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I. BBe,ll;eHHe 

B nocne,ll;aee ,ll;eCHTHneTHe HH~HCHBHO pasBHBaeTCH TaRoe BaZHoe Han
paBneHHe B HH(j;lop.taTHRe, RBlI: I..I;Hq,pOBM o6pa60TRa CHI'HMOB, ROTOpaH 
B TeopeT~ecROM acneRTe 6asHP.1eTcH Ha MeTO,ll;ax a6CTpaRTHO~ Mre6pH. 
TBlI:HX RBlI: 1'pynnH, nonH, ROJIbu;a, 6HCTPble anropHTMH H npOtt. 11,2/. 
B CTaTbe /11, BHlII6,!Ol1eH B 1985 1"f OTMeqaeTCH, qTO OCHOBHM sa,ll;atta B 
3TOM HanpaBneHHH COCTOHT B TOM, qT06H BCRpHTb TeCHYD CBHSb Me~ 

U;H!fJpoBO~ 06pa6oTRO~ C1!;I'HMOB H RO,ll;aNH C 06HapyllteH;l:eM 0llW!60R. 
0.D;aaR0 Cne,JJ;yeT OTMeTH'l,'b, "!TO B pa60TaX COBeTCRHX aBTOpOB nOCTBHOB-
Ita H pemeHHe sa,n;attH OC)'be,ll;HHeHHH TeOpIDl. H npaRTHRH I..I;Hq,pOBO~ 06pa.r 
60TRH CHI'HMOB H TeopHH ROppeItTHpYDIqHX RO.D;OB Ha'ia1U\.Cl> eJqe 20 neT 
Hasa,ll;. TBlI:, B 1966 r. H.B. BHTeHRO H A.IT-. CTaxOBbIM 6bIJI o6Hap~eH 

"iflH6oHat:lt:lHeB" M1'OpHTM HSMepeHM, ROTOpJ:ill HameJI npID.!eHeHHe npH cos
,ll;BHHH TBlI:ViX MaCCOBHX npH60pOB, RaR AUfl H UAIl, ID.!eR)IqHX pH.D; nOJIes
HHX CBO~CTB: BOSMOEHOI)Tb CaMOROHTponH, OTcY'l'cTBJlle COCTH38HIDI B npo
u;ecce ypaBHOBemHBa:HM RO,ll;OB, BHCOKYJ) TOtIHOCTb H npO'lf. Bce 3'1'0 HBM
eTCH Cne,ll;CTBJlleM BBe,ll;eHHH nOSHl..l;HOHH01'O Hs6HTOtIH01'O RO,ll;a. Bana pas
BHTa TaKEe TeopM ITOSHU;HOHHHX Hs6HTOtIHHX CHCTeM CttHCJIeHHH H JIIX 

npHMeHeHHe B UBM /3/. 
~ npIIIMepOM Mo~eT C~HTb npHMeHeHHe anre6pa~ecRo~ TeopHH RO
,ll;HpOBaHHH ,ll;JIH COS,ll;BHM pasJIH'l:fHo1'o pO,ll;a yCTpO~CTB cmaTM ,ll;a:HHHX, 
nocorynaDIqHx OT 6oJIbmo1'o KOnHtteCTBa nosHu;HoHHO-qyBcTBJIITeJIbHHX ,ll;aT

ttHROB 14-6/. B TaRJIIX yCTPO~CTBax HCnOJIbsyeTcH CBO~CTBO cHH,ll;poMa 

RO,ll;OB01'O CJIOBa HeCTH HH<PopMau.mo 0 KOOp,ll;HHaTax OmH60R, BOSHHRaJOll\HX 
B npou;ecce nepe,ll;attH .D;aHHHX. 3MeRT ~aTM npoHBJIHeTCH B TOM, ttTO 
HCXO,ll;HOe cnOBO paCCMaTpRBaeTCH HaR HYneBoe RO,ll;OBoe CJIOBO, a nOHB
~aHRnC06HTH~ B HeKoTopoM ttHcne ,ll;aTttHROB CTaBHTCH B COOTBeTCTBHe 
BeRTOPH omH60K. B ROHetIHOM HT01'e nepe,ll;aqe nO.D;JIe~JIIT CKH.D;pOM KO,ll;OBO
1'0 cnOBa, B ROTOPOM ttHCJIO e.D;IIIHHU npH ycnOBRJII, "!TO O,ll;HOBp9MeHHO 
cpa6aT~eT orpaH~eHHOe ttHcno ~T'l:fHKOB /nOpH.D;Ra Io-2~/,MeHbme, 
tteM ttHcno KaHMOB Ilapa,ll;a"lll. Pa3Y~TaTOM TaR01'O nO,ll;Xo,ll;a HBH-
JIaCb paspa60TKa HOB01'0 THfia YCTPOHCTB - napanneJIbHHX mH~TOpOB Ha 

t Co6HTIDI (t., I), KOTopble HB.1I.fllOTCH aHaJI01'aMI'! napanneJIbHHX ,ll;eRO,ll;e
POB, npID.!eHHeMHX B TeopHH JII npaRTHRe RO,ll;HpOBaHJIIH.H cnel..l;HanJIISHpOBaH
HHX npou;eccopOB .D;M 6b1CTP01'O OT60pa C06HTHM B H.D;epHo-<PHs~eCRHX 
3RCnepHMeHTax I 7/. 
KBlI: HSBecTHo, BblttHCnRTeJIbHble onepaU;1rn B TeopRH KO,ll;HpOBaHM BblIIOJIHH
~TCfl C JIICnOJIbSOBaHJlleM aJI1'e6pH fanya. TeopeTHtteCRaR R npaRTHtteCKM 
SHa'IfHMOCTb TaRO~ aJI1'e6pbl cy~ecTBeHHo BospacTaeT B CBflSH C paSBRTH
eM TaRHX HanpaBijeHJII~, HaR ROCM~eCHafl CBflSb, B KOTOPOM mHpORO HC
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nOnDaynTca RO~ ~a-COHOMOHa IBI,ranya~~nepeKHIDqaTenbHHe ~UHH, 
r~e nepeMeHHHe K KOS~qHeHTH npe~CTa~Cfl B B~e sneMeHTOB nOHfl 

ranya 19-II/, C03~Ke YlUlBepca.!II>HHX ):UIJHawttleCRK rrporpa:aompyeMWC 

MO.IIYHeR 1121 K CHmaTypHHA aHaJm3 113-14/. 
HCTOp1f.qeCKK CH~HnOCb Tax, qTO pa3BKTKe K npHMeHeHKe H~ B OCHOB

HOM nOCHe~OBaTenbHHe MeTO~ BHnOnHeHKfl one~ B none ranya. TIa

paAHenbHHe anropKTMH ~Hfl BHnOnHeHKfi one~KA YMHo~e~ II ~eneHKfi 

B nOHe ranya OnHcaHH B pa60Te 115/. B pa60Te 1161 npHBo~Tca MeTO~ 
napannenbHOrO BHqRCneHKfi HHBepcHoro SHeMeHTa. B CBff3H C pa3BKTKeM 

MHKp08HeKTpoHKKK peanK3auKfi napanHenbHHX anropKTMoB B nOHe ranya 

CTaHOBKTCfl Bce 60Hee npKBHeRaTenDHOA K SROHOMHqeCRK 060cHOBaHHoA. 

