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#��!�$!� �"#"���� 

'�� 621.396 
#BK9DAS96 �.!.1, #B6I?95 �.%.2 

"*�!�� 1���&$" ��!�&!"� %"� �%&� "%&� 

$���"���'+�2-�) %$��%&�  "���0!"� *�($"�"� 

&$"#"%(�$!"-$���"$����!"� %&�!*�� 

 B5<?PA4 J<HDB64S FDBCBEH9DAB-D48<BD9?9=A4S EF4AJ<S 
( *&D$$%) D4;D45BF4A4 8?S B8AB6D9@9AAB7B <ECB?P;B64A<S 86GI F<CB6 
E6S;<: ;47BD<;BAFAB= < CDS@B= 6<8<@BEF< [1]. �4:8O= <; F<CB6 E6S;< 
EBBF69FEF6G9F HGA>J<BA<DB64A<R J<HDB6B= FDBCBEH9DAB= EF4AJ<< < 
J<HDB6B= D48<BD9?9=AB= EF4AJ<<. �?S 84AAB=  *&D$$% 5G89@ CB?P;B-
64FPES F9D@<AB?B7<9= FDBCBEH9DAB= < D48<BD9?9=AB= >B@CBA9AF. 

�4:84S >B@CBA9AF4  *&D$$% ECBEB5A4 D45BF4FP 6 FD9I D9:<@4I: 
B>BA9KAB@, D9FD4AE?SJ<< < D9FD4AE?SJ<< E 6O89?9A<9@ >4A4?B6 6 CGA>F9 
D9FD4AE?SJ<<. &4>4S EF4AJ<S EB;84A4 8?S CD<@9A9A<S 6 KD9;6OK4=AOI 
E<FG4J<SI, >4> A4CD<@9D CD< F9IAB79AAOI >4F4EFDBH4I < EF<I<=AOI 598-
EF6<SI, 6 C9D9E9K9AAB= < 7BDAB= @9EFABEFSI, 4 F4>:9 6 GE?B6<SI 6BBDG-
:9AAOI >BAH?<>FB6. 

#?4FHBD@4  *&D$$% S6?S9FES E?B:AO@ D48<BQ?9>FDBAAO@ B5N-
9>FB@, A4 >BFBDB@ BJ9A>G 1 % E?98G9F CDB6B8<FP >B@C?9>EAO@ CB8IB-
8B@. �B-C9D6OI, D4EEFBSA<9 @9:8G 4AF9AA4@< FDBCBEH9DAB= < D48<BD9-
?9=AB= >B@CBA9AF ?9:<F 6 CD989?4I 100. �B-6FBDOI, FDBCBEH9DA4S >B@-
CBA9AF4 ECBEB5A4 (6 ;46<E<@BEF< BF FD95B64A<= > C9D984FK<>G) <;?GK4FP 
B8<A >�F @BMABEF< < 5B?PL9. �-FD9FP<I, D48<BD9?9=A4S >B@CBA9AF4 EB-
EFB<F <; 86GI CB?G>B@C?9>FB6, >4:8O= <; >BFBDOI @B:9F D45BF4FP 6 E6B-
9@ A4CD46?9A<< A4 >BDD9ECBA89AF4, 4 ;A4K<F, A4 C?4FHBD@9 6 QFB@ E?GK49 
5G89F A4IB8<FPES 5B?99 86GI D48<B<;?GK4RM<I ED98EF6. 

�G89@ CD<89D:<64FPES E?98GRM9= @9FB8<>< BJ9A>< Q?9>FDB@47-
A<FAB= EB6@9EF<@BEF< (1 %), CD98GE@4FD<64RM9= 4A4?<; E?98GRM<I 
6<8B6 CB@9I: 

� CB@9I< CB BEAB6AB@G >4A4?G CD<9@4, EB;84649@O9 BEAB6AO@, 
6A9CB?BEAO@< < CB5BKAO@< <;?GK9A<S@< C9D984FK<>B6; 

                                                           
1 8.F.A, CDBH9EEBD >4H98DO «&9?9>B@@GA<>4J<<», "!�% <@. �.%. #BCB64 
2 CD9CB8464F9?P 7BEG84DEF69AAB7B GKD9:89A<S «�<96E><= >B??98: E6S;<»  
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� CB@9I< BEAB6AB7B <;?GK9A<S @9L4RM<I C9D984FK<>B6 CB CB5BK-
AO@ >4A4?4@ CD<9@4; 

� 5?B><DB64A<9 CD<9@A<>4; 
� <AF9D@B8G?SJ<BAAO9 CB@9I< 3-7B < 5-7B CBDS8>B6 6 CD<9@A<>9. 
�4> <;69EFAB, BEFDB CDB5?9@4 6;4<@AOI CB@9I CDBS6?S9FES F4@, 789 

>B@C?9>E D48<B<;?GK4RM<I ED98EF6 ($�%) D4;@9M49FES A4 B7D4A<K9AAB= 
F9DD<FBD<< (?9F4F9?PAO9 4CC4D4FO, >BD45?<, 54LA<, @4KFO). #?BFAB9 
D4;@9M9A<9 4AF9AA CD<6B8<F > FB@G, KFB Q?9>FDB@47A<FAB9 CB?9 C9D9-
84RM<I 4AF9AA @B:9F EB;8464FP 6 CD<9@AOI 4AF9AA4I 1�%, 6O;O64FP 
C9D97DG;>G 6IB8AOI >4E>48B6 < A4DGL4FP ABD@4?PAB9 HGA>J<BA<DB64A<9 
CD<9@A<>B6. �B;@B:AB B8AB6D9@9AAB9 6B;89=EF6<9 A9E>B?P><I E<7A4?B6, 
CBDB:84RM<I 6B 6IB8AOI >4E>484I CD<9@A<>B6 < 6OIB8AOI >4E>48B6 
C9D984FK<>B6 <AF9D@B8G?SJ<BAAO9 CB@9I<, >BFBDO9 @B7GF CBC484FP 6 
D45BKGR CB?BEG K4EFBF CD<9@A<>B6. 

"7D4A<K<@ES GE?B6<9@, KFB 6OIB8A4S @BMABEFP FDBCBEH9DAB= 
>B@CBA9AFO 5G89F EBEF46?SFP 100�1000 �F, 4 6OIB8A4S @BMABEFP D48<B-
D9?9=AB= >B@CBA9AFO � 1�10 �F. �4C4E %�+ GDB6AS G D48<BD9?9=AB= 
>B@CBA9AFO 8B?:9A EBEF46?SFP A9 @9A99 30 8�.  

"EAB6AO@< F9IA<K9E><@< C4D4@9FD4@<, BCD989?SRM<@< 1 % 
$�% S6?SRFES [2]:  

� 6OIB8A4S @BMABEFP C9D984FK<>4; 
� D45BK4S CB?BE4 K4EFBF C9D984FK<>4; 
� GDB69AP 6A9CB?BEAOI <;?GK9A<= C9D984FK<>4; 
� GDB69AP CB5BKAOI <;?GK9A<= C9D984FK<>4; 
� KG6EF6<F9?PABEFP CD<9@A<>4; 
� <;5<D4F9?PABEFP CD<9@A<>4 CB EBE98A9@G, CB5BKAO@ < 6A9CB?BE-

AO@ >4A4?4@ CD<9@4; 
� GDB69AP <;?GK9A<S 79F9DB8<AB6 6 FD4>F9 CD<9@4; 
� 8<47D4@@O A4CD46?9AABEF< 4AF9AA; 
� >BQHH<J<9AF GE<?9A<S 4AF9AA 6 B5?4EF< 7?46AB7B < 5B>B6OI ?9-

C9EF>B6; 
� L<D<A4 8<47D4@@O A4CD46?9AABEF< 6 7BD<;BAF4?PAB= < 69DF<-

>4?PAB= C?BE>BEFSI CB GDB6AR �38�; 
� CBF9D< 6 H<89D9. 
#D< 4A4?<;9 B59EC9K9A<S 1 % $�%, D4ECB?B:9AAOI A4 B8AB@ 

B5N9>F9, CDB<;6989@ E?98GRM<9 BJ9ABKAO9 D4EK9FO:  
� K4EFBFAO= 4A4?<;;  
� D4EK9F 8BCGEF<@B= @BMABEF< A9CD98A4@9D9AAB= CB@9I< A4 6IB89 

CD<9@A<>4;  
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� D4EK9F K4EFBF < GDB6A9= <AF9D@B8G?SJ<BAAOI <;?GK9A<= C9D9-
84FK<>4;  

� D4EK9F K4EFBF < GDB6A9= CB5BKAOI < >B@5<A4J<BAAOI >4A4?B6 
CD<9@4; 

� D4EK9F D4;6S;B> @9:8G 5?<;>BD4ECB?B:9AAO@< 4AF9AA4@<.  
+4EFBFAO= 4A4?<; BEGM9EF6?S?ES 8?S >4:8B7B >BA>D9FAB7B D4EK9F4 

GDB6A9= <;?GK9A<=.  
!9CD98A4@9D9AA4S CB@9I4 CDBA<>49F A4 6IB8 CD<9@A<>4 CD< 6O-

CB?A9A<< A9D469AEF64 [2]:  

,  (1) 

789  � AB@9D 74D@BA<>< A9EGM9= K4EFBFO C9D984FK<>4;  � 
A9EGM4S K4EFBF4 C9D984FK<>4 -7B $�%;  � AB@9D 74D@BA<>< 
K4EFBFO 79F9DB8<A4 CD<9@A<>4;  � AB@9D CB5BKAB7B >4A4?B-
CD<9@4;  � K4EFBF4 A4EFDB=>< CD<9@A<>4 -7B $�%;  8?S 69DIA9= 
A4EFDB=>< 79F9DB8<A4 CD<9@A<>4 <  8?S A<:A9= A4EFDB=>< 79F9DB-
8<A4 CD<9@A<>4;  � C9D64S #+ CD<9@A<>4 -7B $�%;  � CB?B-
E4 K4EFBF D48<B<;?GK9A<S -7B $�% A4 -= 74D@BA<>9 A4 GDB6A9  8� 6 -
B@ CB5BKAB@ >4A4?9 CD<9@4;  � CB?BE4 CDBCGE>4A<S GE<?<F9?S #+ 
CD<9@A<>4 -7B $�% A4 GDB6A9  8�. 

$9L9A<9 A9D469AEF64 (1) CB;6B?S9F BCD989?<FP F4><9 EBK9F4A<S 
AB@9DB6 74D@BA<> C9D984FK<>4  < 79F9DB8<A4  < AB@9D4 CB-
5BKAB7B >4A4?4 CD<9@4  CD< >BFBDOI 6B;@B:AB 6B;A<>AB69A<9 < 
CDBA<>AB69A<9 CB@9I 6 BEAB6AB= < CB5BKAB= >4A4?O CD<9@4. 

�BCGEF<@4S @BMABEFP CB@9I< A4 6IB89 CD<9@A<>4: FDBCBEH9DAB= 
>B@CBA9AFO � �140 8��F; D48<BD9?9=AB= >B@CBA9AFO � �130 8��F. 

"E?45?9A<9 6B;89=EF6<S CB@9I< ;4 EK9F CDBA<>AB69A<S CB CB5BKAO@ 
>4A4?4@ CD<9@4 A4 6IB8 CD<9@A<>4 8B?:AB EBEF46?SFP        �50��70 8�. 

�AF9D@B8G?SJ<S 6 CD<9@A<>9 6B;A<>49F 6 E?GK49 6OCB?A9A<S A9-
D469AEF64 [2]: 

      (2) 

789  � K4EFBFO @9L4RM<I E<7A4?B6;  � AB@9D4 74D@BA<> 
@9L4RM<I E<7A4?B6;  � K4EFBF4 79F9DB8<A4 �7B CD<9@A<>4. 

$4EK9F K4EFBF < GDB6A9= <AF9D@B8G?SJ<BAAOI <;?GK9A<= C9D984F-
K<>4 BEGM9EF6?S9FES E?98GRM<@ B5D4;B@. +4EFBFO <AF9D@B8G?SJ<BAAOI 
<;?GK9A<= C9D984FK<>4 @B:AB BCD989?<FP CB HBD@G?9 [2]: 

 
789 � K4EFBFO C9D984FK<>4;  � J9?O K<E?4. 
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"F@9F<@, KFB A9CD46<?PAO= 6O5BD L474 E9F>< K4EFBF 6B;5G8<F9?S-
79F9DB8<A4 @B:9F CD<69EF< > FB@G, KFB A4 BF89?PAOI K4EFBF4I @B:9F B5-
D4;B6O64FPES 8B 30 <AF9D@B8G?SJ<BAAOI CB@9I 3-7B CBDS8>4 < 8B 240 
<AF9D@B8G?SJ<BAAOI CB@9I 5-7B CBDS8>4. �; A9D469AEF64 (2) E?98G9F, KFB 
<AF9D@B8G?SJ<BAAO9 <;?GK9A<S 8B?:AO 5OFP CB846?9AO A4 50�70 8�. 

�;69EFAB, KFB CB@9I< 6 CD<9@A<>9 @B7GF CBEFGC4FP A9 FB?P>B K9D9; 
BEAB6AB= >4A4? CD<9@4, AB < K9D9; A9BEAB6AO9 >4A4?O CD<9@4: CB5BKAO= 
>4A4? CD<9@4 #+, CB5BKAO= >4A4? CD<9@4 A4 ;9D>4?PAB= K4EFBF9, CB5BK-
AO9 >4A4?O CD<9@4 A4 >B@5<A4J<BAAOI K4EFBF4I  < 

, CB5BKAO9 >4A4?O CD<9@4 A4 EG574D@BA<>4I K4EFBFO A4EFDB=>< 
CD<9@A<>4  < ;9D>4?PAB= K4EFBFO . �;5<D4F9?PABEFP 
CD<9@A<>4 FDBCBEH9DAB= >B@CBA9AFO CB EBE98A9@G >4A4?G 8B?:A4 EB-
EF46?SFP A9 @9A99 75 8�, 4 D48<BD9?9=AB= >B@CBA9AFO � A9 @9A99 85 8�. 

%D98A<9 (J9AFD4?PAO9) K4EFBFO CB5BKAOI >4A4?B6 CD<9@4 BCD989-
?SRFES E?98GRM<@ B5D4;B@: 

 
#B5BKAO= >4A4? A4 #+ 8?S FDBCBEH9DAB= >B@CBA9AFO 8B?:9A 

5OFP BE?45?9A A4 80 8�, 4 8?S D48<BD9?9=AB= >B@CBA9AFO � A4 100 8�. 
#B5BKAO= >4A4? CD<9@4 CB ;9D>4?PAB= K4EFBF9 8?S FDBCBEH9DAB= 

>B@CBA9AFO 8B?:9A 5OFP BE?45?9A A4 70 8�, 4 8?S D48<BD9?9=AB= >B@CB-
A9AFO A4 90 8�. 

�B@5<A4J<BAAO9 >4A4?O CD<9@4 A4 74D@BA<>4I 79F9DB8<A4 E K4E-
FBF4@< 8B?:AO 5OFP BE?45?9AO A4 70 8� < A4 85 8� EB-
BF69FEF69AAB.  

!9?<A9=AO9 CB5BKAO9 >4A4?O CD<9@4 CBS6?SRFES A4 K4EFBF4I 
 CD<  6 E?GK49, 9E?< GDB69AP 6IB8AB7B E<7-

A4?4 8BEF4FBKAB 69?<> < CB869D749FES A9?<A9=AO@ CD9B5D4;B64A<S@ 6 
E@9E<F9?9 CD<9@A<>4, 6 D9;G?PF4F9 K97B 6 E@9E<F9?9 B5D4;GRFES 97B 74D-
@BA<>< ( ). !4CD<@9D, 6;4<@B89=EF6<9 6FBDOI 74D@BA<> @9L4RM97B 
E<7A4?4 < 79F9DB8<A4 ( ) CD<6B8<F > CBS6?9A<R CB?G;9D>4?PAB7B 
>4A4?4 A4 K4EFBF9: 

. 
#B?GK9AAO9 ;A4K9A<S E6<89F9?PEF6GRF B FB@, KFB <;5<D4F9?PABEFP 

CD9E9?9>FBD4 CD<9@A<>4 FDBCBEH9DAB= >B@CBA9AFO, < BEB59AAB CD9E9-
?9>FBD4 D48<BD9?9=AB= >B@CBA9AFO, 8B?:A4 5OFP BK9AP 6OEB>B=.  

"K9AP :9EF><9 FD95B64A<S CD98NS6?SRFES > 8<47D4@@4@ A4CD46-
?9AABEF< 4AF9AA  *&D$$%. �AF9AAO FDBCBEH9DAB= < D48<BD9?9=AB= 
>B@CBA9AF  *&D$$% @B:AB EK<F4FP D4;A9E9AAO@< A4 @4?O9 D4EEFBSA<S, 
F4> >4> 9M9 A9 EHBD@<DB64AO <I 8<47D4@@O A4CD46?9AABEF<. #BQFB@G 
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A48B ;A4FP D4;6S;>G @9:8G 4AF9AA4@<. !4<IG8L<= E?GK4=, >B784 C9D6O= 
5B>B6B= ?9C9EFB> 8<47D4@@O A4CD46?9AABEF< 4AF9AAO FDBCBEH9DAB= 
>B@CBA9AFO 5G89F A4CD46?9A A4 BEAB6AB= ?9C9EFB> 8<47D4@@O A4CD46-
?9AABEF< 4AF9AAO D48<BD9?9=AB= >B@CBA9AFO. #B85BD G>4;4AAOI 6OL9 
4AF9AA 8?S FDBCBEH9DAB= >B@CBA9AFO < 8?S D48<BD9?9=AB= >B@CBA9AFO 
 *&D$$% B59EC9K<649F FD95G9@GR D4;6S;>G.  

 BMABEFP <;?GK9A<S $�% D4EEK<FO649FES E?98GRM<@ B5D4;B@ [2]: 

 

  (3) 

789  � A4CDS:9AABEFP Q?9>FD<K9E>B7B CB?S 6 A9>BFBDB= FBK>9 6 A4CD46-
?9A<<  6 84?PA9= ;BA9 A4 D4EEFBSA<< .  

�OD4:9A<9 8?S  CB HBD@G?9 (3) @B:AB 6OK<E?<FP, CD98EF46<6 
HGA>J<R 86GI C9D9@9AAOI  6 6<89 CDB<;6989A<9 HGA>J<= B8AB= 
C9D9@9AAB=: 

.      (4) 
�OD4:9A<9 (4) @B:AB <AF9DCD9F<DB64FP >4> CD98EF46?9A<9 8<4-

7D4@@O A4CD46?9AABEF< 4AF9AAO 6 6<89 CDB<;6989A<S 8<47D4@@ A4CD46-
?9AABEF9= 6 69DF<>4?PAB= < 7BD<;BAF4?PAB= C?BE>BEFSI. 

&B784, 6OD4:9A<9 (3) E GK9FB@ CD<5?<:9AAB7B D469AEF64 (4) @B:AB 
CD<69EF< > 6<8G: 

 

  (5) 

789  � K<E?B D4;5<9A<= CDB@9:GF>4  CD< <AF97D<DB64A<< CB ,   
 � K<E?B D4;5<9A<= CDB@9:GF>4  CD< <AF97D<DB64A<< CB , 

 � -9 ;A4K9A<9 G7?4 ,  � -9 ;A4K9A<9 
G7?4 . 

%G@@<DB64A<9 6 (5) BEGM9EF6?S?BEP E L47B@ 6 B8<A 7D48GE, FB 9EFP 
.  

$4EK9F 69?<K<AO  BEGM9EF6?S?ES A4 BEAB69 @9FB8<>< [3].  
�4DP<DGS ;A4K9A<S@<  < , BCD989?S?<EP ;A4K9A<S 8<47D4@@ A4-

CD46?9AABEF9=  < , 4 ;A4K<F < 8<47D4@@O A4CD46?9AABEF< 
. 1FB CB;6B?S9F A4=F< D94>F<6AO9 EBEF46?SRM<9 <@C984AEB6 Q>-

6<64?9AFAB= EI9@O 4AF9AAO < ABD@<DB64AAO= Q>6<64?9AFAO= <@C984AE 
, 4 ;4F9@ < D4;6S;>G [3]: 

. 

�OK<E?9AAB9 ;A4K9A<S D4;6S;>< EBEF46?S9F ~ 26,5 8� 
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"59EC9K<FP F4>GR 69?<K<AG  @B:AB CD<@9ASS >B@5<A4J<R D4;-
?<KAOI ECBEB5B6 CB6OL9A<S D4;6S;>< @9:8G 4AF9AA4@< FDBCBEH9DAB= < 
D48<BD9?9=AB= >B@CBA9AF, D4ECB?B:9AAOI A4 B8AB@ B5N9>F9. 

!4  *&D$$% CD<ASFO E?98GRM<9 @9DO CB G69?<K9A<R D4;6S;>< 
@9:8G 4AF9AA4@<: 

� BCD989?9AB 6;4<@AB= D4ECB?B:9A<9 4AF9AA, KFB BFD4:9AB 6 �A-
EFDG>J<< CB Q>EC?G4F4J<< EF4AJ<<; 

� CD<@9A9AB CB?SD<;4J<BAAB9 D4;A9E9A<9; 
� GKF9AO A4CD46?9AAO9 E6B=EF64 4AF9AA < 6?<SA<9 >BAEFDG>F<6AOI 

Q?9@9AFB6 4AF9AAOI E<EF9@, 6>?RK4S BCBDAB-CB6BDBFAB9 GEFDB=EF6B FDB-
CBEH9DAB= >B@CBA9AFO < F9?9E>BC<K9E>GR @4KFG D48<BD9?9=AB= >B@CB-
A9AFO. 

#D<6989@ I4D4>F9D<EF<>< A9BE9E<@@9FD<KAB= B8AB;9D>4?PAB= 4A-
F9AAO FDBCBEH9DAB= >B@CBA9AFO  *&D$$%: 

� >BQHH<J<9AF GE<?9A<S 4AF9AAO � 39 8� ; 
� GDB69AP C9D6OI 5B>B6OI ?9C9EF>B6 A9 5B?99 � �15 8�; 
� GDB69AP 84?PA97B 5B>B6B7B <;?GK9A<S A9 5B?99 

6 E9>FBD9  � �30��35 8�; 
6 E9>FBD9  � �35��40 8�; 

� GDB69AP ;48A97B <;?GK9A<S A9 5B?99  
6 E9>FBD9 BF  � �45 8�. 

"CBDAB-CB6BDBFAB9 GEFDB=EF6B B59EC9K<649F: 
CB 4;<@GFG ; 
CB G7?G @9EF4 . 

� >4K9EF69 4AF9AAO D48<BD9?9=AB= >B@CBA9AFO  *&D$$% CD<@9-
AS9FES BE9E<@@9FD<KA4S B8AB;9D>4?PA4S 4AF9AA4 (>BQHH<J<9AF GE<?9A<S 
< 8DG7<9 I4D4>F9D<EF<>< BCD989?SRFES <; 6O5D4AAB7B 8<4C4;BA4 K4EFBF). 
�<4C4;BA D45BFO D48<BD9?9=AB= >B@CBA9AFO  *&D$$% BCD989?S9FES 
�4>4;K<>B@, <EIB8S <; «!4J<BA4?PAB= F45?<JO D4ECD989?9A<S CB?BE D4-
8<BK4EFBF '>D4<AO» [4] < «#?4A4 <ECB?P;B64A<S D48<BK4EFBFAB7B D9EGD-
E4 '>D4<AO» [5]: 

� 1,7�2,1 ��J ($9>B@9A84J<S  %1 F.382); 
� 5,85�6,425 ��J ($9>B@9A84J<S  %1 F.383);   
� 6,425�7,11 ��J ($9>B@9A84J<S  %1 F.384); 
� 7,25�7,75 ��J ($9>B@9A84J<S  %1 F.385); 
� 7,9�8,4 ��J ($9>B@9A84J<S  %1 F.386). 
&4><@ B5D4;B@, :9EF><9 FD95B64A<S CB 1 % $�%, A4IB8SM<IES 6 

EBEF469  *&D$$% E6<89F9?PEF6GRF B FB@, KFB D4;D45BF>4 E<EF9@O GCD46-
?9A<S EF4AJ<9= FD95G9F A9EF4A84DFAB7B CB8IB84. �6FBD4@< CD98?B:9AB 
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CD<@9A<FP 6 >4K9EF69 GCD46?SRM<I E<7A4?B6 BDFB7BA4?PAO9 >GEBKAB-
A9CD9DO6AO9 HGA>J<< E<EF9@O 'B?L4-#Q?<.  

%C<EB> ?<F9D4FGDO 

1. #4F9AF '>D4<AO №112217 « B5V?PA4 J<HDB64 FDBCBEH9DAB-
D48VBD9?9=A4 EF4AJVS», BCG5?<>B64AAO= 10.08.2016 6 �R??9FA9 № 15. 

2. (9B>F<EFB6 2.�.,  4F4EB6 �.�, �4LGD<A �.�. &9BD<S < @9FB8O Q?9>F-
DB@47A<FAB= EB6@9EF<@BEF< D48<BQ?9>FDBAAOI ED98EF6. #B8 D98. (9B>F<EFB64 
2.�. �  .: $48<B < E6S;P, 1988. � 216 E.  

3. �BK9D:96E><= �.!., �DBI<A �.�., �B;OD96 !.�. �AF9AAB-H<89DAO9 GEF-
DB=EF64. �  .: $48<B < E6S;P, 1989. � 352E. 

4. #BEF4AB64 �45VA9FG  VAVEFDV6 '>D4WA< 6V8 15 7DG8AS 2005D.   № 1208 
«#DB ;4F69D8:9AAS !4JVBA4?PABW F45?<JV DB;CB8V?G E@G7 D48VBK4EFBF '>D4WA<». 

5. #BEF4AB64 �45VA9FG  VAVEFDV6 '>D4WA< 6V8 9 K9D6AS 2006D. №815 «#DB 
;4F69D8:9AAS #?4AG 6<>BD<EF4AAS D48VBK4EFBFAB7B D9EGDEG '>D4WA<». 

'�� 004.9:519.2 
�<D<K9A>B �.".1  

"�"�-�!!/� #"�)"� � ($��&��0!" ' �!����' 

%� "#"�"�!/) �  '�0&�($��&��0!/) �$� �!!/) 

$3�"� 

�484K< EB6D9@9AAB= A9?<A9=AB= H<;<><, D48<BQ?9>FDBA<><, F9B-
D<< GCD46?9A<S < 8DG7<I B5?4EF9= A4G>< < F9IA<>< FD95GRF D4;D45BF>< < 
CD<@9A9A<S AB6OI @4F9@4F<K9E><I @9FB8B6 < 4?7BD<F@<K9E>B7B B59EC9-
K9A<S 4A4?<;4 84AAOI. "8A<@ <; EB6D9@9AAOI <AEFDG@9AFB6 <EE?98B64-
A<S 8<A4@<>< < EFDG>FGDO 6D9@9AAOI DS8B6 (�$) S6?S9FES HD4>F4?PAO= 
4A4?<;.  

1>EC9D<@9AF4?PAO9 < K<E?9AAO9 <EE?98B64A<S, CDB6989AAO9 6 CB-
E?98A<9 89ESF<?9F<S, G598<F9?PAB E6<89F9?PEF6GRF, KFB @AB7<9 <AHBD-
@4J<BAAO9, 5<B?B7<K9E><9, H<;<K9E><9, F9IAB?B7<K9E><9 CDBJ9EEO B5?4-
84RF E?B:AB= HD4>F4?PAB= EFDG>FGDB=. %4@BCB8B5<9 E?GK4=AOI CDBJ9E-
EB6 ;4>?RK49FES 6 EBID4A9A<< EF4F<EF<K9E><I I4D4>F9D<EF<> CD< <;@9A9-
A<< @4ELF454 6D9@9A<.  BABHD4>F4?PAO9 CDBJ9EEO S6?SRFES B8ABDB8-
AO@< 6 FB@ E@OE?9, KFB B5?484RF B8A<@ C4D4@9FDB@ E>9=?<A74 � CB>4;4-
F9?9@ )9DEF4, >BFBDO= BEF49FES A9<;@9AAO@ A4 ?R5B@ 8<4C4;BA9 @4E-

                                                           
1 8.F.A., CDBH9EEBD >4H98DO CD<>?48AB= @4F9@4F<>< )4DP>B6E>B7B A4J<BA4?PAB7B 
GA<69DE<F9F4 D48<BQ?9>FDBA<>< 
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LF45B6.  G?PF<HD4>F4?PAO9 CDBJ9EEO 8BCGE>4RF D4;?B:9A<9 A4 GK4EF>< 
E D4;?<KAO@< ?B>4?PAO@< @4ELF45AO@< E6B=EF64@< < I4D4>F9D<;GRFES 
EC9>FDB@ E>9=?<A7B6OI CB>4;4F9?9= � B5B5M9AAO@ CB>4;4F9?9@ )9DEF4, 
>BFBDO= S6?S9FES A9?<A9=AB= HGA>J<9=.  

� D45BF9 CD98?B:9A B5B5M9AAO= >B@C?9>EAO= CB8IB8 > 4A4?<;G 
E4@BCB5AOI < @G?PF<HD4>F4?PAOI E6B=EF6 �$. #D<6989A4 CBE?98B64-
F9?PABEFP QF4CB6 CDB6989A<S HD4>F4?PAB7B 4A4?<;4. 1F<@< QF4C4@< S6?S-
RFES: CD9864D<F9?PAO= 4A4?<;, 6>?RK4RM<= G84?9A<9 >D4F>BEDBKAB= 
;46<E<@BEF< < 6OS6?9A<9 <EF<AAB= 8B?7BEDBKAB= ;46<E<@BEF<; CDB69D>4 
7<CBF9;O B A4?<K<< E6B=EF64 E4@BCB8B5<S; A9E@9M9AAB9 <AF9D64?PAB9 
BJ9A<64A<9 CB>4;4F9?S )9DEF4 6 E?GK4SI EF4J<BA4DAOI < A9EF4J<BA4DAOI 
�$ A9E>B?P><@< @9FB84@<; GFBKA9A<9 CB?GK9AAB= BJ9A>< CB>4;4F9?S 
)9DEF4 [1]. 

�4:AO@ QF4CB@ <EE?98B64A<S S6?S9FES BCD989?9A<9, <@99F ?< �$ 
@BAB- <?< @G?PF<HD4>F4?PAO9 E6B=EF64. � D45BF9 [2] CD98?B:9A @9FB8, 
CB;6B?SRM<= CD<A<@4FP <?< BF69D74FP 7<CBF9;G B A4?<K<< @BABHD4>-
F4?PAOI E6B=EF6 8?S �$. � BEAB69 @9FB84 ?9:4F <EE?98B64A<S EF4F<EF<K9-
E><I I4D4>F9D<EF<> 6O5BDBKAOI ;A4K9A<= B5B5M9AAB7B CB>4;4F9?S )9D-
EF4, >BFBDO9 @B:AB <ECB?P;B64FP 6 >4K9EF69 >D<F9D<S 8?S CD<ASF<S 7<CB-
F9;O B @BABHD4>F4?PABEF<. 

#D< CDB6989A<< @G?PF<HD4>F4?PAB7B 4A4?<;4 D4EE@4FD<64RFES F4-
><9 I4D4>F9D<EF<>< >4> B5B5M9AAO= CB>4;4F9?P )9DEF4, E>9=?<A7B64S 
Q>ECBA9AF4, HGA>J<S @G?PF<HD4>F4?PAB7B EC9>FD4. � D45BF9 [3] CB>4;4AB, 
KFB 6 >4K9EF69 >B?<K9EF69AAB= @9DO @G?PF<HD4>F4?PABEF< �$ J9?9EBB5-
D4;AB <ECB?P;B64FP B5B5M9AAO= CB>4;4F9?P )9DEF4. 

� D45BF9 A4 @AB7BK<E?9AAOI CD<@9D4I CD98EF46?9AO QF4CO CDB69-
89A<S HD4>F4?PAB7B 4A4?<;4 < CD4>F<K9E>B9 <ECB?P;B64A<9 CB?GK9AAOI 
D9;G?PF4FB6 6 D4;?<KAOI B5?4EFSI: 6 F9?9>B@@GA<>4J<BAAOI < <AHBD@4-
J<BAAOI E<EF9@4I 8?S CD98BF6D4M9A<S C9D97DG;>< E9F< CD< C9D984K9 
E4@BCB8B5AOI FD4H<>B6 84AAOI; CDB7AB;<DB64A<9 >D<F<K9E><I E<FG4J<= 
A4 H<A4AEB6OI DOA>4I CB <;@9A9A<R HD4>F4?PAB= EFDG>FGDO 64?RFAOI 
C4D, J9A 4>J<= < Q>BAB@<K9E><I <A89>EB6; GFBKA9A<9 8<47AB;4 < D4AA99 
6OS6?9A<9 ;45B?964A<= CB 84AAO@ 5<B@98<J<AE><I E<7A4?B6, F4><I >4> 
>4D8<B7D4@@O < QAJ9H4?B7D4@@O; 89F9>F<DB64A<9 E9=E@<K9E><I S6?9A<= 
6 ;4LG@?9AAOI E9=E@BE<7A4?4I < F.8. 

$9;G?PF4FO <EE?98B64A<S E6<89F9?PEF6GRF, KFB <;@9A9A<S EBEFBS-
A<S CDBJ9EE4, EBCDB6B:84RM<9ES <;@9A9A<9@ 97B >BDD9?SJ<BAAB= < 
EC9>FD4?PAB= EFDG>FGDO, ;4K4EFGR A4 A9;A4K<F9?PAB@ GDB6A9, 6?9>GF ;4 
EB5B= EGM9EF69AAO9 <;@9A9A<S >B?<K9EF69AAOI < >4K9EF69AAOI HD4>-
F4?PAOI I4D4>F9D<EF<>. &4><@ B5D4;B@, CD98?B:9AAO9 6 D45BF9 @9FB8O 
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4A4?<;4 HD4>F4?PAB= EFDG>FGDO 6D9@9AAOI DS8B6 @B7GF 5OFP CD<@9A9AO 
8?S @BA<FBD<A74, 8<47ABEF<>< < CDB7AB;<DB64A<S �$ D4;?<KAB= CD<DB8O, 
B5?484RM<I E6B=EF64@< E4@BCB8B5<S. 
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1 %��*�3 «$���"&�)!�+!�, $���"�"��*��!� � !�����*��!� 
%�%&� �» 

UDC 681.5.015 
Firsov S.N.1 Pishchukhina ".�.2 

INFORMATION TECHNOLOGY FOR ASSESSMENT OF 

COMPUTER-INTEGRATED SYSTEMS RESILIENCE  

Property of the system�s functional resilience is the ability to maintain 
the performance of its basic functions over given time, within the limits estab-
lished by applicable regulatory requirement in terms of either countering or 
impact of the flow of failures, malfunctions and faults [1,2]. The presented 
definition reflects the close relationship of the concept of «functional sustain-
ability» with such concepts as «reliability», «survivability» and «fault toler-
ance». However, the fundamental difference between them is that the methods 
for ensuring functional sustainability should be focused not on reducing num-
ber of emergency situations (as traditional methods of increasing reliability, 
survivability and fault tolerance of technical systems), but on ensuring fulfill-
ment of the required functions when abnormal situations have been occurred. 
Therefore, ensuring the functional sustainability of systems goes beyond the 
traditional and classical control theory, as it implies the presence of incomplete 
aprioristic information about the technical state of the system and conditions of 
its operation. This puts forward operative formation of movement parameters 
management corresponding to the system�s technical condition and the optimal 
use of all available resources [3]. 

Formation of the set of functional sustainability indexes of CITS is an 
important and crucial stage in the creation of theoretical foundations of this 
property introduction. This process is associated with the necessity to meet a 
number of contradictory requirements for such indexes. Resolution of these 
contradictions is possible by application of reasonable compromise, as well as 
by using of system of partial indexes (for which the area of application is lim-
ited) while solving a number of the specific tasks. That is why the formation of 

                                                           
1 Dr. Sc., Head of the Department of Electrical Engineering and Mechatronics, National 
Aerospace University  
2 Ph.D., Associate Professor, Department of Informatics, Kharkiv National University of 
Radio 
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functional sustainability indexes of CITS is cutting-edge problem requiring 
relevant analysis, consideration and practical implementation. 

In this thesis emerged failures are considered as the probable events, and 
probabilistic indexes dominate for reliability characteristics. However, due to 
the fact that a failure is characterized by uncertainty associated with the time, 
fault�s location, its class and type in the framework of the functionally sustain-
able management concept, the probability theory does not provide an appropriate 
mechanism to determine the level of functional sustainability. Therefore, there 
is a necessity to introduce other indexes, which take into account the above 
specifics, as well as characterizing the quality of the functionally sustainable 
management. 

Offered quantitative indexes of systems resilience can be defined as the 
ratio between the complex parameters of quality of the computer-integrated 
system with the functional sustainability, and the system, which does not pos-
sess any properties of functional sustainability. Integrated quality indexes re-
flect the degree of influence to abnormal situations on the basic characteristics 
of the computer-integrated technological system. For assessment of complex 
indexes of system the most essential indexes has been used: capacity, sustain-
ability, accuracy, controllability.  

The results of conducted research contain the integrated assessment, i.e. 
formed complex indexes of functional sustainability of CITS to assess the level 
of system�s functional sustainability. The method of assessment of the intro-
duced complex quality index allowing to determine the functional sustainability 
level of CITS has been offered. Criteria allowing quantitative evaluation of the 
functional sustainability level have been formed as for promising, as for classi-
cal CITS. After series of experiments in simulation mode it has been proved, 
that the use of the proposed methodology for the functional sustainability al-
lows: to improve the complex quality index of system by 2.4 times compared 
with the same system without the property of functional sustainability; to in-
crease the integral value of functional sustainability by 2.8 times compared 
with the system, in which traditional methods for ensuring operability are used. 
Besides, conducted practical experiments and evaluation of functional sustain-
ability prove, that the application of the methodology to ensure the functional 
sustainability of CITS increases the operability level for both its typical ele-
ments and the whole system. 
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NAVIGATION SYSTEMS IN THE MILITARY PROBLEMS 

Kriege und Militerskonflikte der allerletzten Zeit bescheinigen, daß 
erfolgreich zu handeln an beliebigem Kriegssschauplatz ohne das Be-
stimmung des Aufenthaltsort und der Navigation unmöglich  ist es. Ana-
lyse der welten Richtungen der Eentwicklung der Navigations Süstems   
in Armeen der führenden Weltgegenden angibt, daß auf heutigen Tag 
Problem des Aufsteigens der Qualität der Navigations Versorgung in 
Kriegswesen  immer mehr aktualitet wird.  

Vollkommen scheinbar, daß ab Genauigkeit, Fälle und Ununterbro-
chenheit der Navigations Information, die in Gebäude des Amtes Truppen 
zirkuliert, in respektierlichem Grad abhängt hoche Effektivität des Amtes 
der Abteilungen und die Anwendung der Bewaffnung und militarische 
Technik zu der Zeit kämpferische Aktionen.  

In modernen bewaffneten Konflikten und friedensstiftende Opera-
tionen, die Abteilungen der Heers Truppen entscheiden Kampfaufgaben 
mit breiter Anwendung des Manövers, das Einheitsgewicht der Märsche 
erhäht. Die Bewegung der Truppen verrichtet man, gevöhnlich, im Nacht-
zeit oder in Bedingungen des beschränkten Anscheins, meistens an unbe-
kannter Gegend. Als Ermittlung, erhöhen sich Anforderung hinsichtlich 
Verlasses des Amtes der Abteilungen  mit dem Ziel sie rechtzeitiger und 

                                                           
1 d.F.w., prof., Nationaler Akaaemi des Heer des Namens des Hetmans Pjotr Sagay-
dachnogo, L�viv  
2 k.F.w., Nationaler Akaaemi des Heer des Namens des Hetmans Pjotr Sagaydachnogo, 
L�viv  
3 k.F.w.,  Nationaler Akaaemi des Heer des Namens des Hetmans Pjotr Sagaydachnogo, 
L�viv  
4 Nationaler Akaaemi des Heer des Namens des Hetmans Pjotr Sagaydachnogo, L�viv  
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exakter Ausgang in Ohrtziele. Hierfür Kommandeure müssen beherrschen 
kontinuierliche und exakter Information über die Koordinaten ihriger Ge-
walten und Gewalten des Feinds in beliebigen Moment Zeit mit Detaillie-
rung zu einzeln angeordneter kämpferischer Maschine (Soldat).  

Ja, die Navigation der erdbeweglichen Objekte anhand der an Ma-
schinen angesetzten Navigations Apparatur erlaubt Kommandeuren und 
Stäbe: 

� in beliebigen Moment Zeit des Aufenthaltsort in Kampfordnun-
gen als an Marsch als auch zu der Zeit kämpferische Aktionen zu kennen; 

� Kolonnen in Bedingungen des beschränkten Anscheins zu führen, 
an Gegend, die respektierliche Änderungen in Ergebnis der kämpferischen 
Aktionen ausprobierte, oder an Gegend, wo Orientierungspunkte man 
fehlt ; 

� aufgegebene Fahrtrichtung bei Bewältigung der wässerigen Hin-
dernisse an Schwimmen und unter Gewässer zu ausdauern; 

� exakter vorschiebt der Abteilung, abgesonderte Maschine, in be-
stimmten Bezirk zu organisieren, auf festgesetzter Grenze (Manöver Be-
wegung); 

� Feuer der etlichen Maschinen für eins oder Gruppe der Ziele zu 
organisieren; 

� vervirklichen Kontrolle hinter all Deportationen an Kampfplatz, 
bis abgesonderten Armeeangehärige einbegriffen.  

All dieser berechtigt zu aufzählen Navigations Versorgung eins aus 
Bestimmungsfaktoren in Organisation des Gebäudes des Amtes der Trup-
pen und Erfolg der kämpferischen Aktionen.  

Die welten Tendenzie ist der Aufwärtsentwicklung der Navigations 
Gebäude spukt Durchführung des Bruchteils der kämpferischen Maschi-
nen der Kriegetruppen, als exakter und kontinuierlicher hinter Ausgabe 
der Navigations Information Apparatur, bis 100% Niveau, ausrüsten. 
Mehr als dies, aussichtsreiche Pläne auf Abschnitt bis 2020 D. und weiter 
es ist vorausgesagt, daß jeder abgesonderter Armeeangehörige an Kampf-
platz muß haben Navigationsmittel und Eingang zu erdinformationen An-
gaben. 

Standhält spukt die  Tendenzie  hinsichtlich Beiordnung der etlichen 
Navigations Gebäude in Umrahmungen vereinigten Gebäude, in partieller 
Apparatur der Benutzer des radionavigationer und autonomer Begleiters-
gebäudes .  

Schöpfung und Durchforschung der Effektivität der Gebäude der Na-
vigations Süstems    und Verarbeitung der erdinformationen Information 
bei Streitkräften der Ukraine es kommt, beachtenswerte Richtung der wis-
senschaftlichen Abhandlungen in Interessen der Schöpfung der automati-
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sierten Gebäude des Amtes Truppen an Anfangsgründe der erdinformatio-
nen Technologien zu aufzählen. 
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M9A<9 CD98?B:9AAB7B CB8IB84 A4 E?GK4= <ECB?P;B64A<S CDBJ98GD F9IAB-
?B7<< EGDDB74FAOI 84AAOI, 97B B5B5M9A<9 A4 E?GK4= B5D45BF>< E<7A4?B6 
6 4AF9AAOI D9L9F>4I, B5D45BF>< <;B5D4:9A<=. �DB@9 FB7B, CD98EF46?S9F 
<AF9D9E EB6@9EFAB9 <ECB?P;B64A<9 CB8IB84 E @9FB84@< CBA<:9A<S LG@4 
6 A45?R89A<<, >BFBDO9 <ECB?P;GRF EC9>FD4?PAB9 D4;?B:9A<9 �  A45?R-
89A<= [3�5]− @9FB8B@ SSA, @9FB84@<, BEAB64AAO@< A4 4A4?<;9 7?46AOI 
>B@CBA9AF (A9?B>4?PAB7B GED98A9A<S < ?B>4?PAB= B5D45BF>< 84AAOI). 

%C<EB> ?<F9D4FGDO 

1. Vasylyshyn V. Removing the outliers in root-MUSIC via pseudo-noise 
resampling and conventional beamformer /V. Vasylyshyn //Signal processing. � 2013. � 
Vol. 93. � P. 3423�3429. 

2. �BEF9A>B #.2. #B6OL9A<9 QHH9>F<6ABEF< EC9>FD4?PAB7B 4A4?<;4 E<7-
A4?B6 @9FB8B@ Root-MUSIC E <ECB?P;B64A<9@ EGDDB74FAOI 84AAOI/ #.2. �BEF9-
A>B, �.�. �4E<?<L<A // $48<BQ?9>FDBA<>4. � 2014. � &B@ 57, №1. � %.31�39.� (�;6. 
�G;B6). 

3. �4E<?<L<A �. �. �84CF<6AO= 64D<4AF F9IAB?B7<< EGDDB74FAOI 84AAOI 
8?S CB6OL9A<S QHH9>F<6ABEF< EC9>FD4?PAB7B 4A4?<;4 E<7A4?B6 EB5EF69AABEFDG>-
FGDAO@< @9FB84@< / �. �. �4E<?<L<A // �;6. 6G;B6. $48<BQ?9>FDBA<>4. � 2015. � &. 
 58, №3. � %. 26 � 39. 

4. �4E<?<L<A �.�. #D9864D<F9?PA4S B5D45BF>4 E<7A4?B6 E <ECB?P;B64A<9@ 
@9FB84 SSA 6 ;484K4I EC9>FD4?PAB7B 4A4?<;4/ �.�. �4E<?<L<A // #D<>?48A4S D4-
8<BQ?9>FDBA<>4: A4GK.-F9IA. :GDA4?. � 2014. �&B@ 13. № 1. � %. 43�50. 

5. �4E<?<L<A �.�. 1HH9>F<6ABEFP EC9>FD4?PAB7B 4A4?<;4 EB5EF69AABEF-
DG>FGDAO@< @9FB84@< CD< CD9864D<F9?PAB= B5D45BF>9 E<7A4?B6 @B8<H<J<DB64A-
AO@ @9FB8B@ SSA / �.�. �4E<?<L<A //%<EF9@< B5DB5>< VAHBD@4JVW. � 2016. �
�<CGE> 8(145). � %. 21�24. 
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'�� 534 (07)   
�DBIB?PEP><= 3. .1, %GEP �.�.2, %GEP �.�.3 

$���")���� 3� #"&�� +�%&�!"�,  

-" #�$��'��2&0 ' �"�����0!" ' %&�!� 

� A4G>B6V= V 6 A46K4?PAV= ?VF9D4FGDV D48VBI6<?V DB;7?S84RFPES S> 
S6<M9 I6<?PB69 [1]. "8A4> D48VBI6<?V � J9 ?<L9 K4EF<A4 V; ;474?PAB7B 
8V4C4;BAG 9?9>FDB@47AVFA<I I6<?P (� )) V 8B5D9  6V8B@B, MB VAL4 K4EF<-
A4 8V4C4;BAG � E6VF?B, D9AF79AV6EP>9 V 74@@46<CDB@VAR64AAS � @4RFP  86B-
WEFG CD<DB8G � J9 V I6<?V V K4EF<A>< 6B8ABK4E. &B@G 6<A<>4є CDB5?9@4 
FD4>FG64AAO D48VBI6<?P F4>B: ; FBK>< ;BDG WI 86BWEFBEFV � O> I6<?PB-
6B7B CDBJ9EG, F4> V >BDCGE>G?ODAB7B. #B7?S8 A4 S6<M9 ; VALBW FBK>< 
;BDG @B:9 6V8>D<F< VALV @B:?<6BEFV =B7B 54K9AAS. 

� F9BDVW  4>E69??4 6<C?<64є VEAG64AAS 9?9>FDB@47AVFA<I I6<?P S> 
6;4є@AB B5G@B6?9A<I >B?<64AP 9?9>FD<KAB7B V @47AVFAB7B CB?V6: 
    

0 1y y
E E c o s ( t k x ) ;= ω − + ψ   ( )0 2z z

H H c o s t k x= ω − + ψ . 

�?9>FD<KA9 V @47AVFA9 CB?S @4RFP 9A9D7VR. �?9 F4> S> E  V H  6 CDBJ9EV 
>B?<64AP ;@VARRFPES, FB ;@VARєFPES = 9A9D7VS 9?9>FDB@47AVFABW I6<?V. 
#BEF4є C<F4AAS: G MB C9D9F6BDRєFPES 9A9D7VS 9?9>FDB@47AVFABW I6<?V, 
>B?< 6BA4 ;@VARєFPES? -B5 6V8CB6VEF< A4 J9 C<F4AAS, CBFDV5AB 89F4?PAV-
L9 ;�SEG64F<, MB : F4>9 9?9>FDB@47AVFA4 I6<?S V S> 6BA4 CBL<DRєFPES 6 
CDBEFBDV ? !9;4C9D9KAB 6EF4AB6?9AB, MB E6VF?B � J9 I6<?V V K4EF<A>< 6B8-
ABK4E. "8A4> J9= 8G4?V;@ EF4AB6<FP CDB5?9@G, BE>V?P>< A9@B:?<6B GS6<-
F<, S> @B:A4 5GF< I6<?9R V K4EF<A>BR 6B8ABK4E. �9;G@B6AB, 6E9 J9 EFBEG-
єFPES F4>B: D48VBI6<?P.  

#DB5?9@< 86BWEFBEFV DB;7?SAGF4 6 DB5BFV [2], 89 CB>4;GєFPES, MB 
E6VF?B S> 9?9>FDB@47AVFA4 I6<?S є C96ABR HBD@BR DGIG @4F9DVW, >B?< 
B8<A 6<8 @4F9DVW (D9KB6<A4) C9D9F6BDRєFPES 6 VAL<= 6<8 @4F9DVW (CB?9). 
#D<>?48< C9D9IB8G @4F9DVW ; B8AB7B 6<8G 6 VAL<= 8B5D9 6V8B@V. &4>9 6V8-
5G64єFPES CD< CB8V?V S8D4 GD4AG CV8 K4E 6<5GIG S89DABW 5B@5<, >B?< K4E-
F<A4 @4E< S8D4 (D9KB6<A4) C9D9IB8<FP 6 9A9D7VR 74@@46<CDB@VAR-64AAS 
(CB?9). *9= CDBJ9E 6V85G64єFPES G 6V8CB6V8ABEFV ;V ECV66V8ABL9AAS@ 

2W c m= , S>9 6EF4AB6?Rє ;6�S;B> @V: @4EBR V 9A9D7VєR. �V8B@<= F4>B: 
                                                           
1 >4A8<84F F9IAVKA<I A4G>, 8BJ9AF. �V=EP>B6<= VAEF<FGF F9?9>B@GAV>4JV= F4 VAHB-
D@4F<;4JVW 
2 8B>FBD C98.A4G> (HV;<>4), CDBH9EBD. �V=EP>B6<= VAEF<FGF F9?9>B@GAV>4JV= F4 
VAHBD@4F<;4JVW 
3 >4A8. HV;.-@4F. A4G>., 6<>?484K >4H98D< A4ABHV;<>< >BA89AEB64A<I E<EF9@.  �<W6-
EP><= A4JVBA4?PA<= GAV69DE<F9F V@9AV &4D4E4 ,96K9A>4 
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;6BDBFAV= C9D9IV8 �  ; CB?S 6 D9KB6<AG, >B?< CD< ;GEFDVKV 86BI ´->64AFV6 
(CB?9) GF6BDRRFPES 9?9>FDBA V CB;<FDBA. &B@G JV?>B@ ?B7VKAB 8BCGEF<F<, 
MB 6 9?9>FDB@47AVFAV= I6<?V, 6>?RK4RK< E6VF?B V D48VBI6<?V, D94?V;GєFPES 
59;C9D9D6A<= C9DVB8<KA<= CDBJ9E C9D9IB8G 9A9D7VW  6 @4EG 6 V @4E< 6  9A9-
D7VR: ΔW→Δm→ΔW→Δm→�   �D4IB6GRK< 86BWEFVEFP CD<DB8<, E6VF?B 
E?V8 DB;7?S84F< A9 CDBEFB S> CBFV> K4EF<AB>, 4 S> CBFV> BEB5?<6<I K4EF<-
AB>, >B:A4 ; S><I C9D95G64є G >B?<6AB@G EF4AV [2]. &4><= CBFV> 6:9 S6?Sє 
EB5BR I6<?R, 5B 6V85G64єFPES CBL<D9AAS >B?<64AP G CDBEFBDV.  

 B:A4 CDB69EF< 4A4?B7VR @V: CBFB>B@ K4EF<AB> E6VF?4 V ;7D4єR 
CF4LB> G CB?PBFV, 89 >B:A4 CF4L>4 @4I4є >D<?4@< (>B?<6A<= CDBJ9E) V 
C9D9@VMGєFPES 6 CDBEFBDV.  B:A4 6<8V?<F< CF4LB>, S>V @4I4RFP >D<?4@< 
6 B8A4>B6V= H4;V � D4;B@ CV8AV@4RFP V D4;B@ BCGE>4RFP. &4>V CF4L>< 6 
CDBEFBDV GF6BDRRFP I6<?PB6G CB69DIAR ; C96ABR H4;BR, VALV CF4L>< 
GF6BDRRFP I6<?PB6G CB69DIAR ; VALBR H4;BR. !4BKABR @B89??R I6<?P 
V; K4EF<AB> @B:9 5GF< F4>B: @4DL EB?84FV6, 89 >B:9A EB?84F (K4EF<A>4) 
C9DVB8<KAB DGI4є AB74@< V F4>9 C9D9@VM9AAS >B?<64AP G CDBEFBDV @B:A4 
DB;7?S84F< S> I6<?PB6<= CDBJ9E. 

3> 5< FB 5G?B A9;6<KAB, 9?9>FDB@47AVFAG I6<?R D48VB8V4C4;BAG F4-
>B: @B:A4 FD4>FG64F< S> CBFV> K4EF<AB>, MB >B?<64RFPES ; 6V8CB6V8ABR 
K4EFBFBR. �4 4A4?B7VєR 8B E6VF?4, K4EF<A>< S>B7B A4;<64RFPES HBFBA4@<, 
K4EF<A>< I6<?P D48VB8V4C4;BAG G@B6AB @B:9@B A4;64F< «R-HBFBA4@<». 
#BFD4C?SRK< A4 CDB6V8A<> (4AF9AG), «R-HBFBA<» E6BW@ 9?9>FD<KA<@ CB-
?9@ 6C?<64RFP A4 9?9>FDBA< V 6<>?<>4RFP 6V8CB6V8AG 9?9>FDBDGLV=AG 
E<?G. � 84?V 6EV CDBJ9E< CV8E<?9AAS 9?9>FDB@47AVFA<I >B?<64AP DB;7?S-
84RFPES G;6<K4єA<@ L?SIB@. 

&4><@ K<AB@, DB;7?S84RK< 9?9>FDB@47AVFAV I6<?V S> CBFV> K4EF<-
AB>, MB C9D95G64RFP 6 >B?<64?PAB@G EF4AV F<CG ΔW→Δm→ΔW→Δm→�, 
CD<IB8<@B 8B DB;G@VAAS, MB VEAGє ;B6EV@ VAL4 CD<DB84 I6<?P, AV: J9 GS6-
?S?BES FD48<JV=AB S> >B?<64AAS C96AB7B E9D98B6<M4. !4ECD468V =89FPES 
CDB F9, MB VEAGє 86V CD<AJ<CB6B 6V8@VAAV CD<DB8< I6<?P � S> >B?<64AAO 
E9D98B6<M4 V S> CBFV> K4EF<AB>, O><@ 6?4EF<6<= 6AGFDVLAV= >B?<64-
?PA<= CDBJ9E. 

%C<EB> ?VF9D4FGD< 

1. %469?P96 �. �. �GDE B5M9= H<;<><, F. 2 / %469?P96 �. �. �  BE>-
64: !4G>4, 1978, § 104.  

2. %GEP �.�. !9;6<KA9 54K9AAS FD48<JV=A<I CDB5?9@A<I C<F4AP HV-
;<><. !4G>B6B-@9FB8<KA9  6<84AAS / %GEP �.�., %GEP �.�.  � �.: �* «#DB-
E6VF4», 2010. � 132 E. 
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'�� 621.317 
�DB54IVA ".".1, %4?F<>B6 �.2.2, �BD5 2.�.3 

��%&"%'��!!3 ����$�&�) )�������!�) $��"!�&"$�� 

� +�%&�"��  ������&$�+!�  ��#"�!�!!3  

��3 �� �$2��!!3 &� #�$�&'$� 

�?S 6<@VDR64AAS C4D4@9FDV6 74;BCB8V5AB7B E9D98B6<M4 K4EFB ;4-
EFBEB6GRFP 6V8>D<FV I6<?96V8AV D9;BA4FBD< (�)$) ;4>D<F<KAB7B F<CG, EFV-
A>< S><I A9 ;464:4RFP CDBIB8:9AAR D9KB6<A< CB FDG5BCDB6B8G. �?S F4-
><I D9;BA4FBDV6 I4D4>F9DAV 6<EB>4 8B5DBFAVEFP, DB;DV8:9A<= EC9>FD, CDBE-
FBF4 DB;@VM9AAS 8BE?V8:G64ABW D9KB6<A< 6 D9;BA4FBDV. #9DEC9>F<6A<@< є 
�)$, KGF?<6V 9?9@9AF< S><I 6<>BA4AV A4 BEAB6V @9F4?B8V9?9>FD<KA<I 
EFDG>FGD. � 84AV= DB5BFV DB;7?SAGFV @B:?<6BEFV ;4EFBEG64AAS �)$ ;4>D<-
F<KAB7B F<CG ; 8V9?9>FD<KABR 6EF46>BR ;@VAAB7B C9D9DV;G [1] 8?S 6<@V-
DR64AAS F9@C9D4FGD< 74;BCB8V5AB7B E9D98B6<M4, 6 FB@G K<E?V 6 CBFBJV. 

$9;BA4FBD S6?Sє EB5BR 6V8DV;B> ;4>D<F<KAB7B J<?VA8D<KAB7B I6<-
?96B8G, 6 S>B@G DB;@VM9A4 6VE9E<@9FD<KA4 8V9?9>FD<KA4 6EF46>4, 6<7BFB6-
?9A4 G 6<7?S8V FDG5><, 6AGFDVLAV= 8V4@9FD S>BW ;@9ALGєFPES ;4 ?VAV=A<@ 
;4>BAB@ 6V8 >D4W6 8B J9AFDG (D<E. 1,4). $9;BA4AEAV >B?<64AAS G 84AV= EFDG-
>FGDV ;�S6?SRFPES ;468S>< 6V85<FFS 9?9>FDB@47AVFA<I I6<?P 6V8 >D<F<KA<I 
C9D9DV;V6 6 B5?4EFSI ;6G:9AAS 8V9?9>FD<KABW 6EF46><. 

 
4     5 
$<E. 1. �V8>D<F<= I6<?96V8A<= D9;BA4FBD (4);  

;4?9:AVEFP D9;BA4AEA<I K4EFBF �)$ 6V8 F9@C9D4FGD< (5) 
#D<AJ<C DB5BF< 84FK<>4 F9@C9D4FGD< A4 54;V @9F4?B8V9?9>FD<KAB-

7B �)$ CB?S74є 6 A4EFGCAB@G. #D< ;@VAV F9@C9D4FGD< E9D98B6<M4, MB 
;4CB6ARє D9;BA4FBD, ;@VARєFPES F9@C9D4FGD4 8V9?9>FD<KAB7B 9?9@9AFG, 
MB B5G@B6?Rє ;@VAG 79B@9FD<KA<I DB;@VDV6 V, BF:9, ;@VAG D9;BA4AEABW 
                                                           
1 8.H.-@.A., CDBH., ;46. >4H. #�$, �!' V@. "?9ES �BAK4D4 
2 >.H.-@.A., 8BJ. >4H. #�$, �!' V@. "?9ES �BAK4D4 
3 EFG89AF, �!' V@. "?9ES �BAK4D4 

lr 2b 

2al0 

ld 

φ ¸1 

¸2 
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K4EFBF< D9;BA4FBD4. �?S 8BE?V8:9AAS 6C?<6G F9@C9D4FGD< A4 C4D4@9FD< 
�)$ 5G?B CDB6989AB K<E9?PA9 @B89?R64AAS ;4 8BCB@B7BR @9FB8G >VAJ9-
6<I 9?9@9AFV6 ( ��). �64:4?BEP, MB 8V9?9>FD<KA<= 9?9@9AF D9;BA4FBD4 
6<7BFB6?9A<= ; B8ABDV8AB7B @4F9DV4?G, V CD< ;@VAV F9@C9D4FGD< =B7B 79B-
@9FD<KAV DB;@VD< ;@VARRFPES DV6AB@VDAB 6 GEVI A4CDS@>4I. 

�?S ;459;C9K9AAS 6<EB>BW KGF?<6BEFV 84FK<>4 8V9?9>FD<> CB6<A9A 
I4D4>F9D<;G64F<ES @4?<@< 6FD4F4@<, 69?<><@ F9@C9D4FGDA<@ >B9HVJVєA-
FB@ ?VAV=AB7B DB;L<D9AAS (&��$) F4 EF45V?PA<@< ;A4K9AAS@< CDBA<>ABE-
FV V F4A79AEG >GF4 8V9?9>FD<KA<I 6FD4F G 8V4C4;BAV 6<@VDR64A<I F9@C9D4-
FGD. *<@ G@B64@ ;48B6B?PASRFP F4>V DB;CB6ER8:9AV 8V9?9>FD<>< S> HFB-
DBC?4EF V CB?V9F<?9A. &4> 6 8V4C4;BAV F9@C9D4FGD 6V8 �50°% 8B 90°% 8V9?9-
>FD<KA4 CDBA<>AVEFP CB?V9F<?9AG ;@VARєFPES 6V8 2,26 8B 2,14, tg· ;4?9-
:<FP 6V8 F9@C9D4FGD< A9;A4KAB V ;A4IB8<FPES G @9:4I 2·10�4 � 5·10�4, 
&��$ 8BDV6ARє 2,1·10�4�5,5·10�4°C�1 [2]. �C?<6 F9@C9D4FGD< A4 79B@9FD<K-
AV DB;@VD< V CDB6V8AVEFP EFVAB> I6<?96B8G 664:4?<ES A9;A4KA<@<, S> G A4-
E?V8B> 5V?PL AV: A4 CBDS8B> @9ALB7B CBDV6ASAB ; 8V9?9>FD<>B@ &��$ 
(8?S @V8V 16,6·10�6°C�1), F4> V 6 E<?G FB7B, MB 8V9?9>FD<KA4 6EF46>4 V;B?Rє 
CB69DIAR EFVA>< �)$ 6V8 8BE?V8:G64ABW D9KB6<A<.  

!4 D<E. 1,5 CB>4;4AV ;4?9:ABEFV D9;BA4AEA<I K4EFBF >B?<64AP F<CV6 
H011 F4 EH311 6V8 F9@C9D4FGD< (°%) 8?S �)$ ; 8V9?9>FD<KABR 6EF46>BR ; 
CB?V9F<?9AG (¸2 = 2,25, tg· = 5·10�4) 8B6:<ABR lr = 150 @@, 8V4@9FDB@ 
2b = 35 @@, 8V4@9FD BF6BDV6 ;6�S;>G d = 7 @@, >GF E>BEG ϕ = 7°. �4?9:ABEFV 
6 8V4C4;BAV F9@C9D4FGD 6V8 0 8B 100°% @4RFP CD4>F<KAB ?VAV=A<= I4D4>F9D. 
#D< ;DBEF4AAV F9@C9D4FGD< ;5V?PLGєFPES K4EFBFA<= VAF9D64? @V: D9;BA4A-
E4@<, S><= @B:A4 ;4EFBEB6G64F< S> 8B84F>B6<= VAHBD@4F<6A<= C4D4@9FD. 
�<@VDR64AAS DV;A<JV K4EFBF @B:9 5GF< ;8V=EA9AB ; 5V?PLBR FBKAVEFR AV: 
6<@VDR64AAS 45EB?RFAB7B ;A4K9AAS K4EFBF<, CD< JPB@G 6 ;A4KAV= @VDV 
@VAV@V;GєFPES 6C?<6 DV;AB@4AVFA<I ;B6AVLAVI H4>FBDV6. 

%C<EB> ?VF9D4FGD< 

1. Drobakhin O. O., Privalov Ye. N., Saltykov D. Yu.  Open-ended 
Waveguide Cutoff Resonators for Monitoring Dielectrics Parameters of Gases 
// Telecommunications and Radio Engineering. � 2013. � Vol. 72, No 7. �  
P. 627�640. 

2. #B?<QF<?9A 6OEB>B7B 846?9A<S. !4GKAB-F9IA<K9E><9 BEAB6O 
CDB@OL?9AAB7B E<AF9;4 / �. �. #B?S>B6, (. �. �GAFB6, �. 1. %BH<96 < 8D. 
� �.: )<@<S, 1988.�200 E. 
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�DB54IVA ". ".1, %4?F<>B6 �. 2.2, �<@4D9A>B %. %.3 

#�$�%&$"2��!!3 +�%&"&� ���"!�+!"�" $��"!�&"$� 

�� �"#" "�"2 ��%���0!�)  �&�����) %&�$�!�� 

)6<?96V8AV D9;BA4FBD< >D<F<KAB7B F<CG, ;B>D9@4 5V>BAVKAV D9;BA4-
FBD< (��$), L<DB>B ;4EFBEB6GRFPES G 6<@VDR64?PAV= F9IAVJV @V>DBI6<-
?PB6B7B 8V4C4;BAG [1]. "8A<@ ; A4=5V?PL DB;CB6ER8:9A<I ECBEB5V6 @9I4-
AVKAB7B C9D9EFDBR64AAS D9;BA4AEA<I K4EFBF 6VE9E<@9FD<KA<I D9;BA4FBDV6 
є 66989AAS 4>EV4?PA<I @9F4?96<I EF9D:AV6 6 B5�є@ D9;BA4FBD4 [2]. � 84AV= 
DB5BFV 5G?< 8BE?V8:9AV @B:?<6BEFV @9I4AVKAB7B C9D9EFDBR64AAS K4EFBF< 
>B?<64AAS F<CG H011 5V>BAVKAB7B D9;BA4FBD4 ;4 8BCB@B7BR 4>EV4?PA<I @9-
F4?96<I EF9D:AV6 ; DV;A<@ CDBHV?9@ FBDJ96BW CB69DIAV, S>V 66B8SFP K9D9; 
BF6BD< 6 ;4>D<F<KA<I B5?4EFSI D9;BA4FBD4 (D<E. 1,4). �BE?V8:9AAS CDB6B-
8<?<EP L?SIB@ K<E9?PAB7B @B89?R64AAS V; ;4EFBEG64AAS@ @9FB8G >VAJ9-
6<I 9?9@9AFV6 ( ��). 

  

            4                 5 
$<E. 1. ��$ ; C9D9EFDBR64AAS@ K4EFBF< 4>EV4?PA<@ EF9D:A9@ (4) V ;4?9:-
AVEFP D9;BA4AEA<I K4EFBF ��$ 6V8 7?<5<A< ;4AGD9AAS EF9D:AS (5). 

 
�4EFBEG64AAS 4>EV4?PA<I @9F4?96<I EF9D:AV6 8B;6B?Sє ;8V=EA<F< 

CB6V?PA9 C9D9EFDBR64AAS D9;BA4AEABW K4EFBF< ��$.  4>E<@4?PA<= 8V4C4-
;BA C9D9EFDBR64AAS D9;BA4FBD4 CD< ;59D9:9AAV B8AB@B8B6B7B D9:<@G 
E>?484є ~10%, MB B5G@B6?9AB A4S6AVEFR A4=5?<:KB7B 6<MB7B F<CG >B?<-
64AP EH311, D9;BA4AEA4 K4EFBF4 S>B7B CD4>F<KAB A9 ;4?9:<FP 6V8 C9D9@V-
M9AAS 4>EV4?PAB7B @9F4?96B7B EF9D:AS. !4 D<E. 1,5 CB>4;4AV ;4?9:ABEFV 
D9;BA4AEA<I K4EFBF >B?<64AP F<CV6 H011 < EH311 6V8 7?<5<A< ;4AGD9AAS 
EF9D:AS 8V4@9FDB@ d = 5 @@. 

                                                           
1 8.H.-@.A., CDBH., ;46. >4H. #�$, �!' V@. "?9ES �BAK4D4 
2 >.H.-@.A., 8BJ. >4H. #�$, �!' V@. "?9ES �BAK4D4 
3 EFG89AF, �!' V@. "?9ES �BAK4D4 
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�G?B 6<S6?9AB, MB CD< ;4EFBEG64AAV EF9D:AV6 ; C?BE><@< FBDJ96<-
@< CB69DIAS@< @B:?<64 E<FG4JVS DV;>B7B C48VAAS 8B5DBFABEFV ��$, S>9 
CB6�S;4AB ; 6<A<>A9AAS@ A954:4A<I D9;BA4AEV6 CD< C9D9@VM9AAV EF9D:AS 
CB5?<;G J9AFD4?PAB7B C9D9DV;G D9;BA4FBD4. !4CD<>?48, A4 D<E. 2,4 CB>4-
;4A<= 7D4HV> ;4?9:ABEFV A464AF4:9ABW 8B5DBFABEFV ��$ ; @4>E<@4?PA<@ 
D48VGEB@ a0 = 25 @@ V >GFB@ θ = 30°, 66V@>A9AB7B ;4 EI9@BR «A4 CDBIV8» 
6V8 7?<5<A< ;4AGD9AAS l EF9D:AS 8V4@9FDB@ d = 5 @@ ; C?BE>BR FBDJ96BR 
CB69DIA9R. � 7D4HV>G 6<8AB, MB CD< l = 37 @@ ECBEF9DV74єFPES EFD<5>BCB-
8V5A9 C48VAAS 8B5DBFABEFV. !4 D<E. 2,5 CB>4;4A4 K4EFBFA4 I4D4>F9D<EF<>4 
��$ 8?S 84AB7B 6<C48>G. 

  
         4           5 
$<E. 2. �4?9:AVEFP 8B5DBFABEFV ��$ 6V8 7?<5<A< ;4AGD9AAS EF9D:AS 
8V4@9FDB@ 5 @@ (4) V K4EFBFA4 I4D4>F9D<EF<>4 ��$ CD< l = 37 @@ (5) 
'EGA9AAS 84ABW CDB5?9@< @B:A4 8BES7F< ;4EFBEB6GRK< 8?S C9D9-

EFDBR64AAS K4EFBF< ��$ EF9D:AV6 ; FBDJ96<@< CB69DIAS@< A9C?BE>B7B 
CDBHV?S (>BAVKAB7B 45B EH9D<KAB7B). �G?B 6<S6?9AB, MB ;4EFBEG64AAS >B-
AGEBCB8V5A<I FBDJ96<I CB69DIBAP ;@9ALGє 6V8I<?9AAS 6V8 ?VAV=ABW ;4?9-
:ABEFV A4 VAF9D64?V @V: >D<F<KA<@< C9D9DV;4@< A4 30�47% F4 ;@9ALGє 
BEJ<?SJVW I4D4>F9D<EF<>< C9D9EFDBR64AAS DB;7?SAGFB7B ��$ A4 40�60% 6 
;4?9:ABEFV 6V8 8V4@9FDG EF9D:AS, 4 EH9D<KABW � A4 55�56% V A4 65�75%, 
6V8CB6V8AB. 

%C<EB> ?VF9D4FGD< 

1. �BD96 !. �., �DB54I<A ". ", �45B?BFAO= #. �., �B8:9EC<DB64 �. (., 
#D<64?B6 �. !. �4FK<>< A4 BEAB69 %�+-D9;BA4FBDB6 8?S E<EF9@ >BAFDB?S C4D4@9-
FDB6 BD74A<K9E><I :<8>BEF9= // &9IA. @9I4A<>4. � 2009.� №3. � %. 122�131. 

2. %4?FO>B6 �.2. #9D9EFDB=>4 K4EFBFO @<>DB6B?AB6OI 5<>BA<K9E><I D9-
;BA4FBDB6 E CB@BMPR @9F4??<K9E><I < 8<Q?9>FD<K9E><I EF9D:A9= // #D<>?48A4S 
D48<BQ?9>FDBA<>4, 2013. � &. 13., № 2. � %. 144�149. 
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'�� 621.396.96  
�DB54I<A ".".1, &G?G> �.2.2, ,9DEFR> �.�. 3 

�!��$%!/� %�!&�� �#�$&'$/ � #$" ��'&"+!"� �"!� 

���'+�!�3  ��3 ("$ �$"��!�3 $���"��"�$���!�� 

#'&�  "#&� ��0!"� (��0&$�*�� % 1�"�2*�"!!/  

�"!&$"��  

�?S CB?GK9A<S D48<B<;B5D4:9A<= 6 CDB@9:GFBKAB= ;BA9 <;?GK9-
A<S E Q>EC9D<@9AF4?PAB= FBK>< ;D9A<S J9?9EBB5D4;AB <ECB?P;B64FP @9FB8 
<A69DEAB7B E<AF9;4 4C9DFGDO, >B784 D9H?9>FB@9FD A4IB8<FES 6 A9CB8-
6<:AB@ EBEFBSA<<, 4 B5N9>F C9D9@9M49FES 68B?P >BBD8<A4FO I 6 C?BE>B-
EF<, CBC9D9KAB= > BE< <;?GK9A<S G. "EAB6A4S <89S [1] ;4>?RK49FES 6 CD<-
@9A9A<< B5B5M9AAB= <A69DEAB= H<?PFD4J<< 8?S D94?<;4J<< E<AF9;4 
4C9DFGDO. #D< QFB@ 6 >4K9EF69 QF4?BA4 <ECB?P;B64AO B5N9>FO 6 6<89 CB-
?BE>< <; @98<. *9?PR 84AAB= D45BFO S6?S9FES <EE?98B64A<9 CB?GK9A<S 
BCF<@4?PAOI ;A4K9A<= C4D4@9FDB6 D97G?SD<;4J<< BCF<@4?PAB= H<?PFD4-
J<< E Q6B?RJ<BAAO@ >BAFDB?9@ E CB@BMPR K<E?9AAB7B @B89?<DB64A<S.  

#9D984FBKA4S HGA>J<S H<?PFD4 BF CDBEFD4AEF69AAB= K4EFBFO, D94-
?<;GRM97B CB?GK9A<9 <;@9D9AAB7B E<7A4?4: 

 ,
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x

xE
x

fyE

fyS
fyH =  (1) 

789  ),( xfyE  � (GDP9-B5D4; QF4?BAAB= C?4EF<A><, ),( xE fyS  � (GDP9-
B5D4; 6IB8AB7B CDBEFD4AEF69AAB7B E<7A4?4. 

�?S CDBJ98GDO E<AF9;4 4C9DFGDO EC9>FD CDBEFD4AEF69AAB7B E<7A4-
?4 6 >4:8B= FBK>9 >BBD8<A4F BCD989?S9FES 6 EBBF69FEF6<< E @9FB8B@ BC-
F<@4?PAB= H<?PFD4J<< E Q6B?RJ<BAAO@ >BAFDB?9@ [2], >BFBDO= CD98-
EF46?S9F EB5B= B5B5M9A<9 <A69DEAB= H<?PFD4J<<. % GK9FB@ 6OD4:9A<S 
(1) B>BAK4F9?PA4S HBD@G?4 @B:9F 5OFP CD98EF46?9A4 6 6<89 
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 (2) 

789  ),( xA fyS  � D9;G?PF4F <A69DEAB= H<?PFD4J<<, ),( xfyS   � (GDP9-B5D4; 
6IB8AB7B E<7A4?G, Z V V C4D4@9FDO Q6B?RJ<BAAB7B >BAFDB?S >BFBDO9 
64DP<DB64?<EP 6 8<4C4;BA9 BF 0 8B 1. 

                                                           
1 8.H.-@.A., CDBH., ;46. >4H. #�$, �!' <@. "?9ES �BAK4D4 
2 EFG89AF, �!' <@. "?9ES �BAK4D4 
3 4EC<D4AF, �!' <@. "?9ES �BAK4D4 
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 9FB8B@ <EE?98B64A<S S6?S?BEP K<E?9AAB9 @B89?<DB64A<9 E <E-
CB?P;B64A<9@ EI9@4F<KAB= @4F9@4F<K9E>B= @B89?<, >B784 <894?PAO@ 
<;B5D4:9A<9@ C?4EF<A>< S6?S9FES CDS@BG7B?PA4S HGA>J<S, 4 CB?GK9AAO@ 
<;B5D4:9A<9@ � FD4C9J<S. "EAB6A4S ;484K4 EBEFBS?4 6 BCD989?9A<< C4D4-
@9FDB6 D97G?SD<;4J<< CD< @<A<@<;4J<< 69?<K<AO C9D98A97B HDBAF4 < 
;48A97B ED9;4 6OIB8AB7B E<7A4?4, < 8BEF<:9A<S @<A<@4?PAB= 69?<K<AO 
GE<?9A<S LG@B6. &4>:9 5O?B CDB6989AB K<E?9AAB9 @B89?<DB64A<9 < 
BJ9A>4 CB6OL9A<S D4;D9L4RM9= ECBEB5ABEF< <A69DEAB7B E<AF9;4 4C9D-
FGDO CGF9@ BCF<@4?PAB= H<?PFD4J<< E Q6B?RJ<BAAO@ >BAFDB?9@ E CB-
@BMPR EF4A84DFAOI C4>9FB6 Q?9>FDB8<A4@<K9E>B7B @B89?<DB64A<S. � 
@B89?<DB64A<< <ECB?P;B64?ES C<D4@<84?PAO= DGCBD E 4C9DFGDB= 23I23 
@@ < 8?<AB= 60 @@. "5N9>F A4IB8<?ES 6 CDB@9:GFBKAB= ;BA9 <;?GK9A<S. 
� >4K9EF69 B5N9>FB6 <EE?98B64A<S 5O?< <ECB?P;B64AO <894?PAB CDB6B-
8SM<9 CB?BE>< E L<D<AB= 5 < 20 @@ EBBF69FEF69AAB.  B89?<DB64A<9 
BEGM9EF6?S?BEP A4 HBA9 59?B7B 74GEEB6E>B7B LG@4. 

#D4>F<K9E>B9 CD<@9A9A<9 BCF<@4?PAB= H<?PFD4J<< E Q6B?RJ<BA-
AO@ >BAFDB?9@ 6 K<E?9AAB@ @B89?<DB64A<< < 6 DS89 D94?PAOI Q>EC9D<-
@9AFB6 8?S J<?<A8D4 CB8F69D8<?B 6B;@B:ABEFP D94?<;4J<< @9FB84 <A-
69DEAB7B E<AF9;4 4C9DFGDO 6 EBBF69FEF6<< E BC<E4AAO@ ECBEB5B@. &4>B= 
CB8IB8 CB;6B?<? <;59:4FP A9B5IB8<@BEF< A4?<K<S >BDD9>FAOI @4F9@4-
F<K9E><I @B89?9= 8?S BC<E4A<S CDBJ9EE4 D4ECDBEFD4A9A<S 6 5?<:A9= < 
CDB@9:GFBKAB= ;BA9 <;?GK9A<S 8?S BJ9A>< E?B:AOI I4D4>F9D<EF<> ;46<-
E<@BEF9= BF CDBEFD4AEF69AAOI >BBD8<A4F.  

$4EE@BFD9AAO= 4?7BD<F@ B5D45BF>< Q>EC9D<@9AF4?PAOI 84AAOI 
8?S D48<B<;B5D4:9A<S J<?<A8D4 B59EC9K<? CB6OL9A<9 D4;D9L4RM9= 
ECBEB5ABEF< 6 CBC9D9KAB@ A4CD46?9A<< 5B?99 K9@ 6 2 D4;4 CB ED46A9A<R 
E A9B5D45BF4AAO@< Q>EC9D<@9AF4?PAO@< 84AAO@<. &4>:9 5O?4 8BEF<7-
AGF4 IBDBL4S FBKABEFP 6 EB6C489A<< BJ9AB> D4;@9DB6 B5N9>F4 < <I <E-
F<AAOI ;A4K9A<=. 

%C<EB> ?<F9D4FGD< 

1. Drobakhin O. O. Multifrequency microwave measurements in the 
intermediate zone of radiation with inverse aperture synthesis for radio image forming 
[Text] / O. O. Drobakhin, G. G. Sherstyuk // 12th International Conference on Actual 
Problems of Electronics Instrument Engineering (APEIE) � Novosibirsk, Russia, 
October 2�4, 2014 � pp. 170�174. 

2. �4E<?9A>B �. �. �BEEF4AB6?9A<9 <;B5D4:9A<= [&9>EF] / �. �. �4E<?9A>B, 
�.  . &4D4FBD<A �  . : $48<B < E6S;P, 1986 � 304 E. 
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'�� 621.396.664 (043.2) 
�Gє6 ".�.1 

���#&��!��  "!�&"$�!� &�)!�+!"�" %&�!' ��%"��� 

��$"!�����*��  

)4D4>F9DABR D<EBR 484CF<6A<I E<EF9@ 9>EC?G4F4JVW (%�) є A4S6-
AVEFP @B:?<6BEFV B89D:4AAS 8B84F>B6<I 6V8B@BEF9= CDB G@B6< HGA>JVB-
AG64AAS E<EF9@< ;4 CBFBKABR VAHBD@4JVєR ; WW 6<>BD<EF4AAS@ G CDBJ9EV 
>9DG64AAS. �4 8BCB@B7BR 484CF<6ABW %� @B:A4 8BES7AGF< A4EFGCAV C9D9-
647<: @4F< 6<EB>G 7AGK>VEFP, MB 8B;6B?Sє L6<8>B ;@VAR64F< E6BW C4D4@9-
FD<; @4F< 6<EB>G @B5V?PAVEFP G CD<=ASFFV GCD46?VAEP><I F4 >BD97G64?PA<I 
DVL9AP; 6D4IB6G64F< 6<@B7< 8B DV6AS >64?VHV>4JVW C9DEBA4?G; 6D4IB6G64F< 
D<;<><, CB6�S;4AV ; @B:?<6<@< A4?4LFG64AAS@<; 5D4F< 8B G647< H4>FBD<, 
CB6�S;4AV ; I4D4>F9D<EF<>4@< ;B6AVLAPB7B E9D98B6<M4 FBMB. #V8 K4E CDB-
9>FG64AAS E<EF9@ 484CF<6ABW 9>EC?G4F4JVW ;4EB5V6 49DBA46V74JVW (��!) 8B-
JV?PAB 6<DVL<F< ;484KV ; BCF<@V;4JVW B>D9@<I E>?48B6<I %�: >BAFDB?R 
F9IAVKAB7B EF4AG (&%) ��!; D97G?R64AAS 6<;A4K4?PA<I C4D4@9FDV6 ��! 
L?SIB@ D94?V;4JVW >9DGRK<I 6C?<6V6 (��); CBC9D98:G64?PABW ;4@VA< 5?B-
>V6, 6G;?V6, 9?9@9AFV6 G ��!. 

 BAVFBD<A7 &% DB;7?S84єFPES S> CDBJ9E BFD<@4AAS V B5DB5>< VAHB-
D@4JVW, MB 6EF4AB6?Rє 6V8CB6V8AVEFP EF4AG ��! 6EF4AB6?9A<@ 6<@B74@ F4 
;459;C9KGє CD<=ASFFS DVL9AP. ' D9;G?PF4FV @BAVFBD<A7G &% 6<S6?SRFPES 
F4>V 9?9@9AF< �!%, EF4A S><I @B:9 CD<69EF< 8B 6V8@B6< ;4EB5G 6 JV?B@G. 
�8V=EARєFPES D97G?R64AAS, A4?4LFG64AAS 45B ;4@VA4 F4><I 9?9@9AFV6, 
F4><@ K<AB@ 684єFPES E6BєK4EAB ;4CB5V7F< 6V8@B64@. $97G?R64AAS CB?S74є 
G D94?V;4JVW �� A4 6<;A4K4?PAV C4D4@9FD< (�#) ��! A4 CV8EF46V BFD<@4ABW 
G D9;G?PF4FV D94?V;4JVW  @BAVFBD<A7G VAHBD@4JVW CDB WI &%. �9DGRKV 6C?<6< 
8BJV?PAB ;8V=EAR64F< G D4;V 8BES7A9AAS �# @9: ;4CB5V:A<I 8BCGE>V6. 
 9FBR D94?V;4JVW �� є ;6989AAS ;A4K9AP D97G?PB64A<I �# 8B AB@VA4?PA<I 
;A4K9AP [1]. 

&9IAVKA<= EF4A 5474FPBI EGK4EA<I ��! 6<;A4K4єFPES FDPBI 4?PF9DA4-
F<6AB: DB5BFB;84FAVEFP ($%); CB7VDL9AAS EF4AG (#%); A9DB5BFB;84FAVEFP 
(!$%). 3>MB �# ��! 6<=LB6 ;4 @9:V 9>EC?G4F4JV=A<I 8BCGE>V6, FB8V ;4 
D9;G?PF4F4@< @BAVFBD<A7G &% ��! HBD@GєFPES DVL9AAS «CB7VDL9AAS» F4 
D94?V;GRFPES C96AV �� ; @9FBR E6BєK4EAB7B ;4CB5V74AAS 6V8@B64@. 3>MB ;4 
D9;G?PF4F4@< @BAVFBD<A7G �# �!% 6V8EGFAV= 45B 6<=LB6 ;4 @9:V 6EF4AB6-
?9A<I 9>EC?G4F4JV=A<I 8BCGE>V6, FB8V CD<=@4єFPES DVL9AAS «A9DB5BFB;84F-

                                                           
1 >4A8. F9IA. A4G>, 8BJ9AF >4H98D< 46V4JV=A<I D48VB9?9>FDBAA<I >B@C?9>EV6 
!4JVBA4?PAB7B 46V4JV=AB7B GAV69DE<F9FG 
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AVEFP» (6V8@B64) ��! ;4 �# F4 ;8V=EARєFPES ;4@VA4 EFDG>FGDAB7B 9?9@9AFG 
��!, S><= 6V8@B6<6.  B89?P CD<=ASFFS DVL9AP F4 D94?V;4JVW >9DGRK<I 
6C?<6V6 6 CDBJ9EV @BAVFBD<A7G ��! CDBCBAGєFPES CD98EF46<F< G 6<7?S8V 
V@B6VDAVEAB7B 7D4HG [1].  B:?<6V E<FG4JVW, S>V @B:GFP 6<A<>4F< G CDBJ9EV 
CD<=ASFFS DVL9AP F4 D94?V;4JVW �� 89F4?PAB DB;7?SAGFB G [2]. �H9>F<6AVEFP 
9>EC?G4F4JVW ��! V; ;4EFBEG64AAS@ 484CF<6AB7B @BAVFBD<A7G &% @B:9 5GF< 
>V?P>VEAB 6<;A4K9A4 ;4 8BCB@B7BR >V?P>VEAB7B >D<F9DVR [2]. 

6A6;C6 $$
Q

+−
=

1

1
, 

89 ;C6$  � V@B6VDAVEFP ;4CB5V74AAS 6V8@B64@ G D4;V CD<=ASFFS DVL9AP CDB 
&% ��! F4 D94?V;4JVW ��; 6A6$ � V@B6VDAVEFP 6A9E9AAS 6V8@B6. 

�@B6VDABEFV ;C6$ , 6A6$ @B:A4 6<;A4K<F<, ;4EFBEB6GRK< @9FB8< F9BDVW 
V@B6VDABEF9= F4 @4F9@4F<KABW EF4F<EF<><, CBC9D98APB 6EF4AB6<6L<:  6<-
;A4K4?PAV C4D4@9FD< ��!; @4F9@4F<KAV ECB8V64AAS  �#; CBI<5>< >BAFDB-
?R �#; D9;G?PF4F< >BAFDB?R �#; E9D98APB>648D4F<KAV 6V8I<?9AAS  �#; 
6EF4AB6?9AV 9>EC?G4F4JV=AV 8BCGE>< A4 �#; ;4CB5V:AV 8BCGE>< A4 �#.  
"FD<@4AV D9;G?PF4F< 4A4?V;G 484CF<6AB7B @BAVFBD<A7G &% F4 D94?V;4JVW 
�� 6 CDBJ9EV 9>EC?G4F4JVW ��!, 8B;6B?SRFP 6<DVL<F< F4>V ;484KV: 

� S>MB 6V8B@V I4D4>F9D<EF<>< ��! F4 ;4EB5V6 >BAFDB?R WW �# FB 
BFD<@4AV @4F9@4F<KAV 6<D4;< @B:GFP 5GF< 6<>BD<EF4AV 8?S 6<;A4K9AAS 
=@B6VDABEF9= CD<=ASFFS 6VDA<I F4 CB@<?>B6<I DVL9AP CDB &%, 6V8CB6V8-
A<I V@B6VABEF9= CD<=ASFFS DVL9AP F4 9H9>F<6ABEFV CDBJ9EV6 9>EC?G4F4JVW ; 
6D4IG64AAS@ D94?V;4JVW ��;  

� S>MB 6V8B@V I4D4>F9D<EF<>< ��!, FB ;484RK< 6<@B7< 8B S>BEFV 
CDBJ9EV6 @BAVFBD<A7G F4 D94?V;4JVW ��, @B:?<6B B5ґDGAFB64AB 6<;A4K<F< 
FBKAVEFP ;4EB5V6 >BAFDB?R F4 @9:V ;4CB5V:A<I 8BCGE>V6, ;4EFBEG64AAS 
S><I 8B;6B?Sє A4=5V?PL 9H9>F<6AB ;8V=EA<F< B5E?G7B6G64AAS C96AB7B 
F<CG ��!.  

%C<EB> ?VF9D4FGD< 

1. %B?B@9AJ96 ".�., �Gє6 ".�., �D4EABDG:96 �.�., )@9?P>B 2. . 
"EAB6< F9BDVW A48V=ABEFV, 9>EC?G4F4JVW F4 D9@BAFG D48VB9?9>FDBAA<I ;4EB-
5V6: �BAEC9>F ?9>JV=. � �.: �� !�', 2008. � 116 E. 

2. �Gє6 ".�. %<FG4F<6A<= 4A4?V; CD<=ASFFS DVL9AP F4 D94?V;4JVW >9-
DGRK<I 6C?<6V6 6 CDBJ9E4I F9IAVKAB7B B5E?G7B6G64AAS D48VBF9IAVKA<I 
E<EF9@ / �VEA<> 89D:46AB7B GAV69DE<F9FG VAHBD@4JV=AB->B@GAV>4JV=A<I 
F9IAB?B7V=. � 2009. � &B@ 7, №2. � %. 183�187. 
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'�� 621.397.48:004.383.5 
�4DF4LB6 �. .1, �9?S96 �.�.2 

�"!&'$!/� �!���� ��"�$���!�� � 

 '�0&� ����!"  %&$���"�"  &$�!���$� 

�484K4 6O89?9A<S >BAFGDB6 @AB7B7D484J<BAAB7B <;B5D4:9A<S A4 
EF4F<EF<K9E>< E?B:AB@ @AB7B7D484J<BAAB@ HBA9 Q>6<64?9AFA4 ;484K9 
B5A4DG:9A<S 86G@9DAB7B E<7A4?4 A4 HBA9 LG@B6 < 8DG7<I E<7A4?B6, <7-
D4RM<I DB?P CB@9I.  

$4EE@BFD<@ B8<A <; <@9RM<IES CB8IB8B6 > 6O89?9A<R >BAFGDB6 
<;B5D4:9A<= 6 D94?PAB= E<EF9@9, 54;<DGRM<=ES A4 7<CBF9;9 Q>ECBA9AJ<-
4?PAB>BE<AGEAB= ��( HBAB6OI LG@B6 < E?45B= <AHBD@4F<6ABEF< A<;-
>BK4EFBFAB= K4EF< EC9>FD4 <;B5D4:9A<S. 

(?G>FG4J<< 4@C?<FG8 < H4; E<7A4?B6 A4 6IB89 84FK<>B6 <;B5D4:9-
A<= CD<6B8SF, 6 >BA9KAB@ EK9F9, > H?G>FG4J<S@ <AF9AE<6ABEF9= E<7A4?B6, 
HBD@<DGRM<I 6 C4@SF< J<HDB6B9 <;B5D4:9A<9 . � D9;G?PF4F9 
CB?GK4RM<9ES E<?GQFAO9 <;B5D4:9A<S EF4AB6SFES @AB7BE6S;AO@< <;-;4 
B5D4;GRM<IES CB?BEF9= < D4;DO6B6, CD< QFB@ ;A4K<F9?PAB <E>4:49FES 
?<A<S >D4S (>BAFGD4) (D<E.1).  

     

$<E. 1. "5D4;B64A<9 @AB7BE6S;AB7B 5<A4DAB7B J<HDB6B7B <;B5D4:9A<S:  
4 � @AB7B7D484J<BAAB9 <;B5D4:9A<9 @<L9A<, 5 � EHBD@<DB64AAB9 5<A4D-

AB9 <;B5D4:9A<9 

$4;DGL9A<9 B8ABE6S;AB= EFDG>FGDO J<HDB6B7B <;B5D4:9A<S 
 <;-;4 G>4;4AAOI H4>FBDB6, 4 F4>:9 6B;89=EF6<9 LG@B6 < CB@9I 

6 B5?4EF< <;B5D4:9A<S CD<6B8SF > FB@G, KFB 6@9EFB B8AB7B >BAFGD4, BC<-
EO64RM97B HBD@G <EIB8AB7B <;B5D4:9A<S , @O CB?GK49@ A45BD 
>BAFGDB6 CSF9A D4;?<KAB= HBD@O 6 CD989?4I >BAFGD4 <EIB8AB7B <;B5D4-
                                                           
1 8-D F9IA. A4G>, CDBH., ;46. >4H. $1%, )!'$1 
2 4EC<D4AF >4H. $1%, )!'$1 
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:9A<S. � 84AAB@ E?GK49 J9?9EBB5D4;AB C9D9IB8<FP > CDBEFD4AEF69AAO@ 
@9FB84@ B5D45BF><, A4CD<@9D, > 5<A4DAB= CDBEFD4AEF69AAB= EB7?4EB64A-
AB= H<?PFD4J<<, <?< > 6O89?9A<R B5?4EF9= EJ9AO CB CD<;A4>G A4?<K<S 
E7GM9A<= < > 8DG7<@ @9FB84@, D4EE@BFD9AAO@ 6 [1].  

� [2] 5O?B CD<ASFB, KFB 8?S D9L9A<S ;484K B5A4DG:9A<S <;B5D4:9-
A<= HGA>J<S SD>BEF<  <@99F 5B?99 E?B:AO= 6<8, K9@ 97B ;4849F 
488<F<6A4S @B89?P E<7A4?4 < LG@4, KFB 5O?4 CD<ASF4 D4A99 6 [1], 

   (1) 
<ECB?P;G9@4S CD< B5A4DG:9A<< E<7A4?B6 A4 HBA9 59?B7B LG@4. � >4K9EF-
69 F4>B=, 5B?99 489>64FAB= @B89?< 6 D45BF9 [3] <ECB?P;G9FES 488<F<6AB-
@G?PF<C?<>4F<6A4S @B89?P, <@9RM4S E FBKABEFPR 8B C4D4@9FDB6 E@9M9-
A<S <;B5D4:9A<S  6<8  

   (2) 
789  � CBEFBSAA4S EBEF46?SRM4S SD>BEF<, B59EC9K<64RM4S A9BFD<J4-
F9?PABEFP HGA>J<< .  

� EBBF69FEF6<< E CD<ASFO@< 8BCB?A9A<S@< 5O?4 CB?GK9A4 E?98GRM4S 
EFDG>FGD4 B5A4DG:<F9?S >BAFGD4, CD98EF46?9AA4S A4 D<EGA>9 2. 

 

$<E. 2. %FDG>FGD4 B5A4DG:<F9?S A4K4?PAB= FBK>< >BAFGD4 <;B5D4:9A<S 

� EBBF69FEF6<< EB EFDG>FGDB= CDBJ9EE4 E97@9AF4J<< 7D4A<JO <;B-
5D4:9A<S, CD98EF46?9AAB= A4 D<E. 4, CBE?9 B5A4DG:9A<S A4K4?PAB= FBK>< 
>BAFGD4 E?98G9F BC9D4J<S CDBE?9:<64A<S >BAFGD4. !48 EHBD@<DB64AAO@ 
>BAFGDAO@ E<7A4?B@ CDB6B8<FES DS8 CD9864D<F9?PAOI BC9D4J<=, E6S;4A-
AOI E G@9APL9A<9@ >BAFGDAOI LG@B6, A4CD<@9D, E CB@BMPR (%%, @BD-
HB?B7<K9E><I BC9D4J<=, 6O89?9A<9@ 7?46AB7B >BAFGDAB7B CD<@<F<64 < 8D. 

%C<EB> ?<F9D4FGD< 

1. �9?S96 �.�., �4DF4LB6 �. . "5A4DG:9A<9 B5N9>FB6 ;484AAB= HBD@O < 
BCD989?9A<9 <I >BBD8<A4F A4 <;B5D4:9A<< 6 @G?PF<@98<=AB@ EFD9?>B6B@ FD9A4:9D9 
// $48<BF9IA<>4. �E9G>D. @9:698. A4GK.-F9IA. E5. � )4DP>B6. � 2015. � № 182.  

2. Trabco �.�., Roctleng P.G. Shape detection using incoherent illumination //  
J. Opt. Soc. Am. � 1967. � V. 57, № 1. 

3. �4E<?9A>B �.�. �B?B7D4H<K9E>B9 BCB;A464A<9 B5D4;B6. �  : %B6. D48<B, 1977. 
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'�� 551.508.8  
�4DF4LB6 �. .1, &<IBAB6 �.�.2, �BDBA<A �.�.3, &B?EFOI �.�.4 

�" #���%�$"��!�� %�%&�  ��%&�!*�"!!"�" 

�"!��$"��!�3 �& "%(�$/ 

� CBE?98A99 6D9@S ;A4K<F9?PAB9 6A<@4A<9 G89?S9FES D4;6<F<R < 
EB69DL9AEF6B64A<R F9BD<< < F9IA<>< 8<EF4AJ<BAAB7B ;BA8<DB64A<S 4F-
@BEH9DO E <ECB?P;B64A<9@ 4>GEF<K9E><I < Q?9>FDB@47A<FAOI 6B?A � E<E-
F9@4@ 4>GEF<K9E>B7B (EB84DO), D48<B4>GEF<K9E>B7B (D4E84DO), D48<B?B>4-
J<BAAB7B < ?4;9DAB7B ;BA8<DB64A<S [1].  

#BE>B?P>G B5?4EF< 6B;@B:ABEF9= D4;?<KAOI @9FB8B6 A9 EB6C484-
RF, FB CBS6?S9FES CD98CBEO?>4 EB6@9EFAB7B, >B@C?9>EAB7B <ECB?P;B64A<S 
E<EF9@ D4;?<KAB7B 6<84 8?S D4EL<D9A<S A45BD4 <;@9DS9@OI @9F9BDB?B-
7<K9E><I 69?<K<A, D4EL<D9A<S 8<4C4;BA4 <EE?98G9@OI 6OEBF < CB6OL9-
A<S <AHBD@4F<6ABEF< CB?GK49@OI 84AAOI ;BA8<DB64A<S CGF9@ EB6@9EF-
AB= (>B@C?9>EAB=) <I B5D45BF>< < <AF9DCD9F4J<<. 

"EAB6AB= CB8IB8 > >B@C?9>E<DB64A<R 4>GEF<K9E><I < D48<B4>G-
EF<K9E><I E<EF9@ ;BA8<DB64A<S 4F@BEH9DO A4CD46?9A A4 CB6OL9A<9 FBK-
ABEF< BJ9A<64A<S F9@C9D4FGDO CGF9@ EB6@9EFAB= B5D45BF>< CB?GK49@OI 
E <I CB@BMPR 84AAOI, >BFBDO9 BCD989?SRF  HGA>J<BA4?PAB E6S;4AAO9 
@9:8G EB5B= E>BDBEFP 69FD4 < E>BDBEFP ;6G>4.  

� 8B>?489 CB>4;4AB, KFB BC9D4J<BAAB9 6OD4:9A<9 8?S 6OK<E?9A<S 
D48<4?PAB= E>BDBEF< 69FD4 V  6 EB84D4I E?98G9F  ;4C<EO64FP 6 
E?98GRM9@ 6<89 

.
2 ds

dK

ff

fTa
V

−
=                                                (1) 

789 df  � 8BC?9DB6E><= E86<7 K4EFBFO; sf  � K4EFBF4 ;BA8<DGRM97B 
4>GEF<K9E>B7B E<7A4?4; Ka  � >BQHH<J<9AF, E?45B ;46<ESM<= BF EBEF464 
6B;8GI4 < 97B 6?4:ABEF<. 

�A4?<; CB>4;4?, KFB C9D6B9 6OD4:9A<9 6 (2) 8?S B5D45BF>< 
D9;G?PF4FB6 <;@9D9A<= EB84D4 < 6FBDB9 6OD4:9A<9 8?S B5D45BF>< 
D9;G?PF4FB6 <;@9D9A<= D4E84D4 CD98EF46?SRF EB5B= E<EF9@G 86GI 
GD46A9A<= BFABE<F9?PAB A9<;69EFAOI V  < T  E C4D4@9FDB@ Ka   

                                                           
1 8-D F9IA. A4G>, CDBH., ;46. >4H. $1%, )!'$1 
2 8-D H<;.-@4F. A4G>, CDBH. >4H. $1%, )!'$1 
3 4EC<D4AF >4H. $1%, )!'$1 
4 4EC<D4AF>4 >4H. $1%, )!'$1 
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0 c

fVTa
f          

VTa

Vf
f

eK
d9

K

s
d

                     (2) 

789 d9f � 8BC?9DB6E>B9 E@9M9A<9 K4EFBFO D48<BE<7A4?4, ef � K4EFBF4 
;BA8<DGRM97B D48<BE<7A4?4, c  � E>BDBEFP D4ECDBEFD4A9A<S D48<B6B?A; 

0T  � F9@C9D4FGDO ED98O. 

&B784 CB?GK9AAB9 <; (2) BC9D4J<BAAB9 6OD4:9A<9 8?S A4IB:89A<S 
D48<4?PAB= E>BDBEF< 69FD4 6 >B@C?9>EAB= E<EF9@9 ;4C<EO649FES 6 6<89 

.
4 es

d9d

ff

Eff
V =                                               (3) 

%BBFABL9A<9 8?S 6OK<E?9A<S F9@C9D4FGDO 0T  ED98O, CB?GK9AAB9 
<; 6FBDB7B GD46A9A<S (2), <@99F 6<8 

2

2

0
1

2
K9

d9

a
V

f

cf
T ÀÀ

Á

¿
¼¼
½

»
−= .                                     (4) 

� 6OD4:9A<< (4) 98<AEF69AAO@ <EFBKA<>B@ @9FB8<K9E>B= 
CB7D9LABEF< BEF49FES A9BCD989?9AABEFP C4D4@9FD4 Ka  68B?P FD4EEO 

;BA8<DB64A<S, >BFBDO= A9;A4K<F9?PAB ;46<E<F BF 6?4:ABEF< ED98O. 
&4><@ B5D4;B@, CD< 4>GEF<K9E>B@ ;BA8<DB64A<< 4F@BEH9DO E J9-

?PR G@9APL9A<S CB7D9LABEF< BCD989?9A<S D48<4?PAB= E>BDBEF< 69FD4 
E?98G9F <ECB?P;B64FP EBBFABL9A<9 (1). � >B@5<A<DB64AAB= E<EF9@9 D4E-
84D-EB84D 8?S 6OK<E?9A<S E>BDBEF< 69FD4 < F9@C9D4FGDO E?98G9F <ECB?P-
;B64FP EBBF69FEF69AAB HBD@G?O (3) < (4). #D<@9A9A<9 CB?GK9AAOI BC9D4-
J<BAAOI 6OD4:9A<= BEB59AAB QHH9>F<6AB CD< BCD989?9A<< A4>?BAAOI 
CDBH<?9= F9@C9D4FGDO >B@5<A<DB64AAB= E<EF9@B= D4E84D-EB84D. 

%C<EB> ?<F9D4FGDO 

1. �4DF4LB6 �. ., &<IBAB6 �.�. < 8D. "5D45BF>4 E<7A4?B6 6 D48<BQ?9>F-
DBAAOI E<EF9@4I 8<EF4AJ<BAAB7B @BA<FBD<A74 4F@BEH9DO. � )4DP>B6: )!'$1, 
2014. � 312 E.  
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'�� 623.4.023.4.028  
�BDB?PB6 �. .1, �GKG> �.�.2, �4єJP 3.�.3 

%�%&� � *���$"�#"���' !� ���� !�����*��!"� 
�!("$ �*�� � #��$"�����) %')"#'&!�) ���%0� 

"8A<@ V; C9DEC9>F<6A<I A4CDS@>V6 68BE>BA4?9AAS E<EF9@< GCD46-
?VAAS 6B7A9@ CV8 K4E 5B=B6B7B ;4EFBEG64AAS CV8DB;8V?V6 %GIBCGFA<I 
6V=EP> A4 EGK4EAB@G 9F4CV, 6V=EP>B69 >9DV6A<JF6B CDB6V8A<I >D4WA E6VFG 
DB;7?S84є @B89DAV;4JVR E<EF9@< JV?9DB;CB8V?G, S><= 8B;6B?<FP ;5V?PL<F< 
WW @B:?<6BEFV F4 CV86<M<F< BC9D4F<6AVEFP 6<>BA4AAS 6B7A96<I ;4684AP. 

�B>D9@4, BEA4M9AAS E<EF9@< GCD46?VAAS 6B7A9@ 46FB@4F<;B64ABR 
E<EF9@BR JV?9DB;CB8V?G A4 54;V A46V74JV=ABW VAHBD@4JVW 8B;6B?<FP ;@9A-
L<F< 6<FD4F< K4EG F4 BCF<@V;G64F< CD<=ASFFS DVL9AAS >B@4A8<DB@ A4 
DB;CB8V? B5�є>FV6 GD4:9AAS @V: 6B7A96<@< ;4EB54@<, MB 84EFP ;@B7G CV8-
6<M<F< 5B=B6V @B:?<6BEFV CV8DB;8V?V6.  

�?9, CBDS8 ; 6<EB><@< 6<@B74@< 8B 6989AAS EGK4EAB7B 6B7A96B7B 5BR 
F4 ;5V?PL9AAS@ F9IAVKA<I @B:?<6BEF9= EGK4EABW ;5DBW, 6VFK<;ASAV ECBEB5< 
GCD46?VAAS 6B7A9@, ;B>D9@4 E<EF9@4 JV?9DB;CB8V?G ;4?<L<?4EP 59; ;@VA (7B-
?BEB@, ;4 8BCB@B7BR DGKA<I DB;D4IGA>V6, CB >4DFV, A4 BEAB6V 5B=B6B7B 8BE6V-
8G F4 VAL9), F4 є F4>BR MB A9 6V8CB6V84є 6<@B74@ EPB7B89AAS. 

"EAB6A<@< A98B?V>4@< E<EF9@< GCD46?VAAS 6B7A9@ ;474?PAB6V=EP-
>B6<I CV8DB;8V?V6 є A98BEF4FAє BEA4M9AAS EGK4EA<@< 46FB@4F<;B64A<@< 
E<EF9@4@< B5DB5>< VAHBD@4JVW, A<;P>V @B:?<6BEFV ; GCD46?VAAS @4A96DB@ 
6B7A9@ F4 DGIB@, A98BEF4FAє BEA4M9AAS EGK4EA<@< A46V74JV=A<@< ;4EB54-
@< F4 ;4EB54@< DB;6V8>< JV?9=.  

� @9FBR ;459;C9K9AAS GECVLAB7B 6<>BA4AAS 5B=B6<I ;4684AP 6 E>?48A<I 
G@B64I 6989AAS EGK4EAB7B L6<8>BC?<AAB7B 5BR A9B5IV8AB CV86<M<F< @B:?<-
6BEFV E<EF9@ GCD46?VAAS 6B7A9@ CV8DB;8V?V6. �474?PAB6V=EP>B6<= >B@4A8<D F4>-
F<KABW ?4A>< CB6<A9A 6 D94?PAB@G @4ELF45V K4EG BFD<@G64F< 6V8 DV;A<I 8:9-
D9?, S>V 698GFP 59;C9D9D6A<= @BAVFBD<A7 5B=B6BW B5EF4AB6>< A4 ;9@?V V 6 CB6VF-
DV, B5DB5?9AG EGK4EA<@< 9?9>FDBAAB-B5K<E?R64?PA<@< E<EF9@4@< VAHBD@4-
JVR, MB 8B;6B?<FP >B@4A8<DG ; 6<EB>BR @VDBR 8BEFB6VDABEFV BJVA<F< B5EF4AB-

                                                           
1 8.F.A., CDBH., C.A.E. !�� (%'�) !* %�, !4JVBA4?PA4 �>489@VS EGIBCGFA<I 6V=EP> 
V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6  
2 >.F.A., E.A.E., A4K4?PA<> !�� (%'�) !* %�, !4JVBA4?PA4 4>489@VS EGIBCGFA<I 
6V=EP> V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6 
3 A.E. !�� (%'�) !* %�, !4JVBA4?PA4 �>489@VS EGIBCGFA<I 6V=EP> V@9AV 79FP@4A4 
#9FD4 %474=84KAB7B, �P6V6 
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6>G A4 CB?V 5BR F4 CD<=ASF< DVL9AAS MB8B BCF<@4?PAB7B JV?9DB;CB8V?G CD< 
;8V=EA9AAV 6B7A96B7B GD4:9AAS.  

�8BE>BA4?9AAS E<EF9@< GCD46?VAAS 6B7A9@ ;4 D4IGAB> E<EF9@< JV-
?9DB;CB8V?G A4 54;V A46V74JV=ABW VAHBD@4JVW, 84є F4>B: ;@B7G 8BES7F< 6<-
EB>BW >BBD8<A4JVW 8V= @V: 5B=B6<@< CV8DB;8V?4@< F4 6B7A96<@< ;4EB54@<, 
MB 8B;6B?Sє CV86<M<F< 9H9>F<6AVEFP 6<>BD<EF4AAS 6B7A96<I ;4EB5V6 CD< 
A4A9E9AAV 6B7A96B7B GD4:9AAS CDBF<6A<>G.  

!9B5IV8AVEFP 8BBEA4M9AAS E<EF9@< GCD46?VAAS 6B7A9@ CV8DB;8V?V6 
%GIBCGFA<I 6V=EP> �5DB=A<I E<? '>D4WA< E<EF9@BR JV?9DB;CB8V?G A4 54;V 
A46V74JV=ABW VAHBD@4JVW B5G@B6?9A4 69?<>BR >V?P>VEFR VAHBD@4JVW, S>4 
CBEFGC4є F4 B5DB5?SєFPES B5K<E?R64?PABR F9IAV>BR 6 ;474?PAB6V=EP>B-
6B@G 5BR, F4 6<@B74@< 8VSF< 6 D94?PAB@G @4ELF45V K4EG. *9, 6 E6BR K9D-
7G, 6<@474є CV86<M9AAS BC9D4F<6ABEFV B5DB5>< VAHBD@4JV=A<I CBFB>V6 F4 
E>BDBK9AAS K4EG A4 GD4:9AAS JV?9= ;4 D4IGAB> 46FB@4F<;4JVW CDBJ9EG 
CD<=ASFFS DVL9AAS 8?S ;8V=EA9AAS BCF<@4?PAB7B JV?9DB;CB8V?G.  

%F6BD9AAS E<EF9@< JV?9DB;CB8V?G A4 54;V A46V74JV=ABW VAHBD@4JVW 
8B;6B?<FP A9 FV?P>< E>BDBF<F< EFDB>< 6<>BA4AAS 4?9 V DB;L<D<F< C9D9?V> 
6B7A96<I ;4684AP, S>V 6<DVLGRFPES, ; ;4?GK9AAS@ @VAV@4?PAB A9B5IV8ABW 
>V?P>BEFV E<? V ;4EB5V6, 4 F4>B: ;69EF< 8B @VAV@G@G @4F9DV4?PAV 6<FD4F< A4 
CDB6989AAS 6B7A96B7B GD4:9AAS 6 5BR, MB 6 JV?B@G 84EFP ;@B7G CB>D4M<-
F< 5B=B6V @B:?<6BEFV ;474?PAB6V=EP>B6<I CV8DB;8V?V6. 

%C<EB> ?VF9D4FGD< 

1. �BDB?PB6 �. ., �GKG> �.�., �4єJP 3.�., �BDB?PB64 ".�.,  VDBLAVK9A>B 
2.�. �A4?V; E6VFB6<I F9A89AJV= DB;6<F>G E<EF9@ A46V74JVW 8?S EGIBCGFA<I 6V=EP>. 
// �V=EP>B6B-F9IAVKA<= ;5VDA<> �>489@VW EGIBCGFA<I 6V=EP>. � �.: �%�, 2011. � 
�<C. 1(4). � %. 19�29.  

2. �BDB?PB6 �. ., �4єJP 3.�., �є?S>B6 �.(. ,�B;AR> �.�.. �A4?VF<KA<= 
B7?S8 EF4AG F4 C9DEC9>F<6 DB;6<F>G E<EF9@ JV?9DB;CB8V?G 6 4D@VSI CDB6V8A<I >D4WA 
E6VFG. // �5VDA<> A4G>B6<I CD4JP �>489@VW 6V=EP>B6B-@BDEP><I E<? V@. #.%. !4IV-
@B64, 2012. � №1. � %. 39�48. 

3. �BDB?PB6 �. ., �4єJP 3.�. $B;6<FB> E<EF9@ JV?9DB;CB8V?G S> A4CDS@B> 
68BE>BA4?9AAS E<EF9@ GCD46?VAAS 6B7A9@ CV8DB;8V?V6 EGIBCGFA<I 6V=EP> 4D@V= 
CDB6V8A<I >D4WA E6VFG. // �5VDA<> A4G>B6<I 8BCB6V89= �)-BW  V:A4DB8ABW >BAH9D9-
AJVW «�VDBF9IAB?B7VW, A46V74JVS, GCD46?VAAS DGIB@ F4 >BAEFDGR64AAS >BE@VKABW 
F9IAV><». &1 � �<W6: !&'' «�<W6EP><= CB?VF9IAVKA<= VAEF<FGF» � 2013. � %. 182�
194. 
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'�� 621.372.833 
�GJ4> %.�.1, �B74K964 �. .2 

%$��!�&��0!/� �!���� 1!�$��&�+�%��) 

)�$��&�$�%&�� #"��"-�2-�) (��0&$"� ��$ "!�� 

�?S 5B?PL<AEF64 D48<BE<EF9@ <EFBKA<>4@< 6A9CB?BEAOI <;?GK9-
A<= S6?SRFES 74D@BA<>< BEAB6AB= K4EFBFO < 8DG7<9 CB5BKAO9 >B?954A<S, 
6B;A<>4RM<9 6 6OIB8AOI GEFDB=EF64I, EB89D:4M<I GE<?<F9?PAO9 < 79-
A9D4FBDAO9 Q?9>FDB64>GG@AO9 CD<5BDO %�+. %B6D9@9AAO9 @9FB8O 79A9-
D4J<< < @B8G?SJ<< A9 CB;6B?SRF CB?ABEFPR <;546<FPES BF 6A9CB?BEAB7B 
<;?GK9A<S. �4?PA9=L99 BE?45?9A<9 QFB7B <;?GK9A<S @B:9F 5OFP 8BEF<7-
AGFB CD<@9A9A<9@ EBBF69FEF6GRM9= E<EF9@O H<?PFDB6 74D@BA<>.  

� 84AAB= D45BF9 D4EE@4FD<64RFES H<?PFDO 74D@BA<>, >BFBDO9 
CD98EF46?SRF EB5B= &-EB98<A9A<S EB M9?96B= E6S;PR @9:8G BEAB6AO@ < 
5B>B6O@< 6B?AB6B84@<. #B846?9A<9 74D@BA<> 6 6B?AB6B89 BEGM9EF6?S9F-
ES CGF9@ 6O6B84 <I 6B 6ECB@B74F9?PAO9 6B?AB6B8O G@9APL9AAB7B E9K9-
A<S K9D9; 5B?PLB9 >B?<K9EF6B M9?9= E6S;<. � QF<I 6ECB@B74F9?PAOI 6B?-
AB6B84I A4IB8SFES CB7?BF<F9?<, 6 >BFBDOI D4EE9<64RFES 74D@BA<K9E><9 
EBEF46?SRM<9.  

� ?<F9D4FGD9 CD98EF46?9AO D4;?<KAO9 >BAEFDG>J<< CB7?BM4RM<I 
H<?PFDB6 E GF9K>B= 6B?AO. �?S 6O5BD4 BCF<@4?PAB= E<EF9@O H<?PFDB6 
74D@BA<>, 5O? CDB6989A ED46A<F9?PAO= 4A4?<; QA9D79F<K9E><I I4D4>F9-
D<EF<> H<?PFDB6 D4;?<KAB= >BAH<7GD4J<< (D<E.1). 

$4EK9F QA9D79F<K9E><I I4D4>F9D<EF<> H<?PFDB6 (>BQHH<J<9AFB6 
CDBIB:89A<S < BFD4:9A<S, ;4FGI4A<S < >BQHH<J<9AF4 EFBSK9= 6B?AO) 
FD95G9F D9L9A<S 8<HD4>J<BAAB= ;484K< < BCD989?9A<S 4@C?<FG8 CB?S 
C484RM9= < CDBL98L<I 6B?A. 

%BEF46?9A<9 @4F9@4F<K9E>B= @B89?< CDS@BG7B?PAB7B 6B?AB6B84 E 
6FBD<KAO@< 5B>B6O@< 6B?AB6B84@< CB G;><@ EF9A>4@ CD98EF46?S9F 
69EP@4 FDG8AGR ;484KG. �?46A4S CD<K<A4 ;4>?RK49FES 6 99 >BAH<7GD4J<-
BAAB= E?B:ABEF<, 6 6<8G K97B 7D4A<KAO9 GE?B6<S 8?S Q?9>FDB@47A<FAB7B 
CB?S 8B?:AO 6OCB?ASFPES A4 CB69DIABEFSI 8BEF4FBKAB E?B:AB= HBD@O.  

"8A<@ <; QHH9>F<6AOI @9FB8B6 GCDBM9A<S >D496B= ;484K< S6?S9F-
ES <ECB?P;B64A<9 CD<5?<:9AAOI @9FB8B6 Q?9>FDB8<A4@<><, CB;6B?SR-
M<9 CB?GK<FP ED46A<F9?PAB CDBEFO9 6OD4:9A<S, BFD4:4RM<9 BEAB6AO9 
I4D4>F9D<EF<>< D4EE@4FD<649@OI EFDG>FGD. � >4K9EF69 @9FB84 D9L9A<S 
                                                           
1 EF. CD9CB8464F9?P >4H98DO «�4M<F4 <AHBD@4J<<», �!&' 
2 EF. CD9CB8464F9?P >4H98DO «$48<BF9IA<>4 < F9?9>B@@GA<>4J<<», �!&' 
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CBEF46?9AAB= ;484K< <ECB?P;G9FES <@C984AEAO= @9FB8, GEC9LAB CD<@9-
AS9@O= 8?S D9L9A<S L<DB>B7B >?4EE4 ;484K 8<HD4>J<< < D4ECDBEFD4A9-
A<S D48<B6B?A. 

1?9>FDB8<A4@<K9E>B= @B89?PR D4EE@4FD<649@OI EFDG>FGD S6?S9F-
ES CDS@BG7B?PAO= 6B?AB6B8 (K4EF<KAB ;4CB?A9AAO= 8<Q?9>FD<>B@, D<E. 1, 
6, 7) E <@C984AEAO@< G;><@< EF9A>4@<. �?S GCDBM9A<S CBEF46?9AAB= ;4-
84K< 66B8SFES A9>BFBDO9 CD<5?<:9A<S: 1) C9D<B8<K9E>4S CBE?98B64F9?P-
ABEFP 6FBD<KAOI 6B?AB6B8B6 ;4@9AS9FES 7?48>B= CB69DIABEFPR E <@C9-
84AEB@ Zs; 2) CB69DIABEFAO= <@C984AE Zs CD98EF46?S9F EB5B= <AF97D4?P-
AGR I4D4>F9D<EF<>G, ;46<ESMGR BF K4EFBFO < 4C9DFGDO 5B>B6OI 6B?AB-
6B8B6 (A9 ;46<E<F BF >BBD8<A4F); 3) 6FBD<KAO9 6B?AB6B8O A47DG:9AO A4 
EB7?4EB64AAGR A47DG;>G (BFD4:9AAO9 6B?AO EB EFBDBAO 5B>B6OI 6B?AB-
6B8B6 BFEGFEF6GRF). 

 

 
4) H<?PFD E GF9K>B= 6B?AO CB B8AB= G;>B= 

EF9A>9 
5) H<?PFD E GF9K>B= 6B?AO CB 86G@ G;><@ 

EF9A>4@ 

6) CB7?BM4RM<= H<?PFD E B8AB= 8<Q?9>FD<-
K9E>B= C?4EF<AB= 

7) CB7?BM4RM<= H<?PFD E 86G@S 8<Q?9>FD<-
K9E><@< C?4EF<A4@< 

  

$<E. 1. $4;AB6<8ABEF< >BAEFDG>J<= CB7?BM4RM97B H<?PFD4 74D@BA<>: 1 � 
BEAB6AB= 6B?AB6B8; 2 � 5B>B6O9 6B?AB6B8O; 3 � CB7?BM4RM4S A47DG;>4;  

4 � 8<Q?9>FD<K9E>4S C?4EF<A4 

%C<EB> ?<F9D4FGDO 

1. �GJ4> %.�.  B89?<DB64A<9 <@C984AEAO@< CB69DIABEFS@< C9D<B8<K9E><I 
A9B8ABDB8ABEF9= 6 CDS@BG7B?PAOI 6B?AB6B84I [&9>EF] / %.�. �GJ4> // $48<BF9IA<>4: 
�E9G>D. @9:698. A4GK.-F9IA. E5. 2013. �OC. 175. %. 102 � 108. 

2. �GJ4> %.�. "J9A>4 C4D4@9FDB6 !-C?BE>BEFAB7B CB7?BM4RM97B H<?PFD4 
74D@BA<> [&9>EF] / %.�. �GJ4>, �. . �B74K964 // $48<BF9IA<>4: �E9G>D. @9:698. 
A4GK.-F9IA. E5. 2014. �OC. 179. %. 69 � 75.  
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'�� 621.396.965:621.391.26 
�9IB6<J><= �.�.1, $S5GI4 �.#.2, %9@9AS>4 �.�.3, К4FRL<A �.�.4  

$��'$$�!&!/� ���"$�&  −= 4K $�!�"�"�" 

"�!"���!�3 #�$� �&$"� ���#&��!/) $�,�&+�&/) 

(��0&$"� � ��" &�)!�+�%��3 $������*�3 !� "%!"�� 

*�($"�"�" %��!��0!"�" #$"*�%%"$� 

%B6D9@9AAO9 6OEB>BQHH9>F<6AO9 484CF<6AO9 E<EF9@O CDBEFD4A-
EF69AAB-6D9@9AAB= B5D45BF>< E<7A4?B6 A4 HBA9 CB@9I 6 D94?PAOI GE?B-
6<SI C4D4@9FD<K9E>B= 4CD<BDAB= A9BCD989?9AABEF< J9?9EBB5D4;AB EFDB-
<FP A4 54;9 484CF<6AOI D9L9FK4FOI H<?PFDB6 (�$().  

�4:A9=L<= EBEF46AB= QF4C 484CF<6AB= B5D45BF>< A4 BEAB69 �$( 
� 97B A4EFDB=>4, 6 CDBJ9EE9 >BFBDB= 8B?:AO GEF4A46?<64FPES F4><9 C4D4-
@9FDO EB@AB:<F9?9= (EFGC9A9= �$(), CD< >BFBDOI <I (A9 HBD@<DG9@B9 
S6AB) CDB<;6989A<9 CDBCBDJ<BA4?PAB @4FD<J9, B5D4FAB= <ECB?P;G9@B= 
BJ9A>9 >BDD9?SJ<BAAB= @4FD<J9 (� ) <?< FB= <?< <AB= 99 4CCDB>E<@4-
J<<. � E6BR BK9D98P �$( K4EFB A4EFD4<649FES CB B5GK4RM9= 6O5BD>9, 
Q?9@9AFO >BFBDB= 59DGFES <; 6D9@9AAB7B «B>A4» >BA9KAB= CDBFS:9AAB-
EF<. � F<C<KAOI 8?S CD4>F<>< GE?B6<SI 6IB8AOI 6B;89=EF6<=, EF4J<B-
A4DAOI FB?P>B A4 B7D4A<K9AAB@ 6D9@9AAB@ <AF9D64?9, QFB B>AB «E>B?P-
;<F» CB 6D9@9A< (6 D48<B?B>4J<BAAOI CD<?B:9A<SI � CB 84?PABEF<). #D< 
QFB@ <ECB?P;G9@4S BJ9A>4 �  8?S -)1( +n 7B Q?9@9AF4 84?PABEF< K4EFB 

CD98EF46?S9F EB5B= EG@@G Knn ΦΦΦ +=+ )()1(  BJ9A>< )(nΦ  �  -n 7B 

Q?9@9AF4 < @B8<H<J<DGRM9= @4FD<JO ∑ == K

i iK 1ΦΦ  D4A74 1≥= Kr ,

B5D4;B64AAB= EG@@B= K  @4FD<J ),1( Kii *Φ  98<A<KAB7B D4A74. � QF<I
E?GK4SI EB@AB:<F9?< B5D4FAB= @4FD<JO 8?S «C9D9A4EFDB=><» �$( 6 
CD<AJ<C9 @B:AB CB?GK<FP CGF9@ −K >D4FAB= @B8<H<>4J<< @4FD<J 

,)1()( imodmod ii ΦΦΦ +−=  ,,1 Ki*  ( ) ( )nmod ΦΦ =0 @4FD<J4@< iΦ
D4A74 1=r . 

�B;@B:9A, B8A4>B, CD<AJ<C<4?PAB 8DG7B= CGFP, CD98CB?474RM<= 
A9 −K >D4FAGR >BDD9>J<R C4D4@9FDB6 �$( CB 4?7BD<F@4@ B8ABD4A7B6B= 
@B8<H<>4J<< "(�, 4 <I B8AB>D4FAO= C9D9EK9F, AB CB 4?7BD<F@4@ 

1�B>FBD F9IA<K9E><I A4G>  CDBH9EEBD, 7?46AO= A4GKAO= EBFDG8A<> )4DP>B6E>B7B 
A4J<BA4?PAB7B GA<69DE<F9F4 D48<BQ?9>FDBA<>< ()!'$1) 
2�4A8<84F F9IA<K9E><I A4G> 8BJ9AF, 698GM<= A4GKAO= EBFDG8A<> )!'$1 
3!4GKAO= EBFDG8A<> )!'$1 
4!4GKAO= EBFDG8A<> )!'$1 
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−K D4A7B6B= @B8<H<>4J<<. &4>B= CGFP 8B?:9A G@9APL4FP 6OK<E?<F9?P-
AGR E?B:ABEFP CDBJ98GDO A4EFDB=>< < CB6OL4FP 99 K<E?9AAGR GEFB=K<-
6BEFP, CBE>B?P>G 6 QFB@ E?GK49 A9 8B?:AO A4>4C?<64FPES BL<5><, 6B;A<-
>4RM<9 6 >4:8B@ <; K  J<>?B6 B8ABD4A7B6B= @B8<H<>4J<<.  

�B>?48 CBE6SM9A E<AF9;G EBBF69FEF6GRM<I 4?7BD<F@B6, BC<E4A<R 
EB;84AAB7B BCOFAB7B B5D4;J4 4CC4D4FAB7B-CDB7D4@@AB7B 5?B>4 484CF<6-
AB= 6D9@9AAB= B5D45BF>< E<7A4?B6 (�#� ��") A4 HBA9 C4EE<6AOI CB@9I 
A4 BEAB69 �$( < CDB6989AAOI 97B CD9864D<F9?PAOI <ECOF4A<=.  

1F< 4?7BD<F@O E<AF9;<DGRFES 8?S E?GK4S, >B784 BJ9ABKA4S �  
-)1( +n 7B L474 

( ) ( ) ( ) 1
111, )1(diag,,~~ −
==

+
= =−==⋅⋅+=ϕ= ΛΛfFFΛFΦΦ K

i
iK

ii
M

jiij  

BF?<K49FES BF �  Φ  -n 7B L474 @4FD<J9= +⋅⋅ FΛF  CDB<;6B?PAB7B D4A-
74 1≥K , D46AB7B K<E?G EFB?5JB6 if  @4FD<JO F . � L<DB>B@ >?4EE9 
CD4>F<K9E>< 64:AOI E<FG4J<= ;A4K9A<9 4≥K . 

#B>4;O649FES, KFB, CB 4A4?B7<< E B8ABD4A7B6B=, −K D4A7B6GR >BD-
D9>J<R F4>:9 @B:AB D94?<;B64FP A4 BEAB69 4CD<BDAOI <?< 4CBEF9D<BD-
AOI BL<5B> CD98E>4;4A<S, B8A4>B EBBF69FEF6GRM<9 4?7BD<F@O −K D4A-
7B6B= >BDD9>J<< B>4;O64RFES A9BCD4684AAB E?B:AO@< � B5N9@ 6OK<E?9-
A<= G69?<K<649FES A9 6 K , 4 6 2K  D4; CB ED46A9A<R E <I B8ABD4A7B6O@< 
4A4?B74@<. � E6S;< E QF<@ D4;D45BF4A >B@5<A<DB64AAO= 4?7BD<F@  

−≥1K D4A7B6B= >BDD9>J<<. � A9@ <ECB?P;GRFES BL<5>< CD98E>4;4A<S 
B5B<I 6<8B6, ;4 EK9F K97B B5N9@ 6OK<E?9A<= C4D4@9FDB6 �$( B>4;O649F-
ES CD<@9DAB 6 K  D4; @9APL9, K9@ CD< −K >D4FAB@ <ECB?P;B64A<< 4?7B-
D<F@B6 B8ABD4A7B6B= >BDD9>J<<.  

$4;D45BF4AAO= D9>GDD9AFAO= 4?7BD<F@ 
4=K D4A7B6B= >BDD9>J<< C4D4@9FDB6 �$( 

D94?<;B64A 6 BCOFAB@ B5D4;J9 �#� ��" 
(D<E. 1) A4 BEAB69 BF?48BKAB= C?4FO 
MDSEVM6678L H<D@O Texas Instruments E 
6OEB>BE>BDBEFAB= @<>DBEI9@B= 6BEP@<S89D-
AB7B E<7A4?PAB7B CDBJ9EEBD4 DSP 
TMS320C6678. #DB6989AAO9 <ECOF4A<S 
BCOFAB7B B5D4;J4 CB>4;4?< 6OEB>GR QHH9>-

F<6ABEFP �$( CD< B5D45BF>9 E<7A4?B6 A4 HBA9 @4E><DGRM<I C4EE<6AOI 
CB@9I. 

$<E. 1. "COFAO= B5D4;9J 
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'�� 550.388.2 
"E<A<A �.(.1, +9F69D<>B6 %.(.2 

#"�$�,!"%&� "�"�-�2-�� 1 #�$�+�%�"�  "���� 

�%&�%&��!!/) $���",' "� 

�?S D4;D45BF>< CB@9IBGEFB=K<6OI < A489:AOI D48<BE<EF9@ E6S;<, 
C9?9A74J<< < A46<74J<< 6 8<4C4;BA9 K4EFBF 13,5 >�J�10  �J A9B5IB8<@B 
;A4FP 6 FBK>9 CD<9@4 EF4F<EF<K9E><9 < @BMABEFAO9 E6B=EF64 @9L4RM<I 
D48<BCB?9=, >BFBDO9 CB E6B9= CD<DB89 S6?SRFES 9EF9EF69AAO@< 4F@B-
EH9DAO@< D48<BCB@9I4@<. 
� D45BF4I [1�3] CDB6B8<?<EP <EE?98B64A<S CB CB<E>G A4<5B?99 CDB-

EFB= <; <;69EFAOI @4F9@4F<K9E><I @B89?9= BC<E4A<S D48<BCB@9I, 6 D9-
;G?PF4F9 K97B B5B5M4RM4S Q@C<D<K9E>4S @B89?P ("1 ) (1) S6?S9FES BC-
F<@4?PAB= CB K<E?G C4D4@9FDB6 < G8B5EF6G 99 <ECB?P;B64A<S 6 CD<>?48-
AOI < F9BD9F<K9E><I 4EC9>F4I. 

ª
ª
ª
ª

©

ªª
ª
ª

¨

§

¨
¨
¨

©

§

¤
¤
¤

¥

£

À
À

Á

¿

¼
¼

½

»

¨
¨
¨

©

§

¤
¤
¤

¥

£

À
À

Á

¿

¼
¼

½

»

∞≤≤′

−

+

′≤≤

−

+

=

,0E0E  ,

1
2q

50q2�
0E

1

;0E0E0  ,

1
1q

50q1�
0E

1

P(E)
           (1) 

789 b/q10'
0

Eq
P

P1
0

E ⋅⋅
−

= , b=lg(P/(1�P)), q=tg³=ΔlgP/ΔlgE. 

�?S CD4>F<K9E>B= CDB69D>< @B89?< @O <;@9DS?< HGA>J<R D4ECD9-
89?9A<S 6 CB?BE9 CDBCGE>4A<S 100 �J ?9FB@ 6 7BDB89 �<C9J>. � F4>B@ 
E?GK49 C4D4@9FDO "1  5O?< E?98GRM<9: q1=1.76; q2=3.51; E0=56.2; b=�2. 

�A4K9A<S HGA>J<< D4ECD989?9A<S, D4EEK<F4AAO9 CB (1), CD98EF46-
?9AO A4 D<E. 14, >BFBDO9 ED46A<64?<EP EB ;A4K9A<S@<, 6;SFO@< <; BFK9F4 
 9:8GA4DB8AB7B >BAEG?PF4F<6AB7B >B@<F9F4 CB D48<BE6S;< № 322 [4] 8?S 
*9AFD4?PAB-+9DAB;9@AB7B D4=BA4, ?9FA97B E9;BA4 < 6D9@9A< EGFB> BF 1600 
8B 2000 6 CB?BE9 CDBCGE>4A<S 100 �J. 

�A4?<;<DGS >D<6O9 HGA>J<< D4ECD989?9A<S 4@C?<FG8 < CB7D9LAB-
EF< "1  D4ECD989?9A<S D48<BLG@4 (D<E.1), @B:AB E89?4FP 6O6B8 B 6B;-
@B:ABEF< <ECB?P;B64A<S "1  6 BK9AP A<;>BK4EFBFAB@ 8<4C4;BA9 (3 >�J�
10 �J). 

                                                           
1 8. H.-@. A., CDBH9EEBD, >4H98DO H<;<>< < 5<B@98<J<AE>B= F9IA<><, ��&' 
2 >.F.A., 4EE<EF9AF >4H98DO H<;<>< < 5<B@98<J<AE>B= F9IA<><, ��&' 
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$<E. 1. %D46A9A<9 Q>EC9D<@9AF4?PAOI (FBK><) < F9BD9F<K9E><I (EC?BLA4S 
?<A<S) <; BFK9F4  ��$ № 322 ;A4K9A<= HGA>J<< D4ECD989?9A<S 4@C?<-

FG8 (4) < <I CB7D9LABEF< (5) 

%C<EB> ?<F9D4FGDO 

1. "E<A<A,  �.�.  �AHBD@4J<BAAB-<;@9D<F9?PA4S  E<EF9@4  >BAFDB?S  >4K9-
EF64 HGA>J<BA<DB64A<S  D48<BGEFDB=EF6  CD<  4F@BEH9DAOI  CB@9I4I:  8<E.  A4  
EB<E>4A<9 EF9C9A<  >4A8<84F4  F9IA<K9E><I  A4G> (05.11.16)  /  "E<A<A  �7BDP  
�?48<@<DB6<K; �<C. 7BE. F9I. GA-F.� �<C9J>, 2007. � 120 E. 

2. #B8?9EAOI, �.�. �AHBD@4J<BAAB-<;@9D<F9?PA4S E<EF9@4 >BAFDB?S <A-
F9AE<6ABEF< CBFB>4 <@CG?PEB6 4F@BEH9DAOI D48<BCB@9I:  8<E.  A4  EB<E>4A<9 
EF9C9A<  >4A8<84F4  F9IA<K9E><I  A4G> (05.11.16) / #B8?9EAOI �@<FD<= �?9>E99-
6<K; �<C. 7BE. F9I. GA-F.� �<C9J>, 2008. �135 E. 

3. "E<A<A, �.(. $48<BLG@O 9EF9EF69AAOI <EFBKA<>B6 A4 6BEFB>9 %%%$ / 
�.(. "E<A<A  �  .: !4G>4, 1982. � 162 E. 

4. World distribution and characteristics of atmospheric radio noise [Text]: 10th 
Plenary Assembly, Int. Telecommun. Union. Int. Rad. Consult. Comm. Geneva. � 1964. 
Report 322. �  62 p. 
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'�� 628.397 
"L4DB6E>4S �.�.1 

%�&"+!/� 3D ��"�$���!�3 � �) %#��&$/ 

*9?PR E:4F<S <;B5D4:9A<= S6?S9FES GEFD4A9A<9 H<;<B?B7<K9E>B= 
< EF4F<EF<K9E>B= <;5OFBKABEF< ;4 EK9F QHH9>F<6AB7B <ECB?P;B64A<S >4-
A4?B6 E6S;< 8?S C9D984K< F9?96<;<BAAOI 3D-<;B5D4:9A<=. 

"FB5D4:9A<9 <AHBD@4J<< 6 @AB7B@9DAB@ CDBEFD4AEF69 BF69K49F 
<899 B5D45BF>< <;B5D4:9A<=. � @AB7B@9DAB@ CDBEFD4AEF69 EBID4AS9FES 
FBCB?B7<K9E>4S 5?<;BEFP: &4><@ B5D4;B@, CDBEFD4AEF6B E7DGCC<DB64AB 6 
>?4EF9D4I, 4A4?B7<KAOI 6 A9>BFBDOI BFABL9A<SI.  

 AB7B@9DAO= E<7A4? � QFB E<7A4?, 789 >4:8B= 6O5BD>9 EBBF69FEF-
6G9F FBK>4 6 d-@9DAB@ CDBEFD4AEF69: d

x Pd * , 789 I � 6O5BD>4 E<7A4?4, 
dP  � d-@9DAB9 CDBEFD4AEF6B. 

#B8 G@9APL9A<9@ CDBEFD4AEF64 E<7A4?4 @O CBA<@49@ ?<A9=AB9 
BFB5D4:9A<9 <EIB8AB7B d-@9DAB7B CDBEFD4AEF64 E<7A4?B6 D4;@9DABEF< k, 
789 k<d. "C9D4FBD, BEGM9EF6?SRM<= QFBF C9D9IB8 8B?:9A BCD989?SFPES E 
GK9FB@ 6B;@B:ABEF< B5D4FAB7B C9D9IB84 6 CDBEFD4AEF6B dP . #D<@9DB@ 
F4>B7B ?<A9=AB7B BC9D4FBD4 @B:9F E?G:<FP BDFBABD@4?PA4S @4FD<J4 S 

D4;@9DB@ DK × . �?S F4>B= @4FD<JO 69DAB, KFB kT ESS =⋅ , 6 FB 6D9@S 
>4> kT ESS b⋅ , 789 TS  � FD4AECBA<DB64AA4S @4FD<J4 S E D4;@9DB@ 

KD× , � � 98<A<KA4S @4FD<J4 D4;@9D4 KK × . $4;@9DABEFP 69>FBD4 @B-
:9F 5OFP G@9APL9A4 CB@BMPR S @4FD<JO [1]. 

�E?< <ECB?P;B64FP ?9@@G �:BAEBA-�<A89ALFD4EE4 FB @B:AB GF-
69D:84FP, KFB CD< G@9APL9A<< D4;@9DABEF< CDBEFD4AEF64 E<7A4?4 EGM9-
EF6G9F F4>B9 BFB5D4:9A<9 kd PP → , CD< >BFBDB@ <;B5D4:9A<9 6 AB6B@ 
CDBEFD4AEF69 5G89F BF?<K4FPES BF BD<7<A4?4 A9 5B?99 K9@ A4 ¸  [2]. 

�<A4@<K9E><9 3-D E9F>< CD98EF46?SRF EB5B= CBE?98B64F9?PABEF< 
EF4F<K9E><I E9FB> E A9<;@9AAB= FBCB?B7<9=, <@9RM<9  >BDD9?SJ<BAAO9 
E6S;S >4> 6 CDBEFD4AEF69, F4> < 6B 6D9@9A<.  9FB8O E:4F<S F4><I E9FB> 
@B:AB D4;89?<FP A4 864 >?4EE4: EC9>FD4?PA9 CD9B5D4;B64A<S < CD98E>4;4-
A<S 6 CDBEFD4AEF69. 

�9=6?9F-CD9B5D4;B64A<9 < 4A4?<; 7?46AOI >B@CBA9AF (PCA) 6 A4-
EFBSM99 6D9@S >BA>GD<DGRF 8DG7 E 8DG7B@ ED98< EC9>FD4?PAOI @9FB8B6 
[3].  9FB8 4A4?<;4 7?46AOI >B@CBA9AF E6B8<FES > 6OK<E?9A<R EB5EF69A-
AOI 69>FBDB6 < EB5EF69AAOI ;A4K9A<= >B64D<4J<BAAB= @4FD<JO <EIB8-

                                                           
1 �.F.A., 8BJ9AF >4H. &� < $� "!�% <@. �.%. #BCB64 
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AOI 84AAOI. �AB784 @9FB8 7?46AOI >B@CBA9AF A4;O64RF CD9B5D4;B64A<-
9@ �4DGA9A4-�BQ64 <?< CD9B5D4;B64A<9@ )BF9??<A74. 

� CD9B5D4;B64A<< PCA 8B@<A<DGRF CB8IB8 E:4F<S 8<A4@<K9E><I 
3-D E9FB> ;4 EK9F ?GKL97B 7?B54?PAB7B CD<5?<:9A<S FD49>FBD<< 69DL<A. 
�<A4@<K9E>4S E9F>4 CD98EF46?9A4 6 6<89 @4FD<JO 5B?PLB= D4;@9DABEF< 
3VF, 789 V < F K<E?B 69DL<A < >48DB6, EBBF69FEF69AAB. %:4F<9 8BEF<749F-
ES CGF9@ D4;?B:9A<S QFB= @4FD<JO @9FB8B@ RCA < BCGE>4S 5B?PL<AEF6B 
BEAB6AOI 69>FBDB6, >BFBDO9 ;4F9@ @B7GF 5OFP 6BEEF4AB6?9AO E CB@BMPR 
<AF9DCB?SJ<<. 1FBF @9FB8 QHH9>F<6AB D45BF49F A4 E9F>4I, 789 K<E?B 69D-
L<A EGM9EF69AAB 5B?PL9, K9@ >B?<K9EF6B >48DB6. 

� CBE?98A<9 7B8O 8?S D9L9A<S @4ELF45AOI ;484K  4CCDB>E<@4J<< 
6 CDBEFD4AEF69 CD98?4749FES <ECB?P;B64FP F9A;BDAB9 D4;?B:9A<9. �89S 
@9FB84 EBEFB<F 6 ;4@9A9 F9A;BD4 5B?PL97B D4A74 A4  J9CBK>G F9A;BDB6 
@4?B= D4;@9DABEF< [4].  

#D98EF46?9A<9 F9?96<;<BAAOI <;B5D4:9A<= E CB@BMPR 3D-E9FB> 
S6?S9FES A4<5B?99 CD<9@?9@O@ D9;G?PF4FB@. &9@ A9 @9A99, 8?S C9D984K< 
>BBD8<A4F 69DL<A FD95G9FcS E?<L>B@ L<DB>BCB?BEAO9 >4A4?O. �A4?<; 
79B@9FD<K9E>B7B CD9B5D4;B64A<S 84AAOI 3D-E9F>< 6 EC9>FD4?PAB@ CDB-
EFD4AEF69 CB>4;4? CD9<@GM9EF64 <ECB?P;B64A<S D4;?B:9A<S F9A;BDB6.  O 
@B:9@ 7B6BD<FP B 6?B:9AAOI EC9>FD4?PAOI CDBEFD4AEF64I E @9APL9= 
D4;@9DABEFPR. % FBK>< ;D9A<S F9?96<;<BAAOI <;B5D4:9A<= F4><9 <9D4D-
I<K9E><9 CDBEFD4AEF64 CB;6B?S9F BEGM9EF6?SFP D4;?<KAO9 D4;D9L4RM<9 
ECBEB5ABEF< 6 ;46<E<@BEF< BF CDBCGE>AB= ECBEB5ABEF< < CDB<;6B8<F9?P-
ABEF< 6OK<E?<F9?PAOI GEFDB=EF6. 

%C<EB> ?<F9D4FGDO 

1. S. Gumbold, W. Strasser, «Real Time Compression of Triangle Mesh 
Connectivity», Computer Graphics Proceedings, Annual Conference Series, (Proc. of 
ACM SIGGRAPH 98), pp. 133�140, 1998. 

2. K. Müller, A. Smolic, M. Kautzner, P. Eisert, and T. Wiegand Predictive 
Compression of Dynamic 3D Meshes Image Processing, 2005. ICIP 2005. IEEE 
International Conference, I�621�4 

3. Ming Zhong, Hong Qin «Sparse approximation of 3D shapes via spectral 
graph wavelets» The Visual Computer June 2014, Volume 30, Issue 6�8, pp 751�761 
2014 

I.V. Oseledets and E. E. Tyrtyshnikov, «TT-cross approximation for 
multidimensional arrays», Linear Algebra Appl. 432(1), 70�88 (2010). 
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'�� 623.746 
#4MG> 2. .1, %4?PA<> 2.#.2, "C4A4ER> �.�.3 

�"$�%!� !���!&���!!3 &��&�+!�) �#�� %')"#'&!�) 

���%0� � %'+�%!�� %&�! &� #�$%#��&��� $"���&�'  

&4>F<KAV �C�� (&�C��) EGIBCGFA<I 6V=EP> DB;7?S84RFPES S> 
GAV69DE4?PA<= ;4EV5, MB ;A4IB8<FPES G 59;CBE9D98APB@G DB;CBDS-
8:9AAV >B@4A8<DV6 F4>F<KABW ?4A>< (DV69AP 5D<7484 � 54F4?P=BA) V 
;84FA<= ;459;C9K<F< ;5VD A9B5IV8A<I DB;6V8G64?PA<I 84A<I G L<DB-
>B@G EC9>FDV CDBFS7B@ FD<64?B7B K4EG (8B 3�5 7B8<A) A4 ;A4KAV= 6V8-
EF4AV 6V8 ?VAVW ;VF>A9AAS EFBDVA (6V8 15�20 >@ 8B 50�70 >@), FB5FB 
;8V=EARRK< «;47BD<;BAFAG» DB;6V8>G.  

� BEAB6A<I E>?48B6<I &�C�� E?V8 6<B>D9@<F< >BD<EA9 A464A-
F4:9AAS (G %,� >BD<EA9 A464AF4:9AAS A9 6IB8<FP 8B E>?48G �C��, 
4 є B>D9@<@ E4@BEFV=A<@ >B@CBA9AFB@ �C��), S>9 6>?RK4є EC9JV4?V-
;B64A9 B5?48A4AAS (45B 64AF4: K< B;5DBєAAS), MB 6EF4AB6?RєFPES A4 
6AGFDVLAV= F4/45B A4 ;B6AVLAV= CV86VE>4I &�C�� 8?S 6<>BA4AAS 6<-
;A4K9A<I JV?PB6<I HGA>JV= (DB;6V8>4, JV?96>4;G64AAS, D9FD4AE?SJVS 
F4 VALV). �B E>?48G >BD<EAB7B A464AF4:9AAS &�C�� @B:GFP 6IB8<F<: 

1) E9AEBD< (84FK<><) ;5BDG DB;6V8G64?PABW VAHBD@4JVW (%�$�), 4 
E4@9: F9?96V;V=AV, VAHD4K9D6BAV F4 HBFB->4@9D<; F9C?B6V;BD<; ?4;9DAV 
JV?96>4;V6A<>< F4 84?9>B@VD<; $�% V; E<AF9;B64ABR 4C9DFGDBR; E<E-
F9@< 6<;A4K9AAS (VA8<>4JVW) A4;9@A<I DGIB@<I JV?9=; ;4EB5< D48VB-, 
D48VBF9IAVKABW F4 D48VB?B>4JV=ABW DB;6V8><; 84FK<>< D48VB4>F<6ABW, 
IV@VKABW V 54>F9DVB?B7VKABW DB;6V8><; E9AEBD< 6<S6?9AAS 6<5GIB6<I 
CD<EFDBW6 FBMB; 

2) B5?48A4AAS 8?S D9FD4AE?SJVW D48VB;6�S;>G; 
3) E<EF9@< F4 ;4EB5< GD4:9AAS (CB846?9AAS, CD<8GL9AAS) 

E@9DF9?PABW 45B A9E@9DF9?PABW 8VW; 
4) DV;AB@4AVFAV CD<?48< F4 64AF4:V. 
%?V8 6<8V?<F< F4>V BEAB6AV F9A89AJVW DB;6<F>G >BD<EAB7B A4-

64AF4:9AAS &�C��: 

                                                           
1 A4G>B6<= ECV6DB5VFA<> !�� (�%�G "%%�), !* %�, !4JVBA4?PA4 4>489@VS EG-
IBCGFA<I 6V=EP> V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6 
2 >.F.A., E.A.E., A4K4?PA<> !�� (�%�G "%%�), !* %�, !4JVBA4?PA4 4>489@VS EG-
IBCGFA<I 6V=EP> V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6 
3 >.F.A., E.A.E., A4K4?PA<> !�� (�F4'�) !�� (�%�G "%%�), !* %�, !4JVBA4?PA4 
4>489@VS EGIBCGFA<I 6V=EP> V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6 
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� 6<>BD<EF4AAS ;@VAAB7B >BD<EAB7B A464AF4:9AAS @B8G?PAB7B 
F<CG; 

� VAF97D4JVS (>B@C?9>EG64AAS) E9AEBDV6 (E<EF9@) ;5BDG 
DB;6V8G64?PABW VAHBD@4JVW; 

� ;4EFBEG64AAS AB6<I «A9FD48<JV=A<I» %�$� (E<EF9@ 6<S6?9AAS 
JV?9=) ;4 DV;A<@< HV;<KA<@< B;A4>4@< B5�є>FV6, A4CD<>?48, 6<>BD<-
EF4AAS @47AVFB@9FD<KA<I, 4>GEF<KA<I F4 VAL<I E<EF9@;  

� ;A<:9AAS 64DFBEFV DB;DB5><, 6<7BFB6?9AAS F4 9>EC?G4F4JVW;  
� ;5V?PL9AAS ECV66V8ABL9AAS 647< >BD<EAB7B A464AF4:9AAS 8B 

;?VFABW 647< &�C��; 
� ;@9AL9AAS 9A9D7BECB:<64AAS 4C4D4FGD< >BD<EAB7B A464AF4-

:9AAS;  
� CV86<M9AAS ;84FABEFV 8B 6<>BA4AAS JV?PB6<I HGA>JV= 6 G@B-

64I ;4648, CDBF<8VW CDBF<6A<>4, E>?48ABW @VEJ96BEFV V F. VA.  
"8A<@ V; 7B?B6A<I A4CDS@V6 EF6BD9AAS EGK4EA<I F4>F<KA<I 

�C�� є ;4EFBEG64AAS ;@VAAB7B >BD<EAB7B A464AF4:9AAS @B8G?PAB7B 
F<CG, DV;A<I 64DV4AFV6 %�$� A4 �C�� ; 6<>BD<EF4AAS@ GAVHV>B64A<I 
VAF9DH9=EV6 F4 VAF97D4JVєR (>B@C?9>EG64AAS@) E<EF9@ ;5BDG 
VAHBD@4JVW. !4CD<>?48, B8ABK4EA9 6EF4AB6?9AAS A4 &�C�� F9?9- F4 
VAHD4K9D6BABW (F9C?B6V;V=ABW) >4@9D 8B;6B?Sє ;8V=EAR64F< 5474FBE-
C9>FD4?PAG 6<8B6G DB;6V8>G, VEFBFAB CV86<MG64F< VAHBD@4F<6AVEFP 
BFD<@G64A<I ;B5D4:9AP. 'EF4AB6?9AAS ?4;9DAB7B 84?9>B@VD4 
(JV?96>4;V6A<>4) 84є @B:?<6VEFP BC9D4F<6AB F4 FBKAB 6<;A4K4F< >B-
BD8<A4F< JV?V («CV8E6VKG64F<» JV?P) . 

�?S 9H9>F<6AB7B ;4EFBEG64AAS F4>F<KA<I �C�� ;4?9:AB 6V8 
;4684AP F4 G@B6 WI 6<>BA4AAS >B@4A8<D< (BC9D4FBD<) CV8DB;8V?V6 
�C�� 6<DVLGRFP ;484KG 6<5BDG BCF<@4?PAB7B 64DV4AFG >B@CBAB6>< 
@B8G?V6 >BD<EAB7B A464AF4:9AAS &�C��. &B@G VEAGє A474?PA4 CDB-
5?9@4 G8BE>BA4?9AAS VEAGRK<I @9FB8<> F4 DB;DB5>4 AB6<I @9FB8V6 
BJVA>< 9H9>F<6ABEFV ;4EFBEG64AAS >BD<EAB7B A464AF4:9AAS @B8G?P-
AB7B F<CG F4>F<KAB7B �C��. 
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'�� 621.396.96 
#9D9?O7<A �.�.1 

 �&"�"�"��3 #"%&$"�!�3 $���"�"��*�"!!"� 

%�%&� /  "!�&"$�!�� "�$'��2-�� %$��/ !� 

"%!"�� ���!"�" $���"�"��*�"!!"�" #"�3 !�� 

&�$$�&"$��� '�$��!/ 

%BEFBSA<9 4F@BEH9DO EGM9EF69AAB 6?<S9F A4 D45BFG @AB7<I 
IB;S=EF69AAOI BFD4E?9=. "EB5O9 G7DB;O 6 6<89 K9?B69K9E><I :9DF6 < 
>DGCAB7B @4F9D<4?PAB7B GM9D54 CD98EF46?SRF BC4EAO9 S6?9A<S CB7B8O. 
#DBJ9EEO QF< 5OEFDBF9KAO. �AHBD@4J<S B5 <I CDBF9>4A<< A9B5IB8<@4 6 
D94?PAB@ @4ELF459 6D9@9A<. 1FB FD95B64A<9 @B:AB 6OCB?A<FP A4 BEAB69 
<ECB?P;B64A<S F9IAB?B7<< D48<B?B>4J<BAAB7B @BA<FBD<A74. 

