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BBEAEHHE 

norH4eCKHe CXeM~ H 6n OKH, npHMe HRCMWe B RAepHOA 3neKTpOHHKe, 
6aaHpYlOTCR Ha 6yneBoA anr'e fip e , B KOTOpoA ¢!YHKlIHR F(x 1.X2.....X )m 
onpeAenReTCR KaK nepe KIl104aTeIlbHaR, eCIlH OHa TaK me, KaK 101 ee 
apryMeHTbl, MOll<eT npl1HHMaTb ronsxo ABa 3Ha4eHHR: 0 HI. AnR 
onHcaHHR 60nee CIlom.~ x c xe M McnoIlbayeTcR MeTOA cynepnoaHlIMH 
3IleMeHTapH~ x no rH4eCK MX ~yH t< ~HA, npH KOTOpOM B $YHKlIMH BMeCTO 
ee apryMeHToB BblnOIlHRe TCR nOIlCTiJHOBKa APyrMx $YHK~HA /1 /. KaK Ma
BeCTHO,4MCIlO BceBoaMOIK Hbl X n e pcxnnva r ens HblX $YHK~MA m apryMeH
TOB paBHO 22~ HaBeCTHblC MCTOAbl GyncBblx $yHKlIMA 60Ilbworo 4MCIla 
nepeMeHHblX (m>4) HMe lOT PRA orpaHH4eHMA $opMaIlbHoro xapaKTepa. 

TeXHMKa COBpe Me HHo r o 3t<c nc pHMc HTa Tpe6yeT COBepweHCTBOBaHMR 
IlorM4eCKHX c xe n o r fiopn Kat< no 6blcTpOAeAcTBMIIJ, TaK M no 4Hcny 
KaHaIlOB perH c TpallH ~ . Bec bMa a KTy a IlbHo H RBnReTCR TaKme aaAa4a 
coaAaHHR TaKHX nor ~4eCKM X YC Tpo Ac TB, B KOTOpblX MMenaCb 6bl 
BoaMomHOCTb 6blCT po r o ne pc n po r paMMHpoBaHMR Ha BbinonHeHHe paa
IlH4Horo pona aaAa 4 . B03HH KiliIJUIHX B npouecce axcnepaae ara , B nO
cnenuee BpeMR Ka K B reoper u-re c xo x , TaK M B npaKTM4ecKoM ac
neKTe 04eHb MHTeHCMBHo oeAyTc R HccIleAoBaHMR no paapa60TKe 
YHHBepcanbH~x AMHaMu4e CI<I\ nporpaMMI1pyeMbix IlorH4eCKHX MOAyneA 
/YAnnM/12.3~ Ha pMc.l . np HoeACHa 5IloK-cxeMa YAnnM. OHa COAepmMT 
ABa axona AIlR ne pe Me HHLIX 1\ U B M ABa axoaa C 101 D. Ha xo'ropue 
nOAalOTCR K03$ COHlI HCHTbl IHICTpo:l l(M. MeHRR 3TM K03$$MlIHeHT~, Mom
HO 6b1CTPO 11 3Me HRTb TMn obl no n H IH~~\oi1 6yneBoH $YHKlIMI1 F . Ha pHC. Za 
Ha06pameHa npHHlIHnHaIlbHa A CX~ Ma r axoro ,~oAynR. $yHKlIHH, B~nOIl

HReMbie MOAYIleM, npMBe Ae Hbl li a pu c , 26. OCHoBHaR npotinexa aaKIlIO
4aeTCR B TOM, 4T06b1 , Hc noIl b3YH MHHMManbHoe 4Hcn o BXOAOB Ha
CTPOHKH, C03Aa Tb MOAyn b, DHnOIlH R IO~H~ MaKCHMaIlbHoe 4HCIlO IlorH
4eCKHX onepallHA npH MI1HHMa nb HoM 4HCIle HcnonbayeM~x IlOr l14eCKMX 
3IleMeHTOB. B RAe pHo A 3nCKTpOHI1 KU oonpoc a M C03AaHHR YAnnH YAe
IlReTCR cepbeaHoe BHI1MaHHe. B '4/ 0 nl1 CilH ynpaBIlReMblH norH4eCKHA 

A reotA /B) 
B 

Pile . 1. Bnox-icxexa rrpor-pasoer
e n o r-o nOrl-PleCKOI'O MOAynR . 

A, B - DXOAbJ AnH Il c peMC II IIJ.JK , 

C, D - BXOAbl AnJJ K 03it-!III1l! Il' /I 

TOO uaCTpoHKH . 
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PHc . 2 . npHH~HnHan bHaH c xeMa A(t)MOAyn H l al 11 e po T a 6nH~ a
 

HCTHHlIOCTH 161, + - cyMMa
 
no MO Ayn~ ABa , = - norH~e 
 €)8
CKaR paBH0311a tl/lOCTh. 

