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Pedepat. PaccmaTpuBaroTcst BOIIPOCH KOHCTPYUPOBAHUS KIACCOB MAaKCUMAaJIbHO HEJIMHEHHBIX OyJeBbIX OCHT-(QYHKIMHA Mpo-
u3BOIBHOM ummb N = 2K (k =2, 4,6, ...) Ha OCHOBE UX CIIEKTPAIBLHOIO MpPEJICTaBICHUs — OCHT-KBaIpaToB ArueBnya. JlaH-
HbIE COBEPILECHHBIC AJIreOpanyeckue KOHCTPYKINH SBISIOTCS OCHOBOM JUISl TOCTPOEHUSI MHOTHX KpUNTOrpaduuecKux NpuMHu-
THBOB, TAKUX KaK I'€HEPAaTOPHI NICEBAOCITyYaiHBIX KIIOUEBBIX IIOCIEI0BATEIHLHOCTEH, KpUITOrpaguieckue S-0JI0KH MojcTa-
HOBKH M T. JI. BeHT-QyHKIMM HaXo#saT cBOe NpUMEHEHHe 11 noctpoeHust C-KOIOB B CHCTEMaxX C KOJOBBIM pa3leieHUEM
KaHAJIOB, KOTOpbIe 00JagaloT MHHUMAIFHO BO3MOKHBIM 3HAa4eHHEM IHK-(akTopa K = 1, a Taxke U IMOCTPOSHHS CHUC-
TEM OPTOTOHAJBHBIX OM(A3HBIX CUTHAIOB M IIOMEXOYCTOIYMBBIX KOJOB. BCce MHOrouMcIeHHbIe NPUMEHEHHs OeHT-()yHKIUH
CBSI3aHBI ¢ TeopHeil ux cunre3a. OfHAKO PEryIIpHBIE METOABI CHHTE3a ITOJHBIX KJIACCOB OCHT-(YHKINI IPOM3BOJIILHON [UTH-
upt N = 2X B HacTosmiee BpeMsi HEM3BECTHBL B CTaThe MPEINTOKEH PErylapHBI METO CHHTE3a Ga30BBIX GEHT-KBAAPATOB
ArueBu4a IPOM3BOJIBHOIO MOPsAKA N Ha OCHOBE PEryJIPHOTO Oreparopa JMaJHOTO CABHIa. BhlnonHeHa kiaccudukaims
MOJIHOTO MHOYKECTBA CHEKTPalbHBIX BeKTopoB jmuH (I = 8, 16, ...) Ha OCHOBEe KpHTEPHS MaKCHUMAJIBHOIO abCOIIOTHOTO 3HA-
YeHUs] 1 Habopa aOCONIIOTHBIX 3HAYEHUH CIIEKTPAJbHBIX KOMIOHEHT. [loka3zaHo, 4To M000# CIIEKTpaJIbHBIN BEKTOP MOXKET
OBITH OCHOBOI1 JUTs TOCTpOoeHUs OeHT-kBaapara. OO0OIEHB! pe3yIbTaThl CHHTE3a OCHT-KBaApaTOB ArueBnda nopsiaka N = 8§,
MOKa3aHO, 4TO CYIIECTBYIOT TOJBKO TpH 0a30BbIX OCHT-KBaJApaTa ISl JAHHOTO MOPsJAKA, TOTJa KakK elle MATh MOTyT ObITh
TIOJTY4YeHBI C IIOMOIIBIO ONEPAIH CTYNCHYATO IIUKINIECKOTo caBura. CHHTE3UpOBaHbI Bce 6a30BbIe OEHT-KBapaThl HOPSIKA
n = 16, no3Bossitorue noctpoenue O6eHT-¢pynkuuii amuHoi N = 256. [lomyuennsie 6a30Bble OEHT-KBaAPAaThl MOTYT CIIYXHTh
KaK ]ISl HEIOCPEICTBEHHOTO CHHTe3a OeHT-(pyHKIMI U MX MPaKTHYECKOTO UCIIONIBb30BAaHY, TaK U [UIS IPOBEICHUS JAIbHEI-
IINX MCCICIOBAHUM C [IeTIbI0 CHHTE3a HOBBIX CTPYKTYp OCHT-KBaapaToB [uis mopsiakos N = 16, 32, 64, ...
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Regular Method for Synthesis of Basic Bent-Squares of Random Order
A. V. Sokolov”
Y0dessa National Polytechnic University (Odessa, Ukraine)

