L YPAJILCKUI TYPHUP IOHBIX MATEMATUKOB. BJIAIUMUP, 02-09.12.2017
KOMAHJIHASA MATEMATHYECKASA OJIUMIINA JTA 03.12.2017

SAJTAHUS 1151 6 KJIACCA

1. Ilets ckazan Bace, 4uTo 3aaymaln qBa pa3IMyHBIX HAaTypaJIbHBIX yncia, Oonpiux 2017, ITotom
oH coobmmmi Bace nx cymmy. Bacs, mogymas, ckazan: «5 He MOTY TOYHO ONPEACTTUTh 3alyMaHHbIC
guciay. [lers orBetmi: «Cpenu HUX ectb 4y€THOe». Torma Bacs ckazan: «A Torma s UX TOYHO
3Hato». Kakue uucna 3agyman Iets? OtBet 000CHYHTE.

2. buznecmen bopuc MuxaitioBuu Belexasl u3 ropojaa Meracutu B AepeBHI0O HaBo3bl Ha CBOEM
"Byrattn". OnHOBpeMEHHO HaBcTpeuy emy u3 HaBo30B Bblexanm TpaktopucT Bacsi Ha CBOEM
TpakTope. Oba exanu ¢ MOCTOSHHON CKOPOCThI0. OIHAKO, POBHO MOCEPEANHE MMYTH aBTOMOOUIIb
Ou3HEeCMeHa Tomaj KoJecoM B sMy U ciomalicsi. PoBHO depe3 wac moabexan Bacs u momor
OM3HECMEHY MOYMHUTH MallMHy, MOCJe 4Yero oba moexanu jaaibiie — Bacs ¢ mpexHei
CKOpOCThI0, a bopric MuxaiiyioBud BIECATEPO MEMNJICHHEE, YEM JI0 MOJIOMKHU. B pesynprare Bacs
npuexai B Meracutu Ha yac paHblie, yeM OuznecMeH B HaBo3bl. 3a kakoe Bpems joexai osl bopuc
Muxainosnd 10 HaBo3oB, eciiu Ob1 He ciiomaiics?

3. EcTh ceMb OIMHAKOBBIX C BUAY MIAPUKOB, U3 KOTOPBIX IBA PAJMOAKTUBHEI. Takke MMeeTcs
puoOOp, KOTOPHIH MO IBYM 3aJI05)KEHHBIM B HETO IIIApUKaM OTBEYAET, €CTh JIU CPEAU ATUX IIIAPUKOB
XOTsI Obl OJIMH PaJMOAKTUBHBIN (HO HE OTBEYaeT, CKOJIbKO uX). Kak 3a 5 mpumeHeHuU#l 3TOro
npubopa HalTH 00a paJIMOaKTUBHBIX IIapUKa?

4. Ha nocke Hanmcanbl yucia ot 1 1o 2017. Bacs 3a oHy onepaiiuio MOXeT IpuOaBUTh K JTIOOOMY
YHCITy Ha JIOCKE €T0 MEPBYIO WM MOCIICTHIO UG PY U BHITUCATH PE3yJIbTaT Ha T0CKy. BepHo i,
4yTO 1000 HaTypaidbHOE YMcio Bacs cMokeT BbIMHMCATh HAa JOCKY 4Yepe3 HECKOJIBKO TaKuX
onepanuii?

5. Moo i B kBajpate 20x20 OTMETUTh HECKOJIBKO KJIETOK TaKUM 00pa3oM, 4TOOBI B JIFOOOM
MPSIMOYTOJIBHUKE CO CTOPOHAMU 4 1 5 OBIJIO OTMEUYEHO POBHO 4 KIIETKH, a B JIFOOOM KBajpare 8x8
— poBHO 13 kieTok?

6. Ha crone nexar ae kyuu 1o 2017 xamaeit. [lets u Bacs urpator B urpy. XoasT 1o ouepem,
HauuHaet [lets. 3a ogun xox Ilets gomkeH B3ATh OAWMH KaMEHb U3 JIF00OM Kyuu, a Bacst cBoum
XO0JIOM JIOJDKEH JIMOO B3SATh U3 KKJION Ky4H MO OJIHOMY KaMHIO, JTMOO0 B3Th U3 KKJI0N Ky4H IO
JIBa KaMHsl, TM00 B3sITh U3 OJHOM Ky4yd OJIMH KaM€Hb, a U3 Apyroi — nasa. [IpourpeiBaer He
uMerolui xoaa. KTo u3 MaibunkoB MokeT o0ecnieunTs cede modemy?

7. JlaHBI YeThIpe pa3IMIHBIX HATYPATBLHBIX YUCIIA TAKHUE, YTO CJIM K TPOU3BEICHUIO JIFOOBIX JIBYX
U3 HUX TpUOaBHUTH 13, TO MOyYUTCS KBaJpaT HATYPAIbHOTO Yrciaa. MOXET JIn cyMMa KaKUX-TO
TpEX U3 ATUX 4eThIpEx uncen paBusaTees 1 000 0007

8. Ha oxpyxxnoctu otmeueHo 20 Touek. JIroObie 1B 0TMEUEHHbIE TOUKH CO€AMHEHBI KPACHBIM HJIH
CUHUM OTpPE3KOM, MPUYEM CHUHUX OTpe3KOB poBHO 100. MOKHO MpOJENBIBaTH CIEIYIOLIYIO
OTEepaIUIO: B3SATh JIIOOOW HEOJHOLIBETHBIN TPEYTOJIBHUK U IEPEKPACUTH B HEM JIBAa OTPE3KA TAKUM
00pa30oMm, 4TOObI OH CTaJl OIHOLBETHBIM. JJoKaXUTe, 4TO TAKUMU ONEPALIUSIMU MOKHO BCE OTPE3KU
MOKPAaCUTh B CUHUU LIBET.
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3AJIAHMSA J1JIS1 7 KJIACCA

1. CymMa 4eThIpEX pa3IMYHbIX HANMEHBIIUX AENUTENEN HeKoToporo uncia A pasHa 15. Ha
CKOJIBKO HYJIEM MOXKET OKaHYMBAThCA YUCIO A?

2. EcTb ceMb OJMHAKOBBIX C BHUJIY LIAPUKOB, U3 KOTOPBIX JBa PaJUOAKTUBHBI. Tarxke
uMeeTcs npubop, KOTOPBIM MO JABYM 3aJI0KEHHBIM B HErO LIApUKAM OTBEYAET, €CTh JIM
CpeIy 3THX IIAPUKOB XOTs Obl OIMH PAINOAKTUBHBIN (HO HE OTBEUYAET, CKOJbKO nX). Kak 3a
5 mpuUMeHeHH 3TOro Npudopa HauTH 00a paMOAKTUBHBIX IApUKa?

3. [lomoxuTenbHbIE Yncia X U Y YAOBIETBOPSIIOT YCIOBHUIO X2+Xy+y2 < 3. Jlokaxxute, 4TO
X+y < 2.

4. MoxHo nu B kBagpare 20x20 OTMETUTh HECKOJBKO KJIETOK TaKUM O0pa3oM, YTOOBI B
JFO0OM MPSMOYTOJILHUKE CO CTOPOHAMHU 4 1 5 ObUIO OTMEUYEHO POBHO 4 KJIETKH, a B JTIOOOM
kBazpate 8x8 — poBHO 13 ki1eToK?

5. lan npsimoyrosibHbIN TpeyronbHuk ABC ¢ npsmMbim yriom A. Uepes Touky B mposenena
npsimasi |, meprnenaukymnspHas runoteny3e BC. buccektpuca yrma ACB mnepecekaer
cropony AB B Touke D, a mpsmyto | B Touke E. Ha npsimoii | ormeuena takas Touka F = E,
yro BF = BE. Jlokaxute, uro CE nepnienaukymnsipuo FD.

6. [TonapHo pa3auuHbie YKcia a, b u € TakoBbl, uTo a(C—1) = ¢(b—1) = b(a—1). Yemy moxer
PaBHATKLCS Mpou3BecHre abc?

/. JlaHO MHOXECTBO M3 YETBIPEX PaA3JIMUHBIX HATYPAIbHBIX YHCEJI TaKO€, YTO €CJIH K
MIPOU3BEJICHUIO JIIOOBIX JABYX M3 HUX MPUOaBUTH 13, TO MOJIYUUTCS KBaJIpaT HATypaJbHOTO
gucna. JIokaXuTe, 9TO HUA OJTHO M3 IAHHBIX YHCET HE MOXKET OBITh CTEIICHBIO HATYyPaJIbHOTO
YHCJIa BBIIIE TTIEPBOM.

