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�D4>F<K9E>4S ;4ASF<9 № 1 

�;@9D9A<9 <AHBD@4J<< 

 
*9?P: A4GK<FES BCD989?SFP >B?<K9EF6B <AHBD@4J<< E CB@BMPR 

@9FB8B6 )4DF?< < ,9AABA4. 

�BDS8B> 6OCB?A9A<S D45BFO 

�;GK9A<9 @4F9D<4?4 < 6OCB?A9A<9 ;484A<= A4 >B@CPRF9D9.   
%B89D:4F9?PAO= (69DBSFABEFAO=) CB8IB8 > BCD989?9A<R >B?<K9EF64 

<AHBD@4J<< 
�E?< ;4>?RKTAAO9 6 >4>B@-FB EBB5M9A<< E6989A<S S6?SRFES 8?S K9?B69>4 

AB6O@<, CBASFAO@<, CBCB?ASRF 97B ;A4A<S, F.9. CD<6B8SF > G@9APL9A<R 
A9BCD989?TAABEF< ;A4A<=, FB EBB5M9A<9 EB89D:<F <AHBD@4J<R.  
1 5<F 3 >B?<K9EF6B <AHBD@4J<<, >BFBDB9 EB89D:<FES 6 EBB5M9A<<,  

>BFBDB9 G@9APL49F A9BCD989?TAABEFP ;A4A<= 6 2 D4;4. 
�@8<9@1. #D< 5DBE4A<< @BA9FO 6B;@B:AO 2 EB5OF<S (E?GK4S) 3 @BA9F4 

GC48TF BD?B@ <?< D9L>B=, CD<KT@ B54 EB5OF<S D46AB69DBSFAO (CD< 5B?PLB@ 
>B?<K9EF69 5DBE4A<= >B?<K9EF6B E?GK496 C489A<S @BA9FO BD?B@ < D9L>B= 
B8<A4>B6O). #BE?9 CB?GK9A<S EBB5M9A<S B D9;G?PF4F9 C489A<S @BA9FO 
A9BCD989?TAABEFP ;A4A<= G@9APL<?4EP 6 2 D4;4, <, CBQFB@G, >B?<K9EF6B 
<AHBD@4J<<, CB?GK9AAB9 CD< QFB@ D46AB 1 5<F. 
%B89D:4F9?PAO= (69DBSFABEFAO=) CB8IB8 S6?S9FES EG5N9>F<6AO@, F.>. 

B8AG < FG :9 <AHBD@4J<R D4;AO9 ?R8< @B7GF BJ9A<64FP  CB D4;AB@G. �?S 
B8AB7B K9?B69>4 E6989A<S 6 EBB5M9A<< @B7GF 5OFP 64:AO@< < CBASFAO@<, 
8?S 8DG7B7B 59ECB?9;AO@<, A9CBASFAO@< <?< 6D98AO@<. 
�8<A<JO <;@9D9A<S <AHBD@4J<<. �9D96B8 98<A<J <;@9D9A<S. 
1 5<F 3 >B?<K9EF6B <AHBD@4J<<, >BFBDB9 EB89D:<FES 6 EBB5M9A<<, >BFBDB9 

G@9APL49F A9BCD989?TAABEFP ;A4A<= 6 2 D4;4. 
1 5<F 3 A4<@9APL4S 98<A<J4 <AHBD@4J<<. �B?99 >DGCAO9 98<A<JO 3 54=F, 

><?B54=F, @97454=F, 7<7454=F.  
%<EF9@4 98<A<J <;@9D9A<S <AHBD@4J<<: 
1 54=F = 8 5<F 
1 �54=F = 210 54=F = 1024 54=F; 
1  54=F = 210 �54=F = 1024 �54=F = 220 54=F; 
1 �54=F = 210  54=F = 1024  54=F = 220 >54=F = 230 54=F 
�AHBD@4J<BAAO= B5NT@ ABE<F9?9= <AHBD@4J<<: 

�<E>9F4 3 1,44  54=F; >B@C4>F-8<E>  700  54=F; DVD-8<E> 3 8B 17 �54=F 
(EF4A84DF 3 4,7 �54=F); :TEF><= 8<E> 3 BF 20 �54=F 8B 80 �54=F < 5B?99 
(EF4A84DF 80 �54=F); Flash-C4@SFP 3 256  54=F 3 2 �54=F. 
#D<@9DO C9D96B84 98<A<J: 
1) 5 54=F = 5 * 8 5<F = 40 5<F; 
2) 24 5<F4 = 24/8 54=F4 = 3 54=F4; 
3) 4 �54=F = 4 * 1024 54=F = 4096 54=F; 
4) 16384 5<F4 = 16384 : 8 54=F = 2048 54=F; 

1) 2048 54=F / 1024 = 2 �54=F4. 



�OK<E?9A<9 >B?<K9EF64 <AHBD@4J<< 8?S D46AB69DBSFAOI EB5OF<=. 
�E?< EB5OF<S D46AB69DBSFAO, FB >B?<K9EF6B <AHBD@4J<< @B:AB 

D4EEK<F4FP CB HBD@G?9:  
       N = 2I ,  
789 N 3 K<E?B 6B;@B:AOI EB5OF<=, 
I 3 >B?<K9EF6B <AHBD@4J<< 6 5<F4I. 
(BD@G?4 5O?4 CD98?B:9A4 4@9D<>4AE><@ <A:9A9DB@ $. )4DF?< 6 1928 7.  
�484K4 1. � >BDB5>9 32 >4D4A84L4, 6E9 >4D4A84L< D4;AB7B J69F4. !4G748 

6OF4M<?< >D4EAO=. �4>B9 >B?<K9EF6B <AHBD@4J<< CD< QFB@ 5O?B CB?GK9AB? 
 9L9A<9. 
&4> >4> 6OF4E><64A<9 >4D4A84L4 ?R5B7B J69F4 <; <@9RM<IES 6 >BDB5>9 32 

>4D4A84L9= S6?S9FES D46AB69DBSFAO@, FB K<E?B 6B;@B:AOI EB5OF<=  
D46AB 32. 
N = 32, I = ? 
N = 2I, 32 = 25, I = 5 5<F.  
�F69F: 5 5<F. 
�484K< A4 C9D96B8 98<A<J <;@9D9A<S <AHBD@4J<< 

**�484K4 1. � L>B?PAB= 5<5?<BF9>9 16 EF9??4:9= E >A<74@<, A4 >4:8B@ 3 
CB 8 CB?B>. 'K9A<>G EBB5M<?<, KFB AG:AO= GK95A<> A4IB8<FES A4 2-B= CB?>9 
4-7B EF9??4:4. �4>B9 >B?<K9EF6B <AHBD@4J<< CB?GK<? GK9A<>? 
 9L9A<9. 
1) +<E?B EF9??4:9= (E?GK496) 3 16. 
  N1 = 16, N1 = 2I, 16 = 2I, 16 = 24, I1= 4 5<F4. 
2) +<E?B CB?B> A4 >4:8B@ EF9??4:9 (E?GK496) 3 8,  
 N2 = 8, N2 = 2I, 8 = 23, I2 = 3 5<F. 
3) I = I1 + I2, I = 4 5<F4 + 3 5<F4 = 7 5<F. 
�F69F: 7 5<F. 
*�484K4 3. �4748O64RF K<E?B 6 8<4C4;BA9 BF 1 8B 200. �4>B9 A4<@9APL99 

>B?<K9EF6B 6BCDBEB6 A48B ;484FP, KFB5O A469DAS>4 BF7484FP K<E?B. !4 
6BCDBEO @B:AB BF69K4FP FB?P>B «�4» <?< «!9F». 
 9L9A<9.  
#D46<?PA4S EFD4F97<S EBEFB<F 6 FB@, KFB5O >B?<K9EF6B 64D<4AFB6 >4:8O= 

D4; G@9APL4?BEP 686B9.  
!4CD<@9D, ;47484AB K<E?B 152. 
1 6BCDBE: +<E?B >100?  �4. 
2 6BCDBE: +<E?B < 150? !9F. 
3 6BCDBE: +<E?B > 175? !9F. < F.8. 
�B?<K9EF6B EB5OF<= 6 >4:8B@ 64D<4AF9 5G89F B8<A4>B6B, < <I 

BF748O64A<9 D46AB69DBSFAB. N = 2I, 200 = 2I, 7 < I < 8. &.>. >B?<K9EF6B 
6BCDBEB6 A9J9?O@ K<E?B@ 5OFP A9 @B:9F, FB A9B5IB8<@B ;484FP A9 5B?99 8 
6BCDBEB6.  
�F69F: 8 6BCDBEB6 
�OK<E?9A<9 >B?<K9EF64 <AHBD@4J<< 8?S EB5OF<= E D4;?<KAO@< 

69DBSFABEFS@<. 
%GM9EF6G9F @AB:9EF6B E<FG4J<=, >B784 6B;@B:AO9 EB5OF<S <@9RF 

D4;?<KAO9 69DBSFABEF< D94?<;4J<<. $4EE@BFD<@ CD<@9DO F4><I EB5OF<=. 



1. � >BDB5>9 20 >4D4A84L9=, <; A<I 15 >D4EAOI < 5 KTDAOI. 
�9DBSFABEFP 6OF4M<FP A4G748 >D4EAO= >4D4A84L 5B?PL9, K9@ KTDAO=. 

2. #D< E?GK4=AB@ C489A<< 5GF9D5DB84 69DBSFABEFP C489A<S 97B 
@4E?B@ 6A<; (5B?99 FS:T?B= EFBDBAB=) 5B?PL9, K9@ @4E?B@ 669DI. 

3. � CDG8G :<6GF 8000 >4D4E9=, 2000 MG> < 40000 C9E>4D9=. %4@4S 
5B?PL4S 69DBSFABEFP 8?S DO54>4 3 CB=@4FP 6 QFB@ CDG8G C9E>4DS, A4 
6FBDB@ @9EF9 3 >4D4ES, A4 FD9FP9@ 3 MG>G. 

�B?<K9EF6B <AHBD@4J<< 6 EBB5M9A<< B A9>BFBDB@ EB5OF<< ;46<E<F BF 97B 
69DBSFABEF<. +9@ @9APL9 69DBSFABEFP EB5OF<S, F9@ 5B?PL9 <AHBD@4J<< BAB 
A9ETF. 
P = K/N, 789 � 3 >B?<K9EF6B E?GK496 D94?<;4J<< B8AB7B <; <EIB8B6 EB5OF<S, 
N 3 B5M99 K<E?B 6B;@B:AOI <EIB8B6 B8AB7B <; EB5OF<= 
 2 I = log2(1/p), 789 I 3 >B?<K9EF6B <AHBD@4J<<, p 3 69DBSFABEFP EB5OF<S 
�484K4. � >BDB5>9 50 L4DB6, <; A<I 40 59?OI < 10 KTDAOI. "CD989?<FP 

>B?<K9EF6B <AHBD@4J<< 6 EBB5M9A<< B 6OF4E><64A<< A4G748 59?B7B L4D4 < 
KTDAB7B L4D4. 
$9L9A<9. 

�9DBSFABEFP 6OF4E><64A<S 59?B7B L4D4  
P1 = 40/50 = 0,8 

�9DBSFABEFP 6OF4E><64A<S KTDAB7B L4D4 P2 = 10/50 = 0,2 
�B?<K9EF6B <AHBD@4J<< B 6OF4E><64A<< 59?B7B L4D4 I1 = log2(1/0,8) = 
log21,25 = log1,25/log2  0,32 5<F 
�B?<K9EF6B <AHBD@4J<< B 6OF4E><64A<< KTDAB7B L4D4  

I2 = log2(1/0,2) = log25 = log5/log2  2,32 5<F                                 
"F69F: 0,32 5<F, 2,32 5<F 
'FB F4>B9 ?B74D<H@? 

�B74D<H@B@ K<E?4 4 CB BEAB64A<R b A4;O649FES CB>4;4F9?P EF9C9A<, 
6 >BFBDGR A48B 6B;69EF< K<E?B a, KFB5O CB?GK<FP K<E?B b.  

a 
log

a
b
 = b, a > 0, b > 0, a ≠ 1 

�OK<E?9A<9 ?B74D<H@B6 K<E9? CB BEAB64A<R 2 E CB@BMPR Q?9>FDBAAB7B 
>4?P>G?SFBD4 

log 2 6 = log 6 / log 2, 789 log 6 < log 2 3 89ESF<KAO9 ?B74D<H@O 
#DB7D4@@4 6OK<E?9A<S ?B74D<H@4 K<E?4 6  CB BEAB64A<R 2 ( log 2 6 ) E 

CB@BMPR <A:9A9DAB7B >4?P>G?SFBD4:  6, log, / , 2, log, = 
�B?<K9EF6B <AHBD@4J<< 6 E?GK49 D4;?<KAOI 69DBSFABEF9= EB5OF<= 

BCD989?S9FES CB HBD@G?9: 
$BD@G?4 (9AABA4: (4@9D<>4AE><= GKTAO=, 1948 7.) 

789 Pi 3 69DBSFABEFP i-7B EB5OF<S, 
N 3 >B?<K9EF6B 6B;@B:AOI EB5OF<= 
�484K4. � B;9D9 :<6GF >4D4E< < 

B>GA<. #B8EK<F4AB, KFB >4D4E9= 1500, 
4 B>GA9= - 500. %>B?P>B <AHBD@4J<< 

EB89D:<FES 6 EBB5M9A<SI B FB@, KFB DO54> CB=@4? >4D4ES, B>GAS, CB=@4? 
DO5G? 

õ



N

1i
i

plog
i

pI 2



 9L9A<9. 
%B5OF<S CB<@>< >4D4ES <?< B>GAS A9 S6?SRFES D46AB69DBSFAO@<, F4> >4> 
B>GA9= 6 B;9D9 @9APL9, K9@ >4D4E9=.  
"5M99 >B?<K9EF6B >4D4E9= < B>GA9= 6 CDG8G 1500 + 500 = 2000.  

�9DBSFABEFP CBC484A<S A4 G8BK>G >4D4ES  
p1 = 1500/2000 = 0,75, B>GAS p2 3 500/2000 = 0,25. 
 I1 = log2(1/p1), I1 = log2(1/p2), 789 I1 < I2 3 69DBSFABEF< CB=@4FP >4D4ES < 

B>GAS EBBF69FEF69AAB.  
I1 = log2(1 / 0,75)  0,43 5<F, I2 = log2(1 / 0,25)  2 5<F 3 >B?<K9EF6B 

<AHBD@4J<< 6 EBB5M9A<< CB=@4FP >4D4ES < CB=@4FP B>GAS EBBF69FEF69AAB.  
�B?<K9EF6B <AHBD@4J<< 6 EBB5M9A<< CB=@4FP DO5G (>4D4ES <?< B>GAS) 

D4EEK<FO649FES CB HBD@G?9 ,9AABA4  
I = - p1log2p1 - p2log2p2 
I = - 0,75*log20,75 - 0,25*log20,25 = - 0,75*(log0,75/log2)-0,25*(log0,25/log2) 

= 
= 0,604 5<F  0.6 5<F. 
"F69F: 6 EBB5M9A<< EB89D:<FES 0,6 5<F <AHBD@4J<< 

 

В4D<4AF № 1 

�484A<9 1. 
�7D4 D4EEK<F4A4 A4 2 <7DB>4. �E97B <7D4?B 4 K9?B69>4. � D9;G?PF4F9 

CDBL98L<I 6E9I <7D >4:8O= CB<7D4? E >4:8O@ CB 2 D4;4. "CD989?<FP >4>B9 
>B?<K9EF6B <AHBD@4J<< A9E9F 6 E959 EBB5M9A<9 B5 B8AB= <; QF<I <7D. 

�484A<9 2. 
� CBE9?>9 9 G?<J, A4 >4:8B= G?<J9 CB 8 8B@B6, 6 >4:8B@ 8B@9 :<69F CB 

5 K9?B69>4. �4>B9 >B?<K9EF6B 5<F <AHBD@4J<< EB89D:<F 84AAO9 B >4:8B@ <; 
:<?PJB6 CBE9?>4. 

�484A<9 3. 
�<84RF A9 E<@@9FD<KAGR H<7GDG, EBBFABL9A<9 EFBDBA >BFBDB= D46AB 

CDBCBDJ<<: P. �4>B9 >B?<K9EF6B 5<F <AHBD@4J<< EB89D:<F EBB5M9A<9 B 
E69DL9A<< B8AB7B <; 5DBE>B6? 

#DBCBDJ<S: P=4:2:1:7:1 
�484A<9 4. 
� ;BB@474;<A9 6 B8AB= >?9F>9 :<6GF W >BF9A>4, 6 8DG7B= >?9F>9 Q 

M9A>4, 6 E?98GRM9= T >DB?<>B6. "CD989?<FP >4>B9 >B?<K9EF6B <AHBD@4J<< 
5G89F EB89D:4FP EBB5M9A<9 B CB>GC>9 B8AB7B < ; :<6BFAOI. 

W=15    Q=4   T=10 
�484A<9 5. 
�OK<E?<FP >4>B9 >B?<K9EF6B <AHBD@4J<< 5G89F EB89D:4FP ;D<F9?PAB9 

EBB5M9A<9 B J69F9 6OAGFB7B L4D<>4, 9E?< 6 A9CDB;D4KAB@ @9LBK>9 ID4ASFES % 
59?OI, Y >D4EAOI, Z E<A<I < R ;9?9AOI L4D<>B6. 

X=28   Y=47   Z=13   R=22 
!B89D:4A<9 BFK9F4: 

 !B@9D CD4>F<K9E>B= D45BFO 
 &9@4 CD4>F<K9E>B= D45BFO 



 *9?P D45BFO 
 �4D<4AF 
 �484A<9 
 $9L9A<9 E CB8DB5AO@ BC<E4A<9@ 89=EF6<= 
 �O6B8 



�D4>F<K9E><9 ;4ASF<S № 2, 3 

 !>BDBEFP C9D984K< <AHBD@4J<<. 
&9?P: A4GK<FPES <;@9DSFP < 6OK<E?SFP E>BDBEFP C9D984K<  <AHBD@4J<R.  
�D9@S 6OCB?A9A<S: 2 K4E4 
�5BDG8B64A<9: #�. 
 4;84FBKAO= @4F9D<4?: 8<84>F<K9E><= @4F9D<4? 
�DB7D4@@AB9 B59EC9K9A<9: BC9D4J<BAA4S E<EF9@4, F9>EFB6O= D984>FBD. 

