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O BIIOJIHE PET'VJIAPHBIX TPA®PAX C k=11, A =4
K.C. E¢pumos, A.A. Maznes

AnaHOTa U

Xoporo u3BecTHO, 9T0 ecau [’ — cBsi3HbI pebepHO peryaspusbii rpad ¢ by =1, To I' —
MHOTOYTOJIbHUK WJIM IMOJIHBIA MHOroosibHbIi rpad K,x2. B paborax A.A. Maxuesa u ero
YUEHUKOB OBIIN M3yUeHBI BIIOJIHE peryisipubie rpadsl ¢ 2 < by < 5. B panmreit crarbe aBTOpoB
W3yUIeHVe BIOJIHE peryasipHbx rpados ¢ by = 6 6BLIO peayInpoBaHO K UCCIeT0BAHMIO rpadoB
c k €{10,11,12}. Asropsr m M.C. Huposa paccmorpenn ciryqaii by = 6, k = 10. B macroameit
paboTe m3ydeHsl BrIOJIHE pery/sipabie rpadsbl ¢ by =6 u k= 11.

KiroueBble cioBa: rpad, BrosiHe peryssipusiii rpad.

BBenenue

MpI paccmarpuBaeM HEOPHEHTHPOBAHHBIE TPadbl O€3 meTesb U KpaTHbIX pedep. Ecin
a, b — sepmmnbl rpada I', To yepes d(a,b) obosnawaercst paccrosiuue MexIy a u b,
a uepes I';(a) — moarpad rpada I', HHAYIMPOBAHHBII MHOXKECTBOM BEPIIWH, KOTOPHIE
HaxozATCd Ha paccroguuu ¢ B I or Bepuunbl a. [loarpad I'(a) = I'1(a) nasbiBaercs
OKPEeCTHOCTBIO BEPIMMHBI a 1 obo3Hagaercs depes [a]. Uepes a' obozmagaercs mos-
rpad, apagomuiica mapoM paguyca 1 ¢ nmeaTpom a. Ilog cobcTBEeHHBIMU 3HAYEHUAMT
rpada MOHMMAaIOTCsl COOCTBEHHbIE 3HAYEHUS €r0 MATPUIIBI CMEKHOCTU. B manbHeieM
cioBo «moarpad» OyaeT o3HAYATH WHIYITUPOBAHHBIN moArpad.

Ipad T' waswiBaercs pezyaaproim epagom cmenenu k, ecin [a] COXEPKUT TOUHO
k Bepmmu nnga moboit Bepmmabl a u3 . I'pad ' maswmBaerca pebepro pe2ysaprovim
epagpom ¢ napamempamu (v, k, X), eciu I' conepzKuT v BepILUH, SBJIAETCA PErYIsIPHBIM
crenenn k u kaxkaoe peopo rpada [ jgexur Touno B A Tpeyrospuukax. I'pad I' mHa-
3BIBAETCS BNOAHE pe2ysaprbuim 2pagiom ¢ napamempamu (v, k, A, 1), ecmn T’ pebepro
PEryJsipeH ¢ COOTBETCTBYIOIMNMA mapamerpamu u moarpad [a] N [b] comepxkur p BEp-
mun B caydae d(a,b) = 2. Buosne perynspubiii rpad quamerpa 2 Ha3bIBaeTCHd CUALHO
PEYAAPHBLM 2PaAPOM.

Yepes K,,..m, OOO3HaYMM NOJHBIH N-JONbHBIE Tpad € I0JIMH NOPAIKOB
mi,...,my. Ecimu m; = .-+ = m, = m, TO COOTBETCTBYOIWH rpad obO3HAUAETCH
qepe3 Ky xm. I'pad K, HasbBactcs m-aanot. Tpeyzosvnom epagom T(m) Ha3bl-
Baercsd rpad ¢ MHOXKECTBOM HeynopsiJ0ueHHbIX nap u3 X B Kadecrse Bepuiud, | X| =m
u napol {a,b}, {c,d} cmexHbBI TOrA M TOJIBKO TOrIA, KOI/IA OHU UMEIOT €JIUHCTBEHHbII
obmmit anement. I'pad Ha MHOXKecTBe BeprmmH X X Y HA3BIBACTCI M X N PeuLemrot,
ecin | X| =m, |Y| =n u Bepumnsl (21,y1), (Z2,y2) CMEXHBI TOTIA U TOJLKO TOTJA,
KOTITa 1 — T2 WINA Y1 = Y.

[Monubtii (BnosHe HecBA3HBIN) moArpad HaHHOro rpada Ha3bIBACTCA KAuKoU (KoKAU-
Kot).

Eciu Beprmuabl u, w HAXOAATCS HA PACCTOSHUU i B peryiaspaom rpade ', To gepes
bi(u,w) (uepe3 ¢;(u,w)) o603HAUMM YMCIO BepIuH B nepecedennn [;11(u) (mepece-
gennn [;_1(u)) ¢ [w]. Homoxnm a;(u,w) = k — b;j(u, w) — ¢;(u, w). 3amernm, uro B
pebGepHo perynsipHom Tpade ¢ mapamerpamu (v, k,\) 3nadenne by = by(u,w) He 3a-
Bucut or Bbibopa pebpa {u,w} u pasao k — A — 1. lpad I' nuamerpa d maspiBaercs
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JIMCTAHIIMOHHO peryasipHbiM rpadom ¢ maccnsom niepecedenuii {bo, ..., b4—1;¢1,...,¢a},
ecu g jio6oro i € {0,...,d} u Jo0bIX BEpIIUH U, W, HAXOJAIIUXCH HA PACCTOAHUU
i B I, umeem b;(u,w) =b; u ¢;(u,w) =c¢;.

B cnencreun 1.1.6 u3 [1] nokasano, uro ecan I' — cBs3HBI peGepHO peryasipHbIi
rpad ¢ by = 1, To I' — MHOTOYTOABLHUK WJIM TIOJTHBIA MHOTOMOMBHBINH rpad Kixa.
B paGorax A.A. MaxneBa u ero yueHWKOB [2—4] GblIM W3y9eHBI BIOJHE DEryJsipHble
rpadbl ¢ 2 < by < 5. B crarbe [5] usyduenue BuosiHe peryngpubix rpados ¢ by = 6
6bLI0 pelylupoBano K ucciaepoBanuio rpados ¢ k € {10,11,12}. B [6] paccmorpen
caygait by = 6, k = 10. B macrosieit pabore nsydaiorcs BIOJIHE PeryaspHbie rpadbr
C bl =6uk=11.

Teopema 1. ITycmv [' — ceasnviti 6noane peayaapnwii epad ¢ napamempamu
(v,11,4, ). Tozda p =3, duamemp T' pasen 3, v =36 u I's(u) Asaiemea 2-Kaurod
08 HeKomopoti epuIuHDL U .

1. IlpeaBapuTesibHbIE PE3yJIbTAaThI

[IpuBesemM HEKOTOPBIE BCIIOMOTATE/IbHBIE PE3y/IbTAThI, HEOOXOIUMbIE I TOKa3a-
TeJIHCTBA, TEOPEMBI.

