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✶✸ U=,(G""✱ 2-9"#7W"% )$ ,%#()4>("; <%*%&%,,';✳ ❮%79✲

,'% K=,(G""

✷

✶✹ ➘9)0,'% " (*-$,'% ",$%5*-4'✳ ❮%#)8#$9%,,'% ",$%5*-✲

4'✳ ➮,$%5*-4'✱ 2-9"#7W"% )$ <-*-&%$*)9✳ Y7+' " ",$%✲

5*-4' U=*>%

✷ ✷

✶✺ ✃*"9)4",%0,'% ",$%5*-4'✳ /)9%*;,)#$,'% ",$%5*-4'✳

Z4%&%,$' $%)*"" <)47✳ Z4%&%,$' $%)*"" (*"9'; " <)✲

9%*;,)#$%0

✷ ✷

✶✻ ➘"KK%*%,G"-4>,'% =*-9,%,"7 ✹ ✷

➶)➴➹❰ ✸✻ ✶✽ ✻ ✹
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✷ ✷



✷✶

✷ !"#$%&%'& ('%'' %# )(*+,*+-'✳ !"#$%&%'/ )*$&"0%*+-'

' ('%'' $ )"*+-"#%+-$&✳ ❐'%&2%3& *4"#53

✷ ✷

✸ ❐'%'' ' )*$&"0%*+-' $-*"*7* )*"/8,# ✷

✹ ✃*;)(&,+%3& <'+(#✳ ➚(7&4"# ;%*7*<(&%*$✳ ❒#-"'?3 '

*)"&8&('-&('

✷

✺ A'+-&;3 ('%&2%30 #(7&4"#'<&+,'0 B"#$%&%'2 ✷ ✷

✻ D'+(*$3& )*+(&8*$#-&(E%*+-' ' FB%,?''✳ G"&8&(3 '

%&)"&"3$%*+-E

✷ ✷

✼ ❰+%*$3 8'FF&"&%?'#(E%*7* '+<'+(&%'/ ✷ ✷

✽ ❮&*)"&8&(&%%32 '%-&7"#(✳ ➮%-&7"'"*$#%'& $ M(&;&%-#"✲

%30 FB%,?'/0

✷ ✷

✾ ➮++(&8*$#%'& 7"#F',# FB%,?'' ' %#0*P8&%'& && ;#,+'✲

;#(E%*7* ' ;'%';#(E%*7* 5%#<&%'2

✷ ✷

✶✵ G"'4('P&%%3& ;&-*83 $3<'+(&%'/ ,*"%&2 B"#$%&%'2

' *)"&8&(&%%30 '%-&7"#(*$✳ D'+(*$3& "/83✳ SB%,?'*✲

%#(E%3& )*+(&8*$#-&(E%*+-' ' "/83

✷

✶✶ SB%,?''✱ 5#$'+/U'& *- %&+,*(E,'0 )&"&;&%%30✳ ❮&/$✲

%3& FB%,?''

✷

✶✷ ➘$*2%3& ' ,"#-%3& '%-&7"#(3✳ ❮&+*4+-$&%%3& '%-&7"#✲

(3✳ ➮%-&7"#(3✱ 5#$'+/U'& *- )#"#;&-"*$✳ W/83 ' '%-&✲

7"#(3 SB"E&

✷

✶✸ ✃"'$*('%&2%3& '%-&7"#(3✳ G*$&"0%*+-%3& '%-&7"#(3✳

X(&;&%-3 -&*"'' )*(/✳ X(&;&%-3 -&*"'' ,"'$30 ' )*✲

$&"0%*+-&2

✷

✶✹ ➘'FF&"&%?'#(E%3& B"#$%&%'/ ✷ ✹

➶!➴➹❰ ✶✽ ✶✽ ✹ ✷

✻✳ ❒➴,❰➘➮/➴!✃➮➴ 1➴✃❰❒➴❮➘➚4➮➮ 5❰ ❰1➹➚❮➮➬➚4➮➮ !➚❒❰!,❰7,➴❐9❮❰➱

1➚➪❰,< !,=➘➴❮,❰➶

❰>?@ABC@DBE F@GHFIHEIJKLAHM >@NHIO FIPQJAIHR

✃!"#$%&'(! $)&!(

➑

+✴+

❮).()/#% '%01 !$/)2

3!40)

.)!$/)2

3!40)

/!40✳ 6&7✳ /!40✳ 6&7✳

✶ A'+-&;3 ,**"8'%#-✳ G"*+-&2Y'& 5#8#<' #%#('-'<&+,*2

7&*;&-"''✳ ➶&,-*"%#/ #(7&4"#✳ G"&*4"#5*$#%'& 8&,#"-*✲

$30 )"/;*B7*(E%30 ,**"8'%#-

✹ ✻ ✹ ✹

✷ !"#$%&%'& ('%'' %# )(*+,*+-'✳ !"#$%&%'/ )*$&"0%*+-'

' ('%'' $ )"*+-"#%+-$&✳ ❐'%&2%3& *4"#53

✷ ✹ ✻ ✻

✸ ❐'%'' ' )*$&"0%*+-' $-*"*7* )*"/8,# ✹ ✻ ✽ ✽

✹ ✃*;)(&,+%3& <'+(#✳ ➚(7&4"# ;%*7*<(&%*$✳ ❒#-"'?3 '

*)"&8&('-&('

✹ ✹ ✹ ✹

✺ A'+-&;3 ('%&2%30 #(7&4"#'<&+,'0 B"#$%&%'2 ✹ ✻ ✻ ✽

✻ D'+(*$3& )*+(&8*$#-&(E%*+-' ' FB%,?''✳ G"&8&(3 '

%&)"&"3$%*+-E

✹ ✹ ✹ ✹

✼ ❰+%*$3 8'FF&"&%?'#(E%*7* '+<'+(&%'/ ✹ ✻ ✻ ✽

✽ ❮&*)"&8&(&%%32 '%-&7"#(✳ ➮%-&7"'"*$#%'& $ M(&;&%-#"✲

%30 FB%,?'/0

✹ ✻ ✽ ✽



✷✷

✾ ❰"#$%#&' ('$)'*& $ #'+)')&%#&, - .-//')'#0-)1'*&,

/1#20-3,

✹ ✹ ✻ ✻

✶✵ ➮""9'.$%:#-' ;):/-2: /1#20-- - #:,$<.'#-' '' *:2"-✲

*:9>#$;$ - *-#-*:9>#$;$ ?#:@'#-A

✷ ✹ ✻ ✻

✶✶ ❰+)'.'9'##&A -#(';):9 - ';$ +)-9$<'#-3 ✹ ✻ ✽ ✽

✶✷ D)-E9-<'##&' *'($.& %&@-"9'#-3 2$)#'A 1):%#'#-A

- $+)'.'9'##&, -#(';):9$%✳ G-"9$%&' )3.&✳ H1#20-$✲

#:9>#&' +$"9'.$%:('9>#$"(- - )3.&

✷ ✹ ✻ ✻

✶✸ H1#20--✱ ?:%-"3K-' $( #'"2$9>2-, +')'*'##&,✳ ❮'3%✲

#&' /1#20--

✹ ✹ ✻ ✻

✶✹ ➘%$A#&' - 2):(#&' -#(';):9&✳ ❮'"$E"(%'##&' -#(';):✲

9&✳ ➮#(';):9&✱ ?:%-"3K-' $( +:):*'()$%✳ N3.& - -#('✲

;):9& H1)>'

✷ ✹ ✻ ✻

✶✺ ✃)-%$9-#'A#&' -#(';):9&✳ D$%'),#$"(#&' -#(';):9&✳

Q9'*'#(& ('$)-- +$93✳ Q9'*'#(& ('$)-- 2)-%&, - +$✲

%'),#$"('A

✹ ✷ ✻ ✻

✶✻ ➘-//')'#0-:9>#&' 1):%#'#-3 ✷ ✷ ✽ ✽

➶!➴➹❰ ✺✹ ✼✷ ✾✽ ✶✵✷

✼✳ ➮❮➘➮➶➮➘1➚❐4❮5➴ ➬➚➘➚❮➮7

❮!"# $%!&#'#( $%!)#% *'(*+* !, !('!&!'-./0(12 $%.34!5#63!2 ,.'.(!7 3 6*'#%".✲

4#/0(*)- )*'-/9 ✶ ➽</#)#(41 .(./!4!5#63*7 +#*)#4%!!➾✳ <4* ,.'.(!# *4(*6!46? 3

4#)# ✷ ➽A%.&(#(!# /!(!! (. $/*63*64!✳ A%.&(#(!? $*&#%2(*64! ! /!(!! & $%*64%.(64&#✳

❐!(#7(1# *C%.,1➾✳

✶✳ R$"(:%>(' 1):%#'#-' +)3*$A✱ +)$,$.3K'A @')'? ($@21 M0(1; 3) +')+'#.-2193)#$ %'2($)1
n = (4;−5)✳

✷✳ R$"(:%>(' % $EK'* %-.' 1):%#'#-' +)3*$A✱ +)$,$.3K'A @')'? ($@2- K(1;−8) - M(7; 3)✳
✸✳ ❮:A.-(' ($@21 +')'"'@'#-3 +)3*$A 2x+ 3y = −1 " +)3*$A x− 2y = 10✳
✹✳ D)3*:3 a ?:.:#: 1):%#'#-'* 4x− y + 3 = 0✳ D$"()$A(' % $EK'* %-.' 1):%#'#-3 +)3*&,

b - c✱ '"9- -?%'"(#$✱ @($ +)3*:3 b +:):99'9>#: +)3*$A a✱ : +)3*:3 c +')+'#.-2193)#:

+)3*$A a✳
✺✳ ➘%' "($)$#& +:):99'9$;):**: ABCD 9'<:( #: +)3*&,BC ✭'' 1):%#'#-' 2x+y+2 = 0✮ -

CD ✭'' 1):%#'#-' x−4y+1 = 0✮✱ : $.#: -? %')U-# '"(> ($@2: (1; 5)✳ ❮:A.-(' 2$$).-#:(&
$"(:9>#&, %')U-#✳

✻✳ ❮:A.-(' ):""($3#-' $( ($@2- A " 2$$).-#:(:*- (2;−1) .$ +)3*$A a✱ ?:.:##$A 1):%#'#-'*
3x+ 4y − 5 = 0✳

✼✳ ❮:A.-(' 1):%#'#-3 ()', "($)$# 2%:.):(: ABCD✱ '"9- ';$ %')U-#: A -*''( 2$$).-#:(&

(−5; 1)✱ : 1):%#'#-' $.#$A -? ';$ "($)$# '"(> 2x+ 3y + 4 = 0✳
✽✳ R$"(:%>(' 1):%#'#-' +9$"2$"(-✱ +)$,$.3K'A @')'? ($@21 M0(2; 1; 4) +')+'#.-2193)#$

%'2($)1 n = (3;−6; 5)✳
✾✳ R$"(:%>(' 1):%#'#-' +9$"2$"(-✱ +)$,$.3K'A@')'? ($@21 M1(2; 1; 4)+:):99'9>#$ %'2($):*

a = (2;−1;−5) - b = (−1; 2;−2)✳
✶✵✳ R$"(:%>(' 1):%#'#-' +9$"2$"(-✱ 2$($):3 +)$,$.-( @')'? ($@2- M1(2; 1; 4)✱ M2(4; 0;−1) -