 

"9BD9F<K9E><9 BEAB6O 

%>BDBEFP C9D984K< <AHBD@4J<< BCD989?S9FES >B?<K9EF6B@  Q?9@9AFB6 
86B<KAB= <AHBD@4J<<,, C9D984649@OI ;4 1 E. � E<AIDBAAB=  C9D984K< 
84AAOI CB >B@@GF<DG9@O@ >4A4?4@ D9>B@9A8G9FES <ECB?P;B64FP E>BDBEF< <; 
E?98GRM97B DS84: 600, 1200, 2400, 4800, 9600 5<F/E. �?S  4E<AIDBAAB= 
C9D984K< CB >B@@GFP<DG9@O@ >4A4?@ D9>B@97A8G9FES E>BDBEFP 300 5<F/E. 
� E<AIDBAAB=  C9D984K< 84AAOI CB 4D9A8B64AAO@ >4A4?4@ D9>B@9A8G9FES 

<ECB?P;B64FP E>BDBEF< <; E?98GRM<I DS8B6: 
4) CD98CBKF<F9?PAO9: 600, 1200, 2400, 4800, 9600, 14400 5<F/E; 
5) 8BCB?A<F9?PAO9: 3000, 6000, 7200, 12000 5<F/E; 
6) 8BCGEF<@B7B 8<4C4;BA4: Nx600 5<F/E (1<=N<=24) 
%?98G9F BF?<K4FP E>BDBEFP C9D984K< <AHBD@4J<< BF   @B8G?SJ<BAAB= 

(?<A9=AB=) E>BDBEF<, <;@9DS9@B= 6 �B84I (>B?<K9EF6B Q?9@9AFB6 
@B8G?<DB64AAB7B E<7A4?4, C9D984649@B7B ;4 1 E). �?S  CDBEFOI  6<8B6 
@B8G?SJ<<  E>BDBEFP C9D984K< <AHBD@4J<< EB6C4849F E @B8G?SJ<BAAB= 
E>BDBEFPR. 

         #D< E<AIDBAAB= C9D984K9 E>BDBEFP 8B?:A4 BF?<K4FPES  BF  
AB@<A4?PAB7B  ;A4K9A<S  A9  5B?99, K9@ A4 0,01%, 4 CD< 4E<AIDBAAB= 3 A9 
5B?99, K9@ A4 2,5%. 
"54 >B@CPRF9D4, >4> CD46<?B, @B7GF B8AB6D9@9AAB B5@9A<64FPES 

<AHBD@4J<9= 6 B59 EFBDBAO. 1FBF D9:<@ D45BFO A4;O649FES CB?AO@ 
8GC?9>EAO@. 
�GC?9>EAO= D9:<@ C9D984K< 84AAOI 3 D9:<@, CD< >BFBDB@ C9D984K4 

84AAOI BEGM9EF6?S9FES B8AB6D9@9AAB 6 B5B<I A4CD46?9A<SI. 
� BF?<K<9 BF 8GC?9>EAB7B D9:<@4 C9D984K< 84AAOI, CB?G8GC?9>EAO= 

CB8D4;G@9649F C9D984KG 6 >4:8O= @B@9AF 6D9@9A< FB?P>B 6 B8AB@ 
A4CD46?9A<<. 
�DB@9 EB5EF69AAB @B8G?SJ<< < 89@B8G?SJ<< E<7A4?B6 @B89@O @B7GF 

6OCB?ASFP E:4F<9 < 89>B@CD9EE<R C9D9EO?49@B= <AHBD@4J<<, 4 F4>:9 
;4A<@4FPES CB<E>B@ < <ECD46?9A<9@ BL<5B>, 6B;A<>AG6L<I 6 CDBJ9EE9 
C9D984K< 84AAOI CB ?<A<S@ E6S;<. 



"8AB= <; BEAB6AOI I4D4>F9D<EF<> @B89@4 S6?S9FES E>BDBEFP @B8G?SJ<< 
(modulation speed), >BFBD4S BCD989?S9F H<;<K9E>GR E>BDBEFP C9D984K< 
84AAOI 59; GK9F4 <ECD46?9A<S BL<5B> < E:4F<S 84AAOI. �8<A<J9= 
<;@9D9A<S QFB7B C4D4@9FD4 S6?S9FES >B?<K9EF6B 5<F 6 E9>GA8G (5<F/E), 
A4;O649@B9 5B8B@. 
�R5B= >4A4? E6S;< <@99F B7D4A<K9AAGR CDBCGE>AGR ECBEB5ABEFP 

(E>BDBEFP C9D984K< <AHBD@4J<<), QFB K<E?B B7D4A<K<649FES E6B=EF64@< 
4CC4D4FGDO < E4@B= ?<A<< (>459?S). 
"5N9@ C9D984AAB= <AHBD@4J<<  6OK<E?S9FES CB HBD@G?9 Q=q*t, 789   q 3 

CDBCGE>A4S ECBEB5ABEFP >4A4?4 (6 5<F4I 6 E9>GA8G), 4 t 3 6D9@S C9D984K< 
#D<@9D 1. %>BDBEFP C9D984K< 84AAOI K9D9; ADSL-EB98<A9A<9 D46A4 

128000 5<F/c. +9D9; 84AAB9 EB98<A9A<9 C9D984RF H4=? D4;@9DB@ 625 >54=F. 
"CD989?<FP 6D9@S C9D984K< H4=?4 6 E9>GA84I. 
$9L9A<9: 
1) 6O89?<@ 6 ;484AAOI 5B?PL<I K<E?4I EF9C9A< 86B=>< < C9D96989@ 

D4;@9D H4=?4 6 5<FO, KFB5O «EB7?4EB64FP» 98<A<J <;@9D9A<S: 
128000 5<F/c = 128 · 1000 5<F/E = 27 · 125 · 8 5<F/E = 27 · 53 · 23 5<F/E = 

210·53 5<F/E 
625 >54=F = 54 >54=F = 54 · 213 5<F. 
2) KFB5O A4=F< 6D9@S C9D984K< 6 E9>GA84I, AG:AB D4;89?<FP D4;@9D H4=?4 

A4 E>BDBEFP C9D984K<: 
t=(54 · 213)5<F / 210·53 5<F/E = 40 E. 
"F69F: 40 E . 
 #D<@9D 2. %>BDBEFP C9D984K< 84AAOI K9D9; ADSL-EB98<A9A<9 D46A4 

512000 5<F/c. #9D984K4 H4=?4 K9D9; QFB EB98<A9A<9 ;4AS?4 1 @<AGFG. 
"CD989?<FP D4;@9D H4=?4 6 ><?B54=F4I. 
$9L9A<9: 
1) 6O89?<@ 6 ;484AAOI 5B?PL<I K<E?4I EF9C9A< 86B=><; C9D96989@ 6D9@S 6 

E9>GA8O (KFB5O «EB7?4EB64FP» 98<A<JO <;@9D9A<S), 4 E>BDBEFP C9D984K< 3 6 
>54=FO/E, CBE>B?P>G BF69F AG:AB CB?GK<FP 6 >54=F4I: 
1 @<A = 60 E = 4 · 15 E = 22 · 15 E 
512000 5<F/c = 512 · 1000 5<F/E = 29 · 125 · 8 5<F/E = 29 · 53 · 23 5<F/E = 

212 · 53 5<F/E = 29 · 53 5<F/E = (29 · 53) / 210  >54=F/E =  (53 / 2) >54=F/E 
2) KFB5O A4=F< B5N9@ H4=?4, AG:AB G@AB:<FP 6D9@S C9D984K< A4 E>BDBEFP 

C9D984K<: 
 Q=q*t = 22 · 15 E *(53 / 2) >54=F/E = 3750 >54=F 
"F69F: 3750 >54=F. 
 #D<@9D 3. C CB@BMPR @B89@4 GEF4AB6?9A4 E6S;P E 8DG7<@ >B@CPRF9DB@ 

EB E>BDBEFPR EB98<A9A<S 19200, E >BDD9>J<9= BL<5B> < E:4F<9@ 84AAOI.  
4)  B:AB ?< CD< F4>B@ EB98<A9A<< H4=? D4;@9DB@ 2,6 ><?B54=F C9D984FP ;4 



1 E9>GA8G? "5BEAG=F9 E6B= BF69F.  
5) �E9784 ?< CD< F4>B@ EB98<A9A<< H4=? D4;@9DB@ 2,3 ><?B54=F 5G89F 
C9D98464FPES ;4 1 E9>GA8G? "5BEAG=F9 E6B= BF69F.  
6)  B:AB ?< CD< F4>B@ EB98<A9A<< BJ9A<FP 6D9@S C9D984K< H4=?4 D4;@9DB@ 
4  5? �E?< @B:AB, FB >4><@ B5D4;B@? 
$9L9A<9: 
4) �?S A4K4?4 G;A49@, >4>B9 >B?<K9EF6B ><?B54=F @O @B:9@ C9D984FP ;4 1 

E9>GA8G: 19200/1024/8 = 2,3 (�54=F). %?98B64F9?PAB, 9E?< 5O A9 5O?B E:4F<S 
<AHBD@4J<<, FB 84AAO= H4=? ;4 B8AG E9>GA8G CD< 84AAB= E>BDBEF< 
EB98<A9A<S 5O?B 5O A96B;@B:AB C9D984FP. !B E:4F<9 9EFP, 2.6/2.3 < 4, 
E?98B64F9?PAB, C9D984K4 6B;@B:A4.  
5) !9F A9 6E9784, F4> >4> E>BDBEFP EB98<A9A<S QFB @4>E<@4?PAB 6B;@B:A4S 
E>BDBEFP C9D984K< 84AAOI CD< QFB@ EB98<A9A<<. $94?PA4S E>BDBEFP @B:9F 
5OFP @9APL9.  
6)  B:AB G>4;4FP @<A<@4?PAB9 6D9@S C9D984K< QFB7B H4=?4: 
4*1024*1024/4/19200, B>B?B 55 E (EFB?P>B 6D9@9A< 5G89F C9D98464FPES H4=? 
A4 G>4;4AAB= E>BDBEF< E @4>E<@4?PAB= >B@CD9EE<9=).  4>E<@4?PAB9 :9 
6D9@S C9D984K< BJ9A<FP 6BB5M9 7B6BDS A9?P;S, F4> >4> 6 ?R5B= @B@9AF 
@B:9F CDB<;B=F< B5DO6 E6S;<. 

 
�D4>F<K9E><9 ;484A<S 

 �484A<9 1. $9L<F9 ;484KG B C9D984K9 <AHBD@4J<< E CB@BMPR @B89@4. 
 �4D<4AF 1 %>BDBEFP C9D984K< 84AAOI K9D9; �DSL-EB98<A9A<9 D46A4 

512000 5<F/E. +9D9; 84AAB9 EB98<A9A<9 C9D984RF H4=? D4;@9DB@ 
1500 �5. "CD989?<F9 6D9@S C9D984K< H4=?4 6 E9>GA84I. 

�4D<4AF 2 %>BDBEFP C9D984K< 84AAOI K9D9; �DSL-EB98<A9A<9 D46A4 
1024000 5<F/E. +9D9; 84AAB9 EB98<A9A<9 C9D984RF H4=? 
D4;@9DB@ 2500 �5. "CD989?<F9 6D9@S C9D984K< H4=?4 6 E9>GA84I. 

�4D<4AF 3 %>BDBEFP C9D984K< 84AAOI K9D9; �DSL-EB98<A9A<9 D46A4 
1024000 5<F/E. #9D984K4 H4=?4 K9D9; 84AAB9 EB98<A9A<9 ;4AS?4 5 
E9>GA8. "CD989?<F9 D4;@9D H4=?4 6 ><?B54=F4I. 

�4D<4AF 4 %>BDBEFP C9D984K< 84AAOI K9D9; �DSL-EB98<A9A<9 D46A4 
512000 5<F/E. #9D984K4 H4=?4 K9D9; 84AAB9 EB98<A9A<9 ;4AS?4 8 
E9>GA8. "CD989?<F9 D4;@9D H4=?4 6 ><?B54=F4I. 

 �484A<9 2. $9L<F9 ;484KG B C9D984K9 7D4H<K9E>B= <AHBD@4J<<. 
 �4D<4AF 1 "CD989?<F9 E>BDBEFP D45BFO @B89@4, 9E?< ;4 256 E BA @B:9F 

C9D984FP D4EFDB6B9 <;B5D4:9A<9 D4;@9DB@ 640I480 C<>E9?9=. !4 
>4:8O= C<>E9?P CD<IB8<FES 3 54=F4. 

�4D<4AF 2 %>B?P>B E9>GA8 CBFD95G9FES @B89@G, C9D984RM9@G 
<AHBD@4J<R EB E>BDBEFPR 56 000 5<F/E, KFB5O C9D984FP J69FAB9 
D4EFDB6B9 <;B5D4:9A<9 D4;@9DB@ 640 I 480 C<>E9?9=, CD< 
GE?B6<<, KFB J69F >4:8B7B C<>E9?S >B8<DG9FES FD9@S 54=F4@<? 



�4D<4AF 3 "CD989?<F9 E>BDBEFP D45BFO @B89@4, 9E?< ;4 132 E BA @B:9F 
C9D984FP D4EFDB6B9 <;B5D4:9A<9 D4;@9DB@ 640I480 C<>E9?9=. !4 
>4:8O= C<>E9?P CD<IB8<FES 3 54=F4. 

�4D<4AF 4 %>B?P>B E9>GA8 CBFD95G9FES @B89@G, C9D984RM9@G 
<AHBD@4J<R EB E>BDBEFPR 28800 5<F/E, KFB5O C9D984FP J69FAB9 
D4EFDB6B9 <;B5D4:9A<9 D4;@9DB@ 640 I 480 C<>E9?9=, CD< 
GE?B6<<, KFB J69F >4:8B7B C<>E9?S >B8<DG9FES FD9@S 54=F4@<? 

 �FK9F 

"FK9F 8B?:9A 5OFP BHBD@?9A 6 F9>EFB6B@ D984>FBD9 < EB89D:4FP: 
 A4<@9AB64A<9 D45BFO; 
 J9?P D45BFO; 
 ;484A<9; 
 CBE?98B64F9?PABEFP 6OCB?A9A<S D45BFO; 
 BF69FO A4 >BAFDB?PAO9 6BCDBEO; 
 6O6B8 B CDB89?4AAB= D45BF9. 

�BAFDB?PAO9 6BCDBEO 

1. �4=F9 BCD989?9A<9 CDBCGE>AB= ECBEB5ABEF< (C9D984K4 <AHBD@4J<<)? 
2. � K9@ <;@9DS9FES CDBCGE>A4S ECBEB5ABEFP? 
3. �46<E<F ?< E>BDBEFP C9D984K< <AHBD@4J<< BF B5N9@4 C9D984649@B= 

<AHBD@4J<<? 
 
  



�D4>F<K9E>B9 ;4ASF<9 № 4 

�OCB?A9A<9 D4EK9FB6 CB F9BD9@9 BFEK9FB6.  �CD989?9A<9 CDBCGE>AB= 
ECBEB5ABEF< 8<E>D9FAB7B >4A4?4  

&9?P:  �;GK9A<9 6B;@B:ABEF< E<AF9;<DB64A<S E<7A4?B6 CB 8<E>D9FAO@ 
BFEK9F4@ 6 EBBF69FEF6<< E F9BD9@B= �BF9?PA<>B64. 
�D9@S 6OCB?A9A<S: 2 K4E4 
�5BDG8B64A<9: #�. 
�DB7D4@@AB9 B59EC9K9A<9: BC9D4J<BAA4S E<EF9@4, >4?P>G?SFBD,  

F9>EFB6O= D984>FBD. 
 

"9BD9F<K9E><9 BEAB6O 

"9BD9@4 �BF9?PA<>B64 

� 1933 7B8G �.�. �BF9?PA<>B6O@ 8B>4;4A4 F9BD9@4 BFEK9FB6 [6, 32], 
<@9RM4S 64:AB9 ;A4K9A<9 6 F9BD<< E6S;<: A9CD9DO6AO= E<7A4?  E 
B7D4A<K9AAO@ EC9>FDB@ @B:AB FBKAB 6BEEF4AB6<FP (<AF9DCB?<DB64FP) CB 97B 

BFEK9F4@ , 6;SFO@ K9D9; <AF9D64?O , 789  3 69DIASS K4EFBF4 
EC9>FD4 E<7A4?4. 
� EBBF69FEF6<< E QFB= F9BD9@B= E<7A4?  @B:AB CD98EF46<FP DS8B@ 

�BF9?PA<>B64  

. 

(1.21) 

&4><@ B5D4;B@, E<7A4? , @B:AB 45EB?RFAB FBKAB CD98EF46<FP E 

CB@BMPR CBE?98B64F9?PABEF< BFEK9FB6 , ;484AAOI 6 8<E>D9FAOI 

FBK>4I  (D<E.1.16). 

 
(GA>J<< 



 

(1.22) 

B5D4;GRF BDFB7BA4?PAO= 54;<E 6 CDBEFD4AEF69 E<7A4?B6, 
I4D4>F9D<;GRM<IES B7D4A<K9AAO@ EC9>FDB@: 

 CD< . (1.23) 

"5OKAB 8?S D94?PAOI E<7A4?B6 @B:AB G>4;4FP 8<4C4;BA K4EFBF, 6 CD989?4I 
>BFBDB7B EBED98BFBK9A4 BEAB6A4S K4EFP 97B QA9D7<< < >BFBDO@ BCD989?S9FES 
L<D<A4 EC9>FD4 E<7A4?4. � DS89 E?GK496 EC9>FD EB;A4F9?PAB EB>D4M4RF. 1FB 
B5GE?B6?9AB F9@, KFB 4CC4D4FGD4 < ?<A<S E6S;< 8B?:AO <@9FP @<A<@4?PAGR 
CB?BEG K4EFBF. %B>D4M9A<9 EC9>FD4 6OCB?ASRF, <EIB8S <; 8BCGEF<@OI 
<E>4:9A<= E<7A4?4. !4CD<@9D, CD< F9?9HBAAB= E6S;< IBDBL4S D4;5BDK<6BEFP 
D9K< < G;A4649@BEFP 45BA9AF4 B59EC9K<64RFES CD< C9D984K9 E<7A4?B6 6 
CB?BE9 K4EFBF . '69?<K9A<9  CD<6B8<F > A9BCD4684AAB@G 
GE?B:A9A<R 4CC4D4FGDO < CB6OL9A<R ;4FD4F. �?S C9D984K< F9?96<;<BAAB7B 
<;B5D4:9A<S CD< EF4A84DF9 6 625 EFDB> CB?BE4 K4EFBF, ;4A<@49@4S E<7A4?B@, 
EBEF46?S9F B>B?B 6  �J. 
�; 6OL9E>4;4AAB7B E?98G9F, KFB CDBJ9EEO E B7D4A<K9AAO@< EC9>FD4@< 

@B7GF E?G:<FP 489>64FAO@< @4F9@4F<K9E><@< @B89?S@< @AB7<I D94?PAOI 
E<7A4?B6. 