Jlemma 1. ITycmos T' — cuavro pezyaaphoii epad ¢ napamempamu (v, k, A\, ). Tozda
aubo k= 2u, A = p—1 (max nasvieaemvili norosurnbl cAY4atl), AUOO HE2AABHDLE

cobemeennvie snanenus n—m, —m epagda I — yeavie wucaa, 20e n? = (A\—p)?+4(k—p),

k(m —1)(k+m)
n—A+ = 2m u KpamHocms cOGCMBENHO20 3HANEHUA T — T, PAGHG .

n
Lanee, ecau m — yeaoe wucao, boavwee 1, mo m—1 deaum k— A —1 u
k—X—1 k—X—1
p=A+2+(m-1)—-———, n=m—-14+ ———.
m—1 m—1
HdokasaresbcTBo. J10 stemma 3.1 u3 [7]. O

JIemma 2. IIycms I' — ducmanyuonno pezysapuwviti epad, assaowuiics anmu-
nodasvnuim 1 -naxpuimuem n-kauku. Toeda n— 2 — X = (r — Dp u T' umeem no-
svle cobcmeennvle 3HaAveRUA O U T, ABAANOUUECA KOPHAMU K6GIPAMHO20 YPAEHEHUA
22— (A= p)r — (n—1), u xpamuocmy 0 paena

—1 —1
= 1= 1)
n—1+62
HokazarenbcrBo. Cum. [1, ciencreue 4.2.6]. O

Jlemma 3. ITycmo I' — enoane peeyaaprnoit epag ¢ by =6 u k= 11. Toeda p =3
u duamemp I' boavwe 2.

JokaszaresnbcrBo. [lycts [ — cBA3HBIN BrOIHE PeryasapHbIi rpad ¢ mapaMerpamu
(v,11,4, ). Torma p € {1,2,3,6}. B cayuae pu = 1 oxpecrHOCTb JiI0O0Oi BEpIIKUHBI
SABJISIETCST OObEIMHEHIEM M30JIUPOBAHHBIX KIUK, IPOTUBOpedne ¢ TeM, 910 A + 1 =5
me gesur k= 11.

IIycts = 6. Torna ke = 11. Ecaun nuamerp I paBen aBym, To v = 23, TPOTHBOPE-
qne ¢ TeM, 9T0 vk Hederwo. Ecim quamerp I' 6osbimie aByx, To mo Teopeme Hoiimaitepa
I' — rpad Teitmopa. Ho Torma okpectHocTh /11000t BepIinHabl B ' ABISETCA CHIBHO pe-
ryasgpabiv rpadpom ¢ napamerpamu (11,4, ),2) u A = 0, nporuBopedue ¢ Tem, 410
CUJIbHO perynsphbiii rpad ¢ napamerpavu (11,4,0,2) e cymecrByer.
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Homnyctum, uro auamerp ' pasen 2. Torma I' — cunbHO perymasapubiii rpad ¢ mapa-
merpamu (34,11,4,3) wnu (45,11,4,2). Ho B nepsom cityuae vkA He mesnurcs na 3,
a BO BTOPOM cJiydae vk HEYETHO, IPOTUBOPEUHE.

[ycts p = 2. Tokaxkem cuagasa, uro I' — rpad Tepsuurepa. B mporusnOM city-
qae ' comepxur 4-tukn u, w, z,y. Monoxkum X; = X;({u,w,z,y}), x; = |X;|. Torma
X2 cozmepKUT MO 4 BEpIIMHBI, CMEXKHBIX € KoHmamu pebep n3 {u,w,x,y}, xo = 16.
Haunee, X7 conepzxut no 1 Bepuiune, CMeKHOM ¢ BepiuHoil usz {u,w, z,y}. Tenepb mus
z € Xi N [u] moarpad [u] N [z] comepkut He MeHee 2 BepinH U3 [w] nm u3 [y], 9T0
HPOTUBOPEYUT TOMY, 4T0 |[w] N [z]| > 3 wam [[y] N [z]| > 3.

Badwukenpyem BepmmHy uw w3 I’ m nmycre A — cBsi3Has KomnoneHTa rpada [ul.
Torma A — perynsapusriii rpad crenenn 4 nuamerpa 2 ¢ pua = 1. I[To Teopeme 1.17.1 u3
[1] rpad A cunbHO peryasipen ¢ napamerpamn (v',4, A, 1). Tak xak v’ < 11,10 X' =2,
[MPOTUBOPEYHE ¢ TE€M, YTO OKPECTHOCTH BEPIIHHBI B A — 0ObenHEeHIe U30TUPOBAHHDBIX
3-KJIHK. O

2. Cuaywait p = 3, pegyknuga K ciaydaio kg = 8

B srom maparpade mpemnosaraercs, uro I' — Brosine peryasipabiii rpad ¢ mapa-
merpamvu (v,11,4,3). TTo nemme 3 nnamerp I' Gosbine 2. Badukcnpyem obo3HavueHNs:
u,w, x,y — reogesndeckuit 3-nyth B I', ® = [u]NT2(y), ¥ = [y]NT2(u) u ki = |Ts(u)].
Torna ko = 22.

JIemma 4. Bunoanaomes caedyouue ymeepircoenu:

(1) daa mobwx deyxr sepwun a,e ¢ d(a,e) = 2 nodepad [a] N [e] ne asaaem-
ca Koxkaukol, u ecau [a] N [e] — obsedunenue uzosuposannol eepuiuns, u pebpa, mo
ba(a,e) + ba(e,a) =0;

(2) ecau d(a,e) =2 u [a]N[e] asarsemeca zeodesuneckum 2-nymem, mo ba(a,e) < 2;

(3) ecau z,z" € To(u) u nodepagu [u] N [z], [u] N [z'] assaomeca Kiukamu, mo
aubo |[u] N[zl N [2']| <1, aubo [u] N [z] = [u] N [z'];

(4) eepnv nepasencmea cz(u,y) > 5 u ba(u,x) < 4.

HokaszaresbcerBo. Ilycrs d(a,e) = 2. Torma |([a] — [e]) U ([e] — [a])| = 16.

Ecan [a] N [e] aBasercs Kokankoit, To uncio pedep mexay [a] N le] n ([a] — [e])U
U([e] —[a]) pasuo 24. Eciu nexoropas Beprunta u3 ([a]—[e])U([e] —[a]) cmekmna ¢ Tpems
BeprmHamu u3 [a] N [e], 1o Kaxkaad n3 ocrasimxcs Bepums B ([a] — [e]) U ([e] — [a])

cMexkHa He 0oJiee deM ¢ OHON BepuimHO# u3 [a] N [e] u gucno pebep mexmy [a] N [e]
u ([a] — [e]) U ([e] — [a]) ue Gombrue 18. IIporusopeune. 3uaunt, ([a] — [e]) U ([e] — [a])
COJIEPIKUT TP BEPIIWHBI, CMEXKHbIE C TapaMi BepIuH u3 [a]N[e], u uncio pedep Mex Iy
[a] N [e] n ([a] — [e]) U ([e] — [a]) ne Goabmre 19. TIpoTrBopeune.

