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I. IIpousko
Harionanpuuii yaiBepcuter “JIbBIBChbKa MOJITEXHIKA”
Kadeapa CHCTEM aBTOMAaTH30BaHOTO MPOSKTYBaHHS

CHUHTE3 TA OBYUCJIEHHSA OCHOBHUX THUIIIB ATIX
HA OCHOBI HUKJITYHUX 3I'OPTOK

© Ilpoywvro 1., 2012

Po3rasinyTo minxix a0 e(eKTHBHOroO OO0YHMCIEHHS OCHOBHMX YOTHPbOX THUIIB
auckperHoro mneperBopendst Xaptiai (AIIX) Ha ocHoBi mukiaiyHuX 3roprok. Ilapamerpu
TBIPHOT0 MacuBY 0a3MCHOI KBaAPaTHOI MAaTPHLi BUKOPHCTAHO AJ CHHTE3y aJITOPUTMY.

KarouoBi ciioBa: quckpeTHi nepeTrBopeHHs XapT.i, TBIpHUIi MacuB, CHHTE3 aJITOPUTMY,
HMKJIYHA 3TOpPTKA.

The general method of efficient computation four types discrete Hartley transform using
of circular convolutionsis considered. The parameters of hash array of basis square matrix for
algorithm synthesis ar e used.

Key words. discrete Hartley transforms, hash array, algorithm synthesis, cyclic
convolution.

Beryn
s onucy AaHuX B iX CHEKTPaIbHOMY TapMOHIYHOMY 00pa3i 3aCTOCOBYIOTHCS BHCOKOC(EKTHBHI
JMCKpETHI TepeTBopeHHsT kinacy @Dyp’e. YV OUIBIIOCTI 3aCTOCYBaHb ONPallbOBYIOTH iH(opMarliiro Haxa
MOCITIOBHOCTSIMHA JIIHCHUX JaHuX. Tomy o0poOka [AII® wax nifichumMu panumu € iH(opmartiiHO
HA/UIMIIKOBA, a came jidicHa yactuHa J[[I® e mapHor (yHKIiero Ta ysBHa HemapHowo [1]. Omny 3
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anerepHatuB JI1D 3ampornonyBaB amepukaHchkuil BueHnit P.B.JI. Xaptmi B 1942 p. mist mepeTBOpeHHs
HaJ TiHCHUMHM drciaMu [2].

H (u) = ¢ f (t) cas(2p ut)dt @

Byno Bka3aHo Ha MOKITMBICTh BUKOHAHHS CTPOTHX B3a€EMHUX IHTErpalibHUX IEPETBOPEHD, B SIKMX BCI
oreparii BUKOHYBAJIMCh 3 JIMCHUMH 4YHcIaMyd 0e3 BUKOPHUCTaHHS KOMIUIEKCHHX Benmu4uH. OcoOnHBicTIO
IIbOTO MEPETBOPEHHS ABJSEThCA JiMicHA Oa3ucHa (QyHKILs, 0 B JUCKPETHIH (opMi Mae BUTIISAA

cas(2zkn/N)= (cos(2zkn/N)+ sin(2zkn/N)). 2

[Noganpimuii 3Ha4HUI BHECOK B PO3BUTOK 1 MOMYJISAPU3AIIiI0 I[LOr0 HAMPSIMY OIPAIIOBAHHS CUTHAJIB
3pobuB P. bpeiicyemn, moumnaroun 3 1983 p. [3], skuit po3poOMB OCHOBM Teopil HEMEpepBHOrO i
JIMCKPETHOT0 MEpeTBOPEHHs XapTiii, a TAaKOK OMH 3 BapiaHTiB Horo mBuakoro neperBopenns (IIIX) y
1984 pomi, O YACTO HA3MBAKOTH AITOPUTMOM  Xaprmii- Bpeiicyemna [4] mma obesrie N = 2" B
O(N log2(N)) omepariii.

Crextp XapTii JOCTIIKYEThCS Ta 3aCTOCOBYEThCS B 0araTox NMPHKIAIHMX 3ajadax. BigzHaunmo,
o AiiicHa Ta ysABHA YacTHHHU meperBopeHHs Dyp’e, xo4 1 MalOTh NEBHUH (I3WYHHA 3MICT, came SK
aMILTITYIHUH PO3MOJIT KOCHHYCHHX 1 CHHYCHHUX KOJHMBaHb, B SIKICHOMY aHalli3i CHTHAIliB TaKOX
3aCTOCOBYIOTBCSI IOCTATHBO PiaKko. [IpakTuuHilIe 3HaYCHHS JUIs aHaJli3y MaloTh MOIYJh Ta (a3a crekTpa
(ammumiTyqHO-9acTOTHA 1 (PAa30BO-4aCTOTHA XapaKTEPHCTHKA) 1 CHEKTP T'YCTHHHM IMOTY)KHOCTI CHTHAIY.
Haii6inem nepcriekruBHuME 3actocyBaHHAMHU LIIIX € oOuucieHHs 3ropToK, BU3HAYEHHS CIEKTPaIbHOI
T'YCTHHU Ta TEBHI BUIW H(POBOTO ONPAIIOBAHHS CUTHAIIB.

[Noganpiuii iIHTEeHCUBHUI PO3BUTOK iH(OPMAILIHHUX TEXHOIOT1H 3a1ae Ul BuMoru nepexa AI1X Ta
iX aJTOpPUTMIYHUMH, TPOrpaMHO-aapaTHUMU 3aco0aMy 3 IIBUAKOII Ta PO3BUTKY (YHKIIOHATBHHX i
crienuQpiTHIX MOXKITUBOCTEH TIEPETBOPECHb.

AHaJi3 JiTepaTypHHX JKepet

BinbIie TphoX ACCATHIITH JOCTIKYBaIU e()EKTHBHI 0OYMCIEHHS OAHO-, ABoBHMIipHHX JI1X, m1o
HasBaiM MBHAKKUMHU TieperBopeHHsamu Xapmm (IIIIX). Otpumano 3Ha4YHY KUIbKIiCTh IMyOTiKallii,
NpPUCBSTYCHUX e(heKTUBHOMY oOuncIieHH:o [5, 6].

3BepHEHHS JI0 MEePEBOpPeHb XapTili 0yia0 00YMOBJICHO CHUTYAIlIE€l0, [0 CKIANach y ISIKUX METOaX
orpalffoBaHHs iH(opMallii, 1e ompalbOByBaTH JaHi OakaHO B oOiacTi midicHuX 4ucen. Ha BiaMiHy Bin
neperBopeHHst Oyp’e, mo BimoOpaxkae AificHI (QYHKIIT B KOMIUIEKCHY 00JacTh 1 HECUMETPHYHOTO IO
KOMITJICKCHIH 3MiHHIN, IIepeTBOPEHHS XapTii 31HCHIOE BiOOpakeHHs TUILKY B AIHCHIH 00acTi.

Cepen OararoBapiaHTHOCTI ehekTuBHUX oOuncieHb i IIIIX po3auisiioTh Ha aaropuTMHu 3
OCHOBOIO [[BA, PO3UCILICHOIO OCHOBOK, 3MIIIAHOK OCHOBOIO, HEMapHOro 00CATY, CKIaJeHOro oocsry i
QITOPUTM MPOCTUX MHOXHHUKIB.

Hnst cuntesy edektuBHUX anroputMis 11X BUKOPHCTOBYIOTH MiXOIH:

1) npsimoi dakropu3zanii marpui IXIT;

2) HenpsIMOro OOYMCIICHHS Yepe3 MIBUAKE epeTBopeHHs Oyp’ e abo uepes iHil JUCKPETHI TPUTOHO-
METPHUYHI IepeTBOPECHHS,

3) anropuTMH, 110 6a3yIOThCS Ha anrebpaidHiil Teopii CKIaqHOCTI .