UenD ~aHHoA pa60TH COCTOHT B TOM, qT06H, KCnQnD3ya cne~ TeopHK 

nOHa ranya, 060CHOBaTb B03M~OCTb O~OBpeMeHHoro napannenbHOrO 

BHnOnHeHKfi onepauHA H~ B~eHHflMK,CO~e~ HeCK~O aneM6HTOB, 

B TOM qKCHe H TaRKX, ROTOPHe Haxo~ffTca no~ CTeneHbID. TIo~06HHe onepa

UHH aBTopOM YCHOBHO Ha3BaHH COBMe~eHHHMH One~KaMK. B03M~Ot qTO 

C TeopeT1f.qeCROA TO~H 3peHKfi BHnOnHeHHe TaRHX onepaQHH xanaeTcff oqe

B~HM.O~axo, Kax OTMeq8.lOT TeopeTKKH, lllHpORoe BHe.n;peHHe B npaRTKKY 

anre6pa1f.qeCROA TeopHH TOPM03KTca H3-3a cn~OCTH BocnpKfiTKfi ~eHe

paMK MaTeMaT~eCRoro annapaTa COBpeMeHHoA a6CTpaKTHOA anre6pH. 

aCXO~ K3 STHX co06~eHHA, a T~e H3 Toro ~Ta, qTO anre6pa ra

nya HOCltT MO.IIYJIapHHA xapaKTep, peanK3aI.\Kfi COBMe~eHHHX onepauHA B 

~aHHoA pa60T6 pacCMaTpKBaeTca HS ROHRpeTHHX npHMepax • 

2. OCHoBHHe nOHffTKfi TeopHH nOHfl ranys 

MH 6y~eM paccMaTpHBaTb TonbRO ROHe~oe none, co~epz~ee p sHeMeHToB. 


MH nOHe ranya, ROTopoe 0603HaqaeTCff Rax b F(p). Bonee Toro, C 


uenDlO yrrpolI1eHKfi K3n~eHHff H, KCXO~ff K3 Toro, qTO B HacToHlI!ee BpeMff 


HaK60nee lllHpoRoe npHMeHeHKe HaxO~ffT nOr1f.qeCRKe CxeMH C ~YMH YCToA


qHBHMH COCTOflHKffMK, MH Orpa:H~HMCH paCCMoTpeHHeM nOHfl GF(2), KOTO


poe co~epEHT ~Ba sneMeHTa I K 0, H pacmHpeHHoro nOHff, ROTOPoe 0603

HaqaeTCH Rax GF(2''' ). 

B none GF(2) HMelOT MeCTO cHe,lJ,YlOlllHe Ta6nKUH CHo~eHHH K YMH~eHHff: 


0+H~iH rio I 
CHOlEeHKe H YMHOlEeHKe aCCOUHaTKBHH K ROYMYTaTKBHH, S yYHOlEeHHe, Rax 

06uqHO,~HCTPH6YTHBHO OTHOCHTenDHO CHOlEeHKH: A(B + C)=AB+AC. ~HA 
SHetleHT A KYeeT e~HHcTBeHHHA npoTKBonon~HA sneMeHT A, TaKoA, qTO 

A+(-A)=O. 3a.weTHtl, qTO B apH~eTKKe no tlO,IlYHID ~Ba onepauHH CJlOlEeHKfi 

H BJi1tHTaHKfl paBHOCKnbHH. ,na.nee, R~ HeHj'JIeBOA sneMeHT A HtleeT 
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e~HHcTBeHHHA 06paTHHA SHeMeHT VA, TaxOH, qTO A'i/A ={. )J,nH RalIt,tlorO 

sneMeHTa A BHnOnHHIDTCff paBeHcTBa' O+A=A=T· A I'f.. ,2/. TIoHe Cf (2) Ha

3NBaeTCff OCHOBHHM nOneM. B ~anbHeAmeM MH 6y~eM paCCMaTpKBaTb paCmK

peHHoe none CTeneHK m H~ OCHOBHHM nOHeM. Taxoe nOHe HMeeT 0603Haqe

HHe GF(2"' ). PaCmHpeHHoe none c03~aeTcff nyTeM ~06aBJIeHKfi sneMeHTa 

a R nonro GF(2). 8neMeHT a, Ha3HBaeMHA npHMHTKBHHM sHeMeHTOM, HBHfl

eTCff ROpHeM HenpHBO~HMOrO nOHHHOMa CTeneHH n1 • Ta6nHUH HenpHBO~
MHX nOHHHOMOB H~ nOJIeL! Gf(2) BTInOTb ~O 34-A CTeneHH npHBe~eHH B 

rrpHJIOlI:eHHH B II?I. PaCmKpeHHoe nOJIe COCTOHT H3 BOaX nOHHHOMOB CTene

HH m-I KnH MeHbme, K Bce onepauIDI BHnOnHffIOTCff no l,IO.IIYHID HenpHBO~O

ro MHOrOqneHS CTeneHK IT/... 
POnD H 3HaqeHHe npHMHTKBHOro sneMeHTa B 06pa30BaHHK nOJIfl onKCHBaeT

Cff CJIe~lI1e~ TeopeMoA IIB/: B ROHe~OM nOJIe no~a~ c~ecTByeT 
TaxoR SJIeMeHT a, tl:TO :tea.llt,tlHA HeHj'JIeBOA sneMeHT STOrO nOJIff M~eT 6HTb 

npe~CTaBneH Ka.K HeROTOpaa CT611eza. SJIeMeHTa a • .it£lYrHMK CJIOBaMK, ec

nK none co~epzHT 3JIeMeHT a, TO OHO ~O~O co~epEaTb H Bee CTeneHH 
2 3'lm, 

a, a, a, ••• a:- - • ,l1aJIee ,Tax RaR none co~ePJltKT MYnbTlmJIKKaTKBHHA 

06paTHHA Ra:!UlOrO HeHj'JIeBOrO SJIeMeHTa, TO eMY npHH~JIe~T T~9 at 
-I -2 -(~I) 

a, at ••• a • HaHMeHblllee H3 nOJIOlI:KTeJI:bHHX tl:HeeJI n , ,lVU'I ROTOPHX 

n ( ) n 0 


a =! f- BeRTOp , T.e. a =a f Ha3HBaeTCff nop~OM SJI9MeHTa a ~. 


'11:'1'0 TO 1e OaM06: IlOPMOK an8MeHTa a paBeH l!llOJIY paSJDItnmX OT6116Heit 


a'l'oro SJI8MeHTa. 