Abstract. The paper is devoted to the class construction of the most non-linear Boolean bent-functions of any length
N =2%(k =2, 4, 6...), on the basis of their spectral representation — Agievich bent squares. These perfect algebraic construc-
tions are used as a basis to build many new cryptographic primitives, such as generators of pseudo-random key sequences,
crypto graphic S-boxes, etc. Bent-functions also find their application in the construction of C-codes in the systems with code
division multiple access (CDMA) to provide the lowest possible value of Peak-to-Average Power Ratio (PAPR) k = 1, as well
as for the construction of error-correcting codes and systems of orthogonal biphasic signals. All the numerous applications of
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bent-functions relate to the theory of their synthesis. However, regular methods for complete class synthesis of bent-functions
of any length N = 2 are currently unknown. The paper proposes a regular synthesis method for the basic Agievich bent
squares of any order n, based on a regular operator of dyadic shift. Classification for a complete set of spectral vectors of
lengths (I = 8, 16, ...) based on a criterion of the maximum absolute value and set of absolute values of spectral components
has been carried out in the paper. It has been shown that any spectral vector can be a basis for building bent squares. Results
of the synthesis for the Agievich bent squares of order n = 8 have been generalized and it has been revealed that there are only
3 basic bent squares for this order, while the other 5 can be obtained with help the operation of step-cyclic shift. All the basic
bent squares of order n = 16 have been synthesized that allows to construct the bent-functions of length N = 256. The ob-
tained basic bent squares can be used either for direct synthesis of bent-functions and their practical application or for further

research in order to synthesize new structures of bent squares of orders n = 16, 32, 64, ...

Keywords: bent-function, bent-square, Walsh — Hadamard transform, spectral vector

For citation: Sokolov A. V. (2016) Regular Method for Synthesis of Basic Bent-Squares of Random Order. Science & Tech-
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BBenenne

BenT-hyHKIMK KaK 3TalloH HEIMHEHHOCTH BCe-
ro MHOXXECTBa OyNeBbIX (YHKIHMH HAIUIA CBOE
IPUMEHEHUE B BHJE OCHOBHBIX KOMIIOHEHTOB
MHOTMX COBPEMEHHBIX CHUCTEM Iepeladu U obpa-
O0otku wHpOpMaru. BhICOKHE 3HA4YEHUS HEIH-
HeiliHocTH OyneBbIX OCHT-QYyHKIMHA, a 3HAYHT,
X MaKCHUMajJbHOE yJaJeHHEe OT MHOXecTBa ad-
(UHHBIX (QYHKIHUHA OOYCIOBIMBAIOT HX IIHPOKOE
HCIIOJIb30BaHNE B COBPEMEHHBIX KPHITOTpaduye-
ckux anroputmax [1-3]. PaBHOMepHOCTH abco-
JIOTHBIX 3HAYEHUH CIEKTpalbHBIX KO3(duIeH-
ToB Yoima — Amxamapa nenmaeT OeHT-(QYHKITHH
YHUKAaJIbHBIM KJIACCOM CUTHAJIOB Ul IPUMEHEHUs
B CHCTEMaXx C TEXHOJIOTHEH KOJOBOIO Pa3elIeHUs
kaHaioB (CDMA - Code Division Multiple
ACCesS) ¢ TOUKM 3peHUs] CHIKEHHs MHUK-(hakTopa
IepeaaBaeMblX B CHCTEME CUTHAJIOB /10 MHHU-
MajJbHO BO3MOXKHOTO ypoBHS K = 1 [4]. Byneb
OcHT-QyHKIIMK TakXke HaxosIT CBOM MHOT'OYHC-
JICHHbIE NPUMEHEHUS B TEOPUH IIOMEXOYCTOHYH-
BOI0 KOAWPOBaHMA HH(pOpMAIMK, KpUNTOAHAIU3A
U Ipyrux o01acTsaX HAYKU U TeXHUKH [1].

