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),“ле……/м ме2%д%м “е2%* …= %“…%"е C!%г!=мм/ Ansoft HFSS C!%"ед‘… =…=л,ƒ .ле*2!%д,-
…=м,че“*,. C=!=ме2!%" “%гл=“3ю?ег% Cе!е.%д= ме›д3 …е“,мме2!,ч…/м, ?еле"%L , !‘Kе!-
…%-д,.ле*2!,че“*%L л,…, м,,  "л ю?,м,“  %“…%"…/м, л,…, м, Cе!ед=ч,, …= %“…%"е *%2%-
!/. “2!% 2“  K=ƒ%"/е .леме…2/ Cл%“*%“2…/. , %KA‘м…/. ,…2ег!=ль…/. “.ем д,=C=ƒ%…%" 
qb) , jb). o!ед“2="ле…/ .леме…2/ м=2!,ц/ !=““е …,  Cе!е.%д= , д=… ,. -,ƒ,че“*,L 
=…=л,ƒ.

jлюче"/е “л%"=: %KA‘м…/е ,…2ег!=ль…/е “.ем/ qb) , jb), !‘Kе!…%-д,.ле*2!,че“*=  л,-
…, , C%л%“%"%L -,ль2! “ %“ьм,"%л…%"/м, “" ƒ м,.

Electrodynamic parameters analysis of the coordinating transfer between asymmetrical slot and 
costal-dielectric lines is carried out by using numerical method from a program Ansoft HFSS. These 
lines are basic transfer lines for basic elements building of the planar and volumetric integral 
layouts in microwaves (SVCh) and the highest frequencies (KVCh) ranges. Transfer dispersion 
matrix elements are introduced and their physical analysis is adduced.

Key words: volumetric integral layouts of microwaves (SVCh)  and highest frequencies (KVCh),  
costal-dielectric line,  pass band filter  with λ/8 connections.

b"еде…,е. nд…,м, ,ƒ %“…%"…/. 2,C%" л,…,L 
Cе!ед=ч, (ko) дл  %KA‘м…/. ,…2ег!=ль…/. “.ем 
(nhq) д,=C=ƒ%…%" qb) , jb)  "л ю2“  …е“,м-
ме2!,ч…=  ?еле"=  л,…,  (myk) , !‘Kе!…%-
д,.ле*2!,че“*=  л,…,  (pdk) [1−10]. b Cл%“*%-
“2…/. ,…2ег!=ль…/. “.ем=. (hq) Kóльшее C!,ме-
…е…,е …=.%д,2 myk, …= %“…%"=…,, *%2%!%L 
“2!% 2“  м…%г,е K=ƒ%"/е .леме…2/ (a}) “ *=че“2-
"е……% …%"/м, C% “!="…е…,ю “ a} …= “,мме2!,ч-
…%L ?еле"%L л,…,, (qyk) “"%L“2"=м, [1−4]. 
n“%Kе……% .2% C!% ",л%“ь C!, “%ƒд=…,, C%л%“%-
"/. -,ль2!%" “ %“ьм,"%л…%"/м, “" ƒ м, [2, 11], 
%Kе“Cеч,"=ю?,м, =мCл,23д…%-ч=“2%2…3ю .=!=*-
2е!,“2,*3 (`)u) -,ль2!= (“%гл=“3ю?ег% 3“2!%L-
“2"=) “ …=,K%лее *!32/м, “*л%…=м, (.лл,C2,че-
“*=  ,л, ƒ%л%2=!‘"“*=  `)u). n2ме2,м, ч2% “%ƒ-
д=…,е -,ль2!%" “ 2=*,м, .=!=*2е!,“2,*=м, "%ƒ-
м%›…% 2%ль*% “ ,“C%льƒ%"=…,ем nhq qb) [2, 11].

b …=“2% ?ее "!еме…  д%“2=2%ч…% C%д!%K…% 
!=ƒ!=K%2=…/ %“…%"/ 2е%!,,, м=2ем=2,че“*%г% 
м%дел,!%"=…,  , ="2%м=2,ƒ,!%"=……%г% C!%е*2,-
!%"=…,  a} nhq, C%“2!%е……/. …= %“…%"е “,м-
ме2!,ч…/. Cл%“*%“2…/. C%л%“*%"%-?еле"/. л,-
…,L Cе!ед=ч, [1a5]. bме“2е “ 2ем K/л% %2мече…% 
[1a3], ч2% K%льш,м, "%ƒм%›…%“2 м, %Kл=д=ю2 a}, 
%“…%"3 *%2%!/. “%“2="л ю2 …е“,мме2!,ч…/е …=-

C!="л ю?,е “2!3*23!/: “%K“2"е……% myk, д"%L-
…=  myk, pdk, “" ƒ=……/е pdk [3a5]. 

nд…,м ,ƒ …е%K.%д,м/. дл  C!=*2,*, a} nhq 
 "л е2“  Cе!е.%д ме›д3 myk , pdk, 2е%!,, *%-
2%!%г% C%“" ?е…= …=“2% ?=  “2=2ь .

o%“2=…%"*= ƒ=д=ч,. l%дель, ме2%д =…=л,ƒ=. 
nK?=  “.ем= !=““м=2!,"=ем%г% Cе!е.%д= myk
⇔ pdk, !=“C%л%›е……%г% " C! м%3г%ль…%м "%л-
…%"%де (a × b), C!ед“2="ле…= …= !,“. 1, =, = …= 
!,“. 1, K C%*=ƒ=… ",д “"е!.3 C! м%3г%ль…%г% "%л-
…%"%д= Kеƒ "е!.…еL *!/ш*,. b !=““м=2!,"=ем%L 
м%дел, "е!.…   , …,›…   “2е…*, "%л…%"%д=  "-
л ю2“  ,де=ль…% C!%"%д ?,м,, ч2% “%%2"е2“2-
"3е2 %д…%м3 .2=›3 (“л%ю) nhq. a%*%"/е “2е…*, 
м%дел,, C%*=ƒ=……/е …= !,“. 2 "е!2,*=ль…/м, 
ш2!,.%"/м, л,…, м,, м%г32 K/2ь *=* ,де=ль…% 
C!%"%д ?,м, (.ле*2!,че“*,м,), 2=* , ,де=ль…% 
м=г…,2…/м, ,л, "%%K!=›=ем/м,, 2=* *=* " деL“2-
",2ель…%“2, " nhq ,. …е2, = …3›…/ %…, ,“*лю-
ч,2ель…% дл  %г!=…,че……%“2, м%дел, C% "2%!%L 
C%Cе!еч…%L *%%!д,…=2е [2, 6−8].

b%C!%“ % “%гл=“%"=…,, ме›д3 C! м%3г%ль…/м 
"%л…%"%д%м “% “л%ем д,.ле*2!,*= (!,“. 2, =) , 
myk “ Cе!е*!/2,ем .*!=…%" (!,“. 2, K) ƒде“ь …е 
!=““м=2!,"=е2“  "",д3 д%“2=2%ч…% C%д!%K…%г% 
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p,“. 1. nK?,L ",д Cе!е.%д= ме›д3 …е“,мме2!,ч…/м, ?еле"%L , !‘Kе!…%-д,.ле*2!,че“*%L л,…, м, (= ) 
, ",д “"е!.3 (K) “% “… 2%L "е!.…еL *!/ш*%L: 

1, 2 # ме2=лл,че“*,е .*!=…/, %K!=ƒ3ю?,е myk; 3, 4 − ме2=лл,че“*,е .*!=…/, %K!=ƒ3ю?,е pdk; 
5 − д,.ле*2!,че“*,L “л%L

     a)                                                                            b)

) ) )

) ) )

p,“. 2. o%Cе!еч…/е “ече…,  C! м%3г%ль…%г% "%л…%"%д= “ "%л…%C%дде!›,"=ю?,м “л%ем %д…%!%д…%г% д,.ле*2!,*= (=), 
…е“,мме2!,ч…%L ?еле"%L л,…,еL “ Cе!е*!/2,ем %K!=ƒ3ю?,. .*!=…%" (K), …е“,мме2!,ч…%L ?еле"%L л,…,еL “ …еCе!е-
*!/2,ем %K!=ƒ3ю?,. .*!=…%" (") , !‘Kе!…%-д,.ле*2!,че“*%L (г) л,…,еL, *=!2,…/ C%леL %“…%"…/. "%л… …е“,мме2!,ч-

…%L ?еле"%L л,…,, (д) , !‘Kе!…%-д,.ле*2!,че“*%L л,…,, (е)
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=…=л,ƒ=, C!%"ед‘……%г% " !=K%2=. [1, 5]. o%льƒ3 “ь 
м=2!,ч…/м, ме2%д=м, л,…еL…/. “.ем , ƒ…=  
м=2!,ц/ !=““е …,  (Cе!ед=ч,), м%›…% 3че“2ь 
"л, …,е .2,. .леме…2%" …= %K?,е .=!=*2е!,“2,-
*, Cе!е.%д= " цел%м.

hƒ"е“2…/ ме2%д/, C!,ме… ем/е C!, .ле*2!%-
д,…=м,че“*%м =…=л,ƒе !ег3л !…/. , …е!ег3л !-
…/. ko, “%“2="л ю?,е %“…%"3 !=““м=2!,"=ем%г% 
Cе!е.%д=. `…=л,ƒ C%м%г=е2 C!, %“3?е“2"ле…,, 
C=!=ме2!,че“*%г% “,…2еƒ= “2!3*23!, C%д%K…/. 
!=““м=2!,"=ем%L [2 − 4]. rч,2/"=  д%“2=2%ч…3ю 
Cл="…%“2ь %K!=ƒ3ю?,. Cе!е.%д= %2 myk “ Cе!е-
*!/2,ем .*!=…%" * myk “ …еCе!е*!/2,ем, м%›-
…% K/л% K/ "%“C%льƒ%"=2ь“  ƒ=!е*%ме…д%"="ш,м 
“еK  ме2%д%м C%Cе!еч…/. “ече…,L (loq) [12]. 
nд…=*% C!,“32“2",е " м%дел, д,“*!е2…%г% "*лю-
че…,  pdk " Cл="…3ю л,…,ю Cе!ед=ч, "! д л, 
%C!="д/"=е2 ,“C%льƒ%"=…,е loq дл  =…=л,ƒ= 
.2%L “2!3*23!/. hде%л%г,  Cл="…%г% Cе!е.%д= 
myk ⇔  myk C% “3?е“2"3 ƒ=,м“2"%"=…= ,ƒ “.е-
м/ ш,!%*% ,ƒ"е“2…%L =…2е……/ b,"=льд,. dл  
=…=л,ƒ= “"%L“2" !ег3л !…/. л,…,L Cе!ед=ч,, …= 
*%2%!/. C%“2!%е… Cе!е.%д, C%д.%д,2, …=C!,ме! 
ме2%д c.b. j,“3…ь*% (l)n) [13], = 2=*›е ,…/е 
ч,“ле……/е ме2%д/. rч,2/"=  “л%›…%“2ь “2!3*23-
!/, %“2=…%",м“  …= ч,“2% "/ч,“л,2ель…%L C!%-
цед3!е # ме2%де “е2%* [6]. 

qег%д…  ,мее2“  м…%›е“2"% C!%г!=мм, %“3?е“2-
"л ю?,.“  ме2%д%м “е2%*. o!%г!=мм/ Ansoft 
HFSS [14, 15] C%*=ƒ=л,“ь …=,K%лее C%д.%д ?,-
м,, C%.2%м3 %…, , K/л, C!,ме…е…/ дл  =…=л,ƒ= 
"“еL “2!3*23!/ Cе!е.%д=.

d=……/е …е*%2%!/. ч,“ле……/. %C/2%". jлюче-
"/м м%ме…2%м  "л е2“  "%C!%“ % ме“2е C%д*люче-
…,  …е“,мме2!,ч…%L pdk (!,“. 2, г) * Cл="…% ,ƒме-
… ю?еL “"%, C=!=ме2!/ (C% %“, z) myk (!,“. 2, "). 
hƒ C!=*2,*, C!%е*2,!%"=…,  , C%“2!%е…,  a}, = 
2=*›е 2е%!,, …е!ег3л !…/. ko ,ƒ"е“2…%, ч2% C!е%K-
!=ƒ%"=…,е %д…%г% 2,C= !=K%чеL "%л…/ …е*%2%!%L 
ko " д!3г%L !=K%ч,L (л,K% C=!=ƒ,2…/L) 2,C "%л-
…/ ko 2%г% ›е ,л, ,…%г% 2,C= %“3?е“2"л е2“  ƒ= 
“ч‘2 д"3. -,ƒ,че“*,. .--е*2%": !="е…“2"= C%“2%-
 ……/. !=“C!%“2!=…е…,  .2,. 2,C%" "%л… , (,л,) 
!="е…“2"= ,. "%л…%"/. “%C!%2,"ле…,L. t%!м=ль…% 
.2% “лед3е2 ,ƒ -%!м3л/ j,“3…ь*%–tельд= " 2е%-
!,, "%ƒK3›де…,  ko [2]. 

b .2%м %2…%ше…,, !=“C!еделе…,е C%леL " C%-
Cе!еч…/. “ече…, . !=K%ч,. "%л… myk (!,“. 2, д) 
, pdk (!,“. 2, е) %2"еч=е2 -%!м3ле j,“3…ь*%#
tельд=: *%…“2,23ц,, C%леL (“м. !,“. 2) " …е*%2%-
!%м “м/“ле &C%.%›,[ д!3г …= д!3г=.

g=",“,м%“2, C%“2% ……/. !=“C!%“2!=…е…,  (ƒ=-
медле…,L) 3C%м …32/. (C%"е!.…%“2…/.) "%л… %2 
%2…%“,2ель…%г% !=““2% …,  s ме›д3 .*!=…=м,, 
%K!=ƒ3ю?,м, myk , pdk Cе!е.%д=, C%*=ƒ=…/ 
…= !,“. 3. h. %2…%“,2ель…=  Kл,ƒ%“2ь 2%ль*% 
C!едC%л=г=е2 "%ƒм%›…%“2ь .--е*2,"…%г% C!е%K-

p,“. 3. )=“2%2…/е .=!=*2е!,“2,*, ƒ=медле…,  
!ег3л !…/. …е“,мме2!,ч…/. ?еле"%L , !‘Kе!…%-
д,.ле*2!,че“*%L л,…,L

2,2

1,8

1,4

d/λ0 = 0,04 ε = 9,8

0               0,2             0,4             0,6  s/λ0

d/λ0 = 0,04 ε = 9,8

0              0,2            0,4             0,6  s/λ0

p,“. 4. )=“2%2…/е .=!=*2е!,“2,*, "%л…%"/. “%-
C!%2,"ле…,L Zpi …е“,мме2!,ч…/. ?еле"%L , !‘-
Kе!…%-д,.ле*2!,че“*%L л,…,L C!, h/λ0 = 0,04

!=ƒ%"=…,  !=K%ч,. "%л… д!3г " д!3г=, …% %*=ƒ/-
"=е2“  …е "C%л…е д%“2=2%ч…%L.

a%лее Cе!“Cе*2,"…/м, дл  .--е*2,"…%г% C!е-
%K!=ƒ%"=…,  "%л… C!ед“2="л ю2“  ƒ=",“,м%“2, 
"%л…%"/. “%C!%2,"ле…,L “%ед,… ем/. ko %2 
!=““2% …,  s ме›д3 %K!=ƒ3ю?,м, ,. .*!=…%" 
(!,“. 4). n2ч‘2л,"% ",д…%, ч2% C!, …е*%2%!%м 
!=““2% …,, ме›д3 .*!=…=м, s/λ0 = 0,12. b%л…%"/е 
“%C!%2,"ле…,  ko, %C!едел‘……/е " -%!м=л,ƒме 
Z(P, I ) (м%?…%“2ь O 2%*), “%"C=д=ю2. o!, …е*%-
2%!/. *%…*!е2…/. !=ƒме!=. a}, д,.ле*2!,че“*%L 
C!%…,ц=ем%“2, ε = 9,8, 2%л?,…е д,.ле*2!,че“*%-
г% “л%  kh = 0,25, 2%л?,…е .*!=…%", %K!=ƒ3ю?,. 
myk , pdk, kt = 0,0004; "%л…%"%е ч,“л% “"%K%д-
…%г% C!%“2!=…“2"= k = ω/c = 2π/λ0, где “ − “*%-
!%“2ь “"е2=.
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m=Lде……%е ƒ…=че…,е C=!=ме2!= (s/λ0 = 0,12) 
K/л% "/K!=…% дл  …=.%›де…,  ,2%г%"/. .=!=*2е-
!,“2,* Cе!е.%д=, *%2%!/е C%*=ƒ=…/ …= !,“. 5. 
l,…,м=ль…%е %2!=›е…,е “%“2="л е2 S11 ≈ 0,11 
(,л, S11 = # 19 дa). o!, .2%м C%л%“= Cе!е.%д= 
%*=ƒ/"=е2“  !="…%L f/f0 ≈ 90 % …= 3!%"…е #3 дa.

dл  “!="…е…,  C!,"ед‘м д=……/е % …еC%“!ед“2-
"е……%м (Kеƒ Cл="…%г% “%гл=“3ю?ег% Cе!е.%д=) 
“%ед,…е…,, myk , pdk, !=““ч,2=……/е C% C!%-
г!=мме HFSS дл  %C2,м=ль…%г% %2…%ше…,  s/λ0 
= 0,12 (S11 > 0,3). hƒ .2,. д=……/. ",д…%, ч2% 
Cл="…%е “%гл=“%"=…,е *!=L…е …е%K.%д,м% C!, 
C!=*2,че“*%м %“3?е“2"ле…,, Cе!е.%д=. b%C!%“ % 
"%ƒм%›…%м “23Cе…ч=2%м Cе!е.%де ƒде“ь …е !=“-
“м=2!,"=л“ .

nче",д…%, “2еCе…ь “%гл=“%"=…,  pdk , myk 
C% ,ƒK!=……%L “.еме м%›…% …е“*%ль*% 3"ел,ч,2ь, 
е“л, !еш,2ь ƒ=д=ч3 "/K%!= …=,л3чшеL 2%ч*, 
“%ед,…е…,  л,…,L. nд…=*% C%-C!е›…ем3 K3де2 
“*=ƒ/"=2ь“  …е“%"C=де…,е “*%!%“2еL !=K%ч,. 
"%л… (“м. !,“. 3).

b/"%д/. nK/ч…% C!%цед3!= C%дг%2%"*, * !=“-
ч‘23 , C%“лед3ю?ем3 =…=л,ƒ3 C%л3че……/. д=…-
…/. 2!еK3е2, "%-Cе!"/., "/“%*%L C!%-е““,%…=ль-
…%L C%дг%2%"*, C!%е*2,!%"?,*= , “2%ль ›е "/-
“%*%L *"=л,-,*=ц,, ,…›е…е!=-м=2ем=2,*=. j=* 
",д…%, C%л3че……/е " !=K%2е ме2%д%м “е2%* д=…-
…/е ч,“ле……/. %C/2%" “ "/“%*%L 2%ч…%“2ью 
“",де2ель“2"3ю2 % ег% .--е*2,"…%“2, , C!=*2,-
че“*, C%л…%м %2“32“2",, C!ед"=!,2ель…%L =…=-
л,2,че“*%L C%дг%2%"*, * “ч‘23. 

p,“. 5. `мCл,23д…%-ч=“2%2…/е .=!=*2е!,“2,*, 
.леме…2%" м=2!,ц/ !=““е …,  S11 , S21 ,““лед%-
"=……%г% Cе!е.%д=

b !еƒ3ль2=2е C%л3че…/ д=……/е (…еC!е!/"…/е 
ƒ=",“,м%“2,) дл  C!,ме…е…,  " C!=*2,*е C!%е*-
2,!%"=…,  л,…,L Cе!ед=ч, , K=ƒ%"/. .леме…2%" 
дл  hq , nhq qb) , jb). 

`"2%!/ "/!=›=ю2 C!,ƒ…=2ель…%“2ь *%мC=…,, 
&p%д…,*[ , *=…д. 2е.…. …=3* `.`. j3!3ш,…3 ƒ= 
C!ед%“2="ле……3ю "%ƒм%›…%“2ь ,“C%льƒ%"=…,  
C!%г!=мм/ Ansoft HFSS.
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p=““м%2!е…= ме2%д%л%г,  м%дел,!%"=…,  …е,“C!="…%“2еL !=д,=ц,%……%г% "%ƒдеL“2",  " 
q`op. o!,"еде…= C!%цед3!= м%д,-,*=ц,, C=!=ме2!%" -3…*ц,%…=ль…%-л%г,че“*%г% 3!%"…  
дл  “%ƒд=…,  …е,“C!="…%г% .леме…2= …= C!,ме!е л%г,че“*,. .леме…2%" h-me , hkh-me.

jлюче"/е “л%"=: ,…2ег!=ль…=  “.ем=, !=д,=ц,%……%е "%ƒдеL“2",е, …=д‘›…%“2ь, q`op, м%дел,-
!%"=…,е, K,Kл,%2е*=.

CAD malfunctions modeling methodology from radiation accounting is considered. Parameters 
modification procedure of the functional-logical level for malfunction element creation as an example 
of logical elements AND-NOT and OR-NOT is adduced.

Key words: integral layout, radiation accounting, reliability, CAD, modeling, library.

o!, “%“2="ле…,, 2е“2%" ,…2ег!=ль…/. “.ем 
(hq) %д…%L ,ƒ Cе!"%%че!ед…/. ƒ=д=ч  "л е2“  
%C!еделе…,е *л=““%" …е,“C!="…%“2еL, "/ "л е-
м/. 2е“2%м. m=,K%лее !=“C!%“2!=…е…= м%дель 
%д,…%ч…%L *%…“2=…2…%L …е,“C!="…%“2,, "/ "-
л ю?еL 2=*,е де-е*2/, *=* ƒ=м/*=…,е “ ш,…%L 
C,2=…,  , ƒемл‘L. 

a%льш,…“2"% ,ƒ"е“2…/. “,“2ем 2е.…,че“*%г% 
д,=г…%“2,!%"=…,  %!,е…2,!%"=…/ …= "/ "ле…,е 
,ме……% %д,…%ч…/. *%…“2=…2…/. …е,“C!="…%-
“2еL, C!, .2%м " …,. …ельƒ  “м%дел,!%"=2ь …е-
,“C!="…%“2,, "/ƒ"=……/е !=д,=ц,%……/м "%ƒдеL-
“2",ем …= hq. nд…=*% 3ч‘2 %“%Kе……%“2еL 2=*%г% 
“Cец,=ль…%г% "%ƒдеL“2",  …е%K.%д,м C!, 2е“-
2,!%"=…,, hq …= !=д,=ц,%……3ю “2%L*%“2ь, " 
%“%Kе……%“2, дл  “.ем "%е……%г% , д"%L…%г% …=-
ƒ…=че…, . o!, .2%м …=,K%лее C!,емлем/м 
3!%"…ем м%дел,!%"=…,  …е,“C!="…%“2еL  "л е2-
“  -3…*ц,%…=ль…%-л%г,че“*,L, д=ю?,L …=,-
K%льш3ю =де*"=2…%“2ь C!, %K…=!3›е…,, …е,“-
C!="…%“2еL.

m= !,“. 1 C%*=ƒ=… .2=C -3…*ц,%…=ль…%-л%г,-
че“*%г% C!%е*2,!%"=…,  м,*!%C!%це““%!…/. hq 
, “,“2ем …= *!,“2=лле.

l%дел,!%"=…,е …= -3…*ц,%…=ль…%-л%г,че“*%м 
3!%"…е ƒ=*люч=е2“  " л%г,че“*%L "е!,-,*=ц,, 
C!%е*2=. l%дел,!%"=…,е “.ем/, %C,“=……%L …= 
 ƒ/*е "/“%*%г% 3!%"…  VHDL/Verilog, %“3?е“2"-
л е2“  д"=›д/. o!, Cе!"%м м%дел,!%"=…,, ,“-
C%льƒ3ю2“  “2=…д=!2…/е -3…*ц,%…=ль…/е м%де-
л, .леме…2%" “% “!ед…,м, ƒ…=че…, м, …=г!3ƒ%ч-
…/. “C%“%K…%“2еL , "!еме……/. ƒ=де!›е* дл  ,“-
C%льƒ3ем%г% 2е.…%л%г,че“*%г% C!%це““=. dл  
C%л…%г% 2е“2,!%"=…,  "“е. !е›,м%" м%дел, “%ƒ-
д=‘2“  “Cец,=ль…=  2е“2%"=  %K%л%ч*= (testbench). 
d=лее %“3?е“2"л е2“  ,2е!=2,"…/L “,…2еƒ .ле*-

2!,че“*%L (л%г,че“*%L) “.ем/. pеƒ3ль2=2%м “,…-
2еƒ=  "л ю2“  -=Lл/ “" ƒеL л%г,че“*,. .леме…-
2%" (netlist) , ƒ=де!›е* !=“C!%“2!=…е…,  (standard 
delay file, SDF). g=2ем C!%"%д,2“  "2%!%е м%дел,-
!%"=…,е ,л, м%дел,!%"=…,е netlist 3›е “ !е=ль-
…/м,, = …е “!ед…,м, ƒ=де!›*=м, , …=г!3ƒ%ч…/-
м, “C%“%K…%“2 м,. Šе“2%"=  %K%л%ч*= C!, .2%м 
,“C%льƒ3е2“  %K/ч…% 2= ›е, ч2% , C!, Cе!"%м м%-
дел,!%"=…,,. 

mе,“C!="…%“2,, "/ƒ"=……/е !=д,=ц,%……/м 
"%ƒдеL“2",ем, 3ч,2/"=ю2“  C!, "2%!%м м%дел,-
!%"=…,, .ле*2!,че“*%L (л%г,че“*%L) “.ем/. }2% 
"%ƒм%›…% “дел=2ь C32‘м ƒ…=ч,2ель…%г% !=“ш,-
!е…,  K,Kл,%2е*, .леме…2%" 2=* …=ƒ/"=ем/м, 
…е,“C!="…/м, ,л, дег!=д=ц,%……/м, .леме…2=-
м,. o!, л%г,че“*%м м%дел,!%"=…,, ,“C%льƒ3ю2-
“  .леме…2/ -3…*ц,%…=ль…%-л%г,че“*%г% K=ƒ,“= 
“ !е=ль…/м, …=г!3ƒ%ч…/м, “C%“%K…%“2 м,, ƒ=-
де!›*=м, Cе!е*люче…,  , ƒ=де!›*=м, !=“C!%-
“2!=…е…,  “,г…=л=. o%.2%м3 K,Kл,%2е*3 .леме…-
2%" м%›…% !=“ш,!,2ь л%г,че“*,м, .леме…2=м, 
“ ,ƒме…‘……/м, .=!=*2е!,“2,*=м, " ƒ=",“,м%-
“2, %2 …=*%Cле……%L д%ƒ/ ,ƒл3че…,  , е‘ м%?-
…%“2,. 

Š=*,м %K!=ƒ%м, C% "л е2“  ƒ=д=ч= “%ƒд=…,  
“Cец,=ль…%L K,Kл,%2е*, .леме…2%", " *%2%!%L 
*!%ме 2!=д,ц,%……/. .леме…2%" д%K="ле…/ .ле-
ме…2/, C%д"е!гш,е“  "л, …,ю “2=2,че“*%г% , 
,мC3ль“…%г% !=д,=ц,%……%г% "%ƒдеL“2", . l%дел,-
!%"=…,е ›е hq …= -3…*ц,%…=ль…%-л%г,че“*%м 
3!%"…е “лед3е2 %“3?е“2"л 2ь “2=…д=!2…/м %K!=-
ƒ%м, …% 3›е “ !=“ш,!е……%L , м%д,-,ц,!%"=……%L 
K,Kл,%2е*%L.

o!%цед3!3 м%д,-,*=ц,, C=!=ме2!%" л%г,че-
“*%г% .леме…2= дл  “%ƒд=…,  …е,“C!="…%г% .ле-
ме…2= !=““м%2!,м …= C!,ме!е м…%г%".%д%"/. 
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p,“. 1. }2=C -3…*ц,%…=ль…%-л%г,че“*%г% C!%е*2,!%"=…,  ,…2ег!=ль…/. “.ем

p,“. 2. Š!‘.".%д%"/L .леме…2 2,C= h-me p,“. 3. Š!‘.".%д%"/L .леме…2 2,C= hkh-me

л%г,че“*,. .леме…2%" 2,C= h-me , hkh-me 
(!,“. 2 , 3) “ 2!ем  ".%д=м, (A1, A2, A3) , %д…,м 
"/.%д%м Z.

j=›д=  м%дель .леме…2= …= -3…*ц,%…=ль…%-
л%г,че“*%м 3!%"…е ƒ=д=‘2“  …=K%!%м “лед3ю?,. 
C=!=ме2!%":

%Cе!=2%!, %C!едел ю?,L -3…*ц,%…,!%"=…,е 
.леме…2=;

…=C! ›е…,е л%г,че“*%г% …3л  , ед,…,ц/;
…=C! ›е…,е Cе!е*люче…, ;
…=г!3ƒ%ч…=  “C%“%K…%“2ь .леме…2=;
C=!=ме2!/ C%2!еKле…,  2%*=;
ƒ=де!›*, Cе!е*люче…,  л%г,че“*,. “%“2% …,L 

, д!. 
nCе!=2%!, %C!едел ю?,L -3…*ц,%…,!%"=…,е 

.леме…2=, м%›…% C!ед“2=",2ь " ",де -%!м3л/

А1

А2

А3

А1

А2

А3

Z Z
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Z = F (A),

где ` # "е*2%! ".%д…/. ƒ…=че…,L; Z # "е*2%! "/.%д-
…/. ƒ…=че…,L; F ƒ=д=‘2 л%г,че“*3ю -3…*ц,ю .ле-
ме…2=.

dл  C!,"ед‘……/. .леме…2%" !=ƒме!…%“2ь "е*-
2%!= ` !="…= 2!‘м, Z # %д…%м3:

Z = !(`1 & A2 & A3), дл  .леме…2= h-me;

Z = !(A1 |  A2  | A3), дл  .леме…2= hkh-me, 

где A1, A2, A3 # ".%д/ л%г,че“*,. .леме…2%"; Z # 
"/.%д.

b “л3ч=е !=д,=ц,%……%г% "%ƒдеL“2",  -3…*ц,%-
…,!%"=…,е .леме…2= …=!3ш=е2“ . dл  3ч‘2= .2%г% 
…=!3ше…,  C!едл=г=е2“  ""е“2, %Cе!=2%! G:

Z = G (F  (A ), t ).

eг% =!г3ме…2=м, K3д32 ".%д…%L "е*2%! ` , "!е-
м  t, …= *%2%!%е ,ƒме… е2“  л%г,че“*=  -3…*ц,  
.леме…2=. Š=*, " “л3ч=е *!=2*%"!еме……%г% "%ƒдеL-
“2",  ,мC3ль“…%г% ,ƒл3че…,  …= "!ем  T .леме…2 
hkh-me м%›е2 C!е"!=2,2ь“  " ед,…,ц3:

1, 0 ;
( ( ), )

!( 1| 2| 3), .
t T

G F A t
A A A t T

≤ ≥⎧
= ⎨ ≤⎩    

(1)

o!, м%дел,!%"=…,, ,“C!="…/L .леме…2 “ле-
д3е2 …= "!ем  T ƒ=ме…,2ь …е,“C!="…/м “ %Cе!=-
2%!%м (1). q%"%*3C…%“2ь %Cе!=2%!%" "“е. .леме…-
2%" “.ем/ C!, %2%›де“2"ле…,, “%ед,…‘……/. ".%-
д%"-"/.%д%" %K!=ƒ3е2 м%дель "“еL hq. 

g=д=ч= %C!еделе…,  %Cе!=2%!= G (F (A ), t ) !е-
ш=е2“  C!, C!е%K!=ƒ%"=…,, “.ем%2е.…,че“*%г% 
K=ƒ,“= " -3…*ц,%…=ль…%-л%г,че“*,L. b .*","=-
ле…2…/е “.ем/ "*люч=ю2“  ге…е!=2%!/ 2%*%" 
,%…,ƒ=ц,,. hме……% %…, , ,ƒме… ю2 л%г,че“*3ю 
-3…*ц,ю .леме…2= …= "!ем  “"%ег% деL“2", . 
g…=че…,е 2%*= ,%…,ƒ=ц,, " ƒ=",“,м%“2, %2 м%?-
…%“2, д%ƒ/ м%›…% !=““ч,2=2ь C% -%!м3л=м [2]

Iipn = I-(P ){λp(P ) + λnp(P ) + λn (P)},

где λp(P ), λnp(P ), λn (P ) # %Cе!=2%!…/L *%.--,-
ц,е…2 “%K,!=…, , %2!=›=ю?,L д,“Cе!“,ю "!еме…, 
C!%л‘2= …е!="…%"е“…/. …%“,2елеL , !е*%мK,…=-
ц,%……/е C%2е!,; %… %C!едел е2“  *=* %2…%ше…,е 
ч,“л= …%“,2елеL, д%“2,гш,. p–n-Cе!е.%д= * %K?ем3 
ч,“л3 …%“,2елеL, ге…е!,!3ем/. " д=……%L %Kл=“2,; 
p # %Cе!=2%! k=Cл=“=; I-(P ) # %Cе!=2%!…%е "/!=›е-
…,е дл  “%“2="л ю?еL ,%…,ƒ=ц,%……%г% 2%*= C!, 
3“л%",, C%л…%г% “%K,!=…,  …%“,2елеL ,ƒ !=““м=2-
!,"=ем%L %Kл=“2,. 

b “"%ю %че!едь, %Cе!=2%!…%е "/!=›е…,е I-(P ) 
м%›е2 K/2ь C!ед“2="ле…% “%%2…%ше…,ем 

ф 0 ( ) ,i i
i

I qg P t S w= ∑
 

где q # ƒ=! д .ле*2!%…=; g0 # ,…2е…“,"…%“2ь ,%…,ƒ=-
ц,, (дл  Si # 4,3·1013 C=!·“м#3/!=д); P(t ) # м%?…%“2ь 
д%ƒ/ ,ƒл3че…, ; Si, wi # Cл%?=дь C%Cе!еч…%г% “ече-
…,  , 2%л?,…= !=““м=2!,"=ем%L %Kл=“2, (p, n, p–n).

k%г,че“*,L .леме…2 .=!=*2е!,ƒ3е2“  ƒ=де!›-
*=м, Cе!е*люче…,  “"%ег% “%“2% …,  …= "/.%де 
,ƒ …3л  " ед,…,ц3 , ,ƒ ед,…,ц/ " …%ль, %C!еде-
л ю?,м, ег% K/“2!%деL“2",е. 

o!, "%ƒдеL“2",, !=д,=ц,%……%г% ,ƒл3че…,  ,ƒ-
ме… ю2“  C%!%г%"/е …=C! ›е…,  n- , p- *=…=ль-
…/. 2!=…ƒ,“2%!%" Uop , Uon, = 2=*›е C%д",›…%“2ь 
…%“,2елеL ƒ=! д=, C%.2%м3 C!, %C,“=…,, …е,“-
C!="…/. .леме…2%" .2, .=!=*2е!,“2,*, ƒ=ме2…% 
3"ел,ч=2“ . 

dл  %C!еделе…,  ƒ=де!›е* Cе!е*люче…,  t01 , 
t10 м%›…% "%“C%льƒ%"=2ь“  “лед3ю?,м, -%!м3-
л=м, [1]:

пит
10 2

0 пит 0

пит
01 2

0 пит 0

;
2 ( )

,
2 ( | |)

n n

p p

CU
t

K ND U U
CU

t
K PD U U

=
−

=
−

 
где q # “3мм=!…=  ‘м*%“2ь …= ".%де л%г,че“*%г% 
.леме…2=; U0n , U0p # C%!%г%"/е …=C! ›е…,  n- , 
p-2!=…ƒ,“2%!%" “%%2"е2“2"е……%; UC,2 # …=C! ›е…,е 
C,2=…, . 

q2%,2 ƒ=ме2,2ь, ч2% C!, !=д,=ц,%……%м "%ƒ-
деL“2",, …=г!3ƒ%ч…=  “C%“%K…%“2ь .леме…2= 2=*-
›е 3ме…ьш=е2“ . 

j%.--,ц,е…2/ ND , PD %C!едел ю2“  ,ƒ 2=K-
л,ц/ " ƒ=",“,м%“2, %2 ч,“л= ".%д%" N.

Š,C л%г,че“*%г% .леме…2=

me h-me hkh-me

ND = 1 ND = 1 ND = 1/N

PD = 1 PD = 1/N PD = 1

j%.--,ц,е…2/ j0p , j0n 2=*›е ƒ=",“ 2 %2 ч,“-
л= ".%д%" , %C!едел ю2“  -%!м3л=м,

0 0

0 0

'
' /

n n

p p

K K N
K K N

=⎧⎪
⎨ =⎪⎩  

# дл  .леме…2= h-me;

⎩
⎨
⎧

=
=

NKK
NKK

pp

nn

*'
/'

00

00

 

# дл  .леме…2= hkh-me,

где pK 0'  , nK 0'  # *%.--,ц,е…2/ C!,"ед‘……%L *!3-
2,ƒ…/ 2!=…ƒ,“2%!%" n- , p- 2,C= “%%2"е2“2"е……%.
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dл  %C!еделе…,  *!,2е!,  …е,“C!="…%г% C% 
K/“2!%деL“2",ю .леме…2= C!едл=г=е2“  ""е“2, 
C=!=ме2! м=*“,м=ль…%L д%C3“2,м%L ƒ=де!›*, 
Tmax. b “л3ч=е, е“л, t01 > Tmax ,л, t10 > Tmax, .ле-
ме…2 “ч,2=е2“  …е,“C!="…/м.

b/.%д…/е …=C! ›е…,  л%г,че“*%г% …3л  UOL , 
л%г,че“*%L ед,…,ц/ UOH л%г,че“*,. .леме…2%" 
C!=*2,че“*, …е ме… ю2“  C!, !=д,=ц,%……%м "%ƒ-
деL“2",,. }2% %KA “… е2“  2ем, ч2% %…, -,*“,-
!3ю2“  …= 3!%"… ., %C!едел ем/. C%2е…ц,=л=м, 
%K?,. ш,… C,2=…, : UOH = UC,2; UOL = 0. nд…=*% 
C!, "%ƒдеL“2",, !=д,=ц,, C!%,“.%д,2 “д",г Cе-
!е*люч=2ель…%L .=!=*2е!,“2,*, " !еƒ3ль2=2е ,ƒ-
ме…е…,  C%!%г%"/. …=C! ›е…,L 2!=…ƒ,“2%!%". 

oе!е“ч,2=2ь …=C! ›е…,е Cе!е*люче…,  .ле-
ме…2= м%›…% C% “лед3ю?,м -%!м3л=м [1]:

0
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−
= = =

−

+ −
=

+

 

dл  %C!еделе…,  *!,2е!,  …е,“C!="…%г% .ле-
ме…2= "“лед“2",е ,ƒме…е…,  …=C! ›е…,  Cе!е-
*люче…,  C!едл=г=е2“  ""е“2, "ел,ч,…3 м=*“,-
м=ль…% "%ƒм%›…%L C%ме., Wmax. b “л3ч=е, е“л,

UCе! < UOH # Wmax;

UCе! < UOL + Wmax,

л%г,че“*,L .леме…2 м%›…% “ч,2=2ь …е,“C!="-
…/м.

g=*люче…,е. m= “.ем%2е.…,че“*%м 3!%"…е …е-
,“C!="…%“2, !=д,=ц,%……%г% "%ƒдеL“2",  3ч,2/-
"=л,“ь м%д,-,*=ц,еL C=!=ме2!%" SPICE 2!=…ƒ,-
“2%!%" , .*","=ле…2…/. “.ем .леме…2%" "“лед“2-
",е ,ƒме…е…,  C%д",›…%“2, …%“,2елеL ƒ=! д= , 
C%!%г%"%г% …=C! ›е…, . m= -3…*ц,%…=ль…%-л%-
г,че“*%м 3!%"…е %“…%"…/м, C=!=ме2!=м, .ле-
ме…2%"  "л ю2“ : ƒ=де!›*, Cе!е*люче…,  ,ƒ 
…3л  " ед,…,ц3 , ,ƒ ед,…,ц/ " …3ль, …=C! ›е…,е 
л%г,че“*%г% …3л  , ед,…,ц/, …=C! ›е…,  Cе!е-
*люче…, , C=!=ме2!/ C%2!еKле…,  2%*=, л%г,че-
“*=  -3…*ц,  .леме…2=. }2, C=!=ме2!/ л%г,че-
“*,. .леме…2%" …е%K.%д,м% Cе!е“ч,2=2ь “ 3ч‘2%м 
!=д,=ц,%……%г% "%ƒдеL“2",  , д=……/. “% “.ем%-
2е.…,че“*%г% 3!%"… . b ч=“2…%“2,, …=!3ше…,е 
-3…*ц,%…,!%"=…,  .леме…2= м%›…% 3че“2ь м%-
д,-,*=ц,еL %Cе!=2%!= .леме…2=, Cе!е"%д ?ег% 
"е*2%! ".%д…/. ƒ…=че…,L " "/.%д…/е, = ,ƒме…е-
…,е C%!%г%"%г% …=C! ›е…,  м%›е2 Cе!е"е“2, 
.леме…2 " “%“2% …,е “ …ед%“2=2%ч…/м, C%ме.%-
3“2%Lч,"%“2ью ,л, ƒ=де!›*%L !=“C!%“2!=…е…,  
“,г…=л=. 

a,Kл,%г!=-,че“*,е ““/л*,

1. l/!%"= k.n., o%C%" b.d., bе!.%23!%" b.h. `…=-
л,ƒ “2%L*%“2, “,“2ем “" ƒ, * "%ƒдеL“2",ю ,ƒл3че…, . 
l.: p=д,% , “" ƒь, 1993. 268 “.