Hl«e B Ratl:eCTBe npHM~pa MH 6y~eM paCCMaT~KBaTb nOJIe ranya Cf( 2 If ), 
06pa30BaHHoe Ha,It HenpHBO~HMw.I nOJIHHOMOM X + X + 1 (I). B STOM none 

o
HMeeTCH qeT¥ JIKHe1llio H9SaBKCHMHX an8MeHTa: a = 1000, a '" 0 roo,
l =- 0010 H tf = 0001, npKqeM sneMeHT a ffBJIffeTCff ROpHeM nOJIKHOMa (I),

'I 0 
TaR qTO HMeeM paBeHCTBO: a = a + 1 ~ a + a = 1100. ~3 SToro paBeH-

S 'f 2
CTBa HeTpy)lHO nOJIYtl:HTb OCTanbHHe SJI9MeHTH noJU'!: a = a.a '" a + a ... 

, -"!> z ~ If 3 0 I .3 
=OT10, a = a + a = OOTI, a = a + a = a + a + a = 1101 K T.~. 

Iff IV 0 3 0 0 ' 
a = a· a = (a + a)a = a + a + a = I '" a '" 1000. 


B Ta6.n.I ~aHH npe~CTaBJIeHHJi SJIeMeHTOB nOM Gf(2'f). B~o, tl:TO 


3JIeMeHTbI nonff ranya MO~HO npe~cTaBKTb tl:eTbipI>Mff cnoc06a~rn: B B~e 


CTeneHeA npHMKTHBHOrO sneMeHTa a, B B~e nOJIKHOMa rn -I cTeneHH, 


B B~e ~BOHtU-lOrO SRBKBaneHTa H B B~e MHHTepdOB X =(Xo ' X" X2.' 13), 

r~e X - sneMeHT nonff, a Xa, XI' X2' Xr ~BOHtU-lHe nepeMeHHHe. B B~e 

nOJIKHOMa 1It- I CTeneHH ~Ba npOH3BOnDHHX sneMeHTa B none ra.n:ya CF(2'1) 

npe~cTaBJI.IUlTCff cJIe~fllHM 06pa3OM: - A = 4 aO + A_ a + A2a2+ A l H B = 

B 0 Z l "0" 1 

• oa + Bfa + Bla + B3a, r~e Ao- A3H Bo- BJMOryT npHHHMaTb 3Hatl:eHHe 

o KHH I. CJIe,IlYeT oTMeTKTb,tl:TO B none ranya,B OTn~H9 OT 6ecRoHetI:Ho

ro nOM C n03KUHOHHO~ CHCTeMo:i\ Ctl:HCJIeHKfi. HeT TaKKX nOHHTHA, RaR O~ 
HO tl:HCJIO 60nbme ,!U)Yroro. O~aRO STOT ~T He YMaJIffeT npKKn~oro 
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3Ha~eHKH TeOpKH ROHeQHIiX none~ B COBpeMeHHO~ B~Cn»TenhHOA TeXHHRe. 

Ta~a I 

l 2 3 4 

01 0 
,£ I 

0000 

1000 

~x, X2X3 

Xo:x,X2X3 

a: a 0100 XaX,X2X~ 
a'l l 0010 3b X,Xl X3 

a' :10001 YoXl X2 X3 

a'f 1+8 noo ~X{X2X3 
I 2 

a+8 OlIO xoX,Xa X3 
6 

a 
2 :; 
a+a 00 II ~XI~X3 

fl 1+8 
3 

+ a 1I0I XoX,XZ X3 

J I 
2

+8 lOro XoX,Xt X3 
9 

a a 
:; 

+a oroI ~XIX2XJ 
tfI+8+i IIro XoX/X2XJ 
II 

a 
2 3 

a+8+a OlIl XoX,X2X3 

arl I +8 +i + l IIII XoX,X2 X:J 

11,3 I + 
2 

a+ 
3 

a IOIl XoX/X2XJ 

l{1 I 3 
+ a 1001 XoX,X2X3 

,15:, I 

3. One~ yYH~eHKfi H B03Be~eHKfi B CTeneRb 

BanonseHHe one~ yYH~eHHK BpyqHyD BHrn~T BeCbMa npOCTO: cTe

neRb &seMeH~a npoH8Be~eHHa paBHa cyYMe CTeneHeft oOYH~TeneA. ITPH 

&'1'OM ytm'fHBae'l'CH ~~OCTb nOJUl.B ~aQ;I. 2, npHBe~eHa Ta6JIHl.1a YMiJ 
HOZeRlIJI ,lI,ByX aneM8HTOB A K B B none Gj(2'1}. Hanpoep, eon» A - a 

9 21 ISv 6 
H B - a, ~o npoH8Be~eHHe A~B = a = a-a - a. TaEHe 'fa6~ MOZHO HC

nOnhSOBa'fb wm COCTaBS8HKfi ,lijl)'I'oro po~a 'l'a6JIHl.1, 0 nouoJllbD KO'l'OPllX 

npol'pUOlHJ>Yll'!'CH IlII3Y ('l'a6./[.3). BHllYcKaewe npoYl>IlIIJI8HHOC'fbD Ml'IlI:po
oxeMH K500FEI49 H K556PT4 eMKOC'l'bD 256x4 6H'f MOZHO HCnOnh80BaTb wm 
nQcorpo8SHB cxew yvH~8HiI.!i ,lI,ByX &J[eMeSTOB B noxe G f(z If). Ecn ze 

IJ:pHMeBH'fb )tBynacRB,ltHoe BKJDNeHKe 'fBlUIX cxeM, 'f0 MOZHO noo'l'poHTb 

cxeMY' ,q.u o~oBpeMeHHOI'O yYHozeHKH ~eTHpex sseMeHTOB. RaE S'fO nOKa

3aBO Ha pac. I. 
OnepatUm B03Be~mm B CTeneHb MOZHO paCCMa'fJ>lfBa'fb KD llaCTHIDi 

.. 


Ta6.mJ:ua, Z Ta~ 3 
YMHOlleBR9 ){BYX 3JUlMeHTOB lJaCTb Ta~ ~ nporpaMMRpoBBHIDl 
B UOJIe ranya G-F(Z4) IllI3Y Tldlla K500PEI49 

A{ 


3 

} Ax8xDr.D 


B { 

C { 

D { 
2 

Pao.1. CxeMa MH YMHO]!;eHKff 4 
!a~eMeHTOB B none ranya GF(2~}. cJ BwxoaC; 
:3

l-3 - f1Il3Y TKTIa lGOOPEI49. .s 
-l 

fl' 
~ 

PRC. 2. CxeMa cytdMaTopa no MO,ItYJIJO 


~Ba Ha I44 Bxo~a. 


I-13 - MHKpocxeMH K500ME160. 


~o ~1 Atl-h 
PRe.3. CxeMa ,l\JIH B03Be~eHHH aJIeMeHTa A B KBa,qpa.T B nOJIe raJIya 


GFt2lt >. MHKpocxeMa - K500J1I1ICY7. 
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N A B A B Axa 

o 0000 0000 o 0 00 

I 0000 OOOf a f o 0 
2 0000 0010 a 2 a a 
3 0000 0011 a 3 a a . . . . . . . . . . . . . .. 