MOOyJlb , C nOM~ b lO xo t opo r o HOlt< /-I0 nony ua r s MH HTe pMbl 4 nepea euuux , 
MOAyn b COCTOI1T 101 3 16 311e MeHTOB "W' , KamAblA 1013 KOTOPblX HMee T 6 
BXOAOB : 4 Hcnon b 3Y~ T CR AIlR nOAa4 H CHrHanOB, COOT BeTCTBY~HX 
4eTblpe M nepe Me HHblM, Ha OCTaIlbHble nOAaIOTC~ ynpaBIl~~HA CHrHall 
101 cHrH an - c Tp06 COOTBeTCTBeHHO. BblXOAbi Bcex 3IleMe HTOB " H" 05"be
AHHRIOTCR C nOMO~b lO 3ne Me HTa IHn H". f{03$$HlIHeHTbl Ha c TpoHKH MO
r yT nOAaBaTbCR KaK OT TYM6nepHoro perHCTpa BPY4HYIO, Ta K 101 OT 
TpHr r e pHo r o pe r HCTpa . 04eBHAHo, 4TO Ta KOH MOAynb HMee T orpa 
HH4e HHble $ YHKlIHOHan bHble B03MOll<HOCTH. 

B/ 6/ 
npHBe Ae Ha cxeMa nporpa MMHpye Mo r o llorH 4e CKoro MOAynR, 

c o aAa HHo r o Ha o CHo Be 8- BxoAHor o MYll bTHnlle Kc o pa . nepe Me HHble A, 
B 101 C nOAa lOTCR Ha TPH a Ape CHblX BxoAa , a Bo ceMb HH~opMallHoH H bl X 
BXOAOB cny~aT An R nOAa 4H K03$$ HlIHe HToB HacT po AKH K1-K . 3 Ae c b e 
~ HMeeM npHMe p npHMe He HHR MI1 KpOCXeM c peAHe H CTeneHH HHTer pa llHH 
AnR c03AaHHR npo rpa MMHo-ynpa BnRe~x MOAyn eH . OAHH Ta KoH MOAyn b 
0 6ec ne 4HBa e T pe anHaa llH~ 256 paan H4HblX nepe Kll104a Te n bHblX $YHKlIHA 
n pH MHHHMall bHo A 3a Ae p~ Ke 5 HC. Hc no n b3YR ABe TaKHe cxeMbl , Mom 
HO nOCTpOHTb MOAyn b Ha 5 BXOAOB. 

WHPOKO HaBeCTHbI TaKme pa50 Tbl , B KO TOpblX AIlR pe a nH3allHH ne 
peKll104a Te n bHblX $Y H K~HH I1c non ba YIOTCR MOAyn H nnH , 03Y Hn H nn3y /6 ~ 
B Ta KHX cny4aRx BXOAHble ne pe Me HHble N nOAa lO TCR Ha a ApeCHble BXO
Abl naMRTH, Ha BblXOAe KOTOpoA MO~ H O no nY4HTb ZN KOMGHHa llHH 
OT N BXOAHblX nepe MeHHblX. 

B /7 1 onHcaH~ np o rpaMMHo-yn p aBn Re M~ e 6nOKH Ha Hoce KYHAHoH 
3ne KTpOHHKH: 6nO KH 3a Aepll< KH, YCHIlH Te n H, cxe M~ COBna AeHHR H 
np04 . OAHa Ko B 3TOA CH CTe Me 6IlOKOB y npaBn e HHIO nOAne maT Ta KHe 
napaMeTp bl , Ka K 3aAe p~Ka, no po r $OpMHpoBaTellR, 4Hc no BXOAOB 
CHCTeM cOBnaAe HHH , 3a AepmKa cOBnaAeHMA 101 np04 . 

I~T~( 3 



I 2 . nEPEKll1041\TEllbHbiE cl>YHI{llHH r AllYA 

EiYIleBa anrefipa Xo pOWO onacuaaer yc r po ac raa , B KOTOpblX peanu
3yeTcR AB0l14HaR IlOrI1Ka. B 3TOM CMblCIle OHa RBIlReTCA cl>YHK~110HaIlb

HO nOIlHoH . B HaCTOR~e e Bpe MR 60IlbWOH I1HTepeC KaK C TeOpeTl14e 
CKOH, Ta K H npaKT I14eC KOH T04eK 3pe HI1R npeACTaBIlReT pa3B I1TI1e 
MHo r OYPOBHe BOCl N -3Ha4H0I1 IlOrl1KH m- nepe xe uuux , 3Ta noraxa 6 a 
311pyeTcR Ha AByX Hal160Ilee 11 3Y46 HHblX Tl1naX MHor03Ha4 HblX aIlre6p : 
nOCT anrefi pu 11 MOAYIlRPHOH aIl re6Pbl / 8/ . B HaWel1 pefior e Mbl noru.ayea 
CR pe3YIlbTaTa ~11 11 MeTOA a MI1 MOAYIlRPHOI1 aIlre6pbl. B CBO~ 04epeAb , 
B MOAYIlRPHOH aIlre6pe 113BeCTHbI ABa cnoco6a npeACTaBIleHI1R N -3Ha4 
HOH nepe xnouaren eaosi clJYHK~ 11 11 m nepeae-u-ux : B KaHOHI14eCKOH clJo p
Me PI1Aa-MaIlIlepa 181 ~1 B BI1Ae nOIlI1HOMa ft. 1 CTeneHI1 / 9/ . KaK nepe 2 1

