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,G@BBK<EF>4 <7D49F 64:AGR DB?P CD< BJ9A>9 QHH9>F<6ABEF< ;4M<FO B5N9>FB6 BF 

A9E4A>J<BA<DB64AAB7B 8BEFGC4 > D9K96B= <AHBD@4J<< CB BCF<>B-Q?9>FDBAAO@ >4A4?4@. � 
D45BF9 BJ9A<649FES QHH9>F<6ABEFP <ECB?P;B64A<S LG@BBK<EF>< D9K96OI E<7A4?B6 A4 BEAB69 
CD<@9A9A<S 69=6?9F-4A4?<;4. �4K9EF6B D9K96B= <AHBD@4J<<, CB?GK9AAB= CB BCF<>B-

Q?9>FDBAAO@ >4A4?4@ A9E4A>J<BA<DB64AAB7B 8BEFGC4, >4> CD46<?B, BK9AP A<;>B9, CBQFB@G 
6BCDBEO LG@BBK<EF>< 8?S QF<I >4A4?B6 69EP@4 4>FG4?PAO. #D<6989AB BC<E4A<9 F4><I >4A4?B6. 
1>EC9D<@9AF4?PA4S CDB69D>4 6B;@B:ABEF< CD<@9A9A<S 69=6?9F-4A4?<;4 8?S LG@BBK<EF>< 
D9K96OI E<7A4?B6 CDB6989A4 E CB@BMPR ?45BD4FBDAB= GEF4AB6><, >BFBD4S CD98A4;A4K9A4 8?S 
H<;<K9E>B7B @B89?<DB64A<S 4CC4D4FGDO D97<EFD4J<< ?4;9DAB7B <;?GK9A<S, BFD4:9AAB7B BF 
CB69DIABEF<, 6<5D<DGRM9= CB8 6B;89=EF6<9@ D9K96B7B 4>GEF<K9E>B7B E<7A4?4. #B>4;4AB, KFB 
CD<@9A9A<9 69=6?9F-4A4?<;4 8?S LG@BBK<EF>< E<7A4?B6 CB;6B?S9F EGM9EF69AAB CB6OE<FP 
QHH9>F<6ABEFP BCF<>B-Q?9>FDBAAOI >4A4?B6 A9E4A>J<BA<DB64AAB7B 8BEFGC4 > D9K96B= 
<AHBD@4J<<.  

�?RK96O9 E?B64: BCF<>B-Q?9>FDBAAO= >4A4?, A9E4A>J<BA<DB64AAO= 8BEFGC, D9K964S 
<AHBD@4J<S, 69=6?9F-4A4?<;, E?B69EA4S D4;5BDK<6BEFP D9K<. 
 

"CF<>B-Q?9>FDBAAOe >4A4?O 
A9E4A>J<BA<DB64AAB7B 8BEFGC4 > D9K96B= 
<AHBD@4J<< 

#D< 6OCB?A9A<< BJ9A>< QHH9>F<6ABEF< 
;4M<FO B5N9>FB6 BF A9E4A>J<BA<DB64AAB7B 
8BEFGC4 > D9K96B= <AHBD@4J<< 64:AB 
CB?GK<FP @4>E<@4?PAB 6OEB>B9 >4K9EF6B 
;4D97<EFD<DB64AAB7B E<7A4?4. � QFB= E6S;< 
5B?PLGR DB?P <7D49F CD<@9A9A<9 
LG@BBK<EF>< E<7A4?B6. 

%?98G9F BF@9F<FP, KFB 5GDAB9 D4;6<F<9 
BCF<>B-Q?9>FDBAAB= F9IA<>< EB;84?B 
CD98CBEO?>< 8?S D94?<;4J<< FD9I  64D<4AFB6 
CB?GK9A<S 8BEFGC4 > D9K96B= <AHBD@4J<< E 
CB@BMP BCF<>B-Q?9>FDBAAOI GEFDB=EF6. 

