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ÓÄÊ 378.147:51 

Åãîðîâà È.Ï.

ÌÅÒÎÄÛ ÏÐÎÁËÅÌÍÎÃÎ 
ÎÁÓ×ÅÍÈß ÌÀÒÅÌÀÒÈÊÅ 
ÁÓÄÓÙÈÕ ÈÍÆÅÍÅÐÎÂ: 
ÒÅÎÐÈß È ÏÐÀÊÒÈÊÀ
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8%'"+'9$ '( !(+)$'&5 .",$!'&/(-

7&& "-!(/"+('&5 + :"%%&& ," 2010 6. 

 !$,2%.(4!&+(04 /'(3&4$)*'"$  "-

+9;$'&$ <(3$%4+(  !"#$%%&"'()*'"= 

 ",6"4"+<& <(,!"+. >",6"4"+<( <"'-
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@(4$.(4&3$%<"$ "-!(/"+('&$ + 4$A-
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F D4"= 7$)*0 7$)$%""-!(/'" %"-

-)0,(4* %)$,20120  "%)$,"+(4$)*-

'"%4*  $,(6"6&3$%<&A ,$=%4+&=, " !(+-

,(+;20 %$-5 + " 94'"-D<% $!& .$'-

4()*'"= !(-"4$ +  !"7$%%$  !$ ",(+(-

'&5 .(4$.(4&<& %42,$'4(. 4$A'&3$%<&A 

% $7&()*'"%4$= #&)&()( F(.(!%<"6" 

6"%2,(!%4+$''"6" 4$A'&3$%<"6" 2'&-

+$!%&4$4( + 6. F9/!('&: 

+9,$)&4* "%'"+'9$ %4!2<42!'9$  –

D)$.$'49 &/23($."= 4$.9 ( "'5-

4&5, " !$,$)$'&5, /(<"'".$!'"%4&, 

#(<49 & ,!.);

 "%!$,%4+". )"6&3$%<"6" ('()&/(  –

!('$$ &/23$''"6" .(4$!&()( " !$-

,$)&4* "%'"+2 ,)5 2%+"$'&5 D4&A 

D)$.$'4"+;

" !$,$)&4*, <(<&$ &/  !$,;$%4+20- –

1&A  "'54&= & % "%"-"+ ,$=%4+&= 

+/(&."%+5/9+($.9A <2!%"+ '$"--

A",&." (<42()&/&!"+(4* '( ,(''". 

/('54&&;

+95%'&4*, '( <(<". 2!"+'$ %#"!- –

.&!"+('9 D4&  "'54&5 & % "%"-9 

,$=%4+&5 2 %42,$'4"+;

 !&.$'&4* '$"-A",&.9$ % "%"- –

-9 2% $;'"= (<42()&/(7&& D4&A 

 "'54&=  &  % "%"-"+  ,$=%4+&5 

 !& (<4&+'"= ."4&+(7&& 23$-'"-

 "/'(+(4$)*'"= ,$54$)*'"%4&;

 "<(/(4*, <(<  +'"+*  2%+"$''9=  –

23$-'9= .(4$!&() -(/&!2$4%5 '( 

!('$$  ")23$''9A /'('&5A & 2.$-

'&5A "-23($.9A (+ 4". 3&%)$ &  " 

%.$?'9. ,&%7& )&'(.);

" !$,$)&4*, <(< %42,$'49 -2,24 &%- –

 ")*/"+(4* 2%+"$''9$  " ,(''"= 

4$.$ /'('&5, 2.$'&5 & % "%"-9 

,$=%4+&5 + -2,21$= 23$-'"= &  !"-

#$%%&"'()*'"= ,$54$)*'"%4&, ,(4* 

%""4+$4%4+20120 '( !(+)$''"%4* 

23$-'".2 .(4$!&()2;

" !$,$)&4* "%'"+'9$ '( !(+)$'&5  –

!(/+&4&5  !"#$%%&"'()*'" +(?'9A 

<(3$%4+ 2 %42,$'4"+ '( ,(''". D4(-

 $ "-23$'&5, (<42()&/&!"+(4* 4$ 

2.$'&5, !(/+&4&0 <"4"!9A % "%"--

%4+2$4 "!6('&/(7&5 /('54&5, &/23$-

'&$ 4$.9;

+95%'&4* 2!"+$'* %#"!.&!"+(''"- –

%4& 2<(/(''9A <(3$%4+ 2 %42,$'4"+ 

,"  !"+$,$'&5 /('54&5 & + &4"6$ 

&/23$'&5 & /(<!$ )$'&5 ,(''"= 

4$.9;

" !$,$)&4* 2%)"+&5 ,()*'$=;$6"  –

 !"#$%%&"'()*'" '( !(+)$''"6" 

"-23$'&5 .(4$.(4&<$ & !(/+&4&5 

%42,$'4"+ +  !"7$%%$ &/23$'&5  "-

%)$,201&A 4$. D4"= ,&%7& )&'9.

