XXIII BIIKPUTA BCEYKPAIHChbKA KOMIIJIEKCHA OJIIMITIAZIA 3 MATEMATUKU,
®I3UKU TA IHOOPMATHUKU «TyPHIP YEMITIOHIB»
MATEMATUKA. PO3B’A3AHHA 3AZIAY
Cmapwa niza

1. Muorouwienu P(x) Ta Q(x) oAHAKOBUX CTEIEHIB 3 iIMMU KoedillieHTaM1 Ha3HUBalo-
TBCA CXONCUMU, AKIIO BOHU OTPUMYIOTHCSA OJUH 3 OJHOI'O IEPECTAHOBKOIO KOeillieHTiB
(HaITpUKJIaZ, CXOKMMHU € MHOTOWIEHH 2x° + x +7 Ta x> + 2x2 + 7x). IIpu ikoMy Hai6iIbIIO-
My 3Ha4eHHi k 17151 6yb-IKUX CX0KHX MHOrowieHiB P(x), Q(x) uucio P(2016) —Q(2016)
000B’A3K0BO AUIUTHC Ha k?

Bionosios. 2015.

Po3B’a3aHHA. 3a3HAYNMO, 10 Y CXOXKUX MHOT'OUIEHIB cCyMHU KoedillieHTiB CITiBIaaioTh,
T06TO P(1) = Q(1). Tozi 1 — kopiub muorowreHa P(x) —Q(x), To6to P(x) —Q(x) = (x —
1)-R(x), me R(x) — TaxkoX MHOTOWIEH 3 IituMu Koedimientamu. Toxi P(2016)—Q(2016) =
2015 - R(2016). 3 inmoro 60Ky, mokiaBmu P(x) = x + 2 ta Q(x) = 2x + 1 6auumo, 1110
6inpioro k He icHye.

2. 3Haiity Bci Taki GyHkii f : R — R, and axux piBHicTb f(x° + y3) = x2f (x) + y2f (y)
BUKOHYEThCA /I BCiX AiMCHUX X Ta Y.

Bionosios. f (x) =cx,c € R.

Posp’sizanns. [Toxnazemo y = 0 i orpumaemo f (x®) = x%f (x). Bauumo, mo f (0) = 0.

omxe, f (x®+y%) = f(x%) + f (¥®). B cuny noinbHOCTI wmcen x Ta y oTpuMyeMo
fla+b)=f(a)+f (b)

ITogamo ¢yHkio f (x) yBumsazi f (x) = g(x) + cx. Jlerko nepeBipuTH, 1o Ko f (x) —
PO3B’sI30K BUXiIHOTO PiBHAHHS, TO i GyHKIis g(x) € fioro po3p’sa3koMm. [Tokmazemo ¢ = f (1),
tozi g(1) = 0. Kpim 11010, g(0) = f(0) = 0. OTpumyemo:

g ((x + 1)3) = g(x3) + 3¢ (xz) +3g(x)+g(1);
g((x + 1)3) =(x+1)1 gx+1)= (x2 + 2x + 1)g(x) = g(x3) +2xg(x)+g(x).

3 I[bOTO CITiAYE, M0 3g (xz) =2xg (x)—2g (x). B ocTaHHIO PiBHICTh 3aMiCTh X IiZICTABUMO
—X iicTaHeMo, 1110

2xg (x)—2g(x)=—2xg (—x)—2g (—x). (1)

3a3HauMMo, 10 migcTaBuBIIM y = —x B piBHicTb g(x3 + y3) = x2g(x) + y2?g(y) mu
npuiigemo o Toro, mo g (—x) = —g (x). Toxi piHicTs (1) Habyze Bursagy —2g(x) = 2g(x),
3Bigku g(x) = 0.

OTxe, f (x) = cx, ¢ € R. BesnocepeJHbOIO IEPEBIPKOIO IIEPECBIAIYEMOCH, 110 QYHKIIiI
TaKOT'0 BUIVIAZY 33I0BOJIbHAIOTH YMOBY.

3. Hexaii t — npsAMa, AKa IPOXOJUTH Yepe3 BepIINHY A piIBHOCTOPOHHBOI'O TPUKYTHHUKA
ABC, napasnenbHo 0 ctopoHu BC. Ha ctopoHi AC #OBUIBHO BifMiTIiIn TouKy D. BicekTpuca
KyTa ABD niepetuHae npamy t y toulli E. JloBezits, o BD = CD + AE.

Po3B’a3aHHs. 3poOMMO PUCYHOK /10 3azadi (puc. 1).



