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p=““м%2!е…/ ="2%м=2,че“*,е “,“2ем/ 3“C%*%е…,  *%леK=…,L г!3ƒ=, 2!=…“C%!2,!3ем%г% 
м%“2%"/м *!=…%м. o!%"ед‘… =…=л,ƒ “3?е“2"3ю?,. “,“2ем 3C!="ле…, . o!едл%›е…= ="2%-
м=2,ƒ,!%"=……=  “,“2ем=, “%де!›=?=  м%дель г!3ƒ= " “,“2еме !ег3л,!%"=…, . 

jлюче"/е “л%"=: м%“2%"%L *!=…, *%леK=…,  г!3ƒ=, “,“2ем= %г!=…,че…,  !=“*=ч,"=…, , .ле*-
2!%C!,"%д, ="2%м=2,че“*=  “,“2ем= !ег3л,!%"=…, , м=2ем=2,че“*=  м%дель, *%!!е*2,!3ю?,L 
“,г…=л, C%*=ƒ=2ель *=че“2"=.

Swinging quieting automatic systems for load transporting by bridge crane are considered. Analysis 
of existing control systems was carried out. Automatic system comprising load model in the adjustment 
system is proposed.

Key words: bridge crane, load swinging, system of swinging restriction, electric drive, automatic 
adjustment system, mathematical model, corrective signal, quality index.

m= C!%м/шле……/. C!едC!, 2, . …=,K%лее !=“-
C!%“2!=…‘……/м , 3…,"е!“=ль…/м C%дA‘м…%-2!=…“-
C%!2…/м ме.=…,ƒм%м  "л е2“  м%“2%"%L *!=…. 
nKе“Cеч,"=  2е.…%л%г,че“*,L C!%це““ д%“2="*%L 
“/!ь  , C%л3-=K!,*=2%", %“3?е“2"л   2!=…“C%!-
2,!%"*3 г%2%"%L C!%д3*ц,, ,л, 3ч=“2"3  " м%…2=-
›е, *!=…/  "л ю2“  "=›…/м ƒ"е…%м 2е.…%л%г,-
че“*%г% C!%це““=, …е!ед*% %C!едел ю?,м C!%,ƒ-
"%д,2ель…%“2ь %“…%"…%L 2е.…%л%г,че“*%L л,…,,. 

l,…,м,ƒ=ц,  *%леK=…,L C!, Cе!еме?е…,, 
г!3ƒ=  "л е2“  “е!ь‘ƒ…/м !еƒе!"%м C%"/ше…,  
C!%,ƒ"%д,2ель…%“2,. o%.2%м3 %д…%L ,ƒ Cе!“Cе*-
2,"…/. ƒ=д=ч !=ц,%…=ль…%г% 3C!="ле…,  ме.=-
…,ƒм=м, *!=…%"  "л е2“  !=ƒ!=K%2*= ="2%м=2,-
че“*,. “,“2ем 3C!="ле…, , “C%“%K“2"3ю?,. .--
-е*2,"…%м3 г=ше…,ю *%леK=…,L г!3ƒ=. 

b …=“2% ?ее "!ем  !=ƒ!=K%2=…/ “C%“%K/, %Kе“-
Cеч,"=ю?,е ="2%м=2,че“*%е 3“C%*%е…,е *%леK=-
…,L г!3ƒ=. o!, ,. ,“C%льƒ%"=…,, *!=…%"?,* C%-
д=‘2 2%ль*% …=ч=ль…/L *%м=…д…/L “,г…=л, = д",-
›е…,е ме.=…,ƒм= ="2%м=2,че“*, -%!м,!3е2“  
“,“2ем%L 3C!="ле…,  .ле*2!%C!,"%д%м. 

nд,… ,ƒ 2=*,. “C%“%K%" ƒ=*люч=е2“  " C%дде!-
›=…,, C%“2% ……%г% 3“*%!е…,  2%ч*, C%д"е“= " 
2ече…,е "!еме…,, *!=2…%г% Cе!,%д3 “%K“2"е……/. 
*%леK=…,L г!3ƒ= [1]. mед%“2=2*%м  "л е2“  “!="-
…,2ель…% K%льш%е "!ем  Cе!е.%д…%г% C!%це““=, 
*!=2…%е Cе!,%д3 “%K“2"е……/. *%леK=…,L г!3ƒ=. 

d!3г%L “C%“%K [1] ƒ=*люч=е2“  " -%!м,!%"=-
…,, ƒ=*%…= ,ƒме…е…,  3“*%!е…,  …= 2!‘. "!еме…-

…/. ,…2е!"=л=.. m= Cе!"%м , 2!е2ьем ,…2е!"=л=. 
C%дде!›,"=е2“  %д,…=*%"%е C%“2% ……%е 3“*%!е-
…,е, …= "2%!%м ,…2е!"=ле 3“*%!е…,е !="…% …3лю. 
o!%д%л›,2ель…%“2ь Cе!"%г% , 2!е2ьег% ,…2е!"=-
л%" %д,…=*%"= (C%.2%м3 …= *=›д%м ,ƒ …,. ,ƒме-
…е…,е “*%!%“2, !="…% C%л%",…е !=ƒ…%“2, ме›д3 
*%…еч…%L , 3“2=…%","шеL“  “*%!%“2ью). nK?=  
дл,2ель…%“2ь Cе!"/. д"3. ,…2е!"=л%" “%“2="л е2 
C%л%",…3 Cе!,%д= *%леK=…,  г!3ƒ=. mед%“2=2*%м 
%C,“=……%г% “C%“%K=  "л е2“  2=*›е “!="…,2ель…% 
K%льш%е "!ем  Cе!е.%д…%г% C!%це““=, .%2  %…% , 
ме…ьше, чем C!, C%дде!›=…,, C%“2% ……%г% 3“-
*%!е…,  2%ч*, C%д"е“=.

b K%лее “л%›…/. “,“2ем=. ="2%м=2,че“*%г% 3“-
C%*%е…,  *%леK=…,L ,“C%льƒ3ю2“  д=2ч,*, 3гл= 
%2*л%…е…,  г!3ƒ=, ч2% C%ƒ"%л е2 “ C%м%?ью “Cе-
ц,=ль…/. *%мCью2е!…/. C!%г!=мм %“3?е“2"л 2ь 
C!%2,"%деL“2",е "%ƒ…,*=ю?еL “,ле !=“*=ч,"=…,  
" ="2%м=2,че“*%м !е›,ме. o!,ме!%м  "л е2“  ƒ=-
C=2е…2%"=……=  “,“2ем= 3C!="ле…,  C%!2%"/м, *!=-
…=м, SmartCrane, ,“C%льƒ3ю?=  д=2ч,* 3гл= %2*л%-
…е…,  дл  *%мCе…“=ц,, *%леK=…,L, "/ƒ"=……/. 
"е2!%"/м, …=г!3ƒ*=м, (C!, !=K%2е …= %2*!/2%м 
"%ƒд3.е) , "%ƒ…,*=ю?,. C!, C%дA‘ме г!3ƒ= [2]. 

 nд…%L ,ƒ “,“2ем, “C%“%K…%L %“3?е“2"л 2ь "/-
“%*%2%ч…%е, K/“2!%е , Cл="…%е Cе!ед",›е…,е 
г!3ƒ= “ C%л…/м %2“32“2",ем !=“*=ч,"=…, ,  "-
л е2“  “,“2ем= ="2%м=2,че“*%г% !ег3л,!%"=…,  
*%леK=…,L HIPAC (Highly Intelligent Pendulum and 
Automation Control) -,!м/ &Siemens[. 
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o!,…ц,C !=K%2/ “,“2ем/ HIPAC ƒ=*люч=е2“  " 
2%м, ч2% ƒ=д=…,е …= “*%!%“2ь C!, г%!,ƒ%…2=ль…%м 
Cе!еме?е…,, г!3ƒ= -%!м,!3е2“  м,*!%C!%це“-
“%!…%L “,“2ем%L HIPAC …= %“…%"=…,, =*23=ль…%L 
"ел,ч,…/ 3гл= %2*л%…е…,  г!3ƒ= , “*%!%“2, Cе!е-
д",›е…,  2еле›*,. HIPAC *%!!е*2,!3е2 ƒ=д=…,е 
…= “*%!%“2ь Cе!ед",›е…,  2еле›*,, "л,   …= 3“-
*%!е…,е C!, %2*л%…е…,, г!3ƒ= %2 !="…%"е“,  [3]. 
rг%л %2*л%…е…,  г!3ƒ= %2 "е!2,*=ль…%L %“, ,ƒме-
! е2“  “Cец,=л,ƒ,!%"=……%L “,“2ем%L “ *=ме!%L 
SIMATIC VS710, !ег,“2!,!3ю?еL 3г%л %2*л%…е-
…,  л3ч=, ,ƒл3ч=ем%г% "…еш…,м ,“2%ч…,*%м “"е-
2= %2 !е-ле*2%!=, 3*!еCл‘……%г% …= г!3ƒ%ƒ=."=2е.

o!,ме…е…,е “,“2ем/ HIPAC C%ƒ"%л е2 %г!=…,-
ч,2ь !=“*=ч,"=…,е г!3ƒ=. nд…=*% “3?е“2"3е2 ! д 
…ед%“2=2*%", C!еC 2“2"3ю?,. "…ед!е…,ю C%д%K-
…/. “,“2ем …= %2ече“2"е……/. C!%м/шле……/. 
C!едC!, 2, .. b%-Cе!"/., "/“%*=  “2%,м%“2ь *%м-
Cле*2= %K%!3д%"=…,  дл  3“2=…%"*, “,“2ем/ HIPAC 
(C!%це““%!…/L м%д3ль HIPAC, *=ме!= , %2!=›=-
2ель). b%-"2%!/., C!,ме…е…,е “л%›…%г% д=2ч,*= 
%2*л%…е…,  г!3ƒ= 3.3дш=е2 …=д‘›…%“2ь “,“2ем/. 

mед%“2=2*, !=““м%2!е……/. “C%“%K%" C%д="ле-
…,  *%леK=…,L C!,"%д 2 * 2%м3, ч2% !=ƒ!=K%2*= 
д%“23C…%L , .--е*2,"…%L ="2%м=2,че“*%L “,“2е-
м/ г=ше…,  *%леK=…,L 2!=…“C%!2,!3ем%г% г!3ƒ= 
" C%дA‘м…%-2!=…“C%!2…/. ме.=…,ƒм=.  "л е2“  
=*23=ль…%L ƒ=д=чеL. 

pеше…,е ƒ=д=ч, г=ше…,  *%леK=…,L г!3ƒ=, 
2!=…“C%!2,!3ем%г% м%“2%"/м *!=…%м, ƒ=*люч=е2-
“  " -%!м,!%"=…,, 2=*%г% ƒ=*%…= 3C!="ле…,  “*%-
!%“2ью .ле*2!%C!,"%д%" м%“2= , 2еле›*,, ч2%K/ 
C%“ле д%“2,›е…,  ƒ=д=……%L “*%!%“2, *%леK=…,  
г!3ƒ= K/л, м,…,м=ль…/м,, = =мCл,23д= *%леK=-
…,L C% "%ƒм%›…%“2, %г!=…,ч,"=л=“ь " Cе!е.%д…/. 
C!%це““=. C3“*= , 2%!м%›е…, . dл  .2%г% " “,“2е-
м3 3C!="ле…,  C!,"%д%" 2еле›*, , м%“2= ""%д,2“  
*%!!е*2,!3ю?,L “,г…=л, C!%C%!ц,%…=ль…/L "е-
л,ч,…е %2*л%…е…,  г!3ƒ= %2 C%л%›е…,  !="…%"е-
“,  " “%%2"е2“2"3ю?еL Cл%“*%“2, д",›е…,  (м%“-
2=, 2еле›*,) , C%л3че……/L C% м=2ем=2,че“*%L м%-
дел, “,“2ем/ &2%ч*= C%д"е“= # г!3ƒ[ [4]:

2
0 св 0 г

0 т2
г т п

1 ;
d x K dx m g x a

m dt m ldt
⎛ ⎞

+ + + =⎜ ⎟⎝ ⎠

2
0 св 0 г

0 м2
г т г п

1 ,
( )

d y K dy m g y a
m dt m m ldt

⎛ ⎞
+ + + =⎜ ⎟+⎝ ⎠

где K“" # *%.--,ц,е…2 “%C!%2,"ле…,  "%ƒд3.=; .0, y0 
# %2*л%…е…,е г!3ƒ= %2 C%л%›е…,  !="…%"е“,  " Cл%“-
*%“2 . д",›е…,  2еле›*, , м%“2=; mг, m2 # м=““= 
г!3ƒ= , 2еле›*, “%%2"е2“2"е……%; =2, =м # 3“*%!е…,е 
д",г=2ел  2еле›*, , м%“2=; lC # дл,…= C%д"е“=. 

dл  !е=л,ƒ=ц,, 2=*%г% “C%“%K= 3C!="ле…,  2!е-
K3е2“  …=л,ч,е ƒ=м*…32%L ц,-!%"%L “,“2ем/ !ег3-
л,!%"=…,  *%%!д,…=2=м, .ле*2!%C!,"%д=. m=,K%лее 

Cе!“Cе*2,"…/м, C!ед“2="л ю2“  ч=“2%2…%-!ег3л,-
!3ем/е C!,"%д/ Cе!еме……%г% 2%*= “ м,*!%C!%це“-
“%!…/м 3C!="ле…,ем. u=!=*2е!…%L 2е…де…ц,еL ="-
2%м=2,ƒ,!%"=……%г% .ле*2!%C!,"%д=  "л е2“  ш,!%-
*%е C!,ме…е…,е =“,….!%……/. д",г=2елеL. b …=“2% -
?ее "!ем  …=,K%лее Cе!“Cе*2,"…/м , .*%…%м,ч…/м 
ме2%д%м 3C!="ле…,  C!,"%д= Cе!еме……%г% 2%*= 
C!ед“2="л е2“  C!,"%д “ "е*2%!…/м 3C!="ле…,ем. 
m=,K%лее !=“C!%“2!=…‘……%L “,“2ем%L "е*2%!…%г% 
3C!="ле…,   "л е2“  “,“2ем= “ *%“"е……%L %!,е…2=-
ц,еL "е*2%!= C%2%*%“цеCле…,  !%2%!= [5]. o%д%K…=  
“,“2ем= !е=л,ƒ%"=…= " C!,"%д=. -,!м &Siemens[ 
(Simovert, Sinamics), cе!м=…, ; &Schneider[ (Altivar), 
t!=…ц, ; &Allen Bradley[ (Power Flex), qx` , д!.

m= !,“. 1 C!,"еде…= “2!3*23!…=  “.ем= .ле*-
2!%ме.=…,че“*%L “,“2ем/ м%“2%"%г% *!=…= “ 
"*люч‘……%L " “,“2ем3 !ег3л,!%"=…,  м%делью 
!=“*=ч,"=ю?ег%“  г!3ƒ=. m= %“…%"=…,, "/ч,“-
ле……/. ƒ…=че…,L 3“*%!е…,L м%“2= =м , 2еле›*, 
=2 (“,г…=л “ ƒ=д=2ч,*= ,…2е…“,"…%“2,), = 2=*›е 
,ƒме!е……/. “ C%м%?ью д=2ч,*%" дл,…/ C%д"е“= 
lC , м=““/ г!3ƒ= mг “2!%,2“  м=2ем=2,че“*=  м%-
дель !=“*=ч,"=ю?ег%“  г!3ƒ=, C% *%2%!%L "/!=-
K=2/"=ю2“  *%!!е*2,!3ю?,е “,г…=л/ дл  C!,"%-
д= Cе!ед",›е…,  м%“2= U*%!. м , C!,"%д= Cе!е-
д",›е…,  2еле›*, U*%!. 2 .

l=2ем=2,че“*=  м%дель !=“*=ч,"=ю?ег%“  
г!3ƒ= C!%г!=мм…% !е=л,ƒ%"=…= …= 3C!="л ю?ем 
*%…2!%лле!е, %“3?е“2"л ю?ем 3C!="ле…,е д",-
›е…,ем *!=…=. j%!!е*2,!3ю?,L “,г…=л C%“23-
C=е2 …= ".%д !ег3л 2%!= “*%!%“2, , C%ƒ"%л е2 
"%ƒдеL“2"%"=2ь …= “*%!%“2ь C!,"%д= C!, %2*л%…е-
…,, г!3ƒ= %2 C%л%›е…,  !="…%"е“, .

b …=ч=ль…/L м%ме…2 C3“*= 2%ч*= C%д"е“= г!3ƒ= 
!=ƒг%… е2“  “ C%“2% ……/м 3“*%!е…,ем, %C!еде-
л ем/м "ел,ч,…%L 3“2="*, ƒ=д=2ч,*= ,…2е…“,"-
…%“2,. o!, .2%м г!3ƒ C%д деL“2",ем “,л ,…е!ц,, 
%2*л%… е2“  %2 "е!2,*=ль…%г% C%л%›е…,  " Cл%“-
*%“2 . д",›е…,  2еле›*, x0 , м%“2= y0. d",›е…,е 
г!3ƒ= “ 3“*%!е…,ем C!,"%д,2 * C% "ле…,ю …е…3-
ле"%г% *%!!е*2,!3ю?ег% “,г…=л=, 3ме…ьш=ю?ег% 
ƒ=д=…,е …= ".%де !ег3л 2%!= “*%!%“2,. b *=*%L-2% 
м%ме…2 "ел,ч,…= ƒ=д=…, , C%“23C=ю?ег% …= !е-
г3л 2%! “*%!%“2,, “2=…%",2“  д%“2=2%ч…%L дл  
2%г%, ч2%K/ !ег3л 2%! “*%!%“2, "/шел ,ƒ !е›,м= 
%г!=…,че…, , C!,ч‘м .2% C!%,“.%д,2 д% д%“2,›е-
…,  C!,"%д%м ƒ=д=……%L “*%!%“2,. qлед%"=2ель…%, 
" *%…це Cе!е.%д…%г% C!%це““= 3ме…ьш=е2“  3“*%-
!е…,е C!,"%д=, , г!3ƒ д%“2,г=е2 2%ч*, C%д"е“=. b 
!еƒ3ль2=2е C%“ле ƒ="е!ше…,  Cе!е.%д…%г% C!%-
це““= %2*л%…е…,е г!3ƒ= C!=*2,че“*, %2“32“2"3е2.

b"еде…,е " “,“2ем3 !ег3л,!%"=…,  C!,"%д%" 
Cе!ед",›е…,  м%“2= , 2еле›*, *%!!е*2,!3ю?,. 
“,г…=л%" C%ƒ"%л е2 ƒ…=ч,2ель…% “…,ƒ,2ь *%леK=-
…,  г!3ƒ= (!,“. 2, 3). p=“*=ч,"=…,е г!3ƒ= %г!=…,-
ч,"=е2“  ƒ= “ч‘2 2%г%, ч2% !ег3л 2%! “*%!%“2, 
"“лед“2",е деL“2",  *%!!е*2,!3ю?ег% “,г…=л= 
"/.%д,2 ,ƒ %г!=…,че…,  д% д%“2,›е…,  ƒ=д=……%L 



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 2 5

p
,“
. 
1.

 `
"2

%м
=2

,ч
е“

*=
  

“,
“2
ем

= 
%г

!=
…,
че

…,
  

*%
ле

K=
…,

L 
г!

3ƒ
=:

U
ƒ“

. 
м
, 
U

ƒ“
. 
2 

#
 ƒ

=д
=…

,
е 

…
= 

“*
%!

%“
2ь

 м
%“

2=
 ,

 2
ел
е›

*,
 “

%%
2"
е2

“2
"е

…
…
%;

 g
h

 #
 ƒ

=д
=2
ч,

* 
,
…
2е

…
“,

"…
%“

2,
; 
p
q

 #
 !
ег

3л
 2

%!
 “

*%
!%

“2
,
; 
p
Š
 #

 !
ег

3л
 2

%!
 2

%*
=;

 
o
)

 #
 C

!е
%K

!=
ƒ%

"=
2е
ль

 ч
=“

2%
2/

я

l п l п

l п



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 26

“*%!%“2,. o!, C3“*е 3“*%!е…,е (C%л%›,2ель…%е) 
3ме…ьш=е2“ , = C!, 2%!м%›е…,, (%2!,ц=2ель…%е) 
# 3"ел,ч,"=е2“ . b !еƒ3ль2=2е C!%,“.%д,2 "/!="-
…,"=…,е г!3ƒ= %2…%“,2ель…% C%л%›е…,  !="…%"е-
“, . q…,›е…,е *%леK=…,L г!3ƒ= ƒ=",“,2 %2 "!е-
ме…, "/.%д= !ег3л 2%!= “*%!%“2, ,ƒ %г!=…,че-
…, , = “лед%"=2ель…%, %2 "ел,ч,…/ *%!!е*2,!3ю-
?ег% “,г…=л=. bл, …,е *%!!е*2,!3ю?ег% “,г…=л= 
…= “,“2ем3 !ег3л,!%"=…,  %C!едел е2“  "ел,ч,-
…%L *%.--,ц,е…2%" *%!!е*ц,, (K*%!. 2 # дл  
C!,"%д= 2еле›*,, K*%!. м # дл  C!,"%д= м%“2=), 
!=““ч,2/"=ем/. C% -%!м3л=м (1) , (2) дл  “,“2е-
м/ 3C!="ле…,  C!,"%д=м, 2еле›*, , м%“2=.

o!, 3"ел,че…,, *%.--,ц,е…2= *%!!е*ц,, 
3ме…ьш=ю2“  *%леK=…, , …% C!, .2%м 3"ел,ч,-
"=е2“  "!ем  Cе!е.%д…%г% C!%це““=. nC2,м=ль…%е 

ƒ…=че…,е *%.--,ц,е…2= *%!!е*ц,, %C!едел е2“  
,ƒ “%%K!=›е…, , ч2% м=*“,м=ль…%м3 ƒ…=че…,ю 
*%!!е*2,!3ю?ег% “,г…=л= д%л›…% “%%2"е2“2"%-
"=2ь м=*“,м=ль…%е ƒ…=че…,е %2*л%…е…,  г!3ƒ=. 
o!, .2%м ƒ…=че…,е *%.--,ц,е…2= *%!!е*ц,, 
C!едл=г=е2“  %C!едел 2ь C% -%!м3л=м

г
зи. т2

т
кор. т

т н. т п

1

2 2
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⎛ ⎞
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1
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(2)

p,“. 2. j%леK=…,  г!3ƒ= " Cл%“*%“2, x0y0, …еC%д",›…%L %2…%“,2ель…% 2%ч*, C%д"е“= (" “,“2еме Kеƒ *%!!е*ц,,)

p,“. 3. j%леK=…,  г!3ƒ= " Cл%“*%“2, x0y0, …еC%д",›…%L %2…%“,2ель…% 2%ч*, C%д"е“= C!, ""еде…,, " “,“2ем3 
3C!="ле…,  *%!!е*2,!3ю?ег% “,г…=л=

y0,м

x0,м

y0,м

x0,м



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 2 7

где Ωx, Ωy # ч=“2%2= *%леK=…,L г!3ƒ= " Cл%“*%“2 . 
д",›е…,  2еле›*, , м%“2=; Tƒ,.2, Tƒ,.м # "!ем  "/-
.%д= …= ƒ=д=……3ю “*%!%“2ь (C=!=ме2! ƒ=д=2ч,*= ,…-
2е…“,"…%“2,); v….2, v….м # …%м,…=ль…=  “*%!%“2ь 
д",›е…,  2еле›*, , м%“2=.

dл  %це…*, “C!="едл,"%“2, -%!м3л !=“ч‘2= %C-
2,м=ль…%г% *%.--,ц,е…2= *%!!е*ц,, ,““лед3ем 
"л, …,е "ел,ч,…/ *%.--,ц,е…2= *%!!е*ц,, …= 
“2еCе…ь ƒ=23.=…,  *%леK=…,L г!3ƒ= , "!ем  ƒ="е!-
ше…,  Cе!е.%д…%г% C!%це““= C!, !=ƒл,ч…/. ƒ…=-
че…, . м=““/ г!3ƒ= , дл,…/ C%д"е“= …= C!,ме!е 
-%!м3л/ (1). o!, .2%м "%“C%льƒ3ем“  м=2ем=2,-
че“*%L м%делью .ле*2!%ме.=…,че“*%L “,“2ем/ 
м%“2%"%г% *!=…= (“м. !,“. 1), C%“2!%е……%L " C!,-
л%›е…,, Simulink C=*е2= C!%г!=мм Matlab 6.5. 

o!, =…=л,ƒе ,“C%льƒ3ю2“  “лед3ю?,е C%*=ƒ=-
2ел,: *%леK=2ель…%“2, # λ; =мCл,23д/ # α; K/“2-
!%деL“2",  # ν; *=че“2"= # γ.

o%*=ƒ=2ель *%леK=2ель…%“2, C%ƒ"%л е2 %це…,2ь 
“…,›е…,е *%леK=…,L " “,“2еме “ *%!!е*2,!3ю-
?,м 3“2!%L“2"%м C% “!="…е…,ю “ “,“2ем%L Kеƒ 
*%!!е*ц,,:

кол кол0/ ,K Kλ =

где K*%л, K*%л0 # *%.--,ц,е…2/ *%леK=2ель…%“2, " 
“,“2еме “ *%!!е*ц,еL , Kеƒ *%!!е*ц,,. 

j%.--,ц,е…2 *%леK=2ель…%“2, .=!=*2е!,ƒ3е2 
“3мм=!…/L 3г%л %2*л%…е…,  г!3ƒ= %2 C%л%›е…,  
!="…%"е“, : 

0
кол

п0

( )1
( )

T x t
K dt

T l t
= ∫ .

o%*=ƒ=2ель =мCл,23д/ C%ƒ"%л е2 %це…,2ь “…,-
›е…,е м=*“,м=ль…%L =мCл,23д/ *%леK=…,L " 
“,“2еме “ *%!!е*ц,еL C% “!="…е…,ю “ “,“2ем%L 
Kеƒ *%!!е*ц,,:

max max 0/ ,A Aα =

где Amax, Amax0 # м=*“,м=ль…=  =мCл,23д= *%леK=-
…,L г!3ƒ= " “,“2еме “ *%!!е*ц,еL , Kеƒ *%!!е*ц,,.

o%*=ƒ=2ель K/“2!%деL“2",  .=!=*2е!,ƒ3е2 3"е-
л,че…,е "!еме…, Cе!е.%д…%г% C!%це““= C!, ""е-
де…,, " “,“2ем3 !ег3л,!%"=…,  *%!!е*2,!3ю?ег% 
3“2!%L“2"=: 

пп пп0/ ,Т Тν =

где TCC, TCC0 # "!ем  Cе!е.%д…%г% C!%це““= " “,“2е-
ме “ *%!!е*ц,еL , " “,“2еме Kеƒ *%!!е*ц,,.

o%*=ƒ=2ель *=че“2"= .=!=*2е!,ƒ3е2 %C2,м=ль-
…%“2ь …=“2!%L*, “,“2ем/ !ег3л,!%"=…,  , C%*=-
ƒ/"=е2 “…,›е…,е =мCл,23д/ , 3"ел,че…,е “2еCе-
…, ƒ=23.=…,L *%леK=…,L г!3ƒ= K%льше, чем 3"ел,-
че…,е "!еме…, Cе!е.%д…%г% C!%це““=: 

1/γ = αλν.

Š=*,м %K!=ƒ%м, .2%2 C%*=ƒ=2ель %C!едел е2 це-
ле“%%K!=ƒ…%“2ь C!,ме…е…,  *%!!е*2,!3ю?ег% 
“,г…=л= " “,“2еме !ег3л,!%"=…, .

m= !,“. 4 C!,"еде…/ *!,"/е ƒ=",“,м%“2, C!,-
… 2/. C%*=ƒ=2елеL %2 "ел,ч,…/ *%.--,ц,е…2= 
*%!!е*ц,,. j!,"/е C%л3че…/ Cе!еK%!%м ƒ…=че-
…,L *%.--,ц,е…2= *%!!е*ц,, " м=2ем=2,че“*%L 
м%дел,. `…=л,ƒ *!,"/. C%*=ƒ/"=е2, ч2% C!, ""е-
де…,, " “,“2ем3 !ег3л,!%"=…,  *%!!е*2,!3ю?е-
г% “,г…=л= =мCл,23д= *%леK=…,L 3ме…ьш=е2“ , 
“3мм=!…/L 3г%л %2*л%…е…,  “2=…%",2“  ме…ьше, 
…% "%ƒ!=“2=е2 "!ем  Cе!е.%д…%г% C!%це““= C!, 
д%“2,›е…,, ƒ=д=……%L “*%!%“2,. o!, 3"ел,че…,, 
ƒ…=че…,L *%.--,ц,е…2= *%!!е*ц,, C%*=ƒ=2ел, 
=мCл,23д/ , *%леK=2ель…%“2, “…,›=ю2“  (*%ле-
K=…,  г!3ƒ= 3ме…ьш=ю2“ ), = C%*=ƒ=2ель K/“2!%-
деL“2",  "%ƒ!=“2=е2 (Cе!е.%д…/L C!%це““ ƒ=2 г,-
"=е2“ ). qлед%"=2ель…%, -3…*ц,  C%*=ƒ=2ел  *=-
че“2"= ,мее2 .*“2!ем3м, " *%2%!%м *%.--,ц,е…2 
*%!!е*ц,, ,мее2 %C2,м=ль…%е ƒ…=че…,е. o!,ч‘м 
C%*=ƒ=2ель *=че“2"= дл  %C2,м=ль…%г% ƒ…=че…,  
*%.--,ц,е…2= *%!!е*ц,, ,мее2 K%льшее ƒ…=че-
…,е, чем " “,“2еме Kеƒ *%!!е*ц,, (ƒ…=че…,е C%-
*=ƒ=2ел  *=че“2"= K%льше ед,…,ц/). d=ль…еLшее 
3"ел,че…,е ƒ…=че…,  *%.--,ц,е…2= *%!!е*ц,, 
3.3дш=е2 C%*=ƒ=2ель *=че“2"= ,, C!, K%льш,. ег% 
ƒ…=че…, . …=“2!%L*= “,“2ем/ K3де2 .3›е, чем " 
“,“2еме Kеƒ *%!!е*ц,, (γ < 1).

Š=*,м %K!=ƒ%м, дл  ƒ=д=……/. ƒ…=че…,L м=““/ 
, дл,…/ C%д"е“= “3?е“2"3е2 2=*%L *%.--,ц,е…2 
*%!!е*ц,,, C!, *%2%!%м %Kе“Cеч,"=е2“  …=,л3ч-
шее “%%2…%ше…,е “2еCе…, “…,›е…,  *%леK=…,L 
г!3ƒ= , 3"ел,че…,  "!еме…, Cе!е.%д…%г% C!%це“-
“=. qлед3е2 %2ме2,2ь, ч2% д=›е е“л, %C2,м=ль…%е 
ƒ…=че…,е *%.--,ц,е…2= *%!!е*ц,, …е %C!еделе-
…% (…=C!,ме!, C!, …е2%ч…%“2, м=2ем=2,че“*%L 
м%дел,), 2% ""еде…,е *%!!е*2,!3ю?ег% “,г…=л= " 
“,“2ем3 !ег3л,!%"=…,  3л3чш=е2 “"%L“2"= “,“2е-
м/ C!, γ > 1.

m= !,“. 5 C!,"еде…/ *!,"/е ƒ=",“,м%“2, C%-
*=ƒ=2ел  *=че“2"= %2 дл,…/ C%д"е“= , м=““/ 
2!=…“C%!2,!3ем%г% г!3ƒ=, !=““ч,2=……/е C% -%!-
м3ле (1), = 2=*›е 2%ч*,, “%%2"е2“2"3ю?,е %C2,-
м=ль…/м ƒ…=че…, м C%*=ƒ=2ел  *=че“2"=.

`…=л,ƒ г!=-,*%" C%*=ƒ/"=е2, ч2% .*“Cе!,ме…-
2=ль…/е , !=“ч‘2…/е ƒ…=че…,  %C2,м=ль…%L "е-
л,ч,…/ *%.--,ц,е…2= *%!!е*ц,, C!=*2,че“*, 
C%л…%“2ью “%"C=д=ю2. Š=*,м %K!=ƒ%м, дл  %C!е-
деле…,  %C2,м=ль…%г% ƒ…=че…,  *%.--,ц,е…2= 
*%!!е*ц,, дл  “,“2ем/ !ег3л,!%"=…,  C!,"%д= 
2еле›*, м%“2%"%г% *!=…= “C!="едл,"= -%!м3л= 
(1). `…=л%г,ч…/е !еƒ3ль2=2/ C%л3че…/ дл  .ле*-
2!%C!,"%д= м%“2=, ч2% C%д2"е!›д=е2 “C!="едл,-
"%“2ь -%!м3л/ (2).

o!,ме…е…,е “C%“%K= %г!=…,че…,  !=“*=ч,"=-
…,  г!3ƒ= “ %C2,м=ль…%L …=“2!%L*%L Kл%*= %г!=-
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…,че…,  *%леK=…,L C%ƒ"%л,2 K/“2!% г=“,2ь *%-
леK=…,  г!3ƒ=, 2!=…“C%!2,!3ем%г% м%“2%"/м 
*!=…%м, ч2%, "%-Cе!"/., 3C!%“2,2 %Cе!=ц,, C%-
ƒ,ц,%…,!%"=…,  г!3ƒ=, = "%-"2%!/., “…,ƒ,2 …=-
г!3ƒ*3 …= C!,"%д , ме.=…,че“*3ю *%…“2!3*ц,ю 
*!=…=. 

a,Kл,%г!=-,че“*,е ““/л*,

1. l=“=…д,л%" k.a., tе“е…*% ~.h. `…=л,ƒ %C2,-
м=ль…%г% 3C!="ле…,  .ле*2!%C!,"%д= ме.=…,ƒм= Cе!е-
ме?е…,  г!3ƒ= // Š!. l}h. 1975. b/C. 223. q. 54#58.

2. Smart Crane Automation for Container Handling. 
URL: http://www.smartcrane.com.

3. HIPAC pendulum control. Operation instructions # 
2003: http://www.automation-drives.ru.

4. qе!,*%" q.`. qC%“%K 3“C%*%е…,  *%леK=…,L г!3-
ƒ=, 2!=…“C%!2,!3ем%г% м%“2%"/м *!=…%м // o!,K%!/ , 
“,“2ем/. rC!="ле…,е, *%…2!%ль, д,=г…%“2,*=. 2006. 
1 9. q. 16#18.

5. Šе!е.%" b.l., n“,C%" n.h. q,“2ем= 3C!="ле…,  
.ле*2!%C!,"%д%": rчеK…,* дл  “23д. "/“ш. 3чеK. ƒ="еде-
…,L. l.: hƒд=2ель“*,L це…2! &`*=дем, [, 2005. 304 “.
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o!едл%›е…= 3C!%?‘……=  ƒ=",“,м%“2ь дл  %C,“=…,  C%л  д="ле…,  " “м=ƒ%ч…%м “л%е, %K-
!=ƒ%"=……%м ƒ= “ч‘2 ,“2ече…,  “Cл%ш…%L г=ƒ%"%L “!ед/ “*"%ƒь C%!,“23ю C%"е!.…%“2ь, *%-
2%!=  м%›е2 K/2ь C%л%›е…= " %“…%"3 м=2ем=2,че“*%L м%дел,.

jлюче"/е “л%"=: г=ƒ%"=  “м=ƒ*=, C%дш,C…,*, “*%ль›е…, , …е“3?=  C!%“л%L*=, м%дел,!%"=…,е.

Simplified dependence for description of the pressure field in the lubricating film is proposed. 
This lubricating film is generated owing by the continuous gas medium outflow through porous 
surface. Proposed dependence may be assumed as a basis of the mathematical model.

Key words: gas lubrication, journal bearing, climbing interlaying, modeling.

g= C%“лед…ее де“ 2,ле2,е " !=ƒл,ч…/. %2!=“-
л . C!%м/шле……%“2, ш,!%*% C!,ме… ю2“  C%-
“2% ……% !=ƒ","=ю?,е“  .ле*2!%……/е “!ед“2"= 
="2%м=2,ƒ=ц,,. }2, “!ед“2"= %Kе“Cеч,"=ю2 2%ч-
…3ю Cе!ед=ч3 “,г…=л=, %Kл=д=ю2 "/“%*,м K/“2-
!%деL“2",ем , “C%“%K…/ Cе!ед="=2ь “,г…=л …= 
K%льш,е !=““2% …,  Kеƒ ,“C%льƒ%"=…,  C!%ме›3-
2%ч…/. 3“,л,2елеL ,л, ,…/. “Cец,=ль…/. 3“2-
!%L“2". nд…=*% %“…%"…/м C!е,м3?е“2"%м .ле*-
2!%……/. “!ед“2" ="2%м=2,че“*%г% 3C!="ле…, , 
3ч,2/"=  ,. C%“2% ……%е !=ƒ",2,е,  "л е2“  %2…%-
“,2ель…% …е"/“%*=  “2%,м%“2ь , ш,!%*=  !=“-
C!%“2!=…‘……%“2ь.

p=…ее C%л3че…= ƒ=",“,м%“2ь, .=!=*2е!,ƒ3ю?=  
!=“C!еделе…,е д="ле…,  " C%дC 2…,*е, C,2=ем%м 
че!еƒ C%!,“23ю C%"е!.…%“2ь*. h“C%льƒ%"=…,е д=…-
…%L ƒ=",“,м%“2, " ,…›е…е!…/. !=“ч‘2=. c%ƒд=‘2 
…е*%2%!/е м=2ем=2,че“*,е ƒ=2!3д…е…, .

p=““м%2!,м C%дC 2…,* (“м. !,“3…%*), C,2=е-
м/L че!еƒ C%!,“23ю C%"е!.…%“2ь , "*люч=ю?,L 
%C%!…3ю Cл%?=д*3 1, C%!,“23ю C%"е!.…%“2ь 2 , 
C…е"м%*=ме!3 3. ̀ "2%!/ C!едл%›,л, 3C!%?‘……3ю 
ƒ=",“,м%“2ь дл  %C,“=…,  C%л  д="ле…,  " “м=-
ƒ%ч…%м “л%е, %K!=ƒ%"=……%м ƒ= “ч‘2 ,“2ече…,  
“Cл%ш…%L г=ƒ%"%L “!ед/ “*"%ƒь C%!,“23ю C%"е!.-
…%“2ь, "/"%д *%2%!%L “"%д,2“  * !еше…,ю “ле-
д3ю?еL “,“2ем/ д,--е!е…ц,=ль…/. 3!="…е…,L, 
ƒ=C,“=……%L " ц,л,…д!,че“*,. *%%!д,…=2=. r , z:

2

2 ;

0,

P U
r z
P
z

⎧∂ ∂= μ⎪⎪ ∂ ∂⎨
∂⎪ =⎪ ∂⎩  

(1)

где P # д="ле…,е " “м=ƒ%ч…%м “л%е, o=; μ # д,…=-
м,ч…=  " ƒ*%“2ь "%ƒд3.=, o=w“; U # “*%!%“2ь "%ƒд3.= 
" C!%“л%L*е, м/“.

dл  д=……%L “,“2ем/ ƒ=C,шем “лед3ю?,е г!=-
…,ч…/е 3“л%", :

U = 0 C!, z = 0;  (2)

U = 0 C!, z = h,

где h # 2%л?,…= “м=ƒ%ч…%г% “л% , м.

b !еƒ3ль2=2е !еше…,  “,“2ем/ (1) “ 3ч‘2%м 
г!=…,ч…/. 3“л%",L (2), C%л3че…% "/!=›е…,е

21 ( ).
2

PU hz z
r

∂= − +
μ ∂

p=“.%д г=ƒ%"%L “!ед/ " *%льце"%м “ече…,, !=-
д,3“%м r %C!едел е2“  ,ƒ "/!=›е…, 

,2rqQ π=
   

(3)

где q # !=“.%д г=ƒ%"%L “!ед/, C!,.%д ?еL“  …= 1 м2 
C%!,“2%L C%"е!.…%“2,, м3/“.

p=“.%д q %C!едел е2“  ,ƒ "/!=›е…, 

2R

Q
q a

π
=

 
(4)

где Qa # !=“.%д г=ƒ=, …е%K.%д,м/L дл  3де!›=…,  
2ел= …= C!%“л%L*е, м3/“.

o%“ле …е*%2%!/. C!е%K!=ƒ%"=…,L “ 3ч‘2%м 
г!=…,ч…/. 3“л%",L r = R  C!, P = Pa ,ƒ 3!="…е-
…,  (3) C%л3ч,м "/!=›е…,е

______________________

* j%…“2=…2,…е“*3 b.m. c=ƒ%"=  “м=ƒ*=. l.: l=ш,…%-
“2!%е…,е, 1968.
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aPRr
h

qP ++−μ= )(3 22
3 . 

q3мм=!…%е д="ле…,е, %*=ƒ/"=ем%е …= ,ƒдел,е, 
!="…% "е“3 ,ƒдел, :

4

3
3
2

qRG
h

πμ= . 

p=“.%д г=ƒ=, …е%K.%д,м/L дл  3де!›=…,  2ел= 
"е“%м G, %C!едел е2“  C% -%!м3ле

qRQa
2π= . 

q 3ч‘2%м "/!=›е…,  (4) ƒ=",“,м%“2ь дл  %C!е-
деле…,  !=“.%д= Qa K3де2 "/гл де2ь “лед3ю?,м 
%K!=ƒ%м:

3

2
2
3a

GhQ
R

=
μ .  (5)

hƒ "/!=›е…,  (5) %C!едел,м "/“%23 C!%“л%L*,

3
2

2
3

G
RQ

h a μ
= .   (6)

rч,2/"=  ƒ=",“,м%“2ь (6), "/!=›е…,е, .=!=*-
2е!,ƒ3ю?ее C%ле д="ле…,  " “м=ƒ%ч…%м “л%е C%д-
C 2…,*=, C!,ме2 ",д

aP
R

r

R

GP +⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

π
=

2

2

2
12

. 

o%л3че……=  ƒ=",“,м%“2ь “%"ме“2…% “% “Cец,-
=ль…/м C!%г!=мм…/м %Kе“Cече…,ем м%›е2 K/2ь 
,“C%льƒ%"=…= *=* %“…%"= м%дел, дл  “%ƒд=…,  
“,“2ем/ 3C!="ле…,  C%"/ше……%г% K/“2!%деL“2-
",  , C!,емлем%L 2%ч…%“2,.

o%дC 2…,*, C,2=ем/L че!еƒ C%!,“23ю C%"е!.…%“2ь
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lndekh h `kcnphŠl{ hlhŠ`0hh Šeumnknch)eqjhu opn0eqqnb 
opnhgbndqŠb` qŠejknŠ`p{

hƒл%›е…/ !еƒ3ль2=2/ де*%мC%ƒ,ц,, C!%це““= -3…*ц,%…,!%"=…,  ме.=…,ƒ,!%"=……%L л,-
…,, C!, C!%,ƒ"%д“2"е “2е*л ……%L 2=!/ (“2е*л%2=!/) …= ! д “2!3*23!…/. .леме…2%" # 
2е.…,*%-2е.…%л%г,че“*,. C%д“,“2ем. nC,“=…/ м%дел, , =лг%!,2м/ ,м,2=ц,, 2е.…%л%г,-
че“*,. C!%це““%" C!%,ƒ"%д“2"=. b !еƒ3ль2=2е “,…2еƒ= м%делеL C%д“,“2ем C%л3че…= цел%-
“2…=  "е!% 2…%“2…=  ,м,2=ц,%……=  м%дель C!%це““= ,ƒг%2%"ле…,  “2е*л%2=!/, *%2%!=  
м%›е2 K/2ь ,“C%льƒ%"=…= C!, !еше…,, ƒ=д=ч 3C!="ле…,  C!%,ƒ"%д“2"%м.

jлюче"/е “л%"=: м%дель, =лг%!,2м, 2е.…%л%г,че“*,L C!%це““.

