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I,., 
1 

10 nOCTAHOBKA 3AaA4H 

B CBR3~ C W~POK~M pa3B~T~eM anre6pa~4ecK~x MeTOAOB 06pa60T
K~ c~rHanoB/ll B03H~KaeT Heo6xoAHMOCTb bnT~MH3a~~~ KaK C T04KH 
3peHJ.1R 6blcTpoAe~CTBH.A, TaK H armapa rypaux aar par anroparnoa 
An1=! peweHH~ ypaBHeHH~ HbtOToHa H ypaBHeHH~ nOnO>KeHHR OW~60K 

npH AeKoAHpOBaH~.A 6X4-KOAOB. B pa6oTax / 2 - 81 nOKa3aHo, 4TO an-
r efipaavecxaa TeopHR KOAHpOBaHI-1R MO>KeT 6blTb ycneuiao Hcnonb30Ba
Ha AnH C}f(aT~R AaHH~x B 3neKTpoHH~X MeToAax ~H3~K~ B~COK~X 3Hep
rH~ ~ c03AaH~R pa3n~4Horo pOAa YCTPO~CTB oT6opa C06~T~~ no MHO
>KeCTBeHHOCTH t H KooPAHHaTH~x npo~eccopoB. 

KooPAHHaTbl cpafior aaurax n03H4HoHHO-4YBcTB~TenbHblx AaT4HKoB 
HaxoARTcR H3 ypa BHeHHR 19/11/ 

t t-1 t-2 
X + O'lX + 02 X + "'O't = O. /1/ 

B CBO~ o4epeAb, CBR3b Me>KAY CHMMeTpH4eCKHM~ $YHK~~RMH SJ' KO~O
p~e no cy~eCTBY npeACTa8nR~T c060~ KOA CHHAPoMa, Co~ep}f(a~ero 

8 ce6e HH$opMa4J.1tO KaK 0 Kon~4eCTBe cpa60TaBw~x AaT4~KOB, TaK 
H 06 ~x KOOPAHHaTax, H 3neMeHTapH~MH CHMMeTp~4eCK~M~ ~YHK4~.A

M~ 0'1 on~C~BaeTCR C nOMo~btO ypaBHeHH~ HbtOTOHa / 9,lOI 

I 18 1 1 0 0 ..... 0' 
83 8 2 8 1 1 0'1 

.. 0'2· .
\ft I • 

I O• 0:::. · . .· 
S2t-S 

82t-l 82 t - 2 I I 0'
t 

B HaCTOR~ee BpeMR ~nR B~nonHeH~R pa3nH4Horo pOAa onera4~~ HaA 
3neMeHTaM~ nona OF(2m ) ~cnonb3Y~TCR MOAyn~ nn3Y I~. ·9, 1/ • B pa
6oTax/lS-15~BTOPOM 6~no nOKa3aHO, 4TO, Hcnonb3YR MeTOA COBMe
~eHH~x onepa4~~, MO>KHO 50nee 3$$eKTHBHo Hcnonb30BaTb eMKOCTb 
~n3Y H OAHOBpeMeHHo nOB~CHTb 6~cTpOAe~CTB~e B~nonHeH~R anre6-~ 

paH4eCK~x onepa 4~~. CYTb' MeTOAa 3aKn~4aeTCR B TOM, 4TO Kon~-, 

•••u'u , , 3:5:'~~ 

Otn..(:~. >.•' ., '··":iT:i11 t 
Ul!~~;'J•. '. 'tiS!) i 

1 



4eCTBO BXOAOB nnSy AnR nepeMeHHblX, He06xoAVlMoe AnR peanVl3a4V1V1 
cnomHoro anre6paVl4ecKoro B~pameHVlR, 3aBVlCVlT TonbKO OT Kon~4eCT
Ba	 BXOAR~VlX B 3TO B~paw.eHVle 3Ha4eHVI~ 3neMeHTOB nonR VI He 3aBVI
CVlT OT Toro, nOA KaKO~ CTeneHb~ OHVI HaXOARTCR. HanpVlMep, AnR 
YMHomeHVlR AByX 3neMeHTOB nonR A VI B VI A3 VI 83 Tpe6yeTcR 
B 060Vlx cny4aRx nnSy, COAepma~ee 2m BXOAOB. KaK 6YAeT nOKa3a
HO	 HVlme, TaKo~ nOAXOA n03BonReT cy~ecTBeHHO ynpocTVlTb peweHVle 
ypaBHeHVlR /1/. 

B AanbHe~weM C 4enb~ ynpo~eHVlR Vl3no~eHVlR nonomVlM, 4TO KonVl
4eCTBO n03V14V10HHO-YYBCTBVlTenbHbIX AaT4V1KOB B AeTeKTope n=2 m-1= 

= 26 - 1 = 63. 3TO 3Ha4V1T, 4TO M~ 6YAeM bnepVlpoBaTb 3ne
MeHTaMVI nonR OF(2 6 ) , 06pa30BaHHoro HaA HenpVlBOAVlMblM nonVlHOMOM 
X6	 + X + 1/3/ . Ta6nVl4a 63 HeHyneB~x 3neMeHTOB nonR OF(26 ) VlMe
eTCR B npVlnomeHVIVI 10 MaTpVl4a npoBep04HbiX CooTHoweHVlti Hi~ B co
Kpa~eHHo~ 3anVlCVI npVl t = 4 'VlMeeT BVIA 

*1	 100000 100000 100000 100000 1 HOMep AaT4V1Ka 
010000 000100 000001 011000 2 

* 001000 110000 000011 001010 3
 
T * 000100 000110 000101 110111 4
 

=H63 000010 101000 001111 001110 5 
*	 000001 000101 010001 110100 6 

100001 100111 111111 111110 I 63 
.j, ./. .J. ./. 

81 S3 S5 S7 

CVlMBonOM * 0603Ha4eH~ cpa60TaBwVle AaT4V1KVI. AonycTVlM, 4TO B Ka
4eCTBe 3neMeHTHO~ 6a3bl Vlcnonb3Y~9TCR MVlKpocxeMbl 500-~1 cepuu , 
B	 pafio r ax /6,7,9/ 6bln0 noxaaaao , 4TO nyrex aaanuaa 3Ha4eHVlR on
penerurreneri B none OF (2 m) MomHO AOBonb HO 6blCT po on penerurr b Be
nVl4V1HY MHomeCTBeHHOCTVI t perVlcTpVlpyeM~x CVlrHanOB B MHorOKaHanb
H~X AeTeKTopax 3apRmeHH~X 4aCTVl4, a 3aTeM, pewaR ypaBHeHVle /1~ 

onpenerurr s KOOPAVlHaTbl cpaoor aeun-x AaT4V1KoB /3. 5,16/ • 

B npVlnomeHVIVI 2 npVlBeAeHW $OpMynw AnR B~4V1cneHVlR o~peAenVlTe

ne~ OT nepBoro AO nRToro nopRAKOB BKn~4V1TenbHO VI Ha p~c. 1 
6noK-cxeMa AnR annapaTHoH peanVl3a4V1~ onpeAenVlTene~ OT nepBoro 
AO	 4eTBepToro nopRAKOB. CneAyeT OTMeTVlTb, 4TO AaHHaR cxeMa co
CTaBneHa TaKVlM 06pa30M 7 4TO AnR BW4V1cneHVlR Toro VlnVl VlHoro B~

pameHVlR AOCTaT04HO Vlcnonb30BaTb nnSy, cOAepma~ee He 60nee Z 
BXOAOB. KpoMe Toro, PRA BwpameHVI~, 0603Ha4eHH~x AIiR KpaTKOCTVI 
6YKBaMVI, MomHO Vlcnonb30BaTb npVl B~4V1cneH~VI 3Ha4eH~~ t VI ypaB-

IHeHVlR /1/, -rro n03BonReT cyutecr aeauo COKpaTVlTb 06beM 3IieKTpOH.

Sf -t! 
S" .m
 

S5
 

5, · I I rl S, 57 .r--1 I	 I t~4 

1Lo1tl~mm $55 CJ 
det L4·~+S;S3+sfSs+~s,+ 
1 , 2I ~S~~ 51 S3SS+S,Ss+S5S, ..55 

(l 

PMC. 1. Bnox -cxeMa ,IJ;nH Bbp·lHcneHMH onpene.rnrrerreji 
1f4-ro rrOpH,IJ;KOB B none OF (2 m). 

HO~ annapaTYP~ npVl KOMnneKCHOM peweHVIVI aaAa4V1, Hij4V1HaR OT onpe
AeneHVlR MHomeCTBeHHOCTVI VI KOH4aR HaxomAeHVleM KooPAVlHaT C06~TVI~. 

2.	 npOUECCOP AnR OnPEAEnEHHn KOOPA~HAT
 

A8YX C05bIT~t1
 

npVl t = 2 ypaBHeHVle /1/ npVlHVlMaeT BVIA
 
2


X +O'lX +0'2 = O.	 /3/ 

3 2 



nYTeM nOACTaHOBKI-1 X = o 1Y ypaBHeHl-1e /3/ npl-1BOAI-1TCfI K BI-1AY 

y 2 + Y = y, /4/ 

rAe 

= Sr + S3/ Si = 1 + Sa(Sr)-l.y=a2/af 
L 

KOPHI-1 ypaBHeHI-1f1 /3/ ~~4I-1Cnfl~TCfI 1-13 COOTHOWeHI-1~/S,11,17,201 

X1 = a1 Yl 1-1 X2 = a 1
Y2 ' 

npl-14eM Y2 ::: Y 1 + 1 B none GF(2 ~ , n03TOMY Ba>KHO Ha~TI-1 Hal-16onee
 
npocTo~ MeTOA peWeHI-1f1 ypasHeHI-1f1 /4/.
 

