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Annoranus. Eciin I — anTunonaibHblil AUCTAHIMOHHO PeryJisipHblil rpad guaMerpa 4 ¢ CHIIBHO PeryJisip-
HbIM rpadom ['1 2, To '3 4 — cunbHO peryssipublil rpad 6e3 Tpeyronsaukos. s rpada I ¢ maccuBoM me-
peceuennii {20, 18, 3, 1; 1, 3, 18,20} rpad ['s.4 umeer napamerpsr (162,21,0,3). I'padsr neGonbmux creneneit
nmetor Maccusbl nepecevennit {20, 18, 3,151, 3,18, 20}, {25,24,2,1;1,2,24,25} u {32,27,6,1;1,6,27, 32},
{36,25,2,1;1,2,25,36}. I'pad ¢ maccuom nepecevennit {32,27,6,1;1,6,27,32} He cymecrsyer. JIro6oii
cuibHO perynspHbiil rpad I 6e3 Tpeyrompaukos ¢ u = 3 umeer mapamerpsr (162, 21,0, 3). Takoit rpad
CYIIECTBYET TOTZAa M TOJIBKO TOIJA, KOIJa OIPEJIENIEHO ero JIBYJ0JIbHOE yJBOeHHEe (JIMCTAHIMOHHO pery-
JasipHbIi rpad ¢ MaccuBoMm nepecevenmit {21,20,9,3,1;1,3,9,20,21}). B paGore jj0Ka3aHO, 9TO CHIIBHO
perynspHbrit rpad ¢ mapamerpamu (162,21, 0, 3) e cymecrByer. Kak ciencrsue, JUCTAHIIMOHHO PEryJIsip-
HBli Tpad ¢ MaccuBoMm nepecevennit {20,18,3,1;1,3,18,20} u 1BYAOJIBHBLA JMCTAHIMOHHO DPETrYJIsIPHBII
rpad ¢ maccuBoMm nepeceuenuii {36, 35,47, 6; 1,9, 30,36} He cymecTByOT.
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BBenenue

PaccmarpuBatorcs meopuenTupoBannbie rpadnl 6e3 meresib n KpaTHbix pebep. Ecmm a,

b — Bepuunbl rpada I', To uepes d(a,b) obo3HauaeTcst paccTosiHue MKy a u b, a depes
I'i(a) — nmoarpad rpada I', nuHyMpPOBAHHBI MHOXKECTBOM BEDIIUH, KOTOPbIE HAXOMSATCS Ha
paccrostiun i B I' or Bepumunbl a. [loarpad I'y (a) HasbiBaeTcst okpecmmocmyvio sepuwunv, a u
oboznauaercs depes [a]. Uepes a obosmauaercs noarpacd, sBsonmicsa mapom pajmyca 1 ¢
[EHTPOM (.

Ipad I' nassiBaercs pezyaapmvim epagom cmenenu k, ecian [a] comepKuT TO9HO k BepIIUH

Jutst 1000t BepmmHbl ¢ 13 . OH Ha3BIBAETCSI PEOEPHO PELYAADPHVIM 2PAPOM C NAPAMEMPAMU

# Wccneiopanue BBITIONHEHO TIPU TIofiepkKe Ecrectsenno-nayanoro dbouga Kuras (mpoexkt 12171126) u

rpanTa JlabopaTopun MHKEHEPHOTO MOJETIMPOBAHNSA U CTATUCTUIECKUX BBIYMCJICHUI MPOBUHIINY XaNWHAHbD.
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(v,k, \), eciu I’ comepKuT v BEPINUH, SIBJISIETCSL PErYJISIPHBIM cTerienn k, u kaxkjioe pebpo u3 I
JIEXKUT B A TpeyrojibHuKax. ['pad [ HazbIBaeTCst 6noane pe2ysapHuim epadom ¢ napamempamu
(v, k, \, i), ecu I pebepHO perysisipeH ¢ COOTBETCTBYOIUME napamerpamu u noarpad [a]N[0]
CollepKUT (1 BepinuH B ciay4dae d(a,b) = 2. Buosse peryssipabiit rpad JuaMerpa 2 Ha3bIBAeTCsI
cuavro pezyaaprovim epagom. Yucio Bepummn B [a]N[b] obosnaunm depe3 A(a, b) (depes u(a, b)),
ecin d(a,b) = 1 (ecim d(a,b) = 2), a coorBercrBylomuii noarpad naszoseM (u-) A-nodzpagom.