�B @AB7<I EFD4A4I (;4C48A4S < 6BEFBKA4S �6DBC4, 3CBA<S, %,�, 
$BEE<S) EGM9EF6GRF @9F9BDB?B7<K9E><9 D48<B?B>4J<BAAO9 E9F< [1�3]. �I 
EB;84A<9 5O?B BEAB64AB A4 CDBJ9EEAB@ CB8IB89. &.9. 6 BEAB6G <I 
HGA>J<BA<DB64A<S CB?B:9AO D4;?<KAO9 CD<BD<F9FO, CB;6B?SRM<9 
EBBF69FEF6GRM<@ E?G:54@ CB?GK4FP A9B5IB8<@GR <AHBD@4J<R 8?S 
CDB7AB;<DB64A<S. � B8A<I EFD4A4I E89?4A GCBD A4 D9L9A<9 ;484K 
LFBD@B6B7B BCB69M9A<S, 6 8DG7<I � A4 @9F9BDB?B7<K9E>B9 B59EC9K9A<9 
46<4J<<, H?BF4 <?< 46FB@B5<?PAB7B FD4AECBDF4, 6 FD9FP<I � A4 D9L9A<9 
;484K< <;@9D9A<S >B?<K9EF64 BE48>B6, 6 K9F69DFOI � A4 4>F<6AO9 
6B;89=EF6<S A4 4F@BEH9DAO9 CDBJ9EEO < F.C. 

�A4?<; CDBEFD4AEF69AAB-6D9@9AAOI I4D4>F9D<EF<> < C4D4@9FDB6 
@9F9BDB?B7<K9E><I B5N9>FB6, S6?9A<= < CDBJ9EEB6 A48 F9DD<FBD<9= 
'>D4<AO CD<6B8<F > 6O6B8G B FB@, KFB BF CDBJ9EEAB7B CB8IB84 > 
EB;84A<R E9F< AG:AB C9D9IB8<FP > E<EF9@AB@G CB8IB8G CB EB;84A<R 
E<EF9@O 6E9B5N9@?RM97B D48<B?B>4J<BAAB7B @BA<FBD<A74 B>DG:4RM9= 
ED98O. %<EF9@AO= CB8IB8 G8B6?9F6BD<F 6E9 CBFD95ABEF< 6 <AHBD@4J<< B 
EBEFBSA<< 4F@BEH9DO ?R5OI ;4>4;K<>B6, 6 FB@ K<E?9 < E GK9FB@ 
C9DEC9>F<6O. &4>B9 E6B=EF6B E<EF9@AB7B CB8IB84 E6S;4AB E F9@, KFB CD< 
6;4<@B89=EF6<< 6E9I $�% 6B;A<>4RF QHH9>FO, CB;6B?SRM<9 A98BDB7<@< 
@9FB84@< G8B6?9F6BD<FP CDBEFD4AEF69AAO9, QA9D79F<K9E><9 < 6D9@9AAO9 
FD95B64A<S > E<EF9@9 < BCF<@<;<DB64FP 99 CBEFDB9A<9. "F@9K9AAO= 6OL9 
4A4?<; CB;6B?<? F4>:9 CDB69EF< >?<@4FB?B7<K9E>B9 D4=BA<DB64A<9 
F9DD<FBD<< EFD4AO 8?S J9?9= D48<B?B>4J<BAAB7B @BA<FBD<A74 < 

                                                           
1 �4A8<84F F9IA<K9E><I A4G>, ;4698GRM<= >4H98DB= 46FB@4F<;<DB64AAOI E<EF9@ 
@BA<FBD<A74 B>DG:4RM9= ED98O "89EE>B7B 7BEG84DEF69AAB7B Q>B?B7<K9E>B7B 
GA<69DE<F9F4 
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CD98NS6<FP FD95B64A<S > F4>F<>B-F9IA<K9E><@ I4D4>F9D<EF<>4@ 
@9F9BDB?B7<K9E><I D48<B?B>4J<BAAOI EF4AJ<=, EBEF46?SRM<I E<EF9@G 
@BA<FBD<A74. #D< F4>B@ CB8IB89 EF4AB6<FES BK96<8AB= A9B5IB8<@BEFP 
BF>4;4 BF G69?<K9A<S <;?GK49@B= @BMABEF< @9F9BDB?B7<K9E><I 
D48<B?B>4J<BAAOI EF4AJ<= (F4>B=, >4> DWSR-10001C EEC E @BMABEFPR 
<;?GK9A<S 1  �F), KFB S6AB G?GKL<F Q>B?B7<KABEFP E<EF9@O. �B?99 FB7B, 
8?S CB8B5AOI $�% BF6989A<9 CB;<J<< E<?PAB BE?B:A9AB <;-;4 5B?PLB= 
E4A<F4DAB= ;BAO < 8BDB7B6<;AO ;9@?< 6 D4=BA4I E 6OEB>B= C?BFABEFPR 
A4E9?9A<S. $4;D45BF4AA4S @9FB8B?B7<S CBEFDB9A<S D48<B?B>4J<BAAB= 
E<EF9@O @BA<FBD<A74 B5?97K49F D4;D9L9A<9 CB8B5AOI >B??<;<=. "A4 
;4>?RK49FES 6 FB@, KFB5O 6O5D4AAGR < ;4D4A99 EB7?4EB64AAGR E 
;4>4;K<>4@< E<EF9@O BCD989?9AAGR FB?MG 4F@BEH9DO, EGM9EF69AAGR 8?S 
HBD@<DB64A<S B5N9>FB6, S6?9A<= < CDBJ9EEB6, CB8?9:4M<I @BA<FBD<A7G, 
CB>DOFP D48<B?B>4J<BAAO@ CB?9@ E I4D4>F9D<EF<>4@<, CB;6B?SRM<@< 
CB?GK<FP <AHBD@4J<R B5 B5N9>F4I, S6?9A<SI < CDBJ9EE4I E ;484AAO@< 
CB>4;4F9?S@< >4K9EF64, CD< QFB@ B59EC9K<6 59;BC4EABEFP 
D48<B?B>4J<BAAB= E<EF9@O 8?S ?R89=. 

� D4@>4I HGA84@9AF4?PAB= A4GKAB-<EE?98B64F9?PE>B= D45BFO E 
7BEG84DEF69AAO@ H<A4AE<DB64A<9@ (D97. № 0113U000164) 6 2013�2015 
7B84I 4CDB5<DB64A4 CD98?B:9AA4S @9FB8B?B7<S < BFD45BF4A4 @9FB8<>4 
CBEFDB9A<S D48<B?B>4J<BAAB= E<EF9@O @BA<FBD<A74 B>DG:4RM9= ED98O 
A4 BEAB69 98<AB7B D48<B?B>4J<BAAB7B CB?S A48 F9DD<FBD<9= '>D4<AO, 
D4;D45BF4AB 8?S QF<I J9?9= CDB7D4@@AB9 B59EC9K9A<9. #DB6989A4 
BCF<@<;4J<S E<EF9@O CB 9 >D<F9D<S@: CB CDBEFD4AEF69AAB= CD<6S;>9 
CB;<J<= @9F9BDB?B7<K9E><I $�% > EGM9EF6GRM9= E9F< 
@9F9BDB?B7<K9E><I EF4AJ<=; CB @<A<@G@G C9D9>DOF<S ;BA A45?R89A<S; 
CB GEFB=K<6BEF< D48<B?B>4J<BAAB7B CB?S E<EF9@O @BA<FBD<A74 
B>DG:4RM9= ED98O; CB GDB6AR <;?GK9A<S, 59;BC4EAB7B 8?S ?R89= < 
8DG7<@. � A4EFBSM99 6D9@S D45BF4 CDB8B?:49FES 6 D4@>4I CD<>?48AB= 
A4GKAB-<EE?98B64F9?PE>B= D45BFO E 7BEG84DEF69AAO@ H<A4AE<DB64A<9@ 
(D97. № 0116U002509). 

%C<EB> ?<F9D4FGDO 

1. �B?P9D �.�. %B;84A<9 E9F< @9F9BDB?B7<K9E><I D48<B?B>4FBDB6 6 �6DBC9 
� CDB9>F COST-73 �B@<EE<< 96DBC9=E>B7B EBB5M9EF64. � �R??9F9AP � ", 1991. � 
F. 40. � № 4. � E. 445�451. 

2. Golden J.H. The prospects and promise of NEXRAD: 1990�s and beyond. � 
COST 73, 1989, p. 17�36. 

3. �4;?B64 &.�., �BK4DA<>B6 !.�., �DO?96 �.�. [< 8D.]  9F9BDB?B7<K9E><9 
46FB@4F<;<DB64AAO9 D48<B?B>4J<BAAO9 E9F< / #B8 D98. �.�. �DO?964. � %.#-5.: 
�<8DB@9F<;84F, 2002. � 332 E. 
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'�� 621.372.83 
$B@4A9A>B %.!.1, �@<FD9A>B �.#.2, &69D89A>B �.�.3 

,���(!/� "&��&��&��� !� �" ��!�*�3)  #� � -� 

�6989A<9 
� EB6D9@9AAOI E<EF9@4I @B5<?PAB= E6S;<, 789 @<A<4FRD<;4J<S 

<@99F D9L4RM99 ;A4K9A<9, L<DB>B <ECB?P;GRFES <AF97D4?PAO9 EI9@O 
%�+, 6 >BFBDOI L?9=HAO9 A4CD46?9AAO9 BF69F6<F9?< (!") A4IB8SF CD<-
@9A9A<9 A9 FB?P>B 6 >4K9EF69 D4;6S;O64RM<I GEFDB=EF6 EB E6B=EF64@< 
@BEFB6, AB < >4> Q?9@9AFO 8?S A4CD46?9AAB7B BF5BD4 BCD989?9AAB= K4EF< 
@BMABEF< <; BEAB6AB= ?<A<<.  

�?S CB?GK9A<S D4EK9FAOI EBBFABL9A<= CD< 4A4?<;9 L?9=HAOI !" 
G8B5AB CD<@9ASFP @9FB8 E<AH4;AB7B < CDBF<6BH4;AB7B 6B;5G:89A<S E 
GK9FB@ E6B=EF64 E<@@9FD<< D4EE@4FD<649@B= EI9@O [1].  

#D< GE?B6<< D46AB7B 89?9A<S @BMABEF< 8?S 6OCB?A9A<S GE?B6<= 
EB7?4EB64A<S < D4;6S;>< A9B5IB8<@B G69?<K<64FP 6B?AB6B9 EBCDBF<6?9-
A<9 >D4=A<I L?9=HB6 !", KFB A4>?48O649F F9IAB?B7<K9E><9 B7D4A<K9A<S 
CD< D94?<;4J<< EFDG>FGD !" A4 CB8?B:>4I E 10≈r¸ . "8A4>B CD< A9D46-
AB@ 89?9A<< @BMABEF<, >4> CB>4;4AB 6 D45BF9 [2], @B:AB <;59:4FP 5B?P-
L9= K4EF< BF@9K9AAOI F9IAB?B7<K9E><I B7D4A<K9A<=. 

#D< G69?<K9A<< >B?<K9EF64 L?9=HB6 D45BK4S CB?BE4 K4EFBF !" 
D4EL<DS9FES, B8A4>B CD< QFB@ ;A4K<F9?PAB G69?<K<64RFES CDB8B?PAO9 
7454D<FO GEFDB=EF64. � E6S;< E QF<@ 4>FG4?PAB= S6?S9FES D4;D45BF>4 L<-
DB>BCB?BEAOI !" E @9APL<@< F9IAB?B7<K9E><@< B7D4A<K9A<S@<.  

!" A4 >B@5<A4J<OI  #� < -� 

#D<@9DAO= 6<8 FBCB?B7<< !" A4 >B@5<A4J<<  #� < -� CD98-
EF46?9A A4 D<E. 1, 789 6 69DIA9= C?BE>BEF< CB>4;4A4 79B@9FD<S CB?BE>B6B= 
EFDG>FGDO, 4 6 A<:A9= C?BE>BEF< � 79B@9FD<S M9?96B= EFDG>FGDO. *<HDO 
1, 2, 3, 4 EBBF69FEF6GRF AB@9D4@ C?9K GEFDB=EF64, 4 Z1, Z2, Z3 � 6B?AB6O9 
EBCDBF<6?9A<S EBBF69FEF6GRM<I ?<A<=. 

                                                           
1 >.H.-@.A., 8BJ9AF >4H98DO ;4M<FO <AHBD@4J<< �4CBDB:E>B7B A4J<BA4?PAB7B 
F9IA<K9E>B7B GA<69DE<F9F4, 7. �4CBDB:P9, '>D4<A4. 
2 >.F.A., 8BJ9AF >4H98DO D48<BF9IA<>< �4CBDB:E>B7B A4J<BA4?PAB7B F9IA<K9E>B7B 
GA<69DE<F9F4, 7. �4CBDB:P9, '>D4<A4. 
3 4EC<D4AF >4H98DO ;4M<FO <AHBD@4J<< �4CBDB:E>B7B A4J<BA4?PAB7B F9IA<K9E-
>B7B GA<69DE<F9F4, 7. �4CBDB:P9, '>D4<A4. 
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$<E. 1.  &BCB?B7<S !" A4 >B@5<A4J<<  #� < -� 

%?98G9F BF@9F<FP, KFB EI9@4 A4 D<E. 1 S6?S9FES CDBF<6B-
A4CD46?9AAB=; D45BK<@< C?9K4@< ;89EP S6?SRFES C?9K< 2 < 3, 4 C?9KB 4 � 
D4;6S;4AB. � EBBF69FEF6<< E QF<@ >BQHH<J<9AF 89?9A<S @BMABEF< 5G89F 
BCD989?SFPES 6OD4:9A<9@ 

2

31

2

21

S

S
k = . 

&B784 <; @4FD<JO D4EE9SA<S F4>B7B !" A9E?B:AB CB?GK<FP B8AB;A4KAO9 
EBBFABL9A<S 8?S D4EK9F4 6B?AB6OI EBCDBF<6?9A<= Z2 < Z3 K9D9; Z1 < k  

kZZ
k

k
ZZ ⋅=

++
⋅= 1312 ,

11
 

�DG74S EFDG>FGD4 >B@C4>FAB7B BF69F6<F9?S A4 >B@5<A4J<<  #� < 
-� CD98EF46?9A4 A4 D<E. 2. "5B;A4K9A<S ;89EP EBBF69FEF6GRF D<E. 1. 

 

$<E. 2. �DG7B= 64D<4AF FBCB?B7<< !" A4 >B@5<A4J<<  #� < -� 

#B 4A4?B7<< EB EFDG>FGDB= A4 D<E. 1, <; @4FD<JO D4EE9SA<S F4>B7B BF69F-
6<F9?S 6 E?GK49 EB7?4EB64A<S < D4;6S;>< CB?GK4RFES CDBEFO9  
HBD@G?O 8?S D4EK9F4 6B?AB6OI EBCDBF<6?9A<= Z2 < Z3  
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k

Z
Z

k

k
ZZ 1

312 ,
11

=
−+

⋅= . 

1?9>FDB8<A4@<K9E>B9 @B89?<DB64A<9 6 E<EF9@9 MWO E GK9FB@ 
8<EC9DE<< < CBF9DP 6 ?<A<SI CB8F69D:849F I4D4>F9D<EF<>< CD98?4749@OI 
!" A4 >B@5<A4J<SI CB?BE>B6OI < M9?96OI ?<A<= C9D984K<. !4 D<E. 4 
CB>4;4A4 FBCB?B7<S !", EBBF69FEF6GRM4S D<E. 1. 

 

      4)    5) 
$<E. 4. &BCB?B7<S !" 6 E<EF9@9 MWO: 
 4)  #� EFDG>FGD4, 5) -� EFDG>FGD4 

  
 B89?<DB64A<9 CDB6B8<?BEP 6 8<4C4;BA9 K4EFBF 12 � 16 ��J E <E-

CB?P;B64A<9@ GaAs 8<Q?9>FD<K9E>B= CB8?B:>< FB?M<AB= h=1 @@ E C4D4-
@9FD4@< 8.9=r¸  < 0005.0=·tg . $9;G?PF4FO @B89?<DB64A<S !" E D46AO@ 

89?9A<9@ @BMABEF< 6 D45BK<I C?9K4I CD98EF46?9AO A4 D<E. 5.  

 

$<E. 5. +4EFBFAO9 I4D4>F9D<EF<>< !" 6 E<EF9@9 MWO 

#D< QFB@ A45?R849FES CD9>D4EAB9 EB7?4EB64A<9 EI9@ E BEAB6AO@ FD4>-
FB@, <@9RM<@ 6B?AB6B9 EBCDBF<6?9A<9 50 "@ � 6B 6E9@ K4EFBFAB@ 8<4-
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C4;BA9 �%�<2, 4 @<A<@4?PAB9 ;A4K9A<9 A4 D45BK9= K4EFBF9 �%�=1.04, 
KFB 6<8AB A4 D<E. 6. 

 

$<E. 6. �%� BF69F6<F9?S 6 8<4C4;BA9 K4EFBF 

%?98G9F BF@9F<FP, KFB CD98?4749@4S @9FB8<>4 CDB9>F<DB64A<S !" 
A4 >B@5<A4J<SI ?<A<= C9D984K< B5?4849F KD9;6OK4=AB 5B?PL<@< CBF9A-
J<-4?PAO@< 6B;@B:ABEFS@< CD< CB85BD9 FD95G9@OI Q?9>FD<K9E><I I4-
D4>F9D<EF<> GEFDB=EF6. 

 
�4>?NK9A<9 

#D98EF46?9AO 864 64D<4AF4 >B@C4>FAOI !" A4 >B@5<A4J<<  #� < 
-�. % <ECB?P;B64A<9@ E6B=EF64 E<@@9FD<< EI9@ CB?GK9AO @4FD<JO D4E-
E9SA<S CD98?4749@OI BF69F6<F9?9=. �; GE?B6<S CB?AB7B EB7?4EB64A<S < 
D4;6S;>< 6O6989AO HBD@G?O 8?S D4EK9F4 6B?AB6OI EBCDBF<6?9A<= 4/»  

BFD9;>B6 ?<A<= C9D984K<, BCD989?SRM<I FBCB?B7<R BF69F6<F9?9=. #D98-
?B:9AAO9 EI9@O <@9RF @4?O9 D4;@9DO, B8A4>B B5?484RF ?GKL<@< C4D4-
@9FD4@<, K9@ >?4EE<K9E><= FD9IL?9=HAO= BF69F6<F9?P A4  #�. $4E-
E@BFD9AAO9 >BAEFDG>J<< @4?B7454D<FAOI !" @B7GF A4=F< CD<@9A9A<9, 
A4CD<@9D, 6 EB6D9@9AAOI E<EF9@4I @B5<?PAB= E6S;< 8?S D4;6S;>< >4A4-
?B6, D4ECD989?9A<S @BMABEF<, CD9B5D4;B64A<S K4EFBFO, 9E?< CD< <I >BA-
EFDG<DB64A<< A9 FD95G9FES E@9:AB9 D4ECB?B:9A<9 6OIB8AOI C?9K. 

%C<EB> ?<F9D4FGDO 

1. D.M. Pozar, Microwave engineering, 4th edition. (John Wiley&Sons, Inc., 
2012) p. 756.  

2. $B@4A9A>B %.!., �@<FD9A>B �.#., �BE>B5B=A<> �.�. $4EK9F L?9=HAOI 
A4CD46?9AAOI BF69F6<F9?9= A4  #� E GK9FB@ 8<EC9DE<< < CBF9DP 6 ?<A<SI. $�', 
2013, №2, E.  
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'�� 621.317.08 
$G8<> �.�.1 

�!&��$��0!� #�$�&�"$2��+� ���)���!!3 ����&$�+!"� 
Є !"%&� ��� !" �!��0!"�" �!�+�!!3 

� 5V?PLBEFV ;484K >BAFDB?R F4 GCD46?VAAS DV;A<@< B5�є>F4@< ; 6<-
>BD<EF4AAS@ є@AVEA<I 8464KV6 DV;AB7B CD<;A4K9AAS, ;B>D9@4 6 59;C?4F-
HBD@A<I VA9DJV4?PA<I A46V74JV=A<I E<EF9@4I, 89 6<>BD<EFB6GRFPES є@AV-
EAV @V>DB@9I4AVKAV 4>E9?9DB@9FD< F4 7VDBE>BC<, VAHBD@4JVS ;4>?489A4 A9 6 
45EB?RFA9 ;A4K9AAS 9?9>FD<KABW є@ABEFV, 4 G WW 6V8I<?9AAS 6V8 89S>B7B AB-
@VA4?PAB7B ;A4K9AAS. "8A4> CD<AJ<C DB5BF< 5V?PLBEFV 6<>BD<EFB6G64A<I 
6<@VDR64?PA<I C9D9F6BDR64KV6 BEAB64A<= A4 6<@VDR64AAV CB6AB7B ;A4-
K9AAS є@ABEFV 8464K4, MB A9 8B;6B?Sє 9H9>F<6AB 6<>BD<EFB6G64F< 8V4C4-
;BA C9D9F6BD9AAS 6<@VDR64?PA<I CD<EFDBW6. &B@G BEF4AAV@ K4EB@ DS8 
HVD@ F4 B>D9@V DB;DB5A<>< CDBCBAGRFP BD<7VA4?PAV 64DV4AF< EI9@ABW CB-
5G8B6< 6<@VDR64KV6 6V8I<?9AAS 9?9>FD<KABW є@ABEFV 8464K4 6V8ABEAB 89S-
>B7B 9F4?BAAB7B ;A4K9AAS. &GF C9DL ;4 6E9 64DFB 6<8V?<F< �*# CD<DBEFG 
є@ABEFV ; 6<>BD<EF4AAS@ E<7@4-89?PF4 @B8G?SJVW, D94?V;B64AV S> ;469DL9AV 
VAF97D4?PAV @V>DBEI9@<, A4CD<>?48, AD7745/AD7746 F4 AD7747. 

�V?PL L<DB><= 8V4C4;BA C9D9F6BD9AAS 6V8ABEABW ;@VA< є@ABEFV ;4-
59;C9KGRFP C9D9F6BDR64KV CD<DBEFG є@ABEFV 6 A4CDG7G A4 54;V 86BI VAF97-
D4FBDV6. !4 D<E. 1 A46989A4 D94?V;4JVS F4>BW EI9@< A4 EGK4EAV= 9?9@9AFAV= 
54;V CD< 6<>BD<EF4AAV CD9J<;V=AB7B 4A4?B7B6B7B @V>DB>BAFDB?9D4, A4CD<-
>?48, ADuCM360/ADuCM361 [1] ; 65G8B64A<@ 8<H9D9AJV4?PA<@ CV8E<-
?R64K9@ ; CDB7D4@B64A<@ >B9HVJVєAFB@ CV8E<?9AAS (PGA), 86B@4 24-DB;-
DS8A<@< �*#, 86B@4 65G8B64A<@< CDB7D4@B64A<@< 8:9D9?4@< EFDG@G F4 
32-DB;DS8A<@< F4=@9D4@<, 4 F4>B: 8B84F>B6<I ;B6AVLAVI >?RKV6 F4 (!+. 
&4>FB6<= 79A9D4FBD D94?V;GєFPES A4 54;V 65G8B64AB7B F4=@9D4. 

&9BD9F<KAB 84A4 EI9@4 @B:9 ;459;C9K<F< @VAV@4?PA9 AB@VA4?PA9 
;A4K9AAS CФC min. 320 =  ; 8<E>D9FAVEFR 1 H( (CD< 9H9>F<6AV= DB;8V?B6V= 
;84FABEFV �*# 15 DB;DS8V6 F4 K4EFBFV BC<FG64AAS 8 >�J). "8A4> 8BES7A9A-
AS F4><I C4D4@9FDV6 B5@9:GєFPES 6C?<6B@ C4D4;<FA<I C4D4@9FDV6 (>VAJ9-
6<= 6IV8A<= BCVD PGA, BCBD< 6<FB>G >?RKV6 F4 VA.). #D< 6<>BD<EF4AAV 
L6<8>B8V=AB7B �*# HGA>JVR (!+ D94?V;B6GRFP CDB7D4@A<@< ;4EB54@<. 

�A4?B7VKA<= C9D9F6BDR64K @B:A4 D94?V;G64F< A4 E9DV=A<I @V>DB-
EI9@4I CAV424 Analog Microelectronics [2] (D<E. 2), 89 EFDG@< VAF97D4FB-
DV6 ;484RFPES ;B6AVLAV@< D9;<EFBD4@< R2 F4 R3 V BCBDABR A4CDG7BR U"#. 
+4EFBF4 F4>FB6B7B 79A9D4FBD4 ;484єFPES ;B6AVLAV@< 9?9@9AF4@< R6 V %OSC. 

                                                           
1 >.F.A., 8B>FBD4AF >4H98D< >B@C�RF9D<;B64A<I 9?9>FDBF9IAVKA<I E<EF9@ V F9IAB-
?B7V= !4JVBA4?PAB7B 46V4JV=AB7B GAV69DE<F9FG, @. �<W6 
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$<E. 1. %FDG>FGDA4 EI9@4 C9D9F6BDR64K4 6V8ABEAB7B 6V8I<?9AAS ;A4K9AAS 
є@ABEFV 6V8 AB@VA4?G A4 54;V 4A4?B7B6B7B @V>DB>BAFDB?9D4 

 

$<E. 2. %I9@4 C9D9F6BDR64K4 є@AVEFP � A4CDG74 A4 � % %�V424 

�<>BD<EF4AAS 84A<I � % DB;6�S;Gє 5V?PLVEFP F9IAVKA<I ;484K >BA-
FDB?R CD<DBEFV6 9?9>FD<KABW є@ABEFV 8464KV6. "8A4> A4S6AVEFP ;B6AVLAVI 
A46VEA<I 9?9@9AFV6 GE>?48ARє ;459;C9K9AAS 6<EB>BW FBKABEFV 6<@VDR64AP. 

%C<EB> ?VF9D4FGD< 

1. Using the ADuCM360 Low Power, Precision Analog Microcontroller with 
Dual Sigma-Delta ADCs, ARM Cortex-M3. http://www.analog.com. 

2. CAV424 � C/U transducer IC with adjustable output voltage. 
http://www.analogmicro.de 
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'�� 621.396.965:621.391.26 
$S5GI4 �.#.1, �9IB6<J><= �.�.2, %9@9AS>4 �.�.3,  

K4FRL<A �.�.4, �4D<J><= �.�.5  

%$��!�&��0!/� �!���� ���"$�& "� ���#&��!"� 

#$"%&$�!%&��!!"� "�$��"&�� %��!��"� 

!� ("!� ��'%%"�/) ,' "�/) #" �) 

�OEB>B9 5OEFDB89=EF6<9 484CF<6AB= CDBEFD4AEF69AAB= B5D45BF>< 
E<7A4?B6 A4 HBA9 LG@B6OI CB@9I (,#) � A9B5IB8<@B9 GE?B6<9 99 QH-
H9>F<6AB= D45BFO 6 F<C<KAOI GE?B6<SI @4?OI <AF9D64?B6 EF4J<BA4DAB-
EF< 6IB8AOI 6B;89=EF6<=. #B8 @9DB= 5OEFDB89=EF6<S CBA<@49FES B5N9@ 
B5GK4RM9= 6O5BD><, CD< >BFBDB@ CBF9D< QHH9>F<6ABEF< (A4CD<@9D, BF-
ABL9A<S E<7A4?/(CB@9I4 + LG@) ("%#,)) <EE?98G9@B7B 4?7BD<F@4 484C-
F4J<< CB 6O5D4AAB@G >D<F9D<R CB ED46A9A<R E 7<CBF9F<K9E>B= E<FG4J<-
9= BFEGFEF6<S 4CD<BDAB= A9BCD989?9AABEF< A9 CD96BEIB8SF 8BCGEF<@B= 
69?<K<AO (;89EP 3 8�). 

� 8B>?489 4A4?<;<DGRFES 4 D4;AB6<8ABEF< 484CF<6AOI 4?7BD<F@B6 
< GEFDB=EF6. � >4K9EF69 BEAB6AB7B >D<F9D<S ED46A9A<S 4?7BD<F@B6 < GEF-
DB=EF6 <ECB?P;G9FES ;46<E<@BEFP BF B5N9@4 K  B5GK4RM9= 6O5BD>< CB-
F9DP 6 "%#, 

1)()( ≤¼¼=χ KK                                      (1) 

4A4?<;<DG9@B7B 484CF<6AB7B 4?7BD<F@4 <?< GEFDB=EF64 ))(( K¼  CB ED46-
A9A<R E 97B @4>E<@4?PAO@ ;A4K9A<9@ ¼  6 7<CBF9F<K9E>B= E<FG4J<< BF-
EGFEF6<S 4CD<BDAB= A9BCD989?9AABEF<. 

1. �OEFDB89=EF6<9 >BDD9?SJ<BAAOI 46FB>B@C9AE4FBDB6 (��), 484C-
F<DGRM<IES CB 7D48<9AFAB@G 4?7BD<F@G, ;46<E<F BF EF9C9A< E?B:ABEF< 
CB@9IB6B= B5EF4AB6><: K<E?4 < D4ECB?B:9A<S <EFBKA<>B6 CB@9I, <I <A-
F9AE<6ABEF< (D4;5DBE4 EB5EF69AAOI K<E9? CDBEFD4AEF69AAB= >BDD9?SJ<-
BAAB= @4FD<JO (� ) ,#) < @B:9F 5OFP A98BCGEF<@B 5B?PL<@. �M9 
B8<A A98BEF4FB> F4>B7B �� � 6B;@B:A4S A9GEFB=K<6BEFP 97B D45BFO CD< 
G69?<K9A<< >BQHH<J<9AF4 GE<?9A<S J9C9= >BDD9?SJ<BAAOI B5D4FAOI 
E6S;9= <?< CD< DBEF9 <AF9AE<6ABEF< 6A9LA<I 6B;89=EF6<=. � 8B>?489 

                                                           
1�4A8<84F9IA<K9E><I A4G> 8BJ9AF, 698GM<= A4GKAO= EBFDG8A<> )4DP>B6E>B7B 
A4J<BA4?PAB7B GA<69DE<F9F4 D48<BQ?9>FDBA<>< ()!'$1) 
2�B>FBD F9IA<K9E><I A4G> CDBH9EEBD, 7?46AO= A4GKAO= EBFDG8A<> )!'$1 
3!4GKAO= EBFDG8A<> )!'$1 
4!4GKAO= EBFDG8A<> )!'$1 
5 �?46AO= A4GKAO= EBFDG8A<> )!'$� 
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CD<6B8<FES D4;D45BF4AAO= @B8<H<J<DB64AAO= 4?7BD<F@ 484CF<6AB= A4-
EFDB=><, B59EC9K<64RM<= GEFB=K<6GR D45BFG J<HDB6B7B ��. 

2. �OEFDB89=EF6<9 >64;<APRFBAB6E><I 4?7BD<F@O 484CF4J<< A4 BE-
AB69 BJ9AB> @4>E<@4?PAB7B CD468BCB8B5<S ( # BJ9AB>) CDBEFD4AEF69A-
AOI �  74GEEB6OI LG@B6OI CB@9I B5M97B 6<84 A9 ;46<E<F BF EF9C9A< 
E?B:ABEF< CB@9IB6B= B5EF4AB6><. #D< QFB@ A9B5IB8<@B9 >B?<K9EF6B 
B5GK4RM<I 6O5BDB> ,# K  8?S 6IB84 6 ;BAG «3 8� CBF9DP» 6 "%#, 
BCD989?S9FES G86B9AAO@ >B?<K9EF6B@ GCD46?S9@OI CD<9@AOI >4A4?B6 

MK ⋅≈ 2 . 
"EAB6AB= A98BEF4FB> F4><I 4?7BD<F@B6 BJ9A<64A<S �  ;4>?RK4-

9FES 6 A96B;@B:ABEF< 484CF<DB64FPES A4 <I BEAB69 8B A45BD4 B5GK4RM<I 
6O5BDB> B5N9@4, D46AB@G >B?<K9EF6G GCD46?S9@OI CD<9@AOI >4A4?B6 
CD<9@4. #BQFB@G QHH9>F<6A4S 484CF4J<S A4 BEAB69 QF<I BJ9AB> 6B;@B:A4 
FB?P>B 6 BFABE<F9?PAB @4?B>4A4?PAOI E<EF9@4I B5D45BF><, CD< @4?B@ 
K<E?9 <EFBKA<>B6 ,# .  

3. #D< 8<47BA4?PAB= D97G?SD<;4J<<  # BJ9AB> �  484CF4J<S A4-
K<A49FES G:9 E C9D6B= B5GK4RM9= 6O5BD><, 4 5OEFDB89=EF6<9 EGM9EF-
69AAB CB6OL49FES. &4>, 6IB8 6 ;BAG «3 8� CBF9DP» B59EC9K<649FES CD< 
6O5BD>9 B5N9@4 nK ⋅= 2 , 686B9 5B?PL97B K<E?4 n  6A9LA<I <EFBKA<>B6 
,#, KFB 6 D94?PAOI GE?B6<SI Mn <<  EGM9EF69AAB @9APL9, K9@ CD< 
484CF4J<< A4 BEAB69 A9D97G?SD<;B64AAOI  # BJ9AB> � . 

4. � 484CF<6AOI D9L9FK4FOI H<?PFD4I (�$() 6@9EFB S6AB EHBD@<-
DB64AAOI BJ9ABKAOI �  < @4FD<J, B5D4FAOI <@, <ECB?P;GRFES <I F4> 
A4;O649@O9 @G?PF<C?<>4F<6AO9 (H4>FBD<;B64AAO9) CD98EF46?9A<S � 6 
6<89 CDB<;6989A<S E?45B;4CB?A9AAOI @4FD<J D4;?<KAB= EFDG>FGDO, KFB 
CBDB:849F @AB7BEFGC9AK4FGR EFDG>FGDG QF<I H<?PFDB6. "A< EFDBSFES <; 
A45BD4 Q?9@9AF4DAOI D9L9FK4FOI H<?PFDB6 � 86GI6IB8B6OI 69EB6OI 
EG@@4FBDB6 E C9D9>D9EFAO@< E6S;S@<. 

#D< 6OEB>B= D4;DS8ABEF< 6OK<E?9A<=, 6 K4EFABEF<, CD< CD4>F<K9-
E>< A9B7D4A<K9AAB= (86B=AB=) D4;DS8AB= E9F>9 6 C4>9F9 CD<>?48AOI CDB-
7D4@@ «Matlab» �$( CB?ABEFPR Q>6<64?9AFAO >64;<APRFBAB6E><@ �� E 
C4D4@9FD4@< A4 BEAB69  # BJ9A>< �  B5M97B 6<84 <?< 99 8<47BA4?PAB 
D97G?SD<;B64AAB= D4;AB6<8ABEF<.  

"8A4>B CD< D94?PAB >BA9KAB= D4;DS8ABEF< CD98CBKF<F9?PAO@ B>4-
;O649FES �$(. &4>, CB ED46A9A<R E >64;<APFBAB6E><@ �� CD< 6OK<E?9-
A<SI E B7D4A<K9AAB= (B8<A4DAB=) D4;DS8AB= E9F>B= 6 C4>9F9 CDB7D4@@ 
«Matlab» 6O<7DOL �$( 6 "%#, EBEF46<? 13 8� < 5B?99. 
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'�� 623.4.023.4.028 
%4?PA<> 2.#.1, �BDB?PB6 �. .2, �BDB?PB64 ".�.3 

!�����*��!� �!("$ �*�3 � %�%&� � $"������ 

%')"#'&!�) ���%0� 

�A4?V; 8BE6V8G 6989AAS 5B=B6<I 8V= 6 BEF4AAVI ;5DB=A<I >BAH?V>-
F4I, @<DBF6BDK<I BC9D4JVSI 6<S6<6 A98BEF4FAє BEA4M9AAS %GIBCGFA<I 
6V=EP> ;4EB54@< DB;6V8><, EGK4EA<@< 46FB@4F<;B64A<@< E<EF9@4@< B5DB-
5>< VAHBD@4JVW FBMB. �484K4 E<EF9@< DB;6V8>< � L6<8>B F4 FBKAB 6>4;4F< 
6B7A96<@ ;4EB54@ 45B CV8DB;8V?4@ @VEJ9;A4IB8:9AAS JV?V, A4CDS@ A4 JV?P, 
6V8EF4AP 8B JV?V 8?S WW GD4:9AAS. "8A4>, 59; G8BE>BA4?9AAS 9?9@9AFV6 E<E-
F9@< DB;6V8><, 9H9>F<6AB 6<DVLG64F< FV ;484KV A9@B:?<6B. 

%C9J<HV>4 EGK4EAB7B 5BR (;@9AL9AAS DB;@VDV6 G7DGCG64AP CDBF<6-
A<>4 F4 DV;>4 ;@VA4 WI 8<E?B>4JVW) CBFD95GRFP ;4EFBEG64AAS «FBK9KAB7B 
GD4:9AAS» 8?S 6B7A96B7B 6C?<6G A4 CDBF<6A<>4, S><= ;A4IB8<FPES 6 
F4>F<KAV= CB?BEV B5BDBA<. �?S JPB7B є A9B5IV8A<@ 6<;A4K9AAS B5�є>FV6 
CDBF<6A<>4 6 D4=BA4I, MB є ;4 @9:4@< 8BES:ABEFV VEAGRK<I BCF<KA<I 
;4EB5V6 ECBEF9D9:9AAS DB;6V8G64?PA<I @4L<A. &4><@ K<AB@, 6<EB>4 9H9>-
F<6AVEFP 6989AAS 5BR ;A4KABR @VDBR ;4?9:<FP 6V8 FBKABEFV 6<;A4K9AAS 
C4D4@9FDV6 JV?V.  

�V=EP>B6V H4IV6JV G E6VFV DB;7?S84RFP A46V74JV=A9 ;459;C9K9AAS S> 
B8<A ; A4=64:?<6VL<I 6<8V6 5B=B6B7B ;459;C9K9AAS, 4 A46V74JV=AG 4C4D4-
FGDG � S> B8AG ; 7B?B6A<I E>?48B6<I E<EF9@< GCD46?VAAS 6V=EP>4@<. #B6-
ABF4, 59;C9D9D6AVEFP F4 FBKAVEFP A46V74JV=ABW VAHBD@4JVW, S>4 J<D>G?Rє 6 
JV= E<EF9@V, ;A4KABR @VDBR 6C?<64є A4 6<EB>G 9H9>F<6AVEFP GCD46?VAAS 
CV8DB;8V?4@< F4 ;4EFBEG64AAS B;5DBєAAS V 6V=EP>B6BW F9IAV>< CV8 K4E 5B=B-
6<I 8V=. �<IB8SK< ; FB7B MB 6<@B7< 6V=EP>B6<I ECB:<64KV6 MB8B >?4EG 
FBKABEFV, 59;C9D9D6ABEFV F4 B5ES7G A46V74JV=ABW VAHBD@4JVW DV;AV, C9D98 
DB;DB5A<>4@< F4 CDB@<E?B6VEFR 6<A<>4є C<F4AAS, S>B7B F<CG A46V74JV=AV 
E<EF9@< V ; S>BR FBKAVEFR 6<;A4K9AAS 84A<I E?V8 6<7BFB6?SF< [1].  

� @9FBR 8BES7A9AAS VAHBD@4JV=ABW C9D9647<, CDB6V8AV >D4WA< E6VFG 
6CDB648:GRFP 6<EB>BF9IAB?B7VKAV VAF97DB64AV E<EF9@< ;5BDG, B5DB5><, 
DB;CB6ER8:9AAS, @B89?R64AAS, 6V;G4?V;4JVW VAHBD@4JVW F4 CV8FD<@>< CD<-

                                                           
1 >.F.A., E.A.E., A4K4?PA<> !�� (�%�G "%%�), !* %�, !4JVBA4?PA4 4>489@VS EG-
IBCGFA<I 6V=EP> V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6 
2 8.F.A., CDBH., C.A.E. !�� (%'�) !* %�, !4JVBA4?PA4 �>489@VS EGIBCGFA<I 6V=EP> 
V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6 
3 >.F.A., A.E. !�� (�%�G "%%�) !* %�, !4JVBA4?PA4 �>489@VS EGIBCGFA<I 6V=EP> 
V@9AV 79FP@4A4 #9FD4 %474=84KAB7B, �P6V6 



72 

=ASFFS DVL9AP, S>V HGA>JVBAGRFP CD4>F<KAB G D9:<@V D94?PAB7B K4EG, 4 
F4>B: ;4EFBEB6GRFP 6V8CB6V8AV BD74AV;4JV=AV CDBJ98GD< F4 CDBFB>B?< VA-
HBD@4JV=AB-GCD46?VAEP>BW 8VS?PABEFV. &4>, A4CD<>?48, C4D4?9?PAB ; CDB-
6989AAS@ D9HBD@< «EGIBCGFAV 6V=EP>4 @4=5GFAPB7B» 4DF<?9DVS !V@9KK<A< 
;4@VARє K4EF<AG E6BWI ;4EB5V6 DB;6V8>< AB6<@< E<EF9@4@<, S>V 6V8CB6V84-
RFP EGK4EA<@ F9IAVKA<@ 6<@B74@. �4 8BCB@B7BR FBKABW A46V74JV=ABW GE-
F4AB6>< V ?4;9DAB7B 6<@VDR64K4 6V8EF4A9= EF4?B @B:?<6<@ 6<;A4K9AAS 
>BBD8<A4F JV?V A4 69?<>V= 6V8EF4AV [2].  

#DB6989AV 8BE?V8:9AAS CB>4;4?<, MB B8A<@ ; C9DEC9>F<6A<I A4-
CDS@>V6 @B89DAV;4JVW E<EF9@< DB;6V8>< G CV8DB;8V?4I %GIBCGFA<I 6V=EP> є 
6<>BD<EF4AAS 84A<I, 6<;A4K9A<I V; ;4EFBEG64AAS@ ?VF4?PAB7B 4C4D4FG (A4-
CD<>?48, ?VF4RKBW C?4FHBD@<).  

#B>4;4AB, MB CBI<5>< 6<;A4K9AAS >BBD8<A4F DB;6V8G64?PABW @4-
L<A< 8B@VAGRK<@ K<AB@ 6C?<64RFP A4 CBI<5>G 6<;A4K9AAS C4D4@9FDV6 
JV?V. �4CDBCBAB64A<= 4?7BD<F@ 6<;A4K9AAS C4D4@9FDV6 JV?V CD< 6<>BD<E-
F4AAV C4D4@9FDV6, S>V 6<;A4K9AB V; ;4EFBEG64AAS@ ?VF4RKBW C?4FHBD@<, F4 
CD98EF46?9AV ;4?9:ABEFV 8?S BJVAR64AAS CBI<5>< 6<;A4K9AAS J<I C4D4@9-
FDV6 8B;6B?SRFP 6<EG64F< 6<@B7< 8B FBKABEFV 6<@VDR64?PAB7B B5?48A4AAS 
; ;484ABR FBKAVEFR [3].  

&4><@ K<AB@, 4>FG4?PA<@ є 8BBEA4M9AAS E<EF9@< DB;6V8>< 5B>B-
6<@ ECBEF9D9:A<@ CGA>FB@ CB6VFDSAB7B 54;G64AAS, MB CD4JRє A4 54;V 
A46V74JV=ABW VAHBD@4JVW. *9 8B;6B?<FP 8B;6B?<FP G D9:<@V K4EG A45?<:9-
AB@G 8B D94?PAB7B, CB>D4M<F< FBKABEAV I4D4>F9D<EF<>< F4 84EFP ;@B7G 
;474?B@ CB>D4M<F< 5B=B6V 6?4EF<6BEFV. 

%C<EB> ?VF9D4FGD< 

1.  �BDB?PB6 �. ., �GKG> �.�., �4єJP 3.�., �BDB?PB64 ".�.,  VDBLA<K9A>B 
2.�. �A4?V; E6VFB6<I F9A89AJV= DB;6<F>G E<EF9@ A46V74JVW 8?S EGIBCGFA<I 6V=EP> / 
�V=EP>B6B-F9IAVKA<= ;5VDA<> / �>489@VS EGIBCGFA<I 6V=EP>. � № 1(4). � �P6V6: 
�%�, 2011. � %. 19�29.  

2. $B?4A8 �4??. $4;698O64F9?PAO9 6B;@B:ABEF< 4DF<??9D<< EGIBCGFAOI 
6B=E> 5G8GM97B (Roland Gall. Aufklarungsfahig keiten der Artillerie im Heer der 
Zukunft Soldat und Technik). � 2012 � November. � S. 13�18.  

3. �BDB?PB64 ".�. "5ґDGAFG64AAS 6<@B7 8B EFDG>FGD< E<EF9@< ;B6AVLAPB7B 
JV?96>4;4AAS 8?S 4DF<?9DV=EP><I CV8DB;8V?V6 CD< 6<>BD<EF4AAV ?VF4RKBW C?4FHBD-
@< / �BDB?PB64 ".�. // !4G>B6B-F9IAVKA<= ;5VDA<> *!�� "�&. � 1(52) � �<W6: 
*!�� "�&, 2014. C. 48�58. 
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'�� 621.372.85 
 %4@B=?<> %.%1., #и;4 �. .2, 

$����&��  �&"�� �!&��$��0!/) '$��!�!�� 

 ��$"%�"#�+�%�"� 1���&$"��!� ��� ��3 

!�)"���!�3 %"�%&��!!/) +�%&"& #$3 "'�"�0!"�" 

$��"!�&"$� %  !"�"%�"�!"� #"�'#$"�"�!��"�"�  

*���!�$�+�%�"� !�"�!"$"�!"%&02 

$4;6<F<9 F9IA<>< %�+ E6S;4AB E EB69DL9AEF6B64A<9@ C4D4@9FDB6 < 
>BAEFDG>J<= CB?GCDB6B8A<>B6OI GEFDB=EF6. #B?GCDB6B8A<>B6O9 GEFDB=-
EF64 GEC9LAB CD<@9ASRFES 6 8<4C4;BA9 BF @9FDB6OI 8B EG5@<??<@9FDB-
6OI 6B?A. �I 8BEFB<AEF6B@ S6?SRFES: 6OEB>B9 5OEFDB89=EF6<9, @4?O9 
7454D<FO < @4EE4, A9;A4K<F9?PAO9 @BMABEF< GCD46?9A<S. �?S GCD46?9A<S 
<ECB?P;G9FES E6B=EF6B CB?GCDB6B8A<>B6OI EFDG>FGD @9ASFP E6B< C4D4-
@9FDO CD< 89=EF6<< 6A9LA97B A4CDS:9A<S <?< FB>4. � A<:A9= K4EF< E4A-
F<@9FDB6B7B < @<??<@9FDB6B7B 8<4C4;BA4I <ECB?P;GRFES D4ECD989?9AAO9 
CB?GCDB6B8A<>B6O9 EFDG>FGDO, D4;@9DO >BFBDOI ED46A<@O E 8?<AB= 
6B?AO < ;4A<@4RF 6ER 6OEBFG 6B?AB6B84 <?< D9;BA4FBD4. 

$4EK9F C4D4@9FDB6 F4><I GEFDB=EF6 CD98EF46?SRF EB5B=  BK9AP <A-
F9D9EAO9 < E?B:AO9 ;484K<. � A4EFBSM99 6D9@S D4EK9F <I, >4> CD46<?B, 
CDB6B8<FES @9FB84@< F9BD<< J9C9=, CD98EF46?SS CB?GCDB6B8A<>B6O= 
Q?9@9AF 6 6<89 D4;?<KAOI EB98<A9A<= Q?9@9AFB6 E EBED98BFBK9AAO@< 
C4D4@9FD4@< 59; GK9F4 79B@9FD<< CB?GCDB6B8A<>4.  

� CD98EF46?9AAB@ 8B>?489 D4EK9F C4D4@9FDB6 CDS@BG7B?PAB7B D9-
;BA4FBD4 E 86GIE?B=AO@ CB?GCDB6B8A<>B6O@ Q?9@9AFB@ D9L49FES @9FB-
8B@ <AF97D4?PAOI GD46A9A<= @4>DBE>BC<K9E>B= Q?9>FDB8<A4@<>< [1]. 
1FBF @9FB8 CB;6B?S9F GK<FO64FP >4> C4D4@9FDO CB?GCDB6B8A<>B6B7B Q?9-
@9AF4, F4> < 97B 79B@9FD<K9E>GR HBD@G < E?B<EFGR EFDG>FGDG (D<E.1). 

�ECB?P;GS @9FB8 <AF97D4?PAOI GD46A9A<=, 6OK<E?9AO >B@C?9>EAO9 
K4EFBFO A<;L97B F<C4 >B?954A<= D9;BA4FBD4 E 86GIE?B=AB= J<?<A8D<K9E-
>B= 6EF46>B=, CD98EF46?SRM9=  @B89?P CB?GCDB6B8A<>B6B7B 8<B84 [2]. 

1 EF. CD9CB8464F9?P >4H. $48<BF9IA<>< < F9?9>B@@GA<>4J<= �4CBDB:E>B7B A4J<B-
A4?PAB7B F9IA<K9E>B7B GA<69DE<F9F4 
2 8-D F9IA. A4G>, CDBH9EBD, 8<D9>FBD �AEF<FGF4 <AHBD@4F<>< < D48<BQ?9>FDBA<>< 
�4CBDB:E>B7B A4J<BA4?PAB7B F9IA<K9E>B7B GA<69DE<F9F4 
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$<E. 1. $9;BA4FBD E 86GIE?B=AO@ ;4CB?A9A<9@ 

#B>4;4AB, >4> 6?<SRF C4D4@9FDO 69M9EF64 <;  >BFBDB7B <;7BFB6?9-
AO 6EF46>< A4 >B@C?9>EAGR K4EFBFG D9;BA4FBDAB= EFDG>FGDO < GEF4AB6-
?9A4 ?<A9=A4S ;46<E<@BEFP >4> 89=EF6<F9?PAB=, F4> < @A<@B= K4EF9= 
>B@C?9>EAB= K4EFBFO BF CDB6B8<@BEF< p-n C9D9IB84 CB?GCDB6B8A<>4. 

 9FB8 CB;6B?S9F BCF<@<;<DB64FP C4D4@9FDO D9;BA4FBD4 CD< D9L9-
A<< >BA>D9FAOI CD4>F<K9E><I 6BCDBEB6 6 ;46<E<@BEF< BF 79B@9FD<< < 
C4D4@9FDB6 CB?GCDB6B8A<>B6OI < 8<Q?9>FD<K9E><I EFDG>FGD. 

%C<EB> ?<F9D4FGDO 

1. )<:AS> !.�. �AF97D4?PAO9 GD46A9A<S @4>DBE>BC<K9E>B= Q?9>FDB8<A4-
@<><. �. :!4G@B64 8G@>4, 1986. 279 E. 

2. Bondaryev V. P., Samoylyk S.S. Proper frequencies of a rectangular resonator 
with multilayer semiconductor cylinder heterogeneity : Proceedings of the Sixth 
Kharkov International Symposium [«Physics and Engineering of Millimeter and Sub-
millimeter Waves � MSMW�2007»], (Ukraine, Kharkov, June 25 � 30, 2007) / Scien-
tific Council of the National Academy of Sciences of Ukraine on Radio-Physics and 
Microwave electronics. Kharkov: Kharkov State University, 2007. Vol. 1. P. 366�368. 
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'�� 621.372  
%9@9AB6 �.�.1 

#$"%&"� ��!�$�&"$ )�"%� !� "%!"�� ��#"�3$!"� 

&$�!��%&"$!"� %&$'�&'$/ % "&$�*�&��0!/  

%"#$"&����!��  

�9A9D4FBDO I4BE4 L<DB>B <ECB?P;GRFES 6 D48<BF9IA<>9 < F9?9-
>B@@GA<>4J<SI. &9BD<S 79A9D4FBDB6 I4BE4 89F4?PAB D4;D45BF4A4 [1�2]. 
%GM9EF6GRF @AB7B EI9@BF9IA<K9E><I < >BAEFDG>FBDE><I D9L9A<= 79A9-
D4FBDB6 I4BE4. #B 6<8G <ECB?P;B64AAOI 4>F<6AOI Q?9@9AFB6 79A9D4FBDO 
I4BE4 @B:AB D4;89?<FP A4 869 7DGCCO: 1) A4 BEAB69 8<E>D9FAOI Q?9@9A-
FB6; 2) A4 BEAB69 <AF97D4?PAOI @<>DBEI9@. "EB59AABEFP D48<BF9IA<>< < 
F9?9>B@@GA<>4J<= ;4>?RK49FES 6 FB@, KFB C9D984K4 <AHBD@4J<< BEGM9-
EF6?S9FES A4 6OEB><I K4EFBF4I. #BQFB@G 4>FG4?PAO@ A4GKAO@ A4CD46?9-
A<9@ S6?S9FES D4;D45BF>4 < <EE?98B64A<9 6OEB>BK4EFBFAOI 79A9D4FBDB6 
I4BE4 A4 8<E>D9FAOI 4>F<6AOI Q?9@9AF4I. !4<5B?PL97B D4ECDBEFD4A9A<S 
CB?GK<?< FD4A;<EFBDAO9 79A9D4FBDO I4BE4 A4 BEAB69 EI9@O �B?C<FJ4. 
�9A9D4FBDO I4BE4 CB EI9@9 �B?C<FJ4 D45BF4RF 6 L<DB>B@ 8<4C4;BA9 K4E-
FBF BF EBF9A ><?B79DJ 8B 10 ��J < 6OL9. "EAB6AO@< CD9<@GM9EF64@< 
F4><I 79A9D4FBDB6 I4BE4 9EFP: 1) CDBEFBF4 EI9@O < A489:ABEFP D45BFO; 2) 
D45BF4 6 L<DB>B@ 8<4C4;BA9 D48<BF9IA<K9E><I K4EFBF. 

"8A4>B FD4A;<EFBDAO9 79A9D4FBDO I4BE4 CB EI9@9 �B?C<FJ4 <@9RF 
F4><9 BEAB6AO9 A98BEF4F><: 1) E?B:ABEFP GCD46?9A<S C4D4@9FD4@< I4BF<-
K9E><I >B?954A<=; 2) 6?<SA<9 C4D4;<FAOI 9@>BEF9= >B??9>FBDAB7B < Q@<-
F9DAB7B C9D9IB8B6  5<CB?SDAB7B FD4A;<EFBD4 A4 8<A4@<>G I4BF<K9E><I 
>B?954A<= 6 '�+ < %�+ 8<4C4;BA4I. 

�>FG4?PAB= A4GKAB-F9IA<K9E>B= ;484K9= 9EFP EB;84A<9 F9BD<< < 
D4;D45BF>4 79A9D4FBDB6 89F9D@<A<DB64AAB7B I4BE4 E Q?9>FD<K9E><@ 
GCD46?9A<9@ 8<A4@<>B= >B?954A<=. 

#DBEFB= ECBEB5 CB?GK9A<S 79A9D4FBD4 I4BF<K9E><I >B?954A<= ;4-
>?RK49FES 6 8B546?9A<< > E<AGEB<84?PAB@G 79A9D4FBDG Q?9>FD<K9E>B= 
J9C< <; CBE?98B64F9?PAB EB98<A9AAOI 8<B84, D9;<EFBD4 < >4FGL>< <A8G>-
F<6ABEF< [1, 2]. � D45BF9 D4EE@BFD9A4 6B;@B:ABEFP CB?GK9A<S I4BF<K9-
E>B7B D9:<@4 6 79A9D4FBD9 A4 BEAB69 5<CB?SDAB= FD4A;<EFBDAB= EFDG>FG-
DO E BFD<J4F9?PAO@ EBCDBF<6?9A<9@, EI9@4 >BFBDB7B A4 D<E. 1. 

                                                           
1 �.F.A., 8B>FBD4AF �!&' 
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$<E. 1. 1?9>FD<K9E>4S EI9@4 CDBEFB7B 79A9D4FBD4 I4BE4 

�>F<6AO= Q?9@9AF 79A9D4FBD4 A4 5<CB?SDAOI FD4A;<EFBD4I VT1�
VT2 <@99F E9@9=EF6B »-CB8B5AOI 6B?PF4@C9DAOI I4D4>F9D<EF<>. #GF9@ 
6O5BD4 A4CDS:9A<= C<F4A<S V1 < V2 D45BK4S FBK>4 GEF4A46?<649FES A4 
C484RM9@ GK4EF>9 ��). � F4>B@ E?GK49 >B@C?9>EAB9 EBCDBF<6?9A<9 4>-
F<6AB7B Q?9@9AF4 79A9D4FBD4 A4 Q?9>FDB84I >B??9>FBD VT1 � >B??9>FBD 
VT2 8?S C9D9@9AAB7B FB>4 <@99F BFD<J4F9?PAO9 4>F<6AGR < D94>F<6AGR 
EBEF46?SRM<9. #4D4??9?PAB 4>F<6AB@G Q?9@9AFG 79A9D4FBD4 CB8>?RK9A 
>BA89AE4FBD %1 69?<K<AB= 3.3 A(. &4><@ B5D4;B@, G@9APL9AB 6?<SA<9 
;46<E<@BEF< BF 4@C?<FG8O 69?<K<AO 9@>BEFAB= EBEF46?SRM9= D94>F<6-
AB7B EBCDBF<6?9A<S FD4A;<EFBDAB= EFDG>FGDO VT1�VT2. �BA89AE4FBD %2 
<ECB?P;G9FES 8?S LGAF<DB64A<S <EFBKA<>4 C<F4A<S V2 BF C9D9@9AAB7B 
FB>4. �B?954F9?PAO= >BAFGD 79A9D4FBD4 EBEFB<F <; >4FGL>< <A8G>F<6AB-
EF< L < 9@>BEFAB7B Q?9@9AF4 6 6<89 D94>F<6AB= EBEF46?SRM9= EBCDBF<6-
?9A<S FD4A;<EFBDAB= EFDG>FGDO VT1�VT2 E C4D4??9?PAB CB8>?RK9AAO@ 
>BA89AE4FBDB@ %1. !4?<K<9 8<B84 VD1 CBE?98B64F9?PAB7B E D9;<EFBDB@ 
R4 6 <A8G>F<6AB= 69F>< >B?954F9?PAB7B >BAFGD4 CD<6B8<F > 6B;A<>AB69-
A<R I4BF<K9E><I >B?954A<= 6 79A9D4FBD9. 

%C<EB> ?<F9D4FGDO 

1.  Cherif Aissi. Introducing chaotic circuits in an undergraduate electronic 
course // Proceedings of the 2002 ASEE Gulf-Southwest Annual Conference, The 
University of Louisiana at Lafayette, March 20�22, 2002, pp. 1�8. 

2. Cherif Aissi, Demetrios Kazakos. A Review of Chaotic circuits, Simulation 
and Implementation // Proceedings of the 10th WSEAS International Conference on 
Circuits, Vouliagmeni, Athens, Greece, July 10�12, 2006, pp. 125�131. 
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'�� 629.735.05: 53.087.61 (043.2) 
%B?B@9AJ96 ".�.1, �4?VEP><=  .2.2 

�!���� #$"*�%�� #"��$,�!!3 &�)!�+!"�" %&�!' 

����*��!�) $���"����&$"!!�) ��%"��� 

�6V4JV=AV D48VB9?9>FDBAAV ;4EB5< (�$��) 6 J<6V?PAV= 46V4JVW 6<>B-
D<EFB6GRFPES 8?S D48VBF9IAVKAB7B ;459;C9K9AAS CB?PBFV6 G K4EF<AV 
;6�S;>G, A46V74JVW F4 ECBEF9D9:9AAS, 4 F4>B: 8?S 8B7?S8G C4E4:<DV6 F4 54-
74:G 6 CV8DB;8V?4I %?G:5< 46V4JV=ABW 59;C9><. #DBJ9E< 6<>BD<EF4AAS ;4 
CD<;A4K9AAS@ �$��, F9IAVKAB7B B5E?G7B6G64AAS F4 D9@BAFG, @BAVFBD<A7G 
F4 >BAFDB?R 6<;A4K4?PA<I C4D4@9FDV6, ;8V=EA9AAS >BD97G64?PA<I F4 ;4CB-
5V:A<I 8V= 6<>BAGRFPES G 6V8CB6V8A<I E<EF9@4I 9>EC?G4F4JVW (%�) [1].  

�V8B@B, MB F9IAVKA<= EF4A �$�� 6 CDBJ9EV 9>EC?G4F4JVW @B:9 ;@V-
AR64F<ES 6A4E?V8B> CBL>B8:9AP F4 6V8@B6, B5G@B6?9A<@< 897D484JV=A<-
@< CDBJ9E4@<, A9EF45V?PAVEFR 9?9>FDB:<6?9AAS, VAL<@< 6AGFDVLAV@< F4 
;B6AVLAV@< K<AA<>4@<. #B7VDL9AAS F9IAVKAB7B EF4AG CD<;6B8<FP 8B ;5V-
?PL9AAS 9>EC?G4F4JV=A<I 6<FD4F, MB A974F<6AB 6C?<64є A4 DV69AP 9H9>F<-
6ABEFV 6<>BD<EF4AAS �$�� ;4 CD<;A4K9AAS@. %6BєK4EA9 6<S6?9AAS CB7VD-
L9AAS F9IAVKAB7B EF4AG є 4>FG4?PABR A4G>B6B-F9IAVKABR ;484K9R.  

�EAGє 5474FB @B89?9= CB7VDL9AAS F9IAVKAB7B EF4AG, CDBF9 6EV 6BA< 
CB6�S;4AV ;V ;5V?PL9AAS@ ;A4K9AAS VAF9AE<6ABEFV 6V8@B6 �$��. �A4?V; CB-
>4;Gє, MB A4=5V?PL G:<64A<@< @B89?S@< CB7VDL9AAS F9IAVKAB7B EF4AG 
�$�� є EFD<5>BCB8V5A4, ?VAV=A4 F4 >648D4F<KA4 [2; 3]. 

�484KV 4A4?V;G CDBJ9EG CB7VDL9AAS F9IAVKAB7B EF4AG �$�� G@B6AB 
@B:GFP 5GF< DB;CB8V?9AV A4 86V 7DGC<: 6<S6?9AAS F4 BJVAR64AAS C4D4@9F-
DV6. "5<86V 7DGC< ;484K @B:GFP 5GF< 6<DVL9AAV L?SIB@ 6<>BD<EF4AAS 
>?4E<KA<I (; HV>EB64A<@ B5ES7B@ 6<5VD><) F4 CBE?V8B6A<I (; A4C9D98 A9-
6V8B@<@ B5ES7B@ 6<5VD><) CDBJ98GD EF4F<KABW B5DB5>< 84A<I.  

' JV= DB5BFV DB;7?SA9@B CDBJ98GD< BJVAR64AAS C4D4@9FDV6 8?S 
FDPBI @B89?9= CB7VDL9AAS F9IAVKAB7B EF4AG �$�� ; 6<>BD<EF4AAS@ @9FB-
8G @4>E<@4?PABW CD468BCB8V5ABEFV A4 BEAB6V >?4E<KAB7B @9FB8G. 

&D9A8 ;@VA< VAF9AE<6ABEFV 6V8@B6, MB @B:9 5GF< 6<>BD<EF4A<= 8?S 
BC<EG A4=G:<64AVL<I @B89?9=, BC<EGєFPES 6V8CB6V8AB 8B ECV66V8ABL9AAS: 

                                                           
1 8-D F9IA. A4G>, CDBH9EBD >4H98D< 46V4JV=A<I D48VB9?9>FDBAA<I >B@C?9>EV6 
!4JVBA4?PAB7B 46V4JV=AB7B GAV69DE<F9FG 
2 >4A8. F9IA. A4G>, 8BJ9AF >4H98D< 46V4JV=A<I D48VB9?9>FDBAA<I >B@C?9>EV6 
!4JVBA4?PAB7B 46V4JV=AB7B GAV69DE<F9FG 
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89 »  � ;A4K9AAS VAF9AE<6ABEFV 6V8@B6 8B CBK4F>G CB7VDL9AAS F9IAVKAB7B 
EF4AG �$�� ( 0>» ); a  � C4D4@9FD CB7VDL9AAS F9IAVKAB7B EF4AG �$�� 
( 0>a ); i  � C4D4@9FD, MB I4D4>F9D<;Gє @B89?P CB7VDL9AAS F9IAVKAB7B 
EF4AG ( 0=i  8?S EFD<5>BCB8V5ABW, 1=i  8?S ?VAV=ABW, 2=i  8?S >648D4F<K-
ABW @B89?9=); k  � @B@9AF CBK4F>G CB7VDL9AAS F9IAVKAB7B EF4AG (>V?P>VEFP 
;4HV>EB64A<I 6V8@B6 8B CBK4F>G CB7VDL9AAS F9IAVKAB7B EF4AG). 

' 6<C48>G 6<>BD<EF4AAS 9>ECBA9AJV4?PABW @B89?V FD<64?BEF9= A4-
CD4JR64AAS @V: 6V8@B64@< jt  (8?S ;474?PABW >V?P>BEFV ;4HV>EB64A<I 6V8-
@B6 n  A4 VAF9D64?V ECBEF9D9:9AAS) F4 664:4RK< A96V8B@<@ ?<L9 B8<A 
C4D4@9FD CB7VDL9AAS F9IAVKAB7B EF4AG a , @B:9 5GF< BFD<@4A4 F4>4 BJVA-
>4 JPB7B C4D4@9FDG: 
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∑∑
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1
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11 . 

$9;G?PF4F< EF4F<EF<KAB7B @B89?R64AAS CV8F69D8<?< CD46<?PAVEFP 
BFD<@4AB7B ECV66V8ABL9AAS 8?S BJVA>< C4D4@9FD4 a . 

$B;7?SAGF4 CDBJ98GD4 BJVAR64AAS @B:9 5GF< 6<>BD<EF4A4 CV8 K4E 
CDB9>FG64AAS F4 @B89DAV;4JVW %�. !4S6AVEFP F4>BW CDBJ98GD< 5G89 ECD<SF< 
CD<=ASFFR E6BєK4EA<I F4 6VDA<I DVL9AP G CDBJ9EV GCD46?9AAS 9>EC?G4F4-
JVєR �$��. 

%C<EB> ?VF9D4FGD< 

1. Solomentsev O.V., Melkumyan V.H., Zaliskyi M.Yu., Asanov M.M. «UAV 
operation system designing.» IEEE 3rd International Conference on Actual Problems of 
Unmanned Air Vehicles Developments. Proceedings. October 13�15, 2015 (Kyiv, 
Ukraine), PP. 95 � 98. 

2. Solomentsev O., Zaliskyi M., Nemyrovets Yu., Asanov M. «Signal 
processing in case of radio equipment technical state deterioration.» Signal Processing 
Symposium 2015. Proceedings. June 10�12, 2015 (Debe, Poland), PP. 1 � 5. 

3. Zaliskyi M. Yu. «Reliability parameters estimation in case of aviation radio 
electronic devices technical state deterioration». Electronics and Control Systems. �yiv, 
NAU, 2015, № 3 (45), PP. 18 � 22. 
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'�� 621.396.969.3 
&4DL<A �.�.1, &4AJRD4 ".�.2 

� �!,�!!3 �#���' ' "� %����!"� ("!"�"-*��0"�"� 
"�%&�!"��� !� ('!�*�"!'��!!3 %�%&�  $"������ 

#"�3 �"2 !� "%!"�� $"���&�'  �&"��� 

�" #���%'��!!3 $��!"%#��&$��0!�) �"�$���!0  

#D<AJ<CB6B AB64 HBD@4 6989AAS 5B=B6<I 8V= V; ;4EFBEG64AAS@ F9I-
AB?B7V= «7V5D<8ABW 6V=A<» A4 EIB8V '>D4WA< 6>?RK4є 69EP >B@C?9>E ;4IB-
8V6, MB8B CD<IB6G64AAS 8V= CDBF<6A<>4 A4 CB?V 5BR. �A4?V; F4>F<>< 8V= 
A9;4>BAA<I ;5DB=A<I HBD@G64AP CDBF< CV8DB;8V?V6 �5DB=A<I %<? '>D4W-
A<, MB ;48VSAV G 4AF<F9DBD<EF<KAV= BC9D4JVW (�&"), CB>4;46, MB BEAB6A4 
K4EF<A4 5B=B6<I ;VF>A9AP F4 B5EFDV?V6 CB;<JV= E<? �&" 6V85G64єFPES FB8V, 
>B?< 9H9>F<6AVEFP ;4EB5V6 DB;6V8>< CB?S 5BR є B5@9:9ABR K9D9; ;4EFBEG-
64AAS CDBF<6A<>B@ ;4EB5V6 @4E>G64AAS, 66989AAS 6 B@4AG, 4 F4>B: 8VR 
CD<DB8A<I H4>FBDV6, CB6�S;4A<I ; CB7B8A<@< G@B64@<, K4EB@ 8B5< F4 VA. 
�4IB8< MB8B @4E>G64AAS 8V= CDBF<6A<>4, ;@9AL9AAS CB@VFABEFV F9IAV>< 
F4 BEB5B6B7B E>?48G, 4 F4>B: 6<>BD<EF4AAS CD<DB8A<I H4>FBDV6 ;@9AL9A-
AS CB@VFABEFV B5G@B6?Rє 6<A<>A9AAS E>?48ABW 8?S ;4EB5V6 DB;6V8>< HBAB-
6B-JV?PB6BW B5EF4AB6><, A4E?V8>B@ S>BW є ;@9AL9AAS >BAFD4EFABEFV ;B5D4-
:9AP CB?S 5BR, 4 F4>B: 6FD4F4 K4EF<A< VAHBD@4JVW.  

�@9AL9AAS 6C?<6G G@B6 E>?48ABW HBAB6B-JV?PB6BW B5EF4AB6>< A4 
HGA>JVBAG64AAS E<EF9@ DB;6V8>< CB?S 5BR CBFD95Gє DB;6�S;4AAS CDBF<-
DVKKS @V: A9B5IV8AVEFR BFD<@4AAS S>VEABW 8BEFB6VDABW VAHBD@4JVW F4 A98B-
EF4FAV@< @B:?<6BEFS@< VEAGRK<I ;4EB5V6 DB;6V8>< CB?S 5BR 6 G@B64I 
E>?48ABW HBAB6B-JV?PB6BW B5EF4AB6><. �?S BFD<@4AAS DB;6V8G64?PABW VA-
HBD@4JVW 6 G@B64I 5G8P-S>BW HBAB6B-JV?PB6BW B5EF4AB6>< CDBCBAGєFPES 
;4EFBEB6G64F< 84FK<>< DV;ABW HV;<KABW CD<DB8< (�$(#), 4 F4>B: ;8V=EAR-
64F< >B@C?9>EG64AAS ;B5D4:9AP 6V8 A<I.  

">DV@ 6C?<6G CDBF<6A<>4 A4 S>VEFP BFD<@4ABW VAHBD@4JVW CDB CB?9 
5BR, 9H9>F<6AVEFP HGA>JVBAG64AAS E<EF9@ DB;6V8>< ; �$(# @B:9 ;A4KAB 
;A<:G64F<ES ;4 G@B6< 6C?<6G @9F9BDB?B7VKA<I H4>FBDV6, FGD5G?9AFABEFV 
4F@BEH9D<, 6<EB>BW 6B?B7BEFV CB6VFDS, CD< A45?<:9AAV F9C?B6B7B >BAFD4E-
FG B5�є>F4 DB;6V8>< 8B AG?S, 6 @B@9AF< VA69DEVW [1]. #D< JPB@G A4=5V?PL 
CB6AB VAHBD@4JVS CDB CB?9 5BR @B:9 5GF< CD98EF46?9A4 L?SIB@ CBє8-

                                                           
1 &4DL<A �.�. � >.F.A., 8BJ9AF, 8B>FBD4AF A4G>B6B-BD74AV;4JV=AB7B 6V88V?G )4D>V6-
EP>B7B A4JVBA4?PAB7B GAV69DE<F9FG #B6VFDSA<I %<?. 
2 &4AJRD4 ".�. � 48�RA>F A4G>B6B-BD74AV;4JV=AB7B 6V88V?G )4D>V6EP>B7B A4JVBA4-
?PAB7B #B6VFDSA<I %<?. 
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A4AAS VAHBD@4F<6A<I B;A4> ;B5D4:9AP, BFD<@4A<I 6V8 �$(#, MB B5G@B6-
?Rє A9B5IV8AVEFP DB;6<F>G 6V8CB6V8A<I @9FB8V6 >B@C?9>EG64AAS DV;ABEC9-
>FD4?PA<I ;B5D4:9AP.  

�4 D9;G?PF4F4@< 8BE?V8:9AP, CDB6989A<I 46FBD4@<, B5ґDGAFB64AV 
BEAB6AV CB>4;A<>< S>BEFV >B@C?9>EB64A<I ;B5D4:9AP BFD<@4A<I 6 G@B64I 
E>?48ABW HBAB6B-JV?PB6BW B5EF4AB6><. �B F4><I CB>4;A<>V6 6V8ABESFPES 
@4F9@4F<KA9 BKV>G64AAS, 8<EC9DEVS F4 >BD9?SJVS 6 B>B?<JV FBK>< ;B5D4-
:9AAS. �V8CB6V8AB 8B JPB7B, 8?S DVL9AAS ;484KV ;@9AL9AAS 6C?<6G G@B6 
E>?48ABW HBAB � JV?PB6BW B5EF4AB6>< A4 HGA>JVBAG64AAS E<EF9@ DB;6V8>< 
CB?S 5BR 6V8B@V @9FB8< >B@C?9>EG64AAS DV;ABEC9>FD4?PA<I ;B5D4:9AP [2�
3] A9 @B:GFP 5GF< ;4EFBEB64AV A4CDS@G. 

#DBCBAGєFPES A484F< CB84?PL<= DB;6<FB> @9FB84@ >B@C?9>EG64A-
AS DV;ABEC9>FD4?PA<I ;B5D4:9AP L?SIB@ GEGA9AAS A9B8AB;A4KABEF9=, S>V 
6<A<>4RFP CD< ;4EFBEG64AAV VEAGRK<I @9FB8V6. 

�4EFBEG64AAS G8BE>BA4?9A<I @9FB8V6 8B;6B?Sє CV86<M<F< BEAB6AV 
CB>4;A<>< S>BEFV >B@C?9>EB64A<I ;B5D4:9AP F4 ;A<;<F< 6C?<6 G@B6 E>?4-
8ABW HBAB � JV?PB6BW B5EF4AB6>< A4 HGA>JVBAG64AAS E<EF9@ DB;6V8><. 

%C<EB> ?VF9D4FGD< 

1. �4?B96 �.�. �A4?<; CGF9= CB6OL9A<S QH9>F<6ABEF< A4;9@A<I BCF<>B-
9?9>FDBAAOI >B@C?9>EB6 A45?R89A<S / �.�. �9?B96, %.%.  <L4A<A, �.�. "6ESA-
A<>B6, �.�. (<?<AB6, %.�. 3>G5EBA, �.%. 3JO> // "CF<K9E><= :GDA4? 2012 73(3) %. 
22�32; 

2. �AE4DB6 �.�. �484K< CD<ASF<S D9L9A<=CD< E?<SA<< ;B5D4:9A<= D4;?<-
KAOI EC9>FD4?PA<I 8<4C4;BAB6 [�?9>FDBAA<= D9EGDE]: �?9>FDBAAO= A4GKAB-
F9IA<K9E><= :GDA4? «&9IA<K9E>B9 ;D9A<9» / �.�. �AE4DB6,  <I4=?PB6 �.�., &BI-
AB %.�.// &9IA<K9E>B9 ;D9A<9. � �<C. 3(3) %. 29�36; 

3. !<><F<A ".$.  BDHB?B7<K9E>B9 >B@C?9>E<DB64A<9 @AB7BEC9>FD4?PAOI 
;B5D4:9A<= ;9@AB= CB69DIABEF</ ".$. !<><F<A, �.!.�<E?S>B6/ $48<BF9IA<K9E><9 
< F9?9>B@GA<>4J<BAAO9 E<EF9@O 2012 №2 %. 36�39. 
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'�� 621.396 
)G8B6 �. �.1, �<EBJP><= ".�.2, �DI4 �.�.3 

���"��� �$�&�$�� %' �%!"�" #",'�' � ��3���!!3 

"��Є�&�� � #"&"+!�� �"!� "��3�' $���"�"��*��!"� 
%�%&� � 

#D< 6<DVL9AAV CDB5?9@< EG@VEABW BCF<@V;4JVW CBLG>G V 6<S6?9AAS 
B5�є>FV6 6 D48VB?B>4JV=A<I E<EF9@4I B8AVєR ; ;484K є ;484K4 E<AF9;G 6<-
DVL4?PA<I CD46<? EG@VEABW BCF<@V;4JVW CBLG>G V 6<S6?9AAS B5�є>FV6 [1]. � 
S>BEFV >D<F9DVR BCF<@V;4JVW, S> CD46<?B, B5<D4єFPES 54=єEV6EP><= >D<F9-
DV= @VAV@G@G E9D98APB7B D<;<>G. �?S BCF<@V;4JVW 6<DVL4?PAB7B CD46<?4 6 
E<EF9@4I 6<S6?9AAS A4DS8G ; 54=єEV6EP><@ >D<F9DVє@ @VAV@G@G E9D98APB7B 
D<;<>G L<DB>B 6<>BD<EFB6GєFPES >D<F9DV= @4>E<@4?PABW CD468BCB8V5ABE-
FV. � DB5BFV DB;7?SAGFB BEB5?<6BEFV 6<>BD<EF4AAS >D<F9DVR @4>E<@4?PABW 
CD468BCB8V5ABEFV CD< EG@VEAV= BCF<@V;4JVW CBLG>G V 6<S6?9AAS B5�є>FV6 6 
D48VB?B>4JV=AV= E<EF9@V. �?7BD<F@ EG@VEABW BCF<@V;4JVW CBLG>G F4 6<S6-
?9AAS 5G89@B LG>4F< 6 >?4EV BCF<@4?PA<I 54=єEV6EP><I 4?7BD<F@V6 CD<-
=ASFFS DVL9AP, CD< 6<>BD<EF4AAV S>B7B 8BES74єFPES @VAV@4?PA9 ;A4K9AAS 
(A<:AS @9:4) E9D98APB7B D<;<>G. 

' 6V8B@<I DB5BF4I [2] DB;7?SAGFB 6<C48B> CD<=ASFFS CDBEFBW 7VCB-
F9;< CDBF< CDBEFBW 4?PF9DA4F<6< F4 BFD<@4AB 6<D4; 8?S ;A4K9AAS E9D98-
APB7B D<;<>G. #D< JPB@G 6EF4AB6?9AB, MB BEAB6A<@< I4D4>F9D<EF<>4@< 
E9D98APB7B D<;<>G V =B7B E>?48B6<I 9?9@9AFV6 є F4>V I4D4>F9D<EF<><, S> 
4CDVBDAV =@B6VDABEFV 7VCBF9; CDB 6V8EGFAVEFP B5�є>F4 F4 CDB =B7B A4S6-
AVEFP; HGA>JVS CD468BCB8V5ABEFV 6<5VD>< CD< G@B6V, MB 6VDA4 B8A4 ; 7VCB-
F9;; G@B6A4 =@B6VDAVEFP CD<=ASFFS DVL9AAS 6 ;BAV B7?S8G CD< G@B6V, MB 
6VDA4 B8A4 ; 7VCBF9;. 

�>4;4AV I4D4>F9D<EF<>< 6V8ABESFPES 45B 8B ;BA< CBLG>G 6 JV?B@G, 
45B 8B WW B>D9@<I E>?48B6<I K4EF<A V є WI VAF97D4?PA<@< I4D4>F9D<EF<>4-
@<. "K96<8AB, MB B8A<@ V F<@ :9 VAF97D4?PA<@ CB>4;A<>4@ S>BEFV 5G89 
;48B6B?PASF< A9E>VAK9A4 @AB:<A4 EFD4F97V= CBLG>G, MB GE>?48ARє ;A4-
IB8:9AAS BCF<@4?PA<I 6<DVL4?PA<I CD46<? S> 8?S 6<C48>G BCF<@V;4JVW 
FV?P>< CBLG>G, F4> V 8?S 6<C48>G EG@VEABW BCF<@V;4JVW CBLG>G F4 6<S6?9A-
AS. �AF97D4?PAV I4D4>F9D<EF<>< 6<S6?9AAS B5�є>FV6 A9 FV?P>< A9 6D4IB6G-

                                                           
1 �B>FBD F9IAVKA<I A4G>, CDBH9EBD, �4E?G:9A<= 8VSK A4G>< V F9IAV>< '>D4WA<, A4-
K4?PA<> >4H98D< F4>F<>< D48VBF9IAVKA<I 6V=EP> )4D>V6EP>B7B A4JVBA4?PAB7B GAV-
69DE<F9FG #B6VFDSA<I %<? V@9AV �64A4 �B:98G54 ()!'#%) 
2 �<>?484K >4H98D< F4>F<>< D48VBF9IAVKA<I 6V=EP> )!'#% 
3 "HVJ9D 6V88V?9AAS *9AFDG V@VF4JV=AB7B @B89?R64AAS )!'#% 
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RFP BEB5?<6BEFV CBLG>G B5�є>FV6, 4?9 V E?45B G;7B8:GRFPES ; G@B64@< 
CBLG>G F4 6<S6?9AAS B5�є>FV6. �B BEAB6A<I G@B6 6<S6?9AAS G D48VB?B>4-
JV=A<I E<EF9@4I 6V8ABESFPES: 69?<><= CDBEFBDB6<= DB;@4I ;BA B7?S8G, 
A9DV6AB@VDAVEFP 4CDVBDAB7B DB;CB8V?G B5�є>FV6 6 ;BAV B7?S8G F4 VALV.  

� GD4IG64AAS@ 6>4;4A<I G@B6 CBLG>G F4 6<S6?9AAS 6 DB5BFV ;DB5-
?9AB 6<EAB6B> CDB F9, MB ;A4K9AAS E9D98APB7B D<;<>G 6 @9:4I ;BA< B7?S-
8G A9 @B:9 5GF< CD<=ASF<@ DV6AB@VDA<@. � ;6�S;>G ; J<@ 8BJV?PA<@ є 
C9D9IV8 6V8 VAF97D4?PA<I I4D4>F9D<EF<> E9D98APB7B D<;<>G 8B 8<H9D9A-
JV=A<I I4D4>F9D<EF<> E9D98APB7B D<;<>G.  

� DB5BFV 66989AB 6 DB;7?S8 CBFBKAG ;BAG B7?S8G F4 CDB6989AB GFBK-
A9AAS 6V8B@B7B 647B6B7B >D<F9DVR CD< EG@VEAB@G CBLG>G F4 6<S6?9AAV 
B5�є>FV6 6 CBFBKAV= ;BAV B7?S8G D48VB?B>4JV=ABW E<EF9@<. �EF4AB6?9AB, 
MB, A4 6V8@VAG 6V8 6V8B@<I, 6 GFBKA9AB@G >D<F9DVR ;�S6<6ES 8B84F>B6<= 
@AB:A<> � 6474 4CDVBDA<I 84A<I. 

' CB84?PL<I 8BE?V8:9AASI A9B5IV8AB CDB69EF< E<AF9; BCF<@4?P-
AB7B 6<DVL4?PAB7B CD46<?4 CD<=ASFFS DVL9AAS CDB 6<S6?9AAS B5�є>F4 ;4 
>D<F9DVє@ @4>E<@4?PABW CD468BCB8V5ABEFV 6 VAF9D9E4I EG@VEABW BCF<@V;4-
JVW CBLG>G F4 6<S6?9AAS B5�є>FV6 6 D48VB?B>4JV=A<I E<EF9@4I. 

%C<EB> ?VF9D4FGD< 

1. �B?><A �.�. %B6@9EFA4S 54=9EB6E>4S BCF<@<;4J<S CB<E>4 < B5A4DG:9-
A<S B5N9>FB6 6 D48<B?B>4J<BAAOI E<EF9@4I / �.�.�B?><A, �.�.)G8B6 // 'EC9I< 
EB6D9@9AAB= D48<BQ?9>FDBA<><. �  ., 2003, № 11. � %. 23�32. 

2. �96<A �.$. &9BD9F<K9E><9 BEAB6O EF4F<EF<K9E>B= D48<BF9IA<><. �  .: 
$48<B < E6S;P, 1989. � 654 E. 

'�� 621.396 
)G8B6 �.�.1, �B64?96EP><= %. .2, �VM9A>B �. .3 

%&�"$�!!3 %�$�&"�"  ��"��%"&!"�" 

$���"�"��*��!"�" #"�3 � ' "��) ����!!3 %'+�%!�) 

 �$���*�!&$�+!�) &� ���$��!�) ���! 

�V8B@B, MB 6 EGK4EA<I @9D9:9J9AFD<KA<I F4 7V5D<8A<I 6V=A4I BE-
AB6ABR CDB5?9@BR 6 BD74AV;4JVW 6<EB>B9H9>F<6ABW E<EF9@< >BAFDB?R 
CB6VFDSAB7B CDBEFBDG є EF6BD9AAS F4 CV8FD<@>4 EGJV?PAB7B 46FB@4F<;B64-
                                                           
1 �B>FBD F9IAVKA<I A4G>, CDBH9EBD, �4E?G:9A<= 8VSK A4G>< V F9IAV>< '>D4WA<, A4-
K4?PA<> >4H98D< F4>F<>< D48VBF9IAVKA<I 6V=EP> )4D>V6EP>B7B A4JVBA4?PAB7B GAV-
69DE<F9FG #B6VFDSA<I %<? V@9AV �64A4 �B:98G54 ()!'#%) 
2 !4K4?PA<> H4>G?PF9FG D48VBF9IAVKA<I 6V=EP> )!'#% 
3 �8�RA>F )!'#% 
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AB7B D48VB?B>4JV=AB7B CB?S A48 F9D<FBDVєR 89D:46< F4 CD<?97?<@< F9D<-
FBDVS@< A4 @4?<I F4 7D4A<KAB @4?<I 6<EBF4I [1, 2]. ' ;6�S;>G ; G8BE>BA4-
?9AAS@ F4 DB;L<D9AAS@ AB@9A>?4FGD< �#!, MB 8VRFP A4 @4?<I F4 7D4A<-
KAB @4?<I 6<EBF4I, ; B8AVєW EFBDBA<, F4 DB;6<F>B@ D48VB?B>4JV=ABW F9IAV>< 
F4 9?9@9AFABW 54;<, ; 8DG7BW, G CB84?PLB@G CD< G8BE>BA4?9AAV @4?B6<EBF-
A<I $�% A4IB8SFP L<DB>9 6<>BD<EF4AAS AB6V VAHBD@4JV=AV F9IAB?B7VW. � 
DB5BFV BEAB6A4 G647G CD<8V?SєFPES 6<>BD<EF4AAR A9FD48<JV=A<I @9FB8V6 
D48VB?B>4JVW [3]. 

� @9FBR A4DBM9AAS @B:?<6BEF9= VEAGRKB7B D48VB?B>4JV=AB7B 
G7DGCB64AAS 8?S ;459;C9K9AAS 59;C9D9D6AB7B D48VB?B>4JV=AB7B >BAFDB?R 
CB?PBFV6 CB6VFDSA<I B5�є>FV6 A4 @4?<I 6<EBF4I ;4CDBCBAB64AB 6<>BD<E-
F4AAS DB;A9E9A<I D48VB?B>4JV=A<I E<EF9@, S>V 6<>BD<EFB6GRFP 6<CDB@V-
AR64AAS ;B6AVLAVI C9D984FK<>V6. #DB6989AV DB;D4IGA>< CB>4;GRFP, MB 
E>D<FAVEFP E<EF9@< A4CV64>F<6ABW ?B>4JVW CB >B9HVJVєAFG @4E>G64AAS S> 
@VAV@G@ 6 1,5�2 D4;< 6<M9, AV: G $�% ; FD48<JV=A<@ EG@VM9A<@ CD<AJ<-
CB@. �EF4AB6?9AB BEAB6AV B;A4> ?B>4JVW «A4 CDBE6VF»: 

� A9;4?9:AVEFP 9H9>F<6ABW C?BM<A< DB;EVR64AAS (�#$) CD< DB;EV-
R64AAV 6C9D98 6V8 A4S6ABEFV D48VBCB7?<A4RKB7B CB>D<FFS F4 HBD@< CB6VF-
DSAB7B B5�є>FG; 

� ;A4KA9 ;5V?PL9AAS (A4 89>V?P>4 CBDS8>V6) �#$ CB6VFDSAB7B 
B5�є>FG, S>V ;A4IB8SFPES 6 B5?4EFV CDS@BW 6<8<@BEFV @V: C9D98464K9@ F4 
CD<=@4K9@. 

�EF4AB6?9AB, MB 6<>BD<EF4AAS A9FD48<JV=A<I @9FB8V6 D48VB?B>4JVW 
8B;6B?Sє A4DBEF<F< @B:?<6BEFV D48VB?B>4JV=AB7B G7DGCB64AAS CB EF6B-
D9AAR E>D<FB7B @4?B6<EBFAB7B D48VB?B>4JV=AB7B CB?S ($�#), MB 8B;6B-
?<FP: 

� @4F< A4 F9D<FBDVW >D4WA< E<EF9@G @4?B6<EBFAB7B $�#, MB ECV6C4-
84є ; CB?9@ CB>D<FFS, MB HBD@GєFPES ;BA4@< CV8E6VFG F9?96V;V=A<I, D48VB-
C9D98464?PA<I J9AFDV6, E<EF9@< BE9D98>B6B7B ;6�S;>G; 

� I4D4>F9D<EF<>< CB FBKABEFV D48VB?B>4JV=ABW VAHBD@4JVW 8B;6B?SRFP 
6<S6<F< @4?BDB;@VDAG JV?P, MB DGI4єFPES ;V L6<8>VEFR 15�20 >@/7B8, ; DB;DV-
;A9AAS@ 150�200 @ A4 84?PABEFV CDS@BW 6<8<@BEFV F4 6<8464F< JV?96>4;V6>< 
8?S 6>?RK9AAS G 5B=B6G DB5BFG ;4EB5V6 GD4:9AAS 5?<:APBW 8VW (C9D9ABEAV 
;9AVFAB-D4>9FAV >B@C?9>E< 45B ;9AVFA4 @4?B>4?V59DA4 4DF<?9DVS); 

� ;A<;<F< 9A9D79F<KAV 6<FD4F< A4 6<CDB@VAR64AAS E<7A4?G. �<FD4-
F< A4 9?9>FDB9A9D7VR B5@9:GRFPES ?<L9 CBFG:AVEFR 4C4D4FGD< 6 D9:<@V 
CD<=B@G; 

� 6<DVL<F< 9>B?B7VKAG CDB5?9@G (6V8EGFAVEFP A486<EB>BK4EFBFAB7B 
6<CDB@VAR64AAS), 6V8EGFAVEFP A9C9D9854KG64AB7B 6C?<6G A4 D48VB9?9>F-
DBAAV ;4EB5< @VEJ96BW VAHD4EFDG>FGD<; 
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� ECBEF9DV74F< CB6VFDSAG JV?P ; H?4A7G, CD< JPB@G �#$ G 89>V?P>4 
D4;V6 C9D96<MGє �#$ G C9D98AV= A4CV6EHVDV; 

� ECBEF9DV74F< CB6VFDSAV JV?V CB E<7A4?4I 5BDFB6<I 8:9D9? 6<CDB-
@VAR64AAS ; 6<>BD<EF4AAS@ @9FB8V6 C4E<6ABW ?B>4JVW. 

' CB84?PL<I 8BE?V8:9AASI A9B5IV8AB CDB69EF< DB;D4IGAB> 9A9D79F<-
KA<I I4D4>F9D<EF<> D48VB?B>4JV=ABW E<EF9@< E>D<FB7B @4?B6<EBFAB7B $�#, 4 
F4>B: 6<DVL<F< C<F4AAS BCF<@V;4JVW 79B@9FD<KABW CB5G8B6< E<EF9@<.  

%C<EB> ?VF9D4FGD< 

1. %46<A �.�. %9F9J9AFD<K9E>4S < E9F964S 6B=A4. �6989A<9 6 >BAJ9CJ<R / 
�.�.%46<A. �  .: �6D4;<=E>B9 86<:9A<9, 2011. � 130 E. 

2. �B6V8A<> GK4EA<>4 �&": B;5DBєAAS V 6V=EP>B64 F9IAV>4 �5DB=A<I %<? 
$BEV=EP>BW (989D4JVW / [�. .�?V@CVє6, �.�.#є6JB6, �.�.�D<5 F4 VA.]; ;4 ;47. D98. 
�. .�?V@CVє64. � ).: "D<7VA4?, 2015. � 732 E. 

3. �BA8D4F9A>B �.#. $B?P < @9EFB A9FD48<J<BAAB= D48<B?B>4J<< 6 E<EF9-
@9 >BAFDB?S 6B;8GLAB7B CDBEFD4AEF64 / �.#.�BA8D4F9A>B // �5VDA<> A4G>B6<I 
CD4JP: ).: )'#%, 2002. � �<C. 1 (39). � %. 87�90. 

'�� 004.942 
)G8B6 �.�.1, �VEB7BDEP><= �.�.2, %9D8R> ".�.3 

#����-�!!3 &"+!"%&� ���!�+�!!3 �""$��!�& 

�"+��!�)  �!" �&�� �� $�)'!"� ���"$�%&�!!3 

,&'+!�) ����&"���"��) �" #���%�� 

�BE6V8 GK4EFV �5DB=A<I %<? (�%) '>D4WA< 6 4AF<F9DBD<EF<KA<= 
BC9D4JVW (�&") E6V8K<FP CDB 6<>BD<EF4AAS CDBF<6A<>B@ F4>F<>< >BKV6A<I 
@VAB@9FV6, 6B7A96V CB;<JVW S><I B5?48AGRFPES CBDGK ; :<F?B6<@< 5G8<A-
>4@<. $B;6V8>4 6B7A96<I CB;<JV= >BKV6A<I @VAB@9FV6 @B:9 ;8V=EAR64F<ES 
89>V?P>B@4 ECBEB54@<: CB6VFDSA4 F4 >BE@VKA4 DB;6V8>4, ;6G>B64 DB;6V8>4, 
A4;9@A4 D48VB?B>4JV=A4 DB;6V8>4, BCF<KA4 DB;6V8>4, HV;<KA4 DB;6V8>4 (;4-
E<?4AAS DB;6V8A<>V6 45B 6<>BD<EF4AAS 479AFGD<). 

                                                           
1 �B>FBD F9IAVKA<I A4G>, CDBH9EBD, �4E?G:9A<= 8VSK A4G>< V F9IAV>< '>D4WA<, A4-
K4?PA<> >4H98D< F4>F<>< D48VBF9IAVKA<I 6V=EP> )4D>V6EP>B7B A4JVBA4?PAB7B GAV-
69DE<F9FG #B6VFDSA<I %<? V@9AV �64A4 �B:98G54 ()!'#%) 
2 !4K4?PA<> >GDEG H4>G?PF9FG D48VBF9IAVKA<I 6V=EP> )!'#% 
3 !4K4?PA<> A46K4?PAB7B >B@4A8AB7B CGA>FG >4H98D< F4>F<>< D48VBF9IAVKA<I 
6V=EP> )!'#% 
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� EGK4EAB@G 5BR G S>BEFV ;4EB5V6 84?PAPB7B 6<S6?9AAS 6B7A96<I 
CB;<JV= є D48VB?B>4JV=AV EF4AJVW ($�%) >BAFD54F4D9=ABW 5BDBFP5< (���), 
S>V є A4 B;5DBєAAV CV8DB;8V?V6 4DF<?9DV=EP>BW DB;6V8>< D4>9FA<I 6V=EP> V 
4DF<?9DVW %GIBCGFA<I 6V=EP> �5DB=A<I %<? (�%) '>D4WA< (A4CD<>?48, 
�$�-1 ) F4 8B;6B?SRFP E6BєK4EAB 6<;A4K4F< >BBD8<A4F< CB;<JVW 6BDB:BW 
4DF<?9DVW V BC9D4F<6AB A4ABE<F< G84D< G 6V8CB6V8P. � EVKAS 2015 DB>G 6 
;BAV 6989AAS �&" A4 EIB8V '>D4WA< 5G?B 66989AB 6 9>EC?G4F4JVR $�% ��� 
AN/TPQ-48A, S>V A484?< �% '>D4WA< %CB?GK9AV LF4F< �@9D<>< (%,�). 

$�% ��� ;8V=EARRFP 6<;A4K9AAS >BBD8<A4F 6B7A96<I ;4EB5V6, MB 
EFDV?SRFP, @VEJP CBC484AAS 5BєCD<C4EV6 F4 >BD9>FG64AAS 6B7AR 4DF<?9DVW. 
#D<AJ<C DB5BF< $�% ��� 54;GєFPES A4 6<S6?9AAV @VA F4 EA4DS8V6 ;4EB5V6 
GD4:9AAS A4 D4AAV= EF48VW CB?PBFG F4 CDB6989AAV 89>V?P>BI 6<@VDV6 CBFBK-
AB7B CB?B:9AAS 5BєCD<C4EG ; @9FBR DB;D4IGA>G =B7B FD4є>FBDVW. !4 BEAB-
6V CDB?BA74JVW F4 9>EFD4CB?SJVW 6<@VDV6 6<;A4K4RFPES @VEJ9CB?B:9AAS 
6B7A96<I ;4EB5V6 V @VEJS @B:?<6B7B CBC484AAS 5BєCD<C4EV6 [1]. 

�?S 6<S6?9AAS 6B7A96<I CB;<JV= CDB@VAP $�% E>4AGє CDBEFVD A48 
?VAVєR 7BD<;BAFG, EF6BDRRK< 54D�єD 6<S6?9AAS. #D< BFD<@4AAV 6V85<FB7B 
E<7A4?G $�% EGCDB6B8:Gє JV?P A4 CDBFS;V K4EG, MB A9B5IV8A<= 8?S GFBK-
A9AAS FD4є>FBDVW CB?PBFG EA4DS8G K< @VA< V B5K<E?9AAS @9FB8B@ 9>EFD4-
CB?SJVW >BBD8<A4F 6B7A96BW CB;<JVW F4 @VEJS C48VAAS 5BєCD<C4E<. #D< 
JPB@G 46FB@4F<KAB 6<;A4K4RFPES >4?V5D 5BєCD<C4EG F4 F<C ;4EB5G, MB 
EFDV?Sє, BJVARRFPES DB;@VD< 6B7A96BW CB;<JVW 54F4D9W F4 ;8V=EARєFPES >?4-
E<HV>4JVW 6B7A96<I ;4EB5V6 CB EFGC9AR WI ;47DB;<. 

%GK4EAV $�% ��� CD4JRRFP 6 8V4C4;BAV 2�4, 4�8 F4 9�12 ��J, MB 
8B;6B?Sє 6<S6?SF< 6B7A96V CB;<JVW @VAB@9FV6 A4 84?PABEFV 8B 30 >@, 4DF<-
?9DVW � 8B 50 >@, 4 CGE>B6<I GEF4AB6B> D94>F<6A<I E<EF9@ ;4?CB6B7B 6B7-
AR ($%��) � 8B 80 >@. �?9 EGK4EAV $�% ��� A9 ECDB@B:AV 6<;A4K<F< >B-
BD8<A4F< @VAB@9FG ; A9B5IV8ABR FBKAVEFR, MB B5G@B6?9AB [2]: 

� BEB5?<6BEFS@< 6<;A4K9AAS >BBD8<A4F BDVєAF<DV6 (A9B5IV8AVEFP 
6<>BD<EF4AAS A46V74JV=A<I E<EF9@ V; GE9D98A9AAS@ ;4 FD<64?<= C9DVB8 
K4EG); 

� 6<>BD<EF4AAS@ EGCGFA<>B6BW A46V74JV=ABW 4C4D4FGD< ; CV86<M9-
ABR FBKAVEFR 8?S ;459;C9K9AAS A46V74JV=ABW CD<6�S;>< CB;<JVW $�% ��� 
F4 WW BDVєAF<DV6; 

� A9B5IV8AVEFR C9D96VD>< BDVєAFG64AAS F4 7BD<;BAFG64AAS $�% 
���. 

� DB5BFV ;4CDBCBAB64AB CD< 6989AAV D48VB?B>4JV=ABW DB;6V8>< 6<-
>BD<EF4AAS AB6BW DV;AB6<8ABEFV DV;A<J96B-84?9>B@VDAB7B @9FB8G 6<;A4-
K9AAS >BBD8<A4F CB;<JVW >BKV6AB7B @VAB@9FG. #D< JPB@G 6D4IB64AB H4>F 
DGIG @VA< G CDBEFBDV F4 CD<AJ<C HBD@G64AAS LFGKABW 4C9DFGD< >DGCAB 
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7454D<FABW 4AF9A<. �4 D4IGAB> 6<>BD<EF4AAS B8AB54;B6B7B DV;A<J96B-
84?9>B@VDAB7B >B@C?9>EG ;V ;@VAABR 54;BR G CDBEFBDV ; K4EB@ HBD@GєFPES 
LFGKA<= 5474FB54;B6<= >B@C?9>E. �V?P>VEFP LFGKA<I 54; @B:9 ES74F< 
89ESF>V6 45B EBF9AP, 6 ;4?9:ABEFV 6V8 K4EG CB?PBFG @VA<. �BAHV7GD4JVS 
>B@C?9>EG 5G89 ;4?9:4F< 6V8 >BA>D9FA<I G@B6 B5EF4AB6><. 

%C<EB> ?VF9D4FGD< 

1. )G8B6 �.�. $48VB?B>4JV=AV ;4EB5< DB;6V8>< CB;<JV= >BKV6A<I @VAB@9FV6 / 
�.�.)G8B6, �.�.�VEB7BDEP><=, �.3.�BDG?PA<> // %<EF9@< B;5DBєAAS V 6V=EP>B64 
F9IAV>4. � ).: )'#%, 2014. � № 3 (39). � %. 68�72. 

2. �DGCAV>B6 �. %F4AJVW D48VB?B>4JVW >BAFD54F4D9=ABW 5BDBFP5< BEAB6A<I 
;4DG5V:A<I >D4WA / �. �DGCA<>B6 // �4DG5V:A<= 6V=EP>B6<= B7?S8, 2010. � № 12. � 
%. 32�41. 

'�� 681.5.015:629.7.05 
(<DEB6 %.!.1, �G8<54 '<EE4@2 

('!�*�"!��0!" '%&"�+��"� '#$����!�� '��"�/  

�����!��   ��"����$�&!"�" ��&�&��0!"�" 

�##�$�&� 

$4;D45BF>4 < <ECB?P;B64A<9 @4?B7454D<FAOI 59EC<?BFAOI ?9F4F9?P-
AOI 4CC4D4FB6 ( ��) 6 7D4:84AE>B= < 6B9AAB= 46<4J<< E J9?PR G@9APL9-
A<S ;4FD4F A4 D94?<;4J<R CB?9FAOI @<EE<= < CB6OL9A<S <I QHH9>F<6ABEF<, 
CD98EF46?S9F EB5B= B8AB <; C9DEC9>F<6AOI A4GKAB-F9IA<K9E><I A4CD46?9-
A<=,  D94?<;G9@OI < H<A4AE<DG9@OI 6 D4@>4I @9:8GA4DB8AOI <EE?98B64-
F9?PE><I CDB7D4@@ (Clean Sry, HORIZON 202, RISE < 8D.). 

� A4EFBSM99 6D9@S CDB9>F<DB64A<9 < E9D<=AO= 6OCGE>  ��, S6-
?S9FES CD<BD<F9FAB= ;484K9= D4;6<F<S 59EC<?BFAB= 46<4J<< 6B @AB7<I 
;4DG59:AOI EFD4A4I. !4<5B?PL<I GEC9IB6 6 QFB= B5?4EF< 8BEF<7?< %,�, 
�;D4<?P, (D4AJ<S, �9D@4A<S < �4A484. %B;84A<9@ E6B<I >B@C?9>EB6 
 �� 4>F<6AB ;4A<@4RFES ,69J<S, 3CBA<S, �!$, �A8<S, �D4A, '>D4<A4 
< 8DG7<9 7BEG84DEF64. �A4?<; EGM9EF6GRM<I >B@C?9>EB6  �� CB;6B?S9F 
>D<EF4??<;B64FP F9A89AJ<R, A4CD46?9AAGR A4 G@9APL9A<9 @4EEB7454-
D<FAOI I4D4>F9D<EF<>, <AF9??9>FG4?<;4J<R 5BDFB6B7B B5BDG8B64A<S < 
                                                           
1 8-D F9IA. A4G>, 8BJ., ;46. >4H98DO Q?9>FDBF9IA<>< !4J<BA4?PAB7B 4QDB>BE@<K9-
E>B7B GA<69DE<F9F4 <@. !. �. �G>B6E>B7B «)��» )4DP>B6, '>D4<A4 e-mail: 
sn.firsof@gmail.com 
2 4EC<D4AF >4H98DO Q?9>FDBF9IA<>< !4J<BA4?PAB7B 4QDB>BE@<K9E>B7B GA<69DE<-
F9F4 <@. !. �. �G>B6E>B7B «)��», )4DP>B6, '>D4<A4 
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EB69DL9AEF6B64A<9 <;69EFAOI 4QDB8<A4@<K9E><I >B@CBAB6B> ABE<F9?S E 
J9?PR B59EC9K9A<S E6B=EF64@< HGA>J<BA4?PAB= GEFB=K<6BEF<. (GA>J<B-
A4?PAB9 GEFB=K<6B9 GCD46?9A<9 � QFB EB6B>GCABEFP @9FB8B6 < ED98EF6, 
B59EC9K<64RM<I A4 CDBFS:9A<< FD95G9@B7B 6D9@9A< 6OCB?A9A<9 E6B<I 
BEAB6AOI HGA>J<= >B@C?9>EB@  �� 6 CD989?4I, GEF4AB6?9AAOI ABD@4-
F<6AO@< FD95B64A<S@<, 6 GE?B6<SI CDBF<6B89=EF6<S, 4 F4>:9 6?<SA<S 
CBFB>B6 BF>4;B6, A9<ECD46ABEF9= < E5B96 8B A4EFGC?9A<S CD989?PAB7B 
EBEFBSA<S, CD< >BFBDB@ 84?PA9=L4S Q>EC?G4F4J<S  �� CD9>D4M49FES CB 
FD95B64A<S@ 59;BC4EABEF< <?< QHH9>F<6ABEF< Q>EC?G4F4J<< >B@C?9>E4. 
%<EF9@O, B5?484RM<9 F4><@< E6B=EF64@<, A4;O64RF, HGA>J<BA4?PAB 
GEFB=K<6O@<. 

�B>4;4AB, KFB 6 D4@>4I D9L9A<S ;484K< EB;84A<S <?< GEB69DL9AEF-
6B64A<S >BAEFDG>J<<  ��, 6 >BAF9>EF9 D9L9A<S CBEF46?9AAB= ;484K<, 
A9B5IB8<@B 6O5<D4FP  ��, E>B@CBAB64AAO=  CB ABD@4?PAB= 4QDB8<A4-
@<K9E>B= EI9@9 E 86GI54?BKAO@ HR;9?S:9@, FB?>4RM<@ 6B;8GLAO@ 
6<AFB@, C9D969DAGFO@ V-B5D4;AO@ I6BEFB6O@ BC9D9A<9@. "F>DOFO@ BE-
F49FES 6BCDBE 8BEF4FBKABEF< D4ECB?4749@OI 4QDB8<A4@<K9E><I CB69DIAB-
EF9= < A9B5IB8<@BEF< <I G69?<K9A<S (BEGM9EF6?SFP E9>J<BA<DB64A<9 <?< 
66B8<FP 8BCB?A<F9?PAO9 4QDB8<A4@<K9E><9 CB69DIABEF<), 4 F4>:9 I4D4>-
F9D<EF<> 79B@9FD<< I6BEFB6B7B BC9D9A<S. �DB@9 FB7B, 8?S GEB69DL9AEF-
6B64AAB= >B@CBAB6>< A9B5IB8<@B E<AF9;<DB64FP ;4>BAO GCD46?9A<S EB-
BF69FEF6GRM<@< 4QDB8<A4@<K9E><@< CB69DIABEFS@< 6 AB@<A4?PAB@ < 
464D<=AB@ D9:<@4I D45BFO. 

�A4?<; CD98?4749@B= >B@CBAB6>< CB;6B?<? EHBD@<DB64FP 4A4?<-
F<K9E><9 ;46<E<@BEF< GCD46?SRM<I @B@9AFB6, >BFBDO9 HBD@<DGRF EBBF-
69FEF6GRM<9 E9>J<< Q?9DBAB6 < CB69DIABEF< I6BEFB6B7B BC9D9A<S. 
#B?GK9AAO9 EBBFABL9A<S CDB9>J<= 69>FBD4 GCD46?9A<S CB;6B?SRF 
EHBD@<DB64FP DS8 FB:89EF6, A9B5IB8<@OI >4> 8?S E<AF9;4 HGA>J<BA4?P-
AB GEFB=K<6B7B GCD46?9A<S, F4> < 8?S HBD@<DB64A<S FD95B64A<= > I4D4>-
F9D<EF<>4@  < A4?<K<R EBBF69FEF6GRM<I 4QDB8<A4@<K9E><I CB69DIAB-
EF9=. &4>, 8?S D9L9A<S ;484K< EF45<?<;4J<<  �� BFABE<F9?PAB FD9I BE9= 
A9B5IB8<@B, KFB5O GCD46?9A<9, HBD@<DG9@B9 EBBF69FEF6GRM<@< 4QDB-
8<A4@<K9E><@< CB69DIABEFS@<, B59EC9K<64?B 6OCB?A9A<9 GE?B6<S <I 
D469AEF64. 

#DB6989AAO9 <EE?98B64A<S CB;6B?<?< EHBD@<DB64FP 4A4?<F<K9-
E><9 FB:89EF64, >BFBDO9 S6?SRFES BEAB6B= 8?S E<AF9;4 EBBF69FEF6GRM97B 
B59EC9K9A<S HGA>J<BA4?PAB GEFB=K<6B7B GCD46?9A<S  �� A4 E<EF9@AB@ 
GDB6A9. �DB@9 FB7B, E<AF9;<DB64AAO9 @B89?<, CB;6B?SRF HBD@<DB64FP 
FD95B64A<S > 79B@9FD<K9E><@ I4D4>F9D<EF<>4@ 4QDB8<A4@<K9E><I CB-
69DIABEF9= 6 >BAF9>EF9 >B@C9AE4J<< A9LF4FAOI E<FG4J<=: C?BM48<, D4E-
CB?B:9A<R, @4>E<@4?PAO@ G7?4@ BF>?BA9A<S. &4>:9 BA< S6?SRFES D4;-
6<F<9@ CD98?B:9AAB7B @9FB84 BCD989?9A<S 8BCB?A<F9?PAB7B GCD46?9A<S 
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CD< 6B;A<>AB69A<< A9LF4FAOI E<FG4J<=, E6S;4AAOI E 4AB@4?PAB= D45B-
FB= DG?96OI CB69DIABEF9= 6 FD9I >4A4?4I, CD<@9A9A<9 >BFBDB7B 84?B 
6B;@B:ABEFP HBD@<DB64FP 4A4?<F<K9E><9 ;46<E<@BEF< BCD989?9A<S 8B-
CB?A<F9?PAB7B BF>?BA9A<S EBBF69FEF6GRM<I CB69DIABEF9=. 

#B?GK9AAO9 D9;G?PF4FO <EE?98B64A<S 5O?< BFD45BF4AO A4 D4;D4-
5BF4AAB@ 4CC4D4FAB-CDB7D4@@AO@ >B@C?9>E9, >BFBDO= CB;6B?S9F CDB6B-
8<FP CB?GA4FGDAB9 @B89?<DB64A<9 D45BFO E<EF9@  ��, CD< QFB@ BEGM9-
EF6?S?4EP >BDD9>J<S A9>BFBDOI C4D4@9FDB6, 4 F4>:9 5OEFDB9 <;@9A9A<S 
4?7BD<F@B6 < CDB7D4@@ GCD46?9A<S (EF45<?<;4J<<) CD< CDB6989A<< <ECO-
F4A<=. 1FBF >B@C?9>E CB;6B?S9F BFD4:4FP D94?PAO9 CDBJ9EEO, CDBF9>4R-
M<9 6 >BAFGD4I GCD46?9A<S < EF45<?<;4J<<  ��, 6<;G4?PAB < CDB7D4@@-
AB >BAFDB?<DB64FP EBEFBSA<9 E<EF9@, E?GK4=AO@ B5D4;B@ 66B8<FP A9-
LF4FAO9 E<FG4J<< < BFE?9:<64FP <I C4D<DB64A<9. 
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2 %��*�3 «&����" '!���*��!� %�%&� � &�  �$���» 

'�� 004/608 
�9D9;B6E><= %.�.1 

3D $��"!(��'$�$'� �3 �"  '&�*�"!!�3 %&$'�&'$� 

!� 1�� �!&�) ��$��"�%�"�" 

#B6OL9A<9 CDB<;6B8<F9?PABEF<, :<6GK9EF< D9EGDE4 C4D4??9?PAOI, 
D4ECD989?9AAOI E<EF9@ @B:9F 5OFP D94?<;B64AB CD< <ECB?P;B64A<< AB6OI 
6B;@B:ABEF9= � 3D D9>BAH<7GD<DG9@OI >B@@GF4J<BAAOI EFDG>FGD ($�%) 
[1,2]. 3D $�% CB;6B?SRF GCDBEF<FP @4ELF45<DG9@BEFP, CB6OE<FP 59;BC4E-
ABEFP; 46FB@4F<;<DB64FP GCD46?9A<9, G69?<K<FP @BMABEFP H<;<K9E>B= <A-
HD4EFDG>FGDO, EA<;<FP >4C<F4?PAO9 < BC9D4J<BAAO9 ;4FD4FO. 

$�% CD98EF46?S9F EB5B= EB7?4EB64AAGR, BF>DOFGR < EF4A84DF<;B-
64AAGR EFDG>FGDG (D<E.1), >4> <AEFDG@9AF @BA<FBD<A74 <ECB?P;B64A<S < 
C9D986<:9A<S 84AAOI, >BFBDO= B59EC9K<649F 7<5>B9, 59;BC4EAB9, E>BBD-
8<A<DB64AAB9 GCD46?9A<9, D4;89?9A<9 6OK<E?<F9?PAOI D9EGDEB6 < D9EGD-
EB6 ID4A9A<S 84AAOI, 59;BC4EAO= 8BEFGC > 84AAO@ < > E4@B= <AHD4-
EFDG>FGD9. 

%GFP >BAJ9CJ<< 3D $�% ;4>?RK49FES 6 FB@, KFB5O 4DI<F9>FGD4 
<AHD4EFDG>FGDO <@9?4 6B;@B:ABEFP 484CF<DB64FPES CB8 EFDG>FGDG D9-
L49@B= ;484K<, F.9. KFB5O 7D4H G* 6OK<E?<F9?PAB7B CDBJ9EE4 >4> @B:AB 
5?<:9 EB6C484? E 7D4HB@ G D9L49@B= ;484K<. 

3D $�% CB;6B?SRF HBD@<DB64FP <AHBD@4J<BAAO9 FGAA9?<, B5D4-
7B6O64FP E?B6AGN 85D4DE8N C4D4??5?PAB-CBE?54B64F5?PAOE 6<DFG4?PAOI 
CDB5?9@AB-BD<9AF<DB64AAOI EB6B>GCABEF9= 6OK<E?<F9?PAOI EFDG>FGD-

>?4EF5DB6 4?O 8EE?54B64A8O CDBF5EEB6 @5AONщ8EEO 6B 6D5@5A8. 

#D< QFB@ 5G89F 8BEF<7AGF4 D94?PAB 6OEB>4S CDB<;6B8<F9?PABEFP 
6OK<E?<F9?PAB= E<EF9@O A4 L<DB>B@ >?4EE9 ;484K. 

� CB@BMP D4;D45BFK<>G BF89?PAO9 >?4EF9DO 3D $�% A4 Q?9@9AF4I 
�9D9;B6E>B7B @B7GF 5OFP D4E>D4L9AO E G>4;4A<9@ <I 6AGFD9AA97B EBEFBS-
A<S (D<E. 2) [3,4]. 

                                                           
1 �<D9>FBD *9AFD4 «#B?<&9I�AHB», "89EE><= A4J<BA4?PAO= 

CB?<F9IA<K9E><= GA<69DE<F9F 
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$<E.1. 3D $�% A4 Q?9@9AF4I �9D9;B6E>B7B 

 

$<E. 2. $4E>D4L9AA4S 3D $�% A4 Q?9@9AF4I �9D9;B6E>B7B 

#BEFDB9A<9 <AHD4EFDG>FGD A4 54;9 F9IAB?B7<< 3D $�% 6O7B8AB 
BF?<K49FES BF EFDG>FGD E «:9EF>B=» 4DI<F9>FGDB=, >BFBDO9 <@9RF BD74-
A<K9E><= A98BEF4FB> � A4<5B?PLGR CDB<;6B8<F9?PABEFP (C<>B6GR) FB?P-
>B 8?S G;>B7B >?4EE4 ;484K. 

%C<EB> ?<F9D4FGDO 

1. Berezovsky S. Reconfigurable commutation structures using the elements by 
Berezovsky// 2016 13th International Conference on Modern Problems of Radio 
Engineering, Telecommunications and Computer Science (TCSET)/ 23�26 Feb. 2016, 
p.531 � 533. 

2. #4F9AF №2020739, $BEE<S. «N-@9DAO= >B@@GF4J<BAAO= Q?9@9AF %. �. 
�9D9;B6E>B7B» /�9D9;B6E><= %.�. � 1994.� �R?. №.18. 

3. Berezovsky S.A. Homogeneous switching structure for computing systems 
purposes // !B6O9 < A9FD48<J<BAAO9 F9IAB?B7<< 6 D9EGDEB- < QA9D7BE59D9:9A<<: 
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@4F9D<4?O A4GKAB-F9IA<K9E>B= >BAH9D9AJ<<, 19�20 @4S 2009 7., 7. "89EE4. � �<96 
: �&  '>D4<AO. � 2009. � C. 10�14. 

4. �9D9;B6EP><=, %.".  B89?P 3D->B@GF4JV=AB7B 9?9@9AF4 @9D9:96BW EFDG-
>FGD< ;6�S;>G// !4G>B6V CD4JV "!�� V@. ".%. #BCB64, 2008, № 2. �%. 86�92. 

'�� 621.391 
�є?B6 �.%.1 , �є?B6 �.%.2 

$������*�3 #$"�$� !"�  "���� ��3 �"%�����!!3 

)�$��&�$�%&�� %��!���� �  �!� ��0!"2 

 �!�#'�3*�Є2 

�?S 8BE?V8:9AAS I4D4>F9D<EF<> E<7A4?V6 ; @VAV@4?PABR @4AVCG?S-
JVєR ;B>D9@4 MSK (GMSK F4 WI DV;AB6<8V6) D94?V;B64AB CDB7D4@AG @B-
89?P, S>4 8B;6B?Sє  6<;A4K4F< C4D4@9FD< H4;B6B7B ;EG6G F4 CDB6B8<F< 
4A4?V; B>B-8V474D4@ >4A4?G 89>B8G64AAS ;4 G@B6 6C?<6G DV;A<I I4D4>F9D<-
EF<> E<7A4?G. !46989AV 6V>A4 9@G?SFBD4 Matlab 8?S 6<C48>G HBD@G64AAS 
@4AVCG?SJVW ; @VAV@4?PA<@ K4EFBFA<@ ;EG6B@ F4 6C?<6B@ A4 6<IV8AV C4D4-
@9FD< >4A4?G B5DB5>< ; 48<F<6A<@ 5V?<@ LG@B@ (>4A4?G �4GE4).  

 

�IV8A4 CBE?V8B6AVEFP є 6<C48>B6<@ CDBJ9EB@, C9D9F6BDR64A<@ 6 
5VCB?SDA<= J<HDB6<= E<7A4? F4 CDB@B89?PB64A4 @9FB8B@ MSK. 

                                                           
1 �<>?484K >4H98D< &�%&�, �VAA<JP><= A4JVBA4?PA<= F9IAVKA<= GAV69DE<F9F 
2 �8B5G64K >4H98D< &�%&�, �VAA<JP><= A4JVBA4?PA<= F9IAVKA<= GAV69DE<F9F 
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#VE?S CDBIB8:9AAS >4A4?G AWGN 6V85G64єFPES 6<;A4K9AAS FD4є>-
FBDVW ;@VA< H4;< A4 H4;B6B@G EG;VD�W F4 4A4?V; B>B-8V4D7D4@<.  

"EAB6AV I4D4>F9D<EF<>< 6EF4AB6?9AV 8?S @B8G?SFBDG F4 C4D4@9FD< 
>4A4?G ;484RFPES 6 6V>A4I C4D4@9FDV6 9@G?SFBD4 Matlab. 

 

"FD<@4AG I4D4>F9D<EF<>G B>B-8V47D4@< F4 H4;B6B7B EG;VD�S 8?S @4-
AVCG?SJVW ; @VAV@4?PA<@ K4EFBFA<@ ;EG6B@ 6 G@B64I 48<F<6AB7B 5V?B7B 
LG@G A46989AB A<:K9. 

 

&4><@ K<AB@ D94?V;B64AB CDB7D4@AG @B89?P 8?S 6<;A4K9AAS I4D4>-
F9D<EF<> E<7A4?V6 ; @VAV@4?PABR  @4AVCG?SJVєR 8?S 6V;G4?PAB7B F4 4A4?V-
F<KAB7B 4A4?V;G C4D4@9FDV6 @B8G?SJVW, MB 8B;6B?Sє BC9D4F<6AB CDB6B8<F< 
8BE?V8:9AAS ;@VA< EF4AG E<7A4?G CD< ;@VA4I C4D4@9FDV6 @B8G?SFBD4 F4 
>4A4?G ;6�S;>G.  
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%C<EB> ?VF9D4FGD< 

1. Kostedt, F. and Kemerling, J., «Practical GMSK Data Transmission,» 
Wireless Design and Development, vol. 3, No. 1, pp. 21�25, January 1995 

2. T. S. Rappaport, Wireless Communications � Principles and Practice, ISBN 
0�13�375536�3, Prentice Hall PTR, Upper Saddle River, NJ, 1996 

3. J.G. Proakis, Digital Communications, 3rd Ed., McGraw-Hill, Inc., New 
York, NY 1995. 

'�� 621.372 
�BA84Dє6 �. #.1,  4>E<@V6 �.#.2,  4>E<@R> &.�.2  

 �&"� #����-�!!3 �!�$��&�+!"� �(��&��!"%&� 
HQPSK %��!���� 

� G@B64I ;DBEF4AAS 6<@B7 8B S>BEFV EGK4EAB7B 59;CDB6V8AB7B ;6�S;>G 
6<A<>4є CBFD954 G 68BE>BA4?9AAV VEAGRK<I CDB7D4@AB-4C4D4FA<I ;4EB5V6 C9-
D98464AAS VAHBD@4JVW.  ��S6?SRFPES AB6V 6<8< @B8G?SJVW E<7A4?V6, S>V A484RFP 
@B:?<6VEFP 5V?PL 9H9>F<6AB 6<>BD<EFB6G64F< 6<8V?9A<= 8V4C4;BA K4EFBF, F4 
AB6V ECBEB5< V F9IAB?B7VW C9D98464AAS J<I E<7A4?V6, ;4 8BCB@B7BR 6CDB64-
8:9AAS S><I ;DBEF4є 9A9D79F<KA4 9H9>F<6AVEFP E<EF9@ ;6�S;>G. !9DV8>B JV 
@9FB8< >B@5VAGRFPES, G D9;G?PF4FV KB7B 6<A<>4RFP AB6V ECBEB5< CV86<M9AAS 
9H9>F<6ABEFV >B@VD>B6<I @9D9:. �B>D9@4, B8A<@ ; F4><I @9FB8V6 є BCF<@V;4-
JVS >648D4FGDABW H4;B6BW @B8G?SJVW ;4 8BCB@B7BR 6<>BD<EF4AAS 8BCB@V:A<I 
CV8A9EGK<I K4EFBF [1] F4 CBє8A4AAS JPB7B @9FB8G ; @B8<HV>B64A<@ H4;B6<@ 
89F9>FBDB@ A4 CD<=@4?PAV= EFBDBAV [2]. 

�?S CV86<M9AAS 9A9D79F<KABW 9H9>F<6ABEFV CDBJ9EG C9D98464AAS 
84A<I G @9D9:4I >B@VD>B6B7B ;6�S;>G ;4CDBCBAB64AB @9FB8 A4CV6>648D4-
FGDAB-4@C?VFG8ABW @B8G?SJVW (Half QPSK, 45B HQPSK), S><= A484є @B:-
?<6VEFP CV86<M<F< 9A9D79F<KAG 9H9>F<6AVEFP 59;CDB6V8AB7B >4A4?G 
;6�S;>G. !4 6V8@VAG 6V8 ;6<K4=ABW >648D4FGDAB-4@C?VFG8ABW @B8G?SJVW, G 
;4CDBCBAB64AB@G @9FB8V @B8G?RєFPES ?<L9 B8A4 >B@CBA9AF4 E<7A4?G A4 
C9D98464?PAV= EFBDBAV. #DBF9, CD<=@4K 6V8F6BDRє 6IV8A<= E<7A4? S> 86B-
>B@CBA9AFA<=, 6<>BD<EFB6GRK< F45?<JR 4EBJV4F<6ABEFV E>?48B6<I, MB 
686VKV ;5V?PLGє 9H9>F<6AG 9A9D7VR CD<=ASFB7B E<7A4?G. *9 8BES74єFPES 
L?SIB@ C9D98464AAS B>D9@<I E<@6B?V6 E<7A4?PAB7B EG;VD�S A4 DV;A<I CV8-
A9EGK<I K4EFBF4I. ' JPB@G 6<C48>G KBF<D< CV8A9EGKV E<7A4?G C9D984RFP 
E<@6B?<, S>V ?B7VKAB 6V8ABESFPES 8B B8AB7B EG;VD�S @B8G?SJVW, CDBF9 HV;<-
KAB C9D984RFPES B>D9@B. �B:A4 CV8A9EGK4 CB6�S;4A4 ; GAV>4?PABR 8?S A9W 
F45?<J9R 4EBJV4F<6ABEFV. 
                                                           
1 �.F.A,, CDBH9EBD  !' «�P6V6EP>4 CB?VF9IAV>4»  
2 �.F.A., 4E<EF9AF, !' «�P6V6EP>4 CB?VF9IAV>4» 
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�B:A4 CV8A9EGK4 84є @B:?<6VEFP CD98EF46?SF< BFD<@4A<= E<@6B? 
S> E<@6B? I-Q ;6<K4=ABW QPSK @B8G?SJVW. &4><@ K<AB@, L6<8>VEFP C9D9-
8464AAS 5VFV6 ;4CDBCBAB64AB7B @9FB8G F4>4 E4@4, S> V 8?S QPSK, B8A4> 
CBFG:AVEFP C9D98464AAS E<@6B?G EF4AB6<FP CB?B6<AG 6V8 CBFG:ABEFV C9-
D98464AAS CD< ;6<K4=AV= QPSK @B8G?SJVW. 

#V86<M9AAS EFV=>BEFV 89F9>FG64AAS E<7A4?V6 ; >648D4FGDABR @B8G-
?SJVєR (QPSK) 8B LG@G F4 89F9D@VAB64A<I ;4648 59; ;@VA< 8<A4@VKA<I 
6?4EF<6BEF9= 89F9>FBD4 @B:9 5GF< D94?V;B64AB ;4 8BCB@B7BR @B8<HV>4JVW 
JPB7B CD<EFDBR [3]. 

�4CDBCBAB64A4 EI9@4 @B8<HV>B64AB7B 89F9>FBD4 6V8DV;ASєFPES 6V8 
>?4E<KAB7B 4A4?B7G F<@, MB C9D98 H4;B6<@ 89F9>FBDB@ G APB@G DB;F4LB-
6GєFPES 6G;P>B-E@G7B6<= HV?PFD, 4 CVE?S (� � HV?PFD 69DIAVI K4EFBF. 

�%( @4є ;48B6B?PASF< F4>V G@B6<: D9;BA4AEA4 K4EFBF4 ;5V74єFPES V; 
K4EFBFBR BCBDAB7B 79A9D4FBD4 ("�); E@G74 CDBCGE>4AAS ;A4KAB 6G:K4 6V8 
E@G7< 6IV8A<I CD<EFDBW6 (;B>D9@4 6G:K4 EC9>FD4?PABW E@G7< 6IV8AB7B E<-
7A4?G); >B9HVJVєAF C9D98464AAS A4 K4EFBF4I, 84?9><I 6V8 D9;BA4AEABW, A9 
8BDV6ARє AG?96V. 

$94?V;4JVS B8ABK4EAB 86BI 6<M9BC<E4A<I @9FB8V6 є @B:?<6BR, 
BE>V?P>< G B5BI 6<C48>4I @B64 =89 CDB C9D98464AAS F4 89F9>FG64AAS E>?4-
8A<I E<7A4?V6 ; >648D4FGDABR F4 E<AH4;ABR E>?48B6<@<. #9DL<= @9FB8 
;5V?PLGє 9A9D79F<KAG 9H9>F<6AVEFP, 4 8DG7<= � ;4648BEFV=>VEFP E<EF9@< 
;6�S;>G, MB GEG64є @B:?<6V >BAH?V>F< G B8ABK4EAB@G WI ;4EFBEG64AAV. 
�H9>F<6AVEFP JPB7B CBє8A4AAS, C9D96VD9A4 V@VF4JV=A<@ @B89?R64AAS@ 
>4A4?G ;6�S;>G G CDB7D4@AB@G >B@C?9>EV Matlab Simulink. 

$9;G?PF4F< @B89?R64AAS CB>4;4?<, MB HQPSK @B8G?SJVS є 8B6B?V 
;4648B;4I<M9ABR, CDBF9 ;V ;DBEF4AAS@ DV6AS LG@G 6 >4A4?V ;6�S;>G A4EF4є 
CBDB7B6<= 9H9>F, ;4 S>B7B 89F9>FG64AAS F4><I E<7A4?V6 EF4є A9@B:?<6<@. 
�4EFBEG64AAS@ @B8<HV>B64AB7B 89F9>FBD4, J9= 9H9>F 5G?B GEGAGFB.  

#DB6989A<= 4A4?V; CDB89@BAEFDG646 C9D9647< CBє8A4AAS BC<E4A<I 
@9FB8V6 F4 CB>4;46 8BJV?PAVEFP WI CB84?PLB7B 8BE?V8:9AAS. 

%C<EB> ?VF9D4FGD< 

1. T. Maksymyuk, L. Han, X. Ge, H. Chen, M. Jo, Quasi-quadrature Modulation 
Method for Power Efficient Video Transmission over LTE Networks. IEEE 
Transactions on Vehicular Technology, vol. 63, no. 5, pp. 2083�2092, Jun., 2014. 

2. �BA84Dє6 �.#.,  4DF<AV6  .%. #D<EFDV= H4;B6B7B 46FBCV8EFDBR64AAS 
K4EFBF<. #4F9AF '>D4WA< A4 6<A4IV8 № 66435. � �R?9F9AP №5, 2004. 

3. A. Bondariev, I. Maksymiv Comparative Analysis and Ways of Improvement 
of Noise Immunity of Demodulation of OQPSK Signals. Electronics and electrical 
engineering, Kaunas, No.9 (105), pp. 81�84., 2010. 
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'�� 621.372 
�BA84Dє6 �.#.1, �?FGAVA %.�.2 

#$"�$� !"-�#�$�&!� $������*�3 *�($"�"�" 

#$�%&$"2 (��"�"�" ��&" �&�+!"�" #��%&$"2��!!3 

+�%&"&�  

!4 EPB7B8AVLAV= 89AP, J<HDB6V CD<EFDBW H4;B6B7B 46FB@4F<KAB7B 
CV8EFDBR64AAS K4EFBF< ((�#+) CBEF4?< 4?PF9DA4F<6BR FD48<JV=A<@ 4A4-
?B7B6<@ CD<EFDBS@ (�#+. �468S><  6<>BD<EF4AAR J<HDB6<I >B@CBA9A-
FV6 6V8C484є CDB5?9@4 C4D4;<FA<I є@ABEF9=, EF4DVAAS F4 F9@C9D4FGDAB7B 
8D9=HG I4D4>F9D<EF<> J<I CD<EFDBW6 [1]. �DV@ FB7B, J<HDB6V CD<EFDBW 
(�#+ (*(�#+) є 8BE<FP C9DEC9>F<6A<@< ; FBK>< ;BDG WI CBF9AJV=AB 
6<EB>BW ;4648BEFV=>BEFV.  

 9FBR JVєW DB5BF< є EF6BD9AAS CDB7D4@AB-4C4D4FABW D94?V;4JVW CD<-
EFDBR *(�#+. &4>4 D94?V;4JVS 8B;6B?<FP BC9D4F<6AB ;@VAR64F< C4D4@9-
FD< CD<EFDBR 8?S CB84?PLB7B 8BE?V8:9AAS F4 CV86<M9AAS =B7B ;4648BE-
FV=>BEFV. �DV@ FB7B, ;4684AAS@ DB5BF< є ;4HV>EG64F< CDBJ9E EIBC?9AAS 
K4EFBF< 74D@BAVKAB7B >B?<64AAS, 6<;A4K<F< BDVєAFB6A<= K4E 6IB8:9AAS 6 
E<AIDBAV;@, V CBDV6ASF< =B7B ; D9;G?PF4FB@ 8BE?V8:9AAS V@VF4JV=ABW @B89-
?V (;4 4A4?B7VKA<I CBK4F>B6<I G@B6), S>4 A46989A4 6 [2]. 

�?S EF6BD9AAS CDB7D4@AB-4C4D4FABW D94?V;4JVW CD<EFDBR *(�#+ 
;4 BEAB6G 5G?B 6;SFB EFDG>FGDAG EI9@G CD<EFDBR *(�#+, MB CD<6989A4 
6 [3]. �BA4 E>?484єFPES ; H4;B6B7B 89F9>FBD4 ((�), J<HDB6B7B HV?PFD4 
(*() F4 79A9D4FBD4, >9DB64AB7B A4CDG7BR (��!), S>V BC9DGRFP J<HDB6<-
@< E<7A4?4@<. �DV@ FB7B, EI9@4 @VEF<FP 4A4?B7B6B-J<HDB6<= C9D9F6BDR-
64K (�*#), CD<;A4K9A<= 8?S 8<E>D9F<;4JVW E<7A4?G ; 9F4?BAAB7B 79A9D4-
FBD4 (��), V J<HDB-4A4?B7B6<= C9D9F6BDR64K (*�#) 8?S BFD<@4AAS A9C9-
D9D6AB7B E<7A4?G V CB84KV =B7B A4 BEJ<?B7D4H.  4F9@4F<KA4 @B89?P JPB7B 
CD<EFDBR *(�#+ 89F4?PAB BC<E4A4 6 [2]. 

�?S CDB7D4@AB-4C4D4FABW D94?V;4JVW *(�#+ 5G?B B5D4AB 6<EB>B-
CDB8G>F<6AG 89@BAEFD4JV=AG C?4FG STM32F4 Discovery, BE>V?P>< 6BA4 
@VEF<FP 6 EB5V L6<8>B8VRKV 12-DB;DS8AV �*# V *�#, 69?<>G >V?P>VEFP CB-
DFV6 66B8G/6<6B8G F4 ;A4KA<= B5�є@ C4@�SFV.  

�?S CD<L6<8L9AAS 9>EC9D<@9AF4?PA<I 8BE?V8:9AP, 4 F4>B: ; @VD-
>G64AP ;DGKABEFV, 5G?B EF6BD9AB GAV>4?PA<= VAF9DH9=E 8?S 6;4є@B8VW @V>-
DB>BAFDB?9D4 ; >B@C�RF9DB@ � CB >B@4A8V ; BEF4AAPB7B @V>DB>BAFDB?9D 
CDB7D4@AB ;4@<>4є >BAFGD *(�#+, ;4C<EGє 6 C4@�SFV 6V8?V>< >?RKB6<I 
E<7A4?V6 V ;7B8B@ C9D984є WI A4 >B@C�RF9D, 4 FB= ; 8BCB@B7BR CDB7D4@< 6 
E9D98B6<MV MATLAB 5G8Gє 7D4HV>< J<I E<7A4?V6 V CBDS8 ; A<@< 6<6B8<FP 
                                                           
1 �.F.A., CDBH9EBD, !' «�P6V6EP>4 CB?VF9IAV>4» 
2 �ECVD4AF, !' «�P6V6EP>4 CB?VF9IAV>4» 
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7D4HV>< F<I :9 E<7A4?V6 8?S V@VF4JV=ABW @B89?V (CD< F<I E4@<I C4D4@9FD4I 
F4 CBK4F>B6<I G@B64I). �@VF4JV=A9 @B89?R64AAS ;8V=EA9A9 A4 BEAB6V CDB-
7D4@<, S>4 CD<6989A4 6 [2]. &4><= ECBEV5 WI CB84AAS 8B;6B?Sє L6<8>B CB-
DV6ASF< D9;G?PF4F< 8BE?V8:9AAS V@VF4JV=ABW @B89?V F4 CDB7D4@AB-
4C4D4FABW D94?V;4JVW CD<EFDBR *(�#+. 

$<E. 1. $9;G?PF4F< 8BE?V8:9AAS V@VF4JV=ABW (4) F4 9>EC9D<@9AF4?PABW (5) 
@B89?9= 8?S 6<C48>G Δf  = 20 �J (f6I=1020 �J) V Δφ = 0°. 

$<E.2. $9;G?PF4F< 8BE?V8:9AAS V@VF4JV=ABW (4) F4 9>EC9D<@9AF4?PABW @B89-
?9= (5) 8?S 6<C48>G Δf = �5 �J (f6I=995 �J) V Δφ = 45°. 

#DBJ9E EIBC?9AAS K4EFBF< 5G?B 8BE?V8:9AB 8?S F4><I ;A4K9AP K4E-
FBFAB7B Δf V H4;B6B7B Δφ DB;54?4AEG: Δf  = 20 �J  (f6I = 1020 �J) V Δφ = 0°; 
Δf = �5 �J  (f6I = 995 �J) V Δφ = 45°. $9;G?PF4F< 9>EC9D<@9AFG CB>4;GRFP, 
MB CB698VA>4 CDB7D4@AB-4C4D4FABW D94?V;4JVW CD<EFDBR *(�#+ CB6AVEFR 
6V8CB6V84є CB698VAJV V@VF4JV=ABW @B89?V, 48:9 K4E 6IB8:9AAS 6 E<AIDBAV;@ 
6 B5BI 6<C48>4I є CD4>F<KAB B8A4>B6<=. "8AVєR ; BEB5?<6BEF9= D9;G?PF4-
FV6 9>EC9D<@9AF4?PAB7B @B89?R64AAS є A4S6AVEFP CG?PE4JV= G DV;A<J96B-
@G E<7A4?V, S>V ;G@B6?9AV 6 BEAB6AB@G CBI<5>4@< >64AFG64AAS F4 8<E>D9-
F<;4JVW �*# V *�#. �?9 DV69AP J<I CG?PE4JV= є 8B6B?V A9;A4KA<@ V 6BA< 
A9 CD<;6B8SFP 8B 6FD4F< E<AIDBAV;@G. 

%C<EB> ?VF9D4FGD< 

1. Best R.E., Phase-locked loops: design, simulation, and applications 
(professional engineering) / Ronald E. Best.�New York: McGraw-Hill Companies Inc., 
2003 � 436 c. 

2. *<HDB6B= >BAFGD (�#+ (digital PLL) < 97B E6B=EF64 [�?9>FDBAA<= D9-
EGDE] / � $9:<@ 8BEFGCG: www.dsplib.ru/content/dpll/dpll.html. 
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'�� 621.383:52:621.396 
�BDA9=KG> �.�.1, -9>BF<I<A ".�.2 

"C"��!!"%&� $�%+�&� 1!�$��&�+�%��) #�$� �&$"� 

��!��!/) &$��&"� 

#B8 ?<A9=AO@ FD4>FB@ (�&) CBA<@4RF >B@C?9>E F9IA<K9E><I GEF-
DB=EF6 8?S C9D984K< < CD<9@4 ?<A9=AB7B E<7A4?4, >B@C9AE4J<< ;4FGI4A<S < 
<E>4:9A<= E<7A4?4 6 ED989 C9D984K9, B59EC9K<64RM<I FD95G9@B9 >4K9EF6B 
C9D984K< � BFABL9A<S E<7A4?/LG@ 6 4A4?B7B6B= < >BQHH<J<9AF4 BL<5B> 6 
J<HDB6B= E<EF9@4I C9D984K< EBBF69FEF69AAB.  

#D< CDB9>F<DB64A<< �& D4EEK<FO64RF 97B 6D9@9AAO9 < QA9D79F<K9E><9 
C4D4@9FDO. �OK<E?9A<9 CBE?98A<I 6 ?B74D<H@<K9E><I 98<A<J4I <@9RF BF-
?<K<S 8?S E?GK496 4A4?<;4 Q?9>FD<K9E><I < BCF<K9E><I �&. $4EE@BFD9A<R 
QF<I BF?<K<= < CBE6SM9A4 A4EFBSM4S D45BF4. 

!4 D<E. 1 CD<6989A4 GCDBM9AA4S EFDG>FGDA4S EI9@4 BCF<K9E>B7B �& E 
@B8G?SJ<9= <AF9AE<6ABEF< < A9CBED98EF69AAO@ CD<9@B@, 789 1"# < "1# � 
Q?9>FDBBCF<K9E><= (C9D984RM99 GEFDB=EF6B � #') < BCFBQ?9>FD<K9E><= 
(CD<9@AB9 GEFDB=EF6B � #D') CD9B5D4;B64F9?< EBBF69FEF69AAB. $4EE@BFD<@, 
>4> <;@9ASRFES ;A4K9A<S QA9D79F<K9E><I C4D4@9FDB6, 6OD4:9AAOI 6 ?B74-
D<H@<K9E><I 98<A<J4I, A4 D4;?<KAOI GK4EF>4I �& (EBBF69FEF69AAB, D4;?<K-
AOI GK4EF>4I EC9>FD4 Q?9>FDB@47A<FAOI 6B?A).  

Э?9>FD<K9E>4я B5?4EFP. #GEFP $
1Q

 < $
2Q

 � ;A4K9A<S Q?9>FD<K9E>B= (Q)
@BMABEF< 6 A9>BFBDB@ GEFDB=EF69 �&, 4 <I ?B74D<H@<K9E>B9 BFABL9A<9 

4
Q
 = 10lg($

Q1
/$
Q2

), 8�. (1) 

'K<FO64S, KFB FB> I < A4CDS:9A<9 U E6S;4AO E Q?9>FD<K9E>B= @BMAB-
EFPR EBBFABL9A<S@< $

Q
 = I

2
R = U

2
/R (789 R � 4>F<6AB9 EBCDBF<6?9A<9), HBD-

@G?G (1) @B:AB ;4C<E4FP K9D9; BFABL9A<9 >648D4FB6 FB>B6 < A4CDS:9A<=, 789 
I1, U1, < I1, U2 � FB>< < A4CDS:9A<S, EBBF69FEF6GRM<9 @BMABEFS@ $

Q1
 < $

Q2.

1 �.F.A., 8BJ9AF >4H98DO &9?9>B@@GA<>4J<BAAOI E<EF9@ "!�% <@. �.%.#BCB64. 
2 �.F.A., 8BJ9AF >4H98DO $48<BтехA<>< и телекоммуникаций �!&'. 
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( ) ( ) 8�,,

/lg20/lg10

/lg20/lg10
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2
2

2
1

21
2
2

2
1

Q ª­

ª
¬
«

ª©

ª
¨
§

=

=
=

UUUU

IIII
a

  (2) 

 
� BCF<K9E>B= B5?4EF< EC9>FD4 9EFP FB?P>B @BMABEFP <;?GK9A<S, < A9F 

69?<K<A, Q>6<64?9AFAOI Q?9>FD<K9E>B@G FB>G <?< A4CDS:9A<R. #GEFP $
B1

 < 
$
B2

 � ;A4K9A<S BCF<K9E>B= (B) @BMABEF< 6 A9>BFBDB@ GEFDB=EF69 �&. �B74-
D<H@<K9E>B9 BFABL9A<9 QF<I @BMABEF9=  

4
B
 = 10lg($

B1
/$
B2

), 8�.     (3) 

� BCF<K9E>B@ �& (D<E. 1) A4 C9D984RM9= EFBDBA9 1"# ?<A9=AB CD9-
B5D4;GRF Q?9>FD<K9E><= FB> I 6 BCF<K9E>GR @BMABEFP $B = RD⋅I, 789 RD, �F/� � 
64FFB6O= BF>?<> 1"#. !4 CD<9@AB= EFBDBA9 "1# ?<A9=AB CD9B5D4;G9F BCF<-
K9E>GR @BMABEFP $B 6OI 6 Q?9>FD<K9E><= FB> I = $B 6OI⋅Ri, 789 Ri, �/�F � FB>B-
6O= BF>?<> "1#. 1?9>FD<K9E><9 @BMABEF< $

Q1
 < $

Q2
, EB;84649@O9 6 A47DG;>9 

"1# 6E?98EF6<9 CDBF9>4A<S FB>B6 I
1
 = Ri⋅$B1 < I

2
 = Ri⋅$B2, CDBCBDJ<BA4?PAO 

>648D4F4@ QF<I FB>B6, <?< 6 ?B74D<H@<K9E><I 98<A<J4I 
4
Q
 = 10lg($

Q1
/$
Q2

) = 10lg( 2
2

22
1

2 IRIR ii
) = 20lg(I1/I2), 8�.  (3) 

�; ED46A9A<S HBD@G? (3) < (4) E?98G9F, KFB «Q?9>FD<K9E><9» 8� 6 864 
D4;4 BF?<K4RFES BF «BCF<K9E><I» 8�, F.9. 

         4
Q
(8�) = 24

B
(8�), 4

B
(8�) = 4

Q
(8�)/2.             (4) 

#B?GK9AAO9 EBBFABL9A<S CBSEA<@ A4 CD<@9D4I. $4EE@BFD<@ C9D984KG 
B8<A4>B6OI Q?9>FD<K9E><I E<7A4?B6 EA4K4?4 CB Q?9>FD<K9E>B@G, 4 ;4F9@ CB 
BCF<K9E>B@G �&. #GEFP A4 Q?9>FD<K9E><I 6IB84I QF<I FD4>FB6 CD<EGFEF6GRF 
864 ;A4K9A<S FB>4, A4CD<@9D, FB> <@CG?PEAB7B E<7A4?4 I

E
 < FB> LG@4 EB ED98-

A9>648D4F<K9E><@ ;A4K9A<9@ I
L
. � J<HDB6B= E<EF9@9 QFB @B7GF 5OFP FB><, 

EBBF69FEF6GRM<9 C9D984K9 ?B7<K9E><I E<@6B?B6 1 < 0.  
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�?S CDBEFBFO CD<@9@, KFB BFABL9A<9 E<7A4?/LG@ ("%,) = I
E
/I
L
 = 2/1 

(6 ?B74D<H@<K9E><I 98<A<J4I BEL = 20lg"%, = 20lg(2/1) = 6 8�). "FABL9A<9 
Q?9>FD<K9E><I @BMABEF9=, EB;84649@OI QF<@< FB>4@<, D46AB 4:1 (6 ?B74D<H-
@<K9E><I 98<A<J4I BEL = 10lg(4/1) = 6 8�). 

#D< C9D984K9 CB Q?9>FD<K9E>B@G �& (D<E. 2) 59; EB5EF69AAOI LG@B6 
;A4K9A<9 "%, = 2/1 (6 D4;4I) < 6 ?B74D<H@<K9E><I 98<A<J4I BEL = 20lg(2/1) 
= 6 8� A9 <;@9AS9FES � EBBF69FEF6GRM<9 8<47D4@@O <@9RF 6<8 CDS@B= ?<-
A<<.  

� E?GK49 C9D984K< QF<I :9 E<7A4?B6 CB BCF<K9E>B@G �& (D<E. 3) 6IB8-
AO9 FB>< 6 1"# ?<A9=AB CD9B5D4;GRFES 6 BCF<K9E><9 @BMABEF<, F4> KFB EB-
ID4AS9FES BFABL9A<9 BCF<K9E><I @BMABEF9= 2:1 6 ED989 C9D984K< (BCF<K9-
E>B@ 6B?B>A9 � "�). � ?B74D<H@<K9E><I 98<A<J4I QFB EBBF69FEF6G9F BEL = 
10lg(2/1) = 3 8�. !4 CD<9@AB= EFBDBA9 BCF<K9E><9 @BMABEF< 6 "1# ?<A9=AB 
CD9B5D4;GRFES 6 Q?9>FD<K9E><9 FB><. �D4H<K9E>4S <??REFD4J<S QFB7B CD<@9-
D4 CD<6989A4 A4 D<E. 3, 4 � 6. �; D<E. 3, 5 E?98G9F, KFB CD< C9D984K9 CB BCF<K9-
E>B@G �& 59; EB5EF69AAOI LG@B6 ;A4K9A<9 I

E
/I
L
 6 D4;4I A9 <;@9AS9FES (KFB < 

E?98B64?B B:<84FP).  

 

�B74D<H@<K9E>4S :9 8<47D4@@4 (D<E. 3, 6) <@99F 6<8 ?B@4AB= ?<A<<. 
#D< C9D9IB89 <; Q?9>FD<K9E>B= B5?4EF< 6 BCF<K9E>GR B5?4EFP EC9>FD4 ;A4K9-
A<S BEL (8�) G@9APL4RFES 6 864 D4;4, 4 CD< B5D4FAB@ C9D9IB89 (<; BCF<K9-
E>B= 6 Q?9>FD<K9E>GR) � G864<64RFES. � D94?PAB@ E?GK49 >B@CBA9AFO �& 
6ABESF LG@O, < 8<47D4@@O A4 D<EGA>4I 2 < 3 5G8GF <@9FP EC484RM<= I4D4>-
F9D (;A4K9A<9 "%, G@9APL4FES). 

�O6B8. #D< D4EK9F9 C4D4@9FDB6 BCF<K9E><I �& E @B8G?SJ<9= <AF9A-
E<6ABEF< < A9CBED98EF69AAO@ CD<9@B@ CD< C9D9IB89 BF Q?9>FD<K9E>B= B5-
?4EF< EC9>FD4 > BCF<K9E>B= ?B74D<H@<K9E><9 ;A4K9A<S (BE?45?9A<S, GE<?9-
A<S, GDB6A9= @BMABEF<, "%,) A9B5IB8<@B G@9APL4FP 686B9, 4 CD< C9D9IB89 
<; BCF<K9E>B= B5?4EF< 6 Q?9>FD<K9E>GR � <I A9B5IB8<@B G86B<FP.  

� >B79D9AFAOI �& F4>4S BEB59AABEFP BFEGFEF6G9F.  
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'�� 621.395 
�BEF9A>B �.".1, %@9F4A<A �.!.2 

#$�!*�# %� ""$��!��'2-�)%3 %�&�� #$� �"!&$"�� 

#"&"��  "���0!/) %&�!*�� 

#D< CDB6989A<< @4EEB6OI @9DBCD<SF<= 6 7BDB89 (HGF5B?PAO= 
@4FK, >BAJ9DF A4 B8AB= <; C?BM489= 7BDB84, @<F<A7, SD@4D>4 < F.C.) K4EFB 
;4D4A99 B7D4A<K<64RF 86<:9A<9 FD4AECBDF4, BD74A<;GRF C9L<9 @4DLDG-
FO > QF<@ 4FFD4>FBD4@ [1]. � F4>B= E<FG4J<< 6 SK9=>9 EBFB6B= E9F<, 6 >B-
FBDB= D4ECB?B:9A 4FFD4>FBD, A9<;59:AB 6B;A<>A9F C9D97DG;>4. %GM9EF6G-
9F J9?O= DS8 ECBEB5B6 BFEDBK>< F4>B7B >D<F<K9E>B7B @B@9AF4 (BF>4;4 BF 
B5E?G:<64A<S 45BA9AFB6), F4><I >4> C9D984K4 K4EF< 45BA9AFB6 EBE98A<@ 
EBF4@, CD<@9A9A<9 C<>B- < H9@FBEBFB6B7B B5BDG8B64A<S, 8DG7<9 CD<9@O. 
"8A4>B, E 8DG7B= EFBDBAO, BC9D4FBD ;4<AF9D9EB64A >4> @B:AB 8B?PL9 
CDBD45BF4FP A4 C<>9 8BCGEF<@B= A47DG;><.  

� QF<I GE?B6<SI BEB5GR 64:ABEFP CD<B5D9F4RF @9FB8O CDB7AB;<-
DB64A<S C9D97DG;><, >BAFDB?S CBFB>4 F9D@<A4?B6, CBEFGC4RM<I 6 EBFG E 
A4<6OEL9= CD<6?9>4F9?PABEFPR 4FFD4>FBD4. �EF9EF69AAB, >BAFDB?P A9B5-
IB8<@B BD74A<;B6O64FP 6 EBE98A<I EBF4I, 7D4A<K4M<I E F4>B= EBFB= [2]. 
�;4<@B89=EF6<9 45BA9AFB6 6 CBFB>9 CD< 86<:9A<< CB G?<J9 > 4FFD4>FBDG 
@B:9F BEGM9EF6?SFPES CB CD<AJ<CG 59ECDB6B8AB= E4@BBD74A<;GRM9=ES 
E9F< (�%%). &4>4S E9FP 5G89F B5?484FP DS8B@ >?4EE<K9E><I E6B=EF6 �%%: 
EGM9EF6B64FP B7D4A<K9AAB9 6D9@S, B5?484FP A96OEB><@< FD95B64A<S@< > 
B5N9@G C9D984K< E?G:95AOI 84AAOI < D48<GEG 89=EF6<S C9D984FK<>B6 
@B5<?PAOI EF4AJ<= ( %). !4CD<@9D, CB8B5AO@ FD95B64A<S@ BF69K49F 
59ECDB6B8A4S Ad Hoc E9FP A4 BEAB69 EF4A84DF4 IEEE 802.11X (Wi-Fi). 
1FBF EF4A84DF CB;6B?S9F BD74A<;B64FP D45BFG E9F< 6 D9:<@9 AP-Access 
Point, >B784 F9D@<A4?O @B7GF 6;4<@B89=EF6B64FP 8DG7 E 8DG7B@ 59; A4?<-
K<S >4>B=-?<5B GEFB=K<6B= EFDG>FGDO E9F<, 8DG7<@< E?B64@<, 6 L<DB>B-
69M4F9?PAB@ D9:<@9 [3]. 