BizkiazeMo Ha IIpofoBKeHHi cTopoHU AC, 3a TOUKy C,

Bizpisok CE’ = AE. Ockinbku /BAE = 120° = /BCE/, t A4 E
To A BAE =A BCE’ (3a ;BOMa CTOPOHAMH 1 KyTOM MDX
HUMU). 3 PiBHOCTI IIUX TPUKYTHUKIB BUILIMBAE PiBHICTh
BiAmoBiguux KyTiB: ZABE = ZCBE’. Topi
D
/BE'D = /BE'C = /BEA= /CBE = ZE'BD,

B C
T06TO0 /BE'D = /E'BD. A 11e 03Hayae, 110 TPUKYTHUK
BDE’ — piBHOGeApeHnii. TAKMM YMHOM,

BD =DE'=DC+ CE'=DC + AE, E

1o i Tpe6a OysI0 1OBECTH. Puc. 1.

4. loBesiTh, 110 piBHAHHA Xx° — y2 = 2000 000 Mae xo4a
6 ZIBa PO3B’A3KM B HATyPATbHUX YHCIAX.

Po3p’sa3aHHA. OZHUM PO3B’A3KOM PiBHAHHA € napa uuces (300;5000): 300° — 50002 =
2-10°.
[HIITNUI PO3B’SI30K 3aJaHOTO PiBHAHHA IIyKaTUMeMO Y BUrIAzi (300 — t; 5000 — At):

(300 —t)* — (5000 — At)* = 2-10°.

[Ticsig poO3KpUTTA AY>KOK OTPUMAEMO KyOiuHe piBHAHHA BiIHOCHO t, mpuYoMy t = 0 —
KOPiHb PiBHAHHA, TOOTO PiBHAHHA 3BOAUTHCA 10 KBaZipaTHOTO. Ilinbupatoun A, cipobyemo
IIEPETBOPUTH B HYJIb KOeillieHT IIpH t, 06 PiBHAHHA cTaso JiHiHHUM. KoediieHT mpu t
zopisHI0e 100002 — 3 - 3002, 3BiAKH 3HaXOAUMO, 0 A = 27. OTpuMyeMo t = 900 — 272 =
171, 3BiAKM OTPUMY€EMO Jpyry ITapy KopeHiB: x = 129, y = 383.

5. KBazpat 8 x 8 po36uTo Ha 64 OAMHUYHUX KBAJAPATUKH, KOXKHUH i3 IKUX ITOBHICTIO
nopap6boBaHO B OiTMi 460 YOPHUH KOJIip, MPUYOMY YOPHUX OAMHUYHUX KBAIPATHUKIB MTapHa
KUTbKicTh. /I03BO/IAETHCSA 0OpaTH AOBUIBHI IBa OAMHUYHUX KBaZIPATUKU «3 € THAHUX» XOIOM
IIaXOBOT'0 KOHSA Ta nepedapOyBaTu ix: YopHUH (YOpHi) — B Oimuii Kosip, a 6imuit (6iri) —y
yopHMi. HazBeMo Taky orepariito kpokom. /i JOBLTBHOTO MOYaTKOBOTO po3dapbyBaHHs R
(sIKe MiCTUTD MapHY KUTbKICTh YOPHUX OAMHUYHMX KBaZpaTiB) o3Ha4MMO S(R) K HaliMeHIITy
MOJKJIUBY KiIbKICTh KPOKiB, He0OXiHY /s mepedapOyBaHHA BCiX OAMHUYHUX KBA/IPATiB B
YOpHUH KoJiip (To6TO MU 6akaeMO OTPHMAaTH KOTIiio BijoMoi KapTuHU MaseBiua). 3HalAITh
HaMOiIbIIe MOXK/INBe 3HaYeHHs BemurHu S(R). BiAmoBigb o6rpyHTYITE.

Po3B’a3aHHs. O4eBU/HO, IO KOXKHHUN KPOK 301IbIIyE KiTbKICTh YOPHUX OJUHUYHUX
KBa/[paTiB He OiybIe HiXK Ha 2. SIKITO 3 CaMOT'0 IMOYaTKY BCi KIIITHUHKY 6i1i (TO6TO € 0 YOpHUX
KBaZipatiB, 0 — MapHe YUCJIO), TO MOTPiOHO He MeHIe 64 : 2 = 32 KPOKiB, 11106 BOHU BCi
ctasu YopHUMH. ToOTO 151 MoYaTKoBOro po3dapOyBaHHsA «Bci Oiri» S (R) = 32, i Tomy
S =maxS(R) = 32.

JloBeneMo, 110 1T AOBLTBHOTO MTOYAaTKOBOTO po3dapOyBaHHS R, AKe MiCTUTh MapHY
KUTbKiCTh OAMHUYIHUX KBaZApaTiB, S (R) < 32, ToO6TO He Oisbllle Hixk 3a 32 KPOKU, MOXKHa
OTpUMaTHU BCi YOpHi KBaApaTuku. Toai S = maxS(R) < 32. fkImo cnoyaTKy BCi KBaJpa-
THUKU YOPHi (64 — mapHe uncio), To S(R) = 0 < 32. Hexali mouyaTkoBe po3dapbyBaHHsA
MicTuTb 2N 6LTMX OAUHUYHUX KBaZpaTUKY, 1 < N < 32. Po3miiHeMO 3aMKHEHUH MapIUIpyT



