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Annoranus. I'padom Illnnna nasbiBaercs gucTaHnnoHHO perysspubiil rpad I' quamerpa 3, nmerontuit
BTOpOE coGCTBeHHOE 3HadeHue 01, paBHOE a = az. B sTom ciaydae a genur k m nonaraior b = b(T') =
k/a. FOpumua n Bumanu Hamm MaccuBbl epecedennii Q-nosmuomuanbubix rpados [umta ¢ by = co:
{2rt(2r + 1), (2r — D)(2rt +t 4+ 1),7(r + t);1,7(r 4+ t),t(4r*> — 1)}. OxHako MHOIHME MACCHBBI U3 ITOM
Ccepun He SIBJIAIOTCA JonycTuMbiMu. benoycos 1. H. m Maxues A. A. Hanmuim HOBY10 GECKOHEYHYIO CEPHUIO
JIOITYCTUMBIX MaCCHBOB Iepecedennii Q-mojnHoMuanbubix rpacos Iumta ¢ by = co (t = 2r2—1): {2r(2r? —
DEr+1),©2r —1)(@2r2r? — 1) 4+ 2r2),r(2r2 +r — 1);1,7(2r2 + 7 — 1), (2r% — 1)(4r® — 1)}. Tlpu r = 2
nosyuuM Maccus nepecedennit {140, 108, 18; 1,18, 105}. B pabore mokasano, 94To rpad ¢ TaKUM MaCCHBOM
TepecedeHnii He CyIeCTBYeT.

Kuaro4deBbie cjioBa: JUCTAHIIMOHHO PErysspHbBIA rpad, rpad 6e3 TpeyroJbHUKOB, TPOWHBIE YHCJIa ITepe-
CEYEeHMIA.
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1. BBeneHue

PaccmarpuBatorcss neopuenTupoBanubie rpadbl 6e3 meresib u KpaTHbIX pebep. s Bep-
muHbl a rpada I' gepes I';(a) 06o3HAIMM i-OKPECTHOCTH BEPIIMHBIL @, T. €. moarpad, WHJy-
nupoBaHHbIil [' Ha MHOYXKeCTBe BCeX BEpINNH, HAXOJSIIUXC Ha paccTosHum ¢ oT a. [Tosoxum
[a] =T1(a), at = {a} U]a).

[Iycre I' — rpad, a,b € T', uncio Bepumn B [a] N [b] o6o3na4vaercs yepes p(a,b) (depes
Aa, b)), ecin a, b naxongarcs Ha paccrosauu 2 (cmexubl) B I'. dasee, wHynupoBaHHBIH
[a] N [b] moarpad HasbiBaeTcs p-nodepagom (A-nodepagom). Ilycrs I' — rpad mmamerpa d,
i€{2,3,...,d}. I'pad I'; umeer 1O )Ke camoe MHOXKECTBO BEDIIH, U BEPIIUHBI U, W CMEKHbI
B I';, ecsn dp(u,w) = 1.

Eciu Beprinsbl u, w HaxoJgaTcst Ha paccrostHun i B I, To uepes b;(u, w) (uepes ¢;(u,w))
o6oznaunM [ncyo BepimH B nepecedennn [ q(u) (Ii—1(u)) ¢ [w]. I'pad I' quamerpa d na-
3BIBACTC QUCTNAHUUONHO Pe2YAAPHUIM ¢ Mmaccusom nepecevenuts {by, by, ... bg_1;¢1,...,¢q},
eciin 3HadeHns b;j(u,w) u ¢;(u,w) He 3aBUCAT OT BBHIOOPA BEPIIMH U, W HA DPACCTOSHUU i
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B I' gns moboro i@ = 0, ..., d. Ilomoxxum a; = k — b; — ¢;. SameTuM, 9TO AJIst JUCTAHIIMOHHO
perynsipaoro rpada by — 3To cremnenn rpada, ¢ = 1. Hajee, depes pﬁj(x,y) 0003HAYINM
gncso sepume B noarpade Ii(x) NTj(y) ansa Bepmmn x, Y, HAXOJAAIMXCA Ha PACCTOSHUE [
B rpade I'. B nucrannmonuno perysiaspaoM rpade gucia pé j (x,y) He 3aBUCAT OT BBIOOpA BEPIINH
T, 1, 0003HAYAIOTCS plij U Ha3bIBAIOTCS ucaamu nepecedennii rpada I' (em. [1]).

