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Tpetuit Typ 03.12.2022. Boiciiag jgura, perieHus 1 yKa3aHus JJisd >KIOPU.

¢ Orenka B 6 6a/710B B KPUTEPHUAX O3HAUAECT OTCYTCTBUE DEINEHUs, eC/IU SBHO HE OTOBOPEHO 00paTHOE.

¢ Hepastop ciay4aeB B KJIACCHYIECKOW MeOMETPUN TIPU YCIOBUU, UTO XOTs OBl OJWH CYIIECTBEHHBIN caydaii pazo-
H6pan — nbipa He 60see 4 6annoB, ecyan obparHoe He oroBopero. dtor kpurepuit HE OTHOCUTCH & 3amaqam mo
KOMOWHATOPHON T€OMETPUHN W TeOMETPUIECKUM HEPABEHCTBAM.

1. Jlano namypasvroe wucao n. [pusedénnvit muozousen P(x) cmenenu 2n ¢ yeavimu Koaphuyuenmamu umeem
(603Mm001CHO, KOMNAEKCHBIG) KOpens Kpamnocmu n, 6 makoce ydosaemeopaem ycaosuam P(0) = —1 u P(1) -
P(—1) # 0. Hatidume 6ce makue mHo204%eHbL.

Crux Mathematicorum

OTBeT: Tpu UETHOM 7 OTBETOB HET, MPH HEUETHOM — Bee MHOTOWTeHBI Bua (v + ax — 1)", rie a — Hewymesoe
1ej10e 4mucJo.

Pewenue. llycrs £ — ykazansblii B yCJI0BUM KOpeHb. PaccMoTpuM MHOTOUWIEH () ¢ nesbiMu Ko3dpuiimenTamu
HAMMeHbINeH crenenu, st Koroporo Q(€) = 0 (r.e. MuHMMATLHBIN MHOTOUMEH anrebpanueckoro ncaa &). Torma
muorounes HOJ(P, Q) moxer GBITH BBIOpaH C MEJbIMU KOIMDMUIIMEHTAMHI |, TTOCKOJIBKY OH SBJISIETCS JIMHEHHOM
koMmOuHammeit MuEOTOUWIEHOB P 1 (), T0 £ Takxke ero Koperb. [[ockobKy () ObLI MHOTOUIEH HAWMEHBIIEH CTEeHH ,
To P : Q. I3 mokazarenbcTBa JIeMMBI L'aycca M3BECTHO, 94TO B papeHcTBe P = Q - R MuHOrowiensl Q u R MOXKHO
JAOMHO2KUTH Hd HEKOTOPBIE KOHCTAHTBI TaK, YTO I10J1y14TCdA MHOI'OYJICHBI C HEJIBIMKU KOSCb(l)I/IHI/IeHTaMI/I. B 9aCTHOCTH,
M3 3TOTO MOYKHO CIUTATH, 9TO MHOTOWIEH () Tak»ke npuBenenublii. Hakower, £ He gBJISIETCS €r0 KPATHBIM KOPHEM,
unade 661 Q' () TakKe UMeN KOpeHb { U CTeNeHb MEHBIIYIO, YeM ¥ Q.

Torma, nrpyknueit 1o n (yauTeiBast, 9To () NpUBEAEHHEDI ), noxydaem, aro P gemurca na Q™. U3 sroro cremyer,
uro deg () paBua wiu 1, win 2.

Ecmu cremens 1, 1o £ — KOpeHb TPUBEIEHHOTO MHOTOYICHA [TEPBOI CTEIEHH C IeJibiMu Ko puimenTamu, T.e.
mesioe Iuca0. 3uagnt, oo Jgeaut —1 = P(0), T.e. o970 win 1 win —1, HO IO YCJIOBHIO OHU HE KODHH.

Ecmm crerens 2, To P(z) = (Q(2))" = (2% + ax + b)" ans mexoropwix nembix a u b. Torga b" = —1, otkyma
b= —1, n — meuérno. Kpome toro P(1)P(—1) = —a®" # 0, T.e. a # 0.

¢ B memmy laycca, a Takzke 9T0 M1060# MHOTOUIEH JEJATCA HA MUHUMAJBHBIN MHOTOUIEH BEpuM 6e3 J0Ka3a-

resbeTBa (HO ¢ POPMYSIMPOBKAMEU, OCOOEHHO €CJ/IM OIIIOHEHT HE 3HAET).

¢ 3anaua perena B caydae, kKorga £ € C\R — 0 6awios.

2. Bepro au, 4mo 0aa A106020 NOAOHCUMENDHOZ0 BEULECTNEEHHO20 “UCAL A CYULLCMBYIOM HAMYPAALHOE YUCAO
n = 2 u N HAMYPAALHVUIL “UCEA G1, A2, ..., Up MOKUL, Mo a1 < a3 < ... < ap < A 2" u dasa aw0b6020
k=1,2,...,n wucro ag deaum cymmy

HO/l(a1,ar) + HOA(ag,a) + ...+ HOA(ap, ax)?

2022 China Southeast
OTBeT: BepHO.

Pewrenue. Tpebyembie JeTUMOCTH sIBASIOTCA CAMMETPUYHBIM YCJIOBUEM, TIO9TOMY CHAYaJsa HANHIEM MHOKECTBO
4KCeJ1, YAOBJETBOPHIONINX JIAHHOMY YCJIOBUIO, & II0CJIE YIIOPSJIOYUM €0 U 1OJIy4YMM COOTBETCTBYIOIIUI HAOOD a;.
Bynem crpouts mpumep Buga

{bl, ... 7bN+2t7t+l} = {p17p27 ... ,th,Qt,2t+1, e 72N},

rJe p; — pa3/indHble HEYETHBIE [IPOCThIE YUC/IA, & mapaMeTpsl ¢, N MBI BEIOepeM MO3KeE.
SamMernmM, 9TO AETUMOCTE U3 YCJIOBUST BBIMTOJTHEHA, JIJIS CTEMEHEeH TBOWKMN:

N+2t—t+1 2t N _
> HOM(b;,2%) =Y HOM(p;, 2%) + > HOM(2',2%) = 2" 4 (28 — 2") + (N — k+ 1)2" i 2,
j=1 i=1 i=t

t_
JIJ1st TPOCTBIX YUCeST MBI XOTUM JIEJTMMOCTH Ha Pj BBIPAYKEHUsI Z;V:+12 b+l HOH(bj, px) = N + 2" — t + py.

Hakomerr, /1j1s BBIIOJHEHNS HEPABEHCTBA HAM JOCTATOYHO, YTOOBI BCE MPOCTBIE umcIa Oblam Membire 2V a
t ot
rakike 20V < N2NF2 =L 16 ecrp 2071720 < )



. _9t .
Bce aTH ycioBHS MOXKHO BBIIOIHATH. CHadaga BO3bMEM t, miasa xoroporo 207172 < X zarem Bospmém 2!
Q3JIMYIHBIX OPOCTHIX unces. [locste mogbepém N, cpasaumoe ¢ t — 2F mo Mogymio p; . . . pot, KoTOpoe Gymer GobIe
) 2t
Bcex pg. Ilpm Takmx ycaoBudx Hain mpuMep OyaeT yIOBJAETBOPSITH BCEM YCIOBUSIM.

¢ Omubka B +1 Opu uccaeq0BaHnd JeIUMOCTH Ha p; — Obipa B 0 6aJ/ios.

3. Cywecmeyem au svinyravili 2000-yz0avHuK, SHYMPU KOMOPo20 HaUdEmcs mouka nepecevenus 1000 duazona-
aeti, a maxoice no dsée mouku nepecenenus 999,998, . .., 3 duazonaset (u ece ynomarnymoie 1995 movexr pazauunnt)?
1. Bormaros

OTBer: [a.

Pemenne. Orverny ma napabosie y = 2 rouxn A, (—2",22") u B, (2",2%") upu 1 < n < 1000 u paccmorpum
BBITYKJIBI MHOTOYTOTBAUK Ajgnq ... A1 B ... Biooo- Jlerko suzers, uto toukn (—a,a?), (b,b?) u (0,ab) mexar
Ha oxHoi mpsawmoit. [Tosromy Bee nuaronammn A;B;j npu GuKCUPOBAHHON cymMMe i + j = Kk IIPOXOIAT depes TOUKY
Py(0, 2’“). Buaunt, B Touke Pigg1 nmepecekaiorcsa 1000 pmaronasieii, B roukax Piggg 1 Pioo2 — 1o 999 auaronaseii,
B TOUKax Pggg 1 Pigo3 — 1o 998 nmaronaseit, ..., B Toukax Py m Piggs — 10 3 auaroHaJIn.

4. Ha xaemuamot docke 142 X 145 saxpacusu HeCKoAbKO CMpok U cmoabyos, uckawoywad kpatnue. Kaxoe nau-
MEHBUIEE KOAUNECTNBO OUAZOHANOHBEL PAJOS, COOEPAHCAUUT HEYEMHOE KOAUNECTNEO HEZAKPAUWEHNBIT KACMOK, MOZAO
obpasosamuvca? (Ha docke no 286 duazonasvmvir pados kascdozo us 08yr nanpasienud.)

M. AnuTunos

OrBer: 4.

Pewenue. 3amerum, urto 4 AuaroHaju w3 OJHOW KJETKH BCerja OYIyT cojiep:KaTh HEYETHOE KOJIUYECTBO HE
3aKPAIEeHHBIX KJIeTOK. JIOKaXkeMm, 9TO CyIecTByeT PacKpacka, NpPu KOTOPO# TOJBKO HA ITUX AUATOHAJIX OyIer
HEYETHOE KOJIMIECTBO HE 3aKPAIIEHHBIX KJIETOK.

