……3ю C=!=ллель…% *!/ш-
*е 4 …= %C%!е 9 “ "%ƒм%›…%“2ью "!=?е…, . oе!-
-%!,!%"=……=  *!/ш*= 4 “" ƒ=……= “ *%…2еL…е!%м 
1 C%“!ед“2"%м “,ль-%…= 10, = Cе!-%!,!%"=……=  
д,=-!=гм= 8 # “ %“…%"=…,ем 2 C%“!ед“2"%м ше“-
2, C!,"%д%" 11 2=*,м %K!=ƒ%м, ч2% %K!=ƒ3е2“  
ге%ме2!,че“*, …е,ƒме… ем=  “2!3*23!= # “2!3*-
23!= ℓ-*%%!д,…=2. o!,"%д/ 11 “" ƒ=…/ “ %“…%"=-
…,ем 2 , Cе!-%!,!%"=……%L д,=-!=гм%L 8 C%-
“!ед“2"%м ш=!…,!%" 12.

h“C=!,2ель дл  "=*33м…/. 3“2=…%"%* !=K%2=е2 
“лед3ю?,м %K!=ƒ%м. o!, %д…%"!еме……%м ,л, 
C%“лед%"=2ель…%м Cе!еме?е…,, ше“2, C!,"%д%" 
11 C!%,“.%д,2 де-%!м=ц,  “,ль-%…= 10 , Cе!е-
ме?е…,е Cе!-%!,!%"=……%L д,=-!=гм/ 8 " C!%-
“2!=…“2"е C% "“ем ше“2, “2еCе… м C%д",›…%“2,. 
o!, .2%м ƒ= “ч‘2 2%г%, ч2% “,ль-%… 10 …е ,мее2 
"%ƒм%›…%“2, "!=?е…,  "д%ль “"%еL C!%д%ль…%L 
%“,, Cе!-%!,!%"=……=  *!/ш*= 4 ,мее2 2%ль*% 
C 2ь “2еCе…еL C%д",›…%“2,. b !еƒ3ль2=2е C!%,“-
.%д,2 "!=?е…,е д,=-!=гм/ 8 %2…%“,2ель…% 
*!/ш*, 4 " %C%!е 9 C!, люK%м C%л%›е…,, д,=-
-!=гм/ 8. o%2%* ,“C=! ем%г% "е?е“2"= ,мее2, 
2=*,м %K!=ƒ%м, целе"3ю …=C!="ле……%“2ь ƒ= “ч‘2 
ч=“2,ч…%г% ,л, C%л…%г% “%"ме?е…,  Cе!-%!=ц,, 
…= *!/ш*е 4 , д,=-!=гме 8, чем , %Kе“Cеч,"=е2-
“  3C!="ле…,е C%2%*%м ,“C=! ем%г% "е?е“2"=.

`"2%м=2,ƒ,!%"=……%е 3C!="ле…,е C!%це““%м 
%“=›де…,  "е?е“2"=, *=* 3*=ƒ/"=е2“  " !=K%2е 
[4], м%›…% %“3?е“2"л 2ь ,ƒме…е…,ем C!%“2!=…-

“2"е……%-"!еме……/. .=!=*2е!,“2,* C%2%*= м=““/, 
,ƒме…е…,ем C!%“2!=…“2"е……%-"!еме……/. .=!=*-
2е!,“2,* Cе!",ч…%г% .…е!г%C%2%*=, ,ƒме…е…,ем 
-3…*ц,, !=“C!еделе…,  2емCе!=23!/ C% C%"е!.-
…%“2, ,“C=!е…, , ,ƒме…е…,ем ƒ=*%…= “*=…,!%"=-
…,  Cе!",ч…/м C%2%*%м .…е!г,, C% C%"е!.…%“2, 
,“C=!е…, , ,ƒме…е…,ем ƒ=*%…= Cе!еме?е…,  
C!,‘м…%L C%"е!.…%“2, %2…%“,2ель…% C%"е!.…%-
“2, ,“C=!е…, .

n“…%"…/е C32, !е=л,ƒ=ц,, .2,. "%ƒм%›…%“2еL 
C!ед“2="ле…/ " 2=Kл. 2.

m= %“…%"=…,, C!%"ед‘……/. ,““лед%"=…,L “де-
л=… "/"%д % целе“%%K!=ƒ…%“2, C!,ме…е…,  ℓ-*%-
%!д,…=2…/. ,“C%л…,2ель…/. 3“2!%L“2" дл  ="2%-
м=2,ƒ=ц,, 3C!="ле…,  , C%"/ше…,  !="…%ме!-
…%“2, …=…е“е…,  2%…*%Cл‘…%ч…/. C%*!/2,L " 
“%"!еме……/. "=*33м…/. 2е.…%л%г, ..

a,Kл,%г!=-,че“*,е ““/л*,

1. Šе.…%л%г,  C%л3C!%"%д…,*%"/. C!,K%!%" , ,ƒде-
л,L м,*!%.ле*2!%…,*,. b 10 *…. j…. 6. m=…е“е…,е Cл‘-
…%* " "=*33ме / b.e. l,…=Lче". l.: b/“ш=  ш*%л=, 
1989. 110 “.

2. h"=ш%" e.m., k C,… b.l., mе*!=“%" l.h.,
q2еC=…ч,*%" q.b. h“C%л…,2ель…/е 3“2!%L“2"= …= %“-
…%"е(-*%%!д,…=2 дл  !=K%2/ " 3“л%", . "=*33м= , ч,“-
2/. 2е.…%л%г,че“*,. “!ед=. / Šе.…%л%г,  м=2е!,=л%" , 
“!ед“2"= ="2%м=2,ƒ=ц,, " C!%,ƒ"%д“2"е ,ƒдел,L .ле*-
2!%……%L 2е.…,*, l.: lh}l, 1989. q. 50#53.

3. h"=ш%" e.m. o!,ме…е…,е(-*%%!д,…=2…/. ,“C%л-
…,2ель…/. 3“2!%L“2" " …=C/л,2ель…%м %K%!3д%"=…,, / 
`"2%м=2,че“*%е %K%!3д%"=…,е , 2е.…%л%г,  C!%,ƒ"%д-
“2"= ,ƒдел,L .ле*2!%……%L 2е.…,*,  l.: lh}l, 1991. 
q. 33#37.

4. o!%,ƒ"%д“2"% 2%…*%Cл‘…%ч…/. “2!3*23! " .ле*-
2!%……%м м=ш,…%“2!%е…,,: 3чеK. дл  "3ƒ%" " 2-. 2%м=.. 
Š.1 / `.Š. `ле*“=…д!%"=, e.m. h"=ш%", q.b. q2еC=…ч,-
*%" , д!. l.: l=ш,…%“2!%е…,е, 2006. 462 “.

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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l.~. `!2ю.%" (l%“*%"“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2  ,м. m.}. a=3м=…=)

michael.artuerhof@gmail.com

a{qŠp{i `kcnphŠl n0emjh qleyemh“ j`dpnb dk“ pexemh“ g`d`)h 
knj`k|mni m`bhc`0hh ondbndm{u `oo`p`Šnb

p=““м%2!е… K/“2!/L =лг%!,2м …=.%›де…,  “%%2"е2“2",  ме›д3 д"3м  C%“лед%"=2ель-
…/м, *=д!=м,, C%л3че……/м, “% “2е!е%C=!/. o!едл%›е…= C!%цед3!= 3л3чше…,  ,ƒ%K!=›е-
…,L *=ме!/ “ C%м%?ью !=д,=ль…%-K=ƒ,“…/. “е2еL. nC,“=… =лг%!,2м , !еƒ3ль2=2 ег% 2е“-
2,!%"=…, .

jлюче"/е “л%"=: л%*=ль…=  …=",г=ц, , C%д"%д…/е =CC=!=2/, *=л,K!%"*= *=ме!, !=д,=ль…%-K=ƒ,“-
…=  “е2ь.

A quick algorithm of the correspondence finding between two successive stereomate pictures is 
considered. Camera imagery improvement procedure by means of radial-basic networks is proposed. 
Algorithm and its testing result are described.

Key words: local navigation, underwater devices, camera calibration, radial-basic network.

b"еде…,е. n“3?е“2"ле…,е 2%ч…%L л%*=ль…%L 
…=",г=ц,, "Kл,ƒ, %KAе*2%" C%д"%д…/. !=K%2  "-
л е2“  ч!еƒ"/ч=L…% "=›…%L ƒ=д=чеL дл  гл3K%*%-
"%д…%г% =CC=!=2=. o%д "%д%L …е2 "%ƒм%›…%“2, 
C!,ме… 2ь “%"!еме……/е “!ед“2"= …=",г=ц,,, .%-
!%ш% ƒ=!е*%ме…д%"="ш,е “еK  …= “3ше (…=C!,-
ме!, %“…%"=……/е …= C%*=ƒ=…, . GPS-C!,‘м…,-
*%"), C!, .2%м “,“2ем/ …=",г=ц,, C!,ме… ю2“  
" 3“л%", . Cл%.%L дл  чел%"е*= ",д,м%“2,, C!, 
"%ƒдеL“2",, "%ƒм3?е…,L 2ече…,L, "%л…е…,L 
м%! . Š%ч…%“2ь …=",г=ц,%……/. *%мCле*“%", ,“-
C%льƒ3ю?,. " *=че“2"е ,ƒме!,2ел  д%Cле!%"“*,е 
л=г,, “ 2ече…,ем "!еме…, ƒ…=ч,2ель…% C=д=е2 ,ƒ-
ƒ= C!,ме…е…,  C!%цед3!/ ,…2ег!,!%"=…,  “*%-
!%“2, C% "!еме…,.  m=",г=ц,%……/м “,“2ем=м, 
%“…%"=……/м …= %K!=K%2*е ",де%,ƒ%K!=›е…,L, 2=-
*%L …ед%“2=2%* …е “"%L“2"е…, C!, .2%м %…, %Kл=-
д=ю2 K%льшеL C!ец,ƒ,%……%“2ью , ,мею2 K%лее 
…,ƒ*3ю “2%,м%“2ь.

dл  %C!еделе…,  C=!=ме2!%" д",›е…,  …= %“-
…%"е д=……/., C%л3че……/. “ ",де%*=ме!/, C!,… -
2% "/дел 2ь д"= C%д.%д=. oе!"/L C%д.%д %“…%"=… 
…= ,“C%льƒ%"=…,, 2=* …=ƒ/"=ем%г% %C2,че“*%г% 
C%2%*= [1], "2%!%L # …= %це…,"=…,, Cе!еме?е-
…,  .=!=*2е!,“2,че“*,. 2%че*, "/деле……/. …= 
,ƒ%K!=›е…, . [2, 3]. b д=……%L “2=2ье ,ƒ-ƒ= ч!еƒ-
"/ч=L…%L …е3“2%Lч,"%“2, C%д.%д=, %“…%"=……%г% 
…= %це…*е %C2,че“*%г% C%2%*= C!, !=K%2е " C%д-
"%д…/. 3“л%", ., K/л ,“C%льƒ%"=… "2%!%L C%д-
.%д. ̀ лг%!,2м %це…*, C=!=ме2!%" д",›е…,  м%›-
…% 3“л%"…% !=ƒK,2ь …= д"е ч=“2,: %C!еделе…,е 
“ме?е…,  *=д!%" %2…%“,2ель…% д!3г д!3г= , !=“-
ч‘2 3гл%"/. , л,…еL…/. Cе!еме?е…,L *=ме! …= 
%“…%"=…,, C,*“ель…/. “ме?е…,L *=д!%". 

b Cе!"%L ч=“2, “2=2ь, %C,“=…= K/“2!=  C!%-
цед3!= %це…*, “ме?е…,L *=д!%" %2…%“,2ель…% 
д!3г д!3г=, "% "2%!%L ч=“2, # C!%цед3!= 3л3ч-

ше…,  2%ч…%“2, д=……%L “,“2ем/ Kл=г%д=!  3“2-
!=…е…,ю ,“*=›е…,L *=ме! “ C%м%?ью “е2еL …= 
%“…%"е !=д,=ль…%-K=ƒ,“…/. -3…*ц,L (pat-“е-
2еL). b 2!е2ьеL ч=“2, C%*=ƒ=…/ !еƒ3ль2=2/ 2е“-
2,!%"=…,  =лг%!,2м= “ C!,ме…е…,ем *%!!е*ц,, 
, Kеƒ …е‘. 

nC!еделе…,е ме›*=д!%"%г% “ме?е…, . dл  %C-
!еделе…,  .*!=……/. “ме?е…,L ,ƒ%K!=›е…,  2!=-
д,ц,%……% C!,ме… ю2 ме2%д/, %“…%"=……/е …= 
=…=л,ƒе -3…*ц,, "ƒ=,м…%L *%!!ел ц,, ,“.%д…%-
г% (.2=л%…=) , “ме?‘……%г% ,ƒ%K!=›е…,L. j%%!-
д,…=2= гл="…%г% м=*“,м3м= *%!!ел ц,%……%L 
-3…*ц,, %C!едел е2 “ме?е…,е ,ƒ%K!=›е…, . nд-
…=*% …еC%“!ед“2"е……%е "/ч,“ле…,е -3…*ц,,
"ƒ=,м…%L *%!!ел ц,,  "л е2“  !е“3!“…%-‘м*%L 
ƒ=д=чеL. o%.2%м3 …= C!=*2,*е ч=“2% ,“C%льƒ3ю2 
C!,Kл,›е…,  *%!!ел ц,%……%L -3…*ц,,, 2!еK3ю-
?,е ме…ьшег% ч,“л= "/ч,“ле…,L. o%“*%ль*3 .2, 
C!,Kл,›е…,  …е  "л ю2“  *%!!ел ц,%……%L -3…*-
ц,еL " “2!%г%м “м/“ле, C!ед“2="л е2“  л%г,ч…/м 
…=ƒ/"=2ь ,. -3…*ц,%…=л=м, “.%›е“2, ,“.%д…%г% 
, “ме?‘……%г% ,ƒ%K!=›е…, , 2=* *=* %“…%"…/м 
2!еK%"=…,ем * .2,м -3…*ц,%…=л=м  "л е2“  …=-
л,ч,е .*“2!ем3м= " 2%ч*е, “%%2"е2“2"3ю?еL   
“ме?е…,ю ,ƒ%K!=›е…, . b .2%L 2%ч*е .2=л%… , 
2е*3?ее ,ƒ%K!=›е…,е " …=,K%льшеL “2еCе…, “.%-
›,. l=2ем=2,че“*=  -%!м=л,ƒ=ц,  C%… 2,  &“.%-
›е“2ь[ ƒ=",“,2 %2 ",д= “%%2"е2“2"3ю?ег% -3…*-
ц,%…=л=. dл  “л3ч=  *%!!ел ц,%……%L -3…*ц,, 
.2% C%… 2,е “%%2"е2“2"3е2 C%л%›е…,ю е‘ гл="…%-
г% м=*“,м3м=.

`…=л%г,ч…=  “,23=ц,  ,мее2 ме“2% , “ “=м,м 
=лг%!,2м%м C%,“*= м=*“,м3м= *%!!ел ц,%……%L 
-3…*ц,,. bме“2% !=“ч‘2= *%!!ел ц,%……%L -3…*-
ц,, дл  "“ег% м…%›е“2"= ,…2е!е“3ю?,. 2%че* “ 
C%“лед3ю?,м C%,“*%м “!ед, …,. м=*“,м3м= 
ч=“2% ,“C%льƒ3ю2 ,2е!=ц,%……/е =лг%!,2м/. 
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l%›…% “-%!м3л,!%"=2ь %K?,е 2!еK%"=…,  * =л-
г%!,2м=м C%,“*= .*“2!ем3м= -3…*ц,%…=л= “.%-
›е“2, “ 2%ч*, ƒ!е…,  K/“2!%г% , 2%ч…%г% %C!еде-
ле…,  .*!=……/. “ме?е…,L: м,…,м=ль…%е ч,“л% 
"/ч,“ле…,L -3…*ц,%…=л= “.%›е“2,, м=*“,м=ль-
…% "%ƒм%›…=  %Kл=“2ь “.%д,м%“2,, %2“32“2",е 3 
=лг%!,2м= %“%K/. 2%че* , ч,“ле……=  3“2%Lч,-
"%“2ь, "/“%*=  !=ƒ!еш=ю?=  “C%“%K…%“2ь.

p=ƒ%KA‘м ,ƒ%K!=›е…,е …= !=K%ч,е %Kл=“2,-
 чеL*, (!=ƒме!%м csize …= csize), "д%ль *%2%!/. 
!=““ч,2/"=ю2 -3…*ц,%…=л ",д=

( , ) ( , , , )
x n y m

x n y m
F a b f x y a b

+ +

− −
= ∑ ∑ , (1)

( , , , ) ( , ) ( , )f x y a b Video x a y b Sample x y= + + − , 

где Video(x, y) #  !*%“2ь ,ƒ%K!=›е…,  " 2%ч*е (x, y); 
Sample(x, y) #  !*%“2ь .2=л%……%г% ,ƒ%K!=›е…,  " 
2%ч*е (x, y); m, n = csize/2 O C%л%",…= !=ƒме!=  чеL-
*, C% “%%2"е2“2"3ю?еL *%%!д,…=2е, C,*“ел,.

m= !,“. 1 C%*=ƒ=… -3…*ц,%…=л (1) C!, ,ƒме…е-
…,, %д…%L *%%!д,…=2/ x = a, “ 3ч‘2%м "л, …,  
ш3м%" (namp = 0#50 % %2 3!%"…  “,г…=л=).

t%!м= -3…*ц,%…=л= “.%›е“2, "Kл,ƒ, .*“2!е-
м3м= м%›е2 д%“2=2%ч…% .%!%ш% =CC!%*“,м,!%-
"=2ь“  *%…3“%м, д=›е " “л3ч=е …ецел%г% . , " 3“-
л%", . ш3м%". m= %“…%"=…,, .2%г% "=›…%г% 
“"%L“2"= -3…*ц,%…=л= “.%›е“2, 3д=л%“ь “,…2еƒ,-
!%"=2ь C!%“2%L ,2е!=ц,%……/L =лг%!,2м C%,“*= 
*%%!д,…=2/ ег% .*“2!ем3м=. 

b %“…%"е =лг%!,2м= ле›,2 C!едC%л%›е…,е % д%-
C3“2,м%“2, =CC!%*“,м=ц,, -3…*ц,%…=л= “.%›е-
“2, "Kл,ƒ, гл="…%г% м=*“,м3м= .лл,C2,че“*,м (" 
д"3ме!…%м “л3ч=е) *%…3“%м. g=д=ч= =лг%!,2м= # 

p,“. 1. bл, …,е ш3м%" …= -3…*ц,%…=л “.%›е“2,

…=L2, C=!=ме2!/ =CC!%*“,м,!3ю?ег% *%…3“= 
(*%%!д,…=2/ ег% "е!ш,…/) C% ,ƒме!е…, м -3…*-
ц,%…=л= “.%›е“2,.

j=* ",д…% ,ƒ !,“. 1, =CC!%*“,м,!3ю?,L *%-
…3“ д%л›е… ме… 2ь “"%L …=*л%… , %!д,…=23 "е!-
ш,…/ " ƒ=",“,м%“2, %2 =мCл,23д/ C%леƒ…%г% 
“,г…=л= , 2е*3?еL ш3м%"%L %K“2=…%"*,. b %д…%-
ме!…%м “л3ч=е *%…3“ “ "е!ш,…%L " 2%ч*е .0 ƒ=-
д=‘2“  “,“2ем%L 3!="…е…,L

0 0 0

0 0 0

( ) ,  ;
( )

( ) ,  ,
k x x Z x x

Z x
k x x Z x x

− + <⎧
=⎨− − + ≥⎩

 (2)

где Z0 # %!д,…=2= "е!ш,…/; k # 2=…ге…“ 3гл= …=*л%-
…= %K!=ƒ3ю?еL.

b %K?ем “л3ч=е .2= “,“2ем= 3!="…е…,L ,мее2 
2!, …е,ƒ"еc2…/. # Z0, k, x0. dл  …=.%›де…,  C=-
!=ме2!%" =CC!%*“,м,!3ю?ег% *%…3“= …е%K.%д,-
м% ,ƒме!,2ь -3…*ц,%…=л “.%›е“2, C% *!=L…еL 
ме!е " 2!‘. 2%ч*=.. n“%Kе……%“2ью “,“2ем/ (2) 
 "л е2“  ,ƒме…е…,е ",д= -3…*ц,, Z(x) " 2%ч*е 
.0, ч2% ƒ=2!3д… е2 !еше…,е. dл  …=.%›де…,  "е!-
ш,…/ *%…3“= …= *=›д%м ш=ге ,2е!=ц,, " 2е*3-
?еL 2%ч*е %C!едел ю2 …=C!="ле…,е …= "е!ш,…3 
*%…3“= , …=*л%… ег% %K!=ƒ3ю?еL. g=2ем дел=ю2 
C!едC%л%›е…,е % …=.%›де…,, "е!ш,…/ , "/ч,“-
л ю2 ƒ…=че…, , …=.%д ?,е“  …= %д,…=*%"/. !=“-
“2% …, . %2 C!едC%л=г=ем%L "е!ш,…/: е“л, д"е 
2%ч*, …=.%д 2“  …= д"3. !=ƒ…/. %K!=ƒ3ю?,. *%-
…3“=, 2% "е!ш,…= …=Lде…=, е“л, …е2, 2% …%"%L 
C!%K…%L 2%ч*%L "/K,!=е2“  2е*3?=  "е!ш,…=, , 
C!%цед3!= C%"2%! е2“ . o%д%K…3ю C!%цед3!3 
"/C%л… ю2 дл  *=›д%L "/деле……%L  чеL*, ,ƒ%-
K!=›е…, , !еƒ3ль2=2 …=.%›де…,  .*“2!ем3м= 3“-
!ед… ю2.

