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1. BBEAEHit1E 

8 HaCTORI.l.\€€ BpeMR B MHOrOKaHailbHbiX rOAOCKOni-14€CKHX CHCTeMaX 
/c~HHTHI1I1R~HOHHWX C4€T4HKaX, MnK/ HaWI111 WHpOKOe npHMeHeHMe He
CKOilbKO CnOC060B nOCTpOeHHR 6nOKOB, onpeAeilA~I.l.\HX 411CI10 4aCTH~, 
OAHOBpeMeHHO npowegw~~tx 4epes rogocKon~~t4ecKy~ nnocKOCTb. B pa6o
Te111 gaeTcR KpaTKaR xapaKTepHCTHKa "' cpasHeHMe Tpex cnoco6os 
nocTpoeHHR MamopMTapHwx cxeM co8nageHMA: a/ nocnego8aTenbHoro 
cnoco6a; 6 I napannenbHo-nocneAoBaTenbHoro, OCHOBaHHoro Ha ~"'~
posoM cyMMHposaHM~~t; s/ cnoco6a napannenbHoro nepe6opa B03Mom
HWX 8ap~~taHT08 COBnageHMA. 

C ~eilb~ COKpal.l.\€HHR JlOrH4eCKMX 3JleMeHT08 npM COXpaHeHHH OTHO
CHTeJlbHO BWCOKOro 6wCTPOAe~CTBMA 8 3TOA pa6oTe npegnaraeTCR cno
co6 nOCTpOeHMR MamOpHTapHOA CXeM~ COBnageHMA, OCH08aHHWA Ha 
co4eTaHHH MeToga napannenbHoro nepe6opa c nocnego8aTenbHbiM Me
TogoM. 

npM 6onbwoA KpaTHOCTM cosnaAeH~~tA /cs~we 4eTwpex/ np~~tMeHReTtR 
MeTOA ~H~pOBOrO CYMMMpOBaHHA/2·6/, 3neMeHTHOA 6aso~ TaKOrO MeTOga 
RBnR~TCR nonycyMMaTop~ MilH nonH~e cyMMaTopw. YcTpo~cTsa oT6opa, 
cosgasaeMwe Ha 6ase nonHwx cyMMaTopos, nony4HJ1H Has8aHMe napan
nenbHWX C4eT4MKOB. lt1s8eCTHW napannenbHWe c4eT4HKM, cosgasaeM~e 
KaK Ha ~M~POB~X, TaK M Ha aHanorOBWX 3I1€M€HTaX. np~~tMeHRR napan
I1€JlbH~e C4€T4HKH, MOlliHO nerKO C03AaBaTb yCTpO~CTBa, OnpegenR~I.l.\H€ 

4HCI10 4aCTH~, npowegWHX 4€pe3 rOAOCKOnH4€CKY~ nJlOCKOCTb He TOJlb
KO no npM3HaKy 60I1bWHHCTBa, HO 11 no npM3HaKy CTpororo paBeHCTBa, 

0AHaKO HCnOI1b3Y€Mbl€ Ha npaKTHK€ MeTOAbl nOCTpOeHHA MamopHTap
H~X CXeM COBnaAeHMA CTPORTCR no HepapXM4€CKOMY npHH~Hny, M nos
TOMy npH 60JlbWOM 4MCI1€ BXOAOB /HanpHMep, C6WW€ 50/ B03HHKa~T 
3Ha4HTenbHwe saAepmKH B nor~~t4eCKHX 3JleMeHTax. TaK, 8 napannenb
HOM C4€T4HK€ B€JlM4HHa 3aAepmKM T O~eHMBaeTCR 113 BwpameHHR/ 7/: 

T :5 2[log 2 n] - 1. 

3Ta B€I1M4HHa CYI.l.\€CTBeHHO 3aBHCMT OT 4MCJla BXOAOB n. HaMM€Hb
UiaR sen~~t4HHa T MomeT 6b1Tb nony4eHa, ecn1-1 1-'!cnonbsosaTb sneMeHTbl 
Ha n BXOAOB, OAHaKO AJlR peaJll-13a~MI-1 YCTpO~CTBa noTpe6yeTCR 
2 n- 1 TaKI-'IX 3Jl€M€HTOB. no3TOMY npaKTI-14€CKaR peaJl!-13a~I-1R TaKoro 
YCTpO~CTBa Aame npH He60I1bWHX n 3aTPYAHI-1TeJlbHa. 

8 pa6oTe /8/ 6bii10 npeAJlOmeHO npi-1M€HRTb M€TOA CMHAPOMHOro KO
AHPO~aHI-'IR AilR nocTpoeHI-'IR cne~~~tanl-131-'!posaHHwxnpo~eccopos~oKasaHo, 

4TO npocToTa s~nonHeHMR anre6pa~~t4eCKI-1X onepa~1-1~ s none ranya 
GF(2m) MOmeT 6wTb nnOAOTBOpHo HCnOilb30BaHa AilR C03AaHMR PRAa 

I -·--.,--.,------~ 

o.--b~::c d •. • .;''"'! 