Co Bpemenu oTkpbITHA OeHT-QyHKuui O. Pot-
xaycoM [5] ceromHss MOXHO TOBOPHUTH O BIIOJHE
chopmupoBaBiieiicss Teopun OeHT-QyHKIMA [1],
KOTOpass B TOCJIEOHHE JECSITUICTHS MOTyqnia
CTpeMUTENbHOE pa3BuTHe. TeM He MeHee Bce elle
HE CYLIECTBYET MEXaHH3MOB MOCTPOEHHS TOJIHBIX
KJIACCOB ATHX COBEPIIEHHBIX aJre0panvecKux
KOHCTPYKIMH ISl TIPOU3BOJIEHOIO YETHOI'O YHCIa
nepeMeHHbIX K. TIpuHMMas BO BHUMaHHE KpaiiHe
BBICOKYIO HENPEACKa3yeMOCTb CTPYKTYyphl OEHT-
(GyHKIUI, HEW3BECTHO, MOTYT JIM TaKue Mexa-
HU3MBI OBITH CO3AaHbl B mpuHnue. OgHAKO IS
qucIia MepeMeHHbIX K = 4 mpeiokeH peryspHbIii
METOJ/I CHHTE3a MOJHOTO MHOXecTBa OcHT-(yHK-
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IMHA Ha OCHOBE CICLHUANBbHBIX OIOPHBIX Mart-
puit [6], Toraa Kak Juis 9uciia nepeMeHHbIx K = 6
MPEJIOXKEH METOJl, OCHOBaHHBI Ha OrpPaHUYCH-
HOM Tiepebope B o0nactu npeodpa3oBanuii Puma —
Mamnepa [7].

OcHOBHBIE NTOJIOKEHU A

OpHolt u3 HamboJee YJaYHBIX IOMBITOK TIO-
CTPOCHHS PETYJSPHBIX METOJOB CHHTE3a OCHT-
GbyHKUMH s Yrcaa nmepeMeHHbIX K = 6 sBusetcs
npeaniokeHHbld C. ATHEBHYEM METOJl, OCHOBaH-
HbI Ha OeHT-KBanparax. CyTh ero — kinaccuduka-
1Sl TIOJTHOTO MHOXECTBa OCHT-(QYHKIMK Ha IMOJ-
MHOXKECTBA 3KBUBAJICHTHBIX, OTHOCSIIUXCH K
OIPE/ICICHHOMY, COOTBETCTBYIOIIEMY BCEMY MO~
MHOKECTBY, OIOPHOMY OeHT-KBazpaty. Bee QpyHk-
MUY BHYTPU MOJMHOMKECTBA MOTYT OBITH CUHTE3H-
pOBaHBI IMyTeM TNPUMEHEHHS K OIMOPHOMY OEeHT-
KBaJIpaTy omepainuii MepecTaHOBOK IO CTPOKaM
CTOJNOIaM, a TaKXKe 3HAKOBBIX KOAMPOBAHHIA.

Lensp Hacrosmiel craThMl — pazpaboTka pery-
JMSPHOTO METOJa CHHTe3a 0a30BBIX OEHT-KBa-
paToB IOOOrO Hamepen 3aJaHHOTO MOopsaKa N.
Omnpenenenne OEHT-QYHKIHKA dYepe3 WX CIEKT-
paibHBIe KOA(hGOUIIMESHTHI 3aKII0YACTCS B UX TIPEI-
CTaBIICHWH B BHE DSKCIIOHEHIIMANBHON TaOIHIIBI
WCTUHHOCTH — OCHT-TI0CIIEIOBATEIHHOCTH.

Onpenenenue 1. buHapHas mocnenoBaTelb-

Hocte B=[b,, b, ---,b,---, by ,] (rme bie{il},

i=0,12,..,N-1 - xoadduiyieHtsl) YeTHOI

amuasl N =2%=n? (k = 2, 4, 6, ...) Ha3bIBaeTCA
OEHT-TI0CIIEI0BATEIEHOCTBIO, €CIIM OHA UMEET paB-
HOMEpHBIH MO MOAYNIO CHEKTp Yonima-— Ana-
mapa W, (0), KOTOpBIi MpeAcTaBUM B MaTPUYHOM

dbopme [1, 6]
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W, (0)=BA,, ©=0,N-1,

rae A, — marpuna Yonma — Axamapa nopsaka N,
KOTOpasi CTPOMTCS ISl KaXKIO0TO CIIETYFONIEro Io-
psanka 2" B COOTBETCTBUM C PeKypPEHTHBIM TIpa-

j| '
_AZ

Ucxonsa u3 onpeneneHust OeHT-QYHKIMHA, Kax-
OBl cTIeKTpajibHbld K03 (UIMEeHT OeHT-Tmoce-
nosarensHocTH W, (0 =0), Wi (0=1), ..., W; (0=

e R

= N-1) npuHMMaeT 3Ha4Y€HHWE U3 MHOXECTBA

{in}, rae n=\/ﬁ.

