PelieHus 3a7ja4 pailoHHOM osiMMIIMabl 10 MaTeMaTuke PT, Hos16pb 2016
8 ki1acc

3apgada 1. Tpu nakeTa Mmonoka ctosT Ha 4% fewesne, 4em 6aHo4vka koge. Ha ckonbko
NPOLIEHTOB AiBE TakmXx e B6aHo4kM Kobe Jopoxe (unu gewesne) 5 naketoB Monoka?
OTBeT. Ha 25%.
PeweHue. Nyctb 6aHo4ka kohe ctonT 100 KaKMX-TO YCNOBHbIX AEHEXHbIX eanHuL,. To-
roa Tpy naketa monoka obonaytcs B 96 y.e., Tak YTo Kaxabli ctouT 32 y.e. MaTb nakeTos
ctoaT 160 y.e., a aBe 6aHkm kodhe — 200 y.e., yto 6onble 160 y.e. Ha 40 eguHUL, TO €CTb Ha
40/160-100% = 25%.
KpuTtepumn. Tonbko oteeT — 1 6ann.

3agaya 2. HaTypaanoe 4yncno N Ha3bIBaETCA r10/17yCcO8EePUWEHHbIM, ECITN CyMMa BCEX U

HEKOTOPbIX AenuTenen, MeHbLKnX N, coBnagaeT ¢ 3TUM yncnom. Hanpumep, Yncno 12 — no-
nycoBepLIEeHHOe, TaK KaK ero MOXXHO NpeacTaBnTb B BUAE CYMMbl HEKOTOPbIX (HE BCEX) ero
penutenen: 12=1+ 2+ 3 + 6. byget nv yncno 2016 nonycosepLleHHbIM?
OtBert. [la.

PeweHue. [JoctatouHo npuBectn npumep. 3ametmm, 4to 2016 genutea Ha 12, 2016 =
12-168. YMHOXasa paBeHCTBO, AaHHOe B ycnosuun, Ha 168, nonyyaem 2016 = 168 + 336 + 504
+ 1008.

3amevaHme. HecnoxHo gokasaTb, 4TO Ntboe umcno N, kpatHoe 6, ABNAETCsA NonycoBep-
LeHHbIM. [eicTBuTensHo, ecnm N = 6K, To YMCro N MOXKHO NPEeACTaBUTb B BUE CYMMbI €70
cobetBeHHbix aenuteneit: N =K + 2k + 3k. Yucno 2016 kpaTtHO 6, NO3TOMY €ro ToXe MOXHO
npeacTaBuTb B BUAE CyMMbl AenuTenen.

Kputepun. lNpasunbHoe npeacrtasneHne ymcna 2016 B Buge CyMmbl ero genutenen —
7 6annos.

3apada 3. MoxHo nu 3anucatb B kKneTkax Tabnuubl 20%16 ymucna 5 u 9 Tak, YTobbI B Kax-
OO0 CTpOKe M KaxxaoM cTonbue cymma yncen genunack Ha 217
OTBerT. Her.
PeweHune. 1 cnocob. Npeanonoxum, 4to 310 BO3MOXHO. 3ameTum, 4to 5 1 9 gaiT
ocTtatku 1 npu geneHun Ha 4. KonvyecTBo 4mcen B CTONOLAax U CTpoKax KpaTHO 4, NO3TOMY U
CYMMbI B HUX KpaTHbl 4, TO eCTb KpaTHbl 84. 3amMeTM, 4TO CyMMa B CTPOKE MOXET NPUHUMATb
NUWb 3Ha4YeHus, npuHagnexawue otpesky [100; 180]. Torga oHa MoxeT BbiTb paBHa NULLb
168, a cymma Bcex uucen B Tabnuue 168 - 16 = 2688. C apyron CTOPOHbLI, CyMMa Yncen B
ctonbuax MOXeT NPUHUMATBL NNLLb 3HaYEeHUs1, NpuHaanexawme otpesky [80; 144]. Toraa oHa
MoOXeT 6bITb paBHa nuwb 84. Cymma Bcex yncen B Tabnuue npu atom 6yget 84 - 20 = 1680,
YTO NPOTMBOPEYNUT YTBEPKAEHWNIO BbiLLE.

2 cnocob. 3anonHum ctonbew Tabnuubl ogHUMKN NATEPKaMK, CyMma Yucen B Hem Byaer
paBHa 5 - 16 = 80. 3ameHaAss o4HY NATEPKY Ha OEBATKY, Mbl YBENUYMM CyMMY Ha 4. 3HauuT,
cyMma MOXET paBHATbCs 80, 84, 88, ..., 144, Bce uncna kpaTtHbl 4. Cpegm aTux uncen Ha 21
aenutca Tonbko 84. 3HaunT, B Kakaom ctonbue cymma vmicen paesHa 84, a Bo Bcern Tabnuvue
— 20 - 84. AHanorm4Ho cymMmma 4mcen B CTPOKe MOXET npuHuMaTh 3HadeHnsa 100, 104, 108,
...,180, Ha 21 cpeam 3aTUX Yncen genutcs Torbko 168, Tak 4To cymma BO BCcew Tabnuue pasHa
168-16. Pe3ynbTaThl nogcyeTa AByMsi cnocobamm He coBnagatoT.

