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1. [3 !"##"] 3456 7849:4;56< ;:=>?@A5 f(x) B @B5A<54C DE57FBC l(x) ;474C, ?;G l(1) = 2. &H8AI;-
5G, ?;G DE57FBC g(x) = f(l(x)) → l(f(x)) J:B5BK4A; 8IA 9A<I;8B;A@L56A H54?A5BC B g(0) = 5.
-4<9B;A f(1), AI@B f(0) = 7.

2. [4 !"##"] #7G@L7G 6-H54?56> ?BIA@ KGM5G IGI;48B;L BH FBD: 1, 2, 3, 4, 5, 8 B 9, ?;GN6 98A BH
O;B> FBD: BIJG@LHG84@BIL 8 H4JBIB ?BI@4 :G85G JG 984 :4H4, 4 GI;4@L56A FBD:6 P 5A NG@AA
G95GQG :4H4?

3. [5 !"##$%] % ?A;6:A>EQG@L5B7 ABCD KGM5G 8JBI4;L G7:EM5GI;L. 1EI;L ;G?74 I P FA5;: O;G<
G7:EM5GI;B. 1:CK6A aC B aD, J:G8A9A556A IGG;8A;I;8A55G ?A:AH ;G?7E C J4:4@@A@L5G BI B
?A:AH ;G?7E D J4:4@@A@L5G AI, JA:AIA74R;IC 8 ;G?7A P . -4<9B;A ↭DPI, AI@B ↭BCD = 100→.

4. [5 !"##$%] -4<9B;A 7G@B?AI;8G EJG:C9G?A556> J4: 54;E:4@L56> ?BIA@ (a, b) ;47B>, ?;G
)︃

-"3(a, b) = 30,

-"$(a, b) = 16!

5. [5 !"##$%] % GI;:GEQG@L5GK ;:AEQG@L5B7A ABC J:G8A9A56 86IG;6 AD B CE, 7G;G:6A JA:A-
IA74R;IC 8 ;G?7A H. %G7:EQ ;:AEQG@L5B74 DHE GJBI454 G7:EM5GI;L 𝜔. $4I4;A@L56A 7 𝜔 8
;G?74> D B E JA:AIA74R;IC 8 ;G?7A K. -4<9B;A 9@B5E G;:AH74 AK, AI@B :49BEI 𝜔 :48A5 10 B
↭ABC = 60→.

6. [6 !"##$%] 1:B 747B> H54?A5BC> J4:4KA;:4 a IBI;AK4 E:485A5B<
)︃
|x|→ |x→ y| = 2x→ y,

x
2 + y

2 + 8y = a

BKAA; :G85G 984 :ASA5BC?

7. [6 !"##$%] TASB;A IBI;AKE
[︃
]︃

⌊︃

x
7 + y

7

z3
+

y
7 + z

7

x3
+

z
7 + x

7

y3
= 2x2

y
2 + 2y2z2 + 2z2x2

,

⌋︃↑
yz → 2

⌈︃
(
↑
zx→ 4) ↫ 0.
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1. [3 !"##"] 3456 7849:4;56< ;:=>?@A5 f(x) B @B5A<54C DE57FBC l(x) ;474C, ?;G l(1) = 2. &H8AI;-
5G, ?;G DE57FBC g(x) = f(l(x)) → l(f(x)) J:B5BK4A; 8IA 9A<I;8B;A@L56A H54?A5BC B g(0) = 3.
-4<9B;A f(1), AI@B f(0) = 5.

2. [4 !"##"] #7G@L7G 7-H54?56> ?BIA@ KGM5G IGI;48B;L BH FBD: 1, 2, 3, 4, 5, 6, 7, 8 B 9, ?;GN6 98A
BH O;B> FBD: BIJG@LHG84@BIL 8 H4JBIB ?BI@4 :G85G JG ;:B :4H4, 4 GI;4@L56A FBD:6 P 5A NG@AA
G95GQG :4H4?

3. [5 !"##$%] % ?A;6:A>EQG@L5B7 ABCD KGM5G 8JBI4;L G7:EM5GI;L. 1EI;L ;G?74 I P FA5;: O;G<
G7:EM5GI;B. 1:CK6A aC B aD, J:G8A9A556A IGG;8A;I;8A55G ?A:AH ;G?7E C J4:4@@A@L5G BI B
?A:AH ;G?7E D J4:4@@A@L5G AI, JA:AIA74R;IC 8 ;G?7A P . -4<9B;A ↭DPI, AI@B ↭BCD = 92→.

4. [5 !"##$%] -4<9B;A 7G@B?AI;8G EJG:C9G?A556> J4: 54;E:4@L56> ?BIA@ (a, b) ;47B>, ?;G
)︃

-"3(a, b) = 60,

-"$(a, b) = 22!

5. [5 !"##$%] % GI;:GEQG@L5GK ;:AEQG@L5B7A ABC J:G8A9A56 86IG;6 AD B CE, 7G;G:6A JA:A-
IA74R;IC 8 ;G?7A H. %G7:EQ ;:AEQG@L5B74 DHE GJBI454 G7:EM5GI;L 𝜔. $4I4;A@L56A 7 𝜔 8
;G?74> D B E JA:AIA74R;IC 8 ;G?7A K. -4<9B;A 9@B5E G;:AH74 AK, AI@B :49BEI 𝜔 :48A5 20 B
↭ABC = 30→.

6. [6 !"##$%] 1:B 747B> H54?A5BC> J4:4KA;:4 a IBI;AK4 E:485A5B<
)︃
|x|→ |x+ y| = 2x+ y,

x
2 + y

2 → 4y = a

BKAA; :G85G 984 :ASA5BC?

7. [6 !"##$%] TASB;A IBI;AKE
[︃
]︃

⌊︃

x
9 + y

9

z
+

y
9 + z

9

x
+

z
9 + x

9

y
= 2x4

y
4 + 2y4z4 + 2z4x4

,

⌋︃↑
xy → 1

⌈︃ ⌋︃↑
yz → 3

⌈︃
↫ 0.
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1. [3 !"##"] &456789:, ;8: 67<= >?69@A=8@ BCDEFG =4 B:H96G >HC5969=I x2 + bx + c = 0 9C 3,
8: J:<>;699F6 ;=7<C K>E>8 B:H9I?= >HC5969=I x2 + cx + b = 0. -CGE=86 7>??> 576L ;68FHML
B:H96G N8=L >HC5969=G.

2. [5 !"##$%] #J:H87?69 J<C9=H>68 75:G H6D=? 8H69=H:5:B 9C E5C ?67IOC. % 86;69=6 60 E96G
6?> 96:KL:E=?: JH:5678= 9 8H69=H:5:B, JH=;M? J:7<6 BCDE:G 8H69=H:5B=, BH:?6 J:7<6E96G,
E:<D9F :KI4C86<@9: =E8= 8H= E9I J6H6HF5C, 96 5B<P;CPQ=6 E69@ 8H69=H:5B=. #B:<@B=?=
7J:7:KC?= :9 ?:D68 7:78C5=8@ 76K6 HC7J=7C9=6? "8568 ECG86 5 5=E6 5FHCD69=I, 7:E6HDCQ6R:
96 K:<66 8HML ;<69:5 (5 9=L ?:R>8 5L:E=8@ SCB8:H=C<F, K=9:?=C<@9F6 B:NSS=O=698F).

3. [4 !"##"] !6E=C9C AM 8H6>R:<@9=BC ABC HC59C 2. -C 6R: 78:H:96 AC 5FKHC9C 8CBCI 8:;BC D,
;8: BD = 4, C ↭ADB = 60→. -CGE=86 HC778:I9=6 :8 8:;B= M E: JHI?:G AC.

4. [5 !"##$%] #>??C JI8= J:EHIE =E>Q=L E5>49C;9FL ;=76< =?668 H:59: 6 E6<=86<6G. -CGE=86
576 5:4?:D9F6 49C;69=I 7>??F =7L:E9FL ;=76<.

5. [5 !"##$%] CH T 5F7:8C :78H:>R:<@9:R: 8H6>R:<@9=BC ABC, 5J=7C99:R: 5 :BH>D9:78@ 7 O69-
8H:? O, C AC > BC. -CGE=86 J<:QCE@ 8H6>R:<@9=BC ABC, 67<= J<:QCE@ 8H6>R:<@9=BC AOC
HC59C 10, C J<:QCE@ 8H6>R:<@9=BC AOH HC59C 12.