~ r:,\:; :I t ' ! ; : :·~ .. ~. 
I 



IlOrH4eCKI-1X yCTpO~lcTB KOM6HHai..IHOHHOrO THna C 1-iHTepeCHbiMH CBOH
CTBaMH, TaK, HCnOilb3YR TeOpl-1~ 6X4-KOAOB,MOMHO C03AaBaTb napan
neilbHble WH$paTOPbl, C nOMO~b~ KOTOpbiX npeo6pa3yeTCR t OAHO
epeMeHHO nOCTyni-1BWHX Ha ero BXOA eAHHI-11..1 B YHHTapHOM KOAe 
B 1..1HKilH4eCKHH KOA. Ha OCHOBe TOMAeCTBa Hb~TOHa ICBR3b 3IleMeH
TapHWX CHMMeTpH4eCKHX $yHK1..1HH ai C CHMMeTpM4e2KHMM ¢YHKI..IMRMH 
S i I MOMHO C03AaBaTb 6biCTPOAeHCTBY~~He MamopH'TapHble cxeMbl M 
napanneilbHble KOM6MHai..IHOHHble \::4eT4HKH, ,Hai1H4He CHCTeMbl aHanorHH 
MeMAY anre6paH4eCKOH TeOpHeH KOAYIPOBaHHR 1-1 TeOpHeH rOAOCKOnM-
4eCKYIX CHCTeM paCCMOTpeHO 8 pa6oTe 191. 

B AaHHOH pa6oTe Ha 6a;e anre6paH4eCKOH TeOpHM KOAMPOBaHHR 
paccMaTpHeaeTCR 6onee AeTanbHO B03MOmHOCTb nocTpoeHHR npocToro 
anropi-1TMa AilR nocTpoeHHR MamopHTapHwx cxeM coenaAeHI-1R, peanH3a-
1..1HR KOTOpbiX ynpo~aeTCR 8 CBR3H C noRBileHHeM 6biCTPOAeHCTBY~~HX 
MHKpOCXeM CpeAHeH CTeneHH HHTerpal..lvtM. 

2. AnrE6PAH4ECKOE nPEACTABnEHHE MAmOPHTAP~~X 
CXEM COBnAAEHHtl 

B 1..1enRx AailbHeHwero H3nomeHHR eseAeHw o6o3Ha4eHHR: 
ll - 4HCI10 BXOAOB YCTpOHCTBa, n = 2m- 1; 
GF(2 m) - cTaHAapTHoe o6o3Ha4eHHe nonR ranya, 

m 
rAe 2 - xapaKTepHCTHKa nonR; 

- CTeneHb HenpMBOAHMOro nOili-1HOMa, HaA KOTOp~M 
cTpoHTCR none ranya; 

- 4HCI10 CHrHailOB, OAHOBpeMeHHO nOCTynHBWHX Ha BXOA 
IKpaTHOCTb COBnaAeHHRI; 

S j - CHMMeTpl.1.4eCKHe ¢YHKI..IHH 1 :S j :S 2t - 1; 
ai - 3IleMCHTapH~e CHMMeTpl-14eCKI-1e ¢YHK1..11-1H; 

6X4 - KOA bOy3a-40YAXYPH -XoKBHHreMa; 
HT - MaTPHI..Ia nposep04HbiX COOTHOWCHI-1H Ailfl 64X-KOAa. 

CyTb npeAnaraeMoro anropHTMa 3aKI1~4aeTCFI B CileAY~~eM. npemAe 
BCero, HanOMHHM OCHOBHY~ TeOpeMy, I-13BeCTHY~ B TCOPI-11-1 64X
KOAOB: AilR Il~6biX 'l..leJ1biX nOJ10>KHTeJ1bHbiX 4HCeil m 1-1 t < n/2 cy~ecT
syeT 64X-KOA AilHH~ n =2m_ 1, HCnpaBilR~~HH see KOM6HHa1..1HI-1 1-13 t 

MilH MeHbwero 4Hcna ow1-16oK "' coAepma~HH He 6onee mt npose-
p04HbiX CHMBOilOB, 

neps~M 3TanOM B npOI..IeCCe HCnpaeneHHR OWH60K RBilReTCFI 3Tan 
B~41-1CileHHR CHHAPOMa S 1 , Sa ... S zt _ 1 I CHMMeTpH4eCKHX 
¢YHK1..1HHI 8 COOTBeTCTBMI-1 C MaTpHI..IeH nposepo4HWX COOTHOWeHHH HT: 