M3(1; 3; 2)✳
✶✶✳ R$"(:%>(' 1):%#'#-' +9$"2$"(-✱ 2$($):3 +)$,$.-( @')'? ($@21 M0 " 2$✲ $).-#:(:*-

(2; 1;−3) +:):99'9>#$ +9$"2$"(- 3x− 4y + z + 5 = 0✳
✶✷✳ D9$"2$"(> α ?:.:#: 1):%#'#-'* 2x − y + 5z + 1 = 0✳ D9$"2$"(> β ?:.:#: 1):%#'#-'*

−4x + 2y − 10z − 2 = 0✳ ❰+)'.'9-('✱ 2:2$%$ %?:-*#$' ):"+$9$<'#-' W(-, +9$"2$"('A %

+)$"():#"(%'✿ $#- +:):99'9>#&✱ "$%+:.:Y( -9- +')'"'2:Y("3✳

✶✸✳ ➘$2:<-('✱ @($ +9$"2$"(- α - β✱ ?:.:##&' "$$(%'("(%'##$ 1):%#'#-3*- x−2y+5z+1 = 0
- 4x− 3y − 2z = 0✱ +')+'#.-2193)#&✳

✶✹✳ ❮:A.-(' 2$"-#1" 1;9: *'<.1 +9$"2$"(3*- α - β✱ ?:.:##&*- 1):%#'#-3*- z + 3 = 0 -

2x+ y − 4z − 4 = 0✳
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✶✺✳ ❮$%&'() *$++(,-.') ,( (,/0' M(−2; 1; 4) &, 12,+0,+('✱ 0,(,*$- 1)*1).&'042-*.$ 5)0(,*4
n = (2;−6; 3) ' 1*,6,&'( /)*)7 (,/04 K(4; 0;−1)✳

✶✻✳ 9,+($5:() 4*$5.).') 12,+0,+(' 1$*$22)2:.,% 12,+0,+(' 2x + y − 2z = 0 ' 1*,6,&-;)%

.$ *$++(,-.'' 5 4 )&'.'<= ,( (,/0' M(3; 1; 4)✳
✶✼✳ ➘,0$@'()✱ /(, 12,+0,+(' α ✭)) 4*$5.).') 3x+4z+1 = 0✮ ' β ✭)) 4*$5.).') 3x+4z+5 = 0✮

1$*$22)2:.= ' .$%&'() *$++(,-.') C)@&4 .'C'✳

✶✽✳ 9,+($5:() 1$*$C)(*'/)+0') 4*$5.).'- 1*-C,% a✱ 0,(,*$- 1*,6,&'( /)*)7 (,/04K(3;−1; 5)
' 1$*$22)2:.$ 1*-C,% b✱ 1$*$C)(*'/)+0') 4*$5.).'- 0,(,*,% ($0,5=✿







x = 1− t✱

y = 2t✱
z = −2✳

❐)@'( 2' .$ 1*-C,% a (,/0$ M1(1;−1; 5)✱ (,/0$ M2(2; 1; 5)❄
✶✾✳ ➘$.= &5) (,/0'✿ K(3; 1;−2) 'M(−1; 2; 4)✳ 9,+($5:() 1$*$C)(*'/)+0') 4*$5.).'- 1*-C,%

g✱ 1*,6,&-;)% /)*)7 I(' (,/0'✳

✷✵✳ L*-C$- a 5 1*,+(*$.+(5) 7$&$.$ +2)&4M;'C' 1$*$C)(*'/)+0'C' 4*$5.).'-C'✿







x = 3 + 2t✱
y = 3t✱
z = −1− 5t✳

➚ 1$*$C)(*'/)+0') 4*$5.).'- 1*-C,% b ($0,5=✿






x = −1 + t✱

y = 8 + 5t✱
z = −5− 6t✳

❮$%&'() (,/04 1)*)+)/).'- I('6 1*-C=6✳

✷✶✳ L*-C$- a 5 1*,+(*$.+(5) 7$&$.$ +2)&4M;'C' 1$*$C)(*'/)+0'C' 4*$5.).'-C'✿







x = −3− 4t✱
y = 1− 2t✱
z = 11 + 6t✳

L$*$C)(*'/)+0') 4*$5.).'- 1*-C,% b ($0,5=✿






x = 3 + 6t✱
y = 4 + 3t✱
z = 2− 9t✳

❰1*)&)2'()✱ 0$0,5, 57$'C.,) *$+1,2,@).') I('6 1*-C=6 5 1*,+(*$.+(5) ✭1$*$22)2:.=✱

+,51$&$M(✱ 1)*)+)0$M(+- '2' +0*);'5$M(+-✮✳

✷✷✳ L*-C$- a 5 1*,+(*$.+(5) 7$&$.$ +2)&4M;'C' 1$*$C)(*'/)+0'C' 4*$5.).'-C'✿







x = 2− t✱

y = 1− 2t✱
z = −3t✳

L$*$C)(*'/)+0') 4*$5.).'- 1*-C,% b ($0,5=✿






x = −5 + 2t✱
y = 1✱
z = 3 + 4t✳

❮$%&'() 0,+'.4+ 4P2$ C)@&4 I('C' 1*-C=C'✳

✷✸✳ ➘,0$@'()✱ /(, 12,+0,+(' 3x − y + z − 1 = 0 ' x − 2y + 3 = 0 1)*)+)0$M(+-✳ 9,+($5:()

1$*$C)(*'/)+0') 4*$5.).'- 1*-C,%✱ 1, 0,(,*,% 1)*)+)0$M(+- I(' 12,+0,+('✳
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✷✹✳ #$%&'% a ( )$*+,$'-+,(. /'0'-' +1.02345&5 )'$'&.,$56.+75&5 2$'(-.-5%&5✿







x = 3 + 2t✱
y = t✱

z = 4− t✳

#1*+7*+,: α ( )$*+,$'-+,(. /'0'-' 2$'(-.-5.& 4x+ y+ 2z − 6 = 0✳ ❮'<05,. 7**$05-',=
,*675 ).$.+.6.-5% )$%&*< a 5 )1*+7*+,5 α✳

✷✺✳ #$%&'% a ( )$*+,$'-+,(. /'0'-' +1.02345&5 )'$'&.,$56.+75&5 2$'(-.-5%&5✿







x = −3 + 7t✱
y = 1− 2t✱
z = 5− t✳

#1*+7*+,: α ( )$*+,$'-+,(. /'0'-' 2$'(-.-5.& 2x + 9y − 4z + 1 = 0✳ ➶=%+-5,.✱ 7'7*(*
(/'5&-*. $'+)*1*@.-5. )$%&*< a 5 )1*+7*+,5 α ✭)$%&'% )'$'11.1:-' )1*+7*+,5✱ )$%&'%

).$.+.7'., )1*+7*+,: ( .05-+,(.--*< ,*67.✱ )$%&'% +*0.$@5,+% ( )1*+7*+,5 B.157*&✮✳

✷✻✳ #$%&'% a ( )$*+,$'-+,(. /'0'-' )'$'&.,$56.+75&5 2$'(-.-5%&5✿







x = 7 + 2t✱
y = −1✱
z = 1 + t✳

✃'-*-56.+75. 2$'(-.-5% )$%&*< b ,'7*(=✿

x+ 4

3
= 2− y =

z + 6

2

➘*7'@5,.✱ 6,* G,5 )$%&=. %(1%3,+% ).$.+.7'345&5+%✳ H*+,'(:,. 2$'(-.-5. )1*+7*+,5✱

+*0.$@'4.< G,5 )$%&=.✳

✷✼✳ H*+,'(:,. 2$'(-.-5. )1*+7*+,5 α✱ )$*J*0%4.< 6.$./ ,*672 M(−7; 5; 6) 5 ).$).-05721%$✲

-*< )$%&*< a✱ )'$'&.,$56.+75. 2$'(-.-5% 7*,*$*< ,'7*(=✿







x = t✱

y = 5− 3t✱
z = 1 + 4t✳

✷✽✳ H*+,'(:,. 2$'(-.-5. )$%&*<✱ )$*J*0%4.< 6.$./ ,*672 M(5;−6; 2) 5 ).$).-05721%$-*<

)1*+7*+,5 3x− z + 11 = 0✳
✷✾✳ ❮'<05,. )$*.7B53 ,*675 A(2; 0;−8) -' )1*+7*+,: 3x− 4y − 2z + 7 = 0✳
✸✵✳ ❮'<05,. ,*672✱ +5&&.,$56-23 ,*67. A(1;−4; 9) *,-*+5,.1:-* )1*+7*+,5✱ /'0'--*< 2$'(✲

-.-5.& x+ 3y − 2z + 1 = 0✳
✸✶✳ ❮'<05,. )$*.7B53 ,*675 A(4; 9; 1) -' )$%&23✱ 7'-*-56.+75. 2$'(-.-5% 7*,*$*< ,'7*(=✿

x− 1 =
y + 11

2
= −z

✸✷✳ ❮'<05,. ,*672✱ +5&&.,$56-23 ,*67. A(1;−1; 12) *,-*+5,.1:-* )$%&*<✱ )'$'&.,$56.+75.
2$'(-.-5% 7*,*$*< ,'7*(=✿







x = 7− 3t✱
y = 5✱
z = t✳

❮!"# $%!&#'#( $%!)#% *'(*+* !, !('!&!'-./0(12 $%.34!5#63!2 ,.'.(!7 3 6*'#%✲

".4#/0(*)- )*'-/9 ✷ ➽</#)#(41 &16=#7 ./+#>%1➾✳ <4* ,.'.(!# *4(*6!46A 3 4#)# ✺

➽C!64#)1 /!(#7(12 ./+#>%.!5#63!2 -%.&(#(!7➾✳

✶✳ H1.023423 +5+,.&2 15-.<-=J '1Q.R$'56.+75J 2$'(-.-5< $.S5,. )* )$'(512 ✃$'&.$'✿















2x1 + 2x2 − x3 + x4 = 4✱
4x1 + 3x2 − x3 + 2x4 = 6✱
8x1 + 5x2 − 3x3 + 4x4 = 12✱
3x1 + 3x2 − 2x3 + 2x4 = 6✳



✷✺

✷✳ "#$%&'(&' )*)+$,& &-./0$0*1 -$2*+$ ,$+3%3, *)4#'5$0*6 0$*7/$)+089✿















3x1 − 2x2 − 5x3 + x4 = 3✱
2x1 − 3x2 + x3 + 5x4 = −3✱
x1 + 2x2 − 4x4 = −3✱
x1 − x2 − 4x3 + 9x4 = 22✳

✸✳ ❮.1%*+$ 4/.%-.+081 ,03>35#$0 f(x)✱ 70.6✱ 5+3 f(1) = −1✱ f(−1) = 9✱ f(2) = −3✳
✹✳ ❮.1%*+$ -.0> )#$%&'($1 ,.+-*@8 ,$+3%3, 34.1,#$0*6 ,*03-3/✿