6. [6 !"##$%] -CGE=86 576 49C;69=I JCHC?68HC a, JH= B:8:HFL >HC5969=6

a+
x2

a
= max

)︃
2 +

x

a
; 1→ 2x

a

[︃

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

7. [6 !"##$%] U6A=86 7=786?>
]︃
x2
1 + x2

2 + . . .+ x2
100 = x1x2 + x2x3 + . . .+ x100x1,

|x1 → 1|+ |x2 → 2|+ . . .+ |x100 → 100| ↫ 2500.
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1. [3 !"##"] &456789:, ;8: 67<= >56<=;=8@ BCDEFG =4 B:H96G >HC5969=I x2 + bx + c = 0 9C 2,
8: J:<>;699F6 ;=7<C K>E>8 B:H9I?= >HC5969=I x2 + cx + b = 0. -CGE=86 7>??> 576L ;68FHML
B:H96G N8=L >HC5969=G.

2. [5 !"##$%] #J:H87?69 J<C9=H>68 75:G H6D=? 8H69=H:5:B 9C 8H= ?67IOC. % 86;69=6 90 E96G
6?> 96:KL:E=?: JH:5678= 20 8H69=H:5:B, JH=;M? J:7<6 BCDE:G 8H69=H:5B=, BH:?6 J:7<6E96G,
E:<D9F :KI4C86<@9: =E8= E5C E9I J6H6HF5C, 96 5B<P;CPQ=6 E69@ 8H69=H:5B=. #B:<@B=?=
7J:7:KC?= :9 ?:D68 7:78C5=8@ 76K6 HC7J=7C9=6? "8568 ECG86 5 5=E6 5FHCD69=I, 7:E6HDCQ6R:
96 K:<66 8HML ;<69:5 (5 9=L ?:R>8 5L:E=8@ SCB8:H=C<F, K=9:?=C<@9F6 B:NSS=O=698F).

3. [4 !"##"] !6E=C9C AM 8H6>R:<@9=BC ABC HC59C 6. -C 6R: 78:H:96 AC 5FKHC9C 8CBCI 8:;BC D,
;8: BD = 12, C ↭ADB = 60→. -CGE=86 HC778:I9=6 :8 8:;B= M E: JHI?:G AC.

4. [5 !"##$%] #>??C 76?= J:EHIE =E>Q=L E5>49C;9FL ;=76< =?668 H:59: 6 E6<=86<6G. -CGE=86 576
5:4?:D9F6 49C;69=I 7>??F =7L:E9FL ;=76<.

5. [5 !"##$%] CH T 5F7:8C :78H:>R:<@9:R: 8H6>R:<@9=BC ABC, 5J=7C99:R: 5 :BH>D9:78@ 7 O69-
8H:? O, C AC > BC. -CGE=86 J<:QCE@ 8H6>R:<@9=BC ABC, 67<= J<:QCE@ 8H6>R:<@9=BC AOC
HC59C 20, C J<:QCE@ 8H6>R:<@9=BC AOH HC59C 28.

6. [6 !"##$%] -CGE=86 576 49C;69=I JCHC?68HC a, JH= B:8:HFL >HC5969=6

a+
x2

a
= max

)︃
3 +

2x

a
; 2→ 3x

a

[︃

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

7. [6 !"##$%] U6A=86 7=786?>
]︃
x2
1 + x2

2 + . . .+ x2
50 = x1x2 + x2x3 + . . .+ x50x1,

|x1 + 1|+ |x2 + 2|+ . . .+ |x50 + 50| ↫ 625.
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1. [3 !"##"] 3456 7849:4;56< ;:=>?@A5 f(x) B @B5A<54C DE57FBC l(x) ;474C, ?;G l(1) = 2. &H8AI;-
5G, ?;G DE57FBC g(x) = f(l(x)) → l(f(x)) J:B5BK4A; 8IA 9A<I;8B;A@L56A H54?A5BC B g(0) = 5.
-4<9B;A f(1), AI@B f(0) = 7.

!"#$": 13.

%$&$’($. !"#$% f(x) = ax2 + bx+ c, l(x) = kx+ p. &’()*

g(x) = (ak2 → ak)x2 + 2akpx+ ap2 + bp+ c→ kc→ p.

+#,- g(x) . /0’(’1,20 3$’4’5 #$2620-, $’ 2(’ /0’72#$3’ 80*120-5 02 #’36*)*2$ # /0’72#$3’/ )25-
#$3-$2,%09: 1-#2,, #,2)’3*$2,%0’, ak2 → ak = 0. +#,- 64- ;$’/ a = 0 -,- k = 0, $’ g(x) . <’0#$*0$*
- 02 64-0-/*2$ 3#2: )25#$3-$2,%09: 80*120-5, #,2)’3*$2,%0’, k = 1. =8 "#,’3-> l(1) = 2 6’,"1*2/
p = 1. &*<-/ ’?4*8’/, g(x) = 2ax + a + b → 1. =8 "#,’3-> g(0) = 5 6’,"1*2/ a + b = 6. =8 "#,’3->
f(0) = 7 6’,"1*2/ c = 7. =$*<, f(1) = a+ b+ c = 13.

2. [4 !"##"] #7G@L7G 6-H54?56> ?BIA@ KGM5G IGI;48B;L BH FBD: 1, 2, 3, 4, 5, 8 B 9, ?;GN6 98A BH
O;B> FBD: BIJG@LHG84@BIL 8 H4JBIB ?BI@4 :G85G JG 984 :4H4, 4 GI;4@L56A FBD:6 P 5A NG@AA
G95GQG :4H4?

!"#$": C4
7C

2
4

6!

(2!)2
= 37800.

%$&$’($. @’,-12#$3’ #6’#’?’3 39?4*$% A-B49, <’$’492 -#6’,%8"C$#> 3 1-#,2, 4*30’ C4
7 , <’,-12-

#$3’ #6’#’?’3 39)2,-$% )32 6’3$’4>CD-2#> A-B49 -8 12$942: 39?4*009: . C2
4 , <’,-12#$3’ #6’#’?’3

4*##$*3-$% 39?4*0092 A-B49 6’ E2#$- /2#$*/ .
6!

2! 2!
(;$’ 1-#,’ 6242#$*0’3’< 6 A-B4, )2,F00’2 0*

1-#,’ 6242#$*0’3’< 6*4 6’3$’4>CD-:#> A-B4), 6’;$’/" 3#2(’ /’70’ #’#$*3-$%

C4
7 · C2

4 · 6!

2! 2!
=

7!

4! 3!
· 4!

2! 2!
· 6!

2! 2!
= 37800

1-#2,.

3. [5 !"##$%] % ?A;6:A>EQG@L5B7 ABCD KGM5G 8JBI4;L G7:EM5GI;L. 1EI;L ;G?74 I P FA5;: O;G<
G7:EM5GI;B. 1:CK6A aC B aD, J:G8A9A556A IGG;8A;I;8A55G ?A:AH ;G?7E C J4:4@@A@L5G BI B
?A:AH ;G?7E D J4:4@@A@L5G AI, JA:AIA74R;IC 8 ;G?7A P . -4<9B;A ↭DPI, AI@B ↭BCD = 100→.

!"#$": ↭DPI = 50→.

%$&$’($. !’#<’,%<" I . A20$4 36-#*00’5 ’<4"70’#$-, I >3,>2$#> $’1<’5 6242#2120-> ?-##2<$4-#
"(,’3 12$94F:"(’,%0-<* ABCD. !’;$’/" #"//*

↭ABI + ↭BAI + ↭CDI + ↭DCI

4*30* 6’,’3-02 #"//9 "(,’3 )*00’(’ 12$94F:"(’,%0-<*, $’ 2#$% 180→. &’()* -8 #"// "(,’3 $42"(’,%-
0-<’3 ABI - CDI 6’,"1*2/, 1$’ "(,9 BIA - CID 3 #"//2 )*C$ 180→.
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!’#<’,%<" CP ↑ BI, * DP ↑ AI, -/22/ ↭CPD = ↭BIA. G
12$94F:"(’,%0-<2 CIDP #"//* 64’$-3’6’,’709: "(,’3 CID
- CPD 4*30* 180→, #,2)’3*$2,%0’, ;$’$ 12$94F:"(’,%0-< 36--
#*0095. H0*1-$, ↭DPI = ↭DCI. I’ CI . ?-##2<$4-#* "(,*
DCB, 6’;$’/"

↭BCI = ↭DCI = ↭DPI.