2 

I 

HT= 

1 

a 

a2 

a3 

an- 1 

I 

1 ............. 1 
a3 ..•..•.•.•• a2t-1 

a6 • • • • • • • • • • • 32(2t- 1) 

·9 a ....••...•. a3(2t- 1) 

a3(n-1) •••••• aCn-1)(2t-1) 

C~-iHAPOM AaeT mt npoeepo4Hb1X CHMBonde vtnH 2t CI-1MMeTpH4eCKI1X 
¢YHK1..1HH S j • npH4eM Bb141-1CileHHIO nOAilemaT TOilbKO He4eTHble' CTe
neHHbiC CHMMeTpH4CCKHe ¢YHK1..1MH, nOCKOilbKY B ABOM4HOH CHCTeMe 
C4HcneHHR S 2 =S~ ; S 4 -=Sf; S 6 =S~ 1-1 eoo6~e S21 =S~.HHbiMH cno
BaMI-1, 1-13 MaTPHI..Ibl HT Bbi4HI;Ilfl~TCR TaKHe ¢YHK1..1H~. KaK s1. Sa. 85, ~t-1' 

KaK noKa3aHO B pa6oTe /ll< AilH Bbi4HCileHI-1Fl CMHAPOMa MO>KHO HC
nonb30BaTb MHKpOCXeMbl cpeAHeill CTeneHH HHTerpai..IHI-1 THna Kl55Hn2 
1-1 K500HE160, KOTOpble HCnOilb3YIOTCFI AilR Bb14HCileHI-1R npoeepOK Ha 
4eTHOCTb. npeAnaraeMblill anropHTM 6a3HpyeTCFI Ha cneAYIO~eM ceoillcT
ee MaTPHI..Ibl L t (10, 12): 

tfaTpHI..Ia pa3MepHOCTH t X t 

81 1 0 0 0 0 ••••.•• 0 

Sa Sz st 1 0 0 •••.•.• 0 

Lt= s5 84 Sa Sz St 1 •.••..• 0 

8 zt-1 8zt-2 Szt- a 8 zt-4 Szt-5 Szt-e • · • st 

HeBblpOMAeHa, eCill-1 CTeneHHWe CI-1MMeTpl-14eCKI-1e ¢YHK1..1HH 3aBHCHT OT 
t 1-1111-1 t + 1 3JleMeHTOB nOilR, 1-1 BblpOMAeHa, eCill-1 g j 3aBI-1CFIT OT 
MeHbWero '-!eM t - 1 41-iCila pa3Jli-14HbiX 3JleMeHTOB nOilfl, 

TaKI-1M o6paaoM, · AilR onpeAeneHHH eenH4HHbl t HYMHO Bbi4HCilFITb 
onpeAeilHTenb L t • 

Bb1pa>KeHI-1Fl AilR onpeAei11-1Tenfl Lt AilR t =1,2, ••• ,5, Bb141-1CileHHWe 
C nOMO~b~ 3BM, npHBeAeHbl B Ta6n,1, 

Ta6mm;a 

t det Lt 

s1 

2 I sf + s3 

J 1 s~ + ~~s3 + s1s5 
2 

+ SJ 

4 1 s~ 0+ s1s3 + s~s5 s3s · s2s " s sJ s s ~2 + 1 7 + 1 )..,5 + 1 J + J 7 + us 
5 I s s3" " s C' 1 Jo,)5 + "1 5"'9 + s 1 s~ + s~s 3s~ + s~s3s7 + sfs3s9 + sfs5s7 + 

s4"2s ,,5s s 
+ 1..,) 5 + ..,1 J 7 + s~s~ + s~s5 + s~s9 + s;s3s5 + s~s7 + 

~9 52 5 12,. 
+ ..,1 J + 1 "'J + 

15 2 ,5 J s1 + s3s9 + s3 + s5 
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Kam,Qoe 1<13 3Ha4eHHA onpe,QenHTen~ Lt B~4HCJ1~eTc~ OT.QeJlbHO 1<1 

aHaJ1H3HpyeTCfl Ha 11 011
, ·8 3aBJ1CHMQCTH OT pe3yJ1bTaTa aHaJ1H3a f!I;>H-

' HHMaeTCFI peW~HHe, npH4eM t<pi1H4eCT~O. CflCJraei'c\biX B KalK,QOM 1<13 

B~pameHMA ,QJlFI ~t onpe,QeJlFJ~TCFI BeJ1H4MHOA t M He 3aBHCHT OT n, 

llnR Bbi4HcneHHR onpe,QenHTen~ L t, HeoQXO.QMMQ BblnonHeHMe TaKHX one

pa~HA, Ka~ yMHOlKBHHe, B03Be,QeHHe,B CTeneHb H CYMMHPOB~HHe no 

MOAYJ110 2 3JleM€1HT08 B none ranxa GF(2 m). :iTH onepa~IAI1 peam13YIOT-

Cfl npH nOMQUlH 3JleMeHTOB, 1<1 H MHOIOBXO,QOBblX CXBM nposepKH Jia 4eT

HOCTb, npH4BM KalK,QOe CJ1CJI9f'l")OB MO)I(~T BI-14HCJ1FITbCFI He3aBHCHMO, 

norw4eCKHe ypaBHeHHR Ailfl MamopHTapHoA cxeMw cqsna,QeHHA, cogep-

ma(4eC1 n BXO,QOB H t BbiXO,QOB, HMeeT CJ1e,QYI0!4Hi1 BH,Q: 

