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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC A:5@=. 3@D E=FG<H ;=9B :? A:5I@ a, b : c

JB;:5BJ=I65D ;9:JIGK>>BH EJ=G9=6>BH 69KCA@I>, E<9>DL: E<6<9<M< DJ@DI65D N6= ;=9= A:5I@.
"O<?>=A:L ;<@4AI>>BI 69KCA@I>B f1, f2, f3. -=HG:6I 54LL4 S = a

2 + b
2 + c

2, I5@: >=:LI>7PII
?>=AI>:I 69KCA@I>= f = f1 + f2 + f3 9=J>< →1, = f(0) = 11. (#=L: A:5@= a, b : c >I G=>B.)

2. [4 !"##"] #E<@7E< PI56:?>=A>BC A:5I@ L<F>< 5<56=J:67 :? Q:R9 0, 1, 2, 3, 7, 8 : 9, A6<OB GJI
:? N6:C Q:R9 :5;<@7?<J=@:57 J ?=;:5: A:5@= 9<J>< ;< GJ= 9=?=, = E=FG=D :? <56=@7>BC Q:R9 8
>I O<@II <G><M< 9=?=?

3. [4 !"##"] SIP:6I 5:56IL4 49=J>I>:H:
)︃
logx(5y → x) · logy(5x→ y) = 4,

logx(5x→ y) + logy(5y → x) = 4.

4. [5 !"##$%] % 69I4M<@7>:EI ABC ;9<JIGI>= O:55IE69:5= AN . "O<?>=A:L AI9I? Q 6<AE4 ;I9I5I-
AI>:D ;9<G<@FI>:D JB5<6B BP 69I4M<@7>:E= ABC ?= 6<AE4 P 5 <;:5=>><H <E<@< N6<M< 69I-
4M<@7>:E= <E94F><567T 𝜔. -=HG:6I ;@<U=G7 69I4M<@7>:E= BCQ, I5@: BC = 24, 4M@B ↭BNA

: ↭BAC 9=J>B, = 9=G:45 <E94F><56: 𝜔 9=JI> 13.

5. [5 !"##$%] SIP:6I >I9=JI>56J<
[︃
1→ cos x cos

𝜀

8

]︃2

→ sin2
x sin2 𝜀

8
+
[︃
2 sin 2x→

↑
2
]︃2

↫ 0.

6. [6 !"##$%] % AI6B9KC4M<@7><H ;:9=L:GI SABCD :?JI56>B G@:>B J5IC 9KOI9: AB = BC =
CD = DA = 5, SB = 2

↑
5, SA = SC = 3

↑
5, SD = 2

↑
10. #RI9= 𝜔 5 G:=LI69<L SB ;I9I5IE=I6

M9=>: ;:9=L:GB ;< L><FI56J4, 5<56<DUIL4 :? 6<AE: S : @:>:: L, >I 5<GI9F=UIH 6<AE4 S.
-=HG:6I G@:>4 @:>:: L.

7. [6 !"##$%] -=HG:6I J5I !"#"$%&’#()*’ ?>=AI>:D ;=9=LI69= a, ;9: E<6<9BC 5:56IL=
)︃
x
2 + y

2 → 2x→ 6y + 6 = 0,

(|x|→ |x→ a|→ a)y = 2(x→ a)

:LII6 9<J>< GJ= 9IPI>:D.
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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC A:5@=. 3@D E=FG<H ;=9B :? A:5I@ a, b : c

JB;:5BJ=I65D ;9:JIGK>>BH EJ=G9=6>BH 69KCA@I>, E<9>DL: E<6<9<M< DJ@DI65D N6= ;=9= A:5I@.
"O<?>=A:L ;<@4AI>>BI 69KCA@I>B f1, f2, f3. -=HG:6I 54LL4 S = a

2 + b
2 + c

2, I5@: >=:LI>7PII
?>=AI>:I 69KCA@I>= f = f1 + f2 + f3 9=J>< →7, = f(0) = 5. (#=L: A:5@= a, b : c >I G=>B.)

2. [4 !"##"] #E<@7E< 5IL:?>=A>BC A:5I@ L<F>< 5<56=J:67 :? Q:R9 0, 1, 2, 3, 4, 5, 6, 8 : 9, A6<OB
GJI :? N6:C Q:R9 :5;<@7?<J=@:57 J ?=;:5: A:5@= 9<J>< ;< 69: 9=?=, = <56=@7>BI Q:R9B 8 >I
O<@II <G><M< 9=?=?

3. [4 !"##"] SIP:6I 5:56IL4 49=J>I>:H:
)︃
logx(4y → x) · logy(4x→ y) = 4,

logx(4x→ y) + logy(4y → x) = 4.

