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O TPA®AX IIIMJIJIA C b =6 U1 by # cp?
B. B. Burkuna, A. K. I'yTHoBa

I'pacdom lnsuta HasbiBaeTCs JUCTAHIMOHHO perynsapublii rpad I' (¢ BasenTHOCTBIO k) Auamerpa 3, MMeIO-
it Bropoe cobcrBenHoe 3Hadenue 01, pasHoe a = az. B aTom ciayvae a menur k u mosarator b = b(I') = k/a.
I'pad Inmia umeer maccus nepecedennit {ab, (a+1)(b—1), b2; 1, c2,a(b—1)}. dx Kymen u 2K. ITak nokaszau,
9TO I 3aJlaHHOTO 4ucja b cyiiecTByeT TOJIBKO KoHedHoe 4ucyo rpados Ilura. JonycTuMble MacCUBBI Ie-
peceuennii rpados Hunna qs b € {2, 3} naitnens: B craree k. Kynena, 2K. ITaka. B crarbe A. A. MaxHesa,
1. H. Besloycosa HaiiieHbI 10IIyCTUMbIE MaccuBbl epeceuennit rpados [uta quis b € {4, 5}. Tam ke noka3ano,
aro Q-nosuHoMuasbHbe rpadbl [nuia ¢ b = 5 He cylecTBYOT, a Tak»Ke HaiiieHbl Q-TIOIMHOMUAJIBHBIE IPadbl
ITwa ¢ b = 6. Q-nosmmaoMuasbeblit rpad nsuta ¢ b = 6 nmeer Maccus nepecedenuii {42¢, 5(7t + 1), 3(¢ +
3);1,3(t + 3),35t}, toe ¢ € {7,12,17,27,57}, {372,315, 75; 1, 15,310}, {744, 625,125; 1, 25,620}, {930, 780, 150;
1,30,775}, {312,265, 48; 1, 24, 260}, {624, 525, 80; 1, 40, 520}, {1794, 1500, 200; 1, 100, 1495} niu {5694, 4750, 600;
1,300, 4745}. Panee 6b110 0Ka3ano, uro rpadbl ¢ MaccuBamu nepecedennii {372, 315, 75; 1,15, 310}, {744, 625,
125; 1, 25,620}, {1794, 1500, 200; 1,100, 1495} u {42¢,5(7t + 1), 3(¢t + 3); 1, 3(¢t + 3), 35t} He cymecrByor. B pa-
6oTe IOKa3aHO, YTO JUCTAHIMOHHO pery/spHble rpadbl ¢ MaccuBaMu mnepecedenuii {312, 265,48;1, 24,260},
{624, 525, 80; 1, 40, 520} u {930, 780, 150; 1, 30, 775} He CylIeCTBYIOT.

Kurouesnie cnosa: rpad luwuia, qucraninoHHO peryssipHblil rpad, Q-noaMHOMHUANIBHBINA Tpad.
V. V.Bitkina, A. K. Gutnova. On Shilla graphs with b =6 and b2 # c2.

A Shilla graph is a distance-regular graph I" (with valency k) of diameter 3 that has second eigenvalue 61
equal to @ = a3. In this case a divides k and the parameter b = b(I') = k/a is defined. A Shilla graph has
intersection array {ab, (a +1)(b —1),b2;1,c2,a(b—1)}. J. Koolen and J. Park showed that for fixed b there are
finitely many Shilla graphs. Admissible intersection arrays of Shilla graphs were found for b € {2,3} by Koolen
and Park in 2010 and for b € {4,5} by A.A. Makhnev and I.N. Belousov in 2021. Makhnev and Belousov also
proved the nonexistence of @-polynomial Shilla graphs with b = 5 and found @Q-polynomial Shilla graphs with
b = 6. A Q-polynomial Shilla graph with b = 6 has intersection array {42t, 5(7t+1), 3(t+3); 1, 3(¢t+3), 35t} with
t e {7,12,17,27,57}, {372, 315, 75; 1,15, 310}, {744, 625, 125; 1, 25,620}, {930, 780, 150; 1, 30, 775}, {312, 265, 48;
1,24,260}, {624, 525, 80; 1, 40, 520}, {1794, 1500, 200; 1, 100, 1495}, or {5694, 4750, 600; 1, 300, 4745}. The nonex-
istence of graphs with intersection arrays {372, 315, 75; 1,15, 310}, {744, 625, 125; 1, 25,620}, {1794, 1500, 200; 1,
100, 1495}, and {42t,5(7t+1), 3(t+3); 1, 3(t+3), 35t} was proved earlier. We prove that distance-regular graphs
with intersection arrays {312,265, 48; 1,24, 260}, {624, 525, 80; 1,40, 520}, and {930, 780, 150; 1,30, 775} do not

exist.
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BBenenune

PaccmarpuBarorcst HeopueHTHpPOBaHHBIE Tpadbl O0e3 ImeTeIb U KPATHBIX pebep. st BepmmHbL a
rpada I" yepes I';(a) ob6o3HaIMM i-OKPECTHOCTD BEPIIUHBI @, TO €CThb, MoArpad, WHIYIMPOBAHHbIH '

Ha MHOJKECTBe BCeX BepIIHH, HAaXOJAMEXCA Ha paccToanmn i ot a. Homoxum [a] = ['i(a), at =

{a} U][a].

