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Ob1iag xapakKTepucTuKa padoThl

AKTyaJabHOCTb TEMBI JIUCCEPTAINNI

B pabore mosyueHbl pe3yJabTaThl, CBSI3aHHBIE ¢ KJIACCUUIECKON MpobJIe-
moii Hestbcona—39piéma—XaBurepa 0 XpOMaTuIeCKOM YMC/Ie TPOCTPAHCTBA. DTa
1pobiieMa Brepsble Oblia chopmysmposana . Hesbconom! B 1950 rosuy, a I1. Dp-
ném? u T. Xagsurep® ceirpaJint BasKHYIO POJIb B MOTYJISAPU3AIIN 3TOI TTPOOIEMBL.
[Ipobiema 3akirouaeTcst B HAXOXKJAECHUN MUHUMAJIHLHOTO KOJMYECTBA IIBETOB, Ta-
KOI'0, YTO CYIIECTBYeT IMOKpacKa BCEX TOUEK IpocTpaHcTBa R"™ B 5TO KOJUIECTBO
I[BETOB, IIPH KOTOPOW TOUYKHU, HAXOJAINIAECS Ha €JIMHMIHOM PACCTOAHHH JIPYT OT
JIpyTa, MOKpAallleHbl B pa3Hble IBeTa. JlJis IpocTpaHCTB ¢ pa3MepHOCTSIMU HE Me-
Hee JiByX 11pobJieMa 0CTaéTCs OTKPBITOMN, 1 JI0 CUX 110D OHa OueHb HoiyspHatdC.
J11sT IJIOCKOCTH U3BECTHO, YTO XPOMATHUECKOE YUCJIO JIEXKUT MEXKJIY YeThIPbMsI U
ceMbio. MuHUMaJIbHbIH TprMep Tpada paccTosHuil (MM, 9TO TO XKe caMoe, Jiu-
CTAHI[MOHHOTO Tpada) ¢ XPOMATHIECKUM YHUCJIOM YeThIPe Ha TJIOCKOCTH TOJTY YeH
oparbamu JI. 1 B. Mozepamn’.

B 1976 roay Dpasm® 3a1a BOIpoc, CYMeCTBYeT 1 AUCTAHIIOHHLIN Tpad

Ha IIJIOCKOCTHU C XpOMaTHUYE€CKUM YUCJIIOM YE€TbhbIpE U HE CO,ILep}KaLLLI/IfI TPEYyroJIibHu-

KOB (TIOCKOJIBKY BCE U3BECTHBIE HA TOT MOMEHT IPUMEPBI TAKUX IPad OB TPEYTOJIb-
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HUKH cojiepskasn ). 3aaua 6bita permena B 1979 rony H. Yopmangom?, a noznee
IpUMEPDLI ¢ MEHBIINM KOJUIeCTBOM BepinuH Oblin moctpoenbl II. O’ Jonnemaom
n P. Xox6eprom!®. Takske B 1999 roxy B cBOeil KaHAMJATCKON IHCCEPTAIAN (a

1L12) TI. O’ Tonnen Hamés perienue

Ha TOJI TI03XKe — B JIDYIUX CBOMX paboTax
0DODOITIEHHOrO BapuaHTa 3TOH 3a/adu, & UMEHHO, UTO Ha IIJIOCKOCTH CYINEeCTBY-
0T JIMCTAHIMOHHBIE I'Padbl ¢ XPOMATHIECKUM YKUCJIOM YETHIPE U MPOU3BOJIbHBIM
obxBaTOM (JIMHOI MUHUMAJBHOrO 1MKJIA). B janHoil pabore paccmarpubaercs
0bobIIeHNe 33291 Ha JUCTAHIMOHHBIE TPadbl B MPOCTPAHCTBAX MTPOU3BOIHHOM
pPa3sMepHOCTH.