3 −1 3 2 5
5 −3 2 3 4
1 −3 −5 0 −7
7 −5 1 4 1







✺✳ ➶85*)#*+$ -.0> )#$%&'($1 ,.+-*@8 C-* C3,3(* D#$,$0+.-089 C-$3E-.73/.0*1✿







25 31 17 43
75 94 53 132
75 94 54 134
25 32 20 48







✻✳ ❮.1%*+$ #*0$10&'43,E*0.@*' 3a1+5a2−a3 /$4+3-3/ a1 = (4; 1; 3;−2)✱a2 = (1; 2;−3; 2)✱
a3 = (16; 9; 1;−3)✳

✼✳ ❮.1%*+$ /$4+3- x *7 &-./0$0*6✿

a1 + 2a2 + 3a3 + 4x = 0✱

>%$ a1 = (5;−8;−1; 2)✱ a2 = (2;−1; 4;−3)✱ a3 = (−3; 2;−5; 4)✳
✽✳ ➶86)0*+$✱ 6/#6$+)6 )#$%&'(.6 )*)+$,. /$4+3-3/ #*0$103 7./*)*,31 *#* #*0$103 0$7.✲

/*)*,31✿

a1 = (2;−3; 1)✱
a2 = (3;−1; 5)✱
a3 = (1;−4; 3)✳

✾✳ ➮))#$%&1+$ )3/,$)+03)+L * 0.1%*+$ 3E($$ -$2$0*$ * 3%03 5.)+03$ -$2$0*$ )*)+$,8

#*0$1089 .#>$E-.*5$)4*9 &-./0$0*1✿







2x1 + 7x2 + 3x3 + x4 = 6✱
3x1 + 5x2 + 2x3 + 2x4 = 4✱
9x1 + 4x2 + x3 + 7x4 = 2✳

✶✵✳ ❮.1%*+$ &-./0$0*$ * 3C-$%$#*+$ /*% 4-*/31 /+3-3>3 C3-6%4.✱ C-393%6($1 5$-$7 C6+L

+35$4✿ (3; 0)✱ (5; 6
2

3
)✱ (5;−62

3
)✱ (−5;−62

3
)✳

✶✶✳ ❮.1%*+$ &-./0$0*$ C#3)43)+*✱ C-393%6($1 5$-$7 +-* +354*✿ (1; 1; 1)✱ (2; 3;−1)✱ (3;−1;−1)✳
❮!"# $%!&#'#( $%!)#% *'(*+* !, !('!&!'-./0(12 $%.34!5#63!2 ,.'.(!7 3 6*'#%".✲

4#/0(*)- )*'-/9 ✸ ➽</#)#(41 ).4#).4!5#63*+* .(./!,.➾✳ <4* ,.'.(!# *4(*6!46? 3

4#)# ✻ ➽A!6/*&1# $*6/#'*&.4#/0(*64! ! B-(3C!!✳ D%#'#/1 ! (#$%#%1&(*640➾✳

✶✳ ➘#6 P&04@** f(x) =
1

π
arcsin 2x 0.1%*+$ 3E#.)+L 3C-$%$#$0*6 * 3E#.)+L 70.5$0*1✳

✷✳ ❰C-$%$#*+$✱ 6/#6$+)6 P&04@*6 ϕ(x) = 3x4 3
√
x + 2 sin x 5$+031✱ 0$5$+031 *#* P&04@*$1

3E($>3 /*%.✳

✸✳ ❰C-$%$#*+$✱ 6/#6$+)6 #* P&04@*6 g(x) = cos 3x C$-*3%*5$)431✱ * 0.1%*+$ $$ 0.*,$0L2*1

C3#3R*+$#L081 C$-*3%✱ $)#* 30 )&($)+/&$+✳

✹✳ ❮.1%*+$ )#3R08$ P&04@** g(f(x)) * f(g(x)) $)#* *7/$)+03✱ 5+3 P&04@** g(x) * f(x)
+.43/8✿ f(x) = x2

* g(x) =
√
x✳

✺✳ ➘#6 P&04@** y(x) =
3

x+ 5
0.1%*+$ 3E-.+0&'✳



✷✻

✻✳ ➮#$%&' () *+,-(.%/ %#0%/01$ 2345406,+01$ -70.8(9✱ ;%#6+%964 *+,-(. -70.8(( f(x) =
x2 − 6x+ 11✳

✼✳ ❮,;(>(64 ;4+/14 ;'6? @340%/ @(#3%/%9 ;%#34&%/,643?0%#6( {xn}✱ 4#3( xn =
(−1)n
2n+ 1

✳

✽✳ B%#6+%964 -%+5737 %CD4*% @340, ;%#34&%/,643?0%#6( 1✱
1

3
✱

1

5
✱

1

7
✱

1

9
✱ ✳ ✳ ✳

✾✳ ➮##34&7964 @(#3%/7F ;%#34&%/,643?0%#6? {yn} 0, %*+,0(@400%#6? ✭%*+,0(@400%#6? #0(✲
)7✱ #/4+$7✱ %*+,0(@400%#6? /%%CD4✮✱ 4#3( yn = 1 + 2n✳

✶✵✳ ➮##34&7964 ;%#34&%/,643?0%#6? {xn} 0, 5%0%6%00%#6?✱ 4#3( xn = 1− 1

n2
✳

✶✶✳ ❮,9&(64 ;+4&43 ;%#34&%/,643?0%#6(✿ lim
n→∞

n− 3

6n+ 1
✳

✶✷✳ ❮,9&(64 ;+4&43 ;%#34&%/,643?0%#6(✿ lim
n→∞

(

6

n− 3
− 2

3n− 1

)

✳

✶✸✳ ❮,9&(64 ;+4&43 ;%#34&%/,643?0%#6(✿ lim
n→∞

(

2n+ 3

2n+ 1

)n+1

✳

✶✹✳ ❮,9&(64 ;+4&43 -70.8((✿ lim
x→2

x2 − x− 2

x− 2
✳

✶✺✳ ❮,9&(64 ;+4&43 -70.8((✿ lim
x→0

sin x

tg 9x
✳

✶✻✳ ❮,9&(64 ;+4&43 -70.8((✿ lim
x→0

(1− 4x)
1−x

x
✳

✶✼✳ ❮,9&(64 ;+4&43 -70.8((✳ ➮#;%3?)7964 ;+( ;%(#.4 2./(/,3406014 C4#.%04@0% 5,314✿

lim
x→0

√
x+ 4− 2

sin 2x
✳

✶✽✳ ➘%.,R(64✱ @6% x = π 4#6? 6%@., +,)+1/, -70.8(( f(x) =

√
1 + cos x

sin x
✳ ➶1@(#3(64 %&✲

0%#6%+%00(4 ;+4&431 ( 7#6,0%/(64 +%& +,)+1/,✳ ➴#3( +,)+1/ '/3'46#' 7#6+,0(515✱

&%%;+4&43(64 -70.8(F 6,.✱ @6%C1 %0, C13, 04;+4+1/0, / 0,)/,00%9 6%@.4✳

✶✾✳ ❮,9&(64 6%@.( +,)+1/, -70.8(( f(x) =
4

4− x2
✳ ➘3' .,R&%9 () 0($ 7#6,0%/(64 +%&

+,)+1/,✳ B%#6+%964 #$45,6(@4#.( *+,-(. &,00%9 -70.8((✳

✽✳ ✃❰❮%&❰❐(❮)➴ ➶❰,&❰-) ✃ ,&❰❒➴➷0%❰1❮❰➱ ➚%%➴-%➚4➮➮

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

✶✳ ➘4.,+6%/1 .%%+&(0,61 0, ;+'5%9✱ 0, ;3%#.%#6( ( / ;+%#6+,0#6/4✳ ❮,;+,/340019 %6+4)%.

0, ;3%#.%#6( ( / ;+%#6+,0#6/4✳ B+%4.8(' 0,;+,/3400%*% %6+4)., 0, %#?✳

✷✳ U,##6%'0(4 54R&7 &/75' 6%@.,5(✳ ➘4340(4 %6+4)., / &,00%5 %60%>40((✳ ➪,+(8406+(@4✲

#.(4 .%%+&(0,61✳

✸✳ B%3'+014 .%%+&(0,61✳ W(3(0&+(@4#.(4 .%%+&(0,61✳ X-4+(@4#.(4 .%%+&(0,61✳

✹✳ B%0'6(4 /4.6%+,✳ ❐(049014 %;4+,8(( 0,& /4.6%+,5(✳ B%0'6(4 3(0490%9 ),/(#(5%#6(

/4.6%+%/✳

✺✳ ❐(049014 .%5C(0,8(( &/7$ ( 6+4$ /4.6%+%/✳ ❐(0490,' ),/(#(5%#6? @461+4$ /4.6%+%/✳

✻✳ B%0'6(4 C,)(#,✳ ➚--(0014 .%%+&(0,61✳ B+%4.8(' /4.6%+, 0, %#? ( 44 #/%9#6/,✳

✼✳ ➘4.,+6%/, ;+'5%7*%3?0,' #(#645, .%%+&(0,6 .,. @,#6019 #37@,9 ,--(00%9 #(#6451

.%%+&(0,6✳

✽✳ ❰;+4&4340(4 #.,3'+0%*% ;+%()/4&40(' &/7$ /4.6%+%/✳ ➹4%546+(@4#.(4 ( ,3*4C+,(@4#.(4

#/%9#6/, #.,3'+0%*% ;+%()/4&40('✳ ➶1+,R40(4 #.,3'+0%*% ;+%()/4&40(' / &4.,+6%/1$

.%%+&(0,6,$✳

✾✳ B+,/14 ( 34/14 6+%9.( /4.6%+%/ ( #(#6451 .%%+&(0,6✳ ❰;+4&4340(4 /4.6%+0%*% ;+%()✲

/4&40(' &/7$ /4.6%+%/✳ ➹4%546+(@4#.(4 #/%9#6/, /4.6%+0%*% ;+%()/4&40('✳



✷✼

✶✵✳ #$%&'(()% *+),-.%/%(,% 0+%1 .%20)+).✳ ➚45%6+',7%82,% 8.)980.' .%20)+()5) *+),-.%✲

/%(,;✳ ➶=+'>%(,% .%20)+()5) *+),-.%/%(,; . /%2'+0).=1 2))+/,('0'1✳

✶✶✳ ➶=+'>%(,% 8$%&'(()5) *+),-.%/%(,; . /%2'+0).=1 2))+/,('0'1✳ ➘.)9()% .%20)+()%

*+),-.%/%(,%✳

✶✷✳ A+%)6+'-).'(,% /%2'+0).=1 *+;$)B5)4C(=1 2))+/,('0 (' *4)82)80,✳ ❰6E,% F)+$B4=

*+%)6+'-).'(,; /%2'+0).=1 *+;$)B5)4C(=1 2))+/,('0 . *+)80+'(80.%✳ ➮1 5%)$%0+,7%✲

82,9 8$=84✳ H54= I94%+'✳

✶✸✳ A)(;0,% 4,(%9(=1 *+%)6+'-).'(,9 *4)82)80,✳ ➚FF,((=% *+%)6+'-).'(,; *4)82)80, ,

,1 )8().()% 8.)980.)✳ ❰8().()9 ,(.'+,'(0 'FF,(()5) *+%)6+'-).'(,; *4)82)80,✳

✶✹✳ ➚FF,((=% *+%)6+'-).'(,; *+)80+'(80.'✳ ❰+0)5)('4C(=% *+%)6+'-).'(,;✳ A+)%20,.(=%

*+%)6+'-).'(,;✳

✶✺✳ A)(;0,% )6 B+'.(%(,, 4,(,, (' *4)82)80,✳ A'+'$%0+,7%82)% *+%/80'.4%(,% 4,(,,✳ H+'.✲

(%(,% 4,(,, . +'-4,7(=1 8,80%$'1 2))+/,('0✳ ➘.' 0,*' -'/'7✱ 8.;-'((=1 8 '('4,0,7%82,$

