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1. *5;8 8 7040G8 ?@0:B8:8, 55 <5AB> 2 CG51=>< ?@>F5AA5: 
 

#@0:B8:0 ?> ?>;CG5=8N ?5@28G=KE ?@>D5AA8>=0;L=KE C<5=89 8 
=02K:>2, 2 B>< G8A;5 ?5@28G=KE C<5=89 8 =02K:>2 =0CG=>-
8AA;54>20B5;LA:>9 @01>BK (8A?>;L7>20=85 ?0:5B>2 ?@8:;04=KE ?@>3@0<< 

4;O @5H5=8O <0B5<0B8G5A:8E 7040G) O2;O5BAO >1O70B5;L=K< @0745;>< 
>A=>2=>9 ?@>D5AA8>=0;L=>9 >1@07>20B5;L=>9 ?@>3@0<<K 8 ?@54AB02;O5B 
A>1>9 284 70=OB89, =5?>A@54AB25==> >@85=B8@>20==KE =0 ?@>D5AA8>=0;L=>-

?@0:B8G5A:CN ?>43>B>2:C >1CG0NI8EAO. 
*5;8:  
– D>@<8@>20=85 =02K:>2 8A?>;L7>20=8O A>2@5<5==KE ?0:5B>2 

<0B5<0B8G5A:8E ?@>3@0<< 4;O ?@>2545=8O <0B5<0B8G5A:8E @0AG5B>2 8 
<>45;8@>20=8O @07;8G=KE ?@>F5AA>2, 2>7=8:0NI8E ?@8 @5H5=88 
B5>@5B8G5A:8E 8 ?@8:;04=KE 7040G. 

�040G8:  
− >7=0:><;5=85 ABC45=B>2 A >A=>2=K<8 2>7<>6=>ABO<8 8 AB@C:BC@>9 

<0B5<0B8G5A:8E ?0:5B>2 ?@8:;04=KE ?@>3@0<< (Mathcad, Maple 8 4@.), 
B8?>2K<8 ?@8:;04=K<8 7040G0<8, @50;87C5<K<8 A ?><>ILN MB8E ?@>3@0<<;  

− ?@8>1@5B5=85 ABC45=B0<8 =02K:>2 @01>BK A 40==K< ?@>3@0<<=K< 
>15A?5G5=85<;  

− 87CG5=85 >A=>2=KE G8A;5==KE 0;3>@8B<>2, 70;>65==KE 2> 
2AB@>5==KE DC=:F8OE 8 >?5@0B>@0E A8AB5< (Mathcad, Maple 8 4@.); 

− 7=0:><AB2> A @50;870F859 B8?>2KE 7040G ;8=59=>9 0;351@K, 
<0B5<0B8G5A:>3> 0=0;870, 35><5B@88, B5>@88 48DD5@5=F80;L=KE C@02=5=89 2 
A@545 ?@8:;04=KE <0B5<0B8G5A:8E ?0:5B>2; 

− 2K@01>B:0 C<5=8O A0<>AB>OB5;L=>3> 2K1>@0 =5>1E>48<>3> 
?@>3@0<<=>3> A@54AB20 4;O 4>AB865=8O ?>AB02;5==>9 F5;8. 

 

2.  5AB> ?@0:B8:8 2 AB@C:BC@5 "#"# �" 

#@0:B8:0 ?> ?>;CG5=8N ?5@28G=KE ?@>D5AA8>=0;L=KE C<5=89 8 
=02K:>2, 2 B>< G8A;5 ?5@28G=KE C<5=89 8 =02K:>2 =0CG=>-
8AA;54>20B5;LA:>9 @01>BK (8A?>;L7>20=85 ?0:5B>2 ?@8:;04=KE ?@>3@0<< 

4;O @5H5=8O <0B5<0B8G5A:8E 7040G) 2E>48B 2 >1O70B5;L=CN G0ABL 1;>:0 �2 
«#@0:B8:8» (8=45:A ?@0:B8:8 �2.".02(!)) CG51=>3> ?;0=0 ?>43>B>2:8 
ABC45=B>2 ?> =0?@02;5=8N ?>43>B>2:8 44.03.05 #5403>38G5A:>5 >1@07>20=85 
(A 42C<O ?@>D8;O<8 ?>43>B>2:8), #@>D8;8:  0B5<0B8:0 8 8=D>@<0B8:0». 

