Jonatok g0 nmucra JIHY
«IHCTUTYT MOJIEpHI3allii 3MICTY OCBITH»
BT

XXIII BCEYKPATHCBKHI TYPHIP IOHUX MATEMATHUKIB
IMEHI TIPO®ECOPA M. i. AAPEHKA

3aBaaHHs 1151 BiIGIPKOBHX eTamiB TYpHipy'

Jlopori apy31 — 10HI1 IIaHyBaJbHUKHA MaTeMaTUKH !

[Iporonyemo Bam it po3B’si3aHHSI KOMIUIEKT 3aBAaHb TypHipYy. Jleski 13 3agad, 1o
HaBEJICHI HIKYEe, JOCUTh CKJIaaHI 1 HE OOOB’SI3KOBO IOBMHHI OyTH pPO3B’s3aHi
noBHicTI0. OniHIOBaTUCA OYJIyTh 1 OKpEeMi YacTKOBI MPOCYBaHHS, po30ip CYTTEBUX
OKpeMHUX BHUIAJKIB TOMIO. Y TMEBHUX CHUTYyallisIX Ballil kKoMaHai Oyne BapTo
IIOCTaBUTH M PO3B’SA3aTH aHAJIOTIYHY, aje, MOKJIMBO, OUIBII IPOCTY 3a/ady. Yce 1€ €
BAOXKJIMBUM €JIEMEHTOM TYPHIPHOI CTpaTerii, OCKUIbKU Ja€ MIJACTaBH JJIA IIKaBUX 1
KOPUCHUX HAyKOBUX IUCKYCIA. 3ajadi, sIKi BUJAIOTHCS 3aHAATO MPOCTHUMH, BAPTO
copoOyBaTH y3araJlbHUTH: 1€ 3aBXAM BUCOKO OIIHIOEThCA Kypi TypHIpY
(HEXTyBaHHS K MOKJIMBOCTSIMU y3arajlbHEHHS 1HKOJM MPU3BOIUTH IO BTPATH OAJIB).
Baxxaemo BaM ycmiiiHoi miaAroToBku 10 TypHipy!

1. «CnputHi moxyJi»
®ynkuis f, Harypaneae uncio K ta uncmax, <X, <...< X, € Takumy, 1o f niniitaa

Ha KOKHOMY i3 IPOMIKKIB (—o0,% |, [X,, %, ], ..., [Xet: X ]+ [ X, +o0). HoBenitp, mo f

MO>KHA €JMHUM YHMHOM 300pa3uTH y BUTIISII
f(X)=a|Xx—%|+a,[X—X,|+...+ 3 X=X |+, X+a,,, XeR
ne a,, ..., ,,,— JAedKl JiiCHI Yuca.

2. «PiBHSIHHSI B pallioHAJIbHUX YHCJIAX)
a) JloBeniTs, 110 icHye Oe3iiy map (X, y) JIOJIATHUX PaIliOHATLHUX YMCE, 110

. X
3aJI0BOJIBHSIOTH PiBHsIHHS X* =(2Y) ;

! 3a numu 3amauamu OyayTh OpoBeseHi uBepTh(iHaNbHI Ta TiBdiHANbHI 601 (pinansHOro etamy XXIII
BceykpaiHChbKOro TYpHIpY FOHHMX MareMaTHKIB. J[si mpoBeJCHHS MIKIIKUIBHUX, PalOHHHUX, MICBKHX Ta
00JIacHUX eTaliB TypHIpYy BiANOBiZHI Xypi i OPrKOMITETH MOXYTh YaCTKOBO 3MiHIOBAaTH 3allPOIIOHOBAHHN
MepetiK 3aj1ad.



0) 3HaWITh yC1 Taki MapHu.