Kputepun. BepHoe pelueHne — 7 6annoB; ykasaHa KpaTHOCTb 84 — 2 Ganna; ykasaHbl
oba npomexyTka [100; 180] v [80; 144] — 1 6ann.




3apnava 4. Y Mawm ectb GymaxHbI npsimoyronbHblin TpeyronsHuk ABC. Ona cnoxuna
€ro no NPsIMol NIMHUM TaK, YTO BEPLUMHBI OCTpbIX yrroB A 1 B coBnanu, npu aTom nuHna cruba
nepecekna ctopoHy AB B Touke K, a ctopoHy AC — B Touke M. [awa passepHyna Tpeyronb-
HUK 1 CIIOXWUIa ero 3aHOBO TakK, YTo BepLlumHa npsimoro yrra C cosnana c Toukon K. Mpu aTom
okasarnocb, YTo nosyyYeHHas nuHusa crnba nepecekna ctopoHy AC B Touke M. [lokaxuTe, 4TO
nuHKnA crmba y [awm npoxoauna Yyepes BeplunHy B. A
PeweHue. NMepBbin crnbd — 3TO cepeanHHbIN NepneHaukynap K
cTopoHe AB. BTopoii crnb — 310 cepeanHHbI NepneHanKynsap K Me-
anane CK. Mo ycnosuio aTn cepeanHHbie NepneHanKynspbl nepece-
katotca B Touke M Ha ctopoHe AC, noatomy MK = MC. 3HauurT, Tpe-

yronbHuk KMC — paeHoGegperHbiii, 1 «MKC = #ZMCK. Torga K
/BKC =90°- ZCKM =90° - /KCM = £BCK, T0 ecTb TpeyronsHunk <M
BKC - paeHoGenpeHHbiin. OTcloga crieqyer, YTo CepeauHHbIi nep-
nenavkynsap k KC npoiget yepes sBepuvHy B. B
KpuTtepun. Ecnu «aokasarensCTBo» UCXOOMT M3 Npeanonoxe- C

HWSA, YTO BTOPOW CrnG NpoxoauT Yepes Touky B — 0 Gannos.

3agada 5. Ha npsimoi oTMeyeHbl HecKomnbko Tovek. [ns nobbix ABYX U3 HUX HangeTcs
TpeTbs (TOXE OTMEYEHHasi), Takasd, YTO O4Ha M3 3TUX TPeX TOYEK ABNSAETCA CepeguHon OT-
peska mexay ABYMsi APYrMW.

a) MOXHO N1 Tak OTMETUTb Ha NPAMON 5 Todek?

6) nokasaTb, YTO OTMEYEHHbIX TOMEK HE MOXET ObITb POBHO 4.

PeleHne obocHoBaThb.

OTBer. a) [a.

PeweHune. byaem paccmatpuBaTb NPSMY0 Kak YACIIOBYO U 0603Ha4YaTb TOYKM UX KOOpP-
OnHaTamun. Ycnosune «0aHa U3 3TUX TPEX TOYEK ABMSETCA CepeanHon oTpeska Mexay 4ByMs
APYrMMU» O3HAYaEeT, YTO TPY TOUKM 0Opa3ytoT apuPMETUYECKYHO NPOrPECCUIO, OHN PABHOOT-
cTosiLme.

a) Mokaxem, 4TO ycrnosuto yaosneTBopsatoT Toukun 0, 1/3, 1/2, 2/3, 1 nnn (4TO NpaKTUYECKn
TO Xe camoe) 0, 2, 3, 4, 6. dencteutensHo, Yncna 0, 2, 4, 6 obpasyloT apupmeTnyeckyto
nporpeccuto. JTiobas napa n3 Hux kpome (0, 6) Bxogut B Tpoiky (0, 2, 4) unu (2, 4, 6). MNapa
(0, 6) BxoauT B TpONKY (0, 3, 6). C Apyron CTOpoHbI, To4Ka 3 BxoguT B nporpeccuu (0, 3, 6) n
(2, 3, 4), kOTOpbIE cogepXaT BCe Napbl C YMcnom 3.

6) MNycTb Ha NpsAMOM paccTaBneHo 4 TOYKK, YAOBNETBOPsOLWME ycnosuo. PaccmoTpum
KpanHue n3 Hux. MoXHO cuntaTtb, 4TO 3TO ToukM —1 1 1. Torga ons napbl (—1, 1) TpeTben
TOYKON MOXET CINY>XUTb TONbKO CepeamHa OTpeska Mexay HUMMU, To ecTb Tovka 0. Kyaa MoxHO
NoCTaBUTb YETBEPTYI0 TOYKY? INMyCTb ANA onpeaeneHHOCTM OHa COOTBETCTBYET MONOXMUTENb-
HOMY 4ucny X (Crnyyan oTpuuaTenbHOro Y1Mcna paccmarpusaercsa aHanornyHo). MNape (X, 1)
OOMMKHa B Ka4yecTBe TPETbEN COOTBETCTBOBATb TOYKA, Nexalwasa neesee X, el MOXET ObITb
Tonbko 0. 3HauuT, X = 1/2. C gpyron cTopoHbl, nape (—1, 1/2) moxeT cooTBeTCTBOBaTL NGO
—1/4 (cepeanHa otpeska), nnbo 1/2 + (1/2 — (—1)) = 2. HO 3T TOYKM He ABNAITCA OTMEYEH-
HbIMW. 3HAYUT, YETBEPKN TOYEK, YAOBIETBOPSIOLLEN YCIOBUSIM, HE CYLLLECTBYET.