I'pacdom IlIunia HasbIBaeTCa TUCTAHIMOHHO peryasapHbli rpad I' amamerpa 3, umerommii
BTOpOoe cobCTBeHHOE 3HadeHue 01, paBHoe a = agz. B 3TroM ciydae a geauT k M IIOJIATaioT
b=0bT)=k/a. Hanee, a; = a — b u I' umeer maccus nepeceyenuit {ab, (a + 1)(b — 1), by;
1,c0,a(b — 1)}. B |2] naiimenbr maccusbl nepecedenuii Q-mosmaomuanbabix rpados [Hmiia
c by = 9.

ITpengoxxenne 1. ITycrs I' — rpac nwia ¢ by = ¢ u 03 = —b(b+1)/2. Torza b 1erHo,
Jutst b= 2r u cg = r(t +r) rpa¢p I' umeer maccup nepecedenmii

{2rt(2r + 1), (2r = 1)(2rt +t+ 1), r(r +1); 1, r(r +¢), t(4r* = 1)},

Jutst Jiro6oit Bepruabl u u3 I moarpag I's(u) siasiercss anTHIIONATBHBIM JIHCTAHIHOHHO PEry-
JISPHBIM C MaCCHBOM ITepecedeHut

{t2r+1), 2r =1 +1), 1, t+1,t2r+1)}, t<2r(r+1)2r—1)—r.

B cayitae t = r nmeem v = 1.

B [3] mokazano, 9T0 MacCHBBI IIepeceteHuit

{2rt(2r + 1), 2r —1)2rt +t+ 1), r(r+1); 1, r(r + 1), t(4r* — 1)}

{t@2r+1), 2r—=1)(t+1), 1; 1, t+1,t(2r +1)}

SIBJISIIOTCSL JonycTuMbiMu 1ipu ¢ = 212 — 1. B ciyuae 7 = 2 HOJIy9uM MACCHBBI llepecevueHmit
{140, 108,18;1,18,105} u {35,24,1;1,8,35} coorBeTcTBEHHO.
Crenyrolast TeopemMa sIBJISIETCSI OCHOBHBIM PE3YJIBTATOM PabOTHI.

Teopema 1. JlucraHimoHHO  peryjspHbIi rpagd ¢ MACCHBOM  HEPECeIeHU
{140,108, 18;1, 18,105} ne cymecrByer.

2. TpoitHble Yucaa nepecedeHuin

B Jl0Ka3aTesbeTBe TeOpeMbl HCIOJIb3YIOTCs TPOHbIE Yucia 1epecedeHunii [4].
[Iycts I' — pucranimonno peryispubiii rpad guamerpa d. Ecin wuy, us, 43 — BEpIITHHBI

rpacda ', r1, ro, r3 — HeoTpHUIATEIbHBIE IeJIble YUCa, He OoJibinue d, TO depes {iiﬁ;ﬁ;}

UL U2U3

] — YHUCJIO
17273

0603HaYNM MHOXKeCTBO BepinH w € I' takux, uro d(w,wu;) = r;, a depes [

BepmuH B { “1Y2U L Upenpa | “1Y2Y3 | pagpiBaroTcs TPOMHBIME YHCJIAMK Hepecedennii. JIs
r1r2Tr3 17273

uiru2u3

e ] 6yaem mucarsb [rq7ors]. K coxa-

bUKCHPOBAHHOM TPOUKU BEPIIUH U1, U2, U3 BMECTO [

JIEHUIO, JIJIsL quces [r17rors] Her obmux dopmysn. Oanako, B [4] npe/ioxken MeTo BBIYUCIEHHsT
HEKOTOPBIX {HCEJI [1'17273].

