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8B EBEFBSA<S A9CBED98EF69AAB7B EBCD<>BEAB69A<S, AB 8?S CDBEFBFO <I 
;4@9ASRF EI9@4- @<, 789 J9AFDO CD<FS:9A<S 4FB@B6 <?< <BAB6 <;B5D4:9AO 
FBK>4@<; A4<5B- ?99 I4D4>F9DAO9 8?S @9F4??B6 SK9=>< CB>4;4AO A4 D<EGA>9 
1. 

 

$<EGAB> 1. &<CO >D<EF4??<K9E><I D9L9FB> < D4ECB?B:9A<9 6 A<I 4FB- 
@B6: 

4) 7D4A9J9AFD<DB64AA4S (�*�), 5) B5N9@ABJ9AFD<DB64AA4S ("*�), 6) 
79>E47BA4?PA4S C?BFABGC4>B64AA4S (�-) 
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�R5B9 69M9EF6B @B:9F A4IB8<FPES 6 FD9I 47D974FAOI EBEFBSA<SI: 
F69D8B@, :<8>B@ < 74;BB5D4;AB@, 4 C9D9IB8 <; B8AB7B EBEFBSA<S 6 8DG7B9 
CDB<EIB8<F CD< BCD989?9AAB= F9@C9D4FGD9 < 846?9A<<. �B?PL<AEF6B 
F9IAB?B7<K9E><I CDBJ9EEB6 CDB<EIB8<F CD< 4F@BEH9DAB@ 846?9A<<, FB784 
H4;B6O9 C9D9IB8O I4D4>F9D<;GRFES F9@C9D4FGDB= >D<EF4??<;4J<< 
(C?46?9A<S), EG5?<@4J<< < ><C9A<S (<EC4D9A<S). 

#D< G69?<K9A<< F9@C9D4FGDO F69D8B7B F9?4 D4EF9F CB86<:ABEFP 
4FB@B6 6 G;?4I >D<EF4??<K9E>B= SK9=><, G69?<K<649FES <I 4@C?<FG84 
>B?954A<=. #D< 8BEF<:9A<< F9@C9D4FGDO C?46?9A<S QA9D7<< 4FB@B6 
EF4AB6<FES 8BEF4FBKAB, KFB5O CB><AGFP SK9=>G - BA4 D4;DGL49FES E 
B5D4;B64A<9@ :<8>B= H4;O. &9@C9D4FGD4 C?46?9A<S S6?S9FES 64:AB= 
H<;<K9E>B= >BAEF4AFB= @4F9D<4?B6. %D98< @9F4??B6 E4@GR A<;>GR 
F9@C9D4FGDG C?46?9A<S <@99F DFGFP (-38,9 ° %), 4 A4<5B?PL99 - 6B?PHD4@ 

(3410 ° %). 
"5D4FA4S >4DF<A4 <@99F @9EFB CD< BI?4:89A<< :<8>BEF< E 99 

84?PA9=L<@ ;4F69D8964A<9@. �5?<;< F9@C9D4FGDO C?46?9A<S B5D4;GRFES 
7DGCCO 4FB@B6, GC4>B64AAOI 6 SK9=><, >4> 6 F69D8B@ F9?9. -F< 7DGCCO 
S6?SRFES J9AFD4@< (;4DB8OL4@<) >D<EF4??<;4J<<, A4 A<I CBFB@ A4D4EF49F 
E?B= >D<EF4??B6. #D< 8BEF<:9A<< FB= :9 F9@C9D4FGDO C?46?9A<S @4F9D<4? 
C9D9IB8<F 6 :<8>B9 EBEFBSA<9 E B5D4;B64A<9@ >D<EF4??<K9E>B= D9L9F><. 

�D<EF4??<;4J<S - C9D9IB8 @9F4??4 <; :<8>B7B EBEFBSA<S 6 F69D8B9 
CD< BCD989?9AAB= F9@C9D4FGD9. %B7?4EAB ;4>BAG F9D@B8<A4@<><, ?R54S 
E<EF9@4 EFD9@<FES C9D9=F< 6 EBEFBSA<9 E @<A<@4?PAO@ ;A4K9A<9@ 
E6B5B8AB= QA9D7<= - EBEF46AB= 6AGFD9AA9= QA9D7<<, >BFBD4S <;BF9D@<K9E>< 
@B:9F 5OFP CD9B5D4;B64A4 6 D45BFG. #BQFB@G @9F4?? ;4F69D89649F, >B784 
@9APL9 E6B5B8AB= QA9D7<9= B5?4849F F69D8B9 EBEFBSA<9 < C?46<FES, >B784 
@9APL9 E6B5B8A4S QA9D7<S 6 :<8>B@ EBEFBSA<<. 

#DBJ9EE >D<EF4??<;4J<< EBEFB<F <; 86GI Q?9@9AF4DAOI CDBJ9EEB6: 
;4DB:89A<S J9AFDB6 >D<EF4??<;4J<< < DBEF4 >D<EF4??B6 <; QF<I J9AFDB6. 
�4> BF@9K4?BEP 6OL9, CD< 5?<;>B= > >D<EF4??<;4J<< F9@C9D4FGD9 
A4K<A49FES B5D4;B64A<9 AB6B= EFDG>FGDO - J9AFD4 >D<EF4??<;4J<<. % 
G69?<K9A<9@ EF9C9A< C9D9BI?4:89A<S G69?<K<649FES >B?<K9EF6B F4><I 
J9AFDB6, 6B>DG7 >BFBDOI A4K<A4RF D4EF< >D<EF4??O. � FB :9 6D9@S 6 
:<8>B= H4;9 B5D4;GRFES AB6O9 J9AFDO >D<EF4??<;4J<<, CBQFB@G 
G69?<K9A<9 F69D8B= H4;O B8AB6D9@9AAB CDB<EIB8<F >4> ;4 EK9F 
6B;A<>AB69A<S AB6OI J9AFDB6, F4> < ;4 EK9F DBEF4 EGM9EF6GRM<I. 
%G@@4DA4S E>BDBEFP >D<EF4??<;4J<< ;46<E<F BF IB84 B5B<I CDBJ9EEB6, 
CD<K9@ E>BDBEF< ;4DB:89A<S J9AFDB6 < DBEF4 >D<EF4??B6 ;46<ESF BF EF9C9A< 
C9D9BI?4:89A<S Δ&. !4 D<EGA>9 2 EI9@4F<KAB CB>4;4A @9I4A<;@ 

>D<EF4??<;4J<<. 
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$<EGAB> 2.  9I4A<;@ >D<EF4??<;4J<< 

$94?PAO9 >D<EF4??O A4;O64RFES >D<EF4??<F4@<, BA< <@9RF 
A9CD46<?PAGR HBD@G, KFB B5NSEAS9FES <I B8AB6D9@9AAO@ DBEFB@. 
�4DB8OL4@< >D<EF4??<;4J<< @B7GF 5OFP H?G>FG4J<< BEAB6AB7B @9F4??4, 
CD<@9E< < D4;?<KAO9 F69D8O9 K4EF<JO. 

$4;@9DO ;9D9A ;46<ESF BF EF9C9A< C9D9BI?4:89A<S: CD< @4?OI 
;A4K9A<SI Δ& E>BDBEFP DBEF4 >D<EF4??B6 69?<>4, CBQFB@G B5D4;G9FES 
A9;A4K<F9?PAB9 >B?<K9EF6B >DGCAOI >D<EF4??<FB6. '69?<K9A<9 Δ& 
CD<6B8<F > G69?<K9A<R E>BDBEF< B5D4;B64A<S ;4DB8OL9=, >B?<K9EF6B 
>D<EF4??<FB6 EGM9EF69AAB G69?<K<649FES, 4 <I D4;@9DO G@9APL4RFES. 
"8A4>B 7?46AGR DB?P CD< HBD@<DB64A<< EFDG>FGDO @9F4??4 <7D4RF 
CD<@9E< (A9@9F4??<K9E><9 6>?RK9A<S, B><E?O, CDB8G>FO B><E?9A<S) - K9@ 
<I 5B?PL9, F9@ @9APL9 D4;@9DO ;9D9A. �AB784 EC9J<4?PAB CDB6B8SF 
@B8<H<J<DB64A<9 @9F4??4 - A4@9D9AAB9 66989A<9 CD<@9E9= E J9?PR 

G@9APL9A<S D4;@9DB6 ;9D9A. 
#D< B5D4;B64A<< >D<EF4??<K9E>B= EFDG>FGDO 64:AGR DB?P <7D49F 

A4CD46?9A<9 BF6B84 F9C?BFO, 698P >D<EF4?? D4EF9F 5OEFD99 <@9AAB 6 QFB@ 
A4CD46?9A<<. �46<E<@BEFP E>BDBEF< DBEF4 BF A4CD46?9A<S CD<6B8<F > 
B5D4;B64A<R D4;69F6?9AAOI 8D96B6<8AOI >D<EF4??B6 - 89A8D<FB6 (D<E. 3). 

 

$<EGAB> 3. �9A8D<FAO= >D<EF4?? 
 

#D< C9D9IB89 <; :<8>B7B EBEFBSA<S 6 F69D8B9 6E9784 <@99F @9EFB 
<;5<D4F9?PA4S >D<EF4??<;4J<S - 6 C9D6GR BK9D98P F69D899F 5B?99 K<EFO= 
@9F4??. #BQFB@G 7D4A<JO ;9D9A 5B?PL9 B5B74M9AO CD<@9ES@<, 4 
A9B8ABDB8ABEFP I<@<K9E>B7B EBEF464 6 CD989?4I 89A8D<FB6 A4;O649FES 
89A8D<FAB= ?<>64J<9=. 

!4 D<EGA>9 4 CB>4;4AB EFDB9A<9 EF4?PAB7B E?<F>4, 6 >BFBDB@ @B:AB 
6O89?<FP 3 I4D4>F9DAO9 ;BAO: @9?>B;9DA<EFGR 1, ;BAG EFB?5K4FOI 
>D<EF4??B6 2 < ;BAG D46AB69EAOI >D<EF4??B6 3. �BA4 1 EBEFB<F <; 5B?PLB7B 
>B?<K9EF64 A9BD<9AF<DB64AAOI 6 CDBEFD4AEF69 >D<EF4??B6, B5D4;B64AAOI 
CB8 89=EF6<9@ ;A4K<F9?PAB= D4;A<JO F9@C9D4FGD @9:8G :<8><@ @9F4??B@ < 
IB?B8AO@< EF9A>4@<. 
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$<EGAB> 4. %FDB9A<9 EF4?PAB7B E?<F>4 
#BE?9 B5D4;B64A<S 6A9LA9= ;BAO GE?B6<S BF6B84 F9C?BFO 

GIG8L4RFES, C9D9BI?4:89A<S G@9APL49FES < J9AFDB6 >D<EF4??<;4J<< 

6B;A<>49F @9APL9. �; A<I A4K<A4RF D4EF< >D<EF4??O 6 A4CD46?9A<< BF6B84 
F9C?BFO (C9DC9A8<>G?SDAB EF9A>4@ HBD@O), B5D4;GS ;BAG 2. � ;BA9 3 A9 
EGM9EF6G9F K9F>B7B A4CD46?9A<S BF6B84 F9C?BFO, 4 ;4DB8OL4@< 
>D<EF4??<;4J<< 6 A9= 9EFP CBEFBDBAA<9 K4EF<JO, 6OF9EA9AAO9 CD< 
>D<EF4??<;4J<< CD98O8GM<I ;BA. 

�>?@>AK 4;O A0<>?@>25@:8: 
1. +FB A4;O649FES @9F4??B@? 
2. �4> >?4EE<H<J<DGRFES @9F4??O? 
3. !4;B6<F9 864 QF4C4 CDBJ9EE4 >D<EF4??<;4J<< @9F4??B6. 
4. "C<L<F9 EFDB9A<9 E?<F>4. 
5. +9@ 6O;64A4 89A8D<FA4S HBD@4 >D<EF4??B6? 
6. �4><@< @9FB84@< <;GK49FES EFDG>FGD4 @9F4??B6? 
�8B5@0BC@0: 
1.  4F9D<4?B6989A<9: 'K95A<> 8?S �'�B6. / #B8 D98. �D;4@4EB64 �.!. 3 

 .:  �&' <@. �4G@4A4, 2008. 

2. +G@4K9A>B ..&.  4F9D<4?B6989A<9 < E?9E4DAB9 89?B: 'K95. CBEB5<9. 3 
$BEFB6 A/�.: (9A<>E, 2009. 

�=B5@=5B 8AB>G=8:8: 
1. -?9>FDBAAO= D9EGDE [http://studopedia.ru/17_143628_prakticheskaya- 

rabota-.html] 

2. -?9>FDBAAO= D9EGDE [http://bib.convdocs.org] 

3. -?9>FDBAAO= D9EGDE [http://studopedia.ru/6_52709_issledovanie-strukturi- 

metalla.html] 

4. -?9>FDBAAO= D9EGDE [http://nsportal.ru/shkola/raznoe/library/2014/11/09/ 

kristallizatsiya metallov] 

 
 

� ��"�'�!��/  ���"� № 2 

 

"5<0: «"CD989?9A<9 F69D8BEF< @4F9D<?4 D4;?<KAO@< @9FB84@<». 
&5;L @01>BK: GE6B<FP CBASF<9 F69D8BEF<. �;GK<FP EGMABEFP 

BCD989?9A<S F69D8BEF< D4;?<KAO@< @9FB84@<. 
�@8>1@5B05<K5 C<5=8O 8 =02K:8: HBD@<DB64A<9 G@9A<S 6OCB?ASFP 

<ECOF4A<9 F69D8BEF< < <ECOF4A<S A4 G84DAGR 6S;>BEFP < >DGK9A<9. 
�>@<0 2@5<5=8: 2 K4E4. 
�A=0I5=85 @01>G53> <5AB0: D4;84FBKAO= @4F9D<4?. 
�;3>@8B< 2K?>;=5=8O @01>BK: 
1. �4C<L<F9: CD4>F<K9E>4S D45BF4 № 1, F9@4, J9?P. 
2. �4=F9 BCD989?9A<9 F69D8BEF<. 
3. #9D9K<E?<F9 @9FB8O <;@9D9A<S F69D8BEF<. 

http://studopedia.ru/17_143628_prakticheskaya-
http://studopedia.ru/17_143628_prakticheskaya-
http://bib.convdocs.org/
http://bib.convdocs.org/
http://studopedia.ru/6_52709_issledovanie-strukturi-
http://studopedia.ru/6_52709_issledovanie-strukturi-
http://nsportal.ru/shkola/raznoe/library/2014/11/09/
http://nsportal.ru/shkola/raznoe/library/2014/11/09/
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4. "HBD@<F9 D45BFG 6 6<89 F45?<JO: 
 

!4<@9AB64A<9 @9FB84 
   

%GMABEFP @9FB84 
   

�A89AFBD 
   

#DB8B?:<F9?PABEFP 
6O89D:>< 

   

%I9@4 BCD989?9A<S 
F69D8BEF< 

   

%I9@4 CD<5BD4 8?S 
<;@9D9A<S F69D8BEF< 

   

 

"5>@5B8G5A:89 <0B5@80;. 
"25@4>ABL 3 QFB EBCDBF<6?9A<9 @4F9D<4?4 CDBA<>AB69A<R 6 97B 

CB69DIABEFP EF4A84DFAB7B F9?4 (<A89AFBD4), A9 89HBD@<DGRM97BES CD< 
<ECOF4A<<. 