Kputepuun. 3a nonHoe peweHune Yactm a) 3 6anna. 3a npuBeaeHHbIn oTBeT 6e3 o6bsic-
HeHun — 1 6ann. 3a nonHoe pewweHne Yactn 6) 4 Ganna.




Pelienus 3azja4 pailoHHOM oMMnMabl o MaTemaTuke PT, Hos16pb 2016
9 kJ1acc

3apgada 1. Mawa Bbibpana HaTypanbHOe YMcno. Apar CNoXun OguH U3 ero genuTenen
C YUCIIOM 5, NONYYEHHOE YUCIO YBENMYUI B 6 pa3 1 pesynbTar Bblben U3 ymcna, npeaioxkeH-
Horo Mawwen. Mony4mnock Yncno 7. Kakoe vncro Beibpana Mawa?
OTBeT. 43 nnn 259.
PeweHune. O603Ha4Mm MalumHo yncno Yyepes M, a ee genutens — vepes P. Anpar npo-
Aenan cnepylowine AencTens ¢ ymcriom P: p - P +5— 6(p +5) > m —6(p + 5), nocnegHee
BbIpa)KeHWe pasHo 7. [1ony4unu ypasHeHne M — 6p = 37. Ho umcno p — genutens M, 3HauuT,
OHO SABNSAETCS TaKxe Aenutenem yicna 37, 1o ectb P = 1 unu p= 37. OTcloga ymcno m = 6p
+ 37 paBHo 6 -1+ 37 =43 unun 6 - 37 + 37 = 259.
KpuTtepum. NonHOCTbIO BEpHOE pelleHne ¢ 060CHOBaHNeM — 7 6annos; BEpPHbIA OTBET
(ykasaHbl 0ba uncna) 6e3 obocHoBaHus — 1 6ann; 060CHOBAHHO MOMy4YeH TOMbKO OOAWH U3
oTrBeToB — 3 6anna.

3apgadva 2. lNycTb @ — KOpeHb ypaBHEHUSA X*—x—-1 =0. Hangunte ypaBHeHUe TpeTben
CTEMNeHM C LienbiM1 K03ddULIMEHTaMM, KOPHEM KOTOPOTO SIBASIETCS YMCHO aC.
OtBet. X°—3x?>+2Xx—1 =0.
PeweHue. Beenem o6osHauenme a° = t. TpeByeTcsi COCTaBUTb KyGUUECKOE YPaBHEHUE,
KopHeM koToporo siensieTcs ymcno L. Mockoneky @ — pelueHne ypaBHeHWs, AN HEro BbInori-
HsleTCs paBeHcTBO @° = a + 1. MiMeem & = t — 1, NOACTaBMM 3TO BbIP@KEHUE B UCXOQHOE
ypaBHeHue. Monyyum (t — 13— (t—1)—1 =0, yTo nocrne ynpoLeHns NpUBOAMTCS K BUAY 3 —
3t2+2t-1 =0
KpuTepuu. Ecriv npu noacTaHoBke a = a° — 1 B UCXOAHOE ypaBHEHWE JOnyLLEHa BblUMC-
nuTenbHasa owwunbka, cHumaetcs 1 6ann.

1
) 100
ymucna a, bI/I HanncaTtb BMeCTO HUX O4HO YNCIo a‘i—b. Tak NoCTynarT A0 TeX Nop, NokKa Ha AOoCKe

HeocTaHeTca 0aHO YKncrno. Kakne 3Ha4YeHns MoxeT NPpUHNMAaTb 3TO ymcno?

1
3apada 3. Ha gocke 3anucaHbl vucna 1, o . Paspeluaetcsa ctepetb nobble aBa

1
OTBEeT.—
5050
PeweHue. MNognuwem nog KaxabiM YMcnom obpaTtHoe K HeMy, 1 To e byaem genatb C
1 1 ab 1
npeobpasoBaHHbIMK Yucnamn. Ecnna = ~-,b = —, T0—— = ——. UTak, nocne ykasaHHOro
k m a+b k+m

npeobpasoBaHns obpaTHble 3HaYEeHNS CKNaablBalOTCs, TO €CTb B KOHLE, HE3aBUCMMO OT Mo-
psaka Bolbopa nap, B cnncke obpaTHbix okaxercsa umcno 1 + 2 + ... + 100 = 5050. Torga
COOTBETCTBYHOLLEE EMY YNCIIO B NEPBON CTPOKE okaxeTca vncro 1/5050.