8. Ha okpyxHoctn otmedeHo N > 100 touek. JIroOble 1B OTMEUEHHBIEC TOYKHA COCTMHCHBI
KPaCHbBIM WJIM CHHHUM OTPE3KOM. MOJKHO NpPOJENBIBATH CIEAYIOUIYIO OIIEpPALMIO: B3STh
0001 HEOTHOLIBETHBINA TPEYTOJIbHUK U MEPEKPACUTh B HEM JIBa OTpE3Ka TAKUM 00pa3oM,
YTOOBI OH CTaJl OJAHOUBETHBIM. [Ipy KakuxX N MOKHO C MOMOIIBIO YKA3aHHBIX ONepanui
CHEJIaTh BCE OTPE3KM OJHOLBETHBIMU HE3aBUCUMO OT MX HAYAJIbHOW PacKpacku?
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SAJTAHUS JJIS1 8 KJIACCA

1. Bacs nmpuaymai HOBYIO TEOPEMY: €CIU MPOU3BEACHUE JIBYX B3AMMHO MPOCTHIX YHCEII X U
Y JCITUTCS Ha IPOM3BEICHUE JIBYX B3aMHO IPOCTBIX YHCEN & U D, TO XOTs ObI OTHO M3 YHCEI
X M Y JIeIATCS XOTs ObI HA OTHO M3 4Kcen a uin b. Bepna nu ata Teopema?

2. Jlan npsimoyroiibHBIN TpeyronbHUK ABC ¢ npsambiM yriiom A. Uepes Touky B npoBenena
npsimast |, meprnenaukynspHas runoteny3e BC. buccektpuca yrma ACB mepecekaer
cropony AB B Touke D, a mpsimyto | B Touke E. Ha npsimoii | ormeuena takas Touka F =E,
yto BF = BE. Jlokaxxute, uto CE nepnenaukymspao FD.

3. Moxno nu B kBaapare 20x20 OTMETUTh HECKOJBKO KJIETOK TaKUM OOpa3oM, YTOOBI B
JF000M IIPSIMOYTOJIBHUKE CO CTOPOHAMU 4 U 5 OBLJIO OTMEUEHO POBHO 4 KJIETKH, a B JIIOOOM

KkBajipaTe 8x8 — poBHO 13 Kki1eTok?

4. JlokaxuTe, YTO KaXIO€ HATypaJbHOE YHUCJIO SBIAETCS CYMMOW BCEX IOIMApPHBIX
MIPOU3BE/ICHUI HECKOJIBKUX YHCEII, KaXKI0€ U3 KOTOPBIX paBHO | nmum —1.

5. B kiacce yuutcs n yenoBek. HekoTtopbie U3 HUX 00pa3yrOT KPYXKKH MO MHTEpecam,
HAOOpPbI yYallluXxcsi HU B KaKMX JBYX Kpy)KKax He coBIafaroT. M3BECTHO, UTO KaXKAbIN
HIKOJIbHUK XOAMT XOTs Obl B JIBa KPY>KKa, HO TaK)K€ €CTh JIBa KPY>KKa, B KOTOpPbIE OH HE
X0uT. JIoKaKuTe, YTO MOKHO BBIOpaTh Mapy MIKOJbHUKOB A u B Takyro, uTto HallgyTcs
KPY>KOK, B KOTOPBII XOJAT 00a MIKOJBbHUKA, KPYKOK, B KOTOPBIH XOAUT TOJBKO A, KPYKOK,
B KOTOPBII XOAUT TOJIbKO B, 1 KpyKOK, B KOTOPBIN HE X0oAiT HU A, Hi B.

6. JlaHO MHOXECTBO M3 YETBHIPEX PA3JIMUHBIX HATYPAIbHBIX YHMCEJI TaKO€, YTO €CJIH K
MIPOU3BEJICHUIO JIIOOBIX JABYX M3 HUX MPUOaBUTH 13, TO MOJYUUTCS KBaJIpaT HATypaJbHOTO
yucna. JIokaxuTe, 4TO HU OJTHO U3 JIAaHHBIX YUCET HE MOKET OBbITh CTETIEHBIO HATYPaTIbHOTO
YHCJIa BBIIIE TIEPBOM.

7. Ha cropone AB xBanpara ABCD BHe ero mocTpoeH paBHOOEAPEHHBIN MPSMOYTOIBHBIHI
tpeyronsuuk ABE, ZE = 90°. ITycte N — cepennna AD, M — Touka nepecedeHus mpsiMbIX
CE u AB, P — npsimbix CN u AB, F — npsimbix PE u MN. Ha npsimoii FP otmedena Touka
Q takas, yto CE — Guccekrpuca yria QCB. Jlokaxute, uto MQ L CF.

8. Ha oxpyxnHoctn otmeueHo 30 Touek. JIroOble JBE OTMEUCHHBIC TOYKH COCIMHCHBI
KpaCHbIM WJIM CHHHUM OTPE3KOM. MOXKHO TPOAEIBIBATH CIEAYIONIYIO OIEpAIUIO: B3SITh
000 HEOTHOIBETHBIN TPEYTOJIBHUK U MEPEKPACUTh B HEM JIBa OTPE3Ka TaKUM 00pa3oM,
YTOOBI OH CTaJl OJHOLIBETHBIM. BepHO Jin, 4TO J71s1 TF000M HAaYaJIbHOW PAaCKpacKu OTPE3KOB
MOYHO UX BCE CJI€JIaTh OJHOIBETHBIMU C IMOMOIBIO YKA3aHHBIX ONEpaIidii?



L YPAJIbCKUI TYPHUP IOHBIX MATEMATHUKOB. BJIAJIUMUP, 02-09.12.2017

Pemenus 3a1a4 KOMaHIHOM OJIUMIIHAILI 6 KJi1acca

3anaua 1. Ilems ckasan Bace, umo 3a0yman 08a pasiudusvix Hamypaivhsix uucia, oonvuux 2017. [lomom ow
cooowun Bace ux cymmy. Baca, nooymas, ckazan: « ne mozy mouno onpederums 3a0ymanHvle yuciay. llems
omeemun. «Cpedu Hux ecmo uémmuoey. Tocoa Bacs ckasan: «A moeoa s ux mouno 3uawy. Kakue uucna 3aoyman
Ilems? Omeem obocuytime.

Oteer. 2018 u 2022. Pemenue. Cymmy menbiie 4037 momyduth, O4€BUIHO, HeNb3s. Kaxayio u3 cymm
4037 =2018+2019 u 4038 = 2018+2020 MOXHO TOJYYUTh TOJIBKO OAHHM CIOcOOOM, M Bacs cpa3y oTragan Obl
3agymanHbie yncia. Cymmy 4039 MoxHO monyduTh 1Bymst criocobamu: 2018+2021 u 2019+2020, HO TYT B 000HX
CyMMax ecThb 4éTHOE ciiaraemoe, u Bacs He otragain Obl1 [letuns! uncna naxe mocie nojackasku. Cymmy 4040 Toxe
MOXHO HOJXY4UTh AByMs criocobamu: 2018+2022 n 2019+2021, u TyT 4€THBIE ClaraeMple €CTh TOJIBKO B OJJHOM
ciy4dae, Tak uto uucia 2018 u 2022 ynosnetBopstot ycinoButo 3anaun. Cymmy 4041 MOKHO MOTYYHUTh TaK, YTOOBI
Cpenu ciiaraeMbIx ObLI0 4éTHOE, AByMs criocobamu: 2018+2023 u 2020+2021. O4eBuaHO, 4TO U BCSIKOE YUCIO K,
oombiree 4041, To)ke MOKHO Pa3IoKUTh B CYMMY JIBYX CJIaraéMbIX, XOTs1 ObI OTHO M3 KOTOPBIX YETHO, 11O KpalHen
mepe aByms criocodamu: 2018+(k—2018) u 2020+(k—2020). 3Hauut, APyrux OTBETOB y 3a/1a4M HET.

3anaua 2. busnecmen bopuc Muxaiinosuy sviexan uz copooa Mezacumu 6 depestio Hagsozvl na ceoém "Byeammu”.
Oonospemenno nHascmpedy emy uz Hasozoe eviexan mpaxmopucm Bacs na ceoém mpaxmope. Oba exanu c
nocmosanHou ckopocmoio. OOHAKo, posHO nocepeoune nymu agmomoounlb OU3HeCMeHa NONAl KONecoM 8 MY U
cnomancs. Posno uepes uac noovexan Bacsi u nomoe 6uznecmeny nowuHums Mawumy, nocie uye2o 06a noexaiu
danvue — Bacsa ¢ npeocneii ckopocmoiro, a bopuc Muxaiinosuu edecsimepo meodnenHee, yem 00 NOJIOMKU. B
pesynomame Bacsa npuexan 6 Mezacumu na uac pauvuie, yem ouznecmen 6 Hagosvl. 3a kaxoe epems doexan Ovl
bopuc Muxaivinosuu 0o Haso3zo8, eciu 6b1 ne cromanca?