-FB A9D4;DGL4RM<= @9FB8 >BAFDB?S. " F69D8BEF< EG8SF ?<5B CB 7?G5<A9 
CDBA<>AB69A<S <A89AFBD4 (@9FB8 $B>69??4), ?<5B CB 69?<K<A9 BFC9K4F>4 BF 
6846?<64A<S (@9FB8O �D<A9??S, �<>>9DE4). 

�B 6E9I E?GK4SI CDB<EIB8<F C?4EF<K9E>4S 89HBD@4J<S @4F9D<4?4. +9@ 

5B?PL9 EBCDBF<6?9A<9 @4F9D<4?4 C?4EF<K9E>B= 89HBD@4J<<, F9@ 6OL9 F69D- 
8BEFP. 

!4<5B?PL99 D4ECDBEFD4A9A<9 CB?GK<?< @9FB8O �D<A9??S, $B>69??4 < 
�<>>9DE4. %I9@O <ECOF4A<= CD98EF46?9AO A4 D<EGA>9 1. 

 

$<EGAB> 1. %I9@O BCD989?9A<S F69D8BEF<: 4 3 CB �D<A9??R; 
5 3 CB $B>69??G; 6 3 CB �<>>9DEG 
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"25@4>ABL ?> �@8=5;;N. 
�ECOF4A<9 CDB6B8SF A4 F69D8B@9D9 �D<A9??S (D<EGAB> 1, 4). 
� >4K9EF69 <A89AFBD4 <ECB?P;G9FES EF4?PAB= ;4>4?9AAO= L4D<> 

8<4@9FDB@ D 2,5; 5; 10 @@, 6 ;46<E<@BEF< BF FB?M<AO <;89?<S. 
!47DG;>4 $, 6 ;46<E<@BEF< BF 8<4@9FD4 L4D<>4 < <;@9DS9@B= F69D8BEF<: 

8?S F9D@<K9E>< B5D45BF4AAB= EF4?< < KG7GA4 3 P=30D
2
, ?<FB= 5DBA;O < ?4FGA< 

3 P=10D
2
, 4?R@<A<S < 8DG7<I BK9AP @S7><I @9F4??B6 3 P=2,5D

2
. 

#DB8B?:<F9?PABEFP 6O89D:><: 8?S EF4?< < KG7GA4 3 10 E, 8?S ?4FGA< < 

5DBA;O 3 30 E. 
#B?GK9AAO= BFC9K4FB> <;@9DS9FES 6 86GI A4CD46?9A<SI CD< CB@BM< ?G- 

CO �D<A9??S. 
&69D8BEFP CB �D<A9??R B5B;A4K49FES !� 250. 

 

�A?KB0=85 ?> �@8=5;;N. 
!4<5B?99 D4ECDBEFD4A9AAO@ CD<5BDB@ 8?S <ECOF4A<S A4 F69D8BEFP CB 

�D<A9??R S6?S9FES 46FB@4F<K9E><= DOK4:AO= CD9EE. 
%I9@4 46FB@4F<K9E>B7B DOK4:AB7B CD9EE4 CB>4;4A4 A4 D<EGA>9 2. � 

69DIA9= K4EF< EF4A<AO 1 <@99FES LC<A89?P 2, 6 >BFBDO= 6EF46?S9FES 
A4>BA9KA<> E L4D<>B@ 3.  B:9F 5OFP GEF4AB6?9A B8<A <; FD9I A4>BA9KA<>B6 
4 E L4D<>B@ 8<4@9FDB@ 10,5 <?< 2,5 @@. %FB?<> 4 E?G:<F 8?S GEF4AB6>< A4 
A9@ <ECOFO649@B7B B5D4;J4 5. �D4M9A<9@ CB K4EB6B= EFD9?>9 DG>BSF>< 6 
CD<6B8SF 6 86<:9A<9 6<AF 7, >BFBDO=, C9D9@9M4SEP 669DI, CB8A<@49F EFB?<> 4, 
< B5D4;9J 5 CD<:<@49FES > L4D<>G 3. #D< 6D4M9A<< DG>BSF>< 6 8B F9I CBD, 
CB>4 G>4;4F9?P 8 A9 EF4A9F CDBF<6 D<E><, CDG:<A4 9 E:<@49FES 8B BF>4;4 < 
EB;849FES CD9864D<F9?PA4S A47DG;>4 6 100 >�. 

 

$<EGAB> 2. %I9@4 46FB@4F<K9E>B7B DOK4:AB7B CD9EE4 
8?S BCD989?9A<S F6ѐD8BEF< 

 

-?9>FDB86<74F9?P 10, >BFBDO= 6>?RK4RF A4:4F<9@ >ABC><, 
D4ECB?B:9AAB= E5B>G CD9EE4, CD<6B8<F 6B 6D4M9A<9 Q>EJ9AFD<> 11. #D< 
6D4M9A<< Q>EJ9AFD<>4 11 L4FGA 12, C9D9@9M4SEP 6A<;, BCGE>49F DOK47 13 < 
EB98<A9AAGR E A<@ 
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CB869E>G 14 E 7DG;4@< 15, EB;8464S QF<@ A47DG;>G A4 L4D<>, >BFBDO= 
6846?<649FES 6 B5D4;9J. #D< 84?PA9=L9@ 6D4M9A<< Q>EJ9AFD<>4 � L4FGA 12, 
C9D9@9M4SEP 669DI, CB8A<@49F DOK47 13 < CB869E>G 14 E 7DG;4@< 15, EA<@4S 
QF<@ A47DG;>G E L4D<>4. �B784 DOK47 < CB869E>4 E 7DG;4@< 8BEF<7AGF <EIB8AB7B 
CB?B:9A<S, 46FB@4F<K9E>< 849FES E<7A4? ;6BA>B@ < 46FB@4F<K9E>< 
6O>?RK49FES Q?9>FDB86<74F9?P. �D4M9A<9@ DG>BSF>< 6 CDBF<6 K4EB6B= EFD9?>< 
BCGE>4RF EFB?<> 
4. � ;46<E<@BEF< BF 7DG;B6, GEF4AB6?9AAOI A4 CB869E>9 14, EB;849FES D4;?<KA4S 
A47DG;>4 

 

�5B>4  >:25;;0. 
"EAB64A A4 6846?<64A<< 6 CB69DIABEFP A4>BA9KA<>4 CB8 BCD989?9AAB= 

A47DG;>B= (D<EGAB> 1, 5) 
�A89AFBD 8?S @S7><I @4F9D<4?B6 (8B !� 230) 3 EF4?PAB= L4D<> 

8<4@9FDB@ 1/16‖ (Ø1,6 @@), 8?S 5B?99 F69D8OI @4F9D<4?B6 3 >BAGE 4?@4;AO=. 
!47DG;>4 BEGM9EF6?S9FES 6 864 QF4C4. %A4K4?4 CD<>?48O649FES 

CD9864D<F9?PA4S A47DG;>4 P0 (10 >FE) 8?S C?BFAB7B EBCD<>BEAB69A<S 
A4>BA9KA<>4 E B5D4;JB@. �4F9@ CD<>?48O649FES BEAB6A4S A47DG;>4 $1, 6 F9K9A<9 
A9>BFBDB7B 6D9@9A< 89=EF6G9F B5M4S D45BK4S A47DG;>4 $. #BE?9 EASF<S 
BEAB6AB= A47DG;>< BCD989?SRF ;A4K9A<9 F69D8BEF< CB 7?G5<A9 BEF4FBKAB7B 
6846?<64A<S A4>BA9KA<>4 h CB8 A47DG;>B= P0. 

�A?KB0=85 ?>  >:25;;C. 
$4EE@BFD<@ CD<5BD F<C4 $B>69??4 &�-2. "5M<= 6<8 < EI9@4 CD<5BD4 &�- 

2 CB>4;4AO A4 D<EGA>9 3 < 4. ,C<A89?P 1 CD<5BD4 (E@. D<E. 4) E?G:<F 8?S 
;4>D9C?9A<S A4 97B >BAJ9 E CB@BMPR 6<AF4 2 BCD46>< 3 E L4D<>B@ <?< 
4?@4;AO@ (<?< <; F69D8B7B EC?464) >BAGEB@. #BEFBSAAO= 7DG; 4 EB;849F 
A47DG;>G 50 >� 9E?< A4 CBEFBSAAO= 7DG; 4 GEF4AB6?9A 7DG; 5 (40 >�), FB 
EB;849FES A47DG;>4 90 >�, 9E?< A4 CBEFBSAAO= 7DG; 4 GEF4AB6?9A 7DG; 5 < 7DG; 6 
(50 >�), FB EB;849FES A47DG;>4 140 >�. %FB? 7 E?G:<F 8?S GEF4AB6>< A4 A9@ 

<ECOFO649@B7B B5D4;J4 
8. #D< 6D4M9A<< CB K4EB6B= EFD9?>9 @4IB6<>4 9 CD<6B8<FES 6B 6D4M9A<9 6<AF 
10, >BFBDO=, C9D9@9M4SEP 669DI, CB8A<@49F EFB? 7. < B5D4;9J 8 CB86B8<FES > 
BCD46>9 3 E L4D<>B@ <?< 4?@4;AO@ >BAGEB@. #D< 84?PA9=L9@ 6D4M9A<< 
@4IB6<>4 9 E:<@49FES CDG:<A4 11, L4D<>, <?< 4?@4;AO= >BAGE, A4K<A49F 
6A98DSFPES 6 <ECOFO649@O= B5D4;9J 8, 4 EFD9?>< CB6BD4K<64RFES CB L>4?9 
<A8<>4FBD4 
12. #D< 6D4M9A<< @4IB6<>4 9 8B F9I CBD, CB>4 B5D4;9J A9 GCD9FES 6 
B7D4A<K<F9?PAO= K9IB? 13, @4?4S EFD9?>4 <A8<>4FBD4 8B=89F 8B >D4EAB= FBK><, 
4 5B?PL4S EFD9?>4 GEF4AB6<FES CD<5?<;<F9?PAB 6 69DF<>4?PAB@ CB?B:9A<< (E 
CB7D9LABEFPR ±5 89?9A<=) (, EB;849FES CD9864D<F9?PA4S A47DG;>4 10 >�. 
&BKAGR GEF4AB6>G L>4?O <A8<>4FBD4 A4 AG?P CDB<;6B8SF CD< CB@BM< 54D454A4 
14 (E@. D<E. 4) FDBE<>B@ 15, ;4>D9C?9AAO@ A4 D4AF9 <A8<>4FBD4. *<H9D5?4F 
<A8<>4FBD4 <@99F 869 L>4?O 4 K9DAGR (%) < >D4EAGR (�). !9;46<E<@B BF FB7B, 
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KFB 6846?<649FES 6 <ECOFO649@O= B5D4;9J 4 4?@4;AO= >BAGE <?< L4D<>, E 
5B?PLB= EFD9?>B= <A8<>4FBD4 6E9784 EB6@9M49FES AG?P K9DAB= L>4?O EB 
;A4K>B@ «%». 
�B?PLGR EFD9?>G E AG?96O@ LFD<IB@ >D4EAB= L>4?O EB ;A4K>B@ «�» A9 
EB6@9M4RF A< 6 >4>B@ E?GK49. 

#D<6989A<9 6 89=EF6<9 BEAB6AB= A47DG;>< BEGM9EF6?S9FES E CB@BMPR 

CD<6B84 16 BF Q?9>FDB86<74F9?S, D45BF4RM97B A9CD9DO6AB < BF>?RK49@B7B E 
CB@BMPR FG@5?9D4 17 FB?P>B CD< 8?<F9?PAOI C9D9DO64I 6 D45BF9 CD<5BD4. 

!4:4F<9@ >?46<L< 18 CD<6B8SF 6 89=EF6<9 >G?4K>B6O= 5?B> 19 
@9I4A<;@4 CD<6B84 16, C9D984K4 BF >BFBDB7B > 7DG;B6B@G DOK47G 20 
BEGM9EF6?S9FES E CB@BMPR LFB>4 21. #D< QFB@ CB869E>4 22 E 7DG;4@< 446 

BCGE>49FES, < QF<@ B59EC9K<649FES 89=EF6<9 BEAB6AB= A47DG;>< < EB;849FES 
B5M4S A47DG;>4 (CD9864D<F9?PA4S + BEAB6A4S). 

#B8 89=EF6<9@ BEAB6AB= A47DG;>< L4D<>, <?< 4?@4;AO= >BAGE, 6E9 
7?G5:9 CDBA<>49F 6 <ECOFO649@O= B5D4;9J, CD< QFB@ 5B?PL4S EFD9?>4 
<A8<>4FBD4 CB6BD4K<649FES CDBF<6 K4EB6B= EFD9?><. #BE?9 B>BAK4A<S 
6846?<64A<S BEAB6A4S A47DG;>4, 89=EF6B646L4S A4 B5D4;9J, 46FB@4F<K9E>< 
EA<@49FES < BEF49FES CD9864D<F9?PA4S A47DG;>4. #D< QFB@ 5B?PL4S EFD9?>4 
<A8<>4FBD4 C9D9@9M49FES CB K4EB6B= EFD9?>9 < G>4;O649F A4 L>4?9 <A8<>4FBD4 
K<E?B F69D8BEF< CB $B>69??G. #D< <ECOF4A<< 4?@4;AO@ >BAGEB@ CB8 A47DG;>B= 
150 <?< 60 >� BFEK9F CDB<;6B8SF CB K9DAB= L>4?9, 4 CD< <ECOF4A<< L4D<>B@ 

CB8 A47DG;>B= 100 >� 

4 CB >D4EAB= L>4?9. 
#B B>BAK4A<< J<>?4 <ECOF4A<S >G?4K>B6O= 5?B> 46FB@4F<K9E>< 

BF>?RK49FES < H<>E<DG9FES 6 <EIB8AB@ CB?B:9A<<. !BD@4?PA4S - 

CDB8B?:<F9?PABEFP J<>?4 <ECOF4A<S 4 E9> CD< CB?B:9A<< DG>BSF>< 23 (E@. D<E. 
4) G>4;4F9?S CDBF<6 5G>6O !. 

