3agavaHIK

(cocraBurens A. ¢1. Kanens-Beos)

YesoBus 3a1a4

B sTom pazmesne prmmanmio guTtaTesneil mpeajgaraeTcs mogdopKa 3auad pas-
HOII CTeleHn CJIO2KHOCTHU, B OCHOBHOM TPYJJIHBIX. Ha,ZLee‘MCﬂ7 ITO 9TH 3aJda'1U
OKaXKyTCsI MHTEPECHBIMU JIjIsI unTareseil «MareMarnaeckoro MmpoCBeIeHus s ,
B TOM 4HucCJI€ JIJIfd CUJIbHBIX IIKOJIbHUKOB, HHTEPECYIOIUXCs MaTeMaTUKOM.

M-eur obpaitmaemces ¢ mpocb60ii KO BCeM YUTATENSIM, HMEIOIIIM COOCTBEHHbIe
MOAOOPKM TaKUX 33194, [IPHCHLIATL UX B PCIaKINio. Mbl ¢ yI0BOJILCTBACM
OymeM myOJIMKOBATH CBEXKUE aBTOPCKUE 38, 1a9u.

B ckobkax mocjie ycJoBusl 3a/ia9u YKa3blBaeTcsi aBTOP (YTOUHEHUsI CO CTO-
POHBI YnTATE el IPUBETCTBYIOTCH).

1. Jlarymika coBepinaer IPbLRKKI, KaxK bl — Ha MeTp. Harpasienne Kax1oro
IPBIZKKA BBIOMPAETCs CIydaiiHo (CumTaeM, 9To ClydaiiHas BEJIMUIUHA, PAB-
Hasl yluly 110BOPOTa, PAClpe/ie/ieHa pasHoMepHo Ha orpeske [—m; 7]). C ka-
KOIt BePOATHOCTBIO HOC/Ie TPEX IIPLIZKKOB JIATYIITKa OKAZKeTCsl Ha, PACCTOSHUN

He 6oJbiIc 1 M OT HaYaJIbHOH TOYKU?
(American Mathematical Contest, 2010)

2. a) Monerka moj0pacblBaeTcsi 10 TeX MOp, MOKA He BBINAJET JBe PEIIKU
moapsi. Yike cueyano 9 6POCKoB, I UIPa cIIé He 3akoHdYcHa. Kakosa Bepo-
SITHOCTB, YTO JIECSITBIIT Gpocok okaxkercs: ocaeanm? (B. K. Kosaavdorcu)
6) Pacceniorpun pemnérky Q={(x,y, z) € Z3: y + 1> 2>y >2>0}. Jlarymka
IPBIFAeT 10 Hell mapasiIeIbHO KOOPAUHATHBIM OCAM, JJINHA HPBIKKA PaBHA
emunune. KakoBo 4mcio BO3MOKIILIX myTeit aminl 3n w3 Touku (0, 0, 0)
B TOKY (n,n,n)? (A. Bepwux, @. [lempos)

3. Moxker i1 ObITH, YTO TPU UEJOBEKA, HaXOasaImecs: Ha paccrosaun 0, 1 n 2
OT IlavaJjia JOPOTH, IIPOMIYT, IIe OOTOIIAs IPYr Apyra, A0 TOYEK, IIaXOJIs-
muxcst Ha paccrostanm 1000, 1001 m 1002 or Havasa HOPOTH TakK, UTOOLI

MaTemaTudeckoe npocseiuerue, cep. 3, Bbin. 23, 2018(215-220)
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10.

