Bbenopycckuii rocyiapcTBeHHbIH YHUBEPCUTET
MexaHuko-MaTeMaTHYeCKHH PaKyJabTeT
Kadenpa nuddepeHuuajbHbIX ypAaBHEHHH H CUCTEMHOI0 aHAJIHU3A

AHHOTAUMS K MATHUCTEPCKOM IMCCePTALMHA

“TeopeTMKO-IPyNIIOBbIE METOAbI B IOMEX0YCTOMYMBOM KOAUPOBAHUU”

®omuy ExareprHa AjleKcaHApPOBHA

pykoBoauTeab Jiununukuii Basepuit AHTOHOBUY

2019



JluccepTanusi COCTOUT U3 6 ri1aB U 7 MPUIIOKEHUH.

B wmarucrepckoit guccepramuu 96 ctpanun, 11 Ttabmun, 14 ucTOYHUKOB, 7

TIPUJIOKEHU .

KaroueBklie CJIOBA: TEOPUA I'PVYIIII, [TOMEXOYCTONYNBOE
KOJIMPOBAHUE, JIMHEWHBIM KOJl, MMHUMAJIBHOE PACCTOSHUE,
ABTOMOP®U3MBI JIMHEMHBIX KOJIOB, KOJbl XEMMMHI'A, BUX-KOJIbI,
KBAJIPATUYHO-BBIYETHLIE KO/Ibl, TEOP1A HOPM CUHIPOMOB.

B wmarucrepckoii nuccepTanuy M3y4yaeTcss NMPUMEHEHHUE TPYII aBTOMOP(U3MOB
KOJIOB K KOpPpEKIMU OIMMUOOK STUMHM KOJaMH, OCHOBHBIE CBOMCTBAa KBaJpaTH4YHO-
BBIYETHBIX KOJIOB, B3aMMOCBs3b C 0000meHHbIMU BUX-komamu, KOpPpEKTUPYIOIINE
BO3MOYKHOCTH, Pa3BUBAIOTCSI HOPMEHHBIA U NOJMHOMUAIBHO-HOPMEHHBIN AJITOPUTMBI

KOPPCKIHHW MHOTI'OKPATHBIX OIITNOOK KBaJAPaTUYHO-BbIYCTHBIMU KOJaMH.

[lenp MarucTepckon QUCCEpTAUU — U3YYUTh U IPUMEHUTH TEOPETUKO-TPYIIIIOBBIC
METOJbI JUISl KOPPEKIMK omuOoK KojamMu XemmuHra, bUX-komamMu u KBaJpaTHYHO-

BBIYCTHBIMH KOJaMH.

B marucrepckoi auccepranuu MoaydeHbl CIEAYOIINAE PE3YIbTaThl:

1) OnwucaHbl yCIOBUS IS TMapaMETPOB KBAJAPATUYHO-BBIUETHBIX KOJOB H
CIIOCOOBI UX TIOCTPOCHUS, IaH P IPUMEPOB

2) Packpsita B3anmocBs3s KB-koqoB ¢ kogamu BUX

3) IIpoaHanu3upoBaHbl KOPPEKTHPYMOIIHE BO3MOXKHOCTH KB-k0om0B 10O
CPaBHEHHUIO C KOJAMU JPYTUX TUIIOB C AHAJOTUYHBIMU [MApaMETPaMHu

4) V3yueHsl Tpymnmbsl aBTOMOP(GU3MOB KOJOB M TIOKAa3aHO, KaK OHH
MIPUMEHSIIOTCSI 111 KOPPEKITUU OIMOOK dTUMHU KOJIaMU

5) MsyuyeHa Teopusi HOpPM CHHApPOMOB i BUYX KOJOB M NpUMEHEHA K

KBaJApaTHYHO-BBEIYCTHBIM KOAaM



6) Pa3paboran m peanmu3oBan B makere Mathematica anropuTM HOPMEHHOTO
JIEKOAUPOBAHUS JJIs1 KBAIPATUYHO-BBIYETHOTO KOJ1a JTMHOM 3 1

7) Pa3zpaboTtaH aNroput™M IOJIMHOMHATIBHO-HOPMEHHOTO  JICKOIMPOBAHUS
MHOTOKPATHBIX OIIMOOK ISl KBaAPATUYHO-BBIYETHOTO KOJ1a JUTMHOM 31

8) IlpoeMOHCTPUPOBAHO, KaK C TIOMOIIBIO IMKJIOTOMHYECKHUX KJIacCOB
HaxOJIUTh MOJIMHOMHAJIbHBIE WHBApHUAHTBHI, IPUMEHSAEMBIE B

IMOJIMHOMHUAJIbHO-HOPMCHHOM METOAC

HoBusna PE3YyIIbTAaTOB COCTOUT B pa3pa60TKe H pcain3dalliid HOPMCHHOI'O H
MMOJIMHOMHUAJIBHO-HOPMCHHOI'0O  MCTOAOB  ACKOJIUPOBAHUNA OIITHOOK KBaJApaTu4HO-

BBIYCTHBIMH KOJaMH.

Marucrepckass guccepralyds HOCUT NpakTUYECKuM xapakrep. Ee pesynbTaTel

MOTYT IPUMEHSATHCS TP pa3pabOTKE CPEICTB 3alUThl HH(OPMAIIUU OT TOMEX.

Bce pesynbTaTbl MarucCTepckod JIHUCCEPTALMM JOKA3aHbl B COOTBETCTBUU C
MPUHATHIMH B MaTeMaTUKE MpaBUiaMUd U 00OCHOBaHBI CPOPMYIUPOBAHHBIMHU B pabOTe

TEOpPEMaMH.

MaFI/ICTepCKaﬂ AJUCCCPTAalrA BBIIIOJHCHA aBTOPOM CaMOCTOATCIIBHO.



The master thesis is presented in the form of an explanatory note of 96 pages, 11

tables, 14 references, 7 applications.

Keywords: GROUP THEORY, ERROR-CORRECTING CODING, LINER
CODE, MINIMUM DISTANCE, LINER CODE AUTOMORPHISM, HAMMING
CODES, BCH CODES, QUADRATIC-RESIDUE CODES, THEORY OF
SYNDROME NORMS.

The research object is to study and apply the Group-Theoretic Methods for error

correcting using Hamming codes, BCH codes and quadratic-residue codes.

The main results of the master thesis are as follows:

1) Conditions for the parameters of quadratic-residue codes and methods for
their construction are described, and a number of examples are given

2) The relationship of QR-codes with BCH-codes is described

3) Correcting capabilities of QR-codes are analyzed in comparison with codes
of other types with the same parameters

4) Automorphism groups of error-coding codes are studied and applied for error
correction

5) The theory of syndrome norms for BCH-codes was studied and applied to
quadratic-residue codes

6) The norm decoding algorithm for a quadratic-residue code of length 31 has
been developed and implemented in the Mathematica package.

7) The polynomial-norm decoding algorithm for a quadratic-residue code of
length 31 has been developed

8) Using of cyclotomic classes for finding polynomial invariants was

demonstrated and explained

The novelty of the results consists in the development and implementation of the

norm and polynomial-norm error decoding methods for quadratic-residue codes.



This master thesis is a practical one. Its results can be used for protecting

information against noises.

All results of the master thesis are proved in accordance with the rules accepted in

mathematics and are justified by the theorems formulated in the project.

The master thesis was done solely by the author.



