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A.  . !"#$%!&'() , %.  . $!*!$) , !. !. %#(+,-./# , 0. &. 1!(#  
 

%2345-675789:8;<4=> ;?<:@28<5A733B> :3=A78<=575 =3C?8D2E=?33BF 57F3?G?;=>, D7F23=4= 

= ?H5=4= 

 

Abstract. A construction method of finite-state machines with genetic programming based on testing is 

described in this paper. This method is applied to construction of control finite-state machine for a model of 

unmanned airplane. Method of automaton representation, algorithms of mutation and cross-over, fitness 

function and edges labeling algorithm are described. Results of application of the method to two problems of 

airplane control are described. 

 

-89:9;<9.   H?<G7@377 A87DI @GI 

H8?;82DD=8?A23=I <=<57D <? <G?J3BD 

H?A7@73=7D A<7 K=87 H8=D73I75<I 

2A5?D253?7 H8?;82DD=8?A23=7, A 82D42F 

4?5?8?;? H?A7@73=7 H8?;82DD ?H=<BA275<I 

< H?D?LMN 4?37O3BF @7578D=3=8?A233BF 

2A5?D25?A [1].  

  2A5?D253?D H8?;82DD=8?A23== 

H8?;82DDB H87@G2;275<I <58?=5M A A=@7 

329?82 2A5?D25=P=8?A233BF ?9Q745?A 

:H82AG73=I. $2J@B> 524?> ?9Q745 <?<5?=5 

=P <=<57DB :H82AG73=I (<=<57DB 4?37O3BF 

2A5?D25?A) = ?9Q7452 :H82AG73=I. %=<57D2 

4?37O3BF 2A5?D25?A H?G:O275 32 AF?@ 

<?9B5=I =P A37K37> <87@B, 2 524J7 AF?@3B7 

H787D733B7 ?5 ?9Q7452 :H82AG73=I = 

A37K37> <87@B. &2 ?<3?A23== R5=F @233BF 

<=<57D2 :H82AG73=I AB82925BA275 

ABF?@3B7 A?P@7><5A=I @GI ?9Q7452 

:H82AG73=I. 

'GI D3?;=F P2@2O :H82AGINL=7 

4?37O3B7 2A5?D25B :@275<I <58?=5M 

RA8=<5=O7<4=, ?@324? <:L7<5A:N5 P2@2O=, 

@GI 4?5?8BF 524?7 H?<58?73=7 

P258:@3=57GM3?. $ P2@2O2D R5?;? 4G2<<2 

?53?<I5<I, 32H8=D78, P2@2O2 «,D3B> 

D:82A7>» [2–4], P2@2O2 «,D3B> D:82A7>–3» 

[5] = P2@2O2 ?9 :H82AG73== D?@7GMN 

97<H=G?53?;? G75257GM3?;? 2HH28252 [6]. 

'GI 2A5?D25=O7<4?;? H?<58?73=I 2A5?D25?A 

A 524=F P2@2O2F D?J3? H8=D73I5M 

;7375=O7<4=7 2G;?8=5DB [7–9]. 

  829?57 [10] @GI H?<58?73=I 4?37O3?;? 

2A5?D252, 872G=P:NL7;? 2A5?H=G?5 

A78F37;? :8?A3I, 4?5?8B> :H82AGI75 

D?@7GMN 97<H=G?53?;? <2D?G752, 9BG? 

H87@G?J73? H8=D73I5M 2G;?8=5D 

;7375=O7<4?;? H8?;82DD=8?A23=I [9], 

?<3?A233B> 32 =<H?GMP?A23== D75?@2 

<?482L733BF 529G=E @GI H87@<52AG73=I 

4?37O3BF 2A5?D25?A. 68= R5?D ABO=<G73=7 

C:34E== H8=<H?<?9G733?<5= ?<3?A23? 32 

D?@7G=8?A23== H?A7@73=I 97<H=G?53?;? 

2HH28252 A? A37K37> <87@7, H?R5?D: ?3? 

P23=D275 @?<525?O3? 9?GMK?7 A87DI. 

17GMN 32<5?IL7> 829?5B IAGI75<I 

82P829?542 D75?@2, G=K733?;? R5?;? 

