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D<S >4> 8<A4@<K9E>4S I4D4>F9D<EF<>4 A9?<A9=AB= %�$. #BEFDB9A<9 H4;B6OI FD4- 
9>FBD<= 8?S E<EF9@ D4;?<KAOI CBDS8>B6.  9FB8 <;B>?<A. 

29. "C<E4A<9 A9?<A9=AOI %�$ E CB@BMPR <;B5D4:9A<S E<7A4?B6 CB (GDP9. 
#BASF<9 B 74D@BA<K9E>B= ?<A94D<;4J<< A9?<A9=ABEF< < GE?B6<S 99 CD<@9A9A<S. 
�B@C?9>EAO= >BQHH<J<9AF C9D984K< A9?<A9=AB7B ;69A4 < 97B E6B=EF64. �BQHH<- 

J<9AFO 74D@BA<K9E>B= ?<A94D<;4J<< A9?<A9=ABEF< < <I E6S;P E >B@C?9>EAO@ >B- 

QHH<J<9AFB@ C9D984K<. 
 

 4;89? 2. М4F9@4F<K9E><9 @9FB8O E<EF9@AB7B 4A4?<;4 [7-10] 

1. �EFB>< E<EF9@AB7B 4A4?<;4.  9FB8<K9E><9 CD98CBEO?>< < CD4>F<K9E>4S 
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4.  B89?< 8<A4@<K9E><I < A98<A4@<K9E><I E<EF9@. !9CD9DO6AO9 < 8<E- 
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9.  B89?9A9;46<E<@O9 F9D@<AO < BCD989?9A<S: Q?9@9AF 84AAOI, ;4C<EP, 

EI9@4 ;4C<E<, CB?9 ;4C<E<, >?RK. 
10. $94?PA4S E<EF9@4 54; 84AAOI >4> EB6B>GCABEFP EH9DO CD<?B:9A<=, CDB- 

7D4@@AB7B B59EC9K9A<S, 6OK<E?<F9?PAB= 4CC4D4FGDO, 84AAOI < <AF9DH9=EB6 @9- 
:8G A<@<.  B89?< ��: <AHB?B7<K9E>4S, ?B7<K9E>4S, H<;<K9E>4S. 

11. �?4EE<H<>4J<S �� CB @B89?< 84AAOI. �DG7<9 6B;@B:AO9 >?4EE<H<>4- 
J<<. 

12. �AHB?B7<K9E><9 54;O 84AAOI, E?45BEFDG>FGD<DB64AAO9, «H4=?B6O9 
E<EF9@O». 

13. �9D4DI<K9E><9, E9F96O9, @AB7B@9DAO9, B5N9>FAB-BD<9AF<DB64AAO9 ��. 
14. $9?SJ<BAAO9, CBEFD9?SJ<BAAO9, 898G>F<6AO9 ��. 
15. "CD989?9A<9 CDB9>F4 < 4A4?<; CDBJ9EE4 CDB9>F<DB64A<S E CB;<J<= F9B- 

D<< GCD46?9A<S. �?4EE<H<>4J<S CDB9>FB6. 
16. (4;O < QF4CO CDB9>F<DB64A<S <AHBD@4J<BAAOI E<EF9@. 
17. #BASF<9 B :<;A9AAB@ J<>?9 <AHBD@4J<BAAOI E<EF9@. %FDG>FGD4 :<;- 

A9AAB7B J<>?4. "EAB6AO9, 6ECB@B74F9?PAO9, BD74A<;4J<BAAO9 CDBJ9EEO. 
18.  B89?< :<;A9AAB7B J<>?4 <AHBD@4J<BAAOI E<EF9@. �4E>48A4S @B89?P. 

�BEFB<AEF64 < A98BEF4F><. 
19.  B89?< :<;A9AAB7B J<>?4 <AHBD@4J<BAAOI E<EF9@. %C<D4?PA4S @B- 

89?P. �BEFB<AEF64 < A98BEF4F><. 
20.  B89?P «%GMABEFP-E6S;P» (ER-@B89?P). %GMABEF< < <I E6B=EF64. %6S;< 

< <I 6<8O. 
21. �D4H<K9E>B9 CD98EF46?9A<9 ER-8<47D4@@. !BF4J<S +9A4. !BF4J<S  4D- 

F<A4. !BF4J<S IDEFlx. 
22. "C9D4J<< D9?SJ<BAAB= 4?795DO �B884. "EAB6AO9 CB?B:9A<S, >?4EE<- 

H<>4J<S. 
23. �4;B6O9 F9BD9F<>B-@AB:9EF69AAO9 BC9D4J<< D9?SJ<BAAB= 4?795DO 

(B5N98<A9A<9, D4;ABEFP, C9D9E9K9A<9 < CDB<;6989A<9). %B6@9EF<@BEFP EFDG>FGD. 
24. %C9J<4?PAO9 BC9D4J<< D9?SJ<BAAB= 4?795DO (CDB9>J<S, E9?9>J<S, 89- 