(GA>J<S 6<84  A4;O649FES 
HGA>J<9= BFEK9FB6 (D<E.1.17). 

 "A4 I4D4>F9D<;G9FES E?98GRM<@< 
E6B=EF64@<. �E?< , HGA>J<S BFEK9FB6 
<@99F @4>E<@4?PAB9 ;A4K9A<9 CD< , 4 6 

@B@9AFO 6D9@9A<  ( ) BA4 
B5D4M49FES 6 AG?P; L<D<A4 7?46AB7B 
?9C9EF>4 HGA>J<< BFEK9FB6 A4 AG?96B@ 

GDB6A9 D46A4 , CBQFB@G @<A<@4?PA4S 
8?<F9?PABEFP <@CG?PE4, >BFBDO= @B:9F EGM9EF6B64FP A4 6OIB89 ?<A9=AB= 

E<EF9@O E CB?BEB= CDBCGE>4A<S , D46A4 ; HGA>J<< BFEK9FB6 
BDFB7BA4?PAO A4 59E>BA9KAB@ <AF9D64?9 6D9@9A<. 

!4 BEAB64A<< F9BD9@O �BF9?PA<>B64 @B:9F 5OFP CD98?B:9A E?98GRM<= 
ECBEB5 8<E>D9FAB= C9D984K< A9CD9DO6AOI E<7A4?B6: 
�?S C9D984K< A9CD9DO6AB7B E<7A4?4  CB >4A4?G E6S;< E CB?BEB= 

CDBCGE>4A<S  BCD989?<@ @7AB69AAO9 ;A4K9A<S E<7A4?4  6 8<E>D9FAO9 



@B@9AFO 6D9@9A< , ( ). #BE?9 QFB7B C9D9848<@ QF< ;A4K9A<S 
CB >4A4?G E6S;< >4><@ - ?<5B <; 6B;@B:AOI ECBEB5B6 < 6BEEF4AB6<@ A4 
CD<9@AB= EFBDBA9 C9D984AAO9 BFEK9FO. �?S CD9B5D4;B64A<S CBFB>4 
<@CG?PEAOI BFEK9FB6 6 A9CD9DO6AGR HGA>J<R CDBCGEF<@ <I K9D9; 
<894?PAO= (!+ E 7D4A<KAB= K4EFBFB= . 
 B:AB CB>4;4FP, KFB QA9D7<S E<7A4?4 A4IB8<FES CB HBD@G?9 [6, 32]: 

. 
(1.24) 

�?S E<7A4?4, B7D4A<K9AAB7B 6B 6D9@9A<, 6OD4:9A<9 (1.24) CD9B5D4;G9FES > 
6<8G: 

. 
(1.25) 

�OD4:9A<9 (1.25) L<DB>B CD<@9AS9FES 6 F9BD<< CB@9IBGEFB=K<6B7B 
CD<9@4 E<7A4?B6, AB S6?S9FES CD<5?<:9AAO@, F.>. E<7A4?O A9 @B7GF 
5OFP  B8AB6D9@9AAB B7D4A<K9AO CB K4EFBF9 < 6D9@9A<. 

 
�D4>F<K9E>B9 ;484A<9 

 1. �;B5D4;<FP E<7A4?O, E<AF9;<DG9@O9 6 ?45BD4FBDAB= D45BF9: 
    4) E<AGEB<84?PAO= E<7A4? K4EFBFB= 5>�J; 
    5) 6<89B<@CG?PEO CDS@BG7B?PAB= HBD@O 8?<F9?PABEFPR 0,25; 0,5; 

1,0 @E; 
    6) 6<89B<@CG?PEO C<?BB5D4;AB= HBD@O 8?<F9?PABEFPR 0,5 @E; 1,0 @E. 
 2. $4EEK<F4FP < CBEFDB<FP <894?PAO9 6O5BDBKAO9 E<7A4?O 8?S E<7A4?B6, 

G>4;4AAOI 6 C. 14, 15, 16, CD< f6O5=5, 10, 20, 40 >�J. 

�FK9F 

"FK9F 8B?:9A 5OFP BHBD@?9A 6 F9>EFB6B@ D984>FBD9 < EB89D:4FP: 
 A4<@9AB64A<9 D45BFO; 
 J9?P D45BFO; 
 ;484A<9; 
 CBE?98B64F9?PABEFP 6OCB?A9A<S D45BFO; 
 BF69FO A4 >BAFDB?PAO9 6BCDBEO; 
 6O6B8 B CDB89?4AAB= D45BF9. 

 

�BAFDB?PAO9 6BCDBEO 

1. %HBD@G?<DG=F9 F9BD9@G �BF9?PA<>B64 8?S E<7A4?B6 E B7D4A<K9AAO@ 
EC9>FDB@. 
2. "5NSEA<F9 CB7D9LABEF< E<AF9;<DB64A<S D94?PAOI E<7A4?B6 CB 

8<E>D9FAO@ BFEK9F4@. 



 

�D4>F<K9E>B9 ;4ASF<9 № 5  

  4EK9F 69DBSFABEF9=. 
&9?P: A4GK<FPES 6OK<E?SFP 69DBSFABEF< EB5OF<= (CBS6?9A<9 E<@6B?B6 6 

EBB5M9A<<) < D4EEK<FO64FP QAFDBC<R.  
�D9@S 6OCB?A9A<S: 2 K4E4 
�5BDG8B64A<9: #�. 
�DB7D4@@AB9 B59EC9K9A<9: BC9D4J<BAA4S E<EF9@4, >4?P>G?SFBD,  

F9>EFB6O= D984>FBD. 
 

"9BD9F<K9E><9 BEAB6O 

�B?<K9EF6B <AHBD@4J<< CB )4DF?< < ,9AABAG 

#BASF<9 >B?<K9EF6B <AHBD@4J<< BFB:89EF6?S9FES E CBASF<9@ 

<AHBD@4J<S. 1F< 864 CBASF<S S6?SRFES E<ABA<@4@<.  9D4 <AHBD@4J<< 

8B?:A4 @BABFBAAB 6B;D4EF4FP E G69?<K9A<9@ 8?<F9?PABEF< EBB5M9A<S 

(E<7A4?4), >BFBDGR 9EF9EF69AAB <;@9DSFP K<E?B@ E<@6B?B6 6 8<E>D9FAB@ 

EBB5M9A<< < 6D9@9A9@ C9D984K< 6 A9CD9DO6AB@ E?GK49. �DB@9 FB7B, A4 

EB89D:4A<9 >B?<K9EF64 <AHBD@4J<< 8B?:AO 6?<SFP < EF4F<EF<K9E><9 

I4D4>F9D<EF<><, F4> >4> E<7A4? 8B?:9A D4EE@4FD<64FPES >4> E?GK4=AO= 

CDBJ9EE.  

#D< QFB@ A4?B:9AB DS8 B7D4A<K9A<=:  

1. $4EE@4FD<64RFES FB?P>B 8<E>D9FAO9 EBB5M9A<S.  

2.  AB:9EF6B D4;?<KAOI EBB5M9A<= >BA9KAB.  

3. %<@6B?O, EBEF46?SRM<9 EBB5M9A<S D46AB69DBSFAO < A9;46<E<@O.  

)4DF?< 6C9D6O9 CD98?B:<? 6 >4K9EF69 @9DO >B?<K9EF64 <AHBD@4J<< 

CD<ASFP ?B74D<H@ K<E?4 6B;@B:AOI CBE?98B64F9?PABEF9= E<@6B?B6. 

I=log mk=log N         (1) 

�.,9AABA CBCOF4?ES EASFP F9 B7D4A<K9A<S, >BFBDO9 A4?B:<? )4DF?<. !4 

E4@B@ 89?9 6 D4EE@BFD9AAB@ 6OL9 E?GK49 D46AB= 69DBSFABEF< < 

A9;46<E<@BEF< E<@6B?B6 CD< ?R5B@ k 6E9 6B;@B:AO9 EBB5M9A<S 

B>4;O64RFES F4>:9 D46AB69DBSFAO@<, 69DBSFABEFP >4:8B7B <; F4><I 

EBB5M9A<= D46A4 P=1/N. &B784 >B?<K9EF6B <AHBD@4J<< @B:AB 6OD4;<FP 

K9D9; 69DBSFABEF< CBS6?9A<S EBB5M9A<= I=log P. 



� E<?G EF4F<EF<K9E>B= A9;46<E<@BEF< E<@6B?B6, 69DBSFABEFP EBB5M9A<S 

8?<AB= 6 k E<@6B?B6 D46A4 

 

�E?< i= E<@6B? CB6FBDS9FES 6 84AAB@ EBB5M9A<< ki D4;, FB  

 

F4> >4> CD< CB6FBD9A<< i E<@6B?4 ki D4; k G@9APL49FES 8B m. �; F9BD<< 

69DBSFABEF9= <;69EFAB, KFB, CD< 8BEF4FBKAB 8?<AAOI EBB5M9A<SI (5B?PLB9 

K<E?B E<@6B?B6 k) ki≈k·pi < FB784 69DBSFABEFP EBB5M9A<= 5G89F D46ASFPES  

 

&B784 B>BAK4F9?PAB CB?GK<@ 

        (2) 

�4AAB9 6OD4:9A<9 A4;O649FES HBD@G?B= ,9AABA4 8?S BCD989?9A<S 

>B?<K9EF64 <AHBD@4J<<.  

(BD@G?4 ,9AABA4 8?S >B?<K9EF64 <AHBD@4J<< A4 BF89?PAO= E<@6B? 

EBB5M9A<S EB6C4849F E QAFDBC<9=. &B784 >B?<K9EF6B <AHBD@4J<< EBB5M9A<S 

EBEFBSM97B <; k E<@6B?B6 5G89F D46ASFPES I=k·H 

�B?<K9EF6B <AHBD@4J<<, >4> @9D4 EASFB= A9BCD989?9AABEF< 

#D< C9D984K9 EBB5M9A<=, B >4>B= ?<5B E<EF9@9 CDB<EIB8<F G@9APL9A<9 

A9BCD989?9AABEF<. �E?< B E<EF9@9 6E9 <;69EFAB, FB A9F E@OE?4 CBEO?4FP 

EBB5M9A<9. �B?<K9EF6B <AHBD@4J<< <;@9DSRF G@9APL9A<9@ QAFDBC<<. 

�B?<K9EF6B <AHBD@4J<<, CD<B5D9F49@B9 CD< CB?AB@ 6OSEA9A<< EBEFBSA<S 

A9>BFBDB= H<;<K9E>B= E<EF9@O, D46AB QAFDBC<< QFB= E<EF9@O: 

 

�B?<K9EF6B <AHBD@4J<< I  9EFP BED98A9AAB9 ;A4K9A<9 ?B74D<H@4 

69DBSFABEF< EBEFBSA<S. &B784 >4:8B9 BF89?PAB9 E?4749@B9 log pi 

A9B5IB8<@B D4EE@4FD<64FP >4> K4EFAGR <AHBD@4J<R, CB?GK49@GR BF 

BF89?PAB7B EBB5M9A<S, FB 9EFP 



 

�;5OFBKABEFP <AHBD@4J<< 

�E?< 5O EBB5M9A<S C9D98464?<EP E CB@BMPR D46AB69DBSFAOI 5G>6 

4?H46<F4 < @9:8G EB5B= EF4F<EF<K9E>< A9;46<E<@OI, FB QAFDBC<S F4><I 

EBB5M9A<= 5O?4 5O @4>E<@4?PAB=. !4 E4@B@ 89?9 D94?PAO9 EBB5M9A<S 

EFDBSFES <; A9 D46AB69DBSFAOI 5G>6 4?H46<F4 E A4?<K<9@ EF4F<EF<K9E><I 

E6S;9= @9:8G 5G>64@<. #BQFB@G QAFDBC<S D94?PAOI EBB5M9A<= HD, 

B>4;O649FES @AB7B @9APL9 BCF<@4?PAOI EBB5M9A<=  HB. �BCGEF<@, AG:AB 

C9D984FP EBB5M9A<9, EB89D:4M99 >B?<K9EF6B <AHBD@4J<<, D46AB9 I. 

�EFBKA<>G, B5?484RM9@G QAFDBC<9= A4 5G>6G, D46AB= HD, CD<89FES ;4FD4F<FP 

A9>BFBDB9 K<E?B nD, FB 9EFP  

 

�E?< QAFDBC<S <EFBKA<>4 5O?4 5O !0, FB CD<L?BEP 5O ;4FD4F<FP @9APL9 

5G>6 A4 C9D984KG QFB7B :9 >B?<K9EF64 <AHBD@4J<< 

I= n0H0  

&4><@ B5D4;B@, K4EFP 5G>6 nDnB S6?SRFES >4> 5O ?<LA<@<, <;5OFBKAO@<. 

 9D4 G8?<A9A<S D94?PAOI EBB5M9A<= CB ED46A9A<R E BCF<@4?PAB 

;4>B8<DB64AAO@< < CD98EF46?S9F EB5B= <;5OFBKABEFP D. 

       (3) 

!B A4?<K<9 <;5OFBKABEF< A9?P;S D4EE@4FD<64FP >4> CD<;A4> 

A9EB69DL9AEF64 <EFBKA<>4 EBB5M9A<=. !4?<K<9 <;5OFBKABEF< ECBEB5EF6G9F 

CB6OL9A<R CB@9IBGEFB=K<6BEF< EBB5M9A<=. �OEB>4S <;5OFBKABEFP 

9EF9EF69AAOI S;O>B6 B59EC9K<649F A489:AB9 B5M9A<9 @9:8G ?R8P@<.  

+4EFBFAO9 I4D4>F9D<EF<>< F9>EFB6OI EBB5M9A<= 

�4:AO@< I4D4>F9D<EF<>4@< F9>EF4 S6?SRFES CB6FBDS9@BEFP 5G>6, C4D 5G>6 

(5<7D4@@) < 6BB5M9 m-B> (m-7D4@@), EBK9F49@BEFP 5G>6 8DG7 E 8DG7B@, 

K9D98B64A<9 7?4EAOI < EB7?4EAOI < A9>BFBDO9 8DG7<9. �4@9K4F9?PAB, KFB QF< 



I4D4>F9D<EF<>< S6?SRFES 8BEF4FBKAB GEFB=K<6O@<. 

�89S EBEFB<F 6 CB8EK9F9 K<E9? 6IB:89A<= >4:8B= nm 6B;@B:AOI m-7D4@@ 

6 8BEF4FBKAB 8?<AAOI BF>DOFOI F9>EF4I T=t1t2&tl, EBEF46?9AAOI <; 5G>6 

4?H46<F4 {a1, a2, ..., an}. #D< QFB@ CDBE@4FD<64RFES CB8DS8 <8GM<9 m-

7D4@@O F9>EF4 

t1t2...tm, t2t3... tm+1, ..., ti-m+1tl-m+2...tl. 

�E?< 3 K<E?B CBS6?9A<= m-7D4@@O ai1ai2...aim 6 F9>EF9 T, 4 L 

B5M99 K<E?B CB8EK<F4AAOI m-7D4@@, FB BCOF CB>4;O649F, KFB CD< 

8BEF4FBKAB 5B?PL<I L K4EFBFO 

    8?S 84AAB= m-7D4@@O @4?B BF?<K4RFES 8DG7 BF 8DG74. 

� E<?G QFB7B, BFABE<F9?PAGR K4EFBFG EK<F4RF CD<5?<:9A<9@ 69DBSFABEF< 

P (ai1ai2...aim) CBS6?9A<S 84AAB= m-7D4@@O 6 E?GK4=AB 6O5D4AAB@ @9EF9 

F9>EF4 (F4>B= CB8IB8 CD<ASF CD< EF4F<EF<K9E>B@ BCD989?9A<< 69DBSFABEF<). 

�?S DGEE>B7B S;O>4 K4EFBFO (6 CBDS8>9 G5O64A<S) ;A4>B6 4?H46<F4, 6 

>BFBDB@ BFB:89EF6?9AO E c Ё, 0 E ., 4 F4>:9 <@99FES ;A4> CDB59?4 (-) @9:8G 

E?B64@<, CD<6989AO 6 F45?<J9 1.  

&45?<J4 1 

- 0.175 " 0.090 �, Ё 0.072 � 0.062 

� 0.062 & 0.053 ! 0.053 % 0.045 

$ 0.040 � 0.038 � 0.035 � 0.028 

  0.026 � 0.025 # 0.023 ' 0.021 

3 0.018 / 0.016 � 0.016 0, . 0.014 

� 0.014 � 0.013 + 0.012 � 0.010 

) 0.009 � 0.007 2 0.006 , 0.006 

* 0.004 - 0.003 1 0.003 ( 0.002 

!9>BFBD4S D4;A<J4 ;A4K9A<= K4EFBF 6 CD<6B8<@OI 6 D4;?<KAOI 

<EFBKA<>4I F45?<J4I B5NSEAS9FES F9@, KFB K4EFBFO EGM9EF69AAB ;46<ESF A9 

FB?P>B BF 8?<AO F9>EF4, AB < BF 97B I4D4>F9D4.  

'EFB=K<6O@< S6?SRFES F4>:9 K4EFBFAO9 I4D4>F9D<EF<>< 5<7D4@@, 

FD<7D4@@ < K9FOD9I7D4@@ BE@OE?9AAOI F9>EFB6. 



