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I• ,BB8,Il8HH8 
B IlOCJie,rptee ,I\SC.llTHJieTHe HHTSHCHBHO pa3BHBaeTC.ll TaROS.BaJICHOe Hanpaa
JieHHe B MH!pOpMa'l'mte, Kalt n;Hq,poaan o6pa6oTKa CHl'HMOB, KOTopal! B Teo
peTHtleCKOM acneKTe 6a3Hpy8TC.ll Ha MSTO,Ilax a6cTpaRTH08 Mre6pu, TaltHX 

. . . 1 
Kalt rpymm, IlOJI.11, KOJibn;a 6HCTpHe MrOpHTW H npotl. Kalt 3TO OTM8tl8HO 

B pa6oTe /I/, 6es silaHWI ocHomwx nOJ10J1temrlt coBpeMeHHoil aJI~ 

re6p1,1 TPY.ItHO ·IlOH.llTl, . COCTomme . T80p8T.Ktl:8Cµx H np~wc. 
HCCJI~,I\OBaHlill B o6JiaCTH ll;H!ppOBOH o6pa60TKH CHI'HMOB H 3q$3KTHB

HO~ HCilOJib30BaHHe EMC lIMlIKponpon;eccopoB. 
B T8tl8HHe ,qJ!HT8Hl>HOro BpeMeHH ll;H!ppOBa.11 o6pa60TKa CHrHMOB, 38,D;atlH 
KOTopoa o6wmo !pOpMyJIHpyIO'l'C.11 JJ CHCTeMax ,I1e8CTBHT8JlbHlilX H KOMllJI8KC -
HWC tmceJI, H aa.n;atlH KO.I\HpOBB.HH.11 c o6HapyllteHHeM H c HCnpa.BJieHHeM 
OIDH60K !pOJJMYJIHPYlOTC.11 B ,n;pyroa tlHCJIOBOH CHCT0Me, HaaimaeM08 llOJI0M 
raJIYa H 06oaHat1aeM08 GF(pf. Ha caMoM ,n;eJie c MeT-O,I\HtlecKoll TO'llltH ape
HH.11 B0CbMa BaJICHO H3JIOJltHTb.3TH A}iCll;HllJIHHH C 8,Il;HHlilX Il03~H8, '!'alt Kalt 
B pa6oTax /I,2/ IlOKa3aHO, tlTO MHOrHe H3B8CTHh!e MSTO,I\lil ll;Hq,pOBOA .o6-
pa60TKH CHrHMOB /HanpHMep,.I\HCKpSTHOe npeo6pa30BaHHe <Ilypbe/ BllOJI-
He t!pHMSHHMH B 06JiaCTH KO,n;HpOBaHH.11 C o6HapyiiteHH8M"H HCnpaBJI8HH0M 
-OIDH60K· H, Hao6opoT, aJire6paHtleCKafi TeOpH.11 KO,I\HpOBaHH.11 BTIOJIHe npHMeHH
Ma a·o6JiaCTH n;Hq,poBoA o6pa60TKH cHrHaJIOB. 

TeOpH.11 KO,I\HpOBaHH.11 HBJI.llSTC.11 llpHltJia,IPI08 HaYJtOlt,H ll03TOMY OHa tlepnaeT 
CBOH 38,D;atlH H3 TSXHHRH CB.113H, pa,D;HOJIOKaqHH, H3M8JlHT8JlbHOA H oco6eli
HO BwtHCJIHT8JlbH08 T0:xlfHKH. 0,rptaRO HaH60Jiee IIIHpOKOe npHMeHeHHe DOJIY• 
tlHJlH JIHlllb · caMHe npocTHe cnoco6H KO.I\HpOBaHH.11, Tairne, Kalt npoaepKa Ha 
tl0THOCTb, KO,I\lil Xa:MMHHra, qHltJIHtl8CKHe RO,Illl c o6HapµeuHeM omH60R. 
IlpaRTHtl8CKOe npHMeHeHHe 'l'altHX KO,IIOB B HaCTOJllllee Bp0M.ll BSCblm mHpo
KO, TaR KaR B!myCKatoTC.11 cne~aHDHHe MHKpOCXSMH ,n;JI.11 BwtHCJISHH.11 npo
aepoR Ha 48THOCTb. 'AocTaTOtlHO ITO,Ilp06HO H nonyJifiPHO npocTeltmHe KOAH 

OnHCaHlil
0

B pa6oTe /3/, a cnoco61i1.llplm0H0Hl!l.ll HeROTOpL!X HS HmC B Jl,ll;ep
HOI aneKT.IJOHHKe np1!1BeAeHH B CTBTb8 /4/. 
0,rptaRO, Kalt 3TO OTM8tlallT cne~aJIHCTH no TSOpHH KO,IlHpOBaHH.11,60Jiee 
MOll!ffi,IC KOppeKTHpyD!plS KO,I\H He JtaillJIH WHpOKOro npHMeHeHH.11 H3-3a 
CJIOlltHOCTH BOCllpHHTHlI fflillt8H0paMH MaTeMaTHtlSCKOro annapaTa TeOpHH. 

Taltoe IlOJIOJltCHHe BP.11.Il JIH Mo:KHO C'llHTaTb HOpMaHDHHM, TaK ltaK MSTO,Illil 
C0Bp0M8HH08·aJire6pHB.COtl8TaHHH-O aHaJIHTHtlSCKHMH B:billHCJISHHHMH Ha 
8EM OTKpliBatoT 60JibIDHe nepcneKTHBH HX npHMeHeHH.11 ,n;JI.11 pactreTa nepe

KJIJOtlaTeJibHlilX ~Hit, C03,IlaHH.ll yHHBepCMbHlilX ,I\HHaMHtl:0CRH t!pOrpaMMH
pyewx JIOrHt1ecKHX w,n;yJielt H cnen;HaJIH3HpOBaHHHX npon;eccopoB /5 ,6 l. 
BoJiee Toro, B llOCJI8,n;HHe ro,IlH HHTCHCHBHO pa3BHBaeTC.ll HOBOS Haytmo
TSXHHtlSCKOe HanpaBJIBHl!e, KOTOpoe IlOJiytlHJIO Ha3BaHHe CHrHaTypHoro 
aHaJIH3a /'7 ,Bl MH ClfiQU>OMHoro TeCTHpOBaHH.11 /9/. CyTh ero B TOM, 
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tITO C IIOHBn0HH0M MmtpOIIpO~eccOpOB H. IIpH60pOB CO BCTpOeHHHMH Bl:C H 
Mmtponpo~eccoprurn B03HHKaeT Heo6xo,n;HMOCTb KOHTpOnfl H o6Hapy,,:eHHfl 
HencnpaBHOCTefi B KOMnOHeHTax 6es ax·y,n;aneHHH HS ycTpoficTBa. BosHHK
na Heo6xo,n;HMOCT;> B C03,IJ;aHHH IIpOCTHX H 3qxieKTHBHHX T0CTOBHX IIpH60poB, 
o6ecneqHBaJOII\IDC OThICKaHHeHeHcnpaBHoroKoMnoHeHTa HCIImHBaeMofi anna
paTyphI. flpOCT0fillllir T0CTOBbI0 !1PH60pH - CHrHaTypHbI0 aHaJIH3aTOpH - B Ka
qeCTBe OCHOBHHX noraqecKax ysnoB co,n;epxtaT C,IJ;BHrOBbie perHCTpH C no
raqecKofi o6paTHOfi CBH3bID, KOTOpbie OnHCbIBaJOTCfl C IIOMO~bID IIOnHHOMOB. 
)Wyrm.rn cnoBaMH, :HHl!eHepB.M. Heo6xo,n;HMH 3HaHHHOCHOB coB-
peMeHHofi anre6pu. 

2. Ilone fanya 

IloneM HasHBaeTCfl MHO~eCTBO, B KOTO_pOM O,IIH03Ha~o onpe,n;eneH pesynb
TaT cno~emui H 'yMHO~eHIDI JII06hIX ,IJ;BYX aneMeHTOB. Cne~eT OTM0THTb, 
qTO IIOHflTll0 aneMeHT IIOJifl He COBIIa,n;aeT B npHH~Hne C TepMHHOM norn
qeCKHfi 3JI0M0HT, KOTOpblfi'IIIHpOKO H3B0CT0H us· BbttrHCJillT0JlbHOfi T0XHHKH. 
IIone co,n;epxtHT O · H I. CJio~eHHe H YMHO~eHHe acco~HaTHBHhI H KOMMYTa- . 
THBHhI, a YMH~eHHe, KaK 061,ltlHO, ,IJ;HCTpH6yTHBHO OTHOCHT0JlbHO cno~eHHH. 
,IJ;pyrHMn cnoBa.Mtt, ,n;;ra nio6wc Tpex aJieMeHTOB nona a, C H C HMeeM: 

a (C +c J = aB + a.c.. 
J{~b!fi eneMeHT Cl HMeeT e~CTB0HHhIH npOTHBOIIOJIO~bifi 3JI0M0HT -a, Ta
Kofi, qTo a+(-a}=O. KaJK,n;lIM H0W.'JI0BOfi aneMeHT a. HM00T e~CTBe~bifi 06-
paTHhifi 3JI0M0HT 1a, TaKOfi' qTO af /a)= I. ,Il;JIH KaJK,n;oro 3JI0M0HT8. a BhI-
IlOJIHmOTCfl paBeHCTBCl: ' 

o-a = o. O+Q. =a== {·Cl u 

Ilop~OM IIOJIH HasHBaeTCfl. qHCJIO ero 3JI0M0HTOB. EcJill IlOpH,n;OK IIOJIH 
6eCKOHeqeH, TO 9HO HhI3bIBaeTCfl 6ec~oHe~blM IlOJieM. IlpHMepoM 6eCKOHeq
HOro IIOJIH HBJIHeTCH .MHo~eCTBO p~HOHaJibHhIX qnceJI. EcJill ~e nopa,n;oR 
IIOJIR ROHeqeH, TO OHO Ha3bIBaeTCfl ROHe~blM. 
Onpe,n;eJieHHe: no;re, co,n;eplK~ee ROHe~oe trncJio aJieMeHTOB f , HasHBaeT
ca ROHe~blM IlOJieM H o6osHaqaeTCfl Gf(p) ( er: 03HaqaeT, G-a,/:ois Field 
- IIOJie fany~. , 

TaK RaK R~Oe IIOJie ,n;o~o co,n;epxtaTb HyneBofi H e,n;HH~b!fi 3JI0MeHThI, 
TO OHO ,Il;OJ!lKHO, co,n;epxtaTb, RaK MHHHMYM, ,n;Ba 3JieMeHTa. ,UonoJIHerume 
Ta6~a.MH CJI~eHHfl H YMHO~eHIDI 

•I -OI 0 0 0 
I O I 

,n;Ba TaRHX 3JieMeHTa ll o6pasyroT IIOJie' a HMeHHO IIOJie G F, (2). ,Il;pyrax 
no;refi, co,n;epxta.rimc ,n;Ba aJieMeHTa

1 
He• cy~ecTByeT. IloJie G F (2) HasHBaeT

ca e~e OCHOBHblM TIOJieM. 
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CRJia,IJ;hIBM noCJie,n;oBaTeJlbHO e~ ROHeqHOro IlOJIH, no.rryqHM Heorpruw.

qeHHbifi PM aneMeHTOB 
I, I+I, I+I+I, ••• 

TaK RaK qncJIO ane'MeHTOB IlOM KOHeqHO, TO B YRa38HHOM p~ Hafi,n;eTCfl 
cYMMa p e.n;HH~, paBHM eyJieBOMY aJieMeHTY nona. B pa6oTe [I2}noRasa
HO qoro· HaHMeHblllee qncno ,' y,n;oBJieTBOpHID~ee 3TOMY ycnOBHID flBJIHeTCfl , . . • J 
npocTblM qHCJIOM. IlpocToe qncmo p , o6Jia,n;aro~ee CBOfiCTBOM P= 0 B ROHetL-
HOM none, HasHBaeTCfl xapaiTepHCTmtOfi 3TOro nona. HanpHMep, B IIOJie 
G f(2) qHcno p = 2, TaK RaK I+I = o rnool 2. 