3. «Bin THOMy-23 no THOMy-24»

3HAITE yCi Mapyu HATYPaTbHEX 9UCEN X Ta Y TakwX, mo 23+ X =24y,

4. «Y3araJbHIOEMO TOTOKHICTH)»
Tomooicnicmio bpamazynmu Hazueaemvcsi cnie8iOHOULEHHS

(x2 + Wz)(z2 + rtz):(xz - ryt)2 +r(xt+ yz)2 =(xz+ ryt)2 +r(xt— yz)z.

L momooicnicmos nokasye, wo 011 008iNbHO20 PIKCOBAHOO T MHOMCUHA YUCET BUOY

x% + ry? € 3amxnenoro* 6i0HOCHO onepayii MHOJCEHHS.

Hexaii p,r,X,y €Z. Onuiith yci Takl napu (p,r), oo s (pikcoBaHUX P Ta

I MHOXWHA YMCCJI BUY sz + ry2 € 3aMKHCHOIO Bi,Z[HOCHO onepaui'l' MHOMKCHHAI.

*YJucnoea MHOMCUHA A HA3UBAEMbCS 3AMKHEHOI GIOHOCHO ONepayii MHONCEHHS,
AKUWO 000YMOK 080X 00BIIbHUX e/leMeHMi8 YIEi MHONCUHU MAKOHC Haedcums A.

5. «JIaHII0:KOK KOpeHiB)»
JJist BCiX HaTypaJIbHUX N JOBEAITh HEPIBHICTh

\/13+\/23+...+\/n_3 <3.

6. «HepiBHicTb i3 uncaamu ®iGoHaquqi»

Yucna Didonauui eusnavaiomocs piesnocmavu: F=F, =1, F ,=F +F ,n>1.

n+1?

JloBemiTh, 10

FrotoFaozo +1
R +2019-229FF,..Fyyyo -

7. «HepiBHicTb 3i cTeneHAMM»
Jliis gificHux yrcen a<b moBeaiTh HEPIBHICTD

(22-2°)(3 —36‘)<b_7a(6b -6°).

8. «Po3pizanus Tpanemii»
Po3pikTe piBHOOIYHY Tpamemilo Ha TpuU MOAIOHI MIX €000 Tpameuii BciMa
MOYUIMBUMH criocobamu. [l piBHOOIYHOT Tparerii 3 ocHoBaMH a Ta b i OiuHOM0
CTOpOHOI0 C =1 3’sicyiiTe HEOOXiH1 Ta TOCTATHI YMOBH peaiti3allii KOKHOTO CIIoco0y
pO3pi3aHHS.



9. «Po3pizanHs mapajiesorpama
Ha mnmommui 3amaHo mapanenorpaMm. BukopucToByroum Iuie OJHOCTOPOHHIO
JiHIKY, X04eMO MPOBECTH N MPSMUX HA IUIOIMWHI TakK, mo0 y370BX YTBOPEHUX
JIHIM TapaenorpamM MoxHa 0yJio po3pi3aTu Ha S pignosenuxkux MHOTOKYTHUKIB. [Ipu
IIbOMY JCSIKi MHOTOKYTHHKH JTO3BOJISIETBCA “310paTH’ 3 KUTbKOX YacTHH. Un BIacThCA
11e 3poOuTH 71 33]aHOTO Tapajenorpama, skmo: a) n=12;6) n=11;8) n=107?

10. «llukiaiyHa yeTBipKa TOYOK»
VY tpuxytHuky ABC Touka |— iHueHTp, Touka |,— LIEHTp 30BHIBIIMCAHOIO

KoJa, mo JotukaeTses ctopoHn BC. 3 Bepmmnau A Bcepenuni kyra BAC mposenu
npomeHi AX ta AY . IIpomins AX neperunae mpsmi Bl, Cl, Bl_, Cl, B Toukax
X{s ..., X, BIINOBINHO, a MpoMiHb AY mepeTuHae Il Xk NpsMi B TOUKax Y,,..., Y,

BIANOBIAHO. BusiBunocs, mo toukun X,, X,,Y,,Y, nexars Ha oqHOMY Koil. JloBeniTh

PIBHICTb
XX, _Yi¥s
XX, Yy,

11. «/IBa Koa1a»

