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#D98<E?B6<9 
%5BDA<> EB89D:<F ;484A<S 8?S CD4>F<K9E><I D45BF, <@9RM<I J9?PR 5B?99 7?G5B>B9 <;G-

K9A<9  8<EJ<C?<AO, E<EF9@4F<;4J<R < ;4>D9C?9A<9 CB?GK9AAOI ;A4A<= < CD4>F<K9E><I G@9A<=. 
"A CD98A4;A4K9A 8?S G7?G5?9A<S < D4EL<D9A<S F9BD9F<K9E><I < CD4>F<K9E><I ;A4A<=; HBD@<DB-
64A<S G@9A<= <ECB?P;B64FP EC9J<4?PAGR, ECD46BKAGR ?<F9D4FGDG. � A9@ EB89D:4FES @9FB8<K9-
E><9 G>4;4A<S CB  6OCB?A9A<R CD98?B:9AAOI ;484A<=  < EC<EB> ?<F9D4FGDO, A9B5IB8<@B= 8?S 
<;GK9A<S 8<EJ<C?<AO. 

 

*9?P 84AAB7B CBEB5<S – CB@BKP EFG89AF4@ 6OCB?A<FP CD4>F<K9E><9  D45BFO, CD98GE@BFD9AAO9 
CDB7D4@@B= , A4GK<FP CD46<?PAB BCD989?SFP CB7D9LABEF< < CDB<;6B8<FP A9B5IB8<@GR K<E?B-
6GR B5D45BF>G D9;G?PF4FB6. 
�9EP CDBJ9EE 6OCB?A9A<S  D45BF 6>?RK49F 6 E95S F9BD9F<K9E>GR CB87BFB6>G, B;A4>B@?9A<9 E 
CD<5BD4@< < E5BD>G EI9@, CDB6989A<9 BCOF4 < <;@9D9A<=, K<E?B6GR B5D45BF>G D9;G?PF4FB6 < 
E84KG ;4K9F4 CB 6OCB?A9AAB= D45BF9. 
Т9>@9B8ч9Aкая ?>87>B>6ка 

&9BD9F<K9E>4S CB87BFB6>4 A9B5IB8<@4 8?S CDB6989A<S H<;<K9E>B7B Q>EC9D<@9AF4, 8B?:A4 CDB-
6B8<FPES EFG89AFB@ 6 CBDS8>9 E4@BEFBSF9?PAB= 6A94G8<FBDAB= D45BFO. �9 E?98G9F A4K<A4FP 
6A<@4F9?PAO@ D4;5BDB@ DG>B6B8EF64 > 84AAB=  D45BF9, 4 8?S 5B?99 7?G5B>B7B <;GK9A<S D4EE@4F-
D<649@B7B S6?9A<S D9>B@9A8G9FES B5D4F<FPES > ?<F9D4FGD9, G>4;4AAB= 6 DG>B6B8EF69. 
�?S E4@B>BAFDB?S 6 >4:8B= D45BF9 CD<6989AO >BAFDB?PAO9 6BCDBEO, A4 >BFBDO9 EFG89AF B5S;4A 
84FP K9F><9, CD46<?PAO9 BF69FO. 
&9BD9F<K9E>4S CB87BFB6>4 ;469DL49FES CD9864D<F9?PAO@ EBEF46?9A<9@ BFK9F4 EB E?98GRM<@ 
CBDS8>B@ ;4C<E9=: 
1.  !4;64A<9 D45BFO. 
2.  *9?P D45BFO. 
3.  "5BDG8B64A<9. 
4.  )B8 D45BFO (6>?RK49F D<EGA><, EI9@O, F45?<JO, BEAB6AO9 HBD@G?O 8?S BCD989?9A<S 69?<-
K<A, 4 F4> :9 D4EK9FAO9 HBD@G?O 8?S BCD989?9A<S CB7D9LABEF9= <;@9DS9@OI 69?<K<A). 
5.  $4EK9FO – B>BAK4F9?PA4S ;4C<EP D9;G?PF4FB6 D45BFO. 
6.  �O6B8. 
 

  $45BFO 6OCB?ASRFES CB C<EP@9AAO@ <AEFDG>J<S@, >BFBDO9 CD<6B8SFES 6 84AAB@ CBEB5<<. 
�4:84S <AEFDG>J<S EB89D:<F >D4F><9 F9BD9F<K9E><9 E6989A<S, BFABESM<9ES > 84AAB= D45BF9, 
C9D9K9AP A9B5IB8<@B7B B5BDG8B64A<S, CBDS8B> 6OCB?A9A<S D45BFO, >BAFDB?PAO9 6BCDBEO < ?<-
F9D4FGDG. 
   �A<@4F9?PAB9 <;GK9A<9 @9FB8<K9E><I G>4;4A<= CB@B:9F 6OCB?A<FP D45BFG. 
   #D4>F<>G@ S6?S9FES IBDBL9= HBD@B= CB6FBD9A<S, G7?G5?9A<S < B5B5M9A<S BEAB6AOI 6BCDBEB6 
CDB=89AAB7B >GDE4. 
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#D4>F<K9E>4S D45BF4 № 1 
Т9<а: ";A4>B@?9A<9 E >B@C?9>FB@ >BAEFDG>FBDE>B=  8B>G@9AF4J<<  
 

�484A<9: ";A4>B@<FPES E >B@C?9>FB@ B5D4;JB6 >BAEFDG>FBDE>B= 8B>G@9AF4-
J<< (��) < BF69F<FP A4 6BCDBEO.  

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 1-9, #�1.2, #�1.5. 

�4D<4AFO ;484A<=:  

'EFAO= BCDBE CB F9@9 “�B@C?9>F >BAEFDG>FBDE>B=  8B>G@9AF4J<<”. 
#9D9K9AP 6BCDBEB6: 

1.  �B>G@9AFO, A9B5IB8<@O9 8B A4K4?4 D4;D45BF>< F9IA<K9E>B7B ED98EF64 (&%); 
2.  -F4CO CDB9>F<DB64A<S &%;  

3. �B>G@9AFO A4 BCOFAO= B5D4;9J &%; 

4. #9D9K9AP 8B>G@9AFB6, A9B5IB8<@OI A4 QF4C9 Q>EC?G4F4J<<; 

5. &9IAB?B7<K9E><9 8B>G@9AFO; 

6. #D46<?4 BHBD@?9A<S 7D4H<K9E>B= 8B>G@9AF4J<<; 

7. &<CO HBD@4FB6 ?<EFB6; 
8. -F4CO CDB9>F<DB64A<S 
9. �<8O ABD@4F<6AB-F9IA<K9E>B= 8B>G@9AF4J<<. 
10. �%�� - A4;A4K9A<9. 
11.  �<8O <;89?<=. #D<@9DO. 

"J9A>4 �D<F9D<< BJ9A>< (EB89D:4F9?PA4S I4D4>F9D<EF<>4) 
«2» $45BF4 6OCB?A9A4 A9 CB?ABEFPR. %FG89AF A9 6?4899F F9BD9F<K9E><@ 

@4F9D<4?B@, 8BCGE>4S BL<5>< CB EGM9EF6G D4EE@4FD<649@OI 6BCDBEB6 
(A9 BD<9AF<DG9FES 6 QF4C4I < EF48<SI CDBJ9EE4 >BAEFDG<DB64A<S). 

«3» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, '@99F CB?P;B64FPES ABD@4F<6AB-F9IA<K9E>B= ?<F9D4FGDB=. 
�BCGM9AO A9;A4K<F9?PAO9 BL<5>< 6 BF69F4I. 

«4» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, '@99F CB?P;B64FPES ABD@4F<6AB-F9IA<K9E>B= ?<F9D4FGDB=, 
CD46<?PAB D4;89?S9F QF4CO CDB9>F<DB64A<S. �BCGM9AO A9;A4K<F9?PAO9 
BL<5><. 

«5» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< 6 ;A4A<< �� < QF4CB6 CDB9>F-S 

 

 

 

#D4>F<K9E>4S D45BF4  №2 
"HBD@?9A<9 EI9@AB= 8B>G@9AF4J<< J<HDB6B7B GEFDB=EF64 

&9@4: #BEFDB9A<9 '�" Q?9@9AFB6 �&.  #DBEF4AB6>4 5G>69AAB-J<HDB6OI CB-
;<J<BAAOI B5B;A4K9A<= (�*#") 6 EI9@9 -3(CD<AJ<C<4?PA4S). 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.2, #�1.5. 

�484A<9: �;B5D4;<FP  Q?9@9AFO 6O84AAB7B 64D<4AF4, 6O89D:<64S D4;@9DO 
Q?9@9AFB6 6 EBBF69FEF6<< E  FD95B64A<S@<   �"%&. !4 Q?9@9AF4I, 6BECD<A<@4S <I 
>4> EI9@G Q?9>FD<K9E>GR CD<AJ<C<4?PAGR, CDBEF46<FP �*#".  

�4D<4AFO ;484A<=: CD<6989AO  6 CD<?B:9A<< �. 
�D<F9D<< < ABD@O BJ9A>< CD4>F<K9E>B= D45BFO 
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#D4>F<K9E>4S D45BF4 BJ9A<649FES CB CSF<54??PAB= E<EF9@9. 
 

"J9
A>4 

�D<F9D<< BJ9A>< (EB89D:4F9?PA4S I4D4>F9D<EF<>4) 

«2» $45BF4 6OCB?A9A4 A9 CB?ABEFPR. %FG89AF A9 6?4899F F9BD9F<K9E><@ 
@4F9D<4?B@, 8BCGE>4S BL<5>< CB EGM9EF6G D4EE@4FD<649@OI 6BCDBEB6 
(A9 CD46<?PAB <;B5D4:9AO '�" Q?9@9AFB6 < CDBEF46?9AO �&#"). 