G!"+$'* &'4$))$<42()*'"6" !(/+&-

4&5 %42,$'4"+ + /'(3&4$)*'"= %4$ $'& 

/(+&%&4 "4 .$4",&3$%<"6" .(%4$!%4+( 

 !$ ",(+(4$)5, "4 41(4$)*'"%4& $6" 

 ",6"4"+<& < <(?,".2 /('54&0 %" 

%42,$'4(.&. H"6&<2 D4"=  ",6"4"+<& 

" !$,$)5$4 % !"$<4&!"+(''(5 %4!2<42-

!( /('54&5, +9-"! #"!. "!6('&/(7&& 

23$-'"-+"% &4(4$)*'"= ,$54$)*'"%4& 

& " 4&.()*'"6" %"3$4('&5 .$4","+ & 

%!$,%4+ "-23$'&5.

I(&-")$$ %"+$!;$''"= & !(/!(-"-

4(''"= + !(.<(A '(%4"51$6" &%%)$,"-

+('&5 5+)5$4%5 ,&,(<4&3$%<(5 %&%4$.( 

.$4","+  !"-)$.'"-!(/+&+(01$6" 

"-23$'&5 @.J. @(A.24"+( [3].

F"6)(%'" @.J. @(A.24"+2, .$4", 

"-23$'&5 + %(.". "-1$. +&,$ – D4" 

'$ +&, & '$ % "%"- ,$54$)*'"%4&, ( %&-

%4$.(  !(+&)  $,(6"6&3$%<"6" +/(&."-

,$=%4+&5, <"4"!9.& ,")?'9 !2<"+",-

%4+"+(4*%5  !$ ",(+(4$)* & 23(1&=%5 

 !& +9-"!$  !&$."+ & % "%"-"+ <"'-

<!$4'9A ,$=%4+&=, +$,21&A < ,"%4&?$-

'&0  "%4(+)$''9A 7$)$= "-23$'&5. J. 

 !$,)"?$'" %)$,201$$ " !$,$)$'&$ 

 "'54&5 .$4","+ "-23$'&5: «@$4",9 

"-23$'&5 – D4" %&%4$.( !$62)54&+'9A 

 !&'7& "+  &   !(+&)  "!6('&/(7&& 

23$-'"6" .(4$!&()( &  $,(6"6&3$%<& 

7$)$'( !(+)$''"6" +/(&.",$=%4+&5 

"-23(01$6" & 23(1$6"%5,  !&.$'5$-

.(5 ,)5 !$;$'&5 " !$,$)$''"6" <!26( 

,&,(<4&3$%<&A & +"% &4(4$)*'9A /(-

,(3» [4].
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K.L. M(-('%<&=  ",3$!<&+(): «E)5 

" 4&.()*'"6"  "%4!"$'&5 23$-'"6" 

 !"7$%%( '$"-A",&."  !&.$'54* 4(<20 

 !"7$,2!2 +9-"!( .$4","+, + <"4"!"= 

+/(&."%+5/(''(5 ,$54$)*'"%4* 23&4$)5 

& 23(1&A%5  !$,%4(+()( -9 +" +%$= $$ 

 ")'"4$ & .'"6"%4"!"''"%4&, "4!(?(5 

+%$ -"6(4%4+( '(<" )$''9A ,&,(<4&-

3$%<&A .$4","+ &  !&$."+ "-23$'&5, 

"4<!9+()(  !"%4"! ,)5 +'$,!$'&5 '"-

+9A +(!&('4"+ &A, ( '$ %+",&)(%* -9 < 

&% ")*/"+('&0 ",'&A .$4","+ + 21$!- 

,!26&., -$/ <"4"!9A '$+"/."?'" "-$-

% $3&4* +%$%4"!"''$6" & 6(!."'&3$%<"-

6" !(/+&4&5 )&3'"%4&» [2].

E)5 %"/,('&5 2%)"+&= " 4&.()*-

'"6" +9-"!( .$4","+  !$ ",(+('&5 

 !"('()&/&!2$. "-1&$ .$4",9  !"--

)$.'"-!(/+&+(01$6" "-23$'&5  " 

@.J. @(A.24"+2 [3], < <"4"!9. "4-

'"%54%5: ."'")"6&3$%<&=,  "<(/(4$)*-

'9=, ,&()"6&3$%<&=, ()6"!&4.&3$%<&=, 

 !"6!(..&!"+(''9=, D+!&%4&3$%<&=, 

&%%)$,"+(4$)*%<&=.

J/ ('()&/(  "4$'7&()*'9A +"/."?-

'"%4$= D4&A .$4","+ %)$,2$4, 34" ,)5 

"-B5%'$'&5 '"+"6" .(4$!&()( 7$)$-

%""-!(/'"  !&.$'54* ."'")"6&3$%<&= 

&  ,&()"6&3$%<&= .$4",9. >!&3$. 