Pac111Hp0HHOe IIOJIS ranya. 0CHOBHOe none ranya. MO~O paCIIIHpHTb H o6pa-
30B8Tb· none 6oJibmero paSMepa. YnopH,n;oqcmihifi cnocoei no.nytieHHH pac11IH
peHHoro nona ocHOBaH Ha ncnoJlbsOBaHHH HeROTopofi ROHCTIJYE~, ROTopyro 
M~O Ha3BaTb IIOJIHHOMHaJibHblM npe,n;cTaBJieFHeM ~E..CIIIHpeHHoro nona. 
O.nmr HS Haa6onee pacnpoc-rpaHeHHHX cnoco6oB nocTpOOHIDI pac111HpeHHoro 
nona ranya saKJIIOqaeTCH r cne,n;yro~eM. B ROHeqHOM none c~eCTByroT HeFipn
BO,n;HMhie noJIHHOMbI onpe,n;eJieHHbIX CTeIIeHefi. HanOMHHM, qTo HeIIpHBO,n;HMbie 
noJIHHoMa 06.na,n:aDT · TeM cBoi!!cTBoM, qTo ax HeBosMo~o pasnOJKHTb Ha ,n;Ba 
IIOJIHHOMa MeHbmei!! CTeneHH. IIycTb ptx) eCTbc HeIIpHBO,n;HMHfi IlOJIHHOM .cTe
neHH m C R03~eHTa.Mll ll3 nona (l f(2) H nycTb a HBJIHeTCH ROpHeM 
IlOJIHHOMa p(X) • Tor,n;a paCIIIHP0HHOe noJie cos,n;e.eTCH nyTeM ,n;o6aBJieHIDI 
aneMeHTa a R noJIIO C f(2). Tor)J;a nopH,n;oK. HJIH qncno aneMeHTOB pacllIHpeH
Horo nona jaBeH 2'", H TaKOe noJie o6osHaqaeTCH GAt" ) • HanpHMep., 
noJie G fl 2 ) M~o . nocir-po_HTb RaK pac111HpeHHe noJia · G-F l2 ) , HcnoJib -

3YH IIOJillHOM F, •l I '( x3 xz 1 plX1=X-t-X-t + -t:z, 

3TOT noJIHHOM 11MeeT ROO~HeHTH B G f l2) H HepasnOJKHM Ha MHOJKHTeJill 
B Cft2) • CJie)J;OBaTeJibHO, none Gf(28 

) cocTOHT- H3 Bcex 8-pa3pfl,n;Hl,!X 
)J;BOHqHbIX queen, paCCMaTpHBaeMhIX RaK IIOJIHHOMhl CTeneHH H8 6oneEl CeMH. 
CJIOllteHHe HBnaeTca· noROMIIOHeHTHW cJio~eHHeM B none Cf (2 ) , HHh!MH ., 
CnOBaMH, IIOpaspfl,IIHOfi one~ei!! "HCKJIIO'l:81llll8e H.Jlli". YMH~eHHe COCTOHT 
ll'.3 YMffOJKeHHfi IIOJillHOMOB, IIpHBO,!{HMhIX no MO~JI!O p<x> o Cne~eT OTMeTWll'b, 
qTo IlOCTpOeHHe paCIIIHpeHHoro noJIH npH W = 8 BpytnIYIO np0'ACTaBJIH0'1' 3Ha
qHTeJibHhle Tpy)J;HOCTH. ,Il;JIH 3THX ~enefi MOJKHO HCIIOnh30BaTb cne~aJibHO cos
)J;aHHbie nporpaMMH ,n;na BmHcneHHM Ha 3Bvi [ rn]. ~yrHe npHMepbI pacmH -
peHHhIX nonei!! IIpHBe~eHbI B cne,n;yro~eM naparpaipe. 
Mo~JlbHbie one~HH. Ha,n; ROHe~HMH nonHMH'cnpaBe)J;JIHBhI noqTH Bee OCHOB
Ime pesyJibTaTH RJiaccaqecRofi anre6pu •. Cro)J;a OTHOCHTCH anre6pa MHoroqne
HOB, TeOpHH Onpe)J;eJIHTenefi H M8TO)J; pemeHIDI CHCTeM ypaBHeHHfi, TeOpHH 
MaTPJll.\ H npoq. 0,IIHaKO pesyJibTaTH BuqncneHHM !IpHHHMaIDT ROHe~ qJOPMY• 

3TOT cpaRT He YMBJIJl8T 60JlbllIOronpmtna,IIHOro 3HaqeHHH MO~nflPHO~ anre6-
pH B coBpeMeHHoi!! DJ:l'll'ICJmTeJII,HoA TeXHHRe. 
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3. IlpHMepu pacnrnpemrn:x noJielf 

IIpelK):\e qeM paccMaTpHBaTo npHMep@ nocTpoeHIDI _pacnrnpemrax. noJielf 
ra..nya H me npHMeHeHHe ,qJIF. nocTpoeHHR cne~aJm3.HpOBaHHl:DC npo~ecco
poB H B ,IUJYI'HX _o6JiaCTRX TeXHl-Um,HanpHMep, B npH6opOCTpoeHHH, HIDJte 
IlpHBO):lHTCR 8Iq8 0):lHO, HO 6oJiee g>OplllaJibH09 onpe):leJI9HH8 pacnrnpeHHOI'O 
nOJIR Tanya. . ·, 

B pa6oTe /II/ ,I\ORa3HBaeTCR CJie,IzyJOiqM Bam!M TeopeMa. IlyCTop(x}
MHOI'OtlJieH C R03~H8HTB.Ma. H3 noJIR . F • .AJ.tre6pa MHOI'OtlJieHOB Ha):l no -
JI8M p no MO):ly~ p{X)RBJIReTCR noJieM .TOI'):la H TOJibRO TOI'):la, ROI'):la 

MHOI'OtlJieH p(:x} - HenpHBO):lHM B noJie p, T .. e. 8CJIH p{X} HeJio3R npe):l
CTaBHTb B BH,D;e npOH3Be):leHHR MHOI'OtlJI8HOB C R03~H9HTa.MH H3 F •. Ha 
ociioBe 3TOH 'Teopew pacnrnpeHHHM noJieM. CTeneHH m Ha):l F HasHBaeTCR 
noJie, o6pa30BaHHOe ,morotlJieHa.MH Ha):l noJieM F no MO):lyJIID HenpHBO):lHMOI'O 
MHorotIJieHa p(X}cT~neHH mHa):l F. HHJJte npHBO,!lRTCR npHMepu nocTpoeHHR 

pacnrnpeHHHX noJielf. . 
2 

3 -· 
PaccMOTpHM TpH_HenpHBO):lHMHX noJIHHOMa X + X + I, X + X + I, H 

x11 + X + I • Ta6JI~H HenpHBO):lHMblX noJIHHOMOB Ha):l noJieM GF( 2} 
BllJIOTb )W 34-lt cTeneHH npHBe):leHH B npHJioJKeHHH B /II/. OTMeTHM, tlTO 
3HaR + o603HatraeT CJMMY no MO.IlYJIID )),Ba. 
0,!lHHM H3 npocTeHnrnX pacmHpeHHHX noJielt RBJIReTCR noJie G F( 2}, o6pa-
30BaHHoe Ha):l IlOJIHHOMOM f+ X + I. TaRoe nOJI8.HM88T tl8THpe 3JI8M8HTa! 
0 ' :z . ' a= IO, a= or, a= II H ffYJieBOH 3JI8M8HT O = oo. 8JieMeHT a, ROTOpblH 

Ha3WlaeTCR npHMHTHBHHM, RBJIR8TCR ROpHeM noJIHHOMa X2
+ X + I H noaTO• 

MY HMeeM j + a + I = 0, B · 'ISM H8TPY.ltHO y6e.rtRTl>CH, CRJia):lHBM . 
·cTOJIC>l-UtOM ):lBOHtlHbl8 3RBHB.aJI9HT!l 3JieM8HTOB nOJIR. ,llaJiee, HMeeM a2 = · a+ 

+ I. ,llpyrmm CJIOBa.trn, 3HM ROp8Hb HenpHBO):lHMOI'O IlOJIHHOMa, H8Tpy,!lHO 
IlOCTpOHTb HyltHOe IlOJie, ytrHTWlM npH 3TOM TOT qiaRT, tlTO B noJie ra
JIYa G-f(2"'J HM89TCH ri7 JIHHEiHHO He3aBHCHMblX 3JI8M~HTOB, ROTOpHe o6pa-
3yroT 6asHc ):laHHOI'O noJIR. TaR B noJie GF(t} CiasHc cocTOHT H3 ,I\Byx 
3JI8M9HTOB: ff= IO H a = QI. 0CTaJibHH8 ):\Ba 3JI9M8HTa yxe HaM H3B8CT-
HH. 8JieM8HT a, JmJIJIIC~HHCR ROpHSM IlOJIHHOMa Ha3Wla!lT eiqe 3JieMeH-
TOM, o6pa3YJllllHM IlOJie. PoJib H 3HatreHHe 3TOI'O 3JI8MeHTa B o6pa30BaHHH 
IlOJIH OTMetraeTCH B CJie):lyrollleH TeopeMe: B KOHetlHOM noJie IlOPfl.IlRa p 
CYiq8CTByeT TaROH 3JI8MeHT a> tlTO R~ HeeyJieBOH 3JI9M9HT 3TOI'O noJIH 
MOlK8T C>HTb ·np8,I\CTaBJieH RaR HeKOTOpM CTeneHb 3JI9M8HTa a, T. e. 
MYJioTHllJIHitaTHBHM rpynna ROHetlHOI'O IlOJIH HOCHT ~JIHtl8CRHlt :xapaRTep. 
/I2/. IlpaRTHtleCRR 3TO 3HatrHT, tlTO nocROJib~ if; a + I,

0 
To, YMHOlKHB 

o6e traCTH 3TOI'O paBeHCTBa Ha a, IlOJiytrHM rf= a+ a.= a. AHaJIOI'HtlHO 
V 3 2 o JJ S 3 · . · 

a = a+ a= a + a = a, a = a = £-H T • .I\• H, Boo6111e, RoHetlHoe noJie 
nOpH,I\Ra p CO):l9plltHT npHMHTHBHHH 3JI~M9HT /nopH):\Ra p - I/, CTeneHH 
ROTOporo npo6eraroT Bee HeeyJieBHe 3JI8M8HTH nOJIR. ,Ilpyrmm CJIOBBMH, 
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ecJIH noJie co):leplltHT 3JI8M8HT a, TO OHO ,I\OJilKHO co):leplll:aTb H BC8 CTeneHH 
'2 3 2 .... 2 a, a, a, • • • a. ,na..nee, TaR RaR noJie CO):l8plll:HT MYJibTHnJimtaTHBHHH 

o6paTHHH RalK.llOJ;'O HeeyJieBOI'O sJieMeHTa, TO eMY npHHa,I\JI9JKaT TaRlK8 a, 
_, -2 :.t,."'-2) a, a, • • • a. Ha.ID,l8Homee H3 Il01IOlKHT8JibHblX ti:HCeJI l'2. , ):l1IH ROTOpOI'O· 
n n o a= I /s~ecb I - B8RTOp/ T. e. a= a, aasHBaeTCH nopH,IlROM aJieMeHTa 

a,:wm TO ll8 CaMOe: nopjl,IlOR sneMeHTa paBeH lIBCJIY pa3JIHtlHHX CTeneHeH 

sToro ineMeHTa. HanpHMep, nopn.n.ox sneMeHTa a B noJie Gf {2
2

} pa
BeH 2 - I= 1- I= 3. Ilopfi,IIOR eyJieBOI'O sJieMeHTa He onpe):\eJieH. 
CyMMHPYH BblilleH31IOJKeHHOe, MOlKHO OTM8THTb CJie,!lYIDlllee. HeeyneBHe sJieMeH

Tli pa.cnmpeirn:oro noJIH MOlKHO npe,!lCTaBHTb TpeMH cnoco6BMH B BH):l9: 
I/ CTeneHelt npHMRTHBHOI'O aJieMeHTa, 2/ JIHH9HHOH ROM6HH~HH Cia3HCHHX 
3JI8M9HTOB, 3/ ,I\BOHtlHHX tIHCeJI. B Ta6JI. I - 3 )l,aHH npe,n;cTaBJieHHR 3JI9• 

M8HTOB ):l1IH TpeX noneA. 

8JieMeHTH noJIH 

0=0 
a-o= I 
a= a 
i= I+ a 

Ta6n~a I. 
2) 2 · O Gf(2 a+a+I= 

~~}Gf(2)} GF (22) 
OI 

II 

no 8H8JIOI'HH, a TaD9 HCilOJib3YJI _paccMOTP9HHH8 npaBHJia H TeopeMH, 

MOllHO nocT-pOHTb -e111e ):\Ba nonH GF ( Z}H G f { 2~ 

'l'a6~a 2. 

(tr+ a+ I = o) BneveHTH nonH Gf(z3J 

0=0 ooo}GF(2) 
'= I IOO 
tl. = a OIO 
a 2 OOI ~GF (l} a= a 

l = I+ a IIO 
El= 

2 OII a+a 

/,.. I+ a+rf III 

,/= I+ 
2. IOI a 

a1 = I= a 100 
H T. ~• 
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I 

8JieMeHTH nonsr G F ( z'') 

0 = 0 
a°= I 
a= 
2 a= 
J 

a 
2 

a 

a"= I + a 
2 

3 
a 

a5 a+ a 
6 2 3 
a= a+ a 
a7=I+a +if 
8 2 

a
9
=I+ a 

3 
a= a +a 

/0 2 a=I+a+a 
{{ 2 3 

a= a+a+a 
~=I+a+tf+a3 
a

13=I +l+a3 
t=I +If 
J.5=.I = j 
H T'• 'A• 

Ta6n~a 3 
tf.t+a+I 

oooolGf {z) 
IOOO) 
0100 
0010 
0001 
IIOO 
OIIO 
OOII 
!IOI 
IOIO-
OIOI 
IIIO 
OIII 
!III 
IOII 
IOOI 
1000 

C-F(l') 

Ms Ta6JI. 2 BH'AHO, tiTO B none G F( fJ HMeeTcsr yir.e '!'pH 6as:acHHX /Jr.R
aeihl:o aesaa:acmmx/aneMeHTa : K = IOO, a = 010 H tf = 001. Ilo,qcTaB-

3 . 3 
JIM B nonHHOM X + X + I aJieMeHT a1 no.nytm!,! a= a+ I. Ilocne aToii 
. t,2 S3 2 2 6 
onepa.u;:aH m4eeM a= a+ a= OII, a= a+ a= a+ I+ a= III, a= 

If 3 2 2. r 3 
=a+a=a+~+f+I=a+I=IOI,a=a+a=~+I+~=I= 
= IOO = tf, l = a, Tait Krut / = l a = a0 a = a. IIo aHaJIOrHH tiHTaTeJib 
uoxeT paccM~TpeTb nony-qeHHe aJieMeHTOB B ,r10.ire\ G F ( 2"J. 
Cne):lY'eT no,q-qepJtHYTb, tiT~ .B none rwxya,a OTJil(tlHe oT HsaecTaoro 
6eCKOHetiHoro noJIH c nos~HOHHOti CHCTeM08 CtlHCJieHHH, HeT TaKHX 
nOHHTHii, Kalt 110,I(HO tiHCJIO 6oJibme ,qpyroro~ Il03TOJ4Y B npe,JtCTSllJiemm . 

aJieMeHTOB B BH,I(e ,I(BOH'!iHliX CJIOB He EMSeT 3Ha~eHRH, K8KOI 
paspg,q HBJIHeTCH CTaplllHM H KaK08 MJI8,1Ullml. 

