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BeeneHue

[loknapn ocBsilaeT pe3y/nbTaTbl NOJYYEHHbIE B COBMECTHbBIX UCCeA0BaHUAX
¢ Vonr Cy Keonom n A.[l. MegHbix.

B npegblaywmnx pabotax astopos [MedMed18, GrunMed22, MedMed2020]
ObINN N3y4YeHbl CTPYKTYPHbIE TEOPEMBI, OMUCLIBAKOLLME CBOWCTBA YMCa
OCTOBHbIX [€PEBLEB, KOPHEBbLIX OCTOBHbIX JIECOB U MHAEKCa Kupxroda ans
ceMeicTBa LMPKYASHTHbIX rpacoB. Bce aTn Benn4nHbl SABASIOTCA Cnek-
TpajibHbIMN WHBAapUWaHTaMM, TO €CTb 3aBUCAT OT CODCTBEHHbLIX 3HAYEHUIA
XapaKTepucTnyeckoro noanHoma matpuubl Jlannaca. Ctpyktypa camoro
NoJIMHOMA OCTaBasnack HeM3BeCTHOW. B HepaBHux paboTax [Xiaogang Liu

n Sanming Zhou (2012), Xiaogang Liu n Pengli Lu (2016)] bb110 obHapy-
XKEHO, YTO XapaKTEPUCTUYECKOW MOJIMHOM ANs psifa W3BECTHbIX CEMECTB
rpadpoB, TaKMxX KakK TeTa-rpadd, raHTenbHbIli rpad u rpad nponennepa ad-
(PEKTUBHO BbIPAXKAETCs Yepe3 NoJinHOMbI Hebbiesa. ITu pesynstaThl Aa-
NN KAKOY K NMOHUMAaHUNIO CTPYKTYPbl XapaKTEPUCTUYECKOrO NOJIMHOMA ANs
LMPKYNAHTHBLIX rpadpoB, KOTOpPasi U ONUCBLIBAETCS B AAHHOM COODLLEHUN.
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BeeneHue

Bonee To4HO, XxapakTepncTMYecKnii MOANHOM MPeACTaBASIETCS B BUAE KO-
HEYHOrO MPOU3BeAEHNS anredbpanyecknx PyHKUNI, BbIYNCIEHHbBIX B KOP-
HSIX JIMHEAHO KOMDUHALMM nofimHOMoB YebbiweBa. IToO NO3BONSAT yCTa-
HOBWTb NEPNOANYHOCTb TaKMX MOJIMHOMOB B MPEANUCAHHbIX LEbIX TOYKAX,
4TO NMPEeACTABASET NHTEPEC C TOYKM 3PEHUSIMU AUCKPETHOW TOMOOrnYe-
ckoii guHamukn [Natascha Neumaerker (2012)]. VctaHnaeneHo, 4To ¢ TouY-
HOCTbIO A0 SIBHO YKa3aHHbIX JIMHEAHBIX MHOXUTENENR, XapaKTEPUCTUHECKME
NOJIMHOMbI LIMPKYASIHTHBIX rpadhoB BCErAa sIBASIOTCA MOJIHbIMU KBaApaTa-
MU. DTO JAET BO3MOXXHOCTb MOJIy4MTb HOBOE AOKA3aTe/IbCTBO TEOPEM O
4MCJIE KOPHEBbLIX OCTOBHbIX JIECOB B LIMPKYISIHTHOM rpade.
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[lpenBapuTensHble CBEAEHUS