*(+(!(,-#$'.-/ *$0(1 "4+$3($4 "!-

6('&/(7&& 4(<"6" /('54&5, '( <"4"!". 

23$-'9= .(4$!&() 5+)5$4%5  !&'7& &-

()*'" '"+9. ,)5 "-23(01&A%5. >!$-

 ",(+(4$)0 '$"-A",&." + "%'"+'". 

%(.".2 !(%<!9+(4* $6" %",$!?('&$: 

 " A",2 "-B5%'$'&5 "' %4(+&4  !"-

-)$.'9$ +" !"%9 & "4+$3($4 '( '&A. 

>!& D4". %42,$'49 .9%)$''" & 2%4'" 

23(%4+204 + !$;$'&& 23$-'9A  !"-

-)$., /(,(04 +" !"%9.

>!$ ",(+(4$)* ,")?$'  ".'&4*, 

34" '$ +%5<&= 23$-'9= .(4$!&() 4!$-

-2$4  !"-)$.'"6"  ",A",( ,)5 $6" 

&/23$'&5. @(4$!&() " &%(4$)*'"6" A(-

!(<4$!( % &% ")*/"+('&$. #(<4&3$%<&A 

,(''9A, %",$!?(1&= %"+$!;$''" '$-

/'(<".9$ %+$,$'&5, 4!$-2$4 +  $!+20 

"3$!$,* !$ !",2<4&+'"6" 2%+"$'&5 

('( !&.$! )$<7&&  " 4$.$ «8 !$,$-

)&4$)& & &A %+"=%4+(», «@(4!&79 & 

" $!(7&& '(, '&.&», «C$<4"!'"$  !"-

&/+$,$'&$ +$<4"!"+» & 4.,.).

N%)&  !& "-B5%'$'&& .(4$!&()( 

&.$$4%5 +"/."?'"%4* " &!(4*%5 '( 

-(/"+9$ /'('&5 %42,$'4"+ (+ D4". %)2-

3($ 5!3$  !"5+)5$4%5  !&'7&   !$$.-

%4+$''"%4& "-23$'&5), 4"  !$ ",(+(-

4$)0 7$)$%""-!(/'" &A &% ")*/"+(4*, 

"!6('&/25 ,&()"6: "'  $!&",&3$%<& 

"-!(1($4%5 < (2,&4"!&& ,)5  "&%<( 

"4+$4( '(  "%4(+)$''9$ &. +" !"-

%9. O(< !$()&/2$4%5 1-)!(,-#$'.-/ 

*$0(1. I( !&.$!,  !& &/23$'&& 4$. 

«8%'"+'9$ D)$.$'4(!'9$ #2'<7&&, 

&A %+"=%4+( & 6!(#&<&», «C$<4"!9 & 

" $!(7&& '(, '&.&», «>$!+""-!(/'(5 

& '$" !$,$)$''9= &'4$6!()» & ,!. 

 !"&%A",&4 (<42()&/(7&5 /'('&=,  "-

)23$''9A %42,$'4(.& + <2!%$ %!$,'$= 

;<")9. >!&  "%4('"+<$  !$ ",(+(4$-

)$. +" !"%"+ %)$,2$4 23&49+(4*, 34" 

+ "!6('&/(7&& ,$54$)*'"%4& %42,$'4"+ 

"'& ."624  "-2?,(4* &A:

+"% !"&/+$%4&  "  (.54& &/+$%4- –

'20 &'#"!.(7&0;

< ,$=%4+&5. !$ !",2<4&+'"6" A(- –

!(<4$!(;

%4&.2)&!"+(4* 4+"!3$%<"$ .9;)$- –

'&$, + !$/2)*4(4$ 3$6" "'& "4<!9-

+(04 '"+9$ /'('&5,  !&"-!$4(04 

<"'%4!2<4&+'9$ 2.$'&5.

O!$4&= 4&  +" !"%"+ ."?'" "4'$%4& 

<  !"-)$.'9. 4")*<"  !& %)$,201&A 

2%)"+&5A:

"' ,")?$' &.$4* )"6&3$%<20 %+5/*  –

% !('$$ 2%+"$''9.&  "'54&5.& 

&  !$,%4(+)$'&5.&, ( 4(<?$ % 4$-

.&, <"4"!9$  ",)$?(4 2%+"$'&0 + 

" !$,$)$''"= %&42(7&&;

%",$!?(4* + %$-$  "/'(+(4$)*'20  –

4!2,'"%4* & +&,&.9$ 6!('&79 &/-

+$%4'"6" & '$&/+$%4'"6";

+9/9+(4* 32+%4+" 2,&+)$'&5  !&  –

%" "%4(+)$'&& '"+"6" % !('$$ &/-
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+$%4'9.,  '$2,"+)$4+"!$''"%4* 

&.$01&.%5 /( (%". /'('&=.

>!"-)$.'9.& +" !"%(.& ."624 

-94* +" !"%9, /(,(''9$  !& !$;$'&&, 

'( !&.$!, %)$,201$= /(,(3&: «C9-

3&%)&4* /'(3$'&$ 3&%)( P % 4"3'"%4*0 

," 0,01».