Ecnu [a]N[e] aBnsercsa obbequuennem u3011POBAHHOl BEPIIMHBL 1 PEOPa, TO YHUCIIO
pebep mexay [a] N [e] u ([a] — [e]) U ([e] — [a]) pasrO 20. Ecm HekoTopas BepinHa u3
([a] = [e]) U ([e] — [a]) cmexua ¢ tpems Bepmmuavu u3 [a] N[e], To ([a] — [e]) U (le] — [a])
COZIEPIKUT He 0oJjiee ONHOM BEPIIMHBI, CMEXKHOH ¢ JAByMs BepumHamn u3 [a] N [e], n
uncsio pebep mexay [a] N [e] w ([a] — [e]) U ([e] — [a]) me Gombime 19. IIpornsopeune.
Buauwnr, [a] — [e] n [e] — [a] comepkaT MO 1Be BEPINHbI, CMEXKHbIE C TTADAMU BEPIITHH
u3 [a] N [e] u mo 6 BepumH, CMEXKHBIX TOYHO ¢ OnHOM BepiuHOil U3 [a] N [e]. Orciona
ba(a,e) + ba(e,a) = 0. YrBepxkaenue (1) mokasaxo.

IIycrs d(a,e) = 2 nnoarpad [a]N[e] ABIsETCS re0AE3MIECKUM 2-IIYTEM W1, Wa, W3 .
Torma [wi]N[ws] = {u, we, 2}, mosromy [e] N ([wi]U[ws]) comepxur 6 Bepumn n3 Iy (a)
n ba(a,e) < 2. Vreepxaenne (2) 10Ka3aHo.

[Iycrs z, 2" € T'y(u) u noarpadst [u]N[z], [u]N[z’] asasorcs knukamu. Torma mbo
[[u]N]z]N[z]| <1, mmbo [u]N[z] = [u]N[2']. B nporusrom caygae |[u] N[z] N [2']] = 2
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u Jist AByX BepimH w,w’ € [u] N [z] N [2'] mogrpad [w] N [w'] conepsxkur u,z,z’ u mo
Beprure u3 [u] N [x] u u3 [u] N [2']. IporuBopeune. Yreepxkaenne (3) goKa3aHo.

Mycrs cs3(u,y) = 3. Torna kaxnas sepriuna u3 O cmexkHa ¢ KaXK/I0i BePIIUHON U3
U. JInst AByX HecMexxHbIX BepmnHa w,w’ n3 ® nomrpad [w] N [w’] comepxkur u u Tpw
Bepmmabl 13 W, nmporusopedne. 3uaunt, noarpad ® U ¥ gaeaserca 6-KauKoil, TpoTH-
Bopeune ¢ Tem, uTo A-moArpad aByx BepiuH u3 W COMEPIKUT Y U YETHIPE BEPIIUHBI
u3 UV,

Mycrs cs(u,y) = 4. Torna ® = {ws,...,wa}, ¥ ={x1,...,24} ¥ MOKHO CUMTATD
YTO BEPIIMHA wW; HE CMEXKHA C BEPIIUHON ;. 3amernm, aro noarpad P He comep:kut
reomesudeckux 2-myreit {w;, w;,w;}, unade |[w;] N [w;]| > 4, nporusopeune. ITosTomy
® u U gBnsa0TCsa 00beIMHEHUSIMI U30IMPOBAHHBIX KiuK. Qdepuano, uro ¢ u ¥ ne gB-
nsioTest KaukaMu. Ecin @ comepsKuT TpeyroabHuk {w;, w;, w; b, To moarpad [wi]Nws]
COIIEPKHUT U, W3, T3, X4, & noarpad [wi] N [ws] — u,xe, x3. [osToMy Kaxkmas BepMHa
u3 [u] — ® cmexkna e Gosiee uem ¢ oguoili Bepiunoii u3z ®. [IporuBopeune ¢ rem, 4ro
uncsio pebep mexay [u] — ® u ¢ pasro 10. Urak, ® He comepKUT TPEYroNbHUKOB, 1
uncsio pebep mMexay [u] — ® u @ ne menniie 12. [IporuBopedune ¢ Tem, 9To He Gosee
IBYX BepiiH n3 [u] —® cmexub ¢ napamu BepiiuH n3 ¢ . Taknm obpaszom, cz(u,y) > 5.

IIycrs bo(u,x) = 6. Torna [x] NTa(u) = {z1,22}, npudem Kaxkaas BepIIHHA U3
[z] N [u] cmexma ¢ 21, z2. Orciona ([u] Nat)U{x, 22} aBaserca 6-kauKoii, MpPOTHEO-
peuue ¢ Tem, 410 A-noxarpad AByxX BepiiuH u3 [z]N[u] comep:KuT u u YeTbipe BepIiuHbI
u3 ([u] Nat) U {zy,z2}.

Iycrs bo(u,z) =5, [2] NTs(u) = {y1,...,ys} n [x] NTa(u) = {x1,22,23}. Torma
gucio pebep mexay ([w] N Te(w)) — {z} u {y1,...,y5} pasno 10. [danee, xaxias
BepiuHa u3 [z] N [u] cMmexkua 1o KpaiiHeil Mepe ¢ AByMs BepiiuHAMU U3 {1, T2, T3}.
ITo yrBepxaennio (2) moarpad [u] N [r] = {wi, we, w3} sBAseTCH 3-KAUKOH U MOXKHO
CYNTATh, YTO BEPINWHA w; He CMeXHA ¢ I;. Ecam {1, 22, x5} sBAsercs 3-KIWKOi, TO
noarpad {w, we, ws, 1, xe, 3} ABASETCS OKTasApOM, a xNI'3(u) aBasercs 6-KINKOiL.
ITporusopeune ¢ Tem, uTo Hekoropas Beprnnna u3 ([w] NI (u)) — {z} cmexna ¢ qByMs
BepiuHamu u3 {y1,...,Ys5} .

Ecmu Bepmmna 2/ w3 ([w] N T2(u)) — {z} cMexxma c¢ Tpems BepiimHAMH U3
{y1,...,y5}, 10 o’ cmexkna ¢ x, mosromMy x = x; mas Hekoroporo i € {1,2,3} m
[x]N[x;] comepxuT nBe BepmmHBI N3 {w1, w2, w3} W TPU BEPITUHBI U3 {y1, ..., Ys}. IIpo-
rusopeune. [Tosromy kazkmas sepummmua u3 ([w] NTa(uw)) — {x} cMmexna poBHO ¢ AByMsI
gepiuHamu u3 {y1,...,ys5}. B gacrnocru, {1, za,x3} gaBisgeTcd KOKIUKOIA.