ITIporymepyem crpouxu or 0 mo 141 u crosbust or 0 g0 144. Ilycrs MBI HE MOKPACHIU CTPOKH C HOMEDaMHU
0=a1 <ag < ... < a, = 141 u croabusl ¢ HoMepamMu 0 = by < by < ... < b, = 144. Torma KJeTKa He
HOKPAIIEHA TOIJA M TOJBKO TOTA, KOTJa €€ KOOpAMHATHI 310 (a;, bj) JI71sT HEKOTOPBIX ¢ U j. PaccMoTpum MHOTOUIEH
P(z) = (z+2%2+. . 42%) (2" +2b2+. . +2Pm) nan Zo. Kosdbdmmment s P(x) npu x¥ pasen wérnoctn xKommaecTsa
map (a;, bj), 4751 KOTOPBIX a; +b; = k. CnemoparesibHO, Y6THOCTL He 3aKPAIICHHBIX KJIETOK HA AHArOHAIN a+b = k

¥ 5 mmorounene P(x) mam Zg. Amagorwdmo

k+144

(3mech (a,b) — KoopAMHATHI KJIeTKH) paBHa KodbduimenTy npu
JETHOCTb He 3aKPAIeHHBIX KJIETOK Ha JuaroHaju a — b = k paBHa Koadduimenty npu x
Q(z) = (% + 2% + ...+ 29) (27" + 2702 + . 4 272! man Zy. Bwaunt, mam myxHO Haiitm Takume {a;} u
{b;}, aro KoMmYIecTBO HEUETHBIX KOIDDunmenToB B P u (Q B cymMe paBHO 4.

Paccvmorpum muorounen R(z) = 2% — 1. Ussectno, wro R(z) gemmTcs ma Kpyrosoit muorowsen Pogs ().
Crenens MHOTOWIeHA Pogs paBHa (285) = 144, npuuém muOrOWIeH Pogs(2) 9TO YHUTAPHBINH MHOTOWIEH, IPHIEM
BossparHblit (To ectb Pogs (1) - 214 = Pogs(2)). Iyers R(z) = Pogs () - F(z). Toraa F 910 yAUTADHBIT MHOTOWIEH
¢ meapiMu Koadgpdunnenramu cremnenn 141. Ilycts 0 = a1 < as < ... <a, =141u0=b; < by < ... < b, =144
9TO CTEIeHM T, NPU KOTOPbIX B MHOrouwneHax F(x) u ®ogs(z) crost neuérubie koaddurmentor. Torna P(x) =
(x4, . o) (xh fab2 4. pabn) = (29 f 292 £ ) (e 2 4 )M = Q(2) = 225 -1
Haz Zo. CrenoBaresnbho, B MHOrOwIeHax P(x) n Q(x) mo 2 HedéTHBIX KoddduinenTa, OTKyIa 1 CJIeIyeT perrneHue
3a/1a41.

3ameuaHnue. DTOT NpuUMep — He eIUHCTBeHHBIA. [To Moaymo 2 nMmeem

B MHOT'OYJI€HE

(I)285(513) — $144 +$143+x142 +x139+x138+x137+$129+x128 —|—1‘127+{L'125 +m122+x120 +x119+x118+$114+x113
—|—£L‘112+x110+1‘107—|—x105+$104—|—x103—|—1‘99—|—$98—|—$97+$95—|—£L'92—|—1690—|—$89+l’88+1’87+x86+x85+$84+1’83+$81
+9377+x75+:1374+1:73+x72+:c71 +l‘70+l’69 +x67+$63+$61 +$60+£L‘59+$58+$57+$56 +.’E55+$54+SU52+£C49+£L‘47

+ $46 + :L‘45 + :1:41 4+ 1740 4 .C639 + .T37 + x34 + $32 + x31 + 1,30 + 1,26 + :L‘25 + 51124 4 (L‘22 + 5619 + xl? + .7316 + $15

+2 428+ 1.
‘ OCHOBHbIe CBOIICTBa prFOBbIX MHOTOYJIEHOB CUHUTAIOTCA U3BECTHBLIMHA.

5. Ha auueswxr cmoporaxr muicayu kapm wanucaay wucaa 1,2, ...,1000 coomsemcemsenro; 3amem xKapmot cA0-
AHCUAU 6 K0A00Y PYOLUWKAMU 66EPT, IMY KOA00Y NEPemacosary u epyuusu Asuce. Aauca desaem nocaedosamenvro
101 zod. 3a odun xod Asuca bepem SePTHION KAPMY U3 KOA00b U KAGOEM €€ AuLesolti CMoOpPoHOT 66ePT HA CMOA,
G 3aMEM, ECAU OHA CULE HE OMMEANG HU 00HOT KAPMbL, OHG MONCEM OMMEMUMS MY KAPMY, KOMOPY0 Jdocmana
U3 KoA0Ob: HO Mmexyulem Tody. 36 epems uzpvt Aauca 06430HA OMMEMUMD POBHO 00HY KAPMY.



Hyems 6 pesyavmame Aauca ommemuaa Kapmy ¢ wucaom A, u nyecmov M — 51-0e no seaunvune cpedu omrpol-
moz e wucea. s kaxozo naumenvwezo d Aauca moocem detdcmeosams mak, wmobu wucao |M — A| zapanmu-
posarHo He npesocxroduno d?

2022 Taiwan TST

Oteer: 474. Pemrenne. [lokaxkem, uro d > 474. Ilycrs Annca JoCTagT n3 KOJIOIBL CJAEAYIOMLYI) MOCTEI0-

BATEBLHOCTE KapT: 475,474, ...,426,949,950,...,998,1. B srom cnyuae M = 475, n qubo d > 474, mubo Anmca
JOJIKHA 0TMeTHTh KapTy 426 < A < 475. Opnako, ecin ona ormeruT kapty 426 < A < 475, To majiee oHA MOTJIa
BRITAIINTE KapTel 949, ...999, u torma |[M — A| = 949 — A > 474. Cnenosarensho, d > 474.

Ipuseném crparernto 3a Aswmcy. Samernm, aro 51 < M < 950. CrenoparenbHo, €Cliu B KAKON-TO MOMEHT OHA,
JIocTagér KapTy ¢ unciom ot 476 1o 525, To ona Beibeper €€ u nobbéTcs Keyaemoro. Ilonenmum ocranbHble Yuca Ha
boavwue (koTopuie Gobime 525) u masenvrue (kotopeie menbie 474). Torma mycts Anuca, ysuges 51-e 6ombiioe
i 5l-e MajeHbKoe 9nuciao, oTMeTuT ero. lorma M m A OyAyT OJHOBPEMEHHO OGOJBINMME WJIH OJHOBPEMEHHO
MaJIECHBKUMHW YUCJIaMU. HeprﬂHO 3aMETUTh, YTO PA3HOCTU MEXKY .HIO6BIMI/I ABYyMA 6OJ'[I)H_H/IMI/I n MEeXKIY .HIO6BIMI/I
IBYMSI MaJIeHbKUMHK He mpepocxonar 474. Ciaemosarenbro, Aanca MoxkeT goourhed d < 474.

¢ Tonbko omenka winm TOMBKO mpumep — 4 Haja.

6. K d6ym HENEDECEKANOWUMCHA OKDYNHCHOCTNAM W1 U Wo NPosest obwue snewnue Kacamesvrovie AB uw CD (mouku
A u D aesrcam na wy, mouku B u C — na wi). Oxpyocnocmu Y1 U Y2 KACAIOMCA SHEWHUM 00PA3OM 6 MOYKE
X, oxpyoicnocmu w1 U Y1 — 6 mouke Y, oxpyoicnocmu wa u Y2 —6 mouke Z. Kpome mozo, okpysicHocms 1
xacaemea ompeska AB, a oxpyosicnocmy o —ompeska CD. Onucannwvie oxpyscrnocmu mpeyzoavhuros AXZ u
CXY smopuuno nepecexaromes ¢ mouke 1. Joxascume, wmo BT = TC.

N. ®posioB 1o MOTHBAM TEOPEMBI O JIEBATH OKPYKHOCTIX

Perrenne. [lycrs v1 kacaercs AB B Touke P, a o kacaercs C'D B Touke (). Byaem 10Ka3bIBaTh, 9T0 OKPYKHOCTH
(BTC) u (AT D) kacarorcs, OTCIOJIa O9eBUIHO cyieqyer Tpebyemoe. Mbl ciesaeM HHBEPCHIO € TIEHTPOM B TOUKe X,
u 0bpaz mpou3BobHOM Touku U Gynem obosnadars depes U™,

Hetpynuo ybennrhest, uro nocsae waBepcuu 1 6yneT TOUKOIl lTepecedenns MpoI0Ke N G0KOBBIX CTOpoH £ * P*
n Y*Q* rpaneruu Z*P*Y*Q*, kpome Toro v = P*Y* u 5 = Z*Q*. Ocranbabie TOUKN OYyAyT PACIOIOKEHBI KAK
ma puc. 1. Tormga sgcro, aro Touka A* mexut Ha orpeske P*Z* rouka C* — na oTpeske Y*Q*. Tpebyercsa nokasarh,
410 okpyxkHOocTH (B*T*C*) u (A*T*D*) kacaworcs.