[lon rpagpom G bymem NOHMMATbL KOHEYHbIW, CBSA3HbLIA rpady, gonyckato-
Wi KpaTHble pebpa, Ho He umetownii netens. Yepes V(G) n E(G) obo-
3Ha4YMM MHOXKECTBA BepLuuH 1 pedbep rpacda G cooteetcTBeHHO. MaTpuua
A = A(G) = (au,v)u,veV(G)s A€ au,y — 4ncno pebep Mexay u 1 v, Hasbl-
BaeTCca maTpuueii cmexHocTu rpadpa G. ObosHauum 4epes d(v) cTeneHs
BepwuHsbl v € V(G) n paccmoTpum guaroHansHyto maTtpuyy D = D(G)
c anemeHtamn d,, = d(v). Matpuua L = L(G) = D(G) — A(G)
Ha3bIBaeTca maTpuyeii Jlannaca wav nannacnavom rpacda G. Xapak-
TepucTnydeckum noamHomom Jlannaca rpaca G HasbIBAETCA MOJIMHOM
XG(A) = det(L(G) — Al), rae | — eanHmnyHas maTtpuua, Metowas no-
PSIOK, COBNajatowmii ¢ Yncnom sepwimnH rpaca G.
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[lpeaBapuTenbHble CBEAEHUS

[‘pacp G Ha n BeplIMHAX Ha3bIBAETCA LUPKYASHTHBIM, €CIN CYLLECTBYET
nocnenoBaTesIbHOCTL UenbiXx Yyncen 1 < s; < s < ... < 5 < g Takasd, 4To
BEPLUMHA C HOMEPOM Jj CMEXHa C BeplwunHamn J + sy, J = So, ..., J £ Sk, rae
HOMepa BepLUNH bepyTcs no Moaynto n.

Ecnn s, < n/2, To BCce BepwIMHbI rpadha UMEIOT HETHYIO BaJIEHTHOCTb

2k. B cny4ae, korga n 4eTHo n s, = n/2, BCe BepwuHbl rpada NMeoT
HEYETHYIO BaNeHTHOCTb 2k — 1.

Linpkynsinthbiid rpadp Cph(s1, S2, - - -, Sk) CBSA3EH, €Cnu

ged(sy, s2,- -+, 5k,n) = 1.

JTO yCNOBME, B paMKax COODLIEHUS, BCErga NpeanosiaraéM BbINMOJHEHHbLIM.
C kaxgbIM LnpkyNsaHTHbIM rpacpoMm Cp(si, S, ..., Sk) Mbl CBSXKEM accoyu-
upoBaHHblii noanHom Jlopana. OH nmeeTt Bug

k
P(z)=2k—> (2% +z7%).

(=1
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C_6(1,3)

Circulant graph Gg(1,3).
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XapaKTeEPUCTUYECKINTI MONMHOM ANS LUPKYASAHTHBLIX FPacoB

C YEeTHOW BANI€HTHOCTbIO

CobcTBeHHble 3HaYeHUst LmpkyasiHTHoro rpadpa Cph(si, S, ..., Sk) C YETHOIA
BAJIEHTHOCTBIO BbIYNCASIOTCA C MOMOLLbIO aCCOLMMPOBAHHOIO MOJIMHOMA
JlopaHa

k
. . . 27i
s —js : £Td
A= P(e,) = 2k — E (el +¢e,7%), j=0,1,....,n—1, rpeec, =¢e n .
(=1
COOTBETCTBEHHO, XapaKTEPUCTUYHECKUI NOAMHOM MaTpuubl Jlannaca 31o

n—1

X6 () = det(L(G) — M) = (=1)" [J(A = Ap).
j=0
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XapaKTeEPUCTUYECKINTI MONMHOM ANS LUPKYASAHTHBLIX FPacoB

C YEeTHOW BaJIEHTHOCTbLHO

Theorem (1)

Mycts G, = Cy(s1,52, - .-, Sk) — UMPKYASIHTHBIA rpagh YeTHOI
BaJIeHTHOCTH. Torga xapakTepuctndeckuii noamHom X n(A) matpuubi
Jlannaca rpagpa G, ¢ TOYHOCTBIO O 3HAKA, BbIYUCISETCS MO PopMysie

Sk

[ [@To(we) - 2),

/=1
rge To,(w) — noanHom Yebbiwesa nepsoro poga creneHun n, a BEANHNHbI

k
we, £ =1,2,..., sk — kopHu noamHoma Qx(w) =X — 2k +2 > T, (w).
(=1
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Cxema gokasaTenbctsa 1