"A=>2K205BAO =0 1075 48AF8?;8=: <0B5<0B8G5A:89 0=0;87, 0;351@0 8 
B5>@8O G8A5;, 35><5B@8O. 

/2;O5BAO >A=>2>9 >A2>5=8O A;54CNI8E 48AF8?;8= ?@>D5AA8>=0;L=>3> 
=0?@02;5=8O: <0B5<0B8G5A:>5 <>45;8@>20=85, >A=>2K <0B5<0B8G5A:>9 
>1@01>B:8 8=D>@<0F88, A>2@5<5==K5 B5E=>;>388 >1CG5=8O <0B5<0B8:5, 
B5E=>;>38O A>740=8O M;5:B@>==KE CG51=KE <0B5@80;>2, 8=D>@<0B870F8O 
C?@02;5=8O >1@07>20B5;L=K< ?@>F5AA><, 0 B0:65 4;O CA?5H=>3> =0?8A0=8O 
2K?CA:=>9 :20;8D8:0F8>==>9 @01>BK. 
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#@0:B8:0 ?> ?>;CG5=8N ?5@28G=KE ?@>D5AA8>=0;L=KE C<5=89 8 
=02K:>2, 2 B>< G8A;5 ?5@28G=KE C<5=89 8 =02K:>2 =0CG=>-
8AA;54>20B5;LA:>9 @01>BK (8A?>;L7>20=85 ?0:5B>2 ?@8:;04=KE ?@>3@0<< 

4;O @5H5=8O <0B5<0B8G5A:8E 7040G) ?@>2>48BAO 2 5-< A5<5AB@5 (8-< 
B@8<5AB@5) ?@>4>;68B5;L=>ABL – 1 =545;O. "1J5< ?@0:B8:8 – 1,5 7.5. 
(54 G0A0). 

�84: =0CG=>-8AA;54>20B5;LA:0O @01>B0 (8A?>;L7>20=85 ?0:5B>2 
?@8:;04=KE ?@>3@0<< 4;O @5H5=8O <0B5<0B8G5A:8E 7040G) 

&8?: =0CG=>-8AA;54>20B5;LA:0O @01>B0. 
%?>A>1: AB0F8>=0@=0O.  
(>@<0: 48A:@5B=0O.  
 

3. #5@5G5=P ?;0=8@C5<OE @57C;PB0B>2 >1CG5=8S, A>>B=5A5==OE A 
8=48:0B>@0<8 4>AB865=8S :><?5B5=F89 

 

�>4 ?> (�"% �" �=48:0B>@ 

4>AB865=8S 
$57C;PB0BO ?@>E>645=8S >1CG5=8S 

   

#�-2. %?>A>15= 
>A20820BL 8 
?@8<5=OBL 
107>2K5 =0CG=>-
B5>@5B8G5A:85 
7=0=8O 8 
?@0:B8G5A:85 
C<5=8O ?> 
<0B5<0B8:5 2 
?@>D5AA8>=0;L=>9 
45OB5;L=>AB8 

#�-2.1 

#�-2.2 

#�-2.3 

�=0BP A?>A>1K >?@545;5=8O 284>2 8 B8?>2 
?@>D5AA8>=0;L=KE 7040G ?> <0B5<0B8:5, 
AB@C:BC@8@>20=8O 7040G @07;8G=KE 3@C??. 

'<5BP: 2K18@0BL =081>;55 MDD5:B82=K5 <5B>4K 
@5H5=8O >A=>2=KE B8?>2 7040G ?> <0B5<0B8:5, 
2AB@5G0NI8EAO 2 <0B5<0B8:5. 
�;045BP: =02K:0<8 8A?>;L7>20=8O A>2@5<5==KE 
=0CG=KE <5B>4>2 =0 C@>2=5, =5>1E>48<>< 4;O 
?>AB0=>2:8 8 @5H5=8O 7040G ?> <0B5<0B8:5. 