15 0000 1111 a F o 0 
16 OOOt 0000 I 0 a a 
n 0001 0001 f 1 21 
18 OOOf 0010 I 2 '+2
19 0001 00 11 I 3 41 
2.0 0001 0100 I 4 84 
1.1 0001 0101 f 5 841.1 
2.2. 0001 0110 1 682. 
n 0001 0110 I , 8 I 

21; 0001 1000 1 8 1 
25 0001 1001 1 9 Z 

26 QOOI 1010 1 A '+2 t 

21 0001 1011 1 B " 
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C.nytJ:aJII y-MHollteHl-1ff K pas O,LlHoro H Toro lite SJIeMeHTa. HarrpHMep, ecID!. 
SJIeMeHT A a'llA1( = 8, TO (A)t( (a'f)8= ;2= (a/5' )"8.2= a~ CJIe.I\YeT OT

MeTHTb, t:lTO .I\JlH pea.ID!.Sal..\HH BOSBe,lJ;eHHR B CTeneHb Tpe6yeTC.Ii MeHb[JJe JIO
rHt:leCKHX SJIeMeHTOB, t:leM ,lJ;JJR cxeMN y-MHOllteHHR, XOTR 6N nOTOMY, t:lTO 
t:lHCJIO BXO,lJ;OB ITITSY B nepBOM c.nytJ:ae ,lJ;OJIlltHO 6~b B ,lJ;Ba pa3a MeHbwe. 
ECJIH Tpe6yeTcR BHCOKoe 6NCTpO,lJ;eHCTBHe, TO onep~H~ YMHOlIteHH.Ii MOlitHO 
pea.ID!.30BaTb C nOMOqh~ MHKpocxeM MaJIOt! CTeneHH HHTerp~. HMeeM 

a 2 3) 0 '2 ~ 
P = A-B (Aoa + Afa + Ala + A3a (Boa + B,a + a + Bla) = (1) 

o 2.3 
a + Pf a + Pz a + P3 a, r,lJ;e Ros¢qJHllHeHTH Po' PI' HP2 

11 npe,lJ;CTaBJImoT co60tl 6YJI6Bh1 i{lyHKI..\H onpe,lJ;eJIReMHe HS BbIJ>allteHHtl I 2/: 
af">%= AoBo+ A, B3+ A.zB2.+ A3B I 

P, AoBt+ AfBo+ A/B3+ AzBz+ A2 B3+ AJ B2+ <Q? (2) 

P2 = AvB2+ A, Bf+ A2 BO+ A3Bz+ A3 B3 <; a\· 
..,P3 = 1\:,B3+ A, B2+ A2B/+ A3 BO+ A3B3 <.a1 

B rIplAJIOllteHHlA ,lJ;aH nO,lJ;p06HNH BbIBO,lJ; paBeHcTB (2). 
6

TIPMMep. TIYCTb SJIeMeHTH A H B COOTBeTCTBeHHO paBHH a = 0011 H B = 
f2 	 f3 3 

.. a = IIIl. Tor,lJ;a A ..B a = a. TIpoBepRa: AI'''' 0 H Az = As= B1 = 
"B2= B~= I. Ks Bb!p8JK~HHil3 (2) HMeeM Po = P, = P = 0 lA 13 = I. OKOHt:laTeJIb2 

HO HMeeM AxB = P3 a = a. . 

KaK BH,LlHO HS BHpaJKeHHH (2),,lJ;JJR nocTpoeHHR cxeMH YMHOlIteHHR ,lJ;ByX SJI6
MeHTOB Heo6xo,lJ;HMH JIOrlAt:leCRlAe SJIeMeHTH K H MHOrOBXO,lJ;OBHe cYMMaTopH 
no MO.I\Y~ ,lJ;Ba, ROTopNe no c~ecTBy rIpe,lJ;CTaBJImoT cxeMH rIpoBepRH Ha 
t:leTHOCTb. Ha pRc.2 B Kat:leCTBe rIpHMepa npHBe,lJ;eHa cxeMa TaKOrO cYMMa
Topa Ha 144 BXO,lJ;a, KOTOPaR nocTpoeHa Ha O,LlHOTHnHHX MHKpocxeMax K500 
MEI60. ~R STlAX lite l..\eJIetl MO~O HCnOJIbSOBaTb MHKpocxeMH KI55llTI2 H 

IG3rnTI5. HCIlOJ.U.SYR BbIpallteHHlI (2), MOlltHO no.nytJ:HTb COOTHOllIeHM 
,lJ;JJR O,LlHOBpeMeHHoro yMH0lIt8HR6 TP8X, Q8TNp8X R T.,lJ;. aneM8HTOB. 
ECnH B B~eHHRX (2) nOJIOlItHTb A=B, TO nO.nytJ:HM paBeHcTBa , C no
MOqh~ KOTOPHX M~O nocTpoHTb cxeMY .I\JlH B03Be,lJ;eHHR SJIeMeHTa A B 
KBa,!J;paT: 

2 0
lb = AoAo+ ~ A3+ A2 A2+ A3 A/ = Ao+ A2 -ca 7 

2.
F} 	 =Jy;A,+ ¥o+-"1f\3+ A,?Az+¥3+ *3f'\c+ ~I = A2 <. CL"> {3} 


2 2 

P2 =~2+ AlA, +.Apro+ -Api3+-IrJf\z+ A3 A3= A1+ A3 < a 7 

Pi= J.ok3+-Arfi:2+ .JrjK,+ -Irj1ftft AJ A3= A 3 

Ha pilc.3 IrpHBe,n;eHa npHHl\HnlAaJJbHaR cxeMa .I\JlH B03Be,lJ;eHHlI SJIeMeHTa A 
B RBa,IWaT. ECnH BHTIOJIHHTb YMHOlIteHHe 

2 	 2 3[ 0 2
AxA = (A",ao + Ala + Aza + A3a) (Ao+ P)a + A2.a +(A,+ A)a + 

+ A~if)] , 	 -3 

6 

TO nO.nytJ:KM B~eHM ,lJ;JIR B03Be,lJ;8HM 3JIeMeHTa A B Ky6: , 	 . 
~ Ao+ \Az+ A,A2+ A/A3 	 "ac 

7 

F1:= AvA, + Ao~+ A2A3+ A3 	 "a.; (4) 

P2 = AoAz+ A2+ A~A'J+ AoA/+ A/A,!,+ \A:3+ A~3 "-0- 7 


3 ) 

P3 = AzA3 + Af + A2+ AfA3+ A" 	 < a.. .,. 

no aHaJIOrHH MOMHO nO~HTb B~HHH ,lJ;JIR BOSBe,lJ;eHRH SJIeMeHTa A H B 

,!J;pyrHe CTeneHH. IIp,ep ¥PY~~b SJIeMeHT A =1001, T.e. Ao= A!,= I H 
A, = Az=O. Tor,lJ;a A = a = a. 11.s B~eHH~ (4) HMe6M Po~ P3 = I. 
KaK YlIte OTMet:IaJIOCb BijIDe,onepaqHR ,lJ;eJIeHHR 3JIeMeHTa AHa SJIeMeHT B 
paBHOCRXABa YMH~eH~ 3JIeMeHTa AHa SJIeMeHT B, HaBepcHHR K 3JIeMeHTY m 
B. TIPH B~CJIeHH.IiX BpyqHyD CTeneHb HHBepCHoro SJI6MeHTa ~BHa 2 - I,> ., (0
MHHYc CTeneHb HCXO,lJ;aQro SJIeMeHTa. TaK, eCJIH B = a, TO B =a, noc-

S 10 15" 0
KOJIbKY 15 - 10 = 5. llpoBepKa ,lJ;aeT a·a =a = a = I. BuqHcneHHe HH-
BepcHoro 3JIeMeHTa, rq~,lJ;CTaBneHHoro B nOJIHHOMHaxbHOM BH,lJ;e,paCcMoTpe. 
HO B pa60Te 116/. 