F(a)
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j=л,K!%"*= *=ме! “ C%м%?ью pat-“е2,. b
!е=ль…/. *=ме!=. C!,“32“2"3ю2 ,“*=›е…, , "/-
ƒ"=……/е …е“%"е!ше…“2"%м л,…ƒ. dл  3“2!=…е…,  
C%д%K…/. ,“*=›е…,L C!,ме… ю2 м…%›е“2"% “C%-
“%K%", …=C!,ме!, C%*=ƒ=……/. " !=K%2е [4]. b .2%L 
!=K%2е K/л= C!едC!,… 2= C%C/2*= 3“2!=…е…,  
…е2%ч…%“2еL *=ме! “ C%м%?ью …еL!%……%L pat-
“е2,. m= ".%д “е2, C%д=ю2 ,“*=›‘……/е л%*=ль-
…/е *%%!д,…=2/ 2%ч*,, …= "/.%де %…= -%!м,!3е2 
…е,“*=›‘……/е *%%!д,…=2/.

b *=че“2"е =*2,",ƒ=ц,%……%L -3…ц,, ,“C%ль-
ƒ%"=л=“ь -3…*ц,  c=3““= ",д=

2

2
1

[ ]

( , )

m
j j

jj

X c

f X c e =

−
−

σ
=

∑
,  (3)

где cj # j-  *%%!д,…=2= це…2!= =*2,",ƒ=ц,%……%L 
-3…*ц,, …еL!%…=; σj # ш,!,…= %*…= =*2,",ƒ=ц,%…-
…%L -3…*ц,, j-г% …еL!%…=; Xj # j-L ".%д …еL!%…=;
m # ч,“л% …еL!%…%" “*!/2%г% “л% .

dл  2%ч…%г% %C!еделе…,  “2!3*23!/ pat-“е2, 
…е%K.%д,м% "/ч,“л,2ь:

"е“%"/е *%.--,ц,е…2/ "/.%д= …еL!%……%L 
“е2, {wj} 1

m
j = ;

C=!=ме2!/ =*2,",ƒ=ц,%……%L -3…*ц,, c=3““= 
{(σj, cj)} 1

m
j = .

dл  …=.%›де…,  "е“%"/. *%.--,ц,е…2%" ,“-
C%льƒ3е2“  C!%“2%е 3!="…е…,е

φwT = D ⇔ wT = φ-1D,

где φ = {fij}; i = 1wH; j = 1wH # ,…2е!C%л ц,%……=  
м=2!,ц=; D = {Dij}, i = 1wH; j = 1wH # м=2!,ц= "/-
.%д…/. ш=Kл%…%".

dл  …=.%›е…,  C=!=ме2!%" =*2,",ƒ=ц,%……%L -3…*-
ц,, (3) ,“C%льƒ3е2“  ге…е2,че“*,L =лг%!,2м [5].

pеƒ3ль2=2/ .*“Cе!,ме…2=. 0елью ,“C/2=…,L =л-
г%!,2м= K/л= C!%"е!*= 2%ч…%“2, %C!еделе…,  “ ег% 
C%м%?ью “*%!%“2еL , Cе!еме?е…,L *=ме!/ *=* “ 
,“C%льƒ%"=…,ем C!%цед3!/ *=л,K!%"*, (*%!!е*-
ц,,), 2=* , Kеƒ …е‘. o!едл%›е……/L =лг%!,2м “!="-
…,"=л“  “ ш,!%*% ,ƒ"е“2…/м =лг%!,2м%м k3*=-
“=#j=…=де [6]. b *=че“2"е %K%!3д%"=…,  ,“C%льƒ%-
"=л“  "/ч,“л,2ель *л=““= Pentium-M (2=*2%"=  
ч=“2%2= 1,6 ccц), ч=“2%2= !=K%2/ =лг%!,2м= (!=ƒ!е-
ше…,е *=д!%" 320×240) C!, .2%м “%“2=",л= ч32ь 
K%лее 7 cц. Š%ч…%“2ь %C!еделе…,  *%%!д,…=2 “ C%-
м%?ью =лг%!,2м= %це…,"=л=“ь " K=““еL…е 0`ch 
(0е…2!=ль…/L =.!%г,д!%д,…=м,че“*,L ,…“2,-
232), г. l%“*"=. dл,…= K=““еL…= “%“2="л е2 250 м, 
гл3K,…= 6 м. bд%ль K=““еL…= 3“2=…%"ле…/ …=C!="-
л ю?,е !ель“/, …= *%2%!/. !=“C%л%›е…= Cе!е-
д",›…=  *%…“2!3*ц,  # 2еле›*=, "ме?=ю?=  
Cе!“%…=л , %K%!3д%"=…,е дл  *!еCле…,  ,“C/2/-
"=ем/. ,ƒдел,L. dл  2е“2,!%"=…,  =лг%!,2м=, ",-
де%д=2ч,* ƒ=*!еCл л“  …= 2еле›*е , Cе!еме?=л“  
"д%ль K=““еL…= “ !=ƒ…/м, “*%!%“2 м,.

m= !,“. 2 C!,"еде…/ *!,"/е %ш,K%* “,“2ем/ 
“ ,“C%льƒ%"=…,ем C!%цед3!/ *%!!е*ц,, *=ме! , 
Kеƒ ,“C%льƒ%"=…,  .2%L C!%цед3!/, “ле"= …= !,-
“3…*е C%*=ƒ=…/ %ш,K*, %C!еделе…,  Cе!еме?е-
…,L, “C!="= # “*%!%“2еL.

o!%цед3!= *%!!е*ц,, ,“*=›е…,L *=ме!/ C%-
ƒ"%л,л= 3ме…ьш,2ь %ш,K*3 “,“2ем/ " …е“*%ль*% 
!=ƒ. t,…=ль…=  %ш,K*= “%“2="л е2 %*%л% 1,25 м 
…= д,“2=…ц,, 120 м C!%2," 19 м Kеƒ C!%цед3!/ 
*%!!е*ц,,. qлед3е2 %2ме2,2ь, ч2% дл  ,ƒме!е…,  
гл3K,…/ ,“C%льƒ%"=л“  “2е!е%*=…=л, ,ме……% 
.2,м %KA “… е2“  …,ƒ*=  2%ч…%“2ь Kеƒ *%!!е*ц,, 
,ƒ%K!=›е…,L *=ме!. j!%ме 2%г%, ",д…%, ч2% 2%ч-
…%“2ь %C!еделе…,  Cе!еме?е…,L “ ,“C%льƒ%"=-
…,ем C!едл%›е……%г% =лг%!,2м= …= C%! д%* "/ше 
2%ч…%“2,, C%л3че……%L “ C%м%?ью =лг%!,2м= k3-

p,“. 2. o%г!еш…%“2, ,ƒме!е…,L Cе!еме?е…,L , “*%!%“2еL:

a` # K/“2!/L =лг%!,2м; kj # k3*=“=#j=…=де; *%!!. # ,“C%льƒ%"=л=“ь *%!!е*ц,  pat;
…е2 *%!!. # *%!!е*ц,  …е C!,ме… л=“ь
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*=“=#j=…=де. gде“ь C%*=ƒ=…/ 3“!ед…‘……/е ƒ…=-
че…,  дл  %д…%L “*%!%“2, Cе!еме?е…,  2еле›*, 
K=““еL…= # 0,3 м/“, %“2=ль…/е !еƒ3ль2=2/ дл  
д!3г,. “*%!%“2еL ,мею2 C%.%›,L ",д. 

g=*люче…,е. q,“2ем/, C!ед…=ƒ…=че……/е дл  
"/“%*%2%ч…%г% C%ƒ,ц,%…,!%"…,  , C!,ме… ем/е 
…= *%!%2*,. д,“2=…ц, ., дем%…“2!,!3ю2 2%ч-
…%“2ь, “%%2"е2“2"3ю?3ю …е“*%ль*,м “=…2,ме2-
!=м [7], 2. е. %*%л% 2#5 %. Š=*,м %K!=ƒ%м, C% 
.2%м3 C%*=ƒ=2елю  д=……3ю “,“2ем3 2=*›е м%›…% 
%2…е“2, * *л=““3 "/“%*%2%ч…/..

a,Kл,%г!=-,че“*,е ““/л*,
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nC,“=…/ !=“ч‘2…/е ме2%д,*,, ,“C%льƒ3ем/е C!, !еше…,, .*%л%г,че“*,. ƒ=д=ч. 
p=““м%2!е…/ ге%,…-%!м=ц,%……/е “,“2ем/ , C!%г!=мм…/е C!%д3*2/, “%ƒд=……/е “Cец,=ль…% 
дл  *=!2%г!=-,че“*%г% %Kе“Cече…,  .*%л%г,че“*,. ,““лед%"=…,L. o!,"еде…% м%дел,!%"=…,е 
ƒ=г! ƒ…е…,  =2м%“-е!…%г% "%ƒд3.= г. Š3л/ "/K!%“=м, C!%м/шле……/. C!едC!, 2,L.

jлюче"/е “л%"=: ƒ=г! ƒ…е…,е =2м%“-е!/, ге%,…-%!м=ц,%……/е “,“2ем/, *=!2%г!=-, , ме2е%-
!%л%г,че“*,е C=!=ме2!/, C!%м/шле……/е "/K!%“/, м%дел,!%"=…,е, м%…,2%!,…г.

Calculating methodologies utilized for ecology tasks decision are described. Geographic information 
systems and program products especially created for cartographical support of the ecological research 
are considered. Modeling of the TulaTs atmospheric air contamination in accordance with industrial 
enterprises emissions is adduced.

Key words: atmospheric contamination, geographic information systems, cartography, meteorological 
characteristics, industrial emissions, modeling, monitoring.

}*%л%г,че“*%е “%“2% …,е м…%г,. !=L%…%" …=-
шеL “2!=…/ "/ƒ/"=е2 2!е"%г3 %K?е“2"е……%“2,. 
g=г! ƒ…е…,е “!ед/ %K,2=…,  "!ед…% %2!=›=е2“  
…= ƒд%!%"ье людеL, %.!=…= *%2%!%г%  "л е2“  
Cе!"%“2еCе……%L ƒ=д=чеL “%"!еме……%L …=3*,. b 
“л%›,"шеL“  “,23=ц,, цель .*%л%г%" *=* 3ч‘…/. 
ƒ=*люч=е2“  " C%л3че…,, ƒ…=…,L % ƒ=*%…=. C!,-
!%д/, 3C!="л ю?,. C%"еде…,ем %KAе*2%" %*!3-
›=ю?ег% м,!=, C!,%K!е2е…,, 3ме…,L C!%г…%ƒ,-
!%"=2ь , 3C!="л 2ь %*!3›=ю?еL “!ед%L. dл  д%“-

2,›е…,  .2,. целеL ш,!%*% C!,ме… е2“  м%де-
л,!%"=…,е. b …=“2% ?ее "!ем  C!%"%д 2“  !=K%2/ 
C% м%дел,!%"=…,ю ƒ=г! ƒ…е…,L =2м%“-е!…%г% 
"%ƒд3.= *=* %2дель…/. C!%м/шле……/. C!едC!,-
 2,L, 2=* , "“ег% !ег,%…=.

o!%г…%ƒ,!%"=…,е ƒ=г! ƒ…е…,  =2м%“-е!…%г% 
"%ƒд3.= …е!=ƒ!/"…% “" ƒ=…% “ !=ƒ!=K%2*%L “!ед“2" 
*%…2!%л  , 3C!="ле…,  *=че“2"%м %*!3›=ю?еL 
“!ед/. 0елью 2=*%г% C!%г…%ƒ,!%"=…,   "л е2“  
"/ "ле…,е “*%Cле…,  " =2м%“-е!е м=““/ ƒ=г! ƒ-
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… ю?,. "е?е“2" (gb) “ 3*=ƒ=…,ем =д!е“= 3C!="-
л ю?ег% "%ƒдеL“2", , %C!еделе…,ем ,“2%ч…,*%", 
"/K!%“/ *%2%!/. …е%K.%д,м% !ег3л,!%"=2ь " 
*%…*!е2…/L м%ме…2 "!еме…, дл  3ме…ьше…,  ƒ=-
г! ƒ…е…, , C!ед3C!е›де…,  ег% *!,2,че“*%г% 
3!%"…  [1].

dл  д%лг%“!%ч…%г% C!%г…%ƒ,!%"=…,  …=,K%лее 
ч=“2% C!,ме… ю2“  !=“ч‘2…/е (=…=л,2,че“*,е, 
=CC!%*“,м=ц,%……/е) м%дел,, C%л3че……/е …= %“-
…%"е !еше…,  3!="…е…,L 23!K3ле…2…%L д,--3-
ƒ,,. }2, м%дел, C%л%›е…/ " %“…%"3 lе2%д,*, 
!=“ч‘2= *%…це…2!=ц,L " =2м%“-е!…%м "%ƒд3.е 
"!ед…/. "е?е“2", “%де!›=?,.“  " "/K!%“=. C!ед-
C!, 2,L, !е=л,ƒ%"=……%L " ! де C!%г!=мм…/. 
*%мCле*“%" дл  %C!еделе…,  ƒ=г! ƒ…е…,  =2м%-
“-е!…%г% "%ƒд3.= [2].

b …=“2% ?ее "!ем  !=ƒ!=K%2=…% м…%г% ге%,…-
-%!м=ц,%……/. “,“2ем (chq), C!ед3“м%2!е……/. 
дл  !еше…,  !=ƒл,ч…/. .*%л%г,че“*,. ƒ=д=ч , C!%-
Kлем C!%м/шле……%L Kеƒ%C=“…%“2, [3]. b l%“*%"-
“*%м г%“3д=!“2"е……%м 3…,"е!“,2е2е ,м. l.b. k%м%-
…%“%"= “%ƒд=л, ! д .*%л%г%-г,д!%л%г,че“*,. 
*=!2 “ C%м%?ью “!ед“2" *%мCью2е!…%L г!=-,*,, 
C%ƒ"%л ю?,. C!%"%д,2ь =…=л,ƒ ="=!,L…/. “,-
23=ц,L. 

dл  *=!2%г!=-,че“*%г% %Kе“Cече…,  .*%л%г,-
че“*,. ,““лед%"=…,L “3?е“2"3е2 м…%›е“2"% C!%-
г!=мм…/. C!%д3*2%". h“C%льƒ%"=…,е C!%г!=мм-
…/. *%мCью2е!…/. “!ед“2" C%ƒ"%л е2 C%д… 2ь 
*=!2%г!=-,че“*%е ,ƒ%K!=›е…,е …= K%лее "/“%*,L 
2е.…,че“*,L , .3д%›е“2"е……/L 3!%"е…ь %-%!м-
ле…, , “3?е“2"е……% 3л3чш,2ь …=гл д…%“2ь , ч,-
2=ем%“2ь.

q C!,ме…е…,ем “%"!еме……/. ,…-%!м=ц,%…-
…/. 2е.…%л%г,L K/л% C!%"еде…% м%дел,!%"=…,е 
ƒ=г! ƒ…е…,  =2м%“-е!…%г% "%ƒд3.= г. Š3л/. l%-
дел,!%"=…,е C!%"%д,л%“ь “ C%м%?ью *%мCью-
2е!…%L C!%г!=мм/ &o!,ƒм=#!ег,%…[.

o!%г!=мм…/е *%мCле*“/ “е!,, &o!,ƒм=[ 
(&o!,ƒм= # C!едC!, 2,е[ , &o!,ƒм= # !ег,%…[) 
C!ед…=ƒ…=че…/ дл  C!%"еде…,  !=“ч‘2%" *%л,че-
“2"е……/. C%*=ƒ=2елеL ƒ=г! ƒ…е…,  =2м%“-е!…%г% 
"%ƒд3.= дл  C!едC!, 2,L, г%!%д%", !ег,%…%". o% 
“"%,м -3…*ц,%…=ль…/м "%ƒм%›…%“2 м %…,  "л ю2-
“  ="2%м=2,ƒ,!%"=……%L “,“2ем%L дл  C%дг%2%"*, 
C!,… 2,  !еше…,L C% 3C!="ле…,ю *=че“2"%м (ƒ=-
г! ƒ…е…,ем) =2м%“-е!…%г% "%ƒд3.= …= 3!%"…е 
C!едC!, 2,L , 2е!!,2%!,L.

o!%г!=мм…/L *%мCле*“ &o!,ƒм=[ "/C%л… е2 
“лед3ю?,е %“…%"…/е -3…*ц,,:

!=“ч‘2 C%леL C!,ƒем…/. *%…це…2!=ц,L gb " 
=2м%“-е!…%м "%ƒд3.е “ Cе!еK%!%м “*%!%“2еL , 
…=C!="ле…,L "е2!=, “ 3ч‘2%м -%…%"/. *%…це…-
2!=ц,L ƒ=г! ƒ…е…, ;

“%ƒд=…,е , .!=…е…,е K=ƒ/ д=……/. &h…"е…2=!,-
ƒ=ц, [, " *%2%!%L !=ƒме?=е2“  ,…-%!м=ц,  %K 
,“2%ч…,*=. "/K!%“= , % gb;

!=“ч‘2 %C2,м=ль…/. …%!м=2,"%" "/K!%“%" gb;
C%“2!%е…,е …%!м=2,"…/. , !=“ч‘2…/. “=…,-

2=!…%-ƒ=?,2…/. ƒ%… (qgg) , ,. %KAед,…е…,е;
-%!м,!%"=…,е !=ƒдел%" , 2=Kл,ц C!едель…% 

д%C3“2,м/. "/K!%“%" (odb) дл  C!едC!, 2, ;
"/"%д !еƒ3ль2=2%" !=“ч‘2= …= д,“CлеL *%мCью-

2е!= , C!,…2е! " г!=-,че“*%м , 2=Kл,ч…%м C!ед-
“2="ле…,, " C!%,ƒ"%ль…%м м=“ш2=Kе.

n2л,ч=е2 C!%г!=мм…/L *%мCле*“ &o!,ƒм=[ %2 
д!3г,. =…=л%г,ч…/. C!%г!=мм…/. C!%д3*2%" "%ƒ-
м%›…%“2ь !еше…,  %K!=2…%L ƒ=д=ч,, = ,ме……%, 
"%ƒм%›…%“2ь …%!м,!%"=…,  "/K!%“%" дл  *=›д%-
г% ,“2%ч…,*= люK%г% 2,C=. 