Monoxum W; = [w;] NTa(u) — {x, x1, 22, 23}. Tak Kax uuciao pedbep mexzay Wi
u {y1,...,y5} paBHO 6, TO HEKOTOpas BeplIUHA Y; CMexKHA C 2 BepiiuHamu u3z Wi,
¢ 0 Beprmme u3 {x, x1,x2,23}, ¢ 4 Beprmuamu u3 {y1,...,Yys5} ¥ C 2 BepIIUHAMH B KaxK-
nom n3 noarpacdos Wy, Wi, Ecan eme onna BepmmHa y; CMeXKHA € 2 BEPITWHAMA U3
Wi, 1o [y;] N [y;] comep:xkur x, 3 Bepmmusl u3 {y1,...,Ys} u Bepmuny uz W;. IIpo-
TUBOpEYMEe. SHAYNUT, KaxKiasd BepiiuHa u3 {yi,...,ys} — {¥;} CMexHa C eJUHCTBEHHOM
BepIMHO# B Kaxk oM u3 noarpados Wi, Wy, W3. CaoBa nporuBopedune. Y TBep:K/IeHIE
(4) mokasamo. O

Jlemma 5. J[luamemp I' pasen 3.

HoxkasaresbcrBo. Ilycrs z € [y] NTy(u). Tak kak [x] N [z] comepxut Tpu Bep-
munbl 13 ['3(u), To BBUAY gemmbl 4 noarpad [u] N [z] aeasercs kankoit. B cuity cum-
merpun [z] N [z] sBasiercs kawnkoii. Teneps |[x] — ([y] U [z])] = 5 n uncao pebep mexmy
([ulN[z])U([z]N[z]) v [z] - ([y]U[z]) pasro 12. Ilosromy [z]— ([y]U[z]) comepxur Bep-
HIMHY 7, CMEXKHYIO C TpeMs BepiuuHaMu u3 [u]N[x], u Bepiuuny s, CMEKHYIO C TpeMs
BeprmHamu u3 [x] N [z]. s mobex apyx sepmmn w, w’ € [u] N [z] moarpad [w] N [w']
CONIEPIKWT U, X, X1 W Bepmuny u3 [u]N[z]. danee, Kaykaast OTINYHAS OT X1, X2 BEpITHHA
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u3 [z] — ([y] U [z]) cmeskna He Gosee wem ¢ oznHOI BeprmmHOi B ar060M 13 moarpados

[z] u [x] N [z]. Honoxum [u] N [z] = {wy, we, ws}. Beugy nemmbr 4 115t BepIInHb
y € [x]N[z] — [x1] noarpad [w;] N [y] comepxkur Beprumuy u3 [x]. IIporuBopedne ¢ eM,
aro [z] N [y] comepxut TouHO Mo ABe Beprmubl U3 [z] N [z] mu3 [x] — ([y]U[z]). O

Jlemma 6. Bunoanatomes caedyroujue ymeepircoenus:
(1) c3(u,y) > 6;
(2) ks € {2,8},‘
(3) ecau ks = 2, mo das w060l sepwuns v € T' paccmosnue meocdy deyms
sepwunamu 6 I's(u) pasno 1 uau 3, npuuem 2padh I' ne asasemesn anmunodanrvmsim.

HoxkazarennscrBo. [lycrs c3(u,y) = 5. Eciiu U copep:kur JBe BepUIMHBL X1, T2,
cMexKHbIe ¢ 00MIell TPOHKOI BepIIuH w3, Wy, w5 u3 P, 10 BepumHbl Wy, ws u3 O — [z1]
CMEXKHBI ¢ 00Ieli TPOWKON BepInH X3, X4, 5 W3 VU, n napel {x1,z2}, {wi,wa} sB-
asoTes pebpamu. Beuny aemmvbr 4 moarpad [w;] N [y] sBasiercst 3-kaukoi nan 2-my-
TeM, MOITOMY Kakzasi BepiiiHa 3 {X3, T4, X5} CMEXKHA C eJMHCTBEHHO BEPINHON U3
{z1,72}. Bes orpannuenus OONHOCTH MOYKHO CIMTATH, UTO BEPIIMHBI T3, T4 CMEYKHBI
¢ 1. B cmny cuMmerpum ABe BEPUIMHBI W3 {ws, Wy, W5} CMEKHBI C BEPIIUHON w;
u3 {wi, wa}. IIporuBopetne ¢ TeMm, uro |[z1] N [w;]| > 4.

Urak, ¥ He COMEpKWUT Tap BEPIINH, CMEKHBIX C O0Iel Tpoiikoit BepmuH u3 P.
IIycts Bepmmna ws 3 ® cmexkma ¢ Tpoiikoit BepmuH x3, x4, x5 13 V. Be3 orpannye-
HUs OOIIHOCTH MOXKHO CYMTATh, YTO W1, Wa, W3 € [x1], wa, w3, Wy € [Ta], T4, x5 € [wy]
u [x3] comepxur wy u BepumHy u3 {we, ws}. g onpeseseHHOCTH [Pe/III0oI0KNuM,
gr0 ws € [x3], w1 € [x4], wo € [v5]. Torma moarpad [y] N Ta(u) comepxur 5-muki
X1, Ta, Ts, Tq, T3, a oarpad [u] NTa(y) COMEPKNUT S5-INKI Wi, W3, Wa, Wq, Ws.

Ecnu [z;] N [x;] comepXuT gBe BEPIIUHBI W), Wy, , TO moarpad {w;, wy,,} aBasgerca
KJIHKOH, uHave [wi] N [wy,] comepXKur u, ;, Tj, a TakKe o0 BepmuHe u3 [u] N [z;] T
[u]N[z;]. IIpoTuBopeune. Janee, BBuLy meMMbl 4 10 Kpaiineil Mepe oaun u3 nmoarpados
[u] N [a;], [u] N [z;] aBasgerca reogesmueckum 2-mytem. Ilycrs, ams ompenenenHocTw,
[u] N [z1] aBRgETCa reomesuuecknm 2-myTem. Torma [y] N[z1] comepkut He Gonee OmHOM
Bepumusl u3 [y] N ['s(u) u me memee Tpex BepmuH u3 {xg,...,T5}. Be3 orpamnde-
HUST OOIIHOCTH MOXKHO IPEINOJIONKUTL, IT0 %1 € [r4]. Tak Kax [x1] N [z5] comepxut
BEPIIMHBI W3, T2, T4, Y, TO BEPIIUHBI T1,T5 CMEXKHBI. B CHJIy CHMMETPHM BEpIIHHBI
X9, T4 cMexHbL [IporuBopedme ¢ rem, uro [x1] N [x2] comepxkur wo, ws, T4, Ts, Y.
Vreepxkaenne (1) mokaszano.

ITo nemme 4 ancio pedep mMexay T'a(u) n I's(u) ve Goabite 22-4, Ho He MeHbIe 6k3
nosromy k3 < 14. Tak kak uncio seprmH v rpada I' nemures va 6, 1o ks € {2,8,14}.
Eciu ks = 14, ro T'2(u) comepxkur 18-pepuimuubiii noarpad X, kaxK/iad BepliMHA
KOTOPOTO CMEKHA ¢ 9eThpbMa BepmmuHamu u3 ['3(u). Teneps 9mcio TpeyroqbHUKOB ¢
ocuoBanueM B [u] u Bepmunoii B X pasuo 54, nosromy nekoropoe pedbpo {w,w’} us [u]
MOTaIaeT B MepeceveHne Tpex BepIimH X1, To, 3 € X . Ilo memme 4 nmeeM paBeHCTBO
[u] N [z1] = [u] N [x2] = [u] N [z3]. TIpoTrBOpeune ¢ tem, uro [w] N [w'] comepxuT
u, 1, To, T3 ¥ BepuMHY U3 [u] N [z1]. YTBepKaeHne (2) mokasaHo.