[Iycrs T' — rpad, a,b € T, uncio Bepmun B [a] N [b] obosHauaercs vepes u(a, b) (uepes A(a, b)),
eca a,b HaxomsTest Ha paccrosinuu 2 (cmexkubl) B I'. Jasee, unaynupoBanubiit [a] N [b] moarpad
HaszbIBaeTCst i-nodzpagom (A-nodepagom). Ilycrs I' — rpad muamerpa d, i € {1,2,...,d}. I'pad T
UMEeT TO YK€ CaMOe MHOYKECTBO BEPIINH, U BEPIIUHBL U, w cMexkubl B I, ecam dp(u, w) = i.

!Pabora BrImoIHeHa IpH (PUHAHCOBON IOAIep:KKe MUHHECTEpCTBa HAyKH U BHICIIEro obpasoBanusa PO,

coryamenne Ne 075-02-2022-890.
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Ecyin Bepimmubl u, w HaXousTCs Ha paccroguun i B I, To uepes b;(u,w) (uepes ¢;(u,w)) obo-
sHaunM uncio Bepimd B nepecedennn Lii1(u) (Ii—1(u)) ¢ [w]. pad T' quamerpa d nasbiaercs
AUCTNAHYUOHHO pe2yaapHbim ¢ maccusom nepecevenut {by, by, ..., bg_1;¢C1,...,Cq}, €cu 3HAUCHUST
bi(u, w) u ¢;(u, w) HE 3aBUCAT OT BHIOOPA BEPIINH U, W HA paccrosuu i B I s moboro i = 0, ..., d.
[Monoxum a; = k — b; — ¢;. 3amerum, 9TO JJIsi TUCTAHITUOHHO PEryJisipHOro rpada by — 9TO CTerneHb
rpada, a; — cTenensb JoKaabHoro noarpada (okpecraoctn Beprmuusl). daee, gepes pﬁj (z,y) obo-
3Ha4unMM ducyio Bepume B noarpade I'y(x) NT;(y) ans Bepimun , Yy, HAXOQANMXCS Ha PACCTOSHUN |
B rpade I'. B aucranmuonno peryaspuom rpade I' qucia pﬁj(a:, Y) He 3aBUCSAT OT BBIOOpA BEPINUH
Z,y, 0b03HAUAIOTCST pﬁj U Ha3BIBAIOTCs Yucaamu 1epecedennii rpada I' (em. [1]).

I'pacdom [Innna HA3BIBAETCA AUCTAHIIMOHHO PEry/sipHblii rpad ' amamerpa 3, mMmeroniuit BTopoe
cobcTBenHOE 3HaueHue 01, paBHoe a = a3. B aroMm ciyuae a genmr k u nonarator b = b(I') = k/a.
Hanee, a; = a—bu I' umeer maccus nepeceuennii {ab, (a+1)(b—1),ba; 1, ¢ca,a(b—1)}. domycrumbie
MmaccuBbl nepecedenuii rpados Hmina naitnenst B 2] ms b € {2,3} u B (3] mia b € {4,5}. B [3]
JIoKa3aHo, uTo Q-mosmHOMua bHble rpadbl [Humuia ¢ b = 5 He cymecrByioT. Tam ke HaiijeHbBI
Q-nommaOMuaTbHbIe Tpadbl Humna ¢ b = 6.

IIpennoxenue 1 [3, Theorem 1. Q-nosuromuarvhwd epad lusra ¢ b = 6 umeem maccus
nepecevenull

(1) {42t,5(7t +1),3(t + 3); 1,3(t + 3),35t}, 2de t € {7,12,17,27,57};
(2) {372,315,75;1,15,310}, {744,625,125; 1, 25,620} wau {930,780,150; 1,30, 775};

(3) {312,265,48;1,24,260}, {624,525,80;1,40,520}, {1794, 1500, 200; 1,100, 1495} wau {5694,
4750, 600; 1, 300, 4745}

B pa6ore uzyuatorcs Q-nosmHomuaiabable rpadbl Hlnina ¢ maccuBamu nepecedennii {312, 265,
48;1,24,260}, {624, 525,80;1,40,520} u {930, 780, 150; 1,30, 775}.

Teopema 1. Jlucmanyuonno pezyasproie epaguoi ¢ maccusamu nepecevenuti {312,265, 48; 1,24,
260} u {624,525,80;1,40,520} ne cywecmeyrom.