~3BecTHafi 1-13 anre6p~ ¢opMyna Anfl B~4I-1CneHI-1f1 KopHe~ KBaApaT
Horo ypaBHeHI-1f1 He nOAXOAI-1T, nOCKonbKY AI-1CKpl-1MI-1HaHT ¢opMynbl pa
BeH Hyn~/211 • ~3BeCTHO HeCKonbKO anrOpl-1TMOB peWeHI-1f1 ypasHeHI-1f1 
BTOPO~ CTeneHI-1 B none GF(2 m) 13,18-221. Hauficnee 1-13RlI.\HbIM,nOMHe
H!Il~ aBTopa,OCTaeTCfI anrOpl-1TM, npeAnO>KeHH~~ E.6epnI-1K3MnOM / 17/, 

XOTFI nocne Hero noaaanc s PfiA APyrl-1x pa60T 120--221 

B COOTBeTCTBl-11-1 C MeToAoM E.6epnl-1K3Mna ypaBHeHl-1e /4/ I-1MeeT
 
peWeHl-1e TorAa 1-1 TonbKO TorAa, KorAa onepaTOp Tr(y)= o. npl-14eM
 
3TOT onepaTOp /aHrn. Trace/ onpeAenfleTCfI 1-13 B~pa~eHI-1f1
 

m-l
 
21
 

Tr( y ) I, Tr( y) 0,1.Y /5/
1 \= 0 

1 kAanee, ecnl-1 a - np0I-13BOnbH~~ 3neMeHT nonfl GF(2 m) 1-1 a - 3ne

MeHT, Anfl «oroporo Tr(ak ) = 1, TO Anfl i = 0, 1 , ••• , m - 1 MO>KHO
 
Ha~TI-1 TaKoe Yl' 4TO
 

{ ai, ecnl-1 Tr(a 1) = 0, 
Y
·2 
i + Yl = e 

at + a k , eCIWI Tr(a 1 ) = 1. 
/6/ 

Torna npa Tr(.y) = 0 peWeHl-1e ypaBHeHI-1f1 I-1MeeT BI-1A 

m-l 

Y1 I Yi Yl ' /7/
1 = 0 

T.e. o~o CBOAI-1TCfI K nI-1He~H~M onepa~I-1f1M, rAe 

Y10 =Yo; Yll = Yo +'Yl + Y5; Y12 = 'Yl +-Y2 + Ys +Y5' Y1') = Yo' 
.' u /8/ 
. Y14 = Yo + ,yS + Y6 1 Y16 = 'Yo +.y1 + Y2 + Y4 + Y5 • 

4 

Ha npl-1Mepe' nons GF(2 6 ) 3Ha4eHI-1f1 Yo - Ys Bb141-1Cnfl~TCfl cneAYlOlI.\l-1M 
06pa30M. nYTeM HeCnO>KH~X B~4I-1CneHI-1~ nonY4a~TCfI 3Ha4eHI-1f1 ai, 
Anfl KOTOpblX oneparop Tr(a1 ) = 0, 

Y =' a 0 = 100000 a1 = 0,4 
o 

y = all = 110001 .... a 1 = a 36 , 
1 

Y - r).65 = 011101 .... a i = a 32 ,2  /9/ 

Y's = a 0 = 100000 -, a1 .= 0, 

23 1 S8 y4 = a = 100101 -+ a = a , 

43 1 19Ys = a = 111011 -+ a = a , 

Hanpuaep , oneparop Tr(ase ) = a 36 a72 + a 144 + a288+ a516..- /162 + 
36 9 a 36 + = a a + a 18 + + a9 + alB = O. Ecnl-1 renecs no.qcTaSI-1Tb 

3Ha4eHI-1e a 50 B ypaBHeHI-1f1 /6/, TO nony41-1M 

llO 55 S2 47 55 a S2 a + a = a = a + a = , 

~3 npl-1nO>KeHI-1f1 1 I-1MeeM 

+111001 
011101 

S2 
100100 = a 

3HaK + o603Ha4aeT "CYMMa no MOAynlO ABal l 
• 

C nOMOll.\blO B~4~cneHH~X 3Ha4eH~~ Yo ~ Y5 MO>KHO COCTaBI-1Tb cxe
My Anfl peWeHI-1f1 ypaBHeHl-1fl /4/ B none GF(2 6 ) , KOTopafl npl-1BeAeHa 
Ha p~c.2. BHa4ane C nOMOll.\blO nn3Y B~41-1CnfleTCfI 3Ha4eHI-1e 

_ 0 1 2 3 4 5
Y - a Yo + a Yl + a Y2 + a Ys + a Y4 + a Y5' 

rAe a ! ~ a5 - 6a31-1c nons GF(2 8 ) • 
B~XOA~ nn3Y nOAKn~4eH~ K BXOAaM cxeM npOBepKI-1 Ha 4eTHOCTb 

B COOTBeTCTBl-11-1 C n031-1~~f1MI-1 eAI-1HI-1~ B peWeHI-1f1X /9/, ecnl-1 I-1X pac
CMaTpl-1BaTb KaK MaTpl-1~y~ COCTOflll.\YIO 1-13 WeCTI-1 CTpOK 1-1 CTOnbKI-1X me 
cTon6~OB. TaK, Hanpl-1Mep, Ha BXOA~ cxeM~ 5 nOAa~TCfI 3Ha4eHHR Y o . 
'Yl' ).'2 ' y 3 ' Y4 1-1 Yr;' TaK KaK B peWeHl-11-1 Y6 = 111 011 I-1Me~TCfI 
eAI-1HI-1~~ Ha COOTBeTCTBY~lI.\I-1X n031-1~I-1HX. 3TOT >Ke ¢aKT cne.qyeT 
1-13 paBeHCTS /8/. 

~3 cxeM~, npl-1BeAeHHo~ Ha pl-1c.2, BI-1AHO, 4TO epeMR peWeHI-1R
 
ypaBHeHI-1R /3/ paSHO e.
 

• ! 
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nYTeM nOACTaHOBK~ X = (J'1 Y ypaBHeH~e /3/ np~BOA~TCR K B~AY 

y 2 + Y :: y, /4/ 

rAe 

y = (J'2/ar = S~ + S3/ S! = 1 + S3(S~ )-1. 
i 

KOPH~ ypaBHeH~R /3/ BW4~cn~~TCR ~3 CooTHoweH~~/3.11.17.20/ 

X1 = (J'1 Y1 ~ X2 = a 1 Y2 ' 

np~4eM Y2 ",;: Y1 + 1 B none GF(2 m) , n03TOMY Ba>KHO Ha~TI'1 Ha~50nee 

npocTo~ MeTOA peweH~R ypaBHeH~R /4/. 
l-13BecTHaR ~3 anr-efipu 4>opMyna AnR BbI4~cneH~R KopHe~ KBaApaT

Horo ypaBHeH~R He nOAxoA~T, nocKonbKY A~CKp~M~HaHT $opMynw pa
BeH Hyn~/21/ • l-13BecTHo HeCKonbKO anrop~TMoB peweH~R ypaBHeH~R 
BTOPO~ c r eneaa B nOJ1e OF (2 m) /3,18-22/. Ha~50nee ~3RutHblM, no MHe
H~~ aBTopa,OCTaeTCR anrop~TM, npeAnO>KeHHbI~ E.6epn~K3MnOM/17/, 
XOTR nocrie Hero nORB~nCR PRA APyr~x pa 60T /20-22/ 

B COOTBeTCTB~~ C MeToAoM E.6epn~K3Mna ypaBHeH~e /4/ ~MeeT 
peweH~e TorAa ~ TonbKO TorAa, KorAa onepaTOp Tr(y)= O. np~4eM 

3TOT onepaTOp /aHrn. Trace/ onpeAenReTCR ~3 Bblpa~eH~R 

m-1
 
2i
 

Tr( y ) I. Tr( y) 0,1.Y /5/
i \= 0 

i k~anee, ecn~ a - npo~3BonbHbI~ 3neMeHT nonR GF(2 m) ~ a - 3ne
MeHT, AllR xoropor'o Tr(ak) = 1, TO AnR i = 0, 1 , ••• , m - 1 MO>KHO 
Ha~T~ TaKoe Yi' 4TO 

Tr(a i)eCll~ =
 
y2 + Y =
 

{ ai, 0, 

i i /6/ai. + ak , ecn", Tr(a i ) = 1. 

Tor'na npa Tr(y) = 0 peweH~e ypaBHeH~R ~MeeT B~A 

m-1 

Y1 I YiYi' /7/
i = 0 

T.e. OHO CBOA~TCR K n~He~HblM onepa~~RM, rAe 

Y10 =Yo; Y1l=YO+'Yl+YS; Y12 ='Y1+ Y2·+ YS +Ys, Y1" = YO' 
.' u /8/ 
. Ya =Yo +'Ys +YS I Y15 = 'Yo +Y1 + Y2 + Y4 + Y5' 

4 

Ha np~Mepe' nOJlR GF(2 6 ) 3Ha4eH~R Yo - Ys SbI4~cnR~TCR ClleAYIOU\~M 
o5pa30M. nyTeM HeCnO>KHWX B~4~cneH~~ nonY4alOTCR 3Ha4eHHR ai, 
AllR KOTOpblX oneparop Tr(a i ) = 0, 

Y = a ° = 100000 ... ai = 0,
o 

Y = all = 110001 -+ a i = a 36 ,
1 

a5S a 32 Y _ = 011101 ... a i = ,2  /9/ 

Ys = aO :: 100000 -+ a i = 0, 

23 00 i 38Y4 = a = 1 101 -+ a = a , 

43 i 19YS = a = 111011 -+ a = a , 

Hanpaaep , onepa rop Tr(aS6 ) = a 36 a72 + a 144 + a288+ aS78+ J152 + 
+ = a36 a9 + alB + a 36 + a9 + alB = O. Ecna reneps noncraaar s 
3Ha4eHHe aSo B ypa8HeH~R /6/, TO nonY4~M 

a llO + aSS = a S2 = a47 + aSS = aS2 , 

l-13 np~llomeHHR 1 ~MeeM 

+111001 
011101 

S2 
100100 = a 

3HaK + o503Ha4aeT "CYMMa no MOAYlllO ABa". 
C nOMOU\blO Bbl4~ClleHHblX 3Ha4eH~H Yo ~ Ys MO>KHO COCTaB~Tb cxe

My AllR peweHHR ypaBHeH~n /4/ B nOlle OF(2 8 ) , KOTopaR npHBeAeHa 
Ha p~c.2. BHa4alle C nOMOU\blO nn3Y B~4~cnReTCR 3Ha4eHHe 

1YY = aOyo +a + a2 Y2 + as Y + a 4Y + aSys'l s 4 

rAe a ! ~ as - 6a3~c nona GF(2 6 ) • 

B~xoA~ nn3Y nOAKll~4eHbI K BxoAaM cxeM npoBepKH Ha 4eTHOCTb 
B COOTseTCTBHH C n03H~~RMH eAHHH~ S peweHHRX ·/9/, eCnH HX pac
CMaTpHBaTb KaK MaTp~~y~ COCTORU\Y~ H3 weCTH CTpOK H CTOllbKHX me 
cTon5~oB. TaK, HanpHMep~ Ha BXOAbI cxeMbI 5 nOAalOTCR 3Ha4eH~R Yo. 
,yl, Y2 ' YS 'Y4 ~ Yr;' TaK KaK B peweH~~ Yo = 111 011 ~MeIOTCR 
eA~HH~bI Ha COOTBeTCTBY~~~X n03~~HRX. 3TOT me 4>aKT cneAyeT 
H3 paaeHCTB /8/. 

