MaTtematuxra HOH-CTOII

COOpHUK 3a1au

b. A. 3onotoB, [I.T.IllTykeH6epr
N. A. YuctsakoB, A.B. Cemenos, U. C. AnekceeB

®oHp, «Bpems HayKu»
Caukr-ITleTepOypr
2019



VIIK 51:372.851
BBK 22.1:74.262.21
M34

CHOpHMK M3aH C UCIIOIb30BaHueM IpaHTa IIpesumeHTa
Poccuiickoit @emepaliyiu Ha pa3sBUTHE IPAsKIAHCKOrO O6IIecTBa,
npemocTaBaeHHOTo PoHAOM ITpe3UAEHTCKMUX TPAHTOB

'oOHp. BPEMH
sz HAYKY

MartemaTtuka HOH-CTOII. CoopHuxk 3agau / OTs. pen. U. A. Unucts-
KoB. — CII6.: ®oupn «Bpemst Hayku» : U3n-Bo «LIeHTp comeitcTBuUST 0bpa-
30BaHMIO», 2019. — 373 c. : w1, [16] C. Wi

ISBN 978-5-906623-38-6

Kuura comepXut ycjioBus U pelieHus 3azad oauminuansl «Mare-
matnka HOH-CTOII», BnepBble mnpoBenéHHoi B 2010 rogy YOV
OulIO «JlabopaTopusi HeNpepbIBHOIO MaTeMaTU4eCcKoro obpa3oBa-
Husi», a ¢ 2015 mpoBomumoii POHAOM IOAAEPKKM HaydHO U
HAyYHO-TEeXHMUUECKO [OeITeIbHOCTM MOJIOObIX Y4yeHbIX «Bpems
Hayku». Takke B Hell INpencraBieHbl yciaoBus 3amady CaHkrT-Ile-
TepOyprcKUx TYPHUPOB IOHBIX MaTeMaTMKOB U TeMbl MCCIeno-
BaTeJIbCKMUX IIPOEKTOB [1JISI LIKOJIbHUKOB.

W3paHue npegHasHaueHO ISl yYAIVIXCS CPeSHMX LIKOJ, UHTe-
pecyrlIuxcsl MaTeEMaTUKOM, 1 UX NIperofaBaTesiei.

VIK 51:372.851
BBK 22.1:74.262.21

© KosmnekTus aBTOpPOB, 2019
© Y0Y Ou/10 «JlabopaTopust HEMPePbIB-
HOT'O MaTeMaTH4eCKOro 00pa3oBaHusI»,
2019
© QOH[ NOAAePKKM HAYYHON U HAYYHO-
TEXHUYECKOM AesTeTbHOCTUMOJIO-
ISBN 978-5-906623-38-6 IbIX YUeHbIX «Bpems Hayku», 2019



IIpenucinoBue

H. A. Yucmsakos — npe3udenm ¢oHda «Bpems Hayku», dupekmop
4oy OuZlO «/Iabopamopusi Henpepsl8HO20 MAMeMAMUUECK020 00-
pasosanus», suue-npe3udeHm Eeponeiickozo mypHupa Hsix mame-
Mamuxos

Ioporue IOHbIE MATEMATUKM, KOJJIETH, IPY3bsi! BbI IepKuTe B pyKax He
MPOCTO COOPHUK OMIMMITMAAHBIX 337144, & CKOpee KHUTY, B KOTOPOJ pacCcKasb-
BaeTcs O CYCTeMe MaTeMaTUUeCKOT0 00pa30oBaHmsl, CO3TAHHOM HOHIOM MOJ -
JePSKKM MOJIOJBIX YUEHBIX «BpeMst HayKiu».

[TpoekTsl hoHIa B3aMMOCBSI3aHbI ¥ HE MOTYT PaCCMaTPUBATHCS OTI b~
HO JIpyr oT apyra. OnHOI U3 IMIaBHBIX 3a7a4 GOHIIA SIBIISIeTCS IIpUBJIeYeHe
TAJIAHTIMBOI MOJIOLEXM K 3aHSITUSM HAayKOM, B YACTHOCTM MaTeMaTUKOIA.
[Ipu coneiictBum oHpa paboraer Lenasi CTPYKTypa LOMOTHUTEIBHOTO 00-
pa3oBaHMs, a TAKXKe CUCTeMA HAaYYHBIX CEMMHAPOB, TYPHUP IOHBIX MaTeMa-
TUKOB, onumImmaga «Matematuka HOH-CTOII», neTHsast mpoduibHas MaTe-
maruyeckas mKoia, banTuiickuit HayYHO-MHXKXeHePHbI1 KOHKYpC. OMBIT CO-
30aHUS 3TOM CUCTEeMBbI 0Ka3aJjCsl HACTOAbKO YCIIELIHbIM, YTO MHOTHE U3 Me-
porpusTuit GoHZA MPOBOISTCS TelePb B Pa3IMUHbBIX POCCUNCKUX PETMOHAX.
Tak, Hanmpumep, banTuiicknii HAay4YHO-VH>XKeHePHbBI KOHKYPC MMeeT Ha Cero-
JHSIIIHUI BeHb 17 perMoHaJbHBIX TPeNCTaBUTENbCTB.

OpHaxko no nopsiaky. OCHOBOJ cofepsKaTeIbHO MaTeMaTU4YeCKOM esi-
TEJIbHOCTU SIBJISIETCS ceMuHap. B 1992 romy rpyrina Mosofbix (Torma) merep-
OYyprcKMX MaTEMATUKOB, CpeU KOTOPBIX ObUIM K. (.-M. H. C. M. llluMopuH,
K. @.-m. H. [I. T. Benya, 1. A. YUUCTSIKOB ¥ BCKOPEe MPUCOAMHUBIINECS K HUM
K. @.-m. 1. T. H. lInnkud, o. ¢.-m. H. C. Y. Kybmanosckuii, A. O. Bupo, K. ¢.-
M. H. A. A. ®nopuHckuii, E. A. AGaKyMOB CTaiM BECTU Hay4Hble CeMMUHAPbI
JUIS CTaplleK/IaCCHUKOB Y pYKOBOOUTDb HAyUYHBIMM ITpOeKTaMu. Tak BO3HMKIIA
«JlabopaTopust HEIIPEPBHIBHOTO MaTeMaTuueckoro oopasosanus» (JIHMO) —
B Te TOMIbl MOJIOAEKHBIN HAayUHbINi KOJUIEKTUB, CTaBSIIINIA Iepen coboit 3a-
Jauy TIpUBJIEYEHNS K 3aHITUSIM HayKOJi TeX NIKOTbHUKOB, KOTOPbIe 06/1aa-
JIV He3aypSITHBIMY MaTeMaTUYECKUMM CIIOCOOHOCTSIMMU, HO TEM He MeHee 10
HEKOTOPBIM MpUYMHAM B GOJIbINE) CBOEI YacTy He MMeTU 3HAYUTETbHbIX
OJIMMIIMAIHBIX JOCTVKeHUA.



[Mpepucnosue

Bpemsi, B KOTOpOe HauMHasia CBOIO aesaTesibHOCTb JIHMO, 6b110 Herpo-
CTBIM, Jaske CKopee TPYIHBIM IJisl GONBIIMHCTBA MOJIOABIX MaTeMaTUKOB.
MHorMe U3 HUX yexaln U3 CTPaHbl, APyrue CMeHWIM chepy IesTeTbHOCTHU.
KonndecTBo CrTIOCOOHBIX K MATEMATHUKE CTYAEHTOB CTAJIO CHUKATHCS, HECMOT-
pSl Ha BCe yCWIns JeKaHa MaTeMaTUKO-MexaHudeckoro dakynbrera CIIOIY
npodeccopa I. A. JleoHOBa — yeyioBeKa, 6;arogapst KOTOpomy QaKkyyibTeT re-
PEKMII caMble TSDKeble Tobl. MaTemMaTriecKkoe coo6IeCcTBO CTapesio, v IIpu-
BJIeUeHMe K MaTeMaTyKe MIKOJIbHMKOB CTajI0 OJHOI M3 OCHOBHBIX 3a7ay.

B 1994 rogy JIHMO crana coTpygHu4aTh ¢ MaTemMaTuKo-MexaHu4ec-
kuM axynpretrom CIIOI'Y. IT0 cpasy nano cBou miaonel. Tak, B 1992 rony B
JIHMO pa6orajio Bcero 3 marematuueckux cemuHapa. C. M. lllumopux u Y. A.
UnMCTSIKOB PYKOBOAMIIM CEMMHAPaMM [10 MaTeMaTuyeckomy aHanusy, . I. be-
Hya — 110 aiirebpe. B 1995 romy B JlabopaTtopuu O6bIJI0 OTKPBITO Yke 10 Hayd-
HBIX ceMMHapoB. Cpely pyKOBOJMTENeli CeMMHapOB 3TOr0 Mepuopa — IMpo-
deccop M. M. Jlecoxun, mpodeccop H. A. Illnpoxos, mpodeccop B. M. HeskuHc-
Kuit, K. @.-M. H. B. JI. Kobenbckuit, K. ¢.-M. H. B. 0. [Io6pbIHUH.

BriocnemcrBuy JIHMO cTasia yaCTHBIM 06pPa30BaTEIbHbIM YUPEXKIEHN -
eM, T7ie paboTa B CHCTeMe HayYHbIX CEMWHAPOB U CIEI[KYPCOB SIBJISIETCST BEP-
HIVHOJ B IIPOIECCe MOMyYeHUs MIKOIbHUKOM CpeiHero o6pa3oBaHmsl.

CeMuHapsl 90-X rof0B BOCIIUTAY IIEPBYIO IIJIes 1y YUYeHUKOB, KOTOpble
BIIOC/IEZICTBUM CT/IM HAYYHBIMM PYKOBOAUTEISIMMU IIKOJbHUKOB U CTYAEH-
TOB, 3aKOHUMJIY MaTeMaTUKO-MexaHuueckuii pakynbret CIIOI'Y, acnmpaHTy-
Py ¥ 3alUMTUIM KaHAUZATCKME nyucceprauuu. Boimyckaukamu JIHMO 3amu-
1eHbI 42 KaHAMAATCKUX AMUCCePTaLIU, U3 Kaxkaoro Beirmycka IHMO o noso-
BMHBI BBIITYCKHMKOB CTAHOBSITCS aclIMpaHTaMM, 10 7-8 — KaHAMaTaMy Ha-
VK.

Ceituac 6rarogapsi rpanTy @oHja npe3ugeHTckux rpanToB B JIHMO pa-
6oraer 27 MaTeMaTUUYECKMX CEMMHAPOB, a BCErO MO Pa3HbIM CITEIMAIbHO-
cram — 61. Cpenu pykoBoguteneit — 1. ¢.-M. H. C. . KybinaHoBckuit, K. .-
M. H. A. B. CmoneHckuit, K. ¢.-M. H. P. A. T'yueHko, K. ¢.-m. H. 10. A. VnbuH,
K. d.-M. H. C. O. lIBaHOB, acrimpaHTsl A. B. CemeHO0B, B. A. Cocumio, A. A. 3aii-
KOBCKMUI M MHOTME JIpyTHe.

B T0 ke BpeMs onrymasncs geuimnT HayqHoro o61eHMSI yYaCTHUKOB ce-
MMHAPOB C IPYTUMMMU IKOJIbHUKAMMU, TOXKE JealollMI CBOU IepBble 1Iaru B
Hayke. [To3ToMy ITOTyuM/Iv pa3BUTHE HayYHbIe KOH(MEPEHITUU ITKOJIbHUKOB, B
Yucie KOTOpbIX OTMeTUM CaxapoBCKue YTeHus, TpoBoayuMblie iniieeM OTII B
[etep6ypre (4. I. Bupmas, K. X. H. H. M. Xumus, 1. B. ®penepukc, K. ¢.-M. H.
M. I. iBaHoB, E. A. Hun6ypr), 1 KoH(pepeHLNIo, TOCBIIIeHHYIO TaMITH aKa-
nemuka C. H. bepHirreiiHa. bosblilyio moaaepskKKy B 3TO BpeMsI OKa3au Ipo-
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C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

deccop M. I1. IOurkoB u mpodeccop B. C. BumeHckuii. Bymyun coBceMm HeO0Ib-
11071, KoH(epeH1INs MaMaTy BepHITeiiHa MpyuB/IeKaa K cebe Tex I0HbIX UC-
cjlefoBaresieil, KOTopble yxe B 9-11 kjacce MOIM NOTPATUTh HA HAYYHYIO
paboTy 3HAUMTETbHOE BpeMsi. BbICOKMIT ypoBeHb podecCcoHaTbHOTO Hayd-
HOTO JKIOPY CTaJI OT/IMYUTETbHOV KapTOUKOM 3TOI KOH(epeHIIMN.

B MockBe B 06;1aCTM MaTeMATVKY JIMAVPYIOIIEE IMOIOKEHME 3aHVMAJIN
KoHpepeHLys mpy MOU (MOCKOBCKOM SHEPreTMYECKOM MHCTUTYTE), 61aro-
naps yeuusim A. A. EropoBa, K. ¢.-M. H. A. I1. CaBuHa, XK. M. Pa66ora, K. ¢.-
M. H. B. H. [Ty6poBckoro u K. 1. H. JI. B. Oryp3; koHbepeH1Ms «IuHacTUSI—
ABaHrap[», MaTeMaTM4YeCKOe HarpaBJeHe KOTOPOii BO3IVIABISeT K. (.-M. H.
I0.B. Augpees; koudepeunus «I0umop» (mpodeccopa A. II. Mogsies, H. M. Jleo-
HOBa, A. B. MuxaneB u H. A. Kyapsiies).

OnHOBpPEeMEHHO BO3HUKIM MEXIOYHAapoAHble KOH(MepeHIN, U3 Ynucia
KOTOPBIX OTMETUM KOH(epeHLMI0 Monoasix yueHbix (ICYS), rmepBbiM 1mode-
ouTeneM KOTopoi ctan Bnagumup Kamoiiknii, 3aHMMaBIIUIiCS B ceMMHape
10 TOMOJIOTMYECKOII anredpe (pykoBogutenb [I. I. BeHya, HbIHE M3BECTHBIN
MaTeMaTHuK). AGCOMIOTHBIN PEKOPJ, ITOTO HAyYHOro GhopyMa MpUHAIIEKUT
BBIITYCKHMKY HayYHbIX ceMUHapoB [ImuTtputo [TapuaoBy: oH B 9, 10 m 11 kiac-
cax ObLJI HarpaxkaeH 30JI0TOM MeHajblo, CTaB aGCOMIOTHBIM MHoGemuTeeM.
Omutpuit Bnagyumuposuy [1apuioB 3amuTUA KaHAUIATCKYIO AMCCePTALILIO
U ycrnenrHo paboraet B Poccum.

B 1998 rony Poccuist BiepBble IPMHSLIIA y4acTye B MEXIYHAPOLHOM KOH-
Kypce HayYHbIX ¥ VHXEHEPHBIX JOCTVKReHmit yuammxcs — ISEF, co6upato-
meM 6osiee IIOAYTOPa THICSY IIKOJIbHUKOB 13 60ee uem 60 cTpaH mupa. 30
yueHrKoB JIHMO HarpaxzaeHsl IpeMusiMmm Hay4dyHOTO Xiopy, emne 10 — mpe-
musamu Kapna MeHrepa, npucykpaemMbiMy AMepUKaHCKMM MaTeMaTudec-
KVM OOILeCTBOM.

[IsTh HAYYHBIX PAOOT OTMEUEHBI BHICIIMMM ITPEMUSIMY HAYUHOTO SKIO-
pu, UMeHaMM TeTepOyprcKux mKonbHMKOB — Ceprest ViBanoBa, EBrenmst JIo-
xapy, EBrennst AmocoBa, Aprema BukropoBa u I'agsku OcMaHOBa — Ha3BaHbI
masible iaHeTbl ComHeuHol cucteMbl. C. O. MiBanoB u E. 3. Jloxapy 3aiiu-
TUIY KaHOUOATCKUE AVCCEPTALIMY Y aKTUBHO paboTaloT B 06/1aCTy MaTeMa-
Tuku. Cepreit Onerosudy MiBanos B 2014 romy Ha3BaH Jy4YIIUM MOJOIBIM Ma-
temaTukoM CaHKT-IleTepbypra, 14 BBITYCKHMKOB JJaO0paTOPUM HarpakIeHbl
npemusimu umeHu B. A. PoxnuHa.

Kamepnast HayyHast KOH(pepeHIMs, TOCBAIIeHHAs TaMSITH aKaJleMuKa
C. H. BepuiiiTeiiHa, He MOIJIa YKe CIIPaBUTHCS C HApaCTaOLMM YMCIOM paboT
1 6bL1a ITpeo6pa3oBaHa B KOHGepeHIMIo M. akagemuKka I1. JI. YebbiieBa, po-
JoHauajgbHMKa [leTepOyprckoii MaTeMaTUueCcKoi MIkosbl, a B 2004 romy — B
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[Mpepucnosue

BanTuiicknit Hay4YHO-MHKeHepHbI KOHKYypc. Ha mepBom banTtuiickom Hayu-
HO-VH)X€HEPHOM KOHKypce 6b10 TpeactaBieHo 60 rmpoektos; B 2019 rogy
Ha 16ueitHoM XV KOHKypce B OTOOPOYHBIX 3Tanax mpuHsum yyactue 2059
IOHBIX MCCIemoBaTesneil, a B puHaze npeacrasieHbl 6omee 400 MpoeKkToB U3
6omee yem 60 pernoHoB Poccuu u Benopyccun.

[TpencemaTeseM HAay4YHOTO SKIOpM BanTuiickoro KOHKypca SIBJSIETCS
npodeccop H. A. IlIMpoKoB, CEKIIMIO MaTeMaTUKM BO3IJIaB/sIeT mpodeccop
H. M. HexxuHCKMit; mogcekuyum — K. @.-M. H. A. B. CMoJIeHCKMiA, a TaKKe K. I1. H.
B. B. Kps1oB. Bropoii rog pabotaert skiopy IIOMU PAH, KoTopoe BO3IIaBIsieT
mpodeccop A. Y. Hasapos.

Pa3BuTyie Hay4yHON M IPOEKTHOI LesaTelbHOCTU BbICBETUIIO PS, IIPO-
671eM, 6e3 pellleHNs] KOTOPBIX Jajiee HEBO3MOXKHO COBEPIIEHCTBOBATh PaboTy
HAY4YHBIX CEMMHAPOB. [IJIs BBIIIOJHEHMS CepPbe3HbIX MaTeMaTU4YeCKUX Mccie-
JIOBaHMI IIKOJABHUK JNOJKEH 3HATh BakHellIne pasjesbl MaTeMaTuKu. Tak
BO3HMKJIA UIes TPOBeIEHMS IETHUX MPOGUIbHBIX MaTEMaTUUECKIUX IIKOJ, B
KOTOPBIX aCIIMPAHThI ¥ MOJIOAbIE KAHAUAATHI HAYK HOTPY>KaIu CTaplIeKIacc-
HMKOB B Pasfesibl MaTeMaTHKM, KOTOPbIe ObLIY COBEPIIEHHO HEOGXOIMMBI
JUJISL pellleHMs] MaTeMaTu4yecKux 3aaad. YacTo Ha ceMMHapax JIeTHel IKOJIbI
CTaBUIMCh U 3aaUM IJISI UCCIENOBaHMS, M WKOABHUKY YCIIeBaIN MONYYUTh
3HauNUTeIbHbIE Pe3YyJIbTaThl B X PELleHUN.

[TbITAMBBIV NOAPOCTKOBBIN YM HYKIAE€TCS B IOCTOSIHHOM MOAUTKE, pe-
LIeHUM MOZENIbHBIX 3aJlau, KOTOPbIe IOCTPOEHBI 0 CAeAYIoLeMY TPUHIIUITY.
Kaxkpmas 3amaua HaUMHAeTCs BBEAEHNEM B TEOPUIO, B KOTOPOM YUEHUKY Pasb-
SICHSIIOTCSI OCHOBHbIE orpefeneHus. [Ipy 3TOM mepBble MMyHKTHI 3aa4y 601ee
WK MeHee U3BecTHBI. ITo Mepe npoaBIKeHM 110 3aa4e MyHKThI YCIIOXKHSI-
I0TCS1, PelleHNs OCeAHNX IIYHKTOB He M3BeCTHbI aBTOPY 3a1auM U YacCTo $B-
JISIIOTCSI TEMOV CaMOCTOSITe/IbHOTO HAayYHOTO UCCIeL0BaHusl.

B kauecTBe peanu3auuu 3TON UAeU MOSIBUIOCH HECKOJIBKO TYPHUPOB
IOHBIX MaTeMaTUKOB, MPOBOASIINXCS B Pa3HbIX TOPOJAX MO CXOXUM IMpaBu-
JaM. YYaCTHUKAMU TaKMX TYPHUPOB ObUIM B OCHOBHOM CTapIIEK/IaCCHUKMA.
OmuH U3 Takux TYpHUPOB — CaHKT-IleTepOyprcKumii TYpHUP IOHBIX MaTeMa-
TUKOB — MPOBOAMTCS KaK pa3 mpu nmogaepskke GoHga «Bpemst Haykm».

dopma IpoBefeHMs TypHMpa 6blIa 3aMMCTBOBaHa U3 beopycckux Typ-
HMPOB IOHBIX MaTEMATUKOB (K. ¢.-M. H. b. B. 3amBopHbIit), XOTS IeTepOypre-
KUl TYpHUP OTIIMYaeTcs: 6ojiee KeCTKMMY TIpaBuWIaMu IIPOBeIeHUs U TPYA-
HOCTbIO 33/1a4. B mocyieHee BpeMs meTepOyprekye TYpHUPHI IOHBIX MaTeMa-
TUKOB IIPOBOMSTCS ¥ IJIs1 5—7 KIacCoB (CpemHsist ¥ Mitaainast iura). ®axr cy-
IIeCTBOBAHMS 3TUX TYPHUPOB, [0 HallleMy YOeKIeHMI0, CIIOCOOCTBYe T IPU-
BJIEYEHMIO K 3aHITUSIM HAYKOJ TAJIAHTIUBBIX JeTei, KOTOpble BIOC/IeACTBUA
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CTaHyT yYaCTHUKaMu Hay4dHbIX cemuHapoB JIHMO. PykoBoauTesns poekTa —
W. C. Anekcees. JKiopu TYpHUPOB BO3IJIABJISIOT K. ¢.-M. H. 0. A. VInbyH 1 1po-
deccop B. M. HeskuHCKMIL.

Yeunusimu eBpoOIeicKuX MaTeMaTUMKOB IO aHAJOTMUHBIM MpaBUIaM
OPraHM30BaH MEXIYHAPOOHBINA TYPHUP, YUaCTHUKAMU KOTOPOTO CTAHOBSIT-
s ToGeAMTENM HAMOHATbHBIX TYPHUPOB. [Ipe3MIeHTOM KOHKYpCA SIBJISIETCS
npodeccop daBua 3MeiiKoB.

Omumnuaga «Marematuka HOH-CTOII» BbIONHSIET Ty K€ QYyHKLMIO,
YTO M MJAZIIAsl ¥ CPeNHsIs JIUTU TypHMPA IOHBIX MaTeMaTMUKOB, — IIpUBJIe-
KaThb IIKOJBHUKOB 4—8 KJIaCCOB K pellIeHMI0 UCCAeA0BaTeNbCKMX 3anau. Ham
Ka3aJ0Ch Hepa3yMHBIM Cpa3y IPUCTYIIUTD K PeLlIeHNI0 3TOi TPyLHOI 3a1aul,
Heo6X0AMMO 6bUIO BOCIIMTATh MOJIOABIX MAaTEeMAaTUKOB — COCTaBUTeNell uc-
ceoBaTeNbCKUX 3a/a4 U HaiiTu B [leTepbypre LUIKOMbI, TOHMMAIOINIME BaXK-
HOCTb 3TOro Inpoekra. C 3TMMM 3ajadyaMy OIMMIIMAaga MpeKpacHo CIpaBu-
J1aCh.

B mepBbie TOIbI OMMMITHMAIbI OTOOP 3a4a4 6bLT TPAAUIIMOHEH, OHY TTO/I-
OGUPATUCh U3 YMCIA 3a1a4 TIeTEPOYPICKUX, MOCKOBCKMX, OETOPYCCKUX OJTVM-
MMaJl, OHAKO YCIOKHSUIMCH ITpaBuUiIa UX BbITTOMHeHs. Kakast 3agada onm-
MMabI COCTOSIA U3 TPEX MYHKTOB, pellieHye MepBOro 13 KOTOPBIX OIleHMBa-
Jloch B 3 6asuta, pelieHue BTOPOro — B 6 O6aJIIOB, a TpeThero B 9 6ayios. B
3ayeT 10 KaXK7oii 3a7iaue BXOAWI TOT IYHKT, 38 KOTOPbIii YIaCTHMUK TIOTYUMIT
HaubosbIIIee YNCIO0 6AIIIOB.

TeM caMbIM IIKOJIbHUKY HEOGXOAMMO He TOMbKO PeliaTh 3a1aui, HO U
MPOAYMBIBATh CTPATEruio paboThl HA OMMMIIMaae. MHOTMEe IIKOIbHUKY, KO-
TOpbIe Opannch 3a penieHne TOIbKO CJIOXKHBIX ITYHKTOB, 3aUacTyIO Jealu B
HUX OIIMOKM U TIOYYaIM HEBBICOKMIA Oa/IT HAa onmMMIaze. Takas ske y4acThb
KIajaa Tex, KTO pelllaj MPOCTble MYHKTBI, X CYMMAapHblil 6a/lT TakKe Obul
HEBBICOK.

Bonbiioe 3HaueHne Mbl IPUAABAIN TOMY (aKTY, UTO IIKOJIbHUKM, KO-
TOpbIe He CIIPABMUIUCH C PEIIeHUSIMU 3a/1a4 BO BpeMs OJMMITUAJIbI, ToMa U
B IIIKOJIE MOTJIM MIPOJO/IKUTD UX pelieHye. A Haubosee mIy60Kue MKOIbHA-
KM TIOAyYaay NpuUIialieHye 3aHMMAaThCsl B HAyUYHbIX CeMMHapax M YYUThCS B
MpoIIbHBIX MaTeMaTUUYECKUX KIaccax, OpraHM3yeMbIx Ha OCHOBe TocyIap-
CTBeHHO-4acTHOro naprHepcrsa JIJHMO u TBOY COIII N2564.

TeM cambIM ObUTa pellieHa 3a/jaua [0 MPUBJIEUEHNIO ITIKOTbHUKOB K 3a-
HSITUSIM MaTeMaTHKOM, a Takke chOPMUPOBAJICS KOJIEKTUB CTYI€HTOB—Ma-
TEeMaTUKOB, CIIOCOGHBIX MpeJIaraTh uccieqoBaTeabckue sagaun. M c 2016 ro-
na onummuana «Marematuka HOH-CTOII» mpuo6pena 3agyMaHHyI0 GOpMYy.
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[Mpepucnosue

Kaxknast 3amaua 6a308bix 8apuaHmos, Kak v IIpeskae, COCTOUT U3 TPeX ITyHKTOB,
MOC/IeIHMI U3 KOTOPBIX Hanbojee CI0KeH, pasMBbIIIIEHNS TI0 STOMY ITYHKTY
MOTYT ITPUBECTH IKOJbHMKA K PEIIEHMI0 HAaYUHOI TP0o6s1eMbl. [IJ1sT IKOIbHM-
KOB 7—8 KJIaCCOB TOSIBUWICS NPOGPUIbHLIT 8apuanm, s peain3auu BO3MOXK-
HOCTM IIOMCKa OJapeHHbIX JeTei, KOTOphle He 3aHMMAIOTCS B MaTeMaTuye-
CKMX KPY)KKaX, Iaske ecjii, BO3MOKHO, YYaTCsI B MAaTeMaTUUeCKMX IIKOIaX.

JTO ajio pe3yabTaT. MHOTHMeE JeTH 13 0011e06pa30BaTeIbHBIX HIKOJ I10-
JIYYMJTY BO3MOKHOCTbD 3aHSITUI B TPOMUIbHBIX HAYUHBIX ceMMuHapax. Onm-
aia mogae p>KMBaeTcst Kadeapoii MaTeMaTUYeCKOTO 00pa30BaHMs U MHGOP-
matuku AIIIIO (k. m. H. E. 0. JIlykuueBa) 1 BXOOUT B NepevyeHb PErMOHAb-
HBIX KOHKYPCOB MHTEJIJIEKTYyaIbHOM HarpaBieHHocTH [IpaBuTtenbcTBa CII6.
B onmummuage ydacTBYIOT 6osiee ThICSUM IMKOMbHUKOB CaHKT-ITeTepbypra u
JIeHMHTpaICKOii 06/1aCTH.

PykoBomuTesnb rpoekta — B. A. 30/10TOB, TOGeAUTENb OTUMITHAIBI «Ma-
tematuka HOH-CTOII» 2011 roga. [TpencemaTens sxiopu — [, T. [IITykeHOepr.

Kuura amipecoBaHa He TOJbKO HIKOJbHMKAM, MHTEPECYIOMIMCS MaTe-
MaTMKOA, HO ¥ YUUTEJISIM M OpTaHM3aTOpaM MaTEMaTHYeCKOTO 06pa3oBaHMS.
PykoBOmMTENM HAYYHO-UCCIENOBATENBCKMUX PAGOT IKOJBHUKOB CMOTYT TTO-
YepIHYTh U3 COOPHMKA TEMBI JIJIS1 UCC/IEOBAHMSI.
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OT aBTOpPOB

Ommmnuana «Martematnka HOH-CTOII» npoBoautcsts YOV OullO «Jla-
GopaTopus HelpephIBHOIO MaTeMaTnyeckoro o6pasosauus» ¢ 2010 roma. C
2016 roma, ¢ moMmeHTa ocHOBaHMSI DOHIA TTOAAEPKKM HAYUHOTO ¥ HAy4YHO-
TEXHUYECKOT'0 TBOPUYECTBA MOJIOIBIX YUEHbIX «BpeMs HayKu», IIpaBo Ha Ipo-
BelleHMe oMMITHaabl 66110 repenano ®oumy. B 2018 roqy moanepskky omMm-
nuage okasan @oH[ Mpe3uaeHTCKUX TPaHTOB.

3a BpeMs TIPOBeIeHMS OMMITHAIbI 3HAUMTEIBHO BHIPOCIO KakK UMCIO0
ee yYaCTHUKOB, TaK ¥ MHTEPEC, TPOSIBISIEMBI K HEeil B TOM UMC/Ie CO CTOPOHBI
obpasoBaTtenbHbIx opranusaiuii Cankt-IleTep6ypra.

B 2010-2015 romax coctaBuTeeM yCI0BMii 3agay 6611 Y. A. UMCTSIKOB,
nupektop JIHMO. C 2016 roma ycioBus 3afau AJis1 OIMMIONAAbLI COCTABIISIIOT
npexne Bcero b. A. 30/10TOB, BbITYCKHUK U COTpYAHUK YOV On/lO «JIHMO», n
I.T. llItyken6epr, mpenogasaTenb IHMO u Yauepcuteta U'TMO, COTpyIHUK
®oHpa «BpeMs Hayku».

Vi3HauaabHO OMMITMA/IA BKIOYAIa B ce6s1 BapUaHThI i 5—8 KIaccoB
(B OTHEenbHBIE TO/IbI TPUCYTCTBOBAJ TakKe 9 kiacc). B 2016 roay B onuMmnuaze
MOSIBUJICS TIPOGWIIbHBIN BapyaHT Ijisl 7—8 KIaccoB MaTeMaTUYeCKUX IIKOJ:
3amauM TpoUIbHOTO BapMaHTa MpPeACTaB/SIOT U3 cebsl 1enyio ucciefoBa-
TeJTbCKYI0 IPO06JIeMY, pACKPBIBAIOIILYIOCS TTepe ], IIKOJbHMKOM IMYHKT 3a ITyHK-
ToM. [Toc/ieHMM HOBOBBe,eHMEeM OJIMMIMA/IbI CTal BAPUAHT [1J151 YeTBEPTOTO
Kjacca, npucytcTBytommii ¢ 2017 roga.

C caMoro Havajia 0COOEHHOCTbIO OJIMMITMAIbI ObIIO pasmeneHyne KasxkK-
JIoit 6a30BOJi 3amaun Ha MyHKTHI A, B 1 C, pasnuuaioniecs: CJIO)KHOCTbIO U
KOJIMYeCTBOM HauMc/asieMbIX 6aioB. MccnenoBaTenbCckie 3aauy COCTOST U3
60JTbIIIEr0 KOTMYECTBA ITYHKTOB, KOTOPbIE PEKOMEHIYETCS peliaTb OOUH 3a
IPYTYM.

[TepBas yacTh 3TOI KHUTU — yCI0BUs onumnuaz 2016—-18 rogos. Yeino-
BUSI IIPUBOISTCS B TOM B, B KOTOPOM OHM ObLIM JaHbl HA onumIinaze. ITo-
BTOPBI 3a/1a4 M3 YCJIOBUI IIPMHIMITMAIBHO He YOAIS/INCh, YTOOBI BAPUAHThI
MOYKHO OBIJIO JaBaTh JETSIM Ha 3aHSITUSAX B MaTeMaTUUYeCKUX KPYyKKax. 3a-
Jlauy MPOIJIBIX JIET TTO3BOJISIOT IIPUMEPHO OPUEHTUPOBATHCS HA TO, KAKUMMU



oynyT 3amaHus Ha onuMnuane «Maremartka HOH-CTOII» B 6iuskaiitiem 6y-
mymem. ABTopsl 3agady — B. A. 3omotos, [I. I. llITykeH6epr, 1. C. Anekcees.

Bo BTOpOI1 yacTy 3TOV KHUTM [IpeLCTaBAeHbl pelleHuns 3a1a4, [Ipeso-
SKeHHbI€ CAMMMM aBTOpaMu (PacCMOTPEHBI B TOM YMC/Ie 3a[auM MPOGUIIb-
HbIX BapuaHTOB). Eciu mpu pasbope 3amayu OMMMIIMAIbI BOSHUKIN TPYIHO-
CTU VIV MIOSIBUWIOCH >KeJlaHVe 03HAaKOMUTbBCS € aBTOPCKMMMY MEeTOAaMU pelle-
HMSI, CTOUT CMOTPETh KaK pa3 BTOPYIO YacTh KHUTU. ABTOp pa3bopa 2017-18
— B. A. 3onoroB, 2016 — [I. T. lllTykeHOepT.

B TpeTbeit yacTu KHUTY TIpeACTaBIeHbl M30paHHbIe, Haubomee OpUrn-
HajbHble 3amaun 2011-15 rogoB. DTu 3amaum MyGAMKYIOTCS Cpasy C pelile-
HusIMU. ABTOpBI pa36opoB 2012-15 — B. A. 3o0/10T0B, A. B. Cemenos, 2011 —
JI. A. Bakynern, U. T. IIpokodrneBsa, /. I. llITykeH6epr.

YeTBepTas 4acCTh 3TOM KHUTY — ycioBust 3agau CaHKT-IleTep6yprckoro
TypHMPA I0HbIX MaTeMaTuKOB (CII6TIOM), ocHoBaHHOro B 2015 romy Mnbeii
AnekcannposuueM UncTtaroBeiM. CII6TIOM Takke SIBJSIETCSI COCTSI3aHMEM
®oHpa «Bpems Hayku». OTOT TYPHUD OT/IMYAETCS MHTEPECHBIMMU, CJIOKHBIMU
3aJaHUSIMM — HEKOTOPbIe 13 HUX BIOCTAeACTBUY [TIepepacTaloT B Hay4YHbIe pa-
60TbI, TPEJCTABIISIEMbIE HA PA3IMUHbBIX KOHPEPEHIIUSIX IKOJIbHUKOB. B 9TO
KHUTe MbI coopasu Bce 3agaun CII6TIOM ¢ caMoro ero OCHOBaHMSI.

AgTtopsl 3amau CII6TIOM — K. M. YernrypkuH, U. C. Anmekcees.

HaxkoHel, B ITSITO YaCTV KHUTY MbI IIPUBEJIM HECKOILKO TEM JJIsI IKOTb-
HOJi Hay4YHOI paboThl B 06acTy MaTeMaTuKu. C OTHOI CTOPOHBI, 3TU TEMbI
MHTEPECHBI JJ151 HAYKY, a C IPYTOii, KaK HaM ITPe[ICTaBJISIeTCS, TOCUIIbHBI Jie-
TsiM. [TomOGHbIE TEMBI MOTYT OBITD JIFOOOTBITHBI JJ1sI ITKOJTbHMUKOB, KEIAI0NINX
BBICTYIIUTH HA HAYYHBIX KOHGepeHUMSIX U KOHKypcax, HarpuMep, Ha bantuii-
CKOM HayYHO-MHKeHePHOM KOHKypce GhoHa «Bpemst HayKu».

Kenaem YCII€XOB B pa60Te C MaTeMaTn4eCKMMM 3agavdyaMi, IIpeacraB-
JIEHHbIMMA B C60pHI/IKe, a B JaJIbHENIIEeM — B HaydYHOM TBOp‘{ECTBe!



YceiaoBus 3agau 2018 roga

3agauu 4 Kjiaacca

3apaua 1. I'me-TO 51 3TO yKe BUaeI

A. CKoJbKO JIaT B TOy MOIIM GbI OKa3aThCs Ha 9KpaHe [M(PPOBBIX YACOB B
KauecTBe BpeMmeHu? Hanpumep, 19 uiona — 19:06, a 27 HosA0ps epemeHu
He coomeemcmeyem.

B. CKOJIbKO JJaT B TOY MOI/IM GbI ITOSIBUTHCST HAa 9KpaHe 1[1(DPOBHIX YaCOB,
eC/I paspelieHo UCIoMb30BaTh CHavasIa MeCsIIl, a T0TOM aeHb? Hanpu-
mep, 27 Hos0ps mozda 6ydem coomeemcmeosams 8pems 11:27.

C. ABTOMOOWIbHBI HOMep B JIEHMHTPACKO 06/1aCTV MMEET BUJ

x 000 x x | 47RUS

BmecTo KBaJipaTMKOB CTOSIT 1M (PbI, a BMECTO KPECTUKOB — GYKBBI PyC-
ckoro ajdaBuTa, 3arJiaBHbIE BapMaHThl KOTOPHIX ITOXOXM Ha KakKue-
Ji160 GYKBbI aHIVIMIICKOTO ajidaBuTa (Harmpumep, Takue 6ykKBbl — A, T
win'Y).

Ha ckonpkux HOMepax B JIEHMHIPAACKOI 00aCTV €CTh POBHO OOHA
r1acHasi? A pOBHO JiBe IIaCHbIX?

3azaua 2. HanpacHO Ha3bIBaIOT ceBep KpamHUM

A. OpyH KOpOTHILIKA C IBYMSI HOTaMM MO€XaJsl KaTaThCs Ha Benocurnene. Ho
TaK Kak Ha gBope 6bl1a 3MMa, — 10 rpagycoB, OH OTMOPO3UII cebe OmHY
Hory. JIpyroi KOpOThIIIKa Yepe3 MecsIII IToexa KaTaTbCs Ha BeJIoCcuIIe-
nIe. Ho Ha mBope no-mnpexxHemy 6bl1a 3uMa, yske —20 rpagycoB, ¥ OH OT-
MOpO3uJI cebe Bce uMelolecs Horu (MX Takke ObLIO JBe).

CxonbKo HOT 0TMOpO3uT cebe Ha 10- u Ha 20-TpayCHOM MOpPO3€ Typu-
cTtuyeckas rpynna u3 40 KOpOThIlIeK? A UX MajJeHbKUii Cephlil KOT, Y
KOTOPOTO HOT M3HAYaJIbHO UeTbipe? A pedyHoii pak, y KOTOPOTO BOCEMb
HOr?



B.

2018 rom, 4 xnacc

Bapon MioHxray3eH roBOpUT, YTO 060111e7 BOKPYT CBeTa (TO eCThb I106bI-
BaJl Ha BCeX BO3MOKHBIX NOJIrOoTax 3eMHOro mapa) 3a 40 MunyT. Ilpn
3TOM M3BECTHO, UTO OH He JikeT. Kak Takoe MOIVIO ITpOU30MTH?

Onnaxknpl B cTpaHe CeBepHOIi BomoTopduy cobpanch IOCTPOUTD I0-
porn. Kaskablii ropon, pelliyiv COeIUHUTD TOPOTOil C TpeMs OPYyTUMMU
ropogamu, CaMbIMy 6IM3KMMM K HeMy. MOsKeT Jii CTaThCsl TaK, YTO Hali-
IyTCsi ropoa A U B, JIst KOTOPBIX, COIJIAaCHO YKa3aHHOMY IIpaBUIIy, ro-
pon A moKeH ObITh COeIMHEH ¢ TOpomoM B, a ropox B ¢ ropogoM A —
HeT?

3agaua 3. Paspe3aHnus

A.

VYKaxure, Kak pa3pe3aTb HpOI/IBBOJ]beII‘/i KBazpaT Ha 7 MHOTI'OYTOJIbHU -
KOB, Y KOTOPBIX OAMHAKOBBI KaK ILIOIIaAM, TaK M CyMMapHbI€ OJIMHbBI
CTOPOH, JIeXKalllMX Ha I'paHUIle MCXOOHOI'0 KBaapaTa.

VKakuTe, Kak pa3pesaThb M300paskeHHYIO Ha pUCYHKe 2 GuUrypy Ha 6 paB-
HBIX Guryp.

R

PUCYHOK 2

[IpefcTaBbTe, UTO OJHY M3 ETUIIETCKUX ITUPaMI], (ETUTIETCKIME TUPaMMU-
JIbI CUMMETPUYHBI ¥ UMEIOT B OCHOBaHUY KBaIpaT) MTOKPACUIIU PO30BOIA
KpacKoit (IOKpameHbl OKa3aJIMCh €€ YeThbIpe CTOPOHBI, HO HE OCHOBA-
Hue). Kak paspe3aTh ee Ha TPU YacCTU OAVHAKOBOTO 00bEMa, HEeCyIIue
Ha cebe OIMHAKOBOE KOMMYECTBO KPacKu?

3agaua 4. Jleraomuin OupK

Ecnu 8bt ckaxceme c1080 «Mampac,
OH HadeHem eedpo cebe HA 207108Y.



C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

A. Ecnu ckasatb mucrepy JIambepty cioBo «MATPAC», on kpuunt ,Kapa-
ya!“, CHUMaeT repyaTky, HaZleBaeT Ha TOJIOBY BeJlpo, BCTaeT OJHOM HO-
roit B KOpOOKy 13-T10[, TelleB130pa U MoeT ABa KyIuleTa U3 IeCHU PO
KOHSI.

Ecnn ckasate muctepy JIambepty cnoBo «CTAPT», o kpuuut ,Kapa-
ya!“, CHUMaeT 1mepyaTKu, BCTAET ABYMS HOTaMy B KOPOOKY M3-TI0[, Te-
JIeBM30pa U MoeT OMH KYIIJIeT U3 eCHY PO KOHSI.

A uTo 6ygeT, ecyin cKaszaTh MucTepy JIambepTy cioBo «MAPC»?

B. Y mxeHTIbMEHa eCThb 34 To/iapa, M OH X0UeT KyIUTh cebe musimy. [Tpo-
JaBel Ha3bIBaeT LeHy B 120 1o/1apos, HO I>)KeHTIbMEH O/DKEH TOPro-
BaThcs. Kaskabiit pas, Korga JKeHT/IbMeH TOPIryeTcs, IIpoaaBel] cOaBJIs-
eT 1LIeHy A0 cpenHero apudmeTnyeckoro (GMHAHCOBBIX BO3MOKHOCTEN
IKeHT/IbMEeHA U 1leHbl, Ha3BaHHO Ha MpeIbIayIleM I1are, — I3KeHT/Ib-
MeH Xe B 3TO BpeMs OIVISIIbIBaeTCs M HaXOAUT OAHY JO/IapOBYI0 MO-
HETKY, JIeKalyto Ha OpycyaTke. CMOXKET Jiv KeHT/IbMEH KOTa-HUOYIb
KYIIUTb cebe SKeJTaHHYIO TSIy ?

C. TpeBop: «3TOT CKOHQYKEHHBIN KOT cToUT 9600 py6eii».
I>kepemu: «KoT gelieBe, MOoCKo/IbKY TpeBop B 4 pa3a IpeyBeInunBa-
eT KaXXJ0e YNCI0, KOTOpoe Ha3bIBaeT. XOTb OH TOJIBKO YTO M CKa3aJl IIpo
cTouMoOCTb KoTa B 2400 py6sieit, KOT Ha caMmoM aejie ctouT 150 py6ieit».
[MopcunraiiTe, BO CKONBbKO pa3 /I)kepeMy MpeyMeHblIaeT Kaxkao0e MIpo-
M3HOCKMOE YUCIIO, M CKOJIBKO Ha CaMOM JeJle CTOUT CKOHGYKeHHbI!
KOT.

3agaua 5. MowmeHus

(a) ’

(b)
|

(c) ‘ l

pUCyHOK 4

A. YkaxuTe, KaK 3aMOCTUTD TUVIOCKOCTh (PUTYPOIi C pucyHKa 4(a).

B. Vkaxute crmoco6bl, KOTOPIMU MOKHO 3aMOCTUTH TJIOCKOCTh KaXKI0¥ 13
IBYX puryp Ha pucyHke 4(b).



C.

2018 ropm, 5 kmacc

MOXXHO JIM CIOXMTb KBaJpaT KaKOTo-IMb0 pazMepa U3 AePeBSTHHbIX
IUTUTOK B (hopme GuUryp, M306pakeHHBIX Ha pUCYHKe 4(c)? [Ipu sTom
HeOoOXOMMO T0JIb30BaThCS TUTUTKAMU 00euX hopMm.

3azaua 6. Y>kacHbIN ragKuii akKypaTHbIN IoacCYeT

A.

B.

V3 kieTuaToit 6yMary BbIpe3asiu IpsIMOYTOIbHMK pasMepoM 4 x 5 Kie-
TOK. CKOJIbKO Ha HEM MOXXHO HalTV KBaApaToOB? A MPSIMOYTOJIbHUKOB?

Kpyr pasgeneH Ha n ceKTOPOB OAMHAKOBOTO pa3mepa. CKOJIbKUMMU CII0-
co6aMM MOKHO IOKPAaCUTb 3TU N CEKTOPOB B h IIBETOB, €C/IM JIBE pac-
KpacKy, IMOTYYaoIMecs ApyT U3 Apyra BpalleHeM KpyTa, CUMTAIOTCS
OJIIHAKOBBIMM ?

EcTb 11eCTh LIBETOB — KPaCHbI, 6eIblii, CUHUIA, 3€JI€HbII, Y€ PHBIA, SKeJI-
ThIli. Ham XoueTcsi COCTaBUTh U3 HUX BCEBO3MOXXHBbIE TPUKOJIOPHI (TO
ecTb (aru, COCTOSIIINME U3 TPEX TOPU3OHTATBHBIX I[BETHBIX TI0JIOC, Ta-
KMe KaK POCCUIMCKUIA My HeMelkuii). IIpu 3ToM eciiu psiioM OKasblBa-
I0TCSI IB€ ITOI0ChI OLHOTO LIBETA, OHU CIUBAIOTCS B OIHY, IOSTOMY TaKOJi
(ar He cumTaeTcs TPMKOIOPOM. A BOT ¢uiar Bpoze «OejIblii — CUHMIT —
Genblit» — cunTaeTcsl. Tak CKOJIbKO K€ TPUKOIOPOB MOXKHO COCTAaBUTh?

3azaumu 5 Kiacca

3agaua 1. JleTraomuin OupK

A.

Ecnu 8bt ckaxceme c1080 «Mampac,
OH HadeHem eedpo cebe HA 207108Y.

Ecnu ckasatbs mucrepy JIamb6epty cioBo «MATPAC», on kpuunt ,,Kapa-
ya!“ cHUMaeT nepuaTKy, HafieBaeT Ha TOJIOBY BeZpo, BCTAET OIHO HO-
roii B KOpOOKY M3-TI0[] TeJIeBM30pa U IMOeT ABa KyIleTa M3 MeCHU PO
KOHSI.

Ecnn ckasate muctepy JIsmbepty cnoBo «CTAPT», o kpuuut ,Kapa-
ya!“, CHUMaeT ImepyaTKu, BCTAET ABYMS HOTaMy B KOPOOKY M3-TI0[, Te-
JIeBM30pa U IOeT OOUH KYIUUIET U3 IIeCHY PO KOHS.

A uTo 6ygmeT, ecyin cKaszaTh MucTepy JIambepTy cioBo «MAPC»?



B.

C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

V IKeHT/IbMeHa ecTb 34 Hojuiapa, M OH XOUeT KyIuTb cebe nuisimy. ITpo-
JlaBell Ha3bIBaeT 1ieHy B 120 1o11apoB, HO A)KeHTIbMEH JO/DKeH TOPro-
BaThcsl. Kakbiit pas, Korga JkKeHT/IbMEH TOPTYeTCsl, TPoiaBel] COaBJIsi-
eT I[eHy [0 CpelHero apu(pMeTnIeckoro (GUHAHCOBBIX BO3MOKHOCTEI
IKeHT/IbMeHa U [1eHbl, HA3BaHHO! Ha MPeIbIAYIIeM Iiare, — I3KeHT/Ib-
MeH ke B 3TO BpeMs OIVISIIbIBAeTCSI U HaXOAUT ONHY J0/UIapOBYIO MO-
HETKY, JIesKalyto Ha 6pycuaTke. CMOKeT JIM JPKeHT/IbMeH KOTna-HuOyIb
KyIuUTh cebe sKeJIaHHYIO LISy ?

TpeBop: «ITOT CKOH(PYKeHHBI KOT cToUT 9600 pybiieit».

I>xepemu: «KoT pelesie, MOCKO/IbKY TpeBop B 4 pa3a IpeyBeInumnBa-
eT KaXk/I0e YMCJI0, KOTOPOe Ha3bIBaeT. XOTh OH TOJIBKO UTO U CKa3aJ IMpo
cTouMMOCTb KoTa B 2400 py6iieit, KOT Ha camoM aejie ctouT 150 py6ieii».
[MopcunTaiiTe, BO CKOMBbKO pa3 [)kepeMu MpeymMeHbIIaeT Kaxaoe Mpo-
M3HOCUMMOE YMCIIO, M CKOJTbKO Ha CAMOM JieJie CTOUT CKOH(]YKEeHHbI
KOT.

3agava 2. PykonoyxaTus

A.

TpuaLaTh MITh BOCBMMHOIUX CyIlecTB — 18 Kpa6oB u 17 maykoB —
BCTa/IX B XOPOBOJ, UMeIIMii HopMy BOCBMEPKU. ITO 3HAYUT, YTO CY-
1IeCTBO, CTOSIIee B LIEHTPe 3TOV BOCbMEPKH, NEPXKUT 3a JIallbl yeTBe-
PBIX CBOMX cocefieit (61aro, jam y Hero BOCeMb, MY XBaTUT). VI3BECTHO,
YTO KaXKbIii Kpab MEep>KUTCS 3a JIATTbl MCKTIOUUTENBHO C TaykamMu. KTo
CTOUT B IIEHTPe BOCbMEPKM — Kpab mim mayk?

B kommaHuy paboTaeT ABaAllaTh IIECTb UEJIOBEK, M KaXKIbIN IPYKUT
POBHO C IIATHIO ApyruMu. [lociie monBeneHss UTOTOB TOCYAAPCTBEHHO
JIoTepeu 0Ka3aloCh, UTO y KaKAOr0 COTPYAHMKA HAMIETCs APYT UK Ke
JIPYT ero Jpyra (3TO MOXKET ObITh M CaM COTPYIHUK: HETPYIHO MOHSTH,
4TO OH SIBJISIETCSI IPYIOM BCeX CBOMX [Ipy3eil), BBIUTPABLINIL B IOTEepee
MaiHy. O6s13aTeIbHO Ji XOTs Obl Ba UeJI0OBEKAa B 3TOJ KOMITAHWM BbI-
UTPAJIV MaIIUHBI?

Vi3BecTHO, UTO B ABMaJIaHAUM TISITh rOponoB: I'mpdopa, Bunroypr, ®-
ancToH, [1ainoT-bsit u ®ponTsHK. 3 KaXkAoro ropoaa jetaeT LIecTb
aBMapeiicoB, BHYTPEHHUX UM MEXIyHapOAHbIX. JloKaXXuTe, YTO 3a Tpa-
HUIIBI ABMATaHINY JIeTaeT YeTHOE KOJIMUECTBO aBUaPENiCOB.
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3amaua 3. CoBpeMeHHast MmeOenbHast padpuKa

A.

BoceMb SIIMKOB 9KCIIEPUMEHTAIBHOTO MYCbMEHHOTO CTOJIA PACIIONO-
SKeHbI TI0 KpyTy. Kaskablit SIMUK MOKET ObITh OTKPBIT MU 3aKpbIT. CTOI
YCTPOEH TaK, UTO MOKHO OJTHOBPEMEHHO M3MEHSTh COCTOSIHME Taphbl
SIIVIKOB, MEXKIY KOTOPbIMM POBHO JIBa IPYIMUX SIIIMKA — TO €CTh MOX-
HO /1160 OTKPBITh ABa Cpasy, MO0 3aKPbITh ABa CPasy, OO OTKPHITh
OJIVH, 3aKPbIB [IPYTO.

V cTO/Ia Ha BUTPUHE OTKPBITHI IBA MTPOTUBOIIOIOKHBIX sMKa. [Toka-
SKUTe, KaK 3a 4 MeiicTBMS 3aKPbITh UX 00a.

B moHemenbHUK Ilepen 00eqoM OOBIKHOBEHHBIN MebenbInuk Cepreii
PacCTBOPWII IAUKY KPACUTEJISI 15 IIKA(OB B IeCITUIMTPOBOM BeIpe BO-
Ibl. B 06en oOvsKeHHbI Ha HavaabCcTBO ¢Gabpukyu demop B OTUASTHUM
BBUIMJI U3 €MKOCTU 4 JINTpa pacTBOpa, JOIUI 4 IUTPa BOABI U TIIATEb-
HO pasmelias (UTOObI 3aMeCTH CIeIbl).

Ha cnenyromwmii nenb Cepreii CHOBa pacTBOPWII ITavuKy Kpacuress B 10
JuTpax Bogbl. Ha sTtor pa3 ®emop BeIMI U3 Beapa 2 AuTpa pacTBopa,
Ioaui 2 IUTpa BOJbI, TIIATEJbHO pa3Melliajl — U MOBTOPUI Ty XKe Mo-
CleJoBaTe/IbHOCTD eVCTBUIA ellle pa3. B Kakoii 13 IHel B Bepe OCTa-
JIOCh OOJIbIIIEe KPACUTEIST?

OKCIIepUMEHTAIbHBIN CTYI C UCIIONb30BaHMeM HAaHOTEXHOJIOT M (O4Ha
Y3 VHHOBALIMI 3aK/II04aeTCs, HallpuMep, B TOM, YTO Y TAKOT'O CTYJIa POB-
HO 720 HOKeK) Majaer C JIECTHULIBI (B KaueCTBe UCIIbITaHUSI, pa3yMeeT-
¢s1). BBIICHWIIOCH, UTO [IPY IaJleHUY OH ITOTePsUI B TPU Pa3a MeHbIIle HO-
KeK, UeM y Hero 6bI 0CTa/IoCh, TTOTEPsIii OH B TPU pa3a MEeHbIIIe HOXEK,
YyeM Yy Hero OCTanoch ceiyac. Tak CKOMBKO ke HOXKeK OCTaJIoCh y CTysa?

3agava 4. Urpsl

A.

JIBoe 110 ouepeay BBIPE3a0T M3 KIETYATOrO MPSIMOYTOMbHMUKA 5 x 2018
urypy, n306paskeHHYIO Ha PUCYHKe 3(a) — Py 3TOM ee MOXKHO OTpa-
KaTh U BpauiaThk. [IpourpeiBaeT TOT, KTO He MOXKeT BbIpe3aTh GUTYPY B
oyepenHoli pa3. Y KOro U3 UTPOKOB €CTh BBIMTPBINIHAS CTpaTerus?
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(a) (b)

pUCyHok 3

B. Knetku npsimoyronbHuka 1 x 303 mpoHymepoBaHsbl oT 1 1o 303 cineBa
HarpaBo. B kireTke N22 cTouT huIrka mepBoro Urpoka, a B Kimetke N21 —
BTOpOTO Urpoka. Kaxipiit UTPOK MOXKeT /ie/iaTh XObI IBYX TUIIOB:

* Y3 KJIETKU ToJ, HoMepoM k B KJIeTKy k + 1, eciv TaM He CTOUT
(uika Ipyroro urpoxa;

* M3 KJIETKM IO, HOMEPOM K B KIIeTKY K+2m, ecliv m — HaTypaabHOe
YMCJIO U B KJIETKe HOMep K+ m ceifdac cTouT huinka Apyroro Mrpoka (To
€CTh, GUIIKY COTIEPHIKA MOKHO «ITEPENMPBITHYTh»).

BeiurpbIBaeT TOT, Ubsl pMIIIKa ITePBOI OKaxkeTcs B KieTKe N2 303. Y Koro
M3 UTPOKOB €CTh BBIUTPBILIHAS CTpaTerus?

C. [IBoe 110 ouepeny BbIpe3aloT U3 KIeTUYaTOro KBajapara 4 X 4 yroiku u3s
Tpex KJIeTOK, Ip1YeM IepBbIii MOXKET BbIpe3aTh TOIbKO YTOJIKM, OpUEH-
TUPOBaHHBIE Kak OykBa I, a BTOPOil — TOIBKO YTOJIKY, OPMEHTUPOBAH-
Hble Kak 0yksa L (cm. puc. 3(b)). [IpourpeIBaeT TOT, KTO He MOKET BbIpe-
3aTh OUYePeSHOI YIOMOK. Y KOrO M3 UTPOKOB €CTh BBIMTPBILIHAS CTpaTe-
us?

3amaua 5. [IporpeccuBHOE CIOKE€HME

B cBOGOJHBIX IIKOJAX, HE MMEIOMIUX IPeJPacCyIKOB, PEIIAIN CKIaIbIBaTh
YMCIIa, TPOCTO MPUITMUCHIBAS UX IPYT K APYTY. MbI 6yieM 0603HavYaTh 3TO Aeii-
CTBME 3HAUKOM : Hampumep, 2 G 2 = 22, 2000 & 2000 = 20002000.

B 06bIYHOIT KM3HM, B KAKOM TOPSIIKE YMCIa HY CKJIaIbIBaii, pe3yibTaT OCTa-
eTCs HeM3MeHHBIM: 2+ 3+5 = 5+ 3+ 2. OmHaKo, ec/ii BhITIOMHSTH C YMCIaMu
JlelicTBUe P, pe3yJbTaT MOXKET U3MEHSIThCS B 3aBUCMMOCTY OT MOPSIIKA UM-
cenm:2e3@d5=235#4532=5p3¢2.
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A. Jaubl uncia 95 n 500. B KakoM MopsiiKe UX HY>KHO CIOXKUTh, UTOOBI pe-
3y/bTAT MOMYYIICcs 60mbIie?

B. Ilanbl Tpu nipomn3BOIbHBIX uncia P, Q, R. B kakom nopsiike Hy>KHO BbI-
TIOJTHATh C HUMM JEMCTBUE B, YTOOBI MOTYUNTh HAUOOBIINIT BO3MOXK-
HbIlt pe3y/bTaT?

C. BoiBaer mu TaK, uToP+ Q > P Q?

3agaua 6. MonieHust

(a) ’

(b)
|

(c) ‘ l

pUCYHOK 4
A. VKaxuTe, Kak 3aMOCTUTbH INIOCKOCTb (PUTYPOIL C pUCYHKA 4(a).
B. Vkaxute crmoco6bl, KOTOPIMU MOKHO 3aMOCTUTH TVIOCKOCTD KaXKI0 U3
IBYX duryp Ha pucyHke 4(b).

C. MOXXHO M CJIOKUTH KBaApaT Kakoro-nnbo pasmepa M3 JepeBSHHbBIX
IUTUTOK B ¢hopme duryp, M306pakeHHBIX Ha pUCYHKe 4(c)? [Ipu aTom
He06X0IMMO T0Thb30BaThCS TNTUTKAMM 00euXx GopMm.

3agauu 6 Kiaacca

3agava 1. KnupeHcsl

A. JIvameTp KoJieca Bejocunena — 74 cM. Ha BbIcOTe 1IeHTpa KoJjieca pac-
MoJIoXkeHa Kapemka — y3es, BOKPYT KOTOPOTO KpyTsTcs memanu. Pac-
CTOSIHME OT KapeTKu 1o mmemanu — 175 mMm. KakoBo MyHMMAaIbHOE pac-
CTOSIHME OT MeAay 10 3eMJIM (eC/Iv Ha BeJIOCUTIeie eyT IT0 ITPSIMOi, He
HaKJIOHSISICh)? PasMepamu Temaseii mpeHeGpeyb.

B. PaccrosiHue Mexay cocemHUMM HoskKKamu cTysia — 50 cm. K HoXKKaM CTy-
Jia IPUKpPeNnWIu KOJIeCUKHU U CTaIM BTACKMBATh €r0 3a BEPEBKY 110 CTeHe
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MHOTO3TaKHOTO I0Ma, KOTOPbIi MMeeT popmy Kyba, Tak, UTo CTYJ efeT
0 CTeHe Konecukamy. KakoBO JOKHO GBITh PACCTOSTHUE OT CUAEHMUS
CTy/a A0 3€MJIM, YTOGBI OH CMOT BbEXaTh CO CTEHbI MHOTO3TaXKKY Ha ee
KPBIIITy, HE TollaparaB HMKHIOK CTOPOHY CUTEHbS?

ABTO6YC C AMaMeTpoM Kojiec 1 MeTp 1 KojiecHoit 6a30i1 10.5 MeTpoB (Tak
Ha3bIBAIOT PACCTOSTHME MEK/TY IIepeHel OChI0 U 3aHelT) CTOUT Ha I1a-
HeTe MaJjieHbKOro MpUHIIA, AuaMeTp KoTopoi 20 meTpoB. Kakum gosn-
sKeH OBITDb JOPOKHBIN ITPOCBET (PACCTOSIHYE OT I0JIa 10 3eMJIM) Y aBTO-
6yca, 4TOOBI OH He Lapanaa JHUIEM IPyHT?

3agaua 2. Paspe3anus

A.

VkaxuTe, Kak pazpe3aThb MPOM3BOJIbHbIN KBaJpaT Ha 7 MHOTOYTOIbHMU-
KOB, Y KOTOPBIX OJMHAKOBbI KaK IJIOWAAH, TaK U CyMMapHble JJIMHbI
CTOPOH, JIe)KalllX Ha IPaHMIle UCXOLHOTO KBapaTa.

VKaxkuTe, Kak pa3pe3aThb M300paskeHHYIO Ha puCyHKe 2 GUrypy Ha 6 paB-
HbIX GuUryp.

pUCYHOK 2

Hpe,ZLCTaBbTe, YTO OOHY M3 €TUIEeTCKUX ITNPaMung (eI‘I/Il'[eTCK]/Ie nmpamMmm-
AbI CMMMETPUYHBI 1 MMEIOT B OCHOBaHUN KBa,Z[paT) IIOKpaCuIn pO30BOI71
KpacKkoy (IOKpalleHbl 0Ka3al/UCh ee YeTblpe CTOPOHBI, HO He OCHOBA-
Hue). Kak paspesaTh ee Ha TPU YacCTU OAMHAKOBOTO 00beMa, HEeCyIIe
Ha ce6e OIMHAKOBOE KOMYECTBO KPACKu?

3agava 3. Urpsl

A.

[IBoe 110 ouepeay BBIPE3a0T M3 KIETYATOTO MPSIMOYTOMbHMUKA 5 x 2018
durypy, n306paskeHHYIO Ha PUCYHKe 3(a) — Py 3TOM ee MOXKHO OTpa-
KaTh ¥ BpamaTth. [IpourpsIBaeT TOT, KTO He MOKET BbIpe3aTh GUTypy B
oyepenHoli pa3. Y KOro U3 UTPOKOB €CThb BBIMTPBIIIHAS CTpaTerus?
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(a) (b)

pUCyHok 3

B. Knetku npsimoyronbHuka 1 x 303 mpoHymepoBaHsbl oT 1 1o 303 cineBa
HarpaBo. B kireTke N22 cTouT huIrka mepBoro Urpoka, a B Kimetke N21 —
BTOpOTO Urpoka. Kaxipiit UTPOK MOXKeT /ie/iaTh XObI IBYX TUIIOB:

* Y3 KJIETKU ToJ, HoMepoM k B KJIeTKy k + 1, eciv TaM He CTOUT
(uika Ipyroro urpoxa;

* M3 KJIETKM IO, HOMEPOM K B KIIeTKY K+2m, ecliv m — HaTypaabHOe
YMCJIO U B KJIETKe HOMep K+ m ceifdac cTouT huinka Apyroro Mrpoka (To
€CTh, GUIIKY COTIEPHIKA MOKHO «ITEPENMPBITHYTh»).

BeiurpbIBaeT TOT, Ubsl pMIIIKa ITePBOI OKaxkeTcs B KieTKe N2 303. Y Koro
M3 UTPOKOB €CTh BBIUTPBILIHAS CTpaTerus?

C. [IBoe 110 ouepeny BbIpe3aloT U3 KIeTUYaTOro KBajapara 4 X 4 yroiku u3s
Tpex KJIeTOK, Ip1YeM IepBbIii MOXKET BbIpe3aTh TOIbKO YTOJIKM, OpUEH-
TUPOBaHHBIE Kak OykBa I, a BTOPOil — TOIBKO YTOJIKY, OPMEHTUPOBAH-
Hble Kak 0yksa L (cm. puc. 3(b)). [IpourpeIBaeT TOT, KTO He MOKET BbIpe-
3aTh OUYePeSHOI YIOMOK. Y KOrO M3 UTPOKOB €CTh BBIMTPBILIHAS CTpaTe-
us?

3agaua 4. MogenbKku

A. BoBouka nmogymai: «Ecii aBToMo6mib ,, )Kuryau“ Becut 1200 Kr, a MaMa
rojapuia MHe MOAeNbKY MaciinTaba 1 : 43, coelaHHYIO U3 TeX jKe Ma-
TepuajoB, UTO U MOJHOLIEHHAs MalllfHa, TO MOJe/IbKa TO/DKHA BECUTD
1200/43 =~ 28 xunorpaMmoB... OZHaKO OHa OLUIYTUMO Jierye Moero Ko-
Ta, IIPO KOTOPOTro MamMa HeJJaBHO CKa3aja, UTO OH TOJICTBIN, TIOTOMY UTO
peoposiesl OTMEeTKY B 6 Kuio. [e e soruka?»

ITomoruTe BoBOuKe pa3obpaThCsl — IMOUYEMY MOIeIbKa Ha CAMOM [IeJie
He TaK TsoKena?
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C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

B 1791 rogy egviuuiia JyiMHbI MeTP ObLIa OITpe/iesieHa KaK OJlHa COPOKa-
MWIIMOHHAS YacThb [TapuskcKoro MepuaaHa. A B COBpeMeHHOM CIIOpTe
TIOITY/ISIPHO M3MepeHMe He CKOPOCTH, a memna 6eryHa — CKOJIbKO MUHYT
OH TPATUT Ha MMpeoAoieHNe KujaoMeTpa.

CaMblit ObICTPBIN TEMII, KOTOPOTO YMEET AOCTUraTh MOJe/bKa camoJie-
Ta — 0.54 MMH/KM. 32 CKOJIbKO YacOB Takasl MoOZe/bKa JOJIeTUT BIO/b
[Mapwkckoro mepuauana ot CeBepHoro momoca Ao KOskHoro u obpar-
HO?

MOo>kHO Jii cO6PATh U3 IIECTEPEHOK TAKYIO CYCTEMY, UTO B HEI HAMAYTCS
IBe lecTepeHK A 1 B 1 ripy BpaiieHMN A B IBVOKeHME IIPUBOISITCS BCe
OCTaJIbHbIE LIeCTEPEHKU, a IIpU BpalueHuu B — Het?

3agaua 5. HampacHo Ha3bIBalOT ceBep KpaiHUM

A.

OnMH KOpOTBIIIKA C IBYMSI HOTaMU [oexas KaTaTbCs Ha Benocutnene. Ho
TaK Kak Ha JBope 6Obl1a 3uMa, — 10 rpamycoB, OH OTMOPO3uI cebe OgHY
Hory. [Ipyroi KOpOTbIILIKa Yepe3 MecsL [oexaa KaTaTbCsl Ha BeloCuIle-
Ie. Ho Ha mBope mo-npexkHemy 6bl1a 3uMa, yske —20 rpagycoB, ¥ OH OT-
MOpPO3uJI cebe Bce MMeIoIIyecst HOTU (MX Takke ObUIO IBe).

CKOJIBKO HOT OTMOPO3UT ce6e Ha 10- u Ha 20-TpayCHOM MOpO3€ Typu-
ctudeckas rpymnna u3 40 KopoTbiliek? A X MajJeHbKUIi cepblil KOT, Y
KOTOPOTO HOT M3HAYaJIbHO YeTbipe? A pedyHoii pak, y KOTOPOTO BOCEMb
HoOr?

Bapon MioHxray3eH rOBOPUT, UYTO 06011IeT BOKPYT CBETA (TO eCTh MOOBI-
BaJl Ha BCeX BO3MOKHBIX AOJNrOTax 3eMHOro mapa) 3a 40 munyTt. IIpu
3TOM M3BECTHO, YTO OH He JDKeT. Kak Takoe MOIJIO TPOU30MATU?

OpnHaxzsl B crpaHe CeBepHOi BonoTopdum co6panch MOCTPOUTD J0-
poru. Kaskaplii TOpof, pelinin COeAVHUTDL OOPOroi ¢ TpeMsl APYyTUMU
ropomamu, cCaMbIMY O6IM3KMMM K HeMy. MOSKeT Jii CTaThCsl TaK, YTO Haii-
IyTCsl Topofa A U B, ISt KOTOPBIX, COTJIaCHO YKa3aHHOMY IIpaBUIy, ro-
pon A moKeH ObITh COeIMHEH C TOpomoM B, a ropox B ¢ ropogoM A —
HeT?

3agauva 6. I'me-To s1 3TO yKe BUAEI

A.

CKOJIBKO JIaT B rOAy MOI/IM GbI OKa3aThCsl HA 9KpaHe M (PPOBBIX YaCOB B
KauecTBe BpeMmeHu? Hanpumep, 19 uiona — 19:06, a 27 HoA0ps epemeHu
He coomeemcmayem.
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CKOJIBKO AT B TOAY MOI/IM GbI TIOSIBUTHCS Ha 9KpaHe I1MGbPOBBIX UaCOB,
eC/Iu pa3pelieHo UCII0Ib30BaTh CHAavasIa MecCsIIl, a TOTOM IeHb? Hanpu-
mep, 27 Hos16pst mozda 6ydem coomeemcmeosams 8pems 11:27.

ABTOMOOWMITbHBIN HOMED B JIEHMHTPAICKO 061aCTV MMeeT BU/,

x 000 x x | 47 RUS

BmecTo KBaipaTMKOB CTOST I (PbI, a BMECTO KPECTUKOB — GYKBBI PyC-
cKoTo ajndaBuTa, 3arJiaBHbIE BapMaHTbhl KOTOPHIX IOXOXM Ha KaKue-
7160 GYKBBI aHIJIMIICKOTO ajdaBuTa (Harmpumep, Takue 6ykBbl — A, T
nmYy).

Ha ckonmbkux Homepax B JIEHMHTPaACKOM 0OJMAcTV eCTh POBHO OIHA
m1acHasi? A poBHO JiBe IVIaCHBIX?

3agava 7. Y;KacHbINM ragkuii akKypaTHBIN IOAcYeT

A.

B.

W3 xyeTyaToi 6ymMmary BeIpe3aiu IpsIMOYTOIbHUK pa3MepoMm 4 x 5 Kite-
TOK. CKOJTbKO HAa HEM MOXXHO HaliTV KBaApaTOB? A MPsSIMOYTOJIbHUKOB?

Kpyr pa3gesneH Ha n ceKTOPOB OAMHAKOBOTO pa3mepa. CKOJIbKUMM CIT0-
cobaMM MOKHO IOKPaCUTh 3TV N CEKTOPOB B N 1IBETOB, €C/IM JIBE pac-
KpacKu, Moayvyaruuecs: ApyT U3 Apyra BpallleHueM KpyTa, CYUUTAIOTCS
OIOMHAKOBBIMU?

EcTb 1ecThb IBETOB — KPACHbIN, O€JIbIii, CUHWIA, 3€JIEHbIN, Y€ PHBIIA, SKeJI-
ThIli. HamM XoueTcs COCTaBUTh M3 HUX BCEBO3MOXKHbIE TPUKOJIOPHI (TO
ecTb (yaru, COCTOSIINE U3 TPEX TOPU3OHTATbHBIX I[BETHBIX MOJIOC, Ta-
KMe KaK pOCCUICKUIA Wiu HeMeLKui). [Ipu 3ToM eciiu psiioM OKasbiBa-
IOTCSI IB€ I10JIOCHI OLHOIO [IBETa, OHU CJIMBAIOTCS B OGHY, [I03TOMY TaKO
(nar He cuMTaETCS TPUKOIOPOM. A BOT (1ar Bpoe «Oeblii — CMHUIT —
Gesblit» — cunTaeTcs. Tak CKOIbKO K€ TPUKOIOPOB MOXKHO COCTaBUTh?

3agava 8. @®yproHumK

A.

B.

JJIMHBI CTEH Ky30Ba HOBOTO (byproHa, KOTOPbIi CTPOUT cebe MOPOXKEH-
K Carra, B MeTpax BhIPAsKAIOTCS ABYMS Pa3IMIHBIMU ITPOCTHIMMY YMC-
namu. VI3BeCTHO, UTO eC/M YAJIMHUTD KaKIYI0 U3 CTeH Ha 1 MeTp, T10-
wazas QyproHa yseauuurcd Ha 15 m%. Haiigure pasmepbl Gyprosa.

B cammHom dyproHe ponniach COPOKOHOXKA (ee HOTM IPOHYyMepOoBa-
Hbl OT 1 7o 40). OHa Xo4ueT chesaTh MEpPBbIii IIar — U MepecTaBisieT
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TepByIo HOTy. BTOPBIM 11aroM OHa repecTasJsieT Bce HOru, HoMepa Ko-
TOPBIX AeNSITcs Ha 2. TpeTbMM — BCe HOTM, HOMEPA KOTOPbIX JIEJSITCS
Ha 3 ¥ KOTOpbIe He ObUTK TTepecTaB/ieHbl paHee. CKOMBKO HOT el Terepb
OCTaJIOCh ITePEeCTaBUTb, YTOOBI OKOHUYATEIHHO CIBMHYTHCS C MeCTa?

OnmHakIbl YTPOM MOPOsKeHIIMK Callla OTIIpaBUICs pa3BO3UTb MOpPOsKe-
HOe Ha cBoeM HOBOM (pyproHe. OH 06C/TykKMBaeT ceMb ropoioB — A, B,
C,D,E, Fu G — 1 3Tu TOpOAa B KAKOM-TO IOPSIAKE CTOSIT BAOJIb OGHOTO
npsimoro mocce. Caia Bblexaa U3 ropoga A u npoexan 18 KUioMeTpoB
Io B.TTorom — 10.5 kumomeTpoB 1o C. 3aTeM — 27 KuaoMeTpoB o D, 15
kmomeTpos 1o E u 19.5 kunomeTpos no F. Hakorel — 12 KMJIOMeTpOB
o G. [TocMoTpeB BeuepoM B atiac, Cailla K CBoOeMy YAMBIEHUIO Y3HAJ,
4TO OT A 10 G yKa3aHO pacCTOsTHMe MO occe, paBHoe 41 kM. JJoKaxkuTe,
yTo MHGOpMaIMs B aT/iace HeBepHa.

3agauu 7 Kiaacca

3agaua 1. CoBpemeHHast meoebHas1 hadbpuka

A.

Bocemb SIIMKOB 3KCIIEPUMEHTATIBHOIO MMCbMEHHOTO CTOJA PaCIONo-
SKeHbI TI0 KpyTy. Kaskaplii SIMYK MOKET ObITh OTKPBIT MU 3aKPbIT. CTOJM
YCTPOEH TaK, UTO MOXHO OJHOBPEMEHHO M3MeHATb COCTOSIHME ITapbl
SIIVMKOB, MEXIY KOTOPBIMM POBHO [Ba APYIUX SIIMKa — TO €CTb MOX-
HO JIMO0 OTKPBITh ABA CPa3y, MO0 3aKPBITh ABA CPA3y, MO0 OTKPHITH
OIVH, 3aKPbIB APYTOI.

VY cToNa Ha BUTPUHE OTKPBITHI ABA NMPOTUBOIOIOXKHBIX siuKa. [Toka-
SKUTE, Kak 3a 4 AeiicTBUS 3aKpbITh UX 00a.

B moHenmenbHMK Iepen 06eqoM OOBIKHOBEHHBIV Mebenbliuk Cepreii
PacTBOPWII MMAYKy KPacUTeJIS 1S IKa(OB B AECITUIUTPOBOM Beipe BO-
Ibl. B 00em oOMKeHHbII Ha HavYaJIbCTBO (abpukyu ®emop B OTUASTHUN
BBUIMJI U3 eMKOCTU 4 JINTpa pacTBOpa, JOIMI 4 TUTPa BOAbI U TIIATENb-
HO pa3menias (UTOObI 3aMeCTH CIIe[IbI).

Ha cnenyrominii genb Cepreii CHoBa pacTBOpPMJI ITavyKy Kpacuresns B 10
nuTpax Bomabl. Ha aToT pas ®emop BbUIMI U3 Belpa 2 IUTpa pacTBOpa,
Ionua 2 TUTpa BOJbI, TIIATEJbHO pa3mMeliaq — U MOBTOPWI Ty ke IO0-
Cle0BaTe/IbHOCTb AeCTBUIA ellle pa3. B Kakoil 13 gHel B Belipe OCTa-
JI0Ch OOJTbINIE KPACUTENST?
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C. DKcIepMMeHTAabHBINA CTYJI C UCII0/Ib30BaHMEeM HaHOTEeXHOJIOI U (OgHa
Y3 VTHHOBALIMI 3aK/II04aeTcs, HallpuMep, B TOM, YTO Y TAKOT'O CTYJIa pOB-
HO 720 HOKeK) MazaerT C JIECTHULIBI (B KaueCTBe UCIIbITaHUS, pa3yMeeT-
¢s1). BBIICHWIIOCH, UTO [IPY IaJleHUY OH ITOTePsII B TPY Pa3a MeHblIle HO-
KeK, UeM y Hero 6bl 0CTa/IOCh, TTOTEPsIii OH B TPU pa3a MEHbBIIIE HOXEK,
YyeM Yy Hero OCTanoch ceiyac. Tak CKOJIBKO ke HOXKeK OCTaJIoCh Y CTys1a?

3agaua 2. IIporpeccuBHoOe C/I0KeHMEe

B cBOGOJHBIX IIKOJAX, HE MMEIOMIUX MPeIPacCyIKOB, PEIIAIN CKIaJbIBaTh
YUCIIa, TPOCTO MPUITMCHIBAS UX IPYT K APYTY. MbI 6yieM 0603HavYaTh 3TO Aeii-
CTBME 3HAUKOM : Hapumep, 2 G 2 = 22, 2000 & 2000 = 20002000.

B 06bI1YHO1 5KM3HM, B KAKOM ITOPSIIKE YMC/Ia HY CKIaIbIBaii, pe3y/abTaT ocTatT-
Cs1 HeM3MeHHbIM: 2 + 3+ 5 = 5 + 3 + 2. OmHaKo, ec/iy BBIIOIHSTD C UYMCIaMMU
JlelicTBUE P, pe3y/abTaT MOXKET U3MEHSIThCS B 3aBUCMMOCTY OT MOPSIIKA UM-
cem:2®3®d5=235#4532=503d2.

A. Manb! yncna 95 u 500. B KakOM MOPSIAKE UX HYKHO CJIOKUTD, YTOOBI pe-
3yJIbTAT MONYYIICs: 6osbIne?

B. [laHbl Tpu Ipou3BOAbHBIX uKcia P, Q, R. B kakom mnopsiike Hy>KHO BbI-

TIOJTHATD C HUMM JeNCTBUE &, YTOOBI MOTYINTh HAMOOBIINIA BO3MOK-
HbIN pes3ysbTar?

C. Ompenenum «IIPOTPECCUBHYIO0 Pa3HOCTb»: d © b — 3TO Takoe YMUCIO C,
uTo b @ ¢ = a [lpuBenuTe IpuMep ymucesn a u b Takux, YTO UX Pa3HOCThb
a © b He omrpenenieHa (HY>KHOTO YMC/Ia ¢ HE HANUALTCS).

3amaua 3. Ha canderke

A.

pUCYHOK 5
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VKaxkuTe, KaK HapuCcOBaTh «OAHMUM POCUEPKOM I1epa», TO eCTb He OTPbI-
Basi py4Ky OT 6ymMaru 1 He IpOXo/is [0 OMHO JIMHUYM OBasKABbI, (A) OJIVM-
nuiicKue Konbiia (6) «HaKJIOHHBIN KBapaT» CO CTOPOHOI 4 (CMOTpeTh
PUCYHOK 5).

B. TpeyronbHuK CepOIMHCKOrO CTeeHu 1 — 3TO MPOCTO TPeyroabHUK. UTO-
OBl MMOTYYUTD TPEYTONBbHUK CEPITMHCKOTO CTeTeHy n + 1, Hy)KHO MocTa-
BUTb «PYT Ha Ipyra» TpU TpeyroibHMKa CeprymHCKOro crerneHu n. Ha
pUCyHKe 5 1306paxktH TpeyronbHMK CepInmMHCKOTO cTereHu 4, a Bbije-
JieH TpeyroiabHuK CepnmHCKOro crernenu 3. Ilocumraiite, CKOJIBKO y3-
JI0B (TOYEK, IJe IepeceKarTcs Ba U Gosiee HelmapaiieabHbIX OTPe3Ka)
B TpeyronbHuKe CepIMHCKOro cTeneHu n. Ilocunraiite Takke, CKOIbKO
OTpEe3KOB JIMHbBI 1 COCTABSIOT «HAKIOHHBII KBaApaT» CO CTOPOHOIA .

C. VkaxuTe, Kak HAPMCOBATH OTHUM POCUEPKOM Tepa TpeyronbHuK Cep-
MMMHCKOTO CcTeTeHu 4, u306pakeHHbI Ha PUCYHKE.

3amaua 4. He mogenbHas, a MogajibHast!

ITycTb ecTb cO6bITHE X, KOTOPOE MOKET IIPOMUCXOAUTD WM He IIPOUCXOOUTD B
3aBMCHMMOCTM OT TOTO, KaKoii ceromusi ;eHb. Harpumep, cobbiTie X = «cero-
IIHS cCy660Ta» CJIydaeTcs pa3 B CeMb JTHE, a COObITHE «CETOIHS I CMOTPET Ha
Yachl» — KaKIbIi TeHb.

Nmerorcst aBa cuMBoia, [1 1 V, KOTOpbIEe pacCKasbIBalOT UTO-TO O Pa3HBIX CO-
6brTUsIX. Tak, ppasa «[1X» 03HAYAET «HAUMHASI C CETOMHSIIHETO THS KaKIbIi
IeHb cIydaeTcs: cobbiTie X». ®dpasa «VX» 03HAvaeT «B OymylleM HaiigeTcs
JIeHb, KOTJIa CTYUUTCST COObITHE X».

[IBa cMMBOJIa, YIIOMSIHYTBIX HAMM, MOKHO KOMOVHMPOBAaTh. JIErKO MOHSITD,
yTo ¢pasa «V[1X» 3HAUUT «B OYAYIIEM HaIEeTCS JeHb, HAUYMHAS C KOTOPOTO
eXeTHeBHO OyJeT MpoMCXOauTh coobiTHe X». A dpasa «JC1X» 3HAUUT TO Ke
camoe, uto 1 «[1X» (ybegurech B aTroM camu). dpa3sl, 3HAUAIME OTHO U TO
ke, 6yieM Ha3bIBaTh S9KBUBAJIEHTHBIMMA.

A. BepHo nu yTBepkaeHue «1V ceromusi cy66ora»? UTo BooOIIe 3HAUUT
(pasa «OVX»?

B. Hoxkasxkute, uto dpasbl «1VIX» 1 «V[1X» 5KBUBaJIEHTHBI.

C. CKoJbKO BOOOIIIE CYIIeCTBYeT IMOMapHO HeIKBMBAJEHTHBIX (pa3 Buia
«_X» (BMeCTO IOLUYepKMBaHMSI CTOUT MOC/IeI0BATEIbHOCTD U3 CMMBOJIOB
Ouv)?

_17_
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3agaua 5. be3 mpoOGyKCOBKM

A.

JlerkoBasi MallIyHa ¢ KoJeCHO 6a30¥i (Tak Ha3bIBAIOT PACCTOSTHIE MEXK-
Iy TiepeHelt U 3aIHelt 0ChbI0) 5 METPOB MOBEPHYJIA ITepeiHee JTeBOe KO-
neco Ha 30° BJIeBO, IPK 3TOM 3aJHee JIeBOe KOJIeCO OCTaNI0Ch B MCXOA-
HOM ITOJIOKEHUY, a MpaBble KoJieca MOBEPHYINUCH TaK, YTOObI MallyHa
MoOr/Ia e30UTh 6e3 MpoOyKcoBKM. C MTOBEPHYTHIMM TaKMM 06pa3oM KO-
JiecaMu MalliHa CTaua e3iUThb 10 OKPYKHOCTH. [0 OKPYKHOCTHM KaKoro
pammyca e3IUT 3aHee JIeBOe Koeco?

[Morpy3umk B cyriepMapKeTe ¢ KoJieCcHoi 6a30ii 1.8 MmeTpa moBepHYI T1e-
pelHee jieBoe Kojeco Ha 45° B/IeBO, a 3aJjHee JileBOe — Ha CTOJbKO Xe
B IIPOTUBOIIOIOKHOM Harpasiiennu. OcTaibHbIE KOJieca MOBEPHY/INChH
TaK, YTOOBI MOTPY3UMK MOT e3aUTh 6e3 MpoOyKcoBKM. C ITOBEPHYTHI-
MM TaKMM 06pa3oM KoJiecaMy TIOTPY3UMK CTal €3IUTh IO OKPYsKHOCTH.
VKakuTe TOYKY, BOKPYT KOTOPOJ OH e3UT.

PaccTostHMe MeXIy ITepefHeli M CpefHeli 0Cbl0 TPEXOCHOTO aBTobyca —
9 MeTpOB, a MexXIly cCpefHel 1 3agHeli — 3 MeTpa. [lepegHee neBoe Koie-
€O IOBEPHY/IOCH Ha 60° BIEBO, CpeJHEE JIeBO€E OCTAIOCh B MPSIMOM I10-
JokeHMM. Ha CKOJIbKO TpaaycoB M Kyda HYKHO MOBEPHYTHCS 3aJHEMY
JIEBOMY KOJIeCy, YTOObI aBTOOYC CMOT 0exaThb 6e3 IIPOoGYKCOBKM?

3agava 6. Kak mpoBOXawOT TPaHCIOPTEPHL...

TpaHcropTepoM 6yZeM Ha3bIBaTh ABMKYIIYIOCS JEHTY, Ha KOTOPOi MOKHO
repeMeniaTh MPeAMETHI (BCe BUAEIM TaKYI0 Ha Kacce B «[IaTepouke»; ele ee
MOXXHO CPaBHUTD C TPABOJIATOPOM Ha CT. M. «CITOPTUBHAS»).

A.

Ecnu TpaHcniopTep ABMKETCSI CO CKOPOCTBIO V M/C, TO JIEXAIMi1 HA HEM
MMUTOH TIPOEe3kKaeT MUMO HeIOABMKHOTO HabyiomarTesis 3a 14 cexyHp.
IaBajiTe BO3bMeM NUTOHA—AeTeHblIIlIa (€ro AJMHa COCTaBsIeT % OT OJIN-
HbI B3pOC/IOrO MMUTOHA), B LIECTh pa3 6ojiee MeIjIeHHbI TpaHCIIOPTeD,
a TakKe 3aCTaBUM HaO/IIOmaTeNIs UATU CO CKOPOCThIO %v M/C HaBCTpe-
4y TpaHCHOPTepy. 3a KaKoe BpeMsl JeTeHbIIII IMTOHA TPOHECEeTCSI MUMO
Habmonarensa?

IBa Ky6MKa pasMepoM 5 x 5 x 5 cM emyT 110 TpaHCIIOPTEpY, MPUUEM
paccrosinue Mmexxay Humu pasHsieTcs 10 cm. C JaHHOro TpaHCIopTepa
OHM TOTMAJAIOT Ha CIeAYIOUNiA, B 1Ba pas3a 6oyee ObICTPHIN, U ajblie
eyT 1o HeMy. KakoBO paccTosiHME MEXAY HUMU Ternepb?

_18_



C.

C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

B otmen mpuema mecka ¢abpuku «Becesnblit [Tecounnk» rpusesnn 1200
KT riecka. /3 oTmena mpuema B OTIes IepBUYHOM OUMCTKY Ha dhabpuke
MUIeT Ba TpaHCIopTepa: oguH nepeHocuT 500 rpaMMOB IeckBa B ce-
KYH[Y, a APYroii, HOBbIN, — 1 Kr mmecka B ceKyHAy. Kak rmomenmnTs rnecok
MEeXIY 9TVMU JBYMSI TPAHCIIOPTEpPaMM TaK, YTOOBI TIEPeBE3TY BECh ITe-
COK M3 OJHOTO OT[eJia B APYroii 3a HaMMeHblllee BpeMsi?

3agava 7. OmHOBpeMeHHOe BbIYUTaHue

A.

Ha gocke HamyMcaHbl IMSTh YMCeT, CyMMa KOTOPbIX JeJIUTCS Ha Tpu. Pas-
pelaeTcsl OMHOBPEMEHHO YMEHbBIATh Ha eIMHUITY TPU M3 HAITMCAHHbBIX
Ha JOCKe uuces. Beerma 1y MOXKHO JOOUTHCSI TOrO, YTOObI Ha JOCKE B
WUTOre 0Ka3a10Ch ISITh Hy/Iei?

Ha mIocKoCTy pacrionokeHO HECKOMbKO TOYEK, KaXKIoii U3 KOTOPBIX
TIPUIIVCAH 8eC — IIeJI0e YUCI0. [Ipy 3TOM U3BECTHO, UTO CYMMa BECOB
BCEX TOUEK paBHA HY/II0. TOUKM MOKHO COEUHSATh KPUBBIMU, Y KaxKI0M
U3 KOTOPBIX €CTh YeHd. Ecv IBe TOUKYM COeTMHEHbI KPUBOJA C LIEHO W
(W — 118J10€ UMCII0), TO K BECY OJHO M3 HUX MPUOABIISIETCS W, a U3 Beca
IPYTO¥ BeIUMTAETCSI W (Ky[a MIMEHHO MPUOaBJISITh, & OTKY/Ia BBIUUTATD,
MOJKHO peliraTh caMomMy). [JoKak1Te, YTO MOKHO COEIMHUTb TOUKY KPU-
BBIMM C KAKMMM-TO [IEHAMU TaK, YTOObI Beca BCeX TOUEK 0Ka3alnch Hy-
JIEBBIMU.

B cTpaHe HECKOIBKO TOPOAOB, MEKIY HUMU IMPOJIOKEHBI TOpOTHU. [ljis
Kask/IOV TOPOrM yKa3aHbl HalpaByieHKe (BCe JOPOrY OJHOCTOPOHHME)
U 8eC — HATypaJbHOE YNCI0. VI3BECTHO, UTO JJIST KAXKIOTO rOPOAa CyM-
Ma BeCOB BXOASIIMX B HETO JOPOT paBHa CyMMe BeCOB McXomsuimx. J1o-
Ka)XkTe, YTO HECKOJIbKO MallMH (Ha HOMepe KaxkA0ii M3 KOTOPbIX Ha-
MMCAaHO HaTypaJbHOE YMC/I0) MOTIM MpoexaTh Kaxkaas o Kpyry uepes
HECKOJTbKO TOPOZIOB TaK, YTO BeC Kask0 JOPOTY OKA3aJICS PABEH CyM-
Me HOMEPOB MallliH, TOObIBABIINX HA HEJA.

3agaua 8. CeTKM Ha INIOCKOCTU

A.

Ecny 3aMOCTUTD IJTIOCKOCTh PABHOCTOPOHHYMM TPEYTOIbHUKAaMM OJJHO-
ro pasMepa, TO UX CTOPOHbI 06Pa3yIOT TPEYTONbHYIO CETKY (B ee hopme
TaKke 06bIUHO CTPOSIT KAPTOUYHbBIE TOMUKM). B TPEyroabHOII CETKE eCTh
TPY HaIpaB/ieHKs pebep — OHM COOTBETCTBYIOT CTOPOHAM CKJIafbIBae-
MBbIX TPEYTOJIbHUKOB. [IOKaskMUTe, UTO JTF060J1 KpaTUaiiiimii IyTh 110 Tpe-
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YTOJIBHOI CeTKe OT OGHOTO €€ y3/1a K APYroMY MCIIONb3yeT pebpa Mak-
CUMYM [BYX HampaBIeHNit U3 TPeX.

B mepeBHe Masbie [TayKky TOCTaBU/IM ITOTNIEPEK PEKM PbIOOIIOBHYIO CETh C
KBaZpaTHBIMU sSlUeiKaMMy, pa3sMepoM m x n sueek. OKyHb Buranuii yme-
€T CrpbI3aTh y3JIbl B CETKE, HO, TaK KaK BOJA MyTHasl, OH He BUJIUT, Ka-
KOJi MUMEHHO y3eJI TPbI3€T, TO eCThb KasKIblil pa3 BbITPbI3aeT CIyYaiiHbIN
13 y3J10B. CKOJIBKO y3JI0B €My HYSKHO CIPbI3Th, YTOOBI CETKA rapaHTHUPO-
BaHHO Pa3BaIMIACh XOTsI ObI HA IBE YacCTu?

3aBx03 0(MCHOTO 31aHMSI, HA TPETheM 3Taxke KOTOPOTO eCTh 6eCKOHeu-
HO IJIMHHBIN 1 6€CKOHEYHO IMPOKUIT KOpumop, 3akazan B 000 ,,CtpaH-
Hble BaHHbIE" GECKOHEYHO MHOTO YEThIPEXYTOMbHbIX Ka(eNbHbIX TIN-
TOK OIMHAKOBOI (opMbl U pa3mepa (MIpU 3TOM UYEThIPEXYTOJbHUK He
006s13aH OBITH HM MPSIMOYTOJIbHUKOM, HM JJaXke BBIMTYKIIBIM). JIOKasKUTE,
YTO Kakoii 661 pOpMBbI HY GBIV IUTUTKY, UMY BCE PABHO MOYKHO TIOKPBITh
BeCh I10J1 B KOpUAope.

3agava 9. V>kacHbIV ragKuii akKypaTHbIN 110 CUYeT

A.

Kpyr pa3geneH Ha n CEKTOPOB OAMHAKOBOro pasmepa. CKOIbKMUMHA CIIO-
co6aMy MOKHO ITOKPaCUTb 3T N CEKTOPOB B N 1IBETOB, €CJIM ABE pac-
Kpacky, MoayJyaruuecs Ipyr U3 Apyra BpalleHeM Kpyra, CUMTaOTCs
OJIVMTHAaKOBbIMMU ?

EcTb 1ecThb IBETOB — KPACHBIN, O€JIbIii, CMHIIA, 3€JIEHbIN, Y€ PHBIIA, SKeJI-
ThI/i. Ham XO4eTcsl cOCTaBUTh U3 HUX BCEBO3MOXKHbBIE TPUKOIOPHI (TO
ecTb du1aru, COCTOSIIIME U3 TPeX TOPU30HTATbHBIX IIBETHBIX I1OJIOC, KaK
POCCUICKUIA My HeMeLKuii). [Ipy 3TOM e psiIoM OKa3bIBAlOTCS ABE
TIOJIOChI OFHOTO IIBETA, OHM CIMBAIOTCS B OJHY, ITIO3TOMY TaKoii ¢uiar
He CYMTAETCsS TPUKOIOPOM. A BOT (iar Bpoge «besblii — CuHUiT — Ge-
JIblii» — cunuTaeTcs. Tak CKOMbKO JKe TPUKOIOPOB MOXKHO COCTaBUTh?

OaH Ky6uKk. CKOJIbKMMM CIIOCOGaMM MOKHO MTOKPACUTh €r0 IPaHu B 6
1IBeTOB (110 OJ[HOMY Ha TpaHb), eC/Iu IBe PaCKpacKu, roryyaemMble IpyT
M3 IpyTa BpaleHreM KyOuKa, CUUTAIOTCS ONMHAKOBBIMM?

3amaua 10. Cpegune apudpmMmeTndeckme

HamomuuMm: cpemHee apudmMeTrueckoe Habopa YMCeN dy . . . d, BHIYUCTSIETCS
o hopmyie
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a+...+ay
. .
[TpuaymaiiTe yeThipe HAGOPA MO MATh YMCET KAKIbIN Tak, UTOObI Hau-
Oosblliee U3 CpeaHUX apupMEeTMUECKUX ITUX HAaOOPOB ObLIO OOJIbIIIE,
yeM cpefHee apudpMeTuecKoe HauboMbIINX YMCET ITUX HAGOPOB.

B mepBsIit kimacc mkombl N2265 moctymio 120 geTeit pocTOM COOTBET-
ctBeHHO 101, 102,103 . .. 220 caHTMMETPOB. 3aBy4 XOUET pacIpenenuThb
ux Ha 4 Kkacca 1mo 30 yelioBeK Tak, UTOOBI, eC/IM B KaKIOM KJIacce B3SITh
POCT CaMOT0 HM3KOTO yUeHUKa, cpeHee apudmeTnyeckoe MoTyuyeHHbIX
yeThIpex uuces 66110 HanbonpmmM. Kak emy 310 cenaTts?

B mepBbIit knacc mkonbl N2235 nmocrymio 80 meTeit pocTOM COOTBET-
cTBeHHO 51, 52, 53 ... 130 caHTMMeTpOB. 3aByY XOUeT pacIpele/nTh
ux Ha 4 kiacca 1o 20 yesoBeK Tak, YTOObI, ecIy B KaXKJOM KJacce B3SITh
cpenHUIi apudMeTrIecKkuii pOCT ero y4eHUKOB, MUHMMYM ITOJTyYeHHBIX
yeTbIpex unces1 6b11 HanboabimmumM. Kak emy aTo cenatb?

3amauu 8 Kiacca

3agaua 1. Y marasmuHa

A.

IBa nmpopasiua B marasue, ®@egop u Kupusii, yBeIMunBamT BCE YMCIA,
KOTOpbIe Ha3bIBAIOT, B HECKOJIBKO pas.

®epop: Kupuan ymMHOXKaeT uncia, KOTOpble MMPOU3HOCUT, Ha 144, Tak
YTO He MaHUKyiiTe, 06CyKIasi C HUM LIeHBbI.

Kupwman: A Tl KOTia BUepa ckasaj, YTo yUeOHUK UCTopuu cToUT 43200
pyb6neit, moKymaTeu B 06MOPOK yriasu!

Hrops EBreHbeBu4, AMPEKTOp MarasmHa: 3a6aBHO ccoputech! Ipu-
YeM eCJIU CIIPOCUTD Y BaC, CKOJIbKO CTOUT YYeOHMK, BbI CKAsKETe OIHY U
Ty e CyMMY.

Tak BO CKOJIBKO JKe pa3 yBeIMUMBAIOT YMCIA IPOLABLBI — U CKOJIBKO
CTOUT YYE€OHUK 110 UCTOPUN?

3JIOYyMBITIJIEHHUK TIPUILET Ha TTAapKOBKY Mara3uHa U 3aTep IO OJHOM
undpe Ha HOMEPHOM 3HAaKe KaXI0i M3 CTOSIUX TaMm mamuH. OH He
3HaJI, YTO UMC/Ia Ha BCeX HOMepax MalllH B CTpaHe Jaensatcs Ha 99. To-
KasKUTE, UTO aKe IMOC/IEe ero MaKoCTel MOKHO OHO3HAYHO BOCCTAHO-
BUTb CTEPTYIO IMbPY HA HOMepe KaskI0i MaIlMHBbI.
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[ToxkymaTesnb U IIPOJABel] B MarasmMHe TOPTYIOTCS : IOKYIATENb XOUeT Ky-
MIATH TOBAp I10 OJHOIA IieHe, a TPOiaBel] — MPOJAATH IO JPYTroii (IpuUeM
He 00s13aTeJIbHO MPOiaBel] Ha3bIBaeT GOMBIUIYI0 CYMMY; €My BakKHee He
TTOJTYYUTH GOJIbIIIE TPUOBIIN, 8 HACTOSITH Ha CBOEeM). LIeHbI, KOHEUHO XK€,
1Le/ble ¥ HeoTpuilaTeabHbie. TOPT MPOUCKXOOUT TaK: eci CymMMa, Ha-
3BaHHas MMPOMAABIIOM, 6OJbIlle HA3BAHHO MOKYyIIaTeseM, TO OH BbIUM-
TaeT M3 CBOEit I[eHbl TOKYIaTeIbCKYIO M COIVIAIAeTCs MPOAaTh TOBAP
3a MOMYYMBIIEECS YUCIO0. B IPOTMBHOM C/Tydae MOKyIaTe b BHIYMTAET
13 CBOEI1 lIeHbl CyMMY, Ha KOTOPO# XOUeT COMTICH MPOofaBell, U Terephb
TOTOB KYITUTb TOBAp 3a 3Ty 11eHY. Tak IPOMCXOIUT, TOKa ONVH U3 yUacT-
HMKOB TOpPra He Ha30BeT HYJIEBYIO IIEHY.

(a) JTro60i1 u TOpr 3aBepiunTtcs? (6) I[ToKymnaTenb U IpofaBel], Ha3bIBa-

IOT LieHbl, He ipeBocxosiiye 20. [Ipy Kakux 3HAUeHMSIX LIeH TOPT OyaeT
Haubosee JONrum?

3agava 2. V>KaCHBIV ragKuii akKypaTHbIN 110 CYeT

A.

Kpyr pa3geneH Ha n CEKTOPOB OAMHAKOBOro pasmepa. CKOIbKMMHU CII0-
co6aMy MOKHO ITOKPaCUThb 3TU N CEKTOPOB B N 1IBETOB, €C/IM ABE pac-
Kpacky, Moayvariuecs Jpyr U3 Apyra BpalleHeM Kpyra, CUMTaOTCS
OJIVTHAaKOBbIMMU ?

EcTb 11ecTh LIBETOB — KPACHbI, O€JIbIii, CMHIIA, 3€JIeHbIN, Y€ PHBIIA, SKeJI-
ThI/i. HaM X04eTcsl COCTaBUTh M3 HUX BCEBO3MOXXHbBIE TPUKOJIOPHI (TO
ecTb d1aru, COCTOSIIINE U3 TPeX TOPU30HTATbHBIX IIBETHBIX MOJIOC, KaK
POCCUICKMIA My HeMeLKuii). IIpy 3TOM ein psiOM OKa3bIBAlOTCS ABE
TI0JIOCKI OFHOTO I[BeTa, OHU CAMBAIOTCS B OFHY, ITO3TOMY Takoii iar
He CYMTAETCs] TPUKOIOPOM. A BOT iar Bpoge «besblii — CuHUiT — Ge-
JIBIV» — cuuTaeTcs. Tak CKOJIBKO JKe TPUKOIOPOB MOKHO COCTaBUTD?

Hax ky6uk. CKOTBKMMM CITOCOOAaMM MOKHO TOKPAaCUTh €ro 'paHu B 6
1IBETOB (110 OJJHOMY Ha TPaHb), €C/IU IBe PACKPACKHU, ITOTyuyaeMble IPyT
U3 IpyTa BpaleHreM KyOuKa, CUUTAIOTCS OMMHAKOBBIMMU?

3agaua 3. He momenbHas, a MogajibHast!

ITycThb ecTh COOBITHE X, KOTOPOE MOKET ITPOUCXOAUTD UIU HE TPOUCXOIUTD B
3aBUCUMOCTY OT TOTO, KaKOJ ceromust AeHb. Hampumep, cobbiTie X = «cero-
IHS cy660Ta» CIydyaeTcs pas B ceMb JHE, a COObITHE «CErOIHS I CMOTpPeJT Ha
Y4achl» — KaKIbIN JeHb.
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NmeroTcst gBa cumBoia, [ 1 V, KOTOpPbIe pacCKasbIBalOT UTO-TO O Pa3HbIX CO-
6bITUsIX. Tak, ppasa «[1X» 03HaUaeT «HAaUMHAsI C CETOMHSIIHErO JHS KakKIbIit
JIeHb crydaeTcs: cobpiTie X». dpasa «VX» 03HaUYaeT «B Oymyliem HaigeTcs
Jl€Hb, KOTJIa CITyUUTCST COOBITHE X».

IlBa CMMBOJIA, YIIOMSIHYTbIX HAMM, MOKHO KOMOVHMPOBAaTh. JIETKO MOHSITD,
yTo (hpasa «vX» 3HAUUT «B OYAYIIEM HaAMIeTCS IeHb, HAUMHAS C KOTOPOTO
eXXeTHeBHO OyIeT MPOUCXOAUTh co0bITHE X». A dpasa «JC1X» 3HAUUT TO ke
camoe, uto 1 «[1X» (ybegurech B aToM camu). dpasbl, 3HAYAIME OJHO U TO
ke, Oy/leM Ha3bIBaTh YKBUBAJEHTHBIMMU.

A. BepHo i1 yTBepkaeHue «[JV ceromusi cy66ora»? Uto BooOIIe 3HAUUT
(dpasa «OVX»?

B. JoxaxkuTe, uto ppassl «1VX» 1 «V[1X» 5KBUBaJIEHTHBI.

C. CkoIbKO BOOOIIIE CYIIECTBYeT IONapHO HedKBMBAIEHTHBIX (pa3 Buma
«_X» (BMeCTO 1ofuepK1BaHMsI CTOUT II0C/IeI0BATETbHOCTD U3 CUMBOJIOB
Ouwv)?

3agauva 4. Katum Kpyr

B «HMKHEI» TOuKe P OKPY>KHOCTM paauyca R ee KacaeTcs KpyT paguyca %,
«HM3KHSISI» TOUKA KOTOPOTO, B CBOIO O4Yepesb, OTMeveHa (CM. pUCyHOK). Kpyr
HAUYMHAIOT «BKAaTbhIBATh» BBEPX 10 OKPY>KHOCTU TaK, UTO B TOUKE COMPUKOC-
HOBEHMSI OHM HMKOT[Ia He CKOJb3SIT APYT OTHOCUTEIbHO Ipyra.

M

P pucyHok 1

A. JJoxkaxuTe, yTO KOTAa KPYyT MPoeAeT Moa-060p0oTa Mo OKPY>KHOCTY 1 6Y-
JIeT KacaTbCsI ee B TOUKe M, TO ero oTMeUeHHast TOUKa OKasKeTCs TaM JKe,
B TOUKe M.
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[okaxute, 4TO B 1060/ MOMEHT BpEMEHM TOYKA KacaHUs KPyra C OK-
PY’KHOCTBIO ¥ OTMEUEHHAas TOYKa Kpyra HaxXoOsTCSl Ha OLHOM rOpU30H-
TAJIbHO MPSIMO.

JoKakMTe, UTO OTMEUYeHHas] TOYKa IepeMeIaeTcsl CTPOro M0 BepTHu-
KaJIbHOMY OTPE3KY.

3agaua 5. CpegHue apudpmMmeTmndecKue

Hanmomuum: cpemHee apudmMeTyeckoe Habopa YMCeN d; . . . d, BBIUUCISIETCS
o ¢opmyie

A.

a+...+ap
—

[IpuayMaiiTe yeTbipe HabOPa MO MATh YMCET KaXKIbIil Tak, YTO6bI Hau-
GoJbiliee U3 CpegHux apupMeTMUeCKUX ITUX HaGOpOB ObLIO GOJIbIile,
yeM cpefHee apupMeTHuecKoe HauOOIbIINX YMCesT STUX HabopoB.

B mepBbIit Kimacc mKkomabl N2265 noctymuio 120 geTeit pocTOM COOTBET-
crBe”Ho 101,102, 103 ... 220 caHTMMeTpPOB. 3aBy4 XOUET pacIIpeenuTh
ux Ha 4 knacca 1o 30 yes0BeK Tak, YTOObI, eC/IM B KaXKIOM Kacce B3SITh
POCT CaMOT0 HU3KOTO yUYEeHUKA, CpeHee apudMeTHUeCKoe MOTyYeHHBIX
YyeThIpex uuces1 66110 HanbonbmmM. Kak eMy 3T0 cienaTh?

B mepsbIit Kimacce mkoabsl N2235 moctynmno 80 meTeli pocTOM COOTBET-
cTBeHHO 51, 52, 53 ... 130 caHTMMeTpOB. 3aByY XOUeT pacIpeaeuTh
ux Ha 4 knacca 1o 20 yesioBeK Tak, UTOObI, eCIy B KaKIOM KJIacce B3SITh
cpenmHUii aprpMeTHIecKkuii pOCT ero yYeHUKOB, MUHMMYM ITOJTyYE€HHBIX
yeTbIpex uucen 611 Hanbonbmmum. Kak emy aTo caenats?

3agava 6. Urpel

A.

IBoe T10 ouepeny BhIPE3al0T M3 KIeTYATOro MPSIMOYTo/bHMUKA 5 x 2018
dburypy, n306pakeHHYI0 Ha pUCYHKe 3(a) — IIpM 3TOM ee MOXHO OTpa-
KaTh U BpauiaTh. [IpoUTpeIBaeT TOT, KTO HE MOXKET BbIpe3aTh GUTYPY B
odepenHoli pa3. Y KOro U3 UTPOKOB €CTh BBIUTPBIIIHAS CTpAaTErus?
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(a) (b)

pUCyHok 3

Knetku npsimoyrosnbHuka 1 x 303 npoHymepoBaHsbl oT 1 1o 303 cieBa
Hampaso. B kinetke N22 cTouT duiirka mepBoro Urpoka, a B Kiaetke N1 —
BTOPOTO urpoka. Kaxipiit UTPOK MOXKET e/IaTh XOAbI IBYX TUIIOB:

* Y3 KJIETKU o[, HoMepoM k B KJIeTKy k + 1, ecyiv TaM He CTOUT
¢buika gpyroro urpoka,

* VI3 KJIETKM [T0Jl HOMEPOM K B KIIeTKY k+2m, eciiv m — HaTypajabHOe
YMCII0 U B KIeTKe HoMmep K+ m ceityac cTouT ¢GuIlKa APyroro urpoka (To
€CTb, QUIIKY COTTIEPHUKA MOXKHO «IT€PETIPbITHYThY).

BeiMrpsIBaeT TOT, Ubsl (puIIKa 1epBoii okaxkeTcs B kiieTke N2 303. Y Koro
13 UTPOKOB €CTb BBIUTPBIIITHAS CTPATETUS?

IlBoe 10 ouepeny BbIPe3aloT U3 KIeTUaTOro KBaapara 4 x 4 yroaku us
TPeX KJIETOK, IPUYEM TePBbIi MOXKET BbIPE3aTh TOIBKO YTOIKM, OPUEH-
TUpOBaHHbIEe KaK 6yKkBa I, a BTOPOJi — TOJIBKO YrOJNKY, OPUEHTUPOBAH-
Hble Kak 6ykBa L (cM. puc. 3(b)). [IpourpbIBaeT TOT, KTO HE MOXKET BbIpe-
3aTh OUEPeIHOI YooK, Y KOTO U3 UTPOKOB €CTh BIMTPHIIIHAS CTpaTe-
rus?

3amaua 7. 00 ogHOI 3amaue Kaaccu@uKrammum

A.

[Tosmocoi1 6ymem Ha3bIBATh YACTh TNTIOCKOCTY, 3aK/IIOUEHHYIO MEKAY IBY-
M TapaiiebHbIMU NpssMbIMu. LIMpuHa Momocskl — paccTosiHME MeX-
Iy OTpaHMYMBAIONIMMU ee TPsIMbIMU. IIyCcTh Ha IJIOCKOCTY AAaHbl JBa
HelepeceKamuxcs kpyra. [lokaskuTe, Kak ¢ TOMOILIBIO JIMHENKN 6e3
JIeJleHUii M UUMPKYJIS OTAEIUTDb UX APYT OT APyTa MOA0COM MaKCUMasb-
HOJ MIMPUHBI.

B y10BuMSIX ITyHKTa A OTJie/INTe T0/I0COV MaKCMMaabHOM IIMPUHBI ABa
HeTepeceKalMXCs OOMHAKOBO OPMEHTUPOBAHHbBIX KBaIpaTa Ha IJI0C-
KOCTU.
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B yc10BuMSIX ITyHKTa A OTHe/IUTe MOJI0COV MaKCMMaaAbHONM IIMPUHBI ABa
ITPOM3BOJIbHBIX KBaJIpaTa Ha MJOCKOCTH.

3agaua 8. OpHOBpeMeHHOe BbIUuMTaHue

A.

Ha mocke HamycaHbl S9Th 4MCesl, CyMMa KOTOPBIX elNUTCs Ha Tpu. Pas-
pemraeTcsas OJHOBPEMEHHO YMEHbIIATh HA €AMHUITY TPU U3 HallMMCAHHBIX
Ha JJOCKe uycesl. Becerna M MOXXHO AOOUTBCS TOTO, YTOOBI HA JOCKE B
MUTOTe 0Ka3aJIOCh IISITh HyNen?

Ha miockocTu pacrionoskeHO HeCKOJIbKO TOUeK, KaskIgoi M3 KOTOPbIX
MIpUIINCAH 8ec — Lienoe Yucio. IIpy 3ToM U3BECTHO, UTO CYMMa BeCcOB
BCeX TOUEK paBHA HYIIO. Touky MO>XHO COeOMHATDb KPpUBbIMU, Y Ka)KHOf;I
3 KOTOPBIX €CTb U€eHd. Ecin ABe TOYKM COedVHEHDI KpMBOf/I C L[eHOI;'I w
(W — 1eyI0e YncIIo), TO K BeCy OIHOI 13 HUX MPUOaBIISIeTCs W, a U3 Beca
IpYroii BeiunTaeTcs w (Kyaa MMEHHO IpubaB/siTh, a OTKYAA BbIUUTATD,
MOYKHO peliaTbh CaMoOMY). JJOKa)KUTe, UTO MOKHO COeIMHUTD TOYKU KPU-
BBIMM C KAKMMU-TO [IEHAMU TaK, YTOObI Beca BCeX TOUEeK 0Ka3aanch Hy-
JIeBBIMM.

B cTpaHe HECKOIBKO TOPOAOB, MEKIAY HUMU ITPOJIOKEHBI TOPOTHU. [Ijis
Kask/IOV TOPOrY yKa3aHbl HalpaByieHKe (BCe JOPOTY OJHOCTOPOHHME)
U 8eC — HATypaJbHOE YNCI0. VI3BECTHO, UTO [JIST KAXKIOTO rOpPofAa CyM-
Ma BeCOB BXOASIIMX B HETO JOPOT paBHa CyMMe BeCOB MCXOAsuimX. [1o-
Ka)kITe, YTO HECKOJIbKO MAalIMH (Ha HOMepe KaxKO0ii U3 KOTOPbIX Ha-
MICAaHO HATypaJbHOE YMCJIO) MOIJIM IIPOexXaTh KaXaas Mo KPyry yepes
HECKOJTbKO TOPOMIOB TaK, YTO BeC KaskI0 JOPOTY OKa3aJICsS paBeH CyM-
Me HOMEPOB MallliH, TOObIBABIIMX HA HEJA.

3amaua 9. Ha canderke

A.

[1

pUCYHOK 5
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VKaxkuTe, KaK HapuCcOBaTh «OAHMUM POCUEPKOM I1epa», TO eCTb He OTPbI-
Basi py4Ky OT 6ymMaru 1 He IpOXo/is [0 OMHO JIMHUYM OBasKABbI, (A) OJIVM-
nuiicKue Konbiia (6) «HaKJIOHHBIN KBapaT» CO CTOPOHOI 4 (CMOTpeTh
PUCYHOK 5).

TpeyronbHUK CEPIIMHCKOrO CTeNeHN 1 — 3TO MPOCTO TPeyTroNbHUK. UTO-
OBl MMOTYYUTD TPEYTONBbHUK CEPITMHCKOTO CTeTeHy n + 1, Hy)KHO MocTa-
BUTH «IpPYT Ha Apyra» Tpu TpeyroabHuka CepnmMHCKOro crerneHu n. Ha
pUCyHKe 5 1306paxktH TpeyronbHMK CepInmMHCKOTO cTereHu 4, a Bbije-
JieH TpeyroiabHuK CepnmHCKOro crernenu 3. Ilocumraiite, CKOJIBKO y3-
JI0B (TOYEK, IJe IepeceKarTcs Ba U Gosiee HelmapaiieabHbIX OTPe3Ka)
B TpeyronbHuKe CepIMHCKOro cTeneHu n. Ilocunraiite Takke, CKOIbKO
OTpEe3KOB JIMHbBI 1 COCTABSIOT «HAKIOHHBII KBaApaT» CO CTOPOHOIA .

VKaxXuTe, KaK HapMCOBaTh OFHUM POCUEPKOM Tiepa TpeyroibHuk Cep-
MMMHCKOTO CcTeTeHu 4, u306pakeHHbI Ha PUCYHKE.

3agaua 10. Heo6xoayMoOCTH M JOCTAaTOUYHOCTH

A.

Hnuua Tena Mpiiku — 10 caHTMMETPOB, a KOMKY — 55 CAHTUMETPOB.
Mbiiika mpo6eraeT 35 CBOMX TeJl 3a CEKYH/Y, a KOIlIKa — BCero 9 cBOMx
TeJl 32 CeKyHAY. JJOTOHUT Jiy KOLIKa MBILIKY?

Ha ogHom 6osote skuByT 100 yskaCcHBIX M OKMHOB. [Ipencenarens pe-
IIWJI, YTO C 3TOV CUTyalMeil Halo HaKOHeI| pa3o6paThcsi — obe3Bpe-
IuUTh MOKMHOB 1 NIPOIaTh UX B 300MapK. VI3BecTHO, uTo Mok1HA MOX-
HO 06e3BpeITh, TOJIbKO CKMHYB Ha HEero ¢ caMojieTa mopoiiok. [Ipemce-
JIaTeJIio HY>KHO BbIGPATh, KAKOi caMoJIeT UCII0Ib30BaTh: BUHTOBO MU
peaKkTUBHBIN.

BMHTOBOJI cCaMoJIeT 33 OAVH BbIIET OCbIIIaeT TOPOLIKOM JBYX MIOKMHOB,
HO, YTOObI OKOHYATEJIbHO 06e3BpeauTh OMHOT0 VoK1Ha, HY>KHO OChI-
MaTh ero TPUKAbI. PeakTUBHBII caMOJIeT, B CUITy CBOel 60Jiee BBICOKOIA
CKOPOCTH, 33 OIMH BBUIET OChINIAeT MOPOIIKOM 5 MIOXMHOB, HO, TaK KaKk
Ha Kax0ro MoX1Ha Terepb NomnajaeT MeHblile IopoIKa, A/ 06e3Bpe-
SKMBAHMSI €T0 HY>KHO OCBITIaTh BOCEMb pPas.

Kakoit ke camoseT 3 dekTUBHEe: KAKOMY TIOTPeGYeTCs] MEHbIIIE Bblle-
TOB, UTOOBI 06€3BPEIUTH BCexX MOXIMHOB?

Heckonbko BeJIOCUIIENMCTOB OTIIPAaBWINCh B IOXO[. 3a 06eJ0M OHU B
CyMMe CbefaloT 2 KuaorpamMmma efpl ioc 0.1 KT 3a KaXkAbIi KUIIOTPaMM
e7Ibl, KOTOPbIV OHY Be3JM Ha cebe 1o aToro. Hampumep, ecyin y HUX ObUIO
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10 KmyIorpaMMOB eJibl Ha BCEX, TO Ha GimsKkaiiiieM o0eie OHY CheasT 2 +
0.1-10 = 3 kwiorpamma, a Ha ciepyomem — 2 + 0.1 - (10 — 3) = 2.7
KuiorpaMmMoB. B rmoxopne rtanupyercst 30 06e10B (2 BeJIOCUTIeIVCTHI He
3aBTPaKalOT U He YKuHaioT). CKOIbKO eIbl MM HYKHO B3STh C COOOIA,
YTOOBI e XBaTUJIO Ha BeChb ITOXOI, (M B KOHIIE [T0XO0/1a He OCTa/I0Ch HUUYEro
JINIITHET0)?

3agava 11. PykonokaTust

A.

TpuaLaTh MITh BOCBMMHOIUX CyIlecTB — 18 Kpa6oB u 17 maykoB —
BCTJIM B XOPOBO, UMM GopMy BOCBMEPKM. DTO 3HAUUT, UTO CY-
LIeCTBO, CTOsIIee B LIEHTpe 3TOit BOCbMEePKM, AEPKUT 3a Jiallbl UeTBe-
PBIX CBOUX cocefieit (6aro, 1an y HEro BOceMb, eMY XBaTUT). I3BeCTHO,
YTO KaskAblii Kpab Jep>KUTCS 3a JIarbl UCKIIOUMUTEIbHO C maykamu. Kro
CTOUT B LIEHTPe BOCbMEPKM — Kpab miim mayk?

B KoMmaHuu paboTaer ABaALaTh MIECTb YETOBEK, M KAKABIA JPYKUT
POBHO ¢ MSIThIO ApyruMu. [Tocse mogBeeHysI UTOTOB rOCyNapCTBEHHOI
JI0Tepey 0Ka3ajloch, YTO Y KaKAOTO COTPYLHMKA HalAEeTCs IPYT MU Ke
IPYT ero Ipyra (3TO MOXKeT OBITh M CaM COTPYLHUK: HETPYLHO MOHSITD,
UYTO OH SIBJISIETCS APYTOM BCEX CBOMX JIpy3eit), BBIMTpaBIINii B JIOTepee
Mamuy. O6s13aTesIbHO JiM XOTs Gbl IBa UeJIOBEKA B 9TOI KOMITAHUY BbI-
UTpaJI MaIIUHBI?

Vi3BecTHO, UTO B ABMaJIaHAUM TISITh rOponoB: I'mpdopa, Bunroypr, ®-
ancToH, I1ainoT-bsit u ®ponTsHK. 3 KaXkAoro ropoja jeTtaeT LIecTb
aBMapeiicoB, BHYTPEHHUX UM MEXIyHapOAHbIX. JloKaXXuTe, YTO 3a Tpa-
HUIIBI ABMATaHINY JIeTaeT YeTHOE KOJIMUECTBO aBUaPENiCOB.

3agauva 12. IIporpeccuBHOE C/IOKeHUE

B cBOGOJHBIX LIKOAX, HE MMEIOIIMX IPeSpacCyIKoB, PEIIUIN CKIagbIBaTh
YMCIIa, TPOCTO ITPUITMCHIBAS X IIPYT K APYTY. MbI Oy/ieM 0603HavYaTh 3TO Aeii-
CTBME 3HAUKOM @: Hampumep, 2 d 2 = 22, 2000 & 2000 = 20002000.

B 06bI1YHO1 5KM3HM, B KAKOM ITOPSIAKE YMC/Ia HY CKIabIBaii, pe3y/bTaT ocTatT-
CSl HeM3MEHHBIM: 2 + 3 + 5 = 5+ 3 + 2. OgHaKo, ec/y BBITIOMHATD C YMCIaMU
JeiicTBUe @, pe3y/lbTaT MOKET M3MEHSThCS B 3aBUCUMMOCTH OT MOPSIKA UM-
cenm:2e3@5=235#4532=503¢2.

A.

Hansl unciaa 95 u 500. B KakKoM MOpSAKe X HYKHO CJIOKUTD, YTOObI pe-
3YJBTAT MOMYIIICcs: 6ombIie?
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B. Ila"bl Tpu npou3BOIAbHBIX uncia P, Q, R. B kakom nopsiike Hy>KHO BbI-

TIOJTHATD C HUMM JeiCTBUE &, YTOOBI MOTYINTh HAMOOBIINIT BO3MOK-
HBII1 pe3yabTaT?

C. OmpenenuM «IIPOTPECCUBHYIO Pa3HOCTb»: d © b — 3TO Takoe YMUCIIO C,
uto b @ ¢ = a [IpuBenuTe mpuMep yucesn a u b Takux, YTO UX Pa3HOCThb
a © b He ompenienieHa (HY>KHOTO 4MC/Ia ¢ He HAALTCS).

3agaumu npodnabHOro BapmuaHra 7
KJj1acca

3agaua 1. Pumckasa gecsiTUYHasi CMCTeMa CUMCIeHUS

Hnmennekm uenogeuecmea no0depicusarom aulils
me Heydob6cmeda, Komopoie 0HO cebe co3daem.

HaBaiiTe 106aBMM B 3HAKOMYIO HAM JIeCATUUHYIO CYCTeMY CUMCIeHNSI HEMHO-
ro /IpeBHero Puma. 3HaueHue 41ciIa 10 ero 3aIMCy Mbl Terepb OyaeM BoccTa-
HaBJIMBATh TaK: HAUMHASI C CAMOTO IIPABOTO Pa3ps/ia, CpaBHMBAEM k-10 Udpy
ymcna ¢ k+ 1-it — v et 6osee crapuiast udpa OKa3bIBAe€TCS HE MEHbIIIE, TO
MBI TPMOABJIIEM K PE3Y/IbTATY YMHOXKEHMS €€ Ha COOTBETCTBYIONIYIO CTETIEHb
JleCSITKM YMUCJI0, KOTOpOe TTOy4yeHO HaMU NP «PackoAMPOBaHUM» TepPBbIX K
paspsifoB; B IPOTUBHOM Ke CTydae — BbIUMTaeM 3TO UMUCIO.

[IpuBeaeM HECKOIBKO IIPUMEPOB. 3annucu «742» 6yIeT COOTBETCTBOBATD UMC-
710 700 + 40 + 2, B TO BpeMs Kak 3anmmcu «342» — umcio 300 — (40 + 2) = 258
(Tak Kak 3 < 4).

3armcy «6342» cooTBeTCTBYeT uncio 6300 — 42 = 6258, a 3ammcu «2342» —
yncio 2000 — (300 — (40 + 2)) = 1742 (3mech cpasy 2 < 3u 3 < 4). 3anucu
«55» COOTBETCTBYET UMCIIO 55.

UToO6bI He 3a1yTaThCs, 6yneM 0603HauaTh yepes Sy YMcIo, COOTBETCTBYIONIee
CTpOKe S, ec/iu BOCIIPMHMMATD €€ KakK 3alMCh B TPAOUIIMOHHOM AeCITUYHOM
CUCTeMe CUMCIeHNs, a yepe3 Sp — UMC/I0, COOTBETCTBYIOLIEE CTPOKE S, ecn
BOCIIPMHMMATD €€ KaK 3aIMUCh B «PUMCKOI» AeCITUYHOM CUCTEME CUMCITIEHNS.
WNHbIMU C/IOBAMM,

2342p = 17427 = opHa ThICSYa CEMbCOT COPOK JiBa € N.

1. Kakue ymcia COOTBETCTBYIOT CJIEAYIOIMM 3aIIMCIAM:
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333p, 2050p, 10001p, 404004p?

2. IlepeBecTy IeCATUYHBIE YMC/IA B AECITUUHYIO PUMCKYIO CUCTEMY CUMC-
JileHust (3HaK «MUHYC» B JECSITUYHON PUMCKOI CUCTeMe CUMCIEHUST He
ucnonbsyetcs!): 91y, 1505, —1j, 137.

3. Onmunte Bee S Takue, 4To Spp = Sp.

4. TlpennosxxuTe aaropyUTM MNOCTPOEHMS 10 ABY3HAUHOMY [10JI0KUTENbHO-
MY IeCSITUMHOMY UMCITY (TO €CTh, MMEIOIEMY BUJL XYy) €T0 NeCITUYHOI
PUMCKOV 3aITUCH.

5. Mlyctb Xj; = Yp = N. Kakas mecatuyHas puMcKas 3aluch GymeT cooT-
BeTcTBOBaTh unciy 10 - N? Yueny —N?

6. IlpuBenuTe mpumep unciaa N TaKOTO, UYTO €CTh B PA3INUHBIX CTPOKU
S, T, 711 KOTOPBIX BHITIOTHEHO YCIOBIE

Sp=Tp=N.

7. MoKeT JIM y OJTHOTO YK CJIa GbITh CTPOTO GOJIBINE IBYX PA3JIMUHBIX IeCSI-
TUYHbBIX PUMCKUX 3a1Inceit?

8. IlpuaymariTe mpU3HaKy OeJIVMMOCTY Ha 2, Ha 5, Ha 3 B JeCSITUYHOI pUM-
CKOJ cuCTeMe CUMCIeHNsI.

9. Ilycts Yp = N > 0. BepHO /i1 B JecATUYHOM PUMCKOI CUCTeMe Hepa-
BEHCTBO

T <N< YH?

10. A 6bt1 iu manvuuk? MOKHO U BOOOIE CUNTATD «IECITUIHYIO PUM-
CKYI0 CHCTeMy» cucTeMolt cumciaeHus? [TokaxkuTe, 4To, CTPOro rOBOPS,
HeT: IIpuBeguTe pumep uncia M € N, KoTopomMy He COOTBETCTBYET HU
OAHO NeCITUUYHOM PUMCKONM 3alUCH.

3agaua 2. V300paskeHUs Ha IVIOCKOCTH

Anzopumm Tapckozo, He mak au?

B maHHoOIt 3amave Hac OyIeT MHTepecoBaTh BO3MOXKHOCTD IIPeCTaBUTh MHO-
KeCTBO TOUEK Ha IJIOCKOCTY KaK MHOKECTBO pellleHMii KaKoro-1160 ypaBHe-
HUS WM HepaBeHcTBa. Hampumep, ypaBHeHue X — y = 0 3amaeT IpsMyo C
YIJIOM HaKJIOHA 45°, a HepaBeHCTBO min(x,y) > 0 — mepByr0 KOOPAMHATHYIO
YETBEPTb.
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ITpu cocTraBieHMM HepaBEHCTB U ypaBHEHMI BaM pa3pelieHo I0JIb30BaThCs
apuPMeTIYeCKUMU NeCTBUIMU — CIOKEHMEM, YMHOXKEHMEM, BBIUMTAHU-
eM, geneHueM; QyHKIMeN MOLYIST — |...|, @ TaKKe max U min — B3ATUEM
HauOOJIbIIEr0 ¥ HaMMeHbIIIero 3HaYeHMii M3 KOHEeYHOro Habopa umcel.
1. JIokaxkuTe, 4TO
(a) A-B > 0 Torama u TOIbKO TOTAa, Koraa umcia A M B OGHOTO 3HaKa;
: 1 .
©) min(x,y) = § (x+y— x=I);
(B) Janbr uncna a; < az < ... < d,. JJoKaxkurte, 4TO eClu a; < X <
@k 1, TO 3HAK BBIPAKEHUS
x—ap) - x—ag)-...-(x—ay)
COBIIafiaeT co 3HaKOM BbIpaskeHnst (—1)" - (—1)k,

2. M306pasuTe MHOXECTBO TOYEK (X, Y) Ha IIIOCKOCTH, YI,0BIETBOPSIIOLINX
HEPABEHCTBY

max(|x[,[y]) > 1.

3. MHOXeCcTBOM pelleHMi1 KakKorOo HepaBeHCTBa SIBJISIETCS (a) TOPU30H-
TaJbHAs MOJIoca Ha IUIOCKOCTM (6) HAKJIOHHAS T0JI0CA HA TUIOCKOCTU
(CMOTpETb PUCYHOK)?

4. MHOXeCTBOM pellleHUi KaKOT0 HepaBeHCTBa SIB/ISIETCS (a) «<KKpeCTUK» Ha
miockocty (6) burypa, moayueHHast M3 Kpyra u MoyrIoCKOCTH (CMOT-
peTb PUCYHOK)?
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5. MHOXeCTBOM pellleHN KaKoro HepaBeHCTBa sBsieTcst hurypa (CMoT-
peThb PUCYHOK), IOTyYeHHas U3 TPeX KPyros paauyca 1.5 ¢ neHTpamu B
toukax (1, —1), (-1, —1), (0, 0.5)?

Yy
\/

6. MHOXeCTBOM pelIeHy# KaKOTo ypaBHeHUS BJisgeTcs (a) burypa mus Tpex
OKpYy>kHOCTej (6) hurypa u3 Tpex jiyueit (CMOTPeTh PUCYHOK)?

7. Ilyctb urypa F; — MHOKeCTBO peliieHuit ypaBHeHus P (x,y) = 0,a F; —
MHOXXeCTBO pellieHnit ypasHeHus Py(x,y) = 0. IlpuBenute ypaBHeHue,
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peleHst KOTOporo o6pasyioT (a) nepeceyenue ¢uryp F; u F; (6) 006b-
enuHeHue uryp Fi u Fy?

[Tycth durypa F; — MHOXECTBO pellleHui HepaBeHcTBa Pi(x,y) < 0, a
F, — MHOeCTBO pellleHMit HepaBeHCTBa P;(x,y) < 0. [IpuBepuTe HEpa-
BEHCTBA, PellleHys KOTOpPoro o6pasyloT (a) nepeceuenue ouryp F; u F,
(6) o6benyHenMe Guryp F; u Fy (B) MHOKECTBO TOUEK, JIEXKAI[UX MO0 B
durype Fy, ntu6o B purype F,, HO He B HUX 06X OTHOBPEMEHHO?

3agaua 3. IIpocTeromue yucia

Paccmorpum umcno 12. Cpenyt umcesi, MEHbIINX, YeM 12, B3aMMHO HPOCTbI C

HUM dnengymnime:

1,5,7,11.

Bce OHM, KpOMe eaAMHNUIIbI, ABJAI0TCS ITPOCTbIMMA. A BoOT cpean umcei, MEHb-
mux 10 ¥ B3aMMHO OpocCThIX ¢ 10, eCcTb, HATIpUMep, 9 — cocTaBHOE YMCIIO.

WTak, yncio Ha3bIBaeTCS npocmenujuM, eciiu Bce 4nciia, MeHblne ero 1 B3a-
MMHO MPOCThIe ¢ HUM — 1 mau mpocThie. Kak Mbl BoISICHMIN, 12 — MpOCTE0-
1ree ynucio, a 10 — Her.

1.

[IpuBenuTe MpuMepsl APYTUX MIPOCTEIOUIUX YKces, Kpome 12.

[TepeunciinTe Bce HeueTHbIE IPOCTEIONIME YNCIIA.
[Tepeuncinte BCe MpoCTEOLIME UKCIIA, HE Aesuuecs Ha 3.

