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E4@BEFBSF9?PAB EBEF46?SFP 4?7BD<F@ D9L9A<S ;484K< (<?< 97B K4EFP), 6O5<D4FP ECBEB5 
D9L9A<S GK95AB= ;484K< E GKёFB@ <@9RM<IES D9EGDEB6 < EB5EF69AAOI 6B;@B:ABEF9=, 
4D7G@9AF<DB64FP CD98?4749@O9 64D<4AFO D9L9A<=; 

EBEF46?SFP C?4A 89=EF6<= (C?4A D94?<;4J<< A4@9K9AAB7B 4?7BD<F@4 D9L9A<S), 
>BDD9>F<DB64FP CD98?B:9AAO= 4?7BD<F@ E GKёFB@ CB?GK9A<S AB6OI ;A4A<= B5 <;GK49@B@ B5N9>F9; 

CDB6B8<FP 6O5BD 6 GE?B6<SI CDBF<6BD9K<6B= <AHBD@4J<< < 5D4FP BF69FEF69AABEFP ;4 
D9L9A<9. 

%4@B>BAFDB?P (D9H?9>E<S): 
6?489FP ECBEB54@< E4@B>BAFDB?S, E4@B@BF<64J<< < D9H?9>E<<; 
8464FP BJ9A>G E<FG4J<< < CD98?474FP C?4A 9ё <;@9A9A<S; 
GK<FO64FP >BAF9>EF < CD986<89FP FDG8ABEF<, >BFBDO9 @B7GF 6B;A<>AGFP CD< D9L9A<< 

GK95AB= ;484K<, 484CF<DB64FP D9L9A<9 > @9ASRM<@ES B5EFBSF9?PEF64@; 
B5NSEASFP CD<K<AO 8BEF<:9A<S (A98BEF<:9A<S) D9;G?PF4FB6 <AHBD@4J<BAAB= 

89SF9?PABEF<, 8464FP BJ9A>G CD<B5D9FёAAB@G BCOFG, G@9FP A4IB8<FP CB;<F<6AB9 6 CDB<;BL98L9= 
E<FG4J<<; 

6ABE<FP >BDD9>F<6O 6 89SF9?PABEFP A4 BEAB69 AB6OI B5EFBSF9?PEF6, <;@9A<6L<IES 
E<FG4J<=, GEF4AB6?9AAOI BL<5B>, 6B;A<>L<I FDG8ABEF9=;  

BJ9A<64FP EBBF69FEF6<9 D9;G?PF4F4 J9?< < GE?B6<S@. 
1@BJ<BA4?PAO= <AF9??9>F: 
EF46<FP E95S A4 @9EFB 8DG7B7B K9?B69>4, CBA<@4FP @BF<6O < A4@9D9A<S 8DG7B7B; 
#D<ASF<9 E95S < 8DG7<I: 
BEB;A464FP A96B;@B:ABEFP >BAFDB?<DB64FP 6Eё 6B>DG7 84:9 6 GE?B6<SI BF>DOFB7B 8BEFGC4 > 

?R5O@ B5Nё@4@ <AHBD@4J<<. 
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� >BAJG B5GK9A<S 6 7 >?4EE9 G B5GK4RM97BES 5G8GF EHBD@<DB64AO E?98GRM<9 G@9A<S: 
89@BAEFD<DB64FP 6?489A<9 BEAB6AO@< CBASF<S@<: <AHBD@4J<S, C9D984K4, ID4A9A<9 < 

B5D45BF>4 <AHBD@4J<<, 4?7BD<F@, <ECB?P;B64FP <I 8?S D9L9A<S GK95AOI < CD4>F<K9E><I ;484K; 
>B8<DB64FP < 89>B8<DB64FP EBB5M9A<S CB ;484AAO@ CD46<?4@, 89@BAEFD<DB64FP CBA<@4A<9 

(CBSEASFP EGMABEFP) BEAB6AOI CD<AJ<CB6 >B8<DB64A<S <AHBD@4J<< D4;?<KAB= CD<DB8O: 
K<E?B6B=, F9>EFB6B= (6 D4;?<KAOI EB6D9@9AAOI >B8<DB6>4I), 7D4H<K9E>B= (6 D4EFDB6B@ < 
69>FBDAB@ CD98EF46?9A<<), 4G8<B, 6<89B; 

