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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC >D>4@DEBC A:5@=. 3@F G=HI<J ;=9B :? A:5D@ 0,
a, b : c EB;:5BE=D65F ;9:EDIK>>BJ GE=I9=6>BJ 69KCA@D>, G<9>FL: G<6<9<M< FE@FD65F N6= ;=9=
A:5D@. "O<?>=A:L ;<@4AD>>BD 69KCA@D>B f1, f2, . . . , f6. 14567 f = f1 + f2 + . . . + f6. -=JI:6D
54LL4 S = a

2 + b
2 + c

2, D5@: f(0) = 11, = f(1) = →1. (#=L: A:5@= a, b : c >D I=>B.)

2. [4 !"##"] -=JI:6D E5D 69<JG: PD@BC A:5D@ (a; b; c), I@F G<6<9BC a + bc, b + ac, b2 → a
2 + 21c2 8

69: ;<5@DI<E=6D@7>BC >=649=@7>BC A:5@=, 9=5;<@<HD>>BC E ;<9FIGD E<?9=56=>:F.

3. [4 !"##"] 1D6F 5@4A=J>< 9=5G@=IBE=D6 56 <I:>=G<EBC Q=9<E ;< 3 ;9<>4LD9<E=>>BL FR:G=L.
-=JI:6D ED9<F6><567 6<M<, A6< E G=HI<L FR:GD <G=HD65F AK6><D (E<?L<H><, >4@DE<D) G<@:AD-
56E< Q=9<E.

4. [5 !"##$%] "G94H><567 𝜔, ;<569<D>>=F >= EB5<6D AH 69D4M<@7>:G= ABC G=G >= I:=LD69D,
;D9D5DG=D6 56<9<>4 AB N6<M< 69D4M<@7>:G= E DK 5D9DI:>D M . %B5<6= AH @DH:6 E>469: 69D-
4M<@7>:G=. -= 56<9<>D AC <6LDAD>= 6<AG= X 6=G=F, A6< CM ID@:6 <69D?<G HX ;<;<@=L.
-=JI:6D <6><QD>:D AX : XC, D5@: BC : AB = 2

↑
2.

5. [5 !"##$%] SED6<A>BJ @4M, M9DA:Q><D ;<@D : @:;<E=F 9<R= 9=5;<@<HD>B E 69KC 6<AG=C, >D @D-
H=R:C >= <I><J ;9FL<J. 1=5DA>:G ;<56=E:@ 4@DJ >= ;9FL<@:>DJ><J 69<;:>GD LDHI4 @4M<L
: ;<@DL 6=G, A6<OB 54LL= 9=556<F>:J <6 4@7F I< @4M=, ;<@F : 9<R: OB@= >=:LD>7QDJ. -=
G=G<L 9=556<F>:: <6 @4M= 456=><E@D> 4@DJ, D5@: :?ED56><, A6< I@:>= 69<;:>G: 9=E>= 1000 L,
9=556<F>:F <6 4@7F I< @4M=, 9<R: : ;<@F (E 4G=?=>><L ;<9FIGD) FE@FT65F 69DLF ;<5@DI<E=6D@7-
>BL: A@D>=L: >DG<6<9<J MD<LD69:AD5G<J ;9<M9D55::, = I@:>= 69<;:>G:, 9=556<F>:D <6 9<R:
I< @4M= : 9=556<F>:D <6 9<R: I< ;<@F 8 5<<6ED656ED>>< E6<9BL, AD6ED96BL : QD56BL A@D>=L:
>DG<6<9<J =9:ULD6:AD5G<J ;9<M9D55::?

6. [5 !"##$%] % <569<4M<@7><L >D9=E><ODI9D>><L 69D4M<@7>:GD ABC ;9<EDID>B EB5<6B AP : CQ.
14567 M : T 8 5<<6ED656ED>>< 5D9DI:>B 56<9<> AC : AB. &?ED56><, A6< ↭PBQ = ↭PMQ.
-=JI:6D QT , D5@: AB = 3, BC = 5.