H3 cxeMbI, np~BeAeHHo~ Ha pHc.2, BHAHO, 4TO speMR peweHHR
 
ypasHeHHR /3/ paSHO
 

5 



--

PHc.2. BnOK-cxeMa pemeHHH 

ypaBHeHHH BToporo..FIOpH,IJ;Ka 

B none OF (2 m) • 

I I 

Y1S

5 6Y,S,I-+- Xi 
Tk = T + TI.I + T4 + T M +. T",s 

~ y /10/ 
rAe Ts ' T4,T., TyM ' T" - aa
Aep>KKI-1 B cxexax AIlR BbI4\11-CIle
HI-1R aHa4eHI-1R ~ K T4 B cxeMax 
npOBepKI-1 Ha 4eTHocTb, B cxeMe 
YMHO>KeHI-1R TYM 1-1 B cyMMaTope 
no MOAYJlIO ABa. 

ECIlI-1 Tpe6yeTcR nOIlY4eHI-1e 
MaKCI-1MaIlbHOro 6bICTpOAe~CTB~R, 

TO AnR B~4I-1CIleHI-1R aHa4eHMR ~ 

1-1 AnR YMHO>KeHI-1R AByX 3neMeH
TOB nonR MO>KHO I-1CnOnb30BaTb 
MI4KpOCxeMbt ManOt1 CTerreHI-1 I-1H
Terpa41-11-1, TaJ<l-1e, KaK K500flM102 
K K500~E160, KOTop~e I-1MelOT 

aaAep>KKI-1 2 1-1 6 HC eooTBeTcTBeHHo/ 31 • TorA~ aHa4eHI-1e Yi MO>KHO 
B~4l-1enl-1Tb aa 8 He, a B 4enOM ABe KOOPAI-1HaT~ Xl ~ X2 MO>KHO onpe
Aenl-1Tb He 60nee 4eM aa 35 HC. 

Y4I-1T~BaR, 4TO KOA S 18 3 cOAep>KI-1T 2m 61-1T 1-1 4TO coapexeuaue 
nIlM 1-1 nn3Y I-1MelOT 18-';-20 BXO,qOB AnR nepexeuaux , npa m = 4+9 Anfl 
B~4I-1CneHI-1R AByX KOOPAI-1HaT MO>KHO I-1CnOnbaOBaTb npRMoe AeKOAHpo
eaHl-1e CI-tHAPOMa 81 83 • 

PaCCMOTpl-1M 4I-1eneHHb'~ npl-1Mep. tlonycTI-1M, 4TO cpafior ana re no
aI-14I-1oHHO-4YBcTBI-1TenbH~eAaT4I-1KI-1, KOTop~e pacnonbmeH~ Ha noal-141-1
RX aO = Xl 1-1 a2 == X 2 " WMeeM 

100000 100000 
+001000 +110000 

12 1&1 = Xl + X2 = 101000 = a , 8 3 = Xl + X s = 010000 = a • 

12 a 36 a l/a 12 Bbl41-1cnReM (11 = a 1-1 (12 = + = a2 /CM. npI-1IlO>Ke
Hl-1e 1/" Jlanee I-1MeeM Y = (12/a12 = a2 /a 24 a 28,39 = a 41 = i all TO. 

2 a24 3AeCb AeneHl-1e aneaeara a Ha 3neMeHT 3aMeHeHO YMHO>KeHl-1eM 
2a Ha 06paTHbl~ K 311eMeHTy a24(a24 8,39 l ) 3neMeHT a39• ~a co

oTHOWeHI-1~ /8/ I-1MeeM 

yo=1'Yl= 1, Y2=O'Y3= 1, Y4 =0, Y5=1, Yl 110111 = a51 

63 1-1 Y = a •2 

6 

KOOPAI-1H-aTbl Xl 1-1 X 2 paBHbl 

51 12 63 aO 5 3 12 65 Xl = Yl ~1 = a a a = X 2 = a a = a = a2 • 

MO>KHO npOB~pI-1Tb, 4TO Koop.qViHaTbl a 0 1-1 a 2 ygoBneTBopRIOT ypaaae
HI-1IO 

2 12. 2
X + a X + a = O. 

ECIU." cpaauar s anrOpl-1TM 6epnl-1K3Mna C APyrl-1MI-1 1-13BeCTHblMH MeTOAa
MI-1 peweHHR ypaBHeHI-1R BTOPO~ CTeneH~, TO nonY4aeTC~, 4TO KaK 
no 6brCTpOAeHCTBI-1IO, TaK 1-1 C T04KI-1 apeHI-1R armapa'rypaux aarpar 
paCCMOTpeHH~W B AaHHO~ pa60Te cnoco6 60nee 3~$eKTHBeHo HanpH
Mep, ARR Bbl41-1CneHI-1R KOHCTaHTbl Y r pefiye'rca ronsxo orrepauaa cno
>KeHI-1R. npl-1 3TOM npeAnonaraeTcfI,4TO Ana Ka>KAoro y npeABapl-1Tenb
HO Bbl41-1CneHbi aHa4eHI-1R a i 1-1 Y . B pa6oTe / 22 / AnR Bbl41-1CJleHI-1R KOp

i 
HR Y 1 npennoxeua <t>opMyna, ,qnR peanaaauaa KOTOPO~ rpeeyerca au
4l-1CneH-l4e onepa ropa Tr(y} • 

3. PEWEHHE YPABHEHHR TPETbE~ CTEnEH~ 

AnR oAHo3Ha4HoH perl-1CTpa41-11-1 KOOPAI-1HaT Tpex OAHoapeMeHHO cpa
60TaBWl-1X AaT41-1KOB npe>KAe Beero TpecyeTcR Bbl41-1Cnl-1Tb CI-1HAPOM 

paapRAHocTb KOToporo paBHa 3m. C 3TI-1M ~aKTOM npI-1XOAI-1T818385 , 
CR C414TaTbCR npl-1 C03AaHI-11-1 cneUl-1anl-1al-1pOBaHH~X npo4eCCOpOB AnR 
t ~ 5. B 3TOM naparpa<t>e paCCMaTpl-1BaeTCR TaKOH anrOpl-1TM peWeHI-1R 
ypaBHeHI-1R TpeTbeH CTeneHI-1, AnR peanl-1aa41-11-1 KOToporo AOCTaT04HO 
I-1CnOnbaOBaTb nn3Y I-1nl-1 nnM, COAep>Ka~l-1e He 60nee 2m BXOAOB 
AnR nepeMeHH~X. AnR HaXOmAeHI-1R KOOPAI-1HaT Xl' X2 , 1-1 X3 Tpex cpa
60TaBW~X AaT41-1KOB Heo6xOAI-1MO ~aHTI-1 KOpHK ypaBHeHHR 

X 3 
+a l X

2 -f-a
2

X +(13 = o, /11/ 

AnR HaXO>KAeHI-1R KopHeH /11/ Ta6nV14Hb1M MeTOAOM 119-221 npl-1 nOMO~1-1 
nOACTaHOBoK X = Y + al 1-1 Y = Z(aI + (2)~ OHO npl-1BOAKTCR K BI-1
AY 

Z 3 + Z = C l ' /12/ 

rAe 

a l a 2 + (13 

-~- ) (2----~ · /13/C 1 
( a + a (11 + a2 )l 2 

7 



YpaBHeH~e /12/ ~MeeT TP~ pa3n~4H~X KOpHR TonbKO np~ onpeAeneH
HOM Ha60pe 3Ha4eHv.~ C1 • 4~cno TaK~X KOHCTaHT paBHO 2,5 ~ 10 
AnR m = 4,5, ~ 6 COOTBeTCTBeHHO 1201. B Ta6m11.4e AaHbl KOHCTaHTbl 
AnR m = 6 ~ t = 3, np~4eM B naMRT~ AOCTaT04HO xpaHHTb no ABa 
3Ha4eH~R KOpHR AnR KamAoro C1 , a TpeT~~ KopeHb nonY4aeTCR 
~3 $OpMynbl 

Xs = X 1 + X2 + 8 1• 

CaMblM TpYAoeMK~M np~ peweH~"" ypaBHeH~R TpeTbe~ creneaa RBnReT
CR B~4~cneH~e 3Ha4eHHR C1• TaK, AnR 8~4~cneH~R 4~cn~TenR B~P~

meHHR /13/ He06xoA~MO TP~ nn3Y Ha 3m BXOAOB, H npa m =··6 ero 
eMKOCTb AonmHa ~OCTaBnRTb He MeHee 256K. C ~enb~ ynpo~eHHR pea
n~3al.4~H ¢opMyn~ /13/ B~pa3HM KOHCTaHTY C1 HenocpeACTBeHHO 4e
pe 3 8 1 , 8 3 ~ 8 5 , 

2 8/ S +8 a+S 1 8 1 8 a nC1 = 5 3 -----[) 3 E.E \4- = D(E·E \4 )-1. 
8 1 + S 6/81 + 8s(S1 + 85 /8 1 + 8 S) 

Ta6.flul1a 

PemeHHH p;nH n 63 H t = 3 

Ct 

C1 

Z IJ 
- -_. 

Z = a27 
11 

Z12 = a45 

C1 

C6 a62 

Z IJ 
----

ZSl = a 
37 

Z62 = a 
S9 

Ce at 
Z21 

Z22 

= 

= 

a 18 

a 
5 6 

C7 a6 1 
Z71" = 

Z72 = 

all 

a 16 

C3 a18 
ZSl 

ZS2 

= 

= 

a 
3S 

ci4 7 
C 8 a 59 

Z81 = 

Z82 = 

a 
22 

a 
SO 

C4 a 38 
Z41 = at 

Z42 = a 
S1 

C9 
56 

a 
ZiH = 

Z92 = 

a 44 

aBO 

C5 

I 

a S1 
Z51 = aGO 

Z52 = a 51 
C10= a 4 7 

Z = 
101 

Z102 == 

a2G 

a5 7 

8
 

PHc.3. BnoK-cxeMa pemeHHH
X2 X3 x, 

Ky6HQeCKOrO ypaBHeHHH B no
ne GF(2j. 