 

$<EGAB> 3. #D<5BD &�-2 $<EGAB> 4. %I9@4 CD<5BD4 &�-2 
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�5B>4 �8::5@A0. 
&69D8BEFP BCD989?S9FES CB 69?<K<A9 BFC9K4F>4 (D<EGAB> 1, 6). 
 � >4K9EF69 <A89AFBD4 <ECB?P;G9FES 4?@4;A4S K9FOD9I7D4AA4S C<D4@<84 E 

G7?B@ CD< 69DL<A9 136°. 
!47DG;>4 $ EBEF46?S9F 5&100 >7E. �<47BA4?P BFC9K4F>4 d <;@9DS9FES CD< 

CB@BM< @<>DBE>BC4, GEF4AB6?9AAB7B A4 CD<5BD9. 
#D9<@GM9EF6B 84AAB7B ECBEB54 6 FB@, KFB @B:AB <;@9DSFP F69D8BEFP 

?R5OI @4F9D<4?B6, FBA><9 <;89?<S, CB69DIABEFAO9 E?B<. �OEB>4S FBKABEFP < 
KG6EF6<F9?PABEFP @9FB84. 

�A?KB0=85 ?> �8::5@AC. 
"EAB6AB= K4EFPR CD<5BD4 F<C4 �<>>9DE4 (D<E. 5) S6?S9FES CB6BDBFA4S 

7B?B6>4 1, 6 >BFBDB= E@BAF<DB64A4 BCD46>4 E 4?@4;AB= C<D4@<8B= 2, ;4>DOFB= 

K9I?B@ 3; EC9J<4?PAO= <;@9D<F9?PAO= @<>DBE>BC 4 8?S <;@9D9A<S 8?<AO 
8<47BA4?< BFC9K4F>4 < D45BK<= LC<A89?P 5. 

#D< CB6BDBF9 DG>BSF>B= 6 7B?B6>< 1 6 >D4=A99 ?96B9 CB?B:9A<9 CD<5BD 
CD<6B8<FES 6 D45BK99 EBEFBSA<9, CD< >BFBDB@ BEP D45BK97B LC<A89?S 5 
EB6@9M49FES E BEPR CDB@9:GFBKAB7B LC<A89?S 7. #D< CB6BDBF9 DG>BSF>B= 6 
7B?B6>< 1 6 >D4=A99 CD46B9 CB?B:9A<9 CD<5BD CD<6B8<FES 6 CB?B:9A<9, CD< 
>BFBDB@ BCF<K9E>4S BEP @<>DBE>BC4 4 EB6@9M49FES E J9AFDB@ BFC9K4F>4. #D< 
GEF4AB6>9 CD<5BD4 6 D45BK99 CB?B:9A<9 CDG:<A4 8 EB98<AS9F CDB@9:GFBKAO= 
LC<A89?P 7 E CD<;@B= 9 7DG;B6B7B DOK474 10. !4 CB869E>9 VI 7DG;B6B7B DOK474 
10 GEF4A46?<64RF E@9AAO9 7DG;O 12. 

%FB?<> 13 E?G:<F 8?S GEF4AB6>< A4 A9@ <ECOFO649@B7B B5D4;J4 14. #D< 

6D4M9A<< CB K4EB6B= EFD9?>9 @4IB6<>4 15 CD<6B8<FES 6B 6D4M9A<9 6<AF 16, 
>BFBDO=, C9D9@9M4SEP 669DI, CB8A<@49F EFB?<> 13, < B5D4;9J 14 CD<:<@49FES > 
K9I?G 3. � CD46B= K4EF< CD<5BD4 <@99FES 7DG;B6B= CD<6B8 E @4E?SAO@ 
4@BDF<;4FBDB@ 17 CD< CB@BM< >BFBDB7B CD<?B:9A<9 A47DG;><, 6O89D:>4 CB8 
A47DG;>B= < EASF<9 A47DG;>< BEGM9EF6?SRFES @9I4A<K9E>< ;4 EK9F QA9D7<< 
BCGE>4RM97BES 7DG;4 18. � E6S;< E QF<@ 8B CD<:<@4 B5D4;J4 14 > K9I?G 3 

7DG;B6B= CD<6B8 8B?:9A 5OFP 6;6989A, KFB BEGM9EF6?S9FES A4:<@B@ DG>BSF>< 
19. #D< QFB@ CB8N9@AO= LFB> 20 G89D:<649FES 6B 6;6989AAB@ CB?B:9A<< 
DOK47B@ 21, :9EF>B E6S;4AAO@ E DG>BSF>B= 19 6;6B84, 4 DOK47 22 ;4C<D49F 6ER 
E<EF9@G CD<6B84 6B 6;6989AAB@ CB?B:9A<<. 
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$<EGAB> 5. �<A9@4F<K9E>4S EI9@4 CD<5BD4 F<C4 �<>>9DE4 
#D<6B8 6>?RK4RF A4:<@B@ A4 C984?P 23 CGE>B6B7B @9I4A<;@4. #D< QFB@ 

CD<6B8<FES 6 86<:9A<9 DOK47 22 < CB8 89=EF6<9@ 7DG;4 18 BCGE>49FES 6FG?>4 
24, BC<D4RM<=ES A4 A99 CB8N9@AO= LFB> 20 < CBDL9AP 25 @4E?SAB7B 
4@BDF<;4FBD4 17. "8AB6D9@9AAB BCGE>49FES 7DG;B6B= DOK47 10, >BFBDO= 
BC<D49FES A4 LFB> 20, CD< QFB@ 4?@4;A4S C<D4@<84 2 6846?<649FES 6 
CB69DIABEFP B5D4;J4 14. #D< BCGE>4A<< 6FG?>< 24, L4DA<DAB E6S;4AAB= E 
DOK47B@ 26, EB98<A9AAO@ E FS7B= 27 CDB<EIB8<F CB8N9@ DOK474 28 A46EFD9KG 
LFB>G 20. �B784 LFB> 20 BCGEF<FES CD<5?<;<F9?PAB A4 16 @@, 97B A<:A<= 

>BA9J 6EFD9K49FES E DOK47B@ 

28. #D< 84?PA9=L9@ BCGE>4A<< 6FG?>< 24 CDB8B?:49FES CB8N9@ DOK474 28, CD< 

QFB@ CB8A<@49FES LFB> 20 < 7DG;B6B= DOK47 10. � >BAJG IB84 CBDLAS 25 
@4E?SAB7B 4@BDF<;4FBD4 17 LFB> 20 CD<89F 6 A4K4?PAB9 CB?B:9A<9 < EA<@9F 
A47DG;>G. 

#DB8B?:<F9?PABEFP 6O89D:>< B5D4;J4 CB8 A47DG;>B= D97<EFD<DG9FES 
E<7A4?PAB= ?4@CBK>B= 29. � @B@9AF CD<?B:9A<S A47DG;>< E<7A4?PA4S 
?4@CBK>4 ;4:<749FES < 74EA9F, >B784 A47DG;>4 EASF4. #DB8B?:<F9?PABEFP 
6O89D:>< B5D4;J4 CB8 A47DG;>B= @B:9F 5OFP BF 10 8B 60 E9>, KFB 8BEF<749FES 
<;@9A9A<9@ E>BDBEF< BCGE>4A<S LFB>4 4@BDF<;4FBD4 D97G?SFBDB@ 30. 

�>?@>AK 4;O A0<>:>=B@>;O: 
1. "5B;A4K9A<9 F69D8BEF< CB $B>69??G, @<A<@4?PAO9 < @4>E<@4?PAO9 99 

;A4K9A<S. 
2. "5B;A4K9A<9 F69D8BEF< CB �D<A9??R, @<A<@4?PAO9 < @4>E<@4?PAO9 99 

;A4K9A<S. 
3. "5B;A4K9A<9 F69D8BEF< CB �<>>9DEG, @<A<@4?PAO9 < @4>E<@4?PAO9 99 

;A4K9A<S. 
�8B5@0BC@0: 
1. �4DF4L96<K �.�.  4F9D<4?B6989A<9. 3 $BEFB6 A/�.: (9A<>E, 2011 �4D- 

F4L96<K �.�.  4F9D<4?B6989A<9. 3 $BEFB6 A/�.: (9A<>E, 2011 

2. +G@4K9A>B ..&.  4F9D<4?B6989A<9 < E?9E4DAB9 89?B: 'K95. CBEB5<9. 3 
$BEFB6 A/�.: (9A<>E, 2009 

3. +G@4K9A>B ..&.  4F9D<4?B6989A<9: 'K95A<> 8?S %#". 3 $BEFB6 A/�.: 
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(9A<>E, 2011 

�=B5@=5B 8AB>G=8:8: 
1. -?9>FDBAAO= D9EGDE [http://libmetal.ru/prop/tverd.htm] 

2. -?9>FDBAAO= D9EGDE [http://www.studfiles.ru/preview/1493387/] 

3. -?9>FDBAAO= D9EGDE [http://www.conatem.ru/tehnologiya_metallov 

/metody-opredeleniya-tverdosti-metalla.htmlu] 
4. -?9>FDBAAO= D9EGDE [http://studopedia.ru/10_122948_sposobi- 

opredeleniya-tverdosti-metallov.html] 

 

� ��"�'�!��/  ���"� №3 

 

"5<0: «$45BF4 E 8<47D4@@B= EBEFBSA<= :9?9;B-G7?9DB8». 
&5;L @01>BK: A4GK<FPES D4EE@4FD<64FP CDBJ9EE BI?4:89A<S EC?46B6 E 

GK9FB@ H4;B6OI CD96D4M9A<=, BC<EO649@OI 8<47D4@@B= :9?9;B-J9@9AF<F. 
";A4>B@<FPES E BEAB6AO@< @<>DBEFDG>FGD4@< :9?9;BG7?9DB8<EFOI EC?46B6 < 

<I I4D4>F9D<EF<>4@<. 
�@8>1@5B05<K5 C<5=8O 8 =02K:8: ;4>D9C<FP ;A4A<9 CD<AJ<CB6 

CBEFDB9A<S 8<47D4@@. #D<B5D9EF< A46O>< 6 CBEFDB9A<< >D<6OI BI?4:89A<S. 
�>@<0 2@5<5=8: 2 K4E4. 
�A=0I5=85 @01>G53> <5AB0: D4;84FBKAO= @4F9D<4?. 
�;3>@8B< @01>BK: 
1. ";A4>B@<FES E F9BD9F<K9E><@ @4F9D<4?B@ < 6OCB?A<FP ;484A<9. 

�040=85. 
#BEFDB<FP 8?S ;484AAOI EC?46B6 >D<6O9 BI?4:89A<S < BC<E4FP CDBJ9EE 

BI?4:89A<S BF F9@C9D4FGDO 1600°% 8B >B@A4FAB= c GK9FB@ H4;B6OI 
CD96D4M9A<=. �4FP BCD989?9A<S < I4D4>F9D<EF<>< EFDG>FGD CB ;484AAB@G EC?46G. 

� F45?<J9 CD<6989AO <EIB8AO9 84AAO9 8?S 6OCB?A9A<S 
<A8<6<8G4?PAB7B ;484A<S, G>4;4A4 @4EEB64S 8B?S G7?9DB84 (>B?BA>4 2 F45?. 
1). 

&45?<J4 1. �4D<4AFO ;484AAOI EC?46B6 
 

№ 20@8- 

0=B0 

% C3;5@>40 

(?> <0AA5) 
№ 20@8- 

0=B0 

% C3;5@>40 

(?> <0AA5) 
1 0,5; 5,0 11 0,1; 2,7 

2 1,2; 4,3 12 0,2; 3,5 

3 1,0; 4,7 13 0,9; 4,0 

4 0,25; 3,0 14 1,1; 3,9 

5 0,8; 4,5 15 0,15; 4,4 

6 0,4; 6,0 16 2,0; 6,6 

7 1,3; 2,5 17 1,5; 2,8 

8 0,45; 2,2 18 0,35; 3,0 

9 0,6; 5,5 19 0,7; 4,3 

10 1,9; 6,3 20 1,8; 2,5 

http://libmetal.ru/prop/tverd.htm
http://www.studfiles.ru/preview/1493387/
http://www.conatem.ru/tehnologiya_metallov
http://studopedia.ru/10_122948_sposobi-
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1. � EBBF69FEF6<< E AB@9DB@ 64D<4AF4 <; F45?<JO 1 6O59D<F9 
@4EEB6GR 8B?R G7?9DB84 >BAFDB?PAOI EC?46B6. 

2. !4 ?<EF9 HBD@4F4 �4 6OK9DF<F9 8<47D4@@G EBEFBSA<S Fe-Fe3C. 

"5B;A4KPF9 EFDG>FGDAO9 EBEF46?SRM<9 6B 6E9I B5?4EFSI 8<47D4@@O. 
3. !4A9E<F9 A4 8<47D4@@G 69DF<>4?PAO9 ?<A<< >BAFDB?PAOI EC?46B6, 

6OCB?A<F9 CBEFDB9A<9 A9B5IB8<@OI 7BD<;BAF4?PAOI ?<A<=. 
4. #BEFDB=F9 >D<6O9 BI?4:89A<S >BAFDB?PAOI EC?46B6. �4=F9 

CB8DB5AB9 BC<E4A<9 @<>DBEFDG>FGD CD< @98?9AAB@ BI?4:89A<<. #D<698<F9 
A9B5IB8<@O9 D94>J<<. 

5. "CD989?<F9, > >4>B= 7DGCC9 :9?9;BG7?9DB8<EFOI EC?46B6 BFABESFES 
;484AAO9 EC?46O, CB 6B;@B:ABEF< CD<698<F9 @4D>G D4EE@BFD9AAB7B EC?464, 97B 
CD<@9A9A<9. 6. %I9@4F<K9E>< <;B5D4;<F9 @<>DBEFDG>FGDO EC?46B6 6 <AF9D64?9 
F9@C9D4FGD C9D6<KAB= >D<EF4??<;4J<< < CD< >B@A4FAB= F9@C9D4FGD9. !4 
D<EGA>9 BF@9FPF9 EFDG>FGDAO9 EBEF46?SRM<9. 

 

"5>@5B8G5A:89 <0B5@80;. 
#D98EF46?9A4 8<47D4@@4 EBEFBSA<S :9?9;B-J9@9AF<F (Fe-Fe3C), >BFBD4S 

D4EE@4FD<649F CDBJ9EEO >D<EF4??<;4J<< :9?9;BG7?9DB8<EFOI EC?46B6 
(EF4?< < KG7GA4) < CD96D4M9A<S 6 <I EFDG>FGD4I CD< @98?9AAB@ BI?4:89A<< 
BF :<8>B7B D4EC?464 8B >B@A4FAB= F9@C9D4FGDO. 