C npaKTKtteCKOti . TO'tlltH speHHH npe.I(CTaBJIHeT HHTepec nocTpOeHHe ycT
poiiCTB. ,I(JIH nony-qeHHH nocne,qoBaTeJibHOCTH aJieMeHTOB noJIH ranya. Ta
KHe yCTpOilCTB8 Ha3HBaIOTCH CtleTtnm8llH B none ranya. OffH npe,qcTaBJUt
ll'l' co6oa c,qBHroBue perHcTpu c norHttecKo8 o6paTH08 casr3bD. IlpHtieM 
tlHCJIO pa3p.ff,q0B perHCTpa H BH,I( o6paTHliX CBH3e8 onpe.I(eJIHeTCH nomo
MOM, o6pa3YJO!J1IDI .I(aHHoe none. Trut1 Ha pHc. I npHBe.I(eHa cxeua ctte'l'tIHKa 
B none &F(23

) • IlocKOJibey l = a +,1 1, TO CHrHaJI nepeHoca .I(oueH 
nocTynaTb Ha axo,qu nepaoro H BTOporo paspg,qoa perHCTpa, a cHrHan 

8 

H~ I\"'-'-' '\~ 'j 

PHc. I. CtteTtIHK B none 
.3 

ranya Gf(2 ) • 
HY- HatiaJibHaH ycTaHOBKa. 
'fH-TaKTOBHe HMnyJibCH. 

+ cf ri. o.t 0.1, a"' a.s o.s 
a.• o a,3 a,6 Q' Qs a.LI Qt 

Q' o.3 0 act cf 0t o.s as 
a.?. rf rf O o,5 03 a.t 0.0 

o.'3 o.1 rl° a.5 o a.6 at a4 

al.\ as a.t a' as o o.o o.3 
0s a,'+ 0.6 0.3 a?. 0.o O QI 

o.s a.t 0s o.o o." o.3 0.1 0 

PHc.2.Ta6~a cnOllteHHH l,1,Byx 3JieMeR-
3 

TOB B none Gf(2 ). 

X ao a.' a1 o.3 a.4 o.s o.6-
a.o 0.• 0.~ 0.?. o,3 Q II 0.S QI 

a.' a.• o.t 0.3 a.4 as as 0.0 
0.1 0t a.3 a.4. 0s as a.o at 
rf a3 0.4 aS 0.6 0.0 0.1 Qt 

04 o."' a.s a.s ao a.• 0t a! 
as a.s 0s 0.0 0t a.t 03 a4 
as 0s a.o a1 at o,3 a,'+ as 

PHc. 3. Ta6~a yYHOXeHRH 
3 

l,1,Byx aJieMeHTOB B none Gf(2 ) 

Ac,A,Ai&BtBi 

Aoi t : o.,,rf 
l<'o 
No 
Po t · 

11,ir 81 1 
ei : Q,n 

K, 
N, 
P1 2 

Att ~ ; Qtnl 

l<t 
Nt 
P2 3 /ht tt : G1a' 

K1 
N1 

Ps " 

PHc. 4. IlpHHIUfiIHaJibHaH cxeMa 
cYMMaTopa Ha 12 BXO~OB B no-

ne G-F(2 'f). 

PHc. 5·. IIp~aJibHM cxeMa yMHOXeHHH ,qayx ane-
. . 3 

MeHTOB n none Gf(2 ). 
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i l\ 

I 

I 
I 
i 
I 

nepeHoca OT nepBoro pa3p.ff,Ila Ha BTOpon: npmco~T qepe3 cywa.Top no 
3 

MO)lyJIIO ABa, Tax Kax a= I+ a. Ecim B Haqam,m,nt MOMeHT BpeMeHH B 
nepBHi1 pa3p.ff,I! /cneBa/ 3aHeCTH e~mzy, TO B pe3yJibTaTe nocJie)JyJ)

IlJHX CABHrOB COCTOmrnR perucTpa 6y,nyT npmnwaTb 3HaqeHHR, COOTBeTCT
ByroII\He CTeneHRM aJieMeHTa a. ~axTuqecKH MH 3'A9Cb m.ieeM CX8My YMHOJJte
HliR Ha aJieMeHT a. /II c. 204/. 

4. OcHOBHbte anre6pauqecxHe one~H Ha,Il 
8JI9M9HTB.MH nOJIR ranya 

Kax Mli y-z.e OTMeqanH BbllIIe~aJieMeHTbt nOJIR Hepe~o npeACTaBJIBIOTCR B BH
'A9 nonHHoMoB cTeneHH m-- I · /cM. Ta6JI. I - 3/. Tax, B noJie GF(t} 
JII06bte 'ABa aJieMeHTa A H B MOJKHO npe'ACTaBHTb B BH'Ae: 

9 A= ft.oa
0
+ A1a + A2 i H B = B0 a

0
+ ~a+ :Bia~ AHanorHqtto B noJI; G-F(2) 

'ABa sneMeHTa A H B m.ieroT BH'A: A = A
0

a0 + A1 a • .-n,_.l H B = B a + B
1

a + 
3 ·" 0 ••• +B3 a. IJpuqeM KOSqxpHI.IHeHTbt A0 , A4, ••• ~H B

0
, B,, ••• B

3
npHHm.iaIOT 

TOJibKO 3HaqeHHR O HJIH I. qTO KacaeTCR 6a3HCHbtX aJieMeHTOB, TO OHH 
npHHHMaroT Te 3HaqeHHR, KOTOpbte npHCYDIH 'ABHHOMy nOJ?)o 

Tax lite, Rax H B 061,IqHon: 'ABO~on: apHqM9THRe npH BbtilOnHeHHH onepaqHi1: 
Ha,Il aJieMeHTa.MH nOJIR,HMeIOTCR H9KOTOpbte OTJIHqHR'B npaBMax BllIIOJllieHHR 

onepaqHi1:
0

Bpytrnyio" H MaIIIHHHbIM cnoco6oM /IO;. I5/. oTo KacaeTCR Ta
KHX onepaqun:, Rax YMHOllt9HHe, AeJieHHe, B03B9A9HH.e B c-reneHb H Y.3BJie
qeHHe KB~aTHOro KOPHR. OnepaqHH YMHOllteHHR H AeJieHHR BpytrnyJo BbtnOJI

HR!OTCR oqeHb IlpOCTO: CTeneHb IlpOH3Be'AeHHR aJieM9HTOB-paBHa cywemcTe
neHei1: COMHOlltHTeJiei1:, npuqeM CYMMHpOBaHHe BllIIOJlliR9TCR no MO,Dymo 2 - I. 
OnepaqHR A9JI9HHR aJieMeHTa A Ha 8JI9M9HT B paBHOCHJibHa onep~H YMHO-

-t 
llt9HHR aJieMeHTa A Ha o6paTHbtH' aJieMeHT B ' KOTOpbtit onpe'AenReTCR H3 
ycJIOBHR B• B-~ I. Tax, 'AJIR aJieMeHTa a6 B noJie G~~ 2") , o6paTHmt aJie
MeHTOM RBJIReTCR aJieMeHT a9 ' Tax Kax a6 rl = ti = a0 = I. ,. rooo. 
Ha pHc. 2 H 3 npHB9A9Hbt.Ta6~bt CJIOllt9HHR H Y'),IHOllteHHR AByx aJieMeHTOB 
noM ranya G f ( ~) ·• Bpytrnyio 06paT1w! :rneMeHT noJiyqaeTcR npocTo: 
"Ha,Ilo H3 qHCJia f" - 1: Bl,Iq9CTb CTeneHb ABHHoro aJieMeHTa H TOrAa Be

JimHHa tJa3HOCTH 6y'AeT paBHa CTeneHH o6paTHoro aJieMeHTa. HanpHMep, 
06paTHID1 aJieMeH_TOM AnR a2 B noJie G-F (2j) liyAeT aJieMeH'l' cf, TaK xax 
7 - 2 = 5. IIpoBepxa 'AaeT: l tf" = l = a0 -. 

One~HR B03B9A9HHR B CTeneHb aJieMeHTOB nOJIR BbtnOJlliReTCR Tax 
lite, KaK H B03BeAeHHe 061,IqHmc qHceJI, c TOI!: mmn, paamn~en:, qTo 

m OHa BllIIOJlliR9'l'CR C yqeTOM I.\HRn~OCTH rpymill, Toe. no M~nros-2 - !
0 

HanpHMep, B noJieGF(i3) (a") = Ji.= l tf= cf unu_ (~}1 = tr =(l)= a 0 = 
= I. OnepaqHH CJIOllteHHR H Bl,IqHTaHHR paBHOCHJll,HH H BllllOJIHJDJTCSI no 

s s !" s-MO)lyJIIO ABa. HanpHMep, a + a = a - a = o. 

10 -

C npaKTHq9CKOfi TOtlKH 3peHHE: np0'ACTaBJIReT HHTepec, KaxHMH COBpeMeH
HllMH annapaTHbtMH cpe~CTBaMH peMH3l7DTCSI onepaqHH Ha,Il 3JieMBHTIDffl no

Jill fanya ? ,IJ,nsr BHIIOJlli9HHSI onepaqHH CJIOllt9HHJl HCnOJib3l7DTCSI TaxHe MHR

pocxew, Rax K50CMEI60, KI55HII2, K53lliil5 H I55JIII5, KOTOpbte npe'ACTaB
Jifill'l' co6oi1: cxew npoBepKH Ha qeTHOCTb HJIH cywaTOpu: no Mo,eymo 'ABa. 

IJOCKOJibKY onepaqHSI cywHpOBaHHSI RBJIJ19TCH MO,DyJibHOi1:, TO MOlltHO BOA

HOM TaxTe OAffOBpeMeHHo CKJia,IlHBaTb 60Jibmoe mi:cno aneMeHTOB. Il:PeABa
pmem,Ho cywHPYJOTCSI COO'l'BB'l'C'l'BJ'lllllli8 K03qxpHI.IH8H'l'li, KOTOplie Hcnom,-
3YJOTCSI B np8ACTaBJieHHH aneMeHTOB µoJIR B BH'Ae noJIHHo.voii. PacCMOTpHM 

ROHKpeTHHi1: npHMep. Kax H3B9CTHO, MHKpocxeMa THna K5000EI60 Hl488T 

12 BXOAOB H noaTOMY 'HCnOJib3YSI TaxHe cxeMHJMOlltHO 6e3 AOnOJlliHT9Jib
HOro RaCKa,I!HpOBaHHH BHilOJIHHTb CywHPOBaHHe I2 aJieMBHTOB llOJifio Ha 

.It~m-. 4 npHB9A8Ha npHHI.\HnHam.HaR cxeMa TaKOro cywaTopa. BHAHO' qTO 
onepaqHJl CyMMHPOBaHHH CBO,lµITCSI BCero JIHlllb K onpeAeJieHHll qeTHOCTH 
B ABO}IqffHX CJIOBax, COC'l'OSII\HX H3 OAffOTHIIl!liX K08qxpHI:tH8HTOB B BH,ItB ., 
IlpeAC'1'aBJI8HHH 8JI9M8HTOB nOJIH C llOMO~bD nOJIHHOMOB. CJie,nyeT OTM9'l'H'l'b, 
~o BI,llllenepe~CJIBHHlie 11'.HKpocxew nyTeM KaCKB,I\HpOBaHHJl MOlltHO HCnom,-
30BaTb Anll CJIOllteHHsr npaxTuqecxH JID6oro ~cna cJiaraewHX. ,nairee, ecim 
BHHMaT8JibHO pacCMOTp8Tb '!'a6JI. I - 3, rAe B '1'p9TbHX KOJIOHKax_ npHBe
'A8Hli ABO~e 8KBHBaJI8HTli aJieM8H'1'0B nonsr, TO nOJij'tla8'l'CR,qTo qHCJIO 
e~Hq B. KalJtAOM

0

,C'1'0JI6qe qeTHO. OTO 3Ha~T, qTO cywa BCeX pa3JIHq -
HliX aJI8M8HTOB nOJIH paBHa ffYJlll. B OC'1'8.JlbHl,IX CJij'tlaRX B CHJIY ~HltJIH'tl
HOC'l'K nOJISI npH cyw,m:pOBaHHH BCJlRHit pas noJij'tlaeTCH O~HH H38JI8M8HT05 
noJisr. Hanpm,cep, ecJIH CJIOlltH'l'b I4 aJieMeHTOB noJIH Gf(2 J , HatDtHM 

CBepxy, fiO.nytmM aJieM8HT cywH, paBHlil!: a'". . 