Teopema 2. Jlucmanyuonno pezyasphudi epag ¢ maccusom nepecevenut {930,780, 150; 1, 30,
775} me cywecmsyem.

1. Tpoitable Ynca nepecedeHmin

B jokazaresbeTBe TEOPEMbI UCIIOJB3YIOTCs TPOHbIE Yncia nepecedenuii [4].
[Iycrs I' — aucranmuonno pery/sipubiii rpad auamerpa d. IlycTs uy, us, ug — Bepiunbt rpada I,

Uru2u3
71, T2, '3 — HEOTPUIATEILHBIE IIeJIble UnCIa, He Oobinne d. Yepes 0003HAYNM MHOXKECTBO
r1rars
uju2U3 uiju2u3
Bepriua w € I' rakux, aro d(w,u;) = r;, a depes3 — YHCJI0 BEPIINH B . Yncna
17973 rrars

Ujuguz . . . "
[ HAa3BIBAIOTCS TPOMHBIME YHMCJIaMu TepecedeHuil. st pukcupoBaHHO TPOWKM BepIInH
rirars

Uyu2u3

U1, Ug, U3 BMECTO [ ] 6yaem tmcarh [rirors]. K coxkanenuto, mjist aucen [rirors] HeT 00X

r17r2T3
dopmyi. Onako, B [4] U3102KeH MeTO BBIYUCIEHUs] HEKOTOPBIX YUCeJl [1172r3)].

[Iycrb u, v, w — Bepuunbl rpada I', W = d(u,v), U = d(v,w), V = d(u,w). Tak kak nmeercst
TOYHO OJIHA BepIuHa & = u Takas, 4ro d(x,u) = 0, to uucio [0jh] pasao 0 mwmu 1. Orcrona
[0jh] = 6;wony. Anamoruano, [i0h] = 6w py u [i50] = S djy.
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Jlpyroe MHOXKECTBO yPABHEHUI MOYKHO IIOJIY YU Th, (DUKCUPYST PACCTOSTHIE MEXKTY JBYMsI BEPIIHU-
HaMU U3 {u, v, w} ¥ COCYMTAB YUCJIO BEPIIUH, HAXOAIINXCS HA BCEX BO3MOXKHBIX PACCTOSHUAX OT
TpeTbeil:

d
> [ijh) = pY, — [0jhl,
l
d
> "[ith] = p}y, — [i0n], (+)
l
d
> ligl) = piy — [i50).
l

[Tpu srom HekoTOpBIE TpoOiiku ucuesator. [pu |i — j| > W wm i + j < W umeem pl‘-/][-/ = 0,
nosromy [ijh] = 0 st Beex h € {0,...,d}.
[Honoxum

d
Sijn(u, v, w) = Z Qm'Qszth{

r,s,t=0

uvw]
rst 1

Ecim mapamerp Kpeitna qlhj =0, 10 Sj;jp(u,v,w) = 0.
Badukcupyem BepIIUHBI U, U, W JUCTAHIMOHHO perynsiproro rpada [ qmamerpa 3 u mooxkum

o= {51}

uvw uvw uvw uvw
= [ |y =)y = )= [ (%)
B cayuasx d(u,v) = d(u,w) = d(v,w) = 2 wm d(u,v) = d(u,w) = d(v,w) = 3 BeIYUCIEHNE TNCEIT
L ww]| .. uvw . (o
[igh]" = [ l, [ijh]* = [ i ] u [ijh]™ = [ .. | (cmMMmerpusanumst MaccHBa TPOWHBIX HHCEIT

ihj jih hji
HepeceveHnii) MOXKeT IaTh HOBBIE COOTHOIIEHNSI, TIO3BOJISIONINE JTOKA3aTh HECYIIeCTBOBAHIE Ipada.

2. TI'pad c maccuBom {312,265,48; 1,24, 260}

[Tycrs I' — nucraniuoHHO peryssipblii rpad ¢ MmaccuBoM nepecedennii {312, 265, 48; 1,24, 260} .
Tak kax muorousen Tepsuamrepa (cu. [5]) pasen — (22 — 20z +244) (50 — 48) (x +6), To HerIaBHbBIC
coOCTBEeHHbIE 3HAUEHNs! JIOKAJILHOrO nojarpada sexar B [—6,48/5) U {46}.

Hasee, I' siBisiercst hopmaabHO camopyasibHbiM rpadom, umeer 1 + 312 + 3445 + 636 = 4394
BepmmH, crektp 3121, 52312 03445 96636 1 nyanpryio Marpuily cobCcTBEHHBIX 3HAMEHMI

1 312 3445 636

1 52 0 =53
@= 10 =13 12

1 -26 65 —40

Jlemma 1. /Jlaa wucen nepeceuenuti epaga I' svinoanaomes pasencmea
(1) piy = 46, py; = 265, pyy = 2650, p3, = 530, piy = 106;

(2) pfy = 24, pi, = 240, pis = 48, p3, = 2712, P35 = 492, p35 = 96;

(3) Py = 260, pi; = 52, p3y, = 2665, p3; = 520, p3y = 63.