This paper presents the decomposition results of the functioning process for the empty bottles and 
jars mechanized line production to structural components line # technician-technological subsystems. 
Models and algorithms for technological processes imitation are described. From a subsystems 
models synthesis integral probabilistic simulation model of the empty bottles and jars manufacturing 
process is derived. This model may be used when tasks decision for production management.

Key words: model, algorithm, technological process.

b C%“лед…,е г%д/ C!%,ƒ"%д“2"% “2е*л%2=!/ 3“-
л%›… е2“ , “%*!=?=е2“  "!ем  "/"%д= …%"%L 
C!%д3*ц,, …= !/…%*, ч2% 2!еK3е2 “%"е!ше…“2"%-
"=…,  ме2%д%л%г,, , 2е.…%л%г,, 3C!="ле…, . 
qлед3е2, “ %д…%L “2%!%…/, “,“2ем=2,ƒ,!%"=2ь 
C%д.%д/ * 3C!="ле…,ю C!%,ƒ"%д“2"%м “2е*л%2=-
!/, = “ д!3г%L – 3“*%!,2ь !еше…,е “2% ?,. Cе!ед 
C!едC!, 2,ем C!%,ƒ"%д“2"е……/. ƒ=д=ч. h. "%ƒ-
!%“ш=  “л%›…%“2ь д,*23е2 …е%K.%д,м%“2ь =*2,"-
…%г% ,“C%льƒ%"=…,  "/ч,“л,2ель…%L 2е.…,*,, 
ч2% C%ƒ"%л е2 Cе!“%…=л3, %“"%K%д,"ш,“ь %2 "/-
C%л…е…,  !=“ч‘2…/. %Cе!=ц,L, “*%…це…2!,!%-
"=2ь“  …= C!,… 2,, 3C!="ле…че“*,. !еше…,L. 
l%дел,!%"=…,е C!, .2%м  "л е2“  "е“ьм= .--
-е*2,"…/м “C%“%K%м C%дK%!= %C2,м=ль…/. C=-
!=ме2!%" “2!3*23!/ , -3…*ц,%…,!%"=…,  “2е*-
л%2=!…%г% C!%,ƒ"%д“2"=. o!%це““ ,ƒг%2%"ле…,  
“2е*л%2=!/ м%›…% %C,“=2ь “ C%м%?ью !=ƒл,ч-
…/. м%делеL. b/K%! м%дел, ƒ=",“,2 %2 !еш=ем%L 
ƒ=д=ч, 3C!="ле…,  C!%,ƒ"%д“2"%м.

o!=*2,че“*%е ƒ…=че…,е !=K%2/ ƒ=*люч=е2“  " 
!=ƒ!=K%2*е ="2%м=2,ƒ,!%"=……%г% ,…“2!3ме…2=!,  
" ",де ,м,2=ц,%……%L м%дел,, C%ƒ"%л ю?еL %C-
2,м,ƒ,!%"=2ь C=!=ме2!/ -3…*ц,%…,!%"=…,  
%K%!3д%"=…,  , …= .2%L %“…%"е 3“2=…="л,"=2ь 
C!%C3“*…3ю “C%“%K…%“2ь %2дель…/. 2е.…%л%г,че-
“*,. ƒ"е…ье", Cл=…%"/е …=г!3ƒ*, …= ме.=…,ƒ,!%-
"=……/е л,…,, “2е*л%2=!…%г% C!%,ƒ"%д“2"=, %K%“-
…%"/"=2ь 3“л%",  д%“2,›е…,  , C%дде!›=…,  
…е%K.%д,м%L ,…2е…“,"…%“2, C!%,ƒ"%д“2"= , 2!е-
K3ем%г% дл  .2%г% C=!*= %K%!3д%"=…, .

p=““м%2!,м C!%це““ C!%,ƒ"%д“2"= “2е*л ……%L 
2=!/, C!ед“2="л ю?,L “%K%L д%"%ль…% “л%›…/L 
…еC!е!/"…/L C!%це““ C!е"!=?е…,  “/!ье"%г% 
м=2е!,=л= (ш,.2/ , “2е*л%K% ) " г%2%"3ю * ,“-
C%льƒ%"=…,ю C!%д3*ц,ю (“м. !,“3…%*). o!%,ƒ-
"%д“2"% “2е*л%2=!/ “%“2%,2 ,ƒ “лед3ю?,. %“…%"-
…/. 2е.…%л%г,че“*,. C!%це““%": ƒ=г!3ƒ*, ш,.2/ 
, “2е*л%K%  " “2е*л%"=!е……/е Cеч,, “2е*л%"=!е-
…, , "/!=K%2*, “2е*л%,ƒдел,L, %2›,г=, “%!2,-
!%"*, , 3C=*%"*, “2е*л%,ƒдел,L [1] .

m= %“…%"е “,“2ем…%г% C%д.%д= C!%це““ -3…*-
ц,%…,!%"=…,  2е.…%л%г,че“*%L л,…,, “2е*л%-
2=!…%г% C!%,ƒ"%д“2"= м%›…% C!ед“2=",2ь " ",де 
! д= "ƒ=,м%“" ƒ=……/. “2!3*23!…/. .леме…2%" 
2е.…,*%-2е.…%л%г,че“*,. C%д“,“2ем (ŠŠo) “2е*-
л%%K!=K%2*,: Š1 – &g=г!3ƒ*= ш,.2/ , “2е*л%K%  " 
“2е*л%"=!е……/е Cеч,[, Š2 – &q2е*л%"=!е…,е[, 
Š3 – &b/!=K%2*= “2е*л%,ƒдел,L[, Š4 – &n2›,г[, 
Š5 – &q%!2,!%"*=[, Š6 – &rC=*%"*= “2е*л%,ƒде-
л,L[ [2]. j=›д=  C%д“,“2ем= “%%2"е2“2"3е2 2е.…%-
л%г,че“*,м C!%це““=м, "/C%л… ем/м %C!еде-
л‘……/м ",д%м , 2,C%м %K%!3д%"=…, , *%2%!%е " 
“"%ю %че!едь м%›е2 C!,…,м=2ь %C!едел‘……/е 
2е.…%л%г,че“*,е “%“2% …,  (2=Kл. 1). d=ль…еLш=  
де*%мC%ƒ,ц,  .2,. C%д“,“2ем C%ƒ"%л е2 "/де-
л,2ь C%д“,“2ем/ …,ƒшег% 3!%"… : C%д“,“2ем= Š1 
"*люч=е2 C%д“,“2ем/ …,ƒшег% 3!%"…  Š1.1 – 
&o%д=ч= “2е*л%K%  " !=“.%д…/L K3…*е![, Š1.2  – 
&o%д=ч= ш,.2/ , “2е*л%K%  " K3…*е! ƒ=г!3ƒч,*%" 
ш,.2/[, Š1.3  – &o%д=ч= “ме“, " ƒ=г!3ƒ%ч…/е *=!-
м=…/ CечеL[; C%д“,“2ем= Š4 "*люч=е2 C%д“,“2е-
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q.ем= 2е.…%л%г,че“*%г% C!%це““= “2е*л%2=!…%г% C!едC!, 2,  (%“…%"…%е C!%,ƒ"%д“2"%)

Š = K л  , ц =  1 

j%д,!%"=…,е 2е.…%л%г,че“*,. “%“2% …,L %K%!3д%"=…,  “2е*л%2=!…%г% C!%,ƒ"%д“2"=

Šе.…%л%г,че“*%е “%“2% …,е
j%д 

“%“2% …, 
nK%!3д%"=…,е

o%дг%2%",2ель…%-ƒ=*люч,2ель…=  %Cе!=ц, q1 b“‘ %K%!3д%"=…,е

o%д=ч= “2е*л%K%  " !=“.%д…/L K3…*е! q2 0еC…%L *%"ш%"/L .ле"=2%!

o%д=ч= ш,.2/ , “2е*л%K%  " K3…*е! ƒ=г!3ƒч,*%" q3 kе…2%ч…/L *%…"еLе!

o%д=ч= “ме“, ш,.2/ , “2е*л%K%  " ƒ=г!3ƒ%ч…/е *=!м=…/ CечеL q4 m=*л%……/L л%2%* “ ",K!=2%!%м

o%л3че…,е ›,д*%L “2е*л%м=““/ ("=!*= “2е*л=) q5 q2е*л%"=!е……=  Cечь (qo)

n-%!мле…,е , "/д=ч= *=Cель “2е*л%м=““/ q6 o,2=2ель (o)

t%!м%"=…,е “2е*л%,ƒдел,L q7 q2е*л%-%!м3ю?=  м=ш,…= (ql)

Š!=…“C%!2,!%"=…,е “2е*л%,ƒдел,L д% Cеч, %2›,г= q8 oл=“2,…ч=2/L *%…"еLе!

oе!ег!3ƒ*= “2е*л%,ƒдел,L " Cечь %2›,г= q9 q2=л*,"=2ель (q)

n2›,г q10 oечь %2›,г= (on)

Š!=…“C%!2,!%"=…,е “2е*л%,ƒдел,L " !=K%чем 23……еле Cеч, q11 qе2ч=2/L *%…"еLе! (qj)

q%!2,!%"*= “2е*л%,ƒдел,L q12 p=ƒK!=*%"%ч…/L =CC=!=2 (p`)

j%…2!%ль *=че“2"= q13 dе2е*2%! *=че“2"= (dj)

Š!=…“C%!2,!%"=…,е “2е*л%,ƒдел,L д% 3C=*%"%ч…%L м=ш,…/ q14 q,“2ем= *%…"еLе!%"

rC=*%"*= “2е*л%,ƒдел,L " C=*е2 q15 rC=*%"%ч…=  м=ш,…=

Š!=…“C%!2,!%"=…,е C=*е2= " 2е!м%3“=д%ч…3ю Cечь q16 p%л,*%"/L *%…"еLе!

Šе!м%3“=д*= C=*е2= q17 Šе!м%3“=д%ч…=  Cечь

Š!=…“C%!2,!%"=…,е C=*е2= …= “*л=д q18 kе…2%ч…/L *%…"еLе!

b“C%м%г=2ель…/е 2е.…%л%г,че“*,е %Cе!=ц,, q19 qo,  o,  ql,  q,  on,  p`,  dj

n2*=ƒ C% 2е.…,че“*,м C!,ч,…=м q20 b“‘ %K%!3д%"=…,е

n2*=ƒ C% 2е.…%л%г,че“*,м C!,ч,…=м q21 o,  ql,  q,  on,  qj,  p`,  dj

o!%“2%L %K%!3д%"=…,  ,ƒ-ƒ= %2“32“2",  -!%…2= !=K%2 q22 b“‘ %K%!3д%"=…,е,  *!%ме qo

м/ …,ƒшег% 3!%"…  Š4.1 – &oе!ег!3ƒ*= “2е*л%,ƒ-
дел,L " Cечь %2›,г=[, Š4.2 – &n2›,г “2е*л%,ƒде-
л,L[, Š4.3 – &Š!=…“C%!2,!%"=…,е “2е*л%,ƒдел,L " 
!=K%чем 23……еле Cеч,[. Š%гд= C!%це““ -3…*ц,%-
…,!%"=…,  %K%!3д%"=…,  “2е*л%2=!…%г% C!%,ƒ-
"%д“2"= -%!м=ль…% м%›…% C!ед“2=",2ь " ",де C%-
“лед%"=2ель…% “" ƒ=……/. г!=-%", *%2%!/е C%л%-

›е…/ " %“…%"3 ,м,2=ц,%……/. м%делеL , м%дел,-
!3ю?,. =лг%!,2м%" ŠŠo (2=Kл. 2).

b м=2ем=2,че“*,. м%дел ., C!,"еде……/. "
2=Kл. 2, ,“C%льƒ3ю2“  “лед3ю?,е %K%ƒ…=че…, : t 
, ∆t # C!%,ƒ"%ль…/L м%ме…2 , ш=г C!,!=?е…,  
"!еме…, м%дел,!%"=…, ; t"“(t), tC*(t), t"2%(t), t2…C(t), 
t2(t), t2м(t), t2C3(t) # “л3ч=L…/е -3…*ц,, "!еме…, 
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Š = K л  , ц = 2 

c!=-/ -3…*ц,%…=ль…/. “%“2% …,L %K%!3д%"=…,  , м=2ем=2,че“*,е м%дел, 2е.…,*%-2е.…%л%г,че“*,. C%д“,“2ем 

ŠŠo c!=-/ l=2ем=2,че“*=  м%дель дл  C(t + Δt)

Š1

q1, е“л, [(C(t)=C1) 

∩

 (C(t)=Cv) ∩ (Nv(t)>Nv)] ∩ (α(t) = 1 ∩ (β(t)=0);

qv , е“л, [(C(t)=Cv) ∩ (Nv(t)≤Nv) 

∩

 (C(t)=C20) 

∩

 (C(t)=C22)] ∩ (α(t)=1) ∩ (β(t)=1) ∩ Nv>0;

q20, е“л, [(C(t)=C20) 

∩ 

 (C(t)=Cv) 

∩

 (C(t)=C22)] ∩ (α(t)=0);

q22, е“л, [(C(t)=C22) 

∩

 (C(t)=Cv)

∩

 (C(t)=C20)] ∩ (Nv=0) ∩ (α(t)=1),

где C ∈(q1, q2, q3, q4, q20, q22); qv ∈(C2, C3, C4)

Š2

1 5 19

q1, е“л, [(C(t)=C1)

∩ 

 (C(t)=C5)] ∩ (α(t)=1) ∩ (β(t)=0);

q5, е“л, [(C(t)=C1) 

∩

 C(t)=C5) ∩ (t"“(t)≤T"“)

∩

 (C(t)=C19) ∩ (t"2%(t)>T"2%)] ∩ (α(t)=1) ∩ 

∩ (β(t)=1);

q19, е“л, [(C(t)=C19) ∩ (t"2%(t)<T"2%)

∩

 (C(t)=C5) ∩ (tC*(t) ≥ TC*)] ∩ (β(t)=1),

где C ∈(q1, q5, q19)

Š3

q1, е“л, [(C(t)=C1) 

∩

 (C(t)=Cw) ∩ (Nw(t)>Nw)] ∩ (α(t)=1) ∩ (β(t)=0);

qw, е“л, [(C(t)=C1) 

∩

 (C(t)=Cw) ∩ (Nw(t) ≤ Nw) 

∩

 (C(t)=C19) ∩ (t"2%(t)>T"2%) 

∩

∩

(C(t)=C20) 

∩

 (C(t)=C21) 

∩

 (C(t)=C22)] ∩ (α(t)=1) ∩ (β(t)=1) ∩ (Nw>0);

q19, е“л, [(C(t)=C19) ∩ (t"2%(t)<T"2%) 

∩

 ((C(t)=Cw) 

∩

 (C(t)=C20) 

∩

 (C(t)=C21) 

∩

 

∩ (C(t)=C22)) ∩ (tC*(t)≥TC*)] ∩ (β(t)=1) ∩ (α(t)=1);

q20, е“л, [(C(t)=C20) 

∩

 (C(t)=Cw) 

∩

 (C(t)=C19) 

∩

 (C(t)=C21) 

∩

 (C(t)=C22)] ∩ (α(t)=0);

q21,е“л, [(C(t)=C21) 

∩

 

(t2…C(t)<T2…C) 

∩

 

(C(t)=Cw)
 

∩

 

(C(t)=C19) 

∩

 

(C(t)=C20) 

∩

 

(C(t)=C22)]∩ 

∩
 

(α(t)=1)
 

∩
 

(β(t)=0)
 

∩
 

(Nw (t) ≤ Nw)
 

∩
 

(Nw>0);

q22, 

е“л,
 

[(C(t)=C22) 

∩

 

(C(t)=Cw)
 

∩

 

(C(t)=C19) 

∩

 

(C(t)=C20) 

∩

 

(C(t)=C21)] 

∩
 

(α(t)=1)
 

∩
 

∩ (β(t)=0) ∩ (Nw=0),

где C ∈(q1, q6, q7, q19, q20, q21, q22); Cw ∈ (C6, C7); Nw ∈ (N6, N7)

Š4

            z ( 9, 10, 11)

1 8
z

20

22

19

21

q1, е“л, [(C(t)=C1) 

∩

 (C(t)=Cz) ∩ (N2,(t)>N2,)] ∩ (α(t)=1) ∩ (β(t)=0);

q8, е“л, [(C(t)=C8) ∩ (t2(t)≤T2) 

∩

 (C(t)=C1)] ∩ (α(t)=1) ∩ (β(t)=1) ∩ (N2,>0);

qz, е“л, [(C(t)=C8) ∩ (t2(t)>T2) 

∩

 (C(t)=Cz) 

∩

 (C(t)=C19) ∩ (t"2%(t)>T"2%) 

∩

 

(C(t)=C20) 

∩

 ∩

 

(C(t)=C21) 

∩

 (C(t)=C22)] ∩ (α(t)=1) ∩ (β(t)=1) ∩ (Nz(t)≤Nz) ∩ (Nz>0);

q19, 
е“л, [(C(t)=C19) ∩ (t"2%(t)<T"2%) 

∩

 ((C(t)=Cz) 

∩

 

(C(t)=C20) 

∩

 (C(t)=C21) 

∩

 (C(t)=C22)) ∩ 

∩ (tC*(t)≥TC*)] ∩ (β(t)=1) ∩ (α(t)=1);

q20, е“л, [(C(t)=C20) 

∩ 

 (C(t)=Cz) 

∩

 (C(t)=C19) 

∩

 (C(t)=C21) 

∩

 

(C(t)=C22)] ∩ (α(t)=0);

q21, е“л, [(C(t)=C21) ∩ (t2…C(t)<T2…C) 

∩ 

 

(C(t)=Cz) 

∩

 

(C(t)=C19) 

∩ 

 (C(t)=C20) 

∩

 (C(t)=C22)] ∩ 

∩ (α(t)=1) ∩ (β(t)=0) ∩ (Nz(t)≤Nz) ∩ (Nz>0);

q22, е“л, [(C(t)=C22) 

∩

 

(C(t)=Cz) 

∩

 

(C(t)=C19) 

∩

 

(C(t)=C20) 

∩

 

C(t)=C21)] ∩ α(t)=1) ∩ 

∩ (β(t)=0) ∩ (Nz=0),

где C ∈(C1, q9, q10, q11, q19, q20, q21, q22); qz ∈ (C9, C10, C11); Nz ∈ (N9, N10, N11)

Š5

1 12

13

20

22

q1, е“л, [(C(t)=C1) 

∩

 (C(t)=C13) ∩ (N**(t)>N**)] ∩ (α(t)=1) ∩ (β(t)=0);

q12, е“л, [(C(t)=C12) 

∩

 (C(t)=C1) 

∩

 (C(t)=C20) 

∩

 (C(t)=C22)] ∩ (N“%!2(t)≤N“%!2) ∩ (α(t)=1) ∩ 

∩ (β(t)=1) ∩ (N“%!2>0);

q13, е“л, [(C(t)=C13) 

∩

 (C(t)=C12) 

∩

 (C(t)=C20) 

∩

 (C(t)=C22)] ∩ (N“%!2(t)>N“%!2) ∩(α(t)=1)∩ 

∩ (β(t)=1) ∩ (N**(t)≤N**) ∩ (N**>0);

q20, е“л, [(C(t)=C20) 

∩

 (C(t)=C12) 

∩

 (C(t)=C13) 

∩

 (C(t)=C22)] ∩ (α(t)=0);

q22, е“л, [(C(t)=C22) 

∩

 (C(t)=C20] ∩ (N“%!2=0) ∩ (N**=0) 

∩

 [(C(t)=C12) ∩ (N“%!2=0) 

∩

 

∩

 (C(t)=C13) ∩ (N**=0)]) ∩ (α(t)=1) ∩ (β(t)=0),

где C ∈(C1, q12, q13, q20, q22)

⎧⎪
⎨
⎪⎩

            Cv (C2, C3, C4)

C1 Cv
C20

C22

⎧⎪
⎨
⎪⎩

                 w  ( 6, 7)

20

19

21

22

w1

⎧⎪
⎨
⎪⎩
⎧⎪
⎨
⎪⎩
⎧⎪
⎨
⎪⎩
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ŠŠo c!=-/ l=2ем=2,че“*=  м%дель дл  C(t + Δt)

Š6

14

1

20 21

18

1716

1

q1,е“л, [(C(t)=C1) 

∩

 (C(t)=C18) ∩ (N2C“(t)=0)] ∩ (α(t)=1) ∩ (β(t)=0);

q14, е“л, [(C(t)=C14) ∩ (t2м(t)≤T2м) 

∩

 (C(t)=C1)] ∩ (α(t)=1) ∩ (β(t)=1);

q15, е“л, [(C(t)=C14) ∩ (t2м(t)>T2м) 

∩

 (C(t)=C15) 

∩

 (C(t)=C20) 

∩

 (C(t)=C22)] ∩ (α(t) = 

=1) ∩ (β(t)=1) ∩ (N3,(t)≤N3,) ∩ (N3,>0);

q16, е“л, [(C(t)=C15) ∩ (N3,(t)>N3,) 

∩

 ((C(t)=C20) 

∩

 (C(t)=C16) 

∩

 (C(t)=C22)) ∩ 

∩ (t2C3(t) ≤ T2C3)] ∩ (β(t)=1) ∩ (α(t)=1);

q17, е“л, [(C(t)=C16) ∩ (t2C3(t)>T2C3) 

∩

 (C(t)=C20) 

∩

 (C(t)=C17) 

∩

 (C(t)=C22)] ∩ 

∩ (N3C(t)≤N3C) ∩ (β(t)=1) ∩ (α(t)=1) ∩ (N3C>0);

q18, е“л, [(C(t)=C17) ∩ (N3C(t)>N3C) 

∩

 (C(t)=C18) ∩ (β(t)=1) ∩ (α(t)=1) ∩ 

∩ (N2C(t)>0);

q20, е“л, [(C(t)=C20) 

∩

 (C(t)=C14) 

∩

 (C(t)=C15) 

∩

 (C(t)=C16) 

∩

 (C(t)=C17) 

∩

 

∩

 (C(t)=C22)] ∩ (α(t)=0);

q21, е“л, [(C(t)=C21) ∩ (t2…C(t)<T2…C) 

∩

 (C(t)=C17)] ∩ (α(t)=1) ∩ (β(t)=0) ∩ 

∩ (N3C(t)≤N3C) ∩ (N3C>0);

q22, е“л, [(C(t)=C22) 

∩

 (C(t)=C14) 

∩

 (N2м=0) 

∩

 (C(t)=C15) ∩ (N3,=0) 

∩

 

∩

 ((C(t)=C16) 

∩

 (C(t)=C17)) ∩ (N3C=0)] ∩ (α(t)=1) ∩ (β(t)=0),

где C ∈ (C1, q9, q10, q11, q19, q20, q21, q22)

⎧⎪
⎨
⎪⎩

"=!*, “2е*л=, …=!=K%2*, ме›д3 д"3м  "“C%м%г=-
2ель…/м, 2е.…%л%г,че“*,м, %Cе!=ц, м,, "/C%л-
…е…,  "“C%м%г=2ель…%L 2е.…%л%г,че“*%L %Cе!=-
ц,,, 3“2!=…е…,  %2*=ƒ= C% 2е.…%л%г,че“*,м C!,-
ч,…=м, 2!=…“C%!2,!%"=…,  “2е*л%,ƒдел,L д% Cеч, 
%2›,г=, 2!=…“C%!2,!%"=…,  “2е*л%,ƒдел,L д% 3C=-
*%"%ч…%L м=ш,…/, 2!=…“C%!2,!%"=…,  C=*е2= " 
2е!м%3“=д%ч…3ю Cечь “%%2"е2“2"е……%; T"“, TC*, 
T"2%, Š2…C, Š2м(t), Š2C3(t) # !егл=ме…2,!%"=……%е 
ƒ…=че…,е "!еме…, "=!*, “2е*л=, …=!=K%2*, ме›д3 
д"3м  "“C%м%г=2ель…/м, 2е.…%л%г,че“*,м, %Cе-
!=ц, м,, "/C%л…е…,  "“C%м%г=2ель…%L 2е.…%л%-
г,че“*%L %Cе!=ц,,, 3“2!=…е…,  %2*=ƒ= C% 2е.…%л%-
г,че“*,м C!,ч,…=м, 2!=…“C%!2,!%"=…,  “2е*л%,ƒ-
дел,L д% Cеч, %2›,г=, 2!=…“C%!2,!%"=…,  “2е*л%-
,ƒдел,L д% 3C=*%"%ч…%L м=ш,…/, 2!=…“C%!2,!%-
"=…,  C=*е2= " 2е!м%3“=д%ч…3ю Cечь “%%2"е2“2"е…-
…%; α(t) # “л3ч=L…=  -3…*ц, , .=!=*2е!,ƒ3ю?=  
!=K%2%“C%“%K…%“2ь %K%!3д%"=…,  (0 # …е !=K%2=е2, 
1 # !=K%2=е2); β(t) # “л3ч=L…=  -3…*ц, , .=!=*2е-
!,ƒ3ю?=  "/C%л…е…,е 2е.…%л%г,че“*%L %Cе!=ц,, 
(0 # …е "/C%л… е2“ , 1 # "/C%л… е2“ );
дл  м%дел, Š1: N2(t)=NC“K(t), N3(t)=NCш“K(t), 

N4(t)=NC“(t) # “л3ч=L…=  -3…*ц,  *%л,че“2"= 
C%д=……%г% “2е*л%K%  " !=“.%д…/L K3…*е!, ш,.2/ 
, “2е*л%K%  # " K3…*е! ƒ=г!3ƒч,*%" ш,.2/, “ме-
“, # " ƒ=г!3ƒ%ч…/е *=!м=…/ CечеL “%%2"е2“2"е…-
…%; NC“K, NCш“K, NC“ # …е%K.%д,м%е *%л,че“2"% 
“2е*л%K%  дл  C%д=ч, " !=“.%д…/L K3…*е!, ш,.-
2/ , “2е*л%K%  # " K3…*е! ƒ=г!3ƒч,*%" ш,.2/, 
“ме“, # " ƒ=г!3ƒ%ч…/е *=!м=…/ CечеL “%%2"е2“2-
"е……%;

дл  м%дел, Š3: N6(t) = N*=C(t), N7(t) = N-(t) # 
“л3ч=L…/е -3…*ц,, *%л,че“2"= C%л3че……/. *=-
Cель , -%!м%"=……/. ,ƒдел,L “%%2"е2“2"е……%; 
N6 = N*=C, N7 = N- # …е%K.%д,м%е *%л,че“2"% 
*=Cель , -%!м%"=……/. ,ƒдел,L “%%2"е2“2"е……%;
дл  м%дел, Š4: N9(t) = NC(t), N10(t)=N%(t), 

N11(t)=N2,(t) # “л3ч=L…/е -3…*ц,, *%л,че“2"= 
,ƒдел,L, Cе!ег!3›е……/. " Cечь %2›,г=; ,ƒдел,L, 
C!%шедш,. %2›,г , ,ƒдел,L, 2!=…“C%!2,!%"=…-
…/. " !=K%чем 23……еле Cеч, “%%2"е2“2"е……%; 
N9=NC, N10=N%, N11=N2, # …е%K.%д,м%е *%л,че-
“2"% ,ƒдел,L дл  Cе!ег!3ƒ*, " Cечь %2›,г=, ,ƒде-
л,L дл  %2›,г= , ,ƒдел,L дл  2!=…“C%!2,!%"=…,  
" !=K%чем 23……еле Cеч, “%%2"е2“2"е……%;
дл  м%дел, Š5 : N“%!2(t), N**(t) # “л3ч=L…/е 

-3…*ц,, *%л,че“2"= “%!2,!%"=……/. ,ƒдел,L , 
,ƒдел,L, C!%шедш,. *%…2!%ль *=че“2"= “%%2"е2-
“2"е……%; N“%!2 # *%л,че“2"% ,ƒдел,L, *%2%!/е 
…е%K.%д,м% %2“%!2,!%"=2ь; N** # *%л,че“2"% ,ƒ-
дел,L, *=че“2"% *%2%!/. …е%K.%д,м% C!%"е!,2ь;
дл  м%дел, Š6: N3,(t), N3C(t), N2C(t) # “л3ч=L…/е 

-3…*ц,, *%л,че“2"= 3C=*%"=……/. ,ƒдел,L, C=*е-
2%", C!%шедш,. 2е!м%3“=д*3, , C=*е2%", 2!=…“C%!-
2,!%"=……/. …= “*л=д “%%2"е2“2"е……%; N3,, N3C, 
N2C # …е%K.%д,м%е *%л,че“2"% ,ƒдел,L дл  3C=-
*%"*,, C=*е2%" дл  2е!м%3“=д*, , г%2%"/. C=*е2%" 
“%%2"е2“2"е……%.

q,…2еƒ м=2ем=2,че“*,. м%делеL C%д“,“2ем C%-
ƒ"%л,л C%“2!%,2ь %K%K?‘……3ю м=2ем=2,че“*3ю 
м%дель -3…*ц,%…,!%"=…,  ме.=…,ƒ,!%"=……%L 
л,…,, “2е*л%2=!…%г% C!%,ƒ"%д“2"=, *%2%!=  ,…-
2е!C!е2,!3е2“  “,“2ем%L л%г,че“*,. 3!="…е…,L, 

n*%…ч=…,е 2=Kл. 2

15
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%C,“/"=ю?,. 3“л%",  Cе!е.%д= %д…%L ŠŠo " 
д!3г3ю. o!, “,…2еƒе ,м,2=ц,%……%L м%дел, “,“-
2ем/ 3ч,2/"=ю2“  л%г,че“*,е "ƒ=,м%“" ƒ, C%д-
“,“2ем, "/деле……/е …= .2=Cе -%!м=л,ƒ=ц,,. 
h“.%д  ,ƒ ,ƒл%›е……%г% "/ше, м%дель -3…*ц,%-
…,!%"=…,  ме.=…,ƒ,!%"=……%L л,…,, “2е*л%2=!-
…%г% C!%,ƒ"%д“2"= C!,ме2 ",д 

ш=ге м%дель…%г% "!еме…, дл  %K%!3д%"=…,  "/ч,“-
л е2“  "!ем  ег% !=K%2/ , …=д‘›…%“2ь. m=д‘›…%“2ь 
%C!едел е2“  C32‘м м%дел,!%"=…,  …=!=K%2*, …= 
%2*=ƒ , "!еме…, "%““2=…%"ле…,  “%%2"е2“2"3ю?е-
г% 2е.…%л%г,че“*%г% %K%!3д%"=…, .

dл  !е=л,ƒ=ц,, ,м,2=ц,%……%L м%дел, …= }bl 
K/л ,“C%льƒ%"=…  ƒ/* C!%г!=мм,!%"=…,  Microsoft 
Visual Basic ,ƒ ,…2ег!,!%"=……%г% C=*е2= дл  “%ƒ-
д=…,  C!,л%›е…,  C%д Windows # Microsoft Visual 
Studio 6.0. }2%2  ƒ/* C!ед%“2="л е2 ш,!%*,е "%ƒ-
м%›…%“2, дл  “%ƒд=…,  C!,л%›е…,L !=ƒл,ч…%L 
“2еCе…, “л%›…%“2,, C!, .2%м !=ƒ!=K%2ч,*3 …е 
C!,.%д,2“  2!=2,2ь "!ем  …= !=ƒ!=K%2*3 *%д=, 
%C,“/"=ю?ег% C%льƒ%"=2ель“*,L ,…2е!-еL“; "“е 
.леме…2/ 3C!="ле…,  м%›…% д%K="л 2ь " -%!м3 
ме2%д%м !,“%"=…,  " ,…2е!=*2,"…%м !е›,ме. 

p=ƒ!=K%2=……=  C!%г!=мм= ModelPus 1.0 C%ƒ"%-
л е2 ,м,2,!%"=2ь C!%це““ C!%,ƒ"%д“2"= “2е*л …-
…%L 2=!/, …=ч,…=  “ "/!=K%2*, “2е*л%,ƒдел,L , 
ƒ=*=…ч,"=  ,. 3C=*%"*%L. Š=*›е %…= м%›е2 %“3-
?е“2"л 2ь: !=“ч‘2 K!=*= C!%д3*ц,, (…= “2=д, . 
"/!=K%2*, “2е*л%,ƒдел,L , %2›,г= “2е*л%,ƒде-
л,L); ,м,2=ц,ю %2*=ƒ= %K%!3д%"=…,  (“ C%м%?ью 
!3ч…%L 3“2=…%"*, , " ="2%м=2,че“*%м !е›,ме). 
j!%ме 2%г%, " C!%г!=мме C!ед3“м%2!е…= "%ƒм%›-
…%“2ь 3“2=…%"*, “*%!%“2, C!%2е*=…,  C!%це““%" 
C!%,ƒ"%д“2"= “2е*л%2=!/.

o%л3че……3ю ,м,2=ц,%……3ю м%дель 2е.…%л%г,-
че“*%г% C!%це““= “2е*л%2=!…%г% C!%,ƒ"%д“2"= м%›-
…% ,“C%льƒ%"=2ь C!, !еше…,, ƒ=д=ч C!%е*2,!%"=-
…, , Cл=…,!%"=…, , C!%г…%ƒ,!%"=…, , !е",ƒ,,: 
!=“ч‘2 , "/K%! %C2,м=ль…%L “2!3*23!/ , C=!=ме2-
!%" -3…*ц,%…,!%"=…,  2е.…%л%г,че“*,. л,…,L C% 
C!%,ƒ"%д“2"3 “2е*л%2=!/, 3“2=…%"ле…,е C!%C3“*-
…%L “C%“%K…%“2, %2дель…/. 2е.…%л%г,че“*,. ƒ"е-
…ье" “,“2ем/ C!%,ƒ"%д“2"= “2е*л%2=!/, %K%“…%"=-
…,е 3“л%",L д%“2,›е…,  , C%де!›=…,  2!еK3ем%L 
,…2е…“,"…%“2, C!%,ƒ"%д“2"= “2е*л%2=!/, %K%“…%-
"=…,е …=г!3ƒ%* …= 2е.…%л%г,че“*,е л,…,, C!, Cл=-
…,!%"=…,, "/C3“*= C!%д3*ц,,, 3“2=…%"ле…,е …=-
г!3ƒ%* …= 2е.…%л%г,че“*,е ƒ"е…ь  C!, 2е.…%л%г,че-
“*%м Cе!е"%%!3›е…,, C!%,ƒ"%д“2"=, !е",ƒ,  C=!*= 
2е.…%л%г,че“*%г% %K%!3д%"=…,  , "/"%д …е,“C%ль-
ƒ3ем%г% %K%!3д%"=…,  ƒ= K=л=…“ C!едC!, 2, .

a,Kл,%г!=-,че“*,е ““/л*,

1. }C%" `.`. dе*%мC%ƒ,ц,  C!%це““= ,ƒг%2%"ле…,  
“2е*-л%2=!/ *=* “л%›…%L C!%,ƒ"%д“2"е……%L “,“2ем/ / 
e.b. l%!%ƒ%"= // h……%"=ц,%……/е 2е.…%л%г,, " %K3че-
…,, , C!%,ƒ"%д“2"е: l=2е!,=л/ III b“е!%“. *%…-., 
г. j=м/ш,…, 20#23 =C!ел  2005 г. b%лгcŠr. b%лг%г!=д, 
2005. q. 111#114.

2. pедь*% q.c. p=ƒ!=K%2*= *%…цеC23=ль…%L м%дел, 
-3…*ц,%…,!%"=…,  ме.=…,ƒ,!%"=……%L л,…,, “2е*л%2=!-
…%г% C!%,ƒ"%д“2"= / `.`. }C%", e.b. l%!%ƒ%"= // o!%г!е“-
“,"…/е 2е.…%л%г,, " %K3че…,, , C!%,ƒ"%д“2"е: l=2е-
!,=л/ IV b“е!%“. *%…-. jŠh b%лгcŠr, 2006. q. 189#192.

3. a3“ле…*% m.o. l%дел,!%"=…,е “л%›…/. “,“2ем. 
l: m=3*=, 1978. 401“.

Š1(Š1.1), е“л, (Š (t) = Š1.1) ∩ (NC“K(t) < NC“K);
Š1(Š1.2), е“л, (Š (t) = Š1.2) ∩ (NCш“K(t) <
< NCш“K) ∪ (T(t) = T1.1) ∩ (NC“K(t) ≥ NC“K);
Š1(Š1.3), е“л, (Š (t) = Š1.3) ∩ (NC“(t) < NC“) ∪ 
∪ (T (t) = T1.2) ∩ (NCш“K(t) ≥ NCш“K);
Š2, е“л, (Š(t) = Š2) ∩ (N“(t) < N“) ∩ (T (t) = 

=T1.3) ∩ (NC“(t) ≥ NC“);
Š3, е“л, (Š (t) = Š3) ∩ (N-(t) < N-) ∪ (T (t) = 

=T2) ∩ (N“(t) ≥ N“);
Š4(Š4.1), е“л, (Š (t) = Š4.1) ∩ (NC(t) < NC) ∪ 
∪ (Š (t) = Š3) ∩ (N-(t) ≥ N-);
Š4(Š4.2), е“л, (Š (t) = Š4.2) ∩ (N%(t) < N%) ∪ 

∪ (T (t) = T4.1) ∩ (NC(t) ≥ NC);
Š4(Š4.3), е“л, (Š (t) = Š4.3) ∩ (N2,(t) <N2,) ∪ 

∪ (T (t) = T1.2) ∩ (N%(t) ≥ N%);
Š5, е“л, (Š (t) = Š5) ∩ (N**(t) < N**) ∪ (T (t) =
= T4.3) ∩ (N2,(t) ≥ N2,);
Š6, е“л, (Š (t) = Š6) ∩ (N2C(t) < N2C) ∪ (T (t) =
= T5) ∩ (N**(t) ≥ N**).

⎧⎪
⎨
⎪⎩

Š(t+∆t) =

}*“Cе!,ме…2=ль…%L %“…%"%L “%ƒд=…,  м%делеL 
C%“л3›,л% ,““лед%"=…,е “2=2,“2,че“*,. ƒ=*%…%-
ме!…%“2еL !=“C!еделе…,  “л3ч=L…/. "ел,ч,… 
C!%2е*=…,  %“…%"…/. , "“C%м%г=2ель…/. C!%це“-
“%": "!еме…, …=!=K%2*, …= %2*=ƒ, л,*",д=ц,, 2е.-
…%л%г,че“*,. , 2е.…,че“*,. %2*=ƒ%" дл  !=ƒл,ч-
…/. ",д%" , 2,C%" %K%!3д%"=…,  2е.…%л%г,че“*,. 
л,…,L ,ƒг%2%"ле…,  “2е*л%2=!/. o%л3че……/е 
д=……/е “2=2,“2,че“*,. ,““лед%"=…,L ,“C%ль-
ƒ3ю2“  дл  %C!еделе…,  *%…“2=…2, Cе!еме……/., 
“л3ч=L…/. , ,…д,*=2%!…/. -3…*ц,L. g…=че…,  
Cе!еч,“ле……/. "ел,ч,… ,“C%льƒ3ю2“  дл  "/K%!= 
…=C!="ле…,  C!%це““= ,м,2=ц,, " “%%2"е2“2",, “ 
ег% м=2ем=2,че“*,м C!ед“2="ле…,ем , !е=л,ƒ%-
"=……%г% " Kл%*=. л%г,че“*%г% “!="…е…, . 

Š!=…“-%!м=ц,  C%л3че……/. м=2ем=2,че“*,. 
м%делеL " ,м,2=ц,%……/е %“3?е“2"л е2“  “ C%м%-
?ью C!%г!=мм…/. C!%цед3! =лг%!,2м,ƒ=ц,, , 
"*люче…,  " C!%це““ м%дел,!%"=…,  …= }bl д,…=-
м,*, C!%2е*=…,  2е.…%л%г,че“*,. C!%це““%" C!%-
,ƒ"%д“2"= “2е*л%2=!/ "% "!еме…,. o!, .2%м K/л, 
,“C%льƒ%"=…/ д"= %“…%"…/. C!,…ц,C=: C!,…ц,C 
&∆t[ # -,*“,!%"=……/. ,…2е!"=л%" "!еме…, (дл  
C!%г!=мм,!%"=…,  "“C%м%г=2ель…/. м%д3леL, *%-
2%!/е %2!=›=ю2 "ƒ=,м%“" ƒ, ме›д3 C%д“,“2ем=м,) 
, C!,…ц,C &%“%K/. “%“2% …,L[ (дл  C!%г!=мм,!%-
"=…,  ŠŠo) # "е“ьм= 3д%K…/L , .*%…%м,ч…/L " 
%2…%ше…,, м=ш,……%г% "!еме…,) [3]. m= *=›д%м 
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c.q. oе2!,че…*%, д%ц., *=…д. 2е.…. …=3*, k.m. d3д…,* 
(j3K=…“*,L г%“3д=!“2"е……/L 2е.…%л%г,че“*,L 3…,"е!“,2е2, г. j!=“…%д=!)

lududnik@mail.ru

 b{anp o`p`leŠpnb jnmŠpnk“ Šeumh)eqjncn qnqŠn“mh“ 
dk“ 0htpnb{u aknjnb jnponp`Šhbmni qeŠh m` nqmnbe hqonk|gnb`mh“ 

leŠndnb t`jŠnpmncn `m`khg`

o!едл%›е…= ме2%д,*= "/K%!= , %це…*, C!,%!,2е2…%“2, C=!=ме2!%", .=!=*2е!,ƒ3ю?,. 
2е.…,че“*%е “%“2% …,е ц,-!%"/. Kл%*%" *%!C%!=2,"…%L “е2,, …= %“…%"е ,“C%льƒ%"=…,  ме-
2%д%" -=*2%!…%г% =…=л,ƒ=.

jлюче"/е “л%"=: "/K%! C=!=ме2!%" *%…2!%л , %це…*= C!,%!,2е2…%“2, C=!=ме2!%", *%мCью-
2е!…/е “е2,, ц,-!%"%L Kл%*, -=*2%!…/L =…=л,ƒ, *%!!ел ц,%……=  м=2!,ц=.