Tenepb Ha KOHRp8'l'HOM npwepe paCCMO'l'pHM,KaKHM o6pa30M MOlltHO nocTpo~ 
3 

H'l'b cxeuy Anll napaJIJieJibHoro ~OllteHHR AByx aJieMeHTOB nonR Gf(2 J. 
HMeev: A•B =(A0 a

0 
+ A1 a + A2 a)(B0 a0 + B1 a + B2i}= A0 %a° a0 

+ A0 B., a
0 e! + 

02. IO 2 3, -20 3 "' 
+ 1\,B2 a a + A1 B0 a a + A1 B1 a + A1 B2 a +A2B0a a: + A2B1 a: + A.?B.zai'. 
Y~THBM, qTo ~= a +} H a'f= a + £:, no.nyt004: .\:,B0 + AoB1a + 

+ Ag~~+. ~ 1B0a + A1B1 a+ A-,Bz+ A1B2 a +A2B0a2-+A2B1. +A2B1a + A2 B2a + 
+ A2.B2.a (_I_) I' 
BHnHCaB 0'1''A8JibHO qJ18Hli Bbtp8,l!8HHJ! ,( I)' C O'AHHaKOBHMH 6a3lilCHl:Dffl ane
M8H'1'aMH, lIOJIYlDDI OKOffqaTeJibHO 6yJieBH ipyHltl.\HH, C noMODµ,I) KOTOpliX 
MOllJtO nocTpOH'l'b npHHI.\HnHaJil>Hyl) cxeuy yMHOllt9HHSI ABy.x 8JI8M8HTOB no-
JIH GF(2i: 
A0Bo+ Ad32 + A2 B, L. rf~ 
AoB1 + A,Bo+ A1B2+ A2B1+ A4B2 <a;_ · __ (2) 
A0B2+ A1B1+ A2B0+ A2 B2 <a7 
3HaRH <a; <a, H ,.JoaHaqam , ~o 8'1'0 eCTb KOSqxpHI.\HBHTli npH 6a3HC

HliX aJI8M8HTax B Bbtp8,l!8HHH AJIS1 IlpOH3B8A8HWI'AByx aJieMeH'l'OB A H B • 
TaxHM o6paaow, AnR annapaTHOi1: pea.JIH3BI.\HH onepaqHH yMHOlltBHHH ABYX 
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8Jl9M9HTOB C noMOil\blO 06wnn,1x wmpocxeM Heo6xo~o BHilOXHll'.Tb JIOrHtiec~ 
KYJO one~mo H H~ BCBB03M02KHID.IH napru.rn: K03~HBHTOB H 3aTeM BHilOJI
_HHTb one~HID CJIOlltBHll'.H B COOTBBTCTBHH C BHtmCJIBHHID4H BHpBl[BHHHMH TH
na -l2). )¥uree, ecXH B COOTHOmeHll'.HX (.?) noJIO!tHTb A = B , TO llOJIY"llW 6y
Jl9BH BHp8ll9Hll'.H ,IµIH B03B9'A9Hll'.H 8JI9M9HTa 

AoAo+ .A(l2+..lr£1..1= Ao · 
~+--¼1i'o+~+-Az!G+ A2A2= A2 
...Acrtz+ A1A1+¥0+ AzA2 . = A,+ A2 

A 
ao 

a 
a2 

B KB~'l': 

{3) 

CJie,ey-eT HanoMHHTb, tlTO nOCKOJibKY one~HH cywmpOBBHHH BHTIOXHHBTCH 
no MO,lzy'JIJ:l 'ABa, TO npH npHBB'ABHHH nO'A06HHX tl.IIBHOB Heo6xo,rpwo pyltOBO'A
CTBOBaTbCH CJIB.zzytllllID,! npaBH.llOM: CYMMa tlBTHoro tmCJia O'AHHaKOBblX tlXB
HOB paBHa.eyxro, a CYMMa HBtlBTHOro tmCJia tlX9HOB paBHa O'AHOMy H3 tlXe
HOB cyMMH. KpoMe Toro, BCJIH B pesyJibTaTe KaKHX•JIH60 npeo6pa30BaHHA 

rn 
nOHBXHIDTCH tlX9HH,cTeneHb KOTOpblX npeBbllllaBT 2 - I, TO OHH pa3JiaraIDT-
CH no 6a3HCHW 8JI9MBHT8.M. 
no 8H8.JIOrHH HBTPY'AHO HaHTH nepeKJI!OtlaTeJibHHe qiymt~HH ,IµIH B03BB'ABHHH 
SJIBMBHTa AB ey6: 

3 
[Aoa° + ¾ a + (~1 + A2)il] (A0a

0 
+ A1 a + A2 a1 = A 

MH TOllte Ca.Moe: 
0 

A0+ A2+ A1A2 +A, .ca.,. 

AoA, + Af + AiAo <-a,. 
i ft.oAJ + A2 ~a2

7 • 

Taxoa JIIT8p~omm! npo~ecc M()l[HO IlpO'AODHTb,H B C.nytlae Heo6xo~oc
TH no.nyt1HTb JIOrHtleCKHe BHp8ll9HHH ,JVIH B03BB'ABHHH 8Jl9M9HTa AH B 'APY
rae CTeneHa. 
Bwrn:CJIBHHe HHBepcHoro 8JIBMBHTa Wl 3'ABCb He paccMaTpHBaeM. TaxoA 
MrOpHTM 'A9TMbHO onHCaH B pa6oTax (II,16) • 
CJie,ey-eT OTMBTHTb, tlTO,B OTJIHtlHB OT o6wm:oA axre6pH, .r'Ae MOltHO 
nOJIYllHTb 06D1He BHpalltBHHH H 3aKOHOMBpHOCTH ,JVIH npOH3BOJibHblX tlHCeJI, 
B MO,lzy'JIHpHOH Mre6pe Te HXH HHHe COOTHOmeHll'.H 'ABACTBHTBJlbHH ,JVIH 

KOHKpeTHoro noM GF(2'"}. Tax,,JVIH Toro , t1T06H noxy-qHTb paccMOTpeH .. 
HHS H~ Bblllle COOTHOmeHHH ,JVIH nOJIH Gf(2") , ey.mo noBTOpHTb Heo6xo
,l\HMH8 BWIHCXBHll'.H C ytIBTOM Toro, tlTO B 8TOM noJie JII06He 'ABa SJIBMeHTa 
A H B MOXHO Ilpe'ACTaBHTb B BH'Ae: A = Aoa0 + A1 a + A2a2 + A3 il H Bc,a0 + 

Bfa + B2a
2

+ B~a\ r'Ae xos~HBHTH Ao, A1 , A2., A3 , Bo,~.:, B 2 ~;B 3 
MOryT npHHHMaTb TOXbKO 3Hat1eHll'.H O HJlH I. HanpHMep, B 8JIBM9HTB a B 
noJie GF(2") Bee xoa~HeHTH paBHH B'AHH~e. 
Ha pHc. 4 H pHC. 5 B KatlBCTBB npHMepa npHBe~eHH np~llHMbHHB cxe
Wl ,IV!H ywoxeHHS: 'ABYX aJieMeHTOB B noJie Cf(2'J H CJIOlltemrn I2.aJieMeH":" 
'!'OB B noJie (}f(2). 
C11e,eyeT oTweTHirb, t1To npH 'BeJIHtlHHe mi 4 BwmcJieHHs: Bpytley!O CTaHOBHT-

12 

CS: rpOM03'AKHMH H 'A8llt8 npaKTHtlBCKH HBB03MOiKHblMH• IlaTOMY ,JVIH aBTOMa
TH3~HH npo~ecca BJNliCJieHll'.A B llOJie ra.JIYa C08'AaHH nporpa.MMH, B KOTO• 
pHX HCnOJib3YJOTCH CHCT8MH aHaxHTHtl8CKHX BWIHCJI9HHH Ha 

3fM /!3/. 
Ha 6ase TaKHXBbltlHCJI9HHA C03'AaHH Ta6JIH~.O'Alia H3 TaKHX Ta6~ npH-

B8'AeHa Ha pac. 6. 

5. COBM8~8HHH8 onep~HH B noJie ra.xya 
PaccMaTpHBaH npaKTHtl8CKYJO peaxH3~HID BHnOXHeHHH Pfi'AB- onep~HH B no
ne ra.JIYa, aBTOp 38.MBTHJI, tlTO HM88TCH B03MOEIOCTb IlpOCTO . H O'AliOB
peMSHHO B T9tlBHH8 O'AHOro TaKTa BHnOXHHTb TaKHB one~KH, KaK yYHO
lltBHHB HeCKOXbKHX 8JIBMBHTOB noM HJlH YJ,!HOlltBHHe 8Jl9M8HTa B Ha ey6 aJie
MBHTa A H T. 'A• IlpaKTHtl'.8CKOe npHMeHeHHe TaKHX npo~e,izyp 6y'A8T paCCMOT

peHO B cJie~eM pa3'ABJIB~ 
]J,nH npOCTOTH H3JIOlltBHHH paCCMOTpHM , KaKHM o6pa30M MOlltHO nOJIYtlHTb 
6yneBH BHp8llBHHH 'AJ!.H.YJ,!HOllt8Hll'.H 8JIBMBHTa B Ha KBaupaT aneMBHTa AB 

Gf( 3] 0 . 2. 2. .2. · 0 . ( ~2. 
noJie 2 • HMeew: B = B0a + B1 a+ B2a HA = A.oa + A2a + A1+ A21 . 
YMHOlltHB B Ha A, · nocne npHBe'AeHll'.s: no'Ao6mnc, no.nyt1ma: · 

BoAo+ B, Af + B, Az+ Bi A2 < a
0

-,. 

BoAz+ B1 Ao+ B1 A1+ B1A2+ B2A1+ ~A2 rn7 

BoAr+ I3oA2+ B1 A2+ BiAo+ BzA2 ~ a2
7-

AHuor.NHae 6yneBH BH:pa:ltBHHH MOlltllO nO.nytlHTb ,JVIH npOH3B8ABMHH THna 
B~ i" , . B.-A~ C H T .~. , r'Ae C - TpBTHA aneweHT a Toro xe nonH. 
Ha pHC. 7 npHB8'ASHa1a6nHQa, co~epllt8~8H pesyJibTaTH TaKOH COBMBllleH
HOH onep~HH,Ka.K B·A. IlO'A06HH8 Ta6JI~H HCnOXb3yDTCH aBTOpOM ,!VIS: 
nporpa.MMHPOBaHHH III13Y /cY.HJIIJt8/.CJie)IJ'eT o6paTl'ITD BHml8HJII8 H8 TO,~TO 
pesyJlbT8T COBM8~8HHI:iX onep8I{l!I 38Bl!ICZT OT nepeCT8HOBltll.COMHODT8JI81. 

I( 6 3 Vf. 6)3 I/ II f' 3 r 
HanpHMep, nycTb B =a.HA= a. Tor'Aa B·A = ~lat= a a= a a= a. 
B TO llt8 Bp81UI _A ff= a'• 3TOT BHBO'A KMeeT BalltHOB npaKTHtlBCKOB 3Hat1e
HHB' TaK KaK n03BOJIS:8T HS6era'fb omH6KH B npo~ecce nporpaw.mpOBaHHii 
III13Y. HeTpy'AHO 6WIO 6a noxa3aTb, t1TO B none ra.JIYa 'AOnycormm T8ltllte 

2. 3 . 
coBMellleHHHe one~HH THna B/A , B/A ••• H T. 'A• 
B CJIB,eyDlll8M pa3'AeJIB Wl paccwoirpHM, Ka.KKM o6pa30M BbllllBH3JIOllteHHHe 
CBOACTBa noJieA ranya MOltHO HCll0llb30BaTb ,!VIS: nOCTp08IDUI cne~H8JIH3HpO
BaHHOro npo~eccopan'APYrHX ycTpOACTB 'AHCKpeTHOA norHKH. 

6• Cne~HMH3HpOBaHHHH npo~eccop B no.ne ranya 
PaccMOTPIDI KOHKp9THHH npHMep. ,nonycTma, tlTO HM89TCS: rO'AOCKon, CO'A8P
ll8ll\HA !5 C~HHTHJlJIHTOpoB. Ilo YCJIOBHIO axcnepHMBHTa Heo6xo~o KaK 
MOXHO 6HCTpee BHpa6_0TaTb CHrHBJIH O TOM, tlTO t1epes ~THJIJIHTOPH 
npOOIJia 0~ H TOJlbKO O'Alia tlB.CT~a t = I, 'ABB H TOJlbKO 'ABB t= 2 J 

TpH H 'l'OJibKO TPH tl8C'l'~l,l -t ,.. 3 WIH i ;> 4. KpoMe Toro, Tpe6yeTCS: on-
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PHc-. &. Tad.1raqa 

yi.mm:emra l].Byx 
SJieMeHTOB B DOJI8 

GF(2Lf) 

PHc. ?. Ta6Jntqa 

Y)IHOE8Hlffl 9JI8MeH

'1'a B Ha 9JI8M8H'1' 
, G " A B noxe F(2 h 

,I 
l 
!I \ 

pe'AemtTb KOOp,D;HHaTH cqHHTR3IJIHTOpoB, OT KOTOpblX nocTymurn CHrHa.JIH, 

-H Bapa.6oTaTb CHI'Ha.JI npH ycJIOBHH cpa6aTJ:ffiaHlIB Hanepe'A 3M8HH0'1 KOM-

6HH~H CqHHTHJIJlflTOpOBo 
T~HOHHO Taltafl 3Maqa pemaeTCfl cJie,IJ,yIOII\ID4 o6pa30M. C noMOIIµ,ID Ma-

lltOpHTapH0'1 cxew COBilMeHH'1 HaxOAHT-Cfl H6pa.B€HCTBa THna ,; l t ,;. 2 ' 
~ 3 H T. 'A• Koop,D;HHaTH cpa6oTaBurnX cqHHTIDIJJ!lTopoB onpeAeJI.moTC.11 c 

IlOMOIIµ,ID npHOpHTeTHblX urnippaTopoB, ,!VI.fl t1ero Tpe6yeTC.ll onpeAeJieHHoe 

BpeMH ,IVIH nocJieAOBaTenbHOrO onpoca TeX paspJJ,D;OB perHCTpa, B KOTOpblX 

3a.nHCaHH 0'AHHH1\Ho 
HcnOJib3Y.ll MeTO'A CHH,IU>OMHOrO KOAHPOBaHHH, nocTaBJI€HHY10 3Matty MOlltHO 

peurnTb · B pJJ,D;e cn:ytiaeB 6oJiee a~KTHBHblM cnoco60M /14/-. KpaTKO cyTb 

M6TO'Aa 3aJtJil()qa6TCfl B CJI6,D;yIOll\eM. BHa-q8Jl8 paCCMOTpID4, Kalt 3TO npmm

TO B npa1tTHK6 KOAHPOBaHH.11, T~ woroKaHaJiblfYIO CHCT8MY nepe'Aatrn 
'AamiHJC, Kalt 9TO noKa3aHO Ha p1rn •. 8,a. Ha' nepe'AaIO!ll6'1 CTOpoHe HMeeTC.11 

perKCTp, CO'Aepl!8lllH'1 e pa3pJJ,D;OB. C IlOMOIIµ,ID KO'Alipy!)lllero ycTp0'1CTB8. 

K f - paspJWiOMY c.noey no onpe'AeJieHHOMY npa.Brury A06a.BJI.11eTc.11 · K 
paspJJ,D;OB CHIJ'APOMa /KOHTPOJibH}re np0Bep1m/, Talt qTQ no KaHaJIY nepeAa
tra K upHeMHOMY ycTpottcTBY nepe'AaeTc.11 K+-l = n - paspH,I1Hoe cnoB-0 •. 