*+%/80'.4%(,%$ 4,(,,✳ ✃4'88,F,2'O,; *4)82,1 4,(,9✳ A%+%8%7%(,% /.B1 4,(,9✳

✶✻✳ A)(;0,% )6 B+'.(%(,, *).%+1()80,✳ H+'.(%(,; 4,(,, . *+)80+'(80.%✳

✶✼✳ R,4,(/+,7%82,% , 2)(,7%82,% *).%+1()80,✳

✶✽✳ A'+'$%0+,7%82,% B+'.(%(,; 4,(,, , *).%+1()80, . *+)80+'(80.%✳ ✃4'88,F,2'O,; *)✲

.%+1()80%9✳ A%+%8%7%(,% *).%+1()80%9 , 4,(,9 . *+)80+'(80.%✳

✶✾✳ ❰6E%% B+'.(%(,% *+;$)9 (' *4)82)80,✳ ❮%*)4(=% B+'.(%(,; *+;$)9✳ H+'.(%(,% *+;✲

$)9 . )0+%-2'1✳ ✃'()(,7%82)% B+'.(%(,% *+;$)9✳ A'+'$%0+,7%82,% B+'.(%(,; *+;$)9✳

H+'.(%(,% *+;$)9 8 B54).=$ 2)VFF,O,%(0)$✳

✷✵✳ H5)4 $%>/B /.B$; *+;$=$,✳ H84).,; *'+'44%4C()80, , *%+*%(/,2B4;+()80, /.B1 *+;✲

$=1✳

✷✶✳ ❮)+$,+).'(()% B+'.(%(,% *+;$)9✳ ❰024)(%(,% 0)72, )0 *+;$)9✳

✷✷✳ H+'.(%(,% *B72' *+;$=1✳

✷✸✳ ❮'1)>/%(,% *+;$)9✱ *+)1)/;E%9 7%+%- /'((BW 0)72B M0(x0; y0) , )6+'-BWE%9 -'/'((=9

B5)4ϕ 8 /'(()9 *+;$)9 y = kx+b✳ ❮'1)>/%(,% 6,88%20+,8 B54).✱ )6+'-).'((=1 *+;$=$,✳
✷✹✳ ❰6E%% B+'.(%(,% *4)82)80, . *+)80+'(80.%✳ ❮%*)4(=% B+'.(%(,; *4)82)80,✳ H+'.(%(,%

*4)82)80, . )0+%-2'1✳

✷✺✳ H5)4 $%>/B /.B$; *4)82)80;$,✳ H84).,; *'+'44%4C()80, , *%+*%(/,2B4;+()80, *4)82)✲

80%9✳

✷✻✳ H+'.(%(,% *4)82)80,✱ *+)1)/;E%9 7%+%- 0+, +'-4,7(=% 0)72,✱ (% 4%>'E,% (' )/()9

*+;$)9✳

✷✼✳ ❮)+$,+).'(()% B+'.(%(,% *4)82)80,✳ ❰024)(%(,% 0)72, )0 *4)82)80,✳

✷✽✳ AB72, , 8.;-2, *4)82)80%9✳

✷✾✳ ✃'()(,7%82,% B+'.(%(,; *+;$)9 . *+)80+'(80.%✳ H+'.(%(,; *+;$)9✱ *+)1)/;E%9 7%+%-

/.% +'-4,7(=% 0)72, M1(x1; y1; z1) , M2(x2; y2; z2)✳
✸✵✳ A'+'$%0+,7%82,% B+'.(%(,; *+;$)9 . *+)80+'(80.%✳

✸✶✳ H5)4 $%>/B *+;$=$, . *+)80+'(80.%✳ H84).,; *'+'44%4C()80, , *%+*%(/,2B4;+()80,

*+;$=1✳

✸✷✳ H84).,% *+,('/4%>()80, /.B1 *+;$=1 2 )/()9 *4)82)80,✳

✸✸✳ H5)4 $%>/B *+;$)9 , *4)82)80CW✳ H84).,; *'+'44%4C()80, , *%+*%(/,2B4;+()80, *+;✲

$)9 , *4)82)80,✳

✸✹✳ H84).,; *+,('/4%>()80, *+;$)9

x− x0

lx
=

y − y0

ly
=

z − z0

lz
2 *4)82)80,✱ -'/'(()9 )6E,$

B+'.(%(,%$ .,/' Ax+By + Cz +D = 0✳
✸✺✳ #.;-2' *+;$=1✳

✸✻✳ H84).,% *%+%8%7%(,; 0+%1 *4)82)80%9 . )/()9 , 0)4C2) . )/()9 0)72%✳

✸✼✳ ❮'1)>/%(,% 6,88%20+'4C()9 *4)82)80, /.B5+'(()5) B54'✱ )6+'-).'(()5) /.B$; /'((=$,

*4)82)80;$,✳

✸✽✳ H+'.(%(,; *+;$)9✱ *+)1)/;E%9 7%+%- /'((BW 0)72B M0(x0; y0; z0) *%+*%(/,2B4;+()

/'(()9 *4)82)80, Ax+By + Cz +D = 0✳
✸✾✳ H+'.(%(,% *4)82)80,✱ *+)1)/;E%9 7%+%- /'((BW 0)72B M0(x0; y0; z0) *'+'44%4C() -'/'(✲

()9 *4)82)80, Ax+By + Cz +D = 0✳
✹✵✳ H+'.(%(,% *4)82)80,✱ *+)1)/;E%9 7%+%- /'((BW 0)72B M0(x0; y0; z0) *%+*%(/,2B4;+()

-'/'(()9 *+;$)9

x− x0

lx
=

y − y0

ly
=

z − z0

lz
✳



✷✽

✹✶✳ #$%&'(')( *+,-.,-/)✱ *$,1,234(5 6($(7 2%''89 *$3:89

x− x0

lx
=

y − y0

ly
=

z − z0

lz
)

6($(7 7%2%''89 '( +(;%489 '% </,5 *$3:,5 /,6.8 M0(x0; y0; z0)✳

✹✷✳ #$%&'(')( *+,-.,-/)✱ *$,1,234(5 6($(7 2%''89 *$3:89

x− x1

l1
=

y − y1

m1

=
z − z1

n1

*%$%++(+>', 2$8?,5 2%'',5 *$3:,5

x− x2

l2
=

y − y2

m2

=
z − z2

n2

✳

✹✸✳ #$%&'(')( *+,-.,-/)✱ *$,1,234(5 6($(7 7%2%''89 *$3:89 ) *($*('2).8+3$',5 7%2%'',5

*+,-.,-/)✳

✹✹✳ #$%&'(')3 *($*('2).8+3$%✱ ,*84('',?, )7 7%2%'',5 /,6.) '% 2%''89 *$3:89✳

✹✺✳ ❮%1,;2(')( $%--/,3')3 ,/ 2%'',5 /,6.) 2, 2%'',5 *$3:,5✳

✹✻✳ ❮%1,;2(')( ,D4(?, *($*('2).8+3$% . 2&8: -.$(4)&%94):-3 *$3:E:✳

✹✼✳ ❮%1,;2(')( .$%/6%5G(?, $%--/,3')3:(;282&8:32%''E:)-.$(4)&%94):)-3*$3:E:)✳

✹✽✳ ✃%',')6(-.,( 8$%&'(')( <++)*-%✳ J.-K('/$)-)-/(/ <++)*-%✳ L,+3$',( 8$%&'(')( <+✲

+)*-%✳ J++)*- .%. .,')6(-.,( -(6(')(✳ #$%&'(')( .%-%/(+>',5 . <++)*-8✳ ❰*/)6(-.,(

-&,5-/&, <++)*-%✳

✹✾✳ ✃%',')6(-.,( 8$%&'(')( ?)*($D,+E✳ J.-K('/$)-)-/(/ ?)*($D,+E✳ L,+3$',( 8$%&'(')(

?)*($D,+E✳ ➹)*($D,+% .%. .,')6(-.,( -(6(')(✳ #$%&'(')( .%-%/(+>',5 . ?)*($D,+(✳

❰*/)6(-.,( -&,5-/&, ?)*($D,+E✳

✺✵✳ ✃%',')6(-.,( 8$%&'(')( *%$%D,+E✳ L%$%D,+% .%. .,')6(-.,( -(6(')(✳ L,+3$',( 8$%&'(✲

')( *%$%D,+E✳ #$%&'(')( .%-%/(+>',5 . *%$%D,+(✳ ❰*/)6(-.,( -&,5-/&, *%$%D,+E✳

✺✶✳ L$(,D$%7,&%')( .,<RR)K)('/,& 8$%&'(')3 +)')) &/,$,?, *,$32.% *$) *($(1,2( . ',&,5

2(.%$/,&,5 -)-/(:( .,,$2)'%/✳ ➮'&%$)%'/E 8$%&'(')3 +)')) &/,$,?, *,$32.%✳

✺✷✳ L,'3/)( /)*% +)')) &/,$,?, *,$32.%✳ T('/$ +)')) &/,$,?, *,$32.%✳ U/%'2%$/',( 8*$,✲

4(')( +9D,?, 8$%&'(')3 +)')) &/,$,?, *,$32.% *8/(: *,&,$,/% ,-(5✳

✺✸✳ #*$,4(')( 8$%&'(')3 K('/$%+>',5 +)')) &/,$,?, *,$32.% ✭I2 6= 0✮✳ ✃+%--)R).%K)3
K('/$%+>'E1 +)')5✳

✺✹✳ #*$,4(')( 8$%&'(')3 +)')) *%$%D,+)6(-.,?, /)*% ✭I2 = 0✮✳ ✃+%--)R).%K)3 +)')5

*%$%D,+)6(-.,?, /)*%✳

✺✺✳ X%-*%2%94)(-3 .$)&E( &/,$,?, *,$32.%✳

✺✻✳ L,'3/)( *,&($1',-/) &/,$,?, *,$32.%✳ L$(,D$%7,&%')( .,<RR)K)('/,& 8$%&'(')3 *,✲

&($1',-/) &/,$,?, *,$32.% *$) *($(1,2( . ',&,5 2(.%$/,&,5 -)-/(:( .,,$2)'%/✳ ➮'&%✲

