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BDVTAFB64AB@G CDB7D4@G64AAV
&9= BCBDA<= >BAEC9>F CD<E6OK9A<= HGA84@9AF4?LA<@ CBAOFFO@ B5'T>FAB-BDVTAFB64AB7B 
CDB7D4@G64AAO: >?4E4@, B5'T>F4@, >BAEFDG>FBD4@, 89EFDG>FBD4@, VAF9DH9=E4@ F4 D94?V;4JVW. 
�B>G@9AF 8BCB@B:9 64@ ;DB;G@VF< BEAB6< ��� 8?O GECVLABW CV87BFB6>< 8B T8<AB7B H4IB6B7B 

6EFGCAB7B 6<CDB5G64AAO ; VAHBD@4JV=A<I F9IAB?B7V=. 



�EFGC:  B?L ��� G @B64I CDB7D4@G64AAO

�5'T>FAB-BDVTAFB64A9 CDB7D4@G64AAO (���) 4 
J9 B8A4 ; BEAB6A<I C4D48<7@ CDB7D4@G64AAO, 

O>4 DB;7?O84T CDB7D4@G O> EG>GCAVEFL B5'T>FV6, 
MB 6;4T@B8VNFL @V: EB5BN. �4 ELB7B8AV ��� 

;4=@4T J9AFD4?LA9 @VEJ9 E9D98 VAL<I 
C4D48<7@, F4><I O> CDBJ98GDA9, 
HGA>JVBA4?LA9 F4 ?B7VKA9 CDB7D4@G64AAO. 

�BAB 6<A<>?B O> 6V8CB6V8L A4 ;DBEF4NKG 
E>?48AVEFL CDB7D4@A<I E<EF9@ F4 A9B5IV8AVEFL 

5V?LL CD<DB8AB7B @B89?N64AAO D94?LAB7B 
E6VFG 6 >B8V.

��� 54;GTFLEO A4 KBF<DLBI HGA84@9AF4?LA<I 
CD<AJ<C4I: VA>4CEG?OJVO, A4E?V8G64AAO, 
CB?V@BDHV;@ F4 45EFD4>JVO. &V CD<AJ<C< 

8BCB@474NFL EF6BDN64F< 5V?LL @B8G?LA<=, 
CV8FD<@G64A<= F4 DB;L<DN64A<= >B8, MB 

BEB5?<6B 64:?<6B 8?O 69?<><I CDBT>FV6 ; 
5474FL@4 DB;DB5A<>4@<.

�BCG?ODAVEFL ��� CV8F69D8:GTFLEO L<DB><@ 
6<>BD<EF4AAO@ B5'T>FAB-BDVTAFB64A<I @B6 
CDB7D4@G64AAO 6 EGK4EAV= VA8GEFDVW DB;DB5>< 

CDB7D4@AB7B ;459;C9K9AAO. 
�4=CBL<D9AVL<@< ���-@B64@< T:

��� EF4?B 8B@VAGNKBN C4D48<7@BN 6 
5474FLBI EH9D4I DB;DB5>< CDB7D4@AB7B 
;459;C9K9AAO, 6V8 EF6BD9AAO @B5V?LA<I 

8B84F>V6 8B 69?<><I >BDCBD4F<6A<I E<EF9@. &9 
8B;6B?OT DB;DB5A<>4@ @B89?N64F< E>?48AV 
E<EF9@< A4 BEAB6V D94?LA<I B5'T>FV6 F4 WI 

6;4T@B8VW, MB DB5<FL >B8 5V?LL VAFGWF<6AB 
;DB;G@V?<@ F4 CD<84FA<@ 8?O CB6FBDAB7B 

6<>BD<EF4AAO.

C++ 4 CBFG:A4 @B64 ; CV8FD<@>BN DV;A<I C4D48<7@, 6>?NK4NK< ���, MB ;459;C9KGT 6<EB>G 

CDB8G>F<6AVEFL F4 >BAFDB?L A48 D9EGDE4@<.

Java 4 K<EFB B5'T>FAB-BDVTAFB64A4 @B64 ; 46FB@4F<KA<@ >9DG64AAO@ C4@'OFFN F4 

>DBEC?4FHBD@9AVEFN.

Python 4 VAF9DCD9FB64A4 @B64 ; 8<A4@VKABN F<CV;4JVTN F4 CDBEF<@ E<AF4>E<EB@, MB CV8FD<@GT 

DV;AV EF<?V CDB7D4@G64AAO, 6>?NK4NK< ���.

C# 4 EGK4EA4 ��� @B64 6V8 Microsoft, DB;DB5?9A4 8?O .NET C?4FHBD@< ; 5474F<@< @B:?<6BEFO@< 
F4 9?974AFA<@ E<AF4>E<EB@.



�?4E: �<;A4K9AAO, EFDG>FGD4, CD<>?48<

�?4E T BEAB6A<@ 5G8V69?LA<@ 5?B>B@ 6 B5'T>FAB-BDVTAFB64AB@G CDB7D4@G64AAV F4 6<;A4K4T 

L45?BA 45B EI9@G 8?O EF6BD9AAO B5'T>FV6. �VA 6<EFGC4T O> >D9E?9AAO, O>9 BC<EGT EFDG>FGDG F4 
CB698VA>G EGFABEF9= C96AB7B F<CG. �?4E @B:A4 CBDV6AOF< ; >D9E?9AAO@ 5G8<A>G, 89 B5'T>F< 4 J9 

>BA>D9FAV 5G8<A><, CB5G8B64AV ;4 J<@ >D9E?9AAO@.

%FDG>FGD4 >?4EG

%FDG>FGD4 >?4EG E>?484TFLEO ; 86BI BEAB6A<I >B@CBA9AFV6:

�B?O (4FD<5GF<) 4 ;@VAAV, MB ;59DV74NFL EF4A B5'T>F4. �4CD<>?48, 8?O >?4EG Student J9 @B:GFL 
5GF< name, age, gradePoint.

