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Pl 0-84-865AneKcaHAPOB M.H. H AD . 
PaC~eT nepeKno~aTenbHYX $YHKqH~. 

Cr(21n)npeACTaaneHHYX 3neMe HTaMH nonA ranya 

PaCCHaTpHB40TCA aonpocw paC4eTa nepe KnD44TenbHYX ~YHKUH~ c n~bn 
3BH. 8xOAHwe M BwxOAHwe nepeMeHHWe A.nAoreA 3neHeH TaMH nonA ranya CF(2C,. 
4TO n03BonReT no6yo nepeKnC4aTenbHYO ~yHKUHO m aprYMeHTo8 "PCACTa 8MTb 8 .HAe 
nonHHOHa 2m_l CTeneHH. npHBOARTCR npMHe~ paC4eTa KOHKpeTHWX cXeM. 
ne pcneKTMBHOCT b TaMora Hanpaan eHMR CMHTe3a ne peKn04aTenbHWX ~YHKUMM 3aK~
4 aeTCR B TOM , 4TO AnA MX paC4e Ta MO*HO Mcnon.SOBaTo C08peMeHHWe H~Hwe 38" 
M CMCTeHW nporpa~Mpo8aHM". B pe3ynbTaTe OTKpwaaDTCA S03MOMHoeTM AnA MOMn
neKcHoM aST oHaTMs a UMM npoeKTMpaaaHMR 60nbwMx MHTerpanbHwx exeH, H84MH." Ot 
3aAaHMR Ta6nMU COOTBe lcTB MA axOAoa ~ BWXOAOB. MHH~MM3a~HH, nony~e"H~ 6yne.wx 
Bwpa~eHHH, onMcweaOWMX CT PyKTY PY TaKMK cxeM, BWBOA Ha TepHHHan npMH~MnMan~
HWX exeM, KOH~a~ pa3BOAKoH ne~aTHwx nnaT HnH c03AaHHeH TononarHM HH'rrDan~-
HtIIX e XeM. 

Pa60Ta BwnonHeHa B fla6oP1!ITOPI4H BW4HcllHTenbHoH TeXHMKM M "'.'UM.tTM,JaUMIo' 
OH~H , 

TIpenpHHT 001.e.aHSeKHOrO H>lCTHTyTa RAepHWX HeCJlenO."uflm. lIYr,lIa IQS:' 

B HaCToA~ee epeMA nepeKn~4aTenbH~e ¢YHK~~H, npeACTaBneHH~e 
3neMeHTaMH nonA ranya, HaxoART Bce 60nee WHpOKoe np~MeHeHHe 
AnA CHHTe3a norH4eCKHx cxeM npH nOCTpoeHHH YCTPO~CTB cmaTHR 
H npe06pa30BaHHR AaHH~x B RAepHO-¢H3H4eCKHx 3KcnepHMeHTax. 

TeopHR nonR ranya GF(2ro)RBnneTcA eCTeCTBeHH~M npOAon~eHHeM 
H3BeCTHOH Teop"'H ~yneBa nonA. npeAc~aBneHHe nepeKn~4aTenbH~X 

¢YHKL\HH 8" BHAe 3neMeHTOB nonR ranya OF(2m) /ranya-nepeKnIOQa
TenbH~e ¢YHKLlHH - rn~/ HMeeT PRA npeHM~eCTB: 

- HaA nepeKn~4aTenbH~MH ~YH~~HAMH MO~HO B~nonHRTb anr e6paH
4eCKHe onepa~HH. 4TO ynpo~aeT np06neMY MHHHMH3aUHH &,II ee ~op
ManbHoro npeACTaeneHHRj 

- nocKonbKY COCTORHHe BXOAOB H B~XOAOB KOM6HHaUHoHHoH cxeM~ 

HnH nocneAoaaTenbHOCTHoro aBTOMaTa KOAHpyeTcR 3neMeHTaMH nonA 
ranya, TO cneAy~~ee COCTORHHe MO*HO npeAcTaBHTb KaK nonHHOMHanb
H~ ¢YHKLlH~ TeKy~ero CQCTORHHA H TeKy~ero B~xQAa; 

neoeeOA H. C. naHK08o~ 

rIo 64,8b5Alexandrov I.N. et al. 

The Calcul ati on of Switched Functions, 

Produced by Elements of Ca l ua Field of CF(2"') 


The question of calculation of sHitched function~ wllh tht"' holr of 
conouter is considered. Input and output variables is the rlr,m~nt. of Ga lua 
field CF(2m).that allows to present any switched function ilrqumenu u a: 
polynom of 2m_l power. The examples of calculat ion of concret~ 'i(hf ,50 are 
presented. The perspectiveness of such trends of synthesis of swltch~d 
functions is in the fact. t hat for their computation the nodern computer, 
and pro9ramming syst~s may be used. As the result the possibilities (or 
complex a utomation of large integral schemes designation. beginning fr~ 
the se t of tab les of input and output correspondence. minimization, re
cei vi ng of the boo I express ions , described the schemes structure, printing
ou t t o t erminal principal s chemes, ending wi th the spreadi~9 of printed 
board or t he c reat ion o f in teg ral schemes topology. 

The investiga t ion has been performed at the Laborato ry of tomputinQ 

Techn i ques and Au t ocdtion, JINR. 