?9A<9 < EB98<A9A<9). 
25. $9?SJ<BAA4S 4?795D4 < D9?SJ<BAAB9 <EK<E?9A<9. 3;O> ;4CDBEB6 CB B5- 

D4;JG QBE. 
26. 1F4CO CDB9>F<DB64A<S ��. #DB5?9@O CDB9>F<DB64A<S D9?SJ<BAAOI 54; 

84AAOI. 
27. !BD@4?<;4J<S BFABL9A<= (ABD@4?PAO9 HBD@O). 
28. �EFBD<S D4;6<F<S SQL, A4;A4K9A<9, EF4A84DFO. %FDG>FGD4 S;O>4, F<CO 

>B@4A8, F<CO 84AAOI. 
29. "C9D4FBD 6O5BD4 SELECT. �?RK96B9 E?B6B ORDER BY. 
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 (��"' B" «B�&'», B�&' 

#$"�$�  � 

B%&'#�&��0!"�" �%#/&�!�3 #$� #$�� � !� "�'+�!�� #" #$"�$�  � 
 ���%&$�&'$/ !�#$�B��!�3 27.04.04 «'CD46?9A<9 6 F9IA<K9E><I E<EF9@4I» 

 

 

30. "C9D4FBD 6O5BD4 SELECT. �?RK96O9 E?B64 WHERE, NAVING. 

31. %B6B>GCAO9 I4D4>F9D<EF<><, BC9D4J<< 47D97<DB64A<S. 
32. B?B:9AAO9 ;4CDBEO. 
33. "5N98<A9A<9 F45?<J (6AGFD9AA<9 < 6A9LA<9). #9D9>D9EFAO9 ;4CDBEO. 
34. "C9D4J<< E ;4C<ES@<. 
35. "C9D4J<< E F45?<J4@<. 
36. #BASF<9 «<A89>E». "C9D4J<< E <A89>E4@<. 
37. #D98EF46?9A<S, D45BF4 E CD98EF46?9A<S@<. 
38. 'CD46?9A<9 8BEFGCB@ > ��, B5M4S I4D4>F9D<EF<>4 ID4A<@OI CDBJ98GD. 
39. "EAB6AO9 CBASF<S CDB9>F<DB64A<S 7<C9DF9>EFB6OI 8B>G@9AFB6 (D4;89?, 

CB8D4;89?, 4EEBJ<4F<6AO9 EEO?>< < 8D.). 
 

 

II. &D95B64A<S > GDB6AR CB87BFB6>< CBEFGC4Rщ97B 

#BEFGC4RM<= 8B?:9A: 
зAаmь: @4F9@4F<K9E><= 4CC4D4F @B89?<DB64A<S B5N9>FB6 < E<EF9@ 46FB@4- 

F<K9E>B7B GCD46?9A<S; EGMABEFP E<EF9@AOI <EE?98B64A<=, @4F9@4F<K9E><9 @9FB- 
8O < @B89?<, CD<@9AS9@O9 8?S 4A4?<;4 E?B:AOI E<EF9@; BEAB6AO9 CB8IB8O E<E- 
F9@AB7B 4A4?<;4; BEAB6AO9 FD95B64A<S > BD74A<;4J<< < CD98EF46?9A<R 84AAOI, 
54A>< < 54;O 84AAOI, %'��; 

y@emь: <ECB?P;B64FP <@9RM<9ES ;A4A<S 8?S EBEF46?9A<S @B89?9= ?<A9=- 

AOI, A9?<A9=AOI < @AB7B@9DAOI B5N9>FB6 < E<EF9@; CD<A<@4FP D9L9A<S CB 6O- 

5BDG QHH9>F<6AOI @9FB8B6 E<EF9@AOI <EE?98B64A<=; <ECB?P;B64FP <@9RM<9ES 
;A4A<S 8?S E<EF9@AB7B 4A4?<;4 F9IA<K9E><I E<EF9@, F9IAB?B7<K9E><I CDBJ9EEB6 < 
CDB<;6B8EF6; EB;8464FP < D45BF4FP E D94?PAO@< 54;4@< 84AAOI; 