puc. 1 puc. 2

st 3010 CemaeM WHBEPCHIO ¢ TIEHTPOM B Touke 1™, mocsie 31oit uaBepcun obpas Touku U™ Hynem 06o3HAIATE
vepes U’ (puc. 2). Tpebyerca nokazars, uro B'C’ || A’D’. Mbl okazkeM, 9T0 OKPYKHOCTH w) U wh DABHbIE, & TAKIKe
okpyzxHOcTH 5 m ¢} pasHbIe, oTKyaa u nocremyer Tpebyemoe. Iepecekasa npsimbie P'Y' u Z'Q)' ¢ okpykuOCTSME
u npamoit C'A’, ormernm Kak ykazano Ha pucyHke toukn K, L, M, N, R. IlpeanosoxnM, uro Touka R jexkuT Ha
npoozKenuu orpeska Z'Q’ 3a rouxy Z. B cuily Kacanust OKpyzKHOCTei, Mbl morydaem, 4ro Touku K, A', M nexar
Ha OnHOI mpamoit, napasnensraoit T*Q’, a Takxke Toukn L, C’, N nexkar Ha ofHOM IpsaMoiil, mapaaneabaoi 77,
Torpa coorBercTBeHHbIe CTOPOHBI Tpeyroabunkos A'Z'K w C'NY' napa/renbHbl, 0O3TOMY CYIIECTBYET FOMOTE-
tug h, Koropag nepesoaut Tpeyroabuuk C'NY' B tpeyronpnuk A’Z'K. IlycTh npu 3Toif rOMOTETHH TPEYTOJbHIK



A'P'M nepexomut B Tpeyronbauk A. Torma R — mentp romorernn ¢ Kosdpdunuentom GonpmmM 1, nepeponsmeit
tpeyronpauk A'Z'K B tpeyromsauk A. C apyroit cropons, R — nentp romorernn (Toxe ¢ koadduimenrom 60.1b-
muM 1) nepesogsmeii Tpeyronbunk A'Z'K B tpeyroasuuk C'LQ’. 3uagut, 3TH 1BE rOMOTETHH — OJHO U TO K€
mpeobpazoBaHme, MOCKOIbLKY U OKPYKHOCTH, OMUCaHHast 0KoJ10 Tpeyroabiuka (C'LQ), n 0KpyKHOCTE, OnMUCcaHHAs
okosio A, xacatorcst (A'Z'K). B cayaae A'C' || Z'Q’ nsa ynoMsinyThix oToGpazkenus (KOTOPBIE B CJIydae HE HapaJi-
JIeJIbHOCTH ObLn roMoTeTHsIMEU) OyJyT HapasjieJbHbIMU nepeHocaMu. Takum 06pas3om, romorerust b 1epeBoguT u
tpeyroipauk A'P'M B tpeyronbuuk C’LQ'. Ocraerca 3aMernTh, 910 nocKonbKy Z' LN P’ — mapastesorpaMM, TO
h Ha caMOM JieJie TEeHTpabHasA CAMMETPHSA, OTKY/Ia U CJIETyeT 3asdBICHHOE BHIIE PABEHCTBO OKPYIKHOCTE.

¢ 3aada mepedpopMyIHpOBaHa MOCTe WHBEpCHU B Touke X — 2 Hasra.
¢ llepedopmymuposka mocae BTopoit nusepcun — 4 Hasa.

¢ [IpobsreMbl B paccyKI€HUH TTPO PABEHCTBO OKPYKHOCTEH 06GpaTHBIM XOI0M — JIbIpa He Gostee deM B 6 6asios.
Ykazanuble Bblle Dajibl HE CyMMUPYIOTCS.

7. ano uenoe wucao a. Hatidume ece namypaavroie m > 1 maxue, 4mo nocaedosamesvHoCms T1, T3, . .., 360aH-
HOA COOMHOWEHUAMU
T = a, an::BQfﬁ]ﬂ-l npun =1,

nepuoduBHa NO MOOYA0 M (803MONHCHO, ¢ NPEONEPUOIOM,).
N. Safaei

OTBeT: creneHu JTBOUKM.

Pemtenne. [lycts y m umeercst He9€THBIN TPOCTOH AeuTe b p. JJokakem, IT0O T0C/IeI0BATEIBHOCTD Ty HE MOYKET
OBITH TMEPUOSUYHA IO MOAYIIO p. IIpeAamonsokuM IpOTUBHOE, W MYCTh HAYMHAS C HEKOTOpOoro N ST HEKOTOPOTrO
T > 0 BBINOJIHEHO CPABHEHNE Ty, = Ty (mod p). Beibepem takoit z,, uto x, # 0,1 (mod p): Takoii 06s3aTEIBLHO
HaIETCs, BeJIb B MOCIEI0BATENBHOCTH Ty = p moce 0 caeayer 1, a mocie 1 ciaemyer 2. Ilyers x, = b (mod p).
Torma mas Kaxka0ro k BBITTOTHEHO

n _ kT
Tpt1 =1+ xL V2] = Tpikr+1 = 1+ m%izT V2 (mod p),

e blHEDVI=[nv2] = 1 (mod p). Ilycrs d — mokazaresb b o MoayJIio p; o BbIGOpy b st d Bepro d > 2. Toraa
nns Kakgoro k momywaem, urto [(n + kT)v/2] — [nv/?2] aemnrcs ma d. Tlocnennee Buipasxenue pasusercs [kTv/2),
ecm {nv2} +{kTv/2} < 1, u pasuserca [kTV?2] + 1, ecmu {nv/2} + {kTV2} > 1. Baduxcupyem k, a B KadecTse n
Oymem nofcTaBasTh aucaa n + sT g PA3TMIHBIX HATYDATBHBIX § (IIOCKOMBKY Ty = Ty tsT, TAK MOKHO JIETATH).
ITo Teopenme Kponekepa {(n+sT)+/2} 6biBaeT 6eCKORETHO YacTo KaK 60bIIe, Tak 1 Menbire 1 — {kT/2}, mosTomy
d JTOJIZKHO JeUTH JiBa 9UCTa, OTJANIAIONHXCS HA 1, 9TO HEBO3MOXKHO.

Haxomner, eciin m = 2, 10 npu gocrarouno 60/1bmoM n Beimoaneno [ny/2] > k, nosromy, nauunas ¢ (n + 2)-ro
“JIeHA, HAYMHAS CO CJICLYIOMEro 1, B MOC/IEI0BATEIbHOCTH, B3ATOM 1m0 Momymo 28 GyayT depenosarnes ocrarku 1
u 2, TO €CTh OHA BAIUKJIUTCS.

¢ Jlokazano TosbK0, aTo mpu m = 2F mocienosaressHOCTS MepnoAnaHa — 2 Gasa.

¢ Hepaz6op cayuag m = 2! — me 6osee 6 6amntos.

8. ITycmo T = {1,2,... ,999}3 — MHOACECTNBO BCET YNOPAIOUEHHBLL MPOEK HAMYPAALHOLL “Huces, mervuwur 1000.
Ha3066m KyOUKOM MHONCECMEO 6CET YNOPAJOUEHHOIT MPOEK HAMYPAALHHL wucen (L1, T2, T3), YOOEBAEMBOPAIOUUT
npu i = 1,2,3 nepasencmeam a; < x; < a; + 100, 2de ai,a0,a3 — wnexkomopwvie namypasvhvie wucaa. Kaxoe
HOUMEHDUEE KOAUYECTNEO KYOuKos nado evbpamsb, wmobvs dasn 1060t mpotxu (t1,t2,t3) € T 6 0dnom us kybukos
nawnacy mpotixa (1, T, T3) MAKGA, 4MO 6ce MPu “ucaa x; — t; deaamesa na 9997

N. Borgauos, O. I'puropsan, M. 2Kykosckuit

OTser: 1000.

Pemtenne. Ilo cyru, B 3amade crnpammBaercs, kakuM kosamwdecTBoM Ky6oB 100 X 100 x 100 MOXKHO TOKPBITH
TpEXMepHBIH Top co croponoit 999. lasee Ml cauTaenM, ato T = (Zggg)?, a Kaxk/Iplii KyOUK eCTh MHOKECTBO BHIR
(70,90, 20) + {0,1,...,99}3 C T'; Gyzsem rosoputs, 4To 10T KyOuK sadaémcs TPOIKOi (2o, Yo, 20)-

ITpumep ycTpoen mpocTo: BO3bMEM Bce Kybukm, B KOTOpPbIX a1 KparHbl 100 u me mpesocxogar 1000. Herpymro
TIPOBEPUTDH, ITO OH TOJIXOINT.
ITpeamonoxkum, aTo yaasocs oboiituck 999 xybukamu. Beisicunm ux cBOiicTBA.

1) Paccmorpum c-if «cofty — Tepecedenne rOpu30HTANBHOMN miockoctn z = ¢ ¢ T. Kaxapiit kybuk gubo He

nepecekaer ero, Jaunbo nepecekaer 1mo keajpatry 100 x 100. BreiscrHuM, CKOJIBKO MOMXKeT ObITh TAKUX KBAaJIPATOB.
Kaxapiii cronben (T.e. MHOXKECTBO KJIETOK, B KOTOPBIX 3a(DUKCHPOBAHBI 2- W EIE OHA KOODIMHATA) JOJIKEH



nepecekars x0T 6b1 10 kBazparos. C npyroii cTopoHbl, Kaxkablit kKBajgpar nepecekaer 100 crosibros. [losromy
KOJIMYeCTBO KBaAparos He MeHbine 999 - 10/100 = 99,9, to ecrb He menbine 100.

Hasee, kaxapiii kybux nepecekaer 100 cjio€B, m03TOMY KOJIMYECTBO TUX KyOMKOB He MeHbIne, deM 999 -
100/100 = 999. Tak Kak JAOCTUIAETCSI PABEHCTBO, TO M B NPEJBIAYIIEH OIEHKE JOCTUrAeTCa PABEHCTBO, TO €CTh
KazK/JIy10 TOPU3OHTAJIBHYIO IJIOCKOCTh TtepecekaeT poBHO 100 KyOuKoB.