J
 
Hcnonb3YR npHHI.4Hn B~nonHe


HHR COBMe~eHH~X onepa~~~ 

B none GF(2 m), KOHCTaHTY C1 
MomHO B~4HcnHTb" C nOMO~b~ 

nn3Y, COAepma~ero TonbKO 2m 
BXOAOB. Ha p~c.3 np~BeAeHa 

6noK-cx~Ma peweH~R ypaBHe
HHR /11/ . 3HaKoM 11+11 0603Ha
4eHbi cyMMaTopbl no MOAynlO 
ABa. MaKCHManbHoe ~peMR Ha
xomAeH~R Tpex KooPA~HaT pas
HO 

Tk = 5Tnn3y + 2Ts • 

rAe T nn3y ~ Ts - BpeMR 3a
Aep*KH B nn3Y H BpeMR CYMM~
poBaHHR no MOAynlO ABa COOT
BeTCTBeHHO. HeTPYAHo 3aMe
THTb, 4TOAllR Bbl4~cneH~R E~ 
AOCTaTO~HO Hcnonb30BaTb 
nn3Y Ha m BXOAOB. 

'Iucne nnu u npune p , 110
'5t S! ~5 nO}K~M, 4TO CHrHamJl nocrynana 

OT nepBoro, 4eTBepToro 
H weCToro AaT4HKoB AeTeKTopa 3apRmeHHblx 4aCT~I.4. 3TH n03HI.4H~ 

0603Ha4eHbI CHMB0I10M • B MaTpHl.4e His". HMeeM 

.}
 
. 333 I) 5 5
 

81 = Xl + X2 + Xs . 8 3 = X l+X 2 + X 3 M 8 s = X 1 + X2 + X 3 • 

OTKYAa 

<. .' S 1 ::ll a? + a 3 + a5 = a23• 82 = aS1 
M 8 6 " aO + a 15 + a26 = a36 • 

'\' 

npH 3THX 3Ha4eH~RX 81 = a , H B COOTBeTCTB~~ C Ta6I1~l.4e~°1 65 

HMeeM 

• 80 62 15 
Z1 = a44 

M Z2 = a • Y1 = a y 2 = a• 

H, HaKOHel.4, 
0 I)

Xl = a 3 • X2 = a M Xs = a • 

9 
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CneAyeT HanOMH~Tb, 4TO B MeTOAe C~HAPOMHOrO KOA~pOBaH~R n03~

4~~ HYMepY~TCR CTeneHRM~ 3neMeHTOB nOnR ranya GF~ID) • 

4. METOA TPAHC~OPMAU~~ nEPEMEHHWX 

Ilpa t > 3 cyU\eCTseHHO B03paCTaeT CnO)/(HOCTb BbI.4~CneH~~ aneaeu • 
TapH~X C~MMeTpH4eCK~X ~YHKQ~~ ~. C 4enb~ ynpoU\eH~R peweH~R 

ypaBHeHM~ 4eTsepToH ~ nRTO~ CTeneHe~ aBTopOM 6bm npoaHan~3~po lH ..BaH Mano~3BeCTHbIW anropara TpaHc~opMa4~~ nepeaeauux 112.,231 AnR 

peweHMR ypaBHeH.kf~ HblOTOHa B none GF{2 ID) , nyTeM BBe,t\eH~R 'HOSOH 
nepeMeHHOH' ~ I KOTopaR £~R3aHa C Sk CJleAYIOU\~M COOTHoweH~eM: 

R k = ~ Ai . 8k-2 , rAe A 0 = 80 = 1 • 

B pe3yn~TaTe ypaBHeH~R /2/ np~SOARTCR K B~AY 

R1 1 0 o .,.•• 0 I I 1 

Rs R2 R1 ............Q l l°1
 

°2 
~ /14/.' 

R _ ~...... .......
R2 t - t 2 t 1 Rt 
O't 

~n1-1 fioriee KpaTKo, - 1 0' j ,. i = 1,2, ••• t • CyuteCTBeHHblMR2i - j
B TaKOM npeo6pa30BaH~~ RsnReTCR TOT ~aKT, 4TO ypaB~eH1-1R /14/
 
pa3AenRIOTCR Ha ABe C1-1CTeM~ ypasHeH1-1H. TaK, nocneAH~e f/2 ypaB

HeH~H Aa~T
 

I I 1R2t - 5 

(72R,2t -s R 2t-5

0'4 t tR2 t- 1 R 2 t - 3 R 2 t-51 
a 
[ t!2] 

0 o 1 r 1 
11 I IRU 

0'2. RS R10'3 

I /15/
R :J 0'4g0' 6 1 l R 6. . .'R

2t·-1 

np~4eM S sepxHeM npaBoM yrny 3neMeHT MaTp~4~ paBeH R1, ecn~ 

t - 4eTHoe 1-1 Rs ' ecn~ t - He4eTHoe 4~cno. AnR He6onbW~X t kfMe
lOT MeCTO cneAY~U\1-1e paseHCTBa 

Ro = 1, 

R 1 = S1' 

Rg = Ss + 8f = B, 

2
 
R5 = 85 + 8 18 s '
 

R 7' = 87 + S1 8 5 + 818i + 81 = 8 7 + P + K + 81,
 

2 3 6
R 9 = 8 90 + S1 8 7 + Sa + 8 1 8 s• 

Hanp~Mep, np~ t = 4 nonY4a~TCR cneAy~U\~e MaTp~4H~e ypasHeH~R: 

5 
Rs

0'1] 0] [R[R1 R1] I 1 
0'3 = R R R R R J £1 o. /16/[ g 1 7 5 s 2 

0'4 

PeWeH1-1R /16/ OTHOC~TenbHO 0'1 ~ Us Aa~T
 

0'1 = R1 , /17/
 

as = R a + R 10'2'
 /18/ 

AHanor~4HO ~3 /17/ ~MeeM 

RS + R 30'2 + R 10'4' = 0, 
/19/ 

%CR7 + R6 a2 + RS 0'4 O. 

~epBoe 1-13 paseHcTB /19/ He COAep)/(~T 3Ha4eH1-1R R7 • ~ n03TOMY an? 
rne [xl - uenas 4aCTb [X]. B CBO~ ouepene , nepBble (t-tl2) ypas

napaTH~M MeTOAOM pewaeTCR npoU\e,
HeHl-1H Cl-1CTeM~ /14/ Aa~T 

10 
II 



IIpHJIOJKeHHe 
R~ + _10:2	 /20/(] =	 3neMeHTbl nona Tanya OF (2 m ) no xonvrno4, R 1 
R~-	

X6 +MHorOtIneHa X + 1 

B~4~cn~B Ben~4~HY 02 /CM. np~nomeH~e 2/, 3aTeM, C onpeAeneHHo~ aO :::; 100000 a21 = 110111 a4 2 ~ 010111 
3aAepmKo~, MomHO no ynpo~eHH~M B~pa~eH~RM nonY4~Tb 03 ~ {]4,. , a :::; 010000 a22 = 101011 a 4S :::; 111011 
np~ t = 5 ~3 /15/ /~MeeM /23// a 2 :::; 001000 a 2 3 :::; 100101 a44 :::; 101101 

[ R5
 
R7 

(]t 

Os 

°6 

R3] [02] [R7] 
R 5 · °4 = R g 

R 0 o 
1 

R R 0a 1 

R5 R 3 R1 

YpaBHeH~R /21/ ~ /22/ 

R 7 = Rs °2 + R 3 0 4 ' 

Rg = R7 °2 + R5 a 4, , 

a 1 = R1 ' 

Os = R s + .R1 °2 ' 

r 

1 

°2 

°4 

Aa~T 
a63 :::; 100000 

IIpHJIoJKeHHe 2 

/23/ 
Koo prraaa-nrue nOJIHHOMbI nrta Cne~HaJIH3HpOBaHHbIX 

npo~eccopOB 

</1 
as :::; 000100	 a24 = 100010 a46 :::; 100110 

a25 a46 a 4 :::; 000010	 :::; 010001 :::; 010011~ 

aD :::; OOQOOI a 26 :::; 111000 a47 :::; 111001 
a6 :::; 11000'0 a27 :::; 011100 a48 = 101100 

/21/ a 7 :::; 011000 a28 :::; 001110 a49 :::; 010110 
as = 001100 = 000111 :::; 001011a29	 a 60 

a 9 = 000110	 a 30 = 110011 au1 :::; 110101 
a3 l a52 al O :::; 000011	 :::; 101001 :::; 10101·0 
a32 all:::; 110001 :::; 100 100 aSS = 010101 

a12:::; 101000 aSS :::; 010010 a54 :::; 111010 
/22/ a 13 a 34	 a55 = 010100 = 001001 :::; a1110 1 

a 14 :::; 001010 aSS :::; 110100 a 5e :::; 111110 
a36 a 15 :::; 0001Q1 = 011010 a 67 = 011111 

a16 a 37 = 110010 :::; 001101 a 68 = 111111 
at 7:::; 011001 aS8 = 110110 a 59 = 101111 
a 18 = 111100 a S9 :::; 011011 a 60 = 100111 
a19 = 011110 a 40 :::; 111101 a6 1 = 100011 
a 20 :::; 001111 a 4 1 :::; 101110 a e2 = 100001 

a 5 = R 6 + R 3 o 2 + R 1.04: IIonHHoMbI 

H3 ypaBHeH~~ /23/ cneAyeT, 4TO, B~4~cnMB npeABap~TenbHo °2,R s 
~ R7,MomHO OTHOC~TenbHO npocTO nonY4~Tb 3Ha4eH~e ° 4 , a 3aTeM 
~ oS. B CBO~ 04epeAb, TaKaR TpaHC$opMa~~R n03aon~eT cy~ecTBeH

HO y~POCT~Tb annapaTH~e cpeACTBa AnR 8~4HcneH~R 3Ha4eHH~ ~ 
3a C4eT Toro, 4TO 3T~ 3Ha4eHHR onpeAenR~TCR napannenbHo-nocne
AOBaTenbH~M MeTOAOM. nOCKonbKY B 3TOM cnY4ae MO~HO ~cnonb30

aar s 6b1cTpOAe~CTBYIO~~e nn3Y c ropaano MeHbW~M 4~cnOM BXOAOB AnR 
nepeMeHH~X, TO TeM caM~M npaKT~4eCKM coxpaHReTcR TaKoe me 6~
CTpOAe~cTB~e, KaK ~ np~ B~4~cneH~RX napannenbH~M cnoco60M. 

2 

3 

0'1 =X +01 =0, 

. 
X2 +olX + ° 2 :::; 0; 01 

xs 
+ 01 X2 + °2 X + (]S 

8 1 

S 
= 8 1 : 02 = 8 1 +8:/8 1 

:': 0: 01 = 8 1 : 

:::; B/8 1 

12 13 



/ IIpop,oJDKeHHe npHJIO)KeHHH 2/ 8. Gustafson L. Hagberg. 
v.A265, No.2, ~.521. 