«3» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, '@99F CB?P;B64FPES ABD@4F<6AB-F9IA<K9E>B= ?<F9D4FGDB=, 
CD46<?PAB 6OK9DF<? '�" Q?9@9AFB6. �BCGM9AO A9;A4K<F9?PAO9 BL<5-
>< CD< 6OK9DK<64A<< '�" Q?9@9AFB6 < CDBEF4AB6>9 �&#". 

«4» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, '@99F CB?P;B64FPES ABD@4F<6AB-F9IA<K9E>B= ?<F9D4FGDB=, 
CD46<?PAB 6OK9DF<? '�" Q?9@9AFB6. �BCGM9AO A9;A4K<F9?PAO9 BL<5-
>< CD< CDBEF4AB6>9 �&#". 

«5» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< 6OK9DK<64A<< '�" Q?9@9AFB6 < 
CDBEF4AB6>9 �&#" 

 

 

 

 

#D4>F<K9E>4S D45BF4  №3 
$4EK9F Q?9>FD<K9E><I C4D4@9FDB6 C9K4FAOI EI9@. 

&9?P D45BFO: B;A4>B@<FPES E D4EK9FB@ Q?9>FD<K9E><I C4D4@9FDB6 C9K4FAOI C?4F. 
�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 

>B@C9F9AJ<=: "� 2-5, #�1.1 

�484A<9: �AS C9K4FAB= C?4FO GE<?<F9?S BCD989?<FP:  
1. #489A<9 A4CDS:9A<S. 
U=Imaxρl/(hntn) 

2.  BMABEFP CBF9DP. 
Pn = 2ÃfCU

2
tg·                                         C = 

3. #4D4;<FAGR 9@>BEFP @9:8G 86G@S CDB6B8A<>4@<. 
C#�$=0,12¸F/h 

4. �A8G>F<6ABEFP C9K4FAOI CDB6B8A<>B6. 

 
5. �;4<@B<A8G>J<R 86GI C4D4??9?PAOI CDB6B8A<>B6 D46AB= 8?<AO. 

 

ИAх>8=ы9 8а==ы9. 
�4AAO9 8?S D4EK9FB6 1-3 CGA>FB6. 
U?8B=18 В - A4CDS:9A<9 C<F4A<S 
1Bах=0,0873<< - FB?M<A4 C9K4FAOI CDB6B8A<>B6 

1=0,03   - 8?<A4 @4>E<@4?PAB7B CDB6B8A<>4 
tn=0,18 << - L<D<A4 C9K4FAOI CDB6B8A<>B6 
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¸=6 - 8<Q?9>FD<K9E>4S CDBA<J49@BEFP EF9>?BF9>EFB?<F4 
h=2 << - FB?M<A4 C?4FO 

F=2200MM
2
 - EG@@4DA4S C?BM48P 6E9I CDB6B8A<>B6 

tg · =0,004 

S=3 << - D4EEFBSA<9 @9:8G 86G@S C4D4??9?PAO@< CDB6B8A<>4@< 

1?=5 A< - 8?<A4 6;4<@AB7B C9D9>DOF<S CDB6B8A<>B6 
�4AAO9 8?S D4EK9FB6 4-6 CGA>FB6.  
1? =2,5 A< - 8?<A4 C4D4??9?PAOI GK4EF>B6 86GI CDB6B8A<>B6 
 L0=0,4A<-D4EEFBSA<9 @9:8G BE96O@< ?<A<S@< 86GI CDB6B8A<>B6  
1?=5 A< - 8?<A4 C4D4??9?PAB7B GK4EF>4 C9D6B7B CDB6B8A<>4 
 1?=3,5 A< - 8?<A4 C4D4??9?PAB7B GK4EF>4 6FBDB7B CDB6B8A<>4  
S=0,2 A< 69?<K<A4 ;4;BD4 @9:8G CDB6B8A<>4@< 

 

 

 

#D4>F<K9E>4S D45BF4 №4 
�B@CBAB6>4 Q?9@9AFB6 A4 C9K4FAB= C?4F9. 

&9@4: �B@CBAB6>4 � % A4 C?4F9. "CD989?9A<9 7454D<FAOI D4;@9DB6 C9K4FAB= 
C?4FO. 

�484A<9: �?S ;484AAB7B GEFDB=EF64 BCD989?<FP 7454D<FAO9 D4;@9DO C9K4FAB= 
C?4FO CD< BCF<@4?PAB@ 64D<4AF9 >B@CBAB6>< � %. 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.1, #�1.5. 

�4D<4AFO ;484A<=:     
�4D<4AF 1. 'EFDB=EF6B EBEFB<F <;  17 >BDCGEB6 (555���, 555��2).                  
�4D<4AF 2.  'EFDB=EF6B EBEFB<F <;  16 >BDCGEB6 (533��4). 
�4D<4AF  3.  'EFDB=EF6B EBEFB<F <;  18 >BDCGEB6 (533���, 533��4).      

�D<F9D<< < ABD@O BJ9A>< CD4>F<K9E>B= D45BFO 

 
#D4>F<K9E><9 D45BFO BJ9A<64RFES CB CSF<54??PAB= E<EF9@9. 

 

"J9
A>4 

�D<F9D<< BJ9A>< (EB89D:4F9?PA4S I4D4>F9D<EF<>4) 

«2» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF A9 6?4899F F9BD9F<K9E><@ 
@4F9D<4?B@, 8BCGE>4S BL<5>< CB EGM9EF6G D4EE@4FD<649@OI 6BCDBEB6 
(A9 CD46<?PAB D4;89?9A4 C?4F4 A4 HGA>J<BA4?PAO9 ;BAO < A9 69DAB CDB-
6989A D4EK9F 7454D<FAOI D4;@9DB6 C9K4FAB= C?4FO ). 

«3»               $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9-
E><@ @4F9D<4?B@, BFEGFEF6GRF BL<5>< CD< 89?9A<< C?4FO A4 HGA>J<B-
A4?PAO9 ;BAO. �BCGM9AO A9;A4K<F9?PAO9 BL<5><  CD< <ECB?P;B64A<< 
ABD@4F<6AB- F9IA<K9E>B= ?<F9D4FGDO  < 6 D4EK9FAB= K4EF<. 

«4» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< 89?9A<< C?4FO A4 HGA>J<BA4?PAO9 
;BAO. �BCGM9AO A9;A4K<F9?PAO9 BL<5><  CD< <ECB?P;B64A<< ABD@4-
F<6AB- F9IA<K9E>B= ?<F9D4FGDO.  �BCGM9AO A9;A4K<F9?PAO9 BL<5>< 6 
D4EK9FAB= K4EF<. 

«5» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, CD< 89?9A<< C?4FO A4 ;BAO < D4EK9F E89?4A 69DAB. 
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#D4>F<K9E>4S D45BF4 №5 
"59EC9K9A<9 CB@9IBGEFB=K<6BEF< 6 >BAEFDG>J<< G;?B6 A4 C9K4FAB= C?4F9. 
#D4>F<K9E>B9 ;4ASF<9 №1 

&9@4: "59EC9K9A<9 CB@9IBGEFB=K<6BEF< C9K4FAB=  C?4FO.  $4EK9F D4;6S;O64RM<I 
>BA89AE4FBDB6, 5?B><DGRM<I CB@9I< J9C9= C<F4A<S. 
�484A<9:  �?S ;484AAB7B GEFDB=EF64 D4EEK<F4FP < 6O5D4FP >BA89AE4FBDO, GEF4A46?<64-
9@O9 A4 C?4FG 8?S CB846?9A<S CB@9I, CBEFGC4RM<I CB J9CS@ C<F4A<S. 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.1. 

�4D<4AFO ;484A<=:    
 �4D<4AF 1.  'EFDB=EF6B EBEFB<F <;:      2-I   >BDCGEB6   555�$27 (D1.D2)        

                                                                                   1-7B   >BDCGE4      555��10 (D3 )                                      

                                                                                   10 –F<  >BDCGEB6   555��2 (D4...D13) 

 �4D<4AF 2.  'EFDB=EF6B EBEFB<F <;:      15-F<  >BDCGEB6 555�#17 (D1...D15) 
                                                                       2-GI  >BDCGEB6  555�#� (D16,D17) 
                                                                   3 – I >BDCGEB6   555�E2 (D18...D20) 
 

       �4D<4AF 3.  'EFDB=EF6B EBEFB<F <;:  10-F<  >BDCGEB6 555��1 (D1...D10 ) 

                                                              3-I  >BDCGEB6    555��5 (D11...D13) 

 

�D<F9D<< < ABD@O BJ9A>< CD4>F<K9E>B=  D45BFO 

"J9A>4 �D<F9D<< BJ9A>< (EB89D:4F9?PA4S I4D4>F9D<EF<>4) 
«2» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF A9 6?4899F F9BD9F<K9E><@ 

@4F9D<4?B@, 8BCGE>4S BL<5>< CB EGM9EF6G D4EE@4FD<649@OI 6BCDBEB6 
(A9 CD46<?PAB CDB<;6989A4 D4EEF4AB6>4 < D4EK9F >BA89AE4FBDB6),  

«3»               $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9-
E><@ @4F9D<4?B@, BFEGFEF6GRF BL<5>< CD< D4EEF4AB6>9 >BA89AE4FBDB6. 
�BCGM9AO A9;A4K<F9?PAO9 BL<5>< 6 D4EK9FAB= K4EF< < CD< <ECB?P;B-
64A<< ABD@4F<6AB- F9IA<K9E>B= ?<F9D4FGDO. 