Ecin Beprimubl u, w Haxojdrcs Ha paccroguuu ¢ B I, 1o uepe3 b;(u,w) (uepes
ci(u,w)) obosnaumm wgmcsao BepimuH B 1epecedennu i1(u) (B mepecevennn I';_q(u))
¢ [w]. Ppad amamerpa d HA3BIBAETCS JUCTAHIMOHHO PETYJISPHBIM C MACCHBOM I€PeCcevYeHUi
{boy...,bg_1;¢1,...,¢q}, ecom 3nHavenus b; = b;(u,w) u ¢; = ¢;(u, w) He 3aBUCUT OT BBHIOOPA
BepIMH U, w Ha paccrosuuu i. [lomoxkum a; = k — b; — ¢; u k; = |T';(u)| (3navenue k; ne
3aBUCHT OT BbIOOpa BepiuHbl ). Hucsa mnepecedenuii rpada péj u napamerpnl Kpeiina qéj
oupejiesiensl B |1, c. 43, 48|.

[Tycrs I' siBasieTcst qucTaHnnoHHO peryssipabiM rpadom quamerpa d. Tns I C {1,2,...,d}
rpad 'y onpenenen ma maO)KkecTBe Bepinu rpada [’ u 1Be BepuHbl 4, w cMeKHbL B ' Torma
U TOJILKO Torja, Korja dp(u,w) € I.

[Iycts I' — mucrannmonno peryssgpHbiil rpad muamerpa 4 ¢ CHIBHO PEryJsSpHBIM I'Da-
dom T'y, I C{1,...,4}. Torga |2, npemnokenue 7|:

I = {2} B oM u TOSIBLKO B TOM cityuae, Korya 01 + 04 = aq = 09 + O3;

I ={1,2} B Tom u TOJIBKO B TOM ciy4ae, Korja 01 + 04 = a1 — co = 09 + 0.

Ecnu I' — anTumnofa bHblil UCTAHIIMOHHO PErYJISIPHBIN rpad auaMeTpa 4 ¢ CHIBHO pery-
aspHbIM rpadom I'y 9, 1o I's 4 — cusabHO peryisipHblit rpad 6e3 TpeyronsHuKos [3].

Q-rroTMHOMUAIBHBIE  JIMCTAHIIMOHHO  peryJjsipble  Trpadgbl € MacCUBaMu  IIe-
peceuenmit:  {56,45,12,1;1,12,45,56}  (I's4  mmeer  mapamerper  (324,57,0,12),
{115, 96, 20, 1; 1, 20,96, 115} (784,116,0,20), {204,175, 30, 1;1, 30,175,204} (1600, 205, 0, 30),
{329,288, 42, 1; 1, 42, 288,329} (2916, 330,0,42) orseuator AT4(q — 2,q,2)-rpacbam u e cy-
mecTByIOT 1o [4].

Ipader HebGoOsBbIIMX CcTeneHeli umeoT MaccuBbl nepecedenuii {20, 18,3, 1;1,3,18,20},
{25,24,2,1;1,2,24,25} u {32,27,6,1;1,6,27,32}, {36,25,2,1:1,2, 25, 36}.

I'pad ¢ maccusom nepecevennii {32,27,6,1;1,6,27,32} e cymecrsyer [5].

Hns rpada I' ¢ maccuBom mepeceuennit {20,18,3,1;1,3,18,20} rpad I's 4 umeer mapa-
merpsl (162,21,0,3).

Jlioboit cunbHO perynsapubiii rpad [ 6e3 TpeyroJbHUKOB ¢ (4 = 3 WMeeT MapaMeTphbl
(162,21,0,3). deiictBurenbHo, Takoii rpad umeer cremneHb k = r?2 4+ 3r + 3 JyuIs HEKOTOPO-
ro mestoro wucaa r, v —k — 1 = (r2 4+ 3r + 3)(r? + 3r + 2) /3. T umeeT cobCTBeHHBIE 3HAUEHUST
7, —(r + 3), mpudem xparnocTh 7 pasna (1 + 2)(r? + 3r 4+ 3)(r2 + 4r + 6)/(6r + 9). Orcrona
2r + 3 memar (r+2)(r? +3r +3)(r2 +4r +6), (2r + 3,7 +2) =1, (2r + 3,72 + 3r + 3) nemmr
(2r +3,2r2 +6r +6) = (2r + 3,3r +6), (2r + 3,72 + 4r +6) memur (2r +3,2r2 +8r +12) =
(2r+3,5r +12). Tosromy 2r+3 menur 3-9 u 2r+3 = 9,27. CoorsercreenHo, r = 3,12. Ho B
cydae 7 = 12 uncno 3(2r + 3) = 81 ne memut (7 +2)(r? +3r +3)(r2 +4r+6) = 14-183 - 198.