- Nucl. Instr. and Meth., 1988, 

9. H~K~T~K H.M. OHRH, P10-87-254, Ay6Ha. 
IIonHHOMbI 1O. Ilurepcoa ~., Y3IlAOH 3. - KOAbl, ~c:npaBll~~ll\He OW~6K~, M.; 

M~p, 1976, c.302. 

u2 == 

2 
~0.c':~_ 

B 

S2 
1 

B 
+ S5/B 

11. 

12. 

OKOHO H., Imai H. - IEEE Trans e 

c-36, No.10, po1165. 
Berlekemp E.. R. - IEEE Trans. on 

on Compu t , , 1987, v : 

Inf. Theory, 1965, 
vo1. IT-11, No .. 4, p e 577• 

"s == S: +S3 + Sl(Si~3 + S5 )/B B+H 
B 

+ G. B-1 & 13. H~K~T~K 
1986, N° 

H.M. ABT.CB~A. 
21, c.199. 

CCCP W 1236457, - Ony6Il~KoBaHo B OH, 

14. H~K~T~K HoM. ABT.CB~A. CCCP W 1236458, - Ony6Il~KoBaHo B OH, 

4 4: 3
X + a1 X 

2 
+ a 2 X + a 3 X + CF 4 = 0, a 1 == S1 

1986, N° 
H~K~T~K 

21, c.199. 
H.MD' OH~H, P11-87-54, Ay6Ha, 1987. 

[ 
7 

a
2 

== SI(8 
1 
+~) + 8 3(8~ + 8 

5 
) ] / A 

. 
= 

S8 T 5 
_~__~~183: ~385 

R+G+H+L 

15. 

16. 

Gaidamaka R.I., Nikityuk N.M. 
AOKIlaA Ha nepBo~ 06beA~HeHHo~ 
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1981, ~ 39, c.259. 

[ 3 62·Us = 8/8 1 85 + 8 18 7) + 8 3(8 1 + 8 3 )]j A == R 3 + R 1 a 2 ; 17. 6epIl~K3Mn E.P.- AIlre6pa~4ecKaR Teop~~ 

"M~pll, 1971, c.251. 
KOA~pOBaH~~. M.: 

18. Banerji RoB .. - Proc. lEE, 1961, vo1.49, No.10, p.1585. 
[ 3 7 7 2 )

a 4= 8 1 (8 1+ S7) + 8 3(8 1+ 8 1S 3 + S7 
52 

+ 85(8 1 + 8 1 83 + S 5 .)] / A 
19. 6IlOX 3.n. - H3BeCT~~ 

1964, If 3, Co20. 
AKaAeM~~ HayK CCCP, TexH~4.K~6epHeT~Ka, 

20. Polkingorn F.. - IEEE Trans on Inf. Theory, 1966, v.12, 
= RS + R 3u 2/R 1 ; 
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Chin-Long Chen. - IEEE Trans. on Information Theory, 1982, 

A =' 8 1 (8 ~ + S5) + 8 3 ( 8 ~ + 8 3) = R + G + H + L. 220 
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Chien R.T., Cunningham 
v.IT-15, No.2, po329. 
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I. BBe~eHRe 

B CBHSR C illHpOKHM pasBRTHeM anre6pazqecKHx MeTO~OB 06pa60TKH 

~H~OBNX CRrHaHOB /1,2/ H cos~aBaeMHX ~ STHX ~eHe~ pasH~oro po
~a Cne~RaHHsHpOBaHHHX npo~eccopoB /4/ B03HHKaeT He06xo~oCTb B co
BepmeHcTBOBaHHH annapaTHHX MeTo~oB BHllOHHeHHH onepagHA B nOHe 
CFe 2m ). 3'1'0 aacaerca rrpesne scero TaRHX onepauaa, KaR YMH0llteHHe, 

..... ," ~eHeHHe H BOSBe~eHHe B creneas 3HeMeHTOB nOM' QF( 2m ) • 
BI:mOHHeHRe no~06HIDC onepanaa o~oBpeMeHHo H~ ~BYMH 3HeMeHTaM:H He 
BHSHBaeT OC06HX saTpy~eHHn,H OHH ~OBOHbHO npOCTO peaHHSYDTCH KaR 
Ha ~CKpeTHHX ROMllOHeHTax /3 - 6/, TaR H Ha OCHOB~ ITITSY /4,7,10/. 
B s~atlax, CBHSaHHHX C pemeHHeM: ypaBHeHHH nOH07KeHHH OtnH60K B ·npoI..\ec

ce ~eKo~KpoBaH~ BqX-KO~OB H BHqHCHeHHH onpe~eHHTeHeA npHXO~HTCH 

cosnosars	 cxew ~ BbltIHCHeHHH CHOlmIDC <lJOPMYH, co~eIJl!8IqHX 60Hbmoe 

ROmrqeCTBO cOMHOJmTeHeH, HaxO~mqHXCH no~ CTeneHbIO. B pa60Te /7/ one


~HH ywIOJleHHH BHeMeHTa A He. C'OMHOJlHTeHb (B) 2 BImOHHHeTCH B nsa
 

3Tana • B HatiaHe BHqHCHHeTCH KB~aT 3HeMeHTa B H saTe» C nOM~D
 

cxeMS YMHoxeHHH nO.nytlaeTCK npOHSBe~eHHe A(B)2. B pa60Tax /5,6,81 aB


TOpOM nOKaSaHO, liTO BHtlHCHeHHe no~06H1iX H 60Hee CHomIWC BhIpSZeHHA:
 
B none GF( 2m ) MOlmO COBMeCTHTb B O~OK TaRTe.
 
HanpHMep, B npoQecce pemeHHH ypaBHeHHH TPSTben CTeneHH BHqHCHKeTCH
 

<PoPMYHa /7/ 55 S 
Z = I -+ 5 (I)

S? + 53 
t 

r~e 51, $3 ,S 5 - CHH,Iij)OK mx-Ko~a, acnpaanamier-o TpH oom6RH. 'nOCKo
ltOHbKY B p8syHb'l'aTe BlNHCJIeHHA: no ~PMYHe (1) ~OJDl[eH. nOJIYtlH'I'I»CH 
saBe~OMO H3BeCTHHA SJIeKeH'I' nOHH, '1'0 llIT3Y U:OEHO saITporpaKMHpoBa'l'l» 

TaKHM 06paSOK, tI'I'O npa no~atle aa er~ BXO,IV:l aaaxeaae cHH,lUlou:a M01QIO 

nOnyqHTb ITpaBHHDHHA peSYXbTaT C s~epERo~, onpe~eHReKOR THnOK ITITSY. 
,IWyrm&H CJIOBSMH, ·C.nomlOCTb BHqRc.neHHA Mre6paHtieCKHX BlipBJleHHA B no

m 
JIe GF( 2	 l C Hcn.OJThSOBaHHeU llIT3Y onpenenseeca KOmrtrecTBOM pa3JIHtf .. 

asx aHeKeH'I'OB, BXO~HlI{HX B AaHHyl) ~PMYHY. ITpHtieM oT~eHbHHe tlJIeHIl'
 
BNpaMeHHH MOry'!' HaxO~'I'b'l'CH no~ C'I'eneHbD.
 

CJIe,nye'l' OTMeTHTb, liTO ,IVIH Blll10HHeHHH paamrsaoro pona Onep8.QHH B
 
m

IIOJIe GF( 2 ) Hepe~o HCnOJlbsyJOTcH JlOrapH<lJIbI /7,9/. B CBHSH C nOHB
HeHHeu: 6b1CTpo~eA:CTB~ llIT3Y 60HbmoA: eYROCTH MeTo~ BHqHCHeHUA 
H~ ~orapR~ 8H6KeHTOB nOHH npH06peTaDT Bce 60Hee mHpORoe npHMe

HeHKe B RO~ H ~eRo~ yCTpOHCTBax ~-KO~OB H B cne
c;	 ~MI43HPOBaHH:bIX rrponeccopax /10/. O~axo B BTU paoorax RCIIOJIDsyaT-

CH TaxoA WIrOpH'N, B RO'l'OpOli npe,lijTCMOTpeHO BImOHHeHHe onep8.4HA o.riHo

",:L.~-"-'- ~"CO=I. 1IwP,.
Cb7 ". ,1" ~ • 'I.... ~ 
I'!J~' r : 1r c 
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BpeMeHHO TOJIDKO H~ ~BYMH 3JIeMeHTaMH. B ,ItaHHoit pacoee IIpHBO,qHTCH 

OI1J{CaHHe Clb1CTpOrO anroparaa, C nOMOIqbIO KOTOpOrO MrnKHO BHIIOJIHH'l'b one

~HH O,ItHOBpeMeHHO H~ npOH3BOJIbHHM KOEKqeCTBOM COMH~HTeJIeH. Pa60Ta 

aJIrOpHTMa nOHCHHeTCH C nOMO~bD.npe.ztJI~eHHOrO aBT~pOM yCTpOHCTBa. 

KpOMe '1'01'0, paCCMOTpeH BapHaHT CXeMH yWOOteHHH, nOCTpOeHHOH aa OCHo
Be IUlM. 

2. MeTO,I( ~JIHtleCKoA ROMIlpeCCHH 

C lleJIbl> HarJIJI,Z:(HoC'l'H H KOMIIal<THOCTH HSJI01KeHHH, a TaIOKe ytlHTHBaH. 

TO, liTO anreopa I'anya HOCH'l' MOmrJIHpH!iQ: xapanrep , CYTb 6HC'l'pOrO aaro

pHTMa paCCMOTpHM na KOHKpeTHqM IIP.H!Aepe.
 
PaCCMOTpHM nOJIe GF(24~ ). oopaaoaaaaoe Ha.It HellpeO,lUDQlj no.nmOMOM
 
.qeIfBep'l'O~ creneaa t± (±)X@ I, (111= 4)0 Ilpa yCJIOBHH, q'i'O 3JIeMeHT a =
 
0100 - aopeas aroro nOJIHHOMa • nOJlbsy.a:cb IIpaBHJI&UI BmIOJIHeHHH one _
 
paLlu"A HB.,q 3JIeMeH'l'aMH B nOJIe GFe zi, 191, HS ypaBHeHRH a" =: a @ I
 
no~ 15 HeHyJIeBbIX 3JIeMeHTOB nOJIH. KOTOPHe npaseneaa B Ta6JI~e I
 

CJIeBa. 3,qecb :IKe cnpaaa ,I(81!bI HX JIOrapu4JAIi no OCHOBBmm a. TIpaBHJIa BH-

m

nOJlHeHHH onepa.u;IDi H~ JIOrapHqu8.MH B nOJIe GF(2 ) II&IO tleM OTJIHllBJOT

ca (c ytle'l'OM KOHetlHOCTH nOD) 0'1' onepanaa HB.,q 06I:NHmm llHCJIB.MH. 