[Tycrs u, v, w — Bepmmnbl rpada ', W = d(u,v), U = d(v,w), V = d(u,w). Tak kax
MMEETCsl TOYHO OJIHA BepIIMHa ¥ = v Takas, 410 d(x,u) = 0, To aucno [0jh] pasno 0 wmm 1.
Orciona [0jh] = 6w dpy. Ananoruuno [i0h] = 6w opy u [i50] = 0705y .
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Jlpyroe MHOXKECTBO YpPaBHEHUII MOXKHO IOJIY9IUTh, (PUKCUPYsT PACCTOSTHUE MEXKJLY JIBYMSI
BEepIIUHAME U3 {U, v, W} ¥ COCUNTAB YMCJIO BEPIIUH, HAXOJSIIUXCS HA BCEX BO3MOXKHBIX Pac-
CTOSHUSIX OT TPETheit:

d d d

> lLjh) = p%, — [0jn), > [ilh] = pY, — [i0k], > [ijl] = pjj — [ij0]. (+)
=1 =1 =1

[Tpu sToM HEKoTOpBIE TpOiiKK Hcdezaror. [Tpu |i — j| > W nmm i+ j < W umeem p}/}/ =0,
nosromy [ijh] = 0 aust Beex h € {0,...,d}.
[Tomoxxmm

d
Sijh(u7v7w) = Z QTiQSthh[

r,s,t=0

uvw]
rst 1’

Ecim mapamerp Kpeiina qlhj =0, To Sjn(u,v,w) = 0.
BadukcupyeM BepIIMHbI U, vV, W JUCTAHIMOHHO pery/sprHoro rpadga I' nnamerpa 3 u no-
JIOZKUM
uow uvw Uwv vUw wuu
iy ={ "y g =[]y = | g =[] = [

B cayuasx d(u,v) = d(u,w) = d(v,w) = 2 wm d(u,v) = d(u,w) = d(v,w) = 3 BeIUUCIEHNE

qucest
UwWv VUW WU
.. I .. * .. ~ _
[ighl"=| . |, lijh]" =] .. wo [igh]™ =1 .
1hj jih hji
(cuMMeTpu3aIus MacCUBa TPOMHBIX YHCEN IIEePEeCevYeHmii) MOYXKET JIATh HOBbIE COOTHOIIEHMUS,
MTO3BOJISIONTNE JTOKA3ATh HECYIECTBOBaHME Ipada.

3. I'pad ¢ maccuBom nepecevennii {140,108, 18;1,18,105}

B stom pazmenre I' — aucTaHIMOHHO PeryaspHbIi rpad ¢ MacCHBOM IIepecedeHmin
{140,108,18;1,18,105}, u, v, w — Beprunsl rpada I' u [rst] = [%ﬂ Torma v = 1 + 140 +
8404144 = 1125, T umeer crexrp 140!, 3560, 5560 10594 i nyasnbmas maTpuia cobCTBEHHBIX

snauenuii rpacda I' paBaa

1 60 560 504

1 15 20 —-36
@= 1 0 =10 9

1 =15 35 =21

HeMMa 1. ,ﬂJIH quceJl riepecedeHu st Fpaqba BEpHbI paBEHCTBa:
(1) piy = 31, pyy = 108, ply = 108, p3y = 624, p33 = 36;

(2) pi, = 18, pi, = 104, pi; = 18, p3, = 627, p3, = 108, p3s = 18;
(3) p3, = 105, p3, = 630, p3y = 35, p3; = 105 u p3; = 3.

< HpHMI)Ie BBIYUCJIEHUA. >

[Iycrs u, v, w — Bepumnubl rpada I' u [ijh] = [232’} [Momoxkum A = T'z(u), A = As.

Torma A — peryssipusbrit rpad crenenu 105 wHa 144 BepmmHax.