H0*1-$, ↭DPI =
1

2
↭BCD = 50→.

4. [5 !"##$%] -4<9B;A 7G@B?AI;8G EJG:C9G?A556> J4: 54;E:4@L56> ?BIA@ (a, b) ;47B>, ?;G
)︃

-"3(a, b) = 30,

-"$(a, b) = 16!

!"#$": 26 = 64.

%$&$’($. &*< <*< IJK(a; b) = 30, 3 4*8,’720-> 0* 64’#$92 /0’7-$2,- 1-#2, a - b 3:’)-$ 2,
3, 5, 64-1F/ <*7)95 -8 ;$-: 64’#$9: /0’7-$2,25 3:’)-$ 3 ’)0’ -8 0-: 4’30’ 3 6243’5 #$2620-. G
4*8,’720-2 0* 64’#$92 /0’7-$2,- 1-#,* 16! 3:’)>$ 2, 3, 5, 7, 11, 13, 64-1F/ 2, 3 - 5 3:’)>$ 3 ?’,22 12/
6243’5 #$2620-. !’;$’/", ),> $’(’, 1$’?9 IJ@(a; b) ?9, 4*320 16!, <*7)95 -8 64’#$9: /0’7-$2,25
2, 3, 5, 7, 11, 13 )’,720 3:’)-$% 3 4*8,’720-2 ’)0’(’ -8 1-#2, a - b 3 $’5 72 #$2620-, 1$’ - 3 16!, -
)4"(-: 64’#$9: /0’7-$2,25 3 4*8,’720-- 1-#2, a - b ?9$% 02 /’72$. &*<-/ ’?4*8’/, ),> <*7)’(’
-8 64’#$9: /0’7-$2,25 2, 3, 5, 7, 11, 13 0"70’ 39?4*$%, 3 4*8,’720-2 <*<’(’ -8 1-#2, a - b ’0 ?")2$
3:’)-$% 3 #’’$32$#$3"CD25 #$2620-. @’,-12#$3’ 42E20-5 #-#$2/9 4*30’ 26 = 64.

5. [5 !"##$%] % GI;:GEQG@L5GK ;:AEQG@L5B7A ABC J:G8A9A56 86IG;6 AD B CE, 7G;G:6A JA:A-
IA74R;IC 8 ;G?7A H. %G7:EQ ;:AEQG@L5B74 DHE GJBI454 G7:EM5GI;L 𝜔. $4I4;A@L56A 7 𝜔 8
;G?74> D B E JA:AIA74R;IC 8 ;G?7A K. -4<9B;A 9@B5E G;:AH74 AK, AI@B :49BEI 𝜔 :48A5 10 B
↭ABC = 60→.

!"#$": 10
↓
3.

%$&$’($. !’#<’,%<" ↭BEH = ↭BDH = 90→, 12$94F:"(’,%0-< BEHD 36-#*0 3 ’<4"70’#$% 𝜔 #
)-*/2$4’/ BH.

!"#$% K ↑ . #242)-0* AC. &’()* EK ↑ . /2)-*0* 64>/’"(’,%-
0’(’ $42"(’,%0-<* AEC, 6’;$’/" EK ↑ = AK ↑ = CK ↑. &42-
"(’,%0-< EK ↑C 4*30’?2)420095, 6’;$’/" ↭K ↑EC = ↭ECA.
I’ ↭ECA = ↭ABH, 6’#<’,%<" ’?* "<*8*009: "(,* )’6’,0>-
C$ )’ 90→ "(’, A $42"(’,%0-<* ABC. =$*<, ↭EBH = ↭CEK ↑.
!’;$’/" EK ↑ <*#*2$#> 𝜔, * 80*1-$, $’1<- K ↑ - K #’36*)*C$.
!’ $2’42/2 #-0"#’3 ),-0* ’$428<* ED 4*30* 2R sin↭EBD =
= 2R sin 60→ = R

↓
3. &42"(’,%0-<- EBD - CBA 6’)’?09, 64--

12/ <’;BB-A-20$ 6’)’?-> 4*320
BE

BC
=

BD

BA
= cos↭ABC =

= cos 60→, 6’;$’/"

AC =
ED

cos 60→
=

2R sin 60→

cos 60→
= 2R tg 60→ = 20

↓
3,

’$<")* AK =
AC

2
= 10

↓
3.



Готовимся к олимпиаде на сайте 100ballnik.com

6. [6 !"##$%] 1:B 747B> H54?A5BC> J4:4KA;:4 a IBI;AK4 E:485A5B<
)︃
|x|→ |x→ y| = 2x→ y,

x
2 + y

2 + 8y = a

BKAA; :G85G 984 :ASA5BC?

!"#$": a ↔
[︃
→64

5
, 0

]︃
.

%$&$’($. 1) +#,- x ↫ 0 - y ↫ x, 6243’2 "4*3020-2 64-0-/*2$ 3-): 2x → y = 2x → y. !’):’)>$ 3#2
$’1<- )*00’(’ /0’72#$3*.

2) +#,- x < 0 - y ↫ x, 6243’2 "4*3020-2 64-0-/*2$ 3-):
x = 0. I2 6’):’)-$ 0- ’)0* $’1<* )*00’(’ /0’72#$3*.
3) +#,- x < 0 - y < x, 6243’2 "4*3020-2 64-0-/*2$ 3-):
y = 2x. !’):’)>$ $’1<- 0* 64>/’5 y = 2x -8 )*00’(’
/0’72#$3*.
4) +#,- x ↫ 0 - y < x, 6243’2 "4*3020-2 64-0-/*2$ 3-):
y = x. I2 6’):’)-$ 0- ’)0* $’1<* )*00’(’ /0’72#$3*.
G$’4’2 "4*3020-2 x2 + (y + 4)2 = a + 16 64- a > →16
8*)*F$ ’<4"70’#$% # A20$4’/ 3 $’1<2 (0,→4) - 4*)-"#’/↓
a+ 16; $’1<" (0,→4) 64- a = →16 - 6"#$’2 /0’72#$3’

64- a < →16.
!4- →16 < a < →64

5
’<4"70’#$% 02 -/22$ # 62439/ /0’-

72#$3’/ ’?D-: $’12<.
!4- a = →64

5
’<4"70’#$% <*#*2$#> 64>/’5 y = 2x - -/2-

2$ # 62439/ /0’72#$3’/ 4’30’ ’)0" ’?D"C $’1<".

!4- a ↔
[︃
→64

5
, 0

]︃
’<4"70’#$% 6242#2<*2$ 64>/"C y = 2x

- -/22$ # 62439/ /0’72#$3’/ 4’30’ )32 ’?D-2 $’1<-.
!4- a > 0 ’<4"70’#$% -/22$ ?2#<’0210’ /0’(’ ’?D-:
$’12< # 62439/ /0’72#$3’/.

x

y

0

y = x

y = 2x

|x|→ |x→ y| = 2x→ y

(0,→ 4)

(0,→ 7)

x2 + (y + 4)2 = a 64- a = 9

7. [6 !"##$%] TASB;A IBI;AKE
⌊︃
⌋︃

⌈︃

x
7 + y

7

z3
+

y
7 + z

7

x3
+

z
7 + x

7

y3
= 2x2

y
2 + 2y2z2 + 2z2x2

,

⌉︃↓
yz → 2

{︃
(
↓
zx→ 4) ↬ 0.

!"#$": x = y = z ↔ [→4,→ 2] ↗ [2,4].

%$&$’($. I*5)F/ JKH. =8 "4*3020-> 6’,"1*2/, 1$’ 1-#,* x, y, z 020",2392, * -8 024*320#$3*,
1$’ ’0- ’)0’(’ 80*<* ($*< <*< 6’)<’420092 394*720-> 02’$4-A*$2,%092). G #-," 024*320#$3* /27)"
#42)02/ *4-B/2$-12#<-/ - #42)0-/ (2’/2$4-12#<-/ (0* JKH #’’$32$#$3"CD-2 394*720-> 02’$4-A*-
$2,%092) 6’,"1*2/, 1$’

x7 + y7

z3
+

y7 + z7

x3
+

z7 + x7

y3
=

[︃
x7

y3
+

y7

x3

}︃
+

[︃
y7

z3
+

z7

y3

}︃
+

[︃
z7

x3
+

x7

z3

}︃
↫ 2x2y2 + 2y2z2 + 2z2x2.