Uccnenosarenem C. ArueBuyeM II0Ka3aHo, YTO
JUIE  KaXJIOH OEHT-TIOCIIEIOBATEIIbHOCTH MOXKET
OBITh HaWIEH COOTBETCTBYIOIIHMM OEHT-KBampar.
benT-kBajpaTOM Ha3oBeM MaTpHIly S mopsaka N,
KOKIOHW CTPOKOW M KaXKIBIM CTOJIOIOM KOTOPOH
SIBIIIETCS CIIEKTPAIBHBIN BEKTOp, IMOIyYECHHBIA B
pe3ylbTaTe YMHOXXEHHUSI CErMEHTa OCHT-TIOCIENO-
BaTEJIBHOCTH JJIMHBI N Ha MaTpuIily Anamapa Io-
psanka n [8]

Si=BA, n=+N,

rae S, — i-g cTpoka OeHt-kBagpara S; B, — i-if cer-
MEHT OEHT-IIOCIIEI0BATEILHOCTH.

B COOTBETCTBHU C SKBUBAICHTHOCTHIO MOTHOTO
MHOXeCTBa OCHT-KBAPaTOB, C TOUYKH 3PEHHUS OIle-
paryii MepecTaHOBOK IO CTPOKAM M CTOJIONAM |
olepaIi 3HAKOBOTO KOIMPOBAHHMS, CPEIH BCEX
OEHT-KBAJIPaTOB MOTYT OBITh BBIICIEHBI BOCEMb
0a30BBIX CTPYKTYp mopsiaka N = 8 [8]
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C. ArueBmueM TaKkKe yKa3zaHa BO3MOXKHOCTh
[OCTPOEHUSI IIOJHOIO Kjacca OEHT-IocienoBa-
tenbHOCTEel AnuuHbl N = 64 ¢ moMOIIBIO onepaunit
MEPECTaHOBOK IO CTPOKaM U CTOIOAaM U 3HAKOBO-
ro xoaupoBauus OeHT-kBanpaToB (1). Tem HE Me-
HEEe METO/bl IIOCTPOEHUs] CaMHUX OEHT-KBaJpaToB
JUIs1 IPOM3BOJIBHOTO TOPSAKa N yKa3aHbl HE ObUIN.

Jig pa3paboTku peryssipHOTO METO/la CHHTE3a
0a30BBIX OEHT-KBaJPaTOB PAacCMOTPHUM Kilaccu(pu-
KalMIO TOJIHOTO MHOXKECTBA CIHEKTPAJbHBIX BEK-

TtopoB. Ilycte V, — nmHelHOe BEKTOpPHOE IpO-
CTpaHCTBO BEeKTOpoB v;, i=0,1, ..., 2" —1 mrwmer |

Torma mnomHoe MHOkecTBO J =2' snementos
3TOr0 MPOCTPAHCTBA B OMHAPHOM BHIC MOXKHO
3ammcarhb

Js KaXIoro BEKTOpa AJIEMEHTa JHMHEHHOro
BEKTOPHOI'O MPOCTPAHCTBA V, MOXKET OBITh HalJICH

€ro CHEKTPAIbHBIA BEKTOpP IyTEM BBHIMOJIHEHUS
npeoOpaszoBanus Youa — Anamapa

W, =v,-A.

Hampumep, nycts | = 8, Torma mms BekTopa
3JIEMEHTA JIMHEHHOIO BEKTOPHOI'O IPOCTPAHCT-

Ba V, v, = [— —+——++ —] CIIEKTpaJIbHBIA BEK-
Top umeet Bug Wigs =[-2 2 -2 -6 -2 2 -2 2].
Onpenenenue 2 [9]. DneMeHTapHON CTPYKTYpOH

crieKTpanabHOro Bektopa W, HazoBeM Habop abco-

JIIOTHBIX 3HAYCHUN €ro CHEKTPaJbHBIX KOMIIOHEHT.
Hanpumep, paccMorpeHHBI BbIIE BeKTOp Wiss

MMeeT semMenTapHyio ctpykrypy {6(1), 2(7)}, rae
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B KPYIUIBIX CKOOKaX yKa3aHO KOJIMYECTBO pa3, KOTO-
poe BcTpedaeTcs MPHUBEICHHAS CIEKTPaTbHAS KOM-
TIOHEHTA B CIIEKTPAJIBHOM BEKTOpE.