TTOCJTETHUIT BCE BpeMst BUJIET TEPBOTO, HO HU B KaKOH MOMEHT He BUJIEJ
BTOPOTO (JI0pora WJIET B OJJHOM HAIPABJIEHUH 1O TOPU3OHTAJM, HO MOYXKET
HOJHIMATBCA U CILyCKATHC ) ! (H. H. Konemarnmuhos)

. JokazkuTe, UTO Cepe/INHbLI CTOPOH TTPOW3BOJIEHOTO OMMCAHHOTO YeThIPEX-

YTOJIbHIKA, OTJIMIHOIO OT KBaJipaTa, JieXKaT Ha 3JUIAICE, KACAIOMIEMCsl BIIU-
CaHHOl OKPY?KHOCTH B JIByX TOYKAX (BO3MOXKHO, MHUMBIX ).
(A. A. Bacraserui)

. a) HazoséMm JABa pa3/INYHbIX HaTypaJIbHBIX YUCJIa 1M U 1 podcmacmmmu.

€CJIM OHU MMEIOT OJHU M TE 2Ke IIPOCThIC ACJINTEJIN, HpI/Iqél\/I yucaa m — 1
un — 1 obiajaior TeMm ke cBoiicTBoM. JloKaxKuTe, 4TO CyIIECTBYET GECKO-
HEYHO MHOT'O Tap POJCTBEHHBIX YUCEII. (D@oavr.aop)

6) Haiijure Bce takue napsl Muorowienos P(z), Q(x) ¢ KoMleKcHbIMU
ko3 dunnenramu, uro P nemur Q% + 1, a Q nemur P2 + 1.
(IMC-2018, npedaooicun R. Angelo)

Bce seprnmanl Beiyknoro 10Y-yromsanka nvmeroT mesbie KoopanHaThr. lo-
2
KazKHTe, 9TO ero jmuaMeTp He Membie 1012, (A. 2. Kaneav-Benos)

Hamnnt mmorowrennt P(x), Q(x) ¢ MeoTpHIATENLIILIMI KO3 hUITEITaMU
n crapmuM ko3 dunnenrom 1. Jlokaxkure, 4T0 BCe X KOIPPUIUEHTHI
pasubr 0 wmn 1, et P(2)Q(z) =1+ 2+ 22 4+ ... + 2™

(B. U. Kanescxui, B. A. Cendepos)

IMpu kakux n a1000# TPEYrOJBHUK MOYKHO Pa3pe3aTh Ha 7 PABHBIX TPe-
YTOJBHUKOB? (A. FO. Cotigpep)

llycts a, f — nosoKuTe/bHBIe Yucia. PaccMOTpUM TakKylo CHMMeTpHUe-
CKy10 MaTpuy (a;j), 4To
Qi = = 1 © 1 .
i+tjta i+j+8

Jokazkure, 9T0 3TA MATPUILA TOJOKATEILHO onpesenena. (A. A. Jlozynos)

a) [Tonumeiickuii soBuT 'arircrepa B ropojie, MPeICTABIAIONIEM COO0M KBaI-
par 10 x 10, pazbuThelil yaumaMn Ha KBaJIpaTHbIe KJIETKH — KBapraJsbl. 1lo-
Jmneickuii BuauT ['aHrcrepa, TOJILKO €CIr Ha HEro HATHIKAETCs, 1 00a OHU
ez 1oJbKo 10 yiauuaM. Ckopocrs [losuuneiickoro B 10 000 pa3 6oJiblie
ckopoctu 'anrcrepa. Moxker nn Ioaumneitickuit noiimars I'anrcrepa 3a orpa-
HUYUCHHOC BpCMsi? (A. A. Kareav-Benaos)

6) Tor ke BompoC, ecyiu NOTPEOGOBATE, YTOOLI Ty TL Llosuieiickoro 6LLT Ko-
HEeYHO36EHHOT NOMAHOU. (A. 4. Kaneav-Beaos)
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11. Haitmmre nipejien

(71)a+b
lim E PUETR
R-—s00 a“ + b2

((Lb) €Dpgr
€eCJIn DR €CTb MHOZKECTBO II€JIOYUCJIEHHbIX TOYEK (.CL‘, y), HaXOoIdIMuUXcs OT
HYJIS Ha TOJIOYXKUTEJIBHOM PACCTOSHUM, HE MPEBOCXOAIEM .