�B-C9D6OI, QFB IBDBLB <;69EFAO= 
CD<AJ<C HBD@<DB64A<S >4A4?4 8BEFGC4 > 
D9K96B= <AHBD@4J<< E CB@BMPR F4> 
A4;O649@B7B «?4;9DAB7B @<>DBHBA4».© %GBP 
97B ;4>?RK49FES 6 E?98GRM9@. !9>BFBDO9 
CB69DIABEF< (B>AB, ;9D>4?B, Q?9@9AF 
<AF9DP9D4 < CD.) @B7GF 6<5D<DB64FP CB8 
6B;89=EF6<9@ 4>GEF<K9E>B7B E<7A4?4. �E?< 
F4>4S CB69DIABEFP B5?GK49FES ?4;9DAO@ 
?GKB@, BFD4:9AAO= BF QFB= CB69DIABEF< 
E<7A4? @B:9F D97<EFD<DB64FPES BCF<>B-
Q?9>FDBAAO@ CD<5BDB@. � QFB@ E?GK49 
BFD4:9AAO= E<7A4? B>4;O649FES 
CDB@B8G?<DB64AAO@ <AHBD@4F<6AO@ 

 
©�45GD<A �.�., �?GM9A>B �.�., �BD;GA �. ., 2023 

D9K96O@ E<7A4?B@.  B8G?SJ<S @B:9F 5OFP 
>4> 4@C?<FG8AB=, F4> < H4;B6B= <?< 
K4EFBFAB=. �R5B= <; QF<I 6<8B6 @B8G?SJ<< 
@B:9F 5OFP <ECB?P;B64A4 8?S <;6?9K9A<S 
D9K96B= <AHBD@4J<<.  

�FBDB= 64D<4AF BEAB64A A4 
<ECB?P;B64A<< B5D45BF>< EC9>?-EFDG>FGD, 
HBD@<DGRM<IES CD< BFD4:9A<< ?4;9DAB7B 
<;?GK9A<S BF 6<5D<DGRM<I CB69DIABEF9= [1]. 

�?S D9L9A<S ;484K BJ9A>< 
QHH9>F<6ABEF< A9E4A>J<BA<DB64AAB7B 
8BEFGC4 > D9K96B= <AHBD@4J<< 
J9?9EBB5D4;AB D4EE@4FD<64FP E?GK4= 
ABD@4?PAB-D4;6<FB= EC9>?->4DF<AO, >BFBD4S 
HBD@<DG9FES CD< BE69M9A<< >B79D9AFAO@ 
CGK>B@ ;A4K<F9?PAB= B5?4EF< BCF<K9E>< 
BK9AP L9DBIB64FB= CB69DIABEF<. 
%F4F<EF<K9E><9 E6B=EF64 ABD@4?PAB-
D4;6<FB= EC9>?->4DF<AO A9 ;46<ESF BF 
89F4?PAOI I4D4>F9D<EF<> @<>DBD9?P9H4 
CB69DIABEF<. "F@9F<@, KFB 6?<SA<9 EF9C9A< 
>B79D9AFABEF< BE69M4RM97B <;?GK9A<S A4 
>BAFD4EF EC9>?->4DF<AO D4EE@4FD<64?BEP 6 
[2].  B:AB CB>4;4FP, KFB 86<:9A<9 EC9>?B6 
6BECDB<;6B8<F 6 A9>BFBDB@ @4ELF459 
86<:9A<9 F9?4 < CDB<EIB8<F 68B?P A9>BFBDB= 
FD49>FBD<<. !4 QFB= BEB59AABEF< < EFDB<FES 
6B;@B:ABEFP 6<5DB8<47ABEF<>< < 
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6BEEF4AB6?9A<S D9K96B= <AHBD@4J<< CB 
D97<EFD4J<< 86<:9A<S EC9>?B6.  