2. `ч*=“%" `.b., “…ь*%" `.h. l%дел,!%"=…,е !=д,=ц,-
%……/. .--е*2%" " jlno C!,K%!=. " q`op // o!,"%д…=  
2е.…,*=. 2006. 1 6 (64). q. 17#22.

3. mем3д!%" b.m. q,“2ем/-…=-*!,“2=лле. o!%е*2,-
!%"=…,е , !=ƒ",2,е. l.: Šе.…%“-е!=, 2004. 216 “.

r"=›=ем/е ="2%!/ , ч,2=2ел, ›3!…=л=!

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

l,…%K!…=3*, p%““,, ›3!…=л  &`"2%м=2,ƒ=ц,  , “%"!еме……/е 2е.…%л%г,,[ 

"*люч‘… " oе!ече…ь "ед3?,. !еце…ƒ,!3ем/. …=3ч…/. ›3!…=л%" , ,ƒд=…,L,  " 

*%2%!/. д%л›…/ K/2ь %C3Kл,*%"=…/ %“…%"…/е …=3ч…/е !еƒ3ль2=2/ д,““е!2=ц,L 

…= “%,“*=…,е 3ч‘…/. “2еCе…еL  *=…д,д=2= , д%*2%!= …=3*.
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b{“bkemhe m` cp`t`u jnme)mncn lmnfeqŠb` qnqŠn“mhi 
opnl{xkemm{u nazejŠnb

p=““м%2!е… C%д.%д * C%“2!%е…,ю %!,е…2,!%"=……/. г!=-%" C% д,=г…%“2,че“*,м д=……/м 
дл  ,де…2,-,*=ц,, *%…еч…%г% м…%›е“2"= “%“2% …,L C!%м/шле……/. %KAе*2%" “ ме2=лл,-
че“*%L %K%л%ч*%L …= .2=Cе дл,2ель…%L .*“Cл3=2=ц,,. m= C!,ме!е 2е.…%л%г,че“*%г% 2!3K%-
C!%"%д=, C!%шедшег% д,=г…%“2,!%"=…,е, "/K!=…= =…=л%г%"=  Cе!еме……= , "/деле…/ “3?е“2-
"е……/е ,…2е!"=л/ , C%“2!%е…% ,. %2%K!=›е…,е …= “%“2% …,  г!=-=, = 2=*›е %C!еделе…/ 
"е!% 2…%“2, C!еK/"=…,  %KAе*2= " …,..

jлюче"/е “л%"=: г!=- …= %“…%"е =…=л%г%"%L Cе!еме……%L, C!%м/шле……/е %KAе*2/, *%…еч…%е 
м…%›е“2"% “%“2% …,L, ,…2е…“,"…%“2, C%"!е›де…,L , "%““2=…%"ле…,L, =…=л,2,че“*,е !еше…,  
“,“2ем, …еC=!=ме2!,че“*=  ,де…2,-,*=ц, .

Approach to oriented graphs creature from diagnostic dates for final multitude states identification 
of the industrial objects with metallic casing during prolonged exploitation is considered. Analogue 
variable as an example of subjected to diagnosis engineering pipeline is selected, essential intervals 
are marked out and their reflection on the graphs state is constructed, object sojourn probability in 
these intervals is determined too. 

Key words: graph from an analogue variable, industrial objects, final multitude states, injuries and 
restorations intensities system analytical decisions, non-parametric identification.

b"еде…,е. g…=ч,2ель…/L ,…2е!е“ " …=3*е , 
C!=*2,*е C!ед“2="л ю2 C!%м/шле……/е %KAе*2/ 
(on), ,ƒ%л,!%"=……/е %2 %*!3›=ю?еL “!ед/ %K%-
л%ч*%L. Š=*,е %KAе*2/ .=!=*2е!,ƒ3ю2“  дл,2ель-
…/м “!%*%м .*“Cл3=2=ц,,, K%льш,м %KA‘м%м 
C%л3ч=ем%L д,=г…%“2,че“*%L ,…-%!м=ц,,, “л3-
ч=L…/м .=!=*2е!%м C%"!е›де…,L , "%““2=…%"ле-
…,L ме2=лл=. o!, %C!еделе…,, …=д‘›…%“2, , .--
-е*2,"…%“2, -3…*ц,%…,!%"=…,  on C!,… 2% 
,“C%льƒ%"=2ь “C%“%K C%“2!%е…,  %!,е…2,!%"=…-
…/. г!=-%", "*люч=ю?,. *%…еч…%е ч,“л% д,“-
*!е2…/. “%“2% …,L on, *=›д%е ,ƒ *%2%!/. “%ƒ-
д=‘2“  “%"%*3C…%“2ью !=K%2%“C%“%K…/. , …е!=-
K%2%“C%“%K…/. “3?е“2"е……/. Kл%*%". d,“*!е2-
…/е “%“2% …,  %KAе*2= …= %!,е…2,!%"=……%м г!=-
-е %2%K!=›=ю2“  ге%ме2!,че“*,м, -,г3!=м, " 
",де *!3г= ,л, *"=д!=2= , “%ед,… ю2“  ме›д3 “%-
K%L %!,е…2,!%"=……/м, д3г=м,, C%мече……/м, 
,…2е…“,"…%“2 м, Cе!е.%д%" [1]. n“…%"…/м …е-
д%“2=2*%м .2%г% “C%“%K=  "л е2“  %г!=…,че…,е 
-3…*ц,%…=ль…/. "%ƒм%›…%“2еL %!,е…2,!%"=…-
…%г% г!=-= ,ƒ-ƒ= д,“*!е2…%г% .=!=*2е!= “%“2% -
…,L %KAе*2=. 

dл  C!,…ц,C,=ль…% …%"%г% !еше…,  ƒ=д=ч, 
,де…2,-,*=ц,, “%“2% …,L on !=ƒ!=K%2=… ме2%д, 
" %“…%"е *%2%!%г% C!%це““/ C%"!е›де…,  , "%“-
“2=…%"ле…,  ме2=лл= %K%л%ч*, !=““м=2!,"=ю2“  
*=* C%2%*, “л3ч=L…/. “%K/2,L, %2%K!=›‘……/е 
Cе!е.%д=м, …= г!=-=..

hде…2,-,*=ц,  “%“2% …,L on. dл  !еше…,  
ƒ=д=ч, ,де…2,-,*=ц,, “%“2% …,L on …= %!,е…-
2,!%"=……%м г!=-е " C!едл=г=ем%м ме2%де ,“-
C%льƒ%"=…= =…=л%г%"=  Cе!еме……=  “ ,…2е!"=ль-
…/м, ƒ…=че…, м,, .=!=*2е!,ƒ3ю?=  %K%л%ч*3 " 
“2=2,“2,че“*%м “м/“ле. t3…*ц,%…=ль…=  “.ем= 
C%“2!%е…,  %!,е…2,!%"=……%г% г!=-= C% C%"!е›-
де…, м %K%л%ч*, on "*люч=е2 " “еK  де" 2ь Kл%-
*%", "/C%л… ю?,. “2!%г% %C!едел‘……/е -3…*-
ц,, (!,“. 1).

m= Kл%* "/K%!= =…=л%г%"%L Cе!еме……%L 1 
C%“23C=ю2 д,=г…%“2,че“*,е д=……/е " ",де ге%-
ме2!,че“*,. C=!=ме2!%" C%"!е›де…,L. b Kл%*е 
%!г=…,ƒ=ц,, C%2%*%" “л3ч=L…/. “%K/2,L " ",де 
C%"!е›де…,L , "%““2=…%"ле…,L %K%л%ч*, 2 ,ƒ-
ме! ю2 2%л?,…3 “2е…*, %K%л%ч*,. hƒ .2,. ƒ…=-
че…,L %K!=ƒ3ю2 ч,“л%"/е м=““,"/ , !=““м=2-
!,"=ю2 ,. *=* "=!,=ц,%……/е “2=2,“2,че“*,е 
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! д/. aл%* C!%"е!*, м=!*%"“*%г% “"%L“2"= дл  
C%2%*%" “л3ч=L…/. “%K/2,L 3 *%…2!%л,!3е2 "/-
C%л…е…,е 2!‘. 2!еK%"=…,L: “2=ц,%…=!…%“2ь, %2-
“32“2",е C%“ледеL“2",  , %!д,…=!…%“2ь C%2%*=. 
b “л3ч=е …е"/C%л…е…,  Kл%* Cл%“*%“2…%г% , 
%KA‘м…%г% C!ед“2="ле…,  "/K!=……%L =…=л%г%-
"%L Cе!еме……%L 4 C!ед“2="л е2 ге%ме2!,ю C%-
"!е›де…,  " ",де C! м%3г%ль…%г% C=!=ллелеC,-
Cед= , %C!едел е2 Cл%“*%“2…%е C!ед“2="ле…,е 
*=* C!%,ƒ"еде…,е гл3K,…/ …= дл,…3 =…%м=л,,, 
= %KA‘м…%е # *=* C!%,ƒ"еде…,е Cл%?=д, …= е‘ 
ш,!,…3. aл%* %C!еделе…,  г!=…,ц ,…2е!"=л%" 5 
!е=л,ƒ3е2 “2=…д=!2…/е C!%цед3!/ C%“2!%е…,  
г,“2%г!=мм/ ,…2ег!=ль…%г% !=“C!еделе…,  "/-
K!=……%L =…=л%г%"%L Cе!еме……%L. aл%* 6 "/K,-
!=е2 "ел,ч,…3 K=!ье!= “3?е“2"е……/. ч=“2%2, = 
Kл%* %г!=…,че…,  *%л,че“2"= ,…2е!"=л%" 7 3ч,-
2/"=е2 2%ль*% 2е ,…2е!"=л/, ч=“2%2= " *%2%!/. 
K%льше 3“2=…%"ле……%L K=!ье!…%L "ел,ч,…/. 
aл%* C%“2!%е…,  %“…%"…/. , *%мC%ƒ,ц,%……/. 
“%“2% …,L 8 %2%K!=›=е2 …=Lде……/е “3?е“2"е…-
…/е ,…2е!"=л/ …= г!=-. aл%* 9 "/ч,“л е2 ,…-
2е…“,"…%“2ь C%2%*%" C%"!е›де…,L , "%““2=…%"-
ле…,L C% *%л,че“2"3 C%"!е›де…,L " “%“2% …,-
 ., * *%2%!/м %…, …=C!="ле…/. b/.%д…=  “2!ел-
*= %2%K!=›=е2 C%“2!%е……/L %!,е…2,!%"=……/L 
г!=-. 

dл  "/K%!= =…=л%г%"%L Cе!еме……%L %K!=K%2=-
…/ C=!=ме2!/ C%"!е›де…,L !=ƒ…/. 2е.…%л%г,че-
“*,. 2!3K%C!%"%д%" C% C%л м &cл3K,…=[, &Š%л?,-

p,“. 1. t3…*ц,%…=ль…=  “.ем= C%“2!%е…,  %!,е…2,!%"=……%г% г!=-= %K%л%ч*%"%г% C!%м/шле……%г% %KAе*2=

p,“. 2. cе%ме2!,че“*=  ,…2е!C!е2=ц,  %“2=2%ч…%L 2%л?,…/ “2е…*, , Cл%?=д, C%"!е›де…, :
___ – C!%-,ль C%Cе!еч…%г% “!еƒ= C%"е!.…%“2, ме2=лл=; - - - – "…еш…   C%"е!.…%“2ь 2!3K/;

- - - – Cл%?=дь C%"!е›де…, 

…= “2е…*,[, &d,“2=…ц, [, &x,!,…=[ , &dл,…=[, 
*%2%!/е “-%!м,!%"=…/ C!, д,=г…%“2,!%"=…,,. 
o%л3че…/ “лед3ю?,е м=““,"/ .=!=*2е!,“2,*: 
%“2=2%ч…=  2%л?,…= “2е…%* " ме“2=. C%"!е›де-
…,L, "/ч,“л ем=  *=* !=ƒ…%“2ь ме›д3 ,“.%д…%L 
2%л?,…%L ме2=лл= , гл3K,…%L C%"!е›де…,L, !=“-
“2% …,  ме›д3 C%"!е›де…, м, (!=ƒ…%“2ь д,“2=…-
ц,L), = 2=*›е Cл%?=дь , %KA‘м C%"!е›де…,L. 
cе%ме2!,че“*=  ,…2е!C!е2=ц,  !=“ч‘2…/. .=!=*-
2е!,“2,* C!,"еде…= …= !,“ 2.

nK?,L ",д г,“2%г!=мм/ ,…2ег!=ль…%г% !=“-
C!еделе…,  =…=л%г%"%L Cе!еме……%L, .=!=*2е!,-
ƒ3ю?еL %K%л%ч*3 on " ме“2=. C%"!е›де…,L, C!,-
"ед‘… …= !,“. 3.

m= !,“. 3 ,ƒ%K!=›е…/ ,…2е!"=л/ !=“C!еделе-
…,  *=* “ “3?е“2"е……/м, ч=“2%2=м, (3“л%"…% 
C%*=ƒ=…% %д,……=дц=2ь), C!е"/ш=ю?,м, 3“2=-
…%"ле……/L K=!ье!, %2%K!=›‘……/L C3…*2,!…%L 
л,…,еL (…= че!2е›е %… “%%2"е2“2"3е2 5 %), 2=* , 
,…2е!"=л/ !=“C!еделе…,  “ …е“3?е“2"е……/м, 
ч=“2%2=м,, *%2%!/е …,›е 3“2=…%"ле……%г% K=!ье-
!=. j!=L-…еL ле"%L “3?е“2"е……%L ч=“2%2е C%-
“2="ле…% " “%%2"е2“2",е ,“.%д…%е “%“2% …,е %KA-
е*2= …= м%ме…2 д,=г…%“2,!%"=…,  S0, = “лед3ю-
?,м ч=“2%2=м " C%! д*е "%ƒ!=“2=…,  ƒ…=че…,L 
г!=…,ц ,…2е!"=л%" # %“…%"…/е “%“2% …,  %KAе*-
2= S1,…, Sn.

o% C!едл%›е……%м3 %2%K!=›е…,ю C%“2!%е… 
%!,е…2,!%"=……/L г!=- %K%л%ч*%"%г% on “ n ,е-
!=!.,че“*, !=“C%л%›е……/м, %“…%"…/м, “%“2% -
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p,“. 3. c,“2%г!=мм= ,…2ег!=ль…%г% !=“C!еделе…,  "/K!=……%L =…=л%г%"%L Cе!еме……%L

…, м, S1, S2,…, Sn (!,“. 4). hƒ %“…%"…/. “%“2% -
…,L %!г=…,ƒ%"=…/ *%мC%ƒ,ц,%……/е “%“2% …,  
Sn+1,…, Sm *=* “%"%*3C…%“2, ,…2е!"=л%" , “%%2-
"е2“2"3ю?,. ч=“2%2.

o%л3че……/е “%“2% …,  “%ед,…е…/ ме›д3 “%-
K%L %!,е…2,!%"=……/м, д3г=м,, C%мече……/м, 
,…2е…“,"…%“2 м, C%2%*%" C%"!е›де…,L λij, “% 
“2!ел*=м,, …=C!="ле……/м, " “2%!%…3 “%“2% …,L 
…,›…,. 3!%"…еL, , ,…2е…“,"…%“2 м, C%2%*%" 
"%““2=…%"ле…,L μji “% “2!ел*=м,, …=C!="ле……/м, 

p,“. 4. n!,е…2,!%"=……/L г!=- %K%л%ч*%"%г% C!%м/шле……%г% %KAе*2= “ n “3?е“2"е……/м, ,…2е!"=л=м,

" “2%!%…3 “%“2% …,L "е!.…,. 3!%"…еL. dл  3C!%-
?е…,  %!,е…2,!%"=……%г% г!=-= д3г, C%"!е›де-
…,L , "%““2=…%"ле…,L “%"ме?е…/ , %K%ƒ…=че…/ 
“%%2"е2“2"3ю?,м, ,…2е…“,"…%“2 м,, !=ƒдел‘…-
…/м, ƒ=C 2/м,.

m= %“…%"е C!едл%›е……%г% г!=-= “%“2="ле…= 
м=2ем=2,че“*=  м%дель " ",де “,“2ем/ %K/*…%-
"е……/. д,--е!е…ц,=ль…/. 3!="…е…,L %2…%“,-
2ель…% "е!% 2…%“2еL C!еK/"=…,L on " %“…%"…/. 
, *%мC%ƒ,ц,%……/. “%“2% …, . pi (t ):

Ч
ас
то
та

, ш
т.

 S0          S1          S2           ...           ...            ...           ...           ...           ...           ...           Sn

Интервалы распределения аналоговой переменной, ед.

S0

Sn+1

S1

Sk

Sn

S2

 ……………………….………………………….

…………..
…………..

…………..

…………..……...

Sm

Sf
Sm-1

1

1

2

1
fm

mf m –1m, mm –1

0Основные состояния

Композиционные  состояния ..........................................................................................
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0( ) 1( ) 2( ) ... ( )10 20 0
0( ) ( ... );01 02 0

...                                                                      
( ) ( ) ... 1( ) 1
( ) ( ... )1 .

dp t p t p t pn t ndt
p t n

dpm t pf t pm tfm m mdt
pm t mf mm

⎧
= μ + μ + + μ −⎪

⎪
− λ + λ + + λ⎪

⎪
⎨

= λ + + − λ −−
− μ + + μ −

⎪
⎪
⎪
⎪
⎩

(1)

nK?,L ",д !еше…,  “,“2ем/ (1), C%л3че……/L 
ме2%д%м !=ƒл%›е…,  " “2еCе……%L ! д [2], ƒ=C,-
ше2“  " ",де

p,“. 5. c,“2%г!=мм= ,…2ег!=ль…%г% !=“C!еделе…,  =…=л%г%"%L Cе!еме……%L 2е.…%л%г,че“*%г% 
2!3K%C!%"%д= …= .2=Cе 27-ле2…еL .*“Cл3=2=ц,,

2 3
01 02 03 0

2 3
1 2 3

0( ) 0(0) ... ;
...

( ) (0) ... ,

l
l

l
m m m ml

p t p h t h t h t h t

pm t pm h t h t h t h t

⎧ = + + + + +
⎪
⎨
⎪ = + + + + +⎩

 

(2)

где hij # *%.--,ц,е…2/ C%л,…%м%", "/!=›е……/е 
че!еƒ ,…2е…“,"…%“2, C%2%*%" C%"!е›де…,L , "%“-
“2=…%"ле…,L , …=ч=ль…/е 3“л%",  {p 0(0),..., pm(0)}; 
l # “2=!ш=  “2еCе…ь !=ƒл%›е…,  " ! д. 

),“ле……%е !еше…,е ƒ=д=ч, ,де…2,-,*=ц,, 2!3-
K%C!%"%д%". dл  %д…%г% ,ƒ 2е.…%л%г,че“*,. 2!3-
K%C!%"%д%" n!е…K3!г“*%г% …е-2ег=ƒ%*%…де…“=2-

p,“. 6. n!,е…2,!%"=……/L г!=- “%“2% …,L 2е.…%л%г,че“*%г% 2!3K%C!%"%д= 
“ че2/!ьм  “3?е“2"е……/м, ,…2е!"=л=м,

0

20

40

60

80

100

120

6,85 14,13 14,99 15,85 16,71 17,57 18,43 19,29 20,15 21,01 21,87

,

,
Ч
ас
то
та

, е
д.

Середины интервалов остаточных толщин стенок, мм

S0

S5
S4

S1

S8
S9

S3

S10

S7
S6

S2

0

1

6
7

2

3

4

5

8
9

10

Основные состояния

Композиционные состояния

.
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…%г% ме“2%!%›де…, , "/C%л…е……%г% ,ƒ “2=л, 20, 
д,=ме2!%м 377 мм , дл,…%L 114 *м C%“2!%е…= 
г,“2%г!=мм= ,…2ег!=ль…%г% !=“C!еделе…,  =…=-
л%г%"%L Cе!еме……%L " ",де ƒ…=че…,L %“2=2%ч…%L 
2%л?,…/ “2е…*, (!,“. 5). g…=че…,  %“2=2%ч…%L 
2%л?,…/ “2е…*, 2!3K%C!%"%д= %C!еделе…/ C% 
!еƒ3ль2=2=м "…32!,2!3K…%L де-е*2%“*%C,,. o% 
3“2=…%"ле……%м3 5 % K=!ье!3 "/деле…/ че2/!е 
,…2е!"=л= “ “3?е“2"е……/м, д,=C=ƒ%…=м, %“2=-
2%ч…%L 2%л?,…/ “2е…*,: S 0 [20,58; 21,44) мм, S1 
[19,72; 20,58) мм, S 2 [18,86; 19,72) мм, S 3 [18,0; 
18,86) мм.

o% C%л3че……/м !еƒ3ль2=2=м дл  2е.…%л%г,-
че“*%г% 2!3K%C!%"%д= “ че2/!ьм  “3?е“2"е……/-
м, C% ч=“2%2е ,…2е!"=л=м, C%“2!%е… %!,е…2,!%-
"=……/L г!=- (!,“. 6) “ ,е!=!.,че“*, 3C%! д%че…-
…/м, “%“2% …, м,: ,“.%д…%е “%“2% …,е …= м%-
ме…2 д,=г…%“2,!%"=…,  S 0, %“…%"…/е S1, S 2, S 3 
, *%мC%ƒ,ц,%……/е S 4,…, S10 “%“2% …, .

j!%ме 2%г%, …= %!,е…2,!%"=……%м г!=-е %2%-
K!=›е…/ "ƒ=,м…/е ,…2е…“,"…%“2, C%"!е›де…,L 
λmn , "%““2=…%"ле…,L μnm ме2=лл= (,…де*“/ m , n 
%C!едел ю2 …%ме!= “%ед,… ем/. д3г%L “%“2% -
…,L , ,ƒме… ю2“  %2 0 д% 10). h…2е…“,"…%“2, 
C%2%*%" C%"!е›де…,L , "%““2=…%"ле…,L %C!еде-
л ю2“  C% *%л,че“2"3 C%"!е›де…,L " “%“2% …, ., 
* *%2%!/м %…, …=C!="ле…/, , …=.%д 2“  " д,=C=-
ƒ%…е λ ∈ [0,00614; 0,03389] г%д#1 , μ ∈ [0,00514; 
0,01822] г%д#1. q%ƒд=……%е C!ед“2="ле…,е %!,е…2,!%-
"=……%г% г!=-= C% =…=л%г%"/м Cе!еме……/м C!,…-
ц,C,=ль…% %2л,ч=е2“  %2 “%%2"е2“2"3ю?,. г!=-
-%", %“…%"=……/. …= д,“*!е2…/. “%“2% …, ., !=“-
ш,!е……/м, -3…*ц,%…=ль…/м, "%ƒм%›…%“2 м,. 

m= %“…%"е C!едл%›е……%г% г!=-= “%“2=",м м=-
2ем=2,че“*3ю м%дель " ",де “,“2ем/ %K/*…%"е…-
…/. д,--е!е…ц,=ль…/. 3!="…е…,L %2…%“,2ель…% 
"е!% 2…%“2еL C!еK/"=…,  %KAе*2= " %“…%"…/. , 
*%мC%ƒ,ц,%……/. “%“2% …, .:

0( ) 1( ) 2( ) 3( )10 20 30
0( ) ( );01 02 03

1( ) 0( ) 4( ) 5( )01 41 51
1( ) ( );10 14 15

...
9( ) 3( ) 10( )39 109
9( ) ( );93 910

10( ) 4( ) 5( )410 510
6( ) 61

dp t p t p t p t
dt
p t

dp t p t p t p t
dt
p t

dp t p t p t
dt
p t

dp t p t p t
dt

p t

= μ + μ + μ −

− λ + λ + λ

= λ + μ + μ −

− μ + λ + λ

= λ + μ −

− μ + λ

= λ + λ +

+ λ 7( )0 710

8( ) 9( ) 10( ) (810 910 104

)105 106 107 108 109 .

p t

p t p t p t

⎧
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪ + λ +⎪
⎪

+ λ + λ − μ +⎪
⎪
⎪+ μ + μ + μ + μ + μ⎩  

(3)

`…=л,2,че“*%е !еше…,е “,“2ем/ (3) "/гл д,2 
“лед3ю?,м %K!=ƒ%м:

10 20

30 01 02 03
2 3

02 03 0

410 510

610 710 810

910 104 105 106

107 108 1

0( ) 0(0) ( 1(0) 2(0)
3(0) 0(0)( ))

... ;
...

10( ) 10(0) ( 4(0) 5(0)
6(0) 7(0) 8(0)
9(0) 10(0)(

l
l

p t p p p
p p t

h t h t h t

p t p p p
p p p
p p

= + μ + μ +
+ μ − λ + λ + λ +

+ + + +

= + λ + λ +
+ λ + λ + λ +
+ λ − μ + μ + μ +

+ μ + μ + μ 2 3
09 102 103

10

))

... .l
l

t h t h t

h t

⎧
⎪
⎪
⎪
⎪
⎪
⎪⎪
⎨
⎪
⎪
⎪
⎪

+ + +⎪
⎪

+ +⎪⎩  

p,“. 7. bе!% 2…%“2, C!еK/"=…,  2!3K%C!%"%д= " “%“2% …, . г!=-=

0,075
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0,085

0,09

0,095
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0,105

0,11

0,115
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 p
(t)

p0(t)
p1(t)
p2(t)
p3(t)
p4(t)
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p7(t)
p8(t)
p9(t)
p10(t)Наработка после диагностирования, год
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ос
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(t 
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),“ле……%е !еше…,е “,“2ем/ (3) C%*=ƒ=…% …= 
!,“. 7.

`…=л,ƒ !еƒ3ль2=2%" C%*=ƒ/"=е2, ч2% …= ,““лед3е-
м%м "!еме……%м %2!еƒ*е C%“ле д,=г…%“2,!%"=…,  
"е!% 2…%“2ь !10(t) “2=…%",2“  д%м,…,!3ю?еL. 

b/"%д/. Š=*,м %K!=ƒ%м, C% “!="…е…,ю “ %K-
?еC!,… 2/м "=!,=…2%м, C%“2!%е…,е %!,е…2,!%-
"=……/. г!=-%" …= %“…%"е =…=л%г%"/. Cе!еме……/. 
“3?е“2"е……% !=“ш,! е2 ,. -3…*ц,%…=ль…/е "%ƒ-
м%›…%“2,, 2=* *=* C%ƒ"%л е2 "/ "л 2ь *%…еч…%е 
м…%›е“2"% ,е!=!.,че“*, !=“C%л%›е……/. “%“2% -
…,L %K%л%ч*%"/. C!%м/шле……/. %KAе*2%" …= 
.2=Cе дл,2ель…%L .*“Cл3=2=ц,,, = 2=*›е C%"/-
“,2ь .--е*2,"…%“2ь ,. -3…*ц,%…,!%"=…,  ƒ= 
“ч‘2 -%!м,!%"=…,  3C!="л ю?,. "%ƒдеL“2",L C% 
Cе!е"%д3 2=*,. %KAе*2%" ,ƒ “%“2% …,L …,›…,. 
3!%"…еL …= K%лее .--е*2,"…/е “%“2% …,  "е!.-
…,. 3!%"…еL.

dл  2е.…%л%г,че“*%г% 2!3K%C!%"%д= C% "/-
K!=……%L =…=л%г%"%L Cе!еме……%L (%“2=2%ч…%L 
2%л?,…е “2е…*,) "/ "ле…/ че2/!е “3?е“2"е……/. 
C% ч=“2%2е ,…2е!"=л= , C%“2!%е… %!,е…2,!%"=…-
…/L г!=- “ ,е!=!.,че“*, 3C%! д%че……/м, че-
2/!ьм  %“…%"…/м, , “емью *%мC%ƒ,ц,%……/м, 
“%“2% …, м,.

`…=л,ƒ C%*=ƒ/"=е2, ч2% .--е*2,"…%“2ь ,де…-
2,-,*=ц,, %K%л%ч*%"/. C!%м/шле……/. %KAе*-

2%" C%“ле дл,2ель…%L .*“Cл3=2=ц,, “ ,“C%льƒ%-
"=…,ем г!=-%" …= %“…%"е =…=л%г%"%L Cе!еме……%L 
C%"/ш=е2“  “ 7,9 д% 13,3 % " ƒ=",“,м%“2, %2 *%-
л,че“2"= “3?е“2"е……/. ,…2е!"=л%" , 2,C= %K%-
л%ч*%"%г% C!%м/шле……%г% %KAе*2=.

b/ "ле…%, ч2% дл  ! д= C!%м/шле……/. %KAе*-
2%", " 2%м ч,“ле 2еCл%.…е!ге2,че“*,. *%2л%" , 
2!3K%C!%"%д%", C%“ле дл,2ель…%L .*“Cл3=2=ц,,, 
м…%›е“2"% “3?е“2"е……/. ,…2е!"=л%" …е C!е"/-
ш=е2 C 2, [3]. c!=- “ C 2ью %“…%"…/м, “%“2% -
…, м, “%де!›,2 37 *%мC%ƒ,ц,%……/. “%“2% …,L 
, C% 64 ,…2е…“,"…%“2, C%"!е›де…,L , "%““2=-
…%"ле…,L.

a,Kл,%г!=-,че“*,е ““/л*,

1. bе…2цель e.q., n"ч=!%" k.`. Šе%!,  "е!% 2…%“2еL 
, е‘ ,…›е…е!…/е C!,л%›е…, . l.: m=3*=, 1988. 480 “.

2. bл=д%"= `.~. l=!*%"“*=  ,де…2,-,*=ц,  *%!!%-
ƒ,%……/. “%“2% …,L 2!3K%C!%"%д%" // `"2%м=2,ƒ=ц, , 
2елеме.=…,ƒ=ц,  , “" ƒь " …е-2 …%L C!%м/шле……%-
“2,. 2009. 1 7. q. 40#48.

3. bл=д%"= `.~., bл=д%" ~.p. lе2%д,*= , !еƒ3ль2=-
2/ =…=л,2,че“*%L ,де…2,-,*=ц,, 2е.…,че“*%г% “%-
“2% …,  2еCл%.…е!ге2,че“*%г% %K%!3д%"=…,  // bе“2-
…,* *%мCью2е!…/. , ,…-%!м=ц,%……/. 2е.…%л%г,L.
2008. 1 1.  q. 22#29.
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b.b. c%!ю…%"=, *=…д. 2е.…. …=3*, д%ц., ~.b. l%л%дц%"=, d.b. q‘м,…

(oе…ƒе…“*,L =!2,лле!,L“*,L ,…›е…е!…/L ,…“2,232)

gvv17@mail.ru

leŠndnknch“ hqonk|gnb`mh“ jnm0eoŠr`k|m{u qoe0hthj`0hi 
hmŠecphpnb`mm{u qped

o!ед“2="ле… *!=2*,L %Kƒ%! !еше…,L " %Kл=“2, %K!=K%2*, !=“C!едел‘……/. д=……/.. 
p=““м%2!е…/ =“Cе*2/ де*л=!=2,"…%г% м%дел,!%"=…, , “%“2="л ю?ег% %“…%"3 м%д3ль…%L 
%…2%л%г,че“*%L “,“2ем…%L 2е.…%л%г,,, %C!едел ю?еL ме.=…,ƒм C!%е*2,!%"=…, , -3…*ц,%-
…,!%"=…,  , !=ƒ!=K%2*, ,…2ег!,!%"=……/. ,…-%!м=ц,%……/. “,“2ем ,ƒ 2=* …=ƒ/"=ем/. 
%…2%л%г,че“*,. м%д3леL.

jлюче"/е “л%"=: %…2%л%г,,, де*л=!=2,"…%е м%дел,!%"=…,е, K=ƒ/ ƒ…=…,L, ,…2ег!,!%"=……/е 
“!ед/.

Decisions short survey in the field of the distributed dates processing is introduced. Declarative 
modeling aspects are considered. This modeling presents basis of the modular ontological systemic 
technology that defines mechanism of integrated informational systems projecting, functioning and 
creature from so called ontological component cells.

