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6~TI1H. f'accMaTp~-tBdi'"TCR BOnpc>Ctl BtlriOnHfHI1A up~-t~MCT~-t4eC.KI1X 11 
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I' II flO 484 

1. BBEAEHHE 

YeenH4eHHe o6oeMa HH¢opMa~HH, nocryna~~e~ or MHOroKaHanbH~X 
AeTeKropoa RAepH~x 4aCTH~, npHaeno K Heo6xOAHMOCTH 6onee T~a
TenbHOro H3y4eHHR BOnpOCOB OnTHMa11bHOrO KOAHPOBaHHR, MeTOAOB 
coeMa H o6pa6orKH HH¢opMa~HH. PeweHHIO 3THX 3aAa4 nocaR~eH PRA 
HHTepecH~x pa6or. B nocneAHee apeMR oco6eHHO HHTeHCHBHO pa3-
BHaaeTCR rexHHKa cne~HanH3HpoaaHH~X npo~eccopoa, npeAHa3Ha4eH
HbiX AI1R B~pa60TKH TpHrrepa, onpeAeneHHR KOOPAit!HaT 3aperHCTpH
poaaHH~X COfi~TH~ H nOCTpOeHHR TpeKOB /l-B/ • 0AHaKO npH KOAHpO
BaHHH AaHH~X, nOCTyna~~HX OT MHOronpOBOI104H~X nporoop~HOHal1bHMX 
KaMep /MnK/, Ha HaW B3r11RA, He BCerAa y4HT~BaiOTCR oco6eHHOCTH 
pa6oTM MnK, e KOTop~x perHcTpHpyeTcR orpaHH4eHHOe 4Hcno 4ac
THI~, cpaaH~1Te11bHO He60I1bWOe no OTHOWeHHIO K o6~eMy 4HCI1y npo-
801104eK, COAepma~HXCll 8 MnK. no3TOMy Ha nepBOM 3Tane o6pa60TKH 
AaHHbiX, nocTynal!l~I1X OT MnK, ~enecoo6pa3HO npoaOAHTb Hx ¢HnbT
pa~HD H cmaTHe. 0AHH H3 MeTOAOB C~aTH~ AaHH~X npHMeHHTe11bHO K 
MnK npeAno~eH HaMI1 s pa6oTax 14·5·20/ • 1-lsaecTHa TaK~e pa6oTa 16~ 
a Koropo~ aHanorH4H~~ MeTOA c~aTHR AaHH~x npe,qnaraeTCR H~nonb-
303aTb AJln o6pa60TKH HH¢0pMa~HH, nOCTynai'1U1C~ OT AaT4HKOB, pac
nono~eHH~X Ha KOCMH4eCKHX o6oeKTax. B AaHHO~ pa6oTe 3TOT MeTOA 
nony4HI1 Ha3BaHHe MeTOAa CI1HAPOMHOrO KOAHPOBaHHR. 3THM TepMHHOM 
M~ 6y,qeM nonbsoaaTbCR a AanbHe~weM. 

2. HETOn CHHAPOMHOrO KOAHPOBAHHR 

KpaTKO cy rb l~eTOf.\<''1 Cl-1:iAPOMHoro KOf.IHpoeaHHn 3aKn~4aeTcn e 
cneAY!OI'\C!I I Pf1<:. 1 I. Ha nepe,qa~tt~efi c ropoHe HMeercn n ,qa T4HK0!3, 
11!)W.fCI1 npet\11-Mul:aerc;l, 4TO 0AH0BpE'ME'HHO MOlKe r cpa60T3Tb Il~W::O 
:ie6ont.•uan 4acr:, /10-20%/ o ·r o6u~ero HX KOJ1H4ecraa. 4Hcno OAHO· 
ape~1CHHO cpaooraowH:< A<lT4HKoe o6o3H<l'-IHM 4epe3 t • EcnH a 1d
.1G:IH~i'i I·IOI~CI1 f DpeHeH~1 He Cpa6o T/311 li>1 0{:\Hii nar4HK, TO Hbl llOJly-
4~111 1(/Jleooe Konoooe cnoao, a noRsr.eHY!e enHHI1t\ a np01lecce cpa-
6ar~oaHM:1 nnr4HK08 paccMarpY!eaerc~ Kat< A06asneH~e BeKropa 
ow~t6KI1 K Hyne!lo:-.1y KOAOBOMy cnoay. :ho cnoeo /a cn:r-1ae o rcyr • 
c r3>tl"t cpd6o raewHx A.J T'~Hi<03 - Hyneaoc cnoao/ noc rynaeT Ha ex0.1 
yc rpo:icraa, ,!JopiAHpy•ou;ero CI1HAPOH t<OAoeoro cnosa. Ycrp<1Hcrso 
pa~nonaracrc~ Ha nepeAa~~e~ cTopo~e. Ha BM~OAe ~opMHpoaaren~ 
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.lJ.aT"'UKU 

n=2m-f c;>opMupo~p- N=-t ea~r Bbii.IUCIIUT!Ilb-
menb cuHo- HOi ycrpou-
POMO. CT 0 . 

P!-iC. 1. unoK-CX~Ma CI1CT6Mbl nepe,QalU.1 ,QaHHbiX c I-1CnOnb-
30BaHI1eM MBTO,Qa CI-1H.QPOMHOrO KO.QI-1pOOaHI1~. 

CI1H.QpOMa 411cno KaHanos nepe,(la411 yMeHbwaeTc~ ,QO N = t log 2 n . 
TaK, ecn11 nonO>K11Tb n = 63 , t = 3 , TO N = 18 • ,[\anee no KO,Qoso
MY CJlOBy N B Bbi41-1CJli-1TBJlbHOM YCTPOHCTBe MOIKHO onp~.QBI11-1Tb HO
Mepa cpa6oTasw1-1x .QaT411KOB. HasecTHO MHOro paani-14H~x T1-1nos 
KOppeKTI-1PY~~I-1X KO.QOB. 3TI-1 BOnpOC~ paCCMOTpBH~ nO,Qp06HO B 1-13-
BBCTHbiX KHI1rax no TeOpl11-1 I<O.Q!-1pOBaHI1.A /?,S/ • B ,QaHHOH pa60Te 
I-1CnOJlb3yeTC.R W~-ipOKO 113B6CTH~H Knacc KO.QOB 6oyaa-4ay,Qxyp1-1-XOK
B!-1HreMa /G4X-KO,Qbl/, .[\eKO,QI-1pOBaHI-1B TaKVIX KO,QOB CBO,QI-1TC.R K 3a
,Q846 peweHI1~ anre6pal-14ecKoro ypasHeHI-1.R, KOPHI-1 KOToporo onpe
,Qen.R~T M6CTOnOJ101KBHI1B OWI-ifiOK 8 KO,QOBOM CJlOBe, VI B CJly4ae 
CVIH.QPOMHOrO KO,QV1p088HVI.R KOPHI-1 ypaaHeHH.R onpe,QeJl.RroT KOOP,QI-1H8Tbl 
cpa6oTaswHx .Q8T41-1KOB. np~-1 3TOM onepa~HI-1 swnonH~roTc~ HaA ane
MeHTaMVI nom; ranya GF (2m), a KOTopoM cy~ecTBeHHO ynpou1aeTcR 
B~nOnHeHI-16 apVI~MBTI-14BCKMX onepa~I1H Ha,Q KO,QOBWMVI CJlOBaMI1. 