JIemma 2. ITycrs d(u,v) = d(u,w) = 3, d(v,w) = 1. Torga BepHBI paBeHCTBA:

(1) [122] = —2r1 /3 + 136, [123] = [132] = 2r1/3 — 31, [133] = —2r1 /3 + 66;

(2) [211] = =2 /3 + 73, [212] = [221] = 2r1 /3 + 32, [222] = —1r1 /3 + 488, [223] = [232] =
—r1/3 4 110, [233] =r1/3 —5;
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(3) [311] = 2y /3—42, [312] = [321] = —2r, /3476, [322] = 1, [323] = [332] = —r1/3+29,
333] = 71/3 — 26,
e 1 € {78,81,84,87}.
< KoMIbloTepHble BBIYUCICHUS. [>
[To srlemme 2 mveenm 78 < [322] < 87.
JIemma 3. Ilycrs d(u,v) = d(u,w) = 3, d(v,w) = 2. Torza BepHBI paBeHCTBA:
(1) [122] = 2r9 + 8rg — 879, [123] = [132] = —2ry — 8rs + 984, [133] = 2ry + 8r3 — 949;
(2) [211] = 2ry + Trs — 945, [212] = [221] = —2ry — 613 + 1032, [213] = [231] = —r3 + 18,
[222] = 1o, [223] = [232] = 1o + 615 — 402, [231] = —r3 + 18, [233] = —ro — 53 + 489;
(3) [311] = —2r — Try + 963, [312] = [321] = 2 + 6r5 — 928, [313] = [331] = 73,
322 = — 31y — 83 + 1506, [323] = [332] = 1o + 23 — 474, [333] = —ra — 313 + 477,
e ro € {468,469, ...,477}, r3 € {0,1,...,3}.
< KoMIbloTepHble BHIYUCICHUS. [>
ITo nemme 3 mmeem 68 < [322] = —3ry — 8rg + 1506 < 102.
JIemma 4. ITycrs d(u,v) = d(u,w) = d(v,w) = 3. Torza BepHBI paBeHCTBA:
(1) [122] = 2r4/5 + 42, [123] = [132] = —2r4/5 + 63, [133] = 2r4/5 — 28;
(2) [212] = [221] = 2r4/5 + 42, [213] = [231] = —2r4/5 + 63, [222] = —Try/5 + 588,
223] = [232] = 74, [233] = —3ra/5 + 42;
(3) [312] = [321] = —2r4/5 + 63, [313] = [331] = 2r4/5 — 28, [322] = 74, [323] = [332] =
—3r4/5 + 42, [333] = r4/5 — 12.
<1 KoMnboTepHbIe BBIYUCIEHUA. [>
[To semme 4 [233] = —3ry/5 + 42 naer 3ry/5 < 42, [313] = 2ry/5 — 28 naer 42 < 3ry/5
u ry = 70. Orciona [333] = ry/5 — 12 =2 u A — pebepHo peryJsipHbiii rpad ¢ napameTrpamu
(144,105,2), npudem 68 < p(A) < 102. IIporusopedne ¢ Tem, uro unciao pebep mexy A(v)
u A — ({v} UA(v)) ne mennie 105 - 102 = 4420, no ne 6osbiure 38 - 102 = 3876.

Teopema 1 moxazana.
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Abstract. Distance-regular graph I' of diameter 3 having the second eigenvalue 01 = a3 is called Shilla
graph. In this case a = a3 devides k and we set b = b(I") = k/a. Jurishich and Vidali found intersection arrays
of Q-polynomial Shilla graphs with by = co: {2rt(2r 4+ 1), (2r — 1)(2rt +t + 1), 7(r +1); 1,7(r + 1), t(4r* — 1)}.
But many arrays in this series are not feasible. Belousov I. N. and Makhnev A. A. found a new infinite
series feasible arrays of Q-polynomial Shilla graphs with by = c2 (t = 2r2 —1): {2r(2r% — 1)(2r + 1), (2r —
D2r2r? —1)+2r%),r2r2 +r — 1);1,7(2r? +r — 1), (2r? — 1)(4r* — 1)}. If r = 2 then we have intersection
array {140, 108, 18;1,18,105}. In the paper it is proved that graph with this intersection array does not exist.

Key words: distance-regular graph, triangle-free graph, triple intersection numbers.
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