B pacryiieit pasMepHOCTH U3BECTHO, YTO XPOMATUUIECKOE YUCIO BEJET Ce-
651, Kak skcronenTa'®1*. JlokazareabcTBa JIYUIINX HUXKHIX OIEHOK XPOMATHYE-
CKOI'0 UMCJIa UCIOJIB3YIOT JUHEHHO-aJredpaniecKmii MeTo 1 Ha, eJIOUNCIeHHBIX pe-
mérkax. DTOT METOJ TaKKe UCHOJIb3yTecs B KiaccuduecKoil 3ajaue Bopeykal® o
HAXOXK/IEHUM MUHMMAJbHOIO YHUCJIa 9acTeil, Ha KOTOPOE MOXKHO Pas3OuTh Jiroboe
HEOJIHOTOYEYHOEe MHOXKECTBO B R™ Tak, 4To0bI JjuamMeTp Kark 10il 4acTu ObLI MEHb-
1e MaMeTpa nexoaHoro Muoxkectnalo-l’,

[TockoibKy paccMarpuBaroTcs rpadbl, BEPUINHBI KOTOPHIX — Y3JIbI IEJI0-
YUCJECHHON peléTKy, a pébpa 3aJ1al0Tca OlpPEeIeICHHBIMU PACCTOAHUAMU MEXKTY
BEpIINHAMHU, TO 3aJIa4K, O KOTOPBIX IILJIa PeUb BBIIIE, OKA3BIBAIOTCS €CTECTBEHHO
CBSA3aHHBIMU C TICHTPAJBHON MpoOIEeMaTHKON Teopueil KoaupoBaHusa. B gacTHO-

cru, Korja y3Jbl pemérku — 510 (0,1)-BeKTOpPbI, OlUCAHHbIE BbIIIE 33/a9i KOM-

OMHATOPHOI reoOMeTpUr — ITO 10 CyTH 3ajiaun 00 IKCTPEeMaJIbHbIX CBOMCTBAX paB-
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HOBECHBLIX KO,Z[OB18.

Tak>ke OTMETHM, UTO €CTh U PsAJi APYIUX BaXKHbBIX 3aJia4 SKCTpPEeMaJibHOM
reOMEeTPUIECKO KOMOMHATOPUKHY, HAIPSAMYIO CBA3AHHBIX C HOHATHEM JIMCTAHIU-
OHHOrO rpada, a cTaJo ObIThb, C TEMAaTHUKOI HacTosIeil paboTel. TakoBa, HAIIPH-
Mep, IpobJIeMa HaX0XK IeHUsT MAaKCUMAaJIbHOIO KOJITMIeCTBa PEOEp B JUCTAHITMOHHOM

rpadel®. O neit umeerca obmmpnas sureparypal.

ILleas 1 3amadm mccjieJ0BaHUS

[lenbio irccepTalliOHHON pabOThl SABJISAETCs PEIleHHe CJCJYIONUX 3a-

Jad.

1. ITouck rpacdoB eMHIIHBIX paccTosinnii B R” ¢ KaK MOXKHO OOJILIINM XpOMa-
THYECKUM YUCIOM ¥ KAK MOXKHO MEHBIIUM KJIHKOBBIM YHCIOM (T.€. pa3MepoM

MaKCHUMAJIbHOIO MOJHOIO mojrpada).

2. O6oOIienne 3ajaun Ha ciaydail rpadgoB, pebpa KOTOPBIX OIIPEIesIsTIOTCs

HECKOJIbKUMHU PaCCTOAHUAMMU.

HayuyHas HOBU3HA IOJIy4Y€HHBbIX Pe3yJIbTATOB

Bce pe3yJIbTaTbhl JUCCEPTAIIUN ABJIAIOTCA HOBBIMMU.