Sk

[pexxae Bcero, 3ameTum, 4To anrebpanyeckas pyHkuus [[ (27T,(wy) — 2)
(=1
SIBNSIETCS LENOYNCAEHHBIM NOJANHOMOM OT A. DTO CNeAyeT U3 TEOPEMbI

Bueta, npumeHeHHoi k kopHam nonvHoma Q(w). Janee, HanomHum baso-
Bble CBOWCTBA Pe3YyNbTAHTOB ABYX MOANHOMOB. [ycTb

f(x) =ao(x—x1)...(x—x) m g(y) = bo(y—y1)-..(y—ym), rhe apbo # 0.

imetoT mecTo cneaytowme cooTHoweHust (cM. kuury [Npaconosa “TlonnHo-
mbl', T. 1.3.1):

Res(f,g) = a§’ Hg Xj) = bon Yi)

Res(f,g) = (—1)*8"“*€ERes(g, f).
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Cxema gokasaTenbctsa 1

Monoxum f(w) = 2T, (W) —2ng(w) = Qx(w). Torga ag = 2" n

by = 2°. llonaras ¢, = e , 3aNULLIEM XapPaKTEPUCTUYECKNIA NOJIMHOM C
TOYHOCTbIO [0 3HakKa

n—1 n—1 k

[T =x) =TT =2k + ) (™ +<,7))

j=0 j=0 (=1
n—1
H()\ 2k+22cos(2ﬂjs€))—n A — 2k+22 (cos( 27”
=0 (=1

n—1 .
[T @(cos(*2)) = 27" Res(Qu(w), 2T, (w) ~ 2) =
Jj=0

Sk

(—=1)"*27 ">« Res(2Th(w) — 2, Qa(w)) = (—1)"* H(2 Th(wy) — 2).

(=1
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Cxema gokasaTenbctsa 1

PakTn4ecku,

(M) = (C1) T A) = (1) & D T[2Ta(we) - 2).
=0 =1
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[Tpnmepsbl 1

Example (Luknuyecknii rpadp C, = C,(1))

I3noxeHHasi Teopusi NPUBOANT K HEODXOZMMOCTM HAXOXAEHUST KOPHED
ypasHeHuss A —2 4+ 2T1(w) =0 uam A — 2 + 2w = 0. Takum kopHem

ABJIAETCA W = % [loacTaBnsas nosyyeHHoe 3HayeHue B QOpPMyNy AJis

XapaKTepUCTUYECKOro NoAMHOMa, noaydumM Y,(A) = 2T,(%52) — 2.

/Icnonb3ys npepcTaBneHune nonmHoma YebeoileBa B TPUrOHOMETPUHECKOI
copme T,(w) = cos(narccos(w)), MOXKHO NoOKa3aTb, Y4TO NOCAEAOBATENb-
HocTU Xn(1), xn(2), xn(3) n xn(4) sBNAIOTCA NEPUOANYECKMMU C NEPUO-
aamu 6,4,3 n 2 COOTBETCTBEHHO.
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[Tpnmepsbl 1

Example (UunpkynsuThbiii rpadp C,(1,2))

Kak n paHee, nLEM KOPHN COOTBETCTBYIOLLErO YPaBHEHUS
A—24+2T1(w) +2To(w) = A+ 4w? + 2w — 6. ITO BEANYUMHBI

Wy = % (—1 ++/25 — 4)\) n wo = % (—1 — /25 — 4)\) . CooTBETCTBEHHO,
Xn(A) nmeet Bug (2T,(wy) —2) (2Th(wa) — 2).