Po6oru 3 mBuakux JI1X y3araabHIOIOTBCS Ta CHCTEMATH3YIOTHCS 1 3aBEpIIaIbHAM KPOKOM B I[bOMY
HAMpsIMi € Teopis, 110 3a0e3MeYNTh AaBTOMATUYHY TCHEPAIliF0 IBUIKUX AITOPUTMIB [7].

IMocTanoBka npodJaemu
O6uncnennss JITX ta IAITX (mpsMoro Ta iHBEPCHOrO) HAJIGKHUTh JO ONHIET 3 HAHOUIbII €MKUX i
TPUBAJMX TPOLIEAYp B iH(GOPMAIIHUX TEXHOJOTISMX, X0U NpsIME Ta iHBEPCHE MEPETBOPEHHST XapTil B3aEMHO
cumerpruHi. ToOTo, 1 Tporneaypa B HaHOUIBIIOMY CTyreHI MOTpeOye BIOCKOHAJECHb, IO JO3BOJSTH
MPUIIBUAIIATH POOOTY MPOrPaMHOro Ta arapaTHOro 3a0e3neyeHHs 1 BIAMOBIIHO caMe IepETBOPEHHSI.
OnHuM 3 HanpsMKIB epEKTHBHHUX allTOPUTMIB € MOXIHBiCTh oOuucienHs JIIX uepe3 nukmivni
sroptk. Lleit HanpsiM eeKTUBHOrO OOYKCIICHHSI BUKOPHCTOBYE HASsIBHICTH aJITOPUTMIB IIBHIKOI 3ropTKH [8].

303



OcobnuBo TosiBa MyOIiKaIii, MoB's3aHUX 3 OOYHMCICHHSM TOMIMPEeHoro B 3actocyBaHHsAX JIIX yepes
MUKITIYHI 3TOPTKH, HAIESKUTH 10 Todatky 90-x pokis XX cr. [9, 10]

Binbrricts qOCTiKEeHh BUKOPUCTOBYIOThH MEPEXia Bl OOYMCIECHHS AMCKPETHOrO MEPETBOPEHHS 10
MUKTIYHUX 3rOPTOK 3aCTOCOBYIOUH IEpEiHaeKcallito s mpocToro obesry 3a Peiinepom [8] abo poskian
CKJIQJICHOTO 00CSTY MEpETBOPECHHS Ha MPOCTI MHOXKHUKH 3a Arapsajiom i Kyni [8], abo koMOinyroun It
migxomu. Y poboti [11] posrmsiHyro mnpuBeaeHHs mnepmioro tumy X 10 HUKITIYHUX CTPYKTYP.
Bukopucranus crnoco0y oOYHCICHHS Ha OCHOBI 3rOPTOK Ma€ CBOi OCOONHMBOCTI Uit BHU3HAYCHHS
y3araigpHeHoro JI1X pi3HHX TUIIB, MO TOTPEOYIOTH TIOJABIIONO JOCTI/KEHHS Ta aHAII3Y.

Yorupu tanu X |-V

JluckpeTHe mepeTBOpPeHHS XapTii BigoOpakae BXiOHI JaHI B JIHIMHY KOMOIHAIiIO 3Ba)KCHUX
KacCMHYCHHX (QYHKIii. [cCHye YOTUpH THIN AWCKPETHOTO IMEpeTBOpPEeHHs XapTii, U0 pO3IIISHYTI B poOOTi
[12]. LTi mepeTBOpEHHs € MOAATBIINM BIOCKOHATEHHAM J{I1D st QificHUX BXiTHUX JaHUX.

Ile mneperBopennst obcsary N wmae N Bxigaux 3magenb  X(n) (n=0,1,...N-1) ta  X(K)
Buximaux(N=0,1,...N-1), mo Bu3HA4AIOTECS 332 (HOPMYIIO0

_ 1% .
X(k) = a x(meag(n+no)(k+ko)- ], k=0L...N-1 ©)
n=0
3BopoTHE aucKpeTHOro nepersopenns Xaptm (3/I1X) BuzHavaeThes 3a GopMynoro
"5t 2
x(n) = 8 X(k)cas[(n+no)(k+k0)|\lp], n=01..N-1 @
k=0

ne o, Ko — BigmoBigui 3mimenns. Omke, Ha BiaMiny JII® obumciaenus mpsmoro i 3soporHoro JITX
3maificHioeThes 3a opmynami (3), (4) Bu, SKUX 30iraeThCs 3 TOUHICTIO 10 MHOKHKKA 1/N.

Jnst ocHoBHUX dotHphox THmiB JITX 3mimenns Ko, Ny B 3aranproMy Bupasi (3), (4) MoKyTh
npuiiMati 3HaueHHs O, Y2 (Tabu. 1).

Tabruys 1
Ko, No, 0,0 0, % 5,0 Vo, Vs
Tun JUIX JITX-| TITXA | TITX-A11 XAV

Indopmartiitai Texaomnorii mmpoko 3acrocoByoTh JITX I-IV-ro BuaiB i npeacraBiieHi Bupa3amMu BiATOBII-
Horo Buy. J{ITX Takox po3risaatoTh K anbTepHATHBY JUIsI OOUMCIICHHS IMCKPETHUX KOCHHYCHHX TTEPETBOPEHb.

EdexTuBne oouucaenns X |-1V Ha 6a3i qukIIYHUX 3ropTOK
JITX-1 BimmoBigae KracHIHOMY JHCKPETHOMY ITEPETBOPEHHIO, sike mojaae P. Bpeiicyemn y pobori [13].
[psime ta 380poTHE omHOBUMIpHE JIITX-I BU3HAYA€THCS CIIBBIIHOIICHHSIMH:

X (K) =i|§ x(n)cas[(nk)2p/N], k=0L..N-1 ®)
n=0
x(n):gX(k)cas[nkZp/N], n=0L..,N-1 (6)
k=0
JUTX-IT
X(k):;glx(n)cas[(2n+1)kp/N], k=01..,N-1 7)
n=0
x(n):51X(k)cas[(2n+1)kp/N], n=01..,N-1 (8)
k=0
JUTX-II
X (k) :;Né-‘lx(n)cas[(Zk +)np/N], k=01..,N-1 9)
n=0
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x(n):51X(k)cas[(2k+1)np/N], n=01..,N-1 (10)

k=0
JIX-1V
X (K) :;glx(n)cas[(Zk +1)(2n+1)p/2N], k=01..,N-1 (11)
n=0
x(n) :g‘lX(k)cas[(Zk +1)(2n+1)p/2N], n=01..,N-1 (12)
k=0

[poanamnizyemMo cTpykTypy Matpuili 6asucy mis BuaiB JI1X 3a aprymenTaMu KOMIOHEHTIB hyp, , 110
JIOPIBHIOIOTH BiJITIOBITHO

s JATTX-T

ckn =kn 27/N, (k,n=0,1,...N); (13)
qurst JTTX-1IT

ckn = k(2n+1) 7N, (k,n=0,1,...N-1); (14)
qust JATTX-ITT

ckn = (2k+ Dn /N, (k,n=0,1,...N-1); (15)
g AXTI-1V

ckn = (2k +1)(2n +1) 7/2N, (k,n=0,1,...N-1). (16)

basucHa QyHKIis kKacuHyc nepioanyna (2r), acumeTpryHa BilHOCHO oci (1) Ha nmpomixky (0, 2p), Ta
Mmae oci cumerpii p/4 ua npomikky (O, p/2); Bice 3p/4 na mpomixkky (0, 3p/2) ; Bick 5p/4 Ha POMIKKY
(p/2, 2p), Bick 7p/4 na mpomixky (3p/2, 2p). Jani acHMMETPHYHOCTI Ta CHMETPHYHOCTI 3aJeKaTh Bif
00csTy Ta TUIY TIEPETBOPEHHS 1 B 3araJikHOMY HaBe/leHi B Ta0I. 2.