ITepeuncinTe BCe IMPOCTEIONINE YMCIA, He OeISIecs Ha 5.

JokaxuTe, 4TO YMCIIO BUAA p* + 1, roe p — mpocToe, He MOXeT ObITh
MPOCTEIOILVIM.

IloKkaxkuTe, UTO €C/IN N > P1-P2, P1 Vi P2 — IIPOCTHIE UNCIA, U N HE TeTUTCS
HM Ha p1, HY HA Py, TO OHO
He MOXET OBbITh IIPOCTEIOIIIM.

IlokakuTe, UTO BCSIKOE IpocTeliee 4mncjao uMeeT BU, p + 1, roe D —
KaKkoe-TO IIPOCTOoe.

BeckoHeUYHO /I MHOKECTBO ITPOCTEIONINX UMcen?
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3agauu nmpodujabHOro Bapmanra 8
KJj1acca

3agaua 1. IIpocTeroiue umcia

Paccmotpum umcno 12. Cpenu umcesl, MeHbIINX, 4YeM 12, B3aMHO IPOCTHI C

HUM caenviolinme:
Aviom 1,5.7.11.

Bce oHM, KpoMe eIMHUIIBI, SIBJISIIOTCS ITPOCTBIMM. A BOT Cpeiy umces, MeHb-
mux 10 1 B3auMHO npocThiX ¢ 10, ecTh, HaTIpuMep, 9 — cocTaBHOE YMCIIO.

WTak, yncio Ha3bIBaeTCs npocmenujuM, eciiu Bce Unciia, MeHbline ero 1 B3a-
MMHO TIpOCTbie ¢ HUM — 1 uu rpocTtbie. Kak Mbl BbISICHUIN, 12 — TIpoCTelo-
1ee 4ncio, a 10 — Her.

1. ITpuBeguTe MPUMEPHI APYTUX MTPOCTEIIMX UMCeNT, Kpome 12.

2. TlepeuncnuTe Bce HeUeTHbBIE IIPOCTEIONME YMCIa.
3. IlepeuncnuTe BCe MPOCTEIOIIME YMCTIA, HE IeSIIecs Ha 3.

4. TlepeuncanTe Bce MPOCTEIOIINE UNMC/IA, He JeIsaIyecs Ha 5.

5. JokaxuTe, 4TO YKCIO BUaa p> + 1, rme p — MpocToe, He MOXET GbITh
MIPOCTEIOIIMM.

6. JIOKakuTe, 4TO €CJIU N > P1-P2, P1 Y P2 — MPOCTHIE UMC/IA, U N HE TeJTATCS
HU Ha p1, HY HA Pa, TO OHO
He MOXKeT ObITh ITPOCTEIOLIMM.

7. JokaxuTe, 4YTO BCSIKOE IMPOCTelolee Yncjio umeeT Bug p + 1, rme p —
Kakoe-TO IpoCToe.

8. BeckoHEeYHO /I MHOXECTBO MPOCTEIOIIMNX YMCeT?

3agauva 2. PaccTosiHue MeXXay MHOKeCTBaMu

«3Haeme, Kak Ha pycckuli 13vlk nepesodumcs pamunus ,Xaycoopp“?
Zomuk 8 OepegHe!»
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B manHOI 3a7aue Mbl pacCMaTpuBaeM TOIbKO KOHEUHble MHOKECTBA TOUEK
Ha TIJIOCKOCTH, KOTOpbIe Bcerma Oymem o603Hauath OykBamu A, B, C. Ilnoc-
KOCTb 3aMeyaTeabHa TeM, UTO Ha Hell ompefeseH0 PacCTOSTHME MEXIY TOU-
Kamu dist (X, y) — ero MOsKHO MBICINTD, KaK JAJIMHY KpaTyaifliiero oTpeska, co-
eqUHSIONIero X 1 y. HalloMHMM TPy OCHOBHBIX CBOICTBA PACCTOSTHUST MEKIY
TOUKaAMMU:

o dist (x,y) = dist (y,x);

e dist (x,¥) = 0 TOrma ¥ TONBKO TOTJA, KOTAA X = Y;

o JI71s1 BCEX X, Y, Z BBITIOTHEHO «HEPaBEHCTBO TPEYTOMIbHUKAY:
dist (x,y) + dist (y,z) > dist (x, z).

Taxke Ham HOHH,E[O6I/ITC$I TMOHATUE HAUMEHbUWIEZ0 3HAUEHUS . eCIIN f(X) — BBI-
pakeHne, Kyaa MOKHO ITOACTABJIATb pa3HbI€ 3HAYCHUS HEPEMEHHOf/‘[ X, TO

min f(x) —

3TO HaMMEeHbIIIee YMCII0, KOTOPOE MOKET MOTYYUTHCS ITPU MOICTAHOBKE Yero-
60 B BeIpakeHue f. Hanpumep, min, x> = 0. IToxoxkum o6pazom 0603Haya-
eTcst Hanbosblilee 3HaUeHNe — maxy f(x).
1. Paccmorpum kBagpat A1A;B1B; co croposoii 1. Ilycte M; = {A1,Az},
M; = {B1, B;}. Uemy paBHO Uu1CJIO

max (min dist (x, y))?
XeM; \yeM,

min

A yemy paBHO
yGMz (

max dist (x )?
xeM; ( ’y)

Hanpumep, gj151 mopcyeTa 1epBOro BbIpaskeHUsI BAM HY>KHO JJ151 K&KI0M
U3 TOUEK A1, Ay HaiITU pacCTOSIHME IO OJMsKaiiIIe K Heil TOUKM 13 MHO-

skecTBa My, a 3aTeM B3SITh HAMOOJIbIIIEe U3 ITUX IBYX PACCTOSTHUIA.

2. Kak okazanocb, M; u M, 13 npeapiayliero MyHKTa — OpUMep TaKuX
MHOXeCTB, YTO yKa3aHHble HaMM BeJIMYMHbBI JJIs1 HUX He COBNaAaloT.
Joxkaxute, TeM He MeHee, YTO JIJIsI JIIOObIX IBYX A, B BBITIOTHEHO Hepa-
BEHCTBO:

max (I;lelllal dist (x, y)) < r;lég (r?&x dist (x, y)).

3. JoxaxxuTe, 4YTO 110 3apaHee 3aJaHHOMY I1OJIOKUTEILHOMY UMUCIY I' BCe-
I7a MOKHO ITOI00paTh 1Ba MHOXECTBA A, B Tak, YTO pa3HOCTb IBYX Be-
JIVYVH U3 TIPEebIAYIIEro MyHKTa OymeT paBHa r. IHBIMU CJIOBAMM, ITY
Pa3HOCTh MOKHO C/Ie/IaTh CKOJIb YTOJHO OOJIbIIOIN.
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Taxske HaM TIOTpebyeTcs TIOHSITHE 0KpecmHocmu MHoxcecmeda. Ilyctb A — Ko-
HeYHOe U COCTOUT U3 TOYEK Ha TIOCKOCTU. Torga ero p—0KpeCcTHOCTb — 3TO
durypa, asnsomniasics oGbeIMHEHMEM KPYTOB pagnyca p C eHTPpaMyu B TOY-
Kax MHOXeCTBA A. JIJist MJLTIOCTpAIMM 3TOTO MOHSITHS ITpe/ijlaraeM BaM 1300-
pasuTh 1-0KpeCcTHOCTh MHOXKeCTBA U3 ABYX TOUEK, PACCTOSTHME MEKITY KOTO-
pPbIMM PaBHO 2.

4.

[MpuBenute npumep A, B Takux, 4TO A 1IeJIMKOM JIEXKUT B 1 -OKpeCcTHOC-
T B, HO B He 1eXXuT B 1-0KpeCcTHOCTH A.

ITyctb A, B u C — TpM KOHEYHBIX MHOXKECTBa TOUEK Ha IUVIOCKOCTHU. [1o-
KaXXUTe, 4YTO eC/IU B LIeIMKOM JIEXXUT B p; —OKPECTHOCTU A, a C LIeIMKOM
JIEXUT B pa—OKpecTHOCTH B, To C 11eIMKOM JIEKUT B (p1 + pa)—OKpeCT-
HOCTM MHOKeCTBa A.

JloKkaskuTe, YTO JIJIs1 TI060T0 A BBITIOTHEHO

max (min dist (X,y)) = 0.
XEA \y€A

JoKaxkuTe, 4YTO €CIIU mMaXyca (minyeB dist (x, y)) < R, TO MHOXeCTBO A
LIEJIKOM JIEXKUT B R—OKPEeCTHOCTM MHOKeCTBa B. [IOKakuTe 00paTHBI
axkr.

[Tonp3ysICh MpenpIIyIIIMY ITyHKTaMM, IIPOBEPbTe, YTO /IS CJIeAyIole-
ro BhIpaskeHMsI (BMeCTO A ¥ B MOXKHO ITOZICTaBJISITh KOHEUHbIe MHOKe-
CTBa TOUYEK Ha HHOCKOCTVI) BBITIOJTHEHDBI TPU CBOJICTBA pacCTosaHu4d, 11e-
peunciieHHbIe B HauaJie 9TOM 3agadunm:
DIST (A,B) = max { max (min dist (X,y))7 max (min dist (x, y)) .
Xx€A \yeB x€B \ycA

B uacTHOCTH, TIEPBOE CBOJICTBO CJIeyeT 13 TOTO, UTO BhIPaKeHMe HUKAK
He MeHsIeTcsl [Ty 3aMeHe A Ha B 11 Ha060poT.

[Mosapasnsiem Bac! TosbKO YTO BbI ONpenennian paccrossHue Xaycgopda —
DIST (A, B) — MexkIy MHOKeCTBaMM Ha IFIOCKOCTY. TO He3aMeHMMblit 00b-
eKT B MaTemaTuke. [IpenjiaraemM BaM JO0Ka3aTh [IPOCTENMIINIA, HO OUYE€Hb BaXK-
HBIIT ()aKT PO 3TO PACCTOSTHMUE:

9.

Ecnu A u B aBISI0TCS MOAMHOKeCTBAMM OAHOTO M TOI'O XK€ Kpyra paan-
yca R, To DIST (A, B) < 2R.
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3amaua 3. Viso0paskeHusI Ha IIJIOCKOCTH

Anzopumm Tapckozo, He mak au?

B maHHoOIt 3amave Hac OyIeT MHTepeCcoBaTh BO3MOKHOCTD IIPEeCTaBUTh MHO-
SKECTBO TOUEK Ha TIOCKOCTY KaK MHOKECTBO pellleHN T KaKoro-mu6o ypaBHe-
HUSI WM HepaBeHCTBa. Hampumep, ypaBHeHue x — y = 0 3amaeT IpsmMylo ¢
YIJIOM HaKJIOHA 45°, a HepaBeHCTBO min(x,y) > 0 — mepByr0 KOOPAMHATHYIO
YETBEPTb.

[Ipu cocTaBjeHUM HEPABEHCTB M YpaBHEHMIT BaM pa3pelleHO MOTb30BaThCs
apupMeTIecKMMU NeCTBUIMU — CIOKEHMEM, YMHOXKEHVEM, BBIYMTAHU-
eM, geneHueM; QyHKIMei MOLyIst — |...|, @ TaKKe max M min — B3ATUEM
HauOOoJIbIIIEr0 ¥ HaMMeHbIIIero 3HaYeHMIii M3 KOHEYHOro Habopa uucel.

1. JIokaskuTe, 4TO
(a) A-B > 0 Torma u TOIbKO TOTAA, Koraa uymncia A v B OBHOT0 3HaKa;
©) min(x,y) = §(x+y - x—yl);

(B) Hanbpl yncna a; < d; < ... < dy. JOKOKUTE, UTO €ClU ) < X <
k41, TO 3HAK BBIPAKEHMS

x—a)) - (x—ay)-...-(x—ap)

COBIIafiaeT co 3HaKOM BbIpaskeHnst (—1)" - (—1)k,

2. 1306pa3uTe MHOKECTBO TOUEK (X, y) Ha IVIOCKOCTH, YAOBIETBOPSIIOLIMX
HepaBeHCTBY

max([x,[y) > 1.

3. MHOXeCTBOM pelleHuli KaKOro HepaBeHCTBa SBJSETCS (a) TOPU30H-
TaJIbHasl I10JIOCA Ha IJIOCKOCTY (0) HaKJIOHHAs I10j10Ca Ha IUIOCKOCTU
(CMOTpETb PUCYHOK)?
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4. MHOeCTBOM pellleHMI KAKOTO HepaBeHCTBA SIB/ISIETCSI (2) «KKPeCTUK» Ha
iockoct (6) burypa, moaydeHHast M3 Kpyra ¥ MogyI0CKOCTH (CMOT-
peTb PUCYHOK)?

5. MHOXeCTBOM pellleHNn’ KaKoro HepaBeHCTBaA ABJsSIeTCsT ¢purypa (CMoT-
peTb PUCYHOK), OIy4eHHas U3 TpeX KPyroB paauyca 1.5 ¢ ueHTpamu B
roukax (1, —1), (-1, —1), (0, 0.5)?

Yy
V/

6. MHOXeCTBOM pellleHNniT KaKOTO YpaBHeHUs siBjsieTcs (a) purypa us Tpex
OKPYKHOCTeJi (6) hurypa us Tpex Jiyueit (CMOTPETb PUCYHOK)?
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7. IycTtb urypa F; — MHOKeCTBO peliieHuit ypaBHeHus Py (x,y) = 0,a F; —
MHOSKECTBO pellleHUi ypaBHeHUs Py (x,y) = 0. [IpuBenuTe ypaBHeHue,
pelieHuss KOTOpOro o6pasyioT (a) mepeceyenue ¢uryp F; u F, (6) 06b-
enuuenune uryp F; u Fp?

8. Ilyctp durypa F; — MHOXeCTBO pellleHUIi HepaBeHCTBa Py (x,y) < 0, a
F, — MHOecTBO pellleHuit HepaBeHcTBa Py (x,y) < 0. [IpuBenuTe Hepa-
BEHCTBa, pellleHMs KOTOPOTo 06pasyioT (a) mepeceuenne uryp Fi u F;
(6) o6benuHeHNe duryp Fi u Fy (B) MHOKECTBO TOYEK, JIEsKAIIVX JIMO0 B
durype F;, nubo B dpurype Fy, HO He B HUX 06€UX OTHOBPEMEHHO?
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3agmaumu 4 Kjaacca

3agaua 1. O6asaTe/IbHBIVI JOMOBEHOK

A.

ITpo nomoseHka Kys1o nsgano 40 crareri. Kyss pemms 3aHIThCS UX UTe-
HMEM C LIeJIbI0 Y3HaTh 0 cebe uTo-HMOyab HOBoe. Kaxkmplit geHb Kyss
YUTaeT 10 6 CcTaTelt, HO mpu 3TOM u3paetcs 4 HOBbIX. Kak ckopo Kyss
IOTOHUT M3maTtesen?

Ky3s nameuvatan 10000 KBaagpaTHMKOB CO CTOPOHOI 1cCM, IOC/Ie 3TOTO
Yy Hero B KapTpuxke 3aKOHUMINCH YepHUaa. CKOIbKO KBAJpPaTUKOB CO
CTOPOHOI 2 CM OH CMOKET HalleuaTaTb, eCIM Y HEero eCThb MOMHBIN Kap-
TPUIK, aHAJIOTUYHBI MMeBIIeMYCs?

Hana tabmuia 7 x 7. B eHTpsI ee kiaeTok Kysst B6u1 reo3ayku. IIpo-
BeIUTe JIMHUIO Yepe3 Bce IBO3IMUKM TaK, YTOOBI CHIeIaTh IIPU 3TOM KaK
MOXXHO MeHblllee KOJIMYeCTBO ITOBOPOTOB (JIMHUIO IIPU 3TOM MOXXHO Be-
CTU TOJIbKO TOPU3OHTAbHO U BEPTUKAJIBHO).

3azaua 2. Beidonoxog,

A.

B.

IeBouKka Bbe3kaeT B TOpKy AinHOoi1 400 MeTpoB €O CKOpOCThIo 10 Kuio-
MeTpoB B yac. Kak 1o/ro oHa 6yaeT 3To AenaTh?

Haumnaromnias TonvHa efeT Ha Benocurene 6e3 0OCTAHOBOK CO CKOPO-
cThI0 15KM/4, a OMBITHBINA IMUTpuit [pUroppbeBMY — €O CKOPOCTHIO
34KM/4, HO OCTAHOBKM Ha OTABIX OTHMMAIOT Y HETO CTOJIBKO JKe Bpe-
MEHM, CKOJIbKO OH HaxOAUTCS B ABMKeHUM. KTO ke B uTore GbicTpee?

IMogbem B rOpKy U CITyCK C Hee MMEIOT OAMHAKOBYIO AjiuHy. CTenaH Ha
TOHOYHOM BeJIocuIIe[le Bbe3kaeT B TOPKY CO CKopocThio 10 KM/4, a cIryc-
KaeTcs co cKopocTbio 40 KM/ 4. A IleTp Ha TpaKkTOpe efeT C TOCTOSIHHOM
cKOpocThIO 17 kM/4. KTO 13 HUX GBICTpee MpeososeeT IOAbeM U CITYCK?
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3agaua 3. BykBbI Ha 6e/I0M JIUCTE

A. Kaxkue 6YKBbI pyccCKoro a)'[d)aBMTa MOJKXHO ImepepncoBaThb B Ipyrme, eCin
MO>XHO TOJIbKO ,Z[O6aBI[HTI) HOBbIE TVHUA?

B. Kakast 6ykBa pycckoro ayndaBuTa, eciy HammcaTh ee Ha JucTe Gymaru,
TTOMIE/TUT €r0 Ha HaubOoJIblllee Yo 06/1acTein?

C. BOoxHOBMBIIMCH IIPEbIAYIIMMU ITYHKTAMM 3TOM 3aaun, MaIbuuK [e-
pa CMMOHOB Hamucas Ha jucTe 6ymaru ne 6ykBbl O. Ha ckobKo 0671a-
CTeli OHY MOTJIM MTOAeIUTD JIUCT?

3agaua 4. /leainTsb 1 pe3aTb, pe3aThb U JeJIUTh

A. Kaxk gBymst TMHUSIMY Pa3[IeTUTh IPSIMOYTOJIbHMK Ha UeThIpe YacTy Oy -
HaKOBOJ1 IUIOIIAAM, MMesT TOJIbKO KapaHaalll ¥ JIMHEeiKy 6e3 pa3MeTKu?

B. V306pasute burypy, KOTOpyo MOKHO OIHMUM MPSIMbIM Pa3pe3oM Mofie-
JIUTh Ha TPM YaCTU OMHAKOBOJ TUIOIIAIIA.

C. Kaxpgplit 13 OBYX pa3pe3oB AeauUT (Gurypy Ha Be 4acTU OIVHAKOBOIA
iomaau. O6s13aTebHO I BMeCTe OHM AensT Gurypy Ha yeThipe ua-
CTU OIVHAKOBO IIOIIagn?

3agauda 5. O, Kak MbI gajeku!

A. Ha mpsimoit gopore pacronoXXeHbl yeTbipe OCTaHOBKU: A, B, C, D (He
006s13aTeIbHO B TAKOM TMOPsIIKe). VI3BECTHO, UYTO PACCTOSTHME MEXKITY OC-
TaHoBKamu A 1 D paBHO 1 kM, mexay Bu C — 2 KM, mexxay Bu D — 3 KM,
Mexay A u B — 4xm, a mexkay C u D — 5 km. YeMy paBHO pacCTOsIHME
Mexay octaHoBKaMu A u C?

B. Boonb nipsimoii ajien pacTyT 4yeTbipe AepeBa. PaccTossHUSI Mexay Co-
cemHUMU paBHbI 63, 14 1 84 MmeTpa cooTBeTCTBeHHO. CKOJIbKO AepEBbEB
HAJIO ellle TTOCAIUTh, UTOOBI PACCTOSTHME MEXKTY JIIOOBIMIU TBYMS COCE/T -
HUMMU JI€PEBBSIMY OBIIIO ONVIHAKOBBIM?

C. MOosKHO /i Ha TIPSIMOJi OTMeTUTh TOUKM A, B, C, D u E Tak, 4T06bI pac-
CTOSTHUSI MeXAYy HUMM OKa3anuch paBHbl: AB = 6, BC = 7, CD = 10,
DE = 9, AE = 12? Ec/iu MOXKHO, TO TIOKaKUTE KaK, ecIy HeT — 00bsIC-
HUTe, TTI0UeMY.

_42_



C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»
3a,r.[aqa 6. BoITH BpayoM — BeCbMa OTBETCTBEHHO!

A. Jloxtop omepupyeT ['eOMeTpUYHOTO AOXKAEBOT0 uepBs. OCOOEHHOCTb
YyepBs B TOM, UTO, OTAbIXasl, OH BIBOPAUMBAETCS IMHMEN U3 IIECTU OT-
pe3KOB, KOTOpas IepecekaeT KaXAblii CBOI OTPe30K POBHO OAMH pas.
IIpu 3TOM OH eliie 1 KycaeT ce0sl 3a XBOCT. Kak BIMISIAUT OTIbIXaIOLI i
TeomeTpuuHbIli OOXAEBON YepBb?

B. [Ipyroii DOKTOp YYMUTCSl 3aKpeIvisiTh CJIOMaHHbIe KOCTM. Ha sKk3ameHe
eMy BBIIAIM LIeCTb aOCOMIOTHO MPSIMBIX KOCTel ONMHAKOBON IJIMHBI.
OH f0JDKeH 3aBsA3aTh HA 3TUX KOCTAX 12 y3710B XMPYPIrUUECKOM HUTHIO,
TpUYeM Ha KK 0¥ KOCTY TOKHO ObITH 110 4 y3enka. KaxkpIit y3er cBsi-
3bIBaeT He GoJiee IBYX KOCTei. [ToMoruTe Bpauy CITpaBUTLCS C 9TUM 3a-
JaHMeM.

C. Eme Tpu moktopa — Aii6onurt, Ilenmep 1 BaTcoH — Mo ouepeny onepu-
PYIOT 3apa3HOro 60bHOrO, IIPU 3TOM Y HUX BCETO JBe Maphl EePUaTOK.
[TepuaTKky MOXKHO HafleBaTh HaM3HAHKY U APYT Ha apyra. [To MeguuH-
CKMM TIpaBWaM PYKM Pa3HBIX XMPYProB He JOJIKHBI KacaTbCs OLHOI
TOBEPXHOCTU NepuaToK. OmepmnpoBaTh OJHONM PyKOi Henb3st. MOryT jin
XUPYPTU 060TUCH TaHHBIMM MM ITepuaTKaMu?

3amaum 5 Kjacca

3agava 1. ITogenum — mocCMOTpUM

A. Hakakoe Hau6osblIIIee YMCII0 0671aCTe IENST IIOCKOCTD 4 IIPSIMOYTOMTb-
HBIX TPEYyTrOJIbHUKA?

B. Ha kakoe Haubosbliiee uncyio o61acteit MoOsKeT pa36uTh MMpsMasi CeMu-
yronbHUK? JIoKaxkuTe, YTO Ha GOJIbINEe YMCI0 HUKAKON CeMUYTOIbHIK
PasouUTh HeJb3s.

C. Ha kakoe HanboJblllee 4ucjio 061acTeit AedaT IJIOCKOCTh 15 oguHaKo-
BBIX 10 pa3Mepy KBaJIpaTOB, BCe CTOPOHBI KOTOPBIX TOPU30HTAIbHbI JIU-
60 BEpPTUKAIbHBI?

3apaua 2. lllyTka

A. Jlana 200-staxkHas 6anrst. CTyi ¢ 30 HOXKKaMy CKUIBIBAIOT C €€ KPbIII,
¥ OIHOBpPEMEeHHO € 3TUM 6oJiee JIerKuii CTyJl coBceM 6e3 HOKeK OTIIpaB-
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JISIIOT KaTUTBCSI BHUS I10 JIECTHUIIE BHYTPM GaurHy. MoskeT iy 6e3HOImii
CTY/ JOCTUTHYTH 3€MJIM OBICTpee, UeM JeTSInii?

Brimnucka 13 qHeBHMKA aBTOpa 3aaau onummnuanbl «Matematuka HOH-
CTOII»:

Tak, suepa s npudyman ecezo uemoipe 3adauu... MHe CHUNOCH,
umo ce2o00HsA 51 Npudymaro 8 noamopa pasa 6oisuie 3adau, uem 6
cymme 3a 0eHb, K020a cez00Hs OcmaHemcs suepa, u 3a dev, 0Jisl
KOMOop0o20 ce200Hs 00JIHCHO ObL10 HACMYNUMb 3aempad... OOHAKO
8 deHb, Komopeblli 6ydem euepa s 3aempa u 6si1 3aempa s
suepa, s npudyman 6 mpu pasa 6onsuie 3aday, yem 3a nocje3as-
mpawHee guepa... Ymo 3a cHvl-mo maxue cmpaHHsle 8 nocned-
Hee epems?..

Ecnn BE€PUTDL CHY, CKOJIBKO 3a1a4 JO/IDKEH ObLI IIpuaymMmaTb aBTOD B [I€Hb,
KOoraa OH OCTaBWMJI 3Ty BaMETKY?

ABTOMOGWITL BbIexas 13 [leTepOypra B [lekuH u ciomascs yepes 80 Ku-
nomeTpoB. Ha ucrmpaBieHne HerosmamokK yiio, mpaBza, BCero 1se Mu-
HyTbl. OHaKo, Mpoexas eie 40 KUJIOMeTPOB, aBTOMOOW/Ib BHOBb CJIO-
MaJicsl, HO BHOBb OBUI OTPEMOHTMPOBAaH 3a IBe MUHYTHI. [lanee meper,
KasK[IO¥ ClefyIollleit T0JIOMKO¥ aBTOMOOIIIb ITPOe3Kaj BIBOE MeHbllIe,
yeM Iepes, peabIayIleii, HO IPUBOAWICS B pabouee COCTOSIHME 3a He-
M3MeHHbIe ABe MUHYTHI. [loenet au oH B utore 1o [lekuua?

3agmaua 3. O, Kak MbI Jajeku!

A.

Ha npsimoii mopore pacriosioykeHbl yeTbIpe OCTaHOBKU: A, B, C, D (He
006s13aTeIbHO B TAKOM TMOPsIIKe). VI3BECTHO, YTO PACCTOSTHME MEXKTY OC-
TaHoBKamu A u D paBHO 1 kM, mexay Bu C — 2 kM, mexxay Bu D — 3 kM,
Mexay A u B — 4xm, a mexkay C u D — 5km. YeMy paBHO pacCTOsIHME
Mexay octaHoBKaMu A u C?

Bponb npssMoit ansiey pacTyT 4deThbipe nepeBa. PaccTosiHMS MeXay Co-
ceIHMMMU paBHbI 63, 14 1 84 MeTpa cOOTBeTCTBeHHO. CKOIbKO JepeBbeB
HAJI0 ellle TTOCAaUTh, YTOOBI PACCTOSTHIE MEXIY JTIOOBIMU IBYMS COCEJI-
HUMMU JePeBbSIMY OBUIIO ONVHAKOBBIM?

MO3KHO /i Ha TIPSIMOJt OTMeTUTh TOUukM A, B, C, D u E Tak, uTO6bI pac-
CTOSTHUSI MeXAy HUMM OKa3anuch paBHbl: AB = 6, BC = 7, CD = 10,
DE = 9, AE = 12? Ec/i MOXKHO, TO TIOK&KMUTE KaK, eCIy HET — 00bsIC-
HUTE, TI0YEMY.
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3agaua 4. HpOCTbIe, HO TaKue CJIOXKHbIe

A.

HatypanpHOoe uMc/io Ha3bIBaeTCs IIPOCTHIM, €C/IM OHO HAIleso JeTUTCS
TOJIBKO Ha cebst M Ha equHUITy. HaliguTe Bce Takue MPOCThbIe YKCIA P,
4TO uncia p + 2 U p + 4 TOXe MPOCThIe.

HaTypanbHoe 4nciio n SBisieTcsl Ipou3BefeHNeM IBYX IPOCTBIX YMCeT.
Kaskmoe 13 aTux npocThIx uncen ypenuunan Ha 1. I[IpousBeneHue momy-
YeHHbIX UMcell okasajaoch Ha 100 Gosnbliie, uem n. YeMy paBHO UMCIIO N?
Haiinute Bce BO3MOKHbBIE BAPUAHTHI ¥ OOBSCHUTE, TIOUEMY JPYTUX HET.

B psn pacronoskens! 50 BIK/TIOUaTesnel, Bce B TOJOKEHUM «BBIK/TIOUE-
HO». MUMO HUX TTPOXOAST 50 3IeKTPUKOB — K-blii M3 HUX [TEPEKITIOUaeT
Ka>KIIbIi K-bIi1 BBIK/TIOUATENIb (BK/IIOUAET, €C/IM OH OB BBIK/TIOUEH, U Ha-
o6opor). Hampumep, cenbMoii 3/IeKTPUK MTePeKII0UnT GOHAPHU IO, HO-
mepamu 7, 14, 21, 28 u tak ganee. Kakue doHapy ocTaHyTCSI BKIIOUEH-
HBIMU I10CJIe IIPOXOZA NIeKTPUKOB?

3agaua 5. HemsBecTHbIe HMPpHI

A.

B.

C.

VmMeet in maHHbI pe6yc pellieHne — TO eCTh, MOKHO JIii COITOCTaBUTh
pasHbIM 6YKBaM pasHbie HMAPbI TaK, YTOObI PABEHCTBO CTAJIO BEPHBIM

M-M-3-A-H-T-P-0-N = XPOMOTA?

Pemiite pe6yc (TO eCcTh, COMIOCTABbTE Pa3sHbIM OYKBaM pasHbie HuUQPHI,
a OJMHAKOBBIM — OfMHAKOBbIE TaK, UTOObI pABEHCTBO CTAJI0 BEPHbBIM):

KPEM + KPEM = XKEJIE; wm3BecTHO, uTO J1 = 9.

Yunrens Hammcasl Ha Jocke 10 mocyiegoBaTenbHbIX unce. [llagoBamBbIin
Cremna, yXofisl IIOC/Ie YPOKOB IOMOJA, CTEP OOHO — ¥ TYT JKe 3a0bL1, KaKoe.
OH MOMHWJI TOIBLKO, UYTO CyMMa OCTaBIIMXCS Ha JOCKe uncen paBHa 2017.
Kaxkoe ke KOHKpeTHO 4MCJI0 OH cTep?

3agava 6. I mycTh beTXOBeH yCIbIIUINUT

IeBouka JIvHa Urpaet Ha KPyroBoM ¢GhopTernyaHo aHalor «JIyHHOI COHAThI»
co6CTBEHHOTO counHeHust. Ha Takom dopTennaHo KIaBUIIIM PACIIONOKEHBI B
BUJe KOJIbLIA, @ UCIIOIHUTE/Ib JO/DKeH IIPeBapUTEeIbHO 3a/1e3Th BHYTPb 3TOM
KOHCTpYyKIMM. TakuM 06pa3oM, eciiv MATK cJieBa HalpaBo, ociie Bcex 88 kia-
BUILI HOTBI HAUMHAIOTCS C HavasIa.
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A. TlepByo yacTb cOHaThI JIMHA HAUMHAET C KJIaBUUIY 10 HOMEPOM OLMH.
CHavasyia OHa MpbIraeT Ha OAMH LIAr BIIPaBO. 3aTeM Ha [IBe KJIaBUILU
By1eBO. [IoTOM Ha Tpu KJIaBULIM BIIPABO, YeThIPE KIaBUILY BIE€BO, U TaK
Janee. Ha kakom miare JInHa 1epBblil pa3 HaKMeT Ha KJIaBULIY 10 HO-
mepom 457?

B. Bropyto yacTb coHaTsl JInHa noanesaet: JId, JIIO-JId, JIFO-JIHO-JIKO-JI4,
JIFO-JIFO -JTIO-JTHO-JTHO -JTHO-JTHO-JTIO-JI4,. .. (riepen Kaxkmoii 6ykoii JI mo-
6asnsiercs JIIO). Ha kaxxmoe JIIO mau JISI oHa, HauMHas C MepBOii Kia-
BUIIIN, UAET CIeBa HAIIPaBO M HAKMMaeT 110 OJHO¥ KiaBuiie Ha (opre-
maHo. Korma nepsbiit pas «JISI» JInHbl 6ygeT mporeTo OSHOBPEMEHHO
C HaXkKaTMeM KJIaBUILIM TToA, HoMepoMm 487?

C. Tpertblo yacTb cOHaThI JIMHA UTpaeT, HAKMMAas CHauasa Ha MepByIo Kia-
BUIIY, TIOTOM IIpbITaeT HAa OJHY KJIaBMIIY BIIPaBO, TOTOM ellle Ha JBe

KJIaBUILY, ellle Ha TPH, . . ., ewe Ha 100. ITocie 3TOro oHa noBTOpSIeT Ta-
Kyto Meyionuio eme 1935 pas. Ha Kakylo 1o cueTy KJaaBUITy OHa HaKMeT
nocjaenHen?

3agauu 6 Kiaacca

3azaua 1. Paspe3aHus U yribl

A. PaspexbTe TyIOyTro/MbHbI/ TPEYTOMbHMK HIKE Ha CEMb OCTPOYTOIbHBIX
TPEYTONMbHUKOB. [IpSIMOYTO/bHBIN TPEYTONbHUK HE CUMUTAETCS OCTPO-
YTOJNIbHBIM.

B. [TaH kBagpaT co cTopoHo¥i 1 cm. [TokaxkuTe, Kak pa3pesaTb ero Ha OCT-
POYTOIbHbIE TPEYTONbHUKN.

C. JokaxuTe, 4YTO CyMMa BeJIMUMH YIJIIOB A U B Ha PUCYHKe paBHa Beju-
uuHe yria C.
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/

A B C

3agaua 2. IToka He nipuiien audrep

Buts u TleTs 5KMBYT B 6€CKOHEYHOM BBEPX M BHU3 JOME U OYEHbD JTIOOST Ka-
TaTbCs HA dTe. Kak-To pa3 HeBeIoOMble XYIUTaHbl CJIOMAIY KHOITKM BO BCEX
audTax Tak, YTO T€ MOIJIM IBUTATHCS TOJIbKO Ha N 3Taxkeil BBepX UM BHU3 U
Ha m 3TaXkeii BBEPX WM BHU3.

A.

MaJibuMKyM He pacTepsuIich — CeIy KaskOblii B CBOI T 1 OMHOBpe-
MEHHO BbIeXa/IM C HYJIeBOTO 3Taxka, MpuuemM BuUTS ¢ KaXAplii pas egeT
Ha n 3Taxel BBepX, a [leTss — Ha m staxkeli BBepX. OKa3anoch, YTO Iep-
BBIi1 pa3 OHM MOOBIBAIM Ha OJHOM U TOM Ke 3Take o, HoMmepom 123.
Yemy Moy 6bITh PaBHBI N, M?

[TeTs HaxoguTCs 9TaskoM Bbitiie Butn. Tletun nudT ymeer e3auth Ha k
3Takeil BBepx Wiy BHU3, BUTuH — Ha k+ 1 3Taxk BBepX win BHK3. Majb-
YMKM HAYMHAIOT e30UThb Ha JInGTax, Kak MM 3abmaropaccyaurcst. MoxkeT
sivt [TeTs yripaB/siTh CBOMM JIN(TOM TaK, YUTOObI HUKOTIA HE BCTPETUTHCS
¢ Buteit Ha ogHOM 3Taske? O6s3aTeabHO 1M IJ1s 3TOro IleTe 3HATh 3TAK,
Ha KOTOPOM B IaHHbI/i MOMEHT HaxoguTcs Buts?

Teneps BUTS pemimi ¢ mOMOIIBIO NBYX KHOMOK — HAa N 3Ta>keil BBEpPX
VIV Ha M BHU3 — A00paThCs Ha iMdTe ¢ HyJIeBOTro sTaxka o repsoro. 1
y Hero nomyumnocs. Jokaxure, uto HOII (n,m) = 1.

3agaua 3. Ha miockocTu

A.

B.

C.

KBagpaT paspesaH Ha 36 KBampaTMKOB. M3 HMX 35 MMeEIOT IUIOMIAIMN,
paBHbIe 1, a OOMH MMeeT IIomIaab 60bIryio 1. Kakywo?

IaHo 12 MpovHbIX ceKIMit 3a60pa ogMHaK0BO AyinHbL. Kakoe Hanb0s1b-
1Iee Y1 C/I0 U30MMPOBAHHBIX 00/1aCTei MOXKHO OTTOPOAUTh UMM OT Oec-
KOHEUHOTO IJIOCKOTO MacTomia?

JoKaxkuTe, UTO 060 YETHIPEXYTONBHUK UMEET XOTSI ObI OHY BBICOTY,
BBIXOJSIITYIO Y3 KaKO¥-HUOYIb BEPIIVHbI, TONAAAIONYI0 HA OJHY U3 €T0
CTOPOH, a He Ha MPOoJloJIKeHNe.
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3agaua 4. He3zeMmHoOe CTUXOC/IOKEeHMe

A.

W3BecTHbIN BeHepMaHCKI/Iﬂ IIO3T HECKOJIbKO JIET Ha3aJ Hallycall 3HaMe-
HUTOE He3aMbICJIOBATO€ CTUXOTBOPEHNME, HaUd/IbHbI€ CTPOUYKHU KOTOPO-
TO MbI IIPUBOAVM

JIBa nBa.
Tpwu gBa.
JIBa nBa aBa.
Tpu Tpu.
Tpwu nBa nBa.
IIsaTe nBa.

HpO,Z[O.TI)KI/ITe €ro, HallMmnTe noduegymnye Tpyu CTpOUYKNA.

BenepuaHnckomy moasty Ha [leHb POXIEeHUS MOJapwIn OOMbIIONH KPyT-
JIBIV TOPT, ¥ OH IIPSIMBIM pa3pe30M Iof eI ero nomnonam. [lpyuaymarite
dbopmy 61101118 TAKYI0, UTO HA OJHO GITIOAIIIE 3TOV (POPMBI HEJTB3SI ITOJTO-
SKUTH IMOJITOPTA, HO HA IBA OAVHAKOBBIX OJTIONIIA TaKOi (hOPMBI MOKHO
TIOJIOKUTD LIeJTbII TOPT.

B BeHnepuaHckoM juTepaTypHOM obiectBe coctouT 2017 mosToBs. [Io-
KaXkuTe, YTO CPeAy HUX HaliAyTCs Tpoe, 3HAaKOMbIe KaskAbIl IPYT C Ipy-
TOM, WJIU TPO€e, He 3HAKOMbIe APYT C IPYTOM.

3agaua 5. HpOCTbIe, HO TaKue CJIOXKHbIe

A.

HatypanbHOe uMc/io Ha3bIBaeTCs IIPOCTHIM, €C/IM OHO HAIleso JeTUTCS
TOJIKO Ha cebst M Ha equHUITy. HaliguTe Bce Takue MpOCThbIe YKCIA P,
YTO UMcia p + 2 U p + 4 TOXe MPOCThIe.

HaTypanbHOe 4ncio n BsieTcsl Ipou3BefeHNeM IBYX IPOCTBIX YMCeT.
Kaxkmoe 13 3Tux npocThIx umcen ypennunan Ha 1. [IpousBeneHue mnomy-
YeHHbIX UMcel oKasajaoch Ha 100 Gosnbliie, uem n. YeMy paBHO UMCIIO 1?
Haiinute Bce BO3MOKHbBIE BAPMAHTHI ¥ OOBSCHUTE, TIOUEMY JPYTUX HET.

B psn pacronoskens! 50 BbIK/TIOUaTesnel, Bce B TOJOKEHUM «BBIK/TIOUE-
HO». MUMO HUX TTPOXOAST 50 3IeKTPUKOB — K-blii M3 HUX [TePEKTIOUaeT
Ka>KIIbIi K-bIi1 BBIK/TIOUATE/Ib (BK/IIOUAET, €C/IM OH OB BBIK/TIOUEH, U Ha-
o6opor). Hampumep, cenbMoii 3/IeKTPUK MTePeKII0UnT GOHAPHU IO, HO-
mepamu 7, 14, 21, 28 u tak ganee. Kakue doHapy ocTaHyTCSI BKITIOUEH-
HBIMU I10CJIe IIPOXOZA NIeKTPUKOB?
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3agaua 6. lllyTka

A.

Hana 200-aTaskHas 6anrHs. CTyi ¢ 30 HOKKaMy CKUIBIBAIOT C €€ KPbIIIH,
¥ OIHOBpPEMEeHHO € 3TUM 6oJiee JIerkuii CTyJl coBceM 6e3 HOKeK OTIIpaB-
JISTIOT KATUTHCSI BHU3 I10 JIECTHUIIE BHYTPY GatiHu. MokeT i 6e3HOTHIi
CTYJ1 JOCTUTHYTH 3€MJIU GBICTpEe, UeM JIeTSIINIi?

Boincka 13 fHeBHMKA aBTOpa 3agay onumnuanbl «Matematunka HOH-
CTOII»:

Tax, guepa s npudymasn ecezo uemoipe 3adauu... MHe CHUIOCH,
umo cezo0Hs s1 nNpudymaro 8 noamopa pasa 6ossuie 3adau, uem 6
cymme 3a 0eHb, K020a ce2z00Hs1 ocmaHemcs suepd, u 3d 0eHb, st
KOMmMop0o20 cez00Hs 00JIHCHO ObL10 Hacmynumsy 3aempd... OOHAKo
8 deHb, Komopeili 6ydem guepa 0/ 3aempa u Obln 3a8mpa ons
guepa, 1 npudymain 8 mpu pasa 6onsuie 3aday, yem 3a nocie3as-
mpawHee guepa... Ymo 3a cHvl-mo maxue cmpamHsle 8 nocned-
Hee gpemsi?..

Eciu BepuTh CHY, CKOJTBKO 3a/1a4 JOJIKEH GbUT TPUAYMATh aBTOD B JIEHD,
KOTJIa OH OCTaBMUJI 3Ty 3aMeTKY?

ABTOMO6GMITL BhIeXan 13 [letepOypra B [TekuH u ciomascs yepes 80 Ku-
soMeTpoB. Ha ucmnpasiieHre HemonagoK yIuio, npaBaa, BCEro IBe MU-
HyTbl. OHAKO, ITpoexas emle 40 KMJIOMeTpPOB, aBTOMOOWIb BHOBb CJIO-
MaJICsl, HO BHOBb ObLI OTPEMOHTMPOBAH 3a JIBe MUHYTHI. [lajiee meper,
KaXKI 0¥ cyiemyioniei IoJIOMKOJ aBTOMOOWIIb ITPOE33kajl BIBOE MeHbIIIe,
yeM Iepe[, peablayleii, HO IPUBOAMIICS B pabodee COCTOSIHME 3a He-
M3MeHHbIe ABe MUHYTHI. [loenet v oH B utore 1o [lekuuHa?

3agava 7. MHOroOHaIMOHAJIbHbIE 3aXBATYUKU

A.

ApMum meBsITM TOCYZApCTB BTOPIIMCH HA OCTPOB, MMemwiuit Gopmy
Tabmuiel 5 x 5. Kaxkmast 3 apMuit xoueT 3aXBaTUTD cebe 10 sTuelike Ha
5TOM OCTPOBE TaK, UYTOObI J1106ast U3 HEe3aXBAUEHHBIX STUEEK MMesTa Gbl
0OIIYI0 CTOPOHY POBHO C OJHO 3aXBaueHHO. [loMoruTe UM 3TO cae-
JIaTh.

ApmMun cta rocygapcTB BTOPIJIMCh HAa OCTPOB, MMeIOIINit ¢hopmy Tab-
yuiel 100 x 100, u 3axBaTwim cebe Kaxkmast 110 OIHOI KieTke. Terepb
OHM XOTSIT MOAEIUTh OCTPOB MEXKIY CO60#1 TaK, UTOObI KIETKM B KasKI0ii
CTPOKE ¥ B KaXKIOM CTOJIOIIE BCe ITpMHA/JIeXKaly pa3HbIM roCyIapCTBaM.
Bcerga i1 MOXHO MOAennTb MeXAY FoCyAapCTBaMy OCTaBIIMeCs MOCIe

_49_



C.

2017 rom, 7 xnacc

M3HAYAIbHOTO 3aXBaTa KJIETKM TaK, YTOObI He HAPYIIUTD [TOCTaBJIEHHOE
yciosue?

ApMust OFHOTO roCyapcTBa BTOPIVIACh Ha OCTPOB, 3aCeIeHHbIT abopu-
reHaMu. I3BecTHO, UTO OCTPOB uMeeT Gpopmy Tabmuubl (2k+1) x (2k+1).
MoskeT v 3Ta apMMsI 3aXBAaTUTh HEKOTOPBIE KJIETKY OCTPOBA TAKMM 00-
pa3oM, YTOObI KaKAasl KIeTKa MMeJia POBHO JIBe 3aXBaUeHHBIX, COCEeJl-
HUX C Hel o CTOpoHe?

3agmaua 8. Bce umcia cocrost u3 uudp

A.

B.

CyIecTByer Ji Takoe [BY3HAYHOE YMC/IO0, UTO eIy [TOMEHSTh B HEM
1Mdpsl MecTaMi, OHO CTaHeT B TPy pasa 6osbliie?

Vnbst 1 Ayekceii pa3ragbIBaloT YMCI0Bo mmbp XYZ us tpex mudp. m
U3BECTHO, YTO UCKOMOE YNCIIO AenuTcs Ha 9 u He menmtces Ha 10. Kpome
TOTO, TIEPBBIE ABE MG PbI 06pa3yIoT ABY3HAUHOE YMC/I0 XY, KOTOpOE SIB-
JIIeTCSI KBaAPaTOM HEKOTOPOro HAaTypaJIbHOTO YMC/Ia, a ABe IOCAegHNe
uubpsl 06pasyIoT ABY3HAUHOE YMCIO YZ, KoTOpoe MeHblie 40. IToMo-
rute pebsitam pasragath mudp.

HatypanbHoe unciio n umeet 61 paspsi M COCTOUT U3 ABOEK, TPOEK U
yeTBepoK. [1pu 3TOM IBoeK Ha 19 6osbliie, yeM yeTBepoK. HaiiTu ocra-
TOK OT JeJeHus unuciaa n Ha 9.

3agmaum 7 Kjaacca

3agaua 1. IlepeBoguMKM ¢ HEMELIKOTO

A.

[TepeBOIUMKY HYKHO ITepeBeCT HECKOIBKO PEKIaMHbIX OPOIIIOp U He-
CKOJIBKO ra3eTHbIX 3aMeTOK. OH MOJCUNTA, YTO eC/IM YBEeIUUYUTD B He-
KOTOpOe 11e/I0e YMCIIO Pa3 KOIMUYEeCTBO MMEIOIMXCS Y Hero 6poLIiop, TO
ux cTaHeT 116. A eciu yBeIMUUTD B TaKOe K€ UMCIO Pa3 KOIMYECTBO
MMEIOIIMXCS Ta3€THBIX 3aMETOK, TO UX cTaHeT 217. CKOIbKO ke 6pOoIIop
M CKOJIBKO 3aMeTOK IIPeJCTOUT IepeBecTu?

[lepen KOMIEKTUBOM M3 TpeX MepeBOJUMKOB CTOUT 3ajiaua IepeBecTu
16 sKypHaIMUCTCKUX 0030POB, 16 XyI0KECTBEHHBIX TEKCTOB U 16 TEXHU-
yecKkuX. Kaskaplii M3 HUX CKa3all, CKOJIbKO TEKCTOB KaKO¥ CrerupuKu
XOUeT MepeBecTH, MpuUeM MoxkKeJIaHMe KakA0ro BKIKYaIo 16 TeKCTOB.
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Bonee Toro, B cymMe repeBOAUYMKYM XOTSIT IIepEBECTU POBHO 16 KypHa-
JIUCTCKUX, 16 XyoOXKECTBEHHBbIX U 16 TeXHUYECKMUX TEKCTOB. JJOKaxKku-
Te, YTO X HAYAJIbHMUK MOXET pacIipelenTb TEKCTHI 151 IepeBoa Tak,
YTOGBI YIOBIETBOPUTD MOKETAHUSIM KaskI0TO U3 TIEPEBOTUMKOB.

IMepeBoguMK paboTaeT C TEKCTOM Ha 2-HeMelKOM. TeKcT Ha 2-HeMell-
KOM XapaKTepeH TeM, UYTO 3HaUeHMe MOXKET ObITh 3aK/IFOUEHO He TOJIbKO
B CJIOBAax, HO ¥ B COUETAHMSIX U3 ABYX IOAPSII UIYIIUX CJIOB. [Ipy sTOM
BCSIKO€ OTHEeIbHOE CJIOBO UM BCSIKOE COUeTaHMe MMEIOT CBOe 3HaueHue.
CKOJIbKMMM CIIOCOO6aMM MOXKHO pa30ouUTh TEKCT U3 1 CJIOB Ha CJIOBA U CO-
yeTaHus?

3azaua 2. 'OHKM yIUTOK

A.

B.

IBe yIUTKY MOI3YyT CHU3Y BBEPX I10 CTOJIOY BHICOTOVI 7 MeTpOB. IlepBast
3a JleHb IIPOIIoJ3aeT 5 METPOB, HO 32 HOUb CKAThIBAeTCS Ha 4 MeTpa.
Bropas 3a meHb npeofoneBaeT 3 MeTpa, a 32 HOYb COCKA/Ib3bIBAET JINIIIb
Ha 1. Kakast 13 yauTOK GbICTpee mo6epeTcs 1o Bepxa cTonba?

HaHn xieTtyateiii INCT 31 x 31. B HeHTpe KaXkI0ii KIeTKU CUINUT 110 YIAUT-
Ke. B mosHOYb Kaxkpasi yJIMTKa Ieperon3aeT Ha OLHY U3 YeTbIpex Kie-
TOK, COCEIHUX C ee POLHOI. JloKkakuTe, YTO B KaKOW-TO U3 KIETOK Te-
rnepb HeT HY OHOM YAUTKU.

BpICOKO-BBICOKO Ha CTeHEe CUAUT yiInuTKa. [IpsimMo rop Hel, y OSHOXMS
CTeHbl — ellle OfHA. BepxHssl yaMUTKa XOUeT BCTPETUThCS C HIDKHEH, a
HIVDKHSIST — 130€eKaTh BCTPeUM ¢ BepxHeii. [Ipo Kaskaylo YIUTKY M3BeCTHa
ee MaKCUMMaJIbHasl CKOPOCTb. [IOKaskuUTe, UTO y 6ojiee ObICTPOI YIUTKA
M3 3TUX IBOUX BCETA €CTh BO3MOKHOCTb OCYIIIECTBUThH CBOE COOCTBEH-
Hoe XeJjlaHue.

3agaua 3. YaactHuku «Matematuku HOH-CTOII»

A.

ITapThl B OMHOM 13 KaOMHETOB, Ilie IPOXOAUT OJIMMITMAAA, CTOST B TPU
KOJIOHKM I10 IIeCTh MapT B KaXaoi. 3a 20 MUHYT 4O ONMMIIMAAbI B Ka-
G1MHeTe CUIEN0 8 MIKOIbHUKOB. JIOKakMTe, 4TO M3 KaGMHeTa II0Ka 4TO
MOYKHO YTalllUTh IBe CBOOOIHBIE IIAPThI, CTOSINNE OPYT 3a APYroM. A
ec/y 6bl IKOJbHUKOB 6110 97

He ocraBnsieT HUKaKOTO COMHEHMS, YTO HEKOTOPbIE YYaCTHUKM Halleld
oNnMMIIMabl (B MPOIILJIOM TOMy, Halpumep, ux 6b110 60s1ee 400) 3HAKO-
MBI IpYT € IpyroM. JIoKakuTe, UTO HaliAyTCs Ba yUaCTHMKA, MMeIoL/e
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OJMHAKOBOE KOJIMYECTBO 3HAKOMBIX CPeIM OPYIUX YUaCTHUKOB OMM-
MMabl.

Joxaxxkure, 4TO Cpely y4aCTHMKOB onmmmmaznbl «Martemaruka HOH-
CTOII» HalimyTcsl Tpoe, 3HAKOMbIE KaskKAbIl OPYT C APYTOM, WIM TPOE,
He 3HaKOMblIe YT C IPYyTOM.

3agaua 4. 3arajgbIiBaHMe uyces

A.

Bans u laHs 3arafany KaKIblil 10 HATYpaIbHOMY 4ucTy. CIIOKUB 3TU
[IBa 4MCIa, MAJIbYMKM BBIICHWIM, YTO UX CyMMa [IeJIUTCS Ha OLHO U3
Hux. YemMy paBeH HamMGOJbIINMI OOLINMIT JeIMTelb YMCes, 3araJaHHbIX
MaJIbuMKaMu?

Tanst v Bang 3araganu o unciry. OKa3anoch, UTO 3arafJjaHHbIe JeBOUKa-
MM YMCIa B3aMMHO MTPOCThI. MOTYT /I OCTATKU OT JIeJIEHUS STUX UMUCET
Ha 17 oka3aTbcs He B3auMHO IpocTbiMiu? C IPYyroit CTOPOHBI, BEPHO JiN,
YTO eCJIM OCTAaTKU d U b OT [leneHusI Ha JI0b60e YMCII0 B3aMMHO MTPOCTHI,
TO ¥ a B3aMMHO ITPOCTO C b?

Bosnexk 3arafibiBaeT 4ncio. JIeJaek MpoCUT ero MpubaBUTh K 3aTaaHHOMY
YUy CHavasIa 3, MoToM 4, TIOTOM 5, TOTOM 6, ¥ HAKOHEI] TepEMHOXUTD
MoJTyYeHHbIe ueThIpe pe3ynbTraTa. Y bonmeka momyumioch 288. I[lomorure
Jleneky HaliTu 3aralaHHOE YMCI0!

3amaua 5. MHOroHanMOHaJIbHbIE€ 3aXBaTUYMKU

A.

ApMun neBATH rocymapcTB BTOPIJIMCh HA OCTPOB, MMeIOIIuii Gopmy
Tabmuiel 5 x 5. Kaxkgast U3 apMuit XxoueT 3aXBaTUTD cebe 1o sueiike Ha
3TOM OCTpPOBE TaK, YTOOBI J1I06as M3 He3aXBaueHHBIX IUeeK umesa Obl
OO6IIIyI0 CTOPOHY POBHO C OJHO¥ 3axBaueHHOi1. [ToMOoruTe UM 3TO Cae-
JIaTh.

ApMun cTa rocygapcTB BTOPIVIMCh Ha OCTPOB, MMeIOIIui ¢popmy Tab-
quubl 100 x 100, u 3axBaTuian cebe Kaxkmasi 0 OHOI KiaeTke. Terepb
OHM XOTSIT MOAEIUTH OCTPOB MEXKIY CO60#1 TaK, UTOObI KJIIETKM B KasKI0ii
CTPOKE ¥ B K&KAOM CTOJIOIIE BCe MTPUHA/IJIEXKAIN Pa3HbIM rOCyIapCTBaM.
Bcernma i MOSKHO TIOAENUTh MEX/Y rOCyIapCTBAMM OCTaBILMECS TTOC/IE
M3HAYAJIbHOTO 3aXBaTa KJIETKU TaK, YTOObI He HAPYIIUTD MIOCTABIEHHOE
yciioBue?
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Apmust OIHOTO TOCyapcTBa BTOPIVIACh Ha OCTPOB, 3ace/leHHbIi abopu-
reHamu. MI3BeCTHO, UTO OCTPOB MeeT Gopmy Tabmuiibl (2k+1) x (2k+1).
MoskeT Jiut 3Ta apMMsl 3aXBaTUTh HEKOTOPbIE KJIIETKM OCTPOBA TAKUM 00-
pa3oMm, 4To6BI Kaxkaasl KJIeTKa MMeJia POBHO JIBe 3aXBaUeHHBIX, COCe[I-
HUX C Heli 110 CTOpoHe?

3agava 6. ITopesaTts TOpT Ha /leHb POXXIAEHUS

A.

HeBouke I'mamie Ha [leHb POKAEHMS IOAAPWIIN OOJBIION KPYTJIbIi TOPT.
MoskeT /iu ee HeImoceA MBI O6pat Tola caenaTh B HEM TPU Hemepe-
CeKamIIMuxcs MPSIMbIX pa3pesa TaK, YTOObI HejIb3s1 ObIIO IIPOBECTH ellle
TpexX pa3pes30B, KOTOPbIe BMECTe C MCXOOHbIMM 06pa30BbIBAIM ObI 3a-
MKHYTYIO HecaMoIlepeceKaIyIocs IecTM3BeHHYIO0 JIOMaHyIo?

HeBouke 3uHe Ha JleHb POXKIEHMS TOXKE MOAAPWIN GOJbIION KPYIJIbIi
TOPT, a OHA MPSIMbIM Pa3pe30M IofeuIa ero nomnonam. Ilpumymarite
(opmy 6r0/TIIA TAKYIO, UTO HA OHO OJTI0/ITIE 3TOY (HOPMBI HEJTb3SI ITOJIO-
SKUTD ITOJITOPTA, HO Ha [Ba OAMHAKOBbIX OJII0M11a TaK0i (hOPMbI MOKHO
TOJIOXKUTD 11eJIbI TOPT.

Manbunky ®ene Ha [leHb poskAeHs ITOJapuIu TOPT B popMe GOJbIIOTO
Kyb6a. Ero Bepx 1 60Ka paBHOMEpHO IOUTHI MIOKOIaJHON Ia3yphio C
KOKOCOBO#1 Kpouikoit. [Tomorute @efe pasaeanTb TOPT TaK, YTOOI €My
U YETBIPEM €TO0 IPY3bSIM JOCTAJIOCh IOPOBHY 06bEMA TOPTA U TIOPOBHY
I7a3ypu.

3agaua 7. BaBemmmBaHusa

A.

B.

C.

KyxoHHbIe BeCbl BPYT — YMC/I0, KOTOPOE OHM IIOKa3bIBAIOT, HAa Kakoe-To
(buxcupoBaHHOE KOIMYECTBO IPAMMOB 60JIbllle, YeM peanbHO JieXKalast
Ha HuX Mmacca. [Tpu B3BemmBanum Kaprodesns noryumaoch 1000 rpam-
MOB, TPV B3BellIMBaHMM momaiirHero kKota — 4400 rpammoB. IIpu B3Be-
[IMBaHUM KOTa BMecTe ¢ kKapTtodenem — 5000 rpammoB. UeMy ke paBHa
TOTPELIHOCTh BECOB?

IOaubl 729 MOHET, U3 HUX ofHa (aablIMBas — HEMHOTO Jierye HacTosI-
mux. Haligure ee 3a 6 B3BelIMBaHMi HA JByXYallI€YHbIX Becax 6e3 rmpb.

Becspl Ha ppIHKE YMEIOT IOKA3bIBATh CyMMAapHYI0 MacCy JeXXallluX Ha HUX
mpenmMeToB. EcTb 15 MemKoB: B 14 HaCTOSIIIe MOHETHI, K&KIast BECOM
o 20 rpaMMOB, 1 B ITocjieqHeM ¢ajbIIBbie — BeCOM I10 25 rpaMMOB.
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Kak 3a omHO B3BelIMBaHMe ONPENEINTb, B KAKOM M3 MEIIKOB JIeXaT
(dasnbiMBbIe MOHETHI?

3agava 8. lllyTka

A.

Hana 200-aTaskHas 6anrHs. CTys ¢ 30 HOKKaMy CKUIBIBAIOT C €€ KPbIIIH,
¥ OMHOBPEMEHHO C 3TUM O0JTee JIErKuii CTy/I cOBceM 6e3 HOXKeK OTIIPaB-
JISTIOT KATUTHCSI BHU3 I10 JIECTHUIIE BHYTPY GainHu. MoxeT i 6e3HOTMI
CTYJI JOCTUTHYTDb 3eMJIM BbICTpee, YeM JIeTSII?

Beimycka 13 mHeBHMKA aBTOpa 3amau oamumImManbl «MatemaTtuka HOH-
CTOII»:

Tax, guepa s npudymasn ecezo uemoipe 3adauu... MHe CHUIOCH,
umo cezo0Hs s1 nNpudymaro 8 noamopa pasa 6ossuie 3adau, uem 8
cymme 3a 0eHb, K020a ce200Hsl ocmaHemcs suepd, u 3d 0eHb, s
KOMop020 ce200Hs 00JIHCHO ObL10 HAacmynums 3aempd... OOHAKo
8 deHb, Komopeili 6ydem guepa 0/ 3aempa u Obln 3a8mpa ons
guepa, 1 npudymain 8 mpu pasa 6onsuie 3aday, yem 3a nocie3as-
mpawHee guepa... Ymo 3a cHvl-mo maxue cmpamHsle 8 nocned-
Hee gpemsi?..

Ecnn BE€PUTDL CHY, CKOJIBKO 3a1a4 OJO/DKEH ObLI IIpuaymMmaTb aBTOP B [I€Hb,
KOoraa OH OCTaBWMJI 3TY BaMETKY?

ABTOMO6GMITL BhIeXas 13 [leTepOypra B [TekuH u ciomascs yepes 80 Ku-
JoMeTpoB. Ha ucmpaBiieHMe HemoaagoK yIuio, paBia, BCero JBe Mu-
HyTbI. OfHaKO, Mpoexas ere 40 KMIIOMeTPOB, aBTOMOOWIb BHOBb CJIO-
MaJicsi, HO BHOBb ObL/I OTPEMOHTMPOBAH 3a JBe MUHYThHIL. [layee mepen,
KaXKI 0¥ CyIemyIoneii II0JIOMKOJ aBTOMOOWIIb ITPOe33Kajl BIBOE MeHbIIIe,
yeM mepe[ npeabiaylieil, Ho MPUBOIMUIICS B paboyee COCTOSIHME 3a He-
U3MeHHbIe I Be MUHYTHI. JloefeT iu oH B utore 1o [lekuuHa?

3agaua 9. BoBouKka 1 KjeTuaTas TeTpajb

A.

VYV BoBOUKM ecTb KjieTuyaTas TeTpanb (KIeTKM — OIMHAKOBbIe, KBaLpaT-
HbIe), TMHelKa 6e3 meaeHuit U KapaHgail. [I1onaab Kaskaoil KIeTKY B
teTpagyu — 100 Mm2. Kak BoBOUKe MMEIOLIVMMMUCS CpefCcTBaMM IIOCTPO-
UTb KBaApaT Iomanpo 1000 Mmm??

BoBouka HapucoBan B TeTpaau oTpe3ok mauHoi 50 Mm. Kak BoBouke
MMEeIOIIMMUCS CpeiCTBaMM MOJeIUTh ero Ha 3 paBHbBIX YacTH, Ha 7 paB-
HBIX YacTei?
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[Tnowmanb KKI0M KJIETKM B TeTpaayu — no-npexkHemy 100 Mm2. Kak npu
TTOMOIIIM JIMHEeNKYM 6e3 IeJIeHni 1 KapaHaalla IIOCTPOUTDb KBaApaT IIo-
manpio 80 Mm2?

3agava 10. Urpa

A.

2017 eguHMUL, CTOUT B PSILL, MEXIY HUMU IMOCTaBJIeHbI IIIOCHL. [IBOe 1o
ouepeayt CTaBsIT Mapbl CKOOOK B BRIPAKEHNUM TaK, UYTO MOC/Ie KaXKIOTr0 X0-
Jla OHO OCTAETCSI OCMBICJIEHHBIM, TTPUYEM ITapy CKOOOK HeJb3sT CTABUTh
IBaKIbI HA OMHM U Te Xe MecTa. PaccraBuB 2016 map CKOOOK, OHM CUM-
TaIOT 3HAUEHMe ITOJTyYMBIIEroCs] BbIpaXKeHMSI — €C/I OHO YETHO, BbIUT-
pbIBaeT BTOPOIA, HaYe IepBblif. KTo mobeauT rmpu MpaBuIbHO urpe?

JaHbl IBe Kyuyu KaMHel: B OGHOI 23 KaMHsI, BTOpasi oKa Imycras. Tak-
ke JaH Memok ¢ 2017 kamHsIMu. Pa3penieHsl ABa TUia Xxog0B. MOKHO
6pats 1, 2, 3 win 4 KaMHS ¥ TIEPEKJIAbIBATh MX U3 TIEPBOI Ky4M BO BTO-
pyto. Taxoke MOKHO TepeKknanbiBaTh 1, 2, 3 man 4 KaMHS (€I OHU TaM
€CTb) 13 BTOPOJi KyuM B [IEPBYI0 — IIPU 3TOM CTOJIbKO ke KaMHelt, CKOJb-
KO B3$ITO, HYKHO BBIKMHYTb M3 MeIllKa B OKHO. VIrpaloT ABoe; MpOUrpbi-
BaeT TOT, KTO BbIKM/IBIBAET ITOC/IeIHIIT KaMeHb U3 Mellika. Ko mobemut
MIpY NIPaBUIbHONM Urpe?

IaHa Ky4a, B KOTOPOJi n KaMHe#t. VIrpaloT IBoe; 32 X0 MOXKHO yOUpaTh
u3 kyum 1, 2, 3, ..., 10, 11, 12 uim 14 kamHe#. BeiurpbiBaet yopaBumii
Toc/eIHNI KaMeHb. KTo mobeauT rpu npaBuibHO urpe? He 3a6ymbre,
4YTO OTBET JO/DKEH 3aBUCETD OT M.

3agmaumu 8 Kiacca

3agaua 1. HeusBecTHbIe HMQPPbI

A.

B.

VmMeeT v JaHHBIA pebyc pellieHlie — TO €CTh, MOKHO JIX COTIOCTaBUTh
pa3HbIM GyKBaM pasHble MMPbI TaK, YTOObI PABEHCTBO CTAJIO0 BEPHBIM:

M-M-3-A-H-T-P-0- = XPOMOTA?

Pemnte pe6yc (TO eCcTh, COMOCTAaBbTe Pa3sHbIM GYKBaM pasHbie HUbPBI,
a OMMHAKOBBIM — OJMHAKOBbIE TAK, UTOOBI PABEHCTBO CTAJIO BEPHBIM):

KPEM + KPEM = XEJIE; wm3BecTHO, uTO Jl =9.
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YuuTenb Hanucas Ha gocke 10 mociegoBaTenbHbIX unces. [llanoBamBbIit
Cremna, yXo[ist IIOC/Ie YPOKOB IOMOJA, CTEP OTHO — U TYT JKe 3a0bL1, KaKoe.
OH MOMHWJI TOIBKO, UYTO CyMMa OCTaBILIMXCS Ha JOCKe uncen paBHa 2017.
Kaxkoe ke KOHKpPETHO UMCJIO OH CTep?

3amaua 2. VicKycHOe BJIaZieHue YMC/IaMu

A.

B.

C.

PaccraBbTe B TabmiIly 3 x 3 unciia ot 1 10 9 Tak, 4ToObI B KaXKI0J CTPOKe,
B Ka)XXIOM CTOJIOLIe ¥ B KaXKIO# M3 OBYX ITIaBHBIX AMaroHajein cymma
Yucesn paBHsIach 15.

[IpumymaiiTe YMCIO Takoe, UTO OHO AenuTcs Ha 17, ero cymma 1mdp
paBHa 17 ¥ OKaHUMBAETCSI OHO TOXe Ha 17.

[Mpumymaiite (MM paccKaxkuTe, Kak MOCTPOUTb) 95-3HaUHOe UMCIIO, B
KOTOPOM HET HyJIeli M KOTOPOe JIeJTUTCS Ha CBOK0 CyMMY Iudp.

3amaua 3. IlmaByumnii 3001apk

A. ZIpy3vsam nocesujaemcs. ABcTpanuiickasi CKOIMo3Hast Kobpa CITUT, U30-

THYBILNCH 3aMKHYTOJ IIECTM3BEHHO JIOMaHOM, MepeceKalolei Kaxk-
Jloe CBOe 3BE€HO POBHO OAMH pa3. CXxeMaTUYHO M3006pa3uTe CIISIIYIO
Kobpy.

CeBepoaMepuKaHCKUIT KPOIUK-3aHYAa, CUAS Ha KaIUTaHCKOM MOCTU-
Ke B OXXUIAHUM CBOEI MOAPYTU, PUCYET Ha 3eMJie YeThIPEeXyTOIbHUKA
U eCcTUyronbHUKHU. [lepeceyeHne MeCTUYroabHMKA U YEThIPEXYTOb-
HMKa — TIOHSITHOE J1eJI0, KaK0¥i-TO MHOTOYTOIbHUK. CKOJIBKO OH MOXKET
UMETb YIJIOB?

CKOJBKO YITIOB MOKET MMEeTh IepeceuyeHne N—yroJbHUKA U M—yTOJb-
HMKA ITPU TTPOU3BOIbHBIX UYETHBIX M U n?

3agava 4. BoBouka 1 KileTuaTas TeTpagb

A.

Y BoBOUKM ecTb KjeTuaTas TeTpaab (KIeTKM — OMHAKOBbIe, KBagpaT-
HbIE), IMHeliKa 6e3 meneHuit 1 KapaHgaii. ILIomanb Kaxkaoi KIeTKM B
teTpagyu — 100 Mm2. Kak BoBOUKe MMeIOIIYMMUCS CpefCcTBaMM IIOCTPO-
UTb KBafpaT Iomanso 1000 mm??

BoBouka HapucoBan B TeTpaau oTpe3ok mauHoi 50 Mm. Kak BoBouke
MMEeIOIIMMUCS CpeiCTBaMM MOJeIUTh ero Ha 3 paBHbBIX YacTH, Ha 7 paB-
HBIX YacTei?
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[Tnowmanb KKI0M KJIETKM B TeTpaayu — no-npexkHemy 100 Mm2. Kak npu
TTOMOIIIM JIMHEeNKYM 6e3 IeJIeHni 1 KapaHaalla IIOCTPOUTDb KBaApaT IIo-
manpio 80 Mm2?

3agaua 5. 3aragbpIBaHyie yMcesl

A.

Banst u [JaHd 3aragany KaKIblil 10 HATypaIbHOMY YuCTy. CIOKUB 3TU
JIBa 4MC/a, MaJIBYMKM BBISICHWIM, UTO UX CyMMa JeIUTCS Ha OJHO U3
Hux. Yemy paBeH HaMOOBIINMIT OOLIMIT TeTUTENb YNMCEN, 3araJaHHbIX
MaJIbuMKaMu?

Tanst v Bang 3aramanu o ynciry. OKasanoch, UTO 3arafjlaHHbIe JeBOYKa-
MM YMCIa B3aMMHO MTPOCThI. MOTYT /1Y OCTaTKU OT JleJIeHUs ITUX Uucen
Ha 17 oka3aTbCs He B3auMHO NpocTbiMu? C IPYyroi CTOPOHbBI, BEPHO JIN,
YTO €CJIM OCTATKU d U b OT ejieHusT Ha JIFo60e UMCI0 B3aUMHO ITPOCTHI,
TO ¥ a B3aMIMHO IIPOCTO C b?

Bosnek 3arazipiBaeT uncio. JIejexk mpocuT ero mpmubaBuUTh K 3araIlaHHOMY
YMCITy CHavas1a 3, TOTOM 4, IOTOM 5, TIOTOM 6, M HAKOHEeI] TePeMHOXIUTh
MoJTydeHHbIe ueThIpe pe3ynbTraTa. Y bonmeka monyumioch 288. Ilomorure
Jleneky HaliTu 3araflaHHOE YMCI0!

3agaua 6. ITyTu aBTOOYCA HEMCIIOBEIVIMBI

A.

B cTpane OKISIHAMM HECKOIBKO TOPOIOB, HEKOTOPbIE COeIMHEHBI MeX-
Iy co60ii moporamu. Mexxmy ropogaMu XOOsaT aBTo6yChl. I3BeCTHO, UTO
JIOpOT CTOJBKO e, CKOIbKO rOPOAO0B. 4 MapTa U3 KaxkA0ro roposa Bbl-
exaJsio 1o aBToOyCy, a 5 MapTa Kaskablil aBTOOYC Mpuexan B TOPO., Co-
eIMHEHHBIN MPSIMON JOpPOroi ¢ ero pogHbIM. IIpy KakOM KoamM4yecTBe
rOpO/IOB BO3MOXKHO OPraHM30BaTh B CTPAHEe CETKY AOPOT TaKyI0, YTOOBI
5 MapTa B KaskIOM TOPOJie MOIJIO OKa3aThCsI POBHO TI0 OJJHOMY aBTOOY-
cy?

B crpaHe [IBy/nsiHAVMM Ha3BaHMSI TOPOJIOB HAYMHAIOTCSI UCKIIOUUTENbHO
Ha 6yksbI IT u K. [Tpu 3TOM Kakaast Jopora CoeiyHseT TOpof, Ha OYKBY
IT ¢ ropogoMm Ha K. HakoHelr, ropomoB Ha Il Ha 16 6osbIie, yeM ropo-
0B Ha OykBy K. 4 mapTa 13 Kaskoro ropojia Bbiexajo 1o aBTooycy, a 5
MapTa Kak7blii aBTOGYC Ipuexas B TOPOJI, COeMHEHHbII TOPOToii C ero
pOIHBIM. JIOKakK1TE, UTO B KAKOM-TO 13 FOPOJIOB Tellepb 60jiee OMHOTrOo
aBTOOYCa.
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Ha octpoBe KBaapaitisun yeTsipe ropopa. [lepeuncinTe Bce CIoco6bI
COEIMHUTD 3TU TOPOA JOPOraMM TaK, YTOOBI aBTOOYCHI M3 HUX MOT/IN 4
MapTa OTIIPAaBUTHCS B IyTh ¥ 5 MapTa 0Ka3aThCs M0 OJJHOMY B TOpO/Ie.

3agava 7. [lepeBoguMKy ¢ HEMEIIKOTO

A.

[TepeBOAUMKY HYKHO [TepeBeCT HeCKOIbKO peKIaMHbIX OPOLIIOp U He-
CKOJIBKO Ta3eTHBIX 3aMeTOK. OH MOJCUNTA, YTO €C/IM YBEeIUINUTD B He-
KOTOpOe 11e/I0e YMCJIO Pa3 KOAMIECTBO MMEIOIMXCS Y Hero 6pouIop, To
ux cTaHeT 116. A e yBeIMUUTD B TaKOe K€ UMCIO Pa3 KOIMYECTBO
MMEIOIIMXCS Fa3eTHIX 3aMeTOK, TO UX cTaHeT 217. CKOJIbKO ke GPOIIIIop
Y CKOJIBKO 3aMeTOK IIpeICTOUT [1lepeBecTu?

ITepen, KOMIEKTUBOM U3 TpeX MepeBOIUMKOB CTOUT 3aAaua IepeBecTu
16 KypHaIMUCTCKUX 0030POB, 16 XyI0KECTBEHHBIX TEKCTOB U 16 TeXHU-
yeckux. Kaskablit 13 HUX CKa3aj, CKOJbKO TEKCTOB KaKoil crenyduKu
XOueT MepeBecTH, IIpudeM IoskeJaHMe KaKI0ro BKIUYaao 16 TeKCTOB.
Bonee Toro, B cymMe IepeBOIYMKY XOTST IIEPEBECTY POBHO 16 KypHa-
JIUCTCKUX, 16 XymoKeCTBEHHBbIX U 16 TeXHUYeCKMUX TeKCTOB. JJOKaxKu-
Te, YTO UX HAUaJbHUK MOXKET pacIipele/IUTh TEKCTHI JIJIs IepeBoja Tak,
YTOOBI YIOBIETBOPUTD MOKEIAHMUSIM KaXKIOTO U3 TTEPEBOTUMKOB.

IMepeBoguMK paboTaeT Cc TEKCTOM Ha 2-HeMelKOM. TeKcT Ha 2-HeMell-
KOM XapaKTepeH TeM, UYTO 3HaUeHMe MOXKET ObITh 3aK/IFOUEHO He TOJIbKO
B CJIOBAax, HO M B COUETAHUSIX U3 ABYX MOAPSA UAYIIMX CJIOB. [Ipy 3TOM
BCSIKOe OTAe/IbHOE CJIOBO U BCSIKOe coueTaHMe MMEIOT CBOe 3HaueHMe.
CKOJIbKMMM CIIOCOO6aMM MOXKHO pa30ouUTh TEKCT U3 1 CJIOB Ha CJIOBA U CO-
yeTaHus?

3agaua 8. IIpuMmeyaTeTbHbIN Y4€OHbBIN T€Hb

A.

Bo nBOpe 1IKosbI MOSIBUIOCH CTpaHHOe AepeBo. CHauanza OHO Ka3aaocCh
OOBIKHOBEHHBIM POCTKOM, HO ITOTOM, JOCTMUI'HYB BBICOTHI ABA METpa,
CTBOJI pasfenwics Ha ABe BeTkU. Korma gepeBo Jopociio A0 Tpex MeT-
POB, KaXXJas U3 BETOK pa3fenunach Ha Tpyu BeTKU. COOTBETCTBEHHO, 110
JIOCTMKEHUU IePEeBOM BBICOTHI 11 METPOB KaXKasl BeTKa JAeIniach Ha m
60siee MeJIKUX BeTOK. CO CKOJIbKMMM BETKaMM IEPEBO JOCTUTHET BbICO-
Tbl 12 MeTpPOB?

Tem BpeMeHeM B KabuHeTe Guoyornu yuntesib AHactacust Cipumo-
HOBHa OCO3Haja: repeq Hei 26 yKacHBbIX AeTeii — 13 HeyrOMOHHBIX

_58_



C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

MaJIbYMKOB U 13 He MeHee HEYTOMOHHbIX JeBouek. OHa 3aBesna cebe 3a
MIPaBWIO K&KAYIO HEMIETI0 MEHSITh PAccagKy JeTeil B KJlacce TaK, YTOObI
3a MapToii BCerma CUIeI OIMH MaJbuMK U OHA JeBOYKa, HO IIPU STOM
rapa, CUSIIAst 3a IapToii, He cuzeia Obl BMECTe HY B OHY U3 MTPeIbIAy-
mMX Hemennb. Ha IpoTsskeHnm CKOMIbKMX Heleslb OHa CMOXKET C/IeI0BaTh
3aBeJleHHOMY cebe mpaBuiIy?

Kakum craHert oTBeT B npeapiaymiem IyHKTe, eCJIn 3a napToﬁ MOTIYT CU-
IeTb TaKKe M JBa Ma/IbuMKa, M IB€ IeBOUKM?

3amaua 9. O unciaax MaJIeHbKUX M 0OJIBIINMX

A.

«[IpousBeneHue ABYX YUCeI — 3TO MEJKO ¥ HUUTOXKHO! — yTBepXKaal
HesHajika. — BoT cymma - 3rto apyroe geno! Imsaaure, 1 +5 > 1-5u
maske 1+ 1000 > 1-1000, Bot Kak!» [lIoKaskuTe, TEM He MeHee, UTO eCIu
yucna a > 2, b > 2, To X CyMMa CTpPOTO MEeHbIIIE X TTPOU3BEIEHNS.

Enuunna, crosmas nepsoit B unciae 1°000°000, yBepeHa, 4TO Tpu 3a-
YepKMBAHUY TIEPBOI LMGPHI YKCIa OT HETO OCTAETCST CYIIMIA ITyCTSIK.
[Tomorute et pa300paThCs, CYIIECTBYIOT /I HATYpaIbHbIE YMC/Ia, KOTO-
pble TPy 3aUepKMUBAHUM TIEePBOJi LMGPbI YMEHbIIAIOTCS POBHO B (a) 57
pa3s (6) 58 pas.

HYCTb IaHO COCTaBHOE YMCIO N > 4. ,HOKa)KI/ITe, YTO n MOXXHO ITpeacra-
BUTDL B BJE IPpOU3BeAEHNS HECKOJIbKUX (60]’[66 O,E[HOI‘O) HaTypaJIbHbIX
uycesl, TaK 4TO X CyMMa TaKJKe paBHa n.

3agava 10. Urpa

A.

2017 eguHMUL, CTOUT B PSILL, MEXIY HUMU IMOCTaBJIEHbI IIIOCHL. [IBOE 1o
ouepeay CTaBsIT Mapbl CKOOOK B BRIPAKEHNUM TaK, UYTO IOC/IE KaKIOT0 XO-
JIa OHO OCTAEeTCSI OCMbBIC/IEHHBIM, IIPMUYEM I1apy CKOOOK HeJlb3sl CTaBUTh
IBaXKIbI Ha OOHM 1 Te ke MmecTa. PacctaBuB 2016 map cKOGOK, OHM CUK-
TAIOT 3HaAYeHMe MOTyIMBIIET0Cs] BbIPaXKeHUS — €C/IM OHO YETHO, BbIUT-
pbIBaeT BTOPOIA, MHaUe IepBblii. KTo mobeauT rmpu MpaBuIbHOM urpe?

JaHbl IBe Kyuu KaMHel: B OGHOI 23 KaMHsI, BTOpas Moka Iycras. Tak-
Ke JaH Memok ¢ 2017 kamHsIMu. Pa3penieHsl ABa TUila Xog0B. MOKHO
6pats 1, 2, 3 win 4 KaMHS 1 TIePEKIabIBATh X U3 TIEPBOI Ky4M BO BTO-
pyto. Taxoke MOKHO nepeKknanbiBaTh 1, 2, 3 man 4 KaMH (€I OHU TaM
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€CTb) U3 BTOPOI Kyul B IEPBYIO — IIPYU 3TOM CTOJIBKO Ke KaMHelt, CKOJb-
KO B3$ITO, Hy>KHO BBIKMHYTb M3 MeIIKa B OKHO. VIrpaioT IBo€e; MPOUTPbI-
BAeT TOT, KTO BBIKM/IBIBAET MTOC/IeAHMIT KaMeHb U3 Melka. Ko mobemut
TIpYU IPaBWIbHOI Urpe?

IaHa Ky4a, B KOTOPOJi n KaMHe#i. VIrpaloT IBoe; 3a X0 MOXKHO youpaTh
us kyun 1, 2, 3, ..., 10, 11, 12 uau 14 kamHei. BeiurpbiBaeT y6paBIinii
ToC/IeqHMIT KaMeHb. KTo mobequT npu mpaBuibHOi urpe? He 3a6ynbTe,
YTO OTBET J0/DKEeH 3aBUCETDH OT M.

3agaua 11. Bo3Boaum B cTeneHb

A.

[IpuBepuTe pumep Tpex MOAPS UAYIIMX HATYPaabHbBIX UMCes TaKUX,
YTO KaXk[I0e 13 HUX AEeIUTCS Ha KBaIpaT KaKOTO-HMOYIb POCTOTO YMC-
na.

VKask1Te HaMMeHblllee HAaTypaJlbHOE YMC/IO TAKOE, UTO €r0 MOOBMHA —
KBaJIpaT HATYPaTbHOTO YMCIIA, €T0 TPEeTh — Ky6 HATypaJbHOTO YMCIa, a
€ro IATast YaCTh — IISITas CTEIIeHb HATYPaIbHOIO YMCIIa.

JoKaskMTe, UTO MOKHO MPUAYMATh CKOJMb YTOAHO JJIMHHYIO 1€MOUKY
UIYIUX TIOAPS, HATypaabHbBIX UMCell, KasK0e U3 KOTOPBIX eTUTCs Ha
KBaJIpaT Kakoro-HuOYyIb ITPOCTOrO.

3agava 12. lllyTka

A.

B.

Hana 200-sTaxkHas 6amiHs. CTyi ¢ 30 HOKKaMy CKUIBIBAIOT C €e KPbIIIIH,
¥ OITHOBPEMEHHO C 3TUM 6oJiee JIErKuii CTyJ coBceM 6e3 HOKeK OTIIPaB-
JISTIOT KATUTHCS BHU3 I10 JIECTHMIIE BHYTPY GatiHu. MoskeT iu 6e3HOTMi
CTY/ JOCTUTHYTH 3€MJIM OBICTpee, UeM JeTSIuii?

Beimycka 13 JHeBHMKA aBTOpa 3amayd onumnuanbl «Matematnka HOH-
CTOII»:

Tak, suepa A npudyman eécezo uemsipe 3adauu... MHe CHUIOCH,
umo cezo0HsA s nNpudymaro 8 noamopa pasa 6osuie 3adau, uem 6
cymme 3a 0eHb, K020a ce200Hs ocmaHemcs suepd, u 3d 0eHb, A
KOMop0o20 cez00Hs 00JIHCHO ObL10 HACmynumo 3aempd... OOHAKoO
8 deHb, Komopelli 6ydem euepa dns 3aempa u 6ui1 3aempa s
guepa, 1 npudyman 8 mpu pasa 6onsuie 3adau, yem 3a nocjie3as-
mpauutee guepa... Ymo 3a CHbl-MOo Maxkue cmpaHHole 8 Nocjeo-
Hee gpems?..
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Ecnn BE€PUTDL CHY, CKOJIbKO 3a1a4 JO/DKEH ObLIT IIpuaymMmaTb aBTOD B [1€Hb,
KOoraa OH OCTaBMJI 3TY BaMETKY?

C. ABTOoMOOMITB Bhiexas u3 [leTepbypra B IlekuH u ciomascs yepes 80 Ku-
nomMeTpoB. Ha ucnipaBieHye HeonaoK yiijio, IpaBia, BCero JBe Mu-
HyTbl. OMHAKO, ITpoexas emle 40 KMJIOMeTpPOB, aBTOMOOWIb BHOBb CJIO-
MaJIcsl, HO BHOBb ObLI OTPEMOHTMPOBAH 3a IB€ MUHYTHI. [lajiee meper,
KasK/IO¥i CIeyIoleii ToJIOMKOi aBTOMOOMIIb TTPOe3Kajl BABOE MEHbIIIE,
yeM Tepe[ MpenbiayIeit, HO MPUBOAWICS B paboyee COCTOSTHME 32 He-
M3MeHHbIe ABe MUHYTHI. [loenet v oH B utore 1o [lekuua?

3amauu nmpodPuJIbHOro Bapuaura 7
KJIacca

3apaua 1. be3 Hysnen

Ieadyams 8ocemsb, 08adyams dessimv, dsaduams decsime...

PaccMOTpuM OOBIKHOBEHHYIO TECITUYHYIO CUCTEMY CUMCIEHUS U TO, KaK B
Heji 3aTMChIBAIOTCST HATYPaIbHbIE UM CIa. MbI XOTMM HaiTV CIT0CO6 M36aBUTh-
Cs1 OT HyJIel B 3aITMCH 3TUX umcesl. [laBaiiTe BMeCTO HY/IsI BBefeM Hudpy «ae-
CSITh», KOTOPYIO OyZIeM 3ammchiBaTh Kak X U yIIOTpe6/siTh HapaBHe C IPYTUMU
uubpamvu. ITowte Takoit MoguduUKaIMy CUCTEMbI cUMcieHus: unciao 30, Ha-
puMep, CTaHeT 3aluCbIBaThCs Kak 2X, yncino 100 — kak 9X, uncino 3107 —
Kak 2XX7.

1. IlepeBemnte uncia 110, 2202, 500’000 u3 meCcSITUYHON CUCTEMBI CUMC-
JleHus B MoauduipoBaHHylo. [lepeBenute umcna 1X17, XXXX, 512 us
MOAUGUIIMPOBAHHOM CUCTEMBI CUMCIEHUS B IECITUYHYIO.

2. O06BsICHUTE, TIOYEMY BCSIKOE YMCIIO MMeeT eqMHCTBEHHYIO 3aMyCh B Ha-
eit MoauGULUVPOBAaHHOM CUCTEME CUMCIIEHMS.

3. OnuimnTe aarOpPUTM MEPEBOA YMCEN U3 IECITUYHOM CUCTEMBI B MO -
umpoBaHHYIO ¥ 06PATHO.

4. JIOKaskKMUTe, UYTO 3aIMCh UYMCIa B MOOM(MUIMPOBAHHOI CUCTEME CUMCIIe-
HUS BCETIa He IJIMHHEE ero 3aICy B IecITUIHOI. [IpuBenuTe mpuMep,
KOT/Ia OHA CTPOT0 KOpoue eCSITUUHOIA.
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5. OnuimTe MpaBuia CIOKEHMST ¥ YMHOXKEHMS B CTOJIOMK B MOIU(PULIVIPO-
BaHHOI cucteMe cuucieHus (cm. puc. R). OTinyarnTcst M OHM OT Ipa-
B B OOBIKHOBEHHO TeCITUUHOI cucTeme?

x1XX3
4 X7
14721

150X
8412
X66221

puc. R
6. HpM,ELYMaI‘/iTe crioco6 pacripoCTpaHUTDb MO,ELI/Id)I/IU,I/IDOBaHHYIO CucTeMy

CUMCJ/IEHNS ¥ Ha HeITo/JOXUTeNbHbIe UuKciaa. B yacTHOCTH, Kak 3anucaTh
HOJIb B 3TOM CHCTeMEe CUMCaeHus1?

7. B MmomuMLMPOBaHHOI CCTEME CUMCIeHNs ITOIpo6yiiTe chopMyaImupo-
BaTh MpU3HAKU JIeIMMOCTU Ha
— 2, 4, IpOM3BOJIbHYIO CTEMeHb ABOVIKN;
— 5, 25, MpOM3BOIBHYIO CTENIEHD TIATEPKH;
—11.
8. Uro emre MOXXHO CKa3aTh MPO MOAUMPUIIMPOBAHHYIO CUCTEMY CUMCIIE-
HUs? Kak OCTPOUTD ee aHaJIOor, MCI0/b3Ys ABOUUYHYIO CUCTEMY BMECTO

IecsaTuaHO? [IpeayiokuTe CBOM HAITPABIeHUS UCCIeIOBAHMUS U U3YUHU-
Te UX.

3agaua 2. /lopora 50 MeTpo

PaccMOTpUM KJIETUATYIO CETKY, ee pe6Gpa U y3ibl. [lyTeM MeXOy OBYMS y371a-
My GyZleM HasbIBaTh MOCIEIOBATENbHOCT Pebep, UX COeqUHSIONYIO. [IMHY
MyTU B PA3HBIX CIYYassX OyJeM OIMpenessiTh M0-Pa3sHOMY, OOHAKO CTaHIapT-
HbI/ C1TI0CO6 — TTOHMMATb TIOZ, JJIMHOM IYTU KOINYECTBO pebep B HEM.

Ornpepenum k—0KpecmHocmep y3jia — 3TO MHOKeCTBO BCEX Y3JI0B, 10 KOTOPBIX
OT JAHHOTO CYIIEeCTBYET MYTh IJIMHOI He 60siee ueM k. Ha pucynke M1 n306-
pa’KeHBbI ITYTh JJIVHBI 3 M 3—0KPeCTHOCTD LIeHTPaJIbHOIO y3JIa.

1. JInuHy IyTY MOKHO BBECTU U MO-ApyromMy. JlaBaiiTe oIipeeinmM ee Kak
CyMMY BeIVMUMH CMeLleHUs NYTU [0 FOPU3OHTAAM U MO BepTUKAIN.
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CkaxkeM, IyTh Ha pUcyHKe M2 GymeT Torma MMeTh IynHy 5. Kak 6yger
BBIIVISIIETh 4-OKPeCTHOCTh (PMKCUMPOBAHHOTO y37a NPy Tak oIpejere-
HO¥ gnuHe? l |

| 4 |
T

[T

puc. M1 puc. M2
2. A ey Mbl olIpefenum OVHY YT KaK MaKCUMYM ; KaK MMHUMMYM ; KaK

MOJY/Ib Pa3HOCTU BEIMYMH CMelLleHMs 10 TOPU30HTAIN U 10 BEPTUKA-
m?

3. PaccmoTpuMm ABa orpeneneHus OJIVHbBI TyTH: CTAHIapPTHBIM CIIOCOO0M
¥ Kak B IyHKTe 1. [IOHSITHO, UTO OOVH MYTh MOXXET MMETbh Pa3HYIO IJIUHY
B IIEPBOM ¥ BO BTOPOM CMbIC/Ie. JIOKaKUTe, TEM He MeHee, UTO JI00as
k—OKpecTHOCTh B CMBICJIE TIEPBOI IJIMHBI ¥ B CMbBIC/IE BTOPOJi JIJIVMHBI
BBIIVISIIUT OAMHAKOBO.

4. TlycTh AjivHa MyTYU OIpefeeHa CTaHIapTHhIM o6pasoMm. ITycth y3en B
OTCTOUT OT y37a A Ha m KJIeTOK BIIPaBO U Ha N KJIeTOK BHMU3. CKOIbKO
KpaTuaimmx myrei BenyT u3 A B B?

IaBaiiTe Tenepb BbIGEpEM M3 KJIETYATON CETKM HECKOIBHKO Y3JI0B ¥ HEKOTO-
pbie pebpa Mmexxay HuMu. HazoBeM BbIGpaHHOe HaMu 20podom. Pacmonoxkum
B KaKMX-TO M3 y3JI0B TOPOAA CmaHyuu mempo. PaccTossHMeM OT y3J/ia BHYT-
p¥ ropojia 10 JaHHOM CTaHLMY MeTpPO OyeM Ha3bIBaTh JJIMHY (B CTAHIAPT-
HOM CMBI(JIe) KpaTyaiilliero myTu Meskoy HUMM, Jieskalllero BHyTpu ropoza. Ha
PUCYHKe HIKe U306paskeHbl TpUMep TOpojia, Tapa CTaHLMI MeTpPo, a TaAKKe
KparJarsiiiue IyTy OT OAHOTO U3 y3JI0B A0 CTAHIIUIA.
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5. JI;1s1 KaskAoro y3J1a B TOPOJIe HaliieM O/IVKaiIIyi0 K HEMY CTaHLIMIO MeT-
PO U paccTossHMe 1o Hee. Haiimem B ropozie BCe y3Jbl, B KOTOPbIX Hali-
JeHHOe PacCTOsIHME NOCTUTAET CBOEro Makcumyma. Terepb Ij1s1 KaXKI0-
r'0 y3/1a IOCUMTaeM CyMMY PacCTOSTHMI OT HETO A0 BCeX CTaHLIUIT METPO
" TOXe HaﬁLLEM Y3J1bI, TA€ 3Ta CyMMa OOCTUTraeT MaKCMMaJIbHOT'O 3HA-
YeHwusl.

[IpumymaiiTe TOPOA ¥ PacCTAHOBKY B HEM CTaHIMII METPO TaKylo, UTO
MHOKeCTBA Y3JI0B, I[leé MAaKCMMAaJbHO KpaTJaiilliee pacCTOSTHUE, U Y3-
JIOB, Ile MaKCMMajIbHa CyMMa PacCTOSTHUIA, He TlepeceKaroTCsl.

6. JToKakuTe, YTO KaKOii ObI HM OblJIa paCCTAaHOBKA CTAHI[MII METPO B IIPO-
M3BOJIbHOM rOpOjie, MaKC/HMalbHas CyMMa PacCTOSIHMIT ¥ MaKCHMMaJIb-
HOe cpefHee PacCTOSIHME 0 CTaHIMii BCeraa JOCTUTAIOTCS B OOHUX U
TeX JKe y3Jax.

7. 9 KaXI0ro y3J1a B ropone HalgeMm CaMVIO Oa/JIEKYI0 OT HEro CTaHIMIO
MEeTpO M pacCCTOsIHME OO0 Hee. Haiinem B ropoge BCe y3Jibl, B KOTOPbIX
HalieHHOe pacCTossHMEe JOCTUraeT CBOEro MakCmmyma.

[MpupymaiiTe ropoz ¥ pacCTaHOBKY B HEM CTaHLIMII MeTPO TaKylo, 4YTO
TPU MHOXECTBA: Y3J/I0B, Te MaKCMMAaJIbHO KpaTJaiiliee pacCTOSIHUE; y3-
JIOB, Ile MaKCMMaJbHa CyMMa PacCTOSIHUIA; Y3/I0B, IIe MaKCMMAaJIbHO
HauboJIbIlIee PACCTOSTHME — He TIePeCceKaroTCsl.

8. Kakue ere oco6eHHbIE Y3JIbI MOSKHO pacCMaTpuUBaTh B TOPOZE CO CTaH-
uusaMu Metpo? IIpenioskuTe CBOM HATMPABIEHUS UCCIENOBAHUS U U3Y-
uyTe UX.

3amauu npodPUJIbHOro BapuaHra 8
KJIacca

3agava 1. Yepe3s TepHUM K 3Be34amM

1. PaccMOTpUM BepIIMHbI IPaBUIbHOTO N—YTOMbHMKA. PacCTOsTHMEM MeK-
Iy ABYMSI BepIIMHaMM Oy[1eM Ha3bIBaTh IJIMHY KpaTUYaIIero myTm Mex-
Iy HUMM 110 CTOPOHAM N—yTOJbHMKA; PACCTOSIHME MEXKAY BEpPIIMHAMM
A u B obo3Havaetcst d (A, B) — cMOTpeTb pUCYHOK S1. JJOKaXkuTe, UTO
IUTst JTIOObIX Tpex BepuiuH A, B, C BbINOMHEHO HepaBeHCTBO d (A, B) +
d(B,C) >d(A,CQ).
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2. [l maHHOTO N—YTOAbHMKA, CKOJIBKO PasJMUHbIX 3HaUeHMI TIpUHMUMA-
eT pacCTosiHMe MeXXAy ero BepuimHaMmu? 11 JaHHOV BepIIMHBI, CKOJb-
KO JIPYTUX BEPIIMH N—-YTOJIbHMUKA HAXOOATCS HAa (DMKCUPOBAHHOM pac-
cTostHUM OT Hee? CKOJIbKO BEPIIVH N—-yToabHMKa HauboIee yaaaeHbl OT
IaHHO?

3. O6paTuTe BHMMAaHMeE Ha TO, UTO PACCTOSTHME MEKITY BEPIIMHAMMU HE Me-
HsIeTCsI [PV BpallleHuy n—yroibHuKa. [IompobyiiTe onpesennTb paccTo-
SHUEe MEXKIY BepIIMHAMM TaK, YTOObI OHO MEHSUIOCh IPU TIOBOPOTAaX
MHOTOYTOJMbHUKA. [IpaBa /i, uTo JI060€e pacCcTosIHME, COXPaHsIoIIee-
Cs1 IpU BpallleHUY, OTINYAETCST OT Halllero YMHOKEHMEM Ha KaKoe-TO

umnciao?
(7, 2)-3Be3ma He 3Be3pa
‘ d=73 Q
puc. S1 puc. S2

4. Oukcupyem IpaBUiIbHBIN n—-yronpHMK. Torga (n, k)—3Be3na — MMUHU-
MaJIbHbII Ha60p 3aMKHYTBIX JIOMaHbIX HaVIMEHbIIIe AJIMHbI TaKOJi, UTO
nM00ble IBe BepUIMHBI N—YTOJbHUKA, HaxXOASIIMecs Ha pacCTOSHUM K
IPYT OT ApYyTa, COeqMHEeHbI pe6POM OFHOI 13 JJOMaHbIX Habopa (CMOT-
peTb pUCYHOK S2). CKOJIBKO AJIs1 JaHHOTO N CYLeCcTBYyeT (n, k)—3Be3, co-
CTOSIIIIMX M3 OJTHOM JIOMaHO?

5. Ilns ma"HHBIX N U K, U3 CKONBKY JIOMAHBIX COCTOUT (1, k)—3Be3na?
6. [ln1s1 naHHBIX N U £, CKONBKO (1, k)—3B€3], COCTOUT POBHO U3 £ IOMaHBbIX?

7. Uepes ¢(n) 0603HaYMM KOIMYECTBO HATYPAIBHBIX UMCesI, MEHBIINX N U
B3aMMHO IIPOCTHIX € 1. VIconb3ysl CBOM 3HAHUS O 3Be3/aX, JOKaKUTE

bopmyy

S el =n.

d menut n

3apaua 2. be3s Hysnen

Ieadyams 8ocemsb, 08adyams dessims, dsaduams decsimeo...
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PaccMOTpUM OGBIKHOBEHHYIO ME€CSATUYHYIO CUCTEMY CUMCIEHMUS U TO, KaK B
Heil 3aIMChIBAIOTCS HaTypaIbHbIe UMc/Ia. Mbl XOTMM HATU CII0CO6 M30aBUTh-
CSI OT HYJIe B 3aMMCK 3TUX uuces. [laBaiiTe BMeCTO HYJISI BBeieM UMY «Ie-
CSITh», KOTOPYIO GY/IeM 3amMChIBaTh Kak X U YIIOTPeO/IsITh HapaBHE C IPYTUMU
mudpamn. [Tocae Takoit mogudMKaLMM CUCTEMBI cuMcaeHnst ymueio 30, Ha-
npumMep, CTaHeT 3aMMCbIBaThCs Kak 2X, unciao 100 — kak 9X, uncio 3107 —
Kak 2XX7.

1.

IMepeBenure uncna 110, 2202, 500’000 13 meCITUUYHOIM CUCTEMbI CUMC-
JeHust B MmoguduimpoBanuyto. [lepeBenute unciaa 1X17, XXXX, 512 u3
MoAUPUIIMPOBAHHOM CUCTEMbBI CUUCIEHUS B AECITUUHYIO.

OO6bsICHUTE, TIOUEMY BCSIKOE YMCIIO MMEET eIMHCTBEHHYIO 3aIMCh B Ha-
et MoauGUIIMPOBAHHON CUCTEME CUMCIIEHNS.

OmuIMTe arOPUTM IIePeBO/Ia YMCEeNT U3 IeCITUIHOI CUCTEMbI B MOIM-
uiMpoBaHHYIO ¥ 06PATHO.

IoxakuTe, UTO 3aMMCh UMCIa B MOAUGDUIIMPOBAHHOM CICTEME CUMCTIe-
HMS BCerga He JIMHHEe ero 3aIiCK B JecaTUuHoI. [IpuBenuTe mpumep,
KOIJIa OHA CTPOro KOpoue JeCSITUUHOIA.

OnummTe TpaBUIa CIOKEHUS M YMHOXKEHMS B CTOJIONK B MOIUGPULINPO-
BAHHOI cucTeMe cuucieHus (cMm. puc. R). OTinvarmTcs i OHUM OT Ipa-
BUJI B 0OBIKHOBEHHOI JeCITUYHOI cucTteme?

_1XX3
4X7
14721
1XX2X
8412
X66221
puc.R
[IpuaymaiiTe crioco6 pacIpoCTpaHUTh MOAMMUIMPOBAHHYIO CUCTEMY

CUMCIeHUS U Ha HEIOJIOKUTeIbHBIe UMciIa. B yacTHOCTH, Kak 3amucaTh
HOJIb B 9TOJ CUCTEMe CUMC/IeHns?

B MomuduumpoBaHHOI cucTEME CUMCIEHMS TOMPOOYiiTe chopMYInpo-
BaTh MPU3HAKM eIMMOCTHU Ha

— 2,4, IpOU3BOJIbHYIO CTEIIeHb NBOVIKN;

— 5, 25, MpOM3BOIBHYIO CTETIEHD TISTEPKH;
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—3,9;
—11.

YTo ele MOXHO CKa3aTbh MPO MOAMGULIMPOBAHHYIO CUCTEMY CUMCIIe-
Hus1? Kak mocTponThb ee aHasor, UCTIOIb3Ys IBOMYHYIO CUCTEMY BMECTO
JecsiTMyHO? [peyIoskKuTe CBOYM HATIpaBIEHMUS UCC/IeTOBAHMS U U3YUU-
Te UX.

3apgava 3. Jlopora 10 MmeTpo

PaccMOTpUM KJIETUATYIO CETKY, ee pebpa 1 y3ibl. [TyTeM Mekay ABYMs y3ia-
MM GyZleM Ha3bIBaThb MOCIEI0BATENbHOCTh Pebep, UX COeqUHSIONYIO. [IIMHY
IIyTY B pasHbIX CIydasx GymeM oIpenensiTh I0-pasHOMY, OGHAKO CTaHIapT-
HBI/ C1TI0CO6 — TMTOHMMATBD MO, JJINHOM IYTU KOINYECTBO pebep B HEM.

Ornpepenum k—0KpecmHocmep y3jia — 3TO MHOKeCTBO BCEX Y3JI0B, 10 KOTOPBIX
OT JAHHOTO CYIIECTBYET MYTh IJIMHOI He 60siee ueM k. Ha pucynke M1 n306-
paskeHbl TyThb IJUHBI 3 U 3—OKPECTHOCTD LIEHTPaAbHOTO y3J1a.

1.

JVHY IyTY MOKHO BBECTU U IIO-IPYyromy. JlaBaiite onpenenyuM ee Kak
CYMMY BeJIUYMH CMEIIeHMs YT MO0 TOPM3OHTAIM U IO BEPTUKAJIN.
CkaxkeM, IyTh Ha pUcyHKe M2 GymeT Torma MMeTh IynHy 5. Kak 6ymer
BBITISIAETh 4-0KPECTHOCTh (DMKCUMPOBAHHOIO y3/1a MPY TaK OINpeee-
HOI1 gauHe? L

[T 1

puc. M1 puc. M2
A ecny MBI OTIpeAenum AJIMHY ITyTY KaK MakKCUMMYyM ; KAK MUMHUMYM ; KaK
MOJIY/Ib Pa3HOCTY BEJIMUYMH CMelleHMs 10 TOPU3OHTa/IN U I10 BepTUKa-
m?

PaccmoTpuM [iBa ompeneneHus JJIMHbI TyTH: CTAHAAPTHBIM CITOCOO0M
¥ Kak B TyHKTe 1. [IOHSITHO, UTO OMH MyTh MOXXET MMETbh PA3HYIO IJIUHY
B IIEPBOM ¥ BO BTOPOM CMbICJIEe. JIOKasKUTE, TEM HE MeHee, UTO JItobast
k—oKkpecTHOCTb B CMbIC/Ie TIepBOIi IJIMHBI U B CMbIC/Ie BTOPOI JJIMHBI
BBIIVISITUT OOMHAKOBO.
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[TycTp fuHA MyTH OMpefesieHa CTaHJAPTHBIM obpa3oM. ITycTs y3en B
OTCTOMUT OT y371a A Ha m KJIeTOK BIIPaBO U Ha N KJIeTOK BHMU3. CKOJIbKO
KpaTuaimmx myrei segyT u3 A B B?

[aBaiiTe Terepb BbiO€pEM U3 KJIETUYATON CETKY HECKOIBKO Y3/I0B ¥ HEKOTO-
pbie pe6pa Mexxay HuMK. HazoBeM BpIGpaHHOE HaMu 20p000M. PacIonoxum
B KaKMX-TO M3 y3JI0B ropoja cmaHyuu mempo. PacCTosiHMeM OT y3Jia BHYT-
pY ropojia 10 JaHHOM CTaHLMM MeTpO OyIeM Ha3bIBaTh JIJIMHY (B CTAHIAPT-
HOM CMBICJI€) KpaTyaiuiero myT Mexxay HUMU, JiexXalero BHyTpu ropoga. Ha
PUCYHKe HUKe M300paskeHbl IIPMMep ropoja, mapa CTaHIMii MeTPO, a TakKe
KpaTyaniuye IyTH OT OLHOIO U3 Y3JI0B 40 CTAHLUIA.

5.

[J1s1 KaXKIoTo y3/1a B rOpojie HaiaeM GisKaiiyio K HeMy CTaHIIMIO MeT-
pO U paccTossHMe 10 Hee. Halimem B ropozie BCe y3Jbl, B KOTOPbIX Hali-
IeHHOE PacCTOSIHME JOCTUTAEeT CBOEro MakcumMyMa. Terepb AJ1s1 KaxKmo-
T'0 y3J1a MOCYMTAEM CYMMY PACCTOSTHUI OT HEro 10 BCeX CTaHIIMii MeTpO
¥ TOXKe HaiiieM Y3JIbl, TAe 3Ta CyMMa AOCTUTaeT MakCMMaabHOrO 3Ha-
YeHusl.

[IpuaymaiiTe TOpOI ¥ PACCTAHOBKY B HEM CTAHIIMIf METPO TaKyIiO, UTO
MHOKECTBA Y3JI0B, IJle MaKCMMa/IbHO KpaTuajilliee pacCTOsIHIE, U Y3-
JIOB, IIe MaKCMMaJibHa CyMMa PacCTOSIHUI, He TepeceKaloTCs.

JoKaxkuTe, UTO KaKoii 6bI HM GbIJIa pACCTAHOBKA CTAHIIMI METPO B TIPO-
M3BOJIBHOM rOpoOJie, MaKCMMalbHas CyMMa PacCTOSIHMIA M MaKCUMab-
HOe cpeJjHee pacCTOsIHME JI0 CTAaHLIMIt BCeraa NJOCTUTAIOTCS B OOHUX U
TeX ke y3/1ax.

JlJ1s KaxkAoro y3i1a B ropofie HaifeM caMylo JaIeKylo OT Hero CTaHINIo
MeTpO U paccTosiHue A0 Hee. Halinem B ropofe BCe y3Jibl, B KOTOPBIX
HalileHHOe PacCTOSIHME TOCTUraeT CBOer0 MakCMMyMa.
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[IpumymaiiTe TOPOA ¥ PAcCTAHOBKY B HEM CTAHIMI METPO TaKylo, UTO
TPY MHOKECTBA: Y3JI0B, T/Ie MAKCMMAaIbHO KpaTyaiiliiee pacCTOSTHUE; Y3-
JIOB, T/l MAaKCMMAaJbHA CYyMMa PAacCTOSHUIA; Y37I0B, TIe MaKCMMAaIbHO
HaMbOJIbIIIee PACCTOSIHME — He TIePeceKaroTcsl.

Kaxkue elle oco6eHHbIe y3JIbl MOXKHO pacCMaTpUBaTh B TOPOJIE CO CTaH-
nusiMu MeTpo? [IpeasioskuTe CBOM HaMpaBlIeHMs VCC/IENOBAHNS U U3Y-
YUTe UX.






VYceinoBuda 3agau 2016 roga

3agauu 5 Ki1acca

3agaua 1. lllyTka

A.

CTyJs ¢ IATHAALATbI0 HOXKKAMM YITaJl C JIECTHULIBI U3 TMSTU CTYIIeHeK U
CJIoMaJl OfHY HOXKY. [IOTOM OH ymas ¢ JTeCTHUIIBI U3 AeCsITU CTyIIeHeK
¥ CJIOMaJI TpU HOXKKM. CKOJIbKO HOXKEK OH CJIOMAeT, yIaB C JIeCTHUIIBI U3
20 cryneHek?

3a kuury samtatwim 200 py6iieit, ¥ 0CTaloCh 3aIIaTUTh BTPoe 6OJIb-
11Ie, YeM OCTaJIOCh ObI 3aIIATUTh, €CIY ObI 3aIUIATU/IV [TOJIOBUHY 3aruia-
YEHHOTI'0 U elle CTOJIbKO, CKOJIbKO OCTalI0Ch 3am1aTUTb. CKOMBKO CTOUT
KHMura?

M3BecTHO, 4yTO MareyiaH U3pacxofoBal Ha JeHb OOJbIIe, YUeM PacCum-
TBIBAJI, TPY IBVSKEHMM C BOCTOKA Ha 3a11aji. B cBOI0 ouepeib, repovt KHU-
v «Bokpyr cBeta 3a 80 qHel» SKOHOMMIIN BpeMsT IIpK IBMKEHUY C 3a-
rmaja Ha BOCTOK. HO MOXKHO /1M M3MEHUTh CKOPOCTh BPEMEHM, TTPOCTO
HauaB GeraTb BOKpyr CeBepHOTo Tostoca?

3agava 2. Uncia ¥ CyMMBI

A.

B.

C.

MoskeT 71 unciIo 6bITh MeHbllle KomyecTBa uudp B Hem? MoxeT u
YICJIO GBITH MeHbIle COOCTBEHHOI CyMMBbI 1Ipp?

Kak 1o HaTypajbHOMY YMCITY N HAMTH YICIT0, He TIPeBOCXOIIee ero, ¢
HaubosIbIIEel CYMMOi Mpp?

ITeTs cnoxxua Bce umcia oT 1 1o m - n, a Bacs cioskui Bce umcia ot 1 1o
m, oT 1 00 n ¥ MOCYUTA TPOU3BENEHNE ITUX ABYX CYMM. Y KOTO B UTOTE
MOJIyYM/IOCh OOJIbIlIEE UMCITO?
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3azaua 3. /Ile1eHMe ¥ OCTaTKU

A.

B nipepaBepun onumnuaasl «Matematka HOH-CTOII» HacTs pemnna
TIOYTIPaXXHATHCS B AesieHuM urcen. OHa mpuUayMasia HeKOTOpoe YUCIIo, U
Y Hee MOYYWIOCh, UTO 3TO YMUCIIO AeTUTCS Ha 564. Elle OHA BbISICHUIIA,
uto 2016 menutcs Ha 3To uKcio. [Tpasa au Hacts?

Bce Te ke moppyru Ternepb TPEHUPYIOTCSI CYUUTATH OCTATKY OT JeleHuUs
yucna Ha ynucio. [lepBast 6epeT UnCIo d, CYNTAET ero OCTATOK OT Jesie-
HMSI Ha YMCIO b, @ 3aTeM CUMUTAeT OCTATOK OT JeeHUs TOr0 OCTaTKa
Ha 4mncio ¢. Bropas yTBepskzaeT, 4To mpoLiecc MOXKHO YCKOPUTD, Cpa3y
CUMTAst OCTATOK OT JeJieHus d Ha ¢, 6e3 moTepu MpaBWIbHOCTM OTBETA.
[paBa nin oHa? Eciu f1a, mOKaXkuTe 3TO, eCu HeT — MPUBeIUTe KOHTP-
npumep.

Iaubl nBa umcaa b u c. JJokasaThb, YTO [IJIst JTIOOOTO d BHITIOTHEHO

(a mod b) mod ¢ = a mod ¢

TOTMA ¥ TOJBKO TOTNA, KOorma b meanuTcs Ha C.

3agava 4. CHMUKM U IMOHEPDI

A.

ITuonep IleTs BBIKIAAbIBAET HMU@PPBI U3 CIMUEK TaK, KaK 3TO JEIaeTCs
Ha 9KpaHe CTaHJapTHOrO KayibKynsTopa. Kakoe Haubosbiiee 4muciio oH
MOXKeT CJIOKUTh U3 15 crinuek?

Morio Jiu CJTyYUTHCSI TaK, YTO B MIETMHOM OTpsifie 13 20 MMOHePOB UMeHa
Y BCEX HAUMHAKOTCSI C Pa3HbIX GYKB?

TeMm BpeMeHeM MMUOHEp Bacsl XoueT HayUMThCSI BBIKJIAAbIBATh HUMPbI
HaMMEHbIIMM YMCIOM crinuek. [loMoruTe eMy B 9TOM: HaiiiuTe Hau-
MeHbIlIee 4nciIo k Takoe, uTo j06as nudpa MoxKeT ObITh BhUIOXKEHA U3
k crimuexk.

puc. 6 — Ixpan cmandapmuozo kanvkyramopa (wpugm Digiface)
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3azmaua 5. Ilimoxass KoMmauus

A.

B.

B kxomnanum n3 10 yesoBeK cpeayu JIO6BIX MATEPhIX — He 6ojiee Tpex
IeBouek. Kakoe Hau6oJIbIlIee YMC/IO0 eBOUEK MOKET 6bITh B KOMITAHUM?

B ctpane 140°000°000 mromeit. MMHUCTPY 34paBOOXPaHEHMUSI TOHECIH,
YTO cpeny 35 MUJUTMOHOB ¥ OJHOTO YesloBeKa BCera eCTh XOTh OJIMH HO-
cuUTesb onacHoro Bupyca HoiiBuc-npunr. MMHUCTp IPUKUHYI B TOJIOBE:
3TO Be[b ITOJIyYaeTCs], YTO HMYTOKHO Masiasi IO/l HaceJleHUsI CTPaHbl
sBJsieTcs HocuteneM Bupyca! IlpaB in oH?

HaHa kommaHus U3 N yenoBek. VI3BeCTHO, UTO U3 p NIOfEN 10 KpaiiHeit
Mepe q — IeBOYKM, a U3 S IeBOYEK I10 KpaiiHeit mepe t — GJIOHIMHKMA.
Kakoe HaymMeHblIIlee KOIMYECTBO GIOHAMHOK MOXKET OBITh B 3TOI KOM-
TaHum?

3agaua 6. DT HeOObIYHbIEe MeXaHV3MbI

A.

B.

®eps cobpas cucTeMy U3 IeCTEPeHOK, Kak Ha pucyHke 1. BynyT nu mire-
CTepeHKM BpaliaThCs?

B sImoHCcKMX 11axmartax ceru ecTb purypa 30/10TO, KOTOpast 6beT HIeCTh
KJIETOK BOKPYT cebst (3aKpallleHbl CepbIM Ha pUCYHKe 2). MOKHO Jiu pac-
CTaBUTH Ha ToJIe 9 X 9 HECKOBKO TaKUX GUTYP, YTOOBI Kaxkaast KJeTKa
I10JIST OMJIaCh POBHO OTHUM 30/I0TOM?

KoHcTpykuus camocBaia TakOBa, UYTO OH MOKET €XaTh, IOTePsIB A0 ye-
ThIpex Kojec. [IpaBaa, ero MakcuMaabHasi CKOPOCTb, paBHasl 60 KM/,
YMEeHbBIIAEeTCS Ha 6 KM/U C K&KIbIM IMOTEPSIHHBIM KoJjiecoM. Pa3 B 12 KM
Ha III0CCe BCTPEYaroTCs IMMHOMOHTAXH, IIe pa3roBOpP C paOOTHUKOM 3a-
HuMaeT 10 MMHYT, a yCTaHOBKa KaK[0ro Kojieca — 110 3 MUHYThI. Cpasy
Ke Tocje Bble3fa € / Mpoesia MMMO OUYepeJHOTO IIMHOMOHTAaXa Y ca-
MOCBaja OTBaJIMBaeTCsl OOHO Koseco. CKOMBKO KOjeC BBITOJHEE BCEro
TepsTh BOOUTENIO MEXIY IBYMS 3ae3[laMi Ha IIMHOMOHTAX, eC/M OH
XO0UeT B CpeJHEM exaTh KaK MOKHO GbIcTpee?

puc. 1 puc. 2
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3agmauu 6 Kiaacca

3azaua 1. ITagarouime CTy/nbs

A.

CTyn ¢ IATHAALATHI0O HOKKaMU yTall C IECTHULIBI U3 TISITU CTyIIeHeK U
CJIoMaJl OfHY HOXKY. [IOTOM OH yTas ¢ TeCTHUIIbI U3 AeCsiTU CTyIIeHeK
¥ CJIOMaJI TpU HOXKKMU. CKOJTbKO HOXKEK OH CJIOMAeT, yIaB C JeCTHUIIBI U3
20 ctymeHek?

B kade cTouT n yeThIpexHOIUX CTy/IbeB. Houbio B Kade 3aX0AUT Maib-
yuK Bacs 1 HauMHaeT BUIENyIO MOANIMINBATE CTYIbIM HOXKM. C yTpa
CTYJ yHageT MoJ, OCeTUTeNeM, eCIN Y HETO OCTaHYTCS HeMOAMMIeHHBI-
MM MeHblIle Tpex HokeK. CKOJIbKO HOXKEK HYKHO MOATMINTh Bace, uto-
6bI C yTpa KaK MMHUMYM M IIOCETUTeNel Kade rapaHTUPOBAHHO yIiain?

B kacde n ueTbipexHorux crynbeB. CTy/l MafaeT, eI Y HEr0 MeHbIIIe
Tpex 1LebIX HOXXeK. Y ManbunKoB Bacu u [leTn ecTh ABe MMJIbI, U OHU
u306peTaroT cebe urpy. MajbuuKy yKe COILIMCh Ha TOM, UTO IEePBbIM
xoguT TleTsi, a MPOUTPHIBAET TOT, TIOC/IEe YbEro XOAa YIaAeT MePBbIi
cTyi1. OcTanoch BbIGPaTh BO3SMOKHOE YMC/IO0 MepeMIMBaHmii 3a X0, IJIs
Kaxkgoro 13 Hux. [TycTh 3a Kaxkablit xom [leTs mepenminBaeT He MeHee
yeM d; 1 He 6ojiee ueM b; HOXeK, Bacs — oT ay 10 by HoxeK. Yncna a;
M d; MOTYT OBITh paBHBI HYJIIO WM eIUHUIIE, a unucia by u by — m win
m — 1, m < n, HO IpY 3TOM 00513aTe/IbHO by # by. CKOMBKO UTD yIOBJIe-
TBOPSIET 3TUM YCIOBUSIM, ¥ KTO U3 MAJbUMKOB BBIUTPAET B KAXKIOM U3
HUX?

3agaua 2. JleTckui cap,

A.

B merckom cany 10 meteit pucytoT 10 pucyHKoB 3a 20 MuHyT. Kak goiro
50 meteii 6ygyT prcoBaTb 50 pucyHkoB? Kak monro d meteit 6ymyT puco-
BaTh I' PUCYHKOB?

HetcamoBuam Bose 1 [IyiMe BbIZa/Iu 110 00pyuy — 00pYyY IIpeacTaBiIsIeT
€o060Ji IUCK PAANYCOM I'1, U3 KOTOPOTO BbIPE3aH KPYT paamnyca ry, r; <
ri. MaJibuMKy CTany KAeuThb IUIACTWIIMH Ha BbIIAHHBbIE MM O0Opy4M. 3a
MUHYTY BoBa HapalyBaj CAaHTUMETD IUIACTU/IMHA Ha BHEIIHEM Kparo
06pyua, a [[ymMa — CAHTUMMETp IUIACTU/IMHA Ha BHYTPEHHEM €ero Kparo.
V KOT0 13 MaJIbYMKOB IUIONIAAbL 06pyUa pocia 6bicTpee?

B MeAITyHKT IeTCKOTO cajia IMPUIIIO YETBEPO JeTel. Y MencecTphl eCTh
IByXYallleuHble BeChl 6€3 I'Ypb, M OHa XOUeT PacIIONIOKUTh JeTeii 1o Be-
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cy. CKOJIbKO B3BEeUIMBAaHUIA €1 4JIs1 3TOr0 HY>KHO caenaTh? Kak e mpo-
MU3BOIOUTD B3BEIIVBAHMS?

3agava 3. Uncia, BeIIMCAaHHbIE HA JOCKY

A.

Kosnsg B cBoii [leHb pOXXAEHMS BbIMMCAI Ha JOCKY HaMMeHbIlee Ynucio,
IBaXXIbI comepskaiee Bce nudpsl oT 0 10 9 u gensineecs Ha 72. Boinu-
ILIMTE U BBl 3TO YMCJIO!

A Ong 3anmcaia Ha JOCKy uymciia oT 1 1o 121 u Teniepb 3aHMMaeTCsI ciie-
IVIOMIVIM: CTMpPAeT C NOCKM YMcIa da U b, 3amMchbiBasi BMECTO HUX pas-
HOCTb BUIa a — 2b mubo b — 2a. Morio u B KOHIIE Ha JOCKe OCTATbCS
eMHCTBEHHOEe YMCI0 — HOJIb?

Ha OOCKY BBITIMICAHBI N YMCeJI. ﬂOKaSaTb, YTO OOHO M3 HUX MJIN CyMMa
HECKOJIbKUX PSAAOM CTOALINX UMCeJI HeIIpeMeHHO OeJIUTCA Ha n.

3agaua 4. JIMHUM U CeTKU

A.

B cTos B6MUTHI 26 TBO3AMKOB TaK, KaK ITIOKa3aHO Ha pUCYHKe 5. Paccto-
sTHMe MeXay cocenHumMu — 1 canTumetp. [Tomorute Jlxo6e MPOMyCTUTD
10 CTOJTY HUTKY AJINHO 25 CAaHTMMETPOB OT 'BO3[IMKA A K I'BO3AUKY B
TaK, 4YTOOBI OHA Kacajach KaXIOT0 TBO3IMKA.

Ha kneryaToi 6ymare HauepTWIM MIPSIMOYTOJBHUK pa3Mepamu a Ha b,
110 IMHUSIM CeTKU. MOXeT I MpoBefeHHas Ha TOM 3Ke JINCTE MpsiMast
MPOITHU TIO d + b KJIeTKaM B COCTaBe 3TOTO MPSIMOYTOJIbHUKA?

Cpenu TpeyroJibHMKOB C JaHHBIM OCHOBaHMWeM [ U JaHHBIM IepuMeT-
poMm P HailTu TPeyroabHUK C MaKCMMaJIbHOI MI0MAbI0.

puc. 5
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3amaua 5. Pa3meneHyue Ha IMOZMHOKeECTBa

A.

JaHbl Be KOMITAHUM U3 MaIbUMKOB, Y KaXKI0T0 13 KOTOPBIX €CTh CKOJIb-
KO-TO JeHer. I3BeCTHO, UTO Y JIIOOBIX MSTU MAJIBYMKOB U3 OTHOI KOM-
TMaHUU JIeHeT B CyMMe CTOJIbKO JKe, CKOJIBKO Y JTIOOBIX MSITU MaIbYMKOB
M3 APYTOV KOMIaHuu. MOTYT i CyMMapHbIe KOJTMYEeCTBa JIeHer B rep-
BOJi M BO BTOPOJ KOMIAHUSIX pa3anMuaThCs?

[TeTst XOUeT MOKPACUTDh eIMHMUYHbIE OTPE3KM B COCTaBe IMPSIMOil B IBa
LIBETA TaK, YTOObI Cpeay IIOObIX YeThIPEX IMOAPSII UAYIIUX OTPE3KOB ObI-
JIO POBHO /IBa UE€PHBIX, & CPe/IM TI0OBIX OMMHHAMLIATY TOAPSI UAYIIUX —
POBHO LIECTh YePHbIX. MOKET JIX OH 3TO CHAeIaTh?

Ha xyeTtuaToit 6ymare BOMSTCS YeThIpe BUIA MypPaBbeB, apea Kaxmao-
ro IpeacTaBiisgeT co60ii CBI3HOE MHOXECTBO KJIETOK. Apeasbl pasHbIX
BUIOB MOTYT ItepecekaThcsl. CKOTbKO BO3MOKHBIX KOMOMHAIIVIi BUIOB
MypaBbeB MOXET JXUTb B KileTKe? V306pa3uTe apeanbl BUIOB MypaBbeB
TaKMe, YTO KaKAas KOMOMHALVSI BUIOB peaau3yeTcsi XOTb Ha ONHOIA
KJIeTKe.

3agaua 6. JIbDKHas1 ceKuus

A.

BHauaste jibKHAsT CEKLIMS COCTOSIA U3 OIHOTO-eIMHCTBEHHOTO y4acT-
HMKAa — TpeHepa, HO IIOTOM B Hee KaKAbIil JeHb IMPUXOIUIIO 100 4,
JIMO0 5 HOBBIX YYaCTHMUKOB. MOTJIO JIU B CEKI[MMU TTOC/Ie HECKOMbKUX THE
HAaCUYUTBHIBATHCSI POBHO 12 yYaCTHUKOB?

Tpoe JbDKHMKOB BBIIUIN B JIEC, UTOGBI HATY XOPOIlIee MeCTO sl HOBOJA
Tpacchl. JIbDKHMKY BCTa/IM Ha paccTossHuy o 100 MeTpoB APYT OT Apyra.
B 110607 MOMEHT BpeMeH! MOKET ABUTATHCS TONBKO OJIMH JIbIKHUK, HO
MpU 3TOM JIMUIb 110 IPSIMOJA, TIapalielbHOM OTpe3Ky, COeIUHSIOUeMY
IBYX OCTaBIIMXCS JBDKHUKOB. [lapy 4acoB MOKaTaBIIMCh Tak IO Jecy,
JIbDKHVKY 3aMepu/ii pacCTOsSIHME OPYT MEXKAY APYroM — IONYyYMINCh
mdpst B 90, 120 1 150 meTpoB. JIOKasKUTe, UTO KTO-TO U3 JIbDKHUKOB
He BBITIOJIHSJI IPaBWIa B TEUEHME MTOe3 KA.

V3 pa3HbIX TOYEK IJIMHHO KOIbI€BOI TPacChl OMHOBPEMEHHO CTapTO-
Ba/in 564 nbDKHMKA. BO BpeMst TOHKY JIbIKHMK MOT OO0THATh APYroro,
HO He JBOMX JIbDKHUKOB cpa3y. Yepe3 HEKOTOpOe BpeMsI JIbIKHUKY O -
HOBPEMEHHO (GUMHUIIMPOBAIN B TEX JKe TOUKAX, U3 KOTOPBIX CTapTOBA-
Jivi. MOIJIO /Y MIPOM30MTH HEYETHOE YMCI0 O6roHOB? A eciyu OfuH U3
JIBDKHMKOB 3a607j1€J1 M He IBUICS Ha cTapT?
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3agaua 7. B nmouckax umcen

A.

Cocrasiisisg yenosust onumnuazgsl «Matematnka HOH-CTOID», manpum-
ki Bops u [IluMa npuayMbIBalOT /11 Y4aCTHMKOB MaTeMaTuuyecKue pe-
OYyChI: BIpAXKEHNSI, TIe pPa3HbIM 6YKBaM COOTBETCTBYIOT pa3Hble UG PHI.
BymyT in pe6ychbl
P-O-M-A-III-K-A = POMAIIIKA
u
4.0-T-JI.U-Y-H-U-K = YPAYPA

MMETb pellieHue?

Bacst pa36wui umciia ot 3 10 8 BKIIOUUTEIBHO Ha YEThIPE TPYIIITbl. MoXeT
Jiu ero Apyr Poma HaBepHSKa YTBepPXKIaTh, YTO IIPOM3BeieHNe uyce B
OJIHOI U3 3TUX TPYIII 6osbie 127

[l MaHHOTO YMCJIa N IPeIbIBUTE TI0 BO3MOXKHOCTY 3(pdeKTUBHbI a-
TOPUTM HaxOXJeHUsI HaMMeHbIllero cocTaBHOTro uncia N, Takoro, 4To n!
He menuTcs Ha N, U TOKaskuTe, YTO MOTyYeHHOe COCTaBHOe YMCIIO JIeii-
CTBUTEJIbHO OyAeT HaMMEeHbIIMM.

3agaua 8. Uncna, uudpsl ¥ IPUKIIOYEHUS

A.

IeBouka Mailia OTKpbLJIa B II€COYHMIIE MarasyH. YToObI KyIIUTh B 3TOM
MarasyuHe HeCKOIbKO CIMYeK, HY)KHO BbUIOKUTD U3 HUX IUPPY TaK, KaKk
Ha 9KpaHe KaJbKyJIsATOpa, U AaTh Mallle Konu4yecTBO JIMCTOYKOB, paBHOE
aToi1 umdpe. Kak gemiessie BCero MOKyInaTh CliMyky 'y Marmm?

®upma «DFS» paspabaTbiBaeT 0cobbie KOCMUYECKME OYIba03€ephl. [Ist
paboThl Ha acTepouze Imon HasBaHueM ['yp6iuTekeH 6bUT paspaboTaH
CIleyaabHbIi 6YIba03€ep, TYCeHUIIbI KOTOPOTOo IeIaloT pOBHO 953 060-
pora 3a 29 Mpoxom0B IO IKBATOPY acrepouaa. st yno6cTBa ryCceHUIIbI
6y/bao3epa ObLTY pa3feeHbl Ha 29 CMEHHBIX CEKIMIA, OHY 13 KOTOPBIX
MPUIIUIOCh 3aMEHMUTB ellle B osete. HakoHel Gy/bao3ep MPUHSIICS e3-
IUTb BOKPYT acTepoujia Mo 9KBaTopy. /IoKa3aTh, YTO BHE 3aBUCUMOCTHU
OT CTapTOBOTO MTOJIOKEHUSI TYCEHUIT CBEXKEYCTAHOBIEHHAS CEKITVSI PAHO
WJIU TIO3[THO OKAXKeTCSI Ha JIMHMUM cTapTa. Kak yacto 3To 6ygeT MmoBTo-
pSTbCS?

BoBouka HempaBWJIbHO 3aIIOMHWIT IOKa3aTeIbCTBO TeopeMbl EBkinia.
OH [yMaeT Tak: MePEeMHOXMM BCe MPOCThbIe UKucIa, TpubaBUM K Ipo-
U3BEIEHUIO eIMHNUITY — Y TIOTyYEHHOE YMCIIO HeITPEMEHHO GyeT Mmpo-
cThiM. OH XO4YeT BOCIIONb30BAThCSI 3TUM COOOpakeHMeM ISl TTOMCKa
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MTPOCTBIX UMCEJT: TIEPEMHOKUTh HEeCKOJIbKO IEPBBIX MPOCThIX, Mpubda-
BUTh €IUHUILY, IOJYIUTH HOBOE TIpocToe. [IOKaXkuTe, UTO TakKuM 06pa-
30M BOBOUKa BCe paBHO PaHO MY MTO3THO MOIYUUT COCTABHOE UMCITO.

puc. 6 — Jkpan cmandapmmuozo karwvkynamopa (wpugm Digiface)

3agmaumu 7 Kjaacca

3azaua 1. /IeieHue ¥ OCTaTKU

A.

e nogpyru B npeaasepumn onummnuansl «Matematuka HOH-CTOII»
pennuI MOyIMPaXkHIThCSI B HAXOXKIEHNM HAaMOOMbIINX OOIIVX euTe-
JIeil M HaMeHbIIMX OOIIVX KPATHBIX IMap uncest. OHM B3sUIM IBa YMCIA d
u b, v ogHa nozpyra noinyumuna HOJL (a, b) = 564, a ogpyrast HOK (a,b) =
2016. IoKakMTe, UTO KTO-TO U3 HUX OLINOCS.

Bce Te ke moapyru Terepb TPEHUPYIOTCSI CYUTATH OCTATKU OT JAeeHUs
YicIa Ha YKucio. [lepBast 6epeT YmuciIo a, CAMTAeT ero OCTaTOK OT felie-
HMS Ha 4YMUcIo b, a 3aTeM CUMTaeT OCTATOK OT AeJeHMS 3TOr0 OCTaTKa
Ha YMCIo ¢. Bropas yTBepskaaeT, UTO MPOoIlecc MOKHO YCKOPUTD, Cpasy
CUMTast OCTAaTOK OT JeJIeHMsI d Ha ¢, 6e3 oTepy MpaBUIbHOCTY OTBETa.
[IpaBa 11 oHa? Ecin ga, HOKa>KUTE 3TO, €C/Ii HET — NIPUBEAUTE KOHTP-
npumep.

Ianbl nBa yncia b u c. [JokasaThb, 4TO JJ15 1H060TO @ BBITTOIHEHO (a mod
b) mod ¢ = a mod ¢ TOrHA ¥ TONBKO TOTLJA, KOTJA b NeluTcs Ha C.

3agaua 2. IIaTauna

A.

ITo nATHMIIAM MaMa HaJMBaeT NSATEPBIM JeTSIM ITapHOTO KOPOBbETO MO-
soka. OHa JiesaeT 3TO B [iBa KPyra, B IePBbIii pa3 KaK-TO HAIOIHSS ISITh
KpY>KeK, a BO BTOPOI1 pa3 pacxoAysi TOPLIOK A0 KOHIIA TaK, YTO YPOBEHb
MOJIOKa BO BCeX KPY)XKaxX CTAaHOBUTCS OAMHAKoBbIM. [locie mepBoro
KpyTa B KPY)KKaX YEThIPEX eTeil ObIII0 OAMHAKOBOE KOJIMYECTBO MOJIO-
Ka, a B KPY>KKe IIITOoro 6b110 Ha 20% 6oJibliie 3Toro KoymuectBa. CKOIbKO
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MWUIMJIUTPOB COCTaBJIsIIa 3Ta caMasl ABaAllaTUIIPOLIeHTHas pasHUIIa,
€CJIV TOPIIOK MMeeT 00beM 2 JINTPA, a Ha BTOPOM KpyTre Mama MCITOJb-
30Bana 70% ero o6bema?

