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Ilopamox npoBedeHNdA, MeTOAUKA M CHCTeMa OIleHMBAHHUA
(IpoBepKH) pernoHaILHOTO 3Tana Beepoccuiickoil onmuMnuansi
MKOJIBHUKOB Mo MaTeMaTuke 2013—-2014 yyedbHoTO TOJA.

Qrumnrana TpoBofATCA B ABa AHA (Typa) — 4 B 5 dbespana 2014 ro-
Ja. 3aaHAA KasKIOr0 TYPa COOepyKar 10 4 3aa9H I8 KayKI0r0 KIAcCa.
Kamxnei#t 7yp onmamumane: giaTes 4 daca.

B cBasm co 3HATETENLHEIM DA3IHUMeM BO BPOMEHH MEXKTY BOCTOUNEI-
MH H 3ala[HEIMH perHoHaME cTpassl, ¢ 2013-2014 yuebzoro rona npemny-
CMOTPEHO H3MeHEeHHe BPeMEHY HAYals TYPOB PEerHOHAIBLHOTO STAla B CO-
OTBETCTBHHE ¢ Y2COBBIMH [OSCAMHE; BpeMs HATaJa TYPOB VKA3AHO B Tabin-
e HH¥Ke.

Pasemna ¢ mockobckmm Bpe- | Hawano Typos (o mectzomy
MeHeM BPEMEHH
—1 =ac wnr 0 gacos 10 gacos
+1 vac wnE 42 gaca 11 gacos
+3 vaca mnE 44 gaca 12 gacos
+5 gacos 13 gacos
+6 gacos 14 gacos
+7T dacop @wiE +8 9acos 15 gacos

Pemenre kammo# 327458 ONEHHEBASTCS TTEIBIM ISHATOM 64108 oT 0
no 7. Maxcemansrnoe KonmdecrBo 6ajlloB, XKOTOPOe MOMKET IOJYYIHTE
y9acTHEK, paBHO 56 (28 — | Typ, 28 — Il Typ).

BaNamma MaTeMATHIeCKHX OJIMMIINAT, SBISIOTCH TRODUECKHMH, Jo-
IyCKaloT HecKOJBKO PAslHYHLIX BAPHAHTOB DelleHHH. KpomMe Toro, zeob-
XOIMO OTEHPBATH YaCTHIHEBIE TPOMIBIKeHASA B 3a/la9aX (HAIpAMeD, Das-
f0p BasKHOIO CIIy9ad, JOKA3aTes bCTBO BCOOMOIATEBHOr0 YTREDKISHH,
HEXOM/IeHHE IPHMepa B T.01.). [HZKOHer, BOSMOMKHEL JIOTHIeCKHE B apHd-
MeTHYecKHe OMEOKE B permenmax. (KomUaTenbEble GalNel MO 3374t
IONAKEE] yIHTEIBATE BCE BRIIIENePedHCIeHHOR,

Hexe mpHBeneHa cTAHTAPTHAS METOMHKA OTIHHBATHS PeITeHHH.



Bamasl | IIpaeuiasHOCTE (OIIHGOUHOCTE) pellleHus

7 TTonmoe Beproe perenwe.

6T Beproe perense, 50 mMeroTes HeOONBIIIHe HeIOYETEL, B LIg-
JOM He BIARSIONIFE Ha pellenHe.

5-6 Pemenne B nesom sepmoe. Unzako oEo conepkuT omubKH,
GO TPOTYINEHBl CAYUAH, He BIHAIINNE Ha JIOTHKY Dac-
CYKJIeHRH,

34 B rom cryuae, xorga perienre 3alaun J@MTCA Ha, IBE PAB-
HOIIEHEEIe 9aCTH — pellleHre OOHOH H3 JacTel.

2-3 ,ZLOK&S&HBI BCIIOMOTaTeJIBHBIC YTBEPKICHHEA, TOMOIaroIlHe
B DellleHHH 3aJa9H.

0-1 PELCCMOTpeH]’::I OTJEJIBHBIE CJIYVHaH IIPH OTCYTCTBHH DeIIe-
HHA.

0] Pemenne HeBepHOe, IPOABHKEHHEA OTCYTCTBYOT.

0 Pemenne oreyTeTByeT.

Basxmo oTmernTh, 9Te mMofoe ONpaBHEILHCE pellledHe ONeHHBaeTeH B
7 6annos. HenmonycTumo cEEMATE GaIITET 38 TO, 9TO TEKCT PEIIeHE A CJIHII-
KOM IMHEHLIH, MIH 3a TO, ITO BepHoe pellleHHe IMKONbHEKA OTIHYaeTeH
OT NpPHBEASHHEOTO B JadHol MeToA9ecKol paspaboTKe AITH OT APYTHEX pe-
IIeH I}, H3BECTHRIX XIOPH. B To ke Bpems 060 CKOJE YTOLHO JAJIHEHEIR
TeKCT perleHHnd, He colep:Kallafl ToMe3HLIX IpodBHIKeHE!, TomKeH OBITh
one=es s () HaJIoB.

Huxe oprEBeneEnl oTBETEL M pellleHHs 33039 ONEMOHAIEL B KoMMeH-
TAPHAX K 3a7[2MaM YKa3aHEl K DATePHN OleHHBaANS (B AIaX ) HEKOTOPETX
[pelo/araeMeIX OHEOOK B YaCcTHIHBIX IPOJABEAKSHHE, 3aMeTHM, 9TO pa-
60Tz, yIaCcTHHKA, TOMAMO TPHEBEISHHEIX, MOXKET BEJIOIATE JIPYTHE COJIep-
FKaTelbHble [IPOJBH KEHHS, KOTOPBIE JONKHBl OBITH OLEHEHEl JONONHHA-
TeNLHO.

AKeaaem yenewnrotdl pabomut!