Tabnuys 2
[leperBopenHs nepioanyHi acHUMETpHYHI CHUMETpHUYHI
JITX-1 BigHocHO N BHOipoK BijHOCHO N/2 BUbipOK BijHOCHO N/8 BHbipOK
JITX-11 BigHocHO 2N BHOIpOK BigHocHO N BHOipoK BijHOCHO N/4 BUbipOoK
JITX-IIT BigHocHO 2N BHOIpOK BigHocHO N BHOipoK BijHOCHO N/4 BUbipoK
AIX-1V BigHocHO 4N BHOIpoK BigHocHO 2N BHOIpOK BijHOCHO N/2 BUbGipOK

Martpuiis apryMeHTIB THITIB IEPETBOPEHb XapTii 3a epioanyHicTIO Oyie

H'a(k,n) = [(kn) mod (N)], (17)
H", (k,n) = [k (2n+1) mod (2N)], (18)
H", (k,n) = [(2k+1)n mod (2N)] (19)
HY. (k,n) = [(2k +1)(2n+1) mod (4N)], (20)

Ha ocHOBI miZICTAHOBKM 3 PsIKIB JaHUX Matpuilb GopMmyerbes TBipHHiT MacuB P(n). Ha ocHoBi
BIIACTUBOCTI aCHMETPUYHOCTI Ta YaCTKOBOT CHMETPUYHOCTI 0a3ucHOi (QyHKIIIT KOCHHYC-EJIEMEHTH MaTpHIli
apryMeHTIB MO)KHa cripocTUTH. CIpOIIEH] eIeMEHTH MAaTpHIli apryMeHTIB BH3HAYarOTHCS MOCIIIOBHUM
BUKOHAHHSIM OOYHCIICHb:

st JAIIX-I 3 N mapaum

hin=[( k) mod NJ-N/2, sixmo [(hy,) mod NJ>N/2; (21)
nist N kpatre 8
hen = {N/4 -[(h¢n) mod N- N/2]}, sixio N/8<{ (hx,) mod N- N/2} <N/4, (22
hen = N/4 +{N/2-[(h¢,) mod N- N/2]}, sixio 3N/8<{ (h«») mod N- N/2} <N/2, (23
1HaKIIe
bk,n = hk,n .

[Mpuknan 3amMiHK 3HA4YEHb apTyMEHTIB Ha OCHOBI cUMETPIi [uist mepeTBopeHHs oocsirom N=24
12345 678910111213141516171819202122 23
21 8 7 12321678987
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ot JUTX-11 ta IIX-IT

hin =[( hkn) mod 2N]-N, sxmro [(hy,)mod 2N]>N; (29)
g N xpatae 4
hin = N/2-{[(h«nmod 2N)-N]}, siximo [N/4<[(hn)mod 2N-N]<N/2, (25)
hyn = N/2 +{N-[(hkn)mod 2N-N]}, sikiro 3N/4<[(hyn)mod 2N)-N]<N, (26)
1HaKIIe
bk,n = hk,n- (27)

[Tpuknax 3aMiHu 3HAYEHBb ApTYMEHTIB Ha OCHOBI CHMETPii [u1st iepeTBopeHHst oocsirom N=8 Buay
012345 67 891011121314 15

10 012 1050 5
st JAITX-1V
hin = [(hyn) mod 4N]-2N], skmro [(hy,)mod 4N]>2N; (28)
hin = N-{[(hinmod 4N)-2N]}, siximo N/2<[N/4<(hy,)mod 4N)-2N]<N, (29)
hyn = N+H{2N-(h,,mod 4N)} sxmo 3N/2<[(hy,mod 4N)-2N]<2N, (30)
IHaKIIE
hk,n = hk,n- (31)

[Npuxiian 3amMiHA 3HAYEHb apryMEHTIB Ha OCHOBI CUMETpIii utst iepeTBopeHHs oocsrom N=8 Bumy
1357 911 13 15 17 19 21 23 25 27 29 31
31 1 9 1 3 3 1 9 11 11 9.

CrpoliieHa MaTpPHIl apryMEHTIB JIOMIOBHIOETHCS MATPHUISIMH 3HAKIB Z KacHHYCAa, 10 BU3HAYAIOTHCS

32 HEPIBHOCTSIMHU
st JAITX-T

—;

+1, saxmo 7N/8< hy, <3N/8
Z[k,n] = i O, sxmo hyg, =3N/8, 7N/8 (32)
-1, sxmo 3N/8< he, <7N/8 ,

—_ -

qost JTIX-IT ta JTIX-IIT

+1, sxmo 7N/4< hy, <3N/4

0, sxmo hyg, =3N/4, 7TN/4 (33)
-1, sxmo 3N/4< he, <7N/4 ,

Z[kn] =

—_) — =

st JAIX-1V
1 +1, sxmo 7N/2 < he, <3N/2
Z[kn) = i 0, sxmo hgy =3N/2, 7N/2 (34)
T -1, sxmo 3N/2< hy(k,n) <7N/2 .

Ha ocHogi Bupa3siB (17)—20) Bu3Ha4aroThCs eeMeHTH i popmyeThes 3 psaakiB TBipHHIA MacuB P(N), a
nami 3 P(N) 3a Bupasamu (21)—(34) BM3HAYAIOTHCSA €IEMEHTH CIPOINEHOro TBipHOro macusy P'(n) ta
MaTpuIll 3HaKiB Z, 1m0 OepyTh y4acTh B B CHHTE31 allTOPUTMY ISl €pEKTHBHOTO OOUMCIIEHHS AUCKPETHUX
neperBopens Xaptii I-1V.

Cunre3 epekTBHOTO 00uncaenus AIX [-1V
3anponoHoBaHWI MAXia Uil e)EeKTHBHOTO OOYKMCICHHS TUCKPETHUX T'apMOHIYHUX IEPETBOPEHb,
1110 0a3yHOTHCS Ha IEKOMITO3HUIIIT 6a3uCHOI rapMOHIYHOT (PyHKIIIT po3riIsiHyTO B podoTax [14, 15].
VY pesynbraTi miaxoay, CTPYKTypy 0a3uCHOT MaTpHUIll MOYKHA 3aJ1aTH TBIPHUM MacHBOM
P(n)=P1(ny) Pa(1y) ... P(ni) =(Ma, N1z, Nag, ..., Mua)(Nog, Moo, Nos . Nor2) e (M, M, - M) (35)
ne K — KinbKicTh migMacuBiB, e Nj — eIeMeHT miaMacuBy, Li — KinbkicTb enemenTiB y migmacusi P(n), mo
1 3a/1a€ N-00CST 3arajlbHOr0 MacHBY JUISI PI3HHUX THUIIIB MIEPETBOPEHb, BU3HAUAETHCS:
n=(Li+Lx+..+Ly). (36)
Kinekicte K migmacuBiB B P(N) Bu3HauaeThest 3a 3HaueHHsM N (mpocre, ckianeHe) o0csry
neperBopeHHsi, Tak i tunom JIIX. Teipauii macuB P(n) 3aae mopsaoK €IEMEHTIB BXiIHUX TaHUX MPH
OOYMCIIEHH] JUCKPETHOTO TIEpETBOPEHHS.
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BrnacruBocti cumerpii ta nepioguuHocti 6a3ucy nepersoperns AITX npuBoasaTh 10 epeKTHBHIIIOTO
NpPENCTABICHHS MEHIIMMHU 3HAUCHHSMH €IEMEHTIB TBipHUX migMacuBiB P'(N) 3 momoBHEHHsAMH
BiAMOBIAHUX minMacuBiB 3HakiB Z(N). [TinmaTpuii 3HakiB Z(N) MicTsATh 3HaueHHs enemenTi +1,-1,0.