(IMC-2018, npedaootcun R. Angelo)

12. C mepeMeHHOW T W JIGHCTBUTEIBHBIMIA YHUCJIAMH Pa3PENiaeTcst MTPOBECTH
e 60j1ee 100 omepaluil CJIOXKeHHsI, YMHOXKEHUS ¥ BO3BEIEHUS B JIOOYIO
HATYPAJIbHYIO cTereHb. MOKHO /1 IOy IUTh MHOTOUIEH C JIIOOBIM JTAHHBIM
YHCJIOM JIeACTBUTEIbHBIX KOPHEH? (Doavr.aop)

JOTIONTHEHNE K BAJIAYHUKY

Xopotiiasi 3aia4a 00bIMHO CYLIECTBYET HE caMa 110 cebe, OHA 1IeHHA CBOUMU
cBst3amu. Hambostee comepzkaTebHble B3 HUX OTKPLIBAIOT HOBBLIE CIOKETBI H Te-
MBI, B paMKaxX KOTOPBLIX BOZHUKAIOT HOBBIC 3aJ1a9l, OTKPBIBAIOTCSI HOBBIC I'DAHIL.
VIMeHHO T03TOMY HX PelleHHe ODOTaIlaeT U OKA3BIBAETCS CTOJIb IMOJIE3HBIM,
IMOMHUMO YHCTO MHTEJIJIEKTYAJbHON TPEHUPOBKH.

TlyGuKyeM JOMOTHEHNST K OYEPEIHBIM 3 a9YaM.

B Brinycke 5 6bL1a 0nybauKoBaHA

3AAYA 5.5. Hoxaxure, uro rnepecederne 10 IpaBUIBbHBIX TeTPasIpOB,
BIIHCAHHBIX B J0/1eKa3 P (BEPIIUHBI T€TPAdAPOB ABJIAIOTCH BEPITHHAME JI0/16-
KadJIpa), eCTh UKOCAIIP. (A. . Beaos)

Omna cesazana ¢ 3agadeii, kotopyio B. A. Cenznepos maja na mMarboe MeXKILY
mkosamMu 2 u 179 B manéxom 1979 romxy:

3A1AYA 5.5 Jlan monexasap. Kaxkoe HamMeHbIee 91CIo ero JBUKEHMIIT
HY>KHO B3SIThb, YTOOBI JII0OO€E JBHXKEHME JI0/IeKa3/Ipa MOYKHO OBLIO IPEeICTaBUTh
B BUJIE UX KOMIIO3UIINH! (Doavr.aop)

B Briycke 6 6bu1a omy0ankoBaHa

3AJIAYA 6.1. Ha nup cobpanucs 100 j1i010€/10B, 1 OHU CTAJII €CTh APYT JAPYTa.
Okazaoch, 9To u3 JoOLIX 10 HaliIeTcss oM, OKAa3aBIIMIACA B YKeJIyIKe ¥ IPYIoro.
JTokazkuTe, 910 HARJETCA TETOUKa 13 12 BIOXKEeHHBIX JiI010e10B. (B. A. Cendepos)

B 9roit cBsa3u naTepecen ciemyromuii anrpeiin 3agaun VI Typraupa ropogos
(ocennb 1984 1., ocrosHOl BapuanT, 9-10 Kaace, Ned):

BATAYA 6.1". Kaxkuplii Beuep HEKOTOPDIE JIaMbl JAi0T IPHEM (Beero n gaM),
a OCTaJIbHBIE XOJAT Ha IPUEM K TE€M JlaMaM, KOTOPbIE B 3TOT BeUep MPUHIMAIOT.