Preprint of the Joint I nst itute for Nuclear Research . Dubn~ IqH4 
J 

- npeAcTaaneHHe nepeKJ11"J4aTeIlbHoH ~YHKL\H&,II B BHAe nOI1HHOMa, 
B KOTOPOM KaK K03~HUHeHT~, TaK H nepeMeHH~e RBIIRI"JTCR 3neMeHTa
MY! nOIlR ranya OF(2m). npH 6onbwoM l.fHCIle nepeMeHH~X (m > 3) n03BO 
nReT &,IIcnOIlb30BaTb CTaHAapTH~e CHCTeM~ npOrpaMM&,IIpOBaH&,IIR &,II COBpe 
MeHH~e MO~H~e 38M AIlR paC4eTa YCTPOHCTB AHcKpeTHo~ norHK~; 

- npeACTaBneH~e nepeKI1W4aTenbHoH ~yHKUHH B BHAe nOIlHHOMa 
HMeeT e~e H TO npeHMy~ecTBo, 4TO onHcaHHe MHor03Ha4H~X H MHoro
ypoBHeB~X cxeM HMeeT BeCbMa KOMnaKTH~~ BHA. 

/ t / ¢lYHAaMeHTanbHble CBOI1CTBa rn¢ nOAPo6HO H3nO)f(eH~ a • B AaHHOv 
p260Te AnR paC4eTa rn~ B OCHOBHOM &,IICnOIlb30BaH A3b1K PL / t H 38M 
E(-1033. Ilio6yI"J nepeKnn4aTenbHYlO ~YHKUHIO rex) r(xl"x2 .x "'x )S m
m aprYMeHT08 B none ranya GF(2m) MO*HO npeACTaSHTb B BHAe nOIlH 
HOMa 12.3 / : 

2 3 . m 2m - 1 
f(xO·xl·· .. ·x m_ ) B{O) . A{l)x+A{2)x + A{~). +,••• A{2 -1). ./1 /

t

~AeCb H Aanee 3HaK + 6YAeT o603Ha4aTb CYMMY no MOAyn~ 2, a K03~
¢HLt&,lleHTbI A(k) B~4&,11CIlR ..nCR Y!3 B~pameHJ.1R: 

2"1_ 1 -k 
A{k). 1 a j [ B{O). B{aJ)J k . 1 . 2 . ~. , .. 2m_I. /2/ 

p .. 1 

rAe B ( j)::: B(a j) - 3neMeHT~ n OAC TaHOBKH , KOTo pble 6 e pYTCR H3 Ta6
n &,llLlbi COOTBe TCTBHR aXOAOB H BblXOAOB, 8 ( 0)- 3Ha 4eH He ~YH KLI&,IIH Ha 
Hyne. TaKHM o 6 p a 30M , AnR nOIly~ e H&,II~ a n r e 6pa&,ll4eC KOro Bblpa)f(eHHR, 
c nOMO~b~ KOTopo ro pe a n&,ll 3ye Tc~ Heo6xoAHMaR norY!4eCKa~ cxeMa, 
3a Aa HH8R Tc3'6m1ue l~ , AocTa To4Ho BblnOnH&,IITb cIleAYr,)U!He npolleAYPbl: 

;, , I
i .~ i
d i' " 
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- n o B bl6 paH HOMY He n p l-1BOA HMOMY nOllVlHOMY o n peAenRIOTCA B c e He 

Hy n e Bbie 3 fleMeHTbI n Oll A r a n y a GF( 2m ); 
- B bI~Vlc nAn TC A K03¢¢H~Vle H T bI A( k ) ; 
- np0"13 BOA\.1 TC A p a3n omeHHe K03¢¢H4 V1eHTOB A(k) \.1 CTeneHe~ . x n o 

6a3HCHbiM 3 n eMeHTaM Bbl6 paHHoro n onA; 

- n p HBOAATCR n OA o6Hble 4ne HbI . 

H3sec THO , 4 TO 1l1"l6 oi:1 HeHyn eeOL1 3 n e MeHT B none OF (2 rn) MO)f(eT 

UblT b npe A C Ta BlleH B Bl-1Ae xO aO +xla+X2 a2+X3a3 + ... +x am; r A e 

x i C;; GF' ( 2m) • 
PaCCMOTpHM HeCKOllb KO npOCTblX n pHMepOB . 

npHMep 1. m=~ 3. 3aMeTHM, 4TO npH m S 3 K03$4)&.-I~HC HTbI A{k) MO 

r y T 6b1T b 6e3 TPYAa Bbl4!.1 Cn eHbI BPY4 HYIO . COCTaSJ.1M , 'afinVlHY COOT 

eeTCTS(..1R. Cneea e Ta6nltl 4e n OKa3aHa n ocneAoOar('llb 'IOCTb HeHY

n eBbi X 3J1eMeHTOB n om'! r anya OF (2m) - a J H AaHbI &.-IX AO()Vl l.' Hb/C 3KBH

e aneHTbI, n OAasaeMbie Ha BXOA . CnpaBa B TaunHll c tOOr nCTCTBIo1R pac

nonaralOT CR 3Ha 4 e HI-1R noc n eAoBaTenbHocTI-1 31lCMl'ttlon . KOTopble He06

XOAI-1MO nonY41-1Tb Ha BblxoAe. 

T aO.'l.HlJ,a 1 

x= lxO
x x 1 / BX O,D;bl 	 Il(n ) I BblxoAbl

1 2	 l

0 	 000 0 OI)(J on 
.0 	 100 aO l Oll 10 

1110 lOll III• 	 aO 

. 2 	 .0001 III(] 10 

.3 ,I110 	 0 10 0 1 
l. 4 	 aOJ I 010 0 1 

5 3a 111 a 110 II 

.6 a l101 110 II 

7a 101 a 0 10 01 

a8 100 

B Ta61l.1 3neMeHTbI nonR ranya GF(23 ) , aO , a1 , a2 ,a3 ,a4 ,3,5 , 

a6 n onY4eHbI c nOM~b~ Henpl-180AI-1MOrO nOIlHHOMa ClleAyK)~HM 06pa30M. 