 

4. %B@C:BC@0 8 A>45@60=85 ?@>2545=8S ?@0:B8:8 

 

1. #>43>B>28B5;P=O9 QB0?. 
− 'G0AB85 2 CAB0=>2>G=>9 :>=D5@5=F88 ?> 2>?@>A0< >A>15==>AB59 

A>45@60=8O 8 >@30=870F88 =0CG=>-8AA;54>20B5;LA:>9 @01>BK. 

− �=AB@C:B06 ?> >E@0=5 B@C40. 
− "7=0:><;5=85 ABC45=B>2 A ?@>D8;L=>9 ;8B5@0BC@>9 ?> 87CG05<K< 

<0B5<0B8G5A:8< ?0:5B0< ?@8:;04=KE ?@>3@0<< (###). 

−  "17>@ ?0:5B>2 ?@8:;04=KE ?@>3@0<< 4;O @5H5=8O 7040G 
<0B5<0B8:8. 

− %>AB02;5=85 8=48284C0;L=>3> ?;0=0 @01>BK ABC45=B0-?@0:B8:0=B0 
=0 ?5@8>4 ?@0:B8:8. 

− %>AB02;5=85 8 2545=85 4=52=8:0 ?@0:B8:8.  
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2. #@>872>4AB25==O9 QB0? 

− "7=0:><;5=85 A >A=>2=K<8 >A>15==>ABO<8 ?@8<5=5=8O 87CG05<KE 
?@>3@0<<=KE ?@>4C:B>2 (Mathcad, Maple) =0 A0<>AB>OB5;L=KE ?@0:B8G5A:8E 
70=OB8OE; 

− �K?>;=5=85 ABC45=B0<8 ?@0:B8G5A:8E 7040=89, A2O70==KE A 
@5H5=85< @O40 7040G ?> <0B5<0B8:5 8 A 8A?>;L7>20=85< ?0:5B>2 ?@8:;04=KE 
?@>3@0<<. 

− �545=85 4=52=8:0 ?@0:B8:8. 

− %1>@ <0B5@80;0 4;O =0?8A0=8O >BG5B0. 
3. �0:;RG8B5;P=O9 QB0? 

− %>AB02;5=85 >BG5B0 ?> ?@0:B8:5 
 

5.  5B>48G5A:>5 >15A?5G5=85, >1@07>20B5;P=O5 B5E=>;>388, 
?@8<5=S5<O5 ?@8 ?@>2545=88 ?@0:B8:8 

 

#> >:>=G0=88 ?@0:B8:8 ?> ?>;CG5=8N ?5@28G=KE ?@>D5AA8>=0;L=KE 
C<5=89 8 =02K:>2, 2 B>< G8A;5 ?5@28G=KE C<5=89 8 =02K:>2 =0CG=>-

8AA;54>20B5;LA:>9 @01>BK (8A?>;L7>20=85 ?0:5B>2 ?@8:;04=KE ?@>3@0<< 

4;O @5H5=8O <0B5<0B8G5A:8E 7040G) 2 =545;L=K9 A@>: ABC45=B0< =5>1E>48<> 
2K?>;=8BL 2A5 7040=8O, =0<5G5==K5 2 8=48284C0;L=>< ?;0= 8 ?@54>AB028BL 
>BG5B. $57C;LB0BK ?@>E>645=8O ?@0:B8:8 >B@060NBAO 2 >BG5B5 >1 CG51=>9 
?@0:B8:5. "BG5B 4>;65= A>45@60BL @57C;LB0BK 284>2 45OB5;L=>AB8, 
>B@065==K5 2 8=48284C0;L=>< ?;0=5 @01>BK 2 ?5@8>4 ?@>E>645=8O CG51=>9 
?@0:B8:8. 