. 113BBCTHO HBCKOJlbKO cnoco6os ,QBKO.Q11POBaH111l KO,QOB 54X 17·12/ , 
B ,Q8HHOH pa6oTe paccMaTpi1B86TC.R 113BeCTH~H MBTO,Q peweHI1.A ypae
HBHVIH BTOPOH VI TPBTbBH CTeneHI1, KOTOp~A OTHOCI1Te11bHO nerKO 
pean11ayeTC.A np11 noM0~11. KOM6!-1Ha~I10HH!>IX cxeM 110-121 . KpoMe Ta
ro, ycTpOHCTBa ,QJl.R peweHI1.R ypasHeHJ-iH BTOpOH 1-1 TpeTbeA CTeneHI1 
.RBJl.AroTC.R 6a30BWMI1 ,QJl.R peweHI1.R ypaBH6HI-1H 6onee B~COKI1X CTene
Hei1 /12/ 

.3. BWnOnHEHHE AnrE5PAH4ECKHX OnEPAUH~ B nonE rAflYA 

8 OTJ1V14He OT Tpa,QI1~MOHH~X MeTO,QOB ,QBOM4HOH api1$M6TMKVI Ha,Q 
4MCJlaMM, npe,QCTaBJ1BHHWMI1 8 f10311Q110HHOH CI1CTeMe C411CJ16HI1.A, KO
TOpble WI1POKO 11CnOJlb3Yi'.)TC.R ,QJl.R o6pa60TKI1 ,QaHHbiX B COBpeMeHHOH 
.R,QepHOH 3116KTpOHI1Ke B MeTO,Qe C11H,QpOMHOrO KO,QMPOBaHI1.A, KaK M~ 
yme OTMe4anl1 swwe, apVI¢MeTH4eCKI-1e 11 anre6pal14eCKVIe onepa~1111 
BblnonH.RIOTC.R a pacw11peHHOM none ranya GF(p~ , r,Qe p - npo
cToe 411CJ10 11 Ha3WBaeTC.R xapaKT6PI1CT11KOH non.R, .[\n.R ,QB0114HOH 
CIIICT6Mbl C411CJleHVI.R p = 2 , a m - l.lenoe 41-iCJlO, npaBI1JlaM flOCTpo
eHI1.R KOHe4Hwx noneR ranya noca.R~eH p.R.Q pa6oT 113·161 • HHTepec 
K 3TOMy npe,QMeTy 8 HaCTOR~ee speM.R Cy~eCTBeHHO B03pOC B ~B.R3H 
C pa3BVIHIBM TeXHIIIKVI 60JlbWI1X··I1HTerpaJlbHbiX CXeM /17/, C l.leJlbiO 
o6ner4BHIII.R 4TBHI1.A ,QaHHOH CT8Tbl1 .QI1.R 4HTaTe11.R, HB3H8KOMOrO 

2 ... 

c npaBHJlaMI1 BblnOJlHeHH.R onepa~1-1i1 H8A 3JleMeHT8MVI non.R GF(2 m) , 
HVIIKe 11 B npo~ecce M3J10)1(BHI-1.R fiy,QyT npiiiBO.QVITbC.R OCHOBHWB 11 He-
06XO,QHM~e CBe,QBHI1.R 06 3TI-1X npaBMJlaX, KOTOp~e He npeTeH.QYIOT Ha 
flOI1HOTy I-13Jl01KBHI1.R 11 Ofi~HOCTb. 411CJ10 HBHYJlBBWX 3JlBM6HTOB /CJlOB/ 
KOHB4HOro flOJl.R paBHO HeKOTOpoA CTeneHI1 ero xapaKTBPI-lCTI-1~1-1, 
T. e. n =2m_ 1. 4111cno pa311144HbiX 3JleMeHTOB non.R Ha3biBaeTc.R ero 
nop.R,QKOM. Bee 311eMeHTW KOHe4HOt0 nOJl.R MOIKHO nOJ1Y411Tb np~-1 no
MOU\11 Henpi1BO,QJ..1MbiX MHOr0411eHOB, Tafinl1~bl KOTOPbiX np11Be,QeHbl B 
KH~;~re/7/ /nplllnomeH~;~e B/. TaK, s pa6oTe 15/ ,QJl.A nocTpOeHW.R 6noKa 
cmaTJ..1.R ,QaHHblx MnK, 11MeiOll.leR n =63 nposono4KH, H8MI1 6brn Bbi6paH 
Henpi1BOA11Mb1H flOJlVIHOM wecTOA CTeneHVI f(X) =X 6 +X + 1, (m = 6). 
3TO 3H8411T, 4TO 41-iCJlO HeHyneBWX 3JleMBHTOB flOJl.R paBHO 2m-1 , 
Cne,QyeT no,Q4epKHYTb, 4TO 3HaK + H8MI1 6y,QeT 11Cnonb30BaH ,qn.R 
o6oaHa4eHI1.R onepa~1111 cnomeHI1.R no MO,QYJl~ 2. CpeAI1 aneMeHTOB 
KOHB4HOrO flOJl.R BW,QBJl.RroTC.R m Jli1HBHHO He3aBI1C11MWX /6a3J..1CHWX/ 
3J1BMBHT08, none, 06pa30B8HHOe np11 flOMOU\1-1 flOJll>tHOMa f(X) , 11MeeT 
cnegy10~1-1e 6aai1CHble aneMeHTbl: 1 (a0 ), a 1, a 2 , a 3 , a 4 1-1 a 5 • 0,QI1H 
V13 3TI1X 311BMBHTOB, a l , .RBJl.ReTC.R KOpHeM MHOr04JlBHa f(X) , 1-1 
no3TOMY KaiK,QbiH HeHyneso:-1 31ieMeHT 3TOrO llOJlR t~O~<eT 6b1Tb npe,Q
CT8BJ1BH KaK HBKOTOpa.R CTeneHb 3JleMeHTa a 1 , 3TO 3H84HT, 4TO 
MYJlbTVInJ1VIKan1BHa.R rpynna KOHB4HOrO nOilR HOCI1T QI1KI1VI4eCI<VIH xa
paKTep. HaV~MeHbwee nonox<I1TeJlbHOe 411cno n , .QJl.R fWToporo 
an= a O = 1 , H83biBaeTcR nopR,QKOM 3JleMeHTa a 1 • EcnVI nop.R.QOK 
aneMeHTa a 1 paseH n, TO aneMeHTbl 1, a 1,a 2, .... an-l paa-
11V14Hbl. TaK, B HaWeM npHMepe n == 2 m- 1 = 63 11 n03TOMy, Hanpi1-
Mep, 8 126 ,;(a63)2 =ao =l; n64==·a63 xal ==a1; a75=aosxa12 =a12 
11 T. A. YllHTbiBa.R, liTO a 1 - 1mpeHb t<~HOro4neHa f(X) , ocTanbHMe 
aneMeHTbl non.R GF(2 m) MOIKHO nony4HTb, v.cxo,QR 113 ypaBHI'!HI1.R 
a 6 +a1+1 =0, T.e. a 6 =a 1 +1; a 7 =a 2 +a1; a 8 =a:3+a2; 
a9=a4+a3; a1D=a5 +a4 ; a11=a5+al+ 1; a12=a1+a2+a6= 
=a1+a2+1+a1 =1+a2 v. T • .Q. 