Mycrs ks =2, Ts(u) = {y,y'}, Ts(y) = {u, e}, Ts(y’) = {u,e'}. Hepes X; = X;(u)
00603HaYUM MHOXKECTBO BepiiuH u3 ['o(u), CMeKHbIX TOYHO ¢ ¢ BepmmHamu u3 ['s(u).

Homycernm, uro d(y,y’) = 2. Torma T'y(u) comepykur 3 Bepmunbl n3 Xo, 16 Beprimn
3 X1 u 3 BepUMHBI 21, 22, 23 W3 Xo. s sepumnsl z; € Xy moarpad [z;] comepskur
1o 3 Bepumusl u3 [ul, [y], [¢'] u 2 Bepumnst u3 Xo. Orciona e € [y'] — [y], € € [y] —
—['], a 3nauur, nogrpad [e] comepxkut 3 Bepiubt u3 [u], y', 4 Bepumnbt u3 [y'] — [y]
u 3 sepmmnbt u3 Xo. Teneps moarpador Xo = [e] N [€'], Xo(y) = [v'] — ([y] Uebot) u
X2(y) = [u] N [e] aBnsioTcsa 3-KauKamu.
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Monoxnwm T's(e) = {y,w}, Ts(e’) = {y/,w'}. Torga w,w" € [u], X, He mepecekaer
[w], [w']. Janee, [u] comepxur ape 3-xkmuku Xo(e), [e] N [u] = Xo(y) u 5 Bepuun u3
wPot. Momyctum, ato w’ € Xo(e). Torma [u] N (w')* comepwut 3 Bepmunnt u3 Xo(e)
u nBe BeprmHbl u3 [e]. TToaromy [u] N Xo(e') comep:KuT eTMHCTBEHHYIO BEPITHHY U3 [¢]
u He cofiep:KuT w. IIpoTuBopeune ¢ TeM, 9To e, w', u, w — reofe3nvecKuii 3-myTh, HO
BepIMHA u n30JanpoBana B [w] N [w'].

Homycrum, gro w' € [w]. Torna [w'] ve mepecekaer [u] N [e]. IIpoTruBopedne ¢ Tem,
410 [e] N [u] comepxkut He Gosee oAHOI BepmMHBL B Kazk10M u3 moarpados [e'], Xo(e)
u mepecexaer (w')®.

Buaunt, w’ € [e] u w € [¢]. B arom cayuae [u]|N[w'] comepkut npe BepumHb! u3 [e],
Hie MeHee o/THOM BepmHHE! 13 wlot u He Gosee ool BeprmHbI w3 X (€) . [IpoTnsopesne
¢ TeMm, aTo | Xo(e) N Xo(e')| > 2.

Urak, B caygae k3 = 2 nama mo6oit BepmuHbl v € ' paccrosHne MeKIy IBYMs
gepimHamu B I's(u) pasao 1 unu 3. Ecau rpad I' gpiisgercs anTunonajibHbiM, TO OH
Oyzer 3-nakpbiTueM 12-KIUKH, TPOTUBOpPEYINE ¢ JIeMMOi 2. YTBep:Kaerue (3) moka3aHo.

|

3. Cayuaii p =3, ks =8

B sTom naparpade npeamnonaraercs,gro I' — Brosine peryngapubiii rpad auaverpa 3
¢ napamerpamu (v,11,4,3) u s wekoropoii Bepmuubl u € I' umeem ks = 8, rue
ki = |Ti(u)|. ®ukcupyem reomesuveckuii 3-nyrb u, w, x, y B L.

Jlemma 7. Bunoanaromea caedyrwujue ymeeprclenus:

(1) ecau ba(u,x) =4 das nekomopot sepwunv, x € I'y(uw), mo aubo [z] NTa(u) -
kokauka u [x] NTs3(u) asaaemea 3-nymem, aubo [x] NTo(u) codeporcum dee usonupo-
sannvie sepuuns, u pebpo u [x] N Lg(u) — wemwuperyzorvruk;

(2) daa amwboi sepwunv, x € T'y(u) nodepad [x] NTs3(u) ne asasemes wemopex-
Y2ONDHUKOM;

(3) ba(u,z) <3 daa amobot sepuuns x € I'y(u).

HoxkaszarenbcrBo. [lycrs bo(u,z) = 4. Ionoxum [u] N [z] = {wi,wa, w3},
[z] NTo(u) = {e1,...,ea} m [z] N Ts(u) = {y1,...,9u}. Torma {wi, wy, ws} sasnzer-
ca kaukoil. Be3 orpannuenus OOIHOCTH MOYKHO MPEINOJOKNUTh, 9TO BEPHO OJHO W3
YTBEPZKICHMUI:

a) e4 CMEXKHA C Wi, We, W3 W KaXKJash BepIIMHA W3 {e1,...,€3} CMEXKHA TOYHO C
O/HOM BepuIMHON u3 {wi, wa, W3}, AJisd ONPENEJEHHOCTH, €; CMeXKHA C W ;

6) e4 He CMeXXHA HHW C ONHON W3 BEPIIMH Wi, Wz, W3 U KAXKIas BEPIIHHA U3
{e1,...,e3} cmexna TouHo ¢ aBy™Ms BepruuHamu u3 {wi, we, ws}, JAJA ONpPEIEJECH-
HOCTH, €; HE CMEXKHA C W;;

B) €1 CMEeXHa C w1, W2, €2 —C W2, W3, €3 —C W1 U €4 — C W3.

Tak kak u € [w;] NT'3(y;), To [w;] N [y;] aBaserca 2-nyrem mnn 3-xnuxoit. Torma

ly;] comepzxur Bepmumny u3 {ei,...,es}.

[Iycrs BblnONHSIETCS Caydail a) U yi,...,Ys HE cMexkHbI ¢ eq. Torma [w;] N [yi]
COIEPKAUT €;, TIOITOMY KasKIas W3 BEPIUH ¥1,...,Y3 CMEXKHA C e1,...,e3. OTcioma
{e1,...,e3} — korumKa u [e1] N [e2] comepkuT Z,y1,...,Yys. [IpornBopeune.

[Iycts Bommonusercs cay4dait 6). Torma [y;] COmepXKHUT He MeHee IBYX BEpIIHH U3
{e1,...,e3}, uHate B ciydae e, ey ¢ [y;] Bepmuna @ m3omuposana B [ws] N [y;]. IIpo-
tuBopedne. [losromy umcio pebep mexuy {ei,...,es} u {y1,...,ys} He menbme 8.
ITporuBopedne ¢ TeM, 9TO HEKOTOpasi BepinHa u3 {e,...,e3} CMeXKHA C 2 BepITHHAMA
3 {wy,we, w3} nc3u3 {yi,...,ys}.