7. [6 !"##$%] -=JI:6D E5D !"#$%&"’()*+’ ?>=AD>:F ;=9=LD69= a, I@F G=HI<M< :? G<6<9BC >=J-
ID65F 6=G<D ?>=AD>:D b, A6< 5:56DL=

)︃
y = x+ b,

(|x|→ |x→ a|→ a)y = 2(x→ a)

:LDD6 O<@DD IE4C 9DQD>:J.
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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC >D>4@DEBC A:5@=. 3@F G=HI<J ;=9B :? A:5D@ 0,
a, b : c EB;:5BE=D65F ;9:EDIK>>BJ GE=I9=6>BJ 69KCA@D>, G<9>FL: G<6<9<M< FE@FD65F N6= ;=9=
A:5D@. "O<?>=A:L ;<@4AD>>BD 69KCA@D>B f1, f2, . . . , f6. 14567 f = f1 + f2 + . . . + f6. -=JI:6D
54LL4 S = a

2 + b
2 + c

2, D5@: f(0) = →4, = f(1) = →7. (#=L: A:5@= a, b : c >D I=>B.)

2. [4 !"##"] -=JI:6D E5D 69<JG: PD@BC A:5D@ (a; b; c), I@F G<6<9BC a + bc, c + ab, c2 → a
2 + 26b2 8

69: ;<5@DI<E=6D@7>BC >=649=@7>BC A:5@=, 9=5;<@<HD>>BC E ;<9FIGD E<?9=56=>:F.

3. [4 !"##"] 1D6F 5@4A=J>< 9=5G@=IBE=D6 68 <I:>=G<EBC Q=9<E ;< 3 ;9<>4LD9<E=>>BL FR:G=L.
-=JI:6D ED9<F6><567 6<M<, A6< E G=HI<L FR:GD <G=HD65F AK6><D (E<?L<H><, >4@DE<D) G<@:AD-
56E< Q=9<E.

4. [5 !"##$%] "G94H><567 𝜔, ;<569<D>>=F >= EB5<6D AH 69D4M<@7>:G= ABC G=G >= I:=LD69D,
;D9D5DG=D6 56<9<>4 AB N6<M< 69D4M<@7>:G= E DK 5D9DI:>D M . %B5<6= AH @DH:6 E>469: 69D-
4M<@7>:G=. -= 56<9<>D AC <6LDAD>= 6<AG= X 6=G=F, A6< CM ID@:6 <69D?<G HX ;<;<@=L.
-=JI:6D <6><QD>:D AX : XC, D5@: BC : AB = 5

↑
2.

5. [5 !"##$%] 04H=JG= 5 G@DED9<L, ?=9<5@: ED9D5G= : ;<@D ;<I5<@>DA>:G= 9=5;<@<HD>B E 69KC
6<AG=C, >D @DH=R:C >= <I><J ;9FL<J. 1=5DA>:G ;<56=E:@ 4@DJ >= ;9FL<@:>DJ><J 69<;:>GD
LDHI4 G@DED9<L : ;<I5<@>DA>:G<L 6=G, A6<OB 54LL= 9=556<F>:J <6 4@7F I< G@DED9=, ED9D5G=
: ;<I5<@>DA>:G= OB@= >=:LD>7QDJ. -= G=G<L 9=556<F>:: <6 ;<I5<@>DA>:G= 456=><E@D> 4@DJ,
D5@: :?ED56><, A6< I@:>= 69<;:>G: 9=E>= 1250 L, 9=556<F>:F <6 4@7F I< G@DED9=, ED9D5G= :
;<I5<@>DA>:G= (E 4G=?=>><L ;<9FIGD) FE@FT65F 69DLF ;<5@DI<E=6D@7>BL: A@D>=L: >DG<6<9<J
MD<LD69:AD5G<J ;9<M9D55::, = I@:>= 69<;:>G:, 9=556<F>:D <6 ED9D5G= I< G@DED9= : 9=556<F>:D
<6 ED9D5G= I< ;<I5<@>DA>:G= 8 5<<6ED656ED>>< E6<9BL, ;F6BL : E<57LBL A@D>=L: >DG<6<9<J
=9:ULD6:AD5G<J ;9<M9D55::?