3neMeHTbl 110111'1 YA06HO TaKIKe npe,QCTaBJl.RTb B B11,Qe MHOr04JleHa 
cTeneHVI m-1:d0 a 0 +d

1
a 1 +d

2
a 2 +d

3
a3+ ••• +d _

1
am-1, r,Qe K03$

$11L\11BHTbl d 0 , d
1 

, ... , d m-l nPI1HHMaiOT 3Ha4eHI1.R If 1'11111 1 • TaK, gnR 
3JJeMeHTa a 9 = a 4 +a3 d0 =d 1=d2 =d 5 = 0 11 d 4 = d 3 =1. B npl1no-
meHVII1 1 np11se,QeHbl 3neMeHTbl nonfl GF(2 6 ) . Hepe,QKO aneMeHTbl norm 
paccMaTpi1B810TC.R KaK BBKTOpbt, TOrga BeJll-141-iHbt d0 , d

1
, d 

2
, d

3
, ... , d rn-l 

paccMaTpl1saiOTC.R KaK KOOp,QMHaTw seKTopa. TaK me KaK VI s ,QBOM4-
HOA apVI$MBTI1Ke np11 BMnonHeHI1M onepal.li1A HaA aneMeHTaMVI non.A, 
HMBIOTC.A HBI<OTOpb!e OTJ111411.R B npaBI1JlaX Bbi411CJleHV..R 11 BPY4Hyl011 11 
MaWI-1HHblM cnoco6oM. 3TO KacaeTC.R TaKI-1X onepa~1-1R, KaK YMHOmeHHe, 
B03Be,QBHJ..1e 8 CTeneHb, geneHHe VI V13BJ1B4BHI-1e KB8,QpaTHOrO KOpH.R. 
0nepa~MI1 YMHOIKBHI1.A VI ,QBI1BHHR spy4HYIO npOV13BO,Q.RTC.R 04BHb npoc
TO: CTeneHb npOI-138B,QBHI-1.R 3J1BMBHTOB pasHa CYMMB CTeneHeA COMHO
mv.TeneA, npM4BM CyMMI1pOBaHI1e CTeneHeR npOI13BO,QI1TC.A no MO,QYiiiO 
2m • Onepatli-1R ,QeneHH.A aneMeHTa a Ha aneMeHT b pasHOCHJlbHa 
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a/ 

~6/ 
PHc.2. C4eT4HKH a none ranya no MO,qyn~ MHoro4neHa 

X 6 +X + 1 ; 
a/ yCTpO~CTBO ,qnB C4eTa B npBMOM HanpasneHHH; 
6/ pesepCHBH~~ C4eT4HK. 1 ,1,3,4,5,6 - B4e~KH CABHro

BOrO perHCTpa. 

onepa~HH YMHOmeHHH 3neMeHTa a Ha HHBepCH~R 3neMeHT b-1 . HH
BepCHbl~ 3neMeHT b - 1 3JleMeHTa b onpe.qenBeTc.R H3 ycnOBI11'1: 
b x b-1 = 1. TaK, An.R 3neMeHTa a 9 HHBepCHbiM 3J1eMeHTOM 6y,qeT 
a 54 , T8K KaK a 54 x a 9 =a 63 = 1. npH onepal.\fiiBX BPY4HYIO HH
BepCHbl~ 3neMeHT nony4aeTc.R npocTo: H3 4Hcna 2m -1 Ha,qo Bbl-
4eCTb CTeneHb A8HHOrO 3neMeHTa 11 TOrAa senH411Ha pa3HOCTf.1 6y,qeT 
pasHa cTeneHM fiiHsepcHoro 3neMeHTa. Hanpfi!Mep, fiiHBepcHbiM 3neMeH
TOM AnB 3neMeHTa a 25 6y.qeT a38 ; T8K K8K 63 - 25 = 38. 

113BJ1e4eHflle KBa,qpaTHOrO KOPH.R 1-13 3J1eMeHTa, HMeiOUlero 4eTHYI0 
cTeneHb, He Bb13~eaeT saTPYAHeHH~. TaK, ecnH i - 4eTHOe 4Hcno, 
TO ( a i) 112 =a i/2 • ECJ1H me CTeneHb i - 4HCJ10 He4eTHOe, TO 
CTeneHb '3J1eMeHTa, COOTBeTCTBY~Ulero (ai)112, 6yAeT pasHa 

.!i...!!_, HanpHMep, (a 5 )11 2 = ti 34 , TaK KaK 5 + 63 =34. Onepa-
2 2 

l\HH 803Be,qeHHH B CTeneHb 3neMeHTOB nom'! BblnOJ1HBeTCJ'I T8K >Ke, 
KaK H B03Be,qeHHe B CTeneHb 06~4HbiX 4HCen, C TO~ J1HWb pa3HI1l\e~, 
4TO 3Ta onepal\HH BblnonH.ReTC.R no MOAYI110 n • HanpHMep, (a 60 ) 12 = 
= a 720 = a 63·11 x a 27 = a 27 • Onepal\HH cno>KeHHB H Bbi4HT8HI1B e 

none GF(2 m) paeHOCHilbHbt 11 BbtnonHRI'>TCB no MO,qyn~ ,qsa. 