This paper presents choice and estimation methodology of the parameters priority which defines 
technical state of the corporative net digital blocks from a utilization of the factor analysis 
methods.

Key words: control parameters choice, parameters priority estimation, computer network, digital 
block, factor analysis, correlated matrix.

b …=“2% ?ее "!ем  …=Kлюд=е2“  K/“2!/L !%“2 
*%!C%!=2,"…/. “е2еL , м…%г%%K!=ƒ,е ,“C%льƒ3е-
м/. =CC=!=2…%-C!%г!=мм…/. “!ед“2", = 2=*›е !=ƒ-
л,ч…/. “!ед Cе!ед=ч, д=……/.. o%.2%м3 =*23=ль-
…%L  "л е2“  ƒ=д=ч= “"%е"!еме……%г% *%…2!%л  
2е.…,че“*%г% “%“2% …,  3ƒл%" , Kл%*%" “е2, дл  
C%"/ше…,  .*“Cл3=2=ц,%……%L …=д‘›…%“2, , .--
-е*2,"…%“2, !=K%2/, %Kе“Cече…,  %“…%"…/. C=-
!=ме2!%" " 2!еK3ем/. C!едел=..

o!, *%…2!%ле , C!%г…%ƒ,!%"=…,, "%ƒ…,*=е2 
C!%Kлем= "/K%!= …е%K.%д,м%L “%"%*3C…%“2, ,…-
-%!м=2,"…/. C=!=ме2!%", %C,“/"=ю?,. 2е.…,че-
“*%е “%“2% …,е %KAе*2= *%…2!%л  "% "!еме…,, “ 
целью 3ме…ьше…,  м=2е!,=ль…/. , "!еме……/. ƒ=-
2!=2 …= *%…2!%ль. dл  "/K%!= %C2,м=ль…%г% , 
…=,K%лее ,…-%!м=2,"…%г% …=K%!= C=!=ме2!%" 
C!,ме… е2“  C!,%!,2е2…/L ме2%д %це…*,, C%ƒ"%-
л ю?,L C%“2!%,2ь 3C%! д%че……3ю C%“лед%"=2ель-
…%“2ь C=!=ме2!%" C% ме!е "%ƒ!=“2=…,  ,л, 3K/"=-
…,  ,. ƒ…=ч,м%“2, C% ƒ=д=……/м *!,2е!, м. 

o3“2ь ,мее2“  …е*%2%!=  “,“2ем=, …=C!,ме!, 
ц,-!%"%L Kл%*, 2е.…,че“*%е “%“2% …,е *%2%!%г% 
м%›…% %C,“=2ь “%"%*3C…%“2ью C=!=ме2!%", C!ед-
“2="л ю?,. “%K%L "е*2%! 2е.…,че“*%г% “%“2% …,  

1 2( , , …, )nY y y y=
�

,

где n # ч,“л% C=!=ме2!%" “,“2ем/. 

0елью д=……%L !=K%2/  "л е2“  C%“2!%е…,е =л-
г%!,2м= !еше…,  ƒ=д=ч, "/K%!= ,…-%!м=2,"…%L 
“%"%*3C…%“2, C=!=ме2!%" *%…2!%л . lе2%д%л%г,  
"/K%!= ,…-%!м=2,"…%L “%"%*3C…%“2, C=!=ме2-
!%" %“…%"/"=е2“  …= -=*2%!…%м =…=л,ƒе.

n“…%"…%L ƒ=д=чеL  "л е2“  Cе!е.%д %2 %C,“=-
…,  ,““лед3ем%L “,“2ем/, ƒ=д=……%L K%льш,м …=-

K%!%м ,ƒме! ем/. C=!=ме2!%", * %C,“=…,ю 
ме…ьш,м ч,“л%м м=*“,м=ль…% ,…-%!м=2,"…/. 
C!,ƒ…=*%", %2!=›=ю?,. …=,K%лее “3?е“2"е……/е 
“"%L“2"= “,“2ем/.

o!едC%л=г=е2“ , ч2% *=›д/L ,ƒ C=!=ме2!%" yi, 
%C,“/"=ю?,. 2е.…,че“*%е “%“2% …,е “,“2ем/ 
*%…2!%л , м%›е2 K/2ь C!ед“2="ле… *=* -3…*ц,  
…еK%льш%г% ч,“л= %K?,. -=*2%!%" pi , .=!=*2е!-
…%г% -=*2%!= ui:

1 2, ,..., , .( )i r iy f p p p u=   (1)

nK?,е -=*2%!/ C!ед“2="л ю2 “%K%L !=“ч‘2-
…/е Cе!еме……/е, 2. е. …%"/е .=!=*2е!,“2,*, “,“-
2ем/. r!="…е…,  (1), “" ƒ/"=ю?,е …=Kлюд=ем/е 
C=!=ме2!/ , -=*2%!/, C%ƒ"%л ю2 C%“2!%,2ь %K-
?3ю м%дель “,“2ем/.

b %K?ем “л3ч=е дл  люK%г% ме2%д= -=*2%!…%г% 
=…=л,ƒ= ƒ…=че…,е C=!=ме2!= yij м%›е2 K/2ь "/!=-
›е…% " ",де л,…еL…%L *%мK,…=ц,, r -=*2%!%":

1 1 2 2 ...i j i j ir rjijy a p a p a p= + + +
 

, (2)

где air
 
# C%“2% ……/е *%.--,ц,е…2/, -=*2%!…/е …=-

г!3ƒ*,; prj
 
# ƒ…=че…,  -=*2%!%" дл  j-г% %KAе*2= 

*%…2!%л . 

p="е…“2"% (2) "/!=›=е2 %“…%"…3ю м%дель -=*-
2%!…%г% =…=л,ƒ=.

h“C%льƒ3ем д=……/е …=Kлюде…,L C!, *%…2!%ле 
M =…=л%г,ч…/. Kл%*%" “,“2ем/ " !=ƒл,ч…/е м%-
ме…2/ "!еме…,. a3дем ,“C%льƒ%"=2ь “лед3ю?,е 
3“л%"…/е %K%ƒ…=че…, : j # …%ме! *%…2!%л,!3е-
м%г% Kл%*= (j =1,…, m); i # …%ме! C=!=ме2!= *%…-
2!%л  (i =1,…, n); k # …%ме! ƒ=ме!= C=!=ме2!%" 
(k = 1,…, s). 
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o% !еƒ3ль2=2=м !е“3!“…/. ,“C/2=…,L 10 ,…2е-
г!=ль…/. м,*!%“.ем “3мм=2%!= C!, 2емCе!=23!е 
135 °q K/л, C%л3че…/ “лед3ю?,е д=……/е: …=C! -
›е…,е л%г,че“*%L <1> # Y1(мb); …=C! ›е…,е л%-
г,че“*%г% <0> # Y2(мb); ".%д…%L 2%* #Y3(м*`); 
"/.%д…%L 2%* # Y4(м*`); "!ем  "*люче…,  # 
Y5(…“); "!ем  "/*люче…,  # Y6(…“); г!=…,ч…=  
ч=“2%2= Cе!е*люче…,  #Y7(lcц).

m= %“…%"=…,, !еƒ3ль2=2%" ,ƒме!е…,L C=!=ме2-
!%" " !=ƒ…/е м%ме…2/ "!еме…, %2 t = 0 д% t = 2500 ч 
C%“2!%е…= *%!!ел ц,%……=  м=2!,ц=, *%2%!=   "-
л е2“  %2C!="…%L 2%ч*%L дл  =…=л,ƒ= , %K!=K%2*, 
“ C%м%?ью ме2%д%" -=*2%!…%г% =…=л,ƒ=. 

q2=",2“  ƒ=д=ч= %C!еделе…,  *%л,че“2"= , ",д= 
л,…еL…% …еƒ=",“,м/. д!3г %2 д!3г= -=*2%!%", 
*%2%!/е д%“2=2%ч…% 2%ч…% "%“C!%,ƒ"%д 2 "ƒ=,-
м%“" ƒ, …=Kлюд=ем/. Cе!еме……/.. t=*2%!…/L 
=…=л,ƒ C%ƒ"%л е2 C!, ƒ=д=……%L n-ме!…%L *%!!е-
л ц,%……%L м=2!,це …=L2, …%"3ю %!2%г%…=ль…3ю 
r-ме!…3ю “,“2ем3 *%%!д,…=2 2=*, ч2%K/ м=*“,-
м3м C%л…%L д,“Cе!“,, ле›=л " …=C!="ле…,, Cе!-
"%L гл="…%L %“,, = м=*“,м3м %“2="шеL“  д,“Cе!-
“,, # " …=C!="ле…,, "2%!%L гл="…%L %“, , 2. д.

p=““м%2!,м .2=C/ =лг%!,2м= д=……%L ме2%д,*,. 
}2=C 1. o%“2!%е…,е *%!!ел ц,%……%L м=2!,ц/ 

R. o!ед"=!,2ель…% !=““ч,2/"=ю2“  “лед3ю?,е 
"ел,ч,…/.

1. q!ед…ее ƒ…=че…,е C=!=ме2!%" C% д=……/м ,. 
ƒ=ме!%":

1

( )
( ) ,

m

ij
j

i

Y k
Y k

m
==

∑

где i # …%ме! C=!=ме2!=; j # …%ме! м,*!%“.ем/; 
k # …%ме! ƒ=ме!=; m # *%л,че“2"% *%…2!%л,!3ем/. 
“,“2ем.

2. o!%,ƒ"ед‘м 3“!ед…е…,е C=!=ме2!%" C% ч,“л3 
ƒ=ме!%": 

1

( )
.

s

i
i

i

Y k
Y

s
==
∑

3. b/ч,“л,м %2*л%…е…,  %2 %K?ег% “!ед…ег% Y 
C!, *=›д%м ƒ=ме!е: 

( ) ( ) .i i iY k Y k YΔ = −

4. j%.--,ц,е…2/ *%"=!,=ц,, !=““ч,2=ем C% 
“лед3ю?,м -%!м3л=м [1]: 

6

1

(1/ 3) [ ( )] [ ( )];ij i j
k

C Y k Y k∗

=

= Δ ⋅ Δ∑
6

* 2

1

(1/ 3) [ ( )] ;
k

jj jC Y k
=

= Δ∑
 

6
2

1

(1/ 3) [ ( )] .
k

ii iC Y k∗

=

= Δ∑

5. m= %“…%"=…,, *%"=!,=ц,%……%L м=2!,ц/ “2!%,2-
“  *%!!ел ц,%……=  м=2!,ц= C=!=ме2!%" (2=Kл. 1). 
j%.--,ц,е…2/ C=!…/. *%!!ел ц,L Cе!еме……/. 
!=““ч,2/"=ю2“  C% “лед3ю?еL -%!м3ле:

*
.ij

ij
ii jj

C
R

C C

∗

∗
=

b/че!*,"=ем ,ƒ *%!!ел ц,%……%L м=2!,ц/ R 
2!е2ью “2!%*3 , 2!е2,L “2%лKец, ,мею?,е …3ле-
"/е ƒ…=че…, , , C!%,ƒ"%д,м Cе!е,…де*“=ц,ю 
.леме…2%".

}2=C 2. o%“2!%е…,е !ед3ц,!%"=……%L *%!!ел -
ц,%……%L м=2!,ц/ h

h ikR r= , где i = 1,…, n, k =
= 1,…, n. 

Š = K л  , ц =  1

 j%!!ел ц,%……=  м=2!,ц= C=!=ме2!%" Rij 

m%ме! “2!%*, i
m%ме! “2%лKц= j

1 2 3 4 5 6 7

1 1 0,920408 0 0,883876 #0,926420 #0,811290 0,967092

2 0,920410 1 0 0,925029 #0,987240 #0,663750 0,917863

3 0 0 0 0 0 0 0

4 0,883880 0,925029 0 1 #0,972850 #0,72535 0,951378

5 #0,926400 #0,987240 0 #0,972850 1 0,718748 #0,954590

6 #0,811300 #0,663750 0 #0,725350 0,718748 1 #0,873730

7 0,967090 0,917863 0 0,951378 #0,954590 #0,873730 1
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dл  .2%г% C% гл="…%L д,=г%…=л, *%!!ел ц,%…-
…%L м=2!,ц/ R C!%“2="л ю2 %це…*, %K?…%“2еL 

2
ih . nце…*= %K?…%“2еL м%›е2 K/2ь %“3?е“2"ле…= 

…= %“…%"е "/ч,“ле…,  *"=д!=2= м…%›е“2"е……%L 
*%!!ел ц,, дл  *=›д%L Cе!еме……%L “ C%м%?ью 
%K!=2…%L м=2!,ц/ R#1 C% “лед3ю?еL -%!м3ле: 

112 2
i i iih R

r
= = −  ,

где r 

ii # д,=г%…=ль…/L .леме…2 %K!=2…%L м=2!,ц/.

}2=C 3. o%л3че…,е м=2!,ц/ -=*2%!…%г% %2%-
K!=›е…,  A=(ail) , .леме…2=м, *%2%!%L  "л ю2“  
-=*2%!…/е …=г!3ƒ*,, где i =1,…, n # C=!=ме2!/; 
l = 1,…, r # -=*2%!/.

j%!!ел ц,%……=  м=2!,ц= м%›е2 K/2ь "%“C!%-
,ƒ"еде…= “ C%м%?ью -=*2%!…%г% %2%K!=›е…,  , 
*%!!ел ц,L ме›д3 -=*2%!=м, [2]: 

2
1 12 1 11 12 1

2
21 22 221 2 2

2 1 21

... ...
......

... ... ... ...... ... ... ...
....... ...

n r

rn

n n nrn n

h r r a a a
a a ar h r

a a ar h

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟= ×⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

11 21 1

12 22 2

1 2

...

...
... ... ... ...

...

n

n

r r nr

a a a
a a a

a a a

⎛ ⎞
⎜ ⎟
⎜ ⎟×
⎜ ⎟
⎜ ⎟⎝ ⎠

 
,л, " м=2!,ч…%м ",де '

hR A A= ⋅ . 
}леме…2=м, !ед3ц,!%"=……%L м=2!,ц/ Rh “%%2-

"е2“2"е……%  "л ю2“ :
C!, i = k 2 2 2 2

1 2 ...i i ir ia a a h+ + + = , C!, i ≠ k 1 1i ka a +  

2 2 ... iri k kr ika a a a r+ + + = .

h“C%льƒ3ем це…2!%,д…/L ме2%д -=*2%!…%г% 
=…=л,ƒ=. b/ч,“л,м …=г!3ƒ*, Cе!"%г% -=*2%!= ai1 
(2=Kл. 2). dл  .2%г% C!%“3мм,!3ем .леме…2/ *=›-
д%г% “2%лKц= м=2!,ц/ Rh , …=Lд‘м %K?3ю “3мм3 

.леме…2%" ik
ik

T r= ∑ = 4,727 787. o!,… " %K%ƒ…=-

че…,е 
1t
T

=
 
= 0,459 908, "/ч,“л,м …=г!3ƒ*, 

Cе!"%г% -=*2%!= C% -%!м3ле 1i ki
i

a t r= ∑ .

}2=C 4. nC!еделе…,е %“2=2%ч…/. *%!!ел ц,L 
C% -%!м3ле

'
1 1 1hR R a a= −  , 

где R1# %“2=2%ч…=  м=2!,ц= д=‘2 *%!!ел ц,,, *%2%-
!/е %“2=ю2“  C%“ле "/деле…,  Cе!"%г% -=*2%!= 
(2=Kл. 3), a1 # "е*2%! “2%лKец -=*2%!…/. …=г!3ƒ%*. 
l=2!,ц= '

1 1a a = R+ “%де!›,2 "%“C!%,ƒ"ед‘……/е 
*%!!ел ц,,. dл  *%…2!%л  "/ч,“л ю2“  C%л…/е 
“3мм/ *=›д%г% “2%лKц=. rм…%›=  *=›д/L .леме…2 
"е*2%!= '

1a
 
…= “3мм3 *%.--,ц,е…2%" Cе!"%г% -=*2%!= 

1ia∑  = 2,1743, C%л3ч,м ƒ…=че…, , *%2%!/е “л3›=2 
дл  C!%"е!*, “3мм “2%лKц%" м=2!,ц/ R+.

}2=C 5. dл  "/деле…,  "2%!%г% -=*2%!= C%"2%-
! ю2 C!%цед3!3 "/ч,“ле…,L “ м=2!,цеL R1 
(“м. .2=C/ 3, 4).

pеше…,е % "/деле…,, “лед3ю?ег% -=*2%!= C!,-
…,м=е2“  д% 2е. C%!, C%*= %“2=2%ч…=  м=2!,ц= …е 
K3де2 2%ч…% “%%2"е2“2"%"=2ь …3ле"%L м=2!,це. 
p=“C!еделе…,е %“2=2%ч…/. *%.--,ц,е…2%" *%!!е-
л ц,, r%“2 д%л›…% “%%2"е2“2"%"=2ь !=“C!еделе…,ю 
*%.--,ц,е…2%" *%!!ел ц,,, "/ч,“ле……/. C% !е-
ƒ3ль2=2=м “л3ч=L…/. "/K%!%* %д…%г% , 2%г% ›е 
%KA‘м= ,ƒ …%!м=ль…% !=“C!еделе……%L ге…е!=ль…%L 
“%"%*3C…%“2,. p=“C!еделе…,е r%“2 д%л›…% K/2ь 
…%!м=ль…/м “% “!ед…,м ƒ…=че…,ем, !="…/м 

…3лю, , “2=…д=!2…/м %2*л%…е…,ем 
1

2
s

n
=

−
. 

Š = K л  , ц =  2

pед3ц,!%"=……=  *%!!ел ц,%……=  м=2!,ц= Rh , …=г!3ƒ*, Cе!"%г% -=*2%!= ai1

m%ме! “2!%*, i
m%ме! “2%лKц= j

1 2 3 4 5 6

1 0,999893 0,920408 0,883876 #0,926420 #0,811290 0,967092

2 0,920408 0,999997 0,925029 #0,987240 #0,663750 0,917863

3 0,883876 0,925029 0,999989 #0,972850 #0,725350 0,951378

4 #0,926420 #0,987240 #0,972850 0,999999 0,718748 #0,954590

5 #0,811290 #0,663750 #0,725350 0,718748 0,989588 #0,873730

6 0,967092 0,917863 0,951378 #0,954590 #0,873730 0,999972

q3мм= “2%лKц= 2,033559 2,112307 2,062072 #2,122353 #1,365784 2,007985

ai1 0,935250 0,971467 0,948363 #0,976087 #0,628135 0,923488
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Š = K л  , ц =  3 

l=2!,ц= Cе!"/. %“2=2%ч…/. *%.--,ц,е…2%" *%!!ел ц,, R1

m%ме! “2!%*, i
m%ме! “2%лKц= j

1 2 3 4 5 6

1 0,125200 0,011843 #0,003082 #0,013534 #0,223826 0,103399

2 0,011843 0,056249 0,003725 #0,039003 #0,053537 0,020724

3 #0,003082 0,003725 0,100595 #0,047164 #0,129650 0,075575

4 #0,013534 #0,039003 #0,047164 0,047252 0,105633 #0,053185

5 #0,223826 #0,053537 #0,129650 0,105633 0,595035 #0,293655

6 0,103399 0,020724 0,075575 #0,053185 #0,293655 0,147141

q3мм= 0 0 0 0 0 0

e“л, “2=…д=!2…%е %2*л%…е…,е %“2=2%ч…/. *%.--
-,ц,е…2%" *%!!ел ц,, ƒ…=ч,2ель…% K%льше ƒ…=-
че…, , "/ч,“ле……%г% C% -%!м3ле, , ,. “!ед…ее 
ƒ…=че…,е “3?е“2"е……% %2л,ч=е2“  %2 …3л , 2% "/-
деле…,е …%"%г% -=*2%!= "C%л…е %C!="д=…%. 

o!ед"=!,2ель…% дл  3C!%?е…,  C!%цед3!/ 
!=“ч‘2%" "/C%л… ю2 %2!=›е…,е %2дель…/. Cе!е-
ме……/. ,л, "е*2%!%", 2. е. ме… ю2 ƒ…=*, 3 "“е. 
.леме…2%" “%%2"е2“2"3ю?ег% “2%лKц= , “2!%*, 
%“2=2%ч…%L *%!!ел ц,%……%L м=2!,ц/ R1. d,=г%-
…=ль…/L .леме…2 %“2=‘2“  Kеƒ ,ƒме…е…, . pе-
ƒ3ль2=2%м .2%L %Cе!=ц,,  "л е2“  %C!еделе…,е 
…%"%г% це…2!= 2 ›е“2,, Cе!еме?=ю?ег%“  ,ƒ …=-
ч=л= *%%!д,…=2 " …%"3ю 2%ч*3, *%2%!=  K3де2 %2-
C!="…%L дл  …=.%›де…,  "2%!%г% це…2!%,д…%г% 
-=*2%!=.

m=.%д,м ik
ik

T r= ∑ =3,4142, 
1t
T

=  = 0,54120 , 

!=““ч,2/"=ем …=г!3ƒ*, "2%!%г% -=*2%!= C% -%!-

м3ле 2i ki
i

a t r= ∑ . b !еƒ3ль2=2е C%л3ч=ем м=2!,ц3 

-=*2%!…%г% %2%K!=›е…,  A = (ail) , .леме…2=м, 
*%2%!%L  "л ю2“  -=*2%!…/е …=г!3ƒ*,: 

A = (ail) = 

0,935250 0,256917
0,971467 0,100165
0,948364 0,191382

–0,976087 – 0,165482
–0,628135 – 0,758397

0,923488 0,375416

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠

.

j=›д/L -=*2%! .=!=*2е!,ƒ3е2“  “2%лKц%м, = 
*=›д=  Cе!еме……=  # “2!%*%L м=2!,ц/ `. b !е-
ƒ3ль2=2е C!%"ед‘……/. !=“ч‘2%" K/л% "/деле…% 
д"= -=*2%!=; "/деле…,е “лед3ю?ег% -=*2%!= …е-
целе“%%K!=ƒ…%. 

}2=C 6. b/ч,“ле…,е д%леL д,“Cе!“,, C% м=2-
!,це -=*2%!…%г% %2%K!=›е…,  A = (ail). m=г!3ƒ*, 
%K?,. , .=!=*2е!…/. -=*2%!%" “" ƒ=…/ %C!еде-
л‘……/м “%%2…%ше…,ем че!еƒ ед,…,ч…3ю д,“Cе!-
“,ю Cе!еме……/.: 

2 2 2 2
1 21 ( ... )i i i irD a a a= = + + + + ,

где 2 2 2 2
1 2( ... )i i i irh a a a= + + +  # %K?…%“2ь, *%2%!=  

C!ед“2="л е2 “%K%L ч=“2ь ед,…,ч…%L д,“Cе!“,, Cе-

!еме……%L , %2…%“,2“  * %K?,м -=*2%!=м; 2
iu # .=-

!=*2е!…%“2ь, 2. е. ч=“2ь ед,…,ч…%L д,“Cе!“,,, …е 
“" ƒ=……%L “ %K?,м, -=*2%!=м,.

oе!"%…=ч=ль…% "/ч,“л ю2“  *"=д!=2/ -=*2%!-

…/. …=г!3ƒ%* ail
2 , !=““ч,2/"=ю2“  ƒ…=че…,  %K?-

…%“2еL 2 2 2
1 2i i ih a a= +  , .=!=*2е!…%“2, 2 21i iu h= − . 

Š=*,м %K!=ƒ%м, .2, "ел,ч,…/ м%г32 K/2ь %C-
!еделе…/ дл  "“е. Cе!еме……/. (2=Kл. 4).

o%л…=  д,“Cе!“,  Cе!еме……/. !="…= n, 2=* 
*=* *=›д=  Cе!еме……=  C!е%K!=ƒ%"=…= 2=*, ч2%K/ 
е‘ д,“Cе!“,  K/л= !="…= ед,…,це. dл  "/!=›е-
…,  д,“Cе!“,, -=*2%!= " C!%це…2=. %2 C%л…%L 
д,“Cе!“,, “л3›,2 "/!=›е…,е

df = 100 %FpD
D

,

где DFp # д,“Cе!“,  -=*2%!=; D # C%л…=  д,“Cе!“, .

b/ч,“л,м д%л, д,“Cе!“,, Cе!"%г% , "2%!%г% 
-=*2%!= %2 C%л…%L д,“Cе!“,,:

o%л…=  д,“Cе!“,  6,0  100,00 %

d,“Cе!“,  Cе!"%г% -=*2%!= 4,917967  81,97 %

d,“Cе!“,  "2%!%г% -=*2%!= 0,856155  14,27 %

q3мм=!…=  %K?…%“2ь 5,774121  96,24 %

q3мм=!…=  .=!=*2е!…=  д,“Cе!“,  0,225879  3,76 %

D
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Š = K л  , ц =  4

p=“ч‘2 *"=д!=2%" -=*2%!…/. …=г!3ƒ%* ail
2, %K?…%“2еL 

2
ih  , .=!=*2е!…%“2, 

2
iu

j"=д!=2/ -=*2%!…/. …=г!3ƒ%*
nK?…%“2ь 

2
ih u=!=*2е!…%“2ь 

2
iu

F1(ai1
2) F2(ai2

2)

0,874693 0,066006 0,940700 0,059300

0,943749 0,010033 0,953782 0,046218

0,899394 0,036627 0,936021 0,063979

0,952747 0,027384 0,980131 0,019869

0,394554 0,575167 0,969720 0,030280

0,852831 0,140937 0,993768 0,006232

 %
100

 90

 80

 70

 60

 50

 40

 30

 20

 10

 0
      Дисперсия      Дисперсия   Суммарная         Суммарная
 первого фактора         второго фактора            общность               характерная
                 дисперсия

p,“. 1. p=“C!еделе…,е д%леL д,“Cе!“,, -=*2%!%", "/!=›е……/. " C!%це…2=. %2 C%л…%L д,“Cе!“,,

hƒ C!%"ед‘……/. !=“ч‘2%" ",д…%, ч2% д%л  д,“-
Cе!“,, д"3. %K?,. -=*2%!%" “%“2="л е2 96,24 % 
%2 C%л…%L д,“Cе!“,,, C!,ч‘м %“…%"…=  ч=“2ь 
C!,.%д,2“  …= д,“Cе!“,ю Cе!"%г% -=*2%!= 
(!,“. 1). o%.2%м3 C!%,ƒ"ед‘м %це…*3 ƒ…=ч,м%“2, 
C=!=ме2!%" yi  " ƒ=",“,м%“2, %2 -=*2%!…/. …=г!3-
ƒ%* " Cе!"/L %K?,L -=*2%! (2=Kл. 5).

b !еƒ3ль2=2е !=“ч‘2%" , =…=л,ƒ= C%л3че……/. 
д=……/. C!, "/K%!е “%"%*3C…%“2, C=!=ме2!%" дл  
*%…2!%л  м%›…% ,“*люч,2ь C=!=ме2! y5 Kеƒ “3-
?е“2"е……/. C%2е!ь ,…-%!м=ц,,.

hƒ !,“. 2 м%›…% %це…,2ь, *=*=  ч=“2ь д,“Cе!-
“,, *=›д%L Cе!еме……%L %KA “… е2“  %K?,м, 
-=*2%!=м, (F1 # Cе!"/L -=*2%!, F2 # "2%!%L 
-=*2%!), "/деле……/м, " C!%це““е =…=л,ƒ=, , *=-
*=  д%л  C!,.%д,2“  …= .=!=*2е!…/L -=*2%! (U ). 
Š=*›е м%›…% ",де2ь *=*,е Cе!еме……/е “ *=*,м, 
-=*2%!=м, “" ƒ=…/.

qлед3е2 %K!=2,2ь "…,м=…,е, ч2% м=л=  ,…-%!-
м=2,"…%“2ь C=!=ме2!= 33, *%2%!/L ,“*люч,л, ,ƒ 
!=““м%2!е…,  C% ,…-%!м=2,"…%“2, C=!=ме2!%" 
(“м. 2=Kл. 1), ,мее2 %C!едел‘……%е -,ƒ,че“*%е 
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Š = K л  , ц =  5 

g…=че…,  *%.--,ц,е…2= C!,%!,2е2…%“2, C=!=ме2!%"

o=!=ме2! g…=че…,е *%.--,ц,е…2= C!,%!,2е2…%“2, p=…г

y4 0,952746 1

y2 0,943748 2

y3 0,899393 3

y1 0,874693 4

y6 0,852830 5

y5 0,394553 6

%K%“…%"=…,е. Š=*, …=C!,ме!, е“л, "…32!е……ее “%-
C!%2,"ле…,е ,“2%ч…,*= C,2=ю?,. …=C! ›е…,L 
ƒ…=ч,2ель…% K%льше ".%д…%г% “%C!%2,"ле…,  
м,*!%“.ем/, 2% …ельƒ  %›,д=2ь “3?е“2"е……/. 
,ƒме…е…,L ".%д…%г% …=C! ›е…, . o%.2%м3 3*=-
ƒ=……/L C=!=ме2! …е д%л›е… K/2ь %2…е“‘… * ч,“л3 
"/“%*%,…-%!м=2,"…/.. 

Š=*,м %K!=ƒ%м, " !еƒ3ль2=2е C!%"ед‘……%г% =…=-
л,ƒ= , %K!=K%2*, *%!!ел ц,%……%L м=2!,ц/ Rij “ 
C%м%?ью ме2%д= -=*2%!…%г% =…=л,ƒ= K/л= C%л3-
че…= м=2!,ц= -=*2%!…%г% %2%K!=›е…,  A. l=2!,ц= 
` C%ƒ"%л е2 "/дел,2ь дл  *=›д%г% -=*2%!= г!3CC3 
C=!=ме2!%", …=,K%лее 2е“…% “ …,м “" ƒ=……3ю, !=“-
“ч,2=2ь *%.--,ц,е…2/ C!,%!,2е2…%“2, C=!=ме2-
!%" “ 3ч‘2%м ,. "ƒ=,м%“" ƒ, , "/K!=2ь …=,K%лее 
ƒ…=ч,м/L C=!=ме2! *%…2!%л  , C!%г…%ƒ,!%"=…,  
2е.…,че“*%г% “%“2% …,  ц,-!%"/. Kл%*%" “е2,.

hƒл%›е……=  " д=……%L !=K%2е ме2%д,*= -%!м=-
л,ƒ%"=……%г% "/K%!= , %це…*, ƒ…=ч,м%“2, C=!=-
ме2!%" *%…2!%л  2е.…,че“*%г% “%“2% …,  ц,-!%-
"/. Kл%*%" “е2, C%ƒ"%л е2 3ме…ьш,2ь !=ƒме!-
…%“2ь д=……/. дл  %K!=K%2*, Kеƒ “3?е“2"е……/. 
C%2е!ь ,…-%!м=ц,, , “%*!=2,2ь ƒ=2!=2/ …= ,. 
*%…2!%ль. 

a,Kл,%г!=-,че“*,е ““/л*,

1. oе2!,че…*% c.q., m=!/›…=  m.~. b/K%! ,…-%!-
м=2,"…/. C=!=ме2!%" C!, C!%г…%ƒ,!%"=…,, 2е.…,че-
“*%г% “%“2% …,  *%мCью2е!…%L “е2, C!едC!, 2,  // 
`"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,. 2008. 1 9. 
q. 33#35. 

2. hKе!л= j. t=*2%!…/L =…=л,ƒ / oе!. “ …ем. 
b.l. h"=…%"%L. l. : q2=2,“2,*=, 1980. 398 “.

p,“. 2. p=“C!еделе…,е д%леL ед,…,ч…/. д,“Cе!“,L Cе!еме……/. C% -=*2%!=м

     y1      y2     y3    y4   y5              y5

Параметры

Дисперсия
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`.`. eг%!%"=, д-! 2е.…. …=3*, C!%-., l.p. `*ч3!,…
(l%“*%"“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2 г!=›д=…“*%L =",=ц,,)

marat-akchurin@yandex.ru

m`op`bkemh“ p`gbhŠh“ `bŠnl`Šhg`0hh opn0eqqnb rop`bkemh“ 
h lnŠhb`0hh oepqnm`k` m` opedoph“Šhh

o!%"%д,2“  =…=л,ƒ “3?е“2"3ю?,. ="2%м=2,ƒ,!%"=……/. “,“2ем 3C!="ле…,  Cе!“%…=л%м, 
3*=ƒ/"=ю2“  ,. …ед%“2=2*, " ="2%м=2,ƒ=ц,, C!%це““%" м%2,"=ц,, Cе!“%…=л=. 
p=““м=2!,"=е2“  !=ƒ",2,е ="2%м=2,ƒ=ц,, C!%це““%" 3C!="ле…,  Cе!“%…=л%м , м%2,"=ц,, 
Cе!“%…=л= …= C!едC!, 2,,. b !=м*=. ед,…%L ="2%м=2,ƒ,!%"=……%L “,“2ем/ 3C!="ле…,  
Cе!“%…=л%м C!едл=г=ю2“  ме2%д/ %це…*, !=K%2/ Cе!“%…=л= , “,“2ем/ м%2,"=ц,, C!ед-
C!, 2, .

jлюче"/е “л%"=: ="2%м=2,ƒ=ц,  C!%це““%" 3C!="ле…,  Cе!“%…=л%м, ="2%м=2,ƒ=ц,  “,“2ем/ 
м%2,"=ц,, Cе!“%…=л=, %це…*= !=K%2/ Cе!“%…=л=, %це…*= “,“2ем/ м%2,"=ц,, C!едC!, 2, .

Existing automatic systems for personnel control are analysed. It is pointed out that these systems 
have limitation from point of view personnel motivation processes automation. Development for 
process automation of personnel control and personnel motivation on enterprise is considered. 
Methods for personnel work and enterprise motivation system estimate are proposed in a framework 
of the united automatic system for personnel control.

Key words: personnel control process automation, personnel motivation system automation, person-
nel work estimate, enterprise motivation system estimate.

b"еде…,е. q!ед, …=Kлюд=ю?ег%“  " …=“2% ?ее 
"!ем  ,…2е…“,"…%г% !=ƒ",2,  ="2%м=2,ƒ,!%"=…-
…/. “,“2ем C% 3C!="ле…,ю !=ƒл,ч…/м, C!%це“-
“=м, C!едC!, 2,L м%›…% "/дел,2ь %2дель…/L 
*л=““ “,“2ем # ="2%м=2,ƒ,!%"=……/е “,“2ем/ 
3C!="ле…,  Cе!“%…=л%м. hме……% %…,  "л ю2“  
C!едме2%м ,““лед%"=…,  …=“2% ?еL !=K%2/, , " 
Cе!"3ю %че!едь, " %Kл=“2, ="2%м=2,ƒ=ц,, C!%-
це““%" м%2,"=ц,, Cе!“%…=л=.

nC!едел,м ,““лед3ем3ю C!%Kлем…3ю %Kл=“2ь 
, %“…%"…/е C%… 2, , "“2!еч=ю?,е“  " “2=2ье.

HR (Human Resource # 3C!="ле…,е Cе!“%…=-
л%м) # C%дK%! , !=““2=…%"*= !=K%2…,*%", %K3че-
…,е C!%г!е““,"…/м C!,‘м=м !=K%2/, %K…%"ле…,е 
ƒ…=…,L, м%!=ль…%-C“,.%л%г,че“*%е "%ƒдеL“2",е, 
!=ƒ!еше…,е *%…-л,*2…/. “,23=ц,L " *%лле*2,"е 
“ целью %Kе“Cече…,  “л=›е……%L , .--е*2,"…%L 
!=K%2/.

HRM (Human Resource Management) д%“л%"…% 
Cе!е"%д,2“  *=* 3C!="ле…,е чел%"ече“*,м !е“3!-
“%м. b !3““*% ƒ/ч…%L л,2е!=23!е, *=* C!=",л%, 
C!,ме… е2“  2е!м,… &3C!="ле…,е Cе!“%…=л%м[, 
.%2  2=*›е "“2!еч=ю2“  &3C!="ле…,е 2!3д%"/м, 

!е“3!“=м,[ , &3C!="ле…,е чел%"ече“*,м *=C,2=-
л%м[ [1]. `"2%м=2,ƒ,!%"=2ь C!%це““ 3C!="ле…,  
Cе!“%…=л%м C!,ƒ"=…/ ="2%м=2,ƒ,!%"=……/е “,“-
2ем/ 3C!="ле…,  Cе!“%…=л%м # HRM-“,“2ем/ 
(д=лее .2, C%… 2,  K3д32 ,“C%льƒ%"=2ь“  *=* !="-
…%ƒ…=ч…/е).

o%д HRM-“,“2ем%L C%…,м=е2“  ="2%м=2,ƒ,-
!%"=……=  *%мCле*“…=  “,“2ем= 3C!="ле…,  Cе!-
“%…=л%м. HRM-“,“2ем/ C!ед…=ƒ…=че…/ дл  
3C!="ле…,  Cе!“%…=л%м, …% ,. -3…*ц,%…=ль…%“2ь 
ш,!е, чем 3 “,“2ем ="2%м=2,ƒ=ц,, *=д!%"/. %Cе-
!=ц,L. n“…%"…=  ƒ=д=ч= HRM-“,“2ем # .2% ="2%-
м=2,ƒ=ц,  !32,……/. 3C!="ле…че“*,. %Cе!=ц,L, 
“K%!, %K!=K%2*= , =…=л,ƒ ,…-%!м=ц,,, …е%K.%-
д,м%L !3*%"%д“2"3 дл  C!,… 2,  3C!="ле…че“*,. 
!еше…,L , 2. C.

q,“2ем= м%2,"=ц,  Cе!“%…=л= # .2% “%"%*3C-
…%“2ь "…32!е……,. , "…еш…,. д",›3?,. “,л, C%-
K3›д=ю?,. чел%"е*= * 2!3д%"%L де 2ель…%“2, , 
C!,д=ю?,. .2%L де 2ель…%“2, …=C!="ле……%“2ь, 
%!,е…2,!%"=……3ю …= д%“2,›е…,е %C!едел‘……/. 
целеL. q,“2ем= м%2,"=ц,, Cе!“%…=л=  "л е2“  
C%д“,“2ем%L 3C!="ле…,  Cе!“%…=л%м. gде“ь "%ƒ-
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…,*=е2 "%C!%“, м%›…% л, “,“2ем3 ƒ=!=K%2…%L 
Cл=2/ “ч,2=2ь .*","=ле…2…%L “,“2еме м%2,"=-
ц,,? aеƒ3“л%"…%, …е2, 2=* *=* .2% 2%ль*% %д…= ,ƒ 
“%“2="л ю?,. “,“2ем/ м%2,"=ц,,, .%2  , "е“ьм= 
“3?е“2"е……=  (2%ч…ее, %“…%"…= , Kеƒ *%2%!%L 
C!=*2,че“*, …е"%ƒм%›…% -3…*ц,%…,!%"=…,е 
C!едC!, 2, ).

r›е " “,л3 д=……%г% "/ше %C!еделе…,  “,“2е-
м/ м%2,"=ц,, Cе!“%…=л= м%›…% “дел=2ь д"= %“-
…%"…/. "/"%д=: Kеƒ …е‘ …е -3…*ц,%…,!3е2 …, 
%д…% C!едC!, 2,е, “,“2ем= м%2,"=ц,, # …=,ме-
…ее C%дд=ю?= “  -%!м=л,ƒ=ц,, C%д“,“2ем= 
3C!="ле…,  Cе!“%…=л%м.

l%д3ль м%2,"=ц,, # C!%г!=мм…=  (,л, C!%-
г!=мм…%-=CC=!=2…= ) ч=“2ь HRM-“,“2ем/, !е=-
л,ƒ3ю?=  C!%це““/ м%2,"=ц,, Cе!“%…=л= …= 
C!едC!, 2,,, %це…*3 *%2%!%L !е=л,ƒ%"=2ь д%-
"%ль…% C!%Kлем=2,ч…% " “" ƒ, “ 2ем, ч2% %Cе!,-
!%"=2ь C!,.%д,2“  C!е,м3?е“2"е……% *=че“2"е…-
…/м, C%*=ƒ=2ел м,. q2%,2 %2ме2,2ь, ч2% HRM-
“,“2ем/ C!ед…=ƒ…=че…/ дл  *!3C…/. , %че…ь 
*!3C…/. C!едC!, 2,L.

a%лее "“ег% C%2!еK…%“2ь " HRM-“,“2ем=. “3-
?е“2"3е2 " “-е!е C!ед%“2="ле…,  3“л3г. gде“ь 
д%л  %Cл=2/ 2!3д= м%›е2 д%“2,г=2ь 70#80 % “еKе-
“2%,м%“2, г%2%"%г% C!%д3*2=. q%%2"е2“2"е……% 
“,“2ем= м%2,"=ц,, Cе!“%…=л= ƒде“ь ,г!=е2 %д…3 
,ƒ *люче"/. !%леL. Š%2 -=*2, ч2%, …=C!,ме!, %“-
…%"…%L де 2ель…%“2ью =",=*%мC=…,,  "л е2“  
C!ед%“2="ле…,е 3“л3г Cе!е"%ƒ*,, г%"%!,2 % 2%м, 
ч2% ,“C%льƒ%"=…,е HRM-“,“2ем ƒде“ь %“%Kе……% 
=*23=ль…%. 

q3?е“2"3ю?,е ="2%м=2,ƒ,!%"=……/е “,“2ем/ 
3C!="ле…,  Cе!“%…=л%м , ,. “!="…,2ель…/L 
=…=л,ƒ. dл  "/ "ле…,  C%л…%2/ !е=л,ƒ%"=…-
…/. -3…*ц,L " HRM-“,“2ем=. C% 3C!="ле…,ю 
, м%2,"=ц,, Cе!“%…=л= K/л C!%"ед‘… “%K“2-
"е……/L =…=л,ƒ ƒ=!3Kе›…/. , %2ече“2"е……/. 
“,“2ем 3C!="ле…,  Cе!“%…=л%м, = 2=*›е ,“-
C%льƒ%"=…/ “2%!%……,е м=2е!,=л/ =…=л,ƒ= 2=-
*,. “,“2ем.

b !=м*=. =…=л,ƒ= K/л, !=““м%2!е…/ 19 HRM-
“,“2ем, …=,K%лее ш,!%*% C!ед“2="ле……/. …= 
!%““,L“*%м !/…*е. b !еƒ3ль2=2е K/л= “%“2="ле-
…= &м=2!,ц= -3…*ц,%…=ль…%“2,[ ,, …= е‘ K=ƒе, 
!еL2,…г HRM-“,“2ем , ,. !=ƒ!=K%2ч,*%". p=“-
“м%2!е……/е C!%г!=мм…/е C!%д3*2/ K/л, “г!3C-
C,!%"=…/ C% *л=““3 -3…*ц,%…=ль…%L C%л…%2/ 
(*л=““/ A, B, C, D # %2 "/“шег% * …,ƒшем3). 
q%гл=“…% "/C%л…е……%L %це…*е ,ƒ 19 !=““м%2-
!е……/. Cе!"/м д"3м *л=““=м “%%2"е2“2"3ю2 7 
!еше…,L. 

j *л=““3 &`[ K/л, %2…е“е…/ “,“2ем/ *%мC=-
…,L &SAP[ (cе!м=…, ) , &Oracle[ (qx`),  "л ю-
?,е“  л3чш,м, C% ш,!%2е !е=л,ƒ%"=……%L -3…*-
ц,%…=ль…%“2,, = 2=*›е %2ече“2"е……=  “,“2ем= 
anqq-j=д!%",*. b *л=““ &B[ C%C=л, !еше…,  

*%мC=…,L &Robertson & Blums[ (k=2", ), &c=л=-
*2,*=[, &h….*[ , &IFS[ (x"ец, ). b *л=““е &q[ 
%*=ƒ=л,“ь C!%д3*2/ *%мC=…,L &j%мC=“[, &l%…%-
л,2[, &h…-%!м*%…2=*2[, &a,ƒ…е“ Šе.…%л%г,,[
, &Epicor[ (qx`). )2% ›е *=“=е2“  *л=““= &D[, 
2% * …ем3 K/л, %2…е“е…/ "“е %“2=ль…/е !е-
ше…, : &1q: g=!Cл=2= , rC!="ле…,е oе!“%…=-
л%м 8.0[, &`,Š: rC!="ле…,е Cе!“%…=л%м[ , jhq 
&Š!3д%",*[. 