6. [5 !"##$%] % <569<4M<@7><L >D9=E><ODI9D>><L 69D4M<@7>:GD ABC ;9<EDID>B EB5<6B AP : CQ.
14567 M : T 8 5<<6ED656ED>>< 5D9DI:>B 56<9<> AC : AB. &?ED56><, A6< ↭PBQ = ↭PMQ.
-=JI:6D QT , D5@: AB = 4, BC = 5.

7. [6 !"##$%] -=JI:6D E5D !"#$%&"’()*+’ ?>=AD>:F ;=9=LD69= a, I@F G=HI<M< :? G<6<9BC >=J-
ID65F 6=G<D ?>=AD>:D b, A6< 5:56DL=

)︃
y = x+ b,

(|x|→ |x→ a|→ a)y = 4(x→ a)

:LDD6 O<@DD IE4C 9DQD>:J.
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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC >D>4@DEBC A:5@=. 3@F G=HI<J ;=9B :? A:5D@ 0,
a, b : c EB;:5BE=D65F ;9:EDIK>>BJ GE=I9=6>BJ 69KCA@D>, G<9>FL: G<6<9<M< FE@FD65F N6= ;=9=
A:5D@. "O<?>=A:L ;<@4AD>>BD 69KCA@D>B f1, f2, . . . , f6. 14567 f = f1 + f2 + . . . + f6. -=JI:6D
54LL4 S = a

2 + b
2 + c

2, D5@: f(0) = 5, = f(1) = →7. (#=L: A:5@= a, b : c >D I=>B.)

2. [4 !"##"] -=JI:6D E5D 69<JG: PD@BC A:5D@ (a; b; c), I@F G<6<9BC a + bc, b + ac, b2 → a
2 + 11c2 8

69: ;<5@DI<E=6D@7>BC >=649=@7>BC A:5@=, 9=5;<@<HD>>BC E ;<9FIGD E<?9=56=>:F.

3. [4 !"##"] 1D6F 5@4A=J>< 9=5G@=IBE=D6 92 <I:>=G<EBC Q=9= ;< 3 ;9<>4LD9<E=>>BL FR:G=L.
-=JI:6D ED9<F6><567 6<M<, A6< E G=HI<L FR:GD <G=HD65F AK6><D (E<?L<H><, >4@DE<D) G<@:AD-
56E< Q=9<E.

4. [5 !"##$%] "G94H><567 𝜔, ;<569<D>>=F >= EB5<6D AH 69D4M<@7>:G= ABC G=G >= I:=LD69D,
;D9D5DG=D6 56<9<>4 AB N6<M< 69D4M<@7>:G= E DK 5D9DI:>D M . %B5<6= AH @DH:6 E>469: 69D-
4M<@7>:G=. -= 56<9<>D AC <6LDAD>= 6<AG= X 6=G=F, A6< CM ID@:6 <69D?<G HX ;<;<@=L.
-=JI:6D <6><QD>:D AX : XC, D5@: BC : AB = 4

↑
2.