$)%'/E 8$%&'(')3 *,&($1',-/) &/,$,?, *,$32.%✳

✺✼✳ T('/$ *,&($1',-/) &/,$,?, *,$32.%✳ U/%'2%$/',( 8*$,4(')( +9D,?, 8$%&'(')3 *,&($1✲

',-/) &/,$,?, *,$32.% *8/(: *,&,$,/% ,-(5✳

✺✽✳ ✃+%--)R).%K)3 K('/$%+>'E1 *,&($1',-/(5 &/,$,?, *,$32.%✳

✺✾✳ ✃+%--)R).%K)3 '(K('/$%+>'E1 *,&($1',-/(5 &/,$,?, *,$32.%✳

✻✵✳ J++)*-,)2✳

✻✶✳ ➹)*($D,+,)2E✳

✻✷✳ L%$%D,+,)2E✳

✻✸✳ ✃,'8- ) K)+)'2$E &/,$,?, *,$32.%✳

✻✹✳ L$3:,+)'(5'E( ,D$%7894)( *,&($1',-/(5 &/,$,?, *,$32.%✳

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

✶✳ ✃$%/.)( -&(2(')3 , .,:*+(.-'E1 6)-+%1✳

✷✳ ➚+?(D$%)6(-.)( :',?,6+('E✳ ✃$%/'E( .,$') :',?,6+('%✳ L$)7'%. .$%/',-/) .,$'3✳

L$)'K)* &E2(+(')3 .$%/'E1 .,$'(5✳

✸✳ ❮%1,;2(')( '%)D,+>G(?, ,D4(?, 2(+)/(+3 2&81 :',?,6+(',& ✭%+?,$)/: ➴&.+)2%✮✳

✹✳ X%7+,;(')( *$%&)+>',5 $%K),'%+>',5 2$,D) - .,:*+(.-'E:) .,<RR)K)('/%:) & -8::8

*$,-/(5G)1 2$,D(5✳

✺✳ X%7+,;(')( %+?(D$%)6(-.,?, :',?,6+('% - 2(5-/&)/(+>'E:) .,<RR)K)('/%:) & *$,)7&(✲

2(')( '(*$)&,2):E1 2(5-/&)/(+>'E1 :',;)/(+(5✳

✻✳ X%7+,;(')( *$%&)+>',5 $%K),'%+>',5 2$,D) - 2(5-/&)/(+>'E:) .,<RR)K)('/%:) &

-8::8 *$,-/(5G)1 2$,D(5 - 2(5-/&)/(+>'E:) .,<RR)K)('/%:)✳

✼✳ L,'3/)( :%/$)KE✳ ❰-',&'E( ,*($%K)) '%2 :%/$)K%:) ) )1 -&,5-/&%✳

✽✳ ➪+,6'E( :%/$)KE✳

✾✳ L,'3/)( ,*$(2(+)/(+3✳ ➶E$%;(')( ,*$(2(+)/(+3 '(*,-$(2-/&('', 6($(7 (?, <+(:('/E✳



✷✾

✶✵✳ #$%&$'( ❐(*+(,(✳

✶✶✳ -.%/,0.( %*&$1$+20$+$/✳

✶✷✳ ❰*&$1$+20$+5 ,6''7 2 *&%28.$1$92: '(0&2;✳

✶✸✳ =%9:02$ %>&(09%/ '(0&2;7✳ ❮(@%A1$92$ %>&(09%/ '(0&2;7✳

✶✹✳ =%9:02$ +29$/9%/ 8(.2,2'%,02 ,0&%C ✭,0%+>;%.✮ '(0&2;7✳ =%9:02$ &(9F( '(0&2;7✳

✶✺✳ #$%&$'( % >(82,9%' '29%&$✳ ❮$%>@%12'%$ 2 1%,0(0%H9%$ 6,+%.2$ &(.$9,0.( 96+I %*&$✲

1$+20$+:✳

✶✻✳ =%9:02$ ,2,0$'7 +29$/97@ (+F$>&(2H$,C2@ 6&(.9$92/ 2 $$ &$L$92:✳

✶✼✳ ❮$0&2.2(+59(: ,%.'$,09%,05 %19%&%19%/ ,2,0$'7✳ N,+%.2$ ,%.'$,09%,02 %>O$/ +29$/✲

9%/ ,2,0$'7✳

✶✽✳ ❒$0%17 %07,C(92: &$L$92/ C.(1&(09%/ ,2,0$'7 +29$/97@ (+F$>&(2H$,C2@ 6&(.9$92/✱

%*&$1$+20$+5 F+(.9%/ '(0&2;7 C%0%&%/ %0+2H$9 %0 96+:✳

✶✾✳ ❰07,C(92$ .,$@ &$L$92/ %>O$/ +29$/9%/ ,2,0$'7✳

✷✵✳ -.%/,0.( ,%.%C6*9%,02 &$L$92/ %19%&%19%/ ,2,0$'7✳

✷✶✳ =&2>+2A$997$ '$0%17 &$L$92: +29$/97@ ,2,0$'✿ '$0%1 *&%,0%/ 20$&(;22 ✭'$0%1 UC%✲

>2✮✳

✷✷✳ =&2>+2A$997$ '$0%17 &$L$92: +29$/97@ ,2,0$'✿ %>O2/ 9$:.97/ '$0%1 *&%,0%/ 20$&(✲

;22✳

✷✸✳ =&2>+2A$997$ '$0%17 &$L$92: +29$/97@ ,2,0$'✿ '%12V2;2&%.(997/ '$0%1 *&%,0%/

20$&(;22✳

✷✹✳ =&2>+2A$997$ '$0%17 &$L$92: +29$/97@ ,2,0$'✿ '$0%1 ➬$/1$+:✳

✷✺✳ =&2>+2A$997$ '$0%17 &$L$92: +29$/97@ ,2,0$'✿ '$0%1 .$&@9$/ &$+(C,(;22✳

✷✻✳ =&2>+2A$997$ '$0%17 &$L$92: +29$/97@ ,2,0$'✿ 20$&(;2%997/ '$0%1 =✳ ❐✳ X$>7L$.(✳

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

✶✳ X2,+%.7$ *%,+$1%.(0$+59%,02 2 %*$&(;22 9(1 92'2✳ ❰F&(92H$997$ 2 9$%F&(92H$997$

*%,+$1%.(0$+59%,02✳ ➪$,C%9$H9% >%+5L2$ 2 >$,C%9$H9% '(+7$ *%,+$1%.(0$+59%,02✳ ❰,✲

9%.97$ ,.%/,0.( >$,C%9$H9% '(+7@ *%,+$1%.(0$+59%,0$/✳

✷✳ =%9:02$ ,@%1:O$/,: *%,+$1%.(0$+59%,02✳ ❰,9%.97$ ,.%/,0.( ,@%1:O2@,: *%,+$1%.(✲

0$+59%,0$/✳ =&$1$+597/ *$&$@%1 . 9$&(.$9,0.(@✳

✸✳ ❰*&$1$+$92$ '%9%0%997@ *%,+$1%.(0$+59%,0$/✳ =&289(C ,@%12'%,02 '%9%0%99%/ *%,+$✲

1%.(0$+59%,02✳ =&2'$&7 ,@%1:O2@,: '%9%0%997@ *%,+$1%.(0$+59%,0$/✳

✹✳ X2,+% e✳
✺✳ =%1*%,+$1%.(0$+59%,02✳ =&$1$+597$ 0%HC2 *%,+$1%.(0$+59%,02✳ -6O$,0.%.(92$ *&$✲

1$+59%/ 0%HC2 6 %F&(92H$99%/ *%,+$1%.(0$+59%,02✳ ❰ .71$+$922 ,@%1:O$/,: *%1*%,+$✲

1%.(0$+59%,02✳

✻✳ ❮$%>@%12'%$ 2 1%,0(0%H9%$ 6,+%.2$ ,@%12'%,02 *%,+$1%.(0$+59%,02✳

✼✳ =$&$'$99(: .$+2H29( 2 V69C;2:✳ -*%,%>7 8(1(92: V69C;2/✳ =&%,0$/L2$ ,.%/,0.(

V69C;2/✳

✽✳ =&$1$+ V69C;22✳ ➚&2V'$02H$,C2$ %*$&(;22 9(1 V69C;2:'2✱ 2'$IO2'2 *&$1$+✳

✾✳ -&(.9$92$ >$,C%9$H9% '(+7@ 2 >$,C%9$H9% >%+5L2@ V69C;2/✳

✶✵✳ ❮$*&$&7.9%,05 V69C;22✳ ➚&2V'$02H$,C2$ %*$&(;22 9(1 9$*&$&7.97'2 V69C;2:'2✳

-+%A9(: V69C;2: 2 $$ 9$*&$&7.9%,05✳

✶✶✳ ❰*&$1$+$92$ 2 *&2'$&7 '%9%0%997@ V69C;2/✳ =%9:02$ %>&(09%/ V69C;22✳ ❒%9%0%997$

V69C;22✱ 2'$IO2$ %>&(096I✳

✶✷✳ =%9:02$ [+$'$90(&9%/ V69C;22✳ \(;2%9(+597$ ,0$*$92 *%+%A20$+597@ H2,$+✳ =%C(✲

8(0$+59(: V69C;2:✳ ❐%F(&2V'2H$,C(: V69C;2:✳ ➹2*$&>%+2H$,C2$ V69C;22✳ -0$*$99(:

V69C;2: , +I>7' 1$/,0.20$+597' *%C(8(0$+$'✳ #&2F%9%'$0&2H$,C2$ V69C;22✳ ❰>&(0✲

97$ 0&2F%9%'$0&2H$,C2$ V69C;22✳

✶✸✳ =$&.7/ 8('$H(0$+597/ *&$1$+✳

✶✹✳ ➶0%&%/ 8('$H(0$+597/ *&$1$+✳

✶✺✳ #%HC2 &(8&7.( V69C;22 2 2@ C+(,,2V2C(;2:✳ ✃6,%H9% 9$*&$&7.97$ V69C;22✳

✶✻✳ =&2&(O$92$ (&F6'$90( 2 V69C;22✳ \(89%,09(: V%&'( 6,+%.2: 9$*&$&7.9%,02✳

✶✼✳ ❰*&$1$+$92$ *&%28.%19%/✳ ➹$%'$0&2H$,C2/ 2 V282H$,C2/ ,'7,+ *&%28.%19%/✳

✶✽✳ =&(.(: 2 +$.(: *&%28.%197$✳

✶✾✳ =%9:02$ *&%28.%19%/ .$C0%&9%/ V69C;22✳

✷✵✳ ➘2VV$&$9;2&6$'%,05 V69C;22 . 0%HC$✳ -.:85 '$A16 12VV$&$9;2&6$'%,05I 2 9$*&$&7.✲

9%,05I V69C;22✳ ➘2VV$&$9;2(+ V69C;22✳



✸✵

✷✶✳ #$%&'(% )'**+$+,-'$.&%,'/ 01223✱ $%5,.06'✱ 7$.'5&+)+,'/ ' 8%06,.9.✳

✷✷✳ #$.'5&.),%/ 06+7+,,.: *1,;-'' 0 -+(.8'0(+,,32 7.;%5%6+(+2✳ #$.'5&.),%/ *1,;-''

y = sin x✳ #$.'5&.),%/ *1,;-'' y = cosx✳ #$.'5&.),3+ *1,;-': y = tg x ' y = ctg x✳
#$.'5&.),%/ *1,;-'' y = loga x ✭0 < a 6= 1✮✳