Key words: ontology, declarative modeling, knowledge bases, integrated surroundings.

b"еде…,е. b=›…еLш3ю !%ль C!, 3C!="ле…,, 
C!%е*2,!%"=…,ем , -3…*ц,%…,!%"=…,ем C!%,ƒ-
"%д“2"е……/. , .*“Cл3=2=ц,%……%-2е.…%л%г,че“*,. 
C!%це““%" ,г!=е2 м%дел,!%"=…,е, *=* “2=2,че-
“*%е (м%дел,!%"=…,е “2!3*23!/), 2=* , д,…=м,-
че“*%е (м%дел,!%"=…,е C%"еде…, ). Š=*%е м%де-
л,!%"=…,е C!, ,“C%льƒ%"=…,, “%"!еме……/. ,…-
-%!м=ц,%……/. 2е.…%л%г,L , …е%K.%д,м%“2, 
%C,“=…,  "“е. .2=C%" ›,ƒ…е……%г% ц,*л= C!%д3*-
ц,, C!ед3“м=2!,"=е2 !=ƒ!=K%2*3 ,…2ег!,!%"=…-
…%L “!ед/ “ !=“C!едел‘……/м, K=ƒ=м, д=……/. , 
ƒ…=…,L ,л, “%*!=?‘……% # ,…2ег!,!%"=……%L ,…-
2елле*23=ль…%L “!ед/ (hhq) …= %“…%"е %…2%л%-
г,L. q C%м%?ью ,…“2!3ме…2=ль…/. “!ед“2" м%де-
л,!%"=…,  !еш=ю2“  ƒ=д=ч, C!%г…%ƒ,!%"=…,  
!=ƒ",2,  hhq: -%!м,!%"=…,  “2!=2ег,, !=ƒ",2,  
" 3“л%", . ,ƒме…е…,  "…еш…еL “!ед/, "/K%!= це-
леL hhq “ 3ч‘2%м %г!=…,че…,L …= C%2!еKл ем/е 
!е“3!“/, %C!еделе…,  "%ƒм%›…/. “це…=!,е" д%“-
2,›е…,  целеL C!, "/K!=……%L “2!=2ег,,, %C!еде-
ле…,  %C2,м=ль…%г% “це…=!,  , 2. д.

h…2ег!=ц,  !=“C!едел‘……/. д=……/. , ƒ…=…,L. 
nKƒ%! !еше…,L " .2%L %Kл=“2, [1, 2] C!ед“2="ле… 
,…-%!м=ц,%……/м, “2!3*23!=м,, C!,"ед‘……/м, 
…,›е. 

u!=…,л,?= д=……/.. b% м…%г,. *%мC=…, . %д-
…,м ,ƒ Cе!"/. ,…“2!3ме…2=!,е" hhq K/л, .!=-
…,л,?= д=……/., *%2%!/е !=K%2=ю2 C% C!,…ц,C3 
це…2!=ль…%г% “*л=д=. u!=…,л,?= д=……/. %2л,-
ч=ю2“  %2 2!=д,ц,%……/. K=ƒ д=……/. (ad) 2ем, 
ч2% C!%е*2,!3ю2“  дл  C%дде!›=…,  C!%це““%" 
C!,… 2,  !еше…,L, = …е C!%“2% дл  .--е*2,"…%-

г% “K%!= , %K!=K%2*, д=……/.. j=* C!=",л% .!=-
…,л,?е “%де!›,2 м…%г%ле2…,е "е!“,, %K/ч…%L 
ad, *%2%!/е …е %K…%"л ю2“  …= %“…%"=…,, %2-
дель…/. ƒ=C!%“%" C%льƒ%"=2елеL. ad Cе!,%д,че-
“*, %K…%"л е2“  цел,*%м. 

u!=…,л,?= ƒ…=…,L. e“л, .!=…,л,?= д=……/. 
“%де!›=2 " %“…%"…%м *%л,че“2"е……/е д=……/е, 
2% .!=…,л,?= ƒ…=…,L %!,е…2,!%"=…/ " K%льшеL 
“2еCе…, …= *=че“2"е……/е д=……/е. hhq ге…е!,-
!3ю2 ƒ…=…,  ,ƒ ad ("*люч=  Lotus Notes), .!=-
…,л,? д=……/., !=K%ч,. C!%це““%", “2=2еL, …%-
"%“2еL, "…еш…,. K=ƒ, web-“2!=…,ц (*=* "…еш-
…,., 2=* , "…32!е……,.) , ,…-%!м=ц,,, C!ед-
“2="ле……%L людьм,. Š=*,м %K!=ƒ%м, .!=…,л,?= 
ƒ…=…,L C%д%K…/ ",!23=ль…/м “*л=д=м, где ƒ…=-
…,  !=“C!еделе…/ C% K%льш%м3 *%л,че“2"3 “е!-
"е!%". 

b …е*%2%!/. “л3ч= . ,…2е!-еL“%м !ел ц,%…-
…%L ad м%›е2 "/“23C=2ь web-K!=3ƒе!. 

a=ƒ/ д=……/. , K=ƒ/ ƒ…=…,L. g…=…,  м%›…% ,ƒ-
"ле*=2ь ,ƒ !=K%ч,. C!%це““%", %Kƒ%!%" …%"%“2еL 
, д!3г,. ,“2%ч…,*%". g…=…, , C%л3че……/е ,ƒ !=-
K%ч,. C!%це““%", K=ƒ,!3ю2“  …= !=K%ч,. м=2е-
!,=л=., C!едл%›е…, . , 2. C. j!%ме 2%г%, K=ƒ/ 
ƒ…=…,L м%г32 K/2ь “C!%е*2,!%"=…/ " !=“ч‘2е …= 
"еде…,е .!%…%л%г,, де 2ель…%“2, C!едC!, 2, , 
*=“=ю?еL“ , …=C!,ме!, !=K%2/ “ *л,е…2=м,. 

a=ƒ/ д=……/. дл  %K3че…, . nK3ч=ю?,е ad м%›-
…% ,“C%льƒ%"=2ь дл  C%дде!›*, %Cе!=ц,L ,л, ге-
…е!=ц,, ,…-%!м=ц,, % K,ƒ…е“е " цел%м. m=C!,-
ме!, *%мC=…,  &Ford Motor[ ,мее2 “Cец,=ль…/е 
-=Lл/ TGRW (things gone right/wrong # “%K/2, , 
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*%2%!/е м%г32 C!%,“.%д,2ь C!=",ль…% ,л, …е-
C!=",ль…%), *3д= C%“23C=е2 ,…-%!м=ц,  % деL“2-
", ., %Kлегч=ю?,. "/C%л…е…,е ƒ=д=ч,, , % !=ƒ-
…%г% !%д= C!еC 2“2", .. 

a=ƒ/ ƒ…=…,L %C2,м=ль…/. !еше…,L. o%д%K…/е 
ƒ…=…,  …=*=Cл,"=ю2“  " C!%це““е ,“C%льƒ%"=…,  
!=ƒл,ч…/. 2е“2%" C!, C%,“*е .--е*2,"…/. !е-
ше…,L ƒ=д=ч. o%“ле 2%г% *=* %!г=…,ƒ=ц,  C%л3-
ч,л= ƒ…=…,  % …=,л3чшем !еше…,,, д%“23C * …,м 
м%›е2 K/2ь %2*!/2 дл  “%2!3д…,*%" *%!C%!=ц,,. 
m=C!,ме!, *%мC=…,  &Huges Electronics[, ".%д -
?=  " “%“2=" &General Motors[, ,мее2 K=ƒ3 д=…-
…/. л3чш,. C!%е*2%" !е*%…“2!3*ц,, C!едC!, -
2,L. 

m= “ег%д… ш…,L де…ь %“…%"…/м, C% %KA‘м3 
,“2%ч…,*=м, “2!3*23!,!%"=……/. д=……/. "/“23-
C=ю2 !ел ц,%……/е ad. nд…=*% .2% м%г32 K/2ь , 
-=Lл%"/е “,“2ем/, , XML ad, !=“ш,! ю?,е 
м=“ш2=K/ C!,ме…е…, , , д!3г,е ,“2%ч…,*, ,…-
-%!м=ц,,. mеƒ=",“,м% %2 "/K!=……%г% ме2%д= 
.!=…е…,  д=……/., Cе!"=  C!%Kлем= ,…2ег!=ц,, 
ге2е!%ге……/. д=……/., “ *%2%!%L C!,.%д,2“  “2=л-
*,"=2ь“  C!, -%!м,!%"=…,, .!=…,л,?= (!еC%ƒ,-
2%!, ) ,…-%!м=ц,%……/. !е“3!“%", .2% !=ƒ…%%K-
!=ƒ,е м%делеL , “.ем д=……/., …,ƒ*,L 3!%"е…ь ,. 
=K“2!=*ц,,, м=л=  =де*"=2…%“2ь %2!=›е…,  “е-
м=…2,*, C!едме2…%L %Kл=“2,. m=C!,ме!, !еше-
…,ем м%›е2 K/2ь Cе!е.%д * …е*%2%!%L %KAе*2…%-
%!,е…2,!%"=……%L м%дел, д=……/. …= %“…%"е %…-
2%л%г,L, *%2%!/е C% м…%г,м C=!=ме2!=м Kл,ƒ*, 
* “ем=…2,че“*,м м%дел м, где *люче"%L ед,…,-
цеL  "л е2“  “л%›…% “2!3*23!,!%"=……/L ,…-%!-
м=ц,%……/L %KAе*2 (*%…цеC2), C%дде!›,"=ю?,L 
!=ƒл,ч…/е =2!,K32/ , 3ч=“2"3ю?,L " =““%ц,=-
ц, . “ д!3г,м, %KAе*2=м, [2].

dл  %C,“=…,  %KAе*2…%-%!,е…2,!%"=……/. м%-
делеL д=……/. C!,ме… е2“  ! д  ƒ/*%" %C,“=…,  
%KAе*2…/. “.ем д=……/.:

ODL # “2=…д=!2 ODMG %KAе*2…%-%!,е…2,!%-
"=……/. ad; 

RDFS (Resource Definition Framework Schema) 
# W3C-“2=…д=!2, C%ƒ"%л ю?,L %C,“/"=2ь “.ем/ 
*л=““%" , ,. “"%L“2"= “ 3ч‘2%м ,. …=“лед%"=…,  
, %г!=…,че…,L; 

OWL (Web Ontology Language) # “Cец,=л,ƒ=-
ц,  RDFS, %!,е…2,!%"=……=  …= %C,“=…,е C!ед-
ме2…/. %…2%л%г,L. 

oе!е.%д %2 !ел ц,%……%L м%дел, д=……/. *
%KAе*2…%-%!,е…2,!%"=……%L  "л е2“  …е%K.%д,-
м/м .2=C%м " C%“2!%е…,, %2*!/2%г% ,…-%!м=-
ц,%……%г% .!=…,л,?=. nKAе*2…%-%!,е…2,!%"=…-
…=  м%дель C%ƒ"%л е2

C%"/“,2ь 3!%"е…ь =K“2!=*ц,, м%дел, C!едме2-
…%L %Kл=“2,; 

"/дел,2ь *=…%…,че“*,е “.ем/ д=……/., C!ед-
“2="л ю?,е “%K%L Cе!е“ече…,е .*“C%!2…/. “.ем 
д=……/., “%%2"е2“2"3ю?,. !=ƒл,ч…/м C!ед-
ме2…/м %Kл=“2 м, “2!%,2ь 3…,-,ц,!%"=……/е 

%KAе*2…/е ƒ=C!%“/ …= д%“23C * !=“C!едел‘……/м 
д=……/м “ C%“лед3ю?,м =г!ег,!%"=…,ем !еƒ3ль-
2=2%" ƒ=C!%“%" " “%%2"е2“2",, “ *=…%…,че“*,м, 
“.ем=м,; 

,ме2ь 3…,-,ц,!%"=……/L -%!м=2 C!ед“2="ле-
…,  д=……/., %Kе“Cеч,"=ю?,L …еCл%.3ю “,…2=*-
“,че“*3ю , “ем=…2,че“*3ю ,…2е!%Cе!=Kель…%“2ь, 
" “л3ч=е RDFS , OWL. 

b "%C!%“е ,…2ег!=ц,, (2е.…,че“*%L ,…2е!%Cе-
!=Kель…%“2,) !=“C!едел‘……/. д=……/. "“е K%льше 
C!,ме… е2“  2е.…%л%г,  web-“е!",“%", *=* “!ед-
“2"% C!ед%“2="ле…,  3…,-,ц,!%"=……%г%, Cл=2-
-%!м%-…еƒ=",“,м%г% ,…2е!-еL“= дл  3д=л‘……%г% 
д%“23C= * ,…-%!м=ц,%……/м !е“3!“=м. b д=……%м 
*%…2е*“2е web-“е!",“ "/“23C=е2 " !%л, ="2%…%м-
…%г% C!,л%›е…, , *%2%!%е C!ед%“2="л е2 “!ед“2"= 
д%“23C= * ,…-%!м=ц,, "…еш…,м *л,е…2=м …=K%-
!%м C!ед%“2="л ем/. 3“л3г. Šе.…%л%г,  web-“е!-
",“%" K=ƒ,!3е2“  …= %2*!/2/. XML-“2=…д=!2=.:

SOAP (Simple Object Access Protocol) # XML-
C!%2%*%л дл  3д=л‘……%г% "/ƒ%"= ме2%д%" Web-
“е!",“%"; 

UDDI (Universal Description, Discovery and 
Integration) %C,“/"=е2 м%дель д=……/., C!ед…=-
ƒ…=че……3ю дл  *=2=л%г,ƒ=ц,, , %K…=!3›е…,  3“-
л3г, C!ед%“2="л ем/. web-“е!",“=м,; 

WSDL (web Services Description Language) # 
 ƒ/* %C,“=…,  ,…2е!-еL“%" web-“е!",“%". 

t%!м,!3ю?,е“  д%C%л…е…,  * …,м, …=C!,-
ме!, WSCoordination/WS-Transaction (2!=…ƒ=*ц,,), 
WSSecurity (Kеƒ%C=“…%“2ь), WS-Routing (м=!ш!3-
2,ƒ=ц,, “%%K?е…,L) , 2. д., C!,ƒ"=…/ !=“ш,!,2ь 
"%ƒм%›…%“2, .2%L Cл=2-%!м/ " %“3?е“2"ле…,, 
2!еK%"=…,L ƒ=д=ч ,…2ег!=ц,, C!,л%›е…,L. b 
!=м*=. ,…,ц,=2,"/ WS-I !=ƒ!=K=2/"=ю2“  C!,-
ме!/ C!,*л=д…/. !еше…,L, C!едл%›е…,  , д%-
C%л…,2ель…/е 2!еK%"=…, , C!,ƒ"=……/е г=!=…2,-
!%"=2ь “%"ме“2,м%“2ь !еше…,L !=ƒ…/. C%“2="-
?,*%", ч2% !=“ш,!,2 "%ƒм%›…%“2, C% ,…2ег!=-
ц,, !=ƒл,ч…/. ,…-%!м=ц,%……/. “,“2ем " !=м*=. 
ед,…%г% “%гл=“%"=……%г% …=K%!= “Cец,-,*=ц,L.

m= д=……/L м%ме…2 дл  %C,“=…,  *%мC%ƒ,ц,L 
web-“е!",“%" !=ƒл,ч…/е =““%ц,=ц,, C!едл=г=ю2 
! д “2=…д=!2%". q!ед, …,. м%›…% %2ме2,2ь “ле-
д3ю?,е  ƒ/*, %C,“=…,  ="2%м=2,ƒ,!%"=……/. 
C%2%*%" !=K%2:

WSFL (Web Services Flow Language) # C%ƒ"%-
л е2 %C!едел 2ь *%мC%ƒ,ц,, web-“е!",“%" " ",де 
г!=-%"%L м%дел, !=K%чег% C!%це““=; 

BPML (Business Process Modeling Language) # 
%C!едел е2 Kл%ч…3ю м%дель *%мC%ƒ,ц,, web-
“е!",“%"; 

BPEL4WS (Business Process Execution Language 
For Web-Services) # C!ед“2="л е2 “%K%L г,K!,д 
Kл%ч…%L , г!=-%"%L м%делеL %C,“=…,  "ƒ=,м%-
деL“2",L web-“е!",“%". 

d=……/е  ƒ/*, %C,“/"=ю2 *%мC%ƒ,ц,, web-
“е!",“%", ч2% C%ƒ"%л е2 %C!едел 2ь “л%›…/е, 
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!=“C!едел‘……/е C!%це““/ C% ,ƒ"лече…,ю, %K!=-
K%2*е , ,…2ег!=ц,, ,…-%!м=ц,,.

Š=*›е м%›…% "/дел,2ь ме2%д %“3?е“2"ле…,  
C!%це““= “K%!= , ,…2ег!=ц,, !=“C!едел‘……/. 
д=……/., *%2%!/L K=ƒ,!3е2“  …= 2!‘. 2е.…%л%г, ., 
%“…%"=……/. …= C!,ме…е…,,:

%KAе*2…/. hhq (“%%2"е2“2"3ю?,е …е*%2%!/м 
C!едме2…/м %Kл=“2 м); 
ме.=…,ƒм= web-“е!",“%" (*=* “!ед“2"% C%-

“2!%е…,  "…еш…,. ,…2е!-еL“%" * 2=*,м hhq); 
=CC=!=2= !=K%ч,. C!%це““%" (*=* “!ед“2"% 

3C!="ле…,  %K!=K%2*%L , ,…2ег!=ц,, ,…-%!м=-
ц,%……/. C%2%*%"). 

o!едл=г=е2“  !=“ш,!,2ь .2, 2е.…%л%г,че“*,е 
!=м*,, C!,ме…," м%д3ль…3ю %…2%л%г,че“*3ю 
“,“2ем…3ю 2е.…%л%г,ю (lnqŠ-2е.…%л%г,ю). 

b%ƒм%›…%“2, lnqŠ-2е.…%л%г,, [3] C%ƒ"%л ю2
%Kе“Cеч,2ь “,“2еме K3льш3ю %2*!/2%“2ь дл  

C%д*люче…,  …%"/. ,…-%!м=ц,%……/. !е“3!“%"; 
C!%"%д,2ь !=“C!едел‘……/L , ="2%…%м…/L 

C%,“*; 
%“3?е“2"л 2ь C%“2!%е…,е “,“2ем C%дде!›*, 

C!,… 2,  !еше…,L. 

lnqŠ-2е.…%л%г,  C!, %C,“=…,, ,ƒдел,L " ,…2ег!,!%"=……%L ,…2елле*23=ль…%L “!еде

m= !,“3…*е C!ед“2="ле…= “.ем= C!,ме…е…,  
lnqŠ-2е.…%л%г,, " hqq.

o!=*2,*= м%дел,!%"=…,  *%…цеC23=ль…/. “Cе-
ц,-,*=ц,L hhq. q3?е“2"3ю2 “л%›…/е -%!м=-
ц,, ,л, “,“2ем/, “%ƒд=……/е , C%дде!›,"=ем/е 
чел%"е*%м (*%мме!че“*,е C!едC!, 2, , *%!C%!=-
ц,, , 2. д.), C!ед“2="л ю?,е “%K%L “%"%*3C…%“2ь 
"ƒ=,м%“" ƒ=……/. %KAе*2%" , C!%це““%", " *%2%-
!/. %C!едел‘……/е %KAе*2/ 2ем ,л, ,…/м %K!=-
ƒ%м 3ч=“2"3ю2. n…2%л%г,че“*%е ,““лед%"=…,е C%-
д%K…/. “л%›…/. “,“2ем C%ƒ"%л е2 …=*%C,2ь ,…-
-%!м=ц,ю %K ,. !=K%2е, !еƒ3ль2=2/ =…=л,ƒ= *%-
2%!%L K3д32 ,ме2ь !еш=ю?ее м…е…,е C!, C!%"е-
де…,, !е%!г=…,ƒ=ц,, “3?е“2"3ю?,. , C%“2!%е-
…,, …%"/. “,“2ем.

dл  м%дел,!%"=…,  “л%›…/. “,“2ем 3C!="ле-
…,  C!%м/шле……/м, C!%це““=м, !=ƒ!=K%2=… ! д 
ме2%д%л%г,L. m=C!,ме!, ме2%д%л%г,, “емеL“2"= 
IDEF (Integrated DEFintion) “%де!›=2 14 г%“3д=!-
“2"е……/. “2=…д=!2%" , C!ед…=ƒ…=че…/ дл  =…=л,-
ƒ= C!%це““%" "ƒ=,м%деL“2",  " C!%,ƒ"%д“2"е……/. 
“,“2ем=.. dл  C%дде!›*, %…2%л%г,че“*%г% =…=-
л,ƒ= C!ед…=ƒ…=че…= ме2%д%л%г,  IDEF5. 
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o!%це““ C%“2!%е…,  %…2%л%г,,, “%гл=“…% 
IDEF5, “%“2%,2 ,ƒ C 2, %“…%"…/. деL“2",L: 

,ƒ3че…,е , “,“2ем=2,ƒ,!%"=…,е …=ч=ль…/. 3“-
л%",L (.2% деL“2",е 3“2=…="л,"=е2 %“…%"…/е 
цел, , *%…2е*“2/ C!%е*2= !=ƒ!=K%2*, %…2%л%г,,, 
= 2=*›е !=“C!едел е2 !%л, ме›д3 чле…=м, 
C!%е*2=); 

“K%! , …=*=Cл,"=…,е д=……/. (…= .2%м .2=Cе 
C!%,“.%д,2 “K%! , …=*=Cл,"=…,е …е%K.%д,м/. 
…=ч=ль…/. д=……/. дл  C%“2!%е…,  %…2%л%г,,); 

=…=л,ƒ д=……/. (ƒ=*люч=е2“  " =…=л,ƒе , г!3C-
C,!%"*е “%K!=……/. д=……/., ч2% %Kлегч=е2 C%-
“2!%е…,е 2е!м,…%л%г,,); 

…=ч=ль…%е !=ƒ",2,е %…2%л%г,, (…= .2%м .2=Cе 
-%!м,!3е2“  C!ед"=!,2ель…=  %…2%л%г,  …= %“-
…%"е %2%K!=……/. д=……/.); 

32%ч…е…,е , 32"е!›де…,е %…2%л%г,, ( "л е2“  
ƒ=*люч,2ель…%L “2=д,еL C!%це““=). 

b люK%L “,“2еме “3?е“2"3ю2 д"е %“…%"…/е *=-
2ег%!,, C!едме2%" "%“C!, 2, : %KAе*2/, “%“2="-
л ю?,е “,“2ем3, , "ƒ=,м%“" ƒ, ме›д3 .2,м, 
%KAе*2=м,, .=!=*2е!,ƒ3ю?,е “%“2% …,е “,“2ем/. 

m= …=ч=ль…%м .2=Cе C%“2!%е…,  %…2%л%г,, 
д%л›…/ K/2ь "/C%л…е…/ “лед3ю?,е ƒ=д=ч,: 

“%ƒд=…,е , д%*3ме…2,!%"=…,е “л%"=!  2е!м,-
…%"; 

%C,“=…,е C!=",л , %г!=…,че…,L, “%гл=“…% *%-
2%!/м …= K=ƒе ""ед‘……%L 2е!м,…%л%г,, -%!м,-
!3ю2“  д%“2%"е!…/е 32"е!›де…, , %C,“/"=ю?,е 
“%“2% …,е “,“2ем/; 

C%“2!%е…,е м%дел,, *%2%!=  …= %“…%"е “3?е“2-
"3ю?,. 32"е!›де…,L C%ƒ"%л е2 -%!м,!%"=2ь 
…е%K.%д,м/е д%C%л…,2ель…/е 32"е!›де…, . 

dл  C%дде!›=…,  C!%це““= C%“2!%е…,  %…2%-
л%г,, " IDEF5 !=ƒ!=K%2=…/ “Cец,=ль…/е %…2%л%-
г,че“*,е  ƒ/*,: “.ем=2,че“*,L  ƒ/* (Schematic 
Language-SL) ,  ƒ/* д%!=K%2%* , 32%ч…е…,L 
(Elaboration Language-EL).

“ƒ/* SL C%ƒ"%л е2 “2!%,2ь !=ƒ…%%K!=ƒ…/е 
2,C/ д,=г!=мм , “.ем " IDEF5. n“…%"…=  цель 
.2,. д,=г!=мм # …=гл д…% , ",ƒ3=ль…% C!ед“2="-
л 2ь %“…%"…3ю %…2%л%г,че“*3ю ,…-%!м=ц,ю [2]. 

q3?е“2"3ю2 че2/!е %“…%"…/. ",д= “.ем, *%2%-
!/е ,“C%льƒ3ю2“  дл  …=*%Cле…,  ,…-%!м=ц,, 
%K %…2%л%г,, " C!%ƒ!=ч…%L г!=-,че“*%L -%!ме: 
д,=г!=мм= *л=““,-,*=ц,, (Classification Sche-

matics) # %Kе“Cеч,"=е2 ме.=…,ƒм дл  л%г,че“*%L 
“,“2ем=2,ƒ=ц,, ƒ…=…,L, …=*%Cле……/. C!, ,ƒ3че-
…,, “,“2ем/; 

*%мC%ƒ,ц,%……=  “.ем= (Composition Schematics) 
# ме.=…,ƒм г!=-,че“*%г% C!ед“2="ле…,  “%“2="= 
*л=““%" %…2%л%г,,, C%ƒ"%л ю?,L %C,“/"=2ь, ч2% 
,ƒ *=*,. ч=“2еL “%“2%,2, 2. е. …=гл д…% %2%K!=-
›=2ь “%“2=" %KAе*2%", %2…%“ ?,.“  * 2%м3 ,л, 
,…%м3 *л=““3; 

“.ем= "ƒ=,м%“" ƒеL (Relation Schematics) # ,…-
“2!3ме…2 ",ƒ3=л,ƒ=ц,, , ,ƒ3че…,  "ƒ=,м%“" ƒеL 
ме›д3 !=ƒл,ч…/м, *л=““=м, %KAе*2%" " “,“2еме; 

д,=г!=мм= “%“2% …,  %KAе*2= (Object State 
Schematics) # “!ед“2"% д%*3ме…2=ц,, C!%це““%" “ 
2%ч*, ƒ!е…,  ,ƒме…е…,  “%“2% …,  %KAе*2=. 

Š=*,м %K!=ƒ%м, д,=г!=мм/ “%“2% …,  " IDEF5 
…=гл д…% C!ед“2="л ю2 ,ƒме…е…,е “%“2% …,  ,л, 
*л=““= %KAе*2= " 2ече…,е "“ег% C!%це““=. o!, C%-
“2!%е…,, *%…цеC23=ль…%L м%дел, ,“C%льƒ3ю2“  
C!едме2…/е ƒ…=…,  " ",де …=K%!= C%… 2,L , “" -
ƒ/"=ю?,. ,. %2…%ше…,L. j=›д%е C%… 2,е ,мее2 
,м  , м%›е2 ,ме2ь =2!,K32/. 

dл  %C!еделе…,  2е.…%л%г,L !=ƒ!=K%2*, *%…-
цеC23=ль…/. “Cец,-,*=ц,L ""ед‘м 2е!м,… &де*-
л=!=2,"…%е м%дел,!%"=…,е[, *%2%!%е "*люч=е2 
-%!м=ль…/L =CC=!=2 %C,“=…,  C!%це““%" C%-
“2!%е…,  %…2%л%г,, , C!едC%л=г=е2 !=ƒ!=K%2*3 
",ƒ3=ль…%-г!=-,че“*,. “!ед“2" !е=л,ƒ=ц,, “ле-
д3ю?,. -3…*ц,%…=ль…/. ƒ=д=ч: 

%K%ƒ…=че…,е целеL , %Kл=“2, C!,ме…е…,  “%ƒ-
д="=ем%L %…2%л%г,,; 

C%“2!%е…,е %…2%л%г,,, "*люч=ю?ее -,*“,!%-
"=…,е ƒ…=…,L % C!%Kлем…%L %Kл=“2, (o!n), 2. е. 
%C!еделе…,е %“…%"…/. C%… 2,L , ,. "ƒ=,м%%2…%-
ше…,L " "/K!=……%L C!едме2…%L %Kл=“2,; “%ƒд=-
…,е 2%ч…/. …еC!%2,"%!еч,"/. %C!еделе…,L дл  
*=›д%г% %“…%"…%г% C%… 2,  , %2…%ше…, ; %C!е-
деле…,е 2е!м,…%", *%2%!/е “" ƒ=…/ “ .2,м, 2е!-
м,…=м, , %2…%ше…, м,; *%д,!%"=…,е, 2. е. !=ƒ-
деле…,е “%"%*3C…%“2, %“…%"…/. 2е!м,…%", ,“-
C%льƒ3ем/. " %…2%л%г,,, …= %2дель…/е *л=““/ 
C%… 2,L; "/K%! ,л, !=ƒ!=K%2*3 -%!м=ль…/. 
“!ед“2" (“Cец,=ль…/.  ƒ/*%" дл  C!ед“2="ле…,  
%…2%л%г,,); …еC%“!ед“2"е……% ƒ=д=…,е -,*“,!%-
"=……%L *%…цеC23=л,ƒ=ц,, …= "/K!=……%м  ƒ/*е 
C!ед“2="ле…,  ƒ…=…,L; 

“%"ме“2…%е C!,ме…е…,е C%льƒ%"=2ел м, (,“-
C%л…,2ел м,) %K?ег% C%…,м=…,  “2!3*23!/ “,“-
2ем/; 

%Kе“Cече…,е "%ƒм%›…%“2, ,“C%льƒ%"=…,  ƒ…=-
…,L o!n; 

“%ƒд=…,е  "…/. д%C3?е…,L " o!n, ле›=?,. " 
%“…%"е !е=л,ƒ=ц,,; 

%2деле…,е ƒ…=…,L o!n %2 %Cе!=2,"…/. ƒ…=-
…,L.

b %“…%"е де*л=!=2,"…%г% м%дел,!%"=…,  ле›,2 
%C,“=…,е “,“2ем/ (%!г=…,ƒ=ц,, ,л, C!едC!, -
2, ) " 2е!м,…=. “3?…%“2еL, %2…%ше…,L ме›д3 
…,м, , C!е%K!=ƒ%"=…,е “3?…%“2еL, *%2%!%е "/-
C%л… е2“  " C!%це““е !еше…,  %C!едел‘……%L ƒ=-
д=ч, [4].

n“…%"…%L .=!=*2е!…%L че!2%L .2%г% C%д.%д= 
 "л е2“  !=ƒделе…,е !е=ль…/. C!%це““%" …= “%-
“2="л ю?,е , *л=““/ %KAе*2%", %C!еделе…,е ,. 
%…2%л%г,L ,л, “%"%*3C…%“2, -3…д=ме…2=ль…/. 
“"%L“2", *%2%!/е %C!едел ю2 ,. ,ƒме…е…,  , C%-
"еде…,е [5].

dе*л=!=2,"…%е м%дел,!%"=…,е C%д!=ƒ3ме"=е2 
гл3K%*,L “2!3*23!…/L =…=л,ƒ C!едме2…%L %Kл=“-
2,. o!%“2еLш,L =лг%!,2м де*л=!=2,"…%г% м%де-
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л,!%"=…,  м%›е2 K/2ь C!ед“2="ле… “лед3ю?,м, 
“%“2="л ю?,м,:

"/деле…,е *%…цеC2%" (K=ƒ%"/. C%… 2,L д=…-
…%L C!едме2…%L %Kл=“2,); 

%C!еделе…,е &"/“%2/ де!е"= %…2%л%г,L[ (*%-
л,че“2"% 3!%"…еL =K“2!=*ц,,); 

!=“C!еделе…,е *%…цеC2%" C% 3!%"… м; 
C%“2!%е…,е “" ƒеL ме›д3 *%…цеC2=м, (%C!еде-

ле…,е %2…%ше…,L , "ƒ=,м%деL“2",L K=ƒ%"/. C%-
… 2,L); 

*%…“3ль2=ц,, “ !=ƒл,ч…/м, “Cец,=л,“2=м, 
дл  ,“*люче…,  C!%2,"%!еч,L , …е2%ч…%“2еL. 

dе*л=!=2,"…%е м%дел,!%"=…,е …=ч,…=е2“  “ 
“%“2="ле…,  “л%"=!  2е!м,…%", *%2%!/L ,“C%ль-
ƒ3е2“  C!, %K“3›де…,, , ,““лед%"=…,, .=!=*2е-
!,“2,* %KAе*2%" , C!%це““%", “%“2="л ю?,. !=“-
“м=2!,"=ем3ю “,“2ем3, = 2=*›е “%ƒд=…,  “,“2ем/ 
2%ч…/. %C!еделе…,L .2,. 2е!м,…%". j!%ме 2%г%, 
д%*3ме…2,!3ю2“  %“…%"…/е л%г,че“*,е "ƒ=,м%-
“" ƒ, ме›д3 “%%2"е2“2"3ю?,м, C%… 2, м,. 
pеƒ3ль2=2%м м%дел,!%"=…,   "л е2“  “л%"=!ь 
2е!м,…%", 2%ч…/. ,. %C!еделе…,L , "ƒ=,м%“" -
ƒеL ме›д3 …,м,. 

dе*л=!=2,"…%е м%дел,!%"=…,е C!едC%л=г=е2 де-
*%мC%ƒ,ц,ю “,“2ем/ !=“C!едел‘……%г% 3C!="ле-
…,  …= .2=C/. bме“2е “ 2ем е“2ь цел/L ! д %“%Kе…-
…%“2еL, %C!едел ю?,. .=!=*2е! "/C%л…е…,  %2-
дель…/. .2=C%". j 2=*,м %“%Kе……%“2 м %2…%“ 2“ :

*%лле*2,"…%е ,“C%льƒ%"=…,е ƒ…=…,L C!едC%л=-
г=е2 %KAед,…е…,е , !=“C!еделе…,е ,“2%ч…,*%" 
ƒ…=…,L C% !=ƒл,ч…/м “3KAе*2=м, = “лед%"=2ель-
…%, , !еше…,е %!г=…,ƒ=ц,%……/. "%C!%“%" =дм,-
…,“2!,!%"=…,  , %C2,м,ƒ=ц,, дел%"/. C!%це“-
“%", “" ƒ/"=ю?,. C%льƒ%"=2елеL “,“2ем;

“%“2=" ,“2%ч…,*%" ƒ…=…,L %C!едел е2“  " 
C!,…ц,Cе, *%…*!е2…/е ,“2%ч…,*, ƒ…=…,L (%“%-
Kе……% "…еш…,е ,“2%ч…,*, ƒ…=…,L) м%›…% д%K="-
л 2ь C% ме!е !=ƒ",2,  C!%е*2=;

C%“*%ль*3 “,“2ем/ !=“C!едел‘……%г% 3C!="ле-
…,  C!%м/шле……/м, C!%це““=м, ,мею2 м…%г%-
целе"%е …=ƒ…=че…,е, "%ƒ…,*=е2 C%2!еK…%“2ь " ,…-
2ег!=ц,, !=ƒ…%%K!=ƒ…/. ,“2%ч…,*%" ƒ…=…,L …= 
%“…%"е ед,…%г% “ем=…2,че“*%г% %C,“=…,  C!%-
“2!=…“2"= ƒ…=…,L.

Š=*,м %K!=ƒ%м, *%…цеC23=ль…=  C!%!=K%2*= 
!е=л,ƒ=ц,, “,“2ем/ !=“C!едел‘……%г% 3C!="ле…,  
“"%д,2“  * “%ƒд=…,ю %…2%л%г,,, *%2%!=  "/C%л-
… е2“  *л=““,че“*, C!, "ƒ=,м%деL“2",, ,“C%л-
…,2елеL , .*“Cе!2%". p=ƒ!=K%2*= , C%дде!›*= %…-
2%л%г,, " м=“ш2=Kе цел%г% C!едC!, 2,  2!еK3ю2 
C%“2% ……/. 3“,л,L дл  е‘ !=ƒ",2, . dл  “%*!=-
?е…,  ƒ=2!=2 …= !=ƒ!=K%2*3 %…2%л%г,, целе“%%K-
!=ƒ…% C!,ме… 2ь %…2%л%г,,, !=ƒ!=K%2=……/е “Cе-
ц,=л,ƒ,!%"=……/м, C!%е*2…/м, %!г=…,ƒ=ц, м,, 
*%2%!/е м%г32 ,“C%льƒ%"=2ь“  …= C!,…ц,C=. 2,-
!=›,!%"=…,  (!=ƒделе…,  д%“23C=) , C%"2%!…%г% 
,“C%льƒ%"=…, .

oе!“Cе*2,"…/м …=C!="ле…,ем !=ƒ",2,  ,…2е-
г!=ц,, !=“C!едел‘……/. “,“2ем 3C!="ле…,  C!%-
м/шле……/м, C!%це““=м, C!ед“2="л е2“  C%д-
.%д, %C!едел ем/L lnqŠ-2е.…%л%г,еL, C!, *%-
2%!%м “.ем/ "ƒ=,м%деL“2",  %…2%л%г,L “%ƒд=ю2-
“  “!ед“2"=м, “=м,. %KAе*2%" (*%…цеC2%") C!, 
…=деле…,, ,. д%C%л…,2ель…/м, “"%L“2"=м, C!,-
… 2,  !еше…,L …= 3!%"…е д%C3“2,м/. C%л…%м%-
ч,L [6].

lnqŠ-2е.…%л%г,  %C!едел е2 ме.=…,ƒм C!%е*-
2,!%"=…, , -3…*ц,%…,!%"=…,  , !=ƒ!=K%2*, “е2, 
!=“C!едел‘……%г% 3C!="ле…,  (" “2=…д=!2…%м "=-
!,=…2е ,е!=!.,че“*%г% 2,C=) ,ƒ 2=* …=ƒ/"=ем/. 
де*л=!=2,"…/. %…2%л%г,че“*,. м%д3леL (dnl) 
,л, де*л=!=…2%". o!, .2%м “2=2,че“*=  “2!3*23!= 
!=“C!едел‘……%L “е2, dnl-м%д3леL Kл%*%" %C!е-
дел е2 &“2!=2ег,ю[ C!%це““%" 3C!="ле…, , = д,-
…=м,че“*,L ме.=…,ƒм C!%це““%" &%2!=K%2*,[ %…-
2%л%г,че“*,. Kл%*%" (na-Kл%*%") %C,“/"=е2 
&=ль2е!…=2,"3[ C!%це““%" 3C!="ле…,  " “е2, !=“-
C!едел‘……%г% 3C!="ле…, .

lnqŠ-2е.…%л%г,  C%ƒ"%л е2 -%!м=ль…% %C,-
“/"=2ь C!%це““/ C%"еде…,  “е2, %…2%л%г,че“*,. 
м%д3леL, “л3›,2 %“…%"%L "е!,-,*=ц,,, 2!=…“-
-%!м=ц,, , %це…*, C!%,ƒ"%д,2ель…%“2, “,“2ем 
!=“C!едел‘……%г% 3C!="ле…, .

lnqŠ-2е.…%л%г,  д%л›…= %Kе“Cеч,"=2ь …е 
2%ль*% д%“23C * %…2%л%г, м, …% , -3…*ц,, *%…-
2!%л  "е!“,L, !еCл,*=ц,,, .*“C%!2= (,мC%!2=). b 
!=“C!едел‘……%L “е2, “,“2ем/ д%л›…= K/2ь "%ƒ-
м%›…%“2ь ,ме2ь &C!%ƒ!=ч…/L[ д%“23C * =*23=ль-
…/м "е!“, м люK/. %…2%л%г,L, *%2%!/е м%г32 
C%…=д%K,2ь“  C!, =…=л,ƒе д=……/..

h“C%льƒ%"=…,е C%д%K…%L 2е.…%л%г,, %Kе“Cе-
ч,"=е2:

3…,"е!“=ль…%е C!%г!=мм,!%"=…,е д=……/. …е-
ƒ=",“,м% %2 2,C= ,. ,“2%ч…,*=; 

C%дде!›*3 %K%K?‘……/. C!,л%›е…,L; 
3C!%?‘……/L C%,“*, C!%“м%2!, ,ƒме…е…,е , 

=…=л,ƒ д=……/. дл  C!,л%›е…,L, 32,л,2 , “!ед“2" 
!=ƒ!=K%2*,; 

,“C%льƒ%"=…,е %д…%г% ,…2е!-еL“= дл  д%“23C= 
* !=ƒ…/м 3!%"… м =K“2!=*ц,, д=……/. (*%гд= ме-
2=д=……/е д%“23C…/ че!еƒ ед,…/L C!%г!=мм…/L 
,…2е!-еL“). 

dл  !е=л,ƒ=ц,, ,…2е!-еL“= lnqŠ-2е.…%л%-
г,, , д%“23C= * %…2%л%г, м м%›…% ,“C%льƒ%"=2ь 
"%ƒм%›…%“2, Service Data Object, -%!м,!3ю?ег% 
SDO-%KAе*2/, “%%2"е2“2"3ю?,е =*2,"…/м , 
C=““,"…/м %K!=ƒ=м hhq. }2, ›е 2е.…%л%г,че-
“*,е “!ед“2"= ле›=2 " %“…%"е !е=л,ƒ=ц,, *%мC%-
…е…2 “е!",“%" д%“23C= * д=……/м (Data Access 
Service, DAS). dл  *=›д%г% "%ƒм%›…%г% ,“2%ч…,-
*= д=……/. (!ел ц,%……/е K=ƒ/ д=……/., XML-д%-
*3ме…2/, web-“е!",“/ , 2. д.) !е=л,ƒ3е2“  %2-
дель…=  *%мC%…е…2=, %Kе“Cеч,"=ю?=  C%,“* 
SDO-%KAе*2%" , -,*“,!%"=…,е ,. ,ƒме…е…,L …= 
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%“…%"е ме2=д=……/., .!=…,м/. " ме2=%…2%л%г,,. 
g= люK%L %…2%л%г,еL м%›…% ƒ=*!еC,2ь %C!еде-
л‘……/L .*ƒемCл ! “%%2"е2“2"3ю?еL *%мC%…е…-
2/ DAS, *%2%!/L, “ %д…%L “2%!%…/, ,“C%льƒ3е2 
е‘ дл  %Kе“Cече…,  д%“23C=, = “ д!3г%L, %C!еде-
л е2 *%…*!е2…%е ме“2% .!=…е…,  %C,“=……/. " 
…еL д=……/..

hде…2,-,*=2%! %…2%л%г,, д%л›е… %д…%ƒ…=ч…% 
%C!едел 2ь е‘ &K=ƒ%"%е[ ме“2%!=“C%л%›е…,е %2-
…%“,2ель…% д!3г,. “е!"е!%" “,“2ем/, %Kе“Cеч,-
"=  K/“2!%е …=.%›де…,е ,“2%ч…,*= д=……/. " !=“-
C!едел‘……%L “е2,.

o!едл=г=е2“  "=!,=…2 C%“2!%е…,  2=*%L “е2, 
“ C%м%?ью “е!",“= “%%K?е…,L. q%%K?е…,е 
C!ед“2="л е2 “%K%L …=K%! C=!=ме2!%", %C!еде-
л ю?,. целе"%L “е!",“, *%2%!/L д%л›е… K/2ь 
"/ƒ"=… …= *=›д%м “е!"е!е , …= *%2%!/L .2% 
“%%K?е…,е K3де2 C%“л=…%, = 2=*›е ме.=…,ƒм 
"%ƒ"!=2= !еƒ3ль2=2%" !=K%2/ .2,. “е!",“%" " 
2%ч*3 "/ƒ%"=. o!, .2%м …= *=›д%м “е!"е!е .!=-
…,2“  …=K%! 2=Kл,ц м=!ш!32,ƒ=ц,,, ,мею?,. 
3…,*=ль…/е ,де…2,-,*=2%!/. j=›д=  2=Kл,ц= 
%C!едел е2 …=K%! C=!=ме2!%" C%д*люче…,  * 
д!3г,м “е!"е!=м C!,л%›е…,L. j%…еч…/L C%ль-
ƒ%"=2ель ,“C%льƒ3е2 “е2е"%L “е!",“ “%%K?е…,L, 
“%ƒд="=  …%"%е “%%K?е…,е , %C!едел   3…,*=ль-
…/L ,де…2,-,*=2%! 2=Kл,ц/ м=!ш!32,ƒ=ц,,. 
qе!",“ Cе!ед=‘2 .2% “%%K?е…,е …= *=›д/L ,ƒ 
“е!"е!%", %C,“=……/. " 3*=ƒ=……%L 2=Kл,це м=!-
ш!32,ƒ=ц,,, ,“C%льƒ3  2=*%L ›е “е2е"%L “е!",“ 
…= *=›д%м ,ƒ …,.. Š=*,м %K!=ƒ%м, “%%K?е…,е 
*=“*=д…% Cе!ед=‘2“  C% "“еL ƒ=!=…ее “*%…-,г3-
!,!%"=……%L “е2,, = C%льƒ%"=2ель C%л3ч=е2 …=K%! 
!еƒ3ль2=2%" !=K%2/ "“е. …=Lде……/. целе"/. 
“е!",“%".

g=*люче…,е. nC,“=……/е C!,…ц,C/ lnqŠ-
2е.…%л%г,,  "л ю2“  *люче"/м, .леме…2=м, 
%Kе“Cече…,  л%г,*, "…32!, “е2е"%г% "ƒ=,м%деL-
“2",  3ƒл%" !=“C!едел‘……%L “,“2ем/. j!%ме 
%C,“=……%L -3…*ц,%…=ль…%“2,, lnqŠ-2е.…%л%-
г,  %Kл=д=е2 …е*%2%!/м, д%C%л…,2ель…/м, 
"%ƒм%›…%“2 м, 3C!="ле…,  “2!=2ег, м, Cе!е-
д=ч, “%%K?е…,L , %!г=…,ƒ=ц,, ,е!=!.,че“*,. 
“е2еL.

dл  *=›д%L “,“2ем/ " %2дель…%“2, =…=л,ƒ,-
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`kcnphŠlhg`0h“ opn0eqq` onkr)emh“ mnb{u trmj0hnm`k|m{u 
g`bhqhlnqŠei m` nqmnbe dejk`phpnb`mm{u

o!ед“2="ле…/ =лг%!,2м/ C!,"еде…,  !ел ц,%……%г% %2…%ше…,  * …%!м=ль…%L -%!ме 
a%L“=#j%дд= , %C!еделе…,  *люче"/. =2!,K32%" %2…%ше…, .

jлюче"/е “л%"=: !ел ц,%……%е %2…%ше…,е, …%!м=ль…=  -%!м=, -3…*ц,%…=ль…=  ƒ=",“,м%“2ь, 
де*%мC%ƒ,ц, , =лг%!,2м, м=2!,ц=.