MeHHble, TaK 11 K03clJ clJ H~ HeHT bI npl1 HI1X B nOIlI1HOMl1aIlbHOM npeAcTaBIle
HHI1 clJYHK41111 RBIlRIOTCR 3IleMeHTaMI1 nOIlA GF(2 m ). TaKl1e nepeKIl104a 
TeIlbHble clJYHK~1111 Mbl 6YAeM Ha 3blBa Tb " Fanya- ne pe xnovar ensuuaa 
clJYHK~HR M~ 1 /rnclJ / . 

B pa fio r e 1101 no xa aa uu Te n pe I1 My~e cT Ba , xo'r opue aae r npl1MeHe 
Hl1e Te o pHH rn cl> AIlR CHHT e 3a 11 nOCTpOe HI1 R IlorH4eCKI1X cxeM . OAH HM 
11 3 HHX RBIlReTCR TO, 4TO np CACT aBIleHHe nepeKIl104aTeIlbHblX eYHK~HH 

3IleMeHTaMI1 nOIlR raIlya n0 3BOIlA CT BblnOIlHRTb HaA HI1MH aIlre6pal14e
CKHe onepa~I1H, 4TO ynp o~ a e T paC4eT TaKI1X clJYHK~I1H C nOMO~b~ 3BM, 
a TaKme ynpo~aeT np o6Ile MY MH HI1MH3a 411 H 11 ee clJopMaIlb Horo npeA
CTaBIleHI1R. C ~eIlb~ ynpo~e H H R B AaIlbHeHwe M MbI 6YAeM onepHpOBaTb 
C ABY3Ha4HblMH clJYH K~ HR MH 4eTblpe x nepeMeHHblX. 

KaK H3BeCTHO , none , COCTORll1ee H3 AByX 3IleMeHTOB 1'111 H "0'; 
RBilReTCR OCHOBHblM nOIle M ranya , H o603Ha4aeTcR KaK GF~). npH4 eM 
onepauas CilOmeHI1R "+" eunonuaer ca no MOAynlO ABa, a onepauaa 
YMHome HI1R cOBna Aae T C one pa4 11e H KOHb~HK411I1, np HMe HReMOH B 6y 
neBOH anre6pe. PaCWHpeHHoe none raIlya GF(2m ) c03AaeTCR nyTeM 
Ao6aBIleHHR 3IleMeHTa A K nOIlIO GF(2)/ll ,12 I npl1 4e M 3IleMeHT A RBIlReT
CR KopHeM HenpHBOAHMoro nOIlH HOMa m-H CTeneHH. TaK, nOIle 'GF(2 4) 

4,o6pa3yeTcR HaA nOIlI1 HOMOM P( x )= 1 + x + x aero KopHeM RBIlReT
CR 3neMeHT a' = 0 100 , Ta K 4TO Bbl nOIlHRe TCR COOTHoweHlo1e l +a'i-a4=0. 
B CBOIO o4epeAb, Il1060 H 3Ile Me HT nonR ranya GF(24 ) TaKme MomHO 
np eACTaBI1T b B BHAe : 

X = x ao + x2 a
1 + x3 a 2+ x a3 •

1 4 

rAe a°.;- w - 6 a 311cHble 3IleMeHTbI /aO=1000, a 1 =0100, a 2=001 0 
H as =000 1/, X 1 .;- X4 - K03clJclJIo14HeHTbI, xoropae B 3aBIo1Cl-1MOCTH OT 
3IleMeHTa X Mo r y T n plo1 HIo1 Ma Tb 3Ha4eHI1R 1 Io1IlH O. B Ta6Il.l AaHbI 16 

4)3IleMeTOB nOIlR r a Ilya OF (2 . BKIl104aA HYIle BoH. 3Ile Me HTbI nOIlA 
o6pa 3YlOT ~HKIlM 4eC K Y~ r py nny, n03T OMY B pe3 YIlbTa Te Il~tiblX 

one pa 4HH HaA 3ne MeHTa MH B npeAeIlax AonycTHMblX B 3TOM no 
Ile, nOIlY4a e TCR 3neMe HT H3 3 To r o me nOilR . Ba ~HO Ta Kme , 4TO 3Ile 
MeH T nons MomHO pa CCMa Tpl1BaTb KaK MIo1HTepM m nepeMeHHblX / CM. 
Ta6n .l 

4 

Ta6JIHI.\a 

3JIeMeHTbi nons I'arrya GF (24) 