Omnpenenaenue 3. [lapamerp v = max{abs (Wi )}

CIICKTPAJIbHOI'O BCKTOpPA Wi OMpeALCIACTCA KakK €ro

MaKkcHMasbHOe abcommoTHOe 3HaveHnue. Hampumep,
BekTop W, HMeeT MakCHMalbHOE abCONIIOTHOE

3Ha4YeHUe 7y, =6. YCTaHOBJIEHO, YTO BCE MHOXeE-

CTBO CIICKTPaAJIbHBIX BEKTOPOB Wi JJIA KayKI0ro 3Ha-

yeHusi N MokeT OBITh pa3ieTIeHo Ha KJIACCHI B 3aBH-

CHMOCTH OT 3JIEMCHTAPHOU CTPYKTYPhI BEKTOPOB.
Onpenenenue 4. DKBUBAJICHTHBIM KJIaCCOM

CIEKTPAJIFHBIX BEKTOPOB HA30BEM MHOXKECTBO Ta-

KHX BEKTOPOB {Wj }, KOKIBIH M3 KOTOPBIX MMEET

OJIHO M TO € 3HaUeHHe Mmapamerpa 7y, H COCTOUT
W3 OHOTO W TOTO K€ Habopa abCONMFOTHBIX 3HaYe-
HUI CHeKTpaabHbIX KoMmoHeHT. Tak, mpu | = 8
MHOXecTBO BekTopoB W, i=0,1, 281 pasne-
JITeTCS Ha TPH DKBUBAJICHTHBIX Kiacca (Taou. 1).

Tabauya 1
Knaccndukanusi noJiHoro MHOKeCTBa ClEKTPAJIbHBIX
BekTopoB W; miunbl | =8

Classification for complete set of spectral vectors W;

of length 1 =8
3uauenne Ha6op abcomot-
Howmep iracca fapamerpa HBIX 3HaUeHH# | OGbeM
CICKTPANILHBIX Vmax = CHEKTPAIbHBIX | KlIacca
BEKTOPOB
= max {abs (W, )} KOMITOHEHT

1 8 (£8(), 0(7)} | 16

2 6 {£6(1), £2(7)} | 128

3 4 {#4(4), 04} | 112

Bri6epeM u3 kaxmaoro Kiacca 1o oJHOMY CIIeK-
TpaJIbHOMY BEKTOpPY, HaIpuMep:

W,=[8 000000 0];
W|W,, =[-62222222]; @)
W,y =[-4 444000 0].

YcTaHoBNIEHO, YTO Ha 0a3e KaXIoro M3 CIEK-
TPaTbHBIX BEKTOPOB (2) BO3MOYKHO ITOCTPOCHHE
0a30BOTO OCHT-KBaJpaTa Ha OCHOBE PETYIIAPHOMN
oTepaluy JUaJHOTO CIIBUTA.

Onpenenenue 5. /e 6eHT-QyHKINN Ha3bIBa-
IOTCSl KBaJPaTHO-)KBUBAJIICHTHBIMU, €CIIM OCHT-
KBaJpaT OJHOW M3 HUX MOXET OBbITH MOIyYeH W3
OCHT-KBaJpaTa Apyrod M3MEHEHHEM 3HAKOB 3Jie-
MEHTOB U TIEPECTAHOBKOM CTPOK H CTOJIOIIOB.
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Onpenesienue 6. bazoBeiMH (TTEPBUYHBIMH)
OCHT-KBaJ[paTaMH Ha30BEM TaKWe, KOTOpPBIE CTPO-
ATCS IPSIMBIM METOJIOM Ha OCHOBE JIMAJIHOTO C/IBU-
ra W He SIBIAIOTCS SKBUBATICHTHBIMH.

Omnpenenenue 7 [10]. Omnepatop AuagHOrO
C/BHTA MPEJICTABUM B BHJIE KBAJPATHOW MATPHIIBI
nopsiika N, KOTopasi CTPOUTCS MO0 PEKYPPEHTHOMY
MpaBUITy

Diad(n/2);

Diad(n/2)+n/2;

Diad(n):{ Diad(n/2)+n/2;} @)

Diad(n/2),
re Diad(2)=[%' ﬂ

Hanpumep, nys n = 8 B coorBercTBuu ¢ (3) mo-
JTydaem

Diad(8) = @)