5. [5 !"##$%] SED6<A>BJ @4M, M9DA:Q><D ;<@D : @:;<E=F 9<R= 9=5;<@<HD>B E 69KC 9=?@:A>BC
6<AG=C, >D @DH=R:C >= <I><J ;9FL<J. 1=5DA>:G ;<56=E:@ 4@DJ >= ;9FL<@:>DJ><J 69<;:>GD
LDHI4 @4M<L : ;<@DL 6=G, A6<OB 54LL= 9=556<F>:J <6 4@7F I< @4M=, ;<@F : 9<R: OB@= >=:-
LD>7QDJ. -= G=G<L 9=556<F>:: <6 @4M= 456=><E@D> 4@DJ, D5@: :?ED56><, A6< I@:>= 69<;:>G:
9=E>= 1500 L, 9=556<F>:F <6 4@7F I< @4M=, 9<R: : ;<@F (E 4G=?=>><L ;<9FIGD) FE@FT65F 69DLF
;<5@DI<E=6D@7>BL: A@D>=L: >DG<6<9<J MD<LD69:AD5G<J ;9<M9D55::, = I@:>= 69<;:>G:, 9=556<-
F>:D <6 @4M= I< 9<R: : 9=556<F>:D <6 ;<@F I< 9<R: 8 5<<6ED656ED>>< AD6ED96BL, QD56BL :
E<57LBL A@D>=L: >DG<6<9<J =9:ULD6:AD5G<J ;9<M9D55::?

6. [5 !"##$%] % <569<4M<@7><L >D9=E><ODI9D>><L 69D4M<@7>:GD ABC ;9<EDID>B EB5<6B AP : CQ.
14567 M : T 8 5<<6ED656ED>>< 5D9DI:>B 56<9<> AC : AB. &?ED56><, A6< ↭PBQ = ↭PMQ.
-=JI:6D QT , D5@: AB = 6, BC = 9.

7. [6 !"##$%] -=JI:6D E5D !"#$%&"’()*+’ ?>=AD>:F ;=9=LD69= a, I@F G=HI<M< :? G<6<9BC >=J-
ID65F 6=G<D ?>=AD>:D b, A6< 5:56DL=

)︃
y = →x+ b,

(|x|→ |x→ a|→ a)y = 2(a→ x)

:LDD6 O<@DD IE4C 9DQD>:J.
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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC >D>4@DEBC A:5@=. 3@F G=HI<J ;=9B :? A:5D@ 0,
a, b : c EB;:5BE=D65F ;9:EDIK>>BJ GE=I9=6>BJ 69KCA@D>, G<9>FL: G<6<9<M< FE@FD65F N6= ;=9=
A:5D@. "O<?>=A:L ;<@4AD>>BD 69KCA@D>B f1, f2, . . . , f6. 14567 f = f1 + f2 + . . . + f6. -=JI:6D
54LL4 S = a

2 + b
2 + c

2, D5@: f(0) = →9, = f(1) = →6. (#=L: A:5@= a, b : c >D I=>B.)

2. [4 !"##"] -=JI:6D E5D 69<JG: PD@BC A:5D@ (a; b; c), I@F G<6<9BC a + bc, c + ab, c2 → a
2 + 16b2 8

69: ;<5@DI<E=6D@7>BC >=649=@7>BC A:5@=, 9=5;<@<HD>>BC E ;<9FIGD E<?9=56=>:F.

3. [4 !"##"] 1D6F 5@4A=J>< 9=5G@=IBE=D6 104 <I:>=G<EBC Q=9= ;< 3 ;9<>4LD9<E=>>BL FR:G=L.
-=JI:6D ED9<F6><567 6<M<, A6< E G=HI<L FR:GD <G=HD65F AK6><D (E<?L<H><, >4@DE<D) G<@:AD-
56E< Q=9<E.

4. [5 !"##$%] "G94H><567 𝜔, ;<569<D>>=F >= EB5<6D AH 69D4M<@7>:G= ABC G=G >= I:=LD69D,
;D9D5DG=D6 56<9<>4 AB N6<M< 69D4M<@7>:G= E DK 5D9DI:>D M . %B5<6= AH @DH:6 E>469: 69D-
4M<@7>:G=. -= 56<9<>D AC <6LDAD>= 6<AG= X 6=G=F, A6< CM ID@:6 <69D?<G HX ;<;<@=L.
-=JI:6D <6><QD>:D AX : XC, D5@: BC : AB = 3

↑
2.