3JIeMeHTll IIpeAcTaBJIezme 
B BIIAe MHO rO'lJIeHa 

.!LBOH"l'Hlle 
3KBHEaneHDl MH H T e p NbJ 
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1111 
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x1xr Jx
4 

x1XzXJx4 
x1x2xJx4 x1x2x Jx4 
:f , :f2xJx4 
x 1x2xJx4 x1x 2xJX4 
X1'lr Jx4 

x ,x.rJlC4 

J:: 1xzXJX4 
x,x2xJx4 
x,x2x Jx 4 
x, x2xJx4 
x, x2xJx4 
x ,x2XJX4 
x1x2x Jx4 
x1x2xJx4 

Ta KI1M 06 pa 30M. rne 4eTbipex nepeMeHHblX Xl' X ,x3 ' x 4 MomHo npeA2
CTa BI1 Tb B BHAe nOIlHHOMc 15-j;j CTeneHH: 

1 2 3F(X) =F(X ' X 2 ' X X + B (2) X + B (3)(X ) + ...
S

,
 

15
 
1 4)=C(0)+B(1)X 

B(14)X 14 + B(15)X , /1/ 
rne X = I Xl ' X2 'XS'X 4 I - BxoAHble ne pe xe uaue , C (O) - 3H34eHI1e 
clJYHK~ 11 11 B HYIleBOH T04Ke : B/ I / , B/ 2/ •• •B/15/ - K03 clJclJ H~H eHT bI 

HaCTpoHKH. 

Pa CCMOTpHM CileAcT BHR , BblTeKalOll1He 11 3 paBe HcTBa / 1/ : 

- Tl1 n peaIlH3yeMoH rne on pe AeilRe TcR 3Ha4eHHRMH K03clJclJH 4He HToB 
B/l / '';- B/ l 5/ , 

- AIlR nOCTpOe HI1R cxeMbl, KOTopa R Bbl4HcnR ila 6 b1 nOIlH HOM B pa
Be HCTBe / I /, He o6 xOA I1Mbi cxe xa An R BblnonHeHHR o nepa uati yMHome 
HI1R , B0 3BeAeHHR B CTeneHb 11 CnOmeHI1R 3neMeHTOB nonA r a ilya . 
KaK nOKa 3a HO B /l 1 ~ TaKHe o ne pa 4HH Mo r yT 6 b1Tb peanH30BaHbI 
Ha CTaHAapTHblX MHKpo cxeMa x c peAHej;j H GOIlbWOH CTe ne HH HHTerpa
4VlH. /lIl R BblnOIlHe HH R 3 n 1X one pa4 11 H MOl'<HO COC TaBHTb TaUIlH4bl. 

nOCKOIlbKY 3n e Me HTbI nOIlR npl1 clJHKc Hpo BaHHOM m 06 pa 3YlOT 4HKIlH
4ecKylO r py nny, TO K Ta6nH4H blM MeTOAaM pe weHHR MomHO CBeCTI1 
11 Bbl411CIleHI1 e 6 0n e e CIlomHWX 9b1pa ~eI111 ~, Hanpl1Me p, OAHOBpe~eHHoe 

yMHomeHHe HeCKOnbKI1X COMHOmI1TeneH, OAHOBpeMeHHoe YMHomeH~e 

C B03BeAeHHeM B CTeneHb H np04 . 
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Ta6mu~ a 2 
Ta 6JIHtIHble 3H a tIaHlUI DbJpmKemUI BA4 

A- a O a ' a 2 a3 a 4 a 5 a 6 8 7 a8 a 9 a 'O a' " a , 2 aD a ' 4 
j,4_ a o a 4 - ~8 - aT2-a '- a 5 a9 a' J ~~-;O--~ fO  a1 4-aY - a'--a 1 1 
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a3 
a 6 

a 7 
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a 14 

a 
O 

a J 

a 4 
a l 

a 8 
a i l 

a ' 2 
a2 a2 a 6 a ' O a'4 a 3 87 a 1 ' aO a 4 a8 a '2 a ' a 5 a9 a ' 3 
a3 a3 a 7 a" aO a 4 a8 a '2 a ' a 5 a 9 a' 3 a 2 a 6 a ' O a ' 4 
a 4 a 4 a8 a '2 a' a 5 a9 a ' 3 a 2 a6 a ' O a '4 a3 a7 a " a O 
a 5 a 5 a9 'a' 3 a 2 a6 a'O a '4 a 3 a 7 a " aO a 4 a 8 a'2 a' 
a6 a 6 a 10 a' 4 a3 a7 a" aO a 4 a8 a'2 a' a 5 a9 a'3 a 2 