Š=*,м %K!=ƒ%м, 2!%L*= л,де!%" !%““,L“*%г% 
!/…*= HRM-“,“2ем “!ед, ,…%“2!=……/. C%“2="-
?,*%" "*люч=е2 *%мC=…,, &SAP[ (cе!м=…, ), 
&Oracle[ (qx`) , &Robertson & Blums[ (k=2", ). 
`…=л%г,ч…3ю 2!%L*3 !%““,L“*,. "е…д%!%" “%-
“2="л ю2 &anqq. j=д!%"/е “,“2ем/[, &j%!C%!=-
ц,  c=л=*2,*=[ , &j%мC=“[. [1]

q%гл=“…% д=……/м ,““лед%"=…,  &d%!%›…=  
*=!2=[ C% HRM-“,“2ем=м " p%““,, *%мC=…,, 
&TAdviser[ [1] Cе!"%е ме“2% “!ед, !=““м%2!е…-
…/. “,“2ем ƒ=…,м=е2 mySAP ERP HCM (%2 *%м-
C=…,, &SAP[, cе!м=…, ). m%, * C!,ме!3, %ƒ…=-
*%м,"ш,“ь “ %-,ц,=ль…/м %Kƒ%!%м -3…*ц,%-
…=ль…%“2, “,“2ем/ mySAP ERP HCM &pеше…,е 
SAP дл  =",=*%мC=…,L[ [2] м%›…% “дел=2ь “%-
"е!ше……% %че",д…/L "/"%д % 2%м, ч2% " д=……%L 
“,“2еме %2“32“2"3ю2 ме2%д/ …ем%…е2=!…%L м%-
2,"=ц,, Cе!“%…=л= C!едC!, 2, , = м%2,"=ц,  
Cе!“%…=л= " “,“2еме " цел%м !=ƒ",2= …е д%“2=-
2%ч…% .%!%ш%.

Š=*,м %K!=ƒ%м, %C,!= “ь …= !еƒ3ль2=2/ “%K“2-
"е……/. , “2%!%……,. ,““лед%"=…,L “3?е“2"3ю?,. 
HRM-“,“2ем, ="2%!/ “дел=л, "/"%д, ч2% “%"!е-
ме……/е HRM-“,“2ем/ “%де!›=2 м%д3л,, *%2%!/е 
!е=л,ƒ3ю2 -3…*ц,, *=д!%"%г% 3ч‘2=, = 2=*›е C%д-
де!›,"=ю2 “,“2ем3 "/Cл=2 …е 2%ль*% ƒ=!=K%2…%L 
Cл=2/, …% , C!ем,L, K%…3“…/е "/Cл=2/ , 2. C. 
(2. е. "“‘, ч2% м/ %2…%“,м * м%…е2=!…%L м%2,"=-
ц,,). o%дде!›*= ›е …ем%…е2=!…%L м%2,"=ц,, " 
д=……/. HRM-“,“2ем=. %2“32“2"3е2 ,л, !=ƒ",2= 
“л=K% , %“3?е“2"л е2“  …= C!едC!, 2, ., ,“C%ль-
ƒ3ю?,. д=……/е “,“2ем/ &"!3ч…3ю[ ,л, “ C%м%-
?ью л%*=ль…/. ,…-%!м=ц,%……/. “,“2ем. b .2%м 
“л3ч=е !е=л,ƒ=ц,  C!%це““%" …ем%…е2=!…%L м%-
2,"=ц,, 2!еK3е2 “3?е“2"е……/. "!еме……/. ƒ=2!=2, 
“2=…%",2“  ме…ее %Cе!=2,"…%L ,, “=м%е гл="…%е, 
…=!3ш=е2“  цел%“2…%“2ь “,“2ем/ 3C!="ле…,  
Cе!“%…=л%м.

`*23=ль…/е …=C!="ле…,  !=ƒ",2,  ="2%м=2,ƒ,-
!%"=……/. “,“2ем 3C!="ле…,  Cе!“%…=л%м. Š=*,м 
%K!=ƒ%м, K/л% %C!еделе…%, ч2% " …=“2% ?ее "!е-
м  !=ƒ",2,е C%дде!›*, …ем%…е2=!…%L м%2,"=ц,, 
" HRM-“,“2ем=.  "л е2“  =*23=ль…/м …=C!="ле-
…,ем. Š% е“2ь HRM-“,“2ем= д%л›…= C%дде!›,-
"=2ь K%льш%е *%л,че“2"% "%ƒм%›…/. ме2%д%" м%-
2,"=ц,,, " 2%м ч,“ле …ем%…е2=!…/..

nC!едел,м д=лее, *=*,е …=C!="ле…,  C%м,м% 
…ем%…е2=!…%L м%2,"=ц,, =*23=ль…/ дл  HRM-
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“,“2ем. dл  .2%г% …е%K.%д,м% C%… 2ь, = *2% "%-
%K?е %C!едел е2 “2!3*23!3 “,“2ем/ м%2,"=ц,,. 
aеƒ3“л%"…%, .2% ƒ=д=ч= HR-“л3›K C!едC!, 2, , 
*%2%!=  !еш=е2“  …= %“…%"е Cл=…%" !=ƒ",2,  
C!едC!, 2,  (" 2%м ч,“ле , “2!=2ег,че“*,.), м,“-
“,, C!едC!, 2, , “%“2% …,  !/…*= 2!3д= , д!3-
г%г%, 2. е. %C!едел е2“  цел/м ! д%м -=*2%!%". 
a%лее 2%г%, 3ч,2/"=  “л=K3ю -%!м=л,ƒ3ем%“2ь 
C%*=ƒ=2елеL " .2%L %Kл=“2,, м%›…% 32"е!›д=2ь, 
ч2% “,“2ем= м%2,"=ц,, # %че…ь ›,"=  , д%C3“-
*=е2 "…ед!е…,е ме2%д%м C!%K , %ш,K%*. nC!е-
дел,2ь ,ƒме…е…,е е‘ .--е*2,"…%“2, C%“ле "…е-
д!е…,  д%C%л…,2ель…/. -%!м м%2,"=ц,, C!%“2% 
…е%K.%д,м%, "%-Cе!"/., дл  2%г%, ч2%K/ %це…,2ь, 
…=“*%ль*% K/“2!% м/ C!,Kл,›=ем“  * !еше…,ю 
ƒ=д=ч, C%“2="ле……/. !3*%"%д“2"%м C!едC!, 2,  " 
%2…%ше…,, Cе!“%…=л=, = "%-"2%!/., дл  2%г%, ч2%-
K/ %це…,2ь ƒ=2!=2/ C!едC!, 2, .

mе “2%,2 ƒ=K/"=2ь, ч2% цел, C!едC!, 2,  , “%-
2!3д…,*= !=ƒ…/е. o!едC!, 2,е д%л›…% C%л3ч,2ь 
C!,K/ль, = люK/е м%2,"=ц,%……/е C!%г!=мм/ 
2!еK3ю2 ƒ=2!=2. b 2=*%м “л3ч=е "%ƒ…,*=е2 ƒ=д=ч= 
%C2,м,ƒ=ц,, ƒ=2!=2. hƒ"е“2…%, ч2% “3?е“2"3е2 
цел/L ! д -%!м , ме2%д%" м%2,"=ц,,. h. !=ƒ3м-
…=  *%мK,…=ц,  C%ƒ"%л е2 д%“2,чь ›ел=ем/. !е-
ƒ3ль2=2%" (,л, * …,м C!,Kл,ƒ,2ь“ ). Š=*,м %K!=-
ƒ%м, м%›…% "/дел,2ь е?‘ %д…% =*23=ль…%е …=-
C!="ле…,е !=ƒ",2,  ="2%м=2,ƒ,!%"=……/. “,“2ем 
3C!="ле…,  Cе!“%…=л%м …= C!едC!, 2,,: %це…*= 
.--е*2,"…%“2, “,“2ем/ м%2,"=ц,, Cе!“%…=л=.

qлед3е2 %“%K% %2ме2,2ь, ч2% %KAе*2,"…=  %це…-
*= .--е*2,"…%“2, “,“2ем/ м%2,"=ц,, Cе!“%…=л= 
K3де2 "%ƒм%›…= " 2%м “л3ч=е, е“л, 3ч,2/"=2ь , 
%це…*3 !еƒ3ль2=2%" !=K%2/ ме2%д%" м%2,"=ц,, 
(“ 2%ч*, ƒ!е…,  Cе!“%…=л=), , %це…*3 .--е*2,"-
…%“2, !=K%2/ (!еƒ3ль2=2%") “=м%г% Cе!“%…=л=. Š% 
е“2ь HRM-“,“2ем= д%л›…= C%дде!›,"=2ь %K= 
",д= %це…%* , …= ,. %“…%"е C!%,ƒ"%д,2ь *%м-
Cле*“…3ю %це…*3 .--е*2,"…%“2, “,“2ем/ м%2,-
"=ц,, Cе!“%…=л= …= C!едC!, 2,,.

nC!еделе…,е …е%K.%д,м/. ме2%д%" %це…*,. dл  
!е=л,ƒ=ц,, HRM-“,“2ем/ “ 3ч‘2%м %C!едел‘…-
…/. "/ше …=C!="ле…,L !=ƒ",2,  …е%K.%д,м% !е-
ш,2ь ƒ=д=ч, C% %це…*е .--е*2,"…%“2, м%2,"=-
ц,, Cе!“%…=л= , C% %це…*е .--е*2,"…%“2, !=K%-
2/ (!еƒ3ль2=2%") “=м%г% Cе!“%…=л=. 

pеше…,е .2,. ƒ=д=ч , ,…2ег!=ц,  ме2%д%" 
%це…*, " HRM-“,“2ем3 C%ƒ"%л,2 “3?е“2"е……% 
“%*!=2,2ь "!ем  , “2%,м%“2ь %K!=K%2*, “2=2,“2,-
че“*,. д=……/. % !еƒ3ль2=2=. де 2ель…%“2, Cе!“%-
…=л= , !еƒ3ль2=2%" !=K%2/ ме2%д%" м%2,"=ц,, …= 
C!едC!, 2,,, = 2=*›е C%"/“,2ь д%“2%"е!…%“2ь 
!еƒ3ль2=2%" %K!=K%2*, д=……/.. l%›…% C!едл%-
›,2ь …е“*%ль*% ,…“2!3ме…2%" дл  !еше…,  C%-
“2="ле……/. ƒ=д=ч.

b *=че“2"е ,…“2!3ме…2= %це…*, !еƒ3ль2=2%" !=-
K%2/ ме2%д%" м%2,"=ц,, C!едл=г=е2“  ,“C%льƒ%-

"=2ь ме2%д =…=л,ƒ= ,е!=!.,L, “%ƒд=……/L дл  !е-
ше…,  ƒ=д=ч %це…*, , “!="…е…,  *=че“2"е……/. 
.=!=*2е!,“2,* %KAе*2%". b *=че“2"е ,…“2!3ме…-
2%" %це…*, .--е*2,"…%“2, !=K%2/ Cе!“%…=л= 
C!едл=г=е2“  ,“C%льƒ%"=2ь:

“,“2ем3 “K=л=…“,!%"=……/. C%*=ƒ=2елеL (qqo) # 
“,“2ем3 3C!="ле…, , C%ƒ"%л ю?3ю !3*%"%д,2ел м 
Cе!е"%д,2ь “2!=2ег,че“*,е цел, *%мC=…,, " ч‘2*,L 
Cл=… %Cе!=2,"…%L де 2ель…%“2, C%д!=ƒделе…,L [3];

*люче"/е C%*=ƒ=2ел, .--е*2,"…%“2, (jo}) # 
C%*=ƒ=2ел,, ,“C%льƒ3ем/е дл  %це…*, !еƒ3ль2=-
2,"…%“2, , .--е*2,"…%“2, деL“2",L, C!%це““%" , 
-3…*ц,L 3C!="ле…, . }2, C%*=ƒ=2ел,, C%дд=ю2“  
*%л,че“2"е……%м3 ,ƒме!е…,ю , “ч,2=ю2“  …=,K%-
лее "=›…/м, дл  %це…*, .--е*2,"…%“2, де 2ель-
…%“2, *%мC=…,, " цел%м, , %2дел%" , “%2!3д…,-
*%" " %2дель…%“2,. jo} м%г32 K/2ь -,…=…“%"/м, 
, …е-,…=…“%"/м, (2. е. .=!=*2е!,ƒ,!%"=2ь “%%2-
"е2“2"3ю?,е C%*=ƒ=2ел, *%мC=…,,)[4].

lе2%д/ %це…*, !еƒ3ль2=2%" “,“2ем/ м%2,"=-
ц,,. p=““м%2!,м C%д!%K…ее “32ь ме2%д= =…=л,ƒ= 
,е!=!.,L (,де  .2%г% ме2%д= K/л= C!едл%›е…= 
=ме!,*=…“*,м м=2ем=2,*%м Š. q==2, %*%л% 35 
ле2 …=ƒ=д [5]). lе2%д =…=л,ƒ= ,е!=!.,L w .--е*-
2,"…/L , д%“23C…/L “C%“%K дл  !еше…,  “л=K%-
“2!3*23!,!%"=……/. ƒ=д=ч C!,… 2,  !еше…,L , 
!=…›,!%"=…,  м…%›е“2"= =ль2е!…=2,". eг% C!,-
ме…е…,е %“…%"=…% …= .*“Cе!2…%L ,…-%!м=ц,, %K 
%2…%“,2ель…%L "=›…%“2, *!,2е!,е" " ",де м=2!,-
ц/ C=!…/. “!="…е…,L [6].

o%д.%д, C!едл%›е……/L Š. q==2,, C%ƒ"%л е2 …е 
C!%“2% C!%,ƒ"е“2, !=…›,!%"=…,е м…%›е“2"= %KAе*-
2%" C% …е*,м “"%L“2"=м, …% , C!,“"%,2ь ,м &"е“[. 
bе“ # .2% C%*=ƒ=2ель, C!,д=ю?,L ч,“ле……/е .=-
!=*2е!,“2,*, *=›д%м3 ,ƒ м…%›е“2"= %це…,"=ем/. 
%KAе*2%". bC%“лед“2",, .2%2 ме2%д “-%!м,!%"=л“  
" цел/L !=ƒдел C!,… 2,  !еше…,L C!, …=л,ч,, %д-
…%г% ,л, …е“*%ль*,. *!,2е!,е" , C%л3ч,л …=,ме-
…%"=…,е ме2%д= =…=л,ƒ= ,е!=!.,L (l`h). 

b “%%2"е2“2",, “ l`h ,мее2“  …е*%2%!%е …=-
ч=ль…%е м…%›е“2"% =ль2е!…=2," (%KAе*2%", “2!=-
2ег,L) X, “!ед, *%2%!/. …е%K.%д,м% C!%,ƒ"е“2, 
!=…›,!%"=…,е =ль2е!…=2," , C!,“"%,2ь ,м "е“ 
C% C!едC%ч2е…, м C!,…,м=ю?ег% !еше…,е л,ц= 
(,л, л,ц, .*“Cе!2%").

g=д=‘2“  гл="…=  цель F, ,“.%д  ,ƒ *%2%!%L 
C!%,ƒ"%д,2ь“  "/K%! ,л, !=…›,!%"=…,е “ C!,-
“"%е…,ем "е“= м…%›е“2"3 =ль2е!…=2," X. b K%ль-
ш,…“2"е “л3ч=е" гл="…=  цель (гл="…/L *!,2е!,L) 
!=ƒK,"=е2“  …= C%дцел, (2=* …=ƒ/"=ем/е ч=“2…/е 
*!,2е!,,). q 3ч‘2%м .2%г% д%K="л е2“  д%C%л…,-
2ель…%е 3“л%",е: ƒ=д=…% …е*%2%!/е м…%›е“2"% 
C%дцелеL f1, f2,…, fn, 3ч,2/"=ем/. C!, "/K%!е ,л, 
!=…›,!%"=…,, =ль2е!…=2," м…%›е“2"= X.

mе%K.%д,м% “ 3ч‘2%м цел, F , C%дцелеL f1, 
f2 ,…, fn C!%,ƒ"е“2, !=…›,!%"=…,е =ль2е!…=2,"
(%KAе*2%") C% “2еCе…, ,. ƒ…=ч,м%“2, , C!,“"%-
,2ь ,м “%%2"е2“2"3ю?,L "е“.
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Š=*=  C%“2=…%"*= ƒ=д=ч, , ,“C%льƒ3ем%е !еше-
…,е 3“Cеш…% “%гл=“3е2“  “ ƒ=д=чеL %C!еделе…,  
.--е*2,"…%“2, ме2%д%" м%2,"=ц,, …= C!едC!, -
2,,. o!, .2%м " *=че“2"е .*“Cе!2%", 3ч=“2,е *%2%-
!/. …е%K.%д,м% " l`h, ="2%!/ “2=2ь, C!едл=г=-
ю2 ,“C%льƒ%"=2ь Cе!“%…=л C!едC!, 2, . j=›д/L 
.*“Cе!2 %це…*3 C!%,ƒ"%д,2 …еƒ=",“,м%. d=……%е 
C!едл%›е…,е  "л е2“  …е чем ,…/м, *=* %д…,м ,ƒ 
“%“2="л ю?,. ме2%д= dель-,. q%гл=“…% ме2%д3 
dель-, *=›д/L 3ч=“2…,* г!3CC/ %2"еч=е2 =…%-
…,м…% …= ƒ=!=…ее C%дг%2%"ле……3ю =…*е23, ч2%K/ 
,ƒKе›=2ь …еC!%C%!ц,%…=ль…%г% "л, …,  ="2%!,-
2е2…/. .*“Cе!2%" [3].

nце…*3 “лед3е2 C!%"%д,2ь " -%!ме =…*е2,!%"=-
…,  Cе!“%…=л=. o!, .2%м “%2!3д…,*, д%л›…/ K/2ь 
3"е!е…/ " *%…-,де…ц,=ль…%“2, C!ед%“2="л ем%L 
,…-%!м=ц,,. qлед3е2 2=*›е 3ч,2/"=2ь, ч2% …е "“е 
“%2!3д…,*, м%г32 ,ме2ь !=K%чее ме“2%, %K%!3д%"=…-
…%е *%мCью2е!%м. o%.2%м3 ƒ=C%л…е…,е .ле*2!%…-
…/. =…*е2 “ !=K%чег% *%мCью2е!= …е"%ƒм%›…%.

j!%ме 2%г%, “лед3е2 3ч,2/"=2ь, ч2% " “" ƒ, “ 
K%льш,м *%л,че“2"%м .*“Cе!2%", *%2%!/е м%г32 
C!%"%д,2ь %це…*3, , K%льш,м *%л,че“2"%м "%-
C!%“%", …= *%2%!/е …е%K.%д,м% %2"е2,2ь, “3м-
м=!…%е *%л,че“2"% %2"е2%" (%це…%*), *%2%!/е …е-
%K.%д,м% %K!=K%2=2ь, “2=…%",2“  ƒ…=ч,2ель…/м. 
qK%! , %K!=K%2*= 2=*%г% *%л,че“2"= ,…-%!м=ц,, 
C%2!еK3е2 K%льш,. -,…=…“%"/. , "!еме……/. ƒ=-
2!=2. Š% е“2ь "%ƒ…,*=е2 е?‘ %д…= ƒ=д=ч= # 3ме…ь-
ш,2ь "!ем  , “2%,м%“2ь “K%!= , %K!=K%2*, %це-
…%* .*“Cе!2%".

nд…,м ,ƒ C32еL !=ц,%…=ль…%г% !еше…,  д=…-
…%L ƒ=д=ч, м%›е2 K/2ь “лед3ю?=  2е.…%л%г, . 
o!едл=г=е2“  C!%"%д,2ь =…*е2,!%"=…,е C32‘м 
!=ƒд=ч, “%2!3д…,*=м K3м=›…/. =…*е2. `…*е2/ 
“%“2="ле…/ " -%!ме "/K%!= %2"е2%", , “%2!3д…,* 
C!%,ƒ"%д,2 ƒ=C%л…е…,е =…*е2/, %2меч=  “%%2"е2-
“2"3ю?,L C3…*2 ,ƒ …е“*%ль*,. C!едл=г=ем/.. 
nK!=K%2*= =…*е2 м%›е2 C!%,ƒ"%д,2ь“  ="2%м=2,-
ƒ,!%"=……/м “C%“%K%м. m= *!3C…/. C!едC!, -
2, . д=……/L ме2%д  "л е2“  …=,K%лее C!едC%ч2,-
2ель…/м, = ,…%гд= , ед,…“2"е……% "%ƒм%›…/м.

o%“ле ƒ=C%л…е…,  =…*е2/ “%2!3д…,* C%ме-
?=е2 е‘ " “ч,2/"=ю?ее 3“2!%L“2"% ="2%м=2,ƒ,-
!%"=……%L “,“2ем/ “K%!= д=……/. [7], *%2%!%е м%-
›е2 K/2ь !=“C%л%›е…% C!, "/.%де “ 2е!!,2%!,, 
C!едC!, 2, . mеƒ=",“,м% %2 “C%“%K= %K!=K%2*, 
,…-%!м=ц,, “%2!3д…,*=м г=!=…2,!3е2“  *%…-,-
де…ц,=ль…%“2ь =…*е2,!%"=…, , 2=* *=* …= =…*е2=. 
%2“32“2"3ю2 %2л,ч,2ель…/е ƒ…=*,.

lе2%д/ %це…*, !еƒ3ль2=2%" !=K%2/ Cе!“%…=л= 
…= C!едC!, 2,,. p=“*!%ем “32ь qqo , jo} " *=-
че“2"е ,…“2!3ме…2%" дл  %це…*, .--е*2,"…%“2, 
!=K%2/ Cе!“%…=л= C!едC!, 2, . qqo , jo}  "-
л ю2“  деL“2"е……/м, ,…“2!3ме…2=м, дл  %це…-
*, .--е*2,"…%“2, Cе!“%…=л= , ƒ…=ч,2ель…% %K-
легч=ю2 !еше…,е д=……%L ƒ=д=ч, “ 2%ч*, ƒ!е…,  
*=* "!еме……/., 2=* , -,…=…“%"/. ƒ=2!=2. 

h“C%льƒ%"=…,е qqo , jo} …= C!едC!, 2,, це-
ле“%%K!=ƒ…% …е 2%ль*% дл  %це…*, !еƒ3ль2=2%" !=-
K%2/ Cе!“%…=л=, …% , %д…%"!еме……% дл  %це…*, 
д!3г,. C%*=ƒ=2елеL C!едC!, 2, . o!,ме…е…,е 
.2%г% ме2%д= деL“2",2ель…% .--е*2,"…% , =*23-
=ль…% дл  C!едC!, 2,L, 3›е ,“C%льƒ3ю?,. qqo 
, jo} дл  %це…*, !еƒ3ль2=2%" “"%еL де 2ель…%-
“2,. b …=“2% ?ее "!ем  " !%““,L“*,. *%мC=…, . 
.2%2 ме2%д C!,ме… е2“  "“‘ ч=?е, = " ƒ=C=д…/. # 
 "л е2“  %д…,м ,ƒ …=,K%лее C%C3л !…/..

mе“м%2!  …= “3?е“2"%"=…,е д!3г,. ме2%д%", 
qqo , jo} " *=че“2"е ,…“2!3ме…2%" %це…*, 
!=ƒл,ч…/. C%*=ƒ=2елеL де 2ель…%“2, *%мC=…,L 
 "л ю2“  =*23=ль…/м, , .--е*2,"…/м “!ед“2"=-
м, …е 2%ль*% дл  =",=C!едC!, 2,L, …% , дл  
C!едC!, 2,L д!3г,. -%!м де 2ель…%“2,.

q32ь qqo, *=* ,…“2!3ме…2= %це…*, .--е*2,"-
…%“2, Cе!“%…=л=, “%“2%,2 " “лед3ю?ем. p3*%"%д-
“2"% *%мC=…,, %C!едел е2 “2!=2ег,ю !=ƒ",2,  
C!едC!, 2, , = 2=*›е “2!=2ег,че“*,е цел,, *%2%-
!/е …е%K.%д,м% д%“2,г…32ь. d=лее .2, цел, де-
*%мC%ƒ,!3ю2“  …= ƒ=д=ч,, *%2%!/е …е%K.%д,м% 
"/C%л…,2ь дл  д%“2,›е…,  цел,. b…=ч=ле цел, 
де*%мC%ƒ,!3ю2“  д% 3!%"…  !3*%"%д,2елеL C%д-
!=ƒделе…,L, %2дел%" , 2. д., C%*= …е д%“2,г…32 
3!%"…  ! д%"/. !=K%2…,*%".

Š=*,м %K!=ƒ%м, 3 *=›д%г% “%2!3д…,*= C!ед-
C!, 2,  е“2ь *%…*!е2…% %C!еделе……/е цел,, * 
*%2%!/м …е%K.%д,м% “2!ем,2ь“ , , ƒ=д=ч,, "/-
C%л…е…,е *%2%!/. C%ƒ"%л,2 д",г=2ь“  “%гл=“…% 
2%L “2!=2ег,,, *%2%!3ю %C!едел,л% !3*%"%д“2"% 
C!едC!, 2, .

o% “"%е"!еме……%“2, , *=че“2"3 "/C%л…е……%L 
ƒ=д=ч,, C%“2="ле……%L Cе!ед *%…*!е2…/м “%2!3д-
…,*%м, м%›…% %C!едел,2ь jo}, *%2%!/е C%дле-
›=2 ,ƒме!е…,ю, е“л, .2% *%л,че“2"е……/е C%*=ƒ=-
2ел,, ,л, %це…*,, е“л, .2, C%*=ƒ=2ел, *=че“2"е…-
…/е. hме……% jo} , K3д32 “л3›,2ь ,“.%д…/м, 
д=……/м, дл  ="2%м=2,ƒ=ц,, %це…*, .--е*2,"-
…%“2, !=K%2/ Cе!“%…=л= C!едC!, 2, .

nC!еделе…,е C%*=ƒ=2елеL, C% *%2%!/м K3де2 
%це…,"=2ь“  “%2!3д…,*, C%ƒ"%л е2 -%*3“,!%"=2ь 
!=K%23 *=›д%г% “%2!3д…,*= …= д%“2,›е…,е C%-
“2="ле……/. целеL, = ,“C%льƒ%"=…,е jo} *=* 
,…“2!3ме…2= %це…*, Cе!“%…=л= " м%д3ле м%2,-
"=ц,, C%ƒ"%л,2 C!ед%“2="л 2ь !3*%"%д“2"3 
C!едC!, 2,  %Cе!=2,"…3ю д%“2%"е!…3ю ,…-%!-
м=ц,ю %K .--е*2,"…%“2, !=K%2/ Cе!“%…=л= 
C!едC!, 2,,.

g=*люче…,е. e“2е“2"е……%, ч2% "“2!=,"=…,е ме-
2%д%" %це…*, " HRM-“,“2ем/ "%ƒм%›…% (, …е%K-
.%д,м%) …е 2%ль*% " %Kл=“2, м%2,"=ц,, Cе!“%…=-
л=. d!3г,е …=C!="ле…,  (…=C!,ме!, =д=C2=ц, , 
%K3че…,е, %це…*= , 2. д.) 2!еK3ю2 “"%,. ме2%д%" 
%це…*, .--е*2,"…%“2, , 2=*›е ƒ=ч=“23ю “л%›…% 
-%!м=л,ƒ3ем/. m% .2% 3›е д!3г=  ƒ=д=ч=, !еше…,е 
*%2%!%L "/.%д,2 ƒ= !=м*, …=“2% ?еL !=K%2/. 
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leŠnd ok`bmni qŠ{jnbjh pefhlnb b rop`bk“el{u qhqŠel`u

o!едл%›е… ме2%д -%!м,!%"=…,  Cл="…/. Cе!е.%д…/. C!%це““%" C!, “ме…е !е›,м%" (C3“-
*=, !=ƒг%…=, 2%!м%›е…, , !е"е!“=, C%“2% …“2"=, %“2=…%"=). o!,"еде…/ !еƒ3ль2=2/ м=2е-
м=2,че“*%г% м%дел,!%"=…, . 

jлюче"/е “л%"=: C!,"%д, Cе!е.%д…/L C!%це““, Cл="…%“2ь, !е›,м/, д",г=2ель C%“2% ……%г% 
2%*=, м%дел,!%"=…,е. 

Formation method of the smooth processes transition when regime changing (activation, 
acceleration, braking, reverse, constancy, stop) is proposed. Mathematical modeling results are 
introduced.

Key words: drive, transition process, smoothness, regimes, direct current motor, modelling.

p=ƒ!=K%2*= “,“2ем 3C!="ле…,  C% *!,2е!,ю 
Cл="…%“2, д,…=м,че“*%г% …=г!3›е…,  C!%,ƒ"%д-
“2"е……/. “,“2ем ,мее2 "=›…%е ƒ…=че…,е "% "“е. 
%2!=“л . …=!%д…%г% .%ƒ L“2"= [1]. oл="…%“2ь д,-
…=м,че“*%г% …=г!3›е…,  “,“2ем %Kе“Cеч,"=е2 
Kеƒ3д=!…3ю “2/*%"*3 2=*,. !е›,м%", *=* C3“*, 
!=ƒг%…, 2%!м%›е…,е, !е"е!“, C%“2% …“2"%, %“2=-
…%" “ 3ч‘2%м %г!=…,че…,L …= д,…=м,че“*,е C=-
!=ме2!/ 3C!="л ем/. “,“2ем. h“C%л…,2ель…/м, 
ме.=…,ƒм=м, " 2=*,. “,“2ем=.  "л ю2“  .ле*-
2!,че“*,е, г,д!="л,че“*,е, C…е"м=2,че“*,е C!,-
"%д/. 

m,›е !=““м%2!е… ме2%д -%!м,!%"=…,  Cл="-
…/. Cе!е.%д…/. C!%це““%" C!, “ме…е !е›,м%" 
…= C!,ме!е ="2%м=2,ƒ,!%"=……%г% .ле*2!%C!,"%-
д= C%“2% ……%г% 2%*=, " *%2%!%м 3C!="ле…,е %“3-
?е“2"л е2“  …=C! ›е…,ем, C%д="=ем/м …= %K-
м%2*3  *%!  д",г=2ел  C%“2% ……%г% 2%*= …еƒ=",-
“,м%г% "%ƒK3›де…, . o!, -%!м,!%"=…,, 3C!="-
л ю?ег% …=C! ›е…,  3ч,2/"=ю2“  %г!=…,че…,  

…= !="е…“2"% …3лю C!%,ƒ"%д…/. 3гл%"%L “*%!%-
“2, д",г=2ел  , 2%*=  *%!  " м%ме…2/ “ме…/ !е-
›,м%".

d",›е…,е C!,"%д= , .ле*2!,че“*%е !="…%"е“,е 
" цеC,  *%!  %C,“/"=ю2“  “лед3ю?,м, д,--е-
!е…ц,=ль…/м, 3!="…е…, м, [2]:

c
d

J M M
dt
ω

= − ; (1)

,diU ri L E
dt

= + +

 

 (2)

где U − …=C! ›е…,е, C!,л%›е……%е * цеC, %Kм%2*, 
 *%! ; i − 2%*  *%! ; E − .ле*2!%д",›3?=  “,л= %K-
м%2*,  *%! ; J − C!,"ед‘……/L м%ме…2 ,…е!ц,,; 
M − .ле*2!%м=г…,2…/L м%ме…2; Mc − “2=2,че“*,L 
м%ме…2 “%C!%2,"ле…, ; r (L) − =*2,"…%е “%C!%2,"-
ле…,е (,…д3*2,"…%“2ь) цеC, %Kм%2*,  *%! ; ω − 3г-
л%"=  “*%!%“2ь; t − "!ем  (0 ≤ t ≤ T, T − "!ем  Cе!е-
.%д…%г% C!%це““= “ме…/ !е›,м=).
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( )3 2 rJa B A CT
C

⎛ ⎞= − −⎜ ⎟⎝ ⎠ ; ( )4
1
2

a CT B A= − − ;

1b CA=
 
.

hƒме…е…,  д!3г,. C=!=ме2!%" 3C!="л ем%L 
“,“2ем/ ,мею2 ",д

( ) 3
0

11
2

B A Tz z At⎛ ⎞ω = − − + + ω⎜ ⎟⎝ ⎠
;

( )6 1d B A z z
dt T
ε −= − ;

2
c

1 { ( ) (3 2 ) }i J A B A z z M
C

⎡ ⎤= + − − +⎣ ⎦
 

;

26( ) ( )di JB A z z
dt CT

= − −

 

;

2 3
1 2 3 4 1

1 ( 2 3 4 )dU a a z a z a z b
dt T

= + + + +  .

o!%"еде…/ ч,“ле……/е !=“ч‘2/ …= }bl Cе!е-
.%д…/. C!%це““%" " .ле*2!%C!,"%де “ д",г=2елем 
C%“2% ……%г% 2%*= …еƒ=",“,м%г% "%ƒK3›де…,  
oaqŠ-42 м%?…%“2ью 3,5 *b2. m= !,“. 1 C!,"еде-
…/ ƒ=",“,м%“2, ,ƒме…е…,  3гл%"%L “*%!%“2, 
(*!,"=  1 ) , 3гл%"%г% 3“*%!е…,  (*!,"=  2 ). m= 
!,“. 2 *!,"=  1 C%*=ƒ/"=е2 ,ƒме…е…,е 3C!="л ю-
?ег% …=C! ›е…, , = *!,"=  2 # ,ƒме…е…,е C!%-
,ƒ"%д…%L 2%*=  *%! .

n2*л%…е…,е C=!=ме2!= α (“*=ч%*) " 3ƒл%"%L 
2%ч*е “ме…/ !е›,м%" %C!едел е2“  C% -%!м3ле

( ) ( 0) ( 0)T T TΔα = α + − α − ,

C%.2%м3 " 3ƒл%"/. 2%ч*=. “ме…/ !е›,м%" …е2 
!/"*%" 3гл%"%L “*%!%“2,, 3C!="л ю?ег% …=C! -
›е…, , 3гл%"%г% 3“*%!е…,  (3) (“м. !,“. 1, 2), 2%*= 
 *%!  , ег% C!%,ƒ"%д…%L.

, c–1; , c–2

 0    1     2     3     4    5     6

250

–250

–125

125

    0 

1

2

t, c 

p,“. 1. b!еме……/е ,ƒме…е…,  ме.=…,че“*,. C=!=ме2!%"

  50

0

 100

–100
–50

 0    1     2 3    4    5    6
t, c

U, B; i ', A/c–1

1

2

p,“. 2. b!еме……/е ,ƒме…е…,  .ле*2!,че“*,. C=!=ме2!%"

g=*%… ,ƒме…е…,  3гл%"%г% 3“*%!е…,  ε (ε = dω/dt) 
ƒ=д=‘2“  " *л=““е K=ƒ,“…%L C%л,…%м,=ль…%L 
-3…*ц,, SH(t) [1, 3] " ",де

2
( ) 3 2 ,t tA B A

T T
⎛ ⎞ ⎡ ⎤ε= + − −⎜ ⎟ ⎢ ⎥⎝ ⎠ ⎣ ⎦  

(3)
 

где A (B ) # …=ч=ль…%е (*%…еч…%е) ƒ…=че…,е 3гл%"%г% 
3“*%!е…, ; T − C!%ме›32%* "!еме…, Cе!е.%д…%г% 
C!%це““= д=……%г% !е›,м=, " 2ече…,е *%2%!%г% 3гл%-
"%е 3“*%!е…,е, …=ч=ль…%е ƒ…=че…,е *%2%!%г% !="…% A, 
м%…%2%……% д%“2,г=е2 *%…еч…%г% ƒ…=че…,  B. 

Š=* *=* !=““м=2!,"=ем/е C!%це““/ …еC!е!/"-
…/е, 2% ƒ…=че…,е -3…*ц,, (C=!=ме2! A) " …%"%м 
!е›,ме " …=ч=ль…/L м%ме…2 "!еме…, "“егд= “%"-
C=д=е2 “% ƒ…=че…,ем -3…*ц,, (C=!=ме2! B) " 
*%…це C!ед/д3?ег% !е›,м= !=K%2/ (3C!="л ем%L 
“,“2ем/ − .ле*2!%C!,"%д=) , 2. д.

o=!=ме2!/ A, B, T C%ƒ"%л ю2 !е=л,ƒ%"=2ь лю-
K%L "/K!=……/L !е›,м " Cе!е.%д…/. C!%це““=.:

C3“*: A = 0 (B − люK%е, B ≠ 0);
!=ƒг%…: a) A < B (A ≥ 0, B ≠ 0) ,л, b) A > B (B ≥ 0, 

A ≠ 0);
2%!м%›е…,е: a) A > B (A ≤ 0, B ≠ 0) ,л, b) A < B 

(B ≤ 0, A ≠ 0);
C%“2% …“2"%: A = 0, B = 0;
%“2=…%": B = 0 (A # люK%е, A ≠ 0).
r!="…е…,  (1)#(2) C!ед“2="л ю2 “%K%L ƒ=м*-

…323ю “,“2ем3 дл  %C!еделе…,  C=!=ме2!%" .ле*-
2!%C!,"%д=, " 2%м ч,“ле , 3C!="л ю?ег% …=C! -
›е…,  U: 

2 3 4
0 1 2 3 4 1( ) ,U t a a z a z a z a z b t= + + + + +

 

где z = t / T; 0 ( )c
ra JA M
C

= + ; C − *%.--,ц,е…2 .ле*-

2!%д",›3?еL “,л/ , м%ме…2= д",г=2ел ;

( )1 6 LJa B A
CT

= − ;
 

( )2 3 2L La B A r
C T

⎛ ⎞= − −⎜ ⎟⎝ ⎠
;
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Š=*,м %K!=ƒ%м, !еƒ3ль2=2/ м=2ем=2,че“*%г% 
м%дел,!%"=…,  C!,"ед‘……%L "/ше “,“2ем/ C!,-
"%д= C%д2"е!›д=ю2 .--е*2,"…%“2ь C!едл%›е……%-
г% ме2%д=. pе=л,ƒ=ц,  3C!="л ю?ег% …=C! ›е…,  
"%ƒм%›…= …= %“…%"е ,“C%льƒ%"=…,   чее* -3…*-
ц,%…=ль…%г% C!е%K!=ƒ%"=2ел  ot-2`h, ".%д -
?,. " “%“2=" =…=л%г%"/. .леме…2%" 3…,-,ц,!%-
"=……%L Kл%ч…%L “,“2ем/ !ег3л 2%!%" raqp-`h 
=…=л%г%"%г% деL“2",  [4].

p=ƒ!=K%2=……/L ме2%д -%!м,!%"=…,  Cл="…/. 
Cе!е.%д…/. C!%це““%" C!, “2/*%"*е !е›,м%" " 
="2%м=2,ƒ,!%"=……/. “,“2ем=. C%ƒ"%л е2 ,“*лю-
ч,2ь 3д=!…/е …=г!3ƒ*,. o!едл=г=ем=  ме2%д,*= 
м%›е2 K/2ь !е*%ме…д%"=…= дл  ,“C%льƒ%"=…,  
C!, !=“ч‘2е , C!%е*2,!%"=…,, ="2%м=2,ƒ,!%"=…-
…/. “,“2ем, где C!едA "л ю2“  C%"/ше……/е 2!е-
K%"=…,  * д,…=м,че“*,м !е›,м=м.

a,Kл,%г!=-,че“*,е ““/л*,

1. x3м,л%" b.t. nце…*= д,…=м,ч…%“2, …=г!3›е-

…,  ,…›е…е!…/. “,“2ем // g="%д“*=  л=K%!=2%!, . 

1999. 1 4. q. 52#55.

2. ),л,*,… l.c., q=…дле! ̀ .q. nK?,L *3!“ .ле*2!%-

C!,"%д=. l.: }…е!г%,ƒд=2, 1981. 576 “.