 !"#!$. L(<"= !5, ."?'" &% ")*-

/"+(4* ,)5 +93&%)$'&5 3&%)( P?

%&'(&. H0-20 "-!(4'20 4!&6"'".$-

4!&3$%<20 #2'<7&0.

 !"#!$. L(<"$ &/ !(+$'%4+ +9  !$,-

 "3)& -9 &% ")*/"+(4* ,)5 +93&%)$-

'&5 P: arctg 1 = 
4

 
 &)& arcsin 

1

2 6

 
! ?

%&'(&. L"'$3'", +4"!"$,  "%<")*<2 

 !& .$'*;$. (!62.$'4$ %4$ $''"= 

!5, %A",&4%5 -9%4!$$.

>%&A")"6&3$%<"= "%'"+"= "%"/'(-

'&5  !"-)$.'"= %&42(7&& <(< %&-

42(7&& /(4!2,'$'&5 5+)5$4%5 %+"$-

"-!(/'"$  !"4&+"!$3&$ .$?,2 !('$$ 

2%+"$''9. & 2%+(&+($.9.& '"+9.& 

/'('&5.&. >!"-)$.'(5 %&42(7&5 &.$-

$4 7$''"%4*, )&;* <"6,( "'( % "%"-'( 

+9/+(4* ?$)('&$ +9=4& &/ /(4!2,'$-

'&5, %'54* "121($."$  !"4&+"!$3&$.

F 23$4". !(/+&4&5 4& ")"6&3$%<&A 

%+"=%4+ )&3'"%4& -2,21$6" &'?$'$-

!(, .$A('&/."+  %&A&<& "-23($.9A 

 !& !$()&/(7&&  !"#$%%&"'()*'" 

'( !(+)$''"6" "-23$'&5 .(4$.(4&<$ 

%)$,2$4:

%4!"6" %"-)0,(4* .$!2 4!2,'"%4&  –

+9,+&6($.9A  !"-)$.'9A +" !"%"+, 

/(,(3, %&42(7&=, %)$,25  !&'7& 2 "4 

 !"%4"6" < %)"?'".2, " !$,$)55 

" 4&.()*'20 ,")0 %(."%4"54$)*'"-

%4&  !& !$;$'&&  !"-)$.9;

"-$% $3&4*  "D4( '"$,  "%4$ $''"$  –

'(!(%4('&$ %)"?'"%4&  !"-)$.'9A 

%&42(7&= & 4$A "-"-1$'&=, < <"-

4"!9.  !&A",54 "-23($.9$ +  !"-

7$%%$ &A !(/!$;$'&5 (%42 $'3(49= 

A(!(<4$!  "%4('"+<&  !"-)$.).

I$ "%!$,%4+$''9=  "<(/ !$;$'&5 

 !"-)$. %!$,%4+(.& .(4$.(4&<&, "-B-

5%'$'&$  24$= !$;$'&5  !"-)$.'9A 

%&42(7&= + 4$A'&<$, 4$A'")"6&& & '( 

 !"&/+",%4+$  "+9;(04 <". $4$'4-

'"%4* -2,21$6" % $7&()&%4(,  !&"--

1(04 $6" <  !"#$%%&"'()*'"= %#$!$, 

"-$% $3&+(5 6"4"+'"%4* < +9 ")'$'&0 

 !"#$%%&"'()*'9A #2'<7&= &'?$'$-

!(. >"D4".2 '( /('54&5A  " +/(&."-

%+5/9+($.9. ,&%7& )&'(. !(7&"-

'()*'" &% ")*/"+('&$ 2(.)3)0$!4+(-

,( *$0(1)  !"-)$.'"-!(/+&+(01$6" 

"-23$'&5, "%"-$''" +  !"7$%%$ "-B-

5%'$'&5 '"+"6" .(4$!&()(. I( !&.$!, 

&/)"?$'&$ )$<7&&  " 4$.$ «H&'$='9$ 

,&##$!$'7&()*'9$ 2!(+'$'&5  $!+"-

6"  "!5,<(» 7$)$%""-!(/'" '(3(4* '$ 

% " !$,$)$'&5 2<(/(''"6" 4& ( 2!(+-

'$'&5, ( % !$;$'&5 <"'<!$4'"= /(,(3& 

&/ "-)(%4& #&/&<& &)& 4$"!$4&3$%<"= 

.$A('&<&, < '$.2  !&+",51$=. O$. %(-

.9. %"/,($4%5 " !$,$)$''9= ."4&+(-

7&"''9= '(%4!"=, &'4$!$% & 2-$?,$'-

'"%4* + /'(3&."%4& & '$"-A",&."%4& 

 !&"-!$4$'&5 /'('&= & 2.$'&=  " 

%",$!?('&0 4$.9 )$<7&& ,)5 ,()*-

'$=;$6" 2% $;'"6" "-23$'&5. 