YMH01l:eHHe .qByx 3JIeMeH'i'OB CBO,qH'l'CH K l.lHItJDNecxouy CJIozeHHl> me crene-. m 
HeA no MOAYJIB:l 2 - I, a onep8QIDI .qeJIeHlUI 3JIeyeH'1'a A aa SJIeMeHT B aK

m 
BHBaJIeHTHa CJIO:IKeHHD no MO,D,yJIIJ 2 - I ceeneaa SJIeMeHTa A co CTeneHbIO 

BJIelleHTa B-
1 

• oopaeaor-o R SJIeMeH'!'Y B (oo-I = I) C yqe'1'OJ,f 06pamoro 

npe06paSOBaHIDI JIOrapH<lMoB B BH'1'HJIOrapIIq.a,•. 

Harrpasep , nycTb SJIeMeHT A = 8? II SJIelleHT B = a10. Ihleeu 

..Ino 7 f nn to
'''''J~ c: 0111 H -qa.a= 1010 (MJIa.qmH1 pa3PJUt cnpaao) , CKJIEWi';" 

BaJI C'I'eneHH SJIeMeHTOB A H B, nOJIy1lHH 

0111
+,1010 
+t-..- I 

0010 

'I'~e. ceeneas npoHsBe.qeHKJI a?a
I O pasaa ABYlI, 'I'U xu a?aIO = aI5a2 = 

a B lJoJ[e eF( 24 h . 
AHwrol'Fmo B cJJyll8e .qeJIemur Dee. 

foJa,A/B, = ~aA +~(B~~" 
Ilpa PJ1mHX BINHCJIeHHHX y.q06RO UOJIbSOBalfbCJ[ I'IpaBMOU: ,IPIJI BHtUlCJIeHHJI 

CIfeIiOHH 06pa.'l'Horo SJIeMeH'l'8 B-I E BJleIl8R!'Y B ,qOCi'a'I'01BIO x BeJDNmle 

:f!- I IIpHllaBH,"" no MOilY.... ~ c....nem. 8.I"....H~a B. Tax, c""f."m. <i6ps..... 
BOl'O BJIelleHlftJ. R aJIelofeR'l'Y a 0 paBH8 IUlft, 'lax xu di!a'r~a.~ c! 
If.:lIait <i o603Haqae'l' "CyuMa" 110 1I0JlYD ,ItBa'. 

2 

IIII 
+	 1010 

0101 

Tor,n;a .&:yo..AlB panea 

+ OlH
0101 
IlOO 1210 

Ta6~a I 

3JIeMeHTH tiOJIH GFe 24) 
JIorapH~bl no OCHOBaHHD a 

aO :; 1000	 0000 
Ia = 0100 0001 
2a = 0010	 0010 
3a = 0001 0011 
4 .a = 1100 0100 
5a = 0110 0101 
6 a = OOII 0110 
7a = 1101 0111 
8a = 1010 1000 
9a = 0101 1001 
IOa = 1110	 1010 

a I I = alII 1011 
I 2a = IIII 1100 
I 3a = 1011 IrOI 
I 4a = 1001 1110 
I 5 Oa = a	 1111 

QT06Ii c~ecTBeHHo COKp&'l'H'I'b speaa UHRJIHlleCBOrO CywHpOBaHHH eeene
HeA 8JIeMeHTOB _noaa rrpa 60JIllmOM tlHCJIe CJIaraeMHX aB'I'OpOM npOMOJltOHH 

anrOpHTIl llKKJIHqeCKOA ROMllpeCCHH CTeneHeH H onoood nOO'l'pOeBHK 

OOO'1'HTOTB~erO 10Tpolo'l'Ba t EOTOpOO HU.Sl8'l'OJl 8H&IorOli IIa

paJIJIeJIHoro xmmpeccop&, IlpHMeHH9MOrO B cxeaax ycxopeaaoro yo••
HM 061NH1lX tlHceJI 111,121. Ha pHC. I IIpHBe,n;eHIi ,n;Ba rrpsepa, HJIJmCT

p~e 8JIrOpHTlof pa60'l'Ii ~eCKoro KOMIIpeCCOpa. IIepB~ rrpaaep 

3 



a 15cneBa coo~BeTcTByeT o~oBpeMeHHoMY YMHrnKeH~~ J5 aneMeHTOB a ;:: a
 
B none GF(24 ) WIll l1TO TO Ee caaoe , BosBe~eHmo B 15-~ creneas ane 

MeHTa a", Ilpouecc ~ynmTtil.leCKOrO CYMMl1pOBahHH (rro MOAYJIIO 15) l.leTbIpex

paspaztaux l.lHCen MOJl:tHO yCTIOBHO pas~enTtiTb aa IUlTb STarrOB. Ha nepsoa
 
sTarre B pesynbTaTe rrO~Cl.leTa ROnHl.leCTBa e~HHt~ B ~BOHQHOM Ko~e B Kam

~OM croaone 15 cnaraeuux CJKMM~TCH ~o l.le'rbIpex, I1p:w.leM pesyJIbTaT cYM

MHpoBaHHH B namea rrpzxepe (nIl) 3anHChlBaeTCH no ~HaroHa.nTti, HalIMHaH
 
C rrepBoro cTon6u;a cupaBa. Bcne~cTBHe SToro CTapillMR pa3P~ sanHCHBaeT

CH rro~ rrOcne~HM cTon6~OM MCXO~HX ~I1Cen.
 

AHanOrY1l.lHaH npo~e~pa BHTIOnHHeTCH Ha BTOpOM H TpeTbeM 3Tanax CYMMHpo

aaaaa, B KOHel.lHOM l1TOre M3 15 cnaraeasx ncnycaarca ~Ba, paanenemrax
 
Ha ~Be lIaCT11. TIpW-IeM BTopaH lIaCTb cyw.rn (cneBo) npe~cTaBnHeT c060H:
 
HaH60nbmee l.lHCnO 11010000, ROTopoe paBHO cYMMe nepeHOCOB, BOSHHKaID

~HX B rrpouecce IJ;I1Kn:w.leCKOH KOMrrpeCCYIH 15 czaraexax IIII. 11, HaROHeU;i
 
K 3HalIeHMIO 0010 ~06aBJI.ffeTCH tllicno nOI no MOAYmo 15. Ha pac. I cnpasa
 
rrpMBe~eH npHMep ~nJI B~l1CneHHH CYMMH cTerreHeH COMHO~HTene:i1
 

aI4aIOa9a8a?a6a5;:: a59;:: a45a,14 = a 14• 

PaccMoTpeHHHH ITpMMep cno~eHHH 15 sneMeHTOB aO HBnHeTCH o~oBpeMeHHo 
~HarpaMMo:i1 ~nH rroCTpOeHTtiH rrpHH~HnHaJIbHo:i1 cxeMH cooTBeTcTB~~ero ITa _ 

panaexsuor-o IJ;m{JrnlIeCROrO ROMrrpeccopa. I10~ TaRHM yCTpOHCTBOM 6y~eM 

nOHMMaTb nO!'IDIecKYJO cxeM:! KOMoHHaqHoHHOrO THna, C nOMo~~ KOToporo 
n: csaraeaax C?,KHMaK>TCH ~o ~BYX no rrpaaanax ~JI~eCROI'O CYWHpOBaHHH. 
UHKnHl.leCKHH KOMrrpeCCOp HMeeT n1·rpynn BXO~OB H 2m BHXO~OB, I'~e m 

n.	 = 2 - I. OH COCTOHT HS napannexsmrx Cl.leT"t.lHROB JoI AByx CyW.faTOpOB 
no MO,IJ,yJIlO 2 - I. COKpBJ!\eHHo TaROe yCTpOi1:CTBO 6y~eM 060SHa"t.laTb KaR 

m 
[(2 - 1, 2m)] -xoanpeccop, 

Ha pHc.2 rrpl1Be~eHa CTPYKTYPHaH cxeMa [(15), 2X4) -ROMrrpeccopa BMec
Te C ~OIIOnHI1TenbHHM cywAaTopoM H ill13Y, C nOMo~~ ROToporo nony-q~Tcfl 

B.HTHJIOrapHquH. Ha STOM pacynxe He nORaSaHH cxevs ~.lI BDItrM"t.lJIeHIDI nora
PH~OB, KOTopHe,rro c~eCTBy,rrpe~CTaBnRDT C060H TITI3Y, BNXO~H KOTOpblX 
HMeIDT ~BOH~He Beca 

20 21 H 23 
t , 22 , 

H crpynnaposanu TaRt t!TO nrnHb! C O~HHaROBHMH BeCaMH coe~eHhI CO BXO
~aMH COOTBeTCTByYOIqH.X" 1m rrapaJIJI6JIbHbIX C"t.leTl.lHKOB. K8.R B~O 11S pI1CYH
Ra, nepBIDt KaCK~ KOMIIpe CCOPa. COCTORT HS tleTHpeX napaJIJIeJIbHhlX (15 ,4) _ 
C"t.leTtlHKOB. TaKHe CtleTtlHKH o6hIQHO Hcno~synTcH B BH"t.lMCJIMTe~bHoH 
TeXHKKe /13/ H B ~epHo~ axeRTpoHHRe 114/. 
BTOpOM KacK~ ROMIIpeCCOpa CqCTOHT H3 rpynna (4,3)-, '(3,2)- H (2,2)
Clle'l'tlliKOB~' rrO~06HhIe CqeTu.JffiH rrpo~e Bcero COS~~TCH Ha OCHOBe nOJlHliIX 
CYMMaTopax, KOTOpbl8 npe~CTaBnffDT co60~ (3,2)-ctleT'tIHKHa 