ED46A<64FP 8?<AO EBB5M9A<=, ;4C<E4AAOI 6 D4;?<KAOI 4?H46<F4I, BC9D<DB64FP 98<A<J4@< 
<;@9D9A<S <AHBD@4J<BAAB7B B5Nё@4 < E>BDBEF< C9D984K< 84AAOI; 

BJ9A<64FP < ED46A<64FP D4;@9DO F9>EFB6OI, 7D4H<K9E><I, ;6G>B6OI H4=?B6 < 6<89BH4=?B6; 
CD<6B8<FP CD<@9DO EB6D9@9AAOI GEFDB=EF6 ID4A9A<S < C9D984K< 84AAOI, ED46A<64FP <I 

>B?<K9EF69AAO9 I4D4>F9D<EF<><; 
CB?GK4FP < <ECB?P;B64FP <AHBD@4J<R B I4D4>F9D<EF<>4I C9DEBA4?PAB7B >B@CPRF9D4 < 97B 

BEAB6AOI Q?9@9AF4I (CDBJ9EEBD, BC9D4F<6A4S C4@SFP, 8B?7B6D9@9AA4S C4@SFP, GEFDB=EF64 66B84 < 
6O6B84); 

EBBFABE<FP I4D4>F9D<EF<>< >B@CPRF9D4 E ;484K4@<, D9L49@O@< E 97B CB@BMPR; 
6O89?SFP BEAB6AO9 QF4CO 6 <EFBD<< D4;6<F<S >B@CPRF9DB6, BEAB6AO9 F9A89AJ<< D4;6<F<S 

<AHBD@4J<BAAOI F9IAB?B7<=, 6 FB@ K<E?9 7?B54?PAOI E9F9=; 
BD<9AF<DB64FPES 6 <9D4DI<K9E>B= EFDG>FGD9 H4=?B6B= E<EF9@O (;4C<EO64FP CB?AB9 <@S 

H4=?4 (C4C><, >4F4?B74), CGFP > H4=?G (C4C>9, >4F4?B7G) CB <@9RM9@GES BC<E4A<R H4=?B6B= 
EFDG>FGDO A9>BFBDB7B <AHBD@4J<BAAB7B ABE<F9?S); 



D45BF4FP E H4=?B6B= E<EF9@B= C9DEBA4?PAB7B >B@CPRF9D4 < B5?4KAO@< ID4A<?<M4@< E 
<ECB?P;B64A<9@ 7D4H<K9E>B7B <AF9DH9=E4: EB;8464FP, >BC<DB64FP, C9D9@9M4FP, C9D9<@9AB6O64FP, 
G84?SFP < 4DI<6<DB64FP H4=?O < >4F4?B7<; 

EB5?R84FP FD95B64A<S 59;BC4EAB= Q>EC?G4F4J<< F9IA<K9E><I ED98EF6 ��", <@9FP 
CD98EF46?9A<9 B 6?<SA<< <ECB?P;B64A<S ED98EF6 ��" A4 ;8BDB6P9 CB?P;B64F9?S, G@9FP CD<@9ASFP 
@9FB8O CDBH<?4>F<>< ;45B?964A<=, E6S;4AAOI E <ECB?P;B64A<9@ J<HDB6OI GEFDB=EF6; 

EB5?R84FP E9F96B= QF<>9F, 54;B6O9 ABD@O <AHBD@4J<BAAB= QF<>< < CD464 CD< D45BF9 E 
CD<?B:9A<S@< A4 ?R5OI GEFDB=EF64I < 6 �AF9DA9F9, 6O5<D4FP 59;BC4EAO9 EFD4F97<< CB6989A<S 6 
E9F<; 