)#*+(#. L( )5, '(3()*'(5 .(%%( 

<"4"!"=  , %+"-",'"  (,(5 + +"/,2-

A$, !(+'".$!'" &% (!5$4%5 & 4$!5$4 

<(?,20 %$<2',2 .(%%2 m. F&)( %" !"-

4&+)$'&5 +"/,2A(  !" "!7&"'()*'( 

%<"!"%4& ,+&?$'&5 <( )&, <"D##&7&-

$'4  !" "!7&"'()*'"%4& k Q m. I(=4& 

/(+&%&."%4* %<"!"%4& ,+&?$'&5 <( )& 

"4 +!$.$'&,  !";$,;$6" % '(3()( $$ 

 (,$'&5, $%)& + '(3()*'9= .".$'4 

+!$.$'& %<"!"%4* <( )& !(+'( '2)0. 

:$;$'&$ /(,(3&  !&+",&4 < %"%4(+-

)$'&0 & !$;$'&0 ,&##$!$'7&()*'"-

6" 2!(+'$'&5 +&,( 
dV k

V g
dt M mt

" !
#

 

&)& V $ (t) + P(t) R V(t) = g, 6,$ g = const, 

<"4"!"$ + "-1$. %)23($ ."?$4 -94* 

%)$,201&.: y’(x) + P(x) R y = g(x), 6,$ 

y = y(x). >")23$''"$ 2!(+'$'&$ '(/9-

+($4%5 )&'$='9. ,&##$!$'7&()*'9. 

2!(+'$'&$.  $!+"6"  "!5,<(. E()$$ 
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!(%%.(4!&+($4%5 % "%"- '(A"?,$'&5 

!$;$'&5 )&'$='"6" ,&##$!$'7&()*-

'"6" 2!(+'$'&5 + +&,$  !"&/+$,$'&5 

,+2A #2'<7&=: !(") = U(x) R V(x).

>"%)$ &/)"?$'&5 4$"!&& +"/+!(-

1($.%5 < '$/(<"'3$''"= /(,(3$ & $1$ 

!(/ ,$."'%4!&!2$. % "%"- '(A"?,$-

'&5 !$;$'&5 )&'$='"6" ,&##$!$'7&-

()*'"6" 2!(+'$'&5, '" 2?$ '( <"'<!$4-

'".  !&.$!$.

>!& D4". %42,$'49 2-$?,(04%5, 34" 

,&##$!$'7&()*'"$ 2!(+'$'&$ S D4" 

'$ 4")*<" (-%4!(<4'"$ .(4$.(4&3$%<"$ 

 "'54&$, '" & <"'<!$4'"$  "'54&$ &/ 

<2!%"+ #&/&<&, 4$"!$4&3$%<"= .$A('&-

<&, %" !"4&+)$'&5 .(4$!&()"+ & ,!.

5%6-'0-#$'.-/ & -''!$1(%)0$!4-

'.-/ *$0(1&  !&.$'504%5 4"6,(, 

<"6,( %42,$'49 2?$ '(23$'9  !&$.(. 

2.%4+$''"= ,$54$)*'"%4&, ."624 %(-

."%4"54$)*'" '(A",&4*  24& !$;$'&5 

 !"-)$. &)& 2?$ /'(<".9 % %",$!?(-

'&$. 23$-'"6" .(4$!&()( &/  !$,9,2-

1&A /('54&=, +%4!$3()&%* % '&. '( 

 !(<4&<$. C.J. T',!$$+ "4.$3($4, 34" 

«< D+!&%4&3$%<&. +" !"%(., &% ")*-

/2$.9. +  !"7$%%$ (<4&+'"6" "-23$-

'&5, %)$,2$4 "4'$%4& +" !"%9 4& (: 

<(<? >"3$.2? U4" &/ D4"6" %)$,2$4? 

L(<&. % "%"-". $1$ ."?'" !$;&4* 

D42 /(,(32? >","-'9$ +" !"%9 '$ 

%4")*<" %"/,(04 /(4!2,'$'&5, %<")*<" 

/(,(04 '"+20 %4!(4$6&0 4+"!3$%<"6" 

 "&%<(, %4&.2)&!204 D+!&%4&3$%<&$ 

#2'<7&& .9;)$'&5» [1, %. 264]. I(-

 !&.$!,  "%)$ &/23$'&5 4$.9 «E"%4(-

4"3'9$  !&/'(<& %A",&."%4& 3&%)"+9A 

!5,"+ %  ")"?&4$)*'9.& 3)$'(.&» 

."?'"  !$,)"?&4* %)$,20120 /(-

,(32: «J%%)$,"+(4* '( %A",&."%4* !5, 

1

1

2 1n n

"%

! "& ».

 !"#!$. L(< ."?'" !$;&4* +" !"% 

"  "+$,$'&& ,(''"6" 3&%)"+"6" !5,(?