IIpakTudeckass 3HAYMMOCTD IIOJIyY€HHbBIX PEe3YJIbTaTOB

Huccepraiysi HOCUT TeopeTudecKuii xapakrep. Pesyiibrarbl paborsbl
JIAI0T CYILIECTBEHHOE IIPOJIBUXKEHUE B M3BECTHON 3ajade 00 OThICKAHWHU TPYJHO
pacKpalmBaeMbix rpadoB B MPOCTAHCTBAX 0€3 KJIMK JAHHOIO pasMepa. JTH pe-
3yJILTATHI MOI'YT OBITH MCIIOJIH30BAHBI JIJIsT VIYUIIEHUST HUXKHUX OIIEHOK XPOMAaTH-
YeCKOr'o 4KcJia IpOCTPaHCTBa, B IpobjieMe Bopcyka u B Jpyrux 3ajiadax KoMOu-

HATOPHOI T€OMETPUN U CMEXKHBIX BOIIPOCAX TEOPUU KOJUPOBAHUA.

8@ k. Max-Bumsamce, H.JIx.A. Crosn, Teopus xodos, ucnpasisouus owubky, Cass, 1979.
9P, Erdés, On sets of distances of n points, American Mathematical Monthly, 53 (1946), 248 — 250.
207, Spencer, E. Szemerédi, W.T. Trotter, Unit distances in the Euclidean plane, Graph theory and

combinatorics, 1984, 293 — 303.



OcHoBHBIE pPe3yJjibTaTbl, BBIHOCUMbIC Ha 3aIllUTy

1. B mpocrpancree R? cymiectByer MucTaHIMOHHBIN Tpady, NMEONMi XpoMa-

THYIECKOE YNCJIO TATHh W He COAEpXKaIluil TeTpasdipoB. B KadecTBe mpumepa
OCTPOEH I'pad Ha AEBATHANATH BEPIIMHAX.

(Teopema 2)

B mpocrpancree R? cymiectByer aucTaHIMoOHHbIH Tpad 63 TpeyroJbHIKOB
(IUKJIOB JUIMHBI TPU) U € XPOMATHIECKUM UUCJOM MSATh.

(Teopema 3)

. JI71s1 TPOM3BOJILHOTO HATYPAJBLHOTO k > 5 CYIIECTBYET MOC/IEI0OBATETHHOCTH

JIUCTAHIIMOHHBIX IpadoB 03 KUK pasmepa k ¢ SKCIOHEHITHAJIbHO PACTYIIU-
MU XPOMATHIECKUME IUCJIAMU (B 3ABUCHMOCTH OT PA3MEPHOCTH TPOCTPAH-
CTBA).

(Teopemsbr 6 u 7)

[TosydeHbl OIEHKM XPOMaTHYECKHX YHUCEs] JUCTAHIMOHHBIX TpadoB, pedpa
KOTOPBIX OPOXKJIAI0OTCs M paccrosinusimu. [lokazano, aro upu m = 2 cyuie-
CTBYIOT I10CJIEJ0BATEJILHOCTH I'PA(OB ¢ XPOMATUICCKUMHU YUCIAMU, IKCIIO-
HEHIIMAJILHO 3aBUCAIIMMU OT PA3MEPHOCTH MPOCTPAHCTBA, U 03 KJIMK pas-
Mepa Jerbipe. Takke oKazaHo, 94To Mpu m > 3 CYIIEeCTBYIOT MOCIe0BATE b-
HOCTH IpadOB ¢ XPOMATUICCKUMHU YHCJIaMK, SKCIOHEHITUAJIbHO 3aBUCIIIIIMI
OT Pa3MepPHOCTH IIPOCTPAHCTBA, 1 0e3 TPEyTroJbHUKOB.

(Teopema 8)

JIM9HBIA BKJIaJ COMCKATEJId

HO.