Mo ngTHMIIAM B cejie XOTWIAH[, yCTpauBaIMCh 6era ObIKOB, HO B Kaue-
CTBe OBIKOB MCIIOJIb30BA/IMCh TUTPBI. Y KasKIOTO TUTPa Ha OIIejiHMUKe
HaIMCaHbI BAa YMC/IA: ¢ — BO CKOJBKO pa3 3TOT TUTp GeraeT 6uICcTpee
yejioBeKa ¥ t — BpeMs B CEKYHaX, B TeUeHMe KOTOPOro 3TOT TUTP Oe-
SKUT C MAKCMMaJIbHOM CKOPOCTBIO, a IOC/Ie 3TOTO JIOKUTCS OTIOXHYTh.
IMomorute yuyacTHUKY 6eroB Vicuu6aio EfleHOBY BbIBeCTM (DOPMYITY IS
PacCTOSTHUST X, HA KOTOPOM €My HYKHO JepXKaThCsl OT JaHHOTO TUTDPA,
YyTOOBI He ObITh CheIeHHBIM.

VY manipbumka JaHu IITh OSATHUL, HA Hegese, a y KocTu — Tpu MSTHUIBI
Ha Hepese. CKOMBbKO CyLIeCTBYeT PaCCTAaHOBOK ISITHULL, HA HeJle/le TaKnX,
YTO POBHO [IBa IHS OyayT nsiTHuieii u miis Jaun, u s Koctu?

3azaua 3. DKCIIepMMEHTHI C KJIaBUaTypoil

A.

V 6paTtheB A. u B. Ha KinaBMaTypax Havajcs dpebe3z: y A. Bce CuM-
BOJIbI HAGMpaIUCh MATUKPATHO, a Backspace ymansii cpasy BOCEMb ITO-
C/IeIHMX HaTleyaTaHHbIX CMMBOJIOB. Y B. CMMBOJIBI HAGMPATNCh CEMb pa3
moapsia, a Backspace ymassii mocieqHue YeThbipe HareuaTaHHbIX CUM-
Bosia. [Ipu paBHOI CKOPOCTH HaskaTHMs Ha KJIABUIIHU, KTO U3 6paTheB 6y-
IeT mmevyaTtarb ObicTpee?

[MounHMB apebesr, 6paThs 00HAPYKUIIU IPYTHE HEITONMAAKN: y A. cJiomMa-
nack kiasuma Shift,ayBb. — Caps Lock. [lo momomMKky 06a rmevyaTanmu
C OMHAKOBOJ CKOPOCTBIO: OHY HAXKMMaJu IO MSATh KJIaBUII B CEKYHTY.
HewucripaBHOCTM TTOBAMSIZIV Ha CKOPOCTD eUaTy: Terepb A. TO/MDKeH Ha-
skumaTh Caps Lock mepep, Kakaoit ocieq0BaTe/IbHOCTbIO 3ar/TaBHBIX
OYKB M ellle pa3 HaKMMaTh I1ocje Hee, a B. — ynepskuBaTth Shift, uro-
ObI eyaTaTh 3araBHbIe OYKBBI: IIPY 3TOM €ro CKOPOCTb MafaeT 0 ABYX
OYKB B CEKyH/y, HO Ha Haxkatue Shift Bpems He TpatuTcs. Bam HyX-
HO MPUAYMAaTh CTPOUKY, KOTOPYIO A. HameyaTaeT MMHMMYM B [1Ba pasa
obicTpee, ueM B. A ecTb Jin CcTpoUKa, KOTOpyIo b. meuaraeT B ABa pasa
6bIcTpee, uem A.?

Yepe3s rog y b. Ha KIaBuaType OCTaa0Ch ABe pabouymx KIaBUINM, Aa U
rmeyaTaThb OH CTaJI MeJJIEHHEee: HAJKMMaeT JIMIIb YeTbIpe KJIaBUIINU B Ce-
KyH#y. I[layssl B mpoiiecce Habopa MHGpOpMAIUK He HEeCyT; ABe KIaBU-
Y OMHOBPEMEHHO HaKMMAaTh HeJlb3sl. BaM HY)KHO MpUIyMaTh CIIOCo0
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6e3 yMeHbILIeHUsT PYCCKOTo ajiaBuTa (MpU3HAHUS KaKUX-HUOYIb OYKB
PpaBHBIMM) HAOUPATH JII0OYI0 6YKBY He 6oJiee ueM 3a CEKyHAY JIMbO 10-
Ka3aTh, UTO TAKOTO Criocoba HeT. Ec/iu ero HeT, TO KaKoe MUHUMAaJIbHOe
KOJIMYECTBO OYKB JOCTATOYHO OTOXKIECTBUTH B OJIHY, UTOGBI OH MTOSIBAJI-
cs?

3agava 4. @aKropuabl

dakTopuasioM UyKcia n 6ygem Ha3bIBaTh MTPOU3BeHeHNe BCeX HATyPaTbHbIX
uuces ot 1 1o n.

A.

Erop mocuuran ¢akropman umucia 33 u 3ammcan ero Ha 6ymaxkky. Ero
cecTpa pelnia MomaanTh, U cTepia ogHy 13 1udp dakropuana. ITomy-
YUIaCh 3amuCh:

331 = 8683'317618'811:8864901518194401280°000°000

ITomoruTe Eropy BoCCTaHOBUTD CTEPTYIO LIMDPY.

IMocuntaH dhakTopMat 4MciIa, He MEeHbIEro 12, 1 13 ero 3ammucu cTepra
poBHO ofHa uudpa — mpuyeM U3BeCTHO, C KaKoi nosuiun. Jlokaxure,
YTO ee BCETa MOSKHO OJHO3HAUHO BOCCTAHOBUTD, HE BBIUMCIISIS (AKTO-
puan 3aHOBO.

IoKaskuTe, 4TO IIpM KPATHOM YeTbIpEeM N U3 IPOU3BELeHNs
102031 . nl

MOXKHO BbIUEPKHYTb OIMH GaKTOPMas TaK, YTO OCTABIIeeCs MPou3Be/ie-
Hue 6yIeT KBaApaToM IeJI0TO YMCa.

3agaua 5. Ox YK 3TM HIKOJIbHUIIbI!

A.

B.

B TeueHme yeTBepTU ApMHa MosyJasa oieHKM 1o maTemaTuke. OHa BbI-
mycana Ux B CTPOKY, MOCTaBUIa MeXIY KaKMMU-TO 3HAK YMHOKEHUS
Y TIOCYMTAA MMOydMBIlIeecs pousBeaeHne. Y Hee Momyumioch 22887.
KakoB cpemuHmii 6a1 ApMHBI 32 YUETBEPTH?

Osibra NpuAyMbIBAET ABA HATYPaIbHBIX UYMC/Ia M BBIYMTAET KBAZPaT Of -
HOTO M3 KBaApaTa APYyroro. B HeKuit MOMEHT y Hee MOMTy4YuIoch 3476.
HaiiguTe npuaymMaHHbIe eii uyucia.
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C. JleBouka JIMaHa 3amucbiBaeT MSTU3HAUHbIE UMCIA, [epecTaBisIeT UX
nepByio ¥bpPy B KOHeII U 3aMMChIBAET MTOMyYeHHbIe UKCIa B [1apy K UC-
xopgHbIM. [Ipoxopsimas MMMO MaMa ckasana: «JIuaHa, a 3aueM Thl K-
LIeNIb Iaphl YKces, CPaBHUMBIX IO MOZY/i0 41?» [IpaBa iu MaMma B CBO-
€M BOIpoce — JIeMCTBUTENBHO JIM YMC/Ia B TIapax BCerja CPaBHUMBI 110
3TOMY MOAYJI0?

3azaua 6. OueHb YyMHBIE MypaBbU

A. Ha MaoCcKoCTM KMBYT YeTbIpe MypaBbsi. MOTYT i OHM HapMCOBAThb cede
Ha IUIOCKOCTHY YeThipe CBSI3HbIE 06/1aCTU TaK, YTOOBI JII0Oble IBa Mypa-
BbSI MOIJIM ObI OOLIATHCS APYT C APYTOM — MX O6JIACTM MMey Obl yua-
CTOK 00I1Iei1 rpaHuIbI?

B. YenoBek cOOpyAUI MypaBbsM IIJIAHETY, TO €CTh IMOABECU B BO3AYX KO-
po6Ky pazmepom 1 x 1 x 1 meTp. Yepe3 HEKOTOpPOe BpeMSI OH 3aMeTUI,
YTO MypaBbM OPTaHN30BBIBAIOT IKCIIEAUIINY K YTJIaM KOPOOKM, KaK Oy/I-
TO XOAST B ropbl. PocT MypaBbsi — 2MM. [logbeMy Ha XOJIM KaKOii BbI-
COTBI JJ151 YeJIoBeKa HOPMaJIbHOTO POCTa COOTBETCTBYET BOCXOXKIEHME
MypaBbs K YIJTy KOPOOKM, €C/TM pOCT HOPMaJIbHOTO vejioBeKa (110 MHe-
HUIO COCTaBUTeJII 3a/la4, HECCOMHEHHO) paBeH JBYyM MeTpam?

C. CueTHOe COOOIIECTBO MypaBbeB XOUYET OPraHM30BaTh Ha IJIOCKOCTU
TPEYTONBbHYIO CETKY TaKyI0, YTOOBI K KasKA0I BepIIMHEe ITPUIEraso pOB-
HO TISITh TPEYTObHUKOB, SKUTEIM KOTOPBIX MOTJIV GbI ITOITUTD Yaii B 9TOM
BepiuuHe. [To cumam Jm MypaBbsiM 3TO TIpeAIpusTie?

3apaua 7. HecnpaBeaiuBbIi TYPHUD

TypHUD IIO0 CKOPOCTHOMY PACIMUIMBAHUIO IIPOXOAUT II0 YCOBEPIIEHCTBO-
BaHHOI OJIMMITMIICKOII cycTeMe. Vi3HaYalbHO B TypHUpE 2! yUaCTHMKOB, t >
2, BCe B OJTHOJ rpyIire, IOTOM IPYIINa MOTUXOHbKY IPOGUTCS: B KasKIOM pa-
YHJIe B K&XKO¥ IPYIINe YIaCTHUKY ObIOTCS Ha Mapbl, B KOTOPBIX COCTSI3AI0TCS
B pacIMIMBaHNM, U MOCJIE payHIa 06pa3yloTcs TpyIia nobegurenei u rpym-
1a MIPpOUTPaBIINX, [1e IOBTOPSIETCS aHAJIOTUUHBIN TYPHUD.

Taxk Mpomo/KaeTcst, MoKa BCe YYACTHMUKYU He MOOBIOTCST HAa TPYIIIIHI 110 OJTHO-
My YeJIOBEKY: TOTZa MEeCTa YYACTHUKOB B UTOTOBON TAGIMUIlE OINpEAessIoT-
€S eCTECTBEHHBIM 06pa3oM. B yacTHOCTHM, TOGEIUTENb TYPHUPA — YYACTHUK,
BBIMTPABIINIT BO BCeX t payHAaX, a ayTcaigep — MpourpaBilnii Bo Bcex t pa-
YHIaX.



A.

B.

C.

2016 ron, 7 knacc

MosKeT i caMblii CJ1abbIii YYaCTHMK TYpHMPA HEe OKasaTbCs ayTcaiime-
pom?

MosKeT /i1 COCTSI3AIOUIMUIACST CUIbHEe KaK MUHMMYM ITOJIOBMHBI y4acT-
HMKOB TYPHMPA U ellle OTHOTO YejioBeKa BCTPETUTDLCS B (MHAJIe C ayT-
calizepom?

[okasaTh, YTO /JIsT BCSIKOTO COCTSI3AI0MIEerocs cirabee MOJI0OBMHbI yUaCT-
HMKOB TYpHUPA MOKHO MTOZ00paTh pa3byueHye Ha Maphl B payHax Tak,
yTOOBI B (pHAIE OH BCTPETUJICS C ayTCaiiIepoM.

3azaua 8. /leo-To KUTemcKoe

A.

3a kuury s3amwiatwii 200 pybmeit, M OCTanoCh 3aIUIATUTh BTPOe 6O0Jb-
1Ie, YeM OCTAJIOCh ObI 3aIJIATUTh, €C/IY ObI 3aTUIATU/IY ITOJIOBUHY 3arlia-
YeHHOTO U elle CTOIbKO, CKObKO OCTaI0Ch 3araaTuThb. CKOJIBKO CTOUT
KHura?

B momckax HOTHOTO CTaHa IJIsI OUepeqHO KOMITO3ULY ruTtapucT Ilo-
JIMHA UCIIONb3YeT N CaiiTOB. MI3BeCTHO, UTO Ha KaXK[IOM caiiTe IpuBee-
HbI CCBITKM Ha HEKOTOPbIe 13 UMc/ia OCTaBIIMXCS 1 — 1 caiiToB, U Bcerma
110 KpaiiHeil Mepe ofgHa. JloKka3aTb, UTO Ha KaKMX-TO ABYX caliTax Mpu-
BeIeHO OJMHAKOBOE YMCJIO CChUIOK.

Mapumk Cailia OueHb JIIOOUT MycaTh OIMMITMAbI. B HEKOTOPBIN MecsIr,
B T'OZIy OH BBIMMCAJI TTOAPSI 6e3 IIpoOesIoB BCe UMC/Ia ITOT0 MeCSIIa, BbI-
IeJIVB LIBETOM IaThbl TPeX MPeACcTOSIINX OauMInaz,. BeISICHUIOCH, UTO
HMKaKye ABe OIMMIINAIbl He IPOXOAVIN B IOAPS UAYIIME THU, U UTO
BCe He3aKpallleHHbIe ITPOMEKYTKM U3 IMbp MMEIOT OOMHAKOBYIO IIJIN-
Hy. JToKa3aTh, 4TO mepBas 1udpa B BbimMcaHHoi Cailieii cTpoke Gbita
3aKkparieHa.

3agava 9. /leHb, korga Cremna Bce MCIIOPTUII

A.

JIuza obemana momapuTh CTeme OMUCK CO BceMM cepusmu «Adventure
time», ecyin OH CMOXeT JOCUMTATh Ha majbliax g0 1023 Tak, yTO BCe
yicia GyayT MOKa3aHbl pa3sHbIMM KOMOMHaLMsIMM nanbieB. Kak Crere
3aMoJIyYUTh >KeJTaHHbIN AUCK?

Crena cioman Becbl BcesHamyca, IOKPYTUB PBIYasKOK YCMAHOBKU HYJISL.
Temepb Bcerga Mpy B3BEIIMBAHUYM BEChI TPUOABIISIIOT K CBOMM ITOKa3a-
HUSIM HEKOTOpbBIi BeC, OOMH U TOT >Ke BCe Bpems. be3 B3BenMBaHuii,
BIIPOYEM, BeChbl He JAl0T HUKaKMX TOKa3aHMIA.
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Crere HaIo CPOYHO HACTPOUTD BECHI, HO, K COKaJIEHMIO, B IKady y Bce-
3HaMyca JIeXkaT TOMbKO GYThUIKA BOABI M KYCOK I[MPKOHMS, Beca KOTO-
pbix Cremna He 3HaeT. Kak Crere onpenennTb, KaKylo MOMPAaBKY CIeayeT
BHECTM B IMOKa3aHMsI, ¥ TOYMHUTD BECHI?

Ipuast nomoii, Crera ycencs 3a CBOIO JIIOOMMYIO KOMITBIOTEPHYIO WT-
py — Portal. OgyiH mopTaj CTOUT Ha 6OJIbIIION BICOTE HAa BEPTUKAIbHOI
creHe. CTemna BblIeTaeT U3 HETo, riepesi CaMbIM IIpU3eMIeHNeM CTaBUT
oz, co60it BTOPO¥1 MOPTasI U MOMajgaeT B HETO € TeM, YTOObI BHOBb BbI-
BAJINTBCS U3 NIEPBOTO NOPTasia Ha CTeHe, IpUYeM MapaiienbHO 3eMie.

Kaxk 6b1cTpO OymeT HUKHMIA TOPTAT OTHAISITHCS OT CTeHbI? [Tpy ITpoxXoXK-
JIeHUM Yepe3 TopTat CKOpocTh CTEIbl He M3MEHSIETCS TT0 aBCOMIOTHOMY
3HaUeHUI0, MEHSeTCS TOAbKO HallpaBjieHue OBVKEHMSI.

3agava 10. Xutpsiii Mumia

A.

Mwuinia rmopo1iest K 3aBeayiollemMy ropoiCKMM TUPOM C TIpejIoKeHeM
OTKPBITh SKCIIepUMeHTaIbHbII TUP. Ero 30Ha nmesna 61 hopMy paBHO-
6eIpeHHOTO TPEYTOJIbHMKA CO CTPEILONINEM B BEPIIIMHE, a B KOHIIE THS
Harpasknaanch 66l Bce, JOCTUTTIIVE MMHUMAJIBHO 32 3TOT IeHb CYMMBbI
paccTOSTHUI OT MyJ/IeBO IBIPKU 10 TIPSIMBIX, MIPOJOIKAOIINX H0KOBbIE
pebpa 30HbI. JIokaxkuTe, yTo Muilla TeM CaMbIM Pa30pPUT THUP.

Maiira mormpocusia Muiiry Beipe3aTthb 13 Gymary [iecTb pa3BepTOK /IS Ky-
6a. BMecTo 3TOr0 MuIiia BbIpe3as IIeCTh KPECTUKOB, COCTOSIIIMX U3 TIsI-
TU OIVHAKOBBIX TETPAMHBIX KIETOK KaXKIbIii. MOXKeT i Mailia OKJIenTh
6e3 HAJIOXKEeHUI XOTh KaKOii-HMUOYIb Ky0 KPecTuKaMu, BbIpe3aHHbIMMU
Muiuei?

ABTOp yueOHMKA 110 TeOMETPUM ITONpocu Muiry HabpaTh TEKCT y4ueo-
HUKa. A Muia, Kak U cj1efoBaio OXUIATh, OOIYCTUII OllevaTky. B 3a-
Iaue, rnacsieii: «OTMepbTe Ha OGHOV CTOpOHe yria B 60 rpamycos 20
CM, a Ha IPyroit CTOpoHe — t CM, ¥ TTOCUMTAlTe pacCTOSSHUE MeXAy OT-
MeUYeHHBIMM TOUKaMM», Muilla HaMepeHHO YBeJIMUnI t Ha 4 CM, HO TIpu
9TOM OTBET Ha 3aJauy OCTaJiCs BepHbIM. YeMy paBHO t?



2016 ron, 8 kmacc

3agmaumu 8 Kiacca

3agava 1. Unciaa u cymMbl

A. MokeT M YMC/I0 OBITh MeHbIIe KojaudyecTBa 1udp B HeM? MoXKeT

YIMCJI0 6BITH MeHbIlIe COOCTBEHHOI CyMMBbI 1dp?

. Kak 1o HaTypasbHOMY 4MCITy N HAiTH YMCII0, He TIPEeBOCXOISIIee ero, ¢
HaubosIbIIel CYMMOi udp?

. Ilets cosxkun Bce umcia ot 1 1o m - n, a Bacst cimoxkm Bce uncia ot 1 go
m, oT 1 70 n ¥ mocuuTaa Mpou3BeaeHNe 3TUX IBYX CYMM. Y KOTO B UTOTe
TOJTyYMJIOCH OOJThIIIEE YNCITO?

3agzaua 2. JleTcKuii cap,

A. B pgerckom cagy 10 geteii pucyrot 10 pucyHkoB 3a 20 muHyT. Kak moaro

50 meTeii 6yayT prcoBaTb 50 pucyHkoB? Kak monro d meteit 6ymyT puco-
BaTh I' pUCYHKOB?

. JleTcagoBiiam Bose u [IyiMe Bbiaiu 1o 06pydy — 06pyd IpeCcTaBisieT
€060 IMCK PafyyCcoM 'y, U3 KOTOPOTO BbIpe3aH KPyT paauycary, ry < Iy.
MaJIbuMKY CTaIM KJIEUTh IVIACT/IMH Ha BhIIAHHbIE UM 00pyUM. 3a MUHY-
Ty BoBa HapalnyBasa CaHTMMETp IUIACTU/IMHA Ha BHEIIHEM Kpao 00py-
ya, a [luMa — CaHTUMeTDp IUIaCTU/IHA Ha BHYTPEHHEM €ero Kparw. Y KOoro
U3 MaJIbUMKOB TUIONIAAbL 00pyUa pocsia 6bicTpee?

. B MenmmyHKT eTCKOro cafa MpUILIO YeTBepo JeTeii. Y Me[ceCTphl eCTh
IByXyallleuHble Bechbl 6€3 IMphb, ¥ OHAa XOUeT OTCOPTUPOBATh AeTeil 1o
macce. CKOJIbKO B3BelIMBaHMIA €il AJisl 3TOTO HY>XKHO caenath? Kak eit
MMPOU3BOAUTH B3BEIIMBAHUS?

3agaua 3. @akTOpMaJIbl

dakTopuasoM uucia h 6yaeM Ha3bIBaTh IIPOV3BeIeHMe BCeX HaTypalbHbIX
yycesn oT 1 go n.

A. Erop nocumutan ¢gakropuan umuciaa 33 u 3ammcana ero Ha 6yMaxkky. Ero

cecTpa pelnia IoMIanThb, U CTepiia OgHy U3 1ubp dakropuana. [Tomy-
YMIach 3amyCh:

33! = 8683317'618811‘886‘491°518194'401°280°000°000
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B.

C.

C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»
IMomorute Eropy BOCCTaHOBUTD CTEPTYIO LIUGPY.

[MocunTaH dakTOpMA YMCIa, HE MEHbIIEro 12, M U3 ero 3amucu cTepTa
POBHO ofHa Mdpa — MpUYeM M3BECTHO, C KaKO¥ mo3uimn. JIoKaxkuTe,
YTO ee BCerja MOXXHO OJHO3HAYHO BOCCTAHOBUTb.

IloKaxkuTe, UTO IIPU YETHOM n U3 mpousBemenus 1! - 2!-3!- ... - n! Moxk-
HO BBIYEPKHYTh OOMH (GaKTOpMas TakK, UTO OCTaBIleecs Tpou3BeieHne
OyIeT KBagpaToM I1eI0T0 YMcIa.

3amaua 4. B mouckax umcein

A.

Cocrasinss yonoBust onuMmnuaasl «Matematuka HOH-CTOII», manpun-
ku Bopst n [luma npuayMbIBaloOT Jj1s1 YYaCTHMKOB MaTeMaTuyeckue pe-
6YChI: BBIPAXKEHMUSI, Te pa3HbIM OYKBaM COOTBETCTBYIOT pa3Hble U PHI.
BynyT i pebychbl
P-O-M-A-lIII-K-A = POMAIIIKA
"
g-0-T-JI.1-Y-H-U-K = YPAYPA

UMETb pellieHue?

Bacs pa36ui umciia ot 3 10 8 BKIIOUUTEIBHO Ha YeThIpe IPYIIIbl. MoXKeT
Ju ero Apyr Poma HaBepHSIKa yTBePXKIaTh, UTO IIPOM3BeieHe UMcel B
OJIHOJI M3 3TUX TPYIII 60sbiie 127

IIJIs1 MAHHOTO YMC/Ia N IMPeIbSIBUTE aJITOPUTM HaXOXKIEeHMS HayIMeHbllIe-
r'o cocTaBHOTO uucia N Takoro, 4to n! He menutcsd Ha N, ¥ JOKaXKUTe, 4YTO
OJIyYeHHOe COCTaBHOEe UMCJIO IeiiCTBUTEIbHO OyIeT HaiMeHbIIVIM.

3apaua 5. IIpoGiembl 3aByua

A.

Ha napamnenu 60 mKoabHUKOB pocTom 161, 162, ..., 219, 220 caHTUMeET-
POB. 3aBy4Y XOUeT PaCIpeenTb UX Ha TPU KIacca Tak, YTOObI MUHU-
MaJIbHBI CpeIHMUIi POCT IMIKOJIBHUKOB B Kjacce 6bIT MakcuMasieH. Kak
eli 9To caenaTh?

3aBy4, OTHOBPEMEHHO SIBJISISICH ITPerofaBaTeneM GU3UKN, TeMOHCTPU-
pyeT eTsiM abCoNMOTHO MMOKMIAL, HO HEePaCTSDKMMbI M HeloBpeskaae-
MBI}t MeTa/JTMUECKMIA TUCT C BbIpe3aHHbIM B HEM KPYTJIbIM OTBEPCTHEM
paguyca r. MoHeTa KaKoro MakCMMa/JIbHOTO JuamMeTpa Mpose3eT yepes
3TO OTBEpCTHE?
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Tereps y 3aByua eCTh IUCT COBEPIIEHHO He TMOKOTO CTEKIA, TAKKE C BbI-
pe3aHHBIM B HEM KPYIJIbIM OTBepCcTHeM paauyca r. Kakyio aj1uHy gomxk-
HO MMeTb pebpo oueHb LIepuIaBoro Kyba, 4ToObl OH He TIpoJie3a uepes
3TO OTBEpCTHE?

3azaua 6. @urypsl B miaxmMaTax

A.

B.

Kakoe MuHMMaabHOEe KOMMYECTBO KJAETOK HY)KHO NpONTH (ep3io u3
TOYKM (a, b) B TOUKy (c, d) Ha MIaXMaTHOM Mose?

@urypa Kop6iion yMeeT feath U3 JaHHOI KJIETKY Ha IIaXMAaTHOM I10J1e
YyeThIpe XOfa TaK, Kak MOKa3aHO Ha PUCYHKe 3. [[0Ka3aTh, YTO KOPOIIION,
MOXET TPUIITY U3 JII0607 KIeTKM 6€CKOHEYHOTO IIaxMaTHOTO IO B
JII00YI0 APYTYI0. A BEpHO JIM Takoe yTBepskaeHue s Kopomioma Jlyaro-
HaJIbHOTO, Je/alollero Xoabl Kak Ha pUCYHKe 47

Bymem paccMaTpuBaTh GUrypbl, KOTOPbIE U3 JAHHON KJIETKM YMEIOT Je-
JIaTh 4YeThIpe XOpa: BIlepel-HajleBO, BIlepel-HallpaBo, Ha3al-HaJeBo,
Hazaj-Harpaso. [Ipy 9TOM HalpaBo / HaJIeBO (GUrypa cMeniaeTcst IUIIb
Ha OFHY KJIETKY, a BIiepe[ / Ha3a] KaXIblii Xom — ambo Ha aBe, 160 Ha
Tpy KJIeTKU. CKOIBKO GUTYD, C TOUHOCTHIO IO CUMMETPMUIA, YIOBIETBO-
PSIIOT 3TUM CBOJICTBaM, ¥ KaKMe U3 HUX MOTYT U3 JIF0007 KIeTKu 6ecKo-
HEYHOTO IaxMaTHOTO TI0JISI OWTY 10 JIt000¥i Apyroii?

puc. 3 puc. 4

3agaua 7. IIaTauna

A.

[To mITHUIIAM MaMa HaJIMBAET MSATEPbIM IETSIM [TaPHOT0 KOPOBHETO MO-
7oka. OHa JeyaeT 3TO B IBa KPYTa, B IEPBbIit pa3 KaK-TO HATIONHSS MISITh
KpY)KeK, a BO BTOPOJ pa3 pacxofays FOPIIOK 10 KOHIIA TaK, UTO YPOBEHb
MOJIOKAa BO BCEX KPYKKax CTAHOBUTCS ONMHAKOBBIM. ITocie mepBOro
KpyTa B KPY)KKaX YeThIPeX JeTeil ObI7I0 OAVMHAKOBOE KOIMYECTBO MOJIO-
Ka, a B KPY>KKe IIITOro 6b110 Ha 20% 6oJ1bliie 3Toro KomiuectBa. CKOIbKO
MWUTMJIATPOB COCTABJIsIa 3Ta camasi ABaALIATUIIPOLIEHTHAST pasHuIia,
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eCJIV TOPIIOK MMeeT 00beM 2 JINTPA, a Ha BTOPOM Kpyre Mama MCITOJIb-
30Bana 70% ero o6bema?

Mo ngTHMUIIAM B ceie XOTWIAH[, yCTpauBaIMCh 6era ObIKOB, HO B Kaue-
CTBe GbIKOB MCITOJIb30BAMNCh TUTPBI. Y KaXKJOTO TUIPA Ha OIIEIHMKE
HaIJCaHbI 1B YMC/IA: ¢ — BO CKOJIBKO Pa3 3TOT TUTP Geraer GbicTpee
yeyioBeKa ¥ t — BpeMs B CEKYH/Iax, B TeUEHME KOTOPOTO ITOT TUTD Ge-
SKUT C MAKCUMAaJIbHOM CKOPOCTBIO, a TOCJIe 3TOTO JIOKUTCSI OTHOXHYTh.
IMomoruTe yuyacTHUKY 6eroB Vicuu6aio EfieHOBY BbIBeCTM (DOPMYITY IS
PacCTOSTHUS X, HA KOTOPOM €My HYKHO JepXKaThbCsl OT JaHHOTO TUTPA,
YTOGBI HE GBITh CheIEHHBIM.

Y manbumka [laHu NSTh NSATHUL, Ha Henenne, a y Koctn — Tpu NS THUILbI
Ha Hefiese. CKOMBbKO CYIIeCTBYeT PaCCTAaHOBOK ITSITHUIL HA HeJlesle TaKuX,
YTO POBHO JIBa IHS OyAyT nsaTHuieii u ajs Jauu, u s Koctu?

3azaua 8. OueHb YyMHBIE MypaBbU

A.

Ha myiockoCTy SKMBYT 4eThIpe MypaBbsi. MOTYT JiM OHM HapuCOBaTh cebe
Ha IUIOCKOCTY YeThIpe CBSI3HbIE 06/1aCTU TaK, YTOOBI JII0ObIe IBa Mypa-
BbsI MOIVIM ObI OOLIATHCS APYT C APYTOM — MX OOJIACTM MMeIy Obl yua-
CTOK 00IIIeil rpaHuIIbI?

YenoBek COOPYAUI MypaBbsIM IIJIAHETY, TO €CTh IMOABECU B BO3AYX KO-
po6Kky pazmepom 1 x 1 x 1 meTp. Yepe3 HEKOTOpPOe BpPeMSI OH 3aMeTUI,
YTO MypaBby OPTaHM30BbIBAIOT SKCIIEIULINY K YIIIAM KOPOOKM, KaK O6y1-
TO XOAAT B ropbl. PocT MypaBbst — 2MM. [TogbeMy Ha XOJIM KaKOii BbICO-
THI [IJIS1 UeJIOBeKa HOPMa/IbHOT'O POCTa COOTBETCTBYET BOCXOKIEHME MY-
PaBbsl K YIJIy KOPOOKM, €C/IM POCT HOPMAabHOTO YejI0BeKa PaBeH IBYM
meTpam?

CueTHOEe COOOIIECTBO MYpaBbeB XOUeT OpPraHM30BaTh Ha IJIOCKOCTU
TPEYTONBHYIO CETKY TaKy0, YTOOBI K KaKA0I BepIIMHEe ITPUIErasio pOB-
HO IITh TPEYTOJbHUKOB, SKUTEJTM KOTOPBIX MOI/IM Obl ITOIIUTh Yaii B 9TOIA
BepmHe. [1o cumaM v MypaBbsIM 9TO IIpeanpusitTue?

3azaua 9. IKCIIepMMEeHTHI ¢ KJIaBUaTypoil

A.

V 6paTtheB A. u B. Ha KnaBuaTypax Havajcs dpebe3z: y A. Bce CuM-
BOJIBI HAGMpanCh IITUKPATHO, a Backspace ygans cpa3y BoceMb I10-
CJIeHMX HAIleYaTaHHBIX CMMBOJIOB. YV B. CMBOJIBI HA6MpaINCh CEMb pas
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rozpsia, a Backspace yhasisi rocjaeHye YeThbipe HareuaTaHHbIX CHM-
Bosia. [Ipu paBHOI CKOPOCTH HaskaTHs Ha KJIaBUIINU, KTO U3 6paTheB Gy-
IeT mmevyaTarb ObicTpee?

IMounHMB Apedesr, GpaThst 0GHAPYKUIN PYTHEe HEITONaaKu: y A. ciloMa-
nachk kinasunria Shift, ayb. — Caps Lock. [lo momomKku o6a rmevyaranm
C OIVHAKOBO CKOPOCTbIO: OHM HAXKMMAJM M0 MSATh KJAABUII B CEKYHIY.
HewncripaBHOCTHM MTOBAMSIZIV Ha CKOPOCTD M€YaTy: Terepb A. TO/DKEH Ha-
skumaTb Caps Lock nepen Kaxkaoii IOC/ae0BaTeIbHOCTBIO 3arJTaBHbBIX
OYKB 1 ellle pa3 HaKMMaTh Iocye Hee, a b. — ynepskuBaTh Shift, uro-
ObI MeyaTaTh 3araBHbIe OYKBBI: IIPU 3TOM €r0 CKOPOCTb MaZaeT 10 ABYX
OYKB B CEKyH/y, HO Ha HaxkaTue Shift BpeMs He TpaTuTcs. Bam HYX-
HO MIpUAYMAaTh CTPOUKY, KOTOPYIO A. HalleyaTaeT MMHMMYM B [iBa pasa
obIcTpee, ueM B. A ecTb Jin CTpouKa, KOTOpylo b. meuaraeT B ABa pasa
6bICTpee, ueM A.?

Yepes ron y B. Ha KIaBMaType OCTaaOCh ABe pabounx KJIABUIIM, 1A U
revyaTaTh OH CTaJl MeJJIEHHEee: HasKMMAaeT JIMIIIb YeThIpe KIaBUIIY B Ce-
KyHy. ITay3sl B mpoijecce Habopa MHGOpMaIMM He HECYT; BE KJIaBU-
1Y OHOBPEMEHHO HAaXKMMATh HeJb3sl. BaM HysKHO MPUAYMaThb CI10co6
6e3 yMeHbILIeHUsT PYCCKOro ajidaBuTa (MpU3HAHUS KaKUX-HUOYIb OYKB
PaBHBIMI) HAOUPATH J1I0OYI0 6YKBY He 6ojiee ueM 3a CEKyHAY JInbo o-
Ka3aTh, UTO TAKOTO Cr1oco6a HeT. Ec/iu ero HeT, TO KaKoe MMHUMAa/IbHOe
KOJIMYECTBO OYKB JOCTATOYHO OTOKIECTBUTH B OJIHY, UTOGBI OH ITOSIBIAJI-
cs?

3agava 10. IlepBbIM Ae10M — CaMOJIE€ThI

A.

KomHara ocBeljeHa MajleHbKO JIaMII0M, yCTAHOBJIEHHO Ha cTeHe. [le-
TS MTyCcKaeT OyMa’kHbIe CAMOJIETMKM TakK, YTO OHU IIPOJIETAIOT Tepen,
JIAMITOUKOJ Ha ee ypoBHe. Bacs ke 6epeTcst onpenennTb, ObLI IIpoJie-
TaIOWMI CAMOJIETUK HaKJIOHEH K JJAMIIOUKE MJIU OT JIAMITOUKU, JIMIIb 110
IIJTHE TeHel OT ero KpblIbeB Ha ITPOTUBOITOIOXKHOI cTeHe. Kak eMy 3TO
crenaThb?

YeTbIpe MajeHbKMX BepTO/IeTa CTOSIT Ha 3eMJle B BepIlMHAaX KBajapaTa
1 x 1 meTp. Ha KaKy1o BbICOTY HY>KHO B3JIeTeTb IBYM M3 HUX, UTOOBI ITO-
MapHble PacCTOSHUSI MEXAY BepTOeTaMM CTaau OLMHAKOBBIMU?

[To mpsiMbIM, cOfiepsKaIIM CTOPOHBI TPABUJIBHOTO CEMUYTOIBHUKA CO
CTOPOHOJ B IBa KMJIOMETpa, IepeMeniamTcs kKamepbl. Onepatopy Blue
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Origin 6bL10 aHO 3ajaHMe TTOCAAUTD PAKETY B 3TOT CEMUYTOIbHUK TaK,
YTOOBI CYMMapHO€e PacCTOSTHME OT Hee JI0 MPSIMbBIX, IO KOTOPBIM €3[SIT
KaMepbl, 6bIJI0 MMHMMAaTbHBIM. Kyzia onepaTopy caxkath pakeTy?

3azaua 11. HecripaBeauBbIi TYPHUP

TypHUp IO CKOPOCTHOMY PacCIMIMBAHUIO IPOXOLUT 10 YCOBEPIIEHCTBOBAH-
HOJi OJIMMITUIACKOM cucTeMe. Vi3HavyaabHO B TypHUpE 2! yUaCTHUKOB, [ > 2,
BCE B OJHOJ TpyIIle, [IOTOM I'PYIINa MOTUXOHBKY IPOGUTCS: B KaXKIOM payH-
Ile B KaKIOJ IPyIIe YYaCTHUKY OBbIOTCS Ha Maphl, B KOTOPBIX COCTSI3al0TCS B
pacnmMIMBaHuUY, ¥ ITOC/Ie payHAa 06pa3yIoTcsl rpyIia mobenyuTeseil u rpymma
NIPOUTPABIINKX, [[le IOBTOPSIETCSI aHAJIOTUYHBIN TYPHUD.

Tak Mpomo/KaeTcst, MoKa BCe YUYACTHMKYM He MOOGBIOTCST Ha TPYIIIIBI 110 OTHO-
MY 4YeJIOBEKY: TOT/a MeCTa YYaCTHMKOB B UTOTOBON Tab/MUIlE OMpeIessioT-
€SI eCcTeCTBEHHBIM 00pa3oMm. B wacTHoCTH, TOGeAUTETh TYPHUPA — YUYACTHUK,
BBIMI'PaBLIMII BO BCeX  payHAaX, a ayTcaizep — NpoOUrpaBLInii BO Bcex t pa-
YHIaX.

A. MoskeT 1 camMblii ¢1a6Gblil YYaCTHMK TYpPHMpPA He OKas3aTbCs ayTcaiime-
pom?

B. MoXeT /i1 COCTSI3aI0IIMIACS CMUTbHEe KaK MUHMMYM IOJIOBMHBI yUacT-
HMKOB TYpHMPA U ellle OAHOTO YeI0BeKa BCTPETUTHCS B (hMHAJIE C ayT-
carizepom?

C. JTokasaTb, UTO JIJIs1 BCSIKOTO COCTSI3AIOIIErocst ciabee MOOBMHBI yUaCT-
HMKOB TYPHMPA MOXHO ITOm06paTh pa3bueHye Ha apbl B payHIax Tak,
4yTOGBI B (hMHAJIE OH BCTPETUIICS C ayTCaiiiepoM.

3agaua 12. ITOIBITKY OCMBIC/IEHUSI OMICCEKTPUC

A. V Po6un30Ha Kpy30 ecTb CTaHIapTHBI COBETCKUI UEPTEKHbBIN Tpey-
rojibHUK ¢ yramu B 30, 60 1 90 rpamycoB. Kak eMy ¢ TOMOIIbIO 3TOTO
TpeyrolbHMKa HauepTUTh Ha Iecke yroji B 15 rpagycoB?

B. Manbumk rmo umenu Tekapa penni orpenensiTb 0MCCeKTPUCY TPeXTpaH-
HOTO yIVIa CJIeAYIONIM 06pa3oM: IMpoBeAeM OMCCEKTPUCY OHOI U3 ero
rpaHeit, 3aTeM IUIOCKOCTb, ITPOXOASIIYIO Yepe3 3Ty OMCCEKTPUCY U TIPO-
TUBOIIOJIOKHOE MCIIOIb30BaHHOI IpaHu pebpo. Tereps mpoBemem buc-
CeKTPUCY yIVIa B 3TOi IIOCKOCTM, 06pa30BaHHOrO peGpoM U CTapoit
6ucceKkTpucoii. [loKaxkuTe, 4TO orpeneneHne TeKapbl HEKOPPEKTHO —
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B OJIHOM TPEXI'PaHHOM YIJIe MOKHO ITOCTPOUTH HECKOIbKO PasINUHbIX
61CCeKTpIUC.

B Tpeyronbuuke MNK nipoBeneHbl 6uccekTpuchl yrioB N u K. V3 octas-
1Iejicsl BEepUIMHbBI Ha 3TU GUMCCEKTPUCHI OIYCTUIN TEePIIEHAUKY/ISIPbI U
MPOBE/IM MPSIMYI0 Yepe3 UX OCHOBaHMs. [loka3aThb, UTO OHA OymeT ma-
payutenbHa cropoHe NK.

3agauy npodnabHOro BapmuaHra 7
KJj1acca

3amaua 1. (a, b)-ci1oHBI

«Y Kakozo sepb.00a mpu zop6a?»

Ha maxmatHoM 1osne (a, b)—cinoHoM 6yziem Ha3bIBaTh GUTYPY, Healolylo X0-
IIbI CJIEAYIOIIETO POZA: OHA UAET IO AMArOHAIM Ha d KJIIETOK, TTOBOPAYNBAETCS
Ha 90° B KaKyl0-1100 13 CTOPOH ¥ UAET Ha b K/IeTOK I10 IepIeHAVKY/ISIPHO
JIuaroHanau. ITycTh CIOH GbUT M3HAUATBHO TOCTAB/IEH B KaKYIO-TO KIETKY Ha
6eCKOHEYHOM BO BCe CTOPOHBI IIaXMaTHOM Iosie. Byzmem Ha3bIBaTh 3Ty KieT-
KY HAuanbHOL.

1.

(a) CKO/IbKO BO3MOXKHBIX XOA0B U3 HAaUaJIbHOI KJIETKU MOXKET CHeaTh
(a,b)-cnoH, a # b? (6) IIpasna iu, uro (a,b)-CIOH MMeeT Te e BO3-
MO3KHBIE XOZIbl, UTO U (b, a)—ci1oH? (B) MOSKHO IV IPMCBOUTD OGBIYHOMY
[IaXMaTHOMY CJIOHY Kakue-ambo a v b?

BBemuTe Ha UepHBIX KIETKAX IIaXMAaTHOTO IOJIS paCKpacKy B IBa IIBeTa
TaKylo, 4To 106071 x0ox (1,0)—CcmoHa MeHsIeT I[BET KJIETKM, Ha KOTOPOi
oH ctouT. IIpyu Kakux 3HaueHusX (a,b) COOTBETCTBYIOLINIT CJTIOH MOXET
XOIOUTH TOJIBKO IO KJIeTKaM OJHOTO M3 3TUX ABYX IIBeTOB? Kak yacTo me-
HSeTCS LUBeT KIETKU, B KOTOPYIO IPUXOIUT CJIOH, IPU OCTAIbHbBIX 3HA-
yeHusx (a, b)?

[Tpu KakuxX 3HAUEHUSIX t BOSMOXKHO (1,t)—CJIOHOM 3a HECKOJIBKO XOJ 0B
JIOMTU IO KIeTKU, MMEIOIIel ¢ HauaabHO 0611y10 BepmmHy? [TocTpoii-
Te IJIS1 TAKUX t aJITOPUTM SOXOKAEHUS, a IJIS1 OCTaAbHbBIX JOKAXKUTE He-
BO3MOXHOCTb JOXOXIEHNS.

ITyCcTh CJIOH HEKOTOPBIM UMCJIOM XOIOB MOXKET JOCTUYb KJIE€TKU, MMe-
I0IIeli ¢ Hava/IbHO 06IIyI0 BepliuHy. YeMy TOra MOKeT ObITh paBeH
HO[ (a,b)?
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5. Ins knacca 3HaueHuit (a, b), KOTOpble OMHOBPEMEHHO YAOBIETBOPSIOT
YCUIOBUSIM, IIOJIYYE€HHBIM BaMU B IYHKTax (2) u (4), IpOBepUTb, MOKET
JIV COOTBETCTBYIOLIMIA (@, b)—CJIOH MONACTh 38 HECKOIBKO XOI0B B KJIET-
Ky, MMEIOIIYIO C Haua/JIbHO O6IIyI0 BepliHy. Bam TpeGyeTcs MocTpo-
WUTb QJITOPUTM IOMNaAaHNUS WIN JOKAa3aTb €r0 HEBO3MOXXHOCTD [1J1S1 KaK
MOXKHO OOJTBIIIETO UMCIIa CJIOHOB B KJTacce.

6. Cnon Fe3y—TeiopuHea. Jlokasatb, uTo eciu (a,b)—CIOH MOXET HOITU
[IO0 KJIETKU, MMeIOLIel ¢ HauaabHOI O6IILYyI0 BePIIMHY, HA 6eCKOHEUHOM
1axMaTHOM I10JIe, TO OH MOYKET CHeraTh 9TO ¥ Ha BEPTUKAJIbHOI / TO-
PU30HTaIbHOJ OeCKOHEUHOI JeHTe MKUpuHLI 2 - (a + b), comepkaliei
Havya/lbHYI0 U GMHULIHYIO KJIETKA.

7. Temnepb OGyaeM IbITATbCS HOWTY OO KJIETKMU, OTCTOSIIEH OT HayaJIbHO
Ha 2 no auaroHaau (cocegHei ¢ cocegHeit). [lokazarp, UTO 3TO MOXHO
cmenaTh Jio6bIM (1, t)—-cmoHom. Yemy moxkeT 6b1Th paBeH HO/L, (a, b), ec-
JIV 3TO MOXKHO clienaTh (a, b)-cioHoM?

8. Omucatp Bcex (a,b)—CIOHOB, C IOMOILIbI0 KOTOPBIX MOXKHO AOWUTU [0
KJIETKU, OTCTOSIIEl OT HaUYa/IbHOJ Ha 2 10 AMaroHaau, ¥ pu 3ToM (a) C
MX TIOMOIIbIO HEJIb3s [0OPaThCS A0 KJIETKM, UMeIoIeli ¢ HauaabHO 06-
IIy10 BepIIMHY (6) OHM He SIBIISIIOTCS (24a, 2b)—cnoHamy, rae (a, b)—cioH
MOXKET JOMTH [0 KIETKY, MUMEIOIIeli C HauaabHO OOIIYIO BEPILIMHY.

3agava 2. Kok Ha KOOPAMHATHOM IIJIOCKOCTU

«A radioactive cat has eighteen half-lives.»

Haunnatoniuii skoHomucT [Ta610 OrypuTo CHEINT Ha 3alllATy CBOEi Hayd-
HOJt paboThI 10 9KOHOMMUYECKOI TeoMeTpun. EMy HY;KHO ITPOITH K METPO I10
KpaitHe CKOJIb3KO1 ToposkKe. UTOOBI He yIacTh, I1a6s10 uaeT mo Heit MCKITIoun-
TeIbHO MPSMO, U3 HEKOTOPOIt TOUKM Ha OJTHOM TOPIe JOPOXKM K HEKOTOPOit
TOYKE Ha IPyTOM ee TOpIe.

OKOJ10 METPO B 0OM/IMM BOASITCS KOIIKM, BCE JIOCHSIIIMECS U YepHbIe. B cBoIO
ouepenp, I[Tabmo cyeBepeH, HO MO-HeMelkM. OH CUMTAET, UTO KOIIKA, IIepe-
6exkaBIIast mepes To060i JOPOry ceBa HalpaBo (B TOM YMC/IE, €CJIN ThI C Heit
BCTPETWICS), TPUHOCUT TeGe HecuacThbsl, a KOIIKa, rmepebeskaBiiast qJOpOTy
CIipaBa HaJIeBO — yaady (OISITh XKe, U B c/Tydae BCTPeuu C Heil).

Ko1Ky B KOJTMYECTBE 11 MITYK CUASIT B HEKOTOPBIX TOYKAaX HA MECTHOCTH, I1a6-
JI0 CTOUT B HEKOTOPOI1 TOUKe Ha TOPIIe JOPOKKU. [T Kask IO 13 KOIIEeK U JIJIsT
[Ta6so BhIOpaHa QUHUUIHASA TOYKA, B KOTOPYIO HAIIPABJISIETCS COOTBETCTBYIO-
LIVIi TIePCOHAK B Halei ucropun. B MoMmeHT BpeMenu t = 0 Bce COOOILECTBO
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M3 1 Kolek u ogHoro [Ta6io HauMHaeT paBHOMEepHOe MPSMOIHEHOe IBU-
SKeHMe C TeEM pacuyeToM, YTOObI B MOMEHT BpeMeHM t = 1 0Ka3aThCsl KaskAblii
B CBO€J (DMHUIITHOI TOUKe.

BBemem nomnonHuTenbHOE 0603HaueHue: [(a,b)..(c, d)] — MPSIMOYTOIBHUK CO
CTOPOHaMMH, ITapayIeJIbHbIMU OCSIM KOOPAMHAT, M ABYMS ITPOTUBOITOJIO>KHbI-
MM BeplIMHAMU B TouKax (a,b) u (c, d).

Bam npegyjiaraeTcda OTBETUTD Ha C/ieayIolle BOIIPOChHI:

1.

[TycTh mOpOXKKa MpencTaBisieT U3 cebst MpSMOYroabHUK [(—2,—1)..(2,
1)]. I1. Haxonutcst B Touke (2,0), n = 1, enMHCTBeHHAas! KOIIKA CUOUT
B Touke (0, —1) u roroBa HanpaBuThbca B TOuKy (0, 1). Kakue Touku Ha
MIPOTMBOIIOIOKHOM KOHIIE JOPOTM MOTYT ObITh GMHMIIHBIMM I I1.,
eC/IM OH He X04YeT, UTOObI KOIIKa ycIlesa Iepeceyb ero NyThb 10 Hero?

Terneps LOpOXKKa MpencTasiseT u3 cebst mpsimoyroapHuk [(0,0)..(9, 3)].
I1. crout B Touke (9, 1.5), n = 2: onHa Kollika HampasiseTcs u3 (6,3) B
(6,0), opyrast — u3 (3, 0) B (3, 3). Kakue TOUKY MOTYT GbITb GUMHUIITHBIMU
Iuist I1., ecyvi OH XOUeT, YTOObI BTOPAsi KOIIKA He yCIIesa repebexxaTsb eMmy
mopory? Kakue TOUKM MOTYT 6bITh GMHUITHBIMMY 47181 I1., ecIv OH Takske
XOUeT 3apsSAnUThCs yaauei OT epBoi KOIKM?

Hoposkka — Bce ette [(0,0)..(9, 3)], I1. HaxoguTcs B Touke (9, 1.5) unner
B TOuKy (0, 1.5). I3BeCTHO YTO €CTh JIBe KOUIKM — OJHA BEPTUKAIbHO
CBepXy HampasysieTcs B TOUKy (3,0), Apyras — BepPTUKAIbHO CHU3Y B
TOUKY (6,3). Kakye TOUKM MOTYT 6BITh CTAPTOBBIMU [JIsT ITUX [IBYX KO-
1IexK, eciu I1. xoueT, YTO6bI ITepBast KOIIKa ycIea repe6exxaTh eMy 10-
pory, a BTopast — HeT?

Hoposkka — cHoBa [(0,0)..(9, 3)], u [1. HartpaBasieTcst u3 Touku (9, 1.5) B
TouKky (0, 1.5). [IpuayMaTh pacCTaHOBKY Ha MECTHOCTU YEThIpeX KOLIeK
TaKyl0, 4TO OJHOBPEMEHHO (@) CTapTOBas TOYKA KaXOO0J KOLIKU eCThb
buHMIIHAS 1719 KaKOii-TO APyroi Koniky (6) GUHMUIIHAS TOYKa Kaxkmoi
KOILKM €CTb CTapTOBas ISl KaKOW-TO APYroi KOWIKK (B) HUKaKue JBe
KOIIIKY He CTAPTYIOT M3 OJHOM TOYKM U He GUHUIIUPYIOT B OGHY TOUKY
(r) pOBHO JiBe KOIIKM YCIIeBalOT nepebeskaTh Jopory I1. cripaBa HasleBo,
¥ HY OfjHa — CJIeBa Hallpaso.

MoryT /i1 B yUIOBUSIX IIPEIBIAYIIETO ITyHKTA TPU KOIIKY riepebeskaTs I1.
JIOpory cIipaBa HaJieBO?

Teneps gopora — npsimoyronbHuK [(0,0)..(12, 12)], I1. HanpaBisieTcs U3
ToukM (12,9) B Touky (0, 3). [IpegbsIBUTD Takue a U b, YTO KOIIKA, UAY-
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mast 3 TOYKM (X, d) B TOUKY (X, b), 06si3aTenbHO Tiepe6eskuT gopory I1.
IIpY JII060M BelllecTBeHHOM x, 0 < x < 12.

Boiepyte dopmyiibl AJist KOOPAMHAT X(t) U y(t) KOIIKY, paBHOMEPHO U
NIpSIMOJIMHENHO HampasJsiouleiics U3 Touku (a, b) B Touky (c,d), B 3a-
BUCUMOCTH OT BpeMeHn t, 0 <t < 1.

3agauu nmpodmujabHOro Bapuanra 8
KJj1acca

3agmaua 1. (a, b)-ci1oHBI

«Y kakoeo eepbnioda mpu zopba?»

Ha mraxmartHoM 1one (a, b)-cmoHoM 6yieM Ha3bIBaTh GUTYpY, Healolylo Xo-
IIbl CTIeAYIOIIET0 POa: OHA UAET IO AMAroHalIM Ha d KJIeTOK, T0BOPauyBaeTCs
Ha 90° B KaKky0-11M00 13 CTOPOH U UAET Ha b KJIeTOK I10 MepIreHAVKY/ISPHOM
nuaroHamu. ITycTh CJIOH GbUT M3HAYAIBHO IMOCTABJIEH B KAKyI0-TO KIETKY Ha
6eCKOHEYHOM BO BCE CTOPOHBI IIaXMaTHOM IToJie. ByzeM Ha3bIBaTh 3Ty KIET-
Ky HAuansHOL.

1.

(a) CKOJIBKO BO3MOSKHBIX XOJOB 13 HayaJIbHOM KIETKU MOXKET CAeIaTh
(a,b)-cnoH, a # b? (6) IIpasna iu, uto (a,b)-CIOH MMeeT Te ke BO3-
MOJKHbBI€e X0Zbl, uTo U (b, a)—cnoH? (B) MOXKHO /111 IPYCBOUTH OOLIYUHOMY
[IaXMaTHOMY CIOHY Kakue-i1nbo a u b?

BBenuTe Ha 4epHBIX KJIETKAX LIAXMATHOTO MOJISI PACKPACKY B [1Ba LIBETa
TaKylo, YyTO 1106071 X0x (1,0)-CcI0Ha MeHsIeT I[BeT KIeTKM, Ha KOTOPOii
oH cTtouT. IIpy Kakux 3HaueHusx (a,b) COOTBETCTBYIOLIMIL CJIOH MOXET
XOIOUTD TOJIBKO MO KIeTKaM OFHOTO 13 3TMX ABYX I1BeToB? Kak yacTo Me-
HSIeTCS 1IBET KJIeTKM, B KOTOPYIO IPUXOIOUT CJIOH, IIPY OCTaTbHbIX 3Ha-
ueHusIX (a, b)?

[Tpy Kakux 3HaUEHUSIX t BOSMOXKHO (1,t)—C/IOHOM 3a HECKOJIBKO XOJ 0B
IOJTU IO KIeTKM, MMEIOIeil ¢ HauaabHOJ 0011yio BepinHy? [TocTpoii-
Te JJIs1 TAKUX ¢ aJICOPUTM JOXOKAEeHMS, a /ISl OCTA/IbHBIX JOKaKUTe He-
BO3MOXKHOCTb JOXOXKIEHUSI.

[TyCcTh CJIOH HEKOTOPBIM UMCIOM XOIOB MOXET JOCTUYb KJIE€TKU, MMe-
0Ll ¢ HavaJIbHOI 06IIyI0 BepliuHy. YeMy TOr[a MOKeT ObITh PaBeH
HO[ (a,b)?
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5. Ins knacca 3HaueHuit (a, b), KOTOpble OMHOBPEMEHHO YAOBIETBOPSIOT
YCUIOBUSIM, IIOJIYYE€HHBIM BaMU B IYHKTax (2) u (4), IpOBepUTb, MOKET
JIV COOTBETCTBYIOLIMIA (@, b)—CJIOH MONACTh 38 HECKOIBKO XOI0B B KJIET-
Ky, MMEIOIIYIO C Haua/JIbHO O6IIyI0 BepliHy. Bam TpeGyeTcs MocTpo-
WUTb QJITOPUTM IOMNaAaHNUS WIN JOKAa3aTb €r0 HEBO3MOXXHOCTD [1J1S1 KaK
MOXKHO OOJTBIIIETO UMCIIa CJIOHOB B KJTacce.

6. Cnon Fe3y—TeiopuHea. Jlokasatb, uTo eciu (a,b)—CIOH MOXET HOITU
[IO0 KJIETKU, MMeIOLIel ¢ HauaabHOI O6IILYyI0 BePIIMHY, HA 6eCKOHEUHOM
1axMaTHOM I10JIe, TO OH MOYKET CHeraTh 9TO ¥ Ha BEPTUKAJIbHOI / TO-
PU30HTaIbHOJ OeCKOHEUHOI JeHTe MKUpuHLI 2 - (a + b), comepkaliei
Havya/lbHYI0 U GMHULIHYIO KJIETKA.

7. Temnepb OGyaeM IbITATbCS HOWTY OO KJIETKMU, OTCTOSIIEH OT HayaJIbHO
Ha 2 no auaroHaau (cocegHei ¢ cocegHeit). [lokazarp, UTO 3TO MOXHO
cmenaTh Jio6bIM (1, t)—-cmoHom. Yemy moxkeT 6b1Th paBeH HO/L, (a, b), ec-
JIV 3TO MOXKHO clienaTh (a, b)-cioHoM?

8. Omucatp Bcex (a,b)—CIOHOB, C IOMOILIbI0 KOTOPBIX MOXKHO AOWUTU [0
KJIETKU, OTCTOSIIEl OT HaUYa/IbHOJ Ha 2 10 AMaroHaau, ¥ pu 3ToM (a) C
MX TIOMOIIbIO HEJIb3s [0OPaThCS A0 KJIETKM, UMeIoIeli ¢ HauaabHO 06-
IIy10 BepIIMHY (6) OHM He SIBIISIIOTCS (24a, 2b)—cnoHamy, rae (a, b)—cioH
MOXKET JOMTH [0 KIETKY, MUMEIOIIeli C HauaabHO OOIIYIO BEPILIMHY.

3agava 2. Kok Ha KOOPAMHATHOM IIJIOCKOCTU

«A radioactive cat has eighteen half-lives.»

Haunnatoniuii skoHomucT [Ta610 OrypuTo CHEINT Ha 3alllATy CBOEi Hayd-
HOJt paboThI 10 9KOHOMMUYECKOI TeoMeTpun. EMy HY;KHO ITPOITH K METPO I10
KpaitHe CKOJIb3KO1 ToposkKe. UTOOBI He yIacTh, I1a6s10 uaeT mo Heit MCKITIoun-
TeIbHO MPSMO, U3 HEKOTOPOIt TOUKM Ha OJTHOM TOPIe JOPOXKM K HEKOTOPOit
TOYKE Ha IPyTOM ee TOpIe.

OKOJ10 METPO B 0OM/IMM BOASITCS KOIIKM, BCE JIOCHSIIIMECS U YepHbIe. B cBoIO
ouepenp, I[Tabmo cyeBepeH, HO MO-HeMelkM. OH CUMTAET, UTO KOIIKA, IIepe-
6exkaBIIast mepes To060i JOPOry ceBa HalpaBo (B TOM YMC/IE, €CJIN ThI C Heit
BCTPETWICS), TPUHOCUT TeGe HecuacThbsl, a KOIIKa, rmepebeskaBiiast qJOpOTy
CIipaBa HaJIeBO — yaady (OISITh XKe, U B c/Tydae BCTPeuu C Heil).

Ko1Ky B KOJTMYECTBE 11 MITYK CUASIT B HEKOTOPBIX TOYKAaX HA MECTHOCTH, I1a6-
JI0 CTOUT B HEKOTOPOI1 TOUKe Ha TOPIIe JOPOKKU. [T Kask IO 13 KOIIEeK U JIJIsT
[Ta6so BhIOpaHa QUHUUIHASA TOYKA, B KOTOPYIO HAIIPABJISIETCS COOTBETCTBYIO-
LIVIi TIePCOHAK B Halei ucropun. B MoMmeHT BpeMenu t = 0 Bce COOOILECTBO
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M3 1 Kolek u ogHoro [Ta6io HauMHaeT paBHOMEepHOe MPSMOIHEHOe IBU-
SKeHMe C TeEM pacuyeToM, YTOObI B MOMEHT BpeMeHM t = 1 0Ka3aThCsl KaskAblii
B CBO€J (DMHUIITHOI TOUKe.

BBemem nomnonHuTenbHOE 0603HaueHue: [(a,b)..(c, d)] — MPSIMOYTOIBHUK CO
CTOPOHaMMH, ITapayIeJIbHbIMU OCSIM KOOPAMHAT, M ABYMS ITPOTUBOITOJIO>KHbI-
MM BeplIMHAMU B TouKax (a,b) u (c, d).

Bam npegyjiaraeTcda OTBETUTD Ha C/ieayIolle BOIIPOChHI:

1.

[TycTh mOpOXKKa MpencTaBisieT U3 cebst MpSMOYroabHUK [(—2,—1)..(2,
1)]. I1. Haxonutcst B Touke (2,0), n = 1, enMHCTBeHHAas! KOIIKA CUOUT
B Touke (0, —1) u roroBa HanpaBuThbca B TOuKy (0, 1). Kakue Touku Ha
MIPOTMBOIIOIOKHOM KOHIIE JOPOTM MOTYT ObITh GMHMIIHBIMM I I1.,
eC/IM OH He X04YeT, UTOObI KOIIKa ycIlesa Iepeceyb ero NyThb 10 Hero?

Terneps LOpOXKKa MpencTasiseT u3 cebst mpsimoyroapHuk [(0,0)..(9, 3)].
I1. crout B Touke (9, 1.5), n = 2: onHa Kollika HampasiseTcs u3 (6,3) B
(6,0), opyrast — u3 (3, 0) B (3, 3). Kakue TOUKY MOTYT GbITb GUMHUIITHBIMU
Iuist I1., ecyvi OH XOUeT, YTOObI BTOPAsi KOIIKA He yCIIesa repebexxaTsb eMmy
mopory? Kakue TOUKM MOTYT 6bITh GMHUITHBIMMY 47181 I1., ecIv OH Takske
XOUeT 3apsSAnUThCs yaauei OT epBoi KOIKM?

Hoposkka — Bce ette [(0,0)..(9, 3)], I1. HaxoguTcs B Touke (9, 1.5) unner
B TOuKy (0, 1.5). I3BeCTHO YTO €CTh JIBe KOUIKM — OJHA BEPTUKAIbHO
CBepXy HampasysieTcs B TOUKy (3,0), Apyras — BepPTUKAIbHO CHU3Y B
TOUKY (6,3). Kakye TOUKM MOTYT 6BITh CTAPTOBBIMU [JIsT ITUX [IBYX KO-
1IexK, eciu I1. xoueT, YTO6bI ITepBast KOIIKa ycIea repe6exxaTh eMy 10-
pory, a BTopast — HeT?

Hoposkka — cHoBa [(0,0)..(9, 3)], u [1. HartpaBasieTcst u3 Touku (9, 1.5) B
TouKky (0, 1.5). [IpuayMaTh pacCTaHOBKY Ha MECTHOCTU YEThIpeX KOLIeK
TaKyl0, 4TO OJHOBPEMEHHO (@) CTapTOBas TOYKA KaXOO0J KOLIKU eCThb
buHMIIHAS 1719 KaKOii-TO APyroi Koniky (6) GUHMUIIHAS TOYKa Kaxkmoi
KOILKM €CTb CTapTOBas ISl KaKOW-TO APYroi KOWIKK (B) HUKaKue JBe
KOIIIKY He CTAPTYIOT M3 OJHOM TOYKM U He GUHUIIUPYIOT B OGHY TOUKY
(r) pOBHO JiBe KOIIKM YCIIeBalOT nepebeskaTh Jopory I1. cripaBa HasleBo,
¥ HY OfjHa — CJIeBa Hallpaso.

MoryT /i1 B yUIOBUSIX IIPEIBIAYIIETO ITyHKTA TPU KOIIKY riepebeskaTs I1.
JIOpory cIipaBa HaJieBO?

Teneps gopora — npsimoyronbHuK [(0,0)..(12, 12)], I1. HanpaBisieTcs U3
ToukM (12,9) B Touky (0, 3). [IpegbsIBUTD Takue a U b, YTO KOIIKA, UAY-
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mast 3 TOYKM (X, d) B TOUKY (X, b), 06si3aTenbHO Tiepe6eskuT gopory I1.
IIpY JII060M BelllecTBeHHOM x, 0 < x < 12.

. BeiBenute opmysbl A1 KoopayuHaT x(t) 1 y(t) KOIIKK, paBHOMEPHO U

MpsSIMOJIMHENHO HampasJsiouleiics U3 Touku (a, b) B Touky (c,d), B 3a-
BUCUMOCTH OT Bpemenn t, 0 <t < 1.

3apgaua 3. PekyppeHTHbIe QyHKIUU

«Hy®HO NpoCcmo cecmu HA COPOKOBOLI Mpameati u NocuuUmams.»

Bynem moHuMaTh QYHKIMIO KaK YEPHBIN SIIIMK, KOTOPbIi IO 11eJIbIM HeOT-
pULIaTeNbHBIM UMC/IaM BbIJIaeT liejioe HeoTpulaTelbHoe unciao. Ham nonHa-
J06sITCST QYHKIMM OT OJHOTO U OT IBYX apIYMEHTOB — COOTBETCTBEHHO, Ha
BXOJ], OHM IIPUHMMAIOT OHO WJIU JIBA YMCIIA.

1.

Paccmorpum ¢dyHK1MIO f OT ABYX apryMeHTOB. M3BecTHO, uToO f(a,b) =
f(b, a), 3Hauenue f(a, 0) orpeseneHo OMHO3HAYHO JIST K&KAOTO d, Y eCIN
a > b, 1o f(a,b) = fla — b, b). lokazatp, 4TO B TaKOM c1y4ae QyHKIUSA f
OIIHO3HAYHO OllpesesieHa JI/isl BceX 3HaueHwmii (a, b).

. ITycts npu Tex ke yaioBusx f(a, 0) = a. Uemy paBHo f(a, b)?

. Yro npowusoiizer co 3HaueHueM f(a, b), ecnu f(a,0) onpenensTb MHbBIM

obpasom?

. ITomeHnsiem onpenenenne ¢dyukuuu f. [lo npexxuemy f(a,b) = f(b,a) n

f(a,0) 3apaHee u3BecTHO, HO Teneps f(a,b) = T(fla — b, b)), tne T(x) —
HekoTopast GyHKIMS OT OfIHOI ITepeMeHHOM. JloKas3aTb, 4TO 3HAUEHMe
f(a,b) cHOBa OHO3HAYHO OIlpefeneHo AJis Beex nnap (a, b).

. Ilycrs T(x) = x+k, rme k — HeKOTOpOe HaTypanbHOe Yncio; f(a, 0) ompe-

JlelieHo KakKuM-11n60o o6pazom. Yemy B TakoM ci1ydae paBHO f(a, b)?

. PaccmoTtpum dyHKUMIO h OT IBYX aprymMeHTOB. [Ipo Hee M3BECTHO ciie-

Iylolee:
(a) h(ac,b) = h(a,b) - h(c,b) nns mob6sIX a, b, c;
(6) h(a,bc) = h(a,c) - h(a,b) pyisa mo6bIX a, b, c;
(B) h(a, a) 3apaHee ompeseneHa OLZHO3HAYHBIM 06pa3oM;
(r) h(a,b) = h(a mod b,b) npua >bub > 0;

(m) h(0,t), h(1,t), h(2,t), h(t,0), h(t, 1), h(t, 2) 3apaHee oIpefeneHbI
OIHO3HAYHBIM 00pa3oM;
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(e) h(p1,p2) = T(h(pa,p1)), The p1, p2 — HEYETHBIE MPOCThIE UACTIA,
p1 < p2, T — HekoTopast QYHKIMS OT OHOI ITepeMeHHOiA.

JokasaTsb, UTo 3HaUeHue h(a, b) OHHO3HAYHO OIIpeieieHO )i BceX 3Ha-
ueHuit (a, b).
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Pemienus 3agau 2018 roga

3agmaumu 4 Kjaacca

3azaua 1. I'me-TO 51 3TO y>XKe Buaen

A. TlepBoe unciIo B faTe (OHO COOTBETCTBYET AHIO B MeCsIie) MEHSETCS OT
1 mo 31, a BTOpOe (coOTBeTCTBYEeT MecsLy) — ot 1 go 12. C gpyroii cTo-
POHBI, KaK Mbl 3HaeM, 4achl MPOHyMepoBaHbl OT 0 70 23, a8 MUHYThI —
ot 0 mo 59.

Takum 06pa3om, 0003HAUEHMEM IHS B Mecsile ¥ OQHOBPEeMEHHO Jyaca
MOTYT ObITh UMc/a OT 1 10 23, a 0603HaUeHeM MecsIia ¥ OHOBPEMEH-
HO MUHYTBI — OT 1 1o 12. KpoMe TOTO, B K&XXA0M MeCsIe TOYHO eCTh
XOTsI ObI 23 mHS.

ITostomy oTBeT — 23 - 12 = 276.

B. [laBaiiTe Bcerma MCIOMb30BaTh «pa3BepHYTYIO» maty. Torma iroboit me-
ca, (oT 1 mo 12) MOXeT CTOSTh Ha MecCTe vaca, a Jilo0oii meHb (0T 1 1o
31) Ha MmecTe MUHYTBI. OTBET — BCe JHU B TOIY.

C. Ectb Bcero 12 6yKB KUPUITMYECKOTO ajihaBUTa, IOXOXKMUX Ha OYKBBI Jia-
tuHCKOTO andasura (TOCT P 50577-93):

A,B,E,K,M,H,0,P,C, T, X, V.

MbI OTMETUAYM Cpeu HUX IJIaCHble — UX BCero 4; COOTBETCTBEHHO, CO-
I71acHBIX 8. BeIOpaTh coyeTaHMe «IIacHasI-CoracHas -CoracHas» MOX-
HO 4 - 8 - 8 crmocobamu, a «IrmacHas-iacHas-comracHas» — 4 - 4 - 8 cro-
cobamu. BapuaHTOB 1151 unciia Ha HoMepe Bcerga poBHo 1000 — ot 000
o 999.

Korpga rmacHast ojHa, OHA MOXKET CTOSITh Ha OTHOM U3 TPeX MeCT, IT03TO-
MY OTBET B TAKOM CiTyuyae OyIeT paBeH

3-4-8-8-1000.
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Korpa rnacHeIx ABe, coryiacHasi MOXeT CTOSITb Ha OJHOM U3 TpeX MecT.
[TosTomy oTBET —

3-4-4-8-1000.

3agava 2. HampacHO Ha3bIBalOT CeBep KpammHUM

A.

JTo 3aava—IIyTKa: IPUHUMAIOCh 60IBLUIMHCTBO OTBETOB, XOTSI HABEP-
HsiKa Ha 10-TpagycHOM MOpPO3e TypUCTUYecKasi TPyIIia OTMOPO3UT cebe
TOJIOBMHY HOT, a Ha 20-TpagycHOM — BCe.

Bce monroThl 3eMHOTO 1Iapa OKa3bIBAIOTCS OUE€Hb GJIVM3KO APYT K IPYTY
OKOJIO TTOI0COB. Tak 4To, BO3MOKHO, MIOHXTay3€H MTPOCTO 06OIIEN 110
Kpyry (CKaxkeM, KusiomeTpoBomy) CeBepHbIi uiau FOXKHBIN MOJIOC.

I[Tyctb ueTsipe ropona — B, C, D v E pacIioNoKeHbl 0UeHb OJIN3KO APYT K
JIpyTy — MOTMIapHO Ha PacCTOSIHMMU B OAVH KMJIOMETP. A TISIThIN ropog, —
A — oueHb ganeko, B 100 kumomeTpax. ITycTh 6OJbIile HET HUKAKUX TO-
pomoB. Torma A moiiskKeH ObITh COeIMHEH JOPOroii C KAKMMMU-TO U3 YeThI-
PexX OCTaBLIMXCSI TOPOJOB, HO HY OIMH U3 TeX TOPOJOB He MO/IKeH ObITh
coeMHeEH C A.

3agava 3. Paspesanus

A.

IMopenum Kaxk oy U3 CTOPOH KBaJipaTa Ha CeMb PaBHBIX OTPE3KOB U pac-
CMOTpUM 28 TPEYrojbHUKOB, MOJIYYAIOIINXCS, €ClM COeqUHUTD LIeHTP
KBajpara ¢ KpasgMy Kaxk[0ro U3 3TUX OTPe3KOB. Bce aTH TpeyrosbHUKM
MMeIOT OAVHAKOBYIO IUIOWAb (TaK KaK y HUX OLVHAKOBbI OCHOBaHMeE U
BBICOTA) ¥ paBHBIE IJIMHBI CTOPOH, JieXKalllyie Ha CTOpOHaxX KBagpara (110
IIOCTPOEHUIO).

YT10o6bI MOTYYUTH 7 MHOTOYTOJIbHMKOB, TPEOYEeMbIX B YCIIOBUM, OObEIN-
HMM TI0 YeThIpe COCeIHMX TPEYroMbHMKA (CMOTPETb PUCYHOK C/IeBa):




C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»
B. CMoTpeTh pUCYHOK CITpaBa.

C. AHaJIOTMYHO TOMY, YTO ObUIO IIPOEIAHO B ITIEPBOM ITyHKTE JaHHOI 3a-
Jlauy, Mbl yMeeM pe3aTh KBaJpaT Ha TPU MHOTOYToAbHMKA PaBHOM IJI0-
1aay C paBHOM AJIMHOM CTOPOH, JIeXKalllMX Ha CTOPOHAX KBaApara.

Pa3peskem KaXkablit KBaAPATHBIN «CJIOM» IMPaMUIbI HA TPU TAKUX MHO-
rOYTOJIbHMKA OOVMHAKOBBIM 06pa3oM (C TOUHOCThIO 10 momooust). Torma
B 00beIVIHEHUY BCEX CJIOEB IMOMYYATCS TP MHOTOTDaHHMKA OIMHAKO-
BOTO 06beMa, Hecylye Ha cebe ONMHAKOBOE KOMMYECTBO KPACKU («BbI-
XonsLMe» Ha CTOPOHBI MMPaMKAbl OAMHAKOBOM IUIOLAAbI0 CBOEI Tpa-
HUIIBI).

CMOTpeTb PUCYHOK:

3agava 4. Jleraromuin HMpK

A. Bce ci1oBa B 91071 3a7aue cocTosT u3 6ykB A, M, P, C, T. IToctapaemcs co-
OTHEeCTH 3TU G6YKBBI C AeiicTBusiMu JIambepTa. [ 3TOT0 COCTaBUM Tab-
JIUITY: CKOJIbKO KaKMX 6YKB HaXOMMTCS B CJIOBaX, aJpecoBaHHbIX JIaM-

6epTy.
A|{M|P|C|T
MATPAC | 2 |1 |1 |11
CTAPT 110 1112
MAPC 11 ]1|1]0

Venbrma ¢1oBo «MATPACY, JIambepT cpefyt MpoYero MoeT JBa KyIuieTa
U3 TIECHY — 3HAUMT, 6YKBa ‘A’ OTBeUYaeT 3a KyIuieThl. [10 aHaTIOTUUHBIM
npuumMHaM (IIOCMOTPUM, Kakux 6YKB aBe B cioBe «CTAPT»), ‘T — aT0
HOTM B KOpo6Ke. ‘M’ — 3TO TO, uero HeT B ciioBe «CTAPT», HO ecTh B
«MATPAC» — 3TO HajeBaHMe BeJpa.
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Oust ‘P’ u ‘C’ ocTaroTcs CHATHE IepUYaTok u ,,Kapayn!“ — Ho HaM HeBak-
HO, UTO U3 JIeiICTBUIT KaKO¥ 6yKBe COOTBETCTBYET, ToToMy uto ‘P’ u ‘C’
BCTPEUYAIOTCS BO BCEX paCCMaTPMBaeMbIX CJI0BaX MO OLZHOMY pasy.

&

Orcioma oTBeT: JIsM6GepT 3aKpUUNT ,,Kapayin
JI€HEeT Ha rOJIOBY BEPO U CHUMET IePUYATKIA.

, CIIOeT OOMH KYILIeT, Ha-

B. [Ia, IKeHTIbMEH CMOXET KYIUTDb cebe NUISIY, TaK Kak IeHa, Ha3bIBae-
Mas TPOABIIOM, He Bo3pacTaer (110 KpaiiHeil Mepe 1Moka (pyHAHCOBbIe
BO3MOKHOCTH I;KEHT/IbMeHa OCTal0TCsT HISKE ee), a KOJIMUeCcTBOo (huHaH-
COB, UMEIOIINXCS Y IPKeHTIbMEeHA, Ha KakIOM II1are pacTeT POBHO Ha 1.

MoykHO TakKe BpyUHYIO IIPOJienaTh IpolieAypy, ONMCAHHYIO B 3a/iaue, U
BBISICHUTD, Yepe3 CKOIbKO MMEHHO IaroB LIS OKAKETCS Y AKeHTIb-
MeHa (TTOJTyYMTCS TOYHO MEHBIIIE TeCSTH), HO MbI He 6y/ieM Je/aTh 9TO-
'O 37€Ch, OCTABMB UMTATEJTIO B KAUECTBE YIIPASKHEHUS.

C. Ilyctp TpeBop npeyBenuumnBaeT BCe B a pa3, [kepeMu — mpeyMeHbllaeT
B b pas, a KOT cTout s pyb6seii. Torna, 13 ycIoBus 3a1aun,

s-a=9600
a+-b=4
s-a-+ b= 2400
s+b=150

CpaBHMB ITepBOE ¥ TPETHE PABEHCTBA, ITOJTyYaeM, 4To b = 4. [TomcTaBuB
HaiiieHHOe b B ueTBepTOe PaBeHCTBO, Moayyum s = 600.

3agaua 5. MomeHus

A. U3 3T0i1 huUrypbl MOKHO COGPATh TOPM30HTATBHYIO ITOJIOCKY IIVPUHBI 2,
KOTOPOJi 0OUeBUAHO MOXXHO 3aMOCTUTD IJIOCKOCTb (CMOTPETb PUCYHOK).

EEATATLE

B. U3 BTOpO¥i PUTypbl MOXKHO COOPATh TOPU3OHTAIBHYIO TTOJIOCKY IITUPU-
HOJ 3, KOTOPO#1 OYeBUIHO MOKHO 3aMOCTUTb IVIOCKOCTD. VI3 mepBoii ke
(urypnl cobepem «1eCeHKY» (CMOTPETb PMCYHOK HIKE): TaK KaK M Bepx-
HUI, M HISKHUI ee Kpait MMeeT BUI, «Ha TP KJIETKU BIIpaBO—Ha KJIeT-
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Ky BBEpX», 3TO¥ J1IeCEHKOM MOXXKHO 3aMOCTUTh IJIOCKOCTD, IIPUKJIaAbIBaAs
Kpaﬁ clenyrouero ee SK3eMIUIIpa K Kpalo rpeapiaymniero.

’_\I__III_J\J

C. CMOTpeTh PUCYHOK:

|_I
=

3agava 6. Y>KacHbIV ragKuii akKypaTHbIN IMOACYeT

A. KsagpatoB1x1—4-5= 20 mrryk. KBampaToB pasamepom 2 x 2 HaigeTcs
3-4 = 12 mrtyk. KBagpaToB 3 x 314 x 4 — 6 U 2 COOTBETCTBEHHO. Takum
00pa3oM, BCEro KBapaToB

20+ 12+ 6+ 2 =40.

KonuecTBo TpSIMOYTOTbHMKOB MOKHO ITOCUMTATh 60jiee pallMOHa b-
HBbIM CITOCO60M: 3aMETHUM, UTO MPSIMOYTOJIbHUKOB pasmMepoM a x b (rae
a — BBICOTA, b — IMIMPUHA, TO €CTh, MbI Pa3jINUaeM MPSIMOYTOIbHUKYU
2 x 31 3 x 2) MOXXHO HaliTi poBHO (4 —a+ 1) - (5 — b+ 1) mTyk. Uncno
a meHsieTcs ot 1 1o 4 — oTcoga 4 — a + 1 MeHsIeTCs B TeX ke mpefesax.
To sxe camoe ¢ 5 — b + 1 — oHO MmeHsieTcst oT 1 710 5.

Orcroa MOKHO 3aK/II0OYUTh, UTO cymma umcen suaa (4—a+1)-(5—b+1)
TIpM BCeBO3MOKHBIX d U b GyzeT paBHa cymMe Bcex umcen Buga a - b. Kak
MOCYMTATh CYMMY BCeX umces Buaa a - b? 3ameTuM, yTo IPU PaCKPLITUN
CKOOOK B ITPOU3BEIEHUA
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(14243+4+5) - (1+2+3+4)

MIOJIYYNUTCS CYMMa U3 BCeX ClaraeMblX, KOTOpble HaM HY>XHbI. OTcrona
MPSIMOYTOJIBHUKOB MOKHO HaiiTu 15 - 10 = 150 mrTyxk.

Bcero packpacok n! — B «iepBOM» CEKTOpPE MOYKET CTOSITh N 1IBETOB, B

cnepywomeMm — n — 1, u Tak ganee. VI3 ogHOI packpacku BpallleHueM

Kpyra MOXHO IIOJIYYUTb POBHO N PACKpPacoK (BKJIIOYasl ee camy) — I10-
nl __

3TOMYy OTBeT paBeH - = (n — 1)L

B BepxHeii mosoce MOXKeT CTOSITh OJVH U3 IIeCTU UMEIOLMXCS 1[BETOB.
Bo BTOpOI1 monoce — 11060 13 MIECTY I[BETOB, KPOME YK€ CTOSILETO B
repBoii. B HMsKHET monoce — 10607 13 1IBETOB, KPOME Y3Ke CTOSIIETO
BO BTOpOIi. Takum o6pa3om, otBeT — 6 -5 -5 = 150.

3amaumu 5 Kyacca

3agava 1. Jleraromuin HUpK

CMmorpeTs 4 kitacc, 3agauy No4.

3agava 2. PykonosxaTus

A.

IaBajiTe «pacKjaenM» BOCbMEPKY, IPeBPATUB €e B OObIUHbINi KPYI/IbIi
XOPOBOJ, — TOTZA CYIECTBO, CTOSIIIEe B IIEHTPEe BOCbMEPKY, «IIPOIY6-
nupyetcsi». Ecin 0HO 6610 KpaboMm, TO TIOTYUMUTCST XOpoBog, 13 19 Kpa-
60B 1 17 maykoB; B IPOTUBHOM ciiydae — 18 kpaboB u 18 maykoB. Ecin
B KPYrOBOM XOPOBOZiE KpaboB 0OJIbIlle, YeM IayKOB, TO KaKuMe-TO JBa
Kpaba Heu36eskHO GYAYT AepsKaThCs 3a JIaTlbl, UTO 3aIpeIleHo.

OTcioma MOXXHO 3aKJIIOUNTh, YTO B IIEHTPE CTOSUT MayK. [IpuaymMarh Xo-
POBOJI, COOTBETCTBYIOIIMIA YCIOBMIO, C TIAYKOM B LIEHTpE He MpefCcTaB-
JSIeT HY MaJieiiiiero Tpyga.

Moro okasaTbCsd Tak, YTO POBHO OAVH YesIOBeK B KOMIIAHUM BbIUIPAJI
MatmnHy. ITocTpouM coOTBeTCTBYOLIMIT TpMMep. Bo3bMeM «1obennTe-
JIsI» — Y HEero eCThb [ISIThb Apy3eil. Y KaXA0ro U3 HUX eCTh ellle I10 YeTbIpe
Ipyra (KpoOMe BBIUTPaBIIETr0 MAIlIMHY), TyCTb BCE 3TU APY3bsl PA3INYHBI.
1+ 5+ 45— yHac MoMyuymiaoch 26 4ea0BeK, OT KAKIOTO U3 KOTOPHIX
He GoJiee yeM JiBa PYKOIIOKATHS IO BRIMTPABIIETO MaNIMHY UyeloBeKa.
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OpHaxKo, 7151 TOTO UTO6BI TOBECTY ITPUMep A0 KOHIIA, HaM HaZ0 YCTaHO-
BUTD OPY>KECKHME CBA3U MEXOY JIOAbMU, Y KOTOPBIX X ITOKa MEHbIIIe 5,
a MMEHHO MEXAY TeMU, OT KOTro JO0 1obeguTes IoTepen Ba PyKOIIO-
skatust (ux 20 uenoBek). Kaxxmomy 13 HUX HY3KHO «M300pecTu» eie 1o 4

Apyra.
IMocTynum mpocTo: nocraBum 3T 20 4eoBeK 0 KPYTy B MPOU3BOJIb-

HOM TOpSIiKe ¥ Ha3HAUMM JAPY3bsIMU KaskIOro JIBYX €ro mpaBbIx coce-
Jleli 1 IBYX €ro JIeBbIX coceneli. 3ajava pelieHa.

[TycTh BHYTPEHHMX PENICOB B ABMa/IaHIUM POBHO M, a MeXIYHAPOLHbBIX
n3 Hee — poBHO N. Kaxknblil BHYTpeHHMII pelic MMeeT B ABMalaHAVN
IBa «KOHIIA», a KaXObII MEXIYHAPOJHbIII — TOJIBKO OAMH. Bcero B ro-
poma ABuanaHauy npubbiBaeT 5 - 6 = 30 peiicoB. ITomyuaem

2-M+ N =130.

Otcioma N TO/DKHO OBITh UETHBIM UMCIOM (TaK Kak 2 - N — UeTHOe).

3amaua 3. CoBpeMeHHast meoenbHass padpuKa

A.

C.

3aKkpoeM O MH U3 OTKPBITHIX SIMKOB, OTKPBIB TOT, UTO Yepe3 JBa Su-
Ka HaJIeBO OT Hero. 3aTeM 3aKpOeM ero, OTKPBIB CIeLYIOIINA, ellle uepe3
IiBa sIIMKa ciaeBa. [IoBTopuM TO Xe HelicTBue elle pa3. Ha yeTBepTom
mrare MbI 3aKpoeM 002 OTKPBITHIX SIIMKA, TEM CAMBIM PEIIVB TIOTYYEeH-
HYIO 3a7a4y.

ITpu niepBOM clieHapuu 1ocie Aeicteuii ®egopa B Bepe 0CTaa0Ch %
KpacuTess, pasBegeHHoro Tam Cepreem, Tak Kak 4 JUTpa pacTBopa U3
10 GBIV BBITUTBI.

[Tpu BTOpOM clieHapuyu @enop cHavajaa BbUIMBAI OOBIUHBIN PacTBOP, a
3aTeM — pPacTBOP C MEHbIIIel KOHIeHTpaluel kpacuTens. To ecTb, KO-
JIMYECTBO KpacUTeNs B BeApe A0 BBUIMBAHMUS ABYX IUTPOB U IOCTIE OT/IU-
vanoch B 0.8 pas. B urore B Bexpe ocranoch 5 - & = 0.64 ot ucxogHOro
KOJINYeCTBa KpacuTers.

OtBerT: 60sblie KpacuTeJjis OCTaIoChb BO BTOpOVI OEeHb.

HYCTb CTYJ/ IIOTEPSIT t HOXKEK. CoctaBuUM YpaBHEHHUE:
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t—l-(720

. - (720 — 1)

N——
yeM y Hero

0CTaJIoCh
ceifuac

[ENTE

———
B TpM pasa MEHbIIIe
HOXXeK

0CTaJIOCh GBI, TIOTEPSII OH

OTo nHeltHOe ypaBHeHMe. Ero penieHuem siBisercs uncio t = 180.

3agava 4. Urpsl

A. BbIMIpBINIHASI CTPATErusl eCTh Y MEePBOTO UTPOKA: MEPBBIM XOIOM OH
JIOJIKeH BbIpe3aTh UTPOBYIO GUTYPY U3 IEHTpa MPSIMOYTOIbHUKA, Pa3-
JIeJIVIB €r0 Ha IBe PaBHbBIX HEIlepeceKaroImmuxcs GUrypsl — a 3aTeM emMy
JIOCTATOYHO TIOBTOPSITh XO[bI, CAEIaHHbIe BTOPHIM UTPOKOM B OIHOV
u3 Guryp, CMMMeTpUYHO B Ipyroit purype. [IOHSTHO, UTO eC/Ix BTOPOH

CMOTr caesaTb Xona, TO HepBbH‘/’I TOXe CMOXKeT.

B. BoiurpeliiHas cTpaTerus eCTb Y BTOPOTO UIPOKa: MTOKA OH HAXOAUTCS
c3a1y, TePBbIii MOXKET [IeJIaTh TOAbKO XOMAbI 10 OGHOMY IlIary BIepes,.
BTopomy Hazo cienoBaTh 3a HUM — M KOT[a TOT IAarHeT B kKiaeTky N2301
(BTOpOIL OymeT CcTosATh B 299-0i1), epeIpbhirHyTh Yepe3 Hero M BbIUI-

paThb.

C. IlepBoMy HaJ0 BbIpe3aTh CBOIO 6YKBY ‘[ MO LIEHTPY BepXHEH CTOPOHBI
KBagpata. To, UTO OH BBIMTPBIBAET IOC/Ie 3TOTO, JOKa3bIBaeTCs Iepe-
60pOM BO3MOXKHBIX XOJIOB BTOPOTO UTPOKA (CMOTPETH PUCYHOK): TIOCIIE
KaXXI0r0 BO3MOXXHOTO XOJla MEPBbIVi UTPOK MOXKET MOXOAUTH TaK, YTO

6ykBa ‘I’ BTOPOro UTPOKa He MOKET ObITh BIMCAHA HUKY/A.
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3agaua 5. IIporpeccuBHOE C/IOKeHME
A. 95500 > 50095.

B. 3ameTumM, 4TO eCTb BCETO IIECTh BAPMAHTOB pacCTaHOBKM uucen P, Q,
R — mosTomy nepe6op MX BCEX U CPaBHEHME PE3YIbTATOB YXKe SBIISIET-
Cs1 He TaKMM IJIOXMM BapMaHTOM aaroputMa. OgHaKo MbI TOMpooyem

IIPOOEMOHCTPMPOBATD €Ille 6osee palMOHaJIbHYIO NOEI0.

Ecnu uncna P, Q, R uMeloT 0fMHAaKOBOE UYMIO Pa3psiioB MUK MO Kparvi-
Hell Mepe HU OJHO U3 HUX He SIBJISIeTCsI ITpedUKCOM IPYyroro, TO BCe Po-
CTO: HaJ0 OTCOPTUPOBATH YMC/IA JIEKCUKOTpadUUeCK U CIOXKUTD B TTO-
psiiKe «OT 6OJIbLIETO K MEHbIIEMY>».

Ecu ske HY OJJHO M3 YCJIOBUIA BbIllie HE BBITIOHEHO, MOTbITaeMCsI Cie-
JIaTh TaK, YTOOGBI HAM ITPUIIIOCH CPABHUBATD UMC/Ia C ONVHAKOBBIM UMC-
JIOM PaspsigoB. [IJiT 3TOT0 HaM HY)KHO KaK-TO «JOTIOHUTh» Gojiee KO-
poTkue uncia. JlaBaiiTe A/isT KaKAOrO 4KCIa, KOTOPOe KOpove caMoro
IJIMHHOTO 13 Habopa P, Q, R, BbIGepeM 13 OCTABIIMXCS YMCI0, HAUMHAa-
IoIIeecst ¢ caMo¥i 60IbINION MG PBI (MM Haubosblee JeKCUKorpaduye-
CKM) ¥ TIPUTTUIIIEM B KOHEI[ MCXOLHOTO UMc/Ia HECKOIbKO TMePBBIX paspsi-

J0B BbI6paHHOI‘O.

Tax MbI TOTYYMIIV HECKOJIBKO CTPOK OVTHAKOBO JITTMHBI, KOTOPBIE MOK-
HO OTCOPTUPOBATH JIEKCUKOTPaDUUECKN — U CJIOKUTH YUCIA B TOM I10-
psiike, B KOTOPOM BBICTOPMUITUCH TIOTYYUBIIMECS U3 HUX CTPOUKHA.

BosbmeM, Hanpumep, uncia 59, 598, 5979. Ouu pasHoit AJIMHbBL, U 59
SIBJIIETCS TPe(BUKCOM BCEX OCTaTbHBIX. [10 YKa3aHHOMY BbIIIIe TTPaBUITY
M3 9TUX YMCET TTOYYaTCss CTPOUKA

5959, 5985, 5979.

IMocne ux yropsgouenus rmomxyunm 5985, 5979, 5959. ITosToMy MaKCu-
MaJIbHbI Pe3ybTaT, KOTOPbIN MOXKET MOTYUUTHCS TIPU CIOKEHWUM TaH-
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HbIX TpexX unces, —

598 @ 5979 @ 59 = 598597959.

C. Her, Tak He ObIBaeT:
Pe»Q =P-10"+Q > P+Q.
n>1

3azaua 6. Momenus

CmortpeTs 4 Ki1ace, 3agavy N25.

3agauu 6 Kiaacca

3agava 1. KnupeHcsl

A.
740/2 — 175 = 195 MWIIMMETPOB.

B. Yron moma «mmogHMMaeTCs» Haf JIMHUeN, COeMHSIOIel t OCHOBAaHMS HO-
>KeK CTyJ1a, Ha pacCTOsIHMe, paBHOE BbICOTE MPSIMOYTOJIbHOTO TPEYTOJib-
HMKA C TUIIOTeHY30i1 50 caHTUMeTpoB. JIETKO 3aMEeTUTH, YTO ITa BeJIM-
YlfHa MaKCMMaJibHa, KOTZa TPEYroJIbHMK paBHOOEIPEeHHbIi — B TAKOM
cryyae oHa paBHa 25 cM. ITo3TOMY paccTOsIHME OT CUIEHbBSI J0 3€MJIU
IOJIKHO OBbITh He MeHblIle 25 CM.

C. TpeyrosbHUK, 06pa30BaHHbINI [IEHTPOM IIAHETHI U IIEHTPAMM KOJIeC aB-
TO6YyCa, — paBHOCTOPOHHMII CO cTOpoHO¥ 10.5 M: OfiHA M3 CTOPOH paBHA
KOJIeCHOJI 6a3e, a iBe Ipyrux — cymme pagmyca raHetsl (10 MeTpoB)
u paauyca komneca (0.5 meTpa).
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JLOpOSKHBIN MPOCBET aBTOOYCa — PACCTOSIHME OT ero 1oJia (KOTOPbIii 4o -
SKeH KacaTbCs BepxHei TOUKY IJIaHeThl, HO HUKAaK He OKa3bIBaThCS BHYT-
pU Hee) [0 IIPSIMOI, COeIMHSIOLL el HVUKHME TOUKM Kojlec. B Hamem cry-
yae — 3T0 pasHocTb R — (H — 0.5), roe H — BbICOTa paBHOCTOPOHHETO
TpeyroiabHuKa, a 0.5 — pagmyc Koneca.

H=10.5-

o[

)=11— 10.5?.

vl

R— (H-O.

(aT0 mpuMepHoO 1.9 meTpa)

OTO U eCTb OTBET Ha 3agauvy.

3agaua 2. Paspe3anus

CMmortpeTs 4 Kitacc, 3amauy N23.

3agava 3. Urpsl

CmortpeTs 5 Ki1ace, 3agavy N4.

3agaua 4. MoaenbKku

A. CBoiicTBa Mogo6HbIX (GUTyp roBOPSAT HaAM, UTO 06beM QUTYD, TOTOOHBIX
¢ K0abduuyeHToM k, pasnudaeTcs B k3 pas. Macca Tena paBHa INIOTHO-
CTY BeIleCTBa, YMHOXKEHHO Ha ero 00beM — IT03TOMY OHA TaKyKe JOJIK-
Ha YMEHbINAThCA B k3 pa3 npy yMeHbIIeHMM Tejla B K pas.

B cBoI0 0uepensp, 1200 / 43° ~ 0.015. B peaibHOCTH MOZIE/IbKY HECKOJTb-
KO TsDKejiee, HO 9TO BITOJTHE 0OBhSICHMMO: CIieJIaHbl OHY BCe-Taku rpybee,
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yeM OpUTMHAJIbHAs MalllHa, M METaJIJI B HUX CPAaBHUTEIBHO 6oJj1ee TOJ-
CTBI.

. MbI XoTeu 6bI OTMETUTD, UTO AJIMHA Mepuauana, 40 000 KuIoMeTpoB,
3TO BCSI OKPYKHOCTb 3eMJIM, a He ee 1noyioBMHa. To ectb ITapmskckuit
MepuaMaH MPOXOAUT uepe3 ABe MOATroThl: 2.33° B. 4. u 177.67° 3. 1.

Takum o6pa3om, caMosieTy Hy>kHO posieTeThb 40 000 KM, 3aTpaunBast Ha
xwtomeTp 0.54 myuyThL. 40000 - 0.54 + 60 = 360 (yacoB).

. C 0IHOJI CTOPOHBI, €C/IM eCThb «KJIaccuyecKkasi» Ma0cKasl CucTeMa U3 1e-
CTEpEHOK, TO B Hell epefaya BpalieHus cuMmMmeTpuuHa. C Ipyroii, Mox-
HO, TIPWIOKUB BOOGpakeHue, MPUAYMaTh «<HECHMMETPUUHYIO» CUCTe-
my. Harmpumep, Takyio, Kak Ha pUCyHKe:

[Ipu BpalleHuM MIECTEPEHKY A OHA KaXKIbIii 060pOT GyAeT IEeIIsThCS
CBOVIM €JMHCTBEHHBIM 3yOOM 3a IIeCTEPEHKY B, 1 Ta GyIeT BpamaThCs.
[Tpu BpaleHunM Xe MecTepeHKY B B TEKYIIEM IOJIOKeHUY LIEeCTePEHOK
OHa He OyZeT KacaTbCsl A U epefaBath et BpalieHue.

3agaua 5. HampacHo Ha3bpIBalOT ceBep KpaiHUM

CMmorpeTs 4 kitacc, 3agauy N22.

3agava 6. I'me-To s1 3TO yKe BUAE

CMmorpeTs 4 kitacc, 3agauy No1.

3agmava 7. Y>KacHbIV ragKuii akKKypaTHBIN OACYET

CmotpeTs 4 Kki1acc, 3agauy N26.

3agava 8. @®yproHumK

A. Ml 3HaeMm, uTo (p1 + 1)(p2 + 1) = p1p2 + 15. Ein packpsITh CKOOKY,

nosydaetcs p; + p; = 14. EJMHCTBeHHbIe IIPOCTbIe YMC/Ia, TTOOXOSIIMe
oJ, 3TO ycinoBue, — 11 1 3. ITO U eCTh OTBET.
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B. [Inis1 TOTO, YTOOBI BBISICHUTD, KaKME HOTY ellle He ObLIM MepecTaBieHbl,
HaM HY)XHO OTbICKaTh BCe HeueTHbIe unciaa Mexxay 2 u 40, He gensiuim-
ecsHa 3.3T10 5,7, 11, 13, 17, 19, 23, 25, 29, 31, 35, 37. [IpOBEpUTH, UTO
MBI BBIIIMCAIM BCE HY)XXHBIE UMC/IA, HECTOXKHO — AOCTAaTOUYHO MOCMOT-
peThb Ha MX OCTATKM IIPY IeJIeHMM Ha 6: YMC/Ia TO/DKHBI MMEThb BU 6k — 1
My 6k + 1 (OCTasIbHBIE OCTATKM OT JeJIeHMsI Ha 6 16O YeTHbIe, MO0 3).
[Momyunnock 12 ymcen — 3TO OTBET Ha 3a4ayvy.

C. ByneMm u3MepsiTh paccTosiHMe, KOTOpoe fpoexas Cailia 3a leHb, He B Ki-
JioMeTpax, a B merpax. [IoHsITHO, UTO paccTosiHMe Mexay A u G paBHO
CyMMe CO 3HAKaMU «+» UJIU «—» PACCTOSTHUIT MEXIy TOPOAaMM, KOTO-
pbie yKa3aHbl B 3a7a4e. OCTaIOCh TOITBKO 3aMETUTh, UTO BCE PACCTOSTHUS
B MeTpax (12000, 18000, 10500, 19500, ...) mensTcs Ha 3, a UX Ipe[-
nosaraemast cymma — 41000 — moyeMmy-To HeT. 3HAUUT, B aT/ace gaHa
HeBepHas uHdopmanus.

3amaum 7 Kjaacca

3agaua 1. CoBpemeHHast meoebHas1 hadOpuka

CmortpeTs 5 Kitacc, 3agauy N23.

3agaua 2. IIporpeccuBHoOe C/I0KeHUe
A. CmotpeTs 5 itacc, 3amauy N25A.
B. CmortpeTs 5 Knacc, 3agauy N25B.
C. IlopmoiimyT, Hampumep, uncia a = 9, b = 5: 5 @ ¢ — 9T0 KaK MMHUMYM
JIBY3HAUYHOE UMC/I0, KOTOPOE He MOKET 6bITh PaBHO JEBSITH.
3agaua 3. Ha canderke

A. CMOTpeTb pUCYHOK:
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&R

0603HaYMM KOJMYECTBO Y3JIOB y TPEYTroabHMKa CepriMHCKOTO CTEIeHN
nyuepes T(n).

V TpeyronbHuKa crenienu 1 — tpuysna, T(1) = 3. TpeyroibHUK CTeIIeHU
k + 1 momyuaeTcs U3 Tpex TPEYTOJbHUKOB CTENEHM k TTOCTaBHOBKOI UX
JIpyT Ha pyra — IIpU 3TOM TPU Mapbl y3710B (ITOCepeAHEe CTOPOH HOBOTO
TPEYToIbHMKA) CKJIEMBAIOTCS B TPU y371a. TakuM o06pasom,

T(k) = 3T(k — 1) — 3 =
=3(3T(k—2)—3)—3=...=

=3kl ) -3t zk2 3=
=gk gkl _zk=2_ 33—
_gk_3k71_3’<+1

- 3-1 2

ITocunTaTh KOJMYECTBO OTPE3KOB B HAKIIOHHOM KBajipaTe U TOTO IPO-
1Ie: OHM 06Pa3syIoOT 21 «JIECEHOK», B K&K 01 113 KOTOPBIX 10 21 OTPE3KOB.
[TosToMy OTBeTOM 6yIeT 4ncio 4n?.

HayuuTbcst pucoBaTh TpeyroibHUK CepIMHCKOro, He OTPhIBAsI Mepa OT
6yMary, MOXXHO IOC/IeOBaTeNbHO: CHAYasa MepBYI0 CTeMeHb, IIOTOM
BTOPYIO, TIOTOM TPETHIO. ..

Bymem penarh Tak: cHavyasia Gymem, HauMHAas C HUKHE CTOPOHBI Tpe-
YrolbHMKA, PUCOBATh BCE €r0 «BHYTPEHHOCTU», a MMOTOM «3aMKHEM»
MTOJTyYalONIyIOCsT KapTUHKY IBYMSI BEpXHMMM CTOpoHamu. [Ipu sTom
«BHYTPEHHOCTU» TPEYTOJIbHUKA CTEIeHU N + 1 — 3TO TPVSKABI «BHYT-
PEHHOCTM» TPEYTONbHMKA CTEIIeHN 1.

TakuM 06pa3oM MOTYYUTCS U300pakeHMe TPEYToMbHMKA CTeTeH! 4:
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a TakKe JII000Ji APYroi cTerneHu, o aHaJIOTUA.

3amaua 4. He moaenbHasi, a MogajibHast!

A.

®pasza [JVX 03HavaeT JOCIOBHO Clieayoliee: Ajs KakIOoro IHS, Hauu-
Hasl C CErOHSIIIHET0, B KAKO-TO MOMEHT ITOC/IE€ HETO CIYUUTCS COObI-
Tie X. To ecThb, U3 KaKOTO JIHS BIEepes HY MOCMOTPY — TaM, B Oyay1ieM,
00s13aTeNIbHO XOTS ObI OMHOXKIBI CTyunTCs cobbiTe X. Ha camom pe-
sie 3Ta dpasa SKBMBAJIEHTHA CJIEAYIONIEl: «<B 6@CKOHEYHOE KOMMYECTBO
IHe Mocie CeromHsIIHero Ipou3oiiaeT coobiTre X».

OueBuaHO, uTo [V ceromHs cy660Ta — BepHO: MMocJIe J060ro JHS KOr-
Ia-To B OyayieM 06s3aTeJIbHO HACTYIIUT Cy06oTa.

IokaskeM, UTO 13 IePBOJ (hpasbl ciaemyeT BTOpast. JIefiCTBUTENbHO: ITep-
Basl yTBepKHaeT, uro V[1X BepHO AJig JIoO0To IHS, HAUMHAS C Cero-
JIHSIIIHETO — B TOM UKCJIe U [IJ151 CETOHSILIHETO.

Terepsb moKaxkeMm, 4TO 13 BTOPOIt hpassl ciiemyer repsasi. Bropas dpasa
03HAYaeT: HauUMHAs C KAKOro-TO AHS B Gymyinem (Ha3oBeM ero D) Kaxk-
IbIi eHb GymeT MPONCXOOUTb cOObITHE X. 3HAS 3TO, HAM HYKHO JOKa-
3aTh JVIX: s KaXOoro OHS d yKa3aTh TaKoi JeHb Mocie HeTo, Haun-
Hasl C KOTOPOro X BBITIOMHSETCS] KaXKAbI JeHb.

Taxk BOT eciiu d pasbiie D, To D rmogoiiger B KauecTBe MCKOMOTO AHsI. Ec-
s ke D panbliie d, To tocsie caMoro d co6bITHE X BBITTOMHSIETCST KasKAbIi
JIeHb — BO3bMeM d B KaueCTBe CKOMOTIO JHSI.

Jlerko y6emutbest, uto L1X, VX, OVX u VX — nonapHO HeIKBUBAIEHT-
Hble ¢passl. [Tycts X; — «ceromus He 1 ssuBapst 2000 romax», X, — «cero-
nHs y [Tetu iBaHOBa MocCaeIHMIT 3BOHOK B LIKOJIe», X3 — «CerofHs AeHb
poxnenus Iletu MiBaHoBa», Xy — «IleTe VIBaHOBY y>ke UCITOIHMIOCH 18
JIleT»; IOCTaTOYHO IPOBEPUTD, UTO BCe X; AeNaloT BepHbIMM Pa3Hble Ha-
6GOpbI YTBEPKIEHMIA.
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Temeps JoKkaxeM, 4To jr06ast ppasa c Apyroit mpucTaBkoit n3 [ u vV K-
BMBAJIEHTHA OAHON U3 NMpuUBeLeHHbIX paHee. [IoHATHO, yTo U U VvV
B JIIOOOM MecTe MPUCTABKM MOKHO 3aMEeHUTb Ha COOTBETCTBEHHO [ U
vV 6e3 u3aMeHeHusI cMbIcIa (pa3bl. 3HAUUT, Mbl MOKEM PAaCCMATPUBATh
TOJIBKO (pasbl, B MPUCTaBKe KOTOPIX UIET He 60jiee OAHOTO KBAAPaTH-
Ka / TpeyroabHUYKa MOAPSIL,.

CoracHo nyHKTY B, (JVL] MOXKHO 3aMeHUTb Ha VLI 6e3 M3MeHeHMs
cMmbIcia (passl. AHalorMyHo, VLIV MOXKHO 3aMeHUTh Ha [1V. IToaro-
My JTI06YI0 TIPUCTABKY MbI MOKEM COKPATUTD JI0 Cofepskailleit He 6osee
JIBYX CMUMBOJIOB — a BCE TaKyMe MbI YK€ TIePEeUNCIUIN.

3agaua 5. be3 mpoOGyKCOBKMU

A.

MaiiuHa e34UT IO OKPY>KHOCTYM BOKPYT TOUKM, THe IepecekarTcs au-
HUU, TIepIIeHAUKY/ISIpHbIe TlepeJHEMY U 3aJHeMy KojecaMm, MPOXOAsi-
1[Me yepes UxX LeHTP. DTU JUHUM BMeCTe C OTPE3KOM MEXY KojlecaMu
MallMHbI 06Pa3yI0T IPSIMOYTObHbBIN TPEYTOTBbHUK (CM. PUCYHOK), OIVH
U3 YIJIOB KOTOporo — 60 rpaaycoB, a OOVH U3 KaTeTOB — 5 M.

Torga R = 5v/3 (OTHOIIEHMS CTOPOH MPAMOYTOIBHOTO TPEYTOMbHMKA C
yioM 60° — M3BeCTHbIE BeJIMUNHBI).

R

Terepb HaC MHTEpPECYET BBICOTA MPSIMOYTOJbHOTO PAaBHOGEIPEHHOTO
TpeyrojibHMKa ¢ ocHoBaHuem 1.8 M. OHa paBHa 0.9 m. To ecTb morpys-
YK e34UT BOKPYT TOUKM, pacronoxkeHHo Ha 0.9 M fieBee, ueM cepenu-
Ha ero jieBoro 60pra.
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60°

AY A

1.8m

L VA

C. AHa/JIOTMYHO TIepBOMY NYHKTY JAHHOI 3aJa4y, HalileM pacCTOsIHMe OT
He TIOBOPAYMBAIOIIErOoCsl Kojeca A0 TOYKM, BOKPYT KOTOPOIt e30UT aB-
T0o6yc. OHO paBHO % = 3+/3: ONATb Xe, Mbl, 3Has OOMH U3 KaTeTOB
MPSIMOYTOJIBHOTO TPEYroJibHMKA C yIIoM 60°, uileM IpyToii.

Ternepb 3aMeTUM, UTO CpeiHee U 3a7Hee Kojeca, a TakKe TOUKa, BOKPYT
KOTOpOI1 e30UT aBTOOYC, 06pa3yIoT IPSIMOYTOIbHBIN TPEYTONbHUK C Ka-
tetamu 3 u 3v/3 MeTpa. 3Hauur, ero yrsl — 30 u 60 rpagycos. OTcrona
3a/iHee KOJIeco Hy>KHO IOBepHyThb Ha 30 rpanycos.

3agava 6. Kak mpoBOKalOT TPAaHCIOPTEPHI...

A. Ecny HabmiofaTeNb JBIKETCS CO CKOPOCTBIO 1V HaBCTPedy TPaHCIIOp-
Tepy, COGCTBEHHAst CKOPOCTb KOTOPOTO PaBHa +V, MX CKOPOCTD COMIKe-
HVIS paBHA §V — TO €CTb, 15l HAGIIIOAATelst STOT TPAHCIIOPTep BbIIISLANT
BCETO JIMIIb B IBa pa3a MeJjIEHHHee, YeM VICXOTHBbII.

B Takoii cutyauyuyu B3pOWIbIii TUTOH Mpoexas 6bI MMMO HabIomaTeNs
3a 28 cexkyHJ. Ho nUTOH—-/IeTeHbII KOpode, 1 JIJis ero Mpoe3ja IMoHaI0-
6urest 28 - 3 = 21 cexyHza.

B. UTo6bI He 0OOMAaHBIBATHCS JIMHAMMU KyOMKOB (Kak 3TO CAeNaao 60sb-
LIMHCTBO YYaCTHMKOB OJIMMIIMA/AbI), MbI Ha BpeMsI 3aMEeHMM X Ha I1e-
penHye X TOYKM OTHOCUTEIBHO ABMKEHNS TPaHCIIopTepa. PaccrosHme
MEXIY STMMM TOUKaMy OyzeT paBHO 15 CAaHTMMETPOB.

IIpu monagaHuyu Ha 6ojiee GBICTPbIN TPAHCIIOPTEP PAaCCTOSHIME MEKIY
STUMY TOYKAMU YBEIMUUTCS BABOE 1 cOcTaBUT 30 cM. UTOGBI MOTYUUTD
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paccTosiHue MeXIy KyOuKaMu, U3 3TOi BeIMUMHBI HAI0 BHIYECTD 5 CaH-
TUMETPOB — TOIYUUTCS 25 CM.

PacripocTpaHeHHast OmMOKa 3aK/TI0YAIACh B TOM, UYTO YUaCTHUKU OJIVIM -
MMaAbl YMHOXaIM Ha 2 PAacCTOSTHME MeXIYy KOHIIOM IepBOro KyoumkKa
¥ HAYaJIOM BTOPOTO. DTO HEIIPaBOMEPHO, IOTOMY UTO JBe Ha3BaHHbIE
TOUKM UTPAIOT Pa3HYIO POJIb, U YMHOXATh PACCTOSIHME MeXIy HUMM Ha
2 Ipy pelleHuUM 3a4,a4M — 3TO KaK MEPUTH MPbDKKYU B IJIMHY OAHO 1MO-
JIOBMHBI aTJIETOB T10 JJaJbHE TOUKe KacaHus, a PYyroi — 110 OIVIKHEI.

OueBMIHO, UYTO ONTHMAaJIbHOE [leJieH1e Iecka MeKIy TpaHCIIopTepaMu
MTPOVCXOMUT TOTMNA, KOTJA OHM 3aKaHUMBAIOT PaboTy OZHOBPEMEHHO:
MHaye y OITyCTEBIIEro TPAHCIIOPTEPA OCTAETCST PeCypC, KOTa OH IPo-
CTauBaeT, a BTOPO# TPaHCIIOpTep paboTaeT BMECTO ABOMX.

[MosToMy ITecok HY>KHO MOJENNTb B OTHOIIeHun 2 : 1, OTAAB B IBa pasa
6osIblile TPAHCIIOPTEPY, KOTOPBI paboTaeT B ABa pasa 6bicTpee. Ilomy-
untcs 400 kr nepsomy 1 800 KT BTOpOMY.

3agaua 7. OmHOBpeMeHHOe BbIUYUTaHMe

A.

Bosbmem nigaTh umcen: 0, 0, 0, 0, 6. OueBUAHO, IJIsI HUX Mbl HE MOKEM
JIOOUTHCS TOTO, YETO MPOCAT B 3ajaue, IIOTOMY UTO 1O (PakTy Moxkem
YMeHbIIaTh TOABKO OJHO UKCIIO.

IIpumeuarue asmopa: yTBEPKAEHME STOTO MTyHKTA Ha CAMOM JieJie SIBJIsI-
€TCS IPeIMETOM M3YUEHUS Meopuu 20M0J102ull — MHTEpeCHeNIIeil Ha-
VKU, TIO3BOJISIIONIE/ BOCCTaHAB/IMBATh TOIMOJIOTMYECKIEe CBOJCTBA pa3-
JIMYHBIX O6BEKTOB MO UX ajre6pamyeckum cBoiicTBaM. MOXHO Iepe-
dhopMynnpoBaTh 3Ty 3a7avy Tak:

Hynesas epynna npueedeHHoix 2omonoeuii niockocmu pasHa {0}.
Hynesas zpynna 20moJ02uti n1ockocmu pasHa 7.

Boob61e roBopsi, 3TO BEPHO IyIs /110607 6oslee MM MeHee «XOpoIIeii»
TTOBEPXHOCTH. JIe/ICTBUTELHO PAa3HOOOPA3HBIMM OKAa3bIBAIOTCS TPYII-
ITbl TOMOJIOT M1 60JIee BhICOKMX pa3MepPHOCTENA.

J1s1 perieHus 3a1a4M Mbl pACCMOTPUM TOUKY C BECOM, HAUOOIBIINM 110
Mopyto. He ymansis o6IIHOCTY MPEATIONOXMM, UTO ee BecC MOJ0KNUTe-
neH. Tak Kak cyMMa BeCcOB BCeX TOUeK paBHa HYJ/II0, HAaliyTCsl KaKue-To
TOYKM C OTPUIIATEbHBIM BECOM, CYMMAapHBII BEC KOTOPBIX «IT€PEBECUT»
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Halry o Momyiaio. CoenyHMM BbIGPaAHHYIO TOUKY C HaiiIeHHbIMMU C I10-
MOIIIbI0 KPUBBIX TaK, UTOGHI (a) BeC BHIOPAHHOI TOUKM 06paTUIICS ITOC/Ie
9TOTO B HOJIb (6) MOAY/IM BECOB HaiiIEHHBIX TOUEK HE YBETUUMITACE.

TakuM 06pa3oM, (a) MOZY/IM BECOB BCEX TOUEK HE YBETUUMINCH (6) KO-
JINYEeCTBO TOUEK C HYJI€EBBIM BECOM YBEJIMUYNIOCH XOTS ObI Ha OOHY. Ha
KaKIOM IlIare, Mpy MOBTOPeHMUM MpOLieAypbl, ONIMCAHHON B Mpeablay-
meM ab3arie, 3TU MOYMHBAPUAHThI OYOYT COXPAHSITHCS — IMTO3TOMY MbI
JI0OBEMCST CUTYALIMM, KOT/IA BEC BCEX TOUEK OKAXKEeTCS HYJIEBBIM (CyMMa
BECOB BCEX TOUEK COXPAHSETCS Ha KaxkKA0M IIare).

C. BosbMmeM IOpPOry C HAMMEHBIIVMM BECOM U IIyCTUM I10 Heil MallyHy, Ha
HOMepe KOTOpOil HamucaH Bec 3Toi moporu. Korga maiiHa BbegeT B
KaKoii-HMOYOb TOPOJ], OHA CMOXET M3 HEro BbIEXaTh: ee HOMeD pPaBeH
HalMeHbIlIeMYy Cpely BCeX BeCOB IOpOr, a CyMMa BXOISIIUX B TOPOZ,
paBHa CyMMe UCXOIMIIUX — IIO3TOMY M3 FOPOAA BBIXOAUT A0pOra Be-
COM He MeHblIe, YeM YMCJIO Ha HOMepe MalllVHbI.

Tak MamHa 6ymeT e3IUThb TI0 TOPO/IaM, TIOKa He OKaXkeTcsl B TOPOJAE, B
KOTOPOM OHa y3ke To6biBasia. Torma BO3bMeEM BCE TIOPOTH, IO KOTOPhIM
MalllMHa e3/I1j1a MeKIY ABYMS ITOCENMIEHUSIMY 3TOTO TOPOJia, Y BHIYTEM
M3 UX Beca YMcI0 Ha HoMepe MallyMHbl — U 3aCTaBUM MAIllMHY €3AUTh
10 KpyTy uepe3 3Ty ropoga. [Ipu 3ToM cymMMa BecoB BCEX AOPOT CTPOTO
YMEHBIINTCS.

OmnsiTh BO3bMEM AOPOTY, BEC KOTOPOi1 Ha 3TOT pa3 HAMMEHbBIIN cpeau
BCEX, ¥ TIOBTOPUM OIMCAHHYIO TIpotienypy. [loka HaMMeHbIINii cpeu
BCEX BeC IOPOTM He PaBEH HYJIIO (TO €CTh, TIOKA €CTh JOPOTH C TIOJIOKM-
TeJIbHBIM BECOM), 6y/IeM TIOBTOPSITh 3TY Ipolienypy. OueBUIHO, B UTOTE
OCTaBIIMECs Beca BCex JOPOT 06paTsITCS B HOJb.

3agaua 8. CeTKM Ha IVIOCKOCTU

A. 3ameTum, uTo pe6pa Ha ITyTU MOKHO MEHSTh MeCcTaMu 6e3 MU3MeHEeH Vs
Havaia, KOHIA ¥ JUIVHBI TyTU. 3aMeTUM TaKKe, UTO pebpa Kaxkaoro u3
TpeX HalpaBJ/ieHUit B ceTKe UCII0Ib3YI0TCS MPU MTPOXOXKIEHUN 110 KpaT-
yajieMy IIyT MaKCMMYM B OJHY M3 ABYX CTOPOH, IIOTOMY UTO MHAye
«TTOIBMHEM» TIPOTUBOITOIOKHO HAIPaB/IeHHbIE MTPOXObI APYT K IPYTY
U COKPATUM UX, YKOPOTUB MYTh.

ITycThb IyTh MCIIOJIb30BAJI BCe TPU copTa pebep B ceTke. Torma Mbl Iepe-
CTaBUM ero pebpa Tak, YTo CHavaaa OH OYIET UATH B OIHY CTOPOHY I10

- 117 -



2018 rom, 7 knacc

pe6pam mepBOro Copra, 3aTeM Io peGpaM BTOPOTro, 3aTeM o pe6pam
TPEThEro.

Terepb BO3bMEM TPEYTOIbHUK U MPOCTaBMM Ha €ro CTOPOHaX Te Ha-
MpaBJIeHNsI, B KOTOPBIX MbI XO[IVM T10 pebpamM COOTBETCTBYIOIIEN Opu-
eHTauyu. IToay4naoch Tpy BEKTOpa — 3aMeTUM, UTO IGO0 OJVH U3 HUX
paBeH CyMMe IBYX JPYTHUX, MO0 X CyMMa paBHa HYIIIO.

B repBoM cityyae MOSKHO IepecTaBUTb pebpa B ITyTH TaK, UTOOBI ITPOXO],
T10 IBYM TMOAPSIA UAYIIMM pebpaM ITpeBpaTUTh B ITPOXOJ, IT0 oJHOMY. To
€CTh, MyTh He ObUT KpaTUaiIIMM.

Bo BTOpOM C/Tyyae MOXKHO MIEPECTAaBUTh pebpa Tak, YTOObI, He M3MEHSIS

HauaJia ¥ KOHIIA ITyTH, BLIKMHYTb U3 Hero Tpu pebpa. Torga oH Tem 60-
Jiee He 6bIT KpaTyaimM.

B. OkyHIO IOCTaTOYHO MePerpbI3Th ABa y3J1a, COCETHUX C YITIOM ceTKU. Ec-

JIN JKe B C€TKe HeT Ja)Ke IBYX pAOOB y3/I0B, TO HMKaKad 3TO He CeTKa.

C. PaccMOTpMM YeThIPEXYTOAbHUK CO CTOPOHAMM d, b, ¢, d U yImamu oy,

Qpey Aeds Adq (IIBE OYKBBI B MHAEKCE 0003HAYAIOT MPUJIEXKAIIiE€ CTOPOHBI
yr1a). IIpMIoKUM K CTOPOHE @ TaKOii JKe YeThIPEXYTOIbHMK TaK, YTOObI
B KayK[I0Ji 13 IBYX OOLIMX BEPIIVH ABYX UYeThIPEeXyToJbHIKOB 0Ka3aa0Ch
T10 YTUTY, PABHOMY (g Y (rge. CIl€TIaEM TO JKe Ha CTOPOHAX b, cu d, a 3aTeM
C KaXKIbIM 13 YeThIPeX BHOBb MPUIOKEHHbIX UYEThIPEXYTOIbHMKOB.

3aMeTMM, YTO TOTZA I10 TIOCTPOEHMIO B KaXKI0V 13 MMEIOIMXCSI BepIIUH
COMOyTCS BCe UeThIpe YIJia YeThIpeXyrolbHUKA — B YaCTHOCTU U3-3a TO-
ro, YTO CyMMa yIJIOB TPEYyrolbHMKA paBHa 360°:

[Tpomosskast ONMCAHHYIO BBIIE TTPOIIEAYPY MPUKOATBIBAHNSI, MbI 3aMO-
CTUM BCIO TIJIOCKOCTb.

3agava 9. Y>kacHbIV ragKuii akKypaTHbIN IMOACUYeT

A. CmorperTs 4 Kiacc, 3agauy N26B.
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C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»
CMmorpeTs 4 kiacc, 3agauy N26C.

OTa 3ajavya YyTh CJI0’KHEe MMyHKTa A: HY>KHO IMOJe/IUTb 6! Ha 4110 Bpa-
meHuit kyba. CKOJIbKO ke Ux?

Bo3bMeM «BepXHIOW0» I'PaHb Ky6a. ITpy BpallleHu OHa MOKET OKa3aTh-
CS1 HAa MeCTe OJTHON 13 NIeCT TpaHeit (BKiovas ce6st). Terepb MOCMOT-
pUM Ha OJHY U3 TpaHeli, coceqHMX C Heli. [Ipyu BpalieHnu Ta MOXKeT Iie-
peiTy B OOHY U3 YeTbIpex IpaHeli, COCeHUX C TO, Ha MeCTe KOTOPOit
OKa3sajach BepXHss. 3aMeTUM, UTO II0JI0’KeHMe 3TUX ABYX I'paHeil (I
KOTOPOTO €CTb POBHO 24 BapMaHTa) OLHO3HAYHO OIIpesesisieT IOJI0XKe-
HJe BCeX OCTaJbHbIX. [I03TOMY OTBET Ha 3agauy — % = 30.

3amaua 10. Cpenume apudmerudeckmue

A.

[Tpumep Ha6OPOB, YIOBIETBOPSIOIMX YCIOBUIO 3aJaUM —

1,2,3,4,5, 1,2,3,4,5; 1,2,3,4,5;
10001, 10002, 10003, 10004, 10005.

Makcumym cpepaux paBed 10003, a cpegHee apudmeTnaeckoe MakCu-
MyMOB — 255.

IMoce pa36ueHust meTeit Ha KIacChl y HAC OyIeT YeThipe «CaMbIX HU3-
Kux» pebeHKa, 110 OIHOMY Ha KJacc. PaccraBym ux 1Mo pocty. OqHUM U3
HMX TOYHO 6yHeT TOT, ueil poct — 101 canTuMeTp. PocT BTOpOro OymeT
He 6osnbIe 131, TpeTbero — He 6osblie 161, yeTBepPTOro — He GOJIbIIE
191, moTOMY YTO MEXIY STUMM OTMETKaMy BMeILaeTCsl POBHO IO TPU/I-
LIaTh JeTelt, ¥ ec/iu He Bce OHM OYyIyT B OLHOM KJ1acce, To 60Jiee BbICOKIMIA
U3 eTei C caMbIM HUM3KMM POCTOM OKakeTCsl CpeAu HUX.

TakuM 06pa3oM, y HaC ecTh OIleHKa CBEPXY Ha BEJIMUMHY, KOTOPYIO Mbl
MbITAEMCSI MAKCUMU3UPOBATh — };(101 + 131 + 161+ 191). IToipobyem
JIIOOUTHCSI TOTO, UYTOOBI CpeiHee apubMeTUUECKOE YeTHIPEX POCTOB ObI-
JI0 UMEHHO TaKuUM. [IJisl 3TOTO MOKHO pa3OUThb JeTeil Ha KJIacChl «IOJI-
psii» — TiepBble TPUILIATH B ITePBbIii KJIAcC, BTOPbIe TPU/IIIATH — BO BTO-
poii, ...

Taxk u coenaem.

3ameTuM, YTO KaKoe pa3byueHue AeTeit Ha KIacchl HM BO3bMU, — CyM-
Ma CpeIHMX apudMeTUUeCKUX POCTOB IeTell B Kiiaccax OyAeT MOCTOSTH-

Ha (M paBHa 362 cM). 3HAUNT, MUHMMYM HauOOJIbIINIA, KOT/Ia BCE CpeI-
HMe apudMeTUIeCKre COBNAAAIOT. 3HAUUT, HY’KHO COCTABJISITh KJIACCHI,
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cUMMeTpuYHble oTHocuTebHO 90,5. HammpuMep, B IepBblif Kj1acc OT-
MpaBUTh IIepBbIe eCsATh AeTell U MocieqHKue NecsITb, a BO BTOPOil —
BTOPYIO U MIPeJOCIENHIOI AECSITKY IeTell.

3agmaumu 8 Kiaacca

3agaua 1. Y marasuHa

A.

[MoHsTHO, uTO ®emop 1 Kupuin yBenmumBaroT BCe YMCIa B OGMHAKOBOE
yuciao pas. U ,,144“ HasBanHoe ®emopoM, eCcTb KBagpaT 3TOrO UMciIa
(Tak KaK OH Ha3Bajl TO, BO CKOJIbKO pa3 yBelIuuuBaeT Bce Kupumi, cam
YBEJIMUMB 3TO uncio). Torma o6a rpoaaBiia YMHOKAIOT Bce Ha 12.

COOTBETCTBEHHO, yuebHMK cTouT 43200 + 144 = 300 py6iieii — Tak Kak
€ro I[eHa Mpolilia yepes ycTa 060MX MPOAaBI[OB.

HenymocTb Ha 99 3HAUMUT HeaMMOCTb Ha 9 1 Ha 11. BoccTaHOBUTH CTep-
TYI0 IM(PY MOKHO MTOYTY OJHO3HAYHO, ITOCUUTAB CYMMY OCTABIIMUXCS
umbp ¥ HaliAsE OCTATOK OT nmeneHus ee Ha 9. [Tpobema MOKET BO3SHUK-
HYTbh, €C/IV CyMMa OCTaBIINXCS HA HOMepe 1udp genutcs Ha 9 — Torma
HeroHsATHO, 0 HAM CTaBUTb Ha MMyCTOe MeCTOo uianu 9.

[TpusHak fenumocTy Ha 11 TOBOPUT HaM, YTO 3HAKOIIepeMeHHasi CyMMa
unudp uncIa JoKHA OeMUThbest Ha 11. 3ameTuM, UTO NP MOCTAaHOBKE
unudp 9 n 0 Ha OJHO U TO Ke MeCTO He MOKeT 0Ka3aThCsl Tak, uTo 06a
pesynbraTa 6yayT AesnThcs Ha 11. TIo3TOMY ITOTYYMTCS OMHO3HAYHBIN
OTBeT.

To, KaK MPOUCXOIUT TOPT MEKAY MPOAABIIOM U TIOKYIIaTesieM, Ha ca-
MOM [iejie, TOBTOPSIET paboTy anroputMa EBkinuma. Anroputm EBkimaa
BCerja 3aBepuiaeTcsi — 3HaUUT, U TOPT 3aBEPIINTCS.

[Ipu 3TOM Ha KaXXOOM IIare Topra XoTs Obl OJHA M3 Ha3BaHHbBIX I[€H
YMeHbIIIaeTcsT XOTs Obl Ha 1, MO3TOMY B JII0O0i1 MOMEHT BpeMeHMU KO-
JIMYECTBO IIATOB TOPTa OI[EHMBAETCS CBEPXY CYMMOI1 11eH, Ha3bIBA€MbIX
TTOKYIIaTeJeM ¥ ITPOoAaBIioM. [I03TOMY KOJIMYECTBO LIAaroB Beeraa 6yaeT
CTPOrO MeHbIIIe CYMMbI TEKYIIMX YMCe/I.

ITycTh M3HAYAIBHO HA3BaHBI IleHbl a M b = a + t. Torma Ha cTemyIoIeM
1are Topra OymyT Ha3BaHbI LIEHbI a 1 t. Toraa KOJIMYecTBo IaroB Topra
CTPOTO MeHblIle, YeM
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a+t +1 =b+1<2L
YKe caieiaH

Topr ¢ 20 maramMu JIeTKO MPUIYMaTh: ITYCTh M3HAUAIBHO ObLIM Ha3BaHbI
mensl 1 n 20.
3azaua 2. Y>RacHbINM rajKuil akKypaTHbBINA MOACYET

CMmorpeTs 7 Kiacc, 3agauy N29.

3amaua 3. He mogenbHasi, a MogajibHast!

CMmortpeTs 7 Kiacc, 3amauy No4.

3apaua 4. Katum kpyr

A. «PacmipaBUM» OOJIBIIYI0 OKPY>KHOCTD: 3aMETHUM, UTO AYyra, COCTABJISIIO-
1asi ee MOJIOBMHY, paBHA I0 JJIMHE OKPYKHOCTU Kpyra, KOTOPbI MbI
KaTuM. DTO 3HAUUT, UTO, ITPOEXaB ITY IYTY, KPYT CHOBA KOCHETCS €€ OT-
MeueHHOI TOUKOIA.

M

p

B. [IivHa myry Kpyra MeskAy TOUKO ero KacaHus C OKPY>KHOCTBIO U OTMe-
YeHHOJ TOYKOV paBHA JJIMHE AYTM OKPY>KHOCTM MEXIY TOUYKO ee Ka-
CaHMsI C KPyroM U TOouKoii P. O603HAUMM 3Ty IJIMHY uepes X. OTI0KUM
JOyTy OJIVHOM X HaJIeBO OT TOUkKM P (CMOTpeTh PUCYHOK). OTpe30K, Co-
eIMHSIOIINIA TOYKY KacaHMs KpyTa ¢ OKPY>KHOCTbIO 4 KOHell HOBOJ Iy-
', 6yZIeT TOPMU30HTATbHbBIM.

[Tpu sTOM AyTa OJIMHBI X HA KPYTe IMOTyvaeTcs U3 AyTU JJIMHBI X Ha OK-
PY>)KHOCTU TroMoTeTHelt ¢ koadduimeHToMm % " LIEeHTPOM B TOUKe Ka-
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CaHMs Kpyra C OKPY>XKHOCTBIO: 9TV AYTM OT/IOKE€HbI 13 OAHO TOYKM Ha
OKPY>KHOCTSAX, paadnyCbl KOTOPBIX OT/IMYAIOTCS B ABaA pa3a.

Topu30HTa/IbHBI OTPE30K MEPEXOIUT MPU TOMOTETUM B TOPU30HTAIb-
HBIIl OTPe30K, MO3TOMY KOHIIbI AYTM Ha Kpyre TakoKe JeXaT Ha OLHOI
TOPU30HTAJIbHOI MPSIMOJA.

C. B cuty Toro ke dakTa, yTO Ayra Ha KBagpatTe MOMIydaeTcs] U3 AyTU Ha
OKPY;KHOCTM roMOTeTHel ¢ KoapduimeHTom %, ee KOoHeIl] 6yZeT HaXo-
JIUTCSI POBHO TIOCEpeMHe MeXIy KOHIaMM OONbIION OYyTM — TO eCThb
POBHO HaJ, TOUKOJ1 P, MOTOMY KaK 60/IbIIIast Ayra M3HayaJIbHO CTPOUIIACH
CUMMEeTPUYHOMN.

3agmaua 5. Cpeguue apudpmMmeTnuecKue

CMmorpeTs 7 kiacc, 3agauy N210.

3agaua 6. Urpsl

CmortpeTs 5 Kitacc, 3agauy N4.

3agaua 7. 06 omHOVi 3aaue KiaaccuuUKaIumn

A. OueBUIHO, UTO IIMPUHA ITOI IIOJIOCHI HE MOXKET ObITh 60/IbIIIE, UeM pac-
CTOSIHME MEXIY CAaMbIMM OIM3KMMM APYT K APYTY TOUKamMu Kpyros. Cae-
JlaeM IIVPUHY TI0JIOChI PaBHOM 3TOMY PacCTOSIHUIO.