<ECB?P;B64FP D4;?<KAO9 ED98EF64 ;4M<FO BF 6D98BABEAB7B CDB7D4@@AB7B B59EC9K9A<S, 
B59EC9K<64FP ?<KAGR 59;BC4EABEFP CD< <ECB?P;B64A<< D9EGDEB6 E9F< �AF9DA9F, 6 FB@ K<E?9 
;4M<M4FP C9DEBA4?PAGR <AHBD@4J<R BF A9E4A>J<BA<DB64AAB7B 8BEFGC4 < 97B CBE?98EF6<= 
(D4;7?4L9A<S, CB8@9AO, GFD4FO 84AAOI) E GKёFB@ BEAB6AOI F9IAB?B7<K9E><I < EBJ<4?PAB-

CE<IB?B7<K9E><I 4EC9>FB6 <ECB?P;B64A<S E9F< �AF9DA9F (E9F964S 4ABA<@ABEFP, J<HDB6B= E?98, 
4GF9AF<KABEFP EG5N9>FB6 < D9EGDEB6, BC4EABEFP 6D98BABEAB7B >B84); 

<E>4FP <AHBD@4J<R 6 �AF9DA9F9 (6 FB@ K<E?9 CB >?RK96O@ E?B64@ < CB <;B5D4:9A<R), 
>D<F<K9E>< BFABE<FPES > A4=89AAB= <AHBD@4J<<, BEB;A464S BC4EABEFP 8?S ?<KABEF< < B5M9EF64 
D4ECDBEFD4A9A<S 6D98BABEAB= <AHBD@4J<<, 6 FB@ K<E?9 Q>EFD9@<EFE>B7B < F9DDBD<EF<K9E>B7B 
I4D4>F9D4; 

CBA<@4FP EFDG>FGDG 48D9EB6 695-D9EGDEB6; 
<ECB?P;B64FP EB6D9@9AAO9 E9D6<EO <AF9DA9F->B@@GA<>4J<=, J<HDB6O9 E9D6<EO 

7BEG84DEF69AAOI GE?G7, J<HDB6O9 B5D4;B64F9?PAO9 E9D6<EO; 
D4E>DO64FP E@OE? CBASF<= «<ECB?A<F9?P», «4?7BD<F@», «CDB7D4@@4», CBA<@4S D4;A<JG 

@9:8G GCBFD95?9A<9@ QF<I F9D@<AB6 6 B5O89AAB= D9K< < 6 <AHBD@4F<>9; 
BC<EO64FP 4?7BD<F@ D9L9A<S ;484K< D4;?<KAO@< ECBEB54@<, 6 FB@ K<E?9 6 6<89 5?B>-EI9@O; 
D4;5<64FP ;484K< A4 CB8;484K<, EBEF46?SFP, 6OCB?ASFP 6DGKAGR < A4 >B@CPRF9D9 A9E?B:AO9 

4?7BD<F@O E <ECB?P;B64A<9@ 69F6?9A<=, J<>?B6 < 6ECB@B74F9?PAOI 4?7BD<F@B6 8?S GCD46?9A<S 
<ECB?A<F9?S@<, F4><@< >4>  B5BF, '9D9C4L>4, '9DFё:A<>; 

CD98EF46?SFP D9;G?PF4FO E6B9= 89SF9?PABEF< 6 6<89 EFDG>FGD<DB64AAOI <??REFD<DB64AAOI 
8B>G@9AFB6, @G?PF<@98<=AOI CD9;9AF4J<=, 89@BAEFD<DGS 6?489A<9 G@9A<S@< < A46O>4@< 
<ECB?P;B64A<S <AHBD@4J<BAAOI < >B@@GA<>4J<BAAOI F9IAB?B7<= 8?S CB<E>4, ID4A9A<S, 
B5D45BF>< < C9D984K< < 4A4?<;4 D4;?<KAOI 6<8B6 <AHBD@4J<<, HBD@<DB64FP ?<KAB9 
<AHBD@4J<BAAB9 CDBEFD4AEF6B. 