в?адemь: ECBEB54@< < CD<ë@4@< CD<@9A9A<S 8<A4@<K9E><I @B89?9= 8?S <E- 
E?98B64A<S CB>4;4F9?9= >4K9EF64 E<EF9@ D97G?<DB64A<S 6 D4;?<KAOI D9:<@4I D4- 
5BFO; @9FB84@< CD<ASF<S BCF<@4?PAOI D9L9A<= 6 E?B:AOI E<EF9@4I D4;?<KAB= 
H<;<K9E>B= CD<DB8O; A46O>4@< <ECB?P;B64A<S @4F9@4F<K9E><I < A9@4F9@4F<K9- 
E><I @9FB8B6 CBEFDB9A<S E<EF9@ GCD46?9A<S; A46O>4@< CDB9>F<DB64A<S <AHBD- 
@4J<BAAOI E<EF9@. 

 

III. КD<F9D<< BJ9A<64A<S D45BF CBEFGC4Rщ<I 

BEFGC<F9?PAB9 <ECOF4A<9 6 @47<EFD4FGDG CDBIB8<F 6 6<89 C<EP@9AAB7B 
F9EF<DB64A<S. $9;G?PF4FO F9EF<DB64A<S BJ9A<64RFES CB 100-54??PAB= L>4?9. 

�4:8O= 5<?9F EB89D:<F 15 F9EFB6OI 6BCDBEB6. BBCDBEO 89?SFES CB >4F97B- 
D<S@ E?B:ABEF<: 10 6BCDBEB6 >4F97BD<< � (BJ9A<64RFES CB 5 54??B6 >4:8O=) < 5 
6BCDBEB6 >4F97BD<< B (BJ9A<64RFES CB 10 54??B6 >4:8O=). %G@@4DA4S BJ9A>4 A9 
CD96OL49F 100 54??B6. 
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 (��"' B" «B�&'», B�&' 

#$"�$�  � 

B%&'#�&��0!"�" �%#/&�!�3 #$� #$�� � !� "�'+�!�� #" #$"�$�  � 
 ���%&$�&'$/ !�#$�B��!�3 27.04.04 «'CD46?9A<9 6 F9IA<K9E><I E<EF9@4I» 

 

 

g(s) ε(s) F(ε) x(s) W (s) = 

k y(s) 

a s +a s + a 2 1 0 

#DB8B?:<F9?PABEFP 6EFGC<F9?PAB7B <ECOF4A<S 3 2 4>489@<K9E><I K4E4 (90 

@<AGF). 
 

IV. �D<@9DO F9EFB6OI ;484A<= 

�484A<S >4F97BD<< B 

1. �4><@ 8<HH9D9AJ<4?PAO@ GD46A9A<9@ BC<EO649FES A9?<A9=A4S E<EF9@4, 
EFDG>FGD4 >BFBDB= CD98EF46?9A4 A4 D<EGA>9? 

 

!9?<A9=A4S K4EFP �<A9=A4S K4EFP 

B4D<4AFO BF69FB6: 

 

1.  

2.  

3.  

4.  

 

 

2. �4>B= CB8IB8 D94?<;B64A CD< D9L9A<< J9?BK<E?9AAOI ;484K  9FB8B@ �B- 
@BD<? 

B4D<4AFO BF69FB6: 

1. �484K4 D9L49FES B5OKAO@ E<@C?9>E-@9FB8B@, ;4F9@ 6 E?GK49 CB?GK9A<S A9- 
J9?BK<E?9AAB7B D9L9A<S >4:8B= A9J9?BK<E?9AAB= C9D9@9AAB= 8B546?S9FES 
«CBCD46BKAB9» B7D4A<K9A<9, 89?4RM99 QFG C9D9@9AAGR J9?BK<E?9AAB=. 
2. �484K4 D9L49FES B5OKAO@ E<@C?9>E-@9FB8B@, ;4F9@ 6 E?GK49 CB?GK9A<S A9- 
J9?BK<E?9AAB7B D9L9A<S ;484K4 D4;5<649FES A4 869 <?< 5B?PL9 CB8;484K, 4 
D9L9A<9 E>?48O649FES <; BCF<@4?PAB7B ;A4K9A<S C4D4@9FD4 8?S ;484K< 6 J9- 
?B@. 
3. �484K4 D9L49FES B5OKAO@ E<@C?9>E-@9FB8B@, ;4F9@ 6 E?GK49 CB?GK9A<S A9- 
J9?BK<E?9AAB7B D9L9A<S D4EEK<FO649FES ED98A9>648D4F<K9E>B9 BF>?BA9A<9 
;A4K9A<S A9J9?BK<E?9AAB= C9D9@9AAB= BF F9BD9F<K9E>B7B ;A4K9A<S, 4 ;4F9@ 
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 (��"' B" «B�&'», B�&' 