Algorithms for relational relation reduction to normal Boys-Kodd’s form and for relation key 
attribute definition are introduced.

Key words: relational relation, normal form, functional dependence, decomposition, algorithm, matrix.

q,“2ем/ K=ƒ д=……/.  "л ю2“   д!%м, д",›3-
?еL “,л%L люK%L ,…-%!м=ц,%……%L “,“2ем/. }2= 
%Kл=“2ь ,…-%!м=2,*,, K=ƒ,!3 “ь …= ! де д!3г,. 
%Kл=“2еL, ,мее2 “%K“2"е……3ю C!%Kлем=2,*3, “" -
ƒ=……3ю “% “Cец,-,*%L ƒ=д=ч 3C!="ле…,  K%ль-
ш,м, !е“3!“=м, д=……/. " “%"!еме……/. "/ч,“-
л,2ель…/. “!ед=. “ м…%г%%K!=ƒ,ем "%ƒм%›…%“2еL 
,. =!.,2е*23!/. o!%е*2,!%"=…,е K=ƒ/ д=……/. 
C!,… 2% !=ƒK,"=2ь …= ! д .2=C%": ,…-%л%г,че-
“*%е, д=2=л%г,че“*%е , -,ƒ,че“*%е м%дел,!%"=-
…,е. b …=“2% ?ее "!ем  …=,K%лее ="2%м=2,ƒ,!%-
"=…/ Cе!"/L , C%“лед…,L .2=C/ !=ƒ!=K%2*, K=ƒ/ 
д=……/..

mеƒ=",“,м% %2 “C%“%K= “%ƒд=…,  !ел ц,%……%L 
м%дел, ч=“2% м%›…% C%"/“,2ь *=че“2"% C!%е*2=, 
!е=л,ƒ3  %C!едел‘……/е 2,C/ %г!=…,че…,L. m=,-
K%лее "=›…/м 2,C%м %г!=…,че…,L “!ед, C!,ме-
… ем/. " *%…2е*“2е C!%е*2= !ел ц,%……%L K=ƒ/ 
д=……/.  "л е2“  %г!=…,че…,е 3…,*=ль…%“2,, …=ƒ/-
"=ем%е -3…*ц,%…=ль…%L ƒ=",“,м%“2ью. nг!=…,-
че…,  .2%г% 2,C= %Kе“Cеч,"=ю2 "%ƒм%›…%“2ь "…е-
“е…,  ,ƒме…е…,L " м%дель K=ƒ/ д=……/. дл  3“2!=-
…е…,  ,…-%!м=ц,%……%L ,ƒK/2%ч…%“2,. t3…*-
ц,%…=ль…/е ƒ=",“,м%“2, ,г!=ю2 "=›…3ю !%ль 
C!, …=.%›де…,, *лючеL %2…%ше…, , C!%"е!*е …= 
C!,…=дле›…%“2ь %2…%ше…,  2%L ,л, ,…%L …%!-
м=ль…%L -%!ме ,, *=* “лед“2",е, C!, C!%"еде…,, 
де*%мC%ƒ,ц,, %2…%ше…,  *=* %д…%г% ,ƒ “C%“%-
K%" 3“2!=…е…,  =…%м=л,L, ƒ=*люч=ю?ег%“  " 
!=ƒK,е…,, !ел ц,%……%L “.ем/ (2. е. м…%›е“2"= 
=2!,K32%") …= д"е K%лее &мел*,е[ “.ем/. 

o!%це““ C%,“*= -3…*ц,%…=ль…/. ƒ=",“,м%-
“2еL , *лючеL %2…%ше…,  # .2% C!е›де "“ег% 
=…=л,2,че“*,L C!%це““. a%льш,…“2"% C!%е*2,-
!%"?,*%" K=ƒ д=……/. .2=C C!%"е!*, %2…%ше…,L 
…= ,. C!,…=дле›…%“2ь 2%L ,л, ,…%L …%!м=ль…%L 
-%!ме C!%“2% C!%C3“*=ю2, д!3г,е 2!=2 2 д%“2=-
2%ч…% м…%г% "!еме…, …= ,““лед%"=…,е -3…*ц,%-
…=ль…/. ƒ=",“,м%“2еL, K%льше C%л=г= “ь …= “"%L 
%C/2 , ,…23,ц,ю, чем …= м=2ем=2,че“*,L =CC=-

!=2. t%!м=л,ƒ%"=" C!%це““ %K!=K%2*, -3…*ц,%-
…=ль…/. ƒ=",“,м%“2еL, м%›…% "/“2!%,2ь =лг%-
!,2м, “ %д…%L “2%!%…/, %Kе“Cеч,"=ю?,L …=.%›-
де…,е %C2,м=ль…%г% !еше…,  ƒ=д=ч, “"еде…,  * 
м,…,м3м3 =…%м=л,, ,ƒK/2%ч…%“2,, “ д!3г%L # 
C%ƒ"%л ю?,L Cе!ел%›,2ь !еше…,е .2%L ƒ=д=ч, 
…= *%мCью2е!, “дел=" C!%це““ “%ƒд=…,  K=ƒ/ 
д=……/. ="2%м=2,ƒ,!%"=……/м …= "“е. .2=C=. 
C!%е*2,!%"=…, .

m=,K%лее C%л…%е C!ед“2="ле…,е % “,“2ем=. 
!=ƒл,ч…%L C!,!%д/ м%›…% C%л3ч,2ь “ C%м%?ью 
г!=-%". j=›д/L %KAе*2, ,…-%!м=ц,  % *%2%!%м 
.!=…,2“  " K=ƒе д=……/., %Kл=д=е2 ! д%м “"%L“2". 
b !ел ц,%……%L м%дел, “%"%*3C…%“2ь %д…%!%д…/. 
%KAе*2%" %K!=ƒ3е2 %2…%ше…,е (2=Kл,ц3), " *%2%-
!%м *=›д=  %2дель…% "ƒ 2=  ƒ=C,“ь “%%2"е2“2"3е2 
%д…%м3 %KAе*23, = ƒ…=че…,  =2!,K32%" ƒ=C,“еL # 
C%*=ƒ=2ел м “"%L“2" .2%г% %KAе*2=. 

e“л, !=““м=2!,"=2ь =2!,K32/ %2…%ше…,  *=* 
3ƒл/ %!г!=-=, 2% -3…*ц,%…=ль…3ю ƒ=",“,м%“2ь 
",д= A → B м%›…% !=““м=2!,"=2ь *=* д3г3 ме›д3 
"е!ш,…=м, A , B. m% C%д%K…/е -3…*ц,%…=ль-
…/е ƒ=",“,м%“2, ме›д3 =2!,K32=м, %2…%ше…,  
“%“2="л ю2 л,шь м=л3ю ч=“2ь %K?ег% ч,“л= "%ƒ-
м%›…/. -3…*ц,%…=ль…/. ƒ=",“,м%“2еL. o%.2%м3 
м…%›е“2"% =2!,K32%" A1, A2,..., An %2…%ше…,  це-
ле“%%K!=ƒ…ее C!ед“2=",2ь *=* %“, n-ме!…%г% C!%-
“2!=…“2"=. Š%гд= -3…*ц,%…=ль…=  ƒ=",“,м%“2ь 
",д= A1, A2,..., Ak → Am, где {A1, A2,..., Ak} ∈ {A1, 
A2,..., An } # д3г=, “%ед,… ю?=  2%ч*3 " n-ме!…%м 
C!%“2!=…“2"е “ 2%ч*%L …= %“, Am, = -3…*ц,%…=ль-
…=  ƒ=",“,м%“2ь FD: Ak → Am # д3г=, “%ед,… ю-
?=  2%ч*3 …= %“, Ak “ 2%ч*%L …= %“, Am. Š=*,м 
%K!=ƒ%м, C%л3ч,м %!г!=-, !=“C%л%›е……/L " 
n-ме!…%м C!%“2!=…“2"е.

e?‘ %д…%L "=›…%L .=!=*2е!,“2,*%L г!=-=  "-
л е2“  C%… 2,е “ме›…%“2, ег% "е!ш,…. )2%K/ ="-
2%м=2,ƒ,!%"=2ь C!%це““ C%,“*= *люче"/. ƒ=",-
“,м%“2еL , C!=",л= "/"%д= …%"/. %2…%ше…,L …= 
%“…%"е 3›е “3?е“2"3ю?,., -3…*ц,%…=ль…/е ƒ=-
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",“,м%“2, м%›…% C!ед“2=",2ь " ",де %!г!=-= , 
C%“2=",2ь ем3 " “%%2"е2“2",е м=2!,ц3 “ме›…%“2,. 
o!%це““ =…=л,ƒ= м=2!,ц/ “ме›…%“2, , "/"%д= “ 
е‘ C%м%?ью *люче"/. ƒ=",“,м%“2еL %2…%ше…,  
лег*% C%дд=‘2“  *%мCью2е!,ƒ=ц,,, ч2%  "л е2“  
*%…еч…%L целью д=……/. ,““лед%"=…,L. 

dл  "/"%д= -3…*ц,%…=ль…/. ƒ=",“,м%“2еL C%-
леƒ…/ “лед3ю?,е “"%L“2"=.

pе-ле*“,"…%“2ь. e“л, Y ∈ X, 2% X → Y. 
o3“2ь д=…% %2…%ше…,е R(A1,..., A5), " *%2%!%м 

де*л=!,!%"=…/ “лед3ю?,е ƒ=",“,м%“2,: A1 → A4; 
A2, A3 → A1; A5 → A3. l=2!,ц= “ме›…%“2, %!г!=-= 
-3…*ц,%…=ль…/. ƒ=",“,м%“2еL %2…%ше…,  R 
C!ед“2="ле…= …= !,“. 1, =. 

hƒ -3…*ц,%…=ль…%L ƒ=",“,м%“2, A2, A3 → A1 
C% “"%L“2"3 !е-ле*“,"…%“2, м%›…% "/"е“2, ƒ=-
",“,м%“2, A2, A3 → A2 , A2, A3 → A3. Š=*,м %K!=-
ƒ%м, " м=2!,це “ме›…%“2, м%›…% д%K=",2ь ед,-
…,ц/ …= Cе!е“ече…,, “2!%* , “2%лKц%" “ %д…%-
,ме……/м, =2!,K32=м, (!,“. 1, K). }2% %K/ч…% 
,“C%льƒ3е2“  C!, C!,ме…е…,, “"%L“2" 2!=…ƒ,-
2,"…%“2, ,л, C“е"д%2!=…ƒ,2,"…%“2,, = 2=*›е C!, 
C!,"еде…,, м=2!,ц/, …=C!,ме!, * %д…%“2%!%……е 
%*=Lмл‘……%L Kл%ч…%L д,=г%…=ль…%L -%!ме.

o!,“%ед,…е…,е. e“л, X → Y, 2% XZ → YZ. }2% 
“"%L“2"%, *=* , “"%L“2"% !е-ле*“,"…%“2,, %K/ч-
…% C!,ме… е2“  " “"%L“2"=. 2!=…ƒ,2,"…%“2, ,л, 
C“е"д%2!=…ƒ,2,"…%“2,.

1A 2A 3A 4A 5A 1A 2A 3A 4A 5A

1A 0 0 0 1 0 1A 1 0 0 1 0 

32 , AA 1 0 0 0 0 32 , AA 1 1 1 0 0 

5A 0 0 1 0 0 5A 0 0 1 0 1 

   )       )   

p,“. 1. }*","=ле…2…/е м=2!,ц/ “ме›…%“2, д% (=) , C%“ле (K) C!,ме…е…,  “"%L“2"= 
!е-ле*“,"…%“2, -3…*ц,%…=ль…/. ƒ=",“,м%“2еL

1A 2A 3A 4A 5A 1A 2A 3A 4A 5A

1A 0 0 0 1 0   21 , AA 0 1 0 1 0 

32 , AA 1 0 0 0 0   32 , AA 1 0 0 0 0 

5A 0 0 1 0 0   5A 0 0 1 0 0 

21, AA 0 1 0 1 0         

   )        )   

p,“. 2. }*","=ле…2…/е м=2!,ц/ “ме›…%“2, д% (=) , C%“ле (K) C!,ме…е…,  “"%L“2"= 
C!,“%ед,…е…,  -3…*ц,%…=ль…/. ƒ=",“,м%“2еL

o3“2ь C%-C!е›…ем3 д=…% %2…%ше…,е R(A1,..., A5), 
" *%2%!%м де*л=!,!%"=…/ “лед3ю?,е ƒ=",“,м%-
“2,: A1 → A4; A2, A3 → A1; A5 → A3. l=2!,ц= “ме›-
…%“2, %!г!=-= .2,. -3…*ц,%…=ль…/. ƒ=",“,м%-
“2еL C!ед“2="ле…= …= !,“. 1, =. 

o% “"%L“2"3 C!,“%ед,…е…,  * де*л=!,!%"=…-
…/м ƒ=",“,м%“2 м м%›…% д%K=",2ь ƒ=",“,м%“2ь 
A1, A2 → A4, A2. b м=2!,це “ме›…%“2, !е=л,ƒ=-
ц,  .2%г% “"%L“2"= д%“2,г=е2“  д%K="ле…,ем 
…%"%L “2!%*, (!,“. 2, =) ,л, д%K="ле…,ем ,ме-
…, =2!,K32= * ,ме…, “2!%*, , ед,…,ц/ " “2%лK-
це, “%%2"е2“2"3ю?ем д%K="л ем%м3 =2!,K323 
(!,“. 2, K).

p=ƒделе…,е. t3…*ц,%…=ль…3ю ƒ=",“,м%“2ь A1, 
A2,..., An → B1, B2,..., Bm м%›…% !=ƒK,2ь …= ! д 
-3…*ц,%…=ль…/. ƒ=",“,м%“2еL:

A1, A2,..., An → B1;
A1, A2,..., An → B2;
...
A1, A2,..., An → Bm.
o3“2ь " %2…%ше…,, R(A1,..., An) де*л=!,!%"=…= 

-3…*ц,%…=ль…=  ƒ=",“,м%“2ь Ai → A1, Ak → Ar 
(!,“. 3, =). o% C!=",л3 де*%мC%ƒ,ц,, .23 FD 
м%›…% !=ƒK,2ь …= “%"%*3C…%“2ь ƒ=",“,м%“2еL: 
Ai → A1; Ai → Ak; Ai → Ar. b м=2!,це “ме›…%“2, .2% 
“"%L“2"% д%“2,г=е2“  !=ƒK,е…,ем i-L “2!%*, …= 
“%"%*3C…%“2ь “2!%* (!,“. 3, K).
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1A 2A kA rA nA 1A 2A kA rA nA

                 
iA 1 0 1 1 0 iA 1 0 0 0 0

         iA 0 0 1 0 0
                 
         iA 0 0 0 1 0
                 
   a)           )    

p,“. 3. }*","=ле…2…%“2ь м=2!,ц/ “ме›…%“2, C% “"%L“2"3 де*%мC%ƒ,ц,, -3…*ц,%…=ль…/. ƒ=",“,м%“2еL

nKAед,…е…,е. e“л, X → Y , X → Z , 2% X → Y Z.
b м=2!,це “ме›…%“2, “"%L“2"% %KAед,…е…,  

!е=л,ƒ3е2“  л%г,че“*,м “л%›е…,ем %д…%,ме……/. 
“2!%*. }2% “"%L“2"%  "л е2“  %K!=2…/м C% %2…%-
ше…,ю * “"%L“2"3 де*%мC%ƒ,ц,, (“м. !,“. 3). 

Š!=…ƒ,2,"…%“2ь. e“л, X → Y , Y → Z, 2% X → Z.
d=……%е “"%L“2"% =*2,"…% ,“C%льƒ3е2“  " =лг%-

!,2ме де*%мC%ƒ,ц,, %2…%ше…,  …= ! д %2…%ше-
…,L, 3д%"ле2"%! ю?,. …%!м=ль…%L -%!ме a%L-
“=#j%дд=, дл  “2 г,"=…,  C%дг!=-= " C%дде!е"%.

p=““м%2!,м, *=* “"%L“2"% 2!=…ƒ,2,"…%“2, !е=-
л,ƒ3е2“  " м=2!,це “ме›…%“2, " ƒ=",“,м%“2, %2 
ч,“л= =2!,K32%" " ле"%L , C!="%L ч=“2 . -3…*-
ц,%…=ль…%L ƒ=",“,м%“2,.

b=!,=…2 1. nд,… =2!,K32 -3…*ц,%…=ль…% %K3-
“л%"л,"=е2 %д,… =2!,K32.

o3“2ь " %2…%ше…,, R(A1,..., An) де*л=!,!%"=…/ 
-3…*ц,%…=ль…/е ƒ=",“,м%“2, Ai → Ar ; Ar → Ak 
(!,“. 4, =). o% C!=",л3 2!=…ƒ,2,"…%“2, .23 ƒ=",-
“,м%“2ь м%›…% “2 …32ь " ƒ=",“,м%“2ь Ai → Ak . b 
м=2!,це “ме›…%“2, .2% “"%L“2"% д%“2,г=е2“  л%-
г,че“*,м C!,K="ле…,ем “2!%*, “ …%ме!%м r * 
“2!%*е “ …%ме!%м i (!,“. 4, K). d!3г,м, “л%"=м,, 
е“л, …= Cе!е“ече…,, “2!%*, “ …%ме!%м i , “2%лKц= 
“ …%ме!%м r, = 2=*›е …= Cе!е“ече…,, “2!%*, “ …%-
ме!%м r , “2%лKц= “ …%ме!%м k “2%,2 ед,…,ц=, , 

rA kA rA kA

           
iA 1 0 iA 1 1

           
rA  0  1         

            
a)       )   

p,“. 4. }*","=ле…2…%“2ь м=2!,ц/ “ме›…%“2, C% “"%L“2"3 2!=…ƒ,2,"…%“2, -3…*ц,%…=ль…/. ƒ=",“,м%“2еL

=2!,K32/, “%%2"е2“2"3ю?,е “2!%*е “ …%ме!%м r , 
“2%лKц3 “ …%ме!%м r, “%"C=д=ю2, 2% …= Cе!е“ече-
…,, “2!%*, i , “2%лKц= “ …%ме!%м k м%›…% 2%›е 
C%“2=",2ь ед,…,ц3, = “2!%*3 “ …%ме!%м r 3д=л,2ь.

b=!,=…2 2. mе“*%ль*% =2!,K32%" " “%"%*3C-
…%“2, -3…*ц,%…=ль…% %K3“л%"л,"=ю2 %д,… =2-
!,K32. 

b %2…%ше…,, R(A1,..., An) де*л=!,!%"=…/ -3…*-
ц,%…=ль…/е ƒ=",“,м%“2,: Ai , Aj → Ar ; Ar → Ak (!,“. 
5, =) o% C!=",л3 2!=…ƒ,2,"…%“2, .23 -3…*ц,%-
…=ль…3ю ƒ=",“,м%“2ь м%›…% “2 …32ь " ƒ=",“,-
м%“2ь: Ai , Aj → Ak (!,“. 5, K).

b=!,=…2 3. mе“*%ль*% =2!,K32%" " “%"%*3C…%-
“2, -3…*ц,%…=ль…% %K3“л%"л,"=ю2 …е“*%ль*% =2-
!,K32%".

b %2…%ше…,, R(A1,..., An) де*л=!,!%"=…/ “ле-
д3ю?,е -3…*ц,%…=ль…/е ƒ=",“,м%“2,: Ai , Aj → Ar , 
At ; Ar → Ak , Ap (!,“. 6, =). o% C!=",л3 2!=…ƒ,2,"-
…%“2, .23 ƒ=",“,м%“2ь м%›…% “2 …32ь " ƒ=",“,-
м%“2ь Ai , Aj → Ak (!,“. 6, K).

o“е"д%2!=…ƒ,2,"…%“2ь. e“л, X → Y , WY → Z, 
2% WX → Z.

o3“2ь " %2…%ше…,, R(A1,..., An) де*л=!,!%"=…/ 
-3…*ц,%…=ль…/е ƒ=",“,м%“2, Ai → Ar ; Ar , Aj → Ak, 
Ap (!,“. 7, =). o% C!=",л3 C“е"д%2!=…ƒ,2,"…%“2, 
.23 ƒ=",“,м%“2ь м%›…% “2 …32ь " ƒ=",“,м%“2ь Ai, 
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rA kA rA kA

           
ji AA , 1 0 ji AA , 1 1

           
rA  0  1         

            
  a)       )   

p,“. 5. }*","=ле…2…%“2ь м=2!,ц/ “ме›…%“2, C% “"%L“2"3 2!=…ƒ,2,"…%“2, -3…*ц,%…=ль…/. ƒ=",“,м%“2еL

rA kA tA pA rA kA tA pA

                
ji AA , 1 0 1  0 ji AA , 1 1 1  1 

                
rA  0  1  0  1          

                 
   a)         )     

p,“. 6. }*","=ле…2…%“2ь м=2!,ц/ “ме›…%“2, C% “"%L“2"3 2!=…ƒ,2,"…%“2, -3…*ц,%…=ль…/. ƒ=",“,м%“2еL

rA kA rA kA

           
iA 1 0 ji AA , 1 1

           
jr AA ,  0  1         

            
  a)       )   

p,“. 7. }*","=ле…2…%“2ь м=2!,ц/ “ме›…%“2, C% “"%L“2"3 C“е"д%2!=…ƒ,2,"…%“2, -3…*ц,%…=ль…/. ƒ=",“,м%“2еL

Aj → Ak. b м=2!,це “ме›…%“2, .2% “"%L“2"% д%“2,-
г=е2“  л%г,че“*,м C!,K="ле…,ем “2!%*, “ …%ме-
!%м r * “2!%*е “ …%ме!%м i (!,“. 7, K) “ д%K="ле-
…,ем …ед%“2=ю?,. =2!,K32%" * ,ме…, “2!%*, “ 
…%ме!%м i ,ƒ “2!%*, “ …%ме!%м r. d!3г,м, “л%"=-
м,, е“л, …= Cе!е“ече…,, “2!%*, “ …%ме!%м i , 
“2%лKц= “ …%ме!%м r, = 2=*›е …= Cе!е“ече…,, 
“2!%*, “ …%ме!%м r , “2%лKц= “ …%ме!%м k “2%,2 
ед,…,ц=, , =2!,K32/, “%%2"е2“2"3ю?,е “2!%*е “ 
…%ме!%м r , “2%лKц3 “ …%ме!%м r, ч=“2,ч…% “%"-
C=д=ю2, 2% …= Cе!е“ече…,, “2!%*, “ …%ме!%м i , 
“2%лKц= “ …%ме!%м k м%›…% 2%›е C%“2=",2ь ед,-
…,ц3, = “2!%*3 “ …%ме!%м r 3д=л,2ь.

b“е Cе!еч,“ле……/е "/ше C!=",л= C!е%K!=ƒ%-
"=…,  м=2!,ц/ “ме›…%“2, %!г!=-= " “%%2"е2“2-
",, “% “"%L“2"=м, -3…*ц,%…=ль…/. ƒ=",“,м%-
“2еL ,“C%льƒ3ю2“  C!, C%,“*е *люч= %2…%ше…,  
C% м=2!,це “ме›…%“2,. }2, C!=",л= C%ƒ"%л ю2 
Cе!еL2, %2 !3ч…%г% Cе!еK%!= -3…*ц,%…=ль…/. 
ƒ=",“,м%“2еL * *%мCью2е!…%м3 !еше…,ю д=……%L 
ƒ=д=ч,. 

o%,“* *люче"%г% %г!=…,че…,  " !ел ц,%……%L 
“.еме # Cе!"%%че!ед…=  ƒ=д=ч=, !еш=ем=  “ C%-
м%?ью C!=",л C!е%K!=ƒ%"=…,  м=2!,ц/ “ме›…%-
“2, %!г!=-= -3…*ц,%…=ль…/. ƒ=",“,м%“2еL, …% 
…е ед,…“2"е……= .
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nC!едел," -3…*ц,%…=ль…/е ƒ=",“,м%“2, " 
“.еме K=ƒ/ д=……/., е‘ C!%е*2,!%"?,*, , !=ƒ!=-
K%2ч,*, д%л›…/ %Kе“Cеч,2ь ме.=…,ƒм/ C!ед%2-
"!=?е…,  …=!3ше…,L .2,. ƒ=",“,м%“2еL. o%ль-
ƒ%"=2ел, “,“2ем/ K=ƒ/ д=……/. д%л›…/ K/2ь 3"е-
!е…/ " 2%м, ч2% "“е д=……/е " …еL “%гл=“3ю2“  “ 
-3…*ц,%…=ль…/м, ƒ=",“,м%“2 м,. kюK=  C%-
C/2*= ,ƒме…е…,  д=……/. д%л›…= K/2ь %2*л%…е-
…=, е“л, .2, ,ƒме…е…,  C!,"ед32 * "%ƒ…,*…%"е-
…,ю …е“%гл=“%"=……%г% “%“2% …, .

b=›…/м м%ме…2%м дл  !=ƒ!=K%2*, K=ƒ д=……/. 
 "л е2“  C%,“* C32еL 3ме…ьше…,  це…/ C%дде!-
›=…,  %г!=…,че…,L, …=л=г=ем/. -3…*ц,%…=ль-
…%L ƒ=",“,м%“2ью.

o!=",л=, %C,“=……/е " д=……%L “2=2ье, C%м%г32 
%Kе“Cеч,2ь …е 2%ль*% =лг%!,2м,ƒ=ц,ю C!%це““= 
C%,“*= *люч=, …% , C%,“* "“е. "%ƒм%›…/. -3…*-
ц,%…=ль…/. ƒ=",“,м%“2еL " цел . K%лее *%!!е*2-
…%г% %C!еделе…,  %г!=…,че…,L ““/л%ч…%L цел%-
“2…%“2,.

a,Kл,%г!=-,че“*,е ““/л*,

1. c=!“,=-l%л,…= c., rльм=… d., r,д%м d. q,“2ем/ 

K=ƒ д=……/.. o%л…/L *3!“: oе!. “ =…гл. l.:hƒд=2ель“*,L 

д%м &b,ль м“[, 2003. 1088 “.

2. j=!C%"= Š.q. a=ƒ/ д=……/.: м%дел,, !=ƒ!=K%2*=, 

!е=л,ƒ=ц, . qoK.: o,2е!, 2001. 304 “.

rdj 004.822

d.b. aл3"ш2еL…, b.o. g3K*%", *=…д. 2е.…. …=3*, д%ц. 
(h"=…%"“*,L г%“3д=!“2"е……/L .…е!ге2,че“*,L 3…,"е!“,2е2)

pk411404@rambler.ru

qel`mŠh)eqjhe qeŠh tpeilnondnamncn bhd`, hqonk|gr~yheq“ b 
hmŠecphpnb`mmni qhqŠele

p=““м%2!е…/ C!ед“2="ле…,  ƒ…=…,L " ,…2ег!,!%"=……%L “,“2еме c ,“C%льƒ%"=…,ем “ем=…-
2,че“*%L “е2, -!еLм%C%д%K…%г% ",д=. nC,“=…/ C!е,м3?е“2"= C!ед“2="ле…,  ƒ…=…,L " ",де 
“ем=…2,че“*,. “е2еL -!еLм%C%д%K…%г% ",д= Cе!ед C!ед“2="ле…,ем .2,. ƒ…=…,L " ",де 
-!еLм%" , *л=““,че“*,. “ем=…2,че“*,. “е2еL. o!,"еде…= %K?=  “.ем= C!%г!=мм/,  "л ю-
?еL“  %“…%"%L м=ш,…/ л%г,че“*%г% "/"%д= " “ем=…2,че“*,. “е2 . -!еLм%C%д%K…%г% ",д=.

jлюче"/е “л%"=: ,…2ег!,!%"=……=  “,“2ем=, -!еLм, “ем=…2,че“*=  “е2ь, “ем=…2,че“*=  “е2ь 
-!еLм%C%д%K…%г% ",д=, ,…2е!-еL“ “ .леме…2=м, ,…2елле*23=ль…%“2,, .*“Cе!2…=  “,“2ем=, д,=-
л%г, м=ш,…= л%г,че“*%г% "/"%д=.

Knowledge presentation in the integrated system through with using of frame-like type semantic 
net are considered. Advantages of the knowledge presentation as frame-like type semantic nets in 
comparison with this knowledge presentation as frames and classic semantic nets are described. 
General program layout that is basis of the logical output device in the framelike type semantic nets 
is given.

Key words: integrated system, frame, semantic net, frame like type semantic net, interface with 
intellectuality elements, expert system, dialogue, logical output device.

Введение. `…=л,ƒ !=ƒ",2,  !=ƒл,ч…/. ",д%" 
,…2е!-еL“%" C!,"%д,2 * ƒ=*люче…,ю, ч2% K3д3-
?ее ƒ= ,…2е!-еL“%м “ .леме…2=м, ,…2елле*-
23=ль…%“2, (,…2елле*23=ль…/м ,…2е!-еL“%м), 
%!,е…2,!%"=……/м …= ш,!%*,L *!3г C%льƒ%"=2е-
леL. o%“2=…%"*= "%C!%“= %K ,…2елле*23=л,ƒ=ц,, 
,…2е!-еL“= “" ƒ=…= “ 3ме…ьше…,ем 2!еK%"=…,L * 
C%льƒ%"=2елю C% %KA‘м3 ƒ…=…,L ,ƒ !=ƒл,ч…/. 
%Kл=“2еL C!, !=“ш,!е…,, “%"%*3C…%“2, !еш=е-
м/. ƒ=д=ч. l…%›е“2"% ƒ=д=ч ,мею2 !=ƒ…3ю “Cе-
ц,-,*3, , дл  !еше…,  *=*%L-2% %C!едел‘……%L 
ƒ=д=ч, C%!%L целе“%%K!=ƒ…% ,“C%льƒ%"=2ь …е-
“*%ль*% C!,*л=д…/. C!%г!=мм.

b%ƒ…,*=е2 …е%K.%д,м%“2ь " ,…2е!-еL“=., C%-
ƒ"%л ю?,. !=ƒл,ч…/м C%льƒ%"=2ел м .--е*2,"-
…% ,“C%льƒ%"=2ь C!%г!=мм…%е %Kе“Cече…,е …еƒ=-
",“,м% %2 “2еCе…, ег% “л%›…%“2,. h…2е!-еL“ “ 
.леме…2=м, ,…2елле*23=ль…%“2, C!едC%л=г=е2 
д,=л%г “ C%льƒ%"=2елем …= %г!=…,че……%м е“2е“2-
"е……%м  ƒ/*е (e“). Š=*%L ,…2е!-еL“ !еш=е2 
C!%Kлем3, …е ,“*люч=  3“2% "шеL“  C=!=д,гм/ 
C%…,м=…,  ,…2е!-еL“= C%льƒ%"=2елем. h…2е!-
-еL“ “ .леме…2=м, ,…2елле*23=ль…%“2, ,“C%ль-
ƒ3е2 C!,*л=д…/е ƒ=д=ч,, C!ед“2="л ю?,е “%K%L 
2е*“2/ ƒ=д=ч …= e“, *%2%!/е м%г32 C!ед“2="л 2ь-
“  …е*%2%!/м м…%›е“2"%м ƒ=C!%“%", “-%!м3л,-
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!%"=……/. …= .2%м  ƒ/*е. o!, !еше…,, ƒ=д=ч ,“-
C%льƒ3ю2“  2е*“2/ дел%"%L C!%ƒ/ ,л, …=3ч…/е 
2е*“2/ …= e“ " %C!едел‘……%L C!едме2…%L %Kл=“-
2, (on), ,мею?,е -3…*ц,, *%мм3…,*=2,"…%“2, 
, ,…-%!м=ц,%……%“2,.

h…2ег!,!%"=……%“2ь “,“2ем/ ƒ=*люч=е2“  "% 
"ƒ=,м%деL“2",, ,…2е!-еL“= “ .леме…2=м, ,…2ел-
ле*23=ль…%“2, , .*“Cе!2…%L “,“2ем/.

o%д.%д, C!, *%2%!%м ,“C%льƒ3е2“  *%мK,…=-
ц,  “ем=…2,че“*,. “е2еL “ д!3г,м, ме2%д=м, 
C!ед“2="ле…,  ƒ…=…,L, …=,K%лее .--е*2,"е…. 
}2% “" ƒ=…% “ %д…%!%д…%“2ью C!ед“2="ле…,  , 
м,…,м=ль…/м *%л,че“2"%м 2!еK3ем/. ,…"=-
!,=…2…/. C!%г!=мм…/. *%мC%…е…2. b *=че“2"е 
м%дел, C!ед“2="ле…,  ƒ…=…,L C!едл=г=е2“  ,“-
C%льƒ%"=2ь “ем=…2,че“*,е “е2, -!еLм%C%д%K…%г% 
",д= (qемqt!b). qемqt!b # .2% !=ƒмече……=  
“ем=…2,че“*=  “е2ь, " *%2%!%L ,ме…= C%д“C,“*%" 
 "л ю2“  =…=л%г=м, “л%2%". p=ƒмече……=  “ем=…-
2,че“*=  “е2ь “%“2%,2 ,ƒ C%д“C,“*%", где *=›д/L 
C%д“C,“%* ,мее2 3…,*=ль…%е ,м . qемqt!b 
"*люч=ю2 !%д%",д%"/е %2…%ше…, , *%2%!/е C%-
ƒ"%л ю2 !е=л,ƒ%"=2ь …=“лед%"=…,е “"%L“2" %2 
%KAе*2%"-,“2%ч…,*%". }2% %K“2% 2ель“2"% C!,"%-
д,2 * 2%м3, ч2% qемqt!b C!,%K!е2=ю2 д%“2%,…-
“2"= C!ед“2="ле…,  ƒ…=…,L " ",де -!еLм%". 

n“…%"…=  ч=“2ь. h…2ег!,!%"=……%“2ь “,“2ем/ 
C%д!=ƒ3ме"=е2 “%"ме“2…%е, "ƒ=,м%“" ƒ=……%е C% 
%C!едел‘……/м C!=",л=м -3…*ц,%…,!%"=…,е %2-
дель…/. Kл%*%" ,л, м%д3леL C!%г!=мм/, C!ед…=-
ƒ…=че……/. дл  "/C%л…е…,  *%…*!е2…/. ƒ=д=ч …= 
%“…%"е %д…,. , 2е. ›е г!3CC C=!=ме2!%" , д=…-
…/.. q,“2ем= C%ƒ"%л е2 %C!едел 2ь 3!%"е…ь д%“-
23C= * д=……/м дл  *=›д%г% *%мC%…е…2= , C%л3-
ч=2ь …е%K.%д,м/е !еƒ3ль2=2/. b ,…2ег!,!%"=……%L 
“,“2еме ,“C%льƒ3е2“  “меш=……%е C!ед“2="ле…,е 
ƒ…=…,L " ",де -!еLм%" , “ем=…2,че“*,. “е2еL.

q2!3*23!= -!еLм=, C%ƒ"%л ю?ег% “%ƒд="=2ь 
K=ƒ/ ƒ…=…,L (ag) !=ƒл,ч…%г% 3!%"… , =…=л%г,ч…= 
“2!3*23!…%м3 ,…-%!м=ц,%……%м3 C!ед“2="ле…,ю 
чел%"е*=. t!еLм ,мее2 3…,*=ль…%е ,м , !=“C%-
л%›е……%е " …=ч=ле ег% %C,“=…, . j %д…%м3 -!еL-
м3 м%г32 %K!=?=2ь“  …е“*%ль*% д!3г,. -!еLм%", 
C!, .2%м ,“C%льƒ3ю2“  !=ƒ…/е ,ме…=. nд,… 
"…еш…,L -!еLм м%›е2 ,“C%льƒ%"=2ь “"%, ,ме…=, 
*%2%!/е д!3г,м "…еш…,м -!еLм=м …ед%“23C…/. 
}2% C%*=ƒ/"=е2“  " “л%2е C“е"д%…,м%": [(o“е"д%-
…,м/_-!еLм= <qC,“%* C“е"д%…,м%" -!еLм=>)]. 
qC,“%* <q2!3*23!=> %2!=›=е2 “л%2/ , C%д“л%2/ 
д=……%г% -!еLм=. o!, !еше…,, ƒ=д=ч -!еLм  "-
л е2“  =*2,"…/м ,л, C=““,"…/м, ч2% %2!=›=е2“  
" “л%2е =*2,"…%“2,: (`*2,"…%“2ь <`*2,"…%“2ь>) 
[(<qC,“%* д%C%л…,2ель…/. “л%2%">)].  

b% -!еLме м%г32 K/2ь 3*=ƒ=…/ ƒ=д=ч,, *%2%-
!/е “C%“%Kе… !еш=2ь д=……/L -!еLм. e“л, ƒ=д=ч, 
…е 3*=ƒ=…/, .2% %ƒ…=ч=е2, ч2% -!еLм е?‘ …е …=3-
ч,л“  !еш=2ь …, %д…%L ƒ=д=ч,. nC,“=…,  ƒ=д=ч 