4. [5 !"##$%] % 69I4M<@7>:EI ABC ;9<JIGI>= O:55IE69:5= AN . "O<?>=A:L AI9I? Q 6<AE4 ;I9I5I-
AI>:D ;9<G<@FI>:D JB5<6B BP 69I4M<@7>:E= ABC ?= 6<AE4 P 5 <;:5=>><H <E<@< N6<M< 69I-
4M<@7>:E= <E94F><567T 𝜔. -=HG:6I ;@<U=G7 69I4M<@7>:E= BCQ, I5@: BC = 30, 4M@B ↭BNA

: ↭BAC 9=J>B, = 9=G:45 <E94F><56: 𝜔 9=JI> 17.

5. [5 !"##$%] SIP:6I >I9=JI>56J<

→
[︃
1→ sin x sin

𝜀

8

]︃2

+ cos2 x cos2
𝜀

8
→

[︃
2 cos 2x→

↑
2
]︃2

↬ 0.

6. [6 !"##$%] % AI6B9KC4M<@7><H ;:9=L:GI SABCD :?JI56>B G@:>B J5IC 9KOI9: AB = BC =
CD = DA =

↑
14, SB = 2, SA = SC = 3

↑
2, SD = 2

↑
2. #RI9= 𝜔 5 G:=LI69<L SB ;I9I5IE=I6

M9=>: ;:9=L:GB ;< L><FI56J4, 5<56<DUIL4 :? 6<AE: S : @:>:: L, >I 5<GI9F=UIH 6<AE4 S.
-=HG:6I G@:>4 @:>:: L.

7. [6 !"##$%] -=HG:6I J5I !"#"$%&’#()*’ ?>=AI>:D ;=9=LI69= a, ;9: E<6<9BC 5:56IL=
)︃
x
2 + y

2 → 6x+ 14y + 42 = 0,

(|x|→ |x→ a|→ a)y = 6(a→ x)

:LII6 9<J>< GJ= 9IPI>:D.
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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC A:5@=. 3@D E=FG<H ;=9B :? A:5I@ a, b : c

JB;:5BJ=I65D ;9:JIGK>>BH EJ=G9=6>BH 69KCA@I>, E<9>DL: E<6<9<M< DJ@DI65D N6= ;=9= A:5I@.
"O<?>=A:L ;<@4AI>>BI 69KCA@I>B f1, f2, f3. -=HG:6I 54LL4 S = a

2 + b
2 + c

2, I5@: >=:LI>7PII
?>=AI>:I 69KCA@I>= f = f1 + f2 + f3 9=J>< →1, = f(0) = 26. (#=L: A:5@= a, b : c >I G=>B.)

2. [4 !"##"] #E<@7E< PI56:?>=A>BC A:5I@ L<F>< 5<56=J:67 :? Q:R9 0, 2, 3, 4, 7, 8 : 9, A6<OB GJI
:? N6:C Q:R9 :5;<@7?<J=@:57 J ?=;:5: A:5@= 9<J>< ;< GJ= 9=?=, = <56=@7>BI Q:R9B 8 >I O<@II
<G><M< 9=?=?

3. [4 !"##"] SIP:6I 5:56IL4 49=J>I>:H:
)︃
logx(7y → x) · logy(7x→ y) = 4,

logx(7x→ y) + logy(7y → x) = 4.

4. [5 !"##$%] % 69I4M<@7>:EI ABC ;9<JIGI>= O:55IE69:5= AN . "O<?>=A:L AI9I? Q 6<AE4 ;I9I5I-
AI>:D ;9<G<@FI>:D JB5<6B BP 69I4M<@7>:E= ABC ?= 6<AE4 P 5 <;:5=>><H <E<@< N6<M< 69I-
4M<@7>:E= <E94F><567T 𝜔. -=HG:6I ;@<U=G7 69I4M<@7>:E= BCQ, I5@: BC = 80, 4M@B ↭BNA

: ↭BAC 9=J>B, = 9=G:45 <E94F><56: 𝜔 9=JI> 41.

5. [5 !"##$%] SIP:6I >I9=JI>56J<
[︃
1→ cos x cos

𝜀

6

]︃2

→ sin2
x sin2 𝜀

6
+ (2 cos 2x→ 1)2 ↫ 0.

6. [6 !"##$%] % AI6B9KC4M<@7><H ;:9=L:GI SABCD :?JI56>B G@:>B J5IC 9KOI9: AB = BC =
CD = DA =

↑
5, SB = 2, SA = SC = 3, SD = 2

↑
2. #RI9= 𝜔 5 G:=LI69<L SB ;I9I5IE=I6 M9=>:

;:9=L:GB ;< L><FI56J4, 5<56<DUIL4 :? 6<AE: S : @:>:: L, >I 5<GI9F=UIH 6<AE4 S. -=HG:6I
G@:>4 @:>:: L.