�BDS8B> 6OCB?A9A<S D45BFO 

"CD989?<FP >B?<K9EF6B <AHBD@4J<< (CB )4DF?<), EB89D:4M99ES 6 

;484AAB@ EBB5M9A<<, CD< GE?B6<<, KFB ;A4K9A<S@< S6?SRFES 5G>6O 

><D<??<JO. 

«(4@<?<S �@S "FK9EF6B» ;469DL<? 9:97B8AO= EN9;8 QDG8<DB64AAOI 

L>B?PA<>B6, @9KF4RM<I 7?G5B>B CDBA<>AGFP 6 F4=AO H<;<K9E><I S6?9A<= < 

I<@<K9E><I D94>J<= 

#BEFDB<FP F45?<JG D4ECD989?9A<S K4EFBF E<@6B?B6, I4D4>F9DAO9 8?S 

;484AAB7B EBB5M9A<S. #DB<;6B8<FES F4> A4;O649@4S K4EFBFA4S E9?9>J<S, 

F9>EF EBB5M9A<S 4A4?<;<DG9FES >4> CBFB> E<@6B?B6 < 6OEK<FO649FES K4EFBF4 

6EFD9K49@BEF< >4:8B7B E<@6B?4. %D46A<FP E <@9RM<@<ES 84AAO@< 6 F45? 1. 

!4 BEAB64A<< CB?GK9AAOI 84AAOI BCD989?<FP ED98A99 < CB?AB9 

>B?<K9EF6B <AHBD@4J<<, EB89D:4M99ES 6 ;484AAB@ EBB5M9A<<. "J9A<FP 

<;5OFBKABEFP EBB5M9A<S. 

1. #BEFDB<FP F45?<JG D4ECD989?9A<S K4EFBF E<@6B?B6, I4D4>F9DAOx 

8?S ;484AAB7B EBB5M9A<S CGFT@ 89?9A<S >B?<K9EF64 BCD989?TAAB7B E<@6B?4 

6 84AAB@ EBB5M9A<< A4 B5M99 K<E?B E<@6B?B6  

#B HBD@G?9 

 

H= 6OK<E?<? QAFDBC<R EBB5M9A<S 

2. �4?99 CB HBD@G?9 ,9AABA4 8?S BCD989?9A<S >B?-64 <AHBD@4J<< 

 6OK<E?<? >B?-6B <AHBD@4J<< 6 C9D984649@B@ 

EBB5M9A<<  

3. �OK<E?<? <;5OFBKABEFP D CB HBD@G?9 

 

�FK9F 

"FK9F 8B?:9A 5OFP BHBD@?9A 6 F9>EFB6B@ D984>FBD9 < EB89D:4FP: 
 A4<@9AB64A<9 D45BFO; 



 J9?P D45BFO; 
 ;484A<9; 
 CBE?98B64F9?PABEFP 6OCB?A9A<S D45BFO; 
 BF69FO A4 >BAFDB?PAO9 6BCDBEO; 
 6O6B8 B CDB89?4AAB= D45BF9. 

�BAFDB?PAO9 6BCDBEO 

1. �4FP BCD989?9A<9 CBASF<9 QAFDBC<S? 

2. +FB B;A4K49F 69DBSFABEFAO= ECBEB5 <;@9D9A<S <AHBD@4J<<? 

3. +FB B;A4K49F EF4F<K9E>B9 BCD989?9A<9 69DBSFABEF<? 

 

 

�D4>F<K9E>B9 ;4ASF<9 № 6, 7  
�D<@9A9A<9 F9BD9@O (9AABA4.  
#B<E> QAFDBC<< E?GK4=AOI 69?<K<A. 

&9?P: A4GK<FPES 6OK<E?SFP QAFDBC<R E?GK4=AB= 69?<K<AO.  
�D9@S 6OCB?A9A<S: 4 K4E4 
�5BDG8B64A<9: #�. 
�DB7D4@@AB9 B59EC9K9A<9: BC9D4J<BAA4S E<EF9@4, >4?P>G?SFBD,  

F9>EFB6O= D984>FBD. 
"9BD9F<K9E><9 BEAB6O 

ЭAFDBC<S 6 F9BD<< <AHBD@4J<< 4 @9D4 I4BF<KABEF< <AHBD@4J<<, 
A9BCD989?TAABEFP CBS6?9A<S >4>B7B-?<5B E<@6B?4 C9D6<KAB7B 4?H46<F4. #D< 
BFEGFEF6<< <AHBD@4J<BAAOI CBF9DP K<E?9AAB D46A4 >B?<K9EF6G <AHBD@4J<< 
A4 E<@6B? C9D984649@B7B EBB5M9A<S. 
&4>, 6B;P@T@, A4CD<@9D, CBE?98B64F9?PABEFP E<@6B?B6, EBEF46?SRM<I 

>4>B9-?<5B CD98?B:9A<9 A4 DGEE>B@ S;O>9. �4:8O= E<@6B? CBS6?S9FES E 
D4;AB= K4EFBFB=, E?98B64F9?PAB, A9BCD989?TAABEFP CBS6?9A<S 8?S A9>BFBDOI 
E<@6B?B6 5B?PL9, K9@ 8?S 8DG7<I. �E?< :9 GK9EFP, KFB A9>BFBDO9 EBK9F4A<S 
E<@6B?B6 6EFD9K4RFES BK9AP D98>B, FB A9BCD989?TAABEFP 9MT 5B?99 
G@9APL49FES (6 QFB@ E?GK49 7B6BDSF B5 QAFDBC<< n-B7B CBDS8>4. �BAJ9CJ<< 
<AHBD@4J<< < QAFDBC<< <@9RF 7?G5B><9 E6S;< 8DG7 E 8DG7B@, AB, A9E@BFDS 
A4 QFB, D4;D45BF>4 F9BD<= 6 EF4F<EF<K9E>B= @9I4A<>9 < F9BD<< <AHBD@4J<< 
;4AS?4 @AB7B ?9F, KFB5O E89?4FP <I EBBF69FEF6GRM<@< 8DG7 8DG7G. 
ЭAFDBC<S A9;46<E<@OI E?GK4=AOI EB5OF<= x E n 6B;@B:AO@< 

EBEFBSA<S@< (BF 1 8B n) D4EEK<FO649FES CB HBD@G?9: 

 



1F4 69?<K<A4 F4>:9 A4;O649FES ED98A9= QAFDBC<9= EBB5M9A<S. 

�9?<K<A4  A4;O649FES K4EFAB= QAFDBC<9=, I4D4>F9D<;GRM9= 
FB?P>B i-e EBEFBSA<9. 
&4><@ B5D4;B@, QAFDBC<S EB5OF<S x S6?S9FES EG@@B= E CDBF<6BCB?B:AO@ 

;A4>B@ 6E9I CDB<;6989A<= BFABE<F9?PAOI K4EFBF CBS6?9A<S EB5OF<S i, 
G@AB:9AAOI A4 <I :9 86B<KAO9 ?B74D<H@O (BEAB64A<9 2 6O5D4AB FB?P>B 
8?S G8B5EF64 D45BFO E <AHBD@4J<9=, CD98EF46?9AAB= 6 86B<KAB= HBD@9). 
1FB BCD989?9A<9 8?S 8<E>D9FAOI E?GK4=AOI EB5OF<= @B:AB D4EL<D<FP 8?S 
HGA>J<< D4ECD989?9A<S 69DBSFABEF9=. 
,9AABA 6O69? QFB BCD989?9A<9 QAFDBC<< <; E?98GRM<I CD98CB?B:9A<=: 

 @9D4 8B?:A4 5OFP A9CD9DO6AB=; F. 9. <;@9A9A<9 ;A4K9A<S 
69?<K<AO 69DBSFABEF< A4 @4?GR 69?<K<AG 8B?:AB 6O;O64FP @4?B9 
D9;G?PF<DGRM99 <;@9A9A<9 QAFDBC<<; 

 6 E?GK49, >B784 6E9 64D<4AFO (5G>6O 6 CD<6989AAB@ CD<@9D9) 
D46AB69DBSFAO, G69?<K9A<9 >B?<K9EF64 64D<4AFB6 (5G>6) 8B?:AB 6E9784 
G69?<K<64FP CB?AGR QAFDBC<R; 

 8B?:A4 5OFP 6B;@B:ABEFP E89?4FP 6O5BD (6 A4L9@ CD<@9D9 5G>6) 
6 864 L474, 6 >BFBDOI QAFDBC<S >BA9KAB7B D9;G?PF4F4 8B?:A4 5G89F 
S6?S9FES EG@@B= QAFDBC<= CDB@9:GFBKAOI D9;G?PF4FB6. 

,9AABA CB>4;4?, KFB ?R5B9 BCD989?9A<9 QAFDBC<<, G8B6?9F6BDSRM99 QF<@ 
CD98CB?B:9A<S@, 8B?:AB 5OFP 6 HBD@9: 

 
789 K 4 >BAEF4AF4 (< 6 89=EF6<F9?PABEF< AG:A4 FB?P>B 8?S 6O5BD4 98<A<J 

<;@9D9A<S). 
,9AABA BCD989?<?, KFB <;@9D9A<9 QAFDBC<< (H = − p1 log2 p1 − & 

− pn log2 pn), CD<@9AS9@B9 > <EFBKA<>G <AHBD@4J<<, @B:9F BCD989?<FP 
FD95B64A<S > @<A<@4?PAB= CDBCGE>AB= ECBEB5ABEF< >4A4?4, FD95G9@B= 8?S 
A489:AB= C9D984K< <AHBD@4J<< 6 6<89 ;4>B8<DB64AAOI 86B<KAOI K<E9?. 
�?S 6O6B84 HBD@G?O ,9AABA4 A9B5IB8<@B 6OK<E?<FP @4F9@4F<K9E>B9 
B:<84A<S «>B?<K9EF64 <AHBD@4J<<», EB89D:4M97BES 6 J<HD9 <; <EFBKA<>4 
<AHBD@4J<<.  9D4 QAFDBC<< ,9AABA4 6OD4:49F A9G69D9AABEFP D94?<;4J<< 
E?GK4=AB= C9D9@9AAB=. &4><@ B5D4;B@, QAFDBC<S S6?S9FES D4;A<J9= @9:8G 
<AHBD@4J<9=, EB89D:4M9=ES 6 EBB5M9A<<, < FB= K4EFPR <AHBD@4J<<, 
>BFBD4S FBKAB <;69EFA4 (<?< IBDBLB CD98E>4;G9@4) 6 EBB5M9A<<. #D<@9DB@ 
QFB7B S6?S9FES <;5OFBKABEFP S;O>4 4 <@9RFES S6AO9 EF4F<EF<K9E><9 
;4>BAB@9DABEF< 6 CBS6?9A<< 5G>6, C4D CBE?98B64F9?PAOI 5G>6, FDB9> < F.8.  
� B5M9@ E?GK49 b-4DA4S QAFDBC<S (789 b D46AB 2,3,... ) <EFBKA<>4  = 

(S,P) E <EIB8AO@ 4?H46<FB@ S = {a1, &, an} < 8<E>D9FAO@ D4ECD989?9A<9@ 
69DBSFABEF< P = {p1, &, pn} 789 pi S6?S9FES 69DBSFABEFPR ai (pi = p(ai)) 
BCD989?S9FES HBD@G?B=: 

 



"CD989?9A<9 QAFDBC<< ,9AABA4 BK9AP E6S;4AB E 
CBASF<9@ F9D@B8<A4@<K9E>B= QAFDBC<<. �B?PJ@4A < �<55E CDB89?4?< 
5B?PLGR D45BFG CB EF4F<EF<K9E>B= F9D@B8<A4@<>9, >BFBD4S ECBEB5EF6B64?4 
CD<ASF<R E?B64 «QAFDBC<S» 6 <AHBD@4J<BAAGR F9BD<R. %GM9EF6G9F E6S;P 
@9:8G CBASF<S@< QAFDBC<< 6 F9D@B8<A4@<>9 < F9BD<< <AHBD@4J<<. 
!4CD<@9D, 89@BA  4>E69??4 F4>:9 CDBF<6BCBEF46?S9F F9D@B8<A4@<K9E>GR 
QAFDBC<R <AHBD@4J<<, < CB?GK9A<9 >4>B7B-?<5B >B?<K9EF64 <AHBD@4J<< 
D46AB CBF9DSAAB= QAFDBC<<. 
%�"�%&�� 1!&$"#�� 
1.1AFDBC<S S6?S9FES 69M9EF69AAB= < A9BFD<J4F9?PAB= 69?<K<AB=. 
2.1AFDBC<S 3 69?<K<A4 B7D4A<K9AA4S.  
3.1AFDBC<S B5D4M49FES 6 AG?P ?<LP 6 FB@ E?GK49, 9E?< 69DBSFABEFP B8AB7B 

<; EBEFBSA<= D46A4 98<A<J9; FB784 69DBSFABEF< 6E9I BEF4?PAOI EBEFBSA<=, 
9EF9EF69AAB, D46AO AG?R. 1FB  CB?B:9A<9  EBBF69FEF6G9F E?GK4R, >B784 
EBEFBSA<9 <EFBKA<>4 CB?ABEFPR BCD989?9AB. 

4.1AFDBC<S @4>E<@4?PA4, >B784 6E9 EBEFBSA<S <EFBKA<>4 D46AB69DBSFAO. 
5. 1AFDBC<S <EFBKA<>4 < E 86G@S EBEFBSA<S@< u1 < u2 <;@9AS9FES BF AG?S 

8B 98<A<JO, 8BEF<74S @4>E<@G@4 CD< D469AEF69 <I 69DBSFABEF9=: 
D(<1) = D= D(u2) = 1 4 D = 0,5. 
6.1AFDBC<S B5N98<A9A<S A9E>B?P><I EF4F<EF<K9E>< A9;46<E<@OI   

<EFBKA<>B6   <AHBD@4J<<   D46A4   EG@@9 QAFDBC<< <EIB8AOI <EFBKA<>B6. 
7. 1AFDBC<S I4D4>F9D<;G9F ED98ARR A9BCD989?9AABEFP 6O5BD4 B8AB7B 

EBEFBSA<S <; 4AE4@5?S. #D< 99 BCD989?9A<< <ECB?P;GRF FB?P>B 69DBSFABEF< 
EBEFBSA<=, CB?ABEFPR <7ABD<DGS <I EB89D:4F9?PAGR EFBDBAG. #BQFB@G 
QAFDBC<S A9 @B:9F E?G:<FP ED98EF6B@ D9L9A<S ?R5OI ;484K, E6S;4AAOI E 
A9BCD989?9AABEFPR.  

8. 1AFDBC<S >4> @9D4 A9BCD989?9AABEF< EB7?4EG9FES E 
Q>EC9D<@9AF4?PAO@< 84AAO@<, CB?GK9AAO@< CD< <;GK9A<< CE<IB?B7<K9E><I 
D94>J<= K9?B69>4, 6 K4EFABEF< D94>J<< 6O5BD4. 'EF4AB6?9AB, KFB 6D9@S 
59;BL<5BKAB= D94>J<< A4 CBE?98B64F9?PABEFP 59ECBDS8BKAB K9D98GRM<IES 
D46AB69DBSFAOI D4;8D4:<F9?9= (A4CD<@9D, ;47BD4RM<IES ?4@CBK9>) D4EF9F E 
G69?<K9A<9@ <I K<E?4 F4> :9, >4> QAFDBC<S. 1FB 6D9@S I4D4>F9D<;G9F 
A9BCD989?9AABEFP 6O5BD4 B8AB7B D4;8D4:<F9?S. �4@9A4 D46AB69DBSFAOI 
D4;8D4:<F9?9= A9D46AB69DBSFAO@< CD<6B8<F > EA<:9A<R ED98A97B 6D9@9A< 
D94>J<< DB6AB A4EFB?P>B, A4E>B?P>B G@9APL49FES QAFDBC<S. 

 Д<HH9D9AJ<4?PAB= QAFDBC<9= E?GK4=AB= 69?<K<AO X A4;O649FES 
69?<K<A4: 

H�(x)=H(x)-H(y)= - dxxpdxp xx )(*log*)( 2




 

�E?< CDB<;69EF< >64AFB64A<9 E?GK4=AOI 69?<K<A )1, )2&)n CB GDB6AR E 
K<E?B@ GDB6A9= >64AFB64A<S D46AO@ m , FB 6B;@B:AB9 K<E?B D94?<;4J<= 
8?<F9?PABEFPR &n EF4A9F >BA9KAO@ < D46AO@ М = Fn

. 

�4:84S <; D94?<;4J<= %1 , %2,&.% i ,&%m  5G89F <@9FP 
BCD989?9AAGR 69DBSFABEFP CBS6?9A<S 6 Q>EC9D<@9AF9 CB A45?R89A<R 



D94?<;4J<=. &B784 A9BCD989?9AABEFP (QAFDBC<S) < >B?<K9EF6B <AHBD@4J<< 6 
D94?<;4J<< (6 ED98A9@ CB 6E9@ D94?<;4J<S@) BCD989?SRFES D469AEF6B@ 

  
 
 
 

 

1AFDBC<S < >B?<K9EF6B <AHBD@4J<< A4 B8AG EF9C9AP E6B5B8O (A4 B8AG 
6O5BD>G) D46AO 

 

  

 

 �;5OFBKABEFP CB>4;O649F, >4>4S 8B?S @4>E<@4?PAB 6B;@B:AB= CD< 
;484AAB@ B5N9@9 4?H46<F4 A9BCD989?9AABEF< A9 <ECB?P;G9FES <EFBKA<>B@. 

 =(Hmax-Hu)/Hmax , 

�89 !u 3 QAFDBC<S D4EE@4FD<649@B7B <EFBKA<>4, !max 3 @4>E<@4?PAB 
6B;@B:AB9 ;A4K9A<9 97B QAFDBC<<, >BFBDB9 @B:9F 5OFP 8BEF<7AGFB CB85BDB@ 
D4ECD989?9A<S < ?<>6<84J<9= 6;4<@B;46<E<@BEF< Q?9@9AFB6 4?H46<F4. &4>, 
8?S 8<E>D9FAB7B <EFBKA<>4 E   Q?9@9AF4@< 

Hmax=log M 
�OCB?A9A<9 D4EK9FAOI ;484K 

�484K4 №1 

 �B>4;4FP, KFB H(x,y)≤H(x)+H(y). 
 9L9A<9: 

#B BCD989?9A<R, ø ù ø ù ø ù
1 1
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i j i j

i j

H x y p x y p x y
 

 õõ . 