“%де!›=2 л,K% *%…*!е2…/е C!,ме!/, л,K% %K?ее 
%C,“=…,е, л,K% “меш=……%е C!ед“2="ле…,е: 
[(g=д=ч, (<g=д=ч=1>  <g=д=ч=M>))][(<qC,“%* д%-
C%л…,2ель…/. “л%2%">)]. q C%м%?ью =*2,"…%“2, 
3*=ƒ/"=е2“  “%"%*3C…%“2ь !еш=ем/. ƒ=д=ч. dл  
!еше…,  ƒ=д=ч м%г32 ,“C%льƒ%"=2ь“  !=ƒл,ч…/е 
C!%це““/. h…-%!м=ц,  % …,. "=›…= дл  “=м%г% 
-!еLм= , C!%ƒ!=ч…= дл  "…еш…,. -!еLм%": 
(o!%це““/ <hм > (<nC,“=…, )> (<g…=…, 1> 
<h“2%ч…,*,1> <o%л3ч=2ел,1> <hм 1> <o!%-
це““1>)  (<g…=…, N> <h“2%ч…,*,N> <o%л3ч=2е-
л,N> <hм N> <o!%це““N>))). b.%д…/е *=…=л/ 
C!ед…=ƒ…=че…/ дл  C!,‘м= ,…-%!м=ц,,, "/.%д-
…/е # дл  "/д=ч, ,…-%!м=ц,,. b.%д…%L *=…=л 
"% -!еLме м%›е2 ,ме2ь ,м  ".%д…%г% *=…=л=, 
C“е"д%…,м/ ".%д…%г% *=…=л=, %C,“=…,  , %K ƒ=-
2ель…% д%л›е… ,ме2ь ,м  , 3“л%",  деL“2", . 
nC,“=…,е ".%д…%г% *=…=л= "% -!еLме “лед3ю?ее: 
(b.%д…%L_*=…=л_1 [<hм  ".%д…%г% *=…=л= 1>] 
[(o“е"д%…,м/_".%д…%г%_*=…=л=_1 <qC,“%* C“е"-
д%…,м%">)] [(<nC,“=…, >)] ((<hм  деL“2",  1> 
(<r“л%",  деL“2",  1>))  (<hм  деL“2",  j1> 
(<r“л%",  деL“2",  j1>)))). nC,“=…,е "/.%д…%г% 
*=…=л= =…=л%г,ч…% %C,“=…,ю ".%д…%г% *=…=л=. 

o!, C!%е*2,!%"=…,, , !=ƒ!=K%2*е -!еLм%" 
"%ƒ…,*=ю2 "%C!%“/ ="2%…%м…%“2,, "%ƒм%›…%“2, 
“%че2=…,  =*2,"…/. , C=““,"…/. C!%цед3!, =д=C-
2,"…%“2,, “=м%%K3ч=ем%“2, , 2. д. n2…%“,2ель…% 
"/“%*=  “л%›…%“2ь д=……/. "%C!%“%" C!% "л е2“  
" “…,›е…,, “*%!%“2, !=K%2/ ме.=…,ƒм= "/"%д=. 
b% -!еLм%"/. “,“2ем=. ƒ=2!3д…е…= %K!=K%2*= 
,“*люче…,L.

q2!3*23!= qемqt!b =…=л%г,ч…= “2!3*23!е 
C!,"ед‘……%г% "/ше -!еLм=, …% K%лее C!%“2=:

(qемqt!b_N ((hl“(gm(<м…%›е“2"% ƒ…=че-
…,L>)))(mb(gm(<м…%›е“2"% ƒ…=че…,L>))) (gmb(gm 
(<м…%›е“2"% ƒ…=че…,L>)))(rqŠ_mb(gm (<м…%-
›е“2"% ƒ…=че…,L>))) (nangm_mb(gm (<м…%›е-
“2"% ƒ…=че…,L>))) (rŠn)_mb(gm (<м…%›е“2"% 
ƒ…=че…,L>))) (`dpeq_mb(gm(<м…%›е“2"% ƒ…=-
че…,L>)))(ophl_mb(gm(<м…%›е“2"% ƒ…=че…,L>))) 
(KOM_mb(gm (<м…%›е“2"% ƒ…=че…,L>))) (jb(gm 
(<м…%›е“2"% ƒ…=че…,L>)))(gjb(gm(<м…%›е“2"% 
ƒ…=че…,L>)))(rqŠ_jb(gm(<м…%›е“2"% ƒ…=че…,L>))) 
(nangm_jb(gm(<м…%›е“2"% ƒ…=че…,L>))) (rŠn)_
jb(gm(<м…%›е“2"% ƒ…=че…,L>))) (`dpeq_jb (gm 
(<м…%›е“2"% ƒ…=че…,L>))) (ophl_jb(gm 
(<м…%›е“2"% ƒ…=че…,L>))) (KOM _jb(gm (<м…%-
›е“2"% ƒ…=че…,L>))) (nŠm(gm (<м…%›е“2"% ƒ…=-
че…,L>))) (qhmnm(gm (<м…%›е“2"% ƒ…=че-
…,L>)))). 

o!,"ед‘……%е %C,“=…,е %2!=›=е2 “C,“%* …3ле-
"%г% 3!%"…  (qmr), *%2%!/L м%›е2 м…%г%*!=2…% 
C%"2%! 2ь“ . qmr # .2% .леме…2 !ег3л !…%г% "/-
!=›е…, , %2!=›=ю?,L %2…%ше…,е (nŠm) ме›д3 
…е*%2%!/м, C!едме2=м,, C!%це““=м, ,л,  "ле-
…, м, (%KAе*2=м,), 3*=ƒ=……/м, " …=ч=ль…%L 
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(mb) , *%…еч…%L (jb) "е!ш,…=. qmr, ƒ…=че…,  
*%2%!/. %C!еделе…/ " C%л . ƒ…=че…,L mb (gmb) 
, jb (gjb). nKAе*2/ м%г32 ,ме2ь д%C%л…,2ель-
…/е .=!=*2е!,“2,*,, 3“л%", , %г!=…,че…, , ч2% 
%2%K!=›=е2“  “ C%м%?ью д%C%л…,2ель…/. C%д-
“C,“*%": 3“2=…%"*= (rqŠ_mb, rqŠ_jb); %K%ƒ…=-
че…,е (nangm_mb, nangm_jb); 32%ч…е…,е 
(rŠn)_mb, rŠn)_jb); =д!е“ (`dpeq_mb, 
`dpeq_jb); C!,меч=…,е (ophl_mb, ophl_
jb); *%мме…2=!,, (KOM_mb, KOM_jb); “,…%-
…,м (qhmnm). e“л, ме›д3 %KAе*2=м, “3?е“2-
"3ю2 л,K% м…%›е“2"е……/е “" ƒ, “ !=ƒл,ч…/м, 
%2…%ше…, м,, л,K% %д…% , 2% ›е %2…%ше…,е 
,мее2 ме“2% ме›д3 м…%г,м, %KAе*2=м,, 2% .2% 
C%*=ƒ/"=е2“  д%K="ле…,ем …%"/. qmr.

h…2ег!,!%"=……=  “,“2ем= м%›е2 ,“C%льƒ%"=2ь-
“  " “лед3ю?,. …=C!="ле…, .:

,…2ег!,!%"=…,е ,…2е!-еL“= “ .леме…2=м, ,…-
2елле*23=ль…%“2, , .*“Cе!2…%L “,“2ем/. b .2%м 
“л3ч=е ,…2ег!,!%"=……=  “,“2ем= !еш=е2 2е ƒ=д=-
ч,, *%2%!/е "%ƒ…,*=ю2 " C!,*л=д…%L %Kл=“2,; 

!еше…,е “л=K%-%!м=л,ƒ%"=……/. ƒ=д=ч м=л%L , 
“!ед…еL “л%›…%“2, " “!еде ,…2ег!,!%"=……%L “,“-
2ем/, “%“2% ?еL ,ƒ .*“Cе!2…%L “,“2ем/ , ,…-
2е!-еL“= “ .леме…2=м, ,…2елле*23=ль…%“2,; 

“%ƒд=…,е “ C%м%?ью ,…2е!-еL“= “ .леме…2=м, 
,…2елле*23=ль…%“2, C% 2е*“23 ƒ=C!%“%" “%%2"е2-
“2"3ю?,. qемqt!b, *%2%!/е ,“C%льƒ3ю2“  C!, 
%!г=…,ƒ=ц,, *%…*!е2…/. !=“ч‘2%". o!,*л=д…/е 
ƒ=д=ч,, C!ед“2="л ю?,е “%K%L 2е*“2/ …= e“,  "-
л ю2“  ƒ=C!%“=м,, *%2%!/е C!е%K!=ƒ3ю2“  " 
“2!3*23!,!%"=……3ю ,…-%!м=ц,ю. q%де!›=?3ю“  
" ag ,…-%!м=ц,ю м%›…% %C,“=2ь 2=*,м %K!=ƒ%м: 
,ƒ ,“2,……%“2, %2…%ше…,  ме›д3 .леме…2=м, “3-
›де…,  “лед3е2 ,“2,……%“2ь %2…%ше…,  ме›д3 ƒ=-
C!%“%м , 32"е!›де…,ем " ag, ч2% %C,“/"=е2“  
-%!м3л%L 

( )( ) ( ,  ) ( )  ( ,  ) ,j z st p j q z st∀ ∃ ⇒
 

где j # “3›де…,е; z # ƒ=C!%“; st # 32"е!›де…,е; 
p, q # C!ед,*=2…/е “,м"%л/.

h…2ег!,!%"=……=  “,“2ем= %Kл=д=е2 %C!едел‘…-
…/м, -3…*ц, м,, " 2%м ч,“ле:

%!г=…,ƒ=ц,еL д,=л%г=;
“%ƒд=…,ем qемqt!b;
!еше…,ем ƒ=д=ч “ ,“C%льƒ%"=…,ем qемqt!b.
o!,ме! C!%“2%г% ƒ=C!%“= 2е*“2= ƒ=д=ч,: 

&nC!едел,2ь ƒ=2!=2/ …= .ле*2!%.…е!г,ю , %Cл=23 
2!3д= C!, “меш,"=…,, м,…е!=ль…/. 3д%K!е…,L[. 
jл=““,че“*, %!г=…,ƒ%"=……=  “ем=…2,че“*=  “е2ь 
%C!еделе…,L ,мее2 %C,“=…,е C!%це““%" ,л, 
%KAе*2%", …=.%д ?ее“  " mb, , ,. %C!еделе…, , 
…=.%д ?,е“  " jb, *%2%!/е “" ƒ=…/ nŠm. }2% 
C%*=ƒ=…% " “лед3ю?ем C!,ме!е:

((ƒ=2!=2/ …= .ле*2!%.…е!г,ю) (е“2ь) ("/!=›е…-
…/е " де…е›…%L -%!ме !=“.%д/ C!едC!, 2,  ƒ= 
!=“.%д .ле*2!%.…е!г,,))

((ƒ=2!=2/ …= %Cл=23 2!3д=) (е“2ь) (ƒ=!=K%2…=  
Cл=2= %“…%"…/. C!%,ƒ"%д“2"е……/. !=K%ч,., д%-
C%л…,2ель…=  ƒ=!=K%2…=  Cл=2= %“…%"…/. C!%,ƒ-
"%д“2"е……/. !=K%ч,. , %2ч,“ле…,  …= “%ц,=ль-
…%е “2!=.%"=…,е))

((3д%K!е…,е) (е“2ь) ("е?е“2"%, "…%“,м%е " C%ч-
"3 дл  3л3чше…,  C,2=…,  !=“2е…,L , C%"/ше-
…,  3!%›=L…%“2,))

qем=…2,че“*=  “е2ь %C!еделе…,L -!еLм%C%-
д%K…%г% ",д= (qемqn) ,мее2 %C,“=…,е C!%це““%" 
,л, %KAе*2%", …=.%д ?ее“  " mb, , ,. %C!еделе-
…, , …=.%д ?,е“  " jb, *%2%!/е “" ƒ=…/ nŠm. b 
mb , jb м%г32 …=.%д,2ь“  д%C%л…,2ель…/е .=-
!=*2е!,“2,*,. b C!,"ед‘……%м …,›е C!,ме!е 
qmr “3?е“2"3е2 nŠm &е“2ь[ ме›д3 mb , jb. 
qmr "“егд= ,мее2 ƒ=г%л%"%* " “лед3ю?ем ",де: 
hl“_…%ме!, = " *=че“2"е ,ме…, "ƒ 2/ “,м"%л/ 
qемqn: 

(qемqn_1 (mb(gm(ƒ=2!=2/ …= .ле*2!%.…е!-
г,ю))) (jb(gm("/!=›е……/е " де…е›…%L -%!ме 
!=“.%д/ C!едC!, 2,  ƒ= !=“.%д .ле*2!%.…е!-
г,,)))(nŠm(gm(е“2ь))))

(qемqn_2 (mb(gm(ƒ=2!=2/ …= %Cл=23 2!3д=))) 
(jb(gm(ƒ=!=K%2…=  Cл=2/ %“…%"…/. C!%,ƒ"%д“2-
"е……/. !=K%ч,., д%C%л…,2ель…=  ƒ=!=K%2…=  Cл=-
2= %“…%"…/. C!%,ƒ"%д“2"е……/. !=K%ч,. , %2ч,“-
ле…,  …= “%ц,=ль…%е “2!=.%"=…,е))) 
(nŠm(gm(е“2ь))))

(qемqn_3 (mb(gm(3д%K!е…,е)))(jb(gm("е?е“2-
"%, "…%“,м%е " C%ч"3 дл  3л3чше…,  C,2=…,  
!=“2е…,L , C%"/ше…,  3!%›=L…%“2,))) (nŠm 
(gm(е“2ь))))

qем=…2,че“*=  “е2ь ƒ=д=ч, Cе!"%г% 3!%"…  
-!еLм%C%д%K…%г% ",д= (qемqg1) %C,“/"=е2 
“2!3*23!3 ƒ=д=ч,. mb “%де!›,2 л,K% целе"%е “л%-
"%, л,K% %C,“=…,е C!%це““= ,л, %KAе*2=. jb “%-
де!›,2 %C,“=…,е C!%це““= ,л, %KAе*2=. qhmnm 
, jnl " C!,"%д,м/. C!,ме!=., *=* C!=",л%, …е 
“%де!›=2 %C,“=…, . qmr ,мее2 ƒ=г%л%"%* " ",де: 
hl“_…%ме!. b д=……%м “л3ч=е " *=че“2"е ,ме…, 
"ƒ 2/ “,м"%л/ qемqg1. qmr C%*=ƒ/"=ю2 nŠm 
&цель[ , &",д !=“ч‘2=[ ме›д3 mb , jb. q" ƒь 
ме›д3 qmr 3“2=…="л,"=е2“  C%"2%!е…,ем " mb 
2%г%, ч2% K/л% 3*=ƒ=…% !=…ее " jb:

(qемqg1_1 (mb (gm (nC!едел,2ь))(jb (gm 
(ƒ=2!=2/ …= .ле*2!%.…е!г,ю))(nŠm (gm (цель)) 
(qhmnm (gm()))(jnl (gm(ƒ=2!=2/ " !3Kл .))))

(qемqg1_2 (mb (gm (nC!едел,2ь))(jb (gm 
(ƒ=2!=2/ …= %Cл=23 2!3д=))(nŠm (gm (цель))(qh-
mnm (gm()))(jnl (gm(ƒ=2!=2/ " !3Kл .))))

(qемqg1_3 (mb (gm (ƒ=2!=2/ …= .ле*2!%.…е!-
г,ю))(jb (gm (“меш,"=…,, м,…е!=ль…/. 3д%K-
!е…,L)) (nŠm (gm (",д !=“ч‘2=))(qhmnm 
(gm()))(jnl (gm())))

(qемqg1_4 (mb(gm (ƒ=2!=2/ …= %Cл=23 2!3-
д=))(jb(gm (“меш,"=…,, м,…е!=ль…/. 3д%K!е-
…,L)) (nŠm (gm (",д !=“ч‘2=))(qhmnm 
(gm()))(jnl (gm())))
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q2!3*23!3, C%д%K…3ю qемqn , qемqg1, ,мею2 
qемqt!b, !е=л,ƒ3ю?,е !%д%",д%"%е %2…%ше-
…,е, C!,ч,……%-“лед“2"е……3ю “" ƒь, = 2=*›е %C,-
“/"=ю?,е Cл=… !еше…,  ƒ=д=ч,, C!ед“2="л ю-
?,е …еC%“!ед“2"е……%е !еше…,е ƒ=д=ч, , д!.

p=““м%2!,м …е*%2%!/е C!е,м3?е“2"= C!ед-
“2="ле…,  ƒ…=…,L " ",де “ем=…2,че“*,. 
qемqt!b.

1. b%ƒм%›…%“2ь %!г=…,ƒ=ц,, ““/л%* "…32!, 
“е2,:

(qемqn_10 (mb(gm())(jb(gm(qемqn_6(gm_
1-gm_2)))(nŠm))

b д=……%м C!,ме!е ,ƒ jb де“ 2%г% qmr qемqn 
%“3?е“2"ле…= ““/л*= …= ше“2%L qmr qемqn, 
ƒ…=че…,  *%2%!%г% *%C,!3ю2“  " jb де“ 2%г% 
qmr qемqn.

2. b%ƒм%›…%“2ь %!г=…,ƒ=ц,, ““/л%* ме›д3 “е-
2 м,:

(`qемtq_10 (mb(gm())(jb(gm(qемjлq_8(gm_
1))) (nŠm)),
где `qемtq # =K“2!=*2…=  “ем=…2,че“*=  
-3…*ц,%…=ль…=  “е2ь -!еLм%C%д%K…%г% ",д=; 
qемjлq # “ем=…2,че“*=  *л=““,-,*=ц,%……=  
“е2ь -!еLм%C%д%K…%г% ",д=.
b .2%м C!,ме!е ,ƒ jb де“ 2%г% qmr `qемtq 

%“3?е“2"ле…= ““/л*= …= "%“ьм%L qmr qемjлq, 
ƒ…=че…,  *%2%!%г% *%C,!3ю2“  " jb де“ 2%г% 
qmr `qемtq.

3. p=“ш,!е……%е C!ед“2="ле…,е -!еLм%" дл  
"%ƒм%›…%“2, “%ƒд=…,  “е2еL:

,“C%льƒ%"=…,е %д…%г% , 2%г% ›е C%… 2,  " “л%-
2=. !=ƒл,ч…/. qемqt!b;

C%л3че…,е qmr "%ƒм%›…% C!, …=л,ч,, “" ƒеL 
ме›д3 “е2 м,. b C!,"ед‘……%м …,›е C!,ме!е ,ƒ 
mb де“ 2%г% qmr `qемtq %“3?е“2"ле…= ““/л*= 
…= jb Cе!"%г% qmr qемqn, ƒ…=че…,  ,ƒ *%2%!%-
г% *%C,!3ю2“  " mb де“ 2%г% qmr `qемtq. 
Š=*›е ,ƒ jb де“ 2%г% qmr ̀ qемtq %“3?е“2"ле-
…= ““/л*= …= jb Cе!"%г% qmr `qемtq, ƒ…=че-
…,  ,ƒ *%2%!%г% *%C,!3ю2“  " jb де“ 2%г% qmr 
`qемtq.

(`qемtq_10(mb(gm(qемqn_1jb_gm_"/!=-
›е……/е " де…е›…%L -%!ме !=“.%д/ C!едC!, 2,  
ƒ= !=“.%д .ле*2!%.…е!г,,)))(jb (gm (`qемtq_1
jb_gm_ o!%,ƒ"еде…,е !=“.%д= .ле*2!%.…е!г,, 
ƒ= 1 ч=“ !=K%2 …= ƒ=2!=2/ 2!3д= ƒ= "е“ь %KA‘м !=-
K%2 , …= “2%,м%“2ь 1 *b2-ч=“)))(nŠm (gm (!="-
…%))))

g= “ч‘2 K%льш%г% ч,“л= “" ƒеL C%л3ч=ем qmr 
*%…*!е2…%L “ем=…2,че“*%L -3…*ц,%…=ль…%L “е2, 
-!еLм%C%д%K…%г% ",д= (jqемtq):

(jqемtq_1 (mb(gm(g.)))(jb (gm (p} * gŠ * 
0)))(nŠm (gm (!="…%))))

b mb …=.%д,2“  !еƒ3ль2,!3ю?=  Cе!еме……= , 
*%2%!=  м%›е2 C!,…,м=2ь !=ƒл,ч…/е ƒ…=че…, . b 
jb …=.%д,2“  -%!м3л= дл  !=“ч‘2=.

o% “-%!м3л,!%"=……%м3 2е*“23 ƒ=д=ч, “%ƒ-
д=‘2“  qемqg1, " *%2%!%L "/дел ю2“  ле*“ем/ 
, %K!=ƒ3е2“  qемqt!b, 3ч,2/"=ю?=  “м/“л/, 
,ƒл%›е……/е " 2%л*%"/. “л%"=! .. o!, "ƒ=,м%-
деL“2",, qемqg1, qемqn, qемjлq, `qемtq, 
jqемtq , д!3г,. “е2еL “%ƒд=‘2“  “ем=…2,че-
“*=  “е2ь д,=л%г= -!еLм%C%д%K…%г% ",д= 
(qемqd). t3…*ц,%…=л *%…еч…%L “е2, qемqd 
ƒ=*люч=е2“  " …еC%“!ед“2"е……%м C!ед%“2="ле-
…,, "%ƒм%›…%“2, !еше…,  ƒ=д=ч,, …е%K.%д,м%L 
C%льƒ%"=2елю. 

o!, д=……%м "ƒ=,м%деL“2",, “е2еL , %2“32“2-
",, ,…-%!м=ц,, …е%K.%д,м д,=л%г, *%2%!/L 
%“3?е“2"л е2“  че!еƒ ,…2е!-еL“ “ .леме…2=м, 
,…2елле*23=ль…%“2, дл  C%C%л…е…,  %2“32“2"3ю-
?,м, ƒ…=…, м, qемqt!b. b !=““м%2!е……/. 
"/ше “C,“%ч…/. “2!3*23!=. %C,“=…% “%де!›=…,е 
qемqt!b, “3?е“2"3ю?ее д% !=ƒK%!= д=……%L ƒ=-
д=ч,, , C!,"еде…= qемqg1. nд…=*% " .2,. 
qемqt!b ,мею2“  …е "“е C%… 2, , *%2%!/е C!,-
“32“2"3ю2 " 2е*“2е ƒ=д=ч,, = …е*%2%!/е ,ƒ …,. 
,мею2 д%“2=2%ч…% ш,!%*3ю ,…2е!C!е2=ц,ю. 
o%.2%м3 …е%K.%д,м= %!г=…,ƒ=ц,  д,=л%г= “ .ле-
ме…2=м, ,…2елле*23=ль…%“2, …= K=ƒе “%%2"е2“2-
"3ю?ег% ,…2е!-еL“=. b/.%д…/м, д=……/м, C!, 
2=*%м -3…*ц,%…,!%"=…,,  "л е2“  qемqg1. o!, 
“%C%“2="ле…,, qемqn , qемqg1, %K…=!3›,"=е2-
“  %2“32“2",е ! д= C%… 2,L (http://www.dialog-
21.ru/Archive/2004/Bluvshtein.htm (д=2= %K!=?е-
…, : 22.09.2009)). m=C!,ме!, е“л, ,мее2“  qемqn 
, qемqg1, " *=че“2"е K=ƒ%"%L 3*=ƒ=…= qемqn, 2% 
C%“ле “%C%“2="ле…,  C%… 2,L м%›…% ƒ=C,“=2ь 
“лед3ю?ее:

(qемqn_1 (mb(gm(ƒ=2!=2/ …= .ле*2!%.…е!-
г,ю))) (jb(gm("/!=›е……/е " де…е›…%L -%!ме 
!=“.%д/ C!едC!, 2,  ƒ= !=“.%д .ле*2!%.…е!г,,))) 
(nŠm(gm(е“2ь))))

(qемqn_2 (mb(gm(ƒ=2!=2/ …= %Cл=23 2!3д=))) 
(jb(gm(ƒ=!=K%2…=  Cл=2= %“…%"…/. C!%,ƒ"%д“2-
"е……/. !=K%ч,., д%C%л…,2ель…=  ƒ=!=K%2…=  Cл=2= 
%“…%"…/. C!%,ƒ"%д“2"е……/. !=K%ч,. , %2ч,“ле…,  
…= “%ц,=ль…%е “2!=.%"=…,е))) (nŠm(gm(е“2ь))))

(qемqn_3 (mb(gm(3д%K!е…,е))) (jb(gm("е?е“2- 
"%, "…%“,м%е " C%ч"3 дл  3л3чше…,  C,2=…,  
!=“2е…,L , C%"/ше…,  3!%›=L…%“2,))) (nŠm(gm
(е“2ь))))

(qемqn_4 (mb(gm(м,…е!=ль…%е 3д%K!е…,е))) 
(jb(gm(?))) (nŠm(gm(?))))

j ,мею?,м“  qmr qемqn д%K="л е2“  е?‘ 
%д,… qmr qемqn. b mb …=.%д,2“  %C,“=-
…,е %KAе*2=. b jb …е2 …,*=*%г% %C!еделе…, , 
“%%2"е2“2"е……% %2“32“2"3е2 nŠm ме›д3 "е!ш,-
…=м,.

o%“ле “%C%“2="ле…,  C% ",л%“ь …е%C!едел‘…-
…%е C%… 2,е ("%ƒм%›…% C% "ле…,е …е“*%ль*,. 
…е%C!едел‘……/. C%… 2,L), ч2% …е %ƒ…=ч=е2 ƒ…=-
ч,2ель…%г% 3"ел,че…,  %KA‘м= qемqt!b “ *=›-
д%L …%"%L ƒ=д=чеL.
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h…2е!-еL“ “ .леме…2=м, ,…2елле*23=ль…%“2, 
д%л›е… %!г=…,ƒ%"=2ь д,=л%г C% …е%C!едел‘……%м3 
C%… 2,ю (е“л, …е%C!едел‘……/. C%… 2,L …е-
“*%ль*%, 2% C% *=›д%м3). aе!‘2“  …е%C!едел‘…-
…%е C%… 2,е &м,…е!=ль…%е 3д%K!е…,е[ , "/д=‘2-
“  C!%“ьK= " ",де &d=L2е %C!еделе…,е C%… 2,ю 
&м,…е!=ль…%е 3д%K!е…,е[[. o%льƒ%"=2ель л,K% 
“м%›е2 ""е“2, %C!еделе…,е, л,K% …е “м%›е2. b 
Cе!"%м “л3ч=е ,…2ег!,!%"=……=  “,“2ем=, !=ƒме“-
2," " …3›…%м ме“2е ,…-%!м=ц,ю, …=ч…‘2 ,““ле-
д%"=2ь д!3г,е qемqt!b …= C!едме2 C!%"е!*, 
…ед%“2=2%ч…%“2, ,…-%!м=ц,,. o!едC%л%›,м, 
ч2% " qемjлq %2“32“2"3е2 C%… 2,е &м,…е!=ль…%е 
3д%K!е…,е[. b%C!%“/ ,л, “%%K?е…, , *%2%!/е 
"/д=‘2 ,…2е!-еL“ “ .леме…2=м, ,…2елле*23=ль-
…%“2,, г%2%",2 .*“Cе!2…=  “,“2ем=. h“C%льƒ3  
,…-%!м=ц,ю " qемjлq, %…= м%›е2 C%“лед%"=-
2ель…% г%2%",2ь 2=*,е "%C!%“/: &t%“-%!…/е 
3д%K!е…,  %2…%“ 2“  * м,…е!=ль…/м 3д%K!е…,-
 м?[, &j=л,L…/е 3д%K!е…,  %2…%“ 2“  * м,…е-
!=ль…/м 3д%K!е…, м?[ (%2"е2: д=, …е2 ,л, …е 
ƒ…=ю). o%“ле "/д=ч, “%%K?е…,L ,…2е!-еL“%м “ 
.леме…2=м, ,…2елле*23=ль…%“2, , " “л3ч=е C%л%-
›,2ель…/. %2"е2%" qемjлq ,ƒме…,2“  “лед3ю-
?,м %K!=ƒ%м:

(qемjлq_1 (mb(gm(ƒ=2!=2/))) (jb(gm(ƒ=2!=2/ 
…= .ле*2!%.…е!г,ю))) (nŠm(gm("*люч=ю2))))

(qемjлq_2 (mb(gm(ƒ=2!=2/))) (jb(gm(ƒ=2!=2/ 
…= %Cл=23 2!3д=))) (nŠm(gm("*люч=ю2))))

(qемjлq_3 (mb(gm(ƒ=2!=2/ …= %Cл=23 2!3д=))) 
(jb(gm(ƒ=2!=2/ …= %Cл=23 2!3д= “ д%Cл=2%L ƒ= 
*=че“2"% , “!%*))) (nŠm(gm("*люч=ю2))))

(qемjлq_4 (mb(gm(ƒ=2!=2/ …= %Cл=23 2!3д=))) 
(jb(gm(ƒ=2!=2/ …= %Cл=23 2!3д= “ д%Cл=2%L ƒ= 
*л=““…%“2ь))) (nŠm(gm("*люч=ю2))))

(qемjлq_5 (mb(gm(ƒ=2!=2/ …= %Cл=23 2!3д=))) 
(jb(gm(ƒ=2!=2/ …= %Cл=23 2!3д= “ д%Cл=2%L ƒ= 
“2=›))) (nŠm(gm("*люч=ю2))))

(qемjлq_6 (mb(gm(ƒ=2!=2/ …= .ле*2!%.…е!-
г,ю))) (jb(gm(ƒ=2!=2/ …= .ле*2!%.…е!г,ю C!, 
C%л…%м !=K%чем д…е))) (nŠm(gm("*люч=ю2))))

(qемjлq_7 (mb(gm(ƒ=2!=2/ …= .ле*2!%.…е!-
г,ю))) (jb(gm(ƒ=2!=2/ …= .ле*2!%.…е!г,ю C!, 
…еC%л…%м !=K%чем д…е))) (nŠm(gm("*люч=ю2))))

(qемjлq_8 (mb(gm(м,…е!=ль…%е 3д%K!е…,е)))
(jb(gm(-%“-%!…%е м,…е!=ль…%е 3д%K!е…,е))) 
(nŠm(gm("*люч=е2))))

(qемjлq_9(mb(gm(м,…е!=ль…%е 3д%K!е…,е))) 
(jb(gm(*=л,L…%е м,…е!=ль…%е 3д%K!е…,е))) 
(nŠm(gm("*люч=е2))))

<…>
j ,мею?,м“  qmr qемjлq д%K="л ю2“  д"= 

qmr qемjлq. b mb …=.%д,2“  %C,“=…,е %KAе*-
2=,  "л ю?ее“  !%д%"/м C%… 2,ем, " jb # %C,-
“=…,е %KAе*2=,  "л ю?ее“  ",д%"/м C%… 2,ем 
C% %2…%ше…,ю * д=……%м3 !%д%"%м3 C%… 2,ю.

b “л3ч=е …е"%ƒм%›…%“2, ""%д= %C!еделе…,  
C%льƒ%"=2елем ,…2ег!,!%"=……=  “,“2ем= …=ч,-

…=е2 д,=л%г, C!едC%л=г= , ч2% C!, %*=ƒ=…,, ме2%-
д,че“*%L C%м%?, C%льƒ%"=2ель “м%›е2 ""е“2, 
%C!еделе…,е C%… 2,  &м,…е!=ль…%е 3д%K!е…,е[. 
mе ,“*люч=е2“  C!, .2%м …=л,ч,е C%л…%г% %2*=-
ƒ= %2 ""%д= %C!еделе…, . b .2%м “л3ч=е ƒ=*=…ч,-
"=е2“  !=K%2= “ 2е*“2%м д=……%L ƒ=д=ч,. 

dл  %C,“=…,  %K?еL “.ем/ C!%г!=мм/,  "-
л ю?еL“  %“…%"%L м=ш,…/ л%г,че“*%г% "/"%д=, 
C!,ме…,м * qемqt!b 2е%!,ю “.ем C!%г!=мм. 
mе*%2%!/е ч=“2, qемqt!b  "л ю2“  “.ем=м, 
-3…*ц,%…=ль…% .*","=ле…2…/. C%дC!%г!=мм. b 
qемqt!b "“2!еч=ю2“  %C,“=…,  Cе!еме……/., 
-3…*ц,%…=ль…/., C!ед,*=2…/. , “Cец,=ль…/. 
“,м"%л%". ),“л% .2,. “,м"%л%" д%“2=2%ч…% дл  
%C,“=…,  “.ем/ C!%г!=мм/ , “.ем C%дC!%г!=мм. 
l=ш,…3 л%г,че“*%г% "/"%д= (lkb) дл  люK%L 
qемqt!b м%›…% C%“2!%,2ь " ",де %K!=K%2ч,*= 
“.ем C%дC!%г!=мм. b .2%м “л3ч=е …е%K.%д,м ,…-
2е!C!е2=2%!, %2%K!=›=ю?,L !=ƒл,ч…/е “,м"%л/ 
*%…*!е2…/. qемqt!b " “2=…д=!2…/е “,м"%л/ 
“.ем C%дC!%г!=мм. o!, д=……%м !=““м%2!е…,, 
C%д lkb K3дем C%…,м=2ь %K!=K%2ч,* “.ем C%д-
C!%г!=мм , ,…2е!C!е2=2%!. o!, "/ "ле…,, -3…*-
ц,%…=ль…% .*","=ле…2…/. C%дC!%г!=мм,  "л ю-
?,.“  ч=“2 м, qемqt!b, -%!м,!3ю2“  ш=Kл%… 
.2%L ч=“2, , ““/л*, “ *%…*!е2…/м, ƒ…=че…, м, 
C=!=ме2!%" "% "“е. %Kл=“2 . qемqt!b, “%де!›=-
?,. .2, ч=“2,.

nK!=K%2ч,* “.ем C%дC!%г!=мм ,“C%льƒ3е2 "/-
!=›е…,е I(E(Val)), где I # ,…2е!C!е2=ц, ; E # "/-
!=›е…,е, “%де!›=?ее“  " qемqt!b; Val # м…%-
›е“2"% ƒ…=че…,L, Cе!ед="=ем%е “ "/!=›е…,ем. 

o!, ,…2е!C!е2=ц,, м…%›е“2"% “,м"%л%" on 
%2%K!=›=е2“  …= м…%›е“2"е “,м"%л%" 2е%!,, 
“.ем C!%г!=мм, "%ƒ…,*=е2 “л%›…%“2ь C!, %2%-
K!=›е…,, -3…*ц,%…=ль…/. , “Cец,=ль…/. “,м-
"%л%" ,ƒ *%…*!е2…%L on " -3…*ц,%…=ль…/е , 
“Cец,=ль…/е “,м"%л/ 2е%!,, “.ем C!%г!=мм. 
nK!=K%2ч,*  "л е2“  ,…"=!,=…2…%L ч=“2ью lkb. 
ag д%л›…= .!=…,2ь “2!3*23!,!%"=……3ю ,…-%!-
м=ц,ю, “ *%2%!%L м%›е2 !=K%2=2ь lkb. lе›д3 
-3…*ц,%…=ль…/м, “,м"%л=м, f , Cе!еме……/м, 
x *%…*!е2…%L on ,мею2“  %2…%ше…,  P, C%*=-
ƒ/"=ю?,е ƒ=",“,м%“2,. q C%м%?ью lkb .2, 
ƒ=",“,м%“2, %2%K!=›=ю2“  " 2е%!,, “.ем C!%-
г!=мм Q. n2…%ше…,е Q “%де!›,2 Cе!еме……/е t , 
-3…*ц,%…=ль…/е “,м"%л/ g,  "л ю?,е“  %K!=-
ƒ=м, Cе!еме……/. , -3…*ц,%…=ль…/. “,м"%л%" 
%C!едел‘……%L on. lkb д%*=ƒ/"е2 ,“2,……%“2ь 
%2…%ше…,  Q. Š=* *=* Q  "л е2“  !еƒ3ль2=2%м 
,…2е!C!е2=ц,,, 2% ,ƒ ,“2,……%“2, Q “лед3е2 ,“-
2,……%“2ь P, ч2% %C,“/"=е2“  “лед3ю?,м, -%!-
м3л=м,:

: ( ,   ) ( ,   );I P f x Q g t→
 

( )( ),   ( ,  ) ( ,  ) ( ,  ).f x g t Q g t P f x∀ ∃ →
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g=*люче…,е. h…2ег!,!%"=……=  “,“2ем= %Kл=-
д=е2 C!е,м3?е“2"%м %KAед,…е…,  "“е. *%мC%-
…е…2%" %д…,м, C%… 2, м, , *=2ег%!, м,, ч2% 
ƒ…=ч,2ель…% C%"/ш=е2 3C!="л ем%“2ь -3…*ц,%-
…,!%"=…,ем “,“2ем/ " цел%м. 

b ,…2ег!,!%"=……%L “,“2еме ,“C%льƒ3е2“  “ме-
ш=……%е C!ед“2="ле…,е ƒ…=…,L, = ,ме……% 
qемqt!b, ! д C!е,м3?е“2" *%2%!/. ƒ=*люч=е2-
“  " "%ƒм%›…%“2, %!г=…,ƒ=ц,, ““/л%* "…32!, 
“е2,; "%ƒм%›…%“2, %!г=…,ƒ=ц,, ““/л%* ме›д3 
“е2 м, , !=“ш,!е……%г% C!ед“2="ле…,  -!еLм%" 
дл  “%ƒд=…,  “е2еL.

mе "“е C%… 2, , C!,“32“2"3ю?,е " 2е*“2е ƒ=д=-
ч,, ,мею2“  " qемqt!b ,л, ,мею2 д%“2=2%ч…% 
ш,!%*3ю ,…2е!C!е2=ц,ю. o!, %!г=…,ƒ=ц,, д,=-

л%г= C% …е%C!едел‘……%м3 C%… 2,ю ,…2е!-еL“ “ 
.леме…2=м, ,…2елле*23=ль…%“2, ƒ=C!=ш,"=е2 3 
C%льƒ%"=2ел  %C!еделе…,е дл  .2%г% C%… 2, . 
b%C!%“/, "/д="=ем/е “ C%м%?ью ,…2е!-еL“= “ 
.леме…2=м, ,…2елле*23=ль…%“2,, г%2%",2 .*“-
Cе!2…=  “,“2ем=, , " “л3ч=е C%л%›,2ель…/. %2"е-
2%" C!%,“.%д,2 C%C%л…е…,е qемqt!b. e“л, 
C%льƒ%"=2ель …е м%›е2 %2"е2,2ь, ем3 %*=ƒ/"=е2“  
ме2%д,че“*=  C%м%?ь дл  ""%д= %C!еделе…,  C% 
…е%C!едел‘……%м3 C%… 2,ю. b “л3ч=е %2*=ƒ= C%ль-
ƒ%"=2елем %2"еч=2ь …= "%C!%“/, ƒ=*=…ч,"=е2“  
!=K%2= “ 2е*“2%м д=……%L ƒ=д=ч,. 

Šе%!,  “.ем C!%г!=мм ,“C%льƒ3е2“  дл  %C,“=-
…,  %K?еL “.ем/ C!%г!=мм/,  "л ю?еL“  %“…%-
"%L lkb.

rdj 621.396.931

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

a.a.ivolgin@gmail.com

Šp`mqonpŠm`“ qnqŠ`bk“~y`“ qnŠnbni qb“gh ŠpeŠ|ecn onjnkemh“

nC,“=…/ %“…%"…/е C!е,м3?е“2"= , …ед%“2=2*, ,“C%льƒ%"=…,  "%л%*%……%-%C2,че“*,. 
л,…,L C!, C!%е*2,!%"=…,, “%2%"%L “" ƒ, 2!е2ьег% C%*%ле…, . p=““м%2!е…/ 2е.…,че“*,е 
.=!=*2е!,“2,*, "%л%*%……%-%C2,че“*,. л,…,L, "л, ю?,е …= *=че“2"% %*=ƒ/"=ем/. 3“л3г " 
!=ƒл,ч…/. “е2 . “%2%"%L “" ƒ,.

jлюче"/е “л%"=: 2!е2ье C%*%ле…,е м%K,ль…%L “%2%"%L “" ƒ,, "%л%*%……%-%C2,че“*,е л,…,, 
“" ƒ,, “"е2%"%д, д,“Cе!“, , 2еле-%……=  …=г!3ƒ*=.