Bce pe3yJIbTaThbl JUCCEPTAIIUN IIOJIYY€HbI COUCKaTEJIEM CaMOCTOATEIIb-



Amnpobarus pe3yJabTaToB

Pe3ysnbTarhl, MOJyYEeHHBIE B JINCCEPTAINN, JTOKJIAJILIBAIUCH U ODCYXK-
naauch Ha 9-om MexxyHaponnoM HaydHOM cemuHape “Jluckpernasi MaTeMaTrKa
u npuiaokenusi” (Mocksa, 2007 r.), MexyHapoHoil KoHbepennnu “DectuBab
kombunaropuku u nadopmariky” (Berrpust, 2008 1.), Ha Mex 1y HapOJIHO#H KOHDE-
perrun “EuroComb 2009: EBporeiickast KondepeHnins 1o KOMOMHATOPUKE, TEOPUN
rpados u npuiokersiv”’ (Ppantyst, 2009 1.), Ha MeXyHAPOIHON KOHMEpeHII
“8-as Opanirysckas kombunaropras koudepennus’ (Ppanrus, 2010 r.), Ha ce-
muHape npodeccopa A.M. Paiiroponckoro 8 MI'Y umenu M.B. Jlomonocosa, ma
cemunape npodeccopa C.B. Konsruna B MI'Y umenn M.B. JlomonocoBa, a Tak-
’Ke Ha HaydIHOM ceMuHape “/IMcKpeTHass MaTeMaTHKa U MaTeMaTuuecKas Kubep-
HeTuka Kadelpbl MaTeMaTudeckoil KubepHeTuku (hakysibrera BblUUCAUTE  LHOM

maremMaTuku u kuoepHeruku MI'Y umenu M.B. Jlomonocosa.

IIybaukamum mo TemMe guccepTamum

Pesysibrarst guccepranuu omnybarkoBanbl B paborax [1]-[5] crimcka siu-
repatypbl. Beero 1o Teme gauccepraiyu onyojnkoBano o pabot. M3 Hux 4 paboTbl

BXOJSIT B CIIMCOK HAyYHBIX 2KypHAaJ0B, pekomenjoBannbiii BAK Munobpraykn

PO.

CrpykTypa 1 00beM AucCCEPTAIINNI

B nuccepranum mMeeTcs BBEJIEHHE, TPHU IJIABbI, CIUCOK JINTEPATYPHI.
[Tonublit 06bem 68 cTpanull, u3 HUX 4 CTPAHUIILI 3aHUMAET CIUCOK JIUTEPATYPbI

(36 HaumeHOBaHMiL).



KpaTrkoe conepkanme gucceprTaiiin

Bo BBenmenum onucana kjaccudeckas mpobisiema Heavcona—3Ipdéwa—
Xadsuzepa 0 HAXOXKJIEHUM XPOMATUUIECKOI'O UMCJIA IIPOCTPAHCTBA U PACCKA3aHO,
KaK IMOJIyIeHne HIXKHUX OIIEHOK B 3TOI 3a/1ate CBSI3aHO ¢ UCCISOBAHIEM JUCTaH-
IUOHHBLIX I'PadOB B COOTBETCTBYIOIIMX IPOCTPaHcTBax. JaHbl cieayiomnme onpe-

JeJeHU .

Omnpenenenne. XpomMamuueckum HUCAOM MEMPUYECKO20 NPOCTNPAH-
cmaa M nasvisaemes MunuUMasbHOE Maroe wucio k, wmo muoocecmeo M mooic-
HO pasbums na k wenepecexarouyuxca nodmmoocecme M = My U My L ... L M,
max, 4mo abvie d8a NEMENMA IMO20 NPOCMPAHCMEEA, HATOOAUUECH HaA €U~
HUYHOM PACCTMOARUY, HATOOAMCA 6 PASHHLL NoOMHOHCEC6aT. Hnvimu cirosamu,
ecau |ajas] =1 way € My, mo ag & M;. Obosnauaemcs TpoMamuieckoe 4ucio
x(M).

Omnpenesnenne. Xpomamuueckum wucaom epagpa G = (V, E) nasvsaemca
MUHUMANDHOE TAKOE Yucao k, wmo muoncecmeo sepwun V- Moxcro paszbumsv Ha
k menepecexarouyuxca nodmmoncecms V= ViUVo . . .UVy mak, wmo abvie dee
GEPUUHDL 2pada, COCOUHEHHDIE PEOPOM, HATOOAMCA 6 PASHOLIL NOOMHONCECNEAL.
Hnvimu caosamu, ecau {vi,vo} € E u vy € Vi, mo vo & Vi. Obosnavaemcs

rpomamuueckoe wucao epaga X (G).