%&'(&. F!(+'&4* !5, % 6(!."'&3$-

%<&. !(%A",51&.%5 !5,". 
1

1

n n

"%

!
& .

 !"#!$. L(<"=  !&/'(< ."?$4 -94* 

 !&.$'$' ,)5 !$;$'&5  "%4(+)$''"= 

/(,(3&?

)#(,-!.(/*(  "(#'!(. >!&/'(< 

%!(+'$'&5  +   !$,$)*'"=  #"!.$ : 
1

lim lim
2 1 2

n

n n
n

u n

v n'"% '"%
! !

"
 S !5,9 +$,24 

%$-5 ",&'(<"+", 4.$. &%A",'9= !5, !(%-

A",&4%5.

 !"#!$. N%4* )& ,!26&$  !$,)"?$-

'&5  " !$;$'&0 /(,(3&?

)#(,-!.(/*( '&!#!(. >!&.$'&4* 

 !&/'(< %!(+'$'&5 + '$!(+$'%4+(A 
1 1

2 1n n
(

"
. 8,'(<" &/ !(%A",&."%4& 

!5,( % -")*;&.& 3)$'(.& '$ %)$,2$4 

!(%A",&."%4* !5,( % .$'*;&.& 3)$'(-

.&. E(''"$  !$,)"?$'&$ "4+$!6($4%5.

 !"#!$. N%4* )& ,!26&$  !$,)"?$-

'&5?

)#(,-!.(/*(  &#(&0(.  V2'<7&5 

) * 1

2 1
u n

n
!

"
 2,"+)$4+"!5$4 2%)"+&5. 

&'4$6!()*'"= 4$"!$.9 L";&. 8'(  "-

)"?&4$)*'(, '$ !$!9+'( & ."'"4"''" 

2-9+($4 ,)5 + n ,-[1; +W). X'(3&4, !5, 

+$,$4 %$-5 4(< ?$, <(< '$%"-%4+$''9= 

&'4$6!(), 4.$. !(%A",&4%5.

7!,(6-0*-#$'.-/ & 26(,6)**-6(-

%)++&/ *$0(1& %+5/('9 + "%'"+'". 

% '$ "%!$,%4+$''"=  !(<4&3$%<"= ,$5-

4$)*'"%4*0 "-23(01&A%5. 8'&  "/+"-

)504 !(/+&+(4* '(+9<& %(."%4"54$)*-

'"= !(-"49, /(<!$ )504  !&"-!$4$'-

'9$ /'('&5. L(< &/+$%4'", #$%&'()* S 

D4"  "'54'"$ & 4"3'"$  !$, &%('&$ 

(2<(/('&$) &% ")'&4$)0 %"+$!;&4* 

 "%)$,"+(4$)*'"%4* ,$=%4+&=, '( !(+-

)$''9A '( ,"%4&?$'&$ 7$)& &)& !$-

;$'&$ /(,(3&. >!(<4&3$%<(5 7$''"%4* 

()6"!&4.( %)$,2$4 &/ +"/."?'"%4& % 

 "."1*0 ",'"6" & 4"6" ?$  !&$.( 

!$;(4* ('()"6&3'9$ /(,(3&.

F"%4(+)$'&$ ()6"!&4."+ 23$-'"= 

,$54$)*'"%4&  !$,%4(+)5$4 %"-"= ."-

,$)&!"+('&$ &'?$'$!'"= ,$54$)*-

'"%4& &  "D4".2 4!$-2$4 .9%)$''"6" 
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 "D4( '"6" !(%<!94&5 +'24!$''$6" 

%",$!?('&5 D4"= ,$54$)*'"%4&, " !$-

,$)$'&5 +/(&."%+5/& "4,$)*'9A ,$=-

%4+&=, %"%4(+)$'&5 "-1$6"  !$, &%(-

'&5 (-)"<-%A$.9 ()6"!&4.(). 

C  !"7$%%$ &/23$'&5 .(4$.(4&<& 

%42,$'49 4$A'&3$%<"6" +2/( '$ 4")*<" 

 ")*/204%5 6"4"+9.& ()6"!&4.(.&, 

'" & &.$04 +"/."?'"%4* '(23&4*%5 

&A %"/,(+(4*. I( !&.$!, ()6"!&4. 

'(A"?,$'&5 '(&-")*;$6" & '(&.$'*-

;$6" /'(3$'&= #2'<7&& + /(.<'24"= 

"-)(%4& &)& ()6"!&4. &%%)$,"+('&5 

#2'<7&& &  "%4!"$'&5 6!(#&<(. 