dл  C!%"еде…,  м%дел,!%"=…,  =2м%“-е!…%г% 
"%ƒд3.= г. Š3л/ K/л, “%K!=…/ , C!%=…=л,ƒ,!%"=-
…/ д=……/е ме2е%!%л%г,че“*,. …=Kлюде…,L “ 
3*=ƒ=…,ем %“%Kе……%“2еL *л,м=2,че“*,. .=!=*2е-
!,“2,* , !%ƒ%L "е2!%", C!% "л ю?,.“  …= 2е!!,-
2%!,, г%!%д=. 

n“…%"…/м, ,“2%ч…,*=м, ƒ=г! ƒ…е…,  =2м%-
“-е!/  "л ю2“  *!3C…/е , “!ед…,е C!%м/шле…-
…/е C!едC!, 2, , …= д%лю *%2%!/. C!,.%д,2“  
%*%л% 90 % "/K!%“%". o% д=……/м ƒ= 2008 г., *%-
л,че“2"% odb gb n`n &Š3л=че!ме2[ “%“2="л е2 
93572,2 2 " г%д (87 % %2 %K?ег% *%л,че“2"= gb, 
"/K!=“/"=ем/. " =2м%“-е!3 г%!%д= C!%м/шле…-
…/м, C!едC!, 2, м,), n`n &j%“%г%!“*,L ме-
2=лл3!г,че“*,L ƒ="%д[ # 9486,2 2 (9 %), n`n 
&Š3ль“*,L *%мK=L…%"/L ƒ="%д[ # 1593,8 2 (2 %), 
nnn &ŠеCл%…[ # 1215,3 2 (1 %), n`n &b=…=д,L-
Š3л=[ # 1156,9 2 (ме…ее 1 %).

o!%м/шле……/е C!едC!, 2,  C!, !=ƒ!=K%2*е 
2%м%" odb ,“C%льƒ%"=л, л%*=ль…/е “,“2ем/ *%-
%!д,…=2, …=ч=ль…/е *%%!д,…=2/ *%2%!/. …е 32%ч-
…е…/ " %K?еL “.еме. h“C%льƒ%"=…,е C!%г!=мм-
…%г% *%мCле*“= Autoqad Map 2000i C%ƒ"%л,л% 
2%ч…% !=“C%л%›,2ь ,“2%ч…,*, gb , “-%!м,!%-
"=2ь %K?3ю “,“2ем3 *%%!д,…=2 г. Š3л/ [4]. 

p=“ч‘2 !=““е …,  K/л C!%"ед‘… дл  148 gb, %“-
…%"…/м, ,ƒ *%2%!/.  "л ю2“  %*“,д 3гле!%д=, 
д,%*“,д “е!/, д,%*“,д =ƒ%2=, "ƒ"еше……/е "е?е-
“2"=, %*“,д ›елеƒ=, “%ед,…е…,  “",…ц=, -е…%л, 
…е%!г=…,че“*=  C/ль , д!. 

pеƒ3ль2=2/ м%дел,!%"=…,  " *=!2%г!=-,че“*%м 
",де C%ƒ"%л ю2 …=гл д…% %C!едел 2ь 3!%"е…ь ƒ=-
г! ƒ…е…,  C% люK%м3 "е?е“2"3 C!, ƒ=д=……/. *%-
%!д,…=2=. …= *=!2е г%!%д=. m= !,“3…*е ,ƒ%K!=›е-
…= *=!2=-“.ем= !=““е …,  д,%*“,д= “е!/.

pеƒ3ль2=2/ !=“ч‘2= !=““е,"=…,  gb " C!,ƒем-
…%м “л%е =2м%“-е!/ C%*=ƒ/"=ю2, ч2% м=*“,м=ль-
…=  *%…це…2!=ц,  gb " "%ƒд3ш…%L “!еде C!%-
м/шле……%г% це…2!= “%“2="л е2 дл  %*“,д= 3гле-
!%д= 9,2 odj, дл  3,4 Kе…ƒ(=)C,!е…= # 2,2 odj, 
дл  ƒ%л/ 3глеL # 3,0 odj, дл  д,%*“,д= =ƒ%2= # 
2,8 odj, дл  д,%*“,д= “е!/ # 3,3 odj. 

`…=л,ƒ C%л3че……/. !еƒ3ль2=2%" C%*=ƒ=л, ч2% 
…=,K%льш,е ƒ…=че…,  odj gb …=Kлюд=ю2“  " …е-
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j=!2=-“.ем= C%леL *%…це…2!=ц,, д,%*“,д= “е!/

C%“!ед“2"е……%L Kл,ƒ%“2, *!3C…/. C!%м/шле…-
…/. C!едC!, 2,L, 2=*,. *=* n`n &Š3л=че!ме2[ , 
n`n &j%“%г%!“*,L ме2=лл3!г,че“*,L ƒ="%д[, = 
C!, …еKл=г%C!, 2…/. ме2е%!%л%г,че“*,. 3“л%",-
 . *%…це…2!=ц,, 3"ел,ч,"=ю2“  " че!2е г%!%д=. 

b ƒ=*люче…,е …е%K.%д,м% %2ме2,2ь, ч2% C!%-
"%д 2“  !=K%2/ C% м%дел,!%"=…,ю ƒ=г! ƒ…е…,L 
=2м%“-е!…%г% "%ƒд3.= *=* %2дель…/. C!%м/ш-
ле……/. C!едC!, 2,L, 2=* , "“ег% !ег,%…=. p=ƒ!=-
K%2*= “!ед“2" *%…2!%л  , 3C!="ле…,  *=че“2"%м 
%*!3›=ю?еL “!ед/ C%ƒ"%л е2 C!%г…%ƒ,!%"=2ь ƒ=-
г! ƒ…е…,е =2м%“-е!…%г% "%ƒд3.=. h“C%льƒ%"=…,е 
“%"!еме……/. ,…-%!м=ц,%……/. 2е.…%л%г,L дл  
%Kе“Cече…,  д%“23C= * “"еде…, м % 2е.…%ге……%м 
ƒ=г! ƒ…е…,, “C%“%K“2"3е2 "ƒ=,м%деL“2",ю %!г=-
…%" 3C!="ле…, , %K?е“2"е……%“2, , !3*%"%д“2"= 
C!%м/шле……/. C!едC!, 2,L " !еше…,, .*%л%-
г,че“*,. ƒ=д=ч C!%м/шле……% !=ƒ",2%г% !ег,%…=. 

a,Kл,%г!=-,че“*,е ““/л*,

1. bе2!е…*% Š.c., q"еч,… `.q. q,“2ем= ,…-%!м=-
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}*%л%г,  , C!%м/шле……%“2ь p%““,,. 1997. 1 10. q. 38–40.
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3. o3ш,л,…= ~.m. cе%г!=-,че“*,е ,…-%!м=ц,%…-
…/е “,“2ем/ " .*%л%г,, // q%ц,=ль…%-.*%…%м,че“*,е 
, .*%л%г,че“*,е C!%Kлем/ г%!…%L C!%м/шле……%“2,, 
“2!%,2ель“2"= , .…е!ге2,*,. l=2е!. 5-L ме›д3…=!. 
*%…-. C% C!%Kлем=м г%!…%L C!%м/шле……%“2,, “2!%,-
2ель“2"= , .…е!ге2,*,. Š3л=, 2009. Š.1. q. 499#504.

4. l%дел, %це…*, , C!%г…%ƒ= ƒ=г! ƒ…е…,  =2м%-
“-е!/ C!%м/шле……/м, "/K!%“=м, / }.l. q%*%л%",
b.l. o=…=!,…, `.`. g3L*%"=, b.q. o="л%"=. Š3л=: hƒд-
"% Š3лcr, 2007. q. 155.

r"=›=ем/е ч,2=2ел,!

oе!еCеч=2*= м=2е!,=л%" ,ƒ ›3!…=л= &`"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,[ "%ƒ-

м%›…= C!, %K ƒ=2ель…%м C,“ьме……%м “%гл=“,, !ед=*ц,, ›3!…=л=. o!, .2%м ““/л*= …= 

›3!…=л %K ƒ=2ель…=.
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hmbeqŠh0hnmm`“ de“Šek|mnqŠ| opedoph“Šhi m` p`gm{u t`g`u p`gbhŠh“ 
jphghqmncn 0hjk` 

o!,"еде…% ,““лед%"=…,е -,…=…“%"/. *!,ƒ,“…/. ц,*л%" ,  ,…"е“2,ц,%……%г% C!%е*2=. 
o!едл%›е… !=“ч‘2 ›,ƒ…е……%г% ц,*л= ,…"е“2,ц,%……%г% C!%е*2= …= %“…%"е ме2%д= д,“-
*%…2,!%"=……%г% ч,“2%г% C%2%*= Cл=2е›еL. nK%“…%"=…/ !е*%ме…д=ц,, C% "/!=K%2*е 
“2!=2ег,, !=ƒ",2,  C!едC!, 2,L, 3ч,2/"=ю?еL  %“%Kе……%“2, ц,*л%" ,…"е“2,ц,%……/. 
C!%е*2%".

jлюче"/е “л%"=: *!,ƒ,“, ц,*л, ,…"е“2,ц,%……=  де 2ель…%“2ь, ,…"е“2,ц,%……/L C!%е*2.

Research of the financial crisis cycles and investment plan is introduced. Investment plan vital 
cycle calculation from a method of the discount clear current payment is proposed. Guidelines over 
the development of the enterprises strategy progress taking into consideration investment plan cycles 
features are substantiated.

Key words: crisis, cycle, investment activity, investment plan.

o!едC!, 2, , *=* .%ƒ L“2"3ю?,е “3KAе*2/, 
…=.%д 2“  " C%“2% ……%м C!%це““е -3…*ц,%…=ль-
…%-,…“2,23ц,%…=ль…/. C!е%K!=ƒ%"=…,L. o!, .2%м 
,. -,…=…“%"%е “%“2% …,е “ C%ƒ,ц,L %Kе“Cече…,  
Kеƒ%C=“…%“2, %2 !,“*%" , 3г!%ƒ …= !=ƒ…/. -=ƒ=. 
!=ƒ",2,  *!,ƒ,“…%г% ц,*л= C!е2е!Cе"=е2 “3?е“2-
"е……/е ,ƒме…е…, . }2% %K3“л%"л,"=е2 …е%K-
.%д,м%“2ь C%“2% ……%L ,де…2,-,*=ц,, -,…=…“%-
"%г% “%“2% …,  C!едC!, 2,L, %“%Kе……% дл  "/ "-
ле…,  "%ƒм%›…/. …ег=2,"…/. 2е…де…ц,L !,“*%" 
, 3г!%ƒ …= C!ед"=!,2ель…/. “2=д, . ,…"е“2,ц,-
%……%L де 2ель…%“2,, *%гд= %…, …=.%д 2“  " л=-
2е…2…%м “%“2% …,,. 

tеде!=ль…%L “л3›K%L г%“3д=!“2"е……%L “2=2,-
“2,*, p%““,L“*%L tеде!=ц,, C% “%“2% …,ю …= 
Cе!"%е  …"=!  2009 г. " 79 “3KAе*2=. p%““,L“*%L 
tеде!=ц,, C!%"еде…% "/K%!%ч…%е %K“лед%"=…,е 
,…"е“2,ц,%……%L =*2,"…%“2, 10,1 2/“. %!г=…,ƒ=ц,L 
C!%м/шле……%г% “е*2%!= .*%…%м,*, C% “3KAе*2=м 
p%““,L“*%L tеде!=ц,,. a/л% "/ "ле…% “лед3ю-
?ее C!%це…2…%е !=“C!еделе…,е C!едC!, 2,L C% 
%це…*е -=*2%!%", %г!=…,ч,"=ю?,. ,…"е“2,ц,-
%……3ю де 2ель…%“2ь: …ед%“2=2%* “%K“2"е……/. 
-,…=…“%"/. “!ед“2" # 63 %, "/“%*,L C!%це…2 
*%мме!че“*%г% *!ед,2= # 26 %, “л%›…/L ме.=-
…,ƒм C%л3че…,  *!ед,2%" дл  !е=л,ƒ=ц,, ,…"е-
“2,ц,%……/. C!%е*2%" # 15 %, ,…"е“2,ц,%……/е 
!,“*, # 27 %, …е%C!едел‘……%“2ь .*%…%м,че“*%L 
“,23=ц,, " “2!=…е # 33 %, …е“%"е!ше…“2"% …%!-
м=2,"…%-C!="%"%L K=ƒ/, !ег3л,!3ю?еL ,…"е“2,-
ц,%……/е C!%це““/, # 10 % [1]. 

nче",д…%, ч2% деL“2",е Cе!еч,“ле……/. -=*2%-
!%" 3“,л,"=е2“  " 3“л%", . м,!%"%г% -,…=…“%"%-
.*%…%м,че“*%г% , .*%…%м,че“*%г% *!,ƒ,“= " !%“-
“,L“*%L .*%…%м,*е, *%гд=  *!,ƒ,“…/е C!%це““/ 
C!%2е*=ю2 …= -%…е !%“2= ,…-л ц,,, “%*!=?е…,  
, Cе!е%!,е…2=ц,, “C!%“=, !%“2= *%…*3!е…ц,, …= 
!/…*е “% “2%!%…/ ƒ=!3Kе›…/. C!%,ƒ"%д,2елеL, 
…е.--е*2,"…%L !=K%2/ -,…=…“%"%-.*%…%м,че-
“*,. ,…“2,232%", ч2% “C%“%K“2"3е2 ƒ…=ч,2ель…%м3 
!%“23 …еCл=2‘›е“C%“%K…/. C!едC!, 2,L. 

b 2009 г. *%л,че“2"%% K=…*!%2“2" "/!%“л% K%-
лее чем …= 16 % C% “!="…е…,ю “ 2008 г., = ч,“л% 
C!%цед3! C% "%““2=…%"ле…,ю Cл=2‘›е“C%“%K…%-
“2, “%*!=2,л%“ь: C% -,…=…“%"%м3 %ƒд%!%"ле…,ю 
…= 19 %, C% "…еш…ем3 3C!="ле…,ю …= 14 %. o!, 
.2%м " C!ед/д3?,е г%д/ …=Kлюд=л=“ь 3“2%Lч,"=  
2е…де…ц,  “%*!=?е…,  *%л,че“2"= K=…*!%2“2": " 
2007 г. …= 40 %, " 2008 г. …= 28 %. mег=2,"…=  
д,…=м,*= “",де2ель“2"3е2, ч2% “,“2ем= =…2,*!,-
ƒ,“…%г% 3C!="ле…,  " ,ƒме…,"ш,.“  .*%…%м,че-
“*,. 3“л%", . …е “%%2"е2“2"3е2 “,23=ц,, , м=л%-
.--е*2,"…=.

d,…=м,*= “2=2,“2,че“*,. д=……/. C% %“…%"-
…/м м=*!%C%*=ƒ=2ел м ƒ= Cе!,%д 2007#2009 гг. 
д%“2=2%ч…% C%л…% .=!=*2е!,ƒ3е2 *!,ƒ,“…/L “C=д 
.*%…%м,*, (2=Kл. 1).

oе!еч,“ле……/е "/ше д=……/е .=!=*2е!,ƒ3ю2 
д,…=м,*3  *!,ƒ,“…%L “,23=ц,,, “C=д bbo, !%“2 
C!,"леч‘……/. , Kюд›е2…/. “!ед“2".

mе%K.%д,м% 3ч,2/"=2ь, ч2% K%льш=  ч=“2ь =…-
2,*!,ƒ,“…/. ме! !е=л,ƒ3е2“  C%“2еCе……%, C% 
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Š=Kл,ц =  1 

d,…=м,*= %“…%"…/. C=!=ме2!%" !=ƒ",2,  .*%…%м,*, " 2007$2009 гг. [2]

o=!=ме2!/ 1999 г. 2007 г. 2008 г. 2009 г.

nKA‘м bbo, мл!д !3K. 4823 33 111 41 668 10 490

nKA‘м bbo " % * *!ед,2…%м3 г%д3 106,4 108,1 105,6 91,1

h…"е“2,ц,, " %“…%"…%L *=C,2=л, мл!д !3K. 670,4 6716,2 8764,9 1986,0

h…"е“2,ц,, " %“…%"…%L *=C,2=л %!г=…,ƒ=ц,L 
C% ,“2%ч…,*=м -,…=…“,!%"=…, , "“ег%

105,3 122,7 109,8 81,0

" 2%м ч,“ле:
“%K“2"е……/е “!ед“2"= 304,9 2105,0 2506,7 500,3

C!,"леч‘……/е “!ед“2"= 277,2 3112,2 3765,5 915,4

,ƒ …,. Kюд›е2…/е “!ед“2"= 99,2 1119,0 1319,5 311,6

,…де*“ C!%м/шле……%г% C!%,ƒ"%д“2"= # 106,3 102,1 89,0

ме!е %K%“2!е…,  *!,ƒ,“…%L “,23=ц,,. o% …е*%-
2%!/м %це…*=м, д% 60#70 % ме! ,мею2 м=л/L 
=…2,*!,ƒ,“…/L .--е*2 (,л, ег% C!% "ле…,е “3-
?е“2"е……% %2*л=д/"=е2“  …= дл,2ель…%е "!ем ). 
m=,K%лее .--е*2,"…/ г%“3д=!“2"е……/е г=!=…2,, 
C% *!ед,2=м, ме!/ 2=м%›е……%L C%л,2,*, , ! д 
д!3г,. C!%2е*ц,%…,“2“*,. ме!. nд…=*% д=›е .--
-е*2,"…/е ме!/ …е%K.%д,м% !=““м=2!,"=2ь “ 
3ч‘2%м "%ƒм%›…/. …ег=2,"…/. "л, …,L " д!3г,. 
%Kл=“2 . де 2ель…%“2, C!едC!, 2,L. 

n“%Kе……%“2, -,…=…“%"%г% *!,ƒ,“…%г% ц,*л=.
b .*%…%м,че“*%L л,2е!=23!е, *=* C!=",л%, -,-
…=…“%"%е “%“2% …,е C!едC!, 2,L *л=““,-,ц,-
!3е2“  *=* …%!м=ль…%е, C!ед*!,ƒ,“…%е, *!,ƒ,“-
…%е , C%“2*!,ƒ,“…%е, *%2%!%е, " “"%ю %че!едь, 
!=ƒде л е2“  …= лег*%е (л=2е…2…%е) , *=2=“2!%-,-
че“*%е C%л%›е…,е. qч,2=е2“ , ч2% …%!м=ль…%е 
-,…=…“%"%е “%“2% …,е # .2% “%“2% …,е, C!, *%-
2%!%м …е …=!3ш=ю2“  %“…%"…/е .*%…%м,че“*,е 

ƒ=*%…/ C!%,ƒ"%д“2"=, = .*%…%м,че“*,е C%*=ƒ=2е-
л, …е "/.%д 2 ƒ= %C!едел‘……/е C!едел/. g= C!,-
ƒ…=* …%!м=ль…%г% -,…=… “%"%г% “%“2% …,  C!,-
…,м=ю2“  …%!м=2,"…%-!ег3л,!3ем/е C=!=ме2!/. 
o!ед *!,ƒ,“…%е , *!,ƒ,“…%е “%“2% …,е *%мC=-
…,,, C!едC!, 2,  %C!едел ю2 C% 3.3дше…,ю 
-=*2,че“*,. ƒ…=че…,L ,…д,*=2%!%" "Cл%2ь д% 3“-
л%"…%г% K=…*!%2“2"= (-%!м=ль…%е “%%2"е2“2",е 
,…д,*=2%!%" C!,ƒ…=*=м K=…*!%2 “2"=). 

t,…=…“%"%е “%“2% …,е C!едC!, 2,  “" ƒ=…% 
C!е›де "“ег% “% “2=д, м, !=ƒ",2,  *!,ƒ,“…%г% 
C!%це““=. q%"ме?е…,е “2=д,L *!,ƒ,“…%г% C!%-
це““= “ д!3г,м, -,…=…“%"/м, “%“2% …, м, C%-
*=ƒ/"=е2 %2“32“2",е ч‘2*,. C!,ƒ…=*%" ,де…2,-
-,*=ц,, -,…=…“%"/. “%“2% …,L C!едC!, 2,L 
(!,“. 1).

e“л, C!,… 2ь !=ƒ",2,е ц,*л,ч…%-*!,ƒ,“…%г% 
C!%це““= ƒ= %це…*3 "ед3?,. 2е…де…ц,L, 2% 2%ч-
*= N K3де2 “%%2"е2“2"%"=2ь …=ч=л3 ,ƒме!е…,L 

- -
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p,“. 1. o!,…ц,C,=ль…=  “.ем=-г!=-,* д,…=м,*, -,…=…“%"%г% “%“2% …,  C!едC!, 2,  
…= !=ƒл,ч…/. “2=д, . “%ц,=ль…%-.*%…%м,че“*%г% ц,*л=:

 N # …%!м=ль…%е “%“2% …,е; B # “%“2% …,е …= г!=…, K=…*!%2“2"=; K # !еCе!…=  2%ч*= Cе!е.%д= 
" C%“2*!,ƒ,“…%е “%“2% …,е
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(…%!м=ль…%е -,…=…“%"%е “%“2% …,е “ …%!м=2,"-
…%-Cл=…%"/м, ƒ…=че…, м, ,…д,*=2%!%"), = 2%ч*= 
B # *%…ц3 ,ƒме!е…,L (3“л%"…%е K=…*!%2“2"%, "/-
!=›=ем%е !="е…“2"%м C%2е… ц,=л%", ,мею?ег%“  3 
C!едC!, 2,  , …е%K.%д,м%г% дл  C!е%д%ле…,  
*!,ƒ,“=). 

nC!еделе…,е *!,2е!,  , C=!=ме2!%" C!ед-
C!, 2,L " %Kе“Cече…,, .*%…%м,че“*%L Kеƒ%C=“-
…%“2,, -,…=…“%"%L …е3“2%Lч,"%“2,, !,“*%" , 3г-
!%ƒ “" ƒ/"=ю2 2=*›е л,K% “ …%!м=2,"…%-Cл=…%-
"/м, ƒ…=че…, м, C%*=ƒ=2елеL, л,K% “ C!,ƒ…=*=-
м, 3“л%"…%г% K=…*!%2“2"=.

q3?…%“2ь ц,*л= ,…"е“2,ц,%……%г% C!%е*2=. o%д 
ц,*л%м !=ƒ",2,   ,…"е“2,ц,%……%г% C!%е*2= C%-
…,м=е2“  ƒ=*%…че……=  "% "!еме…, “%"%*3C…%“2ь 
"ƒ=,м%“" ƒ=……/. “2=д,L “%“2% …,  ,…"е“2,-
ц,%……%L “,“2ем/ (C!едC!, 2, , %2!=“л,, !ег,%-
…=), …=ч,…=  “ м%ме…2= ,ƒме…е…,L д% ,. C%л…%г% 
ƒ="е!ше…, , %K3“л%"ле……=  !е“3!“…/м,, "!еме…-
…/м, , *=че“2"е……/м, %г!=…,че…, м,.

