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ABOUT THE DIRECTION OF RBHM AND ITS EVOLUTION
Z.Ya. Yakupov, R.K. Galimova

In the modern world, the transmission of information through electronic communication channels, as
well as processing (in any form) of information , is carried out by means of its coding. In the coding,
in turn, the Hadamard matrices are used. At present, it is not known whether there exist Hadamard
matrices of all orders that are divisible by four. Finding matrices of higher orders makes it possible to
transfer and process information more qualitatively. The work is devoted to the study of the Hadamard
problem, the determination of the dependencies between the orders of matrices and the formulas de-
scribing them, the modernization of a well-known list of formulas for expressing the orders of these
matrices.

Keywords: theory of information coding, noise-immune coding, Hadamard matrices, Reed-Solomon codes,
Hadamard’s conjecture.
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IIpubnuxénuolii memod nocmpoeHust KOHPOPMHO20 0MobpaxceHuss nymém penapamempu-
3ayuu epaHuysl 0600WeH Ha cryuati MH020C8513HbIX 001acmeti. Memood 0cHO8aH Ha céedeHuU
peuleHus: UHmMezpanbHO20 YpasHeHus K cucmeme auHetiHvlx ougepeHyuanvHbIX ypasHeHull
u He mpebyem umepayuoHHo20 npoyecca. Kpyzoeoe xonsyo ¢ paspezamu no dyzam deaumcs
Ha KoJlbyesble 001acmu ¢ 2paHuyamu 80016 paspe3o8 u omoobpaxcarnouwjas GyHKYus Ha Kax-
doli uz amux obnacmeii npedcmasnsemcs 8 sude psida JlopaHa.

KnroueBbie cjioBa: KOHGOPMHOE OTOOpaskeHMe, MHOTOCBSI3HAsI 00/1aCThb, MHTErpaibHbIe
ypaBHeHUs Openrosibma.



418 MATEPVA/TbI MEXXIYHAPOLHOW LLUKO/bl-KOH®EPEHLIN

B pabore nipeicTaBieH MeTO TPUOIVKEHHOTO KOH(GOPMHOTO OTOOpaskeHMsI KOJIblia C
paspesamu 110 AyraM Ha 3aJaHHYI0 MHOTOCBSI3HYIO 00/71aCTh C IIaAKO¥ rpanutieit. Teopust
3TOTO MeTOZa /ISt OMHOCBSI3HBIX ObacTeit 6pl1a pa3BuTa B paboTax [1,2], 060611eHe Ha
IBYCBSI3HYIO 00/1aCTb U UMC/I€HHAs peain3alus moayyeHsl B [3]. MeTon ocHOBaH Ha pe-
rapaMeTpu3aluy IpaHuiibl o6sacTu. [IpenMyinecTBaMm MeToIa periapaMeTpu3aiu siB-
JITIOTCSI C/IeqyIoIye: MeTO He TPeOyeT NOTOMHUTEIbHBIX ITOCTPOEeHMI (TaKMX, KaK TPU-
QHTYJISIIVS, YIIAKOBKA KPyraMmy U T.I1.), BCIIOMOTaTe/IbHbIX KOH(POPMHBIX OTOOpakeHMit
(1armp., c momoIibio naTerpana Kpucrobdensa-IlBapiia), METO He MUCIOIb3YeT pelleHNsI
BCIIOMOTraTeIbHBIX KpaeBbIX 3a7au (MeTod Wegmann-a, MeTo, COTTPSKEHHBIX QYHKIINIA),
OH He TpebyeT UTePALMOHHOTO MpoIlecca.

PelieHye MHTETPaJIbHOTO YpaBHEHMSI CBEIEHO K pelieHNI0 6@ CKOHEUHOM CUCTEMBI JIN-
HEeJMHBIX a/iredpanyeckmx ypaBHeHuit. [IpubIIKEHHOE pelleHye IoIyJ4aeTcs Mpy yceue-
HuM cucteMbl. KpyroBast 067acTh pa3buBaeTcsl Ha KoJbIleBble 001aCTy C TPaHUIIAMM I10
IYyTOBBIM pa3pe3am, Ha KaK[I0l 13 KOTOPBIX pellleHre 3alcaHo B BUAEe YCEYeHHOTO Psi-
naJlopaHa. Takoii Buj perieHus obecrieurBaeT IagKOCTh U ITO3BOJISIeT B aHATUTUUECKOI
dbopme npoBoauTh ero nuddepeHLIMpoOBaHMEe U MHTETPUPOBaHMe, UTO BasKHO IIPU pellle-
HUU TIPUKJIAJHBIX 3a7a4.

Paccmorpum (N + 1)-cBSI3HYIO 06/1acTh D, OrpaHMUYEHHYIO I7IaIKOV BHEIITHE KPMUBO
Ly v tnagKyuMy BHYTPEHHUMM KPUBBIMU L 3aJaHHBIMM B [IapaMeTPpU4YeCKOM BULe

L¢={z = z4(1), 25(0) = z;(27m), t€[0,27]}, s=0, N.