7. [6 !"##$%] -=HG:6I J5I !"#"$%&’#()*’ ?>=AI>:D ;=9=LI69= a, ;9: E<6<9BC 5:56IL=
)︃
x
2 + y

2 → 4x→ 10y + 20 = 0,

(|x|→ |x→ a|→ a)y = 4(x→ a)

:LII6 9<J>< GJ= 9IPI>:D.
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1. [3 !"##"] 14567 a, b, c 8 69: ;<;=9>< 9=?@:A>BC A:5@=. 3@D E=FG<H ;=9B :? A:5I@ a, b : c

JB;:5BJ=I65D ;9:JIGK>>BH EJ=G9=6>BH 69KCA@I>, E<9>DL: E<6<9<M< DJ@DI65D N6= ;=9= A:5I@.
"O<?>=A:L ;<@4AI>>BI 69KCA@I>B f1, f2, f3. -=HG:6I 54LL4 S = a

2 + b
2 + c

2, I5@: >=:LI>7PII
?>=AI>:I 69KCA@I>= f = f1 + f2 + f3 9=J>< →4, = f(0) = 23. (#=L: A:5@= a, b : c >I G=>B.)

2. [4 !"##"] #E<@7E< 5IL:?>=A>BC A:5I@ L<F>< 5<56=J:67 :? Q:R9 0, 1, 2, 3, 4, 5, 7, 8 : 9, A6<OB
GJI :? N6:C Q:R9 :5;<@7?<J=@:57 J ?=;:5: A:5@= 9<J>< ;< 69: 9=?=, = <56=@7>BI Q:R9B 8 >I
O<@II <G><M< 9=?=?

3. [4 !"##"] SIP:6I 5:56IL4 49=J>I>:H:
)︃
logx(6y → x) · logy(6x→ y) = 4,

logx(6x→ y) + logy(6y → x) = 4.

4. [5 !"##$%] % 69I4M<@7>:EI ABC ;9<JIGI>= O:55IE69:5= AN . "O<?>=A:L AI9I? Q 6<AE4 ;I9I5I-
AI>:D ;9<G<@FI>:D JB5<6B BP 69I4M<@7>:E= ABC ?= 6<AE4 P 5 <;:5=>><H <E<@< N6<M< 69I-
4M<@7>:E= <E94F><567T 𝜔. -=HG:6I ;@<U=G7 69I4M<@7>:E= BCQ, I5@: BC = 48, 4M@B ↭BNA

: ↭BAC 9=J>B, = 9=G:45 <E94F><56: 𝜔 9=JI> 25.

5. [5 !"##$%] SIP:6I >I9=JI>56J<

→
[︃
1→ sin x sin

𝜀

6

]︃2

+ cos2 x cos2
𝜀

6
→

[︃
2 sin 2x→

↑
3
]︃2

↬ 0.

6. [6 !"##$%] % AI6B9KC4M<@7><H ;:9=L:GI SABCD :?JI56>B G@:>B J5IC 9KOI9: AB = BC =
CD = DA =

↑
7, SB =

↑
2, SA = SC = 3, SD = 2. #RI9= 𝜔 5 G:=LI69<L SB ;I9I5IE=I6 M9=>:

;:9=L:GB ;< L><FI56J4, 5<56<DUIL4 :? 6<AE: S : @:>:: L, >I 5<GI9F=UIH 6<AE4 S. -=HG:6I
G@:>4 @:>:: L.

7. [6 !"##$%] -=HG:6I J5I !"#"$%&’#()*’ ?>=AI>:D ;=9=LI69= a, ;9: E<6<9BC 5:56IL=
)︃
x
2 + y

2 → 6x+ 10y + 18 = 0,

(|x|→ |x→ a|→ a)y = 2(a→ x)

:LII6 9<J>< GJ= 9IPI>:D.
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1. [3 !"##"] &456789:, ;8: 67<= >?69@A=8@ BCDEFG =4 B:H96G >HC5969=I x2 + bx + c = 0 9C 3,
J:<>;699F6 ;=7<C K>E>8 B:H9I?= >HC5969=I x2 + cx+ b = 0. $CDEFG =4 ;68FHLM B:H96G N8=M
E5>M >HC5969=G >56<=;=<= 9C 1. -CGE=86 JH:=456E69=6 J:<>;699FM ;68FHLM ;=76<. (#C?= ;=7<C
b = c 96 EC9F.)