&*< <*< 024*320#$3’ /27)" #42)0-/ *4-B/2$-12#<-: - #42)0-/ (2’/2$4-12#<-/ 64234*D*2$#> 3 4*-

320#$3’, $’,%<’ 2#,- 1-#,* 4*309, -8 "4*3020-> #-#$2/9 6’,"1*2/, 1$’
x7

y3
=

y7

x3
, ’$<")* x = y 3 #-,"

$’(’, 1$’ ’0- ’)0’(’ 80*<*. L0*,’(-10’ y = z, 6’;$’/" 6’,"1*2/, 1$’ x = y = z. &’()* 024*320#$3’
#-#$2/9 64-0-/*2$ 3-)

(|x|→ 2)(|x|→ 4) ↬ 0,

’$<")* |x| ↔ [2, 4] ($*< <*< |x| > 0) - x ↔ [→4,→ 2] ↗ [2,4].
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1. [3 !"##"] 3456 7849:4;56< ;:=>?@A5 f(x) B @B5A<54C DE57FBC l(x) ;474C, ?;G l(1) = 2. &H8AI;-
5G, ?;G DE57FBC g(x) = f(l(x)) → l(f(x)) J:B5BK4A; 8IA 9A<I;8B;A@L56A H54?A5BC B g(0) = 3.
-4<9B;A f(1), AI@B f(0) = 5.

!"#$": 9.

%$&$’($. !"#$% f(x) = ax2 + bx+ c, l(x) = kx+ p. &’()*

g(x) = (ak2 → ak)x2 + 2akpx+ ap2 + bp+ c→ kc→ p.

+#,- g(x) . /0’(’1,20 3$’4’5 #$2620-, $’ 2(’ /0’72#$3’ 80*120-5 02 #’36*)*2$ # /0’72#$3’/ )25-
#$3-$2,%09: 1-#2,, #,2)’3*$2,%0’, ak2 → ak = 0. +#,- 64- ;$’/ a = 0 -,- k = 0, $’ g(x) . <’0#$*0$*
- 02 64-0-/*2$ 3#2: )25#$3-$2,%09: 80*120-5, #,2)’3*$2,%0’, k = 1. =8 "#,’3-> l(1) = 2 6’,"1*2/
p = 1. &*<-/ ’?4*8’/, g(x) = 2ax + a + b → 1. =8 "#,’3-> g(0) = 3 6’,"1*2/ a + b = 4. =8 "#,’3->
f(0) = 5 6’,"1*2/ c = 5. =$*<, f(1) = a+ b+ c = 9.

2. [4 !"##"] #7G@L7G 7-H54?56> ?BIA@ KGM5G IGI;48B;L BH FBD: 1, 2, 3, 4, 5, 6, 7, 8 B 9, ?;GN6 98A
BH O;B> FBD: BIJG@LHG84@BIL 8 H4JBIB ?BI@4 :G85G JG ;:B :4H4, 4 GI;4@L56A FBD:6 P 5A NG@AA
G95GQG :4H4?

!"#$": C3
9C

2
3

7!

(3!)2
= 35280.

%$&$’($. @’,-12#$3’ #6’#’?’3 39?4*$% A-B49, <’$’492 -#6’,%8"C$#> 3 1-#,2, 4*30’ C3
9 , <’,-12-

#$3’ #6’#’?’3 39)2,-$% )32 6’3$’4>CD-2#> A-B49 -8 $42: 39?4*009: . C2
3 , <’,-12#$3’ #6’#’?’3

4*##$*3-$% 39?4*0092 A-B49 6’ #2/- /2#$*/ .
7!

3! 3!
(;$’ 1-#,’ 6242#$*0’3’< 7 A-B4, )2,F00’2 0*

1-#,’ 6242#$*0’3’< $4’2< 6’3$’4>CD-:#> A-B4), 6’;$’/" 3#2(’ /’70’ #’#$*3-$%

C3
9 · C2

3 · 7!

3! 3!
=

7!

6! 3!
· 3!
2!

· 7!

3! 3!
= 35280

1-#2,.

3. [5 !"##$%] % ?A;6:A>EQG@L5B7 ABCD KGM5G 8JBI4;L G7:EM5GI;L. 1EI;L ;G?74 I P FA5;: O;G<
G7:EM5GI;B. 1:CK6A aC B aD, J:G8A9A556A IGG;8A;I;8A55G ?A:AH ;G?7E C J4:4@@A@L5G BI B
?A:AH ;G?7E D J4:4@@A@L5G AI, JA:AIA74R;IC 8 ;G?7A P . -4<9B;A ↭DPI, AI@B ↭BCD = 92→.

!"#$": ↭DPI = 46→.

%$&$’($. !’#<’,%<" I . A20$4 36-#*00’5 ’<4"70’#$-, I >3,>2$#> $’1<’5 6242#2120-> ?-##2<$4-#
"(,’3 12$94F:"(’,%0-<* ABCD. !’;$’/" #"//*

↭ABI + ↭BAI + ↭CDI + ↭DCI

4*30* 6’,’3-02 #"//9 "(,’3 )*00’(’ 12$94F:"(’,%0-<*, $’ 2#$% 180→. &’()* -8 #"// "(,’3 $42"(’,%-
0-<’3 ABI - CDI 6’,"1*2/, 1$’ "(,9 BIA - CID 3 #"//2 )*C$ 180→.
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!’#<’,%<" CP ↑ BI, * DP ↑ AI, -/22/ ↭CPD = ↭BIA. G
12$94F:"(’,%0-<2 CIDP #"//* 64’$-3’6’,’709: "(,’3 CID
- CPD 4*30* 180→, #,2)’3*$2,%0’, ;$’$ 12$94F:"(’,%0-< 36--
#*0095. H0*1-$, ↭DPI = ↭DCI. I’ CI . ?-##2<$4-#* "(,*
DCB, 6’;$’/"

↭BCI = ↭DCI = ↭DPI.

H0*1-$, ↭DPI =
1

2
↭BCD = 46→.

4. [5 !"##$%] -4<9B;A 7G@B?AI;8G EJG:C9G?A556> J4: 54;E:4@L56> ?BIA@ (a, b) ;47B>, ?;G
)︃

-"3(a, b) = 60,

-"$(a, b) = 22!

!"#$": 28 = 256.

%$&$’($. &*< <*< IJK(a; b) = 60 = 22 ·3 ·5, 3 4*8,’720-> 0* 64’#$92 /0’7-$2,- 1-#2, a - b 3:’)-$
2, 3, 5, 64-1F/ 3 - 5 3:’)-$ 3 ’)0’ -8 0-: 4’30’ 3 6243’5 #$2620-, * 2 . 4’30’ 3’ 3$’4’5. G 4*8,’720-2
0* 64’#$92 /0’7-$2,- 1-#,* 22! 3:’)>$ 2, 3, 5, 7, 11, 13, 17, 19, 64-1F/ 3 - 5 3:’)>$ 3 ?’,22 12/ 6243’5
#$2620-, * 2 . ?’,22 12/ 3’ 3$’4’5. !’;$’/", ),> $’(’, 1$’?9 IJ@(a; b) ?9, 4*320 22!, <*7)95 -8
64’#$9: /0’7-$2,25 2, 3, 5, 7, 11, 13, 17, 19 )’,720 3:’)-$% 3 4*8,’720-2 ’)0’(’ -8 1-#2, a - b 3 $’5
72 #$2620-, 1$’ - 3 22!, - )4"(-: 64’#$9: /0’7-$2,25 3 4*8,’720-- 1-#2, a - b ?9$% 02 /’72$. &*<-/
’?4*8’/, ),> <*7)’(’ -8 64’#$9: /0’7-$2,25 2, 3, 5, 7, 11, 13, 17, 19 0"70’ 39?4*$%, 3 4*8,’720-2
<*<’(’ -8 1-#2, a - b ’0 ?")2$ 3:’)-$% 3 #’’$32$#$3"CD25 #$2620-. @’,-12#$3’ 42E20-5 #-#$2/9 4*30’
28 = 256.