Teipuuii mMacuB P(n) meperBopeHHs BHU3HAYa€ OCOOJIMBICTH CTPYKTypH OasucHOl marpuii JITX
NPUBEICHOT 10 MUKIIYHUX iMaTPHUIlb. TOMY MOKHA BUAUIMTH MapaMeTpH, 10 xapakTepusywots P(N) i,
BIJIIIOB1IHO, BUIO3MIHEHY 0a3MCHY MATPHIIIO:

-k —«kinbkicth migMacuBiB y TBipHOMY MacuBi P(N)=Pi(ny)P(ny)... Pu(Nny);

—  KUTBKICTB eTeMeHTIB KOXHOro TBipHOro miaMacuBy (Li,Lo,...,Ly);

—  TepIInil elIeMEeHT KOKHOTo TBIpHOro miamMacuBy Ny, i=1(1)K.

HactynmuuM kpokoM cuHTe3y B anroputmi oOumcieHHs JI[IX € BU3HAYCHHS OJHOTHUIIOBUX
MUKTYHUX  MTAMATpUIlh. TOOTO 3HAXOMKEHHS OJHAKOBHX Ta KBa3i0JHAKOBHMX IMiAMATPHUIL (MaioTh
OJIHAKOBI iH/ICKCH, aje MPOTHJISKHI 3HAYCHHs 3HAKIB) Ha OCHOBI 3HAYCHb MapaMETPiB TBIPHOTO MACHBY
P(n) i cnpormieHoro TBipHOro MacuBy iHaekciB P'(N), mo 10moBHIOEThCS MacHBOM 3HaKiB Z(N). 3HAYCHHS
MapaMeTpiB CIIPOIICHOI0 TBIPHOTO MaCHBY

P (n)=P (n)P (ny)...P (ny), Z(n) =2Z(ny) Z(ny)...Z(nk) (37)
st nanoro obcsry N i Bumy neperBopennst JIIIX Bu3HauaroThCsl BiAMOBiAHO 3a Bupasamu (21)—31),
MmacuB 3HakiB Z(N) — 3a Bupaszamu (32)—34).

Jlns BU3HAYEHHS OMHOTHIIOBUX IUKIIYHMX IMIAMATPUIlh 3HAYEHHS eneMeHTiB MmaTpuil Ha(k,n)
MOXKYTh OyTH 3aJlaHi MONEPEAHBO, OJHAK BEIMKHU Mepedip BCIX eeMEHTIB MOoTpedye 3HaYHUX 00’ €MIB
maM’ Tl s iX 30epeKeHHS 1 BIANOBIIHMX 4YacOBHX 3aTpaT. E(QEKTHBHINIMN IUILX AaCTh MOXJIMBICTD
BH3HAUCHHS TUIbKM TMEPIIUX €JIEMEHTIB IMiAMATPHIlb B IMPOlECi aHalizy CTPYKTypu Oa3ucy 3a
KOOpJAMHATaMU PO3MIIICHHS MiaMaTpuilb. TOOTO OOYHUCIIIOIOTBCS 3a KOOpAMHATAMH PSIKa 1 CTOBIIISL
3HAYCHHS MEPIINX eIEMEHTIB MiIMATPHUII 1 aHANI3YIOTBCS MIXK CO00I0.

Bianosignicts koopauHar (i, j) exementam TBipHOro macuy P(n) ta P’ (n):

\j) 1L 2 3 45 6 7 8 9 10 11 12 ...n
P(n) (Mg, Ni2 Niz o Mot Nog Moz M3 Movg, oMt M2, vy Miik)
P(n) (M n'2Ns . Mg NN N's Mo, won,Mkes Mz, NkiK)-

KoopauHaty mepiimx exeMeHTiB miaMaTpuils BusHavaoTees 3a (i+L),(j+L;), ne Li—Bubupaerncs 3a
MPHHAAJIEKHOCTI 10 TBIPHOTO MiAMAacHUBY 3HAYCHHb IIEPIIMX EINEMEHTIB MiAMAaTpULlb Yy MaTpHUHIH
crpykrypi. Ilepii eleMeHTH OOYMCIIOIOTBCS 3a BIAMOBIAHUMH BH3HauYeHUMH KoopauHatamu (i,j) i
BIAMOBIATUMYTh elieMeHTy P’ (N) chpomeHoro TBIPHOrO MacHBY 3i 3HAKOM, BIIMOBIZHO 10 THUITY
neperBopenns AI1X (ta6u. 3).

Tabauys 3
(i+L;, j+Li) —n; (xoopmMHATH PsIOK/CTOBIEIB) — 3HAK 1 3HAYCHHS MEPILIOro eIEMEHTA MiIMAaTPHIb SCij;
11)-zhy; (12+Ly)—-zhy; v (@ A+ Lyt Lot
L) —zhy;
(A+ Ly, I+ Lo+ Ly
+ +L)—zhy;
(I+Ly1)—zhy; (I+ L1+ Ly)—zhy; (A+2L, 1+ L+
Lo+ +L)—zhy;
(1+ 3Ly, 1+ Lo+
Lo+ +L)—zhy;
(T+L+l o 4L 1) [ (A+L gL+ +Ly, | (A+L Lo+ +Ly 1+200) [ (A+L o+l o+ +Ly 1+3Ly) (T+L+L o+ 4Ly,
—-zhy; L) —zhy; —-zhy, —zhyj; 1+3L) —zh;;

Bu3HaveHHs OJHOTHUIIOBMX HHUKIIYHHMX MiAMATPHIIF BUKOHYETHCSA Yepe3 BimOip 3a KOOpAWHATAMHU
MEPIIMX EIEMEHTIB OJHAKOBUX IIIMATPHIIb 1O TOPU30HTaI. J[1si KoopauHAT PAAKIB, KPAaTHUX HPOCHUM

307



MHOJCHUKAM po3kitaxy oocsry N B CTpyKTypi, BUKOHYEMO 00’ €JHAHHS BXIJIHUX JaHHX I10 TOPU30HTAII
BHUKOHAHHSM ITOCIEMEHTHUX JIO/IaBaHb BXiJIHUX 3HAYCHb.

L1i 3HaueHHs1 OyIyTh BUKOPHCTOBYBATHCH JUIsl OOUMCIICHHS UKIIYHUX 3rOPTOK ITiJl Yac aHaNi3y I10
BepTHKasi. To0TO, BimOip 3a KOOpAMHATAMH IEPIIMX CIEMEHTIB OJHAKOBUX MiJIMATPHIIb 1O BEPTHUKAII 1
OOYHMCIICHHS [MKIIYHUX 3TOPTOK 3 BXIIHUMU 3HaueHHsMU. [1i7 yac aHami3y miAMaTpHIlh 0 BEPTUKAII JJIs
KOOPJMHAT CTOBIMIIB KpPaTHUX TNPOCTHM MHOXXHHKaM po3kiamy obcary N B CTpyKTypi BHKOHYEMO
OJTHOPa30Be€ OOUYMCIICHHS IUKIIYHUX 3rOPTOK. 32 HAsBHOCTI PEIITH HE3aAiTHUX MiIMATPUIh BUKOHYIOTHCS
IUKJTIYHI 3TOPTKH 332 CBOIMH ITapaMeTpaMH Ha OCHOB1 BU3HAYEHUX KOOPJIMHAT.