2. [4 !"##"] -C4:56? ;=7<: !"#"$%&’, 67<= 5 96? ;6H6E>O87I ;L89F6 = 96;L89F6 P=QHF. #B:<@B=-
?= 7J:7:KC?= ?:D9: 4C?69=8@ 45L4E:;B= 9C P=QHF 5 HC5697856 2→→→+ 3→→→ = →→→→ 8CB, ;8:KF
J:<>;=<:7@ 56H9:6 HC569785: 7 8H6?I 4CKC59F?= ;68FHLM49C;9F?= ;=7<C?=?

3. [5 !"##$%] R6A=86 96HC569785: logx2(x2 ↑ x) + log(x→1)2(x
2 ↑ x) ↭ 9

4
.

4. [4 !"##"] % :79:5C9== J=HC?=EF DABC <6D=8 JHC5=<@9FG 8H6>S:<@9=B ABC, >S:< ACD
JHI?:G. #Q6HC 7 E=C?68H:? BD J6H676BC68 J:58:H9: HLKHC AD, AB = CD 5 8:;BCM E, F = C
7::8568785699:. -CGE=86 :KTL? J=HC?=EF EACF , 67<= AB =

↓
2, CD =

↓
3.

5. [5 !"##$%] R6A=86 >HC5969=6

cos 4x↑ 6
↓
2 sin x↑ 4 sin 2x+ 6

↓
2 cosx = 15.

6. [6 !"##$%] % 8H6>S:<@9=B6 ABC ↫B = 60↑, C 8:;B= D, E = F <6DC8 9C 78:H:9CM CA, AB = BC
7::8568785699:, JH=;6? BE = ED = DF = FB = 10. "8H64B= AF = CE J6H676BCO87I 5 8:;B6
X. -CGE=86 E<=9> XA, 67<= XF = 4.

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

]︃
x+

y2

x
= min

⌊︃
6 +

8y

x
; 8↑ 6y

x

⌋︃
,

y = ax↑ 7a+ 1

=?668 H:59: E5C H6A69=I.
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1. [3 !"##"] &456789:, ;8: 67<= >56<=;=8@ BCDEFG =4 B:H96G >HC5969=I x2 + bx + c = 0 9C 4,
J:<>;699F6 ;=7<C K>E>8 B:H9I?= >HC5969=I x2 + cx+ b = 0. $CDEFG =4 ;68FHLM B:H96G N8=M
E5>M >HC5969=G >56<=;=<= 9C 1. -CGE=86 JH:=456E69=6 J:<>;699FM ;68FHLM ;=76<. (#C?= ;=7<C
b = c 96 EC9F.)

2. [4 !"##"] -C4:56? ;=7<: !"#"$%&’, 67<= 5 96? ;6H6E>O87I ;L89F6 = 96;L89F6 P=QHF. #B:<@B=-
?= 7J:7:KC?= ?:D9: 4C?69=8@ 45L4E:;B= 9C P=QHF 5 HC5697856 2→→→+ 4→→→ = →→→→ 8CB, ;8:KF
J:<>;=<:7@ 56H9:6 HC569785: 7 8H6?I 4CKC59F?= ;68FHLM49C;9F?= ;=7<C?=?

3. [5 !"##$%] R6A=86 96HC569785: logx2(x2 + 2x) + log(x+2)2(x
2 + 2x) ↭ 9

4
.

4. [4 !"##"] % :79:5C9== J=HC?=EF DABC <6D=8 JHC5=<@9FG 8H6>S:<@9=B ABC, >S<F ACD =
BCD JHI?F6. #Q6HC 7 E=C?68H:? BD J6H676BC68 J:58:H9: HLKHC AD = AB 5 8:;BCM E = F
7::8568785699:. -CGE=86 :KTL? J=HC?=EF EACF , 67<= AB = 2

↓
2, CD = 2

↓
3.

5. [5 !"##$%] R6A=86 >HC5969=6

9↑ cos 4x+ 3
↓
2 sin x↑ 4 sin 2x+ 3

↓
2 cosx = 0.

6. [6 !"##$%] % 8H6>S:<@9=B6 ABC ↫B = 60↑, C 8:;B= D, E = F <6DC8 9C 78:H:9CM CA, AB = BC
7::8568785699:, JH=;6? BE = ED = DF = FB = 30. "8H64B= AF = CE J6H676BCO87I 5 8:;B6
X. -CGE=86 E<=9> XA, 67<= XF = 18.

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

]︃
x+

y2

x
= min

⌊︃
10 +

24y

x
; 24↑ 10y

x

⌋︃
,

y = ax↑ 17a+ 7

=?668 H:59: E5C H6A69=I.