MbI nipefionaraeM, 4YTo Touka z = 0 JIESKUT BHYTPM KOHTYpa Lg. ITa TOUKA MOKET JI16Oo
JieXkaThb BHYTpU 067actu D, 1160 BHe €€, T.e. B 00/1aCTU, OTPaHNYEHHOM OTHUM U3 BHYT-
PeHHMX KOHTYPOB, KOTOPbIN 0003HaUUM Lp;.

[TocTpoum KOH(OPMHOE 0TOOpakeHMe eqMHUYHOro Kpyra Dy = {{ = re? . r<1,0¢
[0,27]} (B ciryuae 0 € D) mim KpyroBoro konbua Dy = {¢ = rei? . Ry <r<1,0€0,2n]}
(B cyuae 0 ¢ D;) c paspesamu £ 110 nyram { = Rcel? 0 e [as, Bs] HA 06nacTh D, myTem
repernapamMeTpusanuy rpaHuibl. Mel 6ygem mckath GyHKouu O4(t), s =0, N, t € [0,27],
TaKue, uYTo zs((6)) ABASIOTCS TPaHUMYHBIMM 3HAUEHMUSIMU aHAIMTUIeCcKo QyHKLIMM z({) B
Dy . TlapameTpsl R;, as, B, Onpenensiomye 061acTb Dy, TaKKe SBJISIOTCS HeUM3BeCTHBIMU
U HaXOJSITCS B IIpOILiecce pelieHns 3agaunl.

PaccMoTpuM aHAIUTUUYECKYIO B 00actu D, GyHKINIo {(z), 0TOOpaskalolryio 06/1acTh
D na D¢ (c coorBercTBueM ((0) = 0 B cnydae 0 € D) M aHaIUTUUECKYIO B D, QYHKLINIO
In ﬁ CornacHo [1] He0OXOAMMBbIM U JOCTATOUHBIM YCIIOBMEM JIJISI aHAIUTUYHOCTU In ﬁ
B D, sABiseTCs TpaHUYHOE YCIIOBYME
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1nz5—m_zi/1n( %o (1) ) %0 sZON. )
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Reeifs® ~ Zymi Ryeife™ | 25 (1) — z4(1)

MHumas 4actb cOOTHOIIEeHMs (1) 3anmcbiBaeTcsl B Buae ypaBHeHUs Opearoabma

2n
N
qs() =) %/Q:;(T)KUS(T, Ndrt + ps(t), s=0,N, (2)
o=0
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N1
Kos(r, D) = — (arglze (1) — z5(0])},  ps(t) =Y ;/[lnlzo(r)ll'(lnlzo(r)—zs(t)l)’,;dr,
o=0

rae qs(t) = argzg(t) —0s(t), s=0,N.
[TpubaMsKeHHOE pellleHle 3TOro ypaBHEHMS OyieM UCKaTh B Bue psaa dypbe

M
gs(t)=)_ajscosjt+bjssinjt, t€[0,2n], s=0,N. (3)
j=1
CyllecTBOBaHMe pelieHus (2) ¥ CXOAMMOCTb MPUOIMKEHHOTO pelieHUs K TOUHOMY JIJIsT
OJTHOCBSI3HOI obnactu ripu M — oo moKasaHo B pabore [2]. HTerpasibHOe ypaBHeHMe
@penronmbma BTOPOro popa (2) CBeieHO K IMHeTHO cucTeme 11Jist KoabuiineHToB Oypbe
Ajs and bjs-
OyukuMn gs(t), s = 0, N MOTYT 6bITb BOCCTAHOBJIEHBI TI0 ITPOM3BOAHBIM (3) C TOUHO-
CTBIO 10 HEM3BECTHBIX IIOCTOSIHHBIX (!

M a . b .
ds(t) = Gos+ Gs(1),  Gs() =Y. —sinjt——cos jt, t€[0,2n].
j=1 J J

[anee HaxXO0OUM és(t) = argz(t) — gs(1), 04(1) = 9s(t) — {os. E0v mepennapameTpuso-
BaTbh TPAHMUIIbI, UCIONb3yS 0OpaTHbIe PyHKUMMU: Z5(0) = zs(£s(6)), TO MOKXHO BOCCTAHO-
BUTb OTOOpaskaonyio GyHKIINIO z({) Mo MHTerpaanoﬁ dbopmyie Komm:

z5(0)Rse 19 ~ zs(D) Rse%(D0 (1)
2 = Z Wl ZHZ Ry A" 4)

S

[TomyyeHHOe pellieHM e MOXKET ObITh an6JIM>KéHHo HaleHo B BUIe MOJANHOMOB JIo-
paHa B KaXkIoM 13 Koier Ry, < |(| < Rg,—1:

com T el 2 B enl2]

0<s<N k=0 0<s<N k=1
I{I<Rs I¢1>Rs
rme
Qs= Rse_iqos (5)
— HeM3BeCTHbIE TIOCTOSIHHbBIE, 8 KOG PULIMEHTBI Cj; BBIUUCISIOTCS 110 hopMyiam
2n

1 - -
Cks:E/zs(t)e_’kes(t)eg(t)dt, k=0,M,

27
1 .
C_ks = —g/zs(t)e”“‘*‘”eg(r)dt, k=T,M.

