3agadyn KOMOMHATOPHOU I'eOMEeTPUN

A M. Pauropoackun

1. B rpynne mxonbHuKoB 20 demoBek. W3 HUX 5 UeJOBEK OJMHAKOBO XOPOIIO U JIYUIIE BCEX OCTATBLHBIX
PEIaoT 3a4a4u 0 KOMOMHATOPUKE, 5 - 0 KOMOMHATOPHOU DEOMETPUHN, 5 - M0 KJIACCUIECKOU DeOMEeTpul, 5
- IO Teopuy ducen u T.4. (Bcero 18 mpeaMeToB, TAK 9TO, OYEBUAHO, HEKOTOPHIE IIKOJILHUKY B PABHOU Mepe
CUIBbHBI B HECKONBKUX NUCHUTIMHAX). Tpe6yeTca COCTABUThL U3 DTUX MIKOJLHUKOB KOMAHIY I YIACTUA B
ommmmuane. Ilpu 5ToM XoUueTcs, ITOOBI AIA KaXKIOro TpeaMeTa B KOMaHIe HAIIEACA CIENUAIUCT B HEM U
9TOOBI pa3Mep KOMAHIBI OBLT KaK MOXKHO MEHBIIIE.

a) Joxaxure, 9TO BCerjga ecTb koManaa u3 < 14 wenosex.  6) [Joxaxure, 9TO BCerjga eCTb KOMaHIa U3
cemu yenoBek.  B) JlokaxuTe, ITO MpU HEKOTOPOM PACKIALE 3aBEIOMO HYKHO B3ATh B KOMAHIy Y€TBEPHIX.
r) mecTepuix. &) MOXHO /I yAy9IINTh Pe3yIbTaT MyHKTa 6), T.e. BCETJA JU YIACTCA COOPATH KOMAHLY
73 IECTEPLIX MKOJILHUKOBT

2. PaccmoTpuM B ABAAUATUMEPHOM MPOCTPAHCTBE HEKOTOPOE MHOXKECTBO TOYEK V, CONEPKAIIEeCs B MHO-
JKEeCTBe X:

VcE={x=(x1,...,220) :2; € {0,1},i=1,...,20;z1 + ... + a0 = 5}.
Nupivu croBavu, V' - 370 Tpou3BOIbHBIN HAGOP TOYEK, KOOP AMHATHI KOTOPHIX cyTh 0 miu 1, npuyuem egquuuiy
y xaxaou Touku poBHO 5. Homyctum, |V| = 20. Coegunum Touku X,y € V oTpeskom, eciu paccTosHUE
Mex 1y HuMu ecTh v/10. JJokauTe, 9TO BCe HAIIM TOUKHM MOXKHO TaK PACKPACHTE B 7 IBETOB, YTOOK! KOHIILI
JI000T0 0TpE3Ka ObLIN PA3HOIBETHBIMU.

3. PaccmoTpuMm B gecATUMEPHOM TPOCTPAHCTBE HEKOTOPOE MHOXKECTBO TOYEK V, COAEPKAIIEECA B MHOXKE-
cTBE X:

Vc={x=(x1,...,210):2; € {0,1},;i=1,...,10;21 + ... + 2190 = 5}.
Nuwivu cnosaMu, V' - 3T0 TPOU3BOMBLHBIN HAGOP TOUYEK, KOOPAMHATH! KOTOPHIX cyTh (0 miu 1, mpuyuem equHuIy
y kaxaou Touku poBHO 5. Homyctum, |V| = 20. Coegunum Touku X,y € V oTpeskom, eciu paccTosHUE
MeX 1y HEMHZ ecThb /8. JOKaKuTe, 9TO BCe HAIIM TOYKM MOXKHO TAK PACKDACATH B 9 IBETOB, YTOOB! KOHIILI
JI000T0 0TpE3Ka ObLIN PA3HOIBETHBIMU.

4. PaccMoTpuM B n - MepHOM mpocTpaHcTBe penep £ = {ey,...,e,}, COCTOAWNN U3 BEKTOPOB

e; =(1,0,0,...,0), e =(0,1,0,...,0), ..., ep—1 =(0,...,0,1,0), e, =(0,...,0,0,1).
Bo3bMeM MHOXKECTBO BCEX UYEAOUUCACHHBIT KOMOUKAYUT BEKTOPOB U3 £, T.e. MHOXKECTBO BUAA {Aje; +...+
Anen}, vIe i, ..., A\, € Z. Takoe MHOXKECTBO HA3LIBAETCA UeAouucaennol peuemxot u o6o3HadaeTcsa Z™.
IIycTe ay,...,a; - DTO BEKTOPHI, ¥ KOTOPBIX BCE KOOPAWMHATHI PAIMOHAILHEL [lom0x)uM

A=Aay = {mar+...+ g+ b}, g, €2, be L
O6os3uaunm uepes dp,(E; A) Bernunny

dn(E;A) = min {d : mamgyTCsa Takue BEKTODHL €;,,...,€; _, € & u Takue BeKTOPHL by, ..., by € A, aro

n

A={hey +...4+ A_qgei, , +pmbr + ...+ pgba}, A p € Z}.
DTa BeIUYUHA HA3KIBAETCA dediexmom penepa £ ommocumenbro A, W CIOBAMU MOXKHO CKA3aTh TaK: [e-

dexT - 3TO MUHUMATBbHOE KOJIMIECTBO BEKTOPOB, KOTOPHIE HEOOXOAMMO YAAMUTH U3 pernepa C TeM, YTOOBI
OCTABIIAACS CUCTEMa BEKTOPOB MOIVIA OBITH JONIOMHEHA 100 0azuca (cM. [2]) B A.