Bbl6paH HenpHBOAI-1M~~ non~HOM 

X3 +X+ 1. 	 /3/ 

1 	 O 2C4~TaeM, 4 TO 31leMeHT a RBllReTC.9 KopHeM nOll~HOMa /3/; a , a 

fa3HCHbie 3neMeHTbf n OIlfi . B COOTSeTCTBl-1\.o1 C npc?Bl-1naM\.o1 rJ.,..nn llH('tH1R 

2 

One p all(..1 ~ B n one raIlya / 4 - 7/ nollY 4 l-1M OCTa ll b Hbl e He HYIle Bbi e 3lleMeHTbf 

n o nR : nOAC Ta B(..1 8 a1 B Bbl p a)f(e Hl-1 e /3/, HMeeM: a3 + a + 1; OTCI"JAa 
3 4 3 2a =; a + 1; a ". a . :a :::: a + 8 ; 
5 4 3 2 2a :::: 8 • '3 :::: a + a = 8 + a + 1 ; 


a6 
 :::: 8,5 • a :::: a3 + a2 + a = a2 + 1 • 

HeTPYAHO 3a MeT ~ T b, ~TO c n OMO~ b~ Ta61l . 1 on ~Cbl BaeT C fI pa60Ta 

06b1~HOrO KOM6 1-1 Ha41-10HHOr O c YM~" a Topa Ha TPH SXOAa (..1 AB a BblXOA a, 

KaK nOKa3aHO B ra611 . 2 . 

Ta6nHua 2 

BXOAbJ 	 BbTXOAbl 

'0 x \ X 2 	 cn 

0 0 0 o 0 
1 0 0 0 
01 0 I 0 
001 I 0 
1 0 0 
0 0 

I 1 
0 0 

3 A eC b X o , Xl ,x2 - 3 Ha4e HHfI n epBoro, BTopo r o c n a r aeMbiX ~ BXO-

A a n epeHoc a, C , n - 3Ha ~e HH fI CYMMbf 1-1 ne p e Hoca Ha sblxoAe CYMMa 

To p a . n llR Ha we r o npHMe p a , K a K 3 TO BI-1AHO Vl3 T a 6 n.l, 3Ile Me H TbI 

nOACTaHoBK ~ B(I) • 8 (2). 8 (3) . B(4). Il(S) • B(6) ,B(7) n peAcTaBfl e'oT 
O • 1 3 a 1coooi:1 3JleMeH TbI n OllR GF (2 3 ) aO, a aD I a , a I COOTse TC TBe HHO . 

T o r A a I.U-ICneHHOe 3Ha~e Hl-1 e K03¢$H~l-1e HT a A(1) n OIlY4 ae TCR "'3 Bblp a )l(e 

H~e 

O O 	 3a a aD a a a a _
A(I) • - - + - - + - 2 + -3 + -::T + --::-5" + -:1r 

aD a 1 a a a a a 

O 	 3"" aD + a	 a6 + aD a5 + a 1 a4+ a 1 a3 + a a2 + a . a = 

. ~+ ~ . ai + a5 +~ + ~ +~. ~ + ~ + ~ + ~ +~. ~ . ~ . 

3 A eC b o n e p aLtI-1R Ae neH HR A Byx 3fleMCHTOB nOIlR , A H B 3aMeHe Ha 

one pa~(..1e~ YMHO)l(e H"'R 3 Ile Me Hr a A Ha I-1 HBe pCH bI ~ 3 n e MeH T B- 1 B CO 

OT s e TCT8 HH C n pa BHna MH , n p VlH RTbI ..,'" B n one r a Ilya GF (21D ) . ,[la Jle e 

HMe e M: 

O O 	 3aD a a a a a aA(2) • --__ + + _ __ _ + _ __ + _ __ + + ___ 


(.0)2 (a)2 (a 2 )2 ( a 3 ) 2 ( a 4 )2 (a5)2 (a6)2 


• a • 010 • 3 

http:npc?Bl-1naM\.o1
http:COOTSeTCTBl-1\.o1
http:eeTCTS(..1R
http:COCTaSJ.1M


AHano rH4H~e B~4HCneHH~ Aa~T: 

A(3) : ao : 100 ; A(4)gA(7) =O; A(5) g a4 mOll; A(6)=.6 : 101 • 

C Y4eToM nposeAeHH~x B~4HcneHH~ 8~pa*eHHe III HMeeT BHA: 

4r(x ) ::: x + ax 2 + x3 + a x5 + aSxS • / 4/ 

B npt.1 Hu.I,me C n OMQUtbf.> BblpaM<eHH~ 141 MOM<HO nOCTpOHTb cxeMY 
DAHopa3 p RA Horo CYMMaTopa . OAHa Ko TaKa~ cxeMa Gblna Obi CJ1HWKOM 
rpoMo 3AKOH, T . K. AnA ee peanH3aLtHH n OTpe50aanHC b 6b1 cxeMbl a03
BeAeHH~ B CTen eHb H c x eMbi YMHOM<e HHR ASYx 3neMeHTOB . 8 none r a
nya aF ( 23 ). n03TOMY Bblpa>+<eHa..te 141 u.eneco06pa3Ho ynpocTHTb, AnR 

4 3'-I e r Q AOCTaTO'-lHO K03$¢lHLta..teHTbI a , as a..t ne peMeHHble x I x2 , x
5 6 x x npeACTaBHTb B BHAe nonHHOMOB OT 5a3HCHbiX 3neMeHTOB. 