OO0’ emHaHHA pe3yIbTATIB 3rOPTOK BUKOHYETHCS 110 TOPU30HTAI HA OCHOBI Bi/IMOBIIHUX KOOPJAHHAT
MepIIMX eIeMEHTIB miaMaTpuilb. Onep)kaHi BHXIJHI 3HAYCHHS IEPETBOPCHHS BIANOBIAAIOTH IOPSIKY,
BI/IMOBIJTHOMY JI0 3Ha4YeHb TBipHOTrO MacuBy P(n).

Hpuxnagu cunte3y edpekTuBHOro oduncaenus JIX

PosrisHeMo mpukiaa CHUHTE3y alroputMmy mjis oprasizaiii odouuciends JIIX-III oocary N=11 na
OCHOBI IHUKIIYHUX 3ropToK. BpaxoByroum ocoOimBicTh 0asucHOi (yHkiii cas((2k+1)n n/N), TBipHHii
macuB P(n) 3a cToBmusiME BJBivi OUTBIINIT BiJl TBIPHOrO MacuBy 3a psAKaMH, 00 CKJIQJAETHCS i3 TTAPHUX Ta
HenapHux 3Ha4eHb (N=1(1)21) aprymeHTiB Ha iHTepBai ogHOro nepioxy 6e3 Bpaxysants X(0), X(11)

P(21) = (1,3,9,5,15) (13,17,7,21,19) (2,6,18,10,8) (12,14,20,16,4) ;
P (21) = (1,3,9,5,4) (2,6,7,10,8,) (2,6,7,10,8) (1,3,9,5,4) ;
Z(21) = (+,+,-+) (ohh) (Bt ) (s 1) D).

Teipuuii MmacuB P(N) = Py(5) Py(5) P3(5) P4(5) 3a cToBmisiMu MICTUTh HEMapHi i MapHi 3HAYCHHS
n=1(1)2N-1 aprymeHTiB BiAnoBigHO mepiogy Oasucy. TBipHHI MacuB 3a psIKaMd CKIAQIA€ThCT 3
migmacuiB P(n)=Py(5) Px(5), mo Biamosimatots N-1 Buxiguum 3HadeHHsM. Buznauenns nmapamerpis P(n):
k = 4 — xinpkicte migMacuBiB B TBipHOMY MacwuBi; L,=5, L,=5, L3=5, L,=5 — KigbKiCTb €leMeHTIB B
migMacuBax P(n) 3a1ar0Te 00CAT MUKITIYHUX 3rOPTOK.

BxijHi 3Ha4YeHHS TIEPETBOPCHHSI BIAMOBIAAIOTH MOPSAIKY BIAMOBITHO 10 3HAYCHB TBIPHOI'O MAaCUBY 3a
crorsmu 0e3 BpaxyBauus X(0),-X(0)). TobTo mepecraBieHa BXiHa MOCTIIOBHICTb TOBTOPIOETHCS IBiUi 3
nporunexaumu 3Hakamu: X(1),X(3),X(9),X(5),-x(4),-x(2),-X(6),x(7),-x(10),- X(8), x(2), x(6),- x(7),x(10),x(8),-
X(1),- X(3),- x(9),- x(5), x(4), mo npuBene a0 30inbuIcHHs BABiui 2X[i] BUXiIHUX 3HAYEHb 33 JaHUM
aJITOPUTMOM.

BusHauaroThCs Ta TpyMyrOThCs KoedimieHTn QyHKIill cas(n; j ) 3a CHpoIleHHM TBIPHHUM MacHBOM
P (21) nns xacunycHux ckinagoBux Oasucy JITX-II1 3 j =p/1l, mo GepyTh y4acTh B Omepaiisix 3ropTKu
st aprymentis: (1) , 31,9 ,5 ,4 ), (2,6 ,7,10j, §).

Jnst BU3HAUCHHS OJHOTUIIOBUX IUKIIYHHMX MIMATPUIL B CTPYKTypi 0a3ucy BHKOPHCTOBYEMO
tabnuiio 3 koopauHatamu (i, j). TaOau4HI KOOPAUHATH TEPUIMX CIEMEHTIB MM MATPUIb BU3HAYAIOTHCS 32
(i+L:),(j+L;), me Li—BubupaeTnhcst 3a MpUHAMIEKHOCTI O TBIPHOTO IiAMAaCHBY 3HAUYEHb TEPIINX €IEMEHTIB
HiIMaTpUIlh B MATPUUHINA CTPYKTYpi, sIKi OOYHMCITIOIOTHCS 3a BIAMOBIAHICTIO KoopauHat (i,j) enemeHTaMm
P(n) TBipHOrO Macusy (N x njymod 2N.

Bianosignicts koopauHar (i, j) exementam TBipHOro MacuBy P(n) ta P’ () 3a cToBmismu:

(i,j) 12345 6 78910 11 1213141516 1718192021
(1,3,9,5,15) (13,17,7,21,19)(11) (2, 6, 18, 10, 8) (12,14,20,16,4)

BusHaveHi 3HaUeHHS MEPIIUX EIEMEHTIB MiIMATPHUIlh CIHPOIIYIOTHCS 33 BIACTUBICTIO CUMETPIi, 1110
BI/INOBIIat0Th cUMETPIi 10 oci P Ha nmpoMikKy (0, 2p) byHKii kacuHyca (00CsAT IepeTBOPEHHS HEMTAPHUiA).
V 1abn. 4 y3araibHEHO CTPYKTYpy Oa3UCHOI MaTpuIli apryMeHTiB po3mipaicTio (20x11).

Bu3HaveHHs OJJHOTHIIOBUX IHMKIIYHUX MTiMAaTPUIlb BUKOHYEThCS 3a Ta0JI. 4 yepe3 aHasIi3 3HauCHb 3a
KOOpJIMHATAMH TEPUIMX EIIEMEHTIB OJHAKOBHX MiMATPHUIL MO TOpU3oHTaI. J[Is rmeprioi ropu3oHTami
HiIMaTPUIlh BUKOHYETHCS 00’ €THAHHS BXITHUX JaHUX Ui JIBOX 5-TOYKOBHX 3rOPTOK

(1,2) —+1; (1) ra (1,16) —-1;(12); (1,6) —-2;(13) ta (1,11) — +2;(2),
1 1aji UIsl HACTYITHOI FOPU30HTAJII M AMATPHUIIb.
(7,1) —-2; (13) ta (7,16) — +2;(2); (7,6) —-4;(15) ta (7,11) — +4;(4),
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BukoHaHHS MOEIEMEHTHUX J0JaBaHb BXIAHMX 3HaYCHb OYJyTh BUKOPHCTOBYBATHCH JIJISI OOUYMCIICH-
HSl OUKTIYHUX 3ropTok. OO0'emHaHHS pE3yNbTaTiB 3rOPTOK BUKOHYETHCS MO TOPWU3OHTANI Ha OCHOBI
BIJMOBIAHUX KOOPAMHAT MEPIINX €IeMEHTIB miaMatpuile. O6unciteni BaBiui Oimpimri 6e3 2X(0) BuximHi

3Ha4YCHHS MEePETBOPEHHS Bi/IMOBIAIOTH MOPSIIKY BiAIIOBIIHO 10 3HAYEHb TBIPHOTO MAaCUBY 32 PSIKAMH:
[X(0).X(1),X(4),X(2),X(7),X(5),X(6),.X(8),X(3),X(10), X (9)]-

Tabnuys 4
(i+Li, j+L;) —njj (xoopamHaTH pPsANOK/cTOBNENDb) — 3HAK i 3HAYEHHS MEPLIOro eJeMeHTa MiAMATPHIb
L)-+5(1) | (16)--2(13) (111)-+2(2) | (1,16) —-1;(12)
(6,1 —-11; (12) (6,11) —+0;(0)
(7,1) —-2;(13) (7,6) —-4,(15) (7,11) — +4;(4) (7,16) —+2;,(2)

Oco0auBOCTI PO3MOALTY MHKIIYHUX CTPYKTYp B Oa3WCHIH MaTpulli Ta iX XapaKTePUCTHKH
BHU3HAYAIOTh CKIIQIHICTh alTOPUTMY OOUYHMCIIeHHS KoxkHOTo Buay JAT1X.