#$"�$�  � 

B%&'#�&��0!"�" �%#/&�!�3 #$� #$�� � !� "�'+�!�� #" #$"�$�  � 
 ���%&$�&'$/ !�#$�B��!�3 27.04.04 «'CD46?9A<9 6 F9IA<K9E><I E<EF9@4I» 

 

 

Q(ω) 
P(ω) 

  

 

69?<K<AG EF4A84DFAB= BL<5>< ED46A<64RF EB ED98A9>648D4F<K9E><@ BF>?BA9- 
A<9@. 
4. �484K4 D9L49FES B5OKAO@ E<@C?9>E-@9FB8B@, ;4F9@ 6 E?GK49 CB?GK9A<S A9- 
J9?BK<E?9AAB7B D9L9A<S A9B5IB8<@B E<AF9;<DB64FP HGA>J<R E CB@BMPR 
EF4A84DFAOI HGA>J<BA4?PAOI Q?9@9AFB6, 4 ;4F9@ CDB69EF< 4A4?<; D9;G?PF4F4 < 
CD98EF46<FP 97B 6 6<89 EBBF69FEF6GRM97B BD7D4H4. 

 

3. +FB B;A4K49F 455D96<4FGD4 OLTP 6 ;484K4I GCD46?9A<S 84AAO@< 6 <AHBD- 
@4J<BAAOI E<EF9@4I? 

 

B4D<4AFO BF69FB6: 

1. %<EF9@4 CB889D:>< CD<ASF<S D9L9A<= 
2. $9:<@ BC9D4F<6AB= B5D45BF>< FD4A;4>J<= 
3. $9:<@ C4>9FAB= B5D45BF>< FD4A;4>J<= 
4. BD9@S B5D45BF>< ;4CDBE4 CB?P;B64F9?S 

 

�484A<S >4F97BD<< � 

 

1. �4>B= 6<8 <@99F C9D984FBKA4S HGA>J<S E<EF9@O, 7B8B7D4H >BFBDB= CD98- 
EF46?9A A4 D<EGA>9? 

 

 

 

B4D<4AFO BF69FB6: 
 

k 

1. W (s) = 

s + 1
 

k 
2. W (s) = 

s2 
+ 1

 
k 

3. W (s) = 

s ⋅ (s + 1)
 

k 

4. W (s) = 

s2 + s +1
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 (��"' B" «B�&'», B�&' 

#$"�$�  � 

B%&'#�&��0!"�" �%#/&�!�3 #$� #$�� � !� "�'+�!�� #" #$"�$�  � 
 ���%&$�&'$/ !�#$�B��!�3 27.04.04 «'CD46?9A<9 6 F9IA<K9E><I E<EF9@4I» 

 

 

2. +FB 6E>DO64RF ;4>BAO HGA>J<BA<DB64A<S E<EF9@ 6 F9BD<< E<EF9@AB7B 4A4- 
?<;4? 

 

B4D<4AFO BF69FB6: 

1. #DBJ9EE B5@9A4 QA9D7<9= 
2. %<?G 6;4<@B89=EF6<S Q?9@9AFB6 
3. �AHBD@4J<BAAO9 E6S;< @9:8G Q?9@9AF4@< 
4. #D<K<AAB-E?98EF69AAO9 E6S;< < BFABL9A<S 

 

3. �4><9 E<EF9@O CD98A4;A4K9AO 8?S 66B84, B5D45BF><, ID4A9A<S < CB<E>4 
7D4H<K9E><I B5D4;B6 5G@4:AOI 8B>G@9AFB6? 

B4D<4AFO BF69FB6: 

1. %<EF9@O GCD46?9A<S CDB9>F4@< 
2. %<EF9@O 46FB@4F<;4J<< 89?B6OI CDBJ98GD 
3. %<EF9@O B5D45BF>< <;B5D4:9A<= 8B>G@9AFB6 
4. %<EF9@O BCF<K9E>B7B D4ECB;A464A<S E<@6B?B6 

 

V.  9>B@9A8G9@4S ?<F9D4FGD4 

1. �BDH $. %B6D9@9AAO9 E<EF9@O GCD46?9A<S / $. �BDH. 3  .: �45BD4FBD<S 
54;B6OI ;A4A<=, 2002. 3 832 E. 