KaKoBo MUIIIMAIILIIOE 9UCIIO BEYEPOB, 9TOOLI KAZKIas JTAMA TIOTAJIA K Kazk 1017
(A. 4. Kareav-Beaos)
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B nomepe 8 6blta omybiMKoBana

BAAYA 8.11. Pan > a, cxoduncs 6 cpednem, eciu CymecTBYeT IIpejiest
CPCIHUX apUPMCTHUCCKIX CI'O JACTUYHBIX CYyMM

N k
Jm T =Y
m=1
IlycTs psiit Y @y, CXOAUTCS B CPEIHEM U P 9TOM a) d,=0o(1/n) (1. e. limna, =0);
6) an, =O(1/n) (r.e. 3C > 0: |nay| < C).
Hokazkure, 970 TOTJA P, >, Gy CXOIAUTCAL. (A. 4. Benos)

EcrecTBeHHO paccMOTpeTb pOACTBEHHYIO CHUTYAIINIO, 8 HMEHHO, KOT/Ia BMe-
CTO CTOOUMOCTIU 6 CPEeOHEM PACCMATPHBACTCS CYIICCTBOBAHIC IIPCIACIIA

[e.e]
lim Z anr". (0.1)
n=1

Torua Bo3Hukaer

3anAa4A 8.11". Ilpexnonoxum, aro upeaen (0.1) cymecrsyer. Jlokaxure,
9TO TOTJA PSJ Y @y CXOIUTCS, €CIU &) an, = o(1/n); 6) a, = O(1/n).

B pnimycke 11 6nLia onybaukonaria

3AIAYA 11.4. d-Mepnas gans OLET O TPSMBLIM BIOJL OCEil KOOPIUIIAT.
PaccranoBky snameit B k-MepHOM KyOe Ha30BEM NOAHOU, €CJIU JIaIbH He ObIOT
APy Ipyra U KOJMYECTBO JIadeil MaKCHIMaJbHO BO3MOXKHOE.

a) Kakoe MakcumaJibHOE 11CII0 J1aiell MOKHO PacCTaBUTh B d-MEPHOM Kybe
n X ... X n Tak, 4To0bI OHU He Omim JApyr apyra?

6) CiroeM TpEXMCPHOro Kyba 1 X n, X 1 Ha30BEM KBAJPAT 1 X M, COCTOSIIIMIT
M3 KJIETOK C OJTMHAKOBOI TpeTheil koop/muaToit. [Iycre mepsbie k C/10€R 3amosrHe-
HBI [TOJTHO (T. €. B HUX crosiT nk jnajeii). Jokaxkure, 9T0 3Ty paccTaHOBKY MOXKHO
[IPOJOJIZKATH JIO TIOJTHOM PACCTAHOBKK Bcero Kyba. BepHo jn amajmormanoe
yTBEP:KIeHHE JIJI YeThIPpEXMepHOro Kyba?

B) B TpéxmeprOM KyGe n X 1 X n paccTaBuin Jajbu u 3auKCHPOBAIN yIIIO-
BYIO KjeTKy. KakoBo MaKCHMAaJILIIOE YHCIO MOAKYOOB ¢ HOJIIIONH PACCTAIIOBKOMN
U TOM 2Ke yIJI0BO# KjaeTKoU? AHAJIOrMYHBIA BOLPOC sl d-MepHOro Kyba.

(A. 4. Kaneaw)

B cBsi3u ¢ aTo0il 3a.aueil BO3HUKIIA

SAJAYA 11.4". CKOMBKO MOJHBIX PACCTAHOBOK JIaJIeil B TPEXMepHOM Kybe

4x4x47 (A. 1O. Denun)
B pnimycke 11 6nL1a Takzke omyOJMKOBAaIIa

3A0AYA 11.9. MOKITO JId MIIOKECTBO PAIHONAILILIX TOUYEK €IUITHIIION
cepsl packpacuTh B zBa 1Bera (IEpHBIA 1 GesIblil) Tak, YTO eCH TPU TOUKH
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OTBEYAIOT KOHIAM TPEX OPTOTOHAJBLHBIX BEKTOPOB, TO OJlHA W3 HHUX Oy/ieT
JEpHOM, a JIBe JIpyTHe — OeJIbIMu’ (. Mywmapu,)

OTrmMmeTuM, 9TO MHOXKECTBO BCE€X TOUEK €IMHUYIHOHN cepbl TaK pacKpacuTb
HCIB3st (eM. pernenue 3agadu 10.8 B pebiayinem Boinycke 22). 3agada 10.8 co-
siepxurest B kunre FO. 1. Mannna «/Tokazyemoe n Hejrokasyemoe» (c. 89, 94-97)
B CBSI3U C JIOKA3aTEJIbCTBOM OTCYTCTBHUS CKPBITBIX HapaMeTPOB B KBaHTOBOI
MeXaHUKe.