«4» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, CD< D4EEF4AB6>9, D4EK9F9 < 6O5BD9  >BA89AE4FBDB6.  
�BCGM9AO  A9;A4K<F9?PAO9 BL<5>< 6 D4EK9FAB= K4EF<. 

«5» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, CD< D4EEF4AB6>9, D4EK9F9 < 6O5BD9  >BA89AE4FBDB6. 

 

 

#D4>F<K9E>4S D45BF4 №6 
"HBD@?9A<9 EI9@AB= 8B>G@9AF4J<< J<HDB6B7B GEFDB=EF64 6 EBBF69FEF6<< E 

CD46<?4@<. 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.1 

Те>Gщ<= >BAFDB?P – C<EP@еAAO= BCDBE 
�4D<4AFO (C<EP@9AAO9 BF69FO A4 >BAFDB?PAO9 6BCDBEO):  
#9D6O= 64D<4AF: 
1 !BD@4?PAO= F9C?B6B= D9:<@ <;89?<S. �EF9EF69AA4S E<EF9@4 BI?4:89A<S >4> ECBEB5 97B 

B59EC9K9A<S. 
2 �BA69>J<S >4> 6<8 F9C?BB5@9A4. 
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�FBDB= 64D<4AF:  
1 !BD@4?PAO= F9C?B6B= D9:<@ <;89?<S. #D<AG8<F9?PAB9 6B;8GLAB9 BI?4:89A<9  >4> 

ECBEB5 97B B59EC9K9A<S. 
2 �;?GK9A<9 >4> 6<8 F9C?BB5@9A4. 
�D<F9D<< < ABD@O BJ9A>< C<EP@9AAB= >BAFDB?PAB= D45BFO 

#<EP@9AAO9 >BAFDB?PAO9 < E4@BEFBSF9?PAO9 D45BFO BJ9A<64RFES CB CSF<54??PAB= E<EF9@9. 
"J9A>4 «5» EF46<FES, 9E?< EFG89AF: 

1. �OCB?A<? D45BFG 59; BL<5B> < A98BK9FB6. 
2. �BCGEF<? A9 5B?99 B8AB7B A98BK9F4 

"J9A>4 «4» EF46<FES, 9E?< EFG89AF 6OCB?A<? D45BFG CB?ABEFPR, AB 8BCGEF<? 6 A9=: 
1. !9 5B?99 B8AB= A97DG5B= BL<5>< < B8AB7B A98BK9F4. 
2. !9 5B?99 86GI A98BK9FB6. 

"J9A>4 «3» EF46<FES, 9E?< EFG89AF CD46<?PAB 6OCB?A<? A9 @9A99 CB?B6<AO D45BFO <?< 
8BCGEF<?: 

- !9 5B?99 86GI 7DG5OI BL<5B> <?< A9 5B?99 B8AB= 7DG5B= < B8AB= A97DG5B= BL<5>< < 
B8AB7B A98BK9F4; 
- !9 5B?99 86GI- FD9I A97DG5OI BL<5B> <?< B8AB= A97DG5B= BL<5>< < FD9I A98BK9FB6; 
- #D< BFEGFEF6<< BL<5B>, AB CD< A4?<K<< K9FOD9I-CSF< A98BK9FB6. 

"J9A>4 «2» EF46<FES, 9E?< EFG89AF: 
1. �BCGEF<? K<E?B BL<5B> A98BK9FB6 CD96OL4RM99 ABD@G, CD< >BFBDB= @B:9F 5OFP 

6OEF46?9A4 BJ9A>4 «3». 
2. �E?< CD46<?PAB 6OCB?A<? @9A99 CB?B6<AO D45BFO. 
3. !9 CD<EFGC<? > 6OCB?A9A<R D45BFO. 
4. #D46<?PAB 6OCB?A<? A9 5B?99 10% 6E9I ;484A<=. 
 

 

 

#D4>F<K9E>4S D45BF4 №7 

$4EK9F Q?9>FD<K9E><I C4D4@9FDB6 C9K4FAOI EI9@. 
&9@4: $4EK9F A489:ABEF<. 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.1. 

�4D<4AFO ;484A<=  (C<EP@9AAO9 BF69FO A4 >BAFDB?PAO9 6BCDBEO): 

�4D<4AF 1 
 1.  #D<698<F9 BEAB6AO9 F9IA<K9E><9 EBEFBSA<S E?B:AOI F9IA<K9E><I E<EF9@. 
 2.  #D<698<F9 CD<@9DO 89H9>FB6, CB6D9:89A<=, BF>4;B6 CD<@9A<F9?PAB > <;89?<-
S@ < E<EF9@4@ D4>9FAB->BE@<K9E>B= F9IA<><. 
 3.  #D<698<F9 F9D@<AO A48T:ABEF<, E6S;4AAO9 E <;@9A9A<9@ CB>4;4F9?9= A48T:-
ABEF< 6B 6D9@9A<. 

�4D<4AF 2 
1 "5M9F9IA<K9E><I F9D@<A4I A48T:ABEF<.  
2 +FB F4>B9 QHH9>F<6ABEFP E<EF9@O. 
3. �4=F9 BCD989?9A<9 A48T:ABEF< E<EF9@O. 

�4D<4AF 3 
1. #BSEA<F9    BF?<K<9    >4F97BD<=    A48T:ABEF<    <    QHH9>F<6ABEF<. 
2.   �4>   <;@9AS9FES   A48T:ABEFP   D4>9FAB->BE@<K9E>B7B   >B@C?9>E4   6 CDBJ9EE9 
:<;A9AAB7B J<>?4? 
3. 9FB8O CB6OL9A<S A489:ABEF< B5N9>FB6. $9;9D6<DB64A<9 < 8G5?<DB64A<9.  
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�D<F9D<< < ABD@O BJ9A>< D45BFO 

#<EP@9AAO9 >BAFDB?PAO9 < E4@BEFBSF9?PAO9 D45BFO BJ9A<64RFES CB CSF<-
54??PAB= E<EF9@9. 

     "J9A>4 «5» EF46<FES, 9E?< EFG89AF: 
1. �OCB?A<? D45BFG 59; BL<5B> < A98BK9FB6. 
2. �BCGEF<? A9 5B?99 B8AB7B A98BK9F4 
"J9A>4 «4» EF46<FES, 9E?< EFG89AF 6OCB?A<? D45BFG CB?ABEFPR, AB 8BCG-
EF<? 6 A9=: 

1 !9 5B?99 B8AB= A97DG5B= BL<5>< < B8AB7B A98BK9F4. 
2 !9 5B?99 86GI A98BK9FB6. 

"J9A>4 «3» EF46<FES, 9E?< EFG89AF CD46<?PAB 6OCB?A<? A9 @9A99 CB?B6<-
AO D45BFO <?< 8BCGEF<?: 

1 !9 5B?99 86GI 7DG5OI BL<5B> <?< A9 5B?99 B8AB= 7DG5B= < B8AB= A97DG5B= 
BL<5>< < B8AB7B A98BK9F4; 

2 !9 5B?99 86GI- FD9I A97DG5OI BL<5B> <?< B8AB= A97DG5B= BL<5>< < FD9I 
A98BK9FB6; 

3 #D< BFEGFEF6<< BL<5B>, AB CD< A4?<K<< K9FOD9I-CSF< A98BK9FB6. 
2. "J9A>4 «2» EF46<FES, 9E?< EFG89AF: 

1 �BCGEF<? K<E?B BL<5B> A98BK9FB6 CD96OL4RM99 ABD@G, CD< >BFBDB= @B:9F 
5OFP 6OEF46?9A4 BJ9A>4 «3». 

1 �E?< CD46<?PAB 6OCB?A<? @9A99 CB?B6<AO D45BFO. 
2 !9 CD<EFGC<? > 6OCB?A9A<R D45BFO. 
3 #D46<?PAB 6OCB?A<? A9 5B?99 10% 6E9I ;484A<=. 

 

 

#D4>F<K9E>4S D45BF4 №8 

"59EC9K9A<9 CB@9IBGEFB=K<6BEF< 6 >BAEFDG>J<< G;?B6 A4 C9K4FAB= C?4F9. 
�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 

>B@C9F9AJ<=: "� 2-5, #�1.4. 

�484A<9:  �?S GEFDB=EF64, ;484AAB7B  EI9@B=, BCD989?<FP E?98GRM<9 C4D4@9FDO 
A489:ABEF<:  

           - 69DBSFABEFP 59;BF>4;AB= D45BFO;  

           - 6D9@S A4D45BF>< 8B BF>4;4; 
      - <AF9AE<6ABEFP  BF>4;B6.  
�4D<4AFO ;484A<=:   EI9@4 <; FD9I C4D4??9?PAOI >BA89AE4FBDB6 

�D<F9D<< < ABD@O BJ9A>< CD4>F<K9E>B=  D45BFO 

#D4>F<K9E><9 D45BFO BJ9A<64RFES CB CSF<54??PAB= E<EF9@9. 
"J9

A>4 
�D<F9D<< BJ9A>< (EB89D:4F9?PA4S I4D4>F9D<EF<>4) 

«2» $45BF4 6OCB?A9A4 A9 CB?ABEFPR. %FG89AF A9 6?4899F F9BD9F<K9E><@ 
@4F9D<4?B@, 8BCGM9AO  BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, 6  D4EK9F4I. 