$94?<;4J<R F4>B= <89< @B:AB G6<89FP A4 E<EF9@9 ?B>4?PAB7B CB-
;<J<BA<DB64A<S Ekahau RTLS, >BFBD4S B59EC9K<649F FBKABEFP BCD989?9-
A<S >BBD8<A4F B5N9>FB6 8B B8AB7B @9FD4 59; <ECB?P;B64A<S ECGFA<>B6B= 
E<EF9@O GPS/��"!�%%/������". %<EF9@4 BFE?9:<649F C9D9@9M9A<9 
EBFDG8A<>B6 </<?< <@GM9EF64, B59EC9K<649F ID4A9A<9 CB?GK9AAB= <A-
HBD@4J<<, EB;849F BFK9FO. #D4>F<K9E>< QF4 E<EF9@4 CD98BEF46?S9F 8B-
CB?A<F9?PAO9 GE?G7<, >BFBDO9 CB?P;B64F9?P @B:9F CB?GK<FP, 9E?< BA 

                                                           
1 >4A8. F9IA. A4G>, 8BJ. �!&' 
2 EF. CD9CB8464F9?P �!&' 
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S6?S9FES ;4D97<EFD<DB64AAO@ CB?P;B64F9?9@ E9F< Wi-Fi. !98BEF4F>4@< 
F4>B= E<EF9@O S6?SRFES B5S;4F9?PA4S «CD<6S;>4» > E9F< Wi-Fi, A9B5IB-
8<@BEFP 8BD45BF>< CDB7D4@@AB7B B59EC9K9A<S A9 B8<ABKAOI F9D@<A4?B6, 
4 <I CBFB>B6. �DB@9 QFB7B, K4EFO= B5@9A E?G:95AB= <AHBD@4J<9= @9:8G 
54;B6B= EF4AJ<9= (�%) < >4:8O@ <; F9D@<A4?B6 EA<:49F CDBCGE>AGR 
ECBEB5ABEFP E<EF9@O 6 J9?B@.  

� 84AAOI GE?B6<SI 69EP@4 CD<6?9>4F9?PAB= <899= S6?S9FES CBCOF-
>4 CD<@9A<FP @B89?P A9=DBAAB= E9F< �BI9A9A4 E A9E>B?P>B <;@9A9AAO@< 
HGA>J<S@< GK<F9?S, >B784 CBFB>  % D4;5<F A4 >?4EF9DO, 4 �% CB889D:<-
649F E6S;P ?<LP E ?<89D4@< >?4EF9DB6. &4>4S E9FP BF?<K49FES BF >?4EE<K9-
E>B= �%% CDBJ98GDB= 6O5BD4 ?<89D4, >BFBDO= A4;A4K49FES A9CBED98EF-
69AAB E<EF9@B= A4 BEAB64A<< DS84 >D<F9D<96: 

4) <@99F A4<?GKL<9 F9IA<K9E><9 CB>4;4F9?<; 
5) A4IB8<FES A9CB84?9>G BF J9AFD4 >?4EF9D4; 
6) <@99F 8BEF4FBKAO= ;4C4E C<F4A<S 8?S 6OCB?A9A<S 6B;?B:9AAOI 

HGA>J<=. 
!4 D<EGA>9 1 CB>4;4A HD47@9AF G?<JO, CB >BFBDB= 86<:9FES CBFB> 

?R89=, <@9RM<I E@4DFHBAO, 4=HBAO < 8DG7<9 EB6D9@9AAO9 ED98EF64 
E6S;< 6B 6>?RK9AAB@ EBEFBSA<<. 

 

 

$<E. 1. (D47@9AF G?<JO E CBFB>B@ 86<:GM<IES > 4FFD4>FBDG 
 45BA9AFB6 

�?7BD<F@ HBD@<DB64A<S >?4EF9DB6 D94?<;G9FES E?98GRM<@ B5D4-
;B@: 

4FFD4>FBD 
?<89D 

А

B

C

D

A4CD46?9A<9 
86<:9A<S 

7D4A<J4 @9:8G 
EBF4@< 
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,47 1. %<EF9@B= BEGM9EF6?S9FES D97<EFD4J<S 6E9I 45BA9AFB6, A4-
IB8SM<IES A4 C9D9>D9EF>9 � < 6 5?<;?9:4M<I 8B@4I. �B?PL<AEF6B <; 
;4D97<EFD<DB64AAOI 45BA9AFB6  GEFD9@?S9FES > 4FFD4>FBDG, C9D9@9M4SEP 
CB G?<J9 6 >648D4F �. 

,47 2. "EGM9EF6?S9FES BCD989?9A<9 >BBD8<A4F ;4D97<EFD<DB64A-
AOI A4 L479 1 45BA9AFB6. &9 45BA9AFO, >BFBDO9 A9 <;@9A<?< >BBD8<A4FO, 
<; D97<EFD4 G84?SRFES. �; @AB:9EF64 45BA9AFB6 6 >648D4F9 � E<EF9@B= 
HBD@<DG9FES >?4EF9DA4S 7DGCC4. � A9= A4;A4K49FES ?<89D, E >BFBDO@ �% 
5G89F CB889D:<64FP E6S;P 8B 8BEF<:9A<S >?4EF9DB@ 7D4A<JO EBFO-
>4A8<84F4 A4 C9D97DG;>G. 

,47 3. �<89D C9D<B8<K9E>< >BAFDB?<DG9F E6B<I CB8BC9KAOI (BF 1 
8B 400 F9D@<A4?B6), <ECB?P;GS GDB6A< @BMABEF< G;?B6 CB BFABL9A<R > 
?<89DG (F4> A4;O649@O= >D<F9D<= «6<8<@BEF<») [4], HBD@<DG9F BFK9F B 
>B?<K9EF69 CBF9DSAAOI < CBEFGC?9A<< AB6OI 45BA9AFB6, EBB5M49F A4 �% 
E6B< >BBD8<A4FO < <;@9A9A<S 6 EBEF469 7DGCCO. 

&4><@ B5D4;B@, >BAFDB?P CB?B:9A<S ?<89D4 849F CD98EF46?9A<9 B 
E>BDBEF< < @BMABEF< CBFB>4 45BA9AFB6, 4 F4>:9 46FB@4F<K9E>< D9L49F 
6BCDBE GK9F4 6?<SA<S 8DG7<I 4FFD4>FBDB6 CD< C9D9IB84I 45BA9AF4 <; B8-
AB7B >?4EF9D4 6 8DG7B= (@9:>?4EF9DAO= I9A8B69D). 

#D98?B:9AAO= 4?7BD<F@ @B:9F B59EC9K<FP CB?ABFG <AHBD@4J<< B 
CBFB>9 45BA9AFB6 CD< @<A<@4?PAB@ B5@9A9 <AHBD@4J<< @9:8G �% < ?<-
89D4@< >?4EF9DB6. 

%C<EB> ?<F9D4FGDO 

1. %46K9A>B, �. !. !4K4?4 EB6D9@9AAB7B 9EF9EF6B;A4A<S: F9;4GDGE [&9>EF] / 
�. !. %46K9A>B, �. #. %@47<A. � $BEFB6 A/�.: (9A<>E, � 2006. � 236 E. 

2. %@9F4A<A. �. !. %CBEB5 CDB7AB;4 ?B>4?PAB= C9D97DG;>< 6 HD47@9AF9 EB-
FB6B= E9F< / �. !. %@9F4A<A �. ". �BEF9A>B // VII  V:A4DB8A4 A4G>B6B�CD4>F<KA4 
>BAH9D9AJVS «%GK4EAV CDB5?9@< V 8BES7A9AAS 6 74?G;V D48VBF9IAV><, F9?9>B@GAV>4-
JV= F4 VAHBD@4JV=A<I F9IAB?B7V=». 17�19 69D9EAS 2014 D., @. �4CBDV::S. � �4CBDV-
::S: �!&', 2014. � C.100�101. 

3. �GK9DS6O=, �. �. %4@BBD74A<;GRM<9ES E9F< < AB6O9 GE?G7< [&9>EF] / 
�. �. �GK9DS6O= // 1?9>FDBE6S;P. � 2009. � № 1. � %. 19�23. 

4.  4IDB6, %. %. !9=DBE9F964S >?4EF9D<;4J<S G;?B6 59ECDB6B8AB= E9AEBD-
AB= E9F< [&9>EF] / %. %.  4IDB6 // T-Comm � &9?9>B@@GA<>4J<< < &D4AECBDF. � 
2014. � № 6. � %. 31�35. 
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'�� 621.397 
�D4EB6EP>4 2.".1,  47DB �.�.2 

�"%�����!!3 "%"����"%&�� �#$"�����!!3 

*�($"�"�" &�����+�!!3 DVB-T2 !� 9 ��!��� 
'  . �!�#$" 

�EFGC 
!<AV 6 '>D4WAV 6CDB648:GєFPES J<HDB69 F9?954K9AAS EF4A84DFG 

DVB-T2. "EF4FBKA9 6V8>?RK9AAS 4A4?B7B6B7B @B6?9AAS 5G?B ;4C?4AB64A9 
A4 2015�2016 DB><. #DBF9, EGFFє6V C9D9L>B8< JPB@G CDBJ9EG 6V8>?4?< JR 
CB8VR A4 A96<;A4K9A<= F9D@VA. &4><@ K<AB@, 4>FG4?PA<@ ;4684AAS@ є 
8BE?V8:9AAS CDB5?9@ GEVI DV6AV6, MB 6<A<>4RFP A4 L?SIG 6CDB648:9AAS 
J<HDB6B7B 9HVDAB7B F9?954K9AAS 6 '>D4WAV.  9FBR 84ABW DB5BF< є DB;DB5-
>4 @9FB8V6 CB8B?4AAS C9D9L>B8 A4 L?SIG 6CDB648:9AAS EF4A84DFG DVB-
T2 A4 CD<>?48V C9D9EVKAB7B D97VBA4?PAB7B F9?9>4A4?G. 

#BEF4AB6>4 ;484KV 
"EAB6AV >DB>< CB 6CDB648:9AAR J<HDB6B7B @B6?9AAS є A4EFGCA<-

@<: A4 DV6AV D97VBA4?PAB7B F9?9>4A4?G J9 CB6A4 45B K4EF>B64 ;4@VA4 4A4?B-
7B6B7B B5?48A4AAS A4 J<HDB69; A4 DV6AV C9D98464?PAB7B F9?9J9AFDG � 6<-
DVL9AAS CDB5?9@< A98BEF4FAPB7B CB>D<FFS; A4 DV6AV >BD<EFG64K4 � B5D4A-
AS 9H9>F<6ABW CD<=@4?PABW 4AF9A<.  

�?S 8BES7A9AAS CBEF46?9ABW @9F< 6 DB5BFV DB;7?S84RFPES A4EFGCAV 
;484KV: 

1. �BE?V8:GєFPES CBFBKA<= 9F4C C9D9IB8G '>D4WA< ; 4A4?B7B6B7B A4 
J<HDB69 9HVDA9 @B6?9AAS; 6<;A4K4RFPES 6<@B7< 6V8CB6V8ABEFV B5?48A4AAS 
F4 E<7A4?V6 EF4A84DF4@ HDTV F4 DVB-T2. 

2. �BE?V8:GєFPES A4S6A4 4A4?B7B64 E<EF9@G HV>EG64AAS, B5DB5>< V 
FD4AECBDFG64AAS 6V89B ;B5D4:9AAS A4 D97VBA4?PAB@G F9?9>4A4?V #D<64F 
&� �AVCDB � «9 >4A4?». 

3. �<;A4K4RFPES A4=CDBEFVL<= F4 A4=E>?48AVL<= @9FB8< @B89DAV-
;4JVW E<EF9@< F9?9>4A4?G 8?S 6V8CB6V8ABEFV 6<@B74@ EF4A84DFV6 DVB-T2 V 
HDTV; 6<;A4K4єFPES 8V4C4;BA 6<FD4F 8?S 6CDB648:9AAS J<HDB6B7B EF4A-
84DFG DVB-T2 A4 DV6AV D97VBA4?PAB7B F9?9>4A4?G #D<64F &� �AVCDB � «9 
>4A4?». 

                                                           
1 EFG89AF>4 4 >GDEG ��!� «!4JVBA4?PA<= 7VDA<KV= GAV69DE<F9F» 
2 >.H.-@.A., 8BJ9AF, �AVCDBC9FDB6EP><= A4JVBA4?PA<= GAV69DE<F9F V@. "?9ES �BAK4-
D4 
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4. �BE?V8:GєFPES EF4A CBFBKAB7B CB>D<FFS J<HDB6B7B F9?96V;V=AB7B 
E<7A4?G 6 @VEFV �AVCDB; DB;7?S84RFPES @9FB8< ;5V?PL9AAS CB>D<FFS, 6<-
IB8SK< ; G@B6 @VEF4; 8BE?V8:GєFPES 84?PAVEFP CD<=B@G DV;A<I F<CV6 4AF9A. 

"EB5?<6G G647G CD<8V?9AB 6CDB648:9AAR A4 F9?9>4A4?V #D<64F &� 
�AVCDB � «9 >4A4?» J<HDB6B7B F9?954K9AAS 6<EB>BW KVF>BEFV EF4A84DFG 
DVB-T2.  

$9;G?PF4F< 8BE?V8:9AAS 
� DB5BFV BFD<@4AV A4EFGCAV D9;G?PF4F<: 

1. �<;A4K9AB F4>V BEAB6AV CDB5?9@< 6CDB648:9AAS EF4A84DFV6DVB�
T2 F4 HDTV 6 '>D4WAV: A98BEF4FAє CB>D<FFS F9?96V;V=A<@ E<7A4?B@; A9-
EF4K4 «@VEJS» 6 @G?PF<C?9>E4I; @B6?9AAS ; HBD@4FB@ >48DG 4:3 CD< 
HDTV � HBD@4FV 16:9, V; CBA48ABD@B6<@ EF<E>4AAS@ E<7A4?G, MB CBA<-
:Gє L6<8>VEFP CBFB>G 8B 5�6  5VF/E, V; A<;P>BR DB;8V?PABR ;84FAVEFR F4 
K9D9;DS8>B6BR DB;7BDF>BR; A9B5V;A4AVEFP ECB:<64K4 G 6<5BDV 9H9>F<6ABW 
CD<=@4?PABW 4AF9A< A4 ;484AV= 6V8EF4AV 6V8 D48VBC9D98464K4. 

2. �<@B7< 8B C9D984KV 6V89BE<7A4?G F4 8B 6V89B;B5D4:9AAS: EF<E-
>4AAS E<7A4?G MPEG-4 AVC, CDB7D9E<6A4 DB;7BDF>4 ;B5D4:9AAS, 8B;6V? 
1920I1080, HBD@4F >48DG 16:9, >B8G64AAS LDPC F4 BCH; QAM-@B8G?SJVS. 

3. !4S6A4 4A4?B7B64 E<EF9@4 HV>EG64AAS, B5DB5>< V FD4AECBDFG64A-
AS 6V89B ;B5D4:9AAS A4 D97VBA4?PAB@G F9?9>4A4?V «9 >4A4?» CBFD95Gє CB-
6ABW ;4@VA< B5?48A4AAS (8 5?B>V6 V >B@C�RF9D<) 8?S ;459;C9K9AAS EF4A84D-
FV6 HDTV F4 DVB-T2. 

4. �V4C4;BA 6<FD4F A4 6CDB648:9AAS F9?954K9AAS EF4A84DFG DVB-
T2 A4 D97VBA4?PAB@G F9?9>4A4?V «9 >4A4?»: 6V8  494,636 F<E. 7DA.  8B 
2285,657 F<E. 7DA. 

5. �4?PAVEFP CB>D<FFS S>VEA<@ J<HDB6<@ F9?96V;V=A<@ E<7A4?B@ 6 
@VEFV �AVCDB A4D4;V E>?484є 45,36 � 49,408 >@ 6V8 F9?9J9AFDG ;4@VEFP 65 
>@, B5VJSA<I >B@C4AVєR «�9BA5G8». !4 6V8EF4AV : 65 >@ 6V8 D48VBC9D984-
64K4 ECV66V8ABL9AAS %/NEF4AB6<FP 32 � 34,31 8�, MB ?<L9 A4 2,7 � 5,01 8� 
5V?PL9 ;4 @VAV@4?PAB 8BCGEF<@9. 

6. $B;DB5?9AV @9FB8< ;5V?PL9AAS CB>D<FFS C9D9854K4RFP 45B ;5V-
?PL9AAS CBFG:ABEFV D48VBC9D98464K4 A4 2,162 >�F V ;5V?PL9AAS >B9HVJVє-
AFG CV8E<?9AAS C9D98464?PABW 4AF9A< A4 5 8�, 45B ;5V?PL9AAS ?<L9 >B9HV-
JVєAFG CV8E<?9AAS A4 10 8�. 

7. �4?PAVEFP CD<=B@G E9D98 DB;7?SAGF<I F<CV6 4AF9A A4=5V?PL4 G 
LVEFA48JSF<9?9@9AFABW 8<D9>FBDABW 4AF9A< � 29,277 >@. �FV@, 6<>BD<E-
F4AAS VAL<I F<CV6 4AF9A A4 5?<:K<I 8B C9D98464K4 6V8EF4ASI є 5V?PL 9H9-
>F<6A<@ F4 8BJV?PA<@, AV: 6<>BD<EF4AAS 8<D9>FBDABW 4AF9A<. 
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'�� 621.395 
"D9L>B6 �.�.1, �4D54 �.�.2, �7GCB64 �.#.3 

"*�!�� %�"$"%&� #�$���+� %# ADSL2+ #$� ��$��*�� 

#�$� �&$"� %��!��� � )�$��&�$�%&�� ��!��� 

�4 CBE?98A<9 7B8O 5?47B84DS GEC9I4@ CD<@9A9A<S J<HDB6B= B5D4-
5BF>< E<7A4?B6 L<DB>B9 D4ECDBEFD4A9A<9 CB?GK<?< F9IAB?B7<< C9D984K< 
OFDM, >BFBDO9 <ECB?P;GRF 8?S C9D984K< <AHBD@4J<< BDFB7BA4?PAO9 
74D@BA<K9E><9 E<7A4?O ("�%) [1]. �?46AB= CD<K<AB= GEC9I4 E<EF9@ C9D9-
84K< (%#) "�% S6?S9FES 7<5>BEFP 6 HBD@<DB64A<< 7DGCCB6B7B OFDM-
E<7A4?4, KFB CB;6B?S9F 5OEFDB 484CF<DB64FPES > A9ABD@<DB64AAO@ < <;-
@9ASRM<@ES 6B 6D9@9A< I4D4>F9D<EF<>4@ >4A4?B6 C9D984K<, A4CD<@9D, 
D48<B>4A4?B6 < F9?9HBAAOI 45BA9AFE><I ?<A<=. 

 AB7BK4EFBFA4S EFDG>FGD4 7DGCCB6B7B E<7A4?4 %# "�% BCD989?S9F 
EC9J<H<K9E><9 6B;@B:ABEF< 484CF4J<< QF<I %# > <;@9ASRM<@ES I4D4>-
F9D<EF<>4@ >4A4?4 C9D984K<. "8A4 <; F4><I 6B;@B:ABEF9= ;4>?RK49FES 6 
64D<4J<< 8?<F9?PABEF< ;4M<FAB7B <AF9D64?4 6 ;46<E<@BEF< BF 69?<K<AO 
?<A9=AOI <E>4:9A<= 6 >4A4?9 C9D984K<, 8DG74S � 6 CD<@9A9A<< BCF<-
@4?PAB= HBD@O B7<54RM9= CBEO?>< E<7A4?4 A4 F4>FB6B@ <AF9D64?9. � 
A4GKAB@ C?4A9 CD98EF46?S9F <AF9D9E <;GK<FP 84AAO9 64D<4AFO 484CF4J<< 
%# "�%, BJ9A<6 CD< QFB@ 8BEF<:<@GR E>BDBEFP C9D984K<. 

� 8B>?489 849FES BJ9A>4 @4>E<@4?PAB 8BEF<:<@B= E>BDBEF< C9D9-
84K< %# "�% 6 ;46<E<@BEF< BF I4D4>F9D<EF<> >4A4?4 C9D984K< CGF9@ 6O-
5BD4 C4D4@9FDB6 E<7A4?4, A4 CD<@9D9 %# CB F9IAB?B7<< ADSL2 + [2], CD< 
QFB@ <ECB?P;B64?ES @9FB8, D4EE@BFD9AAO= 6 [3]. 

�EE?98B64A<9 CDB6B8<?BEP CGF9@ 4A4?<F<K9E>B7B @B89?<DB64A<S 
D45BFO %# ADSL2+ CB F9?9HBAAB@G >459?R F<C4 &##-0,5 CD< E?98GR-
M<I <EIB8AOI 84AAOI: 8?<A4 ?<A<<, l � BF 1 8B 5 >@; EC9>FD4?PA4S C?BF-
ABEFP @BMABEF< 488<F<6AOI CB@9I, GC � D46AB@9DA4S, E GDB6A9@ BF @<-
AGE 140 8B @<AGE 120 8�@/�J; 8?<F9?PABEFP ;4M<FAB7B <AF9D64?4, L � 32, 
64, 96 < 128 BFEK9FB6; F<C "�% � FD48<J<BAAO=, E B7<54RM9= «#»-
B5D4;AB= HBD@O (%#-1), < B5B5M9AAB7B >?4EE4 ("�), B7<54RM4S >BFBDB7B 
<@99F >BE<AGE >648D4F<KAO9 HDBAFO (%#-2). 

� F45?. 1 E6989AO BEAB6AO9 D9;G?PF4FO @B89?<DB64A<S � G>4;4AO 
;A4K9A<S @4>E<@4?PAB= E>BDBEF< C9D984K< %# ADSL2+ 6 ;46<E<@BEF< BF 

                                                           
1 >.F.A., 8BJ. >4H98DO &�% "!�% <@. �.%. #BCB64 
2 >.F.A., EF CD9C. >4H98DO &�% "!�% <@. �.%. #BCB64 
3 CD9C. >4H98DO &�% "!�% <@. �.%. #BCB64 
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I4D4>F9D<EF<> >4A4?4 C9D984K< < CD< >4><I C4D4@9FD4I E<7A4?4 BA< 8BE-
F<74RFES. 

 
&45?<J4 1 � $9;G?PF4FO D4EK9F4 E>BDBEF< C9D984K< %# ADSL2+  

GC �140 8�@/�J �120 8�@/�J, 
%#-1 %#-2 %#-1 %#-2 

l, 
>@ L, BFEK R, 

 5<F/E 
L, 
BFEK 

R, 
 5<F/E 

L, 
BFEK 

R, 
 5<F/E 

L, 
BFEK 

R, 
 5<F/E 

1 96 24 64 24 64 23,112 32 23,824 
2 96 22,133 64 22,84 96 13,399 32 13,905 
3 128 13,438 64 14 64 6,284 32 6,532 
4 128 7,19 128 7,477 32 2,794 32 2,889 
5 96 3,947 96 4,223 32 1,216 32 1,249 

 
#B D9;G?PF4F4@ CDB6989AAB7B <EE?98B64A<S @B:AB E89?4FP DS8 6O-

6B8B6: 
� G69?<K9A<9 8?<AO ?<A<< <, EBBF69FEF69AAB, ?<A9=AOI <E>4:9A<= 

CD<6B8<F > FB@G, KFB @4>E<@4?PA4S E>BDBEFP C9D984K< 8BEF<749FES CD< 
5B?PL9@ ;A4K9A<< 8?<F9?PABEF< ;4M<FAB7B <AF9D64?4, AB 8B BCD989?9A-
AB7B @B@9AF4 (5 >@), >B784 A45?R849FES B5D4FAO= QHH9>F, B5NSEAS9@O= 
EGM9EF69AAO@ G69?<K9A<9@ EB5EF69AAB7B ;4FGI4A<S ?<A<<; 

� G69?<K9A<9 @BMABEF< 488<F<6AOI CB@9I CD<6B8<F > FB@G, KFB 
@4>E<@4?PA4S E>BDBEFP C9D984K< 8BEF<749FES CD< @9APL9@ ;A4K9A<< 8?<-
F9?PABEF< ;4M<FAB7B <AF9D64?4; 

� 6A9 ;46<E<@BEF< BF I4D4>F9D<EF<> >4A4?4 C9D984K< CD<@9A9A<9 
%#-2 CB;6B?S9F 8BEF<KP 5B?PL<I E>BDBEF9= C9D984K<, K9@ %#-1. 

%C<EB> ?<F9D4FGDO 

1. �4?4LB6 �. �. %<EF9@O C9D984K< BDFB7BA4?PAO@< 74D@BA<K9E><@< E<7-
A4?4@< / �4?4LB6 �. �, �BDB5<9A>B #.#, �SIB69J><= �. . �  .:1>B � &D9A8;, 
2012. � 228 E.: <?.  

2. ITU-T Recommendation G.992.5: Asymmetric digital subscriber line 
transceivers 2 (ADSL2) � Extended bandwidth (ADSL2plus). � Appr. 2009, January. � 
Geneva, 2009. � 110 p. 

3. �SIB69JP><= �. . '8BE>BA4?9AAS @9FB8G BJVA>< L6<8>BEFV C9D98464AAS 
E<EF9@ C9D984KV BDFB7BA4?PA<@< 74D@BAVKA<@< E<7A4?4@< / �. . �SIB69JP><=, 
�.�. "DєL>B6, �.�. �4D54 // !4G>B6V CD4JV "!�� V@. ".%. #BCB64. � 2014. � +4EF<A4 
2. � № 2. � %. 186�193. 
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'�� 621.372.8 
#98SL �.�.1,  4;GD �.�.2 

"*�!�� ���3!�3 !���!��!/) �%����!�� 

"#&�+�%�"�" �"�"�!� !� ��+�%&��!!/� #"����&��� 

�"��$�!&!"� �"%# 

�B?B>BAAB-BCF<K9E><9 E<EF9@O C9D984K< (�"%#) S6?SRFES BEAB-
6B= 8?S EB;84A<S FD4AECBDFAOI E9F9= CBE?98GRM<I CB>B?9A<=. � CB-
E?98A99 6D9@S 6B;A<> <AF9D9E > CD<@9A9A<R @9FB8B6 >B79D9AFAB7B CD<9-
@4 BCF<K9E><I E<7A4?B6 E J9?PR CB6OL9A<S EC9>FD4?PAB= QHH9>F<6ABEF< 
�"%# < EBBF69FEF6GRM<I 6<8B6 @B8G?SJ<<, A4CD<@9D, �� . �;69EFAB, 
KFB BCF<K9E>B9 6B?B>AB ("�) 6ABE<F ?<A9=AO9 (8<EC9DE<BAAO9) < A9?<-
A9=AO9 (QHH9>F �9DD4) <E>4:9A<S [1]. �?S EB6D9@9AAOI �"%# A4<5B?P-
LGR CDB5?9@G CD98EF46?SRF A9?<A9=AO9 <E>4:9A<S E<7A4?4 6 BCF<K9-
E>B@ 6B?B>A9. #BQFB@G 6 84AAB= D45BF9 <EE?98G9FES 6?<SA<9 A9?<A9=AOI 
<E>4:9A<= E<7A4?4 6 "� A4 >4K9EF69AAO9 I4D4>F9D<EF<>< >B79D9AFAB= 
�"%# E >648D4FGDAB= 4@C?<FG8AB= @B8G?SJ<9= (�� -4). 

$9L9A<9 CBEF46?9AAB= ;484K< 6OCB?AS?BEP CD< CB@BM< <@<F4J<-
BAAB= @B89?< �"%# E >B79D9AFAO@ CD<9@B@, CBEFDB9AAB= 6 ED989 
MatLab R2016 CB EF4A84DFAB= EI9@9 [2]. � >4K9EF69 >D<F9D<S BJ9A>< C4-
D4@9FDB6 >4K9EF64 <ECB?P;B64A Q-H4>FBD, 6OK<E?9AAO= CB BFEK9F4@ 6O-
IB8AB7B E<7A4?4. 

�46<E<@BEFP Q-H4>FBD4 BF GDB6AS E<7A4?4 C9D984FK<>4 DC9D < >B?<-
K9EF64 BCF<K9E><I E9>J<= nE9>J 8?S E<AH4;AB7B >4A4?4 �"%# CB>4;4A4 A4 
D<E. 1. 'DB69AP E<7A4?4 C9D984FK<>4 <;@9AS?ES 6 CD989?4I �13�+7 8�@. 
#D< @<A<@4?PAB= @BMABEF< E<7A4?4 A4 6IB89 "� A9?<A9=AO9 <E>4:9A<S 
CD4>F<K9E>< BFEGFEF6GRF. '69?<K9A<9 @BMABEF< E<7A4?4 CD<6B8<F > ?<-
A9=AB@G G@9APL9A<R CB>4;4F9?9= >4K9EF64. '@9APL9A<9 ;4M<M9AABEF< 
8?S FD4>F4 <; B8AB= BCF<K9E>B= E9>J<< EBEF46?S9F 40 8� 8?S E>BDBEF< 
C9D984K< 43,01 �5<F/E (OTU3 OTH). '69?<K9A<9 nE9>J BF 1 8B 10 CD<6B8<F 
> EA<:9A<R ;4M<M9AABEF< CD<@9DAB A4 20 8� 6 D45BK9@ 8<4C4;BA9 GDB6-
A9= @BMABEF< E<7A4?4 BF 0 8�@ < 6OL9. �?S 6O5D4AAB7B ;A4K9A<S LG@-
H4>FBD4 (nf=4 8�) @BMABEFP GE<?9AAB7B ECBAF4AAB7B <;?GK9A<S BCF<K9-
E>B7B GE<?<F9?S S6?S?4EP A9;A4K<F9?PAB= < A9 B>4;4?4 ;A4K<F9?PAB7B 
6?<SA<S A4 Q-H4>FBD. 

                                                           
1 �.F.A, 8BJ9AF >4H98DO &9?9>B@@GA<>4J<BAAOI E<EF9@ "!�% <@. �.%. #BCB64 
2 #D9CB8464F9?P >4H98DO &9?9>B@@GA<>4J<BAAOI E<EF9@ "!�% <@. �.%. #BCB64 
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$<E. 1. #B>4;4F9?< >4K9EF64 >4A4?4 �"%# (³ = 0,2 8�/>@; D=16,75 

CE/A@/>@); γ = 1,31 1/�F/>@; LE9>J=100 >@; nf=4 8�) 

#B?GK9AAO9 D9;G?PF4FO CB>4;O64RF, KFB A9?<A9=AO9 <E>4:9A<S 
84:9 CD< BFEGFEF6<< 8DG7<I LG@B6 < <E>4:9A<= CD<6B8SF > EGM9EF69A-
AB= 897D484J<< C4D4@9FDB6 >4K9EF64 E<7A4?4, KFB FD95G9F CD<@9A9A<S 
EC9J<4?PAOI @9D CB <I EA<:9A<R, F4><I >4> A9?<A9=AO= >BDD9>FBD. 

%C<EB> ?<F9D4FGDO 

1. Agrawal G.P. Nonlinear fiber optics / G.P. Agrawal. � London: Academic 
Press, 2007. � 534 p. 

2. Seimetz M. High-Order Modulation for Optical Fiber Transmission / M. 
Seimetz � Berlin: Springer, 2009. � 252 p. 

'�� 681.3.07  
)4A89JP><= �.%.1 

 "��(���*�3 &"#"�"��� OSPF- �$�� � '$�)'��!!3  

!���!&���!!3 ��!���� ���3��' 

�B@C�RF9DAV @9D9:V, MB 6<>BD<EFB6GRFP CDBFB>B? OSPF, G F9C9-
DVLAV= K4E ;4=@4RFP CDB6V8A9 @VEJ9 CD< @4DLDGF<;4JVW FD4HV>4 K9D9; 
Internet. � @9FBR BJVA>< CBF9AJV=A<I @B:?<6BEF9= F4><I @9D9: CD< C9-
D984KV FD4HV>4 ;V ;@VAABR L6<8>VEFR 6<>BD<EFB6GRFP >B9HVJVєAF A9S6AB-
7B 54?4AEG64AAS A464AF4:9AAS (ILBI) η, S><= 6<;A4K4єFPES 6V8ABL9AAS@ 

                                                           
1 �B>F. F9IA. A4G>, CDBH., ;46. >4H. �"  �!' V@. ".�BAK4D4 
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>V?P>BEFV >4A4?V6 ;6�S;>G, MB 6<>BD<EFB6GRFPES CD< C9D984KV FD4HV>4 6 
84AB@G 8B@9AV @9D9:V, > ;474?PABW >V?P>BEFV VEAGRK<I >4A4?V6 8B@9AG. 

$B;7?SA9@B G JPB@G ;6�S;>G FBCB?B7VR @9D9:V, MB @VEF<FP DS8 @47V-
EFD4?PA<I @4DLDGFV6 ; CB?BEBR, A4CD<>?48, 1 Gbps @V: >VAJ96<@< 6G;-
?4@< A F4 B, C F4 D, E F4 F V F4> 84?V. *V @47VEFD4?PAV @4DLDGF< 6<>BD<E-
FB6GRFP, S> @VAV@G@, CB B8AB@G CDB@V:AB@G DBGF9DG (α, ³, ´ �), FB5FB 
C9D984K4 @V: � V � ;8V=EARєFPES K9D9; DBGF9D α, @V: % V D � K9D9; ³, @V: 
E V F � K9D9; ´ V F4> 84?V. �?S B5�є8A4AAS GEVI 6G;?V6 6 є8<A<= 8B@9A @9-
D9:V V ;8V=EA9AAS D9;9D6G64AAS GEVI 8V?SAB> @47VEFD4?PA<I @4DLDGFV6 
66989AV 6G;P>BE@G7B6V >4A4?< ; CB?BEBR 100 Mbps  (G 6V8CB6V8ABEFV E F9I-
AB?B7VєR Ethernet). *V >4A4?< ;6�S;GRFP � ; ³, � ; ³, α ; ³ ; % ; ´, D ; ´, ³ ; 
´ V F4> 84?V. &4><@ K<AB@, >4A4? @47VEFD4?PAB7B @4DLDGFG � � α 8G5?R-
єFPES @9AL L6<8><@ @4DLDGFB@  � � ³ � α, >4A4? α � � 8G5?RєFPES @4D-
LDGFB@ α � ³ � �. �G89@B 664:4F< 64DFVEFP @47VEFD4?PAB7B >4A4?G E =1, 4 
64DFVEFP 6G;P>BE@G7B6B7B >4A4?G E� =10.             

#DB4A4?V;Gє@B B5@VA VAHBD@4JV=A<@< CB6V8B@?9AAS@< @V: GEV@4 
>VAJ96<@< 6G;?4@< 8B@9AG, 6<;A4K4RK< VAF9AE<6AVEFP FD4HV>G 6 >B:AB@G 
>4A4?V (>V?P>VEFP CB6V8B@?9AP ·, MB CDB=L?< CB 84AB@G >4A4?G ;4 CB6A<= 
J<>? B5@VAG VAHBD@4JVєR @V: GEV@4 >VAJ96<@< 6G;?4@<) F4 EG@4DAG 64D-
FVEFP % CB6V8B@?9AP 8?S >B:AB7B >VAJ96B7B 6G;?4. &4>, A4CD<>?48, JS 64D-
FVEFP 8?S 6G;84 � (%�) 6<;A4K4єFPES EG@BR 64DFBEF9= CB6V8B@?9AP, MB A4-
8V=L?< 8B � 6V8 6G;?V6 B, C, D, E, F V F4> 84?V, 4 64DFVEFP >B:AB7B F4>B7B 
CB6V8B@?9AAS 6<;A4K4єFPES EG@4DABR 64DFVEFR >4A4?V6, K9D9; S>V CDB=L?B 
J9 CB6V8B@?9AAS G 6V8CB6V8ABEFV ; 4?7BD<F@B@ Dijkstra. � F45?<JV A46989AV 
D9;G?PF4F< 8BE?V8:9AAS 8?S DV;ABW >V?P>BEFV >VAJ96<I 6G;?V6 N 8B@9AG.  

� 84AV= F45?<JV >B9HVJVєAF< η0, η0,1, η0,2 V η0,3 6<;A4K9AV ; GD4IG64A-
AS@ >4A4?V6, CB S><@ ;B6EV@ A9 CDBIB8<FP VAHBD@4JV=A<= FD4HV> (η0), 4 
F4>B: 6 S><I VAF9AE<6AVEFP FD4HV>G є @9ALBR 10% (η0,1), @9ALBR 20% 
(η0,2) F4 @9ALBR 30% (η0,3) 6V8 @4>E<@4?PABW. �9?<K<A4 ·ED CB;A4K4є E9D9-
8AR VAF9AE<6AVEFP FD4HV>G 6 8B@9AV, σ � E9D98APB>648D4F<KA9 6V8I<?9AAS 
VAF9AE<6ABEFV CB >4A4?4I 8B@9AG, ¼=σ/·ED � >B9HVJVєAF DB;EVR64AAS, n � 
>V?P>VEFP @47VEFD4?PA<I >4A4?V6 6 8B@9AV.  

&45?<JS 
N η0 η0,1 η0,2 η0,3 δED σ ¼ n 

6 0,92 0,92 0,92 0,75 6,18 2,89 0,47 6 

8 0,94 0,94 0,81 0,69 9,0 4,73 0,53 8 

10 0,96 0,86 0,68 0,59 11,71 7,41 0,63 10 

12 0,96 0,82 0,67 0,44 16,31 12,31 0,75 12 

14 0,97 0,78 0,53 0,34 20,77 18,03 0,87 14 
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%G@4DA4 64DFVEFP CB6V8B@?9AP CD< ;@VM9AAV 6V8 7D4A<KAB7B DBGF9-
D4 α G A4CDS@>G 8B J9AFDG 8B@9AG (³, ´ V F4> 84?V) ;@9ALGєFPES V @4є @VAV-
@G@ G J9AFDV. �?S N=6 Cmax =66, Cmin =46; 8?S N=8 Cmax =128, Cmin =88; 8?S 
N=10 Cmax =210, Cmin =130; 8?S N=12 Cmax =312, Cmin =192; 8?S N=14 Cmax 
=434, Cmin =254. 

 B8<HV>4JVS @9D9:V CB?S74?4 6 FB@G, MB CD< ;59D9:9AAV ;474?PABW 
FBCB?B7VW 8B@9AG L<DB>BE@G7B6V >4A4?< ; VAF9AE<6AVEFR FD4HV>G @9AL9 
30% 6V8 @4>E<@4?PABW ;4@VA9AV 6G;P>BE@G7B6<@< >4A4?4@<, 4 6G;P>BE@G-
7B6V ; VAF9AE<6AVEFR FD4HV>G 5V?PLBR AV: 30% � L<DB>BE@G7B6<@<. $9-
;G?PF4F<  DB;D4IGA>V6 MB8B @B8<HV>B64ABW FBCB?B7VW CB>4;4?< A4EFGCA9.  

�B9HVJVєAF A9S6AB7B 54?4AEG64AAS A464AF4:9AAS η =0,59 V A9 ;4?9-
:<FP 6V8 >V?P>BEFV >VAJ96<I 6G;?V6, FB5FB 6V8 DB;@VDV6 8B@9AG. �9S>9 ;@9-
AL9AAS η G CBDV6ASAAV ; DS8B@ ;A4K9AP 8?S CBC9D98APBW FBCB?B7VW CBSE-
ARєFPES F<@, MB ;5V?PL<?4EP 6V8ABEA4 K4EF<A4 >4A4?V6 (6G;P>BE@G7B6<I), 
CB S><I A9 C9D984єFPES VAHBD@4JV=A<= FD4HV>. *V >4A4?< 6<>BAGRFP FV?P-
>< D9;9D6AV HGA>JVW. �A4KAB ;5V?PL<?4EP E9D98AS VAF9AE<6AVEFP FD4HV>G V 
;@9AL<6ES >B9HVJVєAF DB;EVR64AAS: 8?S N=6 δED=10,86, ¼=0,21; 8?S N=8 
δED=16,0, ¼=0,26; 8?S N=10 δED=22,46, ¼=0,41; 8?S N=12 δED=29,5,  ¼=0,50; 
8?S N=14 δED=37,68,  ¼=0,60. �A4KAB ;@9AL<?4EP 64DFVEFP CB6V8B@?9AP. 
&4>, A4CD<>?48, 8?S  N=6 Cmax =14, Cmin =12, 4  N=14 Cmax =60, Cmin =44. 
&4><@ K<AB@ @B:A4 >BAEF4FG64F<, MB @B8<HV>B64A4 @9D9:4 ;8V=EARє 
5V?PL DV6AB@VDA<= DB;CB8V? A464AF4:9AAS CB >4A4?4I ;6�S;>G CD< ;A4KAB 
5V?PLV= L6<8>BEFV 8BEF46>< CB6V8B@?9AP.  
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UDC 004.415.538 
Dorenskyi O. P.1 

THE METHODOLOGY OF EVALUATING THE TEST CASES 

QUALITY FOR SIMPLE IT MONOPROJECTS SOFTWARE TESTING 

Information technologies (IT) are rapidly developing in Ukraine. 
Software tools that were developed during the process of IT projects realization 
are an integral part of information technologies. Analysis of the modern IT 
market showed that most of IT projects are complex [1]. However, simple IT 
monoprojects are implemented quite often. In particular, it happens during 
realization of simple software products, that were developed by one developer 
or freelance. Also this applies to the educational process that is aimed at 
training IT professionals, because in the early stages is not possible to 
implement multiprojects or complex IT projects.  

During the realization of the IT project the main focus lands on 
documenting all processes of the software life cycle. One of them is a testing 
process [2], which is a mandatory process of any software realization. 

Documentation of the testing process may be accomplished through 
the implementation of test kits. They are an array that consists of formally 
written set of test cases. Each test case is a set of input data, preconditions and 
conditions of the implementation, expected results and postconditions. Test 
cases are developed for a specific test scenarios in order to test performance for 
a specific requirement. 

In [3�7] are presented some methods and recommendations for the 
structure, design and implementation of test cases, which consist of a set of 
attributes. Most commonly the following attributes are used: Test Case ID, Test 
Case Summary, Author, Preliminary Steps, Test Steps (Test Procedure), 
Expected Result, Test Result (Actual Result), Implementer, and PostConditions. 
For a simple IT monoproject test case is a set of the following attributes [3, 5]: 
ID, Action (Steps), Expected Result, and Test Result. However, when creating 
test cases some problems arise in the context of evaluating their quality. It is 
primarily constitutes in the synthesis of heuristic evaluation of Action (Test 
Steps) and Expected Result attributes, which are the essence of the test case. 
Thus, it is necessary to develop a methodology that will help to evaluate the test 
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case quality, which involves assessing Action and Expected Result attributes. 
These attributes (fields) of a formally recorded test case describe the 
performer�s (a person who performs testing) sequence of steps. Thus, they are 
algorithms that do not have a massiveness property. Therefore, test case 
assessment boils down to evaluating properties of the sequence of steps in the 
capacity of algorithms. 

Test case steps describe the sequence of actions to be implemented in the 
course of test case realization. The expected result is a description of software tool 
reaction to every step of the test case. So, following properties should be evaluated: 
A test case should have such a property as discretisation. It means that its steps 
should be presented as a series of individual actions, they should represent a 
consistent process of realization of simple steps, and be performed in time 
discretely while accurately documenting completion of one activity�s performance 
and beginning of another one. These steps and the expected result of the test case 
should be deterministic, i.e. have no action for which the essence is not clearly 
defined or can be perceived ambiguously. Each step must be clear and 
unambiguous, and should not admit the possibility for arbitrary or subjective 
interpretation. It is also necessary to assess finitude property. The execution of the 
test case should end after a finite number of steps, and test case steps should be 
clear to a performer. That is why it is necessary to evaluate the availability of their 
definition and recording. Accordingly, its effectiveness is determined by the 
sufficient simplicity that is needed for precise implementation of each test case step 
(action) over a finite period of time. 
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USING UNMANNED AERIAL VEHICLES AND WIRELESS SENSOR 

NETWORKS FOR DATA COLLECTING 

Recent progress in microelectronic and wireless communications have 
enabled the development of low cost, low power, multifunctional sensors, 
which has allowed the birth of new type of Wireless Sensor Network (WSN). 
The main features of such networks are: the nodes can be positioned randomly 
over a given field with a high density; each node operates both like sensor (for 
collection of environmental data) as well as transceiver (for transmission of 
information to the data retrieval); the nodes have limited energy resources. The 
use of wireless communications and the small size of nodes, make this type of 
networks suitable for a large number of applications. For example, one sensor 
field when using the ZigBee protocol can contain more than 64000 sensors. The 
introduction of WSN nodes for monitoring has led to the possibility for super-
vising how parameters evolve in real time and how they are related. It thereby 
provides a powerful monitoring tool.  

The combined use of  WSN and Unmanned Aerial Vehicle (UAV) has 
been showing their benefits and extendable applications by using fixed-wing 
aircraft. To develop a monitoring system that collects data using a WSN, and 
then relays this data through a gateway to a server.  At the server side the data 
are stored and analyzed in order to provide the user with useful statistics and 
alerts so that user can take various decision. For this application, sensors need 
to be placed outside, in the open field, where power may not be available. So, 
sensors should be battery operated. Sensing location may be identified by 
integrating GPS with each sensor. However, that is not a cost effective solution. 
In this application, sensors are statically placed at different locations in a field, 
so the static location of each sensor with its unique sensor id can be stored in 
the sensors during network configuration and deployment phase. The 
applications UAV and WSN are complementary technologies. UAVs are mobile 
and have the ability to sense over a large area, but from a high altitude. Sensor 
network nodes make in-situ point measurements about a very small area. 
Sensor network nodes have radio communications capability, but with ranges of 
the order of 1km and at current unit prices they remain a prohibitively 
expensive approach to cover large areas. Instead we can use UAVs to upload 
information sensed in-situ by nodes on the ground or to deploy nodes.  
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These nodes will probably require complex trajectories to be performed 
by fixed-wing aircraft. However, using aircrafts with hovering capabilities 
allows determining optimal static positions for bridging WSN nodes 
independently of the required download time. Additional facilities have been 
reported about the combined use of WSN and UAV�s, as the improvement of 
the navigation system by using nodes positions. Several solutions in combining 
UAV with WSN to enhance WSN performance was proposed such as using 
UAV to interconnect between sparse clusters located at fragmented parcels and 
a base station, using a cooperative connected UAVs as sink-nodes to collect 
data in clusters, using UAV as a mobile node in WSN for emergency situation, 
or using UAV as an addition solution for charging, deploying WSN nodes.  

The main contributions of this work are the use of UAVs as airborne 
communication nodes and the resolution of the problems regarding WSN 
dynamic configuration when a UAV is approaching to the target area. An ad-

hoc communication protocol and a communication workflow have been 
implemented in order to deal with such issues. In addition to this, a user-
friendly operator interface that allows handling the system and monitoring data 
has been implemented. It should be highlighted that cheap and reliable UAV 
platforms are currently available and they can be easily used in this kind of 
applications. This work provided the opportunity to test the use of a 
commercial quad rotor in a real scenario. To perform the functions of a cluster 
head node, these funds must implement physical and link layers IEEE 802.15.4 
protocol, to support the exchange of information on the ZigBee protocol, 
6L0WPAN, RPL. 
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Polska O.V.1, Kudermetov R.K.2 

WEB SERVICES RANKING BASED ON LSP AND OWA 

METHODOLOGIES 

Introduction 

A selection of Web services for particular applications is related to the 
problem of choosing the appropriate Web services among those which have 
similar functionality. One approach to solve this problem is Web services rank-
ing based on non-functional properties (Quality of Service, QoS). 

LSP and OWA methodologies and proposed approach 

J. Dumović in [1] presented a Logic Scoring Preference (LSP) method, 
which allows to reconfigure aggregation function by the special parameter. This 
parameter influences on combination of simultaneity (conjunction) and re-

placeability (disjunction) and referred to degree or orness degree. 
Suppose that we have the vectors ( )jii EE ,=  of linearly normalized 

evaluations of QoS attributes for several Web services with the same function-

ality, where mi ,1=  − ID of Web service, nj ,1=  − ID of QoS attribute. The 

aggregation function is ]1,0[]1,0[:L →n
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a real number selected so to achieve desired logical relations between criteria. 
Power r  depends on parameter orness (we denote as³ ) which can 

range from pure «and» (conjunction or simultaneity) to pure «or» (disjunction 
or replaceability). The following numeric approximation for r can be used [1]: 
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r , (2) 

where 21−³=x  and 10 <³< . 

The Ordered Weighted Averaging (OWA) operators are defined by 
R. Yager in [2] as follows: 

Definition. An OWA operator of dimension n  is a mapping RRn →:F  such 
that  
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where Ã  is a permutation that orders the elements: ( ) ( ) ( )nEEE ÃÃÃ ≥≥≥ ...21 . 

The orness measure of OWA operator is defined as follows: 

( ) ∑
= −

−
=³

n

j

jn
n

j
wEEE

1
21

1

1
 ..., , , .   (4) 

The measure of dispersion (entropy) of aggregation characterizes the 
degree to which vector of weights takes into account all criteria in the aggrega-
tion. This measure is defined as 

( ) ∑
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One approach to determine the weights of OWA operator is to solve the 
following mathematical programming problem [3]: maximize the dispersion (5) 
subject to 
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The solving of this problem and formulae for calculating optimal 
weights of OWA operator are presented in [3]: 
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To rank the Web services we propose the following sequence of aggre-
gation of evaluated QoS criteria. First, calculate according to formulae (7)−(9) 
the optimal values of weights on basis of the given measure orness ³  and 
number of criteria n . Then, calculate the parameter r  of logic relation between 
the criteria by formula (2). Finally, execute the aggregation by formula (1) us-
ing the calculated weights and parameter r . 

Experimental Results 

We selected the QoS properties from [4] that are based on seven actual 
implementations for e-mail verification (Table 1). Here, RT − response time, 
TP − throughput, AV − availability, AC − accessibility, IA − interoperability 
analysis and C − cost. 
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Table 1 � QoS metrics for various available e-mail verification Web services 

ID Service Provider RT(ms) TP(r/min) AV(%) AC(%) AI(%) C(c/i) 

1 XMLLogic 720 6,00 85 87 80 1,2 
2 XWebservices  1100 1,74 81 79 100 1 
3 StrikeIron(1) 710 12,00 98 96 100 1 
4 StrikeIron(2)  912 10,00 96 94 100 7 
5 CDYNE 910 11,00 90 91 70 2 
6 Webservicex 1232 4,00 87 83 90 0 
7 ServiceObjects  391 9,00 99 99 90 5 

 
Table 2 shows some results of calculations on the proposed approach 

with a maximum dispersion of weights and orness degrees 0,4, 0,5, 0,8, respec-
tively. 

Table 2 � Normalized QoS evaluations and result of their aggregation 

ID Re-ordered normalized evaluations LSP(0,4) LSP(0,5) LSP(0,8) 

1 0,83 0,61 0,42 0,40 0,33 0,22 0,39 0,47 0,75 
2 1 0,86 0,16 0 0 0 0,02 0,34 0,92 
3 1 1 0,94 0,86 0,85 0,62 0,83 0,88 0,98 
4 1 0,83 0,81 0,75 0,38 0 0,28 0,63 0,92 
5 0,90 0,71 0,60 0,50 0,38 0 0,23 0,52 0,82 
6 1 0,67 0,33 0,22 0,20 0 0,15 0,41 0,89 
7 1 1 1 0,71 0,67 0,29 0,66 0,78 0,98 
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THE CONCURRENCY REPRESENTATION IN TLA+ 

SPECIFICATION 

Today the concurrency is a common way for increasing the performance 
of software systems. To check the correctness of design solutions obtained dur-
ing such systems engineering (the distributed systems in particular) the model 
checking technique can be used [1]. Another prominent sphere of model check-
ers usage is all about finding the runtime errors. For instance, the Linux kernel 
written in C code [2]. The most challenging topic here is the state explosion 
problem, which induce the enormous random access memory (RAM) require-
ments. The possible solution to diminish the significance of named problem is 
to vary the levels of abstraction in formal specification to be checked. The con-
venient way to do that is to use TLA+ formalism (the Temporal Logic of Ac-
tions, by L. Lamport) [3]. 

Our work is aimed at the estimation of memory requirements depending 
on the complexity of model checking tasks to be solved. For this purpose the 
concurrency is represented in formal TLA+ specification on its lowest abstrac-
tion layer � as an interleaving (Fig. 1). 

 

 

Fig. 1. The activity diagram and the appropriate state chart 
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In Fig. 1 the diagrams are built for 22n = , where n  � the number of 
state variables in specification. 

The concurrency is proposed to be organized with a binary tree-like 
structure. That means that initially only a single state variable changes its value 
(from 0 to 1), then there is a pair of variables to change their values concur-

rently ( 12 ), then another four variables are involved in the concurrency ( 22 ), 
and so on. Finally, when there is only one state variable with 0 value is avail-
able, its value has to be changed � as a representation of some gatherer compo-
nent activation, intended to process the intermediate results obtained earlier. 

The model checking tasks complexities estimations are given in table 1. 
As a model checker the TLC (TLA Checker) has been used. 

 
Table 1 � The model checking tasks complexities estimations 

n  Paths length Paths number 
22  5 2 
32  9 48 
42  17 1935360 

 
In table 1 Paths length � the number of states to be visited to go from the 

initial state to the final one (including the initial and the final ones); Paths num-
ber � the total number of possible paths from the initial state to the final one. 

The model checking tasks have been successfully resolved for 32 2,2n = . For 
42n =  the RAM volume limitation has been faced � the 1280 MB Java virtual 

machine buffer size wasn�t enough (JRE 1.7, TLC 2.05). 
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WAVELET TECHNOLOGY OF SIGNALS DECOMPOSITION 

In recent years, wavelet analysis is used for modeling, analyzing and 
controlling complex systems in various fields of science and technology. 

Nowadays there is no universal method of the non-stationary signals 
wavelet analysis. Many tasks associated with the wavelet transform parameters 
definition during the different nature objects study, remains unresolved. 

The original complex shape signal decomposition into components is the 
task, which effective solution is widely demanded in digital signal processing. 
The methods to solve this problem are based on the use of previously known 
assumptions about the processed signal [1].  

Another approach to solve this problem is based on the wavelet 
transformation [2]. This is a mathematically accurate method to divide a signal 
into a set of basis functions being at the root of the wavelet transform. The 
basis functions of wavelet transformation are strictly localized in both 
frequency and time in contrast to the Fourier one. In this case the result of the 
decomposition will be a model of the signal as a set of the desired components. 

Below there are the results of researching energy and entropy changes 
by the stages of the signal decomposition. 

The signal having dimension N, could be expanded by multi-level one-
dimensional wavelet transformation to 2N/2 levels, which are a set of 
approximating (cA) and detailing (cD) coefficients. The number of 
decomposition levels is sufficiently large and the process of determining the 
limited decomposition depth strongly depends on the researcher�s experience.  

For obtaining the optimal signal decomposition R. R. Coifman proposes 
to use the criterion of entropy minimum in his work [3]. 

All processes in nature proceed to increase the entropy. According to the 
K. Shannon theory information gain is equal to the lost system uncertainty [4]:   

                         ∑
=

−=
N

j
jj PPH

1

22 )log(                (1) 

The substance of the Coifman method is the following: the entropy sum 
of approximating and detailing coefficients of the signal wavelet decomposition 
is calculated at the current signal decomposition level; if the received value is 
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greater than the value at the previous level, the decomposition continues, 
otherwise the previous level is final. The total signal decomposition is a set of 
levels: from the first one to the level with the entropy minimum. 

To investigate the signal entropy and energy action at the wavelet 
decomposition stages, we should calculate the corresponding values of each 
decomposition level. As the original signal we should consider a signal 
representing the sum of sinusoids. 

We should consider changing the entropy of the signal components. The 
entropy value of the first component decreases and the entropy value of the 
second component increases. The entropy changing is more abrupt than the 
energy changing. But the total entropy of the two components gradually 
decreases to a certain level, then the values increase. As may be supposed, the 
«turning point» shows the most unstable state of the system in which the 
components can be selected. According to K. Shannon theory, the information 
gain is equal to the lost system uncertainty (1), so the information gain stopped 
at this decomposition level. The system turned to a completely unstable state. 
From the above we should conclude that: the separation of the signal 
components can be performed at the decomposition level with the total entropy 
minimum of the both components. 

The following results were obtained during the work: 
� the Coifman method for the task of the signal components allocation 

has been modified; 
� the method of the signal separation into components based on wavelet 

decomposition and information theory has been proposed; 
� the procedure of  the signal components allotment has been developed. 
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WAVELET TECHNOLOGY IN THE IMAGE PROCESSING 

Wavelet analysis has attracted much attention recently in signal 
processing. It has been succesfully applied in many applications such as 
transient signal analysis, image analisys, communications systems and other 
signal processing applications. 

Wavelet is a general name for math functions of the specific form which 
are local in time and frequency. All the functions are derived from just only one 
by means of shifts and extension along the arrow of time. Wavelet 
transformation is considered to be the infinite variety of diverse transformations 
in accordance with the evaluation function used for its analysis [1]. In plain 
language, it is a method to divide a signal into a set of basis functions which are 
strictly localized in time and frequency. 

At the present day, there is no comprehensive method of the non-
stationary signals wavelet analysis. The definition of the wavelet transform 
parameters remains unresolved as well as the tasks associated with their 
research. 

As mentioned above, the wavelet technology is used widely. Nowadays, 
the main task is to find effective solutions for the complex shape signal 
decomposition into components as these solutions will contribute to the 
development of digital signal processing. One of the approaches to resolve this 
issue is based on the wavelet transformation [2]. In the signal transformation 
process, decomposition will be a model of the signal as a set of desired 
components. The research of entropy and energy shows changes by the stages 
of the signal decomposition. To obtain the optimal signal decomposition it is 
advisable to use the criterion of the entropy minimum. The entropy sum of the 
coefficients of the signal wavelet decomposition is determined at the ongoing 
decomposition level. In this case, the received value should be taken into 
consideration. If the value is greater that at the previous level, the 
decomposition takes place and continues. Otherwise, the process of signal 
decomposition will be finished at the previous level. The values of each 
decomposition level should be calculated [3]. In general, the total signal 
decomposition is a set of the levels, from the first level to the level with the 
entropy minimum. The entropy value changes by decreasing and increasing the 
entropy components� values. This aspect shows that the entropy changing is 
abrupt and is less stable than energy changing of the signal components. 

                                                           
1 Postgraduate Student, the Department of Computer Software, ZNTU 
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Image processing and analysis based on the continuous or discrete 
image transforms are classic techniques. The image transforms are widely used 
in image filtering, data description, etc. Nowadays the wavelet theorems make 
up very popular methods of image processing, denoising and compression. 
Considering that the Haar functions are the simplest wavelets, these forms are 
used in many methods of discrete image transforms and processing [4]. The 
image transform theory is a well known area characterized by a precise 
mathematical background, but in many cases some transforms have particular 
properties which are not still investigated. 

This theme is very actual nowadays and, definitely, we can expect a lot 
of breaking discoveries in this field. 
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!B6<= �4>BA '>D4WA< «#DB 6<MG BE6VFG» EGFFє6B ;@VA<6 BEAB6AV 
CD<AJ<C< ;4D4IG64AAS 45VFGDVєAFV6 8B 6<M<I A46K4?PA<I ;4>?48V6. !4 
EPB7B8AV BEAB6AV ;@VA< FBD>AG?<ES 6EFGCG ;4 89D:46A<@ ;4@B6?9AAS@ A4 
89AAG HBD@G 54>4?46DEP><I CDB7D4@. �BA< C9D9854K4RFP [1]: 

� D9єEFD4JVR 45VFGDVєAFV6 6 9?9>FDBAAV= 54;V V CB84AAS A<@< ;4S6B> 
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� 6<;A4K9AAS >B:A<@ �!� HBD@G?< DB;D4IGA>G >BA>GDEAB7B 54?4 
S> ;64:9ABW EG@< CB>4;A<>V6 (54?< E9DF<HV>4FV6 ;B6AVLAPB7B A9;4?9:AB7B 
BJVAR64AAS F4 VAL<I 6EFGCA<I 6<CDB5G64AP, E9D98AV= 54? 4F9EF4FG CDB 
;474?PAG E9D98AR BE6VFG, 8B84F>B6V 54?< ;4 GECVI< G A46K4AAV F4 ;4>VAK9A-
AS CV87BFB6K<I >GDEV6 �!� ; B>D9@<I EC9JV4?PABEF9=); 

� 6<;A4K9AAS >B:A<@ �!� @4>E<@4?PAB7B B5ES7G 89D:46AB7B ;4@B-
6?9AAS ;4 >B:ABR EC9JV4?PAVEFR ; GD4IG64AAS@ 6EF4AB6?9A<I B5@9:9AP; 

� 46FB@4F<;B64A<= DB;CB8V? 45VFGDVєAFV6 ;4 BE6VFAV@< CDB7D4@4@<. 
�6FB@4F<;B64A<= DB;CB8V? ;8V=EARєFPES ;4 4?7BD<F@B@ �9=?4-

,9C?V [2], S><= L<DB>B 6<>BD<EFB6GєFPES 8?S DB;6�S;4AAS CB8B5AB7B >?4-
EG ;484K 6 F9BDVW >BBC9D4F<6A<I V7BD. � @9:4I C96A<I CD<CGM9AP @B:A4 
8B69EF<, MB 4?7BD<F@ ;459;C9KGє BFD<@4AAS EFV=>B7B DB;6�S;>G. �B?B6AV ; 
A<I CB?S74RFP G FB@G, MB @< 4A4?V;Gє@B CB6A<= A45VD 64DV4AFV6, 4 C9D964-
7< 45VFGDVєAFV6 V GAV69DE<F9FV6 є EFV=><@<. �?9 8BE6V8 6EFGCA<I >4@C4AV= 
BEF4AAVI DB>V6 E6V8K<FP, MB JV CD<CGM9AAS A9 6<>BAGRFPES.  

�5VFGDVєAF< ; DV;A<I CD<K<A @B:GFP 6V8@B6<F<ES 6V8 A484AB7B 5R-
8:9FAB7B @VEJS V 6EFGC<F< ;4 >BAFD4>FB@ A4 VALV BE6VFAV CDB7D4@<. !4E-
?V8>B@ є 6<6V?PA9AAS 5R8:9FA<I @VEJP, S>V A9@B:?<6B DB;CB8V?<F< 6 @9-
:4I >?4E<KAB7B 4?7BD<F@G, BE>V?P>< 6VA A9 6D4IB6Gє F4>G @B:?<6VEFP. 
�<MV A46K4?PAV ;4>?48< @4RFP 6EF4AB6<F< E6BW C9D9647< G 6<7?S8V E>?48-
A<>V6 V 647B6<I >B9HVJVєAFV6 HBD@G?< DB;D4IGA>G >BA>GDEAB7B 54?G ;48B6-
7B 8B CBK4F>G 6EFGCABW >4@C4AVW. �?9 HBD@4?PA4 A96<;A4K9AVEFP FGF 6<A<-
>4є K9D9; EF4F<EF<KAV CBI<5>< 6<IV8A<I CB>4;A<>V6.  

%GFFє6BR 6V8@VAAVEFR 6V8 >?4E<KABW ;484KV є F9, MB B8ABK4EAB ; 
DB;CB8V?B@ 45VFGDVєAFV6 ;4 BE6VFAV@< CDB7D4@4@< 6<DVLGєFPES ;484K4 DB;-
CB8V?G 89D:46AB7B ;4@B6?9AAS. #D< JPB@G 6<A<>4є EGC9D9KAVEFP @V: CD4-
6B@ �!� 6EF4AB6?R64F< 6?4EAV HBD@G?< DB;D4IGA>G >BA>GDEAB7B 54?G V 
A9B5IV8AVEFR CBDV6ASAAS 45VFGDVєAFV6 ;4 J<@< >BA>GDEA<@< 54?4@< 6 @9-
:4I EC9JV4?PABEFV. 

�?S 6<DVL9AAS JVєW CDB5?9@< @B:?<6V F4>V 64DV4AF<: 
� 8<D9>F<6AB 6EF4AB6<F< є8<AV 6 @9:4I EC9JV4?PABEFV E>?48A<>< 

>BA>GDEAB7B 54?G F4 WI 647B6V >B9HVJVєAF<; 
� 6V8B>D9@<F< >BA>GDE A4 CD46B 6K<F<ES ;4 89D:46A<@ ;4@B6?9A-

AS@ V >BA>GDE< 8B B>D9@<I �!� K9D9; ;4CDB648:9AAS 86BI9F4CAB7B 4?7B-
D<F@G.  

� C9D9=F< 8B CDBCBAB64AB7B  "! @9I4AV;@G 5?BKAB7B HVA4AEG64A-
AS �!�, S><= C9D9854K4є 6D4IG64AAS S>BEFV A45BDG, 4?9 A9 C9D9854K4є 
>BA>GDEG A4 89D:46A9 ;4@B6?9AAS CV8 K4E 6EFGCABW >4@C4AVW. 

�?S ;@9AL9AAS 6C?<6G ;4;A4K9A<I A96<;A4K9ABEF9= @B:GFP 6<>B-
D<EFB6G64F<ES LFD4H< ;4 6V8@B6G 6V8 A484AB7B 5R8:9FAB7B @VEJS, B5@9-
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:9AAS >V?P>BEFV 59;>BLFB6A<I ;4S6B> F4 VALV ;4IB8<. �?PF9DA4F<6A<= 
CV8IV8 @B:9 54;G64F<ES A4 6<>BD<EF4AV 6V8B@<I @9FB8V6 CD<=ASFFS 5474FB-
>D<F9DV4?PA<I DVL9AP 6 G@B64I A96<;A4K9ABEFV [3]. #D< JPB@G JV?PB64 
HGA>JVS F4/45B B5@9:9AAS @4RFP 6D4IB6G64F< VAF9D9E< S> 45VFGDVєAFV6, 
F4> V 89D:46< F4 6<M<I A46K4?PA<I ;4>?48V6. 
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DVL9AP CD< 6V85BDV 45VFGDVєAFV6 / �.Є. �4IDGL<A, �.�. �4IDGL<A //  4F9@4F<KA9 F4 
>B@C�RF9DA9 @B89?R64AAS. %9DVS: &9IAVKAV A4G><: ;5. A4G>. CD. � �4@�SA9JP-
#B8V?PEP><=: �4@�SA9JP-#B8V?PEP>. A4J. GA-F, 2014. � �<C. 10. � %. 5�14. 
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% >B:A<@ DB>B@ ;DBEF4є >V?P>VEFP F4 E>?48AVEFP �& CDB9>FV6 A4 D<A-
>G. �G8P-S><= CDB9>F E>?484єFPES ; DS8G DV;A<I ;4 E>?48B@ ;4684AP, 6<>B-
A4AAS S><I 6<@474є 8BE6V8G V 6<FD4F K4EG DS8G H4IV6JV6. !4=5V?PL4 9H9>-
F<6AVEFP GCD46?VAAS 8BES74єFPES 6 D4;V, >B?< 6EV GK4EA<>< CD4JRRFP CV8 
;474?PA<@ GCD46?VAAS@ @9A98:9D4 CDB9>FG ;?47B8:9AB, ECV?PAB [1]. 

�.". �BD8єє64 [2] 6<;A4K<?4 69?<>G >V?P>VEFP DB?9= >B@4A8< CDB9>-
FG, B8A4> 6 CD4>F<JV, 89S>V DB?V @B:A4 B5�є8A4F<, BEB5?<6B S>MB J9 EFBEG-
єFPES A969?<><I >B@4A8. &9 : E4@9 ECBEF9DV74єFPES G DB5BFV EF4DF4CV6 A4 
D4AAVI 9F4C4I EF4AB6?9AAS >B@4A8< (HBD@G64AAS, 5GD?VAAS F4 ABD@G64A-
AS) F4 DB;6<F>G CDB9>FG.  

"EB5?<6BEFV DB5BF< 6 >B@4A8V CD<CGE>4RFP, MB >B:9A B>D9@B 6;S-
F<= K?9A >B@4A8< A9 B5B6�S;>B6B CB6<A9A @4F< CB6A<= A45VD A46<KB> F4 
8BE6V8G 8?S 6<>BA4AAS CDB9>FG. %4@9 6 VA8<6V8G4?PA<I BEB5?<6BEFSI 6<-
>BA46JV6 є CD<K<A4 EF6BD9AAS >B@4A8, FB@G E<?PAV EFBDBA< >B:AB7B ECV6-
DB5VFA<>4 8BCB6ARRFP E?45>V EFBDBA< >B?97. "5@9:9AVEFP D9EGDEV6 @B:9 
                                                           
1 4EC<D4AF>4, �!&' 
2 >.F.A., CDBH. >4H98D< #�, �!&' 
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>B@C9AEG64F<ES ;4 D4IGAB> CDBH9EVBA4?V;@G F4 9H9>F<6AVEFP EG@VEA<I 8V= 
GEVI K?9AV6 [3]. 

&4>B: 9F4CV VAVJV4?V;4JVW F4 CBK4F>G DB5BF< EF4DF4CG 6<A<>4є D<;<> A9 
BCF<@4?PAB7B >B@4A8BGF6BD9AAS, FB5FB E<FG4JVS, >B?< BEB5<EFV CDBH9EV=AV 
>B@C9F9AFABEFV K?9AV6 >B@4A8< E<?PAB C9D9F<A4RFPES ;4 B8AVєR 7DGCBR A4-
6<KB> F4 F9IAB?B7VKAB7B 8BE6V8G, 4 DV69AP VAL<I A9B5IV8A<I 8?S S>VEAB7B 6<-
>BA4AAS CDB9>FG ;A4AP є A98BEF4FAV@. �?S 6<DVL9AAS JVєW CDB5?9@< CDBCBAG-
єFPES CDB6989AAS 4A4?V;G EG@VEABW CDBH9EV=ABW 9H9>F<6ABEFV K?9AV6 >B@4A8< 
CDB9>FG, MB 8BCB@B:9 ;�SEG64F< A4E>V?P>< >B@4A84 EHBD@B64A4 CDBH9EV=AB 
F4 6<S6<F< CBF9AJV=AB E?45>V EFBDBA<, S>V FD954 5G89 CV8E<?R64F< 45B : LG-
>4F< 8B84F>B6V D9EGDE< 8?S 6<>BA4AAS CDB9>FG. 

�AHBD@4JV=A4 E<EF9@4 4A4?V;G F4 GCD46?VAAS >B@4A8BR CB6<AA4 5G-
F< E<EF9@4F<;B64A4 G 6<7?S8V B8AVєW J9AFD4?V;B64ABW E<EF9@< F4 E>?484F<-
ES ; E<EF9@< 6;4є@B CB6�S;4A<I 46FB@4F<;B64A<I ;4IB8V6. �?S BD74AV;4JVW 
JV?VEAB7B CDBJ9EG 8B CDB7D4@AB7B >B@C?9>EG ;4CDBCBAB64AB 6>?RK<F< 
F4>V HGA>JVBA4?PAV @B:?<6BEFV: 

1) E<EF9@4F<;4JVS C9D6<AA<I 84A<I CDB 8BE6V8 F4 A46<K><; 
2) CDB6989AAS F9EFG64AAS CD4JV6A<>4 ;4 A4EFGCA<@< A4CDS@>4@<: 

� CDBH9EV=AV ;A4AAS; 
� 4A>9FG64AAS F<@?V84; 
� 4A>9FG64AAS @9A98:9DG CDB9>FG; 
� 4A4?V; D9;G?PF4FV6 DB5BF< A48 ;484K4@< CDB9>FG; 

3) 79A9D4JVS BEB5<EF<I D9>B@9A84JV= MB8B CDBH9EV=AB7B ;DBEF4AAS; 
4) 4A4?V; @BF<64JVW; 
5) >B@C?9>EA<= 4A4?V; CDBH9EV=A<I >B@C9F9AJV= >B@4A8< F4 6<S6-
?9AAS «E?45><I @VEJP»; 

6) 6V8B5D4:9AAS 8<A4@V>< CDBH9EV=A9 ;DBEF4AAS CD4JV6A<>V6. 
�B@C?9>EA<= 4A4?V; CDBH9EV=A<I >B@C9F9AJV= >B@4A8< 6<>BAG-

RFPES A4 54;V EF4F<EF<KAB7B 4A4?V;G K<E?B6<I DS8V6 ;A4K9AP A46<KB> K?9-
AV6 >B@4A8< ;4 B5D4A<@ A45BDB@ DV6AV6 ;A4AP F9IAB?B7V=, MB B5@9:9AV 
E>?48AVEFR F4 BEB5?<6BEFS@< ;484K CDB9>FG. "F:9 J9= 9F4C A484є @B:?<-
6BEFV 6<S6<F< CBF9AJV=AV CDB5?9@< D94?V;4JVW F4 BFD<@4F< 84AV, A9B5IV8AV 
8?S E6BєK4EAB7B CD<=ASFFS DVL9AP MB8B DB;6<F>G F4 CBE<?9AAS >B@4A8<. 

�B@C?9>EA<= 4A4?V; >B@C9F9AJV= 8B;6B?Sє: BFD<@4F< 84AV CDB EG@V-
EAV ;A4AAS F4 A46<K>< >B@4A8<; BJVA<F< A4E>V?P>< >B@4A84 CDBH9EV=AB 
CV87BFB6?9A4 8?S 6<>BA4AAS CB84?PL<I ;484K CDB9>FG; 6<;A4K<F< S><I 
;A4AP F4 8BE6V8G A9 8BEF4FAPB. 

&4><@ K<AB@ ;4CDBCBAB64A<= AB6<= CV8IV8 @B:9 5GF< ;4EFBEB64AB 
A4 D4AAVI 9F4C4I DB;6<F>G �& CDB9>FV6, G S>BEFV VAEFDG@9AFG 4A4?V;G D<;<-
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>V6 F4 D9;G?PF4FV6 CDB9>FG,  4 F4>B: S> 8B84F>B6B7B 4D7G@9AFG @BF<64JV=-
ABW CDB7D4@< CDBH9EV=AB7B DB;6<F>G >B@4A8< CDB9>FG. 

%C<EB> ?VF9D4FGD< 

1. �DK<54?P8 $. 'CD46?9A<9 6OEB>BF9IAB?B7<KAO@< CDB7D4@@4@< < CDB9-
>F4@< / $4EE9? �. �DK<54?P8; C9D. E 4A7?.  4@BAFB64 �.�.; CB8. D98. �4:9AB64 �. 
�., �D9HP964 �. ". � 3-9 <;8., C9D9D45. < 8BC. �  .: �B@C4A<S �=&<; � � #D9EE, 
2004. � 472 E., <?. 

2. �BD89964 �.�. #D<BD<F9FABEFP DB?9= CB QF4C4@ D4;6<F<S >B@4A8O < EF4-
8<S@ :<;A9AAB7B J<>?4 CDB9>F4 [�?9>FDBAA<= D9EGDE] / �.�. �BD89964 // �VEA<> 
)9DEBAEP>B7B 89D:46AB7B F9IAVKAB7B GAV69DE<F9FG. � 2009. � №1(34). � %.51�55. 

3. +9DAB6 %. �. "EAB6O QHH9>F<6AB= D45BFO CDB9>FAB= >B@4A8O / %. �. 
+9DAB6, �. �. �96<F // $48VB9?9>FDBA. V >B@C�RF. E<EF9@<. � 2007. � № 3. � %. 128�
133. � �<5?<B7D.: 8 A4;6. � DGE. 
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�"�' �!&�� 

�?4E<HV>4JVS F9>EFB6<I 8B>G@9AFV6 CDB6B8<FPES 8?S CB?97L9AAS 
CDBJ9EG CBLG>G A9B5IV8ABW VAHBD@4JVW G 69?<>B@G B5�є@V A4>BC<K9A<I 
@4F9DV4?V6, CD98EF46?9A<I A4 DV;A<I @B64I E6VFG. &4>, 8?S A4LB7B D97VBAG 
A4=5V?PL DB;CB6ER8:9A<@< @B64@< є 4A7?V=EP>4, DBEV=EP>4 F4 G>D4WAEP>4. 
!46989AV 6 ?VF9D4FGDV 46FB@4F<KAV >?4E<HV>4FBD< BIBC?RRFP ;895V?PLB7B 
@4F9DV4?<, A484AV 4A7?V=EP>BR F4 DBEV=EP>BR @B64@<. #D< JPB@G G>D4W-
AB@B6AV F9>EF< ;4?<L4RFPES BEFBDBAP.  

' 84AV= DB5BFV CDBCBAGєFPES @9FB8 CBC9D98APBW B5DB5>< G>D4WAB-
@B6A<I F9>EFV6 ; @9FBR WI CB84?PLBW >?4E<HV>4JVW. 

#DBJ9E >?4E<HV>4JVW C9D9854K4є CDBIB8:9AAS 89>V?P>BI 9F4CV6. #9-
DL<@ 9F4CB@ є C9D9F6BD9AAS F9>EFB6<I 8B>G@9AFV6 G HBD@G, CD<84FAG 8?S 
CB84?PLBW >B@C�RF9DABW B5DB5>< � 69>FBDG 84A<I. �4?V 6<>BAGєFPES B5-
DB5>4 BFD<@4AB7B 69>FBDG ; @9FBR =B7B ;@9AL9AAS L?SIB@ 6V8EV>4AAS 
EGHV>EV6 V ;4>VAK9AP E?V6 (EF9@@VA7), 6<>?RK9AAS A9VAHBD@4F<6A<I E?V6. 

                                                           
1 �ECVD4AF �!&' 
2 �BJ9AF �!&' 
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�DG7<@ 9F4CB@ є 59;CBE9D98APB >?4E<HV>4JVS. &B@G CDBJ9E EF9@@VA74 є 
B8A<@ V; >?RKB6<I 9F4CV6 CBC9D98APBW B5DB5>< F9>EFG.  

' ?VF9D4FGDV A46989AB 69?<>G >V?P>VEFP 4?7BD<F@V6 EF9@@VA7G. �?9 
6BA< A4=K4EFVL9 C9D9854K4RFP B5DB5>G F9>EFV6, A46989A<I A4 DB;CB6ER-
8:9A<I 6 E6VFV @B64I, 8B S><I G>D4WAEP>4 A9 A4?9:<FP. &B@G 6 84AV= DB5BFV 
CDBCBAGєFPES 8?S DB;7?S8G 4?7BD<F@ EF9@@VA7G 8?S G>D4WAB@B6A<I F9>EFV6 
A4 BEAB6V 4?7BD<F@G #BDF9D4 [1]. %F9@@9D #BDF9D4 CB5G8B64AB ;4 CD<A-
J<CB@ BC<E4AAS CD46<? 6V8EV>4AAS EGHV>EV6 F4 ;4>VAK9AP, MB A9 6<@474є 
8B84F>B6BW 54;< 8?S 79A9DG64AAS >D<F9DVW6 GEVK9AAS E?V6. *9= H4>F ;@9A-
LGє A9B5IV8A<= B5ES7 C4@�SFV 8?S DB5BF< CDB7D4@<, MB A484є @B:?<6VEFP 
EF6BD<F< 46FBAB@AG CDB7D4@G A969?<>B7B B5ES7G. #DB5?9@<, S>V 6<A<>4-
RFP CD< DB5BFV 84AB7B EF9@@9D4 (E<?PA9 45B E?45>9 GEVK9AAS E?V6) A9 є 
>D<F<KA<@< 8?S 6<DVL9AAS ;484KV >?4E<HV>4JVW F9>EFB6<I 8B>G@9AFV6. 

' ?VF9D4FGDV VEAGє 69?<>4 >V?P>VEFP D94?V;4JV= EF9@@9F4 #BDF9D4, F4 
8?S G>D4WAEP>BW @B6< 6BA4 A9 C9D9854K4?4EP K9D9; HBA9F<KAG F4 BDHB7D4-
HVKAG 5?<;P>VEFP WW 8B DBEV=EP>BW. �?9 VEAGRKV 6V8@VAABEFV A9 8B;6B?SRFP 
S>VEAB 6<>BD<EFB6G64F< EF9@@9D, DB;DB5?9A<= 8?S DBEV=EP>B@B6A<I 8B-
>G@9AFV6 [2], 8?S CBC9D98APBW B5DB5>< G>D4WAB@B6A<I F9>EFV6. 

%F9@@9D #BDF9D4 8?S G>D4WAEP>BW @B6<, MB CDBCBAGєFPES, @4є >V?P-
>4 BEB5?<6BEF9=: 6<>?RK9AAS V; E?B64 E<@6B?G 4CBEFDBH4 F4 DV6AB;A4K-
AVEFP 5G>6 «ґ» F4 «7». � D9;G?PF4FV 4A4?V;G CD46<? CB5G8B6< E?V6 G>D4WAEP-
>BW @B6< 5G?B BFD<@4AB C9D9?V> ;4>VAK9AP, I4D4>F9DA<I 8?S V@9AA<>V6, 
CD<>@9FA<>V6, 8VєE?V6, 8VєCD<>@9FA<>V6, 8VєCD<E?V6A<>V6, 6<8V?9AB HBD@< 
EGHV>EV6 8?S A4=6<MB7B EFGC9AS CBDV6ASAAS CD<>@9FA<>4 F4 ;4;A4K9AB 
CB86BєAAS CD<7B?BEA<I. �V8EV>4AAS 6V85G64єFPES ;4 A4=5V?PL<@ ECV6C4-
84RK<@ EGHV>EB@ V ;4>VAK9AAS@ F4 6<>BAGєFPES A48 K4EF<ABR E?B64 CVE?S 
C9DLB7B F4 8DG7B7B ECB?GK9AAS «7B?BEA4-CD<7B?BEA4» 8?S 6<>?RK9AAS 
C9D9F6BD9AAS E?V6, MB E>?484RFPES ; B8AB7B E>?48G. 

� GD4IG64AAS@ BFD<@4A<I 84A<I CDBCBAGєFPES A4EFGCA4 CBE?V8B6-
AVEFP 8V= CD< D94?V;4JVW EF9@@9D4 #BDF9D4 8?S G>D4WAB@B6A<I F9>EFV6: 

1. 3>MB є 4CBEFDBH, FB 6VA 6<84?SєFPES. 
2. 3>MB є 5G>64 «ґ», FB 6BA4 ;4@VARєFPES A4 «7». 
3. �<;A4K9AAS B5?4EF9= E?V6 CVE?S C9DLB7B F4 8DG7B7B ECB?GK9AAS 

«7B?BEA4-CD<7B?BEA4». 
4. �<84?9AAS EGHV>EG F4 ;4>VAK9AAS E?B64 6 ;4?9:ABEFV 6V8 K4EF<A< 

@B6<. 
5. 3>MB BFD<@4A9 E?B6B ;4>VAKGєFPES A4 7B?BEAG, FB 6BA4 6<84?S-

єFPES. 
6. �<84?9AAS CB86BєA<I CD<7B?BEA<I V «P».  
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�4A<= 64DV4AF 4?7BD<F@G 6<>BAGє 6V8EV>4AAS EGHV>EV6 F4 ;4>VAK9AP 
E?V6 G>D4WAB@B6A<I F9>EFV6. *9 8B;6B?Sє ECDBEF<F< 69>FBD 84A<I ;4;A4K9-
A<I F9>EFV6 L?SIB@ 6<>?RK9AAS CB6FBDV6 B8A4>B6<I E?V6, ;G@B6?9A<I 
DV;A<@< HBD@4@< F4 6V8@VA>4@< WI 6<>BD<EF4AAS. ' D9;G?PF4FV ;@9ALG-
RFPES 6<@B7F< 8B B5�є@G C4@�SFV, A9B5IV8ABW 8?S D94?V;4JVW >?4E<HV>4FBD4. 

%C<EB> ?VF9D4FGD< 

1. Porter M.F. An algorithm for suffix stripping / M.F. Porter // Program, 2006, 
� Vol 40 Iss: 3� $ .211 � 218 

2. #9D9EFBDBA<A #469? %F9@@9D #BDF9D4 8?S DGEE>B7B S;O>4/ #469? #9D9-
EFBDBA<A // 2014 [1?9>FDBAAO= D9EGDE] $9:<@ 8BEFGC4: 
https://eigenein.xyz/snowball/ 

'�� 004.6, 004.9 
�9=A974 �.2.1, "?9HVD9A>B �.�.2 

%�%&� � «����&$"!!�  ���+!� ��$&� ����&!"�» 

�AHBD@4JV=AV E<EF9@< 8?S ;5BDG, B5DB5><, ;59DV74AAS F4 4A4?V;G 84-
A<I 6<>BD<EFB6GRFPES G 6EVI 74?G;SI, 6 FB@G K<E?V V 6 @98<J<AV. ' ;6�S;>G 
; F<@, MB 6 @98<J<AV CBFDV5A4 BC9D4F<6A4 B5DB5>4 VAHBD@4JVW F4 A974=A9 
D947G64AAS A4 CB8VW, MB 6V85G64RFPES, 4>FG4?PA<@ є A9 FV?P>< ;5VD, 4?9 
F4>B: V 4A4?V; 84A<I. "F:9, 4>FG4?PAVEFP CD98EF46?9ABW DB5BF< 6<;A4K4-
єFPES S> VAF9AE<6ABR VAF97D4JVєR VAHBD@4JV=A<I F9IAB?B7V= 6 GEV 74?G;V 
EGK4EAB7B :<FFS, 6 FB@G K<E?V V 6 @98<J<AG, F4> V CD47A9AAS@ 68BE>BA4?<-
F< 6;4є@B8VR @V: C4JVєAFB@ F4 ?V>4D9@, 4 F4>B: @V: ?V>4DS@< DV;A<I EC9-
JV4?PABEF9=.  

�EAGRKV 6 '>D4WAV @98<KAV VAHBD@4JV=AV E<EF9@<, S>V VAF97DB64AV 6 
G>D4WAEP>V @98<KAV ;4>?48<, CD< A4S6ABEFV @B8G?V6 ?45BD4FBDVW F4  EC9JV4-
?PAB7B 4A4?V;G >DB6V A9 @4RFP CDB7D4@ABW DB;DB5>< 8?S B5@VAABW >4DF< 
647VFABW. &B@G EF6BD9AAS  E<EF9@< ; GD4IG64AAS@ EF4A84DFV6 B5?V>G B5-
@VAABW >4DF>< 647VFABW 6 '>D4WAV є 8G:9 4>FG4?PA<@. 

%9D98B6<M9@ HGA>JVBAG64AAS E<EF9@< 5G?4 B5D4A4 BC9D4JV=A4 E<EF9-
@4 Windows 7 K9D9; WW CBCG?SDAVEFP E9D98 >BD<EFG64KV6, ?97>VEFP CV8FD<@>< F4 
6V8AB6?9AAS, EF45V?PAVEFP DB5BF<, 8DG:9?R5A<= VAF9DH9=E, L<DB><= 8V4C4;BA 
A4?4LFG64AP, 6<EB>G EFV=>VEFP, EG@VEAVEFP ; A4=CBL<D9AVL<@< EGK4EA<@< 
CDB7D4@4@<. %9D98B6<M9@ DB;DB5>< 5G?B B5D4AB E<EF9@G >9DG64AAS �� 
                                                           
1 EF. 6<>?484K �!&' 
2 EFG8. 7D.. �!&-412 �!&' 
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InterSystems Caché. �B WW BEAB6A<I C9D9647 A4?9:4FP 6<EB>4 CDB8G>F<6AVEFP, 
A9B5@9:9A9 @4ELF45G64AAS, A48V=AVEFP F4 6V8@B6BEFV=>VEFP E9D69DG 84A<I; 
7AGK>VEFP F4 CBFG:AVEFP 8?S L6<8>BW DB;DB5><, @V7D4JVW F4 DB;7BDF>< 8B84F>V6 
A4 E9D69DV; 59;?VK 65G8B64A<I @9I4AV;@V6 8BEFGCG S> 8B ;B6AVLAVI E<EF9@ F4 
F9IAB?B7V=, F4> V 8B 84A<I, MB ;59DV74RFPES; CB6ABJVAA<= F4 HGA>JVBA4?PAB 
5474F<= VAEFDG@9AF4DV= 8?S DB;DB5><, MB @VAV@V;Gє K4E EF6BD9AAS F4 F9EFG-
64AAS 8B84F>V6 5G8P-S>B7B DV6AS E>?48ABEFV. ' S>BEFV E9D98B6<M4 DB;DB5>< 
8V47D4@ CBE?V8B6ABEFV BEAB6A<I CDBJ9EV6 5G?B B5D4AB CDB7D4@A<= CDB8G>F 
IBM Rational Rose Enterprise. 

�?S 84ABW E<EF9@< 5G?B 6<8V?9AB A4=5V?PL 64:?<6V F4 A4=5V?PL 
9H9>F<6AV @9FB8< 8V47ABEF<>< CV8 K4E 647VFABEFV. 'EV @9FB8< F4 8BE?V-
8:9AAS 5G?B DB;CB8V?9AB A4 CDBEFV F4 >B@C?9>EAV 8?S ;DGKABEFV ECD<=ASF-
FS F4 B5DB5>< 84A<I ; D9;G?PF4F4@< F4 6<EAB6>V6. 

%<EF9@4 ;459;C9KGє 6<>BA4AAS A4EFGCA<I HGA>JV=: 
� ;4CB6A9AAS 4A4?V;V6; 
� C9D96VD>4 66989A<I 84A<I; 
� HBD@G64AAS 6<EAB6>V6 A4 BEAB6V CB>4;A<>V6 D9;G?PF4FV6 4A4?V;V6; 
� D9847G64AAS 4A4?V;V6; 
� 6<84?9AAS 4A4?V;V6; 
� 9>ECBDF 4A4?V;V6 8B Microsoft Excel;  
� C9D97?S8 4A4?V;V6. 
#D< A4S6ABEFV �AF9DA9FG, 6EF4AB6?9ABW >?VєAFEP>BW K4EF<A< 

InterSystems Caché V CD< A4S6ABEFV 5G8P-S>B7B 5D4G;9D4, >BD<EFG64K @B:9 
C9D9=F< A4 E4=F F4 B;A4=B@<F<ES ; CBFDV5ABR VAHBD@4JVєR.  

"EAB6A<@ >BD<EFG64K9@, S><= 6;4є@B8Vє ; E<EF9@BR, є ?V>4D. �B 
=B7B CB6AB64:9AP A4?9:4FP C9D97?S8 VAHBD@4JVW CDB C4JVєAFV6, ;4CB6A9A-
AS B5@VAABW >4DF>< C4JVєAFV6, 4 F4>B: DB5BF4 ; 4A4?V;4@<, MB є >?RKB6BR 
;484K9R 84ABW E<EF9@<. &B@G HGA>JVBA4?PA4 K4EF<A4 ?V>4DS 6 84AV= E<E-
F9@V EF4AB6<FP: 

� 8B8464AAS D9;G?PF4FV6 4A4?V;V6; 
� C9D97?S8 D9;G?PF4FV6 4A4?V;V6; 
� D9847G64AAS D9;G?PF4FV6 4A4?V;V6; 
� 6<84?9AAS 4A4?V;V6; 
� 8DG> 4A4?V;V6. 
">DV@ ?V>4DS, 8BEFGCB@ 8B E<EF9@< 6B?B8Vє F4>B: C4JVєAF. �B7B CB-

6AB64:9AAS B5@9:9AV, 6VA @4є @B:?<6VEFP FV?P>< B;A4=B@?R64F<ES ;V E6B-
єR B5@VAABR >4DFBR, 4 F4>B: ;V E6BW@< 4A4?V;4@<. (GA>JVBA4?PA4 K4EF<A4 
C4JVєAF4  6 E<EF9@V � C9D97?S8 D9;G?PF4FV6 4A4?V;V6. 
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#DB7D4@A<= CDB8G>F є A48V=A<@ � CD4JRє B5DB5>4 6<ASF>V6. �:9-
D9?B@ VAHBD@4JVW CDB 6<ASF>B6V E<FG4JVW CD< DB5BFV ; CDB7D4@A<@ CDB8G>-
FB@ є EC?<64RKV CB6V8B@?9AAS. 

�4A4 DB;DB5>4 ECDB9>FB64A4 F4><@ K<AB@, MB 6BA4 @B:9 5GF<  CB-
6AVEFR EG@VEABR ; 5V?PLBR E<EF9@BR, S>4 ;4=@4єFPES D9єEFD4JVєR C4JVєA-
FV6, B5?V>B@ 6V86V8G64AP ?V>4DV6, 4 F4>B: ;474?PA<@ B5?V>B@ CDBFV>4AAS 
647VFABEFV. �AF97DG64AAS 84ABW DB;DB5>< 8B BEAB6ABW E<EF9@< є 45EB?RFAB 
59;C9KA<@ F4 A9 EF6BD<FP :B8A<I CDB5?9@. 

#DB7D4@4 5G?4 DB;DB5?9A4 ; @9FBR 8BCB@B7< @98<KA<@ GEF4AB64@ 
L6<8L9 ;8V=EA<F< C9D96989AAS A4 9?9>FDBAAG HBD@G 6989AAS 8B>G@9AF4-
JVW F4 EF6BD9AAS є8<AB7B VAHBD@4JV=AB7B CDBEFBDG @98<KA<I ;4>?48V6. 
#9D9854K4єFPES, MB DB;DB5>4 5G89 >BD<EABR ; 89>V?P>BI CD<K<A. �B>D9@4, 
6<>BD<EF4AAS 9?9>FDBAABW @98<KABW >4DF< E>BDBF<FP K4E ?V>4D96V A4 6A9-
E9AAS F4 ;A4IB8:9AAS D9;G?PF4FV6 4A4?V;V6. &4>B: CVE?S 6CDB648:9AAS 
CV8E<EF9@< BKV>GєFPES E>BDBK9AAS K9D7 C4JVєAFV6, S>V CD<=L?< ;4 D9;G?P-
F4F4@< 4A4?V;V6. 

'�� 004.418 
�9=A974 �.2.1, (98BDK9A>B Є. .2 �BDAVєA>B ".�.3 

��&" �&��"��!� #��%�%&� � «#$"�!"�'��!!3 %&�!' 

��"$"��3 #�*�Є!&�» 

' ;6�S;>G ; CB7VDL9AAS@ 9>B?B7VKABW E<FG4JVW A4 C?4A9FV, ;@VABR 
B5D4;G :<FFS ?R89= F4 VAL<@< H4>FBD4@< 6E9 5V?PL9 ?R89= EFD4:84RFP 
6V8 DV;A<I ;4I6BDR64AP F4 C9D98K4EAB CB@<D4RFP K9D9; A<I. �>FG4?PAVEFP 
;484KV DB;DB5>< CV8E<EF9@< 8?S CDB7AB;G64AAS ;8BDB6�S CB?S74є 6 FB@G, 
MB F4>4 CV8E<EF9@4 8B;6B?<FP C9D9854K<F< CBS6G ;4I6BDR64AP G C4JVєAFV6 
F4 6<?V>G64F< WI A4 D4AAV= EF48VW, A9 8BCGEF<6L< DB;6<F>G I6BDB5<.  

�V?PLVEFP VEAGRK<I CDB7D4@A<I ;4EB5V6 8?S 4A4?V;G F4 CDB7AB;G-
64AAS ;8BDB6�S  6<>BD<EFB6GRFPES 6<>?RKAB 6 @98<KA<I ;4>?484I V A98B-
EFGCAV ;6<K4=A<@ >BD<EFG64K4@. �?9 VEAGRFP V VALV E<EF9@<, S>V 8BEFGCAV 
5G8P->B@G. �?S 6<>BD<EF4AAS 5V?PLBEFV ; A<I A9B5IV8AB CD<854F<  EC9JV-
4?PA<= CD<?48, ;4 8BCB@B7BR S>B7B CDB6B8<FPES 4A4?V; CBFBKAB7B EF4AG 
;8BDB6�S C4JVєAF4. &4><= CD<?48 6<>BD<EFB6GєFPES 8?S CDB6989AAS A9VA-
64;V=AB7B B5EF9:9AAS BD74AV;@G. � ;4?9:ABEFV 6V8 E<EF9@< V @9FB84 B5-
EF9:9AAS @B:GFP ;AV@4F<ES CB>4;A<>< ; DV;A<I K4EF<A FV?4. �G?B DB;7?S-
AGFB E<EF9@< QANS PWV Pro, �B@4LAV= 8B>FBD, #9D9E69F, Colorimetrix 
                                                           
1 EF.  6<>?484K  �!&' 
2 EF.  6<>?484K  �!&' 
3 EFG89AF �!&' 
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F4 Simptomer.ru. !4 6V8@VAG 6V8 DB;7?SAGF<I E<EF9@, DB;DB5?9A4 CV8E<EF9-
@4 8B;6B?Sє 6<>BAG64F< CDB7AB;G64AAS ;4 D9;G?PF4F4@< ?45BD4FBDA<I 
4A4?V;V6. *9 8B;6B?Sє ;5V?PL<F< FBKAVEFP 8V47ABEFG64AAS.  

$B;DB5?9A4 CV8E<EF9@4 8B;6B?Sє 6<>BAG64F< BC9D4JVW ; ;4C<E4@< 
CDB C4JVєAFV6 F4 D9;G?PF4F< WI 4A4?V;V6 (8B8464AAS, ;@VA4, 6<84?9AAS). #V8-
E<EF9@4 8B;6B?Sє 6<>BAG64F< CDB7AB; ;4 VEAGRK<@< D9;G?PF4F4@< 4A4?V-
;V6. �4 CDB7AB;B64A<@< D9;G?PF4F4@< 4A4?V;V6 @B:?<6B 6<;A4K<F< A4=-
5V?PL 6VDB7V8A<= 8V47AB;. #D< JPB@G D9;G?PF4F< F<I 4A4?V;V6, S>V A9 ;5<-
D4?<ES 6 C4JVєAF4, CD< CBEF4AB6JV 8V47AB;G 664:4RFPES ABD@4?PA<@<. 

�?S CDB7AB;G64AAS D9;G?PF4FV6 4A4?V;V6 5G?B 6<>BD<EF4AB 4?7BD<F@ 
4A4?V;G K4EB6<I DS8V6 ARIMA. �?7BD<F@ 6<>BD<EFB6GєFPES 8?S A9EF4JVB-
A4DA<I K4EB6<I DS8V6. 

�?S 6<;A4K9AAS 8V47AB;G A4 A4EFGCAB@G 9F4CV 6<>BD<EFB6GєFPES 54-
74FBL4DB64 A9=DBAA4 @9D9:4. !4 6IB8< @9D9:V CB84RFPES D9;G?PF4F< 
4A4?V;V6, 4 A4 6<IB84I � 8V47AB;. � S>BEFV 8<E>D<@VA4AFABW HGA>JVW 6<>BD<-
EF4AB ;64:9AG EG@G, 4 6 S>BEFV HGA>JVW 4>F<64JVW � E<7@BW8AG. �?S A46K4A-
AS A9=DBAABW @9D9:V 6<>BD<EF4AB @9FB8 ;6BDBFAB7B CBL<D9AAS CB@<?><. 

#V8E<EF9@G D94?V;B64AB ;4 8BCB@B7BR @B6< CDB7D4@G64AAS C#. �?S 
;59D9:9AAS 84A<I CDB C4JVєAFV6 6<>BD<EF4AB %��� Cache InterSystems. 

#V8E<EF9@4 є K4EF<ABR E<EF9@< «�6FB@4F<;B64A4 E<EF9@4 8BCB?B-
7B6B7B B5EF9:9AAS «�8BDB64 @4F< � ;8BDB69 8<FS», S>4 CD<;A4K9A4 8?S 
46FB@4F<;4JVW ;4C<EG A4 CD<=B@ 8B ?V>4DS, B5?V> C4JVєAFV6 V BHBD@?9AAS 
B5@VAABW >4DF< 647VFABW. %<EF9@4 DB;DB5?SєFPES 8?S CB?V>?VAV>, ?V>4D9AP V 
:VABK<I >BAEG?PF4JV= 8?S E<EF9@4F<;4JVW F4 B5?V>G 647VFA<I :VAB> CD< 
6V86V8G64AAV 8BDB8B6<I >BAEG?PF4JV=. 

$B;DB5?9A4 CV8E<EF9@4 8B;6B?Sє 6<>BAG64F< CDB7AB;G64AAS D9;G?P-
F4FV6 4A4?V;V6 C4JVєAF4 F4 6<;A4K4F< 8V47AB; ;4 A<@<. �?S 6<;A4K9AAS FBK-
ABEFV CDB7AB;G64AAS F4 8V47ABEFG64AAS 5G?B 6<>BD<EF4AB F9EFB6G 6<5VD>G 
84A<I FD<8JSFPBI C4JVєAFV6. �<;A4K9AB, MB 6V8I<?9AAS CDB7AB;B64A<I 
D9;G?PF4FV6 4A4?V;V6 6V8 D94?PA<I E>?484є CD<5?<;AB 6V8 15% 8B 5% 6 ;4-
?9:ABEFV 6V8 >V?P>BEFV 8AV6, G S>V ;5<D4?<ES 4A4?V;<. ' 28 ; 30 C4JVєAFV6 
8V47AB; 5G?B 6<;A4K9AB CD46<?PAB, BF:9 CB@<?>4 CD< 8V47ABEFG64AAV 
E>?484є 5?<;P>B 7%. 

%C<EB> ?VF9D4FGD< 

1. )4=><A %. !9=DBAAO9 E9F<: CB?AO= >GDE / %. )4=><A; C9D. E 4A7?. �  .: 
�<?PS@E, 2006. � 1104 E. 

2. !9=DBAAV @9D9:V : A46K4?PA<= CBEV5A<> / %. ". %G55BFVA, �. ". "?V=A<>; 
CV8 ;47. D98. CDBH. %. ". %G55BFVA4. � �4CBDV::S : �!&', 2013. � 125 E. 

3. �?7BD<F@ ARIMA [�?9>FDBAA<= D9EGDE]. � $9:<@ 8BEFGCG: 
https://ru.wikipedia.org/wiki/ARIMA. 
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'�� 004.272.2:519.63 
�@<FD<964 ".�. 1, 

"� ���#&�*�� $��!"%&!/) %)�  ��3 #�$�����0!"�" 

'#$����!�3 ,��"  +�%��!!"�" �!&��$�$"��!�3 

� 84AAB= EF4FP9 CDB8B?:9AO <EE?98B64A<S, CBE6SM9AAO9 6BCDBE4@ 
EB;84A<S QHH9>F<6AOI C4D4??9?PAOI @9FB8B6 @B89?<DB64A<S 8<A4@<K9-
E><I E<EF9@, BEAB64AAOI A4 D9L9A<< ;484K< �BL< [1]. #D< QFB@ BEAB6AB9 
6A<@4A<9 G89?9AB 6BCDBE4@ GCD46?9A<S L47B@ <AF97D<DB64A<S, KFB, 6 
E6BR BK9D98P, CD<6B8<F > A9B5IB8<@BEF< >BAFDB?S ?B>4?PAOI < 7?B54?P-
AB= BL<5B> [2]. $4EE@BFD9AAO= 6 [3] CB8IB8, E6S;4AAO= E >BAFDB?9@ ?B-
>4?PAB= CB7D9LABEF< A4 BEAB69 EBCBEF46?9A<S D9L9A<=, CB?GK9AAOI E 
D4;AO@< CBDS8>4@< 6 EB6C484RM<I FBK>4I 5?B>4, B>4;O649FES BK9AP D9-
;G?PF4F<6AO@ CD< D9L9A<< A9:9EF><I GD46A9A<= < E<EF9@ < @B:9F 5OFP 
<ECB?P;B64A 8?S BJ9A>< CB7D9LABEF< CB?GK9AAB7B D9L9A<S. �E?< CB?G-
K<FP 4CD<BDAO9 BJ9A>< L474 <AF97D<DB64A<S 8?S B59EC9K9A<S ;484AAB= 
FBKABEF< 8B A4K4?4 EK9F4, FB @B:AB GF69D:84FP, KFB A< A4 >4>B@ GK4EF>9 
<AF97D<DB64A<S CB?GK9AA4S CB7D9LABEFP A9 CD96;B=89F ;484AAGR. !B, > 
EB:4?9A<R, F4>B= CB8IB8 A9 @B:9F B59EC9K<64FP <;@9A9A<9 L474 <AF97-
D<DB64A<S 6B 6D9@S EK9F4. 1FBF 6BCDBE EF4AB6<FES A4<5B?99 4>FG4?PAO@, 
>B784 <E>B@4S HGA>J<S (HGA>J<<) A4 BF89?PAOI GK4EF>4I <AF97D<DB64A<S 
I4D4>F9D<;G9FES D4;?<KAO@< E>BDBEFS@< <;@9A9A<S. � QFB@ E?GK49 J9?9-
EBB5D4;AB <ECB?P;B64FP 8?S <AF97D<DB64A<S 484CF<DG9@O= L47, KFB A9 
CB;6B?SRF B59EC9K<FP D4EK9FAO9 >B??B>4J<BAAO9 EI9@O [4]. �?S GEFD4-
A9A<S QFB7B A98BEF4F>4 6 D45BF9 CD98?4749FES 669EF< AB6O9 D4;ABEFAO9 
EI9@O, >BFBDO9 F4>:9 EFDBSFES A4 <AF9DCB?SJ<BAAOI @AB7BK?9A4I, EF9-
C9A< >BFBDOI EB6C484RF E >B?<K9EF6B@ FBK9> >B??B>4J<<, 4 ;A4K9A<S 
@AB7BK?9AB6 6 QF<I FBK>4I EB6C484RF E CD46O@< K4EFS@< 8<HH9D9AJ<-
4?PAB7B GD46A9A<S 6 D4EK9FAOI FBK>4I. !B FBK>< >B??B>4J<< A9 B5S;4-
F9?PAB 5G8GF CD98EF46?SFP EB5B= D46AB@9DAGR E9F>G, IBFS, :9?4F9?PAB, 
KFB5O BA< 5O?< E6S;4AO @9:8G EB5B= >4><@-?<5B >BQHH<J<9AF4@< CDB-
CBDJ<BA4?PABEF<. 

"CD989?9A<9 A4K4?PAOI ;A4K9A<= 6 D4EK9FAOI 5?B>4I BEGM9EF6?S-
9FES A4 BEAB69 @AB7BL47B6B7B CD98<>FBDAB7B @9FB84 �84@E4, KFB CB;6B-
?S9F CB6OE<FP FBKABEFP A4K4?PAB7B CD<5?<:9A<S. �OK<E?9A<9 CD<5?<-
:9AAOI ;A4K9A<= D9L9A<S ;484K< �BL< 6 >4:8B@ E?98GRM9@ D4EK9FAB@ 
5?B>9 BEGM9EF6?S9FES <F9D4J<BAAB < A9;46<E<@B. #BE?9 CB?GK9A<S D9L9-
A<S 6 BK9D98AB@ 5?B>9 BEGM9EF6?S9FES EBCBEF46?9A<9 CB?GK9AAOI ;A4K9-
A<= 6 EB6C484RM<I FBK>4I. �9?<K<A4 ABD@O D4EIB:89A<= @9:8G ;A4K9-
                                                           
1 8B>F. F9IA. A4G>, CDBH., �BA9J><= A4J<BA4?PAO= F9IA<K9E><= GA<69DE<F9F 
(7. #B>DB6E>) 
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A<S@< CD<5?<:9AAOI D9L9A<= 6 EB6C484RM<I G;?4I BEAB6AB7B 5?B>4 
S6?S9FES BCD989?SRM9= 8?S CD<ASF<S D9L9A<S B 6O5BD9 D4;@9D4 L474. 
#D< CDB6989A<< Q>EC9D<@9AFB6 66B8<?<EP D4;?<KAO9 ;A4K9A<S <A8<>4FB-
DB6, >BFBDO9 B59EC9K<64RF CD<ASF<9 D9L9A<S B5 <;@9A9A<< D4;@9D4 L474 
(C4D4@9FD <A9DJ<BAABEF<, >B?<K9EF6B <F9D4J<= 8?S GFBKA9A<S D9L9A<S 
@9FB8B@ !PRFBA4, 5?<;BEFP F9>GM9= ?B>4?PAB= CB7D9LABEF< > CD989?P-
AB@G BFABL9A<R < F.C.). 

#DB6989AAO9 <EE?98B64A<S CB;6B?<?< CD98?B:<FP AB6O9 CB8IB8O 
> EB;84A<R D4;ABEFAOI EI9@, KFB CB;6B?<?B D9L<FP CDB5?9@G C4D4??9?P-
AB7B GCD46?9A<S FBKABEFPR <AF97D<DB64A<S A4 BEAB69 64D<4J<< 8?<AO 
L474. � C9D6B@ E?GK49 CD98?B:9AB 66989A<9 8BCB?A<F9?PAB= FBK>< 6 
BCBDAO= 5?B>, KFB, E B8AB= EFBDBAO, A9 CD<6B8<F > G69?<K9A<R D4;@9D-
ABEF< E<EF9@O, AB, 6 FB :9 6D9@S, CB;6B?S9F CB?GK<FP 6 EB6C484RM<I 
FBK>4I D4EK9FAB7B 5?B>4 D9L9A<S, CBEK<F4AAO9 E D4;AO@< CBDS8>4@< 
FBKABEF<. #B?GK9A<9 K<E?9AAOI D9L9A<= E D4;AO@< CBDS8>4@< 4CCDB>-
E<@4J<< 6 EB6C484RM<I FBK>4I D4EK9FAB7B 5?B>4 CB;6B?<?B HBD@<DB64FP 
BJ9A>< CB7D9LABEF< K<E?9AAB7B <AF97D<DB64A<S 59; CD<6?9K9A<S FBKAB-
7B D9L9A<S, >BFBDB9, 6B @AB7<I E?GK4SI, 6BB5M9 A9<;69EFAB. �?S E?GK496, 
>B784 <E>B@4S HGA>J<S (HGA>J<<) A4 BF89?PAOI GK4EF>4I <AF97D<DB64A<S 
I4D4>F9D<;G9FES D4;?<KAO@< E>BDBEFS@< <;@9A9A<S, F.9., >B784 D9KP <89F 
B :9EF><I GD46A9A<SI, 6 D45BF9 CD98?B:9AO CB8IB8O > 64D<4J<< L474 
<AF97D<DB64A<S, BEAB64AAO9 A4 <ECB?P;B64A<< @AB7BL47B6OI @AB7BFB-
K9KAOI >B??B>4J<BAAOI 5?BKAOI @9FB8B6 E <;@9AS9@O@< D4;@9DABEFS@< 
BCBDAOI < D4EK9FAOI 5?B>B6 E A9D46AB@9DAO@ D4ECB?B:9A<9@ G;?B6. �?S 
46FB@4F<K9E>B7B HBD@<DB64A<S 6OK<E?<F9?PAOI EI9@ D4;D45BF4A4 CDB-
7D4@@A4S E<EF9@4, BEAB64AA4S A4 <ECB?P;B64A<< <AF97DB-
<AF9DCB?SJ<BAAB7B @9FB84. 

%C<EB> ?<F9D4FGDO 

1. Hairer E. Solving Ordinary Differential Equations II. Stiff and Differential-
Algebraic Problems / E. Hairer, G. Wanner. � Springer�Verlag, 1999. � 685p. 

2. Kulikov G.Yu. Doubly quasi-consistent parallel explicit peer methods with 
built-in global error estimation / G. Yu. Kulikov, R. Weiner // Journal of Computational 
and Applied Mathematics. � 2010. � Vol. 233. � P. 2351�2364. 

3. Dmitrieva O. Parallel Step Control. Development of parallel algorithms of the 
step variation for simulation of stiff dynamic systems/ O. Dmitrieva, L. Feldman. � 
Lambert Academic Publishing. � 2013. � 72 p. 

4. �@<FD<964 ".�. #4D4??9?PAO9 K<E?9AAO9 @9FB8O @B89?<DB64A<S 8<A4-
@<K9E><I B5N9>FB6: @BAB7D4H<S / ".�. �@<FD<964. � �D4EAB4D@9=E>: ��'� «�BA-
!&'», 2016. � 384 E 
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'�� 629.113:681.5 
�G5DB6<A �.�.1, �>B? %.�.2 

"��"$ #$"�$�%%��!/) %�%&�  #" "-� �"��&��2 

!4<5B?99 E?45O@ Q?9@9AFB@ E FBK>< ;D9A<S A489:ABEF< 6 E<EF9@9 
GCD46?9A<S 46FB@B5<?9@, S6?S9FES <@9AAB K9?B69>. 1FB B5NSEAS9FES 
E?B:ABEFPR B5D45BF>< <@ 5B?PLB7B CBFB>4 <AHBD@4J<< B5 <;@9A9A<< 
EBEFBSA<S B>DG:4RM97B CDBEFD4AEF64 CD< CBEFBSAAB= GE<?9AAB= >BA-
J9AFD4J<< 6A<@4A<S. 

�?S B59EC9K9A<S CB@BM< K9?B69>G 6 GCD46?9A<< 46FB@B5<?9@ 4>-
F<6AB D4;D454FO64RFES E<EF9@O, >BFBDO9 @B7GF D45BF4FP 6 D9:<@9 EB69F-
K<>4 6B8<F9?R, 4 F4>:9 6OCB?ASFP GCD46?9A<9 FD4AECBDFAO@ ED98EF6B@ 
59; 97B GK4EF<S. &4><9 E<EF9@O A4;O64RFES C9D98B6O@< E<EF9@4@< CB-
@BM< 6B8<F9?R (#%#�) (advanced driver assistance systems). 

�O89?SRF K9FOD9 D4;?<KAO9 F<C4 #%#� [1]: 
� <AHBD@4J<BAAO= � CD98BEF46?S9F <AHBD@4J<R B 8BDB79 < B>DG-

:4RM9= B5EF4AB6>9 6B8<F9?R; 
� CD98GCD9:89A<9 < B5D4FA4S E6S;P � G@9APL49F K<E?B BL<5B> 

</<?< A4DGL9A<=; 
� 6@9L4F9?PEF6B 6 GCD46?9A<9 46FB@B5<?9@ � G69?<K<649F >B@HBDF 

</<?< 59;BC4EABEFP C9D986<:9A<S; 
� 46FB@4F<;<DB64AAB9 86<:9A<9 � CB6OL49F 59;BC4EABEFP < BE6B-

5B:849F 6B8<F9?S BF GCD46?9A<S 46FB@B5<?9@. 
"EB5B9 6A<@4A<9 > D4;D45BF>9 E<EF9@ 4>F<6AB= CB@BM< 6B8<F9?R 

G89?<?< F4><9 46FBCDB<;6B8<F9?< >4>: Mersedes Benz, Nisan, BMW, Tesla. 
"EAB6A4S <89S ;4>?RK49FES 6 BEA4M9A<< EB6D9@9AAOI 46FB@B5<?9= E9A-
EBD4@< < 84FK<>4@<, >BFBDO9 CB;6B?SF EK<FO64FP < 4A4?<;<DB64FP <A-
HBD@4J<R B5 B>DG:4RM9@ 46FB@B5<?P CDBEFD4AEF69 < 8464FP K9?B69>G 
D9>B@9A84J<< CB 97B GCD46?9A<R.  

�6FBAB@A4S E<EF9@4 464D<=AB7B FBD@B:9A<S Mercedes Pre-safe 
Brake [2] 8?S <89AF<H<>4J<< >D<F<K9E>B= E<FG4J<< <ECB?P;G9F 84FK<>< 
D484D4 (G7B? B5;BD4 80 7D48GEB6) < EF9D9B>4@9DG (G7B? B5;BD4 45 7D48G-
EB6). �B8<F9?P CB?GK49F CD98GCD9:89A<9 B CBF9AJ<4?PAB= BC4EABEF< 
CD<@9DAB ;4 869 E CB?B6<AB= E9>GA8O 8B EFB?>AB69A<S. �E?< A4 QFB= EF4-
8<< 6B8<F9?P A4:<@49F A4 FBD@B;, 46FB@B5<?P 46FB@4F<K9E>< C9D9849F 
FBD@B;AB9 GE<?<9, A9B5IB8<@B9 8?S FB7B, KFB5O 5?47BCB?GKAB BEF4AB6<FP 
46FB@B5<?P (9E?< QFB H<;<K9E>< 6B;@B:AB) A9;46<E<@B BF FB7B, >4><9 

                                                           
1 �G5DB6<A �4?9D<= �64AB6<K � >.F.A., CDBH. >4H. #DB7D4@@AOI ED98EF6, �!&' 
2 �>B? %9D79= �?9>E4A8DB6<K � 4EC<D4AF >4H98DO #DB7D4@@AOI ED98EF6, �!&' 
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GE<?<S CD<?B:<? 6B8<F9?P. "8A4>B, 9E?< >D<F<K9E>4S E<FG4J<S CDB8B?-
:49F D4;6<64FPES, < 6B8<F9?P A<>4> A4 A99 A9 D947<DG9F, CD<@9DAB ;4 CB?-
FBDO E9>GA8O 8B CD98CB?4749@B7B EFB?>AB69A<S 46FB@B5<?P CD98CD<A<-
@49F K4EF<KAB9 FBD@B:9A<9; 6 B:<84A<< G84D4 F4>:9 ED454FO649F A4FS-
:9A<9 D9@A9= 59;BC4EABEF<. 

#%#� H<D@O Nissan F4>:9 CBEFDB9A4 A4 <ECB?P;B64A<< 84AAOI BF 
D484D4. 1F4 E<EF9@4 <;@9DS9F D4EEFBSA<9 BF FD4AECBDFAB7B ED98EF64 8B 
CD9CSFEF6<S, 4 ;4F9@ CB849F ;6G>B6B= E<7A4? < 6<;G4?PAB9 CD98GCD9:89-
A<9. �E?< BA4 GEF4AB6<F, KFB 6B8<F9?P 8B?:9A CD<ASFP @9DO, <?< EFB?>-
AB69A<9 A9<;59:AB, 84:9 CBE?9 89=EF6<= 6B8<F9?S, CDB<;6B8<FES FBD@B-
:9A<9 8?S ;4@98?9A<S 86<:9A<S FD4AECBDFAB7B ED98EF64, KFB CB;6B?S9F 
G@9APL<FP CB6D9:89A<S < G@9APL<FP GM9D5 6B 6D9@S �&#. 

� EGM9EF6GRM<I E<EF9@4I CB@BM< 6B8<F9?R ;4?B:9AB >B@5<A<-
DB64AAB9 <ECB?P;B64A<9 <AHBD@4J<<, CBEFGC4RM9= EB 6E9I 84FK<>B6. &B 
9EFP CD<ASF<9 D9L9A<S CB GCD46?9A<R FD4AECBDFAO@ ED98EF6B@ 6B;@B:-
AB FB?P>B CD< D45BFBECBEB5ABEF< 6E9I E9AEBDB6, KFB EA<:49F GDB69AP 99 
A489:ABEF<. &4><9 E<EF9@O F4>:9 A9 GA<69DE4?PAO, F.>. CD< E@9A9 GE?B-
6<= Q>EC?G4F4J<< FD4AECBDFAB7B ED98EF64 A9B5IB8<@B C9D9E@4FD<64FP 
HGA>J<< >4:8B7B <; E9AEBDB6 < 6ABE<FP <;@9A9A<S 6 E<EF9@G CD<ASF<S 
D9L9A<=. 

"59EC9K<FP 6OEB><9 CB>4;4F9?< D45BFBECBEB5ABEF< E<EF9@ CB@B-
M< 6B8<F9?R 6B;@B:AB 6 D9;G?PF4F9 CD<@9A9A<S EI9@ D9;9D6<DB64A<S 
[3], CBEFDB9AAOI CB CD<AJ<CG HBD@<DB64A<S GCD46?SRM97B 6B;89=EF6<S 
CB <AHBD@4J<< BF >4:8B7B F<C4 E9AEBDB6 BF89?PAB E 84?PA9=L<@ E<AF9-
;B@ CB?GK49@OI 84AAOI.  

%C<EB> ?<F9D4FGDO 

1. Carsten O.M.J. Nilsson L. Safety Assessment of Driver Assistance Systems. 
EJTIR, 2001, 225 � 243 pp. 

2. EURONCAP. Mercedes-Benz PRE-SAFE® Brake | Euro NCAP � For safer 
cars // [1?9>FDBAAO= D9EGDE] � $9:<@ 8BEFGC4: 
http://ru.euroncap.com/ru/rewards/mercedes_benz_pre_safe_brake.aspx. 

3. �9?S96, 2.�. !489:ABEFP F9IA<K9E><I E<EF9@. %CD46BKA<> / 2.�.  �9?S-
96, �.�. �B74FOD96, �.�. �B?BF<A < 8D. //  .: $48<B < E6S;P. 1985. � 608 E. 
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'�� 004.74 
�H<@9A>B !.�.1, �9?9A964 �.3.2, �DGL>B %.%.3, �G>4L �.�.4  

"#&� ���*�3 %)� / ��"�� '#$����!�3 

�"!(��'$�*��� �"$&"�"�" *�($"�"�" 

�/+�%��&��0!"�" �" #���%�  

%�%&� / '#$����!�3 �� � ����%� FPGA 

� A4EFBSM99 6D9@S CD4>F<K9E>< 6E9 5BDFB6O9 J<HDB6O9 6OK<E?<-
F9?PAO9 >B@C?9>EO (�*��) E<EF9@ GCD46?9A<S �� EFDBSFES CB 86GI>4-
A4?PAB= EI9@9, 6 >BFBDB= B8<A >4A4? S6?S9FES D45BK<@, 4 6FBDB= A4IB8<F-
ES 6 D9;9D69. #D< QFB@ D9;9D6 @B:9F 5OFP >4> «7BDSK<@» F4> < «IB?B8-
AO@». #D< F4>B@ CBEFDB9A<< �*�� 6 97B EBEF46 B5S;4F9?PAB 8B?:9A 6IB-
8<FP 5?B> GCD46?9A<S >BAH<7GD4J<9= (�'�), BEAB6AB= HGA>J<9= >BFBDB-
7B S6?S9FES >BAFDB?P D45BFBECBEB5ABEF< D45BF4RM97B >4A4?4 <, 6 E?GK49 
97B BF>4;4, 59;G84DAB9 C9D9>?RK9A<9 (59; CD9DO64A<S 6OK<E?<F9?PAB7B 
CDBJ9EE4) A4 D9;9D6AO= >4A4?. �4> CD46<?B, �'� S6?S9FES J<HDB6O@ GEF-
DB=EF6B@, D94?<;B64AAO@ A4 CDB7D4@@<DB64AAB= ?B7<K9E>B= <AF97D4?P-
AB= EI9@9 (#��%). #D< QFB@ 8?S B59EC9K9A<S CB6OL9AAOI FD95B64A<= > 
69DBSFABEF< 59;BF>4;AB= D45BFO BA 6OCB?AS9FES CB FD9I>4A4?PAB= EI9@9 
[1] E <ECB?P;B64A<9@ 6 >4K9EF69 4D5<FD4 @4:BD<F4D4, CD<K9@  8?S B59EC9-
K9A<S CB6OL9AAOI FD95B64A<= CB A489:ABEF< EFD9@SFES D94?<;B64FP 6ER 
EI9@G �'� 6 B8AB@ >BDCGE9 @<>DBEI9@O. 

*9?PR 84AAB7B <EE?98B64A<S S6?S9FES @<A<@<;4J<S C?BM48< >D<-
EF4??4, A9B5IB8<@B= 8?S D4;@9M9A<S  EI9@O �'� 6 >BDCGE9 @<>DBEI9@O. 
"5N9>FB@ <EE?98B64A<S S6?S9FES 4?7BD<F@ HGA>J<BA<DB64A<S �'�, >B-
FBDO= <ECB?P;B64?ES 6 EBEF469 �*�� �� «%<K-2» < «Egyptsat».  

� >4K9EF69 Q?9@9AFAB7B 54;<E4 8?S D94?<;4J<< ?B7<K9E>B= EI9@O 
GEFDB=EF64, EBBF69FEF6GRM9= ;484AAB@G 4?7BD<F@G HGA>J<BA<DB64A<S, 
D4EE@4FD<64?4EP @<>DBEI9@4 #��% FPGA XC3S1000 H<D@O Xilinx, >4> 
CD4>F<K9E>< 8BEFGCA4S 6 >B@C?9>F9 BF?48BKAB= C?4FO, 4 F4>:9 6<DFG4?P-
AO9 D9L9A<S E <ECB?P;B64A<9@ 5<5?<BF9KAOI EF4A84DFAOI @<>DBEI9@ 
CD< @B89?<DB64A<< A4 Verilog, VHDL [2]. 

 9FB8<>4 D9L9A<S ;484K< CB BCF<@<;4J<< I4D4>F9D<EF<> EI9@O 
�'� 6>?RK4?4 E?98GRM<9  BEAB6AO9 QF4CO: 

                                                           
1 >.F.A., 8BJ., 8<D9>FBD CB A4GKAB= D45BF9 !## «)4DFDBA-2>B@» 
2 >.F.A., 8BJ9AF >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
3 4EE<EF9AF >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
4 @47<EFD >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
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1. #D9B5D4;B64A<9 <EIB8AB7B 4?7BD<F@4 HGA>J<BA<DB64A<S �'� > 
6<8G ;4>B8<DB64AAB= 7D4H-EI9@O 4?7BD<F@4 (�%�). 

2. "C<E4A<9 CB?GK9AAB= �%� 4?7BD<F@4 A4 S;O>4I Verilog, VHDL. 
#DB69D>4 6D9@9AAOI 8<47D4@@ HGA>J<BA<DB64A<S GEFDB=EF64. 

3. �@C?9@9AF4J<S CDB9>F4 6 EF4A84DFAO9 @<>DBEI9@O FPGA, 
CPLD. �EE?98B64A<9 D4;AOI 64D<4AFB6 E J9?PR CB?GK9A<S 46FB@4F<K9-
E><I BFK9FB6 < ED46A9A<S I4D4>F9D<EF<>. �O5BD ?GKL<I EF4A84DFAOI 64-
D<4AFB6. 

4. #D<@9A9A<9 > EF4A84DFAO@ D9L9A<S@ F9BD9F<K9E><I @9FB8B6 
BCF<@<;4J<< EI9@O �'� CB >D<F9D<R G@9APL9A<S FD95G9@B= C?BM48< 
>D<EF4??4 [3]. 

5. #DB69D>4 >BDD9>FABEF< HGA>J<BA<DB64A<S BCF<@<;<DB64AAB= 
EI9@O. �O5BD ?GKL97B 64D<4AF4. 

6. "J9A>4 Q>BAB@<K9E>B= QHH9>F<6ABEF< D9L9A<S ;484K< BCF<@<-
;4J<< EI9@O �'�. 

#D98?B:9AA4S @9FB8<>4 CB;6B?S9F CB?GK<FP ?B7<K9E>GR EI9@G 
�'�, ;4A<@4RMGR @<A<@4?PAGR C?BM48P 6 >D<EF4??9, KFB B59EC9K<649F 
CB6OL9A<9 A489:ABEF<, CDB<;6B8<F9?PABEF<, D9EGDE4 D45BFO GEFDB=EF64 
6 GE?B6<SI >BE@<K9E>B7B CDBEFD4AEF64. 

%C<EB> ?<F9D4FGDO 

1. �4LF4AB6 �.�.,  9869896 �.�. &9BD<S A489:ABEF< E?B:AOI E<EF9@. 
'K95AB9 CBEB5<9. �  .: (�� �&��&, 2010. � 606 E. 

2. Kilts S. Advanced FPGA design / S. Kilts. � Wiley, 2007. � 336 pp. 
3. �4D>4?B6 �.�., �9?9A964 �.3., �DGL>B %.%. «"CF<@<;4J<S EI9@O EB6@9-

M9AAB7B 46FB@4F4 6 54;<E9 FPGA ECBEB5B@ ;4@9AO 6IB8AOI C9D9@9AAOI» 
// !4G>B6<= 6VEA<> +9DAV69JP>B7B A4JVBA4?PAB7B GAV69DE<F9FG V@9AV 2DVS (98P>B-
6<K4. %9DVS: �B@C�RF9DAV E<EF9@< F4 >B@CBA9AF<. &B@ 6, �<CGE> 2. � +9DAV6JV: 
+!', 2015. � E. 49�54. 
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%�%&� � �"!&$"�3 #�$���+� ��"�$���!�� �� 
��0&�$!�&��!/) �%&"+!��"� ��!!/) 

� EB6D9@9AAB@ <AHBD@4J<BAAB@ CDBEFD4AEF69, E D4;6<F<9@ EBJ<-
4?PAOI E9F9=, EF4?B 6B;@B:AB CB?GK<FP B5N9>F<6AGR <AHBD@4J<R B FB@ 
<?< <AB@ CDB8G>F9 <?< GE?G79 A9 BF @4D>9F<A7B6OI BF89?B6 >B@C4A<=, 4 
A9CBED98EF69AAB BF B5OKAOI CB?P;B64F9?9=. �B@C4A<<, <ECB?P;GS  6B;-
@B:ABEFP CD<6?9K9A<S ;4<AF9D9EB64AAOI >?<9AFB6 8?S CBCG?SD<;4J<< 
E6B<I CDB8G>FB6, GEFD4<64RF D4;ABB5D4;AO9 @9DBCD<SF<S, 6EFD9K<, 6O-
EF46><. �AHBD@4J<S E F4><I 6EFD9K B5OKAB CD98EF46?S9FES 6 6<89 <;B-
5D4:9A<= < 6O>?48O649FES 6 EBJ<4?PAO9 E9F<, CD<K9@ @B:9F B>4;4FPES 
A98BEFB69DAB=. �4:84S EBJ<4?PA4S E9FP CD98BEF46?S9F @AB:9EF6B HGA>-
J<=, A9>BFBDO9 CB;6B?SRF 5B?PL9 D45BF4FP E <;B5D4:9A<S@<, A9>BFBDO9 
D45BFG E <;B5D4:9A<S@< EF46SF A4 6FBDB= C?4A. �B?PL<AEF6B F4><I E9F9= 
<@99F G8B5AO9 E<EF9@O CB<E>4. � A4EFBSM99 6D9@S 8?S G8B5EF64 BFE?9-
:<64A<S B8AB= F9@O 6 EBJ<4?PAOI E9FSI <ECB?P;GRF I9LF97<. "FE?98<FP 
B8AB EB5OF<9 @O @B:9@ FB?P>B CD< CB<E>9 CB I9LF974@, AB A9 @B:9@ 
ED4;G 6>?RK<FP 6ER <AHBD@4J<R BF 6?489?PJ4 EB5OF<S < 8DG7<I CB?P;B-
64F9?9=, 4 FB?P>B HD47@9AF4@<, A4 D4;AOI CDBH<?SI, < A9F 74D4AF<< 8BE-
FB69DABEF< QFB= <AHBD@4J<<. 

� 84AAB= D45BF9 D4EE@4FD<649FES 4>FG4?PA4S A4GKA4S ;484K4 >BA-
FDB?S C9D984K< <;B5D4:9A<= <; 4?PF9DA4F<6AOI <EFBKA<>B6 84AAOI. #D< 
QFB@ GE?B6<9 B59EC9K9A<S 8BEFB69DABEF< <AHBD@4J<< 6OCB?AS9FES E CB-
@BMPR ED46A9A<S E 54;B6O@ QF4?BAB@ A4 BEAB64A<< BCD989?9A<S D4E-
EFBSA<S )Q@@<A74 [1]. #D98?B:9A CDBFBF<C E<EF9@O >BAFDB?S <;B5D4:9-
A<=, D94?<;B64AAO= 6 6<89 @B5<?PAB7B CD<?B:9A<S E CD<@9A9A<9@ 79B-
?B>4J<< 8?S H<>E4J<< <EFBKA<>B6, 4 F4> :9 E <ECB?P;B64A<9@ C9DJ9CF<6-
AB7B IQL4 < D4EEFBSA<S )Q@@<A74 8?S H<?PFD4J<< 8BEFB69DAB= <AHBD@4-
J<<, CD98EF46?9AAB= 6 6<89 <;B5D4:9A<=.    

#9DJ9CFG4?PAO9 IQL-4?7BD<F@O 79A9D<DGRF I9L<, CD98A4;A4K9A-
AO9 8?S ED46A9A<S <EIB8AOI 84AAOI [2]. 

                                                           
1 >.F.A., 8BJ9AF >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
2 EF4DL<= CD9C. >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
3 EF4DL<= CD9C. >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
4 @47<EFD >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
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)QL-;A4K9A<S F4><I 4?7BD<F@B6 F9@ 5?<:9, K9@ 5B?99 EIB:< 5O?< <EIB8-
AO9 84AAO9. %GM9EF6G9F A9E>B?P>B 4?7BD<F@B6 CBEFDB9A<S C9DJ9CF<6AB-
7B IQL4, 6 84AAB= D45BF9 <ECB?P;G9FES dHash.  

#D98?4749FES EFDG>FGD4 E<EF9@O H<?PFD4J<< <;B5D4:9A<=, EB-
EFBSM4S <; FD9I BEAB6AOI >B@CBA9AF: @B5<?PAB9 CD<?B:9A<9->?<9AF, 
EBBF69FEF6GRM4S E9D69DA4S K4EFP < 54;4 84AAOI. �?S G8B5EF64 D45BFO E 
BC9D4J<S@< A48 <;B5D4:9A<S@< 5O?4 6O5D4A4 < <ECB?P;B64A4 5<5?<BF9>4 
E BF>DOFO@ <EIB8AO@ >B8B@ OpenCV. %9D69D D4;D45BF4A A4 Python. �O-
CB?AS9F B5D45BF>G ;4CDBEB6 BF @B5<?PAB7B CD<?B:9A<S < 6OCB?AS9F BC9-
D4J<< E 54;B= 84AAOI. � >4K9EF69 54;O 84AAOI 5O?4 6O5D4A4 MongoDB. 
�4;4 84AAOI EB89D:<F 869 >B??9>J<< 8?S ID4A9A<S 84AAOI. 
�?7BD<F@ ED46A9A<S <;B5D4:9A<= 6>?RK49F BEAB6AO9 QF4CO: G@9APL9A<9 
D4;@9D4 <;B5D4:9A<S; C9D96B8 6 7D484J<< E9DB7B; 6OK<E?9A<9 ED98A97B 
;A4K9A<S SD>BEF<; EB;84A<9 IQL4; ED46A9A<9 E IQL9@ QF4?BA4. 
�EE?98B64A<S ;A4K9A<= D4EEFBSA<S )Q@@<A74 CB>4;4?<, KFB 8?S 8BEFB-
69DAB= C9D984K< <AHBD@4J<< CBDB7B6B9 ;A4K9A<9 D4EEFBSA<S )Q@@<A74 
8?S <;B5D4:9A<S 4?PF9DA4F<6AB7B <EFBKA<>4 84AAOI < QF4?BAAB7B <;B-
5D4:9A<S EBEF46?S9F 23 CGA>F4. 1F< 84AAO9 5O?< GKF9AO CD< D4;D45BF>9 
< D94?<;B64AAO9 6 >4K9EF69 GE?B6<S A4 CBIB:9EFP <;B5D4:9A<=.   !4 BE-
AB64A<< D9;G?PF4FB6 <EE?98B64A<S, > C9DEC9>F<6AO@ A4CD46?9A<S@ D45B-
FO @B:AB BFA9EF< E?98GRM99: D4;D45BF>4 CB8B5AB= E<EF9@O 8?S @B5<?P-
AOI BC9D4J<BAAOI E<EF9@ Android < iOS; D94?<;4J<S 84AAB= E<EF9@O E 
H<?PFD4J<9= <;B5D4:9A<= CB B5D4;4@ E CB@BMPR >4E>48B6 )44D4; <E-
CB?P;B64A<9 84AAB= E<EF9@O 6@9EF9 E 8DG7<@< CDB7D4@@AO@< >B@C?9>-
E4@<, >BFBDO9 D45BF4RF E @AB:9EF6B@ <;B5D4:9A<=. 
#D98?4749@4S E<EF9@4 H<?PFD4J<< <;B5D4:9A<= CD98A4;A4K49FES 8?S <E-
CB?P;B64A<S BD74A<;4FBD4@< 6OEF46BKAOI < 8DG7<I @9DBCD<SF<= E J9?PR 
B59EC9K9A<S 8BEFB69DABEF< BE69M9A<S EB5OF<= D4;?<KAO@< CBE9F<F9?S-
@< E CB@BMPR @B5<?PAOI F9?9HBAB6, 4 F4>:9 8?S G8B5EF64 CB<E>4 <A-
HBD@4J<< B @9DBCD<SF<< 8DG7<@< ;4<AF9D9EB64AAO@< CB?P;B64F9?S@<. 

%C<EB> ?<F9D4FGDO 

1. �9E < D4EEFBSA<9 )Q@@<A74. %CBEB5ABEFP >B8B6 B5A4DG:<64FP < <ECD46-
?SFP BL<5>< [1?9>FDBAAO= D9EGDE]. � 'K95AB9 CBEB5<9. � $9:<@ 8BEFGC4: 
http://bookwu.net/book_teoriya-informacii_986/19_3.9-ves-i-rasstoyanie-hemminga.-
sposobnost-kodov-obnaruzhivat-i-ispravlyat-oshibki 

2. #9DJ9CFG4?PAO9 IQL< 8?S ED46A9A<S <;B5D4:9A<= [1?9>FDBAAO= D9-
EGDE]. � $9:<@ 8BEFGC4: http://malexit.ru/?p=93  
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�!("$ �*�"!!"� %�%&� / �/�"$"� !� ���� 

��" �&$�+�%�"� &�)!"�"��� 

�6FB@4F<;<DB64AA4S <AHBD@4J<BAA4S E<EF9@4 6O5BDB6 (��%�), 
QF4 E<EF9@4 >BFBD4S BI64FO649F 69EP CDBJ9EE 6O5BDB6-CB87BFB6>G < CDB-
6989A<9 6O5BDB6, 4 F4>:9 CB86989A<9 <FB7B6 7B?BEB64A<S. 

� D4;D454FO649@B= E<EF9@9 CD98GE@4FD<649FES CD<@9A9A<9 E4@OI 
EB6D9@9AAOI <AHBD@4J<BAAOI F9IAB?B7<<, B59EC9K<64RM<9 CDBJ9EEO 
E5BD4, B5D45BF><, ID4A9A<S < C9D984K< <AHBD@4J<<, A9B5IB8<@B= 8?S 
6E97B >B@C?9>E4 @9DBCD<SF<< < D45BF CB BD74A<;4J<< 6O5BDB6 6E9I GDB6-
A9= < @4ELF45B6. 

�4> CB>4;4? 4A4?<; EGM9EF6GRM<I D4;AOI E<EF9@ CDB6989A<S 6O-
5BDB6 (6 F. K. < Q?9>FDBAAOI), CDBJ9EE 7B?BEB64A<S EBEFB<F <; 86GI BEAB6-
AOI H4;: 1. $97<EFD4J<< EG5N9>F4, GK4EF6GRM97B 6 6O5BD9 < 6O84K4 <;5<-
D4F9?PAB7B 5R??9F9AS < 2.!9CBED98EF69AAB CDBJ9EE 7B?BEB64A<S. %?98G9F 
BF@9F<FP, KFB 9E?< C9D64S H4;4 CDBJ9EE4 S6?S9FES BF>DOFO@ 8?S 6A9LA97B 
A45?R89A<S < >BAFDB?S, FB 6FBD4S H4;4 S6?S9FES ;4>DOFB=. 

%4@4 <89S 46FB@4F<;4J<< < Q?9>FDBA<;4J<< 6O5BDB6 A9 AB64S, BA4 
<@99F @B:AB E>4;4FP 69>B6GR <EFBD<R. !4 E97B8ASLA<= 89AP 5B?99 30 % 
A4E9?9A<S ;9@?< CB?P;G9FES Q?9>FDBAAO@< E<EF9@4@< 7B?BEB64A<S. !9>B-
FBDO9 EFD4AO CBKF< CB?ABEFPR C9D9L?< A4 Q?9>FDBAAGR 7B?BEB64A<9 
(�D4;<?<S, �9A9EGQ?4). � DS89 EFD4A 698GFES D45BFO CB EB;84A<R 7BEG84D-
EF69AAOI E<EF9@ 46FB@4F<;<DB64AAB7B GCD46?9A<S 6O5BD4@< ($BEE<S, 
�A8<S, �4;4IEF4A, �9?4DGEP < 8D.). !4K4FO Q>EC9D<@9AFO CB CDB6989A<S 
6O5BDB6 E CB@BMPR <AF9DA9F4 (1EFBA<S). 

�?S 6E9I 6OL9 G>4;4AAOI E<EF9@ I4D4>F9DAO@ A98BEF4F>B@  S6?S-
9FES FB KFB 8?S  CB8F69D:89A<S ?<KABEF< <;5<D4F9?S CD<@9A9AO 5G@4:-
AO9 ABE<F9?< ?<KAOI 84AAOI (C4ECBDF, G8BEFB69D9A<9). 
�EIB8S <; QFB7B 6 QF<I E<EF9@4I A9 @B7GF 5OFP  D9L9AO 6BCDBE A489:AB= 
<89AF<H<>4J<< <;5<D4F9?S < CBQFB@G A9 @B7GF 5OFP <E>?RK9AO H4?PE<-

                                                           
1 8.F.A.,CDBH9EEBD,�DG;<AE>B7B F9IA<K9E>B7B GA<69DE<F9F4 (�&'), 
2 8B>FBD4AF �&' 
3 8.F.A.,CDBH9EEBD �&' 
4 8.F.A., CDBH9EEBD �&' 
5 A4GKAO= EBFDG8A<> �&' 



142 

H<>4J<< < A4DGL9A<S >4> CD< D97<EFD4J<< F4> < CD< CB86989A<< <FB7B6 
6O5BDB6. $4;6<F<9 5<B@9FD<K9E><I F9IAB?B7<< 849F 6B;@B:ABEFP >BAFDB-
?<DB64FP A9 FB?P>B CDBJ9EE <89AF<H<>4J<< CD<L98L97B A4 <;5<D4F9?P-
AO= GK4EFB> <;5<D4F9?S, AB < E4@ CDBJ9EE 7B?BEB64A<S. 

#D98?4749FES EI9@4 BD74A<;4J<< CDBJ9EE4 6O5BDB6 E CD<@9A9A<9@ 
A4 6E9I QF4C4I 5<B@9FD<K9E>B= F9IAB?B7<<, KFB CB;6B?<FP <; 6O5BDAB7B 
CDBJ9EE4 <E>?RK<FP K9?B69K9E><= H4>FBD. 

��%� 6>?RK49F 6 E6B9@ EBEF469 *9AFD4?PAO= E9D69D (*%), EF4A-
J<< EBEF46?9A<S EC<E>B6 <;5<D4F9?9= (%%�) < CB8E<EF9@O <;5<D4F9?P-
AOI GK4EF>B6 (#�'). %6S;P @9:8G QF<@< F9IA<K9E><@< ED98EF64@< BEG-
M9EF6?S9FES E CB@BMPR 7?B54?PAOI E9F9=. %%� CD98EF46?S9F EB5B= C9D-
EBA4?PAO= >B@CPRF9D, > >BFBDB@G CB8EB98<A9AO FD< E9AEBD4 5<B@9FD<-
K9E><I CB>4;4F9?9=. #�' EBEFB<F <; ?B>4?PAOI E9D69DB6, >BFBDO9 E9FPR 
E6S;4AO E D97<EFD4J<BAAO@< C9DEBA4?PAO@< >B@CPRF9D4@<. 

$4;D45BF4A 4?7BD<F@ <89AF<H<>4J<< <;5<D4F9?9= CB B8AB@G < A9-
E>B?P><@ I4D4>F9D<EF<>4@ ?<KABEF<, >BFBDO9 5O?< ;4?B:9AO 6 BEAB6G 
D94?PAB= E<EF9@O 6O5BD4 89>4AB6 H4>G?PF9FB6 GA<69DE<F9F4. �?7BD<F@O 
< CDB7D4@@AO9 CDB8G>FO GEC9LAB CDBL?< 4CDB54J<R. �4AA4S E<EF9@4 
HGA>J<BA<DG9F 5B?99 CSF< ?9F. 
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1. �@A4<L6<?< �.,., �98<A9<L6<?<  . . < 8D. �ECB?P;B64A<9 5<B@9FD<-
K9E><I F9IAB?B7<< 6 <;5<D4F9?PAOI CDBJ9EE4I. &DG8O <AEF<FGF4 E<EF9@ GCD46?9-
A<S �&'. &5<?<E<. №18, 2014. 

2. �@A4<L6<?< �.,., �98<A9<L6<?<  . ., �<D><F48;9 !. .,�4L6<?< 
!.�.  � 6BCDBEG 6O5BD4 5<B@9FD<K9E>B7B CB>4;4F9?S E J9?PR CD<@9A9A<S 6 E<EF9-
@4I 7B?BEB64A<S. 7-S @9:8GA4DB8A4S A4GKAB-CD4>F<K9E>4S >BAH9D9AJ<S «%B6D9-
@9AAO9 CDB5?9@O < 8BEF<:9A<S 6 BFD4E?< D48<BF9IA<><, F9?9>B@@GA<>4J<< < 
<AHBD@4J<BAAOI F9IAB?B7<<». �4CBDB:P9. 17�19 E9AFS5DS. 2014 

3. �@A4<L6<?< �.,., �98<A9<L6<?<   . .,  &<F6<A<8;9 �.!.  �<B@9FD<S 
 <HO < D94?PABEFP. �<;A9E-<A:<A9D<A7.  №1, 2012 (A4 7DG;<AE>B@ S;O>9). 
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#DB6989A<9 6O5BDB6 59; H4?PE<H<>4J<= < A4DGL9A<= CDBJ98GD < 6 
21 69>9 BEF49FES CDB5?9@B= CBKF< 8?S 6E9I EFD4A @<D4. "8AG <; CD<K<A 
H4?PE<H<>4J<< 6O5BDB6 AG:AB <E>4FP 6 A9A489:ABEF< < EG5N9>F<6ABEF< 
<89AF<H<>4J<< <;5<D4F9?9=. � CBE?98A<9 7B8O 6 <;5<D4F9?PAOI CDBJ9E-
E4I EF4?< CD<@9ASFP 5<B@9FD<K9E><9 F9IAB?B7<<, F.>. BA< A4<5B?99 GE-
C9LAB D9L4RF 7?46AGR CDB5?9@G 6O5BDB6 � 74D4AF<DB64AAGR <89AF<H<-
>4J<R <;5<D4F9?9=. 

%B6D9@9AAO9 <AHBD@4J<BAAO9 F9IAB?B7<< 84RF 6B;@B:ABEFP <E-
CB?P;B64FP 5<B@9FD<R 8?S CB6OL9A<S QHH9>F<6ABEF< < KFB E4@B9 7?46-
AB9 59;BC4EABEF< D4;?<KAOI E<EF9@, FD95GRM<I CB8F69D:89A<S ?<KABEF< 
CB?P;B64F9?S. % G69D9AABEFPR @B:AB 7B6BD<FP B FB@, KFB E>BDB 59; 5<B-
@9FD<K9E><I F9IAB?B7<< A9 @B7GF 5OFP D9L9AO CDB5?9@O <89AF<H<>4J<< 
?<KABEF< 6B @AB7<I EH9D4I. 

�EE?98B64A<S CBE?98A<I ?9F CB8F69D:84RF, KFB 5<B@9FD<K9E><9 @9-
FB8O < F9IAB?B7<< CBKF< CB?ABEFPR <E>?RK4RF CD< CDB6989A<< 6O5BDB6 A9 
FB?P>B A4DGL9A<S, AB < BL<5>< < CD98A4@9D9AAO9 H4?PE<H<>4J<<. %,�, 
�4A484, �D4;<?<S, �A8<S, @AB7<9 EFD4AO �6DBCO < A9>BFBDO9 8DG7<9 EFD4AO 
<@9RF BCD989?9AAO= BCOF 46FB@4F<;4J<< < Q?9>FDBA<;4J<< CDBJ9EEB6 6O-
5BDB6. � QFB@ A4CD46?9A<< CDB86<AGFO < A9>BFBDO9 CBEFEB69FE><9 7BEG84D-
EF64. "CD989?9AAO9 Q>EC9D<@9AFO CDB6B8SFES 6 �9?4DGE<, �4;4IEF4A9 < $BE-
E<<. #D4>F<>B= 5O?B GEF4AB6?9AB, KFB FB?P>B CD<@9A9A<9 5<B@9FD<K9E><I 
@9FB8B6, F9IAB?B7<= < F9IA<K9E><I ED98EF6 84RF 6B;@B:ABEFP <E>?RK<FP 
H4?PE<H<>4J<< A9 FB?P>B CD< CB87BFB6>9 EC<E>B6 <;5<D4F9?9=, AB < A9CB-
ED98EF69AAB 6 E4@B@ CDBJ9EE9 7B?BEB64A<S. 

�?S 5<B@9FD<K9E>B= <89AF<H<>4J<< @B:AB CD<@9ASFP D4;?<KAO9 
I4D4>F9D<EF<>< < K9DFO K9?B69>4, >BFBDO9 CB8D4;89?SRFES A4 EF4F<K9-
E><9, E6S;4AAO9 E 97B H<;<K9E><@< I4D4>F9D<EF<>4@<, A4CD<@9D, BFC9K4F-

                                                           
1 8.F.A.,CDBH9EEBD,�DG;<AE>B7B F9IA<K9E>B7B GA<69DE<F9F4 (�&'), 
2 8B>FBD4AF �&' 
3 8.F.A.,CDBH9EEBD �&' 
4 8.F.A., CDBH9EEBD �&' 
5 A4GKAO= EBFDG8A<> �&' 
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>B@ C4?PJ4 <?< HBD@B= GI4 < 8<A4@<K9E><9 (<?< CB6989AK9E><9), E6S;4A-
AO9 E BEB59AABEFS@< 6OCB?A9A<S K9?B69>B@ >4><I-?<5B 89=EF6<=, A4-
CD<@9D, CBIB8>4. 

&4> >4> 6O5BD F<C4 5<B@9FD<K9E>B= I4D4>F9D<EF<>< K9?B69>4 6B 
@AB7B@ BCD989?S9F EFDG>FGDG <;5<D4F9?PAB= E<EF9@O, CD< 6O5BD9 5<B-
@9FD<K9E><I CB>4;4F9?9= A9B5IB8<@B GK<FO64FP E?98GRM<9 BEAB6AO9 
FD95B64A<S > 5<B@9FD<K9E><@ CB>4;4F9?S@: 6OEB>4S A489:ABEFP, GEFB=-
K<6BEFP > H4?PE<H<>4J<S@, EF45<?PABEFP CB 6D9@9A<, CD<9@?9@BEFP, QD-
7BAB@<KABEFP < DS8 8DG7<I. 

� �DG;<AE>B@ &9IA<K9E>B@ 'A<69DE<F9F9 6 F9K9A<9 A9E>B?P><I ?9F 
698GFES A4GKAB-<EE?98B64F9?PE><9 D45BFO CB CD<@9A9A<R 5<B@9FD<K9-
E><I F9IAB?B7<= 6 <;5<D4F9?PAOI CDBJ9EE4I. #B?GK9AO < CD4>F<K9E><9 
D9;G?PF4FO. �B?99 L9EF< ?9F A4IB8<FES 6 Q>EC?G4F4J<< E<EF9@4 5<B@9F-
D<K9E>B= D97<EFD4J<< C9847B7B6 A4 6E9I H4>G?PF9F4I GA<69DE<F9F4. % 
2012 7B84 6O5BDO 89>4AB6 6E9I 89ESF< H4>G?PF9FB6 CDB6B8SFES E CD<@9-
A9A<9@ 5<B@9FD<K9E><I I4D4>F9D<EF<> <;5<D4F9?9=. 

#D98?B:9A4 AB64S EFDG>FGD4 <;5<D4F9?PAB= E<EF9@O E <ECB?P;B64-
A<9@ A9 B8AB7B, 4 FD9I 5<B@9FD<K9E><I I4D4>F9D<EF<> <;5<D4F9?S, KFB 
;A4K<F9?PAB G?GKL<F >4K9EF6B <89AF<H<>4J<< <;5<D4F9?S.  

%C<EB> ?<F9D4FGDO 

1. �@A4<L6<?< �.,., �98<A9<L6<?<  . ., �<D><F48;9 !. ., �4L6<?< 
!.�. � 6BCDBEG 6O5BD4 5<B@9FD<K9E>B7B CB>4;4F9?S E J9?PR CD<@9A9A<S 6 E<EF9-
@4I 7B?BEB64A<S. 7-S @9:8GA4DB8A4S A4GKAB-CD4>F<K9E>4S >BAH9D9AJ<S %B6D9-
@9AA<9 CDB5?9@O < 8BEF<:9A<S 6 BFD4E?< D48<BF9IA<><, F9?9>B@@GA<>4J<< < 
<AHBD@4J<BAAOI F9IAB?B7<<. �4CBDB:P9. 17�19 E9AFS5DS.2014. 

2. �@A4<L6<?< �.,., �98<A9<L6<?<  . ., &<F6<A<8;9 �.!. �<B@9FD<S 
 <HO < D94?PABEFP. �<;A9E-<A:<A9D<A7. №1, 2012 (A4 7DG;<AE>B@ S;O>9). 

3.  BD:4>B6 �.,  4?PJ96 �. %B6D9@9AAO9 5<B@9FD<K9E><9 @9FB8O <89A-
F<H<>4J<<. �9;BC4EABEFP. �BEFB69DABEFP. �AHBD@4J<S. №2, 2009. 

4. Anil K. Jain An  Introduction to Biometric Recognition. IEEE Transactions 
on Circuits And  Systems No.1. 2004.For Video Technolgy. Vol.14. 
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'�� 004.415.2 
�4C?VєA>B &.�., �4E�SAB> !.�.1 

$"�$"��� ��&" �&��"��!"� %�%&� � %'#$"�"�' 

#$�� ��0!"� �� #�!�� �!� 

�EFGC. �VS?PAVEFP CD4JV6A<>V6 EH9D< S>VEABW BD74AV;4JVW 6EFGCABW 
>4@C4AVW 6 84A<= K4E BDVєAFB64A4 A4 6<>BD<EF4AAS DB;6<AGF<I F9IAB?B7V=. 
"D74AV;4JVS V D94?V;4JVS GCD46?VAEP><I HGA>JV= 6<@474є D48<>4?PABW ;@V-
A<, S> E4@BW F9IAB?B7VW GCD46?VAAS, F4> V F9IAVKA<I ;4EB5V6 B5DB5>< VAHB-
D@4JVW, E9D98 S><I KV?PA9 @VEJ9 ;4=@4RFP C9DEBA4?PAV >B@C�RF9D<. �BA< 
8984?V 5V?PL9 C9D9F6BDRRFPES A4 E<EF9@ 46FB@4F<KABW C9D9DB5>< 6IV8ABW 
VAHBD@4JVW. 