Y roctpokytHOMY TpukyTHUKY ABC mpoBemn uesiany AP Ta BiIMITHIIM IEHTP
O ommcanoro koia. Onucane kono TpukytHuka ABP Bapyre meperunae npsmy AC
B Toulli X , onucane kono TpukytHuka ACP Bapyre mepetunae npsmy AB B Touri
Y . Hlosenith, mo npsami XY ta PO mepneHauKyIsapHi TOAI 1 TITBKH TOM1, Koiau P —
ocHoBa OicekTpucu TpukyTHHKa ABC .

12. «Tpu kBagpaTw»

Ha croponi CD kBampata ABCD o6pano Touky F Ta moOymoBaHo naBa piBHI
kBagpatu DGFE ta AKEH (touku E 1 H nexats BcepenuHi kBaapara). Hexait M —
e cepennnaa DF, J — ianenTp tpukyrauka CFH. [{loseniTs, mo:

a) Touku D, K, H, J, F nexxaTts Ha ogHOMY KOJIi;

0) xona, Briucani B TpukytHuku CFH ta GMF, matoTh ogHakoB1 paaiycu.

13. «<HoBa nukjIiyHa yeTBipKa»
Y tpukytauky ABC na croponi BC o6pano touku D 1 E Ttak, mo xyr BAD

nopiBHioe kyty EAC. Hexaii | Ta J — uentpu Bnucanux ki1 TpukytHukiB ABD 1 AEC

BIIMOBIIHO, F— Touka nepetuny Bl ta EJ, G— touka neperuny DI ta CJ. [HoBeniTs,
mo touku I, J, F, G nexarb Ha OlHOMY KOJi, LEHTP SIKOTO HaJCXUTh npsmin I,

ne I, I.— nienTpu 30BHIBNIUCaHUX KT TpuKyTHUKA ABC, siKi TOTHKAIOTHCS B1IMOBITHO
cropin AC 1 AB.

14. «OmaniuBi nepecTaHOBKN»



Yynuwmii vobotap Yecnas 3mmB 30 pi3HUX map B3yTTs, nepemiman yci 60 1000TiB
Mi’ COGOI0 Ta PO3CTABHB BHIIAJKOBHM UYHHOM y psii. Moro mejaHTHYHA HOApyra
[TaBnuHa mepecTaBisie B3YTTS: 3a oAuWH pa3 llaBmmHa Moke B3sTH Oynb-sKi JBa
400OTH Ta OOMIHATH iX MiCISIMU. 3a SIKYy MIHIMajdbHY KUIBKICTh TaKMX OOMIHIB
[TaBmrHA 3MO’KE TaPAaHTOBAHO JIOCITTH PO3TAIIyBaHHS, B IKOMY KO)KHA IMapa 4000TiB
po3TaiioBaHa MOPYY, MPUYOMY JIIBOPYY CTOITh JIBUH YOOIT mapu, a MpaBopyd —
npaBuii?

15. «Cyma npo0iB»

Pamionanene umcmo r=0,1415926..., ckimameHe 13 Tepmioi THCSAYl 3HAKIB

1
JECSITKOBOTO pO3Kiany uucina 77 —3. [loyHemMo BHIUCYBATH YMCIOS = — + b +... 3a
a

TaKUM TPABWIOM: Ha KOKHOMY KpPOIIl UIsl HATYpaJIbHOTO N 10 CYMHU JOJIA€ThCA JIpio

—, HAO1IBIIMH 13 MOXKIIUBUX, ajie Tak, 00 cyMa HE BUSBUWJIACS OLIBIIOIO 32 YUCIIO
n
1 1 _ :
r. Takum uumHOM, BpaxoByrouu, mo —=0,142...>r, numemMo S=—+...; J1ani,
7

1 1 1
ockimbkn —+—=0,14166...>r, mumemo S=—+—+... Tomo. JoBeaiTh, mo nei
8" 60 8 61 mo. floeaite, mo o

mporiec 00IpBEThCs, TOOTO Ha ACIKOMY KpOIll BUSBHUTHCS, IO 3aITMCAHO TOYHICIHBKO
quCIIo I.