5. [5 !"##$%] 04H=JG= 5 G@DED9<L, ?=9<5@: ED9D5G= : ;<@D ;<I5<@>DA>:G= 9=5;<@<HD>B E 69KC
6<AG=C, >D @DH=R:C >= <I><J ;9FL<J. 1=5DA>:G ;<56=E:@ 4@DJ >= ;9FL<@:>DJ><J 69<;:>GD
LDHI4 G@DED9<L : ;<I5<@>DA>:G<L 6=G, A6<OB 54LL= 9=556<F>:J <6 4@7F I< G@DED9=, ED9D5G=
: ;<I5<@>DA>:G= OB@= >=:LD>7QDJ. -= G=G<L 9=556<F>:: <6 ;<I5<@>DA>:G= 456=><E@D> 4@DJ,
D5@: :?ED56><, A6< I@:>= 69<;:>G: 9=E>= 2000 L, 9=556<F>:F <6 4@7F I< G@DED9=, ED9D5G= :
;<I5<@>DA>:G= (E 4G=?=>><L ;<9FIGD) FE@FT65F 69DLF ;<5@DI<E=6D@7>BL: A@D>=L: >DG<6<9<J
MD<LD69:AD5G<J ;9<M9D55::, = I@:>= 69<;:>G:, 9=556<F>:D <6 ED9D5G= I< G@DED9= : 9=556<F-
>:D <6 ED9D5G= I< ;<I5<@>DA>:G= 8 5<<6ED656ED>>< ;D9EBL, AD6EK96BL : 5DI7LBL A@D>=L:
>DG<6<9<J =9:ULD6:AD5G<J ;9<M9D55::?

6. [5 !"##$%] % <569<4M<@7><L >D9=E><ODI9D>><L 69D4M<@7>:GD ABC ;9<EDID>B EB5<6B AP : CQ.
14567 M : T 8 5<<6ED656ED>>< 5D9DI:>B 56<9<> AC : AB. &?ED56><, A6< ↭PBQ = ↭PMQ.
-=JI:6D QT , D5@: AB = 7, BC = 11.

7. [6 !"##$%] -=JI:6D E5D !"#$%&"’()*+’ ?>=AD>:F ;=9=LD69= a, I@F G=HI<M< :? G<6<9BC >=J-
ID65F 6=G<D ?>=AD>:D b, A6< 5:56DL=

)︃
y = →x+ b,

(|x|→ |x→ a|→ a)y = 4(a→ x)

:LDD6 O<@DD IE4C 9DQD>:J.
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1. [3 !"##"] &456789:, ;8: 67<= >?69@A=8@ BCDEFG =4 B:H96G >HC5969=I x2 + bx + c = 0 9C 5,
J:<>;699F6 ;=7<C K>E>8 B:H9I?= >HC5969=I x2+ cx+ b = 0. $CB:6 9C=?69@A66 49C;69=6 ?:D68
JH=9=?C8@ JH:=456E69=6 576L ;68FHML B:H96G N8=L >HC5969=G?

2. [3 !"##"] #>??C JI8= J:EHIE =E>O=L E5>49C;9FL ;=76< I5<I687I J:<9F? B5CEHC8:?. -CGE=86
576 5:4?:D9F6 49C;69=I 7>??F =7L:E9FL ;=76<.