�9FB8< 4 HGA>JVW, MB 6<;A4K4NFL CB698VA>G B5'T>F4 F4 BC9D4JVW, O>V 6VA @B:9 6<>BAG64F<. 
�4CD<>?48, 8?O >?4EG Student J9 @B:GFL 5GF< @9FB8< study(), takeExam(), calculateAverageGrade().

�B8<HV>4FBD< 8BEFGCG

�4:?<6<@< 9?9@9AF4@< 
>?4EG T @B8<HV>4FBD< 

8BEFGCG, O>V >BAFDB?NNFL 
6<8<@VEFL K?9AV6 >?4EG:

public: 8BEFGCAV 
;6V8GEV?L

private: 8BEFGCAV ?<L9 
6E9D98<AV >?4EG

protected: 8BEFGCAV 
6E9D98<AV >?4EG F4 =B7B 
A4M48>V6

%F4F<KAV K?9A< >?4EG

�4?9:4FL >?4EG, 4 A9 
B>D9@<@ B5'T>F4@:

%F4F<KAV CB?O: ECV?LAV 
84AV 8?O 6EVI B5'T>FV6

%F4F<KAV @9FB8<: 
6<>?<>4NFLEO K9D9; 

>?4E, A9 K9D9; B5'T>F

�BAEF4AFAV K?9A<

�?9@9AF<, O>V A9 @B:GFL 
;@VAN64F<EO:

const CB?O: A9;@VAAV 
;A4K9AAO

const @9FB8<: A9 
@B8<HV>GNFL EF4A 

B5'T>F4

%<AF4>E<E EF6BD9AAO >?4EG 6V8DV;AOTFLEO ;4?9:AB 6V8 @B6< CDB7D4@G64AAO. �EL CD<>?48< 
B7B?BL9AAO CDBEFB7B >?4EG Student 6 C++ F4 Java:

// �D8>?44 >?4EG 6 C++
class Student {
private:
    string name;
    int age;
    double gradePoint;
    
public:
    Student(string n, int a) { // >BAEFDG>FBD
        name = n;
        age = a;
        gradePoint = 0;
    }
    
    void study() {
        // D54?V74FVO @5FB4G
    }
    
    double getGradePoint() {
        return gradePoint;
    }
};

�?4E< T CBFG:A<@ VAEFDG@9AFB@ 8?O EF6BD9AAO 45EFD4>JV=, MB @B89?NNFL D94?LAV B5'T>F< F4 

>BAJ9CJVW 6 >B8V. �D46<?LA9 CDBT>FG64AAO >?4EV6 T 64:?<6<@ 4EC9>FB@ DB;DB5>< B5'T>FAB-
BDVTAFB64A<I E<EF9@.



�1'T:B: !CB=VABL, AB2>@5==O, 28:>@8AB0==O

�1'T:B T DC=40<5=B0;L=>N :>=F5?FVTN 
>1'T:B=>->@VT=B>20=>3> ?@>3@0<C20==O B0 

O2;OT A>1>N :>=:@5B=89 5:75<?;O@ :;0AC. 
/:I> :;0A 4 F5 H01;>= 01> :@5A;5==O, B> 
>1'T:B 4 F5 D0:B8G=89 "5:75<?;O@", AB2>@5=89 

=0 >A=>2V FL>3> :@5A;5==O. �1'T:B8 <0NBL 420 
>A=>2=V 0A?5:B8: AB0= (40=V) B0 ?>254V=:C 
(<5B>48).

�;NG>2V E0@0:B5@8AB8:8 >1'T:BV2

!B0= 4 287=0G0TBLAO 7=0G5==O<8 0B@81CBV2 
(?>;V2) >1'T:B0. �0?@8:;04, 4;O >1'T:B0 
:;0AC Student F5 <>6CBL 1CB8 :>=:@5B=V 
7=0G5==O V<5=V, 2V:C B0 A5@54=L>3> 10;C.

�>254V=:0 4 287=0G0TBLAO <5B>40<8, O:V 
>1'T:B <>65 28:>=C20B8. �0?@8:;04, 
ABC45=B <>65 =02G0B8AO, A:;040B8 VA?8B8, 
>B@8<C20B8 >FV=:8.

�45=B8G=VABL 4 :>65= >1'T:B T C=V:0;L=8<, 
=02VBL O:I> <0T B>G=> B0:89 A0<89 AB0= O: 

V=H89 >1'T:B.

!B2>@5==O >1'T:BV2

�@>F5A AB2>@5==O >1'T:B0 =07820TBLAO V=AB0=FVN20==O< :;0AC. ' 1V;LH>ABV >1'T:B=>->@VT=B>20=8E 
<>2 ?@>3@0<C20==O 4;O AB2>@5==O >1'T:B0 28:>@8AB>2CTBLAO >?5@0B>@ new. �AL O: F5 283;O40T 2 

@V7=8E <>20E:

// C++
Student* ivan = new Student("�64A �5FD5A>B", 19);

// Java
Student ivan = new Student("�64A �5FD5A>B", 19);

// Python
ivan = Student("�64A �5FD5A>B", 19)

// C#
Student ivan = new Student("�64A �5FD5A>B", 19);

�8:>@8AB0==O >1'T:BV2

�VA;O AB2>@5==O >1'T:B0, <8 <>65<> 270T<>4VOB8 7 =8< G5@57 9>3> V=B5@D59A 4 ?C1;VG=V <5B>48 B0 
2;0AB82>ABV. &59 ?@>F5A 2V41C20TBLAO 70 4>?><>3>N >?5@0B>@V2 4>ABC?C 4> G;5=V2 :;0AC:

// C++
ivan->study();                // �8>?8> @5FB4G
double gpa = ivan->getGradePoint(); // �FD8@4AAO 7A4G5AAO

// Java
ivan.study();                 // �8>?8> @5FB4G
double gpa = ivan.getGradePoint();  // �FD8@4AAO 7A4G5AAO

!B2>@5==O >1'T:B0

!?>G0B:C <8 AB2>@NT<> =>289 5:75<?;O@ :;0AC 70 4>?><>3>N >?5@0B>@0 new, O:89 

28:;8:0T :>=AB@C:B>@ :;0AC.