4. AnnAPATHA~ PEAnH3AUHR HEKOTOPWX OnEPAUH~ 
s nonE rAnYA 

4.1. C4eT4HKH. AnB nony4eHH.R nocne,qosaTeJ1bHOCTe~ 3J1eMeHTOB 
e none ranya KaK s np.RMOM, TaK r.1 s o6paTHOM HanpasneHMH npH
MeHRIOTC.R CABfllrOBble pentCTPbl C IlOrf.14eCKO~ o6paTHO~ CB.R3bl0 /7·8/ 

CTpyKTypa CBR3e~ B T8KI1X C4eT4f.1K8X 3aBf.1CHT OT HenpHBOAHMOrO 
nonMHOMa, Bbt6paHHoro ,qnR nocTpOeHHR nonR, no3TOMy cpe,qH Hen pH-

4 
.... 

... 

BOAHMbiX nomtHOMOB OAHH8KOBO~ CTeneHH cne,qyeT Bhi6HpaTb TOT, 
KOTOpbl~ H~eeT HaHMeHbWee 41-'!Cno HeHyneBbiX I<03$¢11~14eHTOB. Ha 
PHC.2 npHBeAeHbl C4eT411KI1 B none ranya ,qn.R C4eTa B npRMpM 11 
OOpBTHOM HanpasneHHH no MO,qymJ MHOr04JleHa X 6+X + 1 COOTBeT-
CTBeHHO. EcnH a Mna,qUJfll~ paspn,q perHcTpa, npeAcTasneHHoro Ha 
p11c.2a, noMeCTI1Tb e,qi1HHL\Y, a B OCTBnbHble pa3p.RAbl - Hyn11, TO 
nocne,QosaTenbHble c,qe11r11 per1.1c~pa A8AYT npeACTasneHI1e nocne,qo
saTenbHbtX CTeneHe~ 3neMeHTa a'l B $Opf:1e, 8 K8KO~ OHYI npi1BeAe
Hbl e npHnO>KeHHM. Ham1411e o6paTHo~ CBJ'I31-1 H3 CTapwero paap.RAa 
a Mn<'IAWJ.1e noaeonReT nonyLJaTb 3Ha4eHvte a 6 = al +1 . C.QBMr sneeo 
/pJ.1c.26/ COOTBeTCTByeT ,qeneHHIO Ha al, T8K 4TO eAMHI-1~8 nepe
Hoca;-BbiXOA.RU\al'l 1113 H4e~KH Mna.qwero pasp.AAa, ,qaeT 3Ha4eHHe 
a -l = 1 + a 5 : 

4.2. YMHomeHHe H BOSBe,qeHHe B CTeneHb. YMHOmeHMe ABYX ~ne
MeHTOB nOilR npH 38,QaHHOM 6a3HCe a 0 , a 1 , a 2 , a 3 , H a 4 H a 5 

MO>KHO npOI-13BO,QI1Tb, ecn11 npe,qcTaBI1Tb 3TH 311eMeHTb! £l BH,qe MHOro-
. 4IleHOB /11!/ • ·TaK, ecn111 npe,qcTaBHTb OAI1H 3neMeHT 8 BI1,Qe 

A =a
0

b 0 +alb 1 + a
2

b 2 +a3 b 3 + a 4 b 4 +a5 b
5

, a .qpyro~- a Blo1,qe 
B=a

0
c 0 +a

1
c 1 +a

2
c 2 +a3c 3+a4 c 4 +a5 c 5 , TO np.RMoe YMHOIKeHMe 

3TI1x MHoro4neHOB no Mo,qyn~ 6 ,qacT npoHsae,qeHHe ABYX sneMeHTOB 
nOIJR, KOTOpoe npOCTO pea!l!fl3yeTC.R npl-1 nOMOU\H 3neMeHTOB 11 11' 1 

1-1 ''HcKn~4a~Ulee HIJW 
1

• 06oaHa4aR cooTeeTCTBYIOI.IIHe Koop,qHHaTbl 
3neMeHTa npoHsBe.QeHHFI 4epea g

0
, g 

1
, g 

2
, g 

3
, g 

4 
11 g 

5 
, nony-

41-1M cne,qyiOU\Me BbtpameHH.R ,qnR npoHsse,qeHH.R ,qeyx 3neMeHTos: 

go =boco+b1c5+b2c4+b3c3 +b4c2+b5cl, 

gl =b2c4 +b2c5+b3c3+b3c4+b4c2+b5c2+bocl +bleD+ 

+b1c5 +b4c3+b5c1, 

g 2 = bo c2 + bl c 1 + b3c 4 + ba c 5 + b4 c.a + b 4c 4 + b 5 c 2 + b 5 c e + 

+ b2 co+ ba c 5' 

g3=boc3+b1c2 + baco +bac5+ b4c4+ b4c5 + b5c4+ 

+b5ca+b2c1, 

g 4 = b 0 c 4 + b 1 c 3 + b2 c 2 + b 3 c 1 + b 4 c 0 + b 4 c 5 + b5 c 4 + b 5 c 5 ' 

g 6 = b o 
0

5 + b 1 ° 4 + b2 c 3 + b3 °2 + b 4 c 1 + b 5 co+ b5 c 5 • 

/1/ 
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ds 
d4 
d.3 
d4+ds 

d2. + d3 

do+d1 

P1-1c. 3. CxeMa AJ1A Bbl-
4!-icneHI-iA KBaApaTHOrO 
KOPHA 1-13 J1~6oro 3J1e~ 
MeHTa no GF(2 6) no 
MOAYn~ MHOr04J1eHa 

X 6 + X + 1 

Ecn~-1 e paeeHCTBe 
/1/ nonomi-!Tb A= B, TO 
nony4MM ewpameHMA AJ1R 
B03BeAeHMR 3J1eMeHTa 
nonA B KBaApaT: g O = 

do d1 d~ d3 d'+ ds 

=bo+b3' g1= b3; 
g2=b1+b4; g3= b4' 
g4=b2+b5 M g5""b5 
BwpameHI-IA AnA B03BeAe
HMA 3J1eMeHTa nonA B 5o
nee BWCOKMe CTeneHM 
MO)I{HO nony4MTb npM no

MO~M 3BM, MCnOnb3YA 
KaK MCXOAHWe paBeHCTBa 

/1/. 