Hanp\.1Me p : 84 = 8 1 +82 , a6 ". 1 +a2 ,x2 = xo+x2 a +( x 1 +x2)a2 

H T. A. IC M. npHnoM<eH\.1e/. HCXOAR H3 3To ro, HMeeM: 

f(x) = ( xo + x,a + x2a2) + a t Xo+ X2a + ( x, + X2) a2J + 

+ (X + X +X2 + x l x2)+l(x1+ XOx t + xox2)a+(x2 + XoX t ) a
2 J + o 1

+ (8 + a2 ) [ (Xo + Xl + x 2 + 'l. 1X2 ) + (Xl + X2 + XOX2 ) a + (X t + XO::: I " XOX2 ) a 
2 J + 

2+ (1 + a2 )l ( xo + X + X + X X2 ) + (X2+ XoX I ) a+ (X 1+ 1 2 + XOX2 ) a 1 . 
t 2 t

nocne YMHO M<eHH R H npHseAeHHR n OA06HblX nony4HM cneAY~~He 6ynesbi 
Bbl paM<eHHR , C nOMO~b~ KO TOPblX onHCblBaeTCR pa60Ta OAHopa3pRAHoro 

non Ho ro CYMMa Topa : C = xo + x ) + x 2 ; II ". XOXt + Xoxz + X11.2 • 
0 6 a paueHCTBa peanH3Y~Tc~ npH nOMO~H ABYX nonycYMHaTopoB nC l 
H nC2 I pHc . 1/ . TaKaR c xeMa nony'-laeTCR, eC J1H AnR nOCTpoeHHR n o ny
CY MMa Topa Hc n onb30Ba Tb H3BeCTHY~ cxeMy . COCTOR~YC a..t3 3neHeHTOB 
'1 , ~n~1 H HE. OAHaKo CJleAyeT OTMe THT b . '-I TO s CBR31-1 c pa3B"1T~eH 

TexHHKH H HTe r pan b H~X M~KpocxeM n pH C03AaHHH cxeH AHCKpeTHo~ 
norHKa..t Bce 6 0 nee WHpoKoe npHMeHeHHe HaXOAHT 6a3Hc 1Ij.1cKJ1104aKl~e e 
J.· H 3neMeHT H. KaK n OKa3bls a lOT paC 4eTbI, npH m ~ 41nW· TPYAoe",
KOCT b Bbl4Hcn e HH H pe 3 KO B03paCT aeT, H B TaKHX cnY4aRX B03HHKaeT 
Heo6 xoAH MOC T b B HcnOJlb30BaHH~ 38M. 

npH/'~ep 2. m= II . Pa CC4HTaeM c x e Mbi nocneAOBaTenbHOCTHoro aBTO

TaOnHl\a 3 

0=0000 

aD "" 1000 

a = 0100 

2a • 0010 

Ja "" 0001 

4a • 1100 

,,5 g 0110 

6 a • 0011 

7a • 1101 

8a • 1010 

9a • 0101 

10 a g 1110 

a". 0111 

12a g 1111 

a 13.1011 

a 14• 1001 

0 

a ..0100 

0 ..0000 

1a =1101 

.,5 =0110 

5a =0110 

a 11 =0111 

a1J~1011 
0

B =-1000 

a 3 =0001 

,,14.1001 

,,14=1001 

0 :0000 

2 a .0010 

,,4 =1100 

aD =1000 

nOcneAOBaTenbHOCTb 3neMeHTOB nOllR GF(24 )B nopRAKe B03paCTa
HHR HX cTeneHe~ nonY4aeTCR AOBonbHo npocTo C nOMO~b~ C4eT4HKa 
B none ranya aF(24),KOTOPbl~ npeAcTaBnReT co6o~ cABHroBbI~ pe
rHcTp C norH4eCKHMH 06paTHblHa..t CBR3RMH ICM. Ta6n . 31 / 7/ , EcnH 
B MnaAwHH pa3pRA nOMeCTHTb eAHHHu.Y, a B OCTanbHble pa3pRAbi -

HynH, TO nocn eAosaTenbHble CABHrH perHCTpa Aa~T npeACTaBneHHe 
nocneAoeaTenbHblX CTeneHeH 3neMeHTa A. KOPHR MHOr041leHa X4+:r. + 1. 

MaTa . Ha BXOA KO Toporo B 3aAaHHbie HOMeHTbI BpeMeHH n o c lleAoaa 8 TaKO~ ~e B T04HOC TH ¢OPMe, B KaKO~ OHH npH s efeHbI B Ta6n.3 cne
TenbHO nOAanTCR a no pRA Ke B03paC TaHHR CTen eHe~ 3neMeHT~ n onR sa, n pH4eM npoH3BonbHblH 3neMeHT A B none GF(2) HMeeT 8101A 
r anya GF( 24 ).o6pa 30aaHHble HaA He n pH BOAHMblM nonHHOHOM X4+ X + 1 Aoa + Ala + A2J + A3a3. AnR nocTpoeHH~ cxeMbi. KOTopaR B~non-OJ

a Ha BblxoAe nonY4a~TcR 3ne Me HTbI 3Toro ~e nOllR, HO B 3aAaHHO~ H~lla 5 b1 no cy~ecTBY $YHK Lt a..t~ n p e05pa30BaHHR 4 - pa 3 pRAHblX KOAOS 
nocneAOBaTenbHoCTH. ~aAaAHM Ta6nHu.y COOTBeTCTBHR IC M.Ta6n.3 / . B COOT seTCTBHH C Ta5n .3, HeofixoAa..tMO n pe~Ae Bce r O 8 b14 HCllHTb 3Ha

CneBa B Ta5n.3 npeACTa BneHa noeneAOBaTenbHOCTb 15 He Hyne sbix 4eHHR 16 K03$¢H~HeH To8 B non HHOMlo1 anb HOM npeACTasneHHH ¢YHK Lt HH 
3ne MeHTOB n onR OF (21 ) H HX ABOH'-IHble 3KB~BaneHTbI . Cn paBa AaH bI 4 nepeMeHHblX: 
3Ha4eHHR 3 n e MeHToB, KOTopble He06xoAHMO nonY4HTb Ha BblxoAe cxeM~I. 2 Gf( xo' x , . '2' x ) = A(O) + A(l) x + A(2) x + A(3) ,3 + A(4) . 4 + A(5).· + A(6) x +s 
4 