�=VFV0;V70FVO >1'T:B0

�>=AB@C:B>@ V=VFV0;V7CT AB0= >1'T:B0, 2AB0=>2;NNG8 ?>G0B:>2V 7=0G5==O ?>;V2.

�8:>@8AB0==O >1'T:B0

�8 28:>@8AB>2CT<> >1'T:B, 28:;8:0NG8 9>3> <5B>48 B0 >B@8<CNG8 4>ABC? 4> 

2;0AB82>AB59.

�=8I5==O >1'T:B0

�>;8 >1'T:B 1V;LH5 =5 ?>B@V15=, 2V= 7=8ICTBLAO A8AB5<>N (02B><0B8G=> 01> 2@CG=C).

�1'T:B8 T >A=>2=8<8 5;5<5=B0<8 270T<>4VW 2 ���-?@>3@0<0E. �>=8 V=:0?AC;NNBL 40=V B0 
DC=:FV>=0;L=VABL, 70157?5GCNG8 <>4C;L=VABL B0 ?>2B>@=5 28:>@8AB0==O :>4C.  >7C<V==O B>3>, O: 
AB2>@N20B8 B0 28:>@8AB>2C20B8 >1'T:B8, T :;NG>28< 4;O CA?VH=>3> >1'T:B=>->@VT=B>20=>3> 

?@>3@0<C20==O.



�EAB6AV CD<AJ<C< ���: �A>4CEG?OJVO, 
�4E?V8G64AAO, �B?V@BDHV;@

�5'T>FAB-BDVTAFB64A9 CDB7D4@G64AAO 54;GTFLEO A4 KBF<DLBI HGA84@9AF4?LA<I CD<AJ<C4I, O>V T 
=B7B BCBDA<@< EFB6C4@<.  B;G@VAAO J<I CD<AJ<CV6 >D<F<KAB 64:?<69 8?O 9H9>F<6AB7B 
;4EFBEG64AAO ��� G DB;DB5JV CDB7D4@AB7B ;459;C9K9AAO.

&V CD<AJ<C< A9 T B>D9@<@< >BAJ9CJVO@<, 4 FVEAB 6;4T@BCB6'O;4A<@< @9I4AV;@4@<, O>V D4;B@ 

HBD@GNFL CBFG:AG C4D48<7@G CDB7D4@G64AAO. �A>4CEG?OJVO ;4I<M4T 84AV F4 ;459;C9KGT 
>BAFDB?LB64A<= 8BEFGC 8B A<I. �4E?V8G64AAO 8B;6B?OT DB;L<DN64F< HGA>JVBA4?LAVEFL VEAGNK<I 
>?4EV6 59; @B8<HV>4JVW WIALB7B >B8G. �B?V@BDHV;@ ;459;C9KGT 7AGK>VEFL G DB5BFV ; B5'T>F4@< DV;A<I 

F<CV6 K9D9; ECV?LA<= VAF9DH9=E. �5EFD4>JVO 8BCB@474T ;BE9D98<F<EO A4 64:?<6<I 4EC9>F4I B5'T>F4, 
V7ABDGNK< A9EGFFT6V 89F4?V.

�4EFBEG64AAO J<I CD<AJ<CV6 G DB;DB5JV CDB7D4@AB7B ;459;C9K9AAO ECD<OT EF6BD9AAN 5V?LL 

@B8G?LAB7B, CV8FD<@G64AB7B F4 DB;L<DN64AB7B >B8G, MB T BEB5?<6B JVAA<@ 8?O 69?<><I F4 
E>?48A<I E<EF9@.

�A>4CEG?OJVO

�A>4CEG?OJVO 4 J9 @9I4AV;@, 
O><= CBT8AGT 84AV (4FD<5GF<) F4 

@9FB8<, MB CD4JNNFL ; J<@< 
84A<@<, 6 T8<AG B8<A<JN 4 
>?4E, CD< JLB@G B5@9:GNK< 

CDO@<= 8BEFGC 8B 89O><I 
>B@CBA9AFV6 B5'T>F4.

�D<IB6GT 6AGFDVLAN 
D94?V;4JVN 6V8 ;B6AVLALB7B 

E6VFG

�459;C9KGT >BAFDB?LB64A<= 
8BEFGC 8B 84A<I K9D9; 

@9FB8<

�V86<MGT 59;C9>G F4 

EF45V?LAVEFL CDB7D4@<

�4E?V8G64AAO

�4E?V8G64AAO 4 J9 @9I4AV;@, 

O><= 8B;6B?OT AB6B@G >?4EG 
BFD<@G64F< (GEC48>B6G64F<) 

6?4EF<6BEFV F4 @9FB8< 
VEAGNKB7B >?4EG, DB;L<DNNK< 
45B ;@VANNK< WI CB698VA>G.

!F6BDNT VTD4DIVW >?4EV6

!CD<OT CB6FBDAB@G 

6<>BD<EF4AAN >B8G

�V8FD<@GT "6V8ABL9AAO T" 

(A4CD<>?48, "!FG89AF T 
�N8<ABN")

�B?V@BDHV;@

�B?V@BDHV;@ 8B;6B?OT B5'T>F4@ 
DV;A<I >?4EV6 D947G64F< CB-

DV;AB@G A4 B8A4>B6V @9FB8<, 
;459;C9KGNK< 7AGK>VEFL G 

DB5BFV ; B5'T>F4@< DV;A<I F<CV6.

�B;6B?OT 6<>BD<EFB6G64F< 

T8<A<= VAF9DH9=E 8?O 
DV;A<I D94?V;4JV=

�>?NK4T C9D964AF4:9AAO 

@9FB8V6 V BC9D4FBDV6

�459;C9KGT 7AGK>VEFL >B8G F4 

DB;L<DN64AVEFL

�5EFD4>JVO

�5EFD4>JVO 4 J9 CDBJ9E 
6<8V?9AAO VEFBFA<I 

I4D4>F9D<EF<> B5'T>F4, O>V 
6V8DV;AONFL =B7B 6V8 VAL<I 

B5'T>FV6, F4 V7ABDG64AAO 

A964:?<6<I 89F4?9=.