#BEF4AB6>4 ;4684AAO. #D<=ASFFS 8B>G@9AFV6 CV8 K4E 6EFGCABW >4-
@C4AVW є 8BE<FP FDG8B@VEF><= F4 64:><= CDBJ9E DB5BF< ; 84A<@< 45VFGDVє-
AF4, 4 BEB5?<6B ;459;C9K9AAS WI 8BEFB6VDABEFV F4 CD46<?PABEFV. �EAGє 5474-
FB C96A<I BEB5?<6BEF9= CD< DB5BFV, S>V A9B5IV8AB 6D4IG64F< CD<=@4?PAV= 
>B@VEVW �!�. �?S 46FB@4F<;4JVW WW DB5BF< 5G?B CD<=ASFB DVL9AAS MB8B 
DB;DB5?9AAS 46FB@4F<;B64ABW E<EF9@< EGCDB6B8G CD<=@4?PABW >4@C4AVW 
�!�. !4 CV8EF46V 6IV8A<I 84A<I E<EF9@4 CB6<AA4 8B;6B?SF< >BD<EFG64K96V 
BFD<@4F< 84AV 45VFGDVєAF4 CV8 K4E 6EFGCABW >4@C4AVW, CB84F< ;4S6>< 8?S 
6EFGCG F4 DB;D4IG64F< >BA>GDEA<= 54?. 

�4CDBCBAB64A<= @9FB8. �?S 6<DVL9AAS CBEF46?9AB7B ;4684AAS 5G?B 
8BE?V8:9AB I4D4>F9D<EF<>< F4 @B:?<6BEFV E<EF9@ >9DG64AAS 54;4@< 84A<I 
(%���), DB;DB5?9AB CBDV6AS?PAG I4D4>F9D<EF<>G FDPBI DB;CB6ER8:9A<I 
%���. � D9;G?PF4FV KB7B 5G?B ;DB5?9AB 6<EAB6B>, MB 8?S 46FB@4F<;4JVW DB5B-
F< 6EFGCABW >B@C4AVW A4=5V?PL9 CV8IB8<FP %��� MS Access, FB@G MB J9= 
CDB7D4@A<= CDB8G>F є 8BEFGCA<@, 48:9 6VA 6IB8<FP 8B ;5VD>< Microsoft 
Office, @B:9 CD4JR64F< A4 5G8P S>V= "%, A9 6<547?<6<= 8B E<EF9@<, @4є A4-
8V=A<= ;4I<EF 84A<I F4 CBFG:AG DB5BFG 6 SQL, CDBEFV A4?4LFG64AAS. &4>B: 
%��� MS Access @4є CBFG:A<= web-E9D69D F4 DB;CB6ER8:9AV ECBEB5< 8B-
EFGCG 8B E<EF9@<, MB є ;DGKA<@ 8?S DB5BF< ; VAL<@< �� [1]. 

� DB5BFV DB;7?S84єFPES @B8G?PA9 GS6?9AAS SOAP VAF9DH9=EG [2], 
S><= >D4M9 8BCB@474є ;DB;G@VF< DB5BFG 46FB@4F<;B64ABW E<EF9@< EGCDB-
6B8G CD<=@4?PABW >4@C4AVW �!�. %<EF9@4 ;DGKA4 F<@ MB A484є @B:?<-
6VEFP >BD<EFG64K96V DB5<F< @VAV@4?PAV 8VW CD< DB5BFV ; 45VFGDVєAFB@, MB 
8B;6B?Sє ;4BM48:G64F< K4E A4 6A9E9AAS 84A<I 6 E<EF9@G F4 6V8CD46?9AAS 
;4S6 8B є8<ABW 9?9>FDBAABW 54;< 84A<I ; C<F4AP BE6VF<, J<@ E4@<@ ;@9A-
LGRK< 6<FD4F< K4EG A4 6<CD46?9AAS CB@<?B>. %<EF9@4 �� @4є E6BR E<E-
F9@G ;4I<EFG, MB 8B;6B?Sє ;59D97F< JV?VEAVEFP VAHBD@4JVW 6V8 A9E4A>JVBAB-
64AB7B DB;CB6ER8:9AAS. 
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�?S DB5BF< E<EF9@< 5G?B DB;DB5?9AB 6EV @B:?<6V EI9@< ��, UML 
F4 use-case-8V47D4@<,. *9 8B;6B?Sє >D4M9 ;DB;G@VF< DB5BFG E<EF9@G, 8VW 
BC9D4FBD4 F4 CB54K<F< HV;<KA9 F4 4C4D4FA9 CDB9>FG64AAS E<EF9@< (D<E. 1). 

 

 
$<E. 1. �V47D4@4 >B@CBA9AFV6 DB;DB5?9ABW E<EF9@< 

 
�<EAB6B>. �?S 46FB@4F<;4JVW DB5BF< CD<=@4?PABW >B@VEVW F4 D94?V-

;4JVW ;6`S;>G ; Є8<ABR 89D:46ABR 9?9>FDBAABR 54;BR 84A<I ; C<F4AP 
BE6VF< 5G?B D94?V;B64AB DB;DB5>G 46FB@4F<;B64ABW E<EF9@< EGCDB6B8G 
CD<=@4?PABW >4@C4AVW �!�, MB CD98EF46?Sє EB5BR 54;G 84A<I MS Access, 
6 S>V= D94?V;B64AB CV8E<EF9@G 8?S B5@VAG 84A<@< K9D9; SOAP VAF9DH9=E. 

%C<EB> ?VF9D4FGD< 

1. �D47VA4, &.�. $B;DB5>4 ;4EB5V6 VAF97D4JVW / &.�. �D47VA4 // %<EF9@< B5DB5>< 
VAHBD@4JVW. �<C.8 (106). � 2012. � %. 127�130. 

2. �D47<A4, &. �. �AHBD@4J<BAA4S F9IAB?B7<S BJ9A>< 8BEFB69DABEF< 84A-
AOI CD< <AF97D4J<< web-BD<9AF<DB64AAOI E<EF9@ / &.�. �D47<A4 // !4G>B6V CD4JV 
�BA9JP>B7B A4JVBA4?PAB7B F9IAVKAB7B GAV69DE<F9FG. %9DVS «�AHBD@4F<>4, >V59DA9-
F<>4 F4 B5K<E?R64?PA4 F9IAV>4» (��"&-2014). �<CGE> №1 (19) 2014. � �BA9JP>: 
��!� «�BA!&'». � 2014.� %.50�56. 
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'�� 004.414.3 
�4C?VєA>B &.�., �4C?VєA>B "."., ,<?B %.�., �VC4> �.�.1 

%'+�%!�  �&"�� ��3���!!3 &� �!����' �� "� � 

#$"*�%� $"�$"���!!3 �!("$ �*��!�) %�%&�  &� 

&�)!"�"��� 

�EFGC. �B EGK4EA<I @9FB8V6 6<S6?9AAS 6<@B7 6V8ABE<FPES 6<>BD<E-
F4AAS CDB7D4@A<I CDBFBF<CV6, 4 F4>B: F4>V @9FB8<, S> JAD (Joint 
Application Develoment � ECV?PA4 DB;DB5>4 8B84F>V6) V RAD (Rapid 
Application Development � 6<S6?9AAS 6<@B7 L6<8>4 DB;DB5>4 8B84F>V6). 
*V CV8IB8< CDBCBAGRFP 5V?PL 7?<5B>9 CDBA<>A9AAS 6 EGFP 6<@B7, 4?9 ;4 
D4IGAB> 5V?PLBW JVA< V ;GE<?P. �4EFBEG64AAS EGK4EA<I @9FB8V6 ;4;6<K4= 
CB6�S;4AB ; 6<EB><@ CDB9>FA<@ D<;<>B@ [1]. �EAGє 59;?VK H4>FBDV6, MB 
B5G@B6?RRFP 6<EB><= D<;<> CDB9>FG. �B F4><I H4>FBDV6 A4?9:4FP A9SEAV 
JV?V, A98B>G@9AFB64AV CDBJ98GD<, A9EF45V?PAV 6<@B7<, E?45>9 ;A4AAS ECD4-
6< >BD<EFG64K4@<, A98BE6V8K9AV DB;DB5A<><, A98BEF4FAS CD<I<?PAVEFP 
>BD<EFG64KV6 DB;DB5JV F4 VAL9. 

�A4?V; EGK4EA<I @9FB8V6 6<O6?9AAO F4 4A4?V;G 6<@B7.  
#DBFBF<CG64AAS (prototyping) � J9 A4=5V?PL K4EFB 6<>BD<EFB6G64-

A<= EGK4EA<= @9FB8 6<S6?9AAS 6<@B7. #DB7D4@AV CDBFBF<C< >BAEFDGR-
RFPES 8?S 6V;G4?V;4JVW E<EF9@< 45B WW K4EF<A< 8?S ;4@B6A<>V6 ; @9FBR 
BFD<@4AAS WI 6V87G>V6. #DBFBF<C S6?Sє EB5BR 89@BAEFD4JV=AG E<EF9@G 
(L6<8>B F4 «7DG5B» ;DB5?9AG DB5BKG @B89?P DVL9AAS, S>4 CD98EF46?Sє 
>BD<EFG64?PA<JP><= VAF9DH9=E F4 @B89?Rє CB698VA>G E<EF9@< CD< VAVJVR-
64AAV >BD<EFG64K9@ DV;A<I CB8V=). �B >DB>V6 EF6BD9AAS 6V;G4?PABW @B89?V 
6V8ABESFP F9IAVKA9 ;4684AAS, >4D>4EA9 GS6?9AAS, CDBFBF<CG64AAS. 

�EAGRFP 2 BEAB6AV DV;AB6<8< CDBFBF<CV6: B8ABD4;B6<= CDBFBF<C 
(«throw away» prototype) � CDBFBF<C, S><= CVE?S 6<S6?9AAS 6<@B7 G CB84-
?PLB@G A9 6<>BD<EFB6GєFPES; 96B?RJV=A<= CDBFBF<C (evolutionary 
prototype) � CDBFBF<C, S><= ;59DV74єFPES CVE?S 6<S6?9AAS 6<@B7 F4 6<>BD<-
EFB6GєFPES 8?S EF6BD9AAS >VAJ96B7B CDB7D4@AB7B CDB8G>FG. 

JAD (Join Application Development) @9FB8 � ECV?PA4 DB;DB5>4 8B84-
F>V6, S>4 ;8V=EARєFPES 6 IB8V B8AVєW 45B 89>V?P>BI A4D48, V; ;4?GK9AAS@ 
6EVI GK4EA<>V6 CDB9>FG. �B?B BEV5, MB CD<=@4RFP GK4EFP G A4D48V: CDB6V8-
A<= (@B89D4FBD), E9>D9F4D, ;4@B6A<>, DB;DB5A<>. 

JAD-@9FB8 ґDGAFGєFPES A4 7DGCB6V= 8<A4@VJV. �DGCB6V ;GE<??S 
5V?PL C9DEC9>F<6AV ; FBK>< ;BDG BFD<@4AAS A4=>D4M<I DVL9AP CDB5?9@. 
                                                           
�4C?VєA>B &9FSA4 �7BDV6A4 � >.F.A., 8BJ9AF >4H98D< #� �!&' 
�4C?VєA>B "?9>E4A8D  "?97B6<K � EF. 6<>?484K >4H98D< � F4 �� �!&' 
,<?B %9D7V= �64AB6<K � EF. 6<>?484K >4H98D< � F4 �� �!&' 
�VC4> �?PBA4 �A8DVW6A4 � EFG8. 5 >GDEG  &'-211@ 
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�DGC< ECD<SRFP CV86<M9AAR CDB8G>F<6ABEFV, L6<8L9 A46K4RFPES, EI<-
?PAV 8B 5V?PL >64?VHV>B64A<I 6<EAB6>V6, 8B;6B?SRFP 6<>?RK<F< 5V?PL9 
CB@<?B>, CD<=@4RFP D<;<>B64AV DVL9AAS (VAB8V J9 @B:9 ABE<F< A974F<6-
A<= I4D4>F9D), >BAJ9AFDGRFP G647G GK4EA<>V6 A4 A4=5V?PL 64:?<6<I C<-
F4AASI, B5�є8AGRFP ?R89=. 

RAD (Rapid Application Development) � L6<8>4 DB;DB5>4 8B84F>V6, 
JV?VEA<= CV8IV8 8B DB;DB5>< CDB7D4@AB7B ;459;C9K9AAS. #9D9854K4є L6<8-
>G CBEF46>G E<EF9@A<I DVL9AP, F9IAVKAV C9D9647< 6V8EFGC4RFP A4 8DG79 
@VEJ9 6 CBDV6ASAAV ;V L6<8>VEFR CBEF46><. 

RAD CBє8AGє 6 EB5V 5 @9FB8V6: 96B?RJV=A9 CDBFBF<CG64AAS; ;4EFB-
EG64AAS Ease-;4EB5V6, ; @B:?<6VEFR 79A9D4JVW CDB7D4@ F4 J<>?VKABW DB;DB-
5>BR, C9D9IB8B@ 6V8 CDB9>FA<I @B89?9= 8B CDB7D4@< V A4;48; 6<>BD<EF4A-
AS DB;6<A9A<I VAEFDG@9AF4?PA<I ;4EB5V6 (RAD 5D<7484 DB;DB5A<>V6, 4A4-
?VF<><); VAF9D4>F<6A<= JAD-@9FB8; :BDEF>V F<@K4EB6V D4@>< � @9FB8 
GCD46?VAAS CDB9>FB@, S><= 6V86B8<FP HV>EB64A<= C9DVB8 K4EG 8?S DB;DB5-
>< CDB9>FG (C9D9L>B8:4є «DB;CB6;4AAR» D4@B> CDB9>FG). 3>MB CDB9>F 
;4FS7GєFPES, FB D4@>< DVL9AAS ;6G:GRFPES, MB5 84F< @B:?<6VEFP ;469D-
L<F< CDB9>F 6K4EAB. 

�B A98B?V>V6 RAD-CV8IB8G 6V8ABESFP A9CB6AG 8B>G@9AF4JVR, E>?4-
8AVEFP CV8FD<@><, @4ELF45G64AAS CDB7D4@AB7B ;459;C9K9AAS ;4@VEFP ;474-
?PA<I DVL9AP, MB ECD<SRFP 5474FBD4;B6B@G 6<>BD<EF4AAR CDB7D4@AB7B 
;459;C9K9AAS, EC9JV4?V;B64AV DVL9AAS. 

�<>BD<EF4AAS RAD-CV8IB8G @B:9 6<S6<F<ES CD<645?<6<@ 64DV4AFB@ 
8?S 5474FPBI CDB9>FV6, BEB5?<6B, 8?S A969?<><I CDB9>FV6, S>V A9 ;4KVC4RFP 
EH9DG >?RKB6<I 5V;A9E-CDBJ9EV6 BD74AV;4JVW, V S>V, F4><@ K<AB@, A9 EF46?SFP 
C?4A DVL9AAS 8?S VAL<I CDB9>FV6 ; DB;DB5>< CDB7D4@AB7B ;459;C9K9AAS.  

�<EAB6B>. %GK4EAV CDB9>F< ; DB;DB5?9AAS CDB7D4@AB7B ;459;C9-
K9AAS CBFD95GRFP VA8<6V8G4?PAB7B F4 F6BDKB7B CV8IB8G 8?S 6<S6?9AAS F4 
4A4?V;G 6<@B7. �4EFBEG64AAS CDB7D4@A<I CDBFBF<CV6, JAD F4 RAD-@9FB8V6 
8B;6B?SRFP 5V?PL 89F4?PAB F4 D9F9?PAB CDB4A4?V;G64F< 5V;A9E-6<@B7< 8B 
@4=5GFAPB7B CDB9>FG, CDBF9 WI 6<>BD<EF4AAS CBFD95Gє CDBH9EV=AB7B EF46-
?9AAS F4 @4>E<@4?PAB7B DV6AS HBD@4?V;4JVW. 

%C<EB> ?VF9D4FGD< 

1. �D47<A4, &.�. �A4?<; CB8IB8B6 > GCD46?9A<R D<E>4@< 6 CDB7D4@@AOI 
CDB9>F4I E <F9D4F<6AO@ :<;A9AAO@ J<>?B@ [&9>EF] / &.�. �D47<A4, 
�.�. &45GAM<> // $48<B9?9>FDBAV>4, VAHBD@4F<>4, GCD46?VAAS. � 2011. � №2 � %. 
120�124. 
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'�� 004.9 
�4EV@ �. .1, �4EV@  . .2 

&$�$��!��� �$)�&��&'$� WEB-���"��!"� 
��"�!("$ �*��!"� %�%&� � ���"�$���!!3 

$��!"&�#!�) $')" �) "��Є�&�� 

�?S 9H9>F<6AB7B V GECVLAB7B 6<DVL9AAS ;4684AP 46FB@4F<KAB7B @B-
AVFBD<A7G F4 46FB@4F<;B64AB7B 8<EC9FK9DEP>B7B GCD46?VAAS DGIB@<@< 
B5�є>F4@< ($") G F4><I CD98@9FA<I B5?4EFSI (#D") S> 46V4JVS [1], @BDEP><= 
H?BF, FD4AECBDFA4 ?B7VEF<>4, CD9J<;V=A9 ;9@?9DB5EF6B, 6V=EP>B64 ECD464, 
BIBDBA4 BEB5?<6B 64:?<6<I B5�є>FV6 FBMB A9B5IV8AB 68BE>BA4?<F< VEAGRKV 
45B DB;DB5<F< V 6CDB648<F< AB6V >B@C?9>EAV VAHBD@4JV=AV E<EF9@<, MB HG-
A>JVBAGRFP G D9:<@V D94?PAB7B K4EG F4 ;459;C9KGRFP >VAJ96<I >BD<EFG64-
KV6 D9?964AFA<@< 84A<@< ; @9FBR 6<DB5?9AAS A<@< 5V?PL B5ґDGAFB64A<I 
DVL9AP. "8A<@ ; 64DV4AFV6 A484AAS F4><I 84A<I ; GD4IG64AAS@ EC9J<HV>< 
;484K >BA>D9FABW #D" F4 6V8CB6V8AB 8B VAHBD@4JV=A<I CBFD95 >B:AB7B >B-
D<EFG64K4 є WI 484CFB64A9 CD98EF46?9AAS G HBD@V 8<A4@VKAB7B EJ9A4DVR [2], 
S><= VAF97DGє @AB:<AG E>?48A<I 8<A4@VKA<I E<@6B?V6 DV;ABF<CA<I $" F4 
>BAF9>EFA<= @G?PF<@4ELF45A<= >4DFB7D4HVKA<= HBA, MB D9CD9;9AFGє G 
F9@4F<KA<I CDBL4D>4I 4>FG4?PAG DV;ABDV8AG VAHBD@4JVR CDB BFBKGRKG 
8V?SA>G 79BCDBEFBDG. 

�GDI?<6<= DB;6<FB> �AF9DA9F BEF4AAV@< DB>4@< F4 CBEFV=AB ;DBEF4-
RK<= CBC<F A4 BC9D4F<6AG V 8BEFGCAG >4DFB7D4HVKAG VAHBD@4JVR EF4?< 
CD<K<ABR 96B?RJVW 79BVAHBD@4JV=A<I E<EF9@ (��%) A4 54;V Web, CD<;A4K9-
A<I 8?S ;DGKAB7B EG@VEAB7B 6<>BD<EF4AAS DV;ABC?4AB6<I 79BCDBEFBDB6<I 
84A<I K9D9; 7?B54?PAG @9D9:G. $4AAV DB;DB5>< 6 JPB@G A4CDS@>G 5G?< 
CB6�S;4AV ;V EF6BD9AAS@ A46>B?B 46FBAB@A<I ��% E<EF9@A<I B5B?BAB> [3] 
A4 BEAB6V ;474?PAB7B L?R;B6B7B VAF9DH9=EG CGI. �BES7A9AAS A9846APB7B 
K4EG 6 B5?4EFV Web-F9IAB?B7V= V E<EF9@ CDB7D4@G64AAS (A4CD<>?48, 4CC?9-
F< V E9D6?9F< Java, 9?9@9AF< GCD46?VAAS ActiveX, 4>F<6AV E9D69DAV EFBDVA>< 
ASP, C?47VA<, JSP V F.C.) CD<;69?< 8B CBS6< 5V?PL 8BE>BA4?<I Web-CDB7D4@ 
6 JV?B@G, V Web-54;B64A<I ��% ;B>D9@4. 

' 84AV= DB5BFV CDBCBAGєFPES 4DIVF9>FGD4 Web-BDVєAFB64ABW ��% 8?S 
6V8B5D4:9AAS DGIG @B5V?PA<I B5�є>FV6 DV;A<I >?4EV6, S>4 ECDB9>FB64A4 V 
D94?V;B64A4 6 D4@>4I EF4A84DFABW FD<DV6A96BW 4DIVF9>FGD< Web-8B84F>V6. 
�B@CBA9AF< S8D4 E<EF9@< DB;8V?9AB A4 FD< DV6AV, D<E. 1:  

� CD9;9AF4JV=A<= DV69AP � DV69AP «FBA><I» >?VєAFV6 [4];  

                                                           
1 >.F.A., E.A.E. �AEF<FGFG >V59DA9F<>< V@9AV �. . �?GL>B64 !�! '>D4WA< 
2 4ECVD4AF H4>G?PF9FG VAHBD@4JV=A<I F9IAB?B7V= !'�V# '>D4WA< 
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� DV69AP E9D69DA<I 8B84F>V6 8?S C4D< 6;4є@B8VRK<I E9D69DV6 (Web V 
��%) � CDB@V:A<= DV69AP, S><= V@C?9@9AFGє ?B7V>G CD98@9FABW B5?4EFV; 

� DV69AP 84A<I, S>V BD74AV;B64AB G 6<7?S8V 54; 84A<I (��), MB DB;-
F4LB6GRFPES A4 B>D9@B@G E9D69DV F4 B5�є8AGRFP S> 79BCD<6�S;4AV 84AV 
CDB $", F4> V A45VD >4DFB7D4HVKA<I 84A<I. 

 

$<E. 1. �DIVF9>FGD4 ECDB9>FB64ABW E<EF9@< 

�?VєAFB@ @B:9 5GF< 5G8P-S><= Web-5D4G;9D (A4EFV?PAB7B 
>B@C�RF9D4 45B @B5V?PAB7B CD<EFDBR), G HGA>JVW S>B7B 6IB8<FP 6V8B5D4-
:9AAS Web-EFBDVAB>, S>V 79A9DGє Web-E9D69D. #DB7D4@A9 ;459;C9K9AAS 
Web-E9D69D4 ;4>B8B64AB @B6BR PHP A4 BEAB6V 4DIVF9>FGDAB7B C4FF9DAG 
MVC. �?VєAF, 6V8CD46?Sє A4 Web-E9D69D HTTP-;4C<F, BFD<@GRK< 6V8 APB-
7B HTTP-6V8CB6V8P, MB HBD@GєFPES CVE?S ;69DA9AAS 8B ��%-E9D69D4, S><= 
L?SIB@ SQL-;4C<FV6 6<?GK4є CBFDV5AV 84AV ; ��. $9;G?PF4F< ;4C<FV6, 8B-
EF46?9AV ; E9D69D4, CVE?S VAF9DCD9F4JVW 6V;G4?V;GRFPES G 6V>AV 5D4G;9D4, 
A484RK< >BD<EFG64K4@ @B:?<6VEFP ECBEF9DV74F< ;4 @VEJ9;A4IB8:9AAS@ V 
C9D9@VM9AAS@ CV8>BAFDB?PA<I $". 

�AF9DH9=E E<EF9@< 6>?RK4є @AB:<AG 8B>G@9AFV6 A4 @B6V DB;@VF>< 
7VC9DF9>EFV6 HTML, S>V A484RFP BC<E 7D4HVKAB7B E9D98B6<M4 6;4є@B8VW 
>BD<EFG64K4 ; E9D69DB@. *V 8B>G@9AF< E>?484RFPES ;V EF4A84DFA<I F97V6 
HTML V 9?9@9AFV6 JavaScript. %G@VM9A4 G 8<A4@VKAB@G EJ9A4DVR VAHBD-
@4JVS @B:9 ;464AF4:G64F<ES ; H4=?V6 DV;A<I HBD@4FV6. �?S HBD@G64AAS 
>4DFB7D4HVKAB7B HBAG 6<>BD<EFB6GRFPES D4EFDB6V (GeoTIFF) F4 69>FBDAV 
(ESRI Shape V GeoJSON) 84AV. �?S DB5BF< ; A46V74JV=A<@< V 4FD<5GF<6A<-
@< 84A<@< CDB $" E<EF9@4 @VEF<FP EF4A84DFAV A4F<6AV ;4EB5< 8BEFGCG 8B 
D9?SJV=ABW %'�� MySQL.  
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%C<EB> ?VF9D4FGD< 

1. �4EV@ �. . %C9J<HV>4 6<>BD<EF4AAS 79BCDBEFBDB6<I 84A<I 8?S ;484K 
49DBA46V74JVW / �. . �4EV@,  . . �4EV@, %.". 3E9A96 // !4G>Bє@AV F9IAB?B7VW. � 
2016. � №1 (29). � %. 16�22. 

2. �4EV@ �. . Web-8B84FB> 8?S 2D-6V;G4?V;4JVW D9;G?PF4FV6 V@VF4JV=AB7B 
@B89?R64AAS DGIG 49DB>BE@VKA<I F4 A4;9@A<I B5�є>FV6 ; 79BCD<6�S;>BR 8B 9?9>F-
DBAABW >4DF< / �. . �4EV@,  . . �4EV@ //  4F9@4F<KA9 F4 V@VF4JV=A9 @B89?R64AAS 
E<EF9@: F9;< 8BCB6V89= "8<A48JSFBW  V:A4DB8ABW A4G>B6B-CD4>F<KABW >BAH9D9A-
JVW (�G><A, 27 K9D6AS � 1 ?<CAS 2016 D.). � +9DAV7V6: +!&', 2016. � %. 42�47. 

3. ,9>I4D ,., +4G?4 %. "EAB6O CDBEFD4AEF69AAOI 54; 84AAOI / #9D. E 
4A7?. �  .: �G8<J-B5D4;, 2004. � 336 E. 

4. �4EV@ �. . %FD4F97VW BD74AV;4JVW >?VєAF-E9D69DABW 6;4є@B8VW G web-
BDVєAFB64A<I 79BVAHBD@4JV=A<I E<EF9@4I / �. . �4EV@,  . . �4EV@ // �?GL>B6EP>V 
K<F4AAS: ;5. @4F9DV4?V6 IV A4G>.-CD4>F. >BAH. (�<W6, !&'' «�#�», 02 7DG8AS 
2015D.). � �.: �<8-6B «#B?VF9IAV>4», 2015. � %. 73�75. 

'�� 004.3 
�<D<K9> �.�.1 

�(��&��!�%&0 � �&�*��!"�"  "���2��!!3 #$� 

���+�!!�  �$��!�) &�)!"�"���  

� @9FBR 4>F<6V;4JVW A46K4?PABW 8VS?PABEFV EFG89AFV6, 6<>BD<EF4AAS 
V@VF4JV=AB7B @B89?R64AAS CD< CDB9>FG64AAV >B@C�RF9DA<I @9D9: DV;AB7B 
CD<;A4K9AAS, A484є AB6V @B:?<6BEFV 8?S DB;6<F>G F4 68BE>BA4?9AAS WI 
CDBH9EV=A<I A46<KB> [1].  

�6FBD< HGA84@9AF4?PA<I 8BE?V8:9AP CBE?V8B6AB DB;7?S84RFP BE-
AB6V 4EC9>F< 4DIVF9>FGD< F4 F9IAB?B7V= EGK4EA<I @9D9: 59; CDB6989AAS 
4A4?V;G BEB5?<6BEF9= CDB9>FG64AAS CD<>?48A<I >B@C�RF9DA<I @9D9: F4 
A4G>B6<I 4EC9>FV6 CV86<M9AAS 9H9>F<6ABEFV WI HGA>JVBAG64AAS ;4 D4IG-
AB> CBC9D98APB7B @B89?R64AAS.  

�>FG4?PAVEFP 8BE?V8:9AAS CB?S74є 6 A9B5IV8ABEFV CV86<M9AAS 9H9-
>F<6ABEFV E4@BEFV=ABW DB5BF< EFG89AFV6 W D94?V;4JVW AB6<I @9FB8V6 F4 HBD@ 
A46K4AAS. #V8FD<@>4 EFG89AFV6 ;4 8BCB@B7BR VAEFDG@9AF4?PAB7B E9D98B-
6<M4 8?S 6<DVL9AAS CBEF46?9A<I ;4684AP C9D9854K4є 6<>BD<EF4AAS 54; 
;A4AP F4 E9D98B6<M4 @B89?R64AAS. 

%GK4EA4 >B@C�RF9DA4 @9D9:4 є E>?48ABR E<EF9@BR, S>4 6<>BD<E-
FB6GRK< DV;AV F9IAB?B7VW, B8ABK4EAB C9D984є VAHBD@4JVR DV;A<I F<CV6 V; 

                                                           
1 >4A8. F9IA. A4G>, 8BJ. �!&' 
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DV;A<@< CB>4;A<>4@< S>BEFV B5E?G7B6G64AAS. !4 WW DB5BFG 6C?<64RFP BD-
74AV;4JVS F4 B5E?G7B6G64AAS K9D7, ECBEB5< BD74AV;4JVW 5GH9DV6 >B@GF4FBDV6 
F4 VALV @9FB8< >9DG64AAS FD4HV>B@. #B5G8B64 4A4?VF<KABW @B89?V @9D9:V 
8?S CDB6989AAS 8BE?V8:9AAS WW S>VEAB7B HGA>JVBAG64AAS є 8BDB7<@, FB@G 
8?S @B89?R64AAS DB5BF< @9D9:, 4A4?V;G F4 BCF<@V;4JVW WI I4D4>F9D<EF<> 
CDBCBAGєFPES V@VF4JV=A9 @B89?R64AAS � B8<A ; CBFG:AVL<I VAEFDG@9AFV6 
8BE?V8:9AAS E>?48A<I E<EF9@ [2]. 

�4CDBCBAB64AB 5474FBDV6A96<= CV8IV8 8B 6<>?484AAS @9D9:96<I 
8<EJ<C?VA CD< 6<>BD<EF4AAV E<EF9@ V@VF4JV=AB7B @B89?R64AAS @9D9: ; 
CB;<JVW ;4E6BєAAS F4 C9D96VD>< ;A4AP. �4EFBEG64AAS @B8G?PAB7B CD<AJ<CG 
8B;6B?Sє EF6BD<F< @B89?P, @4>E<@4?PAB 489>64FABW @9D9:V V BFD<@4F< 
5V?PL 8BEFB6VDAV D9;G?PF4F< 6 CDBJ9EV 6<6K9AAS @9D9:A<I F9IAB?B7V=. 

' D4;V V@VF4JV=AB7B @B89?R64AAS BEAB6AG G647G CD<8V?Sє@B BAFB?B7VS@, 
S>V @VEFSFP ;474?PAV CBASFFS V 6V8ABE<A<, I4D4>F9DAV 8?S CD98@9FABW B5?4EFV V 
6<EFGC4RFP S> BAFB?B7VW 69DIAPB7B DV6AS 8?S BC<EG ;A4AP (D<E.1) [3]. 

 

$<E. 1.  B89?P ;A4AP 6<6K9AAS @9D9:A<I 8<EJ<C?VA 

�4EB5< V@VF4JV=AB7B @B89?R64AAS @9D9:, S>V D9>B@9A8B64AV 8?S 
6<>BD<EF4AAS 6 A46K4?PAB@G CDBJ9EV (6V?PA9) � GNS3, NS3 F4 Packet 
Tracer. �BA< CD<;A4K9AV 8?S @B89?R64AAS @9D9: ; CV8FD<@>BR ?B>4?PA<I 
F4 7?B54?PA<I F9IAB?B7V= V; FBCB?B7VS@< DV;ABW E>?48ABEFV. �@VF4JV=AV @B-
89?V 6V8F6BDRRFP CDBJ9E< DB;5<FFS CB6V8B@?9AP A4 C4>9F< V >48D< ;4;A4-
K9A<I CDBFB>B?V6, ;4FD<@B>, CB6�S;4A<I ; B5DB5>BR C4>9FV6 V >48DV6, 
BFD<@4AAS 8BEFGCG 8B DB;CB8V?9AB7B @9D9:AB7B E9D98B6<M4 W B5DB5>BR 
C4>9FV6 @4DLDGF<;4FBDB@. #DB7D4@AV ;4EB5< @B89?R64AAS 6G;P>B EC9JV4-
?V;B64AV F4 GAV69DE4?PAV V 8B;6B?SRFP V@VFG64F< @9D9:V DV;A<I F<CV6.   
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%C<EB> ?VF9D4FGD< 

1. �<D<K9> �.�. �?7BD<F@<;4J<S C4D4@9FDB6 CDBJ9EE4 B5GK9A<S [&9>EF] / 
�.�.�<D<K9>, �.�. �9DL<A4 // !4G>B6V CD4JV �BA9JP>B7B A4JVBA4?PAB7B F9IAVKAB7B 
GAV69DE<F9FG. %9DVS: "5K<E?R64?PA4 F9IAV>4 F4 46FB@4F<;4JVS. � 2013. � № 1 (24) . 
� %.113�120. 

2. �BL4>B6 Є. %. �A4?V; ;4EB5V6 @B89?R64AAS >B@C�RF9DA<I @9D9: [&9>EF] 
/ Є.%. �BL4>B6, %. �. �?9>Eєє6 // %<EF9@< B5DB5>< VAHBD@4JVW. � 2012. � �<C. 5. � 
%. 94�97. 

3. �<D<K9> �.�. "AFB?B7VKA<= CV8IV8 8B @9D9:96<I F9IAB?B7V= ; 6<>BD<E-
F4AAS@ E<EF9@ V@VF4JV=AB7B @B89?R64AAS [&9>EF]  / �.�. �<D<K9> // ��� @V:A4DB8A4 
A4G>B6B-CD4>F<KA4 >BAH9D9AJVS «"5K<E?R64?PA<= VAF9?9>F (D9;G?PF4F<, CDB5?9-
@<, C9DEC9>F<6<) � 2015» (ComInt-2015), 12�15 FD46AS 2015 DB>G, +9D>4E<. � 2015. 
� %.77�78. 

'�� 622.4:62-523 
�B64?96 %.�.1, *B?B?B %.�.2, �GE96 �.%.3 

!�+�&��� ���"$�&  ��3 %�%&� / '#$����!�3 

#$"��&$���!��  �/� "+!"�" '+�%&�� ,�)& 

�?S B59EC9K9A<S 59;BC4EABEF< CDBJ9EEB6 8B5OK< G7?S A4 L4IF4I 
8B?:A4 5OFP 66989A4 6 Q>EC?G4F4J<R A9CD9DO6AB 89=EF6GRM4S E<EF9@4 
84FK<>B6 8?S >BAFDB?S C4D4@9FDB6 < >B@CBA9AFB6 DG8A<KAB= 4F@BEH9DO � 
7?46AO@ B5D4;B@ 6B;8GI4 < @9F4A4. �ECB?P;GS 84AAO9 F4>B= E<EF9@O, 
CBS6?S9FES 6B;@B:ABEFP 46FB@4F<;4J<< CDBJ9EEB6 GCD46?9A<S 
CDB69FD<64A<9@ E J9?PR CB6OL9A<S <I 59;BC4EABEF< < QHH9>F<6ABEF<, 
KFB 4>FG4?PAB 6 E6S;< E 84?PA9=L<@ DBEFB@ A47DG;>< A4 8B5OKAO9 
GK4EF>< < G69?<K9A<9@ 7?G5<AO L4IF. 

�EE?98B64A<S CB>4;4?<, KFB 8?S <;@9A9A<S D9:<@4 CDB69FD<64A<S 
6O9@BKAB7B GK4EF>4 L4IF, BC4EAOI CB 74;B6B@G H4>FBDG, 8B?:AO 
<ECB?P;B64FPES 4?7BD<F@O GCD46?9A<S CDB69FD<64A<9@, 59;BC4EAO9 A9 
FB?P>B 6 EF4J<BA4DAB@ D4EK9FAB@ D9:<@9, AB < 6 CDBJ9EE9 C9D9IB8AOI 
4QDB74;B8<A4@<K9E><I CDBJ9EEB6. �?S QFB7B 8BEF4FBKAB QHH9>F<6AB 
@B7GF 5OFP <ECB?P;B64AO @9FB8O A9K9F>B7B GCD46?9A<S.  

� D45BF9 D4EE@BFD9AB CB6989A<9 @B89?< A9K9F>B= E<EF9@O 
59;BC4EAB7B GCD46?9A<S 8?S D4;?<KAOI C4D4@9FDB6 HGA>J<= 

                                                           
1 >.F.A., 8BJ9AF, ��!� «�BA!&'», >4H. «�B@CPRF9DA4S <A:9A9D<S» 
2 >.F.A., 8BJ9AF, ��!� «�BA!&'», >4H. «�B@CPRF9DA4S <A:9A9D<S» 
3 >.F.A., 8BJ9AF, ��!� «!'�<#», >4H. «�B@CPRF9DAO9 E<EF9@O < E9F<», 7. �<96 
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CD<A48?9:ABEF< 6IB8AOI ?<A76<EF<K9E><I C9D9@9AAOI, 4 F4>:9 CD< 
<;@9A9A<< KG6EF6<F9?PABEF< 8<A4@<K9E><I I4D4>F9D<EF<> E<EF9@O.  

 B89?P 4QDB74;B8<A4@<K9E><I CDBJ9EEB6 6O9@BKAB7B GK4EF>4 < 
<ECB?A<F9?PAOI GEFDB=EF6 D97G?SFBDB6 D4EIB84 6B;8GI4, CBEFDB9AA4S 6 
ED989 @B89?<DB64A<S MATLAB, BC<EO649FES E<EF9@B= 
8<HH9D9AJ<4?PAOI GD46A9A<= [1] < <ECB?P;G9FES 8?S D4EK9F4 <;@9A9A<S 
>BAJ9AFD4J<< @9F4A4 < D4EIB84 6B;8GI4 A4 GK4EF>9 6 ;46<E<@BEF< BF 
D4EIB84 6B;8GI4 6 >4:8B@ J<>?9 D97G?<DB64A<S.  

 B89?P A9K9F>B7B 4?7BD<F@4 GCD46?9A<S CDB69FD<64A<9@ 
D94?<;G9FES CB >?4EE<K9E>B= EI9@9  4@84A< < 6>?RK49F QF4CO 
H4;;<H<>4J<<, ?B7<K9E>B7B 6O6B84 < 89H4;;<H<>4J<< [2].  

% CB@BMPR CB?GK9AAOI 6 D9;G?PF4F9 <EE?98B64A<= 
HGA>J<=BCD989?SRFES EF9C9A< CD<A48?9:ABEF< 69?<K<A 6IB8AOI 
C9D9@9AAOI <I ?<A76<EF<K9E><@ ;A4K9A<S@. �B7<K9E><= 6O6B8 
<ECB?P;G9F Q>EC9DFAO9 CD46<?4 8?S BCD989?9A<S A9K9F>B= 6OIB8AB= 
C9D9@9AAB= 6 ;46<E<@BEF< BF D4;?<KAOI >B@5<A4J<= ;A4K9A<= 6IB8AOI 
C9D9@9AAOI #B?GK9AAO= D9;G?PF4F <ECB?P;G9FES 8?S HBD@<DB64A<S 
GCD46?SRM97B 6B;89=EF6<S 6 E<EF9@9 GCD46?9A<S.  

'EF4AB6?9AB, KFB 8?S D94?<;4J<< 4?7BD<F@4 GCD46?9A<S, >BFBDO= 
59;BC4EAB <;@9AS9F D9:<@ CDB69FD<64A<S GK4EF>4, 8BEF4FBKAB 86GI 
A9K9F><I C9D9@9AAOI: «"F>?BA9A<9 >BAJ9AFD4J<< @9F4A4 BF 8BCGEF<@B7B 
GDB6AS» (I1) < «%>BDBEFP <;@9A9A<S >BAJ9AFD4J<< @9F4A4» (I2). � 
>4K9EF69 6OIB8AB= C9D9@9AAB= G <ECB?P;G9FES «"FABE<F9?PAB9 <;@9A9A<9 
D4EIB84 6B;8GI4». &B784 CD46<?4 @B:AB EHBD@G?<DB64FP E?98GRM<@ 
B5D4;B@:  �%�И I1 <F9D@> И I2<F9D@>, &" G<F9D@>. 

�?S C9D9@9AAOI 5O?B BCD989?9AB CB 5 F9D@B6 (A4CD<@9D, 8?S I1 � 
«@<A<@4?PAB9», «@4?B9», «ED98A99», «5B?PLB9», «BK9AP 5B?PLB9») < 
EBBF69FEF6GRM<9 HGA>J<< CD<A48?9:ABEF<. 'CD46?SRM99 6B;89=EF6<9 
6O5<D4?BEP CB J9AFDG F9D@4 E @4>E<@4?PAB= EF9C9APR CD<A48?9:ABEF<. 

�A4?<; D9;G?PF4FB6 @B89?<DB64A<S C9D9IB8AOI CDBJ9EEB6 CB 
6B;8GIG Q < @9F4AG % CD< <;@9A9A<< D9:<@B6 CDB69FD<64A<S (CD<@9D 
CD<6989A A4 D<E.1) CB;6B?<? BCD989?<FP C4D4@9FDO < 6<8 HGA>J<= 
CD<A48?9:ABEF< ?<A76<EF<K9E><I C9D9@9AAOI 4?7BD<F@4 GCD46?9A<S. 

#DB6989AAO9 <EE?98B64A<S CB;6B?<?< GEF4AB6<FP >B@CBA9AFO < 
C4D4@9FDO A9K9F>B7B 4?7BD<F@4 GCD46?9A<S CDB69FD<64A<9@ 6O9@BKAB7B 
GK4EF>4 L4IFO E B7D4A<K9A<9@ >BAJ9AFD4J<< @9F4A4 A4 ;484AAB@ GDB6A9 

 
 



155 

       Q 

 

       с 

 

$<E.1. �;@9A9A<9 >BAJ9AFD4J<< @9F4A4 E 0.4% 8B 0.33%  
E B7D4A<K9A<9@ 0,5%. 

%C<EB> ?<F9D4FGDO 

1. �B64?96 %.�. �;4@4F  .!., +9C<:>B �.�.  B89?P B5N9>F4 GCD46?9A<S 
E<EF9@O CDB69FD<64A<S 6O9@BKAB7B GK4EF>4 L4IFO// �;69EF<S &&� 2('-
�BA!&'.  4F9D<4?O &D<A48J4FB7B  9:8GA4DB8AB7B E9@<A4D4 «#D4>F<>4 < C9DE-
C9>F<6O D4;6<F<S C4DFA9DEF64 6 EH9D9 6OEL9= L>B?O». � 3-I >A. � &474ADB7: �;8-
6B &&� 2(', 2012, �A. 2, № 12. � %. 83�88. 

2. �9BA9A>B6 �. �. !9K9F>B9 @B89?<DB64A<9 6 ED989 MATLAB < 
fuzzyTECH.  �� %#5.: �)� #9F9D5GDr, 2005. �� 736 E.: <?. 

'�� 625.72:656.11 
�B?74AB64 ".".1, �BDAVєA>B %.#.2, ,GF>B �. . 3, ,GF>B  .". 4 

$"�$�)'!"� �$'�"� #")��!"� � ���"$�%&�!!3  

,����"�" %#���!-#�$�&�"$�!!3 

�?S 8BE?V8:9AAS @B89?V DGIG ;4 ?V89DB@ 8?S FD4AECBDFA<I ;4EB5V6 
A9B5IV8AB B5DB5?SF< 84AV CDB DGI ;6�S;4A<I B5�є>FV6, S>V BFD<@4AV ; CBI<-
5>4@<. %F46<FPES ;484K4 DB;DB5<F< @4F9@4F<KA<= @9FB8, S><= 5< 8B;6B-
?<6 @VAV@V;G64F< 6>4;4AV CBI<5><. "5K<E?<@B K<E9?PAB 8DG7G CBIV8AG 
HGA>JVW 6<8G: 

2

2 )(
)(

dt

tYd
tZ =  

                                                           
1 >4A8. F9IA. A4G>, 8BJ9AF >4H98D< ;4EB5V6 ;4I<EFG VAHBD@4JVW !4JVBA4?PAB7B 
46V4JV=AB7B GAV69DE<F9FG (!�') 
2 VA:9A9D, 4ECVD4AF >4H98D< 46V4JV=A<I D48VB9?9>FDBAA<I >B@C?9>EV6 !�' 
3 8-D. F9IA. A4G>, CDBH9EBD >4H98D< 9?9>FDBAV>< !�' 
4 8-D. F9IA. A4G>, CDBH9EBD >4H98D< ;4EB5V6 ;4I<EFG VAHBD@4JVW !�' 
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!9I4= A4 6V8DV;>G ],0[ T  6 FBK>4I N
iitt 1}{ ==  ;484AV ;A4K9AAS 

N
iiyY 1}{ ==  89S>BW 8<E>D9FABW K4EB6BW HGA>JVW. �@ 6V8CB6V84RFP (M9 A9 

DB;D4IB64AV) 6V8?V>< CBIV8ABW N
iifF 1}{ ==  6 FBK>4I N

iitt 1}{ == , F4 (M9 A9 

DB;D4IB64AV) 6V8?V>< 8DG7BW CBIV8ABW N
iizZ 1}{ ==  6 FBK>4I N

iitt 1}{ == . &B8V Y V 
Z  5G8GFP CB6�S;4AV ECV66V8ABL9AAS@<: VYZ =  V LZY = , 89 V V Z � BC9D4-
FBD< 86B>D4FAB7B 8<H9D9AJVR64AAS V 86B>D4FAB7B VAF97DG64AAS 
6V8CB6V8AB. #D<CGEF<@B, MB ;A4K9AAS CBIV8ABW Z BC<EGRFPES ?B>4?PA<@ 
>G5VKA<@ 9D@VFB6<@ EC?4=AB@ XAS =3 , 89 X  � @4FD<JS C?4AG64AAS, 

r
jjaA 0}{ ==  � 69>FBD BJVAR64A<I C4D4@9FDV6 (BD8<A4F FBKB> «E>?9=><» 

8V?SAB> EC?4=AG). &4><= EC?4=A A4?9:<FP 1C ->?4EG A9C9D9D6AB 
8<H9D9AJV=B64A<I HGA>JV=. &B8V LXAY = . #B;A4K<@B K9D9; LXG =  @4F-
D<JR, DB;@VDAVEFR )1(* +rN , S>4 E>?484єFPES ; 86VKV CDBVAF97DB64A<I ?B-
>4?PA<I HGA>JV= HBD@< EC?4=AG. �<@474F<@9@B 6<>BA4AAS G@B6< 
@VAV@G@G E9D98APB>648D4F<KAB7B 6V8I<?9AAS:  

rjagy

r

j

jiji

N

i

,0min,][ 2

01

==−∑∑
==

 . 

*V= G@B6V ;48B6B?PASє DB;6�S;B>  E<EF9@< ABD@4?PA<I DV6ASAP: 

YGGGA

YGGAG

GAYGAY

TT

TT

T

1)(

min)()(

−=

=

=−−

 

�A4=89A<= 69>FBD BJVAR64A<I C4D4@9FDV6 r
jjaA 0}{ ==  CB6AVEFR 

6<;A4K4є EC?4=A XAS =3 . �V8@VF<@B, MB @4FD<JV ( )TG  V ( ) 1−
GGT  A9 ;4?9-

:4FP 6V8 6IV8A<I C4D4@9FDV6 V @B:GFP 5GF< DB;D4IB64AV CBC9D98APB. &4><@ 

K<AB@, ;4 K4EB6<@< 6V8?V>4@< CBK4F>B6BW HGA>JVW N
iiyY 1}{ ==   L6<8>B ;A4-

IB8<@B EC?4=A-4CDB>E<@4JVR 
3S  8DG7BW CBIV8ABW Z  JVєW HGA>JVW 59; CBC9-

D98APB7B DB;D4IGA>G E4@<I 6V8?V>V6 8DG7BW CBIV8ABW N
iizZ 1}{ ==  F4 C9DLBW 

CBIV8ABW N
iifF 1}{ == . �A4K9AAS ?B>4?PAB7B >G5VKAB7B 9D@VFB64 EC?4=AG 6 

8B6V?PAV= FBKJV B5K<E?RєFPES ;4 HBD@G?BR: 

)()()()()( 4
2

3
1

21
1 txatxatxatxatS jjjj ++− +++=  

8?S ],[ 1+* jj tutut , 89  ja -9 � ;A4K9AAS BD8<A4F 6G;?V6 «E>?9=><» 

8V?SAB> EC?4=AG, )(txk

 � ?B>4?PAV HGA>JVW HBD@<, 8<E>D9FAV ;A4K9AAS S><I 
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;4CB6ARRFP EFB65JV @4FD<JV C?4AG64AAS X . �9 uK  � >V?P>VEFP 6V8?V>V6 
A4 u - @G 6V8DV;>G. �V?P>VEFP BC9D4JV= @AB:9AAS, 8B8464AAS, A9B5IV8A<I 
8?S B5K<E?9AAS L6<8>BW EC?4=A-4CDB>E<@4JVW 8DG7BW CBIV8ABW 6V8 HGA>JVW: 

2)1()1(* +++= rrNM . 
&4><@ K<AB@, CBI<5>< K<E9?PAB7B DB;D4IGA>G CBIV8ABW 6V8 HGA>JVW, 

S>4 ECBEF9DV74єFPES A4 HBAV 6<C48>B6<I CBI<5B> 8BE?V8A<I 84A<I, ;4CDB-
CBAB64A<@ @9FB8B@ @9ALV AV: CBI<5>< K<E9?PAB7B DB;D4IGA>G JVєW : 
CBIV8ABW >?4E<KA<@ @9FB8B@. 

%C<EB> ?VF9D4FGD< 

1. )9=F (.  4F9@4F<K9E>4S F9BD<S FD4AECBDFAOI CBFB>B6 �  : �;8-6B 
« <D», 1966. � 286 E.  

2. %<?PSAB6 �.�. &9BD<S FD4AECBDFAOI CBFB>B6 6 CDB9>F<DB64A<< 8BDB7 < 
BD74A<;4J<< 86<:9A<S �  .: «&D4AECBDF», 1977. � 300 E. 

3. �BDA �., �BDA &.%CD46BKA<> CB @4F9@4F<>9 �  .: «!4G>4», 1984. � 831 E. 

'�� 004.4 
�BFB6 $.". 1, �BEє64 �.�.1, �<D<K9> �.�.2 

��&" �&�+!� $"��"$&�!!3  �$��!�) %�$��%��  

� EGK4EAB@G E6VFV DB;DB5>4 E<EF9@, CB6�S;4A<I ; @9D9:A<@< E9D6V-
E4@< є 4>FG4?PABR [1].  "8A<@< ; BEAB6A<I C4D4@9FDV6 9H9>F<6ABEFV є K4E 
DB;DB5>< V A48V=AVEFP CDB7D4@AB7B ;459;C9K9AAS. )BK4 VEAGє C96A4 >V?P-
>VEFP E9D6VEV6, S>V 6<DVLGRFP ;484KV 46FB@4F<;4JVW, 6BA< 6 BEAB6AB@G CDB-
CBAGRFP 6<DVL9AAS ?<L9 B8AB7B ; J<I ;4684AP [2]. #D<=ASFB DVL9AAS 
CBє8A4F< GEV CV8IB8< 6 є8<AG E<EF9@G, S>4 CD<;A4K9A4 8?S 46FB@4F<KAB7B 
F9EFG64AAS F4 DB;7BDF4AAS @9D9:96<I E9D6VEV6. 

 9F4 DB5BF< � DB;DB5>4 E<EF9@< 8?S 46FB@4F<KAB7B DB;7BDF4AAS 
@9D9:A<I 8B84F>V6 CVE?S CV8F69D8:9AAS GECVLAB7B 6<>BA4AAS F9EFB6<I 
BC9D4JV=, 6 D9;G?PF4FV ;4EFBEG64AAS S>BW ;@9ALGєFPES K4E A4 BFD<@4AAS 
CD4J9;84FABW 69DEVW 6 E9D98B6<MV 6VDFG4?PABW CD<64FABW I@4D<. 

%C<D4RK<EP A4 DB;DB5?9AG @B89?P E<EF9@< (D<E.1) [3], A46B8<@B 
9F4C< WW D94?V;4JVW. 

 

                                                           
1 @47VEFD, 7D. �!&-621@ �!&' 
2 >4A8. F9IA. A4G>, 8BJ. �!&' 
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$<E. 1.  B89?P E<EF9@< 

#DB4A4?V;G646L< F9A89AJVW DB;7BDF4AAS 8B84F>V6 ;GC<A<@BEP A4 
6<>BD<EF4AAV I@4DA<I F9IAB?B7V=, ;@9ALGRK< 6<FD4F< A4 >BAHV7GD4JVR 
F4 CV8FD<@>G CD4J9;84FABEFV E9D69DV6 V B5?48A4AAS, ;5V?PLGRK< 8BEFGC-
AVEFP 8B84F>V6 ;4 D4IGAB> 7BFB6<I DVL9AP [4].  

#9D98 CBK4F>B@ DB5BF< EF6BDRє@B B5?V>B6<= ;4C<E AWS. #VE?S 
D9єEFD4JVW, 8?S >BAHV7GDG64AAS E9D6VEV6 ;4 8BCB@B7BR 695-VAF9DH9=EG, 
@4є@B 8BEFGC 8B >BAEB?V @9A98:@9AFG. �?S D94?V;4JVW 59;C9>< EF6BDRє@B 
>?RKV F4 6<>BAGє@B A4?4LFG64AAS DB?9= 8BEFGCG 8B CBDFV6 V >BAHV7GDGє-
@B ECV?PAV D9EGDE<. &4> S> DB;7BDF4AAS CDB9>FG 6<>BAGєFPES 46FB@4F<KAB, 
;484є@B DB?V 8BEFGCG 8B E9D6VEV6 Amazon � Identity and Access Management 
V A484є@B CD464 AB6B@G 4>4GAFG. �4?V 6<>BD<EFB6Gє@B E9D6VE< A484AAS 
6VDFG4?PA<I EF4AJV= Elastic Compute Cloud (EC2) 8?S EF6BD9AAS >?4EF9DG, 
46FB@4F<KAB7B 54?4AEG64AAS CD< DB;CB8V?9AAV A464AF4:9AAS @V: @4L<-
A4@< 6 >?4EF9DV V 8?S 4A4?V;G @9FD<> 6VDFG4?PA<I @4L<A. #D< F9EFG64AAV 
E>D<CFV6 A4 ?B>4?PAV= @4L<AV 6<>BD<EFB6Gє@B Vagrant, S><= EF6BDRє ;4-
84AG >V?P>VEFP 6VDFG4?PA<I E9D69DV6. 

!4G>B64 AB6<;A4 CB?S74є G A46989AAV AB6<I @9FB8V6 CV86<M9AAS 
9H9>F<6ABEFV DB;DB5>< 8B84F>V6 ;4 D4IGAB> ECDBM9AAS >BAHV7GDG64AAS F4 
46FB@4F<;4JVW C96A<I EF48V= :<FFє6B7B J<>?G CDB7D4@, ; @B:?<6VEFR 6<-
>BAG64F< >BAHV7GDG64AAS E>?48ABW 9>BE<EF9@< @9D9:A<I D9EGDEV6.  

� IB8V DB5BF< DB;DB5?9AB E<EF9@G 46FB@4F<;4JVW CDBJ9EG F9EFG64AAS V 
DB;7BDF4AAS 8B84F>V6 5G8P-S>BW E>?48ABEFV 6 E9D98B6<MV 6VDFG4?PABW CD<64F-
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ABW I@4D<. !46989AB @9FB8 F9EFG64AAS, ; 6<>BD<EF4AAS@ DB;7BDF4AAS 46FB@4-
F<KAB @4ELF45B64AB7B >?4EF9DG, S><= 8B6B8<FP CD4J9;84FAVEFP E<EF9@< V @B-
:9 6<>BD<EFB6G64F<EP CD< DB;DB5JV G CB8V5A<I CDB9>F4I.   

%C<EB> ?VF9D4FGD< 

1. �9DG64AAS VA:9A9DVєR CDB7D4@AB7B ;459;C9K9AAS � [�?9>FDBAA<= D9-
EGDE] $9:<@ 8BEFGCG: http://lexmarkeuropeanartprize.com/ settech/osnovn-servsi-
nternet.html. 

2. Continuous Integration: A489:ABEFP < 6OEB>B9 >4K9EF6B CDB7D4@@AB7B 
B59EC9K9A<S � [�?9>FDBAA<= D9EGDE] $9:<@ 8BEFGCG: 
http://www.epam.by/strengths/methodology/continuous-integration.html. 

3. �<D<K9> �.�. %<EF9@4 46FB@4F<KAB7B F9EFG64AAS F4 DB;7BDF4AAS @9D9:-
A<I E9D6VEV6 / �.�. �<D<K9>, $.". �BFB6 // !4G>B6V CD4JV �BA!&'. %9DVS: �AHBD@4-
F<>4, >V59DA9F<>4 F4 B5K<E?R64?PA4 F9IAV>4. � 2016. � �<C. 1(22). � %. 58�63. 

4. "5?4KAO9 F9IAB?B7<< < C9DEC9>F<6O <I D4;6<F<S � [�?9>FDBAA<= D9-
EGDE] $9:<@ 8BEFGCG: http://nerohelp.info/1104-ct-r.html. 

'�� 004.7 
�BFB6 $.". 1, �BEє64 �.�.1, �<D<K9> �.�.2 

��%&"%'��!!3 �!&����&'��0!�) %�%&�  � �!&�$!�&� 
$�+��  

�AF9DA9F D9K9= � >BAJ9CJVS >B@GAV>4JV=ABW @9D9:V HV;<KA<I 45B 6V-
DFG4?PA<I B5�є>FV6 («D9K9=»), S>V @4RFP F9IAB?B7VW 8?S 6;4є@B8VW @V: EB-
5BR F4 ; A46>B?<LAV@ E9D98B6<M9@, 4 F4>B: @B:GFP 6<>BAG64F< C96AV 8VW 
59; 6FDGK4AAS ?R8<A< [1]. 

�BAJ9CJVS CB?S74є 6 FB@G, MB5 GEV CD98@9F< CB5GFG, FB64D<, 6G;?< 
F9IAB?B7VKA<I CDBJ9EV6 FBMB, BEA4MG64?<ES 65G8B64A<@< >B@C�RF9D4@< 
F4 E9AEBD4@< V @4?< ;@B7G B5DB5?SF< VAHBD@4JVR, S>4 A48IB8<FP V; A46>B-
?<LAPB7B E9D98B6<M4, B5@VAR64F<ES A9R F4 6<>BAG64F< DV;AV 8VW 6 ;4?9:-
ABEFV 6V8 BFD<@4ABW VAHBD@4JVW [2]. 

"8AVєR ; 6<;A4KA<I BEB5?<6BEF9= �AF9DA9FG D9K9= є CV8>?RK9AAS 
8B @9D9:V, 45B EF6BD9AAS C96AB7B E<@5VB;G 79F9DB79AA<I CD98@9FV6 A4 54;V 
A4S6ABEFV ;6�S;>G @V: A<@<. (V;<KA4 6V8EF4AP GK4EA<>V6 E<EF9@< 6V8EFGC4є 
A4 ;48AV= C?4A ; CBS6BR I@4DA<I B5K<E?9AP, FB@G BEAB6A<@ >D<F9DVє@ 
CD4J9;84FABEFV E<EF9@< є 8BEFGCAVEFP 5G8P-S>B7B D9EGDEG F4 @B:?<6VEFP 

                                                           
1 @47VEFD, 7D. �!&-621@ �!&' 
2 >4A8. F9IA. A4G>, 8BJ. �!&' 
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VAVJVR64F< B5@VA 84A<@<. %<EF9@4 @B:9 5GF< J9AFD4?V;B64ABR � ;4 CD<-
=ASFFS DVL9AP 6V8CB6V84є J9AFD4?PA4 K4EF<A4, 45B 89J9AFD4?V;B64ABR  � 
>B:9A ; 6G;?V6 6<>BAGє 6?4EAG B5DB5>G 84A<I V ECB6VM4є CDB ;@VA< E6B7B 
BFBK9AAS [3].  

"EAB6A<@< ;4684AAS@< E<EF9@< є CDBJ9E< B5DB5>< 84A<I F4 CD<-
=ASFFS DVL9AP. �CDB648:9AAS VAF9?9>FG4?PA<I F9IAB?B7V= 8B;6B?Sє B5DB-
5?SF< 84AV 6 D9:<@V D94?PAB7B K4EG V CD<=@4F< A9B5IV8AV DVL9AAS 6 ;4?9-
:ABEFV 6V8 BFBK9AAS E<EF9@<. %4@9 L6<8>VEFP F4 S>VEFP 484CF4JVW 8B A4-
6>B?<LAPB7B E9D98B6<M4 8B;6B?Sє DB;JVAR64F< E<EF9@G S> VAF9?9>FG4?P-
AG. �4684AAS C9D9F6BD9AAS AB6<I ;A4AP 6<DVLGRFPES ;4 8BCB@B7BR A4S6-
A<I >BAJ9CJV= VAF9?9>FG4?PA<I E<EF9@, F4><I S> A9=DBAAV @9D9:V K< 9>E-
C9DFAV E<EF9@<, IBK4 6BA< @4RFP EGFFє6V 6V8@VAABEFV. !46K4AAS ;4 8BCB-
@B7BR A9=DBAA<I @9D9: ;4=@4є C96A<= K4E, 6>?RK4є 6 E959 C96AG CBI<5-
>G 45B A48@VDA9 CD<EFBEG64AAS 8B BFBK9AAS 4?9, CD< JPB@G, @4є @B:?<-
6VEFP CB6FBDAB7B A46K4AAS, 4 9>EC9DFA4 E<EF9@4 BC9DGє B5@9:9A<@ A45B-
DB@ 8BEFGCA<I ;A4AP, 5V?PL FBKAB 6V8CB6V84є CBFD954@ CD468<6BEFV D9-
;G?PF4FV6 V A9 ;84FA4 46FB@4F<KAB CD<EFBEB6G64F<EP 8B E9D98B6<M4, S>MB 
8?S JPB7B A9 ECDB9>FB64A4.  

%F6BD9AAS 6?4EABW 54;< ;A4AP є A9B5IV8ABR E>?48B6BR VAF9?9>FG4?PABW 
E<EF9@<. �BA4 @B:9 5GF< K<EFB 4EBJV4F<6ABR 45B 6 HBD@4FV BAFB?B7VW, S>4 BC<-
EGє @B:?<6V 64DV4AF< DB;6<F>G CB8V= V D94>JVW. &4>B: DB?P 54;< ;A4AP @B:9 
6<>BAG64F< B>D9@<= E9D69D, S><= ;84FA<= A4>BC<KG64F< ;A4AAS G CBFDV5AB@G 
6<7?S8V [4]. %4@9 79F9DB79AAVEFP E<EF9@< B5G@B6?Rє @B:?<6VEFP 6<>BD<EF4AAS 
B>D9@<I E9D69DV6 8?S 6<>BA4AAS E>?48A<I B5K<E?9AP. � JVєW FBK>< ;BDG >B:9A 
6G;B? CB6<A9A ECV?>G64F<EP ;4 8BCB@B7BR GAVHV>B64A<I CDBFB>B?V6 8?S ;459;-
C9K9AAS EG@VEABEFV. #D< 6V8EGFABEFV ;474?PABCD<=ASF<I DVL9AP VEAGє 5474FB 
ECBEB5V6 C9D984KV 84A<I F4 B8A<@ V; ECBEB5V6 GECVLABW 6;4є@B8VW є 6<>BD<EF4A-
AS EGK4EA<I EF4A84DFV6 6<DB5A<JF64. 

�AL<= ECBEV5 6<>BD<EF4AAS VAF9?9>FG4?PA<I F9IAB?B7V= � B5DB5>4  
VAHBD@4JVW CD< A484AAV WW >BD<EFG64K96V. � D94?PAB@G K4EV @B:A4 ECBEF9-
DV74F< ;4 CDBJ9E4@<, F4 DB5<F< CDB7AB;< MB8B CD4J9;84FABEFV E<EF9@<, 4 
F4>B: BFD<@G64F< 84AV MB8B CB@<?B> V ECBEB5V6 WI 6<DVL9AAS. 

"8A<@ ; BEAB6A<I ;4684AP @9D9:A<I F9IAB?B7V= �AF9DA9FG D9K9= є 
59;C9>4 C9D984KV 84A<I. �R8EP><= H4>FBD є C9D964:ABR CD<K<ABR 6D4;-
?<6BEFV E<EF9@<, A46VFP CD< A48V=AV= D94?V;4JVW ;4I<EFG 84A<I. �<DB5< 
@4EB6B7B 6<CGE>G K4EFB @4RFP B8A4>B6V A4?4LFG64AAS 4?9 >BD<EFG64K 
;4?<L4є WI 59; ;@VA, MB CD<;6B8<FP 8B CBF9AJV4?PABW 6D4;?<6BEFV. 

,<DB>9 CBL<D9AAS �AF9DA9FG ECD<Sє DBEFG CBFD95 >BD<EFG64KV6 V 
A484є 5474FB @B:?<6BEF9= 8?S CV86<M9AAS >B@HBDFG. "EAB6BR EGK4EAB7B 
DB;6<F>G E<EF9@ є BDVєAF4JVS A4 VAF9?9>FG4?PAG CB698VA>G E<EF9@< F4 WW 
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;84FAVEFP 8B E4@BB5E?G7B6G64AAS. &B@G CBє8A4AV 6 @9D9:G CD<EFDBW @B-
:GFP 6<>BD<EFB6G64F< B5@VA CB6V8B@?9AAS@< CDB E6V= EF4A S> ECBEV5 ;59-
D9:9AAS F4 VAF9?9>FG4?PABW B5DB5>< ;A4AP CDB A46>B?<LAV= E6VF 8?S CB-
84?PLB7B WI 4A4?V;G F4 46FB@4F<KAB7B A46K4AAS.   

%C<EB> ?VF9D4FGD< 

1. �AF9DA9F D9K9=. � [�?9>FDBAA<= D9EGDE] $9:<@ 8BEFGCG: 
http://www.studfiles.ru/preview/5110953/page:4/. 

2. �B?BJ><=  . �?RK96O9 FD9A8O <AF9DA9F4 69M9= A4 2016 7B8 [�?9>FDB-
AA<= D9EGDE]. � $9:<@ 8BEFGCG: http://gagadget.com/20839. 

�45G %. �4> BE6B<FP �AF9DA9F 69M9= � [�?9>FDBAA<= D9EGDE] / %.�45G. � 
$9:<@ 8BEFGCG: http://www.ibm.com/developerworks/ru/ library/ot-key-concepts/ot-
key-concepts-pdf.pdf. 

3. �B65<L, �.%. "EAB6< CDB9>FG64AAS VAF9?9>FG4?PA<I E<EF9@ [&9>EF] : 
A46K. CBEV5. / �.%. �B65<L. � %G@< : %G@�', 2009. � 170 E. 

'�� 62-50; 519.7; 519.8 
�96<A �.�.1 

�%%���"��!�� ('!�*�� % !�"#$�����!!"%&02 � 

"%"�/) &"+��)  �&"�"  $����&�$ �!���*�� 

�>FG4?PABEFP 
#D< @B89?<DB64A<< BD74A<;4J<BAAB-F9IA<K9E><I E<EF9@ 6 DS89 

E?GK496 6B;A<>4RF E?B:ABEF< 6 <EE?98B64A<< HGA>J<BA<DB64A<S F4><I 
E<EF9@, 9E?< BA< HBD@4?<;B64AO A4 54;9 4A4?<F<>B-89F9D@<A<DB64AAOI 
HGA>J<=. � 8B>?489 CD98?4749FES AB6O= @9FB8 � D4;89F9D@<A<;4J<S, 
CD98A4;A4K9AAO= 8?S D9L9A<S ;484K 6OK<E?9A<S 89F9D@<A<DB64AAOI 
HGA>J<=, <@9RM<I F4> A4;O649@O9 BEB5O9 FBK><, 6 >BFBDOI G HGA>J<< 
A9 EGM9EF6G9F BCD989?9AAB7B ;A4K9A<S. *9?PR S6?S9FES D4;D45BF>4 CB8-
IB84, CB;6B?SRM97B BEGM9EF6?SFP 89?9A<9 A4 AG?P < F9@ E4@O@ <E>?R-
K4FP BEB5O9 FBK>< <EE?98G9@OI HGA>J<=. 

 9FB8 
#D98?B:9AAO= @9FB8 ;4>?RK49FES 6 C9D9IB89 BF CDB5?9@4F<KAB=, 

E FBK>< ;D9A<S 6OK<E?9A<S, 89F9D@<A<DB64AAB= HGA>J<< > EBBF69FEF-
6GRM9= A989F9D@<A<DB64AAB=, 4 <@9AAB, <AF9D64?PAB= HGA>J<<, CGF9@ 
;4@9AO 89F9D@<A<DB64AAOI C4D4@9FDB6 HGA>J<< EBBF69FEF6GRM<@< <A-
F9D64?PAO@< C4D4@9FD4@<. �?47B84DS 84AAB= ;4@9A9 ;A4K9A<S HGA>J<< 6 

                                                           
1 8-D F9IA<K9E><I A4G>, CDBH9EEBD, #9A;9AE><= 7BE. F9IAB?B7<K9E><= GA-F 
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BEB5OI FBK>4I EF4AB6SFES <AF9D64?PAO@< < 6CB?A9 BCD989?9AAO@< ;A4-
K9A<S@<, KFB < CB;6B?S9F D4;D9L<FP CDB5?9@G 6OK<E?9A<S HGA>J<<. $9-
L9A<9 G>4;4AAB= CDB5?9@O 8BEF<749FES ?974?<;4J<9= 89?9A<S A4 AG?P 
CGF9@ <AF9D64?<;4J<< 6OK<E?9A<=. #D< QFB@ <ECB?P;G9FES CD<AJ<C 6O-
D9;4A<S B>D9EFABEF< AG?S <; <AF9D64?4, S6?SRM97BES 89?<F9?9@ <AF9D-
64?PAB= 8DB5<, CD98EF46?SRM9= <EE?98G9@GR HGA>J<R. 

$9;G?PF4F 
�?S GCDBM9AAB= CGF9@ 6OD9;4A<S <AF9D64?PAB= HGA>J<< 6O6989-

AO D45BK<9 HBD@G?O, BEAB64AAO9 A4 BEAB6AOI CB?B:9A<SI <AF9D64?PAB= 
@4F9@4F<>< < CB;6B?SRM<9 ?97>B A4=F< ;A4K9A<S QFB= HGA>J<<. #D98?B-
:9AAO= 6 EF4FP9 CB8IB8 > D9L9A<R CDB5?9@O 6OK<E?9A<S HGA>J<= E 
BEB5O@< FBK>4@< <@99F 64:AB9 ;A4K9A<9 8?S 6E9I >?4EEB6 CD<>?48AOI 
E<EF9@, 6 >BFBDOI QF4 CDB5?9@4 D94?PAB EGM9EF6G9F. $9KP ;89EP <89F B F9I 
E<EF9@4I, HGA>J<<-I4D4>F9D<EF<>< >BFBDOI <@9RF A9>BFBDB9 K<E?B BEB-
5OI FBK9>. &4><9 E<EF9@O 6EFD9K4RFES K4M9 6E97B 6 F9?9@9FD<<, F9BD<< < 
CD4>F<>9 A489:ABEF<, 7G@4A<F4DAB= EH9D9 < DS89 8DG7<I B5?4EF9=. "EB-
59AABEF< QF<I B5?4EF9= 6 FB@, KFB 6 A<I A9 6E9784 CD<@9A<@O >?4EE<K9-
E><9 @9FB8O 89F9D@<A<EFE>B= @4F9@4F<><, KFB < CB5G:849F <E>4FP AB6O9 
CB8IB8O > D9L9A<R 6B;A<>4RM<I ;89EP ;484K. 

'�� 629.78 
�96<A �.�. 1 

� 120-��&!� ' 2����2 %"(0� ����%�!�$"�!/ 

3!"�%�"� 

�O84RM<=ES EC9J<4?<EF 6 B5?4EF< H<?BEBH<< < <EFBD<< @4F9@4-
F<><, @4F9@4F<K9E>B= ?B7<>< < BEAB64A<= @4F9@4F<>< %BHPS �?9>E4A8-
DB6A4 3AB6E>4S (GDB:89AA4S !9=@4D>) DB8<?4EP 31 SA64DS 1896 7. 6 @. 
#DG:4AO �DB8A9AE>B= 7G59DA<<. �BEC<FO64?4EP 6 E9@P9 E?G:4M<I. 
�OEL99 B5D4;B64A<9 CB?GK<?4 A4 �OEL<I :9AE><I >GDE4I CD< !B6BDBE-
E<=E>B@ GA<69DE<F9F9 ("89EE4), 789 B5GK4?4EP EA4K4?4 A4 9EF9EF69AAB@, 
;4F9@ A4 @4F9@4F<K9E>B@ BF89?9A<<, 789 CDBE?GL4?4 ?9>J<< �.�. �GA<J-
>B7B, �.(. �474A4, �.2. &<@K9A>B < %.". ,4FGAB6E>B7B. #B B>BAK4A<< 
>GDEB6, 6 1918 7B8G, CD<@>AG?4 > 5B?PL96<>4@ < GK4EF6B64?4 A4 <I EFB-
DBA9 6 �D4:84AE>B= 6B=A9, 4 E 1920 7B84 D45BF4?4 6 "89EE>B@ 7G5>B@9 
��#5. � 1924 7. 5O?4 >B@4A8<DB64A4 6  BE>6G 8?S CDB8B?:9A<S GK95O 

                                                           
1 8-D F9IA<K9E><I A4G>, CDBH9EEBD, #9A;9AE><= 7BE. F9IAB?B7<K9E><= GA-F 
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A4 9EF9EF69AAB@ BF89?9A<< �AEF<FGF4 >D4EAB= CDBH9EEGDO (��#). #BE9-
M4?4 @4F9@4F<K9E><9 E9@<A4DO �.(. �7BDB64 < �.�. %F9C4AB64. � 1925 7., 
9M9 EFG89AF>B=, BD74A<;B64?4 6  �' C9D6O= 6 %%%$ E9@<A4D CB <EFBD<< 
< H<?BEBH<< @4F9@4F<>< 8?S EFG89AFB6 < 4EC<D4AFB6, >BFBDO= CBE9M4?<, 
6 K4EFABEF<, �.!. �B?@B7BDB6, �.�. �REF9DA<>, �.". �9?PHBA8, �.�. �D-
AB?P8, �.#. 2L>96<K, #.�. $4L96E><= &4>:9 BA4 EF4?4 B8A<@ <; DG>B6B-
8<F9?9= E9@<A4D4 E9>J<< 9EF9EF69AAOI A4G> �B@@GA<EF<K9E>B= 4>489-
@<<, 789 B5EG:84?<EP 6BCDBEO @9FB8B?B7<< @4F9@4F<><. �DB@9 FB7B, FB-
784 :9, EFG89AF>B= 2 >GDE4 ��#, BA4 EF4?4 CD9CB8464FP F4@ :9 @4F9@4F<-
>G, 4 6  �' � <EFBD<R < H<?BEBH<R @4F9@4F<><. � 1929 7. GEC9LAB 
B>BAK<?4 ��# E?B:<6L<@ES GK9AO@ E BCD989?<6L<@<ES <AF9D9E4@<: 
@9FB8B?B7<S, H<?BEBH<S < <EFBD<S @4F9@4F<><. 

!4GKA4S D45BF4 %.�. 3AB6E>B= A4K4?4EP 6 1928 7. CG5?<>4J<9= E9-
D<< EF4F9= CB H<?BEBH<< @4F9@4F<>< E @4D>E<EFE><I CB;<J<=. � 1933 
7B8G BA4, 6C9D6O9 6 <EFBD<< @4F9@4F<><, A4K4?4 <;GK4FP @4F9@4F<K9E><9 
DG>BC<E< �.  4D>E4. 1F4 D45BF4, CDB8B?:46L4SES 6ER 99 :<;AP, EO7D4?4 
EGM9EF69AAGR DB?P 6 CD<6?9K9A<< 6A<@4A<S BF9K9EF69AAOI <EFBD<>B6 
@4F9@4F<>< > <EFBD<< BEAB64A<= @4F4A4?<;4. "A4 F4>:9 ;4A<@4?4EP < 
8DG7<@< 6BCDBE4@< <EFBD<< @4F9@4F<><: <EFBD<S 4>E<B@4F<><, <EFBD<S 
CD9CB8464A<S @4F9@4F<>< 6  BE>B6E>B@ GA<69DE<F9F9, 6B;A<>AB69A<9 
@4F9@4F<K9E>B= EFDB7BEF< < F.8. �9 D45BFO CB <EFBD<< @4F9@4F<>< BF?<-
K4?<EP CB6OL9AAO@ 6A<@4A<9@ > 54;B6O@ 6BCDBE4@ EF4AB6?9A<= @4F9-
@4F<K9E>B= A4G><, 7?G5<AB= CDBD45BF>< @4F9D<4?4, CDBEFBFB= HBD@O. 

% 1930 7. < 8B >BAJ4 :<;A< 3AB6E>4S %.�. 5O?4 CDBH9EEBDB@  �', 
;89EP BA4 CDBK<F4?4 89ESF>< D4;?<KAOI >GDEB6, DG>B6B8<?4 E9@<A4D4@< < 
4EC<D4AF4@<, EB;8464?4 A4GKAO9 L>B?O. ':9 6 1930 7. 6@9EF9 E  .3. �O-
7B8E><@ BA4 EF4?4 K<F4FP >GDE <EFBD<< @4F9@4F<><, E GCBDB@ A4 <EFBD<R 
B5BEAB64A<S @4F9@4F<>< BF 4AF<KABEF< 8B EB6D9@9AABEF<. � 1933 7. BA< 
EB6@9EFAB BD74A<;B64?< 6  �' C9D6O= 6 %%%$ E9@<A4D CB <EFBD<< @4-
F9@4F<><, >BFBDO= A4 @AB7<9 7B8O EF4? J9AFDB@ CB87BFB6>< BF9K9EF69A-
AOI <EE?98B64F9?9= 6 G>4;4AAB= B5?4EF<. %BDG>B6B8<F9?9@ QFB7B E9@<A4-
D4 CB;:9 EF4? �.#. 2L>96<K. � 1935 7. 3AB6E>B=, 6 K<E?9 8DG7<I C9D6OI 
EB69FE><I GK9AOI, 5O?4 CD<EG:89A4 GK9A4S EF9C9AP 8B>FBD4 H<;<>B-
@4F9@4F<K9E><I A4G> < CD<E6B9AB GK9AB9 ;64A<9 CDBH9EEBD4 @4F9@4F<><. 

� 7B8O �9?<>B= "F9K9EF69AAB= 6B=AO %.�. 3AB6E>4S CDB:<64?4 6 
Q64>G4J<< 6 #9D@<, ;4698GS >4H98DB= 6OEL9= 4?795DO < K<F4S @AB:9EF6B 
>GDEB6 (6OEL4S 4?795D4, F9BD<S K<E9? < F.8.). &4@ BA4 A4L?4 FD9I CB84R-
M<I A489:8O CB8DBEF>B6, CD<7D9?4 <I, 4 CBFB@ CB@B7?4 <@ C9D95D4FPES 6 
 BE>6G < EF4FP >DGCAO@< @4F9@4F<>4@<. 1FB  . . #BEFA<>B6 �.�. �OA-
><A, ".�. "?9=A<>. �CBE?98EF6<< BA4 BF8464?4 6E9 E<?O @B?B8O@ GK9AO@ 
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< ?R5<?4 <I. ' A99 5O?B @AB:9EF6B GK9A<>B6 (5B?PL9 20), >BFBDO9 6OEB-
>B J9A<?< 99 (�.�. �4L@4>B64, �.�. �<DR>B6, �.#. �BDE><=, �.�.  4=EF-
DB6, �.!.  B?B8L<=, �.�. �B=L6<??B, �.�. $4=>, �.�. $O5A<>B6, !.�. 
%FS:><A < 8D.). ' %.�. 3AB6E>B= 5O? E6B= A9CB6FBD<@O= EF<?P CD9CB84-
64A<S. "A4 A9 EFD9@<?4EP 8B69EF< 8B 5?9E>4 HBD@G <;?B:9A<S, EK<F4S, KFB 
K9@ HBD@4 CDBM9, F9@ ?97K9 8BA9EF< 8B E?GL4F9?9= EGFP F9@O. "A4 K4EFB 
<ECB?P;B64?4 A9B5OKAO9 CD<9@O, KFB5O 6OCSF<FP EGFP, D4EE>4;O64?4 A9 
D9;G?PF4FO, 4 CDBJ9EE <I CB?GK9A<S, BK9AP G@9?B CB85<D4?4 CD<@9DO, 
>BFBDO9 ED4;G 89?4?< CBASFAB= EGFP CDB5?9@O. 

#9D<B8 1930-I 7B8B6 B;A4@9AB64?ES <AF9D9EB@ %.�. 3AB6E>B= > 
@4F9@4F<K9E>B= ?B7<>9. "A4 5OEFDB BE6B<?4 QFBF AB6O= 8?S E95S CD98@9F 
< G:9 6 1936 7B8G 6C9D6O9 6 %B69FE>B@ %BR;9, A4K4?4 K<F4FP 97B A4 @9I4-
A<>B-@4F9@4F<K9E>B@ H4>G?PF9F9  �'. "A4 CDB8B?:4?4 K<F4FP QFBF >GDE 
8B >BAJ4 :<;A<, A9CD9EF4AAB EB69DL9AEF6GS < CBCB?ASS 97B < CD<ECBE45-
?<64S > AG:84@ D4;?<KAOI >4F97BD<= E?GL4F9?9=. � 1943 7., CBE?9 6B;-
6D4M9A<S 6  BE>6G <; Q64>G4J<<, 3AB6E>4S BD74A<;B64?4 C9D6O= 6 %%%$ 
E9@<A4D CB @4F9@4F<K9E>B= ?B7<>9  CD< @9I@4F9  �', >BFBDO@ DG>B6B-
8<?4 EB6@9EFAB E �.�. �974?><AO@ < #.%. !B6<>B6O@ (CB;:9 � 6@9EF9 E 
�.�.  4D>B6O@). 1FG A4G>G BA4 6ESK9E>< CB889D:<64?4 < A4 DG>B6B8<@B= 
9R >4H98D9 <EFBD<< @4F9@4F<>< @9I@4F4  �', 789 6 >BAJ9 1940-I 77. 
CBS6<?<EP C9D6O9 6 %%%$ 4EC<D4AFO CB @4F9@4F<K9E>B= ?B7<>9. 

"7DB@AGR DB?P EO7D4?4 BD74A<;4J<BAA4S 89SF9?PABEFP 3AB6E>B= 
CB <;84A<R ?B7<>B-@4F9@4F<K9E>B= ?<F9D4FGDO 6 %%%$, HBD@<DB64A<R 
AB6OI A4GKAOI EFDG>FGD ?B7<K9E>B7B CDBH<?S. �?47B84DS GE<?<S@ %.�. 
3AB6E>B= 6ODBE?< 869 698GM<9 EB69FE><9 L>B?O @4F9@4F<K9E>B= ?B7<>< 
� A4 @9I@4F9 < A4 H<?BEBHE>B@ H4>G?PF9F9  �'. 

'�� 51-77 
�96<A �.�. 1 

 �&� �&�+�%�"�  "����$"��!�� #"&"�� 

�%&"$�+�%��) %"�/&�� (!� #$� �$� #"&"�� �"�!) 

�4 8B?7<9 7B8O EGM9EF6B64A<S ?R8< A4>BC<?< 5B74FO= CB?B:<-
F9?PAO= BCOF CD<@9A9A<S @4F9@4F<>< 6 9EF9EF69AAOI A4G>4I � H<;<>9, 
I<@<<, 4EFDBAB@<<, 79B?B7<<, F9IA<>9. !B 6 7G@4A<F4DAOI < B5M9EF69A-
AOI A4G>4I 89?B B5EFBS?B <A4K9. &4@ 8B CBE?98A97B 6D9@9A< 5O?< D4E-
                                                           
1 8-D F9IA<K9E><I A4G>, CDBH9EEBD, #9A;9AE><= 7BE. F9IAB?B7<K9E><= GA-F 
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CDBEFD4A9AO E?B69EAO9 BC<E4A<S <;GK49@OI S6?9A<=, KFB ;4K4EFGR CD<-
6B8<?B > D9;G?PF4F4@, A9 CB884RM<@ES ED46A<F9?PAB@G 4A4?<;G, A9 7B6B-
DS G:9 B @AB7BE?B6AB@ < A9B8AB;A4KAB@ CB E@OE?G I4D4>F9D9 <;?B:9A<S. 
� FB :9 6D9@S B5N9>FO 6 G>4;4AAOI A4G>4I 6CB?A9 CB884RFES BC<E4A<R 
489>64FAO@< @4F9@4F<K9E><@< @B89?S@<. �;69EFAB, KFB S;O> @4F9@4F<>< 
@B:9F ?B7<KAB, EFDB7B < B8AB;A4KAB BC<EO64FP >BAEFDG>J<<, >BFBDO9 
D4APL9 <;?474?<EP FB?P>B E?B69EAB. �B?99 FB7B, 5?47B84DS >B@C4>FABEF< 
QFBF S;O> CB;6B?S9F 6 DS89 E?GK496 6E>DO64FP A9<;69EFAO9 D4A99 ;4>BAB-
@9DABEF< 6 <;GK49@OI B5N9>F4I. 1F< BEB59AABEF< CB;6B?<?< @4F9@4F<K9-
E><@ @9FB84@ CDBA<>AGFP 6B @AB7<9 B5M9EF69AAO9 < 7G@4A<F4DAO9 A4-
G> � Q>BAB@<>G, EBJ<B?B7<R, CE<IB?B7<R < F.8. !4K4?B CD<@9A9A<S @4-
F9@4F<K9E><I @9FB8B6 > <EFBD<K9E><@ CDBJ9EE4@ BFABE<FES > 1960-@ 77. 
�B?PL<AEF6B QF<I @9FB8B6 54;<DG9FES A4 F9BD<< 69DBSFABEF9= < @4F9@4-
F<K9E>B= EF4F<EF<>9. #D< QFB@ CD98CB?4749FES, KFB BF89?PAO9 EB5OF<S, 
EBEF46?SRM<9 <EFBD<K9E><= CDBJ9EE, S6?SRFES E?GK4=AO@< EB5OF<S@<. 
&4>B9 CD98CB?B:9A<9 ECBDAB, E?GK4=AO@ @B:9F 5OFP FB?P>B FB EB5OF<9, 
>BFBDB9 @B:AB CB6FBD<FP @AB:9EF6B D4; (5DBE4A<9 @BA9FO, <7D4?PAB= 
>BEF< < F.8.), 4 <EFBD<K9E><9 EB5OF<S GA<>4?PAO. �B;A<>49F <AF9D9E > 
@4F9@4F<K9E><@ @9FB84@ <EE?98B64A<S <EFBD<K9E><I CDBJ9EEB6, >BFBDO9 
GK<FO64RF GA<>4?PABEFP <EFBD<K9E><I CDBJ9EEB6 < A9 54;<DGRFES A4 
F9BD<< 69DBSFABEF9=. � [1] 5O? CD98?B:9A BD<7<A4?PAO= @9FB8 @4F9@4-
F<K9E>B7B @B89?<DB64A<S D4;ABB5D4;AOI <EFBD<K9E><I CDBJ9EEB6, 54;<-
DGRM<=ES A4 F9BD<< 46FB@4FB6 < @4F9@4F<K9E>B= ?B7<>9, KFB CB;6B?S9F 
?GKL9 GK<FO64FP GA<>4?PABEFP <;GK49@OI CDBJ9EEB6. �89EP 848<@ CD<-
@9A9A<9 @9FB84 > @B89?<DB64A<R A4K4?4 < CD9>D4M9A<S 6B=A (CBFB>4 
6B=A). 

#GEFP <@99FES A9>BFBDB9 K<E?B D97<BAB6 (K4EF9= E69F4, EFD4A, LF4-
FB6 < F.8.), 6 >BFBDOI CDB<EIB8SF 6B=AO. � >4:8B@ D97<BA9 6B=AO CDB<E-
IB8SF 6 CBE?98B64F9?PABEF< 6D9@9AAOI <AF9D64?B6, 789 D4;?<KAO9 <AF9D-
64?O A9 C9D9E9>4RFES < >4:8O= EB89D:<F DB6AB 1 6B=AG � BF @B@9AF4 99 
A4K4?4 (?964S 7D4A<J4 <AF9D64?4) 8B @B@9AF4 B>BAK4A<S (CD464S 7D4A<J4). 
�4:8O= D97<BA <@99F E6B= CBFB> 6B;A<>4RM<I < CD9>D4M4RM<IES 6B=A, 
@O 5G89@ <;GK4FP EG@@4DAO= CBFB>, CB?GK49@O= EG@@<DB64A<9@ D97<B-
A4?PAOI CBFB>B6. �EFP 869 CD<AJ<C<4?PAO9 FDG8ABEF<, E6S;4AAO9 E D9-
L9A<9@ QFB= ;484K<. #9D64S � 6O5BD CD98EF46<F9?PAOI I4D4>F9D<EF<> 
EG@@4DAB7B CBFB>4 6B=A. �FBD4S � A9B5IB8<@BEFP 6OK<E?9A<S G>4;4AAOI 
I4D4>F9D<EF<> CD< 6B;@B:AB@ 5B?PLB@ K<E?9 D97<BA4?PAOI CBFB>B6 
6B=A, B5D4;GRM<I EG@@4DAO= CBFB>, < 5B?PLB@ K<E?9 6B=A 6 BF89?PAOI 
D97<BA4?PAOI CBFB>4I. #B>4:9@, KFB <ECB?P;B64A<9 CD98?4749@B7B 46FB-
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@4FAB-?B7<K9E>B7B CB8IB84 > @4F9@4F<K9E>B@G @B89?<DB64A<R CBFB>B6 
6B=A @B:9F CD9B8B?9FP B59 G>4;4AAO9 FDG8ABEF< 

1FBF CB8IB8 EBEFB<F 6 CBEFDB9A<< 46FB@4F4, 6IB8AO9 CDBJ9EEO >B-
FBDB7B @B89?<DGRF D97<BA4?PAO9 CBFB>< 6B=A, 4 6OIB8AO9 � D4;?<KAO9 
I4D4>F9D<EF<>< EG@@4DAB7B CBFB>4. #BE?98A<9 6OK<E?SRFES @9FB84@< 
F9BD<< 46FB@4FB6. �AB784 GE?B6<9: B8A4 6B=A4 6 B8AB@ <AF9D64?9 D97<B-
A4?PAB7B CBFB>4 6B=A � @B:9F A4DGL4FPES. &B784 D97<BA D4;5<649FES A4 
CB8D97<BAO. �4AAB9 <EE?98B64A<9 CDB6B8<?BEP CD<@9A<F9?PAB > @AB:9-
EF6G A4<5B?99 <;69EFAOI 6 @<D9 6B=A ;4 CBE?98A<9 2500 ?9F. �O6B8O CD<-
6989AO 6 [3]. 

%C<EB> ?<F9D4FGDO 

1. �B64?9A>B �.�. (D98.). �B?<K9EF69AAO9 @9FB8O 6 <EFBD<K9E><I <EE?98B-
64A<SI. �  .: �OEL4S L>B?4, 1984. 

2. �96<A �.�.  4F9@4F<K9E>B9 @B89?<DB64A<9 EBJ<4?PAB-Q>BAB@<K9E><I 
CDBJ9EEB6 (46FB@4FAB-?B7<K9E><9 @9FB8O < @B89?<). � #9A;4: �;8-6B #9A;9AE>B7B 
F9IAB?B7<K9E>B7B <A-F4, 1997. 

3. �96<A �.�.  4F9@4F<K9E>B9 @B89?<DB64A<9 CBFB>4 <EFBD<K9E><I EB5O-
F<= @9FB84@< F9BD<< 46FB@4FB6. �G@4A<F4DAO9 A4G>< < EB6D9@9AABEFP. �OC. 5. � 
#9A;4: �;8-6B #9A;9AE>B7B 7BE. GA-F4, 1999. 

4. #BEC9?B6 �.�. �B7<K9E><9 @9FB8O 4A4?<;4 < E<AF9;4 EI9@. �  .: 1A9D-
7<S, 1987. 

'�� 681.326 
�96O><A �. �.1 

$��$��"&��  "����� #$"&"&�#"� #$"��&�  

�!("$ �*�"!!"� %�%&� / #" %&���3  �� 

#$"��&�$"��!�3 

"8A<@ <; BEAB6AOI 4EC9>FB6 EB6D9@9AAOI @9FB8B?B7<<, CD<@9AS9@OI 
CD< CDB9>F<DB64A<< E?B:AOI E<EF9@, S6?S9FES @4>E<@4?PAB9 GK4EF<9 �4>4;K<-
>4 6 CDBJ9EE9 CDB9>F<DB64A<S A4 6E9I 97B EF48<SI [1]. �?S 97B BEGM9EF6?9A<S 
A9B5IB8<@B, KFB5O «$4;D45BFK<>» < «�4>4;K<>» A4 >4:8B@ QF4C9 CDB9>F<DB64-
A<S <@9?< 8BEF4FBKAB9 CBA<@4A<9 < CD98EF46?9A<9 B CDB9>F9 <AHBD@4J<BA-
AB= E<EF9@O (�%) < 99 EFDG>FGD9, 4 A9 B5 BF89?PAOI >B@CBA9AF4I CDBJ9EE4I, 
HGA>J<SI, 84AAOI, 6OIB8AOI 8B>G@9AF4I. 

                                                           
1 �96O><A �. �. >.F.A. CDBH. )4DP>B6E><= A4J<BA4?PAO= GA<69DE<F9F D48<BQ?9>-
FDBA<>< 
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� E6S;< E D4EE@BFD9AAO@< CDB5?9@4@< 8?S B59EC9K9A<S QHH9>F<6-
AB7B CDBJ9EE4 CDB9>F<DB64A<S �%, B59EC9K9A<S CBEFBSAAB7B  6;4<@B89=-
EF6<S «$4;D45BFK<>4» < «�4>4;K<>4» CD98?4749FES <ECB?P;B64FP F9IAB?B-
7<R Q6B?RJ<BAAB7B CDBFBF<C<DB64A<S, CB;6B?SRMGR CB?GK<FP C9D6BA4-
K4?PAO=, CDBEFB= CDB9>F 5G8GM9= E<EF9@O, E CBE?98GRM<@ 97B EB69D-
L9AEF6B64A<9@ A4 >4:8B= EF48<< 8B 6A98D9A<S �% [2]. (4>F<K9E>< D94-
?<;G9FES F9IAB?B7<S CBQF4CAB7B C9D9IB84 BF @4>DBCDB9>F<DB64A<S, A4 
>BFBDB@ BCD989?S9FES @AB:9EF6B D94?<;G9@OI E<EF9@B= CDBJ9EEB6, 6O-
IB8AOI 8B>G@9AFB6, GCD46?SRM<I 6B;89=EF6<=, FD95G9@OI D9EGDEB6 A4 
D4;D45BF>G E<EF9@O (H<A4AEB6OI, @4F9D<4?PAOI), 4 F4>:9 8?<F9?PABEFP 
D4;D45BF><, > F9IAB?B7<< @<>DBCDB9>F<DB64A<S, CD98GE@4FD<64RM9= 
EB;84A<9 6E9I >B@CBA9AFB6 B59EC9K<64RM97B >B@C?9>E4, >BFBDO= D94?<-
;G9F 6 CB?AB@ B5N9@9 BCD989?9AAO9 HGA>J<BA4?PAO9 >B@C?9>EO E GK9-
FB@ 66989AAOI B7D4A<K9A<= A4 EFB<@BEFP < 8?<F9?PABEFP D4;D45BF><. �4> 
<;69EFAB, Q6B?RJ<BAAB9, 4 F4>:9 5OEFDB9 CDBFBF<C<DB64A<9 CD<@9AS9F-
ES, >4> CD46<?B, CD< D4;D45BF>9 CDB7D4@@AB7B B59EC9K9A<S �%. "8A4>B 
EC9J<H<>4 D4;D45BF>< BD74A<;4J<BAAOI �% E6S;4A4 E D9L9A<9@ 5B?99 
L<DB>B7B EC9>FD4 CDB5?9@, K9@ EB;84A<9 FB?P>B CDB7D4@@AB7B B59EC9K9-
A<S, F4> >4> EF46<FES ;484K4 CDB9>F<DB64A<S E<EF9@O 6 J9?B@, 4 A9 99 BF-
89?PAB7B CDB7D4@@AB7B >B@C?9>E4. #BQFB@G A9B5IB8<@B D4;D45BF4FP F4-
>B= >B@C?9>E @B89?9= CDBFBF<C4 CDB9>F4, >BFBDO9 CB;6B?<?< 5O BEGM9-
EF6?SFP 97B <;@9A9A<9 CB EF48<S@ CDB9>F<DB64A<S. 

� EBBF69FEF6<< E EGM9EF6GRM<@ BF9K9EF69AAO@ EF4A84DFB@ A4 
D4;D45BF>G 46FB@4F<;<DB64AAOI E<EF9@, 4 F4>:9 @9FB8B?B7<9= SSADM, 
BCD989?SRM<@< EF48<< < @B8G?< CDB9>F<DB64A<S, A9B5IB8<@B CB?GK<FP 
Q6B?RJ<BAAB9, CBEF48<=AB9 BC<E4A<9 CDBFBF<CB6 CDB9>F4 �% 6 6<89 CB-
E?98B64F9?PABEF< D4;D45BF>< @B89?<: >BAJ9CFG4?PAB7B BC<E4A<9 CDB9>F4; 
GFBKA9A<S, E>BDD9>F<DB64AAB7B BC<E4A<9 CDB9>F4; BC<E4A<9 CDB9>F4 E 
GK9FB@ EFDG>FGDO �%; BC<E4A<9 CDB9>F4 E GK9FB@ F9IA<K9E><I D9L9A<=; 
8B>G@9AF4?PAB7B BC<E4A<S CDB9>F4. 

�?S D94?<;4J<< F4>B7B BC<E4A<S <ECB?P;G9@ EC<D4?PAGR @B89?P 
CDB9>F<DB64A<S. #D9<@GM9EF6B F4>B= @B89?< BF >4E>48AB=, A4D4M<64A<S 
HGA>J<= < F.8. EBEFB<F 6 FB@, KFB A4 >4:8B@ 6<F>9 CDB9>F<DB64A<S HBD-
@<DG9FES 69DE<S CDB9>F4, >BFBD4S A9 CD<A<@49FES B>BAK4F9?PAB 8B GEFD4-
A9A<S 6E9I BL<5B> CD<6B8SM<I > EDO6G 6OCB?AS9@OI D45BF < EDB>B6 
CDB9>F<DB64A<S. #9D9IB8 A4 CBE?98GRMGR 69DE<R BEGM9EF6?S9FES FB?P-
>B CBE?9 G8B6?9F6BD9A<S FD95B64A<= ;4>4;K<>4 < D4;D45BFK<>4 6OCB?A9-
A<S  CB?AB7B >B@C?9>E4 D45BF A4 EBBF69FEF6GRM9= EF48<<. 

#9D9IB8 > CBE?98GRM<@ 6<84@ @B89?9= CBE?98B64F9?PABEF< >BD-
D9>F<DB6>< < GFBKA9A<S CDBFBF<C4 CDB9>F4 < >B@C?9>EB6 D4;D454FO649-
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@B= �% FD95G9F D4;D45BF>< <@<F4J<BAAOI @B89?9=, B59EC9K<64RM<I 
CB?GK9A<9 FD95G9@OI C4D4@9FDB6 CB >4:8B@G 6<8G @B89?9=. 

&4><@ B5D4;B@, D4EE@BFD9AAO= CB8IB8 Q6B?RJ<BAAB7B CDBFBF<C<-
DB64A<S D4;D45BF>< EFDG>FGDO CDB9>F4 �% 849F 6B;@B:ABEFP «$4;D45BF-
K<>G» < «�4>4;K<>G» A4 6E9I EF48<SI CDB9>F<DB64A<S, A4K<A4S E HBD@<-
DB64A<S B5M<I C4D4@9FDB6 CDB9>F4, <@9FP 97B J9?BEFAB9 CD98EF46?9A<9 E 
CBE?98GRM<@ GFBKA9A<9@ EBEF46?SRM<I C4D4@9FDB6.  B89?< CDBFBF<-
CB6 H4>F<K9E>< S6?SRFES EC<D4?PAO@< @B89?S@<, 84RM<@< 6B;@B:ABEFP 
BC<EO64FP, GFBKASFP, >BDD9>F<DB64FP 69DE<< C4D4@9FDB6 CDB9>F4 < D4;D4-
54FO649@B= �% A4 >4:8B= EF48<< D4;D45BF>< 8B CB?GK9A<S CD<9@?9@B7B 
D9;G?PF4F4. &4>B= CB8IB8 D4;D45BF>< @B89?9= CDBFBF<CB6 CDB9>F4 �% 
CB;6B?S9F: <@9FP Q6B?RJ<BAAB9 CD98EF46?9A<9 CDB9>F4 A4 6E9I EF48<SI; 
<;@9ASFP C4D4@9FDO CDB9>F4 6 8<A4@<>9 CDB9>F<DB64A<S CB EF48<S@; A4-
IB8<FP D4J<BA4?PAO9 D9L9A<S CB C4D4@9FD4@ E<EF9@O A4 @4>DB- < @<>-
DBGDB6ASI; B59EC9K<64FP QHH9>F<6AB9 6;4<@B89=EF6<9 «$4;D45BFK<>4» < 
«�4>4;K<>4» 6 CDBJ9EE9 CDB9>F<DB64A<S �%.  

%C<EB> ?<F9D4FGDO 

1. �96O><A �.  . �BAJ9CJ<S Q6B?RJ<BAAB7B CDBFBF<C<DB64A<S <AHBD@4-
J<BAAOI E<EF9@ [&9>EF] / �.  . �96O><A, �. �. �96O><A // �%' < CD<5BDO 46FB-
@4F<><. � 2008. � �OC. 144. � %. 26�31. 

2. Alan M.D. Operation prototyping new development approach. Software, 
September, 1992. P. 71�73. 

'�� 519.71:583.3 
 4F6єє64 !.".1 

$"�#��!���!!3 ("$ � %��!���� �� �"#" "�"2 

!��$" �$��!�) &�)!"�"���   

#D< CDB6989AAV A9DG=AV6AB7B >BAFDB?R 6<DB5V6 ; >B@CB;<FA<I @4-
F9DV4?V6 6<S6?SRFPES  CB69DIA96V 89H9>F< EGJV?PABEFV, >BFDV EF6BDRRFP 
A4=5V?PLG ;47DB;G >BAEFDG>JV=AV= JV?VEABEFV @4F9DV4?V6. �EAGRFP I4D4>F9-
DAV D<E< HBD@< E<7A4?V6 6V8 89H9>FV6 DV;AB7B F<CG. "EF4AAV@ K4EB@ 8?S 
GI64?9AAS DVL9AAS MB8B A4S6ABEFV 5D4>G 6<>BD<EFB6GRFP A9=DB@9D9:AV 
F9IAB?B7VW, S>V 6B?B8VRFP GAV69DE4?PA<@< F4 484CF<6A<@< 6?4EF<6BEFS@< 
= ;459;C9KGRFP 6<EB>G 9H9>F<6AVEFP DB;CV;A464AAS[1]. 

                                                           
1 �4A8. F9IA. A4G>, 8BJ9AF >4H. �"  �!' 
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'A4E?V8B> 6B?B>A<EFBW F9>EFGD< 4D@GRKBW F>4A<A< CB69DIAS >B@-
CB;<FA<I @4F9DV4?V6  I4D4>F9D<;GєFPES ;4;6<K4= ;A4KABR LBDEF>VEFR. �?S 
CBLG>G V BJVA>< 79B@9FD<KA<I C4D4@9FDV6 FDVM<A CDBCBAGєFPES 6<>BD<E-
FB6G64F< 59;>BAF4>FA<= @9FB8 6<IDB6<I EFDG@V6.  

#D< E>4AG64AAV 6<DB5V6 ; >B@CB;<FA<I @4F9DV4?V6 ;4?9:AB 6V8 8B6-
:<A< V DB;F4LG64AAS 89H9>FG (FDVM<A< 45B DB;L4DG64AAS) 84FK<> 6<84є 
GAV@B84?PAV 45B 5V@B84?PAV E<7A4?<. �4 HBD@BR E<7A4?G @B:A4 EG8<F< 
CDB 8B6:<AG FDVM<A<: 6G;P><= GAV@B84?PA<= E<7A4? 6<S6?Sє FDVM<AG, 
8B6:<A4 S>BW C9D96<MGє ;BAG >BAFDB?R, 4 5V@B84?PA<= ; A4=5V?PL<@ 
CDB64?B@ 69DL<A< I4D4>F9D<;Gє FBK>B6V 89H9>F<. 

� DB5BFV ;4CDBCBAB64AB 6<>BD<EFB6G64F< A9=DBAAG @9D9:G CDS@B7B 
DB;CB6ER8:9AAS � 5474FBL4DB6<= C9DE9CFDBA (multilayer perceptron � MLP) 
8?S DB;CV;A464AAS HBD@< E<7A4?V6. � S>BEFV HGA>JVW A46K4AAS 6<>BD<EFB6G64-
?4EP HGA>JVS A4 BEAB6V ;6BDBFAB7B DB;CB6ER8:9AAS CB@<?>< (back-
propagation learning) V; ;4EFBEG64AAS@ �4=9EB6EP>BW D97G?SDV;4JVW, MB 8B;6B?Sє 
ECD46?SF<ES ; CDB5?9@BR C9D9A46K4AAS. (GA>JVS @B8<HV>Gє ;A4K9AAS 647 V 
;@VM9AP 6V8CB6V8AB 8B 4?7BD<F@G BCF<@V;4JVW �969A59D74- 4D>4DF4. #D< 
JPB@G @VAV@V;GєFPES >B@5VA4JVS >648D4FV6 CB@<?B> F4 647, CBFV@ ;A4IB8<FPES 
E>BD97B64A4 >B@5VA4JVS, >BFD4 ;459;C9KGє CB?VCL9AAS G;474?PARRK<I ;8V5-
ABEF9= @9D9:V. �B:A<= A9=DBA MLP @4є A9?VAV=AG 7?48>G HGA>JVR 4>F<64JVW, 
6 S>BEFV S>BW  6<>BD<EFB6G64?< A9?VAV=AG E<7@BW84?PAG HGA>JVR 4>F<64JVW 
F<C4 ?B7VEF<KABW F4  7VC9D5B?VKAB7B F4A79AE4 [2].  

%HBD@B64A4 86BL4DB64 A9=DBAA4 @9D9:4 ; 21 A9=DBAV6 G 6IV8AB@G 
L4DV (;4 >V?P>VEFR >B@CBA9AF 6IV8AB7B 69>FBD4), 10 A9=DBAV6 G E>D<FB@G 
L4DV F4 2 A9=DBA< G 6<IV8AB@G L4DV (;4 >V?P>VEFR >B@CBA9AF 6<IV8AB7B 
69>FBD4).  

' S>BEFV A46K4?PABW @AB:<A< ;4CDBCBAB64AV ;A4K9AAS HGA>JV=, S>V 
6V8CB6V84RFP @B89?PA<@ E<7A4?4@, B89D:4A<@ CD< E>4AG64AAV CB69DIAV 
>B@CB;<FV6[3]:  

)3exp()5,1exp()( 22 xkxxy −⋅−−=    (1) 

89 k ;@VARєFPES 6V8 0 8B 1: CD< k = 0÷0.4  B89D:Gє@B 6G;P><= GAV@B84?P-
A<= E<7A4?. #D< ;@VAV k= 0.5÷0.6 − CB?B7<= GAV@B84?PA<= E<7A4?; CD< k 
=0.6÷1 8VEF4є@B 5V@B84?PA<= E<7A4?.   

!46K4AAS 6<>BAG64?BEP A4 5V@B84?PAB@G (k=0,9) F4 GAV@B84?PAB@G  
(k=0,2) E<7A4?4I. %CBK4F>G A9=DBAA4 @9D9:4 A46K4?4EP A4 V894?PA<I E<7-
A4?4I, CBFV@ A4 E<7A4?4I ; LG@B@. �?S @B89?R64AAS E<7A4?V6 ; LG@B@ 
;4EFBEB6G64?<EP 6<C48>B6V ;A4K9AAS, DB;CB8V?9AV ;4 ABD@4?PA<@ ;4>BAB@ 
V; E9D98AV@ ;A4K9AAS@ 0 = E9D98APB>648D4F<KA<@ 6V8I<?9AAS@ 6V8 0 8B 0,2 
; L47B@ 0,05. &9EFG64AAS EF6BD9ABW A9=DBAABW @9D9:V 6<>BAG64?BEP 8?S 
E<7A4?V6 CD< k=0.1 F4 k=0.8. "FD<@4AV D9;G?PF4F< A46989AV 6 F45?. 1.  
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&45?<JS 1. 
 

�A4K9AAS LG@G 0 0.05 0.1 0.15 0.2 
�VDB7V8AVEFP CD46<?PAB DB;CV;A4A<I E<7A4-

?V6 CD< k=0.1 
1 1 0,95 0,90 0,84 

�VDB7V8AVEFP  CD46<?PAB DB;CV;A4A<I E<7-
A4?V6 CD< k=0.8 

1 0,94 0,88 0,80 0,75 

 

%C<EB> ?VF9D4FGD< 

1. "EB6E><= %. !9=DBAAO9 E9F< 8?S B5D45BF>< <AHBD@4J<< / #9D. E CB?PE-
>B7B �.�. $G8<AE>B7B. �  .: (<A4AEO < EF4F<EF<>4, 2002. � 344E. 

2.  4F6єє64 !.". #BDV6AS?PA<= 4A4?V; 4?7BD<F@V6 BCF<@V;4JVW A46K4AAS 8?S 
DB;6�S;4AAS ;484KV >?4E<HV>4JVW E<7A4?V6 /  4F6єє64 !."., �4;BD9A>B 2.�. // %<E-
F9@AV F9IAB?B7VW: − $97. @V:6G;. ;5VD. A4G>. CD4JP. −  �<C. 1(102), �AVCDBC9FDB6EP>,  
2016, %. 56�64 

3. )4A89J><= �. %. %C9>FD4?PA4S <89AF<H<>4J<S E<7A4?B6 6 89H9>FBE>B-
C<< >B@CB;<FB6 E <ECB?P;B64A<9@ F9BD<< EF4F<EF<K9E><I <ECOF4A<= / )4A89J><= 
�. %., �9D4E<@B6 �. �. //�VEA<> �!': (V;<>4. $48VB9?9>FDBAV>4. − �AVCDBC9F-
DB6EP>: − 2003. № 10 − %. 128 � 132. 

'�� 004.3 
 <I4=?RF9A>B �.2. 1, �<D<K9> �.�.2 

 ��$"�"!&$"��$� � %�%&� � #����-�!!3 

�!�$�"�(��&��!"%&� �'��!���  

�?S BJVA>< 9A9D7B9H9>F<6ABEFV 5G8V69?P C9DLBK9D7B6<@ ;4684AAS@ 
є ;5VD V BJVA>4 CBFBKA<I F4 4DIV6A<I D9;G?PF4FV6 6<@VDR64AP. *<@, A4 84-
A<= K4E, ;4=@4RFPES EC9JV4?PAV E?G:5<. �BA< 6V86V8GRFP 5G8V6?V F4 6<>B-
AGRFP A9B5IV8AV 6<@VDR64AAS. &4><= ECBEV5 @4є DS8 A98B?V>V6, ; A<I F4>V 
S> ?R8EP><= H4>FBD V A98BFD<@4AAS CBDS8>G 6<@VDR64AP [1].  

3>VEFP @V>DB>?V@4FG CD<@VM9AP BJVARєFPES ;4 8BCB@B7BR FDPBI 
C4D4@9FDV6: F9@C9D4FGD< 6AGFDVLAPB7B CB6VFDS, 6V8ABEABW 6B?B7BEFV 6AGF-
DVLAPB7B CB6VFDS F4 L6<8>BEFV DGIG 6AGFDVLAPB7B CB6VFDS.  

� CDBJ9EV CDB6989AAS 9A9D7B@BAVFBD<A7G CBEFV=AB >BAFDB?RRFPES 
A4EFGCAV C4D4@9FD<: F9@C9D4FGD4 6AGFDVLAPB7B CB6VFDS; 6V8ABEA4 6B?B-
7VEFP 6AGFDVLAPB7B CB6VFDS; F9@C9D4FGD4 ;B6AVLAPB7B CB6VFDS; 6V8ABEA4 

                                                           
1 @47VEFD, 7D. �!&-621@ �!&' 
2 >4A8. F9IA. A4G>, 8BJ. �!&' 
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6B?B7VEFP ;B6AVLAPB7B CB6VFDS [2]. �?S 46FB@4F<;4JVW WI @BAVFBD<A7G 6<-
DVL9AB 8BE?V8<F< 4?7BD<F@ CDB6989AAS 6<@VDR64AP V DB;DB5<F< CD<EFDV=, 
S><= >BAEFDG>F<6AB E>?484єFPES ; 86BI F4 5V?PL 5?B>V6.  

"EAB6A<= 5?B> � «7B?B64», E>?484єFPES ; A4EFGCA<I 64:?<6<I K4E-
F<A: >9DGRKB7B >BAFDB?9D4 � Atmega32u4; 84FK<>4 F9@C9D4FGD< F4 6B?B-
7BEFV ; I2C VAF9DH9=EB@ � SHTC1; VA8<>4FBD4 A4 54;V 8D4=69DG HD44780; 
CD<=B@B-C9D98464K4 CC1101 6<DB5A<JF64 Texas Instruments, S><= 6V8AB-
E<FPES 8B >?4EG LPD433 V 8B;6B?9A<= 8?S 6EF4AB6?9AAS G :<?<I 5G8V6?SI; 
>4A4?G ;6�S;>G 8?S C9D984KV CB>4;4AP A4 7B?B6A<= E9D69D � GPRS @B89@ 
SIM800H, @B8G?V WiFi ESP8266 45B Ethernet ENC28J60; 7B8<AA<>4 D94?P-
AB7B K4EG DS3231. 

�VA @4є 6<>BAG64F< A4EFGCAV HGA>JVW: 
� ;K<FG64F< CBFBKAV CB>4;4AAS F9@C9D4FGD< V 6B?B7BEFV ;B6AV 5G8V6-

?V >B:AG I6<?<AG (A9 EF6BDRRK< 9H9>F E4@BA47DV64AAS 84FK<>4); 
� >B:AV 30 I6<?<A 6V8AV@4F< E9D98AV CB>4;4AAS V 6V8CD46?SF< A4 

J9AFD4?PA<= E9D69D (C4>9F, S><= C9D984єFPES, 6>?RK4є K4E 6V8CD46>< V 
>BAFDB?PAG EG@G), CD< JPB@G G C4>9FV C9D984RFPES CB>4;4AAS GEVI 5?B>V6; 

� 6V8B5D4:4F< A4 8<EC?9W CBFBKAV V 4DIV6AV CB>4;4AAS; 
� A48464F< @B:?<6VEFP 6<>BAG64F< A4?4LFB6G64AAS ;4 8BCB@B7BR 

>ABC>B6BW C4A9?V; 
� @4F< ;B6AVLAV= VAF9DH9=E 8?S CV8>?RK9AAS #�, CDB7D4@G64AAS V 

;K<FG64AAS CB>4;4AP; 
� 46FB@4F<KAB 6<D4IB6G64F< 9A9D7B9H9>F<6AVEFP 5G8V6?V A4 BEAB6V 

A4?4LFB64AB7B F9D@BCDBHV?S. 
�<ABEAV 5?B><, S>V ;6�S;GRFPES ; BEAB6A<@ ;4 8BCB@B7BR 59;8DBFB-

6B7B >4A4?G, E>?484RFPES ; A4EFGCA<I >B@CBA9AFV6: >9DGRKB7B >BAFDB?9-
D4 MSP430G2553; 84FK<>4 F9@C9D4FGD< F4 6B?B7BEFV ; I2C VAF9DH9=EB@ � 
SHTC1; CD<=B@B-C9D98464K4 CC1101 6<DB5A<JF64 Texas Instruments, S><= 
6V8ABE<FPES 8B >?4EG LPD433 V 8B;6B?9A<= 8?S 6EF4AB6?9AAS G :<?<I 5G-
8V6?SI [3]; 7B8<AA<>4 D94?PAB7B K4EG DS3231; ?VFVє6BW 54F4D9W.   

�BA< @4RFP 6<>BAG64F< A4EFGCAV HGA>JVW: 
� >B:AG I6<?<AG ;K<FG64F< CBFBKAV CB>4;4AAS F9@C9D4FGD< V 6B?B-

7BEFV ;B6AV 5G8V6?V (A9 EF6BDRRK< 9H9>F E4@BA47DV64AAS 84FK<>4); 
� >B:AV 10 I6<?<A 6V8AV@4F< E9D98AV CB>4;4AAS V 6V8CD46?SF< A4 

J9AFD4?PA<= 5?B> CB 59;8DBFB6B@G >4A4?G (C4>9F, S><= C9D984єFPES, F4-
>B: 6>?RK4є K4E 6V8CD46><, >BAFDB?PAG EG@G V V89AF<HV>4FBD 5?B>G); 

� E<AIDBAV;G64F< 7B8<AA<> ; BEAB6A<@ 5?B>B@; 
� @4F< @4>E<@4?PAG 46FBAB@AVEFP (3 DB>< 59; ;@VA< 54F4D9W). *9 8B-

ES74єFPES 6<>BD<EF4AAS@ @V>DB>BAFDB?9DG MSP430G22553 (ECB:<64є 
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230@>�/7B8. G 4>F<6AB@G D9:<@V DB5BF< A4 K4EFBFV 1 �J) V CD<=B@B-
C9D98464K4 CC1101 (14.7@�/7B8. CD< L6<8>BEFV C9D984KV 1.2 ��B8).  

� IB8V CDB6989AAS 8BE?V8:9AP DB;DB5?9AB 864 CD<EFDBW � BEAB6A<= 
V 8BCB@V:A<= 5?B><. �BA< 8B;6B?SRFP 46FB@4F<KAB BJVAR64F< 9A9D7B9-
H9>F<AVEFP 5G8V69?P A4 BEAB6V ;A4K9AP, BFD<@4A<I G D9;G?PF4FV A46989AB7B 
4?7BD<F@G 6<@VDR64AP.   

%C<EB> ?VF9D4FGD< 

1. #OD>B6 �.�. 1A9D7BQHH9>F<6ABEFP ;84A<= '>D4<AO: BEAB6O D4EK9F4 
[�?9>FDBAA<= D9EGDE] / �.�. #OD>B6. � $9:<@ 8BEFGCG: http://awtherm. 
com.ua/energoeffektivnost-zdanij-ukrainy-osnovy-rascheta#. 

2. #OD>B6 �.�. %B6D9@9AAO9 F9C?B6O9 CGA>FO: 46FB@4F<>4 < D97G?<DB64-
A<9 [&9>EF] / �.�. #OD>B6. � �.:�#«&4>V ECD46<», 2007. � 252 E. 

3. MSP430G22553 Datasheet [�?9>FDBAA<= D9EGDE]. � $9:<@ 8BEFGCG: 
http://www.ti.com/lit/ds/symlink/msp430g2253.pdf. 

'�� 681.326:519.713 
#B?S>B6  .�.1 

����$%"*���0!�3 %�%&� � «' !/� �!&'» 

�C9K4F?SRF GEC9I< EFG89AFB6 < CD9CB8464F9?9= �!&' 6 <I BEAB6-
AB= 89SF9?PABEF<: CB598O 6 B?<@C<484I, >BA>GDE4I, GK4EF<9 6 @9:8GA4-
DB8AOI CDB9>F4I, >BAH9D9AJ<SI, «E>BCGEB6E><9» CG5?<>4J<< < F.8. � 7B-
D4;8B @9APL9= EF9C9A< <AF9??9>F EFG89AFB6 < CD9CB8464F9?9= A4CD46?9A 
A4 G?GKL9A<S HGA>J<BA<DB64A<S E4@B7B GA<69DE<F9F4. #BFD95ABEFP 6 
F4>B@ G?GKL9A<< BK96<8A4.  O 6E9 E6<89F9?< A9EB69DL9AEF64 <AHD4-
EFDG>FGDO GA<69DE<F9F4, A95D9:AB7B BFABL9A<S > D9EGDE4@, 7DB@B;8>B7B 
8B>G@9AFBB5BDBF4 < 8D. 

*9?P D45BFO � G?GKL9A<9 >4K9EF64 GCD46?9A<S :<;A989SF9?PAB-
EFPR �!&'. �484K4 D9L<FP 6 CBEF4AB6>9 6BCDBE B EB;84A<< ><59D-
EBJ<4?PAB= E<EF9@O «'@AO= �!&'» < CD<6?9KP > QFB= D45BF9 CDBH9E-
E<BA4?PAO9 ;A4A<S < <A<J<4F<6G EFG89AFB6, CD9CB8464F9?9= < EBFDG8A<-
>B6 GA<69DE<F9F4. 

� >BAJ9CFG4?PAB@ < F9IA<?B7<K9E>B@ C?4A9 ;4 BEAB6G @B:AB 6;SFP  
><59DEBJ<4?PAGR E<EF9@G Smart Cyber University (CyUni), D4;D45BF4AAGR 
6 )4DP>B6E>B@ <AEF<FGF9 D48<BQ?9>FDBA<><, >BFBD4S I4D4>F9D<;G9FES: 
A4?<K<9@ BJ<HDB64AAB7B CDBEFD4AEF64 D97G?SFBDAOI CD46<?, FBKAO@ 

                                                           
1 �. F. A., 8BJ. >4H. Q?9>FD<K9E><I < Q?9>FDBAAOI 4CC4D4FB6 �!&' 
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@BA<FBD<A7B@ < 4>F<6AO@ ><59DGCD46?9A<9@ 48D9EG9@O@< >B@CBA9AF4-
@< A4GKAB-B5D4;B64F9?PAOI CDBJ9EEB6, 46FB@4F<K9E><@ 79A9D<DB64A<9@ 
BC9D4F<6AOI D97G?SFBDAOI 6B;89=EF6<=, A9;46<E<@O@ BF DG>B6B8<F9?9= 
CD<ASF<9@ ><59D-D9L9A<= CB GCD46?9A<R H<A4AEB6O@< < >48DB6O@< 
D9EGDE4@<, <E>?RK9A<9@ 5G@4:AOI ABE<F9?9= <; A4GKAB-
B5D4;B64F9?PAOI CDBJ9EEB6 [1]. 

%GM9EF69AAO@< >B@CBA9AF4@< G@AB7B ><59D-GA<69DE<F9F4 S6?S-
RFES: <AHD4EFDG>FGD4, >48DO, BFABL9A<S, GCD46?9A<9, A4CD46?9A<9 86<-
:9A<S < D9EGDEO, >BFBDO9 <@9RF BFB5D4:9A<9 6 ><59D-CDBEFD4AEF69 8?S 
6OCB?A9A<S A4GKAB-B5D4;B64F9?PAOI CDBJ9EEB6 A4 BEAB69 J<HDB6B7B @B-
A<FBD<A74 < B5?4KAB-@B5<?PAB7B GCD46?9A<S. "5?4KAO9 E9D6<EO E<EF9@O 
BEAB64AO A4 <AF97D4J<< F9IAB?B7<= big data, cloud computing, mobile 
services < cyber physical systems 6 D4@>4I IoT->G?PFGDO A4 BEAB69 <ECB?P-
;B64A<S E9D6<E-BD<9AF<DB64AAOI C?4FHBD@ CDB7D4@@<DB64A<S. #D<@9-
D4@< E9D6<EB6 @B7GF E?G:<FP Q?9>FDBAAB7B 8B>G@9AFBB5BDBF4, F9EF<DB-
64A<S ;A4A<=, GCD46?9A<S >4H98DB=, GCD46?9A<S B5GK9A<9@ EFG89AF4 < 8D.  

#D<@9D4@< CDB7D4@@AB-4CC4D4FAOI ED98EF6, >BFBDO9 8B?:AO 6B=-
F< 6 EBEF46 E<EF9@O G@AB7B �!&' S6?SRFES, <AF97D<DB64AAO9 E CB@BMPR 
?B>4?PAB= E9F< GA<69DE<F9F4, CB8E<EF9@O GK9F4 D4EIB84 < D97G?<DB64A<S 
Q?9>FDBQA9D7<<, 6B8O, F9C?4 CB8D4;89?9A<S@<, CB8E<EF9@4@< E<7A4?<;4-
J<< < <AHBD@<DB64A<S. 

�AHBD@4J<BAAB->B@@GA<>4F<6AO9 F9IAB?B7<< GCD46?9A<S 5G8GF 
<AF97D<DB64FPES E 7<5>B= E<EF9@B= HBD@<DB64A<S <A8<6<8G4?<;<DB64A-
AOI B5D4;B64F9?PAOI FD49>FBD<= E <ECB?P;B64A<9@ B5D4;B64F9?PAB7B 
>BAF9AF4 ?GKL<I @<DB6OI < BF9K9EF69AAOI GA<69DE<F9FB6, A4IB8SM97BES 
6 BF>DOFB@ 8BEFGC9 [2]. 

%B;84A<9 E<EF9@O GCD46?9A<S GA<69DE<F9FB@ � >B@C?9>EA4S D45B-
F4 @AB7<I CB8D4;89?9A<= < B5M9EF69AAOI BD74A<;4J<=. #BQFB@G 8?S BD-
74A<;4J<< D45BF J9?9EBB5D4;AB EB;84A<9 >BBD8<A4J<BAAB7B EB69F4 CD< 
D9>FBD9, B5NS6?9A<9 >BA>GDE4-@BA<FBD<A74 «'@AO= GA<69DE<F9F». #D<-
@9D CDB6989A<S F4>B7B >BA>GDE4 [3] c AB@<A4J<S@< «�AHD4EFDG>FGD4 
GA<69DE<F9F4», «'K95AO= CDBJ9EE», « B= 8B@ � B5M9:<F<9» < 8D. E6<89-
F9?PEF6G9F B 4>F<6AB@ BFABL9A<< EFG89AFB6 < CD9CB8464F9?9= > CDB5?9@9 
G?GKL9A<S :<;A989SF9?PABEF< GA<69DE<F9F4. 

�A98D9A<9 E<EF9@O G@AB7B GA<69DE<F9F4 CB;6B?<F <;@9A<FP EB89D:4-
A<9 BFABL9A<=, G?GKL<FP EBJ<4?PAO= >?<@4F 6 >B??9>F<69 EFG89AFB6, CD9-
CB8464F9?9= < EBFDG8A<>B6, CD<6?9KP 6A9LA<9 <A69EF<J<<, EGM9EF69AAB 
CB6OE<FP CDB<;6B8<F9?PABEFP FDG84 < GDB69AP :<;A< >BAEFDG>F<6AOI GK9-
AOI < CDBH9EEBDB6, EB;84RM<I DOABKAB 6BEFD95B64AAGR CDB8G>J<R. 
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":<849@O= QHH9>F BF 6A98D9A<S E9D6<EB6 G@AB7B GA<69DE<F9F4- 
QFB G69?<K9A<9, >4> @<A<@G@ 6 864 D4;4, CDB<;6B8<F9?PABEF< FDG84 GK9-
AOI [1]. 

%C<EB> ?<F9D4FGDO 

1. )4I4AB6 �. �., �<F6<AB64 �. �., +G@4K9A>B %. �.,  <M9A>B �. %. [&9>EF] 
�<59DEBJ<4?PA4S E<EF9@4 � G@AO= ><59D-GA<69DE<F9F // $48<BQ?9>FDBAAO9 < 
>B@CPRF9DAO9 E<EF9@O, 2016, № 5 (79) E.187�194. 

2. %9?SAE>4S �.!. SMART-GA<69DE<F9F � BF69F A4 6O;B6O AB6B= CDB@OL-
?9AAB= D96B?RJ<< [&9>EF] // �D94F<6A4S Q>BAB@<>4. � 2015. � &B@ 9. � № 9. � E. 
1151�1164. � doi: 10.18334/ce.9.9.1928 

3. #B86989AO <FB7< BKAB7B QF4C4 >BA>GDE4-@BA<FBD<A74 «'@AO= GA<69D-
E<F9F» [1?9>FDBAAO= D9EGDE]. � $9:<@ 8BEFGC4: 
http://www.mami.ru/news_new.php?id=8487 

'�� 004.9 
$<EV>B6 �.#.1 %F9C4A9A>B ".".2, &B@4L96EP><= ".�.3 

��&" �&��"��!� %�%&� � #��!'��!!3 ��$"�!�*&�� 

#$"�'�*�� � ���"$�%&�!!3   �&"��� "#&� ���*�� 

� G@B64I C9D9IB8G CV8CD<є@EF6 A4 E4@BB>GCAVEFP V E4@BHVA4AEG-
64AAS, C9D9IB8G 6V8 J9AFD4?V;B64ABW E<EF9@< @4F9DV4?PAB F9IAVKAB7B CB-
EF4K4AAS 8B 89J9AFD4?V;B64AB7B CBEF4K4AAS ; 6<>BD<EF4AAS@ @9I4AV;@G 
8B7B6VDA<I JVA V E4@BEFV=AB7B 6<5BDG CBEF4K4?PA<>V6 64:?<69 ;A4K9AAS 
A45G64є ;4684AAS 6<;A4K9AAS BCF<@4?PAB7B 64DV4AFG E>?48G CBEF4K4?PA<-
>V6 D9EGDEV6 (E<DB6<A<, A4CV6H45D<>4FV6, >B@C?9>FGRK<I 6<DB5V6) ; GD4-
IG64AAS@ ;VEF46?9AAS 6<FD4F A4 CD<854AAS V 8BEF46>G A9B5IV8A<I 8?S 6<-
DB5A<JF64 @4F9DV4?V6. 

� S>BEFV >D<F9DVR BCF<@4?PABEFV 6<59D9@B EG@4DAV 6<FD4F< A4 
CD<854AAS F4 8BEF46>G D9EGDEV6: 

( ) min
1 1

→+∑∑
= =

ij

n

i

m

j
ijij xdc                                     (1) 

89 n � K<E?B CBEF4K4?PA<>V6; i � VA89>E CBEF4K4?PA<>4 D9EGDEV6 (i = 1, n); m 
� K<E?B 6<8V6 D9EGDEV6; j � VA89>E 6<8V6 D9EGDEV6 (j = 1, m); Xij � B5ES7 CB-

                                                           
1 >.F.A., 8BJ9AF, �!&' 
2 >.F.A., 8BJ9AF, �!&' 
3 >.F.A., 8BJ9AF, �!&' 
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EF46B> CV8CD<є@EF6G j-7B D9EGDEG i-@ CBEF4K4?PA<>B@; Cij �8B7B6VDA4 JVA4 
;4 B8<A<JR j-7B D9EGDEG ;4 i-@ CV8CD<є@EF6B@; dij � 6<FD4F< A4 8BEF46>G 
B8<A<JV j-7B D9EGDEG 6V8 i-7B CBEF4K4?PA<>4. [1].  

�4AG ;484KG CDBCBAGєFPES 6<DVL<F< ;4 8BCB@B7BR ?VAV=AB7B CDB-
7D4@G64AAS A4 54;V DB;DB5?9ABW CDB7D4@ABW E<EF9@<. 

&4>B: JV>46BR є ;484K4 DB;@VM9AAS A9B8ABDV8ABW CDB8G>JVW.  
$B;7?SA9@B @B89?P DB;@VM9AAS F4 6<DB5A<JF64 A9B8ABDV8ABW CDB-

8G>JVW A4 CV8CD<є@EF64I 74?G;V ; GD4IG64AAS@ CD<6�S;>< 6<DB5A<>V6 CDB-
8G>JVW 8B ECB:<64KV6.  

� S>BEFV JV?PB6BW HGA>JVW 6<59D9@B EG@4DAV 6<FD4F< A4 6<DB5A<JF-
6B V FD4AECBDFG64AAS 6EVєW CDB8G>JVW: 

min
11111

→+ ∑∑∑∑∑
=====

jsijsi

m

i

n

s

k

j
jsjs

n

s

k

j

ycxd                      (2) 

 

89 n, m, V k � >V?P>VEFP 6V8CB6V8AB 6EVI CV8CD<є@EF6-6<DB5A<>V6, ECB:<64-
KV6 V 6<8V6 CDB8G>JVW; %jsi � 64DFVEFP C9D969;9AAS B8<A<JV j-= CDB8G>JVW 6V8 
s-7B 6<DB5A<>4 i-@G ECB:<64K96V; djs � 6<FD4F< A4 6<CGE> B8<A<JV j-= CDB-
8G>JVW A4 s-@G CV8CD<є@EF6V; 4 A96V8B@V 69?<K<A<: Xjs � B5ES7 6<DB5A<JF64 
j-W CDB8G>JVW A4 s-@G CV8CD<є@EF6V; Yjsi � B5ES7 C9D969;9AP j-= CDB8G>JVW 
6V8 s-7B CV8CD<є@EF64 i-@G ECB:<64K96V. [1]. 

%HBD@G?PB64A4 @4F9@4F<KA4 @B89?P F4>B: 6V8ABE<FPES 8B ;484K 
?VAV=AB7B CDB7D4@G64AAS V 6<DVLGєFPES 6 D94?V;B64AV= E<EF9@V. 

!4 CDB@<E?B6<I CV8CD<є@EF64I ;484K4 @4F9DV4?PAB-F9IAVKAB7B CB-
EF4K4AAS E>?484єFPES, 7B?B6A<@ K<AB@ 6 ;459;C9K9AAV 6<DB5A<JF64 
@4F9DV4?PA<@< (6<DB5A<KV@<) D9EGDE4@<: E<DB6<ABR, A4CV6H45D<>4F4@<, 
>B@C?9>FGRK<@< 89F4?S@< V 6<DB54@<. �EAGRFP 5474FB B5�є>F<6A<I H4>-
FBDV6, S>V ;@GLGRFP EF6BDR64F< 6<DB5A<KV ;4C4E<. �B F4><I H4>FBDV6 6V8-
ABESFPES: DB;5V:AVEFP D<F@V6 CBEF46B> (6<DB5A<JF64) @4F9DV4?PA<I D9EGD-
EV6 ; D<F@B@ WI ECB:<64AAS, 6<C48>B6V >B?<64AAS CBC<FG ;4 C9DVB8 @V: 
CBEF46>4@<, FD<64?VEFP VAF9D64?G @V: CBEF46>4@< V B5ES74@< CBEF46B>, 
E9;BAAVEFP CBC<FG V 6<DB5A<JF64 CD98@9FV6 ECB:<64AAS.[2]. 

&4><@ K<AB@ ;484K4 6<5BDG A9B5IV8A<I ;4C4EV6 6<DB5A<K<I D9EGD-
EV6 @4є 4?PF9DA4F<6A<= I4D4>F9D V CB6<AA4 DB;6�S;G64F<ES 
BCF<@V;4JV=A<@< @9FB84@<. !4=5V?PL CBL<D9AV EFD4F97VW GCD46?VAAS ;4-
C4E4@<: C9DVB8<KAV V ; >D<F<KA<@< DV6AS@<. �<5VD EFD4F97VW GCD46?VAAS 
;4C4E4@<, MB є A4=5V?PL 6V8CB6V84?PA<@ @B@9AFB@ CD< E>?484AAV @B89?V 
GCD46?VAAS ;4C4E4@<, CB6<A9A ґDGAFG64F<ES A4 D9F9?PAB@G 4A4?V;V E<EF9-
@< CBEF4K4AAS. [2]. $VL9AAS ;484KV GCD46?VAAS ;4C4E4@<, F4><@ K<AB@, 
E?V8 ECBK4F>G ;A4IB8<F< 6 CDBEFBDV EFD4F97V=, 4 CBFV@ CB B5D4ABW EFD4F97VW 
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� 6 CDBEFBDV WW C4D4@9FDV6, ;4 8BCB@B7BR V@VF4JV=A<I @B89?9=, 45B E?G:5 
9>BAB@V>B-@4F9@4F<KA<I @B89?9=. 

�C9DL9 CDBCBAGєFPES 4A4?VF<KA4 @9FB8<>4 DVL9AAS >BA>D9FABW ;4-
84KV 6<;A4K9AAS BCF<@4?PAB7B B5�є@G CBEF46B> CDB8G>JVW 6 G@B64I A96<-
;A4K9AABEFV. *S @9FB8<>4 6<>BA4A4 6 6<7?S8V CDB7D4@ABW D94?V;4JVW A4 @B-
6V %++ 6 E9D<8B6<MV Microsoft Visual Studio F4 @B:9 5GF< D9>B@9A8B64A4 
8?S 6<>BD<EF4AAS 6 46FB@4F<;B64A<I E<EF9@4I GCD46?VAAS. 

 

%C<EB> ?VF9D4FGD< 
1.  BDD<E '. !4G>4 B5 GCD46?9A<<. �4=9EB6E><= CB8IB8. [F9>EF]. / '.  BD-

D<E �  .: « <D». 1991 7. � 304 E. 
2. +9DK@9A '. �6989A<9 6 <EE?98B64A<9 BC9D4J<=. [F9>EF]. '. +9DK@9A, $. 

�>BH, �. �DABH �  .: «!4G>4». 1998 7. � 490 E. 

'�� 519.23:004.932.72�1 
%464A96<K �. �.1, )?4@B6 %. �.2, �DRIB69J><= �. �.3 , 

 #B7BD9?B6 �. �.2,  B6E9ESA 3. %.2, �?4E9A>B �. #.3 

CoLiTeC � �/+�%��&��0!/�  �&"�/ "�!�$'��!�3 

"�"�"!'���"�" ���� "�" �����!�3 !� %�$�� CCD-

���$"� 

� A4EFBSM99 6D9@S 4EF9DB<8AO9 B5;BDO E 46FB@4F<K9E>B= B5D45BF-
>B= <I D9;G?PF4FB6 S6?SRFES ;A4K<@O@ A4CD46?9A<9@ EB6D9@9AAB= 4EF-
DB@9FD<<. !959EAO9 B5N9>FO %B?A9KAB= E<EF9@O (%%"), >4> CD46<?B, 
<@9RF A9AG?96GR E>BDBEFP 6<8<@B7B 86<:9A<S. � B5N9>FO, >BFBDO9 A9 
CD<A48?9:4F %B?A9KAB= E<EF9@9 (;69;8O, 74?4>F<><), <@9RF AG?96GR 
E>BDBEFP 6<8<@B7B 86<:9A<S. 

�B?PLB9 >B?<K9EF6B CBF9AJ<4?PAB BC4EAOI B5N9>FB6 [1] @B7GF S6-
?SFPES B>B?B;9@AO@< 4EF9DB<84@< E B>B?BAG?96O@ 6<8<@O@ 86<:9A<9@. 
&4>:9 6B 6D9@S E6B97B A4IB:89A<S ;4 BD5<FB= 2C<F9D4, 5B?PL4S K4EFP 
%%", 6>?RK4S >B@9FO E @4?O@< 4CB79?<S@<, <@9RF B>B?BAG?96GR E>B-
DBEFPR 6<8<@B7B 86<:9A<S. �4 EK9F QFB7B CB>4;4F9?< >4K9EF64 B5A4DG:9-
A<S G>4;4AAOI B5N9>FB6 EGM9EF6GRM<@< @9FB84@< EGM9EF69AAB EA<:4-
9FES. !4 QFB= 8<EF4AJ<< 84AAO9 B5N9>FO @B7GF 5OFP B5A4DG:9AO FD48<-

                                                           
1 #DBH. >4H. �'%& ':!' 
2 �EC<D4AF >4H. 1�  )!'$� 
3 �98GM<= <A:9A9D BF89?4 BC9D4F<6AB7B GCD46?9A<S �4C48AB7B D48<BF9IA<K9E>B-
7B J9AFD4 A45?R89A<S 
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J<BAAO@< @9FB84@< B5D45BF>< D9;G?PF4FB6 A45?R89A<S ?<LP CD< BK9AP 
8?<F9?PAB@ A45?R89A<<. 

�?S QHH9>F<6ABEF< 4EFDBAB@<K9E><I A45?R89A<= A9B5IB8<@B #" 
46FB@4F<;<DB64AAB= B5D45BF>< >48DB6 4EF9DB<8AOI B5;BDB6. 

#" CoLiTec CDB6B8<F 46FB@4F<;<DB64AAB9 B5A4DG:9A<9 4EF9DB<-
8B6, 4EFDB@9FD<K9E><9 < HBFB@9FD<K9E><9 <;@9D9A<S ;4 CD<9@?9@B9 6D9-
@S E CBE?98GRM<@ 6<;G4?PAO@ CB8F69D:89A<9@ D9;G?PF4FB6, 
http://www.neoastrosoft.com [2].  

#" CoLiTec CB;6B?S9F B5A4DG:<64FP B5N9>FO E BK9AP @4?B= < 
BK9AP 5B?PLB= E>BDBEFPR 6<8<@B7B 86<:9A<S. �<4C4;BA E>BDBEF9= 86<-
:9A<S B5A4DG:9AAOI B5N9>FB6 EBEF46?S9F 0,7�40,0 C<>E./>48D. !4CD<@9D, 
E4@O@ 5OEFDO@ <; A45?R846L<IES �%� S6?S9FES 4EF9DB<8 K12C29D (40 
C<>E./>48D), 4 @98?9AAO@ � >B@9F4 ISON C/2012 S1 (0,8 C<>E./>48D) [3].  

&4>:9 6 #" CoLiTec 6A98D9AO D4;D45BF4AAO9 6OK<E?<F9?PAO9 @9-
FB8O B5A4DG:9A<S B>B?BAG?96B7B 6<8<@B7B 86<:9A<S B5N9>FB6 A4 E9D<< 
CCD->48DB6, BEAB64AAO9 A4 >D<F9D<SI ;A4K<@BEF< H4>FBD4 E>BDBEF< 6<-
8<@B7B 86<:9A<S <EE?98G9@OI B5N9>FB6. "EAB6AB= BEB59AABEFPR D4;D4-
5BF4AAOI 6OK<E?<F9?PAOI @9FB8B6 S6?S9FES <ECB?P;B64A<9 D9L4RM<I 
CD46<? CDB69D>< EF4F<EF<K9E>B= ;A4K<@BEF< H4>FBD4 E>BDBEF< 6<8<@B7B 
86<:9A<S B5N9>F4 A4 <EE?98G9@B= E9D<< <;@9D9A<= E <ECB?P;B64A<9@ 
F4><I >D<F9D<96 ;A4K<@BEF< >4> t->D<F9D<S %FPR89AF4 < f->D<F9D<S (<-
L9D4, 6@9EFB FD48<J<BAAOI D9L4RM<I CD46<?, BEAB64AAOI A4 >D<F9D<< 
@4>E<@4?PAB7B CD468BCB8B5<S [4]. 

% CB@BMPR @9FB8B6 EF4F<EF<K9E>B7B < A4FGDAB7B @B89?<DB64A<S 
5O?< CDB6989AO <EE?98B64A<S CB>4;4F9?9= >4K9EF64 B5A4DG:9A<S B>B?B-
AG?96B7B 6<8<@B7B 86<:9A<S B5N9>F4 A4 E9D<< CCD->48DB6. � >4K9EF69 
A4FGDAOI 84AAOI <ECB?P;GRFES <;@9D9A<S CB?B:9A<S B5N9>FB6, 6>?R-
K9AAOI 6B 6AGFD9AA<= >4F4?B7 (��) B5N9>FB6, A9CB86<:AOI A4 E9D<< 
>48DB6 [2].  9FB8O GK<FO64RF BEAB6AO9 BEB59AABEF< HBD@<DB64A<S <;-
@9D9A<= CB?B:9A<S <EE?98G9@B7B B5N9>F4 < BEB59AABEF< CD<@9A9A<S 
D4;?<KAOI @9FB8B6 B5A4DG:9A<S B>B?BAG?96B7B 6<8<@B7B 86<:9A<S <E-
E?98G9@B7B B5N9>F4 A4 E9D<< CCD->48DB6. 

#" CoLiTec EB89D:<F 6 E959 E?98GRM<9 BEB59AABEF< D94?<;4J<<: 
6OCB?A9A<9 B5D45BF>< >48DB6 6 F9K9A<9 A45?R89A<S; @AB7BCBFBKA4S 
CB889D:>4 @AB7BCDBJ9EEBDAOI E<EF9@ < ?B>4?PAB= E9F<; 6B;@B:ABEFP 
D45BFO E F9?9E>BC4@< E BK9AP L<DB><@ CB?9@ ;D9A<S (8B 10 7D48GEB6); 
46FB@4F<K9E>B9 B5A4DG:9A<9 E?45OI 86<:GM<IES B5N9>FB6 (SNR> 2.5). 

% <ECB?P;B64A<9@ CoLiTec 5O?B BF>DOFB 4 >B@9FO (C/2010 X1 
(Elenin), P/2011 NO1 (Elenin), C/2012 S1 (ISON), P/2013 V3 (Nevski)). % 
CB@BMPR CoLiTec 6  $% CBE?4AB 5B?99 600 000 <;@9D9A<=, CD9864D<-
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F9?PAB BF>DOFB 5B?99 K9@ 1500 4EF9DB<8B6. %D98< A<I 21 FDBSAE><= 4EF9-
DB<8 2C<F9D4, 4 NEO < 1 >9AF46D.  

�O? CDB6989A ED46A<F9?PAO= 4A4?<; FBKABEF< @9:8G #" CoLiTec 
< #" Astrometrica. �A4?<; 6OS6<? CD9<@GM9EF6B #" CoLiTec C9D98 #" 
Astrometrica 6 4EFDB@9FD<< < HBFB@9FD<< 4EF9DB<8B6, 6 E?GK49 D45BFO E 
L<DB><@ CB?9@ < >48D4@< A<;>B7B >4K9EF64. 

%C<EB> ?<F9D4FGDO 

1. Kortencamp, S. Asteroids, Comets, and Meteoroids [Text] / S. Kortencamp. � 
Mankato, MN: Capstone Press, 2011. � 32 p. 

2. %464A96<K, �. �. #DB7D4@@4 CoLiTec 46FB@4F<;<DB64AAB7B B5A4DG:9A<S 
A959EAOI F9? EB E?45O@ 5?9E>B@ [&9>EF] / �. �. %464A96<K, �. �. �DRIB69J><=, �. 
 . �B:GIB6, �. !. �<>B6, �. #. �?4E9A>B // �BE@VKA4 A4G>4 V F9IAB?B7VS. � 2012. � 
T. 18 (1). � %. 39�46. 

3. Minor Planet Center, COMET C/2012 S1 (ISON) [Electronic resource]. � 
Available at: http://www.minorplanetcenter.org/mpec/K12/K12S63.html 

4. Myung, I. J. Tutorial on maximum likelihood estimation [Text] / I. J. Myung 
// Journal of Mathematical Psychology. � 2003. � Vol. 47, Issue 1. � P. 90�100. doi: 
10.1016/s0022-2496(02)00028-7. 

'�� 004.94 
%9D8R> %.!.1, �4@<AE>4S �.�.2. 

p-���+!�  "���2��!!3 $"�' "�"� ��3�0!"%&� 
"#�$�&"$� �%' &# 

$B;DB5?9A4 @B89?P DB;G@B6BW 8VS?PABEFV BC9D4FBD4 �%' &#, MB 
54;GєFPES A4 CB?B:9AASI F9BDVW p-48<KA<I 8<A4@VKA<I E<EF9@ [1]. �7V8AB 
[1], VAHBD@4JVS 6 @B89?V CD98EF46?9A4 G 6<7?S8V J<HDB6<I CBE?V8B6ABEF9= 
p-48<KA<I K<E9?, S>V A4;<64RFPES I-EF4A4@<.  

$B;7?SA9@B CDBJ9E CD<=ASFFS DVL9AAS BC9D4FBDB@ 8?S CDB5?9@ABW 
E<FG4JVW PSk F9IAB?B7VKAB7B CDBJ9EG. �AHBD@4JVS CDB PSk C9D9F6BDRєFPES 
GCD46?SRK<@ J9AFDB@ E6V8B@BEFV ('*%) @B;>G BC9D4FBD4 O 6 CBK4F>B6<= 
I-EF4A x0. ' G?PFD4@9FD<KAB@G CDBEFBDV 5G8P-S>4 FBK>4 

pZx* , 89 Zp @AB-
:<A4 p-48<KA<I JV?<I K<E9?, ;484єFPES >BBD8<A4F4@< 

x=(a1, a2,�,an,�) 
�B:A4 >BBD8<A4F4 CD<=@4є >VAJ969 K<E?B ;A4K9AP 

                                                           
1 8BJ. >4H. CDB7D4@@AOI ED98EF6 �!&' 
2 4EE. >4H. CDB7D4@@AOI ED98EF6 �!&' 
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{ },1,...,0 −=* pAa p
 

89 p>1 � A4FGD4?PA9 K<E?B, BEAB64 4?H46VFG Ap. 
#DBJ9E @<E?9AAS BC9D4FBD4 CB 6<DVL9AAR CDB5?9@ABW E<FG4JVW PSk 

CD98EF46?SєFPES G 6<7?S8V 8<A4@VKABW E<EF9@< xn=f(xn�1) A4 CDBEFBDV I�
EF4AV6 XI V 6<;A4K4єFPES 6V8B5D4:9AAS@ f:Zp→ Zp. &4><@ K<AB@, CBK<A4R-
K< ; I-EF4AG x0, 79A9DGєFPES ?4AJR:B> I-EF4AV6 x0, x1,�, xn,� CB>< A9 5G89 
8BES7AGFB DVL9AAS CDB5?9@ABW E<FG4JVW PSk, FB5FB A9 5G89 ;A4=89A<= 4F-
D4>FBD AT. '*% CBE<?4є x0 6 GCD46?SRK<= J9AFD CV8E6V8B@BEFV ('*#), 
S><=, 6 ;4?9:ABEFV 6V8 ;4>B8B64ABW 6 x0 VAHBD@4JVW, CD<;A4K4є 8?S APB7B 
B5DB5>G G 6V8CB6V8A<I 8<A4@VKA<I CDBJ9EBD4I @<E?9AAS Pi. �B:9A ; DB-
;G@B6<I CDBJ9EBDV6 6V8CB6V84є ;4 6<>BA4AAS B>D9@BW @9AF4?PABW HGA>JVW V 
79A9D4JVW 4FD4>FBDG AT. 

�?S >B:AB7B CDBJ9EBDG Pi, @BAB@V4?PABW HGA>JVW fs(x)= xs, 89 
s=2,3�, ;484єFPES 8<A4@VKA<= ;4>BA C9D9IB8G 6V8 B8AB7B I-EF4AG 8B VALB-
7B. #4D4@9FD s 6<;A4K4єFPES HV;VB?B7VKA<@, CE<IB?B7VKA<@ F4 VAHBD@4JV=-
A<@ EF4AB@ @B;>G BC9D4FBD4 A4 @B@9AF 6<DVL9AAS E<FG4JVW PSk 

VAHCE<IHV; SSSs ××=  

�64:4є@B, MB 6 54;V JV>46<I V89= DI V ;45BDBA9A<I V89= ZI E6V8B@BE-
FV BC9D4FBD4, 54;V JV>46<I V89= D#I V ;45BDBA9A<I V89= Z#I CV8E6V8B@BEFV, 
6<IB8SK< ; =B7B BEB5<EFB7B 8BE6V8G, 6:9 CBC9D98APB ;4C<E4A4 6V8CB6V8A4 
VAHBD@4JVS (I-EF4A<). ' CV8E6V8B@BEFV CB6<A9A 5GF< ;4CB6A9A<= A4>BC<-
KG64K EG@AV6A<I V89= (;45BDBA9A<I 54:4AP) . &4>B: ;484AV: CBDB7< @VAV-
@4?PAB7B VAF9D9EG 8B AT V D94?V;4JVW 8?S AT (ICBD V TCBD 6V8CB6V8AB); CBDB7< 
5?B>G64AAS AT 8?S >B:AB7B CDBJ9EBDG F5?B>(Pi). 

'>DGCA9A<= 4?7BD<F@ DB5BF< Pi-7B CDBJ9EBDG 8?S 6<C48>G 4EBJV4-
F<6AB7B @<E?9AAS BC9D4FBD4 A4EFGCA<=.  

�DB> 1. #9D96VDSє@B @VDG 5?<;P>BEFV x0 8B EG@AV6A<I V89= CV8E6V8B-
@BEFV FC(x0). 3>MB FC(x0)≈1 45B FC(x0)g F5?B>(Pi), FB 6<84?Sє@B x0 V CB69DF4-
є@BEP 8B '*#. 3>MB AV, FB >DB> 2. 

�DB> 2. "5K<E?Rє@B >V?P>VEFP A9DGIB@<I FBKB> n 8<A4@VKABW E<E-
F9@< fs(x)= xs V CB F9BD9@V 5.1 [1], 6<;A4K4є@B K<E?B FBKB> 4FD4>FBDV6 k. 

�DB> 3. �484є@B B5?4EFP FS:VAAS 8?S >B:AB7B k-7B AT V C4D4@9FD L 
B5@9:9AAS 79A9D4JVW >V?P>BEFV I-EF4AV6. 

�DB> 4. �9A9DGє@B AB6<= I-EF4A xn+1. 3>MB n+1fL, FB >DB> 5, VA4>L9 
CB69DA9AAS A4 '*% 8?S ;@VA< x0 45B s. 

�DB> 5. #9D96VDSє@B @VDG 5?<;P>BEFV I-EF4AG xn+1 8B >B:AB7B k-7B 
AT. 3>MB є CBFD4C?SAAS 6 B5?4EFP FS:VAAS k-7B AT, FB I-EF4A xn+1 664:4-
єFPES AT V C9D9IV8 A4 >DB> 6. �A4>L9 >DB> 4. 