3. x3м,л%" b.t. j C!%Kлеме =…=л,2,че“*%г% !еше-

…,  “2=ц,%…=!…%г% 2е!м%*=C,лл !…%г% д",›е…,  …е-

“›,м=ем%L " ƒ*%L ›,д*%“2, " “л%е // nKAед,…‘……/L 

…=3ч…/L ›3!…=л. 2008. 1 2 (208). q. 43#49. 

4. e"ƒе!%" h.u., c%!%Kец `.q., l%ш*%",ч a.h., 
oе!ельм32е! b.l., “…%"“*,L k.`. j%мCле*2…/е 

2,!,“2%!…/е .ле*2!%C!,"%д/: qC!="%ч…,*. l.: }…е!-

г%=2%м,ƒд=2, 1988. 319 “.

rdj  681.5

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

chalbor@rambler.ru

hmŠepopeŠ`0h“ jphŠeph“ `aqnk~Šmni rqŠni)hbnqŠh 
dk“ mekhmeim{u p`qopedekHmm{u qhqŠel 

h““лед%"=…% C!,ме…е…,е ч=“2%2…%г% *!,2е!,  =K“%лю2…%L 3“2%Lч,"%“2,, ,ƒ"е“2…%г% 
,ƒ 2е%!,, “,“2ем “ “%“!ед%2%че……/м, C=!=ме2!=м,, дл  =…=л,ƒ= …ел,…еL…/. “,“2ем 
3C!="ле…,  “ !=“C!едел‘……/м, C=!=ме2!=м,. p=““м%2!е… *л=““ “,“2ем “ 3“2%Lч,"%L л,-
…еL…%L ч=“2ью. o%л3че… =…=л%г *!,2е!,  дл  !=“C!едел‘……/. “,“2ем “ …ел,…еL…/м, .=!=*-
2е!,“2,*=м,, …е ƒ=",“ ?,м, %2 C!%“2!=…“2"е……/. *%%!д,…=2 !=“C!едел‘……%г% %KAе*2= 
3C!="ле…, .

jлюче"/е “л%"=: “,“2ем/ 3C!="ле…, , 3“2%Lч,"%“2ь, ч=“2%2…/е .=!=*2е!,“2,*,.

Application of the absolute firmness frequency criterion, that is known from theory of systems with 
concentrated parameters, for analysis of the non-linear control systems with distributed parameters 
was investigated. Class of systems with steady linear part is considered. Criteria analog for distributed 
systems with non-linear descriptions independent from spatial coordinates of the distributed object 
is derived.

Key words: control system, firmness, frequency descriptions. 

q,“2ем/ “ !=“C!едел‘……/м, C=!=ме2!=м, # .2% 
“,“2ем/, дл  *%2%!/. ,ƒме…е…,е 3C!="л ем/. "е-
л,ч,… *=* "% "!еме…,, 2=* , " C!%“2!=…“2"е %C,-
“/"=е2“  д,--е!е…ц,=ль…/м, 3!="…е…, м, " 
ч=“2…/. C!%,ƒ"%д…/., ,…2ег!=ль…/м,, ,…2ег!%-
д,--е!е…ц,=ль…/м, 3!="…е…, м, ,л, “,“2ем=м, 
3!="…е…,L “=м%L !=ƒл,ч…%L C!,!%д/. t,ƒ,че“*, 
C% "ле…,е ч=“2…/. C!%,ƒ"%д…/. “%%2"е2“2"3е2 
3ч‘23 "%л…%"/.  "ле…,L ,л, г,д!="л,че“*%г% 3д=-
!= " 2!3K%C!%"%д=., "%л…%"/. C!%це““%" " дл,…-
…/. л,…, . .ле*2!%Cе!ед=ч, C!%“2!=…“2"е……%L 

…е!="…%ме!…%“2, !=“C!еделе…,  2емCе!=23!/ C!, 
…=г!е"е ме2=лл,че“*,. ƒ=г%2%"%* , 2. д. rC!="ле…,е 
2=*,м, “,“2ем=м,  "л е2“  K%лее “л%›…/м C% 
“!="…е…,ю “ “%“!ед%2%че……/м, “,“2ем=м,. h““ле-
д%"=…,е =K“%лю2…%L 3“2%Lч,"%“2, "%ƒ…,*=е2 " 
“" ƒ, “ 2ем, ч2% " …е*%2%!/. “л3ч= . …ел,…еL…=  
.=!=*2е!,“2,*=  "л е2“  …е“2=K,ль…%L , м%›е2 
K/2ь %.=!=*2е!,ƒ%"=…= 2%ль*% %C!едел‘……%L %Kл=-
“2ью. dл  =…=л,ƒ= …ел,…еL…/. “,“2ем “ “%“!ед%-
2%че……/м, C=!=ме2!=м, ,“C%льƒ3е2“  ч=“2%2…/L 
*!,2е!,L %C!еделе…,  =K“%лю2…%L 3“2%Lч,"%“2,, 
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2. е. 3“2%Lч,"%“2, “,“2ем/ C!, люK/. …=ч=ль…/. 
%2*л%…е…, . дл  люK%L -%!м/ …ел,…еL…%L .=-
!=*2е!,“2,*,, C!,…=дле›=?еL * …е*%2%!%м3 %C-
!едел‘……%м3 *л=““3. 

dл  =K“%лю2…%L 3“2%Lч,"%“2, C%л%›е…,  !="-
…%"е“,  …ел,…еL…%L “%“!ед%2%че……%L “,“2ем/ “ 
3“2%Lч,"%L л,…еL…%L ч=“2ью (k)) д%“2=2%ч…% 
“3?е“2"%"=…,  деL“2",2ель…%г% ƒ…=че…,  q, дл  
*%2%!%г% "/C%л… е2“  3“л%",е

[ ] 10 : Re (1 ) ( ) ,j q W j
k

∀ω ≥ + ω ω > −
 

(1)

где k # 3г%л =K“%лю2…%L 3“2%Lч,"%“2,,  "л ю?,L“  
…е*%2%!/м C!едель…/м C=!=ме2!%м …ел,…еL…%L .=-
!=*2е!,“2,*, ϕ(σ), C!%,ƒ"%ль…% !=“C%л=г=ю?еL“  " 
ƒ=д=……%L %Kл=“2,:

( )
0

j
k

σ
≤ ≤

σ  
C!, σ ≠ 0; ϕ (0) = 0.

)=“2%2…=  .=!=*2е!,“2,*= (=мCл,23д…%--=ƒ%-
"= ) C!ед“2="л е2“  " ",де

( ) [ ] [ ]Re ( ) Im ( )W j W j j W jω = ω + ω .

q%гл=“…% *!,2е!,ю =K“%лю2…%L 3“2%Lч,-
"%“2,, “-%!м3л,!%"=……%м3 b.l. o%C%"/м [1], 
""%д,2“  C%… 2,е м%д,-,ц,!%"=……%L =мCл,-
23д…%--=ƒ%"%L .=!=*2е!,“2,*, л,…еL…%L ч=“2, 
(`tu k)):

* * *( ) Re ( ) Im ( ) ,W j W j j W j⎡ ⎤ ⎡ ⎤ω = ω + ω⎣ ⎦ ⎣ ⎦  

[ ]*Re ( ) Re ( ) ,W j W j⎡ ⎤ω = ω⎣ ⎦

[ ]*Im ( ) Im ( ) .W j W j⎡ ⎤ω = ω ω⎣ ⎦

p=““м%2!,м %KAе*2 “ !=“C!едел‘……/м, C=!=-
ме2!=м,, %C,“/"=ем/L 3!="…е…,ем 2еCл%C!%"%д-
…%“2,, м=2ем=2,че“*=  м%дель *%2%!%г% ,мее2 
",д

2
2

2

( , ) ( , ) ( , );дQ x t д Q x ta f x t
дt дx

− =

0( ,0) ( );Q x Q x=  1(0, ) ( );Q t q t=

2( , ) ( );Q l t q t=  0 ;x l≤ ≤  0;t ≥  0.a >

oе!ед=2%ч…=  -3…*ц,  C% *=›д%м3 *%…23!3 
C!%“2!=…“2"е……%-,…"=!,=…2…%L “,“2ем/ м%›е2 
K/2ь C!ед“2="ле…= " ",де

( )
( ) ( )2 2

п

2 2

2 sin sin
,

1

n n
n

n

x
la

W p p
a

ψ ψ ξ
ψ

=
+

ψ  

где n
n
l

πψ = ; dp
dt

=  # %Cе!=2%! д,--е!е…ц,!%"=-

…, ; a # *%.--,ц,е…2 2емCе!=23!%C!%"%д…%“2,.

g=ме…   p = jω, C%л3ч,м ч=“2%2…3ю .=!=*2е!,“-

2,*3 C% n-L ( ∞= ,1n ) “%“2="л ю?еL ".%д…%г% 
"%ƒдеL“2", :

( )
( ) ( )2 2

п

2 2

2 sin sin
.1 1

n n
n

n

x
la

W j
j

a

ψ ψ ξ
ψ

ω =
ω +

ψ   

b/дел   деL“2",2ель…3ю , м…,м3ю ч=“2,, C%-
л3ч,м

( ) ( )
п 2 2 2

2 sin sin
( )

n n

n

x
lW j

a

ψ ψ ξ
ω = −

ψ + ω  

( ) ( )2 2

2 2 2

2 sin sin
;

n n
n

n

x
la

j
a

ω ψ ψ ξ
ψ

−
ψ + ω

( )
( ) ( )

2 2 2

2 sin sin
Re ;

n n

n

x
lW j

a

ψ ψ ξ
⎡ ω ⎤ =⎣ ⎦ ψ + ω

( )
( ) ( )2 2

2 2 2

2 sin sin
Im .

n n
n

n

x
la

W j j
a

ω ψ ψ ξ
ψ

⎡ ω ⎤ = −⎣ ⎦ ψ + ω

q%гл=“…% 3“л%",ю *!,2е!,  =K“%лю2…%L 3“-
2%Lч,"%“2,:

( ) ( ) 1Re 1 ,j q W j
k

⎡ + ω ω ⎤ > −⎣ ⎦

C%л3ч,м

( ) ( ) 1Re Im .W j q W j
k

⎡ ω ⎤ − ω ⎡ ω ⎤ > −⎣ ⎦ ⎣ ⎦

nK%ƒ…=ч,м X = Re[W(jω)], Y = ωIm[W(jω)], 2%-

гд= 
1 0X qY
k

− + =  # 3!="…е…,е C! м%L " C! м%-

3г%ль…%L “,“2еме *%%!д,…=2 OXY, дл  *%2%!%L 
деL“2",2ель…%е ƒ…=че…,е q ,ƒ 3“л%",  (1) "/“23-
C=е2 " !%л, 3гл%"%г% *%.--,ц,е…2=.
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b"ед‘м " “,“2ем3 *%%!д,…=2 %“ь 2~
nG ψ= , где 

( )nG~  # д,“*!е2…=  -3…*ц,  “ %Kл=“2ью ,ƒме…е-

…,  %2 НG~  д% KG� ; ( )
2

2 , 1, 2,3,... ;n
n n
l

π⎛ ⎞ψ = =⎜ ⎟⎝ ⎠
 

2

2 ;НG
l
π=� KG → ∞� .

g=ме…,м -3…*ц,ю ( )nG~  …еC!е!/"…%L -3…*ц,еL 
G(n) “ %Kл=“2ью %C!еделе…,  );~[ ∞НG . b .2%м “л3-

ч=е "“е д,“*!е2…/е ƒ…=че…,  -3…*ц,, G~ K3д32 

C!,…=дле›=2ь %Kл=“2, %C!еделе…,  -3…*ц,, G [2].
o!едC%л%›,м, ч2% …ел,…еL…=  .=!=*2е!,“2,*= 

%KAе*2= …е ƒ=",“,2 %2 C!%“2!=…“2"е……/. *%%!д,-

…=2, “лед%"=2ель…%, , %2 -3…*ц,, 
2

22~
l
nG π= , 2. е. 

%2 C=!=ме2!= n. d!3г,м, “л%"=м,, ",д , -%!м= 
…ел,…еL…%L .=!=*2е!,“2,*, %“2=ю2“  …е,ƒме…-
…/м, дл  *=›д%L “%“2="л ю?еL !=ƒл%›е…,  Cе-
!ед=2%ч…%L -3…*ц,, " ! д t3!ье. Š%гд= дл  *=›-
д%г% ƒ…=че…,  n C%л3ч,м C! м3ю " “,“2еме *%%!-
д,…=2 OXYG~ . rгл%"%L *%.--,ц,е…2 q дл  "“е. 
C! м/. …е ƒ=",“,2 %2 ƒ…=че…,  G~ . dл,…= %2!еƒ*= 
1/k, %2“е*=ем%г% *=›д%L C! м%L C% %“, OX, 2=*-
›е …е ƒ=",“,2 %2 ƒ…=че…,  G~ . qлед%"=2ель…%, "“е 
C! м/е C=!=ллель…/ ме›д3 “%K%L , …=.%д 2“  …= 
%д,…=*%"%м !=““2% …,, %2 %“, G, 2. е. %K!=ƒ3ю2 
Cл%“*%“2ь " “,“2еме *%%!д,…=2 OXYG.

b !=K%2е [3] C%*=ƒ=…%, ч2% C!%“2!=…“2"е……%-,…-
"=!,=…2…3ю “,“2ем3 3C!="ле…,  м%›…% C!ед“2=-
",2ь *=* “%"%*3C…%“2ь …еƒ=",“,м/. *%…23!%" 
3C!="ле…,  C% *=›д%L C!%“2!=…“2"е……%L м%де 
".%д…%г% "%ƒдеL“2", . e“л, *=›д/L *%…23! =“,мC-
2%2,че“*, 3“2%Lч,", 2% , “,“2ем= 3C!="ле…,  " 
цел%м 3“2%Lч,"=. b *=›д%L Cл%“*%“2,, C=!=л-
лель…%L Cл%“*%“2, OXY, дл  *=›д%г% ƒ…=че…,  n 
( ∞= ,1n ) "е*2%! W(jω) %C,ше2 г%д%г!=- C!, ,ƒ-
ме…е…,, ƒ…=че…,  ω %2 0 д% ∞. dл  г!=-,че“*%L 
,ллю“2!=ц,, =…=л,ƒ= 3“2%Lч,"%“2, …е%K.%д,м% 
C%“2!%,2ь м%д,-,ц,!%"=……/L C!%“2!=…“2"е…-
…/L г%д%г!=-, %2л,ч=ю?,L“  ,ƒме…е…,ем ƒ…=че-

…,L м…,м%L ч=“2, " ω !=ƒ. b *=че“2"е C!,ме!= 
!=““м%2!,м “,“2ем3 “ …ел,…еL…%L .=!=*2е!,“2,-
*%L !елеL…%г% 2,C=, л,…еL…=  ч=“2ь *%2%!%L 
%C,“/"=е2“  2,C%"/м =Cе!,%д,че“*,м ƒ"е…%м 

( )
1

KW p
Tp

=
+

,

где K # *%.--,ц,е…2 Cе!ед=ч, =Cе!,%д,че“*%г% 
ƒ"е…=; T # C%“2% ……=  "!еме…,; p # %Cе!=2%! C!е%K-
!=ƒ%"=…,  k=Cл=“=.

dл  !елеL…%г% .леме…2= 3г%л =K“%лю2…%L 3“-
2%Lч,"%“2, k = ∞ . qлед%"=2ель…%, C! м= , %K!=-
ƒ3ю?=  .2%2 3г%л, “%"C=д=е2 “ %“ью OY  *%мCле*“-
…%L Cл%“*%“2, XOY. Š=*,м %K!=ƒ%м, ч2%K/ “,“2е-
м= “ !елеL…/м .леме…2%м K/л= =K“%лю2…% 3“2%L-
ч,"%L, м%д,-,ц,!%"=……=  ч=“2%2…=  .=!=*2е!,-
“2,*= л,…еL…%L ч=“2, “,“2ем/ W*(jω) …е д%л›…= 
Cе!е“е*=2ь %“ь *%мCле*“…%L Cл%“*%“2,, 2. е. …е 
д%л›…= !=“C%л=г=2ь“  "% "2%!%L , 2!е2ьеL *%%!-
д,…=2…/. че2"е!2 . (!,“. 1).

)=“2%2…=  .=!=*2е!,“2,*= !=““м=2!,"=ем%L 
“,“2ем/ %C!едел е2“  "/!=›е…,ем [1]

2 2 2 2( ) .
1 1

K K TW j j
T T

ωω = −
+ ω + ω

l%д,-,ц,!%"=……=  ч=“2%2…=  .=!=*2е!,“2,*= 
,мее2 ",д

2
*

2 2 2 2( ) .
1 1

K K TW j j
T T

ωω = −
+ ω + ω

 
l…,м=  ч=“2ь м%д,-,ц,!%"=……%L ч=“2%2…%L 

.=!=*2е!,“2,*, ƒ=C,ше2“  " ",де

2

2 2( ) .
1

K TY
T

ωω = −
+ ω  

 

Re

Im

0

jW

K0 Re

Im

0

jW

K0

T
K

p,“. 1. c%д%г!=-/ ч=“2%2…%L .=!=*2е!,“2,*, W(jω) , м%д,-,ц,!%"=……%L ч=“2%2…%L .=!=*2е!,“2,*, W*(jω): 

K # *%.--,ц,е…2 Cе!ед=ч,; T # C%“2% ……=  "!еме…,; ω # *!3г%"=  ч=“2%2=
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Š%гд=

0
1

lim 22 =
ω+
ω

∞→ω T
TK

;  
 T

K
T
TK =

ω+
ω

∞→ω 22

2

1
lim .

Š=*,м %K!=ƒ%м, “%“!ед%2%че……=  “,“2ем= “ …е-
л,…еL…%L .=!=*2е!,“2,*%L !елеL…%г% 2,C= , л,-
…еL…%L ч=“2ью, %C,“/"=ем%L =Cе!,%д,че“*,м 
ƒ"е…%м, K3де2 =K“%лю2…% 3“2%Lч,"=.

dл  %KAе*2= “ !=“C!едел‘……/м, C=!=ме2!=м,, 
м=2ем=2,че“*=  м%дель *%2%!%г% ,мее2 ",д

( ) ( ) ( )
2

2
2

, ,дQ x t д Q x t
a j t

дt дx
− = σ⎡ ⎤⎣ ⎦ ;

Q (x, 0) = Q0 (x, 0); Q (0, t) = q1(t); Q (l, t) = q2(t);

0 ≤ x ≤ l ; t ≥ 0; a > 0,

Cе!ед=2%ч…=  -3…*ц,  C% *=›д%м3 *%…23!3 C!%-
“2!=…“2"е……%-,…"=!,=…2…%L “,“2ем/ м%›е2 K/2ь 
C!ед“2="ле…= " ",де

2 2 2
п 2

2 2 2

2 sin sin
( ) .

1

l n nx
l ln aW s

l s
n a

π π ξ
π=

+
π    

nK%ƒ…=ч,"

п 2 2 2
2 sin sinl n nK x

l ln a
π π= ξ,

π  

2

п 2 2 2 ,lT
n a

=
π   

C%л3ч,м

п
п

п
( ) .

1
K

W s
T p

=
+   

nKAе*2, %C,“/"=ем/L 3!="…е…,ем 2еCл%C!%-
"%д…%“2, C!, г!=…,ч…/. 3“л%", . Cе!"%г% !%д=, 
м%›…% “2!3*23!…% C!ед“2=",2ь " ",де C=!=ллель-
…%г% “%ед,…е…,  Kе“*%…еч…%г% ч,“л= =Cе!,%д,че-
“*,. ,…е!ц,%……/. ƒ"е…ье" Cе!"%г% C%! д*= [4] 

C!, 3“л%",,, ч2% "!ем  
2

п
lT

a n
⎛ ⎞= ⎜ ⎟⎝ ⎠π

 # C%“2% ……=  

"ел,ч,…= дл  *=›д%г% *%…23!=, = *%.--,ц,е…2/ 

Cе!ед=ч, п ( , )K x ξ 2
2 sin sin

( )
l n nx

l la n
π π= ξ

π
 ƒ=",“ 2 

%2 2%че* …=Kлюде…,  x , 2%че* деL“2",  ,“2%ч-
…,*%" ξ. b"ед‘м %K%K?‘……3ю *%%!д,…=23 

2

( 1, 2,3,...)nG n
l

π⎛ ⎞= =⎜ ⎟⎝ ⎠  [2]. p=““м%2!,м м%д,-,-

ц,!%"=……/L C!%“2!=…“2"е……/L г%д%г!=- C!, 

ƒ…=че…, . 
4
lx ==ξ  дл  Cе!"/. ше“2, “%“2="л ю-

?,. ! д= (!,“. 2):

2 sin sin ;K n nx
T l l l

π π= ξ

3 5 61 2 4

1 2 3 4 5 6

1 2 1 1 2; ; ; 0; ; ;
K K KK K K

T l T l T l T T l T l
= = = = = =

1 2 3 42 2 2 2 2 2; ; ; 0;
2 9

l l lK K K K
a a a

= = = =
π π π

5 62 2 2 2; .
25 18

l lK K
a a

= =
π π

2
п 2 2 2

2lim lim sin 0.
4n n

l nK
n a→∞ →∞

π
= =

π  

p=““м%2!е……=  !=“C!едел‘……=  “,“2ем= “ …е-
л,…еL…/м .леме…2%м !елеL…%г% 2,C= K3де2 "“е-
гд= =K“%лю2…% 3“2%Lч,"=. 

Š=*,м %K!=ƒ%м, C!, “дел=……/. д%C3?е…, . 
*!,2е!,L =K“%лю2…%L 3“2%Lч,"%“2, дл  “,“2ем “ 

Re

Im

0

G

p,“. 2. l%д,-,ц,!%"=……/L C!%“2!=…“2"е……/L г%д%г!=- !=“C!едел‘……%L “,“2ем/
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!=“C!едел‘……/м, C=!=ме2!=м, м%›е2 K/2ь ,…2е!-
C!е2,!%"=… “лед3ю?,м %K!=ƒ%м: дл  =K“%лю2…%L 
3“2%Lч,"%“2, …ел,…еL…%L !=“C!едел‘……%L “,“2е-
м/ C!, 3“л%",,, ч2% …ел,…еL…=  .=!=*2е!,“2,*= 
…е ƒ=",“,2 %2 C!%“2!=…“2"е……/. *%%!д,…=2 д%“2=-
2%ч…%, ч2%K/ м%д,-,ц,!%"=……/L C!%“2!=…“2"е…-
…/L г%д%г!=- !=ƒ%м*…32%L “,“2ем/ …=.%д,л“  
“C!="= %2 Cл%“*%“2,, C!%.%д ?еL че!еƒ л,…,ю L: 

( ) ( ) 1{ Im 0; Re ; }W W G
k

ω = = − C%д 3гл%м 
1arctg
q

α =  

* Cл%“*%“2, {Re(W); G}.
b .2%м “л3ч=е ч=“2%2…=  .=!=*2е!,“2,*= *=›-

д%г% *%…23!= “,“2ем/ 3C!="ле…,  K3де2 !=“C%л%-

›е…= C!="ее C! м%L 
1Re( ) Im( ) 0.W q W
k

− ω + =  

qлед%"=2ель…%, *=›д/L *%…23! “,“2ем/ 3C!="ле-
…,  K3де2 3“2%Lч,", = ƒ…=ч,2, K3де2 3“2%Lч,"= , 
"“  “,“2ем=. nд…=*% C=!=ме2! k # 3г%л =K“%лю2-
…%L 3“2%Lч,"%“2,, %г!=…,ч,"=ю?,L “е*2%! …е-

л,…еL…%L .=!=*2е!,“2,*,, м%›е2 ƒ=",“е2ь %2 
ƒ…=че…,  %K%K?‘……%L *%%!д,…=2/ G. o%.2%м3 
"%C!%“ % "%ƒм%›…%“2, ,…2е!C!е2=ц,, ч=“2%2…%г% 
*!,2е!,  =K“%лю2…%L 3“2%Lч,"%“2, дл  …ел,…еL-
…/. “,“2ем “ !=“C!едел‘……/м, C=!=ме2!=м, C!, 
…ел,…еL…%L .=!=*2е!,“2,*е, ƒ=",“ ?еL %2 C!%-
“2!=…“2"е……/. *%%!д,…=2 %KAе*2= 3C!="ле…, , 
2!еK3е2 д=ль…еLш,. ,““лед%"=…,L.

a,Kл,%г!=-,че“*,е ““/л*,

1. e!%-ее" `.`. Šе%!,  ="2%м=2,че“*%г% 3C!="ле-
…, . qoK.: o%л,2е.…,*=, 2002. 302 “.

2. oе!ш,… h.l. `…=л,ƒ , “,…2еƒ “,“2ем “ !=“C!еде-
л‘……/м, C=!=ме2!=м,. o 2,г%!“*: ph`-jlb, 2007. 
245 “.

3. a32*%"“*,L `.c. lе2%д/ 3C!="ле…,  “,“2ем=м, “ 
!=“C!едел‘……/м, C=!=ме2!=м,. l.: m=3*=, cл. !ед. 
-.-м. л,2., 1985. 136 “.

4. p=C%C%!2 }.“. q2!3*23!…%е м%дел,!%"=…,е %KA-
е*2%" , “,“2ем 3C!="ле…,  “ !=“C!едел‘……/м, C=!=-
ме2!=м,. l.: b/“ш=  ш*%л=, 2003. 302 “.

rdj  621.396.931

`.c. “…,ше"“*= , *=…д. 2е.…. …=3*, д%ц., `.`. h"%лг,… 
(nм“*,L г%“3д=!“2"е……/L 2е.…,че“*,L 3…,"е!“,2е2)

anna-yanish@mail.ru

lndepmhg`0h“ qŠprjŠrp{ qeŠei qnŠnbni qb“gh

nC,“=…/ %“…%"…/е “C%“%K/ м%де!…,ƒ=ц,, !=K%2/ “%2%"/. “е2еL. p=““м%2!е…/ %“%Kе……%-
“2, =…=л,ƒ= “%2%"/. “е2еL …= C!,ме!е !=ƒ!=K%2%*, C%ƒ"%л ю?,. !еш=2ь ƒ=д=ч,, “" ƒ=…-
…/е “ %C2,м,ƒ=ц,еL “%2%"/. “е2еL “" ƒ,, C!ед“2="ле…/ е‘ д%“2%,…“2"= , …ед%“2=2*,, 
C!%=…=л,ƒ,!%"=…/ C%*=ƒ=2ел, .ле*2!%м=г…,2…%L “%"ме“2,м%“2, C!%е*2,!3ем%L “е2, “ 
д!3г,м, “е2 м,, !=K%2=ю?,м, " 2%L ›е ме“2…%“2,, !=““м%2!е…/ .=!=*2е!,“2,*, “е2еL 
“ 3ч‘2%м *%…*!е2…/. ге%г!=-,че“*,. 3“л%",L ме“2…%“2, C!, ƒ=д=……%м !=“C!еделе…,, 2!=-
-,*= , ,“2%ч…,*=. C%ме..

jлюче"/е “л%"=: 2!е2ье C%*%ле…,е “%2%"%L “" ƒ,, ч=“2%2…%-2е!!,2%!,=ль…%е Cл=…,!%"=…,е, 
2!=-,*, =г!ег=ц, , 2%C%л%г,  “е2,.

Fundamental modernization means of the honeycomb nets work are described. Honeycomb nets 
analysis features as an example of development for tasks decision of the honeycomb connection nets 
optimization are considered. Its merits and limitations are introduced. Electromagnetic compatibility 
indexes of the projected net with another nets working in the same country are reviewed. Nets 
descriptions taking into account specific geographic country condition for given traffic distribution 
and given obstacles sources are considered.

Key words: third generation of honeycomb connection, frequency-territorial planning, traffic, aggre-
gation, net topology.

q%2%"=  “" ƒь O %д,… ,ƒ ",д%" м%K,ль…%L !=д,%-
“" ƒ,, " %“…%"е *%2%!%L ле›,2 “%2%"=  “е2ь. jлюче"=  
%“%Kе……%“2ь ƒ=*люч=е2“  " 2%м, ч2% %K?=  ƒ%…= C%-
*!/2,  дел,2“  …=  чеL*, (“%2/), %C!едел ю?,е“  
ƒ%…=м, C%*!/2,  %2дель…/. K=ƒ%"/. “2=…ц,L (aq). 

q%2/ ч=“2,ч…% Cе!е*!/"=ю2“  , "ме“2е %K!=ƒ3ю2 
“е2ь. m= ,де=ль…%L (!%"…%L , Kеƒ ƒ=“2!%L*,) C%-
"е!.…%“2, ƒ%…= C%*!/2,  %д…%L aq C!ед“2="л е2 
“%K%L *!3г, C%.2%м3 “%“2="ле……=  ,ƒ …,. “е2ь ,ме-
е2 ",д “%2 “ ше“2,3г%ль…/м,  чеL*=м, (“%2=м,).
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qе2ь “%“2="л ю2 !=ƒ…е“‘……/е " C!%“2!=…“2"е 
C!,‘м%Cе!ед=2ч,*,, !=K%2=ю?,е " %д…%м , 2%м 
›е ч=“2%2…%м д,=C=ƒ%…е, , *%мм32,!3ю?ее %K%-
!3д%"=…,е, C%ƒ"%л ю?ее %C!едел 2ь 2е*3?ее ме-
“2%C%л%›е…,е C%д",›…/. =K%…е…2%" , %Kе“Cеч,-
"=2ь …еC!е!/"…%“2ь “" ƒ, C!, Cе!еме?е…,, =K%-
…е…2= ,ƒ ƒ%…/ деL“2",  %д…%г% C!,‘м%Cе!ед=2ч,-
*= " ƒ%…3 деL“2",  д!3г%г%.

b …=“2% ?ее "!ем  "“‘ K%льшее !=“C!%“2!=…е-
…,е C%л3ч=ю2 “%2%"/е “е2, 2!е2ьег% C%*%ле…,  
(3G). g=ме2,м, ч2% "“е .2, “е2, …е ƒ=ме… ю2 C!е-
д/д3?ее C%*%ле…,е “%2%"%L “" ƒ, (2G:GSM, 
DAMPS), = л,шь “2!% 2“  …= K=ƒе “3?е“2"3ю?,. 
2G-“е2еL. Š=*,м %K!=ƒ%м, “е2, "2%!%г% C%*%ле-
…,  %“2=ю2“  %“…%"%L дл  !=ƒ",2,  “е2еL 2!е2ье-
г% C%*%ле…, , , =K%…е…2/ .2%L “е2, м%г32 ,“-
C%льƒ%"=2ь 3“л3г, , “е!",“/ *=* 2G- 2=* , 3G-
“е2еL.

q2=…д=!2 GSM (%2 …=ƒ"=…,  г!3CC/ Groupe 
Special Mobile, C%ƒ›е Cе!е,ме…%"=… " Global System 
for Mobile Communications) C!ед…=ƒ…=че… дл  м%-
K,ль…%L “%2%"%L “" ƒ, “ !=ƒделе…,ем *=…=л= C% 
C!,…ц,C3 TDMA , "/“%*%L “2еCе…ью Kеƒ%C=“…%-
“2, Kл=г%д=!  ш,-!%"=…,ю “ %2*!/2/м *люч%м. 

GSM …= “ег%д… ш…,L де…ь  "л е2“  …=,K%лее 
!=“C!%“2!=…‘……/м “2=…д=!2%м “" ƒ,. o% д=……/м 
=““%ц,=ц,, GSMA, …= .2%2 “2=…д=!2 C!,.%д,2“  
82 % м,!%"%г% !/…*= м%K,ль…%L “" ƒ,, 29 % …=-
“еле…,  ƒем…%г% ш=!= ,“C%льƒ3е2 гл%K=ль…/е 
2е.…%л%г,, GSM. b GSMA " …=“2% ?ее "!ем  
".%д 2 %Cе!=2%!/ K%лее чем 210 “2!=… , 2е!!,2%-
!,L. GSM %2…%“,2“  * “е2 м "2%!%г% C%*%ле…,  
(2 Generation), .%2  “ 2006 г. 3“л%"…% …=.%д,2“  " 
-=ƒе 2,5G (1G O =…=л%г%"=  “%2%"=  “" ƒь, 2G O 
ц,-!%"=  “%2%"=  “" ƒь, 3G O ш,!%*%C%л%“…=  
ц,-!%"=  “%2%"=  “" ƒь, *%мм32,!3ем=  м…%г%-
целе"/м, *%мCью2е!…/м, “е2 м,, " 2%м ч,“ле 
h…2е!…е2). 

o!е,м3?е“2"= “2=…д=!2= GSM:
ме…ьш,е C% “!="…е…,ю “ =…=л%г%"/м, “2=…-

д=!2=м, (NMT-450, AMPS-800) !=ƒме!/ , м=““= 
2еле-%……/. =CC=!=2%" C!, K%льшем "!еме…, !=-
K%2/ Kеƒ C%дƒ=! д*, =**3м3л 2%!=. }2% д%“2,-
г=е2“  " %“…%"…%м ƒ= “ч‘2 =CC=!=23!/ K=ƒ%"%L 
“2=…ц,,, *%2%!=  C%“2% ……% =…=л,ƒ,!3е2 3!%"е…ь 
“,г…=л=, C!,…,м=ем%г% %2 =CC=!=2= =K%…е…2=. b 
2е. “л3ч= ., *%гд= %… "/ше 2!еK3ем%г%, …= “%2%-
"/L 2еле-%… ="2%м=2,че“*, C%д=‘2“  *%м=…д= 
“…,ƒ,2ь ,ƒл3ч=ем3ю м%?…%“2ь;
.%!%шее *=че“2"% “" ƒ, C!, д%“2=2%ч…%L Cл%2-

…%“2, !=ƒме?е…,  K=ƒ%"/. “2=…ц,L;
Kóльш=  ‘м*%“2ь “е2,, "%ƒм%›…%“2ь K%льш%г% 

ч,“л= %д…%"!еме……/. “%ед,…е…,L;
…,ƒ*,L 3!%"е…ь ,…д3“2!,=ль…/. C%ме. " д=…-

…/. ч=“2%2…/. д,=C=ƒ%…=.;
м=*“,м=ль…=  ƒ=?,2= %2 C%д“л3ш,"=…,  , …е-

лег=ль…%г% ,“C%льƒ%"=…, , ч2% д%“2,г=е2“  C!,-
ме…е…,ем =лг%!,2м%" ш,-!%"=…,  “ %2*!/2/м 

*люч%м. EFR-2е.…%л%г,   "л е2“  3“%"е!ше…“2-
"%"=……%L “,“2ем%L *%д,!%"=…,  !еч,. q,“2ем= 
K/л= !=ƒ!=K%2=…= -,!м%L Nokia , "C%“лед“2",, 
“2=л= C!%м/шле……/м “2=…д=!2%м *%д,!%"=…, /
де*%д,!%"=…,  дл  2е.…%л%г,, GSM;
ш,!%*%е !=“C!%“2!=…е…,е, %“%Kе……% " e"!%Cе, 

K%льш%L "/K%! %K%!3д%"=…, . m= “ег%д… ш…,L 
де…ь “2=…д=!2 GSM C%дде!›,"=ю2 228 %Cе!=2%-
!%", %-,ц,=ль…% ƒ=!ег,“2!,!%"=……/. " `““%-
ц,=ц,, %Cе!=2%!%" GSM ,ƒ 110 “2!=….

j …ед%“2=2*=м “2=…д=!2= GSM %2…%“ 2“ :
,“*=›е…,е !еч, C!, ц,-!%"%L %K!=K%2*е , Cе-

!ед=че;
%“3?е“2"ле…,е “" ƒ, …= !=““2% …,, …е K%лее 

120 *м %2 Kл,›=LшеL K=ƒ%"%L “2=…ц,, д=›е C!, 
,“C%льƒ%"=…,, 3“,л,2елеL , …=C!="ле……/. =…-
2е……. o%.2%м3 дл  C%*!/2,  %C!едел‘……%L Cл%-
?=д, …е%K.%д,м% K%льш%е *%л,че“2"% Cе!ед=2-
ч,*%";

C!,ч,…е…,е "!ед= ƒд%!%"ью м%?…%“2ью ,ƒ-
л3че…,  м%K,ль…%г% 2еле-%…=. o!%,ƒ"%д,2ел, 
%K%!3д%"=…,  GSM C%“2еCе……% C%"/ш=ю2 ч3"-
“2",2ель…%“2ь "/C3“*=ем/. 3“2!%L“2", ч2% "е-
д‘2 * “…,›е…,ю 2!еK3ем%L м%?…%“2, ,ƒл3че-
…,  2еле-%…%", …% C!,…ц,C,=ль…% “,23=ц,  …е 
ме… е2“ .

0,-!%"%L “2=…д=!2 м%K,ль…%L “" ƒ, GSM-900 
!=K%2=е2 " д,=C=ƒ%…е ч=“2%2 %2 890 д% 915 lcц 
(%2 2еле-%…= * K=ƒ%"%L “2=…ц,,) , %2 935 д% 
960 lcц (%2 K=ƒ%"%L “2=ц,, * 2еле-%…3).

b …е*%2%!/. “2!=…=. д,=C=ƒ%… ч=“2%2 GSM-900 
K/л !=“ш,!е… “%%2"е2“2"е……% д% 880O915 lcц , 
925O960 lcц, Kл=г%д=!  чем3 м=*“,м=ль…%е *%-
л,че“2"% *=…=л%" “" ƒ, 3"ел,ч,л%“ь …= 50. Š=*=  
м%д,-,*=ц,  K/л= …=ƒ"=…= E-GSM (extended 
GSM).