4.3. H3Bne4eHMe, KBaApaTHOrO KOPH.A M peweHMe ypaBHeHMR BTO
pO~ CTeneHM. H3sne4eHMe KBaApaTHOro KOpHA B none xapaKTepHc
TMKM 2 RBJ1AeTCA onepa~MeH nMHeHHOH M n03TOMY annapaTHO peanM-
3yeTCR AOBOJ1bHO npOCTO. B TaKOM none BWnOnHA~TCR COOTHOWeHMA 
(X+Y) 2 =X2 + Y 2 M (X+ Y) 112 =x 112+Y 112 • B pa6oTe 1181 AaHo 
npaBMJ10 nony4eHMA BWpameHHA AnR M3BJ1e4eHMA KBaApaTHOrO KOpHR 
M peweHMe ypaBHeHMR BTOpOH CTeneHI-1. H3 6a3MCH~X 3heMeHTOB no-
nR a0, a1, a2, a3, a4 M a5 nony4aeM APYrOH 6a3MC cneAYIOII\MM 
o6pa3oM: (a0)112= ao , (a1)1/2=a32; (a2)112=al, (a3)1/2= 

= a33 , (a4)1/2= a2 M (a5)_112 =a 34 • TorAa Bblpa>KeHMe An.R M3-

sne4eHM.R KBaApaTHoro KOPH.R M3 3neMeHTa a0 d 0 +a1d 1 + a 2d 2+a3d3 + 
+a 4 d

4
+a5 d

5 
CBOAMTCfl K peweHMIO MaTpM4HOrO ypasHeHMfl 

-
1 100000 

832 100100 

a1 01 oooo I 
121 

[do ,dl,d2,d3, d4 ,d5] ·1 a33 =[d0,dl,d2,d3,d4,d5] 010010 

a2 001000 

a34 001001 

6 ... 

Hanp1-1r-1ep, (a 25) 112 =a. 44 MnM 

[010001) X 

100000 

100100 

010000 

010010 

001000 

001001 

101 ·1 01 a 44 •· 

Ha pHc.3 npMBeAeHa cxeMa AJ1R B~4McneHMR KBaApaTHOro KOPHR 
M3 n1o6oro 3neMeHTa nom; GF(2 6 ). 

4.4. PeweHMe KBaApaTHoro ypasHeHMR. Haxo>KAeHMe HOpHeA 
Y 1 M Y 2 KBaApaTHOro ypaeHeHMfl Y 2+ Y = d I 3/ CBOfiMTCR K Bbi-
4McneHMIO BblpalKeHMH BMAa /8,18/ : 

m-1 
yl = ~ d. y. 

I =0 I I 
J.1 Y 2 =Y 1 +1, 

rAe 

Yo=do, Yl=do+d1+d5; Y2=d1+d2+d3 +d5; 

Y 3 =do ; Y 4 = do + d 3 + d 5 ; Y5 =do + d 1 + d 2 + d 4 +' d 5 

3AeCb do+ d 5 - K03<!J<IJM~MeHTbl B npeACTasneHHM 3neMeHTa B Blt!J;Ie · 

MHoro4neHa (d =d 0 a0 +d
1

a1 +d
2

a 2 +d 3a 3 +d 4 a 4.+d
5
a 5). 

Ha p1-1c. 4 npMBeAeHa cxeMa AJ1R peweHHfl ypasHeHMA /3/ .. 
A.n.R peweHMR KBaApaTHoro ypasHeHMR s o61ueM BJ.1Ae X 2 +a 14 + a 2 

/4/ Heo6xOAMMO CAenaTb nOACTaHOBKY X =a1Y. TorAa ypasHeHHe 
/4/ npMBOAMTCR K BMAY /3/, rAed=a2/a 2 • nocne HaxomAeHMfl 
KOpHeH ypaBHeHMR /3/ KOPHI1 ypaBHeHI'Ifl )4/ nony4aiOTCfl M3 Bblpa-
meHMH: X 1 =a 1Y 1 M X 2 =o;1 Y 2 • 

4. 5. Bbi4McneHMe MHBepcHoro 3J1eMeHTa. ,[lnR Bbi4Mcne,HMR MHBepc
Horo 3neMeHTa B-1 AnR 3neMeHTa B Heo6xoAMMO 3TOT 3J1eMeHT 

B03eecnl B cTeneHb 2 m_2 , TaK KaK B x B2 m - 2 = B 2 m_ 1 = 1, MnM 

m-1 pa3 noBTOPMTb MTepaL!MKl: {[(B) 2 B) 2 B ... Bl2/ 21l. 

1' 



do d, da d5 d4 ds ~~ 

P!-1c.4. CxeMa AnR peweHHR KBaA
paTHaro ypaeHeHHR Y 2+ Y = d e 
none GF(2 6 ) no MOAY 1110 MHOro-
4neHa X 6 + X + 1 . 

5. nP~MEP PAC4ETA 
KOOP.[I~HATHOrO 

nPOL\ECCOPA 

PaccMOTPMM KOHKpeTH~A npM
Mep paC4eTa KOOPAHHaTHOrO 
npo4eccopa AnR MnK, COAepma
l!leA n = 63 npoeono4KM M npM 
ycnOBMM, 4TO 4HCnO OAHOBpe
MeHHO cpa6oTaBwHx npoeono4eK 
He npee~waeT Tpex. np04eCC 
pac4eTa M nocTpoeHMR TaKara 
np04eCcopa COCTOHT M3 He
CKOnbKMX STance. 