«3» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, 8BCGM9AO A9;A4K<F9?PAO9 BL<5>< CD< <ECB?P;B64A<< ABD-
@4F<6AB- F9IA<K9E>B= ?<F9D4FGDO, ;A49F @9FB8<>G D4EK9F4 A489:ABEF<, 
8BCGM9AO A9;A4K<F9?PAO9 BL<5><  6 D4EK9F4I < 6O6B84I 

«4» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, ;A49F @9FB8<>G D4EK9F4 A489:ABEF<, 8BCGM9AO A9-
;A4K<F9?PAO9 BL<5><  6 D4EK9F4I < 6O6B84I 
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«5» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, ;A49F @9FB8<>G D4EK9F4 A489:ABEF< < 7D4@BFAB HBD-
@G?<DG9F 6O6B8O 

 

#D4>F<K9E>4S D45BF4 №9 

"59EC9K9A<9 F9C?B6B7B D9:<@4 6  >BAEFDG>J<< G;?B6 A4 C9K4FAB= C?4F9. 
&9@4: $4EK9F A489:ABEF< GEFDB=EF64 E GK9FB@ >BQHH<J<9AF4 Q?9>FD<K9E>B= 
A47DG;>< < F9@C9D4FGDO B>DG:4RM9= ED98O 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.1, #�1.4. 

 

�484A<9:  �?S GEFDB=EF64, ;484AAB7B  EI9@B=, BCD989?<FP E?98GRM<9 C4D4@9FDO 
A489:ABEF<:  

           - 69DBSFABEFP 59;BF>4;AB= D45BFO;  

           - 6D9@S A4D45BF>< 8B BF>4;4; 
      - <AF9AE<6ABEFP  BF>4;B6.  
�4D<4AFO ;484A<=:   EI9@4 <; FD9I C4D4??9?PAOI >BA89AE4FBDB6 

�D<F9D<< < ABD@O BJ9A>< CD4>F<K9E>B=  D45BFO 

#D4>F<K9E><9 D45BFO BJ9A<64RFES CB CSF<54??PAB= E<EF9@9. 
"J9

A>4 
�D<F9D<< BJ9A>< (EB89D:4F9?PA4S I4D4>F9D<EF<>4) 

«2» $45BF4 6OCB?A9A4 A9 CB?ABEFPR. %FG89AF A9 6?4899F F9BD9F<K9E><@ 
@4F9D<4?B@, 8BCGM9AO  BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, 6  D4EK9F4I. 

«3» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, 8BCGM9AO A9;A4K<F9?PAO9 BL<5>< CD< <ECB?P;B64A<< ABD-
@4F<6AB- F9IA<K9E>B= ?<F9D4FGDO, ;A49F @9FB8<>G D4EK9F4 A489:ABEF<, 
8BCGM9AO A9;A4K<F9?PAO9 BL<5><  6 D4EK9F4I < 6O6B84I 

«4» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, ;A49F @9FB8<>G D4EK9F4 A489:ABEF<, 8BCGM9AO A9-
;A4K<F9?PAO9 BL<5><  6 D4EK9F4I < 6O6B84I 

«5» $45BF4 6OCB?A9A4 CB?ABEFPR. %FG89AF 6?4899F F9BD9F<K9E><@ @4-
F9D<4?B@, BFEGFEF6GRF BL<5>< CD< <ECB?P;B64A<< ABD@4F<6AB- F9IA<-
K9E>B= ?<F9D4FGDO, ;A49F @9FB8<>G D4EK9F4 A489:ABEF< < 7D4@BFAB HBD-
@G?<DG9F 6O6B8O 

 

 

 

 

#D4>F<K9E>4S D45BF4  №10 

%B;84A<9 E<@6B?PAB= 5<5?<BF9>< Q?9@9AFB6 8?S >B@5<A4J<BAAB= EI9@O. %B;84-
A<9 >BDCGEAB= 5<5?<BF9>< Q?9@9AFB6 8?S >B@5<A4J<BAAB= EI9@O. 'C4>B6>4 6O6B-
8B6 >BAEFDG>F<6AOI Q?9@9AFB6 6 >BDCGE4. �6B8 EI9@O Q?9>FD<K9E>B= CD<AJ<C<-

4?PAB= -3 6 7D4H<K9E>B@ D984>FBD9 P-CAD Schematic. 

#D4>F<K9E>4S D45BF4 №11 
�;GK9A<9 ### 8?S 46FB@4F<;4J<< CDB9>F<DB64A<S J<HDB6OI GEFDB=EF6. �;GK9A<9 
4?7BD<F@B6 D4;@9M9A<S. $45BF4 E 4?7BD<F@B@ CBE?98B64F9?PAB7B D4;@9M9A<S @B-

8G?9=. #DB9>F<DB64A<9  C9K4FAB= C?4FO E CD<@9A9A<9@ ###. 



11 

 

&9@4: %B;84A<9 >BDCGEAB= 5<5?<BF9>< Q?9@9AFB6 8?S >B@5<A4J<BAAB= EI9@O 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.1.3 

 �484A<9: �;GK<FP  @9FB8<>G D4;D45BF>< CBE48BKAOI @9EF Q?9@9AFB6 A4 C9-
K4FAOI C?4F4I ED98EF64@< D984>FBD4 P-CAD Pattern Editor Wisard. "D74A<;B64FP 
>BDCGEAGR 5<5?<BF9>G  Q?9@9AFB6 8?S EI9@O. 

�4D<4AFO ;484A<=: CB EI9@9 < C9D9KAR Q?9@9AFB6, D4;D45BF4AAOI CD< 6O-
CB?A9A<< �45BD4FBDAOI D45BF 74 <  75 

�D<F9D<< BJ9A>< 6OCB?A9A<S EFG89AFB@ 

?45BD4FBDAB= D45BFO 
�45BD4FBDA4S D45BF4 BJ9A<649FES CB CSF<54??PAB= E<EF9@9  

 

 

�D<F9D<< 

 9FB8 
BJ9A>< 

�D<F9D<< BJ9A><  

"F?<KAB %BDBLB '8B6?. !9G8B6?. 
"FABL9A<9 > 
D45BF9 

!45?R89-
A<9 DG>B6B-
8<F9?S, 
#DBE@BFD 
CDB@9:G-
FBKAOI 
D9;G?PF4FB6 

$45BF4 6OCB?A9-
A4  6 G>4;4AAO= 
EDB>, A9 FD95G9F 
8BCB?A<F9?PAB7B 
6D9@9A< A4 ;4-
69DL9A<9 

$45BF4 
6OCB?A9A4  6 G>4-
;4AAO= EDB>, A9 
FD95G9F 8BCB?-
A<F9?PAB7B 6D9@9-
A< A4 ;469DL9A<9 

$45BF4 
6OCB?A9A4  6 G>4-
;4AAO= EDB>, A9 
FD95G9F 8BCB?-
A<F9?PAB7B 6D9@9-
A< A4 ;469DL9A<9 

$45BF4 A9 
6OCB?A9A4  6 G>4-
;4AAO= EDB>  < 
FD95G9F 8BCB?-
A<F9?PAB7B 6D9@9-
A< A4 ;469DL9A<9 

�ECB?P;B64-
A<9 CB?GK9A-

AOI  CD< <;G-
K9A<< 8<EJ<-
C?<AO G@9-
A<= 8?S D9-
L9A<S >BA-
>D9FAOI ;484K 
-ECBEB5ABEFP 
D45BF4FP 6 
>BDCGEAB@ 
D984>FBD9 

!45?R89-
A<9 DG>B6B-
8<F9?S ;4 
IB8B@ 6O-
CB?A9A<S 
D45BFO 

 

'E6B9AO CD<9@O 
D45BFO 6 >BD-
CGEAB@ D984>FB-
D9. '@9A<9 
5OEFDB BD<9AF<-
DB64FPES CD< 
A9B5IB8<@BEF< 
<;@9ASFP F9>G-
M<9 A4EFB=>< 
D984>FBD4 

'E6B9AO CD<9@O 
D45BFO 6 >BDCGE-
AB@ D984>FBD9. 
�;@9A9A<9 A4EFB9> 
6OCB?A9AB CD4-
6<?PAB, AB CBE?9 
CB8E>4;>< CD9CB-
8464F9?S B A9B5IB-
8<@BEF< C9D9A4-
EFDB<FP D984>FBD 

'E6B9AO CD<9@O 
D45BFO 6 >BDCGE-
AB@ D984>FBD9. 
�4FDG8A9A<S CD< 
A9B5IB8<@BEF< 
<;@9A<FP A4EFDB=-
>< D984>FBD4 

!9 GE6B9AO CD<9-
@O D45BFO 6 >BD-
CGEAB@ D984>FBD9. 
�B?PLB9 K<E?B 
BL<5B> CD< 6O-
CB?A9A<< A9B5IB-
8<@OI A4EFDB9> 
D984>FBD4 

�ECB?P;B-
64A<9 6E97B 
8BEFGCAB7B 
F9IA<K9E>B7B 
B5BDG8B64A<S 

!45?R89-
A<9 DG>B6B-
8<F9?S ;4 
IB8B@ 6O-
CB?A9A<S 
D45BFO 

�D4@BFA4S D45B-
F4 E F9IA<>B=, 
EB5?R89A<9 F9I-
A<>< 59;BC4E-
ABEF<.  

�D4@BFA4S D45BF4 E 
F9IA<>B=, EB5-
?R89A<9 F9IA<>< 
59;BC4EABEF<.  

'8B6?9F6BD<F9?P-
A4S D45BF4 E F9I-
A<>B=, EB5?R89A<9 
F9IA<>< 59;BC4E-
ABEF<. 