IIIaXOBOT'0 KOHA, IKUM IIPOXOJUTH Yepes BCi 64 KIITUHKY (OAVHWYHUX KBAJ[PaTHUKN) IO
ogHOMY pasy (Ha MOBi rpadiB: AKIO BEPITUHU rpada — OANHUYHI KBaZPATHUKU, a pebpa
3’€IHYIOTbD Ti, i TUIBKHU Ti BEPIIWHH, 110 «3’€AHAHI» XOOM IIIaXOBOTO KOHA, TO MU PO3IJIA-
Jla€EMO TaMiTBTOHIB LIUKJI IIbOTO rpada). IcHyBaHHA TaKOTO MapIIpyTy € BiIoMUM paKTOM
(IuB., HAPUKJIAZ, MAJIIOHOK). BBeleMo Ha MapHIpyTi opieHTallito (BbepeMo JOBLIbHO
OHY i3 IBOX). [IpOHYyMepyeMO CITOYaTKy OiTi KJIITUHKHY MOCTiIOBHUMU HOMepaMH Biz 1 70
2N: oaHy i3 HUX Ha3BEMO IIepIIOl0, a PEIITY HyMePYEMO B3/I0BXK OPIEHTOBAHOT'O MapIIPYyTY
IIAXOBOTO KOHA. By KIITUHKY 3 HOMEPOM j mo3Ha4nMo B, 1 < j < 2N. [l 3py4HoCTi
BBEAEMO By, 1 = Bj.

[TosHaunmo d4epe3 [; KUIbKICTb KPOKIB KOHA
(B3OBXK OPIEHTOBAHOTO MAPIIPYTY) i3 KIITUHKY B;
B KJIITUHKY B; ;. fIK TUIBKY KiHb ITOTpAIUIs€ B B,
TO AaJi He iJie. 3a3Ha4YUMO, 10 AKIIO KiHb 32 N KPo-
KiB MOXXe TOTPANUTH i3 KIITUHKU X B KJIITUHKY Y
(X #Y), To BUKOPUCTABIIIN PiBHO N KPOKiB, BU3HA-
YeHMX B YMOBI 3a/1a4i, MU 3MOXXEMO 3MIHUTH KOJIip
KJIITAUHKY X Ha «IIPOTUIEXKHUUN», KOJIp KIITUHKU Y
Ha «IIPOTWIEXHUW», a KOJIIp PelITU KIITUHOK He 3Mi-
HUTbBCA. 3aCTOCYEMO 1Ie TBEPPKEHHA 0 HalIuXx 2N
6inux xriTuHOK. KiituHku B, Ta B, MOXXHa 3po0u-
TU YOPHUMMU, He 3MIHIOIOYU KOJIIP PELITU KIITUHOK
3a l; kpokiB. ITiciAa nporo KJIITUHKY B; Ta B, MOXXHA
3poOUTH YOPHUMU 3a l3 KPOKiB, i Tak Aasi. B KiHi
KJIITUHKYU B,y_; Ta By MOXKHA 3pOOUTU YOPHUMH,
He 3MiHIOIOYHU KOJIip PellITU KJIITUHOK, 3a lyy_; KO- Puc. 2.
kiB. OTKe, BCi KJIITUHKY MOXKHa 3pOOUTH YOPHUMU
3aly +13+...+ l,y_; KpokiB. Jlaii 3ayBaXumMo, 110
KJIITUHKY B, Ta B; MOXXKHA 3pOOUTH YOPHUMU, HE 3MiHIOIOUH KOJIbOPY PEIITH KJIITHHOK 3a [,
KpOKiB. ITic/i 1[bOT0 3MiHIOEMO KOJIip KIIITHHOK B, Ta Bs 3a [, KpOKiB i Tak fgasti. B KiHIli Boy
Ta By ;1 MOXXHA 3pOOUTH YOPHUMU 32 [,y KPOKiB. OTXKe, BCi KJIITUHKU MOXKHA 3pDOOUTH YOP-
HUMU 32 [, + 1, +. . .+ 1oy KpokiB. Ockinbku (1 +15+. ..+ 1)+ (L + 1 +. .. +1oy) = 64 (ana
PO3IVIAZYBAaHOT'O MApIIPyTY), TO Xo4ya 6 OZIMH i3 IBOX 0IaHKIB He TIepeBUINye 64 : 2 = 32, a
omucaHui BUllle crocib mepedapbyBaHHA BCiX OAVMHUYHUX KBaJ[PATHUKIB B YOPHUM KOJIip,
SKWH BiATTOBiZIa€ IbOMY ZIOZIAHKY, CKIAZIA€THCA He OiTbIle, HiX 3 32 KpOKiB. TAKUM YHMHOM,
ZUT TOBUTIBHOT'O TIOYaTKOBOTO po3dapbyBaHHsa R MaeMo, o S (R) < 32. OT)Ke, MU ZIOBEJH,
mo S (R) < 32TtaS(R) = 32, T06T0 S = maxS(R) = 32.