�BE9D98:GTFLEO A4 "MB 

DB5<FL", 4 A9 "O> DB5<FL"

!CDBMGT E>?48AV E<EF9@<, 
CD<IB6GNK< A9CBFDV5AV 
89F4?V

 94?V;GTFLEO K9D9; 

VAF9DH9=E< F4 45EFD4>FAV 
>?4E<



�BAEFDG>FBD<: �<;A4K9AAO F4 CD<;A4K9AAO

�BAEFDG>FBD 4 J9 EC9JV4?LA<= @9FB8 >?4EG, O><= 46FB@4F<KAB 6<>?<>4TFLEO CD< EF6BD9AAV B5'T>F4. 

�B?B6A9 CD<;A4K9AAO >BAEFDG>FBD4 4 6<>BA4F< CBK4F>B6G VAVJV4?V;4JVN B5'T>F4, FB5FB 6EF4AB6<F< 
CBK4F>B6V ;A4K9AAO CB?V6 F4 CV87BFG64F< B5'T>F 8B 6<>BD<EF4AAO. �BAEFDG>FBD 74D4AFGT, MB B5'T>F 

;46:8< ;A4IB8<FLEO G 64?V8AB@G EF4AV CVE?O EF6BD9AAO.

�D<;A4K9AAO 
>BAEFDG>FBDV6

�AVJV4?V;4JVO CB?V6 B5'T>F4

�<8V?9AAO D9EGDEV6

�4@'OFL, H4=?<, @9D9:96V 
;'T8A4AAO

�EF4AB6?9AAO ;6'O;>V6

� VAL<@< B5'T>F4@< E<EF9@<

�<8< >BAEFDG>FBDV6

' 5V?LLBEFV B5'T>FAB-BDVTAFB64A<I @B6 VEAGT 89>V?L>4 F<CV6 >BAEFDG>FBDV6:

�BAEFDG>FBD ;4 
;4@B6KG64AAO@

�BAEFDG>FBD 59; 
C4D4@9FDV6, O><= 

EF6BDNTFLEO 
>B@CV?OFBDB@ 
46FB@4F<KAB, O>MB 6 

>?4EV A9 6<;A4K9AB 
:B8AB7B >BAEFDG>FBD4. 

�AVJV4?V;GT CB?O 
;A4K9AAO@< ;4 
;4@B6KG64AAO@ (AG?V 
8?O K<E?B6<I F<CV6, null 
8?O CBE<?4AL).

�BAEFDG>FBD ; 
C4D4@9FD4@<

�D<=@4T B8<A 45B 
5V?LL9 C4D4@9FDV6, O>V 
6<>BD<EFB6GNFLEO 8?O 
VAVJV4?V;4JVW CB?V6 
B5'T>F4. �B;6B?OT 

6EF4AB6<F< CBK4F>B6<= 
EF4A B5'T>F4 CV8 K4E =B7B 

EF6BD9AAO.

�BAEFDG>FBD 
>BCVN64AAO

%F6BDNT AB6<= B5'T>F O> 
>BCVN VEAGNKB7B B5'T>F4 

FB7B : >?4EG. �EB5?<6B 
64:?<6<= G C++ 8?O 
CD46<?LAB7B 

GCD46?VAAO D9EGDE4@< 
CD< >BCVN64AAV B5'T>FV6.

�D<>?48< >BAEFDG>FBDV6 G DV;A<I @B64I CDB7D4@G64AAO:

// C++ - DV7AV F8C8 >BAEFDG>FBDV6
class Student {
private:
    string name;
    int age;
    float gpa;
    
public:
    // �BAEFDG>FBD 74 74@B6GG64AAO@
    Student() {
        name = "�56V4B@B";
        age = 0;
        gpa = 0.0;
    }
    
    // �BAEFDG>FBD 7 C4D4@5FD4@8
    Student(string n, int a) {
        name = n;
        age = a;
        gpa = 0.0;
    }
    
    // �BAEFDG>FBD >BCVN64AAO
    Student(const Student &other) {
        name = other.name;
        age = other.age;
        gpa = other.gpa;
    }
};

// �8>BD8EF4AAO >BAEFDG>FBDV6
Student s1;                     // �8>?8>4T >BAEFDG>FBD 74 74@B6GG64AAO@
Student s2("�64A", 20);         // �8>?8>4T >BAEFDG>FBD 7 C4D4@5FD4@8
Student s3 = s2;               // �8>?8>4T >BAEFDG>FBD >BCVN64AAO

�BAEFDG>FBD< T 64:?<6<@ VAEFDG@9AFB@ 8?O ;459;C9K9AAO >BD9>FABW VAVJV4?V;4JVW B5'T>FV6. �BA< 

8BCB@474NFL 8BFD<@G64F<EO CD<AJ<CG VA>4CEG?OJVW, 8B;6B?ONK< B5'T>FG >BAFDB?N64F< E6V= 
6AGFDVLAV= EF4A ; @B@9AFG EF6BD9AAO. �D46<?LAB ECDBT>FB64AV >BAEFDG>FBD< ECD<ONFL 

EF6BD9AAN A48V=A<I F4 C9D9854KG64A<I B5'T>FV6, O>V ;46:8< CBK<A4NFL E6BT ":<FFO" G 64?V8AB@G 
EF4AV.



�9EFDG>FBD<: �BAOFFO V 6<>BD<EF4AAO

�9EFDG>FBD 4 J9 EC9JV4?LA<= @9FB8 >?4EG, O><= 46FB@4F<KAB 6<>?<>4TFLEO, >B?< B5'T>F 
;A<MGTFLEO. �B?B6A4 @9F4 89EFDG>FBD4 4 CD46<?LAB ;6V?LA<F< D9EGDE<, O>V 5G?< 6<8V?9AV B5'T>FG 
CV8 K4E =B7B VEAG64AAO, F4>V O> 8<A4@VKA4 C4@'OFL, H4=?B6V 89E>D<CFBD<, @9D9:96V ;'T8A4AAO FBMB.