"BG5B > ?@>E>645=88 CG51=>9 ?@0:B8:8 A>45@68B:  
− &8BC;L=K9 ;8AB;  
− �040=85 =0 ?@0:B8:C;  
− �=52=8: ?@>E>645=8O ?@0:B8:8;  
− �2545=85.  

�> 22545=88 =5>1E>48<> >B@078BL >1I85 ?>;>65=85 @01>BK: – F5;L 8 
7040G8; – ?@54<5B 8 >1J5:B 8AA;54>20=8O; – <5B>4K 8AA;54>20=8O, :>B>@K5 
?@54?>;0305BAO 8A?>;L7>20BL; – 8=D>@<0F8>==0O 1070 8AA;54>20=8O; – 
@57C;LB0B82=>ABL @01>BK ABC45=B0 ?> B5<5 8AA;54>20=8O.  

$0745; 1. $5D5@0B82=K9 >17>@ @57C;LB0B>2 ?>8A:0 2 8=D>@<0F8>==KE 
A8AB5<0E ?> B5<5, 2K40==>9 @C:>2>48B5;5< ?@0:B8:8.  

$0745; 2. "?8A0=85 <5B>4>2 @5H5=8O, @07@01>B0==KE 8;8 2K1@0==KE (A 
>1>A=>20=85< 2K1>@0) 4;O @5H5=8O ?>AB02;5==>9 7040G8.  

�0:;NG5=85. !5>1E>48<> ?@54AB028BL >A=>2=K5 2K2>4K, ?>;CG5==K5 2 
E>45 8AA;54>20=8O, >?8A0BL >3@0=8G5=8O 8 ?5@A?5:B82K ?@>4>;65=8O B5<K 
8AA;54>20=8O.  

%?8A>: 8A?>;L7>20==KE ;8B5@0BC@=KE 8AB>G=8:>2. �BB5AB0F8O ?> 
8B>30< ?@0:B8:8 ?@>2>48BAO =0 >A=>20=88 >D>@<;5==>3> >BG5B0. 

"BG5B=CN 4>:C<5=B0F8N @07<5I0NB 2 >B45;L=CN ?0?:C 4;O :064>3> 
ABC45=B0-?@0:B8:0=B0. 
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%8AB5<0 >F5=820=8S CG51=OE 4>AB865=89 ABC45=B>2 
>G=>9 8 70>G=>9 D>@< >1CG5=8S 

�84 CG51=>9 @01>BO �>;8G5AB2> 
10;;>2 

�=52=8: ?@>E>645=8O ?@0:B8:8 10 

$5D5@0B82=K9 >17>@ @57C;LB0B>2 ?>8A:0 2 
8=D>@<0F8>==KE A8AB5<0E 

20 

"?8A0=85 <5B>4>2 @5H5=8O, @07@01>B0==KE 8;8 
2K1@0==KE (A >1>A=>20=85< 2K1>@0) 4;O @5H5=8O 
?>AB02;5==>9 7040G8 

40 

�0I8B0 >BG5B0 ?> ?@0:B8:5 30 

�A53> 70 ?@0:B8:C 100 

 

!0:>?8B5;P=0S A8AB5<0 >F5=820=8S ?> 100-10;;P=>9 H:0;5 
+5BO@5E10;-

;P=0S A8AB5<0 
>F5=820=8S 
Q:70<5=0  

100-

10;;P=0S 
H:0;0 

�C:25==0S H:0;0, A>>B25BAB2CRI0S  

100-10;;P=>9 H:0;5 
%8AB5<0  
>F5=8-

20=8S 
70G5B0 

"B;8G=> 90–100 � – >B;8G=> – B5>@5B8G5A:>5 A>45@60=85 
:C@A0 >A2>5=> ?>;=>ABLN, 157 ?@>15;>2; 
=5>1E>48<K5 ?@0:B8G5A:85 =02K:8 @01>BK A 
>A2>5==K< <0B5@80;>< AD>@<8@>20=K; 2A5 
?@54CA<>B@5==K5 ?@>3@0<<>9 >1CG5=8O 
CG51=K5 7040=8O 2K?>;=5=K, :0G5AB2> 8E 
2K?>;=5=8O >F5=5=> G8A;>< 10;;>2, 
1;87:8< : <0:A8<0;L=><C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�0GB5=> 
 