'8B6?9F6BD<F9?P-
A4S D45BF4 E F9I-
A<>B=, EB5?R89A<9 
F9IA<>< 59;BC4E-
ABEF<. 

�ECB?P-
;B64A<9 CB?G-
K9AAOI  ;A4-
A<= 8?S D9-
L9A<S >BA-
>D9FAOI ;484K 

!45?R89-
A<9 DG>B6B-
8<F9?S ;4 
IB8B@ 6O-
CB?A9A<S 
D45BFO 

 

#B?GK9AAO9 CD< 
<;GK9A<< 8<EJ<-
C?<AO ;A4A<S 
<ECB?P;B64AO 6 
CB?AB@ B5N9@9 

#B?GK9AAO9 CD< 
<;GK9A<< 8<EJ<-
C?<AO ;A4A<S <E-
CB?P;B64AO 6 CB?-
AB@ B5N9@9 

#B?GK9AAO9 CD< 
<;GK9A<< 8<EJ<-
C?<AO ;A4A<S <E-
CB?P;B64AO  A9 6 
CB?AB@ B5N9@9 

!9ECBEB5ABEFP <E-
CB?P;B64FP F9BD9-
F<K9E>GR <AHBD-
@4J<R  CD< D9L9-
A<< ;484K 

'@9A<9 BF69-
K4FP A4 6B-
CDBEO, CB?P-
;B64FPES CDB-
H9EE<BA4?P-
AB= ?9>E<>B= 
CD< E84K9 
;4M<F9 ?45B-
D4FBDAB= D4-
5BFO 

%B59E98B-
64A<9 

 

�D4@BFAO9 BF69-
FO A4 CBEF46?9A-
AO9 6BCDBEO, 
<ECB?P;B64A<9 
CDBH9EE<B-
A4?PAB= ?9>E<><. 
+TF>B9 B5BEAB64-
A<9 E6B9= FBK>< 
;D9A<S. 

�D4@BFAO9 BF69FO 
A4 CBEF46?9AAO9 
6BCDBEO, <ECB?P;B-
64A<9 CDBH9EE<B-
A4?PAB= ?9>E<><. 
+TF>B9 B5BEAB64-
A<9 E6B9= FBK>< 
;D9A<S.  

�4@9FA4S A9G69D9A-

ABEFP 6 BF69F4I < 
89=EF6<SI. 

!9G69D9AAO9 BF69-
FO A4 6BCDBEO, 
A9;A4A<9 CDBH9E-
E<BA4?PAB= ?9>-
E<>< < F9D@<AB-
?B7<<.  

 

 

#D4>F<K9E>4S D45BF4 №12-13-14-15 

$4EK9F CB>4;4F9?9= A489:ABEF< 
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$4EK9F A489:ABEF< >BAEFDG>J<< J<HDB6OI GEFDB=EF6. 
$4EK9F A489:ABEF< A4 QF4C9 F9IA<K9E>B7B CDB9>F<DB64A<S. 

$4EK9F A489:ABEF< GEFDB=EF64 E GK9FB@ >BQHH<J<9AF4 Q?9>FD<K9E>B= A47DG;>< < 

F9@C9D4FGDO B>DG:4RM9= ED98O. 
�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 

>B@C9F9AJ<=: "� 3-5, #�1.4.#� 1.5 

�4D<4AFO ;484A<=  (C<EP@9AAO9 BF69FO A4 >BAFDB?PAO9 6BCDBEO): 

 

�4D<4AF 1 
1�4;B6O9 @4F9D<4?O, <ECB?P;G9@O9 6 CDB<;6B8EF69 C9K4FAOI C?4F.  
2 &D< @9FB84 <;7BFB6?9A<S ##: I<@<K9E><= Q?9>FDBI<@<K9E><=, >B@5<A<DB-

64AAO= 
3 *9?< CDB6989A<S <ECOF4A<=. �<8O <ECOF4A<=  CD< 6OCGE>9 ## (>64?<H<-

>4J<BAAO9, CD<9@B-E84FBKAO9, C9D<B8<K9E><9, E9DF<H<>4J<BAAO9). 
 

�4D<4AF 2 
1  AB7BE?B=AO9 C9K4FAO9 C?4FO. %FDG>FGD4. !4;A4K9A<9 E?B96. #D9<@GM9-

EF64. 
2 #DB<;6B8EF69AAO= CDBJ9EE. "CD989?9A<9. "CD989?9A<9 F9IAB?B7<K9E>B7B 

CDBJ9EE4 < F9IAB?B7<K9E>B= BC9D4J<<.  
3 �<8O >BAFDB?S (Q?9>FD<K9E><=, BCF<K9E><=, D9AF79AB6E><=). 
 

�4D<4AF 3 
1 %G5FD4>F<6AO9 < 488<F<6AO9 @9FB8O CB?GK9A<S Q?9@9AFB6 CDB6B8SM97B 

D<EGA>4 C9K4FAB= C?4FO. 
2 &9IAB?B7<S E5BD>< C9K4FAOI C?4F.  
3 ->B?B7<KABEFP F9IAB?B7<K9E>B7B CDBJ9EE4 CDB<;6B8EF64 C9K4FAOI C?4F.   
 

�D<F9D<< < ABD@O BJ9A>< C<EP@9AAB=  >BAFDB?PAB= D45BFO 
#<EP@9AAO9 >BAFDB?PAO9 < E4@BEFBSF9?PAO9 D45BFO BJ9A<64RFES CB CSF<54??PAB= E<-

EF9@9. 
     "J9A>4 «5» EF46<FES, 9E?< EFG89AF: 

3. �OCB?A<? D45BFG 59; BL<5B> < A98BK9FB6. 
4. �BCGEF<? A9 5B?99 B8AB7B A98BK9F4 
"J9A>4 «4» EF46<FES, 9E?< EFG89AF 6OCB?A<? D45BFG CB?ABEFPR, AB 8BCGEF<? 6 A9=: 

1 !9 5B?99 B8AB= A97DG5B= BL<5>< < B8AB7B A98BK9F4. 
2 !9 5B?99 86GI A98BK9FB6. 

"J9A>4 «3» EF46<FES, 9E?< EFG89AF CD46<?PAB 6OCB?A<? A9 @9A99 CB?B6<AO D45BFO <?< 
8BCGEF<?: 

1 !9 5B?99 86GI 7DG5OI BL<5B> <?< A9 5B?99 B8AB= 7DG5B= < B8AB= A97DG5B= BL<5>< < B8-
AB7B A98BK9F4; 

2 !9 5B?99 86GI- FD9I A97DG5OI BL<5B> <?< B8AB= A97DG5B= BL<5>< < FD9I A98BK9FB6; 
3 #D< BFEGFEF6<< BL<5B>, AB CD< A4?<K<< K9FOD9I-CSF< A98BK9FB6. 

3. "J9A>4 «2» EF46<FES, 9E?< EFG89AF: 
1 �BCGEF<? K<E?B BL<5B> A98BK9FB6 CD96OL4RM99 ABD@G, CD< >BFBDB= @B:9F 5OFP 6O-

EF46?9A4 BJ9A>4 «3». 
4 �E?< CD46<?PAB 6OCB?A<? @9A99 CB?B6<AO D45BFO. 

5 !9 CD<EFGC<? > 6OCB?A9A<R D45BFO. 
6 #D46<?PAB 6OCB?A<? A9 5B?99 10% 6E9I ;484A<=. 
7  
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#D4>F<K9E>4S D45BF4 № 16 

"HBD@?9A<9 @4DLDGFAOI >4DF. %B;84A<9 E<@6B?PAB= 5<5?<BF9>< E CB@B-
MPR @4EF9D4 E<@6B?B6 (Symbol Wizard). %B;84A<9 CBE48BKAOI @9EF E CB@BMPR 

@4EF9D4 L45?BA4 (Pattern Wisard). 
&9@4: %B;84A<9 >BDCGEAB= 5<5?<BF9>< Q?9@9AFB6 8?S >B@5<A4J<BAAB= EI9@O 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #�1.1.3 

 �484A<9: �;GK<FP  @9FB8<>G D4;D45BF>< CBE48BKAOI @9EF Q?9@9AFB6 A4 C9-
K4FAOI C?4F4I ED98EF64@< D984>FBD4 P-CAD Pattern Editor Wisard. "D74A<;B64FP 
>BDCGEAGR 5<5?<BF9>G  Q?9@9AFB6 8?S EI9@O. 