HJoxkaszarenbctTso ciaeayer us gemmsr 4.1.7 [1]. g

UVW

; ], Q =T9(u) u A =T'5(Q) — rpad, y koToporo
rs

MHOXKECTBO BEPIIUH COBIIAJAET ¢ MHOXKECTBOM BEPINMH y §), U ABE BEPIIUHLL T U Y B HEM CMEXKHLI
Torma u TONbKO Torma, Korga dr(z,y) = 2. Torma A — perynspusiii rpad cremenn 2712 ma 3445

BepHainHax.

I[Tycrs w, v, w — Bepumubl rpada I, [rst] = {
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JIemma 2. ITyemov d(u,v) = d(u,w) = 2, d(v,w) = 1. Toeda evnoanaomecs pasencmea
[111] = —3r3/10 — 14 /5 +48/5, [112] = [121] = 3r3/10 + 14/5 + 72/5,

[122] = —23r3/10 — r4/5 + 1008/5, [123] = [132] = 23 + 24, [133] = —2r3 + 24;
[211) = —7r3/10 + ry/5 + 182/5, [212] = [221] = Tr3/10 — ry/5 + 1013/5,
[222] = 13r3/10 — 4ry /5 + 10497/5, [223] = [232] = —2r3 + 14 + 410, [233] = 2r3 — ry + 82;
[311) = r3, [312] = [321] = —rg+48, [322] = ry+r4+348, [323] = [332] = —ry+96, [333] = 14,

eders € {0,2,...,12}, rqy € {0,1,...,48} u wucao 3rs + 2ry + 4 deaumcsa na 10.

Hokaszareasbctso. Yuporerue Gopmya (4) ¢ UCIOIB30BAHUEM YHCEJI [IEPECEeUCHHUI,
IOy IE€HHBIX B JIeMMe 1, a Tak»ke C yIeTOM PaBEHCTB

S113(u, v, w) = Si31(u, v, w) = S311(u, v,w) = 0. (%)
ITo nemme 2 mmeem 2061 < [222] = (1373 — 8ry 4+ 20994)/10 < 2115.
JIemma 3. ITyemw d(u,v) = d(u,w) = d(v,w) = 2. Tozda svnoanaomecs pasencmea
[111] =77, [112] = —3r10/5 + 3r11/10 — 37 — 27 /5 + drg /5 + 24,

[113] = 3r10/5 — 3r11/10 + 2r7 4 2rg /5 — 419 /5,
[121] = —ry9 — 7 + 24,  [122] = 8r19/5 + 7r11/10 + 3r7 + 2rg /5 — 419 /5 + 168,
[123] = —3r10/5—"Tr11/10—2r7—2rg/5+4rg/5+48, [131] = 119, [132] = —ri9—r11+48, [133] = r11;
[211] = —3r10/5 + 4r11 /5 — 37 — 27 /5 + 3r9/10 + 24,
[212] = 2r10/5 — 17711 /10 4+ 9r7 + 8rg/5 — 17rg /10 + 168,
[213] = r10/5 + 9711 /10 — 6r7 — 618/5 + Trg/5 + 48,
[221] = 8r10/5 — 4r11/5 + 3r7 + 2rs /5 + Tro/10 + 168,
[222] = —Tr10/5 + Tr11/10 — 9r7 — 1318 /5 + Tro/10 + 2195,
[223] = —710/5 4 711/10 + 617 4+ 1178 /5 — Tro /5 + 348,
[231] = —ri9 — 19 +48, [232] =119+ 7111 + 18+ 19+ 348,  [233] = —r11 — 13 + 96;
[311] = 3r10/5—4r11 /54 2r7 +2rg/5—3r9/10,  [312] = r19/5+ Tr11/5—6r7 — 6rg3/5+ 9rg /10 + 48,
[313] = —dr10/5—3r11/5+4drg+4rg /5—3r9 /5,  [321] = —3r10/5+4711/5— 27— 218 /5—Trg /10+48,
[322] = —r10/5—"Tr11/5+6r7+11rg/5+719/10+348,  [323] = 4r19/5+3r11/5—4r7—9rs/5+3r9 /5496,
331) =719, [332] = —rg —79+96, [333] =rs,

2dery,rio € {0,1,...,24}, rs € {0,1,...,76}, ro,m11 € {0,1,...,48} w wucao 4rig+3r1; —4rg—2rg
deaumes na 10.
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Hokasareasncrtso. Yuporenue dopmys (+) ¢ yaerom pasercts (**). O
[To semme 3 umeem 1748 < [222] = (—14r19 + Tri1 — 26rs + Trg) /10 — 9r7 + 2195 < 2262. Tax
kak {v,w} UA(v) UA(v) comepxkur 5424 — [222] Beprunn, To 1979 < [222].