Asmopn u cocmasumeat chopruKa
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YCJIOBUA W PELIEHNSA 3AJAY

9 KkJjacc

HeII0 © TAKOBO, 9TO CPEAH GeThIPEX qncel z— /2, z— 1 [z, z+1/x,
2% + 2+/2 poBHO ofHO He ABTAeTCA TeneM. HalinuTe Bee Takme z.
(H. Azazamnocs)
OTBer. /2 — 1.
Pemenue. O6oznaunm a =z — 2, b=x — /o, c=x + 1/,
d = 2% + 2v/2. BamernM, 9T0 b U ¢ He MOTYT OJHOBPEMEHHO OBITH
MeseIMe. Jetic TERTeMEHO, TOT/a IHeno b + ¢ = 2z Takike Tesioe,
SHAYAT, & PAIMOHANBHO, TTOITOMY KaK 4, TaK W d He 6YIyT MeJbIMA
KAK CYMMBI PAMOHANLHOTO W WPPAITHOHAIEHOTO Uncen. MTak, onHO
u3 gmces b | ¢ Hellesoe, a Torda a H d JO/KHEL 004 OBITh [eJdLIMH.
Smagnt, x = a + /2 opu neioM a. Torza d = o + 2av/2 + 2 +
+2v2 = (a® + 2+ (2a + 2)V/2, otKyma caeayet, uto 2a+ 2 = 0, Tak
KoK HHade ¢ MppaImoHaabHo. UTeK, ¢ = —1, oTkyma z = /2 — 1.
OcTanock TpOBEPUTH, YTO HAWJEHHOE THCMIO TOIXOIWT: S HETO
me/uiMe OyayT Jacia a = —1, b= —-2md = 3.
KommMenTapuii. Tonbko npefbaBAeH OTBET, HO He JOKA33aHA
ero eIWHCTBEHHOCTEL — 1 Hasi.
JokasaHo TOMBKO, 9ITO a W d Teqsle — 3 Gamna (3Th Gamisl Mo-
TYT CYMMHPOBATHCA ¢ DAJIOM 38 OTBET).
JokazaHo, 9T0 MOMKeT ToIoUTH U z = +/2 — 1, HO He mpo-
BEpPEHO, 9TO 3TO 3HAYeHHe MOAXOIUT — 6 6aios.
MueroTea 2013 KapTodek, Ha KOTOPLIX HammcaHa Immdpa 1, m 2013
KapTodeK, Ha KOTOpPHIX HammcaHa mudpa 2. Baca cknagrBaeT U3
3THUX KapTodek 4026-3HatHoe UHcAo. 3a ofuH xof, Iletda mMoiker
MOMEHATE MECTAMH HEKOTOpHIE JBe KApTOUKH W 3aIUIaThTE Bace
1 py6ae. Ilponece 3akagumBaeTcs, Korga y IleTn monygaeTca gwc-
7o, pendiieecs Ha 11. Kakyro Hanbonpuiyio cyMMy MoXKeT 3apabo-
Tath Bacd, ecaum lletd cTpeMuTes 3alaTiTh KAK MOXKHO MEHBIE?
(1. Kooresnuros)
OTBeT. 5 pyhieti.
Pemnenne. Pacemorpam 4026-3HagH0e 9Hc/o A, cocTodiliee H3
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2013 egmunm w 2013 mRoek. IIyeTh B 9TOM 9HC/HE B HEIETHLIX pazpd-
Jax ctouT k epuaman 1 £ = 2013—k nRoek, Torpa B 9ETHREIX pazpaiax
6ynet k npoek M £ eTMHAI (3/1ech k MOXKeT TPHHAMATE JTF060e Temtoe
sHadeHne oT O 1o 2013). PasHocTh cyMM Midhp B HEYETHBIX paz3pd-
JiaX W UETHBIX paspajfax paBHa (k+26)—(2k+£) = (—k = 2013—2k.
Ilockoaeky 2013 nemumred Ha 11, ynciao A genurcd Ha 11 Torpa m
TOJILKO TOrHa, Korga k memmTed Ha 11,

SBa onmH X0on &k HaMeHseTcd He Oosee deMm Ha 1. Iloatomy, ecam
Baca mamavanbHO CAOWKAT IUCTO A, I KOTOPOTO, CKaxKeM k =
= 5 (oUeBHHO, 5TO BO3MOXKHO), To, OUeBHHO, lleTe moTpebyeTca
He MeHee 5 pasz WEMeHHTH & Ha 1, 9TOOH BIEpEBIE TOMYIHTE THCIIO,
Jiist Kotoporo k kpatno 11 (re k=0wm k = 11).

IlokazkeMm, 910 HaobopoT, oaATH X0nok IleTe Becerna xpaTuT. Me-
HAA HEKOTOPYIO eIMHAILY, CTOANIYE B HETETHOM pasp4je, ¢ IBOMKOLH,
CTOAIIEH B YETHOM paspsafe, OH MOXKET YMeHBITHTE & Ha 1 3a o/inH
xon, ecnm Tonmbko K # 0. AHasOrmdHO, MeHAA HEKOTOPYFO JBOH-
Ky, CTOAIIYID B HEYETHOM paspsalie, ¢ eIWHAIEH, cTOAIE!l B 9ETHOM
paspdalle, OH MOMKET YBEJHYATE & Ha | 33 OOWH XOf, e/ TOJBKO
k # 2013. IlycTh HadanbHoe BacWHO 49HCIO JIARAJIO OCTATOK 7 IpH
Jernernn Ha, 11. Fean r = 0, To HexoHOe UHCIO YiKe JeauTed Ha 11,
W HAYETo JenaTh He Hy:KHO. Feym 1 < r < 5, To 3a r onepanmit
Ileta MoxKeT yMeHBITHTL & Ha r J10 OAMKANIIEro 9Iucaa, KpaTHO-
ro 11. Ecom zxe 6 < v < 10, To 2a 11 — r < b onepanmii [leTa mMoxkeT
yBesm4auTh k Ha 11 — v go Gmmexaiiurero dmejia Kpatmoro 11 (sto
BO3MOXKHO, TakK Kak HamboJblles BO3MOXKHOe 3HadeHme k = 2013
KpaTHO 11).

3aMeuanuve. FEcmm OB ¥y MANEIMKOR OBLIIO TIO 7 KAPTOUEK C
madpamn 1 1 2, OTBET B aHAJIOTHYHOMN 3a5a49e 3aBUCEI OBl 0T OCTATKA
oT Jesennd n Ha 11 — naxke opu Soapmmx n. Tak, ecan n = 2000,
T0 Ilere HyxHO ZOOUTLCA TOTO, ITOOLI k mMeso ocTaTok 10 mpH
JerneAnn Ha 11; 3HaunT, ecnm k& = 2000 wiam & = 0, To Ilete MoxkeT
noHanobuThesa 10 XoIoB.

