JInmanasga YCTHaAd OJIMMIIAALdA «KOM6HH&TOPHK& n Jiorm-

Ka» (C pereHusiMun )

Mianamaga Jjura

1. 3a KpyIJIbIM CTOJIOM CHJEIN deThipe cTyiaeHTa. Puiiosor cujes nporus JIy3uHa, psi-
oM ¢ ncropukoM. Maremaruk cujest psiaioum ¢ JIebeaesoim. Cocenu JInxauésa — CosioBbEB
n pusuk. Kakas npodeccus y Jlyzuna?

Omeem: Maremaruk. Pewenue. JIy3un He MokeT ObITH HE (BUIOJIOTOM (TaK KaK CHJIEI
HAIIPOTUB), HU UCTOPUKOM (C KOTOPBIM CHJEJ DPJIOM). SHAUUT, OH Jnbo husmk, Judo
mareMaTuk. FEcmm Jlysun ¢pusuk, to JIuxaués cujen mexy dpusukom JIysunbim n du-
nosioroM CostoBbéBbiM. Ho Torja maremaTnk He MOXKET CHJETb psjioM ¢ JlebeeBbiM —
nporuBopedne. 3Haqut, JIysun — maremaTuk. MoKHO yOEUTHCsSI, ITO B 9TOM CJIydae BCe
cxoautes. [eiictBuresbio, dusuk He JInxaués, He CooBbeB u He Jlysun — 3Haunt, Jle-
oeneB. Psjiom ¢ JIuxauésbim Her Jlysuna, 3nauunt, Jluxaués nanporusn JIy3uHa, TO eCcTh
o — cdutosior. Torya CoslOBBEB — MCTOPUK, U CHJIAT OHU B TAKOM IOPsJIKE: MAaTeMaTHK

Jlysun, ¢pusuk Jlebenen, dputosor JIuxaués n ucropuk CoJsioBbEB.

2. Ha nmocke nanmcansl uncia 1, 2, 3, ..., 2012. Ilera ctupaer ux o oxaomy. loxkaxkure,
YTO OH MOKET JIeJIaTh 9TO B TAKOM IOPSIJKE, YTOObI CyMMa HECTEPTHIX UMce] BCerjia Oblia
COCTaBHBIM YHCJIOM.

Pewenue. 3ametnm, ato cymma 1+24. . .+n = n(n+1)/2 — cocraBuoe 1ucsio npu n > 2.
[TosTomy OylieM BbIUEpKHBATH KazKAbIil pa3 camoe OOJIBIIOE YHCI0, ITOKA He OCTAHYTCd 1,

2, 3 n 4. [laysee BeraepkuBaeM 10 MOPSAKY 1, 3, 2, ocTaB/Igd COOTBETCTBEHHO CYMMBI 9, 6,

4.

3. /lam mpomsBOBLHBIN TpeyroabHUK. Ha Kak i0if cTopone TpeyroibHUKa oTMedeHo 10
Touek. Kaxkaas BepiimHa TpeyroJbHUKa COeJMHeHa OTPe3KaMU CO BCEMU OTMEUYeHHBIMU
TOYKAMU ITPOTUBOJIEXKalell cTopoHbl. Ha Kakoe HanboJibIiee Ynuc/io yacTeil OTpe3Ku MOIJIN
pas/Ie/IuTh TPEYroJabHUK

Omeem: 331. Pewenue. Byiem npoBOANThL OTPE3KH 110 OJHOMY. UHCI0 100aBJIEHHBIX Ya-
cTeit paBHO YMC/ly YacTell, Ha KOTOpbIe Pa3dMBAETCs OTPE30K TOUKAMHU IepecedeHms. 3Ha-
quT, YeM OOJIbIIIe TOUYEK IepecedeHust, TeM OoJible JacTeit. Makcumym dacreit OyIeT, Ko-
IJ1a KazK bl OTPe30K IepeceKaeT KayK/ bl 13 OTPE3KOB, IIPOBEJIeHHDIN U3 IPYTUX BEPIINH,
npudeM B cBoeit Touke. /151 9TOro J10cTaTovuno MPOBOANTH OTPE3KN He depe3 NMEIONTNecs
Toukn nepecedenusi. st 10 oTpe3skoB U3 mepBoil BEPIIMHBI KarK Iblil JO0OABUT 110 OJHOIT
gactu. /s 10 oTpe3koB u3 BTOPOIl BepIIMHbI Ha KaxkoM Oyier 1mo 10 Todek mepecede-
HUSI, 3HAYNT, KaxK bl jo0aBuT 1o 11 vacreit. /Iisg 10 oTpe3koB n3 TpeTheil BepIImHbI Ha

KaykJIoM OyJeT 1o 20 Touek repeceveHns, 3HAUNT, KayK Iblii jjo0aBuT 1o 21 gacreit. MToro,
1+10+10-11410-21 = 331.