2) Ilpoiigémes Mo TOPU30HTATBHBIM IIJIOCKOCTSM 110 TIUKJTY, yBesndnBasd ¢ Ha 1. Ecau mpu mepexosie mepecedenne
C OTHUM KyOUKOM <«KOHYAETCS», TO JIOJYKHO HAUATHCS MEpeceveHne ¢ APYTUM, 9TOOBI UX KOJUIECTBO OCTAJIOCH
MTOCTOSTHHBIM. 3HAYUT, €CJIN €CTh KyOUK, HAYHHAIOIIUICS B TJIOCKOCTH 2 = ¢, TO €CTh U HauuHatomiics B z = ¢+ 100.
[Mockombky kyburor 999, a 100 u 999 B3auMHO TPOCTHI, OTCIOJA CHEAYET, 9TO B KAXKJON MJIOCKOCTU HAYUHAECTCS
posHO oauH Kybuk. O6o3raunm uepes C; KyOUK, HUXKHSAS MIOCKOCTH KOTOPOr0 MMeeT KOOPAUHATY ¢, TO €CTh 29 = i
JUUTsl TPOMKY, 3aak0Iell 9ToT KyOuK.

3) Bosbpmém HekoTophit Ky6uk C; ¥ pacCMOTPHM TOKPBITHE CJI0sI 4 MyCTh (); — KBAIpaT, BhicekaeMblit C; B 9TOM
cnoe. U3 onenkn myHkTa 1) MOXKHO TOJIyYUTh, 9TO B 3TOM CJIOE KOJUIECTBO CTOIOINOB BUAA & = d, EPECEKAIOIINX
6osbiie 10 kBasipaTos, ve 6osibire 10000 — 9990 = 10. PaccmoTpuM Bce KJAETKU B 9TOM CJIOe, TIOKPBIThIE TOJIBKO Cf
u HuKeM OoJjibie. B kaxkiom crosbiie, nepecekarorieM (Q; u emé poBHO 9 KBaJIpaTOB, TaKWe KJIETKU €CThb. TaKux
cTosIONOB (B KaxK/0M m3 JBYX HanpasjeHuit) me menbire 90. KieTku ¢ COOTBETCTBYIONUME KOODJIUHATAMA B CJI0€
i — 1 momXKubl OBITH TOKPHITEL KyboMm C;_109, m60 Oosbie HekeM. 3uHauuT, C;_1090 CABUHYT OTHOCHTEILHO C; M0
(x,y)-koopauHaTaM Ha paccrosinue, He Gosbiree 10.

4) Amamormano nogygaeM, 910 Cy_100¢ ¢ABUHYT oTHOCHTEbHO C; 10 (X, y)-KoopanHaTaMm He Gosee, uem Ha 10¢.
B uacrrocTu, C;_gpo = Cirg9 casunyT He Hosbire, ueMm Ha 90, T0 ecth uMmeer ¢ C; xoTga 661 10 06IIMX CTPOK ¥ XOTS
661 10 obmmux cTo1610B. B Kaxk o ux 3Tux cTpoK u ¢1oa610B octaéred emé mo 999 — 190 = 809 kaeToK, I0ITOMY
WX JIOJZKHBI TIOKPBIBATH e1m1é 1m0 9 KBapaToB, TO €CTh KaXKJIblii W3 HUX Mepeceraercd xora Obl ¢ 11 kBajgparamu.
Kak MbI BUzen B TIyHKTE 3), TAKUX CTOJOIOB (M TAaKUX CTPOK) JOKHO OBITH He Gosbiie 10. 3HAUUT, UX POBHO
10, a 310 ozHauaer, uro upu t = 1,2, ...,9 xaxgwiit u3 C;_100¢ ¢aBubyT orHOCUTETbHO Ci_100t+100 POBHO Ha 10 1O
oberM Koop/imHaTaM, B BCE 3TH CIBUTU — B OJJHY U Ty K€ CTOPOHY. SHAUHT, BooOIIe KazK/iblit Ky6 Cj_109 CIBUHYT
oraocuTeabro Cj posHO Ha 10 1m0 06emM KOOpAMHATAM, U BCE 9TU CABUIM B OJHY ¥ TY K€ CTOPOHY.

5) Ilycte atu cnBurm mosoxkurenbubl. Torma, ecam, 6e3 orpammdenus obmuocTi, Kyd Cpy 3amaéred Tpoii-
koii (0,0,0), To xy6 C_100¢ 3amaércs tpoitkoit (10¢, 10¢, —100¢). Ho Torma y KaxKao# MOKPBITONH TOYKU T- U Y-
KOOD/IMHATHI OTIHIaioTcs He Gosbire, vem ma 100, n Touka (0,200, 0) #e mokpsita. ToroBoe mpoTuBopetme.

¢ Orer u npumep — 0 6aswtos. OrcyTcrBUe IpuMepa — JAbIpa B 2 OaJuia.
¢ Coobpaxkenns mynkra 1) (kaxapiit c1oit mokpeiT xota 661 100 kBagpaTamm) — 2 Gasia.

¢ Coobpaxkenus myHkTa 2) (B KAXKJI0M CJ10€ HAYMHAETCA OJIMH KyOuK) 6asioB He 100aBIsatoT.

) (
¢ Coobpaxenuns nmynkra 3) (onenka casura C;_100 orHocurenbao C;) — 42 Gasa.
) (

¢ Coobpaxennst yHkTa 4) (Cit99 u C; nepexpriBatoTcss posHo 1o 10 crosnbiiam)— +2 Gaswia.

9. DoKYCHUK € NOMOWHUKOM COOUPAIOMCA NOKA3ZAMb MAKOT GOKYC: 3pumesd coobulaem GoKYCHuKy HamypaiLbHoe
yucao, menvuee 10- (%)10000. DoxycHur 3anucusaem 6 mexcmosom pedaxmope cmpory daurv, 10000 us 6yxse A, B,
B. Bpumensv cmompum wa amy cmpory, swbupaem o0y u3 mpér 6yke u ydaaaem ece 6Lonclenus vOpaHnol oyk-
evt uz cmporu. Ilocse 2mMo20 NOMOUHUK, 2AAOA HA OCMABWYIOCA CMPOKY, 0AdCEH Y2000Mb, KAKOE YUCAO 3020004
apumenv. Mozym au Goxycrur u nomouHur 002060pumMbCa delicmaosams mak, 4mobvi Goxyc 2apaHMUPOSAHHO
ydanca?

2022 Israel TST, ycunerno JIlyanHuHBIM
OTser: ja, MoryT.

Perrenne. Haz0BéMm [1Be CTPOKU NOTOHCUMU, €CJIN 3PUTENH MOYKET TOJYUUTE U3 HUX OJHY U TY YK€ CTPOUKY. DTO
PABHOCHIBHO TOMY, UTO 9TH JBE CTPOUYKHM OTIMYAIOTCS TIepecTaHoBKo# nan 6yks A, nwin 6yks b, wim 6yxs B. 13

crpoku ¢ k 6ykBamu A mepectaHOBKaMu OYKB A MBI MOXKEM MOy IUTh C{Coooo < 0158880 caos. CienoBarTe/ibHO, JJIs
. . 10000
KaKJIOU CTPOKH CYIIECTBYET MEHee 30{’8880 noxoxkux Ha Heé crpok. Hamra 3aiaua pasuocuibaa noucky 10- (%)

CTPOK, HUKaKHNe JB€ N3 KOTOPBIX HEIMOXOXKH.

Pacemorpum rpad G, BepmmHAMI KOTOPOro 6yayT Bee Bo3MOXKHBIE cTpokn aanabl 10000 u3 6yks A, B, B, a

310000

péGpaMu CoeauHUM TOXO0XKKe CTpouku. Torma G comepKuT BEPIIIUH, & CTENEHb KAXKJ0U BEPIIUHBI MEHBIIIEe

30{’8880. SuaguT, BepiuHbl rpada G MOXKHO MOKPACUTH MPABUJIBHBIM 00pa30M B 30{)8880 nperoB. CJie/I0BaTeNBHO,

.- 310000 5000 210000
CYILIECTBYeT [BET, B KOTOPBIN MOKPAIIIEHO He MEHee grsoop- BEPIIMH. Kcim MBI 1oKazkKeM, 910 Cloo00 < =35> T

10000

O B

a 31 10000 6
rpacde G ecTh HE3aBUCUMOE MHOXKecTBO u3 Bepiiua 10 - (5) , OTKyJla OyZIeT cje/IoBaTh pelleHre 337 auu.

Bamernm, 910

4950 4951 5000 5049 5050
Cro000 < Cro000 < - - < Clo000 > - -+ > Coooo > C1oo00



[Tocne anrebpanveckux npeodpazoBanuii U TPUMEHEHUS HEPABEHCTBA BEpHY/LIN TIOJIyYaeM, 4TO

50
2

10000 = 10000 " 55075002 - .- 5050 = 10000 " \ 5o07 ) 2 “10000 - 5001 10000-
10000
A rak kax Y, Cloo00 = 2109 To
i=0
5050 1
210000 > Z Cloooo > Coooo + 100 - (50158880) = 51CT0000,
i=4950

5000 210000 210000
orkyna ciaesyer, uro Cyygo0 < 57— < S35, 9TO U TPebOBAIOCH JIOKA3ATD.

¢ 3agaga cBegeHa K OLEHKE 49nCJId, 0158880 — 4 Gasura.

¢ Hanomunaewm, aro dpopmysia CTupiamara — acumnmomuyeckas.

10. Bce epanu mempasdpa — HePasHOGEIPEHHBIE MPEYLOALHUKY, NPOUIBEIEHUA OAUH €20 NPOMUBONONONHCHBIL
pébep pasuwi. lokasicume, wmo wepes UeHMP ONUCGHHOT chepvs Moo Mempasopa MONCHO NPOSECTNU NPAMYIO,
AEAHCAUYTI0 8 00HOT NAOCKOCTU € KaHcOoT U3 €20 8bcom.