CornacHo TpefcTaB/ieHMIO B Buae uHTerpaia Ko (4), BHe enyiHMUHOrO Kpyra (|¢| >
1) dyakius z({) obpamiaeTcst B Hy/Ib, 3TO MPUBOIUT K COOTHOIIEHUSIM

N
Y crsQF=0, k=1,M. (6)

s=0
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B cyuae 0 ¢ D, uHTerpasbHOe TpescTaBieHue (4) obpaimiaeTcs B Hy/lb BHYTPU Kpyra
(I{l < Ry), ciemoBaTenbHO

N —
Y Qi =0, k=0,M.
s=0

(M

KomruiekcHbIe MOCTOsIHHBIE Qg (5) HAXOASTCS 13 COOTHOIIeHUI (6) 1 (7) MeTOIOM Hau-
MeHbIINX KBaJApaToB. [IJisI 9TOTO UIETCS MUHUMYM (PYHKIIUU

&1 (Qs) =

£(Qs) = €1(Qy) + £2(Q5),

2

M (N 2 M (N s

X|Xec , 0¢ Dy,
Z Zc—stf ) €2(Qs) =1 ¥=0\s=0 ks Qs ‘
k=11s=0 0, 0€D,.

JIJ1s1 TOYHOTO pelleHMsI MUHMMAa/IbHOE 3HaUYeHMe € PaBHO HYITIO, IJ1sI TPUOIVMKEHHOTO OHO
MOKa3bIBaeT TOYHOCTDb BbIUMC/IeHMi1. [TapameTpsl a s U B¢ onpenenstoTcsl Kak HaMMeHb-
11ee ¥ HauoboJblIee 3HaYeHUd O4(1).
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Puc. 1.

[TpuMep KOHPOPMHOIO OTOOPAKEHMS

Ha puc. 1 nmokasaH npumMep KOHGPOPMHOIO OTOOpakeHus IOJIs 00/1aCTy, TPAaHUIIbI KO-
TOPOJ SIBJISIIOTCSI HEBBITTYK/IBIMU KPUBBIMMU

Ly ={z
Ly ={z
L, ={z
L3 ={z
Ly ={z

e’ —0.5ie?'" +0.2e72'1},

~0.55-0.4i —0.1(1 - i)'’ —0.1(1 - 2i)e” "1},
—0.5+i+0.2¢7"1,

0.7 + (1+1)(0.04e'" +0.1e~'") — 0.02¢%'1},

0.2+0.15i = 0.1(1 + i)e'’ —0.3(1 - i)e”'" - 0.03(1 — i) e*'’}.

VccnemoBasoch Biavsinue uncia M ko3¢ duimeHToB psaga @ypbe Ha TOUHOCTDb pacué-
TOB. Pe3ynbTaThl mpeAcTaB/ieHbl B Tabl. 1, B Helt Takke yKa3aHO 3aTpaueHHOe BpeMsl.
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PacuéTbl MpOBOAMINCH Ha TepcoHabHOM KoMIibioTepe Intel Core i5-3330 3Ghz CPU, 4Gb
RAM, niporpamma HamucaHa Ha g3bike Fortran.

Taomuna 1.1. 3aBUCHMMOCTb PacuETOB OT uKciaa KoahduumeHToB psga Oypbe

M £ Time (s)
25 | 0.4916-1073 | 0.28
50 | 0.3010-107* | 0.42
100 | 0.1862-107° | 1.07
200 | 0.1158-107% | 4.07
400 | 0.7219-1078 | 19.84

Pa6oTa BbinosHeHa Iipu prHaHCcoBOI nogaepxkke POOU (mpoekTt 15-01-06135).
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THE CONFORMAL MAPPING OF AN ANNULUS WITH CIRCULAR SLITS ONTO AN ARBITRARY
MULTIPLY CONNECTED DOMAIN WITH SMOOTH BOUNDARY

D.F. Abzalilov, E.A. Shirokova

The method of boundary curve reparametrization is generalized to the case of multiply connected do-
mains. We construct the approximate analytical conformal mapping of the unit disk or an annulus with
circular slits onto an arbitrary given multiply connected bounded domain. The method is based on in-
tegral equations solution which is reduced to a linear system solution and does not require iterations.
The annulus with slits is divided in annuli with the slits over their borders and the mapping function
in each annular region has the form of a Laurent polynomial. The method is easily computable.
Keywords: conformal mapping, multiply connected domain, Fredholm integral equation.