Kputepun. Ecrnin paccMoTpeH TOMbKO OAWH MOPSOOK MPUMEHEHUS OENCTBUN, Npuvem
6e3 obocHoBaHust — 0 Gannos. Ecnu oTBET ANg 4YacTHOro criyyas AokasaH (Hanpumep, ¢ no-
MOLLIbIO MeTOAA MaTemaTnyeckon nHaykuumn) — 3 6anna. MNMonHoe pewexne — 7 6annos..

3agaya 4. Touka M BHyTpM BbINyknoro YeTbipexyronsHka ABCD Takosa, 4yto nnowaan
TpeyronsHukos ABM, BCM, CDM n DAM pagHbl. BepHo nu, uto ABCD - napanneno-
rpamm, a Todka M— Touka nepeceyeHuns ero amaroHanein? PelueHne 060CHOBATb.

OTBerT. Her.
PewweHue. [locTpoM NpMMep UCKOMOrO YeTbIPeXyrorbHUKA.



1 cnocob. Paccmotpum TpeyronbHuk ABC, BM — ero
meanaHa. OHa OenuT TPeyronbHUK Ha 4acTu OAUHaKOBOW
nnowaan. OTpasum Touky B cummeTpuyHo oTHocuTenbHO
npsamon AC, nonyumm Touky D. Mo noctpoennio Tpeyrons- A
Hukn BCM n DCM pasHbl, cnenoaTtensHo, ux nnowanu M
coenagatoT. To xe BepHo ans TpeyronbHukos AMD n ABD.

MpoBepum, siBnsetcs nu YetbipexyronsHk ABCD na-
pannenorpammoM. Ecnu aa, To AOMKHO BbINOMNHATLCA pa- D
BeHcTBo BC = AD, uto pasHocunsHo BC = AB. 3Hauur,
ecnu ucxoaHblii TpeyronsHuk ABC He paBHoGeapeHHbI, To YeTbipexyronbHuk ABCD — He
napannenorpamm.

2 cnocob. PaccmoTpum  napannenorpamm
ABCF, M — Ttouka nepeceveHuss ero guaroHane.
Mnowaan TpeyronsHukos ABM, BCM, CFM n FAM
paBHbl. CoBuHEM Tenepb Touky F napannensHo gua-
ronanun AC, nonyuum Hekotopyto Touky D. Bcerga
MOXHO BblOpaTb ee TaK, YTOObl YEeTbIPEXyronbHUK
ocTaBancsa BbiNyknbiM. B TpeyronbHukax CFM wu
CDM o6uwee ocHoBaHneCM v oguHakoBble BbICOTHI,
3HaYUT, UX Nnollaan paeHbl. To xe BepHo 1 ans TpeyronbHukos FAM n DAM. 3nauunT, ye-
ToipexyronbHrk ABCD — wnckombiii. B cuny Toro, uto Touka D He nexut Ha npsimoin CF,
ctopoHa CD He napannensHa AB, tak yto ABCD — He napannenorpamm.

3aMeTnM, 4YTO YeTblpeXyronbHUK, MOCTPOEHHbIN NePBbIM CNOCOHBOM —- YaCTHbIV Criyyan
BTOpOro peiueHuns. OH nonyyaeTca 13 napannenorpamma «nepesopadynBaHnem» Tpeyrorb-
Huka AFC n npuknagbiBaHvueM ero k Toi e guaroHanu. B atom cnyyae CD = AF n AD =
CF, Torga tpeyronbHukun CFM 1 CDM paeHbl, Tak xe, kak u TpeyronsHukn FAM n DAM.

Kputepuu. Mpumep ¢ nonHbiM 06bACHEHNEM — 7 Gannos. Ecnu He nokasaHo, YTo YeTbl-
pexyrornibHVK — He napansnenorpamm, 5 6annos.

B

3apaya 5. B kBagpate 8 x 8 pacnonoXeHbl YeTbipe TOYKU. [JOKaKUTe, YTO cpean HUX
MOXHO BbIBpaTh [1B€ TOUKW, PACCTOSIHME MEXY KOTOPbIMU HE MPeBocxoauT /65.

OTBerT.

PeweHue. Pasgenum kBagpart 8 x 8 Ha Tpu NpAMOYronbHUKa pasmepamn 4 x 7,4 x 7 n

1 x 8. PaccTosHus mexay nobbiMmn AByMS TOYKaMM BHYTPU KaXKAOro NpsiMoyroribHUKa no Teo-

peme Mudparopa He npeBocxoanT V42 + 72 = /12 + 82 = 1/65. U3 4eTbIpéX AaHHbIX TO4EK, Mo

KpanHen mepe, oBe nonagyT B OOWH U3 3TMX NPSIMOYrOfibHWKOB, M MO3TOMY PacCTOsiHME

mMexay HuMu byaet He 6onee V/65.
Kputepun. PaszdbureHne npsamoyronbHMKa Ha 4acTu € NOSHbIM 06bsiCHEHNeM — 7 Gannos.