BbiXOA 1 = det L 1 V det L 2 V det L 3 V ••••. V det L j •••• V det L t 1. 

BbiXOA 2= det L 2 V det L 3 V. • • • V det L j •••• V det L t 2• 

BbiXOA 3= detL 3 V •••• V detL j •••• V •detL t 3 

BbiXOA j c det L i . . . . V det L t 

BbiXO.Q t =. det Lt 

CooTHOWeHHfl /1/ onHcwaaiOT 6noK-cxeMy MamopHTapHoA cxeMw coa

na,QeHHA, CO,Qepma(4eA n BXO,QOB H t BhlXO,QOB. npo~ecc ~W4HCJ1eHHfl. 

nepeKJ1104aTeJ1bHWX $YHK~HA ,QJlfl COCTBBJleHHR npHHUHnHaJlbHOA CXeMw 

COCTOHT M3 CJ1e,Qyi0!4HX 3Tanos: 

1. no 3a,QaHHOMY ~=2m -,1 M3 Ta6J1VIU /10/ Bbi6HpaeTCR HenpHBO,QHMbiH 

nOJlHHOM m -cTeneHM H Bbi4HCJ1~BTC~ 2m - 1 HeHyJ1eBbiX 3JleMeHTQB 

nOJlfl ranya GF(2m). /lJlfl m =4 +10 MOll<HO peKOMeH,QOBaT,b TBKH~· 
nonHHOMb; x 4 +-X+ 1i X5+ x2+ X +·1: x6 +X+ 1; X 7+ X3+ 1; .. 
X8+X4+X3+X2+1; X9+X4+1; x10+X3+1. 

2. no 3a,QaHHOMY t < n/2 CTPOHTCfl MaTpH~a npoBep04HbiX COOTHOWe-

HHi1 H. 4Mcno KOJlOHO~ B MaTpH~e H T .QonmHo 6b!Tb t, a 4Hcno 

CTOJ16~0B - mt. 

3. B MBTPM~e HT 3neMeHTW nonR 3aMeHRIOTCR Ha HX ABOH4Hwe 3KBHBa

neHTbl, 

4. Bw4HCJ1AIOTCfl ewpameHHR .QJlfl onpe,QenHTeneA nopR.QKa oT 1 go L 

npH t > 4 3H1 6bi4HCJ1eHHfl BblnOJlHFIIOTCR yme Ha 3 BM. Ha OCHOBaHHH 

BW4HCJ1eHHi1 COCTaBJlfiiOTCR Ta6J1HUW BeJ1H4HH Lt. 

5. 3neMeHTbl nom> s Bblp,a>KeHHRX .QJ1R L t paanaraJOTCR no nHHeAHo 

He3aBHCHMWM 3rieMeHTaM, Ha OCHOBe 4ero BW4HCJ1FIIOTCR nepeKJ110-

4aTeJ1bHWB ¢YHK~HH 1 C noMGmbiO KOTOPWX peanH3Y~TCR onepa~H~ 

yMHOW.eHH~ H B03Be,QeHHR B CTeneHb 3JleMeHTOB nOJlFI ranya, npH 

n > 4 TaKHe Bbi411CJ1eHHH ~enecoo6pa3HO BblnOJlHHTb Ha 38M /13/, 

4HCJ1BHHWi1 npl1Mep. 

JlonycTHM, 4TO n=24-1=15 H t=4. Bbi6Hp~eM HenpHBO.Ql1Mbll1 nonHHOM 

4eTsepTo~ cTeneHH X 4 +X + 1. Torga 15 HeHyneBbiX 3neMeHTOB nonR 
ranya GF(2

4
) 6y,QyT HMeTb BH,Q:a0=1000;a1=0100;a2=0010;a3=0001t 

4 

a4 =1100; a5 =0110; a6 =0011; a7=1i01; a8=1010; a 9 =0101;a10=1HO; 

a11 =011i; a 12 =11i1; a 13 =lOll; a 14 =1001. 