�DB> 6. #9D9E<?4є@B AT 6 '*% V B5K<E?Rє@B @VDG VAF9D9EG I(AT). 
3>MB I(AT) g ICBD, FB >DB> 7, VA4>L9 6<84?Sє@B AT V C9D9IV8 A4 >DB> 4. 
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�DB> 7. #9D96VDSє@B @VDG 5?<;P>BEFV AT 8B ;45BDBA9A<I V89= E6V-
8B@BEFV F(AT). 3>MB F(AT)≈1, FB 6<84?Sє@B AT V C9D9IV8 A4 >DB> 4, VA4>-
L9 >DB> 8. 

�DB> 8. �<;A4K4є@B G;7B8:9AVEFP @V: VAF9D9EB@ V CDBF<8VєR, S> 69-
?<K<AG T(AT)=I(AT)�F(AT). 3>MB T(AT)g TCBD, FB >DB> 9, VA4>L9 6<84?Sє@B 
AT V C9D9IV8 A4 >DB> 4. 

�DB> 9. $94?V;4JVS AT 6 '*% (6<DB5?9AAS E<7A4?G CDB HV;<KA9 45B 
@9AF4?PA9 6<>BA4AAS, A4CD<>?48, >BA>D9FA<= 6<>BA46K<= DGI 45B @B64 
BC9D4FBD4). 

$B;DB5?9AB AB6G @B89?P DB;G@B6BW 8VS?PABEFV BC9D4FBD4 �%' &#. 
�V8@VAABR BEB5?<6VEFR @B89?V є EC9J<HVKA<= ECBEV5 CD98EF46?9AAS @9A-
F4?PAB7B CDBEFBDG BC9D4FBDG G 6<7?S8V G?PFD4@9FD<KAB7B CDBEFBDG, 89 
@AB:<A4 I-EF4AV6 XI @4є EFDG>FGDG D-48<KAB7B 89D964.  B89?P 8B;6B?Sє 
CDB7AB;G64F< CB698VA>G BC9D4FBDG ; GD4IG64AAS@ =B7B CE<IBHV;<B?B7VK-
A<I 6?4EF<6BEF9=, EF4AG, >64?VHV>4JVW FBMB. 

%C<EB> ?VF9D4FGD< 

1. )D9AA<>B6 �.3.  B89?<DB64A<9 CDBJ9EEB6 @OL?9A<S 6 p-48<K9E><I E<-
EF9@4I >BBD8<A4F / �.3. )D9AA<>B6. �  .: (�� �&��&, 2004. � 296 c. 

'�� 004.272.34 
%6SFA<= �.�.1,  VDBL>VA ". .2, �R5<@B6 �.%.3, �BD54AP 3.�.4 

$������*�3 !��+��0!"�" MIMD-���%&�$� !� ���� 
RASPBERRY Pi 2 

�EFGC  
%GK4EAV F9IAB?B7VW EF6BD9AAS B5K<E?R64?PABW F9IAV>< A45?<;<?<ES 

8B @9:V, >B?< CB84?PL9 A4DBMG64AAS L6<8>BEFV DB5BF< VA8<6V8G4?PA<I 
CD<EFDBW6 EF4є CD4>F<KAB A9@B:?<6<@. ' ;6�S;>G ; J<@ DB;6<FB> B5K<E-

                                                           
1   %6SFA<= �B?B8<@<D �A8DV=B6<K, 8.F.A., CDBH9EBD, ;46. >4H98D< >B@C�RF9DABW 
VA:9A9DVW, ��!� «�BA!&' «, @. #B>DB6EP>  
2  iDBL>iA "?9>E4A8D  <>B?4=B6<K, >.F.A., 8BJ9AF, 89>4A H4>G?PF9FG 
>B@C`RF9DA<I A4G> i F9IAB?B7i=, ��!� «�BA!&'», @. #B>DB6EP>  
3 �R5<@B6 �DF9@ %9D7V=B6<K, @47VEFD H4>G?PF9FG >B@C`RF9DA<I A4G> i F9IAB-
?B7i=, ��!� «�BA!&'», @. #B>DB6EP>  
4  �BD54AP 3A4 �9AA48VW6A4, 8<EC9FK9D H4>G?PF9FG >B@C`RF9DA<I A4G> i F9IAB-
?B7i=, ��!� «�BA!&'», @. #B>DB6EP> 
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?R64?PABW F9IAV>< CVLB6 CB 9>EF9AE<6AB@G L?SIG, ;4EAB64AB@G A4 8G5-
?R64AAV B5K<E?R64?PA<I CD<EFDBW6, S>V C4D4?9?PAB @B:GFP CD4JR64F< 
A48 ECV?PA<@ ;4684AAS@ 

">D9@<= >?4E C4D4?9?PA<I 4DIVF9>FGD CD98EF46?SRFP >?4EF9DAV E<-
EF9@<. �?4EF9D � J9 EG>GCAVEFP B5K<E?R64?PA<I 6G;?V6, B5�є8A4A<I @9D9-
:9R. #4D4?9?PA<= 8B84FB> 8?S >?4EF9DABW E<EF9@< S6?Sє EB5BR >V?P>4 
CDBJ9EV6, S>V ECV?>GRFPES B8<A ; B8A<@ CB @9D9:V.  

� A46K4?PABR @9FBR A4 >4H98DV >B@C�RF9DABW VA:9A9DVW 5G?B D94?V-
;B64AB A46K4?PA<= MIMD->?4EF9D A4 54;V Raspberry Pi 2 F4 @9FB8<KAV D9-
>B@9A84JVW MB8B =B7B 6<>BD<EF4AAS G A46K4?PAB@G CDBJ9EV. 

�DIVF9>FGD4 F9IAVKA<I ;4EB5V6 
�?4EF9D � J9 864 45B 5V?PL9 >B@C�RF9D< (6G;?<), MB B5�є8AGRFPES 

;4 8BCB@B7BR @9D9:96<I F9IAB?B7V= A4 54;V L<AABW 4DIVF9>FGD< 45B >B-
@GF4FBD4 V CBEF4RFP C9D98 >BD<EFG64K4@< S> є8<A<= VAHBD@4JV=AB-
B5K<E?R64?PA<= D9EGDE [1]. �G;B? >?4EF9D4 CB6<A9A @4F< 6?4EAG BC9D4-
F<6AG F4 HV;<KAG C4@�SFP. �G;?< B5�є8AGRFPES 6 @9D9:G ?B>4?PAB, 4 CBFV@ 
5?B>< @B:A4 B5�є8AG64F< @V: EB5BR, GF6BDRRK< 5V?PLV E<EF9@< 45B 
GRID->?4EF9D<.   !46K4?PA<= >?4EF9D CB6<A9A S6?SF< EB5BR E<EF9@G ; 
MIMD-4DIVF9>FGDBR [2]. �474?PA4 EFDG>FGD4 >?4EF9D4 ;B5D4:9A4 A4 D<E 1. 

�D4IB6GRK< F9, MB A9B5IV8AB EF6BD<F< 
C4D4?9?PA<= MIMD->?4EF9D,  B5D4AB 
FBCB?B7VR @9D9:V  «;VD>4». �D4IB6GRK< F9, MB 
@VAV>B@C�RF9D< @4RFP B8<A @9D9:A<= 
VAF9DH9=E, FB @B:?<64 FV?P>< JS FBCB?B7VS, GEV 
VALV FBCB?B7VW � 6VDFG4?PAV. !46K4?PA<= 
>?4EF9D 5G89 @4F< 4 6G;?4. "8<A ; 6G;?V6 5G89 
7B?B6A<@, S><= 5G89 >9DG64F< ;464AF4:9AVEFR 
VAL<I 6G;?V6 V F4>B: ;@B:9 5D4F< GK4EFP G 
DB5BFV ; 6<>BA4AAS ;484K >?4EF9D4.  

�C4D4FA4 D94?V;4JVO EFDG>FGD< >?4EF9D4 
�?S A46K4?PAB7B >?4EF9D4 69?<><I CBFG:ABEF9= A9 CBFDV5AB, FB@G  

8?S D94?V;4JVW 6G;?V6 A46K4?PAB7B MIMD-
>?4EF9DG 5G?B ;4EFBEB64AB @VAV->B@C�RF9D 
Raspberry Pi 2. �4CDBCBAB64AG EFDG>FGDG 
@B:A4 DB;7?S84F< ; B8AB7B 5B>G, S> KBF<D< 
A9;4?9:A<I @VAV->B@CRF9D4, >B:9A ; S><I 
CD4JRє ;V E6BєR B5?4EFR C4@�SFV, MB 6<8V-
?SєFPES V; ;474?PAB7B B5ES7G "�' 84AB7B 
6G;?4 ;4EB54@< BC9D4JV=ABW E<EF9@<. #D< 
JPB@G B5@VA 84A<@< @V: @B8G?S@< 6E9D9-
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8<AV 6G;?4 є L6<8><@, BE>V?P>< ;8V=EARєFPES CB 6AGFDVLAV= L<AV 59; 6<-
>BD<EF4AAS ?B>4?PABW @9D9:V. � 8DG7B7B 5B>G, >B:9A 6G;B? >?4EF9D4 @B:9 
DB;7?S84F<ES S> @4L<A4 V; ;474?PABR C4@�SFFR V S6?SF< EB5BR B8<A B5K<-
E?R64?PA<= @B8G?P. &B8V B5K<E?R64?PA4 K4EF<A4 >?4EF9D4 � J9 ;@VL4A4 
E<EF9@4, 89 >B:9A @B8G?P � SMP-@4L<A4. !46K4?PA<= >?4EF9D ;B5D4:9AB 
A4 D<E. 2. &9EFG64AAS D94?V;B64AB7B >?4EF9D4 ;4 8BCB@B7BR F9EFV6 
LINPACK CB>4;4?B @4>E<@4?PAG CDB8G>F<6AVEFP G 0,7  H?BCE. 

�<EAB6B> 

$94?V;B64A<= >?4EF9D CB6AVEFR 6V8CB6V84є CBFD954@ MIMD-
4DIVF9>FGD< V @B:9 5GF< 6<>BD<EF4A<= G A46K4?PAB@G CDBJ9EV 6 >GDE4I 
CB6�S;4A<I ; C4D4?9?PA<@ CDB7D4@G64AAS@. 

%C<EB> ?VF9D4FGD< 

1. �DB=A?P &. #4D4?9?PA9 CDB7D4@G64AAS: #BK4F>B6<= >GDE: !46K. 
CBEi5A<> / #9D9>?48 ; Ai@. �. �. %6SFAB7B. � �: �<M4 L>., 1997. � 358 E. 

2. AB7BCDBJ9EEBDAO9 E<EF9@O (MIMD-E<EF9@O). �OK<E?<F9?PAO9 >?4E-
F9DO. [�?9>FDBAA<= D9EGDE]. � $9:<@ 8BEFGCG: 
http://bigor.bmstu.ru/?cnt/?doc=Parallel/ch010104.mod/?cou=Parallel/base.cou 

'�� 004.942 
%6SFAO= �.�. 1, �GEP>B64 !. �.2 

"#&� ���*�3 $�� �$!"%&�  "���� ���� "���%&��3 

% $�%#$�����!!/ � #�$� �&$� � 

�4AA4S D45BF4 BD<9AF<DB64A4 A4 @B89?<DB64A<9 CDBJ9EEB6 6;4<-
@B89=EF6<S 59?>B6 4>F<A4 < @<B;<A4 6 CDBJ9EE9 EB>D4M9A<S >?9FB> [1]. � 
>4K9EF69 BEAB6O <ECB?P;G9FES >?4EE<K9E>4S (EBED98BFBK9AA4S) @B89?P, 
CB;6B?SRM4S BJ9A<FP C4D4@9FDO EF45<?<;4J<< 6;4<@B89=EF6<S 59?>B6 
[2] A4 BEAB69 66989AAB= E<EF9@O B5O>AB69AAOI 8<HH9D9AJ<4?PAOI 
GD46A9A<= < K<E?9AAOI @9FB8B6 99 D94?<;4J<< [3]. �@9EF9 E F9@, 6 EBED9-
8BFBK9AAB= @B89?< BFEGFEF6G9F CDBEFD4AEF69AA4S >BBD8<A4F4, KFB EGM9-
EF69AAB B7D4A<K<649F 6B;@B:ABEF< @B89?<DB64A<S, F4> >4> GK<FO649FES 
FB?P>B K<E?B CD<EB98<A9AAOI > A<F< @B?9>G? @<B;<A4, AB D4;@9M9A<9 
A<F9= 6 CDBEFD4AEF69 BEF49FES A9BCD989?9AAO@. �DB@9 FB7B, 6 E<EF9@9 
GD46A9A<=, BC<EO64RM<I <EIB8AGR @B89?P, BFEGFEF6GRF EBBFABL9A<S, 
                                                           
1 8B>F. F9IA. A4G>, CDBH., �BA9J><= A4J<BA4?PAO= F9IA<K9E><= GA<69DE<F9F 
(7. #B>DB6E>) 
2 4EC<D4AF, �BA9J><= A4J<BA4?PAO= F9IA<K9E><= GA<69DE<F9F (7. #B>DB6E>) 
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GK<FO64RM<9 69DBSFABEFP D4;DO64 A<F9= 4>F<A4 CB8 FS:9EFPR 7B?B6B> 
@<B;<A4. � D45BF9 [4] 89F4?PAB BC<E4A4 FD4AEHBD@4J<S EBED98BFBK9AAB= 
@B89?< [2] 6 D4ECD989?9AAGR, B5BEAB64AO 66989AAO9 54?4AEB6O9 EBBF-
ABL9A<S < BCD989?9AO C4D4@9FDO >BAJ9AFD4J<< A9E?B@?9AAOI A<F9= 
4>F<A4, CD<6B8SM<9 > EF45<?<;4J<< E<EF9@O ;4 CD<9@?9@B9 6D9@S. *9?PR 
A4EFBSM9= D45BFO S6?S9FES K<E?9AA4S D94?<;4J<S CB?GK9AAB= D4ECD989-
?9AAB= @B89?< CD< H<>E<DB64AAB= >BAJ9AFD4J<< 489AB;<FD<HBEHBDAB= 
><E?BFO (�&(), 4 F4>:9 BCD989?9A<9 BCF<@4?PAB7B >B?<K9EF64 D4EK9FAOI 
FBK9> A4 BEAB69 4A4?<;4 @4>E<@4?PAB= E<?O A4CDS:9A<S. 

�EE?98G9@4S D4ECD989?9AA4S @B89?P BJ9A<649F CB6989A<9 59?>B6 
4>F<A4 < @<B;<A4 6 IB89 D94>J<<, CDBF9>4RM9= @9:8G A<@<. "EB59AAB-
EFPR @B89?< S6?S9FES A4?<K<9 6AGFD9AA9= >BBD8<A4FO, BCD989?SRM9= 
K<E?B 7B?B6B> @<B;<A4, CD<>D9C?9AAB9 > A<F< 4>F<A4 6 >BA>D9FAO= @B-
@9AF 6D9@9A<. � J9?B@, CD<EB98<A9A<9 > A<F< 4>F<A4 @B:9F BEGM9EF6<FP 
CDB<;6B?PAB9 K<E?B 7B?B6B> @<B;<A4 E F9>GM9= D4;@9DABEFPR . &9@ 
A9 @9A99, CD< K<E?9AAB@ @B89?<DB64A<< A9B5IB8<@B B7D4A<K<FPES >B-
A9KAO@ @4>E<@4?PAO@ K<E?B@ CD<EB98<A9AAOI 7B?B6B> @<B;<A4 . 
#B8IB8SM99 ;A4K9A<9 8?S N 8B?:AB 5OFP BCD989?9AB 6 IB89 K<E?9AAB7B 
@B89?<DB64A<S. �E>B@B9 ;A4K9A<9 CD< QFB@ 8B?:AB 5OFP 6O5D4AB 8BEF4-
FBKAB 5B?PL<@, E F9@, KFB5O 84?PA9=L<= DBEF D4;@9DABEF< N A9 B>4;O64? 
;A4K<F9?PAB7B 6B;89=EF6<S A4 D9;G?PF4FO @B89?<DB64A<S.  

�?S CB?GK9A<S BCF<@4?PAB= BJ9A>< >B?<K9EF64 D4EK9FAOI FBK9> 
5O?B CDB6989AB 864 F<C4 Q>EC9D<@9AFB6. � C9D6B@ E?GK49 8?S CB?GK9A<S 
FD95G9@B= D4;@9DABEF< 69?<K<A4 N <;@9AS?4EP A4 >4:8B= BEGM9EF6?S9-
@B= E<@G?SJ<<. &4><@ B5D4;B@, 6 @B@9AF, >B784 CD<@9AS9@B9 < CD98L9-
EF6GRM99 9@G ;A4K9A<9 B>4;O64?< B8<A4>B6O= (6 CD989?4I 8BCGEF<@B= 
CB7D9LABEF<) QHH9>F A4 CB6989A<9 E<EF9@O, EK<F4?BEP, KFB <E>B@B9 ;A4-
K9A<9 BCD989?9AB. #DB6989AAO= F4><@ B5D4;B@ 4A4?<; KG6EF6<F9?PABEF< 
C9D9@9AAOI @B89?< > 66989AAB@G K<E?G D4EK9FAOI FBK9> CB;6B?<? 7DG5B 
?B>4?<;B64FP <E>B@B9 ;A4K9A<9. 

�?PF9DA4F<6AO@ @9FB8B@ <EE?98B64A<S CBE?G:<?4 BJ9A>4 
;46<E<@BEF< @9:8G 6O5D4AAO@ >B?<K9EF6B@ FBK9> < @4>E<@4?PAB= E<?B= 
A4CDS:9A<S, 6B;A<>4RM9= 6 @B@9AFO CD<>D9C?9A<S 7B?B6B> @<B;<A4 > 
A<FS@ 4>F<A4, < <I CBE?98GRM9@G 86<:9A<R. #BE>B?P>G E<?4 
A4CDS:9A<S 6B;A<>49F FB?P>B 6 F9 @B@9AFO, >B784 @9:8G 59?>4@< 
CDB<EIB8<F 6;4<@B89=EF6<9, 5O?B CD<ASFB D9L9A<9 <EE?98B64FP <@9AAB 
QFBF CB>4;4F9?P, CD98EF46?SRM<= CB?AGR >4DF<AG FB7B, >4> E F9K9A<9@ 
D94>J<< @9:8G 59?>4@< <;@9AS9FES CB6989A<9 6E9= @B89?<. �?S BJ9A>< 
A9B5IB8<@B7B CB>4;4F9?S N <; @AB:9EF64, BCD989?SRM97B ;A4K9A<S E<?O 
6 D4EK9FAO9 @B@9AFO 6D9@9A<, 6O5<D4?BEP @4>E<@4?PAB9 ;A4K9A<9, 
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>BFBDB9 S6?S?BEP BCD989?SRM<@.  4>E<@4?PAB9 ;A4K9A<9 E<?O 
G>4;O64?B A4 EGM9EF6B64A<9 8BCGEF<@B= 69?<K<AO E:4F<S, 
BCD989?SRM9= CDB8B?:<FES ?< D94>J<S @9:8G 4>F<AB@ < @<B;<AB@ <?< 
A<FP 5G89F E?B@?9A4. 

%C<EB> ?<F9D4FGDO 

1. Lewis, O. Actin-myosin spatial patterns from a simplified isotropic 
viscoelastic model / O. Lewis, R. Guy, J. Allard // Biophysical Journal. � 2014. � Vol. 
107, №4. � P. 863�870. 

2.Gou J. Mathematical model with spatially uniform regulation explains long-
range bidirectional transport of early endosomes in fungal hyphae / J. Gou, L. Edelstein-
Keshet, J. Allard//Molecular Biology. � 2014. � Vol. 25, №16. � P. 2408�2415. 

3. �@<FDVє64 ".�. #4D4?9?PAV DV;A<J96V @9FB8< DB;6�S;4AAS ;484KV �BLV. � 
�BA9JP>: �BA!&'. � 2011. � 265 E. 

4. %6SFAO= �.�. $4;D45BF>4 < D94?<;4J<S @4F9@4F<K9E>B= @B89?< EF45<?<-
;4J<< 6;4<@B89=EF6<S 59?>B6 4>F<A4 < @<B;<A4 / �.�. %6SFAO=, !.�. �GEP>B64 // 
!4G>B6V CD4JV �BA!&'. %9DVS «�AHBD@4F<>4, >V59DA9F<>4 F4 B5K<E?R64?PA4 F9IAV-
>4» (��"&-2016). � 2016. � №1(22). � %. 146�151. 

'�� 004.65 : 629.783  
"@9?PKG> �. �.1,  $4>B6<K �. %.2 

���� ��!�) ��2+�) �"% �+!�) �#�$�&��  

"D5VF4?PA9 G7DGCB64AAS 8VRK<I >BE@VKA<I 4C4D4FV6 (��) є 4>F<6-
ABR E>?48B6BR >BE@VKABW B5EF4AB6><. �A4AAS 4>FG4?PABW A46>B?B;9@ABW 
>BE@VKABW B5EF4AB6>< A9B5IV8AV 8?S ;8V=EA9AAS >BE@VKABW 8VS?PABEFV F4 
VAHBD@4JV=AB7B ;459;C9K9AAS A4JVBA4?PABW 59;C9><. �VRKV �� є >BAFDB-
?PB64A<@< B5�є>F4@< F9IAB79AABW >BE@VKABW B5EF4AB6><, GEV VALV 4AFDBCB-
79AAV B5�є>F< A9>9DB64AV, FB5FB A9>BAFDB?PB64AV. �VRKV �� @B:GFP C9D9-
5G64F< 6 EF4AV 6<CDB5G64AAS, ;A4IB8<F<EP 6 BC9D4F<6AB@G 6<>BD<EF4AAV 
45B 6 D9;9D6V F4 ;4 EH9DBR 6<>BD<EF4AAS WI CB8V?SRFP A4 6V=EP>B6V, >B@9-
DJV=AV 45B 8BE?V8A<JP>V [1, 2].  

�64:4RK< A4 69?<><= B5�є@, 8<A4@VKAVEFP V EFDG>FGDB64AVEFP VAHB-
D@4JVW MB8B 8VRK<I �� WW A9B5IV8AB ;5<D4F<, ;59DV74F<, B5DB5?SF< F4 6<-
>BD<EFB6G64F< ;4 F9IAB?B7VєR 54; 84A<I >B@C�RF9DA<I VAHBD@4JV=A<I 
E<EF9@ [3]. &4> VAEFDG@9AFB@ Є6DBC9=EP>B7B J9AFDG >BE@VKA<I BC9D4JV= 
ESOC, S><= >BBD8<AGє DB5BFG Є6DBC9=EP>B7B >BE@VKAB7B 479AFEF64 MB8B 
                                                           
1 >.F.A., CDB6V8A<= A4G>B6<= ECV6DB5VFA<> 6V88V?G 6V=EP>B6BW K4EF<A<, @. �<FB@<D 
2 A4K4?PA<> 6V88V?G 6V=EP>B6BW K4EF<A<, @. �<FB@<D  
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>BE@VKA<I G?4@>V6 F4 G;474?PARє 84AV CB >BE@VKA<I B5�є>F4I, є 54;4 84A<I 
DISCOS (4A7?. Database and Information System Characterising Objects in 
Space � 54;4 84A<I F4 VAHBD@4JV=A4 E<EF9@4 89F4?PAB7B BC<EG B5�є>FV6 G 
>BE@BEV). �?9 JV 84AV A9 8BE<FP BC9D4F<6AV (BAB6?9AAS D4; A4 @VESJP) = 
8BEFGC 8B A<I 6 VAF9D4>F<6AB@G D9:<@V @4RFP ?<L9 ;4D9єEFDB64AV >BD<E-
FG64KV [4]. �?4EA<>4@< A4=5V?PL CB6A<I V 8BEFB6VDA<I 54; 84A<I 8VRK<I 
�� є 89D:46<, S>V 6B?B8VRFP 7?B54?PA<@< E<EF9@4@< >BAFDB?R >BE@VKAB-
7B CDBEFBDG, 4 E4@9 %,� F4 $BEV=EP>4 (989D4JVS [2]. "8A4> 6V?PAB7B 8B-
EFGCG 8B ;7484A<I 6<M9 F4 VAL<I 4>FG4?PA<I 54; 84A<I 8VRK<I �� 6V8B-
@<I HVD@ 45B GEF4AB6 >BE@VKABW 74?G;V A9 6<S6?9AB.  

�4;A4K9AV B5EF46<A< ECBAG>4?< EF6BD9AAS D9?SJV=ABW 8<A4@VKABW  
54;< 84A<I 8VRK<I �� 8?S >B@C�RF9DABW VAHBD@4JV=ABW E<EF9@< BC9D4F<-
6AB7B >BAFDB?R A46>B?B;9@ABW >BE@VKABW B5EF4AB6><. �4;4 84A<I EF6BD9A4 
H4IV6JS@< 6V=EP>B6BW K4EF<A< ;4 8BCB@B7BR CB6ABHGA>-JVBA4?PAB7B A4-
5BDG ;4EB5V6 DB;DB5>< 8B84F>V6 Embarcadero RAD Studio XE7 8?S Win-
dows.  B64 CDB7D4@G64AAS � Delphi. %<EF9@4 >9DG64AAS D9?SJV=ABR 54-
;BR 84A<I D94?V;B64A4 6 BC9D4JV=AB@G E9D98B6<MV Microsoft Office Access 
2007. "5�є>F< 54;< 84A<I MS Access 2007 ;59DV74RFPES G H4=?4I V; DB;-
L<D9AAS@ *.mdb, K<@ ;459;C9KGєFPES EC48>B6VEFP 6<>BD<EF4AAS A4CD4JR-
64AP D4AVL9 EF6BD9A<I CB8V5A<I 54; 84A<I ��.  

(GA>JVBAGRK4 A4 8V=EA<= K4E G 6V=EP>B6V= K4EF<AV 8<A4@VKA4 54;4 
84A<I 8VRK<I �� D94?V;B64A4 A4 #�"  (CDBJ9EBD Intel Core 2 Duo E7600; 
BC9D4F<6A<= ;4C4@�SFB6GRK<= CD<EFDV= � 2 ��; CBEFV=A<= ;4-
C4@�SFB6GRK<= CD<EFDV6 � 320 ��; BC9D4JV=A4 E<EF9@4 � Windows 8.1; MS 
Access 2007). "5�є@ VAHBD@4JVW 6>4;4AB7B ;D4;>4 8<A4@VKABW 54;< 84A<I 
D4;B@ V; 4DIV6B@ (;4 BEF4AAV 10 DB>V6) MB89AA<I 6<EIV8A<I A45BDV6 9?9@9-
AFV6 BD5VF VEAGRK<I �� HBD@4FG TLE [celestrak.com/NORAD/; www.space-
track.org/; www.prismnet.com/~mmccants/tles/; www.zarya.info] EF4AB@ A4 
25.06.2016 D. E>?484є 3,4 �� F4 @VEF<FP 84AV 1407 8VRK<I �� = 503 ��, S>V 
CD<C<A<?< HGA>JVBAG64AAS. !9BD5VF4?PAV I4D4>F9D<EF<>< �� 8B5G64RFP-
ES V; 9?9>FDBAA<I = 8DG>B64A<I 8:9D9? VAHBD@4JVW.  

�>EC?G4F4JVS ;4;A4K9ABW 8<A4@VKABW D9?SJV=ABW 54;< 84A<I 8VRK<I 
�� ;459;C9KGє: 46FB@4F<;B64A9 HBD@G64AAS = 6V8B5D4:9AAS F4 BAB6?9AAS 
BD5VF4?PA<I C4D4@9FDV6 8VRK<I �� ;4 A45BD4@< 84A<I HBD@4FG TLE; 46-
FB@4F<KA9 7DGCG64AAS ;4D9єEFDB64A<I G 54;V 84A<I 8VRK<I �� ;4 B5?4EFR 
6<>BD<EF4AAS, ;4 89D:46ABR A4?9:AVEFR, ;4 CD<;A4K9AAS@ (;6�S;>G, @9-
F9BDB?B7VKAV, A46V74JV=AV, DB;6V8>< FBMB) = 84FBR ;4CGE>G A4 BD5VFG; HBD-
@G64AAS ;6VFV6 MB8B EG@4DABW >V?P>BEFV 8VRK<I �� ;4 EH9DBR 6<>BD<E-
F4AAS, ;4 89D:46ABR A4?9:AVEFR, ;4 CD<;A4K9AAS@ FBMB; 7D4HVKA9 6V8B-
5D4:9AAS VEFBDVW (8<A4@V>< ;@VA<) BD5VF4?PA<I 9?9@9AFV6 6<5D4AB7B ��; 
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HBD@G64AAS ;6VFV6 MB8B >V?P>BEFV ;4CGE>V6 = ;6989AAS ; BD5VF< �� F4 CD<-
C<A9AAS WI HGA>JVBAG64AAS ;4 6<;A4K9A<= VAF9D64? K4EG. 

%C<EB> ?VF9D4FGD< 

1. )BDB?PE><= #. �. �BAJ9CFG4?PA4S @B89?P 4A4?<;4 >BE@<K9E>B= B5EF4AB-
6>< / #. �. )BDB?PE><= // [�?9>FDBAA<= D9EGDE]. � $9:<@ 8BEFGCG: 
http://www.nbua.gov.ua/ portal/natural/Akra/2008_12/9.pdf.   

2. �M9A>B �. �.  9FB8<>4 HBD@G64AAS F4 CV8FD<@>< >?4E<HV>4FBD4 8VRK<I 
>BE@VKA<I 4C4D4FV6 / �. �. �M9A>B,  . 3.  4DL4?B>, �. �. "@9?PKG> // �5VDA<> 
A4G>B6<I CD4JP №10. � �<FB@<D: ���$�, 2006. � №10. � %.63 �71.  

3. �E<A �. �.  9FB8O D4;D45BF>< 54; 84AAOI 8?S <AHBD@4J<BAAOI E<E-
F9@ / �. �. �E<A // �VEA<> )4D>V6EP>B7B A4JVBA4?PAB7B GAV69DE<F9FG. � 2012. � 
№1037. � %.64�72.  

4. Database and Information System Characterising Objects in Space � DISCOS 
// [�?9>FDBAA<= D9EGDE]. � $9:<@ 8BEFGCG: http://www.esa.int/ Opera-
tions/Space_Debris.  

'�� 519.28:620.179 
#4M9A>B �.".1 

�"���0!� )�$��&�$�%&��� #$")"���!!3 � �����&&3 

"$&"&$"#!"�" �" #"��&� � ��%�#�&��!� � 

�&$�&� � 

)4D4>F9D<EF<>< CDBIB8:9AAS = 6V85<FFS, G;474?PARRK< 8?S C9D9-
IV8AB7B D9:<@G B8AB=@9AAV  >B9HVJVєAF<, CB>?489AV 6 BEAB6G EGK4EABW 
VAHBD@4JV=ABW F9IAB?B7VW  CDB9>FG64AAS ;4EB5V6 9?9>FDB@47AVFAB7B >BAF-
DB?R CV86<M9ABW L6<8>B8VW.  

�A9D79F<KA4 F9BDVS 4AV;BFDBCA<I FV? V 6B?B>A<EF<I >B@CB;<FV6 6<-
;A4K4є >B9HVJVєAF 8<E<C4JVW S> 6V8ABL9AAS 6FD4F 9A9D7VW 6 9?9@9AF4DAB@G 
B5�є@V 8B @4>E<@G@G CBF9AJV4?PABW 9A9D7VW CDBFS7B@ 6?4EAB7B J<>?G BE-
J<?SJVW. �B5GFB> >B9HVJVєAF4 8<E<C4JVW = 6?4EABW K4EFBF< 8BDV6ARє CBFG-
:ABEFV 8<E<C4JVW q, S>4 6<;A4K4є 6V8ABEA9 DB;EVR64AAS 9A9D7VW CDBFS7B@ 
B8<A<JV K4EG CD< @BAB74D@BAVKA<I ;4FGI4RK<I >B?<64AASI 9?9@9AF4 
>BAEFDG>JVW. &4>, G 6<C48>G C9DLBW HBD@< >B?<64AP C9D9ID9EAB 4D@B64-
A<I 54?B> V; 86BI F<CV6 6G7?9C?4EF<>G >B9HVJVєAF 8<E<C4JVW 64DVRє 6 8V4-
C4;BAV 0.005 ÷ 0.06, ES74RK< @4>E<@G@G CD< >GFV 4D@G64AAS 550.  

                                                           
1 >.F.A., 8BJ9AF >4H. �"  �!' 
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�B>4?PA9 CV8CB69DIA969 ;BA8G64AAS BDFBFDBCAB7B >B@CB;<F4 VAV-
JVRєFPES FBK>B6<@ 8:9D9?B@ EFBDBAAPB7B EFDG@G 4@C?VFG8< j0 = 7GEF<A< 

, 

89 U(t) � EFGCVAK4EF4 B8<A<KA4 E<@9FD<KA4 HGA>JVS,  � 89?PF4-
HGA>JVS, Fx=cos , Fy=sin , S>MB x=0  � >GF @V: -
6VEER F4 A4CDS@B@ EFDG@B6B7B >BAFGDG y = L(x) A4 CBK4F>G >BBD8<A4F.  

' BDFBFDBCAB@G >B@CB;<FV @B:A4 A9IFG64F< 8V9?9>FD<KA<@ ;@V-
M9AAS@, FB@G ;BA8G64AAS BC<EGєFPES 3-6<@VDA<@< ?VAV=A<@< A9EF4JVBA4-
DA<@< B8ABDV8A<@< DV6ASAAS@< G;474?PA9ABW CDB6V8ABEFV (; 8<E<C4F<6-
A<@< 6FD4F4@<):  

=0 

6V8ABEAB I, G-CDB9>JVW  9?9@9AF4DAB7B 69>FBDAB7B CBF9AJV4?G  

6 A<:APB@G A4CV6CDBEFBDV (z g h), CD<KB@G  � @47AVFA4 CDBA<>AVEFP CB-
6VFDS,  F4  � >B@CBA9AF< 8V47BA4?PA<I F9A;BDV6 CDB6V8ABEFV F4 
8<E<C4JVW. 

' CB6VFDV, 89 EFBDBAAV= EFDG@ F9K9 K9D9; CBK4FB> >BBD8<A4F, ECD4-
698?<6V 3-6<@VDAV ?VAV=AV A9EF4JVBA4DAV A9B8ABDV8AV I6<?PB6V DV6ASAAS: 

 

 
89  � 8V9?9>FD<KA4 CDBA<>AVEFP CB6VFDS. 

�4EFBEGє@B 3-6<@VDA9 86BEFBDBAAє CDS@9 C9D9F6BD9AAS x→px , 

y→py, t→q �4DEBA4-�4C?4E4, 6<>BD<EFB6GRK< G@B6< 59;C9D9D6ABEFV CD< 
z=h S> F4A79AJV4?PA<I CDB9>JV= 9?9@9AF4DAB7B 69>FBDAB7B CBF9AJV4?G, 
F4> V WI C9DL<I CBIV8A<I, BFD<@GRK< A4EFGCAV 6<D4;< 8?S ;B5D4:9AP G;4-
74?PA9A<I K4EFBF: 

,   ( ) 

. 

�<;A4K9AAя 1. �B5D4:9AAS x, y-CDB9>JVW I4D4>F9D<EF<>< CDBIB-
8:9AAS @4RFP 6<7?S8:  

. 
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�<;A4K9AAя 2. �B5D4:9AAS x, y-CDB9>JVW I4D4>F9D<EF<>< 6V85<FFS 
;484RFPES 6<D4;4@<: 

. 

�4EFBEB6GRK< ;6BDBFA9 C9D9F6BD9AAS px →x , py →y, q→t, BFD<@G-
є@B 4A4?VF<KAV 6<D4;< 8?S I4D4>F9D<EF<> CDBIB8:9AAS = 6V85<FFS. 

' 59;DB;@VDA<I ( ),, t

x

x
x

x
x

x
x

x
tTzZ

y
YxX Δ=Δ=Δ=Δ= � K< 

( ),,, t

y

x
xy

x
y

y
y

y
tTzZ

y
YxX Δ=Δ=Δ=Δ= ->BBD8<A4F4I CD< 

yx

t

yx ,0, /4 Ãπ¸=Δ  V  00,, //4 ¸¼Ãπ
yxyx

=Δ  BFD<@4AV 6<D4;< ECDBMGRFPES:  

 

.     

&4><@ K<AB@, G 6<C48>G F9C?B6<I 6FD4F BDFBFDBCAB7B >B@CB;<F4 
I4D4>F9D<EF<>< CDBIB8:9AAS = 6V85<FFS CD<AJ<CB6B 6V8DV;ASRFPES 6V8 
4A4?B7VKA<I I4D4>F9D<EF<> CD< Dx, y = 0 ;474E4RKBR 9>ECBA9AFBR >B9HVJV-
єAF4 8<E<C4JVW.  

'�� 621.317 
%G55BF<A ".�.1, �BAK9A>B �.�.2 

'#$����!�� �!����*��� !� �!("$ �*�"!!"-

'����&��0!"  &���" 

�AHBD@4J<BAAO9 F45?B CB?GK4RF A4 E97B8ASLA<= 89AP 6E9 
5B?PL99 < 5B?PL99 D4ECDBEFD4A9A<9, 6E9 K4M9 <ECB?P;GRFES 6 D9>?4@AOI 
J9?SI A4 G?<J4I 6 >DGCAOI 7BDB84I <?< 6 >4K9EF69 <AHBD@4J<BAAB-
G>4;4F9?PAOI Q>D4AB6 [1]. �;69EFAB, KFB ;4 EK9F E6B9= 8<A4@<KABEF< 90% 

                                                           
1 �.F.A., 8BJ.  >4H98DO 46FB@4F<;4J<< CDB<;6B8EF69AAOI CDBJ9EEB6 �BA54EE>B= 
7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>, '>D4<A4). 
2 %F. CD9CB8. >4H98DO 46FB@4F<;4J<< CDB<;6B8EF69AAOI CDBJ9EEB6 �BA54EE>B= 
7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>, '>D4<A4). 
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CDBIB:<I B5D4F<F E6B9 6A<@4A<9 A4 F45?B, < CD<@9DAB 60% <; A<I 
8BK<F49F F9>EF 8B >BAJ4. �4;B64S >BAH<7GD4J<S Q?9>FDBAAB7B F45?B 
CB;6B?S9F ;4CB@<A4FP 5B?99 600000 ;A4>B6, 4 597GM4S EFDB>4 A4 
E69FB8<B84I CB;6B?S9F 6BECDB<;6B8<FP 5B?PLB= B5N9@ <AHBD@4J<< A4 
@4?B= C?BM48< F45?B. �A4?<; ED98EF6 BFB5D4:9A<S <AHBD@4J<< CB>4;4? 
CD9<@GM9EF64 CD<@9A9A<S E69FB8<B8AOI (LED) @4FD<J < 8<EC?996 A4 <I 
BEAB69 [2]. #B ED46A9A<R E EGM9EF6GRM<@< <EFBKA<>4@< E69F4 
E69FB8<B8O B5?484RF DS8B@ 69EP@4 J9AAOI 8?S HBD@<DB64A<S 
<;B5D4:9A<= E6B=EF6. !4<5B?99 64:AO@< ED98< A<I S6?SRFES: 
6B;@B:ABEFP @B8G?SJ<< E 69EP@4 6OEB>B= K4EFBFB= 6C?BFP 8B 20  �J; 
6OEB>4S A489:ABEFP E A4D45BF>B= A4 BF>4; 8B 100000 K4EB6; 6OEB><= 
>.C.8.; A<;>B9 A4CDS:9A<9 C<F4A<S; 5B?PL4S E<?4 E69F4 < E69FB6B= CBFB> 
B8AB7B <;?GK4F9?S; GEFB=K<6BEFP > ;A4K<F9?PAO@ @9I4A<K9E><@ 
C9D97DG;>4@; BFABE<F9?PAB @4?O9 7454D<FO; A<;>4S EFB<@BEFP. 

�BA>GD9AFB@ @B:AB EK<F4FP :<8>B>D<EF4??<K9E>GR SK9=>G, 
>BFBD4S 6 D45BK9@ D9:<@9 FD95G9F @4?B= 69?<K<AO FB>4, AB 
6ECB@B74F9?PAO9 ED98EF64 8?S B59EC9K9A<S 99 D45BFO (8D4=69DO, 
CB8E69F>4) @B7GF CBFD95?SFP 8BEF4FBKAB @AB7B Q?9>FDBQA9D7<< [3]. 
1A9D7BCBFD95?9A<9 LED CDS@B CDBCBDJ<BA4?PAB SD>BEF< < C?BM48< 
E69K9A<S. %?98B64F9?PAB, <EE?98B64A<S 8B?:AO 5OFP A4CD46?9AO A4 
G69?<K9A<9 HGA>J<BA4?PABEF< < G@9APL9A<9 QA9D7B;4FD4F E<EF9@O 
BFB5D4:9A<S 84AAOI. 

%HBD@<DB64A4 EFDG>FGD4 7D4H<K9E>B= C4A9?<, 8?S D94?<;4J<< 
HGA>J<< @4ELF45<DB64A<S @4FD<JO <AHBD@4J<BAAB7B CB?S D9L9AB 
D4;89?<FP E<EF9@G 6O6B84 <AHBD@4J<< A4 @B8G?P GCD46?9A<S < @B8G?P 
<A8<>4J<<. $4;D45BF4AO <I HGA>J<BA4?PAO9 EI9@O < C9K4FAO9 C?4FO 6 
CDB7D4@@AB@ >B@?9>E9 KiCAD. 

� CB8CDB7D4@@9 EESchema 5O?4 ECDB9>F<DB64A4 HGA>J<BA4?PA4S 
EI9@4 @B8G?9= GCD46?9A<S < <A8<>4J<<, 4 CD< CB@BM< CB8CDB7D4@@O 
PCBNEW ECDB9>F<DB64AO C9K4FAO9 C?4FO @B8G?9= GCD46?9A<S < 
<A8<>4J<<. 

#D< D4;D45BF>9 C9K4FAB= C?4FO GK<FO64?<EP 6OEB><9 E<?B6O9 
FB><, 8?S >BFBDOI L<D<A4 8BDB:>< CD<ASF4 3@@, 4 F4>:9 H4>FBD A47D964 
FD4A;<EFBDB6 � BA< D4ECB?B:9AO 6 L4I@4FAB@ CBDS8>9, KFB5O 5B?99 
QHH9>F<6AB D4EE9<64FP F9C?B. 

#DB6989A 4A4?<; EB6D9@9AAOI 4EC9>FB6 CD98EF46?9A<S <AHBD@4J<<, 
BCD989?9AO BEAB6AO9 CD9<@GM9EF64 < A98BEF4F>< CD<@9A9A<S E69FB8<B8AOI 
C4A9?9= 6<;G4?<;4J<<. $4;D45BF4AAO= 6<;G4?PAO= <AF9DH9=E E<EF9@O 
GCD46?9A<S CD98EF46?S9F EB5B= GCDBM9AAGR 4A<@<DB64AAGR 
HGA>J<BA4?PAGR EI9@G E<EF9@O >BAFDB?S <AHBD@4J<BAAB�G>4;4F9?PAB7B 
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F45?B. %BEFB<F <; B8AB= HBD@O, A4 >BFBDB= D4ECB?B:9AO 864 F9>EFB6OI CB?S 
� 8?S 66B84 < 6O6B84 <AHBD@4J<<. �AF9DH9=E 6OCB?A9A 6 CDB7D4@@9 
AdobeFlash CS3 Professional.  

$4;D45BF4A4 CDB7D4@@4 GCD46?9A<S <A8<>4J<9=, BEGM9EF6?SRM4S 
;47DG;>G 84AAOI K9D9; CBE?98B64F9?PAO= COM-CBDF 6 @<>DB>BAFDB??9D 
6<;G4?PAB7B F45?B. &4>:9 ECDB9>F<DB64A4 CDB7D4@@A4S @B89?P E<EF9@O 
6<;G4?<;4J<< 7D4H<K9E><I CD98EF46?9A<=, BFB5D4:4RM4S 6B;@B:ABEF< 
<AHB@4J<BAAB-G>4;4F9?PAB7B F45?B. 

1HH9>F<6ABEFP D4;D45BF>< E<EF9@O BFB5D4:9A<S <AHBD@4J<< 
8BEF<749FES ;4 EK9F 4?PF9DA4F<6AB7B CGF< CD<B5D9F9A<S C4A9?< 
6<;G4?<;4J<< < G@9APL9A<S CBFD95?9A<S Q?9>FDBQA9D7<<. $4;D45BF4AAB9 
E69FB8<B8AB9 F45?B 6O7B8AB BF?<K49FES BF 4A4?B7B6, A4CD<@9D, SIGMA 
AS227. !4CD<@9D, CD< CDB<;6B8EF69 C4DF<< <; EF4 E69FB8<B8AOI F45?B, 
B5M4S <I EFB<@BEFP G@9APL49FES A4 FD9FP CB ED46A9A<R E 4A4?B7B@. 

%C<EB> ?<F9D4FGDO 

1.  �4C<A �. %D98EF64 BFB5D4:9A<S <AHBD@4J<< // 1?9>FDBA<>4: A4G>4, 
F9IAB?B7<S, 5<;A9E. � 2005. � № 8. � %. 30 � 33. 

2. �GL@4 �. �. "J9A>4 QD7BAB@<K9E><I I4D4>F9D<EF<> L>4?PAOI <A8<>4FBDB6 
E D4;?<KAO@< HBD@4@< CD98EF46?9A<S <AHBD@4J<< / �.�. �GL@4, �.�. %G>4K, �.#. 
3DJ96 // "CFB9?9>FDBAAV VAHBD@4JV=AV F9IAB?B7VW «("&"!����"�% 2005». �5VDA<> 
F9; 8BCB6V89= FD9FPBW @V:A4D. A4G>.-F9IA. >BAH., 27 � 28 >6VFAS 2005 D., �VAA<JS, 
'>D4WA4. � �VAA<JS: 'AV69DEG@��VAA<JS. � 2005. � %. 117 � 118. 

3. %4@4D<A �. �. �<8>B>D<EF4??<K9E><9 8<EC?9<. %I9@BF9IA<>4, >BAEFDG-
>J<S < CD<@9A9A<9. �  .: %"�"!-$, 2002. � 304 E. 

'�� 004.932.2 
&4F<96E><= �.!.1, �O@4D9A>B 2.�.2 

 "����$"��!��  �&"���� $��"!%&$'�*�� 

&$�) �$!/) #"��$)!"%&�� % �%#"�0�"��!��  

%&$'�&'$�$"��!!"� #"�%��&�� 

!4 E97B8ASLA<= 89AP CDB5?9@4 6BEEF4AB6?9A<S CB69DIABEF9= 3D 
B5N9>FB6 S6?S9FES 8BEF4FBKAB 4>FG4?PAB= 6 E6S;< EB E6B9= CD4>F<K9E>B= 
;A4K<@BEFPR 6B @AB7<I EH9D4I CDB@OL?9AABEF<, F4><I >4> DB5BFBF9IA<-

                                                           
1 �EC<D4AF, ���� 
2 �.F.A., 8BJ. >4H. #"�%, ���� 
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>4, 8<;4=A, @98<J<A4 < F.8. �BEF4FBKAB FBKAB= < @<A<4?PAB FDG8B;4FD4F-
AB= F9IA<>B= S6?S9FES @9FB8 EFDG>FGD<DB64AAB= CB8E69F><. 

$4;D45BF>< 6 84AAB@ A4CD46?9A<< 698GFES G:9 A9E>B?P>B 89ESF<?9-
F<= [1]. �EE?98B64A<S, 6 BEAB6AB@, A4J9?9AO A4 G69?<K9A<9 D4;D9L9A<S, 
FBKABEF< < G@9APL9A<S 6D9@9A< ;4I64F4 < B5D45BF>< <;B5D4:9A<=. %G-
M9EF69AAO= CDB7D9EE 8BEF<7AGF 6 B5B<I A4CD46?9A<SI. !B 84?PA9=L<9 
<;OE>4A<S BE?B:ASRFES BFEGFEF6<9@ GA<69DE4?PAOI @B89?9= CDB69D>< < 
BJ9A>< QHH9>F<6ABEF< BC<E4AAOI @9FB8B6.   

*9?PR 84AAB= D45BFO S6?S9FES BC<E4A<9 @9FB8<>< CBEFDB9A<S 
>B@CPRF9DAB= @B89?<, Q@G?<DGRM9= D45BFG >4> CDB7D4@@AB= F4> < 4C-
C4D4FAB= K4EF< E<EF9@O 6BEEF4AB6?9A<S CB69DIABEF9= FD9I@9DAOI B5N9>-
FB6 E CB@BMPR F9IA<>< EFDG>FGD<64AAB= CB8E69F>< 6 D94?PAB@ 6D9@9A<. 
 9FB8<>4 ;4>?RK49FES 6 E>4A<DB64A<< 6<DFG4?PAOI B5N9>FB6 6 6<DFG4?P-
AB@ B>DG:9A<< CGF9@ @B89?<DB64A<S CDBJ9EE4 CB?GK9A<S >BBD8<A4F < 
BFB5D4:9A<S B8AB6D9@9AAB, 59; A9B5IB8<@BEF< >BAEFDG<DB64A<S D94?P-
AB= E<EF9@O «CDB9>FBD->4@9D4». 

 B89?<DB64A<9 D45BFO E<EF9@O 6 6<DFG4?PAB= ED989 S6?S9FES GA<-
69DE4?PAO@ @9FB8B@ CDB69D>< 7<CBF9; < CB?GK9A<S K<E?9AAOI I4D4>F9-
D<EF<>, K97B A96B;@B:AB 8BEF<KP A4 H<;<K9E>B= @B89?<.  

%FDG>FGDAB E<EF9@4 CD98EF46?S9F <; E95S 869 >B@CPRF9DAO9 CDB-
7D4@@O, A4C<E4AAO9 A4 Unity/%#. #9D6B9 CD<?B:9A<9 BF69K49F ;4 @B89?<DB-
64A<9 FD9I@9DAOI F9EFB6OI B5N9>FB6, >BFBDO9 5G8GF D4ECB;A464FPES; CB-
EFB9A<9 L45?BAB6 CB8E69F><; A4EFDB=>G C4D4@9FDB6; 79A9D4J<R EA<@>B6 E 
6<DFG4?PAB= >4@9DO; BFB5D4:9A<9 D9;G?PF4FB6 B5D45BF>< <;B5D4:9A<=. 

�FBDB9 CD<?B:9A<9 BF69K49F ;4 D4EK9FO < 4CDB5<DB64A<9 4?7BD<F-
@B6 D4ECB;A464A<S < FD<47G?SJ<<; 6O84KG D9;G?PF4FB6 8?S 6<;G4?<;4J<<; 
6B;@B:ABEFP D45BFO E 6A9LA<@< GEFDB=EF64@< (>4@9D4, CDB9>FBD). 

� A4L9@ CD<@9D9 D4EE@BFD9A E4@O= CDBEFB= <, F9@ A9 @9A99, 8BE-
F4FBKAB A489:AO=, 84RM<= >4K9EF69AAO= D9;G?PF4F @9FB8 «5<FB6B7B» 
>B8<DB64A<S [2].  

� F4>B@ E?GK49 >B8<DGRFES EFB?5JO <;B5D4:9A<S CDB9>FBD4. �B-
7<K9E><= GDB69AP «1» EBBF69FEF6G9F A4EOM9AABEF< K9DAO@, FB784 >4> «0» 
EBBF69FEF6G9F CB?ABEFPR BE69M9AAB@G 59?B@G. &4>, >B?<K9EF6B CB?BE 
G69?<K<649FES 6 864 D4;4 A4 >4:8B@ CBE?98GRM9@ L45?BA9. ' >4:8B= 
CB?BEO CBE?98A97B L45?BA4 9EFP E6B9 5<A4DAB9 >?RK96B9 E?B6B. !9B5IB-
8<@B ;4@9F<FP, KFB 6E9 C<>E9?<, CD<A48?9:4M<9 B8AB= CB?BE9 6 L45?BA9 
E A4<5B?PL9= K4EFBFB=, <@9RF B8<A4>B6B9 >?RK96B9 E?B6B. � E6S;< E 
QF<@ C9D98 FD<4A7G?<DB64A<9@ A9B5IB8<@B CDBEK<F4FP ?<5B J9AFD >4:-
8B= CB?BEO, ?<5B >D4= @9:8G 86G@S CBE?98B64F9?PAO@< CB?BE4@<. #DB-
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6989AAO9 Q>EC9D<@9AFO CDB89@BAEFD<DB64?< CD98CBKF<F9?PABEFP 6FBDB-
7B 64D<4AF4.  

�?S D4ECB;A464A<S 6<;G4?PAOI D9;G?PF4FB6 E 6<DFG?PAB= >4@9DO 
<ECB?P;B64A4 5<5?<BF9>4 OpenCV, CD<@9D D45BFO >BFBDB= CD98EF46?9A 
A4 D<EGA>9 1. 

 

$<E. 1. #DBJ9EE D45BFO 4?7BD<F@4 D4ECB;A464A<S 

&4><@ B5D4;B@, D4;D45BF4AA4S E<EF9@4 84?4 6B;@B:ABEFP CDB69-
D<FP >4K9EF6B D45BFO @9FB8B6 FD<4A7G?SJ<< 8?S A4IB:89A<S >BBD8<A4F 
<E>B@OI FBK9> 6 CDBEFD4AEF69 E GK9FB@ BEB59AABEF9= C4D4@9FDB6 >4@9DO 
< CDB9>FBD4. &4>:9 5O?< E89?4AO 6O6B8O B A9B5IB8<@BEF< 8B546?9A<S 
4?7BD<F@4 CB<E>4 BEFDOI G7?B6 < D9;><I C9D9C48B6. � QF<I E?GK4SI 84A-
AO9 EFDG>FGD<DB64AAB= CB8E69F>< F9DSRFES. 

%C<EB> ?<F9D4FGDO 

1. Salvi J., Pages J., Batlle J. Pattern codification strategies in structured light 
systems // Pattern Recognition. � 2004. Vol. 37(4). � P. 827�849. 

2. Geng J. Structured-light 3d surface imaging: a tutorial // Advances in Optics 
and Photonics. � 2011. Vol. 3. � P. 128�160. 

'�� 621.382.08:621.317.7 
!. �. &69D8BEFGC1 

 '#$����!�� +'�%&��&��0!"%&02 F- �&$� � 

�� �!�!�2 $���&�!%� �!�'�&��!"�" ��&+���  

� GEFDB=EF64I <;@9D9A<S < >BAFDB?S L<DB>B <ECB?P;GRF @9FB8 F-
@9FD4, CB;6B?SRM<= CD9B5D4;B6O64FP D94>F4AE 84FK<>4 6 K4EFBFG 74D@B-
A<K9E><I >B?954A<=. !98BEF4F>B@ @9FB84 S6?S9FES 97B B7D4A<K9AA4S KG6-
EF6<F9?PABEFP > <;@9A9A<R >BAFDB?<DG9@B7B C4D4@9FD4. *9?PR D45BFO 

                                                           
1 >.F.A., 8BJ9AF >4H98DO 1� , �A9CDBC9FDB6E><= A4J<BA4?PAO= GA<69DE<F9F 
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S6?S9FES D4;D45BF>4 F-@9FD4 E CB6OL9AAB= KG6EF6<F9?PABEFPR > <;@9A9-
A<R <A8G>F<6ABEF< C4D4@9FD<K9E>B7B 84FK<>4. 

�;@9D<F9?PAO= 79A9D4FBD (D<E.1) CBEFDB9A A4 BEAB69 ?<A9=AB= >B@-
5<A<DB64AAB= BC9D4J<BAAB= EI9@O (��"%), <@9RM9= 6IB8AB= <@C984AE 

            (1)  
 

 

                                               4)                                                   5)  

$<E. 1. �;@9D<F9?PAO= 79A9D4FBD (4) < Q>6<64?9AFAB9 
CD98EF46?9A<9 ��"% (5) 

E 6IB8AO@< 4>F<6AB= < <A8G>F<6AB= EBEF46?SRM<@< 
                                 (2) 

                                  (3) 
CB>4;O64RM<@<, KFB 6 A4EFBSM9= EI9@9 <A8G>F<6ABEFP 84FK<>4 L1 E 4>-
F<6AO@ EBCDBF<6?9A<9@ r1 CD9B5D4;GRFES 6 L6I < r6I E >BQHH<J<9AFB@ 
G@AB:9A<S  #B8 6B;89=EF6<9@ >BAFDB?<DG9@B7B C4D4-
@9FD4 <A8G>F<6ABEFP L1 <;@9AS9FES A4 69?<K<AG ΔL1, CD< QFB@ 45EB?RF-
AB9 < BFABE<F9?PAB9 CD<D4M9A<S 6IB8AB= <A8G>F<6ABEF< <@9RF 6<8 

                                                   (4) 
                                        (5) 

(L> =  � >B@C9AE<DGRM4S <A8G>F<6ABEFP), CD<K9@, CD<  
�; (4), (5) E?98G9F, KFB 6 ��"% 6B;@B:AB @4ELF45<DB64-

A<9 <A8G>F<6ABEF< 84FK<>4 E GCD46?9A<9@ 69?<K<AO KG6EF6<F9?PABEF< > 
>BAFDB?<DG9@B@G C4D4@9FDG >B@C9AE<DGRM9= <A8G>F<6ABEFPR L>. 

#D< 6OCB?A9A<< GE?B6<S r1<R2R3 /R4 6 EI9@9 6B;A<>4RF 74D@BA<-
K9E><9 >B?954A<S A4 D9;BA4AEAB= K4EFBF9 1/  #D< 
<;@9A9A<< <A8G>F<6ABEF< A4 69?<K<AG  CD<D4M9A<9 K4EFBFO D46AB 
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   =   ·  , 

CD<K9@, CD<D4M9A<9 K4EFBFO EGM9EF69AAB G69?<K<649FES CD<  
1>EC9D<@9AF4?PA4S CDB69D>4 CBE?98A97B 6OD4:9A<S 5O?4 CDB6989A4 A4 
<;@9D<F9?PAB@ 79A9D4FBD9 (D<E.1), EB5D4AAB@ A4 BC9D4J<BAAOI GE<?<F9-
?SI ICL7650 E <A8G>F<6ABEFPR L1 = 21 @�A, 9@>BEFPR  = 1,106 @>( <  
A4K4?PAB= K4EFBFB= >B?954A<= 460 �J. �<8AB (D<E. 2), KFB CD< >B@C9AE<-
DGRM9= <A8G>F<6ABEF<  (;46<E<@BEFP 5) KG6EF6<F9?PABEFP 
> @<A<@4?PA4 < EBEF46?S9F 7,5 �J/@�A, CD<   17,23 @�A (;46<E<-
@BEFP 1) KG6EF6<F9?PABEFP 6B;D4EF49F 6 CSFP D4; 8B 39,2 �J/@�A. 

  

$<E. 2. #D<D4M9A<9 K4EFBFO  79A9D4FBD4 >4> HGA>J<S <A8G>F<6ABEF< 
84FK<>4  L1 8?S D4;AOI ;A4K9A<= >B@C9AE<DGRM9= <A8G>F<6ABEF< L> 

�O6B8. �B@C9AE4J<S A4K4?PAB= <A8G>F<6ABEF< 84FK<>4 E G@AB:9-
A<9@ 99 CD<D4M9A<S CB;6B?SRF G69?<K<FP CD<D4M9A<9 K4EFBFO <;@9D<-
F9?PAB7B 79A9D4FBD4  F-@9FD4 A4 BEAB69 ?<A9=AB= >B@5<A<DB64AAB= BC9-
D4J<BAAB= EI9@O. 
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'�� 004.032.2 
'I<A4 �.�.1, %<FA<>B6 �.%.2 

�!&�����&'�����*�3 �" #"!�!&"� �" #02&�$!"� 

%�%&� / 

%B6D9@9AAB9 EBEFBSA<9 B5M9EF64 E6S;4AB E L<DB><@ D4;6<F<9@ < 
CD<@9A9A<9@ D4;ABB5D4;AOI EC9J<4?<;<DB64AAOI >B@CPRF9DAOI E<EF9@ 
(%�%). #D< CBEFDB9A<< CB8B5AOI E<EF9@, >BFBDO9 D45BF4RF 6 E?B:AB= 
CB@9IB-E<7A4?PAB= B5EF4AB6>9, 5B?PLB9 6A<@4A<9 G89?S9FES 
QHH9>F<6ABEF< 6OCB?A9A<S CBEF46?9AAOI ;484K. � QF<I GE?B6<SI B8<A <; 
CGF9= CB6OL9A<S >4K9EF64 < QHH9>F<6ABEF< D45BFO E<EF9@O EBEFB<F 6 
CD<@9A9A<< H<?PFD4J<< E<7A4?B6 %�%, CBEFGC4RM<I BF 
<AF9??9>FG4?PAOI 84FK<>B6. 

� 5B?PL<AEF69 D94?PAOI GE?B6<= D45BFO %�% 8<4C4;BA 6IB8AOI 
6B;89=EF6<= <;69EF9A CD<5?<;<F9?PAB < @B:9F @9ASFPES E?B:AO@ 
B5D4;B@ 6B 6D9@9A<. �ECB?P;B64A<9 6 F4><I E?GK4SI K4EFBFAB-;46<E<@OI 
>B@CBA9AF (+��) BCD989?9AAB7B 6<84 E CBEFBSAAB= EFDG>FGDB=, 
6EFDB9AAOI 6 84FK<> < 6OCB?ASRM<I C9D6<KAGR B5D45BF>G, A9 849F 
EGM9EF69AAB7B D9;G?PF4F4. #BQFB@G 6 EB6D9@9AAOI %�% 5B?PLB9 
;A4K9A<9 <@9RF <AF9??9>FG4?PAO9 >B@CBA9AFO, 6 EBEF46 >BFBDOI 6IB8SF 
>B@CBA9AFO E C9D9EFD4<649@O@< C4D4@9FD4@<. 

#BQFB@G B8AB= <; 7?46AOI ;484K S6?S9FES CBEFDB9A<9 
C9D9EFD4<649@OI +��, 6 >BFBDOI K4EFBFAO9 I4D4>F9D<EF<>< ;46<ESF BF 
>BQHH<J<9AFB6 C9D984FBKAB= HGA>J<<, < <@99FES 6B;@B:ABEFP 
D4;89?PAB7B GCD46?9A<S QF<@< I4D4>F9D<EF<>4@< (K4EFBFB= ED9;4, 
>BQHH<J<9AFB@ GE<?9A<S < F.C). 

� %�% 5OEFDO9 <;@9A9A<S <;@9DS9@B7B C4D4@9FD4 @B7G CD<69EF< > 
6OIB8G <; EFDBS E<EF9@O, 4 QFB CD<6B8<F > A9B5IB8<@BEF< BFE?98<FP 
5OEFDO9 <;@9A9A<S <;@9DS9@B7B C4D4@9FD4 < BFEFDB<FPES BF CBEFBSAAOI 
<?< @98?9AAB <;@9ASRM<IES <;@9DS9@OI C4D4@9FDB6.  

$4EE@BFD<@ C9D984FBKAGR HGA>J<R J<HDB6B7B H<?PFD4 69DIA<I 
K4EFBF C9D6B7B CBDS8>4 

       
1

0 1

1
( )

1

z
H z a

bz

−

−

−
=

+
,             (1) 

789 0 ,a b � 89=EF6<F9?PAO9 >BQHH<J<9AFO.  

                                                           
1 <A:9A9D  
2 8.F.A., CDBH. "89EE><= A4J<BA4?PAO= CB?<F9IA<K9E><= GA<69DE<F9F, >4-
H98D4 «�B@CPRF9DAO9 E<EF9@O» 
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�?S ABD@<DB64AAOI H<?PFDB6 69DIA<I K4EFBF, C9D984FBKA4S 
HGA>J<S >BFBDOI BCD989?S9FES 6OD4:9A<9@ (1), K4EFBFAB-;46<E<@O= 
>BQHH<J<9AF C9D984K< 6 B5M9@ 6<89 BC<EO649FES 6OD4:9A<9@ 

0

2 2

ω
2 sin

2
(ω)

ω
(1 ) 4 sin

2

a

H

b b

» ¿
¼ À
½ Á=

» ¿+ − ¼ À
½ Á

 

�EE?98B64A<9 CB;6B?<?B A4=F< K4EFBFG ED9;4 ωE  A4 GDB6A9 E , 

0 1E< < ,  

( )

( )

2
2

2

2
2

1
1 2

1
ω arccos

1 4
1

c

b
c

b

b
c

b

» ¿+
−¼ À

−¼ À= ¼ À
+¼ À

¼ À−½ Á

. 

< >BQHH<J<9AF ;A4@9A4F9?S b  

2 2
2

2
2 2

ω ω
2 cos sin

12 2
1 1

ω ω
sin cos

2 2

c c

c c

c
c

b
c

c

» ¿» ¿ » ¿
¼ À¼ À ¼ À −½ Á ½ Á¼ À= − −
¼ À» ¿ » ¿− ¼ À ¼ À¼ À½ Á ½ Á½ Á

. 

#DB6989AAO9 <EE?98B64A<S CB;6B?SRF J9?9A4CD46?9AAB 
BEGM9EF6?SFP C9D9EFDB=>G I4D4>F9D<EF<>< +�� A4 BEAB69 
<AF9??9>FG4?PAB7B 4?7BD<F@4 CBE?9 4A4?<;4 CB@9IB-E<7A4?PAB= 
B5EF4AB6><, 6 >BFBDB= D45BF4RF +��. 

%C<EB> ?<F9D4FGDO 

1. �B=FB6<K �.�., �BDEGAE><= �. . �AF9??9>FG4?PAO9 E9AEBDO �  .: 
��!" , 2011. � 624 E. 
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'�� 004.942 
)G8B6 �.�.1, �GKG> �.�.2 

 '�0&����!&!��  �&"� %�� �!&'��!!3 �"�$���!0, 

-" "&$� �!� � �"$&"��) %�%&�  "#&��"-

����&$"!!"�" %#"%&�$���!!3 

�V8B@B, MB 6 F9C9DVLAV= K4E D9;G?PF4F B5DB5>< ;B5D4:9AP, MB 
BFD<@4AV ; 5BDFB6<I E<EF9@ BCF<>B-9?9>FDBAAB7B ECBEF9D9:9AAS, ;4?9-
:<FP 6V8 S>BEFV @9FB8G E97@9AFG64AAS ;B5D4:9AAS. #DB4A4?V;B64AB BEAB-
6AV 6V8B@V @9FB8< E97@9AFG64AAS, S>V @B:A4 G@B6AB DB;5<F< A4 5 >?4EV6 
[1]: @9FB8<, S>V 54;GRFPES A4 6<>BD<EF4AAV 9AFDBCVW (4?7BD<F@< Pun, 
�4pur, Li, Shanbak, Yen, Brink, Sahoo, Cheng); @9FB8<, S>V 54;GRFPES A4 
>?4EF9D<;4JVW (4?7BD<F@< Riddler, Lloyd, Kittler, Yani, Yawahar); 4FD<5GFAV 
@9FB8< (4?7BD<F@< Tsai, Cheng, Hertz, O�Gorman, Huang, Picaz, Leug); 7V-
EFB7D4@AV @9FB8< (4?7BD<F@< Rosenfeld, Sezan, Otsu, Carlotto&Olivo, 
Ramesh, Gui&Kai); ?B>4?PAB CBDB7B6V @9FB8< (4?7BD<F@< Yasuda, White, 
Niblack, Benrsen, Palumbo, Yanowitz, Kamel, Ob, Sauvola); >BD9?SJV=AV @9-
FB8< (4?7BD<F@< Pal, Abutaleb, Chang, Beghdadi, Friel). 

"EAB6A4 E>?48AVEFP CD< E97@9AFG64AAV ;B5D4:9AAS � 6D4IG64AAS DV-
;A<I 8B84F>B6<I H4>FBDV6: DV;ABDV8A<= HBA, 64DV459?PAVEFP DV;A<I K4EF<A 
;B5D4:9AAS, A4S6AVEFP LG@V6. ' ;6�S;>G ; J<@, CD< 6<>BD<EF4AAV 6V8B@<I 
@9FB8V6 E97@9AFG64AAS ;B5D4:9AAS A9 ;46:8< 684єFPES ;459;C9K<F< EFV=-
>VEFP @9FB8V6 E97@9AFG64AAS 8B 64DV4JV= DV;A<I C4D4@9FDV6 ;B5D4:9AAS 
(FBCB?B7VKA<I, 79B@9FD<KA<I, HBFB@9FD<KA<I). 

� DB5BFV 8?S E97@9AFG64AAS ;B5D4:9AAS DB;7?SAGFB AB6V @9FB8<, 
S>V 6V8ABESFPES 8B 96B?RJV=A<I @9FB8V6 F4 ;4EAB64AV A4 @B89?R64AAV EB-
JV4?PABW CB698VA>< :<6<I VEFBF � DBє6V @9FB8< (PSO � particle swarm 
optimization) F4 @GD4L<AV @9FB8< (AS � ant system). '>4;4AV @9FB8< E97@9-
AFG64AAS ;B5D4:9AAS 6 DB5BFV A4;64AB @G?PF<479AFAV @9FB8<. #DB4A4?V;B-
64AB BEB5?<6BEFV HBD@G64AAS BCF<>B-9?9>FDBAAB7B ;B5D4:9AAS 5BDFB6<I 
E<EF9@ ECBEF9D9:9AAS, BEB5?<6BEFV F4 EC9J<HV>4 B5�є>FV6 ECBEF9D9:9AAS. 
�V?PL 89F4?PAVL9 DB;7?S84єFPES @GD4L<A<= @9FB8 E97@9AFG64AAS ;B5D4-
:9AAS, F9BD9F<KAB B5ґDGAFB64AB @B:?<6VEFP 6<>BD<EF4AAS @G?PF<479AF-

                                                           
1 �<>?484K J<>?B6BW >B@VEVW ;474?PABBE6VFAVI F4 ;474?PAB6V=EP>B6<I 8<EJ<C?VA 
�V=EP>B6B7B >B?98:G E9D:4AFEP>B7B E>?48G )4D>V6EP>B7B A4JVBA4?PAB7B GAV69DE<-
F9FG #B6VFDSA<I %<? V@9AV �64A4 �B:98G54 ()!'#%) 
2 �B>FBD F9IAVKA<I A4G>, CDBH9EBD, CDB6V8A<= A4G>B6<= ECV6DB5VFA<> !4G>B6B7B 
J9AFDG )!'#% 
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AB7B @9FB8G E97@9AFG64AAS  ;B5D4:9AP, MB BFD<@4AV ; 5BDFB6<I E<EF9@ 
BCF<>B-9?9>FDBAAB7B ECBEF9D9:9AAS. 

"8AVєR ; 64:?<6<I C9D9647 @9FB8G S6?SєFPES =B7B 6<EB>4 9H9>F<6-
AVEFP CD< BCF<@V;4JVW DB;CB8V?9A<I A9EF4JVBA4DA<I E<EF9@ [2, 3]. #D< ;@V-
A4I 8BE?V8:G64ABW E<EF9@< @9FB8 L6<8>B 484CFGєFPES 8B J<I ;@VA V ;A4-
IB8<FP AB69 BCF<@4?PA9 DVL9AAS. !4;64AV 6<M9, 4 F4>B: VALV C9D9647< 
@9FB8G (F4>V, S>, A4CD<>?48, L6<8>B8VS) DB5?SFP 4>FG4?PA<@ CDB6989AAS 
8BE?V8:9AAS EFBEB6AB @B:?<6BEFV ;4EFBEG64AAS @GD4L<AB7B 4?7BD<F@G F4 
=B7B DV;AB6<8V6 8?S E97@9AFG64AAS BCF<>B-9?9>FDBAAB7B ;B5D4:9AAS [4]. 

� A4=CDBEFVLB@G 6<C48>G E97@9AFG64AAS ;B5D4:9AAS CD98EF46?S-
єFPES S> EG>GCAVEFP A4EFGCA<I 8V?SAB> DGIG 479AFV6: 6<IV8A4 FBK>4 @4DL-
DGFG (�& ), CDS@V 8V?SA><, >VAJ964 FBK>4 @4DLDGFG (�& ). #DS@V 8V?SA-
>< CDBIB8SFP K9D9; CB6BDBFAV FBK>< @4DLDGFG (#& ), 6 S><I 6V85G64єFPES 
;@VA4 A4CDS@>G DGIG 479AFG. "FD<@4AB EFD4F97VR 6<5BDG #&  A4 BEAB6V 
=@B6VDAVEAB7B CD46<?4, MB 6<;A4K4є =@B6VDAVEFP C9D9IB8G 479AF4 6 #&  ; 
6D4IG64AAS@ CD<645?<6BEFV 6V8CB6V8ABW 8V?SA>< @4DLDGFG F4 >BAJ9AFD4JVW 
H9DB@BAV6 A4 JV= 8V?SAJV. � D9;G?PF4FV CDB6989AAS C96ABW >V?P>BEFV VF9D4-
JV= 6<;A4K4RFPES A4=CD<645?<6VLV ;4 6<5D4A<@ >D<F9DVє@ @4DLDGF<, 
>BAJ9AFD4JVS H9DB@BAG A4 S><I @4>E<@4?PA4. 

%C<EB> ?VF9D4FGD< 

1. )G8B6 �.�. �9A9F<KAV 4?7BD<F@< 8?S E97@9AFG64AAS ;B5D4:9AP E<EF9@ 
BCF<>B-9?9>FDBAAB7B ECBEF9D9:9AAS / �.�.)G8B6, ". . 4>B69=KG> // !4G>4 V F9I-
AV>4 #B6VFDSA<I %<? �5DB=A<I %<? '>D4WA<. � 2016. � № 2. � %. 142�145. 

2. Caro G. D., DorigoM. Anet: a Mobile Agents Approach to Adaptive Routing. 
Technical Report IRIDA 97�12. IRIDA�Universite Libre de Brusseles. � Brussels, 
Belgium,1997. � 27 p. 

3. %G5BFVA %."., "?V=A<> �."., "?V=A<> ".". !9VF9D4F<6AV, 96B?RJV=AV F4 
@G?PF<479AFAV @9FB8< E<AF9;G A9KVF>B ?B7VKA<I V A9=DB@9D9:A<I @B89?9=:  BAB-
7D4HVS / #V8 ;47. D98. %.". %G5BFVA4. � �4CBDV::S: �!&', 2009. � 375 E. 

4. 1?P-)4F<5 %.�., %97@9AF4J<< <;B5D4:9A<= @9FB8B@ @GD46P<AOI >B?B-
A<= // %.�.1?P-)4F<5, �.�.1?P-)4F<5, 2.�.%>B5JB6 // �9EFA<> )9DEBAE>B7B A4-
J<BA4?PAB7B F9IA<K9E>B7B GA<69DE<F9F4, 2013. � № 1 (46). �  %. 204�211. 
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'�� 536.532 
)G8B6 �.�.1, $G54A �.�.2 

%�� �!&�*�3 �"�$���!!3 !� #"#�$��!0" ' �&�#� 
%&�&�%&�+!"�" %&���!"�!����' 

�?S CV86<M9AAS ;4I<EFG VAHBD@4JVW DB;7?S84єFPES 6<>BD<EF4AAS 
;B5D4:9AAS G S>BEFV EF974AB7D4HVKAB7B >BAF9=A9DG [1, 2]. � JVєR @9FBR 
CDB6B8<FPES =B7B CBC9D98AS CV87BFB6>4. �?S 6<DVL9AAS G>4;4ABW ;484KV 
;4CDBCBAB64AB G S>BEFV CBC9D98APB7B 9F4CG EF4F<EF<KAB7B EF974AB4A4?V;G 
CDB6B8<F< E97@9AF4JVR ;B5D4:9AAS. %97@9AF4JVS ;B5D4:9AAS CDB6B8<FP-
ES ; @9FBR 6<;A4K9AAS B5?4EF9= ;B5D4:9AAS, 89 ;A4K9AAS SE>D46BEFV CV>-
E9?V6 A9@B:?<6B C9D9854K<F< (LG@, >BAFGD<, ;A4KAV C9D9C48< SE>D46BEFV 
F4 VALV). 

#DB6B8<FPES >BDBF><= B7?S8 6V8B@<I @9FB8V6 EF4F<EF<KAB7B EF974AB4-
A4?V;G [3], 6<E6VF?RRFPES F9BD9F<KAV @9FB8< E97@9AF4JVW ;B5D4:9AAS. �?S 
6<S6?9AAS V;B?PB64A<I CV>E9?9= F4 6<S6?9AAS LG@G A4 ;B5D4:9AAV ;4CDBCB-
AB64AB 6<>BD<EF4AAS ?4C?4EV4AG-74GEEV4AG, ?4C?4EV4AG �4AAV, BC9D4FBDV6 
#D96VFF4, %B59?4 F4 @9FB8G L6<8>B7B DB;D4IGA>G @B8G?S 7D48VєAF4, >B?< ;4 
BEAB6G 6<5<D4єFPES 69DF<>4?PAB-7BD<;BAF4?PA<= 7D48VєAF, S><= CBFV@ >BD9>-
FGєFPES ; GD4IG64AAS@ 6C?<6G 8V47BA4?PA<I EGEV8AVI CV>E9?V6. #DB6B8<FPES 
4A4?V; 9H9>F<6ABEFV 6<>BD<EF4AAS 6V8B@<I @9FB8V6 E97@9AF4JVW ;B5D4:9AAS ; 
@9FBR CDB6989AAS EF4F<EF<KAB7B EF974AB4A4?V;G. 

�EF4AB6?RєFPES, MB BEAB6A4 E>?48AVEFP CD< E97@9AFG64AAV ;B5D4-
:9AAS � 6D4IG64AAS DV;A<I 8B84F>B6<I H4>FBDV6: DV;ABDV8A<= HBA, 64DV4-
59?PAVEFP DV;A<I K4EF<A ;B5D4:9AAS, A4S6AVEFP LG@V6. ' ;6�S;>G ; J<@, 
CD< 6<>BD<EF4AAV 6V8B@<I @9FB8V6 E97@9AFG64AAS ;B5D4:9AAS A9 ;46:8< 
684єFPES ;459;C9K<F< EFV=>VEFP @9FB8V6 E97@9AFG64AAS 8B 64DV4JV= DV;A<I 
C4D4@9FDV6 ;B5D4:9AAS (FBCB?B7VKA<I, 79B@9FD<KA<I, HBFB@9FD<KA<I). 

�?S CDB6989AAS E97@9AF4JVW ;B5D4:9AAS A4 CBC9D98APB@G 9F4CV EF4-
F<EF<KAB7B EF974AB4A4?V;G ;4CDBCBAB64AB 6<>BD<EFB6G64F< 79A9F<KAV @9-
FB8<, S>V ;4EAB64AV A4 @4F9@4F<KAB@G @B89?R64AAV CDBJ9EV6 5VB?B7VKABW 
96B?RJVW. #D< 6<>BD<EF4AAV 79A9F<KA<I @9FB8V6 CBLG> DVL9AAS CDB5?9@< 
CDBIB8<FP A4 CV8@AB:<AV FBKB> CDBEFBDG CBLG>G, MB 8BES74єFPES EF6B-
D9AAS@ @AB:<A< CBF9AJV=A<I DVL9AP, S>9 HBD@Gє CBCG?SJVR. #BCG?SJVS 
G8BE>BA4?RєFPES ;4 8BCB@B7BR 79A9F<KA<I BC9D4FBDV6, S>V 6V8CB6V84RFP 
;4 ;@VAAVEFP F4 HVFA9E-HGA>JVW, S>V @B89?RRFP CD<DB8A<= 6V85VD. $B;7?S-
84єFPES DB5BF4 CDBEFB7B 79A9F<KAB7B @9FB8G 8?S E97@9AF4JVW BCF<>B-
9?9>FDBAAB7B ;B5D4:9AAS, CD< JPB@G BEAB6A<@< 79A9F<KA<@< BC9D4FBD4-
@< є D9CDB8G>JVS, >DBE<A7B69D, @GF4JVS F4 VA69DEVS. 
                                                           
1 �<>?484K J<>?B6BW >B@VEVW ;474?PABBE6VFAVI F4 ;474?PAB6V=EP>B6<I 8<EJ<C?VA 
�V=EP>B6B7B >B?98:G E9D:4AFEP>B7B E>?48G )4D>V6EP>B7B A4JVBA4?PAB7B GAV69DE<-
F9FG #B6VFDSA<I %<? V@9AV �64A4 �B:98G54 ()!'#%) 
2 �B>FBD F9IAVKA<I A4G>, CDBH9EBD, �4E?G:9A<= CD4JV6A<> BE6VF< '>D4WA<, CDBH9-
EBD >4H98D< )!'#% 
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' CB84?PL<I 8BE?V8:9AASI A9B5IV8AB CDB4A4?V;G64F< 6<>BD<EF4A-
AS >BA>D9FA<I 4?7BD<F@V6, A4CD<>?48, @GD4L<AB7B 45B DB=B6B7B, 8?S E97-
@9AF4JVW ;B5D4:9AAS F4 BJVA<F< 9H9>F<6AVEFP WI 6<>BD<EF4AAS. 

%C<EB> ?VF9D4FGD< 

1. �D<5GA<A �.�. *<HDB64S EF974AB7D4H<S / �.�.�D<5GA<A, �.!.">B6, 
�.�.&GD<AJ96. �  .: %"�"!-#D9EE, 2002. � 272 E. 

2. ,6<8K9A>B �.�.  9FB8O EF974AB4A4?<;4 8?S 7D4H<K9E><I H4=?B6 // 
�.�.,6<8K9A>B // ,FGKA<= VAF9?9>F. � 2010. � № 4. � %. 697�705.  

3. �BAE4?9E $. *<HDB64S B5D45BF>4 <;B5D4:9A<= / $.�BAE4?9E, $.�G8E. � 
 .: &9IABEH9D4, 2012. � 1104 E. 

4. )G8B6 �.�. �9A9F<KAV 4?7BD<F@< 8?S E97@9AFG64AAS ;B5D4:9AP E<EF9@ 
BCF<>B-9?9>FDBAAB7B ECBEF9D9:9AAS / �.�.)G8B6, ". . 4>B69=KG> // !4G>4 V F9I-
AV>4 #B6VFDSA<I %<? �5DB=A<I %<? '>D4WA<. � 2016. � № 2. � %. 142�145. 

'�� 621.396 
)G8B6 �.�.1, %B?B@BA9A>B 2.%.2, �9D9;VA4 %.�.3 

 �&"� ���%�(���*�� "��Є�&�� !� "#&��"-����&$"!!�) 

�"�$���!!3) � ���"$�%&�!!3  #�$� �&$�+!"�" 

#$"%&"$' )�(� 

�V8B@B, MB CD< 6<DVL9AAV ;484K, CB6�S;4A<I ; @BAVFBD<A7B@ F9D<-
FBDV=, A4=5V?PL ;DGKA<@ HBD@4FB@ CD98EF46?9AAS 84A<I, MB 8B;6B?Sє 
CDB6B8<F< DB;D4IGA>< 79B@9FD<KA<I I4D4>F9D<EF<>, 6<S6?SF< 8<A4@V>G 
B5�є>FV6, є 69>FBDA<= HBD@4F, S><= HBD@GєFPES A4 BEAB6V >BE@VKA<I, 49DB-
84A<I F4 84A<I, BFD<@4A<I ; 59;CV?BFA<I ?VF4?PA<I 4C4D4FV6 [1]. � @9FBR 
CDB6989AAS 46FB@4F<KABW 69>FBD<;4JVW A4 BEAB6V 6IV8AB7B BCF<>B-
9?9>FDBAAB7B ;B5D4:9AAS 5G8GєFPES E97@9AFA4 >4DF4. !4=5V?PL CBCG?SD-
A<@< @9FB84@< CB5G8B6< E97@9AFABW >4DF< є @9FB8< 8V?9AAS/;?<64AAS, 
6<DBM9AAS D97VBAV6, 6<>BD<EF4AAS EFDG>FGD 7D4HV6 [2, 3]. ' ;6�S;>G ; 69-
?<><@ B5ES7B@ 84A<I, A4=5V?PL 9H9>F<6A<@ ; FBK>< ;BDG B5K<E?R64?P-
A<I 6<FD4F є @9FB8 6<DBMG64AAS D97VBAV6 [1]. $9;G?PF4FB@ DB5BF< 4?7BD<-
F@G CB5G8B6< E97@9AFABW >4DF< є @4E<6< 7D4A<KA<I FBKB> E97@9AFG. ' 
;6�S;>G ; C9D95V?PL9AAS@ BFD<@4A<I 84A<I A9B5IV8A<@ 9F4CB@ є 6V8EV6 ; 
                                                           
1 �B>FBD F9IAVKA<I A4G>, CDBH9EBD, �4E?G:9A<= 8VSK A4G>< V F9IAV>< '>D4WA<, A4-
K4?PA<> >4H98D< F4>F<>< D48VBF9IAVKA<I 6V=EP> )4D>V6EP>B7B A4JVBA4?PAB7B GAV-
69DE<F9FG #B6VFDSA<I %<? V@9AV �64A4 �B:98G54 ()!'#%) 
2 �4EFGCA<> A4K4?PA<>4 H4>G?PF9FG D48VBF9IAVKA<I 6V=EP> ; A46K4?PABW F4 A4G>B6BW 
DB5BF< )!'#% 
3 �4A8<84F F9IAVKA<I A4G>, EF4DL<= A4G>B6<= ECV6DB5VFA<> !4G>B6B7B J9AFDG 
)!'#% 



201 

6<>BD<EF4AAS@ >GE>B6B-?VAV=ABW 4CDB>E<@4JVW. �V8B@B [1, 2], MB, 4AFDBCB-
79AAV B5�є>F<, F4>V S> L?SI< F4 ECBDG8<, @4RK< 5V?PL CDBEFVLG HBD@G 6 
CBDV6ASAAV ; CD<DB8A<@< (6B8BEIB6<M4, ?VEAV @4E<6< V F.V), E>?484RFPES ; 
A969?<>BW >V?P>BEFV CDS@B?VAV=A<I E97@9AFV6, C4D4?9?PA<I F4 C9DC9A8<>G-
?SDA<I 6V8ABEAB B8<A B8AB7B. #D< CDB6989AAV 69>FBD<;4JVW F4><I 9?9@9A-
FV6 >GEBKAB-?VAV=A4 4CDB>E<@4JVS 84є A9;48B6V?PAV D9;G?PF4F< [1�3]. 

#DBJ9E 69>FBD<;4JVW 6<@474є 69?<><I ;4FD4F K4EG, F4> S> CDB6B-
8<FPES G DGKAB@G 45B A4CV646FB@4F<KAB@G D9:<@V BC9D4FBDB@-
89L<HDG64?PA<>B@. �BEFB6VDAVEFP BFD<@4A<I D9;G?PF4FV6 ABE<FP 
EG5�є>F<6A<= I4D4>F9D F4 ;4?9:<FP 6V8 DV6AS >64?VHV>4JVW H4IV6JS. �V8CB-
6V8AB, 4>FG4?PA<@ є C<F4AAS 46FB@4F<;4JVW CDBJ9EG 69>FBD<;4JVW ; CB84-
?PLBR BJVA>BR CBI<5>< BFD<@4A<I D9;G?PF4FV6. 

� DB5BFV DB;DB5?9AB @9FB8 >?4E<HV>4JVW CD<DB8A<I F4 4AFDBCB79A-
A<I B5�є>FV6 A4 BCF<>B-9?9>FDBAA<I ;B5D4:9AASI ; 6<>BD<EF4AAS@ C4D4-
@9FD<KAB7B CDBEFBDG )4H4. #D98EF46?9AV B5D4;< CDS@BW ?VAVW, CDS@B>GF-
A<>4 F4 8B6V?PABW HV7GD< 6 C4D4@9FD<KAB@G CDBEFBDV )4H4. 

$B;7?SAGF4 DV;AB6<8AVEFP C9D9F6BD9AAS )4H4 ; GD4IG64AAS@ 4?7B-
D<F@G, MB ;4CDBCBAB64AB �G84 V )4DF, >B?< 4A4?V;GRFPES FBK><, MB 6V8-
CB6V84RFP C9D9C48G SE>D46BEFV. �<S6?9AAS WI @VEJ9CB?B:9AAS 6V85G64єFP-
ES ;4 8BCB@B7BR 89F9>FBDV6 6<S6?9AAS C9D9C48V6 SE>D46BEFV. &BK>4 6V8CB-
6V84є C9D9C48G, S>MB ;A4K9AAS WW SE>D46BEFV 6V8DV;ASєFPES 6V8 EGEV8AVI A4 
89S>G CBDB7B6G 69?<K<AG, MB ;4?9:<FP 6V8 @9FB84 DB;D4IGA>G. �DB5?9AB 
6<EAB6B>, MB 6<>BD<EF4AAS 4?7BD<F@G �G84 V )4DF4 CD<6B8<FP 8B 6FD4F< 
;6�S;ABEFV >BAFGDV6 B5�є>FV6. � DB5BFV G>4;4A<= 4?7BD<F@ G8BE>BA4?9A<= 
;4 D4IGAB> CBC9D98APBW CB5G8B6< E97@9AFABW >4DF< ; GD4IG64AAS@ >B?PB-
DB6<I F4 F9>EFGDA<I CB>4;A<>V6. 

� DB5BFV F4>B: CDB4A4?V;B64AB 6<>BD<EF4AAS @9FB8G 6<DBMG64AAS 
D97VBAG CD< CB5G8B6< E97@9AFABW >4DF<. �EF4AB6?9AB, MB 6<>BD<EF4AAS 
G>4;4AB7B @9FB8G A9 ;459;C9KGє 7?48>BEFV 7D4A<JP, MB B5G@B6?Rє DB;@<F-
FS I@4D< ;A4K9AP >B@VDB> C4D4@9FD<KAB7B CDBEFBDG F4, 6V8CB6V8AB, CBI<-
5>G 6<;A4K9AAS C4D4@9FDV6 4CDB>E<@GRKBW CDS@BW. � DB5BFV ;4CDBCBAB64-
AB 6D4IB6G64F< 8V4C4;BA 6V8I<?9AAS 7D4A<KA<I FBKB> 6V8 VEF<AAB7B ;A4-
K9AAS, MB 8B;6B?Sє BFD<@4F< 5V?PL FBKAV ;A4K9AAS C4D4@9FDV6 4CDB>E<-
@GRKBW CDS@BW. 

%C<EB> ?VF9D4FGD< 

1. !B69=L<9 @9FB8O B5D45BF>< <;B5D4:9A<= / [�.�.#BF4CB6, 2.�.�G?S96, 
%.�.!<><FB6, �.�.#4IB@B6, �.�.�9D@4A] CB8 D98. �.�.#BF4CB64. �  .: 
(�� �&��&, 2008. � 456 E. 

2. ,B69A79D8F $.�. �<EF4AJ<BAAB9 ;BA8<DB64A<9.  B89?< < @9FB8O B5D4-
5BF>< <;B5D4:9A<= / $.�.,B69A79D8F. �  .: &9IABEH9D4, 2010. � 560 E. 

3.  4>E<@B6 !.�. %B6D9@9AAO9 <AHBD@4J<BAAO9 F9IAB?B7<< / 
!.�. 4>E<@B6, &.#.#4DFO>4, �.�.#BCB6. �  .: (BDG@, 2013. � 512 E. 
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4 %��*�3 «�!("$ �*��!� &�)!"�"��� � #$"��&'��!!� &� 

��$"�!�*&�� ����&$"!!�) �#�$�&��» 

UDC 658.512.22  
Yevsieiev V.V., Miliutina S.S., Saliieva V.E. 1 

PARAMETRIC MODEL FOR FLEXIBLE AND FLEX-RIGID CIRCUIT 

BOARDS RELIABILITY DIAGNOSIS AND ASSESSMENT 

AUTOMATED SYSTEM DEVELOPMENT 

The advent of nanotechnologies and mi-
crosystematic technology has set a new direction 
of developing electronic devices, which has such 
main attributes as minimization of dimensions 
and high reliability characteristics. It leads to 
appear the new direction in flexible and flex-
rigid circuit boards (CB) development. 

 Foreign standard IPC-2223 analysis 
shows that there are strict requirements to the 
constructions design, production and exploita-
tion. So, it makes a complicated scientific and 
technical task for new approaches to flexible and 
flex-rigid CB diagnostics and assessments at 
their design stage developing. 

For these researches devoted to such 
boards work assessments mathematical models 
and methods development we took flexible rib-
bon cables for ASUS tablets (Fig.1.b) and flex-
rigid CB and electric radio elements for  ACER 
notebooks with sensor display (Fig 1.a,c). 

Particular attention is paid to these prod-
ucts basic materials. They have to provide next 
features: dimensions stability, heat, tear and 
chemical resistance, flexibility, low moisture 
absorbtion and dielectric permeability. The most 

                                                           
1   PhD, professor, Kharkiv National University of Radioelectronics 
PhD, assoc. prof., Kharkiv Nationl University of Radioelectronics 
Student ACIT 13-2, ACT faculty, Kharkiv National University of Radioelectronics 

a) 

 b) 

`
c) 

Fig. 1. Flexible and flex-rigid 
CB  
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common materials provide required characterisrics are polyimid and polyester. 
The first is more common because of its ability to withstand high temperature 
exposure during soldering process, but it has higher cost. The second has good 
tear and chemical resistance, low cost, but it has significant disadvantages. 
They are limited ability to soldering because of low melting point and bad cold 
resistance � the material become fragile.  

Because of these and many others parameters influence on boards ex-
ploitation characterictics, we composed a parametric model. It is one of the 
main parts for flexible and flex-rigid CB diagnostics and prediction tool: 

, , , , V , , , , ,FPC t pp bc l mat er con c aG P F C S T I S L=< >
 

 
where GFPC � flexible circuit board;  Pt � board type characteristics; Cbc � bends 
characteristics; Sl � board layers characteristics; Vmat � board materials charac-
teristics; Ter � board electric radio elements characteristics; Icon � board conduc-
tors characteristics; Sc �  flexible and rigid board parts conjugation elements 
characteristics; La � application. 

Flexible and flex-rigid CB production is a complicated scientific and 
technical task. For its solving it is necessary to develop new mathematical 
models and methods for reliability assessments and product diagnostics at the 
design stage. In order to provide high quality levels it is necessary to consider 
all necessary and sufficient factors that give an opportunity to evaluate flex-
rigid CB reliability and to assess defects appearance that may appear during 
exploitation for their elimination at the product life cycle early stages.  

References 

1. IPC-2223. Sectional Design Standard for Flexible Printed Boards. 
www.ipc.org 

2. I.Sh. Nevlyudov,V.V. Semenets, John Kratz, V.A. Palagin Technology 
interconnects electronics: Textbook. � Kharkov: «Company SMITH», 2005.� 432 p. 
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'�� 681.5 
�74D>B64 %.�.1, �BSD><A �.�2 

#$"�$�  !"-&�)!�+�%��� �" #���%  

'#$����!�3 $��� � � $��"&/ �"!!"-#��� �!!"� 

'%&�!"��� 

� 5B?PL<AEF69 E?GK496 CB69DIABEFAO= E?B= 89F4?9= BCD989?S9F 
QHH9>F<6ABEFP CDBF9>4A<S D45BK97B CDBJ9EE4; 8B?7B69KABEFP 89F4?<, <;-
89?<S 6 J9?B@; Q>BAB@<K9E><9 I4D4>F9D<EF<><, BCD989?SRM<9, 6 >BA9K-
AB@ EK9F9, J9?9EBB5D4;ABEFP D4;D45BF>< AB6OI @4F9D<4?B6, <?< F9IAB?B-
7<K9E><I CDBJ9EEB6 @B8<H<>4J<< CB69DIABEF<. $9L9A<9 CB8B5AOI F9I-
AB?B7<K9E><I ;484K E6S;4AB E A9B5IB8<@BEFPR 79A9D4J<< CBFB>B6 C?4;@O 
D4;?<KAOI F69D8OI 69M9EF6, 6 FB@ K<E?9 < FG7BC?46><I.  

#D< EB;84A<< C?4;@9AAOI F9IAB?B7<K9E><I GEFDB=EF6 A9B5IB8<@4 
QHH9>F<6A4S BD74A<;4J<S FD9I BEAB6AOI EF48<= D45BK97B CDBJ9EE4 � 79-
A9D4J<< 4FB@4DAB7B CBFB>4 69M9EF64, 97B <BA<;4J<<, GE>BD9A<S < HB>G-
E<DB6><. %GM9EF69AAB= CB8E<EF9@B= <BAAB-C?4;@9AAB= F9IAB?B7<K9E>B= 
GEF4AB6>< (�#&'), S6?S9FES BEA4EF>4 6AGFD9AA9= K4EF< >4@9DO, >BFBD4S 
B59EC9K<649F D94?<;4J<R A9B5IB8<@OI C4D4@9FDB6 F9IAB?B7<K9E>B7B 
CDBJ9EE4. �?S GCD46?9A<S < E<AIDBA<;4J<< D45BFO 6E9I E<EF9@ < CB8E<E-
F9@ �#&' FD95G9FES E<EF9@4 GCD46?9A<S (%'). 

�?S A4A9E9A<S C?9AB> <BAAO@ D4ECO?9A<9@ CD98EF46?S9F <AF9D9E 
4AB@4?PAO= F?9RM<= D4;DS8, CBE>B?P>G 6 ABD@4?PAB@ D4;DS89 8?S CB?G-
K9A<S AG:AOI E>BDBEF9= D4ECO?9A<S @4F9D<4?4 >4FB84 C?BFABEFP FB>4 
E?<L>B@ A<;>4; >DB@9 FB7B, 6E?98EF6<9 A<;>B= 69?<K<AO C489A<S A4CDS-
:9A<S 6 ABD@4?PAB@ D4;DS89 >BQHH<J<9AFO D4ECO?9A<S F4>:9 @4?O. 

%' �#&' 8B?:A4 B59EC9K<FP EGM9EF6B64A<9 4AB@4?PAB F?9RM97B 
D4;DS84 < GCD46?S9@B9 BE4:89A<S K4EF<J <; ;BAO 79A9D4J<< C?4;@O A4 
CB69DIABEF< 89F4?<. #D< QFB@ A9B5IB8<@B B59EC9K<FP 46FB@4F<K9E>B9 
E?9:9A<9 ;4 CBF9AJ<4?4@< Q>D4AB6 < D9:<@B@ D45BFO BEAB6AB7B <EFBK-
A<>4 C?4;@O, F4> >4> CDBE?9:<649FES K9F>4S ;46<E<@BEFP CBF9AJ<4?4 Q>-
D4AB6 BF D9:<@4 D45BFO BEAB6AB7B F9IAB?B7<K9E>B7B <EFBKA<>4 @4F9D<4-
?4, 4 FBKA99 BF D9:<@4 D45BFO 97B ;BAO 79A9D4J<< 

                                                           
1 EF4DL<= CD9CB8464F9?P >4H98DO Q?9>FDBF9IA<><, !4J<BA4?PAO= 4QDB>BE@<K9-
E><= GA<69DE<F9F <@. !.�. �G>B6E>B7B «)4DP>B6E><= 46<4J<BAAO= <AEF<FGF». 
2 EF4DL<= CD9CB8464F9?P >4H98DO Q?9>FDBF9IA<><, !4J<BA4?PAO= 4QDB>BE@<K9-
E><= GA<69DE<F9F <@. !.�. �G>B6E>B7B «)4DP>B6E><= 46<4J<BAAO= <AEF<FGF» 
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% J9?PR D94?<;4J<< D9:<@B6 D45BFO �#&' A9B5IB8<@B D4;D45B-
F4FP %' CB;6B?SRMGR 7<5>B GCD46?SFP FB>4@< 6 J9CSI �#&', F4> >4> BF 
QFB7B ;46<E<F CDBJ9EE BE4:89A<S K4EF<J <; ;BAO 79A9D4J<<. 

�A4?<; DOA>4 CB>4;4?, KFB EGM9EF6GRM<9 CDB@OL?9AAO9 GCD46?S9-
@O9 A47DG;>< 8?S ><?B6B?PF A4CDS:9A<= < 4@C9DAOI FB>B6 BFEGFEF6GRF, 4 
<@9RM<9ES � D4ECB?474RF <;5OFBKAO@< 6B;@B:ABEFS@< < ;4B5?4KAO@< 
J9A4@<. !9B5IB8<@B D4;D45BF4FP E6B= 64D<4AF GCD46?S9@B= A47DG;><, G8B6-
?9F6BDSRM9= FD95B64A<S@ CDB9>F4: EFB<@BEFP, 7<5>BEFP, 8BEFGCABEFP @4F9-
D<4?B6, CDBEFBF4 A4EFDB9> < Q>EC?G4F4J<<. 

% J9?PR B59EC9K9A<S FD95G9@B7B ;A4K9A<S GCD46?S9@B= A47DG;>< 6 
�#&' A9B5IB8<@B 669EF< GEFDB=EF6B GCD46?9A<S A47DG;>B= (''!). ''! 
CB;6B?<F, EB6@9EFAB E BCD989?9AAB= 7DGCCB= >B@@GF4FBDB6, BEGM9EF6-
?SFP <;@9A9A<9 ;A4K9A<S 54??4EFAB7B EBCDBF<6?9A<S, 6 FD95G9@B= J9C< 
�#&'. &4><@ B5D4;B@, 8?S D94?<;4J<< GCD46?9A<S A9B5IB8<@B D4;D45B-
F4FP EI9@O J9CBK9> D9;<EFBDB6 (GCD46?S9@OI A47DG;B>) CB >4:8B@G >4A4-
?G, ECBEB5O >B@@GF4J<<, BCD989?<FP EFDG>FGDG < ;484K< ''!, 4 F4>:9, 
CD< A9B5IB8<@BEF<, <@9FP 6B;@B:ABEFP D4EL<DSFP HGA>J<BA4?PAO9 6B;-
@B:ABEF< >BAFGDB6 GCD46?9A<S, CGF9@ 66989A<S 8BCB?A<F9?PAOI <;@9D<-
F9?9= < 8<A4@<K9E><I >BAFGDB6. 

�?S D94?<;4J<< GCD46?9A<S �#&' 5O? D4;D45BF4A  CDB7D4@@AB-
F9IA<K9E><= >B@C?9>E B59EC9K<64RM<= E5BD < B5D45BF>G 8<E>D9FAOI 
E<7A4?B6 BF >BAF4>FAOI GEFDB=EF6 59; 8BCB?A<F9?PAOI CD9B5D4;B64F9?9=. 

�?S D94?<;4J<< A<:A97B GDB6AS CDB7D4@@AB-F9IA<K9E>B7B >B@-
C?9>E4 CD<@9A<@ CDB7D4@@<DG9@O= ?B7<K9E><= >BAFDB??9D (#��) �202. 
1FBF #�� BFABE<FES > >?4EEG @4?OI >BAFDB??9DB6 E >B?<K9EF6B@ 6IB-
8B6/6OIB8B6 8B 2048 < S6?S9FES GA<69DE4?PAO@ F9IA<K9E><@ ED98EF6B@ 
8?S EB;84A<S GEFDB=EF6 GCD46?9A<S D4;?<KAO@ B5BDG8B64A<9@, GEFDB=EF6 
GCD46?9A<S 86<:9A<9@ E >BBD8<A4FAO@ C9D9@9M9A<9@, 46FB@4F<;<DB-
64AAOI E<EF9@ GCD46?9A<S E D4;69F6?9AAB= ?B>4?PAB= E9FPR >B@@GA<>4-
J<=. �B@@GA<>4J<BAAO9 6B;@B:ABEF< #�� �202 D4EL<D9AO ;4 EK9F L9EFA4-
8J4F< >4A4?B6 RS485 (Modbus RTU) < >4A4?4 Ethernet Modbus/TCP, 10/100 
 5<F/E), KFB CB;6B?<?B EB;84FP A4 54;9 #�� �202 %' E D4;69F6?9AAB= ?B>4?P-
AB= E9FPR, ?97>B <AF97D<DG9@GR 6 ?R5GR E<EF9@G. 

�?S C9D984K< 84AAOI CD<@9AS9FES CDBFB>B? Modbus � BF>DOFO= 
>B@@GA<>4J<BAAO= CDBFB>B?, BEAB64AAO= A4 4DI<F9>FGD9 698GM<=-
698B@O=. ,<DB>B CD<@9AS9FES 6 CDB@OL?9AABEF< 8?S BD74A<;4J<< E6S;< 
@9:8G Q?9>FDBAAO@< GEFDB=EF64@<. �ECB?P;B64FPES 8?S C9D984K< 84AAOI 
K9D9; CBE?98B64F9?PAO9 ?<A<< E6S;< RS-485, RS-422, RS-232, 4 F4>:9 E9-
F< TCP/IP (Modbus TCP). 
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'�� 621.382.002 
�BA84Dє6 �. #.1, !9EFBD !.�.2  

�"%�����!!3 ���"!' $"�#"���' #")��"� 

&�)!"�"��+!"� "#�$�*��  �� '$�)'��!!3  $"�#"����� 

#�$� �&$�� &�)!"�"��+!"�" %�$��"��-� 

&9IAB?B7VKAV E<EF9@< HGA>JVBAGRFP CV8 6C?<6B@ 69?<>BW >V?P>BEFV 
6<C48>B6<I H4>FBDV6. �:9D9?4@< 6V8I<?9AP 6V8 AB@VA4?PA<I ;A4K9AP 
C4D4@9FDV6 F9IAB?B7VKAB7B CDBJ9EG є 6C?<6< ;B6AVLAPB7B E9D98B6<M4, 4 
F4>B: LG@< V H?G>FG4JVW DV;A<I 69?<K<A, S>V 6<A<>4RFP 6E9D98<AV E<EF9-
@<. "5�є>F 6<7BFB6?9AAS CB6�S;4A<= V; F9IAB?B7VKA<@ E9D98B6<M9@ 
59;?VKKR ;6�S;>V6, S>V 6<;A4K4RFP =B7B EF4A 6 CDBJ9EV 6<DB5A<JF64. #V8 
F9IAB?B7VKA<@ E9D98B6<M9@ 5G89@B DB;G@VF< LFGKAB EF6BDR64A9 BFB-
KGRK9 E9D98B6<M9, S>9 ;459;C9KGє CD46<?PA9 CDB6989AAS F9IAB?B7VKAB7B 
CDBJ9EG V BFD<@4AAS 6<DB5G A9B5IV8ABW S>BEFV.. 

' JV= DB5BFV DB;7?SAGFB F9IAB?B7VKAG BC9D4JVR (&") B5DB5>< CBFB-
>G B8ABDV8A<I 6<DB5V6. "5�є>F< B5DB5>< GF6BDRRFP B8<A CBFV> A4 6IB8V V 
6<IB8V &". � ;474?PAB@G 6<7?S8V &" V WW ;6�S;>< ; BFBKGRK<@ E9D98B6<M9@ 
@B:A4 BI4D4>F9D<;G64F< 69>FBD4@<: 6IV8A<I 69?<K<A � X ;  GCD46?SRK<I 
6C?<6V6 � U ; ;5GDRRK<I 6C?<6V6 � Z ;  6<IV8A<I 69?<K<A � Y . �9>FBD< Y, 
X, U, Z 6 ;474?PAB@G 6<C48>G є 6<C48>B6<@< V >BD9?SJVR WI >B@CBA9AFV6 
BC<EGє 6<D4;  

.,.....,2,1,)( nrY rr =ϕ= ZU,X,  

�B:9A ; 69>FBDV6 I4D4>F9D<;GєFPES C96A<@ ;4>BAB@ DB;CB8V?G, S><= 
A9 ;46:8< @B:A4 CD98EF46<F< 4A4?VF<KAB.  

!9I4= 8?S 89S>BW &" 69>FBD< X,U,Z @4RFP DB;CB8V?< ,;B5D4:9AV A4 
D<E. 1.  

�7V8AB [2] i [3] EG@VEA<= 6C?<6 DV;A<I DB;CB8V?V6 8BJV?PAB 
8BE?V8:G64F< ;4 8BCB@B7BR 4C4D4FG I4D4>F9D<EF<KA<I HGA>JV=. �G89@B 
664:4F<, MB 6 C9DLB@G A45?<:9AAV JV HGA>JVW ; 8BEF4FAV@ EFGC9A9@ 
FBKABEFV @B:A4 ?VA94D<;G64F< 6 B5?4EFV @B:?<6<I ;A4K9AP 69>FBDV6-
4D7G@9AFV6. &B8V @B:A4 ;4C<E4F<   

p

s

p
rpp

k

p
rpp

n

p
rpr ZUXY ∑∑∑

===
γ+´+³=

111

, 

89 α7D ³7D ´7D � >BHVJVєAF<, S>V BFD<@GRFPES CD< ?VA94D<;4JVW HGA>JV= 
;4@VABR HGA>JVBA4?PA<I ;4?9:ABEF9= ?VAV=A<@< HGA>JVS@<, S>V @4RFP 

                                                           
1 �.F.A,, CDBH9EBD  !' «�P6V6EP>4 CB?VF9IAV>4»  
2 %F4DL<= 6<>?484K !' «�P6V6EP>4 CB?VF9IAV>4» 
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F4> : ;A4K9AAS C9DL<I CBIV8A<I CB GEVI 4D7G@9AF4I CD< 89S><I E9D98AVI 
;A4K9AASI, MB V 84AV HGA>JVW. 

2− 1− 0 1 2

0.5

1

f_xk

xk

2− 1− 0 1 2

0.5

1

f_uk

xk

2− 1− 0 1 2

0.2

0.4

0.6

0.8

f_zk

xk  

$<E. 1. �4>BA< DB;CB8V?G 69>FBDV6 X, U, Z. 

�4>BA DB;CB8V?G 6V8ABEA<I 6V8I<?9AP 
C4D4@9FDV6 B5�є>F4 B5DB5>< A4 6<IB8V &" CD98-
EF46?9AB A4 D<E.2.  

&4><@ K<AB@, G DB5BFV CB>4;4A4 
@B:?<6VEFP 8BE?V8:9AAS 6;4є@AB7B 6C?<6G 
;4>BAV6 DB;CB8V?G, MB 84є @B:?<6VEFP 6D4IB6G-
64F< 6C?<6 >9DGRK<I F4 ;5GDRRK<I ;B6AVLAVI 
8V= A4 DB;CB8V? 6V8ABEA<I 6V8I<?9AP C4D4@9FD4 
B5�є>F4 B5DB5>< 

%C<EB> ?VF9D4FGD< 

1. #G74K96 �.%. &9BD<S E?GK4=AOI HGA>J<= < 
99 CD<@9A9A<9 > ;484K4@ 46FB@4F<K9E>B7B GCD46?9-
A<S. �  .: ��( �, 1960. � 884 E.  

2.  BF<>4 �.�., !98BEFGC �.�., .!9EFBD !.�. �V5?VB-
F9>4 @B89?9= F9IAB?B7VKA<I BC9D4JV= 8?S 4A4?V;G FBKABE-
FV CDBJ9EV6 6<7BFB6?9AAS �VEA. !' «�P6V6EP>4 CB?VF9IAV-
>4». № 626. 2008. %. 126�130. 

3.  BF<>4 �.�., !98BEFGC �.�., .!9EFBD !.�. 
 B89?R64AAS EF4F<EF<KA<I I4D4>F9D<EF<> F9IAB?B-
7VKA<I CDBJ9EV6 �VEA. !' «�P6V6EP>4 CB?VF9IAV>4». № 
685. 2010. %. 55�59. 
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$<E. 2. �4>BA DB;CB8V?G  
C4D4@9FDV6 B5�є>F4 B5DB5>< 

 A4 6<IB8V &" (69>FBD Y) 
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'�� 62.752.6 
�BJ@4A �. �.1, �BJ@4A �. %.2, !96?R8B64 �. �.3 

��!� �+�%��� �%#/&�!�3 

�����) �"  '&�*�"!!/) %&$'�&'$ 

#BASF<9 «7<5><9 >B@@GF4J<BAAO9 EFDG>FGDO» (��%) B5N98<AS9F 
7<5><9 C9K4FAO9 C?4FO (�##) < 7<5><9 L?9=HO. � B8A<, < 8DG7<9 L<DB>B 
CD<@9ASRFES 8?S EA<:9A<S 7454D<FAB-@4EEB6OI CB>4;4F9?9=, CB6OL9A<S 
A489:ABEF< < B59EC9K9A<S 8<A4@<K9E>B= 7<5>BEF< EB98<A9A<= 6 5BDFB-
6OI < @BDE><I $1% (A4CD<@9D, 6 D48<B?B>4J<BAAOI E<EF9@4I), 4 F4>:9 6 
CDB@OL?9AAB=, @98<J<AE>B=, 46FB@B5<?PAB= < 5OFB6B= 4CC4D4FGD9. 

� E6S;< E F4><@ L<DB><@ 8<4C4;BAB@ GE?B6<= Q>EC?G4F4J<<, ��% 
CB869D74RFES 6B;89=EF6<S@ D4;ABB5D4;AOI 89EF45<?<;<DGRM<I H4>FBDB6. 
!4<5B?99 EGM9EF69AAO@< ED98< A<I S6?SRFES @9I4A<K9E><9 < Q?9>FDB@47-
A<FAO9 6B;89=EF6<S, <EE?98B64A<R >BFBDOI < CBE6SM9AO CDB6B8<@O9 46FB-
D4@< Q>EC9D<@9AF4?PAO9 <EE?98B64A<S. % D9;G?PF4F4@< <EE?98B64A<= 6?<S-
A<S @9I4A<K9E><I 6<5D4J<BAAOI A47DG;B> A4 6OIB8AO9 Q?9>FD<K9E><9 C4D4-
@9FDO G;?B6 $1% A4 BEAB69 ��% @B:AB B;A4>B@<FPES 6 [1]. 

!4 E97B8ASLA<= 89AP 4>FG4?PAB= S6?S9FES ;484K4 B59EC9K9A<S 6O-
EB>B7B >4K9EF64 @9I4A<K9E>B7B < Q?9>FD<K9E>B7B EB98<A9A<S ��% E :9EF-
>B= K4EFPR Q?9>FDBAAB7B @B8G?S [2]. 

�?S <EE?98B64A<S D9;G?PF4FB6 6B;89=EF6<S ;A4>BC9D9@9AAOI A4-
7DG;B>, 4 F4>:9 69?<K<AO 846?9A<S, >BFBDB9 @B:9F CD<69EF< > D4;DGL9-
A<R D4;N9@AB7B EB98<A9A<S (A4CD<@9D, 7<5>B7B L?9=H4 E ZIF FPC D4;N9-
@B@), D4;D45BF4A EF9A8 8?S 8<A4@<K9E><I <ECOF4A<= ��% [3] (D<E. 1). 

 
$<E. 1. 1E><; EF9A84 8?S 8<A4@<-

K9E><I <ECOF4A<= ��% 

!4 D<E. 1:  
1 � FB?>4F9?P; 
2 � 69DF<>4?PAB 86<:GM<9ES 89F4?< 
D4@>< >D9C?9A<S ��%; 
3 � 40-6O6B8AO= ZIF FPC D4;N9@; 
4 � 89F4?P E CDBD9;PR;  
5 � C?4F4 GCD46?9A<S D9:<@B@ D4-
5BFO. 

�?S CDB6989A<S Q>EC9D<@9AF4 F9EFB6O= B5D4;9J (7<5><= L?9=H A4 
BEAB69 CB?<<@<84 @4D>< (��-�-50 E D4;@9D4@< 30×100 @@) ;4>D9C?S?ES 

                                                           
1 �.F.A., EF. CD9CB8464F9?P >4H. &�#$ )!'$1 
2 EF. ?45BD4AF >4H. &�#$ )!'$1 
3 4EC<D4AF>4 >4H. "$& )!'$1 
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F4><@ B5D4;B@, KFB5O @4>E<@4?PAB9 6B;89=EF6<9 FB?>4F9?S CD<IB8<?BEP 
6 B5?4EF< D4;N9@4. 

� D9;G?PF4F9 Q>EC9D<@9AF4 BCD989?9AB, KFB E E<?B= !F>D<F 5≈  

7<5><= L?9=H 6ODO649FES <; D4;N9@4, CBE?9 K97B A4 A9@ A45?R84RFES 
;A4K<F9?PAO9 89HBD@4J<< (D<E. 2). 

$<E. 2. �<8 B5D4;J4 CBE?9 CDB-
6989A<S Q>EC9D<@9AF4 

!4 D<E. 2 BF@9K9AO E?98GRM<9 
 B5?4EF<: 
� BFE?4<64A<9 4?R@<A<96OI 8BDB:9> 
(1); 
� <E>D<6?9A<9 >DB@>< CDB6B8A<>4 (2); 
� D4;DO6 8BDB:9> (3); 
� B5D4;B64A<9 FD9M<A A4 CB69DIABEF< 
CDB6B8A<>B6 (4). 

&4><@ B5D4;B@, <EIB8S <; CB?GK9AAOI D9;G?PF4FB6 Q>EC9D<@9AF4 
@B:AB E89?4FP 6O6B8, KFB CD< A4D4EF4RM9= E<?9, >BFBD4S A4CD46?9A4 A4 
D4;DGL9A<9 D4;N9@AB7B EB98<A9A<S, 6OCB?A9AAB7B A4 BEAB69 ZIF FPC 
D4;N9@4, CDB<EIB8<F 89HBD@4J<S FB>BCDB6B8SM<I 8BDB:9> ��%. �4AAO9 
<;@9A9A<S @B7GF CD<69EF< > B5D4;B64A<R B5DO6B6 <?< >BDBF><I ;4@O>4-
A<= 6 Q?9>FD<K9E><I J9CSI 7<5>B7B @B8G?S, KFB 6 E6BR BK9D98P @B:9F 
CBE?G:<FP CD<K<AB= G69?<K9A<S 69DBSFABEF< BF>4;4 6E97B $1%. 

� 84?PA9=L9@ E CB@BMPR E<EF9@4F<;4J<< 84AAOI, CB?GK9AAOI 
CD< <ECOF4A<SI A4 D4;D45BF4AAB@ EF9A89, CD98CB?4749FES CDBE?98<FP 
;46<E<@BEFP E<?O CD<:4F<S CDG:<AAOI Q?9@9AFB6 EB98<A<F9?9= < 69?<-
K<AO CBF9D< Q?9>FD<K9E>B7B E<7A4?4 6 D9;G?PF4F9 89HBD@4J<< CDB6B8A<-
>B6 6 B5?4EF< >BAF4>F4, CBE?9 K97B G84EFES EHBD@<DB64FP D9>B@9A84J<< > 
F9IAB?B7<< <;7BFB6?9A<S < CDB9>F<DB64A<S ��%. 

%C<EB> ?<F9D4FGDO 

1. !B6BE9?B6 %. #. 1>EC9D<@9AF4?PA4S GEF4AB6>4 8?S <EE?98B64A<S 6?<S-
A<S @9I4A<K9E><I 6<5D4J<= A4 6OIB8AO9 C4D4@9FDO D48<BQ?9>FDBAAOI ED98EF6 
A4 BEAB69 7<5><I @B8G?9= / %. #. !B6BE9?B6, �. %. �BJ@4A, �. �. !96?R8B64 // 
#D<5BDO < @9FB8O <;@9D9A<=. � 2015. � &. 6, № 2. � %. 156�162. 

2. �H<@9A>B �. �. $4EK9F GCDG7<I Q?9@9AFB6 6 >BAEFDG>J<SI Q?9>FD<K9E-
><I EB98<A9A<= A4 BEAB69 7<5><I C9K4FAOI >459?9= / �. �. �H<@9A>B, 
%. �.  9D?SA // &9IAB?B7<S < >BAEFDG<DB64A<9 6 Q?9>FDBAAB= 4CC4D4FGD9. � 2016.�
№ 2�3.� %. 8�14. 

3. #4F. 108066 '>D4WA<,  #� G01M 7/02. %F9A8 8?S 8<A4@VKA<I 6<CDB5G-
64AP 7AGK><I >B@GF4JV=A<I L?9=HV6 F4  � %->B@CBA9AFV6 / ". %. �BJ@4A, �. �. 
�4DV>B64, �. �. !96?R8B64, �. ,. !96?R8B6, %. #. !B6BE9?B6; ;4S6?. 12.02.2016; 
BCG5?. 24.06.2016, �R?. № 12. � 3 E. 
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'�� 621.383.8:621.396.96:621.396.6 
�D45B6EP>4 !.$.1, $GE<A �.#.2,  �64AR> �.�.3 

"*�!�� &"+!"%&� &$��� �$!"� $��"!%&$'�*�� 
�"�$���!!3 �"$"���!"�" #�&�!�� 

� A9DG=AV6AB@G >BAFDB?V >BAEFDG>JV=, GD4:9A<I CVF<A7B6BR 
>BDB;VєR, 8?S CDB7AB;G64AAS D9EGDEG WI 59;464DV=ABW DB5BF< 64:?<69 ;A4-
K9AAS @4є 6EF4AB6?9AAS HBD@< F4 7?<5<A< CVF<A7V6, S>V GF6BD<?<ES A4 
CB69DIAV >BAEFDG>JV= 6 CDBJ9EV 9>EC?G4F4JVW. "8A<@ ; @9FB8V6 BFD<@4AAS 
FD<6<@VDABW HBD@< CD98@9FG A4 BEAB6V 4A4?V;G =B7B ;B5D4:9AP є ;4CDBCB-
AB64A<= 6 [1] @9FB8 3D D9>BAEFDG>JVW, S><= BEAB64A<= A4 ?4@59DFV6EP><= 
@B89?V 6V85<FFS E6VF?4 6V8 CB69DIAV >BAEFDG>JVW. 3> CD46<?B 6<;A4K9AAS 
7?<5<A< CVF<A74 6V85G64єFPES ; C96ABR CBI<5>BR. &B@G @9FBR DB5BF< є 
BJVA>4 CBI<5>< 6<;A4K9AAS 7?<5<A< CVF<A74 CD< =B7B D9>BAEFDG>JVW A4 
BEAB6V 2D ;B5D4:9AAS 6 ;4?9:ABEFV 6V8 C4D4@9FDV6 @B89?V 6V85<FFS E6VF?4 
HBAG F4 8<HG;AB7B >B9HVJVєAFG.  

�?S D9>BAEFDG>JVW BJVA>< 7?<5<A< CVF<A74 ;4CDBCBAB64AB 86BI9-
F4CAG VAHBD@4JV=AG F9IAB?B7VR [1]. !4 C9DLB@G 9F4CV ;A4=89AB C9D9DV; 
CVF<A74 z G A4=5V?PL VAHBD@4F<6AV= ;BAV, 89 6VA CDBIB8<FP K9D9; FBK>G 
@4>E<@4?PABW 7?<5<A<. !4 8DG7B@G 9F4CV, 54;GRK<EP A4 BFD<@4AV= BJVAJV 
C9D9DV;G z, 6<;A4K9AB CB6AB@4ELF45AG BJVA>G 3D CB69DIAV CVF<A74 L?S-
IB@ 4CDB>E<@4JVW CB69DIAV E97@9AF4@< EH9D<. 3> 6<8AB ; A46989ABW 
FD<6<@VDABW D9>BAEFDG>JVW 6 WW BEAB6V ?9:<FP 6<;A4K9AAS 69DF<>4?PAB7B 
C9D9DV;G CVF<A74. #DB4A4?V;Gє@B FBKAVEFP D9>BAEFDG>JVV CBIV8ABW 6 69DF<-
>4?PAB@G C9D9DV;V CVF<A74. �<>BD<EFB6GRK< 8?S BE6VF?R64AAS CVF<A74 
8:9D9?B E6VF?4 ; F4><@< C4D4@9FD4@<, MB L (0,cos ,sin )= ϕ ϕ , BFD<@4є@B 
VAF9AE<6AVEFP 6V85<FFS CB69DIAV [1] 

 a
2 2

sin q cos
I I

p q 1
»

ϕ− ϕ
= + ι

+ +
,                                                    (1) 

89 aI  � VAF9AE<6AVEFP DB;EVSAB7B E6VF?4; z
p

x

∂
=
∂

, 
z

q
y

∂
=
∂

 � A4I<? CB69DIAV 

6 B>B?V 8BE?V8:G64ABW FBK><; p dI k»ι = � ;64:9A<= 8<HG;A<= >B9HVJVєAF, 

pI »  � VAF9AE<6AVEFP 8:9D9?4 BE6VF?9AAS; dk  � 8<HG;A<= >B9HVJVєAF. !4 

                                                           
1 4ECVD4AF>4, (V;<>B-@9I4AVKA<= VAEF<FGF V@. �.�. �4DC9A>4 !�!', @. �P6B6 
2 8.F.A., CDBH., ;46. 6V88V?B@, ( � V@. �.�. �4DC9A>4 !�!' 
3 VA:., ( � V@. �.�.�4DC9A>4 !�!' 
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B5DB5?9AB@G A<;P>BK4EFBFA<@ HV?PFDB@ G 7BD<;BAF4?PAB@G A4CDS@>G 
E97@9AFV ;B5D4:9AAS, ; S>B7B 6V8V?9AB 69DF<>4?PA<= C9D9DV; CVF<A7G, 8Vє 
ECDBMG64?PA9 CD<CGM9AAS, MB p=0. � JPB@G 6<C48>G >BDAV >648D4F<KAB-
7B DV6ASAAS D9>BAEFDG>JVW 69DF<>4?PABW CBIV8ABW  
 

2aq bq c 0+ + = , 

89 2 2a Q / O−= ξ − ;  b 2Q / O= ; 2c 1/ O−= ξ − ; Q ctg= ϕ ; 2O Q 1= + ;  

a/(I I )»ξ = ι − , S>9 4?795D4WKA<@< C9D9F6BD9AAS@< E?V8Gє ; DV6ASAAS (1), є 
HGA>JVS@< Q. � A4EFGCAB@G 4A4?V;V VA89>E4JVєR  >BD9AV6 A9IFGє@B V 
CD<=@4є@B 1,2q q→ . $9>BAEFDG>JVR 69DF<>4?PABW CBIV8ABW q E?V8 ECDB-
EF<F< V 8?S JPB7B 4A4?V;G64F< q=q(Q), ;4EFBEG646L< DS8  4>?BD9A4 ,?S-
IB@ 8<H9D9AJVR64AAS F4 A9IFGRK< G DS8V  4>?BD9A4 @4?<@< K?9A4@<, 
CBK<A4RK< ; FD9FPB7B, BFD<@Gє@B A45?<:9AAS DS8G  4>?BD9A4 

2 2q(Q) 1 Q= ξ − − ξ . 

� A4EFGCAB@G 4A4?V;V FBKABEFV q CD<=@4є@B, MB BJVA>4 CBI<5>< 6<-
;A4K9AAS 69DF<>4?PABW CBIV8ABW q, VA8G>B64ABW 6V8I<?9AAS@ A4CDS@>G 
BE6VF?9AAS 6V8 F9IAB?B7VKAB ;4C?4AB64AB7B E>BD9>FB64A4 >BAEFDG>F<6AB. 
�<;A4K<@B 45EB?RFAG CBI<5>G D9>BAEFDG>JVW 7?<5<A< 69DF<>4?PAB7B 
C9D9DV;G CVF<A74 aq(I , )Δ ι , S>4 B5G@B6?9A4 6C?<6B@ C4D4@9FDV6 HBAG F4 
8<HG;AB7B >B9HVJVєAFG. !9I4= CV8 K4E D9>BAEFDG>JVW BFD<@4A4 BJVA>4 
C4D4@9FDV6 a0I , 0ι , 4 8V=EAV ;A4K9AAS J<I C4D4@9FDV6 є aI , ι . !9I4= 
D9>BAEFDG>JVєR BFD<@4A4 BJVA>4 a0 0q(I , )ι  �4EFBEGє@B 8?S BJVA>< 
FBKABEFV DB;>?48 HGA>JVW aq f (I , )= ι  6 DS8 &9=?BD4. �?S BJVA>< DS8G 

aq f (I , )= ι  L?SIB@ 8<H9D9AJVR64AAS ;A4IB8SFPES A4=5V?PL 647B@V K?9A< 
3

I I 0a a
qΔ = · ηξ ¸ , 

89 I a a0 aa
(I I ) / I· = −  � 6V8ABEA4 CBI<5>4 BJVA>< HBAG, a0 0I /η = ι ; 

2 1/ 2
0( 1) 2Q−¸ = ξ − − ,  2

0 q 1 /(sin q cos )ξ = + ϕ− ϕ , V  
2
0qι ιΔ = · ξ ¸ , 

89 0( ) /ι· = ι − ι ι � 6V8ABEA4 CBI<5>4 BJVA>< ;64:9AB7B 8<HG;V=AB7B 
>B9HVJVєAF4. !9IFGRK< 6 DS8V &9=?BD4 @4?<@< K?9A4@<, BFD<@Gє@B A4-
5?<:9AAS DB;6<A9AAS 6 DS8 &9=?BD4, ; S>B7B 6<;A4K<@B ;474?PAG BJVA>G 
S>BEFV D9>BAEFDG>JVW 69DF<>4?PABW CBIV8ABW 
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a a a0 0 Ia
q(I , ) q(I , ) q(I , ) q qιΔ ι = ι − ι = Δ + Δ . !4 BEAB6V JPB7B 6<;A4K9AB 
6V8ABEAG CBI<5>G  B5D4IGA>G 69DF<>4?PABW CBIV8ABW  

Ia
q q qι· = · + · , 

89 I Ia a
q q / q· = Δ  V q q / qι ι· = Δ  � 6V8CB6V8AB 6V8ABEA4 CBI<5>4 6<;A4K9A-

AS  69DF<>4?PABW CBIV8ABW  CV8  6C?<6B@  HBAG F4 ;64:9AB7B 8<HG;AB7B 
>B9HVJVєAFG. �V?P>VEAG BJVA>G 6V8ABEABW CBI<5>< 6<;A4K9AAS 69DF<>4?PABW 
CBIV8ABW q·  BFD<@4AB 8?S 6<C48>G >B?< >GF BE6VF?9AAS CD<=@4є 60 , 

0,1η =  V 8Vє CD<CGM9AAS, MB  Ia ι· = · . !4 D<E. 1 CD98EF46?9AB DB;CB8V? 
6V8ABEABW CBI<5>< 6<;A4K9AAS 69DF<>4?PABW CBIV8ABW q·  6 ;4?9:ABEFV 6V8 

Ia
·  F4 q . � FBK>4I Ia

( ,q)· , 6 S><I CBI<5>4  Ia
q( ,q) 0,15· · < − , BFD<@4AAS 

8BEFB6VDA<I D9;G?PF4FV6 6<;A4K9AAS 69DF<>4?PABW CBIV8ABW CD<=@4єFPES 
A9@B:?<6<@. � >V?P>VEA<I DB;D4IGA>V6 BJVA>< CBI<5>< 6<;A4K9AAS 7?<5<-
A< CVF<A74 JV FBK>< 6<?GK9AB, 4 A4 D<E. 1 CD98EF46?9AB C?BM<ABR 

q 0,15· = − . �?S 6<5BDG A4=5V?PL CD<=ASFA<I 
  

 
 
 
 
 
 
+ 
 

 

$<E. 1. �4?9:AVEFP 6V8ABEABW CBI<5>< 6<;A4K9AAS 69DF<>4?PABW CBIV8ABW 
q·  6V8 Ia

·  F4 q 

C4D4@9FDV6 D9>BAEFDG>JVW A9B5IV8AB CD4JR64F< ; 9>EC?G4F4JV=AB CD<645-
?<6<@ ;A4K9AAS@ 6V8ABEABW CBI<5>< HBAG Ia

0,1· = − . � JPB@G 6<C48>G 
8V4C4;BA D9>BAEFDG>JVW D=[1,47;2,9]. �?S DB;L<D9AAS @9: 8V4C4;BAG D9>B-
AEFDG>JVW D CDBCBAGєFPES A4EFGCA<= 4?7BD<F@. !9I4= CD< 6<>BD<EF4AAV 
>GF4 1ϕ  ;459;C9KGєFPES 8V4C4;BA 1Dϕ . !9I4= D9>BAEFDG=B64AB BJVA>G  

1q Dϕ+  !4I<?Sє@B 8:9D9?B BE6VF?9AAS CB 6V8ABL9AAR 8B C?BM<A< XOY 

CV8 >GFB@ 2ϕ , F4><@, MB ;459;C9KGє a Ia
q(I , ) q q 0ιΔ ι = Δ + Δ = . #V8EF46<@B 

        
 

 
 

 

       3m 3Mq  q  
   

                     2m 2Mq    q
          

                                                      

aI
·

q·

  
1 2q  q
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G E>?48B6V Ia
qΔ , qιΔ  ;A4K9AAS C4D4@9FDV6 0ξ , Q V q F4 CDB6989@B 4?795D4-

WKAV C9D9F6BD9AAS B89D:4AB7B 6<D4;G, MB G CV8EG@>G 84EFP DV6ASAAS  
4 3 2 24Q 8Q q 3q Q 2qQ 1 0+ + + − = . 

"8<A ; >BD9AV6 1,2,3,4Q  8B;6B?Sє 6EF4AB6<F< >GF A4I<?G 8:9D9?4 
E6VF?4 2ϕ , A9B5IV8A<= 8?S BFD<@4AAS ;B5D4:9AAS 0 2I ( )» ϕ , A4 BEAB6V S>B-
7B @B:A4 CDB69EF< D9>BAEFDG>JVR 69DF<>4?PABW CBIV8ABW q ; ;484ABR 
FBKAVEFR. -B5 ;�SEG64F< HBD@G64AAS 8V4C4;BAG D9>BAEFDG>JVW DB;D4IGє@B 
>V?P>VEAG BJVA>G 6V8ABEABW CBI<5>< 6<;A4K9AAS 69DF<>4?PABW CBIV8ABW q·  

"FD<@4A<= 8?S 6<C48>G, >B?< 0,1η =  V 8Vє CD<CGM9AAS, MB Ia
0,1ι· = · = , 

DB;CB8V? 6V8ABEABW CBI<5>< 6<;A4K9AAS 69DF<>4?PABW CBIV8ABW 
q q( ,q)· = · ϕ  CD98EF46?9AB A4 D<E. 24.  

 
 

 
 
 
 
                          5                                         

 
 
 
 
 
 
                              4                                                                        5 

$<E. 2. $B;CB8V? 6V8ABEABW CBI<5>< 6<;A4K9AAS  69DF<>4?PABW CBIV8ABW  
aI q( ,q)· ϕ  (4).  #D<>?48 A9C9D9D6AB7B 8V4C4;BAG D9>BAEFDG>JVW (5)   

&BK>< 6 S><I @B:A4 D9>BAEFDGR64F< CBIV8AG q CD98EF46?9AB 5V?<@ 
>B?PDB@, 4 89 A9 6<>BAGєFPES G@B64 q( ,q) 0,15· ϕ < , KBDA<@. �DV@ FB7B 
CGA>F<DB@ A46989AB 8V4C4;BA< D9>BAEFDG>JVW im iM[q ,q ] , 89  i=1,2 6V8CB6V-
84є >GFG iϕ .  

-B5 GA<>AGF< CBS6< 8V4C4;BAG 2M 1 1m 1[q ,q ]+ − , 89 ;45BDBA9AB 
D9>BAEFDG>JVR, CDBCBAGєFPES ;4EFBEG64AAS BE6VF?9AAS 6 F4><I A4CDS@>4I, 
S>V 74D4AFGRFP C9D9>D<FFS 8V4C4;BAV6 D9>BAEFDG>JVW. #D<>?48 A46989AB A4 
D<E. 25.  

   

 
3ϕ  

 

2ϕ
        3m 3Mq  q    

                     2m 2Mq    q           

                                   

,   D48ϕ  

  

2m 2M 1m 1Mq     q       q     q

 
 
 

2  ϕ
 
 
 

1 ϕ



214 

�<EAB6><. �4CDBCBAB64A<= 4?7BD<F@ D9>BAEFDG>JVW CB69DIAV CVF<-
A74 V 4A4?VF<KAB F4 >V?P>VEAB ;A4=89AV CBI<5>< 6<;A4K9AAS 7?<5<A< CVF<A-
74 VA8G>B64AV 6V8I<?9AAS@ C4D4@9FDV6 ?4@59DFV6EP>BW @B89?V 6V85<FFS E6V-
F?4 6V8 8V=EA<I ;A4K9AP. �4CDBCBAB64AB @9FB8 B5K<E?9AAS C4D4@9FDV6 @B-
89?V 6V85<FFS E6VF?4 A4 BEAB6V E9DVW ;B5D4:9AP, BFD<@4A<I ;V ;@VAA<@ >G-
FB@ BE6VF?9AAS,  MB 8B;6B?Sє ;5V?PL<F< 8V4C4;BA D9>BAEFDG>JVW V F<@ E4-
@<@ ;@9AL<F< CBI<5>G 6<;A4K9AAS 7?<5<A< CVF<A74.  

%C<EB> ?VF9D4FGD< 

1. B. Rusyn, N. Hrabovska, V. Ivaniuk, Y. Lysak, J., Varetsky / Information 
technology of the pitting three-dimensional reconstruction by halftone images.� 
Mechanik. � № 3. �P. 372�376. 

'�� 537.877 
�D<MG> �. .1, (GD@4AB64 !.�.2  

&�)!"�"��� ��$"�!�*&�� $���"#"���!�2+�) 

 �&�$����� 

!96C<AA<= DB;6<FB> F4 CV86<M9AAS CBFG:ABEFV EGK4EA<I D48VB9?9-
>FDBAA<I E<EF9@, MB CD4JRRFP G A486<EB>BK4EFBFAB@G 8V4C4;BAV K4EFBF 
(!�+), CD<;6B8SFP 8B ;5V?PL9AAS >V?P>BEFV ;4648 8?S DB5BF< 4C4D4FGD< 6 
D9;G?PF4FV 6<A<>A9AAS 9?9>FDB@47AVFAB7B 6<CDB@VAR64AAS (� �) A4 K4E-
FBF4I 6<M<I F<CV6 74D@BAV>.  

�DV@ FB7B, FD<64?<= 6C?<6 � � A4 5VB?B7VKAV B5�є>F<, ;B>D9@4, 
BD74AV;@ ?R8<A<, @4є A974F<6AV A4E?V8>< 8?S WI ABD@4?PAB7B 
HGA>JVBAG64AAS. &B@G DB;DB5>4 AB6<I 6<EB>B9H9>F<6A<I L<DB>BE@G7B-
6<I D48VBCB7?<A4RK<I @4F9DV4?V6 ($# ) є 4>FG4?PABR 8?S DB;6�S;4AAS 
C<F4AP CV86<M9AAS ;4648BEFV=>BEFV F4 9?9>FDB@47AVFABW EG@VEABEFV 
CD<EFDBW6, 4 F4>B: 6<>BA4AAS 6<@B7 E4AVF4DAB-7V7VєAVKA<I ABD@ 59;C9><. 
&4>B: D48VBCB7?<A4RKV @4F9DV4?< F4 CB>D<FFS 6<>BD<EFB6GRFPES 8?S 
;A<:9AAS CB@VFABEFV 6 D48VB?B>4JV=AB@G 8V4C4;BAV DV;A<I EF4JVBA4DA<I, 
DGIB@<I F4 ?VF4RK<I B5�є>FV6 [1]. 

$#  6<7BFB6?SRFP G 6<7?S8V 9?4EF<KA<I 45B :BDEF><I CVABC?4EFV6, 
FBA><I ?<EFV6, E<CGKBW @4E<, ;4?<6BKA<I >B@C4GA8V6, >9D4@B@9F4?VKA<I 
>B@CB;<JV= FBMB. 

                                                           
1 #DBH., >4A8. F9IA. A4G>, ;46. >4H. �&�� �!&' 
2 �4A8. F9IA. A4G>, EF. 6<>?. >4H. �&�� �!&' 
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#D<>?484@< $#  є: 
� D9;BA4AEAV @4F9DV4?<: FB6M<A4 @4є 6V8CB6V84F< ¾ 8B6:<A< I6<?V 

6<CDB@VAR64AAS 8?S ;459;C9K9AAS K4EF>B6BW 45B CB6ABW A9=FD4?V;4JVW 
6V85<FB7B 6V8 CB69DIAV 6<CDB@VAR64AAS; 

 � A9D9;BA4AEAV @47AVFAV @4F9DV4?<: @VEFSFP K4EF>< H9D<FG 6 C?4-
EF<>G 45B CB>D<FV, MB C9D9F6BDRRFP 9A9D7VR � � 6 F9C?B6G; 

� A9D9;BA4AEAV B5�є@AV @4F9DV4?<: FB6EFBL4DB6V @4F9DV4?< ; C?46-
ABR 45B EFGCVAK4EFBR ;@VABR CB FB6M<AV >B@C?9>EABW 8V9?9>FD<KABW 
CDBA<>ABEFV;  

� 9>D4A «%B?E59DV»: F<C CB>D<FFS, MB CD4JRє 6 L<DB>B@G 
8V4C4;BAV 8B6:<A I6<?P ;4 D4IGAB> 6<>BD<EF4AAS A4CV6CDB6V8A<>B6<I 
9?9@9AFV6 ;V ;@VAABR є@AVEFR, 6L<FV 6 EFDG>FGDG; 

� @9F4@4F9DV4?<: >B@CB;<FAV @4F9DV4?<, 6?4EF<6BEFV S><I 
B5G@B6?9AV A9 EFV?P>< 6?4EF<6BEFS@< WI >B@CBA9AFV6, E>V?P>< 
@V>DBEFDG>FGDBR [2]. 

!98B?V>B@ 9>D4AV6 V; D9;BA4AEA<I @4F9DV4?V6 є A<;P>4 F9IAB?B7VKAVEFP 
6<7BFB6?9AAS F4 A47DV6, MB 6<A<>4є 6 D9;G?PF4FV DB;EVR64AAS 9A9D7VW 6<EB>B-
K4EFBFAB7B 6<CDB@VAR64AAS CB ;A4KAV= CB69DIAV. 

&<C $#  A4 A9D9;BA4AEA<I @4F9DV4?4I є A9 FV?P>< F9IAB?B7VKAB 
E>?48A<@ G 6<DB5A<JF6V CD< 6<>BD<EF4AAV FD48<JV=A<I F9IAB?B7V=, 4?9 V 
@4є ;A4KAV B5�є@<. #DBF9 59;;4C9D9KA<@< C9D96474@< F4><I @4F9DV4?V6 є 
6<EB>4 CB7?<A4RK4 ;84FAVEFP F4 L<DB>BE@G7B6VEFP CB7?<A4AAS. 

!98B?V>B@ @9F4@4F9DV4?V6 є 6V8ABEA4 E>?48AVEFP 6<DB5A<JF64 F4 
6G;P>BE@G7B6VEFP, CDBF9 6BA< @4RFP 6?4EF<6BEFV, S><@< FD48<JV=AV $#  
A9 6B?B8VRFP: CD< A<;P><I K4EFBF4I 8V9?9>FD<KA4 F4 @47AVFA4 CDBA<>ABEFV 
L4DG @4?V, V L4D EF4є CDB;BD<@, MB є 64:?<6<@ 8?S DVL9AAS DS8G ;484K 
9?9>FDB@47AVFABW EG@VEABEFV.  

� 5474FPBI 6<C48>4I EFDG>FGD4 ;4I<EA<I 9>D4AV6 F4 $#  @4є L4DG-
64FG 5G8B6G, CD< JPB@G E>?48 B>D9@<I L4DV6 F4 6V8EF4AP @V: A<@< 
6<;A4K4є DV69AP 9H9>F<6ABEFV $# . 

' ;6�S;>G ; J<@ C9DEC9>F<6ABR 6<7?S84є F9IAB?B7VS 6<DB5A<JF64 
$#  ; 6<>BD<EF4AAS@ FD<6<@VDAB7B 8DG>G, MB 8B;6B?Sє EF6BDR64F< 9?9-
@9AF< V; ;484A<@< 6?4EF<6BEFS@< 45B E>?48ABW HBD@< 6V8ABEAB ; A969?<-
><@< K4EB6<@< F4 9>BAB@VKA<@< 6<FD4F4@<. 

!4CD<>?48, 8?S B5?48A4AAS 59;?GAA<I >4@9D @B:A4 6<>BD<EF4F< 
F9IAB?B7VR 3D-8DG>G, MB CD98EF46?Sє EB5BR CBL4DB69 (100�500 @>@) 
6<7BFB6?9AAS ;4 8BCB@B7BR CD<AF9D4 6<DB5V6 E>?48ABW HBD@< G 6<7?S8V 
@4FD<JP ; A45BDB@ CB69DIBAP G 6<7?S8V F9FD498DV6, B>F498DV6 F4 VA. 8?S 
A4EFGCAB7B EF6BD9AAS A4 WI BEAB6V 5474FBL4DB6<I >B@CB;<JV=A<I ;4I<E-
A<I 9>D4AV6. 
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#BF9AJV=AB @B:?<6<@ є 6<>BD<EF4AAS F9IAB?B7VW 3D-8DG>G 8?S 
EF6BD9AAS @9F4@4F9DV4?V6. 

�<>BD<EF4AAS EGK4EA<I F9IAB?B7V= 6<DB5A<JF64 $#  є A9B5IV8A<@ 
8?S G8BE>BA4?9AAS 4AF9AABW F9IAV><, DB;6<F>G F9IAB?B7V= CB>D4M9AAS 
;4648B;4I<M9ABEFV D48VB9?9>FDBAA<I ;4EB5V6. 

%C<EB> ?VF9D4FGD< 

1. �. #9FDB6, �. !<>B?4=KG>, %. 3>B6?96. $48<BCB7?BM4RM<9 @4F9D<4?O 
A4 BEAB69 A4ABEFDG>FGD // 1?9>FDBA<>4: !4G>4, &9IAB?B7<S, �<;A9E. � №1, 2010. � 
E. 92�95 

2. �D<A59D7 �.%., �4?<AE>4S &.�., '89A>B �.�. &9IAB?B7<S EG8B6OI CB-
>DOF<=. �  .: �� -CD9EE. 2016. � 672 E. 

'�� 681.568 : 004.65 
�G8DS �.�.1 

����+� ��%#�$� �!&��0!"� #�$���$�� �!'&$�,!0"� 
����&$" ��!�&!"� %' �%!"%&� 

%<EF9@AV @9FB8< 4A4?V;G 6<EB>BK4EFBFABW 9?9>FDBAV>< [1, 2] $&* 
��, S><@ C9D98G64?< DB5BF< G>D4WAEP><I 8BE?V8A<>V6 ".�. &B;BAV F4 �.�. 
�AS;S, CD98EF46?SRFP @B89?P 6<EB>BK4EFBFAB7B 9?9>FD<KAB7B >B?4 G 
6<7?S8V ;4@>AGFBW EG>GCABEFV DV6ASAP � >B@CBA9AFV6 F4 >B@GAV>4FBD4. �B 
E>?48G >B@GAV>4FBDA<I DV6ASAP 6IB8SFP 9?9>FDB8<A4@VKAV C4D4@9FD< 
>B@GAV>4FBD4, ECBEB5< DB;D4IGA>G S><I 6<@474RFP 4A4?VF<KA<I, K<E?B6<I, 
45B >64;V4A4?VF<KA<I [3] @9FB8V6 4A4?V;G 9?9>FDB@47AVFA<I CB?V6, MB 
HBD@GRFP, S> 6AGFDVLAR, F4> V ;B6AVLAR 9A9D79F<KAG 9?9>FDB@47AVFAG 
46FBAB@VR B5�є>F4 CDB9>FG64AAS. �D4IB6GRK< A96<EB><= EFGC9AP FBKABEFV 
DB;D4IGA>G F4><I CB?V6 8BJV?PAB DB;7?SAGF< @9FB8< 9>EC9D<@9AF4?PABW 
C9D96VD>< C4D4@9FDV6 >B@GAV>4FBD4, MB є 6>D4= 64:?<6B 8?S CDB9>FG64AAS 
EGK4EABW 4A4?B7B6BW F4 J<HDB6BW 9?9>FDBAV><.  

&9BDVS CDB6989AAS F4><I 9>EC9D<@9AFV6 8?S 9?9>FD<KA<I >V?, S>V 
@B:?<6B B8AB;A4KAB CD98EF46<F< G 6<7?S8V ;BE9D98:9A<I >B@CBA9AFV6 R, 
L, C, G A4 CBFBKA<= @B@9AF A98BEF4FAPB CB6AB 6<E6VF?9A4 6 A4G>B6V= 
?VF9D4FGDV.  

#DB6989@B C96AG >?4E<HV>4JVR A9B5IV8A<I 8?S 8BES7A9AAS 
;4;A4K9ABW @9F< 9>EC9D<@9AFV6. �9;G@B6AB, 9?9>FDB@47AVFAG EG@VEAVEFP 
>B@GAV>4FBD4 A4=>D4M9 BJVAR64F< A4 DV6AV 6<;A4K9AAS >VAJ96<I 
                                                           
1 �4A8. F9IA.A4G>, 8BJ9AF, "89EP><= A4JVBA4?PA<= CB?VF9IAVKA<= GAV69DE<F9F 
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I4D4>F9D<EF<> 9?9>FDBAAB7B 6<DB5G.  �?S JPB7B A9B5IV8AB EF6BD<F< C96AV 
;D4;><, 4 CBFV@ ;�SEB6G64F< CD46<?PAVEFP CD<=ASF<I >BAEFDG>FBDEP><I 
DVL9AP, MB 8B @BDHB?B7VKA<I I4D4>F9D<EF<> >B@GAV>4FBD4. &4><= CV8IV8, 
59;G@B6AB @4є CD46B A4 :<FFS, 4?9 9>BAB@VKAB A96<CD4684A<=. 
�BJV?PAVL<@ є 8BE?V8:9AAS B>D9@B7B >B@GAV>4FBD4, 45B A46VFP =B7B 
B>D9@<I K4EF<A ; @9FBR 6<S6?9AAS A959;C9KA<I 9?9>FDB@47AVFA<I 
C9D9L>B8 ;4 G@B6< 6V8EGFABEFV >B@CBA9AFABW 54;<, FB5FB «7B?BW» 
8DG>B64ABW C?4F< 59; V@C?9@9AFB64A<I (6C4SA<I) 8B A9W >B@CBA9AFV6. %4@9 
CD<AJ<C 89>B@CB;<JVW, A4 S>B@G ґDGAFGRFPES F9BDVS >B@GAV>4FBDA<I 
E<EF9@, 84є @B:?<6VEFP 9>EC9D<@9AFG64F< B>D9@B ; >B@GAV>4FBD4@< F4 
6<S6?SF< A4=5V?PL A959;C9KAV 9?9>FDB@47AVFAV C9D9L>B8<. #D< JPB@G 
6<A<>4RFP F9BD9F<KAV F4 CD4>F<KAV C<F4AAS MB 8B @9FB8V6 F4 ;4EB5V6 
8BE?V8:9AAS >B@GAV>4FBD4: 

� � S><@< DV6AS@< A4CDG7 F4 EFDG@V6 @GESFP CDB6B8<F<EP 
9>EC9D<@9AF< ? 

� 3>V HV;<KAV 69?<K<A< (89E>D<CFBD<) F4 ; S>BR FBKAVEFR FD954 WI 
6<@VDR64F< ? 

� !4 S><I K4EFBF4I FD954 CDB6B8<F< 9>EC9D<@9AF< ? 
� 3>V CDBJ9E< FD954 8BE?V8:G64F<: EF4JVBA4DAV, K< C9D9IV8AV ? 
�9;G@B6AB EC<EB> C<F4AP CB CDB6989AAR 9>EC9D<@9AFV6 @B:9 5GF< 

CDB8B6:9AB, 4?9 6:9 ;4D4; EF4є ;DB;G@V?<@, MB 6V8CB6V8V A4 JV ;4C<F4AAS 
@B:A4 BFD<@4F< ?<L9 ;4 JV?PB6<@ CD<;A4K9AAS@ 9>EC9D<@9AFG. 
!4CD<>?48, 8?S 6<;A4K9AAS @4FD<KA<I C4D4@9FDV6 >B@GAV>4FBD4 ;4 
4A4?B7VєR ; 89E>D<CFBD4@< 8B67BW ?VAVW (R, L, C, G): BCVDAB7B, @47AVFAB7B, 
9?9>FD<KAB7B, F4 CDB6V8AB7B � E?V8 6<;A4K<F< EC9J<HV>G A9;4?9:A<I 
8:9D9? F4 CD<=@4KV6 ?B>4?PA<I E>?48B6<I K4EF<A >B@GAV>4FBD4. � BEAB6G 
CDB6989AAS 9>EC9D<@9AFG CB>?489AB CD<AJ<C @4:BD<F4DABW 69D<HV>4JVW. 
' 6V8CB6V8ABEFV ; K<@ CBK4F>B6BR VAHBD@4JVєR @GESFP 5GF< 69?<K<A< 
@VAV@4>EA<I EFDG@V6 CB?REV6 F4 @VAV@4>EA<I A4CDG7 8G7 >B@CBA9AF4. &4>4 
VAHBD@4JVS @B:9 5GF< BFD<@4A4 A4 BEAB6V CBC9D98APB7B EI9@BF9IAVKAB7B 
4A4?V;G 59; GD4IG64AAS 6C?<6G >B@GAV>4FBD4. �<>BD<EFB6GRK< 8BE?V8< 
IB?BEFB7B IB8G F4 >BDBF>B7B ;4@>A9AAS 8?S 6<;A4K9AAS 6V8CB6V8A<I 
C4D4@9FDV6 >B@GAV>4FBD4 ;4 8BCB@B7BR 6<EB>BK4EFBFAB7B 6B?PF@9FDG F4 
4@C9D@9FDG E?V8 8?S ;@9AL9AAS VAEFDG@9AF4?PABW CBI<5>< 6<@VDR64AAS 
;�є8AG64?PAV CDB6V8A<>< DB;F4LB6G64F< 6 C?BM<A4I BDFB7BA4?PA<I 8B 
C?BM<A 79A9D4JVW C9D9L>B8 6V8CB6V8A<I E>?48B6<I 9?9>FDB@47AVFAB7B 
CDBJ9EG. 

&4><@ K<AB@, 6 DB5BFV ;4CDBCBAB64AV @9FB8< 9>EC9D<@9AF4?PAB 
6<;A4K9AAS C9D96VD>< 9?9>FDB8<A4@VKA<I C4D4@9FDV6 >B@GAV>4FBDV6 A4 
BEAB6V ;4EFBEG64AAS 6<EB>BK4EFBFABW 6<@VDR64?PABW 4C4D4FGD< ; 
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GD4IG64AAS@ CD46<?PABEFV 6;4є@AB7B DB;F4LG64AAS ;�є8AG64?PA<I 
CDB6V8A<>V6 F4 B5�є>F4 8BE?V8:9AAS.  