Onpenenenne. I'eomempuyueckum 2paghom Ha3v6aEMEs MaAKoe Pacnof0HCe-
nue epaga (V, E) 6 e6kaudosom npocmpancmese, 4mo MHOMCECMEO €20 6EPULUH
ABAACTNCA MHOINCECTNEOM Movek eskaudosa npocmpancmea (V- C R™) a pébpa

npedcmasaenv. OMpPesKami, coCOUHANOULUMY COOMBEMCMBYIOULUE GEPULUHDL.

Omnpenenenne. I'pahom eQUHUUHBLT PAcCMOAHUT HA3bIBAEMCA MAKOT 2€0-
mempuneckut epap G = (V, E), umo ecau deée ez20 sepwunvs v1,vy € V' coedu-
nenv, pebpom {vi,vo} € E, mo paccmosanue mesncdy amumu 6epuuHaMl pasHo

edunuue (lvg —vg| = 1).

Onpenenenne. I'paghom ¢ m 3anpeus,EHHBMU PACCTNOAHUIAMU HA3bLEAETNCA

eecomempuyeckuti epagh G = (V, E), das komopozo cywecmeyem makoe MmHodHce-
6



cmeo A C Ry us m asemenmos, wmo ecau {vy,v2} € E, mo |v; — vy| € A.

Onpegenenune. Xpomamuueckum 4uUcaom esxaudosa npocmparcmea R™
¢ muoocecmeom 3anpemos A (obosnavaemcea x(R", A)) nasweaemes munu-
MaAbHOE makxoe wucao k, umo muosncecmseo mouex R moorcno npedcmasums 6
sude obsedunenus k nenepecexarowurcs noommoocecms R* = ViU Vo ll. ..U V;
mak, 4mo abvie dee mouku, pacnosoxcernvie wa paccmoanuu d € A dpyz om
dpyea, ne aexcam 6 odHom u mom sice muoosicecmese V. Maxcumanrvroe us maxux

TPOMAMUHECKUL HYUCEN ona dannoz2o Koasuvecmea 3anpemoe 1m 0003HaaEeMCA

V(R m) = R", A).
X(RYm) = max x(R,A)

Tak>Ke BO BBEJICHHH OIMCAaHA 3aj1a4a, octapaeHnas [1. Dpuémiem, o cyiie-
CTBOBaHMM I'pada Ha IJIOCKOCTU ¢ XPOMATHIECKUM UKUCJIOM UeThIpe U He cojeprKa-
Iero TPEyroJbHUKOB. ABTOPOM jinccepTraiini ¢hOpMyInPOBAHO 0000IIEeHNE ITOM
33J1a9d Ha, CJIyYail MHOIOMEDPHBIX IPOCTPAHCTB. A MMEHHO, 0DODIIEHHAsT 3a/a4a,
cocTouT B HaxoxAeHnn rpada B R” ¢ Kak MOXKHO OOJIBIITUM XPOMATUIECKUM UNC-
JIOM, HO TP TOM HE COJIEPYKAIIEro KJNK KaK MOYXHO MEHBIIEro pasmepa.

Perrenuto 5Toit 0000IMIEHHOI 3a/1aun U [IOCBAIIEHa guccepTanusd. [Tomgaép-
KHUBAETCsI, ITO B MAJIOMEPHBIX U MHOI'OMEPHBIX CJIyUasxX IOJXOJbI K IOCTPOCHUIO
IPUMEPOB NPUHITUINATIBLHO OTJIMIAIOTCS, TIOITOMY H3JI0KEHHUE JI0KA3aTeJILCTB Pas-

JleJIeHO Ha, JIBe YacTH.

B mepBoii riaBe ussaraerca ucropus npobsembl Heavcona—Ipdéwa—
Xadsuzepa 1 ONUCHIBAIOTCS OCHOBHBIE TPOJIBUXKEHUsI, [TOJYUEHHBIE TIPU €€ pele-
Huu. TakxKe pacCcKasblBaeTCsi O PelieHrn podseMbl, mocraBjaeHnoi 11. Dpéuem.

st yjiobcTBa 3alucu B 3TOH rJ1aBe HallOMUHAETCS OlIPe/le/IeHne KJIMKOBOI'O

YqHUCJIaA.