Cummempusayus. Tlo nemme 3, ucnosnb3ys dopmysbt (*), umeem paBeHCTBa
M) =r=r,=ri=r7, [138]]=r=ry, [133]=r1="r]y, [331]="r9=r],

[333] =rg =1 =75 =13, [133] =111 =71}y =[331] =17

Orciona 111 =1}y =195
Hauee,

[112) = —=3r10/5 + 3r11/10 — 3r7 — 2rg /5 + 4rg /5 + 24 = [121]' = —rjy — 1} + 24,

nosromy (—6r1 + 3ri1 — 4rg + 8rg) /10 — 2r7 +rjy = 0 u —6r19 — 4rg + 19 genures ua 10. ITosromy
YHCJIO T'g YETHO.
AHaJIOrUvIHO,

[112] = (—6r19+6r11—30r7 —4rg+8rg) /10424 = [211]~ = (—6r])+8r]; —30ry —4rg’+3rg’) /10424,

nosromy 6111 + 8rg = 8r7y + 3rg urg = 0.
Yucmo —riy +rg + 3rg” = —rig + rg + 3r11 gemurcea na 10, mosromy —ri1g + rg geaurcs na 10.
[ToxcunTaem uncio d map BepIINH Y, z Ha paccTossHUU 3 B rpade €2, rae y € {?2“1}} nzeE {g;}
C ogmmoit croponbl, 1o JemmMe 2 umeeM [223] = —2r3 + rg + 410, tme r3 € {0,2,...,12}, ry €
{0,1,...,48} u uucno 3rs + 2r4 + 4 nenurca Ha 10, mosromy 44640 = 240(—24 + 210) < d <
240(48 + 410) = 109920. C apyroii CTOPOHBL, 110 JeMMe 3 UMeeM

213] = (2719 — 60r7 — 1278)/10 + 48,
nosromy 44640 < d =Y. (2r}, — 60rt — 12r)/10 + 130176 < 109920. Orcrona

202560 < > (—2ri, + 60r + 12r) < 855360 m 74.69 < Y (—2riy + 60rk + 12r§)/2712 < 315.4.

Takum ob6pazom, 55.469 < >~ .[213]" < 79.54. [Ipotusopeune ¢ Tem, uto [231] = —ryg—r9 +48 < 48.
Urax, AUCTAHIMOHHO pery/spHbIil rpad ¢ maccuBoM mepecedenuii {312,265,48;1,24,260} ne
CyIIECTBYET. O

3. I'pad c maccuBom {624,525, 80; 1,40,520}

[Tycrs I' — nucrannnonno perynsipablii rpad ¢ MmaccusoM nepeceuennii {624, 525, 80; 1, 40, 520}.
Tak kak MHorowren Tepsuimrepa (cm. [5]) paBern —5(x 4 6)(x — 14)(x — 20)(z — 34), To HErIaBHBIE
cOOCTBEHHBIE 3HAUEHHUsI JIOKAJIbHOTO mojrpada Jjexar B [—6,14] U {20} U {98}.

Jasee, I umeer 1 + 624 + 8190 + 1260 = 10075 BepmmH, crrexTp 6241, 104372 47098 962604
JIyAJIbHYIO0 MATPUILy COOCTBEHHBIX 3HAYCHUI

1 372 7098 2604
162 9172 —217)2

@=11 0o —e53 62/3
1 —31 338/3 —248/3

3aMeTHM, YTO KpaTHOCTb M| = 372 cobcrBennoro 3nadenus 6 = 104 mennine k. [lo crencrauio
teopemsl 4.4.4 u3 [1] jist b = by /(61+1) = 5 rpad ¥ = [u] umeer coberennoe 3uadenne —1—b = —6
KpPATHOCTH 110 KpaiiHeit mepe k — m1 = 520.
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Jlemma 4. Jlas wucen nepecevenuts epaga I' svinosnaomes pasencmea
(1) p!, = 98, pl, = 525, pl, = 1050, pl, = 6615, pky = 210;

(2) p}, =40, p?, = 504, p}; = 80, p3, = 6665, p3; = 1020, p3, = 160;
(3) p3y = 520, piy = 104, pd, = 6630, pdy = 1040, p; = 115.

HoxkaszareunbcTso cienyer us gemmsr 4.1.7 [1]. O

uvw]’ A =T3(u) u ¥ = Ay. Torna ¥ — peryusip-

[Tycrs u, v, w — Bepimubl rpada I, [rst] = [ ;
rs

weIil Tpad cremenn 1040 ma 1260 BeprimHax.