0,*л ,…"е“2,ц,%……%г% C!%е*2= %2!=›=е2 %“%-
Kе……%“2, !=ƒ",2,  ,…"е“2,ц,%……%L де 2ель…%-
“2,, " *%2%!%L м%›…% "/дел,2ь д"е %“…%"…/е 
-%!м/ ц,*л,ч…%“2,, %K3“л%"ле……/е д,…=м,*%L 
%KA‘м%" , C!%д%л›,2ель…%“2ью !е=л,ƒ=ц,, "% 
"!еме…,; C%"2%! ем%“2ью .леме…2%" ,…"е“2,-
ц,%……%г% C!%це““=.

b .*%…%м,*е  "ле…,е Cе!,%д,че“*%г% *%леK=-
…,  %KA‘м%" , C!%д%л›,2ель…%“2, де 2ель…%“2, 
…=ƒ/"=е2“  .*%…%м,че“*,м ›,ƒ…е……/м ц,*л%м. 
b .2%L “" ƒ, " ,…"е“2,ц,%……%м ц,*ле …е%K.%д,-
м% !=ƒл,ч=2ь ›,ƒ…е……/е ц,*л/ 2=*,. %KAе*2%", 
*=* C!%це““, ",д/ де 2ель…%“2,, C!едC!, 2, , 
%2!=“л,, !ег,%…/ , г%“3д=!“2"%.

a=ƒ,“…/е C=!=ме2!/ *%!C%!=2,"…%г% “е*2%!= 
.*%…%м,*, %C!едел ю2“  2е.…%л%г,че“*,м, *=д-
!%"/м , -,…=…“%"/м C%2е…ц,=л%м, %2!=›=ю?,м 
“%"%*3C…%“2ь ,мею?,.“  " !=“C%! ›е…,, C!ед-
C!, 2,L !е“3!“%" дл  C!е%д%ле…,  %KAе*2,"…%г% 
*!,ƒ,“…%г% д,“K=л=…“=.

,

p,“. 2. nK?=  “.ем= .леме…2=!…%г% ц,*л= ,…"е“2,ц,%……%г% C!%це““=
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p,“. 3. nK?,L ",д *!,"%L ›,ƒ…е……%г% ц,*л= ,…"е“2,ц,%……%г% C!%е*2=
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f,ƒ…е……/L ц,*л  "л е2“  K=ƒ,“%м ,…"е“2,-
ц,%……%г% C!%е*2= , %2!=›=е2 !=ƒ",2,е “%"%*3C-
…%“2, -3…*ц,%…=ль…% "ƒ=,м%“" ƒ=……/. деL“2",L 
(3C!="ле…че“*,., 2е.…%л%г,че“*,., %!г=…,ƒ=-
ц,%……/.) “ %д…,м ,л, …е“*%ль*,м, %KAе*2=м, 
(*%…еч…/L C!%д3*2).

b %K?ем ц,*л м%›…% !=““м=2!,"=2ь *=* .*%-
…%м,че“*,L !%“2, *%гд= *=C,2=л "%“C!%,ƒ"%д,2“  
" ,…"е“2,ц,%……%м C!%це““е дл  C!,!=?е…,  " 
C%“лед3ю?ем ц,*ле (!,“. 2).

q2!3*23!…% ц,*л C!ед“2="л е2 “%K%L *!,"3ю 
,ƒ “ем, C%“лед%"=2ель…/. “2=д,L sn (!,“. 3): 

…=ч=ль…/L (ƒ=2!=2…/L) Cе!,%д 0 ≤ si < a ; 
!%“2  a ≤ si < b ; 
ƒ=медле…,е !%“2=  b ≤ si < c ; 
ƒ!ел%“2ь c ≤ si < d ; 
…=ч=л% “C=д= d ≤ si < e ; 
“C=д e ≤ si < f ; 
ƒ="е!ш=ю?=  л=2е…2…=  “2=д,  f ≤ si < h .

Š =Kл,ц =  2

l=2!,ц= “,“2ем=2,ƒ=ц,, *!,ƒ,“…/. C!% "ле…,L , целе"/е деL“2",  *%!C%!=ц,L C% ,. …еL2!=л,ƒ=ц,,

o!% "ле…, dеL“2", 0еле"/е !еƒ3ль2=2/

mед%“2=2%* %K%!%2…/. 
“!ед“2"

o%"/ше…,е “2еCе…, "/C%л…е…,  Cл=…= C% д%.%д…%L 
ч=“2,. j%…2!%ль ,“C%л…е…,  Kюд›е2%". nCе!=2,"-
…%е -,…=…“%"%е Cл=…,!%"=…,е. nце…*= ƒ=л%г%"%г% 
C%2е…ц,=л=. t%!м,!%"=…,е *!ед,2…%г% C%!2-ел  
" д,…=м,*е. nKе“Cече…,е д%“23C= * де…е›…/м -,-
…=…“%"/м !е“3!“=м. b/C%л…е…,е Cл=2‘›…/. %K ƒ=-
2ель“2" C% “!%*=м %Cл=2/. q%*!=?е…,е ц,*л= &ƒ=*=ƒ 
→ C!%,ƒ"%д“2"% → д%“2="*=[

)‘2*%е ,“C%л…е…,е Kюд›е2%", C%-
"/ше…,е *=че“2"= -,…=…“%"%г% 
Cл=…,!%"=…, . c,K*%е 3C!="ле…,е 
*!ед,2…/м C%!2-елем, %C2,м,ƒ=-
ц,  це…/ ƒ=‘м…%г% *=C,2=л=.
q"%е"!еме……%е ,“C%л…е…,е %K ƒ=-
2ель“2" Cе!ед *%…2!=ге…2=м,

nC%ƒд=…,е " д%“2="*е 
2%"=!= C% C!,ч,…=м 
%!г=…,ƒ=ц,%……%г%
.=!=*2е!=

o%"/ше…,е *=че“2"= =““%!2,ме…2…%г% Cл=…,!%"=-
…, . q"%е"!еме……%е "/C%л…е…,е 3“л%",L -,…=…“%-
"%г% Cл=…=. j%…2!%ль !=K%2/ л%г,“2,че“*%L “.ем/. 
l%…,2%!,…г !/…*=. q"%е"!еме……%е C!,… 2,е !еше-
…,L % “ме…е C=!2…‘!%". j%!!е*2,!%"*= !еше…,L C% 
“C%“%K3 д%“2="*, *%…еч…%г% C!%д3*2=

t%!м,!%"=…,е C%л…%г% =““%!2,-
ме…2…%г% ! д=. }*%…%м,  2=м%-
›е……/. !=“.%д%" , !=“.%д%" …= 
д%“2="*3 2%"=!=

mе“%Kлюде…,е *=ле…д=!-
…/. “!%*%" ƒ=*люче…,  
д%г%"%!%" “ C%“2="?,-
*=м,

n2л=д*= "!еме……%г% =“Cе*2= K,ƒ…е“-C!%це““= C% “%ƒ-
д=…,ю C!%д3*2=.
t%!м,!%"=…,е “,“2ем “2,м3л,!%"=…,  л%г,“2,*, 
, ƒ=*3C*, “ ,“C%льƒ%"=…,ем "!еме……%г% *!,2е!,  
.--е*2,"…%“2, %це…*, де 2ель…%“2,. nKе“Cече…,е 
*%…2!%л  …= ме“2=. C!%,ƒ"%д“2"=

b/C%л…е…,е Cл=…%"%г% г!=-,*= C% 
C%дC,“=…,ю “Cец,-,*=ц,L.
q"%е"!еме……=  д%“2="*= 2%"=!=

mеC!=",ль…% "/K!=……/е 
цел, " !=м*=. C!%г!=мм/ 
!=ƒ",2, 

nце…*= целеL C!%г!=мм/ !=ƒ",2,  " ƒ=",“,м%“2, 
%2 !/…%ч…%L *%…Aю…*23!/. nце…*= .*%…%м,че“*%г% 
C%2е…ц,=л= C!едC!, 2, . j%!!е*2,!%"*= C!%г!=мм/ 
!=ƒ",2,  …= %“…%"е C%л3че……/. "/"%д%" 

nK%“…%"=……=  C!%г!=мм= !=ƒ",2,  
C!едC!, 2, 

mе“2=K,ль…%“2ь *=че“2"= 
“/!ь  , м=2е!,=л%"

j%…2!%ль *=че“2"= ƒ=*3C=ем%г% “/!ь  , м=2е!,=л%", 
*%мCле*23ю?,. “ ,“C%льƒ%"=…,ем 3“л3г C!ед“2=",-
2елеL.
o%,“* …%"/. C%“2="?,*%" !е“3!“%"

d%“2,›е…,е “2!=2ег,че“*%L цел, # 
Kеƒ3C!еч…%г% *=че“2"= C!%д3*ц,,

p%“2 “еKе“2%,м%“2, 
2%"=!= (це…/ ƒ=*3C*,)

o%,“* …%"/. C%“2="?,*%". b/.%д …= …%"/е !/…*,. 
j%…2!%ль “еKе“2%,м%“2,
м=2е!,=л%" , *%мCле*23ю?,. …= .2=Cе “%ƒд=…,  
C!%д3*2=

q…,›е…,е “еKе“2%,м%“2, 2%"=!= C!, 
“%.!=…е…,, C!,емлем%г% 3!%"…  *=-
че“2"=

mеC!=",ль…/L C!%г…%ƒ 
2е…де…ц,L

l%…,2%!,…г 2е…де…ц,L. nC!еделе…,е %C2,м=ль…/. 
“%%2…%ше…,L " “2!3*23!е =““%!2,ме…2=. r"ел,че…,е 
Kюд›е2= ƒ=*3C*, %K!=ƒц%". t%!м,!%"=…,е ме.=…,ƒ-
м= C%л3че…,  ,…-%!м=ц,, % C!%г…%ƒ,!3ем/. 2е…-
де…ц, . , “2=2ь, Kюд›е2= C%д .2, цел,

o%"/ше…,е "е!% 2…%“2, -%!м,!%-
"=…,  =*23=ль…%г% =““%!2,ме…2= “ 
м,…,м=ль…/м 3!%"…ем !,“*= " 
%ш,K*е C!%г…%ƒ= 2е…де…ц,L

m=!=“2=…,е %2“2="=…,  
%2 *%…*3!е…2%"

t%!м,!%"=…,е Kюд›е2= …= C!%д",›е…,е -,!ме……%L 
“е2,. l%…,2%!,…г *%…*3!е…2%". p=ƒ!=K%2*= *%…цеC-
ц,, !=ƒ",2,  “е2,

b/.%д …= C%ƒ,ц,, л,де!= 
-,!ме……%L “е2,

mе“%Kлюде…,е *=ле…д=!-
…/. “!%*%" C%“2="*, 

o%"/ше…,е *=че“2"= =““%!2,ме…2…%г% Cл=…,!%"=…, . 
o%"/ше…,е *=че“2"= -,…=…“%"%г% Cл=…,!%"=…, 

b/C%л…е…,е г!=-,*= C%“23Cле-
…, . q%.!=…е…,е C%2!еK,2ель“*,. 
“"%L“2" *%…еч…%г% C!%д3*2= 
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b %K?е.*%…%м,че“*%м “м/“ле ,…"е“2,ц,-
%……/L C!%е*2 C!ед“2="л е2 “%K%L %K%!%2 *=-
C,2=л=: ,ƒ .%ƒ L“2"е……%L де 2ель…%“2, %2ч3›-
д=е2“  %C!едел‘……/L %KA‘м *=C,2=л= дл  %“3-
?е“2"ле…,  %C!едел‘……%L де 2ель…%“2,, *%2%-
!/L "%ƒ"!=?=е2“  %K!=2…% " C!,!=?‘……%L 
-%!ме. o!, .2%м Cе!,%д,че“*%е *%леK=…,е де-
…е›…/. C%2%*%" %2!=›=е2 ц,*л ,…"е“2,ц,%…-
…%г% C!%е*2=.

b %“…%"е !=“ч‘2= ›,ƒ…е……%г% ц,*л= ,…"е“2,-
ц,%……%г% C!%е*2= C!едл=г=е2“  ме2%д ,“ч,“ле-
…,  д,“*%…2,!%"=……%г% ч,“2%г% C%2%*= Cл=2е-
›еL. b цел%м *!,"=  ›,ƒ…е……%г% ц,*л= ,…"е-
“2,ц,%……%г% C!%е*2= (CP) м%›е2 K/2ь "/!=›е…= 
" ",де

1 1

t t

i i
CP T R Z

= +

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
∑ ∑ ,

где R # !еƒ3ль2=2 ,…"е“2,ц,%……%L де 2ель…%“2, " 
Cе!,%д t;  Z # ƒ=2!=2/ …=  ,…"е“2,ц,%……3ю де 2ель-
…%“2ь " Cе!,%д t; T # "!ем  ,…"е“2,ц,%……%L де -
2ель…%“2,.

Š=*,м %K!=ƒ%м, ›,ƒ…е……/L ц,*л ,…"е“2,-
ц,%……%г% C!%е*2= ,мее2 ! д %2л,ч,2ель…/. C!,-
ƒ…=*%", C%ƒ"%л ю?,. ,де…2,-,ц,!%"=2ь ег% “!е-
д, !=ƒ…%",д…%“2еL .*%…%м,че“*,. ц,*л%".

dл  C!%,ƒ"%д“2"е……%L де 2ель…%“2, .=!=*2е!…/: 
K%лее дл,2ель…%е "!ем  %K?ег% ц,*л=;
K%лее C%л%г=  д,…=м,*= !%“2=;
%2…%“,2ель…% …е"/“%*,L 3!%"е…ь !е…2=Kель…%-

“2,;
м…%г%%K!=ƒ,е -%!м Cе!е.%д= …= =ль2е!…=2,"-

…/е ",д/ *%…еч…%г% C!%д3*2=.
o!, .2%м *%мме!че“*,е %!г=…,ƒ=ц,, ,мею2 

!=ƒ!/"…%L ",д *!,"%L ц,*л=, “" ƒ=……/L “ …е“2=-
K,ль…%“2ью *%…еч…%г% C!%д3*2= , де 2ель…%“2,, 
*!323ю д,…=м,*3 !%“2=. m=л,ч,е льг%2…/. 3“л%-
",L 3л3чш=е2 C!=*2,че“*, "“е C=!=ме2!/ ,…"е-
“2,ц,%……%г% C!%е*2=. m= -%!м3 *!,"%L , C%*=-
ƒ=2ел, ц,*л= “3?е“2"е……% "л, ю2 …=л%г%"=  “,“-
2ем=, д%“23C…%“2ь !е“3!“%", “%ц,=ль…%-.*%…%м,-
че“*=  “,23=ц,  " !ег,%…е , д!.

dл  =…=л,ƒ= ›,ƒ…е……%г% ц,*л= ,…"е“2,ц,%…-
…%г% C!%е*2= …е%K.%д,м% 3ч,2/"=2ь “лед3ю?,е 
“2!=2ег,че“*,е C%*=ƒ=2ел,: %KA‘м, C!%,ƒ"%д,-
2ель…%“2ь, !е…2=Kель…%“2ь, 3дель…/L "е“ “2=д,, 
›,ƒ…е……%г% ц,*л=, д,…=м,*3 “2=д,,, 3дель-
…/L "е“ C!%,ƒ"%д,2ель…%г% Cе!,%д= ›,ƒ…е……%г% 
ц,*л=, 3дель…/L "е“ C!,"леч‘……%г% *=C,2=л=, 
3дель…3ю *=C,2=л%‘м*%“2ь ц,*л=, *%.--,ц,е…-
2/ !="…%ме!…%“2,, “%%2"е2“2",е , …еC!е!/"-
…%“2ь , д!. [3].

mеƒ=Cл=…,!%"=……%е ,ƒме…е…,е “2!=2ег,че-
“*,. C=!=ме2!%" !=ƒ",2,  C!едC!, 2,  м%›…% 

!=““м=2!,"=2ь *=* Cе!"/L “,г…=л * Cе!е.%д3 
C!едC!, 2,  " C!ед*!,ƒ,“…%е , *!,ƒ,“…%е 
“%“2% …,е. o!=*2,че“*, .2% !=……ее C!ед3-
C!е›де…,е K3д3?,. "%ƒм%›…/. …ег=2,"…/. “%-
K/2,L, !,“*%" , 3г!%ƒ. p=ƒделе…,е -,…=…-
“%"/. “%“2% …,L C!едC!, 2,  …е ,мее2 ч‘2*,., 
%KAе*2,"…/. , лег*% ,де…2,-,ц,!3ем/. C!,-
ƒ…=*%". g=ч=“23ю ƒ= C!ед*!,ƒ,“…%е “%“2% -
…,е C!,…,м=ю2“  !=ƒл,ч…/е C!,ƒ…=*, д%“2=-
2%ч…% 3“л%"…%г% 3.3дше…,  C%л%›е…,  C!ед-
C!, 2, , ч2% …е "“егд=  "л е2“  *!,ƒ,“…%L “,-
23=ц,еL.

o!%"ед‘……/L =…=л,ƒ C%ƒ"%л,л “,“2ем=2,ƒ,-
!%"=2ь %“…%"…/е -,…=…“%"/е *!,ƒ,“…/е 2е…де…-
ц,, " *%!C%!=2,"…%м “е*2%!е !%““,L“*%L .*%…%-
м,*, , %C!едел,2ь целе…=C!="ле……3ю “,“2ем3 
деL“2",L C% ,. …еL2!=л,ƒ=ц,, (2=Kл. 2).

qлед3е2 %2ме2,2ь, ч2% " C!=*2,че“*%L де 2ель-
…%“2, C!едC!, 2,L "“лед“2",е "л, …,  !,“*%" , 
3г!%ƒ "…еш…еL , "…32!е……еL “!ед/, %ш,K%* 
3C!="ле…,  , …=!=“2=…,  *!,ƒ,“…/.  "ле…,L 
C!%,“.%д,2 …е%“%ƒ…=……/L , …е3C!="л ем/L 
Cе!е.%д …=C!="ле……%“2, !=ƒ",2,  C!едC!, 2,  
“% “2!=2ег,, !%“2= ,л, “2=K,ль…%“2, …= “2!=2е-
г,ю “%*!=?е…, , ч2% .=!=*2е!,ƒ3е2“  ,ƒме…е…,-
ем …=C!="ле……%“2, д,…=м,*, -,…=…“%"/. C=!=-
ме2!%".