%C<EB> ?VF9D4FGD< 

1. �G8DS �.�.  B89?R64AAS A4ABF9IAB?B7VKA<I 9?9>FDBAA<I ;4EB5V6.  B-
AB7D4HVS. "!�)& / '>D4WA4, )9DEBA: "?8V-C?RE, 2013. 780 E. $9:<@ 8BEFGCG �
K9D9; >4F4?B7< http://www.nbuv.gov.ua/  

2. �AS;P �.�., �G8DS �.�. 1?9>FDB8<A4@<K9E>< B5BEAB64AAO9 EI9@BF9IA<-
K9E><9 @B89?< C4D4@9FD<K9E>B7B 6<89B GE<?<F9?S. «$48<BF9IA<>4», 1985, №6, � 
 .: $48<B < E6S;P E. 87�88 

3. &B;BA< ".�.  9FB8 6FBD<KAOI <EFBKA<>B6 6 Q?9>FDBF9IA<>9.  .: 1A9D-
7<S, 1975, 296 E. 

'�� 621.3.048.1: 004.93 
%>DGCE>4S �.%.1 

�!("$ �*�"!!/�  "���� ����!"%&�$"��!�3 

� #$"�!"��$"��!�3 %"%&"3!�3 ��"�3*�� 

&$�!%("$ �&"$"� &"�� 

�?S 6OS6?9A<S F9A89AJ<= > A9<ECD46ABEFS@, 6B;A<>4RM<@ 6 Q?9>-
FD<K9E><I 4CC4D4F4I, < <I E6B96D9@9AAB7B GEFD4A9A<S L<DB>B CD<@9AS-
9FES @9FB8 @4F9@4F<K9E>B7B @B89?<DB64A<S. � K4EFABEF<, @4F9@4F<K9E><9 
@B89?< GEC9LAB <ECB?P;GRFES 8?S 8<47ABEF<DB64A<S EBEFBSA<S <;B?SJ<< 
FD4AEHBD@4FBDB6 FB>4 [1]. 

$4EE@BFD<@ @4F9@4F<K9E><9 @B89?< 8<47ABEF<DB64A<S < CDB7AB;<-
DB64A<S EBEFBSA<S <;B?SJ<< FD4AEHBD@4FBDB6 FB>4, CD98?B:9AAO9 6 D4-
5BF4I [1, 2]. � D45BF9 [1] A4=89A4 ;46<E<@BEFP @9:8G C4D4@9FD4@< BEAB6-
AB= <;B?SJ<<: F4A79AEB@ G7?4 8<Q?9>FD<K9E><I CBF9DP BEAB6AB= <;B?SJ<< 
CB8 D45BK<@ A4CDS:9A<9@, BF>?BA9A<9@ 9@>BEF< BEAB6AB= <;B?SJ<< BF 
C4ECBDFAB7B ;A4K9A<S, 6?4:ABEFPR < F9@C9D4FGDB= 6B;8GI4 B>DG:4RM9= 
ED98O.  B89?P CB;6B?S9F 8<47ABEF<DB64FP EBEFBSA<9 <;B?SJ<< FD4AEHBD-
@4FBD4 FB>4 (Y), >BFBDB9 @B:9F 5OFP EFDB7B «0», B;A4K4RM<@ 6OEB>GR 
69DBSFABEFP BF>4;4 <?< EFDB7B «1», E6<89F9?PEF6GRM<@ B 6OEB>B= 69DB-
SFABEF< 59;BF>4;AB= D45BFO: 

                                                           
1 %F4DL<= CD9CB8464F9?P >4H98DO 11� �!&' 
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1356,35499,15165,44056,46194,30
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1997,10146,81376,227402,59607,168
3,1

1674,39852,0667,08,7203,36
2,1

1707,13413,7142,9976,1161,30
1,1

1967,69994,69735,11829,69095,1
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1,2
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$45BF4 [2] E6S;O649F 6 A9?<A9=AGR ;46<E<@BEFP F4A79AE G7?4 8<-

Q?9>FD<K9E><I CBF9DP BEAB6AB= <;B?SJ<< CB8 D45BK<@ A4CDS:9A<9@, BF-
>?BA9A<9 9@>BEF< BEAB6AB= <;B?SJ<< BF C4ECBDFAB7B ;A4K9A<S, 6?4:-
ABEFP < F9@C9D4FGDG 6B;8GI4 B>DG:4RM9= ED98O, <AF9AE<6ABEFP K4EF<K-
AOI D4;DS8B6.  B89?P CB;6B?S9F ECDB7AB;<DB64FP EBEFBSA<9 <;B?SJ<< 
FD4AEHBD@4FBD4 FB>4 6 8<4C4;BA9 BF «0», B;A4K4RM97B BF>4;, 8B «1», 8BE-
FB69DAB E6<89F9?PEF6GRM9= B 59;BF>4;AB= D45BF9: 
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−ψ+ψ+ψ+ψ+ψ+ψ−ψ−−−
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−ψ+ψ+ψ+ψ+−−

.1

;1

;1

;1

;1

;1

;1

;1

;1

;1

;1

;1

10.80518.57220.65804.36411.46485774,1
7,1

11.62282.40654.76376.48700.86816918,2
6,1

13.69255.81591.736710.96556.35863765,1
5,1

10.431711.51014.97624.67961.21433739,5
4,1

16.26123.58752.44223.13125.91526412,0
3,1

14.78340.54643.29727.19421.89474743,1
2,1

17.03631.72112.03580.64310.65093266,10
1,1

11.75661.54935.01390.86072.35832.98190.0594,89510
4,2

13.62333.58974.91561.86982.47081.07532.0637,8823
3,2

11.72811.28982.89642.66502.71414.48561.78371,0461
2,2

15.33880.18880,26414,73213,36342,76492,59791359,6
1,2

13002,50228,5404,09078,24784,7
1,3
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!4 BEAB69 QF<I <AHBD@4J<BAAOI @B89?9= @B:AB 6OCB?A<FP CDB-

7D4@@AGR D94?<;4J<R 8<47ABEF<DB64A<S < CDB7AB;<DB64A<S EBEFBSA<S 
<;B?SJ<< FD4AEHBD@4FBDB6 FB>4 A4 ?R5B@ S;O>9 CDB7D4@@<DB64A<S. � 
84AAB= D45BF9 <ECB?P;B64A S;O> C# Windows Forms. �?S 6OCB?A9A<S Q>E-
C9D<@9AF4?PAB7B <EE?98B64A<S D4;D45BF4AAB7B CDB7D4@@AB7B B59EC9K9-
A<S <ECB?P;B64A4 >B@CPRF9DA4S E<EF9@4 �4CBDB:E>B7B A4J<BA4?PAB7B 
F9IA<K9E>B7B GA<69DE<F9F4. � D4;D45BF4AAB9 CDB7D4@@AB9 B59EC9K9A<9 
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5O?< 66989AO I4D4>F9D<EF<>< <;B?SJ<< FD4AEHBD@4FBD4 FB>4. #B?GK9A-
AO9 D9;G?PF4FO 5O?< ED46A9AO E D9;G?PF4F4@< 6 F9EFB6B= 6O5BD>9. #D< 
QFB@ ED98A9>648D4F<KA4S BL<5>4 EBEF46<?4 63.12*10�5, KFB S6?S9FES CD<-
9@?9@O@ ;A4K9A<9@, E6<89F9?PEF6GRM<@ B 6B;@B:ABEF< CD<@9A9A<S 
CD98?B:9AAOI <AHBD@4J<BAAOI @B89?9= < CDB7D4@@AB7B B59EC9K9A<S A4 
CD4>F<>9. 

%C<EB> ?<F9D4FGDO 

1. %>DGCE>4S �.%. #BEFDB9A<9 @B89?9= 8<47ABEF<DB64A<S EBEFBSA<S 5G@4-
:AB-@4E?SAB= <;B?SJ<< <;@9D<F9?PAOI FD4AEHBD@4FBDB6 FB>4 / �.%. %>DGCE>4S, 
�.�. "?9=A<>, �.�. %4IAB // �?9>FDBF9IAV>4 V �?9>FDB@9I4AV>4. � 2014, №2. �  
%. 48�51. 

2. %>DGCE>4S �.%.  B89?P CDB7AB;<DB64A<S A4 BEAB69 <AF9AE<6ABEF< K4E-
F<KAOI D4;DS8B6 69DBSFABEF< 59;BF>4;AB= D45BFO 5G@4:AB-@4E?SAB= <;B?SJ<< 
<;@9D<F9?PAOI FD4AEHBD@4FBDB6 FB>4 / �.%. %>DGCE>4S,  .�. #B?S>B6 // �VEA<> 
�D9@9AKGJP>B7B A4JVBA4?PAB7B GAV69DE<F9FG V@9AV  <I4=?4 "EFDB7D48EP>B7B. � 
2015, № 2 (91). � %. 9�14 

'�� 004.42 
&BK<?<A %.�.1 

�$"%%#��&("$ �!!/� ��$&'��0!/� �"�0& �&$-

%� "#�%�* 

� A4EFBSM99 6D9@S J<HDB64S F9IA<>4 < J<HDB6O9 F9IAB?B7<< L<-
DB>B < GEC9LAB 6A98DSRFES CD4>F<K9E>< 6B 6E9 EH9DO K9?B69K9E>B= 89S-
F9?PABEF<. � QFB= E6S;< 4>FG4?PAB= ;484K9= S6?S9FES @B89DA<;4J<S B5B-
DG8B64A<S < F9IAB?B7<= 6 CDB<;6B8EF69, E<EF9@9 B5D4;B64A<S < A4GKAOI 
<EE?98B64A<SI A4 BEAB69 IT-F9IAB?B7<= < <I 4CC4D4FAOI ED98EF6. 

"8A<@ <; CGF9= 99 D9L9A<S S6?S9FES 6A98D9A<9 4CC4D4FAB7B B59E-
C9K9A<S, D45BF4RM97B E <ECB?P;B64A<9@ EC9J<4?PAOI >B@CPRF9DAOI 
CDB7D4@@ � 6<DFG4?PAOI CD<5BDB6 [1]. 

#D< D45BF9 6<DFG4?PAB7B CD<5BD4 4A4?B7B6O9 E<7A4?O BF 84FK<>B6 
CD98EF46?SRFES 6 J<HDB6B@ 6<89 E CB@BMPR E<EF9@ E5BD4 84AAOI A4 BE-
AB69 4A4?B7B-J<HDB6OI CD9B5D4;B64F9?9= (�*#). *<HDB6O9 E<7A4?O 
66B8SFES 6 GCD46?SRM<= >B@CPRF9D E CB@BMPR CBDFB6 66B84, B5D454FO-
64RFES 6<DFG4?PAO@ CD<5BDB@ < BFB5D4:4RFES 97B 7D4H<K9E><@ <AF9D-
H9=EB@, 4 CD< A9B5IB8<@BEF<, EBID4ASRFES 6 H4=?4I D4;?<KAB7B HBD@4F4. 
                                                           
1 >4A8. H<;.-@4F. A4G>, 8BJ. �!&' 
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!4 EB6D9@9AAB@ DOA>9 Q?9>FDBAAOI >B@CBA9AFB6 8BEFGCAO A98B-
DB7<9, <@9RM<9 6 E6B9@ EBEF469 �*#, @AB7BHGA>J<BA4?PAO9 @<>DBCDB-
J9EEBDAO9 C?4FO Arduino& , >BFBDO9 @B:AB ;4CDB7D4@@<DB64FP 6 >4K9EF-
69 E<EF9@ E5BD4 84AAOI 8?S EB6@9EFAB= D45BFO E 6<DFG4?PAO@< CD<5BD4-
@<. #D< QFB@ 84AA4S C?4F4 < 59EC?4FAB D4ECDBEFD4AS9@4S ED984 8?S 99 
CDB7D4@@<DB64A<S B5D4;GRF C?4FHBD@G Arduino. 

 AB7BK<E?9AAO9 CD<@9DO CD4>F<K9E>B7B <ECB?P;B64A<S < CDB-
7D4@@<DB64A<S C?4F Arduino CD<6989AO, >4> 6 F9IA<K9E>B= ?<F9D4FGD9 
[2�4], F4> < E9F< Internet. 

%B6D9@9AAO9 S;O>< CDB7D4@@<DB64A<S 6OEB>B7B GDB6AS, >4> CD4-
6<?B, <@9RF ED98EF64 8?S D4;D45BF>< 6<DFG4?PAOI CD<5BDB6. � A<@, 6 
K4EFABEF<, BFABE<FES < >DBEEC?4FHBD@9AAO= S;O> CDB7D4@@<DB64A<S 
JavaTM. 

� 84AAB= D45BF9, c CB@BMPR S;O>4 CDB7D4@@<DB64A<S Java, 5O? 
D4;D45BF4A >DBEEC?4FHBD@9AAO= 6<DFG4?PAO= 6B?PF@9FD-E4@BC<E9J 8?S 
C?4FO Arduino, ;4CDB7D4@@<DB64AAB= 6 >4K9EF69 E<EF9@O E5BD4 84AAOI. 

�B?PF@9FD-E4@BC<E9J <@9? 7D4H<K9E><= <AF9DH9=E CB?P;B64F9?S. 
"A CB;6B?S? C9D<B8<KAB, E ;484649@O@ C9D<B8B@ BF 0,2 8B 3600 E, D97<-
EFD<DB64FP 84AAO9 CB 6IB8AB@G A4CDS:9A<R 6 8<4C4;BA9 0�5 �B?PF c 10�
5<FAO@ D4;D9L9A<9@ 6 BCD989?9AAOI 6D9@9AAOI <AF9D64?4I (BF 5 8B 
36000 E). #D< QFB@ BEGM9EF6?S?BEP BFB5D4:9A<9 K<E?9AAB7B ;A4K9A<S 
CBE?98A97B <;@9D9A<S A4CDS:9A<S < 6D9@9A< 97B CDB6989A<S, 4 F4>:9 
CD98EF46?9A<9 6E9I ;4D97<EFD<DB64AAOI 84AAOI 6 F45?<KAB@ < 7D4H<K9-
E>B@ 6<89 E 86B=AB= 5GH9D<;4J<9=, >BFBD4S B59EC9K<64?4 G8B6?9F6BD<-
F9?PAB9 BFB5D4:9A<9 <AHBD@4J<< A4 Q>D4A9 @BA<FBD4 >B@CPRF9D4. 

�DB@9 FB7B, D4;D45BF4AAO= 6<DFG4?PAO= CD<5BD CB;6B?S? CDB6B-
8<FP <;@9D9A<S A4CDS:9A<S < 8?S CDB<;6B?PAOI 6D9@9AAOI <AF9D64?B6, 
;469DL9A<9 >BFBDOI BCD989?S?BEP CB?P;B64F9?9@. 

� FB:9 6D9@S, 6B?PF@9FD-E4@BC<E9J CB;6B?S? BEF4A46?<64FP < 6B-
;B5AB6?SFP D97<EFD4J<R, B5AB6?SFP 7D4H<K9E>B9 CD98EF46?9A<9 < F45?<K-
AO9 ;A4K9A<S <;@9D9A<=, 4 F4>:9 EBID4ASFP ;4D97<EFD<DB64AAO9 84AAO9 6 
*.txt <?< *.csv H4=?4I. 

$4;D45BF4AAO= 6<DFG4?PAO= 6B?PF@9FD-E4@BC<E9J @B:9F <ECB?P-
;B64FPES 8?S @B89DA<;4J<< ED98EF6 <;@9D9A<S < >BAFDB?S 6 CDB<;6B8EF69, 
E<EF9@9 B5D4;B64A<S < A4GKAOI <EE?98B64A<SI. 

�7B CDB7D4@@AO9 4?7BD<F@O CD98CB?4749FES CD<@9ASFP CD< D4;D4-
5BF>9 6<DFG4?PAOI CD<5BDB6 A4 54;9 Arduino E 5B?99 6OEB><@ 5OEFDB89=-
EF6<9@ < D4;D9L9A<9@, 4 F4>:9 6OEB>B= KG6EF6<F9?PABEFPR, >BFBDO9 <E-
CB?P;GRF 6A9LA<9 �*# < SPI-<AF9DH9=E. 
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�DB@9 FB7B, CD98CB?4749FES <ECB?P;B64FP CDB7D4@@AO9 4?7BD<F@O, 
D4;D45BF4AAB7B 6<DFG4?PAB7B CD<5BD4, EB6@9EFAB E Java API, 8?S EB;84A<S 
@AB7B>4A4?PAOI 6<DFG4?PAOI CD<5BDB6 6OCB?ASRM<I A9 FB?P>B J<HDB-
6GR D97<EFD4J<R CBEFGC4RM<I E<7A4?B6, AB < <I J<HDB6GR B5D45BF>G. 

%C<EB> ?<F9D4FGDO 

1. �?9>E996 �. �. �<DFG4?PAO9 ED98EF64 <;@9D9A<= / �.�. �?9>E996 // #D<-
5BDO, 2009. № 6 (108). %. 1�7. 

2. %B@@9D '. #DB7D4@@<DB64A<9 @<>DB>BAFDB??9DAOI C?4F 
Arduino/Freeduino / '. %B@@9D. � %#5.: �)�-#9F9D5GD7, 2012. � 256 E. 

3. Karvinen K., Karvinen T. Make: Arduino Bots and Gadgets / K. Karvinen, T. 
Karvinen. � Sebastopol: O�Reilly, 2011. � 296 p. 

4. Margolis M. Arduino Cookbook / M. Margolis. � Sebastopol: O�Reilly,2011. 
� 724 p. 

'�� 519.172 
+9K9AS �.%. 1 

 �&� �&�+�%��3  "���0 #$"����!�3 %"���!�!�� � 

"���%&� BGA �" #"!�!& 

 4F9@4F<K9E>GR @B89?P 8?S BGA >B@CBA9AF < CDB6989A<S EB98<A9-
A<= @B:AB CD98EF46<FP 6 6<89 J<>?<K9E>B7B HD47@9AF4 E >BAF4>F4@< D4ECB-
?B:9AAO@< CB >BAJ9AFD<K9E><@ B>DG:ABEFS@, >BFBDO9 @B:AB I4D4>F9D<;B-
64FP >4> CDB6989AAO9 ?<A<< BF J9AFD4 E<@@9FD<< < A4;O64FP <I ?<A<я@< 
GDB6Aя, B5B;A4K49@O9 ?4F<AE><@< 5G>64@< a,b,c,d,e,f,(E@.D<E.1�2). 

#4DA4S EB6B>GCABEFP ?<A<= GDB6AS B5D4;GRF J9AFD4?PAO9 >4A4?O, 
>4> K4EFP B7D4A<K9AAB7B CDBEFD4AEF64 R2. �4:8O= J9AFD4?PAO= >4A4? EB-
EFB<F <; @4>DB8<E>D9FB6. 

"CD989?9A<9 1.   4>DB8<E>D9F CD98EF46?S9F EB5B= K9FOD9IG7B?P-
A<>, 6 G7?4I >BFBDB7B D4ECB?B:9AO K9FOD9 >BAF4>F4. 

 4>DB8<E>D9F  1 = <b1,b2,b3,a1>. 

"CD989?9A<9 2. "5щ<@ D<EGA>B@ 5G89@ A4;O64FP D<EGAB> CB8-
>?RK9AAOI EB98<A9A<= >B 6E9@ ;489=EF6B64AAO@ >BAF4>F4@, E GK9FB@ 

                                                           
1 4EC<D4AF �4CBDB:E>B7B A4J<BA4?PAB GA<69DE<F9F4 
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6E9I >BAEFDG>F<6AB-F9IAB?B7<K9E><I B7D4A<K9A<= 59; GK9F4 <I D4ECD989-
?9A<S CB E?BS@.  

 
$<E. 1. (D47@9AF >BDCGE4 A4 36 6O-
6B8B6 < CDB6989A<9 EB98<A9A<=. 

 
$<E. 2. &BCB?B7<K9E>4S @B89?P 
>BDCGE4 A4 36 6O6B8B6 < CDB6989-

A<9 EB98<A9A<=. 

"5M<= D<EGAB> 5O649F 86GI 6<8B6. #9D6O= 6<8 � QFB D<EGAB> E 
A9C9D9E9>4RM<@<ES EB98<A9A<S@<, 6FBDB= 6<8 � QFB B5M<= D<EGAB> E 
C9D9E9>4RM<@<ES EB98<A9A<S@<. 

"CD989?9A<9 3. �<A<<, EB98<ASRM<9 >BAF4>FO @4>DB8<E>D9F4 5G-
89@ A4;O64FP FBCB@9FD<K9E><@< ?<A<я@<. 

"CD989?9A<9 4. #9D9E9K9A<9 FBCB@9FD<K9E>B= ?<A<< < EB98<A9A<S 
5G89@ A4;O64FP E?98B@ EB98<A9A<я. 

"5M<= D<EGAB> E A9C9D9E9>4RM<@<ES EB98<A9A<S@< BC<EO649FES 
>BDF9:9@ [1], EBEFBSM<@ <; CBE?98B64F9?PAB7B C9D9K<E?9A<S >BAF4>FB6 < 
E?98B6 EB98<A9A<= A4 E4@B= C9D<H9D<=AB= ?<A<<. !4CD<@9D, 8?S D<EGA>4 
EB98<A9A<= CD98EF46?9AAB7B A4 D<E. 3: 

 

$<E. 3. "5M<= D<EGAB> E A9C9D9E9>4RM<@<ES EB98<A9A<S@<. 

Le = <e1, d1, e2, c1, d2, e3, c2, e4, d3, b1, e5, c3, d4, b2, e6, a1, b3, d5, 

c4, e7, d6, c5, e8, d7, e9>. �89EP >BAF4>FO 6O89?9AO :<DAO@ LD<HFB@, 6 
BF?<K<< BF E?98B6 EB98<A9A<= A<:9EFBSM<I >BAF4>FB6. 
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� E?GK49 D<EGA>B6 E C9D9E9>4RM<@<ES EB98<A9A<S@< BCD989?9A<9 
E?98B6 EB98<A9A<= 8?S EFBDBA @4>DB8<E>D9FB6 D4ECB?B:9AAOI A4 ?<A<SI 
GDB6AS A9 CD98EF46?S9F BEB5B7B FDG84. #DB5?9@4F<KA99 EF4AB6<FES BCD9-
89?9A<9 C9D9E9K9A<= EB98<A9A<= < FBCB@9FD<K9E><I ?<A<=. �?S QFB7B 
CD<IB8<FES D4EE@4FD<64FP 8<47BA4?PAO= >4A4? >4> >BBD8<A4FAB-
54;<EAGR E<EF9@G < CBC4DAB BCD989?SFP C9D9E9K9A<9 EB98<A9A<= < FBCB-
@9FD<K9E><I ?<A<=, EBBF69FEF6GRM<I EFBDBA4@ @4>DB8<E>D9F4 [2]. 

#D98?B:9AA4S @4F9@4F<K9E>4S @B89?P CB;6B?S9F BC<E4FP D<EGAB> 
CDB6989A<S EB98<A9A<= @9:8G >BAF4>F4@< BGA >B@CBA9AF. 

%C<EB> ?<F9D4FGDO 

1. �BH@4A �. �6989A<9 6 CD<>?48AGR >B@5<A4FBD<>G /�.�BH@4A. �  .: 
!4G>4, �$( �,1975. � 480 E. 

2. �9>FBDA4S 4?795D4 C9D9E9K9A<= / [�.�. $4CCBCBDF, �.!.  BDB7B6E><=, 
%.�.#B?<6J96] // � >A.:  AB7BCDBJ9EEBDAO9 6OK<E?<F9?PAO9 EFDG>FGDO.� &474A-
DB7.� 1982. �6OC.2(11).� %.53�56. 

'�� 624.07:621.396 
,<?B �. .1, �DєL>VA Є.�.2, �G?S54-)4D<FBAB64 &.�.3 

�"%�����!!3 �(��&��!"%&� %�%&� � ")"�"���!!3 

 "�'��� $���"����&$"!!�) �#�$�&�� 

"8A<@ ; 7B?B6A<I ;4684AP CD< DB;DB5JV AB6<I ;D4;>V6 D48VB-
9?9>FDBAABW 4C4D4FGD< є ;459;C9K9AAS A9B5IV8AB7B 8?S ABD@4?PAB7B HGA-
>JVBAG64AAS CD<EFDBW6 F9C?B6B7B D9:<@G V F9D@BEF4FG64AAS.  VAV4FRD<-
;4JVS 6G;?V6 V 5?B>V6 9?9>FDBAABW F9IAV><, S> CD46<?B, CD<;6B8<FP 8B ;DBE-
F4AAS DB5BK<I F9@C9D4FGD B>D9@<I 9?9@9AFV6 V, 6V8CB6V8AB, 6C?<64є A4 
A48V=AVEFP 4C4D4FGD<. &B@G A9B5IV8AB DB;DB5?SF< 9H9>F<6AV EI9@< DB;-
F4LG64AAS F9C?BA464AF4:9A<I 9?9@9AFV6, 4 F4>B: AB6V E<EF9@< BIB?B-
8:9AAS 9?9>FDBAA<I CD<EFDBW6. � 84A<= K4E 8B 95% $�� @4RFP CB6VFDSAV 
E<EF9@< BIB?B8:9AAS � CD<DB8AV V CD<@GEB6V [1]. #D<@GEB69 BIB?B8:9A-
AS є 5V?PL 9H9>F<6A<@, 4?9 CD< JPB@G 6ABE<FP 6 >BAEFDG>JVR 8B84F>B6V 
@9I4AVKAV 6G;?<, S>V ;A<:GRFP A48V=AVEFP CD<EFDBR 6 JV?B@G. �DV@ FB7B, 
CD<EFDBW ; E<EF9@BR 69AF<?SJVW 69?<>BW CBFG:ABEFV @4RFP 6<EB><= DV69AP 

                                                           
1 >4A8. F9IA. A4G>, 8BJ. >4H. �&��,  �!&';  
2 4ECVD4AF >4H. �&��,  �!&'; 
3 EF. 6<>?. >4H. �&��,   �!&'. 
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4>GEF<KA<I LG@V6. ' J<I G@B64I BEB5?<6BW 4>FG4?PABEFV A45G64RFP C<-
F4AAS 6<5BDG BCF<@4?PABW L6<8>BEFV CB6VFDSAB7B CBFB>G, ; @9FBR CV86<-
M9AAS A48V=ABEFV CD<EFDBR, ;@9AL9AAS 4>GEF<KA<I LG@V6 V ;@9AL9AAS 
D9EGDEV6, MB ECB:<64RFPES E<EF9@BR. � CBS6BR CDB7D4@A<I ;4EB5V6 VA-
:9A9DAB7B 4A4?V;G EF4?B @B:?<6<@ CDB6B8<F< 4A4?V; F9C?B6<I D9:<@V6 
59; FD<64?<I 9>EC9D<@9AF4?PA<I 8BE?V8:9AP. &4>V CDB7D4@AV ;4EB5< 8B-
;6B?SRFP 8BE?V8:G64F< F9C?B6V D9:<@< 4C4D4FGD< S> CD< CD<DB8AB@G 
CB6VFDSAB@G BIB?B8:9AAV[2], F4> = ; 6D4IG64AAS@ 6<@GL9ABW >BA69>JVW. 

 9FBR DB5BF< є 8BE?V8:9AAS 6C?<6G L6<8>BEFV CB6VFDSAB7B CBFB-
>G A4 F9C?B6<= D9:<@ @B8G?V6 D48VB9?9>FDBAABW 4C4D4FGD< ;4 8BCB@B7BR 
CDB7D4@A<I ;4EB5V6 VA:9A9DAB7B 4A4?V;G. 

�BE?V8:9AAS CDB6B8<?BEP A4 @B89?V E<EF9@< BIB?B8:9AAS, ECDB-
M9AG >BAEFDG>JVR S>BW CB>4;4AB A4 D<E. 1, 89 CB;A4K9AB 1 � >4A4?, 2 � @B-
8G?V , 3 � 6<FS:A<= 69AF<?SFBD. �BDCGE @B8G?V6 6<7BFB6?9A<= V; EC?46G 
4?R@VAVR 5052 F4 S6?Sє EB5BR D95D<EF<= D48V4FBD ;V 6EF4AB6?9A<@< A4 
APB@G F9C?BA464AF4:9A<@< 9?9@9AF4@<. �4;BD< @V: @B8G?S@< F4 @V: 
>B:A<@ @B8G?9@ V EFVA>4@< >4A4?G E>?484є 2 @@. #BFG:AVEFP, MB DB;EVR-
єFPES >B:A<@ @B8G?9@ EF4AB6<FP 700 �F.   

 

$<E. 1.  �E>V; >BAEFDG>JVW E<EF9@< BIB?B8:9AAS 

#D< @B89?R64AAV F9C?B6B7B D9:<@G 6EF4AB6?R64?4ES L6<8>VEFP 
CB6VFDSAB7B CBFB>G A4 6<IB8V ; 69AF<?SFBDG 6V8 0 @/E 8B 15 @/E. &9@C9D4-
FGD4 BFBKGRKB7B E9D98B6<M4 EF4AB6<?4 25°%.  $9;G?PF4F< @B89?R64AAS 
CB>4;4AV A4 D<E. 2., 89 V � L6<8>VEFP CB6VFDSAB7B CBFB>G, & � @4>E<@4?PA4 
F9@C9D4FGD4 A4 @B8G?SI. 

� 7D4HV>4 6<8AB, MB CV86<M9AAS L6<8>BEFV CB6VFDSAB7B CBFB>G 8B 
5 @/E 8B;6B?Sє ;@9AL<F< @4>E<@4?PAG F9@C9D4FGDG @B8G?S 5V?PL AV: A4 
70%. #V86<MG64F< L6<8>VEFP CB6VFDSAB7B CBFB>G 6<M9 5 @/E A9 8BJV?PAB, 
F4> S> CD< JPB@G F9@C9D4FGD4 @B8G?V6 ;@9ALGєFPES @9AL AV: A4 1%. 
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$<E. 2. �C?<6 L6<8>BEFV CB6VFDSAB7B CBFB>G 6 >4A4?V E<EF9@< BIB?B8:9A-
AS A4 F9C?B6<= D9:<@ @B8G?V6 

%C<EB> ?VF9D4FGD< 

1. $BF>BC, �.�. "59EC9K9A<9 F9C?B6OI D9:<@B6 CD< >BAEFDG<DB64A<< D4-
8<BQ?9>FDBAAB= 4CC4D4FGDO /  �.�. $BF>BC,  2.�. %CB>B=AO= �  .: %B69FE>B9 
D48<B, 1976. 

2. ,<?B, �.!. �EE?98B64A<9 @4EEB7454D<FAOI < F9C?B6OI I4D4>F9D<EF<> 
5?B>B6 D48<BQ?9>FDBAAB= 4CC4D4FGDO E 9EF9EF69AAO@ 6B;8GLAO@ BI?4:89A<9@ / 
�.!. ,<?B, Є.�. �DєL>VA,  .#. �4CBA9A>B // #D<>?48A4S D48<BQ?9>FDBA<>4. � 
2014. � &.13,  №4  �  C. 419�424. 

'�� 624.07:621.396  
,<?B �. .1, �BC4F>4 2.�.2, "7D9A<K Є.�.3 

�!&�!%�(���*�3 &�#�"����"�' � ��$ �&�+!�) ��"��) 

�&���$!"� �"!%&$'�*��  

�?S EGK4EA<I D48VB9?9>FDBAA<I E<EF9@ I4D4>F9DA4 F9A89AJVS ;@9-
AL9AAS 7454D<FV6 CD< ;DBEF4AAV WI CBFG:ABEFV, MB CD<;6B8<FP 8B A9B5-
IV8ABEFV EF6BD9AAS 9H9>F<6A<I @4?B7454D<FA<I F9C?B6V86B8V6 [1]. #B?VC-
L<F< F9C?B6<= D9:<@ F4><I 5?B>V6 @B:?<6B ;4 D4IGAB> ;@9AL9AAS C9D9-

                                                           
1 >4A8. F9IA. A4G>, 8BJ. >4H. �&��, �!&'; 
2 4ECVD4AF >4H. �&��, �!&'; 
3 >4A8. F9IA. A4G>, 4E<EF9AF >4H. �&��, �!&'. 
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C48G F9@C9D4FGD< 6 5?BJV, S><= 6<;A4K4єFPES EG@BR C9D9C48V6 CB C?4F4@, 
6AGFDVLAV@ F9C?B6V86V8A<@ 9?9@9AF4@, 4 F4>B: C9D9C48G @V: >BDCGEB@ F4 
;B6AVLAV@ E9D98B6<M9@.  

 9FBR DB5BF< є 8BE?V8:9AAS @9FB8V6 VAF9AE<HV>4JVW F9C?B6V86B8V6 
6 79D@9F<KA<I 5?B>4I 9F4:9DABW >BAEFDG>JVW.  

�@9AL<F< C9D9C48< F9@C9D4FGD< 6 5?BJV @B:?<6B ;4 D4IGAB> ;4-
EFBEG64AAS 8B84F>B6<I F9C?B6V86V8A<I 9?9@9AFV6, F4><I S> 8B84F>B6V EFB-
S>< (;@9ALGRFP C9D9C48 F9@C9D4FGD< CB C?4FV), CB8B6:9AV EFBS>< (;@9A-
LGRFP C9D9C48 F9@C9D4FGD< CB EFBS>G F4 CB >BDCGEG), D48V4FBDAV C?4EF<-
A< (;@9ALGRFP C9D9C48 F9@C9D4FGD< CB C?4FV F4 CB5?<;G CBFG:A<I �$�), 
F9C?B6V 9>D4A< (;@9ALGRFP C9D9C48 F9@C9D4FGD< 6 5?BJV).  

�B84F>B6V EFBS>< DB;@VMGRFPES 6 J9AFDV C?4F<, FB@G MB F4@ ;A4IB-
8<FPES A4=5V?PL A47DVF4 ;BA4 [2]. �BE?V8:9AAS CB>4;4?B, MB 8B84F>B6V 
F9C?B6V86B8< ;A4KAB CB>D4MGRFP F9C?B6<= D9:<@ 5?B>4.  4>E<@4?PA4 
F9@C9D4FGD4 ;@9AL<?4EP A4 12%, S>MB CBDV6AR64F< >B@CBAB6>G ; KBF<D-
@4 F4 6VEP@B@4 EFBS>4@<. &4>B: ;@9AL<?<EP C9D9C48< F9@C9D4FGD< CB 
E9D98AV= F4 A<:AV= C?4FV, 4?9 ;5V?PL<?<EP CB 69DIAV=. $B;CB8V? F9@C9D4-
FGD< CB EFBS>G, CB>4;Gє MB A4=5V?PL A47DVF4 ;BA4 ;A4IB8<FPES A4 =B7B 
69DIAPB@G A9;4>DVC?9AB@G >VAJV. *9 6V85G64єFPES ;4 D4IGAB> FB7B, MB F9-
C?B6V CBFB>< DB;CB6ER8:GRFPES 669DI CB 5?B>G. �?S FB7B MB5 ;459;C9K<-
F< F9C?B6V86V8 6V8 >D4R EFBS>4 =B7B @B:?<6B CB8B6:<F< F4 ;�є8A4F< ; 
>D<L>BR >BDCGEG. �B84F>B6V F4 CB8B6:9AV EFBS>< A9 ;A4KAB 6C?<64RFP A4 
B5�є@ F4 @4EG 5?B>4. !4FB@VEFP ;@9ALGєFPES 6C?<6 6V8EF4AV @V: C?4F4@< 
A4 F9C?B6<= D9:<@ 5?B>G, MB A484є @B:?<6VEFP ;@9AL<F< B5�є@ F4 @4EG 
5?B>4 8B @VAV@4?PA<I ;A4K9AP.  

�?S ;@9AL9AAS C9D9C48G F9@C9D4FGD 6;8B6: 8DG>B64ABW C?4F< F4 
CB5?<;G CBFG:A<I 9?9>FDBD48VB9?9@9AFV6 @B:?<69 6<>BD<EF4AAS D48V4FB-
DA<I C?4EF<A. �B D48V4FBDABW C?4EF<A< ; B5BI 5B>V6 9?9>FDBV;B?SJV=ABR 
CDB>?48>BR >?9RFPES B8AB5VKAV 5474FBL4DB6V 8DG>B64AV C?4F<. $48V4FBDAV 
C?4EF<A< @B:GFP 5GF< 6<7BFB6?9AV V; 4?R@VAVR 5052. �?9>FDBV;B?SJV=A<= 
F9C?BCDB6V8A<= CDBL4DB> є >?9=>BR 9?4EF<KABR CDB>?48>BR ; >9D4@V>B-
CB?V@9DAB7B 8V9?9>FD<KAB7B @4F9DV4?G ; 6<EB>BR F9C?BCDB6V8AVEFR. � 
D9;G?PF4FV6 8BE?V8:9AAS 6<8AB, MB ;4EFBEG64AAS D48V4FBDA<I C?4EF<A 
A484?B @B:?<6VEFP ;A4KAB ;@9AL<F< F9@C9D4FGDAV C9D9C48< 6;8B6: 8DG-
>B64A<I C?4F ; 5°% (CD< 6V8EGFABEFV C?4EF<A<), 8B 0,5°% (CD< FB6M<AV 
C?4EF<A< 0,5@@). &4>B: ;@9ALGRFPES ?B>4?PAV C9D9C48< F9@C9D4FGD CB-
5?<;G 9?9>FDBD48VB9?9@9AFV6, MB є BEB5?<6B 9H9>F<6A<@ 8?S CBFG:A<I 
9?9>FDBD48VB9?9@9AFV6.  

#D< 6<>BD<EF4AAV F9C?B6<I 9>D4AV6 F9C?BDB;CB8V?PKV C?4EF<A< 
DB;F4LB6GRFPES @V: 8DG>B64A<@< C?4F4@<. �V8EF4AP @V: 8DG>B64A<@< 
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C?4F4@< V C?4EF<A4@< 6<;A4K4єFPES 6<EBFBR 9?9>FDBD48VB9?9@9AFV6. � 
>BAEFDG>JVW ; FDPB@4 C?4F4@< F4><= CV8IV8 A484є @B:?<6VEFP ;A<;<F< C9-
D9C48 F9@C9D4FGD CB E9D98AV= C?4FV 8B 86BI D4;V6. �?9 ;4EFBEG64AAS C?4E-
F<A G 5G8P-S>B@G 6<>BA4AAV ;A4KAB CV86<MGє B5�є@ F4 @4EG 5?B>G, MB 6 
89S><I 6<C48>4I є A98BCGEF<@<@.  

&4><@ K<AB@, VAF9AE<HV>4JVR F9C?B6V86B8G ;459;C9KGRFP 6EV ;4-
CDBCBAB64AV @9FB8<, 4?9 A4=5V?PL 9H9>F<6A<@ є 64DV4AF >BAEFDG>JVW ; 
CB8B6:9A<@< EFBS>4@<, BE>V?P>< 6 F4>B@G 6<C48>G B5�є@ 5?B>G ;4?<L4-
єFPES A9 ;@VAA<@, 4 @4E4 ;DBEF4є ?<L9 A4 2%. #D< JPB@G @4>E<@4?PA4 
F9@C9D4FGD4 6 5?BJV ;@9ALGєFPES 8B 20%. �4EFBEG64AAS C?4EF<A ;A4KAB 
CB?VCLGє DB;CB8V? F9@C9D4FGD CB 8DG>B64A<@ C?4F4@< F4 CB5?<;G CBFG:-
A<I 9?9>FDBD48VB9?9@9AFV6, 4?9 ;A4KAB CB7VDLGRFPES @4E4 F4 B5�є@ 5?B>G. 
&B@G J9= 64DV4AF VAF9AE<HV>4JVW F9C?B6V86B8G @B:?<6B ;4EFBEB6G64F<, 
S>MB A9 @4є :BDEF><I 6<@B7 8B @4EB7454D<FA<I CB>4;A<>V6 5?B>V6.  

%C<EB> ?VF9D4FGD< 

1. $BF>BC �.�., %CB>B=AO= 2.�. "59EC9K9A<9 F9C?B6OI D9:<@B6 CD< 
>BAEFDG<DB64A<< D48<BQ?9>FDBAAB= 4CC4D4FGDO. �  .: %B6. D48<B, 1976. � 
232E.,<?. 

2. ,<?B �.!., %<DBFR> ". ., %469??B ".Є., �BC4F>4 2.�., �DєL>VA 
Є.�., �4CBA9A>B  .#. �BE?V8:9AAS @4EB7454D<FA<I V F9C?B6<I I4D4>F9D<EF<> 79D-
@9F<KA<I 5?B>V6 D48VB9?9>FDBAA<I 4C4D4FV6// $48<BQ?9>FDBA<>4. �AHBD@4F<>4. 
'CD46?9A<9.  � 2013. � № 1�2. � %. 30�33. 
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5 %��*�3 «���#��� �!("$ �*��!"-�" '!���*��!�) 

%�%&� » 

'�� 004.9 
�454L �.�.1, �64LA<A �.".2, &4D4EB6 �.(. 3 

%#"%"�/ ��-�&/ #�$������ /) ��!!/) % 

�%#"�0�"��!��  %#�*������$"��!!"�" #$"&"�"�� 

�4:AO@ Q?9@9AFB@ 6 CBEFDB9A<< D4ECD989?9AAOI E<EF9@ S6?S9FES 
BD74A<;4J<S ED98O C9D984K< 84AAOI, 4 F4>:9 CD<AJ<CB6 8BEFGC4 > A9=, 
KFB CD<6B8<F > CB<E>G EGM9EF6GRM<I E9F96OI D9L9A<= <?< D4;D45BF>9 
EB5EF69AAOI CDBFB>B?B6 B5@9A4 84AAO@<. %D98< EGM9EF6GRM<I CDBFB-
>B?B6 A4<5B?99 L<DB>B <;69EFAO CAN, ProfiBus, FieldBus, D45BF4RM<9 A4 
H<;<K9E>B@ GDB6A9 6 EBBF69FEF6<< EB EF4A84DFB@ RS-485 [1].  

� B5M9@ E?GK49 C9D984K4 CB CBE?98B64F9?PAB@G >4A4?G EBEFB<F <; 
GCD46?SRM<I 54=FB6 (E<AIDBA<;4J<S C9D984K<, 48D9EB6 BFCD46<F9?S < 
CB?GK4F9?S, >BAFDB?PAB= EG@@O < CD.) < EB5EF69AAB 54=FB6 84AAOI.  

"EAB6A4S ;484K4 6 BD74A<;4J<< CDBFB>B?4 � B59EC9K<FP D4;?<K9A<9 
GCD46?SRM<I 54=FB6 < 54=FB6 84AAOI. � CD<@9DG, 698B@B9 GEFDB=EF6B, 
CB?GK4S CB ?<A<< CBFB> 54=FB6, 8B?:AB BCD989?SFP, 789 «A4K4?B» CBEO?-
>< < 789 «>BA9J» < >4>B@G GEFDB=EF6G 48D9EB64A4 C9D984K4 84AAOI. 
�;69EFAO= CDB@OL?9AAO= CDBFB>B? C9D984K< 84AAOI  MODBUS D45BF4-
9F CB CD<AJ<CG ;4CDBE � BF69F @9:8G GEFDB=EF64@<. 1FBF CDBFB>B? BK9AP 
CBCG?SD9A < L<DB>B <ECB?P;G9FES 6 CDB@OL?9AABEF<. "8A4>B BA <@99F 
DS8 <;5OFBKAOI 6B;@B:ABEF9=, >BFBDO9 BK9AP D98>B CD<@9ASRFES A4 
CD4>F<>9. �?S 97B CD<@9A9A<S AG:AB D4;5<D4FPES EB E?B:AB= E<EF9@B= 
>B@4A8 CDBFB>B?4 < C<E4FP EB5EF69AAO= 8D4=69D 8?S 97B D45BFO [2]. 

#BQFB@G A4<5B?PL<= <AF9D9E @B7GF CD98EF46?SFP CDBFB>B?O A4 
BEAB69 ASCII >B84. 'CD46?SRM<9 E<@6B?O < 84AAO9 C9D984RFES 6 6<89 
B5O>AB69AAOI ASCII E<@6B?B6. #BEO?>4 @B:9F 6O7?S89FP F4>:  
� HEX 6<89: 3Ah 31h 32h 52h 53h 34h 38h 35h 0Dh  
� ASCII 6<89: «:» «1» «2» «R» «S» «4» «8» «5» /#%/  

                                                           
1 �EC<D4AF >4H98DO Q?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4J<< �BA54EE>B= 7B-
EG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7.�D4@4FBDE>,'>D4<A4). 
2 �.F.A., 8BJ., >4H98DO Q?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4J<< �BA54EE>B= 
7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>, '>D4<A4). 
3 �.F.A., CDBH., ;46. >4H98DB= >B@CPRF9DAOI <AHBD@4J<BAAOI F9IAB?B7<= �BA-
54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7.�D4@4FBDE>,'>D4<A4). 
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� A4K4?9 GCD46?SRM<= E<@6B? A4K4?4 CBEO?>< «:», E?98GRM<9 869 
J<HDO � 48D9E CB?GK4F9?S (12), ;4F9@ � E<@6B?O 84AAOI (RS485) < 6 >BAJ9 � 
GCD46?SRM<= E<@6B? >BAJ4 CBEO?>< C9D96B84 EFDB>< � /#%/ (0Dh) [3].  

�BEFB<AEF6B F4><I CDBFB>B?B6 ;4>?RK49FES 6 G8B5EF69 BF?48>< 
E<EF9@O < CDBEFBF9 E<AIDBA<;4J<< CBEO?B>.  B:AB K9D9; CD9B5D4;B64-
F9?P RS485-RS232 CB8>?RK<FP ?<A<R > COM-CBDFG  
>B@CPRF9D4 < 6 ?R5B= F9D@<A4?PAB= CDB7D4@@9 G6<89FP 6ER CDBIB8S-
MGR <AHBD@4J<R 6 G8B5AB@ 6<89 (6 6<89 EFDB>).  

!98BEF4F>B@ S6?S9FES BFABE<F9?PAB 5B?PLB= D4;@9D CBEO?>< CD< 
C9D984K9 5B?PLB7B >B?<K9EF64 86B<KAB= <AHBD@4J<<, 698P A4 C9D984KG 
>4:8B7B 54=F4 AG:AB 864 ASCII E<@6B?4 (7Fh � «7», «F»). 

#D98?4749@O= CDBFB>B? @B:9F <ECB?P;B64FPES 8?S C9D984K< 11 C4-
D4@9FDB6, 8?S GCD46?9A<S CB8K<A9AAO@ GEFDB=EF6B@ (A4CD<@9D @<>DB-
>BAFDB??9DB@). %FDG>FGD4 CBEO?B> CB8K<A9AAB@G GEFDB=EF6G (@<>DB>BA-
FDB??9DG) (D<E. 1) < B5D4FAB A4 #� <@99F E?98GRM<= 6<8 (D<E.2). 

 

$<E.1. %FDG>FGD4 ;4CDBE4 BF 7?46AB7B GEFDB=EF64   
(C9DEBA4?PAO= >B@CPRF9D) 

# � D4;89?<F9?P GCD46?SRM<I 54=FB6 < 54=FB6 E 84AAO@<; №Device � 
GCD46?SRM<= 54=F, EB89D:<F AB@9D GEFDB=EF64, >BFBDB@G 48D9EG9FES CB-
EO?>4; Param1�Param11 � #9D984649@O9 11 C4D4@9FDB6 (84AAO9). CRC � 
54=FO >BAFDB?PAB= EG@@O 8?S CDB69D>< J9?BEFABEF< 84AAOI; 

 

$<E. 2. %FDG>FGD4 BF69F4 BF CB8K<A9AAB7B GEFDB=EF64 (@<>DB>BAFDB??9D) 

$4;D45BF4A EB5EF69AAO= CDBEFB= CDBFB>B? C9D984K< 84AAOI @9:8G 
7?46AO@ (#�) < CB8K<A9AAO@ (@<>DB>BAFDB??9D) GEFDB=EF64@<. �4AAO= 
CDBFB>B? CB;6B?S9F CDB69D<FP >BDD9>FABEFP CB?GK49@OI 84AAOI CBED98-
EF6B@ D4EK9F4 >BAFDB?PAB= EG@@O A4 EFBDBA9 @<>DB>BAFDB??9D4 < >B@-
CPRF9D4. #DBFB>B? CDBEF, A489:9A 6 <ECB?P;B64A<< < D94?<;4J<<. 

%C<EB> ?<F9D4FGDO 

1.  4F6996 �. �. $4;D45BF>4 CDBFB>B?4 @<>DB>BAFDB??9DO E9F9= 6 BCF<K9-
E>B@ >B?PJ9 K9D9; UART // 1?9>FDBA<>4 < <AHBD@4J<BAAO9 F9IAB?B7<< 2010, №2 
(9). URL: http://fetmag.mrsu.ru/2010-2/pdf/NetworkProtocol.pdf. 

2. Modbus Application Protocol Specification URL: www.Modbus-IDA.org 
3. #DBFB>B? C9D984K< RS-485. URL: 

http://estohard.narod.ru/Protocols/rs485/rs485_1.htm. 
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'�� 681.3 
�BE>B5B=A<> �.�.1, �4EPSA9A>B �.!.2 

 �&"� #$"&��"���%&��3 '&�+�� �!("$ �*�� #" 

%�$/&/  ��!��� , "%!"��!!/  !� �� �!�!�� ���! 

#�$������ /) #���&"� 

�OEB>4S QHH9>F<6ABEFP EB6D9@9AAOI ED98EF6 ;4M<FO <AHBD@4J<< 
CB8F69D:849FES BCOFB@ <I CD4>F<K9E>B7B CD<@9A9A<S, AB EGM9EF6GRF 
ECBEB5O A4DGL9A<S 59;BC4EABEF< <AHBD@4J<<, BEAB64AAO9 A4 <ECB?P;B-
64A<< E>DOFOI >4A4?B6 (%�). #B8 E>DOFO@ >4A4?B@, CBA<@49FES A9CD9-
8GE@BFD9AAO= D4;D45BFK<>B@ E<EF9@O <AHBD@4J<BAAOI F9IAB?B7<= < 
46FB@4F<;<DB64AAOI E<EF9@ >B@@GA<>4J<BAAO= >4A4?, >BFBDO= @B:9F 
5OFP CD<@9A9A 8?S A4DGL9A<S CB?<F<>< 59;BC4EABEF< (#�). 

&9IAB?B7<< 6<DFG4?PAOI K4EFAOI E9F9= (VPN, Virtual Private Net-
work) CB;6B?SRF B59EC9K<FP 6OEB><= GDB69AP >BAH<89AJ<4?PABEF< <A-
HBD@4J<<, C9D984649@B= K9D9; <AHBD@4J<BAAB-6OK<E?<F9?PAO9 E9F< 
B5M97B CB?P;B64A<S (��% "#). �;4<@B89=EF6<9 G;?B6 46FB@4F<;<DB64A-
AB= E<EF9@O (�%) K9D9; >4A4?O ��% "# E CD<@9A9A<9@ F9IAB?B7<< VPN 
B59EC9K<649FES GEF4AB6>B= CB7D4A<KAOI G;?B6 ;4M<FO ('�), EBEFBSM<I 
<; L<HDB64?PAB7B ED98EF64 (,%) < @9:E9F96B7B Q>D4A4 ( 1)/ 

%>DOFO9 >4A4?O, A4DGL4S E<EF9@AGR (E9F96GR) CB?<F<>G 59;BC4E-
ABEF<, 6 5B?PL<AEF69 E?GK496 BEF4RFES A9B5A4DG:9AAO@< EB6D9@9AAO@< 
E<EF9@4@< ;4M<FO <AHBD@4J<< (%��), CBQFB@G CD<@9A9A<9 %�� S6?S9FES 
A9QHH9>F<6AO@, 4 ;?BG@OL?9AA<> CB?GK49F 6B;@B:ABEFP CD9B8B?9FP 
Q?9@9AFO ;4M<FO < BEGM9EF6<FP A9E4A>J<BA<DB64AAB9 6B;89=EF6<9 
(!%�) A4 ;4M<M49@O9 D9EGDEO E A4DGL9A<9@ GEF4AB6?9AAOI CD46 </<?< 
CD46<? 8BEFGC4, CD<6B8SM99 > GF9K>9, <E>4:9A<R, CB889?>9, GA<KFB:9-
A<R, 5?B><DB64A<R 8BEFGC4 > <AHBD@4J<<, 4 F4>:9 > GA<KFB:9A<R <?< 
E5BR HGA>J<BA<DB64A<S ABE<F9?S <AHBD@4J<<. 

� A4EFBSM99 6D9@S D4;D45BF4AO D4;?<KAO9 @9FB8O 6OS6?9A<S < 
A9=FD4?<;4J<< E>DOFOI >4A4?B6 >4> 6 IBEFE<EF9@4I, F4> < 6 E9FSI C4>9F-
AB= C9D984K< 84AAOI.  

� D9;G?PF4F9 CDB6989AAB7B 46FBD4@< 4A4?<;4 <;69EFAOI @9FB8B6 
5BDP5O EB %� GEF4AB6?9AB, KFB 84AAO9 @9FB8O BD<9AF<DB64AO A4 BF89?P-
AO9 F<CO %�, CD< QFB@ A9 GK<FO64RFES @AB7<9 C4D4@9FDO, A9B5IB8<@O9 
8?S B5A4DG:9A<S E>DOFB= C9D984K< 6 <AHBD@4J<BAAB-6OK<E?<F9?PAOI 

                                                           
1 >.F.A.,8BJ9AF >4H98DO «�4M<F4 <AHBD@4J<<», �!&' 
2 @47<EFD >4H98DO «�4M<FO <AHBD@4J<<» �!&' 
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E<EF9@4I. � A4EFBSM99 6D9@S A9 D4;D45BF4AO < A9 6A98D9AO QHH9>F<6AO9 
ED98EF64 (E<EF9@O) 6OS6?9A<S < A9=FD4?<;4J<< E>DOFOI >4A4?B6. 

"EB5GR BC4EABEFP CD98EF46?S9F A9FD48<J<BAAO= <AHBD@4J<BA-
AO= >4A4? (!��) � A9E4A>J<BA<DB64AAO= ECBEB5 E>DOFB= C9D984K< A9?9-
7<F<@AB= <AHBD@4J<< CB 89=EF6GRM<@ («FD48<J<BAAO@») >4A4?4@ E6S-
;<, A4DGL4RM<= E<EF9@AGR CB?<F<>G 59;BC4EABEF<. 

�A4?<; D4;D45BF4AAB= @B89?< !�� 6 E9FSI C4>9FAB= C9D984K< 
84AAOI �% CB>4;4?, KFB GE?B6<S@< EGM9EF6B64A<S !�� S6?SRFES: 

 � BFEGFEF6<9 6 EBEF469 ED98EF6 B59EC9K9A<S 59;BC4EABEF< <AHBD-
@4J<< �% HGA>J<<, ECBEB5AB= 6OS6<FP BF?<K<9 @9:8G S < j( S );  

� A4?<K<9 6 E9F96B@ CBFB>9 E6B=EF6, E CD<@9A9A<9@ >BFBDOI 6B;-
@B:AB BEGM9EF6?SFP @B8G?SJ<R j( S ) E<7A4?B6 «0» < «1».  

%?98B64F9?PAB, 8?S B59EC9K9A<S CDBF<6B89=EF6<S !��, A9B5IB8<-
@B <E>?RK<FP 6B;@B:ABEFP 6OCB?A9A<S B8AB7B <; C9D9K<E?9AAOI GE?B-
6<=. �?S 6>?RK9A<S 6 EBEF46 ED98EF6 B59EC9K9A<S 59;BC4EABEF< <AHBD@4-
J<< �% HGA>J<<, ECBEB5AB= 6OS6<FP BF?<K<9 @9:8G S < j( S ), A9B5IB8<-
@B B59EC9K<FP A9CD9DO6AO= 4A4?<; E6B=EF6 S E9F96B7B CBFB>4 6 D94?PAB@ 
6D9@9A<, E CD<@9A9A<9@ EF4F<EF<K9E><I @9FB8B6 < A4 <I BEAB69 HBD@<-
DB64FP 8?<AG C9D984649@B7B CBFB>4.   

1F4 ;484K4 FD95G9F BCD989?9AAOI 4?7BD<F@<K9E><I < 6OK<E?<F9?P-
AOI D9EGDEB6. 

%C<EB> ?<F9D4FGDO 

1.&G@BSA, �. #. %9F96B9 B5A4DG:9A<9 C4EE<6AOI E>DOFOI >4A4?B6 C9D984-
K< 84AAOI 6 CDBFB>B?9 TCP IP / �. #. &G@BSA,  . �. �A<>996 // �GDA4? «�AHBD-
@4J<BAAB9 CDBF<6B89=EF6<9 G7DB;4@ F9DDBD<;@4» � 2005. � �OC. 5. 

2. $BA:<A �. (. $4EL<D9A<S <AHBD@4J<BAAOI CDBFB>B?B6, BEAB64AAOI A4 
BFB5D4:9A<SI >BA9KAOI @AB:9EF6 // �<E>D9FA4S @4F9@4F<>4. � 2004. � &. 16. � 
�OC. 2. � %. 11 � 16. 

3.!4GKAB-<EE?98B64F9?PE>4S D45BF4 «�CB?B7<S-2003»: "FK9F / �&  < �& 
$�!; $G>B6B8<F9?P �. �. �B6JB6;  ., 2003.� %. 11 � 16. 

 4. �B6JB6 �. �. �AHBD@4J<BAA4S F9BD<S QD74E<EF9@: &9;4GDGE. �  .: !4G-
>4, 2005. 
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'�� 681 
�BE>B5B=A<> �.�.1, &D<L 2.%.2 

�%%���"��!��  "����� � ���"$�& "� 

��" �&$�+�%�"� �'&�!&�(���*�� #"�0�"��&���� 

�!("$ �*�"!!/) %�%&�  #" �!($��$�%!" ' 
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M<M9AABEF< BF !%� C9D984649@B= 6 �"�% <AHBD@4J<<, 4 CD< <ECB?P;B-
64A<< 6 EBK9F4A<< E 8DG7<@< <;69EFAO@< ECBEB54@< ;4M<FO CD4>F<K9E>< 
CB?ABEFPR <E>?RK<FP 99 C9D9I64F. 

%C<EB> ?<F9D4FGDO 

1. �4DCG>B6 �. .  9FB8O ;4M<FO <AHBD@4J<< 6 �"�% [&9>EF] / �. . �4-
DCG>B6, ".�. -9>BF<I<A, �.!. %@9F4A<A // (BFBA-Q>ECD9EE. � 2009. � №4. � %. 34 � 
36. 
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2. #4F. 11328 '>D4WA4, !"4� 1/10. %CBEV5 ;4I<EFG VAHBD@4JVW G ?VAVSI 
;6�S;>G [�?9>FDBAA<= D9EGDE]/ ".�. -9>BF<IVA, �. . #V;4, �.�.  <E?9A>B6 ; BCG5?. 
15.12.2005. � $9:<@ 8BEFGCG: http://www.ukrpatent.org 

3. #4F. 45771 '>D4WA4, !04� 10/12. %CBEV5 C9D984KV VAHBD@4JVW 6 E<EF9@4I 
BCF<KAB7B ;6�S;>G [�?9>FDBAA<= D9EGDE]/ ".�. -9>BF<IVA, �.  . %@9F4AVA, �. . 
�4DCG>B6 ; BCG5?. 25.11.2009. � $9:<@ 8BEFGCG: http://www.ukrpatent.org 

'�� 004.056.55 
�B;VA4 �.�.1, �4?PK9A>B �.�.2 

�"%�����!!3 ���%&��"%&�� ���"$�& �� 

��#�$�+'��!"�" ,�($'��!!3 

"EF4AAV@ K4EB@ ;DBEF4є >V?P>VEFP >V59D;?BK<AV6, S>V BIBC<?< @4=:9 
6EV @9D9:96BW VAHD4EFDG>FGD<. �EAGRKV ;4EB5< >D<CFB7D4HVKAB7B ;4I<EFG 
IBK4 = ;459;C9KGRFP >D<CFB7D4HVKAG EFV=>VEFP 8B ;?4@G ;5B>G ;?B6@<EA<-
>V6, 4?9 6BA< 6<A4IB8SFP 6E9 5V?PL FBA>V ECBEB5< WI B5IB8G L?SIB@ 6C?<-
6G 59;CBE9D98APB A4 >BD<EFG64KV6 J<I ;4EB5V6. &B@G >D<CFB7D4HVKA4 EFV=-
>VEFP EGK4EA<I 4?7BD<F@V6 L<HDG64AAS 6:9 A9 ;459;C9KGє 45EB?RFAG 
EFV=>VEFP 8B ;?4@G.  

�?S 6<DVL9AAS JVєW CDB5?9@< M9 6 1996 DBJV 5G?B 6<A4=89AB @9FB8 
;4C9D9KG64AB7B L<HDG64AAS, S><= ;GEFDVK4єFPES 6 EGK4EAV= ?VF9D4FGDV CV8 
A4;6BR «A9B8AB;A4KA9» L<HDG64AAS.  

 9FB8 ;4C9D9KG64AB7B L<HDG64AAS @4є A4 @9FV A9 E>V?P>< CD<IB64-
F< E9>D9FAG VAHBD@4JVR, E>V?P>< ;4C9D9K<F< E4@ H4>F WW VEAG64AAS. �?4E-
A<> E9>D9FABW VAHBD@4JVW @4є @B:?<6VEFP A9 ?<L9 ;4C9D9KG64F< H4>F VE-
AG64AAS >D<CFB7D4@<, 4 = E4@G =@B6VDAVEFP VEAG64AAS 6 AV= 5G8P-S>BW E9>-
D9FABW VAHBD@4JVW. #D< 89L<HDG64AAV >D<CFB7D4@, EHBD@B64A<I ;4 B8A<@ 
V; 4?7BD<F@V6 ;4C9D9KG64AB7B L<HDG64AAS, >BD<EFG64K @B:9 BFD<@4F< 
89>V?P>4 64DV4AFV6 E9>D9FAB7B CB6V8B@?9AAS.  

&4><= CV8IV8 8B;6B?Sє 6<>?RK<F< @B:?<6VEFP >B@CDB@9F4JVW E9>D9-
FABW VAHBD@4JVW ;?B6@<EA<>B@, A46VFP CD< CB6AB@G ;?4@V >D<CFB7D4HVKABW 
EI9@< 4?7BD<F@G. 

                                                           
1 �4A8<84F HV;.-@4F. A4G>, 8BJ9AF >4H98D< ;4I<EFG VAHBD@4JVW �!&'  
2 �A:9A9D 3-W >4F97BDVW �# «!�� «�E>D4» 
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&45?<JS 1 � #BDV6ASAAS 4?7BD<F@V6 ;4C9D9KG64AB7B L<HDG64AAS 
 

�C?<6 A4 45BA9AF4 № 
�?7BD<F@< ;4C9D9KG64AB7B 

L<HDG64AAS �V8CD46A<> "89D:G64K 
1 �5D4IV@4 − +/− 
2  B?8B6SA4  + − 
3 JingQing Wang4 V Bo Meng4 − +/− 
�H9>F<6AVEFP ;4I<EFG, B8. 0,33 0,33 
 
�6FBD4@< 5G?< 8BE?V8:9AV 4?7BD<F@<, ;4CDBCBAB64AV �. �5D4IV@B@, 

 .�.  B?8B6SAB@ [1], JingQing Wang4 V Bo Meng4.  
� D9;G?PF4FV 8BE?V8:9AP [2] J<I 4?7BD<F@V6 5G?< C9D96VD9AV WI >D<-

CFB7D4HVKA4 EFV=>VEFP F4 EFV=>VEFP 8B 6C?<6G A4 45BA9AFV6 (8<6. F45?. 1�2), 
S>V 6<;A4K4RFP 9H9>F<6AVEFP DB5BF< 4?7BD<F@V6. 
 

&45?<JS 2 � "JVA>4 >D<CFB7D4HVKABW EFV=>BEFV 4?7BD<F@V6 ;4C9D9-
KG64AB7B L<HDG64AAS 

"EAB6AV 4F4>< A4 4?7BD<F@< 
№ 

�?7BD<F@< 
;4C9D9KG64AB7B L<HDG64AAS �DG54 

E<?4 
#DS@<=
C9D95VD

(4>FBD<-
;4JVS 

�<E>D9FA<= 
?B74D<H@ 

1 �5D4IV@4 + − + − 
2  B?8B6SA4  + + + − 
3 JingQing Wang4 V Bo Meng4 + − + + 
�D<CFB7D4HVKA4 EFV=>VEFP, B8. 1,00 0,33 1,00 0,33 
 

�A4?V;GRK< D9;G?PF4F< ; F45?. 1 V F45?. 2 @B:A4 ;DB5<F< 6<EAB6B>, 
MB 4?7BD<F@< ;4C9D9KG64AB7B L<HDG64AAS ;4CDBCBAB64AV JingQing Wang, 
Bo Meng V �. �5D4IV@B@ @4RFP BCF<@4?PAG EFV=>VEFP A9 ?<L9 8B 4F4> A4 
BEAB6V B5K<E?9AP, 4?9 = 8B 4F4> A4 BEAB6V 6C?<6G A4 45BA9AF4.  

�?7BD<F@ ;4C9D9KG64AB7B L<HDG64AAS, ;4CDBCBAB64A<=  .".  B-
?8B6SAB@, IBK4 = @4є 89MB @9ALG EFV=>VEFP, 4?9 A4 6V8@VAG 6V8 CBC9D98AVI 
6VA @4є 8BE<FP CDBEFG D94?V;4JVR, MB DB5<FP =B7B 5V?PL C9DEC9>F<6A<= 
8?S CD4>F<KAB7B ;4EFBEG64AAS.  

#DBF9 A98B?V>4@< J<I 4?7BD<F@V6 є B5@9:9A4 >V?P>VEFP CB6V8B@?9AP, 
S>V @B:GFP 5GF< ;4L<HDB64AV 6 >D<CFB7D4@V (HV>F<6A<I CB6V8B@?9AP). 

"F:9, GEV 8BE?V8:9AV 4?7BD<F@< ;4C9D9KG64AB7B L<HDG64AAS є 8B-
E<FP C9DEC9>F<6A<@< 8?S CB84?PLB7B 6<6K9AAS F4 CD4>F<KAB7B ;4EFBEG-
64AAS 8?S ;4I<EFG VAHBD@4JVW 6 >B@C�RF9DA<I E<EF9@4I V @9D9:4I.  
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%C<EB> ?VF9D4FGD< 

1.  B?8B6SA !.�. $4EL<D9A<9 >D<CFBEI9@O $45<A4: 4?7BD<F@ BFD<J49@B7B 
L<HDB64A<S CB BF>DOFB@G >?RKG [&9>EF] / !.�.  B?8B6SA, �.�. �BDSK96,  .�. 
�4=K<>4GE>4E // �BCDBEO ;4M<FO <AHBD@4J<<. � 2014. � № 2. � %. 12�16. 

2. �B;VA4 �.�.  B8<HV>4JVS 4?7BD<F@G ;4C9D9KG64AB7B L<HDG64AAS  9A74 
[&9>EF] / �B;VA4 �.�., �4?PK9A>B �.�. // $48VB9?9>FDBAV>4, �AHBD@4F<>4, 'CD46?VA-
AS. � �!&'. � 2016. � №2. 

'�� 004.051 
!9?4E4 �.�.1, �9D9M4>  .�.2 

$"�#�$����2��!!3 &� #"$��!3�0!�� �!����  �&"��� 

��%�$�&!"�" �"��$�( '��!!3 !� GPGPU 

%FV=>VEFP >D<CFBE<EF9@, MB CB5G8B64AV ;4 CD<AJ<CB@ ;484KV  �VH-
HV-)9??@4A4, ґDGAFGєFPES A4 6<EB>V= B5K<E?R64?PAV= E>?48ABEFV ;484KV 
8<E>D9FAB7B ?B74D<H@G64AAS 6 E>VAK9AB@G CB?V �4?G4, S>4 HBD@G?RєFPES 
A4EFGCA<@ K<AB@[1]: B5K<E?<F< 8<E>D9FA<= ?B74D<H@ y  ;4 BEAB6BR a  6 
CB?V )( pGF B;A4K4є  8?S JV?<I K<E9? )(, pGFya *  ;A4=F< G CB?V F4>9 JV?9 
K<E?B x , CD< S>B@G  )(mod pya x c (S>MB 6BAB VEABє). !4=5V?PL 9H9>F<6-
AV A4 EPB7B8AV 4?7BD<F@< 8<E>D9FAB7B ?B74D<H@G64AAS @4RFP 6:9 EG59>E-
CBA9AJV=AG E>?48AVEFP. &4>B: VEAGRFP >64AFB6V 4?7BD<F@< 6<DVL9AAS JVєW 
;484KV, S>V K9>4RFP E6B7B K4EG.  

� DB5BFV CDB6989AB DB;C4D4?9?R64AAS F4 D94?V;4JVS 6V8B@<I 4?7B-
D<F@V6 8<E>D9FAB7B ?B74D<H@G64AAS (index-calculus, −ρ #B??4D84, ,9A>-
E4, COS F4 VAL.), 6>?RK4RK< @9FB8 CB6AB7B C9D95BDG 8?S DV;ABW 8B6:<A<  
6IV8A<I C4D4@9FDV6. 

�?S CDB6989AAS 8BE?V8:9AAS 46FBD4@< 5G?B DB;DB5?9AB 5V5?VBF9>G 
MINI-GMP-CUDA 8?S @4E<6AB C4D4?9?PA<I CD<EFDBW6 GPGPU, S>4 CB6AV-
EFR CB6FBDRє CDB7D4@A<= VAF9DH9=E 5V5?VBF9>< GMP[2] V EG@VEA4 ; A9R 
A4 DV6AV EFDG>FGD 84A<I, MB 8B;6B?Sє 6<>BD<EFB6G64F< ;4EAB64AV A4 GMP 
4?7BD<F@< 6 E9D98B6<MV 7D4HVKAB7B CDBJ9EBD4 59; A9B5IV8ABEFV ;@VA< >B-
8B6BW 54;<. %G@VEAVEFP CBDFB64ABW 5V5?VBF9>< ; GMP A4 DV6AV EFDG>FGD 84-
A<I 8B;6B?Sє 6<>BD<EFB6G64F< WW 6 CPU / GPU-7V5D<8A<I >?4EF9DA<I E<E-
F9@4I.  

                                                           
1 �BJ9AF �!&' 
2 �E<EF9AF �!&' 
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�?S CBDFG64AAS A4 CUDA[3] 5G?B B5D4AB E>BDBK9AG 69DEVR MINI-
GMP 5V5?VBF9>< GMP, S>4 ;4 84A<@< DV;A<I 8BE?V8:9AP 6<;A4A4 B8AVєR ; 
A4=5V?PL 6<EB>BCDB8G>F<6A<I 5V5?VBF9> 8B67BW 4D<H@9F<><. "8A4> CB6A4 
69DEVS GMP, >DV@ 54;B6<I EFDG>FGD 84A<I V 4?7BD<F@V6, @VEF<FP F4>B: 69-
?<>G >V?P>VEFP BCF<@V;4JV= CV8 DV;AV CDBJ9EBDAV 4DIVF9>FGD<. � E>?48V 
MINI-GMP ;59D9:9AB 6EV BEAB6AV HGA>JVW CB6ABW 69DEVW, 4?9 6BA4 CB;546-
?9A4 CD< JPB@G DS8G 4DIVF9>FGDAB-;4?9:A<I K4EF<A >B8G.  

#DBJ9E C9D9A9E9AAS >B8G, BDVєAFB64AB7B A4 CPU, 6 >B8 8?S 7D4HVK-
AB7B CDBJ9EBD4 @B:A4 G@B6AB DB;8V?<F< A4 >V?P>4 9F4CV6. 

#9DL<= 9F4C ;6B8<FPES 8B CDBEFB7B E<AF4>E<KAB@G CD<=B@G, S><= 
6<;A4K4є 8?S S><I HGA>JV= CBFDV5AB 79A9DG64F< CD< >B@CV?SJVW GPU-
BDVєAFB64A<= @4L<AA<= >B8. ' E>?48V SDK CUDA CD<EGFAV= >B@CV?SFBD 
NVCC, S><= 8B;6B?Sє ;4 8BCB@B7BR EC9JV4?PA<I @B8<HV>4FBDV6 6>4;G64F< 
E9D98G 6<>BA4AAS >B:ABW HGA>JVW. 

�DG7<= 9F4C CB?S74є G 6<>?RK9AAV ; >B8G HGA>JV= V E<EF9@A<I 6<-
>?<>V6, 8?S S><I A9@4є 4A4?B7V6 6 E9D98B6<MV 7D4HVKAB7B CDBJ9EBD4. ' 
6<C48>G ; 5V5?VBF9>BR MINI-GMP 8B F4><I HGA>JV= 6V8ABESFPES HGA>JVW 
DB5BF< ; CD<EFDBS@< 66989AAS-6<6989AAS V HGA>JVW DB5BF< ; H4=?4@<. 

&D9FV= 9F4C CB?S74є 6 ;@VAV HGA>JV= DB5BF< ; C4@�SFFR. �DIVF9>FGD4 
CUDA A9 C9D9854K4є @B:?<6VEFP 8<A4@VKAB7B DB;CB8V?G C4@�SFV 6 CDBJ9EV 
B5K<E?9AP. �ES C4@�SFP, MB 6<>BD<EFB6GєFPES B5K<E?R64?PA<@< S8D4@<, CB-
6<AA4 5GF< 6<8V?9A4 8B CBK4F>G CDBJ9EG B5K<E?9AP, 6 FB= K4E S> 6 5V5?VBF9JV 
MINI-GMP K4EFB ;4EFBEB6GєFPES 8<A4@VKA9 6<8V?9AAS C4@�SFV G FV?V B5K<E?R-
64?PA<I HGA>JV=. ' CBDFB64AV= 69DEVW 5V5?VBF9>< >V?P>VEFP C4@�SFV, MB 6<8V?S-
єFPES 8?S ;59DV74AAS 84A<I, 6>4;GєFPES A4 9F4CV >B@CV?SJVW. 

�AF9D9E 8?S 84AB7B 8BE?V8:9AAS 4?7BD<F@< 8<E>D9FAB7B ?B74D<H-
@G64AAS CD98EF46?SRFP S> BEAB64 5V?PL EFV=><I 4?7BD<F@V6 8<E>D9FAB7B 
?B74D<H@G64AAS A4 9?VCF<KA<I >D<6<I, S>V C?4AGєFPES 8BE?V8<F< ;4 4A4-
?B7VKABR @9FB8<>BR 6 CB84?PL<I 9>EC9D<@9AF4I. 

%C<EB> ?VF9D4FGD< 

1.  4F9@4F<KAV BEAB6< >D<CFB4A4?V;G[&9>EF]: A46K. CBEV5A<> / %.".%GL>B, 
�.�.�G;A9JB6, �.3. (B@<KB64, �.�.�BD45?PB6. � �.: !4JVBA4?PA<= 7VDA<K<= GAV-
69DE<F9F, 2010. � 465E. 

2. GMP «Arithmetic without limitation» The GNU Multiple Precision 
Arithmetic Library [1?9>FDBAAO= D9EGDE]. � 1?9>FDBA. 84A. � $9:<@ 8BEFGC4: 
http://gmplib.org/, E6B5B8AO=. � !4;64A<9 E F<FG?. Q>D4A4. 

3. #4D4??9?PAO9 6OK<E?9A<S A4 GPU. �DI<F9>FGD4 < CDB7D4@@A4S @B89?P 
CUDA[&9>EF]: 'K95. CBEB5<9 / �.�. �BD9E>B6 < 8D. #D98<E?.: �.�. %48B6A<K<=. � 
 .: �;84F9?PEF6B  BE>B6E>B7B GA<69DE<F9F4, 2012. � 336 E. 
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'�� 003.26 
!9?4E4 �.�.1, %<8BD9A>B &.%.2 

$"�$"��� #�$����0!�)  "����� #$"&"�"��� 

���!&"�"� �$�#&"�$�(�� #�� &�)!"�"��2 GPGPU  

�64AFB64 F9IAB?B7VS � ;84FAVEFP >9DG64F< E>?48A<@< >64AFB6<@< 
E<EF9@4@< A4 BEAB6V WI VA8<6V8G4?PA<I >B@CBA9AFV6. � >64AFB6B@G 
>B@C�RF9DV A9B5IV8AB GCD46?SF< B>D9@<@< >64AFB6<@< 9?9@9AF4@< �  
>64AFB6<@< 5VF4@< (>G5VF4@<) MB5 ;8V=EAR64F< >64AFB6V B5K<E?9AAS.  

�64AFB6V >B@C�RF9D< CD4JRRFP ;4 >4D8<A4?PAB VAL<@ CD<AJ<CB@, 
AV: >?4E<KAV >B@C�RF9D<, 89 6ES VAHBD@4JVS ;4>B8B64A4 CBE?V8B6AVEFR 
5VFV6 (AG?P 45B B8<A<JS). 3>MB FD< ;6<K4=A<I 5VF4 @B:GFP C9D98464F< 
5G8P-S>9 V; 6BEP@< ;A4K9AP (864 6 FD9FPB7B EFGC9AS), FB FD< >G5VF4 @B:GFP 
F9BD9F<KAB CD98EF46?SF< 6EV 6VEV@ ;A4K9AP. *9 B;A4K4є 5V?PL L6<8>V 
B5K<E?9AAS 6 CBDV6ASAAV ; >?4E<KA<@< >B@C�RF9D4@<. 

�64AFB64 >D<CFB7D4HVS є AB6<@ 9F4CB@ 6 96B?RJVW VAHBD@4JV=AB7B 
;4I<EFG, ;4EAB64A<@ A4 ;4>BA4I >64AFB6BW HV;<><. �B:9A 5VF >B8G 
C9D984єFPES ;4 8BCB@B7BR >64AFB6B7B EF4AG 9?9@9AF4DABW K4EF<A>< 
E6VF?4-HBFBA4. 3> 6V8B@B, 4>EVB@4 >64AFB6BW HV;<>< E6V8K<FP, MB 
>64AFB6<= EF4A A9@B:?<6B 6<@VDSF< A9 CBDGL<6L< =B7B. &4><@ K<AB@, 
6<>?RK4єFPES ECDB54 ;?B6@<EA<>4 ;46B?B8VF< VAHBD@4JVєR, MB 6<6B8<FP 
>D<CFB7D4HVR S> A4G>G A4 CD<AJ<CB6B AB6<= DV69AP. 

"8A4>, >64AFB64 F9IAB?B7VS @4є V C96AV A98B?V><: 
� A9EFV=>VEFP CB?SD<;4JVW B8<ABKAB7B HBFBA4. "EAB6A4 >V?P>VEFP 

CB@<?B> 6 E<DB@G >?RKV ECBEF9DV74єFPES K9D9; 6FD4FG CB?SD<;4JVW HBFBAV6 
CVE?S CDBIB8:9AAS CB VAHBD@4JV=AB@G >4A4?G; 

� K9D9; A9EFV=>VEFP CB?SD<;4JVW E<EF9@< 84AB7B F<CG B5@9:9AV 
8B6:<ABR ?VAVW C9D984KV; 

� CDBJ9E 6<CD46?9AAS CB@<?B> 89F9>FG64AAS CB?SD<;4JVW DB5<FP 
E<EF9@G 7DB@V;8>BR V ;@9ALGє WW L6<8>VEFP; 

� A<;P>4 L6<8>VEFP VEAGRKBW 9?9@9AFABW 54;< ?46<AA<I HBFB8VB8V6 V 
WI A<;P>4 >64AFB64 9H9>F<6AVEFP; 

� E>?48AV @9FB8<>< >BAFDB?R CB?SD<;4JVW, S>V ;4;6<K4= A9 
6<CD468B6GRFP E959, MB CD<;6B8<FP 8B ;5V?PL9AAS CB@<?B> 6 >?RKV. 

!9;64:4RK< A4 FDG8ABMV 4C4D4FAB7B 6FV?9AAS >64AFB6<I 
F9IAB?B7V= >BDCBD4JVS IBM ;B6EV@ A9846AB 6:9 6V8>D<?4 F9EFB6<= 8BEFGC 

                                                           
1 �BJ9AF �!&' 
2 EFG89AF 7D. $&-811@  �!&' 
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8B E6B7B I@4DAB7B >64AFB6B7B >B@C�RF9D4, MB A4 WI 8G@>G 8BCB@B:9 
8BE?V8A<>4@ GEPB7B E6VFG CD4JR64F< A48 VAAB64JV=A<@< F9IAB?B7VS@<[1].  

#D<645?<6VEFP 8BE?V8:9AP 6 B5?4EFV >64AFB6<I >B@C�RF9DV6 
;459;C9KGєFPES CD<DB8A<@ C4D4?9?V;@B@ F4><I B5K<E?9AP, S><= @B:A4 
;@B89?R64F< A4 EGK4EA<I @4E<6AB � C4D4?9?PA<I CD<EFDBSI M9 8B 
6<>BD<EF4AAS D94?PAB7B >64AFB6B7B >B@C�RF9D4. 

!4 EPB7B8AVLAV= 89AP A45<D4є B59DFV6 C4D48<7@4 GPGPU- 
A9EC9JV4?V;B64AV B5K<E?9AAS A4 7D4HVKA<I CDBJ9EBD4I � @9FB8 
6<>BD<EF4AAS 7D4HVKAB7B CDBJ9EBD4 6V89B>4DF< (@4E<6AB-C4D4?9?PAB7B 
CD<EFDBR) 8?S 6<>BA4AAS A9 FV?P>< 7D4HVKA<I, 4 = ;474?PA<I B5K<E?9AP. 
"8AVєR ; C?4FHBD@ 8?S F4><I B5K<E?9AP є F9IAB?B7VS CUDA[2]. 

CUDA 5G8GєFPES A4 >BAJ9CJVW, MB GPU (;64A<= CD<EFDBє@, device) 
6<EFGC4є 6 DB?V @4E<6AB-C4D4??9?PABrB ECV6CDBJ9EBD4 8B CPU (;64AB@G 
host). #DBrD4@@4 A4 CUDA ;48Vє S> CPU, F4> V GPU. #D< JPB@G ;6<K4=A<= 
(CBE?V8B6A<=, FB5FB A9 C4D4?9?PA<=) >B8 6<>BAGєFPES A4 CPU, 4 8?S 
@4E<6AB-C4D4?9?PA<I B5K<E?9AP 6V8CB6V8A<= >B8 6<>BAGєFPES A4 GPU S> 
A45VD A<FB> (CBFB>V6, threads), MB 6<>BAGRFPES B8ABK4EAB. &4><@ K<AB@, 
GPU DB;7?S84єFPES S> EC9JV4?V;B64A<= B5K<E?R64?PA<= CD<EFDV=, S><=: є 
ECV6CDBJ9EBDB@ 8B CPU; 6B?B8Vє 6?4EABR C4@�SFFR; @4є @B:?<6VEFP 
C4D4??9?PABrB 6<>BA4AAS orpo@Ao7o >V?P>BEFV B>D9@<I A<FB>. 

 9FBR 8BE?V8:9AAS є DB;DB5>4 CDB7D4@A<I @B89?9= CDBFB>B?V6 
>64AFB6BW >D<CFB7D4HVW[3] A4 GPU ; 6<>BD<EF4AAS@ F9IAB?B7VW CUDA 
8B;6B?Sє 6<>?RKF< A98B?V>< >D<CFB7D4HVKA<I CDBFB>B?V6 M9 A4 9F4CV 
@B89?R64AAS, MB 84є CB;<F<6A<= 9>BAB@VKA<= 9H9>F. 

%C<EB> ?VF9D4FGD< 

1. IBM BF>DO?4 8BEFGC > E6B9@G B5?4KAB@G >64AFB6B@G >B@C�RF9DG [�?9>-
FDBA<= D9EGDE]: / "?P74 �4DC9A>B / !B6<A< 6V8 05.05.2016� !4;64 ; F<FG?. 9>D4AG, 
$9:<@ 8BEFGCG: http://ain.ua/2016/05/05/646763 

2. #4D4??9?PAO9 6OK<E?9A<S A4 GPU. �DI<F9>FGD4 < CDB7D4@@A4S @B89?P 
CUDA[&9>EF]: 'K95. CBEB5<9 / �.�. �BD9E>B6 < 8D. #D98<E?.: �.�. %48B6A<K<=. � 
 .: �;84F9?PEF6B  BE>B6E>B7B GA<69DE<F9F4, 2012. � 336 E. 

4. Shor P.W. Polynomial-Time Algorithms for Prime Factorization and Discrete 
Logarithms on a Quantum Computer [Text] / P.W. Shor // SIAM J.Sci.Statist.Comput. �  
1997. � 26(5). � P. 1484 � 1509. $9:<@ 8BEFGCG: http://arxiv.org/pdf/quant-
ph/9508027v2 
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'�� 539.2  
�4>G?4 #.�.1, �45<K �.�.2, �BDBFGA �.�.3, $964 �.�.4, #B7BEB6 �.�.5  

C#��&$��0!/� � �!!����3*�"!!/� )�$��&�$�%&��� 

#"��&$"!"� �  �&���-��1���&$�+�%��) 

!�!"%�!���+�)  

� D4@>4I @B8<H<J<DB64AAB7B @9FB84 �BA4-,9@4 < @B89?< 
EF45<?PAB7B :9?9 E GK9FB@ ;BAO CDB6B8<@BEF< 8<Q?9>FD<>4 (F69D8O9 
<A9DFAO9 74;O, 2SiO ) <EE?98B64AO D4;@9DAO9 QHH9>FO, 6?<SA<9 
QHH9>F<6AOI @4EE A4 QA9D79F<K9E><9 < 4AA<7<?SJ<BAAO9 I4D4>F9D<EF<>< 
CB;<FDBAB6 6 E?B<EFOI EFDG>FGD4I E E4@BEB7?4EB64AAO@< 7<5D<8AO@< 
CBF9AJ<4?PAO@< CDBH<?S@<, CBEFDB9AAO@< 6 CD<5?<:9A<< ?B>4?PAB= 
C?BFABEF< < EL<FO@< E CBF9AJ<4?4@< <;B5D4:9A<S. "5EG:849FES 
6B;@B:ABEFP ?B>4?<;4J<< 4FB@4 CB;<FDBA<S 6 A4ABE4A86<K4I. 

#GK>< @98?9AAOI CB;<FDBAB6 <ECB?P;GRFES 8?S 8<47ABEF<>< 
EFDG>FGDO F69D8OI F9?, A4ABB5N9>FB6, 6 FB@ K<E?9 E CB@BMPR 
CB;<FDBAAB7B @<>DBE>BC4. 1?9>FDBA-CB;<FDBAA4S 4AA<7<?SJ<S 849F 
GA<>4?PAGR <AHBD@4J<R B5 B5N9@AB= < CB69DIABEFAB= Q?9>FDBAAB= 
EFDG>FGD9, FBK9KAOI 89H9>F4I K<EFOI @4F9D<4?B6 < <I B><E?B6, 4 F4>:9 
>9D4@<> < A4ABEFDG>FGD.  

"8AB= <; 64:A9=L<I D46AB69EAOI I4D4>F9D<EF<> @9F4??<K9E><I 
A4ABEFDG>FGD S6?S9FES D45BF4 6OIB84 Q?9>FDBAB6 < CB;<FDBAB6 ,e pW . �?S 
@9F4??<K9E>B= C?9A>< A4 8<Q?9>FD<K9E>B= CB8?B:>9 6 @B89?P 
A9B5IB8<@B 669EF< @<A<@4?PAGR <AHBD@4J<R A9 FB?P>B B 99 
8<Q?9>FD<K9E><I E6B=EF64I (CBEFBSAAB= ε ), AB 9M9 < B 7?G5<A9 ;4?974A<S 
8A4 ;BAO CDB6B8<@BEF< ( ,e p−χ ) CB BFABL9A<R > 64>GG@AB@G GDB6AR 

( ,e pχ  � QA9D7<S EDB8EF64 Q?9>FDBAB6 <?< CB;<FDBAB6, e pχ b χ ). � D45BF9 
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[1] CD98?B:9A @9FB8 E4@BEB7?4EB64AAOI 6OK<E?9A<= D46AB69EAOI 
CDBH<?9= Q?9>FDBAAB= >BAJ9AFD4J<<, QHH9>F<6AB7B CBF9AJ<4?4, 
QA9D79F<K9E>B7B EC9>FD4 < <AF97D4?PAOI Q?9>FDBAAOI I4D4>F9D<EF<> 
@9F4??<K9E>B= C?9A>< 6 8<Q?9>FD<>4I < A4 8<Q?9>FD<K9E><I CB8?B:>4I. 

*9?PR A4EFBSM9= D45BFO S6?S9FES D4EK9F EC9>FD4?PAOI < 
4AA<7<?SJ<BAAOI I4D4>F9D<EF<> CB;<FDBAB6 <A:9>F<DB64AAOI 6 @9F4??-
8<Q?9>FD<K9E><9 E?B<EFO9 EFDG>FGDO. �484K4 D4;5<649FES A4 2 QF4C4. !4 
C9D6B@ QF4C9 D4EEK<FO64RFES 6E9 D46AB69EAO9 Q?9>FDBAAO9 
I4D4>F9D<EF<>< E4A86<K4 6 BFEGFEF6<< CB;<FDBA4. !4 BEAB69 D46AB69EAOI 
Q?9>FDBAAOI CDBH<?9= 6OK<E?9AO 6B?AB6O9 HGA>J<<, QA9D7<< E6S;< < 
6D9@9A4 :<;A< CB;<FDBAB6, ?B>4?<;B64AAOI A4 CBF9AJ<4?4I <;B5D4:9A<S 
A4ABC?9AB> 4?R@<A<S 6 >BAF4>F9 E <;B?SFBD4@<. �OK<E?9A<9 
Q?9>FDBAAOI I4D4>F9D<EF<> EFDG>FGDO 6 BFEGEF6<< CB;<FDBA4 
F9EF<DB64?ES Q>EC9D<@9AF4@< CB <;@9D9A<R Q?9>FDBAAOI 54DP9DB6 
,BFF>< A4 CD98@9F B5A4DG:9A<S A9H<;<K9E><I E?GK496 C<AA<A74 GDB6AS 
(9D@<. &B?P>B ;4F9@ D46AB69EAO9 CDBH<?< Q?9>FDBAB6 <ECB?P;B64AO 8?S 
CBEFDB9A<S CDBH<?S Q?9>FDBA-CB;<FDBAAB7B CBF9AJ<4?4. �O5BD 
@4F9D<4?B6 8?S >BAF4>FB6 B7D4A<K9A F4>:9 A4?<K<9@ 6 ?<F9D4FGD9 
84AAOI B 8<Q?9>FD<K9E>B= CBEFBSAAB= 8<Q?9>FD<>4 ε  < QA9D7<< EDB8EF64 
Q?9>FDBAB6 eχ  < CB;<FDBAB6 pχ . 

$4EK9FO CDB6989AO 8?S >BAF4>FB6 Al(111) E 64>GG@B@, Ne, Ar, Kr, 
Xe < 2SiO . <EE?98B64AO D4;@9DAO9 QHH9>FO, 6?<SA<9 QHH9>F<6AOI @4EE 
A4 QA9D79F<K9E><9 < 4AA<7<?SJ<BAAO9 I4D4>F9D<EF<>< CB;<FDBAB6 6 
E?B<EFOI EFDG>FGD4I E E4@BEB7?4EB64AAO@< 7<5D<8AO@< 
CBF9AJ<4?PAO@< CDBH<?S@<, CBEFDB9AAO@< 6 CD<5?<:9A<< ?B>4?PAB= 
C?BFABEF< < EL<FO@< E CBF9AJ<4?4@< <;B5D4:9A<S. %89?4A 6O6B8 B 
ECBEB5ABEF< @9F4??-8<Q?9>FD<K9E><I A4ABE4A86<K9= < >?4EF9DB6 
@9F4??B6, 6A98D9AAOI 6 8<Q?9>FD<K9E><9 @4FD<JO > >BA89AE4J<< 4FB@B6 
CB;<FDBA<S. 

%C<EB> ?<F9D4FGDO 

1. �45<K, �.�. � 6BCDBEG B CB;<FDBAAOI EBEFBSA<SI 6 @9F4??-8<Q-
?9>FD<K9E><I A4ABE4A86<K4I [&9>EF] / �.�.�45<K, #.�. �4>G?4, �.�. #B7BEB6 // 
(<;<>4 F69D8B7B F9?4. � 2015. � &.57.� № 1. � %. 135�139. 
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'�� 539.2  
�4>G?4 #.�.1, �45<K �.�.2, �BDBFGA �.�.3, $964 �.�.4, #B7BEB6 �.�.5  

1���&$"!!/� %#��&$��0!/� )�$��&�$�%&��� 

 �&���-��1���&$�+�%��) !�!"%�!���+��  

�EE?98B64A<S @9F4??<K9E><I C?9AB> A4 CB?GCDB6B8A<>B6OI <?< 
8<Q?9>FD<K9E><I CB8?B:>4I CB@<@B HGA84@9AF4?PAOI J9?9= EF46SF 
;484KG EB;84A<S AB6OI A4AB@4LF45AOI CD<5BDB6. %D46A<F9?PAB @4?B9 
>B?<K9EF6B Q>EC9D<@9AF4?PAOI <EE?98B64A<=, J9?PR >BFBDOI S6?SRFES 
>64AFB6B-D4;@9DAO9 QHH9>FO G>4;O649F A4 E?B:ABEFP CB?GK9A<S 
CB8IB8SM<I 8?S <EE?98B64A<S B5N9>FB6 < @9FB8B6 <;@9D9A<S. %?98G9F 
BF@9F<FP, KFB @9F4??<K9E><9 C?9A>< A4CO?SRFES A4 D4;?<KAO9 CB8?B:><, 
B8A4>B 8B E<I CBD @9FB8O E4@BEB7?4EB64AAOI 6OK<E?9A<=, ;4 
<E>?RK9A<9@ A95B?PLB7B K<E?4 D45BF [1], D4;D45BF4AO FB?P>B 8?S 
7<CBF9F<K9E><I @9F4??<K9E><I C?9AB> 6 64>GG@9. 

"8AB= <; 64:A9=L<I D46AB69EAOI I4D4>F9D<EF<> @9F4??<K9E><I 
A4ABEFDG>FGD S6?S9FES D45BF4 6OIB84 Q?9>FDBAB6. �?S @9F4??<K9E>B= C?9A>< 
A4 8<Q?9>FD<K9E>B= CB8?B:>9 6 @B89?P A9B5IB8<@B 669EF< <AHBD@4J<R A9 
FB?P>B B 99 8<Q?9>FD<K9E><I E6B=EF64I (CBEFBSAAB= ε ), AB 9M9 < B 7?G5<A9 
;4?974A<S 8A4 ;BAO CDB6B8<@BEF< ( e−χ ) CB BFABL9A<R > 64>GG@AB@G 
GDB6AR ( eχ  � QA9D7<S EDB8EF64 > Q?9>FDBAG). � >4K9EF69 CD<5?<:9A<S 
A4?<K<9@ ;BAO CDB6B8<@BEF< CD9A95D974RF ( )= 0eχ . &4>B= CB8IB8 
<ECB?P;B64?ES CD< 6OK<E?9A<< D45BFO 6OIB84, CB?SD<;G9@BEF< < 
CB69DIABEFAB7B C?4;@BAAB7B D9;BA4AE4 6 A4AB>?4EF9D4I < CDB6B?B>4I, 
CB7DG:9AAOI 6 D4;?<KAO9 8<Q?9>FD<K9E><9 @4FD<JO. 

#D< 6OIB89 Q?9>FDBA4 <; @9F4??4 EBCDB6B:84RM4S 97B B5@9AAB-
>BDD9?SJ<BAA4S 8OD>4 ?B>4?<;G9FES < D4EC?O649FES 65?<;< CB69DIABEF<, 
CD<A<@4S 6<8 ;4DS84-<;B5D4:9A<S. #BF9AJ<4? @A<@B7B <;B5D4:9A<S 
>?4EE<K9E>B= Q?9>FDB8<A4@<>< A9 6BECDB<;6B8<FES 6 QFB@ CD<5?<:9A<<. 
� D45BF9 [2] 5O? CD98?B:9A ED46A<F9?PAB CDBEFB= CB8IB8, CB;6B?SRM<= 
QFG E?B:ABEFP CD9B8B?9FP, BEF464SEP 6 D4@>4I E4@BEB7?4EB64AAB= 
CDBJ98GDO. 1FBF CB8IB8 < <ECB?P;G9FES 6 84AAB= D45BF9. 
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� D45BF9 6OCB?A9AO >BA-L9@B6E><9 6OK<E?9A<S CDBH<?9= 
CBF9AJ<4?B6, D45BF 6OIB84 < 54DP9DB6 ,BFF>< 8?S 4E<@@9FD<KAOI 
@9F4??-8<Q?9>FD<K9E><I C?BE><I E?B<EFOI EFDG>FGD. 

�6989A<9 A9?B>4?PAB7B CBF9AJ<4?4 6 ED46A9A<< E CD<5?<:9A<9@ 
?B>4?PAB= C?BFABEF< EGM9EF69AAB A9 CB6?<S?B A4 CB?B:9A<9 GDB6AS 
(9D@< 6 @9F4??<K9E>B= C?9A>9 7D4A<K4M9= E 8<Q?9>FD<>B@, B8A4>B 
;4@9FAB <;@9A<?B IB8 QHH9>F<6AB7B CBF9AJ<4?4, 6>?RK4S 
<AF9DH9D9AJ<R E<? <;B5D4:9A<S, CB B59 EFBDBAO C?9A><. 

�?S @9F4??<K9E>B= C?9A>< A4 <;B?<DGRM9= CB8?B:>9 <?< @9F4??-
8<Q?9>FD<K9E><I E4A86<K9= 6 @B89?SI @<A<@4?PAB= <AHBD@4J<9= 
S6?S9FES A9 FB?P>B 8<Q?9>FD<K9E>4S CBEFBSAA4S ε , AB F4>:9 < 7?G5<A4 
;4?974A<S 8A4 ;BAO CDB6B8<@BEF< Q?9>FDBAB6 ( )e−χ . �4> B>4;4?BEP 
CD98CB?B:9A<9 <894?PAOI <AF9DH9EB6 D45BF49F FB?P>B 8?S @4F9D<4?B6 E 
A95B?PL<@< 69?<K<A4@< ε  < eχ . �?S >BAF4>FB6 @9F4??B6, A4CD<@9D, E Si 

< Ge A45?R849FES ?B:AO= C<AA<A7 GDB6AS (9D@< 6 C?9A>9 > 8AG ;BAO 
CDB6B8<@BEF< 6 Si <?< Ge. 1FB ;4EF46?S9F E BEFBDB:ABEFPR BFABE<FES > 
D9;G?PF4F4@ CB8B5AOI 6OK<E?9A<=, 6 >BFBDOI CD<ASFB 0eχ = . 

%C<EB> ?<F9D4FGDO 

1. �45<K A.�. � D4EK9FG QA9D79F<K9E><I I4D4>F9D<EF<> @9F4??<K9E>B= 
C?9A>< E 8<Q?9>FD<K9E><@ CB>DOF<9@ [&9>EF] / A.�. �45<K // (  .�2014.� T. 115. 
№2. � C. 1�10. 

2. Serena P.A., Soler J.M., Garcia N. Self-consistent image potential in a metal 
surface / P.A. Serena, J.M. Soler, N. Garcia // Phys. Rev. B.�1986.�V. 34. № 10.�P. 
6767�6769. 

'�� 621.389; 004.942 
�4E<?9A>B ".�.1 

 "���2��!!3  � -��� �!&�� � ECAD 

�B @9@-9?9@9AFV6 6V8ABESFP @9@D<EFBD<, @9@>BA89AE4FBD< V @9@V-
A8G>FV6ABEFV [1], S>V 6B?B8VRFP 8B67BEFDB>B6BR 9A9D7BA9;4?9:ABR 
C4@�SFFR, MB 6V8>D<64є L<DB>V C9DEC9>F<6< WIAPB7B 6<>BD<EF4AAS 8?S F4> 
;64A<I @9@-B5K<E?9AP 6 A48L6<8><I 9A9D7B9H9>F<6A<I >B@C�RF9D4I F4 6 
E<EF9@4I V; LFGKA<@ VAF9?9>FB@.  B89?R64AAS 8B;6B?Sє ;A4KAB CD<E>B-

                                                           
1 8BJ9AF  �!&' 
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D<F< S> DB;DB5>G AB6<I BCF<@4?PA<I EFDG>FGD, F4> V CB>D4M<F< S>BEFV 
E<EF9@, S>V 6<>BD<EFB6GRFP @9@-9?9@9AF< [2]. #D< DB;DB5JV 9?9@9AFV6 
A4AB9?9>FDBAV>< 6<>BD<EFB6GRFP EC9J<HVKA9 CDB7D4@A9 ;459;C9K9AAS 8?S 
@B89?R64AAS A4 DV6AV F69D8B7B FV?4, B8A4>, CD< CDB9>FG64AAV 9?9>FDBAA<I 
E<EF9@, 89 @9@-9?9@9AF< 6<>BD<EFB6GRFPES 6 S>BEFV EFDG>FGDA<I B8<-
A<JP, CBEF4є ;484K4 EG@VEAB7B @B89?R64AAS 9?9>FDBAA<I E<EF9@ A4 5V?PL 
6<EB><I DV6ASI 45EFD4>JVW 6 E9D98B6<MV CDB7D4@, A4CD<>?48, >?4EG ECAD 
(Electronic CAD, 46FB@4F<;B64A9 CDB9>FG64AAS 6 9?9>FDBAVJV), 8?S KB7B 
A9B5IV8AB DB;DB5<F< F4 8BE?V8<F< A<;>G @B89?9= DV;AB7B EFGC9AR 89F4?V-
;4JVW F4 B5?4EFV 489>64FABEFV. "F:9, @B89?VA7 (E<AF9; @B89?V) A4 BEAB6V 
4A4?V;G BEAB6 HGA>JVBAG64AAS @9@-9?9@9AFV6, F4 484CF4JVS DB;DB5?9A<I 
@B89?9= 8B CDB7D4@ ECAD CVE?S 4A4?V;G F4 BCF<@V;4JVW @B89?V (E<@G?S-
JVW), є 4>FG4?PABR ;484K9R.  

#DBEF4 @4>DB@B89?P @9@D<EFBD4, CB5G8B64A4 ;4EB54@< ECAD CDB-
7D4@< Micro-Cap 11 [3], A46989A4 A4 D<EGA>G 1. �BA4 @4є I4D4>F9DAG 
FDPBIEFGCVAK4EFG EFDG>FGDG (8?S ;4684AAS B8ABA4CD46?9ABEFV/ >4G;4?PAB-
EFV) F4 E>?484єFPES ; A45BDG C4E<6A<I >B@CBA9AFV6 (R, C) F4 >9DB64A<I 
8:9D9?, S>V ;484RFP 4?7BD<F@ HGA>JVBAG64AAS 9?9@9AF4, B5K<E?RRFP =B-
7B CBFV> V ;4DS8. �B@CBA9AF< 484CFB64AV CV8 EGK4EA<= CB698VA>B6<= 4?7B-
D<F@ (behavioral algorithm). �?S ;6�S;>G V; «;B6AVLAPBR» EI9@BR 6<>BD<E-
FB6GєFPES BC9D4FBD PARAMETERS, K9D9; S><= @B:A4 6EF4AB6<F< ;A4K9A-
AS BCBDG G 66V@>A9AB@G F4 6<@>A9AB@G EF4A4I (Ron, Roff), CBK4F>B69 ;A4-
K9AAS Rinit, FB6M<AG C?V6>< D; B5D4F< E<EF9@G DV6ASAP (window_type) V; 
A9B5IV8A<@< C4D4@9FD4@< 8?S BC<EG A9?VAV=AB7B I4D4>F9DG ;@VA< BCBDG 
@9@D<EFBDG (memristance), CD< JPB@G @B:A4 EF6BD<F< 6?4EAG EF4F<KAG 
@B89?P (B5D4F< 64DV4AF «user defined»).  

Rmem

memrist ance

Eflux

SDT(V(Rmem))

Echarge

SDT(I (Rmem))

Gx

w indow * I (Rmem)* k

Cx
1 IC= x0

Rshunt
1G

x
chargefluxPlus

.PARAMETERS(Ron=1k,Roff=100k,Rinit=80k,D=10n,p=1,ud=10f,window_type=2)

Minus

 

$<E. 1. %I9@4 ;4@VM9AAS @B89?V @9@D<EFBD4 

!4 D<EGA>G 2 A46989AV I4D4>F9D<EF<><, BFD<@4AV L?SIB@ E<@G?SJVW 
EI9@< V; @9@D<EFBDB@, S><= ;A4IB8<FPES CV8 6C?<6B@ 8:9D9?4 E<AGEBW8ABW 
A4CDG7<. !4 D<E.2, 4 KVF>B CB@VFA<= 9H9>F «C4@�SFV» (7VEF9D9;<E A4 ��)); 
BEJ<?B7D4@< (D<E.2, 5) 89@BAEFDGRFP A9?VAV=AV 6<>D<6?9AAS EFDG@G (@4-
ELF45 EFDG@G ;5V?PL9A<= 6 5000 D4;V6). 
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4     5 

$<E. 2. )4D4>F9D<EF<>< @9@D<EFBD4: 4 � EF4F<KAV ; 5 � 8<A4@VKAV 

�A4?B7VKA<@ K<AB@ CB5G8B64AV @4>DB@B89?V memcapacitor V 
meminductor.  4>DB@B89?V 8BEFGCAV 8?S D9847G64AAS (;@VA< B5?4EFV 489>-
64FABEFV), 4 >4G;4?PA<= CV8IV8 8B;6B?Sє WI 6<>BD<EFB6G64F< 6 CDB7D4@4I 
8?S VA:<AVD<A7G V 6 GAV69DE4?PA<I @4F9@4F<KA<I CDBJ9EEBD4I.  

%C<EB> ?VF9D4FGD< 

1. Pershin, Y.V. Memory effects in complex materials and nanoscale systems/ 
Y.V. Pershin, M. Di Ventra // Advances in Physics, 2011, � Vol. 60 (2) � pp.145�227  

2. Biolek, D. SPICE Modeling of Memristive, Memcapacitative and 
Meminductive Systems/ D.Biolek, Z.Biolek, V.Biolkova / Proc. of European 
Conference on Circuit Theory and Design. � Antalya, Turkey, 2009. � pp. 249�252. 

3. Micro-Cap 11, Analog and Digital Behavioral Modeling [Electronic re-
source]. � Access mode: http://www.spectrum-soft.com/demo/abm.shtm 

'�� 538.971 
�G84 �.�.1, �BDA<K �. �.2 

#"%&$"�!�� �� �!�!!"�" #"&�!*���� #$� 

 "����$"��!�� �&" !/) %�%&�   �&"�"  

&� #�$�&'$!"-'%�"$�!!"�  "���'�3$!"� ��!� ��� 

 9FB8 F9@C9D4FGDAB-GE>BD9AAB= 8<A4@<>< (&'�) [1] S6?S9FES B8-
A<@ <; @9FB8B6 8<A4@<K9E>B7B @B89?<DB64A<S 4FB@AOI E<EF9@, CB;6B-
?SRM<I <;GK4FP 84AAO9 E<EF9@O A4 6D9@9AAOI CDB@9:GF>4I 5B?PL<I, 
K9@ 8BEF<:<@O9 E CB@BMPR @9FB84 @B?9>G?SDAB= 8<A4@<>< ( �). �DG-
7<@< F4><@< @9FB84@< S6?SRFES 7<C9D8<A4@<>4 [2] < @9FB8 C4D4??9?P-
                                                           
1 4EC<D4AF >4H98DO %� < �  �!&' 
2 CDBH., 8. H.-@. A., ;46. >4H. %� < �  �!&' 
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AOI D9C?<> [3]. �4AAO9 @9FB8O 5O?< D4;D45BF4AO 8?S <;GK9A<S CDBJ9E-
EB6, E6S;4AAOI E F9D@B4>F<6<DG9@O@< 4FB@AO@< C9D9IB84@<. %?B:-
ABEFP, E6S;4AA4S E @B89?<DB64A<9@ F4><I CDBJ9EEB6, ;4>?RK49FES 6 FB@, 
KFB CDB8B?:<F9?PABEFP 4FB@AOI C9D9IB8B6 ;A4K<F9?PAB @9APL9 6D9@9A<, 
CDBIB8SM97B @9:8G 86G@S CBE?98B64F9?PAO@< C9D9IB84@<. &4><@ B5D4-
;B@, 5B?PL4S K4EFP 6OK<E?<F9?PAB7B 6D9@9A< CD< <ECB?P;B64A<< @9FB84 
 � FD4F<FES A4 @B89?<DB64A<9 E<EF9@O 6 A9>BFBDOI EBEFBSA<SI, 4 A9 A4 
@B89?<DB64A<9 4FB@AOI C9D9IB8B6. 

%GFP @9FB84 &'� ;4>?RK49FES 6 <;GK9A<< CDBJ9EEB6 C9D9ABE4 6 
4FB@AB= E<EF9@9 CD< F9@C9D4FGD9 Tlow CBED98EF6B@ @B89?<DB64A<S 84A-
AB= E<EF9@O CD< 5B?99 6OEB>B= F9@C9D4FGD9 Thigh. � D45BF9 [1] BC<E4A 
4?7BD<F@ D94?<;4J<< 84AAB7B @9FB84, >BFBDO= A4CD46?9A A4 FB, KFB5O 
CD<5?<;<FP CB6989A<9 E<EF9@O CD< F9@C9D4FGD9 Thigh > FB@G, >BFBDB9 BA4 
<@9?4 5O CD< F9@C9D4FGD9 Tlow.  

� CD98EF46?9AAB= D45BF9 <;GK49FES 6B;@B:ABEFP CB6OL9A<S FBK-
ABEF< D9;G?PF4FB6, CB?GK49@OI @9FB8B@ &'�, CBED98EF6B@ <;@9A9A<S 
CBF9AJ<4?4 6;4<@B89=EF6<S. #GEFP CBF9AJ<4?PA4S QA9D7<S BD<7<A4?PAB= 
E<EF9@O 5G89F CD98EF46?9A4 6 6<89: 

∑= N

i NiN rrrUrrrU ),...,,(),...,,( 2121
.   (1) 

'?GKL<FP >4K9EF6B D9;G?PF4FB6, CB?GK49@OI &'� @9FB8B@, @B:AB <E-
CB?P;GS CBF9AJ<4? E?98GRM97B 6<84: 

∑ +⋅−=
N

i iiiNiN UAUrrrUrrrU ])()),...,,([(),...,,(' min,min,2121 ρ , (2) 

 
789 ρi � D4EEFBSA<9 BF i-7B 4FB@4 8B 5?<:4=L97B QA9D79F<K9E>B7B @<A<-
@G@4; Umin,i � ;A4K9A<9 CBF9AJ<4?PAB= QA9D7<< 5?<:4=L97B > i-@G 4FB@G 
QA9D79F<K9E>B7B @<A<@G@4; HGA>J<S A(ρi) <@99F E?98GRM<= 6<8: 

ª©

ª
¨

§

≤
<≤

<
=

i

i

i

i

lowhigh

i

R

RR

RTT

A

ρ
ρ

ρ
ρψρ

2

21

1

,1

),(

,/

)(

    (3) 

789 R1, R2 � C4D4@9FDO CBF9AJ<4?4; ψ(ρi) � HGA>J<S, B59EC9K<64RM4S A9-
CD9DO6ABEFP �(ρi) < A9>BFBDB7B A4C9D98 ;484AAB7B K<E?4 99 CDB<;6B8AOI. 

� F45?<J9 1 CD98EF46?9AO D9;G?PF4FO @B89?<DB64A<S B5N9@4 86G-
@9DAB7B >D<EF4??4 @98<, EB89D:4M97B 64>4AE<R, @9FB84@<  �, &'� E 
<;@9A9AAO@ CBF9AJ<4?B@ (I) < BD<7<A4?PAB7B &'� (II). �D<EF4?? E:4F A4 
69?<K<AG z 6 A9>BFBDB@ A4CD46?9A<< < D4EFSAGF A4 FG :9 69?<K<AG 6 C9D-
C9A8<>G?SDAB@. �; F45?<JO 6<8AB, KFB CD< 66989A<< <;@9A9AAB7B CBF9A-
J<4?4, @9FB8 &'� 849F D9;G?PF4FO, >BFBDO9 ?GKL9 EB7?4EGRFES E D9;G?P-
F4F4@< CDS@B7B  � @B89?<DB64A<S. 
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&45?<J4 1 � $9;G?PF4FO @B89?<DB64A<S 8<HHG;<< 64>4AE<< 6 B5N-
9@9 86G@9DAB7B >D<EF4??4 @98< 

 

&'�  � 
I II T, 

K 
z, % 

n t, ps 

Thigh, 
K 

n t, ps n t, ps 

500 0.473 1620 0.462 466 
0.25 0.469 1688 

600 0.439 1278 0.518 150 

500 0.574 1456 0.599 407 
0.5 0.574 1449 

600 0.564 1111 0.601 140 

500 0.801 1000 0.794 258 

400 

1 0.802 872 
600 0.77 751 0.757 94 

t � ED98A99 6D9@S, CDBIB8SM99 @9:8G 86G@S CBE?98B64F9?PAO@< 4FB@AO-
@< C9D9IB84@<; n � 8B?S C9D9IB8B6, EB69DL9AAOI 68B?P A4CD46?9A<S 
E:4F<S. 

%C<EB> ?<F9D4FGDO 

1. M. R. Sorensen, A. F. Voter. Journal of Chemical Physics. 2000. V. 112. 
№21. $. 9599. 

2. A. F. Voter. Journal of Chemical Physics. 1997. V. 106.№11. P. 4665.  
3. A. F. Voter. Physical Review B. 1998. V. 57. № 22. $. 985. 

'�� 539.23 
�46:4DB6 Є.�.1 

("$ '��!!3 !�!"#���"� Ag &� Cu #�� ��Є2 

�&" �$!"�" �"�!2 

�?9>FDBHV;<KAV 6?4EF<6BEFV V L<DB><= EC9>FD 9H9>FV6, S>V @4RFP 
@VEJ9 ?<L9 6 FBA><I @9F4?96<I C?V6>4I ;G@B6?RRFP WI L<DB>9 CD4>F<KA9 
6<>BD<EF4AAS 6 5474FPBI CD<EFDBSI EGK4EABW @V>DB- V A4AB9?9>FDBAV><, 
BCFB9?9>FDBAV>< F4 F9IAV>< %�+. #D< 6<5BDV @9FB8G BFD<@4AAS FBA><I 
C?V6B> ;69DF4RFP BEB5?<6G G647G A4 F4>V I4D4>F9D<EF<>< CDBJ9EG S> 6V8-
F6BDR64AVEFP C4D4@9FDV6, @VDG 8VW A4 CB69DIAR CV8>?48>< F69D8B7B FV?4, 
K<EFBFG, 9>BAB@VKAVEFP. �V?PLVEFP EGK4EA<I @9FB8V6 ;8B5GFFS FBA><I C?V-

                                                           
1 >.H.-@.A. 8BJ9AF >4H.  V!�, �!&', @. �4CBDV::S, '>D4WA4 
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6B> 6<@474RFP 8BE<FP E>?48AB7B GEF4F>G64AAS, MB CB6�S;4A9 ; A9B5IV8AVE-
FR ;8B5GFFS 6<EB>B7B 64>GG@G 45B CDB6989AAS@ 5474FBEF48V=A<I CDBJ9EV6. 

�?PF9DA4F<6A<@ @9FB8B@ BFD<@4AAS FBA><I @9F4?96<I C?V6B> @B-
:9 E?G:<F< ;8B5GFFS C?V6B> @9F4?V6 ;4 GK4EFR 4FB@4DAB7B 6B8AR. #D< 8VW 
4FB@4DAB7B 6B8AR A4 CB69DIAR F69D8B7B FV?4 CDBFV>4є 9>;BF9D@VKA4 D94>-
JVS D9>B@5VA4JVW 4FB@V6 6 @B?9>G?< (~4,5 9� A4 4>F D9>B@5VA4JVW). *S 9A9D-
7VS @B:9 ;5G8:G64F< S> 9?9>FDBAAG CV8E<EF9@G F69D8B7B FV?4, F4> V EF<@G-
?R64F< DS8 HV;<KA<I CDBJ9EV6 � ?B>4?PA<= DB;V7DV6, DB;C<?9AAS, C9D9A9-
E9AAS V 8<HG;VR CB69DIA96<I 4FB@V6 [1]. 

 9FBR DB5BF< 5G?B 6<S6?9AAS ;4>BAB@VDABEF9= GF6BD9AAS A4ABC-
?V6B> @9F4?V6 Cu, Ag CD< 6;4є@B8VW WI V; 4FB@4DA<@ 6B8A9@. �4AV @9F4?< 
L<DB>B ;4EFBEB6GRFPES 6 @V>DB9?9>FDBAVJV CD< EF6BD9AAV CDB6V8A<I L4-
DV6 EGK4EA<I KVCV6. 

�FB@4DA<= 6B89AP BFD<@G64?< 8<EBJV4JVєR @B?9>G?SDAB7B 6B8AR 6 
C?4;@V �+-DB;DS8G, @B?9>G?SDA<= 6B89AP  � 9?9>FDB?V;B@ ; DB;K<AG �"!. �4?V 
6B89AP CDBCGE>46ES K9D9; HBD54?BA 8?S G?B6?R64AAS >D4C9?P �"!, BEGLAG 
>B?BA>G, ;4CB6A9AG E<?V>479?9@, CVE?S KB7B 6VA CBEFGC46 6 D94>JV=AG >4@9DG. 
�BAJ9AFD4JVS ! 6 DB5BKB@G B5�є@V 6<@VDR64?4ES >B?BD<@9FD<KA<@ @9FB8B@ V 
8BES74?4 ~5.10�14 E@�3 CD< F<E>G 6 >4@9DV 15�25 #4. 

&B6M<A4 C?V6B> >BAFDB?R64?4ES A4 EC9>FDBHBFB@9FDV %(-16, 4 F4-
>B: @9FB8B@ >64DJB6B7B @V>DB;64:G64AAS. 

� CDBJ9EV 9>EC9D<@9AFG ;D4;>< V; CBC9D98APB A4A9E9A<@< FBA><@< 
C?V6>4@< Ag, Cu DB;@VMG64?<ES A4 EFB?<>G ; %&-51, 6V884?9AB@G A4 ~25 
E@ 6V8 B5?4EFV DB;DS8G, MB 8B;6B?S?B 6<>?RK<F< CBC484AAS A4 ;D4;B> D4-
8<>4?V6 7<8DB>E<?4 V VAL<I VBAV6, MB GF6BDRRFPES G 6B8A96V= C?4;@V. !4 
6V8EF4AV 1..10 E@ DB;@VMG64?<ES K<EFV CV8>?48<A><. 3> @4F9DV4? CV8>?48>< 
6<>BD<EFB6G646ES @BAB>D<EF4?VKA<= 79D@4AV= (111) V E<F4?B6V CV8>?48>< 
%&-51. "5DB5>4 ;D4;>V6 CDB6B8<?4ES CD< >BAJ9AFD4JVW ! (~5.10�14 E@�3) 
CDBFS7B@ DV;AB7B K4EG (6V8 60 ; 8B 30 @VA). &9@C9D4FGD4 EFB?<>4 V; ;D4;>4-
@< >BAFDB?R64?4ES ;4 8BCB@B7BR VAF97D4?PAB7B J<HDB6B7B 84FK<>4 F9@-
C9D4FGD<. #D< B5DB5JV 6 ! ;D4;>< A47DV64?<ES ?<L9 ;4 D4IGAB> 9A9D7VW, MB 
6<8V?SєFPES CD< D9>B@5VA4JVW.  

�EF4AB6?9AB, MB 6 CDBJ9EV B5DB5>< 4FB@4DA<@ 6B8A9@ C?V6>< Cu, 
Ag 4>F<6AB DB;C<?S?<ES. #D< JPB@G L6<8>VEFP DB;C<?9AAS ;4?9:<FP 6V8 
>BAJ9AFD4JVW 4FB@4DAB7B 6B8AR 6 74;B6V= H4;V, EFDG>FGD< C?V6B>, F<E>G 6 
DB5BKV= >4@9DV V G@B6 F9C?B6V86989AAS 6V8 CV8>?48><. 

�<S6?9AB, MB 6 CDBJ9EV B5DB5>< 4FB@< @9F4?V6 Ag, Cu DB;C<?S?<ES, 
C9D9IB8<?< 6 74;B6G H4;G V @V7DG64?< 6V8 CV8>?48<A><-8:9D9?4 8B K<EFBW 
CV8>?48<A><, MB DB;F4LB6G64?4ES A4 6V8EF4AV. %F<>4RK<EP ; CB69DIA9R 
F69D8B7B FV?4, 4FB@< @9F4?G C9D9IB8<?< 6 ?B>4?V;B64A<= EF4A. �A4E?V8B> 
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KB7B 6V85G64єFPES >BA89AE4JVS V ;DBEF4AAS C?V6>< 84AB7B @9F4?G A4 AB6B-
@G @VEJV. "JVA>4 L6<8>BEFV DBEFG C?V6>< CB>4;4?4 L6<8>VEFP BE48:9AAS 
5?<;P>B 0,4 A@/I6 8?S C?V6B> Cu, Ag. &4>4 A969?<>4 L6<8>VEFP BE48:9AAS 
C?V6>< CB6�S;4A4 V; A4S6AVEFR >BA>GDGRKB7B CDBJ9EG DB;C<?9AAS 6:9 BE4-
8:9ABW C?V6><. �DV@ FB7B 8BE?V8:9A4 >VA9F<>4 GF6BD9AAS C?V6>< 6 ;4?9:-
ABEFV 6V8 K4EG B5DB5><.  

&4><@ K<AB@, B5DB5>4 EFDG>FGD @9F4?-A4CV6CDB6V8A<> 45B @9F4?-
8V9?9>FD<> 4FB@4DA<@ 6B8A9@ @B:9 CD<6B8<F< 8B GF6BD9AAS A4ABC?V6B> 
@9F4?V6 CD< F<E>G 6 DB5BKV= >4@9DV CBDS8>4 20 #4. #D< JPB@G E?V8 BKV>G-
64F<, MB C?V6>< 5G8GFP F9IAB?B7VKAB K<EF<@< V @4F< IBDBLG 4879;VR. #D< 
6<>BD<EF4AAV B5DB5>< 4FB@4DA<@ 6B8A9@ @B:?<6V 864 @9FB8< GF6BD9AAS 
A4ABC?V6B>. #D< C9DLB@G @9FB8V C?V6>4 6<IB8<FP 6 D9;G?PF4FV CBEFGCB6B-
7B ;@9AL9AAS FB6M<A< ;4 D4IGAB> >BAFDB?PB64AB7B DB;C<?9AAS C?V6><, 
BFD<@4ABW EF4A84DFA<@ ECBEB5B@. #D< 8DG7B@G @9FB8V A4ABC?V6>4 GF6B-
DRєFPES CD< BE48:9AAV 4FB@V6 @9F4?V6 ; 74;B6BW H4;< 6 CDBJ9EV DB;C<?9AAS 
8:9D9?4 @9F4?G. #9DL<= @9FB8 8B;6B?Sє BFD<@G64F< C?V6>< ;46FB6L>< 
6V8 FB6M<A< 6<IV8ABW C?V6>< 8B @BABL4DG. �DG7<= @9FB8 (@9I4AV;@ 74;B-
H4;AB7B C9D9A9E9AAS) 8B;6B?Sє BFD<@G64F< C?V6>< ;46FB6L>< 6V8 @BAB-
L4DG 8B ~ 10 A@. 

&4><@ K<AB@, 6<>BD<EF4AAS F9IAB?B7VKABW BC9D4JVW B5DB5>< 4FB@4-
DA<@ 6B8A9@ 8B;6B?Sє EF6BDR64F< >BAFDB?PB64AV ;4 C4D4@9FD4@< V FB6-
M<ABR A4ABC?V6>< @9F4?V6. 

%C<EB> ?VF9D4FGD< 

1. �.  .  4FRL<A, Є. �. �46:4DB6 $48<>4?BD9>B@5VA4JV=A4 B5DB5>4 @V>-
DBEFDG>FGD. � �4CBDV::S: �!&', 2011. � 196 E. 

'�� 538.9 
�BDBFGA �.�.1, #B7BEB6 �.�.2, $964 �.�.3 

�#��� #�$� �&$��  "���� �$'�� !� �!($�+�$�"!� 

#"���!�!!3 �" #"��&�� �� �"�"&� � 

!�!"+�%&�!�� � 

�V8B@B, MB BCF<KAV 6?4EF<6BEFV, ;B>D9@4, CB7?<A4AAS @9F4?96<I 
A4ABEFDG>FGD VEFBFAB 6V8DV;ASRFPES 6V8 6?4EF<6BEF9= 3D-@9F4?G. 
#B7?<A4AAS E6VF?4 @9F4?96<@< A4ABK4EF<A>4@< є A4E?V8>B@ ;5G8:9AAS 

                                                           
1 �BJ9AF �!&' 
2 #DBH9EBD �!&' 
3 �ECVD4AF �!&' 
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>B79D9AFA<I >B?<64AP 9?9>FDBAV6 G ;BAV CDB6V8ABEFV CV8 8VєR E6VF?4. *V 
>B?<64AAS 6V8B@V S> CB69DIA96V C?4;@BA<, MB ECBEF9DV74RFPES G 
A4ABK4EF<A>4I ; 69?<>BR C<FB@BR C?BM9R [1]. �7V8AB F9BDVW  V, 
>B9HVJVєAF CB7?<A4AAS @9F4?96<I K4EF<AB> є EG@BR ;4 6EV@4 
9?9>FD<KA<@< V @47AVFA<@< @G?PF<CB?PA<@< >B?<64AAS@<, S>V 
6<;A4K4RFP CB7?<A4AAS V DB;EVSAAS 9?9>FDB@47AVFA<I I6<?P. 

' >64;VEF4F<KAB@G D9:<@V >B9HVJVєAF CB7?<A4AAS ( )η ω  8?S N  

K4EF<AB>, MB @VEFSFPES 6 B5�є@V V , @4є 6<7?S8: 

( )
( )

2
3

2
m 2 2

1 m 22

9

c

ω
η

++
ω = ´

ε
ε
ε ε ε

,   (1) 

89 ω  � K4EFBF4; ´  � >B9HVJVєAF ;4CB6A9AAS >B@CB;<FG A4ABK4EF<A>4@< 
( 1´ ); mε  � 8V9?9>FD<KA4 CDBA<>AVEFP @4FD<JV; 1ε  F4 2ε  � 8V=EA4 F4 GS6A4 
K4EF<A< 8V9?9>FD<KABW HGA>JVW @4F9DV4?G 6>?RK9AP (@9F4?G) [2]: 

( ) ( ) ( ) ( )
2 2

21 2 2 2 2
i ip p Ä

Ä
∞

Ä

ω ω ω
ω = ω + ω = − +

ω +ω ω ω +ω
ε ε ε ε . (2) 

&GF 2 2 *
0/p e n mω c ε  � C?4;@B64 K4EFBF4; n  � >BAJ9AFD4JVS 9?9>FDBAV6 G 

3D-@9F4?V; *m  � 9H9>F<6A4 @4E4 9?9>FDBAV6; 1
eff
−

Äω = Ä , effÄ  � K4E 
D9?4>E4JVW. 

' D4@>4I 8<HG;V=AB7B A45?<:9AAS 9H9>F<6AG K4EFBFG ;VF>A9AP 
9?9>FDBAV6 G K4EF<AJV @B:A4 CD98EF46<F< S> 

F

eff 0

1 1 v

R
= +

Ä Ä
A ,    (3) 

89 0Ä  � K4E 6V?PAB7B CDB5V7G V L6<8>VEFP H9D@VW6EP><I 9?9>FDBAV6 G 3D-

@9F4?V; R  � D48VGE A4ABK4EF<A><; A  � 9H9>F<6A<= C4D4@9FD, MB BC<EGє 
EFGCVAP 6FD4F< >B79D9AFABEFV. 

!4 D<E. 1 A46989AV K4EFBFAV ;4?9:ABEFV >B9HVJVєAF4 CB7?<A4AAS 
A4ABK4EF<AB> Au D48VGEB@ 5R =  A@ V; DV;A<@< ;A4K9AAS@< >B9HVJVєAF4 
;4CB6A9AAS, 6CDB648:9A<I G KCl ( 4,64m =ε ). 3> 6<8AB ; 6<7?S8G >D<6<I 

( )η ω , K4EFBFAV ;4?9:ABEFV >B9HVJVєAF4 CB7?<A4AAS 4CDB>E<@GRFPES 

6<D4;B@ ( ) 2η ω ∝ ω . $9;G?PF4F< DB;D4IGA>V6 E6V8K4FP CDB A9B5IV8AVEFP 
6D4IG64AAS 6A9E>G VBAABW CV8E<EF9@< G >B9HVJVєAF CB7?<A4AAS F4 
>BD9>FAB7B 6D4IG64AAS ;BAABW EFDG>FGD< @9F4?G (;4@VA< *

em m→ ). 
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"E>V?P>< 69?<K<A4 DB;5V:ABEFV @V: ;A4K9AAS@< >B9HVJVєAF4 CB7?<A4AAS 
;5V?PLGєFPES ;V ;5V?PL9AAS@ 6@VEFG A4ABK4EF<AB>. 

 
$<E. 1. +4EFBFAV ;4?9:ABEFV ( )η ω  A4AB>B@CB;<FG V; K4EF<A>4@< Au 6 KCl 

CD< 0,004´ =  (4) F4 0,016´ =  (5): 1 � 1∞ =ε , *
em m= ; 2 � 9,84∞ =ε , 

* 1,32 em m= . 

%C<EB> ?VF9D4FGD< 

1. Kreibig, U. Optical Properties of Metal Clusters [Text] / U. Kreibig, M. 
Vollmer. � Berlin: Springer, 1995. 

2. Olmon, R. L. Optical dielectric function of gold [Text] / R.L. Olmon, 
B. Slovick, T.W. Johnson, D. Shelton, S.-H. Oh, G.D. Boreman, M.B. Raschke, // Phys. 
Rev. B. 2012. � V. 86. � No 23. � id. 235147. 

'�� 538.9 
�BDBFGA �.�.1, �GD54J><= �.#..2, #B7BEB6 �.�.3 

$�%+�& ����"!��0!/) �" #"!�!&"� 

��1���&$�+�%�"�" &�!�"$�  �&����+�%�"� 

!�!"#$"�"�"+�� 

�EE?98B64A<R @9F4??<K9E><I A4ABCDB6B?BK9> 6 A4EFBSM99 6D9@S 
G89?S9FES 5B?PLB9 6A<@4A<9 6 E6S;< E L<DB><@< C9DEC9>F<64@< <I 
CD<@9A9A<S 6 A4ABQ?9>FDBA<>9.  

                                                           
1 �BJ9AF �!&' 
2 �BJ9AF �!&' 
3 #DBH9EBD �!&' 
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)4D4>F9DAB= K9DFB= F4><I E<EF9@ S6?S9FES 4A<;BFDBC<S <I 
BCF<K9E><I E6B=EF6, B5GE?B6?9AA4S QHH9>F4@< D4;@9DAB7B >64AFB64A<S. 
� E6S;< E QF<@, F4><9 69?<K<AO >4> BCF<K9E>4S CDB6B8<@BEFP <?< 
8<Q?9>FD<K9E>4S HGA>J<S CD<B5D9F4RF F9A;BDAO= I4D4>F9D [1]. 

�E?98EF6<9 4A<;BFDBC<< BCF<K9E><I E6B=EF6 @9F4??<K9E><I E<EF9@ 
CBA<:9AAB= D4;@9DABEF< E6S;P @9:8G >B@CBA9AF4@< <A8G>J<< ³D  < 
A4CDS:9AABEF< É  Q?9>FD<K9E>B7B CB?S ABE<F A9?B>4?PAO= I4D4>F9D [2]: 

( ) ( ) ( ), , , , d³ ³´ ´′ ′ ′ω = ω ω∫r r r r rεD E .  (1) 

�?S 6OK<E?9A<S 8<47BA4?PAOI >B@CBA9AF 8<Q?9>FD<K9E>B7B 
F9A;BD4 ³³ε  6BECB?P;G9@ES D9;G?PF4F4@< [3], B5B5M9AAO@< A4 E?GK4= 

4A<;BFDBCAOI E<EF9@: 

( )
( )

22 2 2 2 2 22 2

2 22 2 2 2 2 4 2 2,

/ i 2 /8
1

/ 4 /

i ij

i j
e

ij ij

fe
j p i

m

∧

³³ ³

¸ − ω + Ä + ω Äπ
= − ∑

Ω £ §¸ ¸ − ω + Ä + ω Ä¤ ¨¥ ©

ε , (2) 

789 em  � @4EE4 E6B5B8AB7B Q?9>FDBA4; Ω  � B5N9@ E<EF9@O; i  < i  � 

69>FBD4 A4K4?PAB7B < >BA9KAB7B EBEFBSA<=, EBBF69FEF69AAB, ij i j¸ c ¸ − ¸ ; 

Ä  � 6D9@S D9?4>E4J<<; T  � F9@C9D4FGD4. � 84?PA9=L9@ 5G89@ EK<F4FP 
0T = ; if  � >BQHH<J<9AF ;4CB?A9A<S EBEFBSA<= E QA9D7<9= i¸ . 

�?S CDB6989A<S K<E?9AAOI D4EK9FB6 6OD4:9A<9 (2) A9B5IB8<@B 
8BCB?A<FP EBBFABL9A<9@, BCD989?SRM<@ GDB69AP (9D@< @9F4??<K9E>B= 
A4ABCDB6B?BK>< [1]: 

2 2
F2 2

,0

2
mn

m n

n k k= −∑
π ρ

,    (3) 

�89EP n  � >BAJ9AFD4J<S Q?9>FDBAB6 6 3D-@9F4?9, 4 EG@@<DB64A<9 
CDB<EIB8<F CB 6E9@ ;A4K9A<S@ m  < n , 8?S >BFBDOI Fm nk k< . 

!4 D<E. 1 <;B5D4:9AO ;46<E<@BEF< ( )Im xx ωε  8?S CDB6B?BK9> 
D4;?<KAOI @9F4??B6 8<4@9FDB@ 3d =  A@. �?S Al 8<Q?9>FD<K9E>4S 
HGA>J<S <@99F B8<A @4>E<@G@ < BEJ<??SJ<< BFEGFEF6GRF. % G69?<K9A<9@ 
K4EFBFO BEJ<??SJ<< ;4FGI4RF >4> 8?S Cu, F4> < 8?S Au. &4>B9 CB6989A<9 
8<Q?9>FD<K9E>B= HGA>J<< B5NSEAS9FES @4?O@ ;A4K9A<9@ 6D9@9A< 
D9?4>E4J<< Q?9>FDBAB6 4?R@<A<S, F4> KFB L<D<A4 C<>B6 CD<@9DAB 
EBEF46?S9F / 0,082Ä =  Q� CB ED46A9A<R E 86G@S 8DG7<@< @9F4??4@<. 



257 

 

$<E. 1. +4EFBFA4S ;46<E<@BEFP @A<@B= K4EF< 8<Q?9>FD<K9E>B= HGA>J<< 
CDB6B?BK9> D4;?<KAOI @9F4??B6 

%C<EB> ?<F9D4FGDO 

1. �GD54J><=, �. #. 1A9D7<S (9D@< < BCF<K9E>4S CDB6B8<@BEFP >64AFB6OI 
@9F4??<K9E><I A<F9= [&9>EF] / �. #. �GD54J><=, �. �. �BDBFGA, �. �. �45<K, �. �. 
#B7BEB6 // (&&. � 2009. � &. 51, № 12. � %. 2371�2378. 

2. Kurbatsky V.P. Optical conductivity of metal nanofilms and nanowires: the 
rectangular-box model [&9>EF] /V.P.Kurbatsky, V.V.Pogosov //Phys. Rev. B.� 2010.� 
id. 155404. 

3. Wood, D.M. Quantum size effects in the optical properties of small metallic 
particles [&9>EF] / D.M. Wood, N.W. Ashcroft // Phys. Rev. B. � 1982. � V. 25. � № 10. 
� P. 6255�6273. 

'�� 539.2  
#B7BEB6 �.�.1, �45<K �.�.2, $964 �.�.3 

����!%�"!!/� ����� � $��"&' �/)"�� 1���&$"!"� � 

#"��&$"!"� ��  �&���� 

"8A<@ <; 69EP@4 KG6EF6<F9?PAOI @9FB8B6 8<47ABEF<>< B5N9@AOI 
89H9>FB6 < EBEFBSA<S CB69DIABEF< @4F9D<4?B6 S6?S9FES @9FB8 
4AA<7<?SJ<< CB;<FDBAB6. #B;<FDBAO Q@@<F<DGRFES 6 @9F4?? >4><@-?<5B 
D48<B4>F<6AO@ <;BFBCB@, >BFBDO= <ECGE>49F CB;<FDBAO 6OEB><I 
                                                           
1 #DBH9EEBD �!&' 
2 Postdoc and Research Positions at Max Planck Institute for Solid State Re-
search 
3 �EC<D4AF �!&' 
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QA9D7<=. !4 97B CGF< GEF4A46?<64RF @B89D4FBD-B5D4;9J, 6 >BFBDB@ 
CB;<FDBAO ;A4K<F9?PAGR K4EFP QA9D7<< F9DSRF 6 A9GCDG7<I EBG84D9A<SI 
E 4FB@4@<, 4 ;4F9@ E QA9D7<9= ~ 50 >Q� CBEFGC49F G:9 6 <EE?98G9@O= 
B5D4;9J. �4?99, 6E97B ;4 A9E>B?P>B C<>BE9>GA8 CB;<FDBA F9D@4?<;G9FES. 
36?SSEP 4AF<K4EF<J4@<, Q?9>FDBA @9F4??4 < CB;<FDBA @B7GF CBC4DAB 
4AA<7<?<DB64FP E <ECGE>4A<9@ γ ->64AFB6. %C9>FD 4AA<7<?SJ<< 
CB;<FDBAB6 S6?S9FES <EFBKA<>B@ <AHBD@4J<< B5 Q?9>FDBAAB= EFDG>FGD9 
@4F9D<4?B6. �?S A9>BFBDOI @9F4??B6 E BFD<J4F9?PAB= D45BFB= 6OIB84 
CB;<FDBA4 (Al, Ti, Cr, Fe, Ni) A45?R849FES <AF9AE<6A4S B5D4FA4S Q@<EE<S 
CB;<FDBAB6. #BQFB@G, CB@<@B <;@9DS9@OI 6D9@9A< :<;A< < G7?B6B7B 
D4ECD989?9A<S HBFBAB6 4AA<7<?SJ<<, 8?S QF<I @9F4??B6 CB <;@9D9AAB@G 
QA9D79F<K9E>B@G D4ECD989?9A<R CB;<FDBAB6 B5D4FAB= Q@<EE<< 

GEF4A46?<649FES D45BF4 6OIB84 0p ≤W . $45BF4 6OIB84 Q?9>FDBAB6 eW  

<; @9F4??4 6E9784 CB?B:<F9?PA4 (@9F4?? 8?S Q?9>FDBAB6 S6?S9FES 
CBF9AJ<4?PAB= S@B=). �?S Q?9>FDBAB6 CDB6B8<@BEF< 64>4AE<S 6 @9F4??9 
CD98EF46?S9F EB5B= CBF9AJ<4?PAO= 54DP9D, 4 8?S <A:9>F<DB64AAOI 6 
@9F4?? CB;<FDBAB6 − CBF9AJ<4?PAGR S@G.  

� A4EFBSM9= D45BF9 GKF9AO BEB59AABEF< D4EE9SA<S CB;<FDBAB6 
B5D4FAB= Q@<EE<< A4 CGEFOI 64>4AE<SI < 64>4AE<SI G:9 ;4DS:9AAOI 
?B>4?<;B64AAO@< CB;<FDBA4@<. #B?474S D4ECD989?9A<9 64>4AE<= 
B8ABDB8AO@, @O @B89?<DG9@ 97B 3D E69DID9L9F>B=. 1F4 D9L9F>4 
;4DS:9AAOI 64>4AE<= CD<6B8<F > E86<7G QA9D7<< BEAB6AB7B EBEFBSA<S 
CB;<FDBAB6 B5D4FAB= Q@<EE<<. #DB6989A4 BJ9A>4 64>4AE<BAAB7B 6>?484 6 
D45BFG 6OIB84 CB;<FDBAB6 8?S @4EE<6AOI @9F4??B6 < A4AB>?4EF9DB6. 

�BAJ9AFD4J<S 64>4AE<=, B5D4;GRM<IES 6 D9;G?PF4F9 D48<4J<BAAOI 
CB6D9:89A<= 6 @9F4??4I, @B:9F EBEF46?SFP 89ESF>< CDBJ9AFB6. �ECB?P;GS 
HBD@G?O 6 >4K9EF69 BJ9ABKAOI 8?S ;A4K9A<= >BAJ9AFD4J<< 64>4AE<= 3%, 
E86<7< D45BF 6OIB84 EBEF46?SRF ;A4K<F9?PAO9 69?<K<AO: 

0 5eW ≈ − .·  eV < 1 77pW· ≈ − .  eV. &4><@ B5D4;B@ CB>4;4AB, KFB 64-
>4AE<BAAO= QHH9>F 849F ;A4K<F9?PAB 5B?PL<= 6>?48 6 QA9D79F<>G CB;<-
FDBAB6, K9@ Q?9>FDBAB6.  

#BF9AJ<4? <BA<;4J<< IP  E6B5B8AB7B >?4EF9D4 4FB@B6 @9F4??4 <?< 
BEFDB6>4 A4 CB8?B:>9 @B:9F 5OFP CD98EF46?9A 6 6<89 86GI E?4749@OI  

2IP 2eW e C= + / ,  

789  2 2e C/  � Q?9>FDBEF4F<K9E>4S QA9D7<S ;4DS8><, C  � Q?9>FD<K9E>4S 

9@>BEFP >?4EF9D4. &B> Q@<EE<<  BIP/~
ek T

I e
− , eT  �  F9@C9D4FGD4 Q?9>-

FDBAAB7B 74;4. �E?< 6>?RK<FP ;46<E<@BEFP eW  BF >BAJ9AFD4J<< 64>4A-
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E<=, FB QHH9>F Q@<EE<< 5G89F GE<?9A 6 v B/e eW k T
e

·−
 D4;. "J9A9A4 F9@C9D4-

FGDA4S ;46<E<@BEFP D45BFO 6OIB84 Q?9>FDBAB6 < CB;<FDBAB6 8?S 7D4A9= 
3D− 4?R@<A<S < A4ABEH9DO, EB89D:4M9= CD<@9DAB 310  4FB@B6. 
"5EG:849FES F4>:9 6?<SA<9 64>4AE<= A4 Q?9>FDBAAO9 Q@<EE<BAAO9 
E6B=EF64 BEFDB6>B6OI C?9AB> A4 8<Q?9>FD<K9E><I CB8?B:>4I. 

%C<EB> ?<F9D4FGDO 

1. �45<K �.�. "J9A>4 64>4AE<BAAB7B 6>?484 6 D45BFG 6OIB84 Q?9>FDBAB6 < 
CB;<FDBAB6 <; @9F4??B6 [Text] / �.�. �45<K, �.�. #B7BEB6, �.�. $964 // #<EP@4 6 
�GDA4? F9IA<K9E>B= H<;<><  2016, T. 86 (6 C9K4F<). 

'�� 539.2  
#B7BEB6 �.�.1, �45<K �.�.2, $964 �.�.3 

$�%+�& ��$"3&!"%&� ��)��&� � %�"$"%&� 

�!!����3*�� #"��&$"!� � ����!%��  �&���� 

#B;<FDBAO <A:9>F<DGRFES 6 B5D4;9J <, D4EE9<64SEP A4 HBABA4I, 
5OEFDB F9D@4?<;GRFES. �;@9DS9@O@< I4D4>F9D<EF<>4@< S6?SRFES 6D9@S 
:<;A< < G7?B6B9 D4ECD989?9A<9 HBFBAB6 4AA<7<?SJ<<. �?S A9>BFBDOI 
@9F4??B6 E BFD<J4F9?PAB= D45BFB= 6OIB84 CB;<FDBA4 (6 K4EFABEF<, Al < 
Cu) A45?R849FES <AF9AE<6A4S B5D4FA4S Q@<EE<S CB;<FDBAB6, < 8BCB?A<-
F9?PAB= <;@9DS9@B= I4D4>F9D<EF<>B= S6?S9FES @<A<@4?PA4S ><A9F<K9-
E>4S QA9D7<S CB;<FDBAB6 B5D4FAB= Q@<EE<<. %C9>FD 4AA<7<?SJ<< CB;<-
FDBAB6 S6?S9FES <EFBKA<>B@ <AHBD@4J<< B5 Q?9>FDBAAB= EFDG>FGD9, FB-
K9KAOI 89H9>F4I @4F9D<4?B6 < <I B><E?B6, 4 F4>:9 A4ABEFDG>FGD. 

� CB;<FDBAAB= 89H9>FBE>BC<< 4A4?<;<DG9FES 6D9@9AAB9 D4ECD989-
?9A<9 4AA<7<?SJ<BAAOI HBFBAB6. �D9@9AAB= EC9>FD EBEFB<F <; >B@CB-
A9AF E EBBF69FEF6GRM<@< <AF9AE<6ABEFS@<  < I4D4>F9DAO@< 6D9@9A4@<. 
#B8D4;G@9649FES, KFB B8A4 K4EFP CB;<FDBAB6 4AA<7<?<DG9F 6 B5N9@9 B5-
D4;J4 6A9 64>4AE<=, 8DG74S � ?B>4?<;G9FES 6 64>4AE<SI, 4 ;4F9@ 4AA<7<?<-
DG9F 6 A<I. &4>B@G CD<5?<:9A<R EBBF69FEF6GRF E?98GRM<9 GCD46?SR-
M<9 GD46A9A<S  

                                                           
1 #DBH9EEBD �!&' 
2 Postdoc and Research Positions at Max Planck Institute for Solid State Re-
search 
3 �EC<D4AF �!&' 
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( )b b v v b inj= ,N c N− − +» ½ ½                     

v v v v v b= ,N N c N− +» ½      

789 bN  < vN  � K<E?B E6B5B8AOI CB;<FDBAB6 6 B5N9@9 Ω  @9F4??4 < ?B>4-
?<;B64AAOI 6 64>4AE<SI 6 @B@9AF 6D9@9A< t , EBBF69FEF69AAB; inj½  � >B?<-
K9EF6B <A:9>F<DG9@OI 6 @9F4?? CB;<FDBAB6 6 98<A<JG 6D9@9A<; 

v v a= /c n n  � BFABE<F9?PA4S >BAJ9AFD4J<S 64>4AE<= CB BFABL9A<R > 
4FB@AB= >BAJ9AFD4J<<; b»  < v»  � EBBF69FEF6GRM<9 E>BDBEF< 4AA<7<?S-
J<< ( b, v b, v= 1/» Ä , Ä  � 6D9@S :<;A<); v½  � E>BDBEFP ?B>4?<;4J<< A4 98<-

A<KAGR >BAJ9AFD4J<R 64>4AE<=. �; Q>EC9D<@9AF4 A4IB8<FES CDB<;6989-
A<9 v vc½ . "8AG <; 69?<K<A v½  <?< vc  CD<IB8<FES D4EEK<FO64FP F9BD9F<-
K9E><. 

� EBBF69FEF6<< E «;B?BFO@» CD46<?B@ (9D@<-�<D4>4 CB?AGR 69-
DBSFABEFP C9D9IB84 CB;<FDBA4 6 ?B>4?<;B64AAB9 EBEFBSA<9 6 98<A<JG 
6D9@9A< BCD989?S?4EP 6 6<89  

( )2

,
,

2
= ,i f i f i f

i f

PP M E E−∑π½ ·    

789 iP  < fP  � 69DBSFABEF< A4K4?PAB7B < >BA9KAB7B EBEFBSA<S E<EF9@O, ,i fM  � 

@4FD<KAO= Q?9@9AF C9D9IB84, iE  < fE  � CB?AO9 QA9D7<< E<EF9@O [1]. 

�OCB?A9A E4@BEB7?4EB64AAO= D4EK9F @9FB8B@ �BA4-,9@4 
69DBSFABEF< ?B>4?<;4J<< CB;<FDBAB6 6 @BAB64>4AE<SI Al < Cu >4> 
HGA>J<< QA9D7<< < F9@C9D4FGDO. �4>4AE<S @B89?<DB64?4EP CB?BEFPR 
D48<GE4 SK9=>< �<7A9D4-�9=FJ4 6 @B89?< EF45<?PAB7B :9?9. #B?GK9A4 
HBD@G?4 E>BDBEF< ;4I64F4 64>4AE<9= CB;<FDBA4 >4> HGA>J<< 97B QA9D7<<. 
�?S F9D@4?<;B64AAOI CB;<FDBAB6 E>BDBEFP ?B>4?<;4J<< 65?<;< FDB=AB= 
FBK>< B>4;4?4EP CB CBDS8>G 69?<K<AO 5?<;>B= > E>BDBEF< 4AA<7<?SJ<<. 
 B89?<DGS CB69DIABEFAGR >BAJ9AFD4J<R 64>4AE<= 2D E69DID9L9F>B=, 
84AB B5NSEA9A<9 4AB@4?<< 6 B5D4FAB= Q@<EE<< CB;<FDBAB6. 

%C<EB> ?<F9D4FGDO 

1. �45<K �.�. " ?B>4?<;4J<< CB;<FDBAB6 6 64>4AE<SI @9F4??4  [Text] / �.�. 
�45<K, �.�. #B7BEB6, �.�. $964 // (<;<>4 F69D8B7B F9?4  2015, T.57,  № 11, C. 2081�
2089. 
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'�� 539.2  
#B7BEB6 �.�.1, $964 �.�.2 

1!�$��&���  �&����+�%�"�" ���%&�$�, 

%"��$��-��" ����!%�� 

(4;B6O= C9D9IB8 <; F69D8B7B 6 :<8>B9 EBEFBSA<9 6 3D B5D4;J4I 
E6S;4A E >BAH<7GD4J<BAAO@ 6B;5G:89A<9@ � B5D4;B64A<9@ CGEFBF-
64>4AE<=. $46AB69EA4S >BAJ9AFD4J<S 64>4AE<= 6OK<E?S9FES <; 
F9D@B8<A4@<K9E><I EBB5D4:9A<= CD< A4?<K<< QA9D7<< B5D4;B64A<S 
64>4AE<<. 1F4 69?<K<A4 @B:9F 5OFP <;6?9K9A4 <; EC9>FD4 4AA<7<?SJ<< 
CB;<FDBAB6, ?B>4?<;B64AAOI 6 64>4AE<<. �BAJ9AFD4J<S 64>4AE<= CD< 
QFB@ BEF49FES E6B5B8AO@ C4D4@9FDB@.  

1>EC9D<@9AF4?PAB GEF4AB6?9AB, KFB F9@C9D4FGD4 C?46?9A<S 
E6B5B8AOI >?4EF9DB6 G@9APL49FES E G@9APL9A<9@ <I D4;@9DB6. � 
CDBJ9EE9 C?46?9A<S 8<HHG;<S CB69DIABEFAOI 64>4AE<= 6 B5N9@ 5B?99 
6O7B8A4 8?S >?4EF9DB6 E A9;4CB?A9AAO@< Q?9>FDBAAO@< B5B?BK>4@<, K9@ 
8?S @47<K9E><I >?4EF9DB6. %GM9EF6G9F FBK>4 ;D9A<S, KFB 65?<;< 
F9@C9D4FGDO C?46?9A<S QA9D7<S B5D4;B64A<S 64>4AE<= F9@ @9APL9, K9@ 
@9APL9 >?4EF9D, 4 >BAJ9AFD4J<S 64>4AE<= A9 ;46<E<F BF 97B D4;@9D4. &9@ 
A9 @9A99, A9E@BFDS A4 89F4?PAO9 @4EE-EC9>FDB@9FD<K9E><9 < 
>4?BD<@9FD<K9E><9 <EE?98B64A<S CDBJ9EE4 CD98C?46?9A<S < C?46?9A<S 
>?4EF9DB6, 6BCDBE B D4;@9DAB= ;46<E<@BEF< QA9D7<< B5D4;B64A<S 
64>4AE<=, <I >BAJ9AFD4J<< < E6S;< E CDBJ9EEB@ C?46?9A<S BEF49FES 
BF>DOFO@. 

� 84AAB= D45BF9 CD98?4749FES CBE?98B64F9?PA4S CDBJ98GD4 
A4IB:89A<S CBF9AJ<4?4 <BA<;4J<< 5B?PLB7B @9F4??<K9E>B7B >?4EF9D4 
D48<GE4 ,N vR , EBEFBSM97B <; N  4FB@B6 < EB89D:4M97B vN  64>4AE<=. � 

CD<5?<:9A<< QHH9>F<6AB= ED98O 8?S QA9D7<< BEAB6AB7B EBEFBSA<S 
Q?9>FDBAB6 CBEFDB9A4 F9BD<S 6B;@GM9A<S CB @4?O@ C4D4@9FD4@ 

,/v N vR R  < /v vL R  ( vR  < vL  � ED98A99 D4EEFBSA<9 @9:8G 64>4AE<S@< < 
8?<A4 D4EE9SA<S Q?9>FDBA4 A4 64>4AE<<, EBBF69FEF69AAB). #DBH<?P 
QHH9>F<6AB7B CBF9AJ<4?4 64>4AE<<, H4;O < 8?<A4 D4EE9SA<S Q?9>FDBA4 
CD9864D<F9?PAB 6OK<E?9AO @9FB8B@ �BA4-,9@4 8?S @4>DBE>BC<K9E>B7B 
@9F4??4 6 @B89?< EF45<?PAB7B :9?9.  #D98CB?4749FES, KFB CBF9AJ<4?PAB9 
CB?9 CB8E<EF9@O 64>4AE<= (0D E69DID9L9F>4) B5?4849F «EH9D<K9E>B= 
C9D<B8<KABEFPR».  