1. nocTpoeHHe 6noKa cmaTHR 
AaHH~x, nocTyna~lii~-'~X c,MnK. B 
pa6oTe/5/ HBMH noKa3aHO, 4TO 
AnR cny4aR, KOrAa n=63 M 
t = 3 , 6noK cmaTHR ABHHbiX sa
HHMaeT DAHY nnaTy KAMAK . .[lnR 
nocTpoeHMR cxeM~ 6noKa Tpe6y
eTcR 60 Kopnycoe MHKpocxeM 
THna 8N 74180. Ha BbiXOAe 6no-
Ka nony4aeTCR 18-pa3P11AHbiH 
KOA, npeACTaBnR~l!IMA co6oA 

CMMMeTpH4eCKMe $YHK4MH 8 1,8 3 M 85 . .[lnR COCTaBneHHR npHH4H
nHanbHOA CXeM~ 6noKa cmaTMR HeOOXOAMMO nocTpOHTb MBTPM4Y npo
eep04HbiX COOTHOWeHMH H T, KOTOpyiO MOmHO Bbi4HCni-1Tb Ha 38M . .[lnR 

KpaTKOCTH Mbl 3AeCb npHBOAHM TOnbKO nepBble 6 CTPOK H nocneAHIOIO 
63-~ CTpOKy MBTPH4~ HT. 3Ta MaTp1-14a COCTOHT H3 Tpex KOnOHOK. 
KamAaR KOnOHKa COCTOHT 1-13 WeCTH CTOn640B. 8 nepeoA KOnOHKe sa
nHCbiBaiOTCR sneMeHTbl GF(2 6

) B nopRAKe eo~pacTaHHR CT.eneHeA 
SneMeHTOB; BTOpaR KOnOHKa COCTOHT H3 COOTBeTCTBYIOIJIHX sneMeH
TOB, B03BeAeHHbiX B Ky6, H TpeTbfl KOnOHKa - H3 COOTBeTCTBYIOIJIHX 
sneMeHTOB, B03BeAeHH~X B nRT~IO CTeneHb. HoMepa CTpOK B MaTp1-14e 
HT COOTBeTCTBYlOT HOMepaM npoeono4eK, a HOMepa CTOn640B - pas
PRABM CH~APOMa ~ 1 , 8 3 H 8 5 .. .[lnR COCTaBneHMR npHH4Hn~anbHOA 
CXeMbl 6noKa cmaTHR AOCTBT04HO B MBTPH4e H T sneMeHTbl a 1 3aMe
HI-1Tb ABOH4Hb1MI1 3KBHeaneHTaMH. TorAa nOSI-14~-'~~-'~ eAHHH4 B T·aKoA 
MBTPH4e onpeAenRIOT cnoco6 COeAHHeHHR BbiXOAOB YCHnHTeneA MnK c 
BXOABMH CXeM npqeepKH Ha 4eTHOCTb. 

8 ' ... 

tl 
l 

j, 

l, 
t 

t 
I 
~. 

.. 
r 

{~\ 
'1 

~~ 
• 

* 1 1 

2 a1 

3 a2 

HTJ* 4 
3 a 

5 a4 

* 6 a5 

63 I a62 
t 

HoMepa 
npoeono4eK 

1 

a3 

a6 

9 
a 
a12 

a15 

aGO 

1 

a5 

a10 

ai5 

a20 

a25 

a '58 

100000 

010000 

001000 

000100 

000010 

000001 

100001 
+ 
81 

100000 100000 

000100 000001 

110000 000011 

000110 000101 

101000 001111 

000101 010001 

100111 111111 
+ + 
83 85 

.[lnR anpeAeJleHHOCTH nonomHM, 4TO OAHOBpeMeHHO nOCTynHJlH 
CHrHan~ C 1-A, 4-A H 6-A npoeon04eK. 3TI1 n031141-111 B MBTPH4e HT 
0603Ha4eHbl CI-'IMBOnOM * . 06o3HB4HB 3TH KOOPAHHaTbl 4epe3 X

1 
, X

2 H X3 , nony41o1M: 

81=X1+X2+X3 3 3 3 83=X1+X2+X3 

5 5 5 
85=Xl+X2+X3, 

rAe /5/ 
sl=ao+a3+85=a23' 83=ao+a9 +a15 =a61 M 

8 5 .. aO + a15 + 3 25 = a35 

.[lnR peweHI-'!R CHCTeMbl /5/ BOCnonbsyeMCR H3BeCTHbiMI1 COOTHOWe'"' 
HHRMI1 MemAy CI1MMeTpH4eCKHMIA $YHK4HRMI1 8j. H 3neMeHTapHbiMH 
CHMMeTPH4eCKI1M11 $YHK4HRMI1 a1 , KOTOPble AnR t = 3 HMeiOT BHA 
IAnR ABOH4HOA CHCTeMbl C4McneHI-1R/: 

81 =a 1 ; 8 3+82 a 1 +8 1 a 2 +a 3 =0; 85 +8 4a 1 +8 3a 2 +8 2a 3h0, /6/ 

2 2 4 rAe 8 2 = 8 1 H 8 4 = 8 2 = 8 1 . 
/6 I HMe~T peweHHe: 

3 
Ecn11 S 1 + S 3 -/- 0 , TO CHCTeMa 

• 2 2 3 6 ,8183+85 

g:a+ s 
s 1 85 + 8 3 + s 18 3 + s 1 

831+83 
al = S 1 , 171 a "' 2 a3 

1 3 

CneAYeT OTMen1Tb, 4TO ecnH a 3 f, 0, TO Cl1rHan nacTyn1111 OT 
Tpex npoeono4eK /HnH 6onee Tpex B OOIJieM cny4ae/; ecnM a

8 
=0 

HO a 2 f, 0 , To cMrHan nocTyn1-1n OT ABYX nposono4eK. EcnM me 
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'Z., 

s,•Gi 

PHc.S. 6noK-cxeMa npo~eccopa An~ 
OAHOBpeMeHHOrO B~~HCJieHMR Tpex 
KOOP.QHHaT. 