5 
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___ __ 

r------- --nc~ PHC. 1 . JTPHHII.HIlHClnbHaR cxeMa OAHO

x. 	 pa3pHAHoro KOM6HHa~oHHoro CYMMa
II...-.-fil r&l I Topa. nCI, TIe2 - nonycYMM3TOpM.cI 
I 

I 

I 
 + A(4) x4 + A(5)x 5+ A(6)x6 +I 
1 

1 
 • A(7)x7 + A(8)x8+ A(9)x9• 

1 1 i' 
n 	

f+ A(lO) x 10 + A( ll) X11 + A(12) X 12 +X.-hn Gi ll 
1 + A(13) x '3 • A(14) x '4 + A(15)x 15 • 
I 

I !,
I C TeneH ~ x B 6a3HCHOM BHAe H npH & 1 

eeCTH nOAo6H~e . B pe3ynbTaTe 	nony
)It ~L _ _ _ -J 4aTC.A cneAylQu.\Vle paa__ I-.I'ncz : 	 Bblpa)l(eHHR I 

I10)l(eHH~e n o 6a3H CH~M 3 I1eMeHTaM 
aT) • a , a2 ,a3 : 

x1 + XOX2 + XOX3+ x1x2 + X 1X3 + X0 1 1' 3 + 1 11 2'3+ XOx1X2 XS 	 <I > 

Xo+ X2 + X3+ l 1X3+ 1 0X 1X3 + l1 X2x3 	 <a> 

13+ XOxl + J. oX~+ 1 11 2 + X1%3+ X1%2%3+ XOX1X2%;1 	 <a2 > 

<a3 >X2+ "' 113 + x OX1 13 t XOx2X3 . 

Rce Heo6xo,Q Io1Mble Bbl41-1 CneH Io1R AnA npHMe pa 2 BbinOIlHeHbI Ha 3BM 

EC- I033· C 3TO~ ~ e Jl bl~ 6b1 na COCTa s neHa nporpaMMa Ha A3b1Ke PL/1, 

KO TopaJt Sbln OIlHAeT BbI \.4 Io1Cne HHA B n o n e ranya GF(24 ),r Ae m < 12 , 

~ ~H~MaeT 130K one paT HB HoH naM~ T ~. 3aAaHH~e BenH4~H~ - 4Hcno 

n epeMeH Hbl X m, He npHB OA "1Mbllil nOn "1HOM, 3Ha 4eHViR B(s j ) AnR Bc e x a j • 


Ha AaHHOM 3Tane B03MO)f( HOCH1 r porpaMMbI TaKOBbI , 4 TO B npo 

uecc e BbI4HCneH"1R K0 3$4lH ""lo1e HToB nplo1 Ka*AOM 6a3 111CHOM 3Ile Me HTe 

CYMMapHoe KOIlH4eC TDO CHMBOIlOB B COMHO)t( HTe IlRX Aon*HO 6~Tb OAH 

HaKOBO~ AflHHbI 1 xi C4io1 Tae,,, 3a OAHH CIII MBOIl/ III He AOJlItCHO npesbI

waTb 250. Bbl 4HCJleH IIIR B~nOIl HR~TCR HTepaTIIIBHO: 


Fk - F,x + Ak ; F m - Am' k = 2 m - 2 - 1; AO ' B ( 0 ) . 
k + 2- 1 2 - 1 	 ) 

np lo1 m = 4 H m = 5 epeMR , 3aTpa~BaeMoe ""e HTpaflb Hbl M npo ""ecco pOM, 

COCTaSJlReT 1 H 5 MH H COOTs e TCTBeHHO. 


Ha pHC . 1 npH8 e~eHa npHH""lIInHaJlbHaR cxeMa, S KOT OPO~ Hcnonb-

3Y~TCA 06b14Hble TTn-MIo1KpocxeMbI, BblnycKaeMbie npo MblwneHHoc TbO. 

HeTPYAHo npoeepHTb, 4TO AaHHa A cxeMa BbinOIlHReT $YHK""H~ n ocn e

AoeaTeflbHoCTHoro aSTOMDTa 0 COOT seTCTBHH C Ta6n . 2. TaK He cxeMbi 
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PHc.2. npHH~HanbHaH cxeMa, pea

nH3~maR ypaBHeHHR /4/ . T17T2 ..... D -TpHrrepbl, S - CYMM3TO p no MOAY

JIJ<l 2; HI-H4 - MHK pOCXeMbl 15511n2, 

TH. - TaKTOBble HMnynbcbI, IIY - H3~<lJ1b


Haft YCTaHOBKa. 


Mo r YT 6b1Tb HC nOJlb 3 0Ba HbI AJlA nony
4eHHA 3aAaHHo~ no cneAOBaTeJlb HOCTH_ 

'!' 	 ABOH4 HblX CJlOS, Ha n p HMe p, B YCTPO~
CTBax C MHKpo n porpa MMH blM yn pasne 
HHe M H np . ~JlA o AHoBpeMe HHor o cno.. *eHHR no MOAYJl~ 2 HeCKo nbK HX cna
raeMbiX MO)f(HO n p~Me HHT b M~KpocxeMY 

T~na 15 5H n2 Ipllle . 2/, KOTopaA HMeeT 
8 BXOAOB . HnH MHKpo cxeMY K500HE I60 
Ha 12 BXOAOB /exeM~ npoBe pK~ Ha 
l.I eT Hoc Tbl / 8 / . 

n p~ AByxKaCKaAHOM BKflO4eH HH cxeM npOBepKH Ha 4e THOCTb MO)f(HO 
n pocYMM Hpoea Tb oAHOBpeMeHHo AO 6 4 H 144 c naraeM~X COOT s eTCTBeH 
HO lot T.A. / 9 / . 