BameTnM, 9TO CHJIbHO peryJsipublii rpad ¢ napamerpamu (162, 21,0, 3) cymecrByer Torjia
U TOJIKO TOIJIA, KOTJAa CYIIECTBYET €ro JBY/OJIbHOE Y/IBOCHHE (IMCTAHIIMOHHO PEryJIsipHBI
rpad ¢ maccuBoMm nepeceuennii {21,20,9,3,1;1,3,9,20,21}).

Teopema 1. JluctaHimmoHHO  peryjspHbIi rpagd ¢ MACCHBOM  HEpPeceIeHHuEd
{21,20,9,3,1;1,3,9,20,21} ne cymecrsyer.

Teopema 2. CuibHo peryssipablii rpag ¢ mapamerpamu (162,21,0,3) He cymecrByer.
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Canencrsue 1. BbIIIOJHSIIOTCS CJI€AYIOIINE Y TBEPIKICHHS:

(1) gucranmuonuno peryJisipaslii rpac ¢ maccuBom nepecedennii {20,18,3,1; 1,3, 18,20} ue
CYIIECTBYET;

(2)  AByZOJIBHBIN  JIUCTAHIMOHHO — DEryJsipHBI rpagd ¢ MaCCHBOM — IepecedeHHii
{36,35,47,6;1,9,30,36} =e cymecrsyer.

Ecim I' — aBymo/bHBIIN AUCTAHIIMOHHO PErYJISAPHBIN T'pad C MACCHBOM IIepeceveHwmit
{36,35,47,6;1,9,30,36}, TO J101I0JIHEHNE [IOJIOBUHHOIO Tpadda SIBJISETCS CUIILHO PEryJIsPHBIM
rpadom ¢ mapamerpamu (162,21,0,3).

1. TpoiitHble yncJa MepecedeHnin

B Jl0Ka3aTesbeTBe TeOpeM HCIIOJIB3yI0TCs TPOiiHbIe Yrciia mepecedenuii [6].
[Iycte I' — mucrannmonHo peryispHbiil rpad puamerpa d. Fcim wy, ue, us — Bepm-

bl Tpada I, r1, ro, 3 — HeOTpHUIATE/bHBIE TIeJIble YUCsa, He Oojibiiue d, TO {1:’111:2;?} —

MHOKECTBO BepmnH w € I’ Takux, 4To

awer=n [ =fm)]

rirars r1irars
q uLU2U3 . . . o
HncJjia Ha3bIBAalOTCA TPOUMHBIMHA YUCJIaMU II€PpECEICHUU. ,HJIH (bI/IKCI/IpOBaHHOI/I TPOUKHA

17273

u1U2u3
BEPIIUH U1, U2, U3 BMECTO |:7’17'2T‘3

[Iycrs w, v, w — Bepmmubl rpada I', W = d(u,v), U = d(v,w), V = d(u,w). Tax
KaK MMeeTCsi TOYHO OJ[Ha BepliuHa T = u Takas, 410 d(z,u) = 0, To unciao [0jh] pasuo 0
wmn 1. Orcrona [0jh] = d;w oy, tae 6 — cumBon Kponekepa. Ananornano, [i0h] = d;w opy 1
[1j0] = divdjv.

Jlpyroe MHOXKECTBO ypaBHEHHH MOYKHO HOJIYYUTb, (PDUKCUPYsS PACCTOSAHUE MEXKIY JIBYMSI
BepiuHaMu u3 {u, v, w}, U HOJCYUTHIBAS YUCIO BEPIINH BCEX PACCTOSHUI OT TPETheii:

] OylieM nucath [r17rars].

d

[ith] = pl, — [i0k), > _[ijl] = p¥¥ — [ij0], (+)

=1 =1

M&

d
Z ljh] = p]h [07h],
I=1

ITpu sTOM HEKOTOpPBIE TpOiiKN ncyesaror. Ipu |i — j| > W nmm i 4+ j < W umeem pyj[/ =0,
nosromy [ijh] = 0 miust Bcex h € {0 ,d}.