�4D<4AFO ;484A<=: CB EI9@9 < C9D9KAR Q?9@9AFB6, D4;D45BF4AAOI CD< 6O-
CB?A9A<< �45BD4FBDAOI D45BF 74 <  75 

�D<F9D<< BJ9A>< 6OCB?A9A<S EFG89AFB@ 

?45BD4FBDAB= D45BFO 
�45BD4FBDA4S D45BF4 BJ9A<649FES CB CSF<54??PAB= E<EF9@9 

 

 

�D<F9D<< 

 9FB8 
BJ9A>< 

�D<F9D<< BJ9A><  

"F?<KAB %BDBLB '8B6?. !9G8B6?. 
"FABL9A<9 > 
D45BF9 

!45?R89-
A<9 DG>B6B-
8<F9?S, 
#DBE@BFD 
CDB@9:G-
FBKAOI 
D9;G?PF4FB6 

$45BF4 6OCB?A9-
A4  6 G>4;4AAO= 
EDB>, A9 FD95G9F 
8BCB?A<F9?PAB7B 
6D9@9A< A4 ;4-
69DL9A<9 

$45BF4 
6OCB?A9A4  6 G>4-
;4AAO= EDB>, A9 
FD95G9F 8BCB?-
A<F9?PAB7B 6D9@9-
A< A4 ;469DL9A<9 

$45BF4 
6OCB?A9A4  6 G>4-
;4AAO= EDB>, A9 
FD95G9F 8BCB?-
A<F9?PAB7B 6D9@9-
A< A4 ;469DL9A<9 

$45BF4 A9 
6OCB?A9A4  6 G>4-
;4AAO= EDB>  < 
FD95G9F 8BCB?-
A<F9?PAB7B 6D9@9-
A< A4 ;469DL9A<9 

�ECB?P;B64-
A<9 CB?GK9A-

AOI  CD< <;G-
K9A<< 8<EJ<-
C?<AO G@9-
A<= 8?S D9-
L9A<S >BA-
>D9FAOI ;484K 
-ECBEB5ABEFP 
D45BF4FP 6 
>BDCGEAB@ 
D984>FBD9 

!45?R89-
A<9 DG>B6B-
8<F9?S ;4 
IB8B@ 6O-
CB?A9A<S 
D45BFO 

 

'E6B9AO CD<9@O 
D45BFO 6 >BD-
CGEAB@ D984>FB-
D9. '@9A<9 
5OEFDB BD<9AF<-
DB64FPES CD< 
A9B5IB8<@BEF< 
<;@9ASFP F9>G-
M<9 A4EFB=>< 
D984>FBD4 

'E6B9AO CD<9@O 
D45BFO 6 >BDCGE-
AB@ D984>FBD9. 
�;@9A9A<9 A4EFB9> 
6OCB?A9AB CD4-
6<?PAB, AB CBE?9 
CB8E>4;>< CD9CB-
8464F9?S B A9B5IB-
8<@BEF< C9D9A4-
EFDB<FP D984>FBD 

'E6B9AO CD<9@O 
D45BFO 6 >BDCGE-
AB@ D984>FBD9. 
�4FDG8A9A<S CD< 
A9B5IB8<@BEF< 
<;@9A<FP A4EFDB=-
>< D984>FBD4 

!9 GE6B9AO CD<9-
@O D45BFO 6 >BD-
CGEAB@ D984>FBD9. 
�B?PLB9 K<E?B 
BL<5B> CD< 6O-
CB?A9A<< A9B5IB-
8<@OI A4EFDB9> 
D984>FBD4 

�ECB?P;B-
64A<9 6E97B 
8BEFGCAB7B 
F9IA<K9E>B7B 
B5BDG8B64A<S 

!45?R89-
A<9 DG>B6B-
8<F9?S ;4 
IB8B@ 6O-
CB?A9A<S 
D45BFO 

�D4@BFA4S D45B-
F4 E F9IA<>B=, 
EB5?R89A<9 F9I-
A<>< 59;BC4E-
ABEF<.  

�D4@BFA4S D45BF4 E 
F9IA<>B=, EB5-
?R89A<9 F9IA<>< 
59;BC4EABEF<.  

'8B6?9F6BD<F9?P-
A4S D45BF4 E F9I-
A<>B=, EB5?R89A<9 
F9IA<>< 59;BC4E-
ABEF<. 

'8B6?9F6BD<F9?P-
A4S D45BF4 E F9I-
A<>B=, EB5?R89A<9 
F9IA<>< 59;BC4E-
ABEF<. 

�ECB?P-
;B64A<9 CB?G-
K9AAOI  ;A4-
A<= 8?S D9-
L9A<S >BA-
>D9FAOI ;484K 

!45?R89-
A<9 DG>B6B-
8<F9?S ;4 
IB8B@ 6O-
CB?A9A<S 
D45BFO 

 

#B?GK9AAO9 CD< 
<;GK9A<< 8<EJ<-
C?<AO ;A4A<S 
<ECB?P;B64AO 6 
CB?AB@ B5N9@9 

#B?GK9AAO9 CD< 
<;GK9A<< 8<EJ<-
C?<AO ;A4A<S <E-
CB?P;B64AO 6 CB?-
AB@ B5N9@9 

#B?GK9AAO9 CD< 
<;GK9A<< 8<EJ<-
C?<AO ;A4A<S <E-
CB?P;B64AO  A9 6 
CB?AB@ B5N9@9 

!9ECBEB5ABEFP <E-
CB?P;B64FP F9BD9-
F<K9E>GR <AHBD-
@4J<R  CD< D9L9-
A<< ;484K 

'@9A<9 BF69-
K4FP A4 6B-
CDBEO, CB?P-
;B64FPES CDB-
H9EE<BA4?P-
AB= ?9>E<>B= 
CD< E84K9 
;4M<F9 ?45B-
D4FBDAB= D4-
5BFO 

%B59E98B-
64A<9 

 

�D4@BFAO9 BF69-
FO A4 CBEF46?9A-
AO9 6BCDBEO, 
<ECB?P;B64A<9 
CDBH9EE<B-
A4?PAB= ?9>E<><. 
+TF>B9 B5BEAB64-
A<9 E6B9= FBK>< 
;D9A<S. 

�D4@BFAO9 BF69FO 
A4 CBEF46?9AAO9 
6BCDBEO, <ECB?P;B-
64A<9 CDBH9EE<B-
A4?PAB= ?9>E<><. 
+TF>B9 B5BEAB64-
A<9 E6B9= FBK>< 
;D9A<S.  

�4@9FA4S A9G69D9A-

ABEFP 6 BF69F4I < 
89=EF6<SI. 

!9G69D9AAO9 BF69-
FO A4 6BCDBEO, 
A9;A4A<9 CDBH9E-
E<BA4?PAB= ?9>-
E<>< < F9D@<AB-
?B7<<.  
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#D4>F<K9E>4S D45BF4 №17-18 

$4;D45BF>4 F9IAB?B7<K9E><I CDBJ9EEB6 <;7BFB6?9A<S < <ECOF4A<= C9K4FAOI C?4F J<HDB6OI 
GEFDB=EF6. 

�OCB?A9A<9 84AAB= D45BFO ECBEB5EF6G9F HBD@<DB64A<R E?98GRM<I 
>B@C9F9AJ<=: "� 2-5, #� 1.4, #�1.5. 

�4D<4AFO ;484A<=  (C<EP@9AAO9 BF69FO A4 >BAFDB?PAO9 6BCDBEO): 

�4D<4AF 1 
 1.  #D<698<F9 BEAB6AO9 F9IA<K9E><9 EBEFBSA<S E?B:AOI F9IA<K9E><I E<EF9@. 
 2.  #D<698<F9 CD<@9DO 89H9>FB6, CB6D9:89A<=, BF>4;B6 CD<@9A<F9?PAB > <;89?<-
S@ < E<EF9@4@ D4>9FAB->BE@<K9E>B= F9IA<><. 
 3.  #D<698<F9 F9D@<AO A48T:ABEF<, E6S;4AAO9 E <;@9A9A<9@ CB>4;4F9?9= A48T:-
ABEF< 6B 6D9@9A<. 

�4D<4AF 2 
1 "5M9F9IA<K9E><I F9D@<A4I A48T:ABEF<.  
2 +FB F4>B9 QHH9>F<6ABEFP E<EF9@O. 
3. �4=F9 BCD989?9A<9 A48T:ABEF< E<EF9@O. 

�4D<4AF 3 
1. #BSEA<F9    BF?<K<9    >4F97BD<=    A48T:ABEF<    <    QHH9>F<6ABEF<. 
2.   �4>   <;@9AS9FES   A48T:ABEFP   D4>9FAB->BE@<K9E>B7B   >B@C?9>E4   6 CDBJ9EE9 
:<;A9AAB7B J<>?4? 
3. 9FB8O CB6OL9A<S A489:ABEF< B5N9>FB6. $9;9D6<DB64A<9 < 8G5?<DB64A<9.  

 

�D<F9D<< < ABD@O BJ9A>< D45BFO 

#<EP@9AAO9 >BAFDB?PAO9 < E4@BEFBSF9?PAO9 D45BFO BJ9A<64RFES CB CSF<-
54??PAB= E<EF9@9. 

     "J9A>4 «5» EF46<FES, 9E?< EFG89AF: 
5. �OCB?A<? D45BFG 59; BL<5B> < A98BK9FB6. 
6. �BCGEF<? A9 5B?99 B8AB7B A98BK9F4 
"J9A>4 «4» EF46<FES, 9E?< EFG89AF 6OCB?A<? D45BFG CB?ABEFPR, AB 8BCG-
EF<? 6 A9=: 

1 !9 5B?99 B8AB= A97DG5B= BL<5>< < B8AB7B A98BK9F4. 
2 !9 5B?99 86GI A98BK9FB6. 

"J9A>4 «3» EF46<FES, 9E?< EFG89AF CD46<?PAB 6OCB?A<? A9 @9A99 CB?B6<-
AO D45BFO <?< 8BCGEF<?: 

1 !9 5B?99 86GI 7DG5OI BL<5B> <?< A9 5B?99 B8AB= 7DG5B= < B8AB= A97DG5B= 
BL<5>< < B8AB7B A98BK9F4; 

2 !9 5B?99 86GI- FD9I A97DG5OI BL<5B> <?< B8AB= A97DG5B= BL<5>< < FD9I 
A98BK9FB6; 

3 #D< BFEGFEF6<< BL<5B>, AB CD< A4?<K<< K9FOD9I-CSF< A98BK9FB6. 
4. "J9A>4 «2» EF46<FES, 9E?< EFG89AF: 

1 �BCGEF<? K<E?B BL<5B> A98BK9FB6 CD96OL4RM99 ABD@G, CD< >BFBDB= @B:9F 
5OFP 6OEF46?9A4 BJ9A>4 «3». 