37@?<52542. (2P82925BA27DB> D75?@ 

?<3?A23 32 ;7375=O7<4?D 

H8?;82DD=8?A23== = 2G;?8=5D7 

82<<523?A4= H?D75?4 32 H787F?@2F = 

IAGI75<I 82PA=5=7D =@7>, H87@G?J733BF A 

829?57 [11].  

)=>?@;=8A@ B@:@C<. .<F?@3BD= 

@233BD= @GI H?<58?73=I :H82AGINL7;? 

4?37O3?;? 2A5?D252 IAGI75<I 329?8 

?9:O2NL=F H8=D78?A. $2J@B> =P 3=F  

<?<5?=5 =P @A:F H?<G7@?A257GM3?<57>: 

H?<G7@?A257GM3?<5= AF?@3BF @233BF 

(?H=<BA275 <?<5?I3=7 ?9Q7452 :H82AG73=I = 

?48:J2NL7> <87@B) = <??5A75<5A:NL7> 7> 

R52G?33?> H?<G7@?A257GM3?<5= ABF?@3BF 

A?P@7><5A=> (?H=<BA275 =PD7373=7 



A. 9. :-$*),%5!./, ;. 9. <,=,*./, :. :. ;$!&1>"($/, ?. @. A,!$/ 

H282D758?A ?9Q7452 :H82AG73=I). S5= 

?9:O2NL=7 H8=D78B <?P@2N5<I O7G?A74?D.  

*2@2O2 2GG;?8=5D2 ;7375=O7<4?;? 

H8?;82DD=8?A23=I <?<5?=5 A H?<58?73== 

4?37O3?;? 2A5?D252, 4?5?8B> P2@275 

H?A7@73=7 32 ?9:O2NL=F H8=D782F, 

@?<525?O3? F?8?K? <??5A75<5A:NL77 

R52G?33?D:. #<G= =<H?GMP?A25M D3?;? 

?9:O2NL=F H8=D78?A (A 32<5?IL7> 829?57 

=F O=<G? @?<5=;2G? 40), 5? H?IAGI75<I 

A?PD?J3?<5M =P92A=5M<I ?5 D7G4=F 

375?O3?<57>, 4?5?8B7 @?H:<4275 H8= 

:H82AG73== O7G?A74.  

,=:9D<E=8@;<9 F9>G<D=?;=H= 

>@I=D9?@. 'GI D?@7G=8?A23=I 

97<H=G?53?;? <2D?G752 H8=D73I75<I 

<A?9?@3B> 2A=2<=D:GI5?8 FlightGear 

(http://www.flightgear.org), 4?5?8B> 

H?PA?GI75 ?<:L7<5AGI5M H8?;82DD3?7 

:H82AG73=7 <2D?G75?D, 2 524J7 <?F82373=7 

H282D758?A H?G752 (<4?8?<5M, 32H82AG73=7 

H?G752 = 5.@.) = <?<5?I3=I <2D?G752 

(H?G?J73=7 8:GI, RG78?3?A, <?<5?I3=7 

<5285782 = 5.H.).  

)5D75=D, O5? 374?5?8B7 H282D758B 

D?;:5 H8=3=D25M G=KM 4?37O3?7 O=<G? 

P32O73=> (524=7 H282D758B 9:@7D 32PBA25M 

@=<48753BD=), 2 @8:;=7 H282D758B 

F2824578=P:N5<I A7L7<5A733BD= 

P32O73=ID=, 4?5?8B7 9:@7D 32PBA25M 

37H878BA3BD=. $8?D7 5?;?, 9:@7D 32PBA25M 

37H878BA3BD= @7><5A=I 32@ 37H878BA3BD= 

H282D7582D=, 2 @=<48753BD= – 32@ 

@=<48753BD= H282D7582D=.  

68= R5?D 37H878BA3B7 @7><5A=I 

=PD73IN5 <??5A75<5A733B7 H282D758B 32 

374?5?8:N A7L7<5A733:N A7G=O=3:, 2 

@=<48753B7 – :<5232AG=A2N5 

<??5A75<5A:NL=> H282D758 A 4?348753?7 

P32O73=7. *2D75=D, O5? H?<G7@?A257GM3?7 

ABH?G373=7 @7><5A=> < ?@3=D H282D758?D 

R4A=A2G7353? <:DD7 @7><5A=> A <G:O27 

37H878BA3?;? H282D7582 = H?<G7@37D: 

@7><5A=N – A <G:O27 @=<48753?;?. 