Ha nplleMHOI CTOpOH8 C llOM()Uµ,D ~8KOJOlPYJJ110ro_ycTpolcTBS llOJIY'{0HH00 
cnoBo aH~3HpY.6!CH c ~eJibm HaxQJl'AeHH.11 01I1H60tUtblX no3Hl\H'1. Ecmt B 

npo~ecce nepeAaqH: 'AaHHHlC ~pOH30JIIJIOJICKa.llt8HHe HeKOTOpHlC pa3pl!)J;OB, 

TO AeKO'A0P, HCilOJib3Y.ll ~rn6HTOtUtlie /KOHTPOJibHHe npoBepKH/ 'A8HHH8 06-. J 
HapymrnaeT H HCilpaBJI.lleT OIIIH6KH, a HHqJOpMal.\HOHHHe CID4BOJIH perKCTpH-

pylOTC.ll B i- paspH,IIHOM perHCTpe, 
Tenepb paccMOTpID4 <Sonee npocT}'J) cxeyY /pHc. 8,6/ • .I{onycTHM, qTo ne

peAaBaeMoe n.- pa3pH,IIHOe CJIOBO BCerAa paBHO HYJIID, HOB npoqecce ne-

peAatIH 'fa.ROrO CJIOBa K H8MY 'A06aBJI.m0TC.ll 0111H60tU1He CID4BOJIH. HanpHMep)' 

nepe'AaeM 15-paspJOtHoe eyneBoe cnoBo 
. · 000000000000000 , 
a HS npxeMH0'1 CT0pOH8 noJIYlleHO CJI8,eyt0lll8e CJIOBO 

010010100000000, 

T,8. B03mmJlil onm6KB BO BTOpOM, MTOM ll ce,IU,MOM paaps;itax, eCJill 
c-qeT paapMOB B8C'fll c.neBB HBllPSBO, ECJlll 1ll'!CJ10 npoBepo,mHX CJDIBOJ!OB 

BH6pBii0 TBR, "IT0.1i1M88TC.I! B03MOllHOCTl> li:ICnpBBJI.l!Tb He M8Ii88 irpex onm-

60:K TO ,mCJIO pasl)JmOB HB BHXO;JJ;8 ;u;exo;u;epa 6y;u;eT N = 3 ea,,_15 - 12. 
Tax:U. o6pa30M, maeeTCJI a<lqleKT cimTH.11 'A8HHliX C 15 6HT 'AO 12 <Swr. ' 
IlpHtteM 9~1tT cimTH.11 'Aa.HHliX · CYB18CTB8HHO J>B.CT'B'r C pOCTOM BeJIHllHHH n 
npH ycJIOBHH t qTO -f:. L~ n • Taxoe . ycJIOBH8 Ha npaKTRK8 'AOBOJ[bHO -qaCTO 

Bl:lllOJ!lffleTC.11• 
,Il,n.11 nocTp08HHfi npou,eccopa npelE,l\e Boero H806XO'A}ll,'!0 Onp8'A8lIHTb CTpyK~ 

'Y'JP'i 'A8RO'Aepa Hmt,Kax e~o 8l!l8 Ha3Hllaxl'f B -reopHH ltO'AKPOBaHH.11; , 
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.fl 

"ycorpoiicTBO ,IVIJI imimcJieIDJH cHH,Iq)oMa npmurToro Ko.ItoBoro CJIOBa!.'B pa6o
Te /4/ 8BTOpOM 6HJIO nOK8¥f!O, '!ITC ,IVIH• KO,lla XaMMHHra, C noMonµ,10 KOTO
poro HCnpaBJI.lllOTCH O,llID!Omrue onrn6RH, ycTp08CTBOM ,llJIH BHtrnCJieHM c:irn

,ItpOMa CJIYlltHT o6hlRHOBeHHIDl: napa.JIJieJibHIDl: 0 uni:ippa.Top,c noMonµ,10 KOTOporo 
yHHTapHwt nci3~HOHHIDl: KO,ll npeo6pasyeTCH'B ,ItBOH'tl:Hillt KO.It, Y.It06Hwt ,IVIJI 

BHIIOJIHeHHk:li~-HHM pasnHtIHoro po,lla apHqueTH'tlecxux onepa.I.U18. 0,ItHaxo 
TaK08 rim:ipp!lTbp MOE9T tipilBHJibHO qiyHKqHOHHpOB8Tb npH ycJIOBHH, '!ITC Be-

_. .mroraa t =I~;. DocKOJibity· B npaKTRKe 'KO,ItHpOBaIDJJI CYlll9CTBYJOT ,IteKo,Itepll, 
C nouonµ,10 KOTOpHX: Bl,lqHCJIHeTCJI C:llli.I{pOM ,IVIJI KO,lla, HCnpaBJI.ffiOJlleI'O i.> J. 

· onrn6oK; ·TO .• ecTaCTB9HHO B03HHKJia H,IteH HCnOJib30B8Tb TaKHe ycTp08CTBa 
,llJIJi O,ItHOBpeMe:im08 perHCT~HH tc06HTH8 B I'O,llOCKOilH'tleCKHX CHCTeMaXo 
Oco6eHHo nepcneKTHBHblM OKa3aJIOCb HCnOJib30BaHHe ,llJIJI 3THX qenea TaK 
Ha3llBaeMHX: B!IX-K,O,llOB~ HMeJOnµrx: Mre6:e,aH'tleCKyJO CTpyKTypy /IO, II/. 
B TeOpHH KO,ItlipOB8.HHH ~aeTCJI TOmiillt OTBeT Ha nocTaBJieHHwt Blmle HaMH 
BOilpOC o·CTpyKTYI)El ,lleKO,llepa, KOTOpaH O'tleHb.H8I'JilJ,qHO 38,llae'!'Cll: C no
MOnµ,JO Ma'!'p~H npoi:iepO'IIHHX COOTHOmeHH8. Ha pHC. 9 npne,IteHa O,ItHa . 

H3 'f'aKHX Ma'J'JJH_q:·r COOTBeTCTBYJOIIl8JI mJC-KO,l\Y, ll:OnpaBJIJilOll!9MY TpH OmH6-
RH _ IlpH _fl= _15:· 3,lleCb H306pa:ateHH ,llB9 paBHO,CHJII,HHe M8Tp~H. IlepBaJI 
MaTp~a cJieBa cocTOHT H3 nocJie,lloBaTeJibHOCTH aJieMeHTOB noJIRGF(2q). 
IJpw:reM .:B ne~B08 KOJIORKe CO,llepittaTCJI BCe HeeyieBHe SJieMeHTH B nop~
Ke B05paCT8HHJI HX CTeneHeft' a BTOpaJI ROJIOHKa COCTOHT H3 ey6oB COOTBeT
CT~ HM SJieMeHTOB nepB08 KOJIOHKH. B Tp0Tbe8 KOJIOHKe noMellleHH· 

, SJI~MeHTH B nJITo8 ·cTeneHH. CnpaBa Ha pHCYffKe IlpHBe,lleHH ,llBOH'IIHHe SKBH-

BaJieHT~ SJieMeHTOB, pacnoJIOJKeHHHX: COOTBeTCTBeHHO CJieBa, T . 

. IlOJIY'IIH.IIOCb Tax, qTo nocJie,ItHH8 CTOJI6eq B MaTp~e H COCTOHT H3 
eyne8' a ,ItBa coce,ItHHX CTOJI6qa - O,ll:liliaKOBl:lo II001TOMY C:llli.I{pOM B ,llaHHOM 

·KoHKpeTHOM cny-qae npe,llCT8BJIJieT 00608 IO-pasplJ,qHoe CJIOBO, ,llJIJI ,lleKO,llH
poBaHHJI KOTOporo MOlKHO HCnOJib30B8Tb 6HeTpO,lle8CTBYJOlllee sanOM:liliaIOll!ee 
ycTp08CTBO eL!KOCTb!O IK. )vrH onpe,lleJieHHOC'l'H noJIOJKHM, 'IITO CHI'HaJil:l noc
TynHJIH O,ItHOBpeMeHHO OT 4-ro, 9-ro H.13-ro Qq:lili'l'HJIJIJITOPOB, 3TH n03K-
~ . . . . 
qHH OTM9'tleHl:l CHMBOJIOM'. .,. • Kax BH,ItHO H3 pHC. 9' KWl,Il08 C'l'pORe MaTp~l:l 

. HTnOC'!'aBJieH B COOTBeTCTBHe cqIDITHJIJIJITOp I'O,llOCROna. 06osHa'!IHB ROOp
,llIDiaTH cpa6oTaBmHX cq:irnTHJIJIJITOpoB trepes Xh X2, H X3, I B aJieMeHTax 
noJia raJIYa G F ( 2") I, noJIYlIHM no a.HMOI'HH c TeopHe8 RO,llHPOBa.HHJI 

. 3 3 3 ssS · 
s,= x,+ X2.+ X3 , 53= X1+ Xz+ X3 n 55= x,+ X2+ X3,, ( '-/) 

3 4 12 · 9 q 6 . o 10 o lo 
I',lle_ s,= a+ a+ a= a:, S3= a+ a+ a= rFH S5= a+ a+ a== a• 
B COOTBeTCTBHH C Mre6paHtreCK08 TeOpHe8 RO,llHpOBaHHJI ,IVIJI Hax<m,qeHHJI 

ROOp,llID!aT cpa6oTaBmHX cqIDITHJIJIJITOpOB He06XO,llHMO nO,llCT8BHTb BCeB03-

MOltlllie SJieMeHTH noJIH Gf (2) B CJie.ItYJ)lllee ypaBHeHHe. H B~eJIHTb Te SJie-. 

MeHTH,npH KOTOpHX: 8'1'0 ypaBHeHH9 06pBlllae'l'CH B Tox,qeCTBO: 
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l 
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. I 

~ 
~ 
~ 

M.ll 

a) 

o} 
?He. 8. MHoroxa.HaJibHaH cHcTeMa nepe,1ta'IIH 
a) C npRMeHeHHeM H36HTOll:HOI'O KO.Ila, .n-,lleKO,llep, 
6) C HCnOJib30BaHHeM cHH,Itpmmoro RO,llHpOB8.HHll, M,n-MHOI'ORaH8JibHW1 

,ll9TeK'l'0p, n,., ..... 
r-

o' o'. o' I 1000 1D00 1000 

o' a' a• 1 OKIO 0001 0110 

a• o• o" 3 0010 0011 1110 

rf a• o• -~ 0001 0101 1000 

Ir' Q~ o• 5 1100 ltff 0110 

rt o' a"' 6 OHO 1000 1110 

'\ 
o• ... .1 0011 0001 1000 

H• a' ,f a' 8 1101 0011 0110 

o' a• a"' •9 t010 0101 tttO 

•' aft. o• 10 Ottll HU \000 

o"' o• a' It 1110 1000 ono 
a• o• a- t2 0111 0001 1110 

o• a• o' •B tH1- DOit 1000 

a• ~ a• I~ 1011 010\ 0110 

o" o• rl .. 15 1001 Hit 11/0 

• o&or ofg1 1~00 

+ '•·i &ill illi 
S,• ~s.•0011Ss•tt•o 

PHc. 9. MaTp~a npoBepotnruX COOTHOmeHH8 ,!Vlll BtIX-RO,lla 

rn = 4, Jtl.==15 , t = s. 

1..-m~ 
2 

ti+ 
15 

PHc. IO. Bnox-cxeMa vaJtopwrapHo8 cxew coBna,lleHHil, 

T-cxeMa 38,lleplltKH, + - cywaTOpH no 140,DYJIIO ,ItB8o 

~--,~--.,, · ·17·~·.,•;c<=-"=~ 
~ {:.~:,·:>: '_ ;~ .: ,· ,:,:}'.;,:~ i 
i "·'·" .·--· ..... , .. ,.. . ,.,,.,~\.-WJ I!! 

, ,, ·- ,, . ···••~u"' ~' r;.,."\$~h-~ J t -, .. ~ ' \.,., f~it ~ 
t-t~"-""~~~,..~=~a't!;:..,~-~ ' 



rAe (Ji= s, =a, 
l+ 6j x2

+ q;x + 6 3 = o, l S) 

6"2 sfs3+Ss 
S,3-t S3 

,lla.Jiee Bl,ltIBCJI.fISM 
('{ 

6 2 :: a 

2. 3 6 
H ~ - S1 Ss- + 53 + s, $3 + s, - s: +53 

H G;=Clf 

Ilo,qCTaBJI.fI.fI 3Hatl8HHe ~ ' 62 ' <H ~. B ypaBHSHHe \ S )
1 

IlOJiytrnM: 

( 6) 
3· 2 fl/ t 

x + ax+ 0, x + ()) . 

3 8 12 
Mollrno np0B0pHTb, qTo 3JI8M8HTH a , a H a, COOTBSTCTBynIµl:e no-
3~H.IIM. cpa6oTaBllJHX C~HHTHJIJI.fITOpOB, ffilJIHIOTC.fl ROpH.IIMH ypaBHeHHJI ( 6 ) . 

HeTpy,qHO 38M8THTb, qTo TaR08 MS'l'O,I\ HaXoat,qSHH.fl Il03~H8 cpa6oTaBll!HX 
C~HHTHJIJI.fITOpOB Bp~'JIH y,qoBJISTBOplleT YCJIOBHIO Il0CTaBJI8HH08 Ha.MR BH
me sa,qa~. YqwrHBa.fl TOT qrutT, qTo CHH,qpOM npe,qcTaBJI.fIST co6o8 IO
pa3p.fl,I\Hoe CJIOBO,H HCTIOJib3YS:I B03MO!tHOCTb BHTIOJIHSHH.fl COBM0~8HHHX 
onep~HA B noJie raJiya,Mu nonHTaeMcS:1 pemHTb sa,qaqy Ta6JIHtllrnl,{ MeTo,qOM 

C IlOMO~I) IIII3Y. Ilpel!C,Ile Bcero p0111Hl4 BOnpoc O ROJIHtl0CTBe cpa6oTaBDlHX 
C~HHTHJIJIJrropoB. 