5. [5 !"##$%] % GI;:GEQG@L5GK ;:AEQG@L5B7A ABC J:G8A9A56 86IG;6 AD B CE, 7G;G:6A JA:A-
IA74R;IC 8 ;G?7A H. %G7:EQ ;:AEQG@L5B74 DHE GJBI454 G7:EM5GI;L 𝜔. $4I4;A@L56A 7 𝜔 8
;G?74> D B E JA:AIA74R;IC 8 ;G?7A K. -4<9B;A 9@B5E G;:AH74 AK, AI@B :49BEI 𝜔 :48A5 20 B
↭ABC = 30→.

!"#$":
20↓
3
.

%$&$’($. !’#<’,%<" ↭BEH = ↭BDH = 90→, 12$94F:"(’,%0-< BEHD 36-#*0 3 ’<4"70’#$% 𝜔 #
)-*/2$4’/ BH.

!"#$% K ↑ . #242)-0* AC. &’()* EK ↑ . /2)-*0* 64>/’"(’,%-
0’(’ $42"(’,%0-<* AEC, 6’;$’/" EK ↑ = AK ↑ = CK ↑. &42-
"(’,%0-< EK ↑C 4*30’?2)420095, 6’;$’/" ↭K ↑EC = ↭ECA.
I’ ↭ECA = ↭ABH, 6’#<’,%<" ’?* "<*8*009: "(,* )’6’,0>-
C$ )’ 90→ "(’, A $42"(’,%0-<* ABC. =$*<, ↭EBH = ↭CEK ↑.
!’;$’/" EK ↑ <*#*2$#> 𝜔, * 80*1-$, $’1<- K ↑ - K #’36*)*C$.
!’ $2’42/2 #-0"#’3 ),-0* ’$428<* ED 4*30* 2R sin↭EBD =
2R sin 30→ = R. &42"(’,%0-<- EBD - CBA 6’)’?09, 64-12/
<’;BB-A-20$ 6’)’?-> 4*320

BE

BC
=

BD

BA
= cos↭ABC = cos 30→,

6’;$’/"

AC =
ED

cos 30→
=

2R sin 30→

cos 30→
= 2R tg 30→ =

40
↓
3

3
,

’$<")* AK =
AC

2
=

20↓
3
.
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6. [6 !"##$%] 1:B 747B> H54?A5BC> J4:4KA;:4 a IBI;AK4 E:485A5B<
)︃
|x|→ |x+ y| = 2x+ y,

x
2 + y

2 → 4y = a

BKAA; :G85G 984 :ASA5BC?

!"#$": a ↔
[︃
→16

5
, 0

]︃
.

%$&$’($. 1) +#,- x ↫ 0 - y > →x, 6243’2 "4*3020-2 64-0-/*2$ 3-): y = →x. I2 6’):’)-$ 0- ’)0*
$’1<* )*00’(’ /0’72#$3*.

2) +#,- x < 0 - y > →x, 6243’2 "4*3020-2 64-0-/*2$ 3-):
y = →2x. !’):’)>$ $’1<- 0* 64>/’5 y = →2x -8 )*00’(’
/0’72#$3*.
3) +#,- x < 0 - y ↬ →x, 6243’2 "4*3020-2 64-0-/*2$ 3-):
x = 0. I2 6’):’)-$ 0- ’)0* $’1<* )*00’(’ /0’72#$3*.
4) +#,- x ↫ 0 - y ↬ →x, 6243’2 "4*3020-2 64-0-/*2$ 3-):
2x+ y = 2x+ y. !’):’)>$ 3#2 $’1<- )*00’(’ /0’72#$3*.
G$’4’2 "4*3020-2 x2+(y→ 2)2 = a+4 64- a > →4 8*)*F$
’<4"70’#$% # A20$4’/ 3 $’1<2 (0, 2) - 4*)-"#’/

↓
a+ 4;

$’1<" (0, 2) 64- a = →4 - 6"#$’2 /0’72#$3’ 64- a < →4.

!4- →4 < a < →16

5
’<4"70’#$% 02 -/22$ # 62439/ /0’-

72#$3’/ ’?D-: $’12<.
!4- a = →16

5
’<4"70’#$% <*#*2$#> 64>/’5 y = →2x -

-/22$ # 62439/ /0’72#$3’/ 4’30’ ’)0" ’?D"C $’1<".

!4- a ↔
[︃
→16

5
, 0

]︃
’<4"70’#$% 6242#2<*2$ 64>/"C y =

→2x - -/22$ # 62439/ /0’72#$3’/ 4’30’ )32 ’?D-2 $’1-
<-.
!4- a > 0 ’<4"70’#$% -/22$ ?2#<’0210’ /0’(’ ’?D-:
$’12< # 62439/ /0’72#$3’/.

x

y

0

y = →x

y = →2x

|x|→ |x+ y| = 2x+ y

(0,2)

(0,1)

x2 + (y → 2)2 = a 64- a = 1

7. [6 !"##$%] TASB;A IBI;AKE
⌊︃
⌋︃

⌈︃

x
9 + y

9

z
+

y
9 + z

9

x
+

z
9 + x

9

y
= 2x4

y
4 + 2y4z4 + 2z4x4

,

⌉︃↓
xy → 1

{︃ ⌉︃↓
yz → 3

{︃
↬ 0.

!"#$": x = y = z ↔ [→3,→ 1] ↗ [1,3].

%$&$’($. I*5)F/ JKH. =8 "4*3020-> 6’,"1*2/, 1$’ 1-#,* x, y, z 020",2392, * -8 024*320#$3*,
1$’ ’0- ’)0’(’ 80*<* ($*< <*< 6’)<’420092 394*720-> 02’$4-A*$2,%092). G #-," 024*320#$3* /27)"
#42)02/ *4-B/2$-12#<-/ - #42)0-/ (2’/2$4-12#<-/ (0* JKH #’’$32$#$3"CD-2 394*720-> 02’$4-A*-
$2,%092) 6’,"1*2/, 1$’

x9 + y9

z
+

y9 + z9

x
+

z9 + x9

y
=

[︃
x9

y
+

y9

x

}︃
+

[︃
y9

z
+

z9

y

}︃
+

[︃
z9

x
+

x9

z

}︃
↫ 2x4y4 + 2y4z4 + 2z4x4.

&*< <*< 024*320#$3’ /27)" #42)0-/ *4-B/2$-12#<-: - #42)0-/ (2’/2$4-12#<-/ 64234*D*2$#> 3 4*-

320#$3’, $’,%<’ 2#,- 1-#,* 4*309, -8 "4*3020-> #-#$2/9 6’,"1*2/, 1$’
x9

y
=

y9

x
, ’$<")* x = y 3 #-,"

$’(’, 1$’ ’0- ’)0’(’ 80*<*. L0*,’(-10’ y = z, 6’;$’/" 6’,"1*2/, 1$’ x = y = z. &’()* 024*320#$3’
#-#$2/9 64-0-/*2$ 3-)

(|x|→ 1)(|x|→ 3) ↬ 0,

’$<")* |x| ↔ [1, 3] ($*< <*< |x| > 0) - x ↔ [→3,→ 1] ↗ [1,3].
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1. [3 !"##"] &456789:, ;8: 67<= >?69@A=8@ BCDEFG =4 B:H96G >HC5969=I x2 + bx + c = 0 9C 3,
8: J:<>;699F6 ;=7<C K>E>8 B:H9I?= >HC5969=I x2 + cx + b = 0. -CGE=86 7>??> 576L ;68FHML
B:H96G N8=L >HC5969=G.

!"#$": 4.

%$&$’($. !"#$% x1 & x2 ’ ()*+& "*,-+.+&/ x2 + bx+ c = 0, x3 & x4 ’ "*,-+.+&/ x2 + cx+ b = 0. !)
$.)*.0. 1&.$,:

x1 + x2 = →b, x1 · x2 = c;

x1 + x2 → 6 = →c, (x1 → 3)(x2 → 3) = b,

$) .#$% c = b+ 6 &
x1x2 → 3(x1 + x2) + 9 = b ↑ c+ 3b+ 9 = b ↑ b = →5.

2+,3&$, x1 + x2 + x3 + x4 = →b→ c = →2b→ 6 = 4.