Š=*,м %K!=ƒ%м, ,““лед%"=…,е %“%Kе……%“2еL 
ц,*л%" ,…"е“2,ц,%……/. C!%е*2%" C!ед“2="л е2 
,…2е!е“ “ 2е%!е2,че“*%L , C!=*2,че“*%L 2%ч*, 
ƒ!е…, , 2=* *=* C%ƒ"%л е2:

!=“ш,!,2ь ƒ…=…,е “3?…%“2, ,…"е“2,ц,%……%L 
де 2ель…%“2, , е‘ "ƒ=,м%деL“2",  “ .леме…2=м, 
C!%,ƒ"%д“2"е……%L “,“2ем/; 

,“C%льƒ%"=2ь ƒ…=…,  =“Cе*2%" ц,*л,че“*%г% 
!=ƒ",2,  " C!%це““е 3C!="ле…,  …= м,*!%- , 
м=*!%3!%"… ..

g=*%…%C%дч,…‘……%“2ь д,…=м,*, ,…"е“2,ц,-
%……%L де 2ель…%“2, м%›е2 K/2ь “%C! ›е…= “% 
“2!3*23!%L "%л…, C!едл%›е……%L m.d. j%…д!=2ь-
е"/м [4], ч2% C%ƒ"%л,2 3“2!=…,2ь …е%C!еде-
л‘……%“2, , !,“*, д%лг%“!%ч…%г% C!%г…%ƒ,!%-
"=…, .
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h““лед%"=…/ C!,…ц,C/ ,“C%льƒ%"=…,  “,“2ем/ .*%…%м,че“*%г% 3C!="ле…,  C!едC!, 2,ем 
*=* “%“2="…%L ч=“2, “,“2ем/ .*%…%м,че“*%L Kеƒ%C=“…%“2,. o!%=…=л,ƒ,!%"=…= “,“2ем= 
&д,!е*2-*%“2,…г[,  "л ю?= “  2е%!е2,че“*%L %“…%"%L %C2,м,ƒ=ц,, C!,K/л, , ƒ=2!=2 " 
“,“2еме .*%…%м,че“*%г% 3C!="ле…,  C!%м/шле……/. C!едC!, 2,L.

jлюче"/е “л%"=: C!едC!, 2,е, 3C!="ле…,е, .*%…%м,че“*%е 3C!="ле…,е, ƒ=2!=2/, д,!е*2-*%“-
2,…г.

Utilization principles of the enterprise economic management system as constituent part of the 
economic safety system are researched. .BDirect-costingB system representing theoretical basis of the 
profit and cost optimization in the industrial enterprise economic management system is analyzed.

Key words: enterprise, management, economic management, costs, direct-costing.

`…=л,ƒ м,!%"/. 2е…де…ц,L C%*=ƒ/"=е2, ч2% 
3!%"е…ь .*%…%м,че“*%г% !=ƒ",2,  г%“3д=!“2"= , 
Kл=г%“%“2% …,  …=“еле…,  "% м…%г%м %KA “… е2-
“   =д=C2=ц,еL .*%…%м,*, * ,ƒме…е…, м, C!%,“-
.%д ?,м C!, …=3ч…%-2е.…,че“*%м C!%г!е““е. 
h…"е“2,ц,, , ,……%"=ц,,  "л ю2“  “=м/м, "=›-
…/м, -=*2%!=м,, "л, ю?,м, …= .*%…%м,*3 
“3KAе*2%" люK%г% 3!%"…  , м=“ш2=K=. d=›е " Cе-
!,%д “%"!еме……%г% гл%K=ль…%г% -,…=…“%"%-.*%-
…%м,че“*%г% *!,ƒ,“= =*23=ль…%“2ь д=……%г% "%-
C!%“= …е %“л=Kе"=е2.

q2!ем,2ель…/L !%“2 !%““,L“*%L дел%"%L =*-
2,"…%“2,, C!,… 2,е , !е=л,ƒ=ц,  ! д= -еде-
!=ль…/. C!%г!=мм , C!%е*2%", C!,ƒ"=……/. 
%Kе“Cеч,2ь д=ль…еLш,L !%“2 .*%…%м,*,, C%"/-
ше…,е 3!%"…  ›,ƒ…,, “%ƒд=…,е 3“л%",L дл  
C%л…%це……%L ›,ƒ…еде 2ель…%“2, "“е. “л%е" …=-
“еле…,  2!еK3ю2 “%%2"е2“2"3ю?ег% 3!%"…  .--
-е*2,"…%“2, 3C!="ле…,  %2 г%“3д=!“2"е……/., 
!ег,%…=ль…/. %!г=…%" 3C!="ле…, , %!г=…%" ме-
“2…%г% “=м%3C!="ле…, , C!едC!, 2,L "“е. ",д%" 
“%K“2"е……%“2,, “-е! , м=“ш2=K%" C!%,ƒ-
"%д“2"=.

q,“2ем= .*%…%м,че“*%г% 3C!="ле…,  C!едC!,-
 2,ем (q}r) # -3…*ц,%…=ль…%е , %!г=…,ƒ=-
ц,%……%е …=C!="ле…,е %!г=…,ƒ=ц,%……%-.*%…%м,-
че“*%L де 2ель…%“2, …= C!%м/шле……%м C!едC!, -
2,,, %K3“л%"ле……%е !е=л,ƒ=ц,еL -,…=…“%"%-.*%-
…%м,че“*%L -3…*ц,, C!, C!,… 2,, “2!=2ег,че-
“*,. , %Cе!=2,"…/. 3C!="ле…че“*,. !еше…,L. 
q}r  "л е2“  "=›…еLшеL “%“2="л ю?еL .*%…%-
м,че“*%L Kеƒ%C=“…%“2, C!едC!, 2, .

q}r " ш,!%*%м “м/“ле C!ед“2="л е2 “%K%L 
“,“2ем3 %Kе“Cече…,  .*%…%м,че“*%L Kеƒ%C=“…%-
“2, C!едC!, 2,  …= .2=C=. “2!=2ег,че“*%г% , 
%Cе!=2,"…%г% 3C!="ле…, .

n“…%"…/м, -3…*ц, м, q}r  "л ю2“ :
,…-%!м=ц,%……=  (%ƒ…=ч=е2 C!ед“2="ле…,е ,…-

-%!м=ц,, дл  C!,… 2,  %Cе!=2,"…/. , “2!=2ег,-
че“*,. !еше…,L C% !=ƒл,ч…/м *%мме!че“*%-.%-
ƒ L“2"е……/м “,23=ц, м);

=…=л,2,че“*=  (ƒ=*люч=е2“  " C!,ме…е…,, д=…-
…/. м%…,2%!,…г= %2*л%…е…,L -=*2,че“*,. !е-
ƒ3ль2=2%" .%ƒ L“2"е……%L де 2ель…%“2, %2 %›,-
д=ем/. дл  C!,… 2,  !еше…,L …= "“е. 3!%"-
… . 3C!="ле…,  C!едC!, 2,ем). `…=л,2,че“*=  
-3…*ц,  “" ƒ=…= 2=*›е “ *%%!д,…=ц,еL целеL 
!=ƒл,ч…/. 3!%"…еL, “!ед“2" , ме2%д%" !е=л,-
ƒ=ц,,; 

*%…2!%ль…=  (ƒ=*люч=е2“  " *%…2!%ле C%л3че…-
…%г% !еƒ3ль2=2= де 2ель…%“2, C!едC!, 2,  , ег% 
“!="…е…,, “ C%“2="ле……%L целью , ƒ=д=ч=м,).

`лг%!,2м !=ƒ!=K%2*, q}r C!ед“2="ле… …= 
!,“. 1.

dл  -,…=…“%"%-.*%…%м,че“*%г% , 2е.…%л%г,-
че“*%г% %K%“…%"=…,  “2!=2ег,че“*,. Cл=…%" q}r 
…е%K.%д,м% ,““лед%"=2ь ,. …= !е=ль…%“2ь, C%л-
…%23, "ƒ=,м%“" ƒь, -%!м=ль…3ю , м=2е!,=ль…3ю 
*%мCе2е…2…%“2ь. m= %“…%"=…,, !еƒ3ль2=2%" C!%-
"е!*, …е%K.%д,м% Cе!еL2, ,л, * !=ƒ!=K%2*е “,“-
2ем/ м%…,2%!,…г=  "/C%л…е…,  !=ƒ!=K%2=……/. 
Cл=…%", ,л, * -%!м,!%"=…,ю =ль2е!…=2,"…/. 
“2!=2ег,L.

qлед3е2 C%м…,2ь, ч2% дл  !=ƒ!=K%2*, “,“2ем/ 
м%…,2%!,…г= "/C%л…е…,  “2!=2ег,че“*,. целеL 
…е%K.%д,м% %C!едел,2ь 2=*,е %Kл=“2, *%…2!%л , *=*:

*=че“2"е……/е , *%л,че“2"е……/е “2!=2ег,че-
“*,е цел,;

"…еш…,е , "…32!е……,е &*!,2,че“*,е[ 3“л%", , 
ƒ=л%›е……/е " %“…%"3 “2!=2ег,че“*,. Cл=…%";

“л=K/е ме“2= , &2%ч*, !%“2=[ …= “2!=2ег,че“*, 
"=›…/. 3ч=“2*=..
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p,“. 1. j%…цеCц,  !=ƒ!=K%2*, “,“2ем/ .*%…%м,че“*%г% 3C!="ле…,  C!едC!, 2,ем

`…=л,ƒ C!%,ƒ"%д“2"е……%L де 2ель…%“2, C!едC!, -
2,  C%ƒ"%л е2 "/дел,2ь ,ƒ  г!3CC,!%"*, “%"%*3C-
…%“2, %“…%"…/е "=›…еLш,е C%д*%…2!%ль…/е C%*=-
ƒ=2ел,, C%дле›=?,е 3C!="ле…,ю " “,“2еме q}r.

b/деле……=  “%"%*3C…%“2ь C%д*%…2!%ль…/. C%-
*=ƒ=2елеL " %K?еL “,“2еме .*%…%м,че“*,. C%*=-
ƒ=2елеL C!%м/шле……%г% C!едC!, 2,  д%л›…= 
“%%2"е2“2"%"=2ь 3“2=…%"ле……/м 2!еK%"=…, м:

%г!=…,че……/L %KA‘м …=,K%лее ƒ…=ч,м/. C%*=-
ƒ=2елеL;
м…%г%-3…*ц,%…=ль…%“2ь, 2. е. C%*=ƒ=2ел, д%л›-

…/ %."=2/"=2ь "“е д=……/е C!%м/шле……%г% C!ед-
C!, 2, , = 2=*›е д=……/е C% *люче"/м це…2!=м 
%2"е2“2"е……%“2,;
д,…=м,ƒ=ц,  , Cе!“Cе*2,"…%“2ь, C!,ч‘м дл  

,““лед%"=…,  д,…=м,*, !=ƒ",2,  C!едC!, 2,  
"!еме……%е “%C%“2="ле…,е д%л›…% “%“2="л 2ь м,-
…,м3м C 2,ле2…,L Cе!,%д;

"%ƒм%›…%“2ь !=……ег% C!ед3C!е›де…,  %C=“…%-
“2,;

“%C%“2=",м/L .=!=*2е!. o!,ч‘м C!, %2K%!е 
C%д*%…2!%ль…/. C%*=ƒ=2елеL …е%K.%д,м% 3ч,2/-
"=2ь "%ƒм%›…%“2ь ,. “!="…е…,  "% "!еме…, , 
C!%“2!=…“2"е, C% %2!=“л м, !ег,%…=м , C!едC!,-
 2, м.

o%д*%…2!%ль…/м, C%*=ƒ=2ел м, м%г32 K/2ь 
“2=2,“2,*= “K/2=, ƒ= "*, …= ƒ=*=ƒ, %2ч‘2/ -,л,=-
л%", “%%K?е…,  % C%2е!е *л,е…2%", “2=2,“2,*= 
%K%!%2=, “%%K?е…,  % ƒ="%ƒе 2%"=!%", *=д!%"=  
“2=2,“2,*=, “!="…е…,е C!%,ƒ"%д,2ель…%“2,, %2ч‘-
2/ % “C!%“е, “2=2,“2,*= “*л=д“*,. ƒ=C=“%", C%*=-
ƒ=2ел, ,ƒ “,“2ем/ !=“ч‘2= K=л=…“=, C!,K/л,-3K/2-
*, , д!. [1]. 

o!, C!,… 2,, !еше…,L %K ,ƒме…е…, . %KA‘-
м%" C!%,ƒ"%д“2"= 2=*›е …е%K.%д,м% 3ч,2/"=2ь , 

2=*%L C%*=ƒ=2ель, *=* C!%,ƒ"%д“2"е……/L ле"е-
!,д›, *%2%!/L .=!=*2е!,ƒ3е2 “2еCе…ь "л, …,  
,ƒме…е…,  %KA‘м= C!%,ƒ"%д“2"= …= ,ƒме…е…,е 
C!,K/л,: чем K%льше .--е*2 C!%,ƒ"%д“2"е……%г% 
ле"е!,д›=, 2ем K%льш=  %C=“…%“2ь C%д“2е!ег=е2 
C!едC!, 2,е C!, “"е!2/"=…,, C!%,ƒ"%д“2"= 
("“лед“2",е C=де…,  “C!%“= …= C!%д3*ц,ю).

q,“2ем= 3C!="ле…,  C%д*%…2!%ль…/м, C%*=-
ƒ=2ел м, "*люч=е2 д"= Kл%*=:

“!="…е…,е Cл=…%"/. (…%!м=2,"…/.) , -=*2,че-
“*,. ƒ…=че…,L C%д*%…2!%ль…/. C%*=ƒ=2елеL дл   
"/ "ле…,  C!,ч,… , ",…%"…,*%" %2*л%…е…,L;

%C!еделе…,е "ƒ=,м%“" ƒ, , "ƒ=,м%ƒ=",“,м%“2, 
ме›д3 C%л3че……/м, %2*л%…е…, м, C% C%д*%…-
2!%ль…/м C%*=ƒ=2ел м , *%…еч…/м,, !еƒ3ль2,-
!3ю?,м, C%*=ƒ=2ел м, де 2ель…%“2, C!едC!, -
2, .

h…-%!м=ц,  %K %2*л%…е…, . -=*2,че“*,. 
ƒ…=че…,L C%д*%…2!%ль…/. C%*=ƒ=2елеL %2 Cл=…%-
"/. “ 3*=ƒ=…,ем C!,ч,… , ",…%"…,*%" C%ƒ"%л е2 
C!,… 2ь 3C!="ле…че“*,е !еше…,  C% ,ƒме…е…,ю 
3C!="ле…,  ,л, *%!!е*2,!%"*е “2!=2ег,че“-
*,. Cл=…%". )2%K/ C!,…,м=ем/е !еше…,  K/л, 
%K%“…%"=……/м,, …е%K.%д,м% ,…-%!м=ц,ю %K 
%2*л%…е…, . “%C!%"%д,2ь =…=л,ƒ%м "л, …,  
д=……/. %2*л%…е…,L …= !еƒ3ль2,!3ю?,е C%*=ƒ=-
2ел,.

Šе%!е2,че“*%L %“…%"%L %C2,м,ƒ=ц,, C!,K/л, 
, =…=л,ƒ= ƒ=2!=2 " q}r C!%м/шле……/. C!едC!, -
2,L  "л е2“  д,!е*2-*%“2,…г # “,“2ем= 3ч‘2= 
C! м/. ƒ=2!=2, *%2%!=  …=ƒ/"=е2“  2=*›е &“,“2е-
м= 3C!="ле…,  “еKе“2%,м%“2ью[ ,л, &“,“2ем= 
3C!="ле…,  C!едC!, 2,ем[ [2].

mе%K.%д,м% "/дел,2ь “лед3ю?,е …=,K%лее 
"=›…/е =…=л,2,че“*,е "%ƒм%›…%“2, “,“2ем/ 
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&д,!е*2-*%“2,…г[ дл  ,. !е=л,ƒ=ц,, …= .2=C=. 
›,ƒ…е……%г% ц,*л= C!едC!, 2, :

%C2,м,ƒ=ц,ю C!,K/л, " =““%!2,ме…2е "/C3“-
*=ем%L C!%д3*ц,,;

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

, ,ƒме…е…,L C!%,ƒ"%д“2"е……%L м%?…%“2, C!ед-
C!, 2, ;

%це…*3 .--е*2,"…%“2, C!,… 2,  д%C%л…,-
2ель…%г% ƒ=*=ƒ=, ƒ=ме…/ 2е.…%л%г,че“*%г% %K%-
!3д%"=…, ; 

%C!еделе…,е це…/ …= …%"3ю C!%д3*ц,ю , д!.
q,“2ем= &д,!е*2-*%“2,…г[  "л е2“  %“%Kе……%-

“2ью %Cе!=2,"…%L q}r C!едC!, 2, . n2ме2,м, 
ч2% цель %Cе!=2,"…%L q}r # -%!м,!%"=…,е “,“-
2ем/ 3C!="ле…,  2е*3?,. целеL C!едC!, 2, , = 
2=*›е “"%е"!еме……%е C!,… 2,е ме! %C2,м,ƒ=ц,, 
“%%2…%ше…,  &ƒ=2!=2/↔!еƒ3ль2=2/[.

pеше…,е ƒ=д=ч q}r …= .2=Cе 2=*2,че“*%г% 
3C!="ле…,  ,мее2 ! д %2л,ч,2ель…/. %“%Kе……%-
“2еL C% “!="…е…,ю “% “2!=2ег,че“*%L q}r. Š=*, 
Cе!ече…ь C%д*%…2!%ль…/. C%*=ƒ=2елеL K%лее %K-
ш,!е…, де2=л,ƒ,!%"=… , *%…*!е2е…, %C!едел е2“  
…= %“…%"е 2е*3?,. C%*=ƒ=2елеL .%ƒ L“2"е……%L 
де 2ель…%“2, C!едC!, 2,  (л,*",д…%“2ь, C!%,ƒ-
"%д,2ель…%“2ь, !е…2=Kель…%“2ь , д!.), =…=л,ƒ= 
“л=K/. ме“2 , &2%че* !%“2=[ C!%,ƒ"%д“2"= “ 3ч‘-
2%м “Cец,-,че“*,. %“%Kе……%“2еL C!едC!, 2, .

q32ь “,“2ем/ &д,!е*2-*%“2,…г[ # деле…,е C!%-
,ƒ-"%д“2"е……/. ƒ=2!=2 " ƒ=",“,м%“2, %2 ,ƒме…е-
…,L %KA‘м= C!%,ƒ"%д“2"= …= Cе!еме……/е , C%-
“2% ……/е. 