                                                           
1 #DBH9EEBD �!&' 
2 �EC<D4AF �!&' 
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� D9;G?PF4F9 CB?GK9AB BD<7<A4?PAB9 6OD4:9A<9 8?S CBF9AJ<4?4 
<BA<;4J<< >?4EF9D4 [1] 

2 2 2
3D 1 2

, 2 2
, , , ,
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I = 1 ,

2 2N v v

N v N v N v N v

e
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R R C mR

¼ ¼ π ξ
π

» ¿− − + − −¼ À
½ Á

 

789 3D
vW  � D45BF4 6OIB84 Q?9>FDBA4 <; 3D @9F4??4, 1,2¼ � C9D64S < 6FBD4S 

D4;@9DAO9 CBCD46>< I<@<K9E>B7B CBF9AJ<4?4 Q?9>FDBAB6, ,N vR � D48<GE 

>?4EF9D4, ,N vC � 9@>BEFP >?4EF9D4, = 0,709B , = 1,v vL Rξ  vL � 

8?<AA4 D4EE9SA<S Q?9>FDBA4 A4 64>4AE<<. "CD989?9AO 7D4A<JO 

CD<@9A<@BEF< 84AAB7B D4;?B:9A<S CB EF9C9AS@ B5D4FAB7B D48<GE4 1R− : 
> 4.5R  nm < > 6R  nm 8?S Na < Al, EBBF69FEF69AAB. 
#D98EF46?9AAO= CB8IB8 CD98EF46?S9FES C9DEC9>F<6AO@ 8?S 

Q>EC9D<@9AF4?PAB7B BCD989?9A<S >BAJ9AFD4J<= FBK9KAOI 89H9>FB6 <?< 
CD<@9E9= 6 >?4EF9D4I @9F4??B6. �?S QFB7B CD9864D<F9?PAB AG:AB 
D4EEK<F4FP 8?<AG D4EE9SA<S Q?9>FDBAB6 A4 EBBF69FEF6GRM9@ 89H9>F9 6 
3D @9F4??9. #B?GK9AAO9 4A4?<F<K9E><9 6OD4:9A<S G8B5AO 8?S 4A4?<;4 
D9;G?PF4FB6 HBFB<BA<;4J<BAAOI Q>EC9D<@9AFB6. % <I CB@BMPR, 6 
K4EFABEF<, @B:9F 5OFP BCD989?9A4 >BAJ9AFD4J<S 64>4AE<= 6 >?4EF9D9 
65?<;< F9@C9D4FGDO C?46?9A<S. #D< CBC484A<< Q>EC9D<@9AF4?PAB7B 
;A4K9A<S CBF9AJ<4?4 <BA<;4J<< IP (<?< QA9D7<< CD<?<C4A<S EA) A4 B8AG 
<; D4EEK<F4AAOI D4;@9DAOI < >BAJ9AFD4J<BAAOI ;46<E<@BEF9= IP (<?< 
EA), 46FB@4F<K9E>< H<>E<DG9FES D4;@9D >?4EF9D4 < >BAJ9AFD4J<S 
64>4AE<= CD< ;484AAB= F9@C9D4FGD9. 

%C<EB> ?<F9D4FGDO 

1. #B7BEB6 �.�. #BF9AJ<4? <BA<;4J<< @9F4??<K9E>B7B >?4EF9D4, 
EB89D:4M97B  FBK9KAO9 89H9>FO <?< CD<@9E<. �4>4AE<< [Text] / �.�. #B7BEB6, 
�.�. $964 // (<;<>4 F69D8B7B F9?4  (6 C9K4F<) 
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'�� 621.3.049.774  
#DBE>GDVA  . #.1, -9>BF<IVA ".�.2 

"#&�+�%��� !��"!�'�&��!/� %�3�� !�  ��"-

/ ��$" "-!/) "#&$"!�) � �) �" #"!�!&"� ��3 

�!&�$(��%"� *�($"�/) %)�  

�ECB?P;B64A<9 EFDG>FGD<DB64AAOI CBFB>B6 BCF<K9E>B= <AHBD-
@4J<< CB?GK<?B L<DB>B9 CD<@9A9A<9 6 F9IA<>9: 6 CD<5BD4I C9D984K<  
84AAOI, 6 GEFDB=EF64I GCD46?9A<S ('') F9IAB?B7<K9E><@ < 5BDFB6O@ 
B5BDG8B64A<9@, @98<J<AE>B= 4CC4D4FGD9, 6<89BA45?R89A<<, 8D.[1].   

�;69EFAB, KFB 8<A4@<>4 <;@9A9A<S C4D4@9FDB6 J<HDB6OI �%, E6S-
;< @9:8G >4E>484@< >BFBDOI BEGM9EF6?SRFES CB A4CD46?SRM<@ ED984@ 
(!%) A4 BEAB69 @9F4??<K9E><I ( 9) E6S;9=, G>4;O649F A4 CD<5?<:9A<9 <I 
> BCD989?9AAB@G K4EFBFAB@G CD989?G (7D4A<KA4S K4EFBF4 C9D9>?RK9A<S 
F7D.). �7B 7D4A<J4 BF?<K49FES 8?S ?B7<K9E><I Q?9@9AFB6 (�1) D4;AOI F<-
CB6 ?B7<>< �% (&2�, 1%�, &2�,,  "#, �- "#, 8D.), AB BA4 E6S;4A4 E 
DS8B@ H4>FBDB6, BEAB6AO9 <; >BFBDOI: H<;<K9E><9 E6B=EF64 6O5D4A-

AOI BEAB6AOI ABE<F9?9= ;4DS84 (!�) � >64;<E6S;4AAO9 Q?9>FDBAO (;A4K9-
A<S: CB86<:ABEF< µ 6 CB?GCDB6B8A<>B6B= EFDG>FGD9 � ##%, L<D<A4 ;BA, 
8D.), !% 6 6<89 CDB6B8A<>B6 < E6S;4AAO9 E A<@<  R, L, C C4D4@9FDO (A4-
CD<@9D, ;489D:>4 C9D9>?RK9A<S t~R.C, 8D.); F9IAB?B7<K9E><9 B7D4A<K9-
A<O (FBCB?B7<K9E><9: @<A<@4?PAO= D4;@9D Q?9@9AFB6, >B?<K9EF6B 6O6B-
8B6 >BDCGE4 �% < 6AGFD9AA<I E6S;9=, <I 8?<A4, 8D.); E6B=EF64 ##% (69-
?<K<AO: D45BF4 C9D9>?RK9A<S <; «1»/»0» 6 «0»/«1», D4EE9<649@4S @BM-
ABEFP $�%, LG@O F9C?B6O9 $,&~k&, 8D.). �;69EFA4 6OEB>4S 6BECD<<@K<-
6BEFP �%,  C?4F, 5?B>B6, GEFDB=EF6 (FB>B698GM<9 8BDB:><, 6AGFD9A-
A<9/6A9LA<9 <AF9DH9=EO, >459?<, L?9=HO, 8D.),  > Q?9>FDB@47A<FAO@ 
CB@9I4@ (1 #) EGFP S6?9A<S >BFBDOI ;4>?RK49FES 6 A46989A<< 6 CDB6B8-
A<>9 8?<AAB= l  ?B:AOI <@CG?PEB6  6 6<89 «0» < «1». 1FB BCD989?S9F A9-
8BEF4F>< F4><I !%: 86GCDB6B8A4S BD74A<;4J<S C9D984K<, E?B:ABEF< C9-
D984K< @AB:9EF64 E<7A4?B6 CB 1-= J9C<, A4?<K<9 C4D4;<FAOI B5D4FAOI 
E6S;9=, 6BECD<<@K<6BEFP > 1 #, B7D4A<K9A<S 8?<AO l E9F9= < �%, C4D4-
@9FDO K4EFBF C9D9>?RK9A<S F�$, 8D. 

�A4?<; <;?GK4F9?9= «>BDBF><I» < «8?<AAOI» BCFDBAB6 (EI9@ E 
<EFBKA<>B@ @4?B- < @<>DB@BMAB7B BCF<K9E>B7B <;?GK9A<S 6 6<89: @B8G-
?SFBDB6, CD<9@BC9D984FK<>B6, C9D9>?RK4F9?PAOI GEFDB=EF6, 8D.) G>4;O-
649F, KFB CB8IB8SM<@< 8?S D4EEFBSA<=  0,001@>@..103@ S6?SRFES A9>B79-
                                                           
1 #DBE>GDVA  <>B?4 #9FDB6<K, >.F.A., �!&', 8BJ9AF >4H. �%%.  
2 -9>BFVIVA "?97 �SK9E?46B6<K, >.F.A., �!&', 8BJ9AF >4H. ��.   
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D9AFAO9 <;?GK4F9?< F<C4 �� %� (A4 BEAB69  GaAs). "A< B5?484RF CD<9@-
?9@O@ A45BDB@ >4K9EF6 < I4D4>F9D<EF<>: @4?B= CBFD95?S9@B= @BMABE-
FPR, 6OEB><@ 5OEFDB89=EF6<9@ (B>B?B 10�9E),  8BEF4FBKAO@ �#� CD9B5-
D4;B64A<S �→L, 8?<F9?PAO@ 6D9@9A9@ HGA>J<BA<DB64A<S (g106 K) CD9-
B5D4;B64A<S �→L, 8?<F9?PAO@ 6D9@9A9@ HGA>J<BA<DB64A<S (g106 K) < 
CDB<;6B8SFES CB EB6D9@9AAO@ C?4A4DAO@ F9IAB?B7<S@ [2,3].   

"5;BD HBFBCD<9@A<>B6 ((#) BCFDBAB6 G>4;4? C9DEC9>F<6ABEFP 
CD<@9A9A<S EI9@O (# 6 6<89 p-i-n (� < �+ FD4A;<EFBD4 (&D.) E 5OEFDB-
89=EF6<9@ 5B?99 10�9E [3]; ED98< A<I BD<7<A4?PAO@ �&$ S6?S9FES «�AF97-
D4?PA<= HBFBCD<=@4?PA<= CD<EFDV=» [4] (�(') B8AB7B <; 46FBDB61, 6 >B-
FBDB@  p-i-n (� <AF97D<DB64A 6 n-p-n �+ &D. (B59EC9K<?B: CD<9@?9@O9 
GDB69AP 79A9D4J<< (�, >BQHH<J<9AF GE<?9A<S &D., 6B;@B:ABEFP 97B CB8-
EFDB=><, 8D.), 4 F4>:9 F9IAB?B7<KABEFP QF4CB6 97B CDB<;6B8EF64  CB C?4-
A4DAB= F9IAB?B7<<. "5N98<A9A<9 �� %� < �(' 6 �&$ 6 6<89 @<>DB@BM-
AB7B BCFDBA4, D4;D45BF>4, D4EK9F 97B Q?9@9AFB6  < >B@CPRF9DAB9 @B89?<-
DB64A<9 (� ) A4 BEAB69 EI9@ BCFBQ?9>FDBAAOI �1 (F<C4 n-���-!�: 54-
;<E #<DE4) CB>4;4?B <I 6B;@B:ABEF<, C9DEC9>F<6O 8?S EB;84A<S �% E BC-
F<K9E><@< E6S;S@< ("%) [5]. 

� A4K4?9 QF4C4 <ECB?P;B64A<S 8<E>D9FAOI BCFDBAB6, <I Q?9@9AFB6 
(CD< D94?<;4J<< CD9<@GM9EF6 "%) CD98?B:9AB 5O?B CD<@9A<FP <I 6 D4;-
?<KAOI Q>EC9D<@9AF4?PAOI >BAEFDG>J<SI, A4CD<@9D, 6 6<89 5?B>4 <; DS84 
C?4F E �% < @9:C?4FAOI "% (E BF>DOFO@ </<?< ;4>DOFO@ �"�). � B8AB= 
<; A<I <ECB?P;B64AO "% CB ;4>DOFB@G �"� 6 6<89 6B?B>BAABBCF<K9E><I 
C?4EF<A (�"#) @9:8G 7BD<;BAF4?PAO@< C?4F4@< «QF4:9D><» 5?B>4 A4 
BEAB69 <;?GK4F9?9=  (�� %�) < (# (A4 BEAB69 p-i-n (�) E D45BK9= K4EFB-
FB= F$ 8B A9E>B?P><I 89ESF>B6  �J. #D98?B:9AAB9 �&$ B8A<@ <; 46FB-
DB62 F9;<EB6 [6] CB;6B?S?B 6IB8AO9/6OIB8AO9 E<7A4?O �% B8AB= 7BD<-
;BAF4?PAB= C?4FO CD9B5D4;B64FP 6 BCF<K9E><9/Q?9>FD<K9E><9 (F<C4 �→L, 
L→�)  < C9D9A4CD46<FP A4 8DG7GR 7BD<;BAF4?PAGR C?4FG CB �"#.  "8A4-
>B CD98?B:9AAB9 �&$ 84?9>B BF BCF<@4?PAB7B CB DS8G CD<K<A: 4 � <E-
CB?P;B64A<9 �% <  9 E6S;9= @9:8G A<@< A4 V-FB= C?4F9; 5 � 6OCB?A9A<9  
BCFDBAB6, <I Q?9@9AFB6 (%�, (#) < �"�, E6S;9= @9:8G A<@< < �% CB 
7<5D<8AB= (A9@BAB?<FAB=) F9IAB?B7<<; 6 � E?B:ABEFP REF<DB64A<S E?B96 
�"# (8?S CB6OL9A<S �#� C9D984K< BCF<K9E><I J<HDB6OI E<7A4?B6 BF 
%� > (#); 7 � BFEGFEF6<9 E<EF9@AB7B CB8IB84 >  EA<:9A<R 7454D<FB6, 
@BMABEF< CBFD95?9A<S 8<E>D9FAOI BCFDBAB6 (<I Q?9@9AFB6) < CB6OL9-
A<S K4EFBFO <I C9D9>?RK9A<S F�$; 8D.. '>4;4AAO9 A98BEF4F>< 5O?< CD9-
B8B?9AO 6 �&$, CD98?B:9AAOI B8A<@ <; 46FBDB61:  C4F9AF «*<HDB6<= 
CD<EFDV= ; BCFB9?9>FDBAA<@ 5?B>B@» [7]  < C4F9AF A4 CB?9;AGR @B89?P 
«"CFB9?9>FDBAA4 VAF97D4?PA4 EI9@4 8?S J<HDB6<I 46FB@4FV6» [8], >BFBD4S 
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EBEFB<F <; DS8B6 «E>?99>» �%"%, BCF<K9E>< E6S;4AAOI @9:8G EB5B=, >4> 
< >4:84S «E>?9=>4». $4;D45BFK<><  H<D@ Intel < Apple, 8D.,  CD<@9A<?< 
EIB8AO9 CB8IB8O E 46FBD4@<1,2

 6 D94?<;4J<< �%"%: BD74A<;4J<S D4;89-
?9A<S 6IB8AOI/6OIB8AOI BCF<K9E><I CBFB>B6 J<HDB6OI 84AAOI; B8A4>B 
BEB5O9 CB8IB8O (7<5D<8A4S F9IAB?B7<S- A469EAO9 Q?9@9AFO) 8?S <;?GK4-
F9?9=/HBFBCD<9@A<>B6 �% [9].  

�A4?<; CD<6989AAOI �&$ [5�9] < G>4;4AAO9 CB8IB8O 46FBDB61,2 
A4EFBSM9= EF4FP< CB>4;4?< 6B;@B:AO9 A4CD46?9A<S <AF97D4J<< BCFDBAB6 
< <I Q?9@9AFB6 6 �%, AB 6 6BCDBE9 D94?<;4J<< BCF<K9E><I <AF9DH9=EB6 
�% BA< @4?B KFB 6A9E?< B5A489:<64RM97B. "8A4>B CB;:9 46FBDB@1 8?S 
D9L9A<S QFB7B 6BCDBE4 CD98?B:9AB A4CD46?9A<9 D94?<;4J<< �&$ BCF<K9-
E>B7B <AF9DH9=E4 �% 6 EF4FP9 [10] (A4 BEAB69 D4A99 CDB6989AAOI <EE?9-
8B64A<= < D4;D45BFB> DBEE<=E><I [11] < G>D4<AE><I GK9AOI [12]). #9D6O9 
CD98?B:<?< F9IAB?B7<R CB?GK9A<S < <ECB?P;B64A<9 "% A4 BEAB69 F9IAB-
?B7<< B><E?9A<S CBD<EFB7B >D9@A<S (Si); 6FBDO9 G>4;4?< A4 6B;@B:ABEFP 
EB;84A<S BCFDBAB6 (F<C4 %�-(�) CB C?4A4DAO@ F9IAB?B7<S@ (GaAs @9;O 
A4 Si CB8?B:>4I).  %B6@9EFAB9 <ECB?P;B64A<9 G>4;4AAOI CB8IB8B6 @B:9F 
CD<69EF< > EB;84A<R C?4A4DAOI BCF<K9E><I <AF9DH9=EB6 �% (K4EF<KAB 
EIB:<I E CDB6B8AO@< <AF9DH9=E4@< �%).  

�O6B8O. #D<6989AO= 4A4?<; CB86B8<F 46FBDB6 > E?98GRM<@ 6O-
6B84@: 

1. "5N9>F<6AO9 F9A89AJ<< CB6OL9A<S CDB<;6B8<F9?PABEF< CBE?9 
8BEF<:9A<S CD989?4 F�$ 8?S @9F4??<K9E><I !% 6 FD48<J<BAAOI J<HDB6OI 
�% (10�12 ��J) @B7GF 5OFP B59EC9K9AO C9D9IB8B@ A4 "%. 

2. "5;BD EB6D9@9AAOI �&$ E <ECB?P;B64A<9@ "% CB>4;4? A4K4?B 
<I CDB@OL?9AAB7B CD<@9A9A<O (6 Q>EC9D<@9AF4?PAOI GEFDB=EF64I) >4> 
A4 GDB6A9 @9:C?4FAOI E6S;9=, F4> < @9:8G/6AGFD< �% </<?< 99 K4EFS@<.  

3. $4EE@BFD9AAO9 �&$ I4D4>F9D<;GRFES >4> CD<@9A9A<9@ 
7<5D<8AOI F9IAB?B7<= CB?GK9A<S ##% (6 Q>EC9D<@9AF4?PAOI �% E "%), 
F4> < F9A89AJ<O@< <I GA<H<>4J<< < E5?<:9A<O E EB6D9@9AAO@< 

C?4A4DAO@< F9IAB?B7<O@< CB?GK9A<S ##%, I4D4>F9DAO@< 8?S �%.  
4. �?S 6AGFD9AA<I/6A9LA<I "%, <AF9DH9=EB6 C9DEC9>F<6AO@ 

A4CD46?9A<9@ @B:9F 5OFP <ECB?P;B64A<9 Q?9@9AFB6 @<>DB@BMAOI 
BCFDBAB6 '�+ 8<4C4;BA4 (�� %�-p-i-n (�) A4 Si CB8?B:>4I.  

%C<EB> ?<F9D4FGDO 

1. $. (D<@4A. �B?B>BAAB-BCF<K9E><9 E<EF9@O E6S;<.�  .: &9IABEH9D4, 
2003.�450 E. 

2. �. �9D7, #. �<A. %69FB8<B8O. #9D.E 4A7?. CB8 D98.�.1. 2AB6<K4.� .: 
 <D, 1979.� 688 E. 
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3. %. . �<. (<;<>4 CB?GCDB6B8A<>B6OI CD<5BDB6: � 2 F. /  <D.�  ., 1984.� 
912 E. 

4. �9>?. #4F. №68540�. '>D4WA4,  �� G02F 3/00.  �AF97D4?PA<= HBFB-
CD<=@4?PA<= CD<EFDV= / �V?S6EP>4 ".%., �BEF9A>B �.�., #DBE>GDVA  .#. � № 
20033076496; �4S6?.11.07.2003; "CG5?. 16.08.2004, �R?.№ 8.�3 E. 

'�� 669.1; 53.082.7 
%AV:AB= �.�.1, %AV:AB= �.�.2 

�!("$ �*��!� %�%&� � ���!�+�!!3 !��0�"�" � �%&' 

(�$" ��!�&!"� ��0(�-(��� � �'%&�!�&!�) %&��3) 

"8A<@ V; BEAB6A<I CDB5?9@A<I A4CDS@>V6 A4G>< V F9IAV>< є 
6E95VKA9 8BE?V8:9AAS 4GEF9AVFA<I EF4?9= ; @9FBR L<DB>B7B WI 
6CDB648:9AAS 6 >BE@VKAV= F9IAVJV, D4>9FB5G8G64AAV, 4FB@AV= V F9C?B6V= 
9A9D79F<JV, 46V4JV=AV=, IV@VKAV=, @4L<AB5G8V6AV= CDB@<E?B6BEFSI V VA. 

�GEF9AVFAV IDB@BAV>9?96V EF4?V є A4=5V?PL L<DB>4 CBL<D9A4 7DGC4 
>BDB;V=ABEFV=><I EF4?9=, S>V F4>B: 6B?B8VRFP :4DBEFV=>VEFR V 
:4DB@VJAVEFR CD< CB@VDA<I F9@C9D4FGD4I. #D< 8BE?V8:9AAV 4GEF9AVFA<I 
EF4?9= CD<8V?SєFPES ;A4KA4 G6474 6<;A4K9AAR >V?P>BEFV ³-H4;< G ;6�S;>G ; 
WW 6C?<6B@ A4 >BDB;V=AV V @9I4AVKAV 6?4EF<6BEFV. #D<EGFAVEFP A46VFP 
A9;A4KABW >V?P>BEFV JVєW H4;< 6 EF4?V CDBF<EFBWFP DB;6<F>G CDBJ9EG 
@V:>D<EF4?VFABW >BDB;VW, GA4E?V8B> S>BW 6<A<>4є C48VAAS C?4EF<KABEFV. 
&B@G 6<;A4K9AAS A<;P>B7B 6@VEFG ³-H4;< @4є 69?<>9 CD4>F<KA9 ;A4K9AAS. 

�EAGє 5474FB DV;A<I @9FB8V6 6<;A4K9AAS >V?P>BEFV ³-H4;< EF4?9=, MB 
HV>EGRFP WW CD<EGFAVEFP CBK<A4RK< ; 1�2%. #D< JPB@G CDB5?9@4F<KAB 
>BAFDB?R64F< 69?P@< A<;P><= 6@VEF ³-H4;< 6 @9:4I 0.005�3.0%. 
#9DEC9>F<6A<@ @9FB8B@ D97G?R64AAS EFDG>FGD< V 6?4EF<6BEF9= EF4?9= 
@B:9 5GF< @9FB8 6<;A4K9AAS A<;P>BW >V?P>BEFV H9D<FABW ³-H4;<, S>4 @B:9 
VEAG64F< S> 6 CBK4F>B6B@G EF4AV, F4> V 6 CDBJ9EV 6<7BFB6?9AAS 45B 
9>EC?G4F4JVW 6<DB5V6 ; 4GEF9AVFA<I EF4?9= CV8 K4E F9@C9D4FGDA<I V 
E<?B6<I 6C?<64I. 

%?V8 ;4;A4K<F<, MB VEAGRKV 6 84A<= K4E @9FB8< 6<;A4K9AAS 69?P@< 
A<;P>B7B 6@VEFG 4?PH4-H4;< A9 6D4IB6GRFP A4@47AVK9AVEFP C4D4@47AVFAB7B 
4GEF9AVFG, MB CD<;6B8<FP 8B ;A4KA<I CBI<5B> CD< 6<;A4K9AAV F4>BW 

                                                           
1 �BJ9AF �!&' 
2 �BJ9AF �!' 
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>V?P>BEFV ³-H4;<. !4CD<>?48, CB@<?>4 E>?484є 5V?PL9 1000% CD< 6@VEFV ³-
H4;< 0.005%; 80% � CD< 0.1% ³-H4;< V ?<L9 ~ 3% � CD< 2.5�3.0% ³-H4;<. 

�?S 6<;A4K9AAS >V?P>BEFV H9DB@47AVFABW 4?PH4-H4;< 6 B5�є@A<I 
CDBJ9AF4I 9>EC9D<@9AF4?PAB 6<;A4K4?4EP @47AVFA4 ECD<=ASF?<6VEFP χ ;4 
8BCB@B7BR 46FB@4F<;B64ABW GEF4AB6>< A4 54;V @V>DB>BAFDB?9D4 AVR 
HVD@< ATMEL [1]. 'EF4AB6>4 8B;6B?Sє BFD<@4F< ;4?9:AVEFP EFDG@G 
>B@C9AE4JVW ;DGL9AAS ;D4;>4 6V8 EFDG@G E<?B6B7B CB?S G 6<7?S8V 
F9>EFB6B7B H4=?G A4 >B@C�RF9DV (D<E.1).  

 

$<E.1. (GA>JVBA4?PA4 5?B>-EI9@4 GEF4AB6>< 8?S 46FB@4F<KAB7B GCD46?VA-
AS CDBJ9EB@ 6<@VDR64AAS @47AVFABW ECD<=ASF?<6BEFV [1] 

�>ECBDF 9>EC9D<@9AF4?PA<I 84A<I V CB84?PL4 B5DB5>4 
(VAF9DCB?SJVS, 9>EFD4CB?SJVS, ?VAV=A4 4CDB>E<@4JVS V F.8.) ;8V=EAR646ES 
CDB7D4@BR, D94?V;B64ABW A4 @B6V Visual Basic. �V8CB6V8A<= CDB7D4@A<= 
@B8G?P HBD@Gє ;4?9:AVEFPχ(1/H), 89 H � ;B6AVLAє @47AVFA9 CB?9. �4 
8BCB@B7BR ?VAV=ABW 4CDB>E<@4JVW 6<;A4K4?< DV6ASAAS CDS@BW. !4S6AVEFP 
A4I<?G CDS@BW ;4?9:ABEFV χ 6V8 1/! E6V8K<FP B CD<EGFABEFV H9DB@47AVFABW 
α-H4;<. �4 9>EC9D<@9AF4?PA<@< ?VAV=A<@< ;4?9:ABEFS@< χ(1/H) 
6<;A4K4?< χ∞ @9FB8B@ 9>EFD4CB?SJVW (H→∞, 1/H→0) V ;4 HBD@G?BR 

[ ]
%100⋅

Ã
⋅χ−χ

=
³

∞
³

H$  ;A4IB8<?< >V?P>VEFP α-H4;< 6 B5�є@A<I CDBJ9AF4I. 

#<FB@4 A4@47AVK9AVEFP A4E<K9AAS ;D4;>4 Ã³ є F45?<KAB-DB;D4IGA>B6BW 
69?<K<ABR. 

�AHBD@4JV=A4 E<EF9@4 5G?4 6<>BD<EF4A4 8?S 8BE?V8:9AAS 
4GEF9AVFA<I IDB@BAV>9?96<I F4 6<EB>B@4D74AJ96<EF<I EF4?9= [2]. 

%C<EB> ?VF9D4FGD< 

1. %AV:AB= �.�. �6FB@4F<;B64A4 GEF4AB6>4 8?S 6<;A4K9AAS @47A9FABW 
ECD<=ASF?<6BEFV >D<JP F4 EFBCV6 [&9>EF] / �.�. %AV:AB=, Є.�. �46:4DB6 // ;5VDA<> 
A4G>B6<I CD4JP «�VEA<> !4JVBA4?PAB7B F9IAVKAB7B GAV69DE<F9FG '>D4WA< «�<W6EP-
><= CB?VF9IAVKA<= VAEF<FGF». %9DVS «$48VBF9IAV>4. $48VB4C4D4FB5G8G64AAS». � 
2012. � №49. � %.136�141. 
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2. "?PL4A9J><= �.�. " EFDG>FGDAB= < @47A<FAB= EF45<?PABEF< 4GEF9A<F4 6 
IDB@BA<>9?96OI < @4D74AJ96OI EF4?SI CD< IB?B8AB= 89HBD@4J<< [&9>EF] / 
�.�. "?PL4A9J><=, �.�. %A9:AB=, �.!. %4:A96 //  9F4??B6989A<9 < F9D@<K9E>4S 
B5D45BF>4 @9F4??B6. � 2016. � №6(732). � %.3�10. $9:<@ 8BEFGCG: 
http://mitom.folium.ru/contents/2016/2016-06.php 

'�� 538.971 
,<DB>BD48 �.�.1, �BDA<K �.�.2 

 "����$"��!�� ���� "���%&��3 %�"�"�!/) 

���%&�$"� CuBi � CuAu % !���"1!�$��&�+�%�� � 

���!�+!/ � �&" � � � ���%&�$� � �$�"!� 

� CBE?98A<9 89ESF<?9F<S A45?R849FES CB6OL9AAO= <AF9D9E > <;G-
K9A<R @4?BD4;@9DAOI @9F4??<K9E><I >?4EF9DB6, >BFBDO9 A4IB8SF 4>F<6-
AB9 CD<@9A9A<9 CD< EB;84A<< A4ABHGA>J<BA4?PAOI @4F9D<4?B6 [1]. %D9-
8< D4EE@4FD<649@OI EFDG>FGD BEB5B9 @9EFB ;4A<@4RF 5<@9F4??<K9E><9 
>?4EF9DO, >BFBDO9 <@9RF L<DB><= EC9>FD CD<@9A9A<S, BF >4F4?<;4 8B 
BCF<>< [2]. �DB@9 FB7B, G F4><I >?4EF9DB6 @B7GF CDBS6?SFPES E6B=EF64, 
A9I4D4>F9DAO9 A< 8?S B8AB>B@CBA9AFAOI >?4EF9DB6 EBEF46?SRM<I @4F9-
D<4?B6, A< 8?S EBBF69FEF6GRM<I @4>DBE>BC<K9E><I EC?46B6 [3]. 

� A4EFBSM9= D45BF9 <EE?98GRFES 86G8B?PAO9 5<@9F4??<K9E><9 
>?4EF9DO Cu195Bi195 < Cu195Au195 CB8 89=EF6<9@ A<;>BQA9D79F<K9E>B= 5B@-
54D8<DB6>< <BA4 Ar. �O5BD >B@CBA9AFB6 >?4EF9DB6 B5GE?B6?9A D4;?<K-
AB= F9C?BFB= C9D9@9L<64A<S @9:8G >B@CBA9AF4@< (15 >�:/@B?P 8?S C4-
DO Cu-Bi < �9 >�:/@B?P 8?S C4DO Cu-Au) CD< 5?<;>B= @4EE9 Au < Bi. 
�B@54D8<DB6>4 CDB6B8<?4EP K4EF<J4@< Arn (n=1, 2, 13) E QA9D7<S@< BF 1 
Q� 8B 1,4 >Q�. �?S >4:8B= A4K4?PAB= QA9D7<< CDB6B8<?BEP 864 A45BD4 
A9;46<E<@OI Q>EC9D<@9AFB6: 2000 <ECOF4A<= 8?<F9?PABEFPR 5 CE < 200 
BCOFB6 8?<F9?PABEFPR 100 CE. � A4K4?9 >4:8B7B Q>EC9D<@9AF4 J9AFD @4EE 
K4EF<JO 4D7BA4 D4;@9M4?ES 6 E?GK4=AB= FBK>9 CDBEFD4AEF64 A4 B8<A4>B-
6B@ D4EEFBSA<< BF @<L9A<, 4 69>FBD 97B E>BDBEF< 5O? A4CD46?9A 6 J9AFD 
@4EE 5<@9F4??<K9E>B7B >?4EF9D4.  B89?<DB64A<9 CDB6B8<?BEP 6 D4@>4I 
>?4EE<K9E>B= @B?9>G?SDAB= 8<A4@<>< E <ECB?P;B64A<9@ CBF9AJ<4?4 �>-
?4A84 8?S BC<E4A<S 6;4<@B89=EF6<S 4FB@B6 @9F4??B6. 

                                                           
1 4EC<D4AF >4H98DO %� < �  �!&' 
2 CDBH., 8. H.-@. A., ;46. >4H. %� < �  �!&' 



269 

 B89?<DB64A<9 >?4EF9DB6 6 F9K9A<9 100 CE CB>4;4?B C9D9IB8 > F9D-
@<K9E>B= EF48<< D4ECO?9A<9 CBE?9 5 CE Q6B?RJ<< E<EF9@O, KFB A4<5B?99 
SD>B CDBS6?S9FES CD< 5B@54D8<DB6>9 >?4EF9D4@< Ar E 6OEB><@< QA9D7<S@<. 
#D< QFB@, A4 EF48<< >4E>48AB-D9>B=?B6B7B D4ECO?9A<S 6 D4ECO?9AAB@ @4-
F9D<4?9 CD9B5?484RF 5B?99 ?97><9 4FB@O Cu, C9D984K4 QA9D7<< BF 4FB@B6 
Ar >BFBDO@ S6?S9FES 5B?99 QHH9>F<6AB=. #BE?9 5 CE Q6B?RJ<< E<EF9@O, 
>B784 BEAB6AB= 6>?48 6 D4ECO?9A<9 6ABESF <EC4DSRM<9ES E CB69DIABEF< 
4FB@O, 6 D4ECO?9AAB@ @4F9D<4?9 CD9B5?484RF 5B?99 E?45B E6S;4AAO9 4FB-
@O 6<E@GF4, >BFBDO= <@99F @9APLGR F9@C9D4FGDG C?46?9A<9 < ><C9A<S. 
�O?B CB>4;4AB, KFB F9@C9D4FGD4, 8B >BFBDB= D4;B7D9649FES 5<@9F4??<K9-
E><= >?4EF9D Cu-Bi 6 CDBJ9EE9 5B@54D8<DB6>< >?4EF9D4@< 4D7BA4, ;A4K<-
F9?PAB CD96OL49F F9@C9D4FGDG C?46?9A<S 6<E@GF4, 4 F4>:9 F9@C9D4FGDG 
97B ><C9A<S 6 E?GK49 5B@54D8<DB6>< E QA9D7<9= 1,4 >Q�. %FB<F BF@9F<FP, 
KFB CD< 6E9I QA9D7<SI 5B@54D8<DB6>< >?4EF9D Cu-Au D4;B7D9649FES 8B 5B-
?99 6OEB>B= F9@C9D4FGDO, K9@ >?4EF9D Cu-Bi, KFB EB7?4EG9FES E F9C?BF4@< 
C9D9@9L<64A<S EBBF69FEF6GRM<I C4D >B@CBA9AFB6. 

�EE?98B64A<9 ;46<E<@BEF< CBF9AJ<4?PAB= QA9D7<< 5<@9F4??<K9-
E><I >?4EF9DB6 BF QA9D7<< < D4;@9D4 5B@54D8<DGRM9= K4EF<JO CB>4;4?B 
>4K9EF69AAB <AB= I4D4>F9D QFB= ;46<E<@BEF< 6 E?GK49 5B@54D8<DB6>< Ar13 
(D<E. 1), KFB E6S;4AB E @9APL<@< ;A4K9A<S@< QA9D7<= 6 D4EK9F9 A4 B8<A 
4FB@ 5B@54D8<DGRM97B <BA4.  9APL4S QA9D7<S 4FB@4 Ar G@9APL49F 7?G-
5<AG 97B CDBA<>AB69A<S 6 @<L9AP, CBQFB@G EFB?>AB6<F9?PAO9 CDBJ9EEO 
<A<J<<DGRFES CD9<@GM9EF69AAB 6 CB69DIABEFAB@ E?B9. $9;><= E>4KB> 
CBF9AJ<4?PAB= QA9D7<< CD< QA9D7<SI B>B?B 200 Q� EBBF69FEF6G9F 4>F<6<-
;4J<< D4ECO?<F9?PAOI CDBJ9EEB6. &4>:9 CB>4;4AB, KFB 6 B5?4EF< A<;><I 
QA9D7<= 8?S >?4EF9D4 Cu-Bi I4D4>F9DAO @9APL<9 BF>?BA9A<S BF A4K4?P-
AB= CBF9AJ<4?PAB= QA9D7<< CB ED46A9A<R E >?4EF9DB@ Cu-Au, KFB F4>:9 
E6S;4AB E 5B?PL9= F9C?BFB= C9D9@9L<64A<S Cu-Bi <, >4> E?98EF6<9, @9-
APL<@ A4DGL9A<9@ <EIB8AB= �*� EFDG>FGDO @4F9D<4?B6. 

� D9;G?PF4F9 @B89?<DB64A<S 6 F9K9A<9 100 CE 5O? CB>4;4A CBEF9-
C9AAO= C9D9IB8 BF >4E>48AB-D9>B=?B6B7B EFB?>AB6<F9?PAB7B @9I4A<;@4 
D4ECO?9A<S > F9D@<K9E>B@G > @B@9AFG 6D9@9A< 5 CE. �46<E<@BEF< CBF9A-
J<4?PAB= QA9D7<< < F9@C9D4FGDO BF QA9D7<< 5B@54D8<DGRM<I K4EF<J 
89@BAEFD<DGRF >4K9EF69AAB <AGR HBD@G CD< 5B@54D8<DB6>9 >?4EF9DB@ 
Ar13 CB ED46A9A<R E Ar < Ar2. 
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$<E. 1. �46<E<@BEFP CBF9AJ<4?PAB= QA9D7<< >?4EF9D4 Cu-Au BF QA9D7<< < 

F<C4 5B@54D8<DGRM97B >?4EF9D4 
 

%C<EB> ?<F9D4FGDO 

1. Li H. X., Gao J. E., Wu Y., et. al. // Sci. Rep. 2013. V. 3. P. 1983. 
2. Rangel E., Sansores L. E. // Eur. Phys. J. D. 2013. V. 67. № 239. P. 40319. 
3. Shibata T., Bunker B. A., Zhang Z., et. al. // J. Am. Chem. Soc. 2002. V. 124. 

№40. P. 11989. 
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(DESIRE) 

UDC 004 
Arras, P1., Kozik, T.2 

TEACHING APPROACHES FOR ENGINEERING STUDIES USING 

REMOTE CONTROLLED EXPERIMENTS. 

The didactical process of teaching engineering is a complex combination 
of different learning methods. This originates from the definition of an engi-
neer, which makes an engineer a person with a broad knowledge and many 
skills. 

«A professional engineer is competent by virtue of his fundamental edu-
cation and training to apply the scientific method and outlook to the analysis 
and solution of engineering problems. He is able to assume personal responsi-
bility for the development and application of engineering science and knowl-
edge, notably in research, design, construction, manufacturing,  superintending,  
managing and in the education of the engineer. His work is predominantly in-
tellectual and varied and not of a routine mental or physical character. It re-
quires the exercise of original thought and judgment and the ability to supervise 
the technical and administrative work of others. « (definition as stated in 1960 
on the Conference of Engineering Societies of Western Europe and the USA). 
Looking at the definition it is clear that an engineer needs a broad knowledge of 
different topics, but also that he needs a solid base of technical and practical 
skills. It is obvious that  engineering studies are both strongly embedded in so-
ciety on the one hand, and very strongly driven by (evolving) technology on the 
other. The necessity for engineering students to be able to design and conduct 
experiments to get professional and practical skills is an important factor when 
constructing curricula and learning materials. 

Authors explored possibilities for new teaching approaches with the aid 
of computer supported tools: e-learning tools, virtual and remote controlled 
experiments (RCE) in which students can experiment on real physical experi-
ments. In the teaching of different phenomena in the study field of material 

                                                           
1 Dr Ing. Peter Arras, PhD, KU Leuven, Leuven,  Belgium, faculty of engineering tech-
nology.  
2 Prof. Ing. Kozík Tomá�, DrSc. , University of Constantine the Philosopher, Nitra, 
Slovacia 
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sciences and natural sciences, remote labs/experiments were constructed and 
offered to engineering students as part of their curricula. Results of the knowl-
edge test later with students showed no difference in obtained results, so the 
conclusion is that remote labs are useful as a learning tool [1][2]. 

Surveys with the teaching staff showed that they also believe that RCE 
and labs add to the efficiency of teaching and studying [3]. With these tools 
they have the opportunity to illustrate theoretical phenomena in their lectures, 
and can offer possibilities to students to experiment, where before this was im-
possible due to lack of resources. 

We can expect that RCE in the future can fully replace some real ex-
periments in education in situations where manual skills are less important for 
the outcome of the experiments and in situations  where automatic industrial 
machines are available. At present RCE represent a useful supplement to real 
experiments in education, but cannot completely replace it. 

Taking into consideration the information we have, teachers using re-
mote experiments should take care not only of the technical and security issues 
for the application of RCE experiments but to achieve success  they should pre-
pare study materials (such as a theoretical base), which should be a part of each 
RCE experiment. Study materials in electronic form have to be in harmony 
with strict didactic rules involving limited personal contact of the teacher with 
the students. The material has to provide all necessary information for students 
needed to master their study. Developers cannot avoid the development of hy-
pertext forms for the presentation of their learning content.  

The use of RCE in education is an opportunity, but only when didactic 
and pedagogy are implemented with the same expertise as the technical solu-
tions. Without an educational use, an operational RCE is no more than an tech-
nical solved problem. 

References 

1. Arras, P., Kozík, T., Kuna, P. , Ölvecký, M., �imon, M. (2016), Remote 
Controlled Laboratories., PF UKF v Nitre, 2016, Slovacia, 

2. Arras, P., Tabunshchyk, G., Kolot, Y., & Tanghe, B. (2014). Architectural 
Characteristics and Educational Possibilities of the Remote Laboratory in Materials 
Properties. 2014 11th Int.  Conf. on Remote Engineering and Virtual Instrumentation 
(REVPorto, Portugal: Polytechnic of Porto (ISEP) in Porto,. pp. 94�97. 
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UDC 004 
K. Henke 1, G. Tabunshchyk2, M. Kalinina3 

GOLDI USAGE FOR TEACHING THE  EMBEDDED SYSTEMS 

COURSES 

Remote Laboratories (RL) have been successfully developed and im-
plemented in university education worldwide. The availability and flexibility of 
the remote lab usage in comparison with hands-on labs can significantly con-
tribute to the overall knowledge  and boast the creativity of students. Within the 
framework  of two Tempus projects, 530278-TEMPUS-1-2012-1-DE-
TEMPUS-JPHES «Industrial Cooperation and Creative Engineering Education 
based on Remote Engineering and Virtual Instrumentation» [ICo-op] [1] and 
543722-TEMPUS-1-2013-1-BE-TEMPUS-SMGR, «Development of Embed-
ded System Courses with implementation of Innovative Virtual approaches for 
integration of Research, Education  and Production in UA, GE, AM»  
[DESIRE]» [2] at the Software Tools Department was created Laboratory of 
Virtual and Remote Engineering and  remote laboratory GOLDI (fig.1) was 
implemented for teaching different courses in Embedded Systems [3].  

 

Fig. 1. GOLDi interface 

The concept and the architecture as well as different fields of application 
of the (GOLDi) were presented in various publications during the last years in 
detail.  It has great variety of modes (fig.2). A special rapid prototyping board 

                                                           
1 Dr.-Ing.,  Ilmenau University of Technology - Integrated Communication Systems 
Group,  Germany, karsten.henke@tu-ilmenau.de 
2 Prof. of Software Tools Department,ZNTU 
3 Associative professor of Software Tools Department, ZNTU 
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for digital systems was developed for the new operation mode of the Ilmenau 
Interactive Hybrid Online Lab, presented to fulfill the mentioned design tasks. 

For adjusting facilities of GOLDi was implemented iterative pattern [3] 
and it was involved in 5 different courses in embedded systems.  

 

Fig. 9.2. GOLDi operating modes 

One of  the modules was «Quality of Informational Systems»  in which 
students learn how to develop test cases based on Finite State Machine (FSM). 
In the course is included conformance testing, transition testing and coverage 
testing. GOLDI includes a Graphical Interactive FSM tool which allows to 
teach basics of FSM models and to develop up to very complicated FSM 
models, but it doesn�t  has tools for connecting models and test cases. 

For the basics of functional testing the rapid prototype board mode of 
the GOLDI can be used. The advantage of this board is that it uses free 
software Quartus II by Altera for Hardware Description Language (VHDL) 
tests. The disadvantages: there is no possibility to check the logic and 
correctness of test-cases, no possibilities to save results and no possibilities to 
simulate faults. The results of pilot teaching of the course showed that GOLDI 
is a reliable system, but for  students from Software Engineering specialties it 
has too many constraints, not allowing students to program much themselves. 
So now we are working on integration GOLDi and remote laboratory in 
reliability study [4]. 

References 

1. ICo-op project Website: http://www.ICo-op.eu. 
2. DesIRE Project website � http://tempus-/desire.eu/  
3. Remote and virtual tools in engineering: student textbook /general editorship 
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UDC 004 
Merode D. Van1, Tabunshchyk G.2, 

Goncharov Y.3, Patrakhalko K., Staroverov V. 

INTERACTIVE UNIVERSITY PLATFORM 

The Smart Campus is an indoor wireless network to deliver location and 
user based dynamic information to the different visitors, teacher or students of a 
university campus, both for day-to-day use as for specific events. This interac-
tive Smart Campus for universities is talks to you, through your smart phone.  
Individual information for all stakeholders is delivered, depending on their pro-
file, their location and time of day [1]. 

This work is a result of common efforts of EMSys Group of Thomas-
More Mechelen-Antwerpen  and Software Tools Department of Zaporizhzhya 
National Technical University within the framework of the European Tempus- 
project 544091-TEMPUS-1-2013-1-BE-TEMPUS-JPCR «Development of 
Embedded System Courses with implementation of  Innovative Virtual ap-
proaches for integration of  Research, Education and Production in UA, GE, 
AM» [DesIRE] [2]. 

Smart Campus Application consists from three main parts: Mobile ap-
plication for different operational systems iOS, Android; CMS for updating 
advertisement information, administration system, which consists from differ-
ent components aimed to adjust hardware characteristics. 

Mobile Applications provides users a variety of functionality, allowing 
working both in on-line mode as in off-line mode detecting buzz from the bea-
cons [3]. For managing the beacon information there are developed the content 
management system Beacon-CMS. It provides wide range of functionality: the 
control of user access based on roles (RBAC);  administration user information;  
managing beacons groups; managing advertisement information for each bea-
con or a group;  multilanguage support; interactive map. 
                                                           
1 Ing, Msc, Thomas More Mechelen-Antwerpen,  Belgium, 
dirk.vanmerode@thomasmore.be 
2 Prof. of Software Tools Department,ZNTU 
3 Ms. Students of Software Tools Department, ZNTU 
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CMS provides services for mobile applications for uploading upgraded 
advertisement information. Application also allows to collect statistics on most 
used beacons, time of usage, number of users which detect beacon, users hard-
ware which is received from mobile application. Multilanguage adjustment of 
the user interface makes Beacon-CMS more flexible as can be easily adjusted 
to any language. 

Nowadays Smart Campus Application is passing open-testing period at 
Zaporizhzhya National Technical University as Interactive University Initiative. 

First beacons are located at the administration room with the photos and 
short in-formation about university managers (figure 1), which can help visitors 
to get breath information and show the distance and location on the map. 

 

Fig. 1. Interactive university example 

 

Fig. 2. CMS system 
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Next step to  place beacon in each building which will  send information 
from students trade-union (the same as eu student club) and one information 
from student employment center. Applications are possible to download from 
university website (zntu.edu.ua). 
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INVESTIGATION OF REAL-TIME SYSTEMS RELIABILITY 

CHARACTERISTICS 

Introduction 

In the modern education interactive learning tools are playing an impor-
tant role. This fact enables them to be successfully used as in f2f learning as in 
distance learning. The usage of remote laboratories are extremely efficient for 
the experiments with  unique or expensive equipment. 

One of the important tasks is to study the properties and characteristics 
of the reliability of embedded systems. Such systems include indoor systems 
for positioning and navigation. 

Under the reliability of the system we will understand the property con-
tinue to operate in the specified operating conditions. The low level of reliabil-
ity of the system can lead to significant repair costs, a simple accident. Improv-
ing of reliability is possible by additional and more standing equipment. But in 
the current economic conditions it is an important task is to reduce the cost and 

                                                           
1 PhD student of Software Tools Department of Zaporizhzhya National Technical Uni-
versity, Head of Laboratory of GRID-technologies and Cloud Computing 
2 PhD, Prof of Software Tool Department of Zaporizhzhya National Technical Univer-
ity. 
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size of the modern equipment, so it�s actual task to transfer solution from 
hardware to the software. 

Therefore, the aim is to develop a remote experiments on the reliability 
of positioning and navigation systems. 

Problem definition 

In real conditions users are often facing with the fact that GPS / 
GLONASS systems are not working indoor. This is due to the fact that their 
correct operation requires line of sight of the transmitter and the signal receiver, 
so in large buildings there are used other technologies for indoor-positioning 
[1]. These systems are used on the basis of the decision: Wi �Fi (IWAY, Wi-
farer, Walkbase, Qubulus, Horus), Bluetooth (Place Lab, iBeacon), Zigbee 
(«smart House»), mobile networks, radio frequency RFID tags (Smart museum, 
RADAR). As positioning and navigation systems are real-time systems So it�s 
an actual task to analysis the characteristics of these systems. 

In the presented work there are solving  following tasks: 
� identification  the main parameters of the reliability for real-time sys-

tems; 
� development a system for the diagnosis of embedded systems. 
For the development of diagnostic methods for embedded systems, in 

order to improve it was decided to construct a remote lab that will examine the 
reliability problems in real time. 

The solution of the problem 

The research of the reliability and means of positioning and navigation 
systems is based on distant laboratory iLab project which was implemented 
within the premises. 

Usage of the remote access laboratories [2] give us such advantages as: 
� improving the efficiency of student learning using collective remote 

access to the same experimental setup; 
� savings in duplication of the same experimental setup; 
� working with expensive unique equipment;  
� experimentation with radioactive and other hazardous substances; 
� simplifying and reducing the cost of real scientific experiments; 
For the implementation, we are using Server Broker, which will carry 

out the client�s connection to the server. For proper functioning of the System 
is fulfilled next requirements: Windows Server 2003 or 2008 Enterprise Edi-
tion, SQL Server 2005 or SQL server 2008, Visual Studio.NET 2005 Profes-
sional.  

In the remote lab students will have possibility to examine the reliability 
characteristics such as: reliability parameters (probability of failure-free opera-
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tion), durability parameters (average life, the average life span), maintainability 
parameters, persistence parameters (average storage time). 

For reliability indicators can be used as real hardware (for example SMT 
Discovery) as  hardware-software. 

Conclusion 

For investigation reliability parameters of the embedded systems there 
were developed remote laboratory for studying the reliability of navigation sys-
tems inside the building.  
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$4;D45BF4AA4S E<EF9@4 8<EF4AJ<BAAB7B GCD46?9A<S A4 54;9 @<>DB-
>BAFDB??9D4 Arduino < Android GEFDB=EF64 @B:9F 5OFP <ECB?P;B64A4 8?S 
EB;84A<S 4>FG4?PAB= E<EF9@O GCD46?9A<S F<C4 «'@AO= 8B@». 

%C<EB> ?<F9D4FGDO 

1. Arduino by Example / Adith Jagadish Boloor. � Packt Publishing, 2015. � 242 
p. ISBN 978-1-78528-908-8 

2. C Programming for Arduino / Julien Bayle. � Packt Publishing, 2013. � 512 p. 
ISBN 978-1-84951-758-4 

3. Python Programming for Arduino / Pratik Desai. � Packt Publishing, 2015. � 
400 p. ISBN 978-1-78328-593-8 

4. Professional Android� Open Accessory Programming with Arduino� / 
Andreas Göransson, David Cuartielles Ruiz. � John Wiley & Sons, Inc., 2013. � 408 p. 
SBN 978-1-118-45476-3 

'�� 004.74 
�4D>4?B6 �.�.1, �9?9A964 �.3.2, �DGL>B %.%.3,  <I4=?RF9A>B �.�.4 

%#"%"�/ "#&� ���*�� %)�  %"� �-�!!/) 

 ��$"#$"�$�  !/) ��&" �&"� � ����%� FPGA 

"CF<@<;4J<S I4D4>F9D<EF<> EI9@O GEFDB=EF64 GCD46?9A<S ('') 
EBEF46?S9F 4>FG4?PAGR CD4>F<K9E>GR ;484KG, CBE>B?P>G '' S6?S9FES B8-
AB= <; BEAB6AOI K4EF9= ?R5B= J<HDB6B= E<EF9@O. !4 G?GKL9A<9 F4><I 
64:AOI CB>4;4F9?9=, >4> 6D9@S D4ECDBEFD4A9A<S E<7A4?4, CBFD95?S9@4S 
@BMABEFP < 6O89?S9@4S QA9D7<S, 6?<S9F G@9APL9A<9 C?BM48< >D<EF4??4, 
;4A<@49@B= EI9@B= GEFDB=EF64 CD< D94?<;4J<< 6 EB6D9@9AAB@ 6OEB>B-
F9IAB?B7<KAB@ 54;<E9 #��%. � CD4>F<>9 CDB9>F<DB64A<S J<HDB6OI E<E-
F9@ K4EFB <ECB?P;G9FES @B89?P EB6@9M9AAB7B @<>DBCDB7D4@@AB7B 46FB-
@4F4 (% #�), EB6@9M4RM97B 6OIB8AO9 E<7A4?O 46FB@4FB6  <?< <  G-
D4, CBQFB@G <@9AAB QF4 @B89?P 6O5D4A4 8?S <EE?98B64A<S. � >4K9EF69 
Q?9@9AFAB7B 54;<E4 CD98?4749FES <ECB?P;B64FP #��% FPGA, KFB B5G-
E?B6?9AB 97B 6OEB>B= CBCG?SDABEFPR. �?S D94?<;4J<< EI9@O % #� 
@B:AB <ECB?P;B64FP FD< >B@CBA9AF4 FPGA: Q?9@9AFO F45?<KAB7B F<C4 
LUT, 6EFDB9AAO9 5?B>< C4@SF< EMB, CDB7D4@@<DG9@O9 @9:EB98<A9A<S. 

                                                           
1 CDBH9EEBD, �9?9AB7GDE><= 'A<69DE<F9F, #B?PL4 
2 >.F.A., 8BJ9AF >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
3 4EE<EF9AF >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 
4 @47<EFD >4H98DO «�B@CPRF9DAO9 E<EF9@O < E9F<», �!&' 



282 

1?9@9AFO LUT CD98EF46?SRF EB5B= "�', <@9RM99 s 6IB8B6 < B8<A 6O-
IB8. �?B>< E B CD98EF46?SRF EB5B= "�', <@9RM99  6IB8B6 <   6O-
IB8B6. "5M4S 9@>BEFP 5?B>B6 S6?S9FES >BAEF4AFB= < BCD989?S9FES E?9-
8GRM9= HBD@G?B=: 
 = * .  (1) 

#D< FD<6<4?PAB= D94?<;4J<< EB6@9M9AAB7B 46FB@4F4 6 54;<E9 
FPGA EFDG>FGD4 % #� CD98EF46?S9FES 6 6<89 86GI >B@5<A4J<BAAOI 
EI9@ �%1,  �%2 < D97<EFD4. �%1 HBD@<DG9F 6OIB8AO9 E<7A4?O 46FB@4F4 
 <?<, 4 �%2 � 46FB@4F4  GD4. �E?< 8?S  EI9@O % #� 6OCB?ASRFES GE-
?B6<S: 
 * f ; (2) 
 * > ; (3) 
 R f S, (4)  
789 L � K<E?B 6IB8AOI E<7A4?B6, R � >B?<K9EF6B D4;DS8B6 >B84 6AGFD9A-
A<I EBEFBSA<= 46FB@4F4, N � B5M99 K<E?B 6OIB8AOI E<7A4?B6 % #�, N1 � 
K<E?B 6OIB8AOI E<7A4?B6 46FB@4F4  <?<, FB J9?9EBB5D4;AB <ECB?P;B64FP 
EMB 8?S D94?<;4J<< EI9@O �%1 < LUT 8?S �%2 [1]. 

#D< A4DGL9A<< (2) CD98?4749FES <ECB?P;B64FP @9FB8 ;4@9AO ?B7<-
K9E><I GE?B6<=, >BFBDO= CB;6B?S9F G@9APL<FP CB>4;4F9?< EF9C9A9= 6 (2), 
AB FB784 EFDG>FGD4 % #� 8BCB?AS9FES 9M9 B8A<@ 5?B>B@ LUT, 6OCB?-
ASRM<@ ;4@9AG ?B7<K9E><I GE?B6<= [1]. $4;D45BF>4 @9FB8B6 G@9APL9A<S 
K<E?4 LUT Q?9@9AFB6 S6?S9FES 4>FG4?PAB= CD< A4DGL9A<< GE?B6<S (4), < 
>4> CB>4;O649F 4A4?<; 5<5?<BF9>< [2], GE?B6<9 (4) A4DGL49FES 8?S 78% 
6E9I EF4A84DFAOI CD<@9DB6. 

�M9 B8A<@ @9FB8B@ CD< A96OCB?A9A<< (2) S6?S9FES <ECB?P;B64A<9 
CE968BQ>6<64?9AFABEF< EBEFBSA<= 6 % #�. �7B E@OE? EBEFB<F 6 G@9AP-
L9A<< D4;DS8ABEF< >B84 6AGFD9AA<I EBEFBSA<= 8B Ri<R.   9FB8 J9?9EB-
B5D4;AB <ECB?P;B64FP, 9E?< GE?B6<9 (2) A9 6OCB?AS9FES, AB 
  .  (5) 

�A4?<; 5<5?<BF9>< [2] CB>4;O649F, KFB GE?B6<9 (5) 6OCB?AS9FES 
8?S 86% EF4A84DFAOI CD<@9DB6. 

�?S G@9APL9A<S K<E?4 5?B>B6 EMB 6 EI9@9 % #� F4>:9 CD98?4-
749FES EB6@9EFAB <ECB?P;B64FP 864 @9FB84 EFDG>FGDAB= D98G>J<<, F4><9 
>4> >B8<DB64A<9 >B8B6 CE968BQ>6<64?9AFAOI EBEFBSA<= < ;4@9AO �'. 
#D< QFB@ 5?B> ;4@9AO �' D94?<;G9FES A4 Q?9@9AF4I LUT, >4> < 5?B> 
HBD@<DB64A<S 6OIB8AOI C9D9@9AAOI 46FB@4F4  GD4. �EFDB9AAO9 5?B>< 
C4@SF<  EMB <ECB?P;GRFES 8?S D94?<;4J<< HGA>J<= 6B;5G:89A<S C4@SF< 
< 6OIB8AOI C9D9@9AAOI 46FB@4F4  <?<. &4>B= CB8IB8 CB;6B?<? G@9AP-
L<FP 4CC4D4FGDAO9 ;4FD4FO 6 23% EI9@, E<AF9;<DB64AAOI 8?S EF4A84DF-
AOI CD<@9DB6 <; 5<5?<BF9>< [2]. 



283 

#B8F69D:89A<9 CD98?4749@OI @9FB8B6 C?4A<DG9FES CB?GK<FP 6 D9-
;G?PF4F9 <EE?98B64A<=, CDB6B8<@OI A4 @<>DBEI9@9 Xilinx Spartan III. 

%C<EB> ?<F9D4FGDO 

1. �4D>4?B6 �.�., �9?9A964 �.3., �DGL>B %.%. «"CF<@<;4J<S EI9@O EB6@9-
M9AAB7B 46FB@4F4 6 54;<E9 FPGA ECBEB5B@ ;4@9AO 6IB8AOI C9D9@9A-
AOI». !4G>B6<= 6VEA<> +9DAV69JP>B7B A4JVBA4?PAB7B GAV69DE<F9FG V@9AV 2DVS 
(98P>B6<K4. %9DVS: �B@C�RF9DAV E<EF9@< F4 >B@CBA9AF<. &B@ 6, �<CGE> 2. � +9D-
AV6JV: +!', 2015. � E. 49�54. 

2. Chu P. FPGA Prototyping by VHDL Examples: Xilinx Spartan-3 Version/ P. 
Chu. � Wiley-Interscience, 2008. � 468 pp.  

'�� 004.9 
�6K9A>B6 !.�.1, (<?4FB6 %.2., 2 &<@BL9A>B �.".3 

�%#"�0�"��!�� �%&$����� /) %�%&�  % 

#$� �!�!��  ��%#$"�"�!/) &�)!"�"��� #$� 

%"���!�� "�"$'�"��!�3 ��3 '����!!/) 

���"$�&"$!/) $��"& 

%B6D9@9AAO= GK95AO= CDBJ9EE CD98NS6?S9F AB6O9 FD95B64A<S > 
BD74A<;4J<< ?45BD4FBDAB7B CD4>F<>G@4, >B784 6E9 5B?PL99 D4ECDBEFD4A9-
A<9 CB?GK4RF G84?9AAO9 ?45BD4FBD<<. &4><9 ?45BD4FBDAO9 GEF4AB6>< 
54;<DGRFES A4 BEAB69 6EFD4<649@OI E<EF9@, E CB8>?RK9A<9@ > E9F< <A-
F9DA9F CGF9@ CDB6B8AB= <?< 59ECDB6B8AB= F9IAB?B7<<, CD<K9@ CBE?98ASS 
6O;O649F 6E9 5B?PL<= <AF9D9E G EC9J<4?<EFB6. �ECB?P;B64A<9 59ECDB-
6B8AOI F9IAB?B7<= >B@@GA<>4J<< 8?S E5BD4 <AHBD@4J<< <?< GCD46?9A<S 
6EFD4<649@O@< E<EF9@4@< 6 A4EFBSM99 6D9@S EF4?B 6B;@B:AO@ 5?47B84-
DS D4;D45BF>9 AB6OI >B@C4>FAOI, QA9D7BQHH9>F<6AOI < A98BDB7<I GEF-
DB=EF6 Wi-Fi/Bluetooth/RF >B@@GA<>4J<<. 

"8A<@ <; F4><I GEFDB=EF6, CD98?4749@OI > <ECB?P;B64A<R 6 CDB-
J9EE9 6OCB?A9A<S G84?9AAOI ?45BD4FBDAOI D45BF, S6?S9FES Wi-Fi @B8G?P 

                                                           
1 >.F.A., 8BJ9AF >4H98DO 1?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4J<< �BA54EE>B= 
7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>). 
2 @47<EFD4AF 7DGCCO 1%�11-@ >4H98DO 1?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4-
J<< �BA54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>) 
3 @47<EFD4AF 7DGCCO 1%�11-@ >4H98DO 1?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4-
J<< �BA54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>) 
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ESP8266 (BF >B@C4A<< Espressif Systems) [1]. "EAB6AB= BF?<K<F9?PAB= 
K9DFB= F4>B7B @B8G?S, S6?S9FES H4>F, KFB BA CD98EF46?S9F EB5B= E<EF9@G 
A4 K<C9, 6>?RK4RMGR @<>DB>BAFDB??9D E A9E>B?P><@< 6O6B84@< GPIO 
(8B 16) < D48<B-@B8G?P Wi-Fi. �OEB>4S EF9C9AP <AF97D4J<< K<C4 CB;6B?S-
9F <ECB?P;B64FP @<A<@G@ 6A9LA<I >B@CBA9AFB6, A9B5IB8<@OI 8?S EB;-
84A<S 7BFB6B= 6EFD4<649@B= E<EF9@O (6E97B 7), E 6B;@B:ABEFPR CB8>?R-
K9A<S 8B 8  5<F flash-C4@SF<. ESP8266EX 6>?RK49F 32-5<FAO= @<>DB-
>BAFDB??9D Tensilica L106 BF?<K4RM<=ES E69DIA<;><@ QA9D7BCBFD95?9A<-
9@ < 16-5<FAO@ RSIC S8DB@, E @4>E<@4?PAB= K4EFBFB= 160 M�J. % 6>?R-
K9AAB= BC9D4J<BAAB= E<EF9@B= D94?PAB7B 6D9@9A< (RTOS) < HGA>J<BA<-
DGRM<@ EF9>B@ Wi-Fi, 9M9 B>B?B 80% CDBJ9EEBDAOI D9EGDEB6 8BEFGCAO 
CB?P;B64F9?R. � CD9<@GM9EF64@ F4>:9 @B:AB BFA9EF< L<DB><= F9@C9D4-
FGDAO= 8<4C4;BA (BF �40°C 8B +125°C) CB;6B?SRM<= <ECB?P;B64FP GEF-
DB=EF6B 6 <A8GEFD<4?PAB@ B>DG:9A<<, @4?O9 7454D<FO < L<DB><= 6O5BD 
7BFB6OI D9L9A<= BF D4;AOI CDB<;6B8<F9?9= (ESP-01 � ESP14 BF AI-
Thinker < 8D.). 

% FBK>< ;D9A<S CDB7D4@@AB7B B59EC9K9A<S, GEFDB=EF64 A4 54;9 
ESP8266 CDB7D4@@<DGRFES 6 8BEFGCAB= 8?S CBA<@4A<S < L<DB>B D4ECDB-
EFD4A9AAB= 59EC?4FAB= ED989 Arduino IDE, E GEF4AB6>B= A9B5IB8<@OI 
5<5?<BF9>. 1FB CB;6B?S9F, E A95B?PL<@< ;4FD4F4@< A4 B5GK9A<9 < GEF4-
AB6>G B5BDG8B64A<S, <ECB?P;B64FP CB8B5AO9 GEFDB=EF64 6 CDBJ9EE9 D94-
?<;4J<< B5D4;B64F9?PAOI CDB7D4@@ EC9J<4?PAOI 8<EJ<C?<A, E6S;4AAOI E 
@<>DBCDBJ9EEBDAB= F9IA<>B= < 6EFD4<649@O@< E<EF9@4@<. 

"5M4S EFDG>FGD4 6EFD4<649@B= E<EF9@O, D94?<;B64AAB= E CD<@9A9A<-
9@ 59ECDB6B8AOI F9IAB?B7<=, A4 CD<@9D9 ?45BD4FBDAB7B EF9A84 GCD46?9A<S 
Q?9>FDBCD<6B8B@ @BEFB6B7B >D4A4, CD98EF46?9A4 A4 D<EGA>9 1. 

 
$<E. 1. "5M4S EFDG>FGD4 6EFD4<649@B= E<EF9@O E <ECB?P;B64A<9@ 59ECDB-

6B8AB7B @B8G?S ESP8266 
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!4 D<EGA>9 1 B5B;A4K9AO: @B8G?P ESP8266 Wi-Fi (1), E<EF9@4 84F-
K<>B6 A4 CD<@9D9 4>E9?9DB@9FD4-7<DBE>BC4 MPU6050 (2) [2], @<>DBCDB-
J9EEBDAO9 >B@C?9>FO 8?S GCD46?9A<S CD9B5D4;B64F9?PAB= F9IA<>B= (3), 
E<?B6O9 @B8G?< CD9B5D4;B64F9?9= K4EFBFO (4) 8?S GCD46?9A<S 4E<AIDBA-
AO@< 86<74F9?S@< @9I4A<;@B6 C9D986<:9A<S @BEFB6B7B >D4A4 (5).  

%C<EB> ?<F9D4FGDO 

1. ESP8266EX Datasheet / Espressif Inc, 2016. � 27 p. 
2. MPU-6000 and MPU-6050 Product Specification, Revision 3.4. / InvenSense, 

Inc., 2013. � 53 p. 

'�� 628.9 
�B64?P �. ".1, ,96KG> ". �.,  4=EF9D ". �. 2 

#$��&�+!� $������*�3 %��&�"��"�!"�" �"��!!�� !� 

 ��$"�"!&$"��$� $IC 

%I9@< 5V?PLBEFV EGK4EA<I CD<EFDBW6 ECDB9>FB64AV A4 
@V>DB>BAFDB?9D4I. �>FG4?PA<@ ;4684AAS@ є DB;DB5>4 E6VF?B8VB8AB7B 
7B8<AA<>4 A4 54;V @V>DB>BAFDB?9D4, S>V 8BEV E9DV=AB A9 6<CGE>4RFPES. 
%IB:V 7B8<AA<>< 6<>BD<EFB6GRFPES 6 @VEJSI 69?<>B7B E>GCK9AAS ?R89=, 
4 E4@9 6 49DBCBDF4I, A4 6B>;4?4I FBMB. #9D96474@< F4><I 7B8<AA<>V6: 
6<EB>4 FBKAVEFP IB8G; @B:?<6VEFP 46FBAB@ABW DB5BF< CD< 6V8>?RK9AAS 
:<6?9AAS @9D9:V; >D4M<= >GF B7?S8B6BEFV; ?97>4 D94?V;4JVS 8B84F>B6BW 
HGA>JVW 6<@VDR64K4 F9@C9D4FGD< A46>B?<LAPB7B E9D98B6<M4; D94?V;4JVS 
A4 EGK4EAV= 9?9@9AFAV= 54;V. $B;DB5?9AB EFDG>FGDAG EI9@G 9?9>FDBAAB7B 
7B8<AA<>4@ (D<E. 1).  

�?B> >9DG64AAS D94?V;B64AB ; 6<>BD<EF4AAS@ 8V?PA<>4 K4EFBF<, 
?VK<?PA<>4 7B8<AA<I VAF9D64?V6, EI9@< GEF4AB6>< 6AGFDVLAPB7B EF4AG 
?VK<?PA<>4 7B8<AA<I VAF9D64?V6 = 89L<HD4FBD. �?S D94?V;4JVW EI9@< 
7B8<AA<>4 @V>DB>BAFDB?9D A9B5IV8AB 8BCB6A<F< >64DJB6<@ D9;BA4FBDB@, 
9?9@9AF4@< GCD46?VAAS (>ABC>4@<) = E6VF?B8VB8A<@< VA8<>4FBD4@<. 
%6VF?B8VB8AV VA8<>4FBD< CV8>?RK9AV 8B 6<6B8V6 @V>DB>BAFDB?9D4. � 
7B8<AA<>G D94?V;B64AB HGA>JVR F9D@B@9FD4, S><= 6<>BAGє 6<@VD< 
F9@C9D4FGD< 6V8 �55° C 8B +127° C ; FBKAVEFR +/� 0,4° C. �?B> 6<@VDG 

                                                           
1 8BJ9AF �!&' 
2 EFG89AF< �!&' 
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F9@C9D4FGD< E>?484єFPES ; @V>DB>BAFDB?9D4 V FDPBI DB;DS8AB7B 
E6VF?B8VB8AB7B VA8<>4FBD4.  

    

$<E. 1. %FDG>FGDA4 EI9@4 E6VF?B8VB8AB7B 7B8<AA<>4  

!4EFDB=>4 F9D@B@9FD4 6V85G64єFPES 46FB@4F<KAB 6V8D4;G CVE?S 
66V@>A9AAS 7B8<AA<>4. �?9>FDBAA<= 7B8<AA<> K9D9; C9D9F6BDR64K 
:<6<FPES 6V8 ;474?PABW @9D9:V. #D< 6V8EGFABEFV A4CDG7< @9D9:V 7B8<AA<> 
CD4JR64F<@9 6V8 4>G@G?SFBDABW 54F4D9W. 

 

$<E. 2. �B6AVLAV= 6<7?S8 E6VF?B8VB8AB7B 7B8<AA<>4  
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� B5D4AB@G 8?S D94?V;4JVW @V>DB>BAFDB?9DV $IC16F84A 864 6<6B8< 
OSC1 V OSC2, K9D9; S>V CDB6B8SFP ;4CGE> @V>DB>BAFDB?9D4. �6989AAS 
VAHBD@4JVW 8?S GCD46?VAAS 9?9>FDBAA<@< 7B8<A4@< ;8V=EARєFPES K9D9; 86V 
>ABC>< CV8>?RK9A<I 8B CBDFV6 RB5 V R�6 @V>DB>BAFDB?9D4. "CVD 
D9;<EFBDV6 6<5<D4єFPES ; DB;D4IGA>G CDBFV>4AAS A4=@9ALB7B EFDG@G 
A9B5IV8AB7B 8?S HV>E4JVW ?B7VKABW «1» A4 6IB84I @V>DB>4AFDB?9D4 V 6 JV= 
D94?V;4JVW EF4AB6?SFP 3 >"@. �64 E9@<E97@9AFA<I VA8<>4FBD4, ;V5D4A<I A4 
E6VF?B8VB84I, DB;@VM9AV 6 J9AFDV C?4F<, CB>4;GRFP I6<?<A<. �B:A<= 
E97@9AF E>?484єFPES ; 8 E6VF?B8VB8V6. �64A48JSFP E97@9AFV6 DB;F4LB64A<I 
CB >B?G � J9 VA8<>4JVS 7B8<A, CB 4 E6VF?B8VB84 A4 >B:9A E97@9AF. 
�A8<>4JVS 6V85G64єFPES A4EFGCA<@ K<AB@ 8B 12 7B8<A< E6VF<FPES FV?P>< 
FB= E97@9AF, S><= 6>4;Gє A4 F9C9DVLAR 7B8<AG, CVE?S 12 7B8<A E6VFSFPES 
6EV E97@9AF<, B>DV@ FB7B S><= 6>4;Gє 6VDAG 7B8<AG. %9>GA8< : 
;4CB6ARRFPES CB K9D;V, ECBK4F>G 6V85G64єFPES CBK9D7B69 ;47BDSAAS 6EVI 
E9>GA8, CBFV@ >B?< ;A4K9AAS E9>GA8 8BES74є 60 6V85G64єFPES CBK9D7B69 
;74E4AAS. 

'�� 621.313 
�64LA<A �.�.1, �454L �.�.2, �?<@9A>B �.#. 3 

 #$"�$�  �$"��!��  ��$"�"!&$"���$"� 

STM32F4DISCOVERY � MATLAB SIMULINK 

� CBE?98A<9 7B8O 6 GA<69DE<F9FE><I < <A:9A9DAB-F9IA<K9E><I 
>DG74I @<D4 A45?R849FES <AF9AE<6AB9 D4ECDBEFD4A9A<9 AB6B= >B@CPR-
F9DAB= E<EF9@O BEGM9EF6?9A<S @4F9@4F<K9E><I D4EK9FB6 � E<EF9@O 
MatLAB. 

!B6O9 69DE<< Matlab CB;6B?SRF CD< CB@BM< EC9J<4?PAOI 5<5?<B-
F9> CDB7D4@@<DB64FP D4;?<KAO9 @<>DB>BAFDB??9DO, F4><9 >4> Texas 
Instrument, STM32, Arduino [1,2]. �4AAO9 5<5?<BF9>< A9B5IB8<@B >BD-
D9>FAB GEF4AB6<FP 6 ED989 Matlab Simulink. �4?99 <I @B:AB A4=F< 6 B5-
M9= 5<5?<BF9>9 Matlab Simulink. �ECB?P;B64A<9 EC9J<4?PAOI 5<5?<BF9> 

                                                           
1 �EC<D4AF >4H98DO 46FB@4F<;4J<< CDB<;6B8EF69AAOI CDBJ9EEB6 �BA54EE>B= 
7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>, '>D4<A4). 
2 �EC<D4AF >4H98DO Q?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4J<< �BA54EE>B= 7B-
EG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>, '>D4<A4). 
3 �.F.A., CDBH., ;46. >4H98DB= 46FB@4F<;4J<< CDB<;6B8EF69AAOI CDBJ9EEB6 �BA54E-
E>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>, '>D4<A4). 
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8?S CDB7D4@@<DB64A<S @<>DB>BAFDB??9D4 CB;6B?S9F ;A4K<F9?PAB B5?97-
K<FP CDBJ9EE CDB7D4@@<DB64A<S. &.9. CDB7D4@@<DB64A<9 EF4AB6<FES A4-
7?S8AO@ < 6<;G4?PAO@, KFB BK9AP G8B5AB 8?S <A:9A9D4.   

"5N9>FB@ <EE?98B64A<S S6?S9FES CDB7D4@@A4S ED984 Matlab 
Simulink. #D98@9FB@ <EE?98B64A<S S6?S9FES BCD989?9A<9 CDB7D4@@AOI 
<AEFDG@9AFB6 Matlab Simulink 8?S CDB7D4@@<DB64A<S @<>DB>BAFDB??9D4 
STM32F4discovery. *9?P D45BFO  � D4;D45BF>4 4?7BD<F@4 A4EFDB=>< CDB-
7D4@@AB= ED98O 8?S CDB7D4@@<DB64A<S @<>DB>BAFDB??9D4 
STM32F4discovery. 

�?S 8BEF<:9A<S CBEF46?9AAB= J9?< 5O? BCD989?9A DS8 ;484K: 
� HBD@G?<DB64A<9 @<A<@4?PAOI FD95B64A<= CB D4EL<D9A<R 

HGA>J<BA4?PAOI 6B;@B:ABEF9= 8?S CDB7D4@@<DB64A<S >BAFDB??9D4; 
� D4;D45BF>4 4?7BD<F@4 @9FB8<>< GEF4AB6>< < A4EFDB=>< 8BCB?A<-

F9?PAOI 5<5?<BF9> CB;6B?SRM<I BEGM9EF6?SFP CDB7D4@@<DB64A<9 >BA-
FDB??9D4 STM32F4discovery; 

� CDB6989A<9 F9EFB6 CDB7D4@@AOI A4EFDB9> < D45BFBECBEB5ABEF< 
CD<?B:9A<= A4 >BA>D9FAB@ CD<@9D9. #BE?9 >B@C<?SJ<< EB5D4AAB= @B89-
?< 79A9D<DG9FES CDB7D4@@AO= >B8 A4 S;O>9 CDB7D4@@<DB64A<S C.  

 "5M<= 6<8 4?7BD<F@4 A4EFDB=>< ED98O @B89?<DB64A<S Matlab 
Simulink CD98EF46?9A A4 D<E. 1 

 
$<E. 1. �?7BD<F@ A4EFDB=>< Matlab Simulink 8?S CDB7D4@@<DB64A<S @<>-

DB>BAFDB??9D4 STM32F4discovery 
 

� >4K9EF69 CD<@9D4 89@BAEFD4J<< 6B;@B:ABEF< CDB7D4@@<DB64A<S 
@<>DB>BAFDB??9D4 STM32F4-Discovery 6 CDB7D4@@AB= ED989 Matlab 
Simulink CD<6989AO 7D4H<>< HBD@<DB64A<S ;484AAB7B E<7A4?4 A4 6OIB89 
PA4 *�# @<>DB>BAFDB??9D4 (D<E. 2) 
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$<E. 2. �D4H<> EHBD@<DB64AAB7B E<7A4?4 A4 6OIB89 J<HDB4A4?B7B6B7B 
CD9B5D4;B64F9?S 6 Matlab Simulink (a), BEJ<??B7D4@@4 EHBD@<DB64AAB7B 
E<7A4?4 A4 6OIB89 PA4 @<>DB>BAFDB??9D4 STM32F4Discovery (5) 

%C<EB> ?<F9D4FGDO 

1. �4;4D96 2. (. !4K4?4 CDB7D4@@<DB64A<S 6 ED989 MatLAB: 'K95AB9 CB-
EB5<9. � �.: !&'' «�#�», 2003. � 424 E. 

2. �4EC4DSA ".!. %<EF9@4 @4F9@4F<K9E><I D4EK9FB6 MATLAB, �BEG84DEF-
69AAO= <A:9A9DAO= GA<69DE<F9F �D@9A<<, 2005, E.143 url: 
http://cinref.ru/razdel/02200informatika/19/395656.htm 

'�� 621.313 
!4?<64=>B �. .1, !9EF9D9A>B !.%..2 

#$� �!�!�� "�!"#��&!"�" �" #02&�$� RASPBERRI PI 

��3 '#$����!�3 1���&$"#$��"�� � 

Raspberry Pi � QFB B8ABC?4FAO= >B@CPRF9D A9@AB7<@ 5B?PL9 >D98<F-
AB= >4DFO, BEAB64AAO= A4 CDBJ9EEBD9 4DI<F9>FGDO ARM11 , <;-;4 QFB7B A4 
A97B A9?P;S GEF4AB6<FP B5OKAO9 BC9D4J<BAAO9 E<EF9@O, F<C4 windows  <?<  
linux. !B EGM9EF6GRF EC9J<4?PAO9 E5BD>< linux 8?S Raspberry Pi, 6 >BFBDB= 
@B:AB 6BECB?P;B64FES 6E9@< 6B;@B:ABEFS@< C?4FO.  

� 84AAB= @B89?< <ECB?P;G9FES >B@C4>FAO= E?BF 8?S >4DF C4@SF<, 
micro SD. � Pi 2 6 >4K9EF69 6<89B D4;N9@4 <ECB?P;G9FPES  HDMI  <@9RFPES 
F4>:9 4 USB E?BF4. #BDFO @B7GF 6O8464FP FB> E<?B= 8B 1,2 �, 8?S QFB7B 
GEFDB=EF6B A9B5IB8<@B CB8>?RK4FP > 5?B>G C<F4A<S 2�. "8A4>B 8?S 
                                                           
1�4A8. F9IA. A4G>, 8BJ9AF >4H98DO Q?9>FDB@9I4A<K9E><9 E<EF9@O 46FB@4F<;4J< 
�BA54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>). 
2 %FG89AF >4H98DO Q?9>FDB@9I4A<K9E><9 E<EF9@O 46FB@4F<;4J< �BA54EE>B= 7BEG-
84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE> 
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B5OKAB= D45BFO Pi2� 5?B> C<F4A<S FD95B64A<9@ A9 S6?S9FES, < @<A<-
>B@CPRF9D ;4CGE>49FES 84:9 BF B5OKAB7B USB CBDF4 @BMABEFPR 2,5 �F 
(5� * 0,5�)."5M<= 6<8 C?4FO CD98EF46?9A A4 D<EGA>9 1. 

 

 
$<E. 1. "5M<= 6<8 Raspberry Pi. 

�?S D45BFO E RPi FD95G9FPES 69DE<S MatLab R2013a + < FB?P>B 6 
"% Windows 32/64 bit. �DB@9 E4@B7B MatLab CBFD95G9FPES Simulink, SD 
>4DF4 C4@SF< >4> @<A<@G@ A4 4 Gb, Ethernet connection, Power cable. !4 
>4DF9 C4@SF< A4IB8<FES "% < CB?P;B64F9?PE><9 84AAO9. 

%B;848<@ AB6GR @B89?P 8?S RPi 8B546<@ 6 A99 5?B> <EFBKA<> >B-
FBDO= 6O849F E<AGEB<8G Sine Wave. "D74A<;G9@ D45BFG E<AGEB<8O CB 
E9@C?4@ Sample based K4EFBF4 8<E>D9F<;4J<< 100 D4; 6 E9>GA8G, B8<A C9-
D<B8 5G89F 6>?RK4FP 6 E95S 50 E9@C?B6. 1F4 E<AGEB<84 CB849FES A4 5?B> 
CD<9@A<> BEJ<??B7D4H Scope. �B 6D9@S D45BFO @B89?< A9B5IB8<@B <;@9-
ASFP 4@C?<FG8G E<AGEB<8O CBQFB@G 6B;P@9@ 5?B> Slider Gain.  B89?P 6 
D45BK9@ B>A9  Matlab Simulink CB>4;4A4 A4 D<EGA>9 2. 

 

 

$<E. 2.  B89?P 6 D45BK9@ B>A9  Matlab Simulink 

�?S FB7B KFB5O ;4CGEF<FP @B89?P A4 RPi A9B5IB8<@B ;4=F< 6 @9AR 
Tools → Run on Target Hardware → Prepare to Run� BF>DO649FES >BAH<-
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7GD4J<S @B89?< 789 CD98?4749FPES 6O5BD J9?96B7B B5BDG8B64A<S, A9B5IB-
8<@B 6O5D4FP RPi CBE?9 A4:4FP >ABC>G CD<@9A<FP 5G89F BF>DOFB B>AB 6 
>BFBDB@ BFB5D4:4RFES 84AAO9 Host name CB >BFBDB@G 5G89F 8BEFGCA4 
C?4F4 <@S CB?P;B64F9?S, C4DB?P < 8<D9>FBD<S 789 ID4ASFPES 6D9@9AAO9 
H4=?O. #BE?9 QFB7B A9B5IB8<@B 6 @9AR Solver 6 B>A9 Stop time A4C<E4FP 
inf QFB B;A4K49F KFB @B89?P 5G89F D45BF4FP 59E>BA9KAB < 6>?RK<@ D9:<@ 
E<@G?SJ<<  External QFBF D9:<@ CB;6B?S9F <; @B89?< Simulink GCD46?SFP 
6OCB?A9A<9@ 4?7BD<F@4 A4 RPi. �?S ;4CGE>4 @B89?< A4 RPi 8BEF4FBKAB 
A4:4FP >ABC>G Run. #D< <;@9A9A<< C4D4@9FDB6 Slider Gain BA< 46FB@4F<-
K9E>< BFD4:4RFES A4 D45BF9 B8ABC?4FAB7B >B@CPRF9D4 Raspberry Pi. 

%C<EB> ?<F9D4FGDO 

1. #DB@<E?B6V @9D9:V F4 VAF97D4JV=AV F9IAB?B7VW 6 46FB@4F<;B64A<I E<EF9-
@4I: !46K4?PA<= CBEV5A<>. � �.: �<8-6B «�VD4-�», 2011. � 522 E... 

2. Dr. B.D. #B8>?RK9A<9 C9D<H9D<< > ED989 D4;D45BF>< E<EF9@ GCD46?9A<S 
 4F��� // #BDF4? A4GKAB-CD4>F<K9E><I CG5?<>4J<= [1?9>FDBAAO= D9EGDE]. URL: 
http://portalnp.ru/2014/03/1783 (84F4 B5D4M9A<S: 25.02.2016). 

3. Dr. B.D. �B@CPRF9DAO9 ED98EF64 E<EF9@ GCD46?9A<S. Raspberry Pi // 
#BDF4? A4GKAB-CD4>F<K9E><I CG5?<>4J<= [1?9>FDBAAO= D9EGDE]. URL: 
http://portalnp.ru/2013/12/1691 (84F4 B5D4M9A<S: 25.02.2016) 

'�� 004.031.43 
#4DIB@9A>B �.�.1, �?48>B64 ". . 2 %B>B?SAEP><= ".�. 3 

#��%�%&� � ����!"%&��� ��� "� �������!"� 
���"$�&"$�� RELDES 

%C9JV4?V;B64A4 6V884?9A4 ?45BD4FBDVS CDB9>FG64AAS 65G8B64A<I E<-
EF9@ RELDES (REmote Laboratory for Embedded Systems Design) BDVєAFB-
64A4 A4 8BCB@B7G DB;DB5A<>G G L6<8>B@G F4 9H9>F<6AB@G 6<5BDV F<CB6<I 
CDB9>FA<I DVL9AP A4 BEAB6V 7BFB6<I 4C4D4FAB-CDB7D4@A<I C?4FHBD@ 
Arduino [1,2]. 

�?S 9H9>F<6ABW F4 A48V=ABW DB5BF< 6V884?9ABW ?45BD4FBDVW (��) A9-
B5IV8AB CDB6B8<F< CBEFV=A<= >BAFDB?P EF4AG WW 4C4D4FAB7B F4 CDB7D4@AB-
7B ;459;C9K9AAS. #V8 K4E 8BE?V8ABW 9>EC?G4F4JVW �� RELDES 5G?B 6<S6?9-

                                                           
1 �.F.A., 8BJ. >4H98D< CDB7D4@A<I ;4EB5V6 �!&' 
2 �ECVD4AF>4 >4H98D< CDB7D4@A<I ;4EB5V6 �!&' 
3 �ECVD4AF >4H98D< CDB7D4@A<I ;4EB5V6 �!&' 
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AV 89S>V CDB5?9@< 6 WW DB5BFV, MB ECD<K<A<?B DB;DB5>G CV8E<EF9@< 8V47AB-
EF<>< 6V8@B6. 

$B;DB5>4 @9FB8V6 8V47ABEFG64AAS 6V8@B6 �� є A9FD<6V4?PABR ;484-
K9R, BE>V?P>< J9 E>?48A<= 4C4D4FAB-CDB7D4@A<= >B@C?9>E, 8B S>B7B FD954 
;4EFBEB6G64F< S> @9FB8< 8V47ABEF<>< F9IAVKA<I B5�є>FV6, F4> V @9FB8< F9E-
FG64AAS CDB7D4@AB7B ;459;C9K9AAS. &B@G, DB;DB5>4 @9FB8V6 8V47ABEFG64A-
AS 6V8@B6 6V884?9ABW ?45BD4FBDVW є 4>FG4?PABR. 

 9FBR DB5BF< є DB;DB5>4 CDB7D4@AB7B F4 4C4D4FAB7B ;459;C9K9AAS 
8?S CV86<M9AAS A48V=ABEFV F4 59;6V8@B6ABEFV HGA>JVBAG64AAS 6V884?9ABW 
?45BD4FBDVW RELDES. 

�?S BFD<@4AAS 84A<I CDB EF4A ��, S> E<EF9@<, MB E>?484єFPES ; 
69?<>BW >V?P>BEFV B>D9@<I 9?9@9AFV6, @B:A4 6<>BD<EFB6G64F< DV;AV @9FB-
8<. #9DL<=, F4 A4=CDBEFVL<= ECBEV5 � J9 BC<FG64AAS C9D<H9DV=A<I CD<-
EFDBW6 K9D9; C96A<= CDB@V:B> K4EG. !4EFGCA<@ @9FB8B@ ;5BDG VAHBD@4JVW 
MB8B EF4AG E<EF9@< є ECBEF9D9:9AAS 6 D94?PAB@G K4EV. "8A<@ V; DV;AB6<-
8V6 ECBEF9D9:9AAS ;4 E<EF9@BR 6 D94?PAB@G K4EV є CDB7D4@G64AAS C9D<-
H9DV=A<I CD<EFDBW6 F4><@ K<AB@, MB5 >B:9A ; A<I E4@ A48E<?46 VAHBD-
@4JVR CDB E6BW A9ECD46ABEFV. #DBF9, A9 6EV CD<EFDBW @B:A4 ;4CDB7D4@G64-
F< A4 F4><= 6<C48B>, 4 CD< 6<IB8V ; ?48G A9 ;46:8< CD<EFDV= 6;474?V ;84F9A 
A48E<?4F< E<7A4?<. 

&B@G, A4=5V?PL 9H9>F<6A<@ є 6<>BD<EF4AAS >B@5VAB64AB7B @9FB8G, 
S><= CB?S74є 6 FB@G, MB K9D9; C96AV ;484AV CDB@V:>< K4EG 6V85G64єFPES 
E>4AG64AAS E<EF9@< A4 A4S6AVEFP 6V8@B6, 4 >B:9A C9D<H9DV=A<= CD<EFDV=, 
MB @4є @B:?<6VEFP CB6V8B@?SF< CDB E6BW 6V8@B6<, CDB7D4@GєFPES 6V8CB6V-
8A<@ K<AB@. � F4>B@G 6<C48>G VAHBD@4JVS CDB 5V?PLVEFP 6V8@B6 BFD<@G-
єFPES 6 D94?PAB@G K4EV, 4 84AV, BFD<@4AV ; E<EF9@<, ?97>B E<EF9@4F<;G64F<. 

"FD<@4A4 ; F4>BW E<EF9@< VAHBD@4JVS ;59DV74єFPES 8?S CB84?PLB7B 
4A4?V;G, BE>V?P>< 8V47ABEF<>4 C9D9854K4є A9 ?<L9 CBLG> 6V8@B6, 4 = CDB-
7AB;G64AAS @B:?<6<I 6V8@B6 G @4=5GFAPB@G, 4 BF:9, VEAGє A9B5IV8AVEFP 
4A4?V;G BFD<@4A<I 84A<I. 

� EF6BD9AV= CV8E<EF9@V 8V47ABEF<>< 6V8@B6 �� D94?V;B64AB KBF<D< @9-
FB8<: @9FB8 8V47ABEF<>< 6V8@B6 8?S 9>EC9D<@9AFG «%6VF?B8VB8A<= E6VF?B-
HBD», @9FB8 >9DG64AAS DV6A9@ BE6VF?9ABEFV ?45BD4FBDAB7B EF9A8G, @9FB8 8V47-
ABEF<>< 89H9>FABW C?4F<, @9FB8 >BAFDB?R CD4J9;84FABEFV E<EF9@<.  

#V8E<EF9@4 6<>BAGє A4EFGCAV HGA>JVW: C9D96VD>4 �AF9DA9F ;�є8A4AAS 
>B:AV 30 E9>GA8; C9D96VD>4 CD4J9;84FABEFV 6V89B-FD4AE?SJVW; C9D96VD>4 
DV6AS BE6VF?9ABEFV EF9A8G ; ?45BD4FBDA<@ B5?48A4AAS@ ;7V8AB ; 6EF4AB6-
?9A<@ CBDB7B6<@ ;A4K9AAS@; VAVJV4?V;4JVS C?4F; C9D96VD>4 A4 A4S6AVEFP 
89H9>FA<I E6VF?B8VB8V6. 
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#DB7D4@A9 ;459;C9K9AAS 8?S CV8E<EF9@< 5G?B DB;DB5?9AB ;4 8BCB-
@B7BR E9D98B6<M4 CDB7D4@G64AAS Arduino IDE A4 @B6V CDB7D4@G64AAS %, 
4 F4>B: G 6<7?S8V E>D<CFV6 8?S "% Ubuntu. 

#V8E<EF9@4 CD<;A4K9A4 8?S >BAFDB?R HGA>JVBAG64AAS 4C4D4FAB7B 
F4 CDB7D4@AB7B ;459;C9K9AAS �� RELDES, L6<8>B7B 6<S6?9AAS F4 GEG-
A9AAS 6V8@B6 ; 6V8CB6V8A<@ VAHBD@G64AAS@ >BD<EFG64KV6 F4 48@VAVEFD4FB-
D4 E<EF9@<. 

#D4>F<KA4 JVAAVEFP DB;DB5>< CB?S74є 6 FB@G, MB EF6BD9A9 CDB7D4@A9 
F4 4C4D4FA9 ;459;C9K9AAS 8B;6B?Sє ;459;C9K<F< 9H9>F<6A9 6<>BD<EF4AAS ?4-
5BD4FBDVW F4 CV8FD<@G64F< WW CD4J9;84FAVEFP 6 A9LF4FA<I E<FG4JVSI. 

%C<EB> ?VF9D4FGD< 

1. RELDES. http://swed.zntu.edu.ua, http://youtu.be/u2anq-UYFg 
2. Parkhomenko, A. Development and Application of Remote Laboratory for 

Embedded Systems Design /A. Parkhomenko, O. Gladkova, E. Ivanov, A. Sokolyanskii, 
and S. Kurson // International Journal of Online Engineering (iJOE), vol.11, no. 3, 
pp.27�31, 2015. 

'�� 004.418 
#4DIB@9A>B �.�.1, �D46K9A>B ".#.2 

 "��$!���*�3 *�!&$��0!"�" #'�0&' '#$����!!3 

%�%&� � FPV AUTO 

%<EF9@4 GCD46?VAAS DGIB@<@< B5�є>F4@< FPV Auto E>?484єFPES ; 
DGIB@B7B B5�є>F4 � @4L<A><, J9AFD4?PAB7B CG?PF4 GCD46?VAAS (*#'), 
6V89B-B>G?SDV6 F4 CG?PF4 GCD46?VAAS (8:B=EF<>4) 7D46JS. �4 8BCB@B7BR 
J9AFD4?PAB7B CG?PF4 GCD46?VAAS ;8V=EARєFPES >9DG64AAS E<EF9@BR, 4 E4-
@9: A4?4LFG64AAS C4D4@9FDV6 ;4W;8G, B5DB5>4 ;A4K9AP V; 8:B=EF<>4 7D46JS 
F4 6V8CD46>4 >B@4A8 >9DG64AAS [1]. 

$4AVL9 5G?B CDB6989AB @B89DAV;4JVR J9AFD4?PAB7B CG?PF4 
GCD46?VAAS CDB9>FG FPV Auto A4 86GI C?4FHBD@4I Arduino V Raspberry Pi 
(8<6.D<E.1) . 

                                                           
1 �.F.A., 8BJ. >4H98D< CDB7D4@A<I ;4EB5V6 �!&' 
2 %FG89AF 7D. �!&-722@ 
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$<E. 1. �DIVF9>FGD4 E<EF9@< 

 
*#', CB5G8B64A<= A4 BEAB6V Arduino CBFD95Gє 6<>BD<EF4AAS 

@4>9FABW C?4F< 8?S ;5V?PL9AAS >V?P>BEFV 6<6B8V6 ;9@?V V :<6?9AAS F4 @4-
>9FA<I ;�є8A4AP 8?S 6;4є@B8VW ; C?4FHBD@BR Arduino, MB ;A<:Gє 
A48V=AVEFP F4 >B@C4>FAVEFP E<EF9@<. �?S GEGA9AAS J<I A98B?V>V6 5G?B 
6<DVL9AB ECDB9>FG64F< BD<7VA4?PAG C?4FG. &4>9 DVL9AAS 8B;6B?<FP GA<>-
AGF< 6<>BD<EF4AAS @4>9FABW C?4F< F4 6<>BD<EFB6G64F< A9B5IV8AV DB;AV@<. 
�<>BA46L< 4A4?V; VEAGRK<I @V>DB>BAFDB?9DV6 ( �), G S>BEFV BEAB6< 5G?B 
B5D4AB @V>DB>BAFDB?9D Atmega 16. *9= @V>DB>BAFFDB?9D @4є 16Kb C4@�SFV 
8?S CDB7D4@, 32 CBDF< 66B8G\6<6B8G, A<;P>9 9A9D7BECB:<64AAS F4 8B;6B-
?<FP ;@9AL<F< 64DFVEFP *#' CBDV6ASAB V; 6<>BD<EF4AAS@ C?4FHBD@< Ar-
duino [2]. 

#DB4A4?V;G646L< 6<@B7< 8B DB5BF< E<EF9@<, 5G?< CD<=ASFV 
A4EFGCAV CDB9>FAV DVL9AAS: 8?S ;5V?PL9AAS EF45V?PABEFV DB5BF<  � F4 
;@9AL9AAS 6C?<6G >B?<64AP A4CDG7< 6V8 8:9D9?4 :<6?9AAS 6 EI9@V 6<>B-
D<EF4AB ?VAV=A<= EF45V?V;4FBD A4CDG7< NCP1117 V; A<;P><@ C48VAAS@ A4-
CDG7< [3], 4A4?B7VKA<= F<@, MB 6EF4AB6?RRFPES A4 C?4F4I Arduino. �<>B-
D<EF4AAS ;EG6AB7B D97VEFDG 74HC165 8B;6B?Sє ;5V?PL<F< >V?P>VEFP 
6<6B8V6. &4>B: GEV D9;<EFBD< CV8FS:>< DB;F4LB64AV A4 C?4FV, MB 8B;6B?Sє 
GA<>AGF< 6<>BD<EF4AAS ;4=6B7B A46VEAB7B @BAF4:G.  

!4 J9= K4E CDB9>F ;A4IB8<FPES A4 9F4CV 6<7BFB6?9AAS D94?PAB7B 
CDBFBF<CG. "E>V?P>< CDB7D4@< @V>DB>BAFDB?9DV6 є 4C4D4FAB ;4?9:A<@<, 
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CVE?S 6<7BFB6?9AAS CDBFBF<CG, G E9D98B6<MV Atmel Studio 7.0 5G89 DB;-
DB5?9AB CDB7D4@G J9AFD4?PAB7B CG?PF4 GCD46?VAAS 8?S  � Atmega 16, MB 
8B;6B?<FP 6;4є@B8VSF< V; DGIB@<@ B5�є>FB@. 

%C<EB> ?VF9D4FGD< 

1. Parkhomenko, A.V. � Gladkova, O.N.: Virtual Tools and Collaborative 
Working Environment in Embedded System Design. In: Proceedings of XI International 
Conference on Remote Engineering and Virtual Instrumentation (REV2014) (26�28 
February, 2014, Porto, Portugal) Porto: Polytechnic, 2014, pp. 91�93. 

2. Atmel 8-bit ATmega16A Datasheet [�?9>FDBAA<= D9EGDE] / Atmel 
Corporation, 2014. � 335 E. �  B64 4A7?. � $9:<@ 8BEFGCG: 
http://www.atmel.com/Images/Atmel-8154-8-bit-AVR-ATmega16A_Datasheet.pdf 

3. NCP1117 Low-Dropout Positive Fixed and Adjustable Voltage Regulators 
[�?9>FDBAA<= D9EGDE] / ON Semiconductor, 2014. � 17 E. �  B64 4A7?. � $9:<@ 8B-
EFGCG: http://www.onsemi.com/pub_link/Collateral/NCP1117-D.PDF 

'�� 004.418 
#4DIB@9A>B �.�.1, �D46K9A>B �.#.2, %?<;<AB6 �. �.3 

��&" �&���$"��!!�3 %�%&� � '#$����!�3 

"�"$'�"��!��  � "(�%� 

"EAB6A4S J9?P CDB9>F4 � EB;84A<9 E<EF9@O '@AO= BH<E, >BFBD4S 
5G89F 6OCB?ASFP HGA>J<< GCD46?9A<S BE69M9A<9@, >BAFDB?S 8BEFGC4 6 
CB@9M9A<S E CB@BMPR RFID @9FB>, E BCB69M9A<9@ 6 E?GK49 ;4FBC?9A<S, 
D94>J<9= A4 <E>?RK<F9?PAO9 E<FG4J<< < E9F96O@ 6;4<@B89=EF6<9@. 

%<EF9@4 CB;6B?<F CB GSM @B8G?R <?< CB E9F< TCP/IP C9D98464FP 
EBB5M9A<S CD< ;4FBC?9A<< <?< CBCOF>9 6;?B@4, CB?GK4FP F9>GM<9 CB>4-
;4A<S E 84FK<>B6 < EK<FO64F9?9=, GCD46?SFP BE69M9A<9@ < 869DAO@< ;4@-
>4@<.  

#BE?9 4A4?<;4 HGA>J<BA4?PAOI FD95B64A<=, 5O?4 D4;D45BF4A4 B5-
M4S 4DI<F9>FGD4 E<EF9@O (D<E. 1). 

                                                           
1  �.F.A., 8BJ. >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
2  %FG89AF 7D. �!&-722@ 
3  �<D9>FBD >B@C4A<< ��!��$%���, �4CBDB:P9, '>D4<A4 
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$<E. 1. "5M4S 4DI<F9>FGD4 E<EF9@O 

 
"5M4S 4DI<F9>FGD4 E<EF9@O 6>?RK49F 6 E95S <AF9DH9=EAGR C?4FG, 

> >BFBDB= CB8>?RK4FES C9D<H9D<=AO9 GEFDB=EF64: 84FK<>< 86<:9A<S, 
84FK<> 6B8O < EK<FO64F9?< RFID @9FB>. � @B8G?R D9?9, D4ECB?B:9AAB@G 
A4 <AF9DH9=EAB= C?4F9, CB8>?RK49FES GCD46?S9@B9 B5BDG8B64A<9 (?4@CO, 
;4@><), F4>:9 A4 <AF9DH9=EAB= C?4F9 D4ECB?B:9AO �AF9DA9F @B8G?P, >B-
FBDO= BFB5D4:49F 84AAO9 E 84FK<>B6 A4 E9D69D9, < GSM @B8G?P, BFCD46-
?SRM<= EBB5M9A<S A4 ;484AAO= AB@9D CD< 6B;A<>AB69A<< <E>?RK<F9?P-
AOI E<FG4J<= (6;?B@, CBFBC). 

!4 BEAB64A<< B5M9= 4DI<F9>FGDO 5O?B CDB6989AB <EE?98B64A<9 
DOA>4 >B@CBA9AFB6 8?S D94?<;4J<< 84AAB= ;484K< < D4;D45BF4A4 4DI<F9>-
FGD4 CDBFBF<C4 E<EF9@O (D<E. 2). 

 
$<E. 2. �DI<F9>FGD4 CDBFBF<C4 
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"EAB6B= CDBFBF<C4 D4;D454FO649@B= E<EF9@O S6?S9FES C?4F4 Ardu-
ino Due, 6OCB?ASRM4S DB?P 7?46AB7B GCD46?SRM97B GEFDB=EF64. � EBEF46 
6IB8<F �AF9DA9F-@B8G?P, <ECB?P;GRM<= SPI CDBFB>B? < D45BF4RM<= >4> 
HTTP E9D69D, 4 F4>:9 GSM @B8G?P SIM800L, CB8>?RK49@O= CB UART 
CDBFB>B?G < C9D984RM<= EBB5M9A<S A4 ;484AAO= AB@9D F9?9HBA4. � CDB-
FBF<CG CB8>?RK9AO J<HDB6O9 84FK<>< 86<:9A<S < 4A4?B7B6O= 84FK<> 
6B8O. � >4K9EF69 EK<FO64F9?9= <ECB?P;GRFES @B8G?< PN532, >BFBDO9 
<@9RF 6B;@B:ABEFP CB8>?RK9A<S CB CDBFB>B?4@ I2C, UART, SPI. �?S 
B59EC9K9A<S C<F4A<S C?4FO <ECB?P;G9FES BF89?PAO= CD9B5D4;B64F9?P A4-
CDS:9A<S. +FB5O B59EC9K<FP A9EF4A84DFAB9 C<F4A<9 GSM @B8G?S (3.7 � 
4.2�) <ECB?P;G9FES 8BCB?A<F9?PAO= CD9B5D4;B64F9?P A4CDS:9A<S.  

%<EF9@4 @B:9F D45BF4FP 6 86GI BEAB6AOI D9:<@4I. "5OKAO= D9-
:<@ � 6 QFB@ D9:<@9 E<EF9@4 B5D454FO649F 84AAO9 E C9D<H9D<=AOI GEF-
DB=EF6 < A4 BEAB69 QF<I 84AAOI C9D9849F GCD46?SRM<9 E<7A4?O GEFDB=-
EF64@. $9:<@ E<7A4?<;4J<< � CBE?9 C9D9IB84 6 QFBF D9:<@, E<EF9@4 B5D4-
54FO649F 84AAO9 E 84FK<>B6 < 6 E?GK49 B5A4DG:9A<S 86<:9A<S 6 CB@9M9-
A<< C9D9849F GSM EBB5M9A<9 B 6;?B@9. 

� D9;G?PF4F9 6OCB?A9A<S CDB9>F4 5O? EB;84A CDBFBF<C E<EF9@O, 
>BFBDO= 6 A4EFBSM99 6D9@S CDBIB8<F F9EF<DB64A<9 A4 D94?PAB@ B5N9>F9. 

'�� 004.031.43 
#4DIB@9A>B �.�.1, &G?9A>B6 �.�.2, #B;8AS>B6 ".�. 3, �4?R5B6E><= 3.�. 4 

$��$��"&�� #$"�$�  !"-�##�$�&!"� #��&("$ / ��3 

"�'+�!�3 &�)!"�"��3  �!&�$!�&� ��-�� � 

'%&$"�%&� 

%97B8AS F9IAB?B7<< IoT (Internet of Things, �AF9DA9F 69M9=), @9-
ASRF CGF< 6;4<@B89=EF6<S @<D4 E 69M4@< < GEFDB=EF64@<. %B7?4EAB <E-
E?98B64A<S@ >B@C4A<< Ericsson, >B?<K9EF6B CB8>?RK9AAOI GEFDB=EF6 8B 
2021 7B84 6B;D4EF9F 8B $16 @?D8. E $4,6 @?D8. 6 2015 7B8G. $4EF9F 6?<SA<9 
IoT A4 BC9D4J<BAAGR 89SF9?PABEFP >B@C4A<=, 4 F4>:9 A4 <I BD74A<;4J<-
BAAGR EFDG>FGDG. �B@C4A<< IBFSF E97B8AS 5OEFDB CDB9>F<DB64FP, EB;84-
64FP < 6A98DSFP AB6O9 ECBEB5O QHH9>F<6AB7B 6;4<@B89=EF6<S ;4>4;K<>B6 
E «69M4@<» < GEFDB=EF64@< [1].  

                                                           
1 �.F.A., 8BJ. >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
2 %FG89AF 7D. �!&-721@ 
3 �<D9>FBD >B@C4A<< �$�� $�&���, �<96, '>D4<A4 
4 �EC<D4AF >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
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#B CDB7AB;4@ 4A4?<F<>B6, H<A4AEB6O= CBF9AJ<4? IoT EBEF46?S9F 
8,9 FD?A. 8B??4DB6 %,�. #BQFB@G, <EE?98B64A<9 QFB7B A4CD46?9A<S 64:-
AB A9 FB?P>B 8?S IT-<A8GEFD<<: 89F4?PAB9 <;GK9A<9 IoT CB;6B?<F 6BBDG-
:<FP EFG89AFB6 ;A4A<S@<, A46O>4@< 8?S CB6OL9A<S <I >BA>GD9AFBECB-
EB5ABEF< 6 5OEFDB @9ASRM9@ES DOA>9 FDG84 [2]. 

�@9AAB CBQFB@G, D45BF4 CB D4;D45BF>9 AB6OI >GDEB6 < 6A98D9A<R 
<I 6 GK95AO= CDBJ9EE CB87BFB6>< IT-EC9J<4?<EFB6 G:9 GEC9LAB 6989FES 
A4 >4H98D9 CDB7D4@@AOI ED98EF6 �4CBDB:E>B7B A4J<BA4?PAB7B F9IA<K9-
E>B7B GA<69DE<F9F4 [3]. $4;D454FO649@4S A4 E97B8ASLA<= 89AP CDB7D4@@-
AB-4CC4D4FA4S C?4FHBD@4 8?S <EE?98B64A<S < B5GK9A<S F9IAB?B7<S@ IoT 
(E@.D<E.1), 5G89F B5N98<ASFP A9E>B?P>B Q>EC9D<@9AFB6 < <AF97D<DB64FPES 
E G84?9AAB= ?45BD4FBD<9= RELDES [4], KFB D4EL<D<F 6B;@B:ABEF< 8<E-
F4AJ<BAAB7B B5GK9A<S. $4;D45BF>4 6OCB?AS9FES A4 BEAB69 CDB7D4@@AB-
4CC4D4FAOI C?4FHBD@ Arduino < Raspbery Pi < CD98BEF46?S9F BEAB6AB= 
HGA>J<BA4? '@AB7B �B@4. 

 

$<E. 1. &D9I@9DA4S @B89?P CDB9>F<DG9@B= C?4FHBD@O  

%97B8AS 4>F<6AB 6989FES D45BF4 CB D94?<;4J<< E?98GRM<I CB8E<EF9@: 
46FBD<;4J<<; GCD46?9A<S D9>GC9D4FBDB@ <?< CD<FBKAB-6OFS:AB= E<EF9-
@B=; GCD46?9A<S BE69M9A<9@; >BAFDB?S 84FK<>B6 869D9=; >BAFDB?S F9@C9-
D4FGDO; >BAFDB?S 84FK<>B6 86<:9A<S. #?4A<DG9FES F4>:9 8BCB?A<F9?PA4S 
C4A9?P 8?S CDBFBF<C<DB64A<S CDS@B A4 EF9A89, 4 F4>:9 8BCB?A<F9?PAO9 
84FK<>< 8?S EK<FO64A<S < BFCD46>< >B@4A8 >BA8<J<BA9D4@ <?< 8DG7<@ 
GEFDB=EF64@. 
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#D4>F<K9E><-BD<9AF<DB64AAO9 @9FB8O B5GK9A<S < CD<@9A9A<9 
D4;D454FO649@B= C?4FHBD@O 848GF EFG89AF4@ A9B5IB8<@O9 ;A4A<S < A4-
6O>< 8?S D94?<;4J<< EB5EF69AAOI CDB9>FB6, 4 F4>:9 8?S GEC9LAB7B CD<-
@9A9A<S F9IAB?B7<= IoT 6 5G8GM9= CDBH9EE<BA4?PAB= 89SF9?PABEF<. 

%C<EB> ?<F9D4FGDO 

1. Michael Porter of the Harvard Business School and Jim Heppelmann. How 
Smart, Connected Products Are Transforming Companies [1?9>FDBAAO= D9EGDE]. � 
$9:<@ 8BEFGC4: http://www.ptc.com/internet-of-things/harvard-business-
review/download-article-2#sthash.fyHFEOIE.dpuf  

2. '>D4<AE><9 �'�O 6O<7D4?< 7D4AF �% EUR817 FOE. A4 CDB9>F 6 EH9D9 
«�AF9DA9F4 69M9=» [1?9>FDBAAO= D9EGDE]. � $9:<@ 8BEFG-
C4:http://interfax.com.ua/news/general/362930.html 

3. #4DIB@9A>B �. �AF97D4JVS F9IAB?B7V= Internet of Things 6 CDBJ9E CV87BFB-
6>< �& H4IV6JV6. [1?9>FDBAAO= D9EGDE]. � $9:<@ 8BEFG-
C4:http://zntu.edu.ua/integraciya-tehnologiy-internet-things-v-proces-pidgotovky-it-
fahivciv 

4. RELDES. [1?9>FDBAAO= D9EGDE]. � $9:<@ 8BEFGC4: 
http://swed.zntu.edu.ua, http://youtu.be/u2anq--UYFg 

'�� 004.031.43 
#4DIB@9A>B �.�.1, ,9C9?9A>B �.$.2, %B>B?SAE><= �.�. 3 

"*�!�� ��+�%&�� %��&� '����!!"� ���"$�&"$�� 

RELDES 

'84?9AA4S ?45BD4FBD<S RELDES CD98EF46?S9F EB5B= E?B:AO= CDB-
7D4@@AB-4CC4D4FAO= >B@C?9>E A4 BEAB69 C?4FHBD@O �D8G<AB. �95-
E9D6<E D94?<;B64A A4 BEAB69 E9D69DAB7B S;O>4 CDB7D4@@<DB64A<S PHP, E 
CD<@9A9A<9@ HD9=@6BD>4 PHP MVC CodeIgniter. �?S 484CF<6AB= 69DEF>< 
HTML 5O? 6O5D4A Bootstrap, >BFBDO= 6>?RK49F 6 E95S HTML < CSS L45-
?BAO 8?S BHBD@?9A<S 695-EFD4A<J. �?S B5D45BF>< 84AAOI A4 EFBDBA9 
>?<9AF4 <ECB?P;G9FES JavaScript (JQuery) [1,2].  

�?S BJ9A>< >4K9EF64 E4=F4 ?45BD4FBD<< A9B5IB8<@B 6OCB?A<FP 97B 
F9EF<DB64A<9. &9EF<DB64A<9 695-E4=FB6 <@99F DS8 E6B<I BEB59AABEF9=, 
BEAB64AAOI A4 EC9J<H<>9 CD98@9FAB= B5?4EF<, < 6>?RK49F 6 E95S: HGA>-
J<BA4?PAB9 F9EF<DB64A<9, R;45<?<F< F9EF<DB64A<9; A47DG;BKAB9 F9EF<DB-
                                                           
1 �.F.A., 8BJ. >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
2 %FG89AF 7D. �!&-421@ 
3 �EC<D4AF >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
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64A<9; F9EF<DB64A<9 CB?P;B64F9?PE>B7B <AF9DH9=E4; F9EF<DB64A<9 A4 GS;-
6<@BEF< [3]. � D9;G?PF4F9 <EE?98B64A<= 5O?B ;4C?4A<DB64AB CSFP QF4CB6 
CDBJ9EE4 F9EF<DB64A<S. #9D6O= QF4C ;4>?RK49FES 6 4A4?<;9 &�, EBEF46?9-
A<< F9EF-C?4A4, 4 F4>:9 K4EF<KAB@ CDB7BA9 HGA>J<BA4?PAOI F9EFB6. �FB-
DB= QF4C CBE6SM9A 89F4?PAB@G CDB7BAG HGA>J<BA4?PAOI F9EFB6 E 6OS6-
?9A<9@ < BC<E4A<9@ 89H9>FB6. !4 FD9FP9@ QF4C9 5G89F CDB6989AB F9EF<-
DB64A<9 >DBEE5D4G;9DABEF< E BC<E4A<9@ 6OS6?9AAOI 89H9>FB6. +9F69D-
FO@ QF4CB@ S6?S9FES CDB69D>4 GEFD4A9AAOI 89H9>FB6 < CDB6989A<9 D97-
D9EE<BAAB7B F9EF<DB64A<S. #SFO= QF4C ;4>?RK49FES 6 F9EF<DB64A<< 8<-
;4=A4 CDB8G>F4 E BC<E4A<9@ B5A4DG:9AAOI 89H9>FB6. 

� CBE?98A<9 7B8O CBS6<?ES DS8 E9D6<EB6, CB;6B?SRM<I CDB7D4@@AB 
CDBF9EF<DB64FP 695-E4=F CB @AB7<@ >D<F9D<S@. &9EF<DB64A<9 E4=F4 ?45BD4-
FBD<< RELDES 5O?B 6OCB?A9AB E CD<@9A9A<9@ A9E>B?P><I D9EGDEB6. 

Test my site with Google � F9EF<DB64A<9 E CB@BMPR 84AAB7B D9EGDE4 
CB>4;4?B 6OEB><= GDB69AP 484CF4J<< E4=F4 ?45BD4FBD<< > @B5<?PAO@ 
C?4FHBD@4@ (97/100), B8A4>B 5O?4 6OS6?9A4 F4>4S CDB5?9@4, >4> CBED98-
EF69AA4S E>BDBEFP ;47DG;>< D9EGDEB6 E4=F4 A4 desktop (75/100) < @B5<?P-
AOI C?4FHBD@4I (68/100). 

LoadImpact � 84AAO= D9EGDE CD98A4;A4K9A 8?S A47DG;BKAB7B F9EF<-
DB64A<S E4=FB6. �O?B CDB6989AB A47DG;BKAB9 F9EF<DB64A<9 E 25 CB?P;B64-
F9?S@<, >BFBDB9 CDB89@BAEFD<DB64?B ECBEB5ABEFP E4=F4 6O89D:4FP CB-
8B5AGR A47DG;>G. 

WebAIM Wave � QFBF F9EF<DB6M<> CB;6B?S9F A47?S8AB BJ9A<FP R;4-
5<?<F< E4=F4, BFB5D4:4S A4 A9@ CBSEA9A<S > CD46<?PABEF< CD<@9A9A<S 
EFDG>FGDAOI Q?9@9AFB6. �8<AEF69AAB= EGM9EF69AAB= CDB5?9@B=, CB 69DE<< 
F9EF<DB6M<>4, S6?S9FES <ECB?P;B64A<9 F97B6 <div> <; HTML4 6@9EFB <nav>, 
>BFBDO9 CBS6<?<EP 6 HTML5, < 8DG7<I CB8B5AOI Q?9@9AFB6. 

SeoSiteCheckup � F9EF<DB6M<>, CB;6B?SRM<= BCD989?<FP, A4E>B?P-
>B E4=F BCF<@<;<DB64A CB8 D45BFG E CB<E>B6O@< E<EF9@4@<. �O?B 6OS6-
?9AB, KFB BCF<@<;4J<S D94?<;B64A4 CBED98EF69AAB, F.9. 5O?B CB?GK9AB 59 
54??B6 <; 100. �O?< CD98?B:9AO E?98GRM<9 CGF< <ECD46?9A<S 84AAB= 
CDB5?9@O: 8B546<FP @9F4-F97; <ECB?P;B64FP E9@4AF<K9E><9 F97<; 8B546<FP 
>4DFG E4=F4; BCF<@<;<DB64FP D45BFG EF<?9= < 8D. 

&4><@ B5D4;B@, @B:AB 6O89?<FP BK96<8AO9 8BEFB<AEF64 E4=F4 G84-
?9AAB= ?45BD4FBD<< RELDES � 97B QD7BAB@<KABEFP < >DBEE5D4G;9DABEFP, 4 
F4>:9 6OEB><= GDB69AP 484CF<6ABEF< 8<;4=A4. "8A4>B, <@99FES DS8 EGM9EF-
69AAOI A98BEF4F>B6, A48 >BFBDO@< E?98G9F CBD45BF4FP. &4>, ED4;G 86G@S F9E-
F<DB6M<>4@< 5O?4 BF@9K9A4 A9EF45<?PA4S E>BDBEFP ;47DG;>< E4=F4. "8AB= <; 
CD<K<A S6?S9FES E?<L>B@ 5B?PLB= D4;@9D <;B5D4:9A<=, >BFBDO9 E?98G9F 
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C9D9>BA69DF<DB64FP < E:4FP. &4> :9 @B:AB 8B546<FP A9>BFBDO9 E>D<CFO A4 
E4@G EFD4A<JG, E J9?PR GE>BD9A<S 99 ;47DG;><.  

� J9?B@ :9, E4=F ?45BD4FBD<< 6OCB?A9A A4 8BEF4FBKAB IBDBL9@ 
GDB6A9 < EBBF69FEF6G9F CBEF46?9AAO@ C9D98 A<@ ;484K4@. 

%C<EB> ?<F9D4FGDO 

1. RELDES. http://swed.zntu.edu.ua, http://youtu.be/u2anq-UYFg 
2. Parkhomenko, A. Development and Application of Remote Laboratory for 

Embedded Systems Design/A. Parkhomenko, O. Gladkova, E. Ivanov, A. Sokolyanskii, 
and S. Kurson//International Journal of Online Engineering (iJOE),vol.11,no.3,pp.27�
31, 2015. 

3. #D46<?PAB9 F9EF<DB64A<9 E4=F4 <?< >4> B59EC9K<FP E959 ;8BDB6O= EBA. 
Freshdesign � $9:<@ 8BEFGC4: http://fresh-design.com.ua/blog/technology/website-
testing 

'�� 519.86:681.51 
#B?S>B6  .�.1 

����$-(���+�%��� %�%&� / "�.��&"� ��'+�!�3 ��3 

'����!!/) ���"$�&"$�� 

'DB69AP G84?9AAOI ?45BD4FBD<= 6 B5?4EF< <A:9A9DAB7B B5D4;B64-
A<S 6 ;A4K<F9?PAB= EF9C9A< BCD989?S9FES GDB6A9@ @B89?9= B5N9>FB6 <;G-
K9A<S, >BFBDO9 BA< <ECB?P;GRF. 16B?RJ<S QF<I @B89?9= <89F CB CGF< 
G69?<K9A<S EF9C9A< 489>64FABEF< @B89?< B5N9>FG <;GK9A<S, CB6OL9A<S 
A47?S8ABEF< CDB6B8<@OI Q>EC9D<@9AFB6, @B89?<DB64A<S 5B?99 E?B:AOI 
B5N9>FB6. � F9K9A<9 DS84 ?9F D4;6<649FES A4CD46?9A<9 B5GK9A<S E <ECB?P-
;B64A<9@ «:<6OI >4DF<AB>» H<;<K9E><I @B89?9= B5N9>FB6 <;GK9A<S. 
"5GK4RM<9ES 84?< CB?B:<F9?PAGR BJ9A>G F4>B= HBD@9 B5GK9A<S. �@9-
EF9 E F9@, <ECB?P;B64A<9 H<;<K9E><I @B89?9= 6 G84?9AAOI ?45BD4FBD<SI 
6OS6<?B DS8 CDB5?9@ 8?S EB;84F9?9= < Q>EC?G4F4J<BAA<>B6: A9B5IB8<-
@BEFP F9IA<K9E>B7B B5E?G:<64A<S 8?S CB889D:4A<S D45BFBECBEB5ABEF< < 
CD<ASF<S @9D 8?S B59EC9K9A<S 59;BC4EABEF<; B7D4A<K9AA4S AB@9A>?4FGD4 
E H<;<K9E>B= @B89?PR, E?B:ABEFP @B89DA<;4J<<, 6OEB>4S EFB<@BEFP AB-
6OI @B89?9= < 8DG7<9. 

*9?P A4EFBSM9= D45BFO: CB6OE<FP GDB69AP, D4EL<D<FP B5?4EFP 
CD<@9A9A<S EGM9EF6GRM<I H<;<K9E><I @B89?9=. #BEF46?9AAGR J9?P 

                                                           
1 >4A8. F9IA. A4G>, 8BJ., �4CBDB:E><= A4J<BA4?PAO= F9IA<K9E><= GA<69DE<F9F, 
�4CBDB:P9, '>D4<A4 
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CD98CB?4749FES 8BEF<KP CGF9@ CBEFDB9A<S @B89?9= B5N9>FB6 <;GK9A<S >4> 
><59D-H<;<K9E><I E<EF9@. 

(<;<K9E><= GDB69AP @B89?9= B5N9>FB6 <;GK9A<S, >4> CD46<?B, 
CD98EF46?S9F EB5B= F9IA<K9E>GR E<EF9@G E 84FK<>4@<, <ECB?A<F9?PAO@< 
@9I4A<;@4@< < GCD46?SRM<@ GEFDB=EF6B@ 6 6<89 G;?4 E 6OK<E?<F9?PAO@ 
D9EGDEB@ � @<>DB>BAFDB??9D4, CDB@OL?9AAB7B >BAFDB??9D4, >B@CPRF9D4. 
%6B=EF64 ><59DA9F<K9E>B= E<EF9@O @B89?P CD<B5D9F49F 6 D9;G?PF4F9 <A-
F97D4J<< E CDB7D4@@AO@< >B@CBA9AF4@<, >BFBDO9 D94?<;GRF <9D4DI<R 
GCD46?9A<= A4 BEAB69 CD<AJ<C4 B8ABDB8ABEF< ;A4A<= 6 <AHBD@4J<BAAB-
GCD46?SRM9= E<EF9@9. 

&9BD9F<>B-@AB:9EF69AAB9 BC<E4A<9 ><59D-H<;<K9E>B= E<EF9@O @B89-
?< B5N9>F4 <;GK9A<S CD98EF46<@ 6 6<89 >BDF9:4 X,Y,S,µ,»,T, 789 X, Y, S �
@AB:9EF6B 6IB8B6, 6OIB8B6 < EBEFBSA<= E<EF9@O, EBBF69FEF69AAB; µ, » �
HGA>J<< 6OIB8B6 < C9D9IB8B6 >BA9KAB7B 46FB@4F4 E<EF9@O, EBBF69FEF69AAB; 
T � @4ELF45 @B89?PAB7B 6D9@9A<. #D4>F<K9E>< 6E9 Q?9@9AFO >BDF9:4 @B7GF 
5OFP <ECB?P;B64AO 8?S D4EL<D9A<S HGA>J<BA4?PABEF< @B89?<. 

!4CD<@9D, @AB:9EF6B Y 6>?RK49F 6<89B6OIB8, K9D9; >BFBDO= A4 
@BA<FBD G84?9AAB7B EFG89AF4 C9D9849FES «:<64S» >4DF<A>4 H<;<K9E>B= 
@B89?<. �?S D4EL<D9A<S HGA>J<BA4?PABEF< @B:AB G69?<K<FP >B?<K9EF6B 
6<89B>4@9D, 669EF< G84?9AAB9 GCD46?9A<9 D4>GDEB@ < C4D4@9FD4@< EN9@-
>< B5N9>F4 <;GK9A<S, 8B546<FP D94?PABEFP <?< 6<;G4?PABEFP 6 <;B5D4:9-
A<9 A4 @BA<FBD9 G84?9AAB7B EFG89AF4. 1FB @B7GF 5OFP 7D4H<K9E><9 Q?9-
@9AFO 8?S 6O89?9A<S HD47@9AFB6 <;B5D4:9A<S, 8<47ABEF<K9E><9 EBB5M9-
A<S, 4A<@4J<BAAO9 6EF46>< < 8DG7B9. �B;@B:AB <ECB?P;B64A<9 8DG7<I 
HBD@ C9D984K< <AHBD@4J<< B5 B5N9>F9 <;GK9A<S. !4CD<@9D, 8B546?9AAB9 
4G8<B @B:9F 5OFP CB?9;AB 6 F9I E?GK4SI, >B784 B8AB6D9@9AAB E CD<AJ<-
C4@< D45BFO B5N9>F4 <;GK49FES F9D@<AB?B7<S A4 <ABEFD4AAB@ 8?S EFG-
89AF4 S;O>9. � C9DEC9>F<69 6B;@B:AO < 8DG7<9 HBD@O, KFB CB;6B?S9F 7B-
6BD<FP B «8B546?9AAB@ @98<4». 

� EGM9EF6GRMGR CD4>F<>G <ECB?P;B64A<S 6IB8B6 X 8?S 66B84 EFG-
89AFB@ B8<ABKAOI >B@4A8 GCD46?9A<S @B89?PR B5N9>F4 @B:AB 8B546<FP 
79A9D4J<R 6IB8AOI E<7A4?B6 CB <EF9K9A<R ;484AAB7B <AF9D64?4 6D9@9A<, 
B5D4FAO9 E6S;< B5N9>F4 (A4CD<@9D, DG?P, >BFBDO= @B89?<DG9F EBCDBF<6-
?9A<9 46FB@4L<AO D9;>B@G CB6BDBFG), 6IB8O EB5OF<= 6A9LA9= ED98O 
(A4CD<@9D, 8?S 66B84 FD9A84 F9@C9D4FGDO), 66B8 EB5OF<= GCD46?9A<S 6 
CBFB>9, @BA<FBD<A7 CBFB>B6 ;A4K9A<= X < Y E EBID4A9A<9@ FD9A8B6 A4 
@4L<AAB@ ABE<F9?9. 

$4EL<D9A<9 @AB:9EF64 EBEFBSA<= S < EBBF69FEF6GRM<9 @B8<H<>4-
J<< HGA>J<= µ < » @B:AB 6OCB?ASFP 8?S @B89?<DB64A<S CB6989A<S B5N-
9>F4 6 A9LF4FAOI E<FG4J<SI, 8<47ABEF<DB64A<S A9<ECD46ABEF9= H<;<K9-
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E>B= @B89?<, 8<47ABEF<DB64A<S CDB9>F4 EFG89AF4 CB GCD46?9A<R B5N9>-
FB@, C9D9IB84 BF ?B7<K9E>B7B GCD46?9A<S > 7<5D<8AB@G < > A989D@<A<DB-
64AAB@G  46FB@4FG. "C9D4J<< E @B8<H<>4J<9= @AB:9EF64 S B5B;A4K<@ 
F9D@<AB@ «8B546?9AAB9 CB6989A<9». 

 4ELF45 T BCD989?S9F 6B;@B:ABEF< <;@9A9A<S @B89?PAB7B 6D9@9-
A< E J9?PR CDB6989A<S GE>BD9AAOI <ECOF4A<=, 4A4?<;4 5OEFDB@9ASR-
M<IES ;A4K9A<= C4D4@9FDB6 A4 >D<F<K9E><I <AF9D64?4I D45BFO @B89?<. 

$45BF4 CDB6B8<?4EP 6 D4@>4I @9:8GA4DB8AB7B CDB9>F4 DesIRE, 7D4AF 
No.544091-TEMPUS-1-2013-1-BE-TEMPUS-JPCR. #B?GK9AAO9 D9;G?PF4FO 
CD98CB?4749FES <ECB?P;B64FP 8?S D4EL<D9A<S HGA>J<BA4?PAOI 6B;@B:AB-
EF9= G84?9AAOI ?45BD4FBD<= GOLDi 6 GA<69DE<F9F9 �?P@9A4G (�9D@4A<S) < 
�4CBDB:E>B@ A4J<BA4?PAB@ F9IA<K9E>B@ GA<69DE<F9F9 ('>D4<A4). 

'�� 517.911.958(072) : 004 
%VF4> �. �.1, �?4E9A>B �. �.2 

�����&�+!� #$��!�+�!!3 �" #�2&�$!"-

"$�Є!&"��!�) &�)!"�"��� !��+�!!3 �������$�� 

� �!("$ �*��!�) &�)!"�"��� 

�A4?V; CD4JP CDB6V8A<I A4G>B6JV6  . �. �4?84>4 [1], %. �. $4>B64 
[2], 2. �. &D<GE4 [3] E6V8K<FP CDB A9;4C9D9KAV C9D9647< 6<>BD<EF4AAS 
>B@C�RF9DAB-BDVєAFB64A<I F9IAB?B7V= (�"&) CV8 K4E A46K4AAS DV;A<I DB;-
8V?V6 6<MBW @4F9@4F<>< F4 84є ;@B7G 6<;A4K<F<EP V; BEAB6A<@ 8<84>F<K-
A<@< @B:?<6BEFS@< B;A4K9A<I F9IAB?B7V=, 4 E4@9: ;459;C9K9AAS D4JVBA4-
?PABW BD74AV;4JVW A46K4?PAB-CDBH9EV=ABW 8VS?PABEFV EFG89AFV6 CV8 K4E A4-
6K4AAS K9D9; 6V8CB6V8A9 EFDG>FGDG64AAS A46K4?PAB7B @4F9DV4?G =B7B C9-
D95G8B6G ;4 C96ABR EI9@BR K< CDBJ98GDBR; ;4?GK9AAS GEVI 6<8V6 KGFFє6BW 
C9DJ9CJVW EFG89AFV6 CV8 K4E BC4AG64AAS A46K4?PAB7B @4F9DV4?G K9D9; E<-
A9D7V=AVEFP CBє8A4AAS WI 6V;G4?PAB7B V E?GIB6B7B ECD<=ASFFS; ;459;C9K9A-
AS 6V8>D<FBEFV E<EF9@< FD9AG64?PA<I 6CD46, MB G@B:?<6?RRFP VA8<6V8G-
4?V;4JVR A46K4?PAB7B CDBJ9EG 8?S EFG89AFV6, CB5G8B6G WI 6?4EABW FD4є>FB-
DVW A46K4AAS K9D9; 8BFD<@4AAS E4@BEFV=ABEFV G CV;A4AAV; 6<>BD<EF4AAS 

                                                           
1 4ECVD4AF, EF4DL<= 6<>?484K >4H98D< 6<MBW @4F9@4F<>< F4 >B@C�RF9DA<I F9IAB-
?B7V= �AEF<FGFG IV@VKA<I F9IAB?B7V= (@. $G5V:A9) %IV8ABG>D4WAEP>B7B A4JVBA4?P-
AB7B GAV69DE<F9FG V@. �. �4?S 
2 8B>FBD C9847B7VKA<I A4G>, CDBH9EBD >4H98D< 6<MBW @4F9@4F<>< �BA54EP>BW 89D-
:46ABW @4L<AB5G8V6ABW 4>489@VW 
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;@B89?PB64A<I CDB5?9@A<I E<FG4JV= CV8 K4E B;A4=B@?9AAS EFG89AFV6 V; 
G@VAAS@<, MB є A9B5IV8A<@< 8?S @4=5GFAPBW CDBH9EV=ABW 8VS?PABEFV H4IV-
6JS, K9D9; DV;AB5VKA9 CB84AAS E@<E?G A46K4?PAB7B @4F9DV4?G F4 
>B@C�RF9DA9 @B89?R64AAS. 

$B;7?SA9@B, K< є A9B5IV8A<@ ;4?GK9AAS 6>4;4A<I @B:?<6BEF9= CV8 
K4E A46K4AAS 8<H9D9AJV4?PA<I DV6ASAP (�$) 54>4?46DV6 ; VAHBD@4JV=A<I 
F9IAB?B7V= (�&). �B BEB5?<6BEF9= CB84AAS ;@VEFG A46K4?PABW 8<EJ<C?VA< 
«�<H9D9AJV4?PAV DV6ASAAS», 6V8ABE<FPES EFV=>4 6;4є@B;4?9:AVEFP V A4EFG-
CAVEFP 6<>?484AAS A46K4?PAB7B @4F9DV4?G. !4CD<>?48, 89S>V DV6ASAAS 8DG-
7B7B CBDS8>G L?SIB@ C96ABW ;4@VA< ;6B8SFPES 8B DV6ASAP C9DLB7B CBDS8-
>G, 4 5V?PLVEFP �$ C9DLB7B CBDS8>G, 6 E6BR K9D7G, K9D9; C96AV C9D9F6B-
D9AAS @B:GFP 5GF< ;6989AV 8B DV6ASAP ; 6V8B>D9@?R64A<@< ;@VAA<@<. 
 4RK< A9;A4KAG >V?P>VEFP K4EG, MB A484AB A4 A46K4AAS 8<EJ<C?VA<, F4 
;A4KA<= B5ES7 A46K4?PAB7B @4F9DV4?G, @4=5GFAPB@G H4IV6JR ; �& 8?S D9-
;G?PF4F<6AB7B BC4AG64AAS �$ 8G:9 64:?<6B BFD<@4F< GS6?9AAS B ;474?P-
AV= EFDG>FGDV >GDEG F4 A46K<F<EP L6<8>B BDVєAFG64F<ES G A46K4?PA<I CB-
6V8B@?9AASI. �?S JPB7B A46K4?PA<= @4F9DV4?, MB CDBCBAGєFPES EFG89AF4@ 
@4є 5GF< KVF>B EFDG>FGDB64A<@, 4 F9BD9F<KAV 84AV F4 CD<>?48< 
DB;6�S;G64AAS ;4684AP � ;7DGCB64AV ;4 C96A<@< F<C4@< F4 B;A4>4@<. &4>BW 
@9F< @B:A4 8BES7F< K9D9; >B@C�RF9DAB-BDVєAFB64A<= EGCDB6V8 A46K4AAS.  

�>4;4A<= EGCDB6V8 @B:9 ;459;C9K<F< ECD<=ASFFS EFG89AFB@ 64:?<-
6BW E>?48B6BW 8BE?V8:G64AB7B >GDEG, @4F9@4F<KAB7B @B89?R64AAS. � 8B-
E6V8G 6<>?484AAS 8<EJ<C?VA< @B:A4 ;4;A4K<F<, MB KGFFє64 C9DJ9CJVS F4 
CB5G8B64 8<H9D9AJV4?PA<I @B89?9= 6<>?<>4є FDG8ABMV G EFG89AFV6, BE>V-
?P>< CBFD95Gє 5474FB 8B84F>B6<I «A9@4F9@4F<KA<I» ;A4AP CDB HV;<KA<= 
45B IV@VKA<= EF4A B5�є>FG 8BE?V8:9AAS, HV;<KAV, 9>BAB@VKAV, 5VB?B7VKAV F4 
VALV ;4>BA<, FBMB. �"& A46K4AAS 8B;6B?SRFP EF6BD<F< @G?PF<E9AEBDA9 
VAF9D4>F<6A9 A46K4?PA9 E9D98B6<M9, MB @B:9 EGCDB6B8:G64F< GE6V8B@-
?9A9 ECD<=ASFFS = DB;G@VAAS 8BE?V8:G64AB7B CDBJ9EG, ;8V=EA9AAS =B7B 
@4F9@4F<KAB7B BC<EG. �DV@ FB7B, 8BE?V8:G64AV F9IAB?B7VW K9D9; 
>B@C�RF9DA9 @B89?R64AAS @B:GFP 8BCB@B7F< 6<>?484KG 6 BD74AV;4JVW 
EGCDB6B8G CDB5?9@A<I E<FG4JV= F4 GCD46?VAAV 8VS?PAVEFR EFG89AFV6, MB 
;459;C9KGє WI GE6V8B@?9AAS E@<E?G A46K4?PAB7B @4F9DV4?G, =B7B DV;A<I 
;@VEFB6<I V ;A4>B6<I VAF9DCD9F4JV=. 

�@VAAS DB;6�S;G64AAS 8<H9D9AJV4?PA<I @B89?9= HBD@GєFPES L?S-
IB@ ;4EFBEG64AAS 6V8CB6V8A<I CDBJ98GD DB;6�S;G64AAS DV6ASAP DV;AB7B 
F<CG. �?S HBD@G64AAS 6V8CB6V8A<I 8V= G EFG89AFV6 64:?<6B A9B8ABD4;B6B 
;8V=EAR64F< D94?V;4JVR >B:ABW CDBJ98GD<. �"& @B:GFP EGCDB6B8:G64F< 
CDBJ9E DB;6�S;G64AAS FD9AG64?PA<I 6CD46 V; 6D4IG64AAS@ 8<H9D9AJV4JVW 
A46K4AAS = VA8<6V8G4?PA<I @B:?<6BEF9= 54>4?46DV6.  
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&4><@ K<AB@, @< CDBCBAGє@B 6<>BD<EF4AAS �"& A46K4AAS S> E<EF9-
@4F<;B64A<I F9IAB?B7V= EGCDB6B8G CDBJ9EG C9D984KV F4 ;4E6BєAAS ;A4AP V 
6@VAP EFG89AFV6, MB G;7B8:GєFPES ; BEAB6A<@< 6<@B74@< BE6VFAPB-
CDBH9EV=ABW I4D4>F9D<EF<>< H4IV6JV6, @4=5GFAS CDBH9EV=A4 8VS?PAVEFP S><I 
59;CBE9D98APB CB6�S;4A4 V; ;4?GK9AAS@ >B@C�RF9D4 8?S DB;DB5><, ;4EFBEG-
64AAS F4 8BE?V8:9AAS @4F9@4F<KA<I @B89?9= DV;AB@4AVFA<I CDBJ9EV6. 

%C<EB> ?VF9D4FGD< 

1. �4?84>  . �. %<EF9@4 CB87BFB6>< GK<F9?S > <ECB?P;B64A<R <AHBD@4-
J<BAAB= F9IAB?B7<< 6 GK95AB@ CDBJ9EE9 : 8<E. 6 HBD@9 A4GK. 8B>?484 8B>FBD4 C98. 
A4G> : 13.00.02 /  . �. �4?84>; �#! %%%$; !�� EB89D:4A<S < @9FB8B6 B5GK9A<S. 
�  ., 1989. � 48 E. 

2. $4>B6 %. �.  4F9@4F<KA4 BE6VF4: >B@C9F9AFAVEA<= CV8IV8 ; 6<>BD<EF4A-
AS@ ��&:  BAB7D4HVS /%. �. $4>B6. � ).:(4>F, 2005. � 360E. 

3. &D<GE 2. �. �B@C�RF9DAB-BDVєAFB64AV @9FB8<KAV E<EF9@< A46K4AAS @4-
F9@4F<>< :  BAB7D4HVS / 2. �. &D<GE. � +9D>4E< : �D4@4-'>D4WA4, 2005. � 400 E. 

'�� 004.9 
&4D4EB6 �.(.1, �9L �.!.2 

�%&$"�!!�3 %�%&� � ��&" �&���$"��!!"�" 

'#$����!�3 �##�$�&"  $�� "$�����!�3 #��� / 

#BEF4AB6>4 ;484K< 

� EB6D9@9AAB= @98<J<A9 <@99F @9EFB <ECB?P;B64A<9 C?4;@O >DB-
6<. !4 CD4>F<>9 K4EFB C?4;@4 <ECB?P;G9FES E69:9;4@BDB:9AA4S [1]. #9D98 
C9D9?<64A<9@ 99 A9B5IB8<@B D4;@BDB;<FP < A47D9FP 8B 36°%. % J9?PR 
G@9APL9A<S 6D9@9A< D4;@BDB;>< C?4EF<>B6O9 @9L>< CB@9M4RF 6 F9C?GR 
6B8G < 6DGKAGR D4;@S7K4RF F69D8O9 E7GEF><. �?S <AF9AE<H<>4J<< CDB-
J9EE4 BFF4<64A<S CD<@9ASRFES EC9J<4?PAO9 CD<5BDO � D4;@BD4:<64F9?<. 
�4AAO9 GEFDB=EF64, >4> CD46<?B, EA45:9AO 7DB@B;8>B= 46FB@4F<;<DB64A-
AB= E<EF9@B= GCD46?9A<S E Q?9@9AF4@< >BAFDB?S < E<7A4?<;4J<<. #D<@9-
A9A<9 6EFDB9AAOI B8ABC?4FAOI @<>DB>BAFDB??9DB6 ( �) CB;6B?S9F GC-
DBEF<FP CBEFDB9A<9 E<EF9@ GCD46?9A<S < B59EC9K<FP 5B?99 L<DB><= 
EC9>FD 64D<4F<6AOI HGA>J<= D4;@BD4:<64F9?9=. 

                                                           
1 �.F.A., CDBH., ;46. >4H98DB= >B@CPRF9DAOI <AHBD@4J<BAAOI F9IAB?B7<= �BA-
54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>). 
2 %F4DL<= CD9CB8464F9?P >4H98DO Q?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4J<< 
�� �. 
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*9?P D45BFO 

$4;D45BF>4 E<EF9@O 46FB@4F<;<DB64AAB7B GCD46?9A<S < >BAFDB?S 
(�%'�) 4CC4D4F4 D4;@BDB;>< C?4;@O >DB6< A4 54;9 B8ABC?4FAB= C?4F-
HBD@O �rduino MEGA 2560. "EAB6A4S >BAJ9CJ<S GCD46?9A<S A4CD46?9A4 
A4 EA<:9A<9 6D9@9A< D4;@BDB;><, GCDBM9A<9 CD<9@B6 B5M9A<S @98<J<A-
E>B7B C9DEBA4?4 E �%'�, EA<:9A<9 ;4FD4F A4 <;7BFB6?9A<9 < Q>EC?G4F4-
J<R GEFDB=EF64. 

�4;B6O9 CB?B:9A<O 
#DB7D4@@AB-4CC4D4FAO= >B@C?9>E (#��) B59EC9K<649F: 
� <;@9D9A<9 F9>GM<I C4D4@9FDB6 84FK<>4@< �%'� F9@C9D4FGD, 

GDB6AS < A4?<K<S CBFB>4 :<8>BEF<; 
� BCD989?S9F >B?<K9EF6B C4>9FB6 E C?4;@B=; 
� D94?<;G9F BCF<@4?PAO9 4?7BD<F@O CDBJ9EE4 D4;@BDB;><; 
� H<>E<DG9F D9;G?PF4FO F9>GM97B CDBJ9EE4; 
� BCB69M49F E<7A4?4@< FD96B7< 464D<=AO9 D9:<@O D45BFO; 
� <AFG<F<6AB-CBASFAB9 GCD46?9A<9 < <A8<>4J<R. 
�B7<K9E>4S CDB7D4@@A4S @B89?P <@99F DS8 UML-8<47D4@@:  

CD9J989AFB6, >?4EEB6 CBE?98B64F9?PABEF< [2]. �<47D4@@4 CD9J989AFB6 
EC9J<H<J<DG9F < 8B>G@9AF<DG9F CB6989A<9 Q?9@9AF4 D4;@BDB;><, CDB<;-
6B8<FES H<>E4J<S CB>4;4A<=. � IB89 CDBJ9EE4 �%'� BCD989?S9F A9B5IB-
8<@O9 GE?B6<S F9IAB?B7<K9E>B7B CDBJ9EE4 , CDB69DS9F J9?BEFABEFP C4>9F4 
C?4;@O. $9:<@O < C4D4@9FDO 6O6B8SFES A4 CG?PF GCD46?9A<S. �<47D4@@4 
>?4EEB6 CD98EF46?S9F EB5B= @AB:9EF64 >?4EEB6, <AF9DH9=EB6, >BBC9D4J<= 
< BFABL9A<= @9:8G A<@<. �4AAO9 84FK<>B6 EK<FO64RFES < B5D454FO64-
RFES 6  � 8?S 6OD45BF>< @B89?< CB6989A<S F9D@BEF4F4. #G?PF <@99F 
A9B5IB8<@O= @<A<@G@ >ABCB> GCD46?9A<S, <A8<>4FBDB6 A4 >BFBDO9 B8-
AB6D9@9AAB 6O6B8<FES <AHBD@4J<S B F9@C9D4FGD9 < F4=@9D4 B5D4FAB7B 
BFEK9F4 6D9@9A< D45BFO, 4 F4> :9 B EBEFBSA<< �%'�. � >4K9EF69 84FK<>B6 
F9@C9D4FGDO CD<@9A9AO DS18B20 H<D@O Dallas Semiconductor. !4?<K<9 
D4;6<FB= EFDG>FGDO <AF9DH9=EB6 C?4FHBD@O �rduino MEGA 2560 CB;6B-
?S9F GCDBEF<FP CDBJ9EE B5@9A4 <AHBD@4J<9= E 6A9LA<@< GEFDB=EF64@<.  

#DB6989A <AHBD@4J<BAAB-4A4?<F<K9E><= B5;BD G:9 EGM9EF6GR-
M<I 4A4?B7B6 CD<5BD4 8?S 6O5BD4 A4<5B?99 CB8IB8SM9= EFDG>FGDO 
�%'� < BCF<@<;4J<< >BAJ9CJ<< GCD46?9A<S. 

"EAB6AB= D9;G?PF4F 
� D9;G?PF4F9 D45BFO @B89DA<;<DB64A @B8G?P GCD46?9A<S D4;@BD4-

:<64F9?S. #D<@9A9A<9 C?4FHBD@O �rduino MEGA 2560 CB;6B?<?B EB>D4-
F<FP CDBJ9EE CDB9>F<DB64A<S ;4 EK9F <ECB?P;B64A<S 7BFB6OI 5<5?<BF9> < 
CBEFDB<FP �%'� E G?GKL9AAO@< HGA>J<S@< < BCF<@4?PAO@< 4?7BD<F-
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@4@< D45BFO E G@9APL9A<9@ 6D9@9A< 59; CBF9D< >4K9EF64 6OIB8AB7B 
CDB8G>F4. 

%C<EB> ?<F9D4FGDO 

1. Chairman J. Duguid, Maggs P. Bolton, Murphy M., Thomas D., Yates S., 
Williamson L. M. Guidelines for the use of fresh frozen plasma. Transfusion Medicine � 
2004 The British Society for Haematology 

2. �D9=8?< �GK. 3;O> UML. $G>B6B8EF6B CB?P;B64F9?S. The Unified 
Modeling Language user guide. � 2-9 <;8./�D9=8< �GK, �:9=@E $4@5B, �=64D �:9-
>B5EBA �  .,%#5.:� � #D9EE, #<F9D, 2004. � 432 E 

'�� 004.9 
&4D4EB6 �.(.1, %474=84 #.�.2 

#�$%#��&��/ $��$��"&�� 1�� �!&"� IOT � 

 �,�!"%&$"�&��0!"� ����� �� 

� A4EFBSM99 6D9@S S6?S9FES 4>FG4?PAO@ D9L9A<9 ;484K E5BD4 84A-
AOI, CB?GK49@OI BF G;?B6 Internet of Things (IoT), 6 B5?4KAOI ID4A<?<-
M4I, F.>. A4>BC?9A<9 84AAOI 6 ?B>4?PAOI E9FSI <?< A4 6O89?9AAOI A4>B-
C<F9?SI E6S;4AB E BD74A<;4J<BAAO@< E?B:ABEFS@< < 5B?PL<@< ;4FD4F4@< 
D9EGDEB6 [1]. �DB@9 FB7B, A9F 6B;@B:ABEF< BC9D4F<6AB7B 8BEFGC4 > A4>4C-
?<649@O@ 84AAO@. "D74A<;4J<S J9AFD4?<;B64AAOI ID4A<?<M 84AAOI BF 
IoT 6 B5?4>4I CB;6B?S9F B59EC9K<FP E9D6<EAGR 4DI<F9>FGDG 8?S QHH9>-
F<6AB7B 8BEFGC4 7DGCC CB?P;B64F9?9= > GEFDB=EF64@ < 84AAO@, A4EFDB=>< 
CDBJ9EE4 6>?RK9A<S GEFDB=EF6 6 E9FP < BF>?RK9A<S. #BS6?S9FES F4>:9 
6B;@B:ABEFP BEGM9EF6?SFP @AB7B4EC9>FAGR B5D45BF>G A4>BC?9AAOI Big 
Data 8?S <;6?9K9A<S <; 84AAOI A9FD<6<4?PAOI < E>DOFOI ;A4A<=.  

"5D45BF>4 84AAOI BF IoT E <ECB?P;B64A<9@ F9IAB?B7<= Data Min-
ing < Machine Learning CB;6B?S9F CB?GK<FP B5M<9 < K4EFAO9 @B89?< 
HGA>J<BA<DB64A<S F<CB6 GEFDB=EF6, BFD4E?9= 89SF9?PABEF<, D4;?<KAOI 
CD98@9FAOI B5?4EF9=, HD47@9AFB6 B>DG:4RM9= ED98O [2]. &4>B9 <;6?9K9-
A<9 AB6OI ;A4A<= 8?S CB?P;B64F9?9= IoT < ;4<AF9D9EB64AAOI ?<J CB;6B-

                                                           
1 �.F.A., CDBH., ;46. >4H98DB= >B@CPRF9DAOI <AHBD@4J<BAAOI F9IAB?B7<= �BA-
54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>). 
2 �.F.A., 8BJ., 8BJ9AF >4H98DO >B@CPRF9DAOI <AHBD@4J<BAAOI F9IAB?B7<= 
�� �, 8B>FBD4AF �BA9J>B7B A4J<BA4?PAB7B F9IA<K9E>B7B GA<69DE<F9F4 (7. #B-
>DB6E>, '>D4<A4) 



308 

?<F CB?GK<FP EGM9EF69AAGR CD<5O?P ;4 EK9F CD<@9A9A<S ;A4A<= 6 @4D>9-
F<A7B6B= < CDB<;6B8EF69AAB= 89SF9?PABEF<. 

!9B5IB8<@4 <AF9??9>FG4?<;4J<S IoT A4 BEAB69 BAFB?B7<K9E>B7B 
CB8IB84, @9FB8B6 <A:9A9D<< ;A4A<=, >BFBDO9 CB;6B?SF CDB7D4@@AB@G 
B59EC9K9A<R G;?B6 IoT BEGM9EF6?SFP FD4A;4>J<< 8DG7 E 8DG7B@ 8?S 4>-
F<6AB7B 6;4<@B89=EF6<S A4 BEAB69 54; CD46<? < @B89?9= CB6989A<S, GFBK-
ASFP < @9ASFP @B89?< 6 ;46<E<@BEF< BF BCOF4 D45BFO. &4>B= D9:<@ D45B-
FO G;?B6 IoT CB;6B?<F 6A98DSFP <I A9 FB?P>B 6 «G@AO9 8B@4», E<EF9@O 
>BAFDB?S B>DG:4RM9= ED98O, AB < A4 CD98CD<SF<SI, 6 FD4AECBDFAOI < 
?B7<EF<K9E><I E9FSI, 6 E<EF9@4I B5D4;B64A<S < F.8.  