8 �E?< CD46<?PAB 6OCB?A<? @9A99 CB?B6<AO D45BFO. 
9 !9 CD<EFGC<? > 6OCB?A9A<R D45BFO. 
10 #D46<?PAB 6OCB?A<? A9 5B?99 10% 6E9I ;484A<=. 
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#9D9K9AP D9>B@9A8G9@OI GK95AOI <;84A<=, �AF9DA9F-D9EGDEB6, 8BCB?-
A<F9?PAB= ?<F9D4FGDO 

 

 

"EAB6A4S ?<F9D4FGD4: 
1. �4@OLA4S -.,  4D>9?B6 �.  �BAEFDG>FBDE>B-F9IAB?B7<K9E><9 D4EK9FO Q?9>FDBAAB= 
4CC4D4FGDO. 2014. – 165 E. 

2.  �GDB6 �. �.  <>DBCDBJ9EEBDAO9 E<EF9@O: 'K95A<> / �.�. �GDB6. -  .: !�* 
�AHD4- , 2016, 336 E. -�C znanium.com �B7B6BD 7 2Q5E BF 31.01.2016 7. 
3. &4A9A54G@ -. %., &. "EF<A - �DI<F9>FGD4 >B@CPRF9D4.- 6-9 <;8. – %#5: #<F9D 2013. -  
816 E. 

�BCB?A<F9?PA4S ?<F9D4FGD4: 
1.(DB?B6 �. �. -?9>FDBAA4S F9IA<>4.+.2 %I9@BF9IA<>4 Q?9>FDBAAOI EI9@: 

'K95A<> / (DB?B6 �.�. -  .:(��' �#" "' * ��&", 2015.-611 E. 
#DB7D4@@AB9 B59EC9K9A<9 < �AF9DA9F-D9EGDEO: 
 

1. http://www.knigafund.ru/books/106073 

2. http://www.ozon.ru/context/detail/id/17981415/ 

http://madelectronics.ru/book/shemotehnika/index-2.htm 

3. http://www.knigafund.ru/books/106073 

4. http://www.ozon.ru/context/detail/id/17981415/ 

5. http://madelectronics.ru/book/shemotehnika/index-2.htm 

 

�B@CPRF9DAO= GK95A<> "&<HDB64S EI9@BF9IA<>4» 
http://www.ie.tusur.ru/books/DigitalCircuits/readme.htm 

 9FB8<K9E><9 D9>B@9A84J<< CB 6OCB?A9A<R CD4>F<K9E><I D45BF 

Fs01\�484A<S\#B87BDAB6\�%�\ 9FB8<K9E><9 D9>B@9A84J<< > CD4>F<K9E><@ D45BF4@ 

Fs01\�484A<S\#B87BDAB6\�%�\ 9FB8<K9E><9 D9>B@9A84J<< CB 6OCB?A9A<R E4@BEFBS-
F9?PAO@ D45BF4@ 

$BEE<=E><9 :GDA4?O: 
1  #D<>?48A4S <AHBD@4F<>4: A4GKAB-CD4>F<K9E><= :GDA4?.- -5% 'A<69DE<-
F9FE>4S 5<5?<BF9>4 �B7B6BD 766  BF 27.06.2016 

2  �B@CBA9AFO < F9IAB?B7<<. - -5% 'A<69DE<F9FE>4S 5<5?<BF9>4 �B7B6BD 
766  BF 27.06.2016 

3   <D #�.  - -5% 'A<69DE<F9FE>4S 5<5?<BF9>4 �B7B6BD 766  BF 27.06.2016 
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#$��"��!�� 1 
�4D<4AF 1 

 

�4D<4AF 2 

�4D<4AF 3 
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#D<?B:9A<9 2 

&9BD<S 6BCDBE4.   � EBBF69FEF6<< E �"%&  13.377-78 A489:ABEFP – QFB 
E6B=EF6B <;89?<S 6OCB?ASFP ;484AAO9 HGA>J<< 6 F9K9A<9 BCD989?9AAB7B CDB@9-
:GF>4 6D9@9A< 6 ;484AAOI GE?B6<SI Q>EC?G4F4J<<. 

"EAB6AO@ CBASF<9@ F9BD<< A489:ABEF< S6?S9FES BF>4;. "F>4; – QFB EB5O-
F<9, CBE?9 CBS6?9A<S >BFBDB7B GEFDB=EF6B CB?ABEFPR <?< K4EF<KAB C9D9EF49F 6O-
CB?ASFP ;484AAO9 HGA>J<<. 

%<EF9@B= Q?9@9AFB6 A4;O64RF EB6B>GCABEFP EB6@9EFAB 89=EF6GRM<I Q?9-
@9AFB6, CD98A4;A4K9AAOI 8?S 6OCB?A9A<S 6;4<@BE6S;4AAOI HGA>J<=. -?9@9AF E<-
EF9@O – QFB K4EFP 84AAB= E<EF9@O, CD98A4;A4K9AA4S 8?S 6OCB?A9A<S B8AB= <; 6B;-
@B:AOI HGA>J<= E<EF9@O. 

%<EF9@O 5O64RF 6BEEF4A46?<649@O9 (CB8?9:4M<9 D9@BAFG) < A96BEEF4-
A46?<649@O9. 

&4> >4> BF>4;O - QFB EB5OF<S E?GK4=AO9, FB >B?<K9EF69AAO9 C4D4@9FDO 
A489:ABEF< <@9RF 69DBSFABEFAO= I4D4>F9D. $4EK9F 69DBSFABEFAOI I4D4>F9D<EF<> 
E?B:9A, CBQFB@G A4 CD4>F<>9 CB?P;GRFES EF4F<EF<K9E><@< CB>4;4F9?S@< A489:AB-
EF<, >BFBDO9 CB?GK4RF 6 D9;G?PF4F9 @4F9@4F<K9E>B= B5D45BF>< D9;G?PF4FB6 Q>EC9-
D<@9AF4. 

� BEAB6AO@ >B?<K9EF69AAO@ C4D4@9FD4@ BFABESFES E?98GRM<9: 69DBSF-
ABEFP 59;BF>4;AB= D45BFO, <AF9AE<6ABEFP BF>4;B6, 6D9@S A4D45BF>< 8B BF>4;4. 

�9DBSFABEFP 59;BF>4;AB= D45BFO P(t) – QFB 69DBSFABEFP FB7B, KFB ;4 ;4-
84AAO= CDB@9:GFB> 6D9@9A<, 6 ;484AAOI GE?B6<SI Q>EC?G4F4J<< E<EF9@4 5G89F 
D45BF4FP <ECD46AB, FB 9EFP BF>4;4 A9 CDB<;B=89F. %F4F<EF<K9E>4S BJ9A>4 69DBSFAB-
EF< 59;BF>4;AB= D45BFO BCD989?S9FES CB HBD@G?9:  

,
)(

)(
0

0

N

tnN
tP


  

789 N0 – >B?<K9EF6B <;89?<=, CBEF46?9AAOI A4 <ECOF4A<9; 
n(t) – K<E?B BF>4;46L<I Q?9@9AFB6 ;4 <EE?98G9@O= CDB@9:GFB> 6D9@9A<. 
� A4K4?PAO= @B@9AF 6D9@9A< 6E9 <;89?<S D45BF4RF <ECD46AB, FB 9EFP 

n(t)=0, FB784 P(t)=1. �4 8BEF4FBKAB 5B?PLB= CDB@9:GFB> 6D9@9A< BF>4;4FP @B7GF 
6E9 <;89?<S, CBEF46?9AAO9 A4 <ECOF4A<9, FB 9EFP n(t)=N0. &B784 P(t)=0. &4><@ B5D4-
;B@, HGA>J<S P(t) – QFB HGA>J<S G5O64RM4S BF 1 8B 0 (E@. D<EGAB> 3.10). 
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$<EGAB> 3.10 – �D4H<> HGA>J<< P(t) 

�AF9AE<6ABEFP BF>4;B6 (t) – QFB BFABL9A<9 >B?<K9EF64 BF>4;46L<I Q?9-
@9AFB6 6 98<A<JG 6D9@9A< > ED98A9@G K<E?G <ECD46AB D45BF4RM<I Q?9@9AFB6 ;4 
;484AAO= CDB@9:GFB> 6D9@9A<.  (BD@G?4 8?S BCD989?9A<S <AF9AE<6ABEF< BF>4;B6 
5G89F E?98GRM9=: 

,
)(

)(
A@Nt

tn
t


  

789 n(t) – >B?<K9EF6B BF>4;46L<I Q?9@9AFB6 ;4 6D9@S t; 

t – <EE?98G9@O= CDB@9:GFB> 6D9@9A<; 
NED – ED98A99 >B?<K9EF6B <ECD46AB D45BF4RM<I Q?9@9AFB6 ;4 6D9@S t. 

�D4H<> HGA>J<< (t) CB>4;4A A4 D<EGA>9 3.11. 