Principal advantages and limitation of fibre optic line usage when projecting honeycomb connection 
of the third generation are described. Fibre optic line technical behaviors are considered which have 
an influence on rendered service quality in different nets of the honeycomb connection. 

Key words: mobile honeycomb connection of the third generation, fibre optic connection lines, light 
guide, dispersion, telephone loading.

q%2%"=  “" ƒь 2!е2ьег% C%*%ле…,  д%л›…= %Kе“-
Cеч,"=2ь "/“%*3ю “*%!%“2ь Cе!ед=ч, д=……/. д% 
&C%“лед…еL м,л,[ ƒ= “ч‘2 …=д‘›…%L “*%!%“2…%L 
"/“%*%‘м*%“2…%L C%ме.%3“2%Lч,"%L 2!=…“C%!2-
…%L “%“2="л ю?еL *=›д%L K=ƒ%"%L “2=…ц,,. dл  
д%“2="*, ,…-%!м=ц,, 3G C%льƒ%"=2ел м …=,K%-
лее %C2,м=ль…/м  "л ю2“  "%л%*%……%-%C2,че-
“*,е л,…,, “" ƒ, (bnkq), ,“C%льƒ3ю?,е 2=* 
…=ƒ/"=ем%е %C2,че“*%е "%л%*…%. oе!ед=ч= ,…-
-%!м=ц,, C% bnkq %Kл=д=е2 ! д%м д%“2%,…“2" 
C% “!="…е…,ю “ Cе!ед=чеL C% мед…%м3 *=Kелю: ш,-
!%*=  C%л%“= C!%C3“*=…,  д=‘2 "%ƒм%›…%“2ь ,“-
C%льƒ%"=2ь дл  C%2%*= ,…-%!м=ц,, " …е“*%ль*% 
2е!=K,2 " “е*3…д3 %д,… "%л%*%……%-%C2,че“*,L 
*=Kель (bnj), …,ƒ*,L 3!%"е…ь ш3м= " bnj C%ƒ"%-
л е2 3"ел,ч,2ь C%л%“3 C!%C3“*=…,  ƒ= “ч‘2 м%д3л,-
!%"=……%г% “,г…=л= c м=л%L ,ƒK/2%ч…%“2ью *%д=. 

d,.ле*2!,че“*%е "%л%*…% bnkq %Kе“Cеч,"=е2 "/-
“%*3ю C%ме.%ƒ=?,?‘……%“2ь %2 .ле*2!%м=г…,2-
…/. C%ме. , м,…,м3м ƒ=23.=…,L “"е2%"%г% “,г-
…=л= " "%л%*…е, ,мее2 м=л3ю м=““3 , %KA‘м, ƒ=д=‘2 
"/“%*3ю ƒ=?,?‘……%“2ь %2 …е“=…*ц,%…,!%"=…-
…%г% д%“23C= ƒ= “ч‘2 2%г%, ч2% bnj C!=*2,че“*, …е 
,ƒл3ч=е2 .ле*2!%м=г…,2…/е ,мC3ль“/ " !=д,%д,=C=-
ƒ%…е, C%.2%м3 Cе!ед="=ем3ю C% …ем3 ,…-%!м=-
ц,ю 2!3д…% C%д“л3ш=2ь.

o!%“2еLш,L bnj C!ед“2="л е2 “%K%L *!3гл/L 
д,.ле*2!,че“*,L “2е!›е…ь, %*!3›‘……/L д,-
.ле*2!,че“*%L %K%л%ч*%L. dл  Cе!ед=ч, .ле*-
2!%м=г…,2…%L .…е!г,, C% “"е2%"%д3 ,“C%льƒ3е2“  
 "ле…,е C%л…%г% "…32!е……ег% %2!=›е…,  …= г!=…,-
це !=ƒдел= д"3. д,.ле*2!,че“*,. “!ед. k3ч, !=“-
C!%“2!=… ю2“  " %C2,че“*, K%лее Cл%2…%L “!е-
де, %*!3›‘……%L ме…ее Cл%2…%L.
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g=23.=…,е " bnj .=!=*2е!,ƒ3е2“  “%K“2"е……/м, 
C%2е! м, =“%K " "%л%*%……/. “"е2%"%д=. , д%C%л-
…,2ель…/м, =д%C, %K3“л%"ле……/м, де-%!м=ц,еL , 
,ƒг,K=м, “"е2%"%д%" C!, …=л%›е…,, C%*!/2,L , ƒ=-
?,2…%L %K%л%ч*, " C!%це““е ,ƒг%2%"ле…,  *=Kел .

q%K“2"е……/е C%2е!, bnj “%“2% 2 " Cе!"3ю 
%че!едь ,ƒ C%2е!ь C%гл%?е…,  =C , !=““е …,  =!:

соб п р пр ,a a a a= + +
 

где aC! 
# C%2е!,, “" ƒ=……/е “ …=л,ч,ем C%“2%!%…-

…,. C!,ме“еL.

o%2е!, …= C%гл%?е…,е “3?е“2"е……% ƒ=",“ 2 %2 
ч,“2%2/ м=2е!,=л= , м%г32 K/2ь ƒ…=ч,2ель…/м, 
C!, …=л,ч,, C%“2%!%……,. C!,ме“еL.

g=23.=…,е " !еƒ3ль2=2е C%2е!ь C%гл%?е…,  “" -
ƒ=…% “ C%2е! м, …= д,.ле*2!,че“*3ю C%л !,ƒ=-
ц,ю, л,…еL…% 3"ел,ч,"=е2“  “ ч=“2%2%L, ƒ=",“,2 %2 
“"%L“2" м=2е!,=л= “"е2%"%д= , %C!едел е2“  C% 
-%!м3ле

3 1
п

tg
8,69 10 ,

n
a

π δ
= ⋅

λ

где n1 # C%*=ƒ=2ель C!ел%мле…,  “е!дце",…/; λ # 
дл,…= "%л…/, м*м; tgδ # 2=…ге…“ 3гл= д,.ле*2!,че-
“*,. C%2е!ь (дл  *"=!ц= “%“2="л е2 10#10). 

Š=*,м %K!=ƒ%м, ч=“2%2…=  ƒ=",“,м%“2ь ƒ=23.=-
…,  " !еƒ3ль2=2е C%гл%?е…,  ,мее2 л,…еL…/L .=-
!=*2е! C!, C%“2% ……/. ƒ…=че…, . n1.

p=““е …,е %K3“л%"ле…% …е%д…%!%д…%“2 м, 
м=2е!,=л= bnj, !=ƒме!/ *%2%!%г% ме…ьше дл,…/ 
"%л…/, , 2еCл%"%L -л3*23=ц,еL C%*=ƒ=2ел  C!е-
л%мле…, . o%2е!, …= !=““е …,е !=““ч,2/"=ю2 
C% -%!м3ле

р 4 ,р
К

a =
λ

 
где K! # *%.--,ц,е…2 !=““е …, . 

Š=*%е !.лее"“*%е !=““е …,е 3"ел,ч,"=е2“  
C!%C%!ц,%…=ль…% ч=“2%2е.

qлед3е2 %2ме2,2ь C!,…ц,C,=ль…3ю !=ƒ…,ц3 
ме›д3 .=!=*2е!,“2,*=м, ƒ=23.=…,  “,мме2!,ч-
…/. "%л… (e01 , m01) , “меш=……/. (me11). 
q,мме2!,ч…/е "%л…/ ,мею2 *!,2,че“*3ю ч=“-
2%23 f*!, = “меш=……/е …е ,мею2.

o!, “%Kлюде…,, 2е.…,че“*,. 3“л%",L …= C!%-
*л=д*3 *=Kел  д%C%л…,2ель…/е C%2е!, “%“2="-
л ю2 …е K%лее 20 % %2 C%л…%г% ƒ=23.=…, . m=! д3 
“ ƒ=23.=…,ем "=›…еLш,м C=!=ме2!%м bnkq  "-
л е2“  C%л%“= ч=“2%2, C!%C3“*=ем=  “"е2%"%д%м “ 
%г!=…,че…,ем ΔF. }2= C%л%“= %C!едел е2 %KA‘м 
,…-%!м=ц,,, Cе!ед="=ем%L C% bnj. nг!=…,че…,е 
C!,ме…,2ель…% * ц,-!%"/м “,“2ем=м Cе!ед=ч, 
%K3“л%"ле…% 2ем, ч2% ,мC3ль“ …= C!,‘ме C!,.%-

д,2 !=ƒм/2/м , ,“*=›‘……/м "“лед“2",е !=ƒл,-
ч,  “*%!%“2еL !=“C!%“2!=…е…,  " “"е2%"%де %2-
дель…/. ч=“2%2…/. “%“2="л ю?,.. d=……%е  "ле-
…,е …%“,2 …=ƒ"=…,е д,“Cе!“,,. n…= C!,"%д,2 * 
C% "ле…,ю ме›“,м"%ль…/. C%ме. , %г!=…,че-
…,ю C!%C3“*…%L “C%“%K…%“2, *=Kел . )ем ме…ь-
ше д,“Cе!“, , 2ем K%льш,L C%2%* ,…-%!м=ц,, 
м%›…% Cе!ед=2ь C% bnj.

d,“Cе!“,%……/е ,“*=›е…,  ,мею2 .=!=*2е! -=-
ƒ%"/. ,“*=›е…,L “,г…=л= , %K3“л%"ле…/ …е%д…%-
"!еме……%“2ью !=“C!%“2!=…е…,  !=ƒл,ч…/. м%д
" “"е2%"%де , …=л,ч,ем ч=“2%2…%L ƒ=",“,м%“2, 
C%*=ƒ=2ел  C!ел%мле…, .

d,“Cе!“,  ,мее2 !=ƒме!…%“2ь "!еме…, , %C-
!едел е2“  *=* *"=д!=2,ч…=  !=ƒ…%“2ь дл,2ель-
…%“2еL ,мC3ль“= …= "/.%де τ"/. , ".%де τ". *=Kе-
л  дл,…%L l. bел,ч,…= д,“Cе!“,, м%›е2 K/2ь 
!=““ч,2=…= C% -%!м3ле

2 2
вых вх( ) ( ) ( ) .lτ = τ − τ

 
d,“Cе!“,  %C!едел е2“  “лед3ю?,м, -=*2%-

!=м,: !=ƒл,ч,ем “*%!%“2еL !=“C!%“2!=…е…,  …=-
C!="л ем/. м%д, …=C!="л ю?,м, “"%L“2"=м, 
bnj , “"%L“2"=м, м=2е!,=л=, ,ƒ *%2%!%г% %… ,ƒ-
г%2%"ле…. b “" ƒ, “ .2,м %“…%"…/м, C!,ч,…=м, 
"%ƒ…,*…%"е…,  д,“Cе!“,,  "л ю2“ , “ %д…%L “2%-
!%…/, K%льш%е ч,“л% м%д " “"е2%"%де (ме›м%д%"=  
,л, м%д%"=  д,“Cе!“, ), = “ д!3г%L # …е*%ге!е…2-
…%“2ь ,“2%ч…,*%" ,ƒл3че…, , !е=ль…% !=K%2=ю?,. 
" “Cе*2!е дл,… "%л… aa (.!%м=2,че“*=  д,“Cе!“, ).

B м…%г%м%д%"/. %C2,че“*,. "%л%*…=. %“…%"-
…%L "*л=д " 3ш,!е…,е ,мC3ль“= "…%“,2 ме›м%-
д%"=  д,“Cе!“, . o!%це““ "%ƒ…,*…%"е…,  ме›-
м%д%"%L д,“Cе!“,, “лед3е2 %2дель…% !=““м=2!,-
"=2ь " “23Cе…ч=2%м , г!=д,е…2…%м "%л%*…е C% C!,-
ч,…е ƒ=",“,м%“2, “*%!%“2, !=“C!%“2!=…е…,  "“е. 
л3чеL %2 C%*=ƒ=2ел  C!ел%мле…,  (υ=“/n1) [1].

dл  “23Cе…ч=2%г% %C2,че“*%г% "%л%*…= м%д%-
"=  д,“Cе!“,  τм%д %C!едел е2“  C% -%!м3л=м

1
мод c  при  ,

n
l l

c
Δ

τ = <

 
1

мод c  при  ,c
n

l l l l
c

Δ
τ = >

 
дл  г!=д,е…2…%г% %C2,че“*%г% "%л%*…=

2
1

мод c  при  ,
n

l l l
c

Δ
τ = <

2
1

мод c c  при  ,
n

l l l l
c

Δ
τ = >

где l“ # дл,…= “" ƒ, м%д (дл  “23Cе…ч=2%г% %C2,че-
“*%г% "%л%*…= l“ = 5#7 *м); “ #“*%!%“2ь “"е2=; l

 
# 

дл,…= *=Kел ; дл,…= “" ƒ, м%д г!=д,е…2…%г% %C2,-
че“*%г% "%л%*…= “%“2="л е2 10#15 *м. 
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e“л, д,“Cе!“,  !=“2‘2 “ 3"ел,че…,ем дл,…/ *=Kе-
л , 2% C%л%“= C!%C3“*=…,  ƒ=",“,2 %2 ег% дл,…/ 
%K!=2…% C!%C%!ц,%…=ль…%.

d,“Cе!“,  “%“2%,2 ,ƒ м=2е!,=ль…%L , "%л…%-
"%д…%L “%“2="л ю?,. , ,мее2 ме“2% C!, !=“C!%-
“2!=…е…,, *=* " %д…%м%д%"%м, 2=* , " м…%г%м%д%-
"%м "%л%*…е. n…= "/ƒ"=…= …=л,ч,ем “Cе*2!= ч=“-
2%2 3 ,“2%ч…,*= ,ƒл3че…,  , %C!едел е2“  2,C%м 
д,=г!=мм/ …=C!="ле……%“2, , …е*%ге!е…2…%“2ью.

j%.--,ц,е…2 C!ел%мле…,  “2е*л= n C!, м=2е-
!,=ль…%L д,“Cе!“,, %C!едел е2“  C% -%!м3ле 
n = f (λ). o!=*2,че“*, люK%L ,“2%ч…,* ге…е!,!3е2 
…е …= %д…%L дл,…е "%л…/, = “ дл,…%L "%л…/ " %C-
!едел‘……%м “Cе*2!=ль…%м д,=C=ƒ%…е. B !еƒ3ль2=2е 
!=ƒл,ч…/е “Cе*2!=ль…/е “%“2="л ю?,е “,г…=л= 
,мею2 !=ƒ…3ю “*%!%“2ь !=“C!%“2!=…е…, , ч2% 
C!,"%д,2 * !=ƒл,ч…%L ƒ=де!›*е " bnj.  k=ƒе!…/е 
,“2%ч…,*, ,мею2 3ƒ*,L “Cе*2! ч=“2%2, C%.2%м3 
м=2е!,=ль…=  д,“Cе!“,  …еƒ…=ч,2ель…=:

2 2

мат 2 ,d n l
с d

Δλ λτ =
λ λ  

где Δλ # ш,!,…= “Cе*2!=ль…%L л,…,, ,“2%ч…,*= 
,ƒл3че…, .

C 3"ел,че…,ем дл,…/ "%л…/ м=2е!,=ль…=  
д,“Cе!“,  3ме…ьш=е2“ , C!,%K!е2=  ƒ=2ем %2!,-
ц=2ель…%е ƒ…=че…,е.

b%л…%"%д…=  ("…32!,м%д%"= ) д,“Cе!“,  %K3-
“л%"ле…= C!%це““=м,, C!%2е*=ю?,м, "…32!, 
м%д/, , %C!едел е2“  C% -%!м3ле 

2

в
2

( ),ln l
lB

c
ΔΔλτ = = Δλ λ

λ

где B (λ) # 3дель…=  м=2е!,=ль…=  д,“Cе!“, ; Δl # 
!=д,=ль…=  2%л?,…= ,ƒ%л ц,%……%г% “л% .

rдель…=  .!%м=2,че“*=  д,“Cе!“,  D (λ) %C!е-
дел е2“  "/!=›е…,ем

D (λ) = M (λ) + B (λ), 

где M (λ) # 3дель…=  м=2е!,=ль…=  д,“Cе!“, .

Š=* *=* м=2е!,=ль…=  д,“Cе!“,  м%›е2 K/2ь 
*=* C%л%›,2ель…%L, 2=* , %2!,ц=2ель…%L, …= %C-
!едел‘……%L дл,…е "%л…/ C!%,“.%д,2 "ƒ=,м…=  
*%мCе…“=ц,  м=2е!,=ль…%L , "%л…%"%д…%L д,“-
Cе!“,L, , !еƒ3ль2,!3ю?=  д,“Cе!“,  %K!=?=е2“  
" …%ль. dл,…= "%л…/, …= *%2%!%L .2% C!%,“.%д,2, 
…=ƒ/"=е2“  дл,…%L "%л…/ …3ле"%L д,“Cе!“,,. dл  
“23Cе…ч=2%г% %д…%м%д%"%г% "%л%*…= дл,…= "%л…/ 
…3ле"%L д,“Cе!“,, “%“2="л е2 1310 …м.

o!%-,ль…=  д,“Cе!“,  C!% "л е2“  " !е=ль-
…/. bnj, *%2%!/е м%г32 K/2ь !ег3л !…/м, (“ 
!ег3л !…%L гел,*%,д=ль…%L “*!32*%L), …е!ег3-

л !…/м, (“ …е!ег3л !…/м ,ƒме…е…,ем г!=…,ц/ 
!=ƒдел= C!%-,л  C%*=ƒ=2ел  C!ел%мле…, ) , …е-
%д…%!%д…/м, (“ …=л,ч,ем ,…%!%д…/. ч=“2,ц).

K C!,ч,…=м C% "ле…,  д=……%L д,“Cе!“,, %2-
…%“ 2“ :

C%Cе!еч…/е , C!%д%ль…/е -л3*23=ц,, ге%ме2-
!,че“*,. !=ƒме!%" , -%!м/ "%л%*…= (.лл,C2,ч-
…%“2ь C%Cе!еч…%г% “ече…,  , 2. C.); 

,ƒме…е…,  г!=…,ц/ C!%-,л  C%*=ƒ=2ел  C!е-
л%мле…, ;

%“е"/е , "…е%“е"/е C!%"=л/ C!%-,л  C%*=ƒ=-
2ел  C!ел%мле…, , "/ƒ"=……/е %“%Kе……%“2 м, 
2е.…%л%г,, ,ƒг%2%"ле…,  bnj.

pеƒ3ль2,!3ю?ее ƒ…=че…,е д,“Cе!“,,

( ) 22
пр мод мат в проф ,⎡ ⎤τ = τ + τ + τ + τ⎣ ⎦

где τC!%- # C!%-,ль…=  д,“Cе!“, .

b %д…%м%д%"%м "%л%*…е C!, ,“C%льƒ%"=…,, 
ш,!%*%C%л%“…%г% “,г…=л= (C%л%“= C!%C3“*=…,  
2,4 cK,2/“ , "/ше) c %че…ь 3ƒ*%L “Cе*2!=ль…%L 
C%л%“%L ,ƒл3че…,  0,1 …м , ме…ее м%›е2 C!% "-
л 2ь“  C%л !,ƒ=ц,%……=  м%!%"=  д,“Cе!“,  τCмд, 
*%2%!=  "%ƒ…,*=е2 "“лед“2",е !=ƒл,ч…%L “*%!%-
“2, !=“C!%“2!=…е…,  д"3. "ƒ=,м…% Cе!Cе…д,*3-
л !…/. C%л !,ƒ=ц,%……/. “%“2="л ю?,. м%д/. 
cл="…%L C!,ч,…%L "%ƒ…,*…%"е…,  C%л !,ƒ=-
ц,%……%L м%!%"%L д,“Cе!“,,  "л е2“  …ец,!*3-
л !…%“2ь (%"=ль…%“2ь) C!%-,л  “е!дце",…/ %д-
…%м%д%"%г% "%л%*…=, "%ƒ…,*=ю?=  " C!%це““е 
,ƒг%2%"ле…,  ,л, .*“Cл3=2=ц,, "%л%*…=. o!, ,ƒ-
г%2%"ле…,, "%л%*…= 2%ль*% “2!%г,L *%…2!%ль C%-
ƒ"%л е2 д%“2,чь …,ƒ*,. ƒ…=че…,L д,“Cе!“,,. 

“"ле…,е д,“Cе!“,, C!,"%д,2 * %г!=…,че…,ю 
C!%C3“*…%L “C%“%K…%“2, *=KелеL ΔF , * “…,›е-
…,ю д=ль…%“2, Cе!ед=ч, C% …,м, 2=* *=* чем 
дл,……ее л,…, , 2ем K%льше C!% "л е2“  д,“Cе!-
“,  , K%льше 3ш,!е…,е ,мC3ль“=:

,x

x

lF
F l

Δ =
Δ

где ƒ…=че…,  “ ,…де*“%м &.[ – ,“*%м/е, Kеƒ ,…де*“= – 
ƒ=д=……/е.

o!%C3“*…=  “C%“%K…%“2ь , д=ль…%“2ь Cе!ед=ч, 
C% bnj %г!=…,ч,"=ю2“  …е 2%ль*% д,“Cе!“,еL, 
…% , ƒ=23.=…,ем “"е2%"%д%". B м…%г%м%д%"/. 
“"е2%"%д=. %г!=…,ч,"=ю?,м -=*2%!%м  "л е2“  
д,“Cе!“, , = " г!=д,е…2…/. , %д…%м%д%"/. “"е-
2%"%д=. “ .%!%ш,м, д,“Cе!“,%……/м, .=!=*2е!,-
“2,*=м, д=ль…%“2ь “" ƒ, м%›е2 л,м,2,!%"=2ь“  
ƒ=23.=…,ем “"е2%"%д…%г% 2!=*2=.

o% ме!е !=“C!%“2!=…е…,  %C2,че“*%г% “,г…=л= 
C% bnj 3ме…ьш=е2“  м%?…%“2ь .2%г% “,г…=л= , 
3"ел,ч,"=е2“  д,“Cе!“, . dл,…= !еге…е!=ц,%…-
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b%л%*%……%-%C2,че“*,L 2!=*2:

P,ƒл 
# 3!%"е…ь м%?…%“2, %C2,че“*%г% ,ƒл3ч=2ел ; PC! min 

# ч3"“2",2ель…%“2ь C!,‘м…,*=; a!.“ # C%2е!, " 
!=ƒA‘м…/. “%ед,…е…, .; l“.д # дл,…= “" ƒ, м%д; l!3 # дл,…= !еге…е!=ц,%……%г% 3ч=“2*=; a….“ # C%2е!, " …е-

!=ƒA‘м…/. “%ед,…е…, .; a"., a"/. # C%2е!, …= ""%д , "/"%д ,ƒл3че…,  " "%л%*…% “%%2"е2“2"е……%

..aP
minP

a .l

                   

l

..a

a

..a
nC2,че“*,L

*=Kель

…%г% 3ч=“2*= bnkq %C!едел е2“  …= %“…%"е ƒ=д=…-
…/. *=че“2"= “" ƒ, , е‘ C!%C3“*…%L “C%“%K…%“2, 
C%“ле 2%г%, *=* "/K!=…/ 2,C%"=  “,“2ем= Cе!ед=-
ч, , %C2,че“*,L *=Kель. j=че“2"% “" ƒ, " ц,-!%-
"/. “,“2ем=. Cе!ед=ч, " Cе!"%м C!,Kл,›е…,, 
%C!едел е2“  3!%"…ем -л3*23=ц,%……/. ш3м%" …= 
"/.%де C!,‘м…,*= , ме›“,м"%ль…%L ,…2е!-е-
!е…ц,еL, 2. e. Cе!е*!/2,ем ,мC3ль“%" C!, ,. 
3ш,!е…,,. C !%“2%м дл,…/ л,…,, 3ш,!е…,е ,м-
C3ль“%" 3"ел,ч,"=е2“  , "е!% 2…%“2ь %ш,K*, "%ƒ-
!=“2=е2. Š=*,м %K!=ƒ%м, дл,…= !еге…е!=ц,%……%г% 
3ч=“2*= l!3 %г!=…,ч,"=е2“  л,K% %“л=Kле…,ем, 
л,K% 3ш,!е…,ем ,мC3ль“= " л,…,,. o!, ƒ=д=…-
…%м 2,Cе "%л%*…= д%“2,›,м=  “*%!%“2ь Cе!ед=ч, 
(ч,“л% *=…=л%") %K!=2…% C!%C%!ц,%…=ль…= дл,…е 
3ч=“2*= !еге…е!=ц,,.

dл,…3 !еге…е!=ц,%……%г% 3ч=“2*= м%›…% C%л3-
ч,2ь, е“л, 3"ел,ч,2ь м%?…%“2ь C%леƒ…%г% “,г…=-
л= …= ".%де -%2%C!,‘м…,*= “ C%м%?ью ƒ=д=……%L 
м,…,м=ль…% д%C3“2,м%L м%?…%“2, PC! min, C!, 
*%2%!%L %Kе“Cеч,"=е2“  …е%K.%д,м=  д%“2%"е!-
…%“2ь Cе!ед=ч, “,г…=л= (“м. !,“3…%*).

)3"“2",2ель…%“2ь C!,‘м…,*= %C!едел е2“  "/-
!=›е…,ем

ру
пр min изл вх р.с н.с

с.д
2 1

l
P P а а a

l
⎛ ⎞

≤ − − − − −⎜ ⎟⎝ ⎠

н.с ру вых ,a l a− −α −

где α # *%.--,ц,е…2 ƒ=23.=…,  bnj.

C 3ч‘2%м д,“Cе!“,, %C2,че“*%г% "%л%*…= м=*-
“,м=ль…=  дл,…= !еге…е!=ц,%……%г% 3ч=“2*= “%-
“2=",2

руmax
пр

0,25 ,l
B

=
τ  

где B # 2!еK3ем=  “*%!%“2ь Cе!ед=ч, ,…-%!м=ц,,, 
K,2/“; τC! 

# !еƒ3ль2,!3ю?=  д,“Cе!“,  %C2,че“*%г% 
"%л%*…=.

),“л% …е%K“л3›,"=ем/. !еге…е!=ц,%……/. C3…*-
2%" N,!C %C!едел е2“  C% -%!м3ле

орп
нрп

ру
1,

L
N

l
= −

 

где L%!C 
# !=““2% …,е ме›д3 %K“л3›,"=ем/м, !еге-

…е!=ц,%……/м, C3…*2=м,, *м.

j=* C!=",л%, C!, C!,ме…е…,, %д…%м%д%"%г% 
%C2,че“*%г% "%л%*…= …= л,…, . “" ƒ, …е 2!еK3е2-
“  3“2=…%"*= !еге…е!=ц,%……/. C3…*2%".

n“…%"…/м, -=*2%!=м,, %C!едел ю?,м, %KA‘м 
2е.…,че“*,. “!ед“2" “%2%"/. “е2еL C%д",›…%L !=-
д,%“" ƒ, (qqop),  "л ю2“  ,…2е…“,"…%“2ь C%“23-
Cле…,  "/ƒ%"%" λ,, “!ед…   C!%д%л›,2ель…%“2ь 
!=ƒг%"%!= (ƒ=… 2%“2, *=…=л=) Š!, ч,“л% *=…=л%" N 
, C%*=ƒ=2ель *=че“2"= %K“л3›,"=…, , …=C!,ме! 
"е!% 2…%“2ь %2*=ƒ= " C!ед%“2="ле…,, *=…=л= [2].

Šеле-%……%L …=г!3ƒ*%L  "л е2“  ч,“л% i(t) %д-
…%"!еме……% %K“л3›,"=ем/. "/ƒ%"%" ,л, ч,“л% 
ƒ=… 2/. л,…,L *%мм32=ц,%……/. C!,K%!%", ".%-
д%" ,л, "/.%д%" *%мм32=ц,%……%L “,“2ем/ " м%-
ме…2 t. q!ед…ее ч,“л% %д…%"!еме……% ƒ=… 2/. л,-
…,L …=ƒ/"=е2“  ,…2е…“,"…%“2ью …=г!3ƒ*,. eд,-
…,ц= ,ƒме!е…,  ,…2е…“,"…%“2, 2еле-%……%L …=-
г!3ƒ*, # .!л=…г, *%2%!/L “%%2"е2“2"3е2 %д…%L 
ƒ=… 2%L л,…,,. h…2е…“,"…%“2ь …=г!3ƒ*, %C!еде-
л е2“  "ел,ч,…%L

и р .Y T= λ

o!%“2еLш,L C%2%* м%›е2 K/2ь %C,“=… ƒ=*%-
…%м !=“C!еделе…,  ,…2е!"=л= "!еме…, Š ме›д3 
люK/м, д"3м  “%“ед…,м, "/ƒ%"=м,. bе!% 2…%“2ь 
2%г%, ч2% люK%L “л3ч=L…% "/K!=……/L ,…2е!"=л 
ме›д3 “%“ед…,м, "/ƒ%"=м, K3де2 ме…ьше "ел,-
ч,…/ t, м%›…% %C!едел,2ь C% -%!м3ле 

{ } и( ) 1 ( 0).F t P T t e t= < = − >λ
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e“л, C%2%* "/ƒ%"%"  "л е2“  C!%“2еLш,м, 2% 
"е!% 2…%“2ь 2%г%, ч2% " 2ече…,е C!%ме›32*= "!е-
ме…, t C%“23C,2 !%"…% i "/ƒ%"%" %C!едел е2“  C% 
-%!м3ле o3=““%…=

ии( )
( ) .

!
t

P t e
i

λλ
=

nK“л3›,"=…,е "/ƒ%"%" м%›е2 %“3?е“2"л 2ь“  “ 
 "…/м, C%2е! м,, Kеƒ C%2е!ь, “ %›,д=…,ем, “ C%-
"2%!е…,ем, = 2=*›е *%мK,…,!%"=……/м “C%“%K%м.

dл  C!%“2еLшег% C%2%*= "/ƒ%"%" “  "…/м, C%-
2е! м, "е!% 2…%“2ь %2*=ƒ= м%›е2 K/2ь !=““ч,2=-
…= C% -%!м3ле }!л=…г=

в

0

/ !( ) ,
/ !

N

N
K

k

Y NP N Y
Y K

=

=

∑
 

где K # !=ƒме!…%“2ь *л=“2е!= qqop; Y # ,…2е…“,"-
…%“2ь …=г!3ƒ*,; N # ч,“л% *=…=л%".

q%ƒд="=ем=  "“ем, =K%…е…2=м, …=г!3ƒ*= %C!е-
дел е2“  "/!=›е…,ем 
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где λ% # м=*“,м=ль…%е ч,“л% "/ƒ%"%" " ч=“ " %д…%L 
“%2е ("/ƒ%"/ч); T! # “!ед…   C!%д%л›,2ель…%“2ь “%-
ед,…е…, .

}--е*2,"…%“2ь qqop ƒ=",“,2 %2 K%льш%г% 
ч,“л= C=!=ме2!%" , м%›е2 “л3›,2ь C%*=ƒ=2елем 
“%%2"е2“2",  “,“2ем/ “"%ем3 …=ƒ…=че…,ю, 3*=ƒ/-
"=  “2еCе…ь е‘ 2е.…,че“*%г% “%"е!ше…“2"= , .*%-
…%м,че“*%L целе“%%K!=ƒ…%“2,. dл  *%л,че“2"е…-
…%L %це…*, .--е*2,"…%“2, “е2, C%д",›…%L !=-
д,%“" ƒ, м%›…% ,“C%льƒ%"=2ь C!%C3“*…3ю “C%-
“%K…%“2ь, д%“2%"е!…%“2ь Cе!ед=ч, ,…-%!м=ц,,, 
*%л,че“2"% *=…=л%" " "/деле……%L C%л%“е ч=“2%2, 
!=ƒме!/ %K“л3›,"=ем%L 2е!!,2%!,,, “2%,м%“2ь 
.*“Cл3=2=ц,,, “2=2,“2,че“*,е C=!=ме2!/ г!=-,*= 
, д!3г,е -=*2%!/.

nK/ч…% .--е*2,"…%“2ь qqop %це…,"=ю2 ч,“-
л%м =K%…е…2%", C!,.%д ?,.“  …= "/деле……3ю 
C%л%“3 ч=“2%2. Š=*%L ме2%д %це…*, д%“2=2%ч…% 
…=гл де… , C%ƒ"%л е2 “!="…,"=2ь !=ƒл,ч…/е “,“-
2ем/ C%д",›…%L !=д,%“" ƒ,.

d%C3“2,м, ч2% м%K,ль…/е “2=…ц,, !="…%ме!…% 
!=“C!еделе…/ …= 2е!!,2%!,, %K“л3›,"=…, , 
,мею?еL ",д *!3г= “ !=д,3“%м R0 

, Cл%?=дью 
2

0Rπ . j=›д=  “%2= C!ед“2="л е2 “%K%L ше“2,-
3г%ль…,* “ !=д,3“%м %C,“=……%L %*!3›…%“2, R, 
,мею?,L Cл%?=дь 2,6R 

2. j%л,че“2"% K=ƒ%"/. 
“2=…ц,L (aq) …= 2е!!,2%!,, %K“л3›,"=…,  !="…% 
1,21(R0/R)2.

p=ƒме!…%“2ь *л=“2е!= j  "л е2“  ч=“2%2…/м 
C=!=ме2!%м “,“2ем/, 2=* *=* %C!едел е2 м,…,-
м=ль…% "%ƒм%›…%е ч,“л% *=…=л%" " qqop. e“л, 
…= *=›д%L aq ,мее2“  …=K%! *=…=л%" “ ш,!,…%L 
C%л%“/ ч=“2%2 Fk *=›д%г% *=…=л=, 2% %K?=  C%л%-
“= ч=“2%2 дл  qqop (“ 3ч‘2%м C%"2%! ем%“2, 
ч=“2%2) " …=C!="ле…,, Cе!ед=ч, “%“2=",2

Fc = Fkn“K, 

где n“ # ч,“л% *=…=л%" " %д…%м “е*2%!е.

),“л% =*2,"…/. =K%…е…2%" …= "“еL 2е!!,2%!,, 
%K“л3›,"=…,  N = Ln“, где L # ч,“л% aq. 

b .2%м “л3ч=е .--е*2,"…%“2ь ,“C%льƒ%"=…,  
"/деле……%L C%л%“/ ч=“2%2 %C!едел,м C% -%!м3ле 
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}--е*2,"…%“2ь qqop …е ƒ=",“,2 %2 ч,“л= *=-
…=л%" …= aq , "%ƒ!=“2=е2 “ 3ме…ьше…,ем !=д,3“= 
 чеL*, R. Š=*,м %K!=ƒ%м, 3ме…ьш=  !=ƒме!/ 
 чее*, м%›…% C%"/ш=2ь C%"2%! ем%“2ь ч=“2%2, 2. е. 
,. %д…%"!еме……%е ,“C%льƒ%"=…,е " “е2,. p=“-
“м%2!,м "л, …,е !=ƒме!…%“2, *л=“2е!= …= .=!=*-
2е!,“2,*, qqop, " ч=“2…%“2, …= 3!%"е…ь "ƒ=,м-
…/. C%ме., "%ƒ…,*=ю?,. "“лед“2",е C%"2%!…%г% 
,“C%льƒ%"=…,  !=K%ч,. ч=“2%2. l%K,ль…/е “2=…-
ц,, (lq) "  чеL*=. “ “%"C=д=ю?,м, ч=“2%2=м, 
“%ƒд=ю2 C%ме., " *=…=л=. C!,‘м= aq “%2/, …=.%-
д ?еL“  " це…2!е. n2…%ше…,е “,г…=л/C%ме.= …= 
".%де C!,‘м…,*= aq %C!едел е2“  "/!=›е…,ем 
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где PC!.K“ # м%?…%“2ь “,г…=л= lq це…2!=ль…%L 
“%2/ …= ".%де C!,‘м…,*= “%K“2"е……%L aq; 
PшK 

# м%?…%“2ь 2еCл%"/. ш3м%" C!,‘м…,*= aq; 
PCм # м%?…%“2ь C%ме., %2 lq " “%"C=д=ю?еL “%2е 
i-г% *л=“2е!= Cе!"%г% *!3г=; K1 # ч,“л% “%"C=д=ю-
?,. “%2 Cе!"%г% *!3г=. 

a=ƒ%"/е “2=…ц,, "“е. “%"C=д=ю?,.  чее* “%ƒ-
д=ю2 C%ме., lq, …=.%д ?,м“  " це…2!=ль…%L 
“%2е. n2…%ше…,е “,г…=л/C%ме.= " .2%м “л3ч=е
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где PC!м 
# м%?…%“2ь “,г…=л= aq це…2!=ль…%L “%2/ 

…= ".%де C!,‘м…,*= lq .2%L ›е “%2/; Pшм # м%?-
…%“2ь 2еCл%"/. ш3м%" C!,‘м…,*= lq; PCK # м%?-
…%“2ь C%ме. %2 aq “%"C=д=ю?еL  чеL*, i-г% *л=“2е-
!= Cе!"%г% *!3г=.
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dл  C%л3че…,  *%л,че“2"е……%L %це…*, 3!%"…  
"ƒ=,м…/. C%ме. м%›ем C!е…еK!ечь ƒ…=че…, м, 
PшK , Pшм, C%“*%ль*3 3!%"е…ь ш3м%" …,›е 3!%"-
…  "ƒ=,м…/. C%ме.. o%л=г=ем, ч2% …е%K.%д,м%е 
ƒ=?,2…%е %2…%ше…,е ρ0 дл  C!,‘м…,*%" lq 

2 2 2
0 б мρ = ρ = ρ , 2. е. K3дем !=““м=2!,"=2ь “K=л=…“,!%-

"=……3ю “,“2ем3. j!%ме 2%г%, C!,…,м=ем " !=“-
ч‘2, ч2% Cе!ед=2ч,*, "“е. lq ,мею2 %д,…=*%"3ю 
м%?…%“2ь. Š% ›е “=м%е %2…%“,2“  , * Cе!ед=2ч,-
*=м aq:
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где Di 
# !=““2% …,е ме›д3 це…2!=м,  чее* “ “%"C=-

д=ю?,м, ч=“2%2=м,; γ # …е*%2%!%е C%“2% ……%е ч,“-
л%, .=!=*2е!,ƒ3ю?ее %2…%ше…,е м,…,м=ль…%г% ч=“-
2%2…%г% “д",г= * ш,!,…е “Cе*2!= %д…%г% .леме…2=!-
…%г% ,мC3ль“=; qi 

# !=““2% …,е C%"2%!…%г% ,“C%ль-
ƒ%"=…,  ч=“2%2…/. *=…=л%".

o!, люK%L !=ƒме!…%“2, *л=“2е!= " Cе!"%м 
*!3ге !=“C%л=г=е2“  ше“2ь “%"C=д=ю?,.  чее*, 2. е. 
K1 = 6. j!%ме 2%г%, "“е %2…%“,2ель…/е !=““2% -
…,  C%"2%!…%г% ,“C%льƒ%"=…,  ч=“2%2…/. *=…=-
л%" !="…/, 2. е. qi = q, i = 1, 2,..., 6. 