�A98D9A<9 IoT A4 CDB<;6B8EF69AAOI CD98CD<SF<SI CB;6B?S9F C9-
D9=F< > >BAJ9CJ<< «G@AB= <A8GEFD<<» [3]. �?S <EE?98B64A<= 6 QFB= B5-
?4EF< A9B5IB8<@B B5N98<A9A<9 GE<?<= EC9J<4?<EFB6 CB <ECB?A<F9?PAO@ 
GEFDB=EF64@ < CD<6B84@, EC9J<4?<EFB6 6 B5?4EF< 46FB@4F<;4J<< GCD46?9-
A<S < <AHBD@4J<BAAB->B@@GA<>4J<BAAOI F9IAB?B7<= < E<EF9@ 46FB@4-
F<;<DB64AAB7B CDB9>F<DB64A<S. �?S EB;84A<S GEFDB=EF6 IoT FD95GRFES 
A46O>< < G@9A<S 6 <A:9A9DAB= @9I4A<>9, B5D45BF>9 @4F9D<4?B6, D4;D4-
5BF>9 <ECB?A<F9?PAOI GEFDB=EF6 < Q?9>FDBA<><, F4> >4> @9I4ABFDBAAO9 
GEFDB=EF64 S6?SRFES 7?G5B>B <AF97D<DB64AAO@< E<EF9@4@< E CB8E<EF9-
@4@< D4;?<KAB7B CD<AJ<C4 89=EF6<S. �DB@9 FB7B, F4>4S <AF97D4J<S CB-
;6B?S9F D4;D454FO64FP D4;?<KAO9 GK95AO9 EF9A8O 8?S CDB6989A<S G84-
?9AAOI ?45BD4FBDAOI D45BF, < 6 EBEF46 QF<I EF9A8B6 @B7GF 6IB8<FP F4>:9 
6E9 F4><9 CB8E<EF9@O. � �� � A4 H4>G?PF9F9 (� �& >4> D4; < D4ECB?4-
749FES 54;4 F4><I EC9J<4?<EFB6 E BCOFB@ D45BFO < 6;4<@B89=EF6<S E 
>DGCAO@< @4L<ABEFDB<F9?PAO@< CD98CD<SF<S@< < 96DBC9=E><@< F9IA<-
K9E><@< 6G;4@<. � 5?<:4=L99 6D9@S, CD< CB889D:>9 @9:8GA4DB8AB= 
CDB7D4@@O TEMPUS DESIRE, CD98CB?4749FES D9L4FP E?98GRM<9 >BA-
>D9FAO9 ;484K<: 

� B5D45BF>4 84AAOI BF 84FK<>B6 < <;@9D<F9?PAOI E<EF9@ CD<6B8B6 
< EF4A>B6 8?S 46FB@4F<;4J<< < BCF<@<;4J<< GCD46?9A<S, >B@C9AE4J<S 
CB@9I < 6B;@GM4RM<I 6B;89=EF6<= > <;@9D<F9?PAOI >4A4?4I; 

� 46FB@4F<;4J<S CDB9>F<DB64A<S Q?9>FDB@9I4A<K9E><I < Q?9>FDBA-
AOI >B@CBA9AFB6 IoT E <ECB?P;B64A<9@ EB6D9@9AAOI CAD-CAM-CAE 
E<EF9@; 

� B5D45BF>4 <;B5D4:9A<= < D4ECB;A464A<9 B5D4;B6 6 46FBAB@AOI 
@<>DBCDBJ9EEBDAOI GEFDB=EF64I; 

� CD<@9A9A<9 @9FB8B6 Machine Learning 8?S <;6?9K9A<S E>DOFOI 
C4FF9DAB6 CB6989A<S B5N9>FB6 E5BD4 84AAOI 6 IoT < @B89?9= HGA>J<BA<-
DB64A<S CD98@9FAOI B5?4EF9=; 
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� FBD<S < CD4>F<>4 D4;D45BF>< ID4A<?<M 84AAOI < 54; ;A4A<= 8?S 
A4>4C?<649@OI D9;G?PF4FB6 <;@9D9A<= < 84AAOI B CD98@9FAOI B5?4EFSI. 

%C<EB> ?<F9D4FGDO 

1. Big Data and Internet of Things: A Roadmap for Smart Environments. / [By 
edit. Nik Bessis, Ciprian Dobre]. � Heidelberg: Springer International Publishing, 2014. 
� 470 p. ISBN 978-3-319-05028-7. 

2. Architecting the Internet of Things / [By edit. Dieter Uckelmann, Mark 
Harrison, Florian Michahelles]. � Berlin: Springer-Verlag, 2011.�353p. ISBN 978-3-
642-19156-5. 

3. Behmann, F. Collaborative Internet of Things (C-IoT): for Future Smart 
Connected Life and Business / F. Behmann, K. Wu. � Weinheim: Wiley IEEE, 2015. � 
280 p. ISBN 978-1-118-91374-1. 

'�� 004.9 
&4D4EB6 �.(.1, %474=84 #.�.2, �4E<?P964 �.�.3 

#$� �!�!�� &�)!"�"��� VIRTUAL LAB  

�  �,�!"%&$"�&��0!"� ����� �� 

� 6OEL9= L>B?9 CDB<EIB8<F 5OEFDB9 D4EL<D9A<9 CD<@9A9A<S 695-
BD<9AF<DB64AAB7B 8<EF4AJ<BAAB7B B5D4;B64A<S, BEAB64AAB7B A4 <ECB?P-
;B64A<< <AHBD@4J<BAAOI F9IAB?B7<= (�&). "EB59AAB QFB 64:AB 8?S F9I-
A<K9E><I EC9J<4?PABEF9=, 789 FD95G9FES 8BEFGC EFG89AFB6 > H<;<K9E><@ 
B5N9>F4@: GEFDB=EF64@, 84FK<>4@, CD<5BD4@ 8?S >BAFDB?S C4D4@9FDB6 
<;GK49@OI CDBJ9EEB6. "8A<@ <; C9DEC9>F<6AOI A4CD46?9A<= EB69DL9A-
EF6B64A<S GK95AB7B CDBJ9EE4 S6?S9FES CD<@9A9A<9 F9IAB?B7<= virtual lab 
(V-LAB) CD< CDB7D4@@<DB64A<< embedded system (ES) < CD<@9A9A<< <I > 
GCD46?9A<R F9IA<K9E><@< B5N9>F4@< [1,2]. 

�<DFG4?PA4S ?45BD4FBD<S CD98EF46?S9F EB5B= CDB7D4@@AB-
4CC4D4FAO= >B@C?9>E, >BFBDO= CB;6B?S9F CDB6B8<FP <EE?98B64A<S 59; 
A9CBED98EF69AAB7B >BAF4>F4 E D94?PAO@ CDB<;6B8EF69AAO@ <?< GK95AO@ 
B5BDG8B64A<9@, <?< 6 GE?B6<SI 99 CB?AB7B BFEGFEF6<S [1].  �484K< CB Q@G-
                                                           
1 �.F.A., CDBH., ;46. >4H98DB= >B@CPRF9DAOI <AHBD@4J<BAAOI F9IAB?B7<= �BA-
54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>). 
2 �.F.A., 8BJ., 8BJ9AF >4H98DO >B@CPRF9DAOI <AHBD@4J<BAAOI F9IAB?B7<= 
�� �, 8B>FBD4AF �BA9J>B7B A4J<BA4?PAB7B F9IA<K9E>B7B GA<69DE<F9F4 (7. #B-
>DB6E>, '>D4<A4) 
3 �.F.A., 8BJ., 8BJ9AF >4H98DO >B@CPRF9DAOI <AHBD@4J<BAAOI F9IAB?B7<= �BA-
54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>) 
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?SJ<< ?45BD4FBDAB7B B5BDG8B64A<S ;4 EK9F <ECB?P;B64A<S D9?964AFAOI 
@4F9@4F<K9E><I @B89?9=, ;484K< GCD46?9A<S < 79A9D4J<< E<7A4?B6 B5D4F-
AB= E6S;< D94?<;GRFES CDB7D4@@AB, 6 FB@ K<E?9 B59EC9K<649FES 6<;G4?<-
;4J<S 6A9LA97B 6<84 ?45BD4FBDAB= GEF4AB6>< 8?S GK4M97BES (V-LAB). 
�EF9EF69AAB, KFB < CB6989A<9 6<DFG4?PAB= ?45BD4FBDAB= GEF4AB6><, < 99 
6A9LA<= 6<8 5G8GF EGM9EF69AAB BF?<K4FPES BF D94?PAB7B B5BDG8B64A<S. 

�?S BE6B9A<S ES 6 GK95AB@ CDBJ9EE9 FD95G9FES 97B 484CF4J<S E 
GK9FB@ EB89D:4A<S 54;B6B= CB87BFB6>< CB EC9J<4?PABEFS@. "8AB6D9@9A-
AB A9B5IB8<@B EB69DL9AEF6B64A<9 < F9IAB?B7<= GK95AB7B CDBJ9EE4, BE-
AB64AAOI A4 CD<@9A9A<< �&. #BQFB@G 6 BEAB69 D45BFO CB @B89DA<;4J<< 
GK95AB7B CDBJ9EE4 @B:9F ?9:4FP D4;D45BF>4 F9IAB?B7<= V-LAB  E<?4@< 
EFG89AFB6 EC9J<4?PABEF9=, <;GK4RM<I �&, 8?S E6B<I >B??97 < EFG89AFB6 
8DG7<I F9IA<K9E><I EC9J<4?PABEF9=.  

%GM9EF6G9F DS8 ;484K, 6 >BFBDOI ;4FDG8A9AB 46FB@4F<K9E>B9 6BE-
EF4AB6?9A<9 B5N9>F4 CBE?9 6OCB?A9A<S <EE?98B64A<S. !4CD<@9D, CD< 
<;GK9A<< @9FB8B6 D4;DGL4RM97B >BAFDB?S @9I4A<K9E><I E6B=EF6 @4F9-
D<4?B6 CBE?9 >4:8B7B Q>EC9D<@9AF4 FD95G9FES ;4@9A4 B5D4;J4. � QFB@ 
E?GK49 J9?9EBB5D4;AB CD<@9ASFP F9IAB?B7<R V-Lab. &4>B= # � EFDB<FES 
A4 BEAB69 <AF97D4J<< E C9DEBA4?PAO@ >B@CPRF9DB@, CD< QFB@ QHH9>F<6-
AB CD<@9A9A<9 EC9J<4?<;<DB64AAB7B CDB7D4@@AB7B B59EC9K9A<S 8?S CB-
EFDB9A<S 3D-@B89?9= H<;<K9E><I GEFDB=EF6 < @B89?<DB64A<S <I CB6989-
A<S. �?S D94?<;4J<< V-Lab @B:AB <ECB?P;B64FP F9IAB?B7<< <7DB6OI E<E-
F9@ (game engine technology), 6 FB@ K<E?9 Unity3D [3,4]. % CB@BMPR F4>B-
7B CDB7D4@@AB7B B59EC9K9A<S 6OCB?AS9FES CBEFDB9A<9 @B89?< B5N9>F4, 
3D-6<;G4?<;4J<S < GCD46?9A<9 B5N9>FB@ K9D9; �AF9DA9F. !4 >4H98D9 ��& 
�� � 5O? D4;D45BF4A # � 8?S 6OCB?A9A<S 6<DFG4?PAB= ?45BD4FBDAB= 
D45BFO CB D4EFS:9A<R B5D4;J4. $4;D45BF4AA4S E<EF9@4 CB;6B?S9F <@<F<-
DB64FP CDBJ9EE GEF4AB6>< < D4EFS:9A<S B5D4;J4, CB>4;O649F ;4C<EP ;46<-
E<@BEF< GE<?<S BF EF9C9A< 89HBD@4J<<, @4ELF45<DG9F <;B5D4:9A<9, @9-
AS9F FBK>G ;D9A<S A4 <ECOF4F9?PAGR @4L<AG 6 CDBJ9EE9 <EE?98B64A<S. 
&9EF<DB64A<9 # � CDB6989AB A4 ?45BD4FBDAOI D45BF4I 8<EJ<C?<AO 
«%BCDBF<6?9A<9 @4F9D<4?B6». 

�A4?<; CB>4;4?, KFB CD98?B:9AA4S @9FB8B?B7<S >BBC9D4F<6AB= D4-
5BFO EFG89AFB6 6 CDBJ9EE9 D4;D45BF>< CDB7D4@@AB-@9FB8<K9E><I >B@-
C?9>EB6 8?S BD74A<;4J<< V-Lab, 4?7BD<F@B6 GCD46?9A<S, <AF97D4J<< E #� 
< G84?9AAB7B 8BEFGC4 E CD<@9A9A<9@ 695-BD<9AF<DB64AAOI F9IAB?B7<= 
S6?S9FES BEAB6B= 8?S >BBC9D4F<6AB= D45BFO EFG89AFB6 D4;?<KAOI EC9J<-
4?PABEF9=. 
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%C<EB> ?<F9D4FGDO 

1. Viddalenyy ta virtual�nyyinstrumentariy v inzhynirynhu: monohrafiya [The 
remote and virtual tools in engineering] / By ed. K. Henke. Zaporizhzhya: Dyke pole, 
2015. ISBN 978-966-2752-74-8. 

2. Sancristobal, E. �  Martin, S. � Gil, R. � Orduna, P. � Tawfik, M. � Pesquera, 
A. � Diaz, G. Colmenar, A. � Garcia-Zubia, J. � Castro, M.: State of  art, Initiatives and 
New challenges for Virtual and Remote Labs. In: 2012 12th IEEE International 
Conference on Advanced Learning Technologies, 2012, pp. 714�715. ISBN 978-0-
7695-4702-2 

3. Berger, M. � Cristie V.: CFD post-processing in Unity3D. In: Procedia 
Computer Science, vol. 51, 2015, pp. 2913�2922. ISSN 1877-0509 

4. WikiPedia: Unity. Available: https://en.wikipedia.org/wiki/ 
Unity_%28game_engine%29 

'�� 621.6 : 681.5 
,<F<>B64 �.�.1, &45GAM<> �.�.2 

 �&"� ("$ �$"��!�3  !"��%&�� �"!&$"��$'� /) 

#�$� �&$"� ��3 #$"�$�   �%#/&�!�� 

%�"�!/) &�)!�+�%��) %�%&�  

1HH9>F<6AB9 GCD46?9A<9 CDBJ9EEB@ <ECOF4A<= E?B:AOI F9IA<K9-
E><I E<EF9@, F4><I >4> 74;BFGD5<AAO9 GEF4AB6>< A4;9@AB7B CD<@9A9A<S 
(�&' !#), 6 C9D6GR BK9D98P ;46<E<F BF D4J<BA4?PAB7B C?4A<DB64A<S 
6E9I D45BF < BCF<@4?PAB7B D4ECD989?9A<S D9EGDEB6 [1]. 

#DB6989A<9 <ECOF4A<= �&' !# < <I G;?B6 EBCDS:9AB E BK9AP 
5B?PL<@< ;4FD4F4@<, CBQFB@G BEB5B9 6A<@4A<9 A9B5IB8<@B G89?<FP QF4-
CG C?4A<DB64A<S <ECOF4A<= < EB;84A<R CDB7D4@@ <ECOF4A<=. #D< QFB@ 
B8AB= <; BEAB6AOI ;484K S6?S9FES BCD989?9A<9 BCF<@4?PAB7B B5N9@4 D4-
5BF < HBD@<DB64A<9 @AB:9EF64 >BAFDB?<DG9@OI C4D4@9FDB6. 

#BQFB@G J9?PR 84AAB= D45BFO S6?S9FES D4;D45BF>4 @9FB84 HBD@<DB64A<S 
@AB:9EF64 >BAFDB?<DG9@OI C4D4@9FDB6 8?S CDB7D4@@ <ECOF4A<= �&' !#. 

!4<CDBEF9=L<= ECBEB5 � 6>?RK<FP 6 84AAB9 @AB:9EF6B 6E9 <;@9-
DS9@O9 < >BAFDB?<DG9@O9 %�' C4D4@9FDO (E<7A4?O BF >BAFDB?PAB-
<;@9D<F9?PAB= 4CC4D4FGDO), >BFBDO9 <ECB?P;GRFES 8?S GCD46?9A<S D4-
5BFB= �&' !#. "8A4>B CB?GK9AAB9 6 D9;G?PF4F9 @AB:9EF6B 5G89F <;5O-

                                                           
1@?48L<= A4GKAO= EBFDG8A<> >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
2>4A8<84F F9IA<K9E><I A4G>, CDBH9EEBD >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
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FBKAO@, KFB 6 >BA9KAB@ EK9F9 CD<6989F > <;?<LA<@ FDG8B;4FD4F4@ CD< 
CDB6989A<< <ECOF4A<=. 

#BQFB@G 8?S �&' !# 5O? D4;D45BF4A @9FB8, 6>?RK4RM<= A<:9-
C9D9K<E?9AAO9 QF4CO. 

1 (BD@<DG9FES @AB:9EF6B <AHBD@4F<6AOI (;A4K<@OI) C4D4@9FDB6 
D45BFO �&' !# CV (EB>D4M9AAB BF controlled variable), >BFBDB9 5G89F 
6>?RK4FP >4> <;@9DS9@O9, F4> < D4EK9FAO9 C4D4@9FDO D45BFO �&' !#.  

2 "CD989?S9FES C9D9K9AP D45BF, >BFBDO9 A9B5IB8<@B 6OCB?A<FP 6 
CDBJ9EE9 <ECOF4A<= �&' !#, 8?S K97B EHBD@<DB64FP @AB:9EF6B Ver (EB-
>D4M9AAB BF verification): Ver = <work; cost; time>,  

789 work={work1, ..., workn} � CB8@AB:9EF6B, EB89D:4M99 C9D9K9AP 
(A4<@9AB64A<9) CDB69DB> (D45BF), 789 n � K<E?B D45BF; 
 cost={cost1, ..., costn} � ;4FD4FO A4 CDB6989A<9 D45BF; 
 time={time1, ..., timen} � FDG8B;4FD4FO A4 CDB6989A<9 D45BF. 

3 �ECB?P;GS E<EF9@G ?B7<K9E>B7B 6O6B84 (CD46<?B 6O6B84 modus 

ponens) 8?S >4:8B= <; D45BF worki CB8@AB:9EF64 work CBEF46<FP 6 EBBF-
69FEF6<9 CB8@AB:9EF6B CVi

**CV, >BFBDB9 5O 6>?RK4?B 8BEF4FBKAB9 >B-
?<K9EF6B >BAFDB?<DG9@OI C4D4@9FDB6, I4D4>F9D<;GRM<I QHH9>F<6ABEFP 
D45BFO <EE?98G9@B7B B5N9>F4 (E<EF9@O, 47D974F4, CDBJ9EE4 < F.8.) 6B 6D9-
@S <ECOF4A<= [2]. !4CD<@9D, 8?S BCD989?9A<S QHH9>F<6ABEF< D45BFO 
E<EF9@O 69AF<?SJ<< �&' !# F4><9 C4D4@9FDO >4> «�46?9A<9 @4E?4 A4 
6IB89 6 �&#» <?< «$4EIB8 FBC?<6AB7B 74;4» A9 S6?SRFES <AHBD@4F<6AO-
@< 6 BF?<K<< BF C4D4@9FDB6 «&9@C9D4FGD4 6B;8GI4 6 >BAF9=A9D9 BFE9>4 
�&#» < «&9@C9D4FGD4 A4DG:AB7B 6B;8GI4». 

� D9;G?PF4F9 5G89F EHBD@<DB64AB BFABL9A<9  

10

011

1

n

CVwork

m

work

work

R

CVCV

=→

, 

789 0 < 1 6 F9?9 @4FD<JO E6<89F9?PEF6GRF B EBBF69FEF6<< C4D4@9FD4 D4E-
E@4FD<649@B= D45BF9. 

4 "5B5M9AAB9 @AB:9EF6B CV*=CV1
*+ CV2

*+...+CVn
*, 5G89F EB89D-

:4FP CB6FBDSRM<9ES Q?9@9AFO, F.>. 8?S D4;?<KAOI D45BF @B7GF 5OFP <E-
CB?P;B64AO B8A< < F9 :9 C4D4@9FDO. #BQFB@G A4 84AAB@ QF4C9 D9L49FES 
;484K4 G@9APL9A<S D4;@9DABEF< @AB:9EF64 CV* CGF9@ <E>?RK9A<S CB-
6FBDSRM<IES Q?9@9AFB6.  

5 "CD989?<FP Q?9@9AFO >4><I <; CB8@AB:9EF6 CVi
* CD<5?<;<F9?P-

AB D46AO 8DG7 8DG7G, KFB @B:9F E6<89F9?PEF6B64FP B J9?9EBB5D4;ABEF< 
EB6@9EFAB7B CDB6989A<S 84AAOI D45BF ;4 B8<A ;4CGE> �&' !#. �B@CB;<-
J<S D45BF E GE?B6<9@ @<A<@<;4J<< >B?<K9EF64 ;4CGE>B6 6 >BA9KAB@ EK9-
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F9 CD<6989F > G@9APL9A<R @4F9D<4?PAOI < A9@4F9D<4?PAOI ;4FD4F A4 
CDB6989A<9 <ECOF4A<=. 

� IB89 D45BFO 5O? D4;D45BF4A @9FB8, BEAB64AAO= A4 E<EF9@9 ?B-
7<K9E>B7B 6O6B84, >BFBDO= HBD@<DG9F @AB:9EF6B >BAFDB?<DG9@OI C4-
D4@9FDB6 6 CDBJ9EE9 <ECOF4A<= �&' !# < BEGM9EF6?S9F >B@CB;<J<R 
(>B@CBAB6>G) D45BF, >BFBDO9 J9?9EBB5D4;AB CDB6B8<FP EB6@9EFAB. �4A-
AO= @9FB8 CB;6B?S9F @<A<@<;<DB64FP @4F9D<4?PAO9 < FDG8B6O9 ;4FD4FO 
A4 CDB6989A<9 <ECOF4A<=. 

%C<EB> ?<F9D4FGDO 

1. ,<F<>B64 �.�.  9FB8 GCD46?9A<S A9BCD989?9AABEFPR 6 GE?B6<SI B7D4A<-
K9AAOI D9EGDEB6 / ,<F<>B64 �.�., &45GAM<> �.� // $48VB9?9>FDBAV>4, VAHBD@4F<>4, 
GCD46?VAAS. � 2015. � № 2(33). � %. 87�95.DOI: 10.15588/1607-3274-2015-2-11. 

2. %FD9?9J �.�.  9FB8 E<AF9;4 @AB:9EF64 >BAFDB?<DG9@OI C9D9@9AAOI 
8?S 8<47ABEF<DB64A<S BF>4;B6 FGD5BD94>F<6AOI 86<74F9?9= 6 GE?B6<SI A9BCD989-
?9AABEF< 6IB8AOI 84AAOI / �.�. %FD9?9J,  .�. '7DR@B6, �. . '7DR@B64, �.�. 
&DBH<@B64 // �VEA<> 86<7GAB5G8G64AAS. � 2015. � №2. � %. 120�124. 

'�� 004.8 
,9D9@9F �.�.1 

%�%&� � ����!"%&�$"��!�3 &�)!�+�%��) "�.��&"� 

!� ���� RASPBERRY PI 2 % #$� �!�!��  ���"$�& � SVM 

 4L<AAB9 B5GK9A<9 (4A7?. Machine Learning) � B5L<DAO= CB8D4;-
89? F9BD<< <E>GEEF69AAB7B <AF9??9>F4, @4F9@4F<K9E>4S 8<EJ<C?<A4, <E-
CB?P;GRM4S D4;89?O @4F9@4F<K9E>B= EF4F<EF<><, K<E?9AAOI @9FB8B6 
BCF<@<;4J<<, F9BD<< 69DBSFABEF9=, 8<E>D9FAB7B 4A4?<;4, < <;6?9>4RM4S 
;A4A<S <; 84AAOI. 

+4EFB 6 4?7BD<F@4I @4L<AAB7B B5GK9A<S 6B;A<>49F A9B5IB8<@BEFP 
>?4EE<H<J<DB64FP 84AAO9. �4:8O= H4>FBD CD98EF46?S9FES CD< QFB@ >4> 
69>FBD (FBK>4) 6 n-@9DAB@ CDBEFD4AEF69 (CBE?98B64F9?PABEFP <; n K<E9?). 
�4:84S <; F4><I FBK9> CD<A48?9:<F FB?P>B B8AB@G <; 86GI (<?< A9E>B?P-
><I) >?4EEB6. �E?< 69>FBDO 6 n-@9DAB@ CDBEFD4AEF69 S6?SRFES D4;89?<-
@O@< A4 864 >?4EE4 E CB@BMPR (n�1)-@9DAB= 7<C9DC?BE>BEF<, FB 7B6BDSF 

                                                           
1 �.F.A., 8BJ., 8BJ9AF >4H98DO Q?9>FDB@9I4A<K9E><I E<EF9@ 46FB@4F<;4J<< �BA-
54EE>B= 7BEG84DEF69AAB= @4L<ABEFDB<F9?PAB= 4>489@<< (7. �D4@4FBDE>, '>D4<-
A4), 8B>FBD4AF �A9CDB8;9D:<AE>B7B 7BEG84DEF69AAB7B F9IA<K9E>B7B GA<69DE<F9F4 
(7. �4@9AE>B9, '>D4<A4) 
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B ?<A9=AB= D4;89?<@BEF< H4>FBDB6. $4;89?SRM<I 7<C9DC?BE>BEF9= @B-
:9F 5OFP @AB:9EF6B. #BQFB@G 6CB?A9 ?B7<KAB 669EF< CD98CB?B:9A<9, KFB 
@4>E<@<;4J<S ;4;BD4 @9:8G >?4EE4@< ECBEB5EF6G9F 5B?99 FBKAB= >?4EE<-
H<>4J<< H4>FBDB6. �E?< F4>4S 7<C9DC?BE>BEFP EGM9EF6G9F, FB 99 @B:AB 
A4;O64FP BCF<@4?PAB= D4;89?SRM9= 7<C9DC?BE>BEFPR, 4 EBBF69FEF6GR-
M<= 9= ?<A9=AO= >?4EE<H<>4FBD 5G89F BCF<@4?PAB D4;89?SRM<@ >?4E-
E<H<>4FBDB@ [1]. 

�?7BD<F@ CBEFDB9A<S BCF<@4?PAB= D4;89?SRM9= 7<C9DC?BE>BEF<, 
B>BAK4F9?PAB EHBD@<DB646L<=ES 6 1995 7B8G 6 4@9D<>4AE>B= >BDCBD4J<< 
AT&T Bell Laboratories CB?GK<? A4;64A<9 BCBDAB-69>FBDAB= @4L<AO 
(4A7?. Support Vector Machine) [1] < L<DB>B <;69EF9A 6 A4EFBSM99 6D9@S 
CB8 455D96<4FGDB= SVM. �?7BD<F@ SVM D94?<;B64A 6 5<5?<BF9>9 Scikit-
Learn 8?S S;O>4 CDB7D4@@<DB64A<S Python [2]. 

�<5?<BF9>4 Scikit-Learn CB;6B?S9F EB;8464FP CDB7D4@@AB9 B59EC9-
K9A<9 8?S B8ABC?4FAB7B >B@CPRF9D4 Raspberry Pi 2, >BFBDB9 @B:9F EF4FP 
BEAB6B= 8?S HGA>J<BA<DB64A<S <AF9??9>FG4?PAB= E<EF9@O 8<47ABEF<DB-
64A<S F9IA<K9E><I B5N9>FB6 A4 54;9 BCBDAB-69>FBDAB= >?4EE<H<>4J<BA-
AB= @4L<AO. %<EF9@4 8<47ABEF<DB64A<S F9IA<K9E><I B5N9>FB6, CBEFDB-
9AA4S A4 54;9 Raspberry Pi 2 E CD<@9A9A<9@ 4?7BD<F@4 SVM, CB?GK49F 
6B;@B:ABEFP 6OCB?ASFP BJ9A>G EBEFBSA<S B5N9>F4 CB F9>GM<@ ;A4K9A<S@ 
<;@9DS9@OI H4>FBDB6 (A4CD<@9D, CB ;A4K9A<S@ FB>4, A4CDS:9A<S, E>BDB-
EF<, G7?4 CB6BDBF4 < F. C.), 4 F4>:9 CDB<;6B8<FP CD98E>4;4A<9 6B;@B:AOI 
CB?B@B> < 464D<=AOI E<FG4J<=, >BFBDO9 @B7GF 6B;A<>AGFP 6 F9K9A<9 ;4-
84AAB7B CDB@9:GF>4 6D9@9A< [3]. � >4K9EF69 6IB8AOI 84AAOI 8?S F4>B= 
E<EF9@O 8<47ABEF<DB64A<S E?98G9F <ECB?P;B64FP Q>EC9D<@9AF4?PAB CB?G-
K9AAGR <AHBD@4J<R B ;A4K9A<SI 8<47ABEF<DG9@OI C4D4@9FDB6 B5N9>F4, 
>4> 6 LF4FAOI D9:<@4I HGA>J<BA<DB64A<S, F4> < 6 CD98464D<=AOI. 

� >4K9EF69 BC9D4J<BAAB= E<EF9@O 8?S Raspberry Pi 2 J9?9EBB5D4;-
AB <ECB?P;B64FP 8<EFD<5GF<6 Linux Ubuntu MATE. #BE?9 GEF4AB6><  
Ubuntu MATE A4 >4DFG C4@SF< Raspberry Pi 2, E?98G9F K9D9; Linux-
>BAEB?P EB;84FP 6<DFG4?PAGR ED98G D4;D45BF>< (virtualenv) < GEF4AB6<FP 
A9B5IB8<@O9 CDB7D4@@AO9 C4>9FO: Fortran, Cython, Matplotlib, Numpy, 
Scipy, Scikit-Learn, IPywidgets, IPython < 8D. �4F9@ <; CB?GK9AAB= 6<DFG-
4?PAB= ED98O, EB89D:4M9= 6E9 A9B5IB8<@O9 C4>9FO < 5<5?<BF9><, @B:AB 
6OCB?A<FP ;4CGE> <AF9D4>F<6AB= B5B?BK>< 8?S Python, L<DB>B <;69EFAB= 
CB8 A4;64A<9@ Jupyter Notebook (CD9:A99 A4;64A<9 � IPython Notebook). 
Jupyter Notebook CB;6B?S9F B5N98<ASFP CDB7D4@@AO= >B8, F9>EF < 7D4H<-
K9E><9 CBEFDB9A<S, 4 F4>:9 D4ECDBEFD4ASFP <I 8?S 8DG7<I CB?P;B64F9?9= 
K9D9; E9FP. &4><@ B5D4;B@, Jupyter Notebook CD98BEF46?S9F G8B5AO= web-
<AF9DH9=E 8?S CBEFDB9A<S E<EF9@O 8<47ABEF<DB64A<S. 
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�O6B8O: 
� 4?7BD<F@O @4L<AAB7B B5GK9A<S, CB8B5AO9 SVM, @B7GF GEC9LAB 

CD<@9ASFPES 8?S CBEFDB9A<S E<EF9@ 8<47ABEF<DB64A<S < @BA<FBD<A74 
F9IA<K9E><I B5N9>FB6; 

� Raspberry Pi 2 CD98BEF46?S9F 6E9 A9B5IB8<@O9 4CC4D4FAO9 6B;-
@B:ABEF< 8?S CBEFDB9A<S E<EF9@O 8<47ABEF<DB64A<S F9IA<K9E><I B5N9>-
FB6 E CD<@9A9A<9@ 4?7BD<F@4 SVM; 

� CDB7D4@@AB9 B59EC9K9A<9, A9B5IB8<@B9 8?S CBEFDB9A<S E<EF9@O 
8<47ABEF<DB64A<S F9IA<K9E><I B5N9>FB6, S6?S9FES 59EC?4FAO@ <  E6B5B8-
AB D4ECDBEFD4AS9FES K9D9; E9D69DO >B@C4A<< Canonical. 

%C<EB> ?<F9D4FGDO 

1. Burges C. J. C. A tutorial on support vector machines for pattern recognition 
// Data mining and knowledge discovery. 1998. Volume 2, Issue 2. pp. 121�167. 

2. Vapnik V. N. The nature of statistical learning theory (information science 
and statistics). � 2nd ed. � New York: Springer-Verlag, 2000. � 314 p. 

3. �PR7<A �. �.  4F9@4F<K9E><9 BEAB6O F9BD<< @4L<AAB7B B5GK9A<S < 
CDB7AB;<DB64A<S. �  .: �AEF<FGF CDB5?9@ C9D984K< <AHBD@4J<< <@. �.�. )4D>9-
6<K4 $�!, 2013. � 387 E. 
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8  ��!�$"�!� ��&!3 ,�"�� %'+�%!� &�!��!*�� � "%��&� 
 "�"�� 

'�� 004.93 
�?47B84D96 �.2.1, %G55BF<A %.�.2 

�!���� �$)�&��&'$ �  �&"�"�  

«��'�"�"�" "�'+�!�3» !��$"!!/) %�&�� 

�;69EFAO9 @9FB8O B5GK9A<S D4ECB;A464A<R B5D4;B6 I4D4>F9D<;GRFES 
F4><@< A98BEF4F>4@< >4> KG6EF6<F9?PABEFP > LG@G < CB869D:9AABEFP C9D9-
B5GK9A<R, KFB E6S;4AB E A98BEF4FBKAO@ B5B5M9A<9@ 84AAOI. $9L<FP 84AAO9 
CDB5?9@O CD<;64AB «7?G5B>B9 B5GK9A<9» («Deep Learning») � D4;AB6<8ABEFP 
@4L<AAB7B B5GK9A<S, ECBEB5A4S CD98EF46?SFP 6AGFD9AARR >BDD9?SJ<R, 46-
FB@4F<K9E>< 6OS6?SFP 45EFD4>J<< 6OEB>B7B GDB6AS < ?GKL9 BEGM9EF6?SFP 
B5B5M9A<9. �?G5B>B9 B5GK9A<9 D94?<;G9FES E CB@BMPR A9=DBAAOI E9F9= E 
7?G5B>B= 4DI<F9>FGDB=, BF?<K4RM<IES  CB8IB8B@ > 6OS6?9A<R E>DOFOI BEB-
59AABEF9= <; 84AAOI. #BQFB@G 8?S B5BEAB64AAB7B 6O5BD4 A9B5IB8<@B CDB-
4A4?<;<DB64FP <;69EFAO9 4DI<F9>FGDO < @9FB8O CBEFDB9A<S 7?G5B><I E9F9=. 

%69DFBKA4S A9=DBE9FP (Convolutional neural network, CNN) K9D98G9F 
E69DFBKAO9 E?B<, EG58<E>D9F<;<DGRM<9 E?B< < <ECB?P;G9F A4 6OIB89 
CB?ABE6S;AO= E?B= A9=DBAB6. %FDG>FGD4 E9F< � B8ABA4CD46?9AA4S 59; 
B5D4FAOI E6S;9=, @AB7BE?B=A4S. �?S B5GK9A<S <ECB?P;GRFES @9FB8 B5-
D4FAB7B D4ECDBEFD4A9A<S BL<5><. #BE?98B64F9?PAB9 CD<@9A9A<9 E69DF>< 
< CB86O5BD>< CB;6B?S9F EBEF46?SFP >4DFO CD<;A4>B6 <; >4DF CD<;A4>B6 
CD98L9EF6GRM97B E?BS [1].  

�6FB4EEBJ<4FBD (Autoencoder) � E9FP CDS@B7B D4ECDBEFD4A9A<S 59; 
B5D4FAOI E6S;9=, EB89D:4M4S 6IB8AB= E?B=, B8<A <?< 5B?99 CDB@9:GFBK-
AOI (E>DOFOI) E?B96 < 6OIB8AB= E?B=, EB89D:4M<= EFB?P>B :9 A9=DBAB6, 
E>B?P>B < 6IB8AB= E?B=. �6FB4EEBJ<4FBD B5GK49FES  E <ECB?P;B64A<9@ 
B5D4FAB7B D4ECDBEFD4A9A<S BL<5><. *9?96O@ 6OIB8B@ 46FB4EEBJ<4FBD4 
S6?S9FES 97B 6IB8 [2].  

�?G5B>4S E9FP 8B69D<S (Deep Belief Network, DBN) � 69DBSFABEFA4S 
@B89?P, EBEFBSM4S <; A9E>B?P><I E?B96 EFBI4EF<K9E><I E>DOFOI C9D9-
                                                           
1 4EC<D4AF >4H98DO CDB7D4@@AOI ED98EF6 �4CBDB:E>B7B A4J<BA4?PAB7B 
F9IA<K9E>B7B GA<69DE<F9F4 (�!&'), 7. �4CBDB:P9, '>D4<A4. 
2 8-D F9IA. A4G>, CDBH9EEBD, ;4698GRM<= >4H98DB= CDB7D4@@AOI ED98EF6 
�!&', 7. �4CBDB:P9, '>D4<A4.. 
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@9AAOI, >4:8O= <; >BFBDOI ;4I64FO649F >BDD9?SJ<< 6OEB>B7B CBDS8>4 
@9:8G 89SF9?PABEFPR E>DOFOI BEB59AABEF9= 6 D4ECB?B:9AAB@ A<:9 E?B9. 
"EAB6AO@ EFDB<F9?PAO@ 5?B>B@ DBN S6?S9FES B7D4A<K9AA4S @4L<A4 
�B?PJ@4A4 (RBM), EB89D:4M4S E?B= 6<8<@OI Q?9@9AFB6 (84AAO9) < E?B= 
E>DOFOI Q?9@9AFB6, >BFBDO9 B5GK4RFES CD98EF46?SFP BEB59AABEF< 84A-
AOI, ;4I64FO64S E6S;< 5B?99 6OEB>B7B CBDS8>4. #DBJ98GD4 B5GK9A<S DBN 
EBEFB<F <; CD9864D<F9?PAB= CB87BFB6>< (:48AB9 B5GK9A<9 EF9>4 RBM) < 
QF4C4 FBA>B= A4EFDB=>< A4 BEAB69 B5D4FAB7B D4ECDBEFD4A9A<S BL<5>< [3].  

$4EE@BFD9AAO9 E9F< B5?484RF E?98GRM<@< CD9<@GM9EF64@<. CNN 
<@99F: @9APL99 K<E?B A4EFD4<649@OI 69EB6 CB ED46A9A<R E CB?ABE6S;AB= 
E9FPR; B5?4849F GEFB=K<6BEFPR > <E>4:9A<S@; GA<69DE4?PABEFPR 6 ;484-
K4I D4ECB;A464A<S; <A64D<4AFABEFPR >  LG@G. �6FB4EEBJ<4FBD 5B?99 CDB-
EFB D94?<;G9FES, K9@  RBM, 46FB4EEBJ<4FBD GK<FES «E:<@4FP» < «D9>BA-
EFDG<DB64FP» 6IB8AO9 84AAO9, F.9. CD< A9B5IB8<@BEF< @B:9F <I 6BEEF4-
AB6<FP, <@99F L<DB>GR EH9DG CD<@9A9A<S. DBN ECBEB5A4 B59EC9K<FP 
5B?99 45EFD4>FAO9 CDBEFD4AEF64 E6B=EF6 8?S >?4EE<H<>4J<<, B5?4849F 
GEFB=K<6BEFPR > <E>4:9A<S@ 6IB8AOI 84AAOI.  

$4EE@BFD9AAO9 E9F< I4D4>F9D<;GRFES E?98GRM<@< A98BEF4F>4@<. 
�DI<F9>FGD4 CNN CD<7B8A4 FB?P>B 8?S D4ECB;A464A<S <;B5D4:9A<=; EB-
89D:<F E?<L>B@ @AB7B 64DP<DG9@OI C4D4@9FDB6; @AB7<9 C4D4@9FDO EG-
M9EF69AAB 6?<SRF A4 D9;G?PF4F, AB 6O5<D4RFES Q@C<D<K9E><. �6FB4EEB-
J<4FBD <@99F CDB5?9@G C9D9B5GK9A<S. RBM <@99F A<;>GR  QHH9>F<6-
ABEFP <;-;4 BK9AP 5B?PLB= 9@>BEF<. 

�?S BCF<@<;4J<< D45BFO CNN CD98?4749FES <ECB?P;B64FP >?4EE<-
K9E><= 79A9F<K9E><= 4?7BD<F@ 8?S B5GK9A<S 69EB6 6 H<?PFD4I E9F<, KFB 
CB;6B?<FP <;59:4FP ;4J<>?<64A<S 6 ?B>4?PAOI @<A<@G@4I < CB6OE<F 
ED98ARR 69DBSFABEFP GEC9LAB7B D9L9A<S ;484K< D4ECB;A464A<S.  

#BE>B?P>G 46FB4EEBJ<FBDO S6?SRFES 5B?99 CDBEFO@< < ?97>B D94-
?<;G9@O@< K9@ CNN < DBN, <I J9?9EBB5D4;AB D9>B@9A8B64FP 8?S <E-
CB?P;B64A<S A4 CD4>F<>9, B8A4>B 9E?< A9B5IB8<@4 5B?PL4S GA<69DE4?P-
ABEFP, FB E?98G9F CD98CBK9EFP DBN. 

%C<EB> ?<F9D4FGDO 

1. Salakhutdinov R. Deep Boltzmann machines / R. Salakhutdinov, 
G. E. Hinton // Proceedings of The Twelfth International Conference on Artificial 
Intelligence and Statistics (AISTATS�09). � 2009. � Vol. 5. � P. 448�455. 

2. Le Cun Y. Backpropagation applied to handwritten zip code recognition / [Y. 
Le Cun, B. Boser, J.S. Denker et al. ] // Neural Computation.�1989. � Vol. 1, № 4. � P. 
541�551. 

3. Liou C.-Y.  Autoencoder for Words / C.-Y. Liou [et al.] // Neurocomputing 
vol. 139. � 2014. � P. 84�96. 
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'�� 519.816 
�B?C4>B64 &.".1, "?V=A<> �.".2 

#��&$� �� #$"*�%' ���"$' �"!�'$'2+�) ���!&�� �� 

�"#" "�"2 ���-"$�Є!&"��!"� �!("$ �*��!"� 
%�%&� � 

� DB5BFV DB;7?SAGFB CDB5?9@G 6<5BDG B8AB7B ; @B:?<6<I DVL9AP ; 
@AB:<A< VEAGRK<I 64DV4AFV6 G CD4>F<KA<I ;484K4I. +4EFB @B:?<6V DVL9A-
AS є 6;4є@B6<>?RKA<@<, 4 6<>BA4AAS B5D4AB7B DVL9AAS @4є EGFFє6<= 
6C?<6 A4 EF4A CDB5?9@AB7B E9D98B6<M4 [1], FB5FB V89AF<HV>4JVS A4=>D4-
MB7B DVL9AAS (479AF4) E9D98 VAL<I >BA>GDGRK<I 479AFV6 є 4>FG4?PABR 
A4G>B6B-CD4>F<KABR ;484K9R.  

�?S 6<DVL9AAS ;4684AAS CV8FD<@>< CDBJ9EG 6<5BDG >BA>GDGRK<I 
479AFV6 6 DB5BFV 5G?B DB;6�S;4AB F4>V ;484KV: CDB6989AB 4A4?V; VEAGRK<I 
CV8IB8V6 8B BJVAR64AAS 479AFV6, ;4CDBCBAB64AB 89>B@CB;<JV=AG @B89?P 
CDBJ9EG 6<5BDG >BA>GDGRK<I 479AFV6, G8BE>BA4?9AB @9FB8 BFD<@4AAS F4 
HBD@4?V;4JVW VA8<6V8G4?PA<I BJVAB> 9>EC9DF4, G8BE>BA4?9AB @9FB8 6<;A4-
K9AAS 7DGCB6BW BJVA>< A4 BEAB6V VA8<6V8G4?PA<I BJVAB> 9>EC9DFV6 ; GD4IG-
64AAS@ WI >B@C9F9AFABEFV, DB;DB5?9AB @9FB8 BCF<@V;4JVW DB;CB8V?G B5ES7G 
;4@B6?9AAS @V: >BA>GDGRK<@< 479AF4@<, MB 6D4IB6Gє 6V8ABEAV >B9HVJVє-
AF< 64:?<6BEFV >D<F9DVW6. �4CDBCBAB64AV @B89?V V @9FB8< CV8FD<@>< CDB-
J9EG 6<5BDG >BA>GDGRK<I 479AFV6 D94?V;B64AV G 6<7?S8V VAHBD@4JV=ABW 
F9IAB?B7VW, 6FV?9ABW G 6V8CB6V8AV= VAHBD@4JV=AV= E<EF9@V. 

#DB7D4@A9 ;459;C9K9AAS VAHBD@4JV=ABW E<EF9@< DB;DB5?9AB A4 BE-
AB6V >?VєAF-E9D69DABW 4DIVF9>FGD< ; L<DB><@ 6<>BD<EF4AAS@ web-
F9IAB?B7V=. �468S>< JPB@G >?VєAFEP>V CDB7D4@< HGA>JVBAGRFP ;4 CD<AJ<-
CB@ «FBA><= >?VєAF» V @B:GFP 6<>BD<EFB6G64F<ES A4 5G8P-S>B@G CD<EFDBW 
; 8BEFGCB@ 8B @9D9:V �AF9DA9F A9;4?9:AB 6V8 CDB7D4@ABW C?4FHBD@< [2]. 
�<>BD<EF4AAS 6 DB5BFV E<EF9@< web-F9IAB?B7V= ;459;C9KGє J9AFD4?V;B64A9 
GCD46?VAAS 6EV@4 CBFBKA<@< F4 @<AG?<@< ;484K4@<, ;59DV74AAS 6EVI CBFB-
KA<I 84A<I, 4 F4>B: 8B;6B?Sє GK4EA<>4@ 89F4?PAB B;A4=B@<F<ES ; 8BEFGC-
A<@< @4F9DV4?4@< 6 5G8P-S><= ;DGKA<= 8?S A<I K4E. 

!4 D<E. 1 6 ;474?PAB@G 6<7?S8V A46989AB EI9@G 6;4є@B8VW @V: >BD<E-
FG64K4@< DV;A<I DV6AV6 8BEFGCG V HGA>JVBA4?PA<@< CV8E<EF9@4@<. 

                                                           
1 EF4DL<= 6<>?484K  >4H98D< CDB7D4@A<I ;4EB5V6 �!&' 
2 >.F.A. 8BJ9AF >4H98D< CDB7D4@A<I ;4EB5V6 �!&' 
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#V8E<EF9@4 
66989AAS 84A<I

�4F4?B7 
CBC9D98APB 
DB;6�S;4A<I 
;484K

#V8E<EF9@4 
4A4?V;G

"C9D4FBD

�>EC9DF

�8@VAVEFD4FBD

$9;G?PF4F< 
4A4?V;G

 
$<E. 1. %I9@4 6;4є@B8VW CV8E<EF9@ VAHBD@4JV=ABW E<EF9@< 

 
#DB5?9@< 6<5BDG >BA>GDGRK<I 479AFV6 A4=K4EFVL9 6<A<>4RFP CD< 

6<DVL9AAV CD4>F<KA<I ;4684AP, CB6�S;4A<I ; F9A89D4@< � CDBJ9E4@< 6<-
5BDG A4=>D4MB7B DVL9AAS E9D98 @AB:<A< CBF9AJV=A<I 6<>BA46JV6 6 G@B-
64I A96<;A4K9ABEFV V B5@9:9A<I D9EGDEV6. $B;DB5?9A4 VAHBD@4JV=A4 E<E-
F9@4 BDVєAFB64A4 6 C9DLG K9D7G A4 DVL9AAS F4>B7B >?4EG ;484K. "8A4> 
;468S>< GAV69DE4?PABEFV WW 4DIVF9>FGD< F4 6<>BD<EF4AAR EGK4EA<I F9IAB-
?B7V= 6BA4 @B:9 5GF< 484CFB64A4 8B 5G8P-S>BW B5?4EFV, MB 6<@474є 9>EC9D-
FAB7B BJVAR64AAS @AB:<A< >BA>GDGRK<I DVL9AP.  

$B5BFG 6<>BA4AB 6 D4@>4I !�$ « 9FB8< V ;4EB5< B5K<E?R64?PAB7B 
VAF9?9>FG F4 C4D4?9?PAB7B >B@C�RF<A7G 8?S B5DB5?9AAS 69?<><I 84A<I 6 
E<EF9@4I 8V47ABEFG64AAS» �!&'. 

%C<EB> ?VF9D4FGD< 

1. Hashim Fatimah. Information and communication technology for 
participatory based decision-making-E-management for administrative efficiency in 
Higher Education / Fatimah Hashim, Gazi Mahabubul Alam, Saedah Siraj // 
International Journal of Physical Sciences. � 2010. � Vol. 5 (4). � P. 383�392.  

2. Kumar U. Current Trends in Reliability, Availability, Maintainability and 
Safety / U. Kumar, A. Ahmadi, A.K. Verma, P. Varde. � Springer International 
Publishing. � 2016. � 738 p. 
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#$"*�%� $"�$"���!!3 #$"�$� !"�" �����#�+�!!3 

�7V8AB ; >9DV6A<JF6B@ [1] @9FBR GCD46?VAAS D<;<>4@< є CV86<M9A-
AS =@B6VDABEFV 6<A<>A9AAS V CV8E<?9AAS 6C?<6G ECD<SF?<6<I CB8V= F4 
;A<:9AAS =@B6VDABEFV 6<A<>A9AAS V CBE?45?9AAS 6C?<6G A9ECD<SF?<6<I 
CB8V= G CDBJ9EV D94?V;4JVW CDB9>FG. &4><@ K<AB@, GCD46?VAAS D<;<>4@< є 
4>FG4?PA<@ CDBJ9EB@ 8?S 8BES7A9AAS A9B5IV8A<I D9;G?PF4FV6 CDB9>FG. ' 
84AV= DB5BFV DB;7?SAGFB @9FB8B?B7VR GCD46?VAAS D<;<>4@<, S>4 A4CD46?9-
A4 A4 6EV 9F4C< GCD46?VAAS CDB9>F4@<. 

'CD46?VAAS D<;<>4@< ;474?B@ BIBC?Rє 9F4C< V89AF<HV>4JVW, 4A4?V;G 
D<;<>V6, 6<5BDG ECBEB5V6 GCD46?VAAS D<;<>4@< F4 WI @BAVFBD<A7G, MB A9-
B5IV8AB 6D4IB6G64F<, A9 B5@9:GRK<EP A4 CD4>F<JV 6 CDBJ9EV 6<>BA4AAS 
CDBH9EV=ABW 8VS?PABEFV GCD46?VAAS D<;<>4@< FV?P>< B8A<@ 45B 89>V?P>B@4 
9F4C4@<. 

'CD46?VAAS D<;<>4@< є 64:?<6<@ 4EC9>FB@ GCD46?VAAS CDB9>F4@<, 
S><= F4>B: A9B5IV8AB DB;7?S84F< B>D9@B 6V8 59;CBE9D98APB CDBJ9EV6 
GCD46?VAAS CDB9>F4@<, MB ;4;6<K4= BIBC?Rє CDB5?9@< >4?9A84DAB7B C?4-
AG64AAS, C?<AABEFV >48DV6, CDB8G>F<6ABEFV DB5BF< FBMB.  

!9B5IV8AB DB;G@VF<, MB GCD46?VAAS D<;<>4@< EFBEGєFPES 5G8P-S><I 
CDBJ9EV6, MB 6V85G64RFPES 6 @9:4I CDB9>FG. #V8 K4E 6<>BA4AAS CDB9>FV6 ; 
DB;DB5?9AAS CDB7D4@AB7B ;459;C9K9AAS − J9 A9 FV?P>< V89AF<HV>4JVS 
6C?<6G DV;A<I H4>FBDV6, WI S>VEA<= V >V?P>VEA<= 4A4?V;, @BAVFBD<A7 F4 6<-
;A4K9AAS 4?PF9DA4F<6A<I L?SIV6 DB;6<F>G, 4?9 = 6<;A4K9AAS 6V8I<?9AAS 
EFDB>V6 V CB>4;A<>V6 CDB9>FG (A4E4@C9D98 6<FD4F V CD<5GF>V6) 6V8 ;4C?4AB-
64A<I, ;4EFBEG64AAS CD4>F<KA<I @9FB8<>, E9D98 S><I G DB5BFV ;B>D9@4 
DB;7?SAGFB: 

� CD<=ASFFS CDB9>FA<I DVL9AP, CB6�S;4A<I ; 6<5BDB@ L45?BAV6, C4FF9-
DAV6 CDB9>FG64AAS, 6<5BDB@ F4 6<>BD<EF4AAS@ >B@CBA9AFA<I F9IAB?B7V=; 

� D94?V;4JVS 6<@B7 8B A4C<E4AAS S>VEAB7B >B8G (;B>D9@4 6 @9:4I 
D9H4>FBD<A7G); 

� 6<>BD<EF4AAS 6V8CB6V8A<I C4D48<7@ 8?S D94?V;4JVW B>D9@BW HGA-
>JVBA4?PABEFV CDB7D4@AB7B ;459;C9K9AAS, 6<>BD<EFB6GRK< ;B>D9@4 @B:-
?<6BEFV @G?PF<C4D48<7@4?PAB7B CV8IB8G. 

                                                           
1 >.F.A., 8BJ9AF >4H98D< CDB7D4@A<I ;4EB5V6 �4CBDV;P>B7B A4JVBA4?PAB7B 
F9IAVKAB7B GAV69DE<F9FG 
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�9;CBE9D98APB 6<>BD<EF4AAS L45?BAV6, DGLVW6, DB;DB5?9AAS CDB-
7D4@A<I >B@CBA9AFV6 DB;7?SAGFB 6 S>BEFV ECBEB5V6 GCD46?VAAS D<;<>4@<, 
BE>V?P>< 6BA< 8B;6B?SRFP 6<>BD<EFB6G64F< 7BFB6V CDB9>FAV DVL9AAS, 7B-
FB6V DVL9AAS ; D94?V;4JVW, A9 6<@474RK< DB;DB5?SF< CDB7D4@A9 ;459;C9-
K9AAS ; E4@B7B CBK4F>G, MB A9E9 6 EB5V 5V?PLV 6<@B7< 8B CDBH9EV=AB7B 
E>?48G. 

!9S>VEA4 D94?V;4JVS 84A<I CDBJ9EV6 @B:9 CD<;69EF< 8B FB7B, MB 
69EP CDB9>F 6<S6<FPES CV8 ;47DB;BR 45B D94?V;B64AV CDB7D4@AV >B@CBA9AF< 
6<S6?SFPES A9CD<84FA<@< 8?S CB6FBDAB7B 6<>BD<EF4AAS, MB G 6<C48>G 
DB;7?S84AAS CDB7D4@AB7B ;459;C9K9AAS S> CDB8G>JVW, MB 59D9 GK4EFP G 
>BAFD4>F4I A4 CBEF46>G [2], @B:9 CD<;69EF< 8B A96<>BA4AAS CV8CD<є@EF-
6B@ 6?4EA<I B5B6�S;>V6 C9D98 C4DFA9D4@<, S>V C?4AG64?< ;4 8BCB@B7BR 
84AB7B CDB7D4@AB7B ;459;C9K9AAS D94?V;G64F< 6?4EA<= CDB9>F. 

�<IB8SK< ; JPB7B, @B:A4 ;4;A4K<F< 64:?<6VEFP D94?V;4JVW 84A<I @9-
FB8<> CV8 K4E CV87BFB6>< H4IV6JV6 ; VA:9A9DVW CDB7D4@AB7B ;459;C9K9AAS, 
>B@C�RF9DA<I A4G> F4 VAHBD@4JV=A<I F9IAB?B7V=. 

">D9@BR CDB5?9@BR, DB;7?SAGFBR 6 DB5BFV, є CDB7AB;G64AAS D94-
?PA<I D9;G?PF4FV6 CDB9>FV6 ; CDB5?9@4 DB;DB5?9AAS CDB7D4@AB7B ;459;C9-
K9AAS, BC<E4A4 6<M9. �?S WW DB;6�S;4AAS ;4CDBCBAB64AB VAF97DG64F< ;4EB-
5< LFGKAB7B VAF9?9>FG 6 84A<= CDBJ9E. ' F4>B@G 6<C48>G LFGKAV A9=DBA-
AV @9D9:V 8B;6B?SRFP CDB7AB;G64F< 6V8I<?9AAS H4>F<KA<I CB>4;A<>V6 
CDB9>FG ; DB;DB5?9AAS CDB7D4@AB7B ;459;C9K9AAS 6V8 ;4C?4AB64A<I A4C9-
D98 [3], MB ґDGAFGRFPES A4 BEAB6V EF4A84DFA<I D9;G?PF4FV6 C?4AG64AAS, 
A4CD<>?48, ; 6<>BD<EF4AAS@ @9FB8G 4A4?B7V=. 

&4><@ K<AB@, 6 84AV= DB5BFV 6<>BD<EF4AB E<EF9@A<= CV8IV8 8?S 6<-
>BA4AAS GCD46?VAAS D<;<>4@< S> JV?VEABW @9FB8B?B7VW A4 CD4>F<JV. 

%C<EB> ?VF9D4FGD< 

1. A Guide to the Project Management Body of Knowledge [&9>EF] : 
PMBOK(R) Guide / Project Management Institute ; 5th edition. � 2013. � 589 p. 

2. �%&' ISO/IEC 90003:2006. #DB7D4@A4 VA:9A9DVS. !4EF4AB6< MB8B ;4-
EFBEG64AAS �SO 9001:2000 8B CDB7D4@AB7B ;459;C9K9AAS (�SO/��% 90003:2004, 
IDT) [&9>EF] � �. : �9D:EF4A84DF '>D4WA<, 2006. � 54 E. 

3. Lovkin, V. Risk-Oriented Decision Making During Integrated Investment 
Management under Uncertainty / Valerii Lovkin // Central European Researchers 
Journal. � 2015. � Vol. 1, No. 2. � Pp. 40�45. 
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 �&"� ���!&�(���*�� #�$� �&$��  "���� 
�"���&��!"�" ��%#�$&!"�" "*�!2��!!3 

�A4?V; @B8<HV>4JV= @9FB8V6 4A4?V;G VєD4DIV= ( ��) E6V8K<FP, MB 5V-
?PL4 K4EF<A4 @9FB8V6 CD<;A4K9A4 8?S 6<DVL9AAS ;484K VA8<6V8G4?PAB7B 
CD<=ASFFS DVL9AP, S>V @B:A4 484CFG64F< 8?S 6<DVL9AAS ;484K >B?9>F<6-
AB7B 9>EC9DFAB7B BJVAR64AAS (��"). #B;A4K<@B, MB 

18,...,2,1},{ == iahpAHP i  � @AB:<A4 V89AF<HV>4FBDV6 A4=5V?PL 6<>BD<E-
FB6G64A<I @B8<HV>4JV=  ��, 18=AHP , S>V EHBD@G64?< 54;G @B89?9= 
��" A4 BEAB6V CV8IB8G 4A4?V;G VєD4DIV=. 

$9;G?PF4F< CDB6989AB7B 4A4?V;G 8B;6B?<?< G;474?PA<F< F4 EFDG>FG-
DG64F< @B8<HV>4JVW  �� 6 CDBJ9EV ��", 4 F4>B: HBD@4?V;G64F< BC<E @B-
89?9= A4EFGCABR @AB:<ABR 69>FBDV6 V89AF<HV>4FBDV6 

)},,,,,,(_|_{_ oawpomthtsppclpclPCL ξθ== , 

89 TSPtsp* , THth* , Mm* , Θ*θ , WPOwpo* , Ξ*ξ , OAoa* , 

PCLAHP _⊂ .  

$B;7?SA9@B BC<E >B:ABW >B@CBA9AF< 69>FBD4 PCLpcl __ * .  

},{ 21 tsptspTSP =  � @AB:<A4 V89AF<HV>4FBDV6 >?4EV6  ��: 1tsp  � @9-
FB8< CD<=ASFFS VA8<6V8G4?PA<I DVL9AP; 2tsp  � @9FB8< CD<=ASFFS >B?9>F<-
6A<I DVL9AP. 

},,{ 321 thththTH =  � @AB:<A4 V89AF<HV>4FBDV6 F<CV6 VєD4DIV=: 1th  � 

C9DL<= F<C, 2th �  8DG7<= F<C, 3th  � FD9FV= F<C.  
},,,{ 4321 θθθθ=Θ  � @AB:<A4 ECBEB5V6 6<@VDR64AAS BJVAB> 9>EC9D-

FV6: 1θ  � FBK>B64; 2θ  � EFBI4EF<KA4; 3θ  � A9KVF>4; 4θ  � VAF9D64?PA4.  
{ }54321 ,,,, mmmmmM =  � @AB:<A4 V89AF<HV>4FBDV6 @9FB8V6 HBD@G-

64AAS @4FD<JP CBC4DA<I CBDV6ASAP ( ##): 1m  � @9FB8 %44FV; 2m  � @9FB8 
CBDV6ASAAS B5�є>FV6 MB8B EF4A84DFV6; 3m  � @9FB8 >BCVR64AAS@; 4m  � E>B-
DBK9A4 CDBJ98GD4 HBD@G64AAS  ##; 5m  � @B8<HV>4JVS @9FB8G %44FV 8?S 
6<C48>V6 ; 69?<>BR >V?P>VEFR BJVAR64A<I B5�є>FV6. 

                                                           
1 EF4DL<= 6<>?484K >4H98D< CDB7D4@A<I ;4EB5V6 �!&' 
2 >.F.A., 8BJ9AF >4H98D< CDB7D4@A<I ;4EB5V6 �!&'  
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},,,{ 4321 wpowpowpowpoWPO =  � @AB:<A4 V89AF<HV>4FBDV6 @9FB8V6 
HBD@G64AAS 69>FBD4 CDVBD<F9FV6 ; 6V8CB6V8A<I  ##: 1wpo  � FBK>B6V; 

2wpo  � EFBI4EF<KAV; 3wpo  � A9KVF>V; 4wpo  � VAF9D64?PAV.  
},,{ 321 ξξξ=Ξ  � @AB:<A4 V89AF<HV>4FBDV6 @9FB8V6 BJVA>< G;7B8:9-

ABEFV  ##: 1ξ  � ;4 EFDG>FGDBR @9FB8G, 2ξ  � ;4 F<CB@ BJVAB>; 3ξ  � ;4 ECB-
EB5B@ C9D97?S8G. 

{ }321 ,, oaoaoaOA =  � @AB:<A4 V89AF<HV>4FBDV6 @9FB8V6 HBD@G64AAS 
CV8EG@>B6B7B DVL9AAS: 1oa  � ECBEV5 ;7BDF>< >D<F9DVW6; 2oa  � F<C @B89?V; 

3oa  � F<C BJVAB>. 
�?S 6<;A4K9AAS C4D4@9FDV6 @B89?V ��" A4 BEAB6V CV8IB8G 4A4?V;G 

VєD4DIV= 5G6 DB;DB5?9A<= @9FB8, S><= E>?484єFPES ; A4EFGCA<I 9F4CV6. 
�F4C 1. #V87BFB6K<=. (BD@G64AAS @AB:<A< 4?PF9DA4F<6 X  F4 

@AB:<A< >D<F9DVW6 BJVAR64AAS 4?PF9DA4F<6 S . #B5G8B64 VєD4DIVKABW 
EFDG>FGD< ;484KV. �<;A4K9AAS F<CG VєD4DIV= TH .  

�F4C 2. �<5VD @9FB8G HBD@G64AAO  ##. �>EC9DF< 6<5<D4RFP 
F<C L>4?< 8?S C9D96989AAS 69D54?PABW BJVA>< 6 >V?P>VEAG.  9FB8 HBD@G-
64AAS  ## ;4?9:<FP 6V8 F<CG VєD4DIV= TH  F4 >V?P>BEFV B5�є>FV6 6 VєD4DIVW, 
4 E4@9: >V?P>BEFV >D<F9DVW6 F4 4?PF9DA4F<6. �>EC9DF< ;4CB6ARRFP  ## 
69D54?PA<@< BJVA>4@<, S>V C9D96B8SFPES ;4 L>4?BR 6 A9B5IV8AG BJVA>G ; 
@AB:<A< Θ . �4?V HBD@GRFPES 6V8CB6V8AV  ## ;7V8AB B5D4AB7B @9FB8G ; 
@AB:<A< M . 

�F4C 3. �<5VD @9FB8G HBD@G64AAO 69>FBD4 CDVBD<F9FV6. $V;AB@4-
AVFFS ECBEB5V6 6<@VDR64AAS C9D9647 9>EC9DFV6 ECD<K<A<?B CBS6G 5474FPBI 
@9FB8V6 B5DB5><  ## 8?S HBD@G64AAS 69>FBDG CDVBD<F9FV6 WPO . #VE?S 
HBD@G64AAS 69>FBDG CDVBD<F9FV6 6<>BAGєFPES BJVA>4 G;7B8:9ABEFV  ## 
F4 ;8V=EARєFPES >BD<7G64AAS BJVAB> 9>EC9DFV6. � ;4?9:ABEFV 6V8 F<CG BJV-
AB>, ECBEB5G C9D97?S8G, EFDG>FGD< @9FB8G >BD<7G64AAS BJVAB> 9>EC9DFV6 
B5<D4єFPES @9FB8 ; @AB:<A< Ξ .  

�F4C 4. �<5VD @9FB8G HBD@G64AAO CV8EG@>B6B7B DVL9AAO. �<5VD 
@9FB8G HBD@G64AAS CV8EG@>B6B7B DVL9AAS OA  ;4?9:<FP 6V8 F<CG VєD4DIVW, 
ECBEB5G ;7BDF>< >D<F9DVW6 F4 L>4?< 6<@VDR64AAS BJVAB> 9>EC9DFV6.  

�F4C 5. "FD<@4AAO >B?9>F<6AB7B DVL9AAO. "FD<@4AAS >B?9>F<-
6ABW BJVA>< F4 BJVAR64AAS G;7B8:9ABEFV VA8<6V8G4?PA<I BJVAB> 9>EC9DFV6.  

�4CDBCBAB64A<= @9FB8 8B;6B?Sє V89AF<HV>G64F< C4D4@9FD< AB6BW 
@B89?V ��" F4 CB5G8G64F< @AB:<AG @B89?9= ��" A4 BEAB6V CV8IB8G 4A4-
?V;G VєD4DIV=. 
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#DBJ9EE E<AF9;4 A9=DB-A9K9F><I @B89?9= [1] E6S;4A E A9B5IB8<@B-
EFPR <;6?9K9A<S CD46<? A4 BEAB69 ;484AAOI 6O5BDB> 84AAOI. "8A4>B 
6O5BD>< 84AAOI, BC<EO64RM<9 D9;G?PF4FO <;@9D9A<= I4D4>F9D<EF<> 
D94?PAOI F9IA<K9E><I B5N9>FB6 < CDBJ9EEB6 @B7GF EB89D:4FP 8G5?S: 
<AHBD@4J<<, 6 K4EFABEF<, <;5OFBKAO9 8?S CD<ASF<S D9L9A<= CD<;A4>< < 
Q>;9@C?SDO. %?98B64F9?PAB, CD<@9A9A<9 <;69EFAOI @9FB8B6 <;6?9K9A<S 
CDB8G>J<BAAOI CD46<? 8?S E<AF9;4 @B89?9= >BAFDB?S >4K9EF64 A4 BEAB69 
A9=DB-A9K9F><I E9F9= 6 A9>BFBDOI E?GK4SI S6?S9FES A9J9?9EBB5D4;AO@. 

#BQFB@G 6 A4EFBSM9= D45BF9 CD98?4749FES A4 BEAB69 ;484AAOI 6O-
5BDB> 84AAOI E<AF9;<DB64FP 89D96PS D9L9A<= < <;6?9>4FP A4 <I BEAB69 
CDB8G>J<BAAO9 CD46<?4, KFB CB;6B?<F 6O89?SFP A4<5B?99 J9AAO9 Q>;9@C-
?SDO, D4A:<DB64FP CD<;A4>< CB ;A4K<@BEF< <, E?98B64F9?PAB, GEFD4A<FP 
A9>BFBDGR <;5OFBKABEFP <AHBD@4J<<, F4>:9 EB>D4F<FP CDBEFD4AEF6B CB-
<E>4 < 6D9@S E<AF9;4 A9=DB-A9K9F><I @B89?9= >BAFDB?S >4K9EF64. "8A4>B 
<;69EFAO9 @9FB8O E<AF9;4 89D96P96 D9L9A<= CD98GE@4FD<64RF <ECB?P;B-
64A<9 «:48AB7B» CB8IB84, A9 CB;6B?SRM97B 6 CDBJ9EE9 CBEFDB9A<S F4><I 
@B89?9= CB6FBDAB D4EE@4FD<64FP CD<;A4><, CB >BFBDO@ G:9 5O?B 6OCB?-
A9AB D4;5<9A<9. 1FB @B:9F CD<69EF< > A<;><@ B5B5M4RM<@ ECBEB5AB-
EFS@ E<AF9;<DB64AAB= @B89?<, 6E?98EF6<9 99 E?B:ABEF<, 4, E?98B64F9?PAB, 
> <;5OFBKAB@G K<E?G CD46<?, <;6?9K9AAOI <; A99, KFB E89?49F E<EF9@G 
CD46<? 5B?99 7DB@B;8>B= < @9A99 <AF9DCD9F459?PAB=. #BQFB@G 8?S CB-
EFDB9A<S 89D96P96 D9L9A<= CD98?4749FES <ECB?P;B64FP <AF9??9>FG4?PAO= 
EFBI4EF<K9E><= CB<E> [2], CB;6B?SRM<= <EE?98B64FP D4;?<KAO9 B5?4EF< 
CB<E>B6B7B CDBEFD4AEF64 < A9 <ECB?P;GRM<= :48AGR EFD4F97<R. � CD98-
?B:9AAB@ EFBI4EF<K9E>B@ @9FB89 E<AF9;4 89D96P96 D9L9A<= <ECB?P;G9FES 
<AHBD@4J<S B5 <AHBD@4F<6ABEF< CD<;A4>B6, E?B:ABEF< E<AF9;<DG9@B7B 
89D964, 4 F4>:9 FBKABEF< 97B D4ECB;A464A<S, KFB CB;6B?S9F A4 A4K4?PAB@ 
QF4C9 HBD@<DB64FP @AB:9EF6B 8D96B6<8AOI EFDG>FGD, I4D4>F9D<;GRM<I-
ES CDBEFB= <9D4DI<9= < A96OEB>B= BL<5>B= D4ECB;A464A<S, 6 CDBJ9EE9 
CB<E>4 EB;8464FP AB6O9 @AB:9EF64 D9L9A<= E GK9FB@ <AHBD@4J<< B ;A4-
K<@BEF< CD<;A4>B6 < <AF9DCD9F459?PABEF< 79A9D<DG9@OI 89D96P96, KFB, 6 
E6BR BK9D98P, B59EC9K<649F 6B;@B:ABEFP CBEFDB9A<S 89D964 D9L9A<= E 

                                                           
1 >.F.A., 8BJ9AF >4H98DO CDB7D4@@AOI ED98EF6 �!&' 
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A95B?PL<@ K<E?B@ Q?9@9AFB6 (G;?B6 < E6S;9= @9:8G A<@<) < CD<9@?9@B= 
FBKABEFPR D4ECB;A464A<S. 

#D< 6O5BD9 CD<;A4>4-CDB69D>< 6 CDBJ9EE9 E<AF9;4 89D964 D9L9A<= 
8?S G;?4 5G89@ <ECB?P;B64FP 4CD<BDAGR <AHBD@4J<R B ;A4K<@BEF< CD<-
;A4>B6. #BE>B?P>G 89D96PS D9L9A<= QHH9>F<6AB CD<@9ASRFES, >4> CD46<-
?B, 8?S D9L9A<S ;484K D4ECB;A464A<S, I4D4>F9D<;GRM<IES >BA9KAO@ K<E-
?B@ >?4EEB6 6OIB8AB7B C4D4@9FD4 T, 8?S BJ9A<64A<S <AHBD@4F<6ABEF< 
CD<;A4>B6 J9?9EBB5D4;AB <ECB?P;B64FP I4D4>F9D<EF<><, CB;6B?SRM<9 
BJ9A<64FP ;A4K<@BEFP CD<;A4>4 CB BFABL9A<R > 6OIB8AB@G C4D4@9FDG, 
CD<A<@4RM9@G 8<E>D9FAO9 ;A4K9A<S <; >BA9KAB7B @AB:9EF64. � >4K9EF69 
F4><I I4D4>F9D<EF<> @B7GF 5OFP <ECB?P;B64AO QAFDBC<S CD<;A4>4 < F9B-
D9F<>B-<AHBD@4J<BAAO= >D<F9D<=. 

#BE?9 BJ9A<64A<S <AHBD@4F<6ABEF< >4:8B7B CD<;A4>4 6O5BD>< S 
CDB<EIB8<F HBD@<DB64A<9 89D96P96 6 6<89 EBBF69FEF6GRM<I EFDG>FGD 
84AAOI. #D<;A4>< E 6OEB><@< BJ9A>4@< <A8<6<8G4?PAB= <AHBD@4F<6AB-
EF< S6?SRFES 5B?99 ;A4K<@O@< (EGM9EF69AAB 6?<SRF A4 6OIB8AB= C4D4-
@9FD T), E?98B64F9?PAB, 6 CD98?B:9AAB@ @9FB89 F4><9 CD<;A4>< 5G8GF 
<@9FP 5B?PLGR 69DBSFABEFP BF5BD4 6 >4K9EF69 CD<;A4>B6-CDB69DB> 8?S 
EBBF69FEF6GRM97B G;?4. $9;G?PF4FO Q>EC9D<@9AF4?PAB7B 4A4?<;4 CB>4;4-
?<, KFB CD98?B:9AAO= EFBI4EF<K9E><= @9FB8 E<AF9;4 89D96P96 D9L9A<= 
A9 GEFGC49F CB >4K9EF6G CBEFDB9A<S 8D96B6<8AOI @B89?9= CD<ASF<S D9-
L9A<= <;69EFAO@ @9FB84@, < B59EC9K<649F 6B;@B:ABEFP CBEFDB9A<S 89-
D964 D9L9A<= E A95B?PL<@ >B?<K9EF6B@ EFDG>FGDAOI Q?9@9AFB6 < CD<9@-
?9@B= FBKABEFPR D4ECB;A464A<S. 

$45BF4 6OCB?A9A4 6 D4@>4I !�$ « 9FB8< V ;4EB5< B5K<E?R64?PAB-
7B VAF9?9>FG F4 C4D4?9?PAB7B >B@C�RF<A7G 8?S B5DB5?9AAS 69?<><I 84A<I 
6 E<EF9@4I 8V47ABEFG64AAS» �!&'. $45BF4 6OCB?A9A4 CD< K4EF<KAB= CB8-
89D:>9 @9:8GA4DB8AB7B CDB9>F4 «%enters of Excellence for young RE-
Searchers» (CERES) CDB7D4@@O «Tempus» �6DBC9=E>B= �B@<EE<< (D97<-
EFD4J<BAAO= AB@9D 544137-TEMPUS-1-2013-1-SK-TEMPUS-JPHES). 

%C<EB> ?<F9D4FGDO 

1. �B8SAE><= �. �. !9=DB-H4;;< E9F< #9FD< 6 ;484K4I @B89?<DB64A<S E?B-
:AOI E<EF9@ / �. �. �B8SAE><=, �. �. �GK9D9A>B, �. �.  <I4?96. � �A9CDBC9F-
DB6E>: %<EF9@AO9 F9IAB?B7<<. � 2005. � 311 E. 

2. Oliinyk A. The decision tree construction based on a stochastic search for the 
neuro-fuzzy network synthesis / A. Oliinyk, S. A. Subbotin // Optical Memory and 
Neural Networks (Information Optics). � 2015. � Vol. 24, № 1. � P. 18�27. 
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'�� 004.6 
#4DI<@9A>B �.�.1, &4FGD  . .2, �<6<J>4S �.!.3 

&�)!"�"��� DATA MINING & KNOWLEDGE DISCOVERY � 

#$�!3&�� $�,�!�� � "���%&�  �$��&�!��, 

 �!��� �!&� � �"��%&��� 

#D98CBEO?>< <ECB?P;B64A<O Data Mining & Knowledge Discovery 

(DM&KD) 6 5<;A9E9. #D<@9A9A<9 @9FB8B?B7<< DM&KD 6 EH9D9 5<;A9E4 <@99F 
A9 FB?P>B CBASFAGR < 9EF9EF69AAGR @BF<64J<R, AB < G:9 BFABE<F9?PAB 846ARR 
<EFBD<R. #D98CBEO?>B= ;89EP EF4?< 5B?PL<9 B5N9@O 84AAOI (Big Data), H<>E<-
DG9@OI 6 CDBJ9EE9 IB;S=EF69AAOI BC9D4J<= � A4CD<@9D, B CB6989A<< CB>GC4F9-
?9=, H<>E<DG9@O9 >4> BHH?4=A (A4CD<@9D, 6 DB;A<KAOI @474;<A4I E CB@BMPR 
E>4A<DB64A<S LFD<I->B8B6, >BFBDO@< @4D><DGRFES FB64DO), F4> < BA?4=A (CD< 
CB>GC>9 FB64DB6 6 <AF9DA9F-@474;<A4I). #D<EGM4S 5<;A9EG BD<9AF4J<S A4 @4>E<-
@4?PAGR CD<5O?P CB;6B?<?4 EHBD@<DB64FP GEFB=K<6O= ECDBE A4 <AF9??9>FG4?P-
AGR B5D45BF>G CB8B5AOI 5B?PL<I B5N9@B6 84AAOI E J9?PR CD<ASF<S A4<?GKL<I 
GCD46?9AK9E><I D9L9A<= CB GDB6AR J9A, FB64DAB@G 4EEBDF<@9AFG, CDB@B-4>J<S@, 
>4A4?4@ 8BEF46>< < F.C.  

�6FB@4F<K9E>B9 CD<AOF<9 5<;A9E-D9L9A<=. "EB59AABEFPR EB6D9@9AAB-
7B QF4C4 <ECB?P;B64A<S HBD@4?PAOI >B?<K9EF69AAOI @9FB8B6 6 5<;A9E9 S6?S9FES 
BD<9AF4J<S A9 CDBEFB A4 D9L9A<9 CD<>?48AOI ;484K, AB < CBEFDB9A<9 4?7BD<F@B6, 
CB;6B?SRM<I EB>D4F<FP GK4EF<9 K9?B69>4 6 CDBJ9EE9 4A4?<;4 <AHBD@4J<< < CD<-
ASF<S GCD46?9AK9E><I D9L9A<=, F.9. CBEFDB9A<9 E<EF9@ 4?7BD<F@<K9E>B7B 5<;A9E4 
(Algorithmic Business) [1]. 

#DBJ98GD4 DM&KD. "5M4S CDBJ98GD4 CD<@9A9A<S F9IAB?B7<= DM&KD 
> CDB5?9@4@ 6 B5?4EF< @4D>9F<A74, @9A98:@9AF4 < ?B7<EF<>< 6>?RK49F 6 E95S, CB 
@A9A<R 46FBDB6, K9FOD9 QF4C4 [2]:  

� BCD989?9A<9 GCD46?9AK9E>B= CDB5?9@O < HBD@4?PAGR CBEF4AB6>G ;484-
K<, F.9. E6989A<9 CD<>?48AB= (GCD46?9AK9E>B=) CDB5?9@O <; CD98@9FAB= B5?4EF< 
(@4D>9F<A74, @9A98:@9AF4, ?B7<EF<><) > B8AB= <; F<CB6OI ;484K DM&KD, >BFB-
DO9 5G8GF BC<E4AO A<:9; 

� E5BD < CB87BFB6>G 84AAOI, F.9. HBD@<DB64A<9 A45BDB6 84AAOI (datasets) 6 
FB@ 6<89, >BFBDO= FD95G9FES 8?S >BDD9>FAB= D45BFO @9FB8B6 DM&KD < CB?GK9-
A<S ;A4K<@OI D9;G?PF4FB6. � C9D6GR BK9D98P D9KP <89F B F4><I CDBJ98GD4I, >4> 
ABD@4?<;4J<S 84AAOI < 6;69L<64A<9 CD<;A4>B6; 

                                                           
1 �9?BDGEE><= 7BEG84DEF69AAO= GA<69DE<F9F <AHBD@4F<>< < D48<BQ?9>FDBA<><, 
;4698GRM<= >4H98DB= Q>BAB@<><, >.Q.A., 8BJ9AF 
2 �9?BDGEE><= 7BEG84DEF69AAO= GA<69DE<F9F <AHBD@4F<>< < D48<BQ?9>FDBA<><, 
CDBH9EEBD >4H98DO 1� , 8.F.A., CDBH9EEBD 
3 �9?BDGEE><= 7BEG84DEF69AAO= GA<69DE<F9F <AHBD@4F<>< < D48<BQ?9>FDBA<><, 
CDBD9>FBD CB GK95AB= D45BF9 < @9A98:@9AFG >4K9EF64, >.F.A., 8BJ9AF 
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� CDBJ9EE<A7, <?< DM&KD >4> F4>B6B=, F.9. <ECB?P;B64A<9 B8AB7B <; EG-
M9EF6GRM<I @AB7BK<E?9AAOI 4?7BD<F@B6 8?S A9CBED98EF69AAB7B 4A4?<;4 84AAOI 
(A4CD<@9D, 4?7BD<F@4 >-ED98A<I 8?S >?4EF9D<;4J<<); 

� BJ9A>G < <AF9DCD9F4J<R D9;G?PF4FB6, F.9. CDB69D>G 64?<8ABEF< D9;G?PF4-
FB6 < <I «C9D96B8» A4 GCD46?9AK9E><= S;O> 8?S CD<ASF<S D9L9A<S 6 D4@>4I FB= 
@4D>9F<A7B6B= (GCD46?9AK9E>B=, ?B7<EF<K9E>B=) CDB5?9@O, >BFBD4S CBE?G:<?4 
<EIB8AB= CD<K<AB= 8?S CDB6989A<S 4A4?<;4. 

&<CB6O9 ;484K< DM&KD. � A4GKAB= ?<F9D4FGD9 EGM9EF6GRF D4;AO9 
CB8IB8O > 6O89?9A<R F<CB6 ;484K, D9L49@OI E CB@BMPR @9FB8B6 < 4?7BD<F@B6 
DM&KD. �6FBDO CB?474RF, KFB > K<E?G BEAB6AOI F4><I ;484K E?98G9F BFA9EF<: 
>?4EF9D<;4J<R (clustering), F.9. 7DGCC<DB6>G B5N9>FB6 CB EIB:9EF<; D4A:<DB64A<9 
(ranking), F.9. GCBDS8BK9A<9, 6OEFD4<64A<9 B5N9>FB6 CB BCD989?9AAO@ (;484AAO@) 
>D<F9D<S@; D97D9EE<R (regression), F.9. >B?<K9EF69AAGR BJ9A>G EF4F<EF<K9E>B= 
E6S;< @9:8G CD<;A4>4@< B5N9>FB6; >?4EE<H<>4J<R (classification), F.9. CBEFDB9A<9 
4?7BD<F@4 BFA9E9A<S B5N9>F4 > FB@G <?< <AB@G >?4EEG; CB<E> 4EEBJ<4F<6AOI CD4-
6<? (association rules learning), F.9. CB<E> 6E9I ;A4K<@OI ;46<E<@BEF9= @9:8G CD<-
;A4>4@< B5N9>FB6; CDB7AB;<DB64A<9 (forecasting), F.9. BCD989?9A<9 5G8GM<I EB-
EFBSA<= 4A4?<;<DG9@B7B B5N9>F4 <?< CDBJ9EE4. 

�4F97BD<;4J<O B5N9>FB6 DM&KD 6 EH9D9 5<;A9E4. '>4;4AAO9 F<CB6O9 
;484K< CB8D4;G@964RF 6OCB?A9A<9 BCD989?9AAOI 6OK<E?<F9?PAOI BC9D4J<= A48 
A9>BFBDO@< B5N9>F4@<, EBEF46?SRM<@< A45BD 84AAOI (dataset). � @4D>9F<A79, 
@9A98:@9AF9 < ?B7<EF<>9 F4><@< B5N9>F4@<, CB @A9A<R 46FBDB6, 6OEFGC4RF: 

� CDB8G>FO (GE?G7<, D45BFO), F.9. CD98BEF46?S9@O9 DOA>G J9AABEF<; 
� CBFD95<F9?<, F.9. EG5N9>FO (6 FB@ K<E?9 J9?O9 DOA>< <?< <I E97@9AFO), 

>BFBDO9 CB>GC4RF < CBFD95?SRF CDB8G>FO < GE?G7< >B@C4A<<;  
� Q>BAB@<K9E><9 E<EF9@O, F.9. EG5N9>FO IB;S=EF6B64A<S, A4CD<@9D, >BA>G-

D9AFO, CBED98A<><, CB8D4;89?9A<S E4@B= >B@C4A<< <?< 84:9 99 EBFDG8A<>< (@9-
A98:9DO), 4 F4>:9 6;4<@BE6S;P QF<I EG5N9>FB6, BD74A<;4J<BAAOI @9I4A<;@B6, 
F9IAB?B7<=, B5BDG8B64A<S < F.C., A4CD<@9D, 6 6<89 ?B7<EF<K9E><I <AHBD@4J<BA-
AOI E<EF9@ [3].  

#D<@9DO ;484K DM&KD 6 EH9D9 @4D>9F<A74. � >4K9EF69 <??REFD4J<< 
D4EE@BFD<@ A9>BFBDO9 CD<@9DO G>4;4AAOI 6OL9 F<CB6OI ;484K DM&KD.  

К?аAB5@87аF8я. "8AB= <; FD48<J<BAAB D9L49@OI ;484K 6 @4D>9F<A79 S6-
?S9FES ;484K4 E97@9AF<DB64A<S DOA>4 (market segmentation), F.9. ;484K4 D4;5<9A<S 
6E9= @4EEO CBF9AJ<4?PAOI < H4>F<K9E><I CB>GC4F9?9= A4 DS8 E97@9AFB6 (7DGCC), 
EIB:<I CB E6B9@G CB6989A<R, 6 FB@ K<E?9 D94>J<< A4 @4D>9F<A7B6O9 EF<@G?O, 
89@B7D4H<K9E><@, CE<IB?B7<K9E><@ < <AO@ I4D4>F9D<EF<>4@. �4:8B@G <; 6O89-
?9AAOI E97@9AFB6 (>?4EF9DB6) 84?99 CD98?4749FES <A8<6<8G4?PAO= @4D>9F<A7B-
6O= CB8IB8 (A4CD<@9D, <AB= 4EEBDF<@9AF CDB8G>J<<, BEB54S J9A4, C9DEBA4?<;<-
DB64AA4S D9>?4@4, «E6B=» @9FB8 8BEF46>< < F.C.). % CB;<J<= DM&KD D9KP ;89EP 
<89F B ;484K9 >?4EF9D<;4J<<.  

 а=68@>6а=85. �EF9EF69AAO@ CDB8B?:9A<9@ ;484K< E97@9AF<DB64A<S 
DOA>4 S6?S9FES ;484K4 6O5BD4 (BF5BD4) J9?96OI E97@9AFB6 (targeting), 6 D4@>4I 
>BFBDB= 6E9 6O89?9AAO9 E97@9AFO D4EEF46?SRFES CB CD<BD<F9FG, F.9. D4A:<DGRF-
ES BF ?GKL97B > IG8L9@G A4 BEAB64A<< DS84 >D<F9D<96. �4> CD46<?B, F4><9 >D<F9-
D<< 6>?RK4RF 6 E95S 9@>BEFP (D4;@9D) E97@9AF4, F9@C 97B DBEF4, GDB69AP >BA>G-
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D9AJ<<, BFEGFEF6<9 ;4>BAB84F9?PAOI B7D4A<K9A<= < F.8. � F9D@<AB?B7<< DM&KD 
D9KP ;89EP <89F B ;484K9 D4A:<DB64A<S.  

 57@5AA8я. #BCG?SDAB= ;484K9= S6?S9FES ;484K4 8<A4@<K9E>B7B J9ABB5D4-
;B64A<S (dynamic pricing) 6 Q?9>FDBAAB= >B@@9DJ<<. � QFB@ E?GK49 D97G?SDAB 
<M9FES F4>B9 ;A4K9A<9 J9AO, >BFBDB9 @4>E<@<;<DG9F CD<5O?P (<?< B5N9@ CDB-
84:). #B EGF<, D9KP <89F B @B89?<DB64A<S ECDBE4 6 6<89 GD46A9A<S @AB:9EF69A-
AB= D97D9EE<<, >BFBDB9 ;4F9@ <ECB?P;G9FES 8?S D9L9A<S BCF<@<;4J<BAAB= ;484K< 
< A4IB:89A<S BCF<@4?PAB= J9AO.  

К?аAA8D8>аF8я. �?S 6AB6P CD<6?9K9AAB7B >?<9AF4 (AB6B7B CB>GC4F9?S) 
>B@C4A<S (<AF9DA9F-@474;<A) 6E9784 IBK9F BEGM9EF6<FP 97B B8AB;A4KAB9 BFA9E9-
A<9 > FB@G <?< <AB@G DOABKAB@G E97@9AFG, KFB5O <ECB?P;B64FP G:9 A4D45BF4A-
AO9 @4D>9F<A7B6O9 EI9@O. � D4@>4I DM&KD QFB 5G89F E6989AB > F<CB6B= ;484K< 
>?4EE<H<>4J<< A4 BEAB69 G:9 6O89?9AAOI E97@9AFB6 DOA>4 (>?4EF9DB6) < CB-
EFDB9A<S >?4EE<H<>4FBDB6, GK<FO64RM<I CB6989AK9E><9, 89@B7D4H<K9E><9, 79B-
7D4H<K9E><9 < CE<IB?B7<K9E><9 CD<;A4>< CBFD95<F9?9=. &4>B= CB8IB8, A4CD<@9D, 
4>F<6AB <ECB?P;G9FES 8?S D9>B@9A84F9?PAOI E<EF9@ (recommender systems) 6 <A-
F9DA9F-@474;<A4I, >B784 D9L49FES ;484K4 >?4EE<H<>4J<< AB6B7B CBE9F<F9?S BFAB-
E<F9?PAB F<CB6OI >?4EEB6 CDBL?OI CB>GC4F9?9= E J9?PR D9>B@9A84J<< FB64DB6, 
>BFBDO9 5G8GF 8?S A97B <AF9D9EAO. 

�>8A> аAA>F8аB86=ыE ?@а68?. � QFB@ A4CD46?9A<< A4<5B?99 ;4@9FA4 ;4-
84K4 F4> A4;O649@B7B 4A4?<;4 DOABKAB= >BD;<AO (market basket analysis), 6 D4@>4I 
>BFBDB= BEGM9EF6?S9FES CB<E> L45?BAAOI, A4<5B?99 F<C<KAOI >B@5<A4J<= CB-
>GCB> CDB8G>FB6 6 7<C9D- < EGC9D@4D>9F4I A4 BEAB69 A4IB:89A<S 4EEBJ<4F<6AOI 
CD46<?. � D9;G?PF4F9 F4>B7B 4A4?<;4 @474;<AO @B7GF <;@9ASFP 6O>?48>G FB64DB6 
A4 CB?>4I, CD98?474FP A45BDO FB64DB6 EB E><8>B= < F.C.  

�@>7=>78@>6а=85. �M9 B8A4 <; <AF9D9EGRM<I @9A98:9DB6 CB @4D>9F<A7G 
>?4EE<K9E><I ;484K � QFB CD98E>4;4A<9 ?BS?PABEF< <?<, A4B5BDBF, GIB84 CBFD95<-
F9?9= (customer churn prediction) A4 BEAB64A<< <EFBD<< 97B CB6989A<S (K4EFBF4 
B5D4M9A<S > E4=FG, <AF9D9E > BCD989?9AAO@ FB64D4@ < 8D.) < CB>GCB> (K4EFBF4, 
D4;@9D < F.8.). $9;G?PF4FO CB8B5AB7B 4A4?<;4 <ECB?P;GRFES 6 84?PA9=L9@ 8?S 
CDBH<?4>F<K9E>B= D45BFO E CB>GC4F9?9@ (A4CD<@9D, CBED98EF6B@ EC9J<4?PAB= 
E><8>< <?< BFCD46>< C9DEBA4?<;<DB64AAB7B email E 5?47B84DABEFPR BF >B@C4A<<) 
9M9 8B FB7B, >4> BA E4@ ;48G@49FES B5 GIB89. % FBK>< ;D9A<S DM&KD D9KP @B:9F 
<8F< B CBEFDB9A<< ?B7<EF<K9E>B= D97D9EE<<.  

%C<EB> ?<F9D4FGDO 

1. The Arrival of Algorithmic Business // Gartner.com [1?9>FDBAAO= D9EGDE]. 
$9:<@ 8BEFGC4: http://www.gartner.com/smarterwithgartner/the-arrival-of-algorithmic-
business/  

2. #4DI<@9A>B �.�., &4FGD  . . &<CB6O9 ;484K< < CDBJ98GD4 data mining 6 
@4D>9F<A79 // �B@@GA<>4J<S 6 EBJ<4?PAB-7G@4A<F4DAB@ ;A4A<<, Q>BAB@<>9, B5D4-
;B64A<< : @4F9D<4?O IV  9:8GA4D. A4GK.-CD4>F. >BAH.,  <AE>, 7�9 4CD. 2016 7. � 
 <AE> : �;8. J9AFD ��', 2016. � %. 361�363. 

3. �B7<EF<K9E><9 <AHBD@4J<BAAO9 E<EF9@O: @BAB7D4H<S / �.!. �<6<J>4S. 
�  <AE>: ��'�$, 2013. � 362 E. 
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'�� 004.8 
#D<L?S>  .2.1, "?9=A<> �.�.2, %G55BF<A %.�.3 

%$��!�&��0!/� �!���� #$"�$�  !/) �����"&�� ��3 

#"%&$"�!�3 !��$"!!/) %�&�� ��'�"�"�" "�'+�!�3 

� ;484K4I CBEFDB9A<S @B89?9= CB CD9J989AF4@ 6B;A<>49F CDB5?9@4 
B5D45BF>< 5B?PL<I B5N9@B6 84AAOI 6 D9:<@9 D94?PAB7B 6D9@9A<. �?S 
D9L9A<S QFB= CDB5?9@O J9?9EBB5D4;AB <ECB?P;B64FP A9=DBAAO9 E9F< 
7?G5B>B7B B5GK9A<S. � A4EFBSM99 6D9@S D4;D45BF4A DS8 CDB7D4@@AOI 
5<5?<BF9> 8?S CBEFDB9A<S 7?G5B><I E9F9=, >BFBDO9 CD98EF46?S9FES 
J9?9EBB5D4;AO@ Q>EC9D<@9AF4?PAB <EE?98B64FP. 

�?S <EE?98B64A<S 5O?< 6O5D4AO 4>F<6AB D4;6<64RM<9ES 
5<5?<BF9>< 8?S D4;?<KAOI S;O>B6 CDB7D4@@<DB64A<S. %D98< A<I: 
TensorFlow (D4;D45BF>4 Google, S;O> Python), Chainer (S;O> Python), Torch 
(S;O> Lua) < Synaptic (S;O> JavaScript). � >4K9EF69 >BAH<7GD4J<< 
A9=DBAAOI E9F9= 6 <EE?98B64A<< 5O? 6O5D4A @AB7BE?B=AO= C9DE9CFDBA, 
>4> A4<5B?99 CDBEF4S < D4ECDBEFD4A9AA4S E9FP. 

�EIB8AO@< 84AAO@< 5O?< 6O5D4AO 864 A45BD4 8?S >?4EE<H<>4J<< 
<; CG5?<KAB7B D9CB;<FBD<S �4?<HBDA<=E>B7B GA<69DE<F9F4 6 �D64=A9. 
#9D6O= A45BD � 84AAO9 B :<6BFAOI 6 ;BBC4D>9 [1] (101 ;A4K9A<9, CB 16 
CB?9;AOI 4FD<5GFB6 6 >4:8B@). �484K4 EBEFB<F 6 >?4EE<H<>4J<< 
:<6BFAOI 6 7 D4;?<KAOI >?4EEB6. �FBDB= A45BD � 84AAO9 B 
>?4EE<H<>4J<< ?R89= CB J69FG >B:< [2] (45057 ;A4K9A<= CB 3 4FD<5GF4). 
�484K4 EBEFB<F 6 BCD989?9A<<, S6?S9FES ?< CD98EF46?9AAO= J69F J69FB@ 
K9?B69K9E>B= >B:<. � F9EF4I <ECB?P;B64?<EP B8<A4>B6O9 >BAH<7GD4J<< 
A9=DBAAOI E9F9= 8?S 6E9I 5<5?<BF9>. 

!4 8<47D4@@9 (D<E. 1) CB>4;4A4 ED98ASS A47DG;>4 A4 *# 4-S89DAB7B 
>B@CPRF9D4 CD< B5GK9A<< A9=DBAAB= E9F< >4:8B= <; D4EE@4FD<649@OI 
5<5?<BF9>, CD<K9@ F9EF CDB6B8<?ES A9E>B?P>B D4;, >4:8O= D4; 
CD98BEF46?SS 5<5?<BF9>9 B7D4A<K9AAB9 >B?<K9EF6B S89D (1, 2 < 4 
EBBF69FEF69AAB). #B A9= 6<8AB, KFB 5B?PL<AEF6B 5<5?<BF9> ECBEB5AB 
;489=EF6B64FP ?<LP K4EFP CD98BEF46?9AAOI <@ E<EF9@AOI D9EGDEB6 < 
CDB<;6B8<F 6 ED98A9@ B8<A4>B6GR A47DG;>G A4 #�, A9;46<E<@B BF ;484K<. 

                                                           
1 @47<EFD, EB<E>4F9?P >4H. CDB7D4@@AOI ED98EF6 �4CBDB:E>B7B A4J<BA4?PAB7B 
F9IA<K9E>B7B GA<69DE<F9F4, 7 �4CBDB:P9, '>D4<A4 
2 >4A8. F9IA. A4G>, 8BJ9AF, 8BJ9AF >4H. CDB7D4@@AOI ED98EF6 �4CBDB:E>B7B A4-
J<BA4?PAB7B F9IA<K9E>B7B GA<69DE<F9F4, 7 �4CBDB:P9, '>D4<A4 
3 8-D F9IA. A4G>, CDBH9EEBD, ;4698GRM<= >4H98DB= CDB7D4@@AOI ED98EF6 �4CB-
DB:E>B7B A4J<BA4?PAB7B F9IA<K9E>B7B GA<69DE<F9F4, 7 �4CBDB:P9, '>D4<A4. 
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$<E. 1. �ECB?P;B64A<9 D9EGDEB6 *# 5<5?<BF9>4@< 

� D9;G?PF4F9 CDB6989A<S <EE?98B64A<= 5<5?<BF9> CB 8DG7<@ 
C4D4@9FD4@ (<ECB?P;B64A<9 C4@SF<, E>BDBEFP B5GK9A<S) < D4EE@BFD9A<S 
CB889D:<649@B7B <@< HGA>J<BA4?4 5O?< CB?GK9AO E?98GRM<9 6O6B8O. 

�BEFB<AEF64@< 5<5?<BF9>< TensorFlow S6?SRFES BCF<@4?PA4S 
E>BDBEFP B5GK9A<S < 6B;@B:ABEFP D45BFO 6 >?4EF9D9. � A98BEF4F>4@ 
@B:AB BFA9EF< 5B?99 E?B:AO= (CB ED46A9A<R E 8DG7<@< D4EE@BFD9AAO@< 
5<5?<BF9>4@<) CDBJ9EE BC<E4A<S 4DI<F9>FGD A9=DBAAOI E9F9=. 

(D9=@6BD> Chainer <@99F 8BEF4FBKAO= A45BD HGA>J<= 8?S D45BFO 
E A9=DBAAO@< E9FS@< < CDBEFB= CB8IB8 > BC<E4A<R EFDG>FGD A9=DBAAOI 
E9F9=, 4 F4>:9 ;4FD4K<649F @<A<@4?PAB9 >B?<K9EF6B C4@SF< ED98< 
D4EE@BFD9AAOI 5<5?<BF9>, AB A9 <ECB?P;G9F 6E9 D9EGDEO *# < D45BF49F 6 
B8ABCBFBKAB@ D9:<@9. 

(D9=@6BD> Torch EB89D:<F 5B74FO= A45BD 6B;@B:ABEF9= 8?S 
A4GKAOI D4EK9FB6 < <@99F 5B?PLB9 EBB5M9EF6B. !98BEF4FB> � @98?9AA4S 
D45BF4 A4 *#, CB ED46A9A<R E BEF4?PAO@< D4EE@BFD9AAO@< 
5<5?<BF9>4@<. 

�<5?<BF9>4 Synaptic CB;6B?S9F CDBEFB9 BC<E4A<9 D4;?<KAOI 
4DI<F9>FGD A9=DBAAOI E9F9= < <@99F 6OEB>GR E>BDBEFP D45BFO 
6E?98EF6<9 CDBEFBFO E6B9= D94?<;4J<<. %D98< A98BEF4F>B6 � A4?<K<9 
?<LP 54;B6B7B A45BD4 HGA>J<= 8?S CBEFDB9A<S A9=DBAAOI E9F9=, 
B8ABCBFBKA4S 4DI<F9>FGD4 (B7D4A<K9A<9 node.js) < BFEGFEF6<9 CB889D:>< 
D45BFO A4 �#. 

%C<EB> ?<F9D4FGDO 

1. UCI Machine Learning Repository: Zoo Data Set. � Access mode: 
https://archive.ics.uci.edu/ml/datasets/Zoo 

2. UCI Machine Learning Repository: Skin Segmentation Data Set. � Access 
mode: https://archive.ics.uci.edu/ml/datasets/Skin+Segmentation 
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'�� 004.272.26: 004.93 
%>DGCE><= %.2.1 

 "���0 #$"�!"��$"��!�3 �$� �!� �/#"�!�!�3 

 �&"�� %�!&��� !��$"-!�+�&��) %�&�� � 

#�$�����0!"� �" #02&�$!"� %�%&� � 

%<AF9; A9=DB-A9K9F><I E9F9= 4>FG4?9A CD< D9L9A<< DS84 ;484K, A4-
CD<@9D, <A8<6<8G4?PAB7B CDB7AB;<DB64A<S EBEFBSA<S 5B?PAB7B 7<C9DFB-
A<K9E>B= 5B?9;APR [1]. 1FB FD95G9F 5B?PL<I ;4FD4F 6D9@9AAOI < 6OK<E-
?<F9?PAOI D9EGDEB6. #BQFB@G 6 84AAB= EH9D9 A4L?< CD<@9A9A<9 @9FB8O 
C4D4??9?PAOI 6OK<E?9A<=, D94?<;G9@O9 CD< CB@BM< >?4EF9DB6 6OK<E?<-
F9?PAOI G;?B6 < 7D4H<K9E><I CDBJ9EEBDB6 CUDA. #BE>B?P>G <ECB?P;B64-
A<9 >?4EF9DAOI D9EGDEB6 S6?S9FES 8BDB7BEFBSM<@, FB 64:AB D4J<BA4?PAB 
C?4A<DB64FP 6O5BD 6OK<E?<F9?PAOI D9EGDEB6 8?S 8BEF<:9A<S :9?49@B= 
CDB<;6B8<F9?PABEF<. *9?PR 84AAB= D45BFO S6?S9FES CB6OL9A<9 QHH9>-
F<6ABEF< CD<@9A9A<S C4D4??9?PAOI >B@CPRF9DAOI E<EF9@ 8?S E<AF9;4 
A9=DB-A9K9F><I E9F9=. 

"EAB6AO@< I4D4>F9D<EF<>4@< C4D4??9?PAB= E<EF9@O, 6?<SRM<@< A4 
6D9@S 6OCB?A9A<S @9FB84 E<AF9;4 A9=DB-A9K9F><I E9F9=, S6?SRFES F<C E<E-
F9@O (>?4EF9D CPU <?< GPU), K<E?B CDBJ9EEB6, A4 >BFBDOI 6OCB?AS9FES ;4-
84K4, < CDBCGE>A4S ECBEB5ABEFP E9F<. +<E?B 6B;@B:AOI D9L9A<= [1] >4> C4-
D4@9FD <EE?98G9@B7B @9FB84 F4> :9 B>4;O649F EGM9EF69AAB9 6?<SA<9 A4 ;4-
FD4K9AAB9 E<EF9@B= 6D9@S.  9FB8 [1] 5O? CD<@9A9A A4 >?4EF9D9 CPU < A4 
GPU, 6 D9;G?PF4F9 K97B 5O?4 EHBD@<DB64A4 B5GK4RM4S 6O5BD>4, 789 >4:8O= 
<; D9;G?PF4FB6 I4D4>F9D<;B64?ES K9FODP@S CD<;A4>4@<:  

,D X Y= , 

789 X={x1, x2, x3, x4}, xi={xi1, xi2, �, xiN}, N=174, Y={y1, y2, �, yN}. 
� D9;G?PF4F9 B5GK4RM4S 6O5BD>4 CD98EF46?S?4 EB5B= F45?<JG, EB-

89D:4MGR ;A4K9A<S K9FOD9I 6IB8AOI CD<;A4>B6 < B8AB7B 6OIB8AB7B 8?S 
>4:8B7B CD<@9A9A<S @9FB84 [1] 6 C4D4??9?PAB= E<EF9@9. 

 B89?<DB64A<9 D9L9A<S ;484K< <A8<6<8G4?PAB7B CDB7AB;<DB64A<S 
EBEFBSA<S 5B?PAB7B 7<C9DFBA<K9E>B= 5B?9;APR 6 C4D4??9?PAB= E<EF9@9 
BEGM9EF6?S?BEP A4 BEAB69 CBEFDB9AAB= B5GK4RM9= 6O5BD>< E CB@BMPR 
FD9IE?B=AB7B C9DE9CFDBA4, C9D6O= E?B= >BFBDB7B EB89D:4? K9FOD9 A9=-
DBA4, 6FBDB= E?B= � FD< A9=DBA4, FD9F<= E?B= � B8<A A9=DBA. �E9 A9=DBAO 
<@9?< E<7@B<8AGR HGA>J<R 4>F<64J<<. � >4K9EF69 8<E>D<@<A4AFAB= 
HGA>J<< <ECB?P;B64?4EP 6;69L9AA4S EG@@4: 

                                                           
1 >.F.A., 8BJ9AF >4H98DO �%% �!&' 
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( ) 0
1

;
x

i i
i

w x w w x
=

φ = +∑ , 

789 wi BCD989?S9F 69E i-7B 6IB8AB7B C4D4@9FD4 xi 6 HGA>J<< ϕ(w;x). 
�?S CBEFDB9A<S A9=DB@B89?< < BCD989?9A<S ;A4K9A<= 99 C4D4@9F-

DB6 A4 99 6IB8O CB8464?<EP ;A4K9A<S CDBABD@<DB64AAOI CD<;A4>B6, A4 
6OIB8 � ;A4K9A<9 6D9@9A< 6OCB?A9A<S @9FB84 E<AF9;4 A9=DB-A9K9F><I 
E9F9= 6 C4D4??9?PAB= E<EF9@9. � D9;G?PF4F9 5O?4 CB?GK9A4 E?98GRM4S 
A9?<A9=A4S @B89?P: 
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&4><@ B5D4;B@, CBEFDB9AA4S A9=DBE9F964S @B89?P CB;6B?S9F CDB-
7AB;<DB64FP 6D9@S, A9B5IB8<@B9 C4D4??9?PAB= >B@CPRF9DAB= E<EF9@9 
8?S 6OCB?A9A<S @9FB84 E<AF9;4 A9=DB-A9K9F><I E9F9=. #D< QFB@ ;A4K9A<9 
ED98A9>648D4F<KAB= BL<5>< @B89?< EBEF46<?B 2,95*10�5, KFB S6?S9FES 
CD<9@?9@O@ 8?S CB8B5AB7B DB84 ;484K. 

$45BF4 6OCB?A9A4 6 D4@>4I !�$ « 9FB8< V ;4EB5< B5K<E?R64?PAB-
7B VAF9?9>FG F4 C4D4?9?PAB7B >B@C�RF<A7G 8?S B5DB5?9AAS 69?<><I 84A<I 
6 E<EF9@4I 8V47ABEFG64AAS» �!&'. 
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%C<EB> ?<F9D4FGDO 

1. Individual prediction of the hypertensive patient condition based on 
computational intelligence / Sergey Subbotin, Andrii Oliinyk, Stepan Skrupsky � 
Information and Digital Technologies 2015 ISBN 978-1-4673-7185-8, 7�9 july 2015, 
Zilina, Slovakia, pp. 336�344 

'�� 001.8:002.01 
%G55BFVA %.".1 

�!("$ �*��!� &�)!"�"��3 

"*�!2��!!3 3�"%&� !�'�"��) #'�����*�� 

#BEFV=AB ;DBEF4RK<= B5ES7 A4G>B6<I CG5?V>4JV= DB5<FP CD4>F<KAB 
A9@B:?<6<@ WIAV= 4A4?V; ?R8P@< 6DGKAG V, 6V8CB6V8AB, 6<>?<>4є A9B5IV8-
AVEFP 46FB@4F<;4JVW 4A4?V;G 6?4EF<6BEF9= A4G>B6<I CG5?V>4JV=.  

�9D:46AV EFDG>FGD< F4 D984>4JVW A4G>B6<I 6<84AP, B>D9@V A4G>B6JV 
;4JV>46?9AV G @4F9@4F<KAB@G ;459;C9K9AAV, S>9 8B;6B?Sє 4A4?V;G64F< ;A4-
K<@VEFP CG5?V>4JV=, WIAVI 46FBDV6, BD74AV;4JV= 46FBDV6, 6<84AP, MB G є8<AV= 
E<EF9@V >D<F9DVW6 84є @B:?<6VEFP BJVA<F< V CBDV6ASF< DV;AV 8BE?V8:9AAS V 
8BE?V8A<>V6, A9 ;4FD4K4RK< ;A4KA<I ;4EB5V6 V K4EG A4 CDB6989AAS WIAPBW 
EC9JV4?PABW 9>EC9DF<;< ?R8P@<. 

!4 84A<= K4E 6V8B@4 A<;>4 CB>4;A<>V6 BJVAR64AAS S>BEFV CG5?V>4-
JV= [1�4], MB 8B;6B?SRFP 4A4?V;G64F< CG5?V>4JVW, S>V 6<=L?<, WIAVI 46FB-
DV6, :GDA4?<, 4 F4>B: BD74AV;4JVW ;4 K<E?B@ CBE<?4AP A4 A<I 6 VAL<I CG5-
?V>4JVSI.. !98B?V>B@ 6V8B@<I ;4EB5V6 [1�4] є F9, MB 6BA< A9 8B;6B?SRFP 
BJVA<F< I4D4>F9D<EF<>< A4G>B6<I CD4JP 8B WIAPBW CG5?V>4JVW A4 EF48VW DB;-
7?S8G D984>JVєR A4G>B6B7B :GDA4?G = B5@9:GRFPES FV?P>< CBE<?4AAS@< 
A4 EF4FFV / 46FBDV6 / BD74AV;4JVW / :GDA4?<, A9 CD<8V?SRK< G647< EFDG>FGDV, 
?9>E<JV V HBD@V CB84AAS @4F9DV4?G CG5?V>4JV=. &B5FB BJVARRFP EF4FFV A4 
;B6AVLAPB@G CB 6V8ABL9AAR 8B WIAPB7B 6@VEFG DV6AV, MB A9 8B;6B?Sє S6AB 
EG8<F< CDB S>VEFP CB84AAS @4F9DV4?G EF4FFV.  

� VALB7B 5B>G, A98B?V>B@ 6V8B@<I @9FD<> S>BEFV A4 DV6AV EF4F9= є 
F9, MB 6BA< I4D4>F9D<;GRFP 6?4EF<6BEFV B>D9@<I EF4F9= 59; GD4IG64AAS 
WIAPB7B ;6�S;>G ; VAL<@< CG5?V>4JVS@, A98B?V>B@ @9FD<> A4 DV6AV 46FBDV6 � 
F9, MB 6BA< A9 6D4IB6GRFP 6;4є@B;6�S;>< CG5?V>4JV= DV;A<I 46FBDV6, 4 @9-

                                                           
1 8-D F9IA. A4G>, CDBH9EBD, ;46V8G64K >4H98D< CDB7D4@A<I ;4EB5V6 �4CBDV;P>B7B 
A4JVBA4?PAB7B F9IAVKAB7B GAV69DE<F9FG, @. �4CBDV::S, '>D4WA4. 
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FD<> A4 DV6AV :GDA4?V6 � F9, MB 6BA< A9;4EFBEB6AV 8?S B>D9@<I EF4F9= V 
8?S B>D9@<I GK9A<I.  

 9FBR 84ABW DB5BF< є EF6BD9AAS VAHBD@4JV=ABW F9IAB?B7VW BJVAR-
64AAS S>BEFV A4G>B6<I CG5?V>4JV=, 6V?PABW 6V8 ;4;A4K9A<I A98B?V>V6. 

�<;A4K9AB A45VD @9FD<>, MB 8B;6B?SRFP >V?P>VEAB BJVAR64F< VA8<-
6V8G4?PAV 6?4EF<6BEFV @4F9DV4?G V 46FB@4F<;G64F< 4A4?V; A4G>B6<I CG5?V-
>4JV=. �4CDBCBAB64A<= A45VD @VEF<FP CB>4;A<>< EF4FFV: CBF9AJV4? BIBC-
?9AAS K<F4JP>BW 4G8<FBDVW, EFDG>FGDB64AVEFP, DV;AB@4AVFAVEFP 79B7D4HVW, 
@B6 F4 6<8V6 8:9D9? 5V5?VB7D4HVW, S>VEFP 5V5?VB7D4HVW, A4E<K9AVEFP F9>EFG 
CBE<?4AAS@< A4 8:9D9?4, K<E?B V J<FB64AVEFP D<EGA>V6 V F45?<JP, V?REF-
DB64AVEFP, B5ES7 V 6<>BD<EF4AAS @4F9@4F<KAB7B 4C4D4FG, 9H9>F<6AVEFP 45-
D96V4FGD, CB>4;A<>< ?9>E<>< EF4FFV (6V8CB6V8AVEFP A4;6< F9>EFG, A4;6< F4 
46FBDEP>BW 4ABF4JVW, 46FBDEP>BW 4ABF4JVW V F9>EFG, >?RKB6<I E?V6 V 4ABF4JVW, 
>?RKB6<I E?V6 V A4;6<, >?RKB6<I E?V6 V F9>EFG, >?RKB6<I V I4D4>F9D<EF<K-
A<I E?V6, 4ABF4JVW F4 I4D4>F9D<EF<KA<I E?V6, A4;6< V I4D4>F9D<EF<KA<I 
E?V6, '�� F4 ?9>E<>< EF4FFV, BC<EG F45?<JP F4 D<EGA>V6 F9>EFG, 6V8CB6V8-
ABEFV ?9>E<>< 45;4JV6, A4;6 ?VF9D4FGDA<I 8:9D9? V F9>EFG), E4@BJ<FG64AAS 
46FBD4@< EF4FFV, S>VEFP 46FBDEP>B7B >B?9>F<6G, 7V5D<8AV F4 VAF97D4?PAV 
CB>4;A<>< S>BEFV EF4FFV.  

�4CDBCBAB64AB >B@C?9>E @V:EF4F9=A<I @9FD<> A4G>B6<I CG5?V>4-
JV=, S>V 8B;6B?SRFP >V?P>VEAB BJVAR64F< 6?4EF<6BEFV A4G>B6<I CG5?V>4JV=, 
MB @VEF<FP @9FD<><, S>V 6D4IB6GRFP 6;4є@B;6�S;B> EF4F9= V WIAR ?9>E<>G, 
@9FD<><, MB 6D4IB6GRFP J<FB64AVEFP V ?9>E<>G EF4F9=, 4 F4>B: @9FD<>< A4 
DV6AV 46FBDV6 V @9FD<>< A4 DV6AV :GDA4?V6, MB 8B;6B?SRFP GEGAGF< A98B?V-
>< 6V8B@<I @9FD<>.  

!46989AB CD<>?48<, MB CV8F69D8:GRFP CD4>F<KAG ;4EFBEB6AVEFP 
;4CDBCBAB64A<I CB>4;A<>V6. 

�B@C?9>E DB;DB5?9A<I CB>4;A<>V6 8B;6B?Sє >V?P>VEAB I4D4>F9D<;G-
64F< 6?4EF<6BEFV A4G>B6<I CD4JP ; CB7?S8G A4 WIAR EFDG>FGDG, ?9>E<>G V 
HBD@G CB84AAS @4F9DV4?G, 4 F4>B: 6D4IB6G64F<@GFP 5V5?VB7D4HVR EF4F9= V 
CBE<?4AAS A4 A9W 6 BCG5?V>B64A<I 8:9D9?4I. 

�<>BD<EF4AAS ;4CDBCBAB64A<I @9FD<> 8B;6B?Sє 46FB@4F<;G64F< 
4A4?V; V CBDV6ASAAS A4G>B6<I CG5?V>4JV= V C9DVB8<KA<I 6<84AP.  

%C<EB> ?VF9D4FGD< 

1. Moed H. F. Measuring contextual citation impact of scientific journals / H. F. 
Moed // Journal of Informetrics. � 2010. � Vol. 4, № 3. � P. 265�277.  

2. �7D4 6 JOH<DP, <?< >4> F9C9DP BJ9A<64RF FDG8 GK9AB7B (c5BDA<> EF4F9= 
B 5<5?<B@9FD<>9). �  .:  *! ", 2011. � 72 c. 

3. *O74AB6 �. �. �D4F>B9 BC<E4A<9 A4G>B@9FD<K9E><I CB>4;4F9?9=, BEAB-
64AAOI A4 J<F<DG9@BEF< / �. �. *O74AB6 // 'CD46?9A<9 5B?PL<@< E<EF9@4@< : c5. 
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FD. %C9J. 6OC. 44 � !4G>B@9FD<S < Q>EC9DF<;4 6 GCD46?9A<< A4G>B=. �  .: �#' 
$�!, 2013. � %.248�261. 

4. ,FB654 %. �. "5;BD A4G>B@9FD<K9E><I CB>4;4F9?9= 8?S BJ9A>< CG5?<-
>4J<BAAB= 89SF9?PABEF< GK9AB7B / %. �. ,FB654, �. �. ,FB654 // 'CD46?9A<9 5B-
?PL<@< E<EF9@4@< : c5. FD. %C9J. 6OC. 44 � !4G>B@9FD<S < Q>EC9DF<;4 6 GCD46?9-
A<< A4G>B=. �  .: �#' $�!, 2013. � %. 262�278. 

'�� 004.93 
%G55BFVA %.".1 

#"�'�"�� ����!"%&�+!�)  "����� !� "%!"�� 
#"�!�%&2 ���!�+�!�) !��$"-!�+�&��)  �$�� 

!9=DB-A9KVF>V @9D9:V [1�4] L<DB>B 6<>BD<EFB6GRFPES 6 
F9IAVKAB@G 8V47ABEFG64AAV ;468S>< WI ;84FABEFS@ 8B A46K4AAS ;4 CD9J9-
89AF4@<, VAF9DCD9F459?PABEFV F4 @4EB64AB@G C4D4?9?V;@G B5K<E?9AP. #DB-
F9 5V?PLVEFP 6V8B@<I @9FB8V6 E<AF9;G A9=DB-A9KVF><I @9D9: [1�4] 6<@4-
74RFP ;464AF4:9AAS 6EVєW A46K4?PABW 6<5VD>< 8B C4@�SFV �" , є 
CB6V?PA<@<, CD<;6B8SFP 8B BFD<@4AAS @B89?9=, MB A98BEF4FAPB 8B5D9 
CDBS6?SRFP G;474?PAR64?PAV = 4CDB>E<@4JV=AV 6?4EF<6BEFV, MB B5@9:Gє 
;4EFBEG64AAS F4><I @B89?9= A4 CD4>F<JV. 

 9FBR DB5BF< є 46FB@4F<;4JVS E<AF9;G 8V47ABEF<KA<I @B89?9= A4 
BEAB6V A9=DB-A9KVF><I @9D9:, 6V?PA<I 6V8 ;4;A4K9A<I A98B?V>V6. 

�4CDBCBAB64AB @9FB8 E<AF9;G A9=DB-A9KVF><I @B89?9= ;4 CD9J989A-
F4@<, ;84FA<= B89D:G64F< JV?>B@ 6<;A4K9AV A9=DB@B89?V A4 BEAB6V D97G-
?SDAB7B DB;5<FFS B;A4>.  

�?S ;459;C9K9AAS L6<8>BEFV DB;5<FFS CDBEFBDG B;A4> F4 =B7B 
A9;4?9:ABEFV 6V8 ?R8<A< CDBCBAGєFPES 6<>BD<EFB6G64F< D97G?SDA9 DB;-
5<FFS 8V4C4;BAV6 ;A4K9AP B;A4> A4 VAF9D64?<. +<E?B VAF9D64?V6 8?S DB;5<F-
FS 8V4C4;BAV6 ;A4K9AP B;A4> 8BJV?PAB B5<D4F< F4><@ K<AB@, MB5 ;459;C9-
K<F< G;474?PA9AAS 84A<I. 

 9FB8 DB;D4IB6Gє >BBD8<A4F< J9AFDV6 >?4EF9DV6 S> >BBD8<A4F< 
J9AFDV6 CDS@B>GFA<I 5?B>V6 G CDBEFBDV VAF9D64?V6 B;A4>, 4 A4?9:ABEFV 
>?4EF9DV6 8B >?4EV6 6<;A4K4є ;4 A46K4?PABR 6<5VD>BR: 8?S >?4EF9DV6, CB-
>D<F<I ECBEF9D9:9AAS@<, A4?9:AVEFP 6<;A4K4єFPES ;4 @4>E<@G@B@ K4EFB-
F< 9>;9@C?SDV6 6V8CB6V8A<I >?4EV6 G >?4EF9DV, 4 8?S >?4EF9DV6, A9 CB>D<F<I 
                                                           
1 8-D F9IA. A4G>, CDBH9EBD, ;46V8G64K >4H98D< CDB7D4@A<I ;4EB5V6 �4CBDV;P>B7B 
A4JVBA4?PAB7B F9IAVKAB7B GAV69DE<F9FG, @. �4CBDV::S, '>D4WA4. 
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ECBEF9D9:9AAS@<, A4?9:AVEFP 6<;A4K4FPES ;4 @4>E<@4?PA<@ CBF9AJV4?B@, 
MB A46B8<FPES A4 84A<= >?4EF9D >?4EF9D4@< ; 6V8B@BR A4?9:AVEFR 8B 
>?4EV6.  

"FD<@4A<= A45VD >?4EF9DV6-CD46<? 6V8B5D4:4єFPES G EFDG>FGDG 
A9=DB-A9KVF>BW @9D9:V  4@84A< (D<E. 1), 4 WW C4D4@9FD< A4?4LFB6GRFPES 
A4 BEAB6V C4D4@9FDV6 DB;5<FFS B;A4> V J9AFDV6 >?4EF9DV6. !4 6IV8A<= L4D 
@9D9:V A48IB8SFP 6IV8AV E<7A4?< � ;A4K9AAS B;A4> DB;CV;A464AB7B 9>;9@C-
?SD4, S>V 84?V A48IB8SFP A4 8DG7<= L4D, S><= 6<>BAGє H4;;VHV>4-
JVR..�<IB8< A9=DBAV6 8DG7B7B L4DG S6?SRFP EB5BR ;A4K9AAS HGA>JV= 
A4?9:ABEFV DB;CV;A464AB7B 9>;9@C?SD4 8B F9D@V6 B;A4>. !9=DB9?9@9AF< 
FD9FPB7B L4DG @9D9:V >B@5VAGRFP A4?9:ABEFV 8B F9D@V6 G A4?9:ABEFV 8B 
9F4?BAV6 >?4EF9DV6, A4 BEAB6V S><I A9=DBA< K9F69DFB7B L4DG 6<;A4K4RFP 
A4?9:AVEFP 8B >?4EV6. Є8<A<= A9=DBA C�SFB7B (6<IV8AB7B) L4DG ;8V=EARє 
89H4;;VHV>4JVR F4 6<84є A4 6<IB8V DB;D4IGA>B69 ;A4K9AAS AB@9D4 >?4EG 
DB;CV;A464AB7B 9>;9@C?SD4. 

 
$<E. 1. %I9@4 A9=DB-A9K9F>B= E9F< 

 
�4CDBCBAB64A<= @9FB8 A9 6<@474є ;464AF4:9AAS 6EVєW A46K4?PABW 

6<5VD>< 6 C4@�SFP �"  F4 VEFBFAB CD<E>BDRє CDBJ9E E<AF9;G @B89?9=, 
;459;C9KGRK< CD< JPB@G CD<=ASFA<= DV69AP G;474?PA9AAS 84A<I B89D:G-
64ABR A9=DB@B89??R.  

$B;DB5?9AB CDB7D4@A9 ;459;C9K9AAS, MB D94?V;Gє ;4CDBCBAB64A<= 
@9FB8, 4 F4>B: CDB6989AV 9>EC9D<@9AF<, MB CV8F69D8<?< CD4J9;84FAVEFP 
DB;DB5?9AB7B @4F9@4F<KAB7B ;459;C9K9AAS V MB 8B;6B?SRFP D9>B@9A8G64-
F< =B7B 8?S CB5G8B6< A9=DB-A9KVF><I @B89?9= A4 BEAB6V 6<5VDB> 69?<>B7B 
B5ES7G. 
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Fuzzy sets and systems. � 1994. �Vol. 66, Issue 1. � P. 1�13. 

2. �?<  . �. !9K9F>4S ?B7<>4 < <E>GEEF69AAO9 A9=DBAAO9 E9F< / 
 . �. �?<. �  .: (<;@4F?<F, 2003. � 225 E. 

3. $GF>B6E>4S �. !9=DBAAO9 E9F<, 79A9F<K9E><9 4?7BD<F@O < A9K9F><9 E<E-
F9@O / �. $GF>B6E>4S,  . #<?<APE><=, �. $GF>B6E><= ; C9D. E CB?PE>. 
�. �. $G8<AE>B7B. �  .: �BDSK4S ?<A<S � &9?9>B@, 2004. � 452 E. 

4. 3INS964 �. 1. !9K9F><9 @AB:9EF64 < A9=DBAAO9 E9F< : GK95. CBEB5<9 / �. 
1. 3INS964. �  .: �AFG<F, 2006. � 316 E. 

'�� 004.6 
&4FGD  . .1, #4DI<@9A>B �.�.2 

$�!��$"��!�� ��� ����+� DATA MINING & KNOWLEDGE 

DISCOVERY 

� A4GKAB= ?<F9D4FGD9 6O89?SRF  E?98GRM<9 F<CB6O9 ;484K<   Data Mining 
& Knowledge Discovery (DM&KD):  >?4EF9D<;4J<R (clustering), F.9. 7DGCC<DB6>G 
B5N9>FB6 CB EIB:9EF<, D97D9EE<R (regression), F.9. >B?<K9EF69AAGR BJ9A>G EF4F<-
EF<K9E>B= E6S;< @9:8G ;46<E<@O@< < A9;46<E<@O@< CD<;A4>4@< B5N9>FB6, >?4E-
E<H<>4J<R (classification), F.9. BFA9E9A<9 B5N9>F4 > FB@G <?< <AB@G >?4EEG, CB<E> 
4EEBJ<4F<6AOI CD46<? (association rules learning), F.9. CB<E> 6E9I ;A4K<@OI ;46<-
E<@BEF9= @9:8G CD<;A4>4@< B5N9>FB6, CDB7AB;<DB64A<9 (forecasting), F.9. BCD989-
?9A<9 5G8GM<I EBEFBSA<= 4A4?<;<DG9@B7B B5N9>F4 <?< CDBJ9EE4. 

�6FBDO CB?474RF, KFB > K<E?G F4><I ;484K E?98G9F BFA9EF< < ;484KG D4A-
:<DB64A<S (ranking), F.9. GCBDS8BK9A<9, «EBDF<DB6>G», 6OEFD4<64A<9 B5N9>FB6 CB 
BCD989?9AAO@ (;484AAO@) >D<F9D<S@. 

� ?<F9D4FGD9 CB Data Mining <AB784 GCB@<A49FES ;484K4 B5GK9A<S D4A:<-
DB64A<R (learning to rank), >BFBD4S D9L49FES 6 D4@>4I >?4EE<K9E>B= CDB5?9@O 
<;6?9K9A<S <AHBD@4J<< (information retrieval) [1�3]. !4CD<@9D, 6 CB<E>B6OI <A-
F9DA9F-E<EF9@4I (Google, Yandex < 8D.) QF4 ;484K4 E6B8<FES > D4A:<DB64A<R 695-
8B>G@9AFB6 (EFD4A<J) CB EF9C9A< <I D9?964AFABEF< ;4CDBEG CB?P;B64F9?S, CD< 
QFB@ <ECB?P;G9FES B5GK9A<9 A4 6O5BD>9.   

"5M9<;69EFAB, KFB D4A:<DB64A<9 D4EE@4FD<649FES A9 FB?P>B 6 D4@>4I G>4-
;4AAB= ;484K<, AB < 8?S 5B?99 L<DB>B7B >DG74 E?GK496, 6 FB@ K<E?9  59; A4?<K<S 

                                                           
1 �9?BDGEE><= 7BEG84DEF69AAO= GA<69DE<F9F <AHBD@4F<>< < D48<BQ?9>FDBA<><, 
CDBH9EEBD >4H98DO 1� , 8.F.A., CDBH9EEBD 
2 �9?BDGEE><= 7BEG84DEF69AAO= GA<69DE<F9F <AHBD@4F<>< < D48<BQ?9>FDBA<><, 
;4698GRM<= >4H98DB= Q>BAB@<><, >.Q.A., 8BJ9AF 
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B5GK4RM9= 6O5BD><. !4CD<@9D, DG>B6B8EF6B >B@C4A<< IBK9F BEGM9EF6<FP D4A-
:<DB64A<9 E6B<I @9A98:9DB6 CB CDB84:4@ 6 ;46<E<@BEF< BF B5N9@4 ;4>?RK9AAOI 
<@< E89?B> ;4 @9ESJ E J9?PR CD9@<DB64FP ?GKL<I < 89CD9@<DB64FP IG8L<I. � 
F4>B@, CDBEF9=L9@, 64D<4AF9 CBEF4AB6>< ;484K<  D4A:<DB64A<S >D<F9D<= EBDF<-
DB6>< BEGM9EF6?S9FES FB?P>B CB B8AB@G CD<;A4>G. E6B8<FES, CB EGF<, > CDBEFB= 
EBDF<DB6>9 < @B:9F 5OFP 89=EF6<F9?PAB BEGM9EF6?9A 84:9 59; D4EK9FB6. � 5B?99 
E?B:AOI E?GK4SI >D<F9D<< D4A:<DB64A<S 6>?RK4RF DS8 CD<;A4>B6. %>4:9@, 6 
GCB@SAGFB= E<FG4J<< @9A98:9DO CB CDB84:4@ D4A:<DGRFES, A9 FB?P>B <EIB8S <; 
B5N9@B6 E89?B>, AB < GE?B6<R BC?4FO (BFEDBK>4, CD98BC?4F4 < F.C.), D9AF459?PAB-
EF< E89?><, EFD4F97<K9E>B= ;A4K<@BEF< >?<9AF4 8?S >B@C4A<<, <AF9AE<6ABEF< 
8BCDB84:AOI GE<?<= (>B?<K9EF6B ;6BA>B6 CBF9AJ<4?PAO@ >?<9AFB@, K<E?B CDB-
6989AAOI 6O9;8AOI FBD7B6OI CD9;9AF4J<=, B5N9@ CB87BFB6?9AAOI «CDB84RM<I» 
F9>EFB6) < 8D. #DB5?9@4 9M9 5B?PL9 GE?B:AS9FES, >B784 A9>BFBDO9 CD<;A4>< S6-
?SRFES A9 >B?<K9EF69AAO@<, 4 >4K9EF69AAO@<.  

 4F9@4F<K9E>< D9KP <89F B FB@, KFB D4A:<DB64A<9 BEGM9EF6?S9FES CB A9-
>BFBDB= J9?96B= HGA>J<< (HGA>J<< D4A:<DB64A<S, HGA>J<S E>BD<A74), 6OD4-
:4RM9= CD98CBKF9A<S ?<J4, CD<A<@4RM97B D9L9A<9, BFABE<F9?PAB 64:ABEF< F9I 
<?< <AOI CD<;A4>B6 (>D<F9D<96). � CDBEF9=L9@ E?GK49 QFB HGA>J<S 6<84 

, 789  � E>BD<A7B64S BJ9A>4 B5N9>F4 i,  � 69E CD<;A4>4 j,  
 � ;A4K9A<9 CD<;A4>4 j G B5N9>F4 i.  

�ECB?P;B64A<9 5B?99 E?B:AOI HGA>J<=, 4 F4>:9 5B?PL99 K<E?B CD<;A4>B6 
(6 FB@ K<E?9 D4;AB69EB@OI, D4;ABA4CD46?9AAOI), A4?<K<9 >4K9EF69AAOI, 4 A9 
FB?P>B >B?<K9EF69AAOI CD<;A4>B6, � 6E9 QFB 89?49F ;484KG D4A:<DB64A<S EB69D-
L9AAB A9 FD<6<4?PAB=. !9G8<6<F9?PAB, KFB A4 5B?PLB@ B5N9@9 84AAOI 84:9 CD< 
A4?<K<< CBASFAOI >D<F9D<96 D4A:<DB64A<S (HGA>J<<) K9?B69> G:9 A9 6 EBEFBS-
A<< (F9@ 5B?99 BC9D4F<6AB) CDBD4A:<DB64FP D4EE@4FD<649@99 B5N9>FO, 6B;A<>49F 
A9B5IB8<@BEFP 6 <ECB?P;B64A<< 4?7BD<F@B6 < 6OK<E?<F9?PAOI ED98EF6. �E9 QFB 
CB8F69D:849F A9B5IB8<@BEFP BFA9E9A<S ;484K< D4A:<DB64A<S > F<CB6O@ ;484K4@ 
DM&KD. 

� B5M9@ 6<89 CDBJ98GDG D4A:<DB64A<S @B:AB CD98EF46<FP, CB @A9A<R 
46FBDB6, 6 6<89 E?98GRM97B B5B5M9AAB7B 4?7BD<F@4: 

1. "CD989?9A<9 GCD46?9AK9E>B= CDB5?9@O < CBEF4AB6>4 J9?< DM&KD. 
2. �O5D4FP C4D4@9FDO (<AHBD@4F<6AO9 CD<;A4><). 
3. #B?GK<FP 84AAO9 (CDB<;69EF< <;@9D9A<S). 
4. !BD@4?<;B64FP 84AAO9. 
5. «�;69E<FP» 84AAO9. 
6. �O5D4FP @9FD<>G (J9?96GR HGA>J<R). 
7. #DB69EF< D4A:<DB64A<9. 
8. "J9A<FP, <AF9DCD9F<DB64FP CB?GK9AAO= D9;G?PF4F. 
!4;64AAO9 QF4CO I4D4>F9DAO 8?S 8DG7<I F<CB6OI ;484K DM, E?98B64F9?P-

AB, < D4A:<DB64A<9 8B?:AB ;4A<@4FP EBE98EF6GRM99 E A<@< @9EFB 6 DS8G ;484K 
<AF9??9>FG4?PAB7B 4A4?<;4 84AAOI. 
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'�� 004.67:004.9 
2D &.�.1 

�!���� &�)!"�"��� DATA MINING �� ��%&"%'��!!3  

������&-#�$�&�"$�!!3 

' 54;4I 84A<I, S>V A4>BC<KGRFPES 6 GEPB@G E6VFV, ;4IB64AB 
69?<K9;AG >V?P>VEFP CBF9AJV=AB 64:?<6<I, 4?9 M9 A9 6<S6?9A<I ;A4AP. 
&9IAB?B7VW VAF9?9>FG4?PAB7B 4A4?V;G 84A<I 45B Data mining (DM) 
;4EFBEB6GRFPES 8?S 6V8LG>4AAS L45?BAV6, FD9A8V6, 4EBJV4JV=, 4AB@4?V=, 
64:?<6<I 4FD<5GFV6 F4 EFDG>FGD 6 A9BCD4JPB64A<I 84A<I 8?S CB84?PLB7B 
CD<=ASFFS DVL9AP A4 BEAB6V 6<S6?9A<I ;A4AP. �BA< ; GECVIB@ ;A4IB8<FP 
E6Bє ;4EFBEG64AAS 6 DV;A<I CD<>?48A<I B5?4EFSI: 6 @4D>9F<A7G, FBD7V6?V, 
54A>V6EP>V= ECD46V, 5VBVAHBD@4F<JV, 6 E<EF9@4I 8V47ABEFG64AAS FBMB. 

�9=6?9F-C9D9F6BD9AAS (�#) є @4F9@4F<KA<@ 4C4D4FB@, MB 8B;6B?Sє 
BFD<@4F< >B@C4>FA9 V VAHBD@4F<6A9 5474FBDV6A969 CD98EF46?9AAS 
8BE?V8:G64A<I B5�є>FV6. 3> CB>4;4?< CDB6989AV 8BE?V8:9AAS, �# @B:9 
EF4F< S8DB@ 5474FPBI F9IAB?B7V= DM V 8B;6B?<FP BFD<@4F< ;A4KAB 5V?PL 
9H9>F<6AV DVL9AAS 5474FPBI 6<DVLG64A<I CDB5?9@ ;468S>< F4><@ 
ECD<SF?<6<@ 6?4EF<6BEFS@ S>: AG?PB6V @B@9AF<, >B@C4>FA<= ABEV=, 
VєD4DIVKA4 V 5474FB@4ELF45A4 EFDG>FGD4 89>B@CB;<JVW, ?VAV=A4 K4EB64 V 

                                                           
18BJ9AF >4H98DO CDB7D4@@AOI ED98EF6 �!&', >.F.A., 8BJ. 
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CDBEFBDB64 E>?48AVEFP C9D9F6BD9AAS, 89>BD9?SJVS >B9HVJVєAFV6 F4 69?<>9 
DV;AB@4AVFFS 54;<EA<I HGA>JV=. 

#DBJ9E DM 8?S =B7B EFDG>FGD<;4JVW @B:A4 DB;5<F< A4 A4EFGCAV 
9F4C<: ;59DV74AAS 84A<I, CBC9D98AS B5DB5>4 F4 CV87BFB6>4 84A<I 8B 
4A4?V;G, 59;CBE9D98AV= 4A4?V; 84A<I V 6<?GK9AAS ;A4AP, BJVA>4 F4 
VAF9DCD9F4JVS BFD<@4A<I D9;G?PF4FV6 4A4?VF<>B@.  

!4 9F4CV ;59DV74AAS 84A<I ;484RFPES @9I4AV;@< V EFDG>FGD< 8?S 
BD74AV;4JVW 8BEFGCG 8B 84A<I, MB є 6>D4= 64:?<6<@< 6 CD4>F<KA<I 
;4EFBEG64AASI CD< 4A4?V;V 69?<><I B5ES7V6 A4>BC<K9ABW VAHBD@4JVW. 

�468S>< FB@G, MB �# A484є VєD4DIVKAG 5474FB@4ELF45AG EFDG>FGDG 
CB84AAS 84A<I, =B7B @B:A4 ;4EFBEG64F< 8?S 9H9>F<6AB7B ;59DV74AAS F4 
L6<8>B7B 8BEFGCG 8B EF<EA9A<I 84A<I. �# 8B;6B?Sє BFD<@4F< 6<EB>9 
ECV66V8ABL9AAS EF<EA9AAS 6 CBє8A4AAV ; 74DABR S>VEFR 6V8AB6?9AB7B 
E<7A4?G. &4> �# L<DB>B 6<>BD<EFB6GєFPES 8?S 4G8VB V 6V89B 84A<I, K4EB6<I 
DS8V6, =B7B 5G?B B5D4AB 8?S EF4A84DFV6 EF<EA9AAS ;B5D4:9AP JPEG2000 V 
ICER. �4EFBEG64AAS �# 6 TSA-89D964I V 2D TSA-89D964I A484є 9H9>F<6AV 
EFDG>FGD< ;59DV74AAS K4EB6<I V CDBEFBDB6B-K4EB6<I E<7A4?V6, S>V 
CV8FD<@GRFP ;4C<F< A4 DV;A<I DV6ASI 45EFD4>JVW CDB FD9A8 6 84A<I V 
D4CFB6V ;@VA< WIAPBW CB698VA><. 

#BC9D98AS B5DB5>4 84A<I є 64:?<6<@ 9F4CB@, MB ;459;C9KGє S>VEFP 
84A<I V CV86<MGє 9H9>F<6AVEFP V S>VEFP A4EFGCAB7B CDBJ9EG 4A4?V;G. 
#V87BFB6>4 84A<I 8?S 4A4?V;G 6>?RK4є BK<M9AAS 8?S 6<84?9AAS LG@G V 
6<><8V6, VAF97D4JVR 84A<I ; DV;A<I VAHBD@4JV=A<I 8:9D9?, CDBDV8:G64AAS 
84A<I 8?S ;@9AL9AAS DB;@VDABEFV V E>?48ABEFV, C9D9F6BD9AAS 84A<I G 
6V8CB6V8A<= HBD@4F 8?S 4A4?V;G. 

�468S>< 6?4EF<6BEFV AG?PB6<I @B@9AFV6 69=6?9FV6, ;4;6<K4= FV?P>< 
89S>V ; >B9HVJVєAFV6 �# є ;A4KGM<@< V A9EGFP >BD<EAG VAHBD@4JVR, 4 
69?<>4 K4EF<A4 ; A<I A9IFB6AB @4?V V @B:GFP 5GF< 6V8A9E9AV 8B LG@G. 
�59DV74RK< C96AV 69=6?9F->B9HVJVєAF< @B:A4 BK<EF<F< 84AV 6V8 LG@G 45B 
;@9AL<F< WIAR DB;@VDAVEFP, 6<8V?<F< ;A4KGMV 4FD<5GF< 6 84A<I. 

!4 BEAB6AB@G 9F4CV 59;CBE9D98APB7B 4A4?V;G ;4EFBEB6GRFPES DV;AV 
VAF9?9>FG4?PAV @9FB8< F4 F9IAB?B7VW 6<?GK9AAS ;A4AP ; 84A<I, F4>V S>, 
A4CD<>?48: A9=DBAAV @9D9:V, A9KVF>4 ?B7V>4, 89D964 DVL9AP, 79A9F<KAV 
4?7BD<F@<, EF4F<EF<KAV @9FB8< FBMB.  

"EAB6A4 V89S ;4EFBEG64AAS �# A4 84AB@G 9F4CV CB?S74є 6 
A4EFGCAB@G. 3> 6V8B@B, �# @4є 6?4EF<6VEFP ;@9ALG64F< K4EB6G >BD9?SJVR 
84A<I, FB5FB >BD9?SJVS 69=6?9F->B9HVJVєAFV6 A45474FB @9AL9, AV: 
>BD9?SJVS 6V8CB6V8AB7B 6<IV8AB7B K4EB6B7B DS8G. �468S>< JV= 6?4EF<6BEFV 
CDBEFV FD48<JV=AV @B89?V DM, S>V A9 @B:GFP 5GF< ;4EFBEB64AV A4 E>?48A<I 
6<IV8A<I 84A<I, @B:GFP 5GF< 8BE<FP FBKAV 6 B5?4EFV 69=6?9FV6. �DV@ FB7B, 
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�# A484є ;4EB5< 6<8V?9AAS I4D4>F9DA<I BEB5?<6BEF9= 6 84A<I, S>V @B:GFP 
5GF< 6<>BD<EF4AV 6 S>BEFV B;A4> 6 VEAGRK<I FD48<JV=A<I @9FB84I DM. 

�# 6 F4>B@G 6<7?S8V ;4EFBEB6GєFPES 8?S 6<DVL9AAS ;484K 
>?4E<HV>4JVW, D97D9EVW, >?4EF9D<;4JVW 84A<I, E97@9AF4JVW ;B5D4:9AP, 
C9D9854K9AAS K<E?B6<I DS8V6, 6<S6?9AAS 4AB@4?V= V 6<><8V6 6 84A<I, 
CBLG>G EIB:<I B5�є>FV6 ;4 ;D4;>B@, 6V;G4?V;4JVW 84A<I. 

%9D98 CDB4A4?V;B64A<I @9FB8V6 DM, A9B5IV8AB 6V8;A4K<F< 
A4=JV>46VL<= @9FB8 >?4EF9D<;4JVW WaveCluster. �4A<= @9FB8 DB;7?S84є 
6ER EG>GCAVEFP 84A<I S> E<7A4? 6 N-6<@VDAB@G CDBEFBDV 4FD<5GFV6 V 
A4@474єFPES A4 CV8EF46V �# 6<8V?<F< 6 JPB@G E<7A4?V A<;P>BK4EFBFAV 
CV88V4C4;BA< K4EFBF, 6 S><I CB6�S;4AV« >B@CBA9AF< V 5G8GFP >?4EF9D4@<. 
�>EC9D<@9AF< CB>4;4?<, MB @9FB8 WaveCluster ;4 E6BєR 9H9>F<6AVEFR 
C9D969DLGє F4>V @9FB8< Birch V CLARANS. 

�?S >B:AB7B 9F4CG CDBJ9EG DM 6 CDB6989AB B7?S8 @B:?<6BEF9= 
;4EFBEG64AAS 69=6?9F-C9D9F6BD9AAS, CB>4;4AV I4D4>F9D<EF<>< 69=6?9FV6, 
S>V @B:GFP 8BCB@B7F< CD<6A9EF< CB?VCL9AAS 6 VEAGRKV @9FB8<.  

$B5BFG 6<>BA4AB 6 D4@>4I !�$ « 9FB8< V ;4EB5< B5K<E?R64?PAB7B 
VAF9?9>FG F4 C4D4?9?PAB7B >B@C�RF<A7G 8?S B5DB5?9AAS 69?<><I 84A<I 6 
E<EF9@4I 8V47ABEFG64AAS» �!&'. 

'�� 004.6 
2IB %.�.1 

���%%�(���*�3 � ���%&�$���*�3 � "%!"�!/� ����+� 

� DATA MINING 

�6989A<9. #BEFBSAAB9 G69?<K9A<9 B5N9@4 <AHBD@4J<< 6 EB6D9@9A-
AB@ @<D9 8<>FG9F A9B5IB8<@BEFP <ECB?P;B64A<S 4A4?<F<K9E><I E<EF9@ 
6@9EFB K9?B69K9E><I D9EGDEB6 8?S <;6?9K9A<S ;A4A<= <; A4>BC?9AAB= 
<AHBD@4J<<, 89?4S 4>FG4?PAB= ;484KG D4;D45BF>< EC9J<4?<;<DB64AAOI 
@9FB8<> < CDB7D4@@AOI <AEFDG@9AFB6.  

�?S <EE?98B64A<S <AHBD@4J<< <ECB?P;G9FES D4;?<KAO9 @9FB8O. � 
Data Mining QFB >?4EE<H<>4J<S, D97D9EE<S, >?4EF9D<;4J<S, 6OS6?9A<9 4E-
EBJ<4J<=, 6OS6?9A<9 CBE?98B64F9?PABEF9=, CDB7AB;<DB64A<9.  

Ц9?P. *9?PR 84AAB= D45BFO S6?S9FES BE69M9A<9 86GI BEAB6AOI 
@9FB8B6 � >?4EE<H<>4J<< < >?4EF9D<;4J<<. 

                                                           
1 �9?BDGEE><= 7BEG84DEF69AAO= GA<69DE<F9F <AHBD@4F<>< < D48<BQ?9>FDBA<><, 
EFG89AF 2 >GDE4, 7D. 443201 
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"EAB6A4я K4EFP. �?4EE<H<>4J<S � QFB D4ECD989?9A<9 B5N9>FB6 CB 
BCD989?9AAB ;484AAO@ 7DGCC4@ <EIB8S <; >4>B7B-?<5B CD<;A4>4, >BFBDO= 
@B:9F 5OFP >4> >4K9EF69AAO@, F4> < >B?<K9EF69AAO@. �4AA4S ;484K4 BF-
ABE<FES > EFD4F97<< B5GK9A<S E GK<F9?9@, >BFBDB9 F4>:9 <@9AGRF >BA-
FDB?<DG9@O@ <?< GCD46?S9@O@ B5GK9A<9@.  

#D< CDB6989A<< >?4EE<H<>4J<< A9B5IB8<@B CD<89D:<64FPES E?9-
8GRM<I CD46<?:  

� 89?9A<9 8B?:AB 5OFP CBE?98B64F9?PAO@;  
� CD< >4:8B@ 89?9A<< <ECB?P;G9FES ?<LP B8<A CD<;A4>;  
� CD< 89?9A<< B5N9>FO 8B?:AO 6;4<@AB <E>?RK4FP 8DG7 8DG74.  
�?S >?4EE<H<>4J<< <ECB?P;GRFES F4><9 @B89?< >4>: A9=DBAAO9 E9-

F<, 89D96PS D9L9A<=, @9FB8 k-5?<:4=L97B EBE984, 4?7BD<F@O CB>DOF<S < 
8DG7<9. 

�?4EE<H<>4J<S CD<@9AS9FES 6 E4@OI D4;?<KAOI B5?4EFSI: 5<;A9E9. 
@4D>9F<A79, @98<J<A9, EBJ<B?B7<<, >BE@<K9E><I <EE?98B64A<SI. 

�FBDO@ BEAB6AO@ @9FB8B@ S6?S9FES >?4EF9D<;4J<S. 1FB D4ECD989-
?9A<9 B5N9>FB6 CB CD<AJ<CG EIB:9EF<, AB 6 BF?<K<9 BF >?4EE<H<>4J<< 
7DGCCO A9 CD98BCD989?9AO. &4><@ B5D4;B@, 84AA4S ;484K4 BFABE<FES > 
F<CG «B5GK9A<9 59; GK<F9?S». �?4EF9DAO= 4A4?<; CB?9;9A, >B784 AG:AB 
B5D45BF4FP 5B?PLB9 >B?<K9EF6B <AHBD@4J<<, A4CD<@9D, 8?S 4A4?<;4 >?<-
9AFB6 >B@C4A<<. #D< QFB@ 6E9 >?<9AFO 7DGCC<DGRFES 6 >?4EF9DO < 8?S 
>4:8B7B >?4EF9D4 EB;849FES E6BS <A8<6<8G4?PA4S CB?<F<>4. 

#BFD95ABEFP 6 >?4EF9D<;4J<< 6B;A<>49F F4@, 789 9EFP A9B5IB8<-
@BEFP 6 D4;5<9A<< B5N9>FB6 (E<FG4J<=) A4 A9C9D9E9>4RM<9ES CB8@AB:9-
EF64, A4;O649@O@< >?4EF9D4@<, F4>, KFB5O >4:8O= >?4EF9D EBEFBS? <; 
EIB:<I B5N9>FB6, 4 B5N9>FO D4;AOI >?4EF9DB6 EGM9EF69AAB BF?<K4?<EP. 

+9F>B9 D4;89?9A<9 A4 >?4EF9DO 6B;@B:AB FB?P>B 6 <894?PAOI GE-
?B6<SI < CD< E<?PAB D4;?<K4RM<IES C4D4@9FD4I B5N9>FB6 >?4EF9D<;4J<<. 
#BQFB@G 8?S D9L9A<S D94?PAOI ;484K 6E9 K4M9 CD<@9ASRFES A9K9F><9 
@9FB8O, 6 >BFBDOI D4;5<9A<9 B5N9>FB6 (E<FG4J<=) 6OCB?AS9FES A4 K4E-
F<KAB C9D9E9>4RM<9ES CB8@AB:9EF64. �4:AB= CD98CBEO?>B= CD<@9A9A<S 
A9K9F><I @9FB8<> >?4EF9D<;4J<< 6 D94?PAOI GE?B6<SI S6?S9FES FB, KFB 
I4D4>F9D<EF<>< B5N9>FB6 A9 6E9784 S6?SRFES <;@9D<@O@< < CBQFB@G 6 
DS89 E?GK496 CD<EGFEF6GRF Q>EC9DFAO9 BJ9A>< I4D4>F9D<EF<> B5N9>FB6, 
>BFBDO9 S6?SRFES EG5N9>F<6AO@< < @B7GF 5OFP CDBF<6BD9K<6O@<.  

�484K4 >?4EF9D<;4J<< 4>FG4?PA4 6 D4;?<KAOI EH9D4I < CD98@9FAOI 
B5?4EFSI, A4CD<@9D: HBD@<DB64A<9 CBFD95<F9?PE>B= >BD;<AO; CD<ASF<9 
D9L9A<S B 6O84K9 CBFD95<F9?PE>B7B >D98<F4; E97@9AF<DB64A<9 EH9DO 
89SF9?PABEF< E J9?PR CB6OL9A<S QHH9>F<6ABEF< CDB<;6B8<F9?PABEF<; 
B5D45BF>4 <;B5D4:9A<=; F9@4F<K9E><= 4A4?<; 5<5?<BF9>< 8B>G@9AFB6; 



343 

BCF<@<;4J<S <ECB?P;B64A<S E>?48E><I CB@9M9A<=; 6OS6?9A<9 FD4A;4>-
J<=, CDB6989AAOI CB CB889?PAO@ >D98<FAO@ >4DF4@; 6OS6?9A<9 CBF9A-
J<4?PAOI 5B?9;A9= C4J<9AFB6; CBEFDB9A<9 CB>4;4F9?PAB= (D9CD9;9AF4-
F<6AB=) 6O5BD>< < F.8.  

�O6B8. !9E@BFDS A4 >4:GMGRES CBIB:9EFP QF<I ;484K, D9L4RFES 
BA< D4;AO@< ECBEB54@< < CD< CB@BM< D4;AOI @9FB8B6. �?4EE<H<>4J<S, 
S6?SSEP A4<5B?99 CDBEFB= ;484K9= Data Mining, BFABE<FES > EFD4F97<< 
«B5GK9A<9 E GK<F9?9@», 8?S 99 D9L9A<S B5GK4RM4S 6O5BD>4 8B?:A4 EB-
89D:4FP ;A4K9A<S >4> 6IB8AOI C9D9@9AAOI, F4> < 6OIB8AOI (J9?96OI) 
C9D9@9AAOI. �?4EF9D<;4J<S, A4CDBF<6, S6?S9FES ;484K9= Data Mining, BF-
ABESM9=ES > EFD4F97<< «B5GK9A<9 59; GK<F9?S», F.9. A9 FD95G9F A4?<K<S 
;A4K9A<S J9?96OI C9D9@9AAOI 6 B5GK4RM9= 6O5BD>9. �484K4 >?4EE<H<>4-
J<< D9L49FES CD< CB@BM< D4;?<KAOI @9FB8B6, A4<5B?99 CDBEFB= � ?<-
A9=A4S D97D9EE<S. �O5BD @9FB84 8B?:9A 54;<DB64FPES A4 <EE?98B64A<< 
<EIB8AB7B A45BD4 84AAOI. !4<5B?99 D4ECDBEFD4A9AAO9 @9FB8O D9L9A<S 
;484K< >?4EF9D<;4J<<: @9FB8 k-ED98A<I (D45BF49F FB?P>B E K<E?B6O@< 
4FD<5GF4@<), <9D4DI<K9E><= >?4EF9DAO= 4A4?<; (D45BF49F F4>:9 E E<@-
6B?PAO@< 4FD<5GF4@<). %?B:ABEFPR >?4EF9D<;4J<< S6?S9FES A9B5IB8<-
@BEFP 99 BJ9A><. 

%C<EB> ?<F9D4FGDO 

1. &9IAB?B7<< GCD46?9A<S ;A4A<S@< [1?9>FDBAAO= D9EGDE] $9:<@ 8BEFGC4: 
https://sites.google.com/site/upravlenieznaniami/tehnologii-upravlenia-znaniami/data-
mining 

2. +G5G>B64 �.�. Data Mining 6 Q>BAB@<>9 
3. !9=E><=, �. ., (<?<CCB6<K, �.2. �AF97D4J<S 8<6<;<@AOI < <F9D4J<-

BAAOI @9FB8B6 8?S 484CF<6AB= >?4EF9D<;4J<< H4>FB7D4H<K9E><I 84AAOI / �. . 
!9=E><=, �.2. (<?<CCB6<K // &DG8O >BAH9D9AJ<< «&9?9@4F<>4`2009» �  .: 2009. 
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