4 

tIt 
tOt 
tOO 

+	 tOO 
Ott 

+ 1) o t I 
o 1 0 

PHC .2.CTpYlC'l'Y'PB8Ji 
o,IUiOBpeMeBHoro pmoxeHRSi 
9JIeMeHTOB B noze GF (z4) • 

PRC • I. IIpIDJep MJi 0,D;HOBP8M8HHO . 
ro ~Knlil1eCKOro cYMMMp0BaHlln 

0 15 H 7 cTsneHefi s~eM8HTOB nana 
0 GF (24). 
t 
0 
I 
0 
I 

cxeua ,D;JlJi 
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GBH3H M8jRpY BXO,n,aMl1 ,.I],aHHHX cuer-raxoa H BllXO,n,a.W (15,4) -CtleTtlI1ROB qMKJIKqeCROrO KOMrrpeccopa paBHO MaKCHMaJlbHOMY ~HCJIY .n,BOH\ffibIX I..t1'fqJp B 
MaocHO on~caTb c nOMo~b~ rrpKMepa, r~Jme,n,eHHoro Ha pRe. I cAeBa. '<aMe /1'1. TaK, rrpa /1'1= 3 - 7 M = 3, a rrpa rn = 8 - 15 M = 4. 
TaK ,B""Oil WHHIi C BeCOM 20 rrepaor-o 05 .4)-c~eT'illl!a (Kpafumii cnpasa) 

nO,ItKJlDtleH nenocpencrseaac it BXO.ny SO nepnoro paspana ~HK.rrKtWCKOrO 

cYMMaTopa S -54 no MO,Dy"JID 15. ,I{aJIee, BHXOl\ mHHht C DeCOM 21 aroro 
o 0 

~e CtleT'ti~ta H BHXO,n, C DecaM 2 BToporo I(I5,4)-cqeT~Ra no~~eHH ~ 

EXO,n,aM nepBoro (cnpaBB) (2t2)-c~eTtlI1Ka BTOpOPO KaCK~a. TaM RaK BO 
BTOpOM cronoue ria BTOPOM IT03aQU-H HMeeTCa ABe ~Hil>Pbl, o~a H,3 KOTOpW:: 

nO~~JIaCb D pesyJIbTaTe CYMM"PODaHKH ~WP nepDoro cToJI6~a, a BTOpa£ 
I..tH¢pa Il0JIYtlHJIaCb OT CYMMHPOBaHH"I1 sroporo CToJI6u;a Jot T. ,.1],. AHanONtn:IO 

aa TpeTbeM arane CYMMHpOBaHIDI BmJOmIHeTCil CJIOEeHHe c nepeaoccx rpex 
onepaanon, 
HeTPY~fO 3aMeTHTb. ~TO nocne TpeTbero aTana ITonyqaeTcff Boera ABa 
CJIaraeMHX, pas,n,eneHHHX Ha ~Be ~aCTH, nOS~HH H ~EO~He Beca ROTOpUX 
onpe.nenaor csaaa Me1K,I:\Y B!:lXO)\aMH. (2,2)-c'll"eTtlHKOB rpersero aacxana it 

BXOilaMa ijBYX cyMMaTopOB no MO)lyJll() 15. C nOMOlI\b" cYJolMaTopa Co - 03 
rlJop.rnpyeTcR o6rqaJ! cyMMa EceB03M01mbIX" ~HK,;nflleCRill{ nepenocon (crapnne 
~eT~pe pa3pRAa). Boo6~e rOBopR, nOCKOnDKY CY1~HpoBaHHe BunOnHReTCn 
~HKJrntleCKH, TO KOJrntleCTBO CJIaraeMHX He HMeeT 3Ha~eHIDl. 

C nOMO~bD paCCMOTp€HHoro aJIrOpltTMa M~O 3q~KTltBHO B~CJIRTb OTHO
C~TeJIbHO CJIa~He B~eHltH, HarrpHMep 

..:c4'--,P';;-:B=-"'...,' '::'C_"Z_ = It B"', C~( 2J 5y-J.(Etr l 
, 

2>S.E f 

rile A, B, C,D a E - UPOB3BOJIloHHe ..."",eHTIl nOJlJlGF(z"'J, IlPB .TOM 
rrpennonacaarca , ~TO MR BblIlOJIHeHH.R onepauax AeJIeHltR He06xo,I:\HMo rrpen
BapH.TeJIbHO nOJJY4HTb C'1'eneHH. 06paTHliX aJJeMeHTOB C nOMOU(bD illI3Y. 1l0JIb
3yHCb COOTHOmeHH.eW ~JIR CJI~eHHn AByx 3JIeMeHTOB nOJIR a~ H a; f 

0.1 + aj 
:::; alU+aj

.- i , 
M~oJHe nepexoAR o6paTHo K aHTH.JIOrapH.{MaM, B@llOnHH.Tb CJI~eH~e AByx 
aHanOrH~HX B~eHHA. 

CJIeAYeT oTMeTHTb, qTO nOCHOJIbKY anre6pa fanya HOCHT MO~JIRpHHA xa

panrep , '1'0 nocrpoeaas ~HKJnNeCKoro Km.rnpeCCOpa rrpa rrpOHSBOJIbHliX SHa

m MOlllHO BlIDOnHHTb no aH8JIOrHH.. Harrpieep, eCIDI m= 5, TO CJIe~eT 

COCTaBHTb ~HarpaMMy ~JIH ~KJI~eCKOro CJI~eHHfl 31 3JIeMBHTa nOJIR 

GF(25) 
H 3aTeM nOCTpOHTb cxe~i ~HKJIaqeCKOrO KOMrrpeccopa. ~R 3TltX 

~8JIeH M~O BOCnOJIb30BaTbCR ~HarpaID6aMH, npHBeAeHHNMH Ha pHC. 3, KD
ropse HBJIflDTCil aHaJIOraMH rrpHMepOD, rrpHBe.n,eHHliX na pHC. I. C nON~1O 

TaKKX ~HarpaMM M~O onpe~eJIHTD Heo6xo~HMoe KOJIlt~eCTDO STanOB CYMMH.
pOBaHH.H M, COCTaB H KOJIKqeCTBO napanneJIbHHX C~eTqltKOB, BpeWR CYMMKpO

BpeMR T ' He06xo~oe ~JJR o~oBpeMeHHoro YMHo~eHHR 2 - I COMH~HTe y 
JIeH. BKU~laR H BpeMR , Tpe6yeMoe AnH BHqHCneH~R norapH~oMB ~ aHTKJIO
rapltqMOB, MOJ!G-{O BUtrncm1Tb H3 BiJPuemm 

I}
 Ty = ZTn + ( TC1 + TC2 + ••• + TOA) + 2T (2)

s, 

r,IJ;e Tn - aanepsxa E rIll3Y, HCIIOJIDsyeMOla4 ,lJ;JUI npeocpaaoaaaaa KO.n,OB, T s 
Bp€MR CYMMH.pOBaHHR no MO~nD 2~- I,» B CKO~KflX yxaSaHH 3~e~KH B 
napaaneasaax cqeTtumax. )J,mI orrpeAeJIeHHOCT~ nOJIOJIulM, qTO )J)IR nocrpo
eHBR cxeUH YMHo~eHHR HCnOJID~CR MHRpOCXeM~ 500-" cepHH,B COCTaB 
KOTOpOH BXO,IVrT: MHKpOCXeMa KSOOHMI80, conepaamaa ADa nOJlHhDC O,I1;l-lOpa3
P~{HX CYMMaTOpa B O~OM Kopnyce, MHKpocxeMa K50ClmI79 - cxeMa yeKD
penaoro nepnoca C 3a,qepIKlmv. 2 HC It nrr3Y IGOOPEI49, BpeMH npecopaao
BaHM RO,ItOB xcroporo ue rrpessmae r 20 HC. UpHqeM BpeMR 3a,qep-..i\KR 

CHrHaJIOB na BHXO.n:ax "CyMMa" H "Ilepaaoc" y MHKpocxew K500l1MI80 coo

TaBJIHDT 4,5 H 2,2 He CQOTseTCTBeHHO. B Ta6JI. 2 rrpHBe,IJ;eHH ~aHHble 0 
BpsM9Hax 3a,qe~KH H KOJI~eCTBO KOpnyCOB MHKpOCXeM K5DaThlI80, Heo6
xo~ux ~JIfl nOCTpOeHHR napanneJIbHUX c~eT~oB 115/. 

Cl.leTtlHR 

llapaMeTp 

3,2 4,3 5,3 6,3 7,3 15,4 31, 63,6 12'7,7 

{{MCJIO 

MHKpOCXeM 
K500ltH80 0,5 I.5 2,0 2,0 2,0 5,5 13,0 28,5 60 

3a,Ijep:<Ka 

TO,,' HC 4,5 II ,2 Il,2 ll,2 II,2 17,9 24,6 31,3 40 

~OnyCTHMJ 
rrpM m= 4 
B Ta6JI. 3 

Ta6nffija 2 

lIapaMCTpbt HeK<;YI'opblX nap8JIJIeJIbHHX CqeTqltROB 

~TO BpeMR QHK~w,eCKoro cYMr~pOBaHHR T C yqeTOM nepeHoca
 
- 8 paDHO 6,5 8,5 8,5 8,5 8,5 HC cooTBeTCTF.eHHo.
 
np~BeAeHbI IIap8.MeTp.I::aI cxea YMHOJternm AnR m = 4 - 8. BeJIHtlK


Ha Ty BliqHCneHa B COOTBeTCTBltM C paBGHCTBOM (2).
 
OCHOBHaJI ~aCTb OT ocuer-o KOJ!HqeCTBa cYMMaTopoB, HeoO:xO~J1}.rn.x ,IVlfl nOCT


poenaa cxeus -yMH<»KeHltH.npI.fXO,$'f'l'CR aa nepBW1 xacxan , COCTOmqit~ "3
 

BaHHR H. npl-lli~HffilaJlbHble cxeaa YMHOJKeHHR ,!VIR m = 5 - 8 .. ToqxaJoIH na pa ( n , K)-C~E.:TtllfJ(OB (ORMO 80%). 113BecTHo, l.lTO ,IVlH nocrpoexna t n. .R)
CYl-1l\8 ocosnauenu ~BOHtIlU:aIe 4H@Il O. HJIH I. ~ cqe'l"lllRa Tpe6yeTcH .s;, cyMMaTopoB 1I3 -15/: S ( m f)- o

,I<. n,«.» 2 - -".Y.HCJlO xacxaaos rrapaJIJIeJIbHbIX C~eT~ltKOB, He06xOAIDAliX ,!VIR rrocrpoenaa I 

6 7 

mailto:B@llOnHH.Tb


Ta6JIHQa, 3 

Ilapaae rpa cxex YMH02KeHIDr.rvm rn = 4 -:- 8 

~ 
4 5 6 7 8 

KOJIHtleCTBO 

ROpnycoB K500llM180 

Ty , HC 

34 

86,6 

81,5 

97,3 

184 

104,0 

445 

114,0 

1100 

126,0 

Ax 0.0 0.1 0.2 03 0.4 as 0.6 
• ,0.0 a' at o.~	 0.4 as 0.6 

0 0 Q.c a2 0.4 0.6 at 03 0.5 
1 B 0.0 0.0 0' o.t-0.3 04 as as

0. 0.2 a4 06 c' 0.3 05 0° at 0.6 0.0 at 0.1 0.3 0.4 0.5 
0.' 04 0 6 Of 03 05 '0.0 a' 

0.'2. as 0.6 0.° c' 0.'2. 0.3 a4 
03 06 '0' a~ 0.5 0.0 0." 0.4 ' 

03 0.4 aSf 06 0.0 a' Q'2. 0.3 
04 01 0 3 0.5 0.0 02 0.4 0 6 : 0.4 0.3 04 as 0.6 0.0 at 0.'2. 
as 0.3 0 5 0° 02 0.4 0 6 0.1 

o.S 0.'2. 0.3 0.7 as 0.6 0.0 at 
06 as 0.0 0.2 0.4 06 a' a3 as a.' a" 03 0.4 as. 06 ci° 

Puc. 3. Ta~-mxarp8IIYH MJl paCtieTa 6biCTpO,D;et\cTBHH U KOJIH- . 

tleCTBa wmpocxeM, He o6xo,qmwx ,D;JlH C03,D;8HIDl ~HKJlHtleCROrO 

ROMnpeCCOpa	 npa tn = 5 - 8,. 
r-

OC	 ~~
 

0' a6 !
 