 

� >BAJG B5GK9A<S 6 8 >?4EE9 G B5GK4RM97BES 5G8GF EHBD@<DB64AO E?98GRM<9 G@9A<S: 
CBSEASFP D4;?<K<S @9:8G CB;<J<BAAO@< < A9CB;<J<BAAO@< E<EF9@4@< EK<E?9A<S; 
;4C<EO64FP, ED46A<64FP < CDB<;6B8<FP 4D<H@9F<K9E><9 BC9D4J<< A48 J9?O@< K<E?4@< 6 

CB;<J<BAAOI E<EF9@4I EK<E?9A<S; 
BC9D<DB64FP CBASF<S@< «6OE>4;O64A<9», «?B7<K9E>4S BC9D4J<S», «?B7<K9E>B9 6OD4:9A<9»; 
;4C<EO64FP ?B7<K9E><9 6OD4:9A<S E <ECB?P;B64A<9@ 8<;NRA>J<<, >BANRA>J<<, BFD<J4A<S, 

<@C?<>4J<< < Q>6<64?9AJ<<, BCD989?SFP <EF<AABEFP ?B7<K9E><I 6OD4:9A<= CD< <;69EFAOI 
;A4K9A<SI <EF<AABEF< 6IB8SM<I 6 A97B C9D9@9AAOI; 

EFDB<FP F45?<JO <EF<AABEF< 8?S ?B7<K9E><I 6OD4:9A<=, EFDB<FP ?B7<K9E><9 6OD4:9A<S CB 
F45?<J4@ <EF<AABEF<; 

GCDBM4FP ?B7<K9E><9 6OD4:9A<S, <ECB?P;GS ;4>BAO 4?795DO ?B7<><; 
CD<6B8<FP CD<@9DO ?B7<K9E><I Q?9@9AFB6 >B@CPRF9D4; 
6O5<D4FP CB8IB8SM<= 4?7BD<F@ 8?S D9L9A<S ;484K<; 



BC9D<DB64FP CBASF<S@<: C9D9@9AA4S, F<C 84AAOI, BC9D4J<S CD<E64<64A<S, 4D<H@9F<K9E><9 
< ?B7<K9E><9 BC9D4J<<, 6>?RK4S BC9D4J<< J9?BK<E?9AAB7B 89?9A<S < BEF4F>4 BF 89?9A<S; 

<ECB?P;B64FP >BAEF4AFO < C9D9@9AAO9 D4;?<KAOI F<CB6 (K<E?B6OI 3 J9?OI < 69M9EF69AAOI, 
?B7<K9E><I, E<@6B?PAOI), 4 F4>:9 EB89D:4M<9 <I 6OD4:9A<S, <ECB?P;B64FP BC9D4FBD 
CD<E64<64A<S; 

;4C<EO64FP ?B7<K9E><9 6OD4:9A<S A4 <;GK49@B@ S;O>9 CDB7D4@@<DB64A<S; 
4A4?<;<DB64FP CD98?B:9AAO9 4?7BD<F@O, 6 FB@ K<E?9 BCD989?SFP, >4><9 D9;G?PF4FO 

6B;@B:AO CD< ;484AAB@ @AB:9EF69 <EIB8AOI ;A4K9A<=, BCD989?SFP 6B;@B:AO9 6IB8AO9 84AAO9, 
CD<6B8SM<9 > BCD989?ёAAB@G D9;G?PF4FG; 

EB;8464FP < BF?4:<64FP CDB7D4@@O A4 EB6D9@9AAB@ S;O>9 CDB7D4@@<DB64A<S B5M97B 
A4;A4K9A<S (Python, !++, Java, C#), D94?<;GRM<9 4?7BD<F@O B5D45BF>< K<E?B6OI 84AAOI E 
<ECB?P;B64A<9@ 69F6?9A<= (A4IB:89A<9 @<A<@G@4 < @4>E<@G@4 <; 86GI, FDёI < K9FODёI K<E9?, 
D9L9A<9 >648D4FAB7B GD46A9A<S, <@9RM97B 69M9EF69AAO9 >BDA<); 

