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Preface

HEHA 16 @, HAAl 1-5 ZIUEE, &8 15 77, WIS H 52 RATHREUER; 3 6-9 2k, 58 5
oy, ARTESET ETFRE A, B, C, D, E; # 10-16 ZHEZH, B8 8 77, ARET EME R, ~AHE
HidAE.

Please check https://complex2math.com/blog/macmo-2020-release/ for any update.
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Problem 1. 5 fLTRAE — &M, MAIFERNIEE DM/ — @ miE T HEMIAG Lz —, H58MAL
W JEIXFRZ R —MRAE. A 2 DRARIR R EERIRIERIX 5 ARSI — s m?

Solution. —FHERVEAY F— LS o : {1,2,3,4,5} — {1,2,3,4,5}, 5B i« AR EE NS MIETH
(i) MR, FHEE—HKEEMRD o Z2— T BT, FFEFTEMUGATRZ —B o(i) £ i (%8
B, RGN EEHE AT (e f. [1])

~—
<.

zn!zn:(_l

=0
Ln=>5 EEN
Remark. EEZ| 41 = 24, 5! = 120, A DANIEFARREST 25,

Problem 2. EXHH {z,}n>1 WH: 21 =5 K a1 =22 — 3z, +3 H k=1,2,3,---. KIE: XEE
k>0, zpq > 32

Solution. TATAEITZNFUERHFE R ATEE 12
Claim. 7.1 > 3% +2 = ypq +2.
HRE ypro =y, B h=0M, 2y =5=3+2 RIREILX k=n L WY k=n+1 K, FHITF
Tpya = xiﬂ —3Tp41+3
> (Ynt1+2)* = 3Uns1 +2)+3
=yoi1 +tUns1+4—-6+3
> Ynt2 + 2.

HAMA > #EEN g > 1.
Remark. EZHN5R A0 5400 HLAY [RIR.
Problem 3. % a,b,c NIEEHHE a+ b+ c=2. KIE:

(a1)2_|_(l71)2_|_(c1)221(az+b2 b2+02+02+a2>.
b c a 4\ a+b b+ ¢ c+a
Solution. & /EEEGILENFRAY, (B0 FIBRH. A1 B B AR, R a+btc =2

BATH

B a®>—2a+1 a’>—(a+b+cla+1
LHS—ZT— ;
cyc cyc
Zabac+1z( +1)
cyc cyc
:_Za_zac Z a—|—b+c
cyc cyc
+ 2
:Zza bC 72 Z ac
cyc cyc
+ZZb.
cyc cyc
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HIRBATIEH

Sy ) (o e 75

cyc cyc

_Z _a+b+ 2ab
o 2 a+b

TUZ, AEE4ETIERA

(i) 0~ = D60 20 0

cyc

IXIEZ S.0.S FrifEfE K.
Theorem 1 (S.0.S). Consider the expression
S = f(a,b,¢) = Sa(b—c)? + Sp(c — a)* + Se(a — b)?,
where Sq, Sp, S are functions of a,b,c. Then S > 0 if any of the following take place:
(i) Sa,Sp,Se > 0.
(i

(iii) a > b > c and Sy, Se, S + 258, Sc + 25,

i) a>b>cand Sy, Sp+ S¢, Sp + S, > 0.
)
)
) S

(iv) a>b>cand Sy, S. > 0,a>Sy + b*S, > 0.
(v) Sa+Sp+S.>0 and Sy Sy + SpSe + S.Sq > 0.
Proof. See [2]. |

KR eq. (1) BAFRE, BATATIAGIRIZ a > b>c> 0. BAR S, S: > 0, RIGHTEEES

o (b))

Then we are done by part (ii) of thm 1.

Remark. JXE@HL 7 HEARINE, AIRERENRAFZAL T, —THAEESAXRMER T RERARE D
JEERHIR, LEFRARAEAD), SAMEEEEREM S 7 —1 S.0.5 FE3l.

Alternative solution. H Cauchy ~NER, a,b,c > 0 %l

2 g2 2 y? (z+y)?
(S+%) @0z el 4> @rop — S+ 8> 2
FRAITE
1 (a—1)% (b—1)2
_QZ< b + c )
cyc cyc
I~ (a—1+b-1)
ZizT
cyc
71
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FITA

LHS —RHS > + 3 c -t — 1S e—p =0
~ 1 bre ) 42"V T0

cyc cyc

Problem 4. {HEFT/R ABCD NEWNEILE, o, 1 oI, 781E AABC M AADC WINYIE. #
/BAC = Z/DAC, KiE o, 5 oI, FNE—FIVAYIES BD FAT.

Solution. W&, 1 LACB, ZACD WY rr4k, nAlRANERT F,E, % AB,AD T U, V. ¥ 1 2
AABD BIAIL, then it is well-known that I &2 ACEF WL, 7 H A, B,D 732 [ %F EF, FC,CE
HIS ST (veflection). HIILEEHEH TU, IV 73512 oL, oI, IV,

S
LFIU+ LEIV = ZFBA+ /EDA = /FCE =180° — LFIE

31 U, 1,V =Rk &, TR
ZABD + /BUI = ZABD + 2/BUC = 180°,
FrEA UV FATT BD.
Problem 5. (a) IRPGMNESEEBEEAT R AR 7 2 HR=DEIIL 7 Z .
(b) RFE 2% + 4° + 3oy = 1 MATEEEGT (2,y).

Solution. (a) WIXPH NN a,a+1,a+2,a+ 3, BATH (a+3P =a®>+ (a+ 1P+ (a+2) = 0=

a® —6a—9=(a—3)(a®+3a+3). FIVEZRRE|3,4,5,6.