AJirOpHTM OT6opa no ROJ!HqSCTBy 6a3HpyeTC.fl Ha CJISJlYIOll!eM CB08CTBe MaT-
P~H L-1; : 
MaT~a pa3MepHOCTH t. xi:. 

L.1: = 

~ 
$3 
Ss 

I 

S2 

s" 

0 

54 
. S3 

0 

I 
Si 

. . . 0 

0 

. . • . 0 

52t-1 S2t-2 Szf-3 Sit.-l/ •• • • St. 
H0BHp~eHa,ecmr cTeIIeHHHe CHMMeT~ec1tKe ~ Si 3aBHClIT OT 
t HJIH t + I 3JI8M0HTOB noJI.1I, H BHpOJr,Itel:la, ecJIH St saBHC.fIT OT weru.me
ro, tr0M 't - i ~CJia pa3JIHtiHHX 3JI8M0HTOB IlOJI.fl /!6/ • IlpaRTHfleCRH STO 
3Ha~T, tlTO ~ff OIIpe,qeJieHH.fl BSJIHtlHHI,l f Hy.mo BlltlHCJOrrb OIIpe,qeJIH ~ 
Te.m, Lt. · 
BHpaaemUI ,qJIR ·onpe,qeJIHTeJIR 4 ,qJIS:I t = I, 2, •••• , 5, B!MfCJieHHHe 
C TIOMO~ll SIM, IlpHB8,I\8HH B TB;6Jio '{, 

Kal!C,IIOe H3 3HatreHH8 onpe,qeJIHT0JI!f , Blitm(?Jlll8'1'CS:I OT,qe.m,Ho H aHaJIHSH-
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5cinper 

PHc. II. Il~nHaJibHM cxew BXO,qHOi\ traCTH • 

i 

i Si 
3 

2 5 1 t-S3 

cle-t Lt 

6 ?, 2 

Ta6~a4. 

3 St + s, S3 t S1Ss -t- S3 
,o s '?, 2 3 . s s s2 Lt~ +S,S3-1-S1S5+S1S,+SiS3Ss-t-.S1S3+ 3 1- + s 

3 . 52 ~ 2 22 3 3 
SJ 51SlSs+ s, SsS9+S1S1 + S1 S3S5 + S1 S3 S7+ S1 $3 5.9+ S1 Ss-S:,t 

S., 2.S +S5 f7-c:._ s i 6 3 6 1- 8 
t I S3 S t J .Ft + S1 Ss + S, S3 + S, 59 -r S, $3 Ss-+ 51 S1 + 

,!/2. f2 ,1$ 2 S 3 
+ ::>1S3 + 51 SJ+=>, + S3 S_, +S3 +Ss 
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pye'l'C.II Ha "O" • B 3aBHCHMOCTH OT peeym.TaTa aHaJIH3a npHHmmeTC.II 
pemeHHe, npHll:eM ROJIJ:ill:8CTBO CJiaraeMmc B KBJt'AOM H3 BHpal!8HH8 ,&JI.II L~ 
onpe,&8JI.II8TC.II B8J!Hll:HHOf\ -f; H He 3aBHCHT OT tlHCJia f1- • norHtieCKH8 ypaB
H8HH.II ,&JI.II MalKOpHTapHo8 CX8MH COBn~eHHtt, C0,!\8Jm8lll88 ltBXO,!\OB H-/; 
BbDCO,!\OB t ID.!8JOT CJI8)]yl01ljl18 BRA: 

Bmco,& I= oletL,v oletL2VdetL3 ...... Vdel:.Lj .... llde:tL.i ~J. 

Bmco,& 2 = det L2 V detl i ..... V det Lj • ·. V de:l Lt -,., 2. 

Bmco,& 3 = clel L'!, ..... V cle:lLj .... V clz.-l 4 '7, 3 (1) 

• 

Bmco,&J = 
d.et Lj .... V cl,o,f Lt '7, j 

Bmco.&-! = de,Ut >, i. 
CoOTHOmeHH.II / '1/ OilHCHBaI()T 6JIOR-CX8MY MaJ!tOpHTapHott CX8MH COBn~eHH~ 

c9,&eplltB.lll88 It BXO,!\OB H-/; BbDCO,!\OB. 
Ha pHC. IO npHBe,&eHa 6JIOK-CX8Ma npe,&JiaraeMott Ma.lltOpHTapHott cxew COB
na,&eHHtt. Ilpe,&noJiaraeTC.II, tlTO BXOAHH8 H BbDCOAHH8 ·cHrHa.JIH HM8R)T ypoB

HH NIM, a B xaqecTBe 3JI8M8HTHOtt 6a3H HCTIOJib3YJOTC.II 6HCTpo,&ettCTBYJOlljl18 
UHKpocxeMH 500-tt cepHH,Y ROTOpo! JIOrl:ill:8CRHe ypOBHH HM8R>T Hanp.HlleHH.II 
- 0,8 B H ~ I,6 B. Pa6oTaeT cxeMa cJieJJYIOiqHM o6pasoM. C nouonµ,m aMHT
TepHmc IlOBTOpHT8Jiett(aII)BxOAHH8 CHrHaJIH C ypOBH.IIUHNIM npeo6pa3YJOTC.II 
B'ypoBHH acn /- I,6 Bl H nocJie HHB8pTHp0BaHH.II C ypoBH.IIMH ~ o,s B 
nocTynaI()T Ha 06If1Y]O MarHCTpaJib. OT MarHCTpaJIH ,!\aHHHe IlOCTyriaroT Ha 
BXO,Iµ,I Tpex ycTp08CTB. Ha BbDC0,!\8 cxeMH H.llH BHpa6aTHBa8TC.II CHrHaJI 
"6HCTpoe H.lfil", ROTOpHA HA8HTH~Hpy8TC.II RB.R t'1-I. IlocJie 3~8plltRH Ha 
BbDC0,!\8 ycTpOttCTBa T BHpa6aTHBaeTC.II TpH CTp06HIJY!DlljliX HMnyJibca •. C no
Monµ,11 HMTIYJibCa "CTp06 I" npOHCXOAJ:iT 3aH8C8HH8 BXOAHbDC CHrHaJIOB Ha 
perHCTp Pr. ihmyJibC 11CTpo6 2" Hcnom,3yeTC.II AJI.II CTp06HpOBaHH.II TpHI'
repa, Ha ROTOpOM sanOMHHaeTC.II CHI'HaJI q,ei'HJIH HetleT~ Kax 6y,&eT noxa-

1 .,, 

3aHO HIDle,aTH CHrHa.JIH CJIYlltaT ,!\JI.II pacmHp8HH.1I ,1tH8Il830H8 perHCTpHpye-
MOtt MHOllt8CTB8HHOCTH. B np~Hne HaJIHll:H8 perHCTpa B OilHCHBaeMOM ycT

po8cTB8 ~e 06.1I8aTeJibHO_, H R TOMY xe OH BHOCR~ ,ttono.mmT8Jll,~!YJ) 38,?tepx
ey. OARS.RO HCil0Jll,30Ba.HHe perHCTpa Ha BXO,l\ax npH60pa COBM8CTHO co 

CTp06HJlYllllllHMH HMnyJibCaMH Il03BOJIH8T 6oJiee H~el!HO perHCTpHpOBaTb 

peeym,TaTH pemeHH.II. ,!J,aJiee, ,l\aHHHe C BbDCO,I\OB perncTpa IlOCTynallT Ha 

yc-rpo8cTBO BWIHCJI8HH.II CHH,l\pOMa s, '53 H 55. Kax BHAHO H3 Ta6JI. 'i, 
BWIHCJI8HHe onpe,11eJIHT8JI.II nepBoro IlOp.lI,!\Ra He Tpe6yeTC.II, Ta.R K8.R OH 
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paBeH s, . .l(.nn BbltIBCJISID!ll onpeASJIHTeJie8 BToporo H TPSTbero nop~OB 
npeABapHTem,Ho c noMOI!joIO IITI3Y HaxOAHTCll sHaqeHHH $ l S, ~ !>- 5_,6 

3 3 / 1 ' s' 53 J s,' H Ha cywaTopax no MO,Izy"n!O ~a no.eyqaIOT OROHtla'I' 
TeJibHile pe3yJibTaTu. H, Ha.KOHeq, C noMOI!jo!O cxeMU aHaJIH3a Ha MHOJteCT
BeHHOCTb B&pa6aTilBaIOT BHlCOAHile CHrH8JIH. BeJrntmHa 3~eplltRH CHrHa
JIOB no TpB.KTy BXOA - BHXOA He npeBmaeT 35 HC. 
MoJKeT B03HHRttyTb BOnpoc: n A 3aqeM ttyJKHa Ta.IUUI OTHOCHT8JibHO CJIOJKHaa 
npoqema onpeAeJieIDlll MHOJKeCTB8HHOCTH?" CyTb ASJia B TOM, llTO c~
pOM HeceT B ce6e AaHHil8 He TOJibRO O ROJIHll8CTB8 cpa6oTaBIIIHX C~THJI
JIHTOpOB, HOH COA8pKHT HH!pOpMaqHIO 06 HX ROO~aTax, B TO Bpel\lH 

Ra.It B IIIllpORO H3B8CTHHX ycTp08CTBax nOA06Horo RJiacca HM88TCll B03MOllt
HOCTb perncTpHpOBaTb TOJibRO MHOllteCTBeHHOCTb CHrH8.JIOB, nOCTYilaIOJ:llHX 
Ha BXO~• 
Tenepb pacCMOTPHM np~HnH8.JibHile CX8Mll OTA8JibHHX Y3JIOB npoqeccopa. 
Ha PHC. II npHB8AeHa cxeMa BXOAH08 qaCTH , ROTOpall BRnIOllaeT: 3MHT

TepHil8 noBTOpHTemi: Sill - 8Ill6, HHBepTopu, TpHrrepHH8 perHcTp, cxeMY 
"6ucTpoe HJIH", nocTpoeHHYIO Ha MHRpocxeMax 13 - 14,cxeMY perHcTpaqHH 
CHrH8.JIOB"TieT"H JietieT" /MHRpocxeMil !2 H !5 ' - I? /' a TaRJKe MHRpOCXeMH, 
c noMOI!jo!O ROTOpHX Bupa6aTilBaIOTCll CTp06HIJY10lllHe HMnYJibCil. Pa6oTa ycT
po8CTBa MOJKeT 6UTb sanpe~eHa nyTeM noAallH cHrnBJia "3anpeT". C qeJibIO 
ynpo~eHHll pHCyttROB 3AeCb H HHJKe He noRa3aHH HOMepa ROHTB.KTOB y MHR
pocxeM, a TaIO!te Harpyso~ue pe3HCTOpH Ha HX BHXOAax. TH~M B8JIH
tIHHa conpoTHBJI8HHll Harpyso~HX pe3HCTOpOB paBHa 620 OM. KoHAeHcaTop 
C HCnOJib3YeTC.ff ,!Vlll !OCTHpOBRH Bemi:qHH 3~epr.eR CTp06HpyIOJ:llHX. m.a:nyJib
COB. C qeJibIO ynpo~eHHll opraHH3aqHH CBll3e8 Ha Bcex PHCyttRax IlpHHllTa 
8AHHM ttyMepaqHll MOHTalltHilX BXOAOB H BHXOAOB. 
Ha pHc. !2 IlpHB8AeHH IlpHHqHnH8.JlbHile cxew ,!Vlll qiopMHpOBaHHll CHHAPO
Ma H B03BeAeHHll, aJieMeHTa s; B RBWaT B noJie G f ( 2") • CBll3H MeJJt,cy 

BllXOAaMH TpHrrepOB perncTpa H BXOAaMH cxeM .npOB8PRH Ha ll8THOCTbT 
! - IO BHnOnH8HH B COOTBeTCTBHH C n03liqHHMH 8AffHH'.q B MaTpH:qe H, 
H306pru!teHHo8 Ha pHc. 9 • Tax, ,IVIll qiopMHpoBaHHH ROMnoHeHTH Sto aJie

M8HTa s, Ha BXOAil MHRpocxeMil l CHrH8JIH nOAaJ:lTCll C BllXOAOB Tex TpHr

repoB peI'l'ICTp8, ROTOplle HMe!lT HOMepa 33 ,37, 40, 4!, 43, 45, 46, 
H 47 • 8TH qHippll, Kalt HeTpyAHO 3aM8THTb, COOTB8?CT~T n03HqHllM 8AH
Hffq' pacnOJIOlll:8HHilM B nepBOM CTOJI6qe MaTpffqH H .)u,yrHMH CJIOBaMH., C 
nOMOI!joIO MaTpffqH HT3aAaIOTCll CBll3H M8Jlt,cy BXOAHmm RaH8.JiaMH H BXOAaMH 
cxeM npoBepRH Ha qeTHOCTb • Ta.xHe CBll3H B npHHqmie MOl!CHO sanporpaMMH
pOBaTb H BHnOJIHHTb,cnououµ,10 SIM. 8TOT qiaRT JIHIIIHH8 pas HJin!OCTpHpy8T, 
Ra.KHe WHPORH8 noTe~aJibHHe B03MOXHOCTH HJ,181lT npoqeccopH C 8.Jire6pa
~eCR08 CTpyRTypoa. CnpaBa Bmrny npHBeAeHa IlpHHqHllHaJibHM cxeMa 