Onpenenenne. Kaurkosvim wucaom epagpa G = (V, E) naswsaemcs pas-
MED MAKCUMANOHOT KAUKU 8 IMOM 2paghe, mo ecmb MAKCUMAALHAL MOUMHOCTID
nodmmootcecmesa V', xastcovie deée sepuunsl Komopozo coedurnenvt dpye ¢ dpyeom

pebpom. Oboznanaemes kaukosoe wucio W(G).

B srux obozHauenusix obobienune 3agaun 1. Dpuémra nepedopmynupyer-
7



csl KaK 3aJiada O HAXOXKJIEHUW JIMCTAHIMOHHBIX TpadoB (KakK ¢ OJHMM, TaK W C

HECKOJIbKMMU 3aIPENCHHBIMA PACCTOSHUAME) ¢ KaK MOYKHO OOJIBITMM XPOMATHU-

YEeCKUM YMCJIOM, HO KaK MOXKHO MEHBIIUM KJUKOBBIM YHUCJIOM.
CdopmynnpoBaHbl JiBE TeOPEMbl JIJIsi TPEXMEPHBIX I'padOB eIUHUUHBIX

paccTostHuUil (3716Ch U J1ajiee COXpaHEHa HYMepAIst TEOPeM U3 JIUCCEPTATIUH ).

Teopema 2. B npocmpancmee R? cywecmeyem ducmanyuonnoti 2pag, umero-

WUt TPOMAMUYECKOE YUCAO NAMD U HE COIEPAHCAULUT MEMPasdpos.

TeopeMma 3. B npocmpancmee R cywecmeyem ducmanyuonnwiti epag 6es mpe-

Y20AbHUKOB (uwmos dnumsl mpu) u c rpomamudeckum YUCAOM NAMDG.

Teopema 2 BbITeKaeT, KOHEUHO, 13 TeopeMbl 3. Ke camocTosiTebHOE 3HA-
YeHre COCTOUT B TOM, UTO rpadp, MOCTPOEHHBIN B Hell, uMeeT Bcero 19 BepInwH,
TOTJIa KaK rpad, JTOKa3bIBAOIINN TeopeMy 3, Ha MOPAJIKNA OOIbIIe.

[TockombKy M3BECTHO, UTO XpOMATHUIECKOe UnCJio TmpocTpancTtBa R" mpn
pocre n pacrér skcnonennuagbio ((1.239 + o(1))" < x(R™) < (3 + o(1))"),
TO MOXKHO OXKHUJIaTh (KaK MAKCHMYM) 9KCIIOHEHIIMAJIBLHOIO POCTa XPOMATHIECKUX
YUCeJT JIMCTAHITMOHHBIX IPadOB € JIOTMOJHUTEIHHBIMU OIPAHUYEHUSIMA HA Pa3MepPhl
MaKCUMAJIHHBIX KJIUK.

B c¢Bsasu B sTuMm BBOJAATCA BEJINYNHDBI

Celique(K) = sup {C : ddyukius 6 = §(n), Takasg, aro lim 6(n) =0

n—oo

uVn3IGsR", ykoroporow(G) < k, x(G) > (¢ +d(n))"}.

Celique(k, m) = sup{( : 3 dyuxuns 6 = §(n), taxkas, aro lim o(n) =0

n—oo

n Vn JA momuocrn m n 3G B R" ¢ muoxkecrsom 3anperos A,
y kotoporo w(G) < k, x(G) > (¢ +d(n))"}.