3amMeTum, 4TO nocaegoBaTenibHOCTU X n(4), Xn(5) 1 xn(6) — nepnogunyHsbl
c nepuogamun 6,5 n 12 cooTBETCTBEHHO.
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XapaKTeEPUCTUYECKINTI MONMHOM ANS LUPKYASAHTHBLIX FPacoB

C HEeYeTHOW BANEHTHOCTbLIO

B cnyyae uupkynsintHeix rpacgpos Con(s1, S2, - - -, Sk, 1) C HEHETHOI BaneHT-

HOCTbIO BEPLUUH YAO0OHO BBECTU CAEAYIOLWMIA aCCOLUNPOBAHHbIV NOINHOM
k
Jlopava P(z) = 2k+1— ) (z°*+z7*). Torpa, cnektp maTpuubl Jlannaca
(=1

/ . i

mmeet Bug A; = P(eh,) — (—1Y,j = 0,1,...,2n — 1, roe ey = €70 .
CnpaBeanmBea ciegyolias Teopema.
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XapaKTepI/ICTI/Il-IeCKVII7I MNOJINHOM A1 LUUPKYJIAHTHbIX rpacbos
C HEYETHOWN BANNIEHTHOCTbIO

Theorem (2)

Mycts G, = Gop(s1, S, .- ., Sk, N) — UMPKYASIHTHBIG rpagh HEHETHO
BaJIEHTHOCTU. Torga xapakTepucTuHeCcKuii moamHom X n(\) matpuybi
Jlannaca rpagha G, BbIYUCASETCS 1O PopMYysie

Sk

[ [@Ta(ue) = 2)2Ta(ve) +2),

(=1

rge Tp,(w) — noanHom Yebuiwesa nepsoro poga creneHu n, a BEANHNHbI

up, vp, £ =1,2,...,5 — BCE KOPHU MNOJIMHOMOB
k k
Q(u)=A—2k+2> Ts(u) u Rax(v) =A—2k—2+2> T,(v).
/=1 /=1
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CxemMa AgoKkasaTenbcTBa 2

OHo, no-npe)xxHemy, OCHOBaHO Ha CBOICTBaX pe3ynbTaHToB. [losoras €, =

2wl

e n , UMEeM

2n—1 2n—1 k
FD* JTO =) = [T (A =2k =14+ (-1Y + ) (& +237%)) =
j=0 j=0 /=1
2n—1 k
n—1 H (>‘_2k_2+ Z( +€2n5£))
[T - 2k+z St e, %)) x 22 - —
j=0 (=1 [T\ —2k—2+ Z(EJSK +en’ ™))
j=0 (=1
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CxemMa AgoKkasaTenbcTBa 2

Res(Ra(v), Tan(v) —1) _
Res(Rx(u), To(v) — 1)

D21 Sk Res(@Qx(u), Th(u) — 1)

RGS( T2n(V) — ]., RA(V)) _
Res(Th(v) — 1, R\(v))

D20 Sk Res(Th(u) — 1, Qa(u))

Sk

[1eTatwn) - 222 =1 = T]@Talwr) -~ D(2Tolw) + 2

B KoHue Mbl ncnonb3yem cnepytollee TOXAECTBO MexAy nosnHoMamu Ye-
obiwesa Top(w) —1=2(Th(w) +1)(Th(w) —1). [
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[Tpnmepbl 2

Example (UunpkynsuThbiii rpadp G, = Gpn(1, n). JlectHuua Mebuyca)
Pewaem gBa ypagHeHusi A —2 +2T1(u) =A—2+2u=0wu
A—4+2T1(v) = A —4+2v =0. Ux pewennst — 310 u = 252 1

v = %. OTcroga

W) = TN ~ 2@ (52 +2)

3ameTuM, 4TO nocnefoBaTenbHOCTN Xn(2), xn(3) 1 xn(4) — neprognyHsbi
c nepuogamun 4,3 n 2 COOTBETCTBEHHO.
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[Tpnmepbl 2

Example (UunpkynsuThbiii rpadp G,(1,2, n))

Imeem cnepytouime nonnHoOMBI

Q(u) =X —44+2T1(u) +2To(u) = X+ 4u° +2u — 6 1

Ry\(v) =X —6+2T1(v) +2To(v) = A+ 4v? + 2v — 8. VIx kopHu 370
io=7(-1£v25—4X) nvip =1 (-1 £33 —4)). Otcroaa
XapaKTepUCTUYHECKMIA NOANHOM X () nmeeT Bug

(2Th(u1) —2) (2Ta(u2) —2) (2Th(v1) +2) (2Th(v2) + 2).