,S'~+ S 3 = 0 , TO Cl-1rHaJ1 
nocrynHn or O.QHOH npo
eono~KH 1-1 S 

1 
= a 

1 
ecrb 

ee KOOPAHHara. noACTas
J1RR 3Ha4eHH.A S 1 , S ll 1-1 

85 8 ypaBHeHHR /]/, 
nony4HM a 2 = a 34 1-1 

a 3 = a8 • .l\11R HaXO>KAeHHR 
Koop.qHHar rpex npoeono-
4eK, OT KOTOp~X nocyy
nHJll-1 CMrH8J1M, He06XOAM
MO peWI-1Tb ypa8HeHMe 

X 3 2 +a1 X +a2 X+a 3 = 
!8! =X 3 +a23x2+a34x +as: o 

C ~enb~ peweHI-lR ypaeHe
HMR' /8/ Ta6JII-14HbiM MeTO
AOM /l1, 12/ npM nOMO!liM 
nocne.qoearenbH~X noA
craHOBOK X =,X+ a 1 1-1 

Y = Z (a l +a 2 ) OHO 
npHBOAMTCR K BHAY 
Z 3+Z:C, 191 
rAe C- at a2+as 

- "{;"f+a2 )(af+a2) Vi 

KaK noKa3aHO B pa6orax 111• 121 , ypaaHeHHe /9/ HMeer TPM pasm-t4HbiX 
KOpHR TOJlbKO npM onpeAeneHHOM Ha6ope 3Ha4eHM~ C I eM. ra6n./. 
Tat<, np1-1 n = 63 M t = 3 4Mcno TaKMX KOHCTaHT pasHa 1 D-:-ffPM4eM 
B naMRTM AOCT8T04HO XpaHMTb gsa 3Ha4eHMR KOpHR AJ1R Ka>Kgoro C, 
a TpeTM~ KOpeHb nOJly4aeTCR 1-13 COOTHOWeHHR X 3 =X 1 +X 

2
+8 l , 

npogOJllKHM paCCMOTpeHMe Hawero np!-1Mepa. Bbt4MCJ1~eM c =a 55.. Hs 
6 Z _ 44 z _ 60 n y _ 62 y 15 ra JlH~bl nony4aeM 1 -a M 2 - a • "'anee 1 -a , 2 =a , 

1-1, COOTBeTCT8eHHO, X1= a 3 , x2 =a 0 M Xs=X1+X2+S1=aO+a3+a23=a5. 
Ha p~-tc.5 np1-1eegeHa 6not<-cxeMa npo~eccopa AJ1R napannenbHoro 

Bbi~MCJleHM~ rpex KOOPAMHaT. B Ka4eCTBe nsy A11R xpaHeHHR peweHI-1H 
MO>KHO MCnOJlb308aTb MYJlbTMnJleKCOpbl, KaK 3TO nOKa3aHO Ha pMC.6. 
f.1cnOJ1b3YR 6 MMKpOCXeM TMna SN]4152, MO>KHO nOJ1Y4MTb, HanpMMep, 
AilR 8 3Ha4eHMH C1 COOT8eTCTBeHHO 8 peweHMH MJ1M MO>KHO paspa6o
TaTb 1-1 1-13rOT08MTb nporpaMMt-lpyeMyiO J10rM4eCI<YIO MaTpiA~y. 

10 ... 

. 
I. 
I ~ 
\ l 
,~ 

l 
'( 

l 
I I 

I 

·f 
I J 

:i' 
{ 

C, 
I 

c 1 = 1 

C 2 = a 9 

C 
3 

= a 18 

C - ass 4-

C = a31 
5 

PeweHI-1~ AJ1R 

z ij 

Z 11 = a 27 

z12 = a45 

z21 = a18 

Z _ a55 
22 -

Zst = a3B 

Zs2= a47 

z41 = a9 

z42= ast 

z 51= a 5° 

z 52 = a 51 

Ta6m1~a 

11 = 63 M t = 3 . 

C, 
I 

C 
6 

= aB2 

C = a61 
7 

C
8 

= a59 

C 
9 

= a 55 

C = a47 
10 

6. OUEHKA 6WCTPOAEACTBf.1H 

zli 

Z 61 =a 37 

z62=a39 

z71=a11 

Z - a15 
72-

Zs1= a22 

Zs2= a so 

z91= a44 

Z 92= a so 

Z1oF a25 

Z = a 57 
102 

npl-1 o~eHKe 6biCTP0AeHCTBMR CMCTeMbl 6yAeM HCXOAHTb 1-13 TOrO, 
4TO 41-lCJlO 3aperHCTpHp08aHHbiX HCKp t =3, a Ail~ nOCTpOeHMR cxe
Mbl c>KaTMR M npo~eccopa l-1cnonb3Y~TcA TTn-cxeMbl c AHOA8MM Wor
KH/19/, 0TC4eT BpeMeHM 6yAeM npOM3BOAMTb OT Ha~ana nocrynneHMR 
CHrHaJ108 C YCMJ1MTeneR MnK Ha 6nOK C>K8TMR A8HH~X, 8 KOTOpOM OHM 
saAep>KMaamrcR Ha T

0 
=30 He, 4r6 cooreercreyer 3aAeP>KKaM CMr

Hanoe or ABYX MMKpocxeM TMna SN74S180. ,llanee cMrHanbt, coor
aercrsyiOil!Me KOAY s1, 8:3 , S 57 nocryna~r Ha BXOA npo~eccopa 
/pMc.5'/. ,llnR onpeAeJ1eHHOCTM paCCMOTPHM nyTb npOXO>KAeHM~ CMrHa
J10B, COOTBeTCTBY~IliHX KOAY S1 . 6yAeM C~MTaTb 3aAep>KKY CMrHaJlOB 
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TM Ha cxeMax YMHOlKeHH.FI ABYX 3neMeH
TOB H 3aAep>Kt<y T d Ha exeMaX B03Be
AeHH.FI 8 eTeneHb OAHHaKOBO~. 0Ha 
CKIJaAb!BaeTefl H3 3aAepmKH Ha MHKpo

eXel~e SN74808 H 3aAeP>KKH Ha 3r.e-
MeHTe SN74S180, 4TO e eyMMe eo-

eTaBnfleT 21 He. BpeM.FI T.i , TpeoyeMoe 

Ail.FI Bbl4l>!eJleH11.FI MHBepCHOrO 3JleMeHTa, 
eOeTaBJl.FieT 36 He, H OHO eKJla,q~BaeTC.FI 
H3 aa,qepmKH Ha MHKpocxeMe SN74S08 
11 3a,qep>KKH Ha ABYX MHKpoexeMaX 
SN74S180. E enH nsy BblnO!lH~1T b Ha 

oeHoee MYllbnmneKeopa THna SN74S151, 
TO 3aAeP>KKa T R 8 n3Y eoeTaB!-1T 12 HC. 
Ha cnomeHv.e no MOAYil~ 2 ABYX 3JleMeH
TOB ,qOeTaT04HO BpeMeHH T A= 7 He. 