Po3risHeMo KOHKpPETHHMI MPUKIAA CUHTE3y CKIAIHIIIOro anroputMmy mis oOumcieHHs JITX-11
o0csry N=18. BpaxoByroun ocobiuBicT 6asucHoi ¢ynkmii cas (k(2n+1)w/N), teipuuit macus P(n) 3a
CTOBIIISIMH BJIIBIYi MEHIIMHA BiJ TBIPHOrO MacHBY 3a pPSJKaMH, 00 CKJIAJA€ThCs 13 HEMAapHUX 3HAYCHb
(2n+1) aprymeHTiB Ha iHTEpBaIi OAHOTO MEPIOTY

P(18)= (1,5,25,17,13,29) (19,23,7,35,31,11) (3,15) (21,33)(9)(27),
P (18)=(1,5,7,17,13,11) (1,5,7,17,13,11) (3,15) (3,15)(9)(9),
Z(18) = (+, +, - -+, =) (-t 5 4) (o) (F) (H)0)

Teipuuii MmacuB P(n) 3a psakamu mictuth HemapHi i maphi 3HaueHHs K=1(1)2N-1 aprymeHTiB Ha
iHTepBai 0HOrO nepioy 3a BuHsITKOM k=0, T06TO 6e3 Bu3HauenHs X[0]
P(18)=(1,5,25,17,13,29)(19,23,7,35,31,11) (3,15) (21,33)(9)(27) (2,10,14,34,26,22) (4,20,28,32,16,8)(6,12)

BpaxoByroun aHTHCHMETPHYHICTh BHUXIJIHMX 3HaueHb (OIHAKOBI 3HAYCHHs, alic 3 MPOTUICKHUM
3HAKOM):

X(25) — X(7), X(29) —=X(11), X(22) — X(4), X(26) —X(8), X(34) —-X(16)

JUTsL OpraHi3allii 004YMCIIeHb Yepe3 MUKITIUHI 3rOPTKHA BUKOPUCTOBYEThCS TBipHUI MackB P(N) 3a psiakaMu BUITY:
P(18)=(1,5,25,17,13,29) (3,15) (9) (2,10,14,34,26,22) (6,12) .

TBipHMII MACHB 3a CTOBIIIIME cKITaaeThes 3 miqMacusiB P(18) = Py(6) Px(6) Ps(2) P4(2), Ps(1), Ps(1).

Horo mapamerp . K = 6 — KiIpKiCTh migMacuBiB B TBipHOMY MacuBi; L1=6, L,=6, Ls=2, L,=2, Ls=1,
Le=1 — KxinbKicTh eeMenTiB B miaMacuBax P(N) 3a1af0Th 00CAT MUKITIYHUX 3TrOPTOK.

BximHi 3HaYeHHS IEPETBOPEHHS TIEPECTABISIFOTHCS B TIOPSAKY BIIIOBIIHO JI0 3HAYEHb TBIPHOTO MACHBY 32
croprisivu: X(0),X(2),x(12),x(8),x(6),x(14) ,x(9),x(11),x(3),x(17),x(15),X(5),x(1) X(7),x(4), x(213).

BusHauaThCs Ta TpyNyThes KoedilieHTn GyHKIii Cas(n; j ) i KACHHYCHUX CKJIaIOBUX Oasucy
JIIX-II 3 ] =p/18, 110 GepyTh yyacTh B OMEpaIlisix 3rOPTKH ISl apTYMEHTIB:

1j,5,7,17,13 ,11j ), (3 , 15 ) (9 =p/2).

BusHayaeMo OHOTHITOBI MUKITIYHI MiIMATPHUIIL 32 TAOJIMYHUMH KOOPJWHATAMH TIEPIIMX €JIEMEHTIB
HiIMaTpHUIlh, SKi OOYMCIIOIOTHCS 3a BimmoBimHicTiO kKoopauHat (i,j) exementam P(N) TBipHOrOo MacuBy
(ni X n)mod 2N.

Bianosignicts koopauHar (i, j) exementam TBipHOro MacuBy P(n) ta P’ () 3a cToBmismu:

(,j)) 123456 78 9101112 1314 1516 1718
(1,5,25,17,13,29) (19,23,7,35,31,11) (3,15) (21,33)(9)(27),

Otpumane 3Ha4eHHS MEpIIMX CEIEMEHTIB MiMATPHIh CIPOLIYETHCS 33 BIACTUBICTIO CHUMETPil, IO
BIIMOBIMal0Th cuMeTpii g0 oci P Ha npomikky (0, 2p) dynkuii kacuHyca (0OCST MEpeTBOPEHHS MapHHIA).
V Tabn. 5 y3aranpHeHo 6a3iCHY MAaTPHUINIO apryMeHTIB po3MipHicTio (18x17) 6e3 BpaxyBaHHS OKPEMHUX PSIKIB.

Bu3HaveHHs OJJHOTUIIOBUX ILUKIIYHUX MTiMAaTPUIlb BUKOHYEThCS Yepe3 aHaji3 3a Ta0J. 5 3HauYCHb 3a
KOOpJIMHATAMH TEPUIMX EIIEMEHTIB OJHAKOBHX MiMATPHUIlh MO TOpU3OHTaIL. J[Is meprioi ropu3oHTami
MiMAaTPHUIlb BHUKOHYETHCS 00’ €IHAHHS BXIJIHUX JaHUX JJIs 6- Ta 2-TOYKOBUX 3rOPTOK

(1,1) —+1; (1) Ta (1,7) —-1;(19); (1,13) — +3;(3) 1a (1,15) — -3:(21)
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1 maii Ui KOKHOI HACTYIHOI TOPU30HTAIl HiAMaTpHilb. BUKOHAHHS MOEIEMEHTHUX 0JaBaHb BXITHUX
3HauYeHb OyIyTh BUKOPHCTOBYBATHCH JJIsi OOUMCIICHHS IUKIIYHUX 3TOPTOK.