�<47D4@@4 (D<E. 1) CB>4;O649F H4;B6O= EBEF46 < EFDG>FGDG EC?46B6 
E >BAJ9AFD4J<9= BF K<EFB7B :9?9;4 8B J9@9AF<F4 (6,67% %). %C?46O E 
EB89D:4A<9@ G7?9DB84 8B 2,14% A4;O64RF EF4?PR, 4 BF 2,14 8B 6,67% 3 
KG7GAB@. �<47D4@@4 EBEFBSA<S Fe-Fe3C CD98EF46?9A4 6 GCDBM9AAB@ 6<89. 

�5@28G=0O :@8AB0;;870F8O, F. 9. ;4F69D8964A<9 :<8>B7B EC?464, 
A4K<A49FES CD< F9@C9D4FGD4I, EBBF69FEF6GRM<I ?<A<< ?<>6<8GE4 ACD. 

&BK>4 � A4 QFB= 8<47D4@@9 EBBF69FEF6G9F F9@C9D4FGD9 1539° C?46?9A<S 
(;4F69D8964A<S) :9?9;4, FBK>4 D 3 F9@C9D4FGD9 ~1600°% C?46?9A<S 
(;4F69D8964A<S) J9@9AF<F4. �<A<S EB?<8GE4 AECF EBBF69FEF6G9F 
F9@C9D4FGD4@ >BAJ4 ;4F69D8964A<S. #D< F9@C9D4FGD4I, EBBF69FEF6GRM<I 
?<A<< �%, <; :<8>B7B EC?464 >D<EF4??<;G9FES 0CAB5=8B, 4 ?<A<< CD 3 
F5<5=B8B, A4;O649@O= C9D6<KAO@ J9@9AF<FB@. 

� FBK>9 % CD< 1147°% < EB89D:4A<< G7?9DB84 4,3% <; :<8>B7B EC?464 
B8AB6D9@9AAB >D<EF4??<;G9FES 4GEF9A<F < J9@9AF<F (C9D6<KAO=), B5D4;GS 
Q6F9>F<>G 3 ;5451C@8B. #D< F9@C9D4FGD4I, EBBF69FEF6GRM<I ?<A<< EB?<8GE4 
��, EC?46O E EB89D:4A<9@ G7?9DB84 8B 2,14% B>BAK4F9?PAB ;4F69D8964RF E 
B5D4;B64A<9@ 4GEF9A<F4. !4 ?<A<< EB?<8GE4 ECF EC?46O E EB89D:4A<9@ 
G7?9DB84 BF 2,14 8B 6,67% B>BAK4F9?PAB ;4F69D8964RF E B5D4;B64A<9@ 

Q6F9>F<>< (?9895GD<F4) < EFDG>FGD, B5D4;B646L<IES D4A99 <; :<8>B7B EC?464, 
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4 <@9AAB: 6 <AF9D64?9 2,14-4,3% % 3 4GEF9A<F4, 4 6 <AF9D64?9 4,3-6,67% % 3 
J9@9AF<F4 C9D6<KAB7B (E@. D<E. 1). � D9;G?PF4F9 C9D6<KAB= >D<EF4??<;4J<< 

6B 6E9I EC?464I E EB89D:4A<9@ G7?9DB84 8B 2,14%, F. 9. 6 EF4?SI, B5D4;G9FES 
B8ABH4;A4S EFDG>FGD4 3 4GEF9A<F. � EC?464I E EB89D:4A<9@ G7?9DB84 5B?99 
2,14%, F. 9. 6 KG7GA4I, CD< C9D6<KAB= >D<EF4??<;4J<< B5D4;G9FES Q6F9>F<>4 
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EFGC<JG 5B>B6O@< G;><@< 7D4AS@< LCBA><. #D< QFB@ A4 A<I 6B;A<>49F 
A4CDS:9A<9 E@SF<S Ã E@, 4 6 CDB8B?PAB@ E9K9A<< LCBA>< 3 A4CDS:9A<9 ED9;4 Ä. 

#4D4??9?PABEFP 7D4A9= CD<;@4F<K9E>B= LCBA>< CB;6B?S9F BEGM9EF6?SFP 
CB86<:AO9 6 BE96B@ A4CD46?9A<< EB98<A9A<S EFGC<JO E 64?B@ (>BDB5>< 
E>BDBEF9= < 8D.). E<?O FD9A<S, 6B;A<>4RM<9 CD< C9D9@9M9A<< EFGC<JO 6 
CB86<:AB@ EB98<A9A<< @B7GF A4DGL<FP CD46<?PAB9 CB?B:9A<9 LCBA><, 
CBQFB@G 99 D9>B@9A8GRF >D9C<FP > 64?G 6<AF4@<. � A9>BFBDOI >BAEFDG>J<SI 
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CB86<:AOI EB98<A9A<= J9?9EBB5D4;AB CD<@9ASFP >BDBF><9 LCBA><, 
CD<>D9C?9AAO9 > EFGC<J9. 

�F9=:4 A>988=9=89 ?@87<4B8G9A:8<8 H?>=:4<8 8 8E ?@8<9=9=89 
#D<;@4F<K9E><9 LCBA>< L<DB>B CD<@9ASRF 6B 6E9I BFD4E?SI 

@4L<ABEFDB9A<S. #DBEFBF4 >BAEFDG>J<< < ED46A<F9?PAB A<;>4S EFB<@BEFP 3 
7?46AO9 8BEFB<AEF64 QFB7B 6<84 EB98<A9A<=. 

"FD<J4F9?PAO9 E6B=EF64: EB98<A9A<9 BE?45?S9F 64? < EFGC<JG 
LCBABKAO@< C4;4@<; >BAJ9AFD4J<S A4CDS:9A<S 6 ;BA9 LCBABKAB= >4A46>< 
EA<:49F EBCDBF<6?9A<9 GEF4?BEF< 64?4; CDBKABEFP EB98<A9A<S A<:9 CDBKABEF< 
64?4 < EFGC<JO, 6 BEB59AABEF< CD< C9D9IB8AOI CBE48>4I <?< CBE48>4I E 
;4;BDB@. #BQFB@G LCBABKAO9 EB98<A9A<S A9 D9>B@9A8GRF ?S 5OEFDBIB8AOI 
8<A4@<K9E>< A47DG:9AAOI 64?B6. &9IAB?B7<K9E><@ A98BEF4F>B@ 

CD<;@4F<K9E><I LCBAB> S6?S9FES FDG8ABEFP B59EC9K9A<S <I 
6;4<@B;4@9AS9@BEF<, F.9. A9B5IB8<@BEFP CD<7BA>< <?< CB85BD4 LCBA>< CB 
C4;G, KFB B7D4A<K<649F <I CD<@9A9A<9 6 >DGCABE9D<=AB@ < @4EEB6B@ 
CDB<;6B8EF69. #D<7BA>B= EFD9@SFES B59EC9K<FP GEFB=K<6B9 CB?B:9A<9 LCBA>< 
6 C4;4I, F4> >4> C9D9>BE (6O6BD4K<64A<9) LCBA>< ;A4K<F9?PAB BE?45?S9F 
EB98<A9A<9. %97@9AFA4S LCBA>4 E 7?G5B><@ C4;B@ 6 QFB@ BFABL9A<< B5?4849F 
CD9<@GM9EF6B@ C9D98 CDBEFB= CD<;@4F<K9E>B= LCBA>B=. �9 CD98CBK<F4RF 
CD<@9ASFP CD< @4EEB6B@ CDB<;6B8EF69. 

�C5G4BO9 (H;8F96O9) A>988=9=8я 

�G5K4FO9 EB98<A9A<S B5D4;GRFES CD< A4?<K<< A4DG:AOI ;G5P96 A4 64?G < 

6AGFD9AA<I ;G5P96 6 BF69DEF<< EFGC<JO. $4;@9DO ;G5K4FOI EB98<A9A<=, 4 
F4>:9 8BCGE>< A4 A<I EF4A84DF<;B64AO. 

�G5PS A4 64?4I CB?GK4RF HD9;9DB64A<9@, EFDB74A<9@ <?< A4>4FO64A<9@. 
#DBFS7<64A<9 3 6OEB>BCDB<;6B8<F9?PAO= ECBEB5 < L<DB>B CD<@9AS9FES 6 
@4EEB6B@ CDB<;6B8EF69. �?S BF89?BKAOI BC9D4J<= <ECB?P;GRF L?<HB64A<9, 
8BDA<DB64A<9 < 8D. 

%F4A84DFB@ CD98GE@BFD9AO FD< E9D<< EB98<A9A<=: 
· �97>4S; 
· %D98ASS; 
· &S:9?4S. 
"A< BF?<K4RFES 6OEBFB= < K<E?B@ ;G5P96, K<E?B ;G5P96 <;@9AS9FES BF 6 

8B 20. ' EB98<A9A<= FS:9?B= E9D<< ;G5PS 6OL9, 4 <I K<E?B 5B?PL9, KFB 
CB;6B?S9F C9D98464FP 5B?PL9 A47DG;><. 

#B HBD@9 CDBH<?S D4;?<K4RF ;G5PS 
· #DS@B5BKAO9 - EB98<A9A<S E CDS@B5BKAO@< ;G5PS@< 6OCB?ASRF E 

J9AFD<DB64A<9@ CB 5B>B6O@ 7D4AS@, CB A4DG:AB@G <?< 6AGFD9AA9@G 
8<4@9FD4@. 

· -6B?P69AFAO9 - EB98<A9A<S E QHB?P69AFAO@< ;G5PS@< CD98CBKF@F9?PAO 

8?S 5B?P<I 8<4@9FDB6 64?B6, >B784 8?S A4D9;4A<S ;G5P96 6 BF69DEF<< < A4 64?G 
@B7GF 5OFP <ECB?P;B64AO 69EP@4 EB69DL9AAO9 F9IAB?B7<K9E><9 ECBEB5O, 
CD<@9AS9@O9 8?S ;G5K4FOI >B?9E. �?S ED46A<F9?PAB @4?OI < ED98A<I 
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8<4@9FDB6 CD9<@GM9EF69AAB CD<@9ASRF EB98<A9A<S E CDS@B5BKAO@< ;G5PS@<, 
F4> >4> Q6B?P69AFAO9 CDBFS:>< 8BDB:9 CDS@B5BKAOI. (QFB E6S;4AB E 
FDG8ABEFS@< B5D4;B64A<S D9:GM<I >DB@B> A4 5B>B6OI CB69DIABEFSI H4EBAAOI 
CDBH<?9= Q6B?P69AFAOI ;G5P96 CDBFS:><). 

!>548=5=8O 45B0;59 ?>A04:>9 A =0BO3>< 

%B98<A9A<9 86GI 89F4?9= CB >DG7B6B= J<?<A8D<K9E>B= CB69DIABEF< 
@B:AB BEGM9EF6<FP A9CBED98EF69AAB 59; CD<@9A9A<S 5B?FB6, LCBAB> < 8D. �?S 
QFB7B 8BEF4FBKAB CD< <;7BFB6?9A<< 89F4?9= B59EC9K<FP A4FS7 CBE48><, 4 CD< 

E5BD>9 ;4CD9EEB64FP B8AG 89F4?P 6 8DG7GR. 
!4FS7B@ N A4;O649FES CB?B:<F9?PA4S D4;ABEFP 8<4@9FDB6 64?4 < 

BF69DEF<S: N = B 3 A. #BE?9 E5BD>< 6E?98EF6<9 GCDG7<I < C?4EF<K9E><I 
89HBD@4J<= 8<4@9FD d CBE48BKAOI CB69DIABEF9= EF4AB6<FES B5M<@. #D< QFB@ 
A4 CB69DIABEF< 6B;A<>4RF G89?PAB9 846?9A<9 D < EBBF69FEF6GRM<9 9@G E<?O 
FD9A<S. %<?O FD9A<S B59EC9K<64RF A9CB86<:ABEFP EB98<A9A<S < CB;6B?SRF 
6BECD<A<@4FP 6D4M4RM<= @B@9AF 6 BE96GR E<?G. �4M9@?9A<9 64?4 6B 6FG?>9 
CB;6B?S9F, >DB@9 FB7B, A47DG:4FP EB98<A9A<9 <;7<54RM<@ @B@9AFB@. 

!47DG;BKA4S ECBEB5ABEFP EB98<A9A<S, CD9:89 6E97B, ;46<E<F BF A4FS74, 
69?<K<AG >BFBDB7B GEF4A46?<64RF 6 EBBF69FEF6<< E A47DG;>B=. #D4>F<K9E>< 
A4FS7 A9 BK9AP A969?<>, BA <;@9DS9FES @<>DB@9FD4@< < A9 @B:9F 5OFP 
6OCB?A9A FBKAB. !9<;59:AO9 CB7D9LABEF< CD<6B8SF > D4EE9<64A<R A4FS74, 4 
E?98B64 F9?PAB < > D4EE9<64A<R A47DG;BKAB= ECBEB5ABEF< EB98<A9A<S. 

%5BD>G EB98<A9A<S 6OCB?ASRF B8A<@ <; FD9I ECBEB5B6: CD9EEB64A<9@, 
A47D96B@ 6FG?><, BI?4:89A<9@ 64?4. 

#D9EEB64A<9 3 D4ECDBEFD4A9AAO= < A9E?B:AO= ECBEB5 E5BD><. "8A4>B 
QFB@G ECBEB5G E6B=EF69AAO A98BEF4F><: E@SF<9 < K4EF<KAB9 ED9;4A<9 
(L45DB6>4) L9DBIB64FBEF9= CBE48BKAOI CB69DIABEF9=, 6B;@B:ABEFP 
A9D46AB@9DAOI 89HBD@4J<= 89F4?9= < CB6D9:89A<S BF FBDJB6. ,45DB6>4 < 
E@SF<9 L9DBIB64FBEF9= CD<6B8SF > BE?45?9A<R CDBKABEF< EB98<A9A<S 8B 
CB?GFBD4 D4; CB ED46- A9A<R EB E5BD>B= A47D96B@ <?< BI?4:89A<9@. �?S 
B5?97K9A<S E5BD>< < G@9APL9A<S L45DB6>< >BAJG 64?4 < >D4R BF69DEF<S 
D9>B@9A8G9FES CD<8464FP >BA<K9E>GR HBD@G. 

,45DB6>4 CB69DIABEF9= >BAF4>F4 GEFD4AS9FES CB?ABEFPR CD< E5BD>9 CB 
@9FB8G A47D964A<S 6FG?>< (200 - 400˚%) <?< BI?4:89A<S 64?4 (F69D84S 
G7?9><E?BF4 -79 ˚%). !98BEF4F>B@ @9FB84 A47D964A<S S6?S9FES 6B;@B:ABEFP 
<;@9A9A<S EFDG>FGDO @9F4??4, CBS6?9A<S B>4?<AO < >BDB5?9A<S.  9FB8 
BI?4:89A<S E6B5B89A BF QF<I A98BEF4F>B6. 