PelieHus 3a7ja4 pailoHHOM osiMMIIMabl 10 MaTeMaTuke PT, Hos16pb 2016
10 xs1acc

3apgadva 1. Bcerga nu n3 2016 oTpe3koB MOXHO BblbpaTtb 3 Takux, U3 KOTOPbIX MOXHO CIlo-
XUTb TPEYronbHUK?

OTBeT. HerT, He Bcerga.

PeweHue. V3 Tpex OTpE3KOB MOXHO COCTaBUTb TPEYroNnbHUK Toraa U TONbKO Toraa, Ko-

raa HambornbLUMK U3 HUX NO ANWHE MEHbLLE, YeM CyMMa OSMH ABYX Apyrux. PaccmoTpum oT-

peskn ¢ gnnHamn 1, 2, 4, 8, ..., 22015 Mycte K > | > M — crenenn gsonku. B cuny uenouuc-
nenHocTy umeem | <k — 1, m < k— 2. Torga 2% = 2k1 4+ k-1 5 ol 4 oM

B kayecTBe npumepa MOXHO NpMBOAUTbL U ApyrMe Habopbl OGbICTpOpacTyLMX Yucen,
Hanpumep, nocregosarternibHoCTb PnboHayum 1, 1, 2, 3, 5, ... Xn = Xn1 + Xna.

KpuTtepumn. NpueegeH npumep 6e3 06bsicHeHn — 0 6annos. Ecnu, kpome Toro, ykasaHo,
YTO BCE TPOVKM AOIMKHbI YAOBNETBOPATb HEPABEHCTBY TpeyronbHuka— 3 6anna. NonHoe go-
Ka3aTenbCTBO ANs NpeabsiBNeHHOoro npumepa — 7 6annos.

3agaua 2. Yucrno a — kopeHb ypasHeHust X + X7 + X3 = 1. TMpu Kakux HaTypanbHbIX
3Ha4YeHusx N BbINOTHAETCHA PaBEHCTBO a*+a*=a"+1?

OtBer. N = 15.

PeLeHue. [11s1 KOPHs ypaBHeHUst BbinonHsieTcst paeHctso all +a’ +ad =1, unn a’(@® +

at+ 1) = 1. B ckobkax HaxoguTcs HeNomHbIN KBagpaT CyMMbl. Y MHOXUM PaBEeHCTBO Ha (a4 -

1), nony4mm a3(a12 — 1) = a* — 1. BT0 paBEHCTBO MOXHO NepenucaTh B Buae at + a®=al+

1. CpaBHMBasi NoONy4YeHHOE PaBEHCTBO C UCKOMbIM, NOMyYaeMm, Y4To a®=a"wma" =1,
Ecnu nokasatenb cTeneHn He paseH 0, TO NocrneaHee paBeHCTBO BbINOMHAETCS TOMNbKO Npu

a = 1. Ho eanHuua He siBNAETCA KOPHEM ypaBHEHUS X+ x” +x3=1. 3Hauut, N—15=0.

Kputepumn. NokasaHo, 4to a*+at=al®+ 1, HO He goKa3aHo, YTo N HE MOXET NPUHMMaTb
apyrnx sHadeHun — 5 6annos. NonHoe pelleHne — 7 6annos.

3anava 3. M3BecTHO, YTo B ocTpoyronbHoM TpeyronbHuke ABC meamana, nposeneHHas

13 BeplUnHbI A, paBHa 3, a BbICOTA, onyLleHHas u3 BeplunHbl B, paeHa 4. MoxeT nin cTopoHa
AC vmetb anuHy 5?

OTBeT. He Moxer.

PeweHune.1 crnocob. Mycte BH — BbicoTa TpeyronbHuka

ABC. OtmeTnm, 4TO AN OCTPOYroNnbHOro TPEYronbHUKa ToYKa

H nexut mexay BepwmHamu A n C. U3 Toukn M onycTtmm nep-

neHaukynsap MP na ctopory AC; no noctpoeruio MP || BH,

Tak 4to MP — cpeansaa nunua tpeyronsHuka BHC, MP =2 1

P — cepeanna HC. Torma AP >HP = PC, u 3Hauur,

AC < 2AP = 21/32 — 22 = 2+[5. Ho nocregHee 4ncro MeHbLue

5. A H P C
2 cnocob. Ooctpoum TpeyronbHuk ABC o napanneno-
o B D rpamma ABDC, n nycte AQ — ero BbicoTa, npoBenéHHas 13
b Toukn A k ctopoHe BD. Otpesok AQ nepneHaukynspeH nps-
4 M 3 mbiv BD 1 AC, Tak uTo oH paBeH BbicoTe TpeyronbHuka ABC,

onyLieHHol n3 BepmHbl B. Mockonbky yron BAC — ocTpiit,
ctopoHa BD = AC meHbLue, yem QD.

Ho no Teopeme Mudparopa QD = /62 — 42 = 1/20, uTto0
A C MeHbLUe 5.




3ameuaHue. CywlecTByOT N Apyrne pelleHns 3agadn.
Kputepun. MposeaeH pacyeT anuHbl AP, QD wnu aHanormyHoro otpeska 6e3 yyeta
TOro, 4to yron A ocTpbliii — 5 Gannos.