Orger. 3a 4/9 yaca. Pemenue. b. M. mepByro MOJNOBUHY ITyTH MpOEXal Ha 4ac ObICTpee, YeM Ipoexaj CBOO
nosoBuHy nytu Bacs. Iloatomy, eciu Ob1 He siMa, oH 100pajics Obl 10 IepeBHU Ha 2 yaca paHblue, yeM Bacs — 1o
ropoaa. Ha camom nene oH noOpajcs 1o IepeBHM Ha 4ac mo3ske, yeM Bacs 1o ropona, To ecTs exan Ha 3 yaca
JIOJBIIIE PACUYETHOTO BPEMEHH.

[Tycts b. M. motpatui Ha nepByIo MOJOBUHY MyTH T yacoB. Tak Kak BTOPYIO MOJIOBUHY ITYTH OH exai B 10
pa3 MeJUIeHHee, YeM TepBYro, To orparii Ha Hee 10T gacoB. M3 Hux 9T 4acoB cOCTaBISAIOT 2 Yaca OMO3aHuUs 10
CPaBHEHHIO C pacUeTHBIM BpeMeHeM, oTkyna T = 2/9 u 2T = 4/9.

3anaua 3. Ecmb cemb 00UHAKOBbIX C 8UOY WAPUKOB, U3 KOMOPBIX 08a paouoakmusHvl. Takce umeemcs npuoop,
KOMOPbIL N0 08YM 3ANIONCEHHBIM 8 He20 WAPUKaM omeeudem, eCmb i CPeou dMux uapuxog xoms Ovl 0OUH
PpaouoakmusHwvlil (HO He omeeuaem, cKoabko ux). Kax 3a 5 npumenenuii smoco npubopa Hatumu o06a
PAOUOAKMUBHBIX UapuKa?

Pemenue. 3anymepyem mapuku 1, 2, ..., 7. [lepBbIMU TpeMs UCTIBITAHUSAMU IpoBepuM Hiapuku 1 u 2,3 u 4, 5 u 6.
ITpubop, oueBunHO, cpaboTaeT x0T Obl pa3. Ecam oH cpabortan IBaxabl, B JBYX Mapax €CTb MO OJHOMY
PaIOaKTHBHOMY IIAPHKY, M MBI JIETKO HAXOJUM X, UCIIBITAB JBYMS MTOCIETHUMH MTPUMEHEHUSIMU TIPHOOpa 110
OJTHOMY IAPUKY M3 3THX Map BMECTE C JIFOOBIM 3aBEJJOMO HE paJMOAKTHUBHBIM IIAPHKOM (IIapa TAKUX K 3TOMY
MOMEHTY yKe omnpezaeneHa). Ecim mpubop cpaboTan oiuH pa3, UCIIBITaeM MIApUK 7 C JIFOOBIM HE PaJIMOaKTHBHBIM.
Ecnu oH pagroakTUBHBIN, MBI IOCIEIHUM UCTBITAaHUEM 0€3 TpyZla HaXOJUM BTOPOW paJIMOAKTUBHBIN IIap, €Clu
K€ HeT, TO o0a IIapuKa B mape, TJie mpuoop cpaboTa, paJuoaKTHBHEI.

3anaua 4. Ha oocke nanucanwl yucia om 1 0o 2017. Bacs 3a 00Hy onepayuto modicem npubasums K ir000my 4uciy
Ha 00CKe €20 Nepeylo Ul NOCIeOHIOI0 YU@py U 6bInucamv pe3yibmam Ha O00CKY. Bepno au, umo moboe
HamypaivHoe yucio Bacs cmoarcem evinucame na 00CKy uepe3 HeCKOIbKO Makux onepayui?

Oteer. HeBepno. Pemenmne. Bacs He cmoxer Bwimucath, Hampumep, unciao 4003. Ilpubanss x 4mcioy ero
NOCIEAHIO 1HppPY, OH He cMoskeT noryduTh 4003, motomy uto cymma Oyzaer uérHoil. [Ipubapnss 4 k ynuciam
4000, 4001 u 4002, on momy4yuT yucia, Oonpime, yem 4003, a npubasisist nepByro HUQPY K YUCIaM, MEHBIIUM
4000, on momy4yut He Oomnbine, uem 3999+3 = 4002.

3apaua 5. Moowcno au 6 keaopame 20x20 ommemums HECKOIbKO KIEMOK MAKUM 00paszom, 4moodwvl 8 aobom
NPAMOY2OJIbHUKE CO CIOPOHamu 4 u 5 ovlio ommeueno poero 4 kniemxu, a 6 1obom keaopame 8§ x8 — posro 13
Knemox?

OtBer. Henp3s. Pemienne. 3amMeTuM, 4TO KKl MPSIMOYTOJBHUK 8x3 MOKHO C OJHOW W3 JJIMHHBIX CTOPOH
JIOTIOJTHATD IBYMSI TIPSIMOYTOJIbHUKAMHK 4x5 110 KBajpara 8x8. [1oaToMy B KaKI0M MPSMOYTOJIBHUKE 8X3 TOIKHO



ObITh 13—2-4 = 5 oTMeueHHBIX KJIETOK. Teneps Bo3bMEM J11000# psMoyroiabHHK 8x15. Ero MmoxxHO pa3zpes3ars Ha 5
npsMOYroJbHUKOB 8x3. [ToaTOMY B HEM JOKHO OBITH 25 OTMEUEHHBIX KJIETOK. Ero e MoXHO pa3pes3ars Ha 6
MPSAMOYTOTBHHUKOB 4x5. [ToaTOMY B HEM JOHKHO OBITH 24 OTMEUYCHHBIX KiIeTKH. [IpoTuBOpeune.

3anaua 6. Ha cmone nexcam ose kyuu no 2017 xkamueu. Ilems u Bacs ueparom 6 uepy. Xoosm no ouepeou,
nHauunaem Ilems. 3a ooun xo0 Ilems donodicen 6351mb 00UH Kamens U3 1000u Kyuu, a Bacsa ceoum xo0om donoicen
JUOO 835Mb U3 KANCOOU KYUlU NO OOHOMY KAMHIO, TUOO 835Mb U3 KAAHCOOU KYHU NO 084 KAMHSL, TUOO 835Mb U3 OOHOU
Ky4u 00UH KAMeHb, a u3 opyeou —oea. IIpoucpvisaem ne umerowyuil xooa. Kmo uz manbuuxos moscem obecneyums
cebe nobedy?

Ortser. [ets. Pemenuie. Ecin Bacs ocie kaxxaoro xoa [Tetu cBorM xo0M Tuta (2, 1) ypaBHHUBAET YMCIIO KAMHEH
B Kyuax, To nociie 1008-ro xona Bacu B kyuax OyzeT mo oqHOMY KaMHIO, U I1eTst BRIMTpaeT ClIeAyIomuM XOI0M.
Ecnu Bacs B kakol-TO MOMEHT BII€pBbIE€ BO3bMET U3 Ky4eK [TOPOBHY KaMHEW MIIM BO3BMET JiBa KAMHS U3 Ky4H, U3
koTopoii [lerst Opan kaMeHb MPEIBITYIIAM X0JI0M, TO CIeAyIomuUM xo10M Lletst 6ep€T kaMeHb U3 TOH ke Ky4H, U3
KOTOpO# Opaj HakaHyHe, U JajibIlle BCe CBOM KaMHU OepE&T U3 3ToM ke KyuH. JIerko BUIETh, UTO IPU TAKOM Urpe B
3TOH Kyue mocie modoro xoaa [letu Oyner xoTs Obl Ha JBa KaMHSI MEHBIIIE, a TIocie Jrboro xoaa Bacu — xors
Obl Ha OJIMH KaMeHb MEHBIIIE, YeM B JAPYroi. 3HAUnT, KAMHU B HEil KOHYATCS paHbllle, yeM B npyroi. Eciu ato
ciryunres nocie xoaa [lern, Bacs He cMokeT caenaTs ClIeIyroniero Xoaa, a eciu mnocie xona Bacu, To B npyrou
Kyde eIé OCTaHeTCst XOTs Obl OJMH KaMeHb, U [leTs cMoxer caenath xoa. B oboux cioydasx Bacs npourpaer.

3anaua 7. [Janvl uemvipe paziuiHbIX HAMYPAIbHIX YUCIA MAKUE, YMO eClU K NPOU3BEOCHUI0 IH00bIX 08YX U3 HUX
npubasums 13, mo noayuumcs Keaopam HAmypaibHo2o 4ucia. Moocem au cymma Kakux-mo mpéx u3z mux
yemwipéx uucen pasusimocs 1 000 000?