JIemma 5. ITycmo d(u,v) = d(u,w) = 3,d(v,w) = 1. Toeda svinoanaomesn pasercmesa:
[122] = 4/3 793 + 1300/3, [123] = [132] = —4/3r93 +260/3, [133] = 4/3 123 + 52/3;
[211] = 2/3 193 +230/3, [212] = [221] = —2/3 13 + 1330/3, [222] = —5/3 73 + 16015/3,
[223] = [232] = 7/3rog +2545/3, [233] = —7/3ro3 + 575/3;
[B11] = —2/3 193 + 64/3, [312] = [321] = 2/3re3 +245/3, [322] = 1/3ra3 + 2530/3,
[323] = [332] = —ra3 + 115,  [333] = ras,
2de ro3 € {0,1,...,32}.
Hokaszareasbctso. Yuporerue dopmy (4) ¢ UCIOIB30BAHUEM YHCEJI [IEPECEUCHHUI,

[OJIyYeHHBIX B JIeMMe 4, a TaKyKe C yIeTOM PABEHCTB (#x). O

ITo semme 5 mmeem 844 < [322] = (13 + 2530)/3 < 854.
JIemma 6. ITycmov d(u,v) = d(u,w) = 3,d(v,w) = 2. Tozda evinosnsomea paseHcmea:
[122] = —16/11r35 + 4/11 733 + 4860/11, [123] = [132] = 16/11 732 — 4/11 135 + 860,11,

[133] = —16/11 13 + 4/11 155 + 284/11;
211] = —rgo +40, [212] = 221] = 17/11rgp + 4/11 133 + 4420/11,

213] = [231] = —6/1173p — 4/11 733 + 860/11, [222] = —T/11rgp — 23/11 733 + 5939511,
223] = [232] = —10/11 733 + 19/11 53 + 9115/11,  [233] = 16/11 135 — 15/11 133 + 1465/11;

311] = 130, [312] = [321] = —17/11 13 — 4/11 155 + 1124/11,

[313] = [331] = 6/11 135 + 4/11 733 +20/11, [322] = 23/11 730 + 19/11 733 + 9060/11,
323] = [332] = —6/11rg0 — 15/11 15 + 1245/11,  [333] = 133,
ede r3y € {0,1,...,35}, r33 € {0,1,...,83} ursy—3rss+ 7 deaumesa na 11.

Hoxkazarenbctso. Yupomenue GopMys (+) ¢ y4eTOM paBeHCTB (k). O
ITo smemme 6 mmeem 824 < [322] = (23732 + 19733 + 9060) /11 < 1039.
[Moacunraem aucsio d map BepiuH y, 2 Ha paccrosauu 1 B rpade A, te y € {12“1)} uze {;;}}

Hamomunm, gTo p‘;’g = 104, pg’g =1040 pgg = 115. C omHoii cToponsl, 1o jemme 5 umeem [221] =
(—2r93+1330)/3, tme o3 € {0,1,...,32}, 3naunt, 43888 = 104(—64+1330)/3 < d < 104-1329/3 =
46072. C apyroit croponsl, 1o jsemme 6 umeem [211] = —r3g + 40, mosToMy

43888 < d = — ) rhy + 41600 < 46072;
i
IIPOTHBOPEYNE.
Urax, AUCTAHIMOHHO pery/sipHbIil rpad ¢ maccuBoM mepecedenuii {624,525, 80;1,40,520} ne
CyIIECTBYET. O
Teopema 1 nokazaHa. ]
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4. T'pad c maccuBom {930, 780, 150; 1,30, 775}

[Tycrs I' — mucrannmonHo perysisipublii rpad ¢ maccusom niepecedennit {930, 780, 150; 1, 30, 775} .
Tak kak mHorowien Tepsuiumurepa (cm. [5]) pasern —30(z+6)(z+1)(x —25)(x —119), To HeraBHbIE
coOCTBEHHbIE 3HAYMEHHs JIOKAIbHOrO noarpada Jexkar B [—6, —1] U {25} U {149}.

Haiee, I' sBaserca dopmaibao camoayabHbIM rpacdom, umeeT 1+ 930 + 24180 + 4680 = 29791

Bepruy, cuektp 9301, 155930, 024180 314680 1 vanpmyio Marpuily cOGCTBEHHBIX 3HAYMEHHIT

1 930 24180 4680
|1 155 0 —156

@=11 0o -3 30
1 —31 155 —125

Jlemma 7. Jlaa wucea nepecevenudi epaga I' evinoanaromen pasencmea

(1) pi; = 149, pl; = 780, piy, = 3900, pi, = 19500, pi; = 780;

(2) p¥ = 30, pi, = 750, piy = 150, p3, = 19649, p3, = 3780, pi; = 750;