4. BHTIOJIHeHHe COBMeIqeHHHX onep~H~ 

llo,lJ; COBMeIqeHHHMH Onepal..\HRMH B nOJIe raJIYa 6Y,lJ;eM nO,!J;paSYMeBaTb o~o
BP8M8HH08 BHnOXH8HH8 Taxax on8paueA,KaK YMHOE8HH8 H8CK~Kmx aJI8M6H
TOB (60JIbl118 ,lJ,Byx), B~CJIeHHe CJIOMHHX B~eHHil t cO,lJ;epEalIlHx MHOlKH

TenH (,lJ;eJIHTenH) no,lJ; cTeneHblO, a TaD8 TaKHX t ROTOPHe CO,lJ;ep1l8.T cYM
MY CJIOlKHHX B~eHHH, MHOrOt:IJIeHOB H npot:l. B CHJIy KOHet:IHOCTH nOJIH B 
pe3YJIbTaTe BHt:lHCJIeHHil CKOJIb yro,lJ;ao CJIOlKHHX B~eHHA B ROHet:IHOM 
HTore no~aeTcR 3Hat:leHHe O,lJ;Horo HS sneMeHTOB ~aHHoro nOJIR. 
B03M~O,~TO C T80P8TRQ8CKOa TO~ Sp8HHa Taxoa BHBO,lJ; aBXR8TCR OQ8
BH,lJ;HHM. O,lJ;HaKO aBTopy HeHSBeCTHH pa6oTH, B KOTOPHX COBMeIqeHHNe one
pal\HH HCnOJIb30BaJIHCb B HHlKeHepHo~ npaKTHKe. ilpHt:lHHa TaKOrO RBJIeHHR, 
BH,lJ;HMO, KpoeTcR B He,lJ;OOl..\eHRe npaKTHt:leCROrO SHat:leHl'lR MO.I\YJI.llPHO~ aJI
re6pN. CJIe.I\YeT oTMeTHTb, t:lTO BwrHCJIeHlAR BpytmyIO, oco6eHHo rIpH BenH

t:lHHSX m" 4, CTaHOB.I1TCR rpOMOS,lJ;KIDm • l103TOMY B 06'1>8,lJ;l1H8HHoM HHcTHTYTe 
H,lJ;epHHX HCCJIe,lJ;OBaHHH ,lJ;JIH 3THX l..\eJIe~ HCnOJIb3~CR CHCTeMH aHa.ID!.TH
t:leCRHX npe06paSOEaHHH H B~CJIeHH~ Ha 60JIbmHX 3EM 119/. BHnOJIHeHHe 
cOBMeIqeHHHX onepaqRA H HX npHMeHeHHe MN paCCMOTPHM Ha KOHKpeTHHX 

lIpKMepax. 	 I) f 2 :3 

,l\onyCTHM, 't!TO MH XOTHM nO.nytJ:HTb Kos¢4JHllHeHTH rIpH a, a, a H a LtJIR 
I!. «] 2. J [ 0

coBMellleHHoil onepa.LiHH BA = Boa + B4a + B2.a + B1a) (~+ Az)a + A2 a + 
t 31 . 

+ (At + ~a + A3 aJ. BoJIee ,lJ;eTaJIbHO rIpOl..\ecc BwrHCJIeHHH COOTBeTCTB~ 
lJ1HX Ros4$tl\HeHTOB ~, IS, ~, H B3 rIpHBe,lJ;eH B rIpHJI~eHHH. 3TH SHat:le
HlU! paBHbl: 
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-

Ko= BoAO+ BoA2+ B2 A, + B3 AZ ;-SIA3+ Bafl3 <' d'" 

Kt = BOA2+ B/A,,+ B",A,+ B"A3+ B!.AZ+ B3A,+ B;A.3t8i\' < '!''' 

K2 = BoA/+ Eb A3+ Bt A2 + B:!Ao+ BzA2+ ~AI <a.... (5) 


:!. 
K3= BoA?;.+ B,A,+ Bt A.3+ B.A2+ B3Ao+ B3A2+ ~A3 (" a~ 


3 I~ :1 3 /2. Z 27 '2 

llPKMep. llYCTb B= a H A= a, Tor~a BA = a (a ) = a = a. llOCRO~KY 


:e,= Ao= Af = A2 = A:!>; I H. BO=2 B, =}2= 0, '1'0 Ko= K2= K,= K3= h RrrH, 
 Ie..
,qpyI'IDdH CJIOBa:MH, BA = tf (d2 ) =. al. 

Bpa60Tax /20,211 aBTOPOU npe~~eHH BapHaHTH JIOr~eCKKX nqeeK ~JIff 


11' a o·
amrapl,THoil: peaJIH~ YMHOlIteHW'! (~eJIeHHs!: THna BAr:. (B/K), r~e K = 111-2 
= 1';2 , KOTOPHe MOryT 6bl.Tb ilHfiOJIHeHH B BH,IJ;e HH'1'erpaJIbHHX wmpo

cxeu (pKc.4). llPH /til = 4 nqeltKl;3. COCTOH'1' HS MaTp~ JIOl'HtleCKKX 3JIeMeH If 
' 

TOB H, 14 rpynn cyYMaTopoB no MO~nD ~Ba H qeTHpex MY~THnJIeKCOpOB &c.4. JIor~ecKM srqeltKa ,lIJIfi Pac.5. BnOK-cxeMa YHHBepCaJIbHOrO 

M1-M4, K~Hi.J: HS KOTOPHX IDdee'l' no 14 HHrPopM~OHHHX H 4 ~CHHX peaJIHS8qHH YMH~HHH THna EA.! ,lIHHaM~eCKH npOrpaMMHpyeMoro 
llx0.I\a ~S!: B!i60pa HOMepa HHflJopM~oHHoro KaHaJIa. BHxo~ MS.TPHliH 3JIe

CM1-CM4 - CywMaTopH no MO~JIJO ,lIB8, MO,lCrJIH.
MeHTOB H coe~HHeHH co BXO~aMH cooTBeTcT~ rpynn cyYMaTopoB no 


MO~nD ~a TaKl'IM 06pa30M, qT06H npH nocTYfiJIeHHH 3a.rt8HHOrO Ko~olloro MI-M4 - MYJIbTHD~eKCopN, 


CJIOBa Ha a..npecHHe BXO~ MY~THnJIeKCOpOB Ha BHXQ~aX nqelUm: rPoIJ!!mpo. CI-C4 - BHXO~H ~yrHX rpynn 

BMCS!: 6H pesYJIbTaT o~oro H3 npoH311e,lleHHit (qaCTHoro) THna Bl (Bll). 