�EAB6AV I4D4>F9D<EF<>< 89EFDG>FBDV6

�9EFDG>FBD @4T F9 E4@9 V@'O, MB = >?4E, 4?9 ; 

CD9HV>EB@ ~ (G C++)

� >?4EV @B:9 5GF< ?<L9 B8<A 89EFDG>FBD

�9EFDG>FBD A9 @4T C4D4@9FDV6 V A9 CB69DF4T 

;A4K9AAO

�9 @B:9 5GF< C9D964AF4:9A<= 45B 

GEC48>B64A<=

�<>?<>4TFLEO 46FB@4F<KAB CD< ;A<M9AAV 
B5'T>F4

�V8@VAABEFV 6V8 >BAEFDG>FBD4

%4D4>F9D<EF<>4 �BAEFDG>FBD �9EFDG>FBD

�D<;A4K9AAO �AVJV4?V;4JVO B5'T>F4 �K<M9AAO D9EGDEV6 B5'T>F4

'4E 6<>?<>G �D< EF6BD9AAV B5'T>F4 �D< ;A<M9AAV B5'T>F4

�V?L>VEFL G >?4EV �B:9 5GF< >V?L>4 
(C9D964AF4:9AAO)

&V?L>< B8<A

�4D4@9FD< �B:9 CD<=@4F< C4D4@9FD< �9 CD<=@4T C4D4@9FDV6

�B69DA9AAO ;A4K9AAO �9 CB69DF4T ;A4K9AAO �9 CB69DF4T ;A4K9AAO

�4:?<6VEFL 89EFDG>FBDV6

�9EFDG>FBD< T BEB5?<6B 64:?<6<@< 6 @B64I CDB7D4@G64AAO, O>V A9 @4NFL 46FB@4F<KAB7B 

>9DG64AAO C4@'OFFN (;5<D4K4 E@VFFO). ' C++, A4CD<>?48, CDB7D4@VEF 6V8CB6V84T ;4 ;6V?LA9AAO 
8<A4@VKAB 6<8V?9ABW C4@'OFV, V 89EFDG>FBD< T >?NKB6<@ VAEFDG@9AFB@ 8?O ;4CB5V74AAO 6<FB>G 
C4@'OFV.

� @B64I V; ;5<D4K9@ E@VFFO, F4><I O> Java, C# 45B Python, A9B5IV8AVEFL G 89EFDG>FBD4I @9AL4, 
BE>V?L>< C4@'OFL ;6V?LAOTFLEO 46FB@4F<KAB. �8A4>, A46VFL G J<I @B64I VEAGNFL 4A4?B7< 
89EFDG>FBDV6 8?O B5DB5>< VAL<I D9EGDEV6, O>V A9 >9DGNFLEO ;5<D4K9@ E@VFFO (A4CD<>?48, @9FB8 

finalize() 6 Java, @9FB8< ; 4AABF4JVTN @PreDestroy G Spring, 45B @9FB8< __del__ G Python).

// �@8:;44 45AB@C:B>@4 6 C++
class ResourceManager {
private:
    int* dataArray;
    FILE* logFile;
    
public:
    // �>=AB@C:B>@ 684V;OT @5AC@A8
    ResourceManager() {
        dataArray = new int[1000]; // �84V;5==O 48=4<VG=>W ?4<'OBV
        logFile = fopen("log.txt", "w"); // �V4:@8BBO D49;C
    }
    
    // �5AB@C:B>@ 76V;L=OT @5AC@A8
    ~ResourceManager() {
        delete[] dataArray; // �6V;L=5==O 48=4<VG=>W ?4<'OBV
        fclose(logFile); // �4:@8BBO D49;C
        cout << " 5AC@A8 76V;L=5=>" << endl;
    }
};

// �8:>@8AB4==O
void someFunction() {
    ResourceManager rm; // !B6>@5==O >5'T:B4
    // �8:>@8AB4==O >5'T:B4...
} // �5'T:B rm 68E>48BL 7 >5;4ABV 6848<>ABV, 45AB@C:B>@ 68:;8:4TBLAO 46B><4B8G=>

�D46<?LA4 D94?V;4JVO 89EFDG>FBDV6 T >D<F<KAB 64:?<6BN 8?O ;4CB5V74AAO 6<FB>G D9EGDEV6, 
BEB5?<6B 6 8B67BFD<64?<I CDB7D4@4I 45B F<I, MB CD4JNNFL ; B5@9:9A<@< D9EGDE4@<. � C++ J9 T 
K4EF<ABN >BAJ9CJVW RAII (Resource Acquisition Is Initialization 4 �FD<@4AAO D9EGDEG T VAVJV4?V;4JVTN), 

O>4 74D4AFGT, MB D9EGDE< ;6V?LAONFLEO 46FB@4F<KAB, >B?< B5'T>F 6<IB8<FL ; B5?4EFV 6<8<@BEFV.



�AF9DH9=E >?4EG: �A4K9AAO F4 CD<;A4K9AAO

�AF9DH9=E >?4EG 4 J9 A45VD CG5?VKAB 8BEFGCA<I @9FB8V6 F4 6?4EF<6BEF9=, K9D9; O>V ;B6AVLAV= >B8 
@B:9 6;4T@B8VOF< ; B5'T>F4@< >?4EG. �AF9DH9=E 6<;A4K4T, MB B5'T>F @B:9 DB5<F<, 4?9 A9 DB;>D<64T, 
O> E4@9 J9 D94?V;B64AB. �VA E?G:<FL ">BAFD4>FB@" @V: >?4EB@ F4 =B7B >BD<EFG64K4@<, B5VJONK< 

C96AG HGA>JVBA4?LAVEFL.

(GA>JVW VAF9DH9=EG

�AF9DH9=E >?4EG 

6<>BAGT DB?L KVF>B 
6<;A4K9AB7B ">BAFD4>FG" 
@V: >?4EB@ F4 =B7B 

>BD<EFG64K4@<. �VA 
6EF4AB6?NT KVF>V D4@>< 

6;4T@B8VW, 8B;6B?ONK< 
>BD<EFG64K4@ >?4EG 
;A4F<, O>V BC9D4JVW 
@B:A4 6<>BAG64F<, A9 
6A<>4NK< 6 89F4?V 
D94?V;4JVW.