Mo>xxHO nokasaTb, 4TO NOCNEAOBaTENbHOCTL X p(6) — neprognyHa ¢ nepu-
oaom 12.
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BeipeneHune UenoYncaeHHoro KeajgpaTta u3

XdPaKTEPUCTUHECKOTO NMOJINHOMA

Cnenytouine aBe TeOpeMbl OMUCHIBAOT LIEJIOYNCIIEHHOE Pa3/IOKEHNE XapaK-
TEPUCTNYECKOrO NONMHOMA LIMPKYASAHTHOro rpadha Ha Manoe YnUcao JINHENR-
HbIX MHOXKUTENEN N KBagpaT NOAXOASALWErO LEeSIOYNCAEHHOrO NOJMHOMA.

Theorem (3)

Paccmotpum yupkynsutHelii rpagd G, = Cp(s1, S, .- ., Sk) YETHOII
BasieHTHOCTU. [1o10XXUM p paBHbIM YUCY HEYETHbIX 3/IEMEHTOB
noCNe[0BaTENbHOCTU S1, S, - . . , Sk. lOrga CyLecTByeT
MOC/IE[0BATENLHOCTb L{EIOYNUCEHHBIX MOAMHOMOB an(\) Takas, 4To
XapaKTepucTu4eckuii noanHom matpuysl Jlannaca rpagpa G, 3agaetcs
cpopmynamu: x n(A) = M\ — 4p)an(N)? npu yetHom n u (—N)an(\)? npu
HEYETHOM N.
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BeipeneHune UenoYncaeHHoro KeajgpaTta u3

XapaKTePUCTNYECKOrO MNOJNHOMA

Theorem (4)

Paccmotpum yupkynsutHelii rpagg G, = Cop(s1, S2, - - -5 Sk, 1) C HEHETHOI
BaJIEHTHOCTbIO BEPLUUH. [los10XKUM 4nCcno p paBHbIM YUC/Y HEHETHbIX
3/1EMEHTOB MOCAEA0BATE/ILHOCTHN S1,Sp, . .., Sk. lorga cywjecTByer

MOC/E[0BATENLHOCTb LENOYUCIEHHBIX MOANHOMOOB an(\) Takas, 4To
XapaKTEPUCTUHECKMI NMOJIMHOM MaTpuubl Jlannaca rpacga G, 3agaercs
cneayrowmmmn popmynamu: X n(X) = M\ — 4p)an(\)? npu yetHom n u
Xn(A) = M\ — 4p — 2)a,(\)? npu HeweTHOM n.
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CxemMa gokasaTenbcrea 3

/LlokazaTenbCTBO OCHOBAHO Ha credyrowmx paccyxaeHusax. [pexae sce-

O 3aMETWM, YTO YUCJIO P HEYETHbIX JIEMEHTOB NOCAEA0BATENIbHOCTU

S1,5,...,SK MOXET DObITb BbIYNCEHO MO dpopMyne p = Z;;l %

CobcTeeHHble 3HaYeHnst MmaTpuubl Jlannaca rpacba Cp(s1, S, - . -, Sk) 3aAa-

totcst kak A\j = P(ey), j=0,1,...,n—1, rae P(z) = 2k—2f:1(25’—|—z_5/),
2mi

acp=¢en.limeem \g=0u \; >0pnsj=1,2,...,n—1. 3ametrum, 41o
An—j = Aj. [lycTb n — HeveTHo. Torpa

n—1 n—1
xn(A) = (1" [ =A) = =AT[(r =) =
j=0 j=1
(n—1)/2 n—1 (n—1)/2
—A H ()‘_)‘J) H ()‘_)‘J):_)‘ H ()‘_)‘1)2
J=1 j=(n+1)/2 j=1
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Cyclotomic polynomials

Recall the n-th cyclotomic polynomial is defined as

®n(x) = JT(x? — 1)3), where p(n) is the Moebius function. All
d|n

the roots of this polynomial are ey, where 1 < k < n runs

through all integers coprime to n. One of the basic properties of

cyclotomic polynomials is the equality [, ®a(x) = x" — 1.