CyYMaTopOB no MO~nD ~Ba. 
npaKT~eCKH 3'1'0 3Halfll[T, ~O C nOMOlI\bJO o~oi.J: nqeitKH, c~ep1lt8Jllei.J: 16 
ROHTaKTOll. M01l!HO BbItlHCJIfiTb 14 pa3JllNHHX lIpOKSBe~eHd (1J.aCT:sJD:). Ham{

HaS!: 0'1' npOHSlle~eHHS!: (qaCTHoro) BA (B/A) H ROHtIM npoHSBe~eHHeM
IV I'f. 

Ta6.n::il:Qa 4(qaCTHblM) BA (B/A). AHaJIor~o 1oI01l!H0 nocTpoHTb JIOrHqeCltHe il:tiei.J:RH 
YMIlOZ8:tme aJ1eMeB~JIfi peaJIH3aJJ;HH 60JIee CJI01l!HHX BHpaJleHHit. 
T8 B lUi aJ1eMeH'l' l'Ha-aa OTCyTCTllKll TaKHX CT~PTHHX srqeeK ~ peaJIHS~ cOBlolellleHHHX 


onepa.rudl uOllH'o HCnOJIb30BaTb MO~JIH 1lIl3Y, Bl:lIIYcRaeuHe npOMHIIIJIeHHOC


'l'bJO .B '1'a6JJ:.4 npHBe,lleHa Ta6JIHl\a YMH~eHHs!: 3JIeUeH'1'a B Ha 3JIeMeHT A~ 

C nOMolI\bJO TaKoA Ta6~H HeTpy~o nOCTpOH'1'b '1'a6JIH~ ~ nporpaMMHpo


lIaHKIl MO~JIS!: llllav. CJIe~eT oTueTHTb, qTO CJI01l!HOC'1'b peaJIH3aJJ;HiI. '1'oro 


HJIH HHoro B~eHHS!: II nOJIe ranya cJIe~e'1' oqeHKBa'1'b He no B~ aJI


re6pa~ecRoro BHpaJleH:lfsr, a no mtcny BXO~OB 1lIl3Y. 

KOJIiNeCTBO pa3JIHqHHX Bbi:p83eHHH, II KOTOPHX M01l!HO HCnO~SOBB.'1'b COllUe


llIeHHHe one~H,HeHCqHCJIHMO. l103'l'OUY HMee'1' CYHcn paCCMO'1'pe'1'b HaH60

nee T~He H HH'1'epecHHe C npaKTH:qeCROA '1'O~H 3peHKIl npKIoIepH. " 


5. llpHMeHeHHe cOlluelll6HHHX onepa1Ula 

I. CHHTes nepeRJlJlllaTe~H!a~ (IT~). TeopKil nOJIfi ranya Gf(:t") 

.ltBJlHe'1'CH eC'1'eC'1'BeHHmf npo~OJll[eHHelol '1'eopHiI. 6yn8BB. DOJIfi m DepeloleHHHX. 


O~o IIpEl~C'l'allJ1eHHe III 11 nQJ1e ranya HMee'1' P~ IIpElHJqllleC'l'll. 


- HAul: n~ UCllrHO llHnOJlHHTb anre6~ecXlle OlIe~H, q'1'O ynpom;ae'1' 


np0C1n8lol1 IIlIlW4IIIS~ H 88 ilJopua.n.s:oro lIpe.ztC'1'am8BU. 
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- TIOCRO~RY COCTOHHRH BXO~OB H BHXO~OB ROM6HH~HOHHOA CXeMH aHH rroc~ 
Re~OBaTe~HOCTHoro aBTOMaTa RO~yroTCH 3ReMeHTaMH rrO~H r~at TO 
ClIe.ItYJ!llllee COCTOHHHe MOJmO rrpe~CTaBHTb KaR nOJIHHOMHBJIbHYJ) cPylmL\HD 
Te~ro COCTORHRH H Te~ero 3uxo~a. 
- TIpe~CTaBReHHe ~ B B~e nOnHHOMa, B KOTOPOW RaR K03~eHTH, TaR 
H rrepeMeHHae HERHmTCH 31IeMeHTaMH nORH r~a rrpH 60~mOM qH~lIe nepe
MeHHHX (rn? 3), n03BOMeT HcrrO~30BaTb CT~PTHHe aH~THtleCKHe CHC
TeMH rrporpaMMHpOBamu'I H cOEpeMeHHHe MOrqHHe SIN ~~H paaqeTa CROJmHX 
YCTpoAcTB 	~HCKpeTHoA RorHKH. 
- OrrHcaHHe MHOr03Ha~HX H MHOroypoBHeBHX B He~BO~OM cnyqae) 

cxeM npH06peTaeT BeCbMa KOMITaRTHHa BI1~. 

M3BeCTHO, 	 lITO mo6yro TIIb ,(X) = (XO ' XI' ••• XtrI-/) m apryMeHToB 
MOEHO rrpe~cTaBI1Tb B B~e nOnHHOMa 1~-11/: 

V 	 2. 3 /II
t_(Xo, X" ••• "Xm-,) = B(O) + AtI)X + A(2)X + A(3)X + A(2 -I>X2'1!, 

I'll '1 = XoaO + Ira + 1.,2a2 + X",_ra"'-r - 8JleMeHT (6) 

rrOM GF(2"') (0606flleHHaH BXO~M rrepeMeHHaH) t a R03~eHTH 
~l 	 m 

A(K) = ~ a[[BtO) + B(A), K = 1,2,3, ••• 2 - 1.(7) 
B nOClIe~eM paBeHCTBe 3HalIeHRH B(aj) - 3ReMeHTH nO~CTaHOBKH, KOTO
pHe 6epYTcH H3 Ta6RKQH COOTBeTCTE~H BXO~OB H BHXO~OB, B(O) - 3HalIe
Hl1e WHKLlHH Ha HYRe. TaR, npH m =4 naEeHCTEO (7) HMeeT B~ (rrpH 
B(O) = 0)

..I 	 2. ~ IV 0 

-t(Xo, X,, Xl' ;g '" A(r)X + A(2)X + A(3)X +... + Atl4)X +A(I5)X. 
C nOMomp~ ~aHHoro COOTHOmeHRH MaEHO pe~30BaTb Bce 65536 ~ 4 

nepeMeHHHX,~M lIero He06xo~HMo 3HaTb K03~eHTH A(K). KaK 3TO 
cRe~eT H3 paBeHcTBa (7),BHltHClIeHHe TaRHX K03~HeHToB CBO~TCH K 

Ie 
BHltHCReH~ BNpaXeHHA THITa B/A C nOCRe~~ CyYMHpOBaHHeM no MO~mo 
~Ba. ~ pe~H3~ ~HHaMHtIeCKH nporpaMMHPOBaHHoro ROrHtleCROrO YCT
poAcTBa He06xo~HMo HMeTb ROrHtIeCKl1e MO~RH ~lIH BHITOnHeHHfi COBM~eH-