(3) p3y = 775, p3; = 155, p3, = 19530, p3; = 3875, p3; = 649

HoxaszareunbcTso ciaeayer us aemmsr 4.1.7 [1]. O

uvw}’ Q=T9(u) u A = Qy. Torma A — peryisip-

[Tycrs u, v, w — Bepmunbl rpada I, [rst] = [ ;
rs

HbIit Tpad crenenu 19649 wa 24180 BepmmHax.
JIemma 8. ITyemo d(u,v) = d(u, w) = 2,d(v,w) = 3. Tozda svinoanaomea pasencmea:
[112] = r12/24 — 3/2r13 — 9/207r14 — 2075/24, [113] = —r12/24 4+ 3/27r13 + 9/20 714 + 2795/24,
[121] = —r13+ 30, [122] = —r19/24 + 15r13/2 4+ 29/20 714 + 15755/24,
[123] = r12/24 — 13/2r13 — 29/20 14 + 1525/24, [131] = ry3,
[132] = —67113 — r14 + 180, [133] = 5ry3 + r14 — 30;

[212] = —r12/24 + 3/27r13 +29/20 14 + 17075/24,  [213] = 112/24 — 3/27113 — 29/20 714 + 925/24,
[221] = br12/24 —3/27113 —5/41r14 +305/24, [222] = —23r12/24 — 3r13/2 —29/20 14 + 454501 /24,
[223] = 3r12/4 + 3713 +27/10714 + 2795/4, [231] = —br12/24 + 3/27113 + 5/4 114 + 17695/24,
[232] = r12, [233] = —19r12/24 — 3r13/2 — 5/4r14 + 73001/24;

[312] = —ry4 + 150, [313] = ry4, [321] = —5r12/24 4+ 5/2r3 + 5/4 114 + 17575/24,

[322] =119 — 6113 — 65, [323] = —19r12/24 + 7/27113 — 5/4 114 + T4705/24,

[331] = 5r19/24 — 5/21r13 — 5/4114 — 13975/24,  [332] = —rig + 6713 + r14 + 3695,

[333] = 19r12/24 — 7/2r13 + 1/41r14 — 56705/24,
2de 19 € {2975,2976,...,3779}, 13 € {0,1,...,30}, 4 € {0,5,10,...,130} u wucao 5ria +

60713 — 54r14 — 55 deaumca na 120.

Hokasareasbctso. Yuporerue dopmyi (4) ¢ UCIOIB30BAHUEM YHCEJI [IEPECEUeHHUI,
[OJIyYeHHBIX B JIEMMe 7, & TaKyKe C YIeTOM DABEHCTB (#x). g

ITo nemme 8 mmeem 15083 < [222] = —23r12/24 — 3r13/2 — 29714 /20 + 454501 /24 < 16086. Tak
kak {v,w} UA(v) UA(v) comepxur 39300 — [222] BepmuuH, To 15120 < [222].
Yucio d pebep mexxay A(w) u A — ({w} U A(w)) ynoBiaerBopsier HepaBeHCTBAM

68602350 = 750 - 15265 + 3780 - 15120 < d < 750 - 16013 + 3780 - 16086 = 72814830,
3491.39 < 19648 — A < 3705.8 m 15942.2 < X < 16156.61,

rjge A — cpejnee 3HadeHne napamerpa A(A).
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JIemma 9. ITyemov d(u,v) = d(u,w) = d(v,w) = 2, 79 = 5s. Tozda svinoanaomca pasencmsa:
[111] = r7, [112] = —19r10/6 + 445/6 — 6r7 —rg/6 + 30, [113] = 19719/6 — 44s/6 + 5r7 + 15/6,

[121] = —r10 — 77 + 30, [122] = 25110/6 — 145/6 + 617 + 15/6 -+ 570,

[123] = —19r10/6 + 145/6 — 57 — rg /6 + 150, [131] = 10, [132] = —r10 — 5s + 150, [133] = 5s;
[211] = —19719/6 + 445/6 — 617 — 13 /6 + 30,  [212] = 103r19/6 — 139s/3 + 3617 + 7rg /6 + 570,
[213] = — 14710 + 395 — 30r7 — rg + 150,  [221] = 25710 /6 — 195/6 + 617 + 15/6 + 570,

222] = —109r10/6 -+ 109s/3 — 3677 — 13r5/6 + 16198,  [223] = 14710 — 345 + 30r7 + 2rg + 2880,
[231] = —r10 — 55 + 150,  [232] = r10 + 10s + 75 + 2880, [233] = —5s — 15 + 750;

[311] = 19r10/6 — 445/6 + 5r7 +rg/6, [312] = —14ri9 + 39s — 30r7 — rg + 150,

[313] = 65710/6 — 1905/6 + 251 + 575 /6, [321] = —19r10/6 + 145/6 — 5r7 — 15/6 + 150,
322] = 14719 — 345 + 3017 + 2rs + 2880,  [323] = —65r10/6 + 190s/6 — 2577 — 11rg /6 + 750,
331] = 5s, [332] = —rs — 5s + 750, [333] = rs,
2de r7 € {0,1,...,30}, o € {0,3,...,30}, rg € {0,3,...,672}, s € {0,6,...,30} u wucao rig —rg

deaumces Ha 6.
Hoxaszareubctso. Yupomenue dpopmys (+) gaeT paBeHCTBa
[111] =77, [112] = —19710/6 + 19711 /30 — 617 — 13/6 + 5/6 19 + 30,