�?S EF4F<EF<K9E>< ;46<E<@OI EB5OF<= ø ù ø ù ø ù, /
i j i j i

p x y p x p y x . 
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ø ù ø ù
ø ù

ø ù ø ù
ø ù

ø ù ø ù
1 1

/

log , / / .
n n

i i i i

i i

H x H y x

p x p x p x H x y x H x H y x
 

    õ õ  

ø ù/
i

H y x  - QFB K4EFA4S QAFDBC<S Y CD< GE?B6<<, KFB <;69EFAB EBEFBSA<9 
X=xi. 
!4?<K<9 <AHBD@4J<< B EBEFBSA<< X A9 @B:9F G69?<K<FP 

A9BCD989?9AABEFP EBEFBSA<S Y, AB @B:9F G@9APL<FP 97B 6 E?GK49 
;46<E<@BEF< Y BF X. �A4K<F, GE?B6A4S QAFDBC<S ø ù/

i
H y x  A9 5B?PL9 
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59;GE?B6AB= QAFDBC<< ø ùH y , FB 9EFP ø ù ø ù/
i

H y x H yó . &B784 ED98ASS GE?B6A4S 

QAFDBC<S ø ù ø ù ø ù ø ù ø ù ø ù ø ù ø ù
1 1 1

1

/ /
n n n

i i i i

i i i

H y x p x H y x p x H y H y p x H y
  

 ó  õ õ õ , 

FB 9EFP ø ù ø ù/H y x H yó . 

�A4K<F, ø ù ø ù ø ù ø ù ø ù, / .H x y H x H y x H x H y  ó   
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#B>4;4FP, KFB 8?S D97G?SDAB= @4D>B6E>B= J9C< QAFDBC<S H(x)(r) ;4 r L47B6 
D46AS9FES QAFDBC<< ;4 B8<A L47, G@AB:9AAB= A4 K<E?B L47B6 r. 
 9L9A<9: 
$97G?SDA4S J9CP  4D>B64 CB?ABEFPR I4D4>F9D<;G9FES @4FD<J9= 

C9D9IB8AOI 69DBSFABEF9= 
11 1

1

...

. . .

m

m mm

p p

P

p p

ö ö
÷ ÷ ÷ ÷
÷ ÷
ø ø

 < CD989?PAO@ EF4J<BA4DAO@ 

D4ECD989?9A<9@ 69DBSFABEF9= EBEFBSA<= ø ù1 2, ,...,
m

p p p . 

� EF4J<BA4DAB@ D9:<@9 QAFDBC<S ;4 B8<A L47 A9 ;46<E<F BF AB@9D4 L474 < 

D46A4 ø ùø ù ø ù1

1

m

k k

k

H X p H x


õ , 

kp  - EF4J<BA4DA4S 69DBSFABEFP k-7B EBEFBSA<S, 

ø ù
1

log
m

k k i k i

i

H x p p


 õ  - QAFDBC<S 6 k-@ EBEFBSA<<. 

1AFDBC<S ;4 r L47B6 D46A4 EG@@9 QAFDBC<= ;4 >4:8O= L47. &4> >4> 
QAFDBC<S ;4 >4:8O= L47 B8<A4>B64, FB EG@@4 QAFDBC<= D46A4 

ø ùø ù ø ùø ù1r
H X r H X  . 
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 �OK<E?<FP QAFDBC<R H8(x) D4ECD989?9A<S px(x) <;B5D4:9AAB7B A4 
D<EGA>9.  
#BEFDB<FP 7D4H<> ;46<E<@BEF< H8(x) 6 HGA>J<< C4D4@9FD4 d. 
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 9L9A<9: 
�; GE?B6<S ABD@<DB6>< 

1 1

1
1S d x x

d
     . 

#?BFABEFP 84AAB7B D4ECD989?9A<S 
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ø ù
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
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� D9;G?PF4F9 CB?AB= 89;BD74A<;4J<< GCD46?9A<S m E4@B?9FB6 ?9FSF 
CDB<;6B?PAO@< >GDE4@<. 'CD46?9A<9 6BEEF4AB6?9AB, < 6E9 E4@B?9FO 6;S?< 
B5M<= >GDE EB ED98A9>648D4F<K9E>B= BL<5>B= BF>?BA9A<S BF >GDE4 σ=30. 
!4=F< <;@9A9A<9 QAFDBC<<, EK<F4S, KFB 6 C9D6B@ E?GK49 <@9?B @9EFB 
D46AB@9DAB9 D4ECD989?9A<9 69DBSFABEF9= G7?B6, 4 6B 6FBDB@ E?GK49 3 
ABD@4?PAB9. 

 

�F69F: 4.86 5<F4 

 

$9L9A<9. 
!4K4?PAB9 D4ECD989?9A<9 69DBSFABEF9= G7?B6 >GDEB6 E4@B?9FB6 

D46AB@9DAB9 6 <AF9D64?9 BF 0a   8B 360 2b D48    E C?BFABEFPR 

69DBSFABEF< ø ù1

1
,Xp x a x b

b a
 ó ó


. 

�<HH9D9AJ<4?PA4S QAFDBC<S QFB7B D4ECD989?9A<S 

ø ù ø ù1 2 2 2 2

1 1 1
log log log log 2 2,65

b

Д
a

H x dx b a
b a b a b a

       
    5<F. 

�BA9KAB9 D4ECD989?9A<9 69DBSFABEF9= G7?B6 >GDEB6 E4@B?9FB6 ABD@4?PAB9 

E C4D4@9FD4@< 0, 3
60

a D48     < C?BFABEFPR 69DBSFABEF< 

ø ù ø ù2 2/ 2
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X
p x e


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

 . 

�<HH9D9AJ<4?PA4S QAFDBC<S QFB7B D4ECD989?9A<S 
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�;@9A9A<9 QAFDBC<< ø ù ø ù ø ù2 1 2,21 2,65 4,86Д ДH x H x H x         5<F. 
1AFDBC<S G@9APL<?4EP A4 4,86 5<F. 
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�;@9D<F9?PAB9 GEFDB=EF6B 6OD454FO649F 6D9@9AAO9 <AF9D64?O, 
D4ECD989?9AAO9 E?GK4=AO@ B5D4;B@ 6 CD989?4I BF 100 8B 500 @E. �4> 
<;@9A<FES QAFDBC<S E?GK4=AB= 69?<K<AO CD< <;@9A9A<< FBKABEF< <;@9D9A<S 
E 1 @E 8B 1 @>E? 

 
�F69F: ЭAFDBC<S G69?<K<649FES CD<@9DAB A4 10 5<F 

 

$9L9A<9. 
#D< FBKABEF< 1@E 8<E>D9FA4S E?GK4=A4S 69?<K<A4 ) 3 D9;G?PF4F 

<;@9D9A<S 3  @B:9F D46AB69DBSFAB CD<A<@4FP B8AB <; 500 100
400

1
n


   

;A4K9A<=. 1AFDBC<S D46A4 ø ù1 2logH x n . 

#D< FBKABEF< 1@>E 8<E>D9FA4S E?GK4=A4S 69?<K<A4 ) 3 D9;G?PF4F 
<;@9D9A<S 3  @B:9F D46AB69DBSFAB CD<A<@4FP B8AB <; 

3

3

500 100
400 10 1000
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m n


     ;A4K9A<=. 1AFDBC<S D46A4 ø ù2 2logH x m . 

�;@9A9A<9 QAFDBC<< 

ø ù ø ù ø ù2 1 2 2 2 2 2 2log log log 1000 log log 1000 log 1024 10H x H x H x m n n n         

 5<F. 
1AFDBC<S G69?<K<?4EP CD<@9DAB A4 10 5<F. 
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�4C<E4FP BFABL9A<S @9:8G QAFDBC<S@<: 
H(x), H(y), H(x|y), H(y|x), H(x,y), H(x|yj), H(y|xi) 
 
$9L9A<9. 
%6S;P @9:8G QAFDBC<9= EB6@9EFAB7B D4ECD989?9A<S < CB?AO@< 

QAFDBC<S@< < ED98A<@< GE?B6AO@< QAFDBC<S@< 

ø ù ø ù ø ù ø ù ø ù, / /H x y H x H y x H y H x y    . 



�E?< x < y A9;46<E<@O, FB ø ù ø ù ø ù ø ù/ , /H y x H y H x y H x   < QAFDBC<S 
EB6@9EFAB7B D4ECD989?9A<S ø ù ø ù ø ù,H x y H x H y   @4>E<@4?PA4, F4> >4> 
ø ù ø ù ø ù ø ù/ , /H y x H y H x y H xó ó . 

%6S;P @9:8G K4EFAO@< < ED98A<@< GE?B6AO@< QAFDBC<S@< 

ø ù ø ù ø ù ø ù ø ù ø ù
1 1

/ / , / /
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H y x p x H y x H x y p y H x y
 
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 !4 D<EGA>9 CD98EF46?9A4 8<47D4@@4 >4A4?4 EB E?45O@ D4;D9L9A<9@. 
"CD989?<FP >B?<K9EF6B <AHBD@4J<<, C9D984649@B9 CB >4A4?G.  
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�F69F: I (x,y)=H(x) 

 9L9A<9: 
�B?<K9EF6B C9D984AAB= CB >4A4?G <AHBD@4J<< D46AB .4CBEFI H H  . 

ø ùH H y  3 QAFDBC<S CB?GK9AAOI Q?9@9AFB6 y 8B BFCD46?9A<S Q?9@9AF4 x;  

ø ù. /4CBEFH H y x  - QAFDBC<S CB?GK9AAOI Q?9@9AFB6 y CBE?9 BFCD46?9A<S 
Q?9@9AF4 x. �?S 84AAB7B >4A4?4 EB E?45O@ D4;D9L9A<9@ ø ù/ 0H y x  , F4> >4> 
CB?GK9AAO= Q?9@9AF y B8AB;A4KAB BCD989?S9FES CB BFCD46?9AAB@G Q?9@9AFG 
x. 

#B?GK49@ ø ùI H y . 
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!4 D<EGA>9 CD98EF46?9A4 8<47D4@@4 >4A4?4 E A9B8AB;A4KABEFPR. 
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BF69F: I (x,y)=H(x) 
 

 9L9A<9: 
�B?<K9EF6B C9D984AAB= CB >4A4?G <AHBD@4J<< D46AB .4CBEFI H H  . 

ø ùH H x  3 QAFDBC<S BFCD46?9AAOI Q?9@9AFB6 x 8B CB?GK9A<S Q?9@9AF4 y;  

ø ù. /4CBEFH H x y  - QAFDBC<S BFCD46?9AAOI Q?9@9AFB6 x CBE?9 CB?GK9A<S 
Q?9@9AF4 y. �?S 84AAB7B >4A4?4 E A9B8AB;A4KABEFPR ø ù/ 0H x y  , F4> >4> 
CB?GK9AAO= Q?9@9AF y B8AB;A4KAB BCD989?S9F BFCD46?9AAO= Q?9@9AF x. 

#B?GK49@ ø ùI H x . 

�484K< CB 6OK<E?9A<R QAFDBC<< 
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<; GDAO, EB89D:4M9= 864 59?OI < B8<A K9DAO= L4D. 

2. !4=8<F9 QAFDBC<R 8?S K<E?4 >B;ODAOI >4DF CD< <;6?9K9A<< 86GI >4DF 
<; >B?B8O 6 36 >4DF. 

3. �4>GR EF9C9AP A9BCD989?9AABEF< EB89D:<F BCOF G748O64A<S EG@@O 
BK>B6 A4 <;6?9K9AAB= >BEF< <; CB?AB7B A45BD4 8B@<AB? 

4. !4=8<F9 QAFDBC<R 8?S K<E?4 FG;B6 CD< <;6?9K9A<< FD9I >4DF <; >4DF E 
>4DF<A>4@<. 

5. !4=8<F9 8<HH9D9AJ<4?PAGR QAFDBC<R 8?S D46AB@9DAB7B 
D4ECD989?9A<S. 

6. !4=8<F9 8<HH9D9AJ<4?PAGR QAFDBC<R 8?S CB>4;4F9?PAB7B ;4>BA4 
D4ECD989?9A<S, 9E?< <;69EFAB, KFB E?GK4=A4S 69?<K<A4 I CD<A<@49F ;A4K9A<9 
@9APL9 98<A<JO E 69DBSFABEFPR 0,5. 

�FK9F 

"FK9F 8B?:9A 5OFP BHBD@?9A 6 F9>EFB6B@ D984>FBD9 < EB89D:4FP: 
 A4<@9AB64A<9 D45BFO; 
 J9?P D45BFO; 
 ;484A<9; 
 CBE?98B64F9?PABEFP 6OCB?A9A<S D45BFO; 
 BF69FO A4 >BAFDB?PAO9 6BCDBEO; 
 6O6B8 B CDB89?4AAB= D45BF9. 

�BAFDB?PAO9 6BCDBEO 

1. �4> BCD989?S9FES QAFDBC<S 8<E>D9FAOI E?GK4=AOI 69?<K<A? 

2. #D<698<F9 CD<@9DO QAFDBC<= 8?S >?4EE<K9E><I ;4>BAB6 D4ECD989?9A<S. 



�D4>F<K9E>B9  ;4ASF<9 №8 

!<EF9@AO9 FD95B64A<S 4?7BD<F@B6 E:4F<S. �?7BD<F@O E:4F<S 
84AAOI A9<;69EFAB7B HBD@4F4: 

&9?P: A4GK<FPES E:<@4FP <AHBD@4J<R E CB@BMPR @9FB84 )4HH@4A4 < 
@9FB84 RLE. 

�D9@S 6OCB?A9A<S: 2 K4E4 
�5BDG8B64A<9: #�. 
�DB7D4@@AB9 B59EC9K9A<9: BC9D4J<BAA4S E<EF9@4, >4?P>G?SFBD,  

F9>EFB6O= D984>FBD. 
"9BD9F<K9E><9 BEAB6O 

!:4F<9 84AAOI (4A7?. data compression) 4 4?7BD<F@<K9E>B9 
CD9B5D4;B64A<9 84AAOI, CDB<;6B8<@B9 E J9?PR G@9APL9A<S <I B5NT@4. 
#D<@9AS9FES 8?S 5B?99 D4J<BA4?PAB7B <ECB?P;B64A<S GEFDB=EF6 ID4A9A<S < 
C9D984K< 84AAOI. %<ABA<@O 4 GC4>B6>4 84AAOI, >B@CD9EE<S, E:<@4RM99 
>B8<DB64A<9, >B8<DB64A<9 <EFBKA<>4. "5D4FA4S CDBJ98GD4 A4;O649FES 
6BEEF4AB6?9A<9@ 84AAOI (D4EC4>B6>B=, 89>B@CD9EE<9=). %:4F<9 BEAB64AB A4 
GEFD4A9A<< <;5OFBKABEF<, EB89D:4M9=ES 6 <EIB8AOI 84AAOI. #DBEF9=L<@ 
CD<@9DB@ <;5OFBKABEF< S6?S9FES CB6FBD9A<9 6 F9>EF9 HD47@9AFB6 
(A4CD<@9D, E?B6 9EF9EF69AAB7B <?< @4L<AAB7B S;O>4). #B8B5A4S 
<;5OFBKABEFP B5OKAB GEFD4AS9FES ;4@9AB= CB6FBDSRM9=ES 
CBE?98B64F9?PABEF< EEO?>B= A4 G:9 ;4>B8<DB64AAO= HD47@9AF E G>4;4A<9@ 
97B 8?<AO. �DG7B= 6<8 <;5OFBKABEF< E6S;4A E F9@, KFB A9>BFBDO9 ;A4K9A<S 6 
E:<@49@OI 84AAOI 6EFD9K4RFES K4M9 8DG7<I. %B>D4M9A<9 B5NT@4 84AAOI 
8BEF<749FES ;4 EKTF ;4@9AO K4EFB 6EFD9K4RM<IES 84AAOI >BDBF><@< 
>B8B6O@< E?B64@<, 4 D98><I 4 8?<AAO@< (QAFDBC<=AB9 >B8<DB64A<9). 
%:4F<9 84AAOI, A9 B5?484RM<I E6B=EF6B@ <;5OFBKABEF< 
(A4CD<@9D, E?GK4=AO= E<7A4? <?< 59?O= LG@, ;4L<HDB64AAO9 EBB5M9A<S), 
CD<AJ<C<4?PAB A96B;@B:AB 59; CBF9DP. � BEAB69 ?R5B7B ECBEB54 E:4F<S 
?9:<F @B89?P <EFBKA<>4 84AAOI, <?<, FBKA99, @B89?P <;5OFBKABEF<. �AO@< 
E?B64@<, 8?S E:4F<S 84AAOI <ECB?P;GRFES A9>BFBDO9 4CD<BDAO9 E6989A<S B 
FB@, >4>B7B DB84 84AAO9 E:<@4RFES. !9 B5?484S F4><@< E6989A<S@< B5 
<EFBKA<>9, A96B;@B:AB E89?4FP A<>4><I CD98CB?B:9A<= B CD9B5D4;B64A<<, 
>BFBDB9 CB;6B?<?B 5O G@9APL<FP B5NT@ EBB5M9A<S.  B89?P <;5OFBKABEF< 
@B:9F 5OFP EF4F<K9E>B=, A9<;@9AAB= 8?S 6E97B E:<@49@B7B EBB5M9A<S, ?<5B 
EFDB<FPES <?< C4D4@9FD<;B64FPES A4 QF4C9 E:4F<S (< 6BEEF4AB6?9A<S). 
 9FB8O, CB;6B?SRM<9 A4 BEAB69 6IB8AOI 84AAOI <;@9ASFP @B89?P 
<;5OFBKABEF< <AHBD@4J<<, A4;O64RFES 484CF<6AO@<. !9484CF<6AO@< 
S6?SRFES B5OKAB G;>BEC9J<4?<;<DB64AAO9 4?7BD<F@O, CD<@9AS9@O9 8?S 
D45BFO E 84AAO@<, B5?484RM<@< IBDBLB BCD989?TAAO@< < A9<;@9AAO@< 
I4D4>F9D<EF<>4@<. #B846?SRM4S K4EFP 8BEF4FBKAB GA<69DE4?PAOI 
4?7BD<F@B6 S6?SRFES 6 FB= <?< <AB= @9D9 484CF<6AO@<. 
�E9 @9FB8O E:4F<S 84AAOI 89?SFES A4 864 BEAB6AOI >?4EE4: 