✷✸✳ ?+.$+2% . 7$.'5&.),.: .@$%6,.: *1,;-''✳ #$'2+$3 7$'2+,+,'/✳

✷✹✳ #$.'5&.),%/ 7.;%5%6+(B,.: *1,;-'' y = ax ✭0 < a 6= 1✮✳ #$.'5&.),3+ .@$%6,3C

6$'9.,.2+6$'8+0;'C *1,;-':✳

✷✺✳ #$%&'(. )'**+$+,-'$.&%,'/ 0(.E,.: *1,;-''✳ #$'2+$3 7$'2+,+,'/✳

✷✻✳ #.,/6'+ (.9%$'*2'8+0;.: 7$.'5&.),.: *1,;-''✳ #$'2+$3 7$'2+,+,'/✳

✷✼✳ ➮,&%$'%,6,.06B *.$23 7+$&.9. )'**+$+,-'%(%✳ I.$21(3 ' 7$%&'(% &38'0(+,'/ )'*✲

*+$+,-'%(.&✳

✷✽✳ ➮07.(B5.&%,'+ )'**+$+,-'%(% )(/ 106%,.&(+,'/ 7$'@('E+,,3C *.$21(✳ #$'2+$3✳

✷✾✳ #.,/6'+ 7$.'5&.),.: n✲9. 7.$/);%✳ n✲/ 7$.'5&.),%/ 06+7+,,.: *1,;-'' y = xα
✭x > 0✱

α ∈ R✮✳

✸✵✳ #.,/6'+ 7$.'5&.),.: n✲9. 7.$/);%✳ n✲/ 7$.'5&.),%/ 7.;%5%6+(B,.: *1,;-'' y = ax

✭0 < a 6= 1✮✳
✸✶✳ #$.'5&.),%/ n✲9. 7.$/);%✳ n✲+ 7$.'5&.),3+ 6$'9.,.2+6$'8+0;'C *1,;-': y = sin x '

y = cosx✳

✸✷✳ #$.'5&.),%/ n✲9. 7.$/);%✳ n✲/ 7$.'5&.),%/ )$.@,.✲(',+:,.: *1,;-'' y =
ax+ b

cx+ d
✭a, b, c, d ∈ R✮✳

✸✸✳ I.$21(% ❐+:@,'-% )(/ n✲: 7$.'5&.),.: 7$.'5&+)+,'/ )&1C *1,;-':✳

✸✹✳ ➘'**+$+,-'%(3 &30P'C 7.$/);.&✳

✸✺✳ ➘'**+$+,-'$.&%,'+ *1,;-''✱ 5%)%,,.: 7%$%2+6$'8+0;'✳

✸✻✳ #.,/6'+ 7+$&..@$%5,.: *1,;-''✳ ❮+.7$+)+(+,,3: ',6+9$%(✳ ❰0,.&,3+ 0&.:06&% ,+.7$+✲

)+(+,,.9. ',6+9$%(%✳ ?%@('-% .0,.&,3C ,+.7$+)+(+,,3C ',6+9$%(.&✳

✸✼✳ ➮,6+9$'$.&%,'+ 2+6.).2 5%2+,3 7+$+2+,,.: ✭2+6.).2 7.)06%,.&;'✮✳ #$'2+$3✳

✸✽✳ ➮,6+9$'$.&%,'+ 7. 8%06/2✳ #$'2+$3✳

✸✾✳ ❰@S': 7.)C.) ; ',6+9$'$.&%,'T $%-'.,%(B,3C )$.@+:✳

✹✵✳ ➮,6+9$'$.&%,'+ $%-'.,%(B,3C )$.@+: 2+6.).2 ❰06$.9$%)0;.9.✳

✹✶✳ ➮,6+9$'$.&%,'+ &3$%E+,': &')% R(sin x, cosx)✱ 9)+ R ✕ $%-'.,%(B,%/ *1,;-'/✳

✹✷✳ ➮,6+9$'$.&%,'+ )$.@,.✲(',+:,3C '$$%-'.,%(B,.06+: ✕ *1,;-': &')% R

(

x, n

√

ax+ b

cx+ d

)

✳

✹✸✳ ➮,6+9$'$.&%,'+ @',.2'%(B,3C )'**+$+,-'%(.& ✕ &3$%E+,': &')% xm(a+ bxn)pdx✳

✹✹✳ ➮,6+9$'$.&%,'+ ;&%)$%6'8,3C '$$%-'.,%(B,.06+: ✕ *1,;-': &')% R(x,
√
ax2 + bx+ c)✱

7.0$+)06&.2 7.)06%,.&.; V:(+$%✳

✹✺✳ ➮,6+9$'$.&%,'+ ;&%)$%6'8,3C '$$%-'.,%(B,.06+: @+5 7$'2+,+,'/ 7.)06%,.&.; V:(+$%✳

✹✻✳ #.,/6'+ .@ W(('76'8+0;'C ',6+9$%(%C✳



✸✶

✾✳ ❰➪$➚➬➴( ❒❰➘+❐-❮❰➹❰ ✃❰❮1$❰❐2

➹❰+ ➶4❰ ➽➘❰❮➴(✃➮➱ ❮➚(➮❰❮➚❐-❮8➱ +❮➮➶➴$9➮1➴1➾

 !"#$%&'& ()*)$+,&'$%+)-) , *.)/'00,)+!$%+)-) )1.!2)3!+,4

❮!"#!$%&'(& ")*+),)$-(✿ ✹✹✳✵✸✳✵✹ ➽:.)/'00,)+!$%+)' )1#;'+,'➾

/#)0(%1✿ ➮+/).>!&,"! , 3?;,0$,&'$%+!4 &'@+,"!

/#)+#!22! ")*+),)$-(✿ 1!"!$!3.,!&

3&2&4,#✿ ✶

56&7'!8 *(49("%('!✿ ➶?0C!4 >!&'>!&,"!

❒❰➘+❐-❮➚2 ✃❰❮1$❰❐-❮➚2 $➚➪❰1➚

➶➚$➮➚❮1 ➑✶

✶✳ D-)$ >'E(# *.4>?>, 3 *.)0&.!+0&3'✳ D0$)3,4 *!.!$$'$%+)0&, , *'.*'+(,"#$4.+)0&,

*.4>?@✳

✷✳ ❒'&)(? )&?0"!+,4 .'C'+,H "3!(.!&+)H 0,0&'>? $,+'H+?@ !$-'1.!,;'0",@ #.!3+'+,H✱

)*.'('$,&'$% -$!3+)H >!&.,J? ")&).)H )&$,;'+ )& +#$4✳

✸✳ :.4>!4 a 3 *.)0&.!+0&3' 2!(!+! *!.!>'&.,;'0",>, #.!3+'+,4>,✿






x = 7 + 2t✱
y = −1✱
z = 1 + t✳

✃!+)+,;'0",' #.!3+'+,4 *.4>)H b &!")3?✿

x+ 4

3
= 2− y =

z + 6

2

➘)"!E,&'✱ ;&) N&, *.4>?' 43$4O&04 *'.'0'"!OP,>,04✳ Q)0&!3%&' #.!3+'+,' *$)0")0&,✱

0)('.E!P'H N&, *.4>?'✳

✹✳ ❮!H(,&' "3!(.!&+?H >+)-);$'+ f(x)✱ 2+!4✱ ;&) f(1) = −1✱ f(−1) = 9✱ f(2) = −3✳
✺✳ ❮!H(,&' *.'('$ /#+"J,,✿ lim

x→0
(1− 4x)

1−x

x
✳

!"#$%&'$() (* +*,$'*(-- .*/$'%0 -(&$($%()1 - .)2345"*6-)(()1 3$'*7)7-.-✱

3%)").)9 ➑ )" ➽ ➾ ✷✵ 7✳

➬*#$'@5A-1 .*/$'%)1

B%$3)'*#*"$94

✃!"#$!"" %&$'"()'"* +%,-./'%0% 1%'#!%.*

❮!"#$ %&'&()* ✃!,)-#./0! 1&,,!0

1 6

2 6

3 6

4 6

5 6

➶.#3! 30
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✶✵✳ ❰➪%➚➬➴) *✃➬➚❒➴❮➚)➮❰❮❮❰➹❰ ➪➮❐➴1➚
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 !"#$% &'$('&")'#%"* +$!($#$+ % ,%-./'01 '#&2 $34'5"0'0"' #!"#%. !("+'5'006*

+67' %$0&($8206* +$!($#$+ % !($/'91&$)0$: .&&'#&.;"" " &$<$ #!"#%. +$!($#$+✱

%$&$(6: !("+'5'0 0"9'✳  $5'(9.0"' /$518? ✶ ➽B8'/'0&6 .0.8"&")'#%$: <'$/'&(""➾✱

/$518? ✷ ➽B8'/'0&6 +6#7': .8<'3(6➾ " !'(+6* &('* &'/ /$518? ✸ ➽B8'/'0&6 /.&'/.✲
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')L+.-. ,-& *+&6$0L$-4%(1.✳ ❰*+),)-)%() ( 30>)3'=$=.%() ,=$@%$L$ (%')L+.-. ,-&

*+$(J=$-4%$@ $;-.3'(✳ ❰*+),)-)%() ,=$@%$L$ (%')L+.-. *+( *$6$>( *+$(J=$-4%75 +.J✲

;()%(@ $;-.3'(✳ ❰3%$=%7) 3=$@3'=. ,=$@%$L$ (%')L+.-.✳ Z=),)%() ,=$@%$L$ (%')L+.-. 1

*$='$+%$60 $,%$1+.'%$60✳

✻✶✳ I+$@%7) ( n✲1+.'%7) (%')L+.-7✳ ➬.6)%. *)+)6)%%75 = n✲1+.'%$6 (%')L+.-)✳ #+(;-(✲

G)%%$) =79(3-)%() n✲1+.'%75 (%')L+.-$=✳

✻✷✳ #$%&'() %)3$;3'=)%%$L$ (%')L+.-. *)+=$L$ +$,. ✭$,%$6)+%7@ 3-09.@✮✳ ✃+(')+(@ ✃$B(

35$,(6$3'( %)3$;3'=)%%$L$ (%')L+.-. *)+=$L$ +$,.✳ ➘$3'.'$9%7) *+(J%.1( 35$,(6$3'(✳

➚;3$-K'%.& ( 03-$=%.& 35$,(6$3'4 %)3$;3'=)%%75 (%')L+.-$=✳

✻✸✳ ➬.6)%. *)+)6)%%75 *$, J%.1$6 %)3$;3'=)%%$L$ (%')L+.-. ( /$+60-. (%')L+(+$=.%(& *$

9.3'&6✳

✻✹✳ #$%&'() %)3$;3'=)%%$L$ (%')L+.-. ='$+$L$ +$,. ✭$,%$6)+%7@ 3-09.@✮✳ ✃+(')+(@ ✃$B(✳

✻✺✳ ➹-.=%$) J%.9)%() %)3$;3'=)%%$L$ (%')L+.-.✳

✻✻✳ #$%&'() 1+.'%75 %)3$;3'=)%%75 (%')L+.-$=✳ ❮)3$;3'=)%%7) (%')L+.-7 $' %)$'+(2.')-4✲

%75 /0%12(@✳ ❮)3$;3'=)%%7) (%')L+.-7 $' J%.1$*)+)6)%%75 /0%12(@✳

✻✼✳ ➹-.=%$) J%.9)%() 1+.'%75 %)3$;3'=)%%75 (%')L+.-$=✳

✻✽✳ Z$;3'=)%%7@ (%')L+.-✱ J.=(3&>(@ $' *.+.6)'+.✳ ➴L$ %)*+)+7=%$3'4✱ (%')L+(+0)6$3'4

( ,(//)+)%2(+0)6$3'4✳ Z-09.@✱ 1$L,. *+),)-7 (%')L+(+$=.%(& 3$;3'=)%%$L$ (%')L+.-.