2E=I=>=I@ @DH=E<?I@ H9;9?<C9>A=H= 

GE=HE@II<E=8@;<J. $?37O3B> 2A5?D25 A 

2G;?8=5D7 ;7375=O7<4?;? H8?;82DD=8?A23=I 

H87@<52AGI75<I A A=@7 ?9Q7452, 4?5?8B> 

<?@78J=5 ?H=<23=I H787F?@?A @GI 42J@?;? 

=P <?<5?I3=> = 3?D78 32O2GM3?;? <?<5?I3=I, 

H8=O7D O=<G? <?<5?I3=> 2A5?D252 

C=4<=8?A233? = IAGI75<I H282D758?D 

;7375=O7<4?;? 2G;?8=5D2. 'GI 42J@?;?  

<?<5?I3=I F823=5<I <H=<?4 H787F?@?A. 

$2J@B> H787F?@ ?H=<BA275<I <?9B5=7D, 

H8= H?<5:HG73== 4?5?8?;? R5?5 H787F?@ 

ABH?G3I75<I. 

T24=D ?982P?D, A ?<?9= 4?@=8:75<I 

5?GM4? «<47G75» :H82AGINL7;? 4?37O3?;? 

2A5?D252, 2 4?348753B7 ABF?@3B7 

A?P@7><5A=I, AB82925BA27DB7 32 H787F?@2F, 

?H87@7GIN5<I < H?D?LMN 2G;?8=5D2 

82<<523?A4= H?D75?4. 

&2 8=<. 1 =P?982J73 A?PD?J3B> 

«<47G75» 2A5?D252. 

1 2 3
x1 / z1 x2 / z2

x3 / z3

¬x3 / z4

x4 / z5

¬x4 / z6

x5 / z7

¬x5 / z8  
(=<. 1. «%47G75» 2A5?D252, H?@@78J=A2NL7;? 

H?<5?I33?7 32H82AG73=7 @A=J73=I 

 

&2 R5?D 8=<:347 AF?@3B7 H787D733B7 

=D7N5 <G7@:NL=> <DB<G: 

  x1 – 32O2G? 52452; 

  x2 – @A=;257GM A4GNO73; 

  x3 – ?54G?373=7 D73MK7 3:GI; 

  x4 – <4?8?<5M =PD7373=I ?54G?373=I 

D73MK7 3:GI; 

  x5 – :<4?873=7 =PD7373=I 

?54G?373=I D73MK7 3:GI. 

 BF?@3B7 A?P@7><5A=I z1, …, z8, 

:42P233B7 32 8=<. 1, A «<47G757» 2A5?D252 37 

?H87@7G73B – 4?348753B7 ABF?@3B7 

A?P@7><5A=I ?H87@7GIN5<I H8= ABO=<G73== 

C:34E== H8=<H?<?9G733?<5=. 

#<G= @GI @233?;? «<47G752» ?H87@7G=5M 

ABF?@3B7 A?P@7><5A=I <G7@:NL=D ?982P?D: 

  z1 – A4GNO=5M <528578; 

  z2 – AB4GNO=5M <528578, H?<52A=5M 

?9?8?5B 32 D24<=D:D; 

  z3/z4 – H?A783:5M 8:GM AH82A?/AG7A? 

32 0.01; 

  z5/z6 – H?A783:5M 8:GM AH82A?/AG7A? 

32 0,005; 
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  z7/z8 – H?A783:5M 8:GM AH82A?/AG7A? 

32 0,0025, 

5? H?G:O=5<I 2A5?D25, H?@@78J=A2NL=> 

H?<5?I33?7 32H82AG73=7 @A=J73=I. 

KL;AM<J GE<>G=>=FD9;;=>?<. 

 BO=<G73=7 C:34E== H8=<H?<?9G733?<5= 

<?<5?=5 =P @A:F O2<57>: 82<<523?A42 

ABF?@3BF A?P@7><5A=> = ?E7342 

H?G:O733?;? 2A5?D252 32 ?9:O2NL=F 

H8=D782F. (2<<523?A42 A?P@7><5A=> 

ABH?G3I75<I 524=D ?982P?D, O5?9B 

D24<=D=P=8?A25M ?E734: H8= P2@233?D 

«<47G757» 2A5?D252. 