a7 a7 a " aO 8 4 a8 a 12 a' a 5 a9 a ' 3 a 2 a 6 ~' O a'4 a3 

a8 a8 a ' 2 a ' a 5 a9 a ' 3 a 2 a 6 a ' O a ' 4 a 3 a 7 a" a O a 4 

a9 a9 a 13 a 2 a6 a ' O a'4 a3 a 7 a 1' aO a 4 a8 a ' 2 a' a 5 

a 10 a ' O a'4 a 3 a7 a " aO a 4 a8 a ' 2 a 1 a 5 a 9 a '3 a 2 a 6 

a" a " a O a 4 a8 a ' 2 a ' a 5 a9 a D a 2 a 6 a 'O a ' 4 a3 a7 

a 12 a ' 2 a' a 5 a9 0 13 a 2 a 6 a ' O a ' 4 a J a 7 a ' l .: a4 a 8 

a'3 a 13 a 2 a6 a'O a 14 a 3 a 7 a " a O a 4 8.8 a ' 2 a' a5 a9 

a 14 a ' 4 a 3 a7 a" .: a 4 a8 '2 a' a 5 a.9 a 13 a 2 a 6 a'O 

i 
B Ta6 n. 2 B Ka4eCTBe np HMepa npHBeAeH~ BceB03MO~ H~e 3Ha 4e HHR 

Bbl pa~eHHR BA4 . B aepxHei:1 CT pOKe npl1aeA eH~ anexeuru A, B erie 
AYI')U\e i1 - 3 TI1 3ne Me HTbi B 4- i1 CTene HI1, S Kpa i:1 He M cneaa c r ontiue 
AaH~ 3ne MeH T~ B 13neMe HT~ A H B np l1 HaAne~aT non~ r anya G F1~ 4 y. 
Ha npHMe p , B~pa me H l1 e BA 4 npH A=a 7 H B=a 12 pa BHO 3neMe HT y a . 
B caMOM Aene ,a 12 .(a7 )4c a12 . a28 aa40a a15.a1 5 . a lO .. a 10 . 

AHan orH 4HO MomHO COCTa BHTb eU\e 14 Ta KHX Ta6nl1lt . 
Ha pHc .3 npHBeAeHa 6n OK- cx eMa YAnnM, KoTopaR nOC TpoeHa B co 

OTBeTCT BHH C paBe HCTBOM 11I . Cxe Ma HMeeT 4 BXOAa AJIR nepeHeHHblX, 
15 BXOAOB AnR nOAa 4H K03$~H lt He HT OB Hac Tpoi:1 KH, H 4 B~xOA a . AnR 
npa KTH4e c Ko i1 pe anH3alV111 r a xo r o yc r poa c r aa Heo6xoAHMO .me Tb 15 
c xe M AnR OAHOBpeMe HHo r o Y M H o~eHHR H B03BeAe HHR B CTeneHb AByX 
3neMe HTO B B none ranya GF (2 lQ 

) . EcnH AJIA 3THX ltene i:1 Hcnonb30 Ba Tb 
6~ cTpo Ae i:1 cT By~~ee nn3Y THna KSOOP EI 49, TO TaKHe cxeM~ nonY4a ~TC R 
OAHOT Hn H~MH H AOBonbHO n p OCT~MH . Pa3HHlta Ton bKO 3 a K n~4aeTC R 

B COAe pmHMOM nn3Y. Ha pHc. 4 npH seAe Ha TaK3R cxe Ma. OHa COCTOHT 
H3 4-pa 3pRAHo r o pe r HCTpa 1 , Ha KOTOpOM x pa HHTcR 3Ha 4e HHe K03 ~ 
~H lt l1e liTa Ha cT PoH K ~ H MHK pocxe M~ 2 n ma KSOOPE1119 . 

Ha pHc.5 npl1 BeAeHa cxeM3 AnR B~nOn He H I1 R One paltHH cno~e H H R 

no MOAyn l') ABa Ha 16 BXOAO U. 3Aec b I1 c n on b 3 y~ TcR MH Kpocxe M~ 
KSOO Yl E1 6 0 1 12 Bxo AoBI 11,21 H IoU1KpocxeMa 3 - K500nn l 07 . An R 
nOCT poeHHR MOAynR Ha ne p eMe H H ~e Tpe 6ye TcR 4 TaKHX cxeM~ . Ha l1 
6onbw l1i:1 BKnaA B 3aAe pmKy MOAynA BHOCHT nn3Y 120 Hc/. Ha B~non He 

HHe OnepaltHH cnomeHHA Heo6xOAHMO He 60nee 7 HC. H3MeHRR K0 3~
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PHc.3 . CTPYKTYPHaH c xeM a Y HH De pC~ I hHoro AHHaMH4 eCK H 
np o rp~ip y eMoro MOAynH . S - r p ynna cyMMaTopoB n o MO
AYJIlO I~Ba . 