[losToMy mosHOE pellleHre 337390 JOJIMKHO CYIIECTBEHHO HC-
OOMB30BATE TOT QakT, uTo n = 2013.

KovmMenTapuii. Tomsko oTeeT — 0 6a/1moB.

IIpuBenén npumMep 9HcIa, ¢ KOTOPBIM HEMb3s COBEPIINTL TPeSy-
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eMOe MeHBIe, 9eM 33 5 XOJ0B, M JOKA3ZAHO, ITO STO YACI0 HMEHHO
Taxoe — 3 6asa.

JoKazaHo TOMBKO, 9TO I3 JIFOHOT0 9HC/Ia MOXKHO HOMYYIATL Je-
ndmieecda Ha 11 #e 6osee, 9eM za b xomoe — 3 6amna.

Ecnn B pellleARE He HcOoAB3yeTedA TOT dhakT, uro n = 2013 —
CcTABUTCA He Hboslee b HANIOB.

Kputepuit nenmMoctn Ha 11 MOXKHO WCTIONB30BATL B3 JIOKARa-
TEJIbCTBA.

Han Bruncansbil gerkipexyroybauk ABC D, Hyuu AB u DC nepe-
cekaoTea B Touke K. Okazanoch, 9To Touk:d B, D, a Takxke cepe-
IHUHBL oTpeskoB AC m KO nexaT Ha ofHOM oKpyxKHOCTH. Kakme
SHAYUEHNA MOMKeT NPpUHEMATL yroa ADC? (T yxos)

Ortser. 90°.

Perrennte. O6ozaaamm depez N u M cepenmfrl oTpeskoB K C'
u AC cooreercreerno, Torma MN —cpelHsas JIMHHA B TPEYIOJib-
mike AKC, mostomy £ BAC = ZANMC. Kpome Toro, ~ BAC —
= /BDC, Tak Kax <eTrIpexyroiabHuk A BC' D) — BOrcaHHBIHA.

IIycte Toukm M w N nexar K
¢ OIHOH CTOPOHEI OT OpaAmMon BD.

Torma M nexuT BHYTPH Tpe- L
yromeaaka BCD; torma oHa Jie-

JKUT BHYTPH TpeyroabHuKa BN D,

a BHAYNT, W BHYTPH €ro OIMCaH- A
HOM okpyxkHOcTH. Ho Torma Tow-

ka B, N, D u M e MOT'yT NeXKaThb

Ha OTHOH OKPYKHOCTH. 3HATHT, IV

u M nexar 1o pasHEE CTOPOHBI

or BD,w /BDC = /BMN.

Wz mapammensaoctn MN um AK BoiTekaer, uro SBMN —
= LABM, otkyna ABAC = /BDC = ZABM. Orciona oy-
gaeM AM = ME, 1o ectb B Tpeyroibauke ABC memmana BM
paBHa nofopuHe croporbl AC, otkyna ZABC = 90°, a 3HaguT, U
ZADC = 90°.

KommenTapuii. 3a oTCYTCTEHe 0O0CHOBAHHUS PACIIONOMKEHN
TodeK M w N Gananwl He CHUMARTCA.

D
Pue. 1
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9.8. Kaxoe m3 umcen Gospme: (1001)! mwm 991190 . 100197 (Hamommm,
gron!l=1-2-...-n.) (A. Xpabpos)
OTreT. Bropoe 9ucno 6ombiie.
Pemnenne. [lycts a — 998!, Torna HaM HYKHO CPABHHATL UHCIA
(1002)! u o' . (100a)%. Bamernm, 91O
1-2-3-...-a<a%
(a+D{a+2){a+3) ... -2a < (2a)%,
(2a+ 1)(2a 4 2){(2a + 3) - ... - 3a < (3a)?,

(99a + 1)(99a + 2)(99a + 3) - ... 100a < {100a)®.
[lepeMHOKMM 5TH HepaBeHCTBa. CJeBa MOJTYIHM NPOM3BeeHNe Beex
aucest oT 1 1o 100a, T.e. B Tounoctu (100a)! = (100D, a cupasa —
IHCTIO
a®(2a)*(3a)®-...-(100a)* = a'%%%.(1.2.3.....100)® = a!%2(1001)2,
T.e. B TounoctH a0 (100a)® = 901100! . 100!99!.

KommenTapuii. Toanko oTeeT — 0 HasioE.

JokazarenscTso Hepaerctea (n!)! < (n — 1)1 . nt=1! gpy
MaTeHBEKWX 3HAUeHHAX 1, He oboBIawilleecd Ha caydait n = 100 —
0 6aanos.
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10 kJacc

Ha. focke Hammcamo ypaBHeHne z° + #x2 + #x + * = 0. Ileta u Baca
[0 O9epelH 3aMeHs 0T 3RE3N0YKA Ha palyoHaIbHEE TUCa: BHAYA-
se Tleta zamender aby0 m2 2BE3M09EK, HOTOM Baca — mobyio u3
JBYX OCTABRIINXCHA, & 3aTeM lleTda — ocTapnlyroca 3BE3novKy. BepHo
JI, ITO TPH JIIORX feticTenax Bacw [letd cMoxeT MoyaIuTE ypae-
HeHMe, ¥ KOTOPOTO PasHOCTh KaKMX-TO JBYX KopHedt papHa 20147
(H. Azazxanos)

OTpert. /a.

Permnerne. IlycTh IleTd TepBBIM XOTOM cIelaeT CcBODOJHBIN
IeH ypaeHeHHd BynEM. Torna nonydenroe ypapHeHHe TOTHO OyIeT
IMeTh KopeHk U; 2HaUNT, I[leTe JocTaToIHO AOBHTHCA TOTO, UTOOHI
IpYyTHM KopHEM 6bl1o wmeio ¢ = 2014, DTo Beerna MOXKHO CIenaTh:
ecq mocte xoza Bacu momygunres ypaerenne @5 4 ax? + #x = 0, To
ITera MoKeT 2aMEHUTDL OCTABLIYIOCS 3BERI0UKY Ha —t(t+ a), a eciin
moclie xoma. Bacw momyanuTes x5 + ra? + bx = 0, To IleTd MoKeT
S3AMEHUTH ZBE3JI0UKY THCIOM —(t2 +b)/t. OveBnnHO, Bee UMCTA, KO-
Topkie cTaBuT lleTda, parmmoHANBHEL.