4. Ilaynu nu Bop urpator B ciegyromyio urpy. Mmeercs: kyda u3 99! mostexysn. 3a oinH X0
13 Ky4l paspelnaercs B3daTh He Oosiee, yeM 1% or ocrabimxcs Mosieky/1. IlpourpoiBaer
TOT, KTO HE MOXKET CAeJaTh XO/. XOJAdT moovuepeano, HaunuaeT [laynmm. Kro n3 aux MoxkeTr
BBINIPaTh, KaK Obl HU UI'PAJI COIePHUK?

Omeem: [aynu. Pewenue. PaccMoTpuM Urpy 1o tem »ke mpapuiaM st Ky4an ¢ 99!1—1 mo-
JeKyJI0it (HasoBeM 3Ty urpy menvueti). [lockoibKy urpa 3aKOHIUTCsT 38 KOHEUHOE IHCIIO
XOJIOB U HUYbMX HET, TO y OJIHOI'O U3 UI'POKOB €CTh BBIUT'PBIINIHAA CTPaTerus. Bo3MoyKHbBI
JIBa CJTydas.

(1) B menbieit urpe seiurpsiaer sropoit. Torga B ucxojnoit urpe [laysm nmepseiM xomom
bepeT oJTHY MOJIEKY/Ty. TeM caMbIM OH CBEJIET CUTYaIlNIO K MEHbIIe Urpe, rje XOIuT BTO-
PBIM, U TIO9TOMY BBIUI'PAET.

(2) B meHnblieit urpe BEINIPBIBAET MEPBbIil, B3siB IEPBLIM X0J[0M & Kamueil. Torja 1o yciio-

9911 99!
100 100

HaYJII/I NMEET IIPpaBO IIE€EPBLIM XOJOM B3ATbH I + 1 KaMeHb. TOFIL& OH IIOIIaJE€T B CUTYallUIO

BUIO T < . Tax xax 99! kparro 100, To x4+ 1 < DTO 3HAYUT, YTO B UCXOIHOI UT'pe
II0CJIe BBIMTPLIIIHOIO XOJla MEPBOTO MUI'POKa B MeHbIeil urpe. /leificTBya jgajgee Kak 9TOT

UI'POK, OH BbIUI'PAECT.

5. CekpeTHblil 00bEKT IIpejcTaB/sieT codoit B mane kajapaT 40 X 40 M, pa3duThIil Kopu-
JIopaMu Ha KBaIpaTuK b X 5 M. B KaxK 1011 BepIlmHe TaKOro KBaIPATUKa — BLIKJIIOYATEIb.
[Ile14oK BBIKJIIOUATE I JefiCTBYeT cpa3y Ha BCe BBIXOISIIIE U3 3TON BEPIINHbBI ISITHMET-
POBBIE KOPHUJIOPHI, MEHsSISI UX OCBEIIEHHOCTH Ha IPOTHBOIOJIOXKHBIE. CTOPOXK HAXOIUTCSI
B YIVIY IIOJIHOCTBIO HEOCBEIIeHHOTO 00beKTa. OH MOKeT XOJIUTh TOJIBKO 10 OCBEIeHHbIM
KOPUJIOpaAM U IIEJIKATH BBIK/IIOUATE/IsIME JII000€e I1cI0 pa3. MoxKeT jin OH JOOUTHCS TOTO,
qTOOBI OT JIIOOOT'O BBIKJIIOUATE IS K JIFOOOMY JIDYTOMY OH MOTL IIPONTH, HE IejIKasi BhIKJIIO-