%BB5M9A<9 B FD9FP9= 6B;@B:ABEF< 
CBS6<?BEP A9 F4> 846AB. "A4 BEAB64A4 A4 
C4EE<6AB@ 8<EF4AJ<BAAB@ 6BEEF4AB6?9A<< 
<AHBD@4J<< ;6G>B6B7B 8<4C4;BA4 K4EFBF 6 
6<89 ;4C<E4AAB= D9K< E <ECB?P;B64A<9@ 
6OEB>BE>BDBEFAOI HBFBCD<9@AOI GEFDB=EF6 
HBD@<DB64A<S <;B5D4:9A<S (6<89B>4@9D) [3]. 
� QFB@ E?GK49 <ECB?P;G9FES CD<9@ 
6BEEF4AB6?9A<S ;6G>4 <; 6<89BCBFB>4. 
$9;G?PF4F A9 ;46<E<F BF EC9J<4?PAB 
BD74A<;B64AAB= CB8E69F><. �6G> CBC4849F A4 
B5N9>F < 6O;O649F BK9AP @4?O9 6<5D4J<< 
QFB7B B5N9>F4. %B6D9@9AAO9 F9IA<K9E><9 < 
CDB7D4@@AO9 ED98EF64 CB;6B?SRF 6O89?<FP 
QF< @4?O9 6<5D4J<< <; 6OEB>BE>BDBEFAB7B 
6<89BCBFB>4 < 6BEEF4AB6<FP ;6G>, >BFBDO= <I 
6O;64?. �;69EF9A DS8 D45BF CB G69?<K9A<R < 
6<;G4?<;4J<< F4><I @4?OI 86<:9A<=. 

 

,G@BBK<EF>4 D9K96OI E<7A4?B6 
%?98G9F BF@9F<FP, KFB >4K9EF6B D9K96B= 

<AHBD@4J<<, CB?GK9AAB= A9CBED98EF69AAB 
CB BCF<>B-Q?9>FDBAAO@ >4A4?4@, >4> 
CD46<?B, BK9AP A<;>B9, KFB I4D4>F9DAB 8?S 
6E9I FD9I BC<E4AAOI 6OL9 64D<4AFB6. 1FB 
E6S;4AB E A9?<A9=AO@ <E>4:9A<9@ CB?9;AB= 
<AHBD@4J<<, >BFBD4S CBEFGC49F 6 QF< >4A4?O. 
#DB5?9@4 LG@BBK<EF>< < G69?<K9A<S 
BFABL9A<S E<7A4?/LG@ 6 QF<I E?GK4SI 
S6?S9FES 69EP@4 64:AB= ;484K9=. �4K9EF6B 
D9K96B= <AHBD@4J<< I4D4>F9D<;G9FES F4><@ 

C4D4@9FDB@, >4> E?B69EA4S D4;5BDK<6BEFP 
D9K<. �?S G?GKL9A<S >4K9EF64 D9K96B= 
<AHBD@4J<< <ECB?P;GRF H<?PFD4J<R 
E<7A4?4, K4M9 6E97B BEAB64AAGR A4 
CD<@9A9A<< (GDP9-4A4?<;4, D4;?B:9A<< 
E<7A4?4 6 EC9>FD < CB846?9A<< (H<?PFD4J<<) 
BF89?PAOI EC9>FD4?PAOI EBEF46?SRM<I. �?S 
CB6OL9A<S >4K9EF64 < D4;5BDK<6BEF< D9K< 8B 
GDB6AS, CD<9@?9@B7B 8?S >B@HBDFAB7B 
CDBE?GL<64A<S < CBA<@4A<S J9?9EBB5D4;AB 
CD<@9ASFP CDBJ98GDG LG@BBK<EF><. 