1
. E .
yucna a, b v Hanucatb BMecTo Hux oaHo uncro ab + a + b. Tak noctynaioT go Tex nop, noka
Ha [JOCKe He OCTaHEeTCs OHO Yncro. Kakue 3HayeHnss MOXKeT NPUHUMATh 3TO YUCTO?
OtBert. 100.
PeweHwue. MNoanuiuem nog KaxkabiM YMCIOM a Ymcrno a + 1, 1 To xe Byaem aenathb C

npeobpasoBaHHbIMKU Yncriamun. Mimeem (@b + a + b) + 1 = (@ + 1)(b+ 1). Utak, nocne ykasaH-
HOro NpeobpasoBaHNs «MOAMUCaHHbIE YMCTa» NEePeMHOXalOTCS, TO €CTb B KOHLIE, He3aBu-
CUMO OT nopsiaka BoiGopa nap, BO BTOPOW CTPOKE OKaXKETCS YUCTIO
1+1)<1+1) (1 +i) _p.2.2 M,
( 2) 100/~ 23 7 100
CoOTBETCTBYIOLLEE EMY YMCIIO B MEPBON CTPOKE ByAET Ha EOMHILY MEHbLLE.

3ameTunm, 4YTO pe3ynbTaT MOXHO TErko yragaTb, €CNU BbINOMHATL A4ENCTBUS NocnenoBa-
TeneHo, (1, 1/2) —» 2, (2, 1/3) — 3, (3, 1/4) — 4, ... Ho no ycnosuto Nopsgok OeNCTBAN He
UKCUPOBaH.

Kputepun. Ecrnn paccMoTpeH TONbLKO OAWH MOpSOoK MPUMEHEHUa OeNCTBUN, Npuyem
6e3 obocHoBaHuss — 0 Gannos. Ecnu oTBeT AN 4acTHOro crny4vas gokasaH (Hanpumep, ¢ no-
MOLLIbIO MeToA4a MaTemaTnyeckon nHaykuumn) — 3 6anna. NonHoe peweHne — 7 6annos.

1
3apaya 4. Ha gocke 3anucaHbl Yymicna 1, p Paspeluaetcsa ctepeTb nobble ABa

3apaya 5. PacnonoXxum Ha nnockKOCTU BbIMYKIble MHOrOYroflbHUKM Tak, YTobbl Kaxable

ABa N3 HUX UMeNM OBLLYI0 CTOPOHY.

a) npvseauTe NpMMep YeTbipex Takux MHOroyrorbHUKOB

6) nokaxunTte, 4TO BornbLUE YeTbipeX MHOrOyroflbHUKOB Tak pacnonoXuTb He yaacTCS.

PeweHune. a) Hanpumep, MHOrOyrorbHUKM MOXHO PacnonoXuTb,
Kak nokasaHO Ha pUCYHKe.

6) Mpegnonoxmm, 4To CyLLeCcTBYET XOTA Bbl 5 TaKUX MHOrOYronbHU-
koB. PaccMoTpuM oamH n3 Hux, Po. Kpome Hero cyliecTBytoT elle Kak
MUHVMMYM 4 MHOTOYrOfibHUKA, KaXKabl MPUMbIKAET K Of4HOM M3 CTOpPoH Po.
[MpoHyMepyem 3TU CTOPOHbI NPOTUB YacoBOW CTpenku: MHOroyronsHuK
P« umeet ¢ Po 06Luyto cTopoHy Homep K. Kaxaast Takasi CTopoHa NexuT
Ha NpsAMoN, NpsAMasn AennuT NIOoCKOCTb Ha ABe NoryniiocKoCTW, B OOHOW U3 KOTOPbIX HAaXOAUTCSA
Po, B gpyron (Hasoem ee k) — Px.

PaccmoTpum npsimble ¢ Homepamu 1 1 3. OHM nepecekaroTcs nMbo B T2, 16O B 14, [ycTb
LNSi ONpefeneHHOCTU B 2. TOr4a MHOTOyronbHUK P2 NexuTt BHYyTpu TpeyronbHuka, obpaso-
BaHHOro MpsiMbiMK 1, 2 U 3 ¥ HE MOXET UMETb OOLLMX TOYEK C MHOroyronbHukoMm Pa. [nst
cnyyas, korga npsamble 1 1 3 napannenbHbl TPeYyronbHUK MOXHO 3aMEHUTb COOTBETCTBYIOLLEN
nonynorocomu.

3ameyvaHue. Tpebyemoe CBOMCTBO BbITEKAET TakKe U3 N3BECTHOW TeopeMbl Teopumn rpa-
doB. Bbibepem BHYTpY KakOoro MHOroyrorbHMKa To4ky. Ecnv aBa MHOroyrofnibHMKa MMeroT
obLLy0 CTOPOHY, TO COEAVHUM COOTBETCTBYIOLLME TOYKN OTPE3KOM. FCHO, YTO 3TU OTPE3KN He
nepecekaoTca. ECriv MHOrOyronbHMKOB HEe MeHee 5, Mory4YuM MOonHbIA rpad 5-ro nopsiaka.
Ho aToT rpad, Kak n3BecTHO, He NraHapHbIN (He BKNadblBaeTcs B NIOCKOCTb 6e3 nepeceve-
Hus pebep). MNpoTneBopeyne.