(b) % ay = 0, MEAEER (2,) = (1,0),(0,1).

oy >0, ME vy <0, ANARIE 2 <y. # |z| >3, W 2% + 30y < 0, FJH, TALHE |z > 2. &
BRAE (=2, -2), (-2, 1), (—1, —2) #AZME.
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By <0, N y<0, Hy=—2#TB 2® 22 -322=1, HF 2> 2 > 0. FEF|
23— —3xz=(x—2)(2? +az+2%) -3z = (x— 2 -z + (x — 2)(z* + 2?).

TERUEr—2<3. fHr—z=2MH1=2a%+22) -2z = 2((24+2)2+2%)—(24+2)z = 322+62+7 =0,
TofE. B v —z=1, BRI (z,2) = (¢ + 1,t) MMERARTEEL ¢ #ZHE.
5 b FTERVEEEURN | (t+1,—t), (—t, t + 1),t € Z>o. \

Problem 6. N = 20202 — 20192 + 20182 — ... + 22 — 12,
A.N<0 B.N=0 C.0< N <2020 D. 2020 < N < 4040 E. DA EEE.

Solution. N > 2020% — 20192 + 22 — 12 = 4039 + 3 > 4040. BEEZ

Problem 7. # A, B,C, D 2SE5fif§ 65 +10e — JatB | CotD SRR K A+ B+ 3C + 3D.

A.2 B. 4 C.8 D. 16 E. DL EEIE

Solution. FEREE

A+C =6 A =3
-A+B+C+D =0 B =-2
- .
A-B+C+D =10 c =3
B+ D =0 D =2

FFL A+ B+3C+3D=3-2+9+6=16 E%E|[D.]

Problem 8. [ES a,b, ¢ /2 abe = 1, X ab+a+1 + bc+b+1 + ca+lc+1'

A, —1 B.0 C.1 D. 2 E. DA R
Solution. TFEF|
1 B c B be
ab+a+1 14ac+c b+1+bc
T= 1+a+ab 1
a+ta
3_§1+a+ab_3§ab+a+l'
FrERR [C
Problem 9. (a+b+c¢)3+(b—a—c)*+(c—a—b)3+(a—b—c)® =
A. — 24abc B. — 12abc C. 12abc D. 24abe E. DI FEFIE.

Solution. H—TERTIMR 6abe, FTNE R
Problem 10. I3k f(z) = 2* — 40 WE/ME M, H 2 BEERSEL
Solution. f'(z) = 4a% —4 = 4(23 — 1), IAABE —MER 2 = 1, RS BELZEATZR/IME, 1§

M=f(1)=1-4=[-3]

Problem 11. ia 22020 X 52019 X 92018 = -+ Q2020201902018 * -+ A1QA0 ?ﬂ‘ﬁﬁﬂ?Ui%T, ,\Efjéﬁﬁ@ a; 7‘9
0,1,---,8,9 Z—. K az020 + az021.
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Solution. 22019 x 52019 TERT 2019 ™ 0. FATZEK 2 x 92918 mod 1000 HIREL FH ged(9,1000) =
1,$(1000) = 1000 x (1 — 1) x (1 — %) = 400, ATBA 2 x 92918 = 2 x 9'8 = 242 mod 1000. HFEN
2+4=6.]
Remark. #H 9'® mod 1000, JXZEEELANG?
Problem 12. (a) & f(z) = 2% — 3abz + a3 + b, (L& f(—a —b).

(b) HXDE o® + b + 3 — 3abe.

Solution. (a) BEE

(b) ?&%ﬂ’a3+b3+c373abc:(a+b+c)(a2+62+027abfbcfca).

Problem 13. 11 2020 5 AN (A—EO5) BEHISLTTZH.

Solution. |2020 = 10* + 10° + 3% — 2° 413,

Remark. JCIIAHRAY, BAREIXERES 12445755, Anyone enlighten me? J5RE ANEIFEK, FHXKE
— LR

Theorem 2 (Number is sum of five cubes). Let n be an integer. Then n can be expressed as the sum of

5 cubes (either positive or negative) in an infinite number of ways.
Proof. See https://proofwiki.org/wiki/Number_is_Sum_of_Five_Cubes. O
Problem 14. H3Ki#/E ab® = —135 K& (a + b)b = —6 HIFTHESZERT (a,b).

Solution. FATH ab= -1 = —6=0+ab=0>— 22 = u? +6u—135=0,u=">> # 0. fiRf5F
U= _15397 Aé:%% ‘ (aab) = (_533)7 (5a _3) ‘

Problem 15. & M (b,c) NKEL |222 + bz + | FEHAIXE [0,2] ERYERKE. WK M(b, c) BIE&/IME m,
Hrr b, e EFTE AL

Solution. |2z% +bx +c| = |2(x + 2)? +c— %| BATE
1
max(4][B]} > LA~ B|. )

B b>08 b< -8, M(b,e) = max{|c|,|8 + 2b+ c|}, B eq. (2) FILLIN M (b, c)
—4 < b <0 M, M(b,c) = max{[8 +2b + c|, |c — L[}, B eq. (2) FILI M(b,c) >
Y 8 <b< —4 W, M(bc) = max{|c|,|c — %|}, M eq. (2) HIHK M(b,c) > 1
(b,c) = (—4,1) I M(b,c) = 1, FTUERE

Problem 16. % f(n) = 5= + o + - + 559505 K f(2) + f3) + f(4) +--- HIE S.

> 18420 >4. 4
%-J%(b+8)2| > 1.
¥l > 10 BARY
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Solution. FATE
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