 %:4F<9 59; CBF9DP 



 %:4F<9 E CBF9DS@< 
#D< <ECB?P;B64A<< E:4F<S 59; CBF9DP 6B;@B:AB CB?AB9 6BEEF4AB6?9A<9 
<EIB8AOI 84AAOI, E:4F<9 E CBF9DS@< CB;6B?S9F 6BEEF4AB6<FP 84AAO9 E 
<E>4:9A<S@<, B5OKAB A9EGM9EF69AAO@< E FBK>< ;D9A<S 84?PA9=L97B 
<ECB?P;B64A<S 6BEEF4AB6?9AAOI 84AAOI. %:4F<9 59; CBF9DP B5OKAB 
<ECB?P;G9FES 8?S C9D984K< < ID4A9A<S F9>EFB6OI 84AAOI, >B@CPRF9DAOI 
CDB7D4@@, D9:9 4 8?S EB>D4M9A<S B5NT@4 4G8<B- < 6<89B84AAOI, J<HDB6OI 
HBFB7D4H<= < F. C., 6 E?GK4SI, >B784 <E>4:9A<S A98BCGEF<@O <?< 
A9:9?4F9?PAO. %:4F<9 E CBF9DS@<, B5?484RM99 ;A4K<F9?PAB 5B?PL9=, K9@ 
E:4F<9 59; CBF9DP, QHH9>F<6ABEFPR, B5OKAB CD<@9AS9FES 8?S EB>D4M9A<S 
B5NT@4 4G8<B- < 6<89B84AAOI < J<HDB6OI HBFB7D4H<= 6 F9I E?GK4SI, >B784 
F4>B9 EB>D4M9A<9 S6?S9FES CD<BD<F9FAO@, 4 CB?AB9 EBBF69FEF6<9 <EIB8AOI < 
6BEEF4AB6?9AAOI 84AAOI A9 FD95G9FES. 
!<EF9@AO9 FD95B64A<S 4?7BD<F@B6 

$4;?<KAO9 4?7BD<F@O @B7GF FD95B64FP D4;?<KAB7B >B?<K9EF64 D9EGDEB6 
6OK<E?<F9?PAB= E<EF9@O, A4 >BFBDOI BA< D94?<;B64AO: 

 BC9D4F<6AB= C4@SF< (CB8 CDB@9:GFBKAO9 84AAO9); 
 CBEFBSAAB= C4@SF< (CB8 >B8 CDB7D4@@O < >BAEF4AFO); 
 CDBJ9EEBDAB7B 6D9@9A<. 
� J9?B@, QF< FD95B64A<S ;46<ESF BF E?B:ABEF< < «<AF9??9>FG4?PABEF<» 
4?7BD<F@4. "5M4S F9A89AJ<S F4>B64: K9@ QHH9>F<6A99 < GA<69DE4?PA99 
4?7BD<F@, F9@ 5B?PL<9 FD95B64A<S > 6OK<E?<F9?PAO@ D9EGDE4@ BA 
CD98NS6?S9F. &9@ A9 @9A99, 6 EC9J<H<K9E><I E?GK4SI CDBEFO9 < >B@C4>FAO9 
4?7BD<F@O @B7GF D45BF4FP A9 IG:9 E?B:AOI < GA<69DE4?PAOI. %<EF9@AO9 
FD95B64A<S BCD989?SRF <I CBFD95<F9?PE><9 >4K9EF64: K9@ @9A99 
FD95B64F9?9A 4?7BD<F@, F9@ A4 5B?99 CDBEFB=, 4 E?98B64F9?PAB, >B@C4>FAB=, 
A48T:AB= < 89LT6B= E<EF9@9 BA @B:9F 5OFP D94?<;B64A. 
&4> >4> 4?7BD<F@O E:4F<S < 6BEEF4AB6?9A<S D45BF4RF 6 C4D9, <@99F ;A4K9A<9 
EBBFABL9A<9 E<EF9@AOI FD95B64A<= > A<@. !9D98>B @B:AB GE?B:A<6 B8<A 
4?7BD<F@ ;A4K<F9?PAB GCDBEF<FP 8DG7B=. &4><@ B5D4;B@, 6B;@B:AO FD< 
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4?7BD<F@ 6BEEF4AB6?9A<S. 
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E?GK496, >B784 B8AB>D4FAB E:4FO9 84AAO9 5G8GF <ECB?P;B64FPES 
@AB7B>D4FAB. � >4K9EF69 CD<@9D4 @B:AB CD<69EF< J<HDB6O9 4G8<B- < 
6<89BCDB<7DO64F9?<. 

�?7BD<F@O E:4F<S < 6BEEF4AB6?9A<S FD95GRF CD<5?<;<F9?PAB D46AOI 
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B5NT@ 8BEFGCAOI D9EGDEB6 69EP@4 >D<F<K9A, A4CD<@9D, >BE@<K9E><= 
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F4>:9 84AAO9, D4EC4>B6>4 >BFBDOI FD95G9FES 6 BK9AP @4?B@ CDBJ9AF9 
E?GK496, A4CD<@9D ;4C<EP >4@9D 6<89BA45?R89A<S. 

�?7BD<F@O E:4F<S 84AAOI A9<;69EFAB7B HBD@4F4 

�@99FES 864 BEAB6AOI CB8IB84 > E:4F<R 84AAOI A9<;69EFAB7B HBD@4F4. 

 !4 >4:8B@ L479 4?7BD<F@4 E:4F<S BK9D98AB= E:<@49@O= E<@6B? ?<5B 
CB@9M49FES 6 6OIB8AB= 5GH9D E:<@4RM97B >B89D4 >4> 9EFP (EB 
EC9J<4?PAO@ H?47B@, CB@9K4RM<@, KFB BA A9 5O? E:4F), ?<5B 7DGCC4 <; 
A9E>B?P><I E:<@49@OI E<@6B?B6 ;4@9AS9FES EEO?>B= A4 EB6C484RMGR E 
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E:4FOI F4><@ B5D4;B@ 84AAOI 6OCB?AS9FES BK9AP 5OEFDB, F4>B= CB8IB8 
K4EFB <ECB?P;G9FES 8?S EB;84A<S E4@BD4EC4>B6O64RM<IES CDB7D4@@. 

 �?S >4:8B= E:<@49@B= CBE?98B64F9?PABEF< E<@6B?B6 B8AB>D4FAB ?<5B 6 
>4:8O= @B@9AF 6D9@9A< EB5<D49FES EF4F<EF<>4 9T 6EFD9K49@BEF< 6 
>B8<DG9@OI 84AAOI. !4 BEAB69 QFB= EF4F<EF<>< 6OK<E?S9FES 69DBSFABEFP 
;A4K9A<S BK9D98AB7B >B8<DG9@B7B E<@6B?4 (?<5B CBE?98B64F9?PABEF< 
E<@6B?B6). #BE?9 QFB7B CD<@9AS9FES F4 <?< <A4S 
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3. %BEF46AO9 G;?O 5G89@ ;4>?RK4FP 6 E>B5><: ((A5+B3)8+C7)15.  
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6. H15 (C5+(A2+D2)4)9 (((F1+B1)2+G3) 5+E7)12  
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@B:9F  ;4@98?<FP E6BR  D45BFG  <; - ;4  6B;D4EF4A<S 6D9@9A<  CB<E>4   
EBBF69FEF6GRM<I  CB8EFDB>,  4  E:4F<9    @B:9F  GIG8L<FPES <; - ;4  

G69?<K9A<S   
D4;@9DB6  G>4;4F9?9=.  �E?< C4@SF< 8?S B>A4  5G89F A9  I64F4FP,  

CDB<;B=89F  E5DBE  



CDBJ9EE4,  KFB F4>:9  GIG8L<F  E:4F<9    8B CBDO AB6B7B  G69?<K9A<S  B>A4 
.   

">AB CBEFBSAAB7B  D4;@9D4 ?<L9AB   QF<I  CDB5?9@ ,  AB EB89D:<F @9APL9  
CB8EFDB>,  8BEFGCAOI  G>4;4F9?R.  "7D4A<K9A<9   @AB:9EF64 8BEFGCAOI  

CB8EFDB>   
D4;@9D4@<  H<>E<DB64AAB7B B>A4  G@9APL49F  D4;@9D  G>4;4F9?9=  < 

G5OEFDS9F  
>B8<DB64A<9.  
 � BEAB6AO@   HGA>J<S@  4DI<64FBDB6  BFABESFES :  
•  4DI<64J<S G>4;4AAOI  H4=?B6 <?<  6E97B F9>GM97B  >4F4?B74 ;  
•  <;6?9K9A<9  BF89?PAOI  <?<  6E9I  H4=?B6 <;  4DI<64 ;  
•  CDBE@BFD EB89D:<@B7B  4DI<6AB7B H4=?4;  
•  CDB69D>4  J9?BEFABEF< 4DI<6B6;  
•  6BEEF4AB6?9A<9  CB6D9:89AAOI 4DI<6B6;  
•  6989A<9 @AB7BFB@AOI  4DI<6B6;  
•  6O6B8  H4=?B6 <;  4DI<64  A4  Q>D4A <?<  A4  C9K4FP ;  
•  C4DB?PA4S ;4M<F4 4DI<64 .  
�DI<64FBD ARJ  A9  <@99F 7D4H<K9E>B7B  <AF9DH9=E4 ,  < 6ES D45BF4  E  A<@   
BEGM9EF6?S9FES  E  >B@4A8AB=  EFDB>< .  (BD@4F >B@4A8 <@99F E?98GRM<=  

6<8 :  
 arj <>B@4A84 > [- <EC9J<H<>4J<S 1> [ - <EC9J<H<>4J<S 2>]&] < <@S  

4DI<64>  
[< <@S   H4=?4 >&]    
 #B8DB5AGR <AHBD@4J<R  B EC<E>9  >B@4A8 4DI<64FBD4  @B:AB  CB?GK<FP,  

A45D46  6     
 >B@4A8AB=  EFDB>9:   arj /?   
 $4EE@BFD<@ A4<5B?99  CBCG?SDAO9 >B@4A8O  4DI<64FBD4:  
 �?S 4DI<64J<<  H4=?B6:   arj a < <@S  4DI<64> <<@S   H4=?4 1> < <@S   

H4=?4 2>  
 �?S <;6?9K9A<S  H4=?B6 <;  4DI<64:   arj e < <@S  4DI<64> <<@S   H4=?4 1> 

< <@S   
H4=?4 2>  
�?S CDBE@BFD4 EB89D:<@B7B  4DI<6AB7B H4=?4:  arj l < <@S  4DI<64>   
�?S CDB69D><  J9?BEFABEF< 4DI<64:  arj t < <@S  4DI<64>  

�?S 6BEEF4AB6?9A<S  <ECBDK9AAB7B  4DI<64 :  arj -jr < <@S  4DI<64>  
�?S EB;84A<S  @AB7BFB@AB7B 4DI<64:  arj a 3v< D4;@9D FB@4> <<@S   

4DI<64>  
<<@S   H4=?4 1> < <@S   H4=?4 2>  
�?S 6O6B84 H4=?4 <;  4DI<64  A4  Q>D4A:  arj p < <@S  4DI<64> <<@S    H4=?4 

>   



�?S EB;84A<S  4DI<64  E  C4DB?9@:   arj a 3g< C4DB?P> <<@S  4DI<64> <<@S    
H4=?4 >   <?<      arj a 3g? < <@S  4DI<64> <<@S    H4=?4 >  6 CBE?98A9@  

E?GK49   
C4DB?P  5G89F ;4CDBL9A BF89?PAB= EFDB>B=.  
�?S EB;84A<S  E4@BD4EC4>B6O64RM<IES  4DI<6B6:  arj a -je <<@S  4DI<64> 

<<@S    
H4=?4 1> < <@S   H4=?4 2>   
   �DI<64FBD RAR  <@99F  69DE<< ,  >4> 8?S Dos, Win 3.XX   F4>  < 8?S 

Windows  

95/98.  #BE?98A<9 69DE<<  WinRar <@9RF  7D4H<K9E><=  <AF9DH9=E < 
D45BF4  E   
A<@< BK9AP CDBEF4  < CBASFA4.  �4AAO= 4DI<64FBD CB;6B?S9F EB;8464FP >4>  
4DI<6O *.rar  F4> < 4DI<6O *.zip   
� 8BEFB<AEF64@  84AAB7B 4DI<64FBD4  @B:AB  BFA9EF<:  
•  7D4H<K9E><=  <AF9DH9=E;  
•  6OEB>GR  EF9C9AP E:4F<S,  84:9 @G?PF<@98<=AOI H4=?B6;  
•  6B;@B:ABEFP  BJ9A<FP D4;@9D  4DI<64,  A9  CDB<;6B8S 4DI<6<DB64A<9.  
•  5B?PLGR  69DBSFABEFP  6BEEF4AB6?9A<S  CB6D9:89AAOI 4DI<6B6.  

 

�D4>F<K9E>B9 ;484A<9  
1.!4=8<F9 A4 >B@CPRF9D9 A9  @9A99 5-F<  F9>EFB6OI H4=?B6 ( D4EL<D9A<9 

.txt)  

2.#DB<;698<F9 <I E:4F<9  4DI<64FBDB@  RAR  6 B5OKAO=  < SFX- 4DI<6.   
3.�4H<>E<DG=F9 D4;@9D  H4=?4 8B E:4F<S < CBE?9 A97B.  
4.�OK<E?<F9 >BQHH<J<9AF E:4F<S ( BFABL9A<9  D4;@9D4 <EIB8AB7B H4=?4 >  
D4;@9DG E:4FB7B H4=?4)  
5.#B6FBD<F9 CGA>FO 1-4  8?S 7D4H<K9E><I  H4=?B6 ( D4EL<D9A<9 .bmp)  
6.#B6FBD<F9 CGA>FO 1-4  8?S 7D4H<K9E><I  H4=?B6 ( D4EL<D9A<9 .jpg)  
7.#B6FBD<F9 CGA>FO 1-4  8?S ;6G>B6OI  H4=?B6 ( D4EL<D9A<9 .wav)  
8.%698<F9 CB?GK9AAO9 D9;G?PF4FO  6 F45?<JG. %89?4=F9  6O6B8O B FB@, 

>4><9  
H4=?O E:<@4RFES  ?GKL9. 
9.!4C<L<F9 BFK9F B CDB89?4AAB= D45BF9. 

  

!B89D:4A<9 BFK9F4  

"FK9F 8B?:9A EB89D:4FP E?98GRM<9  D4;89?O:  
  "F69FO A4   >BAFDB?PAO9  6BCDBEO.  
  $9;G?PF4FO  E:4F<S H4=?B6 6 6<89  F45?<JO.  
  �O6B8O B CDB89?4AAB=  D45BF9.   

  



 �BAFDB?PAO9 6BCDBEO  
1.   �4K9@  AG:AB  4DI<6<DB64FP  <AHBD@4J<R ?  
2.   !4 K9@  BEAB64A4  D45BF4  4DI<64FBDB6.  #B >4>B@G CD<AJ<CG BA<  

E:<@4RF   
<AHBD@4J<R.  
3.   �4>B6O HGA>J<<  4DI<64FBDB6.  
4.   +9@ BF?<K4RFES SFX 3 4DI<6O. 

 

�D4>F<K9E>B9 ;4ASF<9 № 10  

�B8<DB64A<9 K<E?B6B= < E<@6B?PAB= <AHBD@4J<< 

&9?P: #B;A4>B@<FPES E D4;?<KAO@< >B8<DB6>4@< E<@6B?B6, <ECB?P;GS 
F9>EFB6O9 D984>FBDO, 6OCB?A<FP ;484A<S 6 D4;?<KAOI F9>EFB6OI 
CD<?B:9A<SI. 
�D9@S 6OCB?A9A<S: 2 K4E4 
�5BDG8B64A<9: #�. 
�DB7D4@@AB9 B59EC9K9A<9: BC9D4J<BAA4S E<EF9@4, F9>EFB6O9 D984>FBDO.  

