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PEINEHUE YPABHEHN A ITYACCOHA B KYBE METO/IOM FACR
(FOURIER ANALYSIS AND CYCLIC REDUCTION)

B pa6Gote [1] mpenioxxeH ObICTpBIM MeTOA pemieHus ypaBHeHus [lyaccoHa B kBaaparte ¢
WCIONIb30BaHUEM MpeoOpazoBanus Dypbe, METOAa MUKIMYECKON PEAyKIMH U METOJa MPOrOHKH
«HEe 110 KoHIa». B HacTosme padoTe npeacTaBiaeHo 0000IIEHHE ITOT0 METO/Ia Ha CiIydail Kyoa.

[TocTpouM KOHEYHO-PA3HOCTHYIO alMpPOKCHUMAILIUIO OAHOPOAHOW 3amauu Jupuxie mis

ypasHerns —Au = f B ky6e K =[0,1]>. PasoGbem Ky6 10 TpeM HAIPaBICHHSM CETKOM ¢ IIaramu
h,=1/N, hy =1/M, h, =1/K, coorBercTBeHHO (151 IPOCTOTHI cuntaeM 4ro N, M, K —nemnbie

CTENCHU JBOMKH). 3HaYeHUS QYHKIMIA B y3J1aX CETKM 0003HAYMM HIXHUMH HHACkcamu (i, j, K).
JIJist HaXOXIeHUS TPUOTMKEHHOTO PEIICHUS B Y3JIaX CETKH MOJyYUM CUCTEMY YpaBHECHUM:
Uik — 205 jx + Ui jx  Uijak = 2U; jx + Ui joik Uik = 2U; j i Ui jks

—f
2 2 2 i,jko
h, hy h,
rne i=1,..,N-1, j=1L..,M -1, k=1,..,K -1, npuueM u3 ogHOPOAHOCTH ycCJIOBHUil Jupuxie
CHe,HyeT, qToO: Uo’j’k =Ui’0’k :ui’j’o :uN’j,k :ui,M’k =Ui’j’K :O, | :0,..., N ) J :0,...,M N

k=0,...,K . Jlas pereHns CHCTEMbI MPUMEHUM TTpeoOpa3oBanne Dypbe [2] 1Mo HampaBiIeHUIM Y, Z
HNubiMu cnoBamu, paccmotpuM 3anauy Ltypma—JlnyBuiis:
Vik ~ Wik Wik Ykl Wk Y ke
2 2
hy h,
e j=L.,M-1, k=L..,K-1, a wg, =Vio=Vjk =¥mx=0, mus j=0,..,M, k=0.,...K.

+ilﬂj’k =0

Ona uMeer cienyroliee pemieHue (I yJoOCTBa COOCTBEHHBIE 4YMCIAa MPOHYMEPOBAHBI JIBYMs
WHJIEKCaMH):

st . (m]s) . (xkt 4 .2”Shy 4 . o xth, B B
V/j,k_sm( v j [ j Ast [ 5 _h_zzsm ik s=1..M-1,t=1,.,.K-1.

Pemenue ncxonHoi cucteMbl ypaBHEHHM Oy/ieM MCKaTh B BUJiEe U = Z Zcis’tl//?’tk , 4TO IIPUBOAUT K
s=1 t=l

cepun cuctem Buma: —Cy +(2-h A )t —¢ =h R, e s=1.,M -1, t=1.K-1,

i =1L...,N —1, B mpaBoii 4acTH KOTOPBIX CTOSAT KOIPPHUIUCHTHI Pa3I0KeHUs ceTOYHOM QyHKIuu f

10 mkimaM ™', Ha mpaktuke Ui monydeHHs Kod((MUIMEHTOB MCIOIb3YETCS AIrOpPHTM
y Y Y

ObIcTporo cuHyc-npeodpazoanus Oypoe [3].