J% ")*/"+('&$ ()6"!&4."+ +  !"-

7$%%$ &/)"?$'&5 '"+"= 4$.9 "-$% $-

3&+($4 )23;$$ /( ".&'('&$ 23$-'"6" 

.(4$!&()(, %4!"6"%4* !(%%2?,$'&= & 

4"3'"%4* "-"%'"+('&5 ,$=%4+&=, !(/-

+&+($4 )"6&3$%<"$ .9;)$'&$ %42,$'-

4"+. C  !"7$%%$ ()6"!&4.&/(7&& ,"%4&-

6($4%5  "+9;$'&$ (<4&+'"%4& /( %3$4:

-")$$ 6)2-"<"= (<42()&/(7&& " "!- –

'9A /'('&=;

'$%4(',(!4'"%4& & /('&.(4$)*'"- –

%4& 23$-'"6" .(4$!&()(;

%+5/& 4$"!&& %  !(<4&<"=; –

%(."%4"54$)*'"= !(-"49 %42,$'4"+  –

(%"%4(+)$'&$ ()6"!&4."+);

<"'<!$4'"%4& /(,('&5 & $6" /'(- –

3&."%4& ,)5 %4('"+)$'&5  !"#$%-

%&"'()(, "-$% $3$'&5 6"4"+'"%4& < 

&'?$'$!'"= ,$54$)*'"%4&;

'"+&/'9 ,$54$)*'"%4& S  )('&!"- –

+('&5.

>!&.$'$'&$ ()6"!&4."+ % "%"--

%4+2$4 (<42()&/(7&& " "!'9A /'('&= 

%42,$'4"+, ,&%7& )&'&!2$4 "-23($.9A, 

 !&23($4 &A <  "!5,<2 & "!6('&/"+('-

'"= ,$54$)*'"%4&, +9!(-(49+($4 "%"-

-9= %4&)* .9;)$'&5,  !& <"4"!". "'" 

 $!$%4($4 -94* (."!#'9., '$" !$,$-

)$''9.,  !&"-!$4($4 -")$$ 3$4<&$ 

#"!.9 & %4('"+&4%5 2 !(+)5$.9..

I( !&.$!, /(+$!;(01&. D4( ". 

)$<7&& '( 4$.2 «J'4$6!&!"+('&$ !(-

7&"'()*'9A ,!"-$=» ."?$4 -94* %)$-

,201(5 /(,(3(: «F"%4(+&4* ()6"!&4. 

+93&%)$'&5 '$" !$,$)$''"6" &'4$6!(-

)( 
) *) *) *0 1 2

( )mQ x dx

x x x x x x

.

# # #/ , 6,$ Q
m 

(x) S 

.'"6"3)$' %4$ $'& m, m ,-N».

8%4('"+&.%5 '( A(!(<4$!&%4&<$ 

+"/."?'"%4& -''!$1(%)0$!4'.(,( 

*$0(1) % 4"3<& /!$'&5 !$()&/(7&& 

%&%4$.9  !"#$%%&"'()*'" '( !(+)$'-

'"6" "-23$'&5 .(4$.(4&<$ %42,$'4"+ 

4$A'&3$%<"6" +2/(. C(?'9. 2%)"+&$. 

!(/+&4&5 4+"!3$%<&A % "%"-'"%4$= 

%42,$'4"+ 5+)5$4%5  ")"?&4$)*'(5 ."-

4&+(7&5 23$-'"= ,$54$)*'"%4&. @"4&-

+(7&5 4+"!3$%<"= &%%)$,"+(4$)*%<"= 

,$54$)*'"%4& "%'"+('( '( 2,"+)$4+"-

!$'&& -(/"+9A  "4!$-'"%4$= )&3'"%4&: 

 "/'(+(4$)*'"=,  "4!$-'"%4& + %(."-

+9!(?$'&&,  "4!$-'"%4& + 4+"!3$%<". 

"-1$'&&. O+"!3$%4+"  !$, ")(6($4 

'()&3&$ 2 )&3'"%4& % "%"-'"%4$=, ."-

4&+"+, /'('&= & 2.$'&= ,)5 ,$54$)*-

'"%4&. @9;)$'&$  !$,%4(+)5$4 %"-"= 

 !"7$%%  "/'(+(4$)*'"= ,$54$)*'"%4&, 

A(!(<4$!&/201$=%5 "-"-1$'&$. & 

'$ "%!$,%4+$''9. "4!(?$'&$. ,$=-

%4+&4$)*'"%4&. O+"!3$%4+2  !&%21& 

'$%4$!$"4& '"%4* .9;)$'&5, $,&'-

%4+" 4$"!$4&3$%<&A &  !(<4&3$%<&A 

<". "'$'4"+ /'('&=, +/(&."%+5/* 

 !$,.$4'"- !"#$%%&"'()*'9A & "--

!(/'9A  !$,%4(+)$'&=. O+"!3$%<"$ 

.9;)$'&$  !"5+)5$4%5 + '"+&/'$, 

2'&<()*'"%4&, "!&6&'()*'"%4& +9 ")-

'5$.9A !(-"4, 2.$'&& !$;(4* '$%4('-

,(!4'9$ /(,(3&.