A. Kyszmeros

Peurenne. Oboznaunm terpasap uepes ABCD, a tentp ero omucanuoii cgepbr — uepes O. [lycts wap —
reoMeTpudeckoe Mecto Todek X Takux, uro AX/XB = AC/CB = AD/DB. 910 cdhepa ATOLIOHNSA, OHA TPOXOJIUT
uepes C'u D. Ananorudto oupejenum cepbl WAC, WAD, WBC, WBD, WCOD-

Ilycts Op — 1eHTp onmcaHHO OKpy)KHOCTH Tpeyroabhuka ABC. BamernM, UT0 waAp, WAC, WBC TNEPECEKAIOT
mtockocTh ABC 1o orpyskHOCTsIM Anosutonus Tpeyroabiunka ABC, KoTopble, Kak HETPYAHO BUIETH, NUMEIOT 00-
Y0 PAJMKAIBHYIO 0Ch, mpoxoaantyio gepes Op. [Tosromy Touka Op MMEET OMHAKOBBIE CTEMEHW OTHOCUTEIHHO
chep wap, wac, wpe- lpsavas OOp nepnengukynspra miockoctu ABC, cofep:kalteii eHTPsl ¢hep WAR, WAC,
wpC, a Touka D nexut Ha 31ux chepax. Cunenosarensuo, DOOp — pajukajbHasd [JIOCKOCTH chep WaARB, WAC,
wpc. OHa coJiepKUT BLICOTY hy TeTpasnpa u3 BepiiuHbl D.

Ananoruuno, COO¢ — pajukajibHad JI0CKOCThL cdep wap, Wap, wap. llepeceuenue mnockocreit COO¢ u
DOOp — npsmas £, mpoxoasiaa depes O. OHa gBAIETCS PAJUKAJIbHON 0ChbI0 chep wap, WAC, WBC, WAD, WBD,
a 3HauuT, jJiexKuT B wiockoctax BOOpg v AOO 4 u siBAeTCsT PAIUKAJIBHON OCIO BCeX mrecTu ¢dep AToJuToHuS.

¢ lokazano, 9TO MPOEKIUS BEPIMHBI TETPAIPa HA TPOTUBOIOIOKHYIO TPAaHb JIEKUT HA PATUKATBHON OCH
OKpYIKHOCTEH Amosimonnst 9To# rpann — 2 basa.
¢ Jlokazamo, ¥TO Ha 9TON PAIMKATLHON OCH JIEXKUT €I1e W MEHTD OMUCAHHON OKPYKHOCTH rpann — 4 dara.

¢ Jlokaszano, 9T0 TPOEKITHs BEPITUHBI TETPAIPA HA TPOTUBOMOJIOXKHYO TPaHb JIEKUAT HA TPAMOL, COeMHAFOITEH
LIEHTD ONUCAHHOW OKPYKHOCTU U TOUKY Jlemyana — 6 6asios.
VKazaHnnbie BhIle OAJIbl HE CyMMUPYIOTCS.

¢ Okpyxuocts (cdepa) Anosnonust m ee CBOHCTBA (4TO ITO JEHCTBUTEIHLHO OKPYZKHOCTH, DACIIONIOKEHHUE €€
[[EHTPA) CIUTAIOTCS U3BECTHBIMHE.

¢ [Ipobiembl ¢ JOKA3aTEILCTBOM, UTO IIEHTP OMUCAHHON OKPYKHOCTH WK TOYKa JleMyaHa jiexkar Ha PaIuKaJIbHOMl
OCH OKPY:KHOCTEH AMOJIOHUST — JABIPHI TIO 2 Gasa.



Hsaduams namuti mamemamuseckut myprnup cmapuwexaacchukos «Kybox namamu A.H.Koamozoposas
Teepv, 28 noabpa—s dexabpsa 2022 200a

Tperuii Tryp 03.12.2022. IlepBaga jqura, periennsa 1 yKa3aHus JJId KIOPU.

¢ Orenka B 6 6a/710B B KPUTEPHUAX O3HAUAECT OTCYTCTBUE DEINEHUs, eC/IU SBHO HE OTOBOPEHO 00paTHOE.

¢ Hepastop ciy4aeB B KJIACCHYIECKOW MeOMETPUN TIPU YCIOBUHU, UTO XOTS OBl OJWH CYIIECTBEHHBIN Caydaii pazo-
H6pan — nbipa He 60see 4 6annoB, ecyan obparHoe He oroBopero. dtor kpurepuit HE OTHOCUTCH & 3amaqam mo
KOMOWHATOPHON T€OMETPUHN W TeOMETPUIECKUM HEPABEHCTBAM.

1. Jlano namypaavroe wucao n. Ipusedénnvit mruozousen P(x) cmenenu 2n ¢ yeavimu Koapduyuenmamu umeem
(603Mm001C1HO, KOMNAEKCHBIG) KOpens Kpamuocmu n, 6 makoce ydosaemeopaem ycaosuam P(0) = —1 u P(1) -
P(—1) # 0. Hatidume 6ce makue mHo20ueHbL.

Crux Mathematicorum

OTBeT: Tpu UETHOM 7 OTBETOB HET, TPH HEWETHOM — Bee MHOTOWTeHBI BUa (22 + ax — 1)", rie a — Hewymesoe
1eJ10e 4mucJo.

Pewenue. llycrs £ — ykazansblii B ycJI0BUM KOpeHb. PaccMoTpuM MHOTOUWIEH () ¢ nesbiMu Ko3dpuiimeHTamu
HAMMeHbINeH crenenu, st Koroporo Q(€) = 0 (r.e. MuHMMATLHBIT MHOTOUMEH anrebpawueckoro yncaa &). Torma
muorouneds HOJ(P, Q) moxer GBITH BBIOpAH C MEJbIMU KOIMDMUIIMEHTAMHI |, TTOCKOJIBKY OH SBJISICTCS JIMHEHHOM
koMmOuHameit MuEOTOUWIeHOB P 1 (), T0 € Takxke ero Kopedb. [[ockobKy () ObLT MHOTOUIEH HAWMEHBIIEH CTEeHH ,
To P : Q. I3 mokazarenbcTBa JIeMMBbl L'aycca M3BECTHO, 94TO B papeHcTBe P = Q - R MHOrowiensl Q u R MOXKHO
JAOMHO2KUTH Hd HEKOTOPBIEC KOHCTAHTDHI TaK, YTO 110J1y414TCdA MHOI'OYJICHBI C EJIBIMK KOSCb(l)I/IHI/IeHTaMI/I. B 9aCTHOCTH,
M3 3TOTO MOYKHO CIUTATh, 9TO MHOTOWIEH () Tak»ke npuBenenubiii. Hakower, £ He gIBJISIETCS €r0 KPATHBIM KOPHEM,
unade 661 Q' () TakKe UMeN KOpeHb & U CTeNeHb MEHBIIYIO, YeM ¥ Q).

Torma, nrpyknueit 1o n (yauTeiBast, 9To () NpUBEAEHHEDI), noxydaem, aro P gemurca na Q™. U3 sroro cremyer,
uro deg () paBua wiu 1, win 2.

Ecmu cremens 1, 10 £ — KOpeHb MPUBEIEHHOTO MHOTOYICHA [TEPBOI CTEIEHH C TeJibiMu Ko puimentamu, T.e.
meJsioe Iuca0. 3uagnt, oo geaut —1 = P(0), T.e. o970 win 1 win —1, HO IO YCIOBHIO OHU HE KOPHH.

Ecm crerens 2, To P(z) = (Q(2))" = (2% + ax + b)" ans wexoropwix nembix a u b. Torga b" = —1, otkyma
b= —1, n — meuérno. Kpome toro P(1)P(—1) = —a®" # 0, T.e. a # 0.

¢ B memmy laycca, a Takzke 910 a1060# MHOTOUIEH JAEJATCA HA MUHUMAJBHBIN MHOTOUIEH BEepuM 6e3 J0Ka3a-

TesbeTBa (HO ¢ POPMYSIMPOBKAMEU, OCOOEHHO €CJ/IM OIIIOHEHT HE 3HAET).

¢ 3anaua perena B caydae, korga £ € C\R — 0 6awios.

2. Bepro au, 4mo 0aa A106020 NOAOHCUMENDHOZ0 BEULECTNEEHHO20 “UCAL A CYULLCMBYIOM HAMYPAALHOE YUCAO
n = 2 u N HAMYPAALHVUIL “UCEA G1, A2, ..., Up MOKUT, Mo a1 < a3 < ... < ap < A 2" u dasa aw0b6020
k=1,2,...,n wucro ag deaum cymmy

HO/l(ay,ar) + HOA(ag,ax) + ...+ HOA(ap, ax)?

2022 China Southeast
OTBeT: BepHO.

Pewenue. Tpebyembie JeTUMOCTH sIBASIOTCA CAMMETPUIHBIM YCJIOBUEM, TIOSTOMY CHAYaJ A HAHIEM MHOKECTBO
4KCes1, YAOBJETBOPHIONINX JIAHHOMY YCJIOBUIO, & II0CJIE YIIOPSJIOYUM €0 U 1OJIy4YMM COOTBETCTBYIOIIUI HAOOD a;.
Bynem crpouts mpumep Buga

{bl, ... 7bN+2t7t+l} = {p17p27 ... ,th,Qt,2t+1, ... 72N},

rJe p; — pa3/indHble HEYETHBIE [IPOCThIE YUC/IA, & mapaMeTpsl ¢, N MBI BEIOepeM MO3KeE.
SamernmM, 9TO AETUMOCTE M3 YCJIOBUST BBIMTOJTHEHA, JIJIS CTEMEHEH TBOWKMN:

N+2t—t+1 2t N _
> HOM(b;,2%) =Y HOM(p;,2%) + > HOM(2',2%) = 2" 4 (28 — 2") + (N — k+ 1)2" i 2,
j=1 i=1 i=t

t_
JIJ1st IPOCTBIX YUCE]T MBI XOTUM JIEJTUMOCTH Ha Pj BBIPAKEHUsI Z;V:+12 b+l HOH(bj, pr) = N + 2" — t + py.