[y 5TOr0 COeIVHUM LIeHTPbI KPYIOB OTPE3KOM U ITIOCTPOUM KacaTeslb-
HbI€ K KpyraM B TOYKax IepeceyeHus OTpe3Ka ¢ ux rpauuiieit. OHu 6y-
IyT HapasuiebHbl M 06pa3yIoT MOJ0CYy MaKCMMaabHO AOITyCTUMOI LI~
PUHBI (CMOTPETb PUCYHOK).
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B.-C. CpaboraeT OX0XMi1 METOA,: HaZ0 HaiiTV Gimskaiiime Ipyr K ApyTy TOU-
KM KBaJIpaTOB U COeOVMHUTD X OTPEe3KOM — MCKOMasl 110710Ca MOTyYUT-
Cs1, eC/y IPOBECTY K JaHHOMY OTPe3Ky NepIeHIMKYISIPbI B €T0 KOHIIAX.

C OmHOJi CTOPOHBI, ee MMUPUHA GyIeT MaKCMMAaIbHO AOMYCTUMOIA, TO-
TOMY UTO OHa GYIeT paBHA PACCTOSTHUIO MEXKIY OIMsKAMIIMMU TOUKaMU
KBa/IpaToB, a 60JbIIasl HIPUHA 3arpelleHa.

C Ipyroil CTOpOHBI, HM OJHA TOYKAa M3 KBAaAPAaTOB He IONaJeT BHYTPb
9TOJ IOJIOCHI, IOTOMY UYTO KBaZpaT — BBINYK/bIA MHOTOYTOJIbHUK. B
CUJTY 3TOTO OH JIMOO JIEKUT TI0 OHY CTOPOHY OT IIPSIMO¥A, IPOXOISII e
yepes TOYKY ero TpaHulibl, 160 JEKUT MO 06€ CTOPOHbBI, U C KasKAoii
3 CTOPOH OT NPSIMOM HaXOAUTCS 4aCTb CTOPOHBI, HA KOTOPOII exXana
TOYKA, Yepe3 KOTOPYIO Mbl IIPOBOAMIIN MIPSIMYIO.

Ho Torma Ha yacTu 3TOM CTOPOHBI, JiexKallleli BHYTPU ITOJIOChI, HAAETCS
TOYKa, KOTOpast 6/1voKe K IPYroMy KOHITY OTpe3Ka, JIeskalleM Ha IPYyroM
Kparo MoJIOChl, YTO IMIPOTUBOPEUUT ITOCTPOEHMIO ITOIOCHI.

3agauva 8. OgHOBpeMeHHO€e BbIUMTaHUEe

CMmorpeTs 7 Kacc, 3agauy N27.

3agaua 9. Ha canderke

CMmortpeTs 7 Kiacc, 3amauy N23.
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3agaua 10. Heo6xoayMoCTH M JOCTATOUYHOCTU

A. Ckopoctb Mbiiiky paBHa 10-35 = 350 cm/c, a CKOPOCTb KOIIKY — 55-9 =

495 cm/c. HecomHeHHO, Kolika 6bIcTpee.

. CKOJIbKO BBIIETOB HYXKHO CelaTh BUHTOBOMY camoreTy? Kaxkmoro Vo-
SKMHA HaJl0 OChINaTh TPWoKabl — mosydaetcs: 300 ockimanmit. Kaxkabiit

BBUJIET JIaeT Ba OChIITaHUS — MO3TOMY HYKHO 150 BbIIETOB.

A peakTMBHOMY? AHAJIOrMUHBIM 06paszom moaydaem 100 - 8 ~ 5 = 160
BbIIeTOB. TakuM 006pa3oM, BUHTOBOI camosieT Ha 10 BbieToB 3 dek-

TUBHEE.

Xk
OTkyzna
20,10
"9 "9
20,10
9 9
20,10
-9 9
10)3
_20 ()
T 9 10

)

3agava 11. PykonokaTusi

CmortperTs 5 Ki1ace, 3agavy Ne2.
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. O6o3HauMM yepes x; MaccCy efbl, KOTOpasi 6blJIa B HAIMUMUM Y BEIOCHU-
neauctoB neped k—bim o6emom. Mbl 3HaeM, 4TO X3; = 0, ¥ MILEM X;.
IaBaiiTe BbIpasuM X uepes x; + 1. B COOTBETCTBUM C YCJIOBMEM 334y,
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3agauva 12. IIporpeccuBHOE C/IOKeHUE

CMmorpeTs 7 Kiacc, 3agauy N22.

3amauu npodUJIbHOro Bapuaura 7
KJIacca

3agaua 1. PumMmckasa gecaTuYHas cycTeMa CUMUCIeHUs

1.

333p = 3333
2050p = 2000 + 0 — 50 = 1950y

10001p = 9999y

404004p = 400000 — 4000 + 4 = 396004y

2. I/IHTEPECHaH 0COOEHHOCTh pMMCKOﬁ IEeCSITUYHOM CUCTEMBI CUMCIEHUS

3aK/II0YaeTcss B TOM, UTO JJIs1 YMHOKEHMSI HaTypa/IbHOTO unucia Ha —1
repen HUM JIOCTaTOYHO MpUImcaTh nydpy 0: Tak Kak OHa MeHbIIIe JT0-
60i1 3Havaeii Iudpbl, HAM MPUAETCS BbIUECTb YMC/IO0, ITOTyYaeMoe U3
MIagmux paspsagos, usz 0 - 10" = 0.

91y = 91p
150 = 1850p
~ 17 =01p
137 = 27p

. OTBeT O4ueBUIEH: ITOOXOIST BCE CTPOKMH, I_H/I(bpbl B KOTOPBIX PACITIO/IIOXe-

HbI B [TIOpAaKe HeBO3paCTaHMI.

[Mouemy Tak? Eciau nydpbl B CTPOKE PaCIIONOKEHBI ITO-APYyTOMY, TO ITPU
YTEeHMM ee CeBa HallpaBO B KaKOii-TO MOMEHT HaM MPUAETCS CIeNaTh
BBIYMTAHME ITPU paciin(poBKe PUMCKOI 3aMVICY ITPOTUB CIIOKEHUS ITPU
pacmmdpoBKe AeCSITUUHOM. Y pe3yabTaT MOMYIUTCSI CTPOTO MeHbIIIe.

4. Y KaKuX 4MCesl UX pUMCKas 3aIChb MOKeT COBNAAaTh CO CTaHAAPTHO?
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V Tex, y KOTOPbIX cTapiias 1udpa He MeHbIiIe MIaieit. [[Jist OCTalbHbIX
yycesa HaM MPUIETCS IPUAYMbIBaTh 60jiee XUTPYIO MPOoIeaypy Mmpeod-
pa3oBaHMS.

[lycTb maHo unciIo xyp, X < y. [laBaiite Bbrurem ero us 100:

1 0 0
X y
(10-x—-1) (10-y)
IMonyumioch ABYy3HAYHOE UMCIIO, cocTosmiee u3 undp 10 —x— 11 10 —y.

ByneT i 0HO «ITPaBUITbHBIM», TO €CTh, OKasKeTCsI JiM ero rnepsast udpa
He MeHbIIle BTOpOii?

10—-x—1>10—y

—Xx—1>-y
x+1<y
x<y

To ecTh mepBas 1ubpa MOTYYEHHOTo YiCIa Bcerga 6yaer He MeHblle
BTOPOI4, ¥ MPU TepeBoe M3 PUMCKOI 3aMMCH B CTAHAAPTHYIO TaKoe
yucio GymeT maBaTh cebst ske. Bomee Toro, ero mepsas 1udpa — XOTs
6bI 1, TO €CTh, He MeHblile eguHUIbI. OTCIoma

1[10 — x — 1]{10 — y]p = 100 — ([10 — x — 1][10 — y]p) =
=100 — ([10 — x — 1][10 — y|5) = xyp.

MbI IOYYUIIU A120PUMM, TO €CTh MPOIIEAYPY (He BKIIOUAIOIIYIO B Ce0st
repe6op) MOCTPOEHNS TI0 AECITUIHOMY YUCITY €r0 PUMCKON 3aIUCK:
a) CpaBHUTD NEPBYIO MG PY U BTOPYIO;

b) Eciu mepBas okasanach He MeHbIIIe, TO OCTaBUTh 3aIMCh KaK eCTh;
ecsIu TiepBast OKasasaach MeHbllle, TO BbIYecTb unmcio u3 100 — 3a-
nMChb ByAA 1[iBy3HAuHasi pa3HOCTH| GyAET OTBETOM.

CTOUT OTMETUTH, YTO MOTyYaeMasi HAMM TakKMM 00pa3oM pUMCKast 3a-
MACh GYIET OJHOM U3 MHOTUX, COOTBETCTBYIOIIUX JAHHOMY UUCITY.

5. Ins ymHO)xeHMsT ymcia Ha 10 K ero 3amucy HY>KHO TPUIIMCATDh HOJb
CIIpaBa, a AJis YMHOKeHUSI Ha — 1 — cj1eBa, 3To yke 00CyKIaaoch paHee.
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6. 91p = 109p = 91.
7. 1999p = 199p = 19p = 1p.

8. Tlpu3HaKkM meaMMOCTV Ha 2 M Ha 5 Bce Tak ke OyIyT 3aBs3aHbI Ha I10-
cregHeit nudpe, MOTOMY Kak Ipu «pacimdppoBKe» Bcex 6oiee cTapimmx
PaspsamoB OHM IIPMOAB/ISIOTCS M BBIUMTAIOTCS, TOJBKO 6YAYUM JOMHO-
SKeHbI Ha KaKyIO-TO CTeleHb necsaTku, a 10 genurcs Ha 2 v Ha 5.

[IpusHaK OeIMMOCTH Ha 3 Takke 6yIeT aHaJIOTMUeH PU3HaKy B Aecs-
TUYHOJ CUCTEMeE CUMC/IeHUsT — TOIbKO BMECTO CYMMBI I.lI/Id)p Yuciia Ha-
a0 6Y,ILET pacMaTpMBaAThb 3HAKOIIEPEMEHHYI0O CYMMY, IIJIFOCBI I MMHYCbI
B KOTOpOfI pacCTaB/I€EHbI B COOTBETCTBUU C TEM, KAK <<paCH.II/ICl)pOBbIBa-
eTCsI» UNCIIO.

9. HepaBeHCTBO YTH < N < Yp, 6ymyun, BoobLIe TOBOPSI, HEBEPHBIM B
IeCITUYHOM CUCTeMe CUYMCIeHUS (CMOTpeTb MYHKT 7, uncia Buaa 199...9
OBIBAIOT CKOJIb YTOJHO OOJIBIIVMI), OKA3bIBAETCSI BEPHBIM B ABOMYUHOIA.
[IBoMYHAs puMCKas CUCTeMa CUMCIeHMS MHTepeCHa ellle ¥ TeM, YTO TaM
KasKIOMY YMCITy COOTBETCTBYET He 6ojiee ueM KOHEYHOe YMC/I0 PUMCKUX

3amnucerni.

10. Ioxaxkem, uTo M = 121 — MMeHHO TaKoe YUCJIO.

a) Ecimy Hero ecTb pyMCKast 3aI1Ch, TO Y HETO €CTh YeThIPeX3HauHast
puMcKas 3anuch. [IpMuMHa 3aKTI0YAETCSs B TOM, UTO JTI06ast 3ammch
60JIbIIIel 3HAYHOCTY 00s13aHa 6bUTa 6bI HAUMHAYUTBCS C 19x..., X #
1, Tak KaK MHaue IIpy ee pacippoBKe MOTYUNUTCS YUCTIO0, OOJbIie
121. Ho Takyto 3anMch MOKHO 3aMeHUTb Ha 1x... 6e3 U3MeHeHMs ee
pacumbpoBaHHOTO 3HAYEHMSI.

b) YerbipexsHauHasi pyMCKast 3a1yCh uynciaa 121 mo/mKHa HAaUMHATBCS
Ha 18. Ecin repBast umdpa 6b11a 651 2, TO IPU HEPEBOJIE MOTYIN-
Jioch 6b1 uMcsio He MeHbIre 1000. Eciv BTopast nyudpa 6bu1a 6b1 7
(MM MeHbllIe), TO TIOTYYMIIOCh 6b1 uncio He MeHble 200. A ecin
6bI BTOpas umdpa 6puta paBHa 9, To wiegyoomas 3a Heii nudpa He
MIPeBOCXOAMIA GBI €€ Y TOKe «BBIYUTAIACH» Obl, TO3TOMY Pe3yib-
TaT He IIPeBOCXOIII Obl

1000 — 900 + 10 = 110.

¢) Iocnemusia umudpa pUMcKoii 3anmcy unuciaa 121 pasua 6o 1 (To-
I7a OHA JO/DKHA MPMOaBIISITHCS), OO0 9 (TOTHa OHA JOJIKHA BhIUM-
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TaThCs1). B mepBom ciyuae 1000 —800+x-10+ 1 = 121; Bo BTOpoM
cayvyae 1000 — 800 £ x- 10 — 9 = 121.

B 060oux ciayvasix Ha pojib X MpeTeHAyIoT 1udpsl 7, 8 1 9. TyT yke
nepebopoM ITPOCTO MOKA3aTh, UYTO HM OJHA U3 HUX He ITOAONIET.

3amaua 2. V300paskeHMsI Ha IVIOCKOCTH

HepBbe;I ITYHKT 3aJ4a4¥ COAEPKUT ITPOCTbIEe TEXHMYECKNME YTBEPXKIAEHMSI, 110~
3TOMY MBI Cpa3y HaYHEM CO BTOPOTO.

2.

KoopauHaTsl X M y He MOTYT OJHOBPEMEHHO OBITh [0 MOIY/TI0 MEHbIIe
eIVHULIbI, YTOOBI HEPABEHCTBO M3 YCIOBMSI GbIIIO BbITIOTHEHO. Durypa,
cocTosiiast U3 Touek, 06e KOOPAMHATHI KOTOPBIX IO MOAYJIIO MEHbIIIe
eIVHULIbI, — 3TO KBaApaT CO CTOPOHOM 2 M LIEHTPOM B Hayaje KOOp-
JIVHAT, He BK/IIOYAIOIINI CBOK IPaHUIly. 3HAUUT, UICKOMOE MHOXECTBO
TOYEK — JOIMOJIHEHMEe 3TOr0 KBaapaTa (BK/IK0Yas ero rpaHuiy).

BuaHo, 4yTO MIPMHAIIEXKHOCTh TOUKM MHOXKECTBY Ha MEPBOM PUCYHKE
3aBMCUT TOJIBKO OT ee BTOPOJi KOOpAMHAThI. bymem mog6upaTh Hepa-
BeHCTBO B Buge P(y) < 0, rme P — MHOTOUY/IEH OT OJHOJ ITepeMeHHOIA.
MbI fosmksbl nomyunTb P(y) < 0, korma —1 <y < 1.

[IpMHMMas B pacCMOTpPeHYe IIepPBBI ITYHKT 3TO 3Ke 3a1a4M, MOSKHO I10-
HSTB, 4TO (Y + 1)(y — 1) — uMeHHoO Takoit MHorouieH. OTBeT:

a) (y+Dy-1)<0.

Jlerko MOHSTH, UTO HYDKHSISI HAKJIOHHAS IIpsIMasi, orpaHMumBarommast u-
rypy Ha BTOPOM PUCYHKe, 33/1aeTcsl ypaBHeHueM y — X + 1 = 0; BepxHsis
ke mpsiMasi — ypaBHeHeM y —x — 1 = 0. Mexxay STUMM MPSIMbIMM HAX0-
JIUTCSI MHOKECTBO TOUeK, JJIs1 KOTOPBIX BhIpakeHUs1y —x+ 1luy—x—1
MMeIOT pasHblif 3HAK: IepBOe YKe «YCIel0» CTATh MOMOKUTENbHBIM, a
BTOpOe ellle HeT. Takoe MHOXKeCTBO 3aa€TCsI HepaBEHCTBOM:

6) y—x+1)(y—-x—-1)<0.

HepaBeHCTBO [1s1 KpecTuKa yooO6HO 1cKath B Buze P(x) - Q(y) < 0, rme
P(x) < 0 — HepaBeHCTBO, 3aJalolllee BepPTMUKAIbHYIO Iosocy, a Q(y) <
0 — ropusoHTanbHYIO Nosiocy. Torma B nepeceueHuu nonoc P(x) - Q(y)

=<

6ymeT 6osbllie HYJISI, YTO VICKJIIOUUT 3TO TepecevyeHne U3 rmorydyaemMoin
urypsr.

Kak 3agaBatb mosocky ot —1 10 1, Mbl 3HaeM, IIO3TOMY Cpasy Moayyaem
OTBeT:
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a) x+1)x—-1)-(y+y—-1)<0.

i1 pellieHMsI BTOPOTO IMOANYHKTA BCIIOMHMM, UTO TAKO€ KPYT': 3TO MHO-
SKECTBO TOUEK, PACCTOSIHYME OT KOTOPBIX 0 BHIOPAaHHO MEHbIIE pajIny-
ca. lHpIMu cyioBaMu,

(X —x0)* + (y = y0)* —R* < 0.

B Hamem ciyvae xg = yp = 0, R = 1. BepxHss NOMYIIOCKOCTD, B CBOIO
ouepenb, 3a1aeTcsl ypapHeHMeM x — y < 0. Hama ¢urypa Torga — MHO-
3KeCTBO TOUEK, I7le POBHO OJTHO M3 IBYX BbIPA’KeHUI, YKa3aHHBIX BBIIIIE,
He MpeBOCXoauT Hys. OTBeT —

6) (x—y)(x2+y*—1)<0.

. MbI yke 3HaeM, KaKMM HepaBeHCTBOM 3aJal0TCS Kpyru. 3aKpanieHHast
(urypa Ha pyCyHKe — MHOKECTBO TOYEK, I/l BHIIIOTHEHO HEYETHOE KO-
Jin4ecTBo (1 i 3) HepaBeHCTB, 3a4Al0IINX KPYTi. 3HAYUT, OTBET:

((x — P (y+ 1) - 2.25) :

: ((x+ 1)+ (y+1)* —2.25

N———

: (xz L (y—05)72— 2.25) <o0.

. OKpY>KHOCTb 3a7laeTCsl ypaBHEeHUEM
(x—x0)>+(y—y)?>—R*=0.

CDMpra n3 Tpex OKpY)KHOCTef/'I — 3TO MHOJXeCTBO TOYEK, OJId KOTOPbIX
XOTsT ObI OJTHO M3 BbIPaKE€HMH, 3aJaI0IIMX OKPYKHOCTh, 0OpaniaeTcs: B
Hoib. OTCIOZA OTBET:

a)
(K +y*—4).
-((x+1)2+y2—1)-

.((x_1)2+y2—1) —0.

st GUTypsl U3 TPeX JIyueit 3aMeTUM, UTO ABa U3 HUX — FOPU3OHTAIb-
HbI}1 ¥ HAaIIpaB/IeHHbIii BBepX — 06pa3yioT rpaduk dyHkuumny = 0.5|x|+
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0.5x. COOTBETCTBEHHO, TOPM30HTAIbHbBIN ¥ HaIIpaBJE€HHbI BHU3 06pa-
3y10T rpaduk pyHkumn y = —0.5|x| — 0.5x. Ham focTaTouHo, 4TO6bI OIS
TOYKM (X,y) OBLIIO BBITIOIHEHO XOTsI 6bI OTHO U3 3TUX yCIoBuit. OTcroga
OTBeT —

6) (0.5/x| + 0.5x — y)(—0.5[x| — 0.5x — y) = 0.
HpI/I pelieny 3TOTO 3a4aHMs MbI y>Ke MHOIO pa3 IiepecekaJm u 00b-
eqUVHSIIN q)MprbI, ITOSTOMY OTBET ITOHSITEH 6e3 MMOSICHeHMIA:

a) max (|P1(x,y)|, [P2(x,y)]) = 0;

6) Pl(Xa.V) 'PZ(X7y) = 0.

a) max (PI(X7Y)7P2(X7Y)) < O;

6) min (Pl(Xay)7P2(X7y)) < 0;

B) Pi(x,y) - Pa(x,y) <O0.

3agaua 3. IIpocreromue yucia

Hepe‘II/ICIII/IM B006I.Lle BCe IIpocTerume uymcia. Bot oHu:

3-4.

2,3,4,6,8,12, 18, 24, 30.

HeueTrHoe mpocTeoiiiee YMcI0 He MOXKeT ObITh 00JIbIlle 4 — TaK KaK TO-
raa 4 B3aMMHO MMPOCTO C HUM (4 = 2 - 2) U He SBJSIeTCS P 3TOM IIPO-
CTBIM YMCIIOM.

Boobiiie, mpocTeloliee unciio, He Aeisineecs Ha IIPOCTOe p, He MOXKeT
6bITh 60JIbIIE p?, TAK KaK TOIZA COCTaBHOe p’ 6ymeT B3ayMHO IPOCTO C
HuM. [ToaTOMY IpOCTEIOIIVE YMCIIa, He AesIuecs Ha 3, BCe He IMPeBOoC-
XOISIT 9, a He messiyecs Ha 5 — He mpeBocxomsT 25.

Uncna N u N — 1 Bcerga B3aMMHO MPOCTBI, TO3TOMY eciyu N MpoCTero-
miee, N— 1 06s13aHO GbITh IIPOCTHIM (M HMKAK HE MOXKET ObITh KBaIpaTOM
IPOCTOrO).

B 111eCTOM K€ TTyHKTe 1 GyAeT B3aMMHO IIPOCTO C P; - P (TaK KaK OHO B3a-
MIMHO MIPOCTO C P; U P3), KOTOPOE TAKKe SIBJISIETCST COCTABHBIM UMC/IOM.

IlokaskeM, 4TO He ObIBAET MPOCTEIIIMX unces, 6onbiunx 210. 115 3TOro
IoKaxkeM, 4To unucio N > 210 6osiblile KBagpaTa HaMeHbIIero IpoCTo-
ro Yuciia, Ha KOTOpoe OHO He JeauTcs. Torma OHO OKaXkeTCs B3aMMHO
MIPOCTO C 3TUM KBaZpaTOM, KOTOPbIN SIBJISIETCSI COCTABHBIM UMCIIOM.
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[IpoHyMepyeM mpocThie yyMcia 1Mo Bo3pacTaHuo: 2 = pi, 3 = pg, .. ..
ITycTb p;, — HaMMeHblIIee TPOCTOe, Takoe uTo N He JenuTcs Ha py. Torma
N>pi-... pr1-
B cuny nocrynara beprpana py_q > %, api_y > pkgl > %. Orcroga
Pk—2 - Pr—1 2 P;%/g-
Ecin MbI XO0TMM, 4TO6bI 4icI0 N 6bUIO MPOCTEIOIIMM, TO OHO TOJIKHO

ObITh MEHbIIIe, YeM pi. To ecTb, p1 - ... pr—3 < 8. OTComa y>k TOUHO
k—3 <2, Toects, k <5.BcBoto ouepenb, N< 2-3-5.7=210.

Uro n Tpe60BaJ10Cb J0Ka3aThb.

3amauu npodUJIbHOro BapuaHra 8
KJIacca

3agava 1. IIpocTeromue yucia

CMmorpeTs 7 Kiacc, 3agauy N23.

3amaua 2. PaccTosiHue MeKAy MHOXKeCTBaMM

1. Hec/oskHO y6eOuTHCS B TOM, UTO max min paBeH 1 — BepiuIMHa KBagpa-
Ta, GyvKaiinas K JaHHOM, BCEraa HaXOAMTCST Ha pacCTOSSHMM 1 OT Hee.
C Opyroit CTOPOHBI, min max paBeH \/2: JaabHssa BeplIiHa OT JaHHOI
HaXOJUTCS «I10 AMArOHA/N», Ha PacCOSHUM /2.

2. To, uTo maxyec4 F(x) < T, paBHOCMJIBHO TOMY, UTO JJIS1 BCSIKOTO Xy € A
BBINONHEHO F(xg) < T. B HallleM c/ly4ae HY>KHO I0Ka3aTh, UTO

min dist (xg,y) < min [ max dist (x, .
yeB (0,y) < yEB (XGA ( y))

DTO HepaBEHCTBO OUEBUIHO, ITOCKOJbKY B JIEBOI YaCTM MbI MaKCUMMU-
3MpyeM pacCTOSIHME 10 KAKOLi-mo TOYKY U3 MHOXECTBA A, a B IIpaBOit
4acTU — I0 JaibHell TOUKM MHOKeCTBa A.

3. Bocnomnb3yemcst TeM, UTO yske 6bIJI0 HAMM [TOJTyYeHO B TIEPBOM ITyHKTE:
JJ1s1 KBaJipaTa co CTOPOHOI 1 pa3HOCTh yKa3aHHbIX BeIMUMH OblIa paBHa
V2 — 1. Torga mns KBaZpaTa co CTOPOHOI T, B CM/IY CBOJCTB ITOLOOHBIX
duryp, sTa pasHocTb Gyzet pasHa (v/2 — 1) - T — 310 uncio, usmenss T,
MOXKHO cZiesIaTh OoJbllie Harlepes, 3aJaHHOTO T.
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4. Hanpumep, NOgOMAYT CAeLyIOL/ie MHOKeCTBA: B COCTOUT U3 ABYX TO-
YeK ty, t; Ha pacCTOSTHMM 5 IpyT OT fIpyra, a A = {t;}.

5. Paccmotpum Touky ¢ € C. Tak kak C JIEXKUT B p;—OKPECTHOCTU B, Haii-
Jetrcsi Touka u3 b € B Takag, uto dist (b,c) < py. Janee, Tak kaxk B
JIEXXUT B p1—OKPECTHOCTHU A, HalizeTcs Touka a € A: dist (a,b) < p;.

B cuy HepaBeHCTBa TpeyronbHMKa, dist (a,¢) < p; + pz. [losToMy st
(MTpOM3BOIbHOI!) TOUKM C HAIIIEJICS KPYT HY;KHOTO pajiuyca C lIeHTPOM B
TOUKe U3 A, B KOTOPOM OHa JIesKUT. YTO 1 Tpe6oBaIoCh.

6. IMonoxum
F(x) := min dist (x,y), X €A
yeA

OxkasbiBaercs, F(x) Bcerma paBHO Hy/o: dist Bcera He MeHblIe HYIS, a
eCJIU B3SITh Y = X — TIOYYUTCSI KaK pas HOJb, M MMHUMYM OOpaTUTCS B
HoJb. Tereps YK

max F(x) = max 0 =0,

XEA XEA

To N Tpe60Ba)’[OCL.

7. ®uKcupyeM TOUKY Xo € A. MBI 3HaeM, 4TO minyep dist (Xg,y) < R (Tak
KaK MaKCUMMYM TOJO0GHBIX BEIMUMH 10 BCEM TOYKaM U3 A He MpPeBOC-
xomuT R). Torna HaiimeTtcsi yp € A Takag, uTo dist (Xp,¥o) < R. DTO 3Ha-
UNT, YTO Xy JIEKUT B R—Kpyre ¢ LIEHTPOM B TOYKe Vg, a, 3HAUUT, B R—
OKpeCTHOCTY MHOecTBa B.

Ecnn ke A eTMKOM JIEXXUT B R—OKpPeCTHOCTH B, TO IJ1s1 KasKI 0¥ TOUKU U3
Xo € A HaiifeTcs TOuka yg € B (LeHTp Kpyra, B KOTOpbBIii OHa IoMasia),
takas 4to dist (X9, ¥o) < R. OTcroga minyep dist (Xo,y) < R, U ycioBue
3a/1a4y BbITIOJIHEHO.

d=0: Eumin nBa MHOXecTBa coBmamaioT, To DIST paBeH HYIO: 3TO J0-
Ka3aHo B IyHKTe 6. Ecim MHOXecCTBa He paBHbl — A # B — TO
HaliieTcsl TOUKa, CKakeM a € A, KoTopas He JiekuT B B. [Iyi Hee
minyecp dist (a,y) > 0 — 3HauuT, u DIST, nomyuaemblii B3siTMEM
MaKCMMyMa M3 3TOi BeIMUMHBI M KaKUX-TO OPYTUX BEIUUUH, OY-
JIeT CTPOTO OOJIbIIIEe HYJIS.

(a,b)=(b,a) : CMMMeTPUYHOCTb BBEAEHHOIO HaMM PaCCTOSIHMS OYeBUIHA, I10-
TOMY UTO ITpu 3aMeHe B hopmysie aJist Hero A Ha B u B Ha A dop-
MyJia OCTaeTcs JOCIOBHO TaKoi xe.
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Omnpenenum

D(A,B) := max (I;1€11131 dist (x, y)) .

Torma DIST (A,B) = max {D(A,B),D(B,A)} .
Iar nepsbiit: D(A, C) < D(A,B) + D(B, C).

D(A, C) = max (min dist (x,z)> .

X€A zeC

Ham Hy>KHO A0Ka3aTh, UTO 3TOT MaKCMMYM He TPeBOCXOAMUT BbIpa-
>KeHMs B IIpaBoii yacTu. IJ1s1 9TOro Halo A0Ka3aTh, UTO [AJIs JII060TO
3JIeMeHTa dy € A, B35ITOTO IIPOM3BOIbHBIM 06pa30M, MaKCUMMU3U-
pyeMasi BeJIMuMHa He MPEeBOCXOAUT IpaBoil yactu. Utak,

in dist (a <
min dis (ag,z) <

ITyctb by — TOYKA U3 B, Gimykaiiiias K dg.

< Iznelél (dist (ao, bo) + dist (bo,z)) =

zeC ye

l'[epsoe c1araeMoe He 3aBUCUT OT Z.

= min ((mi}; dist (ao,y)) + dist (b07z)) =

= min dist (ap, in dist (b,z) <
min dist (do, y) +min dist (bo,2) <

< max | min dist (x, + max | min dist (y,z) | =
o XEAX (yelB ist ( Y)) yeé( (zelc ist (y ))

= D(A,B) + D(B, C).

Illar BTopoii: D(C,A) < D(C,B) + D(B, A). Ilony4yaeTcs: 3ameHOIt B
dopmynax Beiiie A Ha C 1 Ha060pOoT. TakKMM 06pa3oM,
DIST (A, C) = max {D(A, C), D(C,A)} <
< max{D(A,B) +D(B,C), D(C,B) +D(B,A)}.
[Ipenpinyiiee BEpHO, IOTOMY YTO IIPY ITEPEXOZE OT IIEPBOI CTPOY-
KM KO BTOPOJ1 MbI He YMEHbIUVJIV K&KIYIO U3 IBYX BeIMYH B CKOG-
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Kax.
Haxkonen, max{p + q,u + v} < max{p,u} + max{q,v}:
max{p + q,u+v} =

—1 u+v u—v|) <
—2(p+q+ tVtlp+q—u-— |)7

o+ vilg—v]) =
S(prutlp—ul+q+v+ig-v) =

= max{p, u} + max{q,v}.

IN

Orcroma

DIST (A, C) <
max{D(A,B) +D(B,C), D(C,B) +D(B,A)} <

IN

A

max{D(A,B), D(B,A)} + max{D(B, C), D(C, B)}
— DIST (A, B) + DIST (B, C).

Uto u Tp€60BaHOCb JA0Ka3aThb.

9. Eumm A u B — NOIMHOXeCTBa OLHOIO KpyTra paauyca R, TO pacCTOSSHUS
MEeXIY JI0O0BIMM IBYMSI MX TOUKaMM BOOOIIe He rmpeBocxondaT 2R. Kak
omepanyuy max ¥ min K HUM HU TIPUMEHSTIA, BCerga OyeT MomydaThCst

BeJIMUMHA, He TipeBocxoasias 2R.

3agaua 3. V300paskeHHUsI Ha IVIOCKOCTH

CMmorpeTs 7 Kiacc, 3agauy N22.
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3agmaumu 4 Kjaacca

3agaua 1. O6asaTe/IbHBIVI JOMOBEHOK

A. 6 — 4 = 2, orcroga Ky3s moroHsieT uszgaresnei co CKOPOCTbIO 2 CTaTby B
IeHb. Ha To, uTo6b1 HarHaTh 40 craTeit, y Hero yitneT 20 THe.

B. IInomamb KBagpaTuKa 2 X 2 B 4 pasa 60/Iblile IIomaay KBagpatuka 1 x 1,
I03TOMY Ha Hero yXOIUT B 4 pa3a 60Jiblile YUepHMUI. 3HAUUT, Ha TOM JKe
kaptpumke Kysst cmoxet Harmeuatath 10000 +— 4 = 2500 KBagpaTUKOB
2 X 2.

C. Cpe,uM I'BO3MKOB ITIOUTM KaXXA0TO0 IT'OPM30OHTA/IbHOTO pAnda KaK MMHU-
MYM Ha ABYX OOJ/IKHBI OBITh CaeJIaHbl IIOBOPOTHI: B€Ab HUTKA BXOAUT U
BBIXOOUT M3 3TOI0O psAad. OpHako Haﬁ,[lyTCH JABa TOPM30HTAJIbHLIX pAoa
I'BO3OMKOB, € HUTKa HAUYMHAETCS MJIM KOHYAeTCA — II0O3TOMY KOInm4e-
CTBO ITOBOPOTOB HUTKM MOJKET OBITh OILIEHEHO CBEPXY UYMCJIOM

2-5+2=12

[IpoTsIHYTH HUTKY, CHenaB 12 MOBOPOTOB, MMPOCTO: MOXKHO, HATIPUMeD,
CTapTOBaTh 3 BepxHe JIeBO KJIeTKU U MOWTHU A0 KOHIAa HAIpaBo, Mo-
TOM, Ce/aB JJBa TIOBOPOTA, CITyCTUTHCS Ha PSIZL, BHU3 U MTOWTY HaJleBO —
M Tak Janee, CMOTPETb PUCYHOK.
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3agaua 2. Besronoxog,

A.

tié’f 400m  0.4&km 7iq
T v 10km/u ~ 10km/u 25

JTO, B CBOIO 0UYepe/ib, paBHO 2.4 MUHYTaM.

. OCcTaHOBKM 3aHMMAIOT [TOJIOBUHY BpeMeHU JIMuTpusi IpuropreBuya, rno-

3TOMY €ro CpeIHsIsl CKOPOCTh OYyIEeT B Ba pa3a MeHbIIle ero CKOPOCTH B
OBVKeHUM — U paBHa 17 KM/4. TO, TEM He MeHee, BbIIlle CpeJHEel CKO-
poctu ITonnHbl, KOTOpas paBHa 15 km/4. ITosTomy /1. T. 6picTpee

. Ilycth mnvHa mombema B TOPKY paBHa X KwioMmeTpos. Torma Bpems, 3a

KoTopoe CTernaH IpeofioieeT MOIbeM U CITYCK, B Yacax pPaBHO

X X 5x  «x

+ = — = —,
10 40 40 8
2x
Bperl JKe, KOTopoe IIoTpaTuT HeTp, paBHO {7 — M HaM HY>KHO CPaBHUTb
3TU ABa 4yMdia. HOCMOTpI/IM Ha X OTHOLIIeHNe:

x-17 17

Sox 16 U

To ecTb, IleTp Bce-Taku OymeT exaTh IOJbIIE.

3agaua 3. BykBbI Ha 6e/10M JIMCTE

A.

b—B 3—B 0—1I0 I — II1,
I —B n—nu P—B b—B
I —1II K— X cC—O0 b — bl
r —T J— 1 o — I b—"D
E—B Yy —X

OcrasibHbIe OYKBBI (B X «TUTTOTPadCKOM» HauepTaHUM) HU BO UTO ITpe-
BPATUTh HeNMb3s1. OMHAKO 3Ta 3a/1aUa OCTABJ/ISIET OOJBINYI0 CBOGOAY TPaK-
TOBOK, II03TOMY OII€HMBA/IACh B TIOJIb3Y YYaCTHUKA.

. Eciiu muet 6ecKOHeUHbIN, TO 3TO 6YKBBI ‘B’ 1 ‘@’ MMeloIye B CBOEM CO-

CTaBe [IBa «KOjbIla». EC/IM ke Mbl pacCMaTpUBaeM OOGBIYHBIN JIUCT Oy-
maru A4, To Ha HeM MOKHO HaImucaTb O6yKBy JK’, pacrpocTpaHuB ee 10
KpaeB JIMCTa — M OHA TIOAENUT ero Ha 6 obiacTeii.
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C. Ot gByx obsacTeii (Korga OHM HaIMCcaHbl OHA MMOBEPX APYroiit) — 1o 9,
KOTJa OHM IepeceKkaloTcs B IBYX TOUKaX M KacalTcs KpaeB JIMUCTA.

3anzaua 4. [le1uThb U pe3aTb, pe3aTb U Je/IUThb

A. HyskHO ITpoBecTH JiBe AMaroHaau — YyeTbipe TPeyrolibHMKa, Ha KOTOpble
OHMU TOAENSIT IPSIMOYTONbHUK, OYIyT MMETb PaBHYIO IUIONIAMb.

B. CMoOTpeTh pUCYHOK:

C. IIpoBemem B Kpyre ABa AuameTpa mof yriaom 45°. Kaxkmplit U3 HUX I10-
JIeJTUT KPYT Ha JiBe PaBHbIX YaCTH, OLHAKO BIBOEM OHM JeNsT KpyT Ha 4

4acTH, IIOIIAAY KOTOPBIX PABHBI &, 3, §, 3 IUIOWAN KPyra.

3agaua 5. O, Kak MbI JajieKku!

A. He ymansst o6IIHOCTHM, ITYCTh OCTaHOBKAa A HaxomuTcs yieBee D. Torma
ocraHoBKa C — nnbo ciieBa oT A, 6o cripaBa oT D.

Ecnu ocranoBka C cineBa OT A, TO OHa HaXOOUTCSI HA PacCTOSIHUM 4 OT
Hee. Ho Torma Ham HeKyJa MoOCTaBUTh B, Tak uTo0bl AB = 4, BC = 2.
OTtcioga C HaxoauTcs cripaBa, u AC = 6.

B. Caskast HOBOe JIepeBo, Mbl ObeM IIPOMEKYTOK MEKAY IPEXIe COCeTHI-
MM IepeBbIMY Ha IBAa MEHbIIMX MTPOMeKyTKa. Eciii Mbl o6MINCh TO-
0, YTO PACCTOSTHME MEXKIY COCeTHUMM IePeBbSIMU CTAI0 PaBHBIM d, TO
d aBnsgeTcs genuTtenem 63, 84 u 14.

HO[II (63,84,14) = 7, mo3TOMy JepeBbsi MOKHO IOCAAUTDH Kaxkible 7
MeTPOB (¥ GOTBIIETO PACCTOSTHMSI MEKIY COCEIHUMM TOGUTHCS HETb3S).
Orcioma oTBeT —

(63/7—1)+(84/7 — 1)+ (14/7 — 1) = 20 nepeBbeB.
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,Z[a, TOYKNM MOXXHO paCCTaBUTb:

A<D s B & E &S

3agaua 6. beiTh BpayoM — BeCbMa OTBETCTBEHHO!

A.

TeoMeTpUuHBIii YepBb MMeeT (HOPMY 3aMKHYTO JIOMaHO — HaIpu-
Mep, OH MOKET U3TrnbaThCs TaK, KaK MOKAa3aHO Ha PUCYHKE.

0603HaYMM KOCTY OTPE3KaAMM, a Y3€IKU — KPYKKaMu. JIOKTOP MOKET
CBSI3aTh, HANpPUMeD, TaKyl0 KOHGUTYpalMio, KOTopas yoOBJIETBOPSIET
YCIOBUIO:

[a, cTpaTerust 4jist JOKTOPOB MOXKET ObITh CJleAyIomas: At6onuT Hazge-
BaeT IIepBYI0 Mapy IlepuaTok, a Ha Hee CBepxy BTOpyIo; [lenmep ore-
pUpYyeT TOJILKO BO BTOPOJ Iape MepyaTok (ee BHEILIHSS CTOPOHA Kaca-
JIaChb TOJIBKO MALIeHTa, a BHyTpeHHsIs uncras). Hakonen, Batcon nena-
eT orepanuio, HaJieB Ha cebst BHIBEPHYTYIO MEPBYIO NApy IMepyaTok (ee
HOBas BHYTPEHHSISI CTOPOHA — ellle UMCTasl), a CBepxy Ha Hee — BTOPYIO.

BHemiHsIs cTOpoHa BTOPOI Maphl IEPUATOK IMO-IPEKHEMY COMPUKACA-

JIaCh TOJIBKO C MAI[MEHTOM, a TO, UTO Y IIEPBOI ¥ BTOPOI Map MmepyaTox
HaXOJSATCSI B KOHTAKTE TPSI3HbIEe CTOPOHbBI, HAC HE BOTHYET.

3azaumu 5 Kiacca

3agaua 1. ITogeaum - moCMOTPUM

A.

[TycTb maHbl ABA MPSIMOYTOJIBHBIX TpeyroibHMKA. Kaskmast cropoHa rep-
BOT'O 13 HMX MOXKET [TepeceKkaTh BTOPOJ TPeyroNbHIK He 6osee ueM J1Ba-
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SKIbI, B CUAY BBIITYKIOCTY ITPSIMOYTOJIbHOTO TPEYTro/ibHMKA. 3HAUUT, 1Ba
MIPSIMOYTOJIbHBIX TPEYTOIbHMKA MOTYT MMETDb He 6oJiee 1IeCTy repece-
YeHUil (IpuyeM LIecTb mepeceuyeHuii MoyuuTb MOXKHO — JOCTATOYHO
B3IVISIHYTH Ha «3Be3ny [laBunuar).

3aMeTyM TeIepb, UTO /151 3aMKHYTOI IMHUM KOJIMUECTBO 06J1acTeii, KO-
TOpbIe OHA T06AaBJISET K KAPTUMHKE, PABHO KOJIMYECTBY ee TiepeceueHmi
C IPYTUMU, Y)Ke UMeIoMUMUCS, TUHUSIMMN.

[TepBblit TPEYTOTBHUK JEINT INIOCKOCTH Ha ABe obnactu. Bropoi, nepe-
CeKasiCh C HUM MaKCMMYM 6 pa3, T0O6aBUT ellle mecThb obacteit. TpeTuii
TPEYToAbHUK MOsKeT He H60Jiee yeM I10 LIIeCThb pa3 [epeceyb [epBbIe 1Ba,
TO K& BEPHO U ITPO YeTBEPThIN TPEYTOTbHUK.

OTcroma MbI ITOJTy4aeM BEPXHIOK0 OLIEHKY Ha KOJIMYECTBO 00/IacTeii:

24+6+6-24+6-3=238.

MBI y3ke JoKa3aju, 9To OosbIine 38 06;1acTel MOMyYUTb HEJTb3S — B CBOIO
ouepenb, MOIYIUTb POBHO 38 MOXHO, [J151 3TOTO PACIOI0KUM TPEYTOb-
HUKU «JOCTATOUHO XaOTUUHO»:

B. IIpsiMasi MOKeT «BXOAUTb» B CEMUYTOIbHUK U «BBIXOAUTH» U3 HeTO. [Ipu
3TOM M3HAa4a/IbHO OHA HaXOOUTCS CHAPY)XU U B KOHLIE JOJIKHA OKa3aTh-
ca TaM xe. Kaknyr CTOpOHY ceMMYTrOJbHMKA IIpsMasi IlepecekaeT He
60Jiee OIHOIO pa3a, a KoJIMYeCTBO IepecevyeHnii JOIKHO ObITh YeTHBIM.
3HauuT, NpsiMasi lepecekaeT MakCMMyM IIECTb CTOPOH, «IIPOXOIs» ye-
pe3 ceMUYTOJIbHUK TPVKIBI.
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HOIIY‘—IaeTCSI, OHa OeJINT CEMUYTOJIbHMK Ha MaKCMMYM Ha YeTbIpe YaCTU:
A0 IepBOro repeceyeHns , Me>Kay repBbIM M BTOPBIM, MEXAY BTOPBIM U
TPEeTbUM, I1I0CJ/IE€ TPETHLEIO IIepeceueHus.

JIBa OMMHAKOBO OPMEHTVPOBAHHBIX KBAZpaTa IepecekarTCss MaKCUMyM
B IBYX TOYKaX (€C/IM He COBMAAAIOT). DTO 3HAUUT, UTO K—blIii HApVCOBaH-
HBIi KBaApaT fo6aBisieT Ha KapTMHKY He 6omee 2(k — 1) HOBBIX obia-
creit. OTcioma oTBeT Ha 3ajauy — 2 +2+4+...+2-14=2+2-105=
312.

H306pa3V[Tb 15 IIOIIapPHO IIepeCeKarlnxcad KBagpaToB HECIOXKHO — O0-
CTAaTOYHO B3SITh OOVH U 14 pa3 HEMHOTO CABMHYTD €ro I10 AMaroHasin.

3agaua 2. lllyTka

A.

OTBeT «HEeT» B 3alaue—IIIyTKe CMOTPEJICS ObI CTPAHHO, TIOITOMY B 9TOM
ITYHKTE [T0pa3yMeBaeTcsl OTBET «Ia»: M3 OallHy MOXKHO OTKayaTh BO3-
IyX U CeNIaTh JTeCTHUITY IOUTH OTBECHOM — TOTrAa CTy/ 6e3 HOXKEK CMO-
KeT IBUTaThCsl BEPTUKAIBHO BHM3 TaK JKe, Kak 1 ero 30-Horuit cobpar,
HO eMy He GyJeT MellaTh COMPOTMBIIEHNE BO3/yXa, HAMUECTBYIOIIee
CHapy>ku GalrHu; B 06IIeM, OH OKaskeTcs GbIcTpee.

HYCTb X4 3aga4 OBLIO IpuaymMmaHO BUepa, Xxg — CerogHs U X¢ — 3aBTpa.
Torma us YyCI10BUA

X = 1.5(XA +Xc)

Xp = 3XC

Xp = 4
OcTanoch TOMBKO PEMINTh 3TU ypaBHEHMSI. V3 IepBbIX ABYX JIETKO BbI-
BEeCTHU, UTO X4 = Xc, Torga xg = 1.5-8 = 12.

ABTOMO6MIIb HE CMOKET JoexaTh 10 IleKnHa, Tak Kak 3a Jilo6oe KoHeu-
HOe BpeMs I10CJIe CBOEro CTapTa OH IpoesskaeT He 6osee uem 80 + 40 +
20 + ... = 160 kunomeTpoB.

3agauva 3. O, Kak MbI Jajeku!

CMmoTpeTs 4 Kiacc, 3agauy N25.
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3agaua 4. HpOCTbIe, HO TaKue CJIOXKHbIe

A.

XoTs 661 OFHO M3 uKcel p, p + 2, p + 4 AOIDKHO IeIUThCS HAa 3 — 3TO
MOYKHO IIOHATh, PACCMOTPEB BCEBO3MOKHbIE OCTATKM IIPU IeJIeHUM p Ha
3. EZHCTBEHHOE TIPOCTOE YNCIIO, Hesiieecs Ha 3, — 3TO 3.

p + 4 He MOXeT GbITh PaBHO TPEM, MTOTOMY YTO Torma p = —1 — He
MPOCTOE. p + 2 He MOXKeT ObITh PAaBHO TPEM, [IOTOMY UTO TOorga p = 1 —
He nipoctoe. OcTaeTcsl eAMHCTBEHHbBIN OTBET —

p=3 p+2=5 p+4=1T.

Bce 3111 uncna npocrele.

Ilyctbn = p; - pp. Torman+ 100 = (p1 + D)(p2+ 1) =n+p1 +p2 + 1.
Takum 06pa3oM, Mbl UIIIEM IIPOCThIE UMC/IA P1 U Py, TAKUE UTO P + Py =
99. CymMa ABYX 4UMcCesl HeueTHa — 3HAUMT, OJHO U3 HUX 006s3aTeIbHO
IOJDKHO ObITh YeTHbIM. OTCIOa €MHCTBEHHBI OTBET — p; = 2, Py =
97, Tak Kak 2 — eqMHCTBEHHOEe ITPOCTOe YMCIIO.

PaCCMOTpI/IM BBIK/IIOUATEe/JIb 1104, HOMEPOM k. Kakue SJIEKTPUKMU IIepe-
KJII0UaT ero? OHEBVI,I[HO, YTO Te€, HOMepa KOTOPLIX SABJIAIOTCS OeIUTEIISI-
MM umcia k. I3sHava/ibHO BCe BBIK/TIOUATE I ObLIN BbIK/TIOYE€HHBIMMA, I10-
3TOMY BK/IIOUEHHBIMM B KOHII€ OCTAHYTCS T€, HOMepa KOTOPbIX MMEIOT
HeyeTHOe YMCI0 JenuTeseit. U3BeCTHbIN d)aKT 3aK/JII4YaeTCsa B TOM, UTO
3TOMY YCJIOBMIO YOOBJIETBOPAIOT TOJIBKO KBaAPAThl HATYPA/JIbHbBIX UM CEJT.

Takum 06pa30M, BKITIOUEHHBIMM OCTaHYTCS BBIKTIOUATEN C HOMEpaMy—
IMOJTHBIMM KBagpatamu: 1, 4, 9, 16, 25, 36, 49.

3amaua 5. HemsBecTHbIe M PHI

A.

3amMeTuM, UTO B CJIoBe «MU3aHTPOIT» 9 pa3/IMUHbBIX OYKB; a TaKKe OYKBa
X, BCTpeyvasich B 3TOM pebyce, sIBIsIeTCs ke gecsiToii. [Ipy 3ToM HM offHa
U3 yKe IepeuyyciIeHHbIX HaMy OYKB He MOsKeT ObITh paBHa HY/II0 — B
OIHOM CJTyuae IIpOM3BefeHNe B [IPaBOil 4acTy IOMYYUTCS HY/IeBbIM, B
apyrom ke B uncie XPOMOTA okaskeTcst BeAylnuii HOMb.

Meskay MIaAIImMM 1 pearnocieJHUM paspsigamMiu B 5TOM ITpyMepe Joi-
sKeH ObLJI CTyUMTbCSI TIepeHOC paspsza, Tak Kak B MPOTUMBHOM CiIyuyae
E+E=%9, UTO HEBO3MOXXHO 13 COOOPasKEHMIT YUETHOCTM.

Orciopga E+E+1 momkHO oKaHYMBaThC Ha 9. 3HauwnT, E paBHO 4 min 9.
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Ecnu E paBHO 9, To M+M=19, uTo HeBo3MOxHO (M<9).

Eciu E paBHO 4, To M+M=14, Torma M=7. Torga mocMoTpuM Ha
6ykBy P: P+P okanumBaercs Ha 4.

Torma 6o P paBHO 160 2, 1160 7. ITocmeqHmii ciaydain HeBO3MOKEH,
TaK Kak Torga P coBramaeT ¢ M. 3HaunT, ocraeTcs pedyc Bupa 2 - K247 =
K494,

Ha 3nauenus 6ykB K u JK He BIUSIIOT HMKaKMe IPyTVie YacTU BbIpaske-
HMSI, TO3TOMY MOKHO MOAGUPATh UX OTAENbHO, PYKOBOMCTBYSICh JINIITh
TeMm, uTo 2 - K =K.

K He moxeT 6bITh paBHO 1, motomy uto Torga JK = 2, a undpa 2 yxe
3aHsTa. PaBHO Kak K He MOKeT ObITh paBHO 2 U 4: idpa 4 ToKe 3aHsTa.
K He mMoxeT ObITh 60JbIE MM PABHO 5, TOTOMY UTO TOT[Ia CTYUYUTCS
rnepeHoc uyepes paspsia. [loaToMmy ocTaeTcsl eqMHCTBEHHbI OTBET:

3 2
3 2
6 4

O [

7
7
4

ITycTb Ha JOCKe ObLIM HAIIMCAHbI YMCIA Xy . . . X9, X; = N+ i, 1 — KaKOe-To
HaTypaabHOe.

I[Tyctb cTepTo umncio xi. Torma 2017 = 10n + 1 + ... + 9 — k. 2017 ume-
eT oCcTaToK 7 Tipu AeyieHn Ha 10, 3HAYUT, U JIeBast YaCcTh TOXE JO/DKHA
MMETbh OCTaTOK 7. 1 + ...+ 9 = 45, uMeeT OCTaTOK 5 — 3HAUNUT, k MUMeeT
OCTaTOK 8, ¥ ITO3TOMY paBHO 8.

3HauUUT, CyMMa JeCsITU IMoC/ieloBaTeIbHbIX HaTypaJIbHbIX UMCesl paBHa
2025, 10n = 1980, n = 198. IToaTomy ¢ Jocku cTepTo uncio 206.

3azaua 6. I nmycts beTX0BeH yC/IbILIUT

A.

3aMeTuM, UTO KjIaBuiila C HOMEepOM 45 HaXOAUTCsI POBHO HAaIPOTUB KJla-
BUIIY ¢ HOMepoM 1. Tarxke 3aMeTuM, uTo JInHa HaXXrMaeT CUMMeTpUY-
Hble KJIaBUILN, BCe OOJIbIIIE OTAASISICH OT IIEPBOJi: CHAavasIa IePBYIO CIipa-
Ba, TIOTOM IE€PBYIO CJIEBA, IOTOM BTOPYIO CIIPaBa, IOTOM BTOPYIO C/IeBa.

Takum 06pa30M Kaskaast KJIaBUIlla OKaxKeTCs] HaKaTol POBHO OJMH pas3,
U KJIaBuia HoMep 45 O6yzeT mocienHeit — TO eCTh, HaXkaToil Ha 88-oM
mare.

3amMeTuM, YTO HOMepa KJIaBuill, Ha KOTOpbIX JInHa moet «JIfI», — 3TO
OCTaTKM CTereHel ABOMKM (HaunHas ¢ uucia 2) npu geneHnu Ha 88. To
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€CTb, MbI MIIIEM Ha¥MEHbIIYI0 CTEITeHb IBOVIKM, MUMEIOIyI0 Bu 88k-+48.
[Tepe60poM MOKHO YCTaHOBUTD, UTO 3TO 4096. OTcioga Ha 4095 miare
JInHa crioet «JIfI», HAsKMMas Ha 48-10 KIaBUILLY.

C. 3aogHy menonuto JIuHa oxBaTeiBaeT 1+14+2+3+...4100= M +1
= 5051 kmaBuIl. 3HAUNUT, 3a BCIO UTPY eii 6yaeT oxpaueHo 1935 - 5051
KJIaBMII, M HAM HY>KHO HalTU OCTATOK 3TOr0 YMcia mpu geieHnuu Ha 88,
OH ¥ JacT HaM HOMep ITOoC/aeHel HaxkaToil KiaBui. OCTaToK uucia
1935 paBen —1, octaTox uncia 5051 — 35. Takum o6pasoM, Ioc/IegHesk
HakaTol kinaBuieii 6yget 88 — 35 = 53-4.

3agauu 6 Kiaacca

3azaua 1. Pa3pe3aHus u yribl

A. HOBepHEM TPEYIrOJIbHUK U pa3peskeM — CMOTPETb PUCYHOK!

B. ByzmeMm 1mo/b30BaThCs CIEAYIOMIVIM COOGPakeHMEM : eC/IM BepIIHaA Tpe-
YrOJIbHMKA JIEKUT 3a TPaHMUIIaMM KPYTa, IMaMeTPOM KOTOPOTO SIB/ISIETCS
MIPOTUBOJIEXKAIIAs €/ CTOPOHA, TO YTOJI B 9TO¥ BEPIIMHE OCTPBIIA.

C. CMOTpeTb PUCYHOK: OTMeUeHHbIe YIJIbl PaBHbI B CUJIY MOCTPOEHUS U
TeopeMbl O HaKpPeCT JieXkalllUX yriax.
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ITpoBepnem elie HECKOJIBKO JOBOJHUTENbHBIX IIOCTPOEHUI — ITOTy4YUB-
HINIICSI TPEYTONbHUK OyIeT MPsIMOYTOJAbHBIM M paBHOOeZpeHHBIM, TO
€CTb yToJI, paBHbI cymMMe A U B, o BemunHe paBeH 45° 1, COOTBET-
CTBEHHO, yriy C.

3amaua 2. IToka He npuinen audrep

A.

Ecnu nepBblit 061Mit 3TAX A1 MaabuyMKoB — 123-ui1, To HOK (n, m) =
123 (Tak KaK MepBbIil OOIIMIT 3TaK KaK pa3 U MMeeT HOMep, COOTBET-
CTBYIOIIMIT HAMMEHbIIIEMY 001[eMY KpaTHOMY). 123 = 3-41, mostomy n
M M MOTYT ObITh paBHbIM 1, 123 yin 3, 41.

Bes orpannyennst o6IIHOCTY MOXKHO CUMTATh, YTO Butsa Haxommres Ha
HYJIeBOM 3Taske, a [lets — Ha mepsom. Torma Butus nudT nepemeiia-
€TCsT TOJIBKO IT0 TaskaM, HoMepa KOTOpbIX Aenstest Ha k+ 1. Eumn k = 0,
I[TeTst ocTaeTcst HA MeCTe, ¥ BUTSI, KOHEUHO, MOKET K HEMY ITPUEeXaTh.

Ecnu ke k > 0, To BUTS He MokeT mIpuexaTh Ha IepBbIif aTax (1 He ge-
autcs Ha k+ 1), mosTomy ecu [TeTst TpoCTo GyeT 0CTaBaThCsI HA MECTE,
OH He BCTPeTUTCs ¢ Bureii.

3amMeTuM, 4YTO HOMep TeKyIIero 3Taxka, Ha KOTOpOM HaxXoauTCsl Burs,
paBeH CyMMe CO cjiaraeMbIMy Bua +=m u +n. Jltob6ast Takast cymma fe-
nautcst Ha HOJI (n, m), a eIMHCTBEHHBIN JeNuTenb eIUHUIBI — 3TO OHA
cama. I[Toaromy HOZL (n, m) = 1.

3agaua 3. Ha miockocTu

A.

35 kBagpaTuKOB 1 x 1 no/mKHbI GOPMMUPOBATH PA3HOCTH ABYX KBaApa-
TOB — 3TO 3HAUMT, UTO HaM HaJI0 MPeICTaBUTh 35 B B pa3HOCTM KBa/I-
PaTOB JBYX LIEJIbIX Uyice. EMVMHCTBEHHbII CTI0CO6 9TO CeIaTh (3TO MO3K-
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HO YCTaHOBUTb HECTIOKHBIM TIEPe6opoOM) —

35 =182 — 172

[ToaToMy eAMHCTBEHHBIN CITIOCOO PACIIONIOKUTH KBAIPaThl COTJIACHO YC-
JIOBMIO — BIIOJIb ABYX CTOPOH KBajapaTra 18 x 18 ylokuTb KBagpaTUKU
1 x 1, a ocraBiieecss MeCTO 3aHSTh KBaapaTtom 17 x 17. Ero miomanb
Oymet paBHa 289.

B. 12 3a60poB CTpOSITCSI B KAKOM-TO MOPSIIKe, OAMH 3a ApyrumM. Hu ogus,
HM [IBa 3a60pa HAUETO He OTTOPAKMBAIOT, KaK MX HI IOCTaBb. 3aTO Tpe-
THI 3a60p MOKET, repeceKasl IepBblit M BTOPOJi, OTOPOIUTh OAHY 06-
jacTh. Y BoOGILe — n—blif 3a60p, repeceKkas Bce Mpeablaylie, MOKET
OTTOPOAUTb N — 2 HOBBIX 06s1acTU. TakMM 00pa3oM, OTBET Ha 3Ty 3a-
gauy — 1 + ...+ 10 = 55. [TocTpouTs puMep paccTaHOBKMU 3a60POB,
OTropakMBalolleit MMEHHO 3TO KOJMIMYECTBO 00/1acTeit, HeCJI0XKHO.

C. Bo3bMeM camMylo JJIMHHYIO CTOPOHY YeTbipexyroibHuka ABCD — mycThb
9TO CcTOpoHa AB. OfuiH M3 YIVIOB, MpUIEKAIMX K Hell, JOIKeH GbITh
OCTpBIM (He yMaJisisg o61nHoCTH — yroi DAB), unaue ctopoHa CD GymeT
myuHHee AB. PaccmoTtpum ctopoHy DA u Bepiinny D.

Bricota DH m3 Touku D Ha CTOOHY AB ynajieT MMeHHO YTO Ha CTOPOHY
AB, a He Ha ee IpoOAO/KeHMe, TaK KaK MHauUe

|AD|> = |AH|* + |DHJ? > |AB|* + |DH|*> > |AB|.
Th. Indaropa AH — niponon-
>XeHne AB

Otkyma AD niviHHee AB, 4TO TPOTMBOPEUYUT U3HAUATbHOMY BBIGOPY CTO-
pOHbBI AB.

3agaua 4. He3zemHoOe CTUXOC/IOKEeHMe

A. TIo3T B CBOEM CTUMXOTBOPEHUM 3aHMMAETCS PACIOKEHMEM TOCIeI0Ba-
TeJIbHBIX YMCEeNT B CyMMY MPOCTbIX, MEHBIINX AAHHOTO 4MciIa (Hampu-
Mep, YMCI0 4 OH He MUCITOMb30BaJl, IPUAYMBbIBASI Pa3/IOKeHMe IS Tiie-
CTY). 3amMChIBAIOTCS MTPOCTHIE YMCIA B TIOpsigKe yOobIBaHUS. [loaTomy
CTefyole TPy CTPOUKM 6YIYT MMETh BUL:

- 145 -



2017 rom, 6 kmacc

JIBa nBa IBa Ba.
Tpu Tpu nBa IBa.

[IaTh Tpu.

C. BymeMm coenyHATh 3HAKOMbIX TIO9TOB 6€JI0ii HUTKOM, 8 HE3HAKOMbIX —
4yepHO1 HUTKOM. PaccmoTpum nosta Bacio — K Hemy nipuBsizaHbl 2016
HUTOK, 3HAUUT CPeAy HUX YK TOUYHO €CTh TPU HUTKU OHOTO 11BeTa. ITyCTh
3TO Gesible HUTKU. PacCMOTPUM MTO3TOB, HAXOASIIVIXCSI HA IPYTUX KOH-
11aX 3TUX HUTOK.

Ecnu kakue-To Ba U3 3TUX TPEX 10’ TOB 3HAKOMBI, TO 00pa3yeTcs: Geblit
TPeYrolbHUK U3 HUX U 1o3Ta Bacu. Eciu ske oHM Bce MOMapHO He3Ha-
KOMBI APYT C APYTOM — TO HaM He XyKe, 3TO TOKe BapMaHT U3 YCIOBUS
3aauinl.

3amaua 5. IIpocThie, HO TaKue CJIOKHbIE

CmortpeTs 5 Kitacc, 3agauy N4.

3agava 6. lllyTka

CMmoTpeTs 5 Ki1acc, 3agauy N22.

3agaua 7. MHOroHanMoHa/IbHbIE 3aXBaTUUKU

A. FOCY,Z[apCTBa MOIVIM 3aXBAaTUTDh CJIEAYIOIIME KIIeTKI:
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OKaSbIBaeTCH, 3TN ABa CI'IOCO63, C TOYHOCTBIO 10 ITOBOPOTOB 1 OTpa’ke-
HUIA, MCYEePIIbIBAIOT BCE€ BOSMOJKHbIE CTPATETMM 3aXBaTa, YAOBJIE€TBOPDSI-
oume ycJIOBMIO.

B. Tlyctb 99 rocymapcTB 3axBaTu/Iy cebe rmepBbie 99 KIETOK BEPXHETO Psiia
TaGIUIIBI, & COTOE TOCYIAPCTBO — BTOPYIO CBEPXY KJIETKY OCTaBIIETOCS
cTosI611a TabINIIbI, T ellle He 6bUIO HM OFHOTO roCydapcTBa.

EfuHCTBEHHOE rOCYIapCTBO, KOTOPOE MOIJIO GbI 3aCeIUTh OCTaBINYIOCS
KJIETKY BEpXHErO0 psiia, YTO6bI He HapyLUIUMTh YCIOBME 3a1aui, — COTOE.
OmHaKo ¥ OHO He MOXKET TaM 060CHOBATHCS, IOTOMY UTO TOTJa B COOT-
BETCTBYIONIEM CTOJI6IE 32 HUM GYIET LIeIbIX IBE KIeTKU.

C. TIpu m060M k 3aXBaT KJIETOK, ONTMCAHHBINA B YCIIOBMY, HEBO3MOKEH.

Bynmem cMoTpeTh Ha KJIeTKM, COCeTHME C ITIaBHOI IuaroHanbio. [lepBbie
JIBe M3 HUX JTOJIKHBI OBITh 3aXBaueHbl, YTOObI 0OECTIEYUTD ABYX 3aXBa-
UYeHHbIX CoCeleli YIVIOBOM KiieTKu (Y KOTOpOW Bcero asa cocena). Cie-
IyIOL/e IBe He MOIYT ObITh 3aXBaueHbl, TaK KaK Y BTOPOi KJIETKM Ha
IMaroHajy yke ecTh JBa 3aXBaueHHbIX cocena. Tak Kak pasmepsl Tab-
JIUITBI HEUeTHbI, TI0JTyuyaeM, UTO JBe COCeHUX KIETKU IMPOTUBOITONIOXK-
HOTO yI/Ia TabauIIbl JO/DKHBI ObITh HE 3aXBaueHbl — U 3TO OyIeT Hapy-
1IaTh yCIOBMeE 3aaun.

3amaua 8. Bce umcia cocrosaT us uudp

A. 3anuiem ywioBMe U3 3aa4n: Xy = 3 - YX. DTO 3HAUUT TO Ke, UTO

10x +y = 30y + 3x;
Tx = 29y.

U npaBasi, 1 ieBas 4YacTu paBEeHCTBA AO/IKHBI IeTUThCS Ha 29. TO 3Ha-
YNT, YTO X OeNUTCSI Ha 29 — emuHCTBeHHas mudpa, KpaTHas, 29, 3To
HoJb. PazymeeTcs, ripu x = 0 pellleHM y JaHHONM 3aauyM HET — 3Ha-
YUT, HET 1 BOOOIIIE.
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B. ITociemoBaTtebHO 6yIeM MHTEPIIPeTUPOBATh YCI0BMe 3agaun. To, uTo
MCKOMOe uucio He genutcs Ha 10, 3HaunT, uto Z # 0. To, yto uncio YZ
meHble 40, 3HaunT, uyTo Y paBeH 0, 1, 2 wnu 3. EXMHCTBEHHOE IBYy3HAU-
HOe€ UMCJIO, SIBJISIIONIeecs] KBaapaToM M OKaHUYMBawoIeecst Ha ydpbl 0—
3 — oro 81. Takum o6pasom, X =8, Y = 1.

Haxkownerw, mst uudpbl Z ocTaeTcs ABa BO3MOKHBIX BapMaHTa, YTOGBI
uyncino XYZ pnenunochb Ha 9 — 0 u 9. Tak Kak MbI C caMOI'0 Havaja Io-
HsUU, uTO Z # 0, monmy4vaetcst Z = 9.

OTBeT: uckomoe uncio — 819.

C. TTompobyem mocymTaTh CyMMy Inbp Uucia h — M0 MPU3HAKY JeTMMO-
cTu Ha 9, ee OCTAaTOK OyIeT TaKuM 3Ke, KaK y camoro uucia n. 19 pas-
psimOB U3 61 3aHMMAIOT OBOKM — ecyiu OT6pOCUTh 3T 19 paspsmos,

IIBOEK U YeTBEPOK OyIeT MopoBHY. ITyCTh YeTBEPKM B UMCIIe 3aHUMAIOT
t paspsimos. Torma cymma umdp umcia n paBHa

19-24+4-t+2-t+3-(61—19—2t) =
=384+ 6t+3-42— 6t =38+3 42 = 164.

OcraToxk nipu feneHun 164 Ha 9 paBeH 2 — 3HAUUT, ¥ YUCTIO N CPABHUMO
¢ 2 1o Moayinio 9.

3agaum 7 Kjaacca

3agava 1. IlepeBOogUMKM C HEMELIKOTO

A. Pa3noXkuM Ha MpocTble MHOKMTenu uucna 116 n 217: 116 = 2% - 29,
217 = 7-31. OTu yKcaa B3aMMHO IIPOCTBHI, TO €CThb, Y HUX AMHCTBEHHBbIIA
O6IIVIT MHOKUTENb — eIVHUIA. [I09TOMY ITepeBOJUMKY HAJ0 IepeBe-
ctu 116 6pomriop 1 217 3aMeTOK.

B. 3adukcupyem, CKOIBKO TEKCTOB KaKOi TeMAaTUKU ITOTIPOCKT cebe Kask-
IbIii 113 TIEPEBOTYMKOB:

Kypuan. | Xygox. | TexH.
ITepeBomumk 1 r fi t
IMepeBogumK 2 ry fa ty
[TepeBOTUMK 3 I f t3
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VcioBue 3ajauy yTBepXKIaeT, UYTO CyMMa uuceNl B KaKIO0l CTpoke U B
KaskIoM CTosb1e paBHa 16. [Ipy TakOM yCIOBUM paclpefeuTb TEKCThI
COBCEM IIPOCTO: YIOPSIAOUMM IO OTAEIbHOCTU BCe XyIOKeCTBEHHBIE,
BCE TEXHUUYECKUE, BCE KYPHATMUCTCKME TEKCTHI (IO JaTe MyGauMKaimm
WU faXKe JieKCuKorpadmnyeckn) 1 BbIIaAMM [TePBOMY IIePeBOSUNKY Tep-
Bbl€ I'] SKYPHAIUCTCKUX, f] XyOOKECTBEHHbBIX U t] TEXHUUYECKUX.

BTopomy repeBOJUMKY BbIIAAMM COOTBETCTBEHHO TEPBBIE Iy, f, ty TEK-
CTOB 13 ocTaBiuuXxcs. [Ioce 3TOro TEKCTOB OCTAHETCS POBHO CTONBKO,
CKOJTBKO YKa3aJI B CBOMX 3aIIPOCax TPETUil mepeBOJUMK.

TekcT AyinHbI 1 6bETCSI OMHUM CIIOCO60M, TEKCT IJIMHBI 2 — IBYMSI CITO-
cobamu. Terepb pacCMOTPUM IIOC/IeHEE CJIOBO B TEKCTE M3 N CJIOB —
OHO MOKeT O6bITh MO0 CaMOCTOSITEIbHbBIM, JIMOO YacThIO coueTanus. B
TepBOM C/Tydyae HaM OCTaHeTCs TOOUTH Ha CJIOBA Y COUETaHMs TEKCT IJIU-
HbI 1 — 1, BO BTOPOM — TEKCT AJIMHBI N — 2.

TaxkuMm 0o6pa3om, OTBET Ha 3aJjauy )i n paBeH CyMMe OTBETOB ISt n — 1
U n—2. DTOMY YCJIOBUIO U ITOTyU€HHBIM HAMY HaYaJIbHbIM JAHHBIM Y/I0-
BJIETBOPSIET MMOC/IEAOBATENbHOCTD uncesn ®uboHayun. [I03TOMy OTBET —
Fa-

3agava 2. TOoHKM YyIUTOK

A.

B.

YIuTku AOIIOJI3YT A0 BepXad OJHOBPEMEHHO — KaKAas 3a TPU OHS.

ITokpacyuMm KJIeTKM JIiCTa B 6eJIblii ¥ YepPHbIi, KaK Ha IIIaxMaTHO JOCKe.
YepHbIX 1 6€JIbIX KJIETOK 6YIeT pa3Hoe KOJIMYeCTBO (Bce-TaKy IIIOIIaab
JIMCTA HEYeTHA), ¥ IIPU 3TOM Y/JIMUTKa MeperossaeT ¢ 6e10il KIeTKM Ha
YepHYI0, a C YUepHOoIi — Ha 6esyio. [I03TOMY yIUMTKaM, CTapTOBABIIMM B
KJIETKax I1BeTa, KOTOPOTO 6OoJibllle, HE XBATUT KJIETOK IIBETa, KOTOPOTO
MeHblIIe.

ITycTh Gosee GbICTpast yAUTKA — BepxHss. Torma riaH ee AeicTBUi Ta-
KOB: CITYCTUTBCSI BePTUKAJIbHO BHU3 B TOUKY, [[le CUea fpyras yauTKa,
a 3aTeM JOTHATh ee II0 ee Xe MyTH.

ITycTb Gosee GpICTpast yIUTKA — HYOKHSSL. [I1aH ee meiicTBUiT — IMOII0J3-
T NepHeHAUKYJISIPHO OT CTeHbl. KpaTuaiinii ImyTh OT HAYaJIbHOTO 110~
JIO)KeHUS BepXHell YAUTKMU OO0 TOUKM, TIe HaXOOUTCS HVDKHSS YIUTKA,
Bcerga OyzeT JIMHHee PacCTOSTHUS, MPOMeHHOTO HYDKHE!N YIUTKOM —
osTomy 6osiee MejieHHAsI BEPXHSS He CMOKET ee JOTHAaTh.
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3agaua 3. YaacTHuku «MaTtematuku HOH-CTOII»

A.

[Tobbem mapThl HA MAPBI CTOSLIMX APYT 32 IPYTOM, IO TPY Mapsl B psi-
my. IomyanTcst eBsITh Tap, a IMKOJTbHMUKOB ITOKAa BCETO BOCEMb. 3HAUMT,
OJlHa Iapa MapT MOJIHOCTbIO CBOOOAHA, 11 €€ MOXKHO yTalUTh.

Ecnu ke MKOMBHMKOB 9, TO OCAAMUM 10 IIKOIBHUKY 3a 1, 3 1 5 mapTsI
Ka)XIOro psiia — M HUYEro Hejlb3sl OYIeT YHECTH.

[Tyctb yuacTHUKOB Bcero N. Eciu cpeny yuaCTHUKOB eCTh OJIVH, He 3Ha-
KOMBIit HU C KeM, TO He MOKeT OBbITbh YJaCTHMKA, 3HAKOMOT'O CO BCEMM.
Ecny ke ecTb yuaCTHUK, KOTOPBIN CO BCeMU 3HaKOM, TO KaXK/bli1 3HAKOM
XOTb C KEM-TO.

TakuMm o6pa3om, 1160 Bce yYaCTHUKM 3HAKOMBI He 6osee uem ¢ (N —
2) MIOOBMU KaXKOBIH, 1160 Bce 3HAKOMBI He MeHee UueM C OGHUM, HO He
6onee uem ¢ N — 1 roabpMu Kakapiit. B mo6om cryyae Ha N y4aCTHUKOB
nony4aetcst (N— 1) BapuaHTOB, I03TOMY HaifIyTCsI JBOE C OAMHAKOBBIM
YMCIIOM 3HAKOMBIX.

Bo3pmeM 11eCTh Yy4aCTHMKOB, HAM XBaTUT. byleM coequHATb KPaCHOM
JIVHMEN 3HAKOMBIX, a CMHEeN JIMHMEN — He3HaKOMbIX. Bce yyaCcTHUKM
OKayKyTCSI TIOTIAPHO COeIMHEHBI.

W3 KaXkIOTr0 yYaCTHUKA BBIXOAUT TIO ISITh JIMHUIA, 3HAYUT KaK MUHU-
MYM TPU U3 HUX UMEIOT OJI1H 1BeT. [TyCTh M3 JaHHOTO yUaCTHNKA BBIXO-
IUT TPU KPACHBIX IMHUY — ITOCMOTPUM Ha JIIOfieii, B KOTOPbIX OHU MPU-
xopsT. Eciy MexXIy HUMM eCcTb XOTb OfHAa KpacHasi IMHUS, IToIyvaeTcst
KPACHbI TPEYTONMbHMK C YYaCTHMKOM, BHIOPaHHBIM HaMM M3HavyaabHO.
Ecnu ske Meskay HUMUM BCe IMHUM CMHME, TO 9TO JAeT HaM CUHUI Tpe-
YTOJNILHUK, TO €CTh OHM MOMapPHO He3HAKOMBI. UTO U Tpe6oBaIoCh.

3agaua 4. 3arajgbIiBaHMe uycesl

A.

ITycTb OKa3anoch, uTo a+b genurcs Ha b, roe a u b — unciia, 3arajlaHHbIe
MaJibuMKamu. Tormoa

a+b=k-b,
", COOTBETCTBEHHO
a=(k-1)-b.

Takum 06pa3soM, d OeIuUTCs Ha b — ¥ HamOONbILINII OOIINI JeIUTe b
9TUX JIBYX UMces paBeH b.
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B. OTBeT Ha nepBbIii BOMPOC — [1a, KOHEeYHO: 3 1 20 — B3aMMHO MPOCThIE
4yMcia, a X OCTAaTKU OT JeneHus Ha 17 coBmajaloT U, pasyMeeTcsl, He
B3aMMHO ITPOCTAHI.

YT0oO6bI MOKA3aTh, UTO YMCIA d U b 13 BTOPOTO BOIIPOCA ITYHKTA 00SI3aHbI
OBbITh B3aVIMHO ITPOCTBIMY, PACCMOTPVM YMCIIO

max(a, b) + 1.

OcraTku Mpu [eileHny Yucest a M b Ha Hero paBHbI UM CAMMM U T10 yCJIO-
BUIO B3aMMHO IIPOCTBI — 3HAUMUT, d ¥ b B3aMMHO ITPOCTHI.

C. Hamra 3ajaua — penmTh ypaBHEHeHM e

(X+3)(x +4)(x + 5)(x + 6) = 288.

PaccMoTpum Impou3BeneHMsI Iapbl KpaitHMUX MHOXKUTEIEN U Iapbl Cpeji-
HUX MHOXUTeJIe:

(x* 4+ 9x + 18)(x* + 9x + 20) = 288.

NubiMu, cioBamu,
Y(Y+ 2) = 288.
Pasnosxum uncno 288 Ha MHOXUTemM: 288 = 2° - 32, 3ameTuMm, 4TO eCTh

POBHO [IBa cr1oco6a IpeacTaBuTh 288 B BiIe MPOM3BEIEHNS IBYX UMCeI,
pasnuuarommxcs Ha 2: 16 - 18 u (—18) - (—16).

Yro ke menath Jlenexy? B KaxkIoM 13 3TUX IBYX CIy4aeB, YTOObI HANTYU
X, HY’)KHO pelInThb KBaJpaTHOe ypaBHeHMe. DTO MOXKHO CLenaThb, Halpu-
Mep, IpencTaBuB —18 B BUle Mpou3BeLeHNMs ABYX UMCesl, pa3andalo-
IIMXCST HA 3 — OHO M3 HUX U Oy#eT x + 3.

MpbI HajleeMCcsl, UYTO HU TO, HU JIPYTOe He IpeCcTaBsIeT ajs Jlegeka HU-
KaKoro Tpyza.
3agaya 5. MHOroHauMoOHaJIbHbIE 3aXBaTUYNKA

CmotpeTs 6 Kki1acc, 3agauy N27.

3amaua 6. ITope3aThb TOpT Ha [IeHb POKIAECHMS

A. TIpoBemem Tpu IMapajie/IbHBIX paspesa uepes TOpT. Ecin oM BMecTe
C KaKMMM TpeMsI paspesamit 006pasyioT 3aMKHYTYIO JIOMaHy0, TO €CTh
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3BEHO, MyIllee OT OTHOro KpaiiHero paspesa K ApyromMmy — TO eCTh, I1e-
pecekaroliiee cpefqHuii paspes. Takum 06pa3oM, IOCTPOUTH Hecamorie-
peceKaroIyocs IOMaHyI0 HeTb3sl.

3amaua CBOOUTCS K 3afaye pazpe3aHusl KBaapara Ha mSATh GUryp onu-
HaKOBO¥! IUIONIAAY U ¢ OLMHAKOBOI IJIMHOI ITepecedeHNs C BHEIIHUMU
CTOpOHAaMM KBazgpata. [yt 3Toro paszienyum KaKXaylo CTOPOHY KBajipaTa
Ha TISITh PABHBIX I10 JJTHE OTPE3KOB U COEAVTHUM KOHIIBI 3TUX OTPE3KOB
¢ neHTpoM KBagpara. [Tomyunm 20 TpeyroabHUKOB OAMHAKOBON ILIO-
NIaaM C OAVHAKOBO IJIMHOM OCHOBaHMSI. ICKOMbIe (QUTYPBI MOTYUNM,
00BbeIMHSISI COCEIHYE TPEYTOMbHUKY 10 YETHIPE IITYKMU.

PaspesaHue Kyb6a CTPOUTCSI U3 paspe3aHusi KBaapara MpoCTO: JOCTa-
TOYHO pa3pesarb Ky6 BEPTUKAJIBHO IO BCEIl €ro TOJIIMHE B COOTBET-
CTBUU C PUCYHKOM BBIIIIE.

3agaua 7. BaBemmBaHusa

A.

B.

I[Tyctb kapTodens Becut P rpammos, a Kot — K rpammos. [Tycts morper-
HOCTb COCTaBsieT M rpaMMoB.

Torpa P+ M = 1000, K + M = 4400, P + K + M = 5000. Otcioga P =
600 (BbruTeM M3 TpeTbero paBeHcTBa BTOpoe), K = 4000 (BbruTeM K3
TpeTbero nepsoe), M = 400.

IMomenum 729 MoHeT Ha TpU paBHBIX Ky4yKu. IT00KMM [Be U3 HUX Ha
BeChl — eI O HA U3 HUX OKAKETCs jlerye Apyroi, To B Heil HaXOOUTCS
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d)a)'[b]l[MBaSI moHeTa. Eciiu oHn PpaBHbLI 110 BeCy, TO d)aIIbIHI/IBaH MOHeTa
HaxXOAWTCS B OCTaBIIeCs TpeTu.

Takum 06pa30M, 3a OOMH XOI4 Mbl YMEEM YMEHbIIIATb KOJIUYECTBO «I10-
J03peBaeMbIX» MOHET BTpoe. 729 = 3° MosToMy depes LIeCTb XOLOB
OCTaHeTCsI OfHA MOHEeTa, KOTOpasi MOKeT ObITh (DayblIMBOIi — OHA U
OKaxkeTCsT hasIbIINBOIA.

C. BbUIOXXMM Ha BeCbl OOHY MOHETY M3 TIEPBOTO MeIKa, JBe MOHETHI U3
BTOPOTO MEIIKA, . .. 15 MoHeT 13 15-ro memika. Ecyi 661 Bce MOHETBI ObI-
JIM HAaCTOSLIMIMU, X CyMMapHas Macca 6b11a 661 paBHa 20- (1+...+15)
rpaMMoB. ITo hakTy Mbl OMyUMM GOJBINTYI0 MacCy — OHA OYyIeT OT/IN-
YyaThbCs OT NIPMBeJIeHHOI HaMy paHee Ha 5 - (N2 Menika ¢ ¢panblIMBbIMU
MOHEeTaM¥) TPaMMOB. Tak Mbl ¥ BbISICHUM, Te (haTbIINBKU.

3agava 8. lllyTka

CmortpeTs 5 Ki1ace, 3agavy Ne2.

3agaua 9. BoBouKka u KjeTuarTas TeTpajb

A. 3amerum, uro 102 + 30> = 1000. To ecTb, IPIMOYTONbHbI TPEYTOMNb-
HUK c KaTeTaMmu 10 MM, 30 MM (KOTOPBI J1IeTKO HAPMCOBATD M0 KJIETKaM)
uMeeT runoTenysy v/ 1000 mm?.

PacrionoxXuB yeThIpe TaKUX TPEYTOJbHMKA, KaK ITOKa3aHO Ha PUCYHKe,
MOTYYMM KBafpaT CoO CTOPOHOIT +/1000 MM?, TI/I0IIab KOTOPOTO PaBHA
1000 mm2.

B. Bocnonb3yemcs TeM (pakTOM, UTO pacCTOSTHUE MEXKIY CTOPOHAMM Iia-
paJijieslorpaMMa IMOCTOSIHHO, U MTOyYuM TpebyeMoe JeyeHre — CMOT-
peTb PUCYHOK.
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77777
/)
714

AHa/IorMYHO MyHKTY B AaHHOI 3agayM Mbl yMeeM [OeJIUTh Ha MPOU3-
BOJIbHOE KOJIMUECTBO YacTeli 060t OTpe30K, Hauasio M KOHell KOTOpO-
ro — y3ibl ceTku. Take 80 - 25 = 2000 — 1M03TOMY, €C/I Mbl HAYIMMCS
CTPOMTH KBaApaT Muomaaso 2000 Mm%, Mbl CMOKEM IOJEIUTh KAKIYIO
M3 ero CTOPOH Ha ISITh YacTel U MOMyYUTh 25 KBapaToOB HY>KHO HAM
wromany B 80 mm2.

Hakorerr, 2000 = 20% + 40%; gaee aHaJIOTMYHO IIyHKTY A.

3agava 10. Urpa

A.

To Urpa-IIyTKa: 3HaUEHMe CYMMBbI HE 3aBUCUT OT PACCTAHOBKM B Heii
CKOOOK — cyMMa B JIlo60M ciydae 6ymer paBHa 2017, To ecTh HeueTHa.
Orcioga no6equT mepBblii UTPOK.

v IIepBOro Urpoka €CTb BbIMIDBIIIHAA CTpaTerus. HepBbIM X0OoM OH
JOJDKEH IMepeIoKUTb 3 KaMHS U3 nepBoﬁ KYYKM BO BTOPYIO. 3aTeM OH
AOJDKEH pearmpoBaTb Ha XOObI BTOPOTO UTPOKa C/IeAYIOIIM 06pa30M:

Ecnu BTOpOIT epexnanpiBaeT X KaMHe 13 IepBOil Ky4ku BO BTO-
pYI0, TO TIePBbIii JOJKEeH MepeIoXUTh 5 — X KaMHel Takke U3 MepBoii
KYYKJ BO BTODPYIO.

Ecnu ke BTOpOJi lepekaaabiBaeT KAMHM M3 BTOPOJ KYUKH B TIEPBYIO,
TO TMePBbIi JOKEH BEPHYTH 3TU KAMHM 06PATHO BO BTOPYIO KYUKY.

3ameTuM, YTO IOCJIe X0/ia IIePBOro UIPOKa KOIMUeCTBO KaMHei BO BTO-
pOJi KyuKe Bcerza MMeeT OCTaTOK 3 OT JielleHusI Ha 5, a [10ocjIe X0[a BTO-
POTO UTPOKA KOTMYECTBO KaMHE BO BTOPOJ Ky4yKe HUKOTIA He MeeT
TaKOro OCTaTKa. ITO 3HAUUT, UTO BTOPOI UTPOK HE MOSKET IMEPEIOKUTD
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BCe KaMHM BO BTOPYIO KYUKY, BBIHYAMB II€PBOTO COE/IaTh XOH, IMPM KO-
TOPOM eMYy IIPpUAOeTCs BBIKMAObIBATb KAMHM M3 MeEIIIKa.

To ectb, (a) nepBbINi BCerga MOXKeT CLeaTh X0/, COOTBETCTBYIOLLE IIpU-
JIYMaHHOV HAMU CTpaTeruu, (6) BBIKMIAbIBAHVEM KaMHeli M3 MeIlka 3a-
HMMAaeTCs UCKIIYUTENTbHO BTOPOJ UTPOK. OH U ITpourpaer.

C. Haunem co crydast n = 13. Eciut mepBbIit UTPOK B3sUT K KaMHE, TO BTO-
poit MokeT B35Tb 13 — k u rmo6enuTs. Eciiu n He mpeBocxonauT 14 u He
paBHO 13, TO BCe KAMHM MOYKET B3SITh 32 OIMH XOf, IEPBbII1 UTPOK.

Ons n > 15 paccMoTpuM ABa cryvas:

n menuTcs Ha 13. 3aMeTuM, YTO IocjIe JTI000ro Xo1a IIepBoro UrpoKa
OCTaBIIeecs KOJIMUECTBO KaMHelt He Oy1eT AeUThes Ha 13. 3aTo BTOpOit
B C/Ty4ae JIlo00ro X0a IIePBOro CMOXKET CIe/IaTh Tak, YTO ITOC/Ie ero Xoaa
KOJIMYECTBO KaMHel, 0CTaBIIMXCS B KyUKe, Oy/IeT BHOBb AeIUThCS Ha 13.
Isist aToro Ha B3siTue k kKamHeit, 1 < k < 12, HY’)KHO OTBETUTb B3SITUEM
13—k xamHei1, a Ha B3gTHe 14 kamHeit — 12 kamusamu. Hosb menmurces Ha
13 — KyuKa MOXeT OCTaThCS ITyCTOM TOMBKO MOCJIE X0la BTOPOTO UTPOKa.

n He genutcs Ha 13. Torga BEIMCPBIIIHAS CTPATerus eCTh Y IEPBOTO
urpoka. CBouMM IepBbIM X0JI0M OH 6epeT oT 1 70 12 KaMHe# Tak, YTOGBbI
OCTaJI0Ch KOJIMYECTBO, KpaTHOe 13 — a 3aTeM MUrpaeT Tak, Kak Urpaj Ob1
BTOPOJ UTPOK B MPeNbIAYIIEM ITYHKTE.

OTBeT: eciu n fennTcs Ha 13, BBIMTPBIBAET BTOPOI UTPOK; MHAYE BbIUT-
pbIBaeT MepBbIii.

3agmaumu 8 Kiacca

3agmaua 1. HemsBecTHbIe MU PHI

CmortpeTs 5 Kitacc, 3agauy N25.

3agava 2. VicKkycHOe BjIaJieHye YucjiaMu

A. TlpensbsiBUM pacCTaHOBKY:




2017 rom, 8 kmacc
B. 15317.

C. [aBaiiTe MCKATh YMUCIIO, Jesileecs: Ha 144: 3TO YMC/IO HeCulbHO, HO 00-
cmamouHo 6osbiiie 95, ¥ IeTMMOCTb Ha HETO OU€Hb ITPOCTO ITPOBEPUTH:
144 = 16 - 9: menmuMocCTb Ha 16 3aBUCUT OT TTOCJEAHUX YeThIpeX 1UdD,
a IenmMMocCTbh Ha 9 — OT cyMMbI I[UMP B [€JIOM, KOTOPYIO MbI KaK pa3s
JleiaeM paBHOJ 144.

IMonoskuM nocjaegHue yeThbipe Iubpbl paBHbIMMY 3232 — HaM OCTaHETCS
pacnpenennts 134 Ha 91 paspsiz. [I1s1 STOTO BOCIIONb3yeMcsl 43 IBOMKa-
MU 1 48 emMHULIAMUA.

3amaua 3. IlnmaByumnii 3001apk

A. Vtak, Mbl 3HaeM, UTO KOGPA CITUT, YKYCUB ceOsT 32 XBOCT U M30THYBIICH
3aMKHYTOV TJoMaHO. Harpumep, ee mososkeHre MOXKeT BBIT/ISIIETh TaK:

B. KoHeyHO ke, MMHMMAaJIbHOE KOJIMYECTBO YITIOB y repeceueHnst — 3. Ec-
JIX MBI HalileM MaKCUMMalbHOe KOINYeCTBO U IIpUBeneM IpuMep, Ko-
I7a OHO LOCTUTAeTCSI, TO BCe IIPOMEXKYTOUHbIe KOMNUeCTBa yIJIOB 6yeT
HeCJIOKHO IONY4YUTh.

[TokaxkeM, YTO Kak[Iasi CTOPOHA NIECTUYTOJIbHMKA 1aeT He 6oJiee YyeThl-
pex yIIoB Oyayliemy repecedyeHuo. Eciv KOHIIbI 3TO¥ CTOpOHBI 06a Ha-
XOIATCSI CHAPYXKM UEThIPEXYTONbHMKA, TO 9TA CTOPOHA MepeceKkaeT He
6osee yeM BCe 4 CTOPOHBI UeTBIPEXYTOIbHNUKA — OTCIoAA 6epyTes 4 yr-
na.

Ecnu onyH 13 KOHIIOB CTOPOHBI HAXOAUTCSI CHAPYKY Y€ ThIPeXyTrolbHM-
Ka, TO OH CaM SIBJISIETCS YIVIOM TTepeceveHus HaluX GUryp — Ho, C Ipy-
rOit CTOPOHBI, B 3TOM C/Iyyae MMeeTCsI CTOpOHA UeThIPEXYToabHIMKa, KO-
TOPYIO paccMaTpyBaeMasi HaMyM CTOpOHA IIeCTUYTOMbHMKA He Tepece-
yeT. B caMoM perne, MpoAJIMM CTOPOHY IECTUYTOIbHMKA OT JieKalle-
ro BHYTPM KOHIIA JIO TepeceyeHus ¢ IPaHuIleil YeTbIPeXyroabHIUKa —
9TO YKaskeT HaM Ha CTOPOHY, KOTOpasi He TepeceKkaeT paccMaTpuBae-
MYIO HAMM.

HakoHer, Korma 06a KOHIIA CTOPOHBI IIECTUYTOJNbHMKA JIEXKAT BHYTPU
YeThIPeXyroNbHIKA, UMeeTCs He 6oJiee IBYX IepeceuyeHnii 3Toi CTOpo-
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HBI C I‘paHML[eVI YeTbIpEeXyrojibHIMKa, HO 3aTO oba KOHIIA SIBJIAIOTCS yIjia-
MM 1iepeceuyeHums.

Takum 06p8.30M, BEePXHSIS OJ€HKA Ha KOJIMYECTBO YIVIOB —

24=6-4.

HpI/IBe,E[eM npmumep nepeceueHmsd, COCToOAIIEro m3 6 YeTbIPpEXYTOJIbHU -
KOB:

C. JlanHas 3agaua gBjsieTcs 06001eHeM NyHKTa B. VI3 coBepiiieHHO aHa-
JIOTMYHBIX COOOPaskeH NIt I0yyaeM OTBET — OT 3 10 M - N YIJIOB.

3agava 4. BoBouka 1 KjleTuaTas TeTpagb

CMmotpeTs 7 Kitacc, 3amauy N29.

3agaua 5. 3aragpIBaHyie yyMcesl

CMmorpeTs 7 KiIacc, 3agauy No4.

3amaua 6. ITyTu aBTOOYCA HEMCIIOBEAVIMbI

A. OmycaHHas B yOIOBUM 3a1a4y CUTYaI[MsI BO3MOXKHA ITPU JIIOOOM KOJIM-
4ecTBe TOPOA0B — NOCTATOYHO COeAMHUTD BCe TOPOAA NOPOraMu I10 Kpy-
Iy, <XOPOBOJOM», U 4 MapTa OTIPAaBUTh aBTOOYC M3 KaKIOTO TOPoza B
[ (D137:0110078

B. ABTOGYCOB, BbleXaBIMX 13 ropomoB Ha II (4, COOTBETCTBEHHO, IIpye-
xaBIIMX B Topona Ha K) 6ombie, uem cob6cTBeHHO ropozgos Ha K. B ety
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npuHIuna Iupuxiie, B KaKOM-TO ropoge Ha K 6ygeT 60s1bliie OIHOTO aB-
Tobyca.

C. PaccMoTpuM Kakoii-TO M3 TOpPOAOB, Ha30BeM ero A. M3 Hero 4 maprta
BbIeXasl aBTOOYC — 0003HAUMM TOPOJI, €ro MPUGLITHUS uepe3 B. ABTOGYC
13 B, B CBOIO ouepeib, MOT [10€XaTh JM00 B A, 1160 KyAa-To elle.

Ecnu oH moexan o6paTHO B A, TO Y ABYX APYIMX TOPOJOB HET MHOTO
BBIX0J]a, KpOMeE KaK TOXe «0OMeHSIThCSI» CBOMMM aBToOycamu. IToaro-
MY JOPOTY MOTYT OBITh PACIOJIOKEHbBI, HAIIPUMED, TaK, YTOOBI IOITyC-
KaTh pa3bueHue ropoioB Ha ABE Mapbl, FOPOJa B KOTOPIX COEOMHEHBI
JOpPOro.

Ecnu ke aBTOGYyC U3 B moexan pasnbie, B ropor C, To aBTobyc u3 C He
MOT OTIIPAaBUTHCS HU B A (TOT]a aBTOGYCY B YETBEPTOM I'OPOJIE IPUIETCS
CUIEeTb Ha MeCTe, UTO 3allpeleHo), Hu Kyaa-iubo emie (1 B B, u B C yxke
eCTb IIpUOBIBILIME aBTOOYCHI).

TakuM 06pasoM, APyroit crocob pacroliokeHus: JOPOr — TaKoi, mpu
KOTOPOM €CTb IIMKJI 3 YETHIPEX JOPOT, IPOXOSIIINI Uepes BCe roposa.

[Tepeuncianm crocobbl pa3séuTh rOpojia Ha IBE Maphl U CITOCO6BI ITPOBe-
CTU LIMKJIbI Uepe3 YyeThipe ropoaa:

[~ X
M} X

[Monmyuniock mecTsb CH0CO60B — TaKye COeAVHEeHNS JOPOoraMy HaM IO/ -
xomsT. TakKe MOJOIiIeT Jitobast CUTyalusl, KOTopasi «HaJCTPOeHa» Haj,
repeulcJIeHHbIMM HAMM: TO €CTh, B3IThI BCE JOPOIM U J0OaB/IeHbI KAKye-
TO eIle.

3agaua 7. [lepeBogumKu ¢ HEMEILKOrO

CMmorpeTs 7 Kiacc, 3agauy N21.

3agaua 8. IIpuMmeuaTeTbHbIN YY4€OHBIN T€Hb

A. K BbicoTe m MeTpOB AepeBo noaxoaut, umesi (m — 1)! serseit. CooTBeT-
CTBEHHO, OTBET Ha 3agauy — 11! BeToK.
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B. OueBugHO, uTO 60sbIIE 13 paccamok He 6bIBAET: MAJIbUMK KaXKIbIii J€Hb
00s13aH CUIeTh C HOBOJ IeBOUKOIi. 13 ke paccafoK peann3oBaTh IIPo-
CTO: HY’>KHO B3SITh KaKyl0-TO pacCajiKy, U KaskAplit JeHb COBUTATh AEBO-
YeK OTHOCUTETbHO MaJIbUMKOB «I10 KPYTY».

C. [laBaiiTe pemmm 3a7avy B 001IeM cTydae: ecThb Kiacc u3 4k + 2 yemoBek
— npuayMmarth 4k + 1 crmoco60B paccaiuTh UX 3a MapThl TaK, UTOGBI OfI-
Ha 1apa He MHOSIBJISZIach B IBYX pasHbIX paccagkax (00Jbllie Helb3s 110
OUEBUIHOJ MPUUMHE — KaXKIbIi YeJIOBEK MOKET CUIIEeTh He 6oiee ueM
¢ 4k + 1 gpyrumvn).

Bymem n300paskaTh i—yi0 paccafiky, CTaBsl YMCIO [ B KJIETKYU TaGIULIbI
(4k+2) x (4k+ 2), 3 KOTOPOI1 BBIKMHYTA LIeHTpa/IbHas JyaroHasns. Ha-
1I1a 3a/1a4a TOIa — PacCTaBUTh UMciia OT 1 mo 4k + 1 B KJIeTKM TaOIUIIbI,
TaK YTOGBI (a) KaXkJ0e YiCIo ObUTO HAIMCaHO POBHO 2k pa3s (6) BCTpe-
YajI0Ch B KasKIOM CTOJIOLIE U Kask[ 0l CTPOKe POBHO IO OJHOMY pa3sy (B)
€ro BXOKAEHMUS B TaGIUITY ObLIM ObI CUMMETPUYHBI OTHOCUTEIBHO 1€H-
TpasibHOM IuaroHanu. [IocTpouM pacCTaHOBKY.

B mepBy10 cTpOKy Tabiauilpl Brimiiem uncia ot 1 1o 4k + 1 cripaBa Ha-
JIEBO, @ B MEPBBIii CTONOEI — CHU3Y BBEPX. 3aIOHSS i-YI0 CTPOKY, 1 <
i < 4k — 1, mocTynum Tak: 3ape3epBUpPyeM CaMyI0 ITPaBYIO0 KJIETKY CTPO-
K1, He Gy[IeM ee TPOTaTh; B OCTaJIbHbIE KJIIETKYM BIIMIIEM YKCIA OT 1 10
4k + 1, cIBUHYB MX Ha OAHY KJIETKY BJIEBO OTHOCUTEIbHO MPebIAyIIei
cTpoku. [Tocse 3Toro B camylo MpaByIo KIETKY 3aluilieM Y10, KOTOpOoe
JIO/DKHO ObUIO CTOSITh Ha LIEHTPaIbHOI AuaroHanu. [lociaenH0w0 CTpo-
KY TIOJTyYMM OTpPaskeHMeM OTHOCUTEIbHO LIeHTPa/IbHOI IMaroHaau yxe
c(hOpMUPOBAHHOTO MOCJIETHETO CTONIOIIA.

ITpuBemeM mpuMep TaKoi TabauIIbI OJist kK = 2 (B 3agade ObIIO k = 6):

9 8 7 6 5 4 3 2 1
9 5 4 2 1 8
8§ 7 5 4 3 2 1 9 6
7 6 5 32 1 9 8 4
6 5 4 3 1 9 8 7 2
5 4 3 2 1 8 7 6 9
4 3 2 1 9 8 6 5 7
32 1 9 8 7 6 4 5
21 9 8 7 6 5 4 3
1 8 6 4 2 9 7 5 3
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Hecnoxno y6eJlI/ITbCSI B TOM, YTO OHa 06J1anaeT HY)KHbIMM HaM CBOJi-
CTBaMU.

3amaua 9. O unciaax MaJIeHbKUX M 0OJIBIINMX
A. Bes orpanmueHust 06IIHOCTY ByIeM CUMTaTh, uTO b > a > 2. Torma
(6] (2)
a+b < 2-max(a,b) < min(a,b)- - max(a,b) = a-b.

Temeps, ecy 0b6a ynucia a, b crporo 60sblle ABYX, TO HEPaBeHCTBO (2)
CTaHOBUTCS CTPOTUM, a eCJIM TOJIbKO OHO — TO HepaBeHCTBO (1) cTaHo-
BUTCS CTPOTUM. UTO 1 TpebOBaIOCH.

B. (a): Ilycth a — niepBast udpa yncna X.

Yrto6blI HAMTK UMCIO X, KOTOPOE TP VIaJAeHUM epBoii Hudpbl cTaHeT
B 57 pa3 MeHblIle, Hy>KHO IIPUIYyMaTh TaKkyio Iudpy da, 94To

a-10" =56- (X —a-10").

s sToro, B uacTHOCTH, uncio a00 . . . 0 Jo/KHO AeauThes Ha 56. Unciio
70000 oTinuHo nogoiiaet. [TonyyaeM OTBeT:

1250 - 57 = 71250.

(6): UYTOOBI HAJITH OTBET B 3TOM IYHKTE, HY>KHO IT0J00paTh TaKyio Liyd-
py a, 4to a00 . .. 0 mesmtcs Ha 57. Tlycth Takas ectb: 57 | a - 10X, 10 B3a-
MIMHO IPOCTO ¢ 57, mosTomy Torga 57 | a-10%~1. Tlpomomkas yMeHbIaTh
CTeTleHb JeCsITKY, TIOb3YSICh 3TUM coobpaxkeHueM, ronyuum 57 | a. Ho
HeHyseBas 1udpa He MOXKeT JeauTcs Ha 57 — momyyaeM IIpOTMBOpe-
yne.

C. OTmenpHO pacCMOTPUM CIydaii n = 4:4 = 2-2 = 2+ 2. Ecin ke cocTas-
HOE 11 CTPOTO GOJIbIIIE YETHIPEX, UTO €0 MOXKHO ITPEJICTABUTD B BUJIE d- D,
a>2,b>2.

V3 myHKTa A MbI 3HaeM, 4TO TOrga d + b < a-b = n. Torga MOXXHO B3SITh
n — a — b egyiHuIL, U TTOJTYYUTD

a+b+1+...41=a-b-1-...-1=n.

3agaua 10. Urpa
CMmortpeTs 7 Kiacc, 3agavy N210.
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3agaua 11. Bo3Boaum B cTenneHb

A. Tlopoiimet, HanpuMep, 423 (menutcs Ha 9), 424 (nenuTtcs Ha 4), 425 (ne-
JIUTCS Ha 25).

B. Byzmem ucKaTb 3TO YMCIIO B BUZeE 2m3nsk: o YCI0BUIO, 5TU MHOXUTEIN
IOJDKHBI B HETO BXOOUTD, a JIMIIIHETO HaM He Haflo. SICHO ciiemyoniee:

m JenuTcs Ha 3 M Ha 5, HO HEeYeTHO;
n OeJIUTCs Ha 2 M Ha 5, HO MMeeT OCTaToK 1 1o Moayiiio 3;
k menutcs Ha 2 ¥ HAa 3, HO MMeEeT OCTaTOK 1 o MoAyIIio 5.

Haitmem HauMMeHbIIMe nogxopsamue m, h u k — sto 15, 10 u 6. OTBeT:
215 . 310 . 56.

C. ITycTb HaM Ha/I0 IPUAYMATb I[ETIOYKY JIJTMHBI . BO3bMeM n Tpon3BoIb-
HBIX TIPOCTBIX YMCENI P ... P, — UX KBAAPATHI SIBJSIIOTCS TIOTIAPHO B3a-
MMHO MPOCTHIMMU.

B cunmy Kuraiickoit TeopeMsbl 06 ocTaTKaxX HaigeTcsl JOCTaTOYHO 6OJIb-
11oe umcno N, cpaBHUMOE C i TTI0 MOJY/TI0 piz, 1 <i < n. ckomoii Lienou-
Koit 6yner N—n...N— 1.

3apauva 12. IllyTka

CmortpeTs 5 Kitacc, 3agauy No2.

3amaun nmpoduJIbHOro Bapuaura 7
KJIacca

3azaua 1. be3 Hysnen
1. IpegbsaBuM nepeBoOf;:

110 — XX 1X17 — 2017
2202 — 21X2 XXXX — 11110
500000 — 49999X 512 — 512
2. 3HayeHMe YnCiIa C,Ch_1 ... Co BOCCTAHABIMBAETCS II0 €ro 3aIliCK B MO-

InUIIMPOBaHHOI CUCTEMe CUMCIIEHMS TaK 3Ke, KaK 110 IeCSITUYHO 3a-
mmcn: > ¢, 10X, rme X maTepnperupyercs kak 10.
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Iyctb N = C,Cy_1...C0 = SpSn_1 ... So. JaBaiiTe popMaJbHO BHIUTEM
3T [Ba BeIpaXXeHUS OpyT U3 apyra. [Tomyunm

n
0="> (c—s¢)- 10 —9< -5 <09.
k=0

[TycTh cTapimii pasps, B KOTOPOM pas3jInyaroTcs 3amucy uncia N, uMe-
et Homep M. [TokaxkeM, 4yTO KakuMu ObI HU GbLIM Goslee MIafIIne pas-
PSZIBI, PA3IMUMS B HUX He «I1epe6bIoT» pasHUIlbl, TOSIBUBILEICS B M—0M
paspsize.

10M (CM— SM) = — Z (Ck —Sk) . 10k
0<k<M
10M < ey —sml - 107 < Y g — sy - 104 <
0<k<M
<9-(14+10+4...+ 10" =10~ 1.

IMTonyumnm npotusBopeune.

[TepeBecTy 13 MOAUGULIIVIPOBAHHON B JECSITUYHYIO COBCEM ITPOCTO: Ha-
JIO BCe pa3psifibl, B KOTOPBIX CTOSIT X, 3aMEHUTDb HA HYJIM — U CIIOKUTh
TTOJTyYMBIIIEECS YMCIIO B CTOJIOMK C YMCIIOM, KOTOPOE COCTOUT B OCHOB-
HOM U3 HyJIei, a eAVMHUIIBI CTOSIT B pa3psifax, MpeaiecTBYIINUX TeM,
rJe B MCXOLHOM 4Mcie CTosu X:

9 0 0 7
IXXT7 = 1 1 0 O
1 0 1 0 7

[ mepeBoza U3 JeCATUYHON B MOOU(PUIIMPOBAHHYIO OYeM T0/Ib30-
BaThCS TEM COOOpakeHeM, UTO

[K]000...00 =[k—1]999...9X.

By,ELE‘M «UUTATb» UMC/IO CIIpaBa HAJIEBO M 3aMEHATDH 6JIOKM Hyneﬂ, Co-
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IJIaCHO YCTAaHOBJIEHHOMY HaMU ITPAaBUIIY:

10100560075‘
101005600’75

1010055‘9x75

ITpu sTOM CJIeBa OT HAC MOTYT MOSIBJASTHCS HOBbIE HY/IU, HO CIIpaBa Hy-
Jieii TOUHO He OCTaeTcs:

10100’559x75

100‘9x559x75

Haxkowne1r, ecin rnepBasd L[I/Id)pa B UyucC/ie — HOJIb, TO OT Hee IIPOCTO nusba-
BVIMCSI, YMEHbBIUINB KOJIMYECTBO PA3PAO0B:

(9x9x559x75

4. 3amuch X, HECCOMHEHHO, Kopoue, yeM 10 — HO rmoyemMy 3arich B MOJIU-
(GULMPOBaHHOI CUCTEME CUNMCIEHMS He ObIBAET IJIMHHEe?

C OIHO¥1 CTOPOHBI, JOMYCTMMbIE BKJIAIbl KaXKIOTO pa3psiia B UMC/IO CTa-
JIVi He MeHblIle, TaK YTO HaJlOOHOCTH B OOJIbIIEM KOIMUECTBE Pa3psaoB
IIPOCTO HEOTKyAa B3ATbCA. C Opyroil CTOPOHBI, y HAC eCTh Ipouenypa
TTOCTPOEHMS 3aITUCU U JOKA3aTeIbCTBO €€ eMHCTBEHHOCTY — 3aMETUM,
YTO MbI HUTTIe He U3MeEHSIeM KOJIMYEeCTBO PaspsiioB B UMCIIe, pa3Be UTo
B CAMOM KOHIIE, U36aBJIsISICh OT BEAYIEro HyJIs.

5. Vpes 3a CIOXKEHMEM U YMHOXKEHMEM B CTOJNOUK, HECOMHEHHO, GymeT
CTOSITH BCE Ta JKe; pasjanuusi 6YAyT 3aK/II0YaThCS B HEKOTOPBIX TEXHU-
YeCKUX JIeTasIx:

yugpa + X = yugppa v nepeHoC eJUHUIIBI B CJIeAYIOIINIA paspsiz;
nepeHoc + X = nepeHoc ¥ mepeHoC eIVHULIbI B CJIeNYIOUINii paspsif;
5+ 5 = X, 6e3 mepeHoca B CJIeAyIOLIMii pa3psia;

X+ X = X 1 nepeHOC eqMHULIBI B CJIEAYIOIINIA pa3psig;
nepeHoc+X+X = nepeHoc vi iepeHOC ABOVIKYM B CJIEAYIOIINIA pas3psia,;

yugpa - X = X u nepeHoc (yugpa — 1) B crepyrouiuit paspsi,.
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6. MoxxHO, HanpMUmMep, JOMHOXaTb Ha —1 TOJBKO CTapUIMi1 pa3psij, 3aru-
ChIBasl, HaIIpMMep, 3HaKoMoe HaM —15949 = —20000+4501 = —2 44X]1.
Torma HOMb OyIEeT 3aMMChIBATHCS Kak —1 X.

7. TIpM3HaK JAeMMMOCTY Ha CTEMeHM MBOIKM OyIeT TakKuMM Ke, Kak B Jie-
CSITUYHOI CUCTEME CUUCTEHMS: BCE TOTOMY, UTO YMCIIO, B KOTOPOM OT-
6pocuu mocaenHue k paspsimoB, 6ymeT genuThbest Ha 10X a, sHaumT, u

k
Ha 2.

HpI/IBHaK OEeIMMOCTHM Ha CTEIIeHMU IIATEePKNU aHa/IOTUYEH IIpeabIayniemy.

[MpusHak genumocTy Ha 3 M 9 — YMCI0 CpaBHMMO 10 MOAy/o 3 (9) co
CBOeli CyMMOi1 Mdp — Mo-MpeskHeMy paboTaeT:

CnCn_1. co_chlo" ch (mod 3).

[MpusHak genumocTy Ha 11 — YnEIo cpaBHUMO IO MOy 11 co cBoeit
3HaKouepenymoueics: cyMmoii iudp — Takke OCTAETCS TEM Ke:

CnCn—1 - co—chIOk ch( 1% (mod 11).

3agaua 2. /lopora 1o MmeTpo

1. Hac uHTEpEeCYIOT TOUYKM, CyMMa CMeIeHNi 1 KOTOPbIX TI0 TOPU30HTAIN
U TI0 BEPTUKAINM OTHOCUTEIIBHO BHIOPAHHOTO y3J1a HE MPEBOCXOIUT 4.
MHOXXeCTBO 3TUX TOUYEK BbIIVISIAUT TaK:

2. Eciu ompenensith JIMHY ITyTH KaK MakKCMMYM M3 CMEILIEeHUi, TO B 4—
OKPEeCTHOCTU OYAYT JIeKaTb TOUKM, KaKAasi KOOPAMHATA KOTOPBIX OT-
JIMYAETCS OT COOTBETCTBYIONIEN KOOPAMHATHI BHIOPaHHO He 6oJiee uem
Ha 4.

Ecnu ke omnipefesisiTh ee KaK MUHUMYM, TO B OKPECTHOCTb IOTaIyT TOY-
K1, XOTS 6bI OHA Y3 KOOPAMHAT KOTOPBIX OTJINYAETCS OT KOOPAMHATHI
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MCXOMHOI He 6ojiee ueM Ha 4 — MOMYUMUTCS KPECT, JIyuM KOTOPOTO MPo-
JOJKAIOTCS GECKOHEYHO [1aIeKO 110 TOPU3OHTAIY U BEPTUKAIN.

Maxkcumym: Munumym:

000000000
000000000
000000000 0000000000000
000000000 0000000000000
0000000000000
0000000000000
0000008000000
0000000000000
0000000000000
0000000000000
000000000 0000000000000
000000000
000000000

HakoHerr, eciy JyivHa My TH OTNpefiesieHa KaK MOIY/Ib PA3HOCTY CMellie-
HMUIA, TO B 4—OKPECTHOCTD MOMAAYT TOUKM, JIiexkalye Ha pacCTOSTHUM He
6oJiee UyeThIpex OT ABYX OMaroHasei, MpOXOAsIINUX uepes BhIOpaHHbI
y3ern:

00000 00000
000000 000000
0000000000000
0000000000000

0000000000000
00000000000
000000000
00000000000
0000000000000

0000000000000
0000000000000
000000 000000
00000 00000

BaMeTI/IM, 4YTO AJIMHa KpaTqaﬁmero IIyTU MEeXOY ABYMA TOYKaAMM B K/TaC-
CMMYEeCKOM CMbIC/IE paBHa CYMMEe €T0 CMeleHUI TT0 TOPU3OHTAJIN U BE€P-
TUKaJIN, TaK KdK KpaTqaﬁmmﬁ IIyTh MCIIOJIb3YeT TOJIBKO OOHO M3 OBYX
BEPTUKAJIbHBIX M OOHO 13 IBYX TOPU30HTA/IbHBIX Hal'[paB)'IeHV[f/I.

3HAUMT, ITYTh «KJIACCMUECKOM» IJIMHBI, He IPeBOCXOsINe 1, CBI3bIBa-
eT [IBa y3J1a U3 CeTKY TOTa ¥ TOJIbKO TOT/Ia, KOrla MeXIY 3TUMU y31aMu
CYIIECTBYET IYTb AJIMHBI «B CMBIC/IE IEPBOTO ITyHKTa», HE TIPEBOCXOMS -
et n. Yto u TpeboBasoCh.

Besikuit KpaTyaiimmii myTh U3 A B B 6yIeT uconb30BaTh POBHO M + n
pebep, 113 KOTOPBIX POBHO 1 OYYT IPOXOAUTHCS B HAIIpaBAEHUI CBEPXY
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BHI3, a OCTaJIbHbIE M — CJIeBa HATIPaBO. 3HAYMT, JJIsI TOCTPOEHMSI KpaT-
yajilero MyT HaM HYKHO BbIOpATh Te n pebep U3 UMEeIOLUMXCs m + n,
KOTOpbIe MbI OyJIeM ITPOXOIUTb CBEPXY BHI3. ITO MOKHO CIe/IaTh

CH

m—+n

m-n CIIOCOOAMM.
ITycTb TOpog, COCTONT 13 LIECTH Y37I0B, M300paskeHHbIX HYKE; CTAHIVIN
MeTpO OTMeYeHbl YepHbIMM Kpy>KKamu. Torma MakcyManbHOe KpaTJaii-
IIee paccTosiHye (paBHOe 2) IOCTUTAEeTCs B y3Jie, OTMEUYEeHHOM KBapa-
TOM (IJIS1 OCTA/IbHBIX Y3JI0B €CTh CTaHIVSI MeTPO, HaXONsIasics He 60-
Jlee YeM B OFIHOM Illare OT HMX). A MaKCYMaJbHAas CyMMa PacCTOSTHUIA
(paBHas 6) JOCTUIAETCS B Y3/1aX, OTMEUEHHbIX POMOMKAMM: B OCTAJIb-
HBIX y3/1aX 9Ta CyMMa paBHa 4 w 5.

e o 0o

CpenHee pacCcTOSTHME IO CTAHIIMIA TTOTYYaeTCs U3 CYMMBbI BCEX PACCTO-
SIHUI [eieHeM Ha KOJIMYECTBO CTAHLMI — 3HAYMT, MAaKCMMyMa OHM
IOCTUTAIOT OMHOBPEMEHHO.

o < o
m| () m|
o < o

PaccmoTpuM ropoj, M300paskeHHbI Ha pucyHKe. KpaTuariiiee paccTo-
sTHMe OOCTUTaeT CBOEro MaKCMMyMa, PaBHOTO 3, B y3/1aX, OTMeYeHHbBIX
KBagpaTamu. MakcumMaabHOe HanboIbIllee pacCTosSHIe, paBHoe 12, no-
CTUraeTCs B YeThIpeX y3JIax Mo KpasiM ropofa, Ie pacronokKeHbl CTaH-
1117078

HakoHell, MmakcuMaibHasi CyMMa pacCTOSIHUI, paBHas 34, JOCTUTAETCS
B y371aX, OTMeUeHHbIX POMOMKAMU: [JIS1 TOTO, YTOOBI JOTH OT HUX 10
CTaHIMIt METPO, HY>KHO BCSIKMIA pa3 MPOXOAUTH M0 «OTPOCTKAM», B KOH-
11e KOTOPBIX PACIIONIOKEHBI POMOUKH, UTO TOOABIISIET TOTIOIHUTETbHBIE
10 K cymMe pacCTOsSTHUI A0 CTaHIUIA.
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3agauu nmpodujabHOro Bapmanra 8
KJj1acca

3agaua 1. Yepe3 TepHUH K 3Be3JaM

1.

Kpatuaitmmit myte Mexxny A u C npoxomuT 6o yepes B, 6o He 3a-
Tparusasi ee. B mepBom ciryuae d (A, B) + d (B, C) = d (A, C), BO BTOpOM
cryvyaed (A,B)+d (B, C) < d (A, C), TOTOMY YTO KpaTyaiIinii myTh MesK-
Iy A u C, mpoxonsiyit yepe3 B, He MOXeT ObITh KOpPOYE ITyTH, KpaTuaii-
1Iero Booo1ie.

Hanbonblee BO3MOXKHOE PACCTOSTHME MeXKIY BepIIHAMM N—YTONMbHMU-
Ka PaBHO | 7|, BCe 3HAUeHMs PacCTOsHMs OT 0 10 3TOTO UnMc/Ia AOCTUTa-
1oTcsi. Ha paccTossHuM OT JAaHHOM BepIUVHBI, CTPOrO MeHbIIeM, YeM 4,
BCerIa HaXo[sATCS POBHO ABe APYIUX.

Ecnu ndeTHOe, TO ecTb OfjHa BepIlIHA, HAXO/AIIAsICS OT JAHHO Ha pac-
CTOSIHMU 75, OHA JXe Haubosee ynaneHHas. Eciu n HedeTHOoe, TO Haub0-
Jiee yoaieHbl OT AAHHOJ iBe BePUIMHbI, HAXOASIMECS Ha PACCTOSHUM
| 5] OT Hee — cmpaBa u creBa.

ITycTb BCe CTOPOHBI MHOTOYTOJIbHMKA, KPOMeE OIHOM, MMEIOT «Bec» 1, a
ocTaBmasics — «Bec» 2. PaccTosiHMe MekAy BepIIMHAMU OyieM CYUTATh
Kak CyMMYy BeCOB CTOPOH, IO KOTOPBIM IMPOXOAUT KpaTyailiuili MyTh
MexXay HUMU. IJIsT TAKOTO PacCTOSIHUS 1ayKe BBIIIOJTHEHO HePaBEeHCTBO
TPEYTOJIbHUKA, & TAKKE OHO 3aBUCUT OT BHIOOPA «TSIKEIOH» CTOPOHBI —
TO €CTh, OyIEeT MEHSIThCS MPU BpallleH!Y MHOTOYTOJIbHMKA.
Ornpenenum

0, A=B;

§(A,B)=¢ ’
1, A#B

[t 3TOTO PaccTOSIHUSI TaKKe BBITIOTHEHO HePaBeHCTBO TPEYrolbHMUKA,
U OHO, OYEBUJIHO, He MOIyYyaeTcs U3 B3SITOTO B yUIOBUM 33524 YMHO-
>KeHVeM Ha YMCII0, TIOTOMY UTO PACCTOSTHUS MEKIY JTI0ObIMY IBYMS He
PaBHBIMU BepIIMHAMY OAVHAKOBO.

Hoxaxem, 4To (n, k)—3Be3[1a COCTOUT M3 OGHOI JIOMaHO! <> ynucia n u
k B3aumHO mrpocTsl. 1151 yno6CTBA TPOHYMEepyeM BepIIVHbI N-YTOIbHU-
Ka umciaamu ot 0 0 n— 1 110 YacoBOii CTpesike. 3aMeTUM, UYTO PaCCTOSTHME
MeXIY BepIIMHAMM 0, HOMepaMu d U b paBHO k TOTZa U TOIbKO TOT[Ia,
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Korza
a+k=b (modn) wmm b+k=a (modn).

(=] IlycTb OoffHA TOMaHasl COEAMHSIET BCe BEPIIMHBI MPABUIBHOTO N—
YTOJbHMKA. B 9TO JT0MaHOIi 06513aTEIbHO €CTh pPedpo, COeAUHSIONIee
BepuiMHbI 1og HoMmepamu 0 u k. Pe6po, ciemymoiiee 3a 3TUM, COeIMHS -
eT BepIMHbI 1o HoMepamu k 1 2k mod n. Cienpyrolee 3a HUM UIET B
BepuIMHY HOMep 3k mod n, 1 Tax gasee.

Yro nmpencrasisieT u3 cebst, Hampumep, ynuciao 3k mod n? ITo, Ha caMOM
Iesne, pasHOCTb 3k —n — ... — n.

Homyctum mpotuBHOe — 1ryctb HOJI umcen n u k He paBeH equamiie. To-
roa Bce unmcia Buaa i-k mod n 6ymyT mennutbes Ha 3ToT HO/I. 9TO 3HAUMT,
YTO MOC/IEA0BATETBLHOCTb pebep, KOTOPYIO MbI HAuasy, BbIXOAS U3 HY-
JIeBOJi BepIlHbI, He moceTuT BepiuimHy N2 1. [IpotuBopeune.

(= Ilyctp HOJ (n,k) = 1, HO TOMaHasi, MPOXOASIIAs Yepe3 HYIeBYIO
BEPIIVHY, He TTIOKPIBAET BCEX BEPIIMH MHOTOYTO/MbHMKA. Torma cpeau
ymcen0-k, 1.k, ..., (n— 1)k (3T0 HOMepa BeplINH, Yepe3 KOTOpble
ITPOXOAUT JIOMaHas) B CMJIy IpUHIMIIA [IMpuXiie eCcTb IBa CPaBHUMBIX
10 MOJIYJIIO 1 (COOTBETCTBYIOIIMX OJHOI BepIIHe MHOTOYTOJIbHIKA).

a,-k—ay-kpgenurcaHan, |a; — ax| < n;
(a; — ay) - k penutcs Ha n;
(k B3auMHO IpoCTO C Nn)

a; — a; JenmuTcsiHan = a; —day = 0.

IMonyumam mpoTuBOpeune: uncia a;k u axk He MOI/IM OKa3aThCsT pas-
JUYHBIMMU.

JokasaB 3TO yTBep>keHle, Mbl MOKeM 3aIIpOCTO OTBETUTb Ha BOIIPOC
3afjaui: 3Be3/l, COCTOSIIVIX U3 OTHO¥ IOMaHOi, POBHO CTO/NBKO, CKOJIbKO
uycen 1 < k < n, B3aMMHO MPOCTBIX C N1 — TO €CTh, p(N).

n k
HOI (HO,[[(n,k)’ HOI[(n,k)) =1L

[ToaTomy 3Be3pa ¢ TAKMMU ITapaMeTpamu OyAeT COCTOSITh M3 OIHOI JIO-
MaHoJ4. B cBolo ouepenp, (1, k)—3Be31a MOMTYIUTCS, €C/IA MeXKIY OBYMS
CoCeHMMY BepIIMHaMU 9T0¥i 3Be3bl BcTaBuTh emte HOJI (n, k) — 1 Bep-
LIVH U CKOIIMPOBATh 3Be31y U3 O HOI JIOMaHOJ, I0BepHYB ee Ha 360/k
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rpajiycoB — CMOTPETh PUCYHOK:

(15,6)-3Be3na

Taxkum obpasom, (n, k)-3Be3ma cocrout u3z HOZ (n, k) nomanbix. Crien-
CTBYMEM 3TOTO MYHKTA SIBJSIETCS TO, YTO KOIMYECTBO JIOMAHbBIX B 3Be31e
BCeraa JeNunT n.

6. B oToM myHKTe TpebyeTcst HaiiTH KommuecTBo k, 1 < k < n, Takux 4ToO

HO[I (n,k) = (. OHO, OUYeBUIHO, PABHO (7 ): BCE TaKue K HaXOmATCS
n k
cpeny umcen, kpatHbix £, u HOI (7, ;) = 1.

7. KonuuecTBo pa3iauyHbIX 3Be3[, paBHO n: ects (n,1)-, (n,2)-, ..., (n,n)-
3Be3[bl (IIOCIeHIOI MOKHO MBICIUTD KaK MHOXKECTBO HecoeJiHeHHBIX
BepILNH, B Helt 6ymeT n JToMaHbIX). Bce 3Be3/bl 6bI0TCSI HA IPYIIIBI 110
KONMYEeCTBY JIOMAaHbIX, KOTOPOe B HUX COLEPXXUTCSI — B IpyIIe ¢ ¢ JIo-
MaHbIMM HaXOmUTCs ¢( ) 3Be3.

HpI/I 9TOM, €C/IM ITepeuncysaTh BCe UMcjia Buaa %, B OTOM CITMCKEe ITOSABST-
CsI BCe BO3MOYKHbIe fesinTtenn n. To €CTb,

D SRC S S

¢ nenut n d menur n

Yro 1 TpeboBaIOCh OKA3aTh.

3apaua 2. be3s Hysen

CmortpeTs 7 KiIacc, 3agavy N21.

3agaua 3. Jlopora 1o MmeTpo

CMmorpeTs 7 Kiacc, 3agauy N22.
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Pemienus 3agau 2016 roga

3agauu 5 Ki1acca

3agaua 1. lllyTka

A.

ITOCKOJIBbKY 3TO ITYTKA, 3aCUUTHIBAJICS JII0O0I MMHMMAIbHO 000CHOBAH-
HBII1 OTBeT. Hampumep, MOKHO MPeINoI0KUTh, UTO Ha TPeTuii pa3 He
CJIOMaeTCsl HM OIHOM HOXKM, TaK KaK B XO/ie TIpeIbIayInX OBYX Taje-
HUIT BCe IIAaTKME HOXKKM YK€ CJIOMAaJTNCh.

Ecnu ske peraTh 3a7jauy Bcepbes, TO JIETKO YBUIETb, UTO YKa3aHHbIX UC-
XOIHBIX TaHHBIX HEOCTATOUHO J1JI1 OTBeTa Ha BOIPOC.

0603HauMM CTOMMOCTb KHUIM 3a b. Torma ocranoch 3aratutb b — 200
pyb6neii. [TonoBuHa 3amnayeHHoro — 100 py6sieit; mooBMHA 3aTlIayeH-
HOTO ITIOC TO, UYTO OCTAJIOCh 3arjIaTUTh —

b — 200+ 100 = b — 100.

Ocrasnoch Obl 3aIVIaTUTb, €CJIM 3allJlau€Ha IT0JIOBMHA 3allJIAU€HHOTO 1
elnge CTOJIbKO, CKOJIbKO OCTa/JIOCh 3aIVIaTUTb —

b— (b — 100) = 100.

U mbl 3HaeMm, uto b — 200 = 3 - 100. OTcioga croumocTh KHuru — 500
pyoieii.

[TyTeliecTBeHHMK OTIIPABMU/ICS BOKPYT CBETA HA BOCTOK, €r0 JOpOora 3a-
Hsuta 80 mHeit (80 - 24 yacoB, UTOOBI OBITH TOUHBIM). Kaskbli1 A€HD Ty Te-
[IECTBEHHMK HOUYeT Ha 81—0 IJIMHBI 5KBATOpa BOCTOUHee, TO ecTh ComHIle
B 3€HMTE OKa3bIBAETCS Ha 8—10 YacTh CYTOK paHbllie, YeM B MeCTe IIpeLbl-
IyIIeil HOUeBKI.

Taxkum 06pa3oM, BpeMs MEXKIY HOUEBKAMM COCTABJISIET Y IIyTeIIeCTBEH-
HMKA TOJIbKO 23.7 yaca (1a, BO3SMOXKHO OH He OYIeT BbICHITIAThCS, HO 3TO
y3Ke Jpyrast UCTOpus).
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B MomeHT BO3BpaTa B TOUYKY OTIIpaBJe€HUSI OKaXKeTcsl, uTo 3a 80 mHeit
IIJIS1 ITyTellleCTBEeHHMKA CcoHIle 66110 B 3eHuTe 80 - 24 <+ 23.7 ~ 81 pa3s,
¥ KaJeHJapy y MyTellleCTBEHHMKA U Y XXAYILINUX €T JIoJel pa3oiayTcs.
st u36eskaHmus TaKMUX PACXOKIEHMIT TPy IBVOKEHMM C 3allaja Ha BO-
CTOK IIPY IIepecevdeH Uy JIMHUY ITepeMEHbI JAT IPUHSITO ITePeTCThIBATh
KajieHIapb Ha OJIMH IeHb Ha3al.

[IpencTaBuM Temepb, UTO MyTEIIECTBEHHUK 0OXOAUT 3eMJII0 HE PSIOM
C 3KBaTOPOM, a BOKpPYT T0JIf0Ca IO KPYTy MaJieHbKOro paauyca. B mpo-
1iecce 06Xo/1a MyTeIeCTBEHHYK OYIeT ObICTPO CMEHSITh YaCOBBIE 0SICa:
eI OH, K PUMepPY, HAYHeT JBVDKeHNe B IMOJTHOYb 31 mekabps oT jau-
HUM TlepeMeHbl JaT, TO Yepe3 HeCKOJIbKO COT MeTPOB OH IpUAET B Me-
CTO, I7le MEeCTHOe BpeMsI Y>Ke 5 4acoB yTpa, IMOTOM, ellle YyThb JaJIbIIle,
Oymet 18 yacoB Beuepa... [TyTellecTBeHHMK 3a KaKO-HUOYIb YacC «IIPO-
SKUBET» IeHb 31 mekabpsi, MOJOiAeT K IMHMUM TIepeMeHbl JaT B 23:59 1o
MeCTHOMY BpeMeHMU MOoCAeAHero rnepen JMHue 4acoBOro nosica, mojao-
KT 9yTOK, YTOOBI Ha yacax rmosisminochk 0:00, mo3apaBuT Bcex ¢ HoBpim
roJloM, a 3aTeM, C/esaB ellle JBa Ilara Briepef, yepe3 JMHUIO, BEPHETCSI
B HOYb 31 meKkab6ps.

Bo Bcex aTMX cy4asix He COBepIIaeTCs KAKOr0-TO HEOOBIYHOTO ITyTelle-
CTBUS BO BpeMeHM — COBepIIIaeTcs IMyTellecTBMe 0 YaCOBBIM MOSICaM.
A nobGaBjieHMe UM VCUe3HOBEHME THS BO3HMKAET 3a CUeT M3MeHEeHMs
MPOOJBKUTETBbHOCTY cyTOK. KocmoHaBThl Ha MKC, coBepiatoiiei 060-
POT BOKPYT 3eMJ/IM KaK[ble ABa yaca, BO M30eskaHMe IyTaHUIbl He 06-
pallalT BHMMAaHMe Ha MeCTHOe BpeMsl U XXUBYT 10 TPMHBUUCKOMY Bpe-
MeHMU (TI0 BpeMeHU HY/JIeBOr0 MepuauaHa).

3agava 2. Uncia M CymMMBbI

A.

Yucno 0 MeHblile Koauvectsa 1udp B HeM. Ynaio 0.1 MeHbie cobCT-
BeHHOIi cymMMbI 1Mdp. HecnoxxHo, TeM He MeHee, yOeqUThCS, YTO HATY-
pPaJIbHBIX UMCes C TAKMMM CBOVICTBAMM He HaJeTCsl.

Ecnu B uncite Bo Bcex paspsiax, KpoMe CTapiiero — AeBsITKU, TO OTBe-
TOM OYAEeT caMo 3TO UMIo (JiloOoe MEeHbIIIee YMCI0 HEU3OEXKHO OymeT
MMEeTh MeHbIIMe U (PbI XOTh B OMHOM paspsizie, ¥ He 6ymeT MMeTb 60/1b-
mmx oudp).

B npotBHOM C/Tyuae, HY>)KHO BbIYeCThb 1 n3 mudpsl B cTapiiem paspsi-
Ie (a ety TaM U Tak 1 — OTGPOCUTH €ro), a 4ncia BO BCeX OCTATbHbIX
paspsmax 3aMeHUTb Ha 9. B camoM [iesnie, UTOODI ellle YBEeINUUTb CyM-
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My 1udp TAKOTro UKcIa, HaJO YBEIUUMBATD (MY JOGABISTD) CTAPIINIA
paspsif, a, CoeNaB 9TO, Mbl ITOYYMM UUCIIO, 6OTbIIIEE UCXOTHOTO.

Bymem monb3oBaThes crtiocobom 'aycca, KOTOPBIi 3aK/II0YAeTCS B TOM,
YTO CymMMa umces oT 1 1o k paBHa

k- (k+1)
—

MoskHO COCUNTAaTh, YTO 'y ITetn TIOJTYyYMJIOCh

mn- (mn—1)
—y

A Bacu monyumnoch

m-(m—1) n-(n—-1)
2z

3amMeTum, 4To ecim m,n > 1, To mn > m + n. B camom pene, B TaKux
OTPaHUYEHUSIX
m-1)n-1>1

A, 3HAUMUT,
mn=m-1)n—-1)+m+n—-1>1+m+n—-1=m+n.