GSM-1800 # .2% м%д,-,*=ц,  “2=…д=!2= GSM-
900, ц,-!%"%L “2=…д=!2 м%K,ль…%L “" ƒ, " д,=-
C=ƒ%…е ч=“2%2 %2 1710 д% 1880 lcц.

j %“%Kе……%“2 м GSM-1800 %2…%“ 2“ :
м=*“,м=ль…=  ,ƒл3ч=ем=  м%?…%“2ь м%K,ль-

…/. 2еле-%…%" “2=…д=!2= GSM-1800 “%“2="л е2 
1 b2, K%льшее "!ем  …еC!е!/"…%L !=K%2/ Kеƒ 
C%дƒ=! д*, =**3м3л 2%!= , K%лее …,ƒ*,L 3!%"е…ь 
!=д,%,ƒл3че…, ;

"/“%*=  ‘м*%“2ь “е2,, ч2% "=›…% дл  *!3C…/. 
г%!%д%";

"%ƒм%›…%“2ь ,“C%льƒ%"=…,  2еле-%……/. =CC=-
!=2%", !=K%2=ю?,. " “2=…д=!2=. GSM-900 , GSM-
1800 %д…%"!еме……%. Š=*%L =CC=!=2 -3…*ц,%…,-
!3е2 " “е2, GSM-900, …%, C%C=д=  " ƒ%…3 GSM-
1800, Cе!е*люч=е2“  "!3ч…3ю ,л, ="2%м=2,че“*,. 
}2% C%ƒ"%л е2 %Cе!=2%!3 !=ц,%…=ль…ее ,“C%льƒ%-
"=2ь ч=“2%2…/L !е“3!“, = *л,е…2=м .*%…%м,2ь 
де…ьг, ƒ= “ч‘2 …,ƒ*,. 2=!,-%". b %Kе,. “е2 . 
=K%…е…2 C%льƒ3е2“  %д…,м …%ме!%м. o!%Kлем= 
“%“2%,2 " 2%м, ч2% ƒ%…= %."=2= дл  *=›д%L K=ƒ%-
"%L “2=…ц,, ƒ…=ч,2ель…% ме…ьше, чем " “2=…д=!-
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2=. GSM-900, AMPS/DAMPS-800, NMT-450. mе%K-
.%д,м% K%льшее ч,“л% K=ƒ%"/. “2=…ц,L. )ем 
"/ше ч=“2%2= ,ƒл3че…, , 2ем K%льше C!%…,*=ю-
?=  “C%“%K…%“2ь !=д,%"%л… , 2ем ме…ьше “C%-
“%K…%“2ь %2!=›=2ь“  , %г,K=2ь C!ег!=д/.

b ,…д3“2!,, “%2%"%L “" ƒ, 2%ль*% “е2ь, *%2%-
!=  C%ƒ"%л е2 C!%,ƒ"е“2, “"%е"!еме……%е !=“ш,-
!е…,е, м%›е2 3де!›,"=2ь л,д,!3ю?,е C%ƒ,ц,, " 
*%…*3!е…2…%L “!еде !/…*=. hме……% 2=*=  “е2ь 
“C%“%K…= %K“л3›,"=2ь "%ƒ!=“2=ю?ее ч,“л% =K%-
…е…2%", %Kе“Cеч,"=2ь K%льшее C%*!/2,е , 3л3ч-
ше…,е *=че“2"= 3“л3г. dл  л3чшег% C!ед%“2="ле-
…,  3“л3г !=ƒ","=ю?= “  “е2ь 2!еK3е2 C%“2% …-
…%L %C2,м,ƒ=ц,, C!, !=K%2е " 3“л%", . Cе!е-
ме……%г% *=че“2"= “" ƒ, ,ƒ-ƒ= ,ƒме…е…,  “%“2% -
…,  %*!3›=ю?еL “!ед/. 

dл  “%2%"%L “" ƒ, …е!ед*, “л3ч=, Cл%.%г% 
C!,‘м= “,г…=л=, …,ƒ*%L “*%!%“2, д%“23C=, Cл%.%-
г% *=че“2"= “" ƒ, , K%льш%г% C!%це…2= C!е!/"=-
…,  “" ƒ,. b !еƒ3ль2=2е %Cе!=2%!/ ,мею2 …,ƒ*,е 
C%*=ƒ=2ел, C!%,ƒ"%д,2ель…%“2, “,“2ем, 2е! ю2 
=K%…е…2%", !еC32=ц,ю " дел%"/. *!3г=., C!,K/ль 
%2 .*“Cл3=2=ц,, “е2,. nC2,м,ƒ=ц,  !=K%2/ “е2, 
C%ƒ"%л е2 3л3чш,2ь %K?ее *=че“2"% !=K%2/ “е2,, 
д=2ь C!е,м3?е“2"% %Cе!=2%!3, C%“2="?,*=м %K%-
!3д%"=…,  , C%льƒ3ю?,м“  3“л3г=м, “е2, =K%-
…е…2=м.

p=““м%2!,м %“%Kе……%“2, м%де!…,ƒ=ц,, “%2%-
"/. “е2еL …= C!,ме!е !=ƒ!=K%2%*, C%ƒ"%л ю?,. 
%C2,м,ƒ,!%"=2ь “%2%"/е “е2, “" ƒ, , C!,ме… е-
м/. ! д%м "ед3?,. %Cе!=2%!%" дл  %C2,м,ƒ=ц,, 
, =…=л,ƒ= .=!=*2е!,“2,* “е2еL. h. ,“C%льƒ%"=…,е 
д=‘2 "%ƒм%›…%“2ь %C2,м,ƒ,!%"=2ь !е“3!“/ “е2,, 
%це…,2ь е‘ д%“2%,…“2"= , …ед%“2=2*,, C!%=…=л,-
ƒ,!%"=2ь C%*=ƒ=2ел, .ле*2!%м=г…,2…%L “%"ме“-
2,м%“2, C!%е*2,!3ем%L “е2, “ д!3г,м, “е2 м,, 
!=K%2=ю?,м, " 2%L ›е ме“2…%“2,, , %C2,м,ƒ,!%-
"=2ь .=!=*2е!,“2,*, “ 3ч‘2%м *%…*!е2…/. ге%г!=-
-,че“*,. 3“л%",L ме“2…%“2, C!, ƒ=д=……%м !=“-
C!еделе…,, 2!=-,*= , ,“2%ч…,*%" C%ме..

b …=“2% ?ее "!ем , *%гд= !/…%* “%2%"%L “" ƒ, 
…=“/?е…, = !=ƒ",2,е “е2еL “%2%"/. %Cе!=2%!%" 
…=.%д,2“  C!=*2,че“*, …= %д…%м 3!%"…е, …= Cе!-
"%е ме“2% " *%…*3!е…2…%L K%!ьKе "/.%д,2 C!ед%“-
2="ле…,е "/“%*%г% *=че“2"= 3“л3г “ C%“2% ……/м 
!=“ш,!е…,ем "%“2!еK%"=……/. “е!",“%". jлюче"3ю 
!%ль " .2%L K%!ьKе ,г!=е2 %C2,м,ƒ=ц,  !=K%2/ 
“3?е“2"3ю?,. “е2еL “%2%"/. %Cе!=2%!%".

nCе!=2%!/ “%2%"%L “" ƒ, “2=л*,"=ю2“  “ ›‘“2-
*%L *%…*3!е…ц,еL " %2…%ше…,, д,--е!е…ц,!%"=-
…,  C!ед%“2="л ем/. 3“л3г, 3"ел,че…,  ƒ%… C%-
*!/2, , 3!%"…  3д%"ле2"%!‘……%“2, *л,е…2%", C!е-
д%“2="ле…,  …%"/. 3“л3г , д%“2,›е…,  K%лее "/-
“%*,. C!,K/леL. nC2,м,ƒ=ц,  “е2еL C!ед“2="л е2 
“%K%L .--е*2,"…3ю , г,K*3ю 2!=…“C%!2…3ю %C-
2,м,ƒ=ц,ю “е2еL, *%2%!=  м%›е2 C%м%чь %Cе!=2%-
!=м GSM , UMTS !еш,2ь .2, ƒ=д=ч,. nCе!=2%!/ 
“%2%"%L “" ƒ, “2!ем 2“  “%*!=2,2ь .*“Cл3=2=ц,-

%……/е !=“.%д/ 2!=…“C%!2= дл  “е2еL GSM , UMTS 
C32‘м %C2,м,ƒ=ц,, , =г!ег=ц,, !=ƒл,ч…/. “%ед,-
…е…,L, 3“%"е!ше…“2"%"=…,  %C2,м,ƒ,!%"=……%L 
2!=…“C%!2…%L “е2, дл  K3д3?ег% !%“2= д% "%ƒм%›-
…%“2, C%дде!›*, !=“ш,!е……/. ш,!%*%C%л%“…/. 
Kе“C!%"%д…/. 3“л3г Cе!ед=ч, г%л%“= , д=……/. …= 
K=ƒе 2G (GPRS, EDGE) , 3G (UMTS, HSDPA) Kеƒ 
,“C%льƒ%"=…,  д%!%г%“2% ?,. л,…,L T1/E1.

p=“ш,!е…,е “е2, C!ед%“2="л е2 …%"/е 3“л3г, 
…= %“…%"е IP-2е.…%л%г,,: Cе!ед=ч= ,ƒ%K!=›е…,  “ 
*=ме! 2еле"е?=…,  ,л, …=Kлюде…, , ƒ%… д%“23C= 
Wi-Fi , д%“23C * IP-2еле-%…,, “ “%"%*3C…%“2ью 
K=ƒ%"/. “2=…ц,L GSM , UMTS, = 2=*›е C%л3че…,е 
…%"/. "%ƒм%›…%“2еL 3"ел,че…,  д%.%д%".

o32‘м 3д=ле…,  …еƒ=… 2/. *=…=л%" , C%"2%-
! ю?ег%“  *%д= " TDM-*=…=ле %KA‘м GSM-2!=-
-,*= 3ме…ьш=е2“  …= 50 %. Š=*,м %K!=ƒ%м, %Cе-
!=2%!/ “е2еL м%г32 “%.!=… 2ь %KA‘м 2!=-,*= …= 
…е,ƒме……%м 3!%"…е, C!, .2%м *%л,че“2"% ,“-
C%льƒ3ем/. “%ед,…е…,L T1/E1 “…,›=е2“  "д"%е. 
b !еƒ3ль2=2е C%л3ч=е2“  C!%ƒ!=ч…%е !еше…,е %C-
2,м,ƒ=ц,, 2!=…“C%!2= (!,“. 1), …е "л, ю?ее …= 
*=че“2"% г%л%“%"%L “" ƒ, , …е 2!еK3ю?ее ,ƒме-
…е…,  " “,“2еме 3C!="ле…,  , on …, дл  “3?е“2-
"3ю?,. BTS/BSC, …, дл  NodeB/RNC.

r!%"е…ь C!%…,*…%"е…,  “%2%"%L “" ƒ, " p%“-
“,, C!е"/“,л 100 %, ,, *=* …=гл д…%е 2%м3 C%д-
2"е!›де…,е, "“‘ ч=?е "“2!еч=ю2“  =K%…е…2/, 
,мею?,е д"= “%2%"/. 2еле-%…= !=ƒ…/. %Cе!=2%-
!%". nче",д…%, ч2% C!, 2=*%м …=“/?е…,, !/…*= 
д=ль…еLшее 3"ел,че…,е C!,K/ль…%“2, “%2%"/. 
%Cе!=2%!%" "%ƒм%›…% ƒ= “ч‘2 C!ед%“2="ле…,  …%-
"/. 3“л3г , “%*!=?е…,  "…32!е……,. ,ƒде!›е*, " 
2%м ч,“ле ,ƒде!›е* …= !=ƒ",2,е , .*“Cл3=2=ц,ю 
“е2,.

q,“2ем/ GSM , UMTS “%“2% 2 ,ƒ 2!‘. %“…%"…/. 
C%д“,“2ем: C%д“,“2ем/ K=ƒ%"/. “2=…ц,L (GSM:
BSS O Base Station Subsystem, UMTS: NodeB, RNC), 
C%д“,“2ем/ *%мм32=ц,, (NSS O Network Switching 
Subsystem) , це…2!= 2е.…,че“*%г% %K“л3›,"=…,  
(OMC O Operation and Maintenance Center).

b %2дель…/L *л=““ %K%!3д%"=…,  GSM "/деле-
…/ 2е!м,…=ль…/е 3“2!%L“2"= O C%д",›…/е “2=…-
ц,, (MS O Mobile Station), 2=*›е ,ƒ"е“2…/е *=* 
м%K,ль…/е (“%2%"/е) 2еле-%…/.

o%д“,“2ем= K=ƒ%"/. “2=…ц,L BSS “%“2%,2 ,ƒ 
“%K“2"е……% K=ƒ%"/. “2=…ц,L (BTS O Base Trans-
ceiver Station, NodeB) , *%…2!%лле!%" K=ƒ%"/. 
“2=…ц,L (BSC/RNC O Base Station Controller). 
nKл=“2ь, C%*!/"=ем=  “е2ью, !=ƒK,2= …= “%2/ 
ше“2,3г%ль…%L -%!м/ (!,“. 2).

d,=ме2! *=›д%L ше“2,3г%ль…%L  чеL*, м%›е2 
K/2ь !=ƒ…/м O %2 400 м д% 50 *м. l=*“,м=ль…/L 
2е%!е2,че“*,L !=д,3“  чеL*, “%“2="л е2 120 *м, 
ч2% %K3“л%"ле…% %г!=…,че……%L "%ƒм%›…%“2ью 
“,“2ем/ “,….!%…,ƒ=ц,, * *%мCе…“=ц,, "!еме…, 
ƒ=де!›*, “,г…=л=. j=›д=   чеL*= C%*!/"=е2“  
%д…%L BTS, C!, .2%м  чеL*, ч=“2,ч…% Cе!е*!/-
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"=ю2 д!3г д!3г=, 2ем “=м/м “%.!=… е2“  "%ƒм%›-
…%“2ь Cе!ед=ч, %K“л3›,"=…,  MS C!, Cе!еме?е-
…,, е‘ ,ƒ %д…%г% “%2= " д!3г%L Kеƒ !=ƒ!/"= “%ед,-
…е…, . e“2е“2"е……%, ч2% …= “=м%м деле “,г…=л %2 
*=›д%L “2=…ц,, !=“C!%“2!=… е2“ , C%*!/"=  
Cл%?=дь " ",де *!3г=, …% C!, Cе!е“ече…,, C%л3-
ч=ю2“  C!=",ль…/е ше“2,3г%ль…,*,.

a=ƒ%"=  “2=…ц,  (BTS, NodeB) %Kе“Cеч,"=е2 
C!,‘м/Cе!ед=ч3 “,г…=л= ме›д3 MS , *%…2!%лле-
!%м K=ƒ%"/. “2=…ц,L. BTS  "л е2“  ="2%…%м…%L 
, “2!%,2“  C% м%д3ль…%м3 C!,…ц,C3. m=C!="-
ле……/е =…2е……/ K=ƒ%"/. “2=…ц,L м%г32 !=“C%л=-
г=2ь“  …= "/ш*=., *!/ш=. ƒд=…,L , 2. д.

j%…2!%лле! K=ƒ%"/. “2=…ц,L (BSC, RNC) 
3C!="л е2 “%ед,…е…, м, ме›д3 BTS , C%д“,“2е-
м%L *%мм32=ц,,, = 2=*›е %2“ле›,"=е2 %че!‘д-
…%“2ь “%ед,…е…,L, “*%!%“2ь Cе!ед=ч, д=……/., 
!=“C!еделе…,е !=д,%*=…=л%", “%K,!=е2 “2=2,“2,-
*3, C!%,ƒ"%д,2 !=ƒл,ч…/е !=д,%,ƒме!е…, , …=-
ƒ…=ч=е2 , 3C!="л е2 C!%цед3!%L Handover.

o%д“,“2ем= *%мм32=ц,, (NSS) C%“2!%е…= ,ƒ 
“лед3ю?,. *%мC%…е…2%":

це…2! *%мм32=ц,, (MSC O Mobile Switching 
Centre), *%2%!/L *%…2!%л,!3е2 %C!едел‘……3ю 
ге%г!=-,че“*3ю ƒ%…3 “ !=“C%л%›е……/м, …= …еL 
BTS , BSC, %“3?е“2"л е2 3“2=…%"*3 “%ед,…е…,  * 
=K%…е…23 , %2 …ег% "…32!, “е2, GSM, %Kе“Cеч,"=-
е2 ,…2е!-еL“ ме›д3 GSM , д!3г,м, “е2 м, !=-
д,%“" ƒ,, “е2 м, Cе!ед=ч, д=……/.. Š=*›е %… "/-
C%л… е2 -3…*ц,, м=!ш!32,ƒ=ц,, "/ƒ%"%", 
3C!="ле…,е "/ƒ%"=м,, .“2=-е2…%L Cе!ед=ч, %K-
“л3›,"=…,  C!, Cе!еме?е…,, MS ,ƒ %д…%L  чеL-
*, " д!3г3ю. o%“ле ƒ="е!ше…,  "/ƒ%"= MSC %K-
!=K=2/"=е2 д=……/е C% …ем3 , Cе!ед=‘2 ,. " це…2! 
!=“ч‘2%" дл  -%!м,!%"=…,  “ч‘2= ƒ= C!ед%“2="-
ле……/е 3“л3г,, “%K,!=е2 “2=2,“2,че“*,е д=……/е. 
MSC 2=*›е C%“2% ……% “лед,2 ƒ= C%л%›е…,ем MS, 
,“C%льƒ3  д=……/е ,ƒ HLR , VLR, ч2% …е%K.%д,м% 
дл  K/“2!%г% …=.%›де…,  , 3“2=…%"ле…,  “%ед,-
…е…,  “ MS " “л3ч=е е‘ "/ƒ%"=;

C%д“,“2ем= OMC (Operations and Maintenance 
Center) “%ед,…е…= “ %“2=ль…/м, *%мC%…е…2=м, 
“е2,, %Kе“Cеч,"=е2 *%…2!%ль *=че“2"= !=K%2/ , 
3C!="ле…,е "“еL “е2ью; %K!=K=2/"=е2 ="=!,L…/е 

BSC/RNC Site 

IP 

IP 

ATM

TDM

:
TDM, IP, MPLS(SDH, 
PDH, Cable, Metro 
Ethernet,  802.xx, 
SDSL, PLC, WiMax)

UMTS Node B 
(R4/R99)
HSDPA 

IP-PBX  
IP Camera

Access Network

TDM 

Wi-Fi Public WLAN 

IP 

ATM 

IP 

Enterprise IP 
Internet Access 
IP PBX 
IP Telephony

IP 

Cell – Site Data Service 
IP Phone 
Cisco IP Communicator

Cell Site 

UMTS Node B 
(R5/R6)

GSM BSC 

UMTS RNC 

GSM BTS

p,“. 1. o!,ме! %C2,м,ƒ=ц,, 2!=…“C%!2= “%2%"/. “е2еL

Node B 1 

Node B 2 

Node B 3 

Node B 1 

Node B 2 

Node B 3 

Node B 1 

Node B 2 

Node B 3 

p,“. 2. q.ем= ƒ%…/ C%*!/2,  K=ƒ%"/. “2=…ц,L (“%2/)
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“,г…=л/, C!, *%2%!/. 2!еK3е2“  "меш=2ель“2"% 
Cе!“%…=л=; %Kе“Cеч,"=е2 C!%"е!*3 “%“2% …,  
“е2,, "%ƒм%›…%“2ь C!%.%›де…,  "/ƒ%"=; C!%,ƒ-
"%д,2 %K…%"ле…,е C!%г!=мм…%г% %Kе“Cече…,  …= 
"“е. .леме…2=. “е2, , ! д д!3г,. -3…*ц,L.

b 2% ›е "!ем  ƒ=2!=2/ …= C%д*люче…,е K=ƒ%"/. 
“2=…ц,L # .2% %д…= ,ƒ …=,K%лее ƒ…=ч,2ель…/. 
“%“2="л ю?,., %K3“л%"л,"=ю?,. "/“%*3ю “2%,-
м%“2ь C%“2!%е…,  , .*“Cл3=2=ц,, “е2, “%2%"%L 
“" ƒ,. d=……%е C%л%›е…,е “C!="едл,"% дл  "“е. 
"л=дельце" “%2%"/. “е2еL, *=* ,мею?,. “%K“2-
"е……/е *=…=л/ “" ƒ,, 2=* , =!е…д3ю?,. "/де-
ле……/е л,…,, 3 ме“2…%г% %Cе!=2%!= “" ƒ,. d%л  
.2,. ƒ=2!=2 "/“%*= *=* C!, C%“2!%е…,, "/деле…-
…%г% “егме…2= 2!=…“C%!2…%L “е2, дл  3“л3г 3G, 
2=* , C!, ,…2ег!=ц,, …е“*%ль*,. C%*%ле…,L м%-
K,ль…%L “" ƒ, …= %д…%L Cл=2-%!ме.

o%“*%ль*3 “2%,м%“2ь C%д*люче…,  K=ƒ%"/. 
“2=…ц,L %*=ƒ/"=е2 “2%ль K%льш%е "л, …,е …= 
*=C,2=л%"л%›е…,  , .*“Cл3=2=ц,%……/е !=“.%д/ 
“%2%"%L “е2,, %Cе!=2%!=м м%K,ль…%L “" ƒ, C!,-
.%д,2“  C%“2% ……% =…=л,ƒ,!%"=2ь “"%L C%д.%д * 
.2%м3 "%C!%“3, C!е›де чем C!,…,м=2ь !еше…,е 
% д=ль…еLш,. *=C,2=л%"л%›е…, . " !=ƒ",2,е 
“е2,. g=д=ч= 3“л%›… е2“  …е%K.%д,м%“2ью C%д-
де!›,"=2ь %д…%"!еме……% …е“*%ль*% !=ƒл,ч…/. 
“%2%"/. “2=…д=!2%" , %“3?е“2"л 2ь C%д*люче-
…,  че!еƒ !=ƒл,ч…/е 2,C/ 2!=…“C%!2…/. “е2еL, 
= 2=*›е " “" ƒ, “ м,г!=ц,еL %2 “%2%"/. “е2еL 
2G, %“…%"=……/. …= *%мм32=ц,, *=…=л%" (TDM), 
* “е2 м 3G, ,“C%льƒ3ю?,м 2е.…%л%г,, *%мм32=-
ц,, C=*е2%". 

qл%›…% C!едл%›,2ь ед,…3ю “.ем3 ,л, г%2%"%е 
!еше…,е дл  C%д*люче…,  K=ƒ%"/. “2=…ц,L дл  
"“е. %Cе!=2%!%". hмее2“  м…%г% …%"/. C=!=ме2-
!%": 2,C/ !=д,%,…2е!-еL“%", “е2е"/е 2е.…%л%-
г,,, …=K%! д%“23C…/. 3“л3г, Cл=…/ м%де!…,ƒ=ц,, 
“е2еL, = 2=*›е -,…=…“%"/е %г!=…,че…,  , %›,-
д=ем/L .*%…%м,че“*,L .--е*2. o%.2%м3 м%-
K,ль…/м %Cе!=2%!=м ,мее2 “м/“л "/K,!=2ь …=,-
K%лее г,K*,L "=!,=…2 ,ƒ !=ƒл,ч…/. !еше…,L 
C%д*люче…,  K=ƒ%"/. “2=…ц,L. b ч=“2…%“2,, …е-
%K.%д,м% 3ч,2/"=2ь K/“2!3ю ."%люц,ю “%2%"/. 
“2=…д=!2%" , !=ƒ",2,е …%"/. 2!=…“C%!2…/. 2е.-
…%л%г,L …= %“…%"е *%мм32=ц,, C=*е2%". 

Š=*›е “3?е“2"3е2 ш,!%*,L “Cе*2! C!%д3*2%", 
C%дде!›,"=ю?,. “3?е“2"3ю?,е C!%2%*%л/, 
2е.…%л%г,, , ,…2е!-еL“/ дл  C%д*люче…,  K=-
ƒ%"/. “2=…ц,L. m= ,. %“…%"е м%›…% C!,… 2ь 
…=,K%лее .--е*2,"…%е , .*%…%м,ч…%е !еше…,е 
дл  люK%г% “це…=!,  м%де!…,ƒ=ц,, “е2,, *%2%-
!=  C%ƒ"%л е2 3л3чш,2ь %K?ее *=че“2"% !=K%2/ 
“е2,, д=2ь C!е,м3?е“2"% %Cе!=2%!3, C%“2="?,-
*=м %K%!3д%"=…,  , =K%…е…2=м, C%льƒ3ю?,м“  
3“л3г=м, “е2,.

l%де!…,ƒ=ц,  “е2, "*люч=е2 .--е*2,"…%е !=ƒ-
ме?е…,е K=ƒ%"/. “2=…ц,L …= 2е!!,2%!,,, %C!еде-
л   дл  …,. %C2,м=ль…/L “%“2=" %K%!3д%"=…, , 

C!=",ль…%е !=“C!еделе…,е …=г!3ƒ*, " !=““м=2!,-
"=ем%м !ег,%…е, =…=л,ƒ ч=“2%2…% 2е!!,2%!,=ль…%-
г% Cл=…= " 3“л%", . !=ƒл,ч…%L …=г!3ƒ*,, !=“ч‘2 
C%*=ƒ=2елеL .ле*2!%м=г…,2…%L “%"ме“2,м%“2, 
(,…2е!-е!е…ц, ) %C2,м,ƒ,!3ем%L “е2, “ д!3г,м, 
“е2 м,. nC2,м,ƒ,!%"=2ь C=!=ме2!/ Cл=…,!3ем%L 
“е2, м%›…% ,ƒме…е…,ем ме“2%C%л%›е…,  K=ƒ%"/. 
“2=…ц,L, = 2=*›е "=!ь,!3  “%“2=" , 2е.…,че“*,е 
.=!=*2е!,“2,*, !=ƒме?=ем%г% %K%!3д%"=…, .

q2=K,ль…=  !=K%2= “е2, %C!едел е2“  …=“2!%L-
*%L , *%…2!%лем C=!=ме2!%" %K%!3д%"=…, , ег% 
!=K%2%“C%“%K…%“2ью: 1) ,ƒме!е…,ем 3!%"…  C!,-
…,м=ем%г% “,г…=л= , “!="…е…,ем ег% “ !еƒ3ль2=-
2=м, !=“ч‘2= , C%“лед3ю?еL %C2,м,ƒ=ц,еL C=!=-
ме2!%" C!,ме… ем/. м=2ем=2,че“*,. м%делеL 
!=“ч‘2=; 2) 3“2!=…е…,ем …е,“C!="…%“2еL, ="=!,L-
…/. , …еш2=2…/. “,23=ц,L, %C!еделе…,ем C!%-
Kлем " “е2,, …=C!,ме! Cл%.%L !=K%2/ ..…д%"е-
!%"; 3) -%!м,!%"=…,ем м=2!,ц/ "ƒ=,м…/. C%-
ме.; 4) ,ƒме…е…,ем “C,“*%" “%“ед…,. K=ƒ%"/. 
“2=…ц,L дл  %Kе“Cече…,  …=д‘›…%г% ..…д%"е!= 
ме›д3 “%2=м,; 5) %C2,м,ƒ=ц,еL "/.%д…/. м%?-
…%“2еL, ч=“2%2 K=ƒ%"/. “2=…ц,L, =ƒ,м32%" , 3гл%" 
…=*л%…= =…2е……. 

q%ед,…е…,  ме›д3 3ƒл=м, *%мм32=ц,, (MSC) 
 "л ю2“  е?‘ %д…%L “%“2="л ю?еL, "…%“ ?еL 
"е“%м/L "*л=д " “2%,м%“2ь .*“Cл3=2=ц,, “%2%"%L 
“е2,. rме…ьше…,е ч,“л= .2,. “%ед,…е…,L %ƒ…=-
ч=е2 .*%…%м,ю “!ед“2". o%“*%ль*3 ме›д3 3ƒл=м, 
*%мм32=ц,, г%л%“%"%L 2!=-,* Cе!ед=‘2“  " C%2%-
*=. e1 “ ,“C%льƒ%"=…,ем *%де*= G711 (64 *K/“ …= 
*=›д/L г%л%“%"%L *=…=л), 2% C!, ег% *%мC!е““,, 
м%›…% “3?е“2"е……% “%*!=2,2ь *%л,че“2"% ме›3ƒ-
л%"/. *=…=л%". q›=2,е г%л%“=, Cе!ед="=ем%г% C% 
“е2,, !е=л,ƒ3е2“  “ C%м%?ью ,ƒ"е“2…/. =лг%!,2-
м%" (!,“. 3).

nд…,м ,ƒ “C%“%K%" “›=2,  г%л%“%"%г% 2!=-,*= 
 "л е2“  *%мC!е““, , C%ƒ"%л ю?=  “%*!=2,2ь 
!=“.%д/ …= "/деле……/е л,…,, , C%"/“,2ь .--
-е*2,"…%“2ь ,“C%льƒ%"=…,  IP- , TDM-“е2еL. 
q›=2,е д% 16 C%л…/. *=…=л%" e1 (496 2еле-%…-
…/. “%ед,…е…,L) " %д,… *=…=л e1, C%“лед%"=-
2ель…%е ,л, IP-C%д*люче…,е C%ƒ"%л ю2 C%льƒ%-
"=2ел м, %Cе!=2%!=м м%K,ль…%L “" ƒ, , C%“2="-
?,*=м 3“л3г .*%…%м,2ь “!ед“2"= ƒ= “ч‘2 =!е…д/ 
ме…ьшег% ч,“л= "/деле……/. л,…,L дл  Cе!ед=ч, 
“"%ег% г%л%“%"%г% 2!=-,*=. 

 dл  3"ел,че…,  C!%C3“*…%L “C%“%K…%“2, “е2, 
C%дде!›,"=е2“  2е.…%л%г,  TDMoIP, *%2%!=  
C!едл=г=е2 !е=л,“2,ч…3ю “2!=2ег,ю м,г!=ц,, * 
!еше…, м …= %“…%"е IP. o!, .2%м …=л,ч,е %2-
дель…/. C%!2%" TDM , Ethernet дл  “%ед,…е…,  “ 
м=г,“2!=ль…%L “е2ью C%ƒ"%л е2 %д…%"!еме……% 
,“C%льƒ%"=2ь дл  Cе!ед=ч, “е2, TDM , IP. 
aл=г%д=!  ме…ьшем3 *%л,че“2"3 “л3›еK…%L ,…-
-%!м=ц,, " C%2%*е C% “!="…е…,ю “ “,“2ем=м, …= 
%“…%"е VoIP …= 60 % 3"ел,ч,"=е2“  C!%C3“*…=  
“C%“%K…%“2ь *=…=л=.
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b 2%м “л3ч=е, *%гд= …е%K.%д,м% “*%мC!е““,!%-
"=2ь K%льш%е *%л,че“2"% C%2%*%", целе“%%K!=ƒ…% 
,“C%льƒ%"=2ь "/“%*%C!%,ƒ"%д,2ель…3ю Cл=2-%!-
м3 “›=2,  г%л%“=. l%д3л, “›=2,  г%л%“= C%дде!-
›,"=ю2 д% 16 *=…=л%" E1, *%2%!/е “›,м=ю2“  " 
д"= *=…=л= E1, ,л, ›е "е“ь г%л%“%"%L 2!=-,* “%-
K,!=е2“  " *=…=л STM-1. 

nд…=*% “,“2ем= K=ƒ%"/. “2=…ц,L (Base Station 
System, BSS) " люK%L “3?е“2"3ю?еL “е2, GSM 
“%“2%,2 ,ƒ K%льш%г% ч,“л= K=ƒ%"/. “2=…ц,L 
(BTS) , *%…2!%лле!%" K=ƒ%"/. “2=…ц,L (BSC), 
“%ед,…е……/. C% C!%2%*%л=м A-bis , A-ter. 
Šе.…%л%г,, “›=2,  г%л%“= C%ƒ"%л ю2 “%2%"/м 
%Cе!=2%!=м !еƒ*% “%*!=2,2ь C%2!еK…%“2ь " C!%-
C3“*…%L “C%“%K…%“2, …= 3ч=“2*е “е2, ме›д3 
*%…2!%лле!=м, K=ƒ%"/. “2=…ц,L (BSC) , це…-
2!=м, *%мм32=ц,, м%K,ль…%L “е2, (MSC), = 
2=*›е ме›д3 %2дель…/м, MSC , …= 3ч=“2*е 
MSC , %K/ч…%L 2еле-%……%L “е2ью. m= 3ч=“2*е 
ме›д3 K=ƒ%"/м, “2=…ц, м, (BTS) , BSC г%л%-
“%"%L 2!=-,* 3›е Cе!ед=‘2“  " “›=2%м ",де, 
C%.2%м3 д=ль…еLшее “›=2,е …е !е*%ме…д3е2“ . 
b 2=*,. “%ед,…е…, . г%л%“ Cе!ед=‘2“  3›е “ 
*%мC!е““,еL Half Rate (mR) ,л, Full Rate (FR) 
C% 8 (8 jK,2/“) ,л, C% 4 (16 jK,2/“) *=…=л=м " 
%д…%м "!еме……%м ,…2е!"=ле C%2%*= e1. b",д3 
.2%L %“%Kе……%“2, %C2,м,ƒ=ц,  2=*,. “%ед,…е-
…,L "%ƒм%›…= 2%ль*% ƒ= “ч‘2 ,“*люче…,  C=3ƒ 
, …е,“C%льƒ3ем/. *=д!%", ч2% C%ƒ"%л е2 ,“-
C%льƒ%"=2ь *=…=л/ д%“23C= K%лее .--е*2,"…% , 
3ме…ьш,2ь 2!еK%"=…,  * C!%C3“*…%L “C%“%K…%-
“2, "/деле……/. л,…,L, “C32…,*%"/. , rjb-
*=…=л%". 

nC2,м,ƒ=ц,  C!%C3“*…%L “C%“%K…%“2, C!,"%-
д,2 * “…,›е…,ю 2!еK3ем%г% ч,“л= C%!2%" e1. }2% 
%“%Kе……% “3?е“2"е……% " %2д=л‘……/. , “ель“*,. 
!=L%…=., где %2“32“2"3е2 !=ƒ",2=  …=ƒем…=  ,…-
-!=“2!3*23!= “" ƒ, , “%2%"/е %Cе!=2%!/ ч=“2% 
"/…3›де…/ C%д*люч=2ь K=ƒ%"/е “2=…ц,, C% “C32-
…,*%"/м *=…=л=м “" ƒ,. b !=L%…=. “% “л%›,"-
шеL“  г%!%д“*%L ƒ=“2!%L*%L, где "“е “3?е“2"3ю-
?,е …=ƒем…/е л,…,, %*=ƒ/"=ю2“  " д=……/L м%-
ме…2 ƒ=… 2/, дл  K/“2!%г% "…ед!е…,  3“л3г м%г32 
,“C%льƒ%"=2ь“  !=д,%*=…=л/ rjb-д,=C=ƒ%…=. 

oе!е.%д * 2!е2ьем3 C%*%ле…,ю “%2%"/. “е2еL 
"леч‘2 ƒ= “%K%L C% "ле…,е цел%L г=мм/ ш,!%*%-
C%л%“…/. м%K,ль…/. 3“л3г. b .2%L “л%›…%L “,-
23=ц,, %Cе!=2%!=м м%K,ль…%L “" ƒ, …е%K.%д,м% 
"/K!=2ь .--е*2,"…3ю 2е.…%л%г,ю дл  C%д*лю-
че…,  K=ƒ%"/. “2=…ц,L, %Kе“Cеч,"=ю?3ю …=,K%-
лее .*%…%м,ч…/е !еше…, . qег%д…  .2%2 "%C!%“ 
“2=…%",2“  %“%Kе……% =*23=ль…/м, C%“*%ль*3 3“-
л3г, 3G …=ч,…=ю2 !=“ш,! 2ь“  , …е%K.%д,м% 
м%де!…,ƒ,!%"=2ь “3?е“2"3ю?,е “е2,, ч2%K/ 
“C!=",2ь“  “ !=“23?,м, %KA‘м=м, 2!=-,*=. 
q%гл=ше…,е 3GPP (3rd Generation Partnership 
Project) 2!=*23е2 " *=че“2"е C!едC%ч2,2ель…%L дл  
C%д*люче…,  K=ƒ%"/. “2=…ц,L 2е.…%л%г,ю ATM. 
e‘ %“…%"…/е д%“2%,…“2"= “%“2% 2 " г=!=…2,!%-
"=……%м *=че“2"е 3“л3г (Quality of Service) , д,--
-е!е…ц,!%"=……%м C%д.%де * 2!=-,*3, ч3"“2",-
2ель…%м3 * ƒ=де!›*=м (…=C!,ме!, г%л%“, ",де% " 
!е=ль…%м "!еме…,) , …еч3"“2",2ель…%м3 * …,м 
(д%“23C " h…2е!…е2, C%2%*%"%е ",де% , 2. C.). 
nд…,м ,ƒ C!,емлем/. !еше…,L  "л е2“  =г!ег=-
ц,  2!=-,*= "“е. “%ед,…е…,L.
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GSM MSC 
Aggregation 

node 

n x E1/T1

Site B 

GSM MSC 
Aggregation 

node 

n x E1/T1

Site A 

10/100 Base T 
 E1

n x E1/T1

10/100 Base T 
 E1

GSM MSC 
Aggregation 

node 

n x E1/T1

Site C

TDM  IP 
Network 10/100 Base T 

 E110/100 Base T 
 n x E1Aggregation 
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PSTN 

Phone 

p,“. 3. q.ем= C%д*люче…,  3ƒл%" *%мм32=ц,,
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`г!ег=ц,  2!=-,*= C%ƒ"%л е2 “%*!=2,2ь *=* 
*=C,2=л%"л%›е…, , 2=* , 2е*3?,е ƒ=2!=2/ …= 
.*“Cл3=2=ц,ю “е2,. }*%…%м,  д%“2,г=е2“  Kл=г%-
д=!  3ме…ьше…,ю ч,“л= “%ед,…е…,L " “е2, , "%ƒ-
м%›…%“2, ,“C%льƒ%"=2ь K%лее "/“%*%“*%!%“2…/е 
, ме…ее д%!%г,е C%!2/ "  д!е “е2,. `г!ег=2%!/ 
2!=-,*= “Cец,=ль…% !=ƒ!=K%2=…/ “ 3ч‘2%м Cе!-
“Cе*2,"/ K/“2!%г% !%“2= 2!=-,*=, “" ƒ=……%г% “ 
ш,!%*,м !=ƒ"‘!2/"=…,ем 3“л3г 3G. r“2!%L“2"= 
%KAед,… ю2 2!=-,* *=…=л%" E1/T1/J1, ч2% %Kе“-
Cеч,"=е2 …=,K%лее .--е*2,"…%е !=“C!еделе…,е 
!е“3!“%" %C%!…%L “е2, , C!ед%“2="ле…,е !=ƒл,ч-
…/. 3“л3г 3G. p=ƒ",2/е "%ƒм%›…%“2, " ч=“2, 
-%!м,!%"=…,  , Cл=…,!%"=…,  2!=-,*= C%ƒ"%л -
ю2 %Cе!=2%!=м Cл=…,!%"=2ь “3мм=!…3ю …=г!3ƒ*3 
“е2, "/ше …%м,…=ль…%L C!%C3“*…%L “C%“%K…%-
“2, (overbooking), ч2%K/ %C2,м,ƒ,!%"=2ь ,“C%ль-
ƒ%"=…,е “е2,, “%.!=…,2ь ,мею?,е“  “е2е"/е !е-
“3!“/ , 3ме…ьш,2ь ч,“л% "/деле……/. *=…=л%" 
“" ƒ,, …е%K.%д,м/. дл  %Kе“Cече…,  !=K%2/ 
“е2,. m= !,“. 4 C!%,ллю“2!,!%"=…% C!,ме…е…,е 
=г!ег=ц,, 2!=-,*=.

rч,2/"=  "/“%*3ю Cе!"%…=ч=ль…3ю “2%,м%“2ь 
3“л3г UMTS, д=ле*% …е "“е C%льƒ%"=2ел, г%2%"/ 
Cе!еL2, …= 2е.…%л%г,, 3G. b !е=ль…%“2,, C% …е-
*%2%!/м %це…*=м, C!%Lд‘2 …е ме…ее 2!‘. ле2, 
C!е›де чем K%льш,…“2"% =K%…е…2%" %Kƒ="ед32“  
2еле-%…=м, “ C%дде!›*%L 3G. hƒ-ƒ= 2=*%г% C%“2е-
Cе……%г% Cе!е.%д= …= …=ч=ль…/. .2=C=. "…ед!е…,  
3G дл  K=ƒ%"/. “2=…ц,L UMTS Node B C%2!еK3е2-
“  ме…ьш=  C%л%“= C!%C3“*=…, , чем E1/T1/J1. 
nKAед,…е…,е …е“*%ль*,. *=…=л%" ATM “% “*%!%-
“2 м, Fractional E1/T1/J1 …= %д…%м “е2е"%м ,…-
2е!-еL“е м%›е2 ƒ…=ч,2ель…% “…,ƒ,2ь !=“.%д/ …= 
C%д*люче…,е K=ƒ%"/. “2=…ц,L. bC%“лед“2",,, C% 

ме!е !%“2= C%C3л !…%“2, 3“л3г 3G, 2!еK%"=…,  * 
C%л%“е C!%C3“*=…,  K3д32 3"ел,ч,"=2ь“  , C%2!е-
K3е2“  Cе!е.%д * K%лее “*%!%“2…/м *=…=л=м “" -
ƒ,. o%“*%ль*3 “ег%д…  !=“.%д/ …= Cе!ед=ч3 .2%г% 
2!=-,*= “%“2="л ю2 …=,K%льш3ю ч=“2ь .*“Cл3=-
2=ц,%……/. !=“.%д%" “%2%"/. %Cе!=2%!%", 2% "“*%-
!е 2!=д,ц,%……/е “C%“%K/ C%д*люче…,  …= %“…%-
"е "/деле……/. л,…,L %*=›32“  *%мме!че“*, …е-
“%“2% 2ель…/м,. b Cе!“Cе*2,"е "“е “%2%"/е “е2, 
K3д32 цел,*%м , C%л…%“2ью K=ƒ,!%"=2ь“  …= 2е.-
…%л%г, . *%мм32=ц,, C=*е2%" (PSN), %д…=*% …= 
“ег%д… ш…,L де…ь “,23=ц,  2=*%"=, ч2% , K=ƒ%"/е 
“2=…ц,, (Node b), , *%…2!%лле!/ (RNC) C!ед“2="-
л ю2 “%K%L `Šl-3“2!%L“2"=. )2%K/ %Kлегч,2ь “%-
ед,…е…,е Node B , RNC C% …ед%!%г%L “е2е"%L ,…-
-!=“2!3*23!е PSN !е=л,ƒ%"=…= 2е.…%л%г,  “*"%ƒ-
…%L C“е"д%C!%"%д…%L .м3л ц,, ATM (PWE3). 
n…= %Kе“Cеч,"=е2 Cе!ед=ч3 2!=-,*= ATM (E1/T1/
/J1 UNI ,л, STM-1 UNI C%"е!. “е2еL PSN (Ethernet/
/MPLS/IP) (!,“. 5).

Š=*,м %K!=ƒ%м, м%де!…,ƒ=ц,  2!=…“C%!2…/. 
*=…=л%" …= !=ƒл,ч…/. 3ч=“2*=. “%2%"/. “е2еL " 
!еƒ3ль2=2е д=‘2 “%*!=?е…,е ,ƒде!›е* …= .*“Cл3=-
2=ц,ю , !=ƒ",2,е “е2е"%L ,…-!=“2!3*23!/. 

b …=“2% ?ее "!ем  " p%““,, , …= r*!=,…е 
“!ед, "ед3?,. %Cе!=2%!%" “%2%"%L “" ƒ, C%л3-
ч,л% ш,!%*%е !=“C!%“2!=…е…,е %K%!3д%"=…,е 
&RAD Data Communication[. b…ед!е…,ем , C%д-
де!›*%L д=……%г% 2,C= %K%!3д%"=…,  ƒ=…,м=е2“  
*%мC=…,  &Šеле,…*%м-oj[. o!, .2%м %2ече“2-
"е……/е =…=л%г, д=……%г% %K%!3д%"=…,  C% “"%,м 
2е.…,че“*,м .=!=*2е!,“2,*=м 3“23C=ю2 ƒ=!3-
Kе›…%м3. 

q%ƒд=…,е “%K“2"е……%г% *%мCле*“= %C2,м,ƒ=-
ц,, “%2%"%L “е2, C%ƒ"%л,л% K/ “3?е“2"е……% 
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p,“. 4. `г!ег=ц,  2!=-,*= …= 3!%"…е *%…2!%лле!=
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“…,ƒ,2ь !=“.%д/ …= м%де!…,ƒ=ц,ю “е2еL. 
q2!=2ег,  д%л›…= 3ч,2/"=2ь …/…еш…,е 2!еK%"=-
…,  * *=че“2"3 Cе!ед=ч, г%л%“%"%г% 2!=-,*= , 
%г!=…,че……%г% 2!=-,*= д=……/., “…,›=  C!, .2%м 
!=“.%д/ …= C%“2!%е…,е, .*“Cл3=2=ц,ю , !е*%…-
-,г3!=ц,ю “е2,. b 2% ›е "!ем  ,…-!=“2!3*23!= 
д%л›…= K/2ь г%2%"= C!,… 2ь …= “еK  …=г!3ƒ*3 
ш,!%*%C%л%“…/. C!,л%›е…,L , 3“л3г, " ч,“л% 
*%2%!/. ".%д 2 Cе!ед=ч= м3ль2,мед,L…/. ,ƒ%-
K!=›е…,L, ",де%"е?=…,е , ",де%*%…-е!е…-
ц,,. mе“м%2!  …= .2, C!%2,"%!еч,"/е 2!еK%"=-
…, , 3 “%2%"%г% %Cе!=2%!= ,мее2“  д%“2=2%ч…% 
K%г=2/L "/K%! "=!,=…2%": 

=!е…д= ,л, C%“2!%е…,е “%K“2"е……%L 2!=…“C%!2-
…%L “е2,;
м=*“,м=ль…%е ,“C%льƒ%"=…,е “3?е“2"3ю?еL 

,…-!=“23*23!/ "2%!%г% C%*%ле…, ;
,“C%льƒ%"=…,е д%C%л…,2ель…/. мед…/. *=Kе-

леL, %C2%"%л%*…= ,л, !=д,%!елеL…/. *=…=л%";

“*"%ƒ…%е %Kе“Cече…,е *=че“2"= C!ед%“2="л е-
м/. 3“л3г " 2!=…“C%!2…%L “е2,;

%д…%"!еме……=  C%дде!›*= 2!=-,*= “%2%"/. 
“е2еL 2G , 3G.

a,Kл,%г!=-,че“*,е ““/л*,

1. q"%K%д…=  .ле*2!%……=  .…ц,*л%Cед,  b,*,Cед,  
[}ле*2!%……/L !е“3!“] // GSM : [“=L2], 2009. URL: 
http://ru.wikipedia.org/wiki/GSM (д=2= %K!=?е…, : 
25.03.2009).

2. nC2,м,ƒ=ц,  “е2, м%K,ль…%L “" ƒ, [}ле*2!%……/L 
!е“3!“] // n-,ц. “=L2 *%мC=…,, &Huawei Technologies[: 
[“=L2], 2009. URL: http://www.huawei.com. (д=2= %K!=-
?е…, : 22.03.2009).

3. Šеле*%м/qе2, , “!ед“2"= “" ƒ,: h…-%!м.-=…=л,2. 
›3!…. 2007. 