(2<<D?58=D H8?E7<< ABO=<G73=I 

?E734=. &2 AF?@ 2A5?D25: H?@275<I 42J@2I 

=P H?<G7@?A257GM3?<57> in[i] – AF?@3?> 

329?8 i-?;? ?9:O2NL7;? H8=D782. *257D 

P2H=<BA275<I H?<G7@?A257GM3?<5M 

ABF?@3BF A?P@7><5A=>, 4?5?8:N 

<;7378=8?A2G 2A5?D25. )9?P32O=D 77 424 

out[i], 2 ABF?@3:N H?<G7@?A257GM3?<5M =P 

57<52 i – 424 ans[i]. 6?<G7 R5?;? ?E7342 

2@74A253?<5= ABO=<GI75<I 524: 

!
"

##
$

%
&&
'

(
)"

n

i )],i[ans(D

])i[ans],i[out(D

n
Fitness

1 0
1

1 , ;@7 

 

* +)" !
"

]i[dlen

t

]t][i[dans]t][i[dout])i[ans],i[out(D
0

2,

- .]t][i[cans]t][i[cout
]i[clen

t

/+ !
"0

, ;@7 dout[i] = 

dans[i] – A745?8B @=<48753BF ABF?@3BF 

A?P@7><5A=> i-?;? 57<52, dlen[i] – =F @G=3B, 

2 cout[i] = cans[i] – A745?8B 37H878BA3BF 

ABF?@3BF A?P@7><5A=> i-?;? 57<52, clen[i] – 

=F @G=3B.  

+DH=E<?I E@>>?@;=8A< 8=B:9N>?8<N. 

'GI 5?;?, O5?9B 82<<52A=5M @7><5A=I 32 

H787F?@2F, <47G75: 2A5?D252 32 AF?@ 

H?@275<I AF?@3?> 329?8 H282D758?A =P 

42J@?;? ?9:O2NL7;? H8=D782, H8= R5?D 

?5D7O2N5<I H787F?@B, <?A78K27DB7 =D. 

U?J3? H?42P25M <G7@:NL77: 

  A <G:O27 @=<48753BF @7><5A=> 

D24<=D:D C:34E== 

H8=<H?<?9G733?<5= @?<5=;275<I H8= 

AB9?87 5?;? @7><5A=I, 4?5?8?7 

A<587O275<I 32 82<<D258=A27D?D 

H787F?@7 32=9?GMK77 O=<G? 82P; 

  524 424 A 42J@B> D?D735 A87D73= 

P32O73=7 42J@?;? H282D7582 

?H87@7GI75<I G=37>3?> 4?D9=32E=7> 

37=PA7<53BF A?P@7><5A=>, 5? P32O73=I 

?5A7O2NL=F D24<=D:D: C:34E== 

H8=<H?<?9G733?<5= 37H878BA3BF 

A?P@7><5A=> D?J3? H?G:O=5M, 

@=CC7873E=8:I C:34E=N 

H8=<H?<?9G733?<5= = 87K2I 

H?G:O733:N <=<57D: G=37>3BF 

:82A373=>. 

(G9E@M<J IL?@M<<.  68= D:52E== < 

P2@233?> A78?I53?<5MN (H? :D?GO23=N, ?32 

82A32 0.5) ABH?G3I75<I 42J@?7 =P @7><5A=>: 

  =PD7373=7 32O2GM3?;? <?<5?I3=I; 

  @?92AG73=7, =PD7373=7 =G= :@2G73=7 

4?348753?;? H787F?@2. 

(G9E@M<J >AE9O<8@;<J.   

<487L=A23== H8=3=D2N5 :O2<5=7 @A7 ?<?9=. 

68= R5?D 87P:GM525?D ?H782E== 

<487L=A23=I 524J7 IAGIN5<I @A7 ?<?9=. 

)9?P32O=D «8?@=57GM<4=7» ?<?9= 424 P1 = 

P2, 2 «@?O783=7» – C1 = C2. T?;@2 @GI 

<5285?ABF <?<5?I3=> C1.is = C2.is A783? 

8?A3? ?@3? =P <G7@:NL=F :5A78J@73=>: 

  C1.is = P1.is = C2.is = P2.is; 

  C1.is = P2.is = C2.is = P1.is. 

'2G77 @GI 42J@?> IO7>4= 529G=EB 

H787F?@?A t[i][j] < 82A3?> A78?I53?<5MN 

AB9=8275<I ?@=3 =P <G7@:NL=F A28=235?A: 

  C1.t[i][j] = P1.t[i][j] = C2.t[i][j] =  

      =P2.t[i][j]; 

  C1.t[i][j] = P2.t[i][j] = C2.t[i][j] = 

=P1.t[i][j]. 