B03Be~eHHll aJieMeHTa 53 B RB~paT. B np~1me AJill 8'1'08 qeJIH MOl!CHO 6H
JIO 6u npHM8HHTb Illl3Y, OAHB.KO HnOJll,30BaID!e cyMMaTopoB no MO,Izy"JID ABa 
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B Aa.HHOM ROHitpeTHOM CJIYllae JillJUI8TC.II 6onee 3ROHOMRtllIID4 pemeI:rneM. Ha 
pH~. I3 H306pruiteHH ~HnHa.JibHHe cxew BatmcneHH.II OnpeA8JrnTeneH 
H aHaHH3a BXO,D,HliX CHI'Ha.JIOB Ha MHOllt8CTB8HHOCTb. Onp8A8JrnT8Jrn BlillHC
H.llIOTCH c nOMOil\blO IITI3Y (MHRpocxew 1 - 4) H cyMMaTOpOB no MO.DYnJD 
ABa (MHRpocxeMH 5 - 9). A.nrOpHTM OT6opa CHI'Ha.JIOB cne,eymµdt. 
EcJrn onpeA8JIRTenbd.el2 = 0 H 8CTb CHI'Ha.JI.HetreT: TO HMeeT M8CTO COB
Il8,1{8IDI0 IDlnyJU,COB Ha Bl:lXOA8X Mmq)ocxew 13 (CBepxy H8 
pRc.!3).Ha BliXOAax MHRponxew I3 IDmyHbCli nOSIBJIHJDTC.II TOJU,RO B TOM 
C;rytlae' ROrAa Ha BCeX ee TpeX BXOAax CqJOpMHpylDTCH CHI'Hanli C ypOBHeM 
- I ,6 B. C noMon:µ,D npeo6pa3oBaTeneA IIY2 ypoBI:rn 8CJI TpaHCq>OpMHpylOTC.II 
B ypOBI:rn #IM Ha BliXOAax. B ROHe~OM HTOre npmmMaeTC.II peme -
HHe, tl:TO l: = I. ~ee, ecmi: clet2,ta O H 8CTb CHI'Ha.JI ,.q,eT: TO Ctl:HTa
eM, tl:'1'0 i= 2. IlpH 3TRX lite AaHHHX, HO eCJrn Cq>OpMHpOB8.JIC.II CHI'Ha.JI 
HetreT~ TO~= 3. EcJrn onpeA8JrnT8Jrn BTOporo H TpeTbero nOp.!JAROB He n . 
paBHH HYnlD H 8CTb npH3HaR ,;IeT: TO nonaraeM, tl:TO' t">7 4. 
,nn:.II Toro, trTo6u sanporpa.w.mpoBaTb IITI3Y, Heo6xoW{Mo cocTaBHTb cneu;H-
8.JibHHe Ta6mi:u;H. Ha pHc. I4 B RatreCTBe npHMepa npHB8A8Ha traCTb Ta.KOH 
Ta6mi:u;H' C nOMOn:µ,JD ROTOpOH nporpal,,!M.Hpy8TC.II onepaIJ;Ra ywIOllt8I:rn.fI 
ABYX aneMeHTOB AH BB none Gf(2Y); B RatreCTBe Mo.aymr IITI3Y Hcnonh
syeTc.lI MHRpocxeMa THna K500FEI49, ~OTOpa.lI HM88T 8 ~CHHX BXO'AOB 
H 4 BliXOAa. 'ClleBa Ha pHc. I4 npHB8'A8Hli ABOHtIHHe tl:HClla, COOTBeTCTBy
llllllH8 aneMeHTaM non.II, Aa.Jiee np8'ACTaBJl8Hli RX _I6-pHtrHHe 3RBHB8.JI8HTH, 
ROT0pli8 HCnOJlb3YJDTC.II B npou;ecce pa60TH c AHCMeeM. H, HaROHeu;, B 
nocne,D,HeH ROHOHite AaHH ROAH npOH3B8'A8HH.II. IlPHtreM 3'A8Cb.npHH.1ITO yc
HOBHO, tl:TO CTaJllllHA pa3pfiA npOH3B8A8HH.II HaxO'AHTC.fI cneBa-. 
Ha pHc. 15 H306p8llteHa cxeMa, C noMon:µ,m ROTopoA MOJKHO Bupa6aTHBaTb 
CHI'HM Ha BliXO'A8 npH6opa npH ycnoBHH, 'llTO CHI'Ha.Jili Ha BXOAax nocTy
nHJrn OT 3~8.HHOH ROM6HHall;HH Cll;HHTHJIJIHTOpOBo 0CHOBHl:lM ROMnOH8HTOM 
'Aa.HHOH CX8Mli JillJUI8TC.II MO.DYnb sanOMHH8lllllero ycTpOHCTBa C npOH3BOJU,
HOA BH6opxoA ewocTblll IK (MHRpocxeMa IO) • !ApecHHe BXOAH Mo.ayn.lI 
naMHTH Ao- Aq COeAHHeHH C BliXO'ABllH yYnb'l'HM8RCOpOB 5 - 9 • .na.mi:ue 
Ha BXOAH yYJil,TRWl8KCOpOB IlOOTYIISJ)T OT Tpex HalipaBJiemut: OT 'cyM6nep-
Horo perncTpa T6I - T6IO, OT IO-paspJWtoro: ctr_eTtraita (MHitpocxe-
w 2 - 4) HOT cxew q>OpMHpOBruoot CHHJWOMa.. c. nOMon:µ,m TYJ(DHePHOro 
perncorpa Jn(i88TC.II B03MOltHOCTb Bpy,nryJ> B 3~ meAKH IUUI.IITH. 3ailJl
caTb e~u. B peeynbTaTe Ha BHXO'A0 M.O)JyH.fl ,naM.IITH C,HI'HM 6y'AeT. no
OJUITJ,O:fI TOJIJ,KO B T0X CJJy'IISJDC,ROr,Ita RO'A CHHJWOMB. 6y'A0T paBeH ~
CSM orex .IN88lt, IIBM.IITH , B ROTOpHe 6WIH Ilpe'ABaPHT8llbHO 3amtCaHH 8'A}l
HHu;H. C novon:µ,1> ctreT'll:HRa H reHepa.oropa HlfflYllbCOB (MKRpocxeva I) B 
.IN8Alot IlaM.IITH np8'ABapHT8Jll,HO 3amt:CHB81lTC.IIHynH. TyM6nep !3 Hcno.m,
,3Y8TCll ~ 3~SHHJI Heo6xo,llHMoro pEIXHMa pa6oTH ctreT'll:Hlta. TYJ(6J1epu 

24 

t 
i 
I. 

PHc-. I4. IlpHMep Ta6Jrnll;H, Hcnonb3yeMOH 

'AH.II nporpammpoBaHH.II IITI3Y. 
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N A B A B Koo 
0 0000 0000 o o o o 
I 0000 0001 0 1 0 0 
2 0000 0010 0 2 0 0 
3 0000 0011 0 3 0 0 . . ... . . . . . . . . . . . . . 

IS 0000 1111 0 F 0 0 
16 0001 0000 \ 0 0 0 

11 0001 0001 I I 21 

18 0001 0010 I 2 't2 
19 0-001 0011 1 3 'ti 
20 0001 0100 I 4 84 

21 0001 0101 I 5 84 '2.1 

22 0001 0110 I 6 8 '2. 
2! 0001 0110 I 1 8 I 

24 0001 I 000. I 8 I 
25 0001 1001 I 9 2 

26 0001 1010 I A '+2 I 

27 0001 1011 1 B Lt 
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PHO". 15. CxeMa 
Bl:lpa60TRH CHrHa
na Ha BHXOA8 npH 

ycnOBHH ll0.IIBH0 -
HH.fI 3~aHH0ii 

ROM6HHau;HH HM
fiYJU,COB Ha BXO,&ax. 



T6I4 - T6I5 Heo6XO,!IHMH 'AJI.ff ycTaHOBRH RO'AOB ~COB BXO~WC Ra.Ila.JIOB 
uym,THrurexcopoB. C noMonµ,IO TY}&6Jiepa T6II 3MaeTcn RO'A, Heo6xo'A~ · 

~jl 3arrn:cH. 'I'yM6Jiep T6I2 HCDOJII,3Y6TCR ~jl YCTaHOBRH p6lltm.ia "3aimCb-

" qTeHHe. 

,lL,In 'A6IIIR(PJ)OBRH ROOp~aT cpa60TaBlllliX. CQHHTRJIJIRTOpOB MOJltHO HCDOJib30-

BaTb MO~Jlb I1Il3Y • 
Taxm,: o6pa3oM, DOCTaBJieHHan HaMH .BHI116 3~aqa pemeHa C DOMOlljblO CD6QH-

8JIH3RpOBaHHOro npoQeccopa, m.ie!Oiqero anreeipaliliecRyJO CTIJYRTYPY• IIoc

xom,ey HH/popMaQHR npe~apHT6JII,HO ClltRMaeTCR, TO B Ta.ROM cnyqae DORB

JIR6TCR B03MOJ!tHOCTb HCDOJII,30BaTb ~ pemeHHR 6HCTPO'AeaCTBYIOiqRe MO

~JIH DaMRTH. B Teicnyqanx, ROr)J;a Tpe6yeTCR DOCTpOHTb npOQ8CCOp, 

m.16lOlllRA CiOJibmee qHCJIO BXO'AOB, He06XO'ARMO BHC>paTb HenpHBO~Ha DOJIH

HOM CiOJiee BHCORoa CTeneHH. HanpRMep, npH n = 31 TaRHM DOJIHHOMOM 6y

'A6T X:+ X
2
+ I. KoHeliHO, B 3TOM cnyqae Heoeixo~H H MO~JIH DaMR'l'H 

ClOJibmeA 6MROCTH. O~a.RO T6XHOJIOrHR B:l:C 6ypHO pa3BHBa6TCR, H D03'1'0JdY 

B Cimma.amee BpeMR CJI8~8T OlltH)l;aTb noRBJieKWI MO~Jiea IIII3Y 8MROCTb!O 

64K H 6oJiee. 

7 • PacqeT nepeRJI!OliaT8JlbHHX ipymtQHa 

PacqeT H MHHHMH3aQHR nepexmaT8JII,HHJC cbHKl..l,H! (II~) H806XO.Jtmra .1tJll[ 

Toro, qTo~H no nonyqeHHJ,JM 6yJieBblM BHp8Jll'.8HHSDol COS'AaBaTb pa3JIRqHH8 

JIOrH'!iSCRHe cxew. O~axo npH 6oJI:&moM liHCJie nepeMeHHHX, ROr'Aa m> 3, 

mRpORO H3B8CTHH8 M8TO'AH pacqeTa H MHHID4H3aQHH (II&) He HOCR'l' cp0pMaJib

HOro xapaxTepa H CRopee DOXOXH Ha HCRYCCTBO,H6llt6JIH Ha T~ anro

pHTM. B paeioTe /5/ paccMaTpHBaIOTCR BODpOCH pacqeTa II~ c DOMOlljb!O s:m. 
IIPHlieM OTJIH'liH'1'8JlbH08 ocoeieHHOCTb!O M8TO'Aa RBJIREl~CR TO, q'l'O BXO~He 

H BHXO~ nepeM8HHH8 RBJIRIOTCR 3JI8M6HTaMH no.M ra.JIYa· Gf(t') , qTo 

D03BOJIR8T Jill6YJ0 II~ m nepeMeHHHX Dpe'AC'l'aBHTb B BH'A8 noJIHHOMa 
zrrt_ I CTeneHH. IIepcneRTHBHOCTb TaROro Ha.npa.BJI8HHK CHHTe3a II~ 3aR

mae'rCJI B TOM , qTo ~jl HX pacqeTa MOlltHO HCDOJII,30BaTb COBpeM8HHHe 
MOil!HHS 8BM H aHaJIHTH'!i6CRH8 MeTO'A}l • . 

C}'Tb 'ASJia B TOM, qTO T80pHR DOM ranya JIBJIH6TCR eCT6C'l'B6HHblM npo

'A0JIX6HH6M 6y.ne:aa noJIR. O~axo np6'ACTaBJieHHe II~ B BH,1\8 3JI8M6HTOB 

noJIR ra.JIYa G f(2 tn) ( ·ra.JIYa-nepeRJI!OliaTeJibHHe 4JYHRQHH - rn~> HMeeT 

~ np6HMYDl6C'1'B: 
- ~ rn~ MOJltHO BHDOJIHR'l'b anreC>palili8CRHe onepa.QHH, qTO ynpouiaeT 

·npo6JieMj\ MHHHMHSaQHH H ee <pOpMaJibHOrO DpeACTaBJISHHJI; 

- nocROJII,ey COC'l'ORHHe BXO'AOB H BHXO'AOB ROMC>HHSQKOHHOA cxew HJIH 
DOCJIS'AOBaTeJibHOCTHOro aBTOMaTa RO.ztHPYl)'l'CJI 8JI8M8H'l'Blffl DOM ra.JIYa, 

TO ClI8'AYJOlll68 COC'l'OJIHHe MOJ!tHO np6'ACTaBH'l'b RaR DOJIHHOMHaJibHylO iWHR
QHIO '1'6RYll!8ro COCTORHHR H '1'6RYlll8rO BWC:O'Aa; 
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(8) 

- np6'ACTaBJI8HH6 rII~ B BH'A6 DOJIHHOMa, B ROTOpOM RaR Rcraqxlm!HeHTH, 

TaR H nepeMeHHH6 RBJIRIOTCR 8JI6M6HT8.MH DOJIR ra.JIYa, npH 60JibfilOM liHCJie 

nepeMeHHHX D03BOJIR6T HCDOJib30BaTb CTaHAap'l'HHe H BHOBb C03AaBaeMH6 

CHCT6MHDp0rpa.MMRpOBruIBRWIB pacqeTa AOBOJibHO CJIOlltHHX ycTpOil:CTB 

AHCRpeTHOil: JIOrHRH9 
- np8ACTaBJieHHe II~ B BH'A8 noJIHHOMa weeT euie H TO npeHMYDleCTBO, -

qTo OnHCaHHe MHOr03HaliHHX H MHOroypoBHeBHX cxeM weeT B6CbMa ROM-

DaRTHHa Bli'A • 
~aM6HTaJibHH6 CBOil:CTBa I'IN1 pacCMOTpeHH B pa6oTe ( 5 ) • lfaBeCTHO, 

qTo Jill6yIO II~ F(X}=H X
0 

,_ x., , ••. X m!J. rn.. apryMeHTOB MOlltHO npeA

cTaBHTb B BH'Ae·noJIHHOMa 
. 2 m ~, 
F (X

0
, X., , ••• X r}= 13 (O) + A(I)X + A(2)X + ••• + A(2 -I)X • 

. "' m-1. 
3A6Cb H HHJKe 3HaR + 6y'Ae'l' o603HaqaTb CyMMY no MO~JIIO ABa, a lt08q>

tpHQH6HTH ACK) BWIHCJIRIOTCR H3 BHp8llt6HHJI: 

A(K) = a:[BCO) + B(al], K = I,2,3, 

m 
2 - I , 

rAe B(aj) - 8Jl6M6HTH IlOAC'l'aHOBRH, ROTOpHe CiepyTCR HS TaeiJIHQ COOT

B6'1'C'l'BHR BXOAOB H BHXO)\OB, B(O) - 3HaqeHH6 <Jvmtll:HH Ha ay.ne. 