 

"9BD9F<K9E><9 BEAB6O 

#D46<?B J<HDB6B7B CD98EF46?9A<S E<@6B?B6 E?98GRM99: >4:8B@G 
E<@6B?G EF46<FES 6 EBBF69FEF6<9 A9>BFBDB9 J9?B9 K<E?B, FB 9EFP >4:8O= 
E<@6B? AG@9DG9FES. 
�D<@9D: 
$4EE@BFD<@ CBE?98B64F9?PABEFP EFDBKAOI 5G>6 DGEE>B7B 4?H46<F4: 4, 5, 6, 

7, 8, 9, T, :, ;, <, =. >, ?, @. A. B, C, D, E, F, G, H, I, J, K, L, M, N, O, 6, Q, R, S. 
#D<E6B<6 >4:8B= 5G>69 AB@9D BF 0 8B 33. CB?GK<@ CDBEF9=L<= ECBEB5 
CD98EF46?9A<S E<@6B?B6. #BE?98A99 K<E?B - 32 6 86B<KAB= HBD@9 <@99F 6<8 
100000, FB 9EFP 8?S ID4A9A<S E<@6B?4 6 C4@SF< CBA48B5<FES 6 5<F.&4> >4> E 
CB@BMPR L9EF< 5<F @B:AB CD98EF46<FP K<E?B 26 - 1 = 63, FB L9EF< 5<F 5G89F 
8BEF4FBKAB 8?S CD98EF46?9A<S 64 5G>6. 
�@9RFES D4;AO9 EF4A84DFO 8?S CD98EF46?9A<S, E<@6B?B6, >BFBDO9 

BF?<K4RFES ?<LP CBDS8>B@ AG@9D4J<< E<@6B?B6. !4<5B?99 D4ECDBEFD4ATA 
4@9D<>4AE><= EF4A84DFAO= >B8 8?S <AHBD@4J<BAAB7B B5@9A4 - ASCII 
[American Standard-Code for Information Interchange] 6698TA 6 %,� 6 19637. � 
1977 7B8G 6 A9E>B?P>B @B8<H<J<DB64AAB@ 6<89 BA 5O? CD<ASF 6 >4K9EF69 
6E9@<DAB7B EF4A84DF4  9:8GA4DB8AB= BD74A<;4J<< EF4A84DFB6 [International 
Standards Organization -. ISO] CB8 A4;64A<9@ ISO-646. %B7?4EAB QFB@G 
EF4A84DFG >4:8B@G E<@6B?G CBEF46?9AB 6 EBBF69FEF6<9 K<E?B BF 0 8B 255. 
%<@6B?O BF 0 8B 127 - ?4F<AE><9 5G>6O, J<HDO < ;A4>< CD9C<A4A<S - 
EBEF46?SRF CBEFBSAAGR K4EFP F45?<JO. "EF4?PAO9 E<@6B?O <ECB?P;GRFES 
8?S CD98EF46?9A<S A4J<BA4?PAOI 4?H46<FB6. �BA>D9FAO= EBEF46 QF<I 
E<@6B?B6 BCD989?S9FES >B8B6B= EFD4A<J9=. � DGEE>B= 69DE<< "C Windows95 
<ECB?P;G9FES >B8B64S, EFD4A<J4 866. � "% Linux 8?S CD98EF46?9A<S DGEE><I 
5G>6 5B?99 GCBFD95<F9?PA4 >B8<DB6>4 �"�-8. !98BEF4F>< F4>B7B ECBEB54 
>B8<DB6>< A4J<BA4?PAB7B, 4?H46<F4 BK96<8AO. �B-C9D6OI, A96B;@B:AB 



B8AB6D9@9AAB9 CD98EF46?9A<9 DGEE><I < ,A4CD<@9D, HD4AJG;E><I 5G>6. �B-
6FBDOI, F4>4S >B8<DB6>4 EB69DL9AAB A9CD<7B8A4 8?S CD98EF46?9A<S, 
><F4=E><I <9DB7?<HB6. � 1991 7B8G 5O?4 EB;84A4 A9>B@@9DK9E>4S 
BD74A<;4J<S Unicode, 6 >BFBDGR 6IB8SF CD98EF46<F9?< DS84 H<D@ (Borland. 
IBM, Noyell, Sun < 8D) < >BFBD4S ;4A<@49FES D4;6<F<9@ < 6A98D9A<9@ AB6B7B 
EF4A84DF4. �B8<DB6>4 Unicode <ECB?P;G9F 16 D4;DS8B6 ,< @B:9F EB89D:4FP 
65536 E<@6B?B6. 1FB E<@6B?O 5B?PL<AEF64 A4DB8B6 @<D4, Q?9@9AFO 
<9DB7?<HB6, EC9JE<@6B?O, 5000 3 @9EF 8?S K4EFAB7B <ECB?P;B64A<S, D9;9D6 
<; 30000 @9EF. 
�D<@9D:  
ASCII->B8 E<@6B?4 �= 6510 =4116= 010001112; 
Unicode->B8 E<@6B?4 %= 6710=00000000011001112 
 
�484A<S                                                                                                                  

        
1. �4>B8<DG=F9 E6B9 <@S, H4@<?<R < BFK9EF6B E CB@BMPR B8AB= <; 

F45?<J (win-1251, KOI-8) 
2. $4E>B8<DG=F9 (�" EBE984 
3. �4>B8<DG=F9 E?98GRM<9 E?B64, <ECB?P;GS F45?<JO ASCII->B8B6: 

�!("$ �&���*�3,  ��$"#$"*�%%"$,  "����$"��!�� 
4. $4E>B8<DG=F9 E?98GRM<9 E?B64, <ECB?P;GS F45?<JO ASCII->B8B6:  
88 AD E4 AE E0 AC A0 E2 A8 AA A0 
50 72 6F 67 72 61 6D 
43 6F 6D 70 75 74 65 72 20 49 42 4D 20 50 43 
5. "9>EFB6O= D984>FBD �?B>ABF 
"F>DOFP 5?B>ABF. 
4) �ECB?P;GS >?46<LG Alt < @4?GR J<HDB6GR >?46<4FGDG D4E>B8<DB64FP 

HD4;G: 145 170 174 224 174 255 170 160 173 168 170 227 171 235;   
"9IAB?B7<S 6OCB?A9A<S ;484A<S: #D< G89D:<649@B= >?46<L9 Alt, 

A45D4FP A4 @4?B= J<HDB6B= >?46<4FGD9 G>4;4AAO9 J<HDO. "FCGEF<FP 
>?46<LG Alt, CBE?9 K97B 6 F9>EF9 CBS6<FES 5G>64, ;4>B8<DB64AA4S A45D4AAO@ 
>B8B@.  
5) �ECB?P;GS >?RK > >B8<DB64A<R, ;4>B8<DB64FP E?B6B  3 ;<@4; 
"9IAB?B7<S 6OCB?A9A<S ;484A<S: �; CD98O8GM97B ;484A<S 6OSEA<FP, 

>4><@ >B8B@ ;4C<E4A4 5G>64 4. 'K<FO64S, KFB 5G>6O >B8<DGRFES 6 
4?H46<FAB@ CBDS8>9, 6OSEA<FP >B8O BEF4?PAOI 5G>6.  
+FB 6O ;4@9F<?< CD< 6OCB?A9A<< QFB7B ;484A<S 6B 6D9@S D4E>B8<DB6><? 

�4C<L<F9 E6B< A45?R89A<S.  
6. "9>EFB6O= CDBJ9EEBD.  
"9IAB?B7<S 6OCB?A9A<S ;484A<S: D4EE@BFD<@ A4 CD<@9D9: CD98EF46<FP 6 

D4;?<KAOI >B8<DB6>4I E?B6B �B8<DB6>4 
 9L9A<9:  
 %B;84FP AB6O= F9>EFB6O= 8B>G@9AF 6 F9>EFB6B@ D984>FBD9; 
 �O5D4FP  3 �B@4A84 3  �EF46>4 3 %<@6B?.            

� BF>DO6L9@ES B>A9 «%<@6B?» GEF4AB6<FP <;: 2A<>B8 (L9EFA.), 



 � A45BD9 E<@6B?B6 A4IB8<@ 5G>6G  � < M9?>A9@ A4 A9= ?96B= >ABC>B= 
@OL< (-�� ). 

 � EFDB>9 >B8 ;A4>4  CBS6<FES >B8 6O5D4AAB= 5G>6O 041� (A9;A4K4M<9 
AG?< FB:9 ;4C<EO649@). 

 ' 5G>6O B >B8 3 043� < F4> 84?99: 8 3 0434, < 3 0438, D 3 0440, B 3 043�, 
6 3 0432, > 3 043�, 4 3 0430. 

 'EF4AB6<FP �<D<??<J4 (89E.) 
 � 3 0202, B 3 0238, 8 3 0228, < 3 0232, D 3 0240, B 3 0238, 6 30226, > 3 

0202, 4 30224. 
7. "F>DOFP &9>EFB6O= D984>FBD 
�ECB?P;GS B>AB «�EF46>4 E<@6B?4» 6OCB?A<FP ;484A<S: �4>B8<DB64FP 

E?B6B Forest  
4) �O5D4FP LD<HF Courier New, >B8<DB6>G ASCII(89E.) "F69F: 70 111 114 

101 115 116 
5) �O5D4FP LD<HF Courier New, >B8<DB6>G 2A<>B8(L9EF.) "F69F: 0046 006F 

0072 0665 0073 0074 

6) �O5D4FP LD<HF Times New Roman, >B8<DB6>G �<D<?<J4(89E.) "F69F: 
70 111 114 101 115 116 

7) �O5D4FP LD<HF Times New Roman, >B8<DB6>G ASCII(89E.) "F69F: 70 111 

114 101 115 116 
�O6B8: _________________________________________________________ 
�OCB?A9A<9 ?45BD4FBDAB= D45BFO BHBD@<FP 6 6<89 F45?<JO. 
8. �G>64 Z  <@99F 89ESF<KAO= >B8 90, 4 z 3 122. �4C<E4FP E?B6B «sport» 6 

89ESF<KAB@ >B89.  
9. % CB@BMPR 89ESF<KAOI >B8B6 ;4L<HDB64AB E?B6B «info» 105 110 102 

111. �4C<E4FP CBE?98B64F9?PABEFP 89ESF<KAOI >B8B6 8?S QFB7B :9 E?B64, AB 
;4C<E4AAB7B ;47?46AO@< 5G>64@<.  
10. �G>64 Z  <@99F 89ESF<KAO= >B8 90, 4 z 3 122. �4C<E4FP E?B6B «forma» 6 

89ESF<KAB@ >B89.  
11. % CB@BMPR 89ESF<KAOI >B8B6 ;4L<HDB64AB E?B6B «port» 112 111 114 

116. �4C<E4FP CBE?98B64F9?PABEFP 89ESF<KAOI >B8B6 8?S QFB7B :9 E?B64, AB 
;4C<E4AAB7B ;47?46AO@< 5G>64@<. "F69F: 80 79 82 84 

�FK9F 

"FK9F 8B?:9A 5OFP BHBD@?9A 6 F9>EFB6B@ D984>FBD9 < EB89D:4FP: 
 A4<@9AB64A<9 D45BFO; 
 J9?P D45BFO; 
 ;484A<9; 
 CBE?98B64F9?PABEFP 6OCB?A9A<S D45BFO; 
 BF69FO A4 >BAFDB?PAO9 6BCDBEO; 
 6O6B8 B CDB89?4AAB= D45BF9. 

�BAFDB?PAO9 6BCDBEO 

1. �4><9 6B;@B:ABEF< CD98BEF46?S9F F9>EFB6O9 D984>FBDO CB D45BF9 E 



E<@6B?4@<? 
2. �4><9 6O ;A49F9 4?7BD<F@O >B8<DB64A<S <AHBD@4J<<? 
3. �89 CD<@9AS9FES 4?7BD<F@ >B8<DB64A<S <AHBD@4J<<? 
 

 

�D4>F<K9E>B9  ;4ASF<9 №11 

�B8<DB64A<9 @G?PF<@98<=AB= <AHBD@4J<< 

 

&9?P: CB;A4>B@<FPES E D4;?<KAO@< >B8<DB6>4@< ;6G>B6B= <AHBD@4J<< < E 
I4D4>F9D<EF<>4@< ;6G>B6OI H4=?B6.  
�D9@S 6OCB?A9A<S: 2 K4E4 
�5BDG8B64A<9: #�. 
�DB7D4@@AB9 B59EC9K9A<9: BC9D4J<BAA4S E<EF9@4, ;6G>B6O9 D984>FBDO.  

 

"9BD9F<K9E><9 BEAB6O  
% A4K4?4 90-I 7B8B6 C9DEBA4?PAO9 >B@CPRF9DO CB?GK<?< 6B;@B:ABEFP 

D45BF4FP EB ;6G>B6B= <AHBD@4J<9=. �4:8O= >B@CPRF9D, <@9RM<= ;6G>B6GR 
C?4FG, @B:9F EBID4ASFP 6 6<89 H4=?B6 (H4=? - QFB BCD989?TAAB9 >B?<K9EF6B 
<AHBD@4J<<, ID4ASM99ES A4 8<E>9 < <@9RM99 <@S) < 6BECDB<;6B8<FP 
;6G>B6GR <AHBD@4J<R. % CB@BMPR EC9J<4?PAOI CDB7D4@@AOI ED98EF6 
(D984>FBDB6 4G8<B H4=?B6) BF>DO64RFES L<DB><9 6B;@B:ABEF< CB EB;84A<R, 
D984>F<DB64A<R < CDBE?GL<64A<R ;6G>B6OI H4=?B6. %B;84RFES CDB7D4@@O 
D4ECB;A464A<S D9K<, < CBS6?S9FES 6B;@B:ABEFP GCD46?9A<S >B@CPRF9DB@ 
7B?BEB@.  

    �@9AAB ;6G>B64S C?4F4 (>4DF4) CD9B5D4;G9F 4A4?B7B6O= E<7A4? 6 
8<E>D9FAGR HBAB7D4@@G < A4B5BDBF, «BJ<HDB64AAO=» ;6G> 3 6 4A4?B7B6O= 
(A9CD9DO6AO=) E<7A4?, >BFBDO= CBEFGC49F A4 6IB8 8<A4@<>4. 

 



     #D< 86B<KAB@ >B8<DB64A<< 4A4?B7B6B7B ;6G>B6B7B E<7A4?4 
A9CD9DO6AO= E<7A4? 8<E>D9F<;<DG9FES, F.9. ;4@9AS9FES E9D<9= 97B BF89?PAOI 
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 2. �?RKB@ S6?S9FES CD46<?B D4EEF4AB6><. 
� " � %   � � � �B9E@4?4 EDA9FB >4F<> S4KL @9S 

E4 >. 
�?<  
�B9E @4?4 EDA9 FB>4 F<>S 4KL@ 
9SE4 >. 

% $ ! � & "     

� � & � �       

3 � + ,         



  � 3           

% �             

�               

 

�484A<9 4: 
1. $4EL<HDB64FP HD4;G: %BL>< 66A?O BI989 A64A; 5D>B9 9G>6E <;4;I. 
2. $4EL<HDB64FP HD4;G: �9BD F<R8 FA9F @4G4 S?99 BKA@ >:IB =K9= BBBF 
?E9K <_CKE 8A<F _><9I E4_K? <?:_4 LBB_6 DC_GB_ >_ _ 

 
#BEFB?5JB64S FD4AECB;<J<S 

� � , � �LL9 EE<E CEE? LL4B EB4> 44B< 4G. 
!48 EFB?5J4@< ;4C<EO649FES >?RK96B9 
E?B6B, ;4F9@ 6 EBBF69FEF6<< E CBDS8>B@ 
5G>6 6 4?H46<F9 EFB?5JO AG@9DGRFES, 4 
;4F9@ 6OC<EO64RFES CB8DS8: C9D6O= 
EFB?59J, ;4 A<@ 6FBDB= < F.8. 
�?RK ;89EP - ">4L4". 

3 1 4 2 

, � � % 

� , � # 

" , " % 

% � � % 

" % � � 

� % ' , 

� �   

 

�484A<9 5: 
1. �4L<HDG=F9 HD4;G: !9 C?R= 6 >B?B89J: 6O?9F<F - A9 CB=@49LP.  
2. �9L<HDG=F9 EF4D<AAB9 SCBAE>B9 I4=>G: (>?RKB@ 5G89F <@S <;69EFAB7B 
SCBAE>B7B CBQF4 "�4ET") &=87 4874 ?6<E OGO ?BS> C>LD DDG6 ?LEE <94C 
CA6G G69F A.  

3. $4EL<HDG=F9 6OE>4;O64A<9 �B;P@O #DGF>B64: �>B 94P 8A9 8EJ F4A 
:B8 EE> 847 D9B B.  

 
,<HD "$9L9F>4" 

 



 

�E?< IBK9LP 5OFP >D4E<6O@ CBEFGC< 6 7GE4DO. (�OE>4;O64A<9 �B;P@O 
#DGF>B64) 
#P9<<E 6?O5O@ F<6I7P G>CDBE B4DKE9 F4LGOE. 
�?RKB@ S6?S9FES D9L9F>4  

 

�484A<9 6: 
1. #D<8G@4FP D9L9F>G < ;4L<HDB64FP HD4;G:  
"�6>?<8 5O? 8D96A97D9K9E><@ @4F9@4F<>B@" 

2. �9L<HDB64FP:  

 

4) %<9>C9 FC4DBB >BB?>B =E?F=E FEP>6B A6BE><. 
5) �6C?7B D4<@<8 DG6F4= 7G9>F9 7AP8BF OBDG4@. 
  

Ш8D@O 7а<9=O 

,<HD "�D<F4AE><= H?47" 

 
"F69F: H?47. 
�484A<9 7: ;4L<HDB64FP HD4;G: "���'". 
 

�4:84S 5G>64 ;4@9AS9FES A9E>B?P><@< E<@6B?4@< 

�D<CFB7D4H<S 11179161915417121932 

�1�7�9�6�9�5�4�7�1(1�922 

�2"2�"1"4"�3"2�'1�3 

�484A<9 8: 
1. $4EL<HDB64FP: 1111712 20 111211728 201117112 11517112121228  
2. $4EL<HDB64FP: 11212941191517 16122812 1615 176116 111514415  
3. $4EL<HDB64FP: 11176191832 5157529 1815291716191832  



4. $4EL<HDB64FP: �1�2�5�5"4 �3�5"431"2 31�5"4�3�5 
�6"1�6"1"5 �321"2�5'8 �1�3�6�3�3 �2"5�4"3�2 
�3�1"2�5�1 �3"3"3�5"2.  
 
 

,<HDO "#?SLGM<9 K9?B69K><" 
"EAB6AB= @9FB8 D4EL<HDB6>< CB8B5AOI L<HDB6 - K4EFBFAO= 4A4?<;. (+ 
?B7<K9E><9 D4EEG:89A<S). 
&45?<J4 K4EFBF: 
� DGEE>B@ S;O>9 6 >4:8B= FOESK9 E<@6B?B6 6 ED98A9@ 6EFD9K49FES 
 
 

CDB59? 175 D 40 S 18 I 9 

B 90 6 38 ; 16 : 7 

9, T 72 ? 35 O 16 L 6 

4 62 > 28 5 14 R 6 

< 62 @ 26 N, P 14 J 4 

A 53 8 25 7 13 Q 3 

F 53 C 23 K 12 M 3 

E 45 G 21 = 10 H 2 

+4M9 6E97B 5G>6O ;4@9ASRF 8DG7<@< 5G>64@<. 
�484A<9 9:  D4EL<HDB64FP F9>EF: 
%;D7=;R FEGJN?A '=<9HA?@ J>D7B, NIE ;B6 >D7AECHI97 H ;<9JOAE@ D7;E 
FE;E@I?, D<FG?DJ=;<DDE FE:E9EG?IS E FE:E;< ? FEHB< 4IE:E FG<;HI79?ISH6. 
$7 E;DE@ ?> FGE:JBEA ED FE9HIG<N7B :JB65PJ5 H 8EBEDAE@ ;<9JOAJ. &EGJN?A 
FE;EO<B A D<@, FDJB << 8EBEDAJ I7A, NIE I7 ;7B<AE JB<I<B7 ? HA7>7B: 
- $?>AE B<I?I. �?;7IS, A ;E=;5. !HI7I?, G7>G<O?I< FG<;HI79?ISH6, FEGJN?A 
'=<9HA?@. 
% 3 37 
� - 21 
�-18 
! 3 18 
� - 18 
� 3 17 
$ -16 
* - 14 
& 3 14 
( 3 13 
' 3 13 



� 3 10 
  - 7 
� - 5 
3 -3 
� 3 1 
2 3 1 
 

,<HD *9;4DS. 
� L<HD9 *9;4DS >4:84S 5G>64 ;4@9AS9FES A4 5G>6G, >BFBD4S <89F K9D9; 3 
CBE?9 QFB=: F.9. �=>�, "=>%, 3=>�.  
#D<@9K4A<9: @B:AB 89?4FP E86<7 A9 A4 FD<, 4 A4 CDB<;6B?PAB9 >B?<K9EF6B 
5G>6.  
�484A<9 10: D4EL<HDB64FP F9>EF 

%;D7=;R FEGJN?A '=<9HA?@ J>D7B, NIE ;B6 >D7AECHI97 H ;<9JOAE@ 
D7;E FE;E@I?, D<FG?DJ=;<DDE FE:E9EG?IS E FE:E;< ? FEHB< 4IE:E 
FG<;HI79?ISH6. $7 E;DE@ ?> FGE:JBEA ED FE9HIG<N7B :JB65PJ5 H 
8EBEDAE@ ;<9JOAJ. &EGJN?A FE;EO<B A D<@, FDJB << 8EBEDAJ I7A, NIE I7 
;7B<AE JB<I<B7 ? HA7>7B: 
- $?>AE B<I?I. �?;7IS, A ;E=;5. !HI7I?, G7>G<O?I< FG<;HI79?ISH6, 
FEGJN?A '=<9HA?@. 