HecMoOTpsI Ha CJIOSKHBbIE MAaHUITY/ISIMK C IIbpaMu, uaes JaHHOTO J0-
Ka3aTeabCTBa — reOMeTpuYecKasi, Be[ib B IPSIMOYTOIbHUKE M X N, eCIU
M Y N KaK MUHUMYM 2, MbI BCETIa MOKEM OTMETUTD N KIIETOK BAOJb OfI-
HOJt CTOPOHBI, M — 1 KJIeTKY BAOJb IPYTOi CTOPOHBI, U €Il ONHY KIeTKY
rIe-To B CepefyHe.

m==6

PaccMoTpuM ciefyIomiyIo ernoyKy HepaBeHCTB:

(mn)*> —mn > (m+n)* —mn=m*+mn+n? >

>m?+n? > (m*—m)+ (n* —n).
HeTpynHO y6emMUThCs, UTO jIeBast JOpMy/a B IEMOYKe — STO YIBOCHHAsI

- 173 -



2016 ronm, 5 kmacc

cymMma Iletn, a mpaBast — yaBoeHHas cymma Bacu.

PaccmoTtpum Teneps ocraBumecs crydau, korga m = 1 wnu n = 1. Io-
CKOJIBKY B 3TOM cIy4yae mn = max(m, n), Y1cjio 'y Bacu okaskeTcst 6071b-
ure.

OtBer: e m > 1 un > 1, To 66nbiiee uncio y IeTu, ecian ke m = 1
win n = 1, To 64bIiee umcio y Bacu.

3amaua 3. /Ile1eHue M OCTaTKU

A. Ecmn d menurcst Ha 564, To cymectByeT Takoit k, uto k - 564 = d. Ilo-
npo6yem romo6paTh: 2 - 564 = 1128, 3 - 564 = 1692, 4 - 564 = 2256.
Hu Ha ogHO 13 nmonyumBmiuxcs yucen 2016 He genuTcs, U gaablie Ie-
pebupaTh 6eCCMBICJIEHHO: UMC/Ia He IeITCS Ha unciia, 60/blime ceds.
BriBoz: Hactsg omm6iiacsh.

B. Bropas moapyra ommbaetcsi. Hanpumep, nyctb a = 7,b = 6,¢ = 5.
Torpma OCTAaTOK OT JieJieHus a Ha b paBeH 1, a 0CTaTOK OT JeneHus 1 Ha
cHoBa paBeH 1. C Ipyroii CTOPOHbBI, OCTAaTOK OT JieJIeHUs d Ha C paBeH 2.

C. BBemem 0003HaueHusI. BoinuiiieM orpenesieHye sl JejeHus ¢ OCTaT-
KOM a Ha b:
a=k-b+p, 0<p<b.

To ke 111 TeJieHus p Ha C:

p=s-c+q, 0<g<ec

IIpousBemeM MOACTaHOBKY: d =k-b+s-c+q.

Ecnu b menutes Ha ¢, TO CYIeCTBYeT Takoe t, uTo b =t - ¢, TO ecThb
a=(k-t+s)-c+q, wuno-npexnemy0 <gq<c.

[Ipsimoe yTBepXXaeHMe NOKa3aHo.

O6paTHOe YTBepKAeHMe : paBeHCTBO BEPHO /IS II0O0I0 d TOIbKO TOT/a,
Korma b menutcs Ha c. [Tlepedopmynupyem: eciu b He IeNIUTCS HA C, TO
PaBEHCTBO BBITIOJTHEHO He 181 JII060TO a. [laBaiiTe HaiileM Takoii a 1o
JaHHBIM b 1 c. Bo3bMeM a = b, Torga neBas 4acTb (a mod b) mod ¢ = 0,
a rmpasast —

a mod ¢ = b mod ¢ # 0.
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OTmenbHO 3aMeTMM, UTO Jaske eciu b He IeIUTCs Ha ¢, TO MPU HeKo-
TOpBIX a (HampuMmep, a = 0) paBeHCTBO U3 YCJIOBUSI BCe PaBHO OyIeT
BBITIO/IHEHO.

3agava 4. CnMUYKM U IMOHEPBI

A.

SIcHO, 4TO Be/IM4MHA YMC/IA B JeCSITUYHOM 3al1MCH B IIEPBYIO OUepenb 3a-
BUICUT OT KOJTMYECTBA ero pa3psigoB. [lo3Tomy mocTpoum camoe JJIvH-
HOe YICJI0 U3 CaMbIX «IeleBbIx» 1ndp: 1111111, V Hac ocTaeTcs ogHa
CIMYKa: YAIMHHUTD UMCIO MBI ke He MOXKeM, 0CTaeTCsl TOJIbKO YBesu-
ynBaTh MG psl. Camast 6onbinas Mdpa U3 Tpex cnmyek — 7, T03TOMY
OTBeT Ha 3agauy — 7111111.

Ia, BIIosiHe BO3MOXKHO, 3TO 661 AycTpu, Bpumup, Bectpu, l'aHmanss,
IBanuH, epg, Uureu, Kunu, Jint, Morcoraup, Hun, Opu, Perun, Cynpu,
Topun, ®wim, XedT, DIMKMHCKbSIbIN, SIpy u IleTp.

Heckonbko HedopMmanbHas 3amava, TpeGOBalIoOCh /1000 JOCTATOUHO
pasyMHOe pacCykIeHue, HalpuMep Takoe.

Camas cnoxkHas uudpa — 8. Jlrobas gpyras nydpa MokeT ObITh BbUIO-
>KeHa YIIPOLIEHNEM €€ CTPYKTYPbI (M3bSITHMEM M YaCTMYHBIM IIepeKa-
IObIBaHMEM CIMueK). YTOObI BBLIOXKMUTb BOCHMEPKY, HY)KHO IOTYIUTh
IBe 3aMKHYTbIe o6macTu. Camast mpocTtas purypa us mpsmbiX ¢ 3aMKHY-
TOV 06/1aCTBI0 BHYTPU — TPEYTOAbHUK. [103TOMY MeHbIIIe TPeX CIIUUEK
HMKaK He TMOTyUNUTCS.

OnHako, 13 Tpex CIMUYeK MOKHO COCTaBUThb TOJMBKO OIVH TPEYTONbHMUK,
MMOITOMY Ha CaMoM fiejie TpeGyeTcs MUHUMYM 4. iMest 4 CIIMYKM, BbI-
JIOKUTD BCE OCTA/bHBIE MG PHI CTAHOBUTCS MTPOCTO:

O J349 x 3

3apaua 5. Illmoxass KoMIIaHUA

A.

B.

He 6omee Tpex meBouek. JJoKaskeM OT MPOTMBHOTO: ITYyCTh UX €CTb He
MeHblIIle YeThIpex — TOT/A JaBaliTe BO3bMEM 3TUX UEThIpeX U JOOaBUM
K HUM ellle KOTO-HUOYIb; MOTYYUTCS, UTO CPEIV STUX MATEPhIX YeJIOBEK
€CTh KaK MUHMMYM YeTbIpe eBOYKM, YTO MIPOTUBOPEUNT YCIOBUIO.

B cTpaHe He 6oj1ee 35 MIIIMOHOB 30POBBIX. ITyCTh MX OGOJIbIlIE — XOTS
ObI 35 MWIIMOHOB ¥ OAUH uesoBek. Torma Bo3bMeM MMEHHO 3Ty YacTh
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HacejIeHusl, ¥ yCIoBye OyeT HapylieHOo: B Hell He Oy[IeT Hi OJHOTO HO-
curenst. [Toskanyit, MUHUCTD OLIMOaeTCs.

Ecnu cpeny p yenoBek ecTh q LeBOYEK, TO B KOMIIaHMM He 6onee p — q
MaJIbUMKOB. EC/IU MX GOJbIIIE, TO Mbl MOKEM 3aMEHUTD IEBOYEK B TaH-
HOJi BBIOOPKE HA MAaJbUMKOB, B BBIOOPKY HE BOIIEAIINX, M HAPYIIUTh
ycnoBue. 3HaUuT, B KOMIIaHUM He MeHee N — (p — q) AeBOYeK.

AHaNornM4YHO paccykznasi, MOXKEM MPUITU K BBIBOLY, UTO Y HAC BCETO He
6osee s — t He-GIOHIMHOK, TO ecTh He MeHee N — (p — q) — (s — t) 6/10H-
JIUHOK.

3agaua 6. DT HeOoObIYHbIEe MeXaHV3MbI

A.

JIerko 3aMeTUTb, UTO IIeCTePEeHKM, HaxXOAsIIMecs B 3alleIIeHMI, BCeraa
BpAIllalOTCS B pa3HbIX HAIlpaBIeHUSIX. B maHHOI 3amade yMeeTcs ISITh
IIIeCTePEeHOK B IIMKJIe — ecsii Obl UX ObLIO 4, MOXKHO OBIJIO ObI OpraHu-
30BaTh X BpallleHNe TaK, YTOObI COCeTHME BPAllaINUCh B pa3HbIe CTO-
poHbL. Ho Tak Kak MX HeUETHOE KOJIMUYECTBO, TO HAMAyTCs ABE COCeMHMUX
LIeCTepeHKy, KOTOpbIe JO/KHBI OYIyT BpalllaThCs B OMHY CTOPOHY.

OTO HEBO3MOKHO. PacCMOTpuM JieBbIli BepXHMIA Yros AOCKU (rofie al)
U TIoyMaeM, Kakoe 30JI0TO MOXKET ero 6MThb. Bcero BO3MOKHO YeThipe
MO3MLIMN: IBEe B [IEPBOJi BePTUKAIN, U IBE BO BTOPOIA.

Ecimy 30/10TO CTOUT Ha BTOPOJt BEPTUKAIN, Ha 1ojie b2 (uau a2), Torma
niosie c1 (b1, COOTBETCTBEHHO) OKaKeTCSI He TI0f, 60eM: JIeTKO YBUIIETh,
4yTOo 30JI0TO, ObIOIIIEe ITO I10JIe, 00sI3aTeIbHO 3ameHeT u roe c2 (b2, co-
OTBETCTBEHHO).
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1 2 3 4 5 6 7 8 9
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Ecnu ke 30/10TO CTOUT Ha MEPBO BepTUKau, Ha niosie bl (wm al), To
burypsl He «yJIosKaTCSI» BIOIb JOCKU: IIOCKOIbKY 30JI0TO MMEET HIUPU-
HY 3, TO OHO [IOJIKHO JaJjiee CTOSITh Ha b4 (a4) — uTOObI OUTH IOJIe a3,
3aTeM Ha b7 (a7) — uTOGBI OUTH T0JIE a6, U Toie a9 OKasKeTCs He IO
60eM.
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C. [aBajiTe BbIYMCIMM: BpEMS Ha IIPOE3]] 11 yIaCTKOB 6€3 OCTAHOBKY — 3TO
BpeMsI Ha ITpoe3J, IEPBOr0 yyacTka O CKOPOCThIO 54 KM/4, BTOPOro —
CO CKOpPOCThIO 48 KM/U, TPETbETO — CO CKOPOCTBIO 42 KM/U, U T.[. TUIIOC
BpeMsI Ha peMOHT Kojiec. Wnu, ¢popmysioit (BpeMst BbIPDAKEHO B MUHY-
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Tax):

12 12 12

CpemHsisi CKOPOCTh (B KMJIOMETpax B MUHYTY), COOTBETCTBEHHO, GyIeT

12:n
PaBHa pacCTOSIHMUIO, IIOAEJIEHHOMY Ha BpeMs, T.e. Tn) *

Terepb ¢ KOHKPETHBIMU LIV PAMMU:

Vuactku Bpems Ha nipoesp, CpeZHsisl CKOPOCTh
1 .60+ 13 =261 3 ~0.456
2 (£+1)-60+16 =441 12 ~0.541
3 (2+24+2).60+19=06410 378 ~0.558
4 (2 124 12, 12) . 60422 =8710 1008 ~ 0.549

I/ITOI‘O, Haubojee BbIT'OOHAA TaKTUKa — IMPOE3XKATh TPU y4aCTKa, I10C/Ie
Yero 3aMeHAITh BCe IIOTePsSTHHbBbIE KoJyieca.

3agmaum 6 Kiaacca

3apaua 1. ITaparonme CcTyabs

A.

B.

CmortperTs 5 Kiacc, 3agauy N21A.

[oTpebyeTcst n + m - 3 — 2 MOANWIA MUHUMYM.

[Ipennonoxxmum, 4TO JAHHOTO KOAMYECTBA MOXET He XBaTUTh, TO €CTh
CYILECTBYeT cxeMa MOAIIIIA, IIPY KOTOPOJ OIIaCHBIM GyIeT TONbKO m — 1
ctyn. CTys 6e30maceH, ey y Hero He 6osiee 1 oAmmia, TO eCTh OCTalb-
Hble 1 —m + 1 CTy/beB UMEIOT 1 — m + 1 IOAMIIOB B CYMMe MaKCUMYyM.
Ocraercan+m-3—2—n+m—1=m-4— 3 nognuios Ha m — 1 cTy,
TO €CTh KaKO¥-TO CTy/I 6yIeT UMETh 5 MOANNUIIOB, YTO HEBO3MOXKHO.

OpHako, e HEYIAYHO MOANWINUTD N + m - 3 — 3 HOXeK (y BCeX CTy-
JILEB I10 OJTHO¥ 1 Y BIGPAHHOTO M — 1 ellje TP OCTaBIIMXCST), TO TAKOTO
KOJIMYEeCTBA MOATIMIOB MOXKET Y)Ke He XBaTUTb.

HWrpa 3akaHUYMBAETCSI TOT/A, KOT/A Y OJHOTO U3 CTY/Ib€B OKa3bIBAIOTCS
TepenmIeHHbBIMU XOTSI ObI IBe HOXXKU. VIHBIMM C/TOBaMM, BCE «MHTEPeC-
HbI€» XOMbI TPOVCXOAST, KOTAA y KasKAOTO U3 CTY/IbeB IMepPenuaeHo He
6oJiee OIHOV HOXKKY, ¥ TTOITOMY KOJIMUECTBO «MHTEPECHBIX» XOZOB HE
MPEeBOCXOIUT N.
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Bce urpsl menaTcst Ha TPU TPYIIIIbI:
1. Urpsl, toe a; = a; = 0.

Jlrobas Takast urpa 6ymeT 6eCKOHEUHOI, TOTOMY YTO y KaXKIOT0 U3 UT-
POKOB €CTh BO3MOYKHOCTD «IIPOITYCTUTD XOfI», He MePelnIMB HU OTHOIA
HOXKY. OCTaJI0Ch MOCYUTATh KOJIUIECTBO TAKUX UIP. UMCIO m MOKeT
MEHSITbCS B IPOMEXyTKe OT 1 7o n — 1, mo3TOMy eCTh 1 — 1 BApMaHT ero
BbIGpaTh. ITocite 3TOro MoskHO faTh 1160 IleTe, 11160 Bace BO3MOKHOCTD
repenuInMBaTh POBHO M HOXeEK (IIPOTUB m — 1 y ero mpoTMBHMKA). Bcero
UTD MTOYYMUIOCH
2-(n-1).

2. Urpsl, rxe pOBHO OJHO U3 YMCeJ d1, d; PABHO HYIIIO.

B 106071 Takoit urpe mo6exxmaeT UTPOK, Y KOTOPOTO €CTh BO3SMOKHOCTb
«IIPOMYCTUTH XOf», HUUETO HE MepenminBas — 3TO MOXKET ObITh GO
[Tets1, tn60 Bacs, B 3aBUCUMOCTM OT YCTAHOBJIEHHbIX MMM TIPABUJL.

IMocunTaem KoaMUeCTBO Takux Urp. [Ipy m = 1 BO3MOXXHBI IBE UTPbI:
ITeTs HMYEro He mepenuanBaeT, Bacs nepenuanMBaeT POBHO OAHY HOX-
KY, 1160 HA060POT. JIJIT KaskIOro /M OT 2 10 N — 1 BO3MOXHO 4 UTPBI:

IMI.:or 0 gom IM..orOpgom—1
B.:orlgom-—1 B.:orlgom
IMI.:or 1 gom IMI..orlpgom—1
B.:orOmgom—1 B.:otrOpgom
Bcero urp nmomyunnoch
4-(n—2)+2.

2. Urpel, Toe a; = a; = 1.

DTOT cyJyali MHTepeceH TeM, YTO OH HaMeHee TPUBUAIbHbIN (Ha KaX-
JIOM XO[ly BCEra UTO-TO MMPOMUCXOIUT) U TIPU 3TOM IIPUCYTCTBYET SIBHASI
acCUMMeTPUSI B BO3MOKHOCTSIX UTPOKOB: OTHOMY M3 HUX TIOCTYITHA O HA
JIUILIHSIS BO3MOXXHOCTh — TMEePEeNUINTD M HOXEK.

JlokaskeM, UTO MMEHHO 3TOT UI'POK BCeraa OymeT BhIXOAUTH IobenuTe-
JIeM.

1) TleTs nepenuauBaeT OT 1 10 m HOXeK, Bacst — oT 1 1o m — 1 HOKeK.

Ecnu n He menutcs Ha m, mo6exxaaet I1eTs: mepBbIM XOI0M OH Ie-
penmInBaeT Mo OGHOI HOXKe y n mod m CTy/lIbeB, 3aTeM, eciu Ba-
Cs1 IepermuInBaeT k HOXXEK, OTBeYaeT eMy IepermuinBaHnuemM m — k
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HOXXeK. TakuM 06pa3oM, Bce N CTY/IbEB MCUEPIIal0TCs MOC/e Xoaa
ITeTn.

Ecnmu n He menutces Ha m + 1, mobeskmaeT, OmsITh ke, [1eTs, ¢ TOUHO
TaKoJi Xe cTpaTerueit (orBevaTsb Bace mepenmnnuBanmem m + 1 — k
HOXEK).

Ecnu n nenurtcst u Ha m+ 1, ¥ Ha m, TO MepBbIM X0A0M [leTs1 momkeH
nepenminTb OJHY HOXKKY Y OGHOTO CTy/a. Torma rnocie xona Bacu
OCTaHeTCsI OT N — 2 OO0 N — M CTY/IbeB C HEMMOANMIEHHbIMM HOXKKa-
MM — 3TO YMC/I0, OUEBUIHO, TIOJIOXKMUTE/ILHO U He JeauTcsi Ham+1,
I103TOMY, HaUMHAs C ITOr0 MOMeHTa, [leTs1 MOXKeT IeiicTBOBaTh CO-
[JIACHO CTpaTeruu, OMMCaHHO B IIpeabiayiiem ab3atie.

2) Tlets nepenmnuBaeT oT 1 o m — 1 HOKeK, Bacst — oT 1 g0 m HOXeK.

Ecnu n menutcst HAa m vy Ha m + 1, BBIMTPBIIIHAS CTpaTerus s
Bacu oueBMIgHa: OCTaB/ISATH MTOC/IE KaxKOOii apbl XomoB «IleTs, Ba-
CST» UUCIIO0, TIO-TIPESKHEMY KPaTHOe COOTBETCTBEHHO m miu m + 1.

Ecnu n He menuTtcs HU Ha m, HU HA m + 1, To mocie xona ITetu Bacs
MOKET CHeIaTh YMCIO CTY/IbEB, OCTABIINMXCS 6e3 HeIOAIIMIEHHbBIX
HO’KEK, KPaTHBIM OTHOMY M3 3TUX UMces (eMy JOCTYITHBI BCe BO3-
MOSKHbIE BEJIMUMHBI OCTATKOB HATYPaIbHbBIX UMCENT IT0 MOAY/ISIM M
um+ 1) — a mocjie 3TOTO MPOJLO/KATh COIJIACHO CTpaTeruu, Onm-
CaHHOJI B TIpeAbIayIeM ab3aiie.

IMocuuTaeM KOJIMYECTBO UI'P TAKOT'O BMIA: IJIsI KASKIOI'0 M B IIpeesiax OT
2 mo n — 1 cymecTByeT ABe UTPHI (Pa3TNIAIOIINECS TEM, KTO U3 UTPOKOB
«OJlapeH» X0IOM B M HOkeK). OTCI0[a OTBET —

2-(n-2).

Ecnu citoxkuTs OTBeTHI, ITOyYeHHbIEe HAMY B Pa3HbIX CJIy4asiX, ITOMYYNUT-
cs1 8n — 12 urp.

3agmaua 2. JleTcKuii cap,

A. 10 geteii pucytoT 10 pucyHKOB 3a 20 MMHYT — TO €CTb KaskKIblii U3 Jie-
Teli pyucyeT OOVH PUCYHOK B TedeHuu 20 MuHyT. 50 geteit 6ynyT, cOOT-
BEeTCTBEHHO, pucoBaTh 50 puCyHKOB 3a Te ke 20 MUHYT. d feTeit 6yoyT
pucoBaTh r pUCYHKOB 3a 20 - [r <+ d]| MMUHYT: pacnpeneanm pUCYHKH 6o-
Jiee VIV MeHee NTOPOBHY MEXY NeTbMMU — U Jjajiee Mbl 3HaeM, YTO OOUH
pebeHOoK pUCyeT OAMH PUCYHOK 3a 20 MUHYT.
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[Lnomiamp pacret 6picTpee Y BoBbI: Hampumep, IOTOMY, UTO OOIBIIYIO
IJIVHY MMeeT BHEIIHSS YacTh 06pyua, a [MIMpIUHA M00ChI TIpUIerise-
MOTO IIACTM/IMHA Ta Ke; 3HaUMUT, pacxo/, MaTepiuasia C BHEIIHel 4acTu
OymeT BBIIIIE.

ToT ke pe3y/bTaT MOXKHO MOy TYUTH C TOMOIIBIO (HOPMYJT [T TUIOIIAAN
KPYTOBO1 MIOJIOChI, CDABHUB

Slzn((rl—kl)z—rf) " Szzn(rﬁ—(rz—l)z).

Bcero Bo3MokHO 4! = 24 BapuaHTa pacIIONOKeHMS ieTeil 10 Becy (MbI
JO/DKHBI TIePeCTaBUTD AeTeil B IPaBUIbHOM IOPSIAKE, M BO3MOXHBI BCe
IepecTaHOBKM 4 3JIEMEHTOB), [TIO3TOMY OyIeT TpeboBaThCS He MeHee
IISITU B3BelUMBaHM (4 B3BeLIMBAHMS JAaLYT TOIbKO 2* = 16 BapnaHTOB
OTBETA, YTO HEIOCTATOYHO JIJISI BLIOOPA ITIepPECTAaHOBKM).

ITokaskeM, 4TO MSITU B3BeIIMBAHMII JOCTATOYHO.

Bes ymeHbIlleHMsT OGIIHOCTY MOKEM TOBOPUTH He O HETsIX, a O 3Haue-
HMAIX uX Beca. IlycTb 3afaH criucok BecoB (Wi, Wy, Wz, Wy). Byziem crpe-
MUTBCSI K TOMY, UTOOBI 3HAaUeHMsI B HEM ObUIM 3amMcaHbl 110 BO3pacTa-
HMIO BeCa, YTOObI eC/IM BBITIOJTHEHO i < j, TO BBIITONHEHO W; < W;

PaccMoTpuM onepanmio cpasHeHus u 00MeHa (p, q): CPaBHUM Wy, U Wy, U
€CJIY OHM CTOSIT B CITMCKE B HEITPaBWJIbHOM IOPSsIIKe (TO eCTh p < ¢, HO
Wy > W,) — IoMeHsieM Mectamu. Torna Tpebyemast lepecTaHOBKa OyeT
OJTyY€eHa, ecyiv OYIyT BBITIOTTHEHBI CIeAYIONIVe OIlepaliuy CPaBHEHMS U
obmena: (1,2), (3,4), (1,3), (2,4), (2,3).

[ HaIISSOHOCTM M300pasyuM 3T CpaBHEHUSI M OOMEHBI B BUJE COp-
mMupo8ouHoli cemu: KaXkaast TOpM30HTAIbHAsK IMHUS COOTBETCTBYET 3J1e-
MEHTY CITCKA, BepTUKAIbHbIE COeAMHEHMSI — OIlepaLy CPaBHEHMS U
obMmeHa.

w1
w3
Wz

*—o

*—o

*—o

Wy

[IpomeMoOHCTpUpYyeM paboTy JaHHBIX CPABHEHMIT HA IPUMeEpe: IIYCThb Y
IeTeii 66U Bec B Kumorpammax (20, 25,15, 10). Torga:

1. cpaBHeHMe 1 06MeH (1,2) He MU3MEHUT CIIMCOK BECOB;

2. cpaBHUB (3,4), mbl onyunm (20, 25, 10, 15);
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3. cpaBHenne (1,3) macr (10, 25,20, 15);
4. cpaBHeHue (2,4) gacr (10, 15,20, 25);
5. cpaBHeHue (2,3) OCTaBUT CIIUCOK 6€3 M3MEHEeHUIA.

[Touemy 310 paboraet? Ilocse MepBBIX JBYX CPABHEHUI Wi < Wy U Wz <
Wy4. 3aTe€M Mbl Ha TPeTheM IlIary BbiGupaeM OOIIMi MUHUMYM (CpaBHMU-
Basi MMHMMYMBI I1ap), Ha YeTBePTOM — OOIIMIT MaKCUMyM. 1 Ha IIITOM
1Iary mpaBUJIbHO PaccTaB/sieM ABa OCTaBIIMXCS CpeOHMUX dJIeMeHTa.

3agava 3. Uncia, BbIMCAHHbIE HA JOCKY

A. Yucno genutcst Ha 72 TOrma M TOJAbKO TOTOA, KOTOma IeauUTCs Ha 8 U Ha
9. Mockombky 1 +2+3+4+ 5+ 6+ 7+ 8+ 9 = 45, mob6oe uncio,
COCTaBJIEHHOE 13 3TUX Inudp, AenuTcsd Ha 9. UToObI UMCIO AeIUIOCh Ha
8, TpebyeTcs, YTOOBI TOCTIeIHME €T0 TPU HMOPbI KaK YMCIO0 AeTUINUCH
Ha 8.

YT0oO6bI YMCIIO 6BIII0O MMHMMAJIbHBIM, B €T0 HauaJjle JO/KHBI ObITh MUHMU-
MaJIbHO BO3MOXHbIe IudpbI. K coskaseHn o, Mbl He MOXXEM CTaBUTh B
nepsbiit paspsig 0 (3ammch vmcen ¢ BeOyIIMMM HYASIMU He OYeHb Tpa-
MOTHas1, a Konsi — ManpuMK O4eHb aKKypaTHbIN), TO3TOMY B IePBbIit
paspsp IOCTaBMM CIeLYIOUTYI0 BO3MOKHYIO nppy — 1. OcTanabHbie ke
MbpPbI OTCOPTUPYEM 110 BO3pacTaHMi0. Mbl TTOTYIMM

10012233445566778899

DTO YMCI0 HEeUYeTHOe, II09TOMY He meiauTcst Ha 8. Hamo Haiitu Gimskaii-
1iee K HeMy O0JIbIliee ero, KOTOpoe ObI AeTUIOCH.

ITo npM3HaKy OeIMMOCTU YUCIO0 abc memutes Ha 8, eciut 4a + 2b + ¢ ne-
nutcs Ha 8. HeTpymHO BUieTh, 4To ABYX Uudp 8 1 HeueTHbIX 7 1 9 Hefo-
CTaTOYHO JIJIsI IeTMMOCTH : TIOCKOJIbKY HeU36eXXHO ¢ = 8, Tou 4a+2b: 8,
3HAuUMT, 2a+bi4,Toectbb:2u (a+b=+2):2.IlosTomy, ecin b = ¢ = 8§,
TO a: 2. [ToaToMy HaM Hafo J06aBUTD ellle OAHY YeTHYIO Iudpy K pac-
CMOTpEeHMIO, 6.

Kakwue uncia, gensiyecs Ha 8, MOKHO cOOpaTh M3 OHOI LIECTEPKU U
umdp 8,8,9,9? Paccykmast aHaJIOTMYHO MPebIAyIIeMy a03aily, mocTpo-
MM TabauIy:
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Mosumnus 6 Iloctemaue 3 uudpsl  Bee uncio

a==o6 688 10012233445567799688
b=6 968 10012233445567789968
c=06 896 10012233445567789896

V3 mepeuncieHHbIX BAPMAHTOB BbIGEpEM MUHUMAJbHBINA, 3TO U OyIeT
OTBET Ha 33/1a9y:
10012233445567789896

B. BmecTo umcen a 1 b, cymMa KOTOPbIX paBHa a -+ b, Ha TOCKe MOXKET OKa-
3aThCsI OHO M3 umces a — 2b win b — 2a. 3aMeTHM, UTO B IIEPBOM C/Tyuae
CyMMa 4lCesT Ha JOCKe YMEHBIIIUTCS Ha 3b, a BO BTOPOM C/lyvae — Ha 3a.
DTO 3HAUYMT, UTO OCTATOK OT JIeJIEHNS Ha 3 BCeit CYMMBbI UMCeT Ha JOCKe
0CTaeTCs HeM3MEHHbIM.

MO>KHO 3aK/IIOYNUTh, YTO €C/IM Ha JOoCKe ITOJIYUMJICA HOJIb, TO M3HAYaJIb-
Has CyMMa 4uucest gejmiaacb Ha 3. OgHako

1+2+3+...+121:% —

Ha TPpU He OeJINTCA. HOSTOMY HOJIb HE MOT ITOJIYUMUTHCA.

C. IlycTb 3afaHbl UMCIa dy, . . ., dy. PACCMOTPUM OCTaTKM OT Je/IeHUS CyM-
MbI HaUa/IbHbIX OTPE3KOB 3TMX UMceN Ha n: a; mod n, (a; + az) mod n,
(a1 + az + az) mod n u T.A. Bcero ectb n TakuxX OTPE3KOB, I03TOMY, BO3-
MOXKHO, BCe OCTaTKM OYAyT pasanuHbl. ECJIM 3TO Tak, TOTAa Cpeay HUX
06s13aTesbHO 6ymeT ocTaTok 0.

B npoTuBHOM CiTy4yae 06s13aTeIbHO KaKOi-TO M3 OCTATKOB [TOBTOPUTCS
IoBa pasa: (a; + --- + ag) modn = (a; + --- + q;) mod n, k < I. Torga
Heu36eXHO (dx,1 + -+ - + a;) mod n = 0.

3agaua 4. JIMHUM U CeTKU

A. HI/ITKY MOJKHO HATSAHYTb, HaIlIpMMep, TaK:
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B. Jlerko 3aMeTuTh, UTO JIt06ast IpsIMasi, IpOBeIeHHAas Yepes MPsSIMOYTOJIb-
HUK, ITepeceveT He 60j1ee d— 1 BepTUKATbHBIX BHYTPEHHUX JIMHUI CETKU
u He 6osee b — 1 TOpU30OHTAIBHBIX JIVHUI.

[IpencraByMm, 4TO MBI MJieM BA0/b IIPSIMOJL CJleBa HanpaBo. CriepBa Mbl
TorajiaeM B KaKylO-TO U3 KJIETOK IMPSIMOYTOJbHNMKA Yepe3 ero BHell-
HIOIO TPaHMILY, ¥ KaXK[ioe clleflyiolee TOPU30HTAIbHOE MUY BEPTUKAIb-
HOe NepeceveHye faeT HaM OJHY HOBYIO KJIETKY Ha HallleM MyTU — Mbl
repexonuM B Hee JIOO yepe3 IIPaByIo CTOPOHY, 1160 Yepe3 BepXHIO/-
HIDKHIOW. Eciu MBI He mepeceKkasny yIJbl KIETOK, TO BCEro MOMTyYUTCS
14 (a—1)+ (b — 1) xk1eToK Ha HalleM IIyTU: OfHA HaualbHas, a — 1
KJIETOK TIpU TlepecedeHny IpaBoit CTOPOHBI U b — 1 TIpu mepeceyeHmn
BepxHe/HIKHe CTOpOoHbI. EC/n ke MbI mepecekaem yroj, KoJim4ecTBO
KJIETOK Ha ITyTH OYIeT ellle MeHbIIle — Mbl OTHOBPEMEHHO ITPOXOAUM U
yepe3 TOPM3OHTAIBHYIO U Uyepe3 BepTUKAIbHYIO TMHUIO, 6e3 TPOMesKY-
TOYHOI KJIETKU.

Takum 06pa3oM, OTBET — HeT. Bripouem, ec/in ke Mbl 0C1abMM YCII0BUE
1 6yIeM CUMTaTh, UYTO JIMHMS IIPOXOAUT I10 KJIETKE eC/IM OHA Jaske TOJIb-
KO 3a/ieBaeT IpaHMIly KJIeTKM — TO [a, JOCTATOUYHO XOTs ObI pa3 3aJeTh
repecevyeHue JIMHMIA CeTKM (MbI TOIIa CMOKEM 3asIBUTh, UTO ITOOBIBAJIN
BO BCEX UeThIpex KIeTKaX, COCeIHMX C IepeceuyeHnueM).

C. Ilnomanp TpeyroabHMKA — 3TO MOAYIPOM3BeLeHe OCHOBAHMSI Ha BbI-
cory. OcHOBaHMe (GUKCUPOBAHO, & BOT BHICOTA 3aBUCUT OT ABYX APYTUX
CTOpOH a u b. HauHem oT cutyanuu, Korjga a = b = PT" — TO eCThb
TPEYTOAbHUK paBHOGEAPeHHbIN. EC/iu Mbl 6yieM yBeTMUMBATD, HATIPU-
Mep, d, TO b HeM36eKHO MPUAETCS YMEHBIINUTb, YTOOBI COXPAHUTH TIEPU-
MeTp. COOTBETCTBEHHO, TPEYTOMbHMUK HAKPEHUTCSI M COXKMETCS 10 BbI-
coTe, IVIONIAlb €r0 YMEHbIIUTCS. 3HAUMUT, HaubOoIbIIas IIomans 6yaeT

B CJTyyae paBHOOEPEHHOTO TPEYTOMbHIUKA.

Temepb BbIpasuM 9T0 ke 6osee GpopmanbHo. [TocunTaem miomaab Tpe-
yroJibHMKA 110 opmysie I'epoHa. [Ij1s1 9TOro BBeeM 00O03HaueHue st
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TO/yIIepuMeTpa TPeyroabHuKa p = £. Jlns nogcuera Ham TpeGyercs
3HATh IJIMHY BCEX CTOPOH, TIO9TOMY BBeJEM AJIMHY BTOPOI CTOPOHBI a
KakK mapameTp (TPeThio CTOPOHY MbI IMMONTYyUMM Kak P — [ — a):

S@)=vp--D-(p—a) - (I+a-p)

dopMy/a MOHOTOHHO 3aBUCUT OT BCEX COMHOXKMUTeNEl I0OJKOPEHHOro
IIPOM3BeNeHus], a TPy U3MEeHEeHWUM a MEHSIIOTCSI TOIbKO p —aul+a—p,
MIO3TOMY BMeCTO MOMCKA TOUKM MaKCMMyMa Bceit GYHKIMM MBI MOKEM
MCKaTb TOYKY MaKCMMyMa TONbKO Y (p — a) - (I + a — p), 0603Ha4uM 3TO
BbIpa)XXeHUe 3a g(a).

Packpoem ckobku: g(a) = —a® + (2p — l)a + Ip — p?. D10 KBampaTMUHAs
mapa6osia, pora rmapa6oJibl HallpaB/eHbl BHU3, ¥ TOTOMY MaKCMMYM ee,
KaK M3BECTHO, TOCTUTAETCS B TOUKE

(2p - 1) !

R NE LA

OcTasioch MOCYMTATH OTBET (IIAry IO Mpeo6pasoBaHUI0 HOPMYIIbI OTTY-
CTUM):

P.(P-2])-I
§= 16

3agaua 5. PasnmeneHue Ha MOAMHOMKeCTBa

A. MoryT, ecniu B KOMIIAHUSIX Pa3HOe KOJIMYECTBO MaJIbUMKOB: JOMYCTUM,
B IePBOJ KOMIIAHMM I€CSATh MaJIbUMKOB C 1 py6jieM, a BO BTOPOil — IISITh
MaJIbYMKOB C 1 py6iem.

B. Bymem 0603HavaTh YepHbII OTpe30K uudpoii 1, a 6esbiit — 0, 1 MyCTh
a, — LBeT OTpe3Ka MpsIMOii, cofepskalieii TOUKy n.

[TokaskeM OT IPOTMUBHOTO, UTO [1eTs He CMOKeT ITIOKPaCUTh OTPE3KM Ke-
JaeMbIM 06pa3oM. I[TycTb eMy 3TO yIaa0Ch. 3aMEeTHM TOTZA, UTO MPH JII0-
60M 7 BBIIIOJIHEHO

ap + Apy1 + Apyg + Apgs = 2,

Any1+ Any2 + Anys + dppg = 2.

3HAUUT, d, = Apy4.
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Bo3pmem Takoe n, uto a,_1 = 0 u a, = 1 (Takoe n CyuiecTByeT, M0-
CKOJIbKY MHaue HaulMHas ¢ HeKOTOPOTo MeCTa BCe OTPe3KU MOKpallleHbl
O[MHAKOBO, YTO HEBO3MOKHO). IT0 9TMM JaHHBIM OJHO3HAUHO BbITEKA-
eT, UTO dp3 = 0. A BOT d,,.1 MOXeT ObITb pa3HbIM. PaccMoTpum nBa
cayvasi:

1. ani1 :l.Tomaa,,+z:Oman+1+an+2+---+an+11:1+0+0+
1+140+0+1+1+0+ 0= 5, npoTBOpEUNE.

2. apy1 =0.Tormadpp = 1M any +Apy2+ -+ a1 =0+ 140+
1+0+1+0+1+0+1+0=5,cHOBa MpOTHUBOpEYME.

PaccMoTpuM HEKOTOPYIO KJIETKY, M PACCMOTPUM BOIIPOC «BOJSITCS JIU B
KJIeTKe MypaBby Tuna T». Bcero BO3MOKHO YeTbIpe BOIpPOca M OTBETHI
Ha BOITPOC He 3aBUCST APYT OT APYyTa: Mbl MOXXeM OTBETUTD «J1a, 14, HeT,
HeT», MOKEM «HeT, HeT, [1a, HeT», ¥ Booolle, I06ass KOMOMHAIMUS BO3-
MoxkHa. Utoro, mosmyvaetcsi 2 - 2 - 2 - 2 = 16 BapuaHTOB.

[Tpumep paccesieHNsI MypaBbeB, B KOTOPOM pPeasn3yIOTCS Bce KOMOMHA-
uuu, npuBeAeH Huke. Kaskablil TUIT TMHUM COOTBETCTBYET KAKOMY-TO
TUITY MyPaBbeB; €CJIV JIMHUS TTPOXOAUT Yepes3 KJIeTKY, TO JaHHas KJIeT-
Ka MPUHAJIEKUT apeay.

3agaua 6. JIbDKHas ceKuus

A.

3amagyM cebe YTOUHSIOIIMIA BOIIPOC: B KaKOi IeHb B CEKLUM CTaHET
poBHO 12 yyacTHMKOB? Ha BTOpOJI AeHb paHO: Mbl MOKEM I1OJyYUTh
MakcUManbHO 1 + 5 + 5 = 11 yyaCTHUKOB, €C/IV KaXKIbIi JeHb TPU-
XOOUT MO nsiTepo. Ha TpeTuii yxke MO34HO: MMHUMAJIbHO MOMyIUTCs 1+
4 + 4 + 4 = 13 yuacTHUKOB. [105TOMY POBHO 12 YYaCTHMKOB B CEKLUU
He MOTJIO ObITh HU B KaKoOJi IeHb.

PaccMOTpUM TPeyTroabHUK, 00pa30BaHHbI OTpe3KaMu, COeMHSIONIN-
MM TEKYIIee MON0KeHMe JIbIKHUKOB.
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[Ipu cobmiofeHnn TPaBUI MepeMelieHNs ero IUIoaab BCerga rmocTo-
SIHHA: eCIY MIPUHSITH OTPE30K, COMMHSIONINIA ABYX CTOSIIIUX JIBDKHM-
KOB, 33 OCHOBaHJ€ TPeyrobHIKa, TO [IepeMeIeHNs TPETbero JIbDKHMKA
He MEHSIOT ero BbICOTY. [TocunTaeM II0IIa b UTOTOBOTO TPEYTOMbHMKA
(HEeTPYIOHO BUAETD, UTO OH MPSIMOYTOIbHBI):

90-120
2

OpHako, TIoIanb UCXOAHOTO TPpeyroJibHMKa SBHO MEHbIIIe:

(? ' 100) 100 (0.9.100)-100 _90-120
2 = 2 ST

BHHI{I/IT, IIpaBuJia IIepeMeIieHms B KaKOi1-TO MOMEHT ObLIN HapylIeHbI.

Bo3moxkHBI [IBa CLieHapusl, B pe3yiIbTaTe KOTOPBIX JIbDKHUK BO3Bpalla-
€TCsI Ha CBOe MeCTO: «JIOKA/IbHbIN» (ec/in JIbDKHUK N21 060rHaI JTbIKHMU-
Ka N22, a motoMm JbBKHMK N22 o60rHast IbDKHMKA N21) 1 «I106anbHbIN»
(mpkHUK N21 060THA BCeX M BEPHYJICS Ha CBOe MeCTO, MMest KpyT B 3a-
nace).

[Tpu «7I0KaTBHOM» CIIeHAPUY KOJIMYECTBO OOTOHOB BCeraa YeTHOe (BCEX,
KOTO Bbl 060THAM, BbI JO/KHBI MTPOMYCTUTD BIiepen). [pu «Imo6aib-
HOM» CIIeHapuy, KOIJa JbDKHUK OOTOHSIET CBOUX OCTAJIbHBIX 563 TO-
Bapuiieit, BO3MOKHO HeUeTHOe KOIMYeCTBO 06roHOB. ECitu ske B TOHKe
y4JacTByeT 563 JIbDKHMKA, TO 06a ClieHapus IIPeIonaraloT YeTHoe KO-
JINYEeCTBO OOrOHOB.

Bosnee dhopmanbHO TaHHbBI pe3yabTaT MOXKHO J0Ka3aTh, TIEPEBES €T0
Ha SI3bIK [IePEeCTaHOBOK. By/ieM 3ammchiBaTh MOMOXKEHME JIBIKHUKOB KakK
n-3J1eMeHTHYIO [IepecTaHOBKY Havua/JbHOTO MTOMIOKeHus. IIpu 3TOM, IMo-
CKOJIBKY TOHKA KOJIbII€Bas U MOJIOKEeHME JIbDKHMKOB MOXKHO HayaThb OT-
CUMTBIBATD C JIIOOOTO MECTa, Mbl OTOXKIECTBIISIEM MEXIY COO0I LIVKII-
YyecKue CABUTY ITePecTaHOBOK:

ecmmo(x) = ((7(x) + k) mod n) + 1,To0 =7
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Ecnu n = 564, To HUKINYECKUII COBUT O3BOJISET COENaTh U3 UeTHOM
repecTaHOBKM HeueTHYI0. OgHaKo, eii h = 563, TO CABUT BCETAA CO-
XpaHseT YeTHOCTb. A pa3 K TOMY ke MCXOLHas U LiejieBasi TepecTaHOB-
KU — YeTHbIE, TO U KOJMUYECTBO TPAHCITO3UIIMIT HEM36EXKHO GyIeT yeT-
HBIM.

3agaua 7. B momuckax umucen

A.

IMepBsIit pe6yc. CrpaBa unucio POMAIIIKA — B HeM 7 3HAaKOB, OHO He
menbie 1000000. CrieBa, B Ipou3BeaeHUN, 6 pasInIHbIX Iudp, oOmAHA
uudpa moBTOpsSIeTCs ABa pa3a, 3HAYUT, MaKCMMaIbHOe 3HaUeHMe 3TOTO
BbIpaskeHUs1 9 -9 -8 -7 -6 5.4 = 544320. JaHuHbIi1 pebyc He umMeeT
peleHni.

Btopoit pebyc. 3ametum, uto YPAYPA = 1001 - YPA, ogHako 1001 =
11-91. Yncio 11 mpocToe, HO B JIEBOV YaCTU paBeHCTBA BCe uncia — Of-
HOpa3psigHbIe, IO3TOMY JieBas 4acTb Ha 11 He IenuTcs. 3HaUMUT, U 3TOT
pebyc He MMeeT pelleHuiA.

[TocKobKY I'pyTII BCero 4, a uucen — 6, To nbo HalieTcs rpyIa ¢ Tpe-
MSI YMCIaMM, JIMOO0 IBe TPYIITBI OYAYT COmepskaTh IO IBa uMcIa. B mep-
BOM (JIy4ae 3aMeTUM, UTO MPOU3BeJeHMe TPEX MUHMMAaIbHbIX UMCETT U3
IuamnasoHa ot 3 mo 8 paBHo 60. Bo BTopoM ciiyuae BbiOepeM Ty TPYIIITY,
B KOTOPOJI HET uMciaa 3: Mpou3BeleHNe ee 3JIeEMEHTOB KaK MUHUMYM
4.5=20.

PaccMoTpUM MMUHMMAaJIbHOE IIPOCTOE UMCIIo, GOJblIee n, MyCcTh 3TO p.
[ToHsTHO, UTO N! He AENUTCS Ha p U TeM Gosiee He genuTcs Ha 2p. ITycThb
CYLIeCTBYeT COCTaBHOE YMCIIO t, TaKoe, uTo n! i t.

CornacHo roctynaTy beprpaHa, MeXay n U 2n eCTb XOTsI ObI OIHO TPO-
CTOe YNCIIo, H03TOMY 2p < 4n. OTciona, t < 4n.

[ToCKOMBbKY p — MMHMMAJIbHOE TTPOCTOE, O0JIbIliee N, TO t MOKET ObITh
LIeJIMKOM IIPeICTaB/IeHO B BUIE IIPOU3BENEeHIsSI COMHOXUTE eI h!:

t=2%. .. .p%

3aMeTMM, UTO HamboJjiee BLITOOHbIN BApMAHT — MMETh B KauecTBe t cTe-
IeHb HEKOTOPOTO MPOCTOro uncia: t = q%. Bemb ecitu n! He memnTcst Ha
t, TO 3HAYNUT, YTO OOMH U3 IIPOCTBIX COMHOKMUTEJIEN t MUMEeT CJINIIKOM
BBICOKYIO CTeIleHb. [laBajiTe OCTaBMM TOJBKO €ro, 3TO TOJIBKO caesaer t
MeHblIle, a AeJIMMOCTI He J06aBUT.
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B 3TOT MOMEHT Mbl MOKEM OCTAHOBUTBCSI U MPeIJIOKUTD CIeLyILnii
aATOPUTM IIOMCKA YMC/Ia: paCCMOTPUM MPOCThIe uncIa ot 1 1o n, 1 Halt-
IeM MMHMMAJIbHYIO CTeIIeHb Sq 719 KaXKA0r0, TaKylo, UTO k% He meut n!.
Taxke HaleM MUHMMAJIbHOE IIPOCTOe YNUIO P, TaKoe, UuTo p > n. Ilo-
cjle 4yero Haiigem cpefy 2p U MOJMyYeHHbIX uucea ¢** MUHUMAaJbHOE —
9TO U GYIET OTBET.

3agaua 8. Uncina, uM@psl ¥ IPUKIIOUYEHUS

A.

CTOMMOCTb CIIMUKMU B JIMCTOUKAX ITPY UCITOIb30BaHMU B IIPOIIecce Orjia-
ThI HEKOTOPOI1 1T Pbl — 3TO 3HAUEHME TaHHO HU(PLI, TOIeJIeHHOE Ha
KOJIMYECTBO CIIUeK B Heli. [laBaiiTe MocunMTaeM 3TU 3HAUEHUS:

OueBuAHO, camas BbIromHast iydpa — 0 (MOKHO HOTYIUTD CITMYUKY Oec-
IJIATHO), OHAKO, eC/ii OTOPOCUTH AAHHBIN BapMaHT KaK KyJIbHUYEC-
KIii, TO CTOUT OCTAaHOBUTHLCS HA IMdpe 2, KOTOPOIi COOTBETCTBYET Ca-
MO€e MajleHbKOe HEeHYJIeBOe UMCIIO U3 PSiZia BhILIe.

953 = 32 - 29 + 25. To ecTb, 3a OAUH MPOXOJ, IO 3KBATOPY I'yCeHUIa
cmenaet 32 060poTa U ele CABMHETCS Ha 25 cekimii B xofe 33 obopora.
Vicxoms U3 3TOro, HoOMep CeKLMM Ha JIMHUM cTapTa mocjie k 060poToB
MO3KHO BbIPasuTh Kak (k- 25) mod 29. ITockomnbky 29 1 25 B3auMHO Ipo-
CTBI, TO 32 29 060POTOB Kaxkmast U3 CEKIIMIi IT0 pa3y MOObIBAET Ha JIMHUYU
crapra.

To ke KacaeTcst ¥ CBEKEYCTaHOBIEHHO CeKIIMI: OHA TaKkke OyIeT oKa-
3bIBATHCS HA JIMHWUM CTapTa pa3 B 29 060pOTOB.

ITOT CIOCO6 MOMYUEHMs IPOCThIX HE PabOTAeT yKe ¢ 6 MPOCTHIM UMC-
gom:2-3-5-7-11-13+ 1 = 30031 = 59 - 509.

3agmaum 7 Kjaacca

3azaua 1. /Ie1eHue ¥ OCTaTKU

CmortpeTs 5 Kitacc, 3agauy N23.
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3agaua 2. IIaTauna

A.

[Mepenuiiem ycioBue popManbHO: EC/iv X — KOIMYeCTBO MOJIOKA B MUJI-
JUIUTpPaxX B 06BIYHOM KPY)KKe, TO 3a TIEPBbII pa3 MaMa pasiamia 4 - X +
1.2 - x MmwimuanutpoB — u 310 30% OT ABYX AUTPOB. [laBaiiTe TOrma co-
CTaBMM ypaBHEHME:

4.-x+1.2-x=0.3-2000

Jlerko BuzeTsh, uto X = 9% = 115.38..., u nckomas 20% pasHuia cocTa-

BWJIA YyTb 6OJIbILE 23 MUUTUIUTPOB.

IIpencraBum, uyTo VicHOaI 6EKUT C 0OBIYHOI UeJI0BEUECKOI CKOPOCThIO
V, 32 HUM GEXUT TUTP B q pa3 ObICTpee, CO CKOPOCThIO qv. 3a t CeKyH,
Vicuu6ait mpo6esKUT pacCTOsTHUE Vi, TUTP — qvt, To3ToMy VicuHO6ai Hut-
KOTJIa He O/KeH MOOXOOUTb K TUTPY Oivske, ueM Ha (q — 1)vt MeTpoB,
MHaye TUTP €ro ycreeT MOTHATh 3a OOUH MpUeM, He oTabixas. OObIu-
HbIif UeloBeK 6eraeT KOPOTKYIO OUCTAHIUIO CO CKOPOCTHIO TPUMEPHO
30kM/u, mnm 8.(3) M/c, uTo JaeT oueHky x = 8.(3) - (q — 1)t MeTpOB AJIs1
6e30I1acHOr0 PacCTOSTHMSL.

OTpulaTeTbHbIN X 03HAYAET, UTO TUTP OeraeT MeJjIeHHee UyeloBeKa, u
TTOTOMY K HEMY MOKHO 6€30T1aCHO IMOAXOANTH TPAKTUYECKY BIIOTHYIO.

[ 3aaHms KaXKI0i pacCTaHOBKYM MbI JOJDKHBI BbIOPATD ISITh MSATHUI
st Iauu u Tpu aJist Kocru.

V Ilauu Bcero ects C3 = 21 BapMaHT UMETbH MATh ISITHULL HA Hepelle.
B kaskmom 13 BapuaHTOB it KOoCcTy HY>KHO BbIOpATh M3 MATH JJaHUHBIX
nsTHUL, ABe (C2 = 10), ¥ U3 OBYX He-IISITHUL, OGHY (C} = 2). Uroro,
Bcero ectb 21 - 10 - 2 = 420 pacCTaHOBOK MSTHMUII,.

3azaua 3. DKCIIepMMEHTHI C KJIaBUaTypoOil

A.

s Habopa OLMHOYHOTO CMMBOJA A. TO/KeH HaxkaThb HECKOJIbKO pas
KJIaBUIIIy C CMMBOJIOM, U, TIOCJe 3TOro, HeckojibKo pa3 Backspace. B
MUTOTe Ha 9KpaHe MOJIKeH OCTaThCs OOMH CMMBOI: 1 = x-5 —y - 8. U3
JaHHOTO YpaBHEHMS BUIHO, UTO y = ”T‘l.

[TockonmbKYy Y MOHOTOHHO BO3pacTaeT ¢ pOCTOM X, HaM AOCTaTOYHO Hali-
TU TaKOM MUHUMAJIbHBIN ITOJIOKUTENbHBIN IEJIbIN X, UTO y OYIET IeTbIM
u HeoTpuuareabubiM. Eciv x = 1, To y = 0.5, He mogxoguT (MbI He MO-
’KeM HaskaTh KJIaBUIIY HAIMlOJIOBUHY). x = 2 naet y = 1.125, x = 3 maer
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y=1.75,x =4 gaery = 2.375, u x = 5 gaet y = 3. To ecTs, 1151 Habopa
OJHOTO CMMBOJIA A. HY;KHO 8 HaskaTuii Ha KJIaBUATYpe: SITh pa3 HaKaTh
CUMMBOJ U TpU pa3a — Backspace.

Ananornuso, gyisib.y = "'74‘1 , U MMHMMAaJIbHbI TOAXOASIINIA X paBeH 3,

mipu atoMm b. i1t HaGopa cuMBoIIa TpebyeTcst 7 HakaTuMit Ha KIaBuaType.

[Toatomy 06b19HO B. GymeT rmeyaTaTbh HECKOIBKO ObICTpee, YeM A., XOTS
B 0COGBIX C/Tyyasix (CKaskeM, B CTydae TEKCTa, B KOTOPOM Kaxkziast 6yKBa
TIOBTOPSIETCS MO MOMIISASAISTTTTTbbbbb Pa3 MOAPS) MPEUMYIECTBO
oymet y A.

B. ABBTEX3 — 3Ty cTpouKy A. meyaTaeT 3a 2 ceKyH/bI (8 OYKB 1 iBa pa3a
Caps Lock), b. ke meuaTaeT ee 3a 4 CEKyHbl.

O6paTHbIit BApMAHT HEBO3MOXEH: ey A. OymeT Iaske IBasKAbI HAXKM-
maTh Caps Lock ajist BBojia Kask/oii 3amIaBHOM OYKBBI, €70 CKOPOCTh
BBOJIa OyzmeT aBe OYKBBI 3a 1.2 ceKyH/bI (6 HaskaTuit Ha 2 OYKBbI). B., B
CBOIO OUepefib, TevaTaet aBe GYKBbI 3a 1 cekyHay. To eCTh PasHOCTh B
CKopocTy nevyatu — 1.2 pa3a B Xy[LIeM c/Tyyae, YTO 3HAUYUTEIbHO MeHb-
11e TpeGyeMbIX 2 pas.

C. B maHHBIX YCIOBUSX BCE, YTO Mbl MOXKEM — HakaTh YeTbIpe KIABUILU B
KaKOM-TO MOPSIAKe 32 CEKYHAY, IOCTIe 3TUX HaskaTUli Ha 9KpaHe MOSIBUT-
cst 6ykBa. Bcero Bo3MOXKHO 2 - 2 - 2 - 2 KOMOMHAIMIA, YTO JaeT BO3MOXK-
HOCTb BBIOPATh OFHY U3 16 OYKB 3a ofHY cekyHAy. OgHAKO, B PyCCKOM
33 OYKBbI, 3HAUUT, KaKue-TO M3 OYKB MbI BBECTM He cMoxkeM. Ecim ke
Kakue-TO 17 6yKB MbI He OyzieM pasanyaTh (00beIHUM B OJTHY) — CKa-
keM, 0603HauMM Bce OyKBbI, HauMHas ¢ 0, Kax I, To MbI KaK pa3s mosny-
uyyMm 16-6ykBeHHbIit andaBut: ABBTIEeX3UAKIMHL. TexcT, KUTHeIIHII,
TIOC/Ie TAKOTO M3MeHeHMS a/IIIaBUIIA OLIAEN BbIT/ISIAETh HeIOUIIIHII.

3agaua 4. @PakTopMajbl

A. 33! oueBMIHO, HeaUTCS Ha 9. 3HAUMUT, CyMMa Bcex Mdp uKciaa Jo/DKHA
Iemutbes Ha 9. Eiu Mbl mpocyMMupyeM Bce IMbpPbl UncIa, MOTyIuM
139 + 0. IIpu 3TOM, TOJKHBI OBITh BBITTOJIHEHBI IBA YCIOBMUSI

(139+0)mod9=0u0<9
[Tepe6pas Bce 10 BapmaHTOB 1151 [1, MOXXeM yOeOUThCS, UTO €IMHCTBEH-
HbII MOAXOASIINIT U3 HUX — 8.
B. Bocnonb3yemcs ABYMS MIpU3HaAKaMM JeIMMOCTH: Ha 9 u Ha 11 (Ha oba
9TU YMCIa AeIUTCS n!, eciiv n > 12). B 60/IbIIMHCTBE CJTyyaeB MpMU3HaKa
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IeIMMOCTY Ha 9 XBaTUT M Mbl MOXXEM BOCCTAHOBUTD CTEPTYIO LIUQPPY
QHAJIOTMYHO ITyHKTY A maHHOM 3agaun. OgHaKo, eyt CyMMa M3BEeCTHbBIX
dp umcia JeauTcs Ha 9, TO TO BO3MOXKHBI IBa BapMaHTa AJISI CTePTOIi
umbps: 0 9.

B 3TOM c/1yuae BOCIIO/Ib3yeMCs IPU3HAKOM JeauMocTy Ha 11: mpocym-
MMpyeM 3HaUeHMs, CTOSIIMEe Ha YeTHBIX MeCTaX, M 3HAUEHMs, CTOSILIIE
Ha HeYeTHbIX MecTax. Eciu pasHuiia MekIy CyMMaMy U Tak JeIUTCsS
Ha 11, 6puta cTepra nudpa 0 (ero mobaBiieHKue Ha MECTO He TIOMEHSIeT
JIeaMMocTy). B mpoTuBHOM cityyae 6buta cTepta umdpa 9.

C. Heperpynm/[pyeM MCXOOHOE BbIPpA’KEHME!

102030 onl=(11-11-2) - (31-31-4) ... (n—= D) (n— 1) - n)

U eme pas:
1232 ..n-1)%.2-4-....n
————

KBaJpar LIeoro S

PaCCMOTp]/IM BHMMaTeJIbHee ITIOABbIPDAKEHME S

n n
s=2-4-...-(n—-2)-n=2%. (7)!
2
TToCKOMbKY N KPaTHO YeThbIpeM (CYLIeCTBYeT t, 4To n = 4 - t), To 27 =
(252,
3Ha‘—II/IT, HY)KHO BbI‘IepKHyTb d)aKTOp]/IaJ'[ %, 9TO e,[[]/IHCTBEHHbIﬁ COMHO-
)KI/ITE.T[I), He HBJ'[HIOH.U/IVICH I1IOJIHBIM KBaﬂpaTOM.

3agaua 5. OX YK 3TM HIKOJIbHUIIbI!

A. Pasnoxum 22887 Ha COMHOKUTEM (TIOMPOOYeM ITOHS T, TAe ApYHA I10-
cTaBWIa 3HAKM YMHOXKeHMsT). Uncno genurest Ha 9 (T.K. cymma mmdp 27),
M YaCTHOE PABHO 2543 — KTy, BBINISIASIIEMY, KaK YEThIPE OIEHKM, 3a-
MYCAaHHBIE OAPSIA,

Bonee TniatenpbHas mpoBepka MOKAXeT, UTO 3TO AECTBUTENbHO MPO-
CTOe YKcIo (HaM Hago IPOBepsITh €r0 AeIMMOCTbh Ha MPOCThbie YuCiIa,
He IIpeBOoCXosdiye 53, cocTosiie Toabko 3 uudp 1,2,3,4 u 5, Takux
HEMHOT0), TO eCTh y ApMHBI onyumiach hopmyna 2543 - 3 - 3 (¢ TOUHO-
CTBIO 10 IepPeCTAaHOBKY COMHOKUTEJIEN).

Temepb O0CTAIOCh OCUUTATH CPETHMIT GasT: 3%.
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B. Ilyctp Onbra npugymaia uucia p U q, v yCTh J1JIs1 OTIPefle/IEHHOCTU P >
q. BBezieM HOBYIO TlepeMeHHyI0 t = p —q. Torma p? — q> = (@ +t)? —q* =
% 4 2qt = t(t + 2q).
U3 ycioBus Mbl 3HaeM, 4to p? — q> = 3476, pas/ioxuM Ha MHOKIATEJIN:
3476 = 2 -2 - 11 -79. Hy)kHO Telepb 3T MHOXUTEIU pacIipelenTb
MeXny tut+ 2q.

3ameTuM, 4TO t He MOXKET ObITh MaKCMMaIbHBIM COMHOKUTENEM. Kpo-
Me TOTO, TIOCKOJIbKY ¢ 00SI3aTeIbHO AOMKeH ObITh UETHBIM (MHAUe Bce
MpOM3BeJIeHIe HEUETHO), TO U BbhIpakeHue t + 2¢q TOXeE IOIKHO OBITh
YeTHBIM. DTV TpeOOBaHMS JAIOT HAaM eAMHCTBEHHOe perieHue: t = 22 u
t+2q=2-79,orciomaq =68 up =90.

C. Bbruncinm pasHOCTb ABYX UMcCes Haphbl:

abcde — bedea = 10000 - a + bede — 10 - bede — a = 9999 -a — 9 - bede

[MTockonbky 9999 mod 41 = 36, TO MbI JIETKO TIOA0EPEM UMC/Ia, TIPU KO-
TOPBIX MPAaBMUJIO HapymaeTcs. Hampumep, Bo3bMeM a = b = 1,c =d =
e = 0. Torma 11000 mod 41 = 12 1 10001 mod 41 = 38.

3azaua 6. OueHb yMHBIEe MypaBbU

A. MypaBbu Mor/M 6bI pa3geanThb IVIOCKOCTh TaK:

2

B. OTBeT Ha 3a7auy 3aBUCUT OT TOTO, KAKyI0 TOUKY Mbl CUMTaEM HAYAIOM
BOCXOXIeHMs. [laBaiiTe CUMTaTh, UTO MYPaBby COBEPIIAIOT BOCXOXK/E-
HMe U3 BHyTpeHHero 06beMa KOpob6Ki, 13 caMoro ee neHTpa. Torga pac-
CTOSITHME OT IIeHTpPa JI0 CepeiyHbI CTeHKY paBHO 0.5 MeTpa, paccTossHue
OT CepemuHbl CTEHKM [0 yI/Ia KOpo6Kyu 1o Teopeme IIudaropa paBHO
v/0.5%2 4 0.52, u paccTosiHMeE OT IIeHTpa KOPOOKM 10 YIJIa 10 TO JKe Teo-
peme

/(052 +0.52) + 0.52 ~ 0.866
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IMockonbky mypasby B 1000 pa3 kopoue nofeit, HaM HY>KHO YBEJTUYUTh
Bce pa3mepsbl B 1000 pa3 — ¥ MbI IOJTYYMM BBICOTY XOJIMA YyTh OOJIbIIIE
866 MmeTpoOB.

C. PaccMOTpMM KaKyio-HUOYIb BEPUIMHY CETKU. VI3 Hee BHIXOIUT MSTh OT-
PE3KOB, IPUUEM 3TU OTPe3KM — CTOPOHBI MSATU TPEYTOIbHMKOB, Kacaw-
LMXCS JaHHOM BepUIVHBI.

OTpe3Ku, BBIXOSIINE U3 BEPIINH, COEAMHEHHbIX CTOPOHON TPEyroyib-
HMKA, 06S3aHbI COEIUHSITBHCSI — MHAYe K TPEeyroJIbHUKY OyaeT rpuie-
raTh He IPYToi TPEYToMbHMK, a 60see cyioskHas purypa.

B cBoo ouepelb, OTPe3KM, BbIXOOAIIME U3 BEPIINH, COEAMHEHHDbIX 06-
e HBYSBEHHOﬁ JIOMaHOJ, JO/IKHBI COBMAAaTh — MHaye B CETKe I0-
SABSTCA MHOTOYTOJIbHMKM C YMC/IOM BEPIINH, OOIBIINM TpexX.
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U cHOBa, BCe OTPe3KH, BBIXOZSIIME U3 BEPIINH, COeIMHEHHbIX CTOPO-
HOJA, TOJKHBI COEAVHSITHCSI. 3aMETUM, UTO TOUKA COENMHEHMST — 06IIIast
onst 1 u 2 orpeska, 2 1 3 oTpesKa, U T.II., [I0O3TOMY OHa 06IIas IJ1s1 Bcex
OTpe3KOB. 113 Hee GymeT BBIXOAUTD 5 OTPE3KOB, 3HAUUT, MbI HE MOKEM
60sbIIle 4OOABUTDH HU OHON BEPIIMHBI K HAIlIEl CETKE.

Bce maru 1o mocTpoeHuo ceTku ObUIM BBIHYKIEHHBIMU, 1 'y HAC TTOJTY-
YMIaCh KOHEYHas CeTKa. A MOCKOIbKY MypPaBbeB CUETHOE KOJIMUYeCTBO,
MM HYKHO CYETHOe KOIMYeCTBO TPeyroabHUKOB. [loaToMy OTBeT Ha BO-
MPpOC 33724y OTPULIATENTbHbIA.

JononmHUTeNbHO 3aMeTUM, YTO CTPYKTYpa U3 TPEYroJbHMKOB, KOTOpast
IIOJTYYMJIACh — 3TO CTPYKTYpa MKOCasapa, OOHOTO U3 ITATU IIPaBUJIbHBIX

MHOTOI'PaHHMKOB.

3azaua 7. HecnpaBeaiuBbIii TYPHUD

A. HeT, OCKOJIBKY CaMblIil €/1a0blii YUaCTHUK BCEr[a MPOUTPHIBAET CBOIO
BCTpeuy. 3HAUUT, OH BCera OyieT OKa3bIBaThCS B XY/IIIEN IPYTITE, C KEM
6bI HY UTpajl. B UTOTe, OH OKAXKeTCSI BHU3Y TAOIUIIbI.
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B. Beemem ompegnenenne: eciau N. COCTSI3aeTCsI CMIbHEE HEKOTOPOTO Ipy-
rOT0 yYaCTHMKA, TO Mbl HA30BEM TOTO YUaCTHMKA «CJIaGbIM», €CIU Cla-
O6ee — HA30BeM €ro «CUIbHBIM». VICXOOHO UMeeTcs He Gomee 21-1 — 2
CUJIbHBIX YUaCTHUKOB.

YTo6bI OKa3zaThcs B puHase ¢ ayrcaigepom, N. ToIKeH IPOUTPATh BCe
BCTpeuYM, KpoMe IocaefHeli. 3HaUuT, B IIepPBOil BCTpeye y4acTHUK N.
JIOJDKEH BCTPeuaThCs ¢ CUAbHBIM. BMecTe ¢ N. B rpyIiie mpourpaBimnx
OKakeTcs1 He Gonee ¥ — 1 = 22 — 2 CUJIbHBIX YYACTHUKOB: CUJIb-
HBI/l MOKET IIPOUTPATH TOIBKO CMIIBHOMY, BCETO ¥ rap, HO OJHY U3
rap CUJIbHBIX Mbl 06s13aHbI pa3opBaTh, UT0ObI N. Mpourpa.

[ToBTOPMB paccyskaeHne MOKHO BbIBECTM 0011yI0 GOopMyy: Iocje pa-
yH7a k B TpyIIIe IPOUTPaBIIMX BCEIO MOKET OCTaThcs He 6omee 2 k—1—
2 CWIbHBIX. 3HAUUT, ITOCJIe payHaa t — 2 CWJIbHBIX He OCTaHeTCs, u N. u3-
GEXXMUT BCTPEUM C ayTcaiiiepoM, BbIUTpaB B payHae t — 1.

C. BBepeMm orpefeneHs aHAJIOTUYHO MPeIbIayIieMy MyHKTY: eciu N. co-
CTSI32eTCs CUTbHEe HEKOTOPOT'O IPYTOro yYacTHUKA, TO MbI HA30BEM TO-
r0 YYaCTHMKA «CJIa0bIM», ecu cinabee — HA30BEM ero «CHJIbHBIM». Vc-
XOZIHO ecTb He MeHee 21! cuIbHBIX.

ITyctp B nepBoM Type N. COpeBHYeTCSl C CWJIbHBIM, U BCE€ OCTajbHbIE
CUJIbHBIE COPEBHYIOTCS B IIape C IPyrMMuU CuibHbIMU. Toraa nocie pa-
yH/Ia B TPYIIe IPOMIPABIIMX OCTAaHeTCs He MeHee 272 — 1 CUJIbHBIX.
Bo BTOpOM payHze MbI CHOBa coctaBuM napy N. ¢ CMIbHBIM, JO6aBUM
He MeHblile % = 273 _ 1 map cMJIbHBIX, ¥ IIOCJIE BTOPOTO PayHJA B
rpyIie npourpaBumx ocradercs N u He mesbure 273 — 1 cuybHbIX. [To-
BTOPMB 3TO ITOCTPOeHMe nap k pas, MbI IIOIy4YNM, UTO MMOCIe k payHIa B
rpymnme npourpasimmx ocranercs: N. u He MeHbure 2051 — 1 cusbHBIX.
Urax, N. mocne t—1 payHJia OKaKeTCs B IPOUTPABILEN BCe payHbI IPYII-
me. A BTOPbIM YYaCTHUKOM 3TOJi I'PYIIIbI OYIET CaMblii ciabblil yuaacT-
HMK COPEBHOBAHMSI: Beb BCe OCTaJbHbIE YUACTHUKMU, KPOMeE 3TUX IBO-
¥X, CMOIJIY BBIUI'PATh XOTb Y KOI'O-TO.

JLjis1 TOYHOCTU 3aMeTUM, UYTO YCJIOBME HESIBHO IMPEeNoaraeT, YTo ayT-
caiimep 1 N. — 9TO pa3HbIe YU4aCTHUKM. EC/ti 5ke Takoro TpeOoBaHMS HeT,
TO MbI CMOKEM YTBEPKIaTh TOJIBKO 06 yuacTuy N. B COCTSI3aHMM 3a I10-
cliefHee U TIpeIociaeaHee MecTa.

3azaua 8. /Ieso-To >KuTemckoe

A. Cwm. 3amauy 1B 13 BapuaHTa 5 Kjacca.
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ITo npuHnMny Jupuxiie Helb3sl pacCaiuTh N KPOAUKOB B N — 1 KIIeTKy
TaK, 4YTOOBI B K&KI0Ii KJIeTKe 0Ka3aaoCh POBHO 110 KPOIKKy. Mbl 6ynem
PacKIambIBaTh 110 1 — 1 SI[MKaM 1 CaiiTOB, U B SIIIUK HOMEP K MbI 6yem
KJIACTh CaIAT, Yy KOTOPOTO k CCbUIOK Ha ApyTue caiTsl. [Ipuumun Jupuxiie
IOKaxkeT Tpebyemoe.

3aMeTuUM, YTO MaKCMMAaJIbHO B CTPOKE MMeeTCs 4 MIPOMEXYTKAa MEXIY
3aKpalleHHbIMU IMPpamMu (MPOMEXYTOK — UMUCIO — MPOMEXYTOK —
YUCIO0 — MPOMEXYTOK — UUCIO — MPOMEXYTOK). C APYroii CTOPOHBI,
MMUHMUMAJBHO B CTpOKe 9 + 19 - 2 = 47 cMMBOJIOB M MaKCMMaJbHO MO-
KeT OBbITh 3aKkpaimieHo 3 - 2 = 6 nudp. To ecTb, MMHMMAa/IbHAS AJIMHA
npomexyTka 41 +~ 4 > 10 cMMBOJIOB, 3HaUUT, OLHOPA3PSIAHOE YKUCIIO
MOXET GbITh 3aKPAI€HO TOIBKO €CJIU ITO YUCIIO 1.

ITycTb Xe uncio 1 He 3akpanieHo. Torga 3ameTuMm, 4TO AAMHA IpOMe-
SKyTKa O TIepBOii 3aKpatieHHoi Hudpbl — HeyeTHA (9 + X - 2), HO AJIMHA
IIPOMEXKYTKa MeXAY IepBbIM M BTOPLIM 3aKpallleHHbIM YMCJIOM — YeT-
Ha.

3HauYUT, 3aKpacka BO3MOXHA TOIAbKO eIy Yuciao 1 3akpaiieHo. [s 3a-
BepIIeHHOCTU IIpUBeIeM KOPPEeKTHbIV MpMMep TaKoi 3aKpacku:

1234567891011121314151617181920212223242526272829

3agava 9. /leHb, korga Cremna Bce MCIIOPTUII

A.

Crerna, Halpy“Mep, MOT 6bI MOMTPO6GOBATH MTOCUUTATH B IBOMUHOI CUCTE-
Me: COTHYThIN Masel, o3HavyaeT 0, pacrpsiMieHHbIi 03HauaeT 1. Bcero
JIeCSITh TIaJIbIIEB, TIO3TOMY CaAMO€ OOJIbIIIOE YYCIO0, KOTOPOE MOKHO I10-
Kas3aTh Tak, papHo 210 — 1 = 1023.

XOTs1, KOHEUHO, AaHHbBI} COBET — 3TO TOJBKO caMoe Hauaso Aena. [Tokas
HEeKOTOPBIX KOMOMHaIMi (cKkaskeM, uncia 0101001010, — pacrpsivie-
HbI 6€3bIMSTHHBIN ¥ YKa3aTeTbHbIN MabIbl HA 061X PyKaxX) MOKET I0-
Tpe6GoBaTh TPEHMPOBKIA.

Becbl Bcesanamyca nociie BmeniaTtenbcTBa CTelbl MOKa3bIBAIOT BCErma Ha
W GoJIblile, HAZO ONIpeeuTh Wy. B3BecuB OYTIJIKY BObI IIOTYUUM 'y =
W1 + Wp, B3BECUB KYCOK IIMPKOHMS TIOYYMM I'; = Wy + Wy, B3BeCUB 00a
npenMeTa MOAYYUM I';y = Wy + Wy + Wy. [laBaiiTe Ternepb BbIUTEM U3
JIBYX MePBBIX PE3YJIbTATOB TPETUIL U IOTYUUM KeTaeMoe: Iy + 1y — Iy =
Wi +Wo + Wy +Wo — W1 — Wy — Wo = Wp.
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C. Crermna, magas ¢ BbICOTHI h, TIalae€T PaBHOYCKOPEHHO. 3a BpeMsI IaieHusI
t Crema mponeTut at? /2 MeTpoB, Iie d — YCKOpeHMe CBOGOIHOrO Ta-
menust B Mupe urpsl Portal, mpuuem at? /2 = h. Otcioga t = \/2h /an
BePTUKAIbHAsI CKOPOCTh Y 3eMin vy = +/ 2ah.

[Tocste ipoxoskaeHus yepes rnoptaji Crerna JIeTUT ropu30OHTaIbHO C TaH-

HO¥1 CKOPOCTbIO, HO BEPTMUKAIbHASI CKOPOCTh CHOBA paBHa 0, oITOMY
Crena cHOBa HabGepeT v BepTMKaIbHOI CKOPOCTH, U UITOIOBAsI CKOPOCTh

OymeT paBHa
/2 1 2
VJ, + V‘L.

U BoOOGIIIE, ITOC/IE N IIPBIKKOB UTOTOBAast CKOPOCTb GYIET /N - vﬁ.

CoOTBeTCTBEHHO, HMKHMIA TTOPTaa B X0fle n + 1 MpbDKKa OKaskeTcsl Ha

pacCToITHUN
. /n-v2
h n VJ,

OT CTEHBI, TO eCTb OYIeT YIAIATHCS BCE C MEHBIIMM ¥ MEHBIIVM IAroMm,
MPOMOPIMOHAIBHO /1.

3agava 10. Xutpsiii Mumia

A. TlocetuTenu Tupa BeOyT OTOHb U3 BeplIMHbI X paBHOOGEIPEHHOTO Tpe-
yrojibHMKa XAB 1o ero ocCHOBaHMIO AB. 3amMeTuM, 4TO OTpe30K XP, co-
eqVHSIOMNI BEePIIMHY C TOYKON MOMafaHus Iyl Ha OCHOBAaHUU Tpe-
YrojibHMKA P, JennUT TpeyrojibHMK Ha ABa Apyrux, XAP v XBP. [Tnomanb
Ke 9TUX TPeyroIbHMUKOB paBHA MOMYIIPOM3BeeHUI0 OCHOBaHMI1 Ha pac-
CTOSIHUSI OT ITyJIEBO ABIPKY 10 COOTBETCTBYIOUIMX MPSIMBIX N4 U hp:

seap) = AT gxpp) — XB e

OpHako, MocKonbKy | XA| = |XB|, uMeeM

|XA| - ha + |XB| - hp

S(XAB) = S(XAP) + S(XBP) = 5

= |XA] - (ha + hp)

[Lnomanb TpeyroabHuKa XAB U AjiHa 60KOBBIX CTOPOH HE 3aBUCUT OT
BbIOOpA P, 3HAUUT, U hy + hp TOXe He 3aBUCUT OT BbiOopa P. ITosTomy,
€C/IN CIeIOBaTh IMPeIIOKEHNI0 MUIINM, HarpakaaTh IIPUIETCS BCEX I10-
ceTuUTesel Tupa.

B. Byzmem 3akienBaTh Ky6 CO CTOPOHOJI /5 KpecTMKaMM, COTIOCTABISAS Ofl-
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HOMY 13 IIECTY KPEeCTVKOB OJHY U3 IIeCTY rpaHeii Kyouka. bygem mpu-
KJIeMBaTh KPECTUK K KBaIPaTHOI IpaHM «ITOJ, HAKTOHOM»:

~
7 S o
Vi ~

Torma, 3arubast yroJiku y KpeCTUKOB, TTOTYYMM 3aKIenBaHue KyOuKa:

C. Tloctpoum yepresk. Uckomoe paccrosinue t = | XT|. Tak kak |AT| = |AT'|,
TO TpeyronbHUK TAT — paBHOGeapeHHbIN. Eciu mocepenyite mexxay T
u T' OTMEeTUTD ellle OLHY TOUKY, B, To TpeyronbHUK XAB 6yneT mpsiMo-
YTOJBHBIM (T.K. BBICOTA ¥ MeIMaHa K OCHOBAaHMIO B PaBHOGEIPEHHOM

TpeyrojbHMKe COBIIaAAoT). 3HauuT, L XAB = 30°, orcioga |XB| = 'XZA%' =
10 cm. 3HaunT, t = 8 cm.
p
A
&
L'\,
60°
X Il
T B T Q
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3agmaumu 8 Kiacca

3agava 1. Unciaa u cymMbl

CmortperTs 5 Ki1ace, 3agavy N22.

3amaua 2. JleTcKuii cap,

CmoTpeTs 6 Kki1acc, 3agauy N22.

3agava 3. ®aKropuabl

CMmorpeTs 7 KiIacc, 3agauy No4.

3agaua 4. B mouckax umcesn

CMmorperTs 6 kiacc, 3agauy N27.

3agaua 5. IIpoGiembl 3aByua

A. Cpepmuit poct B mapautenmy: 1611625 +220 — 36150 — 190.5, 0Go3Ha-
YuM ero 3a A.

0O603HaYMM CyMMY POCTOB IIKOJIBHMKOB B Kiacce i Kak H;. [okaxkem,
YTO MaKCUMaJIbHbI/i MMHUMAJbHbBIN CpeSHMI POCT IUKOJIbHUKOB JOCTU-
raetcsl, Korga Hy = Hy = Hsz: B 9TOM CJly4yae, OU€BUIHO, % = A. Ilo-
Ka’keM 3TO B [1Ba IIpMeMa: BO-IIEPBbIX, IPOAEMOHCTPUPYEM, UTO MaK-
CUMAaJbHBIII MMHUMAJbHBINA CPeAHUI POCT He MpeBbILIaeT A, a IOTOM

TOKaXKeM, UTO A TOCTVKMM.

ITycThb ecTh ABa Ki1acca, B KOTOPBIX CPESHUI POCT pa3anyvaeTcs, U MyCTh
H; < Hy < Hs. Torna MMHMMAaJIbHbBI CpEOHMIT POCT HIMKE A:

_H1+H2+H3 3H1_H1

A 60~ 60 _ 20

Tenepb MOKaKEM TOCTVKMMOCTD A: IIOCTPOUM IIpMMep TaKoro pasoue-
HMUS Ha Kaaccel, uTo H; = Hy = Hs.

Knacc CocraB kiacca: poCcT yYeHUKOB

1 181,182...200
2 171,172...179,201,202...210
3 161,162...169,211,212...220

- 200 -



C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

B. Mosera mnposeser, eciiy HaiioyTcsl Takasi MPOEKLVsST MOHEThI U Takas
Iedopmalius 11cTa C OTBepCTHeM, UTO MOHETa MOKeT ObITh pa3Mele-
Ha 1[eTMKOM BHYTpU AedOpMUPOBAHHOTO OTBepCTUs. Tak Kak MOHeTa
KpyT/iasi, TO JIF00ast MPOEeKINsSI COIEPKUT OTPe30K IyuHbI 2r. C Ipyroii
CTOPOHBI, MTPOEKIMS pe6pa HMYETO KPOME STOTO OTpe3Ka UM He Cofep-
skuT. OTCIOIa BBIBOJL: MOHETA MpoJie3eT TOrJa U TONbKO TOTr[a, Korja B
OTBepCTHe TOMelaeTcsl OTPe30K AJINHBI 2r.

IaBaiiTe HalimeM Hambosee BHITOAHYIO AedopManyio. IIoCKOIbKY JIUCT
OUYeHb T'MOKMIA, Mbl MOXXEM U3MEHUTH (POPMY OTBEPCTHSI, COXPAHUB T1e-
pumertp. JlaBaiiTe OTBEPCTUE BBITSITUBATD, B IIpefese MOMyuYuB IPsIMYI0
Y3KYIO 1e/Tb IJIMHBI TIR; 3TO camasi IyiuHHas Gurypa ¢ TpebyeMbIM Ie-
pPUMETPOM, OTHAKO, OHA HaC MO-IIPesKHEMY YCTpauBaer.

UYTo6bI MOHETA MPosIe3Ia, Hy>KHO, YTOGHI IMHA ey PaBHSIACh Aua-
MeTpy MoHeTsL. OTciofa, R = 2.

C. Ectu MbI MMeeM BO3MOXKHOCTD BpallaTh Ky6, TO HAM HY>KHO HaiiTy ero

MPOEKLUIO C CAMBIM MaJeHbKUM PaAuyCOM OMMCAHHOM OKPY>KHOCTHU.
Taxkast MpoeKIys MOMYYUTCS, CITU MIOCTABUTDH KyO HA OJTHY U3 eT0 Bep-
NIVH, TaK YTOObI TPOTUBOMOIOXKHAS BEPIIMHA HAXOAUIACh CTPOTO HAJ,
Hel.
O603HauMM BepIIMHY, HA KOTOPYIO MbI CTaBUM Ky0, uepes vy, a Mpo-
TUBOTIIOJIOKHYIO €Ji BeplIMHy — 3a Vi. TOrma OKPY>KHOCTb, ONKCaHHAas
BOKPYT ITPOeKLMM Ky6a, 6yaeT MpoXoauUTh yepe3 MPOeKLyM Cpasy BCex
6 ero OCTaBLIMXCSl BepUIMH. 3aMeTUM, YTO BEPIIMHA Vo U TPU BEPIIU-
HbI, CMEXHbBIE C Heil, 06pasyloT CMMMETPUYHYIO TPEYTOIbHYIO MUPaMMU-
Iy, OCHOBaHMe KOTOPOii — TPeYToabHUK CO CTOPOHOIA v/ 2.

B cBOI0 ouepe[ib, paauyc OMMCcaHHO OKPY>KHOCTY TaKOTO TPEYTOMbHMKA
paBeH

va 2 _ 2
2 3 V3

3azaua 6. @urypsl B miaxmMmaTax
A. JIns ompenmeneHHOCTU O6yeM YUYMTHIBATh B OOIEM KOJMUYECTBE IMPOIi-
JEHHbIX KJIETOK Haua/IbHbI€ 1 KOHEUHbIE€ K/IIETKU.

@ep3b nyTeliecTByeT ¢ 1o (a, b) Ha nose (c, d). PaccMoTpum pasHuiy
HauyaJIbHBIX M KOHEUHBIX KOOPAMHAT. [TyCTh /I ONpeeeHHOCTU pas-
HMIIa B HOMepe KOJIOHKM He MeHbllle, YeM B HOMepe CTpoku (|la — ¢| >
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|b — d|). [TockombKy Gep3b He IpbIraeT yepe3 KJIeTKU, OH JO/DKEH MPOoii-
TU He MeHblile |a — ¢| + 1 KIeTKM (MHaue OKaXXeTcs, YTO Yepe3 KaKylo-To
BEPTUKAJTb 13 HAXOASIIMXCS MEXKIY d U C OH MePEeNpPbITHET, He TO6hIBaB
Ha Hell).

OpHako, ecnu dep3p IpoiizeT 1o ayiaroHany |b —d| + 1 K1eToK, ¥ 0cTaB-
muecst |a — ¢| — |b — d| K1neToK NpoiiJeT 110 FOPU30HTANIN, TO IIOCETUT B
TOYHOCTYU |a — c| + 1 xieTKy. [Io3TOMY OTBET Ha 33a4y — MaKCUMyM
Pa3HMIL KOOPAVHAT IUTIOC ogyH: max(|a — ¢|, |b —d|) + 1.

Hioke Ha KapTMHKe TIOKa3aH MpuMep gBrokeHus depssi ¢ monst b3 Ha no-
ne d7. ®ep3b IoceTUT Ha cBOeM MapipyTe max (|2 —4[,[3 - 7))+ 1 =15
KIIETOK.

— N W A U1 &N 3

a b cd e f g h

B. KopG6iof mMeeT 4eThipe BO3MOKHbBIX X0/Ia, KOTOPbIE B TIPOIlecce mepe-
MeIlleHMsT MOSKHO TOBTOPSITH CKOBKO YTOAHO pas. [laBaiiTe yKaskem st
Kaxxaoro xoma Kopbmiona ero cdeuz — KOOPAMHATHL TOJS, B KOTOPOM
Kop6iion, okaskeTcs Iocie X0fa, ecny M3HAYaabHO OH CTOMUT Ha Ioje
(0,0):

TekcTtoBoe onucanyue xoma CoBur

BIIPAaBO U BBEPX (1,3)
BIIPaBO U BHU3 (1,-3)
BJIEBO M BHU3 (-1,-2)
BJIEBO U BBepX (-1,2)

HecnoxxHo MOHSTH, YTO IIOPSAAOK XOO0B 3HAUYEHMA HE MMEeT, U OJId UTO-
TOBOTI'O nmepemMelneHna Ba’)KHO TOJIbKO KOJIMYEeCTBO XO40B KaXXI0ro TUIIa.

HaBaiiTe BBemieM 0603HaUeHMSI [Jist KosmuecTBa XxomoB Kop6ioga Kak-
moro TMna (n », N, N ¥ Nx_) ¥ COCTaBUM ypaBHeHMe: Kop6iios MOKeT
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COBMHYTbCS Ha (P, q) KIETOK, eciu ypaBHeHMe n ~(1,3) + n (1, -3) +
n,(—1,-2) 4+ nx (—1,2) = (p, q) uMeeT pelieHne.

[Top6epeM K03GbGULIMEHTHI, TTO3BOISIONIVE OMTYINTD BCe BO3SMOKHbIE
enyHnuHble casuru (0,1), (0,—1), (1,0) u (—1,0), 3To 1erko caenaTb
IIPOCTBIM ITIEPE6OPOM XOIOB:

CoBur n» n\, n, nx

(1,o) 3 1 3 0
(-<1,00 1 3 0 3
©01) 1 0 1 0
©0,-1) 0 1 0 1

Kaxkum 651 HY GbIIO IIEPEMEILEHNE, er0 MOKHO BCEIna IIPeaCTaBUTh KaK
KOMOMHAIIMIO €AVHMYHBIX COBUTOB, KOTOPhIE, B CBOIO O4Yepelb, MOX-
HO IIpeICTaBUTh KaK KoMOuHaImio xomoB Kopbiopa. 3uaunt, Kopomon,
MOXKET JOCTUTHYTh JII000¥ KJIeTKY TOCKM U3 JII0OO0IA.

[J1s1 peliieHus BTOPOJi YaCTy 3a0auy BhITTUILIEM COBUTH 1151 X0moB Kopo-
mona [IMaroHaabHOTO U TIOMpo6yeM, HalpuMep, MTOMYIUTh eIUHUIHbII
CIBUT BBEPX, HAlI PellIeHMsT YPaBHEHMS:

nx(1,3)+n(1,-2) +n,(—-1,-3)+nx (-1,2) = (0,1)
[Ipeo6pasyem ypaBHeHMe ISl KOOPAMHAT B CMCTEMY YPaBHEHMIL:

{ (ns—n,)+(n, —n) =0
3-(n—ny)=2-(n —nx)=1

3aMeHMM N » — N, HaX U N\, — Nx_Hay:

x+y=0

3x—2y=1
To ecTb X = —y, oTciona 5x = 1, a 3T0 ypaBHEHME He MeEeT pelleHNit
B LIeJIbIX YMCIaX (Mbl AO/DKHBI chenaTh Ha 0.2 Xoma Oosbllle BIPABO U
BBEpX, UeM BJIEBO U BHU3). 3HAUNUT, U UCXOIHOE YpaBHEHE He MeeT
pelieHuii, a moromy u Kop6iiog IyaroHanbHbIi HE CMOXKET 060JTH BCIO
IIOCKY.
3aMeTuM, YTO eC/IM PAacCMOTpPeTh IepeMellleHe BBepX Ha KpaTHoe 5
YUCIIO KJIETOK, TO YpaBHEHMe CTaHeT paspemmmbiM (5x = 5, x = 1,
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y = —1). DTO BO3MOXHO, HapUMep, IpU N » = hx_= lun, =n\, = 0:
MIeM BIIPABO U BBEPX, IOC/Ie Yero BieBo U BBepX. Ho 3To 6yzmeT perite-
HMEM Y3Ke KaKOii-TO IpyToit 3aJaun.

. Ilyctp Ham JaHa ¢urypa, MMeroLasi YeTbipe BO3MOKHBIX X0zAa. Bpinu-
IIIeM 3TY XOJIbI B TIOPsIIKe 06XO0/1a TI0 YaCOBOJ CTpeJiKe, HauMHas C BepX-
Hero npasoro yraa: (1,a), (1, -b), (-1, —c),(-1,d), roe a,b,c u d moryt
ObITh paBHBI 2 Wiy 3. Harpumep, myis Kop6ioga u3s myHkra B aTto 6ymeT
(1,3),(1,-3),(—1,-2),(—1,2). BeimuiieM BepTUKaabHble CIABUTU (GU-
TYpbl B CTPOKY (HA30BEM 3Ty CTPOKY cuzHamypoti urypsl): abcd. Cka-
skeM, Kopbiion nMmeeT curHatypy 3322, a [lnaroHanabHbI KOpOmog —
3232. Bcero Takux CTpoOK 16, mosTomy 6e3 yuyeta CMUMMETPUM MMEeTCs
16 BO3MOXKHBIX QUTYD.

OpHako, C yYeTOM CMMMETPHUIM HEKOTOpbIe (UIYPhI Mbl JOKHBI OTOK-
JIeCTBUTD: a UMEHHO, BCe 3epKa/IbHO CMMMEeTPUUHbIE IT0 TOPU30HTAIN U
BepTuKanu. To ecTh, hurypa abcd, oTpaskeHHast 10 TOPU30HTAIN — 3TO
badc, oTpaskeHHas 110 BEPTUKAIM — 3TO dcha, OTpaskeHHas U 110 TOPU-
30HTAJIM U 10 BEePTUKAIN (LeHTpaJbHas cuMMeTpus) — cdab.

C y4eToMm 3TOTO MOACYMTAEM KOITMYECTBO DUTYD, CTPYIITUPOBAB UX IO
KOJIMYECTBY TPOEK B CUTHATYPAx M YKa3aB CMMMETpPUUYHbIE BapMaHThI
115t urypsl, eciu Takue GUrypbl paHee He BCTPEUasyCh:

CUMMeTPUS

Tpo¥iku urypa TrOpu3. BepT. LIEHTP.

0 2222
1 3222 2322 2223 2232
2 3322 2233

3232 2323

2332 3223
3 3332 3323 2333 3233
4 3333

Kak HeTpymHO 3aMeTUTh, BCETO MOMYYMIOCh 7 Pa3INIHbBIX QUTYp, BCe
OCTaJIbHble MOXXKHO MTOTYYUTD U3 HUX C TIOMOIIbI0 CUMMETPUIA.

Quezypot 3322 u 3232 paccmoTpeHsl B myHKTe B, durypa 3322 nospossier
oboriTu Bce mone, a urypa 3232 — Her.

Quezypa 2332. Tlo cBoeli uxee oHa momobHa durype 3322. durypa 2332
«paspepHyTa» Ha 90° rpagycoB OTHOCUTEIHHO GUTYPhI 3322, TO3TOMY
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AJI Hee JIETKO IMOJYUYUTDb €AMHMYHbIEe CABUTY BIIpaBO U BJI€BO, a CABUTU
BBE€PX M BHU3 ITOIYYaTCS CJIOKHBIMM

CoBur n»- n\, n<_ ny

(Lo 1 0 0 1
(-<,00 0 1 1 0
©01) 3 1 0 3
©0,-1) 0 1 1 0

Queypot 2222 u 3333. B aryuae urypst 2222 riepemelieHnue o BepTU-
KaJIM BCera KPaTHO 2, 3HAUUT, KJIeTKU C HEUeTHbIMU BePTUKATbHBIMU
KOOpAMHATAMM OYIyT HAM HeZOCTYITHbI. AHaJIOTMYHO, B cryyae Gury-
pbI 3333 HeJOCTYIHBI KJIeTKM C KOOpAMHATaMU (X,Y), TOe Yy He KpaTeH
3.

Queypa 3222. Enuanunble casuru (0, 1) u (—1,0) moayunTs nerko, a BOT
couru (0, —1) u (1,0) 3acTaBisioT 3aLyMaTbcsl. BMecTo TOro, YTOGRI
oa6upaTh 3T pelieHus, JaBaiiTe BOCIIONb3YeMCS «TSKeJIO0i apTuiLie-
pueit» — IOCTPOUM U PellIiM COOTBETCTBYIOIMeE A10(QaHTOBBI ypaBHe-
HUSL.

CocraBum ypaBHeHue: n (1, 3)+n (1,-2)+n_ (-1, -2)+n< (-1,2) =
(07 _1)

[Tpeobpasyem:

(n+(n, —nx —n, ) =0
3-n/—2-(n\—nr\+n/):—1

O603HauMM N _» 3a X M N, — Nx_+ N 3ay. PaccMoTpyuM ypaBHeHMe 3x —
— . _ 143x

2y = —1, Bblpasum y u3 Hero: y = 5. Ho Hac ycTpauBaioT He BCe

Takye y, a TONbKO 1iejIble. 3HAuUnT, 1+ 3x OIKHO JeUThCs Ha 2, TO eCThb

3xmod 2 = 1.

Jlerko BUIHO, YyTO X = 1 yHmoOBeTBOPSIET 3TOMY ycinoBui. IlycTh erue
KaKoi-To t ynosaeTBopsieT ycnoBuio 3t mod 2 = 1. Torma 3(x — t) mod
2 = 3xmod 2 — 3t mod 2 = 0, a MOCKOIBLKY 2 U 3 B3aMMHOIIPOCTbI, TO
(x—t) : 2. To ecTb, Bce 3HAUEHMS], YAOBIETBOPSIOLIVE YCIOBUIO, CTPOSITCS
110 npaswiy x = 2k + 1. Otcroma y = #48% = 3k + 2.

BTropoe ypaBHeHMe cuCTeMbI pa3pelleHo, ITOACTaBUM 3HauUeHUsI B Iep-
Boe ypaBHeHMe: (2k+ 1) + (3k+2) — 2-n_ = 0. Pemrennit y Hero MHO-
ro, JaBaiiTe, Hapumep, Bo3bMeM k = 1 u n, = 4, u 3TO NIpMBeJeT K
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n-=x=3,ausn\, —n<_+4=y=>5MoxeM B3Tb N\, = 1 unx_=0.
U1 nocnenHee ypaBHeHMe:

nA(1,3) +n(1,-2) +n(—1,-2) + nx_(~1,2) = (1,0).

3mecb 3x — 2y = 0, otuerox = 2k,y = 3ku2k+3k—-2-n, =1mu
eciu BbIOpath k = 1, TOon, = 2. Torman » = x = 2, U U3 3aMeHbI
n\, —n<_+2=y=>3BbbepeMm n\, = 1 unx_=0.

CoBur n»- n\, n, nx

(Lo 2 1 2 0
©0,-1) 3 1 4 0
©1) 1 0 1 0
(-1,00 2 0 0 3

@uezypa 3332. TlonpobyeM 371eCh €llle OJMH METOJ,: CBeJieM 3Ty GUTYPY K
durype 2332. 3ameTtnm, uto (1,3) + (1,-3) 4+ (—1,2) = (1, 2), To ecTb
TOC/eN0BATEbHOCTD M3 TPEX XOHOB (BIPABO U BBEPX, BIIPABO U BHU3,
BJIEBO M BBePX) 3aMeHSeT OTCYTCTBYIOIIMII y Hac xof, (1,2). OcTanbHble
ke xombl y 2332 1 3332 coBmnagaioT. 3HaUUT, T060e nepemelnieHne 2332
IOCTYITHO U Ajis1 3332.

Hmoeo: uetbipe Gurypsl (3322, 2332, 3222 u 3332) MoryT 060iiTi Bce
rojie, a Tpu ocrapiumecs (2222, 3333, 3232) He MOTYT.

OTaenbHO 3aMeTHM, UTO pellieHKe AUMO(GAHTOBBIX YpaBHEHMIT — BaK-
Hast 06J1aCTh anre6psl, U, XOTS J/ISI HEKOTOPBIX TUITOB TAKMX YpaBHEHU
eCcTh pa3paboTaHHbIe METO/IbI PENIEHNS, B 06IIEM CTyyae 3a/1aua Hepas-
pemuma. Bompoc o moucke o61iero MetTona peleHust 6bUT TTOCTaBIeH
Iias6eprom B 1900 rogy («10 mpobnema I'mibbepTa»), u B 1970 romy
IOpuit MaTusiceBudY mokasaj, YTO TaKOrO MeTOAa HeT.

3agaua 7. IIatauna

CMmortpeTs 7 Kiacc, 3amavy N22.

3azaua 8. OueHb YyMHBIE MypaBbU

CMmortpeTs 7 Kitacc, 3amauy N26.
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3azaua 9. DKCIIepMMEeHTHI ¢ KJIaBUaTypoOil

CMmorpeTs 7 Kiacc, 3agauy N23.

3agaua 10. IlepBbIM aesioM — caMoOJIeThbI

A.

ITockonbKy Ha CTeHe YCTAaHOBJIEH TOUEUHbBI MCTOYHMK CBeTa (JlaMIa),
JIYYM OT HEro pacxXoHsITCS B CTOPOHBI MOJ, HEKOTOPBIM yIJIoM. IToaTo-
MYy Te€Hb OT O/IVKe PacIIONIOKEHHOTO K jlaMIie 06bekTa OymeT OoJblile,
YyeM OT Jajibllie PacIloOKEHHOTO (PaCcCMOTPUM IpemeTbHbIi CTydait:
He6OBIIYIO 6M3KO PACIIONOKEHHYIO JIAMITY MOKHO 3aKPbITh JIaIOHbBIO
LIeJIMKOM; OT [aJIeKO PacIojIOKeHHOJ JIaJOHbI0 MOXKHO pa3Be UTo 3a-
CJIOHUTD IJ1a3a).

Ecnu camoneTk HeMHOTO HaKJIOHUTbB, TO TEHb OT 60J1ee 6IM3KOI K JTaM-
I1e 4aCTU KpblJia 6y,£[€T 601'[]31].[6, yeM OT Oojiee IameKoi. HOBTOMy ecim
TeHb OT HIMKHEN 4acTh CaMOoJIeTUKaA 60)’[1)]].[6, TO CaMOJIETUK HaKJIOHEH K
JlaMIie, a €CJIiM TeHb OT BerHEﬁ yacTy 60/IblIe — CaMOJIETUK HAK/IOHEH
OT JIaMIIbI.

[Toka BEPTOJIETHI CTOSIT HA 3€MJIe, PACCTOSIHME MEKIY ITPOTMUBOIIONIOK-
HBIMM BepToieTaMM paBHO v/2. Ham Hafio J06UThCsI, YTOOBI pacCTOSIHME
¥ M@y COCeTHMMM COCTABUIIO /2.

D

IMomuumeMm B Bo3ayx BeproneTbl A u C Ha BbicOTy 1 meTp. Tenepb Bce
BEpTO/eThl MUMEIOT NoMapHble PacCTOSHMS /2.

I[TycTb S — TouKa Moca ik pakeThl. Toraa IUIoniagb CEMUYTOIbHUKA PaB-
Ha CyMMe IUIOIIaieit TPeyroibHMKOB, 00pa30BaHHBIX TOYKO S 1 COCeT -
HMMM BepUIHAMM CEMUYTONbHUKA A; M Aj1 1.
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As
As
Ay
Aq
As
A
Ay
ITnomans TpeyronbHuka SA;A; 1 paBHa “% = h; kM2, rme h; — paccTo-

sTHMe OT S 1,0 IIPAAMOIA, IIPOA0JIKAIOLIEel CTOPOHY CEMUYTOIbHUKA AjA; 1.

OTcroma MOXXeM CIenaTh BBIBOJI, YTO CYMMa PaCCTOSTHU 10 TIPSIMBIX hy +
hy + ... + h7 yuCJIeHHO paBHA TUIOMIAY CEMUYTOIBHMUKA Y TIOTOMY I10-
CTOSIHHA.

3azaua 11. HecripaBeaIMBbI TYPHUP

CMmorpeTs 7 kiacc, 3agauy N2o7.

3amaua 12. ITonbITKM OCMBICJIEHUSI OMICCEKTPUC

A. 06Benem TpeyroiabHUK (KOHmMyp 1), IOTOM IlepeBepHEM ero 1 CHOBa 06-
BeneM (KoHmyp 2). JIyd, UCXOO I U3 NIPSIMOTO YI/1a, IIPOXOA SN Uye-
pe3 mepeceueHyre KOHTYPOB 1 1 2 — 6ucceKkTpuca IpsIMOTo yIJia, Jemsi-
1Iast ero Ha Ba yria o 45°. Eutv mpuioskuTh K 3TN 6MCCEeKRTpUCe Tpe-
YTObHUK (KOHMYp 3), TO MbI ITOTYIMM MCKOMBIN 15° yrog.

.+ KoHmyp 1

<

KOHmMyp 2 15°
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[laHHOe ompeze/ieHKe OGMCCEKTPUCHI 3aBUCUT OT BbIOOpa HayalIbHOM
rpaHu. PaccMmoTpum nipumep, rae pasinuyue oueBUAHO. JJaH TpexrpaH-
HBII1 yTo/1, 06pa3zoBaHHbIl rpaHssmu AOB, AOC u BOC, npuuem yrona BOC
3HauMTeabHO MeHble yrioB AOC u BOA. Eciu Mbl pa3o6beM crepBa
r1ockuit yron BOC 6uccexTpucoit OP, a IOTOM ITIOCTPOMM OMCCEKTPUCY
0Q, pa36uB yroa AOQ, To OHa OyIeT JIesKaTh [IOUYTH B cepeyHe yIa (Jie-
BbIit pUCYHOK). [IpOTMBOIIONOKHBIN MOPSAIOK pa3bueHns yriaa JacT Ham
6uccekTpucy OS, CMIBHO CMelleHHYI0 K rpaiy BOC (TIpaBblii pUCYHOK).

Pc

YyTh 6071€€ hOpMaTHHOE MMOSICHEHE. BO3bMeM TpexrpaHHblii yroi u 6y-
IeM yMeHbIIaTh yroin BOC no wysns. [Ipy oueHb MaJIeHbKMX 3HAUEHUSIX
9TOTO yIJIa OKaskeTcs, 4To 6uccekrpuca QO MouTH COBIAaeT C 61CCeK-
Tpucoi yrina AOB. OgHako, yron SOC — Tonbko nososuHa yriaa ROC, To
eCTb IIpUMepPHO ueTBepTh yriia AOB.

[pomomskum nepneHgukynssp MP k 6uccekTpuce yriia MKN 1o mipsiMoii
NK, n 0603HauMM TOUKy IepeceueHus: kak P'. 3ametum, uto |MP| =
|PP'| Tak Kak TpeyronbHuKKu MPK u P'PK paBHbBI (OHM MMEIOT Ba PaB-
HBIX yIJIa ¥ 06IIYI0 CTOPOHY). CleiaeM aHaJIOTMYHOE TIOCTPOEHUE ISt
6uccekTpuchl yria MNK u neprienaukyssipa MQ K Heli, U Takke 3ame-
™M, uTo |[MQ| = |QQ’|. [Tocse aTOrO 3aMeTUM, UTO TIOCKOJBKY MPSIMbIe
|PQ| u |P'Q’| orcekatoT oT yria QMP paBHbIe OTpe3KHM, TO 110 06paTHO
TeopeMe dDaseca 5TU NpsIMbIe NTapaAIIENbHBI.
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3amaun nmpoduJIbHOro Bapuaura 7
KJIacca

3amaua 1. (a, b)-cI0HBI

1.

@)

(©)

(B)

BoinuiiieM u3MeHeHMs KOOPAMHAT, KOTOPbIe MTPOUCXOIAT MPU XO-
ne. CJoH B TIepBOJ YacTy X04a IBUTAeTCs Ha d KJIETOK B OHOM U3
yeTbIpex HallpaBieHuit: (—a, a), (a, —a), (—a, —a), (a,a). Bo BTopom
IBVKeHUU OH MoBopaumBaeT Ha 90° 1 ABUTAETCS elle Ha b KIeTOK
B OIHOM M3 IBYX HalpaBieHuit: (—a —b,a —b),(—a+b,a+Db),...
M T.IL

Tak KaKk a # b, To Kaxkgas u3 cymm a+b, a—b, —a—bu —a-+b 6yger
OT/IMYAThCS OT APYTMX. ITOTO, BCe 8 BapMAHTOB XO[a PasINUHBbI.

Ha, (a,b)-cnoH ToxxpectseHeH (b, a)-ciony. PaccMoTpuM Bce MHO-
KeCTBO TOYEK, B KOTOPbIe MbI MOKEM MPUITH: 3TO BCe KOMOUHA-
LMY IJIIOCOB M MMHYCOB Buza (+a + b, +a + b), 3a uckiodyeHuem
BapuaHTOB Bupa (+(a+b), £(a+b)) u (£(a—b),+(a—b)) — uHbIMU
C/10BaMM, KpoMe TeX BapMaHTOB, IJle BO BTOPOM JBYSKEHUM CIOH
MIET B HAIIPaBJIe€HUY TIEPBOTO ABVDKEHNS WITU B 0OPATHOM HaIpaB-
JeHun. JIeTKO 3aMeTUTh, UTO OT 0OMeHa d U b 3TO MHOKeCTBO He
MTOMEHSIeTCS.

OG6BIUHbIN CJIOH B HEKOTOPBIX ITOJIOKEHMUSIX 6beT 13 K/IeTOK, mo-
3TOMY B TOUHOM CMBbIC/Ie OH He MOYKeT SIBJISIThCSI HUKakuM (a, b)-
CJIOHOM, Y KOTOPOTO TOJIbKO 8 KIIeTOK 1mof, 60oeM. OgHAKO, ec/in pac-
cmotpeTs (1,0)-c1oHa, TO MHOKECTBO IOJIel, KOTOPbIe OH CITOCO-
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OeH B npmHIUIe 00CTNYb, COBIIagaeT C MHOXKeCTBOM OJIsA 0OBIYHO-
T'O CJIOHa.

YepHble KIETKM — KJIETKH, Y KOTOPbIX CYMMa KOOpAMHAT yeTHa. Torma
IaBaiiTe HA30BEM JIUHElHbIMU YePHBIMM KJIETKAMM Te KJIETKU, 00e KO-
OpOVHATBHI KOTOPBIX YeTHbI. OCTa/IbHbIE UepHbBIE KJIETKM HAa30BEM MO-
UeyHbIMU.

Ecnu B3Th (1, 0)-c/10Ha, TO €CM X My — YeTHbI, TO X+ 1 1 y+ 1 HeueTHB,
¥ Ha06OPOT.

st TOro, 4TOo6b!I (a, b)-CIIOH XOOMUI TOJNBKO IO TMHENHBIM (TOYEUHBIM)
yepHBbIM KiIeTKaM, HauaB M3 TaKoit KJIeTKM, HY>)KHO, UTOObI OH COXPaHSsII
YeTHOCTb KaXJ0J1 13 koopauHart. To ecTs, (a + b):2 u (a — b) : 2. 3ame-
TUM, YTO 06a yCJIOBUS BBIIIONHSIOTCS VIV HE BBITIOTHSIIOTCS OLHOBpe-
MeHHO, TO eCTb B KauecTBe TpeGyeMOro CBOJCTBa Mbl MOXKeM BbIOpaTh,
Hampumep, (a+ b) 2.

Ecnu ke (a + b) He KpaTHO 2, TO TaKoi CJIOH GyeT MeHSTb YeTHOCTb
KOOPIVMHAT (M TUII YePHBIX KJIETOK) ITPY KaxkIOM XOZie.

Ecnu yepHBIX y 1oJIeit 06111ast BepuiHa, To, 3HAYUT, 3TO UepHbIe KIeTKU
pasHoro Tuna. PaccmoTpum ABa ciaydas:

Ecmu ke (t + 1) :2, To (110 peAbIAyIleMy IIYHKTY) Takoii (1, t)-cIoH He
MOJXET IMOOBIBATh B UEPHBIX KJIE€TKAX PA3HOTO TUIIA.

Teneps, mycTh t:2. Torma u3 CIemyoIeit CyMMbI JIETKO TTOHSITh XO/IbI
CJIOHA, KOTOPbIe TIO3BOJISIIOT JOWTHM OT TOUKM (x,Y) o (x+ 1,y+ 1). Opy-
rue cocemHme KIeTku — (x + 1,y 4+ 1) — MOXXHO TIONMYyYUTh aHATOTUYIHO,
B CUJTy CUMMETPUM CJIOHA U TIOJISI.

(x,y)+(1+t,1—t)—i—%-((—l+t,1+t)+(—1—t,l—t)):

=x+(1+t)-ty+(1-t)+t)=x+1y+1)
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[lyctb ciioH mocruraeT kiaetku (+1,+1) u3 xuetrku (0,0). bes ymeHb-
HIeHysT OOLHOCTY IaBaiiTe CYMTATh, UYTO CJIOH JOocTUraeT KieTku (1, 1),
TOCKOJIBKY MBI BCerJia MOKEM OTPa3uUTh I0JIe U X0 bl IO TOPU30HTAIN
Y BepTUKAJIN.

[TockonmbKy JIT0607i X0, CJIOHA OCYIECTBIISIET IIePeX0f OT KOOPIAMHAT (X, V)
B KOOPAMHATHI (X + a + b,y + a + b), To mobast KoopaAuHATa, KOTOpast
MO3KeT OBITh MTOTyueHa B XoJie MepeMeleHNi CJI0Ha 6yneT uMeTb BUL
(x+p-HO[L (a,b),y + q-HO[ (a,b)). O4eBUIHO, YTO eCIM SOCTUKUMO
nosne (1,1), o HOJL (a,b) = 1.

B myHKkTax 2 ¥ 4 HaK/IaAbIBaJIXCh HEOOXOMMMbIE YCJIOBUS, B 3TOM K€
MTyHKTE MbI MTOKaXXeM, YTO STUX YCIOBUIA JOCTATOYHO JJISI TOCTUKUMO-
CTY KJIETOK, MMEIOIIMX C JAHHOW 06IIyI0 BepIIMHY. A MUMEHHO, IMOoKa-
>KeM, YTO MbI BCeraa MokeM OOCTUTHYTh kieTku (1,1) us (0,0), ecin
BBITIONTHEHBI ABa yoaosust: (@) HOJ, (a,b) = 1 (6) (a+ b) He menutcs Ha
2.

Jjist Havasia TOKaXkeM, UTO CYLIeCTBYeT TaKOi HEYeTHBIN S, UTO U3 I10-
a5 (0, 0) moctmkumo mone (1,s). To ecTs, cyLiecTByIOT K03bduULIMEHTH
ty,...,t4, 4TO

ti(a+b,a—b)+ty(a—b,a+b)+ts(a+b,—a+b)+ts(a—b,—a—b) = (1,s)
(ecnu KO3hGULIMEHT t; OTPULIATENEH, TO MbI 6€PEM MTPOTUBOTIOIOKHBIN

XO[I U leJlaeM ero —t; pas).

B maHHOM ypaBHEHMM HAC He MHTEPECYIOT ITpaBble YacTu, TOIbKO Jie-
Bble, I03TOMY MbI MOYXEM CBECTU €ro K TAKOMY:

tifa+b)+ty(a—Db)+ts(a+b)+ts(a—b)=1

3ameTuM, UTO 110 TeopemMe besy HaiimyTcs Takue p U q, uTo pa + qb = 1.
JTO COOTHOIIIEHME TIPUBOJUT HAC K CUCTEME:

p=ti+tp+ts+14
q=t1—bL+1tz3—14

Be3 ymeHbIlIeHMsT OOIIHOCTY MOXKEM ITOJIOKUTD t3 = ty = 0, U B3STh
ty = B nt; = B39, 3ameTym, 4TO MbI MOKEM I10Z06GPATh Takue p 1 ¢,
YyTO 00a OyIyT HEUETHBIMM, UTO CIE/IAeT £y U ty LeJIbIMU.

B camom [erne, 3aMeTUM, UTO p WK g HEYETHO (MHAUYe CyMMa pa + qb
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YyeTHA M IOTOMY He MOXXeT paBHSThCS 1). ITycTh, TeM He MeHee, KaKoe-TO
YMCJI0 U3 HUX YeTHO — HaIlpumep, 4. Pas TaK, TO p U d HEYETHbI (I/IHa‘-Ie
cymMMa pa + qb detHa). [TOCKONBKY ke TI0 YCIOBUIO d + b HEUETHO, TO
b yetHo. U Torma uncia p’ = p+ bu q = q — a o6a HeueTHbIe, HO
pa+qb=1.

Temeps 3aMeTHM, YTO BTOpasi KOOPAMHATA ITepeMelIeHus, S, TaKkKe He-
YeTHa. HO,I[CT&BI/IB BbIpa>kKeHUA BMECTO tiu tz, BbIPpA3UM S:

p+q
2

s= (a—Db)+

p;q(a+b):apqu

U 3aMeTUM, 4TO, pa3 ap + bq He4eTHO, TO U ap — bq HeYeTHO.

VITak, MbI MOJKEM, CHEeJIaB ”T*q xonoB (a+b,a—Db) u &4 xomos (a—b,a+
b), mocturayts nosns (1,s) u3 mosst (0, 0). Kpome Toro, mytem Hagiexa-
1Iejl 3aMeHbl XOI0B Ha CMMMeTPUYHbIe, TOCTMKIMBI TaKKe BCe CUM-
MeTpuuHble nosst: (+1, £5) u (s, £1). JlaBaiiTe Ha30BeM COOTBETCTBY-
I0IMe TT0C/Ie0BATeIbHOCTU XOI0B Mema-xo0amu.

[TosToMy MBI MO>KEM BOCIIONb30BAThCS Mleeil 3 TyHKTA 3 ¥ JOCTUTHYTh
noss (1, 1), BeIIONMHMB MeTa-Xo[, (1,s) ¥ IoToM | | MeTa-Xomos (s, —1)
" (—s,—1) TIpY MONOXUTENLHOM S (COOTBETCTBEHHO, [ 5* | MeTa-X0moB
(s,1) m (—s, 1) mpy OTPULIATENILHOM S).

[TycTh CyIIeCTBYET MMOC/IeI0BATENbHOCTb XOA0B, IePEBOASIIAs CJIOHA C
mosst (X1,y1) Ha mone (xz,yz). I mycTh maHa JeHTa WUpuHoii 2 - (a + b),
cofepsKkalasl 3TM Ba MoJjisl. be3 yMeHbIleHMs OGIHOCTY MOXKEM Tpe[i-
MOJIOKUTD, UTO 3TA JIEHTAa — BePTUKATbHAS.

[TOCKOTBKY XO/[bI MOYKHO BBITIOJIHSITh B JIIO60M HOPSIZIKE (B CUITY KOMMY-
TATUBHOCTY CJIOKEHUST), IaBajiTe 9TO AeaTh TaK:

PaccmoTpuM Tekyiyit xo. Eciv xo He BBIBOAUT GUIYPY 38 paMKM JIEH-
Thl — BBINIOJIHMM €ro ¥ BbIOPOCUM M3 IOC/IeqoBaTeabHOCTU. Eciu OH
MIPUBOIUT K BBIXOAY 32 PAMKM JIEHThI — I€PEHECeM ero B KOHEII I0-
CJIeJOBATENbHOCTY U CIEJIaeM CJIEIYIONMIA X0, TeKYIIVIM.

OueBUAHO, UTO B JT1060Ji MOMEHT HaiAeTCs XOTS Obl OIMH X0/, KOTOPbIi
He TIPUBOAUT K BBIXOAY 3a paMKM JIeHTbI. B camoMm Jiefne, Bce TOPM30H-
TaJIbHbIe TIepeMeleHMsT — 3TO CABUTM Ha d + b ¥ a — b BJIeBO U BIIPaBo.
Ecnu cpenm XomoB, OCTaBIIMXCS B ITOC/IEA0BATEIbHOCTHU, €CTh Kak repe-
Melllaollie BjeBO, TaK M BIIPaBO — TO BbIG€pPEM TOT, KOTOPKIi Itepeme-
maet Gurypy BrIy6b JIEHTHI: Jake 13 LeHTpa JIeHThI IJ151 X0[1a JOCTYITHA
TOJIOBMHA ee LIMPUHBI, TO eCTh d + b 1oselt, YTo JOCTaTOYHO JJIsI JII0-
60ro xoma. Eciiv ke ocTaBIecs: Xo[bl HallpaBjIeHbl B OHY CTOPOHY, TO
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OHU HallpaBJIEHbI B CTOPOHY KOJIOHKU Xy U HE IIepexodsT yepe3 Hee, a
AaHHadA KOJIOHKA TaK)Ke HaXOAUTCSA BHYTPU JICHTBI.

. HOovitu u3 ot (0, 0) mo monst (2, 2) MOKHO, criepBa cenas xon, (1+¢t,1—
t),amorom (1 —t,1+1).

Ecnu HOZ (a,b) > 2, To pgoiitu u3 nonst (0,0) go (2,2) He MOMy4UTCS,
MIOCKOJIBKY KOOPAMHATBHI T1060r0 1ons, goctiskumoro u3 (0,0), 6yayT
UMeTb BUJ, (t1a + tyb, tsa + t4b), TO ecTh, enuthest Ha HOL, (a, b). (1, 1)-
cioH u (2,0)-cnoH gocturatot nonst (2,2), npu atom HOJI (1,1) = 1 nu
HO[ (2,2) = 2.

. Eciu (a, b)-cnoH He no3BossieT poiitu u3 nons (0,0) go mons (1,1), To
VMeeT MeCTO XOTsI 6bI OHO U3 CBONCTB: (a + b) :2 m HOJI (a,b) > 1.

Ecmn HOJL (a, b) = 2, To MbI MO>XXeM BMeCTO (d, b)-c10Ha paccMaTpUBaTh
(5 g)—cnona, YTO BCTYIAET B IPOTUBOpeUle ¢ TpeboBaHMeM (0) YCI0BUS
nmanHoro myHkra. Ecmu HOJI (a, b) > 2, To 1o npenpiaylnemMy IyHKTY OH

He pocturaet nosns (2, 2). [Tostromy, Hensbeskno, HOJI (a, b) = 1.

Ocraercs cnyuyait HOJI (a, b) = 1 (a+b) i 2. [laHHBII CJIOH HE JOCTUTAeT
nons (1, 1) u He gBnsieTcs (2x, 2y)-CIOHOM JJISI KAKMX-TO LIEJIBIX X U Y.

Mo aHanorum c MpeAbIIYyIMMY TYHKTAMM 3aMeTUM, UTO CYIeCTBYIOT p
" q, uTo ap +bq = 1. Taxke 3aMeTuM, 4To ap — bq HeueTHO. O603HAUNM
ap — bq 3a s. CoctaBUM MeTa-XOf,

(p+q)(a+b,a—b)+(p—q)(a—b,a+b) = (2ap+2bq, 2ap—2bq) = (2, 2s)

U CUMMeTpUUHble eMy (+2, £25) u (£2s, +2). 3aMeTUM, 4TO, TIOCKOIbKY
S HEYEeTHO, TO 2S5 He KpaTHO 4. O603HaUMM 3a Z 3HaK 4muciaa S — 370 1,
ecius >0u—1,ecmus < 0.

I[To aHaJIOrUM C TIPEeIbIAYIIMMM TTYHKTaMM, Mbl MOKEM ITOCTPOUThH I10-
CJIe0BaTeIbHOCTD M3 OOHOTO MeTa-xoza (2, 2s) u k Meta-xomoB (2s, —2-
z) u (—2s,—2 - z), KoTOpasi NpuBejeT K Moo (2,2s — 4k - z). fIcHo, 4TO
MOYKHO IT006paTh TaKoii k, 4TO

25 —4k-z=202r+1) —4k-z=2

M YTO MOCJIEOBATENIbHOCTD IIPY TAKOM BbIGOpE k MpuBeneT CIOHA Ha
nosne (2,2).

[Tostomy, cioH mocturaet nons (2, 2), He gocruras monst (1, 1) u He s1B-
ns151ch (2x, 2y)-cnoHOoM, eciut U Tonbko ecit HOJL (a,b) = 1u (a+ b): 2.
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3agava 2. Kok Ha KOOPAMHATHOM IJIOCKOCTU

1.

Hapucyem mpoucxopsiiiee:

1p—

-1 2 KOWKa 2
ITocTpoum MaTeMaTHUECKYH MOJe/b ABVDKeHMs Kok u I1. — mapa-
MeTpUu3yeM UX ABUKeHNe BpeMeHeM (TlapaMeTpoM t), U3MEHSIOIIMMCS
ot 0 go 1. [Iynig 3TOr0 BCIOMHUM (hOPMYJTY, ITO3BOJISIIOILYIO0 BBIYMCIUTD
TI0JIO’KeHVe TOUKM Ha OTpe3Ke [Xp,X1] B MOMEHT BpeMeHM t TPy PaBHO-
MEePHOM MPSIMOJIMHENHOM ABVKEHUM (HaHHAs popMysia BBIBOIUTCS B
IIYHKTe 7 JaHHOM 3a7jaun):

Xx=Xx1-t+x0-(1—1%)

Wtak, B MOMeHT BpeMeHM 0 00a y4acTHMKA HAXOMOSITCS B HaUYaIbHBIX
TOYKax. B MOMeHT BpeMeHM t KOIIKa HaxonuTcs B Touke (0,2t — 1), a
I1. — B TOUKe

(—2,y) - t4+(2,0)- (1 —t) = (2 —4t, )

Jlerko 3ameTuThb, uTO I1. mepecevyéT myTh KOLWIKM B MOMEHT { = % IMo-
CKOJIbKY KOIIIKA ABVDKETCSI B CTOPOHY YBeJIMUeHMST KOOPAUHATHI Y, ume-
eM:

1y 1

yg=5>2-7-1=0

To ecTp, I1. momskeH cTpeMUTbCS K GMHMUIIHBIM TOYKaM Buaa (—2,y), rae
y> 0.

3amMeTuM, 4TO ecyiu puHMIITHAS ToUKa I1. JIeSKUT ITpaBee NpsIMoii X = 3,
To Torga I1. He mepeceuéT cief, KOUIKY HECUACThS M BBITIOTHUT YCJIOBUE
3a7aun.

Terepb MOCMOTPUM, KaKye BO3MOKHbI (PMHUIITHBIE TOUKM 32 MPSIMOi
x = 3. UeMm gasblie (JieBee) TOUKA, TEM ObICTpee [0 MPSIMOit x = 3 moii-
et I1., 3HauuT, TeM MeHblIe IAaHChL, YTO [1. He repeceyéT wies KOLIKU.

ITycrs I1. upeT B Touky (x,y). CocraBuM ypaBHeHMe BcTpeun 1. 1 Kourku
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HeC4acThsl.
(3,0)(L —t) 4+ (3,3)t=(9,1.5)(1 —t) + (x,y)t
Orciona MOXKHO BbIPasuUThb KOOPAMHATHI (X,y) uepe3 mapameTp t (Mo-

MEHT BCTPEeUn):
{ X(t) _ 3(3tt72)

y(t) = 250

U majsiee MOKHO BBIPasuTh y Uepes X:

W3 M3/105KEHHOTO SICHO, UTO I1. yCTPOSIT BCe (GDMHUNIHBIE TOUKY, KOTOPbIE
o x49

JIeXat cieBa OT NpAMOii y = = BHYTpu npsimoyronbHuKa [0, 9] x [0, 3],

a TaKke BCe TOUKM BHYTPM IMpsSIMOyTronbHMKA (3, 9] x [0, 3.

; ]

0 KOUIKA Hecuacmas 9

ITo aHaIOTMM C KOIIKOJ HeCUACThs, sKeJIaHMe 3apsSIUThCs OT [TePBOit KOIII-
KU yhaueit moTpedyer ot I1., uTo6bl ero GUHMUIIHbIE TOUKY HAXOOUINChH
He TIpaBee JUHUK X = 6, HO TIPU 3TOM He JieBee JIMHUU, TTOyIaeMoit 13
ypaBHEHUs

(6,3)(1 — 1)+ (6,0)t = (9,1.5)(1 — t) + (x,y)t

MK, TIOC/Ie TTpeo6pa3oBaHmit

=
y=3-3

[TocTpouB MepeceveHme ITUX ABYX 06/1acCTeit, MOTYUMM pelIeHue:
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KowKa yoauu

N N N NN SN NSNS N NNNNNN SN S Y Y YV

0 KowKa Hecuacmaoss 9

Vnu, B BUIle ypaBHEHUS:

y<3-3
y>2vx>3
x € [0, 6]
ye[0,3]

YT0O6BI KOIIKA, HATIPABJISIOIIAsICS B TOUKY (3, 0), ycriena 6bI lepe6exxaThb
I1. mopory, TpebyeTcst, YTOObI B MOMEHT t = % OHa OKasasach Obl He
BbIlIe IpsiMOii y = 1.5 (ycmoBue 1), HauaB ABMKeHME He HYDKE TTPSIMOiA
y = 1.5 (ycnoBue 2). YenoBue 2 HEO6XOIMMO JIJISl TOTO, UTOGBI (DaKT Te-
peceyeHus ceia KOIIKY yumest 6b1 Mecto. Eciiu koika Havyasia Obl 1BU-
>KeHMe faxe U3 TOYKM (3,3), TO B MOMEHT ¢ OHA yXKe OKa)XeTCsl B TOUKe
(3,1), ycrieB mepebexkats I1. gopory. YeM HuKe MbI IOCTABUM KOIIKY,
TeM paHblile OHa MPOIET TOuky (3, 1.5). I[ToaTomy ycioBue 1 BbiTonHe-

HO BCerga, 1 HamM JOCTATOYHO YOOBJIETBOPUTD YC/IOBME 2.

[Toxoskue paccyskaeHust CIIpaBeIMBbI 1 IJIS1 BTOPOJ KOILIKY: eCJIU BCTpe-
Ya ¢ KOIIKOI1, HAalpaBJISIoIIeiics B (6, 3), HeXKelaTebHa, TO KOIIKa T0JDK-
Ha HAvaTh JABMKEHMeE 16O C PSIMO¥A Bbilie y = 1.5 (UTOGBI UCKITIOUUTH
cam (akT rmepeceveHms cjaeqoB), 1160 ABE TPETH YT KOIIKM IOJKHBI
ObITh GoJiblie 1.5 (UTOOBI HA TPETM IyTH KOIIIKA eIllé He JOCTUI/IA IIPsi-
Moty = 1.5).

BmecTe 3T0 maéT cienyiolie Tpe6OBaHMS Ha KOOPAMHATHI KOIIEK:

x1=3;y1 > 1.5
Xy =6;yy < 0.75 Vyy > 1.5

WTak, BcTpeya ¢ IByMSI KOIIKAMM JKeJlaTelbHa, a elé C AByMsI — HeXe-
nartenbHa. [TycTh XenaTenbHble KOIKY HAUMHAIOT CBOJ MTYTh C MPSIMOit
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y = 1.5 K3, ’Ky), a HexxenaTeslbHble — 3aKaHUMBAIOT TaM (Hy, Hy):

3
R Xf 777777 Xf 777777777777 b1
0 H; H, 9

OueBUAHO, YTO JKejaTeTbHble KOUIKY mepeberyT mopory II. B MOMeEHT
t = 0, a HeXXeJlaTeNIbHbIE TOMIYT OO0 ITyTH I1. TOJMIBKO TOTIA, KOTAA OH YKe
MPUAET B TOUKY Ha3HAUEHMSI.

5. Takoe HEBO3MOXKHO. B camMoM fere, IO YCIOBUIO, Y KaXKI0i KOIIKM eé
(uHMIITHAS TO3ULMS ABJISETCS CTAPTOBOI IJIS1 IPYTOil KOUIKM, M HU Y
KaKMX JBYX KOIIEK HET OMHAKOBBIX HAYaIbHBIX ¥ KOHEUHBIX TTO3UIUIA.
3HAYUT, 3TU MTO3ULINY 0OPA3YIOT IIePecTaHOBKY. IlepecTaHOBKY MOXKHO
PasIoKUTh Ha LMKJIbI, HaU6ObIINIT MHTEpEeC IIPeACcTaB/IsgeT CIydaii of-
HOTO IIMKJa AJMHBI 4. 30ech nepBasi Kouka UAET oT (X1,Y1) A0 (X2,Y2),
BTOpasi — OT (X2, y2) IO (X3,¥3), TPDETbSI — OT (X3, Y3) 0O (X4,Y4) V1 YETBED-
Tast — OT (X4,Y4) BO (X1,y1). [Ipy 3TOM, UTOOBI TPU KOIIKY OBUIN KOIIKA-
MM yIauu, OHU AO/DKHBI MMETh Hada/IbHbIe ITO3ULIMM BbIIIe KOHEUHBIX:
TO €CTb y; > Yy > y3 > Y4 (MBI BCErTIa MOXEM CABMHYTh HOMepPA KO-
IIeK I10 MUKy TaK, YTOOBI CTAPTOBAS MO3UIINS KOIIKM HECUACThs I
65l ITocenHest). Ho, 3HaUMT, MAKCUMMYM JIBE U3 3TUX KOILIEK yaauu MO-
I'yT noBcTpevaThbes I1. (B cryuae, ecint y, = 1.5 uam ys = 1.5), a ocTasb-
HbI€e KOIIKY (KOTOPBIX HE MeHbIIIe IBYX) 60 He BcTpevarores I1., 6o
He SIBJISIIOTCS] KOIIKaMM yaaum.

Ecu ke mepeMeleHus KOIIEK pacK/aaabIBaIOTCs Ha ABa WM 00jIee K-
JIOB, TO HEM30€KHO B KAKIOM LMKJIe JO/KHA ObITh KAK MMHMMYM OIHA
KOIIIKA, He SIBJISIONAsICST KOIIKOM yaaun.

6. Komrka He cIBUTaeTCs 10 TOPU30HTAIIN, TI09TOMY, UYTOOBI PEIUTD 33/1a-
yy, naBaiite JOObEMCS CMHXPOHHOTO JIBVSKEHUS TI0 BEPTUKAIMU KOUTKU
n I1. Torpa I1., oka3aBlIKCh HA BEPTUKAJIU X, BCTPETUTCS C KOLIKO (110-
CKONBKY 06e KoopAuHaThl coBrnanyt). [Ipu atom II. 06si3aTenbHO OKa-
KETCSI Ha BePTUKAJIY X, [IOCKOJIbKY OH ITPOXOAUT BCE IOJIe CIIpaBa Hajle-
BO.
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Bospmém a =9 u b = 3. Torna

Yeowaw = (1 —t) + 3t =y

¥ TI0O9TOMY TOPU3OHTAJTb KOLIKM U I1. Bcerma 6yaeT OIHOI U TOii Ke.

12

kowxka (t = 0)
‘]: / o
/,/*}/e/cmpeqa t=1-%)
e
Kowka (t = 1)
X 12

7. BriBemem d)opMy)Iy OJIs1 KOOPAMHATLI KOIIKM B 3aBUCMMOCTH OT BpeMe-
HH. I/I3B€‘CTHO, YTO paBHOMeEpHOe HpHMOJ’[MHeVIHOE JBVDKeHNMe OIINCbI-
BaeTCsa YpaBHEHMEM

p(t)=v-t+po

B nBymepHOM citydae dhopMysia IMoaydaeTcs: TaKoit:

(x(t),y(t)) = (vx - t+ Xo,Vy - t+Yo)

Taxske MbI 3HaeM, UYTO B MOMEHT BpeMeHU t = 1 KOIIKa OKaXKeTCs B TOU-

Ke (X],'yl).

3Haunr, x(1) = x; = vy - 1 + xo, TO eCTb Vy = X; — Xo. TO ecTb,

X(t)= (X1 —X0) - t+xo=x1-t+X-(1-1)

. AHanorMYyHO IIpoBeas BbIUMC/IEHUS C KOOleI/[HaTOI‘/JI Y, MOTy4nMm:

x(6),y(t)) = (X1 -t +x0- (L =), y1 - t+yo- (1 -1))

- 219 -



2016 ron, 8 kmacc

3agauu nmpodujabHOro Bapmanra 8
KJj1acca

3apaua 1. (a, b)-cioHBI

CMmortpeTs 7 Kitacc, 3amavuy N21.

3agava 2. Kok Ha KOOPAVHATHOM IIJIOCKOCTU

CmotpeTs 7 Ki1acc, 3agauy N22.

3amaua 3. PekyppeHTHbIe GYHKIIUN

1. Paccmorpum f(a, b). Ecnu a > b, Torma mu6o b = 0 (1 pe3ynbrat QyHK-
LMK OTpefie/ieH OOHO3HAUHO), nbo f(a,b) = fla — b,a), npu b > O.
Hanee Mbl MOXXeM IIPOLO/KUTD IPOLIeCC BBIYMUCIEHMS, Y IIOCKOJBKY: (a)
CyMMa a-+ b ipy Kaxkmoit urTepaiuy yMmeHbIaeTcst XoTs 6u1 Ha 1 v (6) a
b Bcerma HeOTpUIATENbHBI, TO HEM3OEKHO OAVH U3 APTYMEHTOB CTAHET
paBHbIM 0 1 TTPOLIECC 3aBEPIIUTCSL.