qaTeJIIMn

Omeem: Het. Pewenue. ZIcHO, 9TO CTOPOXK HE MOXKET OCBETUTH BCE KOPUJIOPHI — TOCTIE]-
HUM TIEJTIYKOM OH BBIKJIIOUUT CBET B KOPUJIOPE, 110 KOTOPOMY IPHIIes B y3es. Packpacum
Y3JIbI B MIAXMATHOM TOpsJIKE B YepHBIl 1 Oeiblii 1mBeTa. Tobbl Kopuiop ObLI OCBEIeH,
HEOOXOMMO W JIOCTATOYHO, YTOOBI HA OJHOM €ro KOHIE BBIKJIIOYaTeeM MIETKHY/IN TeT-
HOEe YNCJIO pa3, a Ha JApyroM — HedeTHoe. JlomycTnm, HaM yIagoCh OCBETUTH OOBEKT KakK
TpebyeTcs B ycaoBuH. J[BuUrasich oT y3/a K y3J/Iy M0 OCBEIEeHHbIM KOPUI0paM, Mbl OyjieM
YepeIoBaTh IBET U YeTHOCTD, TIO9TOMY BCe y3JIbI OJINHAKOBOI'O I[BETa OY/IyT UMETH OJIIHA-
KOBYIO Y€THOCTH, & PA3HOr0 — pasHyio. Ho Torga KOHIBI KaxKJ0ro KOpUuopa — PasHoit
YETHOCTH, TO €CTh OY/IyT OCBEIIEHBI BCE KOPUJIOPHI — MPOTUBOPEUNE.

Crapinas jgura

1. 77 xureseil ocTpoBa JIXKEIOB W pblllapeil crajn B Kpyr. Beem m3BecTHO, UTO UX Beca
pazanuanbl. Ha Borpoc «Y Tebst ecThb coce-mKerr jjerde Tebst?» Bee orBetnan «/lay. [Tocie
1epepbiBa OHU CTAJIM B KPYT B JApyroM nopsake. Jlokazkure, 4To Ha BOIPOC «Y TedA eCTh



coce/I-phlliaph Jjerde Tedsi’» Kak MUHUMYM JIBOE OTBeTT «/lay.

Pewenrue. CaMblil Jlerknii »KUTeJIb B KPyre coJjiraJj, 1o3ToMy oH JiKell. Ho Torma on Tax
JKe COJIZKeT, cKazaB «/la» 1 Bo BTopoii pa3. B kpyre HeT coceeii-zKeloB, nnade doJjee Ts-
JKeJIblil 13 HuX oTBeTU/1 Obl «HeT» Ha 1mepBblil BOpoc. 3HAYUT, B KPYTI'e OJUHOKUE JIZKEIIbI
YepeIyIoTCs ¢ IPYIIIaMi U3 MOIPSI] LY IIUX phIlapeii. ZIcHo, 9TO rpyI philiapeil CTOIbBKO
JKe, CKOJIbKO JIzKeIoB. [TosTomy phlliapeil He MeHbIIIe, YeM JIXKEILOB, a BBUY HEYETHOCTH —
oosbie. Torma ecTh rpyiia u3 He MeHee YeM JBYX pbiapeil. Bosiee Tskesblilt n3 HIX Ha

BTOpOIT BoIpoc oTBeTUT «Jlay.

2. Ilo xpyry crour 101 Ostojne, Ha KaxkKjaom 110 KoHdere. CHadasia MaJbin BeiOUpaeT
HatypajbHoe m < 101 u coobmaer ero KapJicony, 3arem Kapicon — narypasbhoe k <
101. Mautsiin 6epet KoHddety c¢ Jjitodoro oo/a. Orcauran ot 9roro oJo/a k-e 6Jioe
110 4acoBoil crpesike, Kapicon 6eper ¢ Hero koudery. OTcunras y»Ke OT 9TOro OJII0/1a
m-e OIrofIIe 10 9acoBoil crpesike, Masbiin Geper ¢ Hero KoHery (ecjnm OHA TaM elre
ectpb). Orcantan ot 6/toaia Masbiina k-e 6tofnie 1o dacoBoit crpesike, Kapicon Geper ¢
Hero KoHdery (ecjm oHa TaM erre ecThb), u T. 1. Kakoe HanboJibInee 9ucao KOH(ET MOKeT

rapaHTupoBaTh cebe Kapicon?

Omesem: 99. Pewenue. Kapscony gocrarouno B3ath k = 101 — 2m (npu m < 51) nimn
k = 202 — 2m (upu m > 51). Torma Kapicon daxrtudeckn oTcauTbiBacT 2m MPOTUB
yacoBoil cTpesiku. Obo3Hauus nepsBoe oOJitojie Madibiia gepes 0, jajee yKa3blBaeM HOMED
IIPU OTCYETE OT HEro IPOTHB YacoBoil crpesku. Torma Mauibiiny jpoctatorcest OJtofia 0,
m, 2m, 3m, ..., a Kapacony — 2m, 3m, 4m, .... Kax BuaumMm, nHaumnas ¢ TPeTbero
xojia, MaJibiiny Jjocraercst OJtojiie, onycromennoe Kapisconom 2 xoja Hazasl. Ilosromy
bosbie aByxX KoHder MaJbir #e nmoayaut. C Apyroit cTOPOHbI, BBULY TPOCTOTHI YNCTIA
101 yucna m un 101 B3aMMHO HPOCTHI, MTOITOMY Cpeju uuces 2m, 3m, 4m BCTpeTsaTcs
BCEBO3MOYKHBIE OCTATKH 110 MOJYJIIO M. SHAYUT, KOH(ETHI OY/IyT B3ATHI CO BCEX OJIIOJELI,
nostomy Kapsicon zaxsarut (101 — 2) kouders.