 
�484A<9 11: ;4L<HDB64FP HD4;G: "�89F ;4ASF<9 CB >D<CFB7D4H<<".  

 
�?RKB@ S6?S9FES E86<7. 
 9FB8 CB?BEB>: 59DGFES CB?BE><, CD<>?48O64RFES < 6 BCD989?9AAB@ @9EF9 
K<F49FES E?B6B. !4CD<@9D, E?B6B !�/� ?97>B D4EL<HDB64FP. #B?GK49FES 
E?B6B ��,�. 
�484A<9 12: D4EL<HDB64FP HD4;G: %IEBS5IH6 AEOA< CROA?DR HB<>A?. 
 

,<HD �<:9A9D4. 
�?RK ����: /3 1 8 1/ 
%86<7 BEGM9EF6?S9FES A9 A4 CBEFBSAAGR 69?<K<AG, 4 A4 AB@9D 5G>6O 6 
>?RK96B@ E?B69. �$�#&"�$�(�3 => !%$$)#�%�)$�. 
%?B:ABEFP CD< D4EL<HDB6>9 6 FB@, KFB B8<A4>B6O9 5G>6O C9D9IB8SF 6 
D4;AO9, 4 D4;AO9 - 6 B8<A4>B6O9 => K4EFBFAO= 4A4?<; A9 CD<@9A<@. 
�484A<9 13: 
�4L<HDB64FP HD4;G:  4F9@4F<>4 - J4D<J4 A4G>. 

 

�FK9F 

"FK9F 8B?:9A EB89D:4FP: 



 A4<@9AB64A<9 D45BFO; 
 J9?P D45BFO; 
 ;484A<9; 
 CBE?98B64F9?PABEFP 6OCB?A9A<S D45BFO; 
 BF69FO A4 >BAFDB?PAO9 6BCDBEO; 
 6O6B8 B CDB89?4AAB= D45BF9. 

�BAFDB?PAO9 6BCDBEO 

1. �89 CD<@9AS9FES >D<CFB7D4H<S? 
2. �4>B= E@OE? 6 ,<HD9 �DBAEH9?P84? 
3. % CB@BMPR E<EF9@O L<HDB64A<S *9;4DS ;4L<HDB64FP E6B9 <@S? 

 

 

�D4>F<K9E>B9  ;4ASF<9 №14 

(<HDB64A<9 4EE<@9FD<KAO@< @9FB84@< 

*9?P D45BFO 
�;GK<FP CD<AJ<C D45BFO 4E<@@9FD<KAOI 4?7BD<F@B6 L<HDB64A<S A4 CD<@9D9 

4?7BD<F@4 RSA. "E6B<FP @9FB8<>G EB;84A<S >B@5<A<DB64AAOI 4?7BD<F@B6 L<HDB64A<S, 
>BFBDO9 EB6@9M4RF 8BEFB<AEF64 @9FB8B6 E<@@9FD<KAB= < 4E<@@9FD<KAB= >D<CFB7D4H<<. 

�?7BD<F@ L<HDB64A<S RSA 

�?7BD<F@ RSA 5O? D4;D45BF4A 6 1977 7B8G $BAB@ $<69EFB@, �8< ,4@<DB@ < �9AB@ 
�8?9- @4AB@ < BCG5?<>B64A 6 1978 7B8G. % F9I CBD 4?7BD<F@ Rivest-Shamir-Adleman 
(RSA) L<DB>B CD<@9AS9FES CD4>F<K9E>< 6B 6E9I CD<?B:9A<SI, <ECB?P;GRM<I 
>D<CFB7D4H<R E BF>DOFO@ >?RKB@ [1, 2, 3]. 

�?7BD<F@ RSA EBEFB<F <; FDTI QF4CB6: 
I. ВOG8A;9=89 :;NG99. �4:AO@ @B@9AFB@ 6 QFB@ >D<CFB4?7BD<F@9 S6?S9FES EB;84A<9 
C4DO >?RK9=: BF>DOFB7B < ;4>DOFB7B. �?S 4?7BD<F@4 RSA QF4C EB;84A<S >?RK9= 
EBEFB<F <; E?98GRM<I BC9D4J<=: 
1. �O5<D4RFES 864 CDBEFOI D4;?<KAOI K<E?4 < . �OK<E?S9FES <I 
CDB<;6989A<9 q, A4;O649@B9 <>8C;9<. 

2. �OK<E?S9FES HGA>J<S 1=?9D4 D (C) = (D 4 1 ) • ( q 4 1 ). 
3. �O5<D49FES CDB<;6B?PAB9 K<E?B 9 ( 9 < C) F4>B9, KFB 1 < 9 < D(C) < 9 A9 <@99F E 
K<E?B@ D(C) 8DG7<I B5M<I 89?<F9?9=, >DB@9 1 (F.9. BAB S6?S9FES 6;4<@AB 
CDBEFO@ E A<@). 

4.  �OK<E?S9FES d (4?7BD<F@B@ �6>?<84) F4><@ B5D4;B@, KFB ( 9 • d — 1) 89?<?BEP 
A4 D(C). 

5. �64 K<E?4 ( 9 , C) CG5?<>GRFES >4> >B:@OBO9 :;NG. 
6. +<E?B d ID4A<FES 6 E9>D9F9. #4D4 ( d , C) 9EFP 7а:@OBO9 :;NG, >BFBDO= 
CB;6B?<F K<F4FP 
6E9 CBE?4A<S, ;4L<HDB64AAO9 E CB@BMPR C4DO K<E9? ( ). 

II. Ш8D@>6а=89 E CB@BMPR QF<I >?RK9= CDB<;6B8<FES E?98GRM<@ B5D4;B@: 
1.  "FCD46<F9?P D4;5<649F E6BT EBB5M9A<9   A4 5?B>< Bj. �A4K9A<9 m j < C, 
CBQFB@G 8?<A4 5?B>4 BF>DOFB7B F9>EF4 m j 6 5<F4I A9 5B?PL9 k = [1 B g 2 C] 5<F, 



789 >648D4FAO9 E>B5>< B5B;A4K4RF 6;SF<9 J9?B= K4EF< BF 8DB5AB7B K<E?4. 
!4CD<@9D, 9E?< C = 2 1 , FB @4>E<@4?PA4S 8?<A4 5?B>4 BF>DOFB7B F9>EF4 k = [ 1 B 
g 2 2 1 ] = [4.3 9 ... ] = 4 5<F4. 

2. #B8B5AO= 5?B> @B:9F 5OFP <AF9DCD9F<DB64A >4> K<E?B <; 8<4C4;BA4 ( ). �?S 
>4:8B7B F4>B7B K<E?4 m j 6OK<E?S9FES 6OD4:9A<9 ( A j - ;4L<HDB64AAB9 
EBB5M9A<9): 

q = (m j)
e F B d C. 

� >4K9EF69 D4;@9D4 5?B>4 ;4L<HDB64AAB7B F9>EF4 E?98G9F 5D4FP k 9 = [1 B g2 C] 
5<F, 789 BC9D4J<S [ ] - QFB B>DG7?9A<9 669DI 8B 5?<:4=L97B J9?B7B. 
!9B5IB8<@B 8B546?SFP AG?96O9 5<FO E?964 6 86B<KAB9 CD98EF46?9A<9 5?B>4 q 
8B D4;@9D4 5<F. 

III. Д9H8D@>6а=89 CDB<;6B8<FES E?98GRM<@ B5D4;B@: 
1. +FB5O CB?GK<FP BF>DOFO= F9>EF, A48B >4:8O= 5?B> ;4L<HDB64AAB7B F9>EF4 
8?<AB= k 9 5<F 89L<HDB64FP BF89?PAB: 

m j = ( q)d F B d C. 
�D<@9D: 
�O5D4FP 864 CDBEFOI K<E?4 , . 
�OK<E?<FP . 
�OK<E?<FP ( ) ( ) ( ) . 

�O5D4FP F4>, KFB5O 5O?B 6;4<@AB CDBEFO@ E ( ) < @9APL9, K9@ ( ): . 

"CD989?<FP F4>, KFB5O < : , F.>. . 
$9;G?PF<DGRM<9 >?RK<: BF>DOFO= >?RK ( 5 , 1 1 9 ) < ;4>DOFO= >?RK 
( 7 7 , 1 1 9 ). #GEFP, A4CD<@9D, FD95G9FES ;4L<HDB64FP EBB5M9A<9   
= 1 9: 

% = 195 = 66 (F B d 1 1 9 ). 

�?S 89L<HDB64A<S 6OK<E?S9FES 6 6 77 ( F B d 1 1 9 ) = 1 9. 

�B@5<A<DB64A<9 E<@@9FD<KAOI < 4E<@@9FD<KAOI 
4?7BD<F@B6 

%<@@9FD<KAO9 4?7BD<F@O <, 6 K4EFABEF<, DES - 5OEFDO9, CBQFB@G <@< G8B5AB 
L<HDB64FP 5B?PL<9 B5NT@O <AHBD@4J<<. "8A4>B 8?S C9D984K< >?RK4 E<@@9FD<KAB7B 
4?7BD<F@4 FD95G9FES A48T:AO= >4A4? C9D984K<, >BFBDO= BK9AP K4EFB BFEGFEF6G9F. &4><@ 
B5D4;B@, CD9<@GM9EF64 F4><I 4?7BD<F@B6 E6B8SFES A4 A9F. % 8DG7B= EFBDBAO, 
4E<@@9FD<KAO9 4?7BD<F@O A9 FD95GRF E9>D9FAB7B >4A4?4 8?S C9D984K< >?RK4, AB A4 
CD4>F<>9 >D<CFBE<EF9@O E BF>DOFO@ >?RKB@ <ECB?P;GRFES 8?S L<HDB64A<S A9 
EBB5M9A<=, 4 >?RK9=. !4 QFB 9EFP 869 BEAB6AO9 CD<K<AO: 
1. �?7BD<F@O L<HDB64A<S E BF>DOFO@ >?RKB@ 6 ED98A9@ D45BF4RF 6 FOESK< D4; 

@98?9AA99, K9@ E<@@9FD<KAO9 4?7BD<F@O, 4 F4>:9 BA< FD95B64F9?PAO > C4@SF< < 
6OK<E?<F9?PAB= @BMABEF< >B@CPRF9D4, CBQFB@G 5B?PL<9 F9>EFO >B8<DB64FP QF<@< 
4?7BD<F@4@< A9J9?9EBB5D4;AB. 

2. �?7BD<F@O L<HDB64A<S E BF>DOFO@ >?RKB@ GS;6<@O CB BFABL9A<R > 
>D<CFB4A4?<F<K9E><@ 4F4>4@ EB ;A4A<9@ BF>DOFB7B F9>EF4. #GEFP % = £( $), 789 ! 
B5B;A4K49F L<HDF9>EF,   - BF>DOFO= F9>EF, - HGA>J<R L<HDB64A<S. &B784, 9E?< 
CD<A<@49F ;A4K9A<S <; A9>BFBDB7B >BA9KAB7B @AB:9EF64, EBEFBSM97B <; C BF>DOFOI 
F9>EFB6, >D<CFB4A4?<F<>G 8BEF4FBKAB ;4L<HDB64FP 6E9 QF< F9>EFO, <ECB?P;GS 
<;69EFAO= 9@G BF>DOFO= >?RK, < ED46A<FP D9;G?PF4FO E %. �?RK F4><@ ECBEB5B@ 9@G 
6E>DOFP A9 G84EFES, B8A4>B BF>DOFO= F9>EF 5G89F GEC9LAB BCD989?TA. 
�B;@B:AB E?98GRM99 D9L9A<9: EBB5M9A<9 L<HDG9FES E<@@9FD<KAO@ 4?7BD<F@B@, 

KFB CB;6B?S9F 6O<7D4FP 6 E>BDBEF<, F.>. EBB5M9A<9 @B:9F 5OFP E>B?P G7B8AB 5B?PL<@, 4 
>?RK E<@@9FD<KAB7B 4?7BD<F@4 (B5OKAB @4?9AP><=, 8?S DES - 56 5<F) L<HDG9FES 



4E<@@9FD<KAO@ 4?7BD<F@B@ [1]. 

�484A<9 
$9;G?PF4FB@ 84AAB= ?45BD4FBDAB= D45BFO 8B?:AO EF4FP CD<?B:9A<S, EB6@9M4RM<9 

6 E959 8BEFB<AEF64 E<@@9FD<KAOI < 4E<@@9FD<KAOI @9FB8B6 L<HDB64A<S. 
I. $94?<;B64FP CD<?B:9A<9 8?S L<HDB64A<S, CB;6B?SRM99 6OCB?ASFP E?98GRM<9 
89=EF6<S: 

1. �OK<E?SFP BF>DOFO= < ;4>DOFO= >?RK< 8?S 4?7BD<F@4 RSA: 
1) K<E?4 D < q 79A9D<DGRFES CDB7D4@@B= <?< ;484RFES <; H4=?4; 
2) K<E?4 D < q 8B?:AO 5OFP 5B?PL9, K9@ 2 1 2 8; 

3) E79A9D<DB64AAO9 >?RK< EBID4ASRFES 6 H4=?O: BF>DOFO= >?RK (9, C) - 6 
B8<A 

H4=?, ;4>DOFO= ( ) - 6 8DG7B=. 
2. ,<HDB64FP G>4;4AAO@ 6 64D<4AF9 E<@@9FD<KAO@ 4?7BD<F@B@ BF>DOFO= F9>EF, 4 4E<@-
@9FD<KAO@ - >?RK E<@@9FD<KAB7B 4?7BD<F@4: 
1) L<HDG9@O= F9>EF 8B?:9A ID4A<FPES 6 B8AB@ H4=?9, BF>DOFO= >?RK 

 ( ) 8?S 4?7BD<F@4 RSA - 6 8DG7B@; 
2) >?RK 8?S E<@@9FD<KAB7B 4?7BD<F@4 8B?:9A 79A9D<DB64FPES E?GK4=AO@ 
B5D4;B@; 

3) ;4L<HDB64AAO= F9>EF 8B?:9A EBID4ASFPES 6 B8AB@ H4=?9, 4 ;4L<HDB64AAO= 4E<@-
@9FD<KAO@ 4?7BD<F@B@ >?RK E<@@9FD<KAB7B 4?7BD<F@4 - 6 8DG7B@; 

4) 6 CDBJ9EE9 L<HDB64A<S CD98GE@BFD9FP 6B;@B:ABEFP CDBE@BFD4 < <;@9A9A<S L<HDG9@B7B 
F9>EF4 6 L9EFA48J4F9D<KAB@ < E<@6B?PAB@ 6<89; 
5) CDB7D4@@4 8B?:A4 G@9FP D45BF4FP E F9>EFB@ CDB<;6B?PAB= 8?<AO. 
II. $94?<;B64FP CD<?B:9A<9 8?S 89L<HDB64A<S. 

1. �4L<HDB64AAO= F9>EF 8B?:9A ID4A<FPES 6 B8AB@ H4=?9, ;4L<HDB64AAO= >?RK E<@@9F-
D<KAB7B 4?7BD<F@4 - 6 8DG7B@, 4 E9>D9FAO= >?RK 8?S 4?7BD<F@4 RSA - 6 FD9FP9@. 

2. #D<?B:9A<9 D4EL<HDB6O649F ;4L<HDB64AAO= >?RK � A CB@BMPR 4?7BD<F@4 RSA, 4 ;4-
F9@ E CB@BMPR E<@@9FD<KAB7B 4?7BD<F@4 E >?RKB@ D4EL<HDB6O649F ;4L<HDB64AAO= 
F9>EF. 

3. $4EL<HDB64AAO= F9>EF 8B?:9A EBID4ASFPES 6 H4=?. 
4. � CDBJ9EE9 89L<HDB64A<S CD98GE@BFD9FP 6B;@B:ABEFP CDBE@BFD4 < <;@9A9A<S ;4L<H-
DB64AAB7B F9>EF4 6 L9EFA48J4F9D<KAB@ < E<@6B?PAB@ 6<89. 

5. #DB7D4@@4 8B?:A4 G@9FP D45BF4FP E F9>EFB@ CDB<;6B?PAB= 8?<AO. 
III. % CB@BMPR D94?<;B64AAOI CD<?B:9A<= 6OCB?A<FP E?98GRM<9 ;484A<S. 

1. #DBF9EF<DB64FP CD46<?PABEFP D45BFO D4;D45BF4AAOI CD<?B:9A<=. 
2. %89?4FP 6O6B8O B CDB89?4AAB= D45BF9. 

�BCB?A<F9?PAO9 >D<F9D<< BJ9A<64A<S >4K9EF64 
D45BFO 

1. !47?S8ABEFP CD<?B:9A<=: 
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