 
$<EGAB> 3.11 – �D4H<> HGA>J<< (t) 

!4 7D4H<>9, CB>4;4AAO= A4 D<EGA>9 3.11 @B:AB 6O89?<FP FD< ;BAO. �BA4 
«1» EBBF69FEF6G9F CD<D45BF>9 <;89?<S, >B784 A4 CD98CD<SF<<-<;7BFB6<F9?9 CD98-
CD<A<@4RFES @9DO CB G69?<K9A<R A489:ABEF< D45BFO <;89?<S. �BA4 «2» EBBF69F-
EF6G9F ABD@4?PAB= D45BF9 <;89?<S, >B784 <AF9AE<6ABEFP BF>4;B6 S6?S9FES 69?<K<-
AB= CBEFBSAAB=. �BA4 «3» I4D4>F9D<;G9FES D9;><@ G69?<K9A<9@ <AF9AE<6ABEF< BF-
>4;B6 6 E?98EF6<9 EF4D9A<S Q?9@9AFB6. 
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�D9@S A4D45BF>< 8B BF>4;4 T0 – QFB 6D9@S <ECD46AB= D45BFO <;89?<S 8B 
A4EFGC?9A<S C9D6B7B BF>4;4. -FB 69?<K<A4, B5D4FA4S <AF9AE<6ABEF< BF>4;B6, CB-
QFB@G HBD@G?4 8?S BCD989?9A<S <AF9AE<6ABEF< BF>4;B6 5G89F E?98GRM9=:  

.
)(

1
0

t
T


  

�E9 C9D9K<E?9AAO9 C4D4@9FDO A489:ABEF< E6S;4AO @9:8G EB5B= Q>ECB-
A9AJ<4?PAO@ ;4>BAB@ A489:ABEF<: 

,0T

t

t

A8AB9< ы eeP A8AB9<ы


  
 





n

i

iiA8AB9<ы N

1

,
 

789 PE<EF9@O – 69DBSFABEFP 59;BF>4;AB= D45BFO E<EF9@O; 
λ E<EF9@O – <AF9AE<6ABEFP BF>4;B6 E<EF9@O; 

t – 6D9@S A9CD9DO6AB= D45BFO <;89?<S; 
T0 – 6D9@S A4D45BF>< 8B BF>4;4 E<EF9@O; 

Ni – >B?<K9EF6B Q?9@9AFB6 i-B7B F<C4; 
λ i – <AF9AE<6ABEFP BF>4;B6 Q?9@9AFB6 i-B7B F<C4; 
n – >B?<K9EF6B F<CB6 Q?9@9AFB6. 
$4EEK<F4FP E<EF9@G A4 A489:ABEFP - QFB ;A4K<F BCD989?<FP CB>4;4F9?< 

A489:ABEF<, I4D4>F9D<;GRM<9 E<EF9@G. #D<5?<:9AAO= D4EK9F A489:ABEF< CDB-
6B8<FES A4 QF4C9 QE><;AB7B CDB9>F<DB64A<S E J9?PR BCD989?9A<S F9BD9F<K9E>B= 
A489:ABEF< CB HBD@G?4@, CD<6989AAO@ 6OL9. 

'FBKA9AAO= D4EK9F A489:ABEF< CDB6B8<FES A4 QF4C9 F9IA<K9E>B7B CDB-
9>F4 CB HBD@G?4@, CD<6989AAO@ 6OL9, AB ;A4K9A<S <AF9AE<6ABEF< BF>4;B6 Q?9-
@9AFB6 59DGFES 6 ;46<E<@BEF< BF F9@C9D4FGDO B>DG:4RM99 ED98O < >BQHH<J<9AF4 
Q?9>FD<K9E>B= A47DG;>< Q?9@9AF4. �BQHH<J<9AF Q?9>FD<K9E>B= A47DG;>< - QFB 
BFABL9A<9 D94?PAB= A47DG;>< Q?9@9AF4 > AB@<A4?PAB=. �D<F9D<9@ BJ9A>< EF9C9A< 
Q?9>FD<K9E>B= A47DG;>< S6?S9FES F4 69?<K<A4, >BFBD4S B>4;O649F D9L4RM99 6B;-
89=EF6<9 A4 D45BFBECBEB5ABEFP Q?9@9AFB6, A4CD<@9D: 

=

@
=

P

P
K

@97
 , 

=

@
=

U

U
K

к>=8
 . 

 

�AB784 E?B:AB BCD989?<FP >BQHH<J<9AF A47DG;>< (8?S Q?9@9AFB6 <A8<>4-
J<<, D4;N9@B6, � %), FB784 8?S F4><I Q?9@9AFB6 CD<A<@4RF @4>E<@4?PAB9 ;A4K9-
A<9 >BQHH<J<9AF4 Q?9>FD<K9E>B= A47DG;>< (KA=1 – IG8L<= E?GK4=). 

�46<E<@BEFP D94?PAB= <AF9AE<6ABEF< BF>4;B6 BF AB@<A4?PAB= BCD989?S9F-
ES E?98GRM9= HBD@G?B= K9D9; CBCD46BKAO= >BQHH<J<9AF «а». 

,
0

  a
i  

789 λi - D94?PA4S <AF9AE<6ABEFP BF>4;B6; 
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a – CBCD46BKAO= >BQHH<J<9AF, ;46<ESM<= BF >BQHH<J<9AF4 Q?9>FD<K9-
E>B= A47DG;>< < F9@C9D4FGDO B>DG:4RM9= ED98O (6O5<D49FES <; ECD46BKAOI F45-
?<J [ ]); 

λ0 – AB@<A4?PA4S <AF9AE<6ABEFP BF>4;B6 (6O5<D49FES <; ECD46BKAOI F45-
?<J [ ]). 

$4EK9FO A489:ABEF< E6B8SFES 6 F45?<JG 3.1 < CDB6B8SFES A4 @<A<@4?PAGR 
< @4>E<@4?PAGR F9@C9D4FGDG Q>EC?G4F4J<< <;89?<S. 

#BE?9 BCD989?9A<S ;A4K9A<S <AF9AE<6ABEF< BF>4;B6 E<EF9@O 8?S 86GI 
F9@C9D4FGD CDB<;6B8<FES D4EK9F ;A4K9A<= 6D9@9A< A4D45BF>< A4 BF>4; (T0) < 69DB-
SFABEF< 59;BF>4;AB= D45BFO GEFDB=EF64 ($E<EF9@O) F4>:9 8?S 86GI F9@C9D4FGD. 

 

 

 
λE<EF 1=43,372*10

-6 

 

 

T01 = 1/ λE<EF 1 = 1/43*10
-6 

= 23000 K, 
 

 

$E<EF9@O = 9λt = 9-43*10-6*10-3
 = e

-0,043
 = 0,9579 

λE<EF 2=63,97*10
-6 

 

 

T02 = 1/ λE<EF 1 = 1/64*10
-6 

= 15000 K, 
 

 

$E<EF9@O = 9λt = 9-64*10-6*10-3
 = e

-0,064
 = 0,9380 
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#B;. 
B5B;A. !4<@9AB64A<9 �B?. Q?9-

@9AFB6Ni 

�BQHH<J<9AF 
A47DG;>< 

Kn 

!B@<A4?PA4S 
<AF9AE<6ABEFP 
BF>4;B6 

$94?PA4S <AF9AE<6-
ABEFP BF>4;B6 t= + 200 C 

λi=λ0*ai 

$94?PA4S <AF9AE<6-
ABEFP BF>4;B6 t= + 500 C 

λ0*a2 

1 

λ
i*10-6 

1/K 

λ
i Ni *10-

6 1/K 2 

λi*10-

6 1/K 

λ
i Ni *10-

6 1/K 

C1 

�BA89AE4FBDO 

�50-12-25�-

2@>(+/-10% "�" 464 079&' 

1 0,2 2,4 
,65 ,56 ,56 ,73 

4,15 
,15 

C2...C8 
�10-17-14-!50-0,1 

@>(+/-10% "�" 460 107&' 
7 0,2 1,4 

,06 ,084 ,588 ,08 
0,112 

,784 

C9 

�10-17-14- 1500-
0,012@>( ± 10% "�" 

460 107 &' 

1 0,2 1,4 
,06 ,084 ,084 ,08 

0,112 
,784 

 

 

D1, D13 

 <>DBEI9@O 

5>B 348 289&' 

�555�!1 

 

 

2 

 

 

1 

 

 

0,5 
,5 ,2 

 

 

1,1 
,2 

D2, D3 �555�$35 2 1 1 
,2 

2,2 
,4 

D4, D5 �555�A3 2 1 0,5 
,5 ,2 

1,1 
,2 

D6,D10 �555%#1 2 1 1 
,2 

2,2 
,4 

D8, D9, 

D16, D17 
�555��11 4 1 0,5 

,5 ,2 
1,1 

,4 

D7, D11 �555��7 2 1 1 
,2 

2,2 
,4 

D12 �555��1 1 1 0,5 
,5 ,5 ,2 

1,1 
,1 

D14, D15 �555��2 2 1 0,5 
,5 ,2 

1,1 
,2 

D18 �555& 2 1 1 1 
,2 

2,2 
,2 

D19 �555��4 1 1 0,5 
,5 ,5 ,2 

1,1 
,1 

D20 �555��3 1 1 0,5 
,5 ,5 ,2 

1,1 
,1 

R1...R16 

$9;<EFBDO 

C2-33!-0,125-8,2 

�"@+/-10%  "�" 467 173&' 

1

6 

0,0

07 
0,3 

,15 ,045 ,72 ,34 
0,102 

,632 

VD1..VD16 

%69FB8<B8O 

��102 �"�" 336 
041 &' 

1

6 
1 0,61 

,61 ,76 
0,61 

,76 

XP1 

�<?>4 
%!#58-64/94 19�-

23-2� 364 043&' 

1 1 0,6 
,6 ,6 

0,6 
,6 

 #4=>< 4

14 
1 0,04 

,04 6,56 
0,04 

6,56 

λE<EF 1=43,372*10
-6 λE<EF 2=63,97*10

-6 