Kputepun. lNpuseneH npumep B NyHKTe a) — 2 Banna. 3a nonHoe pelweHne nyHkta 0)
— 5 6annoB. 3a pewleHune nyHkTa 6) monbKko Ans NATM MHOroyronbHUkoB — 3 6anna.
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11 Knacc
x2+x+y*+y=4
3apaya 1. Pewiunte cuctemy ypaBHEHWIA: l n 1__,
y
1+v/5, 3+xf 3+xf 1+f —-3- f 1- \f
OrseT. (——; ), ( B, ¢ ), ( ).

PeweHue. fcHO, 4TO X U Y He 06paLua+oT09| B 0. I'Ipvl STOM yCJ'IOBI/II/I BTopoe ypaBHeHme
MOXHO nepenucatb B BUAe X + Y = —2XY, a nepBoe nocre 3aMeHbl CyMMbl X + Y PaBHBIM €My

cilaraeMbIM —2XY npuobpetaet Buza X2 — 2Xy + y2 =4 vin (X — y)2 = 4. PaccmoTtpum aBa
cnyyasi.

1 {x' y=2 " =X-2
) 2xy+x+y=0 3 NepBOro ypaBHEHUS BblpaxaeMm Y = X — 2 1 nogcTasnseMm BO
BTOpoe. onyvyeHHoe ypaBHeHne 2X(X — 2) + 2X — 2 = 0 nocrne ynpoweHns cBoguTca K

3+\/—

X —X—1=0.Ero KOPHsIMU ByayT x = ﬂ , COOTBETCTBYIOLLME 3HaYEeHUSA Y paBHbI
2) {x y ==2 . MNepBoe ypaBHeHMe MOXHO nepenucatb B BUAE Y — X = 2, TaK 4To
2xy+x+y=0 ’
3Ta cuctemMa otnm4yaeTca ot npe,ubl,uyu.l,eﬂ TONbKO nepeo603HaquV|eM nepemMeHHbIX X n'y.

Kputepun. Ecnn pazobpaH Tonbko oanH 13 Apyx criydaes — 3 6anna, 3a nonHoe peLle-
Hue — 7 Gannos.

3agaya 2. Yto Gonblue: (20161)2°15 pnmn (2015!)2016' 2 (Yepes n! o6o3HadYaeTcs Npous-
BegeHne 1:-2-...-N.)

OTtBeT. BTOpoe uncno GonbLlue.

PeweHune. O6o3Hauum 2015! uepes N, Torna 2016! = 2016 - N. [1Ba 3agaHHbIX Yy1cna B

3TUX 0603HadYeHuAX npuHuMatroT Buag (2016N)N = 2016N NN n N?2016N = (N2016)N  YtoBhl

y3HaTb, kakoe 13 Yncen bonblue, noaenuM BTOpoe U3 HUX Ha nepBoe. YacTHoe GyaeT paBHO

(N2016)N N2016 \ N N2015\ N

2016V NN <2016N) N (2016) '
AcHo, 4yTO ropasgo 6onblie, yem 2016, Tak 4yTo 3Ta Apodb bonbLue 1.
Kputepuun. Tonbko oreeT — 0 6annos.

N2015

3apava 3. Hangute pelueHve B NPOCTbIX Yncnax P, ( ypasHeHust 227 — 2P + 1 = q.
OTBet. p=2,(Q=13.
PelweHue. [1okaxeM, 4TO Npu HEYETHbLIX P NeBas YacTb Aenutcd Ha 3. Mimeem
220 — 2P +1=4P —2P+1=GB+1)P-(3-1)P + 1.
PackpbiBas ckobKu B NepBbiX ABYX Craraemblx, Nony4ymMMm criaraemble, cogepxaiime cre-
neHn 3, kpoMme cBOOOAHbIX YneHoB. CBOGOAHbIE UneHbl B cymme pasHbl 1P — (—1)P + 1.
Ecnm p — yeTHo, TO P = 2 1 2P — 2P + 1 = 13 — npocToe uucno. Ecnm xe p — He-
yeTHo, To 1P — (—1)? + 1 = 3, TaKk 4TO neBas YacTb AenuTca Ha 3. OHa MOXeT ObITb NpPOo-
CTbIM YUCIOM TOMNbKO TOrAa, Korga B TOMHOCTU paBHa 3. 3ameTum, 4To npu P > 2 umeem 2p > P
+ 2, Tak YTO neBast yacTb Gonblue, yem 2(P*2) — 2P 4 1 = 3-2P 4+ 1 > 13, TaKk YTO OHA He
MOXET ObITb MPOCTbLIM YNCITOM.
3amevaHue. PakT OENUMOCTN Ha 3 MOXHO YCTaHOBUTb U nepebopom. 3ameTum, 4To
uucno 4P Bcerna nmeet octaTok 1 npwu geneHuun Ha 3, a yMcna 2P 1o ecTb 2, 4, 8, ... UMetoT
rnoo4vepeaHo octatkn 2 1 1. B yacTHOCTH, Npu HEYEeTHbIX P Ymucna 2P umetoT ocTaTok 2, a Bce
Bblpa)keHne, COOTBETCTBEHHO, Npu AeneHnn Ha 3 gaet octatok 1 —2 +1 =0.