J.=(3&' $' *.+.6)'+.✳

✻✾✳ ❮)3$;3'=)%%7@ (%')L+.- *)+=$L$ +$,.✱ J.=(3&>(@ $' *.+.6)'+.✳ ➴L$ +.=%$6)+%.& 35$,(✲

6$3'4✱ %)*+)+7=%$3'4✱ (%')L+(+0)6$3'4 ( ,(//)+)%2(+0)6$3'4✳



✸✺

✼✵✳ ❮$%&'%()$**+$ ,*($-./0+ )(&.&-& .&1/✱ 3/),%45,$ &( 6/./7$(./✳

✼✶✳ 9.,7$*$*,$ ($&.,, ,*($-./0&)✱ 3/),%45,: &( 6/./7$(./✱ ; )+<,%0$*,= *$%&'%()$**+:

,*($-./0&)✳

✼✷✳ ?@0$.&) ,*($-./0 6$.)&-& .&1/ ✕ '$(/✲CD*;E,4✱ B(p, q)✳ ?@0$.&) ,*($-./0 )(&.&-& .&1/ ✕
-/77/✲CD*;E,4✱ Γ(p)✳ F&.7D0/ 6.,)$1$*,4 104 Γ(p)✳ G)&@%()& %,77$(.,, , C&.7D0+

6.,)$1$*,4 104B(p, q)✳ G)43H7$I1D J@0$.&)+7,,*($-./0/7,✳➶+<,%0$*,$ &6.$1$0$**+:
,*($-./0&) % 6&7&5H= J@0$.&)+: ,*($-./0&)✳

✼✸✳ F&.7D0/ G(,.0,*-/✳

✼✹✳ G&'%()$**+$ ;./(*+$ ,*($-./0+✱ 3/),%45,$ &( 6/./7$(.&)✳ ❮$%&'%()$**+$ ;./(*+$

,*($-./0+✱ 3/),%45,$ &( 6/./7$(.&)✳ 9.,0&I$*,$ ;./(*+: ,*($-./0&)✱ 3/),%45,: &(

6/./7$(./✱ ; ($&.,, *H=(&*&)/ 6&($*E,/0/✳

✼✺✳ ❰.(&*&.7,.&)/**+$ %,%($7+ , &'5,@ .41 FD.H$✳ ➬/7;*D(+$ , 6&0*+$ &.(&*&.7,.&)/*✲

*+$ %,%($7+✳ Q/)*&7$.*&$ 6.,'0,I$*,$ *$6.$.+)*&@ CD*;E,, (.,-&*&7$(.,<$%;,7,

7*&-&<0$*/7,✳ R%0&),4 ./)*&7$.*&@ %:&1,7&%(, , 6&<0$**&-& 1,CC$.$*E,.&)/*,4 (.,✲

-&*&7$(.,<$%;&-& .41/ FD.H$✳

✼✻✳ ❰'./3 FD.H$ , $-& 6.&%($@T,$ %)&@%()/✳ R%0&),4 ./30&I,7&%(, CD*;E,, ) ,*($-./0

FD.H$✳ 9.47&$ , &'./(*&$ 6.$&'./3&)/*,4 FD.H$✳

✼✼✳ ✃./(*+@ (.,-&*&7$(.,<$%;,@ .41 FD.H$✳ R%0&),4 $-& %:&1,7&%(,✳ Q/30&I$*,$ CD*;E,,

) N ✲;./(*+@ ,*($-./0 FD.H$✳

✼✽✳ ❰6.$1$0$*,4 ;.,)&0,*$@*+: ,*($-./0&) , ,: C,3,<$%;,@ %7+%0✳ GD5$%()&)/*,$ ;.,)&✲

0,*$@*+: ,*($-./0&) , ,: %)$1$*,$ ; &6.$1$0$**+7 ,*($-./0/7✳

✼✾✳ 9&*4(,$ 6&)$.:*&%(,✳ Q$-D04.*/4 6&)$.:*&%(H✳ ➬/1/*,$ 6&)$.:*&%(, % 6&7&5H= )$;✲

(&.*+: CD*;E,@✳ ✃/%/($0H*/4 60&%;&%(H , *&.7/0H ; 6&)$.:*&%(,✳ ❰1*&%(&.&**,$ ,

1)D%(&.&**,$ 6&)$.:*&%(,✳

✽✵✳ 9&*4(,$ 60&5/1, 6&)$.:*&%(,✳ ✃)/1.,.D$7&%(H -0/1;,: 6&)$.:*&%($@✳

✽✶✳ 9&*4(,4 6&)$.:*&%(*+: ,*($-./0&) 6$.)&-& , )(&.&-& .&1/✳ GD5$%()&)/*,$ 6&)$.:*&%(✲

*+: ,*($-./0&) 6$.)&-& , )(&.&-& .&1&)✳ 9&)$.:*&%(*+$ ,*($-./0+ )(&.&-& .&1/✱ *$

3/),%45,$ &( )+'&./ 1$;/.(&)&@ %,%($7+ ;&&.1,*/(✳

✽✷✳ G;/04.*&$ , )$;(&.*&$ 6&0$✳ ➹./1,$*(✳ 9.&,3)&1*+$ 6& */6./)0$*,=✳ ➘,)$.-$*E,4

, .&(&.✳ 9&)(&.*+$ &6$./E,,✳ ➶+./I$*,$ ) ;.,)&0,*$@*+: ;&&.1,*/(/: -./1,$*(/✱

6.&,3)&1*+: 6& */6./)0$*,=✱ 1,)$.-$*E,, , .&(&./✳

✽✸✳ ➶+./I$*,$ &6$./(&./ ❐/60/%/ ) ;.,)&0,*$@*+: &.(&-&*/0H*+: ;&&.1,*/(/:✳ ➶+./I$*,$

&%*&)*+: &6$./E,@ ($&.,, 6&04 ) E,0,*1.,<$%;&@ , %C$.,<$%;&@ %,%($7/: ;&&.1,*/(✳

✽✹✳ F&.7D0/ ➹.,*/✳

✽✺✳ F&.7D0/ G(&;%/✳

✽✻✳ F&.7D0/ ❰%(.&-./1%;&-&✳

✽✼✳ ➶+./I$*,$ 60&5/1, 60&%;&@ &'0/%(, <$.$3 ;.,)&0,*$@*+@ ,*($-./0✳ ➶+./I$*,$ &'[$7/

<$.$3 6&)$.:*&%(*+@ ,*($-./0✳

✽✽✳ R%0&),4✱ 6., ;&(&.+: 1,CC$.$*E,/0H*/4 C&.7/ P (x, y)dx+Q(x, y)dy 6.$1%(/)04$( %&'&@
6&0*+@ 1,CC$.$*E,/0✳ 9&($*E,/0H*+$ , %&0$*&,1/0H*+$ )$;(&.*+$ 6&04✳

✽✾✳ ➶$;(&.*/4 CD*;E,4✿ 6.$1$0✱ *$6.$.+)*&%(H✱ 6.&,3)&1*/4✱ 1,CC$.$*E,.D$7&%(H✱ C&.7D0/

]$@0&./✱ ,*($-./0+✳

✾✵✳ Q$-D04.*+$ ;.,)+$✳ ✃/%/($0H*/4 ; ;.,)&@✳ G&6.,;/%/=5/4%4 60&%;&%(H 104 ;.,)&@✳

✃.,),3*/ ;.,)&@✳ ✃.D<$*,$ ;.,)&@✳ F&.7D0+ F.$*$✳ ❮/(D./0H*+$ D./)*$*,4 ;.,)&@✳

✾✶✳ 9$.)/4 ;)/1./(,<*/4 C&.7/ 6&)$.:*&%(,✳ ➮37$.$*,4 */ 6&)$.:*&%(,✳ ➶(&./4 ;)/1./✲

(,<*/4 C&.7/ 6&)$.:*&%(,✳ ✃0/%%,C,;/E,4 (&<$; .$-D04.*&@ 6&)$.:*&%(,✳ ✃.,),3*/

;.,)&@ */ 6&)$.:*&%(,✳ G6$E,/0H*+$ 0,*,, */ 6&)$.:*&%(,✳ F&.7D0/ ?@0$./✳ G.$1*44

, -/D%%&)/ ;.,),3*/ 6&)$.:*&%(,✳ ]$&.$7/ ➹/D%%/✳

✾✷✳ ➘,CC$.$*E,/0H*+$ D./)*$*,4 , 6.,)&145,$ ; *,7 3/1/<,✳ ❰'+;*&)$**+$ 1,CC$.$*E,✲

/0H*+$ D./)*$*,4 , D./)*$*,4 ) </%(*+: 6.&,3)&1*+:✳

✾✸✳ R./)*$*,$ % ./31$04=5,7,%4 6$.$7$**+7,✳ ❰1*&.&1*&$ , *$&1*&.&1*&$ 0,*$@*&$

D./)*$*,$ 6$.)&-& 6&.41;/✳

✾✹✳ GD5$%()&)/*,$ , $1,*%()$**&%(H .$T$*,4 */</0H*&@ 3/1/<, 104 D./)*$*,4 6$.)&-&

6&.41;/✳

✾✺✳ ➮*($-.,.&)/*,$ D./)*$*,4✱ *$./3.$T$**&-& &(*&%,($0H*& 6.&,3)&1*&@✱ 6D($7 ))$1$*,4

6/./7$(./✳ ❰%&'+$ .$T$*,4 (/;,: D./)*$*,@✳

✾✻✳ GD5$%()&)/*,$ , $1,*%()$**&%(H .$T$*,4 */</0H*&@ 3/1/<, 104 *&.7/0H*&@ %,%($7+

D./)*$*,@ 6$.)&-& 6&.41;/✳
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✾✼✳ ❐$%&'%(& )$**&+&%,$-./%(& 0+-1%&%$& n✲3( 4(+5)6-✳ ❰8%(1%9& 81('8:1- .$%&'%(3(

0+-1%&%$5 8 4(8:(5%%9;$ 6(<**$,$&%:-;$✳ ❰=>$& 81('8:1- .$%&'%(3( 0+-1%&%$5 n✲3(
4(+5)6-✳

✾✽✳ ❰)%(+()%(& .$%&'%(& 0+-1%&%$& n✲3( 4(+5)6-✳ ❮&()%(+()%(& .$%&'%(& 0+-1%&%$& n✲3(
4(+5)6-✳ ❐$%&'%(& 0+-1%&%$& n✲3( 4(+5)6- 8 4(8:(5%%9;$ 6(<**$,$&%:-;$✳