[TIycTs BRIMOMHSAETCS CAyYail B). 3aMernM, 9To [y,] comepKut Bepmuny u3 {e1, s},
HHade BepIInHa & n3oauposana B [we]N|y;]. [Iporusopetne. Eciun y; me cMmexna ¢ e,
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TO OHA CMEXKHA C €3, HHAUe BepIInHa T H301upoBana B [wi]N[y;]. B cury cummerpun
€CJIH YJ; He CMEXKHA C ez, TO OHA CMexKHA € e4. [Tosromy aucio pebep mexay {eq, ..., es}
u {y1,...,ys} He MeHblne 8 W KaxK/Jasg U3 BEPIIMH {€1, €2} CMEXKHA TOYHO C ABYMs
BepIUHAMY U3 {Y1,...,Yys} W n30aupoBana B {ei,...,es}. Be3 orpanndenns obHOCTH
MOXKEM CUYUTATh, 9TO Y1, Y2 € [e1] — [e2], ys, ya € [e2] — [e1]. Kak mokazawno BhImIe,
Y1, Y2 € lea], Y3, ya € [e3]. Tenepb OO BEpIMUHBI €3, €4 CMEKHBI U {Y1,...,Ys} —
YeTBIPEXyTOTBHUK, TAOO BEPIIUHBL €3, €4 HE CMEKHBI U, JIJIs OPECTCHHOCTH, 1 € [e3],
Y3 € [ea] u Y1, Y2, Y4, Y3 aBasercs 3-myrem. Yreepxaenue (1) pokasamo.

Mycrs z € To(u) u monrpad [z] N T's3(u) asnserca 4-uuknom zi,...,2z4. Torma
[z1] N [z3] = {x, 22, 24} m [22] N [24] = {x, 21, 23}. TToaromy s0Gasi BeprmMHA W3
I's(u) — [x] cMexHa ¢ eAMHCTBEHHON BepIIMHON U3 {21, 23} U C eIUHCTBEHHO BepIIu-
uoit u3 {29, z4}. Momoxum [x]NT2(u) = {y1,...,ya} u [z]N]u] = {w1, wa, ws}. Torga
smobag Bepmuna u3 's(u) — [z] cmexkna ¢ exuncTBenHON BepumHOil u3 {y1,...,Y4},
BEPIUHA 2; CMEXKHA TOYHO ¢ 2 BEPITMHAMH W3 {Y1,...,Y4} U BEPIIHHA W3 3-KIUKH
{w1, wa, w3} cmexua TouHo ¢ 2 BeprmHaMu n3 {yi,...,ys}. Be3 orpannyenus ooOuI-
HOCTH MOKHO MPEANOJIOKATE, 9TO BEPITAHBI Y1,y CMEKHBI C MapaMW BEpITAH U3
{wy, wa, w3} W Kaxkmas W3 BEPUIMH Ys3,Ys CMEKHA C €IUHCTBEHHON BepIIMHON W3
{w1,wa,ws}. B Bumy yreepxaenus (3) semmbt 4 noarpad [u]N[y1] we spisercsa Kaukoii,
[OITOMY BEPIIMHA Y1 He cMexKHa ¢ BepiuHamu u3 ['s(u) — [z]. 3uauut, Bepiuunbl ys, Y4
CMEXKHbBI ¥ Kaxk1as 13 Hux cmezkua ¢ 4 sepmunamu u3 ['s(u). o yreepxkaenuro (1) noa-
rpad [ys] N T3(u) asaserca 4-umkaom. s onpeseseHHOCTH CYNTaeM, 9TO 21, Za €
€ [ys]. Amanormuno, [ys] N T's(u) aBngercsa 4-mMUKIOM, COTEPIKAIUM MO 2 BEPIINHBI
u3 I's(u) — ([r] U [ys]), Ts(w) N [z] u Ts(u) N [ys]. Buauawr, z1, 22 € [y4]. [Iporusope-
que ¢ TeM, 4To [y1] N [y2] comepxkur x, Bepmmuy u3 {wi, wo, W3} U BEPIIUHBL 23, Z4 .
YrBepxkaenue (2) 10Ka3aHO.

IIycre by(u, z) = 4. Monoxkuwm [u]N[x] = {wy, we, ws}, [x]NT2(u) = {e1,...,es} n
[]NT3(uw) = {y1,...,ya}. I3 yrBepekmennit (1) u (2) caeayer, 9to e CMeXKHA C w1, W2,
€2 CMEXKHA C Wa, W3, €3 CMEXKHA C Wy W e4 CMeKHA ¢ ws. Jlanee, yi, ya € [e1] — [e2],
Y3, Y4 € [ea] — [e1], y1, Y2 € [ea], ys, ya € [es], Bepumnbl e3,e4 He cMmexHbBI, Y1 € [e3],
Y3 € [ea] u y1, Y2, Ya, ys aBagercsd 3-nyrem. Teneps [u] 'y (x) comepkut 1o 2 BepruuHb
u3 [es] — [z], [e4] — [z]. Torma |[u] NTy(z)| > 7. IIpornBopedne ¢ Tem , 9TO YUCIO pedep
mexay [u] NTa(z) n [x] NTo(u) paro 3|[u] NTae(z)| — 6 = 3|[x] NTa(u)| — 6. O

JIemma 8. Jlas awboi eepuunv y € T's(u) umeem cz(u,y) > 7.

HokaszarenbcrBo. Ilycrs 3(u,y) = 6. Monoxkum [u] N Ta(y) = {wi,...,we},
[yl NTa(u) = {z1,...,26}, [y] N Ts(u) = {z1,...,25} u [u] NT3(y) = {e1,...,e5}.
Torna mo6oit noarpad [w;]N[y] aBasercsa Kaukoit nin reopesndecknm 2-mmyreM. I[To mem-
Me 7 KaXKJas BEePIIUHA w; CMEKHA He DOJIee 9eM C IBYyMs BEePIUHAMEA U3 {€], ..., €5},
[O9TOMY CTeleHb KaxK10il Bepiuibl B rpade {wq, ..., we} He MeHbiie 2.

Ipeanonoxum, uro moarpadsr [u] N [z1], [u] N [z2] asagoTcs kankamu. Ecan
{wy, wa, w3} = [u]N[z1] = [u]N]x2], TO M5 ME0GoTO @ € {1,2,3} moarpad [w;|N[y] se-
JIFETCS 2-TIYyTEM M MOYKHO CIMTATD, 9TO [w1] COAEPIKUT MyTh Ta, T1, T3, [Wa| COMEPIKUT
OyTh Zo, T1, T4 U JAOO

(a) [ws] comepxkut nyTh 9 ,x1, T§, JIUOO

(6) [ws] comep:KUT MyTh X1, La, T5.