 

 

 

 

 

 

 

 

 

 

 

 

)>@>H> 83–89 � – >G5=L E>@>H> – B5>@5B8G5A:>5 
A>45@60=85 :C@A0 >A2>5=> ?>;=>ABLN, 157 
?@>15;>2; =5>1E>48<K5 ?@0:B8G5A:85 
=02K:8 @01>BK A >A2>5==K< <0B5@80;>< 2 
>A=>2=>< AD>@<8@>20=K; 2A5 
?@54CA<>B@5==K5 ?@>3@0<<>9 >1CG5=8O 
CG51=K5 7040=8O 2K?>;=5=K, :0G5AB2> 
2K?>;=5=8O 1>;LH8=AB20 87 =8E >F5=5=> 
G8A;>< 10;;>2, 1;87:8< : <0:A8<0;L=><C 

)>@>H> 75–82 % – E>@>H> – B5>@5B8G5A:>5 A>45@60=85 
:C@A0 >A2>5=> ?>;=>ABLN; =5:>B>@K5 
?@0:B8G5A:85 =02K:8 @01>BK A >A2>5==K< 
<0B5@80;>< AD>@<8@>20=K =54>AB0B>G=>;  
2A5 ?@54CA<>B@5==K5 ?@>3@0<<>9 >1CG5=8O 
CG51=K5 7040=8O 2K?>;=5=K, :0G5AB2> 
2K?>;=5=8O =8 >4=>3> 87 =8E =5 >F5=5=> 
<8=8<0;L=K< G8A;>< 10;;>2, =5:>B>@K5 
284K 7040=89 2K?>;=5=K A >H81:0<8 

'4>2;5B2>- 
@8B5;L=> 

63–74 D – C4>2;5B2>@8B5;L=> – B5>@5B8G5A:>5 
A>45@60=85 48AF8?;8=K >A2>5=> G0AB8G=>, 
=> ?@>15;K =5 =>AOB ACI5AB25==>3> 
E0@0:B5@0; =5>1E>48<K5 ?@0:B8G5A:85 
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=02K:8 @01>BK A >A2>5==K< <0B5@80;>< 
2 >A=>2=>< AD>@<8@>20=K; 1>;LH8=AB2> 
?@54CA<>B@5==KE ?@>3@0<<>9 >1CG5=8O 
CG51=KE 7040=89 2K?>;=5=>, =5:>B>@K5 
87 2K?>;=5==KE 7040=89, A>45@60B >H81:8 

 

 

 

 

 

 

 

 

 

 

 

 

'4>2;5B2>-
@8B5;L=> 

50–62 E – ?>A@54AB25==> – B5>@5B8G5A:>5 
A>45@60=85 :C@A0 >A2>5=> G0AB8G=>; 
=5:>B>@K5 ?@0:B8G5A:85 =02K:8 @01>BK 
=5 AD>@<8@>20=K, <=>385 ?@54CA<>B@5==K5 
?@>3@0<<>9 >1CG5=8O CG51=K5 7040=8O 
=5 2K?>;=5=K ;81> :0G5AB2> 2K?>;=5=8O 
=5:>B>@KE 87 =8E >F5=5=> G8A;>< 10;;>2, 
1;87:8< : <8=8<0;L=><C 