Hakomerr, 1j1s BBIIOJHEHNS HEPABEHCTBA HAM JOCTATOYHO, YTOGBI BCE MPOCTBIE umcIa Oblam Membire 2V a
t ot
rakke 20V < N2NF2 =L 16 ecrp 2071720 < ).



. _9t .
Bce aTH ycioBHS MOXKHO BBIIOIHATH. CHadaga BO3bMEM t, miasa xoroporo 207172 < X zarem Bospmém 2!
Q3JIMYIHBIX OPOCTHIX unces. [locste mogbepém N, cpasaumoe ¢ t — 2F mo Mogymio p; . . . pot, KoTOpoe Gymer GobIe
) 2t
Bcex pg. Ilpm Takmx ycaoBudx Hain mpuMep OyaeT yIOBJAETBOPSITH BCEM YCIOBUSIM.

¢ Ommbka B £1 npu MCCIegOBAHNE ASIUMOCTH Ha p; — Abipa B 0 6asLIoB.

3. Cywecmsyem au svinyraoil 2000-yzorvrur, sHYMPU KOMOPo20o watdémes mouka nepecevenua 1000 duazona-
aeti, a maxoice no dse mouku nepecenenus 999,998, . .., 3 duazonaseti (u sce ynomanymoie 1995 mowexr pasauumo)?
1. Bornanos

OTBeT: 1a.

Pemenne. Ormernm na napabose y = x2 Touxu A, (—2",22") u B, (27,22") npu 1 < n < 1000 1 paccymorpum
BBITYKJIBI MHOTOYTOTBHUK Ajgno ... A1Bi ... Biooo. Jlerko Bmuers, uro Touku (—a,a?), (b,b?) u (0,ab) mexar
Ha oxuoit npamoii. [losTomy Bee mumaronamm A;B; npu duxcuposannoit cymme @ + j = k IpoXoadaT depe3 TOUKY
Py(0, 2"'). Suaunt, B Touke Pjgo1 mepecekatorcs 1000 mmaromadsieir, B Toukax Pigog u Plgo2 — mo 999 muaromasieii,
B TOuKax Pggg m Pigo3 — 1o 998 nmaronaseit, ..., B Toukax Py u Piggs — 10 3 AuaroHaJn.

4. Jlana dpynruyua f: R — [—1000, 1000]. Hszsecmmo, wmo dasa awobwz x,y,z € R gunoaneno nepasencmao

[f(z+ 12+ 2%) — f@) — f(u)? = f(2)°] <

DN | =

Loxaorcume, wmo |f(x) — f(y)| < 2 npu scex x,y € R.
Boernamckuii xxypuaJ, ountineno u ycuieno V. Bormanosbiv; moyanmocs mporre

Permrenne. Tlycrs s = sup f(z), a ¢ = inf f(z). IIycrs uncna a u b takue, uro f(a) > s —cecn f(b) <i+e mua
JIOCTATOYHO MasieHbKoro €. okaxem, uto s < 0.6 u ¢ > —1.4. Torga Bce 3uavenust dbyukinuu f OyAyT J€XKATH B
uarepsase (—1.4,0.6), orkyna Oyaer cae10BaTh yTBEPIK/ICHUE 3a/IaUM.

Ipemonoxum, ato s > 0.6. [logcraBmu B yeaoswe © = y = z = a. Homyanm, uro f(a + a® + a3) > f(a) +
fla)*+ f(a)® =5 = (0.6 —¢) + (0.6 —€)* + (0.6 — )3 — 0.5 = 0.676 + ¢ - (...) > 0.6 1PU JOCTATOUHO MAIOM €.
[IporuBopeune ¢ cynpeMmyMoM PYHKIUA f.

Mpexpnonoxum, uro i < —1.4. Toxcrasum B yeioswe x = y = z = b. Hoayumm, uro f(b + b2 + b3) <
FO)+HFO?+f(1)3+3 = fFO)+F (1) (f(D)+1)+35 < (—1d+e)+(—1.4+€)?(—0.4+e)+0.5 = —1.684+¢-(...) < —1.4
pY JOCTATOTHO MaJioM €. [Iporusopeuane ¢ nadumymom Gysrrmm f.

¢ Joxazams! onenkn sup f < 1 winm inf f > —1.5 — 4 Gaswra.

¢ Jlokazambl o6e OMEHKH, HO OHW OTANYAOTC Oojee 9eM Ha 2 — 6 GaJios.

5. Ha auuesvix cmoponax muicasu xKapm nanucaay wucsa 1,2, ...,1000 coomsememeeno; 3amem Kapmvt CA0-
AHCUAU 8 KOA00Y PYOAUKAMU 66EPT, IMY K0A00Y nepemacosart u epyuusu Asuce. Aauca deaaem nocaedosamesvHo
101 z0d. 3a odun xod Asuca bepem GePTHIONW KAPMY U3 KOA00b U KAGIEM €€ AuLe8ol CMOPOHOT 68EPT HA CMOA,
@ 3aMeEM, eCAU OHA EULE HE OMMENAAL HU OOHOU KapMbl, OHA MOJNCEM OMMEMUMb MY KaPMYy, KOmopyro docmana
U3 KoA0Ob, HO mekyulem Tody. 36 epemsa uzpvs Aauca 0043GHA OMMEMUMD POBHO 0OHY KAPMY.

Hycmo 8 pesyavmame Aauca ommemuana xapmy ¢ wucaom A, u nyemo M — 51-0e no seaunune cpedu omxpol-
mux er0 wuces. Jaa xaxozo naumenvwezo d Aauca moocem delicmeosams mak, 4mobu, wucao |M — Al zapanmu-
PosaHHO He npesocroduno d?

2022 Taiwan TST

Oteer: 474. Perrenne. [lokaxkem, uro d > 474. Ilycrs Annca JoCTagT n3 KOJOABI CIAEAYIONIYIO TTOCTIET0-

BAaTEJBLHOCTL KapT: 475,474, ...,426,949,950,...,998,1. B srom caygae M = 475, u qubo d > 474, mbo Ammca
IoKHA 0TMeTuTh KapTy 426 < A < 475. Opnako, ecoim ora ormerutT kapry 426 < A < 475, To majiee oHA MorJIa
BeITAIIUTE KapTel 949,...999, u torga |[M — A| =949 — A > 474. Cnenosarensuo, d > 474.

IIpuseném crparernto 3a Asmcy. 3amerum, aro 51 < M < 950. CregoBaresbHo, €Ciu B KAKOR-TO MOMEHT OHA,
IocTaéT KapTy ¢ uncaoMm ot 476 g0 525, To ona BBIOEpET €€ m M00BETCs Keaemoro. Ilogenm ocraabHbIe YMC/Ta Ha,
boavwue (KoTopbie Gombie 525) u masenvrue (Kotopeie Menbire 474). Torma mycts Asuca, ysumes 51-e 6osbioe
win Hl-e MajeHbKoe unciio, orMeTruT ero. lorma M m A GyayT OJHOBpPEeMEHHO GOJIBIIUME WJIH OJHOBPEMEHHO
MaJIeHLKUMHU JuciaaMn. HeTpyaHo saMeTuTh, 9T0 pa3sHoOCTH MEXKIY JIIOOLIMHU ABYMs OOJIBIIMMHA M MEXKY JObLIMU
IBYM$S MajieHbBKUMU He rpeocxoaar 474. ChaegoBarenbro, Annca moxker gobutbes d < 474.

¢ Tonbko omenka winm TOMBKO mpuMep — 4 Hasia.

6. K d6ym HENEDECEKANOWUMCHA OKDYNHCHOCTNAM W1 U Wo NPosest obwue snewnue Kacamesvrvie AB uw CD (mouku
A u D aesrcam na wy, mourku B u C — na wi). Oxpyorcnocmu 1 U 72 KACAIOMCA SHEWHUM 00PA3OM & TMOYKE



X, oxpysicHocmu wi U Y1 — 6 mouke Y, OKPYHCHOCTIU Wa U Yo — 6 mouke Z. Kpome mozo, oxpyoichocms 1
Kacaemes ompesra AB, a oxpyosicnocmo vy —ompeska C'D. Onucannwvie oxpyocnocmu mpeyeoavhukos AXZ u
CXY emopuuno nepecexaromesa s moyxe 1. Joxancume, wmo BT = TC.

N. ®posioB o MOTHBAM TEOPEMBI O JAEBATH OKPYKHOCTSIX

Peurenne. [Tycrs v1 kacaercst AB B Touke P, a o kacaercs C'D B Touke Q. Byem 10Ka3biBaTh, 9T0 OKPYKHOCTH
(BTC) u (AT D) kacarorcsd, OTCIO/Ia 09€BHIHO cyeyer Tpebyemoe. MblI ceaeM HHBEPCUIO € IIEHTPOM B TOUKe X,
u obpa3 mpoussobHO# Touku U Gynem obosnadars depes U*.