Tabauys 5

(i+L;, j+Li) —n; (xoopamHaTH PsiIOK/CTOBIENb) — 3HAK i 3HAYEHHSI NEPILOTO eJIeMeHTa MiIMATPHIb

1) -+ (1) (1,7) - -1,(19) (1,13)—-+3,(3) | (1,15)--3,(21) | (1L, 17)—+9;(9)
7.1 —+3,3) 7,7 —-3,(20) (713)—+3,(9) | (7,15 =-9,(27) | (7,.17) —-9,(27)
(9,1)—+9; (9) (9,13) —-9; (27) (9,17) —+9; (9)

(10,1) - +2,(4)

(10,7) —+2;(4)

(10,13) — +6,(6)

(10,15) — +6:(6)

(10, 17) — -0;(18)

(16,1) — +6; (6)

(16,17) —-0;(18)

(17,17) — +0;(0)

CaMe BHKOHaHHS LHKIIYHMX 3TOPTOK Haja 00 €JHAHMMH BXITHUMH JaHUMH Ta 3TPYIOBAHHMHU
3HAYCHHSMH KaCHHYCHOI (DYHKIIIT BUKOPHCTOBYE e(peKTUBHI alTOPUTMH MBHIKHX 3ropTok [8]. OO’ eanaH-
HSl Pe3yJbTATIB 3TOPTOK BUKOHYETHCS 1O TOPHU3OHTANII HA OCHOBI BIAMOBIIHWUX TaOMMYHMX KOOPAMHAT,
NPUB’ SI3YFOUYKCH JI0 TIEPIIMX €IEMEHTIB miaMarpuilb. O0UnclieHi BUXiiHi 3Ha4eHHs neperBoperns 6e3 X(0)
BIJINIOB1Ial0Th MOPSAKY BiIIOBIIHO 0 3HAYCHb TBIPHOTO MACHUBY 3a PSAAKAMH:

X(1),X(5),-X(7),X(17),X(13),-X(11),X(3),X(15),X(9),X(2),X(10),X (14),-X(16),-X(8),-X(4),X(6),X (12).

PosrisiHeMO KOHKpeTHWH TpuKIaa cuHTesy aiaroputmy ans obumcnenHs HAIIX-1V obcsry N=8.
CdopmoBaHe 3Ha4YEHHS TBIPHOTO MacHBY 3a ITiICTAHOBKOIO MOXe OyTH Take:

P(16)=P(n)P(ny) = (1, 3, 9, 27,17,19,25,11)( 7,21,31,29,23, 5,15,13),

P'(16)=(1, 3,9, 11,1,3,9,11)(1, 3, 9, 11,1,3,9,11), Z(n)= (+,+,+,-, -, -, -, V)(+, -, +, +, -, +, -, -).

Horo mapameTpH : K =2— KiTbKiCTh MmiMacKBIiB Y TBipHOMY MacuBi; L1=8, L,=8, — KiIbKiCTh eleMEHTIB Yy
migmacuBax P(Nn) 3a1ai0Th 00CAT IMKITIYHIX 3rOpTOK; M > k? 3arajbHa KiIBKICT MiaMaTpuIls: M=4.

BxinHi BiciM 3Ha4eHb MEPETBOPEHHS MMOBTOPIOIOTHCS 3 TPOTHIICKHUM 3HAKOM 1 TIEPECTABISIOTHCS B
MOPAKY BIIMOBIIHO 10 3HAYCHD TBIPHOIO MACHBY:

[ x(0).x(2), X(4),- X(5), -X(0),- X(1),- X(4), X(3),  X(3),- X(2),- X(7),- X(6),- X(3), X(2), X(7), X(6)].

110 MPHUBeE A0 30imbineHns Basivi 2X[i] BUXiZHUX 3HAYEHB 3 JaHHUM aJIrOPUTMOM.

Koeoiuientn ¢ynkmii cas(n; j ) anst kocuHycHux ckinanoBux Oasucy AIX-IV 3 j =p/2N=p/16 , mo
OepyTh yuacThb B omeparlisx 3roptku s aprymentis: (1j , 3j , 9 ,11j ).

Jns. BU3HAUCHHS OJHOTUIIOBUX IUKIIYHHMX MIJIMATPUIL B CTPYKTypi 0a3ucy BHKOPHCTOBYEMO
TAOJIMYHI KOOPJAWHATH MEPIIUX EEMEHTIB MiIMaTPHUILb.

Bianosignicts koopauHar (i, j) exementam TBipHOro macuy P(n) ta P’ (n):

(,b))1234 56 7 8 91011121314 15 16
(1, 3,9, 27,17,19,25,11) ( 7,21,31,29,23, 5,15,13)
(1,3,9,11,1, 3, 9,11) (1,3,911, 1, 3,911)

3HAaYeHHs TEpIIUX EIEMEHTIB MiMaTPUIlb B MATPUYHIH CTPYKTYypi, SKi OOYHCIIOIOTBCS 3a
BiNOBIHICTIO KoopauHAT (i,j) enementam P(n) TBipHOTO MacuBy, nopiHio0TH (N X Nj)mod 4N. ITonani B
TabJ1. 6 3HAK 1 CHpOIIEHe 3HAUCHHS IEPLIOro eIeMEeHTa Njj MAMATPHUII Ta B Jy)KKax (€IEMEHT apryMeHTy 3
P(ny)), sikuit y pasi 3HaueHHs1, 6u1b10ro 3a 2N, CIpOoIy€eThCs 32 BUpa3oM ( ) Ha OCHOBI CHMETPHYHOCTI.

Tabauys 6

(i+L;, j*Li) —sn; (xoopaumHaTH psaoK/cTOBNENb) — S 3HAK i CIIpoOIIeHe 3HAYEHHS
nepuIoro ejieMenTa N (ejiemeHnT aprymenty 3 P(n)) ninmarpunnb
(L1) —+1; (D); (19 —+1; (7);
(9,1) —+1; (7); (9,9 —-1; (17);

310



BusHavenHss 3a Tabna. 6 OJHOTHUIOBHMX IMKIIUYHUX MMIigMATPUIlb BUKOHYETHCS uepe3 Biadip 3a

KOOpAMHATaMU TEPIINX SIEMEHTIB OJHAKOBUX IMIMATPHUIlL 10 TOPU30HTAIIL:

(1,2) —+1 (1) ta (1,9) — +1 (7) ans P(ny)= P(np)= (1, 3, 9, 11,1,3,9,11),

(9,2) —+1(7) Ta (9,9) — +1 (17) musa P(n,)= P(ny)= (1, 3, 9, 11,1,3,9,11),
OIHAK Il TAMATPHIN MICTATH Pi3HHUE y Ay:KKax ememeHT aprymenty P(n) 11 7; 7 1 17, mo BigmoBigae
pI3HUM MigMacuBaM 3HakKiB. ToMy @i HiAMAaTpHIll HE € OJHOTHUIOBMMHM 1 00 €IHAHHS BXIAHHMX TaHHX HE
BHUKOHYETHCS.

Bin6ip 3a koopauHATAMU MEPIIMX EIEMEHTIB OJHOTHIIOBUX MiIMATPHUIIb IO BEPTHKAII

(1,2) —+1 (1) ta (9,1) — +1 (7) ans P(ny)= P(np)= (1, 3, 9, 11,1,3,9,11),

(1,9) —+1(7) Ta (9,9) — +1 (17) msa P(n,)= P(ny)= (1, 3, 9, 11,1,3,9,11),
OfIHAK Il MIAMATPHUII MICTATh PI3HUH y AyXKKax eleMeHT aprymeHty P(n), mo BiamoBimae pizHEM
miMacuBaM 3HaKiB. ToMy IIi MIMaTPUIIl HE € OJJHOTHIIOBHUMH.

B pesynbrati aHami3y CTPYKTYpH HEOOXIIHO BHKOHATH YOTHPU 8-TOYKOBI CHMMETPHUYHI IUKJIIYHI
3ropTtku. OcOOIMBICTIO BUKOHAHHS IUKJIIYHOI 3TOPTKH € iHBEPCHE TIOBTOPEHHS IPYIN MOCHTiJOBHOCTEH SIK
BXIIHUX JaHUX, TaK 1 3HaueHb (yHKIii KOCHHYC. Pe3ynbTaT 3ropToK BU3HAYAEMO TUIBKH JUIS YOTHPHOX
sHauensb 1, 3,9, 11 ta 7, 5, 15, 13 ropuzonTaneii.