O~NOU1RWNF-
~OCoUTIOYWRAFN
U100~ A~W
U100 NW N
HOWNFO~NOYO1
WHAFN~00UIOY
N R WOU100~
FPNWAOIO00

Brimonnsis ¢ momompio (4) KOOUpOBaHHUE IIO-
3ULUHA (MHAEKCOB) KAXJIOTO U3 BEKTOPOB (2), mo-
JydqaeM TpH 0a30BBIX OCHT-KBaapaTa:

80000000
08000000
00800000
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|
s lproocoo
~Llhpoocoo

QOO OPR~PA~D
QOO Or~pM
OOOOM
OO OO

A

cooTBeTcTBYIOIMX S, S5, S; u3 (1). OcTanbHble
6azoBeie 0 C. ArmeBuuy OCHT-KBaIpaThl MOTYT
OBITH TIOJYYEHB! U3 S MyTeM 3HAKOBBIX KOIHUPO-

BaHUH, IEPEeCTaHOBOK CTPOK, CTOJIOIOB, CTyTEeHYa-
TO UMKIUYECKUX CIBUTOB, CYNEPIO3HUINUA C Cer-

menTamu u3 St [8].

AHaJOTrMYHBIM 00pa30M BCE MHOXECTBO CIICK-
TpanbHbIX BekTopoB W,, 1=0,1, .., 2'° —1, numHbl
| = 16 MOXHO pa3feTUTh HA BOCEMb DKBUBAJICHT-
HBIX KJIaccoB (Taou. 2).
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Tabauya 2
Knaccudukanus noJHOro MHOKeCTBA CNIEKTPAILHBIX BeKTOpoB W; 1unHbI | = 16
Classification for complete set of spectral vectors W; of length | = 16
Howmep kiiacca 3Hauenne napameTpa Ha6op aGCcomoTHbIX 3HAYEHUI O6bem
CIIEKTpPaJIbHBIX BEKTOPOB VYmax = Max {abs (Wi )} CIIEKTPAJIbHBIX KOMIIOHEHT Kjacca
1 16 {16(2), 0(15)} 32
2 14 {14(2), 2(15)} 512
3 12 {12(2), 4(7), 0(8)} 3840
4 10 {10(2), 6(3), 2(12)} 17920
5 8 {8(2), 4(8), 0(6)} 26880
6 8 {8(4), 0(12)} 1120
7 6 {6(6), 2(10)} 14336
8 4 14(16)} 896
M3 xaxx10ro SKBUBAJICHTHOT'O KJIacca BEIOEPEM IO OJHOMY CIEKTPAITBHOMY BEKTOPY:
'W, =[16000000000000000];
Wi, =[14-22222-2-222-2-2-2-222];
W,;, =[12-4-4-4-4-4-4-4-400000000];
W50 =[1026-26-2-6222-2-2-2-222]; ©)

Wiy =[-8-8000000-44-44-444-4];
Wiy.6 =[-8888000000000000];

Wessos :[—62—622—6—6266—2—2—2—2—2—2];

Wigass =[444444—4—4—44—44—444—4].

C yueroM (3) BO3MOXKHO MOCTPOUTH MATPHILY AUATHOTO cABHTa 1 N = 16

Diad(16) =

OCO~NOOITR~RWNE-

©E~NOUIOWRRN

3 4 5 6 7 8 910 11 12 13 14 15 16
4 3 6 5 8 7 10 9 12 11 14 13 16 15
1 2 7 8 5 6 11 12 9 10 15 16 13 14
2 1 8 7 6 5 1211 10 9 16 15 14 13
7 8 1 2 3 4 13 14 15 16 9 10 11 12
8 7 2 1 4 3 14 13 16 15 10 9 12 11
5 6 3 41 2 1516 13 14 11 12 9 10
6 5 4 3 2 1 16 15 14 13 12 11 10 9
11 12 13 1415 16 1 2 3 4 5 6 7 8|
12 11 14 3 16 15 2 1 4 3 6 5 8 7
9 10 15 16 3 14 3 4 1 2 7 8 5 6
10 9 16 1514 13 4 3 2 1 8 7 6 5
1516 9 1011 12 5 6 7 8 1 2 3 4
16 15 10 9 12 11 6 5 8 7 2 1 4 3
1314 11 2 9 10 7 8 5 6 3 4 1 2
14 13 12 110 9 8 7 6 S5 4 3 2 1

Ha OCHOBE KOTOPOM IS KaXKIOTO BEKTOpa (5) MOXKET OBITh ITOCTPOSH COOTBETCTBYIONINI eMy 0a30BBIi OCHT-

KBaapar

Hayka
wrexHuka. T. 15, Ne 4 (2016)

349



3./'leKmp0HHble cucmemosl

Sie =W, (Diad(16));
7’ =Wig55, (Diad(16));
SéG =W,, (Diad(16));
S =W,g5 (Diad(16));
Séﬁ =Ws,655 (Diad(16));
Séﬁ =Wsy166 (Diad(16));
SY =W, (Diad(16));
St =W,y (Diad(16)).