Otser. He moxer. Pemenue. ITycts @, b, ¢ u d — mannbie yncia. Jlomyctum, @ qaet octatok 1 mpu jaeneHuu Ha 4.
Torna ab+13 maer npu geneHun Ha 4 Takol e ocTaTok, kak b+13. Tak kak KBajparTsl Py JCICHUU HA 4 MOTYT
naBath TONBKO octatku 0 U 1, urciao b momkHo mpu AeiaeHun Ha 4 naBath octartok 3 wiau 0. To e BEpHO U [Is
yrcen C u d. 3Hauut, cpeau yrcen b, C u d ects MO0 1Ba yKciIa, TAKOIIKE MPH JACJICHUH Ha 4 OCTAaTOK 3, OO /1Ba
qucia, Aensamuxcs Ha 4. B mepBoM citydae mpou3BeeHUE STUX Yrcen Iutoc 13 gaér npu aeneHuu Ha 4 ocTaTok 2
Y TIOTOMY HE MOKET OBITh KBaJIpaToM. Bo BTOpOM citydae mpou3BeIeHNe dTUX Yrce IUToc 13 naér mpu neneHuun
Ha 16 octatok 13, KOTOpOro, Kak HETPYAHO MPOBEPUTH, y KBAJIPATOB TOXKE HE ObIBaeT. MTak, cpeau HAIIUX YUCel
HET YrcIia, JAroIIero MpH JeJeHUH Ha 4 OCTaToK 1.

JlormycTiM, a AaeT ocTaToK 3 mpw jaeneHnu Ha 4. Torga ab+13 maet npu aeneHnu Ha 4 TaKoM JKe OCTAaTOK, KaK
3b+13. 3uauur, uncio b gomwkHO npu aenennu Ha 4 gaBath octaTok O wim 1. Ho octaTok 1 HEBO3MOXKEH, 3HAYMT,
ocratok 0. Takoit e ocrarok u y uucen C u d. Ho Toraa momy4daem Tpu Yucia, Oesimxcs Ha 4, 9T0, Kak yKe
OBLJIO MOKA3aHO, TAKXKe HEBO3MOKHO. Clie/10BaTeIbHO, YNCE, TAIOIIUX TIPU ICJICHUH Ha 4 OCTaTOK 3, CpeIu HAIINX
YHUCEN TOXKE HET.

Homyctum, a genutcs Ha 4. Broporo yucna, aensiierocs: Ha 4, a Takke 4ucell, JalolUX Ipu JeJeHuu Ha 4
octaTku 1 ¥ 3, cpey HaIMX YKCEN HET, TO3TOMY 4rcia b, C u d TO/DKHBI 1aBaTh TPH JCICHUU Ha 4 0CTaToK 2.
Torma ab+13 = 4k(4m+2)+13 = 16km+8k+13. [Tocnenusist cymma nipu neniennn Ha 16 naér ocrarok 13 mm 5, u 06a
TaKWX OCTaTKa He BCTPEUAIOTCS Y KBaIpaToB. Takum 00pa3oM, cpei HAIIMX YKCell HeT U YHUCEN, IeNIuxcs Ha 4.

[Tonmyyaercsi, 4TO BCe HAIIM YMCIIA AAIOT MPH JieleHuu Ha 4 octaTok 2. Ho Torna cymma mro0bIX TpEX U3 HUX
na€t npu JieneHnu Ha 4 octarok 2, a uucio 1000000 nenutcs Ha 4. 3HAUUT, HOJTYYUTh €TO HEBO3MOXKHO.

3apaua 8. Ha okpyscnocmu ommeueno 20 mouek. Jltobvie 06e ommeyenHble MOUKU COCOUHEHbl KPACHbIM ULU
CUHUM OMPe3KoM, npuuém cunux ompeskog poero 100. Modxcno npodenvieams ciedyiouyro onepayuio: 63samo
10601 HeOOHOYBEMHbILL MPEY2ONIbHUK U NePeKpacums 8 HéM 08a Ompe3Ka makum oopazom, ymobvl on cmal
00HOYBemHbIM. JJoKadxcume, Ymo maKumu Onepayusamu MO}CHO 6ce OMpPe3KU NOKPACUMb 8 CUHULL YGen.

Pemrenne. Beero otpeskor 20-19/2 = 190 — uétHOe unciio. 3HAYHT, OTPE3KOB KaXkI0TO [[BETa — YETHOE YKCJIO.
3aMeTuM, 4TO NP OMHCAHHON B YCIOBUH ONEpali YETHOCTD YKCIIa OTPE3KOB KaXKIOrO I[BETA HE MEHSETCSL.
Bo3pMéM packpacky, KOTOPYIO MOXHO IOJYYHTh HAIIMMH OIEPAMsIMU, COJEpIKaIlyl0 HauOoJjbliee
BO3MOYKHOE YHMCIIO CHHUX OTPE3KOB (Ha30BEM e€ makxcumanvHoil). Ecnm KpacHBIX OTpPE3KOB B HEHMl HET, Mbl
no6enumu. ITycts onu ectb. HazoBEM TOUKy KpacHoii, eciiv n3 Heé BHIXOIUT XOTs Obl OJJMH KPacHbIHM 0Tpe3oK. Tak
KaK KPacHbIX OTPE3KOB XOTs Obl JIBa, KPaCHBIX BEPIINH XO0Ts Obl TpH. Bo3bMéM /1Be U3 HUX — A 1 B — 1 mokaxewm,
4yro oTpe3ok AB — kpacHblil. [lomyctuM, o cuauid. Ecnu ecth Takas BepmmHa C, uto orpe3kun AC u BC —
kpacHsbie, To oTpe3kd AC u BC MOXHO NepeKpacuTh B CHHUN 1IBET, YTO MPOTUBOPECUUT MAKCUMAIIBHOCTH. 3HAYHT
takoi BepumHel C Het. Ho mockonbKy Bepunnbl A u B kpacubie, HalinyTes Bepumnbl C u D Takue, uro AC, BD
kpacusbie, BC, AD cunue. [lepekpacus nocienoBarensHo TpeyroibHukd ABC B kpacHsiif, 3atem ABD B cunwmii, n



Hakonelr ABC B cuHUMil, MBI yBEMTUYMM KOJMYECTBO CHHUX OTPE3KOB, YTO MPOTHBOPEUYHT MAKCUMAIILHOCTHU
packpackm.

W3 nokazaHHOTrO cieayeT, YyTo BCE OTPE3KU MEXIY KpacHbIMHM BeplIMHAMH — KpacHble. Bce ocTtanbHble
OTpe3KH, oueBUIHO, cuHue. [1ycth Touku A, B, C — kpacHsie, a Touka D — He kpacHas (Takast eCTh, TAK KaK HHaUe
BCE TOYKH — KpacHbIe, U MBI yke mooeamm). [lepexkpacum B Tpeyroasauke ABD péopa AD u BD B kpacHbIii 11BET,
a notoMm B TpeyroibHukax ACD u BCD — pébpa AC, AD, BC u BD — B cunwmii ner. Yucno cunux péoep
YBEJIMYUIIOCH Ha JIBA, YTO MPOTUBOPEUUT MAKCUMAJILHOCTH PACKPAaCKU. 3HAYUT, KPACHBIX pEOep B MaKCUMAaIbHON
packpacke HET, YTO HaM U TpeOOBaIOCh.



L YPAJIbCKUI TYPHUP IOHBIX MATEMATHUKOB. BJIAJIUMUP, 02-09.12.2017

Pemenust 3a1a4 KOMaHIHOU 0JIMMIMNAALI 7 Kjacca

3anaua 1. Cymma uemvipéx pa3nuyHvlx HAUMeHbWUX Oenumereti Hekomopoz2o uucna A pasna 15. Ha ckonvko Hyneu
Modicem OKaHuu8amvcs yucino A?