q,“2ем= &д,!е*2-*%“2,…г[ C!ед3“м=2!,"=е2 
Cл=…,!%"=…,е , 3ч‘2 2%ль*% %г!=…,че……%L “2%,-
м%“2,. b ƒ=",“,м%“2, %2 “Cец,-,*, C!едC!, 2,  
.2% м%г32 K/2ь л,K% 2%ль*% C! м/е, л,K% 2%ль*% 
Cе!еме……/е, ƒ=",“ ?,е %2 %KA‘м= C!%,ƒ"%д“2"=, 
ƒ=2!=2, л,K% C!%,ƒ"%д“2"е……/е !=“.%д/, 2. е. !=“-
.%д/, …еC%“!ед“2"е……% “" ƒ=……/е “ C!%,ƒ"%д“2-
"%м *%…еч…%L C!%д3*ц,,, …еƒ=",“,м% %2 2%г%, 
C! м/е %…, ,л, *%“"е……/е. n“2=ль…=  ч=“2ь 2е-
*3?,. ƒ=2!=2 …е "*люч=е2“  " *=ль*3л ц,,, = 
"%ƒме?=е2“  %K?еL “3мм%L Kеƒ !=“C!еделе…,  C% 
%KAе*2=м ƒ=2!=2 ,ƒ "/!3ч*, %2 !е=л,ƒ=ц,, *%…еч-
…%г% C!%д3*2=.

j Cе!еме……/м %2…%“ 2“  ƒ=2!=2/, "ел,ч,…= *%-
2%!/. ,ƒме… е2“  “ ,ƒме…е…,ем %KA‘м= C!%,ƒ"%д-
“2"=: ƒ=!=K%2…=  Cл=2= %“…%"…/. C!%,ƒ"%д“2"е…-
…/. !=K%ч,., ƒ=2!=2/ …= “/!ье , м=2е!,=л/, 2%C-
л,"% , .…е!г,  …= 2е.…%л%г,че“*,е цел, , д!3г,е 
!=“.%д/. oе!еме……/е ƒ=2!=2/ !=ƒдел ю2“  …= 
C!%C%!ц,%…=ль…/е, C!%г!е““,"…/е , д,г!е““,"-
…/е " ƒ=",“,м%“2, %2 “%%2…%ше…,  2емC%" !%“2= 
%KA‘м= C!%,ƒ"%д“2"= , !=ƒл,ч…/. .леме…2%" [3].

j C%“2% ……/м %2…%“ 2“  ƒ=2!=2/, "ел,ч,…= *%-
2%!/. …е ме… е2“  “ ,ƒме…е…,ем %KA‘м= C!%,ƒ-
"%д“2"=, …=C!,ме! …=ч,“ле……=  =м%!2,ƒ=ц,  %“-
…%"…/. -%…д%", C!%це…2/ ƒ= C%льƒ%"=…,е *!ед,-

2=м,, =!е…д…=  Cл=2=, д%Cл=2/ !=K%2…,*=м =CC=-
!=2= 3C!="ле…,  C!едC!, 2,ем , д!3г,е !=“.%д/.

qлед3е2 %2ме2,2ь, ч2% !=ƒделе…,е ƒ=2!=2 …= C%-
“2% ……/е , Cе!еме……/е …е“*%ль*% 3“л%"…%, C%-
2%м3 ч2% м…%г,е ",д/ ƒ=2!=2 …%“ 2 C%л3C%“2% …-
…/L .=!=*2е!. nд…=*% …ед%“2=2*, 3“л%"…%“2, 
!=ƒделе…,  ƒ=2!=2 м…%г%*!=2…% Cе!е*!/"=ю2“  
%K?,м, =…=л,2,че“*,м, C!е,м3?е“2"=м, “,“2е-
м/ 3C!="ле…,  &д,!е*2-*%“2,…г[.

b C!=*2,*е ƒ=!3Kе›…%г% ме…ед›ме…2= дл  C%-
"/ше…,  %KAе*2,"…%“2, !=ƒделе…,  ,ƒде!›е* …= 
C%“2% ……/е , Cе!еме……/е C!едл=г=е2“  ! д д%“-
2=2%ч…% .--е*2,"…/. C!=*2,че“*,. ме2%д%": ме-
2%д “2!=2ег,че“*%г% C%“2!%е…,  “ме2…%г% 3!="…е-
…, ; г!=-,че“*,L ме2%д; ме2%д "/“шеL , …,ƒшеL 
2%ч*, %KA‘м= C!%,ƒ"%д“2"= ƒ= Cе!,%д , д!.

nK?,L %KA‘м ƒ=2!=2 …= C!%,ƒ"%д“2"% Z “%“2% 2 
,ƒ д"3. ч=“2еL: C%“2% ……%L Zconst , Cе!еме……%L 
Zvar: 

Z = Zconst + Zvar,

,л, " !=“ч‘2е …= %д…% ,ƒдел,е 

Z = (C0+C1)X,

где X # %KA‘м C!%,ƒ"%д“2"= (*%л,че“2"% ед,…,ц ,ƒ-
дел,L); C0 # C%“2% ……/е ƒ=2!=2/ " !=“ч‘2е …= ед,-
…,ц3 ,ƒдел,  (C!%д3*ц,,); C1 # Cе!еме……/е ƒ=2!=-
2/ …= ед,…,ц3 ,ƒдел,  (“2="*= Cе!еме……/. !=“.%д%" 
…= ед,…,ц3).

dл  C%“2!%е…,  3!="…е…,  %K?,. ƒ=2!=2 , !=ƒ-
деле…,  ,. …= C%“2% ……3ю , Cе!еме……3ю ч=“2, 
C% ме2%д3 "/“шеL , …,ƒшеL 2%ч*, ,“C%льƒ3е2“  
=лг%!,2м, !=ƒ!=K%2=……/L …= %“…%"е ,““лед%"=-
…,L `.j. x,ш*,…=, q.q. b=!2=… …=, b.`. l,*-
!ю*%"= [4] (!,“. 2).

hƒме…е…,е %KA‘м= ,ƒде!›е* C!%,ƒ"%д“2"= " ƒ=-
",“,м%“2, %2 %KA‘м= C!%,ƒ"ед‘……%L C!%д3*ц,, 
%це…,"=е2“  *%.--,ц,е…2%м !е=г,!%"=…,  ƒ=2!=2:

N
ZK = ,

где Z # ,ƒме…е…,  ƒ=2!=2 ƒ= Cе!,%д; N # ,ƒме…е…,  
%KA‘м= C!%,ƒ"%д“2"=.

dл  C%“2% ……/. !=“.%д%" *%.--,ц,е…2 !е=г,-
!%"=…,  ƒ=2!=2 !="е… …3лю.

b=›…/м =“Cе*2%м =…=л,ƒ= C%“2% ……/. !=“.%-
д%"  "л е2“  деле…,е ,. …= C%леƒ…/е , Kе“C%леƒ-
…/е. }2% деле…,е “" ƒ=…% “% “*=ч*%%K!=ƒ…/м 
,ƒме…е…,ем K%льш,…“2"= C!%,ƒ"%д“2"е……/. !е-
“3!“%".

m=C!,ме!, C!едC!, 2,е …е м%›е2 C!,%K!е“2, 
C%л“2=…*=. b “" ƒ, “ .2,м ƒ=2!=2/ !е“3!“%" !=“-
232 …е …еC!е!/"…%, = “*=ч*%%K!=ƒ…%. Š=*,м %K!=-
ƒ%м C%“2% ……/е ƒ=2!=2/ м%›…% C!ед“2=",2ь *=* 
“3мм3 C%леƒ…/. , Kе“C%леƒ…/. ƒ=2!=2, …е ,“C%ль-
ƒ3ем/. " C!%,ƒ"%д“2"е……%м C!%це““е: 

Zconst= ZC%леƒ + ZKе“C%леƒ.
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b/ч,“л,2ь  ƒ=2!=2/ м%›…%, ,ме  д=……/е % 
м=*“,м=ль…% "%ƒм%›…%м Nmax , -=*2,че“*%м 
%KA‘ме C!%,ƒ"%д,м%L C!%д3*ц,, Neff.

const
бесполез max eff

max
( )

Z
Z N N

N
= − .

bел,ч,…= C%леƒ…/. !=“.%д%"

const
полез eff

max

Z
Z N

N
= .

p=“C!еделе…,е ƒ=2!=2 …= C%“2% ……/е , Cе!еме…-
…/е, = C%“2% ……/. # …= C%леƒ…/е , Kе“C%леƒ…/е 
 "л е2“  Cе!"%L %“%Kе……%“2ью &д,!е*2-*%“2,…г=[. 
Š=*%е !=ƒделе…,е  3C!%?=е2 3ч‘2 , C%"/ш=е2 %Cе-
!=2,"…%“2ь C%л3че……/. д=……/. % C!,K/л,.

b2%!%L %“%Kе……%“2ью “,“2ем/ &д,!е*2-*%“-
2,…г[  "л е2“  “%"ме?е…,е C!,…ц,C%" 3C!="ле…-
че“*%г%,  -,…=…“%"%г% , C!%,ƒ"%д“2"е……%г% 3ч‘-
2=. o% “,“2еме &д,!е*2-*%“2,…г[ 3ч‘2 , %2ч‘2…%“2ь 
…= C!едC!, 2, . д%л›…/ K/2ь %!г=…,ƒ%"=…/ 2=-
*,м %K!=ƒ%м, ч2%K/ C% ",л=“ь "%ƒм%›…%“2ь !ег3-

л !…%г% *%…2!%л  2е*3?,. , “2!=2ег,че“*,. C=!=-
ме2!%" C% “.еме &ƒ=2!=2/ → %KA‘м → C!,K/ль[. 

l=!›,…=ль…/L д%.%д C!ед“2="л е2 “%K%L !=ƒ-
…%“2ь ме›д3 "/!3ч*%L %2 !е=л,ƒ=ц,, 2%"=!%", !=-
K%2, 3“л3г , Cе!еме……/м, ƒ=2!=2=м,. l=!›,…=ль-
…/L д%.%д 2=*›е C!ед“2="л е2 “%K%L “3мм3 C%“2%-
 ……/. !=“.%д%" , ч,“2%г% д%.%д=. d=……%е %K“2% -
2ель“2"% C%ƒ"%л е2 “%“2="л 2ь м…%г%“23Cе…ч=2/е 
%2ч‘2/, ч2% "=›…% дл  де2=л,ƒ=ц,, =…=л,ƒ=.

Š!е2ьеL %“%Kе……%“2ью “,“2ем/ &д,!е*2-*%“-
2,…г[  "л е2“  “%“2="ле…,е %2ч‘2= % д%.%д=. " 
!=ƒ!еƒе …е“*%ль*,. “2=д,L. Š=*, е“л, " %2ч‘2е Cе-
!еме……/е ƒ=2!=2/ !=ƒдел,2ь …= C!%,ƒ"%д“2"е…-
…/е , …еC!%,ƒ"%д“2"е……/е, 2% %2ч‘2 “2=…е2 2!‘.-
“23Cе…ч=2/м. o!, .2%м “…=ч=л= %C!едел е2“  
C!%,ƒ"%д“2"е……/L м=!›,…=ль…/L д%.%д, д=лее 
д%.%д " цел%м, д=лее ч,“2/L, д=лее ч,“2/L д,“-
*%…2,!%"=……/L.

)е2"‘!2%L %“%Kе……%“2ью “,“2ем/ &д,!е*2-*%“-
2,…г[  "л е2“  !=ƒ!=K%2*= ме2%д,*, .*%…%м,*%-
м=2ем=2,че“*%г% , г!=-,че“*%г% C!ед“2="ле…,  
, =…=л,ƒ= %2ч‘2%" дл  C!%г…%ƒ= ч,“2/. д%.%д%". 
q2!%,2“  г!=-,* ƒ=",“,м%“2, “еKе“2%,м%“2, (ƒ=-

p,“. 2. `лг%!,2м “%“2="ле…,  3!="…е…,  %K?,. ƒ=2!=2 , !=ƒделе…,  
…= C%“2% ……3ю , Cе!еме……3ю ч=“2, C% ме2%д3 "/“шеL , …,ƒшеL 2%ч*,

 (
)

( )

,
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2!=2 , д%.%д%") %2 *%л,че“2"= ед,…,ц "/C3?е…-
…%L C!%д3*ц,,. 

`…=л,2,че“*,е "%ƒм%›…%“2, “,“2ем/ &д,!е*2-
*%“2,…г[ …=,K%лее C%л…% !=“*!/"=ю2“  C!, ,“-
“лед%"=…,, “" ƒ, “еKе“2%,м%“2, “ %KA‘м%м !е=-
л,ƒ=ц,, C!%д3*ц,, , C!,K/лью.

nKA‘м !е=л,ƒ=ц,, ,л, "/!3ч*= N “" ƒ=…/ “ 
“еKе“2%,м%“2ью , C!,K/лью  “%%2…%ше…,ем 

N = Z  + R.

e“л, C!едC!, 2,е !=K%2=е2 “ C%л%›,2ель…/м 
.*%…%м,че“*,м !еƒ3ль2=2%м, 2% ƒ…=че…,е R > 0, 
е“л, “ %2!,ц=2ель…/м, 2% ƒ…=че…,е R < 0. e“л, 3 
C!едC!, 2,  …е2 …, C!,K/л,, …, 3K/2*= , "/-
!3ч*= %2 !е=л,ƒ=ц,, !="…= ƒ=2!=2=м, 2% R  =  0.

Š%ч*= Cе!е.%д= ,ƒ %д…%г% “%“2% …,  " д!3г%е 
(C!, R = 0) …=ƒ/"=е2“  *!,2,че“*%L 2%ч*%L.

`…=л,ƒ "…еш…,. , "…32!е……,. !/…*%" “K/2= 
*%…еч…%L C!%д3*ц,, C%ƒ"%л,2 3“2=…%",2ь 2!еK%-
"=…,  C%2!еK,2елеL 2е. ,л, ,…/. е‘ ",д%" * *=-
че“2"е……/м 2е.…,че“*,м, .“2е2,че“*,м , .*%…%-
м,че“*,м C%*=ƒ=2ел м. mе%K.%д,м%“2ь “K/2= 
C!%д3*ц,, ,, “лед%"=2ель…%, …ед%C3“2,м%“2ь *!,-
ƒ,“…%г% “%“2% …,  , K=…*!%2“2"=  C%2!еK3ю2 %2 
C!едC!, 2,  %!г=…,ƒ=ц,, "/C3“*= C!%д3*ц,, " 
“%%2"е2“2",, “ 2!еK%"=…, м, !/…*%" “K/2=.

p=ƒ!=K%2*= *%…“2!3*ц,, …%"/. ,ƒдел,L (,л, 
…%"/. м%делеL, "/C3“*=ем/. C!едC!, 2,ем ,ƒ-
дел,L) , ,. ,ƒг%2%"ле…,е " м=““%"%м , “е!,L…%м 
C!%,ƒ"%д“2"е C%2!еK3ю2 C!%"еде…,  *%мCле*“= 
!=K%2 C% 2=* …=ƒ/"=ем%L 2е.…,че“*%L C%дг%2%"*е 
C!%,ƒ"%д“2"= …%"/. ,ƒдел,L (…%"/. м%делеL), 
“%“2% ?еL ,ƒ *%…“2!3*2%!“*%L , 2е.…%л%г,че-
“*%L C%дг%2%"*, C!%,ƒ"%д“2"=.

Š=*,м %K!=ƒ%м, 2е.…,че“*=  C%дг%2%"*= C!%,ƒ-
"%д“2"= C!ед“2="л е2 “%K%L д%“2=2%ч…% 2!3д%‘м*,L 
C!%це““, 2!еK3ю?,L ƒ…=ч,2ель…/. -,…=…“%"/., 
м=2е!,=ль…/. , 2!3д%"/. ƒ=2!=2. h“C%л…,2ел, !=-
K%2 C% 2е.…,че“*%L C%дг%2%"*е C!%,ƒ"%д“2"= “2=л-
*,"=ю2“  …е 2%ль*% “ K%льш,м %KA‘м%м C!ед“2% -
?,. !=K%2, …% , “ %2“32“2",ем "% м…%г,. %2!=“л . 
, C!едC!, 2, . ме2%д%л%г,, %C!еделе…,  “2%,м%-
“2, , 2!3д%‘м*%“2, C%дле›=?,. "/C%л…е…,ю !=-
K%2. b !еƒ3ль2=2е %2“32“2"3ю2 ƒ=Cл=…,!%"=……/е 
“!%*, , *%%!д,…=ц,  .2=C%" "/C%л…е…,  *=* "“е-
г% %KA‘м=, 2=* , %2дель…/. ",д%" !=K%2 C% 2е.…,-
че“*%L C%дг%2%"*е C!%,ƒ"%д“2"= ,“C%л…,2ел м,.

p=ƒ!=K%2*= ме2%д%л%г,, , ме2%д,* C!%"еде…,  
!=K%2 C% 2е.…,че“*%L C%дг%2%"*е C!%,ƒ"%д“2"= 
C!,ме…,2ель…% * %“%Kе……%“2 м %2дель…/. %2!=“-
леL , C!едC!, 2,L м=ш,…%“2!%е…,   "л е2“  “=-
м%“2% 2ель…%L 2ем%L …=3ч…/. ,““лед%"=…,L , 
!=ƒ!=K%2%*.
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3. xе!еме2 `.d. lе2%д,*= -,…=…“%"%г% =…=л,ƒ=. 
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`bŠnl`Šhg`0h“ r)HŠ` p`an)ecn bpelemh qnŠprdmhjnb m` opedoph“Šhh 
oph p`qopedekHmm{u qhqŠel`u jnmŠpnk“ rop`bkemh“ dnqŠronl 

o!ед“2="ле…/ !еƒ3ль2=2/ “%ƒд=…,  ,…-%!м=ц,%……%L “,“2ем/, “C%“%K…%L *%…“%л,д,!%-
"=2ь д=……/е, C%л3че……/е %2 !=ƒл,ч…/. “,“2ем *%…2!%л  , 3C!="ле…,  д%“23C%м, !=“C%л%-
›е……/. " !=ƒл,ч…/. ƒд=…, . C!едC!, 2, , ,мею?,. ƒ=*!/23ю =!.,2е*23!3 , …еƒ=",“,м/. 
д!3г %2 д!3г=. nC,“=…% ,…-%!м=ц,%……%е %*!3›е…,е C!%г!=мм…%г% %Kе“Cече…,  , =лг%!,2м 
3ч‘2= !=K%чег% "!еме…, “%2!3д…,*%".

jлюче"/е “л%"=: 3ч‘2 !=K%чег% "!еме…,, “,“2ем/ *%…2!%л  , 3C!="ле…,ем д%“23C%м.

Results of the information system creature capable to consolidate dates received from different 
systems for access control and management are introduced. Systems are situated in the different 
enterprise buildings, have a close architecture and are independent from each other. Software 
informational surroundings and the officials working time calculation algorithm are described.