CTpOHM MBTPH~Y HT: 

HT= 

HoMepa 
BXO,QOB 

1 
2 

3 
4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 

15 

r 

1000 
0100 
0010 
0001 
1100 
0110 
0011 
1101 
1010 
01 01 
1110 
0111 
1111 
1011 
1001 

1 
sl 

1000 1000 1000 

0001 0110 1101 

0011 1110 1001 

0101 1000 0011 

1111 0110 1011 

1000 1110 0110 

0001 1000 1111 

0011 0110 1100 

0101 1110 0111 

1111 1000 0001 

1000 0110 1110 

0001 1110 0010 

0011 1000 01 01 

010.1 0110 0100 

1111 1110 1010 

1 ! 1 
Sa 85 s7 

'PaCCMOTPHM TpH CJ1y4aR: 1/ t =1; t =2 M t =ll, /lJlR onpegeneH-

HOCTl1 nonomHM, 4TO CHIHaJl~ nocTynaiOT Ha BXO,Q~ 1; 1 H j, 2 

!'1 7 11 1 0 H 11 • llo.Qpo6Hble Bbf4HcneHHR onpegenHTeml L t .QnH scex 

Tpex CJ1y4aes npHBBAeHW B Ta6n,2, KaK BH,QHO H3 TB6J1H~W, B nepBOM 

cny4ae BeJ1H4HHa detLp6 0, detL 2 = detL 3 = detL 4=0. Bo BTOPOM 

CJ1y4ae detLp60 l1 detL 2;f 0, HO detL3 =detL4 =0. 1-1, HaKOHe~, 

B TPBTbeM CJ1y4ae HH O,QHa H3 BBJ1H4HH onpe,QeJlHTBJle(;\ detL 1+detL 4 
He pasHa HYJ110. 

B Ka4eCTBe 3JleMeHTHO~ 6a3W B~6epeM MHKpOCXeMhl 500-A cepHH 

/1~/, H3 KOTopoR 3JleMeHTW 1<1 HMBIOT 3a,QepmKy 2 HC, a 12-BXOAOBWe 

CXeMW nposepKH Ha 4eTHOCTb THna K500HE160 HMeiOT BeJlH'-IHHY aa

ABPW.KH 4 He. Ha pMc,l a Ka4ecTBe npHMepa npHBe,QeHa npHH~HnHanb

HaR CXeMa, C noMombiO KOTOPOi1 ~OpMHpy~TCR BeJ1l14HHW 81 B COOTBeT

CTBHH C MaTpH~eA H~ 3,QeCb ~H~paMH 0603Ha4eHW HOMepa TeX BXOAOB, 

CHrHaJlW C KOTOpWX no,QaiOTCR Ha COOTBeTCTBYI0!4He HM KOHTRKTW MHKpo

CXBM Ml-M4 THna K500HE160, KOJ1H4BCTBO e,QHHH~ B CTOJ16~e MaTpH~bl 

HT pasHo s cpe,QHeM n/2,i 
HcnOJ1b3YR KacKa,QHOe BKJ1104eHHB aHanorH4HWX MHKPOCXeM, MOmHO 

C03gasaTb CXeMW ,QJ1FI BW4HCJ1eHHFI nposepOK Ha 4eTHOCTb npH 60J1bWHX 

n. Tat<, Ha pMc.2 npHBeAeHa npl1H~HnHaJ1bHaR cxeMa .QJlR nposepKH 

Ha 4eTHOCTb OT 144 BXO,QHbiX nepeMeHHbiX 3a BpeMFI, pas HOe 8 HC, 

npH MBHbWBM 4l1CJ1e nepeMeHHbiX MOmHO HCnOJ1b30BaTb KOM6HHB~I-110 CXeM, 

K500HE160, K500nn107 1<1 10170 114~ npH 3TOM speMFI 3a,QepmKl1 MOm~ 
HO yMeHbWHTb ,QO 6 HC. 

HasecTHo, 4TO cnomHOCTb KoM6HHa~HOHHO~ cxeMw MomHo o~eHHBaTb 

no 4HCJ1Y ee BXO,QOB, 06mee 4HCJ10 BXOAOB YCTpoi1cTBa AJ1FI Bbi4HCJ1e-

5 



------------------------------.-----------------------~-r·.------------------------------------.-------------------------.--~---------