� BF?<K<9 BF (GDP9-4A4?<;4 69=6?9F-
4A4?<; CB;6B?S9F D4;D45BF4FP 5B?99 7<5><9 
CDBJ98GDO LG@BBK<EF><, CBE>B?P>G 6O5BD 
69=6?9FB6 5B?99 L<DB> < D4;ABB5D4;9A. 1FB 
CB;6B?S9F 6O5D4FP HBD@G 69=6?9F4 A4<5B?99 
CD<5?<:9AAGR > HBD@9 E<7A4?4. 

!4 D<E. 1, 2 CD<6989AO 64D<4AFO 86GI 
L<DB>B D4ECDBEFD4A9AAOI 69=6?9F-HGA>J<=: 

64D<4AF 1 3 69=6?9F-HGA>J<S  BD?9; 
64D<4AF 2 3 69=6?9F-HGA>J<S 

« 9>E<>4AE>4S L?SC4». 
#DBJ98GD4 69=6?9F-4A4?<; CDB6B8<FES 6 

E?98GRM9@ CBDS8>9: 6O5<D49FES 
@4F9D<AE><= 69=6?9F < A4K4?PAO= @4ELF45, 
;4F9@ CDB<;6B8<FES E86<7 6O5D4AAB7B 
69=6?9F4 68B?P 6E97B E<7A4?4 < 6OCB?AS9FES 
ED46A<6A9A<9 E E<7A4?B@. &4> 6 K4EFBFAB-
6D9@9AAB= B5?4EF< CB?GK49FES EFDB>4 
>BQHH<J<9AFB6. �4?99 CDBJ98GD4 
CB6FBDS9FES CBE?9 D4EFS:9A<S <?< E:4F<S 
6O5D4AAB7B 69=6?9F4. 

 

 
$<E. 1. �4D<4AF 1 

 

 
$<E. 2. �4D<4AF 2 
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� A4EFBSM9= D45BF9 <ECB?P;B64A4 
CDBJ98GD4 LG@BBK<EF><, BEAB64AA4S A4 
CD<@9A9A<< 69=6?9F-4A4?<;4, CB>4;4AB, KFB 
QFB CB;6B?S9F ;A4K<F9?PAB CB6OE<FP 
E?B69EAGR D4;5BDK<6BEFP D9K<. #DB69D>4 
QFB7B CB8IB84 CDB6B8<?4EP A4 ;4LG@?9AAOI 
D9K96OI E<7A4?4I.  

#DBJ98GD4 B5D45BF>< ;4LG@?9AAB7B 
D9K96B7B E<7A4?4 D4;D45BF4A4 6 ED989 Matlab, 

BA4 6>?RK49F E?98GRM<9 @4A<CG?SJ<<. 
#DB6B8<FES 6O5BD 6<84 69=6?9F4 < 
D4;?B:9A<9 E<7A4?4 8B A9>BFBDB7B GDB6AS N. 

�?S >4:8B7B GDB6AS 6OCB?AS9FES CBDB7B64S 
B5D45BF>4 >BQHH<J<9AFB6. #BE?9 QFB7B 
CDB6B8<FES 6BEEF4AB6?9A<9 E<7A4?4. 

�89EP CD<6989@ CD<@9DO <ECB?P;B64A<S 
QFB7B CB8IB84. !47?S8AB D9;G?PF4F 
LG@BBK<EF>< ?97>B CB>4;4FP A4 CD<@9D9 
B5D45BF>< ;4LG@?9AAB7B FBA4?PAB7B  
E<7A4?4, CB?GK9AAB7B E CB@BMPR 
@4F9@4F<K9E>B7B @B89?<DB64A<S.  

�O? <ECB?P;B64A CDB7D4@@AO= C4>9F 

Power Graph (E<7A4?PAO= D984>FBD), 
CD98A4;A4K9AAO= 8?S B5D45BF>< E<7A4?B6. % 
CB@BMPR QFB7B <AEFDG@9AF4 79A9D<DB64?ES 
FBA4?PAO= E<7A4?, 59?O= LG@ < EFDB<?4EP 
E@9EP E<7A4?4 E LG@B@. 