B mo6om caygae s i € {3,4,5} moarpad [u] N [x;] aBasercs 2-myTem, mosTomy

[;] comepxkut He Gosee omHoOl BepmmHbI U3 {z1,...,25}. Tak Kak B caydae (a) nmeem
[x2] N [x:] = {x1,y, wi—2}, 10 x3,24,25 ¢ [v6] u |[x6] N T3(w)| = 4. IIporuBopeune.
B cayuae (6) umeem x3,24 ¢ 5] u [v5] comepxur xg u 2 Bepmunbl u3 {z1,...,25},

[IPOTUBOPEYHE.
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Urak, sBuay memmMer 4 umeeM |[u] N [z1] N [z2]| < 1. B caywae |[u] N [z1] N[z2]| =1
MOXKHO CYHTATh, 910 {wi, wa, w3} = [u] N [x1], {ws, wa, ws} = [u] N [z2], [ws] N [y] =
= {1, 2, x3} u mmbo [x3] N [u] = {wa, ws, ws}, mubo [x3] N [u] = {ws, ws, we}.
B mro6om carygae [wg]N[ws] comepkuT u u He Gosee ABYX BEPINWH U3 {wy, wa, Wa, Ws},
MO3TOMY [wg] COMEPIKNUT MO 2 BEPITMHBI 3 {wi, Wwa, Wy, W5} W U3 {€1,...,€5}, B 9acT-
uoctd, [we] N [y] = {x4, x5, ¥} ABAsETCH KIUKON. BBumy memmsr 4 qs moboro j €
€ {4, 5, 6} moarpad [u|N[z;] aBasgercsa 2-mytem. Ecniu we — BepIuuma cremneHn 2 B 9T0M
yTH, T0 f-noArpad KOHIEBBIX BEPIIMH ITOTO LyTU CONEPKHUT U, W3, We, L;. IIporu-
Bopeune. Bes orpannyenns 06IIHOCTH MOXKHO TPENONIOKUTD, 9TO [L4] COAEPKUT My Th
W4, W5, We W [T5] COMEPIKUT MYTh w1, Ws, We. B ITOM CIydae BEPIIHHBI Wa, W5 CMEK-
HBI C wg W [wa] N [ws] comepxuT u, wi, ws, We, TOITOMY BEDIIHHBI Wa, W5 CMEKHBI 1
crenenb ws B rpade [u] we Menbine 5. IIpornBopeune.

B cnyaae |[u] N [x1] N [z2]] = 0 moxHO cumrars, 9ro {wi, we, ws} = [u] N [x1],
{wy, ws, we} = [u] N [z2]. o gokazanuomy [u] N [z;] ABasgerca 2-myTem mas a0O6OrO
i € {3,...,6}. Kaxkaplit u3 srux myreil comepuT pebpo, COeAMHSIONEe YKABAHHBIE

3-kaukn. [Tosromy nBa u3 aTux myTeil MHINAEHTHBI 00MIeil Bepmune 3 {wy, wa, w3},
CKaXkKeM Wy, W JBa W3 3TUX TyTeil MHIMAEHTHB 00mieil Bepiune n3 {wy, ws, wg}. Be3
orpaHuveHusi OOIHOCTU MOYKHO MPEIIOJIOKUT, YTO {wa, Wy}, {wa, we} u {ws, wg} —
pebpa, JeKalpe B yKa3aHHBIX 2-MyTAX. B 3TOM C/lydae BEPIIUHBI W3, W4 HE CMEXKHBI
u [ws] N [wa] comepKuUT u, Wz, We, MOITOMY MOMKHO CIUTATh, 9TO [w3] N [y] comep:kuT
X1, T3, T4 W [wye] N [y] comepkur o, x5, x6. Orciona pebpo {wsy, we} He MoNazaer HU
B OJINH W3 PACCMOTPEHHBIX 2-myTeit. IIporusopeune.

Urak, ne menee ngaru noarpados [u] N [z;] asasiorca 2-nyrsamu. Jomycrum, 4ro
{w1, wa, w3} = [u] N [z1] — xmwka. Torga ocrasmmecs noarpadst [u] N [z;] aBasoTCs
2-nyramu. Tax kax ang j € {1, 2,3} moarpad [w;] N [y] comepxkur 2 BepuUIMHLI U3
{x2,...,25}, TO MOXKHO cumTaTh, 9T0 [w1] N [ws] comepxkur x2. Ecim Bropoe peGpo
{ws, w3} TOMAZAET B OKPECTHOCTH BEPINHUHBI I3, TO {1, T2, X3} He SABJISETCS KIWKOI,
nHave {wi, we, wy} U {x1, 2, x3} — okrasap. [Iporusopeune. Teneps x2, 1, 3 WH-
JlyLUPYET [yTh, MHAYE JJI HECMEXKHbBIX BEDIIUH 1, Lo noarpad [r1] N [za] comepxur
w1, we, 3, Y, uporusopedne. Hanee, [r2] N [x3] comepxkur wsy, x1, y U BeplIMHY U3
{z4, x5, x6}, npoTHBOpeune. 3HauNT, {3,...,Ts} HE COJAEPIKUT BEPIINH, CMEKHBIX C
pebpamvn n3 {wi, we, ws}. Be3 orpannyuenns OOMHOCTH MOYKHO CUATATh, 4TO T3 € [w1],
x4 € [wa] M 5,26 € [ws]. 3aMeTnM, UTO BEPIIUHBI T1, Ly CMEXKHBI, HHaYe [21]N[za] co-
JIePKAT W1, Wa, T3, T4 . KaXKaad U3 BEPIIUH X3, . .., Te CMEKHA C IBYMd BEpIINHAMHU U3
{ws4, ws,we}, NIO3TOMY BEPUIMHBL 5, Lg CMEXKHbBI, uHaue [x5] N [rg] comepxkur ws, x1,y
U BepmmHy u3 {wy, ws, we }. [IycTh, M1t ONpenenennocTn, s, rs € [wa], T3, T4 € [ws].
Janee, TOUHO OJTHA W3 BEPIIUH Wy, W5, We CMEXKHA C Tz . 3aMETUM, UTO wg & [x5|N[z6],
nnade [u]N[zs] = [u]N]xe] aBnsercsa kaukoii, mporusopetne. I109TOMY MOKHO CUNTATE,
410 W5 € [w5], we € [x6]. Ecim ws, ws, wy aBagerca 2-nyrem, to [ws] N [w4] coumep-
KAT U, Ws, Ts5, Tg. IIpotuBopedne. Taxk, BepmuHbI w3, w4 CMEXKHBI U W3, W4, W5 WA
wy, w3, ws ABjgercsd 2-myreMm. Bo Bropom ciayuae [wa]N[ws] = {u, ws, x5} u wy € [x2].
Tak kak [u] N [z2] — myTh, TO [wy] COMEPKUT €MHCTBEHHYIO BEPIUHY w; W3 {wi, wa}
u [wy] N [ws—;] comep:kuT u,ws, w;, x2. [IpornBopedne. 3HAUNT, w3, Wy, Ws SBIAETCS
2-niyrem n [w3] N [ws] = {u, wy, x5}, modTOMY W1, Wo & [W5].

