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D94?<;4J<< CDBJ9EEB6 D4;D45BF><, F9EF<DB64A<S, Q>EC?G4F4J<<, BCF<@<;4J<< 
BC9D4J<BAAB7B B>DG:9A<S, B5AB6?9A<S < @<7D4J<< A4 D4;?<KAO9 69DE<< CD<?B:9A<=. 
 

3.2. &<CB6O9 ;484A<S 8?S CDB6989A<S CDB@9:GFBKAB= 4FF9EF4J<< CB 8<EJ<C?<A9  
1. (GA>J<< < 4DI<F9>FGDAO9 FD95B64A<S > "%, 4CC4D4FAO9, CDB7D4@@AO9 < <A-

HBD@4J<BAAO9 D9EGDEO 6OK<E?<F9?PAB= E<EF9@O. 
2. �?4EE<H<>4J<S "%, 4DI<F9>FGDAO9 CB8IB8O > CBEFDB9A<R "%, D4ECD989?9A<9 
HGA>J<= @9:8G >B@CBA9AF4@< "%. 
3. %?G:5O < E9D6<EO, ED98EF64 4CC4D4FAB= CB889D:><, @4L<AAB-;46<E<@O9 >B@CBA9AFO 
"%. 
4. #BASF<9 CDBJ9EE4, E6B=EF64 CDBJ9EE4, D94?<;4J<S CDBJ9EE4, 89E>D<CFBD CDBJ9EE4, 
6;4<@B89=EF6<9 CDBJ9EEB6, >D<F<K9E><= D9EGDE, >D<F<K9E><= GK4EFB> CDBJ9EE4. 