KommenTapuii. Toanko oTeeT — 0 HasiioE.

Ilpueenena ctpaterns lletw, paboTafomas He OPH BCEX BO3-
MOXKHBTX X07ax Bach, mmubo ke Tpebyrolas MCMoJB30BAHRA Nppa-
IMIOHASTEHEIX Tuce — O 6annos.

[lpweenena cTpaterns, koTopasd no3eosadeT llere rapaHTHpO-
BaHHO BLIMTPATE, HO 3TOT JakT He obocHORAH — He HoJiee 5 GalIoR.

Banan #He cHEMAaTCd B cAydae OTCYTCTBHS YKAa3aHWs Ha TO,
9TO 9HCJIa, HCHOMB3yemMble IleTel, paruoHAIBHEI, €Cd HX Pamnuo-
HAJILHOCTE OYUEBH/THA..

Tpeyromeunk ABC BOHcAH B OKpYKHOCTE () ¢ meaTpoM (. OKpy:K-
HOCTE, TIOCTPOeHHAA Ha AQ Kak Ha JHaMeTpe, TIepecekaeT OTMMcaH-
HYI OKpPYKHOCTL Tpeyroiibamka OBC B Touke S # O. Kacatenn-
Hule K £} B Toukax B m C' mepecekanTceda B Togke FP. JlokaxmTe, 9To
Toukn A, S u P mesKaT Ha oOHOR OpaMoil. (P. Cadenos)

Perrenne. Iockoneky CF m BP —KkacaTenbHEe K {1, HMeeM
ZOBP = Z0CFP = 90°; 3Haunt, Tovka P JeKHAT HA OLHUCAHHOHR
OKpYXKHOCTH TpeyronbHuka OBC, n PO — nnaMeTp 3Tolt oKpyK-
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moct (cm. puc. 2). Hostomy ZOSP = 90°. Hasee, DOCKONBKY
AQ — puaMeTp OKPY2KHOCTH, HOpoXoisiiedt gepez A, S u O, mouy-
qaeMm L ASO = 90°. WTak, Toukn A 1 P JeXaT Ha OepleHIUKYIape
K OF, IpoxXoJdIeM depes TOUKY 5. OTcfa W c/ieJyeT YTRepK e
HITE 33JIANH.

Sameuanue. B ramgade opeioxKeH0
HOBOE ONHCAHHUE cUuMeduaHb: TPEYTOIhb-
muka ABC. Ilo oupenenendr, ero cu-
MefHaHa M3 BePIHER A — 3T0 OpaMad,
CUMMETPpWYIHAA MeJMaHe W3 3TOH Bep-
IIAHEI OTHOCHTENLHO OHUCCEKTPHCHl yT-
ga A, To, gro npamas AS B Halleid
33Jla9e — CHUMeJAaHa, cJelyeT h3 TOro
M3BECTHOTO haKTa, UTO CHUMENMaHa W3
BEPIMHEBT A TPOXOIAT 9epez TouKy P
MEPECeTeHNA KACATEBHEIX K OMMCAHHOM
OKPY2KHOCTH, HPOBENEHHBIX W3 OCTA’b- Pre. 2
HEIX BEPIIWH TPeyrodbHuKa. OO 3TOM H APYTHAX CBOMCTABX CHME-
IWaHbI MOMKHO IpOYHATATEL, HanpumMep, B rae VI xauru 1. Edpe-
MoBa «Horada reoMerpms TpeyronbHAKA». B 3Tol rnake Takmke MHO-
ro TOBOPUTCH O mowke Jlemyana — TOIKE TIEepeCcedeHNd BCEX TPEX
CUMeINaH TPeyTroJbHAKA.

o xpyry ctost 101990 marypanpuerx aucer. MesKAy KasKIBIME IBY-
M4 COCEIHIMH THCIAMA 3alUCalN UX HauMeHbllee 06Iee KpaTHOE.
MoryT /m 9TH HaUMeHEBITTHe ODIe KpaTHEIE 0OPaz0RATE 101000 o
CIEJTOBATENBHBIX THCEs (PAacToNOKeHHBIX B KAKOM-TO TOpAKe)?
(C. Bepacsa)

OTBet. He MoryT.

Perrenine. Iyere n = 101990, O6ozmauny nexonmbie wmca (B
Hopsiike 06X0Ja) 9epes aj, ..., an; MBI OYIeM CYHTATD, 9T0 ap ] =
= ay. llonoxmm b; = HOK(a;, a4 1). llpennonoxknm ato gmcna
b1,...,by — 3TO n TOAPAN MAYNIHX HATYPATLHBIX THCET.

PaceMoTpuM HaRGOJBITYK CTEeHs JROMKH 277 HA KOTOPYIO e
JATCH XOTA OB OHO W3 THCET a;. 3AMETHM, 9TO HHA OJHO W3 THCET
bi,...,by He nenmtes Ha 27T yers 1 onpenenéuaocT ag & 27

10
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Torma byt 2™ | by, | 2™ 3maunt, by — 2™x u b, — 2™y UpHE HeKko-
TOPHIX HEYETHRIX x W y. Be3 orpaHnYeHnd OOITHOCTH MOXKHO CYIH-
TaTh, 9TO x < y. Torma, HOCKOABKY by, ..., by, 06pazynT n mocie-
JOBATeIBHLIX 9HCEJI, CPefH HUX JOJIZKHO ObITh U 4ucyo 27 (z + 1)
(mockonpry 2™ < 2™ (x 4 1) < 2™y). Ho »10 4mcio fenuted Ha
gmtl (Tak Kak x + 1 9eTHO), 9TO HeBOIMOXKHO. lIpoTHBOpetne.

KovmmMenTapuii. Tomsko oTeeT — 0 6a/1m0B.

JokazaHo, ITO CpeiH MCXONHBIX YHCesT ecTh JIBa YHC/a, Jemd-
e ma 2F (amcno k onpeneneno B peltennn) — 2 6asuia.
Ileta moctaemn Ha mocky 50 x 50 HeckoMbko HINEK, B KamKIyIo
KJIeTKy — He bosbiie ofHoi. JMokazkmre, ato Baca MoMKeT mocTa-
BUTHL Ha CBOOOIHEIE TIOJIA 3TOM Ke nockm He Homee 99 HOBBIX huIiek
(BOBMOKHO, HI OFHOM) Tak, ITOOBI O-TIPEKHEMY B KasK/oft KIeTKe
cTosNI0 He GoJblle ONHON (PHIIKW, W B KaXKJ0H CTPOKE M KaxKIOM
cTonbIe 3TOH JOCKH OKAZaJI0ch YETHOE KOMMYECTRO (PUITIEK.