✾✾✳ A$8:&;9 .$%&'%9B )$**&+&%,$-./%9B 0+-1%&%$'✳ ❰=>$& 81('8:1- 8$8:&; .$%&'%9B

0+-1%&%$'✳ A$8:&;9 .$%&'%9B )$**&+&%,$-./%9B 0+-1%&%$' 8 4(8:(5%%9;$ 6(<**$,$✲

&%:-;$✳

✶✵✵✳ E(8:+(&%$& +&F&%$5 .$%&'%(3( 0+-1%&%$5 1 1$)& 8:&4&%%(3( +5)-✳

✶✵✶✳ ✃+-&19& H-)-I$ ).5 (=96%(1&%%9B )$**&+&%,$-./%9B 0+-1%&%$'✳

✶✵✷✳ ➬-)-I$ %- 8(=8:1&%%9& H%-I&%$5✳ ➬-)-I-L:0+;-✲❐$01$..5✳ M&(+&;- +-H.(N$;(8:$ A:&6✲

.(1-✳

✶✵✸✳ P$8.&%%9& ;&:()9 +&F&%$5 %-I-./%9B H-)-I ).5 (=96%(1&%%9B )$**&+&%,$-./%9B

0+-1%&%$'✳

✶✵✹✳ P$8.&%%9& ;&:()9 +&F&%$5 6+-&19B H-)-I ).5 (=96%(1&%%9B )$**&+&%,$-./%9B 0+-1✲

%&%$'✳

✶✵✺✳ ❐$%&'%(& )$**&+&%,$-./%(& 0+-1%&%$& 4&+1(3( 4(+5)6- 1 I-8:%9B 4+($H1()%9B✳

✶✵✻✳ ✃1-H$.$%&'%(& )$**&+&%,$-./%(& 0+-1%&%$& 4&+1(3( 4(+5)6- 1 I-8:%9B 4+($H1()%9B✳

❰!"#$%& !'(%)#

➹❰+ ➶-❰ ➽➘❰❮➴2✃➮➱ ❮➚2➮❰❮➚❐8❮9➱ +❮➮➶➴:;➮<➴<➾

T-60./:&: )(4(.%$:&./%(3( $ 4+(*&88$(%-./%(3( (=+-H(1-%$5

❮!"#!$%&'(& ")*+),)$-(✿ ✹✹✳✵✸✳✵✹ ➽E+(*&88$(%-./%(& (=0I&%$&➾

/#)0(%1✿ ➮%*(+;-:$6- $ 19I$8.$:&./%-5 :&B%$6-

/#)+#!22! ")*+),)$-(✿ =-6-.-1+$-:

3&2&4,#✿ ✶

56&7'!8 *(49("%('!✿ ➶98F-5 ;-:&;-:$6-

➪➮❐➴<➑✶

✶✳ Y8.(1%9' <68:+&;0;✳ ❒&:() %&(4+&)&.&%%9B ;%(N$:&.&' ❐-3+-%N-✳ ➘(8:-:(I%9& 08.(✲

1$5✳ E+$;&+✳

✷✳ ➶9+-N&%$& 4.(>-)$ 4.(86(' (=.-8:$ I&+&H 6+$1(.$%&'%9' $%:&3+-.✳ ➶9+-N&%$& (=\&;-

I&+&H 4(1&+B%(8:%9' $%:&3+-.✳

✸✳ ❮-')$:& +-88:(5%$& (: :(I6$ M(−2; 1; 4) )( 4.(86(8:$✱ 6(:(+-5 4&+4&%)$60.5+%- 1&6:(+0
n = (2;−6; 3) $ 4+(B()$: I&+&H :(I60 K(4; 0;−1)✳

✹✳ ➮88.&)0':& 8(1;&8:%(8:/ $ %-')$:& (=>&& +&F&%$& $ ()%( I-8:%(& +&F&%$& 8$8:&;9

.$%&'%9B -.3&=+-$I&86$B 0+-1%&%$'✿







2x1 + 7x2 + 3x3 + x4 = 6✱
3x1 + 5x2 + 2x3 + 2x4 = 4✱
9x1 + 4x2 + x3 + 7x4 = 2✳

✺✳ ➮88.&)0':& %- 4+&);&: +-1%(;&+%(' 8B()$;(8:$ *0%6,$(%-./%9' +5)

∞
∑

k=1

sin kx

k1+δ
✱ 3)&

δ > 0✳ E+-1)- .$✱ I:( <:(: +5) 8B()$:85 +-1%(;&+%( %- 18&' I$8.(1(' 4+5;('❄

Y:1&+N)&%( %- H-8&)-%$$ 6-*&)+9 $%N&%&+%(' $ 6(;4/`:-,$(%%(' 4&)-3(3$6$✱

4+(:(6(. ➑ (: ➽ ➾ ✷✵ 3✳

➬-1&)0`>$' 6-*&)+('

E+&4()-1-:&./
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✃!"#$!"" %&$'"()'"* +,-).$')

❮!"#$ %&'&()* ✃!,)-#./0! 1&,,!0

1 10

2 10

3 10

4 10

5 10

➶.#3! 50
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20 @*))!. 30 @*))!. 50 @*))!. 100 @*))!.

<&1,);& .!!/0#/./0)* 1&,,!0 3!.9'&$./0#((!= >7&,#
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H% I,)?$ ✶✵✵✲A)??@'%G ✭+,-).$'✱ C"MM$!$'&"!%()''EG -)D$#✮ ;%>BC)!>#($''%G

❊❈❚❙ I,)?$ I,)?$ ✭-)D$#✮

❆ 90− 100 5 ✭!,)03/!✮ :*3,'/!

❇ 80− 89 4 ✭9!$!?!✮ :*3,'/!

❈ 75− 79 4 ✭9!$!?!✮ :*3,'/!

❉ 70− 74 3 ✭#(!.)',.!$0,')6/!✮ :*3,'/!

❊ 60− 69 3 ✭#(!.)',.!$0,')6/!✮ :*3,'/!

❋❳ 35− 59 2 ✭/'#(!.)',.!$0,')6/!✮ /' :*3,'/!

% .!:1!2/!%,6> &!.,!$/!4 %(*30

❋ 0− 34 2 ✭/'#(!.)',.!$0,')6/!✮ /' :*3,'/!

% .!:1!2/!%,6> &!.,!$/!4 %(*30 &$0

#%)!.00 !@-:*,')6/!+! /*@!$*

(!&!)/0,')6/89 @*))!.
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✶✸✳ #➴✃❰❒➴❮➘❰➶➚❮❮➚, ❐➮/➴#➚/0#➚

✃12✲41 ❮526768

➑ ❮56:8;145;68 <=>8:?2@A14 <28=BA1;;1C

?✴? 4 E6E261B8=8 48AF66 4

➘1;❮0 G➪I

❰!"#$"%& '()*+%),+%

✶ ➮"#$%✱ ➶✳ ➚✳ ❐$%+,%-. -"/+01- $ -%-"$2$3+45-. /+6✲

8+21$. ✿ :3+0✳ ;". 42:;+%26< :%✲26< $ 2+=%✳ <:>6<✱

60:3-?@$=4. A6 4A+B$-"#%642$ ➽❒-2+8-2$5-➾✱ ➽F1$✲

5"-;%-. 8-2+8-2$5- $ $%G618-2$5-➾ ✴ ➶✳ ➚✳ ➮"#$%✱
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✾✽
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✷✽✷

✺ \061%$5 >-;-3 A6 8-2+8-2$3+4568: -%-"$>: ✿ _3+0✳
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✾ V"#4/6"#B✱ ❐✳ V✳ ➘$GG+1+%B$-"#%T+ :1-<%+%$. $ <-✲

1$-B$6%%6+ $43$4"+%$+ ✿ _3+0✳ ;". G$>✳✲8-2✳ G-5✳

:%✲26< ✴ ❐✳ V✳ V"#4/6"#B✳ ✕ ❒✳ ✿ ❮-:5-✱ ✶✾✻✺✳ ✕ ✹✸✹ 4✳

✺

✶✹✳ ➮❮K❰#❒➚L➮❰❮❮M➴ #➴I0#IM

✶✳ V"+5216%%6✲0$0"$62+3%-. 4$42+8- ➘6%+B56/6 %-B$6%-"#%6/6 :%$<+14$2+2- ❬V"+5216%✲

%T, 1+4:14❪✳ ✕ b+e$8 ;642:A-✿ ❤gg♣✿✴✴❧✐❜l❛l②✳❞♦♥♥✉✳l✉✴✳

✷✳ ➬-/61%T,✱ ❒✳ F✳ ➶T4t-. 8-2+8-2$5- ❬V"+5216%%T, 1+4:14❪✳ ✕ b+e$8 ;642:A-✿

❤gg♣✿✴✴❤❡❣❡❧♥❡g✳♦l❣✴♠❛g❤✴✳



✸✾

✶✺✳ #$❰➹$➚❒❒❮❰➴ ❰➪➴,#➴-➴❮➮➴

✶✳ ❙❙▲❆❊✲❈✿ )♦❧✈❡) .❤❡ )0✉❛3❡ )②).❡♠) ♦❢ ❧✐♥❡❛3 ❛❧❣❡❜3❛✐❝ ❡0✉❛.✐♦♥) ❛♣♣❧②✐♥❣ .❤❡ ❈3❛♠❡3✬) 3✉❧❡

✭❢❧♦❛.✐♥❣✲♣♦✐♥. ❛3✐.❤♠❡.✐❝ ✐) ✉)❡❞✮✳ ❚❤✐) ♣3♦❣3❛♠ ✐) ❢3❡❡ ❛♥❞ ♦♣❡♥ ❬CDEFGHIJJKL HEMNHM❪✳ ✕

QERST UIMGNVW✿ ❤..♣✿✴✴❤❡❣❡❧♥❡.✳♦3❣✴❝♦♠♣❡❞❛✴✐♥).3✉♠❡♥.❛❧✲3❡♣♦)✐.♦3②✴))❧❛❡✲❝✴✐♥❞❡①✳❤.♠❧✳

✷✳ ❙❙▲❆❊✲❈✲◗✿ )♦❧✈❡) .❤❡ )0✉❛3❡ )②).❡♠) ♦❢ ❧✐♥❡❛3 ❛❧❣❡❜3❛✐❝ ❡0✉❛.✐♦♥) ❛♣♣❧②✐♥❣ .❤❡ ❈3❛♠❡3✬) 3✉❧❡

✭3❛.✐♦♥❛❧ ❛3✐.❤♠❡.✐❝ ✐) ✉)❡❞✮✳ ❚❤✐) ♣3♦❣3❛♠ ✐) ❢3❡❡ ❛♥❞ ♦♣❡♥ ❬CDEFGHIJJKL HEMNHM❪✳ ✕ QERST

UIMGNVW✿ ❤..♣✿✴✴❤❡❣❡❧♥❡.✳♦3❣✴❝♦♠♣❡❞❛✴✐♥).3✉♠❡♥.❛❧✲3❡♣♦)✐.♦3②✴))❧❛❡✲❝✲0✴✐♥❞❡①✳❤.♠❧✳