(6)

OTMeTHM, 4TO GEHT-KBaIpaT S;° IpPeICTaBIAET

co0OH CHeKTpaJbHOEe OTOOpakeHHE KOHCTPYKLHH
Maiiopana — Mak®apmanmga [1], koTopas ocHOBa-
Ha Ha pPEKYpPPEHTHOM IIOCTPOCHUU OcHT-(PyHK-
Uil Ha OCHOBE MEPECTAaHOBOK CTPOK M 3HAKOBBIX
KOIUPOBaHWK MaTpuilsl Amamapa. KoHCTpykmms

Si° mamwia cBOe TPUMEHEHHE TAKKE W IS TIO-

CTPOEHUSI KpUNTOrpa)uuecKuX BBICOKOHEITHMHEH-
HBIX S-OJIOKOB MOJCTaHOBKH, KOTOPBIE COOTBET-
CTBYIOT CTPOroMy JaBUHHOMY Kputeputo [11, 12].

s KpaTKOCTH NpPHUBENEM IMpPHUMEp MOCTPOEH-

HOTO GEHT-KBaJpaTa B BUJIE CTPYKTYPBI Sy

12-4-4-4-4-4-4-40 000000 0
412-4-4-4-4-4-40 000000 0
~4-412-4-4-4-4-40 00000 0 0
—4-4-412-4-4-4-40 000 0 0 0 0
—4-4-4-412-4-4-40 00000 0 0
4-4-4-4-412-4-40 000000 0
—4-4-4-4-4-412-40 00000 0 0

gio_| 4—4—4—4-4-4-4120 00000 0 0

3710000000 012-4-4-4-4-4-4-4]
0000000 0-412-4-4-4-4-4-4
0000000 0-4-412-4-4-4-4-4
0000000 0-4-4-412-4-4-4-4
0000000 0-4-4-4-412-4-4-4
0000000 0-4-4-4-4-412-4-4
0000000 0-4-4-4-4-4-412-4
(0000000 0-4-4-4-4-4-4-412]

IUIs1 KOTOPOH ITyTeM €€ MaTPUYHOTO MPOU3BEICHUS
Haja andaBuTOM {il} c Matpuued Anamapa Ay
nopsiazka N = 16 (aBymepHOro mnpeoOpa3zoBaHUs
Yoma — AnamMapa) W TMOCIEIYIONeH KOHKaTeHa-
LIMU CTPOK Pe3yJIbTUPYIOUIEH MaTpPHUIBl IMOIydaeM
OeHT-Tocie1oBaTeNbHOCTh JUTMHBI N = 256

B, =sign(S; A;) = [—+++++++ e Ep S
b Fb—— b ——

I T A Fp————— b —— b ———+
e ——— o —
O S M e b= == —+
e b -

SRS HFEDFELAYUAUSRISE SUSSLATEIS VISP A UM SIS FRON O A AR A

—+————t+++—++++

PaccMoTpuM Takke OenT-kBaapar S us (6)

-6 2-6 2 2-6-6
2-62 -6-6 2 2

-6 2-6 26 2 2
2-6 2 -6 2-6-6
2-6-6 2-6 2-6

-6 22 6 2-6 2

-6 22 6-6 2-6

St _ 2-6-6 2 2-6 2
7 6 6-2-2-2-2-2
6 6-2-2-2-2-2
-2-2 6 6-2-2-2
-2-2 6 6-2-2-2
2-2-2-2 6 6-2
2-2-2-2 6 6-2
2-2-2-2-2-2 6
|2-2-2-2-2-2 6

JUISL KOTOPOTO OCHT-TIOCTIEA0BATEILHOCTh IMEET BH/T

350

OONNNPNNNONDONDNO O N

+—++—+++—+——+].