Onumem 6osee MoIpOOHO pelIeHHe ITHX CHCTEM, MAaTpUlla KaKIOW M3 KOTOPBIX SBISETCS
TPEXIMArOHAILHOM C JUaroHAJIbHBIM MpeoOnanaHueM. MOXHO pemaTh d3TH  CHCTEMBI
KJIACCUYECKHM METOJIOM MPOTOHKH, OJHAKO MOCTYMUM HHA4Ye — MPUMEHUM METOJ LUKINYECKOU
penykuuu [1] u nepeliieM K COBOKYIMHOCTU CUCTEM MEHBIIEH pazMepHoCcTH. PaccmMoTpuMm cocennue
YpaBHEHUS OJHOMN U3 CUCTEM:

—cth +(2-hl A e — ¢t =hFY,
—ct +(2-hlA e — ¢l =h R,
_C +(2 hy ﬁ“st)CHl Z_h I:|+1'
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CknazipiBasi IEPBOE, TPETHE M BTOPOE, YMHOKEHHOE Ha (2 —h,"A ), ypaBHEHHUS, IOTYIUM

—ch +(2-h ) = 2)ctt =i =h (RS +2-h AR + R, i=24,.,N -2,

i+2
[ToBTOpsis 3TOT Mpomecc | pas, mpumem Kk cucreMe MeHbIeH pasmeprnoctu. EE, cremys [1],
peuIMM METOJOM MPOTOHKU «HE 10 KOHLa». [1osicHUM ero ujero Ha MpuMepe TpeXIuaroHaIbHON
marpuisl (d > 2), KoTopas BMeCTe ¢ MHOKUTEIIMHU ee LU-pasnoxeHus npuBeeHa HIKe
d -1 1 u -1

-1 d -1 , 1 u, -1
T_ , L= , U= ,
-1 d -1 L, 1 U,, -1
-1 d , 1 u,
rae U; =—1/1; msa Beex i. Kak mokasano B [1], U; ———p, p>lunVe>0n Vi> N, roe

N = llog(g)/log(p_z)J (xBaspaTHbIE CKOOKM OOO3HAYalOT WMy YacTh YHWCIA), BEPHO, 4TO
\(ui -p)/ ui\ <g,npu p > <<l.DTo U MoO3BONAET [eNaTh NPOrOHKY He 10 KoHIa. MTak, pemms

CHCTEMY C TIOMOIIbIO JBYKPAaTHOro ImpeoOpa3oBanuss Pypbe, MOIYUHM pELIICHHE HNCXOTHOU
cucteMbl. B utore nomyuen tak HasbiBaemblii anmroputm FACR(I). Cnenys [1], MOXHO BBIOpaTh
ONITUMAJILHBIN TI0 KOJIMYECTBY apudmernueckux omnepaimii mapamerp |= log(log(min{N, M, K})).
CH0XHOCTh BCEro ajaropuTMa peLIeHHs CHCTEMbl KOHEYHO-PAa3HOCTHBIX YPAaBHEHHUH IMpPHU TakoM
BeIOOpe mapametpa coctaBisgeT O(NMK log(log(min{N, M, K}))).

YucneHHbI 3KCIEPUMEHT MOATBEPANII, YTO OIIMOKA PElIeHUs METOAOM INPOTOHKU «HE JI0
KOHIIa», HE 3aBUCHUT OT pa3Mepa CUCTEMBI (CM. puc. 1), a Takxke, YTO PEIICHHE UCXOIHON CHUCTEMBI
meronoM FACR 3anumaer meHblie BpeMeHH, yeM MeToJ DPypbe U Kiaccudeckas MPOroHKa (CM.
puc. 2).
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Puc. 1. 3aBUCHUMOCTH TOUHOCTH PEIICHUS Puc. 2. 3aBucHMOCTEL BpeMeHH pabOTHI OT pa3Mepa
OT pa3sMepa CUCTCMbL MaTpuUlbI
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