B Brycke 22 onybimkobana takxke 3amerka . X. Mymrapu «O npaBuiib-
HOiT packpacke 16-meproii cdepbi» (c.218-219), rie nokaszaHo, 4To He CyIIe-
CTBYET MPABUWILITON PACKPACKU MIIOKECTBA PAITHONIAJILIILIX TOoUeK 16-mMeprioit
equHUIHON cephl (Korga Jobble /[Be TOUKU, OTBEYUAIOIIUe [ePUeHIUKYIIsIp-
HBIM BEKTOPaM, PACKDAIIEHbl B Pa3HbIe I[BETA). 3/1€Ch BO3HUKAECT CEMEHCTBO
UHTEPECHbIX 3a1a1.

Permmenne zagaun 11.9 ncnonb3yeT umen, conepkaruecs B 3amerke J. X. My1rr-
tapu. C Hell cBsI3aHa

BAJAYA 11.9'. CymecTByer 11 BIMCaHHAS B PEMIETKY HEUETHOZBEHHAS 3aM-
KHYyTas JIOMAHasl, BCE 3B€Hbsl KOTOPOH UMEIOT OUUHAKOBYIO JJIUHY !
(A. K. Kosaavdoicu)
B Boimycke 14 6bL1a omyb/imkoBaHa

3AAYA 14.6. f(z,y) — Geckoneuno nuddepentupyemast OyHKIUST OT IBYX
LIEPEMEHHDIX C JIOKAJIbHLIM MUHHMYMOM B HyJie. JIpyrux KpUTHUECKUX TO'EK
y Heé Her. BepHo Jin, 94T0 9T0T MHUHUMYM [yioOasbHbIi? (Touka Ha3bIBAeTCsI
kpumuueckoti Y, ecrm B Heit 06e YacTHBIE TPOM3BOJHEIE O f /O0x mn Of /0y obpa-
IAKOTCST B HYJIb. ) (Dosvk.aop)

Jlannas 3aada B CBOE BpeMsl ObLiIa pacipoCTpaHeHa CpeIu yIeHUKOB 3a-
McuaresibHOro Maremarnka H. A. BoGbLicBa, yBBI, HBIHC ITOKOHHOTO. JIpyras
Osm3Kas 3a/1a4a, TaKyKe PACITPOCTPAHEHHAST CPEJIN er0 YIeHNKORB, TAKOBA.

3A1AYA 14.6". Muorowien P(x,y) OT JByX lIePEMEHHbIX LIPUHUMAET TOJLb-
KO TIOJIOKUTE/IbHbIE 3HAYMEHUsI. MOXKeT JIu OH [PUHUMATH BCE TOJIOXKHUTEIbHbIE
SHAYCHUS ] (Doavr.aop)

B nomepe 14 Ob11a TakzKe OIMyOJMKOBaHA

SAAYA 14.12. TTo HekOoTOPBIM PEOPAM KJIETOK ILJIOCKON PEIIETKU IIPOBe-
JeIIDl eperopoiku. IInamnuia ¢ paBIioil BeposTIIOCTLIO UIET U3 KBaJIpaTa, TiIe
OH HAXOJINTCsI, B JIIOOOH coceHIT KBaIpaT, Ky/1a OH MoxkeT 1poiitu. Jlokakure,
YTO OH C BEPOSITHOCTBIO 1 BEPHETCH B MCXOMHYIO TOUKY.

(A. 4. Kaneav, M. B. Ckonerkos)

U Jlnst GeckoHETHO muddepeHupyemMoii byHKIH.
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SOTa 3aj1aua OKA3BIBAETCS CRSI3aHA CO CJIEYIONIER 3aadei.