2. [5 !"##$%] #J:H87?69 J<C9=H>68 75:G H6D=? 8H69=H:5:B 9C E5C ?67IOC. % 86;69=6 60 E96G
6?> 96:KL:E=?: JH:5678= 9 8H69=H:5:B, JH=;M? J:7<6 BCDE:G 8H69=H:5B=, BH:?6 J:7<6E96G,
E:<D9F :KI4C86<@9: =E8= 8H= E9I J6H6HF5C, 96 5B<P;CPQ=6 E69@ 8H69=H:5B=. #B:<@B=?=
7J:7:KC?= :9 ?:D68 7:78C5=8@ 76K6 HC7J=7C9=6? "8568 ECG86 5 5=E6 5FHCD69=I, 7:E6HDCQ6R:
96 K:<66 8HML ;<69:5 (5 9=L ?:R>8 5L:E=8@ SCB8:H=C<F, K=9:?=C<@9F6 B:NSS=O=698F).

!"#$": C9
36.

%$&$’($. !"#$% x1, . . . , x9 ’ +)0.*, 4+.5 $*.+&*)-)(. 6)74, x1 ↭ 1, x2 > x1 + 3, . . . , x9 > x8 + 3,
x9 ↫ 60. 89):+,3&0 y1 = x1, y2 = x2 → 3, y3 = x3 → 6, . . . y9 = x9 → 24. 6)74, 4)#$,$)3+) -;9*,$% 3&#<,
y1, . . . , y9, "4)-<.$-)*/=>&0& "#<)-&/0

1 ↫ y1 < y2 < . . . < y9 ↫ 60→ 24 = 36,

3$) 0)?+) #4.<,$% C9
36 #@)#)9,0&.

3. [4 !"##"] !6E=C9C AM 8H6>R:<@9=BC ABC HC59C 2. -C 6R: 78:H:96 AC 5FKHC9C 8CBCI 8:;BC D,
;8: BD = 4, C ↬ADB = 60→. -CGE=86 HC778:I9=6 :8 8:;B= M E: JHI?:G AC.

!"#$":
↓
3.

%$&$’($. !*)-.4A0 3.*.: $)3(" M @*/0"= MN ↔ BD ($)3(, N <.?&$ +, AC).
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8$*.:)( MN /-</.$#/ #*.4+.5 <&+&.5 $*."7)<%+&(, BCD, @)B$)0" MN =
1

2
BD = 2. !)#()<%("

MN ↔ BD, ↬ANM = ↬ADB = 60→. 6*."7)<%+&( AMN *,-+)9.4*.++;5 & &0..$ "7)< 60→, @)B$)0" )+
*,-+)#$)*)++&5. C#()0). *,##$)/+&. *,-+) -;#)$. MH B$)7) $*."7)<%+&(,:

MH = AM sin 60→ = 2 ·
↓
3

2
=

↓
3.

4. [5 !"##$%] #>??C JI8= J:EHIE =E>Q=L E5>49C;9FL ;=76< =?668 H:59: 6 E6<=86<6G. -CGE=86
576 5:4?:D9F6 49C;69=I 7>??F =7L:E9FL ;=76<.

!"#$": 75, 175, 245, 275, 325, 425, 475.

%$&$’($. D,##0)$*&0 @/$% @)4*/4 &4">&E 4-":+,3+;E 3&#.< n→ 2, n→ 1, n, n+ 1, n+ 2. CE #"00,
*,-+, 5n. F<.4)-,$.<%+), B$, #"00, (*,$+, 5. !*& B$)0 60 ↫ 5n ↫ 485. G#<& 3&#<) &0..$ *)-+) 6
4.<&$.<.5, $) )+) &0..$ -&4 p5 &<& p2q, 74. p ↗= q ’ @*)#$;.. 6,( (,( #"00, 4.<&$#/ +, 5, $) )+, *,-+,
55 = 3125, 25q &<& 5p2, &: +&E "#<)-&= 60 ↫ 5n ↫ 485 "4)-<.$-)*/=$ 3&#<, 75, 175, 275, 325, 425, 475,
245. 8+& ?. & *,-+; #"00. &#E)4+;E 3&#.<.

5. [5 !"##$%] CH T 5F7:8C :78H:>R:<@9:R: 8H6>R:<@9=BC ABC, 5J=7C99:R: 5 :BH>D9:78@ 7 O69-
8H:? O, C AC > BC. -CGE=86 J<:QCE@ 8H6>R:<@9=BC ABC, 67<= J<:QCE@ 8H6>R:<@9=BC AOC
HC59C 10, C J<:QCE@ 8H6>R:<@9=BC AOH HC59C 12.
!"#$": 44.
%$&$’($. !"#$% M ’ #.*.4&+, AB. 6)74, OM ’ #.*.4&++;5 @.*-
@.+4&("</* ( #$)*)+. AB. !)#()<%(" OM ↔ CH, $*."7)<%+&(& COM
& HOM &0.=$ )4&+,()-"= @<)>,4%. !)B$)0" (+.-;@"(<;5) 3.$;*AE-
"7)<%+&( ACOH &0..$ $" ?. @<)>,4%, 3$) $*."7)<%+&( ACM . H)
0.4&,+, CM 4.<&$ @<)>,4% $*."7)<%+&(, ABC @)@)<,0, , :+,3&$,
SABC = 2SACM = 2SACOH = 2(SAOC + SAOH) = 2 · (10 + 12) = 44.

6. [6 !"##$%] -CGE=86 576 49C;69=I JCHC?68HC a, JH= B:8:HFL >HC5969=6

a+
x2

a
= max

)︃
2 +

x

a
; 1→ 2x

a

[︃

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

!"#$": a ↘
]︃
3

2
;
1 +

↓
5

2
;
2 +

↓
5

2

⌊︃
.

%$&$’($. !"#$% M ’ 0+)?.#$-) $)3.( (x; a), "4)-<.$-)*/=>&E 4,++)0" "*,-+.+&=. !*,-,/ 3,#$%
4,++)7) "*,-+.+&/ @*&+&0,.$ *,:<&3+;5 -&4 - :,-&#&0)#$& )$ $)7), (,(). &: -;*,?.+&5 2 +

x

a
&

1→ 2x

a
9)<%I.. 2,0.$&0, 3$)

2 +
x

a
↭ 1→ 2x

a
≃ a+ 3x

a
↭ 0.

!*&
a+ 3x

a
↭ 0 "*,-+.+&. @*&+&0,.$ -&4

a+
x2

a
= 2 +

x

a
≃

)︃
x→ 1

2

[︃2

+ (a→ 1)2 =
5

4
.



Готовимся к олимпиаде на сайте 100ballnik.com

J$) "*,-+.+&. )(*"?+)#$& # K.+$*)0 - $)3(.
)︃
1

2
; 1

[︃
& *,4&"#)0

↓
5

2
. 2+,3&$, 3,#$% 0+)?.#$-, M ,

$)3(& ()$)*)5 "4)-<.$-)*/=$ +.*,-.+#$-"
a+ 3x

a
↭ 0, .#$% 4"7, 4,++)5 )(*"?+)#$& # ()+K,0& (1; 0)

&
)︃
→1

2
,
3

2

[︃
. 2,0.$&0 $,(?., 3$)

⌋︃
1

2
,
2 +

↓
5

2

⌈︃
’ B$) $)3(, 4,++)5 4"7& c +,&9)<%I.5 )*4&+,$)5.

!*&
a+ 3x

a
< 0 "*,-+.+&. @*&+&0,.$ -&4

a+
x2

a
= 1→ 2x

a
≃ (x+ 1)2 +

)︃
a→ 1

2

[︃2

=
5

4
.

J$) "*,-+.+&. )(*"?+)#$& # K.+$*)0 - $)3(.
)︃
→1;

1

2

[︃
& *,4&"#)0

↓
5

2
. 2+,3&$, 3,#$% 0+)?.#$-, M ,

$)3(& ()$)*)5 "4)-<.$-)*/=$ +.*,-.+#$-"
a+ 3x

a
< 0, .#$% 4"7, 4,++)5 )(*"?+)#$& # ()+K,0& (→2; 0)

&
)︃
→1

2
,
3

2

[︃
. 2,0.$&0, 3$)

⌋︃
→1,

1 +
↓
5

2

⌈︃
’ B$) $)3(, 4,++)5 4"7& c +,&9)<%I.5 )*4&+,$)5.