npHMe p 3. PaC 4 eT cxeMbi AJlR CYMMH poeaHHR AByx T pexpa 3PRAH~X 

4Hcen C n e peHOCOM _ 0 4e 8~AHo, 4TO TaKaA cxeMa IIIMeeT weCT b 8xOAOB 
AnA cna r aeMblx /n pe Anon a r aeM , 4 TO BXOA AnR n epe Hoca OT MnaAwe
ro pa3p RAa/ , ABa B~XOAa AJlR CYMM~ H OAHH B~XOA AIlA n epeHoca. 
8 Hawe M npHMe p e 3TO 3Ha 4HT,4 TO B~4HcneHHR Aon~H~ 6~T b npOH3ee
AeH~ HaA nepeKn~~a T e 11 bHo~ WYHK~He~ weCT Io1 nepe Me HH~X B no n e r a
11ya GF'(26),cOCTO RUleM 101 3 6 3 HeH ynesbix 311e MeH TOB, KOT o pble HHTe p 
npeT H py~TCA KaK 6-pa 3 pRAH~e ABOH4H~e c n o s a H11H KaK aprYMeHT~ 

!ll YHK I~I1H weC TIo1 n epeMeHH bl X Xo xl ' ' x3 ' ' Xs . B~6HpaeMI x2 x4 
HenpHBOAHMbI ~ nom1HOM weC TO~ CTeneHH x.s + x t- 1. Ta611 H""a Hen pH BO
AHMblX n011HHOMOB AO 34 - ~ CTeneHH BK11!04Io1TeI1bHO npH Be AeHa 8 /7 / . 

B pe3YI1b Ta Te B~4Io1cneHHH Ha 3BM nOJlY4HM C11eAY~He B~pa*eHIIIA: 

XOl:3 + XOx1x4 + X X31 4 + XOx l x 2x 5 + XOX2x. x 5 + x t x 2XaX S+ X2 X X4X <aO~ 
t	 a s 

XO+ xa+ XoX4 + XI X2 x5+ X2X4 X5 	 <a> 

<a2 ")Xl + x4 + X2XS 

3< a ")x2 + IS' 

3aMeTHM, 4T O 3aAaHHe Ta6I1H""bI pa60TbJ YCTpO~CTBa, aHanorH4Horo 

paCCMOTpeHHOMY B AaHHo M np~t~epe, MO)KHO aBTOMaTIII3HpOBaTb, T. K., 
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B OTn~ 4He OT nocneAOaaTe n bHOCTHOrO aSTOMaTa , 3aKOH era ~YHK4HO

HHpoeaH HR 3aaeAOMO H30e CTeH. 

3AKJlI04EHHE 
npJ.1BeAeHHble B AaHHoH pa60Te paC4eTbi nepeKJ1D4aTeJ1bHblX $YHK4I-1H 

RBJ1R~TCR B OCHOBHOM 3Kc nepHMeHTaI1bH~MH. nonY4eHHble AaHHble nOAT 

Bep>KAaOT B03MO>KHOCTb J.1Cn0J1b30BaHJ.1R COBpeMeHH~X 3BM AnR aSTOMa
TJ.13l-1pOeaHHoro CHHTe3a nepeKn~4aTenbHblX $YHKlIHH OTHOCJ.1TeJ1bHO 
60J1bWOrO 4Hcna nepeMeHHblX / m nopRAKa 2 ~ m ::; 12/, a npt-1 coaep
weHCTBOBaHHH nporpaMMbI Mo~eT 6b1Tb H 60J1bwe. OCHoBHble coeepweHCT
BOBaH~R AOJ1>KHbl 6b1Tb HanpaBIleHbI Ha YMeHbWeHl;1e BpeMeH~ C4eTa Ha 
4eHTpanbHOM np04eccope t-1 Tpe6yeMo~ eMKOCTH 03Y. Ha 3TOM nYTH 
HMe~TCR 6onbwIo1e pe3epBbI. HaHfioJ1ee TPYAoeMKIo1MJ.1 RBJ1ROTCR Bbl4Hcne
HJ.1R, 	 CBR3aHHble C HaXOK<AeHt-1eM Bblpa>KCI-IHH Al1A B03BeAel-lt-1A B CTenCHb 
3neMeHTOB 101 pa3no*eHHR HX no 6a3HcH~M 3neMeHTaM c ~enb~ ynp~e

HHR B~pa~eHt-1H. Ho nOCKonbKY anre6pa B none raJ1ya GF(2m) ABI1ReT
CA MOAyn~pHoH~ TO eCTb B03MQ>KHOCTb no B~6paHH~M HenpHBOAHM~M 
nOl1HHOMaM B~nonHHTb 3TH onepa~H~ 3aaeAOMO, H pe3ynbTaT xpaH~Tb 
BO BHeWHe~ naMRTH. 

KaK BHAHO 1013 npHBeAeHH~x B~ille npHMcpoB, npH TaKOM MeTOAe 
CJ.1HTe3a nepeKllC4aTenbH~x ~YHK~J.1~, B Ka4eCTBe 6a30B~X 3neMeHTOB 
Io1cnonb3Y~TCR 3J1eMeHT~ ~, CYMMaTOp~ no MOAyn~ ABa H MHorOBxOAO
Bble cxe'''bI npOBepKH Ha 4eTHOCTb, KOTop~e no CYUleCTBY COCTOAT 1013 
OAHOTHnHblX CYMMaTopOB no MOAyn~ 2 Ha ABa BxoAa. 