5. %<AIDBA<;4J<S CDBJ9EEB6 E CB@BMPR Q?9@9AF4DAOI CD<9@B6 A<:A97B GDB6AS, 
4CC4D4FAO9 A989?<@O9 BC9D4J<< "�?B><DB6>4 C4@SF<" < "#DB69D<FP < GEF4AB6<FP", 
4?7BD<F@ �9>>9D4. 
6. %9@4HBDO B5M<9 < 86B<KAO9, E<AIDBA<;4J<S CDBJ9EEB6 A4 86B<KAOI E9@4HBD4I, 
;484K4 "#BEF46M<>-CBFD95<F9?P". 
7. %<AIDBA<;4J<S CDBJ9EEB6 E CB@BMPR CD<9@B6 69DIA97B GDB6AS; @BA<FBD )B4D4; 
@BA<FBD, BEAB64AAO= A4 GCD46?SRM9= EFDG>FGD9 «&45?<J4 E<AIDBA<;4J<<»; GCD46?9A<9 
CDBJ9EE4@< A4 BEAB69 F45?<JO E<AIDBA<;4J<<; CDBJ98GDO TP, TV, WAIT, POST, CDBJ9EE 
CLOCK. 
8. "CD989?9A<9 FGC<>4; GE?B6<S 6B;A<>AB69A<S FGC<>B6; CD98BF6D4M9A<9 FGC<>B6, 
BEAB64AAB9 A4 A4DGL9A<< B8AB7B <; GE?B6<= 6B;A<>AB69A<S FGC<>4; 8<A4@<K9E><= B5IB8 
FGC<>B6; 4?7BD<F@ 54A><D4. 
9. $4ECD989?9A<9 6D9@9A< CDBJ9EEBD4, EBEFBSA<S CDBJ9EE4, @9FB8O C?4A<DB64A<S 6 
@G?PF<CDB7D4@@AOI E<EF9@4I, 6OF9EASRM99 < A96OF9EASRM99 C?4A<DB64A<9.  
10. $4;89?9A<9 6D9@9A<, >64AFB64A<9 6D9@9A<, C?4A<DB64A<9 6 E<EF9@4I C4>9FAB= 
B5D45BF><, C?4A<DB64A<9 6 E<EF9@4I D94?PAB7B 6D9@9A<, C?4A<DB64A<9 6 <AF9D4>F<6AOI 
E<EF9@4I. 
11. #?4A<DB64A<9 CB A4<6OEL9@G CD<BD<F9FG, >DG7B6BDBF, BK9D98< E B5D4FAB= E6S;PR, 
@AB7BGDB6A96O9 BK9D98< E B5D4FAB= E6S;PR. 
12. �DI<F9>FGD4 C4@SF<, <@9AGRM4S HGA>J<S, HGA>J<S C4@SF<, HGA>J<S EB89D:<@B7B, 
ECBEB5O B5N98<A9A<S @B8G?9=, 8<A4@<K9E>B9 E6S;O64A<9 @B8G?9=, D4ECD989?9A<9 C4@SF<, 
EF4F<K9E>B9 < 8<A4@<K9E>B9 D4ECD989?9A<9. 
13. %FD4F97<< D4ECD989?9A<S C4@SF<, C9D9>DOF<9 CDB7D4@@, CBC9D9@9AA4S ;47DG;>4 
;484A<=. 
14. %97@9AF4J<S CDB7D4@@, 6A9LASS HD47@9AF4J<S. 
15. %FD4A<KA4S BD74A<;4J<S C4@SF<, 6AGFD9AASS HD47@9AF4J<S. 
16. %97@9AF4J<S CDB7D4@@ 6 EBK9F4A<< EB EFD4A<KAB= BD74A<;4J<9= C4@SF<. 
17. �QL<DB64A<9 48D9EG9@OI B5N9>FB6 < BFB5D4:9A<= 6<DFG4?PAOI 48D9EB6 A4 D94?PAO9. 
18.  AB7BGDB6A964S BD74A<;4J<S 6<DFG4?PAB= C4@SF<, EFD4F97<< D4ECD989?9A<S C4@SF< 
8?S E97@9AFB6 C9D9@9AAB= 8?<AO, EC<EB> E6B5B8AB= C4@SF<, ECBEB5O 97B BD74A<;4J<<. 
19. %C<E>< CGEFBF, GCBDS8BK9AAO9 CB 48D9E4@ CGEFBF, CB D4;@9DG CGEFBFO; %C<E>< CGEFBF, 
BD74A<;B64AAO9 6 6<89 E<EF9@O D4EM9C?9A<S; GC?BFA9A<9.  
20. %FD4F97<< D4ECD989?9A<S 8?S EFD4A<J H<>E<DB64AAB= 8?<AO. %FD4F97<< CB8>4K9> 
EFD4A<J, CB8>4K>4 CB ;4CDBEG, BC9D9:4RM4S CB8>4K>4, EFD4F97<< 6OF9EA9A<S EFD4A<J. 
21. 'CD46?9A<9 6A9LA<@< GEFDB=EF64@<, C?4A<DB64A<9 D45BFO E @47A<FAO@< 8<E>4@<, 
J9?< < CD<AJ<CO C?4A<DB64A<S, BCF<@<;4J<S 6D9@9A< CB<E>4 J<?<A8D4. 
22. "CF<@<;4J<S 6D9@9A< B:<84A<S ;4C<E<, >BAH<7GD<DB64A<9 CB8E<EF9@O 6A9LA9= 
C4@SF< �%.  
23. (GA>J<< H4=?B6B= E<EF9@O.  AB7BGDB6A964S BD74A<;4J<S E<EF9@O GCD46?9A<S 
H4=?4@<. �6B8-6O6B8, BFB5D4:49@O= A4 48D9EAB9 CDBEFD4AEF6B BC9D4F<6AB= C4@SF<. 
 AB7BE?B=A4S @B89?P CB8E<EF9@O 66B84-6O6B84. �B7<K9E>4S < H<;<K9E>4S BD74A<;4J<S 
H4=?B6B= E<EF9@O.  
24. (4=?B6O9 BC9D4J<<, @9FB8O 8BEFGC4 > ;4C<ES@ H4=?4 (E<AIDBAAO=/4E<AIDBAAO=, 
CBE?98B64F9?PAO=/CDS@B=), 89E>D<CFBD H4=?4, J9?BEFABEFP H4=?B6OI E<EF9@, 
<;5OFBKAO9 8<E>B6O9 RAID-E<EF9@O. 