C noMoImpIo 3TUX BeuIuH ¢hOPMYINPOBAHBI OCHOBHDBIE TEOPEMbI, HOKA3bI-
BAIOIIAE, YTO CYIIECTBYIOT HOCJIEI0BATEILHOCTH IPadOB eIMHNIHBIX PACCTOSHMIL
6e3 GONBIINX KJIUK U C SKCIOHEHIUAJILHO PACTYIMMU XPOMATUICCKAME UUCJIa-
Mu (Ipu pasMepe KJIMKK He Gosibiie mAaTh, 10 ecTb (igue(k) > 1 npu k > 5). B

4aCTHOCTH, CPOPMYJIMPOBAHbI CJIEJIYIONINE PE3YJIbTAThI.
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Teopema 6. I[Tycmov k > 5 — npoussosvroe namypasvhoe wucro, a by € (07 %)

— NPoU360ADBHOE BEWECITNIGEHHOE HYUCNO. Honootcum

b -3 b -(1-%)
(5 ()
T = Tl(bo) = babo(l — bo)_(l_bO)'

Pacemompum

Inc — InT

C = Clby, k) = {c' el k> {ﬁw }

Honoorcum ¢ = c(by, k) = infC, ecauC # 0, uc = 1 unave. To2da (aique(k) > .

Teopema 7. IIycmov k > 5 — npousdsoavroe namypasvroe wucro, a b_1,b; —

NPOUEONLHBIE BEULECTNEEHHDLE YUCAL, YOOBAEMEOPAIOULUE 02PAHUYEHUAM
1
b_1,b1 € (0,1), by +0b; < o1 b_y < by.

Llorootcum

_249by 4 3by — /(2 + 9b_y + 3b1)2 — 12(3b_1 + by)?
= 12 Y
3b_1+ b1

A

C3b+ by

B 94, OC=1+A—

IIycmo, danee,

po = po(b_1,b1) = A4BPCC,
p1 = pr(b_y,by) = b0 b (1 — by — by) (b1t

Pacemompum
21Il,01
=C(b_1,b1,k) =< k> | —— | 7.
C C( 1, Y1, ) {C S [p())pl] = [lnc’—lnpo—‘}
Honoorcum ¢ = c(b_1,b1,k) = infC, ecau C # 0, u ¢ = p; unaue. Tozda

P1
Cclique<k> Z P
Anajlorugmbiil pesynbrar ¢hOpMYIUPOBAH JIJIsT HECKOJLKUX 3aIlPEIEHHBIX

PaCCTOAHUI.

Teopema 8. Ilycmov danwve wucaa k u m. [Tycmos makorce r > 1 — npoussosvhroe

HaAMYypanrbHOE YUCAO. PGCCMOmpUM cCumMnaexc

A=A{v=(vo,v1,...,0): v; €0, 1], v9g+v1+ ...+ v, =1}
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s xaocdozo v € A nosostcum

—/ !
(v) {n (M0, ---»me) : i €[0,1], (n,e) =1, (n, )_m+1 :

r

f(a) = Zailnai, a= (ag,ay,...,a),

1=0

pv) = min{f(n)} — S (V).
Tozda

Cclique(ky m) > ep(v).

Vcropus 3a1a4u 1 OCHOBHBIE OIIpeJIeJIeHNS CoJlepKaTcs B napazpage 1.1. B
napazpage 1.2 cchopMmyIupoBaHbI PE3yJIbTATHI JUCCEPTAIUH JIJIsT TPEXMEPHBIX I'Pa-
doB paccrosinuit. B napaepage 1.3 chopmynmpoBanbl Pe3yabTaThl JUCCEPTAIHT
B pacryiieit pazmeprnoctu. B nynxme 1.5.2 cpaBHUBAIOTCS PE3yJbTaThl PACUETOR
B Teopemax 6 u 7. [lynwxm 1.3.4 conep:KUT YHUCJEHHbIE CJEICTBUS U3 TEOpEMbI
8 JJI Pa3HBIX KOJUYECTB 3alPENIEHHBIX PACCTOSHUN W KJWKOBLIX uwncest. [lis
HOJYYEHNSA 3TUX PE3YJAbTATOB HCIOJb3YeTCsd HEeTPUBHAJIbHAS ONTHMU3AIMOHHAS

TEXHUKa.