(C. Bepaos)
Permnerne. IlocTpomM rpad ¢ BeplImHAMH 71, ...,75), COOT-
BETCTEYIOIUMHI CTPOKAM JOCKH, W BEPITHHAMH 1, . . . , £5(), COOTBET-

CTEYROIIM 68 cTonbrmaM. BepIinHbl r; W ¢j COBTHHNM PeGpOM, ecn
KJIETKA B IIEpece9eHNH COOTBETC TBYIOIINX CTPOKA | CTOMOIA CBOOO-
ga. Torna Bacwma nentb nepedopMynmpyeTca TaK: mpedyemces om-
Memums He boaece 99 pébep mar, wmobse us Karcdol sepluuHbL Shi-
Toduao “EMHOE YUCAO Henomevernur pébep. NelcTRRTENBHO, ec/TH
Baca moctaBuT QHITKH B KIETKH, COOTBETCTEYICIINE OTMEYSHHBIM
pébpaM, TO B KaxK 0 CTPOKe W KaXIOM CTOJIONE OCTAHETCH IETHOE
9mC0 CBOGOMHBIX KJIETOK, 9TO, O9EBHIHO, PABHOCHIBHO TpebyeMo-
MY YCJOBHIC.

Mr1 fokameM Gojee oBIHAN (akT: B Ar0boM Tpacdhe Ha nn = 2
BEPIITHHAX MOXKHO OTMeTHTL He Hoslee n — 1 pebpa Tak, ITOORI H3
KasKJI0M BEpITAHBI BEIXOIHI0 YETHOE THMCJIO HEMOMEIeHHBIX paEGep.
IIpm n = 100 nonydaem TpedyeMoe yTREpKIcHHE.

Nanykmuga no n. Baza nopm n = 2 odeBnpHa. IlycThk Temepb
n > 2. Ecnm ecTh BepinuHa cTenleHn 1, TO MOMKHO MOMETHTL €IIH-
CcTBeHHOE pebpo, BLIXOAMAINee W3 Hed, BEIKHHYTH €€ BMECTe C STHM
pebpoM W NPHMEHATE K OCTaBIIeMYycs rpady MNpenoiokeHHe MH-
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XL BCBpOCCIﬂZCKaH MaTeMaTHYeCKad OJHMIORad4a HEKOJBHHROEB

OYKIIAA; B PE3YILTATe OKAXKeTcd OTMeYeHHBIM elle i — 2 pebpa. Fc-
Jm B rpache ecTh BepInHa cTeleHd 0, TO JOCTATOYHO BHIKHHYTH €&
¥ OPAMEHNTL TPEIIoI0KEHNe WHIYKITIH.

[lycTe Temephk cTemeHb KaxIol BepIMHBI He MeHEBITe 2. Brrii-
JeM W3 MPOMBOJILHON BepINWHEI TI0 pebpy, W2 BEpINHEI, B KOTO-
PYI0 MBI OPHUIIIH — 00 APYroMy pebpy, I T.7.; 3TOT OpPOIEcC MOK-
HO IIPOJIOJIZKATE, OKA MBI He BEPHEMCS B BEPIINHY, B KOTOPOH yKe
nobniBasn. Takum obpasoM, B rpadpe Hamléncs OUKA. BRIKHHYER eTo
pébpa w3 rpada, MEI He H3MEHNM JETHOCTE cTENe e BEPINIH; 3HA-
YT, JOCTATOUYHO OTMETUTE TpebyeMble pebpa B ocTaRlIeMcA Tpade.
IIprMensas K HEMY TOT 2Ke TPOTIECe, PaHO WM MO3AHO MBI TIOJTY TIM
rpad, B KOTOPOM CTelleHb HEKOTOPOH BepIUINHEI He IPEBOCXOAUT 1;
a Juid TakuX rpadoBR YTRepHIeHRE Y2Ke JIOKA3aHO BHIIIE.

KovmMenTapuii. Y TBep:K/ieHHe 0 TOM, 9To B Tpache Ha n Bep-
ITFHAX, IUCA0 PEGEDP B KOTOPOM He MEHBIEe 7, 06A3aTeNbHO ecTh
IIKJT, MOYKHO HCTIONIR30BATE 083 JI0KA3ATENBECTEA.
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11.5.

11.6.

Perworasaeni stam, 2013-2014 vuebrpni rog. Bropoi gens

11 kJiacc

Yncna x, y ¥ 2 TAKOBEI, 9TO Bce TPH THCIA & + Y2, ¥ + 22 H 2 + 2y
pAIMOHABHEL a z° + y° = 1. JIoKasKuTe, 9T0 9HCIO Ty2° TAKKe
PalroHAILHO. (H. Azazanos)

Perterine. Wz yenorna cnemyert, 9to wmeno (x4 yz)(y + zx) =
= xy+ (as2 +y2)z+zy22 — (:ny+z)+:z;y22 parmoHaabao. IlockonbKy
TCTO zy + 2 TAKIKE PAIHOHAIBHO 10 YCJIOBHI, TO H THCIO @y22 —
=(z+ y2)(y + 2x) — (zy + z) TakKe PALHMOHAIBLHO.

Sameuanue. 3 ycnoBuit 3a/1a49u He C/IeIyeT, 9TO BCe TPH YHC-
7a x, ¥, 2 paruoHaJbHEL. HampuMep, 3THM YCIOBHAM YAOBIETROPS-

-7 :711\/?,2':1.

eT TpOHKa 4JHcel © = B R

Mam uncansbif deThipexyronbank ABCD. Nyun AB u DC nepe-
cekaroTed B Touke K. OKazanock, uTo TO9KH B, 1), a TakiKe cepe-
ouHel oTpeskoB AC u KO nexar Ha ogHOH okpyzKkHOocTH. Kakme
SHAYEHWH MOXKeT NPUHUMATL yroa ADC? (I, Mywos)

Ortser. 90°.