C$,(, 0+)?.#$-) M #)#$)&$ &: 4-"E 4"7 )(*"?+)#$.5, &0.=>&E )9>"= $)3("
)︃
→1

2
,
3

2

[︃
. J$) 0+)-

?.#$-) &:)9*,?.+) +, 7*,L&(.. !*& :,4,++)0 :+,3.+&& @,*,0.$*, a ()<&3.#$-) *.I.+&5 4,++)7)
"*,-+.+&/ *,-+) ()<&3.#$-" $)3.( @.*.#.3.+&/ 0+)?.#$-, M # 7)*&:)+$,<%+)5 @*/0)5, &0.=>.5 )*-
4&+,$" a.
H,54A0 ()<&3.#$-) $)3.( @.*.#.3.-
+&/ 7)*&:)+$,<%+)5 @*/0)5 # )*4&-
+,$)5 a #) 0+)?.#$-)0 M :
1) @*& a ↘ (→⇐, 0] ’ 0 $)3.(.

2) @*& a ↘
)︃
0,

3

2

[︃
’ 2 $)3(&.

3) @*& a =
3

2
’ 3 $)3(,.

4) @*& a ↘
⌋︃
3

2
,
1 +

↓
5

2

⌈︃
’ 4 $)3(&.

5) @*& a =
1 +

↓
5

2
’ 3 $)3(&.

6) @*& a ↘
⌋︃
1 +

↓
5

2
,
2 +

↓
5

2

⌈︃
’ 2

$)3(&.

7) @*& a =
2 +

↓
5

2
’ 1 $)3(&.

8) @*& a ↘
⌋︃
2 +

↓
5

2
,+⇐

⌈︃
’ 0 $)3.(.

x

a

0

O1

O2

a = →3x

(x+ 1)2 +

)︃
a→ 1

2

[︃2

=
5

4

)︃
x→ 1

2

[︃2

+ (a→ 1)2 =
5

4

)︃
→1

2
,
3

2

[︃

(→2,0) (1,0)

F<.4)-,$.<%+), &#()0). 0+)?.#$-) :+,3.+&5 @,*,0.$*, .#$% a ↘
]︃
3

2
;
1 +

↓
5

2
;
2 +

↓
5

2

⌊︃
.

7. [6 !"##$%] U6A=86 7=786?>
]︃
x2
1 + x2

2 + . . .+ x2
100 = x1x2 + x2x3 + . . .+ x100x1,

|x1 → 1|+ |x2 → 2|+ . . .+ |x100 → 100| ↫ 2500.

!"#$": x1 = x2 = . . . = x100 ↘ [50,51].

%$&$’($. M0+)?,/ "*,-+.+&. #&#$.0; +, 2, @.*.+)#/ - <.-"= 3,#$% & -;4.<// @)<+;. (-,4*,$;,
@)<"3,.0, 3$)

(x1 → x2)
2 + (x2 → x3)

2 + . . .+ (x100 → x1)
2 = 0,



Готовимся к олимпиаде на сайте 100ballnik.com

)$("4, x1 = x2 = . . . = x100 = x. H.*,-.+#$-) #&#$.0; ):+,3,.$, 3$) #"00, *,##$)/+&5 )$ x 4)
1, 2, . . . , 100 +. 9)<.. 2500. H) #"00, *,##$)/+&5 )$ x 4) 50 & 51 +. 0.+.. 1, )$ x 4) 49 & 52 +. 0.+..
3, ..., )$ x 4) 1 & 100 +. 0.+.. 99. 6,( (,( 1 + 3 + . . . + 99 = 2500, -#. +.*,-.+#$-, @*.-*,>,=$#/ -
*,-.+#$-), & x <.?&$ 0.?4" 50 & 51.



Готовимся к олимпиаде на сайте 100ballnik.com

!"#$"%#$&’
(&)&$"-*+,-&.+#$&’

&-#*&*/*

"0&!1&232 "(&)*+,"
1" !2*+!2*&$+

9 !"#$$. %&’(&)* 16

1. [3 !"##"] &456789:, ;8: 67<= >56<=;=8@ BCDEFG =4 B:H96G >HC5969=I x2 + bx + c = 0 9C 2,
8: J:<>;699F6 ;=7<C K>E>8 B:H9I?= >HC5969=I x2 + cx + b = 0. -CGE=86 7>??> 576L ;68FHML
B:H96G N8=L >HC5969=G.

!"#$": 4.

%$&$’($. !"#$% x1 & x2 ’ ()*+& "*,-+.+&/ x2 + bx+ c = 0, x3 & x4 ’ "*,-+.+&/ x2 + cx+ b = 0. !)
$.)*.0. 1&.$,:

x1 + x2 = →b, x1 · x2 = c;

x1 + x2 + 4 = →c, (x1 + 2)(x2 + 2) = b,

$) .#$% c = b→ 4 &
x1x2 + 2(x1 + x2) + 4 = b ↑ c→ 2b+ 4 = b ↑ b = 0.

2+,3&$, x1 + x2 + x3 + x4 = →b→ c = →2b+ 4 = 4.

2. [5 !"##$%] #J:H87?69 J<C9=H>68 75:G H6D=? 8H69=H:5:B 9C 8H= ?67IOC. % 86;69=6 90 E96G
6?> 96:KL:E=?: JH:5678= 20 8H69=H:5:B, JH=;M? J:7<6 BCDE:G 8H69=H:5B=, BH:?6 J:7<6E96G,
E:<D9F :KI4C86<@9: =E8= E5C E9I J6H6HF5C, 96 5B<P;CPQ=6 E69@ 8H69=H:5B=. #B:<@B=?=
7J:7:KC?= :9 ?:D68 7:78C5=8@ 76K6 HC7J=7C9=6? "8568 ECG86 5 5=E6 5FHCD69=I, 7:E6HDCQ6R:
96 K:<66 8HML ;<69:5 (5 9=L ?:R>8 5L:E=8@ SCB8:H=C<F, K=9:?=C<@9F6 B:NSS=O=698F).

!"#$": C20
52 .

%$&$’($. !"#$% x1, . . . , x20 ’ +)0.*, 4+.5 $*.+&*)-)(. 6)74, x1 ↭ 1, x2 > x1 + 2, . . . , x20 > x19 + 2,
x20 ↫ 90. 89):+,3&0 y1 = x1, y2 = x2 → 2, y3 = x3 → 4, . . . y20 = x20 → 38. 6)74, 4)#$,$)3+) -;9*,$%
3&#<, y1, . . . , y20, "4)-<.$-)*/=>&0& "#<)-&/0

1 ↫ y1 < y2 < . . . < y20 ↫ 90→ 38 = 52,

3$) 0)?+) #4.<,$% C20
52 #@)#)9,0&.

3. [4 !"##"] !6E=C9C AM 8H6>R:<@9=BC ABC HC59C 6. -C 6R: 78:H:96 AC 5FKHC9C 8CBCI 8:;BC D,
;8: BD = 12, C ↬ADB = 60→. -CGE=86 HC778:I9=6 :8 8:;B= M E: JHI?:G AC.

!"#$": 3
↓
3.

%$&$’($. !*)-.4A0 3.*.: $)3(" M @*/0"= MN ↔ BD ($)3(, N <.?&$ +, AC).



Готовимся к олимпиаде на сайте 100ballnik.com

8$*.:)( MN /-</.$#/ #*.4+.5 <&+&.5 $*."7)<%+&(, BCD, @)B$)0" MN =
1

2
BD = 2. !)#()<%("

MN ↔ BD, ↬ANM = ↬ADB = 60→. 6*."7)<%+&( AMN *,-+)9.4*.++;5 & &0..$ "7)< 60→, @)B$)0" )+
*,-+)#$)*)++&5. C#()0). *,##$)/+&. *,-+) -;#)$. MH B$)7) $*."7)<%+&(,:

MH = AM sin 60→ = 6 ·
↓
3

2
= 3

↓
3.

4. [5 !"##$%] #>??C 76?= J:EHIE =E>Q=L E5>49C;9FL ;=76< =?668 H:59: 6 E6<=86<6G. -CGE=86 576
5:4?:D9F6 49C;69=I 7>??F =7L:E9FL ;=76<.

!"#$": 98, 147, 175, 245, 539, 637.