25. #D<AJ<CO BJ9A>< CDB<;6B8<F9?PABEF< 6OK<E?<F9?PAB= E<EF9@O, J9?< <EE?98B64A<= < 
CB>4;4F9?< CDB<;6B8<F9?PABEF<, C<>B64S < D94?PA4S CDB<;6B8<F9?PABEFP, @9FB8O BJ9A>< 
CDB<;6B8<F9?PABEF<. 
26. &9EFO CDB<;6B8<F9?PABEF<: CDB<;6B8<F9?9=, EF4A84DFAO9, CB?P;B64F9?9=. 
27. �4M<F4 B5N9>FB6 "%, 4GF9AF<H<>4J<S, 46FBD<;4J<S, 4G8<F, 4>F<6AO9 < C4EE<6AO9 
Q?9@9AFO EH9DO ;4M<FO, B5N9>FO ;4M<FO, EG5N9>FO 8BEFGC4 > ;4M<M49@O@ B5N9>F4@. 
28. �B@9AO < 6B;@B:ABEF<, BC<E4A<9 EF4FGE4 ;4M<FO, 4FD<5GFO 8BEFGC4, GCD46?9A<9 
EF4FGEB@ ;4M<FO. 
29.  4FD<KAB9 CD98EF46?9A<9 EF4FGE4 ;4M<FO, EC<E>< 6B;@B:ABEF9=, EC<E>< GCD46?9A<S 
8BEFGCB@, @9I4A<;@ «;4@B>->?RK». 
30. �D<CFB7D4H<S, >D<CFB7D4H<K9E><9 E9>D9FAO9 E<EF9@O, L<HD, E<EF9@O E BF>DOFO@< 
>?RK4@<, J<HDB6O9 CB8C<E<, EI9@O L<HDB64A<S. 
31. #D<DB84 C4D4??9?<;@4 >B@CPRF9DAOI 6OK<E?9A<=, 6OK<E?<F9?PAO9 E<EF9@O E 
B8ABDB8AB= (EBED98BFBK9AAB=) < A9B8ABDB8AB= (D4ECD989?9AAB=) C4@SFPR. 
32. SMP – E<@@9FD<KA4S @AB7BCDBJ9EEBDA4S B5D45BF>4, CMP – C9D9EFD4<649@4S 
E<@@9FD<KA4S @AB7BCDBJ9EEBDA4S B5D45BF>4, MPP – @AB7BCDBJ9EEBDA4S 4DI<F9>FGD4 E 
D4ECD989?9AAB= C4@SFPR (@4EEB6O= C4D4??9?<;@), >?4EF9DO – D4;AB6<8ABEFP  $$-

E<EF9@. 
33. �DI<F9>FGD4 cc-NUMA. 
34. %D98EF64 6<DFG4?<;4J<< 6OK<E?<F9?PAOI E<EF9@, 8B@9AA4S 4DI<F9>FGD4 
@AB7BCDBJ9EEBDAOI E<EF9@, E<EF9@AO9 D4;89?O, D4;89?9A<9 CD<?B:9A<=, ED98EF64 
D4;D45BF>< C4D4??9?PAOI CDB7D4@@. 
35.  B89?P CDB7D4@@<DB64A<S 8?S �% E B5M9= (D4;89?S9@B=) C4@SFPR UMA (EF4A84DF 
OpenMP). 
36.  B89?P CDB7D4@@<DB64A<S 8?S �% E D4ECD989?9AAB= C4@SFPR NUMA (EF4A84DF MPI). 
37. !9S6A4S (4CC4D4FA4S) >B79D9AFABEFP 8?S EBED98BFBK9AAB= < D4ECD989?9AAB= C4@SF<. 
38.  B89?< EBEFBSF9?PABEF< @AB7BGDB6A96B= C4@SF<, 4?7BD<F@ MESI 8?S 
EBED98BFBK9AAB= C4@SF<. 
39. �?7BD<F@ DASH 8?S D4ECD989?9AAB= C4@SF<, S6A4S (CDB7D4@@A4S) >B79D9AFABEFP 8?S 
�% E @4EEB6O@ C4D4??9?<;@B@. 
40.  4ELF45<DG9@O= >B79D9AFAO= <AF9DH9=E SCI.  
41. &<CO @G?PF<CDBJ9EEBDAOI "%, @B89?P @G?PF<CDBJ9EEBDAB= "% E <A8<6<8G4?PAB= "% 
8?S >4:8B7B CDBJ9EEBD4, @B89?P 4E<@@9FD<KAB= @G?PF<CDBJ9EEBDAB= "% «IB;S<A-