3. Ot Tabaunbl pe3yabTaToB OJIHOKPYTOBOTO pyTOOILHOrO TypHUpa 10 KOMaH 1 0cTaa0ch
TOJILKO CYMMapHOE KOJUYIECTBO 3a0UTHIX U HPOIYIIEHHBIX MsTUeil [1J1s1 KaXK0i KOMAaHIbI.
MaremaTuKy 9TOro XBaTHJIO, YTOOBI BOCCTAHOBUTHL CUET B KaxKjioM MaTde. Kakoe Hau-

MeHbIIIee KOJImIecTBO u3 31ux 20 ducesi MOIJIO ObITh HYJISIME!

Omeem. 0. Pewenue. Ecin obimee KomdaecTBo Msiveit, 3a0UTHIX KOMaH10it A, paBHO cyM-
MapHOMY KOJIMYECTBY MsTdeil, IPOIYIeHHBIMI OCTAJIbLHBIMI KOMAH/IAMEI, U TO YK€ BEPHO
JIUIST TIPOITYIIEHHBIX KOMaH10#1 A 1 cyMMOil 3a0UThIX OCTAJbHBIMHU, TO BCE MSTIH OBLIN 3a-
OUTHI 1 TPOIYIIEHBI TOJILKO B MaTuax ¢ koMmaHjoit A. Torjma manporus Beex, Kpome A,

CTOWUT CUeT BO BCTpeue ¢ KOMaHI0i A, a Bce ocTaJbHbIe BCTPedn 3aBepIiich 0: 0.

4. B Bepmmnax BBITYKJIOTO MHOTOIPAHHUKA C 71 BEPIIMHAMUI 3aINUCAHO 10 JIBa TOJIOXKU-
TeJIbHBIX YMCJIa: CUHee U KpacHoe, IPUYeM CYMMa CHHUX paBHA CyMMe KpPacHBIX. 3a OJIUH
XOJI MOKHO M3MEHUTD JIBA CUHUX YKCJIa B KOHIAX JIFOOOI0 OJTHOIO pedbpa TakK, 9TOOBI UTO-

OBl OHM OCTAJIMCH TIOJIOYKUTEIBHBIMEI U CyMMa coXpaHmiach. /Jlokaxkure, 4To He HoJiee gyem



3a N — 1 X0 MOXKHO JJOOUTBHCS, 9TOOBI B KayKJIO BepITMHE CHHee YNCIO0 CTaJ0 PaBHO
KPaCHOMY.

Pewenrue. ITockosibKy Tpad MHOTOIPaHHUKA CBA3EH, JJOCTATOYHO JOKA3aTh JIJIsT OCTOBHOT'O
gepesa. Unayknust o n. Ilycrs Bucadas Beprmmaa A cBsi3aHa pedpPoM ¢ BepiimHOi B,
cunue u Kpacuole uncia — 310 c u k B A, ¢ u k' B B. BosmoxKubl 3 ciyuas.

(1) ¢ = k. Torga Beikuuem A u pebpo AB.

(2) ¢ > k. Bamenum ¢ u ¢ va k u ¢ + ¢ — k, nocsie dero Beiknnem A u pebpo AB.

(3) ¢ < k. Bpemenno seikunem A u pebpo AB u 3amennm k' wa k' + k — c¢. Teneps B
ocTaBIeMcs rpade CyMMbI CHHIX 1 KpacHbIX paBHbI. JIoObeMcst paBeHCTBa BCexX CHHUX U
KpacHBIX He Oojiee deM 3a n — 2 mara. Bepuem #a mecro A n pebpo AB u BOCCTAaHOBUM
snagenne k'. ITocaeannm xomom 3amennM Ha peope AB cunne uncaa cn k' + k — c na k
u k'