[113] = 19710/6 — 19711 /30 + 517 + 1/615 — 5/6 79,  [121] = —110 — 17 + 30,
[122] = 25r10/6 + 11711 /30 + 617 + 15/6 — 5/6 19 + 570,
[123] = —19r10/6 — 11711 /30 — 5r7 — r3/6 + 5/6 19 + 150,
[131] = ri0, [132] = —r19 — 711 + 150, [133] = r11;
[211] = —197r19/6 + 5711/6 — 617 — 18/6 + 19/30 79 + 30,
[212] = 103r10/6 — 13971, /30 + 3617 + Trs /6 — 139r9 /30 + 570,
[213] = —14r10+19r1, /5—30r7 —rg-+419+150,  [221] = 25110,/6—5r11 /6461718 /61179 /30570,
[222] = —109r10/6 + 109711 /30 — 367 — 1375 /6 -+ 10979 /30 + 16198,
223] = 14110 — 14711 /5 + 3077 + 275 — Arg + 2880, [231] = —r10 — 79 + 150,
[232] =110 + 711 + r8 + 719 + 2880, [233] = —r11 — 18 + 750;
[311] = 19r10/6—5711/6+5r7+1/671§—19/30719, [312] = —14r19+4r11 —307r7—rg+19/57r9+ 150,
313] = 65r10/6 — 19711 /6 + 2517 + 5r5/6 — 19/6 7,
321] = —19r10/6 + 5711 /6 — 517 — 15 /6 — 11/30 779 + 150,
322] = 14110 — 4r11 + 3077 + 275 — 14/579 + 2880,
323] = —65110/6 + 19711 /6 — 2517 — 1175 /6 + 19/6 7 + 750,
331] =79, [332] = —rs — 1o + 750, [333] = rs,

rae r7,r0 € {0,1,...,30}, s € {0,1,...,672}, 79,711 € {0,1,...,150} u uncso 5r19+19r11 —5rg+
1979 nenurcsa ma 30.
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Cummempusayua. Vcnonb3yst dopmysbl (*), umeem paBeHCTBa
M) =rr=r,=ri=r>, [13]]=rip=ry, [133]=1r11="11,

[331] =19 =178, [333] =rg =1rg =ri=rg.

Orciona [133] =71 =)y = 331~ =ry, uryy =71y =rg.
Hauee,
[313] = 65r10,/6 — 190s/6 + 2577 + 5rg /6 = [133]* = 1,

u 13r10/6 — 44s/6 + 5r7 + r5/6 = 0, nmosromy r19 + 18 — 28 smesmrest Ha 6. C y4eroM e mmMocTu
—r19 + 10s + rg Ha 6 Yucg0 119 JeauTCI Ha 3, r1g + rs UYETHO U 25 — rg JEJUTCS Ha 3.

Tak kak [221] = 25r19/6 — 19s/6 + 617 + 18 /6 + 570, TO UKUCIO § YETHO U —S + T'g JETUTCsT HA 3.
Orcrona s menmrcesa Ha 6, rg JEIUTCS HA 3 W BBIIOJJIHSIIOTCS PABEHCTBA M3 3aKJIIOYEHHUA JIEMMbL. [

ITo smemme 9 mveem 13117 < [222] = —109710/6 4 109s/3 — 3617 — 1315/6 4+ 16198 < 17288. Tax
kak {v,w} UA(v) UA(v) conepxur 39298 — [222] Bepmun, To 15118 < [222].
[TojacunraeM 9uCIO g AP BEPINWUH Y, 2 Ha paccrosaun 2 B rpade A, rje y € {g;} uze {uv}

22
Hamomuum, gTo p‘I’g = 155, p%g = 3875 n p§3 = 649. C oaHOil CTOPOHBI, 110 JeMMe 8 UMeeM

[222] = —23r15/24 — 3r13/2 — 29r14/20 + 454501 /24,

IIO9TOMY

9812880 = 649 - 15120 < g < 649 - 16086 = 10439814.

C xpyroit croponsl, 1o jgemme 9 umeem [232] = r1g + 10s + rg + 2880, mosromy

9812880 < g = Y (rig + 74 + 10s') + 11160000 < 10439814;

)

[IPOTUBOPEYHE.
Urak, aucTaHi@oHHO peryiasipHblii  rpad ¢ wmaccuBom  nepecedenuit {930, 780, 150;

1,30,775} He cymecrByer. O
Teopema 2 moxazana. O
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