�9;C9>4 F4 
EF45V?LAVEFL

�B5D9 ECDBT>FB64A<= 

VAF9DH9=E B5@9:GT 
8BEFGC 8B 6AGFDVLALB7B 
EF4AG B5'T>F4, 

;4I<M4NK< =B7B 6V8 
A9CD46<?LAB7B 

6<>BD<EF4AAO. &9 
CV86<MGT 59;C9>G F4 
A48V=AVEFL CDB7D4@<, 

BE>V?L>< 6AGFDVLAV 84AV 
@B:A4 @B8<HV>G64F< 

?<L9 >BAFDB?LB64A<@ 
ECBEB5B@.

�AGK>VEFL DB;DB5><

�V8B>D9@?9AAO 

VAF9DH9=EG 6V8 
D94?V;4JVW 8B;6B?OT 
;@VAN64F< 6AGFDVLAN 

EFDG>FGDG >?4EG 59; 
6C?<6G A4 >B8, O><= 

=B7B 6<>BD<EFB6GT. &9 
ECD<OT 5V?LL 7AGK>V= 
DB;DB5JV F4 CB?97LGT 

CV8FD<@>G CDB7D4@AB7B 
;459;C9K9AAO CDBFO7B@ 
=B7B :<FFT6B7B J<>?G.

�B E>?48G VAF9DH9=EG >?4EG 6IB8OFL:

�G5?VKAV @9FB8<: HGA>JVW, O>V @B:GFL 6<>?<>4F< >BD<EFG64KV >?4EG

�G5?VKAV 6?4EF<6BEFV: 4FD<5GF<, 8B O><I @B:A4 BFD<@4F< 8BEFGC ;;B6AV

�9D964AF4:9AV BC9D4FBD<: 6<;A4K4NFL CB698VA>G BC9D4FBDV6 8?O B5'T>FV6 >?4EG

�G5?VKAV >BAEF4AF< F4 F<C<: >BAEF4AF< F4 F<C< 84A<I, 6<;A4K9AV 6 >?4EV

�D<>?48 VAF9DH9=EG >?4EG 6 C++:

class BankAccount {
private:
    // &V CB?O T G4EF8ABN D54?V74FVW, 4 A5 VAF5DH59EG
    string accountNumber;
    double balance;
    string owner;
    
public:
    // &V @5FB48 T G4EF8ABN VAF5DH59EG
    BankAccount(string accountNumber, string owner);
    double getBalance() const;
    void deposit(double amount);
    bool withdraw(double amount);
    void transferTo(BankAccount &recipient, double amount);
    string getOwner() const;
    string getAccountNumber() const;
};

' JLB@G CD<>?48V VAF9DH9=E >?4EG BankAccount E>?484TFLEO ; >BAEFDG>FBD4 F4 L9EF< CG5?VKA<I 
@9FB8V6. �BD<EFG64KV >?4EG @B:GFL EF6BDN64F< 54A>V6EL>V D4IGA><, C9D96VDOF< 54?4AE, 6ABE<F< F4 
;AV@4F< >BLF<, 4 F4>B: C9D9>4;G64F< 7DBLV @V: D4IGA>4@<. �8A4>, 6BA< A9 @4NFL CDO@B7B 8BEFGCG 
8B 6AGFDVLAVI CB?V6, F4><I O> balance, MB ;4I<M4T JV 84AV 6V8 A9CD46<?LAB7B 6<>BD<EF4AAO.

�4:?<6B 6V8DV;AOF< CBAOFFO "VAF9DH9=E >?4EG" 6V8 "VAF9DH9=EG" O> B>D9@B7B >BAEFDG>FG 6 89O><I 
@B64I CDB7D4@G64AAO (A4CD<>?48, interface 6 Java, C# 45B TypeScript). &V VAF9DH9=E< T EC9JV4?LA<@< 
EFDG>FGD4@<, MB 6<;A4K4NFL A45VD @9FB8V6, O>V >?4E< CB6<AAV D94?V;G64F<, 4?9 A9 @VEFOFL E4@BW 
D94?V;4JVW.

�B5D9 ECDBT>FB64A<= VAF9DH9=E >?4EG @4T 5GF< VAFGWF<6AB ;DB;G@V?<@, CBE?V8B6A<@ F4 CDBEF<@, 
A484NK< ?<L9 FV @9FB8<, O>V 8V=EAB CBFDV5AV >BD<EFG64K4@ >?4EG. &9 CB?97LGT 6<>BD<EF4AAO >?4EG 

F4 ;@9ALGT =@B6VDAVEFL CB@<?B>.



 94?V;4JVO >?4EG: �D<64FAVEFL V VA>4CEG?OJVO

 94?V;4JVO >?4EG 4 J9 6AGFDVLAO K4EF<A4 >?4EG, O>4 6<;A4K4T, O> E4@9 6<>BAGNFLEO BC9D4JVW, 
B7B?BL9AV 6 VAF9DH9=EV.  94?V;4JVO 6>?NK4T CD<64FAV CB?O, CD<64FAV @9FB8<, 4 F4>B: >B8, MB 

D94?V;GT CG5?VKAV @9FB8<. �4 6V8@VAG 6V8 VAF9DH9=EG, D94?V;4JVO CD<IB64A4 6V8 ;B6AVLALB7B >B8G V 
@B:9 ;@VAN64F<EO 59; 6C?<6G A4 >BD<EFG64KV6 >?4EG.

�D<64FA4 K4EF<A4 >?4EG

�D<64FAV 9?9@9AF< >?4EG 8BEFGCAV ?<L9 
6E9D98<AV @9FB8V6 JLB7B >?4EG. �BA< 

EF4AB6?OFL ";4>D<FG" K4EF<AG >?4EG V A9 T 
6<8<@<@< 8?O >BD<EFG64KV6 >?4EG.