5. Jaubl HaTypajbHble ducaa r u n, r < n. PaccMaTpuBaloTCs BCEBO3MOXKHBIE YITOPSi-

nouentble HAOOphI (K, ko, . . ., k) HEOTPUIIATEIbHBIX TIEJIBIX YHUCE], Takue, 910 ki + ko +

1

oot k=1, k1 4+ 2k + ...+ nk, = n. Lng kaxKaoro Habopa BeIYUCIEHA, IPOOD RIS

' - o (nfl)'
(mammomunm, a0 0! = 1). Jokaxkure, 9r0o cymMma 9THX JApobeii paBHA eIy

Iepeoe pewenue. PacemMoTpuM Bee pasbueHMs YMCIa N B CyMMy 7 HATypPaJbHLIX Cla-
raeMbIX ¢ yderoM mopsiaka. Ux posro C'_1 = S (el

| n—1 (r—=1)! (n—r)!
pasbUTYIO Ha eJIMHIYHBIC OTPE3KN 1 — 1 TOYKOIl, 1 U3 HUX BLIOHpaeM 1 — 1, 10 KOTOPBIM

(GepeM TTAJIOUKY JIJIHHBI 1,

pexkeM Ha 1 dacreii). C Ipyroif cTOpOHBI, ec/ii B TAaKOM pasbuenun ki enHUIL, ko TBOEK 1
. o |
Tak jasee, 10 »  k; =r, Y ik; = n, a Kojin4ecrBo pasbueHuii B TOYHOCTH T (BN
B
HAIIN 7" CJIAraeMbIX CIUTasl NX KaK Obl pa3ImIHBIMI — 9TO MOXKHO ¢esaTh ! crocobamu;

a IIOTOM BCIIOMHHUM, 9TO OT IIOPAJKa, AOIIYCTHUM, €AVNHUIL Ha Od€JIe HUYIETro He SaBI/ICI/IT).

Bmopoe pewenue. PaccMOTpuUM TIepecTaHOBKU T € S, C POBHO 7 IUKJIAMHU, B KayKJIOM
13 KOTOPBIX IIOMEeUYeH OJInH 3jeMeHT. VHbIMI cjioBaMu, y HAc OyjieT r OpUEeHTUPOBAHHBIX
OKPY>KHOCTE(l, Ha HUX BBIMUCAHBI B COBOKYITHOCTH TIO pa3y 4ducaa oT 1 J10 n, U Ha Kaxk-
JIOl OKPYKHOCTHU OJTHO YHUCJ0 oTMedeHO. [Topsijiok oKpy»KHOCTel posi He urpaet. Ecinm
3auKCHpOBATL KOJIUIECTBO k; IUKJIOB JIJTMHBL 4 (OKPYZKHOCTEH ¢ POBHO i YHCIAMHU), TO
TaKUX IMOMEUEHHBIX IIEPECTAHOBOK OyJieT Hn_]::z' (6epem JTIOOYO TI€PECTAHOBKY 1 BBIIHCHI-
BaeM B PsiJl 9JIEMEHTBI ee IUKJIOB, UKJIbl OepyTCs 10 BO3PACTAHUIO JITUHBI, B KarKJOM
ITIKJIE 3JIEMEHTHI BLITNCHIBAIOTCA HAUWHAas ¢ oTMedeHHoro. Hampumep, 1151 mepecTaHOBKH
(7)(3)(6)(12)(45) ¢ ormedernbiMu djteMeHTaMu 7, 3, 6, 2, 4 MbI MOJIYIUM TI€PECTAHOBKU
3762145, 6734521 u Tak nasee, Bcero | [ k;! mepecranosok. Ho siobas mepecranoBka dncest
or 1 g0 n 6yjer Beicana poBHO ojauH pas, Tak uro N [[k;! = nl, rie N ectb quciio
paccMaTpUBAEMbIX TIOMEYEHHBIX T€PECTAHOBOK.) MBI XOTHM J10Ka3aTh, 9TO 00IIee YUCIO
TAKNX TOMEYEHHBIX TTlepecTaHoBOK paBHo Clr(r+1) ... (n—1). Gukcupyem r OTMEIEHHBIX
9JIEMEHTOB, KazK/IbIiT TOCTaBUM Ha CBOIO OKPYXKHOCTDL. bepeMm mepBblil erne He MocTaB/1eH-
HbI HA OKPYKHOCTH 9JIEMEHT T, €r0 MOYKHO [OCTABUTH B I MECT (OJJHO MECTO Ha KarK [0l

okpyzkHOCTH). JI/1sT Broporo siemeHTa ecTh yKe r + 1 MecTo, u Tak jaJee.