Homoxum Sijp(u, v, w) = ert OQT‘ZQS]ch [“*¥]. Ecom napamerp Kpeiina q” =0, To
Sijn(u,v,w) = 0.

SaduKkcupyeM BEPINUHBI U, ¥, W JUCTAHIIMOHHO peryJssipHoro rpada I muamerpa 3 u mo-
JIOYKHUM

uvw uvw Uwv vUwW wou
ijh} = ijh] = . lijh) = . [ijh]* = . [ijh]” = )
Beruncsienne napamerpos [ijh]’, [ijh]* u [ijh]™ (cuMMmerpusanus MaccuBa TPOMHBIX YHCENT
nepeceveHnii) MOXKeT JIATh HOBbIE COOTHOIIEHUsI, [IO3BOJISIIONIIE JJOKA3aTh HECYIIECTBOBAHUE

rpada.
2. CsoiicTBa rpada ¢ maccuBom nepeceuenuii {21,20,9,3,1;1,3,9,20,21}

B srom pasmene I' — JQUCTAHIMOHHO pery/sipHblii rpad € MacCUBOM IepecedeHuit
{21,20,9,3,1;1,3,9,20,21}. AnrunoganbHoe yactHoe rpada [ siBisieTcsi CHILHO peryJisip-
HbIM rpadom ¢ napamerpamu (162,21,0, 3).
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asee, I mmeer 1 + 21 + 140 + 140 + 21 + 1 = 324 Bepumnusl, cuekrp 211, 921, 3105 (120,
Hauee, P ; p 2L, ;

—6°6, —92! u jyanbHYIO MATPHIYY COGCTBEHHBIX 3HAUCHMIT

1 21 105 120 56 21
1 9 15 0 —16 —9
|t 3 -3 -6 2 3
Q=11 3 -3 6 2 -3
1 -9 15 0 —16 9

1 —21 105 —120 56 —21

JlemmMma 2.1. Hemnysesore auciia nepecedernnti rpacga I' paBHbI:
Pia = P35 = P35 = Pis = 1,

p%l = pz214 = 3;

Pty = P12 = P13 = P:fs =P3y =Py = P§4 = P§4 =9,
P%z = P13 = P34 20,

p14 =21,

pgz = P%g = 54,

P32 = Dy = Do = D33 = P33 = p§3 = 60,

p%z = ng = 067,

P55 = 140.

< Ilpsimbie BoIYUCTEHUS. >

[Tycrs u, v, w — Bepuunbl rpada I, {ijl} = {“;]’;” }, [ijl] = {“;]’ﬂ Monoxum ¥ = Ty (u),

A =3, Torma A — perynspnbiii rpad crenenn p3, = 67 na ko = 140 BeprmmHax.
Jlemma 2.2. Ilycrs d(u,v) = d(u,w) = 2,d(v,w) = 1. Toraa tpoiitble ducia mepecede-
HUH DaBHBI:

[112] = [121] = 3, [122] = 3, [123] = [132] = 3, [133] = 6;
[212] = [221] =8, [222] = 32 [223] = [232] = 27, [233] = 18, [234] = [243] = 9;
[312] = [321] = 9, [322] = 18, [323] = [332] = 27, [333] = 32, [334] = [343] = 8,

[345] = [354] = 1;
[422] = 6, [423] = [432] = 3, [433] = 3, [434] = [443] = 3;
[513] = 1.

< Yuporrenue GopMysI U3 IPEAbIYIIEro pa3ieia. >

JIemma 2.3. Ilycrs d(u,v) = d(u,w) = 2, d(v,w) = 3. Torza rpoiinble ducia mepecede-
HUH DaBHBI:

[112] = —rg + 6, [113] = [121] = ry — 3, [122] = 3, [123] = —ra + 9, [131] = —ry + 6,
[132] = o, [133] = 3;

212] = 7o, [213] = 3, [214] = —r5 + 6, [221] —ry + 9, [222] = [223] = 29, [224] = 7o,

[231] = 3, [232] = 29, [233] = 18, [234] = [243] = 3, [241] = 1o — 3, [242] = —ry + 9;
31 ] 321] = 3, [313] = —ry + 9, [ 4] = ry — 3, [322] = 18, [323] = 29, [324] = 3,
[325] = 1, [331] = ry, [332] = [333] = 29, [334] = —ry 4+ 9, [341] = —ry + 6, [342] = 3,

[343] = 7“2, [352] = 1;