SATAUA 14.12". U3 pesuctopos crasamu memnb. MoxKeT i1 cOnpoTHBIeHTe
[ENN YBEJIUIUTLCS, €CJIH, ITAYEro Ie pa3MbIKasi, K KAKAM-TO JIBYM KJIEMMAM
LUPHIIAATH eINé OJUH Pe3UCTOp? (Doavk.aop)

B CCMHa/JIIIaTOM BBIITYCKC OBLIA OHy6JII/IKOB&Ha.

3AIAYA 17.4. A — orobpaskeHne MIOCKOCTH B cebsl, COXPAHSIONIEE PACCTO-
auue (1. e. | XY | = |A(X)A(Y)| st mobeix Touek X, Y mrockocrn). Tokasars,
910 A — 0TOOpazKelue MmI0CKOCTH Tia cebst (T. €. KazK/last TOUKa MMeeT Tpoobpas
LPU 9TOM OTOOPAZKEHNUN ). (Doavr.aop)

C Hcit TecHO cBsI3ana

3A0AYA 17.4'. A— orobpaykeHne IIOCKOCTH B cebsl, cOXpaHsomee eou-
nuunse paccrosuns (ecau | XY| =1, 1o |A(X)A(Y)| = |XY| = 1). Joxa3sars,
gro A coxXpaHsieT 6ce PacCTOSHUS. (Doavraop)

B Broiycke 18 Obl1a omybJIMKOBaHA

3AJ1A4A 18.1. Ha mrockocTu HAUEpUYeH yroJl BeJIUIHHON B 1 I'PALyCOB, Iie
n < 180 — HaTypaJibHOE YUCJIO.

(a) Jlast KaKux m 9TOT YyroJ MOXKHO PA3JEIUTh ¢ HOMOINBIO MUPKYJIs I JIH-
HEIKU Ha 72 PaBHBIX yTJIOB?

(6) Iycts m — npousBobHOE HAaTypasbHOe Ynciao. ng kakux n yromx A
MOZKIIO Pa3JAETIUTL C TIOMOIILIO IUPKY/IS W JIUIEHKHA 118 1M PABIILIX yIJIOB?

() Ilycts m u n — HaTypaJbHBbIE B3AUMHO LPOCTHIE Tncaa u m/n < 180,
a k—emé oaHo HaTypaJbHOEe yucao. Ha miockocTu HauepdeH yroa A Besn-
unHoil B m/n rpajycos. s kakux k yroja A MOXKHO pasiue uThb ¢ 1OMOLIbIO
NAPKYJ/Isl U JIHHEAKNA Ha k paBHBIX yIJIOB? (I A. Tanvnepun)

C mneii cBa3ana BecbMa Imoy4duTesJibHad KJIACCUYICCKad 3aa49a:

3a/1A4A 18.17. Kaxue npaBuibHbIE MHOTOYTOJBHUKI MOYKHO BIINCATH B (He
006513aTeIbHO KBAJIPATHYIO) PEIIETKY ! (Donavraop)

B nmipornutom Beimtycke 22 Obiia ommybimKoBaHa

BA1AYA 22.12. a) JlwobOyto s dburypy us 3epKajbHOrO CTEKJIa MOXKHO
OCBETHUTL M3ILYTPU OJIIION JIAMITOYKOI !

6) JIoboM Jiu MHOrOYrOJIbHUK M3 3€PKAJIbHOIO CTEKJIa MOYKHO OCBETHTD
U3HYTPU OJTHOHN JIAMIIOUKOT? (Donavraop)

C 9TM CIO’KeTOM CBsI3aHa, CJIEJIY OIS

BA0AYA 22.12'. JJokakure, 4TO Jyd CBeTa, Oeraiouyii B 3epKaJbHOM
JUTUIICE, KACaeTCs JINDO MEKOTOPOT'O JJLIHIICA, JIMOO TIEKOTOPO# THIEPOOIILI.
(Dosvr.aop)