$ 11 ~ He HT~ B/ K/ , K=1 , 2, 3 • ... 15 . B PY 4 H Y~ HnH C nOMOU\ bV 3BM MO~ H O
 
6~ C TPO ne pe CTpaHBa Tb Ta KOH MOAyn b Ha B~n onHe HHe p a 3 nH4 H ~X ~y ti K 


u~ ~, 4Hcno K O T OP~X paBHO 6 553 6 . PaccMoTpHM n p I1Me p~ , KOTop~e
 
Hnn~CTpHp YVT CR C nOM O~ bV Ta6n H lt~ 3. B ne pBoH KonOHKe cneBa npH

BeAeH~ 3neMeHT~ nona r anya GF(24 ) H HX AB0I1 4 H ~e 3KBI1 Ba neH T ~ .
 
C H rHan~ , COOT Be Tc T By~~e 3T~1 M KOAaM, nOAaVTCR Ha 4 BXOAa MOAynR.
 
B cn eAY~HX xon ouxax n p HB eAeH~ COOTBeTCTBYlOO\ l1e HM 3Ha4e HI1A
 
Ha B~XOAax MOAynA H B~4~ c n e H Hbl e Ha 3BI1 K03<ll~l1 lt H e H T~ B/ K/. Me TO 

AHKa Bbl4HcneHHR Ta KHX K03l!l¢Hltl1eHTOB npa aene -ra B 19. 10/. llone r ae a ,
 

} Bt..XO~'" Ao	 PHc. 4. n pHHll,Hn HaJIhlIa H cxe Ha , 
peaJIH3 YIOIl\aH B0 3B eAe HHe B c -re n e m,A4 
3neHeH Ta C OAHOBp eMeHtIblM y HA'J. 2. HOlKeHH cH.AJ 
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PHC.S. npHH~nHanbHaH CXeMa 
cyMMaTopa no MOAyn~ ADa Ha 16 
BXO,[\OB, 1,2 - MHKpOCXeMbI 
KSOOliE 160, 3 - MHKpOCXeMbI 
I<SOOJInI07. 

"ITO q,YHKl.II1 R ua au xonax ~I MeeT I1C 
TI1HHOe 3Ha4eH I1 e IB CIlY4 a e p e aIlI1 
3al.ll111 6YIl eB~X q,yHKl.Il1 i1 I , eCIl I1 OHa 
paaaa eAI1HI14HOMY 3IleMeHTy a ° =100 0 . 
Bb1411cIleHH ~e Ha 3 BM K03epq,111.1I1eHTbl 
AIlR nepaoro CIlY4a A paBHbl B/ l l =a3 ; 

B/2/=a6 ; B/3 /=a 9 11 T .A . B/14/=a12 ; 

B/ 15/ =aO. nOACTaBIlAA I1X B Bblpa
lKeHl1e Ill, nOIlY4I1M: 

F(X) ",a 3 X + a 1 X 2 + a9 X 3+ a12x 4+ aOX5+ 

npeACTaBneHHC n o r H' IeCKIiX 

+ a 3 X6+aOX7 +a9X8+a1 ~ 9+aO X10+ 

+ a 3X ll+a6X12 +a 9X13+Jl?x 14 +a °X 15 • 
121 

Ta6.rrH~a 3 

l1>YHK~H H :m eMeHTaMH nona I'anya GF(2 4 ) 

~ Coananeaae llOBTOp ltiHBepclli! AHTRcoBIIa,ne
lllie 

Bxo,llu 

X=x 1x 
2

x 
3x 4 F=x1 x~3x 4 B( K ) p :;x B( K) F= :;; ~X:3~ B(K) F=x lXZ3~IB(K) 

0. 
1=0 100 00 00 o..J 0 10 0 

0 
1011 0000 0. 

5a a 

0. 
2=00 10 0000 0. 

6 0 0 10 0 1101 0 0000 0. 
11 

0. 
3=000 1 8 

9 0 
0000 0001 0 1110 0 0000 a 

8 4= 1 100 0 000 0. 
12 1 10 0 0 0011 0 0000 0. 

5 

6 
5=0 1 10 

0 

0. 
11 00 00 a 0 110 0 1001 0 0000 

0. 
6

=00 1 1 0. 
3 0 

0000 00 1 1 0 1100 0 000 0 a 
0.

7=1 10 1 0000 6 1 10 1 0 0010 0 0000 0. 
5a 

0. 
8 = 10 10 0000 0. 

9 10 10 0 0101 0 0 000 8 
11 

0. 
9=0 10 1 0. 

12 0 
0000 0 101 0 10101 0 0000 8 

6 
10 =1 110 

0 

8 500 00 8 111 0 0 0001 0 '1000 

0. 
11=0 11 1 00 00 0. 3 0 111 0 1000 0 0000 a l l 

0. 
12=1 111 0. 

6 ' 0 

1000 1 11 1 0 0000 0 0000 8 

0. 
13 =10 1 1 0000 0.