!4 D<E. 3 CB>4;4AO E79A9D<DB64AAO9 
E<7A4?O: 1 >4A4? 3 FBA4?PAO= E<7A4? A4 
K4EFBF9 900 �J (A<:A<= 7D4H<>); 2 >4A4? 3 
59?O= LG@ (69DIA<= 7D4H<>).  

�4F9@ QF< 864 E<7A4?4 (CB?GK9AAO9 6 
6<89 2-I K<E?B6OI H4=?B6) A4>?48O64?<EP 
8DG7 A4 8DG74 (E@9L<64?<EP) KFB5O CB?GK<FP 
E@9EP E<7A4?4 E LG@B@. %@9EP E<7A4?4 E 
LG@B@ CB>4;4A4 A4 D<E. 4. 

�4C<E4AAO= H4=? E@9E< E<7A4?4 E 
LG@B@ B5D454FO64?ES E CB@BMPR 
CDB7D4@@AB7B @B8G?S LG@BBK<EF><, 
A4C<E4AAB7B 6 ED989 Matlab. !4 D<E. 5 
CD<6989AO D9;G?PF4FO B5D45BF>< FBA4?PAB7B 
E<7A4?4 CBE?9 LG@BBK<EF><. 

 

 
 

$<E. 3. �4C<EP 59?B7B LG@4 (69DIASS ;46<E<@BEFP) < FBA4?PAB7B E<7A4?4 A4 K4EFBF9 900�J (A<:ASS ;46<E<@BEFP) 
 

 

 
 

$<E.4. %@9EP FBA4?PAB7B E<7A4?4 < 59?B7B LG@4. 
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$<E. 5. $9;G?PF4FO B5D45BF><. �9DIASS ;46<E<@BEFP 3 E@9EP E<7A4?4 E LG@B@;  
A<:ASS 3 D9;G?PF4F LG@BBK<EF>< 

 

1FBF D9;G?PF4F A47?S8AB CB>4;O649F 
6B;@B:ABEF< 69=6?9F-4A4?<;4 8?S 
6OCB?A9A<S LG@BBK<EF><. 

 

1>EC9D<@9AF4?PA4S CDB69D>4 
QHH9>F<6ABEF< 6OCB?A9A<S LG@BBK<EF>< 
D9K96B7B E<7A4?4 A4 BEAB69 69=6?9F-
4A4?<;4 

�?S Q>EC9D<@9AF4?PAB= CDB69D>< 
QHH9>F<6ABEF< @9FB84, BEAB64AAB7B A4 
69=6?9F-4A4?<;9, CD<@9A<F9?PAB > 
LG@BBK<EF>9 D9K96B7B E<7A4?4, 
;4D97<EFD<DB64AAB7B E CB@BMPR BCF<>B-
Q?9>FDBAAB7B >4A4?4 8BEFGC4 > <AHBD@4J<< 
5O?4 <ECB?P;B64A4 ?45BD4FBDA4S GEF4AB6>4. 
'EF4AB6>4 CD98A4;A4K9A4 8?S H<;<K9E>B7B 
@B89?<DB64A<S 4CC4D4FGDO D97<EFD4J<< 
?4;9DAB7B <;?GK9A<S, BFD4:9AAB7B BF 
CB69DIABEF<, 6<5D<DGRM9= CB8 
6B;89=EF6<9@ D9K96B7B 4>GEF<K9E>B7B 
E<7A4?4.   

%I9@4 GEF4AB6>< CB>4;4A4 A4 D<E. 6. 
�CC4D4FGD CB;6B?S9F D97<EFD<DB64FP 
4@C?<FG8AGR @B8G?SJ<R BFD4:9AAB7B 
<;?GK9A<S. 