Teneps 5 € [wg], unaue x3, x4 € [we], moarpadsr [u] N [z3] = {wi, we, ws} n
[u] N [x4] = {ws, ws, w5} aBmsrorcs 2-myTsamu. IporuBopedne ¢ tem, aro [wi] N [we]
CONIEPIKNT U, W3, We, T1, T2. OTCIOMA [Wwg] comepkuT Mo ofHO Beprmune n3 {wi, we}
{ws, wya}. Ecmm we € [23], 10 [u]N[xs] = {w1, we, w5} —nyTh, [wa]N[we] = {u, w1, x2}
n ws ¢ [we]. [Iporusopeune ¢ Tem, uto [ws] N [wg] comepkuT wu, wi, wy, Te. Ecan
we € [z4], 10 [u] N [24] = {wa, we, ws} — myTh, [wW1] N [we] = {u, wa, x2} u w3 & [we].
ITporusopeuune ¢ Tem, uro [ws] N [wg] comepxkur w, wa, Wq, 6.
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Takum obpasom, Bce moarpadsr [u] N [z;] u [w;] N [y] asasaoores 2-myramu. Temeps
crenenun Bepumd rpada {x1,...,26} pasubl 3 wiu 4. Ho eciu crenens x1 B rpade
{z1,...,26} paBna 4, To mna z; ¢ {x1} U [z1] nomrpad [z1] N [z;] comepxur y u
3 BepmmHbl U3 {x1,...,26}, mpornBopeune. Tak Kak peryisipHbiii rpad crenenn 3
Ha 6 BepIIMHAX SIBJISAETCS MOJHLIM JBYAOALHBIM rpadom Ks3 mnnm 3-mpusMmoii,
to {x1,...,26} sABmAerca 3-mpuamoii. Be3 orpaHwdenusi OOMHOCTH, MOArPAdBI
{x1, 22, x3} u {x4, T5, g} ABNAIOTCH KIMKAMM ¥ BEpIIMHA T; CMEXKHA C T;y3. Torma
[2] N [2a] = {y, 71, 25}, [2] O [z6] = {u, T3, 5}, mosToy [z4] N [z6] comepmcut 3,z
u 3 Bepiunbl u3 {ws, ..., ws}, uporusopeuue. Jlemma qokazauna. O

Uepes S; 0603Ha9MM MHOXKECTBO BepIIUH 13 ['2 (1), CMEKHBIX TOYHO C § BEPLUIMHAMU
u3 Is(u).

JIemma 9. Bunoanatwomces caedyroujue ymeeprcoenus:

(1) 15] > 12;

(2) ecau y € Sz u [u] N[y] = {wi, wa, w3}, mo [y] NTa(u) codeporcum eepwuny
Yy, cmeorcnyro ¢ deyma sepwunamu u3 {wi, we, w3} u nodepad [u] N [y'] aeasemcs
2 -nymem;

(3) ecau y € Sz, mo T'a(u) ne codeporcum maxux sepwun y”, wmo [u] N [y] =
=[N [y"].

HdokazaresberBo. Beuay nemmvbt 8 uncio pedep mexay I'a(u) n I's(u) He MenbIme
56, mostomy |S3| > 12. Yreepxaenne (1) mokasaHo.

Mycrs y € S3 u [u] N[y] = {w1, we, ws}. Toraa [y| comepkut 3 BepuIMHbL 21, 22, 23
u3z I's(u) u 5 Bepmun u3z Iy(u). Janee, Bepuimna w; CMeXKHa € JByMs BepIIXHAMU
u3 [y] N T2(u), nosromy MOxKHO cuuraTh, uro Bepmmua Yy’ m3 [y] N T2(u) cmexna c
wy, wy. Ecm [u] N [y'] asnsercsa kmuxoit, To [u] N [y] = [u] N [y] u ¢y cmexna ne
Gostee ueM ¢ oHOM BeprHOi n3 {21, 22, 23}. Homycrnm, uro zs € [y']. Torma [z;] N [y]
cofiep:kuT 3 BepuHbl U3 [wi] U [we] U [ws] ansg moboro i € {1,2}, mosromy [z1] N
[22] N [y] comepxkur mo Kpaiineit Mepe 2 BepmuHbl U3 [wi] U [we] U [ws]. Ecan [z1] N
[22] N [y] comepxutr 3 BepuHbL Y1, Y2, Y3, Yi € [w;], TO BEpPIIUHDBI 21, Z2 CMEXKHbIL,
[y] N [z3] = {Y, y1, y2, ys}, mosTomy {y1,y2,ys} sBaAsiercss Kokaukoit. IIpoTuBopedne
¢ teMm, 910 |[y1] N [y2]| > 4. Bmaumr, [21] N [22] N [y] comepuT TOUHO 2 BepUIMHLI
Y1, Y2, Yi € [wi]. B aTom cayuae [y] N [ws] comepxur Bepmuny ys € [z1], 0 BepuIHumy
Y4 € [22], mporuBopedne ¢ rem, uro |[y] N [ws]| > 5.

Urak, eciin [u] N [y'] aBnsercsa kiaukoit, To y' He cMexKHA HU € OJHOI BEPIIUHON U3
{z1, 22, z3}. Hoaromy [z;] N [y] comepxkur 3 Beprmuub n3 [wq] U [we] U [ws] mas aro6oro
i € {1, 2, 3} m MoXKHO cunTarh, 9T0 [z1] N [22] N [23] comepxkutr Beprmuy Y1 n3 [wi].
Ocrasmnecs 3 sepmunst u3 [y] — {y/, y1} momanaor B [ws] U [ws]. [Iporusopeune c
TEM, YTO OJHA U3 STUX BEPIINH NPUHAMICKAT [we] N [ws]. YrBepxkaeHue (2) noka3aHo.

[Iycrs y € S3, vy’ € Ty(u) u [u] N [y] = [u] N [y"]. IIporuBopedne ¢ Tem, 4To MO
yTBepkIeHuio (2) Hexkoropas Bepmuna Yy’ u3 [y|NI'2(u) cmexma ¢ 2 BeprmuHaMu w;, w;
u3 [u] N[yl u [w] N[w;] comepxur w, y, ¥, y” u Bepmmuy u3 [u] N [y]. O

BageprnmM paccMorpenne ciaydas ks = 8. Tak kak mMexay [u] m S3 He Mmenee 36
pebep, TO HeKOTOpast BepInHa w € [u] cMexHa ¢ 4 BepmuHAMHA Y1, Y2, Y3, Ya U3 Ss.
Hanee, crenens w B rpade [u] N [y;] paBHa 2, mosromy HekorTopas BeprmuHa w’' n3
[u] N [w] cmexkua ¢ nByms Bepuunamu u3 {y1, Y2, ¥s, Y4} . IIporusopeune ¢ semmoii 9.
Teopema mokaszama.

PaGora Beimosnena npu (unancosoii noguep:kke POOU (npoekt 12-01-00012), npo-
rpaMMbl OTIeNIeHns MaremMarndecknx Hayk PAH u mporpaMM COBMECTHBIX MCCIEIOBA-
uuit YpO PAH ¢ CO PAH u ¢ HAH Benapycuu.
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Summary

K.S. Efimov, A.A. Makhnev. On Completely Regular Graphs with k=11, A\ =4.

It is well known that if T" is a connected edge-regular graph with by = 1, then T is
a polygon or a complete multipartite graph K, x2. A.A. Makhnev and his students have studied
completely regular graphs with 2 < by < 5. In our earlier article, the study of completely
regular graphs with b1 = 6 was reduced to the investigation of graphs with k£ € {10,11,12}.
Together with M.S. Nirova, we considered the case by = 6, k = 10. This paper deals with
completely regular graphs with by =6 and k£ = 11.

Key words: graph, completely regular graph.
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