EB;8464FP < BF?4:<64FP CDB7D4@@O A4 EB6D9@9AAB@ S;O>9 CDB7D4@@<DB64A<S B5M97B 
A4;A4K9A<S <; CD<698ёAAB7B 6OL9 EC<E>4, D94?<;GRM<9 4?7BD<F@O B5D45BF>< K<E?B6OI 84AAOI 
E <ECB?P;B64A<9@ J<>?B6 E C9D9@9AAB=, J<>?B6 E GE?B6<S@< (4?7BD<F@O A4IB:89A<S A4<5B?PL97B 
B5M97B 89?<F9?S 86GI A4FGD4?PAOI K<E9?, CDB69D>< A4FGD4?PAB7B K<E?4 A4 CDBEFBFG, D4;?B:9A<S 
A4FGD4?PAB7B K<E?4 A4 CDBEFO9 EB@AB:<F9?<, 6O89?9A<S J<HD <; A4FGD4?PAB7B K<E?4); 

EB;8464FP < BF?4:<64FP CDB7D4@@O A4 EB6D9@9AAB@ S;O>9 CDB7D4@@<DB64A<S B5M97B 
A4;A4K9A<S <; CD<698ёAAB7B 6OL9 EC<E>4, D94?<;GRM<9 4?7BD<F@O B5D45BF>< CBFB>4 84AAOI 
(6OK<E?9A<9 >B?<K9EF64, EG@@O, ED98A97B 4D<H@9F<K9E>B7B, @<A<@4?PAB7B < @4>E<@4?PAB7B 
;A4K9A<= Q?9@9AFB6 K<E?B6B= CBE?98B64F9?PABEF<, G8B6?9F6BDSRM<I ;484AAB@G GE?B6<R); 

EB;8464FP < BF?4:<64FP CDB7D4@@O A4 EB6D9@9AAB@ S;O>9 CDB7D4@@<DB64A<S B5M97B 
A4;A4K9A<S <; CD<698ёAAB7B 6OL9 EC<E>4, D94?<;GRM<9 4?7BD<F@O B5D45BF>< E<@6B?PAOI 
84AAOI (CBE<@6B?PA4S B5D45BF>4 EFDB>, CB8EKёF K4EFBFO CBS6?9A<S E<@6B?4 6 EFDB>9, 
<ECB?P;B64A<9 6EFDB9AAOI HGA>J<= 8?S B5D45BF>< EFDB>); 

EB;8464FP < BF?4:<64FP CDB7D4@@O, D94?<;GRM<9 F<CB6O9 4?7BD<F@O B5D45BF>< 
B8AB@9DAOI K<E?B6OI @4EE<6B6, A4 B8AB@ <; S;O>B6 CDB7D4@@<DB64A<S <; CD<698ёAAB7B 6OL9 
EC<E>4: ;4CB?A9A<9 K<E?B6B7B @4EE<64 E?GK4=AO@< K<E?4@<, 6 EBBF69FEF6<< E HBD@G?B= <?< 
CGFё@ 66B84 K<E9?, ?<A9=AO= CB<E> ;484AAB7B ;A4K9A<S 6 @4EE<69, CB8EKёF Q?9@9AFB6 @4EE<64, 
G8B6?9F6BDSRM<I ;484AAB@G GE?B6<R, A4IB:89A<9 EG@@O, @<A<@4?PAB7B < @4>E<@4?PAB7B 
;A4K9A<= Q?9@9AFB6 @4EE<64; 

<ECB?P;B64FP Q?9>FDBAAO9 F45?<JO 8?S B5D45BF><, 4A4?<;4 < 6<;G4?<;4J<< K<E?B6OI 
84AAOI, 6 FB@ K<E?9 E 6O89?9A<9@ 8<4C4;BA4 F45?<JO < GCBDS8BK<64A<9@ (EBDF<DB6>B=) 97B 
Q?9@9AFB6; 

EB;8464FP < CD<@9ASFP 6 Q?9>FDBAAOI F45?<J4I HBD@G?O 8?S D4EKёFB6 E <ECB?P;B64A<9@ 
6EFDB9AAOI 4D<H@9F<K9E><I HGA>J<= (EG@@<DB64A<9, 6OK<E?9A<9 ED98A97B 4D<H@9F<K9E>B7B, 
CB<E> @4>E<@4?PAB7B < @<A<@4?PAB7B ;A4K9A<=), 45EB?RFAB=, BFABE<F9?PAB= < E@9L4AAB= 
48D9E4J<<. 