Ecnu ke a < b, To f(a,b) = f(b, a) v BerYMCIeHME CBOAUTCS K MIPEAbIAY-
MIeMy CTy4aro.

Takum 06pasom, GYHKIMS 3aJaHa s TI00bIX map (a, b), mpuyeM mpo-
1[€CC BHIYMCIEHUS eIUHCTBEHEH.

2. Ecnu f(a,0) = a, To f(a,b) = HOJ, (a,b). B camom gene, HOL (a,b) =
HO[ (a—b, b), To ecThb Ha KaskmoM 11are Beruyicienue HOJI coxpaHsieTcs.
Ha nmocnenunem sxe mare HO/J, (a, 0) = a, HO 9TO >ke 3HaUeHMe U SIBISIeTCS
pe3y/nbTaTOM BbIUMCIIEHUSI.

3aMeTMM, UTO JAaHHOE BbhIUMC/IEHME — He UTO MHOe, KaK aJroputM EB-
KIuaa.

3. B obuiem aryuae, ecnu f(a,0) = g(a), To fla,b) = g(HOZL (a,b)), no-
CKOJIBKY JJaHHOE ¥3MeHeHMe IIOBIMseT TOAbKO Ha MOoCAeJHN Mar Bbl-
YUCTIeHNS.

4. NaHHOe orpefneneHue GYHKIUY HE OTIMYAETCS IO CTPYKTYpPE BBIUMC-
JIEHMSI OT TIEPBOTO IMyKTa — Pa3jnMyaeTcsl TOIbKO pe3y/abTaT. IlosTomy
yHKUIMS TTO-TIpEeXXHEMY Oy/IeT Oorpe/iesieHa BO BCeX TOUKaX.

- 220 -



5.

C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»

[Tycts T(x) = x + ku nycrb g(a) = f(a,0) = (0, a). Torma nepenuiiem
yCIIoBMe:

gla), b=0
fla,b) =1 k+fla—b,b), a>b>0
f(b,a), a>b

wn uHavue: f(a,b) = g(HOJ, (a, b)) + ks, roe s — KOMMYECTBO BbIYMTA-
HuUi, TpebyeMbIx, uT06b! monyuntb HOJI (a, b) (T.e. KONMYECTBO LIATOB
anroputMa EBkimmpaa).

[Tycts 3amana GyHKUMS h. Mbl SOMKHBI 110Ka3aTh, 4To0 h(a,b) MoxeT
ObITh BbIUMCIEHA TOMBKO C IOMOIIBIO TPMMEHEH NS YKa3aHHbIX CBOCTB

@) ...(e).
T[Tpotiecc BbIUMCIIEHNMSI MOKHO ITOCTPOUTD CJIEAYIOIIMM 00pa3oMm, pas3o-
6paB ciydan:

Ecmma < 2 unu b < 2, BOCIIO/b3yeMcs ITYHKTOM ().

Ecmma > 2u b > 2, v XOTs 6GbI OIHO U3 YMCeT — COCTAaBHOE, TO MbI MO-
>KEM PasyIoKUTh €r0 B MPOU3BeIeHNe ITPOCThIX, U IaJiee 10 CBOMCTBAM
(a) u (6) MbI MOXeM TipencTaBUThb h(a, b) Kak Mpou3BereHre COMHOXM-
Teneit Buna h(p, q), roe p u q — IpocThle.

Takum 06pa3om, OCTaeTcs caydaii IpOCThIX HeueTHbIX d U b. Ecina = b,
TO MbI BBIUMCJISIEM Pe3yJIbTaT o CBOICTBY (B). Eciin a > b, To o cBOit-
CTBY (T) MBI CBOOMM BbIuMcieHue h(a, b) K BorarciaeHuio h(a mod b, b).
AHnanoruuso, h(a,b) = T(h(b mod a,a)) no cBoiicTBam (e) u (r), ecyin
a<b.

MbI IpeI7IOKMIIN CIIOCO0 BBIUUCIUTD 3HAUEHME [IJIST JTF0ObIX HeOTPUIla-
TeJIbHBIX HATYPa/IbHbIX UMCEJ, TEMEPh MOSICHUM, TI0OYEMY ITOT CII0CO6
BCeraa 3aBepIINTCS MOTyYeHueM OTBeTa — TO e€CTh, [I0UYeMy MbI BOC-
TOJIb3yeMCsI ITpaBuiamMu (a), (6) 1 (T) KOHEUHOE KOJIMYECTBO pas.

B camom [pene, B YacTy cy4aeB Mbl [IPSIMO MPUILIY K OTBETY, UCTIOb-
30BaB CBOJCTBA (B) U (), @ B 4aCTU — MCIIOJIb30BAJIM ITYHKTHI (@), (6)
u (T), CBeIs 3aavy K BBIYMCIEHNIO QYHKIMK h OT APYTUX apryMeHTOB.
Ho nipu kakiom u3 cBefleHMit apryMeHTbhl Y QyHKIMM h yMeHbIIA0TCS
— oIuH uim o6a:

» B uIyyae (1), a mod b < a;

e Buryuasx (a) u (6), ecmua=p;-py-...-ppyUn > 2, T0p; < a.

- 221 -



2015 rom, 8 kimacc

3HaunT, 32 KOHEYHOE KOJIMYECTBO IIaroB MbI IpKIeM K 6a30BbIM CITy-
YyagMm (B) U (O) ¥ OKOHUMM BbIUMCIIeHMe.

JlaHHOe paccykeHNe HeCJI0KHO popMaan30BaTh, €CIYU IPOBECTH €ro C
IIOMOILbI0 MHAYKIIMM, HATIpUMep, 110 min(a, b).
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Pemienusa 3agau 2015 roga

3agauu 5 Ki1acca

3agaua 1.

A.

BoBouka COTHY/ M3 KyCKa MPOBOJIOKM KBajpaT CO CTOPOHON 9 caHTU-
MeTpPOB. 3aTeM OH Pa30THYJI ITPOBOJIOKY U COTHYJI U3 Hee PaBHOCTOPOH-
HMI TpeyronbHMUK. KakoBa JjMHa CTOPOHBI 3TOTO TPeYrolbHMKa?

Pewenue: 9 x4 -+-3=12cm.

Masnpunrk [IuMa B TeueHMe 2 4acoB HaAyBaeT mapbl. Kaskabie TpU Mu-
HYTbI OH HaZyBaeT 8 1apoB, a KaskAbIli AeCAThI 1ap y HEro JIomaeTcs.
CKOJIBbKO 1apoB O6yaeT y JIMMbI?

Pewenue: B 1Byx yacax 120 munyT, orciona Jluma Hapyer 120 . 8 = 320
IIAPMKOB. B pe3ysbraTe TOro, 4YTo HEKOTOPbIE MapPUKK IIOHHIOTCH, ocra-
HeTcs 320 — 320 <+ 10 = 320 — 32 = 288 wapukos.

Manburky Muia, Hukurta u Oser genst KoHdeTsl. CHavama Muiia B3s
cebe 20% Bcex koHpeT u emle 12 KoHdeT. 3aTeMm Hukura B3s1 25% oc-
TaBmmxcs KoHdet u eme 15 koHbet. HakoHet, Osner B3st1 30% ocTas-
mmxcsl KoHdet u eme 21 koHdety. Y KoHbeThI 3aKOHUMINCH. KTO 13
MaJIbYMKOB B3s11 60JIbille KOHDeT?

Pewenue: To, CKOITBKO KOH(l)eT B3SUT K&XAbIM U3 MalbuMKOB, JIETKO ycC-
TAaHOBUTDb <<06paTHbIM XOo0M».

IMocne nmepBoii yacTu xoma Onera ocraBanach 21 KoHdeTa, ¥ 3TO cOCTaB-
sisto 70% oT KonmmMuecTBa KOHPeT, KoTopoe 6b110 10 Xoma Onera. 3Ha-
4uT, 10 xoma Osera Ha CToJIe JIeXano % = 30 KoH(peT — U Bce UX B3I
Oner.

IMoce nmepBoit yacTu xoma Hukuter ocraBanock 30 + 15 = 45 koHer,
KOTOpbIE COCTAB/ISLIN 75% OT Bcex I/IMEIOIJ_II/IXCSI KoHeT. TakuMm obpa-
30M, Mepen XxogomM HuKuUTeI Ha cTone 6bLTO 2 0. 75 = 60 koHpert, 30 13 Ko-
TOpbIX B35 Osier, a, COOTBETCTBEHHO, 30 — Hukura.
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HaxkoHel, nocie mepBoii yactTu xona Muilyu Ha CTO/e OCTaBaaoCh 72
KOH(eTbI, KOTOpble cocTaBisuii 80% OT KOH(ET, UMEeBIIMXCSI B HAIMU-
YMM A0 Havaja Jeiexa. 3HauuT, B Hauaje ObLIOo (% = 90 koHpeT, 10
30 n3 kKoTopbIX B3siau Osner 1 HukuTa — COOTBETCTBEHHO, Mulile Takke
nmocranoch 30 KoHbeT.

TakuM 06pa3oM, MATbUMKU B3I TIOPOBHY KOHQET.

3agaua 2.

B.

Tpu uncna A, Bu C cBsI3aHbI COOTHOILLIEHUSIMMU :

A+B=1123; B+ C=18.9; A+C=6.1.

He Haxopst 3T 4KcIa, yKaskuTe camoe 6obllioe cpenu Hux. Pesynbrat
obocHyiiTe.

Pewenue: B > C, Tak Kak A + B 60osbiiie, ueM A + C. Takke B > A, Tak
Kak B+ C > A + C. Otcioga B — caMoe 60/IbIIIoe 13 UMCell.

TpeHep paccTaBuI CIIOPTCMEHOB Ha MPSIMOIt JOposkKe. ITo curHamy Tpe-
Hepa CIIOPTCMEHbBI 6ETYT K OHOMY M3 HUX, Ha KOTOPOTO YKa3bIBaeT Tpe-
Hep, a 3aTeM BO3BpalllaloTCs Ha cBoM MecTa. Kakoit U3 CriopTCMeHOB
MPOGEKUT HaUGOTbIIIEE PACCTOSTHYE TTOCIIE HECKOTBKUX TAKUX CTAPTOB?

Pewenue: OTMeTMM Ha MPSIMOJ CIIOPTCMEHA, HA KOTOPOTO B KAKO-TO
MOMEHT yKa3aJl TpeHep, ¥ 1M300pa3uM 3aBUCUMOCTb PACCTOSIHUSI, KO-
TOpOe JNOJIKHBI POOeXaTh APYrMe CIIOPTCMEHBI, OT UX ITOJIOKeHMs Ha
IIPSIMOJA.

Hampumep, mocsie BbIGOpa TpeHEPOM TPeEX CIIOPTCMEHOB 3aBUCUMOCTb
PacCTOSTHMSI, KOTOPOE ITPOOEryT APyTie CIOPTCMEHBI 38 TPU CTApTa, OT
MX TIOJIOXKEHMSI Ha TIPSIMOIA, OGYJIeT BBIIVISIAETH TaK:

———
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B m060M citydae, Tocsie HECKOJIBKMX CTAPTOB 3aBUCHMMOCTb ITPEOA0IEeH-
HOTO PaCCTOSIHMS OT ITOJIOKEH S Ha OPOsKKE OYIEeT BRIIISIIETh Kak CyM-
Ma HeCKOMbKUX (QYHKINIT, M300paskeHHbIX Ha IIEPBOM PUCYHKE B 3TOM
MyHKTe. Besikast Takast QyHKIIMS MMeeT IBa JTOKAJIbHBIX MaKCUMMyMa Ha
KpastX JOPOKKU — TO €CTh TOCTATOUHO OIM3KO K KasKIOMY U3 KpaeB J0-
POXKKM Bce QYHKIMM, ITOSIBISIIOIINECS B IIPOIECCe CTapTOB, OYIYT BO3-
pactaTtb py JBMKEHUY K 3TOMY Kpao.

ITosTomMy Haubosblliee paccTosiHue 6ymeT MPOoigeHo OOHMM U3 Kpaii-
HUX CIIOPTCMEHOB — YTOGBI ITOHATh, KAKMM MUMEHHO, B K&KIOM CIydae
HYKHO CMOTPeTh Ha HUX MHAMBUIYATbHO.

3agaua 4.

A.

Ha enke 2015 mapoBs. Ha onuH cvHMit map mpuxoauTcs 4 KpacHbix. Ha
CKOJIBKO TMPOII@HTOB CMHMX LIIapOB Ha eJIke MeHbllle, YeM KpacHbIX?

Peutenue: Tlo ompeeneHuio,

Bennunna A Ha k IpOLIEHTOB MeHbIlIe BeJIMUMHBI B, eciin

100k

A—W'B.

KpacHbIx 1m1apoB Ha ejike B 4 pa3a 60JIbIlle, YeM CMHUX — MHBIMM CJIOBa-
MM, CMHUX IIapOB B 4 pa3a miau Ha 75% MeHblile, YeM KPACHbBIX.

Ho6pbiHsg HUKMTUY pa3 MeuoM HalpaBo MaxHeT — 3 Bpara yIajzer, pas
MeuoM HajieBO MaxHeT — 2 Bpara yraneT. Py6urcs 6oraTbipb — pa3 Ha-
7IeBO, IBa pa3a HampaBo. 3a CKOIbKO B3Max0OB 60TaThIpb pa30bbeT Bpa-
Kbe BOJCKO, COCTOsIIIIee U3 564 uemoBek? A eciu pyouTcs 60TaThipb —
pas HampaBo, IBa pa3a HajieBo?

Peutenue: 3a ofyiH «IIepuod» Py IIepBOM Criocode 60pbObl JTOOPBIHS
y6uBaeT 8 Bparos, a Ipu BTOPOM criocobe — 7.

564 : 8 = 70 (ocTaTok 4). B Takom ciydae [Jo6pbiHe MOHAZOOUTCS
70 - 3 + 2 B3maxa: nocie 70 «1mepmnogoB» OCTaHYTCS 4 Bpara, KOTOPbIX
MOXHO Oy7ieT yOUTb 3a IBa JOTIOMHUTENbHbIX B3Maxa.

564 : 7 = 80 (ocraTok 4). Jo6psiHe moHamooutcst 80 - 3 + 2 B3Ma-
xa — nocie 80 «mepuogoB», OMSTh JKe, OCTaHeTCs 4 Bpara, KOTOPbIX
MOXKHO YOUTH 3a IBa B3Maxa.

BoBouke Ha oM 3ama/iu pas3aeauTb HEKOTOpoe Yncio Ha 2, 3 u 6. Tla-
Ta, MpOBepsIs oMalilHee 3aJlaHie, YCIbIaa OT BOBoOUKM ciienmyioliee:
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«$] 3a6b171, KaKOe YMC/I0 331711, TI03TOMY JIe/INIT IPYToe UiciIo, KOTopoe
caM mpugyMmai, — M 1Ba pasa pa3ziennaoch 6e3 ocTaTka, a OfiyH pa3 Io-
ayamiicst octaTok». [amna yBepeH, uTo BoBouka momyctwt oumoky. Kak
OH 06 3TOM JoTajancs?

Pewenue: Ecnu y BOBOUKM MOMyYMIOCh Pa3feNnTh MPUIYMaHHOE UM
YMCJIO Hallesio Ha 6, TO OH TOYHO HeIpaB: eIy YKCI0 HAllelno JeIuTcs
Ha 6, TO OHO JeNMUTCS Ha 2 U Ha 3, U OCTaTKa IMOTyYUTHCSI He MOTJIO.

Ecnu >xe BoBOouke ymanuch fgeieHus: Ha 2 1 Ha 3, TO IPUAYMaHHOE UM
4YJCI0 aBTOMaTHUUeCK fenutcs Ha 6. To ecTs, ecnut y BoBouky nomnyum-
JIUCH [Ba IeJIeHUsI, TO U TPEThE TOKE JO/DKHO ObLIO MOMTYyYUTHCS.

3agaua 5.
A. Bops yTBepskOaeT, YTO OH MOXKET HapMCOBATh 6 TOUEK Ha IBYX MPSIMbIX,
TPY Ha OOHOI U 4 Ha Apyroii. MOKeT Jiv TaKoe ObITh?

Pewenue: [1a, KOHEYHO MOXET:

B. CkoabKMMM crI0cO6aMM MOKHO pa3pe3aTh ITHYPOK OT OOTUHKA IJIMHO
36 cM Ha KYCOUYKM IJIMHOM 3 cM 1 5 cm?

Pewenue: BbimuieM CHavajia BCe CIIOCOOBI IIPeNCTaBUTh YUCIO0 36 B
BUJIe CYMMBbI HECKOJIbKUX uMces 3 u 5. VIX He TaK MHOTO:

36=3-12
36=3-74+5-3
36=3-2+5-6

Crioco6 paspe3aTh MIHYPOK Ha 12 0MHAKOBBIX KYCKOB POBHO onyH. Te-
Iepb pacCMOTPUM BTOpOe IIpefCcTaB/eHye: HaM IIPefCTOUT pa3pe3aTh
IrHYpoK Ha 10 KyCKOB, 3 M3 KOTOPBIX UMEIOT JTMHY 5. B Kaskmom paspe-
3aHUM KYCKU YIIOPSLOYEHbI OT JIeBOrO KOHILIA LIHYPKa K [1IPaBoOMYy, I10-
3TOMY KaXkK[I0€e pa3pesaHue ONpenessieTcsl TeM, 0, KaKMMU HOMepamMu
U3 UMEIOIIMXCS AECSITY UOYT KYCKU JIJTHBI 5.

BbIGpaTh TPM HOMepa M3 LecsITH MOKHO C3 ) crioco6ami — TakoBO OIpe-
IeeHue OMHOMMAbHOTO KO3 duieHTa. 3HaUUT, 3TO U €CTh KoJIuve-
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CTBO CIIOCOO0B pa3pe3aThb UIHYPOK Ha 7 KyCKOB IJIMHOI 3 CcM U 3 KycKa
IJIMHOM 5 cM.

Co cnyvaeMm, Korma 6 KyCKOB MMEIOT JAMHY 5, MOCTYIIMM aHaJOTMYHO.
[Tony4yaem oTBeT:
3
1+ Cjy + Clo.

V mainbumka JIeBbl ecTh BOJIIIEOHas JMHelKa IJIMHOM 9 CaHTMMEeTpPOB.
MoskeT /I OH HaHeCTU Ha 3Ty JIMHENKY TPU MPOMEKYTOUHBIX JeleHUs
TaK, YTO6bI JIF0607 OTPE30K AJIMHOM OT 1 10 9 CAHTUMETPOB MOKHO ObI-
JIO U3MEPUTh C TOYHOCTBIO 0 CAHTUMeETpa?

Pewenue: TlocTaBUM JOOTOMHUTENbHBIE Ae/IeHMs HA PACCTOSIHUM 2, 5 1
8 cCaHTMMETPOB OT JIEBOTO Kpasi TMHEeKM. JI10607i 0OTpe30K HaTypaabHO
JJTMHBI MOKET OBbITh TIOSTyYeH KaK OTPE30K MEXKIY 3TUMU IeJIEHUSIMU U
KpasiMy JIMHENKU — MOKaXeM, KaK 3TO CAenaTh:

2cm 3cm lem !

2cm lem !
P

3cm 4cm

8cm

9cm

3agaua 6.

A.

[I9Th XaMeJIEOHOB ChEAl0T BCEX MYX C MSTYU KYCTOB 3a MATh MUHYT. Ha
CKOJIPKO HAI0 YBEIMUUTH UNMCIO XaMeeOHOB, YTOObI OHM ChelM BCEX
MyX ¢ 50 KycToB 3a 50 MuHyT?

Pewenue: KommyecTBO XaMele€OHOB HE HYKHO YBEIMYMBATH, TIOTOMY
YTO B UX M3HAYAJIBHOM cocTaBe 3a 10 «IIogxomoB» M0 5 MUHYT xaMme-
JIeOHBI 00BeST Bce 50 KyCTOB.

B mikose 350 yueHukoB 1 175 mapt. POBHO ITOJIOBMHA I€BOYEK CUOUT 3a
OJIHOJ TapTOoii ¢ MaibuMKamMu. MOKHO JIM TlepecaguTh YUeHMKOB Tak,
YTOOBI POBHO MOJIOBMHA MaJIbUMKOB CHJIeIa 3a OOHOI ITapToii C 1eBoY-
Kamn?

Pewienue: Ecny pOBHO ITOJIOBMHA HEBOUYEK CUOUT C MaJbuMKaMU, TO
JIpyTasi I0JIOBMHA JeBOYEK 3aHMMAaeT HeKOTOPOe KOJIMYeCTBO MapT I0JI-
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HOCTBI0. TO eCTh, MOJIOBMHA BCEX IeBOUEK — 3TO UETHOE YMCIIO0, a OTCI0-
[1a KOJIMYECTBO IeBOYEK Ae/IUTCS Ha 4.

Ecsiu 6b1 MBI XOT€/THM, YTOOBI POBHO IMOJIOBMHA MAJIbYMKOB CHUeIIa 3a Map-
TO1 C AeBOUYKAMM, TO M0 aHAJIOTMYHbBIM ITIPUUMHAM KOJIMYECTBO MaJbuli-
KOB [I0/IKHO GbIIO ObI IeMThCS Ha 4. OIHAKO OJHOBPEMEHHO IeIUThCS
Ha 4 KolMuyecTBa leBOUeK M MaJb4MKOB He MOT'YT, TaK KaKk TOTrIa OKa3a-
JIOCh ObI, UTO 350 menuTcs Ha 4, a 5TO HEBEPHO.

B kiacce yuntcst He MeHee 12 meBoyek U He 60see 16 MaTbuMKOB. V Kask-
JIOTO U3 HUX B KJIacce OAVHAKOBOE UMC/IO APY3eii, Cpeay KOTOPhIX 00sI-
3aTeNbHO eCTh IeBOYKa 1 MajabuMK. VI3BeCTHO TakKe, UTO y KaskIoit fe-
BOUKM Jpy3eii cpeay MaJIbuMKOB O0JIblile, YeM Cpeli IeBoYeK, a Y Kask-
JIOTO MaJTbuMKa JIpy3eii Cpeay JeBOUY€eK He OOJIbIlle, YeM Cpeay Majbul-
KOB. Kakoe HauMeHbllIee UMCIO Apy3eit MOKeT ObITh y UIKOTbHUKOB B
3TOM Kiacce?

Pewenue: 0603HaYMM HaMMEHbIIIEE UMCIIO APY3€ii Y ITKOTbHUKOB Ue-
pe3 D u nokaxkeMm, utTo D = 6. Mbl 3HaeMm, uTO B kiacce [| meBouek u M
MaJIbUMKOB, IIPY 3TOM

12<I; M<16.

1) D > 2. [leiiCTBUTETBHO, ec/y Obl Y IMKOJIBHUKOB OBLIO 1O 2 IpyTa,
TO JIEBOYKM He MOINIM GbI MUMETD NIPy3eii—IeBoYeK, YTO MPOTUBO-
PEUNT yCIOBUIO.

2) D > 3. Eciu y KaXIoro MIKOJIbHYKA ObUIO GBI IO 3 Apyra, TO Kaxk-
Jlast ;eBOYKa Mor/ia 6l MIMETh He MeHee IBYX JIpy3eii—MaabuMKOB,
a KakIplii MaJIbuMK — He 6osee ogHOI moxpyru—aeBouku. O60-
3HAUYMB 3a F KOJINYECTBO OPYXKECKUX CBSI3eN «MalbuMK—IeBOUYKa»,
TTOJTyI MM

2:-12<2-I0 < F <M< 16 — npotuBopeune.

3) D > 4. Ecn y Kaxk[oro MKOJIbHMKA I10 4 [pyra, TO Kaxnas Je-
BOYKa MMeeT He MeHee TpeX Jpy3eli—MaabuMKOB, a KaXKIblii Majlb-
YuK — He 6osee IBYX Apy3eii—geBouek. [lomyyaem, yTo

3-12<3- I < F<2-M<2-16 — nnpotuBopeune.

4) D > 5 — aHaJOTMYHO NpeJbIAyIIeMy ITYHKTY.

5) D = 6. lIpuBegeM npuMep APYKECKUX CBsI3eil MeXIy 16 Malib-
yyMKkaMu 1 12 neBoukaMu, yA0BIETBOPSIOMINX YCIOBUIO. Paznenum
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MaJIBUMKOB Ha 4 TPYIITIBI IO 4 YeI0BeKa, a IeBOUeK — Ha 4 IPYIIIbI
o 3 uejioBeKa; pa3oO6beM 3TU IPYIIIbI HA Mapsl. IIyCTh B KasKAOI
IpYIIe BCe MEBOYKYM 3HAKOMBI APYT C IPYrOM, BCe MabUMKU 3HA-
KOMBI IPYT C IPYTOM, a Takke Kakgasl JeBOYKa 3HAeT BCeX Majlb-
YMKOB U3 TPYIIIIbI, TAPHOIL ee TpyrIe.

Torpa KaykabIiii MaJIbUMK 3HAKOM C 3 TeBOUKaMM U 3 MaJIbuMKaMM, a
KaXk/1as [eBoYKa — C 2 AeBOYKaMu 1 4 MajabuMKaMy. DTa CUTyalus
TOOXOAUT IO, YCIOBME 3aaUN.

3agauu 6 Kiaacca

3agaua 1.

A.

Masnpuuk bopst corays 13 IpoBOIOKY IBa KBajpaTa. Korma manpbumk Bo-
Ba MO0 3TU KBaAPaThI APYT K APYTY, TO MOIYUYWIICS MIPSIMOYTOIBHUK
¢ 66sbIIIelt cTOpoHOI 8 mM. MoskeT Jin Bopst orpenenuThb, CKOIbKO MPO-
BOJIOKM OH MU3pacx0f0BaJl Ha KBaJpaThl?

Peuwtenue: [la, KOHEUHO: U3 TOTO, YTO OGOJBIIAS CTOPOHA MTPSIMOYTOJb-
HMKA paBHa 8 IM, JIETKO CJIEIYET, YTO €I0 MeHbIlas CTopoHa — 4 iM. To-
I7la KBaApaThl, CJIOKEeHHbIe Bopeit, MMenn CTOpOHY 4 M, U [TOTpavYeHo
M 6bUT0 16 + 16 = 32 IM TTPOBOJIOKMU.

Koportsiiku 13 LIBeTOYHOTO ropofa pelinin YKpacuThb 1BeTaMM KITyM-
6y B hopme npsimoyronbHMKa. [TonesHast ayimHa KmyMm6er — 240 cM, a 1mo-
ne3Has mypuHa — 120 cm. 1IBeThI 6bIJIO PEIIeHOo caXkaTh B y3/1ax KBaJ-
paTHOI ceTkM Ha paccTosiHum 20 ¢cM Apyr oT Apyra. HesHaiika rnmoacum-
TaJl, YTO HY>)KHO

(240 : 20) x (120 : 20) = 12 x 6 = 72

KycTuKa paccajpl. K coskaneHnnio, nx He xBaTuio. CKOJIbKO JXe He06X0-
JIVMO GbLJIO TIPUBE3TYU KYCTUKOB Paccaibl?

Pewenue: HesHalikKMHBI pacueThbl cpaboTay Obl, eCIv ObI KYCTUKM ObI-
JIV TIOCA)KeHBI B IIeHTPhI KBampaToB 20 x 20, Ha KOTOpbIe MOKHO ITOOUTH
KIyM6Y. OHAKO KOPOTHIIIKY Caskaiy IIBETHI HE B IIEHTPHI, a B BEPIIHbI
TaKUX KBaJpaTOB. BepiuiMH oueBUIHO OOJbIIIE, YeM IIEHTPOB: Y KaXKI0-
TO KBaZipaTa eCTh, HallpMMep, HVSKHSIS JIeBasi BEPIMHA, U Y Pa3IMUHbIX
KBa/IPaTOB OHY Pa3IMYHbI — OJTHAKO ITOC/IEe BHIOOPA BCEX HUKHMX JIEBbIX
BepIUIVH OCTaHYTCS ellle KaKue-TO — HalpUMeD, caMasi BepXHsIS IIpaBast.
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Kak >ke mocunTaTh BCe BepPIIMHbBI KBAAPATHOM CeTKMU? BeplinHbl AensT-
Csl Ha CTPOYKH, U cTpodek 3Tux (120 : 20) + 1 — BHM3Y OT KaskAOro
psiia KBajapaToOB, a TakKKe caMmasi BepxHsis. BepliH B KaskI0ii CTpOUKe
(240 : 20) 4+ 1 — cneBa OT KaXA0r0 KBaJpaTa, a Takke caMasl IIpaBas.

[Tonyyaem OTBeT Ha 3aavy:

((120: 20) + 1) x ((240: 20) + 1) = 7 x 13 = 91.

Y manpunka JyMbl eCTh MHHOBAIMOHHBIE HOXXHUIIBI ¥ KyCOK HAHOIECKU
IymHOM 192 cm. Mosket i [Iuma oTpe3ars OT 3TOr0 KyCKa KyCOK AJIMHOM
90 cM? (HaHosecka TakoBa, YTO ee KyCKM MOXKHO CrubGaTh MoIosiaM, a
TaKKe MIPUKIaAbIBATh APYT K APYTY.)

Pewenue: 192/2° = 6 — CJI0OKMB JIeCKY TIATh pa3 TOMOJIAM, MbI IOy~
yuM 32 Cj10s1 OJIMHOVE 6 cM. B3s1B 15 TakMx CI0€B MOAPSI, MbI ITOTYUYUM
KYCOK IyinHO# 90 cM, ero ocTaeTcst TOIbKO OTpe3aTh HOXKHUILIAMMU.

3agaua 4.

A.

Y mokrtopa BaTcoHa B mayibTO 4 KapmMaHa. B KaXkapllii KapMaH OH KjageT
He MeHee OJHOTO ITaTPOHA U He OOJIbIIle YeThIPeX IaTPOHOB. MOXKeT Jin
[lTepsok XonMc y3HaTh, CKOBbKO ITATPOHOB B KApMaHax y JoKTopa Bat-
COHAa, ec/i/ eMy U3BEeCTHO, YTO B KapMaHaxX Y Hero pa3Hoe YMC/I0 NaTpo-
HOB?

Pewenue: Pa3nuMuHbIX HATYPAJIbHBIX YMCEIOT 1 0 4 — POBHO 4 IUTYKU,
CTOJIBKO K€, CKOJIbKO KapMaHOB Yy BaTcoHa. IIosTOMy efMHCTBEHHBbII Ba-
PUMaAHT pa3JIOKUTb NAaTPOHBI TaK, KaK yKa3aHO B YUIOBUM, — B IIePBbIit
KapMaH OVH MaTpOH, . .., B YeTBEePThIli KApMaH yeTbipe MaTpoHa.

Ha sTom ocHOoBaHMM X0/IMC MOKET HaBepHSIKa YTBEPKIaTh, UTO y BaT-
COHa
1+2+3+4=10naTpoHOB.

Ha nipomanbHOI BeuepyHKe TaHIYIOT AeByiuka Katdg u 7 roHoelt — bo-
ps, XKensi, Wnbs, Toia, Auapeii, Janwit 1 Makcum. Y KaXA0To U3 HUX
€CTb BO3/yIlIHbIe Mmapyuku. Kakoe HauMeHbllIee 4yc/I0 HapUKOB MOXeT
OBbITh y ITUX BECEIIbUAKOB, €CJIU Cpeiy HUX HeT IBYX C ONMHAKOBBIM UMC-
JIOM BO3[YIIHBIX IIAPUKOB?

Pewenue: Honpo6yeM MMHUMM3INPOBATD KOJIMYECTBO IIaPUKOB y TaAH-
OYIOMnX. Y TaHIIOpa C HaMMEHbIIMM KOJINYECTBOM IIAPMKOB BCE€-TaKM
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XOTs 6bI OOVH BO3AYIIHBIA MIAPUK. Y «BTOPOrO CHU3Y» II0 KOJMYECTBY
[IAPUKOB MX XOTS ObI Ba — M, HAKOHEII, Y CaMOT0 60TAaTOTO Ha MIapUKU
UX Kak MyHMMyM 8. OTCIofa MosyyaeM OLIeHKY CHU3Y Ha o6Iiee Kou-
YeCTBO IAapUKOB —

1+2+34+44...+8=236.

. Opnaxpgsl Bunnu Ilyx, [Iatauok u owiuk Ma-Ma nomim J0BUTH phIOY.
V0B oka3ajics He o4eHb 001bIMM. BuuHM ITyX moiimMas mojloBMHY 00-
ero yaoBa 6e3 % TOro, uTo novimanu Ilstauok u Ma-HNa. IIssTauox moii-
MaJl TpeThb 0b1Iero yinosa u é TOrO, 4TO novimManu Bunum Ilyx u Na-HNa.
VnoB ocnuka Ma-Wa otnmuascs ot ynosa IIgtauka Ha 1 Kr. CKOIBKO Be-
CIJI BEChb yIOB?

Pewenue: O6Go3HaumM ysoB Bunnu ITyxa uepes B, yioB [IsTauka uepes
IT u ynoB Na-Wa uyepe3 U. Torga Ha OCHOBaHMM JAHHbBIX 3a1a4M MOXKHO
COCTaBUTb CUCTEMY YPaBHEHMUIA:

B=1.-B+O+U)—% (I+U);
N=1 B+O+U)+1 (B+U);

U=T+1.
—B+ 0.2+ 0.21 = 0;

0.8B —II1+ 0.81 = 0;
N=II+1.

[Tpu6aBuM KO BTOPOJi CTPOKE ITepBYI0, YMHOKXeHHYI0 Ha 0.8:

—B +0.2TT+ 0.21 = 0;
—0.8411 + 0.9611 = 0;
U=T+1.

W3 BTOPOJi CTPOKM MOMYyUMBIIIENCS CUCTeMbI BUIHO, uTO 0.8411 = 0.961,
TO ecTb M < II, u, 3Haunt, I = I1 — 1. Tenepsb BCe MPOCTO:
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0.84-T1=0.96- (I 1)

0.12-IT=0.96
o [I=28
e =17

eB=02-8402-7=3

Takum 06pa3oM, Bechb y/I0B Becusi 8 + 7 + 3 = 18 KmyiorpaMMoB.

3agaua 5.

A. «Ceituac 6 yacoB Beuepa,» — cKa3ajJ MaJibuMk BoBouka. IHTepecHO, Ka-
KYI0 4aCTh COCTaBJISIET OCTABIIASICS YACTh CYTOK OT IpOIe e 1 Kakast
YacTb CYTOK OCTaacCh?

Pewenue: Ocranoch 6 4acos, a mpoiuwio 18. [loaTomy ocTanach ueTBep-
Tasi YaCTh CYyTOK, ¥ OHa COCTaBJ/sIeT TPETHIO YaCTh OT TPeX YeTBepTeii,
KOTODbIE Y)Ke ITPOLLUIN.

C. MOXXHO /i1 B BBIp@>)KEeHUU
A+B D
- _|_ -
C E+F
3aMeHUTb 6YKBbI unciaamu 1, 2, 3, 4, 5, 6 Tak, 4T06bI pasaIUIHbIM OYK-

BaM COOTBETCTBOBAJIM Pa3/IMUHbIE UMC/Ia, i 3HAUYEHME TTOTyUMBIIErocs
BbIpaskeHMs ObLIO ObI paBHO 17

Peuwtenue: TIpuBenem qpo6yu B BhIPAKEHMM K 06IIEMY 3HaAMEHATEIO:

(A+B)(E+F)+CD
CE+F) '

To, 4TO 3HAUEHME ITOJ IPOOY PaBHO 1, 3HAYNT, UTO €€ UNCTUTEh PaBeH
ee 3HaMeHaTeIo:

(A+B)(E+F)+CD = C(E+F)

(A+B-C)(E+F)+CD=0
(C—A—B)(E+F)=CD
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Yro6bl pPaBEHCTBO OBIJIO BBHITOJIHEHO, YMCI0 C MOMIKHO OBbITH GOJbIIIE,
yeM cymMMa A ¥ B, 1, 3HaUUT, UeM Kaka0e 13 HuX. BoopyKMBIINCH STUM
cooOpaskeHreM, HECTIOKHO HaiiTy oTBeT: A = 1,B =2, C = 6,D = 4,
E=3F=5.

142, 4
6 345
3ajgaua 6.
A. OgHMM MakeTMKOM 4Yasi MOKHO 3aBapuUThb 2 WM 3 yalllky 4yas. Maiia u

Ons pasmenuin Iauvky 4as morosiaM. Maia 3aBapwia 51 gamky yasi, a
Ons — 73 vamky. MOKHO JIiM IOrafgaThCsl, CKOJAbKO ITAKeTUKOB Yast 6bII0
B mauke?

Pewienue: 73 — 51 = 22 — Ha cTO/IBKO O0sbIire pa3 OJg UCIIONb30BajIa
TMaKeTUK Ha TPU 4Yallky, yeM Mamia. 9To 3HauuT, uto OJsl 10 KpaiHen
Mepe CTOJBbKO pa3 3aBapMBajia MMaKeTUKOM TOJIBKO JBE YalllK/ Yasl.

22 - 2 = 44. 3HauuTt, Ojie OCTA/JIOCh 3aBapUTh 7 YallleK, 3TO MOXHO cAe-
JIaTh TOJIbKO TPeMSI TakeTUukamu — 7 = 3 + 2 + 2. 3HaunT, y Onu 661710
25 makeTuKoB, a B mauke — 50.

Hesnajika cocTaBuiI UnCJIOBOI pebyc
OHD + BOHD = PABA,

B KOTOPOM DPasHbIM OGYKBaM COOTBETCTBYIOT pasHbie LGPl 3HaiiKa,
IOCMOTpEB Ha pebyc, ckasasl, uTo 1udpa, 3ammdbpoBaHHasi 6yKBoii P,
He MOXXeT ObITh 4eTHOI. [TpaB yiu 3Haiika?

Pewlenue: 3Haiika Hempas, Uudpa P BriosHe MOXKeT ObITh YeTHOI: Ha-
pumMep, paBeHCTBO
636 + 7636 = 8272

SIBJISIETCS pellieHneM pebyca 13 yeIoBus.

B kKopo6ouke jieskaT 60ITUKY, 11aii6OUKM BUHTUKY M Taeuky — Bcero 107
ITYK. MI3BeCTHO, YTO 6OTUKOB B 3 pa3a 60JIblile, ueM maiibouex, a maii-
60ouek B 2 pa3a 60JIbIlle, YeM BUHTUKOB. Kpome TOT0, BUHTUKOB OOJIbIIIE,
yeM raeuek. CKOJIbKO raeuek B KOpobke?

Peuwenue: 3amMeTuM, 4TO GONTUKOB, TI0 YCJIOBUIO, B 6 pa3 O0bIle, YeM
BUHTUKOB. TO eCTh, ec/iii 0603HAUMUTh KOJIMYECTBO BUHTUKOB 3a B, a ra-
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eyeK — 3a F, MBI ITIOJIYYUM, UTO

(6+2+1)-B+T'=107, B>T.

EnvHCTBeHHbIN OTBeT B TakoM ciydyae — B = 11, ' = 8: B IpOTMBHOM
cTyJyae 4mcio raevexk 6ymet 60sbliie, YeM MHOXKUTENb Y TEBSITKMA.

OtBeT: 8 raeyex.

3agauu 7 Kiaacca

3agaua 1.

A.

3as1; yberaeT ot Boska, KOTOPBIiT HAXOAUTCS OT HErO Ha PaCcCTOSTHUU
100 m. OpyiH nIpbDKOK 3arina paBeH 2 M, a Boika — 3 m. IIoka Bonk ge-
yaeT 4 TpbKKa, 3as1] geiaeT 5 MpbDKKOB. 38 CKOTBKO CBOMX MPBIKKOB
Bonk goronut 3aiia?

Pewenue: 4-3 = 12,5-2 = 10 — orcioma 3a YeTbIpe BOTUbMX MTPbIK-
Ka paccTtossHue Mexnay 3aiiiem 1 BosikoM cokpaiaeTrcs Ha 2 M. 3HAUUT,
Bosnky nmotpebyeTcs

100

4. - = 200 npbIKKOB.

BoBOuKe 13BeCTHO, UTO 24 4Mcia TaKOBbI, UTO CPeAY UX MOMAapPHbIX I1PO-
n3Benenuii popHo 100 orpuuatensHbix. MoxkeT i BoBouka omnpezne-
JINTDb, CKOJIbKO CPeAy 3TUX YyCeJl I0JI0KUTEIbHbI, CKOJIbKO OTPULIATEe b~
HbBIX U CKOJIbKO HYJIei?

Pewtenue: KomnuecTBO OTPUIIATENbHBIX MOIMAPHBIX MTPOM3BEAEHMIT B
Habope paBHO P - N, rae P — KOIMYECTBO MOJIOKUTEIbHBIX UMCENT B Ha-
60pe, N — KOMYECTBO OTPUIIATEBHBIX UMCeN B Habope.

Ilist TOrOo, UTOOBI yCTaHOBUTD P 1 N, HaM HY>kHO pefctaBuThb 100 B Buze
IIPOM3BeLeHNs IBYX YKCesl, CyMMa KOTOPBIX He npeBocxogut 24. Crio-
co6 chenaTh 3T0 poBHO ofuH — P = 10, N = 10.

OTBeT: 10 monokuTeNbHBIX uyces, 10 oTpuIaTebHbIX U 4 HYJIS.

Kakoe HauMmeHblIlIee YMCI0 Pa3JIMIHBIX LGP HY)KHO BbIOPATh, YTOGBI
y060e urcio ot 1 7o 100 BKIIOUMTETBHO MOXKHO ObLIO ITPEACTaBUTh B
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BUJIE CYMMbI BbIOpaHHBIX 1IM(]P, B KOTOPOi KaXKIYIO U3 HUX paspelia-
eTCs MICITO/Ib30BaTh He 6oJiee ueThipex pas?

Peutenue: JIoKaxkeM, UTO YETBIPbMS I paMu 060 TICH Hemb3s1. Cpe-
IV BbIGpAHHBIX 1UGP, OUEBUAHO, NOKHA ObITh equHMIA. EnyHMUIE
MOYKHO «Ha6paTh» uMc/ia OT 1 10 4 — M03TOMY BTOpPOE UMC/I0, KOTOPOe
MbI 6epeM, He JO/DKHO IIPEeBOCXOIUTD 5.

Io6aBMB K HallleMy «4Y€pPHOBMUKY» Habopa caMble Oosbiinue nudpsol, 8 1
9, MBI 3aMeTUM, YTO

4-(1+54+8+9) =92 <100,

M03TOMY HabOP M3 UeThIpex IMdP HAM He MOIOM/IeT.

A BoT Habopa u3 naTi uudp — 1, 5, 6, 8, 9 — BrIOTHE XBATUT.

3agaua 3.

A.

Kaxkoii OjMHbBI HOTYIUTCS MMOI0Ca, eciu 1 Kybuueckuil KUIOMeTp pas-
pe3aThb Ha KyOMuecKye MeTPhI M BBUIOKUTD UX B IJIUHY?

Pewenue: 1xm3 = 1000000000 M3 — mo3TOMY MOMTYYMBIIASICS ITOTIOCA
OyneT UMeThb IJINHY

1000 000000 m = 1000000 xm.

BosbmeM oTpe3sok [0, 1]. OTpeskeM OT HETo YeTBEPTh C/IeBa, IIOTOM YeT-
BepTh OT OCTaBIlIelics YyacTu CIIpaBa, IIOTOM YeTBepPTh OT OCTaBIlelics
yacTu ciaeBa u T. 1. Kakasi Touka oTpe3ka TOYHO He 6yJeT oTpe3aHa?

Pewenue: Ha niepBoM 11are Mbl OTpe3aay CjieBa KyCOK IJIMHOM %. Ha

BTOPOM ILIare, CIipaBa, — KyCOK JJIMHOJA & - 2. Ha TpeTbeM Iuare, CHOBa

c1eBa, — KYCOK JUMHBI 1 - (2)2, Takum 06pasom, Ha 2k — 1-M wmiare Mbl

6yueM oTpe3aThb C JIeBOJA CTOPOHBI OCTaBLIIETr0OCA OTPe3Ka KyCOK JIJIMHOM

(0]

TaKk MOXXHO ITOCYMUTATD IJIMHY BCETO, UTO OYIET OTPE3aHO CJieBa:

Llie 2 e (2 2+ 2 3+
4 16 ' \16 16)
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YToObI Y3HaTh, YeMYy paBHa 3Ta CyMMa, BCIIOMHMM, KaK CYHUTAETCI CyM-
Ma FeOMeTpI/I‘{eCKOﬁ Iporpeccumn:
1— qn+1

l+q+¢+...+q¢" = 4

Ipu q < 1 uncno ¢"*! crpeMuTCs K HY/IIO IPY GOMBLIMX N, TO3TOMY
cymma Bcero pspa 1+ q + g2 + ... 6yner paBHa

1-gq
[TpuMeHUB 3TO coo6pakeHye K CyMMe, KOTOPYIO Mbl CUMTAEM, TTOTYIUM
1 4

1-5 7

A=

Ha 2k-M mrare Mbl oTpe3aeM C MpaBoil CTOPOHBI KYCOK JIJTMHOM

3.1((3
42 \\4

[TosTOMY BCETro C MPaBoit CTOPOHBI 6YIET OTpe3aHo

o k-1

NINN

5
=

RS

Takum 06p330M, HETpOHYTOﬁ 6y,H6T OCTaBaTbCAd €AMHCTBEHHAs TOYKa —
4

7
Ha mymockocTy pacmosnioskeHO HeCKOIbKO OTpe3KoB. Manbuuk BoBa ot-
MeuaeT HECKOIbKO TOUEK MTePeceueHmst STUX OTPE3KOB (He 06513aTeTIbHO
BCe), CUUTAET [J1s1 KaKA0l OTMeUeHHOM TOUKM YMCJI0 OTPEe3KOB, Comep-
KaIIyUX 3Ty TOUKY, M HAXOAUT CyMMY 3TuX umcen. Manpumk Juma cum-
TaeT AJis1 K&KIOT0 U3 OTPe3KOB UMCI0 OTMeUYeHHbIX BoBoit Touexk, Jie-
KaIMX Ha HEM, ¥ HaXOAUT CYMMY CBOMX uucen. Y KOTO U3 MaabuMKOB
cyMMma 6osnblie?

Pewenue: PaccMOTpUM BCe TIapbl BUIa (0mpe30K, 0MmMeueHHAas mouka
Ha 3mom ompe3ke). BoBa mocumTaa B TOUHOCTHM BCE TaKye Mapbl, TaK Kak
IUIST K&KIIOM OTMEeUeHHO# TOUKM MM ObUIM YUTEHbI BCe OTPe3KM, KOTO-
PBIM IIPUHAIIEKUT 3Ta TOUKA. [IyMa ToKe MOCUMUTAI B TOYHOCTY BCe Ta-
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Kue 11apbl, IIOTOMY UTO OJISI Ka’KOAOI'0 OTpe3Ka y4uesl BCe TOUKH, o6pa3y—
omue l'IOJlO6HbIe Imapbl C 3TUM OTPE3KOM.

HOBTOMY yudia’y MaJIbUYMKOB ITIOJTYUYUINCh OAVHAKOBbBIE.

3agaua 5.

A.

Kpacnas [llarouka nmesia 2 3apsbKeHHBIX peBoIbBepa. Yoeras ot Boska,
OHa IBaKAbl B HErO MOIaJIa, TPYDKIBI IpOMa3sana, U OOVH pa3 CIyuynIach
oceuka. Y Kpacnoii lllarouku octanoch 7 maTpoHOB. CKOJIbKMMM NAaTPO-
HaMM 3apsiKaeTcs peBoibBep?

Pewenue: TlocuntaeM, CKOJIbKO NAaTPOHOB 6bUT0 y KpacHoii manovyku
M3HAYaJIbHO:

7 oCcTamoch + 2 B Lieb 4+ 3 MUMO = 12.

[Ipu oceuke MaTpoOH He BbLIETAET U3 MUCTOJETA, [I09TOMY TeXHUYECKU
ocraetcs y xo3simHa. Tak kak y KpacnHori llarouku nBa peBonbBepa, TO
B K&XIOM 13 HUX — 110 6 MaTPOHOB.

B kaxmy1o KiIeTKy Tabnuiist 4 x 4 BrivcaHo yncio O miau 1 Tak, 4To B KJIeT-
Kax j11060ro KBagpaTa 2 X 2 CTOUT POBHO 3 OAMHAKOBBIX umcia. Kakue
3HAYeHMS MOKET IIPUHMMATh CyMMa uicel B TaKoJi Tab/uiie?

Pewenue: Tab6nuiia 4 x 4 eCTeCTBEHHBIM 00pa3oM AeIUTCS Ha 4 Here-
pecekammuxcs KBaapara 2 x 2. Cymma umcesl BHyTPU KakIO0T0O U3 HUX
HeueTHa (Tak Kak TaM Ji160 TPy eIMHUIIbI ¥ HOJb, TG0 TPY HYJIS U eIu-
HUIIA). 3HAUUT, CyMMa YMCeJl, TOCTaBJIeHHbIX B TAbIMITy BOOOIIE, [TO/IK-
Ha 6bITh YETHOIA.

Takske 3aMeTUM, UTO CyMMa 4KcesI B Tab/Iilie He MeHbllle 4 ¥ He IIpeBoC-
XomuT 12 (OTISITh K€, TOCMOTPUM Ha CYMMBI UMCesI B YeThIpeX KBaJpaTax
2 x 2). 3HaYUT, OCTAIUCh TOIBKO BapuaHThI 4, 6, 8, 10, 12. [IpuBenem
MpUMePbl, KOT[Ia JOCTUTAeTCs KasKAbI U3 HUX:
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11010 171011
4: 0[{0]0]|O0 6 0j0]0]1
1/01]0 01|00
0/{0]0]|O0 0j0]0]1
0Oj1|1]|1 170]1]1
g 0j{0|1]|0 10: 0j0]0]1
110]0]|0 17011
111(0]1 111]1/0
110|1]0
12: 1]1(1]1
11010
1]1(1]1

C. KBaapar 4 x 4 coctouT 13 16 kietok. Kakoe HauMeHblIIee Y1CI0 CTOPOH
KJIETOK B 3TO¥ TabMIe HALO OTMETUTD, UTOOBI Y KaXKIO0 KJIeTKM ObLIO
He MeHee IBYX OTMeUeHHBIX CTOPOH?

Pewenue: OTmeuveHHast CTOPOHA NMPMHAIJIEXUT MaKCMMYM IBYM KJI€T-
KaM. Y Kak[0¥ KJIETKU JOJDKHO OBITH MMWHUMYM I10 2 OTMEeUYeHHbIX CTO-
POHBI — ITO3TOMY OTMETOK HaM HY>KHO CAe/IaThb HE MEéHee UeM

16-2 : 2=16.

[IpuBenem npumep TOro, Kak MOXKHO CIeslaThb 16 OTMeTOK:
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3agmaumu 8 Kiacca

3agaua 1.

A. Hajinurte 3HaueHMe BbIpaskeHUs 13 — x, ecyivt 3HaUeHMe pa3HoCTU X — 13
MIPOTUBOIIOIIOKHO Uncity —13.

Pewenue: Yucio 13 — x 4BisgeTca IPOTUBOIIONOKHBIM K UMy X — 13,
U B YCIIOBUMSIX 3aJlauM paBHO —13.

B. B BbIpakeHUMU
X+y

—+t
z
OYKBbI 3aMeHMU/IN unciamu 1, 2, 3 1 4 (pa3Hbie 6YKBBI Ha pa3Hble UMcia).
Kakoe HamMeHbllIlee 3HaUeHe MOXeT MTPMHUMATb 3TO BbipaxkeHue?

Pewenue: YBenuueHMe UKUCeN X,y U t IPY MPOUYUX PABHBIX YBEIUUMBAET
3HaueHMe BbIPKEHMS U3 3aJaul, a yBeIuUeHe UyMciIa Z — yMeHbIIa-
eT. [To3ToMy, UTOGBI KaK MOXKHO CMIbHEE YMEHBIIUTh 3HaUEHEe BbIpa-
SKeHUSI U3 3a/1aUM, HY>KHO MOJICTABUTDb CaMOe GOJTbIIIOE YMCIO0 BMECTO Z.
IMostomy z = 4.

Tonyyaercs BbIpaskeHue L (x + ) + t. CamMoe MajeHbKOe YWCIO BBITOJ-
HO OCTaBUTb KaK €CTb, a YMCJIa T060IbIIIe — «YCMUPUTL» K03 duiimeH-
TOM }. [loTOMY OTBeT Ha 3324y —

2+73 9
T+171.
C. Pemnte ypaBHeHMe
1
X =
1
1+
1+
14+x
Pewenue:
1 _ 1 24X
1 1+x 342
1+ — 1+
1 2+x
1+
1+x
_24x
342
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Ocranoch pPeninTb KBaapaTHOE YpAaBHEHME!:

W4+ 3x=x+2

2%* +2x—2=0

X4+x—1=0
D=5

—1++/5

Hy>kHO Takyke ITPOBEPUTD, UTO KaXKI0€E U3 IBYX 3HAUEHMIT X He obpaiia-
eT B HOJIb HU OJIMH 3HAMEHATEJb MPU BIYMCIEHUM LEITHOM Apoou —
B HallleM C/Iyyae, KOTJa B 3HaMeHaTesIe Bcerna 6yzeT /5 ¢ HeHy/IeBbIM
K03bPUILIMEHTOM, 3TO OUEBUIHO.

3agaua 2.

A. Kakoe 13 ciienyommx yTepxxaeHnii HeBepHOo?

1) 4101 u 2115 — He B3aMMHO IIPOCThIE UMCIIA;
2) 97 — npocToe 4YnciIo;
3) HOJ, (21,1001) = 1,
4) HOK (15, 14) = 210.
Pewenue: HepepHo TpeTbe yTBepkneHue: HOJI (21,1001) Ha camom

Iene paBeH 7. [IpoBepKy OCTa/IbHBIX YTBEPKAEHMI MbI OCTaBJISIEM UM-
TaTe’io.

B. CKoMbKO OEeBSITOK BCTPETUTCS B owiefoBaTenbHocT 1, 2, 3, .. ., 2014,
2015?

Pewenue: Cpenu uncen 2001-2015 poBHO ofjHa IEBATKA, TOITOMY MbI
MUCKITIOUMM UX U3 PaCCMOTPEeHMS Ha MPOTSIKeHMM AajbHeIero peiie-
HUSL.

Cpenu uucen ot 1 o 10 BcTpedaeTcs pOBHO OfIHA JIeBSITKA. 3HAUUT, Cpe-
oy umcen ot 1 mo 100 B mnagiem paspsige Bcrpetutcs 10 neBsitok. Enre
10 meBATOK Ha KaXXIYI0 COTHIO MPUAYT U3 BTOPOro paspsaa umcen 90—
99.

[TosTomy cpeny umcen ot 1 o 1000 Bcrpetutcs 10 - (10 + 10) = 200
NeBSITOK, TIpUIIeAIINX U3 OBYX miaaaiux paspsnaos. Eire 100 meBsTOK
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BCTPETUTCS B TpeTbeM paspsige umcesn 900-999. Utoro, Ha KaXkKAYIO Thi-
cstuy ipuxoautcs 300 umdp 9 B Tpex MaaAmmx paspsigax.

B 3apgaye mb1 umeeMm geno unciamu ot 1 o 2000 — B HMX BCTPETUTCS
600 1udp 9, u eme omua — mocie 2000. OtBet: 601 umdpa 9.

C. ITocsenoBaTembHOCTH COCTABIISIETCS 110 CIEAYIOIIEMY TTPABIITY:
53, 503, 5003, 50003, 500003, ...

IoKakuTe, UTO B HEJt ecThb 110 KpaiiHeit Mepe OIHO COCTaBHOE UMCIIO.

Pewenue: Mbl gOKaXkeM, UTO B JAHHOI MOCAeO0BaTeIbHOCTY HalIeT-
Cs1 6€CKOHEYHO MHOIO 4yCesI, Jesmuxcs Ha 7. [Ijis Hadasia 3aMeTuM,
YTO k—0€ UMC/I0 B Hallleli IT0CIe0BaTeIbHOCTY IMeeT B,

5.10% + 3.

Takke 06paTMM BHMMaHMe Ha TO, UTO IIpM Bo3BedeHuu umcia 10 B Ha-
TypaJibHbIe CTENIeHM OCTaTKU pe3y/ibTaTa IpyU AeleHUM Ha 7 «3alUKIn-
BAaKOTCSI»:

1,3,2,6,4,5 1,3, ...

B uacTHOCTHM, IJIs1 6GeCKOHEeYHO MHOrMX k umcino 10X mmeer ocraTok 5
Tpu AeyieHuy Ha 7. B Takom ciyvae 5 - 10% + 3 menmuTcst Ha 7, 9TO U Tpe-
60BaJIOCh.

3agaua 3.

A. YeTtsipe mpsiMble TIOTIAPHO TepecekaloTcs. Kakoe HambosbIlee 4mcio
TOUYEK TlepeceuyeHys: MOKeT TOMYIUThCST?
Pewenue: Touek nepeceuyeHns He MOKET ObITh OOJIbIlle, UeM COOCTBEH-
HO nepecevyeHuii. B cBoio ouepenb, mepeceueHui

43 _

5 6.

[TomyuuTs 6 TOYEK ITepeceyeHysi COBCEM IIPOCTO:
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3agaua 5.

A.

VY KaKkoro Tpex3HauyHOoI'O Yicia 6oJIbIlie BCEro AeuTeei?

Pewenue: [lenuTenu uuciia — 9TO MPOU3BEOEHUS Pa3IMUHBIX KOMOU-
HaIlui ero NpoCTbIX MHOXUTesel. [Ipy paBHOM KOIMYECTBE MPOCTHIX
MHOKUTesIel 6osblie menuTeneit OymeT y uncia, y KOTOPOTrO MPOCThIe
MHOXXUTEM 60/1ee pa3HOOOpa3HBI.

PaCCMOTpI/IM HaMMeHbIlIMe ITPOCTbhIe UYncia:

2.3.5.7 = 210;
2.3.5-7-11 = 2310.

[o6aBum mpocThix MHOkMUTeNei uncry 210. 210 - 2 - 3 — yske yeThIpex-
3HauHOe UMCJI0, I03TOMY OTBETOM B Hallleit 3afaue 6ygeT

2-2-2-3.5.7=840.

V aroro uncia 32 genurens. To, UTO y APYTMX TPeX3HAYHBIX UMCENT HE
ObIBaeT OOJbIIle MeTUTeseif, MOKHO YCTaHOBUTb, HANIpUMep, mepe6o-
poM.

W3 undp 2, 5, 8 cocTaBmim ceMM3HAYHOE UMCIO (BO3MOKHO, HEKOTOPbIE
U3 9TUX IUP U He YYaCTBOBAIM B 3aMMUCHU). MOXKET JIM OHO JETUTHCS
Haneso Ha 15?

Pewenue: JlokaxkeM, 4TO pe3y/abTaT IPOAEIaHHON B YUIOBUM IIpOLie-
JIyPBI He MOT JelUThCS Jaxke Ha 3. JleliICTBUTeNbHO, BCSIKOE YMCIIO0 CPaB-
HMMO I10 MOJIYJIIO 3 CO cBoeli cymMoit uudp, a Kaxkmas u3 uudp 2, 5, 8
CpaBHMMaA C IBOVIKOIA.

[To3TOMY COCTaBIEHHOE M3 HUX YMCIO OYAeT CPAaBHMMO 10 MOJIYJIIO 3 C
yuciom 2 - 7 = 14, KoTopoe Ha 3 He JeTUTCs.
IlycTb @ — HeueTHOe umciIo, 6onbinee 3. Kakoit uymdpoit (4eTHoi uin

HEYeTHOIH) ABJISeTCs IpeAnociendss uubpa uncia a’?
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Pewenue: Ynciio a MOXKHO MpencTaBuTh B Bume 10 - Y + x, rie x — 11o-
cepHss 1udpa uMcIa a, ¥ TOTOMy HeueTHasl. B cBOIo ouepe[ib,

(10- Y+x)* =100 Y> + 20 - Yx + x°.

B 3T0i1 cyMMe IepBoe cjIaraeMoe He OKashIBaeT HMKAKOTO BIMSHUS Ha
npeanocienHon nudpy a2, a BTopoe ciaraeMoe He BiysieT Ha YeTHOCTD
npeanocnenHeii uudpsl yncna a’.

OcraeTcs nepedbpaTh KBaapaThl HeueTHbIX Hudp — 01, 09, 25, 49, 81 —
U BBISICHUTD, UTO UX Mpearnocieqtss uudpa yetHa. [loaTromy nckomas
npenrocaeqyss nudpa B JaHHOI 3amade OyIeT YeTHOIA.

3agaua 7.

A.

Kak M3MeHUTCS YacTHOe, eCIu IeUTeNb YBeJIMUUTD Ha % €ro BeJINuu-
HBI?

P : X =5
ewenue: = §

X
i
B Beipaskenum 2 : 3 : 5 : 7 : 11 : 13, paccTaBisis II0-pa3sHOMY CKOOKM,
MOXKHO TTOJTYYUTh pasHbie Ipo6u. MOKHO JIM TaKMM 06pa3oM MOTYyIUTh
Ipobb

2-5-7
3.11-13°

Pewenue: OTMeTUM, YTO BCe UlC/Ia, JAHHbIE B 3a/iaUe, SIBJISIOTCS IIPO-
CTBIMU, TIO3TOMY B HEKOTOPOM MeCTe ToJTyJaronieiics qpobu oyneT Ha-
XOOUTbCS JaHHbI MHOXKUTEJb, TOIBKO €C/IM 3TO 6bIIO «IIpeaycMOTpe-
HO» TeM, KaK 0Ka3ajMCh paccTaB/IeHbl 3HAKM AesieHns. IHbIMM CI0Ba-
MM, TIPOU3BEIEHIEe MIM YaCTHOE ABYX YMCEN U3 3aJauy He MOTYT Jie-
JIUTHCS Ha APYroe Y1C/Io U3 3aaUM.

Terepp oCTaIOCh 3aMeTUTD, UTO UMCIA 5 U 7, CTOSIILIME PSIAOM B MCXOL-
HOM BbIpaykeHUH, TIOC/Ie TIPUBENEHNS BEIPASKEHMS K BUY €AUMHOM APO-
6u Bcerma GYyIyT OKa3bIBAaThCS B PA3HBIX €€ YaCTSIX, BHE 3aBUCUMOCTU
OT TOTO, KaK MEXIY HMMM ¥ BOKPYT HMX PacCTaBJIE€HbI Mapbl CKOOOK. To
€CTb OHM He MOTYT O HOBPEMeHHO I0IAacTh B YMCIUTEb.

[TosTomy Ipo6b, JAHHYIO B YCIOBUM, TIONYUUTh HEJTb3S.
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3agauu 5 Ki1acca

3agaua 3.

C. Cymacmiefimii KJIOyH HaIymcas Ha JoCKe JIBa He MOoC/ael0BaTeIbHbIX Ha-
TYpPaJIbHbIX UMCJIA Y CTAJT €3KECEKYHTHO MPK6aBIISITh K HUM 110 eIViHULIE.
Kakwue uncia Moriy 6bITh HallMCaHbl, €CIM U3BECTHO, YTO Yepe3 HeKOo-
TOpOEe BpeMS M3 HUX MOJYUYMINCh YMCIA, MMEOIMe OOV qenuTeNb,
6obImit 1?

Peuwenue: D10 MOIIM OBITH KaKye YTOAHO YMCIA, TIOTOMY KaK eCiu pas-
HOCTb MEKIY HaIllMCaHHbIMM UMC/IaMy Obljia paBHA d — TO €CThb, OHM ObI-
sy paBHBI N ¥ N + @ COOTBETCTBEHHO — TO HaAETCsl YMCI0, Aessiieecst
Ha a v 6onbiiee N: M = m -a > N.

I[Ipu6aBuM TOra K K&XKAOMY 13 uyices 1o M—N eqVIHULL, TTOMYYMM YMcia
M=m-au (N+a)+ (M—N)=(m+1)-a,
y KOTOPBIX MMeeTCs OBIIMIA IeNUTeNb d, [0 YCIOBUIO GOMbIINIA eAMHN-

LIbI.

3agaua 5.

B. Ha xakoe HamMMeHbIIIee YMC/I0 YacTeit MOKHO pa3pe3aTh MPSIMOYTOJb-
HUK 4 x 9, UTOOBI M3 HMX MOKHO OBIJIO CJIOKUTDb KBaJpaT 6 x 6?

Pewenue: Pa3pe3a Ha OBe 4aCTu GY,ELET AJOCTAaTOYHO:
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CocTaBUTb M3 ITUX IBYX UacCTeli KBaapat 60Jiee ueM MPOCTO: HY)KHO I10-
IBMHYTD MPaBYI0 YaCTh BHU3 U BJIEBO — U T€M CaMbIM PaCIIOJIOKUTh ee
IO, IEBOJA.

3agaua 6.

B. B Tpex3HauHoMm umciie nudpy COTeH yBeqMumiau Ha 3, uudpy necsr-
KOB — Ha 2 u uudpy enuHuil, — Ha 1. B pesynabprare mosyumioch HO-
BOE TPEeX3HaYHOe UMCIIO0, B 4 pasa 6osbliiee ucxoqHoTo. HaiiTu mcxomHoe
YUCIIO.

Pewenue: EpuHCTBeHHbIN pa3psif, He MOABEPKEHHBIN ITepeHocaM U3
6ojiee MTAAIIMX PaspsmoOB — caMblii Miagimii. Pa3 mmagmrast nudpa
TIpU YMHOXeHUM Ha 4 yBeMumiach Ha 1, To OHa Obl1a HEYeTHO (TT0TO-
MY UTO MHaue OHa BO3pocja 6bl Ha YeTHOe UMCII0). ENMHCTBeHHASs IO -
XOmsIas mof, 3T ycaoBus udpa — 7 (7 -4 = 28, auudper 1,3, 5u 9
TaKMMM CBOJICTBaMM He 00JIa[lal0T, B UeM JIETKO YOeIUThCS).

Takum 06pa3om, rmocaegHss 1udpa B UMc/ie paBHa 7, ¥ IPY YMHOXKEHUY
Ha 4 006pa3oBaJICs TepeHoC 2 B cpemHuit pas3psa. Tak Kak mpy YMHO-
keHMM Ha 4 uudpa cpegHero paspsia yBeJMUMIAch Ha 2, MbI MOXEM
BBIYECTH U3 TIOMYIUBIIENCS QDB TepeHoC, TeM CAMbIM ITOTYYUB, YTO
cpemHsis mudpa yMcaa OCTaeTcsl HeM3MEHHO Mpy YMHOXKeHUM Ha 4.
3HAUYUT, OHA YeTHA — U MOAXOAUT MOJ, 3TO YCI0BYe TONbKO 0.

OTcroga uncno 3akaHumBaeTcs Ha 07, v Ipy YMHOKeHUM Ha 4 TlepeHo-
Ca U3 CpellHero paspsja B CTapluuii He Bo3HMKaeT. [IoaToMy crapuias
umdpa IpM YMHOKeHUM HA 4 YBeTMUMBAETCS Ha 3 U He JJaeT HUKAaKOTO
repeHoca B ¢ienyrwoune paspsasl. [lon 5T0 yoioBMe NOAXOOUT TONBKO
eIVHNLIA.

[Momryyaem otBeT — 107.

3agauu 6 Kiaacca

3agaua 1.

A. Bops Biecy kaxxabie 10 MmeTpoB Haxonw1 rpu6. CKOIbKO METPOB OH IIPO-
1IIeJI OT IIEPBOTO HaliIeHHOTO I'puba 0 MOC/IeTHEro, ecii OH cobpan 30
rpu6oB?
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Pewenue: [aBaiiTe cuyMTaTh Tak — OO0 KaXAOro HalgeHHOro bopeii
rpuba, KpoMe CaMOro ITepBOro, eMy Haio 6b110 ITpoiiTy 10 MeTpoB. Haii-
JIeHHBIX TPUOOB, KPOMeE CaMOTO TIEPBOTO, BCero 29 MTyK. 3HAYUT, ITPOVi-
neHo 6b110 29 - 10 = 290 MeTpOB.

Cy1ecTByeT iy TaKOe IBY3HAYHOE UYMC/IO, UTO eC/IM [IepeCcTaBUTh B HEM
uMbpbI, TO OHO CTAHEeT B 3 pa3a 6oJibIiie?

Pewenue: HanmoMHMM 4uTaTeNI0 MPU3HAKU OEIMMOCTM Ha 3 U Ha 9:
YMCIO AEIUTCS Ha 3 TOrIa U TOJIbKO TOTA, KOTAa ero cymma mudp me-
JIUTCS HA 3. AHAJIOTMYHO, YMUCIO AeIUTCS Ha 9 TOJIbKO BMeCTe CO CBoeit
cymmoit udp.

3HAUNT, eC/IM UMCIIo, TpeGyeMoe B YCJIOBUM, €CTh, TO CyMMa ero nudp
IeUTCS Ha 3, TaK KaK 13 ero Iugp MOXKeT ObITh COCTaBIEHO YMCIIO, TT0-
JIyueHHOe YMHOXXeHMeM Ha 3. 3HaumuT, caMo UMCJIO AeIUTCS Ha 3.

[Mocste mepecTaHOBKY ero IMdp, Tak Kak YMCIO YBEIMIWIOCh B TPU pa-
3a, Pe3y/IbTaT CTaJI JeSIIIMMCS Ha 9. 3HAUUT, CyMMa COCTABJISIIOIIVX €T0
udp genmaach Ha 9 — M MCXOTHOE YMCIIO Ie/TMIOCh Ha 9.

Ectb Bcero 10 ABy3HAUHBIX UMCeI, AESIIIMXCS Ha 9 — OHO U3 HUX paB-
HO 99 (OUeBMIHO He TOIXOAUT IO, YCIOBYe 3a1aun), a UM Pbl OCTAIb-
HBIX MMEIOT pa3sHylo YeTHOCTbh (BeAb X CYMMa paBHa 9), To3ToMy Ipu
UX TIepecTaHOBKe UMC/IO IOMeHsIeT YeTHOCTb.

Hp]/[ YMHOK€HUU K€ Ha 34eTHOCTD UMC/Ia HE MEHSEeTCA, TIO3TOMY UMCEeJT,
noaXooAMmuX 1moa yCioBue 3aaadun, HeT.

HaiiguTe HauMeHbIlIee YnciIo, CymMmma nudp KOTOpPOro AeanTcs Ha 3, Ha
5 v Ha 7, ec/iut B 3aMACH 3TOTO YMC/Ia MOTYT GbITh MCITOJIb30BAHbI TOIBKO
umbpst 3, 51 7 (He 06s13aTe/ILHO Kaxkaast).

Pewenue: Ecmu cymma umbp unciaa gequTcs Ha 3, 5 u 7, To oHa 06s13aHa
JIeJTUTHCSI Ha MX HaMMeHbliree o61ee KpaTHoe, paBHoe 105. MbI mocTpo-
MM YMCIIO C CyMMOit udp, paBHOI 105, Tak, UTO GYET MOHSTHO: YMCEN
¢ 6osbIreit cymmort 1mdp (210, 315, ...), MEHbIIKX ero, He GbIBaerT.

MuHUMaTbHOE KOJIMYECTBO Pa3psiioB B MOAXOAAIEM HaM YMC/Ie MOKeT
6bITh paBHO 105 /7 = 15, Tak Kak 7 — HaubosbIuas 1udpa, KOTOPYIO
MbI MOKEM MCIIO/b30BaTh. TOrma pacCMOTPUM UMCIIO, COCTOsIIee U3 15
CeMepoK:

TIT7T77T7T7TTTTTTT77.

OHO MMeeT HaMMeHblllee BO3MOKHOE KOMTMYECTBO PaspsiioB; TAKKE B
yycie u3 15 paspsiioB He MOTYT ObITh MCIIO/Ib30BaHbI TPOIKM U TIATEP-
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KM, TaK Kak Torga cymma nydp obsizaHa 6ymert 6bITh MeHbIe 105. 3Ha-
YT, OHO HAMMEHbIIlee — U SIBJIIETCSI OTBETOM Ha JAHHYIO 3a7avy.

3agaua 2.

B. Ha gocke 4 x 4 mMpou3BOJIBHO paccTaBieHbl 6 ¢uiiek. BepHo yn, 4TO
BCErJia CYIIEeCTBYIOT TaKue JBe CTPOKU M TaKue JBa CTONOIA, UTO BCe
bumky 06513aTENTLHO B HUX HAXOMSATCS?

Pewenue: Ecay MOCTaBUTb 4 U3 UMEIOMINXCS 6 QUIIEK B KITKY IJIaB-
HOJ IMaroHaau Tabauibl, TO, OYEBMHIHO, ABYX CTPOK M CTOJOLIOB He
HalgeTcs.

3agaua 3.

B. Y manbumka bopu numeertcs npsimoyronbHuk 10 x 12 u kBagpatuk 1 x 1.
MoxkeT 11 Bopsi pa3pe3aTb 3TOT IPSIMOYTOIbHUK Ha 2 YaCTH, He SIBJISI-
IoLMecs MPSIMOYTOJIbHMKAMMY, @ 3aTeM U3 3TUX IBYX YacTeil M TaHHOTO
KBaZpaTuKa CI0KUTb KBagpatT 11 x 11?

Pewenue: Paspexem kBagpat 11 x 11 Ha Tpu yacTu, OgHa U3 KOTO-
PBbIX — KBaZpaT CO CTOPOHOIA 1, a U3 ABYX IPYTUX MOKHO CJIOKUTD TIPsi-
MOyYroynbHUK 10 x 12:

10

3agaua 4.

C. 20 6mofedek paccTaB/ieHbl IO KPYTy, Ha KaskIOM JIEKUT 110 KOHpeTe.
PopuTenu paspeniy MaabunKy BoBouke 6paTh KOH(ETHI C 6/II0IeUeK
IIpn yCJI0BUM, UTO OH 6y,ueT IMOC/IYIITHO MPpUAEPXNBATHCA C/IE€OYIOIIEro
MpaBujia: OH MOXET B35ITh KOH(DeTY ¢ J1060ro (1o ero BbI6OpPY) 61101 -
11a, HO TIPY 3TOM, eC/I XOTS 6bI OHO M3 COCeaHMX 6roerr mycto, Boa
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JOJDKEH BEPHYTD B3SITYIO UM KOH(QETY, ITOJIOKMB ee Ha OJHO U3 ITUX ITy-
CThIX Gmiogeuek. Eciy ske B 000MX COCeHMX OIIOAIIaX eCTb KOH(ETHI,
TO B3siTyI0 KOH(DeTy BoBouka 3a6upaeT cebe. Kakoe Hanbosbliee 41CI0
KoHpeT MokeT 3a6paTb BoBouka?

Pewenue: Bonbiie 18 koHdpeT BoBouka 3a6paTh He MOKET — eC/Iy Cpe-
IV KOH(MET OCTAHYTCS IBE, TO HU Y OHOI M3 HUX He 6YAeT IBYX 3aHSITHIX
cocenHux Gmogen. IIpugymaeM cTpaTeruio, Kak BoBouke B3SITh POBHO
18 koHder.

Bo3bMeM «Kaskayio BTOPYIO» KoHdeTy n3 20, geskaniux B Kpyr. OcTasib-
Hble KOH(ETbI MOXKHO «CIIBUHYTb» TaK, YTOOBI OHM CTAJIU JIEXKATH IO -
psiz, 3a6upas ux c 6ol ¥ MOMeNIast Ha OJHO U3 MYCTYIOIINUX COCEe/I-
HUX.

Ternepb Mbl uMeeM 10 mompsia exkainux KoHdert. 3abepeM cebe BTOPYIO
U3 HUX, BO3bMEM C OGJTIOZ1a TIEPBYIO U IEPEJIOKMM €€ Ha MeCTO BTOPOIA.
Ocranoch 9 moapsa aexamux KoHdeT. [TOBTOpsS OMMCAHHYIO MpoIie-
IIyPY, MOXKHO TIOJTYYUTD 3 TIOAPSII, Jiexkalx KOH(eTbl — BO3bMEM Cpe]i-
HIOIO U3 HUX, ¥ OCTAHETCSI POBHO JIBE.

3agauu 7 Kiaacca

3agaua 1.

A.

BunaHu-Ilyx u ero npysns mocenmanch B OGHOM gome. BunHu-Ilyx mo-
cenmiics Ha nmepBoM sTaxke, Ocnuk Ma-Ma Ha BTopoM, a CoBa — Ha [eBsI-
ToM. [To kBapTupbl BuaHM-ITyxa cTyneHek HeT. OmHaxabl y COBbI 3a00-
JIeJIV KPbUIbsl, ¥ €t MPUILJIOCh TTOAHMMAThCS JOMOI MeIikom. Bo cKojb-
KO pa3 GoJIbIINi IyTh HYKHO mpopenath CoBe 1Mo cpaBHeHMI0 ¢ Ocan-
KOM, KOIJa OH TaKKe MIeT K cebe JoMoii?

Pewenue: OcnyuKy HY>XKHO C TIepBOTO 3Taska MOSHSITHCS Ha OIMH 3TaX,
YTOOBI ITOIACTb K cebe momoit, a CoBe — Ha BoceMb. [103TOMY eit Hy>KHO
MPOJe/bIBATh B BOCEMb pa3 GObIINIA ITYTh.

Ha cTose cTosIT Hecko/bKo (60/blile OAHOIT) TapesioK. Ha Kaskmoit Tape-
Ke JIeskaT KOH(MeThI, TpuUeM Ha Pa3HbIX TapeiKkax — pa3Hble Koaunye-
CTBa KOH(ET, ¥ HU OJTHA Tapesika He MmycTyeT. Ecay 6bl Ha Kaskaylo Ta-
peNKy mo6aBu/IM 6b HEKOTOPOE, OHO U TO 3Ke IJISl BCeX TapesIoK, YMC/IO0
KOHQeT, To 06I1ee YMCI0 KOH(PET Ha CTOJIEe YABOMIOCh Obl. A eciy Gbl
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YIBOWJIM YMCIO KOH(DeT Ha KaskIoit Tapesike, TO 0blee 4nciao KoHpeT
yBenmumioch 661 Ha 21 KoH(eTy. CKOIBKO TapeloK CTOUT Ha cTose?

Peuwenue: YnBauBasi KOJIMUECTBO KOHGET, Mbl YBEIMUMBAEM 3TO KO-
yecTBO Ha 21. 3HaunT, Bcero KoHdeT 21. YaBoeHMUs KoamuuecTBa KOHDeT
(TO ecCTb, OISATH 3Ke, yBeJnueHus Ha 21) MOKHO Takke JOGUThCS, eciin
I00aBUTh HA KaKAYIO TapejKy OOMHAKOBOE KOJIMYecTBO KoHpeT. 3Ha-
YUT, KOJIMYECTBO Tapeaok — 3, 7 win 21.

Pasnoxkutb 21 koHdeTy 110 21 Tapeske Tak, YTOObI HM O HA HE ITyCTOBa-
J1a, MOSKHO eJVMHCTBEHHBIM CIIOCOO0M: Ha Kask[Iyl0 TapesiKy 1o KoHderTe.
Ho Torzma Ha Bcex Tapenkax OyleT oIMHAKOBOe KOINYeCTBO KOHdeT —
3TO HE TO, UTO TpebyeTcst B yoIoBMM. UTOGI pas3iokUTh KOHGETHI Ha 7
TapeJsioK, UX MOJDKHO ObITh XOTS ObI 1 + ... + 7 = 28. [losTOMY enuH-
CTBEHHDII OCTaBLIMIICSA OTBET — 3 TapeJIkM: Hallpumep, Ha HUX MOIJIO
nesxatb 5, 7 1 9 KoH(eT COOTBETCTBEHHO.

C. Kot MaTpoCKMH CuMTaeT, YTO OH MOKeT HapucoBaTh Ha IJIOCKOCTU 9
MPSMbBIX TaK, YTO UMCIO MMap MepeceKarmuxcs MPsIMbIX ObUIO paBHO
YUCTy Map napasienbHbIX NpsaMbIx. [IpaB nu koT MaTpockuH? M3me-
HUTCS JIVi OTBET, eC/IM YMCII0 IPSIMBIX OymeT 10?

Pewenue: 113 9 npsambIx MO>XHO cpopmupoBaTh 9 -8 /2 = 36 nap. 3Ha-
YUT, MaTpOCKUH XOUeT JOOUTHCS, YTOOBI ObIIO 18 map mapasienbHbIX
MpsIMBIX U 18 mepecekaoIMXCcs. ITOTO Jerko JOOUTHCS, PacIONOKUB
MpsiMble CIeNYyI0MKUM 06pa3om:

Ecnn ke nipssmbix 6bu10 661 10, TO OHM cocTaBisyii 661 10 -9 @ 2 =
45 map — a HeUYeTHOe KOJIMYECTBO ap MPSIMbIX HE MOXKET Pa3geTUThCS
ITOPOBHY.

3agaua 2.

A. Kakoe HauMeHbIIIee YMUCJIO KUIbIIOB HYKHO BCEIUTH B 30-TV KBapTUP-
HBIii IOM, YTOOBI B JII0OBIX HayTa BbIOPaHHBIX TPeX KBapTUPax MIPOKM-
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BaJIo He MeHee 7 uejoBeK?

Peutenue: 3aMeTVM, UYTO KOIMYECTBO KMIbI[OB MOXET He IIPEBOCXO-
IUTH 2 He Gojiee ueM B [IBYX KBApPTHPAX, Tak Kak MHAUe BO3bMEM TPU
TaKMX «MaJeHbKMX» KBAPTUPDI, B HUX He HabepeTcs 7 KU/IbIOB.

PaccmoTpumM ABe camMbIx MaJIOHaceleHHbIX KBapTUPbL. B HUX MOXeT
SKUTD 2, 2, uin 2, 1, mu 1, 1, uiam 6ombline XWibloB. B mepBoM cirydyae B
OCTaBUIMXCS KBAPTUPAX KAK MMHMMYM IT0 3 JKWUJIbLid, BO BTOPOM C/Ty4dae
B KaXKA0J 13 OCTaBLINXCS KBAPTUP MUHUMYM I10 4 KJIblia, U B TPEThEM
cIydae B KasKI0M M3 OCTABIIMXCSI KBAPTUP MUHUMYM I10 5 SKMJTBITOB.

ITocuMTaB MMHMMAIbHOE YMCJIO KMJIbLIOB B KaXKAOM U3 C/Iy4yaeB BbIlle,
Imojry4yaeM, UTO HVKHS OLl€HKa Ha KOJIMYeCTBO JKMJIbIIOB B JOMEe —

28 -7+4 =88 KuUIblOB.

88 >KUIBIIOB JEeMiCTBUTEIbHO MOKHO ITOCEJIUTD: B ABe KBapTHUpPbI 110 2
YeJIoBeKa, B OCTa/IbHbIE I1O 3.

B. BoBa u [luma He3aBMUCKUMO APYr OT Apyra 3agyMaay II0 4MCly. 3aTeM
KaXXIbIi1 M3 Ma/IbUMKOB YMHOKMI 3ayMaHHOe U1c/io Ha 11 1 3auepKHYI
B IIpoM3BeeHUM IUPPY [TEeCSITKOB, MOC/IE Yero Kaxkablil U3 HUX YMHO-
SKMJT Pe3y/IbTaT Ha 7 U OMSITh 3aU€PKHYI B IIOTyYEeHHOM NPOU3BeIeHUN
undpy necsaTkoB. B pesyabTaTe y KaskI0To MOMYyYMI0Ch Ynciao 23. Mox-
HO JIX YTBePKAaTh, UTO MaJIbUMKU 3alyMajy OGHO U TO JKe UUCII0?

Pewenue: HerT, yTBepXXIaTh OLFHO3HAYHOCTb HEJb3s1: pACCMOTPUM [Ba
pasanyHbIX ynciaa, 19 u 29, u npopenaemM C HUMM OTlepaluy U3 yCIOBUS.

19 — 209 — 29 — 203 — 23;
29 — 319 =+ 39 — 273 — 23.

HOHy‘{I/LTICH OIVH U TOT >Ke pe3y/JIbTaT — 3HAUUT, Ma/JIbUMKN BIIOJIHE MOT-
JIN 3aAyMaThb pa3JIMYHbIE YMciia.

3agaua 5.

B. MoxXHO /i1 BIIMCATh B KJIETKM KBazipaTa 3 x 3 unwia oT 1 Ao 9 (kakmoe
M3 Yyces — POBHO 1 pas, U B KaXKIYIO KJIETKY — POBHO OJTHO YMCJIO) TaK,
YTOOBI CYMMBI UMCEJT BO BCEX CTPOYKAX M CTO/I01aX ObLIN () HeUeTHbIe?
(6) yeTHbIE?

Pewenue: CpenaTtb Bce CyMMbI HEYETHBIMY ITPOCTO —
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114
517
918

CpmenaTh BCe CyMMbl YETHBIMIM HEBO3MOXKHO: PaCCMOTPUM TPU CTPO-
KM — CyMMa BCeX Uices B TabJiuile paBHa CyMMe CYyMM B cTpokax. Eciu
BCE CYMMBI B CTPOKaX GbIIV ObI YUETHBI, TO ¥ CYMMa BCEX UMCENT B TAOMIIE
00s13aHa OblTa OBI OKA3aThCST YeTHOM. A oHa paBHa 1 + ...+ 9 = 45.

3agaua 6.

C. Manbunku BoBa 1 [Ima 10 ouepeay COCTABJSIOT 2m—3HauHOe YMnCIIOo,
MCIIONB3YSI TOMBKO UMbps 6, 7, 8 u 9. [lepryto nudpy uncia nuiret Bo-
Ba, BTOpYI0 — JIuMa, TpeTbio — BoBa u T.A. [Ipn kKakux m Juma MOXeT
JIOOUTBHCS TOTO, YTO TIOTYUEHHOE YMCIIO OYIeT OennThCs Ha 9?

Pewenue: Tlpu m, nensduieMcs Ha 3, y JJMMBI BBIUTPBIIIHAS CTpaTeIns,
pasyMeeTcsi, eCThb: ITOC/Ie KaKA0ro Kojja BoBbl eMy HysKHO ucaTh Lnd-
DY, BalOIyI0 B CyMMe C HamMcaHHO# BoBoit uncio 15. Torpa mocie 2m
XOIIOB CyMMa Imdp, HANMCAHHBIX pebsTamy, GyneT nenuTbcs Ha 45 —
a 3HAUMT TNIOTyYeHHOe YMCII0 OKAXKeTCs Jesammmcs Ha 9.

Ocranoch MPUBECTY «BBIUTPBIIIHYIO CTpATernio» 171t BOBBI B OCTaIbHbIX
CIy4yasix — TO eCTb, TaKOV IUIaH OeMCTBUI, KOTOPbIN INIIUT My BO3-
MOXKHOCTHU JOOUTHCSI JKenaeMoro.

1. Tlycte m maet octaTok 1 o mozyiio 3.
[TepBBpIM cBOMM X070M BoBa MmoskeT Hanucats uudpy 7.

Hanee nepep kaxxabiM xon0oM Bosel aiegyet xon, Iumbi. BoBa moi-
SKeH «IOIOJIHATh» HallMcaHHyio Iumoii nudpy go 15.

Torga nepep mociaegHUM X0A0M JMMbI cyMMa HalMCAaHHbIX IUGP
OyzeT MMEeTb OCTATOK 7 Mpu JaeieHuu Ha 9. IIpubaBeHMe 060r0
u3 yycen 6-9 K ceMu He crenaeT cymmy umudp (a 3HAUUT U 3a1u-
CaHHOE YMCII0) Jesieics Ha 9.

2. Ecnni ke m maeT ocTaToK 2 110 MOAY/IIO 3, TO paCCMOTPUM OTAEeIbHO
nepBbIli Xon BoBel 1 mowiegHue Tpu xona: Juma—-BoBa—/duma.

IepBbIM X0moM BoBa moykeH HamycaTh Hudpy 8, MOTOM, BIUIOTD
IO TIOCJIEMIHUX TPEX XOIOB, — «IOIOJHSATH» LUQPPY, HAMMCAHHYIO
Iumoit Ha mpenpIAyIneM xome, no 15. HakoHell, Ha mpeamnocies -
HeM xojie UTpbl BoBa momkeH Hanmcatb nudpy 9.
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Torga cymma ydp, KOTOPYIO MOAyYaT MaJbuMKU B KOHIE UTPBI,
OymeT paBHa
8+ 15-3k+9+x; +x3.

3mech x; U X3 — 1MUGPHI, KOTOpble HanuiIeT [[uma B pe3yibTraTe
JIBYX CBOMX IMOCJIEHUX XOJIOB, TTOKA HAMM He 00CYKIaBIINXCSI. DTa
CyMMa JaeT OCTaTOK 8 mpu AesleHun Ha 9, M HECTIOKHO YOeOuThCs
nepe6opoM, YTO Kakue JiBe IMpPbl U3 JAaHHBIX HAM K BOCBMU HU
pubaBIsii, CcymMMa, KpaTHast 9, MOYINTHCST HE MOXKET.

3agaua 7.

B. IIpu Kakux n > 3 Ha IVIOCKOCTY MOXKHO PacCIIOJIOKUTDb N TOUEK U COeu-
HUTh UX OTPe3KaMu, TaK, YTOObI 13 KaKIO/ TOUKM BBIXOAMIIO 110 3 OT-
pesKka, 1 HMKaKue 13 OTPEe3KOB He MepeceKaancCh M0 BHYTPEHHUM TOY-
Kam?

Pewenue: TIpy HEUETHBIX N 3TOTO CAENATh HEJIb3S: Y OTPE3KOB, KOTO-
pbIe XOUeTCs IPOBECTH, TOTAA OYIeT 31n «<KOHI[OB» — a UX JIOJKHO OBITh
YeTHOE YMC/I0, TOTOMY UTO Y KaXXIOTO OTpe3Ka ABa KOHIIA.

[Tpu n = 4 TOYKM MOXKHO PACIIONIOXUTH TAK:

[Ipu n = 6 — ciepyOMUM 06pa3om:

N\
/N

Hakowner, JII0060€ YeTHOe uncio, 6oJbllIee 3, MOXXHO npeacTaBuUTb B BUOE
CYyMMbI UETBEPOK I II€CTEPOK, IIO3TOMY, B35IB HECKOJIBKO KOITM1 KapTu-
HOK, HapMCOBaHHBbIX BbIIIE€, MbI Jl06beMC$[ HY>KHOTO HaM 4mMC/ia BepIINH.
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3agaua 8.

A. BopuHa KoMHaTa 06/1afaeT OGHUM ITOpPasUTeIbHbIM CBOVCTBOM. Ecim
«TTOCTAaBUTh €€ Ha JII06071 60K», TO TUIOIIAAh KOMHATHI HE YMEHbBIIUT-
cs1. BpicoTa moTonka B KomHaTe bopu paBHa 3 M. KakoBa HaubGosbIIast
IJIONIAAb TAKOM KOMHATBI?

Pewenue: IlycTb niuHa KOMHAThI paBHA X METPOB, a IUMPUHA — Y MET-
pos. Torpa u3 ycioBus 3agaun

3.x>x-y, 3.y>x-y.

OTcropma x u Yy He MPeBOCXOOAT TpeX, M MaKCMMaJ/IbHas IJIOIIaadb KOMHAa-
TbI C TAKMMM CTOPOHAMM paBHa 9 KBaapaTHbIM MeTpaM.

3agaua 10.

B. Ha ocrpoBe BysHe xxuByT npeacrasutenn 100 HaunoHaibHOCTeN. Ha-
LIMOHATbHBIM MEHBIIMHCTBOM CUMTAeTCs JIt0basi HALMOHATbHOCTD A,
LISl KOTOPOJ1 HaiiyTcsl He MeHee 50 HaLIOHAIbHOCTeI, KaXas U3 KO-
TOPBIX MIMEeT UMCAEHHOCTb BUETBEPO WK OGOJbIIe MPEeBOCXOISIIYIO
YUCJIEHHOCTb HAIIMOHATbHOCTU A. Kakoe Haubosbliee (B IPOIEHTHOM
OTHONIEHWY) KOJINYECTBO KUTEJIEl CTPaHbl MOTYT CUUTATH Cebsl Ipej-
CTaBUTEJSIMM HallOHAIbHBIX MEHBIIMHCTB?

Pewenue: Haiia 1ieyib — caeaTh KaK MOXKHO 60JIbIIE KaK MOXKHO 6OJIb-
[IMX HaLIMOHAIbHOCTE Hal[MOHAIbHBIMY MEHbIIMHCTBAMM, 8 KaK MOXK-
HO MeHblIIe KaK MOXXHO MeHbIINX HAallMOHAIIbHOCTE — He HallMOHAa/Ib-
HBIMM MEHbIIVHCTBAMMA.

3ameTum, uTo 50 caMbIX OOIBIINX TI0 YMCIEHHOCTY HAIMOHAIbHOCTEN
MEHbIIMHCTBAMM SIBJIITbCSI HE MOTYT, TTIO9TOMY JIOTMYHO XOTETh, YTOOBI
OHM BCe ObUTM OJMHAKOBOTO, MUHMMAJIbHO BO3MOKHOTO pa3Mepa.
OcranbHble ke 50 HaIMOHAIBHOCTEN MOKHO CIe/IaTh HALMOHATbHBIMU
MEHbIIMHCTBAMM, CIeIaB X YMCIEHHOCTh ONVHAKOBOI ¥ MaKCUMaJlb-
HO IOCTYITHOI — TO €CThb, PaBHOII 1/4 OT YMCIeHHOCTY «O6OMBIINX» Ha-
LMOHA/JILHOCTE.

TakuM 06pa3oM, MEHBIIMHCTBA MOIYT COCTaB/ISITh MakKCUMyM 25% ot
HaceJleHUsI TOCyIapCTBa.

C. TIpo ueTbIpex3HAYHOE HATYpaTbHOE UMCIO X M3BECTHO, UTO

1) mepBbie ABe 1MbPbI pAaBHBI MEXKAY CO6OIT;
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2) mocnengHue aBe uudpbl paBHbI MEXKIY CO00IA;

3) UYMCJIO ABJISETCS KBaApaTOM HaTypaJIbHOI'O UYMciia.

Haiigurte uncno X.

Peutenue: To, uTo mepBbie ABe IMQGPHI M BTOpbIe IBe HMOPHI UnciIa
paBHbI MEXIY CO00Ji, 03HAYAET, UTO ITO UMC/IO AeauTcs Ha 11. Pa3 oHo
KBaJpaT HaTypaJIbHOTO UMC/Ia, TO aBTOMAaTUUYEeCKI 00s13aHO JeIUThCS Ha
kBagpat 11 — 121. Takke 3ameTum, uto 121 - 8 < 1000, a 121 - 83 >
10000. Takum 06pa3oM, MCKOMOE UMCIIO TIpeacTaBasgeTcs B Buae 121 - n,
Ige n — KBaApaT HaTypaJIbHOI'O YMC/Ia U JIEKUT B IIpenenax oT 9 no 82.

Teneps, nepe6paB MMeIOLMeCs] BADUAHTBI, OTYYUM, UTO MCKOMOE UKC-
710 — 121 - 64 = 7744.

3agaumu 8 Kiaacca

3agaua 1.

A. Kocmmueckuit kopa6iib roTepien aBapuio B 80 KM oT 6a3bl. Ha kopabite
ecTb 8 aKKyMYJISITOPOB, KaXKIIbIii 13 KOTOPBIX MOKET 06€CITeUnTD KM3Hb
KOCMOHABTA B TeUeHMe CyTOK. KOCMOHABT MOKET HECTM C CO6071 TOIBKO
3 akKyMyJISITOpa ¥ MOKeT IMPOXoauThb 20 KM B CyTKU. MOXKeT i KOCMO-
HaBT J00paThCs 10 6a3bI?

Pewenue: [la, KOCMOHABT MOXeT HOOGPaThHCS 0 6a3bl 3a 6 THEI.

B niepBblii AeHb OH MOYKET B3SITh 3 aKKyMYyJIsiTOpa 1 rpoiiT 20 KM. Beue-
pom riepBoro gHs B 20 KujioMeTpax OT CJIOMaHHOTO KOpabJist 6yayT ogyH
MCIIO/Ib30BAHHBIN aKKyMY/ISITOD, Ba CBEXXMX aKKyMY/sITOpa U KOCMO-
HaBT, a Ha Kopabiyie — 5 CBEKUX aKKyMYJISITOPOB.

Bo BTOPOJi IeHb OH BO3bMET OIVH CBEXKMIT aKKYMYJ/ISITOP U BEPHETCS Ha
KOopabiib, @ B TPETUI — BO3bMET C KOPabJIs TP aKKyMYJ/ISITOpa U IpOoii-
mer 20 KM K 6ase, UCIOJb3Ysl OOMH U3 HuX. TakuM o6pa3om, K Beuepy
TPETbero AHS CUTYAIs OyoeT Caeayolei:

20 KM OT Kopabiis Ha kopab6ie

3 CBEXMX aKKyMY/ISITOpa 2 CBEXMX aKKyMY/ISITOpa
2 UCHOMb30BAHHBIX aKKYM. | 1 MCIIOb30BaHHBINM aKKYM.

KocmoHasT
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Temnepb Y KOCMOHABTa €CTb 3 CBEXKMX aKKyMY/ISITOPA, i €My OCTaIoCh 3
IIHSI TTyTU 10 6a3bl. DTO YIKe JIeTKO MPeoIoMO.

B. Manbpumk Bopst yTBep>KgaeTt, UTO OH MOXKET B KJIETKM KBaapaTra 5 x 5
paccraBuTb uncia 0 win 1 Tak, YTo B KAXKIOM KBajipare 2 X 2 OyzeT CTo-
SITh POBHO TPU OMHAKOBBIX umcia. ITpas i bopuc? Kakoe HanbosbInee
3HaueHMe MOXeT IPUHMUMATh CyMMa 4MCesl B 3TOM KBaapare?

Pewenue: PaccMoTpuMm 4 yIVIOBBIX KBaApara 2 X 2 U 3aMeTUM, UTO B
Ka)kOM U3 HUX JO/DKHO ObITH XOTsI ObI [0 OAHOMY HYJII0. 3HAYUT, MaK-
CcMMaJibHasI CyMMa YMcesl B KBaZpaTe OrpaHMUYeHa CBepXy UMCIOM 25 —
4 = 21. IlpuBenem npumep pacCTaHOBKM 21 enuHuLbl U 24 HyNel B
KBaJapare, yIOBIETBOPSIOLIEI YCIOBUIO:

—_ = = = =
— O | = |O |~
—_ = = = | =
— O | = |O |~
— = = = | =

C. Uncio 18 obnagaer caemymIIMM MHTEPECHBIM CBOMCTBOM: €ro KBa-
patr — uncio 324 — uMeeT Ty Xe caMyi0 CyMMY 1iudp, YTO 1 CaMO YMC-
j0 18. [ToHATHO, YTO eC/IY HavuaTh MPUIMMCHIBATH B KOHEI] UKcia HyIH,
TO yKa3aHHOe CBOJCTBO COXpaHUTCS. TeM caMbIM, UKces ¢ YKa3aHHbIM
CBOJCTBOM OECKOHEYHO MHOTO. A 6yIeT JiM TaKUX Yucen 6eCKOHEYHO
MHOT0, eCJIM 3alPeTUTh UM OKaHUMBATbCS HYASIMMU?

Pewenue: JIro60e 41O, COCTOSIIEE TONBKO U3 IEBSTOK, 06/1afaeT MC-
CJIelyeMbIM HaMM CBOMCTBOM: HEC/IOKHO [T0Ka3aTh, UTO

99...92 = 9...980...01.
N—— N—— ——

n n—1 n—1

CymMa nudp y uncia B MpaBoii YacTu Takast ke, KaK y Unc/ia B JIEBOA.

3agaua 3.
A. Bot cTuxoTrBOpeHue:

MBpllIKa HOYBIO ITOLLJIA I'YJISTh.
Komika HOUbIO BUIUT — MbIIIKa!
MBpIIIIKY KOIIKA MOIIa MOMMAaTh.
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A BOT nepeBop, (OCTPOYHBIN) ITOTO CTUILKA Ha SI3bIK IVIeMeHU AM-SIM:

AM Ty My sM,
Ty 5151 6y am,
I'y na Ty am.

CocraBbTe (hparmeHT PyCCKO—aM-SIMCKOTO CJIOBaps 10 3TOMY IIePEBOY.

Pewenue: EnyHCTBEHHOE CJIOBO, KOTOPOE BCTPEYAETCS B TPEThEN CTPO-
K€, HO He BCTPeYaeTCsl B IIEPBBIX IBYX, — «I07iMaTh». [I03TOMY OHO CO-
OTBETCTBYET CJIOBY «T'y» SI3bIKa IUIeMeH). [10 aHaJIOTMYHBIM MPUYMHAM
«YHUKAIbHOE» CIIOBO BTOPO CTPOKU — «BUIUT» — COOTBETCTBYET CJIO-
BY «Oy» IIJIEMEHM.

EnyHCTBEHHOE C7I0BO, KOTOPOE BCTPeYaeTcsl BO BCEX CTPOKAX, — «Ty»,
3HAUNT, «MbIIIKa». B IBYyX MOCIEHMUX CTPOKAX BCTPEUAETCS «JIsI», KOTO-
PO€ COOTBETCTBYET KOIIIKE.

OcranbHble CJIOBA paciipegeJInTb IIPOCTO: «aM» — «HOUBIO», «IM» — «I10-
1Ia», «KMy» — «TYJISATb».

IMorpaHMYHMKM OTMETMUIIM, UTO YUCIIO Belleii, TepeBO3UMBbIX SMUTPaAH-
TOM BuTeit B Apabckue sMupaThl, COBIIaAAaeT ¢ YMcIoM N; — Kojauye-
CTBOM HaTypaJIbHbIX YMCeJl, MEHbIIUX MUUIMOHA, B feCSITUYHOI 3anu-
CY KOTOPBIX eOVHUIL OOJIbIIe, UeM HYJIEH, @ UMCIO Bellei, OTIIpaB/ieH-
HbIX UM B llIBeliniapuio, coBnagaet ¢ ynucaom Ny — KOIMYECTBOM HaTy-
paIbHBIX UMCesl, MEeHbIINX MWIIMOHA, B IECITUUYHON 3aMCU KOTOPBIX
HyJIeli O6osbllle, YeM eAvHUII. B Kakyio cTpaHy BuTs oTmpaBwmI Beleii
60sbIIIE?

Pewenue: [lecsiTMuHAs 3aMyCch HATYPAJILHOTO YMCIA HE MOXKET HAUM-
HaThCS ¢ HY/ISI. PaccMoTpuM Te HaTypasibHbIe YKCiIa, 3alMCh KOTOPBIX,
KpOMe TOr0, He HauMHaeTCs C eMHUIIbI.

[TokaskeMm, UTO Cpey TAKUX YMCell IOPOBHY TeX, B Ubeit 3arucu 6obliie
eOVHUI, ¥ TeX, B Ubeli 3amucu OoJbllle HYyJei: BO3bMEM UMCIO, B 3a-
MCY KOTOPOTO GOJIbIlle eIMHNUIL, 3aMEeHUM BCe eIMHUIIBI Ha HYJIU U BCE
HY/IU Ha eIMHULIBI. MBI TOTy4YNM YUCITO, B 3aMUCY KOTOPOTO OOJIbIIe HY-
Jielt (Tak KaK HY OAVH HOJIb He OKaXKeTCs Beaylum). [Ipy 3ToM pa3HbIM
YUCJIaM COTIOCTABJISIIOTCS Pa3Hble UMCIa, Y JII000e YUMo, B AECITUIHOM
3aIMCy KOTOPOTO HyJel 60sblie, 4eM eAVHULL, MOKET ObITh ITOITYYEHO
TakKuM 06pasoM.

Tenepb pacCMOTPUM 4UNCia, 3alIMCb KOTOPbIX HAYMHAETCA C € JMHUIIbI.
Eciu B351Th Takoe YnciIo, B 3alIMC KOTOPOTro 60JIbIlIe HYHEVI, " 3aMEHUTH
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0 —- 1u1l — 0, Mbl HECCOMHEHHO MMOTYYMM UYMCIIO, B 3aMMCU KOTOPOTO
6osbIlle eAVHUIT, YeM Hysel. OmHAKo, He BCe YMC/Ia, B 3aMCY KOTOPBIX
6oJTbIlle eOUHUI], MOTYT OBITh ITOJYUYEeHbI TAKMM 0Opa3oM: HAINIpUMeD,
ynco 110 MoxkeT GbITh MOAY4YeHO Tonbko U3 101, B 3amyucyu KOTOpPOro
MO-TIPesKHeMY 60JIbIlle eqMHMNLI.

3HAUMUT, B [IEJIOM KOJIMYECTBO UMCEST, B KOTOPbIX OOJIbIIIE eAVHUII, 60/Tb-
e — OTCIofia 6osblie Beleil yexaio B Apabckue saMupaThl.
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3agmauu 8 Kiacca

3agaua 1.

A.

Manpumk [Ima yTBepKIOaeT, YTO OH MOXET BbINMCATDb 3 MPOCTHIX YUC-
Jla TaKMX, YTO PA3HOCTD JIIOOBIX ABYX U3 HUX (M3 GOJBIIEr0 BHIYMTAIOT
MeHblllee) — TOXe MpocToe uncio. [Tpas au [Juma? MoskeT Ji OH BbIIIU-
CaTh yeThbIpe TaKUX MPOCTHIX uncaa?

Pewienue: 3ameTuM, UTO CpeAy BBITIMCAHHBIX MPOCTHIX UMCET HE MO-
KeT ObITh OOJIbIIIE OAHOTO YETHOTO, TIOTOMY UTO €IMHCTBEHHOE YETHOE
MMPOCTOe Yncjio — 2.

AHaJIOTMYHO, He MOXKeT ObITb 6O0JIbIIIEe IBYX HEUETHDIX: €C/IM UX XOTS Obl
3, TO Pa3sHOCTb MEXAY HAMOOMbILIMM /i HAMMEHBIIMM — YeTHOEe UMCIIO
He MeHblIIIe 4, TO eCTh, IBJISIeTCS COCTaBHOIA.

TakuM 06pa3oM, MbI TOTYUMIIM BEPXHIO OLIEHKY — 1 + 2 = 3 — Ha Ko-
JIMYECTBO MPOCTBIX UMCEsT, KOTOpbIE Bbimucat JIyma. [I03ToMy ueThipex
YyICeJT OH BBIMIMCATh HE MOT.

Beimmcats Tpu uncia mpocto — 2, 5, 7.

HajimuTe Bce HaTypabHbIe YeThIpEX3HAUHbIE UM(CJIA, Y KOTOPBIX CYMMa
MepBbIX Tpex Ludp paBHa 2, cyMMa IOCAeAHMX Tpex uudp paBHa 5, a
CyMMa IepBoii ¥ nocieHei uudp neanrtcs Ha 7.

Pewenue: CymMa mepBoit u rocjieqHeii mydp MoxeTt 66ITh paBHa 0, 7
win 14.

Hosb — TOYHO He BapMaHT: TOTA Y UMC/Ia MUMEIOTCS BeayIiye Hyau. Tak-
ke cyMMa I1epBoii 1 IocjienHes uudp Jo/KHA 6bITh He 6oJIbIile 2+ 5 (13
ycinoBus) = 7.

[Tpu sTOM TepBast nyudpa He MpeBocXoauT 2, mocienuss — 5. Orciona
€IVHCTBEHHbIN TOCTYITHbIN BapuaHT ajst unciaa — 2005.
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C. HajinuTe Bce HaTypa/IbHbIE UM CJIa, KOTOPbIe MOKHO IIPeJCTaBUThb B BULIE
MPOU3BEEHNST I CyMMBI, ITOJTb3YSICh OAMHAKOBBIMM HAabOpaMu UMCes.
Hanpumep,

10=5+24+141+1=5-2-1-1-1

Pewienue: Bce cocTaBHbIe uMcia.

Ecnu yncino p — mpocToe, TO eAMHCTBEHHBIN CIIOCO6 TPeiCTaBUTD ero B
BUjie nmpou3sBemeHus — p - 1 -...- 1. Cymma umces 3Toro Habopa CTporo
6osbIIIE p.

Ecnu uncino n = q1 - q2, q1,q2 > 2 COCTaBHOE, TO q; - G2 > q1 + q2. Torma
MOYKHO J06aBUTh HECKOJIbKO IVHMUII TaK, UTOObI g1 - g3 - 1 - ... - 1 OBLIO
paBHO q; + q2 + 1 + ... + 1: eAMHUIIBI HE MEHSIOT IIPOU3BENEHNS, HO
YBEJIMUMBAIOT CYMMY.

3agaua 2.

C. Y muHncrpa (GpuHAHCOB B KapMaHe JieskaT HeCKOJIbKO MOHeT. Eciu oH
Hayraj, BBITAIIUT U3 KapMaHa 3 MOHETbI, TO Cpely HUX 06s13aTebHO
HaiigeTcs MoHeTta 1 py6sb. Eciu Jke OH Hayraf, BbITAIIUT 4 MOHETbI, TO
cpeny HUX 00s13aTeNIbHO HaligeTcss MOHeTa 2 pyossi. MMHMCTD BBITAIIMIT
Hayraj U3 KapMaHa 5 MoHeT. Ha30BuTe 3T¥ MOHETBHI.

Pewenue: Ota3ajauva MHTEpeCHa TEM, UTO OHA HE YKa3bIBAET SIBHO, Ka-
K¥e BOOOIIle MOHETbI MOTYT OBITh Y MUHNCTPA B KApMaHe — HaIpuMep,
OHa He 3alpeniaeT MoOHeTbl JocTouHCcTBOM 5000001 py6iib, 1 9TO HAZO
MMeTb B BUIY IIPU pellieHUM.

3aMeTuM, OTHAKO, YTO CPey BhITAIEHHbIX MOHET JIO/KHO OBITh XOTSI
ObI IBE IBYXPYOJIEBBIX, IOTOMY UTO MHAUe (eC/IV TAKMX MOHET He 60JTb-
111e OZTHO1) BO3bMEM BCE OCTAJIbHbIE MOHETBI, UX XOTSI ObI 4, U Cpeivt HUX
HeT OBYXPyO/IeBbIX, UTO MPOTMBOPEUMT YCIOBUIO 3a1aUM.

[To aHaJIOTMYHBIM IIPUUYMHAM CpeIM BbITAlleHHbIX MOHET XOTSI ObI TPU
onHOpyOseBbIX. [TomyuaeTcs, Mbl y3ke HaBepHsSIKa 3HaeM JOCTOMHCTBA
2+ 3 =5 — TO ecTh, HEOXXMIAHHO, BCEX — MOHET.

3agaua 3.

A. YemmnuoH TapakaHbux 6eroB TapakaH SIHbIuap 06bSIBUI, UTO MOKET Ge-
3KaTh CO CKOPOCThIO 50 M/MMH. OH KakK BCerma Bce IepemnyTat: OH CUu-
TaeT, 4To B MeTpe 60 caHTUMeTpoB, a B MuHyTe 100 cexkyHn. C Kakoit
CKOPOCTbIO MOXeT 6eskaThb SIHbIYap?
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Peutenue: Bynem HafesiThCs Ha TO, UTO CAHTMMETPBI U CeKyHbI Tapa-
KaH MOHMMAaeT MpaBWIbHO. TOrma OH BBOAUT Ha CBOIO CKOPOCTh ABE IT0-
MpaBKu: (a) CKOPOCTh B M/MUH YBEIMUMBAETCSI, IOTOMY YTO MUHYTA Y
TapakaHa 6oiee «TSIHYTast», ¥ 3@ 3Ty MUHYTY OH MOXET yCIeThb 60IbIle
(6) CKOPOCTD, OIISITh JKE€, YBEIMUMBAETCS 33 CUET TOrO, YTO METPbI IS
TapakaHa 60Jiee KOpPOTKME, ¥ OH MOXKET yYaillle, YeM 3TO Hamo, pubas-
JIITh METP K PACCTOSTHUIO, KOTOPOE MpoGeskalt.

O6e 3TU MOIpaBKM YBEJIMUMBAIOT CKOPOCTh TapakaHa B 100/60 pas, mo-
3TOMY OTBET Ha 3a7avy —

100\* 50-9

3agaua 5.

B. CrOMbKO MMHYT OCTaja0Ch A0 12 4yacoB OHS, eC/iM UX YMWUIO B 4 pasa
MeHbIlle KOTMYECTBA MUHYT, MPOLIEANINX ¢ 9 YacoB yTpa J0 COOBITHS,
cocrosiBIIerocst 50 MMHYT TOMY Hasag?

Pewenue: Tlyctb 70 12 yacoB gHS ocTanoch x MUHYT. Toraa ¢ 9 yacos
yTpa [J0 HelaBHero COOBITHSA MPOIIO § MuHYT. C IPYroii CTOPOHBI, 3TOT
’Ke OTPe30K BpeMeHM paBeH

(12-60 — x — 50) — 9 - 60 MMHYyT,

MOTOMY KaK cJlaraeMoe B CKOOKax — 9TO BpeMsl OT HayaJla CyTOK JI0 Te-
KYIIIETO MOMEHTA, ¥ U3 3TOTO BPEMEHM HYKHO BbIYECTb 9 4acoB, KOTO-
pble He cUMTarTCsl. TakuM 06pasom,

x=4-(12-60 —x—50—9-60)

x =520 — 4x
x = 104.

3agaua 8.
A. dupy ot moma 1o kol 30 MUHYT, a Mo¥t 6paT 40 MuHYT. Yepes CKOJIb-
KO MMHYT § TOTOHIO 6paTa, ecyiv OH BBILIEN HA 5 MUHYT paHbIlle MeHs?
Pewienue: bBynem M3MepsiTh CKOPOCTb B MeTpax B MUHYTY. Eciiu S meT-

POB — pacCTOsIHME OT JAOMa 0 IIKOJbI, TO MOSI CKOPOCTh — 3—50, a CKo-
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s
pocTb 6para — 4. Takum 06pa3om, Mbl pelllaeM ypaBHeHue

S S
2 ot= 2 (t45).
30 (=0 (%)
BaMeTI/IM, yTo S He urpaetr HUKaKOM po/in B YypaBHEHMM, MTHOBEHHO CO-

KpaIasch.
t t+5

30 40 °

JTO ypaBHEHME Y)Ke TTPOCTO PEIINTh:

t=15.

OtBeT — 15 MMUHYT. ET0 MOXKHO MTOJTYYMUTD U MIO-IPYTOMY: €CJIU BECh ITYTh
IIO IIKOJIbI 6paT uaeT Ha 10 MUHYT [OJbIIe, YeM $1, TO TTOJIOBUHY ITyTU
— Kak pa3 Ha 5 MMHYT [osble. A MOJIOBMHA ITyTY 3aHMMAaeT y MeHs 15
MUHYT.

IBoe ceMmukIaccHUKOB mpobeskanyu 100 metpos. Korma Auapeii punu-
upoBa, Bope ocraBasocs eie 10 meTpoB. Ciiegyomiuii 3a6er oHu pe-
1IMJIM TIPOBECTU Tak, YTO AHApeli crapToBaa Ha 10 MeTpoB Mo3aau an-
HMM CTapTa, C KOTOPOi1 crapToBas Bops. Bo BTopoit pa3 oHu 6exkanmu ¢
TOJ1 3K€ CKOPOCTBIO, UTO U B TIepBbIit. KTo mpuiiiesn K GpMHUITY paHblie?

Pewenue: 3a BpeMs, 3a KOTOpoe AHApeil cMOT (PUHUIIUPOBATH CTO-
MeTpOBKY, Bops mpobeskas ToabKo 90 METPOB — 3HAYMT, CKOPOCTb AH-
Jipest COCTaBJIsIeT % ckopoctu bopu. Bo BTopoii pa3 AHApero IpeJioske-
Ho rpo6eskaTh 110 MeTpOB, TO €CTh B % pas 6osbIiie, uem bope. Otcioga
€ro BpeMsi OTHOCUTETbHO BpeMeHM Bopu GyzeT cocTaBisaTh

11 10 99

E. 97ﬁ<1.

3HauuT, AHAPEit OSATh GUHUIINPYET GhICTPEE.
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3agauu 5 Ki1acca

3agaua 4.

A.

Crapyxa Illanok/IsiK OUYeHb JTI0OUT XKUBOTHBIX. Bce ee sKMBOTHBIE, KPO-
Me IBYX, — cob6aKy, Bce, KpOMe ABYX, — KOILIKM, ¥ BCe, KpOME ABYX, —
TOMyrau, ocTajabHble — KPbICKM. CKOJIbKO KaKMUX XKMBOTHBIX Y CTApyXu
[lamoknsk?

Pewenue: ITyctp y lIanoksik s cob6ak, ¢ KOIIEK, p MOIyTaeB U k KPbICOK.
Torpa

s+c+p+k-2=s
s+c+p+k-2=c
s+c+p+k-2=p

Berumrast 9TM paBeHCTBA APYT U3 IPYyTra, MOKHO MOTYIUTh, UTO S = C =
p. Boree Toro, 3T Tpu unciia 06s13aHbI He PEBOCXOAUTH 1, TOTOMY YTO
MHauye CyMMbI B JIEBOI YaCTV PABEHCTB OYIyT GOJbIIE ABYX.

IMepBoiii cnyvait: s = ¢ = p = 0. Toraa y llanok/sik ABe KPbICKH, a IPy-
T'MX KMBOTHBIX HeT. BTopoii ciyvaii: s = ¢ = p = 1. Torga y marnokisisik
onHa cobaka, O[fHa KOIIKa ¥ ONMH IOMYyTaif, a KPbIC HET.

O6a oTBeTa SIBJISIOTCSI BEPHBIMIM — G0JIee TOTO, /IJIS TOTYUEH ST [TOJTHOTO
6asisia 3a 3a7avy 00a JOJIKHBI ObITh ITPUBEIEHbI.

YeTBepo NMATUKIACCHUMKOB AHapeit, bopuc, Bacsa u 'eHa pemman omnpe-
IeUTh CBO¥ Bec. OmHAKO BCe UeTBEPO MaJbUMKOB Ha BeChl He ToMela-
JIUCh, IO3TOMY OHM CTajIu B3BEUIMBATHCS 110 Tpoe Wiu 1o ABoe. Okasa-
Jioch, uTO AHpeii, bopst 1 Bacst BMecTe BecsiT 90 KT, Bopst, Bacst uTena —
92 xr, a Auapeit u l'ena — 58 Kr. CKOJIBKO BECST BCe MaJIbUMKI BMecTe?

Pewtenue: [laBaiiTe CJIOKMM YeThIpe Pe3y/IbTaTa, KOTOPbIE TOTYUMINAChH
Yy MaJIbUMKOB B YCJIOBMM 3aaui. 3aMETUM, UTO TOTMA MTOTYUMUTCS ABa-
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SKIBI BEC BCEX MAJIBUMKOB BMECTe, ¥ OH paBeH 240 Kr. 3HaUNUT, MaJIbUMKU
BMecTe BecsaT 120 Kr.

3agaua 5.

B. C 1 ssuBapd 11eHa 6uiieTa B KMHOTEATP BO3pOC/Ia [0 CPAaBHEHMIO C Je-
Kabpem Ha 20%, a BbIpyYKa OT IIPOAasky OMIeTOB Bo3pocia Ha 14%. Kak
M3MeHUJIaCh IOCeIaeMOCTb KMHOTeaTpa? YBenmuniaachb Ui yMeHbIIn-
Jlacn?

Pewtenue: Ecmy 6b1 OCEIaeMOCTh KMHOTEATPa He M3MEHMIACh, TO BbI-
pyuKa 6bl yBeIMUMIIACH TAK Ke, Kak U [[eHa 6ueTa — Ha 20 MPOLIEHTOB.
OpHako 0o6mIast BhIpyUKa YMEHBIIWIACh — 3HAUUT, MOCETUTENEN CTa-
JIO TIPUXOMUTh MeHbIlle. MOKHO Taske TIOCUMTATh, HACKOJIbKO MEHbIIIE:
% = 0.95 — TO ecTb, B KMHOTEaTp TeIepb XOmOUT 95% OT mpekHero

KOJIMYecTBa IoCeTUTeIen.

C. B memuke y [lena Mopo3sa jiexxaTt 10 KpaCHO-CMHMX (T.e. OAHA TTOJIOBMHA
KpacHas, a Apyrasi — CUHsS), 7 CMHe-3eJIeHbIX, 5 3e/1IeHO-KpacHbIX Ia-
poB. Kakoe HauMeHblllee YKCII0 1IapOB JO/DKEeH BBIHYTD U3 Melka e
Mopo3, yTOObI HAIIeJICSI TAKO IIBET, KOTOPBIN OYIeT MPUCYTCTBOBATH B
OKpacKe He MeHee UYeM B ISITU U3 BBIHYTHIX MIAPOB?

Pewenue: UTo 03HAUAET, UYTO HAIIIEJICS LIBET, IPUCYTCTBYIOIINIT B OKpac-
Ke IISITY IIapoB? TO 03HAYAET, YTO HAIIJIMCh [IBa COPTA IIapOB (HAIIpy-
Mep, KpacHO-3eJIeHble U CUHe-3eJIeHbIe), IapOB U3 KOTOPBIX 8 CymMme
XOT$I ObI IATh.

Ien Mopo3 MOT BbIHYTb 6 IIAPOB Tak, YTOOBI IIBETA, ITPUCYTCTBYIOIIETO
Ha 5 mapax, He HalluIOCh: HaIIpuMep, eMy MOTJIO ITOTACThCS 1Mo 2 Miapa
KaXXJOTO COpTa.

IMokaxkeM, 4TO 7 MIapOB €My XBaTUT. Pa3noxkum 7 BCeMM BO3MOKHBIMU
crioco6aMu B CyMMY TPeX CTaraeMbIX, YIIOPSIAOYeHHBIX 110 YOBIBAHUIO:

7=7+0+0 7T=4+3+0
7=6+1+0 7=4+4+2+1
7=5+2+0 7=34+3+1
7=5+1+1 7T=3+2+2

B KakgoM 13 CIyyaeB HaMIyTCs ABa CaraeMbiX, CyMMa KOTOPBIX He
MeHbIlle 5 — UTO HaM U Tpe6OoBaIoCh.
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OTBeT — 7 1IapOB.

3ajgaua 6.

A.

Ien paccka3biBajl CBOMM BHyuaTaM: «B KomHaTe cTosyio 5 cTynbeB. Ha
HUX CUIenu 4 MaTepu, 4 HOUKH, 3 6a6ymuiku, 2 mpababyiku 1 1 mpamnpa-
6abymuika. IIpy 9TOM Kaskaast M3 HUX Cuesia Ha OTOeIbHOM CTYJIe.» «JTO
HEBO3MOKHO», — BO3pa3wiy BHy4aTa. « caM Bume», — OTBETWUI Aef.
[MpaBay nu ckasasi gesl BHydyaTam?

Pewenue: OrmycaHHOe /Ie[OM BIIOJHE MOIJIO Cy4UThCS. [IpencTaBum
cebe naTh xxeHmuH: () cocem meBouka, () ee mama, ) ee 6abymika, (ee
npa6abymka, (*)ee npamnpababymixa.

Houepbmu 30eCh SBISIOTCS YeTBepo: (1)—(4), ¥ MaTepsIMU TOXKE YeTBe-
po: (2)-(5). Tpoe, (3)-(5), — 6abyuiku; aBoe, (4)—(5), — npababyIIKu;
onHa mpanpababyiika.

BypaTuHo He XOTes XOAUTD B IIKOJTY, 1 yeperaxa TopTuiia pelnia ero
npoyunTb. OHA He IIPOCTO OTAAIa eMy 30/I0TOM KIIOUMK, a 3ajajia eMy
HempocTyio 3agavy. OHa BbIHEC/IA TPY KOPOOOUKM: KPaCHYI0, CUHIOI U
3esieHy10. Ha KpacHO KOpoboUyKe ObLIO HAMMCAHO «3/eCh JIEKUT 30-
JIOTO KJTIOUMK», Ha CUHEN — «3eyieHas KopobouKa ImycTa», a Ha 3eje-
HOM — «3Aech CUOMUT rajgiokar». TopTwuia nipounTana Haamnucu bypa-
TUHO U cKasaja: «IeficCTBUTEIbHO, B OTHOM KOPOOOUKe JIEKUT 30JI0TOI
KJIIOYMK, B APYTOi — CUAUT Tal0Ka, a TPETbsS KOPOOOUKa MycTa, HO BCE
3T HaANMCU HeBepHbIe». ['Me 1esKUT 30710TO KIKUYNK?

Peutenue: Hapmmich Ha cMHEN KOPOOOUKe HEBEPHA — 3HAUMT, 3eJIeHast
Kopo6ouka HerycTta. M HaAIuch Ha 3eJIeH0i KOpoOoUuKe HeBepHa — 3Ha-
YT, B Heil He ragioka. OTciofa B 3eIeH07 KOPoOKe JIEXKUT 30/I0TO KITH0-
YMK.

3agaum 6 Kiaacca

3agaua 2.

B.

Tactpabaittep ['amkm xoueT 3aMOCTUTb KBAAPATHYIO KOMHATY 7 X 7 MeT-
poB naHensimu 1 x 5 1 2 x 3 meTpoB. CKOJIbKO NaHesnei eMy IOHago0ouT-
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cs1? TlpyBenuTe IpUMep TAaKoro 3aMolleHusl. MOXKeT i OH 000MTHUCh
JPYTrMM KOJINYECTBOM I1aHesei?

Pewenue: Paszbepemcst cHayaia ¢ KOJIMYECTBOM maHeseit. ITycTs ecTb
3aMoIleHne ¢ A maHenssmu 1 x 5 u B na”ensamu 2 x 3. Torma umcio
49 — 5A OO/KHO IeIUTbCS Ha 6 — B YaCTHOCTY ObITh UeTHbIM. Cpemy
BCEX UEeTHBIX UMCeI, TTOTyJalonmxcs Kak 49 — 5A (4, 14, 24, 34, 44) Ha 6
IeIUTCST TONIbKO 24. TakuM 06pa3oM, 3aMOIIeHMe MOXKET COCTOSITh VC-
KIIOUMTEeNIbHO U3 5 maHesneit 1 x 5 1 4 naneneit 2 x 3.

3Has 3TO, IpUAyMaTb 3aMOIII€eHME HECTIOXKHO:

V KapscoHa 66110 20 6aHOK BapeHbst. OH pacCTaBUI UX Ha TPeX MOIKaX
TaK, YTO Ha KaXK01 MOJIKE CTOSIO OJIMHAKOBOE KOJIMYECTBO JIMTPOB Ba-
peHbsi. Ha mepByto oKy KapyicoH 1moctaBul ogHy GOJMBIIYIO U YEThIpe
cpegHMX GAHKM BapeHbs, HA BTOPYIO — JBe GOJbIlMe U IIeCTb JIUTPO-
BbIX OaHOK, Ha TPEThI0 — OMHY GOJIBINYIO, TP CPEIHUX U TPU TUTPOBIX
6aHky. CKOJIbKO JIMTPOB BapeHbs 66110 Y KapsicoHa?

Pewienue: CpaBHMM IepBYIO U TpeTblo Nonku Kapiacona. Ha mepsoii
yeTbIpe CpeHMUX 6AHKY, a Ha TPETheil — TPU CPeTHUX U ellle TPU JIUTPA.
3HAUNT, B OOHOJ cpemHeli 6aHKe TPy JUTpa BapeHbs. COOTBETCTBEHHO,
B Tpex cpegHUX 6aHKaX — JeBSITb JIUTPOB.

Terepb CpaBHMM BTOPYIO U TPETbIO MONKK. Ha TpeTheit — ofgHa 6obIast
6aHKa 1 emle 12 muTpoB BapeHbsl. Ha BTOPOIT — [Be OOMbIINX U elle 6
JIUTPOB. 3HAUMUT OHA O0JIbIlIas 6aHKA COAEPKUT B cebe 6 IUTPOB Bape-
HbSI.

TakuM 06pa3oM, Ha BTOPOIt Tosike 2 - 6 + 6 = 18 MTUTPOB BapeHbs] — U
CTOJIBKO JXe Ha Ha MTePBOiA, 1 CTOIBKO XXe Ha TpeTbeli. 3HauuT, y Kapico-
Ha 54 nuTpa BapeHbsl.
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3agaua 3.

C. Manpumk BoBouka 3amucan B CTPOUKY OAVH 3a ApyruM 10 repBbixX npo-
CTBIX YMCeN B BO3pacTawlleM MopsaKe (eAMHUIIA HE CUMTAETCs Mpo-
CTBIM uMciaoM). Manpumk /IMMa cHavasia BIUEPKHYI TTOIOBUHY UMD
B MOJYYEHHOM 4YMC/Ie TaK, YTO MOIYyYMIOCh HaubosbIllee YnCIo, a 3a-
TeM CHOBA M3 3TOTO K€ UMC/Ia BBIYepKHYJI MOJIOBUHY 1P Tak, YTO I10-
JIYUMJIOCh HaMMeHblee uncio. Ha ckonbKo Haubosbiee Yucio 60sblie
HayMeHbIIero?

Pewienue: BplnuiieM CTPOKY, ITOJIy4eHHYI0 BOBOUKOII:

2357111317192329.

B Heii 16 uudp, 3HaAUNT BbIYEPKHYTH Hazo 8. [lepBas umdpa unucia, Ko-
TOpEe MBI ITOTYYUM, JIEKUT Cpegy TIePBbIX 9 UUdP CTPOKM — YTOOBI IO-
JYYUTH HanbosIbIllee YMC/I0, Mbl JO/KHBI MAKCMMU3MPOBATh ee. [Tomoit-
net 7. Ilpomomskasi TeM ke 06pa3oM, TIOITYIUM, UYTO HaMOOJIbIIIee YUCTIO,
KOTOpOe MOT IoNy4uTsh Juma, —

77192329,

d HauMeHblliee —

11111229.

Wx pasHocTb paBHa 66081100.

3agaua 7.

B. Bunnu-ITyx uIIgTauoK 0o4HOBpeMeHHO OTIIPaBUIMCh B TOCTU K APYT O PY-
ry. Ho nockonbky BuHHM-ITyX BCIO ZOpPOTY COUMHSI OUEPeNHYIO «IIy-
MeJIKy», a [IITauoK cunTar MpoaieTaBIuX raJoK, OHM He 3aMeTWIN OpyT
apyra 1npu Bcrpeue. ITocne Becrpeun IIsTadoxk nogouren K oMy BunHm-
ITyxa yepes yeTblpe MUHYTHI, @ BunHK-Ilyx nogouesn Kk gomy Ilgrauka
yepes ogHy MUHYTY. CKOJIbKO MUHYT ObIT B ITYTU KasKIbIN 13 HUX?

Pewenue: Ilyctb vg — ckopocTb Bunau-Ilyxa, v — ckopocts Ilsitau-
Ka, a t — BpeMs OT UX BbIXOJa 13 AoMa 40 BcTpeun. Torma u3 ycaoBus
3a[lauM SICHO, YTO pacCcTossHue Mexay noMamu Bunuu-Ilyxa u Ilgrauxka
BBIPA)KAETCS KaK

S=(t+1)vg = (t+4)vn = t(vs + vn).

PaCCMOTpI/IM BTOPYIO M1 YETBEPTYIO YaCTM 3TOro0 paBeHCTBaA:
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tvg +1-vg =tvg +tvn
1-vg =tvg
VB

t
Vi 1

Tenepb, 3Has 3TO, pa3depemMcs CO BTOPOIi U TPeTheil YaCTIMU:

(t+Dtvp= (t+4)vn, £>0
tt+1)=t+4
=4 — t=2.

Taxum o6paszom, BunHu-ITyx 66U1 B yTy 3 MUHYTHL, a [IaTauok — 6 Mu-
HYT.

3agaua 8.

A.

MoskeT i KaKasi-HMOYIb CTeleHb JBOVKM COmepskaTh B CBOE 3aImicu
TMOPOBHY HYJIel, eqUHUII, ABOEK, . . ., IeBSITOK?

Pewenue: TTycTb Kaskaas U3 G p BCTPEYAETCS B 3TOM CTEIIeHM JBOIKMU
10 k pas. Torma cymma nudp crenenu gBoiiku paBHa k(0+. . .+9) = k-45.
To ecTb, 110 IPU3HAKY JeIMMOCTY Ha 3, CTENIeHb JBOVIKM AEIUTCS Ha 3.
Taxoro He MOXeT ObITh — MOMYYWIN IIPOTUBOpPEUNe.

OnHaXkIpl TIepes; CHOM MajIbuMK BOBOUKa MPOCYMUTANT BOIYX OT OTHOTO
o Teicsiun. CKOIBKO C10B Mpou3Hec BoBouka? Kaxkgoe CJIOBO CUMTAETCS
CTOJIBKO pa3, CKOJIbKO OHO ITPOM3HECeHO.

Pewienue: Ilyctb D — KOIUYECTBO CJIOB, KOTOPOE HYXKHO ITPOM3HECTH,
yTOOBI MOCUUTaTh OT 1 1m0 99. Torma Bcero BoBouka mpomsHec 10D +
900 + 1 c10B: B KaskA Ol CTOHE HY>KHO mocuMuTaTh OT 1 10 99, matoc 900
TPeX3HauHbIX YMCe/I JAIOT [0 OJHOMY CJIOBY /i 0603HAUEeHMsI COTEH,
IUTIOC CJIOBO «ThICSYa».

Ocrasnoch HaiiTu D. 27 umices TpeOyIOT OMHO CJIOBO ISt IPOM3HECEeHMS
1,2,3,...,19, 20, 30, 40, ..., 80, 90. Bce ocranbHbie — a ux 99 — 27 = 72
— 10 ABa cnosa. OTciona
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D=72-2+27=171;
10D + 901 = 2611.

3agauu 7 Kiaacca

3agaua 1.

A. CylecTBYIOT M ABA TaKUX HATYpaJIbHBIX UMCIIA, HAMOOIBIINI OOLINIi
JlenuTenb KOTOpbIX paBeH 110, a HauMeHblIee 06lIee KpaTHOe PaBHO
2000?

Pewenue: Taxux 4iucesl, KOHEUHO K€, HE CYIIECTBYET, Belb HAMEeHb-
1iee o01ee KpaTHOE BCerna AeaMTCs Ha HauGO bt 00N JeuTelb
— a 2000 He menutcsa Ha 110.

B. BoBouka YMHOXMJI IBa MOAPSIA, CTOSIIIIMX HATYpaabHBIX UMC/Ia U TOITY-
YMJT YUCTI0, cocTosIee u3 1udp 1, 3, 4, 5, 7, 8 u 9. Iokaxkure, uto Bo-
BOYKa omuobes.

Pewenue: 1+3+4+5+6+7+8+9 =45—-2 =43 — umeeT ocTaTok 1
TIpY ieJieHuY Ha 3. 3HAUUT, B COOTBETCTBUM C TPU3HAKOM JI€TMMOCTY Ha
3, UMCII0, COCTABJIEHHOE U3 9TUX LMD, TAKKe 6YIeT MMETh OCTATOK 1.
[Tpou3sBenmeHe ke ABYX MOCTeI0BATEIbHBIX HATYPATbHBIX UMCET MOXET
umeTb 60 ocratok 0 (0 -1 = 2 -0 = 0), mmbo ocratok 2 (1 -2 = 2).
ITosTomy BoBouka Herpas.