Herpymaro ybeanrhest, uro mocsie waBepcuu 1 Gyaer TOUKOI epecedenns MpoaI0KeHnit G0KOBBIX CTOpOH 4 P*
un Y*Q* Tpanemuu Z*P*Y*(Q)*, kpome Toro 7] = P*Y* u 5 = Z*Q*. OcTanpHble TOUKN OYIYT PaCHOIOXKEHB! KaK
ua puc. 1. Torma sicHo, ato Touka A* jexut Ha oTpeske P*Z*, rouka C* — nHa orpeske Y*Q*. Tpebyercsa mokazars,

puc. 1 puc. 2

st 3TOTO CcemaeM WHBEPCHIO C TIEHTPOM B Touke 1, mocie 3Toit naBepcun obpas Touku U™ Hynem 0603HATATE
uepes U’ (puc. 2). Tpebyercs nokazars, aro B'C’ || A'D’. Mb1 nokaxem, 4T0 OKPYyKHOCTH W) 1 W) PABHBIE, & TAKIKE
okpyKHOCTH l5 1 ¢} paBHBIe, OTKyda U Tocyeayer Tpebyemoe. [lepecekast npsivbie P'Y’ u Z'Q)' ¢ okpy:kHOCTSME
u npamoit C'A’, ormerum Kak ykazaHo Ha pucyHke Touku K, L, M, N, R. TIpeanoioxKnum, 4ro Touka R JexuT Ha
nponoazKennn orpeska Z'Q’ 3a rouxy Z. B cuiy Kacanus OKpyzKHOCTElH, MBI otydaeM, aro Toukn K, A’ M jnexar
Ha OfHO mpsaMoit, mapastenbroit T*Q', a Taxxke Toukn L, C’, N nexkar Ha omHoit mpamoii, mapasieabroi 1T 7.
Torma coorBercTBeHHbIE CTOPOHBI Tpeyroabunkos A'Z'K w C'NY' napa/iensHsl, TO3TOMY CYIIECTBYET IOMOTE-
tus h, koropas nepesoaut tpeyroabuuk C'NY' B rpeyronbnuk A’'Z' K. Tlycth npu 3T0il TOMOTETHE TPeyTroJIbHUK
A’'P'M nepexoput B Tpeyronbauk A. Torma R — mentp romorernn ¢ Koaddunuentom GonpmmM 1, nepepoasmeit
rpeyronbuuk A'Z'K B rpeyroasauk A. C apyroit croponst, R — nentp romorerun (Toxe ¢ koadbduiuenrom 60,1b-
mum 1) nepesonsameit peyronbank A'Z'K B tpeyroapunk C'LQ’. 3Ha4uT, 3TH JBE TOMOTETHH — OJHO U TO K€
MpeobpazoBanme, MOCKONLKY U OKPYKHOCTH, OMUCaHHast 0KoJ10 Tpeyroabiuka (C'LQ), u 0KpyKHOCTH, OMHCAHHAS
okosto A, kacatorcs (A'Z'K). B cnywae A'CY || Z'Q’ npa ynomsiay Thix oToOparkenns (KOTOPbIE B CIydae He mapaji-
JIETHBHOCTH ObLIM TOMOTeTHIMI) OYIyT TapasuielbHbIME TepeHocamu. TakuM o6pazoM, ToMoTeTrst h NepeBOIUT U
rpeyroabuuk A’ P'M B tpeyronsnuk C'LQ’. Ocraerca samernts, uro nockoabky Z' LN P’ — napasienorpamm, To
h Ha camoM Jefie TieHTpaIbHasd CAMMETPHs, OTKY/1a U CJIEAYeT 3asdBIeHHOe BBIIIE PABEHCTBO OKPYZKHOCTEN.

¢ 3aymaga mepedpopMyIHpoOBaHa MOCae WHBEpCHU B Touke X — 2 Hasra.
¢ llepedopmymuposka mocae BTOpoit nnBepcun — 4 Hasa.

¢ [IpobsteMbl B pacCyzKI€HUH TTPO PABEHCTBO OKPYKHOCTEN 0OpATHBIM XOI0M — JIbIpa He Gostee deM B 6 6asIoB.
YKazau#Hble BHIE OAJJIBI HE CYMMUPYIOTCS.

. U *axKomM Hauobosdbulem C eECMmseyront NOAOHCUMEADHBLE BEULECITNBEHHBLE YUCAA L X ce., L u Heompu-
7. 11 b N 1, L2, y LN
UAMENLHDIE GEULCTNGEHHDIE YUCAA Y1, Y2, - - ., YN Makue, 4mo kagcdoe us smux 2N wucen ne npesocxodum 2022,
a HepaeeHcmSO

Yi Yl 1

i _ Yl -

i x| xiw(Yi + y5)



gunoanerno npu scexr 1 <i < j < N?
omumnuaaa MetriX, 2022

Oreer: 3-20223.

Pemenne. Paccmorpum Ha koopaunarHoii mrockoctu N touek Pj(x;,y;). To ycioButo oHu j1exkar B KBajpare
K, 3agannom HepaBencTBamu 0 < < 2022, 0 < y < 2022, HO He Ha €ro JeBOW CTOPOHEe. Y MHOXKas HEPABEHCTBO
U3 yCJAOBUS Ha X;T;, HOMYIOM |T;y; — Zjy;| = P B mamreit reoMeTpuYiecKoit MHTEPIPETAITUNA 3TO 3HAYUT,

Yi v Yy

9TO IIOMRAL Kaxkzoro tpeyroapauka OF;Pj, tae O — Hadaao KOOPAWHAT, HE MEHBIIe . Ilepemnsumem

2(yi +y;5)
KKyt TouKy P; Bross amyda OP; Tak, 4To0bl OHA Tomata Ha cTOpoHy KBajpara K (ajarebpantdeckn — yMHOKNAM
oba uncsa Kaxaof napel (z;,Y;) Ha OJHO W TO YK€ YUCIO Tak, 4Tobbl GoJbllee W3 duces craao paBHo 2022).
OdeBnHO, yCc/IOBHE Ha IUIOMIAIN TPEYyTOJBHUKOB COXpPAHHUTCA. PaccMoTpuM mo oTneIpHOCTH TOUKM Ha BepXHeH H
npaBoil CTOpoHAx KBaApaTa (MPaBblii BEPXHUIT YrOI MPUUIIEM K BEPXHEH CTOPOHE).

Ilockombky ;LJIIH JMOOBIX ZIByX To4eKk P; m P; Ha BepxHeil cTOpoHe miomaab Tpeyroiabanka OF;P; He MeHbIIe

2(y; +yj) 42022
MeHee % - 20222, O9TOMY TaKUX OTPE3KOB He Oojiee 2 - 20223 — 1 (ranmomMHUM, 4TO TOUKK ¢ abcnuccoii 0y HAC ObITh
He MOZKeT), a TOUeK Ha BepxHeii cropome He Gomee 2 - 20223,

Hna mobeix aByx Todek P; m P; ma mpaBoii cTopone mmeeM x; = x; = 2022, y;,y; < 2022. Ilo ycnosuio

a BBICOTa, omymenHad Ha P;P; u3 O papna 2022, xaxaslii orpe3ok P;P; mMeer aiuny ne

1
209" ITosToMy Touek Ha mpaBoii cTopome He 6osee 20223

Ipumep 3 - 20223 map, yIOBIETBOPSIONIEX YCJIOBHIO, NocTaBiasior 2 - 20223 Toyex Bua <

i = yi| > somagyrgyy O ecte |y — y5l =

k
9022
520222 % ) ¢

| k
1 < k < 2-2022% u 20223 Touek Buga | 2022, 50 | €0 < k < 20223 — 1. Eciu gse touku P, u Pj nexar

Ha OJTHO} cTOpOHE KBajpaTa K, ycioBue 7l HUX BBITOJHEHO Mo mocTpoennto. Ecan ke Touka Pj(x, 1) sexur Ha
BepxHeii cropone, a Touka Pj(1,y) Ha npasoit, paccmorpum touxy P(1,1). ITo mocrpoeruso mionia/ib TpeyroabHIKS

OPP; ne Menblle . A mromans tpeyroasauka OP;P; emé 6osbine (Tak kak cropora OF; y Hero Ta e,

2(y+1)
a BoicoTa Gosbire). [Tosromy Toukn P; n Pj TakKe yIOBIETBOPSIOT YCIOBHIO.

¢ Toabko oneHKa uiKM TOABKO npuMmep — 4 Gasia.

8. IIyems» T = {1,2,..., 15}3 — MHOICECMBO 6CET YNOPAJOUEHHBIL MPOEK HAMYPAALBHBLL Yucen, menvuur 16.
Ha3066m KyOUKOM MHOICECMEO 6CET YNOPAJOUYEHHOIT MPOEK HAMYPAALHHL wucen (L1, T2, L3), YOOEAEMBOPAIOUUT
npu t = 1,2, 3 nepasencmeam a; < x; < a; + 7, 20e a1, as, a3 — HEKOMOPLBIE HAMYPAILHbe Yucas. Kakxoe naumenn-
wee KoAuuecmeo Kybuxos Hado enbpamov, 4mobv das 410600 mpotiku (t1,te,t3) € T 6 00HOM U3 KYOUKOS HAWAGCD
mpotixa (1,2, T3) MaAKaA, 4Mo 6ce Mpu wucaa T; — t; deaamea na 157

N. Bormauos, O. I'puropsau, M. 2Kykosckuit

OTser: 15.

Pemtenwne. o cyru, B 3a1a4e cupammnBaercs, KAKUM KOJUIeCTBOM KyOoB 7 X 7 X 7 MOXKHO [MOKPBITH TPEXMEPHbIH
TOp €O cToponoil 15. Jlanee Mbl canraem, aro T = (Z15)%, a Kaxpli KyOuK ecTb MHOKECTBO BUIa (0,0, 20) +

{0,1,...,6}3 C T; 6yaeMm TOBOPUTE, UTO STOT KyOUK sadaémea Tpoiikoii (g, Yo, 20).
Ouenka. JlokazkeMm, 9T0 KOJUIECTBO KyOUKOB HE MeHbIe 15.
Pacemorpum c-it «citoity — TepecedeHue TOPU3OHTAIBHON mockocTw z = c¢ ¢ 1. Kaxpaeii Kybuk aubo He

TIepeceKaeT ero, ubo mepeceKaeT mo KBaapary 7 X 7. BelgcHUM, CKOJIBKO MOXKET OBITH TAKUX KBaAPaToB. Kax abrit
croJtbery (T.e. MHOXKECTBO KJIETOK, B KOTOPBIX 3a(UKCHPOBAHBI 2- U €II¢ 0JTHA KOOPANHATA) OJIZKEH IEPEeCeKaTh XOTs
6e1 3 kBagpara. C Apyro#i CTOPOHBI, KAXKIBIN KBaJpaT nepecekaer 7 ¢roabios. [losToMy KOIHUECTBO KBaIpaTOB
He MenbIe 15 - 3/7, To ecTh He MeHbIe 7.