4. mе"д е" k.l. l%K,ль…=  “" ƒь 3-г% C%*%ле…,  / 
o%д !ед. ~.l. c%!…%“2=е"=. l.: nnn &l%K,ль…/е 
*%мм3…,*=ц,,[, 2000. 208 “.

GSM BTS
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ATM
STM-1

E1/T1/J1
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n x E1
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RNC 
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Fast Ethernet 
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p,“. 5. t!=гме…2 “%2%"%L “е2, “ .м3л ц,еL TDM , ATM дл  C%д*люче…,  !=ƒл,ч…/. 2,C%" BTS

b…,м=…,ю ="2%!%"!

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

м%›…% …=L2, …= “=L2е www.mashin.ru
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}jnmnlhj` h npc`mhg`0h“ m`r)mni h ung“iqŠbemmni de“Šek|mnqŠh

rdj  338.27(075)

q.~. e!%ш*,…, *=…д. .*%…. …=3*, д%ц.
(l%“*%"“*,L г%“3д=!“2"е……/L 2е.…%л%г,че“*,L 3…,"е!“,2е2 &q2=…*,…[)

erosserg@mail.ru

bnopnq{ m`r)mn-Šeumnknch)eqjncn opncmnghpnb`mh“ }jnmnlhjh

o%*=ƒ=…= "ед3?=  !%ль , !=ƒ…%%K!=ƒ…/е -%!м/ г%“3д=!“2"е……%L C%дде!›*, %“"%е…,  ,…-
…%"=ц,L , …%"/. 2е.…%л%г,L. p=““м%2!е…/ C!=*2,*= %!г=…,ƒ=ц,, , C!%"еде…,  2е.…%л%г,-
че“*,. C!%г…%ƒ%" " !=м*=. j%мCле*“…%L C!%г!=мм/ …=3ч…%-2е.…,че“*%г% C!%г!е““= (jo 
mŠo) qqqp …= 20 ле2, = 2=*›е ƒ=!3Kе›…/L %C/2 2е.…%л%г,че“*%г% C!%г…%ƒ=. n2мече…= 
…е%K.%д,м%“2ь %!г=…,ƒ=ц,, , C!%"еде…,  …=3ч…%-2е.…%л%г,че“*%г% C!%г…%ƒ,!%"=…,  " “%-
"!еме……/. 3“л%", ..

jлюче"/е “л%"=: *%…*3!е…2%“C%“%K…=  2е.…%л%г, , ,……%"=ц, , .*%…%м,*=, C!%г…%ƒ,!%"=…,е.

Leading part and various forms of the state supporting for innovation and new technologies 
mastering is shown. Practice of technological prognosis organization and realization in a framework 
of the integrated program of Soviet Union (qqqp) scientific-technological progress (jo mŠo) 
during 20 years and foreign technological prognosis experience are considered. Necessity of 
organization and realization scientific-technological prediction in the contemporary conditions is 
registered.

Key words: competitive technology, innovation, economy, prediction. 

b"еде…,е. h……%"=ц,, , …%"/е *%…*3!е…2%-
“C%“%K…/е 2е.…%л%г,, " м,!%"%L .*%…%м,*е  "-
л ю2“  !еш=ю?,м -=*2%!%м “%ц,=ль…%-.*%…%-
м,че“*%г% , 2е.…%л%г,че“*%г% !=ƒ",2, . o% 
%це…*=м, (д% 90 %) C!,!%“2 "=л%"%г% "…32!е……е-
г% C!%д3*2= (bbo) " C%“лед…юю че2"е!2ь uu ". 
" !=ƒ",2/. “2!=…=. %Kе“Cеч,"=л“  ƒ= “ч‘2 “%ƒд=-
…,  …%"/. , м%де!…,ƒ=ц,, деL“2"3ю?,. 2е.…%-
л%г,L …= %“…%"е ,……%"=ц,L, !%“2= *"=л,-,*=-
ц,, !=K%чеL “,л/ , C%"/ше…,  *=че“2"= 3C!="-
ле…, .

p=ƒ…%%K!=ƒ,е ,……%"=ц,L , ,“C%льƒ%"=…,е *%…-
*3!е…2%“C%“%K…/. 2е.…%л%г,L C%"/ш=ю2 *=че“2-
"% .*%…%м,че“*%г% !%“2=, *%…*3!е…2%“C%“%K…%“2ь 
…=ц,%…=ль…%L .*%…%м,*,, *=че“2"% ›,ƒ…, …=“е-
ле…, , !=ц,%…=ль…%“2ь .%ƒ L“2"%"=…,  " цел%м, 
3!%"е…ь ,……%"=ц,%……%г% , 2е.…%л%г,че“*%г% !=ƒ-
",2,  “2!=…/.

`…=л,ƒ , %це…*= Cе!“Cе*2," ,……%"=ц,%……%-2е.-
…%л%г,че“*%г% !=ƒ",2,  .*%…%м,*,. b C%“лед…,е 
г%д/ " .*%…%м,*е p%““,, …=ме2,л,“ь Cе!еме…/ 
* л3чшем3, "*люч=  д%“2=2%ч…% "/“%*,е 2емC/ 
!%“2= bbo, "%““2=…%"ле…,е "л, …,  г%“3д=!“2"= 
…= .*%…%м,че“*,е "ƒ=,м%%2…%ше…,  .%ƒ L“2"3ю-
?,. “3KAе*2%". p%“2 .*%…%м,*, %K3“л%"ле… "л, -
…,ем Kл=г%C!, 2…%L *%…Aю…*23!/ м,!%"/. це… 
…= !е“3!“/, C!е›де "“ег% "/“%*,м, це…=м, …= 

…е-2ь , г=ƒ, 3"ел,че…,ем ƒ=г!3ƒ*, C!%“2=,"=ю-
?,. C!%,ƒ"%д“2"е……/. м%?…%“2еL , “*%%!д,…,-
!%"=……/м, деL“2", м, C!=",2ель“2"=, ƒ=*%…%д=-
2ель…/. %!г=…%" , K,ƒ…е“=. nд…=*% .2, -=*2%!/ 
!%“2= ,мею2 "!еме……/L .=!=*2е!, = C%2е…ц,=л 
!%“2= Kл,ƒ%* * ,“че!C=…,ю.

b=›…%, ч2% .*%…%м,че“*,L !%“2 " p%““,, д%“-
2,г…32 " 3“л%", . …,ƒ*%г% *=че“2"= …=ц,%…=ль-
…%L .*%…%м,*,: C% 3!%"…ю bbo …= д3ш3 …=“еле-
…,  “!ед, 80 “2!=… " …=ч=ле uuI ". (C% д=……/м 
.*“Cе!2%" b“ем,!…%г% .*%…%м,че“*%г% -%!3м=) 
p%““,  ƒ=…,м=е2 58-е ме“2%, = C% !=ƒ",2,ю K,ƒ-
…е“-“!ед/ , 3!%"…ю ме…ед›ме…2= “%%2"е2“2"е……% 
56-е , 62-е. 

nд…=*% …е 2%ль*% .*%…%м,че“*,L !%“2, ,ƒме-
! ем/L ,…2ег!=ль…/м “2%,м%“2…/м C%*=ƒ=2елем 
bbo, %2!=›=е2 C!%г!е““,"…%“2ь !=ƒ",2,  “%"!е-
ме……%L .*%…%м,*,. mе ме…ее "=›…/ " …=“2% ?ее 
"!ем  C%*=ƒ=2ел, *%…*3!е…2%“C%“%K…%“2, …=ц,%-
…=ль…%L .*%…%м,*,, 3!%"…  ›,ƒ…, …=“еле…, , 
!=ц,%…=ль…%“2, "еде…,  .%ƒ L“2"= ("*люч=  !е-
“3!“/ , .…е!г%%Kе“Cече…,е), .*%…%м,че“*%L , 
2е.…%л%г,че“*%L Kеƒ%C=“…%“2, , д!. b“е Cе!еч,“-
ле……/е C%*=ƒ=2ел, " ƒ…=ч,2ель…%L “2еCе…, ƒ=",-
“ 2 %2 ,“C%льƒ%"=…,  ,……%"=ц,L , 3!%"…  2е.…%-
л%г,L, C%…,м=ем/. *=* "ƒ=,м%“" ƒ=……=  “%"%-
*3C…%“2ь “%K“2"е……% 2е.…%л%г,,, 2е.…,*, , %K%-
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!3д%"=…, , *"=л,-,ц,!%"=……%г% 2!3д=, %!г=…,-
ƒ%"=……%г% ме…ед›ме…2= , “,“2ем 3C!="ле…,  [1]. 
m=л,ч,е л%г,че“*,. , -3…*ц,%…=ль…/. "ƒ=,м%-
“" ƒеL ме›д3 *%мC%…е…2=м, 2е.…%л%г,, 2!еK3е2 
,. “%гл=“%"=……%“2,, = …е "!еме……%г%, м=л%%K%“-
…%"=……%г% C!,%!,2е2= *=*%L-л,K% %д…%L *%мC%-
…е…2/ …=д %“2=ль…/м,.

bме“2е “ 2ем, “!="…,2ель…/е %це…*, д%“2,г…3-
2%г% p%““,еL “%“2% …,  .*%…%м,*, “ =…=л%г,ч-
…/м, C%*=ƒ=2ел м, !=ƒ",2/. “2!=… “",де2ель“2-
"3ю2 % е‘  "…%м %2“2="=…,,. 

nC%!= …= ,……%"=ц,, , …%"/е K,ƒ…е“-2е.…%л%-
г,,, г=!м%…,ƒ,!3ю?,е "“е “%“2="…/е .леме…2/ 
.*%…%м,че“*%L “,“2ем/, "“егд= K/л= %“…%"%L …е 
2%ль*% “2=K,ль…%г% !=ƒ",2, , …% , C!е%д%ле…,  
*!,ƒ,“…/.  "ле…,L " !=ƒ",2/. “2!=…=..

q%ƒд=…,е …е%K.%д,м/. 3“л%",L дл  3“*%!е…-
…%г% , 3“2%Lч,"%г% …=3ч…%-2е.…%л%г,че“*%г% 
!=ƒ",2,  %C!едел е2“  …=л,ч,ем , =*2,"…/м 
,“C%льƒ%"=…,ем цел%г% *%мCле*“= -=*2%!%" *=* 
-%!м,!3ю?,. C%2е…ц,=л …%"/. …=3ч…/. ,деL 
, ,ƒ%K!е2е…,L, 2=* , “C%“%K“2"3ю?,. !е=л,ƒ=-
ц,, .2%г% C%2е…ц,=л= " ,…2е!е“=. .*%…%м,че-
“*%г% !%“2= , C%"/ше…,  *=че“2"= ›,ƒ…,. b 
*%мCле*“ -=*2%!%" ".%д 2 C=!=ме2!/ C%2е…-
ц,=л= “-е!/ …=3ч…/. ,““лед%"=…,L , !=ƒ!=K%-
2%*; %K%“…%"=……/е C!,%!,2е2/ г%“3д=!“2"е……%L 
C%л,2,*,, !е=л,ƒ3ем/е " “%“2="е Cе!еч…еL *!,-
2,че“*,. 2е.…%л%г,L; “"%е"!еме……=  %це…*= 
Cе!“Cе*2," C% "ле…,  *!3C…/. !/…*%" дл  …%-
"/. 2е.…%л%г,L; %Kе“Cече…,е "%ƒм%›…%“2еL 3“-
*%!е…,  .*%…%м,че“*%г% !%“2= “ C%м%?ью ,…-
…%"=ц,L.

`…=л,ƒ 3*=ƒ=……/. -=*2%!%" , 3ч‘2 2е…де…ц,L 
,. "ƒ=,м%деL“2",   "л ю2“  ме2%д%л%г,че“*%L 
%“…%"%L …=3ч…%-2е.…% л%г,че“*%г% C!%г…%ƒ,!%-
"=…, .

g=!3Kе›…/L %C/2 !=ƒ!=K%2*, 2е.…%л%г,че“*,. 
C!%г…%ƒ%". l,!%"=  C!=*2,*= “",де2ель“2"3е2, 
ч2% 3“Cеш…%е 2е.…%л%г,че“*%е !=ƒ",2,е “2=…%-
",2“  д%“2,›,м/м C!е,м3?е“2"е……% " “2!=…=., 
K=ƒ,!3ю?,.“  …= C!,…ц,C=. %K?е“2"е……%L “%-
л,д=!…%“2,, "е!.%"е…“2"= ƒ=*%…=, !="е…“2"= Cе-
!ед …,м "“е. “3KAе*2%" .*%…%м,че“*%L, C%л,2,-
че“*%L , д!3г,. “-е! ›,ƒ…,, ,. г!=›д=…“*%L %2-
"е2“2"е……%“2, Cе!ед %K?е“2"%м. aеƒ “%Kлюде…,  
.2,. C!,…ц,C%" …е"%ƒм%›…% 3C!="л 2ь ч!еƒ"/-
ч=L…% 3“л%›…,"ш,м,“  C!%це““=м, 2е.…%л%г,-
че“*,. C!е%K!=ƒ%"=…,L, ле›=?,м, " %“…%"е "“е-
г% %K?е“2"е……%г% !=ƒ",2, .

e“л, %K!=2,2ь“  * ƒ=!3Kе›…%м3 %C/23, 2% 
“!ед, гл="…еLш,. …=C!="ле…,L C%л,2,*, qx`, 
%Kе“Cеч,"=ю?еL !=“ш,!е…,е г%“3д=!“2"е……%г% 
3ч=“2,  " …=ц,%…=ль…/. ,““лед%"=…, ., !=ƒ!=-
K%2*=. , “%деL“2",е =*2,",ƒ=ц,, …=ц,%…=ль-
…%L ,……%"=ц,%……%L де 2ель…%“2,, м%›…% "/-
дел,2ь: 

д%лг%“!%ч…3ю C%л,2,*3 “2,м3л,!%"=…,  г!=›-
д=…“*,. mhnjp " Cе!ед%"/. %Kл=“2 . …=3*, , 
2е.…%л%г,L;

=*2,",ƒ=ц,ю -%!м,!%"=…,  , де 2ель…%“2, 
,““лед%"=2ель“*,. , 2е.…%л%г,че“*,. C=!2…‘!“2" 
дл  !=“ш,!е…,  C!%м/шле……/. ,……%"=ц,L , 
*%мме!ц,=л,ƒ=ц,, !еƒ3ль2=2%" -еде!=ль…/. ,“-
“лед%"=…,L , !=ƒ!=K%2%*;

“%ƒд=…,е Kл=г%C!, 2…%г% C!едC!,…,м=2ель-
“*%г% *л,м=2= дл  =*2,",ƒ=ц,, ,……%"=ц,%……%L 
де 2ель…%“2,;

%!,е…2=ц,ю -еде!=ль…/. ,““лед%"=…,L …= 
3д%"ле2"%!е…,е C%2!еK…%“2еL .*%…%м,*, , “%%2-
"е2“2",е ,. %KA‘м= "%ƒм%›…%“2 м Kюд›е2=;

-еде!=ль…3ю C%дде!›*3 3…,"е!“,2е2%" qx` , 
“%"е!ше…“2"%"=…,е %K!=ƒ%"=…, . 

c%“3д=!“2"е……%-C!="%"%е !ег3л,!%"=…,е “-е!/ 
…=3*, , 2е.…%л%г,L qx` %C!едел е2“  “л%›…/м 
C% “2!3*23!е , .=!=*2е!3 ƒ=д=ч Kл%*%м ƒ=*%…%д=-
2ель…/. =*2%". b “е!ед,…е 70-. гг. XX ". j%…г!е““ 
qx`, C!,ƒ…="=  %“%K3ю !%ль …=3*, , 2е.…,*, " 
%Kе“Cече…,, л,де!“2"= qx` " м,!е, 3*!еCле…,, 
"…32!е……,. .*%…%м,че“*,. C%ƒ,ц,L C!,… л 
&g=*%… % г%“3д=!“2"е……%L …=3ч…%-2е.…%л%г,че-
“*%L C%л,2,*е, %!г=…,ƒ=ц,, , C!,%!,2е2=.[. 
j%…г!е““%м qx` -еде!=ль…%м3 C!=",2ель“2"3 
ƒ=*%…%д=2ель…% K/л= %2"еде…= !%ль &гл="…%г% %!-
г=…,ƒ=2%!= C% “%деL“2",ю !=ƒ",2,ю -3…д=ме…-
2=ль…/. …=3*, *=* %“%K%L “-е!/ “2!=2ег,че“*,. 
,…2е!е“%" qx`, %C!едел," -еде!=ль…/L Kюд›е2 
" *=че“2"е ,“2%ч…,*= C%*!/2,  .2,. !=“.%д%"[. 
tеде!=ль…/L ƒ=*%… qx` 1976 г.  "л е2“  %“…%-
"% C%л=г=ю?,м г%“3д=!“2"е……%-C!="%"/м =*2%м 
% …=3ч…%-2е.…% л%г,че“*%L C%л,2,*е qx`, е‘ 
цел ., ƒ=д=ч=., C!,%!,2е2=. , ме.=…,ƒме 3C!="-
ле…, .

q%"!еме……%е .*%…%м,*%-C!="%"%е !ег3л,!%-
"=…,е “-е!/ …=3*, , 2е.…%л%г,L " qx` C!ед-
“2="л е2 “л%›…/L .*%…%м,*%-ю!,д,че“*,L , 
%!г=…,ƒ=ц,%……%-3C!="ле…че“*,L ме.=…,ƒм, "%-
Cл%?=ю?,L " “еKе, *!%ме де2=ль…% !=ƒ!=K%2=…-
…/. C!="%"/. …%!м, .леме…2/ .*%…%м,*,, 
3C!="ле…, , %!г=…,ƒ=ц,, C!%,ƒ"%д“2"=, …=3*,, 
2е.…,*, , mŠo. x,!%*% !=ƒ"е2"л‘……=  , м%?-
…=  .*%…%м,*%-C!="%"=  %“…%"= …=3ч…%-2е.…%-
л%г,че“*%L C%л,2,*, " qx`, %C,!= “ь …= =CC=-
!=2 3C!="ле…,  " г%“3д=!“2"е……%м “е*2%!е, C!%-
м/шле……%“2, , =*=дем,че“*%м “%%K?е“2"е, “л3-
›,2 !е=л,ƒ=ц,, %“…%"…/. целеL "…32!е……еL , 
"…еш…еL C%л,2,*,. b ,. ч,“л% " Cе!"3ю %че!едь 
".%д 2:
м%K,л,ƒ=ц,  , .--е*2,"…%е ,“C%льƒ%"=…,е 

…=3ч…%-2е.…%л%г,че“ *%г% C%2е…ц,=л=, …=.%д -
?ег%“  " !3*=. г%“3д=!“2"=, дл  !еше…,  C!,-
%!,2е2…/. …=ц,%…=ль…/. ƒ=д=ч, “2!=2ег,че“*,. 
ƒ=д=ч …=3ч…%L, C!%м/шле……%L, .*%…%м,че“*%L, 
"%е……%L, "…32!е……еL , "…еш…еL C%л,2,*, 
“2!=…/;



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 242

C!,ƒ…=…,е д%*2!,…/ "“е%KAемлю?ег% г%“3-
д=!“2"е……%г% !ег3л,!%"=…,  …=3*, , 2е.…%л%г,L 
…= %“…%"е м%K,л,ƒ=ц,, "“е. !е“3!“%" “2!=…/, 
,“C%льƒ%"=…,  .--е*2,"…/. -%!м .%ƒ L“2"%"=-
…, , K%лее 2е“…%L ,…2ег!=ц,, …=3*, , C!%м/ш-
ле……%“2,;

%Kе“Cече…,е C!е,м3?е“2"е……%г% д%“23C= =ме-
!,*=…“*%г% *=C,2=л=, “е*2%!= …=3*, , 2е.…%л%-
г,L * ме›д3…=!%д…/м 2е.…%л%г,че“*,м !/…*=м, 
ме›д3…=!%д…/м C!%м/шле……/м, 2е.…%л%г,че-
“*,м , .*%…%м,че“*,м !е“3!“=м;

%Kе“Cече…,е *%…2!%л  ме›д3…=!%д…/. C%2%*%" 
2е.…%л%г,L *=* "=›…еLшеL ч=“2, …=3ч…%-2е.…%-
л%г,че“*%L C%л,2,*, qx`;

%Kе“Cече…,е ед,…“2"= …=3ч…%L, ,……%"=ц,%…-
…%-2е.…%л%г,че“*%L, C!%м/шле……%L, .*%…%м,-
че“*%L , "%е……%L C%л,2,*, qx`;

%Kе“Cече…,е л,д,!3ю?ег% C%л%›е…,  qx` " 
м,!%"%L .*%…%м,*е, …=3*е , 2е.…,*е; 

C%“2% ……%е “%"е!ше…“2"%"=…,е , …=!=?,"=…,е 
…=3ч…%-2е.…%л%г,че“*%г% , "%е……%-2е.…,че“*%г% 
C%2е…ц,=л= qx`;

.--е*2,"…=  %!г=…,ƒ=ц,  3C!="ле…,  , Cл=-
…,!%"=…,  mŠo …= ег% C!,%!,2е2…/. …=C!="ле-
…, .;

“%ƒд=…,е …= %K?е…=ц,%…=ль…%L %“…%"е …%"/. 
-%!м ,…2ег!=ц,, …=3*,, 2е.…,*,, C!%м/шле…-
…%“2, , *%%Cе!=ц,, ме›д3 г%“3д=!“2"е……/м “е*-
2%!%м (-еде!=ль…/е "ед%м“2"=, -еде!=ль…/е 
mhh , л=K%!=2%!,,), C!%м/шле……%“2ью , =*=-
дем,че“*%L …=3*%L " -%!ме C3л%", %KAед,…е…,L, 
*%!C%!=ц,L , C=!2…‘!“2" дл  “%ƒд=…,  *%…*3-
!е…2%“C%“%K…/. 2е.…%л%г,L г!=›д=…“*%г% , "%-
е……%г% …=ƒ…=че…,  дл  …3›д %K?е…=ц,%…=ль…%г% 
!/…*=;

ƒ=*!еCле…,е ƒ= г%“3д=!“2"%м -3…*ц,L гл="…%-
г% K=…*,!= , г=!=…2= C%“2% ……%г% !=ƒ",2,  -3…-
д=ме…2=ль…/. …=3* # %“…%"/ “%"!еме……%г% …=3ч-
…%-2е.…%л%г,че“*%г% !=ƒ",2, ;

.--е*2,"…%е ге%г!=-,че“*%е !=ƒме?е…,е, ,“-
C%льƒ%"=…,е , …=!=?,"=…,е …=ц,%…=ль…%г% …=-
3ч…%-2е.…%л%г,че“*%г% C%2е…ц,=л= “2!=…/;

.--е*2,"…=  C=2е…2…%-л,це…ƒ,%……=  C%л,2,-
*= …= г%“3д=!“2"е……%м , %K?е…=ц,%…=ль…%м 
!/…*е 2%"=!%", 3“л3г , ƒ=?,2= C!=" ,…2елле*-
23=ль…%L “%K“2"е……%“2, *=* "…32!, “2!=…/, 2=* , 
ƒ= !3Kе›%м.

b ƒ=*%…%д=2ель…%м %Kе“Cече…,, !е=л,ƒ=ц,, 
.2,. целеL, C!="%"%м !ег3л,!%"=…,, “-е!/ …=3-
*, , 2е.…%л%г,, "=›…еLш=  !%ль " qx` C!,…=д-
ле›,2 j%…г!е““3 , ег% “Cец,=л,ƒ,!%"=……/м *%-
м,““, м, *%м,2е2=м , C%д*%м,2е2=м. o!="%"%L 
ме.=…,ƒм %C,!=е2“  …= ч‘2*% !=ƒг!=…,че……3ю 
“,“2ем3 ,л, ,е!=!.,ю ƒ=*%…%д=2ель…%-C!="%"/. 
=*2%".

b e"!%Cе, …е“м%2!  …= ,мею?,е“  !=ƒл,ч,  " 
C%д.%д=. %2дель…/. !=ƒ",2/. “2!=…, " цел%м C!%-

“ле›,"=ю2“  “лед3ю?,е %K?,е 2е…де…ц,, -%!-
м,!%"=…,  , !е=л,ƒ=ц,, …=3ч…%-2е.…%л%г,че“*%L 
C%л,2,*,:

C!%д%л›=ю?,L“  !%“2 г%“3д=!“2"е……/. =““,г-
…%"=…,L " “-е!3 mhnjp , " ме!%C!, 2,  C% 
!=ƒ!=K%2*е , !=“C!%“2!=…е…,ю …%"%""еде…,L;

3“,л,"=ю?ее“  %!,е…2,!%"=…,е “!ед“2" …= 
…=3ч…%-2е.…%л%г,че“ *%е !=ƒ",2,е " C!,%!,2е2-
…/. %Kл=“2 . , “е*2%!=.. o%“лед…,е "*люч=ю2 
2=* …=ƒ/"=ем/е *!е=2,"…/е (enabling) 2е.…%л%-
г,,, *%2%!/е %Kе“Cеч,"=ю2 д%“2,›е…,е C%“2="-
ле……/. “%ц,=ль…%-.*%…%м,че“*,. целеL , “%-
“2="л ю2 %“…%"3 -%!м,!%"=…,  “%"!еме……%г% 
2е.…,*%-.*%…%м,че“*%г% 3*л=д=. q!ед, …,. C!е-
›де "“ег% "/дел е2“  *люче"%L *л=“2е!, %KAед,-
… ю?,L " “еKе ,…-%!м=ц,%……/е , *%мм3…,*=-
ц,%……/е 2е.…%л%г,,, K,%- , …=…%2е.…%л%г,,;

%“3?е“2"ле…,е ƒ…=ч,2ель…/. C!е%K!=ƒ%"=…,L 
%K?е“2"е……/. …=3ч…%-,““лед%"=2ель“*,. %!г=-
…,ƒ=ц,L , %!г=…,ƒ=ц,L 3…,"е!“,2е2“*%L …=3*,, 
C!ед3“м=2!,"=ю?,. *=* ƒ=*%…%д=2ель…/е , ,…-
“2,23ц,%…=ль…%-%!г=…,ƒ=ц,%……/е !е-%!м/, 2=* 
, ме!/ C% "/!=K%2*е .--е*2,"…/. *!,2е!,е", 
-%!м , ме.=…,ƒм%" -,…=…“,!%"=…, , гл="…/м 
%K!=ƒ%м, дл  “%.!=…е…,  , 3C!%че…,  ,. ="2%…%-
м,, C!, C%"/ше…,, г,K*%“2, , .--е*2,"…%“2, 
де 2ель…%“2,;

…=!=?,"=…,е 3“,л,L C!=",2ель“2" C% C%дде!›-
*е …%"%""еде…,L, = 2=*›е …=3ч…/. ,““лед%"=…,L 
, !=ƒ!=K%2%* " C!%м/шле……%“2,. }2% %“3?е“2"-
л е2“ , гл="…/м %K!=ƒ%м, “ ,“C%льƒ%"=…,ем C!%-
г!=мм…%-целе"%г% ме2%д= " .%де !е=л,ƒ=ц,, “Cе-
ц,=л,ƒ,!%"=……/. C!%г!=мм " !=м*=. …=ц,%…=ль-
…%L, …=3ч…%-2е.…%л%г,че“*%L , C!%м/шле……%L 
C%л,2,*,. b K%льш,…“2"е е"!%CеL“*,. “2!=… 
%“%K%е "…,м=…,е 3дел е2“  -%!м,!%"=…,ю Kл=-
г%C!, 2…%г% …=л%г%"%г% !е›,м= , !/…*= !,“*%-
"%г% *=C,2=л= дл  C!%м/шле……/. mhnjp , ,…-
…%"=ц,L;

3“,л,"=ю?= “  C%дде!›*= C!едC!,…,м=2ель-
“*%L ,…,ц,=2,"/, = 2=*›е м=л/. , “!ед…,. 
C!едC!, 2,L (lqo). b *!3C…/. е"!%CеL“*,. 
“2!=…=., , %“%Kе……% " г%“3д=!“2"=. qе"е!…%L 
e"!%C/, !=“ш,! е2“  ,“C%льƒ%"=…,е ме! C% 
"/.%д3 …= !/…%* &…%",ч*%"[, = 2=*›е %*=ƒ/"=-
е2“  "“е“2%!%……ее “%деL“2",е ,……%"=ц,%……/м 
*%мC=…, м , lqo. n“3?е“2"л е2“  *%мCле*“ 
ме! C% “2,м3л,!%"=…,ю Cе!ед=ч, 2е.…%л%г,L 
, 3“,ле…,ю *%мме!ц,=л,ƒ=ц,, !еƒ3ль2=2%" 
mhnjp, = 2=*›е “%"е!ше…“2"%"=…,ю ƒ=*%…%д=-
2ель“2"= дл  %Kе“Cече…,  ƒ=?,2/ C!=" “%K“2-
"е……%“2,;

C%"/ше……%е "…,м=…,е * …=3ч…%-2е.…%л%г,че-
“*,м =“Cе*2=м .*%…%м,че“*%L ,…2ег!=ц,, , гл%-
K=л,ƒ=ц,,. b=›…/м C!,%!,2е2%м …=ц,%…=ль…/. 
,……%"=ц,%……/. “,“2ем “2=…%",2“  “%деL“2",е 
3гл3Kле…,ю , !=“ш,!е…,ю ,…2ег!=ц,%……/. , 
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д!3г,. -%!м , ме.=…,ƒм%" ме›д3…=!%д…%г% …=-
3ч…%-2е.…%л%г,че“*%г% “%2!3д…,че“2"=. o!%г!=м-
м/ " .2%L %Kл=“2, …=целе…/ …= 3“,ле…,е *%м-
Cл,ме…2=!…%“2, mhnjp, %“3?е“2"л ем/. !=ƒ-
л,ч…/м, %!г=…,ƒ=ц, м,, …= -%!м,!%"=…,е , 
!=ƒ",2,е ,……%"=ц,%……/. *л=“2е!%" …= …=ц,%-
…=ль…%м, !ег,%…=ль…%м , м,!%"%м 3!%"…е. b C%-
“лед…ее "!ем  %“%K%е "…,м=…,е е"!%CеL“*,е 
“2!=…/ 3дел ю2 "%C!%“=м “%гл=“%"=…,  “"%еL C%-
л,2,*, " %Kл=“2, …=3*, , 2е.…,*, дл  -%!м,!%-
"=…,  ед,…%L C%л,2,*, " .2%L %Kл=“2,, %“3?е“2-
"л ем%L …= *%мм3…,2=!…%м , %K?ее"!%CеL“*%м 
!ег,%…=ль…%м 3!%"…е;

-%!м,!%"=…,е , %“3?е“2"ле…,е д%C%л…,2ель-
…/. ме!%C!, 2,L C% C%дг%2%"*е …=3ч…%-,““лед%-
"=2ель“*,. *=д!%" , д!3г,. “Cец,=л,“2%", = 2=*›е 
C% “%"е!ше…“2"%"=…,ю “,“2ем C!%-е““,%…=ль-
…%г% %K3че…, . q!ед, …,. "/дел ю2“  “Cец,=ль-
…/е ме!/ C% C%дде!›*е м%л%д/. 3ч‘…/., “%деL-
“2",ю 2!=…“г!=…,ч…%L м%K,ль…%“2, …=3ч…/. 
*=д!%" , “%"е!ше…“2"%"=…,ю “,“2ем/ ,. C%дг%-
2%"*,. j Cе!"%“2еCе……/м C!,%!,2е2=м %2…%“ 2 
2=*›е C%дг%2%"*3 “Cец,=л,“2%" “лед3ю?ег% C%-
*%ле…,  дл  .*%…%м,*,, K=ƒ,!3ю?еL“  …= ƒ…=-
…, .;

C%"/ше……%е "…,м=…,е * "%C!%“=м %це…*, %2-
дель…/. !еше…,L , C%“лед“2",L C%л,2,*, " ƒ…=-
ч,2ель…%L ме!е C!% "л е2“  " “%"е!ше…“2"%"=-
…,, -%!м , ме2%д%" е‘ %“3?е“2"ле…, , = 2=*›е " 
…еC!е!/"…%м !е“2!3*23!,!%"=…,, г%“3д=!“2"е…-
…/. , C!%ч,. %K?е“2"е……/. …=3ч…%-,““лед%"=-
2ель“*,. 3ч!е›де…,L " …=C!="ле…,, C%"/ше…,  
.--е*2,"…%“2, ,. -3…*ц,%…,!%"=…, ; 

"%ƒ!=“2=…,е !%л, , ƒ…=че…,  …=3ч…%-2е.…%л%-
г,че“*%L C%л,2,*, " *=че“2"е *люче"%L “%“2="-
л ю?еL .*%…%м,че“*%L C%л,2,*, *=* …= …=-
ц,%…=ль…%м, 2=* , …= *%мм3…,2=!…%м 3!%"…е. 
p=“23?ее “%C! ›‘……%е C%дч,…е…,е ƒ=д=ч=м …=-
3ч…%-2е.…,че“*%L C%л,2,*, це…2!=л,ƒ%"=……/. 
ме! .%ƒ L“2"е……%г% !ег3л,!%"=…,  " 2=*,. %K-
л=“2 ., *=* C%дде!›=…,е C!едC!,…,м=2ель“2"= , 
%Kе“Cече…,е ме›д3…=!%д…%L *%…*3!е…2%“C%“%K-
…%“2,, = " 3“л%", . 3“,л,"=ю?ег%“  C!% "ле…,  
&…%"%L .*%…%м,*,[ " *=че“2"е -,…=…“%"%г% -е-
…%ме…= 2=*›е ме! " “-е!е -,…=…“%" , *!ед,2=, 
…=C!="ле……/., " ч=“2…%“2,, …= “%"е!ше…“2"%"=-
…,е -%…д%"%г% !/…*= , !/…*%" !,“*%"%г% *=-
C,2=л=.

n“…%"…/е C%д.%д/ * -%!м,!%"=…,ю , !е=л,-
ƒ=ц,, …=3ч…%-2е.…%л%г,че“*%L C%л,2,*, “2!=… 
# чле…%" e}q C!%шл, 3“Cеш…3ю C!%"е!*3 …= 
C!=*2,*е, %Kе“Cеч," C%л%›,2ель…/е 2е…де…ц,, 
…=3ч…%-,……%"=ц,%… …%г% !=ƒ",2,  K%льш,…“2"= 
г%“3д=!“2", ".%д ?,. " q%юƒ.

nце…*= Cе!“Cе*2," !=ƒ",2,  2е.…%л%г,че“*%г% 
C!%г…%ƒ,!%"=…,  " p%““,,. b p%““,, !е“2!3*23!,-
ƒ=ц,  “л%›,"шеL“  2е.…%л%г,че“*%L “2!3*23!/ 
.*%…%м,*, "%ƒм%›…= !=ƒл,ч…/м, C32 м,. )2%K/ 

,. “-%!м,!%"=2ь , "/K!=2ь …=,K%лее .--е*2,"-
…/L C32ь, …е%K.%д,м/ =…=л,ƒ , %це…*= “%“2="= 
…=ц,%…=ль…/. ,…2е!е“%" , Cе!еч…еL …=ц,%…=ль-
…/. C!%д3*2%", C!%,ƒ"%д“2"% *%2%!/. “ д%“2=-
2%ч…/м 3!%"…ем *%…*3!е…2%“C%“%K…%“2,, “ %д-
…%L “2%!%…/, C!едC%ч2,2ель…% , "%ƒм%›…%, = “ 
д!3г%L, д%л›…% K/2ь %K ƒ=2ель…% *=* …е%K.%д,-
м%е 3“л%",е !=ƒ",2,  …=ц,%…=ль…%L .*%…%м,*, 
p%““,,.

dл  !еƒ3ль2=2,"…%L %!,е…2=ц,, …=ц,%…=ль…%-
г% …=3ч…%-2е.…%л% г,че“*%г% C%2е…ц,=л= …= “%ƒ-
д=…,е, м%де!…,ƒ=ц,ю л,K% C%дде!›*3 ,мC%!2,-
!3ем/. 2е.…%л%г,L …е%K.%д,м *%мCле*“…/L це-
ле"%L C!%г…%ƒ 2е.…%л%г,че“*%г% !=ƒ",2,  .*%…%-
м,*,. o!, .2%м целе“%%K!=ƒ…% %C,!=2ь“  …= 
…=3ч…/L C%2е…ц,=л p%““,L“*%L =*=дем,, …=3* , 
…=*%Cле……/L ею м…%г%ле2…,L %C/2 !=ƒ!=K%2*, 
jo mŠo …= 20 ле2 [2#4].

b *%…це 80-. гг. XX ". C!=*2,*= !=ƒ!=K%2*, jo 
mŠo …= 20 ле2 " p%““,, C!е*!=2,л=“ь. o!,… 2,е 
" 1995 г. -еде!=ль…%г% ƒ=*%…= &n г%“3д=!“2"е…-
…%м C!%г…%ƒ,!%"=…,, , C!%г!=мм=. “%ц,=ль…%-
.*%…%м,че“*%г% !=ƒ",2,  p%““,L“*%L tеде!=-
ц,,[ "%ƒ!%д,л% %C!едел‘……/е …=де›д/ …= "%ƒ%K-
…%"ле…,е !=K%2 C% …=3ч…%-2е.…%л%г,че“*%м3 
C!%г…%ƒ,!%"=…,ю. nд…=*% *%!е……/. “д",г%" " 
.2%м …=C!="ле…,, C%*= …е C!%,ƒ%шл%.

o!%г…%ƒ,!%"=…,е 2е.…%л%г,че“*%г% !=ƒ",2,  
" м=“ш2=K=. "“еL “2!=…/ “-%!м,!%"=л%“ь " “=-
м%“2% 2ель…3ю …=3ч…%-%K?е“2"е……3ю д,“ц,C-
л,…3 " …=ч=ле 70-. г. uu ". , " Cл=…%"%-д,!е*2,"-
…%L .*%…%м,*е !=““м=2!,"=л%“ь *=* “%“2="…=  
ч=“2ь д%лг%“!%ч…%г% *%мCле*“…%г% C!%г…%ƒ=, 
"*люч="шег% C!%г…%ƒ “%ц,=ль…%-.*%…%м, че“*%-
г% !=ƒ",2,  , …=3ч…%-2е.…,че“*%г% C!%г!е““=. 
n!г=…,ƒ=ц,%……%L -%!м%L 2=*%г% C!%г…%ƒ= “л3-
›,л= jo mŠo qqqp …= 20 ле2. oе!,%д,ч…%“2ь 
C!%г…%ƒ= “%%2"е2“2"%"=л= C 2, г%д=м, = “ …=ч=л= 
!=ƒ!=K%2*, jo mŠo " 1973 г. K/л% C%дг%2%"ле…% 
че2/!е *%мCле*“…/. C!%г…%ƒ=: " 1973, 1978, 1983 
, " 1988 гг.

m=ч=2=  " 70-. гг. !=ƒ!=K%2*= jo mŠo qqqp 
ƒ="е!ш,л= -%!м,!%"=…,е Cл=…%"%-д,!е*2,"…%L 
“,“2ем/ 3C!="ле…, , “%ƒд=" 2=*,м %K!=ƒ%м &"е!-
ш,…3 C,!=м,д/[ це…2!=л,ƒ%"=……%г% 3C!="ле…,  
!=ƒ",2,ем .*%…%м,*, , %K?е“2"= " qqqp. 
o!,ч,…/ …=ч=л= !=ƒ!=K%2*, jo mŠo ,мел,, 
C!е›де "“ег%, C!=*2,че“*,L .=!=*2е!: " .2%2 Cе-
!,%д !еƒ*% “%*!=2,л,“ь 2емC/ .*%…%м,че“*%г% 
!%“2=, 3“,л,л%“ь C!%2,"%“2% …,е “ "ед3?,м, 
“2!=…=м, *=C,2=л,“2,че“*%г% м,!=, C!е›де "“ег% 
“ qx`, , *=* “лед“2",е "%ƒ!%“л, !=“.%д/ Kюд-
›е2= …= %K%!%……/е цел,. j!%ме 2%г%, !3*%"%-
д“2"%м “2!=…/ %“%ƒ…="=л,“ь …е%K.%д,м%“2ь *%-
!е……%L Cе!е“2!%L*, C!%м/шле……%-2е.…%л%г,че-
“*%L “2!3*23!/ .*%…%м,*,, ƒ=л%›е……%L " C%“ле-
"%е……/е г%д/, , "=›…%“2ь !%“2= ›,ƒ…е……%г% 
3!%"…  …=“еле…, .
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lе2%д%л%г,  C%дг%2%"*, *%мCле*“…/. C!%-
г…%ƒ%" %“…%"=…= …= “%че2=…,, …%!м=2,"…/. , 
.*“2!=C%л ц,%……/. C!%г…%ƒ%", "*люч=  *%л-
ле*2,"…/е , ,…д,",д3=ль…/е .*“Cе!2…/е %це…-
*,, “2=2,“2,че“*,е ме2%д/ , м%дел,, = 2=*›е 
!=ƒ…%%K!=ƒ…/е .*%…%м,*%-м=2ем=2,че“*,е м%-
дел,. Šе.…%л%г,  , -%!м= C!ед“2="ле…,  C!%-
г…%ƒ…/. м=2е!,=л%" ƒ=д="=л,“ь ме2%д,че“*,м, 
3*=ƒ=…, м,, 3“2=…="л,"="ш,м, C%! д%*, “!%*, 
, “%“2=" 3ч=“2…,*%" *%мCле*“…%г% C!%г…%ƒ,!%-
"=…, .

p=ƒ!=K%2*= jo mŠo “2!%,л=“ь …= ,“C%льƒ%"=-
…,, !=ƒ…%%K!=ƒ…/. K=л=…“%"/. , .*%…%ме2!,че“-
*,. м%делеL C!%г…%ƒ,!%"=…,  д,…=м,*, .*%…%-
м,че“*%г% !=ƒ",2,  [5], *%2%!/е д%C%л… л,“ь 
ч=“2…/м, м%дел м, %це…*, !=ƒ",2,  *%мCле*-
“%" %2!=“леL, !ег,%…%" , %2!=“леL. Š=*›е ,“-
C%льƒ%"=л,“ь .*%…%ме2!,че“*,е м%дел, , .*“-

Cе!2…/е %це…*, Cе!“Cе*2," !=ƒ",2,  %2дель…/. 
C%д%2!=“леL , 2е.…%л%г,L. o%л3че……/е C!%г…%ƒ-
…/е %це…*, 32%ч… л,“ь , д%C%л… л,“ь “%де!-
›=2ель…/м, =…=л,2,че“*,м, ,““лед%"=…, м,, 
“!="…,2ель…/м, “%C%“2="ле…, м, !=“C%л=г=ем%-
г% , …е%K.%д,м%г% C!%,ƒ"%д“2"е……%г%, 2е.…%л%-
г,че“*%г%, *=д!%"%г% , …=3ч…%-2е.…,че“*%г% C%-
2е…ц,=л=.