'EF4AB6>4 6>?RK49F 6 E95S: 
3 F69D8BF9?PAO= ?4;9DAO= @B8G?P E 

8<B8AB= A4>4K>B=, @B89?P LCM 3 T 3 112 

(8?<A4 6B?AO <;?GK9A<S  = 1,06 @>@, 
5?<:A<= ��-8<4C4;BA) (D<E. 7); 

3 HBFBCD<9@AB9 GEFDB=EF6B E @B8G?9@ 
�*#/*�# (D<E. 8, 4);  

3 "5N9>F<6 «�A8GEF4D-61�/�- �» (D<E. 
8, 5); 

3 #9DEBA4?PAO= >B@CPRF9D; 
3 �BCB?A<F9?PAO= ?4;9DAO= <;?GK4F9?P 

8?S 6<;G4?<;4J<<, A4EFDB=>< < REF<DB6>< 
(8?<A4 6B?AO <;?GK9A<S  = 0,63 @>@. 
6<8<@O= 8<4C4;BA). 

!4 D<E. 9 CB>4;4A F9EFB6O= 4>GEF<K9E><= 
D9K96B= E<7A4?, A4 D<E. 10 3 
;4D97<EFD<DB64AAO= A4 GEF4AB6>9 E<7A4? 8B <  
CBE?9 LG@BBK<EF><. 

�D<F9D<9@ QHH9>F<6ABEF< @9FB84 
LG@BBK<EF>< S6?S9FES CB6OL9A<9 E?B69EAB= 
D4;5BDK<6BEF< D9K<.  

�?S BCD989?9A<S >4K9EF64 D9K96B7B 
E<7A4?4 5O?4 CD<@9A9A4 @B89?P 
D4;5BDK<6BEF< D9K<, CD98?B:9AA4S 6 [4]. � 
QFB= @B89?< D4;5BDK<6BEFP D94?<;4J<< 
D9K96B7B EBB5M9A<S S6?S9FES @BABFBAAB 
A96B;D4EF4RM9= HGA>J<9= 
ED98A9>648D4F<K9E>B7B BF>?BA9A<S 
D94?<;4J<< 6OIB8AB7B D9K96B7B E<7A4?4 BF 
6IB8AB7B. � EBBF69FEF6<< E QFB= @B89?PR 
6OK<E?S9FES >BQHH<J<9AF >BDD9?SJ<< 
C9D984AAB7B S2E(t) < ;4D97<EFD<DB64AAB7B S2OE 
(t) EBB5M9A<S R2E,2OE (Ç), CB;6B?SRM<= 
BCD989?<FP >BQHH<J<9AF D4;5BDK<6BEF< D9K< 

2

, (0)p n 2E 2OEK G R=  < E?B69EAGR D4;5BDK<6BEFP 
D9K< W >4> HGA>J<R К@. �89EP Gn 3 
@AB:<F9?P, GK<FO64RM<= @98?9AAB 
@9ASRM<9ES GE?B6<S 6BECD<SF<S D9K<. 



�.�. ���'$�!, �.�. ��'-�!�", �. . �"$�'! 
 

 
��Ф� ��Ц�/ � ������!��!"Ь. 2023, ". 26, �O?. 1                                                                                             49  

 

$<E. 6. %FDG>FGDA4S EI9@4 GEF4AB6><, D45BF4RM9= 6 D9:<@9 CDS@B7B HBFB89F9>F<DB64A<S. 
1 3 ?4;9DAO= <;?GK4F9?P; 2 3 HBFBCD<9@AB9 GEFDB=EF6B; 3 3 B>BAAB9 EF9>?B; 4 3 <EFBKA<> D9K96B7B E<7A4?4;  

5 3Q?9>FDBAAO= 5?B> D97<EFD4J<< < B5D45BF>< D9K96B= <AHBD@4J<< A4 54;9 #�; 6 3 CDB7D4@@AB9 B59EC9K9A<9. 
 