*9BLDP?@?Q. 'GI H8?A784= 

RCC745=A3?<5= H87@G?J733?;? D75?@2 9BG= 

H?<52AG73B @A7 P2@2O= – H?<58?73=7 

2A5?D252, :H82AGINL7;? 82P;?3?D <2D?G752, 

= 2A5?D252, ABH?G3INL7;? «D785A:N 

H75GN».  

'GI 87K73=I H78A?> P2@2O=: 

  P2H=<23? HI5M 329?8?A 57<5?A (H? 10 

?9:O2NL=F H8=D78?A A 42J@?D), 

4?5?8B7 82<<D258=A2G=<M 37P2A=<=D? 

@8:; ?5 @8:;2; 



A. 9. :-$*),%5!./, ;. 9. <,=,*./, :. :. ;$!&1>"($/, ?. @. A,!$/ 

  O=<G? <?<5?I3=> 2A5?D252 

A28M=8?A2G?<M ?5 2 @? 10; 

  A78?I53?<5M D:52E== D73IG2<M ?5 0,02 

@? 0,5; 

  A 42O7<5A7 D75?@?A ?59?82 

=<H?GMP?A2G=<M 5:83=83B> D75?@ = 

D75?@ 8:G754= [12]; 

  82PD78 RG=5B <?<52AGIG ?5 3:GI @? 

@A:F ?<?97>; 

  A <87@37D A87DI 829?5B ;7375=O7<4?;? 

2G;?8=5D2 <?<52AGIG? 37<4?GM4? @37> 

@GI 42J@?;? 329?82 H282D758?A. 

VBG? :<523?AG73? <G7@:NL77: 

  < :A7G=O73=7D O=<G2 <?<5?I3=> 

<58:45:82 :H82AGINL7;? 2A5?D252 

<523?A=G2<M A<7 D7377 G?;=O3?>; 

  32=9?G77 ?H5=D2GM3BD= ?42P2G=<M 

2A5?D25B < 587DI–O75B8MDI 

<?<5?I3=ID=; 

  H8= A78?I53?<5= D:52E==, 82A3?> 0,5, 

87P:GM525B @?<5=;2G=<M 9B<5877 A<7;?. 

!32G?;=O32I 829?52 9BG2 H8?A7@732 @GI 

87K73=I A5?8?> P2@2O=.  

 +82C=4 P2A=<=D?<5= D24<=D2GM3?;? 

P32O73=I C:34E== H8=<H?<?9G733?<5= ?5 

3?D782 H?4?G73=I @GI H78A?> P2@2O= 

H8=A7@73B 32 8=<. 2. 
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(=<. 2. +82C=4 P32O73=I C:34E== 

H8=<H?<?9G733?<5= 

'GI H78A?> P2@2O= A 87P:GM5257 9BG 

H?G:O73 2A5?D25, H?A7@73=7 4?5?8?;? ?O73M 

9G=P4? 4 P2H=<233BD 57<52D. 'GI A5?8?> 

P2@2O= H?42 37 H?G:O73? <5?GM F?8?K7;? 

87K73=I, F?5I H?G:O73 2A5?D25, A E7G?D 

<H82AGINL=><I < P2@2O7>. 

 =@7? ?@3?;? =P ?9:O2NL=F H8=D78?A 

@GI H78A?> P2@2O= D?J3? H?<D?5875M H? 

2@87<: 

http://www.youtube.com/watch?v=BfG90yFiG

Uo, 2 P2H=<M 82P;?32, ABH?G3I7D?;? ?@3=D 

=P H?G:O733BF 2A5?D25?A, – H? 2@87<: 

http://www.youtube.com/watch?v=AiosTU7H

Wb4. 

-Q8=:Q.   829?57 9BG =<<G7@?A23 

D75?@ H?<58?73=I < H?D?LMN ;7375=O7<4?;? 

H8?;82DD=8?A23=I 2A5?D25?A @GI 

:H82AG73=I <2D?G75?D. SCC745=A3?<5M 

H8=D7373=I R5=F D75?@?A 9BG2 H8?A78732 

32 ABK7:42P233BF P2@2O2F. 

.<<G7@?A23=I C=323<=8:N5<I H? ;8235: 

(00. W 10-01-00654-2. 