Hanee, kaxpiit KyOuk mepecekaer 7 CJI0EB, MOITOMY KOJMIECTBO 9TUX KyOMKOB He MeHbie, yem 15-7/7 = 15.

IIpumep. Paccmorpum Kybuku, 3agaBaemble Toukamu (24, 74,4) mpu ¢ = 0,1,2,...,14. ITokaxem, 910 OHH
MOKPBIBAIOT BeCh TOP. [lepecedenus 31ux KyOMKOB C KaXKIbIM C10eM 00Da3yIOT OHY U TY K€ KAPTUHKY C TOYHOCTHIO
10 TAPaJIeLHOrO IIEPEHOCa, [T0O3TOMY J0CTATOYHO HCCAEI0BATE IIECTOH ¢TI0, B KOTOpoM 7 KBaaparos Qq, .. ., Qs,
rae Q; 3a1aéTcst TOUKOi (24, 7i).

ITo z-xoopaMHATE KBAAPATHI CABUHYTHI APYT OTHOCUTENBLHO Apyra Ha 2 (Kpome o, CABUHYTOTO OTHOCUTEIHLHO
Qe Ha 3). PaccmoTpuM HEKOTODHIH cTOI6EI, B KOTOPOM 3aUKCHpOBaHa T-KOOpuHATA. Torma oH mepecekaercs ¢
TPEeMsi WJIM YETBIPbMS MOCTIE0BATENBHBIMA (B IUKJIMYECKOM MOPSAIKE) KBaapaTtamu ;. DT MepecedeHuns mOuTH



BCerJa CABUHYTHI JIPYD OTHOCUTEJBHO JIPYyra Ha 7, 3a OJHUM HUCKJIOUYeHuEeM: (Jg CABUHYT OTHOCUTEIBHO (Jg Ha
0—6-7=—-42 =3 (mod 15). Temepb MOHATHO, YTO ITU MEPECEIECHUs TOKPHIBAIOT BECH CTOJIOEII.

¢ Tonbko OUEHKA MM TOJIBKO TpuMep (¢ 0bocHoBaHMeM) — 1o 4 Gasa.

9. DoKYCHUK ¢ NOMOWHUKOM COOUPAIOMCA NOKAZAMb MAKOT GOKYC: 3pumesd coobulaem GoKYCHUKY HaMYpaLbHOe
YUCNO, MEHDULEE (%) 10000, DorycHuk 3anucuweaem 8 mexcmosom pedarmope cmpoky daunss 10000 us 6yxs A, B, B.
3pumend cMompum Ha MY CMPoKy, eulbupaemn 00ny u3 mpér byke u ydassem 6Ce 6TOHCIEHUA 6blOPAHHOT OYKEDL
uz cmpoxu. Iocae smozo nomousnus, 24804 HG OCMABUYIOCA CMPOKY, JOANCEH Y200a4Mb, KAKOE YUCAO 3020004
apumeas. Mozym au Goxycrur u nomounur 002060pumuvca delicmeosams max, 4mobvi GoKyc 2aPaHMUPOSAHHO
ydaaca?

2022 Israel TST, ycuneno C. JlyaunuHbiM
OrBeT: /la, moryT.

Perrtenne. Haz0BéM jiBe CTPOKU NOTOHCUMU, €CJIN 3PUTENH MOYKET TOJYUUTE U3 HUX OJHY U TY YK€ CTPOUKY. DTO
PABHOCHIBHO TOMY, UTO 9TH JBE CTPOUYKYM OTIMYAIOTCS TIepecTaHoBKo# nan 6yks A, nwin 6yks B, wim 6yks B. I3
ctpoku ¢ k 6ykBamu A mepecTtaHOBKaMu OYKB A MBI MOXKEM MOy YIUTh C’fOOOO < 0?8880 caoB. CaenoBaTe/bHO, JJIs
KazK10#t cTpoKm cymecTByeT Meree 307000 TOX0KIX Ha Hed cTpox. Harma 3aawa paHocubaa moucky 10- (%) 10000
CTPOK, HUKAKUE JIBE M3 KOTOPLIX HEIIOXOXKH.

Paccmorpum rpad G, BepimmHaMu KOTOPOro 6yayT Bce BozmoxkHble cTpoku jawmabl 10000 us 6yks A, B, B, a
pébpamu coenunnM moxoxkue crpouku. Torma G cogepxur 319000 peprmmn, a cremensb Karkj0il BEPIIHHBI MEHBIIIE

30790000 < 219090 TTocnemee nepasencTBo cieayer us
10000 4998 4999 5000 5001 5002 _ 4999 5000 5002 5000
2 > Cio000 + C1o000 + Croooo + Croooo + Croooo = Crooor + Cioooo + Crooor > 3CT0000-

Buaunt, Beprmue! rpada G MoxkHO MOKpacuTh npasmwibaeM o6pazom B 21000 nperos. Crnesoparesnsno, cymecrsyer
10000
1IBET, B KOTOPBIIl IOKPAIIIeHO He MeHee gmw BepiiuH. Toryga B rpade G ecTb HE3ABUCUMOE MHOYKECTBO U3 BEPIIUH

(3 ) 10000

5 , OTKYJIa 1 CJIeIyeT PeIeHne 33 Ta9n.

10. Bce epanu mempaadpa — HepasHobedperHvle MPEY2orbHUKY, NPOU3BEIeHUs OAUN €20 NPOMUEONONONHCHIT
pébep pasuvi. Jlokasicume, wmo wepes UeHMP ONUCGHHOU chepvs amo2o mempasopa MONCHO NPOSECTNU NPAMYIO,
AEAHCAUWYI0 8 00HOT NAOCKOCTNU ¢ KaxHcOOT U3 €20 6bcOm.

A. Kyszmeros

Perrenne. Oboznaunm terpasap uepes ABCD, a tentp ero ommucanuoii cdepsr — uepes O. [lycts wap —
reoMeTpuveckoe Mecto Todek X Takux, uro AX/XB = AC/CB = AD/DB. 910 chepa ATOLUTOHNS, OHA TPOXOIUT
uepe3s C'u D. Ananorudno onpegenum cpepbl WAC, WAD, WBC, WBD, WCOD-

[Tyets Op — TeHTp ONHCAHHONE OKPYKHOCTH Tpeyronbiuka ABC. 3aMeTnM, UTO WAp, WAC, WBC MEPECEKAIOT
mwiockoctb ABC 110 okpyxkuOCTsIM Anosutonust Tpeyrosibhuka ABC, KoTOpbIe, KaK HETPYIHO BUIETH, UMEKOT 00-
Y0 PAJUKAIBHYIO 0Ch, TPoxXoadityio depe3 Op. [losromy Touka Op uMeeT OIUHAKOBLIE CTEMEHN OTHOCUTETBHO
cep wap, wac, wpe- Hpsamast OOp nepuengukyssipaa mwiockocru ABC, conepxkaiieii nenTpbl ¢dep wap, WAC,
wBC, a Touka D nexxut Ha 31ux chepax. Cuaenosarensuno, DOOp — pajuKajbHas MJIOCKOCTL chep WaRB, WAC,
wpc. OHA COMEPKUT BHICOTY hy TeTpasnpa u3 BepiiuHbl D.

Ananoruuno, COO¢ — pajukajibHasd I0CKOCThL cdep wap, Wwap, wep. llepeceuenne mnockocreit COO¢ u
DOOp — npsawmas £, mpoxonsias gepe3 O. OHa dBjgeTcd pajJuKaabHON 0ChI0 Chep WAR, WAC, WBC, WAD, WBD,
a 3HAUUT, JeKUT B mwIockocTax BOOp v AOO 4 u siBAgeTCs PAIUKAJBHON OCBIO BCeX TrecTu ¢dep AToJLToHuS.

¢ Jlokasano, 9TO TPOEKIMS BEPIIUHBI TETPA3pa HA MPOTHBOMOJOXKHYI) TPAHb JIEXKUT HA PATAUKATIBHON OCH
OKpyKHOCTEH Amosmonnst 3To#t rpann — 2 6asia.

¢ Jlokazamo, 9TO HA 3TON paJUKAJBLHON OCH JIEXKUT eIle U MEHTP OMUCAHHON OKpYyKHOCTH rpann — 4 HaJra.

¢ JloxkazaHo, 9T0 TPOEKITHS BEPIUHBI TETPA3IPa HA TTPOTHBOMOJIOKHYIO TPaHb JIEKAT Ha TPAMOL, COeMHATOIIEH
IIEHTD OMUCAHHOW OKPYKHOCTU U TOUKY Jlemyana — 6 6asios.
VKazaHnnabie BhIle 0aJIbl HE CyMMUPYIOTCS.

¢ Oxpyxnocts (cdepa) Anmomnonust m ee CBOHCTBA (4TO 3TO JEHCTBUTETHLHO OKPYKHOCTB, DACIIONIOKEHWE €€
[IEHTPA) CIUTAIOTCS U3BECTHBIMHE.

¢ IIpobsteMbl ¢ T0KA3aTETHLCTBOM, ITO MEHTP OMHUCAHHOH OKPYKHOCTH WK TOUKa JleMyana jekaT Ha paJInKaabHOM
0CH OKPYKHOCTEN AMOIIOHNA — JABIPHI IO 2 Hasa.