Ta6mn~a 2 

qHcneHHoe peweHHe AITH orrpegenHTeneli 

t sj , det Lt. . 
s1 .. a 0 0 det L1=a =0 

I 0 0 0 s3 .. a det L2=a +a =0 

0 0 00 00 0 s 5=a det J,3=a +a a +a a +a =0 

s7 .. a 0 
det L4=a0 +a0a 0 +a0 a 0 +a0 a 0 +a0 a 0 a 0 + 

+a0 a 0 +a0 a 0 +a0 =0 

0 2 8 s,=a +a =a 8 det L1=a =0 

1 l1 3 0 6 13 s 3ca +a =a det L2::(a8 )+a1J=a9+a13=a 10=o 

S5•ao+a10,.a5 det L3~(a8 ) 6+(a8 )3alJ+a8a5+(a 1 3) 2 = 

S7=ao+a14=e.J =a3+a7+a 13+a 11 =0 

det L4~a5+a9+a0+a 12+a4+a 1 +a 10=0 

s,=s1+a6+a9+a10 .. a 4 det L1 .. a
4=o 

2 l1 7 33 .. 8 3+8 3+a3+8 12+8 o= 8 11 12 11 0 det L2=a +a =a =0 

11 s5 ... a
5+a0 +a0 +a5:o 3 8 7 2 det r.3 .. a +a +0+a =a =0 

10 vl 11 S7=a7+a12+aJ+a10=a7 det L4.a
5+a9+0+a4+0+a7+a3+0=aG=0 

H~R CMMMeTpM4eCKMX $YHK~HA ~ MOmHO BW4HCflHTb M3 ¢opMynw· 

n n2m 
N = -mt = --

2 4 

I !h t!h 3!h 4in>--5 5) s 7 a · & , a 
• 8 9 ll 
H tO>- II 11 
B II t2 13 
" . ll u ~~ 
n ~ . u m ~ ~ u ~ 

s, 

'6 

KaK noKaaaHo s pa6oTax /8,151, 
anre5paH4eCKH~ onepa~HH Ha~ 
3!1eMeHTaMH nonR ranya- CF(2rn) 
~OBOilbHO npo~TO peanH3y~TCR npH 

PHc.l. llpHH~HITH~bHaR cxeMa 
BblliHc..'leHHJI BenH<imibi s· 1 • Ml-M4 -
MH:Kpocxet.fhl KSOOME 160. 1 

.} 
'• 

(} 
l.h 

~ 
~ 

~ 
01 
(ji .... 
0 
~ 
0 

'"' .a 
:;; 

10 
0 
X 

cD 

PHc.2. llpHH~HrrHarrbHaR cxeMa 
rrposepKH Ha qeTHOCTb AITH 144 · 
BXOAHbiX rrepeMeHHbiX. M) -M 13 -
MHKpocxemi KSOOHE 160. 

nOMO~H. 3!1eMeHT08 I<OM6HHa~HOH

HOA norMKH. B cny4ae Hawer6 

npMMepa n~6oA 3neMeHT nonR 
A GF(2 4

) MDmHo npeACTa8HTb 

B 8HAe nO!l~HOMa: 

A=A 0a 0 +A1 a1+A 2 a 2 + A 3a3, 
f'Ae a0 , a1 , a 2 H a3 - 6aa!-1c-

Hbte 3!1eMeHTbt H Ao + A 3 - K03<!>

$H~MeHTw, I<OTOpWe 8 3a8HCHMOC-

TH OT 3neMeHTa A MOryT npMHH

MaTb 3Ha4eHHR 1 HI1H 0. npoH3BeAeHHe A8YX 3neMeHT08 A = Aoa0 + 
+ A!a 1 + A 2a2+·A 3a3 M B=Boao+ B1a1+ B2a2+ B3a3 8 none ranya 
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pl = AoBt + A1B'o + At 8 s+ A2B2 +A2B:(+ A3B2+ AaBt; 

p2 = Aa82/ AlBl+ A2B0 +A2Ba+AaB2+ AaBa; /1/ 

p3 = AoBa+ A1B2+ A2 Bl+ AaBo +AaBa. 

CneAYeT OTMeTHTb, 'ITO HeaaevtCI-lMO oT senM4HHbt n =2m_ 1,. AI1R no

cTpoeHHR CX€Mbl YMHOll<eHHR ~8YX 3neMeHT08 BHa4ane Heo6xo~HMO C no-· 

MO~b~ 3neMeHTOB ~ nony4HTb npoMae~~eHMe THna A 1B1 c nocneAY~~VIM 
CYMMHP08aHMeM TaKHX npOH38eAeHHH no M0AYI1~ 2 B COOTBeTCTBVIH 

C BbtpameHHRMH /1/. npH 3aAaHHOM m 1<0!11-14eCTBO 3neMeHTOB 11, 11e06-

XOAHMbiX AI1R pea!1t-13a~HH npotriaBeAeHHA nma A1 BJ , paaHo m 2• B OAHOM 

Kopnyce MHKpocxeMbt ntna K500nM1 02 coAePlKI-1TCfl 4 3!1eMeHTa ~. 