Theorem (Periods of cyclotomic decompsition)

Let A\ be a given integer. Consider the following degree 2sj
polynomial r(x) = x*R(3(x + ). Then the sequence xn()\) is
periodic with period N if and only if r(x) is a product of
cyclotomic polynomials which are divisors of polynomial xV — 1.
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Tables of cyclotomic decomosition 1

Periodic sequences ‘ Cyclotomic decomposition of r(x) ‘ Period
Graph C,(1)
xn(1) de(x) 6
xn(2) d4(x) 4
Xn(3) (D3(X) 3
Xn(4) ®5(x) 2
Graph C,(1,2)
Xn(4) ®3(x)P6(x) 6
Xn(5) ®s5(x) 5
Xn(6) D3(x)Pa(x) 12
Graph C,(1,3)
xn(3) d3(x)P10(x) 30
Xn(4) P4(x)Ps(x) 8(4)
xn(5) O5(x)Dg(x) 30

llya Mednykh

IM SB RAS

4/17



Tables of cyclotomic decomosition 2

Periodic sequences \ Cyclotomic decomposition of r(x) \ Period
Graph C,(1,2,3)
Xn(6) ®3(x)Ps(x) 24
Xn(7) ®7(x) 7
Xn(8) ®3(x) P4 (x)P6(x) 6
Graph C,(1,2,4)
Xn(6) Dy (x)Pg(x) 36
xn(7) Dp(x)P7(x) 42
Graph C(1,3,4)
Xn(8) $3(x) D6 (x)Ps(x) | 12(6)
Graph C,(2,3,4)
Xn(6) ¢3(X)¢4(X)(D12(X) ‘ 12

llya Mednykh
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Tables of cyclotomic decomosition 3

Periodic sequences ‘ Cyclotomic decomposition of r(x) ‘ Period

Graph C,(2,3,4)

Xn(6) ‘ ¢3(X)¢4(X)¢12(X) ‘ 12
Graph C,(1,2,5)

Xn(5) ¢5(X)¢6(X)¢12(X) 60

Xn(6) Pg(x)Po(x) 72
Graph C,(1,3,5)

Xn(5) 5 (x)P14(x) 70

Xn(6) ¢3(X)¢4(X)¢6(X)¢12(X) 12

Xn(7) ®7(x)P10(x) 70
Graph C,(1,4,5)

Xn(7) P7(x)P12(x) 84

Xn(8) ®3(x)Pg(x)P10(x) 10

llya Mednykh
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Tables of cyclotomic decomosition 4

Periodic sequences \ Cyclotomic decomposition of r(x) \ Period
Graph C,(2,3,5)

Xn(8) | P()Pa(x)Ps(x)Pr0(x) | 30
Graph C,(3,4,5)

Xn(5) ¢5(X)¢18(X)¢10(X) 90

Xn(6) D3(x)P16(x)P10(x) 48

Graph C,(2,4,5) is not periodic for any positive integer \
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Examples of periodicity

Family of graphs Periodic sequence Period

Cn(lv k) Xn(4) 2(k2 — 1)

Cn(ka /) Xn(4) 2(l2 — k2)

Co(l, k, k+1) Xn(8) 2k(k+1)

Cn(1, k, k + 2) Xn(6) 12(k + 1)

Colk,k+1,k+2,k+3) Xn(8) 4(2k + 3)
Co(m—1,m+1,n—1,n+1) xn(??) 77
Co(m—1,mm+1,n—1,nn+1) xn(10) 77

Cn(1,2,...,k) Xn(2k) 2k(k +1)
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Circulant foilations

Circulant foilation Y,,.