C. CywectByroT au 2012 HeHy/IeBbIX UMC/Ia, HUKAKME 1BA U3 KOTOPBIX He
PaBHBI MeXAY CO00¥, TAKMX, YTO UX CYMMa PaBHA UX MTPOU3BENEHNIO?

Pewenue: VYxaxkeM, Kak TOCTPOUTh HAGOP M3 TaKUX UMCEN: OH GymeT
VMMETb BU[

1,2,3,4,...,2011,x;
14+2+3+...42011 +x=1-2-3-...-2011-x.

YT0OBI BBIMTOJIHUTD YCIIOBYE 3aa4M, HY)KHO B3SITh X, PABHbIA

1+24+3+...+2011
1-2-3....-2011-1°
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DTO YMCIO CTPOTO MEHbIile eAVHUIIBI (OUEBUAHO), TOITOMY He GymeT
COBMAAATh HU C OMHMUM U3 B3SIThIX IO HETO.

3agaua 2.

A.

[IpssMOyTONBbHUK pa3pe3amMu, MapauiesIbHbIMY er0 CTOPOHAM, Pa30UT Ha
4 MajleHbKMX MPSIMOYTO/IbHMKA. [Tno1many Tpex U3 HUX U3BECTHbI. ITO
3,4, 5. HalimuTe momanb 4eTBEpTOro.

Pewenue: OTBeT B 3TOI 3a7aue 3aBUCUT OT TOTO, KAKO¥ M3 IMIPSIMOYTO0JIb-
HMKOB, TUIOLIaAb KOTOPOTO M3BeCTHA, HAXOAUTCS «MEXKAY» IBYMS IpY-
TUMM:

4 3 3 4 3 5

5
5.4 |5 5.3-15 |5 432014

Manpunky BoBa u [JumMa Kynuiau IO OFHOI HOBOTOJHEN OTKPBITKE U

KaXXZIbIit pa3pe3as CBOIO OTKPBITKY Ha [Ba IPSIMOYTO/IbHMKA PaBHO I1J10-
maau. OOuH U3 TIPSIMOYTOTbHUKOB MaJIbYMKY BBIOPOCWIIN, a APYTO¥ OC-

TaBuu cebe. OKa3asoch, YTO IepuMeTp BOBMHOIO IpSIMOYTroIbHMKA pa-
BeH 14 cm, mepumetp JumuHoro — 19 cm. Haligure mepumeTp u CTOpPO-

HBI TIPSIMOYTOIbHO OTKPBITKM Y KaXKIOTO U3 MaTbuMKOB.

Pewenue: TIycTh MCXOOHASI OTKPHITKA MMeJIa pasMep a X b caHTUMeT-
POB U, COOTBETCTBEHHO, TepuMeTp 2d + 2b. EAMHCTBEeHHBII CI10co6 I10-
JIYYUTH PasHbIe MPSIMOYTOJIbHUKY — BoBe paspesaTh OTKPBITKY I10 Bep-
TUKaJIH, a [[iMe — 110 TOPU3OHTAa/IN.

Torma BoBuHa OTKpbITKA OyzieT MMeThb pasmep § x b u mepumetp a+2b, a

OumMuHa — pasmep a x g u mepumeTp 2da + b. VI3 yeI0BUSI HaM M3BECTHBI

3HAUEHUS IEPUMETPOB OTKPHITOK:

a+2b=14;
2a+b=19.

Torma pasHOCTb a — b paBHA MSITH,

B wacTHOCTH, TEpUMeTp UCXOOHOM OTKPBITKM paBeH 22 CM.
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3agaua 3.

A. He MCITIO/Ib3YS TEXHNUYECKME CpeacTBa, CpaBHUTE /:[p061/1

2012 " 2012000000002012
2013 2013000000002013"

Pewenue: D1y Ipobu paBHBI MEKAY COO0¥: BTOpAst IIOTyYaeTCs U3 Iep-
BOJ JOMHOXXeHMEeM YMCIUTeNS 1 3HameHaTe st Ha 1000000000001.

3agaua 4.

A. Kakyio ueTBepKy uubp Hamo NpuUIMcaTh crpasa K unucry 2012, 4To6bI
MOJTy4YeHHOe BOCbMM3HAuYHOe YMcIo Aeanioch Ha 20137

Pewenue: OueBupnHo, uto umcaa 20130000 u 2013 pgensites Ha 2013.
BeiunTas ux Opyr U3 Apyra, IOJIyYuM BCe BO3MOXKHbIE OTBETHI:

20130000 — 2013 = 20127987

20130000 — 2 - 2013 = 20125974
20130000 — 3 - 2013 = 20123961
20130000 — 4 - 2013 = 20121948

C. IIpousBeneHye mecTy MOCAeL0BATE/IbHBIX HATYPAJIbHBIX YMCET MOKET
OBITh PABHO IMPOV3BEIEHNIO TPEX MTOCIEOBATENbHBIX HATYPATbHbIX UM -
cen. Hampumep,

1-2.3-4.5.6=8-9-10="720.

EcTb 11 elnre Takue uncaa?
Pewenue: B 3amaue TpeGyeTcs HAliTH YnC/Ia X, Y TAKUe, UTO
xx+1)...(x+5 =y(y+ 1y +2).
YacTMUHO pacKpoeM CKOOKY B 3TOM BbIPaKeHUU —
(K +5%)(X* + 5x +4) (x> + 5x + 6) = y(y + 1)(y + 2).
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OTcrona

X2 45x<y<x®+5x+4.

HeiicTBUTENBHO: e/ 6bI HEPABEHCTBO BhIIE HE BHITIOTHEHO, TO 160
BC€ TPM MHOMUTE/ISI B IIPABOii YaCTM MeHbIIe TpeX MHOKMUTEIeN B Jie-
BOI1, TM60, HAOOOPOT, KAKABINA M3 MHOKMUTEJIEIH ITPaBOit YacTu OOJIbIe
COOTBETCTBYIOIIETO MHOKITEJIS JIEBOJA.

[1st TepeMeHHO y 0CTaeTCst TPy BapuaHTa:

x> +5x+1, x*+5x+2, x*+5x+3.

[MopcTaBMB KaskAbI M3 3TUX BapMAHTOB B MIPaBYI0 4acTh, MOXKHO ybe-
JIUATbCST, UTO PellleHuii AJist X > 1y ypaBHeHus He GyfeT.

3agaua 5.

C. Bmomnb NpsIMONIMHEHOM ajljiey TOpPOACKOro IapKa pacTeT 5 mepeBbesB.
N3BecTHbI 8 13 10 ronapHbIX PacCTOSSHMI MexXay Humu: 1m, 1 m, 2 M,
2Mm, 3™, 3M, 3M, 4 M. HaliiuTe 1Ba OCTaJbHBIX PACCTOSIHUSI.

Pewenue: QueBMIHO, UTO BCE MOMAapPHbIE PACCTOSTHUS MEXKIY NePEBbsI-
MM IieJible — B TOM YMC/Ie OCTajJbHble Ba: B IIPOTMBHOM C/yvae He-
LIeJIbIX PACCTOSIHMI 6bIIO ObI 60JIbIlE, YEM ABA. 3HAUMUT, MbI MOXKEM CUM-
TaTh, UTO BCE JE€PEBbs PACIIONIONKEHBI B IIEJIBIX TOUKAX BEIeCTBEHHO
OCH.

HekoTopble 13 caMbIX MaJeHbKMUX PACCTOSTHUIA Cpeiy TepeuncIeHHbIX
SIBJISIIOTCA PACCTOAHUAMM MeEXAY COCEOIHUMMMU OePEBbSIMU (HaBOBeM ux
atomMapHbiMM). O603HAUMM 3TU PACCTOSIHMS 3a d, b, ¢ ¥ d B TTOpsIIKe pac-
CMOTpEeHMS C/ieBa HaIlpaBoO. HCHO, YTO eJVMHMYHbIE PACCTOSHMSA MOIYT
6bITb TOJIbBKO aTOMapHbIMMN. 3aMeTI/IM, YTO OCTaJIbHbIE ITOIIapHbIE€ pac-
CTOSIHUSI — 3TO cyMMbl a+b, b+c,c+d,a+b+c,b+c+dua+b+c+d.

[aBajiTe mocuuTaem OGIIYI0 CYMMY BCEX MTOTIAPHBIX PACCTOSTHIIA:
4da+6b+6c+4d=1+1+2+243+3+3+4+x+y=19+x+y

Ioe x Uy — JIBa HeM3BeCTHbIe paccTosHMS. [Ipuuem, TTOCKOMbKY JieBast
YacTh YETHA, X+ IOJDKHO ObITh HEUETHBIM. Pazbepem BapyaHThI (C TOY-
HOCTBIO IO HATIpaBJIeHMsI ABVKEHMS 110 aJiee).

- a+b+c+d < 4 HEeBO3MOXKHO, TaK KaK BCe PAaCCTOSIHMSI HEHYJIEBbIE.
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a+ b+ c+ d = 4 HeBO3MOKHO, IHauUe BCe aTOMapHbIe PacCTosI-
HMSI paBHBI 1 M, B HAJIMYMM K€ TOJIbKO BA TaAKMX PACCTOSIHUS, elle
IIBa HalO N06GAaBUTb — TO €CTh X = y = 1, HO X + Y IOJKHO GBITh
HEYETHBIM.

- a+ b+ c+d =5 Takke HEBO3MOXHO, MHaue x = 5uy = 1 (mmo-
CKOMBKY 5 = 1+ 1+ 1+ 2, He06X0AMMO K MTOTIaPHBIM PAaCCTOSTHUSIM
I06aBUTh aTOMapHOe paccTossHue 1 M u paccTosiHue 5m), U x + y
CHOBA YeTHOe.

- Ilyctb a + b + ¢ + d = 6. PaccMOTpeB BCe BapMaHThI MOTYUEHMSI
Tpebyemoit cyMmbl (1+1+2+2, 14+2+24+1, 14+24+1+2,1+1+1+3
n1l+1+3+1), IpuxoauM K BbIBOAY, YTO €AMHCTBEHHBI BAPUAHT,
COIIACYIOIIUIACS C YCI0BMEM, — 3Toa = ¢ = 1, b = d = 2, u Torma
xX=5uy==6.

- Haxkownen, a + b + ¢ + d > 7 HeBO3MOXXHO, TIOCKOJIbKY TOTZIa KaK
MMHMMYM OOHO M3 aTOMAapPHBIX paCCTOHHI/Iﬁ[ He MeHbIlle 3M — TakK
KakK B Ha6ope €CTb IBa aTOMAapHbIX I1O 1m. 3Ha‘{I/IT, KaK MMHMMYM
YyeTbIpe IIOIIapHbIe PACCTOAHNMS HE MEHbIIe 4M — B 9TOM MOSKHO
yOeIUThCSI, pACCMOTPEB pa3MyHbIe MOACYMMbI C/laraeMbIX B Jie-
BOJi YacTV HepaBeHCTB a+b+c+(3+k) > Tua+b+(3+k)+d > 7
u aryuau k = O u k > 0. Ho cpeayt M3BEeCTHBIX MOMAapHBIX PacCTo-
STHU TOJIBKO OOHO He MeHbllIe 4M, TO €CTb K IMTOIIaPHBIM PACCTOS-
HUAM Tpe6yeTCﬂ ,[lO6aBI/ITb MMHMMYM TPU HOBBIX, I10 YCJIOBUIO Ke
BO3MOXXHO JOOABUTH JOJBKO IBa.

WToro, paccMOTpeB BapMaHThI, MbI IIPUIILTM K BBIBOAY, YTO HEOCTAIO-
1Iyie rornapHbie PACCTOSTHUSI — 5 M 1 6 M.

3agmaumu 8 Kiacca

3agaua 3.

B. HaTypaanbIe uncdia m, n ynoBJ€TBOPAKT paBeHCTBY

4mn

— 2:7
(m—n) pra—

IokaskuTe, YTO m + n — KBaJipaT HaTypaJbHOTO YMCIa.

Pewenue: Tlo ycioBuio 3agaun,
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(m—-n)?m+n—1)—4mn=0.

[TpomomsKMM 11eTI0YKY PABEHCTB:

(m—n)* (m+n—1) —4mn =
=m3+n®—m?n—mn* —m*—2mn—n*=
= (m+n)(m? —mn+n? —mn(m+n)— (m+n)?=

= (m+n)(m—n)® — (m+n)
OTC}O,[[H MOXKHO IIOHSITbh, UTO UMCJIO M + N SIBJISIETCS OTHOLIEHUEM JIBYX
KBaJpaToOB a, 3HAYUT, 1 CaMO KBazapar.

C. BemecTBeHHbIe UKCIIA X, Y YIOBIETBOPSIIOT COOTHOIIEHUSIM

Xrxy+yi=4 u x¥*+x32+y*=8.

HaiiTy 3Ha4eHMe BbIpakeHus x° + x3y3 + 0.

Pewienue:

(x+y)?-—xy=4
(X +y)* —4xy(x +y)* + 2(xy)* = 8
Mbi umeM (x + y)® — 6xy(x + y)* + 9(xy)2(x + y)* — (xy)>.
Th-Th=4 (Ti=T2+4
T2 —4T\T, + 2T =8
(Ty +4)? — 4(Ty +4)T, + 2T3 = 8
~T:-8T,+8=0
Ty=-4+2V6  (T; = +2V6)

Tenepb MbI 3BHa€M CYMMY U IIPOM3BEACHUE X U Y. MO>KHO KaK MOICTaBUTD
3HaueHuss T u T, B IMMOJTY4Y€HHO€ HaMI BbIpa>kKe€HME, paBHOE MCXOQHOMY,
TakK M SBHO HATU X, Y U TIOCUMUTATDb HY)KHOE BbIpaK€eHMe /I HUX.
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3agaua 4.

A.

Kakoe u3 uncen 1, 2, 3, 4, 5, 6, 7 Hafo BIOPOCUTD, YTOOBI CyMMa KBa/I -
PaToOB U3 Tpex OCTABIIMXCS YMCeNT OKa3aaach paBHOI CyMMe KBaJpaToB
IPYTUX TPEX OCTaBUINXCS Yncen?

Peutenue: Ceituac y HaC €CTb CEMb «II0JI03PEBAEMbIX» UMCEN, KOTOpbIE
MO>XKHO BBIKMHYTB. JlaBaiiTe COKpaTUM MX KOIMYECTBO. 3aMETUM, YTO
€C/IY IBe CYMMBI YlCeJl PaBHbI, TO OHYM PaBHBI U I10 MOAYJIIO 2, U I10 MO-
Oyiiio 3. Belnuiem oCcTaTKu OT ejleHusI KBaapaToB uncesl 1-7 Ha 2 v Ha
3 ¥ IOCMOTPUM, KaKO¥ M3 HUX HY)KHO BBIKMHYTh, YTOOBI MOKHO OBIIO
TOAEeIUTh OCTaBIIeecs: Ha JBE YaCTMU.

X 112(3|4|5|6]7
xX*mod2|1|0|[1[0|1]|0]1
x¥*mod3|1|1[0[1|1]0]1

JIerko MoHSITh, UYTO HAO CBEPXY BBIKMHYThH HOJb (UTOOBI CyMMa OCTaB-
mIXcsl yucen 6bUIa YeTHA), a CHU3Y eAVHUILY (B MTPOTMBHOM Cydae y
Hac OCTAHEeTCS MATh eIMHUIL Y OOUH HOMb — 3TU UMC/Ia HAKAK He pac-
MIpeeauThb Ha JBe TPYIIIbl, CYMMbI KOTOPBIX CPAaBHUMBI TTO MOMYJIIO 3).

To ecTb, TOAXOOUT 160 2%, 6o 42.

Cymma 1% + ... + 72 paBHa 140. 140=2 = 68, 68 — 49 = 19 — ByMs U3
TpeX KBaJpaToB, KOTOPbIe Mbl TIOMECTUM BMecTe C 49, Helb3s1 co6paTh
19 (motomy uTo 19 BoOOGIIIE He MOTyyaeTcs Kak CyMMa JIBYX KBaZpaToB),
IMO03TOMY BapMaHT C BbIKMIbIBaHMEM ABOVIKM He TIOIXOIUT.

Hakower, %16 = 62,49 4+ 9 + 4 = 62 = 36 + 25 + 1. DTO 11 €CTb OTBeT.
HaiinuTe Bce mapsl (X,y) HEOTPUIATEIbHBIX LE/IbIX UMCes, yAOBIeTBO-
PSIIOIIVX PaBEHCTBY

x—y=x+xy+y~.

Pewenue: 3aMeTuM, UTO IIpM X > 2 IpaBasi 4aCTb CTPOTO GOJIbIIE X,
a jieBast — He 6osblie ero. 3Hauut, X = Omwnmn x = 1. Ecm x = 0, TO
—y=y,y=0.Eomx=1,101 —y=y*+y+1,y(y+2)=0,y=0.

Orsert: (0,0), (1,0).
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3agaua 7.

A. V 6usHecMmeHa BepesoBa ObLIO NpeanpusTHii B 3 pasa MeHbIIe, 4eM
y 6usHecmeHa PomanoBa. Eciu 661 Bepe3oB oTcyawi ele CTOMbKO JKe
npennpusTuii y PomaHoOBa, CKOITbKO MMEJT, TO Y HUX 000UX YMUCIIO TPe]T -
TIPUSATHIA CTAIO GbI OMMHAKOBO. CKOJIBKO MpeANnpUsITUit 66110 y 6GU3He-
cmeHa PomaHoBa?

Pewenue: JIro60e YMCIO IPEATIPUSITUI, KPATHOE TPEM.

HevictBuTenbHO, eciv y PoMaHOBa ceifvac 3x rpenmpusituii, To 'y bepe-
30Ba x. U ecitu Bepe3oB oTCyauT X ipeaipusiTuii y PomaHoBa, TO y 0601X
CTaHeT MOPOBHY — 1O 2x. VI 3TOT pe3y/nbTaT He 3aBUCUT OT KOHKPETHOTO
X, TO €CTh, PACCY’>KIeHMSI MOKHO ITPOAEIaTh IPu JII0O0M ero 3HaUeHUN.
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3agauu 5 Ki1acca

3agaua 1.

C. V JIuMbl ecTb TIpUGOP C YETHIPbMSI KHOITKAMM — JBYMSI KPACHBIMU U
IBYMSI cuHUMM. HaskaTue ofHO 13 KPaCHBIX KHOIIOK IIPUBOANT K TOMY,
YTO YMCJIO HA Tabo mpubopa yMHOXKaeTcs Ha 2, a IPYTroil — YMHOXKaeT-
cst Ha 5. HaskaTue ske OHOI M3 CUMHMUX KHOTIOK MTPUBOIUT K TOMY, UTO K
YKCITy Ha Tabio mpubopa mpubassieTcs 2, a [pyroii — nmpuobasisieTcs 5.
Buauaste Ha Ta610 rpu6opa 6bLI0 3aMMCAHO YUCIO0 2. MOXKeT i Majib-
uuK [IMma, HaxkumMasi 3T KHOIMKY, TTOIYYUThb M3 Hero uncio 2011, ecin,
Hegoro aymas, Jyma Haskaa CMHIOI KHOMNKY? A KpacHYIO KHOIIKY?

Pewenue: [la, moxeT. Bo Bcex cirydasix, Koraa JJuma He HaXKMMaJl BTO-
PYIO KPaCHYIO KHOIIKY (TO €CThb, HE YMHOXaJI YMCJI0 Ha 5), criepBa MOXKHO
TOJTYYnTh 9, a 3aTeM IPUOABISTD 110 7 (2 + 5) Hy’KHOe KOIMYeCcTBO pas.
Tak kak 2011 —9 = 2002 = 2867, To uepe3 286 pubaBIeHNIT CEMEPKU
MBI JeiicTBUTEeNbHO Tomyunm 2011.

Ecnu xe [Iuma HaxkaTueM IepBOi KpaCcHOM KHOIKYK mosyuuia 10, To To-
IJa MOXHO 3aMeTUTh, uTo 1995 = 2011 — 16 = 399 - 5, TO ecTh HazO
criepBa MoMyuYnTh 16, mpnbaBuB K 10 Ha 3KpaHe Tpu pasa 1o 2, a 3aTeM
nomyunth 2011, mpubaBuB 5 HY>KHOE KOJIMYECTBO pas.

3agaua 2.

C. Tena u BoBa BbilluiM B pasHoe Bpems u3 gepeBHu Csetblii IIyTh B fe-
peBHI10 [lonHas JKyTb, Kak[blil C HEKOTOPOM IIOCTOSIHHOWM CKOPOCTBIO.
Korpa I'ena npoiren TpeThb Bcero myTu, BoBa mmpoiiies yeTBepThb BCETO ITy-
n. Korza ke BoBe ocTaBanock IpoiTy yeTBepTh IyTH, ['eHe elle ocTa-
BaJIOCh IIPOVTHM TPETh Bcero myTu. KTo 13 pe6sIT 1e 6bIcTpee ¥ BO CKOMb-
KO pas? Kro u3 Hux pasblie Bbillen u3 gepeBHU Ceemiblit [IyTh, U KTO
3 HUX paHblle NpuzieT B gepeBHI0 [TonHas XyTb?
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Pewenue: [1yayno6cTBa 0603HaUMM MOMEHT BpeMeHM, Korga ['eHa rmpo-
1es TpeTh Beero myTu 3a Ty, a korga ase tpetu — 3a 7. [TockonbKy Bo-
Ba3a T; — Tp npowern (1 — 1) — (1) = 1 Bcero myru, a Fena — 1, Boa
nren 6picTpee. ITOCKONMBKY B MOMEHT BpeMmeHu Ty BoBa mporien MeHb-
e T'eHbl (4eTBepPTh MYTU BMECTO TPETU), OH Bbillies mo3xe. OmHaKo, B
MomMeHT T OH yke o6orHaji 'eHy, moromy B ITomHOI JKyTy OH OKaXKkeT-
cs1 paHblire. To ske coo6paskeHne MO3BOJSIeT 3aKIUNUTb, UTO CKOPOCTh
BoBel B % pasa 60J1blie CKopocTy ['eHbl.

3agaua 4.

C. JInpep naptum «B 30POBOM TeJjie — 3[TOPOBBIN TyX» B3sLI C CO60¥ B KO-
MaHJIVPOBKY KyCOK Mblaa. BeuepoM cegpMoro OHSI KOMaHIMPOBKU OH
OTMETMJI, YTO pa3Mepbl KyCka COKPaTWIMCh B iBa pa3a. XBaTUT Ji eMy
MblJIa Ha ocTaBImecs aBa gHs? [Ipenmnosnaraercs, YTO MapTyen KaKIblii
IleHb MCITOb3yeT OAMHAKOBOE KOJIMUeCTBO MbLIa.

Pewenue: Ecnyu pasMepbl Kycka MbUIa YMEHBIIMINCh B ABa pasa, TO
06beM yMeHbIIWICS B 2-2-2 = 8 pa3. Takum 06pa3oM, K Beuepy cesbMo-
rO JHS MBbIJIO YMEHbBIIUJIOCh B BOCEMb pa3s, U, CIe0BaTeNbHO, OT BCETO
MbI/Ia GbIIO VICIIONB30BAHO L. 3HAUMT, B IeHb MCIIOb30BAIACh é 4acTb
MbUIa. TakMM 06pa3oM, MbUIa OCTAJIOCh BCEro Ha ONMH AeHb. OTBerT:
HeT, He XBaTHUT.

3agmaum 6 Kiaacca

3agaua 3.

C. TIpo HarypanbHble unciaa a M b (a > b) usBecTHo, uTo umncno 2001a® —
40b — b* nemutcs Ha 14. Kakoe HauMeHblllee 3HaUeHMe MOKET TPUHU-
MaTb BhIpaskeHue a? — b*?

Pewenue: TIpeoOpa3syeM BbIpaskeHe:
2001a® — 40ab — b* = 14 - (143a® — 3ab) — (a — b)%.

OTcrofa BMUIOHO, YTO MCXOMHOE BhIpaskeHMe KpaTHO 14 Torma u TOIbKO
Torza, koraa (a — b)? menntces Ha 14. Ho 14 He comepskuT MOHBIX KBAJI-
PaTOoB B pa3jIoKeHMM Ha MHOXKUTEJIN, [I03TOMY 9TO BEPHO eC/IN U TOJIbKO
ec a—b penutcsi Ha 14. Tak kKak a, b — HaTypanbHble M a > b, Toa = 15
1 b = 1 — HauMMeHbIIIMe a U b, IPU KOTOPBIX 3TO BHITIOTHSIETCS.
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OtBer: 224.

3agauu 7 Kiaacca

3agaua 1.

B. OTpe3ok AB pa36uT Ha n PaBHBIX OTPE3KOB, HA KAXKIOM 13 KOTOPbIX KaK
Ha AMaMeTpe MOCTPOeHa OKPYKHOCTh. Kakue 3HaUeHMSI MOKET MPUHU-
MaTb CyMMa JJIMH BCeX 3TUX OKPYXKHOCTe, ecnu |AB| = 2011 cm?
Peuwienue:

AN NN N

Kak 13BecTHO, AJIMHA OKPYKHOCTY AuamMeTpa d paBHa 1id. [TosTomy, ec-
JIM OTPEe30K Pa36UT Ha N OTPE3KOB U JIMHA KaskIOTo AMaMeTpa paBHA
|AB| .

7 CM, TO CyMMa JJIMH 3TUX OKPYXKHOCTe# 6ymer

n-(nd)=n- (n'éf) =n|AB| = 2011n

JIJ1s1 TOMTHOTBI pelieHys 3aMeTUM, YTO CyMMa JIJIMH OKPY>KHOCTE OCTa-
HeTcst paBHOI 20111 1 B TOM ciydae, ecyiv oTpe30K AB GyneT pa3ouT Ha
OTpe3KU Pa3aINYHONM JJIVHBI.

3agaua 6.

B. Ha orpe3ske AB gjiHo¥ 38 cMm Mmexxay A u B otmeueHnbl Touku Cy, Cy, Cs,
..., Cy, ¥ TIOCTpOEHbI PABHOCTOPOHHME TPEYTOIbHUKM C OCHOBAHUSIMU
ACy, C1Cy, CyCs, ..., CyB. 3aBUCUT JIM CYyMMa IJIMH CTOPOH TPEYToyb-
HUKOB, JIeXXaIX BHE OTpe3Ka AB, OT KOJMUeCcTBa OTMEUEHHBIX TOUEK U
X pa3MmeleHus Ha AB?

Pewenue: [Ins TpeyronbHuka ¢ ocHoBaHueM CyCyyq 0603HaUMM By
€ro TpeTbhl0 BepIIuHY. [ TpeyroabHMKOB ¢ ocHoBaHusimu AC; u C,B
TPEeTbU BepUIMHbI 0603HaYMM B; 1 B, 1 COOTBETCTBEHHO.
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B,
Bg Bs Bn+1
5 B, A
A --- B
C Cy Cs Cy Cs Cn

Bo BBemeHHbBIX 0003HAUYEHMSIX Ha CYMMY BCe€X YKa3aHHBIX CTOPOH BbI-
MOJTHATCA CJIeoyrmye COOTHOIIEHNS

(AB1 + B1C1) + (C1By + B2Cy) + ... + (CuBpy1 + Bny1B) =
= 2(AC1 + C1Cy + CCs + ... + C_1Cy + CnB) =
— 2AB,

OTKyOa BUAHO, YTO YKa3aHHad CyMMa He 3aBUCUT OT BbI6paHHI>IX TO4YEeK
Ci,Cyy ..., Gy

C. Kaxxgas rpaHb Kyouka pasmeieHa Ha 4 KBaJipaTa, ¥ KaXkIblii KBaApaTUK
OKpallleH B OfMH 13 TPeX IIBETOB: CMHMIA, SKeJIThIN UM KpacHbI Tak, YTO
KBaJpaTUKM, MMeoIIMe OOy CTOPOHY, OKpaIleHbl B pa3HbIe IBETa.
CKOJIBKO IIpM 9TOM MOXKET OBITh KPACHBIX, JKEJIThIX ¥ CMHUX KBaJIpaTy-
KOB?

Pewenue: PaccMOTpUM KaKyl-HMOYOb BepHIMHY JaHHOrO Kyouka. K
Heli TpuieraeT Tpu KBaJpaTuKa, IIpuYeM BCe OHM TIOMAapHO KacaloTcs
IPyT Ipyra Mo ctopoHe. [To3ToMy paccMaTpuBaeMble KBaJApaTUKM IIPe -
CTaBJISIIOT BCe TPM I1[BeTa. 3HAUUT, IIPU KaXKIOii BepIlHe Hallero Ky-
61Ka ecTb POBHO OfVH KBaJpaTUK JAaHHOTO I[BeTa. II0CKOIbKY BEpPIIMH
BCero 8, KaxK/Iblit IIBeT MpeAcTaBjeH 8 pas.

3agauu 8 Kiaacca

3agaua 2.

B. BymeMm MBICIUTh TJIOCKOCTD Kak JmMcT 6ymaru. Ha HeM HauepTuiu gBe
TepIeHAVKYJISPHbIE MPSIMbIe, COTHY/IM JIUCT TI0 OJHO¥ MPSMOIA, 3aTeM
10 ZIPYTOJi ¥ TIPOKOJIONM B ABYX MecTax. Iloc/ie TOTO JIMCT pasorHyan
¥ yepes Kaskjble JBe MOMYYMBIIMECS MPOKOIaMM TOUKY TIPOBEIN TIpsi-
My10. CKOJIbKO MPSIMBIX TP 3TOM MOTJIO TIOTYyUUTbCSI?

Pewenue: Bo3MOKHBI TPM BapuaHTa:
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1. Hukakue Tpu TOUYKM He JieXXaT HA OFHOV MpsimMoii. Torga mpsiMbIxX
POBHO CTOJIbKO, CKOJIbKMMM CII0CO6aMM MOSKHO BbIOpaTh mapy To-
YeK M3 BOCbMU PAa3JIMYHBIX. ITO YMCIIO JIETKO MOACUUTATh — [JIS
KaXXZI0¥1 M3 BOCbMM TOYEK CYIeCTBYET CEMb BAPUAHTOB AOTIOIHUTD
ee JT0 Taphbl; KKIYIO Mapy Mbl IOCUMTAEM TaKMM 06pa3oM JiBa pa-
3a, I03TOMY pPe3yJIbTaT

8.7
T_ZS'

2. Tpu TOYKM, JexKalye Mo OfHY CTOPOHY OTHOCUTEIbHO OJHON U3
MpOBeIeHHbBIX oceii mepernba (0603HauMMm ee ), JeskaT Ha OTHOI
npsimori. Torga ¥ yeTBepTasi JIEKUT HA 3TOV Ke MPSIMOA, a TakkKe
yeThIpe TOUKM, JIeXKalllye 10 APYTyI0 CTOPOHY OT [, OTISITh JKe JieskaT
Ha OJHO MPSMOI — 3TO OUEBUIHbIE COOOPAKEHUSI CUMMETPUN.
Ecnu nmpoBoaAuTh NOACYET Kak B IEPBOM C/Tyyae, Mbl mocuntaem 10
JIAIITHUX TIPSIMBIX, [IO9TOMY OTBET 6yzmeT 18.

3. Tpu TOUKM JieskaT Ha OJHOV MPSIMOIA, TIpUYeM IpsiMasi 3Ta MPoXo-
AT Yepe3 repeceyeHne oceit mepern6a. AHaJIOTMYHO CTyYalo 2 Mbl
MojyyaeMm, 4TO yeTBepTas TOuKa AOJIKHA JieXXaTh Ha 3TOV e Ipsi-
MOIJ4, a OCTaJIbHbIE YeThIpe — Ha JPYToii Mpsamoit. 3 Tex ke co06-
paxkeHuit oTset 18.

C. Ha xoopayHaTHOJ IIJIOCKOCTM OTMeUeHbl TOUKM C 1IeJIbIMMU KOOpJAMHA-
tamu. Kakyio HamOobIIYIO IUIOIIAAb MOKET MMEeTh KBaZpaT, He comep-
SKalllMii HY OJHOJ OTMeUYeHHO TOUKM?

Pewenue: Ksanpar c BepimHamu B Toukax (—0.5,0.5),(0.5,1.5),(1.5,0.5)
u (0.5, —0.5) 6ymeT umMeTh IIOWAAb, PABHYIO 2.

. . . .

. . . -

[TokaxkeMm, 4TO 3Ta IJIOIIAIb MaKCUMasabHa. B camoM ferne, pacCMOTpUM
HeKOTOpbIN KBaapaT ABCD co cTOpPOHOV d, yIOBAETBOPSIIOUINIA yCIIO-
BMIO. BriuiieM B 3TOT KBaApaT KPyr — ero paauyc oymer g, U OH TOXe

He COAepPKUT OTMEUEHHbBIX TOYEK.
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B

PaccMoTpuM JaHHBI KPyr caM 1o cebe, ¥ PacCMOTPUM ILIEHTP 3TOTO
Kpyra, P. OTa TOUKa HAXOOUTCSI B HEKOTOPOM eAVHMYHOM KBajpare, 00-
Pa30BaHHOM COCEAHUMM OTMeYeHHBbIMM TOUKAMMU.

SIcHO, YTO paccTosiHYE OT JTF060I TOUKM €AVTHUYHOTO KBajpaTa 0 6am-
>Kajileil OTMeUYeHHOM TOYKM He MpeBbIIaeT ? A TIOCKONbKY paamnyc
Kpyra % He TIpeBbIIIaeT PaccTOsIHME OT P 1o Giyskaiiiieli oTMeYeHHO
TOYKM (KPYT HE COOEPXKUT OTMEUEHHBIX TOU€EK), TO U

V2

< —.
-2

N QL

[MosTomy u wiowanp kBagpata ABCD, paBHas d?, He TIpeBbILIaeT 2.

3ajgaua 3.

C. ITapa nenbIxX 4Kcen x ¥ y B Ipefiesiax epBOro JecsTKa Ha3bIBaeTCs CUM-
HaTUYHOI, e X > y* + 1, M Ha3bIBAaeTCs IPUATHOM, ecm y < x> + 1.
Cy111eCcTBYIOT JiM IPUSITHbIE, HO HECMMIATUUYHbIe TTapbl? A cuMmaTuy-
Hble, HO HeIIpUSITHbIE?

Pewenue: 17151 mapbl LIeJIbIX MOJIOKUTEIbHBIX UMCENT, OUEBUIHO, U3 HEpa-
BEHCTBA X > y* + 1 ciefyeT HepaBeHCTBO X > Y, U YK TeM 6onee y <
x*+1, mosTomy /1r06as CUMIIATUYHAS 11apa SBJISeTCs IPUATHO. OgHAKO
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MIPUSATHAS T1apa OTHIOAb He 00s13aHa 6BITh CMMITATUYHON — MPUMEpPOM
HEeCUMITaTUIHO MPUSITHOM mapel oymer x = 1,y = 1.

3agaua 4.

B. PaccmaTpuBaoTCs HAG0PbI M3 5 Uicest, Kaka0e 13 KOTOPBIX PaBHO 1 min
—1. Paspemraercst B KaKIOM HaboOpe M3MEHSATh 3HaK ONHOBPEMEHHO Y
Tpex unces. MOsKHO JiM C ITOMOIIIbIO ITO orepaiuu OT JII0060ro 3a1aH-
HOro Habopa mepeiiTu K 11060My IpyroMy 13 3STUX HaBopoB?

Pewenue: ]la, BO3MOKXHO. UTOOBI ITOKA3aTh 3TO, JOCTATOYHO JOKA3aTh,
YTO OT JII060r0 Habopa MOXKHO mepeiiTu K Habopy (1,1,1,1,1). Beimon-
HMB e COOTBETCTBYIOIIME OIepaIu CMeHbI 3HaKa B 00PaTHOM ITOPSI[I -
Ke, MBI MOJKEM Itepelitu ot Habopa (1,1, 1,1, 1) Kk mobomy gpyromy Ha-
6opy.

PaccMoTpuM 11t Havyaia Habop, B KOTOPOM POBHO [Ba OTPULIATETbHBIX
YlMCIIa; TIOCKOJIbKY MOPSOK He MMeeT 3HaueHus, 6e3 ymaieHus O6IIHO-
CTY OH BBINIAOUT Tak: (—1,—1,1,1,1). Coenaem cienyroume rnpeobpa-
30BaHMUS:

(;17 _17u7 1) - (17 _la _17 _17 1) - (17 17 17 17 1)

WTak, B cyyae IBYyX OTPULIATEIbHBIX UMCeNI Mbl 3HaeM, UTO Aenathb. Ciry-
yaii Tpex OTpULIaTeNbHBIX OUeBMIeH. Bce ocTanmbpHbIe CiTyyan CBOOSITCS
K CJIyYalo ABYX UJIU TPEX OTPUIATeTbHbIX:

(7171:17171) - (17717717171)
(_17_1a_1:_171) - (_17_171a17_1)
(_17_17_13_17_1) - (_17_1713131)

3agaua 6.

C. MHOTO3HaYHOE YMCI0 HA3bIBAETCS CTAPIIUM, €C/IM IIPU TTePECTaHOBKe
106071 rpymIsl [P, CTOSMMX B ero Havaie, B KOHell, OHO YMeHbIIa-
etrcs. Haligyte HeCKOIBKO CTapIIMX MATU3HAYHBIX unces. CKOJIbKO MMe-
eTCs CTapUIMX MSITU3HAYHBIX YMCEN, B 3aIMCU KOTOPBIX BCTPEUAIOTCS
smurb uydpse 1, 2 u 3?

Pewenue: 3ameTuM, 4To JII060€ UMCITO, CTapiIas iy pa KOTOPOro 60/1b-
1I1e BCeX OCTA/IbHBIX, SIBJISIETCS CTapIInMM — Hampumep, 21111, 54321.
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Ternepb MOACYMTAEM KOJIMUECTBO MATU3HAYHBIX CTAPLIMX UMCENT U3 DD
1,2u3.

Bcero BO3MOXHO 3° = 243 pas3aMuHbIX NTU3HAUYHBIX YMCIA U3 TAKUX
undp. He 9BASIOTCS cTapmMMy 4ncia, KOTOpbIe TIPU CABUTE COBIAZA-
10T camu ¢ co60ii. ITOCKObKY IIMHA UMC/Ia IBJISEeTCS POCTOii, TO, eC/in
YUCIIO COBITAIAeT C cO60¥ MpY KAKOM-TO He KPaTHOM JIJIMHE CABUTE, TO
OHO JIOJDKHO COBITaJATh C COO0M U IIPU eIMHUYHOM CABUTE. A TAKUX K-
cen TonbKo Tpu (11111, 22222 n 33333).

V ocranbHbIx 240 yycesn Bce 5 CIBUTOB pasIMYHbBI, ¥ 3TU UMCIa pa3ou-
BAIOTCS Ha 48 rpymm 1o 5 uncesl. MaKCMMYMBbI 9TUX TPYIIIL U SIBJISIIOTCS
BCEMM BO3MOKHBIMMU cTapmimmu unciamu. OTBeT: 48 uucer.

3agauda 8.

C. Keagpat coctout n3 (n+1) x (n+1) 6empIx KeTok. BoBouka 3akpamnimBa-
eT HEeKOTOpbIe KJIeTKM KBapaTa B YepHBIt IBeT, a [IMa BbluepKuBaeT
Kakue-mmb60 n — 1 cTonbLoB 1 n — 1 CTPOK 3TOTO KBagpara. JJokaskuTe,
yTo BoBOUKa MOsKeT 3aKpacuTh 3n KIETOK Tak, YTO IPY JTI060M IUMU-
HOM BbIUEPKVBAHMY B KBaIpaTe OCTABAIACh ObI IT0 KpaitHeil Mepe OfHa
6erast KJIeTOUKa.

Pewenue: TlpuBenem BapMaHT packpacKu, U3 KOTOpoil Juma He CMO-
KeT BbIUEPKHYTH Bce Oesble KIeTKMU.

ITepBbie n k1eTOK BoBOUKa N0/I’KEH OTMETUTH B II€PBOIT KOJIOHKE KBa/I-
para co cTpoku 1 1o n, BTOpbIE h KII€TOK — B N1+ 1 CTpOKe CO BTOPOI1 KO-
JIOHKY JI0 n + 1, ¥ ocTalolmecs n KIeToK — Ha guaroHanu (2,1)...(n+
1,n), Bcero 3akpaiieHo 3n KJIeTOK.

[Tpumep pacKkpacku Ajisi h = 8 IpuBeIeH HIKe:

[MosicHUM, TTIOYeMY MTPU JIIO6OM AVMMHOM BbIY€PKUBAHMM OCTAHETCS XO-
Ts1 661 OfHA Oesast KIeTKa. 3aMeTuM, YTO B JAHHO packpacke JI0Obie
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JIBe KOJIOHKM MMEeIOT OfHOBpeMeHHO 3aKpallleHHbIe KJIeTKM POBHO B OfI-
HOJ CTPOKe: CO BTOPO¥ KOJIOHKU 10 11 + 1 — B HUIKHEN CTPOKe, KOJIOHKA
1 umeeT 3aKkpallleHHYI0 OJTHOBPEMEHHO C KOJIOHKOII ¢t KJIeTKY B CTPOKe
t — 1. 3HauUNT, KaKMe MbI IBE KOJIOHKM M CTPOKM He BbIOepeM, Jaske ecin
OJlHA U3 CTPOK B TIepeceueHny C KOJIOHKAMM ¥ JIACT JIBe OTHOBPEMEHHO
3aKpallleHHble KJIeTKM, BTOpasi CTpoKa BCe PaBHO JACT B IlepecevyeHun
XOTs1 ObI OHY 6E/TYI0 KIETKY.

3agauu 9 Kiaacca

3agaua 1.

A. JTanbl 82 umcna, Kakgoe M3 KOTOPbIX paBHO 1 mam —1. MOKHO 1M UxX
pa3ouTh Ha IBE TPYIIIBI TAK, YTOOBI CYMMbI UMCEJT, BXOSIINX B KaXK/IYIO
IPYIIY, ObLJIM PaBHbI?

Pewenue: 0O603HauMM 3a S, CYMMY II€pPBbIX k UMces, ¥ MOJIOXKUM Sy =
0. Sy oTnuaeTcs OT Spy1 B TOUHOCTM Ha 1 (Ha KaXAOM Liare Mbl IIpu-
GaBisieM WM BbluMTaeM 1), MO3TOMY BCe 1iesibie umcia mexmy O u Sgy
JIOCTUTaIOTCS Ha KaKOM-TO IIare.

O603HaYMM 3a h YMCIO MUHYC eguunl], cpenu 82 uncen. Torma Sgy =
82—-2nu % = 41 — n. [Ipu 3TOM, ITOCKONBKY 41 — n 11e/10€e, ¥ MOCKOJIBbKY
crpaBemyinBo |82 — 2n| = 2 - |41 — n|, TO uncio 41 — n HAXOAUTCS MEXIY
0 u Sgy, TO €CTb JOCTVMKMMO Ha KaKOM-To miare k: S, = 41 — n.

Bo3sbMeM mepBbie k uycesl B IepBYIO TPYIIILY, ¥ OcTaBLImecs 82 — k uucer
BO BTOPYIO; 3TO 1 OyIeT puMepoM pasbueHusi, Tpe6yeMbIM B YCIOBUM.
M, Kax ObIIO IIOKa3aHO, JaHHOe pa3byeHne MOKeT 6bITh TOCTPOEHO Py
JIIOOBIX 3aJaHHbIX UMCIAX.

3agaua 2.

C. B BeplMHax KBajapaTa IOCTaB/eHbl HATypajbHble uucia, 6onpiie 1,
MpuUyYeM Mapsbl yuces, CTOSIIMEe HAa KOHILIAX CTOPOH, He B3aMMHO MPO-
CThI, @ HA KOHIAaX AMaroHaaeii — B3auMMHO NpocTel. HaiiTu Takue ue-
ThIpE YKCIIa, YIOBIETBOPSIOUIE 3TOMY YCIOBMIO, UTOOBI HaMbOblIee
U3 HUX OBLJIO HAMMEHBIINM U3 BO3MOKHBIX.

Pewenue: Tlyctba,b,c,d — uyncia, 3anMcaHHbIe B BePIIMHAX KBApaTa
B IIOpsAIKe 06X0/a BEPIIMH 10 YaCOBOJ CTPEJIKe.
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b c

a d

3amMeTuM, 4TO TaK Kak d He B3ayMHO MPOCTO € b U d, TO MOKHO pa3sJio-
SKUTH 9TU YMCIA B CIeAyole Ipou3BeneHus: a = pqx, b = py, d = qt,
npuyem p > 1,q > 1 uHOJ (py, qt) = 1.

[TpuMeHNB 3TH pacCy>kIeHNs K KaX[ 0l BeplLIMHe KBaapara, [10Jy4yaem,
YTO KaKooe M3 YMcesl sSIBJIsIeTCsS COCTaBHBIM, IIPpUMYEM 3TU UMCIa MMe-
10T KaK MMHMMYM 4YeTbIpe Pa3/JIMUYHBIX ITIPOCTbhIX COMHOXUTEJISA, TaK KaK
HOLI (py. qt) = 1.

[To3TOMYy HaM HY)KHO B3SITh IIepBbIe YEThIPe MPOCTHIX uncia (2, 3, 5 u
7) — nro6ble gpyrye 6ObIINEe TPOCThIE UMCIA TOTBKO YBEIMYAT 3HaUe-
HUSI B BEPUIMHAX — U C TIOMOIIIbIO HEGOJBINOro Tiepebopa BhI6paTh U3
MX UIECTH TOTIAPHbBIX TPOM3BEAEHMIT YEThIPE:

a=5-2, b=5-3, ¢=3-7, d=2-7

3agaua 3.

C. Hajigure HauMeHbIlIee UMCIO X, IJIST KOTOPOTO BBITTOMHSIIOTCSI PaBeH-
crBa:x=a+b+c=d+e+f,tmea,b,c,d,eu f— monapHo pa3auIHbIE
HaTypajbHbIE YMCITA.

Pewenue: 3ameTtuM, uto a+ b + ¢+ d + e + f = 2x. Ho cymma nepBbIxX
IIeCTY HATYPaJbHBIX YMCeNT paBHA 21, HEUETHOMY YMCITY. YMEHbBIIUTD
CYMMY MbI He MOXXeM, 3HAUNUT, ee HaZ0 YBEeJIMUUTD XOTs ObI 10 OJImsKaii-
1Iero YeTHOro — 1o 22; To ectb x > 11. Tenepsb 3ameTum, uto x < 11,
MOCKONMBKY 1 +3+7=2+4+5=11.

OTtBeT: x = 11.

3agaua 6.

B. IlepemnyceiBas 13 3alayHMKa I10 FeOMeTPUM YCII0BYMe OLHOM 3atauu, [In-
Ma 10 HEBHMMATEIbHOCTH, CBOVICTBEHHOJ HEKOTOPBIM IIIKOJbHMKAM,
3aBBICIJI BIIBOE BEJIMUMHBI IBYX YIVIOB TPEYTOIbHMKA ¥ YMEHbIINUIT BIIBOE
BEJIMUMHY TpeThero. TeM He MeHee, OH CMOT ITOCTPOUTDb TPEYTOAbHUK
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C HOBbIMM yryiamu. Haiimyre caMblii OOJIBIION U3 YIJIOB TPEYTOJIbHMKA,
OIMMCAHHOTO B IIPaBUJIbHOM YCJI0BUM 3aaUN.

Pewenue: Ilyctb o, f U v — BEIMUMHBI YIJIOB B [IPaBUJIbHOM YCIIOBUUA
3ajauu, Torga, ey [IlvMa yaBOMI epBble ABa yIVIa M YMEHBbIUIU B 1Ba
pasa TpeTuii, TO

a+ B+~ =180°,

200+ 26 + 3 = 180°,
TO eCThb

a+ B+~ =180°,

4o+ 48 + v = 360°,

otkyzna 3(a + ) = 180°, 3HaunT, o + 8 = 60° u v = 120°. Takum o6pa-
30M, TPEYTOJIbHUK B YCIIOBUM 3a5aUM — TYIOYTONbHbIN, C HAMOOIBIINM
yriaom 120°.
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3agauu
ITeTepOyprckux TYypHUpPOB

IOHBbIX MAdT€éMdadTUKOB

3agmaumu 2018 roga

3agaua 1. Y3opsl Ha cKaTepTH YiaMma

Pacrionoxkum HaTypa/ibHble 4KciIa B BUJle CIMpPain, Kak 1MOKa3aHOo Ha pHU-
cyHKke HIKe. [ToyyeHHast KapTMHKA Ha3bIBAeTCsl CKaTePThIO Yiama.

37 36 35 34 33 32 31
38 17 16 15 14 13 30
39 18 5 4 3 12 29
40 19 6 1 2 11 28
41 20 7 8 9 10 27
42 21 22 23 24 25 26
43 44 45 46 47 48

B 91071 3amaue TpebyeTcss U3yUUTh 3aKOHOMEPHOCTM U Y30Pbl, CBSI3aHHbIE C
pacIonoskeHreM pa3HbIX UYMCIOBIX ITOCIeJOBATebHOCTY Ha ckaTepTu. UH-
Tepec MpefCTaB/SIIOT He TOIbKO TUIIOTe3bl, [T0JTyUeHHble, HallpyMep, Ha KOM-
MbloTepe, HO U SIBHbIE COOTHOLIEHMSI.

1.

BoisicHuTE, Kak Ha CKaTepTyu YjiamMa OMMCBIBAIOTCS YMCIOBBIE TOCIIE-
JIOBAaTEeJIbHOCTU HA BEPTUKAIbHBIX, TOPU30HTAIBHBIX U JUATOHATBHbIX
TIPSIMBIX.

. WccenyiiTe Ha ckaTepTy PacIioNOKeHUST

4
a) KBaJpaTHbLIX 4yces J—',S ),

3 . .
b) TpeyrompHbIX yyCen FP (HalgyuTe KOMMYeCTBO BeTBe Ha I10Iy4a-
I011eJiCsl KaPTUHKE),
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C) (GUTYpHBIX YMCENT PA3HBIX IMOPSIIKOB .an),

d) MHOTOMEpHBIX (GUTYPHBIX YNCET.

3. UccnenpyiiTe Ha ckaTepTu YiaMa pacIiONIOKeHUST apudmeTnudeckux u
reoMeTpuyeckux mporpeccuit. ITornpo6yiiTe Takke OMmMcaTh PACIIONO-
SKEHMSI M3BECTHBIX YMCIOBBIX TOC/IeI0OBATeNbHOCTEN, BOSHUKAIOIINX B
KoMb6uHaTopuke: ymcen Oubonauun, yucen KaranaHa u T.1.

4. PaccMOTpUTE ApYTiie HyMepanyy Le/IbIX TOUeK BCe INIOCKOCTY WIIM Ka-
KMX-TO QUTYp Ha 3TOJ I1ockocT. Harpumep, 3aHyMepyeM CeKTOop cie-
IVIOLIMM 00pa3soM:

1

2 3

4 5 6

7 8 9 10

11 12 13 14 15
16 17 18 19 20 21

OtBeTbTe Ha CHOPMYIMPOBAHHBIE BbIIIE BOMIPOCHI JIJIST HOBBIX HyMepa-
WA,

3amaua 2. IIpeduKkcHbIe OTOOpAKEHUS

ITyctb X1, X3, X3, . . . — MOCTEA0BATENBHOCTh MHOKECTB. O603HAUMM Uepe3
P MmHOXecCTBO Bcex IociaenoBarenbHocTelt a = (ag, dg,.. ., ), oe a; € X;. Ilo-
cnemoBarenbHOCTD al) 3;eMeHTOB P (TO ecTb IOC/Ie0BaTebHOCTD NOC/e0-
BaTeJIbHOCTEN) Ha30BeM CXOJSIIeNcs K 37eMeHTy a € P, ecyin IJis1 Kaskgoro
(uKkcMpoBaHHOrO N MOCIENOBATEILHOCTD a,(f) CTAOWIN3UPYETCS U aﬁf) = ay
ILJIS1 AOCTATOYHO O0bIMX i. [TomMHOKecTBO C C P Ha3bIBA€TCSI 3aMKHYTHIM,
ecu J1I06ast CXOISINasics MoCAeA0BaTeIbHOCTD 3JIEMEHTOB U3 C CXOOUTCS K
anemenTy u3 C. OTobpakerue F : P — P Ha3bIBaeTCs] 3aMKHYTbBIM, €CJI OHO
MepPeBOIUT 3aMKHYThIE TOIMHOXKECTBA B 3aMKHYThIE ITIOIMHOKECTBA.

PaccmoTpyuM Habop OTOOpaskeHMii
fi:Xl X .. ><Xvi*>)(i7

KaXgoe U3 KOTOPbIX OyaeM Ha3biBaTh MpedMKCHBIMU KOMIOHeHTaMmu. 1o
npedUKCHBIM KOMITIOHEHTaM 3aJafiuM IpeduKCcHOe oToOpaxkeHne — (DyHK-
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umio F : P — P, meiiCTBYIOIIYIO 110 hopMyie

F(x1,x9,x3,...) = (fi(x1), fa(x1,%2), f3(x1,X2,X3), .. .).

1. IpusBenute npumep GYHKLINUM, He IBJSIONIECS IpedUKCHbIM 0TOOpa-
>keHueM. JIoKaxkuTe, 4To ecyiu Bce X; KOHEeUHbI, TO J1I060e mpeduKcHoe
oTOGpakeHre 3aMKHYTO.

2. ITyctpb X; = R™. JIokaxkuTe, UTO €C/IM KOMITOHEHTHI ITPedUKCHOTO 0T06-
pakeHMs SIBJISIIOTCSI TMHENHBIMU OTOOPaKeHMSIMU, TO TaKoe TIpeduKc-
HOe 0TOOpaskeHMe 3aMKHYTO.

3. IIycTh KOMIIOHEHTHI f; HE 3aBUCST OT MEePBbIX i — 1 ITepeMeHHOI 151 7TI0-
60ro i, TO ecTb CyILeCTBYIOT PyHKLIMM g; : X; — X; TaKue, 4TO

filar, ..., a) = gi(a).
IokaxkuTe, 4TO Takoe MpedUKCHOe OTOOpakeHe 3aMKHYTO.

4. TlokaxkuTe, 4TO eyin Bce X; 6€CKOHEUHBI, TO CYIIECTBYET HE3aMKHYTOE
mpedUKCHOe OTOOpaskeHMe. A e HEKOTOpbIe M3 X; KOHEUHbI?

5. Tlycrb X; = R2. CyLecTBYIOT I He3aMKHYTbIe TpedUKCHbIe 0TO6paKe-
HMS, KOMIIOHEHTBI KOTOPBIX 3aaHbl MHOTOUJIeHaMU?

6. Ilyctp X; = R™. IIpenosxkuTe CBOU YCIOBMUS, IIPU KOTOPBIX ITpedrKcHOe
oTo6GpakeHue GyIeT 3aMKHYThIM.

3amaua 3. O0001IeHHbIEe TUIIePooINYecKye U
TPUTOHOMETPUUYECKNEe CHCTEMBbI

[lyctb n > 2. Habop 6eckoneuno-guddepennypyembrx byakuuit H, =
(Hi,...,H,) n3 R B R Ha3oBeM 2unep6onuueckoli cucmemolii IopsiaKa n, ecim
H = Hyymmal <i < n, H, = H unH(0) = §, AHanormuHo, Habop
6eckoHeyHO-Iubdepennypyembix dyukiuit T, = (Ty,...,T,) u3 R B R Ha-
3bIBAETCSI MpuzoHomempuueckoli cucmemoti nopagxa n, ecmm T, = Tiyq Aad

1<i<n,T,=-TiuTi0) = b

1. Joxaxwure, uto napsl (sh(t),ch(t)) u (sin(t), cos(t)) 3aAal0T, COOTBETCT-
BEHHO, e[[MHCTBEHHbIE BO3MOXKHBIE TUIIepOOMMIecKye 1 TPUTOHOMET-
pUYecKe CHUCTeMbI TIOPSIAKA 2. B IBHOM Buie OIMIINTE rUIepoommnye-
CKMe ¥ TPUTOHOMEeTPUYECKIME CUCTEMBI ITOPSIIKA .
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2. JTokaskuTe, 4TO [JIsl TUTIePOOIMUYECKIX U TPUTOHOMETPUUECKUX CUCTEM
mopsizika 2 BbinonHeHbl hopmysist ditepa: Hy(t) + Hy(t) = et u Ty(t) +
iTy(t) = e'. 0606muTe MX HAa TPOU3BONbHBIE cucTeMbl Hy, T),.

3. IlpuBcex 1 < i < nBbIpasute H;(s+t) uepes H;(s), Hy(t) u T;(s+t) uepes
T;(s), Tk(t). Kpome Toro, uccnenyiire dyHkuun u3 Haopos H, u T, Ha
YETHOCTb Y1 HEYETHOCTD.

Ilycth A € R,. Vi3yunure npepbiayiye MyHKTHI 171 MOAMMUIMPOBaH-
HbIX cucteM H), 1 T, B ofpe/ie/ieHy KOTOPBIX GUTYPUPYIOT paBeHCTBa
Hy,(t) = AH;(t) u T,,(t) = —ATi(t), COOTBETCTBEHHO.

4. JJoKaxkuTe, YTO JJIs TUTIePOONMIECKUX M TPUTOHOMETPUIECKUX CUCTEM
TOpSIAKa 2 BBIIIOMHEHbI COOTHOWIEHYS HA (1) —HA(t) = 1u T3(t) + T2(t) =
1. upIMu ctoBamy, 06pasel py oTobpaskeHusix Ly : t — (Hy(t), Hy(t)) n
My : t — (Ty(t), To(t)) u3 R B R* MOryT 6GbITh 3aaHBI anreGpandecKuMu
ypaBHEHMSIMM. BbIsSICHITE, MOXKHO /M 33/1aTh 06pa3bl IPY OTOGPakeHU-
X

Ln:t—> (Hy(0), ..., Hy(t))
My i t—s (Ty(D), ..., Tu(t))

u3 R B R" anre6pandeckumy ypaBHeHMIMU. B yacTHOCTH, HaiimuTe ofi-
HOPOJIHbIE MHOTOUJIEHBI Py, , CTETIeHU N TaKue, UTo IJis f, := pp, — 1 U
&n := qn — 1 BBITIOIHEHO

fa(Hi(t), ..., Ha(t)) = 0,
&n(Ti(t), ..., Tu(t)) =0

npu mo6om t. Harmpumep, f(x,y) = y2 — x> — 1ug(x,y) = y* + x> — 1.
BepHo /1, YTO MHOTOWIEHHI f;, 8, € Q[X1, . . ., Xy] HEIPUBOAUMBI?

5. OmuumTe BCe MEPECTaHOBKU 0 € Sy, IJISI KOTOPBIX Pn (X (1) - - - > Xo(n)) =
Pn(X1,...,Xn) TIDU BCEX X1, . . ., Xp. AHAJIOTMYHBII BOIIPOC IS G-

6. OnmmmTe Bce TOYKM 06pas3oB L, u M, B R" ¢ LenbIMy KOOpAMHATAMMU.
OnummTe BCe TOYKM C pallMOHATIbHBIMM KOOPAMHATAMMU.

[IpuaymaiitTe, Kax IO ABYM LI€JIbIM / pallMOHAIbHBIM TOUKaM 13 o6pa-
30B L,, M, mOIy4uTh HOBYIO LI€JIYIO / pallMOHAIbHYIO TOUKY Ha L, u M,
COOTBETCTBEHHO. V3yunTe nomyJalomieecs: «CJI0XKeHe TOYEK».
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3azaua 4. MHOroyrojJibHUKu

1. Ilyctb F; u Fy - IBa BBINYK/BIX MHOTOYTOJIbHMKA, MHOKECTBA BEPIIVH
KOTOpBIX coBMagaoT. I[lokaxuTe, uto F; paBeH Fy.

2. Ilyctb F; 1 F; He 06s13aTeIbHO BBIITYKJIbI, HO YOOBJIETBOPSIIOT YCIOBUIO
PO BePILINHBI. BBISICHUTE, UTO MOKHO CKa3aTh PO UX PACIIONOKEHNE.

3. Ilyctb F; u F; BBITNIYKIIbI, a CepeauHbl CTOPOH F1 jiexar B Fy. Kak cBsi3aHbI
nnowmanu Fi u Fy?

4. Tlyctb Fi 1 F; BBITIYKJIbI, @ CEpeIlnHbI CTOPOH F nexar B Fy 1 cepeayHbI
CTOpOH F; nexar B F;. BepHO /1, 4TO Takue MHOTOYTOJIbHUKY PaBHbI?

5. 3aduxcupyem 0 < o < 1. Touka Ha CTOPOHE MHOTOYTOJTbHMKA Ha3bIBa-
eTCs ero a—CepeviHOMNM, eciM OHA AeJIAT 3Ty CTOPOHY B OTHOIIEHUN «v :
(1 — o). I3BecTHO, UTO [7151 KQXKI0¥ CTOPOHBI Fj Kakasi-To a—cepeguHa
JexxuT B Fy. UTo MOXKHO cKa3aTh Mpo maomany Fy v Fy?

6. VccnenyiiTe Tmpenplayiiye BOMPOCHI B ¢iyyae, KOrma OIMH M3 MHOTO-
YTOJIbBHMKOB He 00513aTe/IbHO BbIITYKJIBIA.

3agaua 5. KoHeuHbIe BBIUMC/IEHMS

OcHOBHasl ujies 3TOV 3aJjau — MUCCAeLOBaHMe TUCKPETHBIX aHAJIOTOB Aud-
(epeniMpoBanus 1 MHTerpupoBaHus. IHTepec mpenCcTaBsIOT SBHbIE CPaB-
HEeHMsSI HeMPepbIBHBIX U TMCKPETHBIX KOHCTPYKIUI MEXIY COOO0IA.

O603HauMM uyepe3 Seq MHOXKeCTBO BCeX BellleCTBeHHBIX YMCIOBBIX MOCIe-
JIoBatesnbHOCTEN. CaMu MOC/Ie[0OBaTebHOCTY 6yieM 0003HaYaTh CUMBOIAMMU
X, € Seq, a X COOTBETCTBYIOIIME IEeMEHTbI (3HAUeHUsT) TI0l HoMepoM k ue-
pes x,[k] (HaunHas c 0). Takum 06pasoMm, x, =¥, <= Xy[k] = yn[k],Vk > 0.

Ompenenum dyHKuMY A, [ 13 Seq B Seq 110 IpaBUIaM

(Axn)[K] := xn[k + 1] — Xy [K]

(/xndn> k] := gxn[i].

OHM Ha3pIBaIOTCS PA3HOCTHBIM OIIEPAaTOPOM U OIIepaTOpPOM CYMMMUPOBaHMS,
a MoC/Ief0BaTeIbHOCTY AXy, [ X,dn — TIPOU3BOSHOI ¥ MHTETPAJIOM X, COOT-
BeTcTBeHHO. Eciu AF,, = x;,, To F,, HaspIBaeTCs IepBooOpasHoii x,. Ecmm A —
HEKOTOPbI oreparop (T.e. GyHKUMS U3 Seq B Seq), To A" — 3TO HOBBII1 OTIEe-
paTop, SIBJISIOIINIACS KOMITO3MLIMelt A ¢ co60ii n pas.
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OmuimmnTe CBS3M MeXIY TPOU3BOLHONM, MHTETPaIoM, IIepBO0Opa3HOit 1
CILBUTOM X;, e nof, casurom nonmumaetcs (Ex,)[k] = x,[k + 1]. Kpome
TOTO, HaliauTe IBHYIO0 hopmyy myist A™'x,.

KoncTaHThl ¢ € R 3a/1a10T TOCTOSTHHbBIE U [TOKa3aTe/IbHble ITOC/IeA0BaTeb-
HOCTU C, ¢" € Seq 1o popmynam c[k] := c u c"[k] := cX. Kpome Toro, onpene-
mmmmasim = 0,1,2, ... nouiegoBaTeIbHOCTM '™ 1 n™ cTereHel U Maganimx
crerneneit o popmynam n™ k] := k™ u n[k] := k(k— 1)(k—2)-...- (k— (m —
1)). Habop Bcex mocnenoBaTenbHOCTeN U3 Seq, KOTOpbie MOTYT OBITh BbIpa-
KeHbI KaK JMHejiHble KOMOMHAIMY TIocTefoBaTenbHocTeit 1, n,n?, ..., n"m 1,
0603HauMM yepe3 P,,. AHajiornuHo, yepes FP,, 0003HauMM I10C/IEIOBATE Ib-
HOCTH, SIBJISIIOIIMECS JIMHETHbIMM KOMOMHALIMSIMY [TafaloIluX CTereHei 1, n,

nZ, ..

., n™=1, TlocnepoBarenbHOCTM U3 Py, mnu FP,, 6yneM HasblBaThb [IOIMHO-

MMaAJIbHBIMMU.

2.

BoisicHuTE, KaK CBSI3aHbl MeXTY c060ii Py, 1 FP,, 1 IpeIokKuTe KaKkue—
HMOYIb MHTEPECHBIE SKBMBAJIEHTHBIE OMMCAHMSI TTOC/IeI0BATEIbHOCTEI
U3 3TUX MHOXeCTB. TouHee, cpaBHUTE P; 1 N. A KaK CBSI3aHBI MeXay
c060it [ x,dn u P;?

Haiinute muckpeTHble aHanoru ¢opmyn HeloToHa—JIeiiGHUIA U MHTe-
IPUPOBaHMs 110 YacTsIM. 3aTeM Hajizure B sBHOM Buze [ n dn, [ ndn,
[F¥dn, [ \dn, [ n\"~'dn, [ n?2" 'dn, [ F{™ dn. CymecTByeT mu KoM-
61MHATOPHOe / reoMeTpuyeckoe pelieHye? [IpeIoKuUTe CBOM COOCTBEH-
HbIe UNC/IOBbIE NOC/IEIOBATENBHOCTY ¥ OMMIINTE VX MTPOM3BOAHbIE U
MHTerpansl. Hanpumep, paccMOTpyUTe M3BECTHBIE YMCIOBbIE NTOCIENO-
BaTeIbHOCTY TaKyue, KaK ynciaa GuboHavun.

PaccMOTPUM TOCIEL0BATENbHOCTD Sy, KoTopas onpenensiercs Gpop-
Mysoit Sy = [ n™dn. Tlokaxkute, 4TO S\ gBseTCS MOMMHOMMANBHOT
T0C/Ie[OBATeLHOCTBIO 1 B IBHOM BMJIe BbIpa3UTe ee yepes I10cyIe/[0Ba-

TeJIbHOCTY CTeIIeHel WK [aJalolMuX CTeIIeHel.

JI1st KaXK ot ToceloBaTeNbHOCTY X, € Seq OIpesenM ee OCIeS0Ba-
TenbHOCTh Teiinopa (X,) 10 MpaBuy (X,)[k] := (Akxn)[O]. Harigure no-
cnenoBaTeabHOCTM Teiiyiopa BalIvXx JIOGMMBIX MTOCTE€LOBATENIbHOCTEN.
Hampumep, rocnenoBaTtenbHOCTel nafaomux crernedeil. Kpome Toro,
JOKaskuTe, UTo QYHKIMUS X, — (X,) 06paTHMa U B SIBHOM BUJe HaluTe
ee 0OpaTHYIO.

O6o03HauuM uepe3 P,, MHOXeCTBO Bcex (popMasibHbIX G€CKOHEUHbIX
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KOMOMHALMI BUoa

Xn = g+ aint + agn® + ...,
rae oy € R. Kaxkmas Takast KOMOMHALMS, B JeMCTBUTENILHOCTH, OIIpe/ie-
JISIeT YMCIOBYIO TIOC/IENOBATEIbHOCTD X, € Seq, TIOTOMY UTO IIPU KaXK-
oM k cymMa xp k] 6ymeT KOHevHa.

Hanpumep, P, C P, ipu Bcex m > 1. [lokaxkuTe, YTO Kaxkgasi mocje-
JIOBATeIbHOCTb B Seq MOXeT ObITh IIpeICTaB/lieHa B TAKOM BUE U IBHO
HalAuTe COOTBETCTBYIONME KOADOUIIMEHTHI .

6. IlpumymaiiTe cBou 0600IIEeHMS TTOTyYeHHBIX Pe3y/abTaToB. Hampumep,
M3yUNTe ITepYoNMIeCcKye VIV PeKypPeHTHbIe TI0CTe0BaTeTbHOCTY, UX
MIPOM3BOJHbIE, MHTErPaIbl U CBSI3aHHbIE C HUMM TOXKAECTBA — PACCMOT-
pute GyHKUMIO AT(x,) (K] := Xn[k+ T| — X, [k], mpumymaiiTe aHamor 6MHO-
MMaIbHOM TeopeMbl IJIsl MaalolliMuX cTeleHelt, usyunre «auddepeH-
ManbHble ypaBHeHUs» Buna > 1, a;A'(x,) = 0, uccemyiite yacTHbie
MIPOM3BOJHBIE IIOCTEA0BATENBHOCTEN OT ABYX MHAEKCOB X, 1y ¥ KDATHBIE
uHTerpansl | [ X, mdn dm v NpUBIEKUTE MHbIE METO/bI OVICKPETHO
MaTeMaTMKHU [/ M3y4eHMs] Pa3HbIX K/IaCCOB I10C/IeI0BATeIbHOCTE.

3agaua 6. l'eomeTpus u aaredépa cJioB

PaccMoTpuM HEKOTOpOe KOHEUHOe MHOKeCTBO A = {daj, dy, ..., dnm}, KOTO-
poe 6yzeM Ha3bIBaTh ahaBUTOM. [IJIsT K&KIOTO JIEMEHTA d € A BBEIEM J0-
HIOJTHUTEILHO CUMBOJ a~!. MHOXeCTBO BCX TaKMX CMMBOJIOB 0603HAUMM 3a
A~!. Teneps onpenenum paciupeHHblii angasut Q = A U A~L. Tem cambIM
MOYKHO pacCMOTpeTh Habop

* -1 -1 -1 -1
Q" ={e,ai,ay,...,a;",a; ,...,a1a1, 414z, ..., d1d; ,a1d, ...}

BCEX CJIOB, KOTOPbIE MOKHO IMONYYUTD U3 OYKB andasuta Q, roe ¢ — mycroe
CJIOBO AJIMHBI HOMTb. Ha 3TOM Habope ompezeseHa orepanys TPUIMChIBAHNS
CJIOB, KOTOPYIO MOKHO paccMaTpuBaTh Kak ¢yHkinio Q° x Q@ — Q™. Ha-

npumep, abaa - ba = abaaba. KopoTko 6ymem 3amucbiBath @’ = a-...-a (n
pas).
3acdurcupyem HEKOTOPBI HAGop nzomeTpuit X = {x1,Xxy,...,Xn} (BCE X; —

snemenTsl Isom(R")) mpocrparcTsa R". Mbl MO’keM KOMITOHMPOBATH JAHHbIE
M30METPUM MEXIY co00ii: Xy := X o y. [IJig KaKmoit usomeTpumn x € X mo—
ompe/eeHnIo ecTh 06paTHOe OTOOpakeHue X~ !, KoTopoe Toxe 6yaer 130-
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metpueii. Tereps onpenenexa GyHkims fy : @ — Isom(R"), koTopas zmeii-
CTBYeT cIeLyomyM 06pa3oM: 6YKBaM d; CONOCTABIISIIOTCS MU30MeTPUH X;, OYK-
BaM d; ! comocraBnsioTcs nsomeTpun X, ! mycToMmy c/OBY & cOMoCTaBsieTCs
TOXIECTBeHHOe OToOpaxkeHue id, a 06pa3 IIMHHOTO CJI0BA BBIUMUCIISIETCS 110
PEKYppEHTHOMY TIPaBUIY fx(Wiws) = fx(w1) - fx(W2).

Ha reomeTrpudyeckoM ypoBHE HEKOTOpbIE MOTyYaIOUIMecs: CJI0Ba
6ynyT coBmagaTth. Hampumep, eciu X,y — 3TO IIEPEHOCHI HA BEK-
Topsl (1,0) n (0,1) B R?, To M30MeTpuu xy 1 yx paBHbI. Kpome To-
T0, eCJIU Z, W — 3TO OTpaskeHye OTHOCUTEIbHO Hauajia KOOpAYHAT
Y TIOBOPOT IPOTUB YACOBOIi CTPEIKM HA T1/2 OTHOCUTEIBHO HY-
1M, TO zx # Xz, z2>2 = w* = id u y"'wx = id. Takum o6pasom,
HEKOTOpbIe CJIOBA B IOMYYAIOUIEMCS SI3bIKE TOJIKHBI MHTEPIIpe-
TUPOBAThCS KaK COBIazaromiye. bygem roBoputhb, 4To ABa CI0Ba
u,v € Q" aBnsoTcst X—3KBUBAJIEHTHBIMY, e fx(u) = fx(v). Ue-
pe3 Wx o6o3HadaeTcs GaKTOPMHOXECTBO MHOKecTBa Q™ 110 110-
JIYYAIOMIEMYCSI OTHONIEHUIO SKBUBAIEHTHOCTH (TAKOE MHOXKECTBO
OHO3HAYHO 3a7aeTCsI KAKUM—HUOYAb MOTHBIM HAG0OPOM U3 T10-
MapHO HEe3KBUBAJIEHTHBIX CIOB, TO €CTh TAKUMM HabOpOM, UTO JII0-
60e ¢J10BO V € @ 9KBUBAJIEHTHO CJIOBY M3 HETO, HO HMUKaKMe IBa
pasHbIX CJIOBA U3 B HAOOpe APYT IPYTy He S5KBUBAIEHTHBI).

0. JoxkaxkuTe, 4TO X—3KBUBAJICHTHOCTD SIBJISETCSI OTHOLICHU-
eM 9KBUBAJIEHTHOCT Ha Q*.
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Yepes R C Q" 6ymem 0603HaUaTh KaKO-TO (PMKCMPOBAHHbII Ha-
60p CJI0B, a c710Ba 13 R GyeM Ha3bIBaTh nycmosimMu (HA TEOMETPU-
YecKOM ypOBHE IYCTble CI0Ba OYOYT OTBEYATh TOXIECTBEHHBIM
n3oMeTpusaM). Bymem roBoputh, 4yTo ABa cioBa w,u € Q" aBus-
I0TCS1 R—9KBUBaJ€HTHBIMY M MIUCATD U = V, €CIY U MOXHO TIOMY-
YUTH U3 W C TIOMOIIIHI0 MHOTOKPATHOTO IIPUMEeHeHUs CJIeyIomiei
omneparnym: MexxIy JI6bIMY IBYMS GYKBaMU CI0Ba W (MJTU C KPalo)
MOKHO BCTaBUTb (IIPUTIMCATD) T1060€e c1oBO U3 R := R U {e} U
{aa=! | a € A} U {a'a | a € A}, a TakKe U3 CJIOBa W MOXKHO
BBIYEPKHYTh OTPE30K (4aCTh), paBHbIi OGHOMY U3 CJIOB B R. Cun-
TAeTCsl, UYTO €CIM BBIYEPKHYTH U3 CI0BA CaMO CJI0BO, TO OCTaHET-
Cs1 CJIOBO JAJIMHBI HOJB, T.€. €. Yepes (Q | R) o6osHavaeTcs dak-
TOPMHOKeCTBO Q" 110 TAKOMY OTHOIIEHMIO SKBUBAJIEHTHOCTH.

0. JIokaxxuTe, YTO R—3KBMBAIIEHTHOCTD SIBJISIETCS OTHOIIEHM-
€M IKBMBAJIEHTHOCTM Ha Q" u mpoBepbTe, UTO €CIn U, YV,
w,w € Q" uw=w, T0o uwv = uw'v.

B aT0i1 3amaue npepsiaraeTcs U3y4uTh anredpanyeckme acreKkTbl U30MeT-
pHii, B OCHOBHOM BO3HMKAIOLIMX KaK ABMKEHMUS (Uallle, OTpakeHNsT) U3

Fix(®) := {p € Isom(R") | o(®) = &},
coxpaHsIollMe JaHHYIO reoMeTpudeckyio ¢purypy & B R".
1. Tlyctb A = {a,b} uR = {a?,b%, abab}. Torna, Hanipumep, bab = aabab =

a = abb = eacbebe.

a) IlokaskuTe, uTo J1060€e CI0BO 13 @™, B Ie/ICTBUTEIbHOCTM, R—9KBM-
BaJIEHTHO OIHOMY U3 CJIOB U3 {¢, a, b, ab}.

b) Haitpure napy (X = {x,y}, fx) U3 IByX M30MeTpuii x,y # id u pyHK-
i fx : @ — Isom(R"), oy KOTOPOIt OTHONIEHUST R— 1 X—3KBU-
BaJIEHTHOCTU COBINAaAAl0T. MOXHO siu BbIOPaATh X,y € Fix(®) nns
roaxofsiueii purypbl ® 1 B KaKoil HaMMeHbIIei pasMepHOCTI?

¢) JokaxmuTe, UTO CJIOBA ¢, d, b, ab Bce 1onapHo R—HesKBUBaIEHTHBI.
2. Tyctb X = {x,y}, Tme X,y — 3TO HETPUBUAIbHbIII IEPEHOC HA BEKTOP

(1,0) v HeTpMBMATbHAS CKOJIb3SILIASI CUMMETPHUS B IIEPIIEHANKYISIPHOM
HaIpaBJIeHUN COOTBETCTBEHHO.

a) JIOKaXuTe, 4To XyX = Y, TO ecThb xyxy ! = id.
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b) Iyctb A = {a,b} uR = {abab~'} C @*. Onpenenena dyHkums fx,
repeBoasIIas a,b B x,y ¥ IIPoJo/DKAIOIIASICS Ha BCce coBa anda-
BuTa @ MO YCTAaHOBJIEHHBIM B YCJIOBUYM TIpaBuIaM. [JOKaXKUTE, UTO
OTHOIIEeHNsI R— 1 X—5KBMBaJIEHTHOCTU COBIIAAlOT.

3. PaccMOTpyM KBaZIpaTHYIO TabIMUKy M3 M X M HATypajbHbIX uncen d; j >
2, cpeayt KOTOPbIX MOXET BCTPETUTHCSI CMMBOJI oo. [IoCcTpouM Mo Heit
rpadp I' = (V,E), B xotopom V = {r,12,...,m}, @ BePIIUHBDI I}, Ij COEAU-
HeHbl pe6poM B TOM U TOJBKO B TOM CIyuae, Koraa d;; > 3 (BKIo4as
00). B BepmHax rpada I' nsobpaskarorcs uncna d; ;, a Yucio d; j pucyeT-
cs1 Ha pebpe (ry, Ij) B TOM U TOIbKO B TOM C/Ty4ae, Koraa d; j > 4 (BKI04as
00). DTUMM YCIOBUSIMM UCXOAHAsK TabIniia BOCCTaHaBIMBAETCsI 110 Tpa-
¢y omHosHauno. IIyctb A = V, a R C @ Bcex CJIOB Buaa (r,-r,-)dfli , Ime
i # j, ¥ Bcex CJIOB BUa r?"”'. Eciu djj = oo, TO COOTBETCTBYIOLIEE CIOBO
He BXoguT B R. Bynem o603Hauath Gr := (Q | R). Pemenns panbHeii-
LIMX BOIIPOCOB MHTEPECHBI Jaske MPU MaJIbIX M.

a) Omumute Gr 1714 rpada c OfHOI BepIInMHOi € di; = n, roe n >
2. Hajigure Taxyio usoMeTpuio a, ijisi KoTopoit ak # id mpu 1 <
k < nHo a" = id. B uactHocTH, HaliauTe napy (X, fx), LISl KOTOPOi
OTHOILEeHNST R— 1 X—3KBUBAJIEHTHOCTH COBIIAHAIOT.

b) Omumnre Gr s rpada ¢ n M30AMPOBAHHBIMM BePIIMHAMMU, TIe
d;; = 2, n HaiiguTe nmapy (X, fx), [/ KOTOPOJ oTHOIWeHUs R— n X~
SKBMBAJIEHTHOCTM COBMAAAIOT. A UTO, BOOOIIE, POMUCXOINUT C aJl-
(aBMTOM IpYU B3ATUM II03bIOHKTHOTO 00beqMHEHNS rpacoB?

¢) Omumure Gr ajisg rpada Huke (n > 2 WM N = oo) U HaWiiuTe mapy
(X, fx), B4 KOTOPOIt OTHOLIeHMsI R— ¥ X—3KBMBaJ€HTHOCTH COBIIA-

@——®
d) Pewmre aHaMOrMuHyI0 3aKa4y A1s rpada
@ @ ©)

e) Bojee 06110, pelinTe aHAJOTMUYHYIO 3ama4dy IJid rpada U3 n Bep-
1IMH, SIBJSIONIEroCs MPOCTOM JIOMaHOIA.

O—0——0O
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4. Tlo rpady I' mocTpoum KBaapatuunyio gopmy Ha R™

m
Or(x1,...,Xm) = ZXZZ - Z XiX;.

i=1 (ij)€E

Haiigure cooTBeTCTBYyWOIIME KBAagpaTUUHbie (GOPMbI 1151 TpadoB mpe-
IBIAYIIVIX TTYHKTOB ¥ UCC/IeAYHTe UX Ha MOMIOKUTETbHYI0 OTIpe/ielieH-
HOCTb. [IOKaxkuUTe, YTO ecyiu KBagpatuuyHas popma Qr SIB/ISIeTCS I10/I0-
SKUTEJIbHO OTIpe/iesieHHOI, To rpad I

a) He COAEePKUT LIMKIIOB
b) He comepkKUT BepIINH CTEIeH! 4 U 60JIbIIIe
C) comepsKUT He 00jiee OJHO BEepIIMHbBI CTEIIEH) 3
Yro eme MOKHO cka3aTb Tpo rpad I', ein cooTBeTcTBYyIOMAas hopma

TIOJIOKUTENIbHO OIpenesieHa?

5. Paccmotpurte rpad Hyoke 1 HaiinuTe napy (X, fx), AJ1s KOTOPOJ OTHOILIe-
HUSI R— 1 X—9KBUBAJIEHTHOCTM COBITIAIOT.

O———® ©)

HUccnemyiiTe cuTyanuio, Ipu KOTOPOI Tako¥ rpad COCTOUT U3 N BEPIIVH
U IIPOJ0/IKaeTCs BIIPaBo pebpamu € d iy = 3,1 > 2.

3azaua 7. ®akropuaiabsl bxaprassl

B 2000 roxy naypeat ®wmincoBcKoit mpeMuu MaHxyn Bxaprasa Hamien 06-
ob6IIeHMe LeIouncIeHHOro (hakTopmana, B KOTOPOM ISl K&XKIOro IMOJMHO-
skectBa S C Z onpepnensercs nlg, mpuuem, nlz = n!. Okaszaaoch, 4YTO ero KOH-
CTPYKIMSI eCTeCTBeHHBIM 06pa3oM 06061iaeT Haubosiee MHTEpeCHbIe CBOi-
cTBa 06b1YHOTO (hakTopmasna. Ccplika Ha cTaThio: 8§00.8l/zF3p5N (The Factor-
ial Function and Generalizations, Manjul Bhargava). B 3T0i1 3amaue npepga-
raeTcsl MPOLO/DKUTH MCCIenoBaHMe BxapraBbl B KOHKPETHOM HaIlpaB/IeHUN.
OnHOI1 M3 OCHOB 3TOTO MPOJODKEHNSI CTYKUT CJIeAyIollee YTBep Ko eHe.

1. JokaxuTe, 4yTO J1060€ TMOJOKUTETbHOE PAIVIOHATbHOE YMCIO MOXET
OBITh IMPEACTABIEHO B BUE YACTHOTO MTPOU3BeeHMIT (aKTOPUAIOB (He
00s13aTeNbHO Pa3INYHbIX) TPOCTHIX uncen. Hampumep,

10 2! 51

9 " 31.3.3"
- 299 -



Typuup 10HbIX MaTeMaTuKkoB 2018 roga

HamomHuuM KoHCTpyKLMIo BxapraBbl. 3adMKcupyeM MOAMHOXKECTBO S C Z
u npocroe unucio p € P. [Toctpoum nowienoBaTenbHOCTD g, A1, - . . € S cIeny-
IOIIMM 00pa30M: BbIOEpPEM IIPOM3BOJILHOE dy € S; BIOEpEM 3JIEMEHT d; € S
TaK, YTOOGBI Pa3HOCTH a1 — dg AEIMIaCh Ha HAVMMEHBIIYIO BO3MOXKHYIO CTETIeHb
4Kcia p; BbI6epeM 37IeMeHT d; € S Tak, YTOObI Pa3HOCTb (dy — do)(ay — ap) oe-
JIMJIach Ha HaMMEHbIITYI0 BO3SMOKHYIO CTeIIeHb UMciia p, M Tak gasnee. Ha miare
k BoiGepem a; € S Tak, 4TOOBI pa3HOCTb (ay — dg) - ... - (Ax — Ay_1) Oenn-
JIach Ha HaMMEHBIITYI0 BO3MOKHYIO CTeIIeHb Y1c/a p. BMecTe ¢ MOCTpOeHHOI
TOC/IeNOBATETbHOCTBIO @, MbI ITOTy4aeM Takke MOHOTOHHO BO3PaCTaOIYI0
MOC/IeTOBATENBHOCTh COOTBETCTBYIOLIUX CTEITEHEI p

ordp(l'[f.‘;ol(ak—ai)),

v(S,p) :==p

rme (S, p) = 1. Tenepb 06061eHHBII hakTOopuan Ha S 11 k > 0 ompenens-
ercs 1o opmyiie

ks := [ w(S.p).

peP

2. TIpoBepbTe, UTO NOCIENOBATENBHOCTD 1 (S, p) HEe 3aBUCUT OT BbIOGODA dy.
Kpome Toro, JoKkakute, 4To /1 Kaskmoro S C Z B IpOU3Be[eHUM BhIIlIe
JIIIIb KOHEYHOE UMC/I0 MHOKIUTE el He paBHO eqMHMIIe.

3. Mlyctb S=aZ +b:={an+b|ncZywm S = {g* | k € Z>o}.
a) Kakue sHaueHMs] MOXET IPYHMUMATH OTHOLIEHME HAKTOPUAIOB
n!s/m!S

B 3aBUCUMOCTH OT d, b, q?

b) OrBeTbTe Ha TPeABIAYIINIT BOIIPOC, €CTV YUCIA N = p, M = q TIPe[i-
T01araloTCs MPOCTBIMMU.

¢) OmuiMTe BO3SMOKHbIE 3HAUEHNSI, KOTOPbIE MOKET IIPUHMMATD OM-
HOMMaIbHBIN K03 duieHT BxapraBbl

ny nls
k S'i k!s(n—k)!go

d) OTBeTbTe HA MPeIbIAYIINI BOMIPOC, €C/IV YNCIa 1 = p TIPeAIIona-
TalTCA IMPOCTbIMM.
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4. OTBeTbTe HAa BOMPOCHI MPeAbIAYILEro MyHKTAa IJIS1 TPOU3BOIBLHOTO S.

5. UccnenyiiTe BOmpock 1. 3 (a,0) U 4, onMcaB BO3MOKHbIE OTHOIIEHUS
mpou3BeneHnii pakTopuanos bxaprapsl.

3agaua 8. O nmpUOMKEeHUM KPUBBIX

KpuBoIJi Ha MIIOCKOCTY HA3bIBAETCSI MHBEKTUBHOE HEIIPEPBhIBHOE OTOOpaske-
Hue v: [a,b] — R2. Hac 6ymyT uHTEpecoBaTh KpuBbIe 13 knacca C>® — Te, 1is
KOTOPBIX Kask/asi U3 KOMIIOHEHT oTobpaxeHus v(t) = (v1(t),12(t)) Hempe-
pBIBHO IuddepeHIMpyeTcs: 6eCKOHEUHOE YMCI0 pas.

Iyctb ¢, 7v: [a,b] — R2. Kpusyio ¢ 6yzem HasbiBaTh £ —6AU3KOL K KPUBOIA 7,
ecm

¢(a) =~(a), ¢(b)=~(b), Vtea,b] Is € [a,b]: dist (¢(t),~(s)) < e.

KpuByto ¢ 6ymeM HasbIBaTh c—NpUOUNEHUEM Y, €CTTU
¢(a) =~(a), ¢(b)=~(b), Vte [a,b] dist(C(t),(t)) <e.

Iyctb 7: [a,b] — R? — perynspHas Kpusas. Ee e—IJ1MHOI Ha3bIBAETCS UNCIIO
L.(y) = inf {L(¢) | ¢ — e-ipmubmskeHme v} .

1. JTokaxxuTe, YTO y PETYISIPHBIX KPUBBIX JIIOOOI IJIMHBI OBIBAIOT CKOJIb
YTOHO IJIVHHbBIE PEryJIsIpHbIe MPUOIVIKEHMS. VIHBIMU CIOBaMU, IS
mo6oro uncina D > 0 u ost 10607 PeryIsipHO KPUBOIA y CYIIECTBY-
et peryssipHas kpusas C: [0, 1] — R? ¢ gymuoii L(¢) > D, aBnstonasics
ee c—IpUOIIKEHMEM.

2. JTokaxkuTe, UTO JIJIs1 TI0OO0i PETYISIPHOI KPUBOJA -y CYIECTBYET KOHCTaH-
Ta £g Takas, YTO NpU € < g UHOUMYM U3 OTpeeeHNs ¢ —IJIHbI COB-
najgaeT ¢ MHPMMyMaMu JJIVH (a) KPUBBIX, e—OIU3KUX K v; (6) TOMaHbIX,
e—6MU3KUX K 7. YKOXKUTE, KaK HANTH €.

3. Ilyctb 7y — perynsipHasi KpuBas, Ipo KOTOPYIO U3BECTHO, UYTO €€ KPUBU3-
Ha OrpaHMyeHa CBepXy YMCcIoM % Ilpu ¢ < § naiiTe KaK MOXHO 6onee
TOUYHYIO HVIKHIOIO OLleHKY Ha L. () (M IpoBepbTe, IOCTUTAETCS 1M OHA).

4. Jlnis1 pery/isipHOM KPUBOM 7y JOK&KUTE, UTO lin%) L.(v) = L(). Hokaxkure

e—>

TO 3Ke camoe JIJIs1 TPOM3BOJIbHO HeIPepbIBHOM KPMBOJ KOHEYHO O~
HBI.
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[TepeiimeM OT KPMBBIX K JOMAaHbIM Ha IJIOCKOCTH. ITycTh G, — MHOKECTBO
HEeCaMOIIePeCeKaOIIMKCsl IOMaHbIX C BEPLIMHAMM B TOUKAX MHOKECTBA 17 x
17 v pe6pamu mmnp! 1. HecoskHo nepenecty onpenienenne e-61m130CTy Ha
CTyJait JoMaHbIX — paccTostHue dist MeXXTy IBYMsI TOYKaMy Ha TUIOCKOCTY
HaM Tenepb 6yneT yaooHee orpeneanTb Kak

dist ((x, y), (z, t)) = max{|x — z|, |t —y|} (IpOBepbTe, YTO 3TO METPUKA).

Tlana perynspHas kpusas v: [0, 1] — R2, mpuuem v(0),~v(1) € Z x Z. Ee n-
nMKcenusauyei (0603HaUMM yepes ,) 6yIeM Ha3bIBaTh KpaTUaiyio Joma-
Hy10 U3 Cp, KoTOpas 1/n—-6mmska K v. 0603HauUM Py, () = L(yp).

5. Ing maHHO¥ JoMaHoit A € G u uncen n, e € N KaKk MOXKHO 60/iee TOUHO
OLIEHUTE IJIVHY CaMOJ KOPOTKOM 1 CaMO¥ AJIMHHOM TOMaHbIX U3 Cp, -
G/M3KMUX K A (M IIPOBepbTe, JOCTUTAIOTCS JIM Ballly OLIEHKMN).

6. [y IpOM3BOJILHOM pery/sipHOi KpuBoii v oneHuTe P,(y) U HaiiauTe
lim Pp(7).
n—oo

7. TIpenyoskuTe U MUCCaenyiTe cBou 0000IIeHMS JaHHOM 3aJaun: Halpu-
Mep, MOXKHO PacCMOTpeTh OpyruMe METPUKU U IPyTHUe CeTKU AOMYCTHU-
MbIX BEpIIMH Ha MIOCKOCTH!.

3azaua 9. dKCcTpeMajibHbIe TeTPas3apbl
3amaum Ha MJI0CKOCTH.
1. Cpenu Bcex TPEYroJibHMKOB, BIIMCAHHBIX B €IMHUYHYIO OKPYKHOCTD,
HaiIUTe TPEYTrONIbHUK C
a) MaKCMMAa/IbHBIM IIEPUMETPOM,
b) mMakcuMManbHOJ IIOIIAABIO,
C) MaKCMMAaJabHbIM PaANyCOM BIIMCAHHO OKPY>KHOCTU.
2. llupuHOI TpeyroMbHUKA B HAlIpaBIeHUM «, Ihe « € [0, 7], Ha3bIBaeTCs

BemMuuHa w(«a), paBHas AAMHE MPOEKIMM TPEYTOMbHUKA Ha MPIMYIO,
06pa3symlLyo ¢ 0cblo aberucc yrou a. CpegHeit IMMPUHON TPEYTONIbHUKA

Ha3bIBAETCS BEJIMYMHA .
1
— | w(a)da.
T Jo
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[IpuaymaiiTe, Kak IO MEPUMETPY TPEYTONbHMKA HANTH €ro Cpef-
HIOIO IIVPUHY.

Cpeny BCcex TPEYroJIbHUKOB, BIIMCAHHBIX B €OUHUYHYI0 OKPYXK-
HOCTb, HalijuTe TPEYyrOJIbHUK C MaKCMMaIbHOM CpefHel Mupu-
HOIA.

3agaun B RS.

3.

a)

b)

9)

d)

e)

£)

Cpeny Bcex TeTpasgpoB, BIIVICAHHBIX B €IMHUYHYIO chepy, Haiau-
Te TeTpasAp C MaKCUMaIbHBIM 0ObEMOM.

HokaxkuTte clenyroiiee 0606H.leHHO€ TOXIOECTBO ITapasijie/Jorpam-

Ma: ecmm Xy, . .., X, — BekTophl B R3, rme n — HaTypanbHOE 4KCIIo,
TO
n n
2 2 2
STOX =X+ 1D oXlP=n> X
1<i<j<n i=1 i=1

Cpenu Bcex TeTpasgpoB, BIIMCAHHBIX B €IMHUYHYIO chepy, Hauu-
Te TeTpasAp C MAKCUMaIbHOM CYMMOJi IJIMH pedep.

ITyctb maH Terpasgp B R3. M3BecTHO, 4TO M1060€ €ro pebpo opTo-
TOHAJIBHO TUIOCKOCTH, MPOXOASINEli uepe3 cepeguHy 3Toro peépa
M OCTaBINMECS ABE BEPUIMHBI TETPasdgpa. JJoKakeTe, YTO TETPAIP
MIPaBUJIbHBIIA.

Cpenu Bcex TeTpasgpoB, BIIMCAHHBIX B €IMHUYHYIO cdhepy, Haiau-
Te TeTPasnp C MAaKCUMMaJIbHOM IUIOWALbI0 IIOBEPXHOCTU (CYMMOM
TIoIaZieil rpaHein).

Cpenyt Bcex TeTpasgpoB, BIIMCAHHBIX B eIMHUYHYIO cdhepy, Haiam-
Te TeTpasAp C MaKCUMMAaIbHBIM PaJIMNyCOM BIIMICAHHO cephl.

4. Tlyctb TeTpasp ABCD BnucaH B eIMHNYHYIO cdepy ¢ 1eHTpoM O. CyMm-
MOJ1 YIJIOB 0630pa TeTpasapa Ha3bIBaeTCsl BeJMuYMHa

5.

<AOB + <AOC + <AOD + <BOC + <BOD + <COD.

Cpenu Bcex TeTpasApoOB, BIMCAHHBIX B eAMHUUYHYIO cdepy, HaiiguTe
TeTpasp ¢ MaKCMMaIbHOM CYMMO¥ YIJIOB 0630pa.

a)

Hcnonb3ys cdepuyeckye KOOPAMHATH B TPEXMEPHOM IPOCTPaH-
CTBe, 06061IMTe IOHATHE CPeiHel LIMPYHBI TPeyrolbHUKA Ha CITy-
vaii R® (o1 TeTpasmpa).
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b) Cpenu Bcex TeTpasgpoB, BIIMCAHHBIX B eOMHUYHYIO OKPY>KHOCTbD,
MOIPO6YiiTe HANTU TETPasAp C MAaKCUMAJIbHON CpemHeil MMpu-
HOI.

6. MHOTrOMepHBIM 0000IIIEHMEM TPEYTOJIbHMKA U TeTpasapa B R” aBiiseTcs
CUMILIEKC — MHOTOTPAHHMUK, Y KOTOPOro 1 + 1 BepiunHa. [TonbiTaiTech
IYHKTHI 3) — 5) 06061MUTh HA MHOTOMEPHbIN CTyJaii.

3agaua 10. JIlMHaMHuuecKue CUCTEMbI

3acduxcupyeM HaTypanabHOE YMCIO N Y PACCMOTPMUM MHOXKeCTBO Z/nZ Bo3-
MOXHBIX OCTaTKOB IIpM JIeJieHU! Ha n. B 3T0i 3aaue npezjiaraeTcst U3y4uTh
HEeKOTOpble pa3bueHus Z/nZ Ha IOAMHOKeCTBA (KIacChl 9KBMBAJIEHTHOCTM!)
M UCC/IeNOBaTh JMHAMUKY 3TUX pa30yMeHuit Ipy MablX M3MeHEeHMsIX 3a/1a10-
MIMX UX [TapaMeTpoB. I3MeHeHUs Ipu 3TOM 6YIyT KOHTPOIMPOBATHCS HEKO-
Topoit yHkiyei f : Z — Z. Kasknoe pasbuenne Z/nZ 3amaet npencraBieHue
YuCIa h B BUIE CYMMbI HEOTPUIIATETbHBIX C/IaraeMblX, a CJIEJOBATENbHO, 3a-
JaeT quarpaMmy FOHTa COOTBETCTBYIOIIErO Mopsiika. IHTepec BbI3bIBAET KaK
KOJIMYECTBO CTPOYEK B 3TON AuarpaMme, Tak U UX JJIMHA.

PaccMoTpuM HauMeHblilee OTHOIIEHNMe 5KBUBAJIEHTHOCTU Ha Z/nZ, mpu
KOTOPOM KaX[IbI}l OCTaTOK [x| 3KBMBajJleHTeH OCTaTKy [f(x)]. B 3aBucumocTu
OT f ¥ n HaWgUTe YMCIO0 BCEX KIACCOB, HA KOTOPbIE MTOYYEHHOE OTHOIIeHE
nemut Z/nZ. Hanpumep, ipu n = 7 byHKUuA f(x) = 4x + 1 3agaeT pasbuenue
Z/7Z = {[0], [11.[5]} U {[2)} U {[3]. 6], [4]} u marpantmty

MHTepec B IPeaCTaBISIIOT KaK TUIIOTE3bI ¥ HAGMIOMeHMsI, CBSI3aHHbIe C I1-
HaMMKOJ OTBETOB, TaK M CTPOTMe AoKa3aTeabcTBa. Kakas Tpanchopmanys f
BHOCUT Gosiblliee M3MeHeHMe: yMHOXeHMe Ha 1Ba f(x) — 2f(x) uau mpubas-
neHue enyHUIE f(x) — f(x) + 1? [Ipensaraetcss MpoOBOOUTH MCCIeNOBaHNMeE B
CJIeAYIONIEM TTOPSIIKE:

1. Vsyuure ciyuau f,(x) = ax, rae a — GUKCHPOBaHHOE IeI0e YN0, U
flx) = x2.

2. Usyunre ciyuvaii f, ,(x) = ax + b, HauMHas ¢ COBCeM MaJbIX LeIbIX b.
Omnpo6yiitTe ob6a moaxoma: GUKCUPYITe a,b u MeHsiiTe n Wwin GUKCK-
pyiiTe n 1 MeHsiTe a, b, a 3aTeM u3yunTte ¢hopMy ITOTyUAIOMIMKCS I1a-
rpaMm.
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a) TpEIEKTOpMEﬁ X Ha3bIBA€TCA IMOCJIeJOBATE/IbHOCTb

X fap(X), fap(fap(x)); -

B npepnonoxkenun (a,n) > 1, onuumTe ocTaTKy [X], TPAKTOPUU
KOTOPBIX 06pasyIoT IMKII.

b) ITocrapaiiTech onucaTh TpaeKTOpuIo octaTka [0].

¢) IlocTapaiiTech HaiiTM Te XapaKTEPUCTUKM ITOTYUAIOIIMUXCS AMa-
rpamm lOHra, KOTOpbIe TIOAAAIOTCST BIUMCIEHUIO B 3aBUCUMOCTH
oT n,a,b.

d) ®ukcupyiite a,b u onumuTe Ye3apoBCKKe cpemHue (10 n) MOII-
HOCTeJ MOoTyYaronXcs KIacCOB 9KBUBAJIEHTHOCTU. 3aTeM IOTIPO-
OyiiTe 6paTh CpemHMe TI0 APYroi epeMeHHOoi (a uiu b).

3. Usyunre caydan fr,(X) = X" u flx) = x* + 1.

4. BpIsicHUTE, IJIST KaKUX TTOJIMHOMMAIbHBIX QYHKIMI f MCKOMbBIE unciIa
K/IaCCOB 9KBUBAJIEHTHOCTHU Y UX PAa3MepOB MOJAAIOTCS SIBHOMY BbIUMC-
JIEHUIO, ¥ IPOBEINTE COOTBETCTBYIOIIEE MccIenoBaHme. Hampumep, Bbi-
SICHUTe, KaKue 3aMeHbl QYHKIUY f — g MPUBOAAT K HE3HAUUTETbHBIM
M3MEHEHUSIM OTBETOB.

3agaua 11. ITO3-koapI

Compume mHe namamo (H.B. T'ozons. Buii)
Cmepemb Henw3s uchpasums (Kpuliamoe 8ulpaxeHue)

Bo3MoykHO, Bam 3HaKOMa nnepdoKapTa — KapTOHKA, B KOTOPO# MOXKHO ITPO-
6uBaTh oTBepcTHsi. C MOMOIIbIO epdoKapThl yA06GHO XPaHUTH MHGOPMAIINIO
B MAallMHOYMTAeMOM BUZe: eCcTb oTBepcTne — 1, HeT — 0. Y mepdorapThl
€CTbh BaKHOE CBOJICTBO: J1t0007i 0 j1erko MeHseTcs Ha 1, HO o6paTHas 3aMeHa
KpaitHe 3aTpyaHeHa. [IaMsITh ¢ TaKMM CBOJCTBOM Ha3bIBAIOT NAMSIMBIO C 00-
HokpamHoti 3anuceto (TI03), wnu no-aurnuiicku Write-Once Memory (WOM).
OpyH 6UT TaKoVi MaMSTV Ha3bIBAETCS 8UNMOM.

OrpaHnueHMe Ka3aaoch Obl He MO3BOISIET TAKYIO aMSITh ITepe3anichiBaTh
HeCKOJIbKO pas3, HO B 1982 rogy P.PuBect 1 A.lllamup B cTaTbe «<How to Reuse a
“Write-Once” Memory» NpejIoKuIn KOOUPOBKY, TO3BOJISIONIYIO [IeHOI He-
KOTOPOTO YBeTMUYEHMSI 00beMa HOCUTEJIS ITPeNoCTaBUTh BO3MOXKHOCTD TIepe-
3anucu MHGOpMaIun.
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HaHpI/IMep, C IIOMOIIIBKD TpeX BUTOB OKa3bIBA€TCA BO3MOJKXHO 3alncCaTb
HEeKOoTOopoe ,U,BYX6I/ITOBOG 4ncio, a IOTOM OOHOKPATHO 3aMEHUTDb €ro Ha Jpy-

roe:

yucio  Koouposeka 0ns hepsoli 3anucu  Koouposka 0711 8mopoti 3anucu

00 000 111
01 100 011
10 010 101
11 001 110

HonycTuM, MOKHO criepBa 3anucath 10, ucnonb3ys kon 010, a moTom 3anu-

CaTb

unciio 01 Ha ero MecTo, 3aMeHMB TpeTuit BUT Ha 1 u nomyuyus Koz, 011.

HenmaBHo aTa 06s1acTh MCCIEIOBAHMIT TTOyYMIa BTOPOE IbIXaHME B CBSI3U
¢ pacrpocTpaHeHneM GsII-IIaMsITH (06/1a1aroIIell OYeHb ITOXOXKUMM CBOJ-
cTBaMu). Hitxke MbI IipeijiaraeM BaM 3a[1aui, CBSI3aHHbIE C JAaHHOJ 00/1aCThIO:

1.

IpencraBuMm cebe IPOe3aHOI OMIIET, CTOMMOCTh KOTOPOTO (1IeJI0e YMC-
j0 oT 0 1o n — 1) 3aTIOMMHAETCS C IIOMOIIbIO k BUTOB — CKaykeM, KOMIIO-
CTUpYyeTCsl IpU MOKyTIKe. [IpenyioxkuTe KOAMPOBKY, IMO3BOJISIONIYIO MC-
KJIIOUUTD YBeIMUMBalolee CTOMMOCTb M3MeHeHMe BUTOB (JOKOMITOCTH-
poBaHue 6useTa) mocyie MoKyIKu. [IpMBenTe 10 BO3MOKHOCTY TOYHBIE
BEpXHME U HISKHME OIeHKM Ha YMcIo k A1t Baieit KomupoBKu. Takke
MPeIJIOKUTE TeopeTUUYeCcKue BepXHME U HIUKHME OIeHKM Ha Kojuue-
CTBO BUTOB B KOAMPOBKAX C TAKMMM CBOMCTBAMMU.

B ycnoBusix 1.1 mpeioxkuTe KOOUPOBKY, MCKIIOUAIOLIYIO TI060€e 13Me-
HeHMe CTOMMOCTHU IT0C/Ie MTOKYNKU. MHbIMM Cl1I0BaMU, KOOUPOBKY, B KO-
TOPOI1 10OBIe NOTIOTHUTENbHbIE MI3MEHEHMS BUTOB J1eJ1aloT KO, JII060Tr0o
4y/ia HEKOPPEKTHBIM (HE COOTBETCTBYIOIIVM HUKAKOMY unciy). Takke
MIpUBEINUTE OLEHKM IJ151 IPenI0KeHHON KOAUMPOBKYU U TeOpeTuUecKue
OLIeHKU.

[pencraBum cebe Mpoe3gHOI OIeT, B KOTOPOM McIoab3yeTcst [T03 mis
XpaHeHMs uncia noesnok. [lowie Kaxgoi moe3aKky YMCIo yMeHbIIaeT-
cs Ha 1, moka He AOCTUTHET Hy/s. [IpefokuTe KOAMPOBKY, ITO3BOJISI-
IOIIYI0 XPAHUTD 3TY MHGOPMALIMIO IT0 BO3MOKHOCTY MaKCUMAJIbHO 3(-
(extuBHO MO mamsTH. [laliTe KaK TeOpeTUUYECKNE, TaK U JOCTUTAEMbIe
Baleil KOMMPOBKOM BEPXHME U HVKHUE OIIEHKM HEOOXOAVMOTO KOJIN-
YyecTBa BUTOB. YOeOuUTEeCh, UTO MPeAJIOsKeHHbIN BaMM KOJ, He TIO3BOJISIET
YBEIMYUTD KOMUECTBO M0e3/I0K B ITpoliecce Iepe3anycy 3HaueHuii.
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ITyctp B [103 XpaHUTCST HE YMUCIIO TTOE3/10K, a OrjlaueHHasi CTOMMOCTD B
PYOJISIX, IPY 3TOM IIPU TTOE3[Ke CO cUueTa CHMMaeTcst oo 40, mmbo 45
pyb6neit (B 3aBUCMMOCTH, HAIIpUMep, OT BMIA TPAHCIIOPTA). BO3MOKHO
JIVL C yYETOM 3TOTO OTPAaHUUYEHUS CIAELNIATh KOAUPOBKY 6oiee 3¢hheKRTUB-
HOJ1 TI0 TaMSITU U YIYUYIIUTD OLeHKU U3 11.3?

O60611MTe pesyabTaT U3 1.4 Ha Cayvaii MPOM3BOJIbHOTO Habopa CTOM-
MOCTeJ TT0e3IKN.

PaccMOTpUM CUTYaIMIO, KOT/Ia MbI 3aMMChIBAEM COOBITHS Ha AJTMHHYIO
neHTy. CKaskeM, peub MOKET UTH O TOKAa3aHMSIX CKOPOCTY — YBEJTUUM-
JIach i OHA Ha 1 OT HpeAbIAYIIero HaGIIOoeHS, YMEHbIIWIACh T Ha
1 unu ocranach npeskHeii. CpaBHUTENTBHO JIETKO MMETD JIEJI0 C CUTya-
MMM, KOTAa Kaxkjoe caefylolee cobbITHe MMeeT PoBHO 2K 3sHaueHmit
— TOTIa MbI IIPO Kaxkgoe coObiTHe GyIeM MOMUChIBAaTh K JIEHTEe POBHO
k BUTOB M cpasy mepexouTh K cienymomuiemMy. OqHAKO, MOXKETE JIY BbI
MpeIoXkuTh 60s1ee 3 PEKTUBHYIO IO MAMSTY KOOUPOBKY B TOI CUTYa-
LIMM, KOTJa KOMMUYeCTBO BApMAHTOB, HAIIpuMep, paBHO 3? ECcTeCcTBEHHO,
BbI MOJKETE, IOMMMO J00aBIeHVSI HOBBIX BUTOB, UCITPABIISITh KAKME-TO
"3 MIPeIbIIYIINX.

PaccmoTpuTe 1.6 [IJIs1 IPOU3BOILHOIO KOMMYECTBA BapMaHTOB 3HAUe-
HUI, [OOABIIEMbIX Ha KOKAOM IIare.

[penoxkuTe Kakue-HUOYAb CBOM aHAJIOTUYHbBIE 3a1auM Y KOAVPOBKY,
TIOAXOSIIME IJISl X pelieHMs]. DTOT MYHKT TaKKe MOAXOAUT JIJIsT U3JI0-
SKEHMST KOOMPOBOK, IMIPUAYMAaHHBIX BAMM B IIpoIlecce pelleHns 3aJaun,
HO He ITOAOIIeIINX 0] YCIIOBUS.

3apauu 2017 roga

3agava 1. Viigem Ha CeBep

CueskHast KoposneBa Bo3BpaliaeTcst o6paTHo Ha CeBep U coGMpaeT 4emo-

JaHbl. 3a TO BpeMsi, UYTO OHa MpoBejia BHE JOMa, OHA HAKOMMUIa MHOXECTBO
JIBAVHOK CaMOii pa3sHOii (OpMbI ¥ XOUeT MX BCe B3SITh C c060ii. TTomorure

CHesxHoit KoposeBe 6pIcTpee coOpaTh BEII.

1.

VY CHexxHoVi KoposeBbl eCTh CTe/UTaX € TIJIOCKUMM KBaJpaTHbIMU YeMO-
JaHaMM ¥ MHOKECTBO JIbAVHOK TPEyroyibHO (OpMbI, KOTOPBIMM OHA
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IopoxkuT. KakoBa HaMMeHbIIast CTOPOHA TJIOCKOTO KBaIpaTHOTO YeMO-
JlaHa, B KOTOPYIO TTIOMECTSITCS OJJHOBPEMEHHO JiBe TJIOCKMeE JIbAVUHKIU B
(opme paBHOOGEIPEHHBIX MPSIMOYTONbHBIX TPEYTOJBHUKOB C IJIMHAMMU
KaTeTOB a U b, COOTBETCTBEHHO? A NIBe JbAVHKMA B (hOpMe PaBHOCTO-
POHHUX TPEyTOIbHUKOB? B MyIockMe 4yeMoiaHbl JIbAMHKY YKIaIbIBAIOT-
CsI TOJILKO B OVH CJIOM.

Puc. 1: /IBe TpeyrosibHbIE JIBAVMHKNA B HE CAMOM ITOAXOISIIIIEM TUIOCKOM KBas -

pPaTHOM UyeMOJaHe

Hacraa ouepenb ITpo3payvyHbIX KAPTUH 130 JIbJa. B KaKkoii MI0CKuii ue-
MOJaH KBaZpaTHO (hOPMbI TOMECTSITCS [IBe Jie[isTHbIe KBaApaTHbIE Kap-
TUHBI CO CTOPOHAMM d U b, COOTBETCTBEHHO?

Cre/utak ¢ KBaIpaTHbIMM YeMojaHaMu omycTes. Ho B simyke komopa
0GHAPYKMUIMCh YeMOAAaHbl CaMbIX pa3Hbix ¢GopM. [lepBbIMM Ha Iasa
TOTaJIach CTOMKA C HECYETHBIM YMCIOM IIJIOCKUX MPSIMOYTOTbHBIX ye-
MopmaHOB. Kak BBIMIAOAT MPSIMOYTObHbIE UEMOAAHbI C HAaMMEHbIIeH
IJIONIAAM., B KOTOPbIe MOKHO TIOMECTUTD JILAVHKA YK€ PacCMOTpPEeH-
HbIX (opm?

st yckopeHust c60poB yno6Hee KIacTb 6ojiee IBYX JbAMHOK B U€MO-
IaH. B Kakoii MpssMOYToJIbHbIN YeMOZAH JIy4llle BCEro yopaTh 3 ofyHa-
KOBbIe PaBHOCTOPOHHMe NbaAuHKM? A 4? YTo GyneT B cIydae JIbAMHOK —
MIPSIMOYTOJIbHBIX TPEYTOJIbHUKOB?

KY6I/I‘JE‘CKI/IE‘ YeMOdaHbl OTVIMUYHO IMOAXOIAAT OJiA YIIAaKOBKU 06BEMHBIX
JIbAVMHOK-TETpas3apoOB. Pemnre 3aavy OJis pa3/IMYHbIX MMap TAKMX JIbAU -
HOK.

PaCCMOTpI/ITe JIBAVIHKU M YeMOOaHbI APYTUX d)OpM. Hanpmmep, Kpyrjbie
JIBAVHKM-TAaPeJIKN U TPEYTOJIbHbIEC YeMOOaHbI.

3agaua 2. Bac cHuMmalor

ITyctb I C R sgBnsieTcss o6beAyHEHVEM HelepeceKalolMxcs OTPe3KoB Ha
npsimoit. O603HaunMm 3a L(I) jiMHy MHOKeCTBa [, TO eCTh CYMMY JIJIMH COOT-
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BETCTBYIOMIMX OTPe3KoB. [TOIMHOXeCTBO IJIOCKOCTU A Gymem Ha3biBaTh pu-
TypOi4, e/ OHO OIpaHNUYEHO, 3aMKHYTO U ero IiepecedeHue ¢ 160 mpsmMoit
ecTb 06benMHeHMe KOHEYHOTO Yucia OTpe3koB. B yacTHOCTH, /10607 MHO-
TOYTOTBHUK SIBJISIETCST GUTYpOii. 3apuKCupyeM HEKOTOPYIO JeKapTOBY CUCTe-
My KOOPAMHAT Ha ITUIOCKOCTU. st purypsl A onpenenum ee X-CHMMOK, Kak
dyukuio f;: R — R, KoTopas mo Touke t Ha mpssMoit OX BeIUKUC/SIET OJIVHY
rnepeceueHusi A ¢ IpsIMOI, MPOXOAsILeli uepes t 1 nepreHauKynasipHon OX

fu(t) = LAN{(t,y) € R? |y mo6oe}).

AHaJIOTMYHO ompeiesIMM y-CHUMOK GUTYPhI A KaK

fy(t) = LA N {(x,t) € R*|x mo6oe}).

1. Kakag ¢urypa obnafaeTt CaeqyouumMu x- 1 y-CHUMKaMMU:

2.

SR sl 2
-
A
(@]

f(t) = (1) =

—
Do
—
[ S}

[
N
+
3
(o] "N [N}
IA
-
IA
o))

o

Haiinute crioco6 BocCTaHOBUTD UTYpPY A, a TaKsKe BAPUAHTBI ee pacIio-
JIOXKeHUS T10 X- U Y-CHUMKaM, eCIM U3BECTHO, UTO

a) A — HEeKOTOPBI1 IPSIMOYTOJIbHUK;

6) A — HEKOTODBII TPEYTONbHUK;

B) A — HEKOTOPbII YeTbIPEXYTOIbHUK.

MO3KHO /111 060 THCH TOJIBKO OGHUM CHUMKOM?

[IpuBeguTe IPUMEDP ABYX HEPABHbBIX GUTYP HA IJIOCKOCTU, MMEIOIINX
OIMTHAKOBBIE X- U y-CHUMKW.

[Tyctb A HekoTOpas Gurypa. MosKHO Ji BOCCTAHOBUTH U, €CJIM MOKHO,
TO KaK, 110 X- U y-CHMMKaM CJIeQYIoNyo MHOOpMaImio:

a) A uMmeeT 1IoMIAIb S;

6) A ABJISIeTCST HEBBIITYKJIO (Urypoii;

B) A SIBJISIETCSI MHOTOYTOIBHUKOM C 11 BepIIMHAMMU;

r) A cOmepskUT PUKCUPOBAHHYIO TOUKY (Xg,Yo)?

MO3KHO sV TOOUTBHCSI OTBETOB Ha 3TU BOIPOCHI, €C/TM 3apaHee M3BeCTHA
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JomnomHuTeNbHas MHbopmalus mpo A? Hanpumep, eciiu M3BECTHO, UYTO
A BBITIYKJIAsT ¥ LIEHTPaJIbHO-CUMMeTpUUHast Gpurypa?

[ToBepHEM MCXOOHYIO CUCTEMY KOOPAMHAT OTHOCUTEIBbHO Havaja OT-
cyeTa Ha yrojl «« MMPOTUB YaCOBOM CTPENKU. X-CHMMOK B HOBOW CUCTe-
Me KOOpAMHAT Ha30BeM «-CHMMKOM. Tak Harnpumep, 0-CHUMOK 3TO X-
CHUMOK, %-CHI/IMOK 3TO y-CHUMOK. VccnenyiiTe npeapiayiiye MyHKThI,
eciy BMeCTO X- M y- CHUMKOB JIaHbl - U [3-CHUMKU, JISI HEKOTOPbIX
HepaBHBIX YIJIOB a ¥ 3?7 MOXKHO JIY Y3HATh TOMOJIHUTEIbHYIO MH(pOpPMa-
Mo (HarpuMep, BOCCTAHOBUTB JIOOYIO GUTypy), eciiv TaHbl TPU pas-
HBIX CHUMKa?

3azaua 3. llenbie CTPYKTYpPbI

1.

[TycTb maHbl ABA EJIBIX UMCIA d I b. MHOKECTBOM, IMOAUYMHEHHBIM a U b
Ha30BeM S, MOJMHOXECTBO B Z, yA0OBJIEeTBOPSIIOIEee CBOICTBAM:
a)a,besS;

6) st 1060T0 X € S UUCIIO —X JIEKUT B S;

B) Iyt BceX X U y 3 S uncIo ax + by Takxke JEXKUT B S.

Ilyctb a = 2, a b = 3. [lokaxkuTe, UTO JI060€ MOAUMHEHHOE 2 U 3 MHO-
3KeCTBO S 00s13aTeIbHO COMepsKUT 1.

OnuiunTe HaMMeHblIee MHOXKECTBO S, IIOQUMHEHHOe a U b, ecin a =
b = 1.Yro 6yger, eciia = 2, b = 3?

PaccMoTpuTe aHAJIOTUYHYIO 3amauy mist a = 4, b = 5.

IIpu KaKOM yC/IOBUM Ha a U b B TI060M d, b-TIOgYMHEeHHOM MHOKeCTBe S
HalaeTcs Y1CI0, MMelolllee OCTAaTOK k 1o Momysio n myst Bcex 0 < k < n.

[TycTb a M b B3aMMHO IPOCTHI. [ToKaXkuTe, 4TO JTH060€ TOTJUMHEHHOE d U
b MHOXeCTBO COLePXUT 1.

HaTypaanoﬁ IUVIOTHOCTbI0 MHOKecTBa A C 7 Ha30BeEM rmpenejx OTHO-

IIeHUs
XxXcA|l —n<x<n
lim H ‘ — }‘

n—infty 2n ’

eCJIV 9TOT IIpefies CyLeCTBYeT. BepHo /11, UTO [7151 He B3aMMHO ITPOCTbIX
au b pazmep Ha¥MeHbLIero MOJUYMHEHHOTO a ¥ b MHOXKeCTBa /MeeT Ha-
TYPaJIbHYIO INIOTHOCTD 07
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3azaua 4. 3agaua N24 ByiicTBO Kpacok

W3BecTHbIN XygokHUK [1eTpoB MMeeT CieAyoIly0 MaHepy MUCbMa: KBaji-
PaTHBIN XOJICT N X N OH pa3dMBaeT Ha KBAaApaTUKu 1 x 1, mocje yero Kaxkmblit
KBaJpaTMK 3aKpallvBaeT B OAMH U3 k IBETOB, MUMEIOIINXCS B HaMM4Yun. Tak
Kak Ha KapTuHe He yKa3aH Bepx M HU3, TO MUCKYCCTBOBeAbI 1 caM I1eTpoB cuu-
TAIOT [Be KapTMHbBI, OTJAMYAIOIIMecs TOBOPOTOM Ha 90°, omMHaKOBbIMMU.

1. B mercrBe [leTpoB mucasn Ha XoicTe 2 X 2. I3BeCTHO, UTO 3a 3TO Bpems
oH Hammca 6osee 100, Ho MmeHee 200 pasaMUYHBIX KAPTUH, IIPU ITOM C
XOJICTOB 2 X 2 Ha GOJIbIIINE OH TTepelles Moc/Ie TOro, Kak HarmmMcasa KapTu-
HbI pa3zMepa 2 X 2 BCeMU AOCTYITHbIMU eMy crtocobamu. CKOTbKO KPacok
6b110 y IleTpoBa B meTcTBe? CKOJIBKO B TOYHOCTYM KapTMH 2 X 2 OH Ha-
nucan?

Puc. 2: [IBe HepasinuMmble geTCKue KapTuHbl [TeTpoBa 2 X 2 Ha ABYX LIBETax

2. O6peTst MOMy/ISIPHOCTD, I1eTpOB MepeKITIoYMICS Ha MacIITabHbIe TPO-
€KTBI C XOJICTAMU N X N, N > 3 ¥ YMCJIIOM Kpacok k. Halure acMMnTOTH -
Ky it GOpMYITy JIJISl YMCJIa Pa3IMIHBIX KAPTUH, KOTOPbIe MOT HAMMCATh
ITeTpoB Ha mosoTHAxX 3 x 3,4 x 4, mpu k — infty. OueHure uMcI0 BO3-
MOXKHBIX KapTHH [TeTpoBa Ipu IPyTUX N WIN AaiiTe TOUHYI0 GOPMYITY.

3. Insa cucremarusauum KapTuH IleTpoBa MCKYCCTBOBeIbI IIPeNIOKUIIN
HECKOJIbKO KJIacCuM@uKaImii, OCHOBAaHHbIX Ha TOM, UTO JIBE KapTUHBI
[TeTpoBa He CTOUT pa3nn4aTh, €CAM OHU OTAMYAIOTCS LIeIIOUYKON OIpe-
JleJIeHHbIX TTpeoOpa3oBanmii. HaiimyTe KOHKpPETHbIE 3HAUEHNSI, OLIEHU-
Te NPy 6ONMBIINX N U K UK [aiiTe TOUHYIO GopMyiy uncia pabot Ilet-
poBa 1o Kiaccu@uKanysiM, OCHOBAaHHBIM Ha ITPe0Opa30BaHMUSIX:

a) [ToBopoT Ha 90° 1 oTpakeHUsI OTHOCUTEJIbHO 0Celi CUMMETPUM KBl -
para;

6) IIpeo6pa3oBanmst U3 IyHKTA a) 1 Mpeobpa3oBaHye, CABUTAIOIIEE BCE
CTPOYKM KBaZipaTa, KpoMe MepBoii, Ha 1 BHU3, a HMKHIOK CTPOYKY CTa-
Bsilllee HaBepX.

B) [Ipeo6Gpa3oBaHust 13 ITYHKTA a) ¥ IIpeoOpa3oBaHisl, MEHSIIOIINE I[BeTa
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Ha KapTMHe: 1IBeT i Ha IBeT j, IIBET j Ha LIBET i, ¥ He MeHSsolllee OCTasb-
Hble 1BeTa. Ha3oBeM Takue MpeobpasoBaHMs JIeMeHTapHbIMM mepe-
KpalIMBaHUSIMU.

r) IIpeo6pasoBaHms 13 MYHKTA a) ¥ Mpeo6pa3oBaHys, TIO3BOJISIONINE B
OIHOM M3 CTOJI6LIOB CABMHYTh BCe KBaAPaTUKM Ha 1 1O LIUKITY.

Puc. 3: KapTusbl, oT/invaroimmecs 3aMeHol JBYX 1IBETOB

XymoskHUK VIBaHOB penmt TpeB30iiTu ITeTpoBa u CTal pa3buBaTh paB-
HOCTOPOHHMII TPEYyTOJIbHUK CO CTOPOHOV h Ha TPEYrojbHUKU CO CTO-
poHoJt 1 u packpammuBaTh UX B k 1iBeTOB. MccienyiiTe aHaJIOTMYHBbI
MpebIAYIIMM ITyHKTaM BOIPOC. B 4aCTHOCTH, pacCMOTPUTE Kaaccugu-
Kaluu, paspeliamiilne peobpa3oBaHus:

a) [ToBopoT Ha 120°;

6) [ToBopOT Ha 120° U OTpakeHNSI OTHOCUTENILHO 0CEli CUMMETPUU Tpe-
YTObHUKA;

B) [Ipeo6pa3oBanyst U3 MyHKTa 6) 1 37IeMeHTapHbIe MepeKpanBaHus;
r) [Ipeo6pasoBaHust 13 MMyHKTA a) U IIpeobpa3oBaHme, CABUTAIOIIEe 110
LIVIKJTY LIBETA B OTHOM TOPM30HTAIbHOM PSITy 60JIBIIOTO TPEYTONbHMKA.

PaccmoTpuTe Apyrue, B TOM UKC/Ie TpEXMepHbIe, pa306MeHusT U UX pac-
kpacku. [Ipuaymarite npyrue Kiaccudmramum.

3apmaua 5. [JucKpeTHasi HeIPEPHIBHOCTD

Bymem roBoputb, YTO JBa LiebIX UyMcia a u b cocegHue, ecimu |a — b| < 1.
ITycTh [ — HEKOTOPOE MOJMHOKECTBO BHYTPH 1e/bIX uncen. OTo6paskene f :
I — 7 Ha30BeM JVCKPETHO HEMPEPbIBHBIM, €C/IM ISl TIOObIX IBYX COCEMHUX
yycen a, b € Iux obpassl f(a) u f(b) Toke cocenHMe.

1.

[Tyctb a < b — nBa UenbIx uncia. lenouncieHHbBIM OTPe3KoM [a, b] 6y-
IeM Ha3bIBaTb TOAMHOXeCTBO Leblx uncen [a,b] = {x € Z|a < x < b}.
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[TycTh 1aHO OVCKPETHO-HeNpepbiBHOe oToGpaxeHue f: Z — Z. Iloka-
SKUTe, YTO JJ1s1 JTIo60ro 1esoro uncia x € [f(a), f(b)] cyuiecTByer ¢, Takoe,
ytoa < c < bufc) =x.

2. ITyctb n € N — HEKOTOpOe HaTypaibHOE UMCI0. PaccMOTpUM (YHKITUIO
p(x,y): Z" x Z" — R, 3aJJaHHYIO 110 TPaBUITY

n
pl(x7y) = Z|Xi _Yi|> roe x = (Xla"'axﬂ))ay: (YIv---aYn)-
i=1

Bymem roBOpuTb, YTO TOUKK X, y € Z" cocenHue, eciu p;(a, b) < 1.Ilyctp
A — mogMHOXecTBO B Z", a k € N. Oto6paxenue f: A — Z* HaszoBeM
JIVICKPETHO-HENPEPBIBHBIM, €C/IV JIJIST JIIOOBIX COCETHUX X, Y € A UX 06-
passl f(x) u f(y) cocennue B ZX. Il KaXXAOT0 HATYPaJbHOIO YMCIA M
ompeenmM MHOKeCTBa

Dl ={xeZ"||x|<m} u Sl={xeDV|3i<nlx =r}

ITycTh OMCKPETHO-HENpepbIBHOE oTobpaxkenue f: St — 72, ax € Z2 He
nexxut B f(S},). Ilis 06010 syya [, MCXOISINEro 13 TOYKM X U He COmep-
JKalIlero ToYeK f(SL,), MOKHO OIpPeNeNTb YNCIIO if f €T0 TIepecedeHnii ¢
JIOMaHO1, TOCTPOeHHOI 110 f. CheaeM 3TO CIeAyIOIUM 06pa3oMm:

1
ip=5[{(a:b)|a, beS,, piab)=1

u | mepecekaeT OTpe30K, coequusouuit f(a) u f(b)} |

YN0 § TOSIBIISIETCSI M3-3a TOTO, YTO OHO ¥ TOXE [IepecedeHie CO0T-
BeTCTBYeT umnape (a, b), unape (b, a). Ilokaxxute, 4T0 YeTHOCT i; fHE 38~
BVCHUT OT BbIOOpa [ 1, CIeJOBATENbHO, SIBJIIETCST XapaKTePUCTUKOI TOU-
KM X.

Puc. 4: JlomaHas 1 JBa JIy4a, MCXOIAIIME U3 OMHOA TOUKM, C i, = 3 i}, =1

- 313 -



3.

Typuup 10HbIX MaTeMaTukoB 2017 roga

Touky x € Z2, He nexauiyio B f(S}), Ha30BeM BHYTpeHHeji [0 OTHO-
IIeHUIO K f, eC/N ij f HEYeTHO, ¥ BHeIHeji, ey ij f yeTHo. IlycTh maHo
IMCKpEeTHO-HeNpepbIBHOE oTo6paxenue g: D% — 72, Tlonokum f =
8ls, — cyxeHue oTobpakeHus g. [TokaxkuTe, UTO /151 1106071 f~BHYTpEH-
Hell TOYKM X CYIIEeCTBYeT y € Df, yTo g(y) = x.

Ornpenenm MeTpudeckue MpocTpaHcTBa Z™P, toe p = oo, wnp > 1 —
BellleCTBEHHOE YMCIIO, CIeAYIOIIMM 00pa3oM:

72" = (2", max{|x; — y;| : i € 1,n});

a mpu p — BemectBeHHOM Z"Y = (Z", pp),

rme pp(x,Y) = (3 <icy IXi — yilP)V/P. BameTum, uto e n = 1, 10 Bee
MeTPUKH p, COBMAMAIOT, TO3TOMY Py N = 1 MHIEKC p MOKHO OMYCTUT.
EcTecTBeHHBIM 06pa3oM, pacCTOSTHME OTPAHUUYMBAETCS U HA TTOAMHO-
’KeCTBa YKa3aHHbIX METPUUECKUX TPOCTPAHCTB.

a) ITokaxuTe, yTo 1-MMnmuMIeBsbl oTo6pakeHust us Zm! — 7Z&! gns-
I0TCST AVICKPETHO-HEITPEPBIBHBIMMU U HA060POT.

6) OnmmuTe Bce mapbl uncen L u Ly, Takye 4To oTo6paskeHue f: Z*P —
7P TUIIIULEBO ¢ KOHCTAHTON L TOTIA M TOIBKO TOT/A, KOIga OHO
Ly -nummuiieBo.

B) HlccnenyiiTe B3aMMOCBSI3b MEXAY YUIOBUSIMU JIMIIIIULEBOCTU ISt
oTOGpaskenwii f: Z2 — 7* B METPUKAX py U pq C PASIVYHBIMM KOH-
cTaHTamu L.

[Tycth L — HaTypasbHOE uncio. [TOKasKUTE, YTO IJ1sl TH060TO L-TUTIIIN-
1IeBOT0 OoToOpaxkeHus f: Z — 7Z ¥ J1060ro 1eJ0UMCIEHHOTO OTpe3Ka
a,b]
flabh 1
| conv(f{[a, b]))| ~ L’
rzme |f([a, b])| — 3TO KOMMYECTBO TOUeK B o6pase [a, b], a conv(f([a, b])) —

HaMMeHbIINIi OTPe30K, conmepskaumii f([a, b)).

3amanum paccTosiHMe Ha D, ¢ moMolbio MeTpuky p;. Chopmynupyiite
M TOKaKUTe aHaJIOT MyHKTa 6 3amauu sl L-TUITIINIEBbIX 0TOOpaske-
Hmit us D?, — 724,

O606111Te BCe yKa3aHHbIe TeOpeMbl Ha CTydaii pa3sMepHOCTH Oobiie 2.
OmnuimTe Bce L-TUMIINLEBbI 6MeKUunu u3 Z™P — 7Z™9 11 MaleHbKUX
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3agava 6. I'mnepreomeTrpuueckasi rmporpeccus

1.

7.

PaccmoTpuM ciiefyioiiee peKyppeHTHOe COOTHOIIEeHMe:
p(n)a, = q(n)ap—1, BRI N > Ny U Ay, = A,

IIe A — HEKOTOpOe BellleCTBEHHOe MO, a p(n) u q(n) — HEKOTOpble
MHOTOY/IEHBI C BellleCTBeHHbIMY K03 duiineHTamMu. BeiBeuTe SBHYIO
(bopmymy myist ero pemreHus.

[MocenoBaTeIbHOCTD U3 MIPeAbIIYIero MyHKTa Ha30BeM TMIiepreoMeT-
pudyeckoit mporpeccueit. bygem roBopuTb, YTO MHOTOWIEHBI P U q OTIpe-
JIeJIIOT 3Ty MPOTpeccuio. SIBASIOTCS WiIX HeT YaCTHBIMU CJIy4asiMU TU-
repreoMeTpMYeCcKOli IIPOrpeccui: a) reoMeTpuueckasi mporpeccusi; 6)

apudmeTrdeckas mporpeccus; B) d, = n'; r) a, = CK nis dukcuposaH-

_ n
Horo k; o) a, = (1)%? Ecnu na, To Kakue MHOTOWIEHbBI MX 3a/1a10T?

PaccMOTPUM peKyppeHTHOe COOTHOIIeHue
p(n)a, = q(n)a,—1 + r(n)a,—,

rae p(n), q(n), r(n) — HeKOTOpble MHOTOWIeHBL. IIpy Kakux p, q u ry
TAKOTO PEKYPPEHTHOTO COOTHOIIEHVSI HET PEIleHNii B BUJIE TUIIePreo-
MeTpuUecKoii mporpeccun?

UccnenyiiTe nipeapIAyunii BOIPOC J1s1 COOTHOIIEHUS
po(n)ay = p1(n)an—1 + pa(n)an_z + - + pr(n — K)an_y,

rae k GMKCMpoBaHo, p;(n) — HEKOTOPbIe MHOTOWIEHbI.