 
 

$<E. 7. �4;9DAO= <;?GK4F9?P 
 

 

 

4) 
 

5) 
$<E. 8. (BFBCD<9@AB9 GEFDB=EF6B E 4A4?B7B-J<HDB6O@ CD9B5D4;B64F9?9@ 

4) HBFBCD<9@AB9 GEFDB=EF6B A4 BEAB69 HBFB8<B84 (�117, EBCDS:9AAB9 E @B8G?9@ �*#/*�# �14-440 (H<D@O 
L-CARD); 5) "5N9>F<6 «�A8GEF4D-61�/�- �» 

#9D984AAO= (F9EFB6O=) E<7A4? (E@. 
D<E. 9) < ;4D97<EFD<DB64AAO= E<7A4? (D<E. 10) 

5O?< ;4C<E4AO A4 #� 6 J<HDB6B@ 6<89 E 
CB@BMPR 4A4?B7B6B-J<HDB6B7B 
CD9B5D4;B64F9?S ( B8G?P �*#/*�# E14-

440). #BE?9 B5D45BF>< E<7A4?B6 E CB@BMPR 

CDB7D4@@AB7B B59EC9K9A<S Power Graph 

6OK<E?S9FES >BQHH<J<9AF4 >BDD9?SJ<< 
C9D984AAB7B S2E(t) < ;4D97<EFD<DB64AAB7B S2OE 
(t) EBB5M9A<S R2E,2OE (0). 

#DBJ98GD4 BCD989?9A<S E?B69EAB= 
D4;5BDK<6BEF< D9K< E?98GRM4S. 
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$<E. 9. "EJ<??B7D4@@4 F9EFB6B7B D9K96B7B 4>GEF<K9E>B7B E<7A4? S2E(t). 

 

$<E. 10. $9;G?PF4FO LG@BBK<EF><. �9DIASS ;46<E<@BEFP 3 BEJ<??B7D4@@4 ;4D97<EFD<DB64AAB7B E<7A4?4  
8B LG@BBK<EF>< S2OE(t); A<:ASS ;46<E<@BEFP 3 BEJ<??B7D4@@4 E<7A4?4 CBE?9 LG@BBK<EF><. 

 

 

�OK<E?S9FES 2

, (0)p n 2E 2OEK G R= . �89EP  3 
Gn=1-exp(-225/B) @AB:<F9?P, GK<FO64RM<= 
@98?9AAB <;@9ASRM<9ES GE?B6<S 6BECD<SF<S 
D9K<. B, 8� –  GDB69AP D9K96B7B E<7A4?4 6 

CB?BE9 K4EFBF 100 3 10000�J. $9KP EB ED98A<@ 
GDB6A9@ I4D4>F9D<;G9FES ;A4K9A<9@ 
B = 70 8�. %?B69EA4S D4;5BDK<6BEFP D9K< 
6OK<E?S9FES CB HBD@G?9: 
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�O?< CB?GK9AO E?98GRM<9 D9;G?PF4FO: 
3 E?B69EA4S D4;5BDK<6BEFP D9K< 8B 

LG@BBK<EF>< W=0,5; 

3 E?B69EA4S D4;5BDK<6BEFP D9K< CBE?9 
LG@BBK<EF>< W=0,8. 

 

 

�4>?RK9A<9 
� D45BF9 BJ9A<649FES QHH9>F<6ABEFP 

<ECB?P;B64A<S LG@BBK<EF>< D9K96OI 
E<7A4?B6 A4 BEAB69 CD<@9A9A<S 69=6?9F-
4A4?<;4. �4K9EF6B D9K96OI E<7A4?B6, 
CB?GK9AAOI CB BCF<>B-Q?9>FDBAAO@ >4A4?4@ 
A9E4A>J<BA<DB64AAB7B 8BEFGC4 > 
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<AHBD@4J<<, >4> CD46<?B, BK9AP A<;>B9, 
CBQFB@G 6BCDBEO LG@BBK<EF>< 8?S QF<I 
>4A4?B6 69EP@4 4>FG4?PAO. #D<6989AB 
>D4F>B9 BC<E4A<9 F4><I >4A4?B6. 