B CBR3~ C pa3BHTHeM TeXHHKH HHTerpaJ1bHblX MHKpocxeM, BonpocaM 
CHHTe3a cxeM, B KOTOPblX t-1Cn0J1b3yIOTCR 3J1eMeHTbI H J.1 CYMMaTopbl no 
MOAynlO ABa, YAeJ1ReTCR 60J1bWOe BHJ.1MaHHe 110 ,11/. B 4aCTHOCTH, 3TO 

06pRCHReTCR clleAy~~J.1MH $SKTopaMIo1 : 
- HeT He06xOAJ.1MOCT~ BBOAHTb J.1HBepC~1') n epeMeHHblX, nOCKOllbKY 

3neMeHT HHBepcHH COAep*HTCA BHYTPt-1 CYMMaTopa; 
- KaHOHH4eCKoe npeACTaeneHHe nepeKn~4aTeJ1bHOH $YHK4J.1H PHAS

MaI1nepa TaK)t(e peam13yeTC~ 60hee npOCTO B 6a3Hce H, IIHCKnOL4afJ
ulee HnW I 112 - 141: 

- norH4eCKHe cxeMbI, KOTOpble peallH3Y~T nepeKnro4aTenbHble $~HK

~HH B 6a3Hce H 101 CYMMaTOp no MOAY~ 2, KaK nOKa3b1BaeT onbiT 10 / . 

nonY4aVTCR 6oJ1ee npoCTblMH no cpaBHeHH~ C 6a3HCOM H, HE, XOT~ 

TeopeTH4eCKH 3TOT sonpoc OCTaeTCR OTKpblTbiM. 3TOT ~aKTop sa)t(eH 
TaK)t(e C T04KH 3peHHR nOCTpOeHJ.1R MHorO$YHKlIt-10HaI1bHblX 6HC, co

CTOA~HX H3 0AHOTJ.1 n HblX R4eeK-CYMMaTopOB no MOAYJ1~ ABa; 
- aHanorH4HblH 6a3HC WHPOKO J.1CnOnb3yeTcR npH C03AaHHJ.1 YHH

BepcanbHblx reHepaTopOB $YHK~HH H AHHaMH4eCKH nporpaMM~pyeMbix 
MOAyneH, B HHTerpallbHO'" HCnOn!-4eHHH 1 15/. 

Pa c 4eT rn$ C nOM~b~ 3BM OTKpblBaeT HOBbie B03MO>KHOCTH AllR 

KOMn J1 e KCHOH aB TOMaTH3a4HH npoeKTHpOBaHHA YCTPOHCTB AIo1CKpeTHOH 
J10 r HKH, Ha4HHaR OT 3aAaHHR Ta61lH~, on ~CbIBalOllI~x pa60TY cxeMbI, 
~ KOH4 a R pa3BoAKoj::1 ne 4aTHo~ nnaTbl /.1nH TOnOnO fl.1J.1 ~HTerpaJ1bHOi1 
cxeMbi / HC/. 
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nPHnO)l{EHHE 

OnHcaHHe nonA rany\) (i F' (2111) 

none ranya OF(2m)COACP*HT 2ffi_l pa3nH4 H~X aneMeHTOB . KOTop~e 
06pa3Y~T 4Io1KnH4CCKH~ KOA . CpeAH HHX m 3 neMeHTOB RBI1ACTCA J1H HeH

• 	 HO-He3aBIo1CHM~MH. Oc ranbH~e 3neMeHT~ n onA nonY4aCTCA n yTeM 11"" 
HeHHOH KOM6HHaUHH 3 THX 3neMeHTOB. 60nee npaC TO /.1X MO* HQ nony
4HTb c nOMO~b~ HenpHBOAHM~X nOJ1HHOMOB . AnR onpeAeneHHDCTH n o 
J1Q)IH1M. 4TO m ~ 3. HcnpHBoAHMblH nOIlHHOM B AaHHOM cnY4ae RsnReTCR 

x 3 + x+ 1 . nHHeHHo-HeaasHcHMblMH 3neMeHTaMH nOIlR npH m= 36YAYT 
O 1 2 a = 	 100; a = 010; a = 001 . C nOMout b lO J1ItlHeHHO-He3aBHC/.1MblX 3 n e 

MeHTO B nonR ranya n~60H APyroH 3neMeHT nonA Mo*eT 6b1T b npeAC Taa
neH B B~Ae MHor04neHa . npeACTaSHM, H an p~Me p, OA~H ~3 3 n eMeHTOB 

B B~Ae A"" AoaO+ Alai + A2a2 • TorAa nn6o~ APyro~ 3neMeHT nonR 
6YAeT OTn~4aTbCR OT AaHHoro 3Ha4eH~RM~ K03¢$~4HeHToa Ao, A1 

2ItI A 2, T.e . OH 6YAeT, HanpJ.1Mep, HMeTb BHA B = BoaO+ BJa 1+ 8 28

n pH4eM K034MtlH4He HTbI Ao ' Al ' A2 H Bo J B l ' B2 B AB0lo14H0l1 
C ~CTeMe C4~cneHHR npJ.1HHMa~T nHWb 3Ha4eH~R 0 Hn~ 1. npeAnono~HB, 

4 TO 3neMeHT a1 RBJ1ReTCR KopHeM nOJ1HHOMa x3 + x + 1 • n onY41-1M 

Bblpa>KeHIo1e a3 + a + 1 • B none ranya onepallJ.H1 CnO)l(e HHR H Bbl41·na-
H~R paBH03Ha4H~ H B~nOnHRDTCR no MOAYJ1D 2. 

TaKHM 06pa30M, HCXOAR ~3 onHcaHHo r o a~we , non Y4HM OC TanbH~e 
3neMeHT~ nonR a paCCMaTplo1BaeMOM npHMe pe, KorAa m= 3. 