 

� >BAJG B5GK9A<S 6 9 >?4EE9 G B5GK4RM97BES 5G8GF EHBD@<DB64AO E?98GRM<9 G@9A<S: 
89@BAEFD<DB64FP 6?489A<9 CBASF<S@< «@B89?P», «@B89?<DB64A<9»: D4E>DO64FP <I E@OE?, 

BCD989?SFP 6<8O @B89?9=, BJ9A<64FP EBBF69FEF6<9 @B89?< @B89?<DG9@B@G B5N9>FG < J9?S@ 
@B89?<DB64A<S, <ECB?P;B64FP @B89?<DB64A<9 8?S D9L9A<S GK95AOI < CD4>F<K9E><I ;484K; 

EB;8464FP B8ABF45?<KAGR 54;G 84AAOI, EBEF46?SFP ;4CDBEO > 54;9 84AAOI E CB@BMPR 
6<;G4?PAB7B D984>FBD4; 

89@BAEFD<DB64FP 6?489A<9 F9D@<AB?B7<9=, E6S;4AAB= E 7D4H4@< (69DL<A4, D95DB, CGFP, 
8?<A4 D95D4 < CGF<) < 89D96PS@< (>BD9AP, ?<EF, 6OEBF4 89D964); 



<ECB?P;B64FP 7D4HO < 89D96PS 8?S @B89?<DB64A<S E<EF9@ E9F96B= < <9D4DI<K9E>B= 
EFDG>FGDO, A4IB8<FP >D4FK4=L<= CGFP 6 ;484AAB@ 7D4H9, 6OK<E?SFP >B?<K9EF6B CGF9= @9:8G 
86G@S 69DL<A4@< 6 A4CD46?9AAB@ 4J<>?<K9E>B@ 7D4H9, 6OCB?ASFP C9D95BD 64D<4AFB6 E CB@BMPR 
89D964; 

EFDB<FP A9E?B:AO9 @4F9@4F<K9E><9 @B89?< < <ECB?P;B64FP <I 8?S D9L9A<S ;484K E CB@BMPR 
@4F9@4F<K9E>B7B (>B@CPRF9DAB7B) @B89?<DB64A<S, CBA<@4FP EGMABEFP QF4CB6 >B@CPRF9DAB7B 
@B89?<DB64A<S (CBEF4AB6>4 ;484K<, CBEFDB9A<9 @4F9@4F<K9E>B= @B89?<, CDB7D4@@A4S D94?<;4J<S, 
F9EF<DB64A<9, CDB6989A<9 >B@CPRF9DAB7B Q>EC9D<@9AF4, 4A4?<; 97B D9;G?PF4FB6, GFBKA9A<9 
@B89?<); 

D4;5<64FP ;484K< A4 CB8;484K<; EB;8464FP < BF?4:<64FP CDB7D4@@O A4 EB6D9@9AAB@ S;O>9 
CDB7D4@@<DB64A<S B5M97B A4;A4K9A<S (Python, !++, Java, C#), D94?<;GRM<9 4?7BD<F@O B5D45BF>< 
K<E?B6OI 84AAOI E <ECB?P;B64A<9@ CB8CDB7D4@@ (CDBJ98GD, HGA>J<=); 

EBEF46?SFP < BF?4:<64FP CDB7D4@@O A4 EB6D9@9AAB@ S;O>9 CDB7D4@@<DB64A<S B5M97B 
A4;A4K9A<S <; CD<698ёAAB7B 6OL9 EC<E>4, D94?<;GRM<9 A9E?B:AO9 D9>GDE<6AO9 4?7BD<F@O; 

EBEF46?SFP < BF?4:<64FP CDB7D4@@O A4 EB6D9@9AAB@ S;O>9 CDB7D4@@<DB64A<S B5M97B 
A4;A4K9A<S <; CD<698ёAAB7B 6OL9 EC<E>4, D94?<;GRM<9 4?7BD<F@O EBDF<DB6>< @4EE<6B6, 
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