�>?@>AK 4;O A0<>?@>25@:8: 

1. �4><9 6<8O EB98<A9A<= 6O ;A49F9? �4=F9 <I I4D4>F9D<EF<><. 
2. #D<698<F9 CD<@9DO D4;N9@AOI EB98<A9A<=. 
3.  9FB8O CB?GK9A<S A9 D4;N9@AOI EB98<A9A<=. 
4. "F?<K<S 5B?FB6B7B < 6<AFB6B7B EB98<A9A<S. 
5. �4>?9CBKAO9 EB98<A9A<S. 
6. �<8O E64DAOI EB98<A9A<=. 
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7. %B98<A9A<9 C4=>B= < E>?9<64A<9@. 
8. �?9@@B6O9 EB98<A9A<S. 
�8B5@0BC@0: 
1. &9IAB?B7<S @9F4??B6. �ABDB;B6 �.�., 'EB64 �.(., &D9FPS>B6 �.�., �DG- 

FRAB64 �.�., ,454LB6 %.#., �HD9@B6 �.�.  ., « 9F4??GD7<S», 1978. 940 E 
2. +G@4K9A>B ..&.  4F9D<4?B6989A<9: 'K95A<> 8?S %#". 3 $BEFB6 A/�.: 

(9A<>E, 2011 

3. �<LA969J><= ..&.  4F9D<4?B6989A<9 8?S F9IA<K9E><I >B??98:9=: 
'K95A<>. 3  .: �4L>B6 < �B, 2011 

�=B5@=5B 8AB>G=8:8: 
1. -?9>FDBAAO= D9EGDE [http://www.mehanica-kvs.narod.ru/razdel4/r45] 

2. -?9>FDBAAO= D9EGDE [http://www.studfiles.ru/preview/5398875/page:3/] 

3. -?9>FDBAAO= D9EGDE [http://www.eope.ee/_download/euni_repository/ 

file/3095/Keevituse%20alused%201.zip/1 .html] 

4. -?9>FDBAAO= D9EGDE [http://www.razlib.ru/hobbi_i_remesla/vstroennaja 

_mebel/p4.php] 

 

� ��"�'�!��/  ���"� № 5 

 

"5<0: « 9FB8<>4 D4EK9F4 D9:<@B6 D9;4A<S 8?S D4;?<KAOI 6<8B6 B5D4- 
5BF><». 

&5;L @01>BK: A4GK<FPES 6O5<D4FP < D4EEK<FO64FP D9:<@O D9;4A<S 8?S 
D4;?<KAOI 6<8B6 B5D45BF><. 

�@8>1@5B05<K5 C<5=8O 8 =02K:8: HBD@<DB64A<9 A46O>B6 6O5BD4 D9- 
:<@B6 D9;4A<S. '@9A<9 D4EEK<FO64FP D9:<@O D9;4A<S. 

�>@<0 2@5<5=8: 2 K4E4. 
�A=0I5=85 @01>G53> <5AB0: D4;84FBKAO= @4F9D<4?. %CD46BKA4S ?<F9D4- 

FGD4. 
 

�;3>@8B< @01>BK: 
1. #B?P;GSEP <AEFDG>J<9= < 8BCB?A<F9?PAB= ?<F9D4FGDB=, <;GK<FP @9FB- 

8<>G BCD989?9A<S D9:<@4 D9;4A<S. ";A4>B@<FPES EB ECD46BKA<>4@<. ";A4>B- 

@<FPES E GE?B6<9@ ;484A<S. 
�040=85: 
1. �OCB?A<FP QE><; B5D45BF><. 
2. �O5D4FP D9:GM<= <AEFDG@9AF. 
3. !4;A4K<FP 7?G5<AG D9;4A<S. 
4. "CD989?<FP CB84KG. 
5. $4EEK<F4FP E>BDBEFP D9;4A<S. 
6. "CD989?<FP K4EFBFG 6D4M9A<S LC<A89?S < E>BDD9>F<DB64FP CB C4ECBD- 

FG EF4A>4. 
7. "CD989?<FP 89=EF6<F9?PAGR E>BDBEFP D9;4A<S. 
8. $4EEK<F4FP BEAB6AB9 F9IAB?B7<K9E>B9 6D9@S. 

http://www.mehanica-kvs.narod.ru/razdel4/r45
http://www.eope.ee/_download/euni_repository/
http://www.eope.ee/_download/euni_repository/
http://www.razlib.ru/hobbi_i_remesla/vstroennaja
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9. %BEF46<FP BFK9F CB 84AAB= HBD@9. 
 

!B@9D 
64D<4AF4 �47BFB6>4, @4F9D<4? < 97B E6B=- 

EF64 

�<8 B5D45BF>< 

< C4D4@9FD L9- 
DBIB64FBEF< 

 
D, @@ 

 
d, @@ 

 
l, @@ 

1 2 3 4 5 6 

 
1 

 
#DB>4F. %F4?P 20, 6=500  #4 

"5F4K<64A<9 A4 
CDBIB8 Ra=12,5 
@>@ 

 
90 

 
82h12 

 
260 

 
2 

"F?<6>4 E >BD>B=. %9DO= KG7GA 

%+ 20, !�160 

"5F4K<64A<9 A4 
CDBIB8 Ra=12,5 
@>@ 

 
120 

 
110h12 

 
310 

 
3 

#B>B6>4. %F4?P 12)18!9&, 
!�180 

"5F4K<64A<9 6 
GCBD Ra=1,6 
@>@ 

 
52 

 
50e9 

 
400 

 
4 

 
#DB>4F. %F4?P 14)17!2, !�200 

$4EF4K<64A<9 6 
GCBD Ra=3,2 
@>@ 

 
90 

 
93H11 

 
30 

 
5 

"F?<6>4 59; >BD>< %+30, 
!�220 

$4EF4K<64A<9 A4 
CDBIB8 Ra=3,2 
@>@ 

 
80 

 
83H11 

 
50 

 
6 

"F?<6>4 E >BD>B=. %9DO= KG7GA 

%+ 20, !�210 

$4EF4K<64A<9 A4 
CDBIB8 Ra=12,5 
@>@ 

 
120 

 
124H12 

 
100 

 
7 

#DB>4F. %F4?P 38)�, 6=680 

 #4 

"5F4K<64A<9 A4 
CDBIB8 Ra=12,5 
@>@ 

 
76 

 
70h12 

 
315 

 
8 

"5D45BF4AA4S. %F4?P 35, 6=560 

 #4 

$4EF4K<64A<9 A4 
CDBIB8 Ra=3,2 
@>@ 

 
97 

 
100H11 

 
75 

 
9 

"F?<6>4 E >BD>B=. %9DO= KG7GA 

%+ 15, !�170 

"5F4K<64A<9 6 
GCBD Ra=12,5 
@>@ 

 
129 

 
120h12 

 
340 

 
10 

"5D45BF4AA4S. %9DO= KG7GA %+ 

10, !�160 

#B8D9;4A<9 
EC?BLAB7B FBD- 
J4 Ra=12,5 @>@ 

 
80 

 
0 

 
3,5 

 
11 

#B>B6>4. %F4?P 40)!, 6=700 
 #4 

$4EF4K<64A<9 A4 
CDBIB8 Ra=3,2 
@>@ 

 
77 

 
80H11 

 
45 
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12 

"5D45BF4AA4S. %F4?P %F3, 
6=600  #4 

#B8D9;4A<9 
EC?BLAB7B FBD- 
J4 Ra=12,5 @>@ 

 
90 

 
0 

 
5 

 
13 

 
#DB>4F. %F4?P 40), 6=750  #4 

"5F4K<64A<9 6 
GCBD Ra=0,8 
@>@ 

 
68 

 
62e9 

 
250 

 
14 

"5D45BF4AA4S. %F4?P %F5, 
6=600  #4 

$4EF4K<64A<9 A4 
CDBIB8 Ra=12,5 
@>@ 

 
73 

 
80H12 

 
35 

 
15 

"F?<6>4 E >BD>B=. %9DO= KG7GA 

%+ 20, !�180 

"5F4K<64A<9 A4 
CDBIB8 Ra=12,5 
@>@ 

 
62 

 
58h12 

 
210 

 
16 

"F?<6>4 E >BD>B=. %9DO= KG7GA 

%+ 20, !�200 

#B8D9;4A<9 
6FG?>< Ra=3,2 

@>@ 

 
80 

 
40 

 
2,5 

 
17 

#B>B6>4. %F4?P 20), 6=580 

 #4 

$4EF4K<64A<9 
E>6B;AB9 Ra=1,6 

@>@ 

 
48 

 
50H9 

 
50 

 
18 

"5D45BF4AA4S. %F4?P 50, 6=750 

 #4 

#B8D9;4A<9 
FBDJ4 6FG?>< 

Ra=3,2 @>@ 

 
60 

 
20 

 
2,0 

 
19 

"F?<6>4 E >BD>B=. �DBA;4 �D 
��! 10-4, !�170 

"5F4K<64A<9 A4 
CDBIB8 Ra=1,6 
@>@ 

 
88 

 
85e12 

 
140 

 
20 

#DB>4F. �4FGAP � J� 52-4-1, 

!�220 

$4EF4K<64A<9 6 
GCBD Ra=3,2 
@>@ 

 
48 

 
53H11 

 
65 

 
21 

"5D45BF4AA4S. %9DO= KG7GA %+ 

30, !�220 

#B8D9;4A<9 
FBDJ4 Ra=1,6 
@>@ 

 
65 

 
0 

 
1,5 

 
22 

"5D45BF4AA4S. %9DO= KG7GA %+ 

20, !�220 

"5D45BF>4 6 
GCBD Ra=3,2 
@>@ 

 
74 

 
80H11 

 
220 

 
23 

#B>B6>4. %F4?P 30)!3�, 
6=800  #4 

"5D45BF>4 A4 
CDBIB8 Ra=12,5 
@>@ 

 
105 

 
115H12 

 
260 

 
24 

#DB>4F. %F4?P 30) , 6=780 
 #4 

#B8D9;4A<9 
FBDJ4 Ra=1,6 
@>@ 

 
80 

 
0 

 
2,5 
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25 

"5D45BF4AA4S. %F4?P 45, 6=650 
 #4 

"5D45BF>4 A4 
CDBIB8 Ra=1,6 
@>@ 

 
72 

 
80H9 

 
100 

 

"5>@5B8G5A:89 <0B5@80;. 
!4;A4K4FP BEAB6AO9 Q?9@9AFO D9:<@B6 D9;4A<S 3 QFB ;A4K<F BCD989?<FP 

7?G5<AG D9;4A<S, CB84KG < E>BDBEFP; CD< QFB@ BCF<@4?PAO@< <; A<I 5G8GF F9, 
>BFBDO9 B59EC9K<64RF A4 84AAB@ EF4A>9 A4<@9APLGR E959EFB<@BEFP 
CDBJ9EB5D45BF>< 89F4?<. &4>B= CBDS8B> A4;A4K9A<S Q?9@9AFB6 D9:<@4 D9;4A<S, 
>B784 8?S ;484AAB7B <AEFDG@9AF4 EA4K4?4 6O5<D49FES @4>E<@4?PAB 6B;@B:A4S 
7?G5<- A4 D9;4A<S t, ;4F9@ @4>E<@4?PAB 6B;@B:A4S CB84K4 s, 4 CBFB@ G:9 
CB8EK<FO649FES (E GK9FB@ BCF<@4?PAB= EFB=>BEF< < 8DG7<I >BA>D9FAOI 
GE?B6<= B5D45BF><) E>BDBEFP D9;4A<S V, B5NSEAS9FES F9@, KFB 8?S B5OKAOI 
D9;JB6 A4 F9@C9D4- FGDG D9;4A<S, 4 E?98B64F9?PAB A4 <;ABE < EFB=>BEFP D9;J4 
A4<@9APL99 6?<SA<9 B>4;O649F 7?G5<A4 D9;4A<S, 5B?PL99 3 CB84K4 < 9M9 
5B?PL99 3 E>BDBEFP D9;4A<S. 

�5B>48:0 =07=0G5=8O M;5<5=B>2 @568<0 @570=8O ?@8 B>G5=88: 
1. �;C18=0 @570=8O BCD989?S9FES 6 BEAB6AB@ 69?<K<AB= CD<CGE>4 A4 B5- 

D45BF>G: 
 , 

789 D - 8<4@9FD ;47BFB6>< 6 @@; d - 8<4@9FD B5D45BF4AAB= CB69DIABEF< 6 
@@. 
�?G5<A4 D9;4A<S B>4;O649F 5B?PLB9 6?<SA<9 A4 E<?O D9;4A<S, G69?<K9A<9 
>BFBDOI @B:9F CD<69EF< > EA<:9A<R FBKABEF< B5D45BF><. #BQFB@G, >B784 > 
B5D45BF4AAB= CB69DIABEF< CD98NS6?SRFES CB6OL9AAO9 FD95B64A<S, 7?G5<AG 
D9;4A<S A4;A4K4RF @9APL9=. &4>, CD< CB?GK<EFB6B= B5D45BF>9 7?G5<A4 D9;4A<S 
A4;A4K49FES 6 CD989?4I 0,5-2 @@, 4 CD< K<EFB6B= - 6 CD989?4I 0,1-0,4 @@. 

2. �>40G0. �?S G@9APL9A<S @4L<AAB7B 6D9@9A<, F. 9. CB6OL9A<S 
CDB<;6B8<F9?PABEF< FDG84, J9?9EBB5D4;AB D45BF4FP E @4>E<@4?PAB 6B;@B:AB= 
CB84K9= E GK9FB@ H4>FBDB6, 6?<SRM<I A4 99 69?<K<AG. #B84K4 B5OKAB 
A4;A4K49FES <; F45?<J ECD46BKA<>B6 CB D9:<@4@ D9;4A<S, EBEF46?9AAOI A4 
BEAB69 EC9J<4?PAB CDB6989AAOI <EE?98B64A<= < BCOF4 D45BFO 
@4L<ABEFDB<F9?PAOI ;46B8B6. #BE?9 6O5BD4 69?<K<AO CB84K< <; ECD46BKA<>B6 
99 >BDD9>F<DGRF CB ><A9@4F<K9E><@ 84AAO@ EF4A>4, A4 >BFBDB@ 5G89F 69EF<EP 
B5D45BF>4 (59D9FES 5?<:4=L4S @9APL4S). 

3. !:>@>ABL @570=8O F4>:9 A4;A4K49FES <; F45?<J ECD46BKA<>B6 CB 
D9:<@4@ D9;4A<S, E GK9FB@ CD9864D<F9?PAB A4;A4K9AAB= 69?<K<AO 
BCF<@4?PAB= EFB=>BEF<. 