Oteet. Ha 0 win Ha 1. Pemienue. Eciiu A nenutcest Ha 2 1 Ha 3, TO TpU €ro HAUMEHBILIUX JenuTens — 310 1, 2 u 3,
a 4eTBEPTHII He 0oJIbIIIe 6, TO €CTh CyMMa YEeThIPEX HAMMEHBIIHX AeiuTeneil Menbie 15. Jlomyctum, A He aenurcs
Ha 2. Torga cyMMa 4eThIpéX €ro HAaMMEHBIUX JeNUTeNed He MeHbIe, yeM 1+3+5+7 > 15. Takum o6pazom, o6a
PacCMOTPEHHBIX CTy4yasi HEBO3MOXKHBI, U OCTAETCSl TOJBKO ciiydyai, koraa A aenuTcs Ha 2, HO HE JeNuTcs Ha 3.
Ecau A nipu 5TOM aenurcs emé u Ha 4, TO 4eTBEPTHINA 110 BEJIHYUHE €ro JAeauTeb paBeH 15—(1+2+4) = 8. 3uauwr,
cpenu nenurened yncna A HeT mATEPKH, U mocieaHsst mudpa storo yncina — He 0. Ecnu sxe A He nenutcs Ha 4,
OHO JIOJDKHO JIEUTBCA HA 5, TaK KaK MHA4YE CyMMa YETBIPEX €ro HAMMEHBIIMX JCIHUTENICH HE MEHBLIE, YEM
1+2+6+7 > 15. Torna B pa3ioxeHue ynciaa A Ha MPOCTbIE MHOYKUTEM BXOAAT OJ[HA IBOMKA M OAHA MATEPKA, U A
OKaHYMBAETCS HA OJIUH HYJIb.

3anaua 2. Ecmb cemb 00UHAKOBLIX C 8UOY WAPUKOS, U3 KOMOPLIX 084 paouoakxmuesl. Takoce umeemcs npubop,
KOMOPbIll N0 08YM 3ANIOHCEHHBIM 8 He20 WAPUKaM omeeddem, ecmy Ji Cpeou IMux wapuxos xoms Ovl 0OUH
paouoakmueuvill (HO He omeeuaem, CcKoavko ux). Kax 3a 5 npumenenuii smoeco npubopa naumu oba
PAOUOAKMUBHBIX WapuKa?

Pemenue. 3anymepyem mapuku 1, 2, ..., 7. IlepBbiMu TpeMsi UCHIBITAHUSAMU TIpOBepUM apuku 1 u2,3u 4,5 u 6.
[Tpubop, oueBmmHO, cpaboTaeT xoTs Obl pa3. Ecnm oH cpabortanm IBaxapl, B JBYX Iapax €CTb 1O OJHOMY
PalMOaKTUBHOMY IIAPUKY, U MBI JIETKO HAXOAUM UX, HCIIBITAB JIBYMsI MOCIEIHUMH MIPUMEHEHUSIMUA TIpUOOpa Mo
OJHOMY LIAPUKY U3 THX IIap BMECTE C JIIOObIM 3aBEIOMO HE PaJMOaKTHUBHBIM IIAPUKOM (Tapa TaKUX K 3TOMY
MOMEHTY yKe onpeneneHa). Eciau npubop cpaboTain ofuH pas, UCHBITAEM IIApUK 7 € TOOBIM HE PaIMOAKTUBHBIM.
Ecnu oH paguoakTUBHBIN, MBI MIOCJIEIHUM HCIIBITAHUEM O€3 Tpy/a HaXxOAUM BTOPOM paJMOaKTHUBHBIN I1ap, €ciu
e HeT, To o0a IapuKa B mape, rzie npudop cpadoTai, paauoaKTHBHBI.

3agaua 3. Ilonoscumenshvle wucia x u y yooenemeopsiom yciosuio x>+xy+y? < 3. Jloxaxcume, umo x+y < 2.

Pemenne. JlomyctuM, X+y>2. Torma (X+y)? = x2+2xy+y? = (X°+xy+y?)+xy >4, orkyma xy>1. Ho
(X—y)? = x2=2xy+y? > 0, oTKyma X>+y? > 2xy > 2 u X>+xy+y? > 3. [IpoTuBopeume.

3anaua 4. Moowcno au 6 keaopame 20x20 ommemums HECKOIbKO KIEMOK MAKUM 00paszom, 4moodwvl 8 aobom

NPAMOY20IbHUKE CO CIOPOHAMU 4 U 5 ObL1I0 omMmeueHo poeHo 4 kiemxu, a 6 1robom keadpame 8 X8 — posHo 13
K1emokx?

Oter. Henp3s. Pemenue. 3ameruM, 4TO KaKIblii MPAMOYTOJBHUK 8x3 MOYKHO C OJHOM M3 JJIMHHBIX CTOPOH
JONOJIHUTB JBYMS NPSIMOYTOJIbHUKaMHU 4x5 1o kBajapara 8x8. [1oaToMy B Kax10M IPAMOYTOJIbHUKE 8%3 TOIKHO
ObITh 13—2-4 = 5 oTMeueHHBIX KJIETOK. Teneps BO3bMEM J1t000# psAMoyroiabHHUK 8x15. Ero MmoxHO pa3pes3ars Ha 5
IpsIMOYroiabHUKOB 8x3. [ToaTOMYy B HEM JOIKHO OBITH 25 OTMEUEHHBIX KIETOK. Ero jke MOXHO pa3pes3arb Ha 6
PSIMOYTOJIbHUKOB 4x5. [I03TOMY B HEM 10JIKHO ObITH 24 OTMeUeHHBIX KileTKu. [IpoTuBopeune.

3anaua 5. /[an npamoyzonvhuwiti mpeyeonvhuk ABC ¢ npsameim yenom A. Yepez mouky B npoeedena npamas |,
nepnenouxynaprasn eunomenyse BC. buccexkmpuca yena ACB nepecexaem cmopony AB 6 mouke D, a npsamyio | 6
mouxe E. Ha npamotui | ommeuena maxas mouxa F' #E, umo BF = BE. Jloxkaxcume, umo CE nepnenouxynapuo FD.

Pemenue. [Tonoxxum LACB = 2y. Torna ZEDB = ZADC = 90°—y = 90°-ZECB = ZDEB , orkyna BD = BE = BF.
B paBHoOenpenHom Tpeyronbauke DBF yrom mpu Bepimmne B paBen 2(90°—y) = 180°-2y kak BHENIHHUH yrou
tpeyroneanka EBD, orkyma «/BDF =Y. CnenoBarensno, /FDE = ZEDB+/BDF =90°—y+y=90° 4to mu
TpeOOoBaIOCh T0KA3aTh.

3amaua 6. [Tonapno paznuunvie wucia a, b u ¢ maxoswl, umo a(c-1) = c(b-1) = b(a—1). Yemy moscem pasnsmocs
npoussederue abc?

Otser. —1. Pemenne. Ilepenmiem paBenctBo a(Cc—1) =c(b-1) B Bume c(a—b) =a—c. Ananornuno mosaydaem
paBenctBa a(b—C) =b—a u b(c—a) = c—b. IlepeMHOKHUB TP MOJTYYEHHBIX PABCHCTBA M, IMOJCIUB 00€ YacTH
noJyuauBiierocs paserctsa Ha (b—a)(c—-b)(a—C) (1e paBroe 0, Tak Kak yrcia @, b u C monapHo pas3IuyHbI), HOTYUYUM
abc =-1.




3apaua 7. [ano mMHOMCECMBO U3 4HeMbIPEX PAIUUHBIX HAMYPATbHBIX YUCe] MAKoe, YMo eClu K NPou38e0eHuro
JI00bIX 08YX U3 HUX npubasums 13, mo nonyuumcs Keaopam HAmMypaibHo2o yucia. Jlokaxcume, 4mo Hu OOHO U3
OaHHBIX YUCell He MOoXCcem Oblmb CIeneHbio HamypaibHO20 YUCIA 8bluie NepEoLl.

Pemenwue. [Tycts &, b, ¢ u d — nanubie uncna. JJomyctum, a naet ocrarok 1 npu aenennu Ha 4. Torna ab+13 maer
IpH JIeNICHUH Ha 4 Takoi e ocTatok, kak b+13. Tak kak KBaapaThl MpH JEJICHHH HA 4 MOTYT JaBaTh TOJBKO
octatku 0 u 1, yrcno b gomwkHO mpu neneHun Ha 4 naBath octaTok 3 wim 0. To e BepHO M st ymcen C u d.
3Hauut, cpeau uucea b, ¢ u d ecth OO Ba YKCIia, AAOIIKE MPU JCICHUU HA 4 OCTaTOK 3, MMOO JiBa YKCIIA,
nensiuxcs Ha 4. B nmepBom citydae npou3sBeeHre 3TUX yrced ritoc 13 qaét npu nenenuu Ha 4 ocTaTok 2 ¥ IOTOMY
HE MOXeT ObITh KBagpaToM. Bo BTOpOM citydae mpou3BeAeHUE 3TUX uucel oc 13 maér npu nenenuu Ha 16
ocTaTok 13, KOTOPOro, KaKk HETPYAHO IMPOBEPHUTH, y KBAJIPAaTOB TOXKE He ObiBaeT. MTak, cpean HalIMX YHUCceN HeT
qucia, AAI0LIEro Mpy JefieHuH Ha 4 ocTaTok 1.