Pernerve. ObozHaxmM depez N 1 M cepennHE oTpe3kos KO
u AC cootBercTBeRHO. Torma MN — cpenHad JHHHA B TPEYTOJIb-
mike AKC, mostomy £ BAC = ZANMC. Kpome Toro, ~ BAC —
= /BDC, Tak Kak 4derrlpexyroibiuk ABC ) — BIOACAHHEIA,

Iycte Toukm M u N nexar
¢ OJTHOM cTOpOHBI OT OpaAMoit B0,
Torna M neXuT BHYTpH Tpe-
yroabamKa. BC' ), Torma oHa Jie-
2KHT BHYTPH Tpeyroibaaka BN D,
a 3HAYUT, W BHYTPH €TI0 OIMCAaH-
HOM okpyxkHOcTH. Ho Torma Tow-
kn B, N, D u M Be MOTYyT NekaTh
Ha OJTHOM OKpYKHOCTH. 3HAYNT, N
u M nexar 1o pasHEE CTOPOHBI
or BD,u /BDC = ZBMN.

N3z mapamnensroctam MN nm AK BRITekaeT, uto S BMN =
= LABM, otkyna A BAC = /ZBDC = ZABM. Orcioga moy-
gaem AM = MBE, 1o ectb B Tpeyroibauke ABC memmana BM

D
Puc. 3
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11.7.

XL BCBpOCCIﬂZCKaH MaTeMaTHYeCKad OJHMIORad4a HEKOJBHHROEB

paBHa nofopuHe croporbl AC, otkyna ZABC = 90°, a 3HaguT, H
ZADC = 90°.

KovMenTapuii. 3a oTcyTcTEHe 0B0CHOBAHHA PACTIONOMKEHHA

Togek M u N 6asiel He CHAMAIOTC.
Jag MHOTOYIEH

L) = aon " + aon_ 122 L+ ..+ a1z + ag,
Yy KOTOPOrO KaKawli KoshduimenT «; NPHHAIIEKAT OTpE3-
Ky [100, 101]. ITpu KakoM MHHHMAJLHOM 7 ¥ TAKOLO MHOTOWIEHA
MOKeT HAWTHCL JeHCTBUTENLHEIN KOpeHb! (M. Bozdawce, K. Cyxos)

OTBeT. n = 100.

Petnerine. HazoBEM MHOTOYIEH, YIOBAETROPARIINT YCIOBHIO
3a/1a8H, kpacussm. MHOTOWTER P(r) = 100(:15200 1198 a2
F1) 4101299 4 2197 4} z) kpacup u mMeeT Kopens —1. 3HaunT,
opu n = 100 TpebyeMoe BOIMOIKHO.

OcTanock DoKazaTh, 970 npH n < 100 y KpacHBOTo MHOTOHJIEHA
FP(x) me MoxkeT GBITH Belllec TBEHHBIX KopHett. 14 sToro goctatod-
HO TPOBEPHTh, uTo F{z) > (0 mpm Beex x. DTO HEPaBeHCTBO, Ove-
BHUJHO, BEITIOJMHEHO TP « = 0; 1/ OTPANATENBHBIX Ke ¥ = —t 0HO

ABJIAETCH CJEJICTBAEM HEPABSHCTRA

100027 + 627 24 424 D) > 101 T+ 3 1 1) (#)

SHAYHT, AOCTATOYHO JOKA3aTh 3TO HEPABEHCTRO IpHW Beex ¢ > 0.

YMmuomad (*) Ha ¢+ 1, HOmydaeM paBHOCHIIBHOE HEPABEHCTBO
10027 27 ) > 1010827 2l L), wm

TO0(RREE 4 1) 5 42 20 e | G s ()

SaMeTnuM, 9TO IpH Bcex & = 1,...,n BepHO HEPABEHCTEO

(t* — (2 t1F _ 1) = 0, mockonbky ofe CKOGKH HMEOT OfHHa-
KOBKIe 3HaKK Opu £ > 0. PacKpbiBasg cKOOKH, MOTydaeM

tQ?‘H—l +1z tQ?‘H—l—k + tk.
Cx/aIpiBad Bce TaKHe HEPABEHCTRA W YYHUTHIBas, 9To n < 100, mo-
TyTaemM
27 2l e a4+ 1) < 10027 4 1),
TITO W IOKA3BIBAET (#3).
KommenTtapuii. Tonsko oTeeT — 0 6asios.
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11.8.

Perworasaeni stam, 2013-2014 vuebrpni rog. Bropoi gens

IlpuBenéa npuMep MHOTOYJIEHA, YIOBIAETBOPSOIIETO YCIOBHARD
sagagn opu = 100 — 1 6amn.

Hokazanro, 9To n = 100 — 4 danna.

Fcnm 3To HepaBeHCTEO He JOKA3aHO, HO CBEJIEHO K HEPABEH-
CTBY () — 2 Banna.
Ileta moctaemn Ha mocky 50 x 50 HeckoMbko HINEK, B KamKIyIo
KJIeTKy — He bombiie omaoi. Hokaxmure, 910 Baca mMoxeT mocTa-
BUTEL Ha CBOOOIHEIE TIOJIA 3TOH Ke NocKHA He Gonee 99 HOBBIX HUIIEK
(BOBMOKHO, HI OFHOM) Tak, ITOOBI O-TIPEKHEMY B KasK/oft KIeTKe
CTOANO He GOJbIIe ONHON DHIIKH, WM B KAXKJOM CTPOKe T KaiKIOM
cTon6IE 3TOH JOCKH OKAZAJI0Ch IETHOE KOMIMYIECTRO (DUITIEK.

(C. Bepaos)
Perrernnte. IlocTpomM rpad ¢ BepmmHAMH 71,...,7T5Q, COOT-
BETCTBYRITHMEA CTPOKaM JOCKH, W BEPITHHAME 1, . . . , €59, COOTBET-

CTEYROIHM 68 cTonbrmaM. BepIinHb r; W ¢j COBTHHNM PeGpOM, ecn
KJIETKA. B TIEPECETEHNH COOTEETCTBYIONINX CTPOKH W CTOMOIE, CBOOO-
ga. Torna Bacwma nentb nepedopMynmpyeTca TaK: mpedyemces om-
memums e boace 99 pébep max, wmobs uz KaHcdol sepUUML, &bt
2oduno wEmHoe MUCA0 Henomenernny pétep. JelicTRUTEIbHO, eCiH
Baca moctaBuT QHITKH B KIETKH, COOTBETCTEYICIINE OTMEYSHHBIM
pEBpaM, TO B KA O CTPOKe M KaXKIOM CTOJIOTE OCTAHETCA TETHOE
<IC10 CBOGOMTHEIX KAETOK, UTO, OUEBMIHO, PABHOCHIBHO TPehyeMo-
MY YCJOBHIC.