#DB6989AO Q>EC9D<@9AF4?PAO9 
<EE?98B64A<S CB 6OCB?A9A<R LG@BBK<EF>< 
D9K96OI E<7A4?B6 A4 BEAB69 69=6?9F-
F9IAB?B7<<. $9K96O9 E<7A4?O CB?GK9AO A4 
?45BD4FBDAB= GEF4AB6>9 H<;<K9E>B7B 
@B89?<DB64A<S 4CC4D4FGDO D97<EFD4J<< 
?4;9DAB7B <;?GK9A<S, BFD4:9AAB7B BF 
CB69DIABEF<, 6<5D<DGRM9= CB8 
6B;89=EF6<9@ D9K96B7B 4>GEF<K9E>B7B 
E<7A4?4.    

#B>4;4AB, KFB CD<@9A9A<9 69=6?9F-
4A4?<;4 8?S LG@BBK<EF>< E<7A4?B6 CB;6B?S9F 
EGM9EF69AAB CB6OE<FP QHH9>F<6ABEFP 
BCF<>B-Q?9>FDBAAOI >4A4?B6 
A9E4A>J<BA<DB64AAB7B 8BEFGC4 > D9K96B= 
<AHBD@4J<<.  

� D4EE@DFD9AAOI E?GK4SI CD<@9A9A<9 
69=6?9F-4A4?<;4 8?S LG@BBK<EF>< CB;6B?<?B 
CB6OE<FP E?B69EAGR D4;5BDK<6BEFP D9K< 
;4D97<EFD<DB64AAOI E<7A4?B6 BF GDB6AS 0,5 
8B GDB6AS 0,8. � DS89 E?GK496 6 D9;G?PF4F9 
LG@BBK<EF>< E?B69EA4S D4;5BDK<6BEFP D9K< 
5O?4 CB6OL9A4 BF GDB6AS 0,4 (CBASF9A B5M<= 
E@OE? D9K<) 8B GDB6AS 0,9 (B59EC9K<649FES 
CB?AB9 CBA<@4A<9 EB89D:4A<S). 

!4 BEAB69 6OCB?A9AAB7B Q>EC9D<@9AF4 
@B:AB E89?4FP 6O6B8 B FB@, KFB CD< BJ9A>9 
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J9?9EBB5D4;AB <ECB?P;B64FP CDBJ98GDG 
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F9IAB?B7<<. 
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THE USE OF WAVELET TECHNOLOGIES FOR NOISE CLEANING OF SIGNALS  

IN OPTICAL-ELECTRONIC CHANNELS OF UNAUTHORIZED ACCESS  

TO SPEECH INFORMATION 

 

A.V. Baburin, L.A. Glushchenko, A.M. Korzun 

 
Noise cleaning plaes an importent role in assessing the effectiveness of protecting objects from 

unauthorized access to speech information. The paper considers the possibility of using noise cleaning 

of speech signals based on the use of wavelet analysis. The quality of speech information received by 

optical-electronic channels of unauthorized access is usually very low. Noise reduction issues for these 

channels are very relevant. The discription of such channels is given. An experimental verification of 

the possibility of using wavelet analysis for noise cleaning of speech signals was carriad out using a 

laboratory setap designed for physical modeling of of equipment for recording laser radiation reflected 

from the surface vibrating under the influence of a speech acoustic signal. It is shown that the use of 

wavelet analysis for nose cleaning of signals can significantly increase the efficiency of channels for 

optoelectronic channels of unauthorized access to speech information. 

Keyword: optical-electronic channel, unauthorized access, speech information, wavelet 

analysis, verbal intelligibility.  
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