�D<64FAV CB?O (4FD<5GF<): ;59DV74NFL 
6AGFDVLAV= EF4A B5'T>F4

�D<64FAV @9FB8<: 8BCB@V:AV HGA>JVW, MB 
6<>BD<EFB6GNFLEO 8?O D94?V;4JVW CG5?VKA<I 
@9FB8V6

�D<64FAV >BAEF4AF< F4 F<C<: 
6<>BD<EFB6GNFLEO 8?O 6AGFDVLALBW DB5BF< 

>?4EG

�A>4CEG?OJVO F4 CD<IB6G64AAO 84A<I

�A>4CEG?OJVO 4 B8<A ; HGA84@9AF4?LA<I CD<AJ<CV6 ��� 4 A4CDO@G CB6'O;4A4 ; >BAJ9CJVTN 
D94?V;4JVW >?4EG. �BA4 6>?NK4T 864 >?NKB6V 4EC9>F<:

�BT8A4AAO 84A<I V 
@9FB8V6

�5'T8A4AAO 6 B8AV= 

EGFABEFV (>?4EV) 84A<I F4 
HGA>JV=, MB BC9DGNFL 
J<@< 84A<@<, 8B;6B?OT 

EF6BD<F< ?B7VKAB 
;469DL9A<= >B@CBA9AF ; 
KVF>B 6<;A4K9ABN 

6V8CB6V84?LAVEFN.

�D<IB6G64AAO 
6AGFDVLAVI 89F4?9=

�5@9:9AAO 8BEFGCG 8B 

6AGFDVLALB7B EF4AG 
B5'T>F4, 8B;6B?ONK< 
6;4T@B8VOF< ; A<@ ?<L9 

K9D9; KVF>B 6<;A4K9A<= 
VAF9DH9=E. &9 ;4I<M4T 84AV 
6V8 CB@<?>B6<I ;@VA F4 

8B;6B?OT ;@VAN64F< 
D94?V;4JVN 59; 6C?<6G A4 

;B6AVLAV= >B8.

�BAFDB?LB64A4 
6;4T@B8VO

�484AAO 8BEFGCG 8B 84A<I 

?<L9 K9D9; @9FB8<, O>V 
@B:GFL C9D96VDOF< 6IV8AV 
84AV, CV8FD<@G64F< 

VA64DV4AF< F4 
;459;C9KG64F< 
G;7B8:9AVEFL EF4AG B5'T>F4.

�D<>?48 6V8B>D9@?9AAO VAF9DH9=EG 6V8 D94?V;4JVW:

// $49; StringList.h - V=B5@D59A :;4AC
class StringList {
public:
    // �C5;VG=89 V=B5@D59A
    StringList(); // �>=AB@C:B>@
    ~StringList(); // �5AB@C:B>@
    void add(const string &str); // �>44B8 @O4>:
    bool remove(const string &str); // �844;8B8 @O4>:
    bool contains(const string &str) const; // �5@56V@8B8 =4O6=VABL
    size_t size() const; // �B@8<4B8 @>7<V@

private:
    // �@864B=4 @54;V74FVO (45B4;V ?@8E>64=V)
    struct Node {
        string data;
        Node* next;
    };
    
    Node* head;
    size_t count;
    
    // �@864B=V 4>?><V6=V <5B>48
    Node* findNode(const string &str) const;
    void clearList();
};

// $49; StringList.cpp - @54;V74FVO :;4AC
StringList::StringList() : head(nullptr), count(0) {}

StringList::~StringList() {
    clearList();
}

void StringList::add(const string &str) {
    Node* newNode = new Node{str, head};
    head = newNode;
    count++;
}

bool StringList::remove(const string &str) {
    //  54;V74FVO <5B>4C 6844;5==O...
}

// �=HV <5B>48...

' JLB@G CD<>?48V CG5?VKA<= VAF9DH9=E >?4EG StringList A484T @9FB8< 8?O DB5BF< ;V EC<E>B@ DO8>V6, 
4?9 CD<IB6GT 89F4?V FB7B, O> EC<EB> ;59DV74TFLEO F4 O> E4@9 6<>BAGNFLEO BC9D4JVW. &9 8B;6B?OT 

;@VA<F< 6AGFDVLAN D94?V;4JVN (A4CD<>?48, 6<>BD<EFB6G64F< @4E<6 ;4@VEFL ;6'O;4AB7B EC<E>G) 59; 
6C?<6G A4 >B8, O><= 6<>BD<EFB6GT J9= >?4E.

�V8B>D9@?9AAO VAF9DH9=EG 6V8 D94?V;4JVW @4T 5474FB C9D9647:

�V86<M9AAO 59;C9>< 84A<I F4 A48V=ABEFV >B8G

�B?97L9AAO CV8FD<@>< F4 @B8<HV>4JVW >?4EG

�@9AL9AAO ;6'O;ABEFV @V: >B@CBA9AF4@< E<EF9@<

!CDBM9AAO DB;G@VAAO F4 6<>BD<EF4AAO >?4EG

&O >BAJ9CJVO T BEAB6BN 8?O EF6BD9AAO EF45V?LA<I, DB;L<DN64A<I F4 CV8FD<@G64A<I B5'T>FAB-
BDVTAFB64A<I E<EF9@.



�D4>F<KAV CD<>?48<: �BAEFDG>FBD<, 
89EFDG>FBD<, VAF9DH9=E

// �;0A DynamicArray - 48=0<VG=89 <0A82 
FV;8E G8A5;
class DynamicArray {
private:
    // �@820B=V G;5=8 (@50;V70FVO)
    int* data;       // �:07V2=8: =0 48=0<VG=89 
<0A82
    size_t size;     // �>B>G=89 @>7<V@ <0A82C
    size_t capacity; // �<=VABL <0A82C 
(284V;5=0 ?0<'OBL)
    
    // �@820B=89 <5B>4 4;O 71V;LH5==O 
T<=>ABV
    void resize(size_t newCapacity) {
        // !B2>@NT<> =>289 <0A82
        int* newData = new int[newCapacity];
        
        // �>?VNT<> 40=V 7V AB0@>3> <0A82C
        for (size_t i = 0; i < size; i++) {
            newData[i] = data[i];
        }
        
        // �2V;L=OT<> AB0@C ?0<'OBL
        delete[] data;
        