K
HoR one~HH THna AX • Ha pHc.5 npHBe~eHa 6RoK-cxeMa YHHBepc~bHoro 
~HHaMHtleCKOrO MO~M 4 rrepeMeHHHX 111,12,22/. MO~lIb co~epMHT 4 
HBWo~OHHHX BXO~ H 4 BHXO~.~H no~alIH K03~HL\HeHToB HacTpoRRH 
Tpe6yeTcH 	I5x4 BXO~OE. ECRH ~nH BHITOnHeHHfi onepaL\HH THITa BAff 

Hcno~

30BaTb nn3Y K500PEI4~, TO TaRHe cxeMH nonyq8JOTCH O~OTHITHWH• 

.neKO~HpOBaHHe RO~OB, HCITpaBJImlfllHX 01lJ.H6RH.HWl.60Jlee nonymrpHWH KO~ru.m, 
HMelOfllHMH ~re6paHtleCRyro CTpyKTYPY, HBRSOOTCH B4:X-KO~H H RO~H PH,I\8.-CO
1I0M0Ha. B qaCTHOCTH, ~RH B4:X-Ro~a, HCITpaBlIHl!lfllero TpH OIlJ.H6RH, HMeeT 

.3 2. b_MeCTO cRe~fllOO paBeHCTBO: X + cs, X + 02 X -.vr 0, 	 (8) 

I',l.\e X=XP Xz,X3 - !CoOp,lUIHaTli olllH6o'lRblX II03~.B CBO» O'lepe.n:& S1.53 11 

5 - CHMMeTpHtteCKl1e WHRLlI1H. rronyqaeMhle H3 MaTpl1l.lhl rrpoEepo~hlX COOTHO
5 ' 

WeHI1H B1.{X-Ko~a 117/. VIs COOTHOWeHI1.f:{ (8) El1.ll;tlO, lJ:TO COBMellleHHble orre
paLlHH MOryT 6HTb ycneWHo I1CrrO~30BaHH ~H nOCTpOeHI1H 6HcTpo~eHcTEY

IOfllHx ~eRo~epoB. 
CBO~CTBO c~poMa B1.{X-Ro~a HeCTH B ce6e HHqopMal.ll11O He TOlIbRO 0 
KOlIHlJ:eCTEe omH60K npH nepe~atte KO~OBoro CROEa, HO 11 E ~TOM E~e 
CO,l.\epzaTl> ,l.\aHHhle 00 1r)C II03Hl.{'U!X 6HlIO HcrrO~30EaHO ,n;lIS! COS~aHRH HO
Eoro THna napaJIlIe~HHX WH¢paTOPOB 11 lIOrHlJ:eCKHX npOLl8CCOPOB ~lIH 6HC
Tporo oT60pa C06HTHM ~ R;rJ;epHO-~H3l1.lJ:eCKI1X 3KCnepHMeHTax 14-7,23, 24/. 

c~aTHR HH1opMa~Ka Ha OCHOEe Cl1.H~poMHoro KO~HpOBaHHH Mo~eT 

6HTb HcnOlIb30EaH H B .n;pyrHx MHOro,n;aT~I1KoBHX CI1CTeMaX, r~e QHClIO o,n;
1-'0EpeMeHHo cpa6oTaBilll1X ~aT~HKOB MaJIO no cpaBHeH~ C HX o6DiliM KOlIlI

lJ:eCTBOM. 
"I 	 B CBHSH C 6YPHHM pasBHTHeM ROCMHlJ:eCKOM CBH3H B 3apy6eKHo~ JIHTepaT¥

pe 60JIbInOe BHHMaHl1e y.n;eRHeTcR cOBepIDeHCTBOBaH~ KO~HP~HX H ~eKO~
PyrofllHx yCTPO~CTB ~nH ltO~OB PH.r\a-ColIOMoHa 125-'Z/I. C rrOMompRl TaRHX 
KO~OB MOlKH03<j:xj:eKTHEHO HcnpaBnHTb RaK He3aBHCHMliB OWH6RH, TaR H na

KeTH OWH60It. TIo orrpe~eReHH~ KO~OBoe CROBO B Ko,n;e P~a-COJIOMOHa co
11'1 

~epl[HT 2 	- I CRMBOJIOB, rrpHtleM R8lK,ll;!lH: CRMBOlI HMeeTm6HT. Cpe~H 3Tl1.X 
m 

CRMBOROB HMeeTCH 2 - I - 2E HH~opMaLlHOHHHX CRMBOlIOB H 2E npoBepo~
HHX, r~e E - rapaHTHpyeMoe lJ:HCRO CHMBOJIOB, HcrrpaBlIReMHX KO~OM. EClIH 

~ 	 . 
paccMaTpHBaTb 2 - I - 2E HH~OpM~HOHHHX CHMBOJIOB B Ka~eCTBe K03~H-
LlHeHToB nOJIHHOMa 

I'll 

2f ( 	 2 -1-2E)-I (X ) ~ X C2 ..... (- 2E +C2- 2 X+ ''', T C( X , 
r~e C npe~cTaB~T c060A nepe~BaeMHA CHMBOJI, TO 2E rrpoBepo~HX 
Cl1.MBOJlOB lI40ryT 6YTl> IIOJJY'leHH !CalC !Co~eHTli IIOJlHHOMB. .,f1.)f7C)(1, 
s,l.\eCl> ~(x)- reHepaTopHHi IIOJlHHOM RO~, !COTopHi OIIpe,l.\6JJHeTC~ !CalC 

,I ~E •f} (K, ~ D (X- a I ), til 

~ r~e - rrpRMHTHBH!lH: 3JI~"eHT nOM rMya CF(z ). TaRHM 06pa30M, MO
~RH, pe~3yrofllHe COByell1eHHHe onepaLllUf, MOryT 6HTb HcrrO~30BalHI ~H 

1 nOCTpoeHH.f:{ 6HCTpo~eaCTByrofllHX YCTpoficTB KO~OBaHHH H .n;eKo~pOBaHHH 
RO~OB Pl!.n;a-COJIOMOHa. 

3aKlIIDlJ:eHHe 

YlHTeHcHBHoe pa3BHTHe MeTO~OB LlH~OBO~ 06pa60TKH CHrH~OB rrpHBO~HT K 

Heo6xo~HMOCTI1 pa3pa60TKH 6HCTPHX aHrOPHTMoa!28/,He06XO,l.\HMHX ~ 
nOCTpOeHMH pa~'lHoro po~ CIIel{a~3HpOBaHHHX IIpOl.{eCCopOB.B ~o~ 
pa60Te' nORa3aHO.'lTO.HCIIOJl:bSYR xopomo pS3pa6oTaHHHi MB.TeMaT~ecKBi 
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-

annapaT TeOpHH KO~OB, HCrrpaB~ oillH6KH, ROTO~HI 6aaHpyeTca Ba 
TeOpHH KOHe"tIHl:lX nOJIen fanya, MOlItHO 3i{xIeRTHBHO pemVlTb ~ 3a,Ila~ B 

06JIaCTH ~H¢VOBO~ o6pa6oTKH CHrHaJIOB. OTO RaCaeTCH OC06eHHO TaRKX , 
KaR CHHTe 3 nepeK.n:roqaTeJIbHl:lX 4JyHx~~, C03~aHHe yHHBepCaJIbHl:lX ~HHaMH

~eCKH npOI'paMMHpyeMl:lX MOAYJIe~, KO~HPYJOillKX H ~eKO~HJlYlOOlIDC YCTpOnCTB, 
C03~aHHe npH6opOB ,n;JIH CHrHaTypHOrO aHaJIHSa H npO~. TIPH pemeHHH 3TKX 

3a,Ila~ MO~O SqqeRTHBHO HCnOJIbSOBaTb napaJIJIeJIbHHe MeTO,n;H B~01IHeHHH 
One~H B nOJIe fanya, paCCMOTpeHHHe B ,n;aHHO~ pa60Te. 