4. '0AB>B0 2@0I5=8O H?8=45;O EF4A>4 (;47BFB6><) CB8EK<FO649FES CB 
A4=89AAB= E>BDBEF< D9;4A<S: 

 

< >BDD9>F<DG9FES CB EF4A>G (59D9FES 5?<:4=L99 @9APL99 <?< 5B?PL99, 
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9E?< BAB A9 CD96OL49F 5%), F. 9. A4IB8<FES C4ECBDFAB9 ;A4K9A<9 nC, E >BFBDB= 
5G89F 69EF<EP B5D45BF>4. 

5. �59AB28B5;L=0O A:>@>ABL @570=8O CB8EK<FO649FES E GK9FB@ 
C4ECBDFAB7B ;A4K9A<S K4EFBFO 6D4M9A<S LC<A89?S: 

 

6. �@>25@:0 2K1@0==KE M;5<5=B>2 @568<0 @570=8O. #D< K9DAB6B= 

B5D45BF>9 A4;A4K9AA4S CB84K4 B5S;4F9?PAB CDB69DS9FES CB CDBKABEF< 89F4?9= 

@9I4A<;@4 CB84K< EF4A>4, 4 6 BF89?PAOI E?GK4SI (CD< A9:9EF><I < FS:9?OI 
GE?B6<SI D9;4A<S) 4 CB CDBKABEF< < :9EF>BEF< <AEFDG@9AF4, :9EF>BEF< 
;47BFB6>< < CDBKABEF< 89F4?9= @9I4A<;@4 7?46AB7B 86<:9A<S EF4A>4. 
#DB69DS9@ D4E- 
K9FAO= D9:<@ CB @BMABEF<. $9;4A<9 6B;@B:AB, 9E?< 

f , 

789 - @BMABEFP CBFD95A4S A4 D9;4A<9, >�F; 
- H4>F<K9E>< D4;6<649@4S @BMABEFP A4 LC<A89?9 EF4A>4, >�F. 

 BMABEFP, ;4FD4K<649@4S A4 D9;4A<9: 
 

 

, >�F 
789   3 F4A79AJ<4?PA4S E<?4 D9;4A<S, !. 
�E?< B>4:9FES, KFB @BMABEF< Q?9>FDB86<74F9?S 84AAB7B EF4A>4, A4 >BFB- 

DB@ 8B?:A4 CDB<EIB8<FP B5D45BF>4, A9 I64F49F, F.9 = , FB A9B5IB8<@B 
G@9APL<FP E>BDBEFP D9;4A<S. 

7. �A=>2=>5 2@5<O =0 >1@01>B:C CB8EK<FO649FES E GK9FB@ C4ECBDFAOI 
;A4K9A<= K4EFBFO 6D4M9A<S LC<A89?S < CB84K<. 

 

789 L - 8?<A4 D45BK97B IB84 <AEFDG@9AF4 6 @@. 
 
 

�>?@>AK 4;O A0<>?@>25@:8: 
1. +FB ;A4K<F A4;A4K<FP BEAB6AO9 Q?9@9AFO D9:<@B6 D9;4A<S? 
2. #BDS8B> <I BCD989?9A<S. 
3. �4><9 Q?9@9AFO D9:<@B6 D9;4A<S A4IB8SFES CB F45?<J4@ ECD46BKAB= 

?<F9D4FGDO? 
4. �4><9 <; Q?9@9AFB6 D9:<@B6 D9;4A<S >BDD9>F<DGRFES CB C4ECBDFAO@ 

84AAO@ EF4A>4? 
�8B5@0BC@0: 
1. &9IAB?B7<S @9F4??B6. �ABDB;B6 �.�., 'EB64 �.(., &D9FPS>B6 �.�., 

�DGFRAB64 �.�., ,454LB6 %.#., �HD9@B6 �.�.  ., « 9F4??GD7<S», 1978. 940 E. 
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2. %CD46BKA<> F9IAB?B74-@4L<ABEFDB<F9?S. � 86GI FB@4I. &.2. #B8 D98. 
�.�. �BE<?B6B= < $.�.  9M9DS>B64. 3  .:  4L<ABEFDB9A<9, 1985. 

3. %CD46BKA<> F9IAB?B74-@4L<ABEFDB<F9?S. � 86GI FB@4I. &.2. #B8 D98. 
�.�.  4?B64. 3  .:  4L<ABEFDB9A<9, 1972. 

�=B5@=5B 8AB>G=8:8: 
1. -?9>FDBAAO= D9EGDE[http://studopedia.ru/8_131379_metodika- 

naznacheniya-rezhimov-rezaniya.html] 

2. -?9>FDBAAO= D9EGDE [www.studfiles.ru/preview/2900456/] 
3. -?9>FDBAAO= D9EGDE [http://revolution.allbest.ru/manufacture/ 

00297265_0.html] 

4. -?9>FDBAAO= D9EGDE [https://infourok.ru/material.html?mid=34213] 

 

 

 

� ��"�'�!��/  ���"� № 6 

 

"5<0: «$4EL<HDB6>4 @4DB> KG7GAB6. �O5BD B5?4EF< CD<@9A9A<S KG7GAB6 
CB <I A4;A4K9A<R < GE?B6<S@ Q>EC?G4F4J<<». 

&5;L @01>BK: GE6B<FP 4?7BD<F@ D4EL<HDB6>< @4DB> KG7GAB6 < <I 
BEAB6AOI E6B=EF6. �;GK<FP B5?4EF< CD<@9A9A<S 84AAB7B @4F9D<4?4. 

�@8>1@5B05<K5 C<5=8O 8 =02K:8: HBD@<DB64A<9 G@9A<= D4EL<HDB6>< 

@4DB> KG7GAB6. !46O>B6 BCD989?9A<S CB E6B=EF64@ @4D>< KG7GA4 97B 
A4;A4K9A<S. 

�>@<0 2@5<5=8: 4 K4E4. 
�A=0I5=85 @01>G53> <5AB0: D4;84FBKAO= @4F9D<4?. 
�;3>@8B< @01>BK: 
1. �;GK<FP F9BD9F<K9E><= @4F9D<4? < 6OCB?A<FP ;484A<9. 
�040=85 
1. �O59D<F9 @4D>< KG7GAB6 8?S <;7BFB6?9A<S E?98GRM<I <;89?<=: 
- %F4A<A4 
- �B?9AK4FO= 64? 
- �G5K4FB9 >B?9EB 
- �4?>< CDB>4FAOI EF4AB6 
- &DG5O 

- %FGC<JO >B?9E 8?S 46FB@B5<?9= 
2. $4EL<HDG=F9 @4D>< EC?46B6: %+10, �+45, �+ 37-12,%+24, �+120, �+ 

45-6 
3. �4CB?A<F9 F45?<JG: 

�84 GC3C=0 $>@<0 3@0D8B0 

%9DO=  

�OEB>BCDBKAO=  

�B6><=  

 

http://studopedia.ru/8_131379_metodika-
http://www.studfiles.ru/preview/2900456/
http://revolution.allbest.ru/manufacture/
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"5>@5B8G5A:89 <0B5@80;. 
%C?46 :9?9;4 E G7?9DB8B@(>2,14%%) A4;O649FES KG7GAB@. #D<EGFEF6<9 

Q6F9>F<>< 6 EFDG>FGD9 KG7GA4 B5GE?46?<649F 97B <ECB?P;B64A<9 <E>?RK<F9?PAB 
6 >4K9EF69 ?<F9=AB7B EC?464. '7?9DB8 6 KG7GA9 @B:9F A4IB8<FPES 6 6<89 
J9@9AF4 <?< 7D4H<F4. *9@9AF<F CD<849F <;?B@G EC9J<H<K9E><= 59?O= 

E69F?O= 5?9E>, CBQFB@G KG7GA A4;O649FES 59?O@. �D4H<F CD<849F <;?B@G 
KG7GA4 E9DO= J69F. � ;46<E<@BEF< BF HBD@O 7D4H<F4 < GE?B6<= 97B 
B5D4;B64A<S D4;?<K4RF 
E?98GRM<9 7DGCCO KG7GAB6: E9DO=, 6OEB>BCDBKAO= E L4DB6<8AO@ 7D4H<FB@ < 

>B6>B=. 
%9DO9 KG7GAO EB7?4EAB FD95B64A<S@ �"%& 1412 3 85 @4D><DGRFES 5G>- 

64@< %+. *<HDO CBE?9 5G>6 G>4;O64RF ;A4K9A<9 @<A<@4?PAB7B 6D9@9AAB7B 
EBCDBF<6?9A<S CD< D4EFS:9A<< (6 @974C4E>4?SI, G@AB:9AAOI A4 10-1).  4D>< 
E9DOI KG7GAB6 %+10, %+15, C+18, %+20, %+21, %+24, %+25, %+30, %+35. �; 
A<I @B8<H<J<DB64AAO9 %+18, %+21, %+24. 

!4CD<@9D, D4EL<HDB6>4 @4D>< KG7GA4 %+10: 10 – 6D9@9AAB9 
EBCDBF<6?9A<9 CD< D4EFS:9A<<, FB 9EFP σ6 = 100(10)  #4 (>7E/@@2

). 

 B8<H<J<DB64AAO9 KG7GAO CB?GK4RFES 6 FB@ E?GK49, 9E?< 6 D4EC?46 
E9DB7B KG7GA4 E CBA<:9AAO@ EB89D:4A<9@ G7?9DB84 C9D98 D4;?<6>B= 669EF< 

@B8<H<>4FBDO 6 >B?<K9EF69 0,3 3 04 % BF @4EEO :<8>B7B KG7GA4. 
 B8<H<>4FBD4@< S6?SRFES H9DDBE<?<J<=, E<?<>B>4?PJ<= < 8D. %FDG>FGD4 
@B8<H<J<DB64AAOI KG7GAB6 5G89F EBEFBSFP <; @9?><I, D46AB@9DAB 
D4ECB?B:9AAOI 6 @9F4??<K9E>B= BEAB69 6>?RK9A<= 7D4H<F4.  4D><DGRFES 
@B8<H<J<DB64AAO9 KG7GAO F4> :9, >4> < E9DO9 (CB �"%& 1412 3 85). 

%9DO= KG7GA A4IB8<F CD<@9A9A<9: 
· 6 EF4A>BEFDB9A<< (54;B6O9, >BDCGEAO9 89F4?<, >DBALF9=AO, ;G5K4FO9 

>B?9E4, EF4A<AO, A4CD46?SRM<9); 
· 6 46FBEFDB9A<< 8?S <;7BFB6?9A<S 5?B>B6 J<?<A8DB6, 7<?P;, CBDLA96OI 

>B?9J, D4ECD989?<F9?PAOI 64?B6, FB?>4F9?9=, E98? >?4C4AB6, 7B?B6B> 
J<?<A8DB6, 8<E>B6 EJ9C?9A<S; 

· 6 Q?9>FDB@4L<ABEFDB9A<<; 
· 8?S <;7BFB6?9A<S FB64DB6 @4EEB6B7B CBFD95?9A<S. 
�;ABEBEFB=>BEFP <;89?<= <; E9DOI KG7GAB6 @B:AB CB6OE<FP F9D@<K9E>B= 

B5D45BF>B=. 
�OEB>BCDBKAO= KG7GA CB?GK49FES <; C9D?<FAB7B E9DB7B KG7GA4 CGF9@ 

86B=AB7B @B8<H<J<DB64A<S 8B546>B= 6 :<8><= KG7GA A9;48B?7B C9D98 
D4;?<6>B= @47A<S 6 >B?<K9EF69 0,03 3 0,07 % BF @4EEO KG7GA4 < H9DDBE<?<J<S. 

 47A<= ECBEB5EF6G9F CB?GK9A<R 7D4H<F4 6 HBD@9 L4DB6, >DB@9 FB7B, BA 
CB6OL49F CDBKABEFP @9F4??<K9E>B= BEAB6O.  4D><DGRFES 6OEB>BCDBKAO9 
KG7GAO 5G>64@< �+ < CBE?98GRM<@< J<HD4@< (�"%& 7293-85). *<HDO @4D>< 
CB>4;O64RF @<A<@4?PAB9 ;A4K9A<9 6D9@9AAB7B EBCDBF<6?9A<S CD< D4EFS:9A<< 
(6  #4 . 10

-1).  4D>< 6OEB>BCDBKAOI KG7GAB6: �+35, �+40, �+45, �+50, �+60, 
�+70, B+80, �+100. 
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!4CD<@9D, KG7GA @4D>< �+60 <@99F 6D9@9AAB9 EBCDBF<6?9A<9 CD< 
D4EFS:9A<< σ6 = 600 (60)  #4 (>7E/@@2

); 

�OEB>BCDBKAO= KG7GA A4IB8<F CD<@9A9A<9 >4> AB6O= >BAEFDG>J<BAAO= 

@4F9D<4? < >4> ;4@9A<F9?P G7?9DB8<EFB= EF4?<, >B6>B7B < E9DB7B KG7GA4. �; 
6OEB>BCDBKAB7B KG7GA4 <;7BF46?<64RF >4> @9?><9 FBA>BEF9AAO9 BF?<6>< 
(CBDLA96O9 >B?PJ4), F4> < BF?<6>< @4EEB= 8B 15 F (L45BFO >B6BKAOI @B?BFB6, 
EF4A<AO < D4@O CD9EEB6 < CDB>4FAOI EF4AB6). 

�; 6OEB>BCDBKAB7B KG7GA4 <;7BF46?<64RF BF?<6>< >B?9AK4FOI 64?B6 
@4EEB= BF A9E>B?P><I ><?B7D4@@B6 8B 2&3 F 6;4@9A >B64AOI 64?B6 <; EF4?<. 
+G7GAAO9 64?O CB ED46A9A<R EB EF4?PAO@< <@9RF 5B?99 6OEB>GR 
J<>?<K9E>GR 6S;>BEFP, @4?BKG6EF6<F9?PAO > 6A9LA<@ >BAJ9AFD4FBD4@ 

A4CDS:9A<=, <@9RF ?GKL<9 4AF<HD<>J<BAAO9 E6B=EF64 < ;A4K<F9?PAB 89L96?9 
EF4?PAOI 64?B6. )BDBL<9 ?<F9=AO9 E6B=EF64 CD< 8BEF4FBKAB 6OEB>B= 
CDBKABEF< < C?4EF<KABEF< CB;6B?SRF 6B @AB7<I E?GK4SI ;4@9ASFP EF4?PAB9 
?<FP9 < CDB>4F. #D< QFB@ 8BEF<749FES EA<:9A<9 @4EEO 89F4?9= A4 8&10 % < 
B59EC9K<649FES ;A4K<F9?PA4S Q>BAB@<S @4F9D<4?4. 