Šе.…%л%г,  , %!г=…,ƒ=ц,  C!%г…%ƒ,!%"=…,  3“-
2=…="л,"=л,“ь %K?еL ме2%д,*%L, " *%2%!%L …= *=-
›д/L C 2,ле2…,L ,…2е!"=л C!%г…%ƒ,!%"=…,  ƒ=-
д="=л=“ь “2!3*23!= C!%г…%ƒ=, "*люч=  “%“2=" “"%д-
…/. , C!%Kлем…/. !=ƒдел%", “!%*, C!ед“2="ле…,  
,. !еƒ3ль2=2%", Cе!ече…ь г%л%"…/. %!г=…,ƒ=ц,L, 
!3*%"%д,2елеL “"%д…/. , C!%Kлем…/. !=ƒдел%" , 
д!. b “%%2"е2“2",, “ .2%L ме2%д,*%L C%“лед%"=-
2ель…% !=ƒ!=K=2/"=л,“ь *%…цеCц,, , %“…%"…/е 
м=2е!,=л/ C!%Kлем…/. , “"%д…/. !=ƒдел%".

q2!3*23!…=  “.ем= !=ƒ!=K%2*, j%мCле*“…%L C!%г!=мм/ …=3ч…%-2е.…,че“*%г% C!%г!е““= qqqp …= 20 ле2
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o!%ме›32%ч…/е , ,2%г%"/е !еƒ3ль2=2/ C!%-
г…%ƒ%" %K“3›д=л,“ь " C!%Kлем…/. , “"%д…/. *%-
м,““, . “ C!,"лече…,ем .*“Cе!2%" C% %2дель…/м 
C!%Kлем=м. }2, %K“3›де…,  ,…%гд= C%"2%! л,“ь, 
= C%л3че……/е !еƒ3ль2=2/ м%›…% !=““м=2!,"=2ь 
*=* “%гл=“%"=……/е *%лле*2,"…/е .*“Cе!2…/е 
%це…*,.

n!г=…,ƒ=ц,%……% (“м. !,“3…%*) " C%дг%2%"*е 
jo mŠo 3ч=“2"%"=л% K%лее 100 м,…,“2е!“2", 
"ед%м“2" , *%м,2е2%" …= г%“3д=!“2"е……%м 3!%"-
…е, = 2=*›е м,…,“2е!“2"= "“е. 15 “%юƒ…/. !е“-
C3Kл,*.

mеC%“!ед“2"е……%е 3ч=“2,е " C%дг%2%"*е jo 
mŠo C!,…,м=л, 2/“ ч, …=3ч…%-,““лед%"=2ель-
“*,. %!г=…,ƒ=ц,L , ,““лед%"=2ель“*,. це…2!%", = 
2=*›е …е“*%ль*% де“ 2*%" 2/“ ч ,““лед%"=2елеL 
, .*“Cе!2%". l=2е!,=л/ jo mŠo ,“C%льƒ%"=-
л,“ь C!, %K%“…%"=…,, , C!,… 2,, !еше…,L …= 
г%“3д=!“2"е……%м, !е“C3Kл,*=…“*%м , %2!=“ле"%м 
3!%"…е.

j д%“2%,…“2"=м jo mŠo м%›…% %2…е“2,:
м=“ш2=K…%“2ь , C%л…%23 %."=2= !=ƒл,ч…/. 

%2!=“леL .*%…%м,*, , “-е! %K?е“2"е……%г% !=ƒ-
",2, ;
д%“2=2%ч…% C%д!%K…/L , д%“2%"е!…/L =…=л,ƒ 

“%“2% …,  !=ƒ",2,  C!%г…%ƒ,!3ем/. %KAе*2%" , 
%2!=“леL, "*люч=  &3ƒ*,е ме“2=[ , C!%Kлем…/е 
“,23=ц,,;

3ч=“2,е K%льш%г% *%л,че“2"= .*“Cе!2%" , ,“-
“лед%"=2елеL ,ƒ !=ƒ…/. %Kл=“2еL …=3*, , 2е.…,-
*,, !=ƒл,ч…/. !ег,%…%" , %2!=“леL %Kе“Cеч,"=л% 
C%л…%23 %2!=›е…,  "%ƒм%›…/. 2%че* ƒ!е…,  , 
“2!=2ег,L !=ƒ",2,  %2дель…/. %KAе*2%";

%Kе“Cече…,е %!,е…2=ц,, …=3ч…%-2е.…,че“*%г% 
, C!%,ƒ"%д“2"е……%г% C%2е…ц,=л= …= д%“2,›е…,е 
д%лг%“!%ч…/. целеL “%ц,=ль…%-.*%…%м,че“*%г% 
!=ƒ",2, .

q!ед, …ед%“2=2*%" “л%›,"шеL“  ме2%д%л%г,, 
, C!=*2,*, %!г=…,ƒ=ц,, jo mŠo м%›…% "/де-
л,2ь:

C!е%Kл=д=…,е ›‘“2*%L %2!=“ле"%L “2!3*23!/ 
.*%…%м,*,, “%.!=… "шеL “л%›,"ш,е“  ме›"е-
д%м“2"е……/е K=!ье!/, C!,%!,2е2/, 3ч,2/"=ю-
?,е *%!C%!=2,"…/е ,…2е!е“/ %2!=“ле"/. м,…,-
“2е!“2" , "ед%м“2";

“2!емле…,е * %д…%ƒ…=ч…%“2, C!%г…%ƒ%" , C!%-
г…%ƒ…/. %це…%*, ч2% C!=*2,че“*, ,“*люч=л% %2-
!=›е…,е " C!%г…%ƒ=. =ль2е!…=2,"…/. “це…=!,е" , 
м…%г%"=!,=…2…/. %це…%*;
ч!еƒме!…% це…2!=л,ƒ%"=……3ю “,“2ем3 %!г=…,-

ƒ=ц,, C!%г…%ƒ%", ƒ=2!3д… "ш3ю C!,"лече…,е 
*%…*3!,!3ю?,. %!г=…,ƒ=ц,L , …еƒ=",“,м/. .*“-
Cе!2%" * C%дг%2%"*е C!%г…%ƒ%";

%2“32“2",е .--е*2,"…/. “C%“%K%" 3ч‘2= 
"л, …,  *%…*3!е…2%“C%“%K…/. 2е.…%л%г,L , 
,……%"=ц,L …= .*%…%м,че“*,L !%“2 , !=ƒ",2,е 
%K?е“2"=.

g= Cе!,%д .*%…%м,че“*,. !е-%!м " .*%…%м,*е 
p%““,, , %K?е“2"е C!%,ƒ%шл, !=д,*=ль…/е Cе-
!еме…/:

,ƒме…е…,е г%“3д=!“2"е……%г% 3“2!%L“2"= “2!=-
…/ ("ме“2% 2%2=л,2=!…%г% !е›,м= C%“2еCе……% 
“-%!м,!%"=л=“ь дем%*!=2,че“*=  “,“2ем= 3C!="-
ле…,  г%“3д=!“2"%м , %K?е“2"%м);

!=“C=д Cл=…%"%-д,!е*2,"…%L “,“2ем/ 3C!="-
ле…,  .*%…%м,*%L, це…2!=л,ƒ%"=……% 3“2=…="л,-
"="шеL цел, !=ƒ",2,  , !=“C!едел "шеL м=2е-
!,=ль…/е, -,…=…“%"/е , люд“*,е !е“3!“/;

*%!е……%е ,ƒме…е…,е “%%2…%ше…,  -%!м “%K-
“2"е……%“2, ("ме“2% C!=*2,че“*, "“е%K?еL г%“3-
д=!“2"е……%L “%K“2"е……%“2, C!е%Kл=д=ю?еL “2=-
л= ч=“2…=  “%K“2"е……%“2ь);

!=“C=д %2!=“ле"%L “2!3*23!/ .*%…%м,*, , %2-
!=“ле"%L …=3*,, “%C!%"%›д="шеL е‘ ,……%"=-
ц,%……%е !=ƒ",2,е;

!еƒ*%е “…,›е…,е …=3ч…%-2е.…%л%г,че“*%г% , 
,……%"=ц,%……%г% C%2е…ц,=л= " “" ƒ, “% ƒ…=ч,-
2ель…/м (" 5#7 !=ƒ) “%*!=?е…,ем ƒ=2!=2 …= …=3*3 
,ƒ “!ед“2" г%“Kюд›е2=;

“,ль…%е %2“2="=…,е -%!м,!%"=…,  ƒ=*%…%д=-
2ель…%L K=ƒ/, “%%2"е2“2"3ю?еL 3“л%", м !=ƒ",-
2,  “"%K%д…%L !/…%ч…%L .*%…%м,*,, %2 !=д,-
*=ль…/. !е-%!м, ƒ…=ч,2ель…=  ч=“2ь *%2%!/. 
C!%"%д,л=“ь " 3“л%", . …е“%"е!ше……/. ƒ=*%…%", 
C%“2=…%"ле…,L o!=",2ель“2"= , 3*=ƒ%" o!еƒ,-
де…2= p%““,L“*%L tеде!=ц,,.

g= Cе!,%д, C!%шедш,L “ м%ме…2= !=ƒ!=K%2*, 
C%“лед…ег% C!%г…%ƒ= " !=м*=. jo mŠo " 1988 г. 
м…%г%е ,ƒме…,л%“ь. o!е›де "“ег% ,ƒме…,л“  ƒ=-
*=ƒч,* C!%г!=мм/ # д!3г,м “2=л% “=м% г%“3д=!-
“2"%, “ме…,л“  C%л,2,че“*,L “2!%L (%2*=ƒ %2 %д-
…%C=!2,L…%L “,“2ем/), .%ƒ L“2"е……%е 3“2!%L“2-
"% (ш,!%*%е ""еде…,е ч=“2…%L “%K“2"е……%“2,) , 
"…еш…   %!,е…2=ц,  (%2*=ƒ %2 "%е……%г% C!%2,"%-
“2% …,  “ "ед3?,м, *=C,2=л,“2,че“*,м, “2!=-
…=м,). bме“2е “ 2ем “,“2ем= …=ц,%…=ль…/. целеL 
, C!,%!,2е2%" е?‘ …е C%“2!%е…=.

Š=*›е ,ƒме…,л,“ь , C%2!еK,2ел, !еƒ3ль2=2%" 
…=3ч…%-2е.…,че“ *,. C!%г…%ƒ%" # м,…,“2е!“2"=, 
"ед%м“2"=, C!едC!, 2,  , %!г=…,ƒ=ц,,. hƒме…е-
…,  " K%льшеL “2еCе…, *%“…3л,“ь C!едC!, 2,L , 
%!г=…,ƒ=ц,L , " ме…ьшеL # м,…,“2е!“2" , "е-
д%м“2".

bме“2е “ 2ем 32!=2,л, “,л3 це…2!=л,ƒ=ц,  , 
д,!е*2,"…%“2ь 3C!="ле…,  .*%…%м,че“*,м, 
“3KAе*2=м,, .%2  " C%л…%L ме!е .2, “"%L“2"= …е 
"/C%л… л,“ь , " Cл=…%"%-д,!е*2,"…%L .*%…%-
м,*е qqqp. b“‘ .2% C!,д=е2 C!%г…%ƒ=м " 3“л%-
", . !/…%ч…%L .*%…%м,*, ,…%е ƒ…=че…,е: “л3-
›,2ь %!,е…2,!=м, дл  &…=“2!%L*,[ “,“2ем/ !е-
г3л,!%"=…,  .*%…%м,*%L, "*люч=  *=* е‘ д%C%л-
…е…,е, ""еде…,е " %2дель…/. “-е!=. (%2!=“л .) 
.леме…2%" це…2!=л,ƒ%"=……%г% 3C!="ле…,  (…=-
C!,ме!, “ C%м%?ью -еде!=ль…/. целе"/. C!%-
г!=мм).
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mе“м%2!  …= !=“C=д %2!=“ле"%L …=3*,, C!,"=-
2,ƒ=ц,ю м…%г,. %2!=“ле"/. mhh ,, *=* “лед“2-
",е, ,ƒме…е…,е ,. -3…*ц,L, "% м…%г,. %2!=“л . 
“%.!=…,л,“ь …=3ч…/е *=д!/, 3ч=“2"%"="ш,е " 
70#80-. гг. " !=ƒ!=K%2*е jo mŠo qqqp.

l…%г,е %KAе*2/ C!%г…%ƒ,!%"=…,  # %2!=“л,, 
*!3C…/е C!едC!, 2, , 2е.…%л%г,, # …=! д3 “ …е-
*%2%!/м, ,ƒме…е…, м, “%.!=…,л, ! д C!е›…,. 
“"%L“2" , 2е…де…ц,L, "*люч=  ƒ…=ч,2ель…3ю 
,…е!ц,%……%“2ь , C%.2=C…%“2ь ,……%"=ц,%……/. , 
,…"е“2,ц,%……/. C!%це““%". Š=*›е “%.!=…,л=“ь 
(, д=›е K%льше %K%“2!,л=“ь) C%2!еK…%“2ь " "%“-
“2=…%"ле…,, “2!=2ег,че“*,. %!,е…2,!%" !=ƒ",2,  
.*%…%м,*, , %K?е“2"=, " %це…*е , "/K%!е C32еL 
д%“2,›е…,  Cе!“Cе*2,"…/. целеL !=ƒ",2, .

q%"!еме……/е 2е…де…ц,, !=ƒ",2,  2е.…%л%г,че-
“*%г% C!%г…%ƒ,!%"=…,  " p%““,,. mе“м%2!  …= %2-
*=ƒ %2 !=ƒ!=K%2*, " *%…це 80-. гг. jo mŠo, C!%-
г…%ƒ…/е ,““лед%"=…,  …е C!е*!=2,л,“ь. nд…=*% " 
90-. гг. %…, "ел,“ь “!="…,2ель…% …еK%льш,м, 
“,л=м, ,““лед%"=2ель“*,. *%лле*2,"%", “%“!ед%-
2%че……/., C!е›де "“ег%, " p%““,L“*%L =*=дем,, 
…=3*. b 2002 г. C% !еше…,ю C!еƒ,д,3м= p`m “2=-
л= !=ƒ!=K=2/"=2ь“  *%мCле*“…=  C!%г!=мм= …=-
3ч…/. ,““лед%"=…,L p`m &o!%г…%ƒ 2е.…%л%г,че-
“*%г% !=ƒ",2,  .*%…%м,*, p%““,, “ 3ч‘2%м м,-
!%"/. ,…2ег!=ц,%……/. C!%це““%"[. n“…%"…/м, 
цел м, o!%г!=мм/  "л ю2“ :

=…=л,ƒ , %це…*= “%“2% …,  2е.…%л%г,че“*%г% 
!=ƒ",2,  .*%…% м,*,, е‘ %2!=“леL , *%мCле*“%";

"/ "ле…,е %K?ем,!%"/. 2е…де…ц,L 2е.…%л%-
г,че“*%г% !=ƒ",2,  .*%…%м,*,;

-%!м,!%"=…,е , %це…*= Cе!“Cе*2,"…/. “2!=-
2ег,L ,……%"=ц,%……%г% !=ƒ",2,  .*%…%м,*, 
p%““,, , д!.

b%ƒ%K…%"ле…,е C!%г…%ƒ%" 2е.…%л%г,че“*%г% 
!=ƒ",2,  .*%…%м,*, C%“ле м…%г%ле2…ег% Cе!е-
!/"= 2!еK3е2 "%““2=…%"ле…,  C!е›…,. ,…-%!м=-
ц,%……/. *=…=л%" , ,“2%ч…,*%" ге…е!,!%"=…,  
Cе!“Cе*2,"…/. %це…%* !=ƒ",2,  [6]. o!, .2%м 
"=›…% Cе!"%…=ч=ль…% %C,!=2ь“  …= %C/2 C!%-е“-
“,%…=л%" " “-е!е …=3ч…%-2е.…%л%г,че“*%г% , “%-
ц,=ль…%-.*%…% м,че“*%г% C!%г…%ƒ,!%"=…, , C%-
“лед%"=2ель…% !=“ш,!   “%“2=" 3ч=“2…,*%" C!%-
г…%ƒ= , C!,гл=ш=  * -%!м,!%"=…,ю C!%г…%ƒ…/. 
%це…%* C!ед“2=",2елеL *!3C…%г%, “!ед…ег% , м=-
л%г% K,ƒ…е“=.

o!%г…%ƒ 2е.…%л%г,че“*%г% !=ƒ",2,  .*%…%м,-
*, C!едC%л=г=е2, “ %д…%L “2%!%…/, "/ "ле…,е 
Cе!“Cе*2,"…/. %2!=“леL , C%д%2!=“леL, 3“*%!е…-
…%е !=ƒ",2,е *%2%!/. Kл=г%д=!  м3ль2,Cл,*=2,"-
…%м3 .--е*23 K3де2 “%деL“2"%"=2ь !%“23 bbo, = “ 
д!3г%L, C%,“* “%“2="= Cе!“Cе*2,"…/. л,K% м%-
де!…,ƒ,!3ем/. 2е.…%л%г,L, “C%“%K…/. %Kе“Cе-
ч,2ь 2=*%е !=ƒ",2,е.

dл  2е.…%л%г,че“*,. C!%це““%", = 2=*›е -%!-
м,!%"=…,  %!г=…,ƒ=ц,%……%-C!="%"%L “!ед/, 
Kл=г%C!, 2“2"3ю?еL 2е.…%л%г,че“*%м3 !=ƒ",-

2,ю, …е%K.%д,м/ ме›д,“ц,Cл,…=!…/е ,““лед%-
"=…,  , 3“,л,  м…%г,. …=3ч…/. *%лле*2,"%" ,ƒ 
!=ƒл,ч…/. %2деле…,L p`m.

b …=“2% ?ее "!ем  C!=*2,че“*, %2“32“2"3е2 
“,“2ем=2,ƒ,!%"=……=  д%“2%"е!…=  “2=2,“2,че“*=  
,…-%!м=ц,  …е 2%ль*% % Cе!“Cе*2,"…/. %2ече“2-
"е……/. 2е.…%л%г, ., ,. *%…*3!е…2%“C%“%K…%“2,, 
…% , % “%“2="е деL“2"3ю?,. 2е.…%л%г,L. Š=*›е 
"=›…% "/ ",2ь 2е Cе!“Cе*2,"…/е 2%ч*, !%“2= 
,л, 2е.…%л%г,че“*,е *л=“2е!/ !%““,L“*%L .*%-
…%м,*,, C!,%!,2е2…/е “ 2%ч*, ƒ!е…,  …=ц,%-
…=ль…/. ,…2е!е“%", дл  !е=л,ƒ=ц,, *%2%!/. %2-
“32“2"3ю2 *%…*3!е…2%“C%“%K…/е %2ече“2"е……/е 
2е.…%л%г,,.

o%л3че……=  C!%г…%ƒ…=  ,…-%!м=ц,  % “%“2="е 
*%…*3!е…2%“C%“%K…/. 2е.…%л%г,L м%›е2 K/2ь 
,“C%льƒ%"=…= дл  %!,е…2=ц,, " “%%2"е2“2",, “ 
…=ц,%…=ль…/м, ,…2е!е“=м, %2ече“2"е……%г% 
…=3ч…%-2е.…%л%г, че“*%г% C%2е…ц,=л= …= !=ƒ!=-
K%2*3 …%"/. , м%де!…,ƒ=ц,ю деL“2"3ю?,. 2е.-
…%л%г,L, = 2=*›е дл  -%!м,!%"=…,  2!еK%"=…,L 
* ,мC%!2,!3ем/м 2е.…%л%г, м “ 2%ч*, ƒ!е…,  ,. 
*%…*3!е…2%“C%“%K…%“2, , “%C! ›‘……%“2, “% 
“ме›…/м, !%““,L“*,м, 2е.…%л%г, м,.

g=*люче…,е. o!%Kлем/ -%!м,!%"=…,  ме.=-
…,ƒм%" , 3“л%",L Cе!е.%д= * ,……%"=ц,%……%-2е.-
…%л%г,че“*%м3 !=ƒ",2,ю .*%…%м,*,, %“…%"=……%-
м3 …= Cе!“Cе*2,"…/. ,……%"=ц, . , *%…*3!е…2%-
“C%“%K…/. 2е.…%л%г, .,  "л ю2“  “%“2="…%L ч=-
“2ью …%"%L %Kл=“2, ,……%"=ц,%……%L .*%…%м,*,. 
nд…=*% м…%г%%K!=ƒ,е , “л%›…%“2ь "%ƒ…,*=ю?,. 
C!, .2%м C!%Kлем 2!еK3ю2 3"ел,че…,  м=“ш2=-
K%" ,““лед%"=…,L …=C!="ле…,L, 3“л%",L , *%…-
*!е2…/. C32еL Cе!е.%д= * ,……%"=ц,%……%L .*%-
…%м,*е.

a,Kл,%г!=-,че“*,е ““/л*,

1. `ле*“=…д!%" m.h., j%м*%" m.h. l%дел,!%"=…,е 
%!г=…,ƒ=ц,, , 3C!="ле…,  !еше…,ем …=3ч…%-2е.…,че-
“*,. C!%Kлем. l.: m=3*=, 1988. 216 “.

2. l=Lм,…=“ e.g., Š=мK%"це" b.k., t%…%2%" `.c. 
0ел, , !е“3!“/ " Cе!“Cе*2,"…%м Cл=…,!%"=…,, / `m 
qqqp, 0}lh, o!%Kлем/ “%"е2“*%L .*%…%м,*,. l.: 
m=3*=, 1985. 261“.

3. lе2%д,че“*,е "%C!%“/ %!г=…,ƒ=ц,%……%-.*%…%-
м,че“*%г% ме.=…,ƒм= C!%г!=мм…%-целе"%г% 3C!="ле-
…,  …=3ч…%-2е.…,че“*,м !=ƒ",2,ем. l.: h}o mŠo 
`m qqqp, 1989.

4. “!‘ме…*% ~.b. Šе%!,  , ме2%д%л%г,  ,““лед%"=-
…,  м…%г%3!%"…е"%L .*%…%м,*,: hƒK!. 2!3д/ " 3 *…. j…. 
1. l.: m=3*=, 1997. 400 “.

5. “…ч }. o!%г…%ƒ,!%"=…,е …=3ч…%-2е.…,че“*%г% C!%-
г!е““=. l.: o!%г!е““, 1974. 586 “.

6. o!%Kлем/ , Cе!“Cе*2,"/ 2е.…%л%г,че“*%г% %K…%"-
ле…,  !%““,L“*%L .*%…%м,*, / o%д !ед. b.b. h"=…2е!=, 
m.h. j%м*%"= l.: l`jq o!е““, 2007. 740 “.
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rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

o!,ме…е…,е ме2%д%" -,ƒ,*%-м=2ем=2,че“*%г% 
м%дел,!%"=…,  , 2!,K%“Cе*2!=ль…%L ,де…2,-,*=-
ц,, дл  м%…,2%!,…г= -!,*ц,%……/. ме.=…,че“*,. 
“,“2ем. bе“2…,* м=ш,…%“2!%е…, . 2009. 1 5.

p=““м%2!е…/ "%C!%“/ C!%"е!*, C!%е*2…/. !е-
ше…,L, ,““лед%"=…, , %C2,м,ƒ=ц,,, C!%г…%ƒ,!%-
"=…,  "/.%д…/. 2!,K%.=!=*2е!,“2,* -!,*ц,%…-
…/. ме.=…,че“*,. “,“2ем …= “2=д,, ,. C!%е*2,-
!%"=…, , “2е…д%"/. , л=K%!=2%!…/. ,““лед%"=-
…,L, C!, м=*е2…/. , д%"%д%ч…/. ,“C/2=…, . …= 
%“…%"е ме2%д= -,ƒ,*%-м=2ем=2,че“*%г% м%дел,-
!%"=…,  …= C!,ме!е м%дел,!%"=…,  -!,*ц,%…-
…%г% *%…2=*2= C%д“,“2ем/ &2%!м%ƒ…%L д,“* # 
2%!м%ƒ…=  *%л%д*=[ ="2%м%K,ль…%г% 2!=…“C%!2-
…%г% “!ед“2"=. o!,"еде…/ !еƒ3ль2=2/ .*“Cе!,-
ме…2=ль…/. ,““лед%"=…,L C%д“,“2ем/ &2%!м%ƒ-
…%L д,“* # 2%!м%ƒ…=  *%л%д*=[ " ",де ч=“2%2…/. 
.=!=*2е!,“2,*, ,. “" ƒь “ 2емCе!=23!…/м, C!%-
це““=м, , “ C%м%?ью м=2ем=2,че“*%L м%дел, 
,де…2,-,ц,!%"=…/ д,…=м,че“*,е …=г!3ƒ*, " 
2!=…“м,““,, ="2%м%K,ль…%г% 2!=…“C%!2…%г% “!ед-
“2"= 2,C= &c=ƒель[.

lе2%д/ ",K!=ц,%……%г% *%…2!%л  …= C!,ме!е д,-
=г…%“2,*, г,д!="л,че“*,. K3!%"/. “2=…*%". c%!…%е 
%K%!3д%"=…,е , .ле*2!%ме.=…,*=. 2009. 1 5.

o!%"ед‘… =…=л,ƒ “3?е“2"3ю?,. ме2%д%" ",K-
!%д,=г…%“2,*,, д=…= %це…*= “2еCе…, "%ƒм%›…%-
“2, ,. ,“C%льƒ%"=…,  дл  !еше…,  ! д= *%…-
*!е2…/. C!=*2,че“*,. ƒ=д=ч, %це…‘… 3!%"е…ь 
=CC=!=2…%L !е=л,ƒ=ц,, ме2%д%". p=““м%2!е…/ 
!еƒ3ль2=2/ -%!м,!%"=…,  “л3ч=L…/. ",K!=ц,-
%……/. C!%це““%" …= %“…%"…/. =г!ег=2=. г,д!="-
л,че“*%г% *=!ье!…%г% K3!%"%г% “2=…*=. o%*=ƒ=…%, 
ч2% “ C!,ме…е…,ем “%"!еме……/. ме2%д%" ",K-
!=ц,%……%L д,=г…%“2,*, C% "л е2“  "%ƒм%›-
…%“2ь дл  “"%е"!еме……%г% %K…=!3›е…,  %“…%"-
…/. де-е*2%" %K%!3д%"=…,  , C!%г…%ƒ,!%"=…,  
2е.…,че“*%г% “%“2% …,  3ƒл%" , ме.=…,ƒм%". 
hƒл%›е…/ %“…%"…/е C!%Kлем/ !=ƒ!=K%2*, ме-
2%д,*, .*“Cе!2,ƒ/ C!%м/шле……%L Kеƒ%C=“…%-
“2, *=!ье!…/. K3!%"/. “2=…*%" …= C!,ме!е 
“2=…*%" 2,C= DML.

rчеK…/L “2е…д дл  ,ƒ3че…,  “,“2ем C%›=!…%L 
="2%м=2,*, ƒд=…,L. aеƒ%C=“…%“2ь ›,ƒ…еде 2ель-
…%“2,. 2009. 1 5.

nK%“…%"=…= цель “%ƒд=…,  3чеK…%г% “2е…д=, 
C!ед“2="ле…% ег% *!=2*%е %C,“=…,е. b “%“2=" 
3чеK…%г% “2е…д= ".%д 2 2е.…,че“*,е “!ед“2"= “,“-
2ем/ C%›=!…%L “,г…=л,ƒ=ц,, , “,“2ем/ %C%"е-

?е…,  , 3C!="ле…,  ."=*3=ц,еL. rчеK…/L “2е…д 
-3…*ц,%…=ль…%  "л е2“  2!е…=›‘!%м дл  "/!=-
K%2*, …="/*%" 3C!="ле…,  .2,м, “,“2ем=м,. 
o!,ме… е2“  " л=K%!=2%!…%L C!=*2,*е C% *3!“3 
&aеƒ%C=“…%“2ь ›,ƒ…еде 2ель…%“2,[ C!, C%дг%2%"-
*е K=*=л="!%" , “Cец,=л,“2%" "“е. …=C!="ле…,L , 
“Cец,=ль…%“2еL "3ƒ=. l%›е2 K/2ь ,“C%льƒ%"=… 
C!, C%дг%2%"*е де›3!…%г% Cе!“%…=л= C%›=!…/. 
C%“2%", д,“Cе2че!“*,. ,л, д!3г,. “Cец,=ль…/. 
C%ме?е…,L.

pеƒ3ль2=2/ .*“Cе!,ме…2=ль…/. ,““лед%"=…,L 
="2%м%K,леL, %“…=?‘……/. “!ед“2"=м, ="2%м=2,-
*,. c!3ƒ%",*, “2!%,2ель…%-д%!%›…/е м=ш,…/, ="-
2%K3“, 2!%ллеLK3“, 2!=м"=L. 2009. 1 5.

p=ƒ!=K%2=…= ="2%м=2,че“*=  “,“2ем=, %Kе“Cе-
ч,"=ю?=  3C!="ле…,е 2 г%L ="2%м%K,л , 2!=е*2%-
!,еL ег% д",›е…, , C%л%›е…,ем *3ƒ%"=, 2%!м%›е-
…,ем , …=",г=ц,еL. nC,“=…= %K?=  “.ем= !=ƒ!=-
K%2=……%L ="2%м=2,че“*%L “,“2ем/. o!%"ед‘… 
=…=л,ƒ , C!,"еде…/ !еƒ3ль2=2/ ,“C/2=…,L ="2%-
м%K,леL, %“…=?‘……/. !=ƒ!=K%2=……%L ="2%м=2,-
че“*%L “,“2ем%L.

h““лед%"=…,е 2!,K%2е.…,че“*,.  "ле…,L " …е-
“2=ц,%…=!…/. C!%це““=. , …е*%2%!/е %C2,м,ƒ=ц,-
%……/е !еше…, . Š!е…,е , “м=ƒ*= " м=ш,…=. , ме-
.=…,ƒм=.. 2009. 1 5.

o!%=…=л,ƒ,!%"=…/ “2!3*23!…/е ,ƒме…е…,  м=-
2е!,=л%" 2!3?,.“  2"‘!д/. 2ел " м=“л%%.л=›д=е-
м/. -!,*ц,%……/. C=!=. 2!е…, . ),“ле……% !еше-
…= 2еCл%"=  ƒ=д=ч= 2!е…,  “*%ль›е…,  дл  д,“*%-
"%г% 2%!м%ƒ= *%л‘“…%г% 2!=*2%!= &aел=!3“ь[ C!, 
Cе!е.%де * !е›,м3 2!е…,  Kеƒ “м=ƒ%ч…%г% м=2е-
!,=л=. p=““м%2!е…/ м=2е!,=л%"едче“*,е C%д.%д/ 
* “…,›е…,ю ",K!=ц,, , ш3м= " 2%!м%ƒ…/. 3“2-
!%L“2"=. м=ш,…. o!,"ед‘… *%…еч…%-.леме…2…/L 
!=“ч‘2 …=C! ›‘……%-де-%!м,!%"=……%г% “%“2% …,  
2%!м%ƒ…/. д,“*%". nK“3›де…/ !е*%ме…д=ц,, C% 
,ƒме…е…,ю *%…“2!3*ц,, 2%!м%ƒ…/. д,“*%" “ це-
лью “…,›е…,  "…32!е……,. %“2=2%ч…/. …=C! ›е-
…,L "% -!,*ц,%……%м м=2е!,=ле.

`лг%!,2м/ д,=г…%“2,*, “%"!еме……%г% ="2%2!=…-
“C%!2=. j%…2!%ль. d,=г…%“2,*=. 2009. 1 5.

nC,“=…/ “2!3*23!/ , C!,…ц,C/ деL“2",  “%-
"!еме……/. , Cе!“Cе*2,"…/. =лг%!,2м%" д,=г…%-
“2,*, ="2%м%K,леL. p=““м%2!е…/ %“…%"…/е =лг%-
!,2м/ д,=г…%“2,*,: C% C!%Kег3, “ -,*“,!%"=…,-
ем …еш2=2…%L “,23=ц,,, “ .*!=…=м, “%“2% …,  
“,“2ем/, “ ц,*л,че“*%L ƒ=C,“ью C=!=ме2!%", =л-
г%!,2м 3д=л‘……%L д,=г…%“2,*,. n2мече…/ C!е-

nagnp oephndh)eqjni oe)`Šh
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,м3?е“2"= , …ед%“2=2*, “3?е“2"3ю?,. =лг%!,2-
м%", %C!еделе…/ 2е…де…ц,, !=ƒ",2,  д,=г…%“2,-
*, ="2%м%K,ль…%г% 2!=…“C%!2=. 

o!ед"=!,2ель…/L "/K%! , %C2,м,ƒ=ц,  …=-
д‘›…%“2, ="2%м=2,че“*%г% “K%!%ч…%г% %K%!3д%"=-
…, . qK%!*= " м=ш,…%“2!%е…,,, C!,K%!%“2!%е…,,. 
2009. 1 5.

m= “2=д,, C!%е*2,!%"=…,  ="2%м=2,ƒ,!%"=…-
…/. “K%!%ч…/. л,…,L "=›…% "/K!=2ь %C2,м=ль-
…/L 3!%"е…ь …=д‘›…%“2, “K%!%ч…%г% %K%!3д%"=-
…, , C!, *%2%!%м "“е ƒ=2!=2/, “" ƒ=……/е “ ег% 
.*“Cл3=2=ц,еL , C!%,ƒ"%д“2"%м, K3д32 м,…,-
м=ль…/м,.

g=д=ч= %C!еделе…,  %C2,м=ль…%L …=д‘›…%“2, 
“K%!%ч…%г% м%д3л  !еш=е2“  ме2%д%м "/K%!= !=-
ц,%…=ль…%г% !=“C!еделе…,  …=д‘›…%“2, C% %2-
дель…/м “%“2="л ю?,м м%д3ль ме.=…,ƒм=м , 
3ƒл=м.

lе2%д/ 3ч‘2= м…%г%"=!,=…2…%“2, !=ƒ!=K=2/-
"=ем/. д%*3ме…2%" " л%*=ль…/. q`op 2е.…%л%г,-
че“*,. C!%це““%" *%"*,. g=г%2%",2ель…/е C!%,ƒ-
"%д“2"= " м=ш,…%“2!%е…,,. 2009. 1 6.

p=““м%2!е…/ "%C!%“/ 3“%"е!ше…“2"%"=…,  
“,“2ем/ ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  
2е.…%л%г,че“*,. C!%це““%" *%"*, дл  3ч‘2= м…%-
›е“2"= "=!,=…2%" !=ƒ!=K=2/"=ем%L д%*3ме…2=ц,, 
C%д %д…,м , 2ем ›е %K%ƒ…=че…,ем. p=ƒ!=K%2=……/е 
ме2%д/ C%ƒ"%л ю2 C!%е*2,!%"=2ь " л%*=ль…/. 
q`op …е“*%ль*% "=!,=…2%" 2е.…%л%г,че“*,. C!%-
це““%" *%"*,, …е C!,Kег=  * ,“C%льƒ%"=…,ю д%!%-
г%“2% ?,. “,“2ем 3C!="ле…,  д%*3ме…2%%K%!%-
2%м, = !=ƒ!=K%2=……%е C!%г!=мм…%е %Kе“Cече…,е 
%Kлегч=е2 ,…2ег!=ц,ю л%*=ль…/. “,“2ем " C!%-
г!=мм…/е C!%д3*2/, !е=л,ƒ3ю?,е CALS-2е.…%-
л%г,,.

q,“2ем/ дл  ="2%м=2,ƒ,!%"=……%L %це…*, *%м-
Cле*“= .=!=*2е!,“2,* ше!%.%"=2%“2, *%…2=*2…/. 
C%"е!.…%“2еL. Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=-
…,ƒм=.. 2009. 1 7.

nC,“=…/ 3“2!%L“2"% , C!,…ц,C деL“2",  !=ƒ-
!=K%2=……/. ме2!%л%г,че“*,. “,“2ем `oo-1 , 
`oo-2, C!ед…=ƒ…=че……/. дл  %C!еделе…,  , !е-
г,“2!=ц,, " ="2%м=2,ƒ,!%"=……%м !е›,ме “%"%-
*3C…%“2, .=!=*2е!,“2,* ше!%.%"=2%“2, C%"е!.-
…%“2еL *%…“2!3*2,"…/. .леме…2%", ".%д ?,. " 
*%…2=*2 д!3г “ д!3г%м, 2!=…“C%!2,!3ем/. , %K!=-
K=2/"=ем/. “!ед=м, , C%д"е!г=ю?,.“  2!е…,ю , 
,ƒ…=ш,"=…,ю.

ŠеCл%"%е “%“2% …,е C=!/ 2!е…,  *%!!%ƒ,%……%-
“2%L*=  “2=ль $ “=м%“м=ƒ/"=ю?,L“  *%мC%ƒ,ц,-
%……/L м=2е!,=л. Š!е…,е , “м=ƒ*= " м=ш,…=. , ме-
.=…,ƒм=.. 2009. 1 7.

p=““м%2!е…/ %“…%"…/е C!,…ц,C/ C%дK%!= “=-
м%“м=ƒ/"=ю?ег%“  *%мC%ƒ,ц,%……%г% =…2,-!,*-
ц,%……%г% м=2е!,=л=, %Kе“Cеч,"=ю?ег% !=K%2%-
“C%“%K…%“2ь 2 ›ел%…=г!3›е……/. %C%! “*%ль›е-
…, , C!,ме… ем/. дл  целеL “еL“м,че“*%L ,ƒ%-

л ц,, “%%!3›е…,L, = 2=*›е дл  демC-,!%"=…,  , 
д,““,C=ц,, .…е!г,, “еL“м,че“*%г% “,л%"%г% 
"%ƒдеL“2", . p=ƒ!=K%2=… C%д.%д дл  %C!еделе…,  
2еCл%"%г% “%“2% …,  " *%…2=*2е Cл%“*%L 2 ›ел%-
…=г!3›е……%L %C%!/ “*%ль›е…,  “ C!,ме…е…,ем 
“%"!еме……/. "/ч,“л,2ель…/. ме2%д%". q!="…е…,е 
!еƒ3ль2=2%" !=“ч‘2%" “ .*“Cе!,ме…2=ль…/м, д=…-
…/м, C%*=ƒ=л% 3д%"ле2"%!,2ель…3ю “.%д,м%“2ь. 
lе2%д !=“ч‘2= 2емCе!=23!/ " ƒ%…е *%…2=*2= , …= 
гл3K,…е C%д C%"е!.…%“2ью *%…2=*2= C%ƒ"%л е2 
“!="…,2ь !еƒ3ль2=2/ !=“ч‘2%" “ ,ƒме!е…, м, 
%KA‘м…%L 2емCе!=23!/ …= …е*%2%!%L гл3K,…е %2 
C%"е!.…%“2, 2!е…, , = 2=*›е C!%,ƒ"%д,2ь %це…*3 
, C%дK%! =…2,-!,*ц,%……/. м=2е!,=л%" C% ,. 
2емCе!=23!…%L “2%L*%“2,.

c,!%“*%C/ " “,“2ем=. г,!%“*%C,че“*%L “2=-
K,л,ƒ=ц,,. h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 
2009. 1 7.

nC,“=… C!,…ц,C деL“2",  г,!%“*%C= “ 2"‘!д%-
2ель…/м !%2%!%м " “%“2="е г,!%“*%C,че“*,. 
“,“2ем “2=K,л,ƒ=ц,,. p=““м%2!е…/ %“%Kе……%“2, 
-3…*ц,%…,!%"=…,  “,“2ем “2=K,л,ƒ=ц,, “ C!,-
ме…е…,ем !=ƒл,ч…/. 2,C%" г,!%“*%C%". o!,"е-
де…% %C,“=…,е “,“2ем “2=K,л,ƒ=ц,,, “%ƒд=……/. 
…= *=-ед!е &o!,K%!/ 3C!="ле…, [ Š3ль“*%г% 
г%“3д=!“2"е……%г% 3…,"е!“,2е2=.

qC%“%K д%%!,е…2=ц,, ›‘“2*,. 3Cл%2…е…,L C!, 
,. ="2%м=2,ƒ,!%"=……%L 3“2=…%"*е …= “%C! г=ем3ю 
C%"е!.…%“2ь 3ƒл=. qK%!*= " м=ш,…%“2!%е…,,, C!,-
K%!%“2!%е…,,. 2009. 1 7.

nC,“=…= *%…“2!3*ц,  =д=C2,!3ю?ег% 3“2!%L-
“2"= дл  ="2%м=2,ƒ,!%"=……%L 3“2=…%"*, Cл%“*,. 
›‘“2*,. 3Cл%2…е…,L. o%л3че…/ …е%K.%д,м/е 3“-
л%",  C% 2%ч…%“2, “%"ме?е…,  “%C! г=ем/. C%-
"е!.…%“2еL, “,л%"/м "%ƒдеL“2", м …= “%ед,… е-
м3ю де2=ль , K/“2!%деL“2",ю 3“2=…%"*, 3Cл%2-
…е…,L. o!едл%›е……/L “C%“%K %Kе“Cеч,л …=д‘›-
…3ю !=K%23 " 3“л%", . C!%,ƒ"%д“2"=.

o!,ме…е…,е ="2%м=2,ƒ,!%"=……%L 3“2=…%"*, …= 
K=ƒе .=!=*2е!,%г!=-= &}!K,L-7107[ дл  ,““ле-
д%"=…,  .ле*2!%-,ƒ,че“*,. “"%L“2" ldo-“2!3*-
23!, “%де!›=?,. …=…%!=ƒме!…/е Cл‘…*, kе…г-
мю!=$aл%д›е22. m=…%- , м,*!%“,“2ем…=  2е.-
…,*=. 2009. 1 7.

nC,“=…= ="2%м=2,ƒ,!%"=……=  3“2=…%"*= дл  
,““лед%"=…,  .ле*2!,че“*,. “"%L“2" ldo-
“2!3*23!, “%де!›=?,. …=…%!=ƒме!…/е Cл‘…*,. 
p=““м%2-!е…/ *%…“2!3*2,"…/е %“%Kе……%“2, ,ƒ-
ме!,2ель…%L 3“2=…%"*,, “.ем= е‘ “%C! ›е…,  “ 
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