JlormycTM, a gaet octaTok 3 npu aenennu Ha 4. Torga ab+13 naer npu neneHun Ha 4 TaKOM K€ OCTATOK, KaK
3b+13. 3uauurt, uncio b 1omwkHO npu aeneHnn Ha 4 gaBath octaTok O wiu 1. Ho ocratok 1 HEBO3MOYKEH, 3HAYMT,
ocratok 0. Tako¥t e ocrarok u y umcen C u d. Ho Torga momydaem Tpu uucia, Jeisiumxcs Ha 4, 9To, Kak yKe
OBbLIO IOKA3aHO, TAKXKE HEBO3MOXKHO. Ciie1oBaTeIbHO, YHCEI, JAIOIIUX IPU JIEIEHUH Ha 4 0CTaToK 3, Cpe/iu HaIlIuX
YHCeN TOXKE HET.

Honyctum, a nenurcs Ha 4. Broporo uucna, nensierocs Ha 4, a TakyKe 4YKces, JAlOUUX MpH AeJeHnH Ha 4
ocTaTku 1 ¥ 3, cpeny HalMX YKCell HEeT, I03TOMY 4Kcia b, C u d To/DKHBI 1aBaTh TPH JICICHUU Ha 4 O0CTaTOK 2.
Torna ab+13 = 4k(4m+2)+13 = 16km+8k+13. TTocnenssis cymma ripu fesieHunn Ha 16 qaét ocratok 13 wiu 5, u 06a
TaKHX OCTaTKa HE BCTPEUAIOTCS Y KBapaToB. Takum 00pa3oM, cpeid HALIMX YMCEN HET U YHCe, IeNIuxcs Ha 4.

[Tomyuaetcsi, 4TO BCe HAIIM YKCTIa AAIOT MPH JIeIeHuH Ha 4 octaTok 2. Ho cTenenn HaTypalbHBIX YUCET BhIIIE
1epBoil 100 HEYETHBI, JINOO AeATCA Ha 4, OTKYy/la U CIIEAYET YTBEPXKICHHUE 3aJauu.

3anaua 8. Ha okpysrcnocmu ommeuero N > 100 mouex. Jliobvie 06e ommeyeHHbie MOYKU COeOUHEHbl KPACHBIM UL
cunum ompe3skom. Moowcrno npodenvieams credyowyro onepayuro. 835ms 000U HeOOHOYBEMHbIU MPEY2OTbHUK U
nepekpacums 6 HéM 08a OMpe3Ka MaxKum 00paszom, 4mobvbl oH cmai 00OHOY8emHuIM. IIpu Kakux n MOJCHO ¢
NOMOWbIO YKA3AHHBIX ONepayuli coelams ce Ompe3Ku 00HOYBEMHbIMU HE3ABUCUMO OM UX HAYAIbHOU PACKPACKU?

Otser. Ilpu Bcex N, marommx mpu aeiaeHur Ha 4 octatku 2 u 3. Pemenne. Beero otpeskos N(N—1)/2. Oto uucio
HE4ETHO, eciaM N AaéT mpu JieneHud Ha 4 ocTaTku 2 U 3 ¥ 4ETHO B OCTAIBHBIX CIydasX. 3aMEeTUM, YTO NpPHU
OIMCAHHOW B YCJIOBHH OMEPAaIMU YETHOCTh YMCIIa OTPE3KOB KAXKIOro 1BeTa He MeHsiercs. Ecium yncno n(n-1)/2
4E€THO, TO YHUCJIO OTPE3KOB KaXJOrO IIBETa MOXKHO CHAENaTb HEUYETHBIM, M TOIrZJA CHENaThb BCE OTPE3KU
OJTHOLIBETHBIMH, OUYEBUIHO, HE YAACTCS.

I[Tycth umcno N(N—1)/2 veuérro. Toraa oTpe3KoB OTHOTO I[BETA (IIyCTh KPACHOT0) YETHOE YHCIIO, & IPYroro
(mycTb cuHero) — HeuéTHoe. OueBUAHO, €CITM Mbl CMOXKEM MEPEKPACUTh BCE OTPE3KH B OJIMH LIBET, TO OH OyneT
cuHUM. B03bMEM packpacky, KOTOPYIO MOXHO IMOJYYHTh HAIMMU OMNEpalusMH, COJAEpPKAIIyl0 HauOoJbllee
BO3MOYKHOE YHUCIIO CHHUX OTPE3KOB (Ha30BEM €€ makcumanvHoil). Ecnm KpacHBIX OTPE3KOB B HEHMl HET, Mbl
no6eaunu. ITycts onn ectb. HazoBEM TOUKy kpacHoii, eciiv n3 Heé BBIXOIUT XOTs Obl OJJMH KPacHbIM 0Tpe3oK. Tak
KaK KpacHbIX OTPE3KOB XOTs Obl Ba, KPaCHBIX BEPIINH XOTs Obl TpH. Bo3bMéM n1Be 13 HUX — A 1 B — u nokaxewm,
4yro oTpe3ok AB — kpacHblil. [lomyctuM, o cuHui. Ecnu ects Takas BepmuHa C, uto orpe3kun AC u BC —
KkpacHbie, To oTpe3kr AC u BC MoXHO mepekpacuTh B CHHHIA I[BET, YTO POTUBOPEYUT MAKCUMAILHOCTH. 3HAYNUT
takoit BepumHbl C HeT. Ho mockonbKy Bepunnbl A u B kpachsie, HaiinyTes Bepumnbl C u D Takue, uto AC, BD
kpacHbie, BC, AD cunne. [lepekpacus nocienoBarensHo TpeyronbHukn ABC B kpacHbIi, 3arem ABD B cunwmii, n
HakoHerr ABC B cuHul, MBI YBEJIMYHMM KOJIMYECTBO CHHUX OTPE3KOB, YTO MPOTHBOPEUYUT MAKCUMAJIbHOCTH
pacKpackH.

W3 noka3aHHOro cieqyeT, YTO BCE OTPE3KM MEXIY KpacHBIMHM BepIIMHAMM — KpacHble. Bce ocTaibHble
OTpe3KH, 0ueBUIHO, cuHue. [TycTh Touku A, B, C — kpacHsie, a Touka D — He kpacHas (Takast eCcTh, TAK KaK HHaue
BCE TOUYKH — KpacHbIe, U Mbl yxe modenunn). [lepekpacum B Tpeyroisauke ABD pédpa AD u BD B kpacHsblii 11BeT,
a notoM B TpeyroibHukax ACD u BCD — pébpa AC, AD, BC u BD — B cunwmii nger. Yucno cunux péodep
YBEJIMYUIIOCH Ha JIBa, YTO MPOTUBOPEUUT MAKCUMAJILHOCTH PacKpacKu. 3HAYUT, KPACHBIX p&Oep B MaKCUMAaJIbHON
packpacke HeT, YTO HaM U TpeOOBaIOCh.
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Pemenus 3a1a4 KOMaHIHOM OJIMMIIHAIBI 8 Ki1acca

3anaua 1. Baca npudyman Hogyro meopemy: eciu npousgedenue 08yX 63aUMHO NPOCMbIX YUCel X U Y 0eIUmcs Ha
npouseederue 08yx 63auUMHO NPOCMbIX Yucen a u b, mo xoms 6vl 00HO U3 uucen X u y 0eumcst Xomst vt Ha 0OHO U3
yucen a unu b. Bepua nu sma meopema?

Ortger. Her. Pemienue. Hanpumep, 10-21 = 14-15, HO HM OJIMH U3 COMHOXKUTEIICH CITpaBa HE JCITUTCS HU Ha OJIUH
A3 COMHOXUTEIEH CIIEBA.

3anaua 2. /lan npamoyzonvhuwviti mpeyeorvhuk ABC ¢ npsmeim yenom A. Yepez mouky B npoeedena npsamas |,
nepnenouxynaprasn eunomenyse BC. buccexkmpuca yena ACB nepecexaem cmopony AB 6 mouke D, a npsamyio | 6
mouke E. Ha npamoti | ommeuena makas mouxka F #E, umo BF = BE. Jloxaxcume, ymo CE nepnenouxynsapro FD.

Pemenwue. [Tonoxxum LACB = 2y. Torna ZEDB = ZADC = 90°—y = 90°-£ZECB = ZDEB , otkyna BD = BE = BF.
B paBHoOGeapennom tpeyromsurke DBF yrona nmpu Bepmmnae B paBen 2(90°—y) = 180°—2y kak BHELIHHH yroj
tpeyronbauka EBD, orkyma ZBDF =y. CnenoBarensno, Z/FDE = ZEDB+/BDF =90°—y+y=90° uyt0o u
TpeOOBaNIOCh JOKA3aTh.