01a5 I
 

01alt
 

I a lt a~
 
II 05 a2
A-l

0' a' 
B";' 
~:::: 

a1alt 

~ ~ ....;... I~t 
JI 

" ~! 
PHe. 4. TaCSJIHIUi YlIHOZSHWi~~

~ H ,tt8JIeHKII B	 noae GF(28) • 

8 

TOP,I\a ROJIMlIeCTBO 0~0~a3p~lhlx cyMMaTopoB, HeOoXO,IJ,ID.1hIX )J;JI.fl COS,IJ,aHl-!H . 

nepBopo RacK~a,paBHo 

C ~ [( i t7_ /) - KJ m . 
'l'aK~npH m= 7 C = 840• 

.£# 

3. TIpHMeHeHMe nporpaMMHpyeMux JIOrH~eCKHX MaTpH~ 

i:s:., 
l1sB8cTHO, 'iTO nporpaMMHpyeMbIe MaTp:~1J-Ul1 (illIM), RaR npaB!'1JIO, MMeIOT 60JIb

I 
mee 'ti"11CJIO BXO.n;OB ,JJ;JIH nepexennax, HeiKeJIH 11TI3Y. KpOMe roro, B CHJIY cBoeH 

C~PYKTYPbI ll]M rroTpe6JIaDT cpaBHHTeJIbHO He60JIbmyID MO~OCTb H XOpOlliO 
~ Yl'1ITpHcnOCOOJIeHbI AJIR BbIITOJIHeHHR pa3JIH~OrO po.n;a onep~HH B nOJIe (;F(2 ) 

Ha pHC'. 4 a	 H 0 IIpHBe.u;eHbI Ta6JI~bI YMHOJKeHHE H .n;eJIeHID'! ,IJ,BYX 3JIeMeHTOB 
3 

B nOJIe GF( 2 ) -. 3TO nOJIe 06paSOB8HO HBJ]; HenpHBo.n;HMHM: nOJIHHOMOM 

X3 + X + I. 
ITPH YCJIOB~~~ ~TO 3neMeHT a = 010  KopeHb 3Toro nOJIHHOMa H a O = 100, 
a = 010,- a = 001 - Oa3y.c no~.fl, OCTaJIbHhle tleTbIpe HeHyJIeBbIX 3JIe. -
MeHTa HMeIDT CJIeAYID~e 3HatleHH.fl: a 3 4 5 6 = 110, a = 011, a = III H a = 
101. 

RaE H C~e~OBaJIO OXv.~aTb,B cnJIy KOHe~OCTH nO~R ranya, Ta6JIv.~u, rrpv.Be

.n;eHHue Ha pHC. 4,~eHTv.'qHbI C TO'qHOCTbID ~o nepeCTaHOBKH 3JIeMeHTOB. 

BOJIee Toro, eCnR COCTaBHTb TaKHe Ta6JIl-~bI,IJ,JIR CJIOMHbIX BHp~eHH~, co

~eplK~x COMHO)KHTeJIH non CTeneHbIO, TO no.nyqaTC.fl aHaJlOrR'tIHHS Ta6JI~bI. 

,lWyrHMH CJIOBaMH, e CJIH ME BblIIOJUieHIDI COBMe~eHHbIX onepanna HCnOJIb 30

BaTb IJJlM, TO CJIo:JKliOCTb JIOrHtleCKoti CTPYRTypbI MaTp~bI He 6y~eT 3aBHCeTb 

OT CJIOXHOCTH peaRHsyeMoro B~eHHH. 

Ha pHC. 5 npaaeneaa 6JIOK-CXeMa flJ1M, sarrporpammpOBaHHaJI ~JIE BhIl10JIHe

HID'! Onepa.IJ;HH yMHOJKeHM.fl ~BYX 3JIeMeHTOB D none GF( 23 ) . Cxeza COCTOHT 

H3 .n;emHcppaTOpa, co.n;ePJK~ero 49 BbIXO~OB, KOTopbIe crpynIDlpoBaHbI no 

cem IDHH B rpynne, TaKIDC, ~TO aa HHX nOJIytIaIOTC.fl O,qIDiaKOBhle SHa~eHM 
npo~3Be~eHM ~BYX 3JIeMeHTOB. ~ee cooTBeTcT~yro~a rpynnH lliHH OODe _ 

~IDIeHbI c nOMoIqbID JIOrKtleCKHX SJIeMeHTOB IDlli I - 7. BTOpaR rpynna SJIe _ 

MeHTOB UJll1 8- 10 o6.pssyaT nrn4JpaTop 3JIeMeHTOB B nOJIe GF(2 3 ) . U:~<ppo~ 
II 0603Ha~eHbI re BXO,D;bI JIOPHtreClmx 3JIeMeHTOB, ROTOpl:le nomtmn"llsHI:l It 

cooTBeTcTB~ BHXO~aM 3JIeUeHTOB MnM I - 7. 
HanpliMep, eCJI~ pe3YJIbTaT onepa.qHH paaea a 6 = a O + a 2, TO BWCO~ aora _

I~ qeCROro 3JIeMeHTa M]M 7 coe,D;HHeH co BXO.n;aMH JIOrHqeCKHX 3JIeM8HTOB 8 H 

10. U03'l'OMy aa BHXo~ax JIOrHtleCK~X 3JIeMeHTOB 8 - 10 <po~ApyeTCE 3Halle

/ HRe lOr. ECJIH I1JRI~ HMeeT 18 BXO~OB ~:n:H nepeMeHIiIJIX, TO TaKHM CIIoc06QM
l~; 

MO~O sarrpor~'HPOBaTb OWiOBpeMeHHoe·YMH~eHv.e~O meCTH COMH~HTe
'l JIeH,B TOM tlHC~e H TaXHX, KOTopue HaXO,D;.flTCH no~ CTeneHbID.
 
I
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3a.KJttj'qeHlie 

f~eIDT cymecTBeHHoe rrpeHMYmeCTBO llpe~oxe~ aBTopOM axrOpZTM, a TaR

~e	 yCTponCTBO ~H B1:lll0~eHllH O~OBpeMeHHoro yMHOxeHRa MHOXeCTBa ane-

MeHTOB nOJIH GF(~ no cpaBHeHHID C RSBeCTHHM /9/,rrpn llOMOmn KOToporo 

TaK8Jl npo~e,rcrpa. BblITOJIHEeTCH nporpammo ynp8.BJIHSMbIY rrponeccopoa, 
UHKJI~eCKRa KOvnpeCCOP MOMeT HaaTK ITpKMeHeHHe B KO~Kp~ Ii ~eKO~

p~ YCTPO~CTBax /I6~ B B~CJIHTeJIbHOa TeXHHRe, a T~e B TaKOM 

B~OM HanpaBJIeHHH B COBpeMeHHcrM ITpH6opocTpOeHHB,RaR CHrHaTypHHR 

a.H8JIH3 /17/ H CHHTe3 nepeKJIl)ttaTeJIbHHX llJYH:R~, r,l\e B KatieCTBe nepe
m 

veHHIDC liCnOJIbsyx>Tcfl 3JIeMeHTlI B nOJIe I'azya GF( 2 ) /18 - 211. 
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HHKHTIOK H.M. PII-88-852 
BbIC TPbIH aJIrOpHTM P;JIH BbIIIOJIHeHHH OnepaIJ;HH 
YMHo~eHHH B nOJIe faJIya GF(2m) 

Ornrcan GbICTpbIH aJIrOpHTM BbmOJIHeHHH OnepaIJ;HH YMHO~eHHH 

op;HoBpeMeHHo HagMHOrHMH 3rreMeHTaMH B nOJIe faJIya GF(2m) , 
npegcTaBJIHeMbMH B BH~e JIOrapH~MoB. CYTb aJIrOpHTMa OCHOBa
na aa MeTo.n;e napaJIJIeJIbHOH xosmpeccaa nanasrx , KOTOpbI:H 
HCnOJIb3yeTcH B cxexax GbIc~poro YMHO~eHHH OGbIqHbIX qHCeJI. 
3~~eKTHBHoCTb aJIrOpHTMa paccMaTpHBaeTcH Ha KOHKpeTHoM 
rrpaxepe CXeMbI .n;J1H onnospexenaor-o YMHO~eHHH 15 3JIeMeHTOB 
B nOJIe GF(2m). llpep;JIaraeMaH cxeMa YMHO~eHHH HBJIHeTCH Ga30
BOH .n;JIH BWnOJIHeHHH TaKHX OnepaIJ;HH, KaK p;eJIeHHe H B03Be~e
HHe B c'rerreas . B xaxecrae 3JIeMeHTHOH Ga3bI HCnOJIb3yroTCH 
llll3Y H IIJIM• 

PaGoTa BWnOJIHeHa B TIaGopaTopHH BWCOKHX ~HeprHH OHHM. 
Flpenpaar 061>e,nHHeHHoro HHCTHTyTa anepasrx HccneAOBBHHH. ,Uy6Ha 1988 

llepeBOp; O.C.BHHorpap;oBoH 

Niki tyuk N. M. . P 11-88-852 
Fast Algorithms for Execution of Multiplication 
Over Galois Field GF(2m) 

A fast' algorithm for execution of multiplication over 
. Galois field GF(2 m) elements simultaneously represented 
as algorithms is described. Essence of the algorithm is 
based on data parallel compression method which is used 
.in schemes of fast multiplication of common numbers. Ef
ficiency of the algorithm is considered on a concrete 
example of the scheme for simultaneous multiplication of 
15 elements of the Galois field GF(2m) elements. The pro

1
posed multiplication scheme is a based for execution of 
such operations as division and raising of power PROM 
and PLA serve as element base. 

I 
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