2. �7BDB6 �.�. "EAB6O F9BD<< GCD46?9A<S / �.� �7BDB6. 3   .: (<;@4F?<F, 
2004. - 504 E. 

3. &9BD<S 46FB@4F<K9E>B7B GCD46?9A<S: GK95A<> / CB8 D98. B.�. 3>B6?964. 3 
 .: BOEL. L>., 2005. 3 567 E. 

4. !<>G?<A �.�. "EAB6O F9BD<< 46FB@4F<K9E>B7B GCD46?9A<S. +4EFBFAO9 @9- 
FB8O 4A4?<;4 < E<AF9;4 E<EF9@: GK95AB9 CBEB5<9 8?S 6G;B6 / �.�. !<>G?<A. 3 
%#5.: �B) 3#9F9D5GD7, 2004. 3 604 E. �GDBC4F><A �.B. "CF<@4?PAO9 < 484CF<6- 
AO9 E<EF9@O  .: BOEL4S L>B?4. 1980. 286 E. 

5. &9BD<S 46FB@4F<K9E>B7B GCD46?9A<S / #B8 D98. �.� BBDBAB64.  .: BOEL4S 
L>B?4 1986. E. 42 

6. &B>K996 2.!. *OC?4>B6 �.!. �484KA<> CB F9BD<< 46FB@4F<K9E>B7B D97G- 
?<DB64A<S.  .:  4L<ABEFDB9A<9. 1977. 592 E. 

7. �GD>B6E><= B.�.  4F9@4F<K9E><9 @9FB8O E<EF9@AB7B 4A4?<;4 : 'K95. CB- 
EB5<9. $9>B@. ' " / - BBDBA9: : !4GKA4S >A<74, 2011. - 184 E. 

8. BB?>B64 B.!. %<EF9@AO= 4A4?<; < CD<ASF<9 D9L9A<=. 'K. CBEB5<9 8?S 
6G;B6.  .: BOEL. L>., 2004. 3 616 E. 

9. �AFBAB6 �.B. %<EF9@AO= 4A4?<; 'K95A<> 8?S 6G;B6.  .: BOEL. L>., 
2006. 3 454 E. 
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 (��"' B" «B�&'», B�&' 

#$"�$�  � 

B%&'#�&��0!"�" �%#/&�!�3 #$� #$�� � !� "�'+�!�� #" #$"�$�  � 
 ���%&$�&'$/ !�#$�B��!�3 27.04.04 «'CD46?9A<9 6 F9IA<K9E><I E<EF9@4I» 

 

 

10. B4E<?P96 �. . &9BD<S E<EF9@ < E<EF9@AO= 4A4?<;. 'K. CBEB5<9. BBDB- 
A9:: !4GKA4S >A<74, 2007. 3 180 E. 

11. B9DIB64 �.B.; #B864?PAO= %.�.; %9D79964 &.�.; &<FB6 B.%.  �4;O 84A- 
AOI : 'K95. CBEB5<9. 3 %#5. : #B?<F9IA<>4, 2008. 3 172 E. 

12. $B@4AB6 �.B. "EAB6O D4;D45BF>< CDB7D4@@AOI ED98EF6 6 ED989 Delphi: 
'K95AB9 CBEB5<9. BBDBA9:: �"'B#" «BBDBA9:E><= 7BEG84DEF69AAO= F9IA<K9- 
E><= GA<69DE<F9F, 2006. 3 183 E. 

13. (<A496 B.�., #GLA<A �.B. �AHBD@4J<BAAB9 B59EC9K9A<9 E<EF9@ GCD46- 
?9A<S. &474ADB7: &$&', 2003.- 91 E. 

14.  9?PA<>B6 B.#. �AHBD@4J<BAAB9 B59EC9K9A<9 E<EF9@ GCD46?9A<S : GK95- 
A<> 8?S EFG8. 6OEL. GK95. ;46989A<= / B.#.  9?PA<>B6. 4  . : �;84F9?PE><= 
J9AFD «�>489@<S», 2010. 4 336 E. 

15. �B?9A<M96 1. #., �?<@9A>B �. B. �AHBD@4J<BAAB9 B59EC9K9A<9 E<EF9@ 
GCD46?9A<S. %9D<S «'K95A<>< < GK95AO9 CBEB5<S». $BEFB6 A/�: «(9A<>E», 2003 3 
352 E. 