#D<@9A9A<9 6OEB>BCDBKAB7B KG7GA4 6;4@9A E9DB7B 849F Q>BAB@<K9E><= 

QHH9>F 6 F9I E?GK4SI, >B784 ;4 EK9F 5B?99 6OEB>B= CDBKABEF< EA<:49FES @4EE4 
BF?<6B> <?< B59EC9K<649FES 6B;@B:ABEFP GCDBM9A<S @BAF4:AOI D45BF 
(A4CD<@9D, @BAF4: FDG5BCDB6B8B6 E64D>B=). �; 6OEB>BCDBKAB7B KG7GA4 
<;7BF46?<64RF FDG5O, 64?>< CDB>4FAOI EF4AB6, 89F4?< FGD5<A, <;?B:A<JO, 
EGCCBDFO, D9;J989D:4F9?<, C?4AL4=5O < 8DG7<9 89F4?< EF4A>B6. 

�B6><9 KG7GAO CB?GK4RFES CGF9@ EC9J<4?PABR 7D4H<F<;<DGRM97B 
BF:<74 (FB@?9A<S) 59?OI 8BQ6F9>F<K9E><I KG7GAB6, EB89D:4M<I BF 2,2 8B 3,2 % 

G7?9DB84. 
�?S CB?GK9A<S >B6>B7B KG7GA4 A9B5IB8<@B BF?<6>< <; 

@4?BG7?9DB8<EFB7B 59?B7B KG7GA4, EB89D:4M97B A9 5B?99 2,8 % G7?9DB84, 
@98?9AAB A47D964FP 6 F9K9A<9 20 3 25 K 6 A9=FD4?PAB= ED989 8B F9@C9D4FGDO 
950 3 1000 

0% < CD< QFB= F9@C9D4FGD9 8?<F9?PAB (10 3 15 K) 6O89D:<64FP 
(C9D64S EF48<S 7D4H<F<;4J<<). �4F9@ @98?9AAB BI?4:84FP 8B F9@C9D4FGDO 

A9@AB7B A<:9 Q6F9>FB<8AB7B CD96D4M9A<S (700 3 740 
0% 3 6 ;46<E<@BEF< BF 

EBEF464 KG7GA4) < 8?<F9?PAB9 6D9@S (B>B?B 30 K) 6O89D:<64FP CD< 84AAB= 
F9@C9D4FGD9 (6FBD4S EF48<S 7D4H<F<;4- J<<). �4?99 69EF< BI?4:89A<9 A4 
6B;8GI9. 

�B6><9 KG7GAO @4D><DGRFES 5G>64@< �+ E J<HD4@< (�"%& 1215 3 79). 

#9D6O9 869 J<HDO G>4;O64RF 6D9@9AAB9 EBCDBF<6?9A<9 D4;DO6G (6 @974C4E>4- 
?SI), 6FBDO9 J<HDO 3 BFABE<F9?PAB9 G8?<A9A<9 6 CDBJ9AF4I. 

(9DD<FAO= >B6><= KG7GA <@99F E?98GRM<9 @4D>< (�"%& 26358 3 84): 

�+ 37 3 12 (362-12), �+35 3 10 (333-10), �+�� 3 8 (323-8), �+ 30 3 6 (294- 

6). 
#9D?<FAO= >B6><= KG7GA: 
�+45 3 7; �+ 50 3 5; �+ 55 3 4; �+60 3 3; �+65 -3; �+70 3 2, �+80 3 1,5. 

"F?<6>< <; >B6>B7B KG7GA4 8B?:AO EBBF69FEF6B64FP �"%& 26358 3 84. 
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"A< IBDBLB EBCDBF<6?SRFES G84D4@ < 6<5D4J<BAAO@ A47DG;>4@, IBDBLB B5D4- 
54FO64RFES D9;4A<9@, B5?484RF 8BEF4FBKAB= 6S;>BEFPR. 

� ;538@>20==K< (A?5F80;L=K<) GC3C=0< BFABESFES: 
1. �;ABEBEFB=><9 KG7GAO: <I B5B;A4K4RF 5G>64@< �+ < BA< 

@4D><DGRFES CB EB89D:4A<R ?97<DGRM<I Q?9@9AFB6, >4> < EF4?<. 
+G7GAO @4DB> �+)4�7�; �+)3&�; �+)28!2; �+)15 3 < 8D. 

CD<@9ASRF 8?S <;7BFB6?9A<S ?BC4FB> 8DB5B@9FAOI FGD5<A, L4DB6 < 5DBA96OI 
C?<F 8?S @9?PA<J, 89F4?9= A4EBEB6, ?BC4EF9= LA9>B6. 

2. �AF<HD<>J<BAAO9 KG7GAO <@9RF 6 @4D><DB6>9 5G>6G �. "A< 
<;7BF46?<64RFES A4 BEAB69 E9DOI, >B6><I < 6OEB>BCDBKAOI KG7GAB6 < 
CD98A4;A4K9AO 8?S D45BFO 6 G;?4I FD9A<S 6 C4D9 E ;4>4?9AAO@< 89F4?S@<. 

�O64RF E?98GRM<I @4DB>: �%+ 3 1 (E 8B546>4@< Cr < Ni); �%+ 3 2 (E 
8B546>4@< Ti < Cu); ��+ 3 1; ��+ 3 2; ��+ 3 1; ��+ 3 2. 

3. �4DBEFB=><9 KG7GAO �+) 3 0,8; �+) 3 2,5; �+) 3 1,5 CD<@9ASRF 
8?S Q?9@9AFB6 >BAEFDG>J<= 8B@9AAOI, F9D@<K9E><I < @4DF9AB6E><I C9K9=, 
D45BF4RM<I CD< F9@C9D4FGD9 8B 650 °%. �OEB>BIDB@<EFO9 KG7GAO �+) 3 30 

(28 3 30 % Cr) CD<@9ASRF 8?S <;7BFB6?9A<S 7BD9?B>, HGD@ < 8D., D45BF4RM<I 
CD< F9@C9D4FGD4I 8B 900 °%. 

4. �BDDB;<BAAB 3 EFB=><9 KG7GAO 3 BA< EFB=>< 6 M9?BK4I, D4EF6BD4I 
EB8O, @BDE>B= 6B89. 

�>?@>AK 4;O A0<>:>=B@>;O: 
1. !4C<L<F9 BCD989?9A<9 KG7GA4. 
2. +FB A9B5IB8<@B ;47DG;<FP 6 8B@9AAGR C9KP 8?S CB?GK9A<S KG7GA4? 
3. "C<L<F9 ECBEB5O CB?GK9A<S >B6>B7B < 6OEB>BCDBKAB7B KG7GAB6. 
�8B5@0BC@0: 
1. �4DF4L96<K �.�.  4F9D<4?B6989A<9. 3 $BEFB6 A/�.: (9A<>E, 2011. 

2.  4F9D<4?B6989A<9: 'K95A<> 8?S %#". / �84E><A �. . < 8D. #B8 
D98. %B?B@9AJ964 .. . 3  .: �OEL. L>., 2011. 

3. +G@4K9A>B ..&.  4F9D<4?B6989A<9: 'K95A<> 8?S %#". 3 $BEFB6 
A/�.: (9A<>E, 2011. 

4. %CD46BKA<> CB >BAEFDG>J<BAAO@ @4F9D<4?4@. / #B8 D98. 
�D;4@4EB64 �.!. 3  .:  �&' <@. �4G@4A4, 2012. 

�=B5@=5B 8AB>G=8:8: 
1. -?9>FDBAAO= D9EGDE [http://www.studfiles.ru/preview/1755859/page:2/] 

2. -?9>FDBAAO= D9EGDE [http://mirsplava.ru/poleznaya-informatsiya 

/chuguni] 
3. -?9>FDBAAO= D9EGDE [http://studopedia.ru/5_76618_markirovka-i- 

primenenie-chugunov.html] 

4. -?9>FDBAAO= D9EGDE [http://nzse.ru/markirovka-i-rashifrovka-chugunov/] 

 

� ��"�'�!��/  ���"� № 7 

 

"5<0: «$4EL<HDB6>4 @4DB> EF4?<. �O5BD B5?4EF< CD<@9A9A<S EF4?9= CB 

http://mirsplava.ru/poleznaya-informatsiya
http://studopedia.ru/5_76618_markirovka-i-
http://nzse.ru/markirovka-i-rashifrovka-chugunov/
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<I A4;A4K9A<R < GE?B6<S@ Q>EC?G4F4J<<». 
&5;L @01>BK: GE6B<FP 4?7BD<F@ D4EL<HDB6>< @4DB> EF4?9= < <I 

BEAB6AOI E6B=EF6. �;GK<FP B5?4EF< CD<@9A9A<S 84AAB7B @4F9D<4?4. 
�@8>1@5B05<K5 C<5=8O 8 =02K:8: HBD@<DB64A<9 G@9A<= D4EL<HDB6>< 

@4DB> EF4?9=. !46O>B6 BCD989?9A<S CB E6B=EF64@ @4D>< EF4?< 99 A4;A4K9A<S. 
�>@<0 2@5<5=8: 4 K4E4. 
�A=0I5=85 @01>G53> <5AB0: D4;84FBKAO= @4F9D<4?. 
�;3>@8B< @01>BK: 
#B6FBD<FP D4A99 CDB=89AAO= < A<:9 CD98EF46?9AAO= F9BD9F<K9E><= 

@4F9D<4?. �OCB?A<FP ;484A<9. 
�040=85. 

1. �; CD<6989AAOI 5G>6 < J<HD EBEF46PF9 @4D>< EF4?9=: #, (, 7,  , 40, �, 
%, 6, %, 10, $, �, %, 13, �, 5, 4. "8AG < FG :9 5G>6G < J<HDG 6 @4D>9 A9?P;S 
<ECB?P;B64FP 864:8O. 

2. !4C<L<F9 BEAB6AO9 ?97<DGRM<9 Q?9@9AFO 8?S >BAEFDG>J<BAAOI 
EF4?9= < B5?4EFP CD<@9A9A<S. 

 

�0@:0 

 

�08<5=>20=85 
�1>7=0G5=85 <0@:8 �1;0AB8 ?@8<5- 

=5=8O !8<2>;K !>45@60=85 
�%F3CE  �   

%F  

3  

CE  

05>C  05   

>C  

45  45   

30)�%�  30   

)  

�  

%  

�  

$6 5  $   

6  

   

5  

33)%  33   
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)  

%  

 

3. "CD989?<F9 I<@<K9E><= EBEF46 >BAEFDG>J<BAAOI ?97<DB64AAOI EF4?9= 

CB <I @4D>4@: 12%18�9", 15%28, 12%25�16�7� . 
4. "CD989?<F9 I<@<K9E><= EBEF46 <AEFDG@9AF4?PAOI ?97<DB64AAOI 

EF4?9= CB <I @4D>4@: 7%$, %6�$,  10�5$5. 
"5>@5B8G5A:89 <0B5@80;. 

%F4?P - EC?46 :9?9;4 E G7?9DB8B@, EB89D:4M<= G7?9DB84 A9 5B?99 2,14 %, 
4 F4>:9 DS8 8DG7<I Q?9@9AFB6 

�?4EE<H<>4J<S 8?S CD46<?PAB7B CDBKF9A<S @4D>< A9B5IB8<@B GK<FO64FP 
99 @9EFB 6 >?4EE<H<>4J<< EF4?< CB I<@<K9E>B@G EBEF46G, A4;A4K9A<R, 
>4K9EF6G, EF9C9A< B><E?9A<S. #B I<@<K9E>B@G EBEF46G EF4?< CB8D4;89?SRF A4 
G7?9DB8<EFO9 < ?97<DB64AAO9. %F4?< CB A4;A4K9A<R 89?SF A4 
>BAEFDG>J<BAAO9, <AEFDG@9AF4?PAO9 < EF4?< EC9J<4?PAB7B A4;A4K9A<S E 
BEB5O@< E6B=EF64@<. %F4?< CB >4K9EF6G >?4EE<H<J<DGRF A4 EF4?< 

B5O>AB69AAB7B >4K9EF64, >4K9EF69AAO9, 6OEB>B>4K9EF69AAO9 < BEB5B 
6OEB>B>4K9EF69AAO9. �?4EE<H<>4J<S CB EF9C9A< B><E?9A<S. %F4?< CB EF9C9A< 
D4E><E?9A<S >?4EE<H<J<DGRF A4 ECB>B=AO9, CB?GECB>B=AO9 < ><CSM<9. 

&45?<J4 1. �?4EE<H<>4J<S EF4?9= 
%F4?< CB I<@<K9E>B@G EBEF46G 
'7?9DB8<EFO9 �97<DB64AAO9 
A<;>BG7?9DB8<EFO9 (8B 0,25% %) 
ED98A9G7?9DB8<EFO9 (0,25-0,6% %) 
6OEB>BG7?9DB8<EFO9 (5B?99 0,6% 

%) 

A<;>B?97<DB64AAGR (E EG@@4DAO@ 

EB89D:4A<9@ ?97<DGRM<I Q?9@9AFB6 8B 
2,5%) ED98A9?97<DB64AAGR (BF 2,58B 10%) 
6OEB>B?97<DB64AA4S (E6OL9 10%) 

#B A4;A4K9A<R 

<AEFDG@9AF4?PAO9 >BAEFDG>J<BAAO9 

CB >4K9EF6G (EB89D:4A<R 6D98AOI CD<@9E9=) 
B5O>AB69AAB7B 
>4K9EF64 EB- 
89D:4F 8B 
0,06% S < 
0,07% $ 

>4K9EF69AAO9 4 

8B 0,035% S < 
0,035% $ 

6OEB>B>4K9EF69AAO9 
- A9 5B?99 0,025% S 

< 0,025% $ 

BEB5B 
6OEB>B>4K9EF69AAO9 
- A9 5B?99 0,015% S < 
0,025% $. 

 

�BAEFDG>J<BAAO9 EF4?< 3 EF4?<, CD98A4;A4K9AAO9 8?S <;7BFB6?9A<9 
D4;?<KAOI 89F4?9=, G;?B6 @9I4A<;@B6 < >BAEFDG>J<=. 

�AEFDG@9AF4?PAO9 EF4?< 3 EF4?<, CD<@9AS9@O9 8?S B5D45BF>< 
@4F9D<4?B6 D9;4A<9@ <?< 846?9A<9@, 4 F4>:9 8?S <;7BFB6?9A<S <;@9D<F9?PAB7B 
<AEFDG@9AF4 
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%C9J<4?PAO9 EF4?< 4 QFB 6OEB>B?97<DB64AAO9 (E6OL9 10%) EF4?<, 
B5?484RM<9 BEB5O@< E6B=EF64@< - >BDDB;<BAAB= EFB=>BEFPR, 
:4DBEFB=>BEFPR, :4DBCDBKABEFPR, <;ABEBEFB=>BEFPR < 8D. 