Me1 moramem 6Gosee obmuit gakxT: B aoboM rpade Ha n = 2
BEPIITHHAX MOXKHO OTMeTHTL He Hoslee n — 1 pebpa Tak, ITOORI H3
KasKJI0M BEpITAHBI BEIXOIHI0 YETHOE THMCJIO HEMOMEIeHHBIX paEGep.
IIpr n = 100 monydaeM TpedbyeMoe yTREpHIeHAE.

Nanykmuga no n. Baza nopm n = 2 odeBnpHa. IlycThk Temepb
n > 2. Ecnm ecTh BepinuHa cTelenn 1, TO MOMKHO MOMETHTL €IIH-
CTBeHHOEe pebpo, BLIXOAMAINee W3 Hed, BEIKHHYTH €€ BMECTe C STHM
pefpoM W TPUMEHHTE K OCTaBIeMYcH rpady MpesnoJoiKeHne H-
OYKITHI; B PE3YILTATE OKAMKETCA OTMEUeHHBIM elle n — 2 pebpa. Fe-
Jm B rpache ecTh BepInHAa cTeleHd 0, TO JOCTATOYHO BHIKHHYTH e
W OPAMEHUTE TPEIoI0KEeHNe WHIYKITHH.

[lycTe Temephk cTemeHb KaxKIo# BepINMHBI He MeHEBITe 2. Brrit-
JeM H3 IPOW3BOJILHON BEpIINHEI 10 pebpy, W3 BEpIINHEI, B KOTO-
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XL BCBpOCCIﬂZCKaH MaTeMaTHYeCKad OJHMIORad4a HEKOJBHHROEB

PYI0 MBI OPHIIIH — 00 APYroMy pebpy, I T.7.; 3TOT OPOIEcC MOK-
HO IIPOJIOJIZKATE, OKA MBI He BEPHEMCS B BEPIINHY, B KOTOPOH yikKe
noderRaan. TakuM obpazoM, B rpache HaIIENcA THKI. BEIKHHYE ero
pébpa w3 rpada, MEI He H3MEHNM JETHOCTE cTENe el BEPINIH; 3HA-
YT, JOCTATOUYHO OTMETUTE TpebyeMble pebpa B oCcTaRlIeMcA Tpade.
IIpumMensas K HeMy TOT 2Ke IPOIlecc, PaHO HN MO3HO MBI IOJIY9HAM
rpad, B KOTOPOM CTelleHb HEKOTOPOH BepUINHEI He IPEBOCXOAUAT 1;
a Jid TakuxX rpadoBR YTRepHIeHAE Y2Ke JIOKA3aHO BHIIIE.

KovmMenTapuii. Y TBep:K/ieHHe 0 TOM, 9To B Tpache Ha n Bep-
ITAHAX, IUCTA0 PEGEpP B KOTOPOM He MEHBIe 7, 06A3aTeNbHO ecTh
MIKJT, MOYKHO HCTIONR30BATE 083 JIOKA3ATENBECTEA.
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VI MATEMATUYECKASA ONUMINMUALOA UMEHW NEOHAPOA 2UNEPA

PewweHun sagaHumn pernoHanbHOro atTana

Bropou aeHb

5. Ha okpyxHocmu ommemunu 2013 modexk u kaxdyro coeduHunu c¢ dsymss cocedHumu. Tarke
omMemuu YyeHmp OKpyXxHocmu U coeluHUMU e2o co eceMu ocmarbHbiMU OmMeYeHHbIMU moYKamul.
MoxHo nu nokpacums 1007 ommeYeHHbIX MOYEK 8 KpacHbill, @ ocmarnbHbie 1007 — 6 cuHutl ysem
mak, 4mobbi kaxdasa KpacHasa modka Oblria coeduHeHa ¢ HeHYEMHbBIM YUCITOM CUHUX, a Kaxdasa CuHAs
— ¢ YEmHbiM Yucriom cuHux? (1. PybaHoB)

OteeT. Henb3a. PeweHwe. LonycTUM, LEHTP OKPYKHOCTM KpacHblA. Toraa Ha okpyxHoctu 1006
KpacHbliXx U 1007 cMHUX TodeK, U NOTOMY TaM HakgyTca ABe CMHME TOMUKM, cToAwMe pAagoM. Ho torga u
cneaywowasa 3a HAMMA No YacoBOW CTpenke Toudka AorKHa OblTb CMHEW — WHaJe HaWaéTcA CUMHASA
TOuKa, coeguWHEHHasa ¢ OAHOW cuHen. [lpodorkas paccyXgeHue, nornydaem, 4UTO BCE TOUKM,
OTMEYEHHbIE Ha OKPYXHOCTW, AOIKHbI ObITb CUHUMKW — npoTuBopeYne. [onycTuMm, LEHTP OKPYKHOCTU
CUHMIA. Torga Ha OKPY»KHOCTW HaWAYTCA ABe KpacHble TOUKKW, cToAwmMe pagom. Ho Torga v cnegyiowlas
32 HUMW NO YacOBOW CTpenke Touka AormkHa ObiTb KpacHOW — MHaue HaWAETCA KpacHas TouKa,
COeAUHEHHAsA ¢ ABYMA CUHUMW. [pogorkan paccyxgeHue, nonydyaem, Yto BCce TOUKU, OTMEYEHHbIe Ha
OKPY>KHOCTU, AOIKHbI ObITb KpacHbIMU — CHOBa NpoTUBOpeYne.

KoMmMeHTapun. Pa3obpaH TonbKo criydai, Korga UeHTp OKPY»KHOCTb KpacHbliA (CUHUI): 4 Barina.