9 1011 0 0100 0 0000 0.5 

8 
14 =100 1 0000 6 

12 1001 0 0 110 0 0000 0. 
11 

0. 
15=0.°= 10 00 

0 (J.2 0 

0000 a 1000 0 0000 0000 a 
0 =0000 . 0000 0000 0000 0000 
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TOT oaxr , "ITO C nOMOU\blO BblpalKe HI1A 121 Onl1CblBaeTCA pa60Ta 
c xeMbl c OBn a Ae HI1 A Ha 4 BXOAa, MOIKHO npoaepar e AByMA cnoco6aMI1: 

1I n O~C T aBI1M 3Ha4eHI1e X = a 
12 

11 nocne Bbl411 CIleHI1A IHanpl1Mep,
3. 12=a a a 5 =aO, a O.(a12}2=a30=a15.a15 =aO 11 T.A.I nOIlY4 11M 15 

CIl a r a e M~X , KalKA~~ 113 KOTOP~X paBeH aO. npl1 CyMMl1poBaH1111 TaKI1X 
4IleHO B no MOAYIlIO 2 nOIlY411M OKOH4aTeIlbHO: F(X) =aO. 

npl1 nOAcTaHoBKe BMeCTO X OCTaIlbH~X	 3IleMeHTOB B B~palKeHI1I1 121 
14• nOIlY4aeTCA 15 pa 3Il l1 4HbiX 3Ile MeHTOB aO _a CYMMa n o MOAYIlIO 2 

Bc e x 3IleMe HTOB AaHHoro nOll A IB Ha we M CIlY4ae GF(2 4 ) I paBHa HyIlIO. 

I ECIlI1 BblpalKeHl1e 121 ynpOCTI1Tb , pa3IlOlKI1B anexeuru nOIlA pa3 
Ill14HbiX creneuea no 6a311c HbiM 3IleMeHTaM, TO nocne ynpOU\eHI1A C no
MOU\blO 3BM Ha 1.I11eppone4aTb BblAaeTCA cnenyouee BblpalKeHl1e: 

F (x) = (x a •1x2x 3x 4) ° 
3TO 3Ha411~ ~ T O BblXOAbi MOAYIlA npl1HI1Ma~T 3Ha4eHI1e a ° , T. e . I1C
TI1 HHOe, e CIlI1 Bc e BXOA~ HaXOAATCA B COCTOAHI1I1 IlOrI14eCKoi1 eAI1Hl1l.1~. 

PaCCMOTpl1M BTOpylO KOIlOH KY , C nOl-\OlllblO KOTOPO~ I1IlIllOcTpl1 pyeTcA 
HaCTpO~Ka MOAYIlA Ha BblnOIlHeHl1e InaCCI1BHoi1" onepal.ll1l1, KorAa 3Ha 
4eHI1A Ha BXOAax 11 BWXOAa x OAI1HaKOB~ InoBTopeHl1e IlOrl14eCKI1X 
Cl1rHaIlOB/. B 3TOM cIlY4ae TOIlbKO OAI1H K03q,q,111.1I1eHT npl1 X paBeH aD. 
HMeeM: 

F(X) =aoX = aO(a Ox + a 1 x 2 + a 2 x 3 + a3 X4 ) = aO X 1 + a1 x2 + a 2 X3+a3 X4= X, 

ECIlI1 B paBeHCTBO III nOACTaBI1Tb COOTBeTCTBY~l1e K03ep~111.111eHTbl 
12 aO np l1 X 11 a npl1 X 15, TO nOIlY411M IlOrl14eCKOe ypaBHehl1e AIlA 

I1H BepCl111 3a I1C KIl~4eH l1 eM HYIle aoi1 T04KI1: 
12X 15 12 F (X) = ao X +a = X +a • 

H, HaKOHe4, nepeKIl104aTeIlbHaA q,yHKl.II1A , peaIll13y~aA cOBna AeHl1e 
x 1 x 2 X 3 11 x4 • I1 Mee T BI1A: 

F(X) = a5 X+a11X2+aOX3+a5X4+allX5 + a O X 6+ a 5 X 7 + a llX 8+a OX9 + 

5X 13 14X 15 5 X 10 ll X ll 0X 12 a a+ a + a + a + + .	 131 

HOlKHO npoa e p a r s , "ITO paaeuc'r ao 131 paBHO a ° TOIlb KO npa X= a 10,11 
HyIlIO B OCTa Il b HblX CIlY4aAX. CIle Ay e T OTMeTI1Tb, "ITO n e p e KIl104 e HI1 e 
MOAYIlR Ha BbinOIlHeHl1e pa3Ill14HbiX epYH K411~ npOI1CXOAI1T BHyTpl1 MOAYIlA . 
a 3 a Ae p lK Ka Cl1rHaIlOB He 3aBI1CI1T OT Tl1na BbinOIlHReMO~ epyHK41111. 