Tor,qa cyMMapHoe T
8

, Heooxo,qHMOe All.FI 

C>KaTHfl ,qaHHWX H BW4HeJleHH.FI K00PAHHaT 
Tpex HCKp, aaperHcTpHposaHHWX e MnK, 
MO>KHO npHOI1H3HTeJlbHO O~eHHTb 113 ene
AY~~ero• ewpameHH.FI: 

T S = T c + 4 T M + T I + 3T A + T R = 

= 30 + 84 + 36 + 21 + 12 = 185 He. 

7. 3AKili04EHI1E PHC. 6. npHMep CXeMbl Ail .A 
nony4eHH.FI peweH~~ ypae
HeHH.FI TpeTbeH CTeneHH. B paooTe paccMoTpeH DAHH H3 MeTo

,qoe C>KaTH.FI H onpeAelleHH.FI KOOp,qHHaT 
HCKp, aaperHeTpHpo8aHHWX e MnK, oe

HOBaHHW~ Ha npHMeHeHHH anref5paH4eCKO~ TeOpHH KO,CIHpOBaHV..FI. no
Ka3aHO, 4TO AJl.A HeKOTOpWX 4aeTHbiX, HO 4&CTO BeTpe4aiO~HXCR Ha 
npaKTHKe cny4aee, MOlKHO C03AasaTb ObiCTpo,qetieTeytOil\He yeTpOHeT
ea ·cmaTH.FI ,qaHHMX, cxeMw oT6opa no 4Hcny HeKp, saperHeTpHpo
eaHHbiX B MnK, H npOI.IeCeOpbl Ail .A Bbi4HC!leHH.A KOOp,C\HHaT HCI<p. 

npH4eM Bee TpH 3Ta~a: C>KaTHe, OT6op H 8W4HCJleHHe KOOPAHHaT 
B~nO!lH.FI~TC.A 6e3 npHMeHeHH.FI 3neMeHTOB naM.FITH H TaKTHpyiD~HX 
cHrHanoa, H no3TOMy 6t:.reTpo,qeikTB~1e TaKoro ycTpoticTea onpe,qe

nReTc.A 3aAeP>KKaMM 110rH4eCKHX CHrHaJlOB 8 KOMOHHaQHOHHWX CXeMaX~ 
B cny4ae, Kor.c~a t > 5, MO>KHO npHMeHHTb nocne,qosaTenbHble Me
TOAM A€KOAHPDBaHJA.A, i<oTopble no,qpo6Ho HanomeHbl e paooTax /7,8/ , 
a TaK~t<e, co4eTaHMe napannenbHbl)< MeTOAOB c noeneAOBaTenbHbiMH 1 12I. 
803MO>KeH 11 ,qpyro~ nyTb onpe,qeneH~R KOOp,CIHHaT 38perHCTpl1pOB8H
HbiX HCKp, np11 KOTOpOM He Tpe5yeTCR H8XOlK.QeHI1fl KOpHe~ anre5-

p8114eCKMX ypaeHeHHH BbiCOKHX CTeneHeii 1201• CyTb ero 3aKI1104aeTcn 

12 
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" 

1:1 

I 
I 
I 

I 

J ... 

.. 

8 TOM, 4TO eeiJH .QaTI.IHKI1 pacnO!lOlKHTb 8 BM.Qe MaTpH~W 11 B~I.IHe!lHTb 

npoeep04H~e COOTHOWeHIA.FI OTAe!lbHO no CTpOKaM H eT0!16~aM TaKO~ 
MaTpH~bl /HanpHMep, MCnOnb3yfl npaBHnO nony4eHHH eHHAPOMa no MO
A11¢H~HpOB8HHOMy Ko,qy X3MMHHra/, TO, KOHe4HO, Ko,qoeoe paecTo.A
HHe f5y.QeT paBHO npOI13BeAeHI1~ KO,CIOB~X paeCTO.FIHMH MeXO.QH~~ KO.QOB. 
0.QHaKo All.FI .QeKOAMPOBaHHH KOAa X3MMHHra peweHH.FI anre5paM4eeKoro 

·ypaeHeHH.FI He Tpe6yeTe.FI. CneAyeT TaK>Ke OTMeTI1Tb, I.ITO B C!ly4ae, 
KOrAa t eenMKO /15-20/, MO>KHO ClK8THe AaHHbiX B~nOJlHHTb anna
paTHWM cnOCOOOM, a BW4He!leHHe KOOPAHHaT npOI13BOA11Tb 8 pe>KHMe 

o¢¢-nai1H. 
CneAyeT T8KlKe OTMeTHTb, 4TO ace 3!1eMeHTW npo~eccopa, KOTO-

pble pea!1H3YIOTCH npM nOM0~11 KOMOI1Hai.IHOHHbiX exeM, nOAAaiOTCfl T04-
HOMY aHai111TH4eCKOMy pae4eTy KaK epy4Hyl0, Tat< H H8 3BM /,qil.FI 
m > 6/ 1211. 

nPHJ10lKEH11E 

3neMeHTbl non.A ranla GF(211) no MDAYil~ 
MHoro4neHa X + X + 1 · 

a0 = 100000 a21= IIOIII a42= OIOIII 

a= 010000 a22= 0010II a43= IIIOII 

a2 = 001000 a23= 100101 a44= IOIIOI 

a3 = OOJ100 a24= 100010 a45= 100IIO 

a4 = 0000!0 a25= 010001 a46= OIOOII 

a5 = 000001 a26= 1II(X,l0 a47= IIIOOI 

a 6 = II (XX){) a'}f] = OIIIOO a48= 10IIOO 

a 7 = Oil !;XX) ~28= OOIIIO a49= OIOIIO 

a8 = OOIIOO a29= OOOIII a50= OOIOII 

a9 = OOOIIO a30= IIOOII a51= IIOIOI 

a10= OOOOII a31= !01001 a52= IOIOIO 

ali= IIOOOI a32= 100100 a53= OIOIOI 

a12= IOIOOO a33= OIOOIO a54=IIIOIO 

a13= 010!00 a34= 001001 a55= OII10I 

a14= 001010 a35= IIOIOO a56= IIIIIO 

a15= OOOIOI a36= OIIOIO a57= OIIIII 

a16= II0010 a37= OOIIOI a58= IIIIII 

a17= OIIOOI a38.; IlOilO a59= 10IIII 

a18 .... 1II100 a39= OIIOII a60 .. 100III 

a19= OIIIIO a40= IIIIOI a61= IOOOII 

a20= OOIIII a41= 10IIIO a62= IOOOOI 

a 63 = l(XXXXJ 
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