3. [5 !"##$%] % 9C>;9:G <CK:HC8:H== 7:78C5<I687I J<C9 4CJ>7BC ;=7<699:P: H6A69=I 4CEC;= 9C
B<C786H6. )C 100 E96G 8H6K>687I 7E6<C8@ 10 4CJ>7B:5, C J:7<6 BCDE:P: 4CJ>7BC, BH:?6 J:7<6E96-
P:, B<C786H 4CPH>D69 8:<@B: EC99:G 4CEC;6G 5 86;69=6 7 E96G, 5B<Q;CI E69@ 4CJ>7BC. 1H= J:-
7<6E96? 4CJ>7B6 8H6K>687I :KHCK:8C8@ H64><@8C8F 576L JH6EFE>O=L 4CJ>7B:5, 9C ;8: 8H6K>687I
8 E96G HCK:8F B<C786HC, 5B<Q;CI E69@ J:7<6E96P: 4CJ>7BC. #B:<@B=?= 7J:7:KC?= 7:8H>E9=B=
<CK:HC8:H== ?:P>8 5FKHC8@ E9= 4CJ>7B:5 HC7;M8:5? "8568 ECG86 5 5=E6 5FHCD69=I, 7:E6HDC-
O6P: 96 K:<66 8HML ;<69:5 (5 9=L ?:P>8 5L:E=8@ RCB8:H=C<F, K=9:?=C<@9F6 B:NRR=S=698F).

4. [5 !"##$%] %F7:8F AA1 = CC1 :78H:>P:<@9:P: 8H6>P:<@9=BC ABC J6H676BCQ87I 5 8:;B6 H. 0>;
BH J6H676BC68 :BH>D9:78@, :J=7C99>Q :B:<: 8H6>P:<@9=BC ABC, 5 8:;B6 P . -CGE=86 :89:A6-
9=6 HCE=>7:5 :BH>D9:786G, :J=7C99FL :B:<: 8H6>P:<@9=B:5 AHP = CHP , 67<= =456789:, ;8:
BA1 : BC1 = 3 : 4, C AH : CH = 3 : 10.

5. [5 !"##$%] "8 JH=78C9= A B JH=78C9= B, HC7J:<:D699:G :8 A 59=4 J: 86;69=Q, :E9:5H6?699:
:8JHC5=<=7@ <:EBC = KCGECHBC. $=<:?68H:? 9=D6 :8 A J: 86;69=Q B B :8JHC5=<7I 8CBD6
J<:8. +7<= 7<:D=8@ 5H6?69C E5=D69=I <:EB=, KCGECHB= = J<:8C E: JH=78C9= B, 8: J:<>;=87I
22 ;C7C. -CGE=86 HC778:I9=6 ?6DE> JH=78C9I?=, 67<= =456789:, ;8: KCGECHBC JH=KF<C B B 9C
2 ;C7C HC9@A6 <:EB=, 7B:H:78= J<:8C, <:EB= = KCGECHB= I5<IQ87I 8H6?I J:7<6E:5C86<@9F?=
;<69C?= 96B:8:H:G CH=R?68=;67B:G JH:PH677==, C 7B:H:78@ J<:8C, 7B:H:78@ 5 78:I;6G 5:E6
<:EB= = 7B:H:78@ 5 78:I;6G 5:E6 KCGECHB= T 8H6?I J:7<6E:5C86<@9F?= ;<69C?= 96B:8:H:G
P6:?68H=;67B:G JH:PH677==.

6. [5 !"##$%] /P:< A H:?KC ABCD HC569 60→. -C JH:E:<D69=IL 6P: 78:H:9 AB = AD 4C 8:;B= B
= D 54I8F 8:;B= Q = P 7::8568785699: 8CB, ;8: JHI?CI PQ JH:L:E=8 ;6H64 8:;B> C. -CGE=86
E<=9> :8H64BC BQ, 67<= DP = 10, C DQ : BP = 11 : 10.

7. [6 !"##$%] -CGE=86 576 49C;69=I JCHC?68HC a, JH= B:8:HFL 7=786?C
)︃
[︃

]︃
x+

y2

x
= max

⌊︃
8 +

6y

x
; 6→ 8y

x

⌋︃
,

y = ax→ 9a+ 8

=?668 96;M89:6 B:<=;6785: H6A69=G.
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