E)5 #"!.&!"+('&5 4+"!3$%<"6" 

 !"#$%%&"'()*'"6" .9;)$'&5 +  !"-

7$%%$ "-23$'&5 .(4$.(4&<$ '$"-A"-

,&.":

"+)(,$'&$ %&%4$."= .(4$.(4&3$- –

%<&A  "'54&=, %2?,$'&= & 2."/(-

<)03$'&=, -(/&!201&A%5 '( /'(-

'&5A, 2.$'&5A, '(+9<(A & " 94$ 

,$54$)*'"%4&; 

2.$'&$ ('()&/&!"+(4*, %!(+'&+(4*,  –

<)(%%&#&7&!"+(4*, "-"-1(4*;
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%"/,('&$ 2%)"+&= ,)5  !&.$'$'&5  –

.(4$.(4&3$%<&A /'('&= & 2.$'&= 

+  !"7$%%$ &'?$'$!'"= ,$54$)*-

'"%4&.

8 94 4+"!3$%<"= ,$54$)*'"%4&, 

 "&%<( '"+"6" '$)*/5  $!$,(4*  24$. 

%""-1$'&5 &'#"!.(7&& " '$=. >!"-

7$%% 2%+"$'&5 %42,$'4(.& 4(<"= &'-

#"!.(7&& 5+)5$4%5 '$"-A",&.9., '" 

'$,"%4(4"3'9. 2%)"+&$. D##$<4&+'"= 

4+"!3$%<"= ,$54$)*'"%4&. O!$-2$4%5 

)&3'9= 4+"!3$%<&=  "&%< '"+"6",  "-

)23$'&$ %""4+$4%4+201$6" !$/2)*4(4(, 

34"-9 ."?'" -9)" 6"+"!&4* " 4"., 34" 

4+"!3$%<(5 ,$54$)*'"%4* %"%4"5)(%*. 

8,'&. &/ 2%)"+&= #"!.&!"+('&5 

'(+9<"+ 4+"!3$%<"= ,$54$)*'"%4& 

%42,$'4"+ +  !"7$%%$ &/23$'&5 .(4$-

.(4&<& 5+)5$4%5 7$)$'( !(+)$''(5 

 "%4('"+<(  $!$, '&.&, % 23$4". &A 

 "/'(+(4$)*'9A +"/."?'"%4$=, /(,(3 

4+"!3$%<"6" A(!(<4$!(. 

>!&+$,$.  !&.$! 4(<"= /(,(3&: 

«J/ .$4())&3$%<"= "4)&+<& + #"!.$ 

;(!( 4!$-2$4%5 +94"3&4* 7&)&',! 4(<, 

34"-9 "4A",9 .$4())( -9)& '(&.$'*-

;&.&. L(<"+9 ,")?'9 -94* !(/.$!9 

7&)&',!(? L(<(5 3(%4* "-B$.( (&)& 

.(%%9) /(6"4"+<& '$.&'2$." 2=,$4 + 

"4A",9?»

:$;(5  ","-'9$ /(,(3&, %42,$'4 '$ 

4")*<" +9 ")'5$4 (-%4!(<4'9$ .(4$-

.(4&3$%<&$ " $!(7&&, '" & !(/+&+($4 

2.$'&$ %!(+'&+(4*, ('()&/&!"+(4*, &'-

4$6!&!"+(4* /'('&5  " 6$".$4!&&, .(4$-

.(4&3$%<".2 ('()&/2 & D<"'".&<$.

O(<&. "-!(/".,  !&.$'$'&$ .$4"-

,"+  !"-)$.'"6" "-23$'&5  "/+")5$4 

#"!.&!"+(4* 2.$'&5 & (<4&+&/&!"+(4* 

% "%"-'"%4& %42,$'4"+ 4$A'&3$%<&A 

% $7&()*'"%4$= +2/"+, <"4"!9$ "-$-

% $3&+(04 4+"!3$%<"$, 7$)$'( !(+)$'-

'"$ &% ")*/"+('&$ .(4$.(4&3$%<&A 

/'('&=  !& &/23$'&& "-1$ !"#$%%&"-

'()*'9A & % $7&()*'9A ,&%7& )&', ( 

+ ,()*'$=;$. – +  !$,%4"51$=  !"-

#$%%&"'()*'"= ,$54$)*'"%4&. «U$. 

+9;$ /'('&5, 4$.  !"3'$$ ,")?$' 

-94* #2',(.$'4. U$)"+$<,  ")23&+;&= 

A"!";$$ #2',(.$'4()*'"$ "-!(/"+(-

'&$, 6"!(/," -9%4!$$  !&% "%"-&4%5 < 

2%)"+&5. %"+!$.$''"= ?&/'&, %2.$$4 

'(=4& + '$= %+"$ .$%4", 3$. 4"4, <4"  "-

+$!A'"%4'"  "/'(<".&)%5 % .'"6"3&%-

)$''9.& %"+!$.$''9.&  !$,.$4(.&, 

'(23&)%5 '(?&.(4* <'" <& %)"?'9A 

 !&-"!"+, '$  "'&.(5 %24&  !"&%A",5-

1&A + '&A  !"7$%%"+» [5]. 
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