Key words: working time calculation, access control and management systems.

b"еде…,е. rч‘2 !=K%чег% "!еме…, =*23=ле… …= 
люK%м C!едC!, 2,, …еƒ=",“,м% %2 ег% !=ƒме!=. 
o%2е!,, “" ƒ=……/е “ %C%ƒд=…, м,, C!%г3л=м, 
,л, …е!=ц,%…=ль…/м, Cе!еме?е…, м, “%2!3д-
…,*%", %K/ч…% "/л,"=ю2“  " “3мм/, ƒ…=ч,2ель-
…% C!е"%“.%д ?,е 2е, *%2%!/е 2!еK3е2“  "л%›,2ь 
" 3“2=…%"*3 =CC=!=23!/, %Kе“Cеч,"=ю?еL !еше-
…,е .2%L ƒ=д=ч, [1]. nK/ч…% е‘ !еш=ю2 “,“2ем/ 
*%…2!%л  , 3C!="ле…,  д%“23C%м (qjrd), *%2%-
!/е “ег%д…  м%г32 K/2ь “м%…2,!%"=…/ …= люK%м 
C!едC!, 2,,, …еƒ=",“,м% %2 ег% !=ƒме!= , ч,“л= 
“%2!3д…,*%" [2]. j=›д=  ,ƒ …,. %“…=?е…= “%K“2-
"е……%L C%д“,“2ем%L ="2%м=2,че“*%г% 3ч‘2= !=K%-
чег% "!еме…, “%2!3д…,*%".

nд…=*%, е“л, C!едC!, 2,е ,мее2 …е“*%ль*% 
Kл,ƒ*% !=“C%л%›е……/. д!3г * д!3г3 ƒд=…,L , " *=-
›д%м ƒд=…,, 3“2=…%"ле…= “"%  “,“2ем= 3ч‘2=, 2% 
C!%це““ C%л3че…,  *%…“%л,д,!%"=……%L ,…-%!м=-
ц,, % 2!3д%"%L д,“ц,Cл,…е “%2!3д…,*%" ƒ=2!3д-
… е2“ . g=ч=“23ю C!,.%д,2“  "!3ч…3ю =…=л,ƒ,!%-
"=2ь %2ч‘2/, C%л3че……/е “ !=ƒ…/. “,“2ем *%…2!%-
л . o!, ƒ=*!/2%L =!.,2е*23!е !е=л,ƒ=ц,, C!%-
м/шле……/. “,“2ем *%…2!%л  д%“23C= люK/е ,ƒме-
…е…,  " ,. C!%г!=мм…%L л%г,*е …е"%ƒм%›…/ [3].

b !еƒ3ль2=2е "%ƒ…,*=е2 ƒ=д=ч= !=ƒ!=K%2*, ,…-
-%!м=ц,%……%L “,“2ем/ (hq), C%ƒ"%л ю?еL “,…-
.!%…,ƒ,!%"=2ь , *%…“%л,д,!%"=2ь д=……/е qjrd 
!=ƒл,ч…%L =!.,2е*23!/.

o!%Kлем/ C!, ,“C%льƒ%"=…,, !=“C!едел‘……/. 
“,“2ем *%…2!%л  , 3C!="ле…,  д%“23C%м. b “л3ч=е, 
*%гд= C!едC!, 2,е ,мее2 …е“*%ль*% ƒд=…,L , " 
*=›д%м ƒд=…,, …=.%д,2“  “%K“2"е……=  qjrd 
(!,“. 1), …еƒ=",“,м=  , …е “,….!%…,ƒ,!3ем=  “ 
д!3г,м, qjrd, C!, 3ч‘2е !=K%чег% "!еме…, “%-
2!3д…,*%" "%ƒ…,*=ю2 C!%Kлем/ ,ƒ-ƒ= %2“32“2",  

*%…“%л,д,!%"=……%L %2ч‘2…%“2, C% …е“*%ль*,м 
ƒд=…, м; "%ƒм%›…%“2, 3*=ƒ=…,  “%K/2,L; “,…-
.!%…,ƒ=ц,, ме›д3 “е!"е!=м, qjrd.

n2“32“2",е *%…“%л,д,!%"=……%L %2ч‘2…%“2, C% 
…е“*%ль*,м ƒд=…, м %ƒ…=ч=е2 “лед3ю?ее. p=K%2…,-
*, %2дел= *=д!%" *=›д/L ме“ ц C%л3ч=ю2 K3м=›-
…/е %2ч‘2/ C% *=›д%м3 ƒд=…,ю , "!3ч…3ю “%%2…%-
“ 2 "“е ".%д/ , "/.%д/ “%2!3д…,*%" ,ƒ ƒд=…,L.

n2“32“2",е "%ƒм%›…%“2, 3*=ƒ=…,  “%K/2,L %ƒ-
…=ч=е2, ч2% е“л, “%2!3д…,* K/л " %2C3“*е ,л, " 
*%м=…д,!%"*е, 2% .2= ,…-%!м=ц,  …е %2%K!=-
›=е2“  " %2ч‘2=. qjrd. q%2!3д…,*=м %2дел= *=д-
!%" …е%K.%д,м% %д…%"!еме……% “!="…,"=2ь е?‘ 
%д,… %2ч‘2 “ д"3м  C!ед/д3?,м,.

n2“32“2",е “,….!%…,ƒ=ц,, ме›д3 “е!"е!=м, 
qjrd г%"%!,2 % 2%м, ч2% C!, …%"%L м=г…,2…%L 
*=!2е (C!,… 2,е …%"%г% “%2!3д…,*= ,л, ƒ=ме…/ 
ег% м=г…,2…%L *=!2/) …е%K.%д,м% "…%“,2ь ,ƒме-
…е…,  " K=ƒ3 д=……/. *=›д%L qjrd.

p=ƒ!=K%2*= ,…-%!м=ц,%……%L “,“2ем/. nд…,м 
,ƒ !еше…,L  "л е2“  !=ƒ!=K%2*= “%K“2"е……%L 
hq, C%ƒ"%л ю?=  “%K,!=2ь д=……/е “ *=›д%г% 
“е!"е!= qjrd, C!%"%д,2ь “,….!%…,ƒ=ц,ю , C!ед-
“2="л 2ь *%…“%л,д,!%"=……/L %2ч‘2 % "!еме…, 
…=.%›де…,  “%2!3д…,*%" …= C!едC!, 2,,, …еƒ=-
",“,м% %2 2%г%, " *=*%м ƒд=…,, %…, …=.%д 2“ .

o!, !=ƒ!=K%2*е C!%г!=мм…%г% %Kе“Cече…,  
K/л, !еше…/ “лед3ю?,е ƒ=д=ч,:

C!%=…=л,ƒ,!%"=…= =!.,2е*23!= “3?е“2"3ю?,. 
qjrd;

…= %“…%"е C!%"ед‘……%г% =…=л,ƒ= !=ƒ!=K%2=…= 
=!.,2е*23!= “%K“2"е……%L hq;

C!%"еде…= !=ƒ!=K%2*= =лг%!,2м%" , C!%г!=мм-
…%г% %Kе“Cече…, ;

C!%"еде…% 2е“2,!%"=…,е hq.
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p,“. 1. p=“C!едел‘……=  “,“2ем= *%…2!%л  , 3C!="ле…,  д%“23C%м

m= !,“. 2 C!ед“2="ле…= “.ем= !=“C!едел‘……%L 
“,“2ем/ *%…2!%л  , 3C!="ле…,  д%“23C%м C%“ле 
!=ƒ!=K%2*, hq.

dл  “K%!= д=……/. “ !=ƒл,ч…/. “е!"е!%" qjrd 
K/л, !=ƒ!=K%2=…/ &*%……е*2%!/[ # “Cец,=л,ƒ,-
!%"=……/е C!%г!=мм…/е м%д3л,,  "л ю?,е“  
3…,"е!“=ль…/м шлюƒ%м *=›д%L qjrd.

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

h…-%!м=ц,%……%е %*!3›е…,е !=ƒ!=K%2=……%L hq 
“%“2%,2 ,ƒ !ел ц,%……%L K=ƒ/ д=……/., “%де!›=-
?еL д=……/е % "!еме…, C!,.%д= , 3.%д= Cе!“%…=-
л=, ,…-%!м=ц,ю % C!,ч,…=. , "!еме…, %2“32“2-
",  !=K%2…,*=, ,…-%!м=ц,ю % C!=ƒд…,*=., “%*!=-
?‘……/. !=K%ч,. д… . , 2. д. k%г,че“*=  “2!3*-
23!= C!ед“2="ле…= …= !,“. 3.

Š=Kл,ц= &o%“е2,2ель[ “%де!›,2 ,…-%!м=ц,ю 
% …%ме!е *=!2/-ч,C= (*=!2=, *%2%!=  C!,*л=д/-
"=е2“  * “ч,2/"=2елю 23!…,*е2= C!, ".%де …= 
C!едC!, 2,е , C!, "/.%де ,ƒ …ег%), thn “%2!3д-

…,*=, ,…-%!м=ц,ю % !=K%чем г!=-,*е , %Kеде…-
…%м Cе!е!/"е.

b 2=Kл,це &dеL“2",е[ …=.%д,2“  ,…-%!м=ц,  % 
"!еме…, ".%д= , "/.%д= “%2!3д…,*=, = 2=*›е % 
ме“2е ".%д= ,л, "/.%д= (C!едC!, 2,е м%›е2 
,ме2ь …е“*%ль*% ƒд=…,L). b=!,=…2 “%де!›=…,  
2=Kл,ц/ &dеL“2",е[ C!ед“2="ле… …= !,“. 4.

b 2=Kл,це &n2“32“2",е[ “%де!›,2“  ,…-%!м=-
ц,  %K% "“е. %2“32“2", . “%2!3д…,*= …= !=K%чем 
ме“2е. Š=*,м, %2“32“2", м, м%г32 K/2ь: “л3›еK-
…=  *%м=…д,!%"*=, л,“2%* …е2!3д%“C%“%K…%“2,, 
C!%г3л, %2C3“* , C!.

h…-%!м=ц,  % д=2=. C!=ƒд…,*%" …=.%д,2“  " 
2=Kл,це &o!=ƒд…,*[.

o!, !е=л,ƒ=ц,, =лг%!,2м= 3ч,2/"=л,“ь “ле-
д3ю?,е …%!м=2,"…%-C!="%"/е =“Cе*2/:

!=K%ч,м “ч,2=е2“  "!ем  ме›д3 …=ч=л%м , 
*%…ц%м !=K%чег% д…  (…=C!,ме!, …=ч=л% " 9.00 ч, 
*%…ец " 18.00 ч);

"!ем  …=.%›де…,  !=K%2…,*= …= 2е!!,2%!,, 
C!едC!, 2,  "…е !=K%чег% г!=-,*= “ч,2=е2“  *=* 

p,“. 2. 0е…2!=л,ƒ%"=……=  “,“2ем= *%…2!%л  , 3C!="ле…,  д%“23C%м

Консолидированный отчёт
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p,“. 3. k%г,че“*=  “2!3*23!= K=ƒ/ д=……/.

Cе!е!=K%2*= , …е 3ч,2/"=е2“  " %K?ем !=K%чем 
"!еме…,;

%Kеде……/L Cе!е!/" …е ".%д,2 " !=K%чее "!ем , 
%д…=*% е“л, “%2!3д…,* …е "/.%д,л “ C!едC!, 2,  
" 2ече…,е "“ег% %Kеде……%г% Cе!е!/"=, 2% .2% 3ч,-
2/"=е2“  " Cе!е!=K%2*е %C!едел‘……/м *%л,че“2-
"%м "!еме…,.

pе=л,ƒ=ц,  =лг%!,2м=. rч‘2 !=K%чег% "!еме…, 
“%2!3д…,*%" …= C!едC!, 2,, “"%д,2“  * ƒ=д=че 
C%д“ч‘2= "!еме…,, " 2ече…,е *%2%!%г% %… …=.%-
д,л“  …= 2е!!,2%!,, C!едC!, 2, . o!, C%д“ч‘2е 
…е%K.%д,м% 3ч,2/"=2ь 2=*,е =“Cе*2/ 2!3д%"%L 
д,“ц,Cл,…/ *=* %Kеде……/L Cе!е!/", Cе!е!=K%2-
*= , %C%ƒд=…, .

o!ед“2=",м !=K%ч,L де…ь “%2!3д…,*= “лед3ю-
?еL “.ем%L (!,“. 5).

mе%K.%д,м% C!%,ƒ"е“2, C%д“ч‘2 "!еме…, 
…=.%›де…,  “%2!3д…,*= д% %Kеде……%г% Cе!е-
!/"= , C%“ле, 2. е. C%д“ч‘2 "!еме…, …= %2!еƒ-
*=. AB , CD.

o%д“ч‘2 "!еме…, …= %2!еƒ*е AB:
…=.%д,м "!ем  C%“лед…ег% ".%д= C!, 3“л%",, 

t ≤ B;
…=.%д,м "!ем  C%“лед…ег% "/.%д= C!, 3“л%",, 

t ≤ B;
е“л, "!ем  "/.%д= K%льше "!еме…, ".%д=, 2% ƒ= 

"!еме……3ю ме2*3 (t ′) C!,…,м=ем "!ем  "/.%д=, 
,…=че "/K,!=ем Cе!"/L "/.%д C!, 3“л%",, t > B;

!=““ч,2/"=ем “3мм/ ".%д%" , "/.%д%" C!, 3“-
л%",, t ≤ t ′;

!=““ч,2/"=ем !=ƒ…,ц3 ме›д3 “3мм=м, "/.%д%" 
, ".%д%" (tAB).

ŠеCе!ь …е%K.%д,м% 3че“2ь “лед3ю?ее:
Cе!"/L ".%д м%г K/2ь %“3?е“2"л‘… л,K% !=…ь-

ше м%ме…2= "!еме…, A, л,K% C%ƒ›е;
C%“лед…,L "/.%д м%г K/2ь %“3?е“2"л‘… 2=*›е 

л,K% !=…ьше, л,K% C%ƒ›е м%ме…2= "!еме…, B.
dл  3ч‘2= м%ме…2= "!еме…, A …е%K.%д,м% …=L-

2, "!ем  Cе!"%г% ".%д= , !=““ч,2=2ь !=ƒ…,ц3 ме-
›д3 .2,м "!еме…ем , "!еме…ем A. e“л, !=ƒ…,ц= 
C%л%›,2ель…= (Cе!"/L ".%д K/л !=…ьше A), 2% 
"/ч,2=ем ,ƒ tAB .23 !=ƒ…,ц3.
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p,“. 4. t!=гме…2 “%де!›=…,  2=Kл,ц/ &dеL“2",е[

p,“. 5. q.ем= !=K%чег% д… :

 A # …=ч=л% !=K%чег% д… ; D # %*%…ч=…,е !=K%чег% д… ; B # …=ч=л% %Kеде……%г% Cе!е!/"=; 
C # %*%…ч=…,е %Kеде……%г% Cе!е!/"=

A B C D

t

dл  3ч‘2= м%ме…2= "!еме…, B …е%K.%д,м% !=“-
“ч,2=2ь !=ƒ…,ц3 ме›д3 "!еме…ем B , "ел,ч,…%L t ′. 
b “л3ч=е %2!,ц=2ель…%г% ƒ…=че…,  C!,K="л ем * 
tAB .23 !=ƒ…,ц3.

o%д“ч‘2 "!еме…, …= %2!еƒ*е CD :
…=.%д,м "!ем  Cе!"%г% ".%д= C!, 3“л%",, t ≥ C;
…=.%д,м "!ем  Cе!"%г% "/.%д= C!, 3“л%",, t ≥ C;
е“л, "!ем  "/.%д= K%льше "!еме…, ".%д=, 2% ƒ= 

Cе!"3ю "!еме……3ю ме2*3 ( 1t′) C!,…,м=ем "!ем  
".%д=, ,…=че "/K,!=ем C%“лед…,L ".%д C!, 3“л%-
",, t < C;

…=.%д,м "!ем  Cе!"%г% "/.%д= C!, 3“л%",, 

1tt ′≥  , t ≥ D ( 2t′);
е“л, 2=*%г% "!еме…, …е …=Lде…%, 2% " *=че“2"е 

"2%!%L ме2*, "/K,!=ем C%“лед…,L "/.%д C!, 3“-
л%",, 1tt ′≥  , t ≤ D ( 2t′ );
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!=““ч,2/"=ем “3мм/ "“е. ".%д%" , "“е. "/.%-
д%" C!, 3“л%",, 1tt ′≥  , 2tt ′≤ ;

!=““ч,2/"=ем !=ƒ…,ц3 ме›д3 “3мм=м, "/.%д%" 
, ".%д%" (tCD).

j=* , дл  %2!еƒ*= AB …е%K.%д,м% 3че“2ь “ле-
д3ю?ее:

Cе!"/L ".%д м%г K/2ь %“3?е“2"л‘… л,K% !=…ь-
ше м%ме…2= "!еме…, C, л,K% C%ƒ›е;

C%“лед…,L "/.%д м%г K/2ь %“3?е“2"л‘… 2=*›е 
л,K% !=…ьше, л,K% C%ƒ›е м%ме…2= "!еме…, D.

dл  3ч‘2= м%ме…2= "!еме…, C …е%K.%д,м% !=“-
“ч,2=2ь !=ƒ…%“2ь ме›д3 "!еме…ем C , "ел,ч,…%L 

1t′. e“л, %…= C%л%›,2ель…=, 2% "/ч,2=ем ,ƒ tCD 
.23 !=ƒ…%“2ь.

dл  3ч‘2= м%ме…2= "!еме…, D …е%K.%д,м% …=L-
2, "!ем  Cе!"%г% "/.%д= C!, 3“л%",, t ≥ D. e“л, 
2=*%г% "!еме…, …е …=Lде…%, 2% …е%K.%д,м% "/-
K!=2ь C%“лед…,L "/.%д C!, 3“л%",, t ≤ D. o%“ле 
.2%г% !=““ч,2/"=ем !=ƒ…%“2ь ме›д3 .2,м "!еме-
…ем , "!еме…ем D. b “л3ч=е %2!,ц=2ель…%г% ƒ…=-
че…,  C!,K="л ем * tCD .23 !=ƒ…%“2ь.

Š=*,м %K!=ƒ%м, "!ем  …=.%›де…,  !=K%2…,*= 
…= C!едC!, 2,, " 2ече…,е !=K%чег% д…  !=““ч,-
2/"=е2“  *=* tAB + tCD.

p=“ч‘2 Cе!е!=K%2*, “%2!3д…,*= дел,2“  …= 2!, 
.2=C=:
д% м%ме…2= "!еме…, A;
…= C!%ме›32*е BC;
C%“ле м%ме…2= "!еме…, D.
oе!е!=K%2*= д% "!еме…, A:
…=.%д,м "!ем  Cе!"%г% "/.%д= C!, 3“л%",, 

t ≥ A ( Ot′ );
е“л, 2=*%г% "!еме…, …е …=Lде…%, 2% …=.%д,м 

C%“лед…,L "/.%д C!, 3“л%",, t ≤ A ( Ot′ );
!=““ч,2/"=ем “3мм/ "“е. ".%д%" , "“е. "/.%-

д%" C!, 3“л%",, Ot t′≤ ;
!=““ч,2/"=ем !=ƒ…%“2ь ме›д3 “3мм=м, "/.%-

д%" , ".%д%" (tO1);
3ч,2/"= , ч2% Cе!"/L ".%д м%г K/2ь %“3?е“2"-

л‘… л,K% !=…ьше, л,K% C%ƒ›е "!еме…, A, …е%K.%-
д,м% !=““ч,2=2ь !=ƒ…%“2ь ме›д3 "!еме…ем A , 
"ел,ч,…%L Ot′ . b “л3ч=е %2!,ц=2ель…%г% ƒ…=че…,  
C!,K="л ем е‘ * tO1.

oе!е!=K%2*= …= C!%ме›32*е BC:
…=.%д,м "!ем  C%“лед…ег% ".%д= C!, 3“л%",, 

t ≤ B ( 1t′);
…=.%д,м "!ем  Cе!"%г% "/.%д= C!, 3“л%",, 

1tt ′>  ( 2t′ );
C!, 3“л%",, Ct ≥′2 д%K="л ем * tO2 2!еK3ем%е 

"!ем .
oе!е!=K%2*= C%“ле м%ме…2= "!еме…, D:
…=.%д,м "!ем  C%“лед…ег% ".%д= C!, 3“л%",, 

t ≤ D ( Ot′ );
е“л, 2=*%г% "!еме…, …е2, 2% …=.%д,м Cе!"/L 

".%д C!, 3“л%",, t ≥ D ( Ot′ );
!=““ч,2/"=ем “3мм/ "“е. ".%д%" , "“е. "/.%-

д%" C!, 3“л%",, Ot t′≥ ;

!=““ч,2/"=ем !=ƒ…%“2ь ме›д3 “3мм=м, "/.%-
д%" , ".%д%" (tO3);

3ч,2/"= , ч2% Cе!"/L ".%д м%г K/2ь %“3?е“2"-
л‘… л,K% !=…ьше, л,K% C%ƒ›е "!еме…, D, …е%K.%-
д,м% !=““ч,2=2ь !=ƒ…%“2ь ме›д3 "!еме…ем D , 
"ел,ч,…%L Ot′ . e“л, %…= C%л%›,2ель…=, 2% "/ч,-
2=ем е‘ ,ƒ tO3.