Here, the base graph is Y-graph
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Laplace Matrix or Circulant Foliations

The Laplacian matrix L = D(H,) — A(H,) of the circulant foilation
H, is given by the formula

Li(Tn) —aiplh —a13h ... —aimlh
[ —32,1/,, LQ(IT,,) —3273/,, - —32.7,,7/,, 7 (1)
—am7ll,, —am,gl,, —am,3l,, - Lm(Tn)

i

where Li(z) = 2k; + d; — > (2% + z7514) if G; # C,(0) and

j=1
Li(z) = d; if G; = C,(0).

llya Mednykh IM SB RAS




Frame Title

Also we introduce the polynomial

w1 —di2 —a13 ... —aim
—3271 w2 —3273 e —az’m
Q)\(W) = det . . ’ (2)
—dm,a1 —dm2 —éam3 .- Wm

ki
where w; = 2ki +dj — A — > 2T (w), i=1,2,...,m.
j=1
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Lemma

Lemma

Let V' = (v1,va,..., V) be the subset (possibly empty) of
vertices of the graph H with trivial circulant fibers C,((). Define
H' as a vertex-induced subgraph of graph H formed by V'. Then
leading term of the polynomial Py(z) is given by the following
formula (—1)™=™'1 2%, where

n=det(L(H, X)), s = sji, X' =(di—XA da—X,...,dw—N),
j=1

and d; is a valency of vertex v; in graph H.
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Structural theorem for circulant foilation

Theorem

Characteristic polynomial xn(\) = det(L — Al) of the Laplacian
matrix L = L(H,) of graph H,(G1, Ga, ..., Gy), up to sign, is
given by the formula

S

n" H(zTn(Wp) - 2),

p=1

where s = 51, + Sk, + -+ Smkps Wp, p=1,2,...,5 are all the
roots of the equation Qx(w) = 0 and 1 is the same as in Lemma 2.
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Theorem for foliations

Let H be a finite connected graph on m vertices. Consider the
circulant foliation H, = Hp(G1, G, ..., Gy,), where

Gi = Ca(si1, Si2,---5Sik), i =1,2,...,m. Denoted by Qy(w) the
associated with H polynomial.

Theorem

Let xn(X) and x () be the Laplace characteristic polynomials of
graphs H, and H respectively. Then there exists a sequence of
integer polynomials a(n) such that

1° xn(A) = xn(X\) a(n)?, if n is odd,

2° xn(A) = @x(=1)xH(N) a(n)?, if n is even.
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Frame Title

Theorem (Asymtotics. Part 1)

Consider the sequence f(n) = |xn(\)|. Then

@ Suppose that all the root of polynomial Q\(w) are outside of
segment [—1,1]. Then the asymptotic behavior of sequence
f(n) is given by the formula

f(n) ~ A%, n— oo,

1
where Ay = exp( [ log |Qx(cos 2t)|dt).
0
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Frame title

Theorem (Asymtotics. Part 2)

® (i) Suppose that all the root of polynomial Q\(w) are on the

llya Mednykh

segment [—1,1]. Then the sequence f(n) is bounded from
above by 1n4°, where s is degree of Qx\(w).

(ii) Moreover, if each of the roots of Q\(w) is of the form
w = cos(qm), where q is a rational number, then both
sequences f(n) and xn(\) are periodic.
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Frame title

Theorem (Asymtotics. Part 3)

© Suppose that polynomial Q\(w) has roots on the segment
[—1,1] and outside of [—1,1]. Then f(n) = f*(n)f~(n),
where f(n) is bounded from above by 4% and
f+(n) ~ (A})", n — oo, where sT is degree of Q\(w) and

1
A} = exp( [ log | Q5 (cos2rt)|dt).
0

llya Mednykh IM SB RAS