TIpHJIOJKeHHe 

BuqHCJIeHHe 6y~eBhlX BHp~eHH~ ,n;JIH peaJIH3~HH onep~H YMHoxeHHH 
~Byx SJIeMeHTOB B nOJIe fanya CF(2Y). 

~~ 	 2. 3a 2 3 0 
A = ~a + ~ a + Aza + A3a H B .. 1b a + Bfa + + B3,a. 


Tor~a npHMoe npoH3Be,n;eHHe A B ,n;aeT 

o 2 3) 0 2. 3) 0 0

AxB 	.. (Aoa + Ala + A;la + AJa (Boa + Bfa + B,2a + B3a .. Aoa Boa + 
o 0 Z. 0 3 0 Z. 3 v 

+ Aoa B/a + Aoa 13.?a + >\,a Bja +A/a Boa + A,B/a + A,B2 a + A(BJa + 
2. ,,3 Y ::> 30 Y s 

+ Aza Bo a + A2.a B,+ A2.B2a + A2~a + A,3Eba a + A3B( a + A3Bza + 

+ A3 B3a!' 	 (9) 

TIo~eHHoe B~eHHe ynpo~aeM C yqeToM Toro, ~TO a 
o 

.. I, a 3JIeMeH
'is" 6 	 Lf 3> :? 6

TH 	a, a H a pa3JIaraeM no 6a3HCHHM : a .. I + at a .. a + a VI a = 
2 3 u 

.. a 	+ a. TIocne no,n;CTaHOBKH 3Ha~eHHH 3THX 3JIeMeHTOB B B~eHHe 

(9) no~VIM 2:; I .2 

A-B .. AoBo+ AoB, a + AoBza + ~~a + A/Boa + AlB, a + A/J3.:.+ A(B3+ 
2 3 	 2 3 

+~~a+~~a+~~a+~~+~~a+~~a+~~a+~~a+ 
22.3 

+ AJB/+ AJBfa + AJBza + AJB:?a + AJBja + '3)33a. 

TIPHBe,n;eHHe no;q;o6HHX ~JIeHOB BRnORHHeTCH no npaBHny: cYMMa ~eTHoro 


~CJIa ~JIeHOB paBHa HY~, a cYMMa He~eTHOro ~HCJIa ~JIeHOB paBHa o~
. C 	 0 2. ~ HOMY H3 HHX. I'pymrnpOBaB oT;q;eJIbHO ~JIeHH npH a, a, a H a.nO~HM 

Po" AoEo+ A,B.3+ AtB2+ A.sB.{ < a°., 

?':AoB,+ A,Bo+ A,B3+ A.1.Bt+ A3B/+A,:I.Bj+B;A <a'> 
P,=AoBz+ A,B,+ AJBo+ AjBj ,,:~27 
~'" AOBj+ A,B2 + A2Bf + A)Bo+ AJB3 < 

C yqeToM H3JIOXeHHOro feTpy~o nO~HTb B~eHHfl ,n;JIH peaJIH3a~HIf 
rrpOH3Be,n;eHHH TKna B A. 
20 2 J 0 23

B~A .. (Boa + B,a + B2 a + B3 a)«A + ~)a + A2 a + (A,+ Ala + A a».o	 3 
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TIoCJIe aHaJIorHQHHX ~enCTBVlH VI ynp~eHHH no~VIM 

J(o=EoAo+ 13oA.?+ B2 A/+ ~h+ B3 A2+ B,A3 <..a'7 

/(,. BoA2+ B(Ao+ BIAz+ B2 A/+ B2 A3+ BJ~+ BJA/+ B3A3+ a 
2i2.=BoA/+ BoA.~+ B,A.z+ B,/!Ao+ Bl A2+ B3A,+SZI13 .::a 7 

1<3::.BoA3+ B,A/+ B/A3,+ BZ.A2+ B3Ao+ BJ A2+ B-3A;! .(.a1 
;> 
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HHKHTIOK H.H. 	 m PI 1-87-54 
COBMe~eHHNe onep~ B none ranya GF(2 ) 
H HX npHMeHeHHe 

OnHcaH MeTOA OAHOBpeMeHHoro H napannenbHoro B~nOnHeHHft 
-onepa~A B none ranya GF(2m) HSA B~pa.eHHRMH. COAep~am»MH 
HeCKOJIbKO 3neMeHTOB, B TOM qHcne H TaKHX B~a.eHHfi, KOTO
p~e 	HaXOAftTCft nOA CTeneHb~. ITPHBOAftTCR npHMepw HcnonbSOBa
HHft 	 npeAnO~eH~ anropHTMoB Anft CHHTesa nepe~qaTenbHWX 
4IYHK~H HHorHX nepeMeHHWX, AnR nocTpoeHHR AeKo~pylOll\HX 
YCTPOil:CTB T8KH;K B8:lII:HHX KOAOB, Hcnpa.Bn.FllO~ omH!5KH, KaK 
BlfX-KOAbi H KOAI>J PHAa-ConoMoHa. PaCCMaTpHB8IOTCft TaJa:e BO
npocy npHMeHeHHH COBM~eHHI>IX onep~ AnR cOSAaHHft YHHBep
canbHWX AHH~ecKH npOrpaMMHpOBaHHWX HOAynea H cne~anH-
3HPOBaHHNX npo~eccopoB. 

Pa!5oTa BwnonHeHa B na!5opaTopHH BYCOKHX 3HeprKA OHHH. 
npenpHRT 06M.lulK_oro HHC'\'IITY'I'& llAepu.IX HOOlIeaoll8HHA. Jly6Ha 1987 

UepeBOA O.C.BHHOrp~OBOH 

Nikityuk N.H. Pll-87-54 
Combined Operations in Galois Field 
GF(2m) a~d Their Application 

A method for simultanous and parallel execution of ope
rations in Galois field GF(2m) for expressions containing 
several elements including those under degree are descri 
bed. Examples of suggested algorithms for a synthesis of 
many variable digital functions, for creation of coders 
and decoders of such important correcting codes as BaR-co
des and Reed-Solomon codes are given. Problema of using 
combined operations for designing universal dynamic prog
raming modules and special purpose processors are conside
red. . 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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