3 O 4 3 1a = a I + a = 110 ; a = a a 1 "" a2 + a = 011 ; 

5 4	 1 3 2 1a =a	 a "" a2 + a ;::: 8. +aO+ a = 111 ; 

6 5	 1 2 2 O 2a "" a	 a = a3 + a 1 + a = aD + a1 + a1 + a = a + a = 101 ; 

a7 = &Gal =a1 +&3 :=-a1 + aO + a1 ::=aO • 

no nY 4aeTCR c eMb pa3nH4H~x 3neMe HTOB n OI1A GF (23 ) . 3aTeM, B cJ.1ny 
7 a8 8 1~H KnJ.14HOC TIo1, KaK BIo1AHM, Bce n OB TopReTCR, T. e. a = aO ; "" 


H T . A. 3AeCb ManOH 6YK BOH a 0603 Ha 4 eH KOHKpe THblH 3ne Me HT nOllR . 

Y4J.1TblBaA, 4 TO aO = 100 - eAt-1 Ht-1 4 HbH::' 3neMeHT, no n Y4t-1M 900 . °aO = 900 


YMHo*eHlo1e ABYX 3neMeHTOB no nH B~nOllHHe TCA nyTeM npRMoro YMHO
~eHHH 3neMeHToB, npeAC Ta BI1eH H~X B B~Ae MHoro4neHa, T.e . 

A • B = ( Ao.O + A 1a l + A a2). ( BoaO+ B 1a l + 6 2a2) = e

= AaaOBaaO+ AoaOD1 a1+ AoaOB2&2+ Ala! BoaO+ Al &2 B 1 + 

3 A 2 0 3 4+ A 1& 	 B 2 + 2& Boa +A2 !3 19. + A2 D2i • 
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~anee npHBeAe M nOA06H~e H B~HeCeM 06~H ~ MHO~HTen b 3a c K06KH : 

A * B ~ aD ( Ao Do+ AI D, + A, DI ) + .1 (AoB I + A IBo+ AIB.+ A.B I+ A.B.) + 

+ a'(Ao B, + AIB , + A,Bo+ A, B.) . 

0603Ha4 1-1 B K0 3¢$IIIU Vl eHTbI n plo1 a 
O 

, ai , a 2 4 e pe3 Co, C1 , C2 COOT 

aeTC TBeHHO , nOIlY4I-1M: 

C o ~ Ao Bo+ AIB, + A, BI 

C I : AoB I + AI Bo + A, B.+ A,BI + A,B. /1 / 

C, : AoB,+ A, B, + A,Bo+ A,B• . 

YCTpo~c T Ba AnR napanne Ilb Ho r o YMHO>KeHHR ~BYX 3IleMeH TOB S none 
r any a OF(2~1-13BeCTH bi ~ Onl-1CaHbI S nl-1TepaT ype 3,51 • ECIlI-1 B Bblpa )l(e

HH~ /1/ nOIlOlf(HM A :: B . TO n OIlY4 HM B ~pa~eHH R AIlR B0 3BeAeHI-1 R 3ne
MeHTa nODR OF (23 )a KBaApa T: 

CO2 :: AOAo+ A tA2+ A2A1= AO 

C " 	 ~ AoAI + A IAo+ A, A, + A2AI + A. Ap A, 

C' 2 : AoA2+ AlA, + AoAo+ A, A, : A I+ A2 . 

npH4e M, Ka K ynoMHH anOC b Bbi we , cn e AyeT y 4ec T b , 4 TO A oA o= AO 

H AlA2 + A2A} "" O . T . e. eCIlI-1 C YMM l-1p yeT c~ 4 eT Hoe '-mCIlO OAI-1 HaKOS bi X 

4 Ile HOB, TO cyMMa pa SHa Hyn o , a eC fiH CYMMHpyeTcR He4eTHoe 4 1-1CIlO 

0 AI-1HaKOBbt X 4ne HOB . TO pe 3YIl bTaT paeeH OAHOMY 4 IleHy. Hanpl-1Mep 1 

AIBI + AIBI + A , DI = AIBI' 
n YTe M t.·n e pa UHI-1 MO)t(HO n on yt..lI-1Tb Bblpa)t(e HI-1R AnA s03BeAe HI-1 A 3 Ile 

MeHT a n OIlA raIlya C F' (23 ) B Ky6 , B 4 e TB e pTylO, nR TytO *'1 weC TYIO 

CTe neHH. 
A3 = AA ' ; 

C03 = Ao+ AI + A,+ A ,A, C I3 = AOA , + AoA, + AI C'3 = AoAI ' A2 

A' ~ A A3 ; 

Co. = AD C I• ~ AI + A, C • • - A I 

A' ~ A A' 

C05 "" A o+ A 1..,. A 1A2..,. A2 ; C 15 == AoA2+ A l A2 : C25 "" AOA} + A t+ AoA 2 : 

A6:	 AA' ; 

C06 = Ao+ A,+ A, + A ,A, ; C 16 : A2+ AoAI; C26 ~ AI+ A, + AoA2' 
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n o 	 nonY4eHIH~M nbllMltCI'WH1M II(!T PYAHO nOCTpOIllT b cxe Mbi AIlR s03se Ae 

HHR 3neMCIH 01 110' 111 lW(.:!::J) B He06xoAHMYIIJ CT e neH b , Hc nOllb 3YR 3ne 

Me HTbI H III t.:y,.,,.t.l ' OPbl no MOAYOO 2 . 
3aMeTHM. lit 0 npH Ill .... 3 YMHOHle Hllle ASYX 3neMewrOB nonR H S03 se

AeHHe HX 0 c ·. cneHH 4 pe 3MepHO r pOM0 3AKH . H n on Y4eHHe Bblpa>KeH H~ 

BPY4HYO BCCbMa 3aTPYAHHTe Il bHO . ECT b n po r paMMa , HanHc a HHaR Ha 

R3b1Ke Schoonschip , peaIlH3 y IOtqaR AaHHble onepa UIo1H . 
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