Kputepuun. Tonbko otBeT 6€3 obocHoBaHus eguHcTBeHHOCTM — O 6annos. Ecnn He yka-
3aHO, YTO NpaBas YacTb He MOXET ObITb paBHa 3 — cHumaeTcs 1 6ann.




3agaya 4. B ocHoBaHuu TpeyronbHoi nupamuabl ABCD nexut npaBunbHbI Tpeyronb-

Huk ABC, kpome Toro, AD = BC. Bce nnockue yrnbl npu BepwivHe D paBHbl mexay coGoi.
Yemy MOryT GbiTb paBHbl 3T Yribl?
OtBerT. 60° unu 36°.

PeweHune. O6osHaumm anvHy pebpa BC uepes a, a yrnbl npu BepwmHe D — yepes a.
TpeyronbHukn CDA n BDA paBHoGeapeHHble U paBHbl MeXay Co-
6on. 3xauut, CD = BD = b u tpeyronbHuk BDC Takxe pasHoben-
PEHHbIV, HO Yromn oLy HEero pacrnosioXeH Npwv BepLUMHE.

WTak, fBe GoKoBble rpaHn — paBHOGEeAPEHHbIE TPEYTONbHUKM CO
cTopoHamm @, @ u b 1 ¢ yrnom o Npy OCHOBaHWK, a TPETbA — TakxkKe

paBHOGEOPEHHbI TpeyronbHUK co ctopoHamm a, b n b ¢ yrnom o npm

BEpLUMHE. A
Ecnu a = b, To aTv TpeyronbHUKK NpaBurbHbLIE 1 Yron Npu BepLunMHe paseH 60°.
D MycTb Tenepb a # b. 3ametum, 4To B 0BOKX TPEYrONBLHUKAX
A CTOpPOHa a BMAHa nopg yrnom o. Ecnn coBMecTuUTb paBHble CTO-

POHbI TPEYronbHWKOB (Ha PUCYHKe 3TO OTpe3ok PQ), TpeTbu
BEPLUMHbI ByQyT nexarb Ha OAHOM M TOW Xe OKPY>XHOCTU. Mbl
BuauM, 4to TpeyronbHuk PD:iD. paBHoGenpeHHbIi ¢ GokoBOW
3 cTopoHow b, npuyem oH BncaH B Ty e OKPY>KHOCTb, YTO U Tpe-
yronbHuk PQD.. 3HaunT, 3TM TpeyronbHWKM paBHbl MeXay Co-
6on (ona gokasatenbCTBa MOXHO, Hanpumep, 3amMeTUTb, YTO
a Q paBHble XOpAbl CTArMBalOT paeHble Ayrv). 3HaumT, yron /P =
Z/Q = 2a, a cymma yrnos TpeyronbHuka PQD: coctaensieT 5a.
CnepoBartenbHo, o, pasHo 180°/5.
3ameTnm, 4TO BO BTOPOM Cllydae nvpamuga noryvyaeTcsl «CUSbHO CKOLEeHHOW». Bep-
wuHa D npoeumpyeTtca Ha NNOCKOCTb OCHOBaHMSA Ha ocb cummeTpum TpeyronbHuka ABC, Ho
BHE HEero, C Apyro CTOPOHbI OT Touku A.
Kputepuun. HangeHo pewenne 60° — 1 6anna. YkaszaHo, YTO BO3MOXHO eLle OfHO peLue-
HWe, HO pacyeT He JoBeaeH Ao yncna — elwe 3 6anna. NonHoe pelweHne — 7 6annos.

3apaya 5. lNycTb X, Y, Z— nonoxuTenbHble Yucna, n XyZ = 1. [lokaxxute HepaBeHCTBO:
X y z
x+y+z<—-—+—+-
y zZ X
PeweHune. OueHnM Kaxxaoe 13 NonoXuTernbHbIX Ymcen X, Y U Z ¢ NOMOLL b0 HepaBeHCTBa

0 cpegHeM apudMETUYECKOM 1 reoMeTpudeckoM. o ycnosuto XyzZ = 1, noaTomy

AHanornyHble HepaBeHCTBa 3anvLeM AN NepemMeHHbIX Y U Z:
1 z 1z x =z
y<z(Z+2+2) uzs—<—+—+—).
3\z x z 3\x y «x
CknagpiBas 9T HepaBeHCTBa, NOyyYM HepaBEHCTBO:
1(2x+y+2y z 2z x)

xX+y+z=sg5 —t+t—+=
y23 zZ zZ X X Yy

KOTOPOE MErko NPUBOAUTCS K TPEByeMOoMmy.
1
KpuTepuu. lokasaHo HepaBeHCTBO x < - (% + f + g) WV paBHOCUNbHOE eMy — 2 Ganna.

MonHoe pelwenne — 7 6annos.