0,-!%"/е “2=…д=!2/ C%ƒ"%л ю2 =д=C2,!%"=2ь“  
* 3"ел,че…,ю ч,“л= =K%…е…2%". o!, 3"ел,че…,, 
*%л,че“2"= =K%…е…2%" %Kл=“2ь %K“л3›,"=…,  *=›-
д%L  чеL*, м%›е2 K/2ь 3ме…ьше…=. }--е*2,"…%“2ь 
“е2, 3"ел,ч,"=е2“  Kл=г%д=!  "%ƒ!=“2=…,ю C%"2%-
! ем%“2, %д…,. , 2е. ›е *=…=ль…/. ч=“2%2.

nд…=*% ,мее2“  ! д %K“2% 2ель“2", ƒ=2!3д… ю-
?,. C!%це““ д!%Kле…,  “%2. b ч=“2…%“2,, ч!еƒ-
ме!…%е 3ме…ьше…,е !=д,3“=  чеL*, "/ƒ/"=е2 
!еƒ*%е 3"ел,че…,е ч,“л= Cе!е“ече…,L м%K,ль…/-
м, “!ед“2"=м, 3“л%"…/. г!=…,ц  чее* C!, Cе!е-
д",›е…,, =K%…е…2%".

b “" ƒ, “ .2,м "%ƒ!=“2=е2 C%2%* д=……/. ме›д3 
м…%г%ч,“ле……/м, aq , це…2!=м, *%мм32=ц,, 
C%д",›…%L “" ƒ, (0joq), *%2%!/L 2!еK3е2 %K-
!=K%2*,, ч2% м%›е2 C!,"е“2, * Cе!ег!3ƒ*е “,“2ем 
3C!="ле…,  , *%мм32=ц,, ,, *=* “лед“2",е, * %2-
*=ƒ3 "“еL “,“2ем/ [3].

j!%ме 2%г%, е“л, “е2ь aq ,мее2 !=д,=ль…3ю 
“2!3*23!3, 2% “ 3"ел,че…,ем ч,“л= aq !=“232 ƒ=-
2!=2/ …= “%%!3›е…,е “%ед,…,2ель…/. л,…,L 
aq#0joq. oе!е.%д * !=д,=ль…%-3ƒл%"%L “2!3*-
23!е C%ƒ"%л е2 %C2,м,ƒ,!%"=2ь “е2ь “%ед,…,2ель-
…/. л,…,L C% *!,2е!,ю м,…,м3м= ƒ=2!=2, …% , 
.2%2 C%д.%д …е C%ƒ"%л е2 ,ƒKе›=2ь 3“л%›…е…,  
“,“2ем/ 3C!="ле…,  qqop.

e?‘ %д,… “C%“%K “…,›е…,  3!%"…  C%ме. , 
C%"/ше…,  .--е*2,"…%“2, qqop “" ƒ=… “ ,“-
C%льƒ%"=…,ем “е*2%!…/. =…2е……. b .2%м “л3ч=е 
…= aq "ме“2% %д…%L =…2е……/ “ *!3г%"%L д,=г!=м-
м%L …=C!="ле……%“2, ,“C%льƒ3ю2 …е“*%ль*% …=-
C!="ле……/. =…2е……, C%ƒ"%л ю?,. *%…це…2!,!%-
"=2ь ,ƒл3че…,е " C!едел=. “е*2%!= , “%*!=?=2ь 
3!%"е…ь ,ƒл3че…,  " C!%2,"%C%л%›…%м …=C!="-
ле…,, д% м,…,м3м=. 

q%"!еме……/е л,…еL…/е “%%!3›е…,  д%л›…/ 
3д%"ле2"%! 2ь "“ем 2!еK% "=…, м, "/2е*=ю?,м ,ƒ 
…е%K.%д,м%“2, %Kе“Cече…,  "/“%*%*=че “2"е……%L 
, …=д‘›…%L “" ƒ,.

a,Kл,%г!=-,че“*,е ““/л*,

1. j“е…%-%…2%" q.m., o%!2…%" }.k. m=C!="л ю?,е 
“,“2ем/ .ле*2!%“" ƒ,: 3чеK. C%“. дл  "3ƒ%". l.: c%! ч=  
л,…,  # Šеле*%м, 2004. 268 “.

2. C3*=че" }.`. q%2%"/е “е2, !=д,%“" ƒ, “ C%д",›-
…/м, %KAе*2=м,: 3чеK. C%“. hƒд. 2-е. nде““=: rc`q, 
2000. 119 “.

3. }ле*2!%……=  .…ц,*л%Cед,  &b,*,Cед, [ [}ле*-
2!%……/L !е“3!“] // bnkq : [“=L2], 2009. URL: http://
ru.wikipedia.org/wiki/bnkq (д=2= %K!=?е…, : 21.10.09).

r"=›=ем/е ч,2=2ел,!

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

2е.…%л%г,,[ "%ƒм%›…= C!, %K ƒ=2ель…%м C,“ьме……%м “%гл=“,, !ед=*ц,, 

›3!…=л=. o!, .2%м ““/л*= …= ›3!…=л %K ƒ=2ель…=.
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}jnmnlhj` h npc`mhg`0h“ m`r)mni h ung“iqŠbemmni de“Šek|mnqŠh

rdj 330.101(030)

`.c. h"=…%", д-! 2е.…. …=3*, C!%-., b.`. j3*3ш*,…, *=…д. -,ƒ.-м=2. …=3*, д%ц.,
e.b. lед"еде"= ()3"=ш“*,L г%“3д=!“2"е……/L 3…,"е!“,2е2 ,м. h.m. rль …%"=, г. )еK%*“=!/)

animax@chuvsu.ru

dhm`lhj` opnhgbndqŠbemmni qhqŠel{ b rqknbh“u pemŠ`aek|mni 
pe`khg`0hh Šnb`p` q r)HŠnl g`d`mmni m`kncnbni qŠ`bjh

p=““ч,2=…= ƒ=",“,м%“2ь %KA‘м= C!едл%›е…,  C!%д3*ц,, -,!м/ %2 "ел,ч,…/ …=л%г%"%L 
“2="*, (м%д,-,*=ц,  *!,"%L k=--е!=) "е!% 2…%“2…%-д,…=м,че“*,м ме2%д%м. h““лед%"=…% 
"л, …,е %“…%"…/. C=!=ме2!%" ƒ=д=ч, …= -%!м3 *!,"%L , "/ "ле… .*%…%м,че“*,L .--е*2. 
p=“ч‘2/ C!,"еде…/ дл  д,“*!е2…%г% , …еC!е!/"…%г% …=ч,“ле…,  …=л%г=. pеƒ3ль2=2/ !=K%-
2/ “%гл=“3ю2“  “ .мC,!,че“*,м, д=……/м,

jлюче"/е “л%"=: "е!% 2…%“2…%-д,…=м,че“*,L ме2%д, *!,"=  k=--е!=, “%%2…%ше…,е …е%C!е-
дел‘……%“2еL, 2е.…%л%г,че“*=  -3…*ц, , K,…=!…/е г!3CC/.

Dependence of produce volume, offered by company, from tax rate (LafferTs curve modification) 
is calculated with probabilistic-dynamic method utilization. Basic task parameters influence on the 
curve form is investigated  and economic effect is revealed. Calculations for discrete and continuous 
tax charge is given. Calculation results conform to empirical dates.

Key words: probabilistic-dynamic method,  LafferTs curve,  uncertainty correlation,  technological 
function,  binary groups.

b"еде…,е. h““лед%"=…,е %C2,м=ль…%“2, …=л%г%-
"/. %2ч,“ле…,L " “-е!е !=ƒл,ч…/. ",д%" .*%…%-
м,че“*%L де 2ель…%“2, "“егд= =*23=ль…%. b 70-е гг. 
C!%шл%г% "е*= д=……=  C!%Kлем= K/л= !еше…= 
k=--е!%м [1]. q%гл=“…% 2е%!,, k=--е!=, ƒ=",-
“,м%“2ь ме›д3 …=л%г%"/м, C%“23Cле…, м, , 
“2="*%L …=л%г= %C,“/"=е2“  …ем%…%2%……%L .м-
C,!,че“*%L *!,"%L (2=* …=ƒ/"=ем%L *!,"%L k=--
-е!=), %2!=›=ю?еL 2%2 -=*2, ч2% %д…, , 2е ›е 
…=л%г%"/е %2ч,“ле…,  м%г32 K/2ь %K3“л%"ле…/ 
!=ƒл,ч…/м, …=л%г%"/м, “2="*=м,. b *=че“2"е 
%“…%"…%г% ме.=…,ƒм=, -%!м,!3ю?ег% ",д .2%L 
ƒ=",“,м%“2,, "/“23C=ю2 .*%…%м,че“*,е ,…2е!е-
“/ “%K“2"е……,*=, C!% "л ем/е " …е%K.%д,м%“2, 
C%C%л… 2ь Kюд›е2 г%“3д=!“2"= (C!, м=л/. …=л%-
г%"/. “2="*=.) , " 3*л%…е…,, %2 3Cл=2/ …=л%г%" 
дл  “%.!=…е…,  “%K“2"е……%“2, …= C!е›…ем 3!%"-
…е (C!, K%льш,. “2="*=.). 

dл  !=ƒл,ч…/. ",д%" .*%…%м,че“*%L де 2ель-
…%“2, 3C%м …32=  ƒ=",“,м%“2ь д%л›…= C!% "-
л 2ь“  " “Cец,-,че“*%L -%!ме. Š=*, дл  C!%це“-
“= C!едл%›е…,  2%"=!= " *=че“2"е Cе!еме……%L, 
.=!=*2е!,ƒ3ю?еL …=л%г%"/е %2ч,“ле…, , е“2е“2-
"е……% "/K,!=2ь %KA‘м C!едл%›е…,  2%"=!= Q, 
C%“*%ль*3 люK=  "ел,ч,…=, %C!едел ю?=  …=л%-

г%"/е %2ч,“ле…,  (C!,K/ль, д%.%д, це…= , 2. д.), 
 "л е2“  -3…*ц,еL Q. 

nд…= ,ƒ Cе!"/. C%C/2%* C!,ме…е…,  2е%!,, 
k=--е!= дл  %C,“=…,  C!%,ƒ"%д“2"е……%L де 2ель-
…%“2, “%де!›,2“  " м%…%г!=-,, [2]. o!, м=л/. 
…=л%г%"/. “2="*=. %KA‘м C!едл%›е…,  Q !=“2‘2 
м%…%2%……%, =…=л%г,ч…% 2%м3 !%“23, *%2%!/L .=-
!=*2е!,ƒ3е2 ƒ=",“,м%“2ь Q %2 Cе!еме……/. ,ƒде!-
›е* [3], 2=* *=* …=л%г%"=  …=г!3ƒ*= tax (%2 =…гл. 
…=л%г) "/“23C=е2 " *=че“2"е м=л%г% "%ƒм3?е…,  
Cе!еме……/. ,ƒде!›е* (!,“. 1, tax < tax0). o!, tax ≥ 

tax0 3"ел,че…,е …=л%г%"%L “2="*, “2=K,л,ƒ,!3е2 
C!%,ƒ"%д“2"%, "/!=›=ю?ее“  "/.%д%м *!,"%L 
%KA‘м= C!едл%›е…,  …= &Cл=2%[. d=ль-…еLшее 3"е-
л,че…,е …=л%г%"%L …=г!3ƒ*, “%C!%"%›д=е2“  !еƒ-
*,м C=де…,ем %KA‘м= C!едл%›е…,  2%"=!=, ч2% 
“" ƒ=…% “ 2!=…“-%!м=ц,еL =*2,"%" C!%,ƒ"%д“2-
"е……%L “%K“2"е……%“2, " …=л%г%"/е %2ч,“ле…, . 

lе2%д ,““лед%"=…,  ƒ=",“,м%“2, %KA‘м= C!ед-
л%›е…,  C!%д3*ц,, -,!м/ %2 "ел,ч,…/ …=л%г%-
"%L “2="*,, %“…%"=……/L …= "е!% 2…%“2…%-д,…=-
м,че“*%м ме2%де [4], ,ƒл%›е… …,›е.

d,--е!е…ц,=ль…/е 3!="…е…,  д,…=м,*, C!%,ƒ-
"%д“2"е……%L “,“2ем/. q%гл=“…% !=K%2е [4], .*%…%-
м,че“*%м3 “%“2% …,ю C!%,ƒ"%д“2"е……%L “,“2е-
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м/ “2=",2“  " “%%2"е2“2",е 2%ч*= -=ƒ%"%г% C!%-
“2!=…“2"=, !="…%г% C! м%м3 C!%,ƒ"еде…,ю "е*-
2%!…/. C!%“2!=…“2" м=2е!,=ль…%г% , де…е›…%г% 
-=*2%!%" “ .леме…2=м, 1 2( , ,..., )nb b b b=

�
 , 

1 2( , ,..., )nx x x x=� . }"%люц,  -=ƒ%"%L 2%ч*, %C,-
“/"=е2“  3!="…е…,ем c=м,ль2%…=

( , ); ,dx db V x tb
dt dt x

∂= β = −
∂

�� ��
�

 
(1)

где β # C=!=ме2! *=че“2"= C!%,ƒ"%д,м%г% 2%"=!=; 
( , )V x t�  # 2е.…%л%г,че“*=  -3…*ц, , .=!=*2е!,ƒ3ю-

?=  3“л%", , …=*л=д/"=ем/е …= 2е.…%л%г,че“*,L 
C!%це““ ,ƒг%2%"ле…,  2%"=!=.

oе!"/L ,…2ег!=л 3!="…е…,L (1)

21( , , ) ( , ),
2

P b x t b V x t= β +
� �� �

 
(2)

…=ƒ/"=ем/L -3…*ц,еL “%K“2"е……%“2,, %C,“/"=е2 
"%ƒм%›…%“2ь C!%,ƒ"%д“2"е……%L “,“2ем/ !=ц,%-
…=ль…% ,“C%льƒ%"=2ь де…е›…/е , м=2е!,=ль…/е 
“!ед“2"= дл  -%!м,!%"=…,  %C2,м=ль…%г% .*%…%-
м,че“*%г% “%“2% …, . 

b !=K%2е [4] C!едл%›е… ме2%д !еше…,  “,“2е-
м/ 3!="…е…,L (1), %“…%"=……/L …= K,…=!…%L =C-
C!%*“,м=ц,, 2е.…%л%г,че“*%L -3…*ц,, ( , )V x t� . 
q%гл=“…% .2%м3 ме2%д3, 2е.…%л%г,че“*,L C!%це““ 
!=““м=2!,"=е2“  *=* …=K%! *"=ƒ,…еƒ=",“,м/. 
K,…=!…/. %Cе!=ц,L, " *=›д%L ,ƒ *%2%!/. 3ч=“2-
"3ю2 д"= ,“.%д…/. м=2е!,=ль…/. -=*2%!= (C!ед-
ме2= 2!3д=) i , k, %K!=ƒ3ю?,. K,…=!…3ю г!3CC3 
μ ≡ (i, k). 

bƒ=,м%деL“2",е C!едме2%" 2!3д= " *=›д%L K,-
…=!…%L %Cе!=ц,, %C,“/"=е2“  "е*2%!=м, м=2е-
!,=ль…%г% { }B Bμ=

�

 , де…е›…%г% { }X Xμ=
�

 -=*2%-
!%" K,…=!…/. г!3CC, “" ƒ=……/. “ "е*2%!=м, 

{ }lb b=
�

 , { }lx x=�  ,“.%д…/. -=*2%!%" л,…еL…/м, 
“%%2…%ше…, м,: 

p,“. 1. g=",“,м%“2ь %KA‘м= C!едл%›е…,L 
%2 …=л%г%"%L “2="*,

;l l
l

B bμ μ= γ∑
 

l l
l

X xμ μ= γ∑ , (3)

где { } { }l il klμ μ μγ = γ = γ δ + γ δ  # м=2!,ц= C!е%K!=ƒ%-
"=…, ; ( , )i kμγ ≡ γ  , ( , )k iμγ ≡ γ  # *%.--,ц,е…2/, 
%C,“/"=ю?,е “2еCе…ь "л, …, , *%2%!%е %*=ƒ/"=е2 
%д,… ,ƒ .леме…2%" K,…=!…%L г!3CC/ μ (“%%2"е2“2-
"е……% i , k) …= "%Cл%?е…,е д!3г%г% .леме…2= " %д…3 
,ƒ *%мC%…е…2 2%"=!…%г% C!%д3*2= " 2ече…,е K,…=!-
…%г% C!%це““=.

q"%L“2"% *"=ƒ,…еƒ=",“,м%“2, K,…=!…/. %Cе-
!=ц,L %ƒ…=ч=е2, ч2% ме.=…,ƒм "ƒ=,м%деL“2",  
ме›д3 ,“.%д…/м, -=*2%!=м, " C!едел=. %д…%L 
K,…=!…%L г!3CC/ …е ƒ=",“,2 %2 C!%це““%", C!%,“-
.%д ?,. " д!3г,. г!3CC=.. n2“юд= “лед3е2, ч2% 
2е.…%л%г,че“*3ю -3…*ц,ю "“еL “,“2ем/ ( , )V x t�  
м%›…% ƒ=C,“=2ь " ",де “3мм/ 2=* …=ƒ/"=ем/. 
K,…=!…/. -3…*ц,L v(μ):

( )

1
( , ) ( , ).

n
V x t v X tμ

μ
μ=

= ∑�

 
(4)

o%д“2="л   "/!=›е…,е (4) " 3!="…е…,е (1), C%-
л3ч,м “,“2ем3 %K/*…%"е……/. д,--е!е…ц,=ль-
…/. 3!="…е…,L дл  "е*2%!= де…е›…%г% -=*2%!= 
X
�

 C!%,ƒ"%д“2"е……%L “,“2ем/:

( )( ; )
Г 0,

X t
X

Х

ν
ν

μ μν
νν

∂ν
+ β =

∂∑��

 
(5)

где Г li mi lk kmμν μ ν μ ν μ ν μ ν= γ γ δ + γ γ δ + γ γ δ + γ γ δ  #a 

2е.…%л%г,че“*=  м=2!,ц=; v ≡ (l, m), μ ≡ (i, k), μ,v = 
1, 2, ..., n. 

hƒ 3!="…е…,  (5) “лед3е2 "/!=›е…,е дл  -3…*-
ц,, “%K“2"е……%“2, P (t) " K,…=!…%м C!,Kл,›е-
…,,:

2

( , ; )
2
B dX

P B X t
dt

μ μ
μν

μ ν

⎡β
⎢= + Γ
⎢⎣

∑ ∑∫
� �

 

×

× 

( ) ( , )
( , , ).

v X t
dt Р B X t

X

ν
ν

μ μ
ν μ

⎤∂ ⎥ ≡
∂ ⎥⎦

∑
 

(6)

dл  %C!еделе…,  K,…=!…/. -3…*ц,L v(μ)(Xμ, t) 
ƒ=ме2,м, ч2% *=›д/L C!%,ƒ"%д“2"е……/L C!%це““ 
 "л е2“  л,K% ц,*л,че“*,м, л,K% *"=ƒ,ц,*л,-
че“*,м, 2. е. 2=*,м, C!, *%2%!%м “!ед…,е ƒ…=че…,  
-=*2%!%" C!%,ƒ"%д“2"=  "л ю2“  Cе!,%д,че“*,-
м, ,л, *"=ƒ,Cе!,%д,че“*,м, -3…*ц, м, "!еме-
…,. b %д…%м “л3ч=е C!%,ƒ"%д“2"% …=ƒ/"=е2“  
C!%“2/м , .=!=*2е!,ƒ3е2“  “%.!=… ю?еL“  "ел,-
ч,…%L “%K“2"е……%“2,, " д!3г%м a !=“ш,!е……/м 
,л, “3›е……/м " ƒ=",“,м%“2, %2 .=!=*2е!= ,ƒме-
…е…,  "ел,ч,…/ “%K“2"е……%“2, [4]. 0,*л,ч…%“2ь 

О
бъ

ём
 п
ре
дл
ож

ен
ий



ISSN 0869#4931 &`bŠnl`Šhg`0h“ h qnbpelemm{e Šeumnknchh[. 2010. 1 840

C!%,ƒ"%д“2"е……%г% C!%це““=  "л е2“  “лед“2",ем 
ц,*л,ч…%“2, "“е. “%“2="л ю?,. ег% K,…=!…/. 
C!%це““%". u=!=*2е!…/L ",д -3…*ц,, v(μ)(Xμ, t), 
%Kе“Cеч,"=ю?еL ц,*л,че“*,L !е›,м K,…=!…/. 
C!%це““%", ,ƒ%K!=›‘… …= !,“. 2, =.

b %K?ем “л3ч=е !еше…,е “,“2ем/ …ел,…еL…/. 
д,--е!е…ц,=ль…/. 3!="…е…,L "2%!%г% C%! д*= 
(5) м%›е2 K/2ь C%л3че…% ч,“ле……/м, ме2%д=м, 
л,K% ме2%д=м, 2е%!,, "%ƒм3?е…,L. b *=че“2"е 
…3ле"%г% C!,Kл,›е…,  C!,…,м=ю2 !еше…,  3!="-
…е…,L (5), " *%2%!/. K,…=!…/е -3…*ц,, ,мею2 
",д 2=* …=ƒ/"=ем/. C=!=K%л,че“*,.  м v(0), ,ƒ%-
K!=›‘……/. …= !,“. 2, K. b .2%м C!,Kл,›е…,, %“-
…%"…%е 3!="…е…,е д,…=м,*, (5) , -3…*ц,  “%K-
“2"е……%“2, (6) ƒ=C,ш32“  " ",де [4]

2 ( ) 0X t X
σ σμ σ μ+ ω =�� ; (7)

2
2 2( )1( ) ( ) ( ) ,

2
t

P t B t X t
σ σ σ

σσ

σ
μ μ μ

μμ

⎡ ⎤ω
= β +⎢ ⎥

β⎢ ⎥⎣ ⎦
∑

 
(8)

где 2
σω  # “%K“2"е……/е ƒ…=че…,  м=2!,ц/ 2

0 μνω Γ , 
*л=““,-,ц,!3ю?,е ч=“2%2/ 2=* …=ƒ/"=ем/. це-
.%"/. C!%це““%" σ C!%,ƒ"%д“2"е……%L “,“2ем/; 

2 (0)
2
0 22 v

Xμ

∂ω = β
∂

; 
σμβ a # C=!=ме2!/ *=че“2"= C!%д3*ц,, 

3ч=“2*%" це.%"
 

μσ, %C!едел ем/е “%%2…%ше…,ем 
2

2

B

B
σ

σ
σ

μ
μ

μ
β = β∑ � .

d,…=м,че“*,е 3!="…е…,  C!%,ƒ"%д“2"е……%L “,“-
2ем/ “ 3ч‘2%м …=л%г%"%г% %Kл%›е…, . p=““м%2!,м 
д,…=м,*3 це.= σ " !е›,ме C!едл%›е…,  2%"=!= “ 
3ч‘2%м ƒ=д=……%L …=л%г%"%L …=г!3ƒ*,. r“л%",  
…=л%г%"%г% %Kл%›е…,  " “,“2еме K3дем %C,“/-

p,“. 2. u=!=*2е!…/L ",д K,…=!…%L -3…*ц,,:

= # K,…=!…=  -3…*ц,  v(μ)(Xμ, t); K # C=!=K%л,че“*=  =CC!%*“,м=ц,  K,…=!…%L -3…*ц,,

"=2ь "…еш…еL &“,л%L[ ( )f t
σμ σβ . b *=че“2"е "%ƒ-

м3?е…,  ч=“2%2/ це.%"%г% C!%це““= "/Kе!ем !е-
ƒ%…=…“…%е C=!=ме2!,че“*%е "%ƒм3?е…,е: 

0
2 (1 cos 2 ) ( ),X t X f t

σ σ σμ σ σ μ μ σ+ ω + ε ω = β′��
 (9)

где 
0σω  – …е"%ƒм3?‘……=  ч=“2%2= це.%"%г% C!%це“-

“= σ; , σε ω′  # ,…2е…“,"…%“2ь , ч=“2%2= "%ƒм3?е…, , 

ε << 1 
0 2

σ
σ σ

δ
ω = ω +′ ; δσ – !=““2!%L*= ч=“2%2 це.%-

"%г% C!%це““= , ег% "%ƒм3?е…, . 

o=!=ме2!/ , σε ω′  , δσ C%дK,!=ю2“  2=*,м %K-
!=ƒ%м, ч2%K/ ,мел ме“2% !е›,м !е…2=Kель…%L 
!е=л,ƒ=ц,, 2%"=!= [4]:

0 .
2
σ

σ
εω

δ <<
 

(10)

b,д -3…*ц,, fσ(t) K3де2 %C!еделе… …,›е. 
d,“*!е2…/L “л3ч=L. o3“2ь C!%,ƒ"%д“2"е……=  

“,“2ем= ,“C/2/"=е2 "…еш…ее "%ƒм3?е…,е, %C!е-
дел ем%е …=л%г%"%L …=г!3ƒ*%L, *%2%!%е %C,“/-
"=е2“  -3…*ц,еL fσ(t). Š%гд= 2е.…%л%г,че“*3ю 
-3…*ц,ю м%›…% ƒ=C,“=2ь " ",де

21( , ) ( )( ) ( )
2

v X t k t X f t Xσ σ σ σ σ= − =

2
2( )

( ) ( ) .
2

t
X f t Xσ

σ σ σ
ω

= −
β  

(11)

o%д“2="л   "/!=›е…,е (11) " 3!="…е…,е (5), 
C%л3ч,м

2 ( ) ( ).X t X f tσ σ σ σ+ ω = β��  (12)
 

v(μ)

v(μ)
0

v(μ)

v(μ)
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pеше…,е 3!="…е…,  (12) ,мее2 ",д он ооX Xσ σ= + 
чнXσ+ , где ооXσ  , чнXσ  – %K?ее !еше…,е %д…%!%д-

…%г% , ч=“2…%е !еше…,е …е%д…%!%д…%г% 3!="…е-
…,L “%%2"е2“2"е……%. qч,2=ем, ч2% ,ƒ"лече…,е де-
…е›…/. “!ед“2" " .%де …=л%г%"%г% "%ƒм3?е…,  
%“3?е“2"л е2“  д,“*!е2…% че!еƒ *=›д/е l C!%,ƒ-
"%д“2"е……/. ц,*л%" …= "!еме……%м ,…2е!"=ле [0, 
nlTσ], где nl – C%л…%е ч,“л% C!%,ƒ"%д“2"е……/. 
ц,*л%". b .2%м “л3ч=е

( )он оо1 ( )X tax t Xσ= − =σ

оо

оо

(1 ) , , 2 , 3 , ,

, , 2 , 3 , , ,

t X t lT lT lT nlT

X t lT lT lT nlT
σ σ σ σ σ

σ σ σ σ σ

⎧ −α = …⎪= ⎨
≠ …⎪⎩    

(13)

где

 

, , 2 , 3 , , ,...,
( )

0, , 2 , 3 , , ,...,
it L t lT lT lT ilT nlT

tax t
t lT lT lT ilT nlT

σ σ σ σ σ

σ σ σ σ σ

α = = …⎧
= ⎨ ≠ …⎩

–
 

…=л%г%"=  “2="*= " м%ме…2 "!еме…, t C!, t ∈ [0, 

nlTσ], 
1

nlTσ
α = , , 1,..., .i

iL i n
n

= =

n2ме2,м, ч2% i-м3 "!еме……%м3 ,…2е!"=л3 “%%2-
"е2“2"3е2 ƒ…=че…,е …=л%г%"%L “2="*, i/n. b м%-
ме…2 "!еме…, t = nlTσ …=л%г%"=  “2="*= д%“2,г=е2 

100 %, , 2%гд= он ( ) 0X nlTσ σ = . 
nKA‘м C!едл%›е…,  Q  " *=›д%м ,ƒ C!%,ƒ"%д“2-

"е……/. ц,*л%" %C!едел е2“  *=* “3мм= Cе!еC=-
д%" -3…*ц,, “%K“2"е……%“2, (8) " ч‘2…/. че2"е!-
2 . ц,*л=. a3дем “ч,2=2ь, ч2% д% м%ме…2= "!еме-
…, t = 0 “,“2ем= …=.%д,л=“ь " !е›,ме “2=ц,%…=!-
…%г% C!%,ƒ"%д“2"=, дл  *%2%!%г% Q = 0.

hƒ "/!=›е…,  (13) “лед3е2, ч2% чнXσ  K3де2 
,ме2ь “лед3ю?,L ",д:

оо
чн , , 2 , 3 , ,

0, , 2 , 3 , , .
tX t lT lT lT nlTX

t lT lT lT nlT
σ σ σ σ σ

σ σ σ σ

⎧−α = …⎪= ⎨
≠ …⎪⎩

σ
  
(14)

o%д“2="л   "/!=›е…,е (14) " 3!="…е…,е (12), 
-3…*ц,ю fσ(t) ƒ=C,шем " ",де

оо2 , , 2 , 3 , ,
( )

0, , 2 , 3 , , .

X t lT lT lT nlT
f t

t lT lT lT nlT

σ σ σ σ σ
σ

σ σ σ σ

α⎧− = …⎪ β= ⎨
⎪ ≠ …⎩

�

b!еме……%L ,…2е!"=л [0, nlTσ] !=ƒ%Kь‘м …= n 
!="…/. ,…2е!"=л%", дл  *=›д%г% ,ƒ *%2%!/. 
“-%!м3л,!3ем ƒ=д=ч3 j%ш,:

 t ∈ [0, nlTσ] 
он

1,X Xσ =

( )
0

2
1 1

1 1

(1 cos 2 ) 0

(0) 0, 0 0;

X t X

X X a
σ σ⎧ + ω + ε ω =′⎪

⎨
= = <⎪⎩

��

�

t ∈ [lTσ, 2lTσ], 
он

2,X Xσ =

0

2
2 2

2 1

2 1 1

(1 cos 2 ) 0

( ) (1 ) ( )
( ) ( ) (1 ) ( );

X t X

X lT lT X lT
X lT X lT lT X lT

σσ

σ σ σ

σ σ σ σ

⎧ + ω + ε ω =′
⎪⎪ = −α⎨
⎪ = −α + −α⎪⎩

��

� �

...

t ∈ [(i # 1)lTσ, ilTσ], 
он ,iX Xσ =  (15)

( ) ( ) ( )
( ) ( )

( ) ( )

0
2

1

1

1

(1 cos 2 ) 0

( 1) 1 1 ( 1)
( 1) ( 1)

1 1 ( 1) ;

i i

i i

i i

i

X t X

X i lT i lT X i lT
X i lT X i lT

i lT X i lT

σ σ

σ σ − σ

σ − σ

σ − σ

⎧ + ω + ε ω =′
⎪
⎪ − = −α( − ) −
⎨ − = −α − +⎪
⎪+ −α( − ) −⎩

...

t ∈ [(n # 1)lTσ, nlTσ], 
он ,nX Xσ =

( ) ( ) ( )
( ) ( )

( ) ( )

0
2

1

1

1

(1 cos 2 ) 0

( 1) 1 1 ( 1)

( 1) ( 1)
1 1 ( 1) .

n n

n n

n n

n

X t X

X n lT n lT X n lT

X n lT X n lT
n lT X n lT

σ σ

σ σ − σ

σ − σ

σ − σ

⎧ + ω + ε =′
⎪
⎪ − = −α( − ) −⎪
⎨

− = −α − +⎪
⎪+ −α( − ) −⎪⎩

��

�

�

ω

g=ме2,м, ч2% !=““м%2!е……=  “%"%*3C…%“2ь ƒ=-
д=ч (15) C%ƒ"%л е2 “3?е“2"е……% 3C!%“2,2ь !еше-
…,е 3!="…е…,  (12), 2=* *=* деL“2",е -3…*ц,, 
fσ(t) Cе!е…%“,2“  " "%ƒм3?е…,е ,. …=ч=ль…/. 3“-
л%",L. 

mеC!е!/"…/L “л3ч=L. b 3“л%", . д,“*!е2…%г% 
“л3ч=  !=ƒдел,м i-L "!еме……%L ,…2е!"=л [(i # 1)lTσ, 
ilTσ]

 ≡ [ti #1, ti), i
 = 1, 2,..., n, …= k %2!еƒ*%" !="…%L 

дл,…/ “ C%м%?ью 2%че* ∗∗∗
−

∗∗
kmm ttttt ,...,,,...,, 110 , 

C!,ч‘м iki tttt ≡≡ ∗
−

∗ ,10 . o3“2ь *=›д%м3 ,ƒ .2,. 
%2!еƒ*%" “%%2"е2“2"3е2 ƒ…=че…,е …=л%г%"%L “2="-
*, Li /k. m= д=……/. %2!еƒ*=. C%“2!%,м ƒ=д=ч3 
j%ш,, =…=л%г,ч…3ю ƒ=д=ч=м (15). q !%“2%м C=!=-
ме2!= k дл,…= %2!еƒ*%" , "ел,ч,…= …=л%г%"%L 
“2="*, 3ме…ьш=ю2“ , C!, K%льш,. ƒ…=че…, . k 
…= "!еме……%м ,…2е!"=ле ti #1 ≤ t < ti , i = 1,..., n 
,мее2 ме“2% %че",д…%е !="е…“2"%:

( )

1
1 * * *

1 0 1 ,

1
* *

1 1

1

( ) 1 , , ,...,

( ) 1 , ,

( ) 1 , .

i
i i

t tk
t ti

i k

m
i

i i m m

k
i

i i

L
X t t t t t

k

L
X t X t t t t

k

L
X t t t

k

−
−

−
−

−

−

− −

−

⎧
⎛ ⎞⎪ − =⎜ ⎟⎪ ⎝ ⎠

⎪
⎪ ⎛ ⎞⎪≈ − < <⎨ ⎜ ⎟⎝ ⎠⎪
⎪ ⎛ ⎞⎪ − ≥⎜ ⎟⎝ ⎠⎪
⎪⎩  

(16)
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oе!еLдем " "/!=›е…,, (16) * C!едел3 C!, 
∞→k :

1
1

1 1

1

( ) , ,( )
( ) , .

i
i

i i

i

t tL
t t

i i ii
L

i i

X t e t t tX t
X t e t t

−
−

−−
−

− −
−

−

⎧
⎪ ≤ <≈ ⎨
⎪ ≥⎩   

(17)

j=* “лед3е2 ,ƒ !е*3!“,"…%L -%!м3л/ (17)  …= 
*=›д%м ,ƒ C%л3,…2е!"=л%" онXσ  ,мее2 ",д 

0
1

1 0он
0 1 1 1 0[ , ), ( ), ( ) ( ) ;

t tL
t tt t X X t X t X t e

−−
−

σ = =   

p,“. 3. pеƒ3ль2=2/ !=“ч‘2%" дл  д,“*!е2…%г% “л3ч= :

l = 2, ε = 0,14, δ = 0,005 (=); l = 3, ε = 0,14, δ = 0,005 (K); 
l = 2, ε = 0,2, δ = 0,1 ("); l = 2, ε = 0,2, δ = 0,005 (г)

1
1 2

2 1он
1 2 2 2 0[ , ), ( ), ( ) ( ) ;

t tL L
t tt t X X t X t X t e

−− −
−

σ = =

...

он
1[ , ), ( ),p p pt t X X t− σ =  

(18)

1
1 2

1
...

0( ) ( ) ;
p

p
p p

t t
L L L

t t
pX t X t e

−

−

−
− − − −

−=
...

он
1[ , ], ( ),n n nt t X X t− σ =

l
Q Q

Q

tax tax

tax tax

Q Q

a)
%35,2 0taxl

)
%50,3 0taxl

)
00,1, 45 %tax

)
00,005, 50 %tax

0,14, 0,005

0,2, 2l

l = 2,  tax0 = 35 %

a)

 l = 3,  tax0 = 50 %

K)

δ = 0,1 ,  tax0 = 45 %

")

δ = 0,005 ,  tax0 = 50 %

г)
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1
1 2

1
...

0( ) ( ) ,
n

n
n n

t tL L L
t t

nX t X t e
−
−

−− − − −
−=

где X0(t) – %K?ее !еше…,е %д…%!%д…%г% 3!="…е…,  (12) 
“ …=ч=ль…/м, 3“л%", м, ,ƒ ƒ=д=ч, (15); Xi (t) м%›…% 

C!ед“2=",2ь " ",де 0 0 0( ) ( ) ( ) ( )i ik t
iX t X t e X t X t+= = +γ

 × 

× 
чн

0( 1) ( ) ( );i ik t
ie X t X t+γ − = +  ki , γi a– C%“2% ……/е, %C-

!едел ем/е ,ƒ "/!=›е…,  (18), i = 1,..., n; чн ( )iX t a
ч=“2…%е !еше…,е д,--е!е…ц,=ль…%г% 3!="…е…,  

2 ( ) ( );i i iX t X f tσ+ ω = β��  
2

0 0
1( ) ( ) 2 ( )( );i ik t

if t e X t X t+= β + β
β

�γ

 i = 1,..., n.

g=ме2,м, ч2% -3…*ц,  “%K“2"е……%“2, …= *=›-
д%м ,ƒ C%л3,…2е!"=л%" ,мее2 ",д

0
2 2 21( ) [ (1 cos 2 ) ] ( ) ( ),

2i i i i iP t X t X f t X tσ σ= + ω + ε ω −′
β
�

i = 1,..., n.

n“…%"…/е !еƒ3ль2=2/. m= !,“. 3 C!ед“2="ле…/ 
!еƒ3ль2=2/ !=“ч‘2= ƒ=",“,м%“2, %KA‘м= C!едл%›е-
…,  2%"=!= Q %2 …=л%г%"%г% %Kл%›е…,  -,!м/ tax, 
C%л3че……/е ,ƒ 3!="…е…,L (7) , (8) “ …=ч=ль…/м, 
3“л%", м, X1(0) = 0, 1(0) 0,01X = −�  C!, !=ƒл,ч…/. 
ƒ…=че…, . C=!=ме2!%" l, ε , δ дл  д,“*!е2…%г% “л3-
ч=  “ ч,“л%м ,ƒA 2,L …=л%г= n = 20 . 

m,›е C%д %C2,м=ль…%L …=л%г%"%L “2="*%L tax0 
%K%ƒ…=ч,м "ел,ч,…3, C!, *%2%!%L д%“2,г=е2“  
…=,K%льш,L %KA‘м C!едл%›е…,  Q0.

nKA‘м C!едл%›е…,  Q Cе!"%…=ч=ль…% ,“C/2/-
"=е2 м%…%2%……/L !%“2, .=!=*2е!…/L дл  ƒ=",“,-
м%“2, %KA‘м= C!едл%›е…,  %2 Cе!еме……/. ,ƒде!-
›е* [3]. d=ль…еLшее 3"ел,че…,е …=л%г%"%L “2="-
*, C!,"%д,2 * “C=д3 "ел,ч,…/ Q. 

m= -%!м3 ,““лед3ем%L *!,"%L "л, е2 ,…2е…“,"-
…%“2ь …=л%г%"%г% K!еме…, l, C%“*%ль*3 %…= %K3-
“л%"л,"=е2 “*%!%“2ь !%“2= -3…*ц,, …=л%г%"%L 
“2="*, tax(t). q !%“2%м "ел,ч,…/ l 3"ел,ч,"=е2“  
дл,…= ,…2е!"=л= [0, nlTσ] ,, “лед%"=2ель…%, C=д=е2 
“*%!%“2ь !%“2= -3…*ц,, …=л%г%"%L “2="*, tax(t). 
q!="…,"=  !,“. 3,= , K ƒ=ме2,м, ч2% “ !%“2%м "ел,-
ч,…/ l tax0 , Q0 3"ел,ч,"=ю2“ . g…=ч,2, чем !е›е 
,ƒ/м=е2“  …=л%г, 2ем C!%д3*2,"…ее !=K%2= -,!м/.