Bbi BOAbi 

n pe A/lOlKeH c no c o 6 nOCTpO e HI1 A y HHBepc a Il bHo ro Ilo rH4e CKo r o MOAYIl A, 
cxeMa KOTop o ro I1MeeT aIlre6pa H4eCKYlO CTPYKTy py . Hc nOIl b3YA npo rpaM
MY, pa3pa6oTaHHYlO /101 A/lR paC4eTa nepeKIl104aTeIl b HblX q,YHK l.I l1i1, npeA
CTaBIlAeMbiX B BI1Ae 3 IleMeHTOB Tl1na nOllA raIlya,MolK HO COCTa BI1 Tb cxeMbi 
11 Ta6Il111.1b1 AIlA Onl1CaHI1A MOAYIlA Ha 60Ilbwoe 411CIlO nepeMeHHblX. An A 
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npaKT~4eCKO H pean~3a~~~ MOAynR MOmHO ~CnOn b30Ba T b nn3Y, nnM 
~	 APyr He 60n bw~ e ~HT e rpanb Hble cxexa . 

HCnOn b 30BaH~e Ha60pa Ta K~X OA HO T ~nH~X MOAyneH OT KpblBaeT B03
MOmHOCTb AnR 6blCT pOrO nepen p OrpaMM~pO B aH~ R C nOMolllb lO MHK pOnpO
~eccopa pa60T ~ Tp~rrep H~X C~ C T eM HaHoc eKyHAHor o A~a n a 30Ha 6e3 
H 3 M e H eH~R BHeWH~X CBR3eH, xoropue B HaCToRlIlee BpeMR ocyurec r ana 
IOT CR B OCHO BHOM MeXaHH 4 e C K~M cnoc060M. 

60nee 3(jl(jleKTHB HO npeAnOmeHHblH cnocof nOCT pOeHHR Y,QnnM MOmHO 
6~ no 6~ HCnOnb30BaTb, ecn~ ~3 rOTOBH Tb Ha60p Cne~H a nH3~pOB a HH~X 

~HTe r pa n b HblX MHKpOCXeM, C nOMolllbllJ KOT OP~X MO lKHO 6~no 6~ peana 
30BaTb (jlYHK ~HH , Ha4HHaR OT TpeX ne pe MeHH~X ~ 60nee . 

B 3aKnlO4e HHe aBTOp BblpamaeT 6na r OAa pHOCTb H. H.AneKcaHAPOBY
 
3a nOMOlIl b B paC4eTe K03$clJ~ ~ He H TOB HaCTpOH KH .
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HHKHTIOK H.M. Pll-85-365 
HOBWH cnoc06 nOCTpoeHHR 

yHHBepcaflbHOro florH4eCKoro MOAYflR 

npHBOAHTCR KpaT KHH o G30 p c y~eC1RY~HX c no c o 6 o u nOCTpOCHHR yHHBepcilflbHWX 

florH4eCKHX MOAYfl e H . OnH CWliiJCTCR HORblH cnocol5 CH"Te :~il 6wcTpOAe~IcTBy~ero 

YHHBepCafl btiOr O nor u -re c x o r o MOAYflR .NeTOA OCHOlhl H u a noencruaneua« BXOAHWX 
nepeMeHHWX e IIH Ae a n e -i c u r08 nonn r a n y .l OF( :! DO ) . Taxoc npencraeneaae n03DonReT 

npl-1 OOfl bWOM 4H c n e ne p l ~ "c H H"' )( I1Cn o n h:JOll .:lTh JBrl AJlR pacver a YPilBHeHHH. C no

MOI1lblO KOTOPW)( petl11l1:Jy c l CIl Heo 15xOA I-1 Md ll no r'uv e c x an CXCMa. [l 3 il HHCHMOCTI-1 OT 

!<03'!l41H4 HeIlTo D HacTpo I1 K ~1 . 311A1l0aC MblX 8 PY4 11 YlO 11flH OT 3 [l M . 0AI-1H 1-1 TOT Mle MOAYflb 

MOMleT BwnOfl.tnTb C!lYHK4 11 11 c x e ..._", COEln<lA e HI1I; . Il H THCORn .l AC HHH . CMe CHTCfl R . npeofi

paaoaarena KOAOB, n a CCHDHoro npO B OI~HI1Ka Cl1r H.l nOIJ 11 n n o -re e • npHBOAI1TCR npl-1Mep 

nOCTpOeHI1R TaKoro MOAYflR I ta 4 HXOJ.\a. Aa e TCR 04CHKa 6~cTpoAeHCTBI-1R 1-1 CflO*

HOCTI-1 p eilfll1ail41-11-1. HcnonbaOBaHl-1e Haoopa TilKI-1X OAHOTHnHWX MOAyneH OTKp~BaeT 

BOaMOMlHOCTb AnR 6wcTporo nepenporpilMMHpOBilHI-1R pil60T~ TPHrrepHWX CI-1CTeM 

HilHoceKYHAHoro AI-1ana30Ha 6ea 1-13MeHeHHR BHeWHI-1X coeAHHeHI1H. 

Pa60Ta B~non HeH a B na60paTopl-11-1 B~COKI-1X 3Heprl-1H OHnH. 

npe npHHT Oe~eAHHeH'IO rO HHCTHTyTa RAepHYX HccneAoB8HHA. uyeH8 1985 

O il 