Bropasg riaBa mnocsieHa JOKazaTeIbCTBY TEOPEM O JUCTAHITMOHHBIX
rpagax B TpEXMEpPHOM TPOCTpaHCcTBe. B napazpage 2.1 mpuBeséH mpumep Ju-
CTAHIIMOHHOTO Tpada B TPEXMEPHOM MPOCTPAHCTBE O€3 TeTPadIPOB U ¢ XPOMATH-
yeckuM 4ucjiom 9. [losyuennniit rpad cocrour uz 19 Bepiiun u 44 pédep.

B napaepage 2.2 npusenén npumep TpéxMepHoro rpada paccrosHuit 6e3
TPEyroJIbHUKOB U ¢ xpomarudeckum uducjom b. Ilocrpoenne rpada nenaercs B

HECKOJILKO 1aroB. [lywxm 2.2.1 compepuT oOIIyI0 CXeMy J0Ka3aTeJIhCTBa, e
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OIYIIEHbl HEKOTOPhIE TEXHUYECKHE IOJPOOHOCTH, KOTOpbie (opMabHO pPas3du-
patorca B nyuxmax 2.2.2-2.2.4. BHadajie moKa3aHO, 9TO MOXKHO PaCIOJIOXKHUTH
HEKOTOPBIN Irpad eJUHUIHBIX PACCTOSHUN ¢ XPOMATUIECKUM YHCJIOM 4YeThIpe 0e3
TPEyroJIbHUKOB Ha eIUHUYIHOI cdepe. 3aTeM OTMEUEHO, UTO ¢ ecju Obl IpK pac-
IOJIOXKEHUHU rpada B MNPOCTPAHCTBE HEKOTOPBIE €r0 BEPIIUHLI MOIJIM COBIAJIATD,
TO MOXKHO ObLJIO ObI TOCTPOUTH TPEXMEPHbBIH JIMCTAHIIMOHHBIN Ipad ¢ XpomaTuie-
CKUM YHCJIOM TIsiTh 0€3 TPeyroJbHUKOB. 3aBepIiaeT JI0Ka3aTe/IbCTBO MPOIELypa
“leBesieHns”; KOTopast 1Mo3BoJisieT n30aBUThCsi OT COBIA/IAIOITUX BEPITTUH.
dopmaJibHOE J0KA3aTEJILCTBO TOTO, UTO MOYKHO PACIOJIOXKHUTH HECKOJIHKO
JINCTaHIIMOHHBIX IrpadoB Ha cdepe, npusejieHo B nyuxme 2.2.2. [Tynxm 2.2.3 co-
JIEPYKUT HEKOTOPBIE BCIIOMOTraTebHbIE JIEMMbI, HEOOXOMUMbIE JIJIsi ONUCAHUS IIPO-

eIy phl “TeBeJIeHNsT , KOTOpasl IIPOBOJUTCA B nynkme 2.2.4.

TpeTbs riraBa nocBdAMEeHa B OCHOBHOM JIOKA3aTeJIbCTBY PE3yJIbTaTOB JIUC-
CepTaIyy JJIsd JUCTAHITMOHHBIX I'pad OB € OJIHUM U C HECKOJILKUMU 3alIPENIEHHbIME
PACCTOTHUSIMH B PACTYIIEH pa3MepHOCTH.

B napaepage 3.1 cojpepurcst 10Ka3aTebCTBO TeopeMbl 6, napaepad 3.2
MOCBSAIIEH JI0KA3ATE/ILCTBY TEOPEMBI 7, a napazpagd 3.8 — 10Ka3aTebCTBY TEOpe-
Mbl 8. B napazpage 3.4 obcyxKaaercst CBsI3b MEXKIy TeopeMaMu O rpadax ¢ OJHAM
M HECKOJbKUMHK 3allpelEHHbIMI paccTosinusiMu. B maparpade 3.5 mpejcrapiex

criocob pelleHus SKCTPeMaJIbHOM 3a/1aun, BO3HUKAOIIEH B Teopeme 8.
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