6. AdaH ebinyknbitl namuyeoneHuk ABCDE, npud4ém rpsmas BE napanneneHa ripamoll CD u ompe3ok
BE xopode ompeska CD. BHympu namuyzonbHika ebibparel mouxku F u G makum obpas3omM, 4mo
ABCF u AGDE — napannernoepammbl. Jokaxume, dymo CD = BE + FG. (K. KHon, C. bepnos)

PeweHnune. OTMeTUM Ha oTpeske CD Takylo Touky H, yto CH = BE. Torga BEHC — napannenorpamMmm.
3HauunT, oTpesok EH napanneneH W paBeH oTpesky BC, a, TeM cambiM, W oTpesky AF.
CnegoeaTtencHo, AFHE — napannenorpamm. Tenepb nonydaem, WTo OTpe3oK FH napanneneH u
paBeH oTpesky AE, a, TeM cambiM, N oTpe3ky GD. A 3To 3HauWUT, YTo U FGDH — napannenorpamm.
CnepoeateneHo, DH = FG, otkyaa CD = CH + DH = BE + FG.

7. Ha knemuyamoli docke pasmepom 2014x2014 3aKkpawieHO HECKOTBKO (He MeHbuie 0GHOL) KITemokK
mak, 4mo 8 Kaxdom Keadpamuke paaMmepoM 3x3 KNemKu 3aKkpalieHo YEmHoe HUco Knemok. Kakoeo
HauMeHbliee 803MOXHOe HUCITo 3aKkpauieHHbix Kifemok? (M. AHTUNOB)

OtBeT. 1342. PeweHune. [Ipumep. 3akpacumMm B NEPBOW BEPTUKANW AOCKU BTOPYIO, TPEThLIO, MATYIO,
WwecTyto, ..., 2012-yio 1 2013-yio kneTkn. Torga B Bcex KBagpaTax 3x3, NPUMbIKAIOLWKNX K NEBOMY Kpato
AOCKW, 3aKpalleHO pPOBHO MO ABe KMeTKW, a BO BCeX ocTarbHbIX 3akpalleHHbIX KneTok HeT. Bcero B
3TOM cnydae 3akpaweHo 2-2013/3 = 1342 kneTku.

OueHka. lNycTb Ha Aocke 3akpaweHo MeHblle 1342 kneTok. HasoBéMm TPOWKY ropusoHTanen
AOCKKW, Maywux noapag, crabod, ecnn B HelW ecTb xoTA Obl ABe FOpU3OHTaNM, He coaepXalyue
3aKkpaweHHbix kneTtok. [lMokarkem, uTO cnabbie mpodxu ecms. B camom pgene, pasobbém Bce
rOpU3OHTann AOCKM, KpoMe NEepBOW, Ha TPOWKW naywux noapaa. Monyunm 671 tpownky. Ecnn cpeaun
HUX HeT cnabbix, TO B KaXZOW COAEPXUTCA He MeHblle ABYX 3aKpalleHHbIX KNeToK, W Bcero
3aKpaweHo He MeHblle, Yem 671-2 = 1342 KneTkn — npoTuBopevne.

3ameTumMm, 4TO Haldémcesi cnabasi mpolxka, 8 KOmMopol ecmb 3aKkpalWleHHblie KIemKu.
JencTBUTENbHO, BO3SLEMEM MPOM3BOSBHYIO cNabyro TPOWMKY. ECnn B HE HeT 3akpallueHHbIX KNeToK, TO,
ABUrasa eé& B CTOPOHY OAHOW U3 3aKpalleHHbIX KIeTOK, Mbl paHO UMK NO34HO HAaTKHEMCA Ha CTPOKY, rae
3aKpalleHHble KNeTKM ecTb, W NONyduM WCKOMYKO Tpolky. 3adukcupyem eé&, yganvum K3
npamoyronbHuka 2014x3, cocTaBMeHHOro W3 €€ ropusoHTanen, TpW KpaWlHWe npaBble KNeTKW, a
OCTaBWMUKACA npAMoyronbHUK 2013x3 pa3obbém Ha 671 keagpaT 3x3. B kaxgom U3 9TUX KBagpaToB
nubo aee 3akpalweHHbIX KneTku, Nubo HU ogHon. Ecrnin B KaXkaoMm Mo gee, TO BCEro 3akpaweHo He
MeHbLUe 1342 KNeTok — npoTUBopeune. 3HauuT, HanagéTtca kBagpat 6e3 3akpalweHHbIX KNeTok. byaem
ABUraTb €ro rno ropusoHTann B CTOPOHY Brimanel 3akpalleHHOW KneTkn. Korga B Hero BnepBble
nonagéTt 3akpalleHHaA KneTka, Nonyvyam KBajpaT, B KOTOPOM 3aKpalleHa pOBHO ofHa KneTka —
npoTUBOpeUne.



KoMmmMmeHTapun. Tonbko oTeeT: O Hannos. Tonkko oTBeT ¢ NpumMepoM: 2 Hanna. OueHka bes3 npumepa:
4 6anna.

8. daHo 2014 nonapHo pasnudHbiX HamyparbHbiX HUCEN makux, 4mo ripoussedeHue mobbix dsyx U3
Hux denumcesa Ha cyMmmMmy amux 8syx 4ucesn. [okaxume, 4mo HU 08HO u3 OaHHbIX 4Yucesl He Moxem
Obimb pasHo npoussedeHuro wiecmu ronapHo pasnuyHbix rnpocmeix yucern.
(C. bepnoe, B. CeHgepog, 1. PybaHog)

PeweHune. [onycTum npoTMBHOE. cpeAM AaHHbIX €CTb YUCro &, paBHOe MNPOU3BEAEHUIO LIecTU
NonapHo pasnuuHbIX NPocThIX. U3 paBeHcTRa ab/(a+h) = a — a*/(a+h) cneayeT, uTo ab fenuTtcA Ha a+b
TOrAa U Tombko Toraa, korga b> genutcsl Ha a+b. MO3TOMy ecriM YMCIo @ eCTb Ha AOCKe, TO ero
KBagpaT AOIKeH AeNnUTbCA Ha Bce Ynucna Buaa at+b, rae b — apyroe gaHHoe umcno. Ho Takmx ducen
2013, a y umcna a° Tonbko 3° =729 fenuTeneit (3TO crnefyeT W3 U3BecTHON dopMynbl ANA uncha
Jdenutenen, gatoweni B JaHHOM cryyae pesynbtaT (2+1)5, HO B AaHHOM YacTHOM criydae ero HeTpyaHo
Nony4YnTb U HENOCPE4CTBEHHO).
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