KpoMe Taro, nonomMM, 4TO AnR 8biLCMcneHHR cyMMbl no MOAYn~ 2 Mc

nonbay~Tcfi MHKPOCXeMbl K500HE160,, vtMe~!l.IHe 12 BXOAOB. TOrAa o6~ee 
1(0!1H4eCTBO MHI<POCXeM , He06XOAHMbiX'-AllH nOCTpOeHHR CXeMbl YMHOlKe

HHR ABYX 3neMeHTos ·a none ranya GF(2m), MOmHo OLieHMTb H3 <!Jop,-
Mynbt: 

m2 
M = -k· + mk, 

I 

rAe ,k - 1<03~.1-1~HeHT,,, KOTOpbtA 3aBHCHT OT 4HCJ1a cnaraeMbiX nma 

A1 B1 , Heo,6xOAHMbiX. AI1fl ~bt4t-1C1leHHR K03~H~HeHTOB P
1 

(i= 1·+m ). TaK, 1 

HanpMMep, npH m = 4+7 k=l. npH m =8 H 9 k = 2, 

T· 



npas~na s~nonHeH~~ YMHomeH~~ s none ranya nosson~~T nony-

4~T~ 6yneBbl BbipameH~H ,qn~ 6biCTporo YMHomeH~~ HecKonbK~x ::me

MeHTOB non~, XOT~ np~ 3TOM cy~eCTBeHHO B09patTaeT KOJ1~4eCTBO 

3neMeHTOB ~. Heo6xo,q~M~X ,qn~.annapaTHoA pean~sa~~~ TaKHX npo

~sse/;jeH~A. 

TaK, An~ nocTpoeH~~ cxeMbl, peanH3Y~~eA cxeMy yMHomeH~~ Tpex 

3neMeHTOB non~ A, B ~ C, Heo6xo,q~Mo ~MeTb m 3 3neMeHTOB ~ 

Ha TpH BXO,qa, a AJl~ OAHOBpeMeHHOrO YMHOmeH~~ 4eT~p~X 3JleMeHTOB 

Heo6XOA~MO ~MeTb m4 3JleMeHTOB ~ Ha 4 BXOAa ~ T,,q. 0AHaKO Ko

Jl~4eCTBO MHKPOCXeM AJl~ nony4eH~~ cyMMbl ysen~4~BaeTC~ nponop

~HOHaJlbHO 4~CJly np0~3BeAeH~A np~ 3aAaHHOM m. 
Ecn~ s BbtpameH~~x I 1 I nonoX<~Tb A = B, TO nony4~M BbtpameHHe 

AJl~ sosseAeHH~ 3neMeHTa A a KBaApaT. Aanee, nonb3YHCb MeTo-

ADM nocne,qosaTenbHoro yMHomeH~~. MOX<HO nony4~Tb swpameH~~ AJlH 

B03BeAeH~H 3neMeHTa A, Ha4~HaH OT 3 go 14 CTeneHeA. 8 Ta6n.3 

npHBeAeHW Ta~He B~pameHH~, no KOTOPWM MO)!(HO CYAHTb 0 KOJlH4eCTBe 

M~KpocxeM, Heo6xo,q~M~X AJlH nocTpoeHH~ cxeM sosse,qeH~H 8 cTeneHb 

3neMeHTa A. ~3 Ta6n. 3 cne,qyeT, 4TO Aill'l nocT,poeH~~ ycTpoAcTsa 

B03B€AeH~~ B CTeneH~ OT 2 AD 14 8 none fanya GF(:tn) AOCTaT04HO 

o6pasosaTb cxeMbl An~ nony4eH~H ,qsoAHbiX 1-1 TpoAHbiX cosnaAeH~A T~

na A i lA i H Ai A i A k• rAe Ka>KAbiA ~3 ~HAeKcos np~H~MaeT Bell~4HHbl 

B npeAenax OT 0 +3. KonH4eCTBO M~KpocxeM, Heo6xo,q~M~x All~ cyM

MHposaH~~. np~MepHO TaKOe me, KBK Afl~ y2TpOiliCTBa YMHOlKeH~H. Ko

Jl~4eCTBO ABOiliH~X ~JlVI TPO~HWX COBna,qeH~A COCTa8n~eT COOTBeTCTBeH

HO c~ =6 ~ cl =4. To4HbiA pac4eT M~KpocxeM, Heo6xo,q~MbiA AJlH no

CTpOeHHH ycTpOiliCT8 ,qn~ B03BeAeH~~ 8 CTeneHb 3neMeHTOB np~ 6onb

WOM m, MOX<HO nollY4MTb C noMO~b~ 38M, 0AHaKo 3TOT sonpoc BWXOA~T 

sa paMK~ ,qaHHOili CTaTb~. 

llpHMepbi 8bi4~CJleHHA' np~segeHHbiX BbiWe {~Jl~ nOJlH r any a Gr~(2m). 