a) Joxaxwure, uro aas aoboro d € {0,1,2} mangercsa rakon BekTop a, 9410 d2(€;A,) =d.  6) Jokaxunre
AHAJIOTUYHOE YTBEPXKICHUE B MPOU3BOJBHOU PA3MEPHOCTH. B) lycte O, = {x = (z1,...,2,) : |z1| +
et |zn] < 1} - edunuvunbitd n - mepubili oxkmasdp. JJokaxkuTe, 9TO CyMIECTBYET ¢ ¥ TAKON HAGOP BEKTOPOB
ai,...,a;, LI KOTOPOro Aa,, . a2, NO, = {0, £} (O - navano xoopauuar) u d,(E; Aa,,..a,) > n—101log, n.
r) Oycts R15 = {1,...,15} - MHOXKECTBO U3 IATHA IUATH 3JIEMEHTOB. BO3bMeM IPOU3BONBHYIO COBOKYIIHOCTh
MOIIHOCTH 14, COCTOAILYIO M3 HEKOTOPHIX (PA3INYHEIX) IECTUANEMEHTHEIX IO IMHOXKECTB (codeTanun) B Rp;5.
O6o3unauuM o1y coBokynHocts M = {Mjy,..., My4}. PaccmoTpum xakue-uHuOyAb HECOBIAIAOIINE IPOCTHIE
qucaa pq, - - -, Pia: HampuMmep, py = 2,p2 = 3,p3 = 5,p4 = 7 u T.1. Honoxum ¢; = pi* - p3? - ... pi}*, rae

a, =1,ecm i € My, a,, = 0 B mpoTtuBHOM cay4ae (v € {1,...,14},i € Ry5). O603HaMM a = (l. - )

q1’ ) q1s
Hoxaxure, uro di5(E; Aa) < 5.



Brixon Ha cepbe3Hy0 HAYKY

[1] Xpomamuueckum wucaom rpada G = (V, E) nasuiBaercsa semnunsa X (G), paBHAsS MUHIMATLHOMY KOJIH-
YeCTBY IBETOB, B KOTOPHIE MOXKHO TaK MOKPACUTH V, YTOGH BEpPIINHLI, COCIUHECHHBIC peOpaMu, ObLIA
pasHOIBeTHHL. B 3agadax 2 u 3 peub UIET KaK pa3 0 XPOMATHYCCKOM UHUCAE 2padia paccmoanut, T.e.
rpada, BepIIHEI KOTOPOr'0 CYyTh TOUKK IPOCTPAHCTBA, a pebpa - OTPEe3KN OmpeIeleHHON IINHBL, CO-
eIMHAIOIINe HEKOTOPEIE U3 ATUX TOYEK.

1.1. [JokaxwuTe, 9TO XPOMATUIECKOE IUCJIO JI000r0 rpada pacCTOAHNN KOHEYHO U KAK MOXKHO TOYHEe
OIICHUTE €ro.

1.2. [MokaxwnuTe, 9TO XpOMATUIECKOE THUCJIO JIOO0r0 IBYMEpPHOro rpada pacCTOAHUN HE MPEBOCXOMUT
cemu.

1.3. Mycrs V C {0,1}", a E mopoxXgeHO TeMU 1 TOILKO TEMH apaMy TOUeK u3 V, KBaApaT PacCTOSHUS
Mex Iy KoTopeiMu paBeH k. [Jokaxute, uto x(G) < 2"~ *+1 xomw ckopo G = (V, E).

[2] Pewemrotli Ha3BIBAETCA COBOKYMHOCTH TOUEK B MPOCTPAHCTBE, ABIAIOIIMXCSA HETOYNCTeHHBIMUA KOMOU-
HAUAMEA HEKOTOPBIX JUHENHO-HE3ABUCUMEIX BEKTOPOB. CaMu 3Tu BEKTOPEL 06Pa3yIoT 6a31UC¢ B PEIeTKe.
Boo6me rosops, 6asuc B pemeTke He eJUHCTBeHeH. MHOXKECTBO A M3 9eTBEPTOU 3a1a49d - PEIIeTKA.
Oomem gyndamenmanbroti suetixu pemeTku A Has3LIBaeTCA ee onpedesumenem n oboszuadaeTca det A.

2.1. Nlokaxwute, 9T0 ecam A - pemeTka, a ) - BEIIYKIOE N - MEPHOE TeJ0, CAMMETPUIHOE OTHOCATEIHHO
Havaja KOOpAUHAT, npudeM o6weM §) crporo Goabme 2det A, To B 2 ecThb 0 KpauHen Mepe IBe
TOYKU pereTku A.

2.2. [MokaxuTe, 9TO €CIU a = (%1, cee “7") u HO(ay,...,an,q) =1, To det A, = %.

n
logn

2.3*. Jlokaxure, 9T0, KAKOB OBl HU OBLT BeKTOD &, d,(E;A,) < ¢ (loglogn)?, xome ckopo AaNO,, =

{0, £6).