        // �=>2;NT<> 2:07V2=8: B0 T<=VABL
        data = newData;
        capacity = newCapacity;
    }
    
public:
    // �>=AB@C:B>@ 70 70<>2GC20==O<
    DynamicArray() : data(nullptr), size(0), 
capacity(0) {
        // �84V;OT<> ?>G0B:>2C ?0<'OBL
        data = new int[4];
        capacity = 4;
    }
    
    // �>=AB@C:B>@ 7 ?0@0<5B@>< (?>G0B:>20 
T<=VABL)
    DynamicArray(size_t initialCapacity) 
        : data(nullptr), size(0), capacity(0) {
        // �84V;OT<> ?0<'OBL 7040=>3> @>7<V@C
        data = new int[initialCapacity];
        capacity = initialCapacity;
    }
    
    // �>=AB@C:B>@ :>?VN20==O
    DynamicArray(const DynamicArray& other) 
        : data(nullptr), size(other.size), 
capacity(other.capacity) {
        // �84V;OT<> ?0<'OBL B0 :>?VNT<> 40=V
        data = new int[capacity];
        for (size_t i = 0; i < size; i++) {
            data[i] = other.data[i];
        }
    }
    
    // �5AB@C:B>@
    ~DynamicArray() {
        // �2V;L=OT<> 284V;5=C ?0<'OBL
        delete[] data;
    }
    
    // �C1;VG=V <5B>48 (V=B5@D59A)
    
    // �>40B8 5;5<5=B 2 :V=5FL <0A82C
    void push_back(int value) {
        // /:I> =54>AB0B=L> <VAFO, 
71V;LHCT<> T<=VABL
        if (size == capacity) {
            resize(capacity * 2);
        }
        
        // �>40T<> =>289 5;5<5=B
        data[size] = value;
        size++;
    }
    
    // �B@8<0B8 5;5<5=B 70 V=45:A><
    int get(size_t index) const {
        if (index >= size) {
            throw std::out_of_range("�=45:A ?>70 
<560<8 <0A82C");
        }
        return data[index];
    }
    
    // �AB0=>28B8 7=0G5==O 5;5<5=B0 70 
V=45:A><
    void set(size_t index, int value) {
        if (index >= size) {
            throw std::out_of_range("�=45:A ?>70 
<560<8 <0A82C");
        }
        data[index] = value;
    }
    
    // �B@8<0B8 ?>B>G=89 @>7<V@ <0A82C
    size_t getSize() const {
        return size;
    }
    
    // �B@8<0B8 ?>B>G=C T<=VABL <0A82C
    size_t getCapacity() const {
        return capacity;
    }
    
    // �G8AB8B8 <0A82
    void clear() {
        size = 0;
    }
};

 B;7?OA9@B CB6A<= CD<>?48 >?4EG, O><= 
89@BAEFDGT 6<>BD<EF4AAO >BAEFDG>FBDV6, 

89EFDG>FBDV6, VAF9DH9=EG F4 D94?V;4JVW. �< 
EF6BD<@B >?4E DynamicArray, O><= CD98EF46?OT 
8<A4@VKA<= @4E<6 JV?<I K<E9? 4 ECDBM9AG 

69DEVN >?4EG std::vector ; C++.

// !B2>@5==O B0 28:>@8AB0==O >1'T:B0 
DynamicArray
int main() {
    // !B2>@NT<> <0A82 70 4>?><>3>N 
:>=AB@C:B>@0 70 70<>2GC20==O<
    DynamicArray arr;
    
    // �>40T<> 5;5<5=B8
    arr.push_back(10);
    arr.push_back(20);
    arr.push_back(30);
    
    // �82>48<> 5;5<5=B8
    for (size_t i = 0; i < arr.getSize(); i++) {
        cout << arr.get(i) << " ";
    }
    cout << endl;
    
    // �<V=NT<> 7=0G5==O
    arr.set(1, 25);
    
    // �82>48<> 5;5<5=B8 ?VA;O 7<V=8
    for (size_t i = 0; i < arr.getSize(); i++) {
        cout << arr.get(i) << " ";
    }
    cout << endl;
    
    // �=D>@<0FVO ?@> <0A82
    cout << " >7<V@: " << arr.getSize() << endl;
    cout << "�<=VABL: " << arr.getCapacity() << 
endl;
    
    // !B2>@NT<> :>?VN <0A82C
    DynamicArray arrCopy = arr;
    
    // �<V=NT<> :>?VN
    arrCopy.push_back(40);
    
    // �>@V2=NT<> >@83V=0; V :>?VN
    cout << "�@83V=0;: ";
    for (size_t i = 0; i < arr.getSize(); i++) {
        cout << arr.get(i) << " ";
    }
    cout << endl;
    
    cout << "�>?VO: ";
    for (size_t i = 0; i < arrCopy.getSize(); i++) {
        cout << arrCopy.get(i) << " ";
    }
    cout << endl;
    
    return 0;
} // �5AB@C:B>@8 28:;8:0NBLAO 
02B><0B8G=>

�BOEA9AAO >B8G >DB> ;4 >DB>B@

 94?V;4JVO (CD<64FA4 K4EF<A4): �?4E 
@VEF<FL FD< CD<64FAV CB?O 8?O ;59DV74AAO 

84A<I @4E<6G, =B7B DB;@VDG F4 T@ABEFV, 4 
F4>B: CD<64FA<= @9FB8 resize 8?O 
6AGFDVLALB7B 6<>BD<EF4AAO.

1.

�BAEFDG>FBD<: �?4E @4T FD< >BAEFDG>FBD< 
4 ;4 ;4@B6KG64AAO@, ; C4D4@9FDB@ F4 

>BCVN64AAO. �B:9A >BAEFDG>FBD VAVJV4?V;GT 
B5'T>F, 6<8V?ONK< C4@'OFL V 6EF4AB6?NNK< 
CBK4F>B6V ;A4K9AAO CB?V6.

2.

�9EFDG>FBD: �9EFDG>FBD ;6V?LAOT 
8<A4@VKAB 6<8V?9AG C4@'OFL, ;4CB5V74NK< 
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