16. «Cyma uudp KpaTHoro»

a) Bizomo, monarypanshe uncioN menme 3a 10°. Illykaemo Take HaTypanabHe
M 1o BoHo minuthes Ha N, a cyma yugp uncna M He nepesuinye unciaa K s
SKOTO HaiiMeHIIoro K Mo’KHa CTBEp/KYBaTH, IO Take yucio M B ycix BUmaakax
icHy€e?

0) Ta cama 3amauda, ane Bigmomo, mo N < 999999,

17. «3’€AHYyEMO TOUYKMN

Ha moniuHi po3mineHo MiJIbHOH TOYOK, KOJIHI TPH 3 SKUX HE JIeKaTh Ha OJIHIN
npsaMiid. JleB’siTh TpaBILiB MO 4ep3l CIONYYarOTh ILI TOYKU BIIpI3KaMHU, KOXKHUUN
OJIIBIIEM CBOTO KOJIbOPY. 3a OJAWH X1 JO3BOJISETHCS CIOJIYIUTH JOBUIbHI IB1 TOUYKH,
Akl e He Oynm 3’enHaHi. Burpae Toil, XTO mepmuM OTpUMAE TPUKYTHUK 3
BEpIIMHAMH B 3aJJaHUX TOUYKAX, YCI CMOPOHU K020 Maomv oOHaxkosull kouip. Yn
MO’KE TaKa Tpa 3aKIHYUTHUCS BHIYUIO?

18. «lonucyemMo Tpiikm»

Mapiiika Ta Mukonka rpatoth y Taky rpy. Cnodyarky MuUKoJKa Ha3HBa€ JesKe
npocme uucio P . Ilicns uporo Mapiiika 3anucye Ha JOUIII HATypaJlbHE YUCIO N

Toni Mukonka gomnucye a0 IBOTO YWCIA CIpaBa OAHY 4 Aekuibka 1udp 3. Bin
BUTpAE, SKIIO OTPUMAaHE TaKMM YMHOM YHCJIO AUIMTHCS Ha P B iHmomy pasi —

nepemarae Mapiiika. XTO 3 HUX BUTPAE, KO 000€ MParHyTh MepeMorTu?



19. «YynoBuii kBagpaT»

VY xmituaku kBaapata Sx5Sllerpuk 1 ['anHycs mo dyep3i (HepUIMM XOIUTh
[Terpuk) Boucyrots nudpu Big 1 10 9. KBaapar Ha3uBaeThCs 4y0osum, SKIIO TICIs
3alOBHEHHS BCIX KIITHHOK CYMH yCiX JIEB’SITH YHCEN Y KOKHOMY MEHIIIOMY KBaJpari
3%3:

a) HaJIeXKaTh Aianasony [37; 53];

0) HanmexaTh miama3ony [38; 52].
[leTpux moOUTH Yyaeca 1 xode 3poOUTH KBampaT yyoosum. Yu Bractecs ['anHyci
oMy 3aBaguTH?

20. «baykaHHS N0 TiIbHUKAX

JIBO€ TpaBIiB Ta CyaJsd IpatoTh y Taky rpy. Cyaas BHUIaAKOBUM YHHOM BHOMpae
OJIVH 13 HATypaJIbHUX JUTBHUKIB JEIKOTO (hIKCOBAHOTO YMCIia N Ta Ha3MBa€ HOro, a
Jaii TpaBll MO 4Yep3l MHOXMcamb OCTAHHIM Ha3BaHWM AUIBHUK Ha 2, ab0 MHodcams
foro Ha 5, abo x Odiname ioro Ha 10 — Tak, 00 oTpuMaHMl pe3ynbTaT OyB 3HOBY
HaTypaJbHUM JAUIBHUKOM 4YHCla N, KUK HIXTO 1€ He Ha3BaB. ['paBelb, KUl He
MOX€E 3pOOUTH X1J, Mporpae. Slka WMOBIPHICTh TOTO, IO 32 MPABWIBHOI I'pU 000X

TpaBIiB BUTPac MepIIHii TpaBelsb, akmo: a) N=10°% 6)n=10%, k € N.