%$&$’($. D,##0)$*&0 #.0% @)4*/4 &4">&E 4-":+,3+;E 3&#.< n→3, n→2, n→1, n, n+1, n+2, n+3.
CE #"00, *,-+, 7n. F<.4)-,$.<%+), B$, #"00, (*,$+, 7. !*& B$)0 91 ↫ 7n ↫ 672. G#<& 3&#<) &0..$
*)-+) 6 4.<&$.<.5, $) )+) &0..$ -&4 p5 &<& p2q, 74. p ↗= q ’ @*)#$;.. 6,( (,( #"00, 4.<&$#/ +, 7, $)
)+, *,-+, 75 = 16807, 49q &<& 7p2, &: +&E "#<)-&= 91 ↫ 5n ↫ 672 "4)-<.$-)*/=$ 3&#<, 98, 147, 245,
539, 637, 175. 8+& ?. & *,-+; #"00. &#E)4+;E 3&#.<.

5. [5 !"##$%] CH T 5F7:8C :78H:>R:<@9:R: 8H6>R:<@9=BC ABC, 5J=7C99:R: 5 :BH>D9:78@ 7 O69-
8H:? O, C AC > BC. -CGE=86 J<:QCE@ 8H6>R:<@9=BC ABC, 67<= J<:QCE@ 8H6>R:<@9=BC AOC
HC59C 20, C J<:QCE@ 8H6>R:<@9=BC AOH HC59C 28.
!"#$": 96.
%$&$’($. !"#$% M ’ #.*.4&+, AB. 6)74, OM ’ #.*.4&++;5 @.*@.+-
4&("</* ( #$)*)+. AB.
!)#()<%(" OM ↔ CH, $*."7)<%+&(& COM & HOM &0.=$ )4&+,()-
-"= @<)>,4%. !)B$)0" (+.-;@"(<;5) 3.$;*AE"7)<%+&( ACOH &0..$
$" ?. @<)>,4%, 3$) $*."7)<%+&( ACM . H) 0.4&,+, CM 4.<&$ @<)>,4%
$*."7)<%+&(, ABC @)@)<,0, , :+,3&$, SABC = 2SACM = 2SACOH =
2(SAOC + SAOH) = 2 · (20 + 28) = 96.

6. [6 !"##$%] -CGE=86 576 49C;69=I JCHC?68HC a, JH= B:8:HFL >HC5969=6

a+
x2

a
= max

)︃
3 +

2x

a
; 2→ 3x

a

[︃

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

!"#$":

]︃
5

2
,
2 +

↓
13

2
,
3 +

↓
13

2

⌊︃
.

%$&$’($. !"#$% M ’ 0+)?.#$-) $)3.( (x; a), "4)-<.$-)*/=>&E 4,++)0" "*,-+.+&=. !*,-,/ 3,#$%

4,++)7) "*,-+.+&/ @*&+&0,.$ *,:<&3+;5 -&4 - :,-&#&0)#$& )$ $)7), (,(). &: -;*,?.+&5 3 +
2x

a
&

2→ 3x

a
9)<%I.. 2,0.$&0, 3$)

3 +
2x

a
↭ 2→ 3x

a
≃ a+ 5x

a
↭ 0.

!*&
a+ 5x

a
↭ 0 "*,-+.+&. @*&+&0,.$ -&4

a+
x2

a
= 3 +

2x

a
≃ (x→ 1)2 +

)︃
a→ 3

2

[︃2

=
13

4
.
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J$) "*,-+.+&. )(*"?+)#$& # K.+$*)0 - $)3(.
)︃
1;

3

2

[︃
& *,4&"#)0

↓
13

2
. 2+,3&$, 3,#$% 0+)?.#$-, M ,

$)3(& ()$)*)5 "4)-<.$-)*/=$ +.*,-.+#$-"
a+ 5x

a
↭ 0, .#$% 4"7, 4,++)5 )(*"?+)#$& # ()+K,0& (2; 0)

&
)︃
→1

2
,
5

2

[︃
. 2,0.$&0 $,(?., 3$)

⌋︃
1,

3 +
↓
13

2

⌈︃
’ B$) $)3(, 4,++)5 4"7& c +,&9)<%I.5 )*4&+,$)5.

!*&
a+ 5x

a
< 0 "*,-+.+&. @*&+&0,.$ -&4

a+
x2

a
= 2→ 3x

a
≃

)︃
x+

3

2

[︃2

+ (a→ 1)2 =
13

4
.

J$) "*,-+.+&. )(*"?+)#$& # K.+$*)0 - $)3(.
)︃
→3

2
; 1

[︃
& *,4&"#)0

↓
13

2
. 2+,3&$, 3,#$% 0+)?.#$-, M ,

$)3(& ()$)*)5 "4)-<.$-)*/=$ +.*,-.+#$-"
a+ 5x

a
< 0, .#$% 4"7, 4,++)5 )(*"?+)#$& # ()+K,0& (→3; 0)

&
)︃
→1

2
,
5

2

[︃
. 2,0.$&0, 3$)

⌋︃
→3

2
,
2 +

↓
13

2

⌈︃
’ B$) $)3(, 4,++)5 4"7& c +,&9)<%I.5 )*4&+,$)5.

C$,(, 0+)?.#$-) M #)#$)&$ &: 4-"E 4"7 )(*"?+)#$.5, &0.=>&E )9>"= $)3("
)︃
→1

2
,
5

2

[︃
. J$) 0+)-

?.#$-) &:)9*,?.+) +, 7*,L&(.. !*& :,4,++)0 :+,3.+&& @,*,0.$*, a ()<&3.#$-) *.I.+&5 4,++)7)
"*,-+.+&/ *,-+) ()<&3.#$-" $)3.( @.*.#.3.+&/ 0+)?.#$-, M # 7)*&:)+$,<%+)5 @*/0)5, &0.=>.5 )*-
4&+,$" a.

H,54A0 ()<&3.#$-) $)3.( @.*.#.3.+&/ 7)*&:)+$,<%+)5 @*/0)5 # )*4&+,$)5 a #) 0+)?.#$-)0 M :

1) @*& a ↘ (→⇐, 0] ’ 0 $)3.(.

2) @*& a ↘
)︃
0,

5

2

[︃
’ 2 $)3(&.

3) @*& a =
5

2
’ 3 $)3(,.

4) @*& a ↘
⌋︃
5

2
,
2 +

↓
13

2

⌈︃
’ 4 $)3(&.

5) @*& a =
2 +

↓
13

2
’ 3 $)3(&.

6) @*& a ↘
⌋︃
2 +

↓
13

2
,
3 +

↓
13

2

⌈︃
’ 2 $)3(&.

7) @*& a =
3 +

↓
13

2
’ 1 $)3(&.

8) @*& a ↘
⌋︃
3 +

↓
13

2
,+⇐

⌈︃
’ 0 $)3.(.

x

a

0

O1

O2

a = →5x

)︃
x+

3

2

[︃2

+ (a→ 1)2 =
13

4

(x→ 1)2 +

)︃
a→ 3

2

[︃2

=
13

4

)︃
→1

2
,
5

2

[︃

(→3,0) (2,0)

F<.4)-,$.<%+), &#()0). 0+)?.#$-) :+,3.+&5 @,*,0.$*, .#$% a ↘
]︃
5

2
;
2 +

↓
13

2
;
3 +

↓
13

2

⌊︃
.

7. [6 !"##$%] U6A=86 7=786?>
]︃
x2
1 + x2

2 + . . .+ x2
50 = x1x2 + x2x3 + . . .+ x50x1,

|x1 + 1|+ |x2 + 2|+ . . .+ |x50 + 50| ↫ 625.

!"#$": x1 = x2 = . . . = x50 ↘ [→26,→ 25].

%$&$’($. M0+)?,/ "*,-+.+&. #&#$.0; +, 2, @.*.+)#/ - <.-"= 3,#$% & -;4.<// @)<+;. (-,4*,$;,
@)<"3,.0, 3$)

(x1 → x2)
2 + (x2 → x3)

2 + . . .+ (x50 → x1)
2 = 0,



Готовимся к олимпиаде на сайте 100ballnik.com

)$("4, x1 = x2 = . . . = x50 = x. H.*,-.+#$-) #&#$.0; ):+,3,.$, 3$) #"00, *,##$)/+&5 )$ x 4)
→1,→2, . . . ,→50 +. 9)<.. 625. H) #"00, *,##$)/+&5 )$ x 4) →25 & →26 +. 0.+.. 1, )$ x 4) →24 &
→27 +. 0.+.. 3, ..., )$ x 4) →1 & →50 +. 0.+.. 49. 6,( (,( 1 + 3 + . . . + 49 = 625, -#. +.*,-.+#$-,
@*.-*,>,=$#/ - *,-.+#$-), & x <.?&$ 0.?4" →26 & →25.