3apaua 3. Moowcno au 6 keaopame 20x20 ommemums HECKOIbKO KIEMOK MAKUM 00pazom, 4moodwl 8 iobom

NPAMOY20abHUKE CO CTOPOHAMU 4 U 5 ObL10 omMmeueno poeHo 4 kiemku, a 6 1obom keadpame 8 x8 — posno 13
K1emok?

Otser. Henp3s. Pemenue. 3aMeTuM, 4To KaXIbli MPSIMOYTOJBHUK 8X3 MOXKHO C OJHOW M3 JUIMHHBIX CTOPOH
JONOJIHUTD JBYMS IPSIMOYTOJbHUKaMHU 4x5 10 kBaapata 8x8. [loaToMy B KaX10M NPSAMOYTOJIbHUKE 8X3 TOIKHO
ObITh 13—2-4 = 5 OTMEUEHHBIX KJIETOK. Terneph BO3bMEM JTF000H MpsIMOYroibHUK 8% 15. Ero MokHO pa3pe3aTs Ha 5
IpsAMOYroJbHUKOB 8x3. [ToaTOMY B HEM JOKHO ObITH 25 OTMEUEHHBIX KJIETOK. Ero ske MOHO pa3pes3arh Ha 6
IPSAMOYTOJIbHUKOB 4x5. [103TOMY B HEM JIOJKHO ObITh 24 0TMeueHHbIX KieTkH. [IpotuBopeune.

3agaua 4. /Jokaocxcume, umo Kaxcooe HAMYpaibHOe YUCIO SABNAeMCs CYMMOU 68CeX NONAPHLIX NPOU3BeOeHUll
HeCKONbKUX YUcel, Kaxcooe u3 Komopwix paero I unu —1.

HGDBOG PEUICHUC. HYCTL B Ha6ope d €IUHULT U b MUHYC €IUHHII. Torna CyYMMa BCCX UX IOIMMApHbIX HpOI/IBBe,[[eHI/Iﬁ
a _ _ _ 2 _ 2

(a 1)+b(b 1)—ab=(a b) (a+b):c c
2 2 2 2

2

paBHa —b, rae ¢ = a-b. Bo3pMéM m060e HaTypaTbHOE YHCIIO

N, 4McIo C TaKoe, uTo C>—C > 2N U TONOXUM b = —N u a=ct+b. Cymma Bcex MOMApHBIX MPOU3BEICHHI

Habopa U3 & eaUHUIL U b MUHYC eMHUIL OyaeT paBHa N,

Bropoe pemienue. OueBUAHO, YTO CYLIECTBYET HAOOp, B KOTOPOM CyMMa IOIMAapHBIX MPOU3BEIACHUN OOJIbIle
JAHHOTO 4Yuciia (MOXKHO B3SITh MHOTO eAuHUI). A noGaBieHHe K Habopy umcen 1 m —1 ymeHbIIaeT cymmy
MOTIAPHBIX MPOM3BeIeHUH Ha | (Tak Kak KaX/10€ U3 «CTapbIX YMcem» Na€T ABa MPOTUBOIOIOKHBIX POU3BEICHUS
¢ 100aBJIEHHBIMU YHCIIaMH, a IPOU3BEICHUE JOOABIEHHBIX paBHO —1. Takum 00pa3oM MBI CMOKEM YMEHBIIUTD
CYMMY 0 TpeOyeMOoro 4ucia.

3amaua 5. B knacce yuumces n uenosex. Hekomopwie uz nux 0o6pasyom Kpysi#cKu no uHmepecam, Habopbl yuauuxcs
HU 8 KAKUX 08YX KPYJHCKAX He cosnadaiom. M38eCmHo, 4mo Kaxncowvlll WKOIbHUK X00um xoms 0bl 8 08a KPYHCKd, HO
Makice ecmo 08a KPYJHCcKa, 8 KOmopuvle OH He Xo0um. Jloxkasxcume, 4mo MOMCHO 6blOpamsv napy wKkoabHuko8 A u B
MAaKylo, 4mo HAuOYMcs KPYAHCOK, 8 KOMOPbl X00am 00a WKOIbHUKA, KPYHCOK, 8 KOMOPbIll XOOUm moabko A,
KPYIHCOK, 8 KOMOPbLUL XO0um moabko B, u kpyscox, 6 komopwiii He xo0sam nu A, Hu B.

Pemenne. Ilycth Bcero mKOIBHUKH 0Opa3oBasd N KpyxKoB. O003HAYMM MaKCHUMAaJIbHOE YHCIO KPYXKKOB, B
KOTOpBIC XOJUT OJWH IIKOJbHUK, Yepe3 K, a MuHMMaibHOe — dvepe3 S. be3 orpaHuveHuss OOIIHOCTH MOXKHO
cumrark, 4To K < n-S. B camom nene, mycts K > n-S. Torga 3amumieM KaxI0ro IIKOJIBHUKA BO BCE KPYXKKH, B
KOTOPBIE OH HE XOJUT, U UCKJIFOUYHM €T0 U3 BCEX KPY)KKOB, B KOTOPBIE OH XOIUT. [Iapa HCKOMBIX HIKOJIBHUKOB IIPH
ITOM OCTaHETCsI TOM JKe camoii, HO S mpeBpatutcs B N—K, K mpespatutcs B N—S, u HepaBencTBo N—S < n—(n—k),
PaBHOCHIIBHOE HEPaBEHCTBY K > N—S, OyIeT BBIOIHEHO.

[Tycte [lers — IMIKOIBHUK, KOTOPBIA XOMUT B K Kpy:kkoB. [TocMOTpHM Ha J1Ba KakKe-TO KPYKKa, B KOTOPbIC
OH He X0auT. OHU COCTOST U3 Pa3HbIX HAOOPOB YYACTHUKOB, 3HAYNT, HANAETCS MIKOJIBHUK Bacs, KOTOpBI XOauT
B OJIUH U3 3THX KPY’KKOB, a B IPYrOi HE XOIUT.



Teneps MOCMOTPUM Ha BCE KPYKKH, B KOTOphIe [leTst xoauT. Bacst He MOXKeT XOIUTh BO BCE 3TU KPYKKH, HHAUE
ObI OH XOIWJI B OOJIbIIIEE YHCIIO KPYKKOB, 4eM llets. Bacs momkeH XOauTh XOTsI Obl B OJMH U3 3TUX KPYXKKOB,
nHaue Bacs He xomuT B Oojiblliee YMCIIO KPYXKKOB, YEM KOJIMYECTBO KPY)KKOB, B KOTOpble XoauT llers, uro
MPOTUBOPEUHT TpeanoioxeHuto K < n—S. 3uauut, [lets u Bacst moaxoasT moj| ycaoBue.

3ampaua 6. Jano mMHOIMCECMBO U3 UeMbIPEX PA3IUUHBIX HAMYPATbHBIX YUCe] MAKoe, YMO eClu K NPOU38e0eHUro
J06bIX 08YX U3 HUX npubasums 13, mo noayuumcs Kaopam HAmypaibHo2o Yucia. Joxaxcume, Yymo Hu OOHO U3
OAQHHDBIX YUCel He MOdICem OblmMb CIMEeNneHbi0 HamypaibHO20 YUCLA GblUe NEPBOIL.

Pemenue. [Tycts @, b, ¢ 1 d — nanneie uncna. Jlomyctum, a aaet ocratok 1 npu nenenuu Ha 4. Torpa ab+13 naer
IpH JIeNICHUH Ha 4 Takoi e ocTatok, kak b+13. Tak kak KBaapaThl MpH JEJICHHH HA 4 MOTYT JaBaTh TOJBKO
ocratku 0 u 1, yrcno b gomkHO mpu neneHun Ha 4 naBath octaTok 3 wim 0. To e BepHO U st ymcen C u d.
3Hauut, cpeau uucea b, ¢ u d ecth OO ABa YKCIia, JAOIIKE MPU JCICHUU HA 4 OCTAaTOK 3, MO0 JBa YKCIIA,
nensmuxcs Ha 4. B nmepBom citydae npou3sBeieHre 3TUX yrced ritoc 13 qaét npu nenenuu Ha 4 ocTaTok 2 ¥ IOTOMY
HE MOXeT ObITh KBagpaToM. Bo BTOpOM citydae mpou3BeAeHUE 3TUX uucel ioc 13 maér npu nenenuu Ha 16
ocTatok 13, KOTOPOro, Kak HETPYAHO IMPOBEPHUTH, y KBAJIPAaTOB TOXKE He ObiBaeT. MTak, cpean HammMX 4uces HeT
qucia, AAl0LIEro Mpy JesieHuH Ha 4 ocTaTok 1.