[TycTb 1aHbI BE TUIIEPreOMeTPUUeCKIe TTPOTPECCUM d, U by,. TTpu Kakmx
YCIOBMSIX Ha MHOTOUJIEHbI, 3afjalolie d, U b,, CyleCcTBYIOT uncia ry(n)
u ry(n), uro ri(n)an + r2(n)b, = 0 ns Bcex n?

HccnenmyiiTe mpeapiayniyii BOIPOC jisi GObIIEro Yicia rUnepreomMeT-
PUYECKUX ITPOTPECCHi.

HYCTb ann bn — ABe I1ocj1eJ0BaTe/IbHOCTH. OnpenenMM rocienoBaTe/ib-

- 315 -



Typuup 10HbIX MaTeMaTukoB 2017 roga

HOCTbB a * bn PpaBEeHCTBOM

a*bn = Z aibn_,‘.

0<i<n

[penronoxum, 4To d, u b,, — rurepreoMeTpudeckue mporpeccuu. Bee-
r7a Jiv TI0C/IeOBATENIbHOCTD d * b, €CTh KOHEUHast CyMMa I'MIiepreomMeT-
pUUecKux rporpeccuit? Eciu HeT, To KaKie YUTOBMS Halo HaJIOKUTh Ha
ay v by, 4TOGBI 3TO 6HLI0 BEPHO? HauHUTE CO C/Ty4ast reOMeTPUUECKUX
IPOrpeccuii.

8. NccnepnyiiTe cyliecTBOBaHMe pellleHUii B BUAe rMriepreoMeTpuyeckmux
byHKIMIT 17151 PEKYPPEHTHOTO COOTHOLIEHMS

p(0,n)a, = p(1,n)an_1 + - +pk,n — K)a,_r + - - - + p(no, n — ng)an,,

rae p(n, k) — runepreoMmetpuyeckast GyHKIMS 110 11 1 110 k.

3agava 7. 3aBUCHMMbIe MaTPUILbI

1. Iyctb B, C u D matpuupl 2 X 2 ¢ Koapduumentamu u3 R. JIMHEHbIM
ypaBHEHMEM B MaTpuULaXx OTHOCUTE/bHO MaTpuULibl X HA30BEM ypaBHE-
HMe BUJa:

CXD = B.

MaTpuna A € M;(R) Ha3bIBaeTCs €ro pelieHueM, eciin
C-A-D=B,

rie - 0603HavaeT npousBeaeHue Matpuil. O603HaueHMe TPOV3BEIEHMS
IJIS KpaTKOCTHM OyIeM OITyCcKaTh. Peliyte ypaBHeHMe:

(61)X(35) =(32)-

2. Tlokaxkwure, uto ypaBHeHMe CXD = B pa3pelunMo TOTLA M TOJIIbKO TOTAA,
Korpa paspeimnMsl ypaBHeHUst CX = B u XD = B. IIpu Kakux yCIOBUAX
Ha Cu D ypaBHeHMe CXD = B paspelmo npu Jo0bix B?

3. EcrecTBeHHBIM 06pa30M, MOXKHO OIpeIeanuTh 0606I1eHHbIe IMHEeiHbIe
YpaBHEHUS:
C1 XDy + CyXDy + - - - + C,.XD,, = B.
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HWccnemyiiTe paspeiiMMOCTh TaKMX YpaBHEHMe [ JII00bIX B U peniure
000011[eHHOE JIMHETHOe YpaBHEHME:

(12)X(10) +(63)X (1) = (3

IMocnemoBaTenbHOCTb MaTpull Buaa A, = C"'Ap Ha30BeM reomerpuue-
CKoJi mporpeccueit. ONuIInUTe BCe peleHus: IMHENHOTO peKyppeHTHO-
ro cooTHoumeHus A, = CA,D, aBngromuecs reoOMeTpu4eCcKUMU I1PO-
rpeccusamMu. MO>KHO Jin Jiro60e pelieHre TaKoro peKyppeHTHOTO COOT-
HOILLIeHUS TTPeJCTaBUTh B BMJI€ CYMMBI TeOMeTpUUeCKUX Iporpeccuii? B
YaCTHOCTU, OTBETbTE HA YKa3aHHbIe€ BOMIPOCHI [IJISI COOTHOIIIEHUS

Anir=(01)An (35)-

UccnenyiiTe aHaJIOTMUHBINA BOIMPOC [IJIS1 PEKYPPEHTHBIX COOTHOUIEHWUI
Buga A, = CA, + ApD.

Paccmotpurte pexyppeHTHOe cooTHoweHue A, = CiA,D; + CA,D,.
UccnenyiiTe cylieCTBOBaHMeE Y 3TOTO peKYpPEeHTHOTO COOTHOIIIEHMS pe-
IIeHUSI B BUJIe TeOMETPUUECKOI Mporpeccui. B 4acTHOCTH, OMMUIIUTE
BCe pellleHNs], SIBJISIIONIMECS] TeOMeTPUIECKUMU ITPOTPeCcCUSIMU AJIST CO-
OTHOIIIEHUS

Anr=(12) A (16) + (5 7) An (51)-

WccnenyiiTe BbIpasMMOCTb B TeOMeTPUUECKUX IIPOrpeccusix penieHuin
JINHEHBIX PeKYPPEHTHbIX COOTHOIIIEHUI BUaa

Any1 = CADy + GA, 1Dy,

a TakKe JIMHEHbIX PEKYPPEHTHBIX COOTHOIIIEH1 6OJIbILIETO nmopgaaka.

3agauva 8. Mo>XHO /i1 pa3pe3aThb?

1.

2.

ITyctb ¢ — HekoTOpBI yroiu. [TokaskuTe, 4TO

cosny = p(cos p),
rae p(x) — 3TO MHOTOWIEH CTeIIeHM N C LieJbIMM KoabduuyeHTaMu.

[TokaxkuTe, UTO yTroa MeKAy TMIIOTeHY30i1 1 KaTeTOM B MPSIMOYTOIbHOM
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TpeyrojbHMKe CO CTOpOoHamu 3, 4, 5 He paBeH:
a) ’%‘, roe k — 1esnoe; 6) an’ rae k u [ — 1ienible HeOTpHUIIATeIbHbIE UlCIIa.

3. MOXHO Jii Tak M300pa3sUTh PaBHOCTOPOHHMI TPEYTOIbHUK Ha KOOPAU-
HaTHOJ INIOCKOCTH, YTOOBI KOOPAMHATHI BEPIIMH SIBJISUIMCH PALlIOHAJIb-
HBIMM UMC/IaMu?

4. OnuiMTe BCe TPEYTOJbHUKY C PAllMOHAIbHBIMY KOOPAMHATAMMU Bep-
UIVMH ¥ yIJIaMU BUJa an’ rge k u | — uenble HeoTpULIATeNIbHbIE UMCIIA.
Takue yI/Ibl B JajabHelIeM 6ygeM Ha3bIBaTh palMOHAIbHBIMMA.

5. Paspe3aHueM MHOTOYrojJibHMKA P Ha30BeM TaKoil HAGOP MHOTOYTOJIb-
HUKOB Pj, roe 1 < i < nBHYTpU P, uT0 P = | J,;, Pi M TIPU i # j MHO-
rOyTrONbHUKY P; 1 P; MOTYT IiepeceKkaTbCs JIVIIB 110 TOYKAM Ha TPaHMIIe.
ITyctpb maH nmpssMoyroabHUK ABCD co ctopoHamu a u b. OnuimmnTe Bce a
u b, IpM KOTOPBIX €r0 MOKHO pPa3pe3aTh Ha TPU TPeyroJibHMKA C palu-
oHanbHbIMM yriamu. [IpuBeguTe MpuMepsl pa3pe3aeMbix U Hepa3pesa-
€MbIX ITPSIMOYTOJTbHUKOB.

6. Haitgyure KpuTepuii, Ipy KOTOPOM MHOTOYTOTbHMUK MOYKET ObITh paspe-
3aH KakKMM-JM60 06pa3oM Ha TPEYTOIbHUKYU C PAIMOHATbHBIMY YTJIa-
MU.

7. IBa MHOTOyTONMBHMKA P11 Q C pallMOHAIBHBIMU yT/IAMY, HA30BEM palu-
OHa/IbHO PABHOCOCTAB/IEHHDBIMY, €CIIM CYILeCTBYeT paspesatue {Pi}; 1
Jist P v paspe3aHnue {Qi}ieﬁ st Q, Takue uTo Gurypsl P; v Q; paBHbI U
MMEIOT paliOHaIbHBIE YIVIbI 4151 Bcex i. Hanpumep,

Puc. 5: PaspesaHie Ha MOMAapHO PaBHbIE TPEYTONbHUKM C PAIIOHATbHBIMU
yIjamu.

Haiigure Heo6xomyMble ¥ AOCTAaTOYHbIE YCJIOBMS PAllMOHAIbHOI paB-
HOCOCTaBJIEHHOCTU ABYX Guryp. [IpuBeauTe mpuMepbl palyiOHATbHO
PaBHOCOCTaB/IEHHBIX ¥ HE PalOHATBHO PABHOCOCTABIEHHBIX MHOTO-
YTOJMIbHUKOB.
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3agauva 9. ITopsaaku

[Tyctb My v My — nBa YIIOpsIHOYEHHBIX MHOKecTBa. OTo6Gpaykenue f: My —
M, Ha3bIBA€TCSI MOHOTOHHBIM, €C/IM AJIS JTIOOBbIX X U y U3 M), TaKMX, 4TO X <
¥, BBIIOJIHEHO, 4TO f(x) < f(y) OTHOCUTeNIbHO MoOpsigKa Ha My. MOHOTOHHOe
otobpaxkenue f: M; — M, Ha3bIBaeTCsI M130MOPGU3MOM, e/ f GUEKTUBHO U
o6patHoe orobpaxenue f~1: M, — M, Takke MOHOTOHHO.

1.

Iyctb f: M — N — uzomopdu3sm IBYX YIIOPSIAOUYE€HHBIX MHOKECTB. [To-
Ka>kuTe, 4TO 1J1s1 Moboro x € M mHoxecTBo M<y = {y € M|y < x}

n30MopdHO Nefy) = {y € N|y < fix)}.

Omuunre Bce usomopdusmsl u3 P(X) — P(X), roe P(X) — MHOKe-
CTBO BCEX MOAMHOXKECTB MHOXKECTBA X, YIOPSIOUYEHHBIX 110 OTHOIIe-
HUIO BKIIIOUeHus C.

[Tycte My 1 M, — nBa yIopsiiOYeHHbIX MHOXeCTBa. Toraa BBeneM Ha
M; x M; IOpSIAOK CIEIYIOIIMM 00pa3soM:

(%1,¥1) <nat (x2,y2) TOTHA M TONBKO TOLHA, Korma x; < xy My; < ys.

0O603HauYMM ITOTyUYMBIIIEECS YIIOPSIAOUEHHOE MHOKECTBO KaK M X nqeM.
Bynem Ha3bIBaTh Takoi MOPSIAOK eCTeCTBeHHbIM. BBemem Ha My x My
JIPYyroi nopsigoK:

(x1,51) <pex (X2,¥2) =
— X1 <Xy

WIN X1 =Xa Uy < Yo

O603HAYMM 3TO YIIOPSAOUEHHOE MHOKECTBO KaK M X jor M.

[TokaskuTe, UTO CIEAYIOIIE YIIOPSIIOUeHHbIe MHOKEeCTBa He 130Mopd-
Hbl MeXITy c000ii: N, Z, N X gt Ny N X 1oy N, Z X gt Zy 7o X jex 2, Q.

VizomopdHbI My HeT caepyiomye MHOKeCTBA: Q, R, Q Xjex R, Z Xy R,
Q Xex Ry R Xpey R Xy R?

Kaxkue 13 cienyomyx MHOXKECTB U30MODPMHDL: (Z Xjey Z) Xnat Ly Z X jex
(Z X nat Z), (Z Xlex N) Xnat Z.?

PaccMoTpuTe MpeabIayInnii BOIPOC, KOTa COMHOXKUTETe 60ibliie ueM
TPU, “CKOOKM” MOKHO PaCCTaBJISITh IIPOM3BOIbHBIM 00Pa30M M Ha MPO-

- 319 -



Typuup 10HbIX MaTeMaTukoB 2017 roga

MU3BEIEHMSIX MOKHO BBECTH OITepaliio OMHUM 13 IBYX OMMCAHHBIX BbI-
111e CII0CO60B.

7. OnuimnTe Bce M30MOPGU3MbI MEKAY HalileHHbIMM TTapaMu M30Mopd-
HBIX YIIOPSIIOYEHHBIX MHOKECTB.

3agaua 10. Jlyuynre meHblIe, ga Jy4ilie

HyCTb a, — HEeKOTOopas ImocjieJ0BaTe/JIbHOCTb BellleCTBEHHbIX UMCes, TaKasd,

YTO psif, Zﬁﬁy |an| cxoputesi. Onpepenum S({a,}) Kak MHOKeCTBO BCeX IOJ-

cymm psima Y @, a umenno:

S{ap}) ={x €eR|IL CN, uToX = Y a}.
ker

1. Tlycts a, = 5. Haiigure S({a,}).

2. Bynem rosoputh, yTO MHOXXeCTBO A C R umeet mepy 0, eint Ve > 0
CYLIECTBYeT He 6osiee yeM CUeTHBINI Ha6Op MHTEPBAIOB (Xi, Vi), TAKUX
4yTo

AC U @uy)n X |ye—xl <e.
keN keN

PaccMOTpMM NOC/Ief0oBaTeNnbHOCTb d, = (2)". Tlokaxute, uto S({a})
nmeet mepy 0.

1 o
3. Tlokaxure, uto S({; }) comepUT BHYTPU cebs1 HEKOTOPBIN OTPE3OK He-
HYJI€BO AJIVHBI.

4. MepoJi 3aMKHYTOr0 MHOKeCTBa A Ha IIPSIMOi1 Ha30BeM

W(A) =inf {t € R | cymecTByeT HaGOP MHTEPBAIOB (Xk, Vi),

uro A C | J X yi) Y vk — xil =t}

keN keN

[IpuBenuTe pMUMep NOCIeN0BATENBHOCTH Ay, UTO S({a,}) He comepsKuUT
0Tpe3Ka, HO SIBJISIeTCS MHOXKECTBOM HeHY/IeBO# Mepsbl. UTO MOKHO CKa-
3aTh 11po Mepy S({an}), roe a, — reomeTpuyeckas mporpeccus?

5. PaccmoTtpum MHOKecTBO C BCeX KOMIUIEKCHBIX Yycen. BymemM roBoputb,
YTO MOC/Ief0BaTeTbHOCTh KOMIUIEKCHBIX UMCENT X, CXOOUTCSI K HEKOTO-
POMY YMCITY X, €CTU TTOCTEeOBATEIbHOCTY U3 BellleCTBeHHBIX M MHUMBbIX
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yacteit Rx, u Sx, cxomsaTcs K Rx U Ix, COOTBETCTBEHHO. Takum obpa-
30M, BO3HMKAET BO3MOKHOCTD IO ITOCIeN0BaTebHOCTY KOMIIIEKCHBIX
yucen a, onpenennTb

S({an}) ={x € C|Ar CN, uTo X = Y ar},
kel

Thae 1on CYMMOI‘/'I psioa nmogpasymeBaeTcCd rnmpeaesl nocjiegoBaTe/IibHOCTU

Xn= Y. G.
kel
k<n

Omumnre S({ (%)"}). HajinuTe nocnenoBaTenbHOCTD dp, UTO S({a,}) —
Kpyr paguyca 1 Ha IIJIOCKOCTH.

6. [laiiTe onpenesieHNe Mepbl 3aMKHYTOTO MHOKECTBA Ha IIJIOCKOCTU U 110~
CTpOiiTe MpyuMep MOCIef0BaTeNIbHOCTU dp, YTO S({a,}) ABIsSeTCS MHO-
SKeCTBOM HEHYJIEBOI MePbI M He COIEPKUT HU OTHOIO KpyTa.

7. PaccMmorpuTe nociegoBaTenbHOCTM B R 1 C, OTIMYHBIE OT TeOMEeTpuye-
cKoit porpeccuu. Ilpenyioskute criocod ysHatb p(S({an})). Hackompko
TIPOV3BOJIbHBIM MOKET ObITh MHOKeCcTBO Buza S({a,})?

3agmaumu 2016 roga

3agaua 1. leomeTpuueckasi BEpOSITHOCTb

ITyHKTBI 3TOI 3aauM CBSI3aHbI C PACHONOXKEHUSIMU PA3INUHBIX CTy4aliHO
B3AThIX reoMeTpuyeckux Guryp. YTo B KaskIOM KOHKPETHOM CiIydyae Clefy-
eT IoJipa3yMeBaTh MOJ, CTyYaiiHOW (UTYPOii TOTO MM MHOTO BU/IA, HAXOAUT-
Cs1 BO BJIACTM pellalollero 3aiavy, X0Ts, 6e3ycIoBHO, TpebyeT 060CHOBaHMIA.
OnIHO MOYKHO CKa3aTb HaBepHSKa: BepOSITHOCTb — 3TO uncio oT 0 1o 1.

1. IlycTbh HA IIOCKOCTM 3aJlaHa KBaipaTHas pelieTKa co CTOpoHoii 1. Bo3b-
MeM 4KCI0 € > 0 M BOKPYT TOYEK pelleTKy MOCTPOUM KPYIu paguyca e.
KakoBa BepoSITHOCTB AJIsI CJTy4aitHOM TOYKM He TI0TacTh B 06beIuHeHe
3TUX KPYrOB?

2. Ha nyockocTb, pacuepyeHHYIO ITapauleIbHbIMU IIPSIMbIMU Ha PacCTOsI-
HUM h IPYT OT [ApyTa MafiaeT CIydaifHbIi OTPe30K JJIMHbI MeHbIIel 1in
paBHOJi a. KakoBa BEpOSITHOCTb TOTO, UTO STOT OTPE30K IepeceyeT Ka-
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KYIO-TO IPSIMYI0? A KaKOBO MaTeMaTu4yecKoe OXNUAAaHMe 4yuciia ToYeK
rnepecevyeHus ?

3. Ta ke 3amava, HO Tellepb BMECTO OTpe3Ka Ha IVIOCKOCTh MOMNafaeT Kpe-
CTUK — TIapa OTPe3KOB OIMHAKOBOI (GMKCUPOBAHHOM IJIMHBI d, TIepece-
KaIOIMMXCSl B CBOUX LIEHTPaxX U MepreHAVKYASPHbIX IPYT-IpyTy. A UTO
OyIeT, ecy yrol MeXIy OTpe3KaMu He paBeH 1/2?

4. TIycTb gaH HEKU KpyT paguyca r. KakoBa BeposITHOCTb TOTO, UTO KOHEI]
OTpe3Ka JJIMHBI d JIEKUT 3a TIpeJiesiaMy Kpyra, ecIy 3TO CyJaifHbli OT-
Pe30K, Ubsl CepeiHa JIEKUT B Kpyre?

5. TlycTh TUIOCKOCTh 3aMOIlleHa OJVMHaKOBBIMU Mapasienorpammamu. Ha
IUIOCKOCTDb KMUJAIOT CIy4YaiHblii [Iapa/lyIeJIorpamMM, Cpeau Tex
a) y KOTOpbIX IUIOIIaAb MeHbllle UM paBHa S.
6) V KOTOPBIX [IJIHA CTOPOH MEHBbIIIE d.
B) Y KOTOPBIX JIJIMHBI IaroOHasell MeHbllle d.
KakoBa BeposITHOCTb TOTO, YTO BeplLIMHA KaKOT0-TO MapaiienorpaMmma
¥3 3aMOILeHMs JIEXXUT B CIy4aliHOM MapasienorpaMmme?

6. A eyu paCCMOTPETD CIYUYANHBIN UIUIIC C TAKUMMU YCIIOBUSIMU?

7. PaccMOTpUM CTydaitHbIN Y€ ThIPEXYTOIbHMUK C JITTMHAMU CTOPOH d, b, ¢, d.
KakoBa BepOsITHOCTb, UTO OH OyIeT comepskaTh TOUKY 13 pemretku? Ka-
KOBa BEPOSITHOCTb, UYTO OH GYIET IepecekaThCsl ¢ HAG0poM Iapasiiesib-
HBIX JIMHUIA, PACCTOSTHME MEXKIY KOTOPbIMMU PaBHO h?

8. A uTO0 Takoe Ci1y4yaiHbIi N-yroAbHUK Ha IJIOCKOCTY C KaKMMU-TO Orpa-
HuueHusIMn? KakoBa BEPOSITHOCTD [/ HETO COOEPKaTh KaKyl0-TO TOU-
KY M3 pelleTKy MU TIepecekaThbCsl C CEMeVICTBOM Iapasile/bHbIX Mpsi-
MBIX?

3amaua 2. I'MnmepHaTypaibHbIe UMCIa

1. PaccMoTpuMm HaTypasibHble uncia n # 1, my u my. [lokaxkure, uto n™ —

1:n™ — 1 TOrma 1 TONBKO TOTAA, KOTAA My & My.

2. TTokasxkuTe, YTO IJ1s1 BCEX B3aMMHOIPOCTBIX YMCET M U N CyL[eCTBYIOT

Takue HatypanbHble ku ,utom! — 1 :nunk—1:m.
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3. IunepHaTypaJbHbIM YMCIIOM Ha30BeM OTOGpaskeHMe U3 MHOKecTBa P
MPOCThIX uMces B MHOKecTBO N U {0, oo}. EcTecTBeHHBIM 06pa3oM Kask-
JIOMY HaTypaJbHOMY YMCITY MOKHO COTIOCTaBUTb TaKOe OTOOpaskeHue, a
MMEeHHO, ecim n = py' ... py", THe p; - Pa3luyuHble IPOCThIe, TO COOTBET-
CTByIOIIEE OTOGpaskeHe 3a1aHo GopmyIIoii

Qj, q=Di
n(q) =
0, wuHauye

Takske MOKHO OIpeenTh Mpou3BeeHNe, HauMeHblilee obiiee KpaT-
HOe ¥ HauOOJIbIINI 001N JeTuTeNb 110 CAeayrInum GopMyIam:

X1 - X2(q) = x1(q) + x2(q),

HOK (Xl,Xz)(CI) = Imax (Xl (C[),Xz(q»’
HOZ, (x1,x2)(q) = min(x1(q), X2(q))-

Bynem roBOpUTb, uTo X : y, ecin Yq € P x(q) > y(q). PaccMoTpum Heko-
TOpOe MHOXXeCTBO A Ir'MIlepHaTypajbHbIX yycen. Onpenenym HaMeHb-
IIee ob1ee KpaTHOe Bcex 3eMeHTOB 13 A o popmyne HOK (A)(q) =
sup{x(q)}. Terepsp mJis1 rIMTIEPHATYPaIbHOTO YMCJIA X ¥ HATYPAIbHOTO N
XcA

onpenenum
n* — 1 = HOK ({nm—1|meN,xEm}>.

Pemnre cnepyoniye 3agaun:

a) Berunciaure 3* — 1, 5 — 1 u, B menowm, p* — 1, roe p-pocroe, a X =
(00,00,...).

6) BepHo au, uto n* — 1 = n¥ — 1 Torga u TOMBKO TOTAA, KOTJA X = VY, TIe
X U y TUIlepHaTypaibHble, n € N .

B) ITokaxkute, uTO ypaBHeHMe 3* — 1 = 5Y — 1 HepaspeumMo B I'-
TepHAaTypaabHBIX UMCIaX. AHAJIOTMYHO MTOKaKUTE, UTO YpaBHEHME
3* —1=11Y — 1 He UMeeT rUIePHATYPAIbHBIX PELIeHU.

4. Tycts I*° = HOK ({I" | n € N}). Tlonpo6yiire Haiitu p!~ — 1 my1s1 HeKoTo-
PBIX TIPOCTBIX p U .

5. ITompo6yiiTe pa3obpath ciyvait ypaBHenus p* — 1 = Y — 1 gnst 6ec-
KOHEUHBIX CEpPUIt MPOCTHIX UMCe UM JaiiTe OTBET /ISl IIPOU3BOIbHBIX
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MIPOCTHIX.

BriBatoT /in pelieHus y ypaBHeHuss n* — 1 = mY — 1, Kora n u m B3auM-
HOIIPOCThIe HAaTypaabHble Uicaa? A Koraa He B3aMMHOIIPOCTbIe?

[Torpo6yiiTe pemmnuThb Apyrue ypaBHEHMs B TUIIePHATYPAIbHBIX YMC/IaX,
Hampumep, n* —a = n¥ — b.

3agaua 3. lllokomaakmu

Mabumk Kosist mpuiiies B MarasmH BbIOMpaTh MIOKOTAAKY B ITOXo. Tak Kak
BKyCaM CBOMX TOBapulleil OH He Bies BO3MOXHOCTY YroauTh, To Kons pe-
IIVJT M3 BCEX IIIOKOJIaJIOK BbIOPATh Ty, KOTOPYIO IPOIIE BCETO MOAENUTD I0-
POBHY. A MMEHHO, ITyCTh IIOKOJIa[IKa TIPECTaBJsIeT co60i MPSIMOYTOMbHUK
a x b, a,b €N, cocrosuii 3 a - b qonek. Komo nHTEpeCyOT Te HOPMBI 110~
KONaJ oK, IJie YMCIO0 NOJIeK AeNUTCS MOPOBHY MEXIY YYaCTHMKAMU MOXOAa.
Ho Bot 6ena, Ko/t TOUHO He 3HaeT, CKOJIbKO JIIOZeil UIET B IIOXO/I.

1.

CunTas, 4TO B MOXOJ€ C OIMHAKOBOV BEPOSITHOCTHIO MOTYT OKa3aThCS OT
2 no 10 uesoBek, HaliguTe BCe Takue GOPMBI OKOMAAO0K U3 He Oojiee
yem 100 monex, KOJIMYECTBO HOJIEK B KOTOPBIX C HaubOIbIieil BeposT-
HOCTbIO OYIeT AeUThCS Ha KOIMYECTBO YUYACTHMUKOB 10X01a. CKOIBKO
PasIUYHBIX KOHQUTYpalMii TomoiimeT? A eciiu He 6oj1ee 50-Tu moneK?

ITpu 3amaHHBIX OTPAaHUYEHMSIX Ha pa3Mep HIOKOAaAKM 1 Ha KOJIMYeCTBO
YYaCTHMKOB II0X0[Ia, T€ LIOKOJAAKM, KOTOpbIe C HaubOoJbIIeil BeposIT-
HOCTBIO JIeJISITCS TIOPOBHY, Oy/leM Ha3bIBaTh OMTUMAIbHBIMU. PemeHne
C HaMMEeHbIIIVM YMC/IOM J0JieK OyleM Ha3BaTh MUHMMAaIbHO ONTHMa-
JILHOJ1 IIIOKOJIaJKOA.

a) IokasxkuTe, 4TO NMPU GUKCUPOBAHHOM MAKCHMMaIbHOM UMCIIe yUacT-
HMKOB I10X0/1a ¥ POCTe OrpaHMYeHNs Ha YMCIIO IIOKOIaL0K pasMep
MWHMMAaJbHOM ONMTUMAIbHONM MOKOMANKN cTabminsupyetcs. Kak
onucarb pasmep (KOAMYECTBO LOM€K) MUHMMAIbHONM IIOKONIaLKU
B 3aBUCUMOCTU OT OrpaHMYEHMS] Ha uncCiIo yenoBek? OLeHuTe, ¢
KaKoro MecTa OrpaHMYeHye Ha pa3Mep He MMeeT 3HaUeHMsI.

6) IMokaxute, uTo NPy (PUKCUPOBAHHONM BepxXHEt OLIEHKe HA pasMep
IIOKOIa KM U POCTE BO3MOSKHOTO UMC/Ia JIFOJEH, KOMMYECTBO JOTEK
B MMHMMAaJIbHOJ IIOKOJaKe cTabuausupyetcs. OMUIIUTe U olie-
HUTE pasMep MUHMMAIbHOM IIOKOIa KM TIOC/Ie CTabIM3aIuin.

B) CKOJBKO pa3nuUHbIX KOHGUTYpauuit Ajis MUHUMMAIbHbBIX IIOKOJIA-
IIOK M3 TIYHKTOB a) 1 6)?
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Onuunre AJITOPUTM ITOCTPOEHUSA OINTUMAaJIbHOI IOKOJIaAKU nmpu ume-
IOMIMXCS OrpaHNMYEeHNAIX. KakoBa cjioskHOCTB Barttero aJ'II‘OpI/ITMa?

JomycTiM Terepb, YTO B MarasuHe GbIBAIOT He BCE MIOKOIAIKH, a TOJIb-
Ko Buga a x b, toe b > a > b, a1 HeKOTOPOro GuUKCUpPoBaHHOTIO € < 1.
W3MeHMUTCS M KOIMYeCTBO JOJIEK B MUHMMAIbHOM ONTUMAaJIbHOI I10-
KOJIaJIKe C TaKUM ycToBMeM? OLieHUTe KOJMYECTBO OMTMMAIbHBIX I10-
KOJIa[IOK, VIOBJIETBOPSIONIVX 3TOMY YCIOBUIO.

PaccmoTpuM cuTyaumio, Korga Kaxknablii M3 d jromeil, KotopbiM Koss
IpeaIoKuaI UATYU B TIOXO, TTOAYT B HETO — i-bIii C BEPOSITHOCTBIO p; <
1. Bymyuu HeCKoJIbKO JIeHMBbIM, KoJisl XoueT HaliTu He caMoe ONITUMaJlb-
HOe, a £-OlTUMAaJIbHOE pelleHye, TO eCTh TaKyl LIOKOIAIKy, KOTOpast
JeJIUTCS HaleJI0 MeXIY YYaCTHMKAMM C BEpPOSITHOCTBIO B € < 1 pa3 me-
HbIIIe, YeM )15 ONTUMa/IbHO 1moKoaaaku. [IpegnoxuTe cBOM BapuaH-
ThI pELIeHNs] 9TOM 3aJau, eCJINn:

a) Inascskorol <i<dp;=p< 1.

0) © IOCTaTOYHO MajeHbKoe (¢ = ﬁ).

3agava 4. MaTpuubl 1 IepUOLbI

1.

PaccMoTpuM Lie/IOUMCIEHHYI0 MaTpULy 2 x 2

11
0 1

Bo3bMeM HEKOTOPBIII 11eI0UMC/IEHHBIN BEKTOD () ), HATYpaIbHOE YMCIIO
N ¥ IOCTPOMM I10C/IeA0BATEIbHOCTh

k

Xy = b X mod n.

0 1 y

31ech 1 Jajiee Mof, 3anMMcbhi0 mod n IOApa3yMeBaeTCs B3STHe OCTaTKa
OT meneHus Ha n. [IoKakMTe, YTO 3Ta MOCIENOBATETLHOCTh OyIeT Un-
CTO IIepUOAUYECKOi, TO eCThb CyLLeCTByeT Takoe m € N cOo CBOMCTBOM
Xiem = Xp Iu1s m1060r0 k € N. KakoB repuop, 3Toii [1ocienoBaTelbHOCTI
B 3aBUCUMOCTU OT X, Y U n?

PaccMOTpUM I1[€IOUMCIEHHYI0 MaTpUIly, HEKOTOPbIVi HauaabHbIN BeK-
TOP ¥ HATypaJbHOE UMCIO 1. PAaCCMOTPUM MOC/IEA0BATENbHOCTD, aHA-
JIOTMYHYIO TIPebIAYIEMY ITYHKTY
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k

a b X
X = mod n.

c d y
a) [ToxkaxuTe, YTO 3Ta [TOC/IENOBATEIbHOCTD HE 06513aTEIbHO YMCTO I1e-
puopnyeckast.

6) Tem He MeHee, Iepuox, y 3TOJ NOC/Ief0BATENbHOCTU €CTh, TO eCTh
HaMJeTCs TaKoe m, YTO JJISI BCEX AOCTATOUYHO 6onbinx k > N BbI-
TIOJTHEHO Xy, = Xk-

B) OieHuTe MEPUO 3TOI IOCIeN0BaTEeIbHOCTY B 3aBUCMMOCTHU OT N.
IocturaeTcs i Balra omeHKa AJ1s1 KaKO-1160 MaTpUIIbI?

r) Kak ommcaTth Te MaTpUIIbl, ITOCIE0BATEILHOCTH /IS KOTOPBIX BCe-
raa 6ymyT YMCTO MIePUOIMYHBI IJIsT JIIOObIX X, y U h?

PaCCMOTpI/IM MaTpUIbI

11 32
1 0/ \-1 -1

a) Uemy paBHBI IIepMoIbl IIOC/IEOBATEIbHOCTE 1JIS HAaUaIbHOTO BeK-
TOpa (), ec/m uncsIo N — HeKOTOpOe MPOCTOe YNCIO0?

6) Iokaxwure, uto ecnu n|l, To Torga m(n)|n(l), rme | o3HavaeT To, 4TO
TepBoOe YMCI0 JelIuT BTOopoe, a 1(n), cokpaiieHue ajas m(A,x, n),
IIepMoz, M0C/Ie0BaTeIbHOCTY, IOCTPOEHHO [0 MaTpulle A, Ha-
YaJbHOMY BEKTOPY X U HEKOTOPOMY 1.

B) Ilompo6yiiTe CBSI3aTh IIEPUO/IbI TIO MOAYJIIO 1, I ¥ NiM.

Kak M3MeHUTCS TIepuo, eC/TH /IS YKa3aHHbIX BbIlle MaTPUI] B KAUeCTBe
HavaJbHOTO BEKTOPa B3SThb He BeKTOp (), a Apyroit?

PaccMoTpuTe aHaJOTMYHYIO 3amauy ISl MaTPUILL IPOU3BOJbBHOIO pas-
Mepa.

3agaua 5. OTMedYeHHBbIe TOUKU

Ha miockocT oTMeTMM HECKONbKO TOYek Pi, ..., P,. BygeMm momarosoro
JI06aBJISITH HOBBIE TOUKM TIO C/IeAYIOeMy ITpaBuiry: eciiv Touku Pu P, Qu Q’
y>Ke OTMeueHbl, a oTpe3ku PP’ u QQ’ nmepeceKaloTcs 110 eMHCTBEHHOM TOUKe
N, To 3Ta TouKa 6yIeT oTMeueHa Ha CJIeAyIolleM liare, eciu He Gblia OTMe-
YeHa paHee.
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a) ITokaxkuTe, YTO eIV M3HAYAIBHO TOYEK OBIIIO He Oojiee 4, TO mociie
TepBOTO IIara Hejb3s OYIeT OTMETUTDb HU OHOM HOBO TOUKM.

0) Haiigure Bce Takve KOHPUTYypanyuy M3HAYaTbHBIX TOUYEK, UTO IOCIIE
HEeKOTOPOTO YM(JIa IIar0B TOYEK JOOABUTH Y3Ke HeNlb3sl.

[TokaxxuTe, UTO €CTh TaKasi KOMOMHALMS 13 6ojiee YeM IISITU TOYEK, K
KOTOPOJi ITOoc/Ie JII060Tro IIara Bce paBHO MOXKHO J06aBUTh TOUKM.

Paccmorpum MmHO)XecTBO M; = M; p, .. p, — MHOXeCTBO BCeX TOYEK, KO-

TOpbIe ObLIVM OTMEUEHbI Ha IIare i, e Mbl CTapToBayu C Py, ..., P,.
o0

Ompenenum M., = U M; — MHOXXeCTBO BCeX TOYeK J00aBIeHHBIX Ha
1=

KaKOM-/I160 miare.

Haiite onucanne njs cl(My,) — 3aMblKkaHUsI MHOXecTBa M., Ie o,
3aMbIKaHMeM MHOXKeCTBa A IOApa3yMeBaeTCs] MHOKECTBO BCEX TOUEK
X TIJIOCKOCTH, YTO JJI BCSKOTO £ > 0 cyllecTByeT Touka y € A Takas,
yto dist(x,y) < ¢, rme dist(x,y) 0603HauaeT 06p1yHOE paccrosinue. [1o-
KaKITe, UYTO MOTyYUBIIAasIcs: purypa 06s13aTeIbHO SIBISIETCS BBITYKIBIM
MHOTOYTOJIbHUKOM B OObeIMHEHNM C KOHEYHBIM UVICIIOM TOYEK.

PaccMoTpuM BBIMYKIIBIVi MHOTOYTOJbBHUK P ¢ BepmiHamu Py, ..., P,.
[TocTpoum 1o aTMM BepmmuHaMm MHOKecTBO Q = cl(M,). Kakum moskeT
ObITh OTHOILIEHMeE TuToIaay Q K riomaau P?

KakoBo OTHOILEHME TUIOLIAel B CTydae IPaBUIbHOTO N-YTOJIbHMUKA IS
n>5?

PaccMOTpuM BBINTYKIIBIV TPSIMOYTOIbHUK ABCD. PaccMOTpMM Kakylo-
TO TOuKy E BHYTpH. [Ipy KakoM BbIGOpe E JOCTHUraeTCss MaKCUMYM ILJIO-
waiu cl (Mx ap.cpE)? AN napamnenorpamma? [Iis Npou3BOIbHOTO
BBITTYKJIOTO YeThIpexyroiibHuka? KakoBo 6yZeT OTHOIIEHME TUIOMAAN
TIOJTYYMBIIEr0CsI MHOKECTBA K IUIOIIaIM M3HAYaIbHOM urypsi?

HccnemyiiTe gpyrye BOIIPOCHI, CBSI3aHHbIE C TIOMAASIMU JIJIT MHOTOY-
TOJIBHUKOB C OOJTBIINM YMCIOM CTOPOH. PacCcMOTpuUTE CUTYaIUIO B TPEX
MU3MepPeHUSIX — KaK Hy’KHO MOAMMUIIMPOBATH OTIpeesieHne?

Yto GymeT, e/ ICXOMHbBIX TOUEK CYyTh 6eCKOHeUYHO MHOT0? Hampumep,
eCJIM VICXOTHOe MHOKEeCTBO TOUEK — 3TO 00beJMHEHe HEKOTOPOTO KO-
JIMYeCTBa KPUBBIX?
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3azaua 6. PasayTus u cCTIrMmBaHus

1. PaccmoTpeHue 3TOi 3a4a4y Mbl HQUHEM C OIIMCAaHMSI HEKOTOPOTO MHO-
skecTBa Ipeobpa3oBanuit orpeska [0, 1] B cebs1. Uncno Buga 2—"” rmek,n e
7. 6ymeM Ha3bIBaThb JBOMYHO-pAIMOHATbHBIM. Pa36eHeM oTpesKa Ha-
3bIBA€TCSI HAGOP KOHEUHOIO YMCjIa TOUeK B HEM, a OTPe3KM, COeIMHSI-
Iole coceqHMe TOUKY MeXKIy co00ii MIM KpaiiHue ¢ KOHIIaMM OTpes-
Ka — 3/eMeHTaMy pa3bueHus. Bynem Has3bIBaTh OTPe3OK [a, b] nyanu-
YeckuM, e a = «,ab = %l rne k,n € N. HenpepbiBHoe 0T06-
paxeHue f: [a,b] — R Ha3bpIBaeTCs] KyCOYHO-TMHENHBIM, eClIn Cyllle-
CTBYeT pa3bueHue oTpeska [a, b], Tak 4ToO f(X) = qx + r I0Ji1 HEKOTOPbIX
q,r € R Ha KaXkI0OM 371eMeHTe pa36uenus. KycouHo-InHeliHyIo Hempe-
PBIBHYIO OMeKumIo f u3 oTpeska [a,b] B oTpe3oK [c, d] Takylo, 4yTO Haji-
IeTcst pasbuenmue [a, b, uTo ero snmeMeHTsI I, — JuagyyecKkue oTpesKiu,
a flg,(x) = 2"x + r nyig HeKOTOpBIX N € Z, r € R, 6yAeM Ha3bIBaTh ply-
npeo6pa3oBaHKeM OTpeska [a, b] B 0Tpe3oK [c, d]. PaccMoTpum MHOKe-
cTBO F, cocrositee 13 Bcex ply-ipeobpa3oBanuit orpeska [0, 1] B ce6sl.
Hampumep, Takast byHKIMs 1€XXUT B F:

2X, 0<x<}i
flx) = x+4 t<x<d

1, ,1 1

X+ 3, §§X§1

a) IMokaxure, uto ecn f € F, 1o f(0) =0, f(1) = 1.

6) IMokaxuTe, YTO OTOOpaskeHMe 13 F IepeBOAUT HEKOTOpoe pa3due-
Hue orpeska [0, 1] Ha guaauyeckye OTPe3Kky B HOBOe pa3byeHue
[0, 1] Ha guagnueckue.

B) Ilokaxure, uto ecnmu f,g € F,T0fog € F.
r) Iokaxkure, uto e f € F, o f! € F.

m) Ioxaxute, uto ecmu f € F, f # Idy 1}, TOTHA fin £ Idjo,1)- MHbIMU
cnoBamu, F 06pasyeT rpyriy OTHOCUTETbHO KOMITO3UIINY, B KOTO-
pOJi HET 37IeMeHTOB KOHEeUHOTO MOpsIAKa.

e) IToxasxkuTe, 4TO [I7151 TIOGBIX ABYX pa36bueHuit orpeska [0, 1] Ha ogmHa-
KOBOE UMCIO JMagMuecKuX MHTEPBAJIOB CYIIEeCTBYeT eIMHCTBEH-
Has f € F, mepeBofsiiasi KaxkIblii 3JIeMEHT MePBOTO pa3bueHmst
JINHEHO B 3JIeMEHT BTOPOTO.

e) TMokaskuTe, YTO y TI06OTO TAKOTO ITPeobpasoBanys f € FUnuciIo Hero-
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IBVDKHBIX TOUEK, He JIeXaIX H) Ha KaKOM HeTIOfIBYKHOM OTpe3-
Ke, KOHeyHO. YeM MOKHO OTPAHMUYMTD UMCIIO 3TUX HEelOBIIKHbIX
touek? Ay fW? 3xmech f") 0603HaUaeT KOMIIO3ZULIMIO f C COBOIt N
pas.

3K) A CKOJIbKO MOKET ObITh Pa3JIMUYHbIX HEITOABIKHBIX TOUEK Y ITPeod-
pa3oBaHMsI, KOTOPOE IMOCTPOEHO C MIOMOIIIbIO OTlepalyt KOMITO3M-
MU U3 OBYX QYHKINIA f, g B 3aBUCUMMOCTY OT UMCJIa UX HETIOABUK-
HBIX TOUYEK?

3) O60061uMTe BCe yKa3aHHbIE CBOICTBA Ha ply-IpeoOpa3oBaHMsI MEXKIY
MTPOV3BObHBIMU OTPE3KAMM.

Huxmuaeckum ply-ipeo6pasosanue f: [a,b] — [c, d] OTpe3KOB C ABO-
MYHO-PaIYIOHATBHBIMYU KOHIIAMM Ha3bIBaeTCsl oTobpaxkeHue f: [a, b] —
[c, d], pa3ppiBHOE He Goee YeM B OFHON TOUKe X;, Takoe 4UTO f(a) =
f(b), flx1) = d, dynrums flj x,) — plo-nipeobpazoBaHme Ha 06pas, a § =
flix, ) — moompezenseTcs 10 ply-nipeo6pa3oBanHus Ha 06pas MOCPerCT-
BOM TOTO, UTO g(X;) = ¢. B UaCTHOCTH, €C/IM TOUKM Pa3pbiBa HET, TO 3TO
pocTo ply-ipeo6pasoBaHme.

a) ITokaxkkuTe, YTO Takoe OTOGpaskeHMe 3a4aeT HelPePhIBHYIO 6MEeKIINIO
13 OKPY;KHOCTU IJIMHBI b — a B OKPY>KHOCTb JJIMHBI d — C.

6) OrpemenuTe KOMITO3UIINIO HMKINUYECKUX ply-ipeobpasoBaHmii, Tax,
YTOOBI OHO GBIJIO COIIACOBAHO C KOMITO3UI[MEN OOBIUHBIX ply-TIpe-
00pa3oBaHMIA.

B) [ToxaxkuTte, 4TO MHOKeCTBO T BCeX LIMKINYECKUX ply-Tipeodbpa3oBa-
Huit [0, 1] B cebst 06pasyeT rpyrmiry.

r) OnuimmTe 371eMeHThl KOHEYHOTO MOopsIiKa B 3TOV TPYIIIe.

[ToxkaskuTe, uTO 1151 M06OTO OTpe3Ka [a,b], a = k/2" b = [/2™ cyme-
cTByeT ply-nipeobpasoBanue f: [a,b] — [0,1], k,I,n,m € Z.

Becom Ha orpeske [0,n], n € N Hazoem ¢byHkuuio W: V. — Z, roe
V = {0,1,...,n}. llyctp mansl otpesku [0,n], [0,n + 1] u Beca W, W,
Ha HUX. ByleM TOBOpUTD, UTO 9T JBa OTPE3Ka C BECOM CBSI3aHbI IIpe-
o6pasoBaHyeM pasgyTusl B otpeske [i,i + 1], i < n,i € N, ecm gis
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ply-ipeo6pasosanus f: [0, n] — [0,n + 1], 3amaHHoro 1o popmyse

X, x€[0,1i]
fX)=q2x—i, xeliji+1]
x+1, xeli+1,n]

1 rnepeBogsiiero nejabie TOYKM B 1Lejibie, BEpHO

W(f~1(k)), k#ii+1,i+2
Wi(k) = S wi(f-1(k)) -1, ke {i,i+2}
-1, k=i+1

O6paTHOe npeobpaszoBaHye f~! Ha30BeM CTATMBAHMEM TOUKM X = i + 1
Ha B3BellleHHOM oTpe3ke [0, n + 1]. Bec W Ha oTpeske [0, n] Ha3bIBaeTcs
uukandeckuM, ecmu W(0) = W(n). Ecmmi # 0,n — 1, To UIMKINYECKOe
pasnyTue orpeska [0, n] ¢ uuxkandeckum Becom W B otpeske [i,i + 1] -
3TO IIPOCTO Pa3AyTHe B COOTBETCTBYIOIIEM OTpe3Ke (IIPOBepbTe, YTO HO-
BBII BEC B 3TOM C/Ty4yae TOXXe IUKIM4Yeckuii). B crydae i = 0, Hafo Inilb
yMmeHpmuTh Wi(n + 1) = W(n) — 1 = W(0) — 1 = W;(0), Tak, 4TOOLI
HOBBIII BeC CTal UMKINYeCcKUM. B cirydae i = n — 1 onpenenum OUKIN-
yeckoe pl,-mipeo6pa3oBaHye

x+1, xe[0,n—1]
f¥)=q2x—n+2, xepn-1,n-1:

2x—2n+1, xe(n-1n]

Beca BBOzSITCS Tak e, yepe3 hOPMYIIBI IjIs1 TPOOOPA30B U COOTHOIIIE-

Hue Wi(n+ 1) = W;(0) = —1. CraruBaHue — o6paTHOe I1peo6pa3oBa-
HJe.
Tereps, ec ecTb HAGOp OTpe3KoB ¢ Becamu L, ..., I", u mpeobpaso-

Baumii f;: I';_1 — T}, KaKOgoe U3 KOTOPBIX JIMOO pasmyTue, b0 CTAT-
BaHMe, TO KOMITO3UIIMS f, o ... o f; HasbIBaeTcs nmpeobpasoBanuem I'y —
I';,. AHAJIOTUYHO OIpeIeNnuM IIUKINYecKoe Mpeobpa3oBaHe OTPE3KOB
C UMKIMYeCcKMMM Becami. OTPe3oK C IMUKINIYEeCKMM BeCOM OyaeM pPuco-
BaTh KaK 3aMKHYTYIO IOMAHHYIO, Tle OKOJIO BEePIINH IOATIMCAHbI Beca.
OTpe30K ¢ BECOM, KOTOPbIi HeJIb3S CTIHYTh, HA3bIBAETCS MUHMMAJIb-
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HBIM.

a) Kakue ply-nipeo6pa3oBanus f MOAY4arOTCS JONMYCTUMBIMM [JISI OT-
peska [0,1] ¥ Bcex BO3MOXHbBIX BECOB Ha HeM?

6) ITokaxure, 4TO 10601 OTPE3OK C BECOM ITpeoObpasyeTcsl B MMHMMA-
JIbHBIV. AHQJIOTUYHO AJ151 HUKIUYECKUX BECOB U IMKINUECKUX ITpe-
obpa3oBaHuit. ENMHCTBEHHBIM 11 06pa30M OIpezesieH COOTBET-
CTBYIOIIMIT MUHMMAJIbHBIN OTpe30K ¢ BecoM? ITompobyiiTe HaitTH
KaKo-HMOYIb KAHOHMYECKUIT MUHMMAJIbHBI OTPE30K C BECOM, B
KOTOPBIii TpeobpasyeTcs gaHHbIi. Kakas y Hero majimnHa?

B) TlokaxuTe, 4TO Y B3BeIIEHHOTO pa3buenus orpeska [0,1] ¢ Toukamu
pas3dueHus Ha KOHI[AX
a

b

rne a,b € 7 Beca, HeT HETPUBUAIbHBIX TPE0OPa30BaHMii B ceOsl.

r) ITokakuTe, YTO Y JIIOOOTO B3BEIIEHHOTO OTpPe3Ka HeT HeTPUBUAJIb-
HBIX ITpeo6pa3oBanmii B cebsi. Ho MOTyT GbITh TaKue, KOTOpPbIE Me-
HAIOT Beca Ha KOHILIaX.

;) OnuimuTe rpymmny OUMKINYECKUX ITpeobpa3oBaHMiA.
0

0

e) IlompoGyitTe onucaTh IPyNITy UUKIMIECKUX MTPeoOpa3oBaHMil JIi0-
60ro oTpeska ¢ HyJeBbIMY BECAMMU.

5. Cumrasi, YTO MbI ONPENETUIN JOMYCTUMbIE MTpeo6pa3oBaHMs Hemneit u
IIMKJIOB Kak rpadoB, JaiiTe onpeaeneHs AOMYyCTUMbIX Mpeo6pa3oBa-
HMIA TTPOU3BOJIbHBIX TPAdOB.

3agaua 7. YUMMcs CUUTATD

ITycTh F - IpOU3BOIBHOE I101E, Yepes

(x)
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OymeM 0003HAYaTh YMCJIO COUETAHMIA U3 N 3JIEMEHTOB 110 K.

1. ITocunraiite, yeMy paBHO
b+ 1\ [(b+c\[(c+1 N b+1\(b+c\(c+1\
0 b—-1/\c-1 1 b C
_(b+1\ (b4 (c+1
2 b+1)\c+1)/)
OTBeT GyHeT 3aMeTHO KOPOYe 3TOTO BhIPAsKEHMS !

2. TlpencraBbTe C/IeAyIOIIMe Y1CIa B BUJIe IPOU3BeIeHNS M YACTHOTO Ka-
KUX-TO (haKTOPMAaIoB:

) ()G -6 ()
6 ()@ -0+ @)

3. IlombITajiTech Kak-TO 0000IINTh 6€3 CTPOroro JoKa3aTelbCTBa IOJy-
YeHHbIE Pe3y/IbTaThI.

4. Tlocuuraiite, yemy paBeH ko3bduunenT maorowiena [x%y*z2) (x—y)2(y—
2)%(z — x)?, rme [] o3Hauaet B3sTHE KO DUIMEHTA TIPU COOTBETCTBYIO-
mem MoHoMe. A [x2y2Z (x—y)(x—y—1)(y—2)(y—2—1)(z—x)(z—x— 1)?
B Kakux 1enouncIeHHbIx Toukax Ky6a (0 <x <3) x (0 <y <3) x (0 <
z < 3) 3TV MHOTOY/IeHbI IPUHMMAIOT HeHy/IeBble 3HaueHus1? UTo MOX-
HO CKa3aTb [IP0O 3HaYeHMs 3TUX MHOTOWIEHOB B 11e/IbIX TOUKaX JaHHOTO
Kyba ¥ Mpo yKa3aHHbI KoaduimenT?

5. JlokaxkuTe MHTEPMOAAIMOHHYI0 dhopmymny Jlarpamka: eciu C - mpous-
BOJIbHOE TIOAMHOXeCTBO F pasmepa d + 1, a f - MHOTOWIEH CTelleH! He

BbIIIE d, TO
X—c
f= Zf H a—c

aeC ceC,c#a

6. IlycTh f € Flx1, 3] - MHOTOWIEH OT JIBYX [lepeMeHHBIX CyMMapHOii cTe-
nenn deg(f) < d; + dy, a Cy, C; - mpou3BobHBIE TOAMHOKecTBa F pas-
mepa |C;| > d; + 1. Torga

> Y s~ )

c1€C €Cy
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e ¢i(2) = [lce, (2= ©)-

[ocrapariTech yCMIINTD U JOKa3aTb TeOpeMy U3 IyHKTa 6. MoxeTe jn
Bel mpyaymaTh crioco6 BeIpasuTh Ko3hGuiiMeHT MHOro4/IeHa IIpu Ipo-
M3BOJIbHOM MOHOMe uepe3 ero 3HaueHye B 3aJJaHHbIX TOYKax (Kak, Ha-
IpuMep, B IIpeablaylleM IIyHKTe)?

[TocrapaiiTech MOCUUTATD, YeMy paBeH KO3 OUIeHT MHOrouIeHa
Xy (x = y)'(y — 2)%(z = %)

ABYMS pa3HbIMU criocobamu u IMMOJIYUYUTH OTCIOAAa 3arago4yHoe TOXae-
CTBO.

[TocrapaiiTech MPUAYMaTh TOXKIECTBO, 0000IIAIOIIee TOKIECTBA BCEX
ITYHKTOB 3TOJf 3a/1aui, ¥ JO0Ka3aTh €ro.

3agaua 8. Paspe3aHus Kyoa

1.

PaccmoTpuM Ky6 3 x 3 x 3. MbI XOTMM pa3pes3aTh ero Ha Kyouku 1 x
1 x 1. 3a ooMH pa3 MOXHO cHaenaTh pa3pe3 B OOHONM IIJIOCKOCTU, IPU
3TOM Hepen, CJIeAYIOIIM pa3pe30M MOKHO MepeCcTaBisTh B IPOCTPaH-
CTBe YKe OTpe3aHHbIe YacTu. 3a KaKoe MUHMMAIbHOE YMC/IO pa3pe3oB
MOXHO CIIpaBUTHCS?

PaccmoTpuTe Terepb Kyb i x 1 x n. 3a CKOJIbKO pa3pe3aHiii MOXKHO CIipa-
BUTHCSA? OODBICHUTE, [IOYEMY 33 MEHbIIIee UMC/IO HeIb3s1?

A CKOJBKMMU Pa3HBIMM CITOCO6aMM MOKHO ITPOM3BECTH TAKOE pas3pesa-
HuMe (Cr1oco6bl PasaMUHbI, €CTM Ha KAKOM-TO Illare OT KyOyuKa OTpe3aHbl
pasHble MHOKeCTBA)? A ec/ii Ha3bIBaTh pa3pe3aHus pasHbIMM, KOTIa Ha
KaKOM-TO IlIare B HMX OTVIMYAIOTCSI HAG0PbI OTpe3aHHbIX HUryp?

PaccMoTpuM paBHOCTOPOHHMIA TPEYTOJIBHUK HA IUIOCKOCTU C IJIMHOM
CTOpPOHBI n. MBI XOTUM pa3pes3aTb ero Ha paBHOCTOPOHHME TPEYIOJib-
HUKMU C IJIMHHOM CTOPOHBI 1. 3a CKOIBKO pa3pe3aHuit 3TO0 BO3MOXKHO?
CKOJIBKMMM CIToco6amm?

PaccMoTpuTe aHAJIOTMYHYIO 3a/1auy JJist d-MepHOro Ky6a U d-MepHOro
CUMILIEKCA.

[IpoBepbTe, UTO TPeXMepHbIN Kyb 11X 11 X 1 MOSKHO pa3pesaTh Ha 4n° npsi-
MOYTOJIbHBIX TeTPasApOB U h° MpaBUIbHBIX TeTpasapoB. KakoBo Hau-
MeHblllee YMCI0 pa3pe3anHmii?
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7. PaccMOTpUTE Ipyrue BO3MOXKHbIE paspe3aHusl.

3agaua 9. Manspsl

I'padom G = (V,E) Ha3bIBaeTCs MHOXeCTBO V 1 cCMMMeTpUYHOe OTHOLIIe-
HUe MHIUAEeHTHOCTU E C V' x V. MHOeCcTBO V Ha3bIBaeTCcs1 MHOKeCTBOM Bep-
muH, a E — MmHOoxecTBOM pebep. Ecnu E N {(v,v)|v € V} = &, To TOBOPSIT, UTO
B rpacde HeT rneTesb. Mbl OyieM paccMaTpMUBaTh TOIBKO Takue rpadsol.

[TpaBmIbHOM packpackoit rpacda G B n IIBETOB HA3bIBAETCS OTOOPaKeHUE
col : V— [n] ={1,2,...,n} Takoe, YTO HUKAKUM IBYM MHIMAEHTHBIM BED-
IIYHAaM He COINOCTaBIISIeTCsI OAVH U TOT Xe LIBeT, TO ecThb (V,V') € E = col(v) #
col(v'). Xpomaruyeckum umcioM rpacda G HasbIBaeTcsl HAMMEHbIIee N, st
KOTOPOTO CYIeCTBYET MpaBWIbHAasI packpacka B N IIBETOB. XpoMaTuiecKkoe
yucio o6o3Havaetcs x(G).

[Tycts (M, d) — MeTpuueckoe pocTpaHcTBo. [Tonoskum, V= Mnu

E={(mm)eMxM | dm,m")=1}.

Torma o onpenenenuto x(M) = x(G), roe G = (V,E).

Bo Bcex moc/ienyomux MyHKTax yepe3 R 0603HauaeTcss MHOKECTBO Bellle-
CTBEHHBIX yucel, yepe3 R"” 0603HauaeTcss MeTpUyeCcKoe MPOCTPAHCTBO, TOUKMU
KOTOPOTO SIBJISIIOTCS YIIOPSIIOUeHHBIMM HabopaMy U3 N Yucesl, a pacCTOsTHue
ompenenseTcs 1o hopmyse

d((x1,...,%n),(Y1,---

Bce mogMHOXXecTBa R cUMTaOTCI METPUUYECKMMU MTPOCTPAHCTBAMU C UHIY-
LIMPOBaHHOI U3 R" MeTpPUKOIA.

1. Ioxaxwure, uTo X(R?) > 4, TO €CTb IVIOCKOCTb HEJb3s PACKPACUTH B 3
usera. [IpebsBUTe pacKpacKy IIOCKOCTH B 7 LBeToB: x(R?) < 7.

2. Hokaskute, 9to x (R") > n + 2.

3. 3adukcupyeM HONOKUTENbHOE YUCIO ¢ < +/3/7. [lokaskuTe, 4T0 5 <
x(R? x [0,¢]) < 7.

4. 3adurcupyeM MoNOKMUTENbHOE uncio & < 1073, TIokaxkure, uTo Y (R? x
[0,¢]*) > 6
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5. 3adukcupyem npocroe uncio p. Yepes F, 6ynem o603HauaTh 1oie 13
p 3neMeHTOB. IIyCcTh 1 — HaTypanbHOE YMCI0, pacCMOTpUM rpad G =
(VP EP), tme VP = ()", a EY = {(vow) € V¥ x VP | v-w = 1},
rme

n
Vi, ooy V) - (Wi, ,wy) = Zv,-w,-.
j=1

Ouennrte x(G?), x(G>) npyu 6OMbIINX 1.

6. Ouennrte x(Gh) py 6OMBIINX N 71 IPOU3BOILHOTO P.

3agaua 10. Kak moaroHsaTh ¥ He OIIoNIaTh

B HEKOTOpOM KOHKypCe Y4acCTBYIOT 11 KOMaH[ U3 k ydacTHMKOB. KomaH b1
YK€ OTBITPajv, U OCTAJIOCh JIUIIb ONIPENENUTh MobemuTesns. IIpy paBeHCTBe
OYKOB OFJHO MECTO MOXKET pacIipeleJUThCsl Cpedy HeCKOAbKMX KOMaH I, (Kak
Ha MaTeMaTUYeCKO OMMMOnALIE).

KaskabIit yuacTHMK KOMaH/Ibl 3apab0Tal HEKOTOPYIO OLI€HKY 13 MHTepBaja
[0, 1]. Takum 06pa30M, pe3y/IbTaThl KOMaH]I, MCXOASI U3 KOTOPBIX HAZIO UX YII0-
PSIIOYNTB, 3aIMCaHbl HEBO3PACTAIOIIVMMMY ITOC/IeI0BATEIbHOCTSIMM U3 kK HEOT-
pUIATeNbHBIX umcea. Y Ajist Toro, YTo6bl MOABECTU UTOT, HEOOXOOAMMO -
mymathb GyHkimo f : [0, 1] — R, KoTopas 6yeT BIYMCIATh OKOHYATE/TbHbII
pe3y/nbTaT KakI0i KOMaH[bl.

A Terepb — IVIaBHbBIN HIOAHC. BhIGOp 3TOI HYHKLMM LETMKOM BO BJIACTHU
KIopu. TIpearooskuM, UTO YeH KIOpK, KOTOPBIi OTBeuaeT 3a BbIGOp PyHK-
LMY, TIBITAETCS MPeIJIOKUTh KallMTaHaM KOMaHf, Iogo6paTh f TakuM obpa-
30M, YTOOBI KOMaH[a 3TOro KalyuTaHa He 0Ka3ajaaChb, MMM..., B ITOCJIETHUX
psanax.

Ho He Bce Tak mpocTto. C 0gHOJ CTOPOHBI ITOHSITHO, YTO CTOUT IT00OEIaTh
IepBoe MeCTO HamOOIbIIeMy YMCITY KOMaHI, OGHAKO, eC/IM OTBeTCTBEHHbIii
00HAIEKUT TEM, UTO IIOTOM He CMOKET celaTh, TO 0O0VKeHHast KoMaH1a 00s1-
3aTeJIbHO Pa3boJITaeT O ero MpeyIoKeHNN.

Bmo6aBok, Komuterom ITo 3amure IIpaB OnuMIMagHMKOB YCTAHOBJIEHbI
crenytoniye paBwia: QyHKIuS f MOMKHA UMETh BUT,

X 1/1
f(Xl,...,Xk) = ZW,‘XII-
j=1

LIS HEKOTOPOTO BeleCTBeHHOro unucial > 1 mBecoBwy > wy > --- > wy > 0.
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ITyctb k = 3, n = 4 ¥ pe3y/NbTaThl OKA3aJIUCh CJIETYIOIIVIMMU:

(0.3,0.1,0.1), (0.2,0.2,0.1), (0.15,0.14,0.14), (0.13,0.1,0.1).

CrouT 1 06em1aTh IIOMOIIb [TOCIeTHEe KOMaHae?

j
Bynem roBopuThb, 4TO (X1, .. .,X;) Maxopupyer (yi,...,Yk), €CIU »_ X; >
i=1

j
> y; ot mo6oro j. [IpennoaokuM, YTo HU AJIST KAKMX ABYX KOMaH[, He
i=1
BEPHO, UTO Pe3y/IbTaThl OJTHOI MasKOPUPYIOT PE3Y/IbTAThI IPYTOI.
Kakoe MakcumaabHOe UMC/I0 KOMaH/I TapaHTUPOBAHO MOKHO BbIBECTHU

Ha 11epBoe MecTo?

Ilycth A C [0, 1] — HeKoTOpOe OTKpBITOE TOAMHOXKECTBO. BeposTHO-
CTBIO TOTO, UTO PE3Y/IbTAThl JAHHOI KOMaHJbI ITOMa/IXM B MHOXKECTBO A,
6ymeMm cuuTaTh |A|, rie |A| — 06beM MHOKeCTBa A. Pe3yibTaThl KOMaH[
CUMTAIOTCS] HE3aBUCUMbBIMM B COBOKYITHOCTH.

ITyctb k,n 1 HEKOTOpOe HaTypaabHOe uncio j purcupoBaHbl. C KaKoii
BEpPOSITHOCTBIO MOXKHO TTOf06paTh [, wy, ..., Wy ISl TOTO, YTOOBI BbIBE-
CTY Ha IIepBOe MeCTO POBHO j KOMaHZ,?

3agmaua 11. Kak O0bI MogeauTb

1.

MHorouseH f(x) € Flx] ¢ koadduimentamu u3 nons F Ha3bIBaeTcs He-
MIPUBOIVMBIM, eC/i BCe ero Aenutenyt B F[x] umeroT BuA c, cf(x), ¢ €
F\ {0}. TlokaxkuTe, 4TO Caefylol[ie MHOTOWIEHbl HEIPUBOAUMBI, KaK
MHOTOWIEHBI C pallOHaIbHbIMU KO3 duLimeHTaMu:

a) x> +2bx+1,tneb € Z, |b| > 1.

6) x* + 1.

Pa3noxuTe Ha HeITPUBOAVIMbIe MHOXUTenu X8 — 1 Hafi pallMoHaNbHbI-
M1 uncnamy. Haiimyrte HeTpuBManbHOe pasiokeHMe Ha HaTypasbHble
MHOXUTeI uncna 218 — 1.

XopoIIo M3BECTHO, UTO MHOTOUWNeH Py (%) = [ 4 ny—y gn(¥ — €¥™/") s1B-
JIIeTCS MHOTOU/IEHOM C IeTbIMM K03 uieHTamMu 1 4To

X'—1= H@d(x).

din

[Tokaskute, uTo MHOrOWIeH ¥, (x) HempMBOOUM Haz Q.
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Il Kakux n MHOrousieH ¢, B3STbIN 110 MOAYIIIO IIPOCTOTO p (4TO KOP-
PEKTHO, TaK KaK OH C LIeJIbIMU KO3 duIiMeHTaMum), IpMBOAUM B IT0JIE U3
p anemenToB? Hanpumep, npu p = 11?

[ToxaxkuTe, YTO HaZ, IOJIEM U3 p 57IeMEHTOB MHOTOU/IeH xP —x+ 1 Henpu-
BoziuM. [ToKaxuTe, 4TO OH siB/sieTcs Aenuteem x” —! — 1. Jlenurenem
Kakoro ®4(x) siBnsieTcs XX — x + 17

PaccMoTpyuM HeKOTOpBII Lie/I0uMCIeHHbI MHOTOWIeH g(y) € Z[y]. Ha-
npumep, g(y) = ay". Ins kakux g(y) u d mHOrowieH ®4(g(y)) He sBSIET-
Csl HeIPpUBOAUMBIM Hapg Q?

YTO MOKHO CKa3aThb, ec/ivt BMecTo $4(x) B3SITb KaKOV-TO IPYroil Helpu-
BOJMMBII MHOTrowIeH? MOXXHO /11 B3SITh g(y) Ma/lleHbKOI1 CTeneHu (Me-
HblIIe CTeIIeHY VICXOJHOI0 MHOIOuYIeHa)? BeCKOHeuHO JIM YMC/I0 TaKuX

8(y)?

3agaua 12. Beimykiabie GyHKIMMA

Hamomunm, uto ¢dyHkims F: R? — R Ha3bIBAETCS BBIITYKJION, €C/n

vx,y e RY t € [0,1] tF(x)+ (1 — t)F(y) > F(tx + (1 — t)y).

X0opOoIlI0 M3BECTHO, YTO BhITyKIas pyHKIms 13 R B R HerpepsiBHa. [To-
Ka)XITe, YTO 3TO BHITIOJIHEHO U B CIy4ae 60sblnelt pa3MepHOCTH.

Terneps paccMoTpum cutyanuio noxutpee. [Iycte d = 2 u f(x1,x3) BbI-
MyKJIa [0 KaskA0i KOOPAMHATE B OTAETbHOCTH, TO €CTh MPU HUKCUPO-
BaHHOM X; OHA BBINTYKJIA, KaK MYHKIMS OT X3 ¥ HA060pOT. [ToKaskuTe,
YTO f HEeMpepbIBHA.

IMoxkaskuTe TO Ke camoe mjisg d > 2.

ITycTs F BBINYKIIA M TIOIOXKUTETBHO OOHOPOHA Iopsifka 1, T.e. F(\x) =
|A|F(x) Vx € RY. TTokaxxuTe, 4TO Takass QyHKIMS HEOTPUIATEIbHA.

Iyctb Gyrkims F : RY — R gBsIeTCA BBINYKIION 10 KaX0ii ITepeMeH-
HOJ U TIOJIOKUTETbHO OFHOPOAHA TIopsiaka 1. lokaxknTe, uTO GyHKIUS
F HeoTpuiiaTeibHa.

OyHKUMS F Ha3pIBaeTCs JIUIIIULIEBOM, eCliy CylecTByeT Takasi L > 0,
4YTO

If(x) — fly)] < Lix — y| ¥,y € R%.
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®yuxuyms F: R — R Has3biBaeTcs cCy6rapMOHMYHOI, eCiu ISl BCSIKO
TOUKM X ¥ mapyuka Q ¢ IeHTPOM B Touke xg F(xp) < v%(g) | F(x)dx, tne
Q

Vol(Q) obo3HauaeT o6beM mapa Q.

ITyctb dyHkiys F : R 5 R JIUTIIINIIEBA, TIOJIOKUTEIbHO OAHOPOAHA
nopsiaka 1, u gyist kaxkzporo j € [1,d] cybrapMOHMYHA IO TIepeMeHHbIM
(X, Xj14). okaxxute, uTO QyHKUMSA F HEOTpUIIATE/IbHA, CIIN:

a) d paBHO eIVHUIIE.

6) d — mpoM3BOIbHOE HATYPATbHOE UNUCIIO.

7. TlocTpoiiTe KOHTPIIpUMED [JIs CJIy4yasi HeYeTHOV pasmepHocTy. Hampu-
Mep, B R3.

3agauu 2015 roga

3agaua 1. Onpepenurenn

HamomMHuM, 4TO Ha MHOXeCTBe KBaJpaTHbIX MaTPUIl pa3Mepa i ecTb QyHK-
UMt A, COTOCTAB/ISIIONIAs MaTPUIle HEKOTOPOE UMCJIO, KOTOPOE Ha3bIBAeTCsI
OIpefe/InTe/IeM 3TOM MaTpUIIbl. DTa PYHKIMS OMHO3HAYHO 3a4A€TCST CIIedy-
IOIIVMU YCTIOBUSIMMU: eI MaTpulia A TIpefcTaBieHa B Bune (Ui, ..., Uy), Ioe
U; CTOJIOLIBI UMCesI, TO TOTAA

1. Ecmm ciyumsioch Tak, uTo CTojiber u; = v+ AV, toe v u v/ cTonbubl, a A —
HEKOTOpOe UMC/I0, TO

AA) = A(uq, .. Ui_1, VUi 1, - -5 Un) + MU, - U1,V Ui 1, - -5 Up)-
2. s m06b1x 1 < i < j < n BBIIIOTHEHO
AA) = —A(ur, ..., W1, Uj, Ui 1, -« Uj—1, Uiy Ui 1, - - -, Up).
3. A(E) = 1, rme E maTpuua, Takast uTo Ej; = 0, i i # ju E;; = 1.

Tak, HaripuMep, ONpenennuTeNlb Iy MaTPULBL A = (ﬁi; ‘22 ) pa3Mepa 2 MOXeT

OBITh BBIYMCIIEH 11O GOpMYIIe

A(A) = Ap1Ag — AppAgr.
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Matpuia A Ha3bIBa€TCS CUMMETPUYHOM, eClin Ajj = Aj; I/l BCEX BO3MOKHbIX
inj.

[MaBHBIM MMHOPOM MOPSIAKA K, VIV IIPOCTO K-bIM INIABHBIM MMHOPOM MaT-
pUIIBI A, Ha3bIBAETCS UMCJIO, paBHOE ONpenennTenio MaTpuilpl C pasmepa Kk,
roe Cij = A;j (1 <i,j < k). Bynem o6o3HauaeThb 3T0 uncio A(A). Ilocnenosa-
TeJbHOCTbHIO IVIABHBIX MMHOPOB MaTPUIIbl A Ha3bIBAETCS CTPOKA

(A1(A), ..., An(4)).

1. ITokaxuTte, yTO eCiu A CMMMETpPUYHAsI MaTpuiia pa3mepa 2, COCTaBIeH-
Hasl U3 BelLleCTBEHHBIX YMCel U ee MePBbIii INIaBHbI MMHOD paBeH 0, TO
ee ompenennTeIb OTpULIATENeH.

2. JTokaxkuTe, 4TO [Jis1 KOMIUIEKCHBIX CUMMETPUYHbIX MaTpull 2 X 2 B Ka-
YyecTBe IOC/IeI0BaTeIbHOCTY TVIABHBIX MMHODOB peaM3yeTcsl Jtobast
CTPOKa KOMIIJIEKCHBIX UMCeJl.

3. Uccnenyiite 3TH 5ke BOIIPOCHI 4JIsT MAaTpULL 3 x 3.

4. s 1060r0 HATYPaTbHOTO 1 HAMUTE BCE YIOPSIAOUYEeHHbIe HAGOPHI (B,
.., Bp) € F", nis KaXXOoro U3 KOTOPbIX HaliZieTcs CMMMeTpUYHas MaT-
puiia A pasmepa n ¢ aeMmeHTamMmu U3 F, y KOTOPOIi ITOC/Ieq0BaTeTbHOCTb
[JIaBHBIX MMHOPOB coBnazgaer ¢ (By,...,By,), a F — OIHO U3 CIefyouux
MHOXeCTB

a) R,
6) C,
B) Q,

r) m6oe Apyroe mosme.

5. WccemyitTe BOMPOC MyHKTA 4 [T 11€JI0YMCIEHHBIX MaTPUI], MaTPUIL C
KO3 dULIMeHTaMM B II€JIbIX TayCCOBBIX UMCIIAX U T..

6. Ilpemnoxute cBOM 06OOGILEHMS ITOM 3a4aUM U PEIIATE UX.

3agaua 2. KopoTrkue goporu

B HeKOTOpOJi CTpaHe UAeT aKTMBHOE CTPOUTENLCTBO AOPOT. OCHOBHAS 3a-
Jlaya COCTOMT B TOM, UYTOObI COEIVMHUTDL MEKAY CO00i BCe ropoJa HauMeHb-
11e’si 1o o61est AyiMHe CUCTEMOVE JOPOTr. B JTaHHOM cy4yae Oy[IeM CUUTATh, UYTO
ropofa - 3TO TOUKM Ha IVIOCKOCTH, a CUCTeMa JOPOT — 5TO HabOp OTPEe3KOB,
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He TlepeceKaroxcst MeKIy co60i HULTE, 3a MCKTIOUeHeM, BO3MOKHO, CBO-
X KOHIIOB. Ha30BeM TOUYKY TOUYKO pasBeTBIEHNS JOPOT, eC/IN B 3TO TOUKe
BCTpEeUaroTCsA TPpU UIN 6oiee JOpOorn. Crour OTMETUTDb, YTO KOHIIOM OTpe€3Ka
He 0013aTeJIbHO SIBJIIETCS TOPOI.

1.

OrmpemennTe, Kak BHIIIINT ONTUMaJIbHASI CMCTEMA OPOT, eC/IU B CTpa-
He BCero TPy ropoia, HaXoAsIIMXCS Ha PABHOM PACCTOSIHMM; HA Pa3HbIX
PaCCTOSTHUSIX IPYT OT Apyra. HaiiauTe AAMHY 9TOI C€TU IOPOT.

[TokaxxuTe, UTO [IJIs1 110607 KOHGUTYpaLMM TOPOAOB ONTUMATbHAS CETh
Jopor o6pasyeT IepeBo C BepIIMHAMM B TOPOJAX ¥ TOUKAX Pa3BeTBIe-
HMUSI JOPOT.

BoisicHuTE, KaKye BO3MOXKHbBI KOH(MOUTYpaAIUK TOPOT B TOYKAX Pa3BETB-
JIeHWSI.

Orennre uncio pebep B aTom rpade.

Haiinute onTuMaabHy0 KOHGUTYPALMIO AJIS CTPaHbl, UbM TOPOAA pac-
TIOJIOKEHBI B BEPIIMHAX MPSIMOYTO/IbHMKA; B BEPIIMHAX IPYTUX MHOTO-
YTOJIbHUKOB.

OueHuTe IIMHY ONITUMA/IBHOM CUCTEMBI JOPOT JJ151 TIPOU3BOIBHOTO PU-
CyHKa U3 rOpOZ0B; AJ151 TOPOLOB, HAXOASIIMXCS B BEPIIMHAX BBITYKJIOTO
MHOTroyro/iibHMKa. OnTuManbHa iy Baiia omjeHka?

BepHo s, yTo Bariy Heo6xXomyMble YCIOBUS peanusanyy rpada B Ka-
YyecTBe ONTMMAalIbHO CUCTEMbI JOPOT SIBISIIOTCS JOCTaTOYHBIMU.

O6061MTe U pelnTe 3a7avy, KOTraa TOYKM JIeXaT Ha cdepe, a toporu
MIPOXOJIAT T10 yraM O60JIbIIMX OKPYKHOCTEN. PaccMoTpuTe cryvaii ipy-
TMX METPUUECKUX TPOCTPAHCTB.

3agava 3. Pa3ziauuHbie pacCTOSTHUS

PaccMoTpuM M HEKOTOpOe MHOKECTBO TO4eK B k-MepHOM ITPOCTPAHCTBE.
Tyt D(M) = |{r = dist (x;,;) |x;,X; € M; X; # X;}| - KOTMYECTBO Pa3TUYHBIX
paccTOSHMIT MeXAy TOUKaMy MHOkecTBa M. OnpeienM Terepb

Dy(1n) = min D(M).
MCRK

K npumepy, D;(3) = 1.
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. Haiigure Dy(4), Dy(5), D2 (6).

. OueHuTe 1ocaenoBaTeNnbHOCTh Dy (1) CBEPXY U CHUBY.
. Pemite myHKTHI 1 ¥ 2 B TpEXMEPHOM IIPOCTPAHCTBE.
. Haitpure D, (n + 2),D,(n + 3),Dp(n + 4).

. BepHo i, uto cymectByet nipesen lim D, (n+c) 0jis m060ro HaTypab-
n—oo

Horo ¢. Ecin ga, To YeMy OH paBeH?

. PaccmoTpuTe mpempimymmii BOpoc Ajis ocienoBaTensHocty Dy (cnk)

pu GUKCUPOBAHHBIX C U K.

. BepHo 11, uto Dy (n) 1 D(n + 1) 06s13aHBI OTIMYAIOTCS He 60JIee ueM Ha

1?

. IIpenosxkuTte BepXHIO 1 HYKHIO OLIeHKM 17151 Dy (1) mpu GUKCUPOBaH-

HBIX K.

. O6o61MTe 3aJauy Ha Apyrue IpocTpaHcTBa. [Tompo6yiiTe OLeHUTh KO-

JIMYECTBO Pa3/IMYHBIX KOHOUTYpALMiA, IPU KOTOPBIX AOCTUTAETCS MMU-
HUMYM (C TOUHOCTHIO 10 IBVKEHMIA U TIOH06Ms).

3apaua 4. llupkyassuum

[Tyctb G - HEOPMEHTUPOBAHHBIN Ipad co MHOKeCTBOM pedep E 1 MHOXe-
ctBoM BepiyH V. IIpu 3TOM 6yaem momyckaTh B rpade G KpaTHbie pebpa u

netii. Beenem MHoxectBO E = {(e,x,y)|e € E; x,y € V; Xy — KOHIIbI pe6-

pa e}, KakIblil 27IeMeHT KOTOPOro 3a7aeT pe6bpo ¢ BLIGPaHHON OpMeHTalu-
eii. LleouncieHHo MpKysaiyeii Ha rpade G HasoBeM GyHKUMIO f: E — 7Z,
YLOBJIETBOPSIIOLLYIO IBYM YCIOBUSIM

a) f(e,X, y) = _f(eayax)'
6) Ins mo6oit BepmmHbI Xy f(e,x,y) = 0 (3akoH Kupxroda).

e: dy
(ex,y)eE

k-umpkynsumeit gast k > 2 HasbIBaeTcsl HUMPKy/asaius f, Takasg uto 0 <

Ifx)| < k,x € E.

1.

IToxkaskuTe, 4YTO eC/IN U3 CBSISHOTO rpada G MOXKHO yOpaTh OJHO pebpo e,
Tak uTo rpad G — e OKaKeTCS HeCBSI3HBIM(TaKoe pedpo 6ymemM Ha3bIBaTh
MOCTOM), TO Ha 3TOM rpade He CyLIeCTBYeT HY OFHOI K-LMPKYJISLIVIA HU
IIJIST KaKoro K.
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[TokaxxuTe, UTO 2-UMUPKYIALMS Ha rpade 6e3 MOCTOB CYIIECTBYeT TOTAA
Y TOJTBKO TOTAA, KOTTA CTEMEeHb JII0607i BEPIIVHbBI YETHA.

Ha3oBeM roTokoBbIM unciiom rpada G HauMeHbliee Takoe k, uto Ha G
ecTb k-1pkynsuusi. Eciv trakoro k HeT, 6ymeM TOBOPUTD, UTO TTOTOKO-
BO€ UMCJIO PaBHO co. Bymem 0603HavaTh aT0 YMcio Kax 7(G). BepHo i,
yTO ecay B rpade HeT MOCTOB, TO 77(G) < oo?

Haiinure n(Kany1), LS pa3AUUHbIX N, e Kop 1 - TONMHBINA rpad Ha 2n+-1
BepIIMHE.

Haiinure n(K4). [locunraiiTe, CKOIBKO Pa3IMYHBIX K-IIVPKYIAIyit Ha Ky.
Haitnure n(Kyy).

I[Tyctb P - rpad [TeTepcena. [TokaxkuTe, 4TO Ha 3TOM rpacde HeT 4-IUPKy-
asiuyn. BepHo jin, UTO /10607 rpad, Ha KOTOPOM HET 4-IIUPKYJISLUY CO-
Iep>xkut nogpasbuenne rpada P.

[Tycts H - abeneBa rpyIia, HapuMep rpyIa ocTaTkoB Z/nZ. H-1ypKy-
nAMet HasbiBaeTcs oTo6paxenue f: E — H, yIoBIeTBOpSIOLIee yIo-
BUsIM a) u 6). VicciemyiiTe KomuuecTBO H-UMPKYISINMIA Ha Pa3IMIHBIX
rpadax. HanmummTe olleHKY KomuecTBa H-TUPKYISINIA IJj1sT KOHEUHOI
rpymnmsl H.

3agaua 5. Kanengapsb

PaccMOTpUM OKPYKHOCTH paauyca 1 € N ¢ LIeHTpOM B Havasie HeKOTOpPOii
(buKCHPOBaHHOI CUCTEMbI KOOpAMHAT. UM CT0 n Ha3BaeTCs KaJeHAapHbIM, ec-
JIV HA 3TO¥ OKPYKHOCTY €CTh B TOYHOCTM 12 TOUEK C LIeJIOUMCIEHHBIMU KO-
OpAMHATaMM.

1.
2.
3.

[IpuBenuTe npuMep KaJeHIapPHBIX YMCET.
BeckoHEUHO 1M MHOKEeCTBO KaJIeHIapHbIX umcen?

quy paBHa IJIOTHOCTb MHOKeCTBa KaJIeHOAPHbIX UKMCeJl, TO €CThb IIpe-

e

lim |{0 < n < x|n— xanennapHoe } |

X—00 X

PaccMoTpuTe BMECTO OKPYsKHOCTEI JIMIICHI, 3a[JaHHbIe YpaBHEHMEM
x* + qy* = n, rhe q - HaTypaabHOe YKo 6e3 KBaaparos. [Ipu Kakux q
€CTb TaKoe N, UTO y 3TOTO YpPaBHEHUSI eCTb POBHO 12 pelieHuii.
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5. Paccmotpute «umdepbraTHbIe» UMCIa, TOE KaKOOV MUHYTE COOTBET-
CTBOBaIa 6bI TOUKA HA OKPYSKHOCTH C IIeTBIMM KOOPAMHATAMA.

6. Kakoe KOJMUYECTBO Le/IbIX PELIeHMI MOXKET ObITh Y ypaBHEHMS X2 +qy? =
n?
3agaua 6. 06001eHNe Teopemsl lllTeitHepa-Jlemyca

1. IlycTh 3amaHO BellleCTBEHHOE MOJIOKUTENbHOEe unciao n. Ha cropoHax
AB, BC tpeyronpauka ABC ormeTum TOUKM C, U A, COOTBETCTBEHHO
Tak, 4To

|BAA,|  |BCC,| .

|CAA,|  |ACC,|
UsBectHas Teopema lllrelinepa-Jlemyca yTBepXKaaeT, YTO COBIIaZeHME
IyMH 6ucekTpucc |AA;| = |CC;| BieyeT paBeHCTBO AJIMH CTOPOH |AB| =
|BC|. TIpoBepbTe UCTMHHOCTD yTBepkAeHus: «OTpesku AA, u CC, ume-
10T paBHbIE JIVMHBI TOTAA U TOIBKO TOrAa, Korga ctopoHsl AB 1 BC nme-
10T paBHbIe IJIMHBI» B KaKA0M U3 CIeOYIOINX CTyyaeB:
a) n=2
0) n — IPOM3BOIBHOE HATYPATbHOE UMCIIO.
B) N — IIPOU3BOIBHOE MOJOKUTEIBHOE PAlIMOHATIBHOE YMCIIO.

I‘) n — MPOM3BOJIbHOE ITOJIO’KMTE/IbHOE BellleCTBEHHOE YMCIIO.

2. Chopmymupyiite u uccaenyiiTe aHAJIOTMYHYIO 3a1a4y, €CIM TOUKU A, U
C,, BbIOMparoTcs Ha mpsiMbIX AB, BC COOTBETCTBEHHO TaK, UTO JIyun AA,,
C,, mensT BHelIHMe yiibl pu BepiunHax A u C tpeyrosnbHuka ABC B paB-
HbIX OTHOLIEHUSX.

3. IIpenyoxuTe CBOV 0600IIeHMS UM HATIpaBJIeHWS MCCIeOOBaHMS B 3TOJ
3a7iaue U U3yUnTe UX.

3agaua 7. lppanyoHanbHble KOPHU PaliMiOHAIbHbBIX
YPaBHEHU

1. VisBecTHO, uTO ypaBHeHme x* +ax> +29x2 +bx+4 = 0 ¢ pauMOHATbHBIMMI
ko3 PuiMeHTaMu uMeeT KopHeM uncio 2 ++/3. Haiiaure ocraabHbie
KOpPHM 3TOTO ypaBHEHMSI.
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2. O6ocHyiiTe cnepymoliee yTBepKaeHue Mpo palMoHaIbHble KOPHU YpaB-
HeHust Buia p(x) = S, a; - X ¢ nensiMy KoahuuyeHTamu (ecu OHM,
KOHEYHO, CYILIeCTBYIOT): €C/IN Xg — PAllMOHAJIbHBIV KOPeHb TAKOT'O yPaB-
HEHUsI, TO OH 00SI3aTeIbHO PaBeH Xy = %, Ime p — IeNuTeNlb CBOGOR-
HOro wieHa (T.e. dg), a ¢ — HOeJUTeNlb d,. Ha ocHoBaHMUM 3TOr0 coobpa-
>KeHMSI TIOCTPOITe AJITOPUTM HaxOKIeHMsT TaKuX KopHel. PacmipocTtpa-
HUTE 3TOT aJATOPUTM Ha YpaBHEHUsI TAKOT'O Ke TUIIa C PaljiOHaTIbHbIMMU
Ko3pbuleHTaMu.

3. IlompoGyiiTe MpemIoKUTh AJITOPUTM OIpeaeneHus (C 000CHOBaHMEM)
KopHeit Buga a + b -v/2,a+ b -V/3,... e a,b € Q, A TAaKUX ypaB-
HeHMI (110 KpaiiHel Mepe, IIOCTPOITE aArOPUTMBI OIlpeieieHus] TaKUX
KOpHeit).

4. MosKeT, BbI CMOKETE OTIpe/e/sTh KOPHU 6ojiee CI0KHOTO Buaa d + b -

V24 c/3umma+b-v/2?

5. TIpenoxkuTe aJrTOPUTM OIpeneae st KOPHei MCXOMS 13 UX 061ero Bi-
713, TAKOTO KaK a+ b ~/m, a+b~/m+c~/ku .., rne m,k, ... — 3apaHee
HEeM3BECTHbIE HATypaIbHbIE UMCIIA.

6. TlonpoGyiiTe OLIEHUTH CJIOKHOCTH MPEJIaraeMbIX aITOPUTMOB.

7. PaccMOTpuTe KOPHM YpaBHEHMIA ellle 60s1ee CI0KHOTO BMIA (C KOPHSIMM
Pa3IMUHBIX CTeTNeHel MU C «kKOMITO3UIIMel» KOpHe U T.11.).

8. Tlpenoxute cBOM 0600I€HMS MJIM HATIPaBJIeHMSI UCCIIEA0OBAHMS B 3TOIA
3aaue 1 M3yunTe ux (HaIpumep, IornpobyiiTe paccCMOTpeTb MOL06HbIe
3a7auM JJIs1 CUCTEM ypaBHEHM ¢ IBYMsI 1 6oJiee TepeMeHHbIMMY, a TaK-
ke ypaBHEHUSI ¢ KO3 GUIIMeHTaMu 13 MHOKECTBa

Qv2) = {x+yV2xye Q}.

3agava 8. @yHKuMs Jiiepa

ITycTb n - HATYpaIbHOE YMCII0, GosbIee egyHUIIBI. O603HAUMM 32 ¢(1n) KO-
JIMYeCTBO TakuXx Lebix 0 < X < n, 4YTO X B3aUMHO IPOCTO C 7.

¢(n) = [{0 <x <n|(x,n) = 1} |

1. IToxkaskuTe, 4TO A1 JIOOOTO N > 3 eCTh Takoe HaTypaabHOe uncio k(n),
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4To
A(o(- -~ d(n))) = °K (n) = 2.
—_—

k(n) pa3

2. OueHute uncio k(n) CBEpXy U CHU3Y, rae

a) n— uneno Buna {32} .

6) n eCTb NMpom3sBeageHNne BCeX pa3/JIMUHbIX MPOCTbIX MEHbIINX 3aJaH-
HOro umcia.

B) N — IPOM3BOIbHOE HATypaTbHOE UMCIIO.

3. PaccmoTpuM ypaBHeHMe ¢(1) = m OTHOCUTENBHO . OLleHUTe YnCiIo ero
pelieHuni

a) cBepxy.
6) CcHU3Y.
4. 0600muTe NMpeAbIAYLINII MYHKT Ha CIydail ypaBHeHMt ¢(H(- - - ¢p(n))) =

m. IIpu Kakux m OHU paspemnMbl? KakoBa MJIOTHOCTb MHOXECTBA 3Ha-
yeHnit PyHKIMM ¢°K, Ile II0THOCTD TIOHMMAeTCs B CMbIC/Ie 3aaun 5.

k(m)+1
5. Uuciio n Ha30BeM COBepIIeHHBIM, eciun = »  ¢°(n). Jokaxure, 4To
i=1

uycna Buja 3¢ ABISIOTCA COBEPIIeHHBIMMA.

6. IocTpoiiTe gpyrue npMMepbl COBEpIIeHHBIX unces. CyllecTBYIOT JIX CO-
BepIIEeHHbIe UYKCIa, He Aensuiyecs Ha 3?7 Kakue uncia He SBIISIOTCS CO-
BepIIeHHbIMM ?

3agava 9. UIrpsl ¢ KapTOYKamMu

1. Ectb Tpu aBTOMATAa: IEPBBIii MO KapTouke ¢ yuciamu (a,b), a,b € Z
BbIIaeT KapTOUKy ¢ unciaamu (a — b, b); BTopoit — kapTouky (a + b, b);
TpeTuit — KapTouky (b, a). Bce aBToMaThl BO3BpAILalOT 3a/I03KEHHBIE B
HUX U3HAYAIbHO KAPTOUKM.

a) Ilyctp y Bac B Hauale Ha pykax uMeeTcsl KapTouka (19, 86). MoxxHO
JIV TIOTYYUTh KapTouky a) (31, 13); 6) (12,21)?

6) I[TompoGyiiTe HATY BCe KAPTOUKM (X,Y), KOTOPbIe MOXKHO HOTYIUTh
u3 KapTouku (19, 86). JokaxkuTte, YTO OPYruxX KapToueK MOMyIUTh
HeJIb34.

B) IlycTbyBac mMeeTcs KapTouka ¢ uucinamu (a, b). Ilornpobyiite HaTH
BCe KapTOuKM (X, y), KOTOPbIE€ MOXKHO TTOTyYUTb.
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2. EcTb Tpu aBTOMAaTa: IepBblit 110 KapTouke (a,b), a,b € N BblaeT Kap-
TOUKy c ynciaamu (a+ 1, b+ 1); BTropoit — KapTouky (a/2,b/2) (oH pabo-
TaeT TOBKO TOINA, KOTIA d ¥ b YeTHBIE); TPeTUit — 110 ABYM KapTOYKaM
cuncnamu (a,b) u (b, c) neyataet KapTOUKy € 4ncaaMu (a, ¢). Bce aBro-
MaTbl BO3BPALIAIOT 3JIOKEHHBIE B HUX KAPTOUKMU.

a) MOsKHO /M C [TOMOLIBIO ITUX Olleparyit u3 kaptouku (5,19) momy-
yuTh KapTOuKy a) (1,50); 6) (1,100)?

6) HaiinuTe Bce HaTypasibHbIe N, TaKMe, UTO MOSKHO 13 KAPTOUKM C UMUC-
namu (5, 19) momyunTs KapTouky (1,n). JlIokaxkuTe, 4TO MPU OCTa-
JIbHBIX HaTypaIbHBIX N 3TO CHOENATh He TOMTyIUTCSI.

B) Omnpenennute MHOXECTBO BCeX KapTouek (m,n), m,n € N, KOTopble
MO>XXHO ITOJTyYUTb U3 KapTouku (5, 19).

3. IlycTh mepBOHAYaIbHO MMeeTCsl KapTouka ¢ uuciamu (a,b), a,b € N,
a < b, v aBTOMaThI TaKue ke, Kak B ITyHKTe 2.

a) [ns pasnuuHbIX Hap da, b onmpenenuTe, Ipy KakuxX n MOKHO U3 3a-
JIaHHOM KapTOUuKu (a, b) MOmyunTh KapTouKy ¢ unciaamu (1,n)? Io-
KaXXITe, YTO IMPU OCTATbHBIX HATYPAIBHBIX N 3TO CAEIATh HE TIOTy-
YUTCS.

6) [js pasiuuHBIX Map d, b ompenennTe MHOXKECTBO BCEX KapTOuek
(m,n), m,n € N, KOTOpble MO>XHO ITOJTYYUTb M3 KapTOUKu (a, D).

B) IlycTh mepBOHAYaIbHO MMeeTCS] HAabop U3 k KapTouyeK ¢ YMCIaMU
(ai,b1), ..., (ag, by). IIpy KakMX HATYPaJIbHBIX M ¥ N MOXHO IOTY-
YUTb KAPTOUKY C Uucaamu (m, n) (KOHEYHO, B 3aBUCUMOCTH OT UC-
XOIHOIo Habopa KapTouek)?

4. TlpugymaiiTe cBOM 0000IIEHNSI MM HAIIpaBIeHUS MCC/IeIOBaHMUS ITOM
3a7auy U u3yuuTe ux. Hampumep, paccMOTpUTe CHUCTeMy aBTOMAaTOB,
CTIIOCOGHBIX BBITIONMHSIT HaJl KAPTOUKAMM KaKue-HUOYOb OpyTrye onepa-
LV,

3agaua 10. YncioBbie KBagpaThl

Bo3bmem 9 neBSITHUKIETOUHBIX KBaZpaTOB.

1. MOXHO i pa3MeCTUTh B KJIeTKaX 3TUX KBaApaTOB HaTypaJbHbIe uncia
ot 1 10 9 TaK, YTOOBI 3aTEM ObIJIO BO3MOKHO COeIMHUTH BCe 9 KBaAPaTOB
B OMH KBaJIpaTHBI KOBPUK 9 x 9 TaKMM 00pa30M, UTO OJHOBPEMEHHO
BBIITOTHSIOTCS YCIOBUSL:
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a) CymmMa umces MO Kak[OOii AMArOHaIM B JIO60M AEBATUKIETOUHOM
KBajpaTe paBHIACh 15.

6) CymMa uuces B K&KIOM U3 YeThipexX KBagpaToB 2 X 2, BXOOSIINX B
COCTaB [EeBITUKIETOYHOIO KBaApaTa, a TakKe CyMMa 4ucesl, pac-
TIOJIOKEHHBIX B KJIeTKax, IPWIeramlliux K CTOpOHaM LieHTPalIbHO-
ro KBaJpaTuka, paBHsUIach 16 B IepBOM AE€BITUKIETOYHOM KBaJ -
pare KOBpuKa, 17 - BO BTOpoM, 18 - B TpeTbeM U fajee mocienoBa-
TenbHO 19, 20, 21, 22, 23, 24.

B) B Kkaxkmom cTosblie 1 B KaxKI0¥i CTPOKe IMOJIHOTO KBazaparta 9 x 9 co-
IepsKaauch ObI Bce uncia oT 1 4o 9 B IMpOM3BOJIbHOM MOCIen0Ba-
TeJIbHOCTMU.

2. MOSKHO Ji pacCIIONIOXKUTD YMC/IA TAK, YTOOBI CyMMa UMCeJI IO YIIaM Kaxk-
IIOTO M3 HEHTPAIBHBIX 3 X 3,5 X 5,7 x 7,9 X 9 KBaApaTOB OKasKeTCS
paBHoIi 20?

3. MOsKHO JiM pacoIOKUTb YMC/IA TaK, YTOOBI CYMMBI, BIOJIb MTPSIMbIX, KO-
TOpble CUMMETPUYHbI OTHOCUTELHO OFHOW M3 IMaroHasei Kpaapara
9 x 9, oKa3aIMCh ONMHAKOBBIMM, TTPUUEM CYMMBI 3TY YMEHbIIATVCDH ObI
PEryJsIpHO Ha 5 eOQUHUI] TT0 Mepe YAaJIeHus MPSIMbIX OT APYroi Auaro-
Haju 60/IbIIOro KBapaTa?

4. MOXXHO /1Y PaCIIONIOXUTD YMC/IA TaK, YUTOObI KpOME MPeIbIAYIINX YCI0-
BUI1 0Ka3a710Ch, UTO CYMMBI KBaZpaTOB UKCE BAO/Ib IPSIMbIX, CUMMET-
PUYHBIX OTHOCUTEIBHO TO ke AMaroHaau MOoJHOTO KBajipaTa, OKasa-
JIVCh OJVHAKOBBI?

5. HaiiguTe Kak MOKHO 60Jiblile AOMOJHMUTEIbHbIX UMCIOBBIX CBOJCTB Y
00pa30BaBILerocs MOJHOTO KBagpaTa U JOKasKUTe UX.

6. TpenoxuTe Hanboee IKOHOMHBIN a/ITOPUTM COCTaBIEHMS TPeOyeMo-
r'O YMCJIOBOrO KBajipata 9 x 9  060CHYiiTe ero KoppeKTHOCTb. Chopmy-
JUpYIiTe aHAJIOTMYHbIE 3aJauM AJIsT KBaZpaTOB MPOM3BOIHHOTO pasMe-

pa.

3agaua 11. IToutn apudmeTnueckme Mporpeccun

[Toripo0yiiTe MOCTPOUTh TEOPHUIO «ITOUTH apUPMETUUECKUX TIPOTPECCHii».
B KauecTBe MCXOMHbBIX HaIPaBIE€HMIT MCCITENOBAHMUSI MOTYT ObITh C/IEAYIOLINE.
I[lyctb ay, dy, dz,n — bUKCMpOBaHHbBIE HATYPAJIbHBIE UMc/ia. KoHeuHyIo mo-
CJ1Ie0BaTeIbHOCTh UMCeN dy,dy, ,dy, OyleM Ha3bIBaTh IOUTK apudMeTye-
CKOJi TIporpeccueit, eciu s gwoboro k, 2 < k < n, ay = ax_, + dy win
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ay = ay_; + dy. MHOXXeCTBO BCeX TaKMX IMOUYTU apubMeTUIeCKUX Mporpec-
cuit IyHbl h 0603HauMM uepes P, (ay, di, d3).

1.

YKaXuTe [10C1e0BaTebHOCTD a1, Ay, . . . , Ay U3 Py(ay, dy, dy), y KOTOpOI
HalMMeHbIllee KOJIMYEeCTBO WIEHOB PaBHSETCS MOTYyCyMMe CBOMX coce-
nern.

VKakuTe Mocae10BaTenbHOCTh U3 Py(ay, dq, dy), y KOTOpOIi cpeny uucesn
ay + ay, a + dy,_1, ... Ha¥MeHbIllee KOJIMUYECTBO PABHBIX MEXIY COOOIA.

CKoJIbKO Pa3/INYHbIX HOCIIG,ILOBaTeHbHOCTefl COOEeP>XKUT MHOXKeCTBO

Py(ay,di,dy)?

CKOJIBKO Pa3IMYHbBIX CYMM MOSKET OBITh Y IIOCII0BaATEIbHOCTEN, JIeKa -
X B MHOXeCTBe P, (ay, di, dz)?

Kakoe HambobIllee KOIMUeCTBO MocienoBatenbHoctei us Py(ay, dy, dy)
MMeeT OMHAKOBYIO CYMMY BCEX CBOMX UJIEHOB?

[Tyctb P3y41(as, 1,2,3) — MHOXKECTBO BceX ITOC/Ie0BaTe/NIbHOCTEN dy, ...,
@341 TaKUX, 4TO TpU Jto6oM K, 2 < k < 3n + 1 uMeeT MeCTO OHO U3
PaBEHCTB a4y = ay_1+ 1, ay = ax_1+2, ay = ax_1 + 3. Y Kakoro Hanbob-
1Iero KojimMuyecTBa rnociefoBarenbHocTeit u3 Ps,.1(a, 1,2, 3) onuHako-
Bas CymMMa BCeX UIeHOB?

CKoJIbKO Pa3/IMYHbIX MoCIeq0BaTENIbHOCTEN COOEP>KUT MHOXKECTBO

P3n+1(a1: 17 Za 3)?

Hpe,zmomMTe CBOM HaIIpaBJIeHUA MCCIeJO0BaHU NN 0606HleHI/I$I 3TOM
3agaun M M3yUnTe UX.

3amaua 12. Ilepuognueckue auddepeHnaabHbIe

1.

ypaBHeHUS

Hana dynkums f(x,y): R*? — R,f € C(R?),f, € C(R*) u flx + T,y) =
f(x,y) mns mo6wIx (x,y) € R2. Jlanee, CyliecTBYIOT TaKue 4ucia a, b, 4To
f(x,a) - f(x,b) < 0 mnst mo6Oro BelecTBEHHOIO X.

a) [Joxaxwure, yTo nuddepeHuanbHoe ypaBHeHre Yy = f(x,y) umeer
T-niepuoguyecKoe penieHue.
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6) Iokaxute, uto ecmu f', > 0, TO 3TO MEPUOAMUECKOE PEelleHNe eVH-
CTBEHHO.

Ilano ypasuenue y = —y***1 4 f(x), f(x + T) = f(x), f - HempepbIBHA Ha
BeIeCTBEHHOM MPSIMOJA.

a) Jlokaxure, 4yTO CyliecTByeT T-TiepnoandecKoe pelieHne.

6) JIoKakuTe, UTO ITO pelleHue eqUHCTBEHHO.

HajinuTe Bce mepuopnueckye pemeHust ypasHeHus y' = (y — a)(y — b),

rme a, b - BemecTBeHHbIe YMCIIA.
CpenHMM 3a TIepuof, /s IepUOaMUecKoi QyHKINY f{x) Ha3bIBAeTCS Be-

T
JINYMHA lT ‘of f(x) dx. Huxe Bespme npepmnonaraercs, 4To QyHKIuu f, f1, f €
C(R) u T-nepuonguyeckue.

Hawxo ypasHenue y' = (y — a)(y — f(x)).

a) Haiinute Heo6xXomMMoOe U JOCTATOUHOE YCIIOBYE Ha CpefHee 3a Ie-

pron, bYHKIIMM f, IPU KOTOPOM 3TO ypaBHEeHMe umeeT T-miepuoam-
yeckoe pelleHye (OT/INYHOE OT KOHCTaHThI).

6) CKoJIbKO BOOOIIE MEPUOAMUECKUX PelleHUi i MOXKeT GbITh Y 3TOr0
ypaBHeHUs?

WccnenmyiiTe Te ke BONPOCHI 1yist ypasHenus y' = (y — a)?(y — f(x))

[TpoBenuTe uccnegoBanme ypapHenus y = (y — a)™(y — f(x))" Ha nipegn-
MET CYIIeCTBOBaHMS TTEPUOANYECKUX PENIeHN B 3aBUCMMOCTH OT Ha-

T
1
TypaJIbHbIX TAPAMETPOB 71, M U BEJINYUHDI 7 bf f(x)dx.
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HccinemoBaTebCKuUe MPOEKThI
IJIS1 IIKOJIBHUKOB

B aTom paspese nmpencTaBieHbl MHTEPeCHbIe 331aUl, KOTOPbIe MOTYT OBbITh
MCII0/Ib30BaHbl B KAYeCTBEe OCHOBBI IJIs [IPOEKTa IIPY yYaCTUM B HAYYHbIX KOH-
Kypcax [Jis LIKOJbHUKOB (HallpyuMep, B BaJTuiickoM Hay4HO-MHXeHEepPHOM
KOHKyDpce, IpoBogumMoM PoHI0oM «BpeMs Haykmn»).

3apava 1. TpeyronbHuk Ilackans

DTOT MCC/IeIOBATENbCKIUI POEKT COCTOUT U3 HECKONbKUX IIaros. Eciau y
BaC He MOoJyvaeTcs 10 KOHIIA pa306paThCs B KAKOM-TO IIare, IIPOITyCTUTE €ro
U U3y4yamTe Caegyoui.

e Haiigute cymMy umces B K&K 0M CTpOKe TpeyrojabHuKa Ilackans.

e Halinute cymmMy 1epBOrO, TPETBErO, IISITOTO, . . . (M TaK Jajiee) d7ieMeHTa
B KaKoi-HMOYIb CTpoKe TpeyroiabHyKa [lackans. Haitoure 3akoHOMeED-
HOCTb.

e Hajinute cymMy BTOpPOTO, UeTBEPTOTrO, IIECTOTO, . .. (M Tak Jajee) sje-
MeHTa B CTpoKe TpeyronbHuka [lackans. Haiinure 3aKOHOMepPHOCTb.

e Haiigute cymMy KBaZpaTOB uMces B KaXXA0M CTpoke TpeyroibHuKa [lac-
Kaunsl.

. BbIHCHI/ITe, Tae B TPEYTOJIbHUKE ITackansa CIIpATaJINCh TPEYTOJIbHbIE UNC-
maT,=1+2+...4+n.

e A rme cpsiTanuch nupamuganbibie uncna P, = Ty + Ty +...+ T,? Atne
KBafipaTHble uucia S, = n’?

* BoigcHMTe, KaK cBg3aHbl umcna 1,11, 112,113, 114, ... ¢ TpeyronbHUKOM
IMackarns.

« Uro GymeT ecsiu B3SITh CAMbIii JIEBbIit 37IeMEHT B CTPOKe TPeyrolibHUKa
[Mackassi, BBIYECTh U3 HETO CJIEAYIOMINii (TI0 TOPU30HTAIN), TPUOABUTD
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CJ1efyOUIVii 38 HUM, 3aT€M BbIYECTb CJIenyoLuii, . . . (M T.4.) IO TeX 10D,
I0Ka He KOHYAaTCs uncia B cTpoke? Kakoe uncio nomyuntcs? Havigure
3aKOHOMEPHOCTb.

e OTBeTbTe HA l'Ipe,E[bI,E[YH.lI/Iﬁ BOIIPOC, eC/in 6paTb He CaMM 3JIEMEHTBI Tpe-
YTrOJIbHMKa [Tackans, a ux KBaapaThl.

» BbIsICHUTE, AEISITCS JIU BCe 3JIEMEHTHI (KpOMe KpaifHMUX IBYX eIUHUIIL) B
CTPOKe Ha HOMeD 3TOV CTPOKM (HyMepalys CTPOK HauMHAeTCs ¢ HyJs)?
A xorpa mensrcs?

» Boibepute uncio 1y Kpas Tpeyronbayka [Tackasis v uauTe 1o AuaroHa-
v BHM3. HauHMTe CKIaAbIBaTh BCe BCTPeUaloliuecs Ymucia U B Kakoi-
HMOYIb MOMEHT OCTAHOBUTECH. Kakoe UMcIO MOMyuYnsioch B cymme? A
YTO MOJYUYNTCS B 001eM CyTyuae?

 UTO MOYYMTCS, €C/IU 3aLITPUXOBATh BCE YETHBIE UMC/IA B TPEYTONbHU-
ke? Kaxkoit 6ymer y3op?

e A eIy 3alIpUXOBaTh BCe UMCIA, AesIIyecs Ha 37?7
 I'me cripsTanuch yncina @uboHauum B TpeyroabuyKke Ilackans?

» YeMy paBHa CyMMa uucel B KaKOM-HMOYAb MapaijieilorpaMMe Tpey-
ronbHMKa Ilackansa? Haiigyre 3aKOHOMEPHOCTb.

. OTKpOf;ITe CBOM COOCTBEHHbIE 3aKOHOMEPHOCTU B TPEYTroJIbHMKE U Ha-
30BUTE X B CBOIO YeCTb

3agaua 2. 3agaua o0 paspe3aHUU MUIIIbI

Tpu paspesa uepes LEHTP KPYIIOi IMII[bI JAIOT IECTb KyCOYKOB. Ecutut ke
ClIeNIaTh TPETHMIT pa3pes He uepes EeHTP, TO MbI IIOJTYYMM CEMb KYCOUKOB pa3-
HO¥1 dopMbl U pasmepa. HeMHOTO TIO9KCIIEPMMEHTHPOBAB, Bbl yOEIUTECH B
TOM, UTO HaubOJIbIIIee UMCIIO KYCKOB, KOTOPOE Bl MOXKETE TIONTYYUTh C TIOMO-
IIBIO TPEX Pa3pe3oB — 3TO ceMb. HO CKOTbKO KYCOUKOB BbI MOYKETE MOTYUUTH
C TTOMOIIIBIO GONBLIETO YMCIa pa3pe3aHnii?
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Kakoe HamboJbIiIee YiC/I0 KYCOUKOB MUIIIIbI BbI MOKETE TOJTYUUTh C I10-
MOIIIbIO UeThIPeX pa3pesoB?

OnummmTe TPUHLUMIT MaKCUMMU3AIUA IJIS1 Pa3pe3aHus MUIIbI. A UMeH-
HO, OTBEThTE Ha BOIIPOC: KaK JO/DKEH MTPOXOAUTh HOBBIN pa3pes, YTOObI
TTOJTYYMIJIOCh KaK MOYKHO 6OJTbIlIe KYCOUKOB?

MMuiia dxo6a IlTeitHepa MMeeT 6eCKOHEUHbIN pagnyc, a IOTOMY O Heii
MOXXHO MBICJIUTh MPOCTO Kak O TIockocTy. Kak cBsA3aH OTBET Ha 00-
HIyI0 38[]a4y O IMIIe C OTBETOM Ha 3a/1auy O pa3pe3aHuy MuIsl SIkoba
lTeitnepa?

Yepes P, (0T wy10Ba pieces — KyCOYKM) 0603HAUMM MaKCMMaJIbHOE YMCII0
KYCKOB, Ha KOTOpO€ MOKHO pa3pesaThb MUIILY C TOMOIIbIO N pa3pe30B.
Hanpumep, P; = 2 u P, = 4. Beipasure P, uepe3 P,,_; u HaiiauTe Piz7.

CTaHAapTHBIM KycOoueK IMUIIIbI OYeHb ITOXO0X Ha TPeyrojibHUK. A Kak
CBSI3aHa 3a/iay4a O paspe3aHuy MUIILBI C TPEYTOMbHBIMY YMCIaMu?

[Ipenmnonoxxmum, YTO Mbl TOMYYUIN P, KyCOUYKOB MULIIBI 3@ N pa3pesa-
Huit. 0603HaunM yepes C, (OT CJIOBA crust — KOpKa) UMCIIO TeX KyCcou-
KOB MUIILIbI, TPaHMUIIA KOTOPBIX HE COAEPXKUT KOPOUKM NuILbl. Haiinure
siBHYIO0 hopmyiry miis Cp,.

CnoskuM TepBble TPU YKMCIA HA KaskAoi CTpouke TpeyroabHuKa [lacka-
Jis1. Kakoe unciio ronyvaercsi?

PemnTe aHaIOTUYHYIO 3adauy o paspezanuu npsamoii. Kaxk BbI ;ymaete, a
Kak OGyIeT CBSI3aH OTBET Ha HOBYIO 3a/1auy C TPeyroJbHUKOM [Tackas?

Pemnre aHasornuHyo 3adauy o paspezavuu apbysa. Kak Bel gymaere, a
Kak OyZeT CBsI3aH OTBET Ha HOBYIO 33/1auy C TpeyroibHMKOM Ilackasis?
ViKe moramaauch, Kakoii OTBETHI Mbl TIOTYUMM, eCiu GyleM pa3pesaThb
n—MepHbIii map?

Brinuiiem snemMmeHTbI TOCIeA0BATENbHOCTU P, B CTPOUKY, a TIO7, Hel 3a-
MUILIEM ee npou3eodHyw nociedosamensHocms AP, (BBIYMTAEM U3 3Jjie-
MeHTa ero IpenbIAyIInii)

MoC/1eA0BaTeIbHOCTh 1 2 4 7 1 1 1 6 2 2
pasHocTH 1 2 3 4 5 6
PasHOCTH pasHocTedt 1 1 1 1 1

pasH. pasHoCTeji pasHocTeit 0 0 0 0
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Kak BUAaNTE, YeTBepTast CTpoKa COCTOUT 13 HyHEVI. Hanummnre TaKyI0 JKe
Ta6)’II/ILIKy JJIs1 ITOC/Ie10BaTEe/IbHOCTHU KaKI/IX—HI/I6y,Hb d)MI'yprIX quces.

MOCIIeI0BATEIbHOCTD ap a ay as ay as
pasHOCTH b() b] bz b3 b4
PasHOCTM pasHocTelt Co C1 C C3

PpasH. pasHocTeit pasHoCTelt 0 0 0

JloKaskiMTe, UTO eC/IM eCTh IIPOU3BO/IbHAS IT0C/IeN0BaTeIbHOCTD a, 06/1a-
JaeT TeM CBOJCTBOM, uTo Ac, = 0, rme Aa, = b, u Ab,, = ¢, TO

o) n(3) )

A 4TO MOKHO CKa3aTh PO MOC/IeI0BaTeIbHOCTHU, Y KOTOPBIX ¢, = 0? A
b, =0?

3agava 3. 3HaKOMCTBO C IIPOCTbIMM UYMCIAMU

DTOT MCC/IeA0BaTeNbCKII TPOEKT COCTOUT M3 HeCKOAbKMX maroB. Ecau y

Bac He MMOJTyYaeTcsl 10 KOHIIA pa306paThCst B KAKOM—TO IIIare, MPOITyCTUTE €r0
U U3yvaiTe Caeayoumui.

* HauHuTe nucathb HaTypaJIbHbIe UlC/ia IT0C/Ie0BaTe/JIbHO BAOJIb M3BMBA-
[o1Iecs IMHMUM, KaK MT0OKa3aHo Ha PUCYHKe.

HaiiguTe Ha 11o/1y4eHHO CIIMpaiv 3aKOHOMEPHOCTb, CBSI3aHHYIO C [1PO-
CTBHIMM UMCTAMU, ¥ OOBSICHUTE €e€.
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« CKOJIBKO menuTeneil umeroT unucia 1,2,4,8,16,32,...? A Korga 4mucio
Bupa 2" — 1 aBnisietcst mpocThiM? CocTaBbTe TAOIMITY UMCENT TAKOTO BUIA
¥ HaliIyTe 3aKOHOMEPHOCTb.

* BoisscHuUTe, 17151 KAKMX umcen n uucio (n—1)!4 1 genurcs Ha n. Hajinure
3aKOHOMEPHOCTb.

« BrIsicHMTe, IS KaKMX 4mcen n uucio n? — 1 genurcst Ha 24. Haitnure
3aKOHOMEPHOCTb.

* BobIgcHMTe, 71 KAKMX YMCell N umucio n’+ 1 sipsieTcs mpocThiM. Hajigure
3aKOHOMEPHOCTb.

e BrisscHuTe, A1 KaKMX 4mce n yucio 2" — 2 genurtcst Ha n. Hajigure 3a-
KOHOMEPHOCTb.

« IMocmoTpyuMm Ha umcia Buga n*> — n. Iomygaem 0, 2,6, 12, 20, . . .. Bce atn
yyCIa geaaTcs Ha ABa. IIocMOoTpuM Ha umcia Buga n® — n. Iomyyaem
0,6,24,60,120,210, 336, . . .. Bce aTn uncia gensatcs Ha Tpu! A 4TO Aajib-
we? ByayT v uncia Buga n* — n menuThHCS Ha yeTbipe? A unwia Buja
n’ — n Ha naTh? Haitnure 3aKOHOMEPHOCTb.

3agaua 4. 3akornepeMeHHbIe ITpeacTaBIeHUs

« IIpencraBbTe uncio 1 B BUIEe MPOM3BeIEeHNMsT HECKOIBKUX YVICEN, CyMMa
KOTOPBIX paBHA HYJIIO.

e Pemure Ty ke camylo 3agavy Ijis umucen 2, 4, 6.

e Pemure 3Ty 3amauy ajis1 umcia 3. CMoskeTe jiv Bbl HAlITU pasiiokeHue, B
KOTOPOM BCe UKciia SIBJSIOTCS MMEHHO 1e/IbIMMU, a He pallMOHAIbHbIMM ?

 VccnenmyiiTe BOIpOC MPeNCTaBUMOCTH IJISI TIPOM3BOJIBHBIX HATYypPaJib-
HBIX YMCe.

3amaua 5. Kak ke 51 /1100/110 paspe3ars!

» Bo3moxkHO /i1 pa3pe3aTh Ha paBHOOEIPEeHHbIE TPEYTOIbHUKN: a) KBA/I-
paT; 6) MpIMOYTOAbHUK? EC/iu fa, TO MOKaKUTE Kak.

« OTBeTbTe HA TOT XKe BOMPOC, €C/IM HYKHO paspesaTb a) Mmapasieso-
rpamMm; 6) paBHOOGOKYIO Tpamneiuio. Ec/iv MOXKHO, TO ITOKakKUTe Kak.
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« IlombITaiiTech paspes3aTh GUIypbl Ha HaMMeHbIlee BO3SMOKHOE UMCIIO
paBHOOEPEHHBIX TPEYTONbHUKOB.

» ITompoObyitTe M3MeHUTb opmMy bUryp U3 crucka Bbiire. Kak Torma ns-
MeHUTCS Baie pas6ueHue Ha TPeyroabHUKU? PacCMOTpUTE SKCTpe-
MaJIbHbIE CUTYAIUN.

3agava 6. l'eomeTpmuueckass MMHMATIOpaA

» Kak BbI JymaeTe, KaKkylo 4acTb (T10 IUIOIIA/IN) COCTAB/ISIET TPEYTOIbHUK
BHYTPU MIPSIMOYTOIbHMKA HA KAPTUHKE HIDKEe?

¢ A KaKylo 4acTh COCTABJISIET TaKO¥ TPEYTONbHUK?

o A Takoit?

e Kak BbI fymaeTe, KaKyl 4acThb (110 IUIOLLAAM) COCTABIISIET Bl e/IeHHAs
0071aCTh OT BCETO IPaBUIbHOTO MIECTUYTOIbHMKA?
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3agaua 7. Kondwurypaumum Touex

B 2014 r. Ha CaHKT-IleTepOyprckoi oaMMImaze IIKOJbHUKOB 110 MaTeMa-
TMKe ObUIa IIpeJJIoKeHa caeLylolnas 3ajayva:

Ha pByx nmapaiienbHbIX IPSIMBIX OTMedeHO 110 40 Touek. Mx pas-
6uBaioT Ha 40 map Tak, YToObl OTPE3KM, COeSUHSIONIME TOUKU B
OJHOJ T1ape, He IlepeceKaluch APYr ¢ Apyrom. (B yacTHoCTH, KO-
Hell OJHOIO U3 OTPe3KOB He MOXKeT JIeKaTb Ha LPYroM OTpesKe).
JloKaskuTe, 9YTO YMCIIO CIIOCOGOB ITO CAEIATH He TPEBOCXOANT UMC-
ma 3%,

[ToceqoBaTeIbHOCTh, BO3HMKAIOIIAS B 3TOM 3amave, o6jamaeT OGOraThbIMMU
KOMOMHATOPHBIMM peanu3auysiMy, M UX pasHoobpasye IMPOCTO U3YMIISET.
OmnmuiiieM 001IYI0 CUTYAIIMIO: ITYCTh TaHbI IBe Mapaijie/ibHble IIpsiIMble, Ha OfI-
HOJi OTMeYeHO k TOUeK, Ha APYTOil 1 TOYEK.

RN

OTMeUeHHbIe TOYKU p336I/IBaIOT Ha IMapbl Tak, ‘-ITO6bI OTpe3Ku, coeamHs-
e TO4Ku B O,ElHOfI Imape, He rnepecekajamcb Jpyr ¢ JpyromM. B YaCTHOCTH,
KOHeEIl OAHOTO 3 OTPE3KOB HE MOXET JIeXKaTb Ha APYTOM OTpE3Ke.

0.0]
(2,01 [1,1] [0,2]
4.0 (.1 22 [13 [0.4
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[TomyyeHHYI0 KapTUHKY OylieM Ha3bIBaThb KOHpuUeypayueii (TOUeK U OTPe3KOB
Ha IBYX MPSIMBIX) MU pa3bueHuem (Touek Ha rnapsl). KonmnuectBo pa3buenuit
0603HauMMm vepes [k, n|. Hanmpumep, [2, 4] = 4, KaKk IoKa3bIBaeT PUCYHOK BbI-
mre.

1 3 31
1 4 4 1

Kpowme Toro, ecin n + k HeueTHo, TO [k,n] = 0, a Taxke [k,n] = 0, ecnn
n,k < 0. Eciu n unu k paBHO HyI0, TO [k, n] = 1 IpOCTO 110 ONpesieNeHnIo.

 3aro/JHUTe TPEeyTrOoJbHUK BbIllle ¥ HalAuTe B HEM 3aKOHOMEpPHOCTH,
aHaAJIOTMYHbIe 3aKOHOMEPHOCTSIM B TpeyroibHuKe [Tackans.

e BoisicHuTe, KaKyI0 IoCjieA0BaTe/JIbHOCTDb OGpaBYIOT CYMMBI 5JIEMEHTOB B
CTPOKax TpeyroJibHMKa.

« [IpaBpa in, 4YTO B KaskAO# CTPOUKe uncia [k, n] 06s13aTeIbHO BO3pacTaoT
IIpU OBVSKEHUM OT KpaeB K LeHTpY?

* BoIsicHUTe, KaK BbIPa3uThb [1, 1| uepe3 CyMMbl KBaipaTOB uyces Ha 1Ka-
TOHAJIAX B TpeyronbHuke [lackans.

3agava 8. TpeyrosbHbIe ynucia

* MokHO 1 nipefcTaBuTh unciio 201745 B Bue CyMMBI ABYX TPEYTOJb-
HbIX ymcen?

» Kakue HaTypasibHbIE YMC/Ia MOXKHO IPEACTABUTh B BUE CYMMBbI He 60-
Jiee IBYX TPEYTOIbHBIX uycen? Haiigyre 3aKOHOMEPHOCTb.

» Kakue HaTypa/IbHbIE€ UM CJIa MOXHO IIpedCTaBUTh B B1Je CYMMbI HE 60-
Jiee TpeX TPeyroJIbHbIX uncen? Harigure 3aKOHOMEPHOCTb.

e (3onotasa Teopema). Kakue unciia MOXKHO NIpeCTaBUTh B BULE CYMMBbI
He 60oJ1ee N N—yTroMbHbIX YMCEN?

- 358 -



C6opHMK 3amau onumimansl «MatemaTka HOH-CTOIT»
3amaua 9. lllapuku B KOpoOKax

[Tepen Bamu 6eCKOHEUHBI Ha60p KOPOBOK, Ha KaskIOi 13 KOTOPBIX HAIM-
CaHo MPOCTOE UKCIIO.

2 35 7 11 13 17 19 23 29 31 37 41

Bam manu HeckojbKO 6esIbIX MIaPMKOB M Bbl PEIIIN MOJIOXKUTh UX BCE B
KaKye-TO KOpoOKM (B OAHY KOPOOKY MOXKHO IOJIOKUTh Cpa3y MHOTO HMIMPU-
KOB).

[Mocste aToro mpuiien sKCIepT, MHOTO3HAYHO ITOCMOTpEJT Ha Ballly paccTa-
HOBKY IIAPMKOB 10 SIIIMKAM ¥ BBIAAT BaM UMC/IO CIeIyIIMM 00pa3oM: OH
BO3BEJT YMCJIO 2 B CTEMEHb vy, PABHYIO KOMIMYECTBY IIAPMKOB B KOPOOKE C HAJI-
MIChIO 2, TOTOM BO3BeJ YMCJIO 3 B CTeleHb o3, PABHYIO KOJIMUECTBY IaPUKOB
B KOpOGKe C HaJIMM1ChIO 3, TIOTOM BO3BEJI YMCJIO 5 B CTEIEHD (5, PABHYIO KOJIN-
YeCTBY LIAPMKOB B KOPOOKe ¢ HAATIMCHIO 5, U Tak Jajnee. 3aTeM OH YMHOKWII
BCe 3TU YMCIA MEXAY o607, [Tomyumch uncimo n = 292 - 395 . 5% .

» B Kopo6Ke 2 JIeXXUT 3 nrapuka, a B Kopobkax 3 u 11 jexxat 1o oqHOMY
mapuky. Kakoe 4nucio Ha30BeT 3KCcIepT?

» CKOJIbKO IIAPMKOB BaM IMOHAZOOUTCS U Ky/Ia MX HYSKHO TIOTIOXKUTD, UTO-
ObI SKCITEPT HA3BaJI BaM umciio 6? A umcno 12? A umcio 217

« B kakoM c1yyae sKCrepT Ha30BET BaM ITPOCTOE YMCI0? A cOCTaBHOEe?

 BbI pacmoioxkuin mapuky B KOpo6Kax ¥ 9KCIIepT HasBasl uucio n. Uro
HY’KHO CZIeJ1aTh, UTO6bI OH Ha3Basl UMC/IO Np, TAE p — MPOCTOe UNCI0?

 V3BeCTHO, YTO YMC/IO N, KOTOPOE Ha3Baj 3KCIIePT, AETUTCS Ha IIPOCTOe
Yo p. YTo HY)KHO cienaTh, YTOObI SKCIIEPT Ha3Bal uucIo n/p?

* BbI O/IOKM/IM HECKOJIBKO O€JIbIX MIAPYKOB B KOPOOKM ¥ 9KCIIEPT Ha3BaJl
Bam uncro n, a MOTOM TO e caMoe IIPOMCXOAUT C PACCTaHOBKOI uep-
HBIX LIIApMKOB Balllero Jpyra — OH I0oay4YaeT Yo m. UYTOo HY>KHO clie-
J1aThb, YTOOBI SKCIIEPT Ha3Bajl UMCIO NM? A UTO HY)KHO cHeaTb, YUTOObI
skcnepT HasBaa HOJL (n,m)? A HOK (n,m)? A uTo MOXHO cKa3aTb IIpO
pacronoxxeHus: GesbIx M YePHBbIX LIAPUKOB, €CIY YUCIA N, M B3aUMHO
MIPOCThI?

» OKa3ajioch, UTO BCE M MIAPUKOB MOJOKUIN B OJHY KOPOOKY. CKOJIBKO
JenuTesiell y yMciaa, KoTopoe Ha3Bajl IKCIepT?
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« OKasanoch, 4YTO M MIAPUKOB MOTOKMIN B OOHY KOPOOKY, a k — B IPyTyIO.
CKOJTbKO JIeIUTEel Y Uycia, KOTOPOe Ha3Bal IKCIepT?

 Kak onpenenuTh KOMMYECTBO MPOCTHIX AeNUTeNel Kciaa, KOTopoe Ha-
30BeT 3KCIepT?

« [IpaBaa Jint, YTO MOXKHO 3aCTaBUTh SKCIIepTa Ha3BaTh J1060e HATypaib-
HOE YMCJI0, eC/IV MPaBUIBHO MOJ06paTh MIapUKU?

3amaua 10. /IBOJiCTBEHHOCTb

Kaxk usBecTHo, mnHeitHas GyHKIMS 3aJaeTcsl ypaBHeHueM y = kx+b, arpa-
dbukom nuHeltHO DyHKIMYK IBAsIeTCS psiMast. Kaxkgas Takast mpsiMasi ompe-
Iensiercs mapoii umcen (k,b). IlocTpouM HOBYI0 KOOPAMHATHYIO TJIOCKOCTb
(k, b), mouku Ha KOTOPO¥ 0603HAYAIOT MPSIMbIe HA UCXOIHOM KOOPAMHATHOM
TIJIOCKOCTH (X, ).

« HapwucyiiTe Ha TUIOCKOCTH (X,y) KaKue-HUOYIb YeTbIpe MpsiMbie U OT-
MeTbTe UX B BUJIe UeTbIpex Touek Ha miockoctu (k, b).

« OG6paTHO: BbIOepuTe TpM TOUKM Ha 1ockoctu (k, b) 1 HapucyiiTe COOT-
BETCTBYIOLIVE TP MPSIMbIe Ha ITIOCKOCTH (X, y). UTo GyneT, ecivt BBIOK-
patb Touku Ha (k,b) nexxauMmMu Ha OFHOI BepPTUKAIbHOM MpPSIMOii? A
TOPU3OHTAJIBHOI?

« Paccmorpum Ha miockoct (k, b) npsimyto b = k. Kaxxgas Touka aToi
MPSIMOJi 3aJjaeT Ha TUIOCKOCTHU (X,Y) KaKyl0-TO MPSIMYI0, & BCS MpsiMast
b = k 3agaer Ha mockocTH (X,y) Habop MpsiMbIX. Kakum cBoiicTBOM
0671aaeT 3TOT HAGOP HPSIMBbIX?

 Ha xoopnunaTHOI ruiockocTty (k, b) IpoBefeHO TpY MpsIMble, TPOXOJiS -
e yepes ofHy TOUKy. Kaxxgas Takast mpsmast u306paskaeT HeKOTOPbIN
Habop IMPSIMBIX Ha TUIOCKOCTH (X, y). Kak aTu Tpu Habopa MpsMbIX CBs-
3aHbI MEXIY C0607i?

+ AHaJIOrMYHBI BOIIPOC [JIs1 TpeX IapasuiefbHbIxX MpsiMbixX Ha (k, b).

« PaccmoTpum Habop Bcex NMPSIMBIX IITIOCKOCTH (X, Y), KOTOpbIe IPOXOIST
yepe3 Touky (0, 0). Kak aToT Habop nsobpaxkaercs Ha mockoctu (k, b)?
Tort >xe camblit Boripoc ipu 3ameHe Touku (0,0) Ha (m, n).

» Paccmorpum Ha miockocty (k, b) mpsimyto b = uk +v. Kakoit Ha6op mipsi-
MbIX Ha IJIOCKOCTH (X, y) ©306pakaeT Ta npsmas?
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e Tlpsmble b = uk + v Ha TwiockocTy (k, b) 3amaroT TOUKYM Ha HOBOJA IIJTOC-
KocTy (U, V). Kak HOBast IIIOCKOCTB CBSI3aHa C IUIOCKOCTBIO (X, Y)?

3agmaua 11. 3agaua Nocuda dnasus

B kuure «Myneiickast BoitHa» Mocuda daaBust eCTh UCTOPUS O TOM, KaK OH B
cocTtaBe OTpsifa u3 41 uymeiickoro BoMHa ObLI 3arHaH PUMJISTHAMMA B TIEIIEDY.
[peamounTast CaMOy6MIfCTBO TUIEHY, BOMHBI PELIINA BBICTPOUTHCS B KPYT U
MOC/IeTOBATENIbHO YOMBATb KaXKOTO TPETHETO U3 KUBBIX, IO TEX MO ITOKA He
OCTaHeTCsI HM OgHOro uenoBeka. OmHako Mocud Hapsay ¢ OOHUM U3 CBOMX
eIVMHOMBIIIIEHHMKOB CUeJI IOJ00HbI KOHell 6eCCMbICIEHHBIM — OH OBICTPO
BBIUMC/IAJI CITACUTE/IbHbIE MeCTa B IIOPOYHOM Kpyre, Ha KOTOpbIe ITOCTaBWUII
cebsI 1 CBOEro ToBapuina. Y Iuiib Mo3TOMY MbI 3Ha€M €r0 UCTOPUIO.

B HaiieM BapuaHTe Mbl HAUHEM C TOTO, YTO BHICTPOMM B KPYT N UeJIOBeK,
MIPOHYMEPOBAHHBIX YMCIaMU OT 1 [0 n, ¥ 6yieM UCKTIoYaTh KaskI0ro 8Mopo-
20 13 OCTABIIMXCS IO TeX IIOp, IIOKa He yIieJieeT TOAbKO OfMH uejoBeK. Ha-
npumep, e n = 10, To IOPSIIOK UCKIIOUeHKs GymeT Takoii: 2, 4, 6, 8, 10, 3,
7,1, 9, Tak uTO OCTaeTcst Homep 5. Yoenurech B 3TOM!

« O603HauMM yepes J(n) HOMep MOCIeTHETO YIeNeBIIero YeaoBeka. Mbl
TOJIBKO UTO BBISICHWIN, UTO J/(10) = 5. MOKHO OBUIO MTPENIION0KUTD, UTO
J(n) = n/2 npu yeTHOM n. BepHo sin 310? Haunnte cn = 2,34, .. ..

* BeimummuTe TabMMUKY, B KOTOPO¥ IS MaJIbIX 1 yKa3aHbl TOPSIKA YUC-
KitoueHus umcen. [IpaBna i, uto J(n) Bcerna HeueTHO? [louemy?

L HYCTIJ n 4eTHO. BbIHCHI/ITe, YTO MPOUCXOAMUT B TOT MOMEHT, KOrma us3
Kpyra MCK/IIoUaeTCs I1ocjiefHee 4YeTHOe UMCIIO. Kak cBsi3aHbI uncia

J(n), J(n/2)?

 HaitguTe aHa/IOTMUHYI0 3aKOHOMEPHOCTb [I7Is1 HEYeTHOTO 1.
« Ilyctb n = 2™. Haiigure J(n).

 Bpimummure Tabmuiy 3HaueHuit J(n) oy n ot 1 1o 16 v Haiigure mist J(n)
SIBHYI0 (DOpMYITy.
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