b!ем  Cе!е!=K%2*, !=K%2…,*= " 2ече…,е !=K%-
чег% д…  !=““ч,2/"=е2“  *=* tO1+ tO2+ tO3.

b/дел,м “лед3ю?,е ",д/ %C%ƒд=…,L:
%C%ƒд=…,е * …=ч=л3 !=K%чег% д… ;
!=……,L 3.%д …= %Kеде……/L Cе!е!/";
%C%ƒд=…,е * *%…ц3 %Kеде……%г% Cе!е!/"=;
!=……,L 3.%д “ C!едC!, 2, .
dл  %C!еделе…,  %C%ƒд=…,  * …=ч=л3 !=K%чег% 

д…  …е%K.%д,м%:
…=L2, "!ем  C%“лед…ег% ".%д= C!, 3“л%",, 

t ≤ A  ( 1dt′ );
е“л, 2=*%г% "!еме…, …е K/л% …=Lде…%, 2% %C%-

ƒд=…,е K/л%, ,…=че …=.%д,м "!ем  Cе!"%г% "/.%-
д= C!, 3“л%",, 1dtt ′>  ( 2dt′ );
е“л, Atd <′ 2 , 2% %C%ƒд=…,е K/л%.
dл  %C!еделе…,  !=……ег% 3.%д= …= %Kеде……/L 

Cе!е!/" …е%K.%д,м%:
…=L2, "!ем  C%“лед…ег% ".%д= C!, 3“л%",, 

t ≤ B  ( 1dt′ );
е“л, 2=*%г% "!еме…, …е K/л% …=Lде…%, 2% %C%-

ƒд=…,е K/л%, ,…=че …=.%д,м "!ем  Cе!"%г% "/.%-
д= C!, 3“л%",, 1dtt ′>  ( 2dt′ );
е“л, Btd <′ 2 , 2% %C%ƒд=…,е K/л%.
nC!еделе…,е %C%ƒд=…,  * *%…ц3 %Kеде……%г% 

Cе!е!/"= C!%,“.%д,2 “лед3ю?,м %K!=ƒ%м:
…=.%д,м "!ем  C%“лед…ег% ".%д= C!, 3“л%",, 

t ≤ C ( 1dt′ );
е“л, 2=*%г% "!еме…, …е K/л% …=Lде…%, 2% %C%-

ƒд=…,е K/л%, ,…=че …=.%д,м "!ем  Cе!"%г% "/.%-
д= C!, 3“л%",, 1dtt ′>  ( 2dt′ );
е“л, Ctd <′ 2 , 2% %C%ƒд=…,е K/л%.
dл  !=“ч‘2= !=……ег% 3.%д= д% *%…ц= !=K%чег% 

д…  …е%K.%д,м%:
…=L2, "!ем  C%“лед…ег% ".%д= C!, 3“л%",, 

t ≤ D  ( 1dt′ );
е“л, 2=*%г% "!еме…, …е K/л% …=Lде…%, 2% %C%-

ƒд=…,е K/л%, ,…=че …=.%д,м "!ем  Cе!"%г% "/.%-
д= C!, 3“л%",, 1dtt ′>  ( 2dt′ );
е“л, Dtd <′ 2 , 2% %C%ƒд=…,е K/л%.
b !еƒ3ль2=2е C!%,ƒ"ед‘… C%д“ч‘2 !=K%чег% "!е-

ме…,, "!еме…, Cе!е!=K%2*, , …=л,ч,  !=ƒ…/. 
"=!,=…2%" %C%ƒд=…,L “%2!3д…,*=.

g=*люче…,е. dл  !еше…,  C!%Kлем/ 3ч‘2= !=K%-
чег% "!еме…, “%2!3д…,*%" C!едC!, 2,  " 3“л%", . 
!=“C!едел‘……%L “,“2ем/ *%…2!%л  , 3C!="ле…,  
д%“23C%м K/л= !=ƒ!=K%2=…= “%K“2"е……=  hq, C%-
ƒ"%л ю?=  “%K,!=2ь д=……/е “ *=›д%г% “е!"е!= 
qjrd, C!%"%д,2ь “,….!%…,ƒ=ц,ю , C!ед“2="л 2ь 
*%…“%л,д,!%"=……/L %2ч‘2 % "!еме…, …=.%›де…,  
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“%2!3д…,*%" …= C!едC!, 2,,, …еƒ=",“,м% %2 ме“2= 
,. …=.%›де…,  …= 2е!!,2%!,, C!едC!, 2, .

n2л,ч,2ель…/е .=!=*2е!,“2,*, hq:
“%“2="ле…,е %2ч‘2…%“2, C% "“ем ƒд=…, м C!ед-

C!, 2,  " !е›,ме !е=ль…%г% "!еме…, (Cе!,%д 
“,….!%…,ƒ=ц,, # 15 м,…);

"%ƒм%›…%“2ь 3*=ƒ/"=2ь люK/е Cе!,%д/ “%K/-
2,L …= “%2!3д…,*= (!е›,м !=K%2/, C!,ч,…/ C!%-
C3“*= , C!.);

="2%м=2,че“*=  3C!="л ем=  “,….!%…,ƒ=ц,  
ме›д3 “е!"е!=м, qjrd;
д%“23C * hq “ люK%г% !=K%чег% ме“2= (C!, …=-

л,ч,, “%%2"е2“2"3ю?,. C!,",лег,L).
o%“ле "…ед!е…,  hq K/л C%л3че… “лед3ю?,L 

.--е*2:
“%*!=?е…% "!ем  =…=л,ƒ= д=……/. 3ч‘2= !=K%-

чег% "!еме…, “%2!3д…,*%";
…=Lде…/ д3Kл,!3ю?,е м=г…,2…/е *=!2/, %Kеƒ-

л,че……/е м=г…,2…/е *=!2/ , &Cе!еC32=……/е[ 
м=г…,2…/е *=!2/;

,“C!="ле…= =!.,"…=  “2=2,“2,*= C!, “ме…е 
*=!2/.

b д=ль…еLшем Cл=…,!3е2“  !=ƒ!=K%2*= C!%г!=м-
м…%г% м%д3л  “,“2ем/ дл  %KAед,…е…,  д=……/., 

C%л3че……/. %2 23!…,*е2%" (qjrd), “ д=……/м, 
“,“2ем/ 3C!="ле…,  K,ƒ…е“-C!%це““=м, Microsoft 
Project. d=……=  “,“2ем= C%ƒ"%л,2 “%ƒд="=2ь %2ч‘2-
…%“2ь C% “%%2"е2“2",ю -=*2,че“*,. 2!3д%ƒ=2!=2 " 
“,“2еме Microsoft Project , -=*2,че“*%м3 C!еK/"=-
…,ю “%2!3д…,*= …= !=K%чем ме“2е “%гл=“…% д=…-
…/м “,“2ем *%…2!%л  , 3C!="ле…,  д%“23C%м. b 
“"%ю %че!едь .2% C%ƒ"%л,2 ="2%м=2,ƒ,!%"=2ь =…=-
л,ƒ 2!3д%ƒ=2!=2 C!едC!, 2,  C% "“ем C%д!=ƒделе-
…, м , C%"/“,2ь C!%,ƒ"%д,2ель…%“2ь 2!3д=.

a,Kл,%г!=-,че“*,е ““/л*,

1. Gutierrez Vela F.L., Isla Montes J.L., Paderewski 
Rodriguez P. et al. An architecture for access control mana-
gement in collaborative enterprise systems based on orga-
nization models // Science of Computer Programming, 
2007. V. 66, I. 1. P. 44#59

2. Chen T.-Y., Chen Y.-M., Chu H.-C. et al. Deve-
lopment of an access control model, system architecture 
and approaches for resource sharing in virtual enterprise // 
Computers in Industry, 2007. V. 58, I. 1.  P. 57#73.

3. Ward P., Smith C.L. The Development of Access 
Control Policies for Information Technology Systems // 
Computers & Security, 2002. V. 21, I. 4. P. 356#371.
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m=ƒ"=…/ C%Kед,2ел, *%…*3!“= &o!ем,  ,……%"=ц,L 
&q*%л*%"%[ C!, C%дде!›*е Cisco I-PRIZE[

nKA "ле……/L 22 …% K!  2010 г. *%…*3!“ …= “%,“*=…,е 
C!ем,, ,……%"=ц,L &q*%л*%"%[ C!, C%дде!›*е *%мC=…,, 
Cisco I-PRIZE ƒ="е!ш,л“  C%лг%д= “C3“2  # 16 м= . 
b .2%2 де…ь " l%“*%"“*%м ме›д3…=!%д…%м дел%"%м це…2!е 
&l%“*"=-“,2,[ ше“2ь -,…=л,“2%" C!%.%д,"шег% " 2!, 
.2=C= м=!=-%…= C% %че!ед, C!ед“2=",л, “"%, C!%е*2/ , 
%2"е2,л, …= "%C!%“/ чле…%" “3деL“*%L *%ллег,,, " “%“2=" 
*%2%!%L "%шл,: ге…е!=ль…/L д,!е*2%! nnn &q,“*% 
q,“2ем“[ o="ел aе2“,“, ,“C%л…,2ель…/L д,!е*2%! 
jл=“2е!= ,…-%!м=ц,%……/. 2е.…%л%г,L h……%"=ц,%……%г% 
це…2!= &q*%л*%"%[ `ле*“=…д! Š3!*%2, ƒ=ме“2,2ель !3*%-
"%д,2ел  tеде!=ль…%г% =ге…2“2"= C% дел=м м%л%де›, 
`ле*“=…д! o%"=л*%, %“…%"=2ель , 3C!="л ю?,L C=!2…е! 
*%мC=…,, Almaz Capital Partners `ле*“=…д! c=л,ц*,L, 
,“C%л…,2ель…/L “е*!е2=!ь p%““,L“*%L =““%ц,=ц,, 
2елемед,ц,…/ b=ле!,L q2%л !, ге…е!=ль…/L д,!е*2%! 
*%мC=…,, Alawar Entertainment `ле*“=…д! k/“*%"“*,L, 
ге…е!=ль…/L д,!е*2%! g`n &m=3ч…/L C=!* lcr[ nлег 
l%"“е“ …, ге…е!=ль…/L д,!е*2%! !еL2,…г%"%г% =ге…2“2"= 
&}*“Cе!2 p`[ dм,2!,L c!,ш=…*%". 

o%“ле %*%…ч=…,  C!еƒе…2=ц,L C!%е*2%" чле…/ ›ю!, 
3д=л,л,“ь …= “%"е?=…,е, ч2%K/ %Kме… 2ь“  “"%,м, 
%це…*=м, *=›д%L ,ƒ ше“2, C!ед“2="ле……/. …= ,. “3д 
,деL , C!,L2, * %K?ем3 м…е…,ю % C%Kед,2ел . *%…*3!“=. 
q"%L "е!д,*2 %…, %гл=“,л,, *%гд= ƒ=*=…ч,"=л“  C 2/L 
ч=“ -,…=ль…%г% “%!е"…%"=…, . 

o%Kед,2елем *%…*3!“= &o!ем,  ,……%"=ц,L &q*%л-
*%"%[ C!, C%дде!›*е Cisco I-PRIZE[ “2=л= м%“*%"“*=  
*%м=…д= C%д !3*%"%д“2"%м e"ге…,  qме2=…,…= (3ч!е-
д,2ель , ге…е!=ль…/L д,!е*2%! nnn &`iŠ}l l3ль2,-
мед,=[, …= “…,м*е # “C!="=). h. C!%е*2 &q2!=2ег, -
…=-*%"!е[ !=““ч,2=… …= 2%, ч2%K/ Cе!е…%“,2ь *%м-
Cью2е!…/е ,г!/ " !е=ль…/L м,!. o!ем,=ль…/е (2!, мл…. 
!3KлеL) 2!,3м-=2%!/ *%…*3!“= …=ме!е…/ ,ƒ!=“.%д%"=2ь 
…= “%ƒд=…,е C!%2%2,C= !%K%2=, *%2%!/L м%›…% K3де2 
C%*=ƒ/"=2ь ,…"е“2%!=м. p%›де…,  ›е Cе!"%L ,г!3ш*,, C% 
,. C!%г…%ƒ=м, “лед3е2 %›,д=2ь че!еƒ де" 2ь ме“ це".

b2%!%е ме“2% , …=г!=д3 " C%л2%!= мл…. !3KлеL 
ƒ="%е"=л= е?‘ %д…= м%“*%"“*=  *%м=…д= # &m%",л=K[ 
"% гл="е “ dм,2!,ем l,.=Lл%"/м (…= “…,м*е # “ле"=) 
, l,.=,л%м t!%,м“%…%м. dм,2!,L # *=…д,д=2 
2е.…,че“*,. …=3*, д%це…2 *=-ед!/ &j%мCью2е!…/е 
“,“2ем/ , 2е.…%л%г,,[ m=ц,%…=ль…%г% ,““лед%"=2ель“*%г% 
 де!…%г% 3…,"е!“,2е2= &lhth[, l,.=,л # “23де…2 
5-г% *3!“= 2%г% ›е "3ƒ=. h. *%м=…д= C!ед“2=",л= …= 
*%…*3!“ C!%е*2 C%д …=ƒ"=…,ем &o!%г!=мм…%е “!ед“2"% 
Kе“*%…2=*2…%г% 3C!="ле…,  2е.…,*%L “ ,“C%льƒ%"=…,ем 
ƒ!=ч*%" чел%"е*= &n*%[. &m= “ег%д…  …=,K%лее 
!=“C!%“2!=…е……/м “C%“%K%м "ƒ=,м%деL“2",  чел%"е*= 
“ *%мCью2е!%м  "л е2“  &м/ш*=[, …=ш= ›е !=ƒ!=K%2*= 
д=е2 "%ƒм%›…%“2ь 3C!="л 2ь *%мCью2е!%м …= %“…%"е 
%C!еделе…,  …=C!="ле…,  "ƒгл д=[, # C% “…,л, “"%L 
ƒ=м/“ел ="2%!/ .2%L ,де,.

nд,… ,ƒ л3чш,. !%““,L“*,. "3ƒ%" # lhth д=л е?‘ 
%д…%г% C!,ƒе!= *%…*3!“=. `“C,!=…2*= .2%г% 3…,"е!“,2е2= 
l=!2= eг%!%"= (…= “…,м*е # " це…2!е) 3д%“2%,л=“ь 
2!е2ьег% ме“2= , C!ем,, " 750 2/“. !3KлеL ƒ= “"%L C!%е*2 
&h…2елле*23=ль…%е *%…"е!2,!%"=…,е -%2%*%лле*ц,, 
" =льK%м[. n“е…,"ш=  l=!23 ,де  Kл,ƒ*= , C%… 2…= 
люK%м3, *2% 3"ле*=е2“  -%2%г!=-,!%"=…,ем. o% е‘ 
“л%"=м, люд, дел=ю2 м=““3 “…,м*%", *%2%!/е ч=“2% 
ле›=2 ме!2"/м г!3ƒ%м, ,K% %2K%! , -%!м=2,!%"=…,е 
,ƒ%K!=›е…,L 2!еK3е2 3Lм/ "!еме…,. `“C,!=…2*= ›е 
lhth C!,д3м=л= ,…2елле*23=ль…3ю “,“2ем3 %2K%!= 
-%2%г!=-,L ,ƒ …е“2!3*23!,!%"=……/. -%2%*%лле*ц,L , 
C%“лед3ю?ег% -%!м=2,!%"=…,  2=*,. “…,м*%" " ",де 
-%2%*…,г, ,л, web-=льK%м=. }2= ,де  …=шл= C!,ƒ…=…,е 
…е 2%ль*% 3 ",д…/. “Cец,=л,“2%", “%“2=","ш,. ›ю!, 
*%…*3!“=, …% , 3 д"3.“%2 “ л,ш…,м г%“2еL, C!,шедш,. 
…= це!ем%…,ю …=г!=›де…,  , " “"%‘м K%льш,…“2"е 
C!%г%л%“%"="ш,. ƒ= 2%, ч2%K/ %2ме2,2ь l=!23 eг%!%"3 
е?‘ , C!,ƒ%м ƒ!,2ель“*,. “,мC=2,L.

j%…*3!“ &o!ем,  ,……%"=ц,L &q*%л*%"%[ C!, C%д-
де!›*е Cisco I-PRIZE[ K/л %!г=…,ƒ%"=… *%мC=…,еL 
Cisco "% ,“C%л…е…,е %K ƒ=2ель“2", "ƒ 2/. гл="%L *%м-
C=…,, d›%…%м )емKе!“%м (John Chambers) …= "“2!ече 
“ o!еƒ,де…2%м pt dм,2!,ем lед"еде"/м " ,ю…е 
C!%шл%г% г%д=. Š%гд= !3*%"%д“2"% Cisco %KA ",л% д%л-
г%“!%ч…3ю C!%г!=мм3 C%дде!›*, !%““,L“*%L C!%г!=мм/ 
2е.…%л%г,че“*,. ,……%"=ц,L. b ч=“2…%“2,, *%мC=…,  
"/!=ƒ,л= г%2%"…%“2ь %!г=…,ƒ%"=2ь дл  !%““,L“*,. 
C!едC!,…,м=2елеL 2"%!че“*%е “%!е"…%"=…,е C% %K!=ƒц3 
“"%ег% ме›д3…=!%д…%г% *%…*3!“= Cisco I-PRIZE Š%гд= 
›е d›. )емKе!“ , гл="= t%…д= &q*%л*%"%[ b,*2%! 
bе*“ельKе!г C%дC,“=л, мем%!=…д3м % "ƒ=,м%C%…,м=…,,, 
C%дче!*…3"ш,L 2"е!д3ю C!,"е!›е……%“2ь *%мC=…,, Cisco 
C!%е*23 &q*%л*%"%[ , “%ƒд=ю?,L %“…%"3 “%2!3д…,че“2"= 
Cisco “ !%““,L“*,м, C!=",2ель“2"%м , K,ƒ…е“%м.

j%…*3!“ &o!ем,  ,……%"=ц,L &q*%л*%"%[ C!, 
C%дде!›*е Cisco I-PRIZE[ K/л %KA "ле… 22 …% K!  
2010 г. , "/ƒ"=л %г!%м…/L ,…2е!е“: 2!, ме“ ц= “C3“2  
%!г=…,ƒ=2%!/ C!,… л, * !=““м%2!е…,ю 2318 ,деL, 
C%“23C,"ш,. %2 де“ 2, “ л,ш…,м 2/“ ч ›,2елеL , 
“%2е… …=“еле……/. C3…*2%" p%““,L“*%L tеде!=ц,,.



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2011. 1 748

nagnp oephndh)eqjni oe)`Šh

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

…,L C!, д"3. %C2,че“*,. "%ƒд3ш…/. м=““=.. o!, 
.2%м 3д=‘2“  3“2!=…,2ь "л, …,е …е%C!едел‘……%-
“2, ƒ…=че…,  *%.--,ц,е…2= м32…%“2, k,…*е …= 
!еƒ3ль2=2 ,ƒме!е…,L. 

j%…2=*2…/е де-%!м=ц,, “%ед,…е…,  "=л $ "23л-
*= C%д деL“2",ем !=д,=ль…%L “,л/ , %C!%*,д/-
"=ю?ег% м%ме…2=. bе“2…,* м=ш,…%“2!%е…, . 2010. 
1 12.

dл  “%ед,…е…,L "=л # "23л*= “ ƒ=ƒ%!%м , …=2 -
г%м " C!едC%л%›е…,, =K“%лю2…%L ›‘“2*%“2, “%-
C! г=ем/. де2=леL , C%д=2л,"%“2, *%…2=*2…%г% 
“л%  C%л3че…/ ƒ=",“,м%“2, “Kл,›е…,  %2 !=д,-
=ль…%L “,л/ , 3гл= C%"%!%2= %2 %C!%*,д/"=юше-
г% м%ме…2=. q%C%“2="ле…/ !еƒ3ль2=2/ !=“ч‘2= , 
.*“Cе!,ме…2= дл  “%ед,…е…,  “ ƒ=ƒ%!%м, …=г!3-
›е……%г% !=д,=ль…%L “,л%L. 
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