21. «Pedyc MATEMATUKA»

a b c d e f g h

Koxxna mitepa BiamoBinae meBHOMY TUMY Girypu: 6 mitep — 6 pisnux TUMIB Qiryp.
Benuki mitepu — dirypu oHOTO KOIBOPY, Malli — (PIrypu 1HIIOTO KOJbOpy. Buznaute
MMO3HIIIO Ta OCTAHHINA XI11I.

22. «CepiiiHuil KOONEePATUBHUIA MaT»



YV waxosiii komno3uyii € maxuil dcaup: cepiuHutl KOOnepamusHuiL Mam 3a n Xxo0i8
Ser.h#n.Yopni 30itichioioms n x00ie niopso (ne poobisiuu HA HCOOHOMY 3 HUX UWAXY
binomy kopoaro!), nicis wo2o y OiUX 3’ A6AAEMBCA MONCIUBICID 020A0CUMU YOPHOMY
Kopono mam 3a 1 xio. Ane € ocobausuil pizHO8UO 3A0ai YbO2O IHCAHPY: OKPIM
D038 3Ky camoi 3a0ayi, HeoOXIOHO we 3Haumu KilbKicmb po36 sa3Kie. Muoscunnicmo
PO368’A3KI8 V YbOMY HCAHPI BUHUKAE BUKIIOYHO 34 DAXYHOK NEPecmaHo8oK X00i8,
KOXMCHA (hicypa pyXaemuvcs CmMpoco 3a CBO€I0 MPAEKMOPIEID 6I0 NOYaAMKO8020
nonodcenHs: 00 KiHyesozo. Taxi wiaxoso-mamemamuyni 3a0ayi NO3ZHAYAMUMEMO
Ser.h#n-N?

JlaHo movaTkoBy no3uiiro P 3amaui Tumy Ser.h#n-N?

HO3I/IHiﬂ P

/%/7

@

Ser.h#ZO N?

a) 3HalAITh KUTBKICT po3B’s3KiB N 1i€l 3a1aui, B AK1H KUIbKICTh X01iB N = 20.

0) UlnsxoMm npocmux neperBopeHs™ mo3ullli P oTpumaiite neranpHi mo3uii Py
ta P, 3ama4 Ha cepiitHuii koomepatuBHuii mat Ser.h#n,-N;? ta Ser.h#n,-N,?-
takuX, o N, — N, = N . IIpu yTBOpeHHI KOKHOI 13 IUX JBOX NO3MLIN JOIMyCKAEThCA
moHano1bme 3 npocmi nepeTBopeHHs. JlocTaTHRO 3HaTH X04a O OJHY Mmapy TaKkux
TTO3UITIH.

* 1o npocmux TepeTBOPEHBY MiM 3a/1aul MU BITHOCUMO BUAQJICHHS, JOOABJISTHHS
¢irypu abo 3aminy Qirypu Ha Girypy OyIb-IKOTO KOJIbOPY.

**%

Marepiaau 11 NpoBeieHHS BiA0IpKOBUX eTamniB TYPHIpy MiAr0OTyBaJIN:
E. I'. Eitnazsn, O. B. 3enencokuii, E. 3ynma (Itanis), A. 1. Kasmepuyk, /. Koykii
(Kanama), O.I'. Kykym, M.II. Mopos, [.II. Mucak, O.b. Ilanacenko, B. M.

Pamuenko, O.K. Tommuro, E. M. Typxesnu, |P.I1.Vmakos| 1. B. ®enak, A. M.

®ponxin, J. 1. Xinsko (Opanmis), A. C. FOpuumms.