CB8K<A9AAO=», @B89?P E<@@9FD<KAB= @G?PF<CDBJ9EEBDAB= "%. 
42. #?4A<DB64A<9 6D9@9A< @G?PF<CDBJ9EEBD4 8?S A9E6S;4AAOI CDBJ9EEB6, DB8EF69AAB9 
C?4A<DB64A<9. 
43. #?4A<DB64A<9 6D9@9A< @G?PF<CDBJ9EEBD4 8?S E6S;4AAOI CDBJ9EEB6, 5D<748AB9 
C?4A<DB64A<9. 
44. �B@@GA<>4J<BAAB9 CDB7D4@@AB9 B59EC9K9A<9 (#") GDB6AS CB?P;B64F9?S; #", 
BEAB64AAB9 A4 C9D984K9 EBB5M9A<=; #", BEAB64AAB9 A4 G84?9AAB@ 6O;B69 CDBJ98GD; #", 
BEAB64AAB9 A4 D4ECD989?9AAB= C4@SF< EB6@9EFAB7B 8BEFGC4. 
45. %D98EF64 6;4<@B89=EF6<S D4ECD989?9AAOI �%; #", BEAB64AAB9 A4 8B>G@9AF9; #", 
BEAB64AAB9 A4 D4ECD989?9AAB= H4=?B6B= E<EF9@9; #", BEAB64AAB9 EB6@9EFAB 
<ECB?P;G9@OI B5N9>F4I; #", BEAB64AAB9 A4 >BBD8<A4J<<.  
46. �<DFG4?PA4S <AHD4EFDG>FGD4, 8B@9AA4S 4DI<F9>FGD4 @AB7BCDBJ9EEBDAOI 
6OK<E?<F9?PAOI E<EF9@, E<EF9@AO9 < CD<>?48AO9 D4;89?O �%. 



47. $4;89?9A<9 �% A4 >?4EEO CD<?B:9A<=.  
48. #D<@9A9A<S F9IAB?B7<= 6<DFG4?<;4J<<: D4;D45BF>4 < F9EF<DB64A<9 #"; 
@B89?<DB64A<9 D45BFO D94?PAOI E<EF9@ A4 <EE?98B64F9?PE><I EF9A84I; >BAEB?<84J<S 
E9D69DB6 E J9?PR CB6OL9A<S QHH9>F<6ABEF< <ECB?P;B64A<S B5BDG8B64A<S; >BAEB?<84J<S 
E9D69DB6 6 D4@>4I D9L9A<S ;484K CB889D:>< GA4E?98B64AAOI CD<?B:9A<=; 89@BAEFD4J<S 
< <;GK9A<9 AB6B7B #"; D4;69DFO64A<9 < B5AB6?9A<9 CD<>?48AB7B #" 6 GE?B6<SI 
89=EF6GRM<I <AHBD@4J<BAAOI E<EF9@; D45BF4 A4 #� E D4;ABDB8AO@< BC9D4J<BAAO@< 
ED984@<. 
 

4. �9FB8<K9E><9 @4F9D<4?O, BCD989?ONщ<9 CDBJ98GDO BJ9A<64A<O 
B5D4;B64F9?PAOI D9;G?PF4FB6 B5GK9A<O  
 

4.1.  9FB8<K9E><9 @4F9D<4?O 8?S BJ9A>< F9>GM97B >BAFDB?S GEC9649@BEF< CB 
8<EJ<C?<A9. 

&9>GM<= >BAFDB?P GEC9649@BEF< CB F9BD9F<K9E>B@G @4F9D<4?G BEGM9EF6?S9FES 6 
6<89 >BAFDB?PAOI D45BF.  

"J9A>4 F9>GM97B >BAFDB?S CDB6B8<FES A4 BEAB69 BJ9A>< >B@C9F9AJ<=, 
EBBF69FEF6GRM<I F9>GM9@G D4;89?G 8<EJ<C?<AO, EB7?4EAB F45?<J9 D4;89?4 1. 