'7?9DB8<EFO9 EF4?< 
� G7?9DB8<EFO@ EF4?S@ BFABESF EF4?<, A9 EB89D:4M<9 EC9J<4?PAB 

66989AAO9 ?97<DGRM<9 Q?9@9AFO. 
�BAEFDG>J<BAAO9 G7?9DB8<EFO9 EF4?< 
%F4?< G7?9DB8<EFO9 B5O>AB69AAB7B >4K9EF64 (EF4?P E 8BEF4FBKAB 

6OEB><@ EB89D:4A<9@ 6D98AOI CD<@9E9= S < P) B5B;A4K4RF EB7?4EAB �"%& 
380-94. -F< A4<5B?99 L<DB>B D4ECDBEFD4A9AAO9 EF4?< CBEF46?SRF 6 6<89 
CDB>4F4 6 ABD@4?<;B64AAB@ EBEFBSA<< < CD<@9ASRF 6 @4L<ABEFDB9A<<, 
EFDB<F9?PEF69 < 6 8DG7<I BFD4E?SI. '7?9DB8<EFO9 EF4?< B5O>AB69AAB7B 
>4K9EF64 B5B;A4K4RF 5G>64@< %F < J<HD4@< BF 0 8B 6. *<HDO4QFB GE?B6AO= 
AB@9D @4D><. +9@ 5B?PL9 K<E?B, F9@ 5B?PL9 EB89D:4A<9 G7?9DB84, 6OL9 
CDBKABEFP < A<:9 C?4EF<KABEFP. #9D98 E<@6B?B@ %F G>4;O64RF 7DGCCG 
74D4AF<DB64AAOI E6B=EF6: �, �, �. �E?< G>4;4A<9 B 7DGCC9 BFEGFEF6G9F, ;A4K<F 
CD98CB?4749FES 7DGCC4 �. !4- CD<@9D, %&3; �%F4; �%F2. %F4?P B5O>AB69AAB7B 
>4K9EF64 6OCGE>49FES F4>:9 E CB6OL9AAO@ EB89D:4A<9 @4D74AJ4 (0,8-1,1% 

Mn)/ � QFB@ E?GK49 CBE?9 AB@9D4 @4D>< 8B546?S9FES 5G>64 �. !4CD<@9D, 
�%&3�CE. #BE?9 AB@9D4 @4D>< EF4?< G>4;O64RF EF9C9AP B><E?9A<S: >C - 

><CSM4S, CE - CB?GECB>B=A4S, EC - ECB>B=A4S EF4?P. !4CD<@9D, �%F3CE. 
 

&45?<J4 2. %FDG>FGD4 B5B;A4K9A<S G7?9DB8<EFOI EF4?9= 
�DGCC4 EF4?< "5B;A4K9A<9 !B@9D EF4?< %F9C9AP D4E- 

><E?9A<S 
�4F97BD<S 

 

� 

 

%F 

0 -  

1,2,3 1,2,3,4 >C, CE, EC 

5,6 CE, EC 
 

� 

 
�%F 

1,2,3,4 >C, CE, EC  
1,2 

5,6 CE, EC 
 

� 

 
�%F 

1,2,3,4 >C, CE, EC  
1,2,3,4,5 

5 CE, EC 
 

&45?<J4 3. �A4K9A<9 5G>6 < J<HD, 
GCBFD95?SRM<IES CD< @4D><DB6>9 EF4?9= B5O>AB69AAB7B >4K9EF64 

"5B;A4K9A<9 $4EL<HDB6>4 B5B;A4K9A<S 
� �DGCC4 EF4?9=, CBEF46?S9@4S E 74D4AF<DB64AAO@< 

@9I4A<K9E><@< E6B=EF64@<. "5OKAB CD< B5B;A4K9A<< EF4?9= 
5G>6G � BCGE>4RF 
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� �DGCC4 EF4?9=, CBEF46?S9@4S E 74D4AF<DB64AAO@ I<@<K9E><@ 
EBEF46B@ 

� �DGCC4 EF4?9=, CBEF46?S9@4S E 74D4AF<DB64AAO@< 
I<@<K9E><@ EBEF46B@ < @9I4A<K9E><@< E6B=EF64@< 

%F %B>D4M9AAB9 B5B;A4K9A<9 F9D@<A4 «EF4?P» 
0-6 'E?B6AO9 @4D>< EF4?< � !4?<K<9 5G>6O � CBE?9 AB@9D4 EF4- 

?< B;A4K49F CB6OL9AAB9 EB89D:4A<9 @4D74AJ4 
�C %F4?P «><CSM4S», B><E?9AA4S FB?P>B H9DDB@4D74AJ9@ 

#E %F4?P «CB?GECB>B=A4S», B><E?9AA4S H9DDB@4D74AJ9@ < 
4?R@<A<9@ 

%C %F4?P «ECB>B=A4S», FB 9EFP CB?ABEFPR BE><E?9AA4S 
 

#D<@9DO B5B;A4K9A<S < D4EL<HDB6><: 
1. �%&2>C 3 EF4?P >BAEFDG>J<BAA4S G7?9DB8<EF4S B5O>AB69AAB7B 

>4K9EF64, 7DGCCO �, CBEF46?S9@4S E 74D4AF<DB64AAO@ I<@<K9E><@ EBEF46B@, 
AB@9D 2, ><CSM4S. 

2. %&5�CE 3 EF4?P >BAEFDG>J<BAA4S B5O>AB69AAB7B >4K9EF64, 7DGCCO, 

CBEF46?S9@4S E 74D4AF<DB64AAO@< @9I4A<K9E><@< E6B=EF64@<, AB@9D 5, 
EB89D:4A<9 @4D74AJ4 8B 1%, CB?GECB>B=A4S. 

3. �%F3EC - EF4?P >BAEFDG>J<BAA4S G7?9DB8<EF4S B5O>AB69AAB7B 
>4K9EF64, 7DGCCO �, CBEF46?S9@4S E 74D4AF<DB64AAO@ I<@<K9E><@ EBEF46B@ < 
@9I4A<K9E><@< E6B=EF64@<, AB@9D 3, ECB>B=A4S. 

�4K9EF69AA4S >BAEFDG>J<BAA4S EF4?P 3 EF4?P E ;4@9FAB @9APL<@ 
EB89D:4A<9@ E9DO, HBEHBD4 < 8DG7<I 6D98AOI CD<@9E9=. "5B;A4K49FES 
EB7?4EAB �"%& 1050-88. %F4?P @4D><DGRF 86G;A4KAO@< K<E?4@<, >BFBDO9 
B5B;A4K4RF EB89D:4A<9 G7?9DB84 6 EBFOI 8B?SI CDBJ9AF4, < CBEF46?SRF E 
74D4AF<DB64AAO@< CB>4;4F9?S@< I<@<K9E>B7B EBEF464 < @9I4A<K9E><I E6B=EF6. 
#B EF9C9A< B><E?9A<S EF4?P CB8D4;89?SRF A4 ><CSMGR (>C), CB?GECB>B=AGR 
(CE), ECB>B=AGR (59; G>4;4A<S <A89>E4). �G>64 � 6 @4D>4I EF4?9= G>4;O649F A4 
CB6OL9AAB9 EB89D:4A<9 @4D74AJ4 (8B 1%). 

#D<@9DO B5B;A4K9A<S < D4EL<HDB6><: 
1. %F4?P 05>C 3 EF4?P >BAEFDG>J<BAA4S A<;>BG7?9DB8<EF4S, >4K9EF69AA4S, 

EB89D:4M4S G7?9DB84 0,05%, ><CSM4S. 2. %F4?P 25 - EF4?P >BAEFDG>J<BAA4S 
A<;>BG7?9DB8<EF4S, >4K9EF69AA4S, EB89D:4M4S G7?9DB84 0,25%, ECB>B=A4S. 3. 
%F4?P 60� - EF4?P >BAEFDG>J<BAA4S ED98A9G7?9DB8<EF4S, >4K9EF69AA4S, 
EB89D:4M4S G7?9DB84 0,6%, @4D74AJ4 1%, ECB>B=A4S. 

�AEFDG@9AF4?PAO= G7?9DB8<EFO9 EF4?< @4D><DGRF 6 EBBF69FEF6<< E 
�"%& 1435-90. 

�AEFDG@9AF4?PAO9 G7?9DB8<EFO9 EF4?< 6OCGE>4RF E?98GRM<I @4DB>: 
'7.'8��.'8�, '9, ' 10, ' 11, ' 12 < '13. *<HDO G>4;O64RF A4 EB89D:4A<9 
G7?9DB84 6 89ESFOI 8B?SI CDBJ9AF4. �G>64 � CBE?9 J<HDO B;A4K49F, KFB EF4?P 
<@99F CB6OL9AAB9 EB89D:4A<9 @4D74AJ4.  4D>4 <AEFDG@9AF4?PAB= 
G7?9DB8<EFB= EF4?< 6OEB>B7B >4K9EF64 <@99F 5G>6G �. 
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#D<@9DO B5B;A4K9A<S < D4EL<HDB6><: 
1. '12 3 EF4?P <AEFDG@9AF4?PA4S, 6OEB>BG7?9DB8<EF4S, EB89D:4M4S 1,2% 

G7?9DB84, >4K9EF69AA4S. 2. '8�� - EF4?P <AEFDG@9AF4?PA4S, 
6OEB>BG7?9DB8<EF4S, EB89D:4M4S 0,8% G7?9DB84, 1% @4D74AJ4, 
6OEB>B>4K9EF69AA4S 3. '9� - EF4?P <AEFDG@9AF4?PA4S, 6OEB>BG7?9DB8<EF4S, 
EB89D:4M4S 0,9% G7?9DB84, 6OEB>B>4K9EF69AA4S. 

�97<DB64AAB= A4;O64RF EF4?P EB EC9J<4?PAB 66989AAO@ B8A<@ <?< 5B?99 
?97<DGRM<@ Q?9@9AFB@. 

"5B;A4K9A<9 ?97<DB64AAOI EF4?9= 
�97<DB64AAO9 EF4?< @4D><DGRFES >B@5<A4J<9= J<HD < ;47?46AOI 5G>6 

4?H46<F4. � B5B;A4K9A<< A9F E?B64 «EF4?P» <?< E<@6B?4 «%F». !4CD<@9D, 40), 
38) 10�, 20)13. #9D6O9 869 J<HDO B5B;A4K4RF EB89D:4A<9 G7?9DB84 6 EBFOI 

8B?SI CDBJ9AF4. %?98GRM<9 5G>6O S6?SRFES EB>D4M9AAO@ B5B;A4K9A<9@ 

Q?9@9AF4. *<HDO, EFBSM<9 CBE?9 5G>6, B5B;A4K4RF EB89D:4A<9 QFB7B Q?9@9AF4 
6 J9?OI CDBJ9AF4I. �E?< ;4 5G>6B= A9 EFB<F J<HD4, ;A4K<F EB89D:4A<9 QFB7B 

Q?9@9AF4 8B 1%. 

&45?<J4 4. "5B;A4K9A<9 Q?9@9AFB6 @4D>4 
      

�?R@<A<= Al .  B?<589A  B   

�D9@A<= Si C %9?9A Se � 

�;BF N � �B?PHD4@ W � 

�BD � $ !<>9?P Ni ! 

 4D74A9J Mn � *<D>BA<= Zr * 

 98P Cu � �9?9;B Fe � 

�4A48<= V ( &<F4A Ti T 

- !<B5<= Nb � �B54?PF Co � 

&4AF4? &4 &4 )DB@ Cr ) 

 

�?S <;7BFB6?9A<S <;@9D<F9?PAOI <AEFDG@9AFB6 CD<@9ASRF X, )��. 
%F4?< 8?S LF4@CB6: 9), )12 , 3)2!8(. %F4?< 8?S G84DAB7B <AEFDG@9AF4: 
4)%, 5)�2%. 

"5B;A4K9A<9 5OEFDBD9:GM<I EF4?9= 
�E9 5OEFDBD9:GM<9 EF4?< S6?SRFES 6OEB>B?97<DB64AAO@<. -FB EF4?< 

8?S BEA4M9A<S D45BK9= K4EF< D9;JB6, HD9;, E69D? < F.8.  4D><DB6>4 
5OEFDBD9:GM<I EF4?9= 6E9784 A4K<A49FES E 5G>6O $ < K<E?4, CB>4;O64RM97B 
EB89D:4A<9 6B?PHD4@4 6 CDBJ9AF4I. !4<5B?99 D4ECDBEFD4A9AAO@< @4D>4@< 
S6?SRFES $9, $18, $12. 

�97<DB64AAO9 EF4?< E BEB5O@< E6B=EF64@<. 
1. �BDDB;<BAABEFB=><9 EF4?<. �BDDB;<BAABEFB=>B= (<?< A9D:469RM9=) 

A4;O64RF EF4?P, B5?484RMGR 6OEB>B= I<@<K9E>B= EFB=>BEFPR 6 47D9EE<6AOI 
ED984I. �BDDB;<BAABEFB=><9 EF4?< CB?GK4RF ?97<DB64A<9@ A<;>B- < 
ED98A9G7?9DB8<EFOI EF4?9= IDB@B@, A<>9?9@, F<F4AB@, 4?R@<A<9@, @4D74AJ9@. 
�AF<>BDDB;<BAAO9 E6B=EF64 EF4?S@ CD<84RF 66989A<9@ 6 A<I 5B?PLB7B 
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>B?<K9EF64 IDB@4 <?< IDB@4 < A<>9?S. !4<5B?PL99 D4ECDBEFD4A9A<9 CB?GK<?< 

IDB@<EFO9 < IDB@BA<>9?96O9 EF4?<. !4CD<@9D, IDB@<EFO9 EF4?< 95)18, 30)13, 
08)17&. 

)DB@BA<>9?96O9 A9D:469RM<9 <@9RF 5B?PLGR >BDDB;<=AGR EFB=>BEFP, 
K9@ IDB@<EFO9 EF4?<, B5?484RF CB6OL9AAB= CDBKABEFPR < IBDBL9= 
F9IAB?B7<KABEFPR 6 BFABL9A<< B5D45BF>< 846?9A<9@. !4CD<@9D, 12)18!10&, 
08)10!20&2. 

2. �4DBEFB=><9 B5?484RF EFB=>BEFPR CDBF<6 I<@<K9E>B7B D4;DGL9A<S 6 
74;B6OI ED984I, D45BF4RM<9 6 E?45BA47DG:9AAB@ EBEFBSA<<. 

3. �4DBCDBKAO9 EF4?< 3 QFB EF4?<, ECBEB5AO9 6O89D:<64FP @9I4A<K9E><9 
A47DG;>< 59; EGM9EF69AAOI 89HBD@4J<= CD< 6OEB><I F9@C9D4FGD4I. � K<E?G 
:4DBCDBKAOI BFABESF EF4?<, EB89D:4M<9 IDB@, >D9@A<=, @B?<589A, A<>9?P < 

8D. !4CD<@9D, 40)10%2 , 11)11!2�2 (. 
4. �;ABEBEFB=><9 3 EF4?<, B5?484RM<9 CB6OL9AAB= EFB=>BEFPR > 
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