6 6-2-2-2-2-2-2
6 6-2-2-2-2-2-2
-2-2 6 6-2-2-2-2
-2-2 6 6-2-2-2-2
2-2-2-2 6 6-2-2
2-2-2-2 6 6-2-2
—2-2-2-2-2-2 6 6
2-2-2-2-2-2 6 6
626 2 266 2]
2-6 266 2 2-6
-6 26 26 2 2-6
26 26 266 2
266 26 26 2
6 2 26 26 2-6
6 2 266 26 2
266 2 26 2-6 |
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B,=[-—4+++—+————+—————++—F+++—+———+—+
———— ==t ———Ft—F et t———FF+—F+—
e et e +——t—t—
————— Fh———t—tt———F—t——t+—++++——+
——t ettt =ttt ettt =ttt —t—
———— =ttt ——— b=t ———+——+
bttt ———— th———— -t —t—+
————— ++—++—+——F++—F+—F+——+++————++-].
OTMeTHM, YTO Ha OCHOBE MOCTPOEHHBIX 0a30- JIATEPATYPA
16 16
BBIX GeHT KBaZpaToB Sl U SS IyTeM MpUME 1. Tokapesa, H. H. beur-dyHkiun: pe3ynbTaTsl U HPHIOKE-

HEHUS OTepaIiii CTYyIeHYaTO IUKINIECKOTO CIBH-
ra 1Mo CTpOKaMm, CYNEpPHO3UIUU CETMEHTOB

S, ..., Sy, omepanuii UKIMYECKUX CIBUIOB TIO

CTPOKaM M CTONOLAM, a TaKKe 3HAKOBBIX KOAHMPO-
BaHMA MOXXET OBITh IMOJYICHO MHOXKECTBO OEHT-
KBaJpaToB MOpsaka N = 16 U COOTBETCTBEHHO
MHOXecTBO OeHT-QyHKkuui mumHBl N = 256. Tem
He MeHee pa3paboTKa peryispHBIX TpPaBWI TO-
CTPOEHUS HOBBIX OCHT-KBaJIpaTOB Ha OCHOBE 0a30-
BBIX TIPEJICTABIISICTCS BAXKHOW, HO BCE elle Hepe-
IICHHOM 3a/1a4ueil TCOPUH OCHT-()YHKITHIA.

BBIBOJIbI

1. PazpaboTan peryispHBIi METOJ CHHTE3a
OcHr-kBagparoB C. ArumeBnya Ha OCHOBE OIlepa-
WU THAJHOTO C/ABHTA, MTO3BOJIAIONINN CHHTE3UPO-
BaTh 0a30BbIC OEHT-KBAIPATHI JIFOOOTO MOpsIKa N.

2. JlanpHeliIee pa3BUTHE MOJYYHII METOM CHH-
Te3a OCHT-QYHKIMII Ha OCHOBE OCHT-KBaJpaTOB
ArueBuya, B paMKax 4ero CMHTE3UPOBAH IMOIHBIN
KJIACC U3 BOCHMU 0a30BBIX OCHT-KBAJAPATOB MOPSIJI-
ka n = 16.

3. IIpennoxena knaccuuKanys MOJHOTO MHO-
JKECTBA CIIEKTPAIBHBIX BEKTOPOB IuHEI | = 8, 16
HA OCHOBE KPUTEPUS MaKCUMAIILHOTO a0COJFOTHO-
ro 3Ha4eHUS W Habopa aOCONIOTHBIX 3HAYCHUI
CIIEKTPAILHBIX KOMITOHEHT, YTO TIO3BOJIIIIO pa3ie-
JUTh BCE MHOXKECTBO CIIEKTPATIbHBIX KOI(PHIIHU-
€HTOB Ha DKBUBAJICHTHBIC KJIaCCHI.

4. TlpennokeHHBIN PEryISIPHBIA METOJ CHHTE32
0a30BBIX OCHT-KBAIpaToB HAa OCHOBE OIlepaTtopa
JIMAJTHOTO CJIBUTA TIO3BOJISIET PACIIUPHUTH 001acTh
MPUMEHEHUST MeToAa CHHTe3a OCHT-QYHKIINKA Ha
OCHOBE OCHT-KBAJPaToOB ArHeBHYa HA OONBIITHE UX
qmuHel N, 4TO sBIsSeTCS HEOOXOIUMBIM IS CO-
BPEMCHHBIX WH(QOPMAIIMOHHBIX TEXHOJIOTUH, HC-
MOJIB3YIOINX OCHT-(QYHKIMHM JUISI CBOETO (PYHK-
[UOHUPOBAHUSL.
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