 

4<?9E@?LE@ 

 

1. 6?G=428H?A2 &. .., -2GB5? !. !. !A5?D253?7 

H8?;82DD=8?A23=7. %69: 6=578, 2009. 

2. Angeline P., Pollack J. Evolutionary Module 

Acquisition / Proceedings of the Second Annual 

Conference on Evolutionary Programming. 

Cambridge: MIT Press. 1993, pp.154–163. 

http://www.demo.cs.brandeis.edu/papers/ep93.pdf 

3. Jefferson D., Collins R., Cooper C., Dyer M., 

Flowers M., Korf R., Taylor C., Wang A. The 

Genesys System: Evolution as a Theme in Artificial 

Life /Proceedings of Second Conference on 

Artificial Life. MA: Addison-Wesley. 1992, 

pp.549–578.  

4. 1287A 0. &., -2GB5? !. !. 68=D7373=7 

;7375=O7<4?;? H8?;82DD=8?A23=I @GI ;73782E== 

2A5?D252 A P2@2O7 ?9 «,D3?D D:82AM7» / 

%9?83=4 58:@?A IV-?> U7J@:328?@3?> 32:O3?-

H8245=O7<4?> 4?3C7873E== «.357;8=8?A233B7 

D?@7G= = DI;4=7 ABO=<G73=I A =<4:<<5A733?D 

=357GG7457». T?D 2. U.: 0=PD25G=5. 2007, <. 590–

597. http://is.ifmo.ru/genalg/_ant_ga.pdf 

5. V7@3B> X. '., -2GB5? !. !. 68=D7373=7 

;7375=O7<4=F 2G;?8=5D?A @GI H?<58?73=I 

2A5?D25?A A P2@2O7 «,D3B> D:82A7>». 

http://is.ifmo.ru/works/ant 

6. 6282L734? '. !., 1287A 0. &., -2GB5? !. !. 

T7F3?G?;=I D?@7G=8?A23=I ?@3?;? 4G2<<2 

D:GM5=2;7353BF <=<57D 32 ?<3?A7 2A5?D253?;? 

H8?;82DD=8?A23=I 32 H8=D787 =;8B 

«%?87A3?A23=7 G752NL=F 5287G?4». 68?74532I 

@?4:D7352E=I. %69+, .TU). 2006. 

http://is.ifmo.ru/unimod-projects/plates/  

7. +G2@4?A ". !., $:87>O=4  .  ., $:87>O=4  . U. 

+7375=O7<4=7 2G;?8=5DB. U.: 0=PD25G=5, 2006. 

8. (2<<7G %., &?8A=; 6. .<4:<<5A733B> =357GG745: 

<?A87D733B> H?@F?@. U.:  =GMID<, 2006. 

9. Koza J. R. Genetic programming: on the 

programming of computers by means of natural 

selection. MIT Press, 1992. 
10. 6?G=428H?A2 &. .., T?O=G=3  . &., 

-2GB5? !. !. 68=D7373=7 ;7375=O7<4?;? 

 266 



 !"#$%$%"$ &$%$'"($)*"+ ,-&.!"'#./ %, .)%./$ .01(,23"+ 4!"#$!./ 5-6 4.)'!.$%"6 *.%$(%7+ 

,/'.#,'./ 5-6 14!,/-$%"6 #.5$-82 0$)4"-.'%.&. ),#.-$', 

 

 267

H8?;82DD=8?A23=I @GI ;73782E== 2A5?D25?A < 

9?GMK=D O=<G?D AF?@3BF H787D733BF // 

&2:O3?-57F3=O7<4=> A7<53=4 %69+, .TU). 

 BH:<4 53. 2008. !A5?D253?7 

H8?;82DD=8?A23=7, <. 24–42. 

11. 1287A 0. &. 6?<58?73=7 2A5?D25?A :H82AG73=I 

<=<57D2D= <? <G?J3BD H?A7@73=7D 32 ?<3?A7 

57<5?A < H?D?LMN ;7375=O7<4?;? 

H8?;82DD=8?A23=I / %9?83=4 @?4G2@?A XII 

U7J@:328?@3?> 4?3C7873E== H? DI;4=D 

ABO=<G73=ID = =PD7873=ID (SCM’2009). T?D 1. 

%69+ST, «"ST.». 2009, <. 231–234. 