 

4.2.  9FB8<K9E><9 @4F9D<4?O 8?S CDB6989A<S CDB@9:GFBKAB= 4FF9EF4J<< CB 
8<EJ<C?<A9. 

�FB7B64S BJ9A>4 CB CD98@9FG (Q>;4@9A) 6OEF46?S9FES E?98GRM<@ B5D4;B@: 
«BF?<KAB» – EFG89AF A9 <@99F A9G8B6?9F6BD<F9?PAOI BJ9AB> ;4 >BAFDB?PAO9 

D45BFO, ED98ASS (B>DG7?9AA4S) BJ9A>4 ;4 >BAFDB?PAO9 D45BFO – «BF?<KAB», EFG89AF 
CB>4;4? F6BDK9E>B9 BFABL9A<9 > B5GK9A<R, 6 EB69DL9AEF69 B6?489? 6E9@< 
F9BD9F<K9E><@< 6BCDBE4@< CBEFDB9A<S < 4A4?<;4 BC9D4J<BAAOI E<EF9@ < <I >B@CBA9AF, 
CB>4;4? 6E9 FD95G9@O9 G@9A<S < A46O>< 6 D45BF9 E 8BCB?A<F9?PAO@< <EFBKA<>4@< 
<AHBD@4J<< < �AF9DA9F-D9EGDE4@<; 

«IBDBLB» – EFG89AF A9 <@99F A9G8B6?9F6BD<F9?PAOI BJ9AB> ;4 >BAFDB?PAO9 
D45BFO, ED98ASS (B>DG7?9AA4S) BJ9A>4 ;4 >BAFDB?PAO9 D45BFO – «IBDBLB», EFG89AF B6?489? 
6E9@< F9BD9F<K9E><@< 6BCDBE4@< CBEFDB9A<S D4;?<KAOI 4DI<F9>FGDAOI @B89?9= 
BC9D4J<BAAOI E<EF9@ < E<EF9@AOI CDBJ9EEB6 B5D45BF>< 84AAOI, K4EF<KAB B6?489? 
A46O>4@< 4A4?<;4 QHH9>F<6ABEF< D4;?<KAOI EFD4F97<= GCD46?9A<S D9EGDE4@< 
6OK<E?<F9?S; 

«G8B6?9F6BD<F9?PAB» – EFG89AF A9 <@99F A9G8B6?9F6BD<F9?PAOI BJ9AB> ;4 
>BAFDB?PAO9 D45BFO, ED98ASS (B>DG7?9AA4S) BJ9A>4 ;4 >BAFDB?PAO9 D45BFO – 
«G8B6?9F6BD<F9?PAB», студент <@99F A98BEF4FBKAB 7?G5B><9 ;A4A<S CB F9BD9F<K9E><@ 
D4;89?4@ 8<EJ<C?<AO, A98BEF4FBKAB 6?4899F A46O>4@< ED46A<F9?PAB7B 4A4?<;4 D4;?<KAOI 
4DI<F9>FGDAOI D94?<;4J<= BC9D4J<BAAOI E<EF9@ < <I BF89?PAOI CB8E<EF9@; 

«A9G8B6?9F6BD<F9?PAB» – EFG89AF E84? IBFS 5O B8AG >BAFDB?PAGR D45BFG A4 
«A9G8B6?9F6BD<F9?PAB», EFG89AF <@99F EGM9EF69AAO9 CDB59?O CB BF89?PAO@ 
F9BD9F<K9E><@ D4;89?4@ 8<EJ<C?<AO < A9 6?4899F A46O>4@< EB89D:4F9?PAB7B 4A4?<;4 
@9FB8B6 CBEFDB9A<S BC9D4J<BAAOI E<EF9@. 

�B 6D9@S Q>;4@9A4 EFG89AF @B:9F CB6OE<FP E6BR BJ9A>G, E846 ;4AB6B 
EBBF69FEF6GRMGR >BAFDB?PAGR D45BFG, CD< GE?B6<< 6OCB?A9A<S BEF4?PAOI FD95B64A<= > 
BJ9A>9. 