[422] = 3, [423] = 1y, [424] = —r9 + 6, [432] = —ry + 9,[433] = 3, [434] = [442] = ry — 3,
[443] = —7r9 + 6;

[513] =1,

e 3 < ro < 6.
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<1 Yuporrenue hopMyJI U3 IPEJbLIYIIero pasjieia. >

Jlemma 2.4. Ilycrs d(u,v) = d(u,w) = 2, d(v,w) = 4. Torga Tpoiineie dncia nepecede-
HUIH DaBHBI:

[113] _3 [122] = 6, [123] = [131] = [132] = [133] = 3;

[213] =9, [222] = 32, [223] = [232] = 27, [224] = 8, [231] = 9, [233] = 18, [242] = 8;

[313] = [331] =8, [315] = 1, [322] = 18, [323] = [332] = 27, [324] = 9, [333] = 32,
[342] =9, [351] = 1;

[422] = 3, [423] = [424] = [432] = 3, [433] = 6, [442] = 6;

[533] = 1.

< Yupomierue hbopMyIsT U3 IPEIBILYIIEro pasesia. >

Hns ancia pebep d mexuy A(v) mw A — ({v} U A(v)) B rpade A Bepubl pasencrsa
d=9-32454-2949-32 = 2142.

C apyroii croponsr, d = 67(66 — \), r1e A — cpejuee suavenne napamerpa A(A). ITosromy
66 — A =31.97 u A = 34.03.

JIemma 2.5. Ilycrs d(u,v) = d(u,w) = d(v,w) = 2. Torga Tpoiineie ducjia nepecevdeHuii
DABHBI

[111] = (=2r; + 51)/5, [112] = [113] = [121] = (r; — 18)/5, [122] = (4r1 — 72)/5, [123] =
[132] = —ry + 27, [131] = (r, — 18)/5, [133] = (4r, — 72)/5;

211] = (ry — 18)/5, [212] = [221] = (4ry — 72)/5, [213] = [231] = —ry + 27, [222] =
(=137 +474) /5, [223] = [233] = 11, [224] = [242] = (4ry — 72)/5, [234] = [243] = —ry + 27,
[244] = (ry — 18)/5;

311] = (r1 —18)/5, [312] = [321] = —r +27, [313] = [331] = (4r1 —72)/5, [322] = [323] =
332] = 1, [333] = (—13r, + 474)/5, [334] = [343] = (dr1 — 72)/5, [324] = [342] = —ry + 27,
[344] = (r1 — 18)/5, [335] = [353] = 1;

[422] = (4r) — 72)/5, [423] = [432] = —ry + 27, [424] = [442] = (r; — 18)/5, [433] =
(4r1 — 72)/5, [434] = [443] = (r, — 18)/5, [444] = (—2r + 51)/5;
[533] = 1,

e r € {18,23}.

< Yupomierue hbopMysT U3 IPEIbILYIIEro pasiesia. >
ITo memme 2.5 mmeem [222] = (—13r; + 474)/5 € {39,52}. IIporusopetune ¢ Tem, 9TO
A = 34.03.

Teopema 1 moxazana.
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PRIMITIVE STRONGLY REGULAR TRIANGLE-FREE GRAPHS
WITH p =3 DO NOT EXIST
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Abstract. If T' is an antipodal distance-regular graph of diameter 4 with strongly regular graph
I'12, then I's4 is a strongly regular graph without triangles. For a graph I' with intersection array
{20, 18,3,1;1, 3,18,20}, the graph I's 4+ has parameters (162,21,0,3). Graphs of small degrees have intersection
arrays {20,18,3,1;1,3,18,20}, {25,24,2,1;1,2,24,25} and {32,27,6,1;1,6,27,32}, {36,25,2,1;1,2,25,36}.
A graph with array {32,27,6,1;1,6,27,32} does not exist. Any strongly regular triangle-free graph I with
1 = 3 has parameters (162,21,0,3). A strongly regular graph with parameters (162,21, 0, 3) is defined if and
only if its bipartite doubling (a distance-regular graph with intersection array {21, 20,9, 3,1;1,3,9,20,21}) is
defined. It is proved in the paper that a strongly regular graph with parameters (162, 21,0, 3) does not exist.
As a consequence, a distance-regular graph with intersection array {20,18,3,1;1,3,18,20} and a bipartite
distance-regular graph with intersection array {36, 35,47,6;1,9, 30,36} do not exist.
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