OO0’ eqHaHHA pPE3yJbTaTiB 3rOPTOK BUKOHYETHCS MO TOPU30HTATIl HAa OCHOBI KOOpAWHAT MEPIINX
CJIEMEHTIB TiIMATPHUIIb:

—  pesymbrati 8-TOYKOBOI 3ropTkH 3 KoopauHatamu (1,1) nomarotsest 10 8-Toukooi 3roptku 3 (1,9);

—  pe3ysibTaT 3 MPOTHJICKHUM 3HAKOM 8-TOUKOBOI 3ropTku 3 KoopauHatamu (9,9) momaerbes 10
pesyabraty 8-ToukoBoi 3roptku 3 (1,9). On;epkaHi BHUXiOHI 3HAYCHHS IEPETBOPCHHS
BI/INOBIIAl0Th MOPSIIKY BIAMOBIAHO 10 3Ha4eHb TBipHOTrO MacuBy: X(1), X(3), X(9), X(11), X(7),
X(5), X(15), X(13) .

BuchHoeku

EdexTrBHE 00UMCIEHHST KOXHOIO BKIIIOYAE CHHTE3 allrOPUTMY ISl KOHKpeTHOro oocsary Ta Buay AITX
Ta BUKOHaHHS anroputMy. [Ipu cHHTE31 BHUKOHYETHCS BU3HAYEHHS TBIPHOTO MAacHBY Ta HOTO CIIPOIICHOTO
MpeJICTaBIICHHS, aHAIli3 CTPYKTYpH 0a3uCHOI MaTpuIli epeTBopeHHs. Ha 0CHOBI BiITOBITHOTO TIepecTaBICHHS
ENIEMEHTIB BXITHOI TMOCITIZIOBHOCT] 3 MOJAIBIIMM BUKOPUCTAHHSM IIBHIKAX alTOPUTMIB IUKIIYHOI 3rOPTKH
MPOXOJUTh BUKOHAHHS aJrOPUTMY. BHU3HAaYCHHST TBIPHOTO MacHBY, 3a SIKMM BiZIOYBAa€ThCS TIEPECTABIICHHS, HE
noTpedye creriagbHIX OOYHCIICHb 1 33JJa€ThCS IMiJICTAHOBKOIO Ha OCHOBI JIBOX PSIIKIB MAaTpHIll apryMEHTIB
0asucis JI[1X. Bukopucranus TBipHOro mMacuBy P(N) mpuBOmMTE 10 OJHOTUIIOBOTO MiJXOMY MPOBEICHHS
oprasizaiiii o0unciieHHs pizHux TumiB JAI1X mocimigoBHOCTeH TaHUX JTOBLILHOIO 00csary. OkpeMe MpoBEICHHS
O0YHCIIeHb UKIIIYHUX 3TOPTOK, Ha SKUK CTpyKTypoBaHO Oazuc tumiB JI1X, Tak 1 mopambiie 00'€qHAHHS
OJICPYKAaHUX PE3YyJIbTAaTiB JI03BOJMISIE SPEKTUBHO OPraHi3yBaTH IPOLEC OOYMCICHHS, 3MEHINYIOUYM OOYHCIIIO-
BaJIbHY CKJIaJIHICTh OIPAIFOBaHHS iH(POPMAIIHUX JaHHX.
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INPOTI'HO3YBAHHSA BAI'ATOBUMIPHUX HECTAIHIOHAPHHUX
YACOBHUX PAIIB HA OCHOBI AJIAIITUBHOI HEO-®A331-MOJIEJI

© boosaucekuii €., Tuwenxo O., Konaniani /., 2012

BBegeHo cTpyKTypy aganTHUBHOIO Heo-(a3di-mpeaukTopa Ta 0araToOBHMIpPHOIO Heo-
(az3i-HeiipoHa, a TakKo:k MeTOJ HABYAHHS OCTAHHBOrO. 3aNpONOHOBAHUN AJTOPUTM
HABYAHHS Ma€ MiABMILEHY IIBHIKICTL 30ixkHOCTI Ta 3a0e3nmeuye (inbTpyoui BJIACTHBOCTI.
3aBAsKkM BBeJleHill HelipoMepe:keBiil apXiTeKTypi, By3jJamMu fKo0i € Heo-(pa33i-HelipoHHU, MOKHA
PO3B’AA3yBaTH 3aJa4i KOPOTKOCTPOKOBOI0 NPOTHO3YBAHHSl Y PpeajJlbHOMY 4aci 3a yMOB
KOPOTKOI HABYAJIbHOI BUOIPKH.

KalouoBi cioBa: aganTuBHe NPOTHO3YBAHHA, Heo-(a33i-HelipoH, MeTO] HaBYaHHI,
NPOrHO3YBAaHHS, YACOBMIl pAJI.

The architectur es of the adaptive neo-fuzzy predictor and a multidimensional neo-fuzzy-
neuron are introduced. The proposed learning algorithm increases convergence rate and
provides improved filter properties. The short-term prediction tasks may be fulfilled in an
online mode with the help of proposed neuro-fuzzy ar chitectures when a data set is short.

Key words: adaptive prediction, neo-fuzzy-neuron, lear ning algorithm, prediction, time
series.

Beryn

CrorosHi MmTYy4YHi HEHUPOHHI Mepeki HaOyiaW HIMPOKOTO PO3IMOBCIODKEHHS UIS PO3B’ SI3aHHS
BEJIMKOr0 KJjacy 3ajJad oOIpalfoBaHHsA iHopMalii 1, Hacammepen, IS imeHTH(IKalii, eMyJsii,
IHTENEKTYalIbHOTO KepyBaHHS, POTrHO3yBaHHSI YaCOBHX PSIIB JIOBUIHLHOT MPUPOIU 32 YMOB CTPYKTYPHOI
Ta MMapaMeTpUIHOi HEBH3HAYECHOCT.

3amava MPOTHO3YBaHHS 0araTOBUMIPHMX 4YaCOBHX PSJIiB JOBOJII 4YacTO BHUHUKAE y 0OaraThbox
TEXHIYHUX, MEIUKO-OIOJOTIYHMX Ta IHIIUX AOCTIDKEHHSX, M€ SKICTb NPHHHATHX PIlIeHb ICTOTHO
3aJIOKUTh BiJI TOYHOCTI CHHTE30BAaHMX TMPOTHO3IB. Y 0araThoX pealbHUX 3a/adyaX 4YacoBi psaH
XapaKTepPHU3yIOThCS BHCOKMM PIBHEM HENMIHIMHOCTI Ta HECTAIlIOHAPHOCTI CBOIX MapaMeTpiB, HASBHICTIO
AHOMAaJbHMX BHUKHUIIB. 3pO3yMijo, IO TPaaWIlidHI METOIM aHalli3y YacOBHUX ps/IiB, 3aCHOBaHI Ha
perpeciiHoMy, KOPENALIHHOMY Ta IHIIMX MOAIOHMX MiAX0JAaxX, IO MalTh Ha METI amnpiopHy HasABHICTh
JIOBOJIi BENTUKO1 BUOIPKHU CIIOCTEPEkKEHb, € Hee(PEKTUBHUMHU. AJITEPHATHBOIO TPATUIIINHAM CTATHCTHIHIM
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