JlormycTiM, a gaet octaTok 3 npu aenennu Ha 4. Torga ab+13 maet npu neneHun Ha 4 TaKoM JKe OCTATOK, KaK
3b+13. 3nauur, yrcio b qomkHo npu aeneHun Ha 4 gaBath octaTok 0 win 1. Ho octatok 1 HEBO3MOKEH, 3HAYMT,
ocratok 0. Tako#t e ocrarok u y umcen C u d. Ho Torga momydaem Tpu uucia, JeIsaumxcs Ha 4, 9T0, KaK yKe
OBLIO TOKA3aHO, TAKXKE HEBO3MOXKHO. Cie1oBaTeIbHO, YHCEI, JAIOIIUX MIPU JIEIEHUH Ha 4 0CTaTOK 3, Cpe/lu HAIlIUX
YHCeN TOXKE HET.

Honyctum, a nenurcs Ha 4. Broporo uucna, nensierocs Ha 4, a Takke 4Kces, JAlOUUX MpH JAeJeHuH Ha 4
octaTku 1 ¥ 3, cpeny HaIlMX YKCell HEeT, I03TOMY 4Kcia b, C u d TO/DKHBI 1aBaTh TPH JICICHUU Ha 4 O0CTaTOK 2.
Torna ab+13 = 4k(4m+2)+13 = 16km+8k+13. TTocnenssis cymma ripu JesieHun Ha 16 qaét ocratok 13 wiu 5, u 06a
TaKHX OCTAaTKa HE BCTPEUAIOTCS Y KBapaToB. Takum 00pa3oM, cpeid HALINX YUCEN HET U YHCel, IeNIuxcs Ha 4.

[Tomyuaetcsi, 4TO BCe HAIM YKCTIa AAIOT MPH JIeIeHuH Ha 4 octaTok 2. Ho cTenenn HaTypabHBIX YUCET BhIIIE
1epBoil 1100 HEYETHBI, JINOO AeATCA Ha 4, OTKYy/la U CIIEAYET YTBEP)KICHHUE 3aJauu.

3anaua 7. Ha cmopone AB xeadpama ABCD e e2o nocmpoen pagHobedpeHHblll NPIMOY20NbHbILL MPey2oNbHUK
ABE, ~<E =90°¢ Ilycmbv N — cepeouna AD, M — mouxa nepeceuenusi npsamoix CE u AB, P— npsimoix CN u AB, F
— npsamoix PE u MN. Ha npsmoii FP ommeuena mouxa Q maxas, umo CE — 6uccexkmpuca yena QCB. {oxascume,
ymo MQ L CF.

Pemenne. O603naunm uepes K u L cepennnast cropon CD u AB cootBeTcTBEHHO, a cTtopony kBaapara ABCD ms
y100CTBa BHIYMCIICHUH TIOJIOKUM PaBHOM 6.

[Mycts ZQCE = ZECB = o.. Torna u ZKEC = a, tak xak EK || BC. [lanee, u3 paBeHCTBa MPSIMOYTrOIbHBIX
tpeyrombankoB DNC u ANP (AN = DN = 3, Z/DNC = ZANP) cnenyer, uro PA = CD = 6, otkyna PL =9 = EK. Tak
Kak, kpome toro, EL = KC = 3, npsmoyronbusie TpeyronbHuku ELP u CKE paBHbl mo n1ByMm kareram, oTKyna
/APE = Z/KEC = a. CrnienoBarensho, Z/CEP = ZCEK+/KEP = a+(90°-a) = 90°.

Otnoxum Ha nposoipkeHuu orpeska AB 3a Touky B orpe3ok BR = 3. IIpsimoyronbenbie Tpeyronsuuku ARN u
KEC paBubl mo aBym kareram, modtomy ZARN=o = ZAPF, orkyma NR| PF. 3amerum pnanee, 4to
KC/LM = EK/EL =3, otkyma LM =1, MR=LR-LM =5=MN, AM =AL+LM =4. Otctona MN =5, Tak kak
tpeyronbHuK NAM — npsimoyronbeHeI ¢ katetamu 3 u 4. 3Haunt, ZPFN = ZMNR = ZARN = a. Ilycts S —
touka nepeceueHus npsMbix FN u QC. Torma ZQSF = 180°-/PFN-ZFQC = 180°-a—(90°-a) = 90°. 3nech
paBenctBo ZFQC = 90°—a nonyuaercs u3 npsamoyroasHoro tpeyroibauka QCE, rne ZQCE = o

Wrak, CE u FS — BwIcoTHI Tpeyrompauka CQF, a M — Touka mepecedeHus: ero BhICOT, OTKY/Ia M CIIeTyeT
YTBEPIKICHUE 3aaUH.

3anaua 8. Ha oxpyocnocmu ommeyeno 30 mouex. Jlobvle 06e ommeueHHble MOUKU COCOUHEHbl KPACHBIM UTU
cuHuMm ompeskom. Modcho npodenvisams Cledyouyo Onepayuio.; 63smv 000U HEOOHOYBEMHbIL MPEY2OTbHUK U
nepekpacums 8 HéM 08a OmpesKa MaxKum oOpazom, ymobwvl OH cmail 0OHOYSemHbIM. Bepno au, umo 01 10601
HAYaNbHOU PACKPACKU OMPESKO8 MONCHO UX 6Ce COeNaAMb 0OHOYBEMHBIMU C NOMOWbIO YKA3AHHbIX Onepayuil?

Ortsert. Bepno. Pemenne. Beero orpeskoB 30-29/2 = 15-29 — nHeuérHOe 4nciio. 3HAUUT, OTPE3KOB OJHOTO IIBETA
(mycTh KpacHOT0) YETHOE YMCII0, a Apyroro (IMycTh CHMHEro) — Heu€THoe. Tak Kak Mpu OMMCAaHHOW B YCJIIOBUU
OTepaliy YETHOCTh YHCIIa OTPE3KOB KAXKIOTO IIBETA HE MEHSIETCSI, €CI MBI CMOXKEM MEePEKPACUTh BCE OTPE3KU B
OJTUH IIBET, TO OH OYJICT CUHHM.

Bo3pMéM packpacky, KOTOPYIO MOXKHO TOJTYYHTh HAIIMMHU ONEpaIysiMH, COACPXKaIlylo HauOoIbIIee
BO3MOJKHOE YHCIIO CHHHX OTPE3KOB (Ha30BEM €€ maxcumanvroil). ECTM KpacHBIX OTPE3KOB B HEH HET, MBI



no6enunu. ITycts onn ectb. Hazo0BEM TOUKY KpacHoii, eciu n3 Heé BBIXOIUT XOTs Obl OJJMH KPAacHBIM 0Tpe3oK. Tak
KaK KpPaCHBIX OTPE3KOB XOTsI ObI 1Ba, KPACHBIX BEPIIUH XOTs Obl Tpu. Bo3pMEM 11Be n3 HUX — A 11 B — 1 mokaxem,
9yT10 0Tpe3ok AB — kpacHsiii. Jlomyctum, on cuauii. Ecnu ecth Takas BepmuHa C, uro orpesku AC u BC —
KpacHble, To oTpe3ku AC u BC MoXHO nepekpacuTh B CHHHIA I[BET, YTO IPOTUBOPEYUT MAaKCUMAJIbHOCTH. 3HAUUT
takoi BepmmHbl C HeT. Ho mockomnbky Bepmmubl A u B kpachble, HaitnyTcs Bepmmnbl C u D takue, uto AC, BD
kpacubie, BC, AD cunue. IlepekpacuB nocnenoBarensHo Tpeyronbuuku ABC B kpacHbii, 3arem ABD B cunmii, u
nakonety ABC B cuHuii, Mbl yBeNTUYHMM KOJIMYECTBO CHUHUX OTPE3KOB, YTO MPOTUBOPEYUT MAKCHUMAILHOCTHU
pacKkpacku.

W3 nokazaHHOro cienayeT, YTo BCe OTPE3KU MEXIy KpPacHbIMHM BepIIMHAMH — KpacHble. Bce ocrtanbHbie
OTpe3KH, oueBUIHO, cuHue. [1ycts Touku A, B, C — kpacHsie, a Touka D — He kpacHas (Takast €CTh, TAK KaK HHAUe
BCE TOYKH — KpacHbIe, U Mbl yke mooeamm). [lepexkpacum B Tpeyronsauke ABD péopa AD u BD B kpacHbIii 11BET,
a motoM B TpeyroibHukax ACD u BCD — pébpa AC, AD, BC u BD — B cunwmii ner. Yucno cunux péoep
YBEJIIMYUIIOCH Ha JIBA, YTO MPOTUBOPEUUT MAKCUMAJIBLHOCTH PAaCKpacKu. 3HAUUT, KPaCHBIX pédep B MaKCHUMaIbHON
packpacke HeT, YTO HaM U TpeOOBaIOCh.