C !%“2%м ,…2е…“,"…%“2, C!едл%›е…,  ε (!,“. 
3,= , г) , 3ме…ьше…,ем C=!=ме2!= !=““2!%L*, δ 
(!,“. 3," , г) “*%!%“2ь !%“2= =мCл,23д/ ооXσ  3"ел,-
ч,"=е2“ , ч2% %K3“л%"л,"=е2 3"ел,че…,е tax0 , Q0. 
qлед%"=2ель…%, чем "/ше ,…2е…“,"…%“2ь C!едл%-
›е…,  ε , !е…2=Kель…%“2ь C!%,ƒ"%д“2"= (“ 3ме…ь-
ше…,ем δ), 2ем C!%д3*2,"…ее !=K%2= -,!м/.

b …еC!е!/"…%м “л3ч=е ƒ=",“,м%“2ь -%!м/ *!,-
"/. %2 C=!=ме2!%" l, ε , δ =…=л%г,ч…= !=““м%2!е…-
…%L "/ше. }2% %KA “… е2“  …=л,ч,ем " "/!=›е…,, 
(18) м…%›,2ел  X0(t) # !еше…,  %д…%!%д…%г% 3!="-
…е…,  (12). q!="…е…,е -%!м/ *!,"/. (!,“. 4, = , K) 
C%*=ƒ/"=е2, ч2% дл  …еC!е!/"…%г% “л3ч=  .=!=*-
2е!…/ ме…ьш,е ƒ…=че…,  Q0 C!, K%льш,. ƒ…=че-
…, . tax0, ч2% %KA “… е2“  K%лее медле……/м ,ƒме-
…е…,ем =мCл,23д…/. ƒ…=че…,L -3…*ц,L онXσ  и Pσ, 
чем " д,“*!е2…%м “л3ч=е, 2=* *=* …=л%г%"=  “2="*= 
!=“C!еделе…= !="…%ме!…% …= *=›д%м ,…2е!"=ле 
t ∈ [(i # 1)lTσ, ilTσ], i

 = 1,..., n. d=……/L -=*2 %KA “-
… е2 C%"еде…,е -3…*ц,L Q (tax) (“м. !,“. 4) C!, 
ƒ…=че…, . …=л%г%"%L “2="*,, Kл,ƒ*,. * 100 %.

Š=*,м %K!=ƒ%м, " !=K%2е C!ед“2="ле… 2е%!е2,-
че“*,L !=“ч‘2 ƒ=",“,м%“2, %KA‘м= C!едл%›е…,  
Q 2%"=!= %2 "ел,ч,…/ …=л%г%"%L “2="*, tax (=…=-
л%г .мC,!,че“*%L *!,"%L k=--е!=) дл  д,“*!е2-
…%г% , …еC!е!/"…%г% …=ч,“ле…,  …=л%г=. dл  

p,“. 4. pеƒ3ль2=2/ !=“ч‘2%" дл  …еC!е!/"…%г% (=) , д,“*!е2…%г% (K) “л3ч=  
C!, %д,…=*%"/. ƒ…=че…, . C=!=ме2!%" l, ε , δ

tax0 = 60 %                                tax0 = 50 %
Q Q

tax                                              tax

a)                                                            K)
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!=“ч‘2= ,“C%льƒ%"=л“  "е!% 2…%“2…%-д,…=м,че-
“*,L ме2%д, ,ƒл%›е……/L " м%…%г!=-,, [4]. 
t%!м= C%л3че……%L *!,"%L Q(tax) “%%2"е2“2"3е2 
.мC,!,че“*,м д=……/м, C!ед“2="ле……/м " !=K%2е 
[2]: C!, м=л/. …=л%г%"/. “2="*=. %KA‘м C!едл%-
›е…,  Q ,мее2 м%…%2%……/L !%“2, .=!=*2е!…/L 
дл  ƒ=",“,м%“2, %KA‘м= C!едл%›е…,  %2 Cе!е-
ме……/. ,ƒде!›е* [3]; д=ль…еLшее 3"ел,че…,е …=-
л%г%"%L “2="*, tax C!,"%д,2 * “C=д3 %KA‘м= C!ед-
л%›е…,  Q. hƒ3че…% "л, …,е …= -%!м3 C%л3че…-
…%L *!,"%L %“…%"…/. C=!=ме2!%" ƒ=д=ч,: ,…2е…-
“,"…%“2, …=л%г%"%г% %Kл%›е…,  l , C!едл%›е…,  
2%"=!= ε, = 2=*›е !=““2!%L*, ч=“2%2/ δ. o%*=ƒ=…%, 
ч2% “ !%“2%м l %C2,м=ль…=  …=л%г%"=  “2="*= tax0 
, м=*“,м=ль…/L %KA‘м C!едл%›е…,  Q0 3"ел,ч,-
"=ю2“ . )ем K%льше ,…2е…“,"…%“2ь C!едл%›е…,  
ε , ме…ьше δ (2. е. K%льше !е…2=Kель…%“2ь C!ед-
л%›е…, ), 2ем "/ше %C2,м=ль…=  …=л%г%"=  “2="-
*= tax0 , м=*“,м=ль…/L %KA‘м C!едл%›е…,  Q0. 
}2%2 -=*2 %KA “… е2“  3"ел,че…,ем “*%!%“2, 
!%“2= =мCл,23д/ -3…*ц,, де…е›…/. м=““ -,!м/ 
Xσ(t) C!, 3*=ƒ=……/. "/ше ,ƒме…е…, . C=!=ме2-

!%". eг% .*%…%м,че“*,L .--е*2 “%“2%,2 " 2%м, 
ч2% чем !е›е ,ƒ/м=е2“  …=л%г , "/ше !е…2=Kель-
…%“2ь C!%,ƒ"%д“2"=, 2ем C!%д3*2,"…ее !=K%2= 
-,!м/. b !е›,ме …еC!е!/"…%г% ,ƒA 2,  …=л%г= 
ƒ=",“,м%“2ь -%!м/ *!,"/. Q(tax) %2 C=!=ме2!%" 
l, ε , δ =…=л%г,ч…=. nд…=*% C!, …е,ƒме……/. C=-
!=ме2!=. l, ε , δ …еC!е!/"…/L !е›,м .=!=*2е!,-
ƒ3е2“  ме…ьш,м, ƒ…=че…, м, м=*“,м=ль…%г% 
%KAем= C!едл%›е…,  Q0 C!, K%льш,. !=ƒме!=. 
%C2,м=ль…%L …=л%г%"%L “2="*, tax0.

a,Kл,%г!=-,че“*,е ““/л*,

1. g=.=!%"= `.b., j,!%"= e.`., )е!…,* d.c. m=л%г, 
, …=л%г%%Kл%›е…,е. l.: ~mhŠh-d`m`, 2007. 311 “.

2. j3л,*%" ̀ .c., o="л%" h.o., o="л%" ~.h., o=“*=-
ч‘" `.a. dе…е›…%-*!ед,2…/е , …=л%г%"/е -=*2%!/ 
C%дA‘м= !%““,L“*%L .*%…%м,*,. )еK%*“=!/: h…-2 “2!=-
2ег,че“*,. ,““лед%"=…,L, 2003. 368 “.

3. m3!ее" p. l. j3!“ м,*!%.*%…%м,*,. l.: mnpl` 
(hmtp`-l), 2001. 572 “.

4. j3*3ш*,… b.`. b"еде…,е " м=2ем=2,че“*3ю м,*-
!%.*%…%м,*3. )еK%*“=!/: )3"=ш“*,L г%“. Cед. 3…-2, 
2007. 344 “.
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j%!C%!=ц,  Symantec %KA ",л= % !=“ш,!е…,, 
C!%д3*2%"%г% C%!2-ел  дл  м=л%г% , “!ед…ег% K,ƒ-
…е“=

m%"/е C!%д3*2/ C!ед%“2=" 2 …еK%льш,м *%м-
C=…, м K%льше "%ƒм%›…%“2еL дл  "/K%!= , K%лее 
г,K*,е !еше…, , %Kе“Cеч,"=ю?,е Kеƒ%C=“…%“2ь 
*люче"%L дл  K,ƒ…е“= ,…-%!м=ц,,. m%"/L Syman-
tec Protection Suite Advanced Business Edition C%-
“23C,2 " C!%д=›3 ле2%м 2010 г. }2% *%мCле*“…%е 
!еше…,е %Kе“Cеч,2 C%л…%L ƒ=?,2%L, "*люч=  
Kеƒ%C=“…%“2ь *%…еч…/. 2%че* , C%ч2%"%г% 2!=-,-
*=, = 2=*›е “!ед“2"= !еƒе!"…%г% *%C,!%"=…,  , 
"%““2=…%"ле…,  д=……/. дл  …=“2%ль…/. *%мCью-
2е!%", …%32K3*%" , “е!"е!%", C%ƒ"%л ю?,е г=-
!=…2,!%"=2ь …еC!е!/"…%“2ь K,ƒ…е“=. Symantec 
!=“ш,! е2 "/K%! !еше…,L, C!ед…=ƒ…=че……/. дл  
C%дде!›*, !=ƒ","=ю?,.“  C!едC!, 2,L, " 2%м 
ч,“ле ƒ= “че2 3д=ле……%г% %Kе“Cече…,  Kеƒ%C=“…%-
“2, .ле*2!%……%L C%ч2/ , "еK-“е!-,…г=, = 2=*›е-
C!едл=г=  !еше…,  дл  м=л%г% K,ƒ…е“= (Symantec 
Protection Suite Small Business Edition) C% м,…,-
м=ль…%L це…е.

h…-%!м=ц,, *!,2,че“*,-"=›…= дл  C!ед-
C!, 2,L люK%г% !=ƒме!=, = м=л/L , “!ед…,L 
K,ƒ…е“ “2=л*,"=е2“  “ !%“2%м !,“*%" 32!=2/ 
*%…-,де…ц,=ль…%L ,…-%!м=ц,,, " 2%м ч,“ле 
…%ме!%" K=…*%"“*,. “че2%", “"еде…,L % *!ед,2-
…/. *=!2=., Cе!“%…=ль…/. д=……/. *л,е…2%" , 
“%2!3д…,*%". qеLч=“, *=* …,*%гд= !=…ьше, *,-
Kе!C!е“23C…,*, "…,м=2ель…% “лед 2 ƒ= …еK%ль-
ш,м, *%мC=…, м,, *%2%!/е …е %Kл=д=ю2 2=*,-
м, “!ед“2"=м, "/“%*%3!%"…е"%L ƒ=?,2/, *=*,-
м, !=“C%л=г=ю2 K%льш,е *%!C%!=ц,,. &qег%д…  
C!едC!, 2,  м=л%г% , “!ед…ег% K,ƒ…е“= "л=де-
ю2 це……%L ,…-%!м=ц,еL. nKл=д=2ь C!=",ль…/-
м, д=……/м, " …3›…%е "!ем  # "%2 где C!%.%д,2 
г!=…,ц= ме›д3 3“Cе.%м , C!%"=л%м. j,Kе!C!е-
“23C…,*, =*2,"…% “лед 2 ƒ= 2=*,м, C!едC!,-
 2, м,. n“%Kе……% !,“*3ю2 K,ƒ…е“%м 2е -,!м/, 
*%2%!/е ,“C%льƒ3ю2 " *=че“2"е !еше…,  дл  
%Kе“Cече…,  Kеƒ%C=“…%“2, 2%ль*% =…2,",!3“-
…3ю C!%г!=мм3. qеLч=“ C!едC!, 2, м …3›…= 
C%л…=  ƒ=?,2=, *%2%!3ю м%›…% K/л% K/ лег*% 
!=ƒ"е!…32ь , ,“C%льƒ%"=2ь[, # “ч,2=е2 t!=…“,“ 
де q3ƒ= (Francis de Souza), “2=!ш,L ",це-C!еƒ,-
де…2 г!3CC/ *%!C%!=2,"…%L Kеƒ%C=“…%“2, 
Symantec.

b 2009 г. ,““лед%"=…,е Symantec C%*=ƒ=л%, ч2%, 
…е“м%2!  …= 2%, ч2% *%мC=…,, м=л%г% , “!ед…ег% 
K,ƒ…е“= %“"ед%мле…/ % !,“*=., “" ƒ=……/. “ ,…-
-%!м=ц,%……%L Kеƒ%C=“…%“2ью, …% м…%›е“2"% 

*%мC=…,L …е “дел=л% д=›е “=м/. C!%“2/. ш=-
г%", *%2%!/е C%ƒ"%л,л, K/ ƒ=?,2,2ь ,. K,ƒ…е“. 
b ч=“2…%“2, "/ “…,л%“ь, ч2% 50% 2=*,. -,!м …е 
%“…=?е…/ ƒ=?,2%L *%…еч…/. 2%че*, = 47% …е 
%“3?е“2"л л, !еƒе!"…%г% *%C,!%"=…,  "=›…/. 
д=……/..

o=*е2 Symantec Protection Suite Advanced 
Business Edition %Kе“Cеч,"=е2 м=л/м , “!ед…,м 
*%мC=…, м …%"/L 3!%"е…ь ƒ=?,2/, %г!=›д=  ,. 
%2 "…еш…,. 3г!%ƒ, "…32!е……,. %C=“…%“2еL , C%-
2е!, ,…-%!м=ц,,, # !,“*%", *%2%!/е …е м%г32 
K/2ь 3“2!=…е…/ “ C%м%?ью 2!=д,ц,%……/. =…2,-
",!3“%". d=……%е !еше…,е ƒ=?,?=е2 *%…еч…/е 
2%ч*, (…%32K3*, , …=“2%ль…/е *%мCью2е!/), 
%Kе“Cеч,"=е2 Kеƒ%C=“…%“2ь Cе!ед=ч, “%%K?е…,L, 
= 2=*›е м%›е2 C!ед%2"!=?=2ь 32!=23 д=……/. “ 
C%м%?ью C!%д",…32%L -,ль2!=ц,, *%…2е…2= …= 
C%ч2%"%м шлюƒе. b “л3ч=е "2%!›е…,  ,л, “K%  
“,“2ем/ "*люче……/е " C!%г!=мм…/L C=*е2 -3…*-
ц,, !еƒе!"…%г% *%C,!%"=…,  , "%““2=…%"ле…,  
д=……/. C%м%г32 *%мC=…,, "%““2=…%",2ь %2дель-
…/е -=Lл/ , C=C*, л,K% Windows цел,*%м, д=›е 
…= !=ƒ…%!%д…%м =CC=!=2…%м %Kе“Cече…,, ,л, " 
",!23=ль…/. “!ед=..

Symantec Protection Suite Advanced Business Edi-
tion K3де2 %“…=?е… C!%г!=мм…/м, 2е.…%л%г, м, 
!еƒе!"…%г% *%C,!%"=…,  , "%““2=…%"ле…,  д=…-
…/., 2ем “=м/м %Kе“Cеч,"=  C%л…3ю ƒ=?,23 ,…-
-%!м=ц,, , “%.!=…   !=K%23 *%мCью2е!%", “е!-
"е!%" , C!,л%›е…,L …= м=л%м C!едC!, 2,, д=›е 
" “л3ч=е “K% . o%льƒ%"=2ел, K3д32 C%д*люче…/ * 
гл%K=ль…%L =…=л,2,че“*%L “,“2еме Symantec Global 
Intelligence Network, *%2%!=  %Kе“Cеч,2 C!%=*-
2,"…3ю ƒ=?,23 " !е=ль…%м "!еме…, # %…= ƒ=Kл=-
г%"!еме……% C!ед3C!е›д=е2 %K %C=“…%“2, , …еƒ=-
медл,2ель…% дел=е2 Kе*=C “,“2ем/ C!, C% "ле-
…,, …%"/. 3г!%ƒ.

Symantec Protection Suite Advanced Business 
Edition 3C!%“2,2 !=K%23 “,“2ем…/. =дм,…,“2!=2%-
!%" , “…,ƒ,2 “%"%*3C…3ю “2%,м%“2ь "л=де…,  # 
“%*!=?е…,е ,ƒде!›е* C!%,“.%д,2 Kл=г%д=!  2%м3, 
ч2% " !=м*=. %д…%г% !еше…,  м=л/L , “!ед…,L 
K,ƒ…е“ %K!е2=е2 "%ƒм%›…%“2ь 3C!="л 2ь !еƒе!"-
…/м *%C,!%"=…,ем, "%““2=…%"ле…,ем , “!ед“2"=-
м, Kеƒ%C=“…%“2, дл  "“ег% C!едC!, 2, . pеше…,е 
м%›е2 K/2ь %Cе!=2,"…% !=ƒ"е!…32% C!, м,…,-
м=ль…%м "л, …,, …= hŠ-%*!3›е…,е *л,е…2=. 
&l…%г,е C!едC!, 2,  %ш,K%ч…% “ч,2=ю2, ч2% =…-
2,",!3“ # .2% "“е, ч2% ,м …3›…%. m= “=м%м деле 
K,ƒ…е“ме…=м 3г!%›=ю2 !=ƒл,ч…/е ",д/ %C=“…%-
“2,, …=ч,…=  %2 .=*е!%", …=целе……/. …= *!=›3 
д=……/. *!ед,2…/. *=!2, , “%2!3д…,*%", “C%“%K-

b{qŠ`bjh h opegemŠ`0hh
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…/. “л3ч=L…% C%2е! 2ь ,…2елле*23=ль…3ю “%K“2-
"е……%“2ь, , ƒ=*=…ч,"=  C!,!%д…/м, *=2=*л,ƒм=-
м,, *%2%!/е м%г32 "/"е“2, ,ƒ “2!%  “е!"е!/, “л3-
›=?,е дл  .!=…е…,  K,ƒ…е“-,…-%!м=ц,,. 
o%.2%м3 м…%г%3!%"…е"/L C%д.%д * Kеƒ%C=“…%“2, 
C!ед“2="л е2“  “ег%д…  …е%K.%д,м/м, – ƒ= ",л 
C!еƒ,де…2 , ге…е!=ль…/L д,!е*2%! Kortek Solutions 
k=Lл }Cш2еL… (Lyle Epstein). # Symantec Protection 
Suite Advanced Business Edition деL“2",2ель…% C%-
м%›е2 C!%"=Lде!=м 3“л3г , …=ш,м *л,е…2=м # 
C!едC!, 2, м м=л%г% , “!ед…ег% K,ƒ…е“= # C%л-
…%“2ью ƒ=?,2,2ь “"еде…, , *!,2,ч…/е дл  "еде-
…,  K,ƒ…е“=. “ 3›е C!%2е“2,!%"=л …%"%е !еше…,е. 
eг% лег*% 3“2=…%",2ь, , м…е …!=",2“  C!%“2%2= 
,“C%льƒ%"=…,  C=*е2=, *%2%!/L C!едл=г=е2 C%л-
…%е !еше…,е "“е. ƒ=д=ч %2 %д…%г% "е…д%!=[.

q›=2/е Kюд›е2/ , …ед%“2=2%* hŠ-!е“3!“%", 
.=!=*2е!…/е дл  C!едC!, 2,L м=л%г% , “!ед…ег% 
K,ƒ…е“=, # "%2 *люче"/е C!еC 2“2",  …= C32, 
%Kе“Cече…,  Kеƒ%C=“…%“2,. q ƒ=C3“*%м Symantec 
Protection Suite Advanced Business Edition 2=*,е 
*л,е…2/ Symantec “м%г32, C!, …е%K.%д,м%“2,, 
"%“C%льƒ%"=2ь“  C=*е2%м, *%2%!/L " …=,K%ль-
шеL ме!е 3д%"ле2"%! е2 ,. -,…=…“%"/е C!ед-
C%ч2е…,  , C%2!еK…%“2, " ƒ=?,2е д=……/.. dл  
…=,K%лее Kе!е›л,"/. м=л/. C!едC!, 2,L 
Symantec …= 40% “…,›=е2 “2%,м%“2ь !еше…,  
Symantec Protection Suite Small Business Edition, 
%Kе“Cеч,"=ю?ег% ƒ=?,23 *%…еч…/. 2%че* , C%ч-
2%"%г% 2!=-,*=, = 2=*›е !еƒе!"…%е *%C,!%"=…,е 
, "%““2=…%"ле…,е д=……/. …= Cе!“%…=ль…/. *%м-
Cью2е!=. , …%32K3*=..
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nagnp oephndh)eqjni oe)`Šh

rdj 621.002.51
o% “2!=…,ц=м ›3!…=л%"

lе2%д C%“2!%е…,  .--е*2,"…/. м%делеL !=ƒ!=-
K%2*, C!%г!=мм…%г% %Kе“Cече…, . h…-%!м=ц,%……/е 
2е.…%л%г,,. 2010. 1 1. 

p=““м%2!е…= *л=““,-,*=ц,  м%делеL !=ƒ!=-
K%2*, C!%г!=мм…%г% %Kе“Cече…, . b"еде…= “,“2е-
м= *!,2е!,е", .=!=*2е!,ƒ3ю?,. .2, м%дел,. 
o%“2="ле…= ƒ=д=ч= "/K%!= .--е*2,"…/. "=!,=…-
2%" м%делеL !=ƒ!=K%2*, C!%г!=мм…%г% %Kе“Cече-
…, , *%2%!=  “"%д,2“  * ƒ=д=че г,Cе!"е*2%!…%г% 
!=…›,!%"=…, . o!,"ед‘… ч,“ле……/L C!,ме!.

n л%*=л,ƒ%"=……/. …=C! ›е…, . " л=ƒе!…%-%K-
л3ч‘……%L C%"е!.…%“2, ме2=лл,че“*,. м=2е!,=л%". 
rC!%ч… ю?,е 2е.…%л%г,, , C%*!/2, . 2010. 1 1. 

p=““м%2!е…/ "%ƒм%›…/е ме.=…,ƒм/ "%ƒ…,*-
…%"е…,  2е!м,че“*,. , “2!3*23!…/. …=C! ›е…,L 
C!, ,мC3ль“…%м л=ƒе!…%м …=г!е"е “2=леL , “Cл=-
"%", C!,"%д ?,е * л%*=ль…%L Cл=“2,че“*%L де-
-%!м=ц,, C%"е!.…%“2…/. “л%‘" ме2=лл=. b/ "-
ле…= "%ƒм%›…%“2ь -%!м,!%"=…,  " C%"е!.…%“2-
…/. “л% . ме2=лл,че“*,. м=2е!,=л%" *%мC%ƒ,ц,, 
“ %C2,м=ль…/м “%че2=…,ем C!%ч…%“2,, Cл=“2,ч-
…%“2, , “%C!%2,"ле…,  .!3C*%м3 !=ƒ!3ше…,ю.

j%!!е*2,!3ю?,е =лг%!,2м/ дл  “,“2ем/ 3C!="-
ле…,  г,д!%%KA‘м…%L 2!=…“м,““,еL C%л…%C!,"%д-
…%г% `Šq C!, C! м%л,…еL…%м ег% д",›е…,,. 
`"2%м%K,ль…=  C!%м/шле……%“2ь. 2010. 1 1. 

Šе%!е2,че“*, %K%“…%"=…= …е%K.%д,м%“2ь ,“-
C%льƒ%"=…,  *%!!е*2,!3ю?,. =лг%!,2м%" " “,“-
2еме ="2%м=2,че“*%г% 3C!="ле…,  г,д!%%KA‘м…%L 
2!=…“м,““,еL (cnŠ) м…%г%C!,"%д…%L *%л‘“…%L 
2!=…“C%!2…%-2 г%"%L м=ш,…%L. n“…%"…%L целью 
,. ,“C%льƒ%"=…,   "л е2“  =д=C2=ц,  !=K%2/ *%-
л‘“…%L м=ш,…/ “ cnŠ * 3“л%", м д",›е…, . 
o!, .2%м %Kе“Cеч,"=е2“  C%"/ше…,е .…е!г%.--
-е*2,"…%“2, м=ш,…/.

b%л…%"=  2е.…%л%г,  C!%,ƒ"%д“2"= м=г…,2%д,-
.ле*2!,*%". h…›е…е!…/L ›3!…=л &qC!="%ч…,*[. 
2010. 1 1. 

o!,"еде…/ !еƒ3ль2=2/ !=“ч‘2…%-2е%!е2,че“*%-
г% , .*“Cе!,ме…2=ль…%г% ,““лед%"=…,  C!%це““= 
C%л3че…,  C% "%л…%"%L 2е.…%л%г,, “3“Cе…ƒ,, 
(›,д*%L -=ƒ/ м=г…,2%д,.ле*2!,*=) …= %“…%"е 
“2,!%л=*!,л%"%L д,“Cе!“,, (л=2е*“=) , C%!%ш*= 
*=!K%…,ль…%г% ›елеƒ= “ ƒ=д=……/м “%%2…%ше…,ем 
*%мC%…е…2.

o%*=ƒ=…%, ч2% "%л…%"=  2е.…%л%г,  C!,г%2%"-
ле…,  “3“Cе…ƒ,L “ ƒ=д=……/м “%%2…%ше…,ем “%-
“2="л ю?,., " %2л,ч,е %2 2!=д,ц,%……%L, %Kе“Cе-
ч,"=е2 C%"/ше…,е %д…%!%д…%“2, м=2е!,=л=, че-

м3, …=! д3 “ Cе!емеш,"=…,ем, “C%“%K“2"3е2 2=*-
›е д,“Cе!г,!%"=…,е %“…%"/ , д!%Kле…,е *%…гл%-
ме!=2%" …=C%л…,2ел .

d,“*%"%е …%›е"%е 3“2!%L“2"% дл  !=ƒ!еƒ=…,  
C%*!/ше*. Š!е…,е , “м=ƒ*= " м=ш,…=. , ме.=…,ƒ-
м=.. 2010. 1 1.

o!едл%›е…% д,“*%"%е …%›е"%е 3“2!%L“2"% дл  
!=ƒ!еƒ=…,  C%*!/ш*, “ %“2!,‘м ме2=лл,че“*%г% 
леƒ", , "/C%л…е……/м “ C%"е!.…%“2ью, Kл,ƒ*%L * 
C%"е!.…%“2, C“е"д%“-е!/, , !е›3?еL *!%м*%L, “%-
%2"е2“2"3ю?еL !еK!3 "%ƒ"!=2= C“е"д%“-е!/. dл  
C%д=ч, !=ƒ!еƒ=ем%г% м=2е!,=л= " ƒ%…3 !еƒ=…,  ,“-
C%льƒ%"=…/ “,л/ 2!е…, , "%ƒ…,*=ю?,е C!, !=ƒ!е-
ƒ=…,,, ч2% C%ƒ"%л е2 %K%L2,“ь Kеƒ д%C%л…,2ель…/. 
3“2!%L“2" , C!,“C%“%Kле…,L дл  C%д=ч, м=2е!,=л=. 

t,ƒ,че“*=  , м=2ем=2,че“*=  м%дел, ,ƒме!е-
…,  C!, ="2%м=2,ƒ,!%"=……%м *%…2!%ле *%л%!,ме2-
!,че“*,. .=!=*2е!,“2,* %KAе*2%". j%…2!%ль. 
d,=г…%“2,*=. 2010. 1 1.

p=““м%2!е…/ “%"!еме……/е ме2%д/ ,ƒме!е…,  
ц"е2=, C!,ме… ем/е C!, *%…2!%ле ,ƒдел,L “ л=*%-
*!=“%ч…/м C%*!/2,ем. o!едл%›е… “C%“%K ,ƒме!е-
…,  ц"е2%"/. .=!=*2е!,“2,* %KAе*2%" C32‘м %K!=-
K%2*, ,. ц,-!%"/. ,ƒ%K!=›е…,L. p=ƒ!=K%2=…/ 
-,ƒ,че“*=  , м=2ем=2,че“*=  м%дел, C!%це““= ,ƒ-
ме!е…,L, C%ƒ"%л ю?,е “ д%“2=2%ч…%L дл  C!=*2,-
*, 2%ч…%“2ью %“3?е“2"л 2ь *%…2!%ль…%-,ƒме!,-
2ель…/е C!%цед3!/ C32‘м !=“ш,!е…,  д,…=м,че-
“*%г% д,=C=ƒ%…= *%л%!,ме2!,че“*,. ,ƒме!е…,L.

l=2ем=2,че“*%е м%дел,!%"=…,е д,…=м,че“*,. 
!е=*ц,L %C%! м=…,C3л 2%!…%L м=ш,…/. bе“2…,* 
м=ш,…%“2!%е…, . 2010. 1 1.

o%л3че…/ “%%2…%ше…,  “2=2,че“*,. , д,…=-
м,че“*,. “%“2="л ю?,. !е=*ц,L %C%! м=…,C3-
л 2%!=, ,““лед%"=…/ ƒ=",“,м%“2, д,…=м,че“*%L 
“%“2="л ю?еL %2 3гл%"%L “*%!%“2,, "е“= г!3ƒ=, 
3гл= …=*л%…= !3*% 2*,, "/ч,“ле…/ C%C!="*, * 
%C!%*,д/"=ю?ем3 м%ме…23, "/ƒ"=……/е д,…=м,-
че“*%L !е=*ц,еL %C%!.

h…2елле*23=ль…=  q`op 2е.…%л%г,че“*,. C!%-
це““%" *%"*, "=л%" …= м%л%2=.. g=г%2%",2ель…/е 
C!%,ƒ"%д“2"= " м=ш,…%“2!%е…,,. 2010. 1 1.

nC,“=…/ …=ƒ…=че…,е, %Kл=“2ь C!,ме…е…, , 
"%ƒм%›…%“2, ,…2елле*23=ль…%L *%мCью2е!…%L 
“,“2ем/ ="2%м=2,ƒ,!%"=……%г% C!%е*2,!%"=…,  
2е.…%л%г,че“*,. C!%це““%" *%"*, “23Cе…ч=2/. 
"=л%" …= м%л%2=. &q`op b`k[, !=ƒ!=K%2=……%L " 
h…“2,232е м=ш,…%"еде…,  r!=ль“*%г% %2деле…,  
p%““,L“*%L =*=дем,, …=3*.
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nце…*= C%г!еш…%“2еL “K%!*, м=ш,… ",K!%=*3-
“2,че“*,м ме2%д%м. qK%!*= " м=ш,…%“2!%е…,,, 
C!,K%!%“2!%е…,,. 2010. 1 1.

p=““м%2!е… ме2%д Kеƒ.2=л%……%L %це…*, C%-
г!еш…%“2еL “K%!*, м=ш,… …= %“…%"е =…=л,ƒ= 
",K!%=*3“2,че“*,. “,г…=л%", “" ƒ=……/. “ …е…=-
Kлюд=ем/м, C%г!еш…%“2 м, м=ш,… , =г!ег=2%", 
"%ƒ…,*=ю?,. C!, ,ƒг%2%"ле…,, , " .*“Cл3=2=-
ц,,, ч=“2ь ,ƒ *%2%!/. …е ,мее2 =де*"=2…%г% C!ед-
“2="ле…,  " ш*=л=. %2…%ше…,  , ,…2е!"=л%". 
b/"еде…% *=…%…,че“*%е 3!="…е…,е “" ƒ, ме›д3 
д,=г…%“2,че“*,м, C!,ƒ…=*=м, “,г…=л= , “2!3*-
23!…/м, C=!=ме2!=м, “%“2% …,  м=ш,…/. 
o!,"еде…/ !еƒ3ль2=2/ м%дел,!%"=…,  , .*“Cе-
!,ме…2=ль…/. ,““лед%"=…,L.

j%мCью2е!…=  “,“2ем= дл  C“,.%-,ƒ,%л%г,че-
“*%г% 2е“2,!%"=…,  C!%-е““,%…=ль…% ƒ…=ч,м/. 
*=че“2" "%д,2елеL ="2%2!=…“C%!2=. aеƒ%C=“…%“2ь 
›,ƒ…еде 2ель…%“2,. 2010. 1 1.

p=““м%2!е…/ "%C!%“/ %C!еделе…,  “2еCе…, 
C“,.%-,ƒ,%л%г,че“*%г% “%%2"е2“2",  &.2=л%…-
…/м[ .=!=*2е!,“2,*=м C!%-е““,%…=ль…% C!,г%д-
…/. "%д,2елеL , д=…/ !е*%ме…д=ц,, C% ме2%д=м 
, C!,‘м=м "%›де…, , C%ƒ"%л ю?,м *%мCе…“,-
!%"=2ь …ед%“2=2%ч…%е !=ƒ",2,е C!%-е““,%…=ль…% 
ƒ…=ч,м/. *=че“2" " “л3ч=е ,. …е“%%2"е2“2",  
*!,2е!,=ль…/м …%!м=2,"=м.

p%2%!…/е “%C!%2,"ле…,  , д,…=м,че“*,е C!%-
це““/ C!, C3“*е =“,….!%……%г% д",г=2ел  ш=.2…%L 
C%дA‘м…%L 3“2=…%"*,. c%!…%е %K%!3д%"=…,е , .ле*-
2!%ме.=…,*=. 2010. 1 1.

o!едл%›е…= …%"=  ме2%д,*= !=“ч‘2= "ел,ч,… 
!%2%!…/. “%C!%2,"ле…,L , "Cе!"/е "/C%л…е…% 
м=2ем=2,че“*%е м%дел,!%"=…,е д,…=м,че“*,. 
C!%це““%" C!, C3“*е =“,….!%……%г% д",г=2ел  
ш=.2…%г% C%дA‘м=. pеƒ3ль2=2/ ,““лед%"=…,L C%-
ƒ"%л ю2 C%"/“,2ь …=д‘›…%“2ь , .*%…%м,ч…%“2ь 
.*“Cл3=2=ц,, ш=.2…/. C%дA‘м…/. 3“2=…%"%*.

 l%дел,!%"=…,е д,--3ƒ,%……/. C!%це““%" че!еƒ 
K=!ье!…%е C%*!/2,е " C%л3C!%"%д…,*%"/е "е2", 
2е!м%.ле*2!,че“*,. м%д3леL. m=…%- , м,*!%“,“-
2ем…=  2е.…,*=. 2010. 1 1.

o!%"еде…% д"3..2=C…%е м=2ем=2,че“*%е м%де-
л,!%"=…,е д,--3ƒ,%……/. C!%це““%", C!%2е*=ю-
?,. " 2е!м%.ле*2!,че“*%м м%д3ле. m= Cе!"%м 
.2=Cе !=ƒ!=K%2=…= м=2ем=2,че“*=  м%дель C!%-
це““%" д,--3ƒ,, м=2е!,=л%" м…%г%“л%L…%L *%…-
“2!3*ц,, C%л3C!%"%д…,*%"%L "е2",, K=!ье!…%г% 
C%*!/2,  , C!,C= ……%г% мед…%г% C!%"%д…,*= 
Kеƒ 3ч‘2= де-е*2%" д=……/. м=2е!,=л%". m= "2%-
!%м .2=Cе !=ƒ!=K%2=…= м=2ем=2,че“*=  м%дель “ 
3ч‘2%м де-е*2…%“2, м=2е!,=л%" д=……%L м…%г%-
“л%L…%L *%…“2!3*ц,,. o%л3че…/ !еƒ3ль2=2/ м=-
2ем=2,че“*%г% м%дел,!%"=…, , *%2%!/е C%*=ƒ=-
л,, ч2% ,ме……% “2еCе…ь де-е*2…%“2, “л%‘" K=!ье!-
…%г% C%*!/2,  " K%льшеL “2еCе…, "л, е2 …= “*%-
!%“2ь C!%2е*=…,  C!%це““%" д,--3ƒ,,, …е›ел, 
2,C м=2е!,=л= K=!ье!…%г% C%*!/2, .

dеце…2!=л,ƒ%"=……%е =д=C2,"…%е 3C!="ле…,е “ 
,де…2,-,*=ц,еL , м%дель…%L *%%!д,…=ц,еL " м…%-
г%“" ƒ…/. “,“2ем=.. lе.=2!%…,*=, ="2%м=2,ƒ=-
ц, , 3C!="ле…,е. 2010. 1 1. 

nK%“…%"=…= ме2%д,*= “,…2еƒ= =д=C2,"…/. де-
це…2!=л,ƒ%"=……/. !ег3л 2%!%" “ ,де…2,-,*=2%-
!%м , .2=л%……%L м%делью дл  м…%г%“" ƒ…/. …е-
“2=ц,%…=!…/. л,…еL…/. “,“2ем 3C!="ле…,  “ 
C=!=ме2!,че“*,м, , "…еш…,м, "%ƒм3?е…, м,. 
b %2л,ч,е %2 K%льш,…“2"= ,ƒ"е“2…/. !=K%2 C% 
деце…2!=л,ƒ%"=……%м3 3C!="ле…,ю “ м%дель…%L 
*%%!д,…=ц,еL !=““м%2!е…/ л%*=ль…/е м…%г%-
“" ƒ…/е “,“2ем/ “ …е“*%ль*,м, ".%д=м, , …е-
“*%ль*,м, "/.%д=м, (MIMO-“,“2ем/). g=д=……=  
2%ч…%“2ь “ле›е…,  ƒ= л%*=ль…/м, .2=л%……/м, 
м%дел м, %Kе“Cеч,"=е2“  C!, 3C!%?‘……/. 2!е-
K%"=…, . * ,де…2,-,*=2%!3 , …е “" ƒ/"=е2“  …=-
C! м3ю “ =“,мC2%2,че“*%L 2%ч…%“2ью "/д="=е-
м/. %це…%* C=!=ме2!%". o!,"ед‘… ме2%д,че“*,L 
C!,ме!.

lе2%д C%“2!%е…,  .--е*2,"…/. м%делеL !=ƒ!=-
K%2*, C!%г!=мм…%г% %Kе“Cече…, . h…-%!м=ц,%…-
…/е 2е.…%л%г,,. 2010. 1 1. 

p=““м%2!е…= *л=““,-,*=ц,  м%делеL !=ƒ!=-
K%2*, C!%г!=мм…%г% %Kе“Cече…, . b"еде…= “,“-
2ем= *!,2е!,е", .=!=*2е!,ƒ3ю?,. .2, м%дел,. 
o%“2="ле…= ƒ=д=ч= "/K%!= .--е*2,"…/. "=!,=…-
2%" м%делеL !=ƒ!=K%2*, C!%г!=мм…%г% %Kе“Cе-
че…, , *%2%!=  “"%д,2“  * ƒ=д=че г,Cе!"е*2%!-
…%г% !=…›,!%"=…, . o!,"ед‘… ч,“ле……/L C!,-
ме!.

lе2%д/ =д=C2,"…%г% 3C!="ле…,  д",›е…,ем 
м%K,ль…/. м=ш,…, C!ед%2"!=?=ю?,е C%2е!ю 3“-
2%Lч,"%“2, " 3“л%", . ч!еƒ"/ч=L…/. “%K/2,L. 
c!3ƒ%",*. 2010. 1 1.

p=““м%2!е…/ ме2%д/ , =лг%!,2м/ м%дел,!%"=-
…,  ч!еƒ"/ч=L…/. “%K/2,L C!, д",›е…,, м%-
K,ль…/. м=ш,…, C!ед“2="ле…= м=2ем=2,че“*=  
м%дель “%ƒд=…,  ч!еƒ"/ч=L…%г% “%K/2, .

lе2%д,*= Cл=…,!%"=…,  , %Kе“Cече…,  %C2,-
м=ль…%L …=д‘›…%“2, ,…-%*%мм3…,*=ц,%……/. “,“-
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