AOKB3~Ba~T peanbHOCTb nOCTpoeH~~ MBX<Op~TapHWX CXeM COBnaAeH~ili 

Ha 6ase aHan~T~4eCK~x BW4~cneH~A. HeTPYAHO saMeT~Tb, 4TO 

npe,qnomeHH~A a ,qaHHoA pa6oTe anre6pa~4ecK~A cnoco6 nocTpoeH~R 

Mam6p~TapH~X cxeM cosnaAeHHA ~BnReTCA 6onee o6~HM no cpasHeH~~ 

C ~3BeCTHbiM~ MeTogaM~. Bee 3aB~C~T OT TOrO, KaK~M cnoco6oM 

B~4~CJlRTb seJ1~4~HY onpe,qenHTenH Lt. EcnH Tpe6yeTc~ MaKC~MaJlbHOe 

6biCTpo,qeilicTB~e, TO Heo6xog~Mo napanllenbHO Bbt4HCllHTb see cnarae

Mbte He3aB~CHMO OT ~X CllOX<HOCT~ ~ 3aTeM CJlOX<~Tb ~X no Mogyn~ 2. 

Qp~ Bell~4~HaX n =20-30 ~ t=4-6, BpeMA, Tpe6yeMoe All~ YMHOX<eH~R 

OTAeJlbH~X cnaraeM~X, COCTaBnReT 6-8 HC, a BpeM~ CYMM~pOBaH~~ He 

npeswwaeT 4 HC. TaK~M o6pasoM, M~H~MallbHoe speM~,Heo6xoA~Moe 

AllH B~4~clleH~H sen~4~Hw onpe,qen~T~n~ Lt,cocTaBll~eT 10-12 He. 

np~ 60J1bW~X BeJ1~4~HaX ffi ~ t B03MOmHbl KOMnpOM~CCHble peweH~H C 

T04K~ speH~~ saTpaT o6opygosaH~~ ~ np~eMneMoro 6~cTPOAeilicTB~~. 

TaK KaK B~4~ClleH~~ onpeAen~Ten~ Lt MOX<HO npo~ssog~Tb napanllenb

HbiM, na pannenb Ho-nocne,qoBaTenb HbiM 11 nocne,qosa Tenb HbiM MeTogaM~. 

B saKn~4eH~e cneAyeT OTMeT~Tb, 4TO npe,qnaraeMwA s ,qaHHoili pa-

6oTe cnoco6 nocTpoeHH~ MamopHTapHbiX cxeM cosna,qeHHili HMeeT cneAyiD

~He flOllO>KHTeJlb Hbl€ Ka4eC TBa: 
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faAABMilKn P.M. u AP· P13-82-628 
HoBbiA cnocoO nocTpoemm MalKOpHTapHbiX cxeM cosnaAeHiill 

TipHDOAHTCSl OflliCBI!He ltODOI'O cnoco6a TIOCTpOeHIUI Ob!CTpO,[Ieif
CTDytOIIU{X 'YCTpOI-\CTD ltoMt'5HiraTOpHoro OT6opa TIC tJHCJiy tJacnm;, rrpo
WeAWHX tJOpOS MIIOI'QJ(aHaJibHbiH AeTeKTOp sapHJKeHHblX tJaCTH~. An:ro
PHTM pat'50Tbl TllKHX }'CTpOHCTB 6a3HpyeTCH Ha COBpeMeHHOH aJire-
6paHtJOCJ(01\ 1'00pHH ltOAHPOBaHHH. llpHMeHHH aHaJIHTH'IeCKHe Me TO~! 
pactJeTOD Illl ::JBM p MOlKHO ITOJIY'IHTb 6yJieBbl Bb!paJ!CeHIUI AJIH ITOCTpoe
HIUI TipHHUI·tnlfUJibiLblX CXeM Ha OOJibUIOe tiHCJIO BXO,IJ;OB, PaccMaTpHBaeT 
CH npHMCP pllCtJOT£1 COBITaAeHHH Ha 15 BXOAOB, 

Pat'5oTn DbiTIOJineHa D Tia6opaTopnn BbiCOKHX 3Heprnll. n Tia6opaTopm 
BbNHCJIH'l'CJ1bi!Ofi TCXHHKH H aBTOMaTHSa~mi Olli!H, 

npenpHHT 06bcAHHCtiHOrO HHCTHTYTa AAcPHbiX HC,CilCAOBaHI1H • .Qy6Ha 1982 

Gaidamaka R.I. et al. P13-82-62E 
New Way od Designing }ffijorant Coincidence Circuits 

A new way of designing high-speed devices of combinatorial 
selection by the number of particles passing through multi
channel charged particle detector is described. The algorithm 
of their operation is based on modern alrebraic coding theory. 
By application of analytical computationql methods Boolean ex
pressions can be obtained for designing basic circuits for a 
large number of inputs. An example of computation of 15 inputs 
majorant coincidence circuit is considered. 

The investigation has been performed.at the Laboratory of 
High Energies and Laboratory of Computing Techniques and 
Automation ,JINR. 
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