!5C4>2;5B2>-
@8B5;L=> 

21–49 FX – =5C4>2;5B2>@8B5;L=> – B5>@5B8G5A:>5 
A>45@60=85 :C@A0 >A2>5=> G0AB8G=>; 
=5>1E>48<K5 ?@0:B8G5A:85 =02K:8 @01>BK 
=5 AD>@<8@>20=K; 1>;LH8=AB2> 
?@54CA<>B@5==KE ?@>3@0<<>9 >1CG5=8O 
CG51=KE 7040=89 =5 2K?>;=5=> ;81> 
:0G5AB2> 8E 2K?>;=5=8O >F5=5=> G8A;>< 
10;;>2, 1;87:8< : <8=8<0;L=><C; ?@8 
4>?>;=8B5;L=>9 A0<>AB>OB5;L=>9 @01>B5 =04 
<0B5@80;>< :C@A0 2>7<>6=> ?>2KH5=85 
:0G5AB20 2K?>;=5=8O CG51=KE 7040=89 

 

!5 
70GB5=> 

!5C4>2;5B2>-
@8B5;L=> 

0–20 F – =5C4>2;5B2>@8B5;L=> – B5>@5B8G5A:>5 
A>45@60=85 :C@A0 =5 >A2>5=>; =5>1E>48<K5 
?@0:B8G5A:85 =02K:8 @01>BK 
=5 AD>@<8@>20=K; 2A5 2K?>;=5==K5 CG51=K5 
7040=8O A>45@60B 3@C1K5 >H81:8, 
4>?>;=8B5;L=0O A0<>AB>OB5;L=0O @01>B0 =04 
<0B5@80;>< :C@A0 =5 ?@82545B : :0:><C-
;81> 7=0G8<><C ?>2KH5=8N :0G5AB20 
2K?>;=5=8O CG51=KE 7040=89 

 

6. 'G51=>-<5B>48G5A:>5 8 ?@>3@0<<=>-8=D>@<0F8>==>5 
>15A?5G5=85 ?@0:B8:8  

 

0) >A=>2=0O ;8B5@0BC@0: 
 

1. �D@5<>2 ..%.  5B>4K <0B5<0B8G5A:>9 D878:8 2 ?0:5B5 A8<2>;L=>9 
<0B5<0B8:8 Maple : CG51=>5 ?>A>185 / ..%. �D@5<>2, 
 .�. #5B@>?02;>2A:89. –  >A:20; �8@5:B- 5480, 2015. – 299 A. : 8;. – 
�81;8>3@. 2 :=.  

2.   C@0H:8= �.�. �=65=5@=K5 8 =0CG=K5 @0AG5BK 2 ?@>3@0<<=>< 
:><?;5:A5 MathCAD : CG51=>5 ?>A>185 / �.�.  C@0H:8=. - %0<0@0 : 
%0<0@A:89 3>AC40@AB25==K9 0@E8B5:BC@=>-AB@>8B5;L=K9 C=825@A8B5B, 
2011. – 84 A.  
 

1) 4>?>;=8B5;L=0O ;8B5@0BC@0: 
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1. "E>@78= �.�. #@8:;04=0O <0B5<0B8:0 2 A8AB5<5 Mathcad: 'G51 ?>A>185. 
2-5 874. 8A?@. 8 4>?. – %#1. : 8740B5;LAB2> «�0=L», 2008. – 352 A. : 8;. – 
('G51=8:8 4;O 2C7>2. %?5F80;L=0O ;8B5@0BC@0). 

2. �;5:A552 �.$. $5H5=85 7040G 2KG8A;8B5;=>9 <0B5<0B8:8 2 ?0:5B0E 
Mathcad 12, MATLAB 7, Maple 9/ �.$, �;5:A552, ".�. Ч5A=>:>20. –  . : 
!& #@5AA, 2006. – 196 A.. : 8;. – (%0<>CG8B5;L).  

3.  C30;;8<>20 %.$. #@0:B8G5A:85 70=OB8O ?> <0B5<0B8G5A:><C 0=0;87C A 
8A?>;L7>20=85< MathCad : CG51=>5 ?>A>185 / %.$.  C30;;8<>20. - 

 >A:20 ; �5@;8= : �8@5:B- 5480, 2014. – 33 A. : 8;. – �81;8>3@. 2 :=. 
 

2) �=B5@=5B-@5AC@AK:  
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