TaxHM oeipasoM, ~ nonyqeHRR anreeipaHlieCRoro Bapa.iteHHJt, c nOMonµ,JO 

RoToporo peanHsyeTCJt Heoeixo,IµiMalt cxeMa, 3MaHHM TaeiJIHQea, AOC'l'a

TOliHO BHDOJIHHTb CJI8,IJYlllill'l6 npoQe,tzypli: 
- no Ba6paHHOl&Y aenpHB<I'AHMOMY noJIHHOMY HaxO,I\RT Bee HeeyJieBHe aJie-

MeH'l'H noM fa.JIYa Gf(2m); 
- BWOICJIRIO'l' ROa~eHTH A(K), npe,I\BapHTeJibHO 3MaBmHCb TaOJIHQa-

MH COOTB8'1'C'l'BHlt BXO,I\OB K BHXOAOB; 
- npoBOAH'l'Cff pa~JI011teHHe xoa~eHTOB ACK) H cTeneaea X no CiasKc-

ai.il BJ18)1.8HTSJli 
- npHBOAJITCJI no,1106Hli8 qJieHH. 

PacCMoTpm& npHMepH. 
IIpHMep I. PaccliHTaeu (}xeuy o~opasp~oro cyMMaTopa Ha 'l'pH BXO,l\a. 

BH8118Jl8 · COC'l'aBHII ·, RaR 8'1'0 H npHHlt'l'O t 'l'aC>JIHI.\Y COOTB8'1'C'1'BHlt BXO

'AOB H BHXO'AOB (TaeiJI. 5). CJieB& B 'l'aeiJIKQe noxasaHa nocJie'AoBa'l'eJI:&

HOCTb aJieMeH'l'OB noJIJI OF< 2¥) tt n ABOH'liHHe aRBHBaJ16HTH. CnpaBa pac

noJiaramcit Te 3HaqeHHR , RO'l'OpH8 aeoeixo,I\HMO nonyqHTb Ha BHXOAax · 

C03AaBB,8MOro ycTp08CTBa • HeTpy,ll;HO 3aM8TH'l'b' q'l'O C nOMOlllb!O Ta6JI •. 5 
ODHCJ:mae'l'Clt paeioTa -06wmoro ROMOHHaQHOHHOrO cyMMaTopa Ha 'l'PH BXOAa 

H ~ BliXOAa ( cywa H nepeHOC B CJIS~D!HA pa3pM) • PaeioTa 'l'aROro 

cyMNS-TOpa 3a)\a8TCJI Ta6JI. 6 • 3A8Cb x,,, X4' X 2 - 3Hati:eHHJI nepBoro ' 

BToporo cnaraeMJ,DC H BXOAa nepeHoca, CH Il - sHaqeHHit cylOIH H nepe-
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X = XoX1X2/ BXO~ 
0 = 000 

a0 = IOO 
a= oro 
a2= OOI 
ff= no 
a"= OII 
a5= III 

6 . 
a= IOI 

XoXiX2I BXO,IIH 
000 
IOO 
OIO 
OOI 
!IO 
OII 
III 
IOI. 

BXO,IIH 

X ={XoX1X2_}C3 
0 ·= 0000 
a
0

= !000 
a= OIOO 
a2·= ooro 
a3 = 0001 
a't = IIOO 
i= OIIO· 
6 

a= OOII 
a7 = !IOI 
I= IOIO 
tP= OIOI 
f1°= IIIO 
alf= OIII 
rP= !III 
13 a =HOIT 

J.lf,;, IOOI 
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Ta6.mn\a 5 

B(a j) / BhlXO,IIH 

0=000 00 
a°= IOO IO 
a

0 = IOO IO 
a

0 = IOO IO 
a= OIO OI 
a= 010 OI 
Er= !IO· II 
a= oro · OI 

Ta6_msa 6-

C II / BhlXOl3!! 
0 0-
I 0 
I 0 
IO 
O I 
0 I 
I I 
0 I 

Ta6.mma? 

J:(X) 

0 = 0000 
a= OIOO 
0 = 0000 
a1 ,;, !IOI 
r/. OIIO 
/= OIIO 
rfl= OIII 
,j3. IOII 
a

0
= !000 

a3= OOOI 
Jlf= IOOI 
J.'f= IOOI 
0 = 0000 
a2= 00!0 
a1f= IIOO 
a
0

- moo 

Bb!Xo~ 

I 
ii 
I 
l 

aoca aa ,BhlXO,Ilax cywaTopa. ]VIH aamero npimepa, Itrut aTo BH,IIHO H3 
Ta6JIID.\H 5, aJieMeHTH IlO,IICTaHOBltH Bl.I), B(2), B(3), B(4), Be5), Be6), 

)
. . 0 0 0 f 3 ( 

H Be7 npe,IICTaBJimDT co6oa SJieMeHTH IlOJIH a, a, a, a, a, a COOT-
BSTCTBSHHO.- Tor.r1a trnclieHHoe 3H8.'ll8HH8 lt08~HeHTaAeI) IlOJIYtlaSTCH 

HS-. Bsp8X8HHH 
0 0 O I f 3 ,-

a a a a a a a 
A(I) =..-o+-1-t--:i-+3t~+st& : a: a a a a a a 

0 06 OS llf 13 32 I{ 
aa+aa+aa+aa+aa+aa+aa= 

0 6 S 5' If 5 2 O 6 't S :l, 
=a+a+a+a+a+a+a$a+a+a+a+a 

0 
= a= 100. 3,Il8Cb onepau;HH ,IISJISHHH .IIBYX-SJISMSHTOB 38.MeHe-

Ha onepa.QHe~ yMHOlltSHHH 3JI8M8HTa A Ha HHBepcHHR 3Jl8M8HT B • 

,na.Jiee mi:eeM: 
O O O I Is ,f 

a a a a a a a 
Ae2) __ + _ 1-_· -+-+--f--t,r-- 2 · 

. - {a0 { cJ.>2 ca2>2 ea 3 T(a l( f<a $ )(a 
6 

) = a = OIO • 

AHaJiorHtIHHe BwnlCJISHHH ,IJ;aIDT: 

A(3) =a= TOO, Ae4) =A(?)= O, A(5) =a= OII, Ae6) =a= IOI. 
c yqeTOM npOBS,IISHHblX BWIHCJieHHA B~SHHe e 8 ) mi:eeT BH,II: · 

2 ?,4S66 
F(X) = X+ a X + X + a X + a X e9). 

B npHHgHne c noMO!l\blO BHpa.J[SHWI e 9 ) MOlKHO nocTpOHTb cxew.r O,IIHOpaa

PSWJOro cywaTopa. 0,IIHrutO TrutaH cxeua 6HJia 6H cmmmoM rpoM03,Illt08, 

To Ito ,IIJIH ee pea.mi:38.1.\HH Il0Tpe60BaJIHCb 6H CXSMH B03BreHHH B CT8Il8Hb 

H cxew yMHOlt8HH!J .IIBYX 8JI8M8HTOB B noJie raJIYa G f:(2 ) • IIosTOMY 

BHpa.J[8HH8 ( 9 ) l.\SJiecoo6pa3HO ynpoCTHTb, ,D;JIH qero ,D;OCTaTO'llHO ; xoa"' -
't 6 2 ;.3 _.5 6 't.' 

/pm.\HeHTll a t a H nepeMeHHHe X , X , x·. t X , X. npe,IICTaBHTb B BH,r,;8 

noJIHHOMOB H pa3JIOlltHTb no 6a3HCHblM 8JI8M8HT8.M. Hcxo,r,;H H3 aToro,m.i:eeM: 

F ( X ) =(~a
0 

+ x,·a +X2a ) + a[ Xe+ X2.a + ex1+ X) a)+ 

(X
0
+ x1+ Xz+ x1X) + ex1+ x0x,+ x0 x2> ~ + ex2+ XoX(· a2] 

2 · a 
+ (a + a} {X0+ X

1
+ X2+ X1 X) + (X1 + X2+ X0 XJ a + ex,+ :x;,x1+ X0 X)a 

+ ~a°+ l) [ (X0+ x1+ Xi+ x, JQ + lX2+ X0 X) a + lX1 + X2+ Xc,X) a2 J. 
IIoCJie yYHOX8HKH H npHB8,I18HHH IlO,ll06HblX 'llJISHOB IlOJIY'llID( CJI8,DYJOlllK8. 6y
JI0Bll :a~eHHH, C IlOMOl!lbJ> ltOTOpblX OnHCHBaeTCH pa6oTa noJIHoro O,IIHO

pa3pSWJOrO jCyMMB.TOpa ·· : 
Cywa C = ~+ x,+ X';;iK nepeHOC II= Xc,X,+ XaX2+ x,x2 • 
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06a paBeHeTBa pea.JrneyIOTe.11 npH noMOII\H 'ABYX non:yeYM}JaTopoB TIC! H IlC2 
{pHe. 16)". Taxa.11 exeMa IlOJIYllaeTe.11, eeJIB ,!VI.II noeTpOeHH.11 non:yeJ7MMa
TOpa 11:enOJib30BaTb H3BeeTHyIO exeMY, eoeTO.!lllJYIO H3 JIOI'Htlee:irnx ::lJieMeH
TOB H,-', lUJH H HE. O'Affa.KO ene,nyeT OTMeTHTb, qTo B CB.113H e pa3BHTHeM 
Texmnm HHTerpaJibHbIX MHKpoexeM IlpH e03AaHHH yeTpoileTB ~eKpeTHOA 
JIOrmtH Bee 6onee IIIHpOKOe npHMeHeHHe Haxo~T JIOr~eeKHtt 6asHe "He-.,, ,, 
ltJil(lqaJOillee HJlli H SJieMeHT,. H. 
Mrnr.:eT B03HHRHyTb Bonpoe: "Kaxott eMbleJI paee~TbIBaTb y;K.8 H3BeeTHh!e 
exeMbl '?" .neno B TOM, qTO , ltOrAa pa3BHBa8TC.II HOBa.11 l4eTo~a ... oqeHb 
BaJUIO npoBepHTb ee 'pa6oToenoeo6HOeTb: e noMOlljb!l y;K.8 H3BeeTHbIX Tee
TOB. KpoMe TOro,Heo6xoAHMO e03AaTb COOTBeTeTBYIOOlee MaTeMaT~eeKoe 
o6ecneqeHH8. H, Ha.KOHe~, B03MrnKHOCTb 11:enOJib30BaHH.II 3:EM 'AJI.11 pacqeTa 
eKOJib yrO'AffO eJIOlllHbIX yeTpotteTB ~eKpeTHOtt JIOrHRH OTKpbIBaeT nrn:pOKHe 
nepcneKTHBbl ,!VI.II KOMTIJieKeHOH aBTOMaTH3~H npoeKTHPOBaHRH MHitponpo
~eeeopoB H MHKpo-3:EM. 
IlpRMep 2. PaeeqHTaeM exeMY noeJI8AOBaT8JibHOeTHoro aBTOMaTa, Ha BXOA 
KOTOporo B 3~aHH1,18 MOMeHTbl BpeMeHH noeJI8'AOBaT8JibHO TIOABlOTC.11 B no
p~e BospacTaHR.11 eTeneHett aneMeHTbl non.11 ran:ya Gf(2~ ), o6pasoBaH
Hble H~ HenpHBO~ noJIHHOMOM X'f+ X + l, a Ha BbIXO'Ae nOJIYllal>Te.11 
SJieMeHTbl 8TOro lite nOJI.11, HOB 3~aHHOtt noeJieAOBaTeJibHOeTH,Ka.K"STO 
B~O H3 Ta6~H eooTBeTeTBH.11 BXOAOB H BbIXOAOB {Ta6n. 6). IloeJie'AO
BaTeJibHOeTb SJieMeHTOB IlOJI.11 Gf(2~) B nop~e B03paCTaHH.11 RX eTi
neHett noJIYllaeTe.11 'AOBOJibHO npoeTo c noMonµ,1> cqeTqHita B none G F(2 ) , 
KOTOph!H npeACTaBJI.lleT eo6ott eABHrOBh!H 'pemeTp C JIOI'IBI8CKin.rn. o6paTH!r 
MH eB.113JDffl. EcJIB B WJ~lt pa3pfiA Trutoro perHeTpa noMeeTHTb 8AJ1:HH
ey, a B OC'l'aJibHHe pa3pfiAH. - HyJIB, TO IlOCJI8,I\OBaTeJibHHe e,I\BHrH 'Aal>T 
npe,I\CTaBJI8HHe_noeJI8,I\OBaTeJibHblX CT8Il8HBi 8JI8M8HTa A, KOpH.11 MHOrOtlJie-;-

'I - . . ' 
Ha X + X + l, B Ta.KOH lite TOllliOeTH, B Ka.KOA OHH npHB8,I\8HH B Ta6JI, ·'7'· 
cJieBa, np~eM npoH3BOJibHh!H sneMeHT A B noJie GF(2~) m,ieeT BJ1:'A: 

A0a0 + A
1 
a1 + A2a2

+· A
3
a3• )tnSI nocTpoeHH.11 cxeMH, KOTOpaH BHnOJIHRJia 61,1 

no eYIJleCTBY q,ylllmHI> npeo6pa30BaHH.II 4-pa3pJW!bIX KO,I\OB, Heo6XOAJ1:MO 
npellt'Ae Boero Bl,lqHeJIHTb 3HaqeHH.11 16 KOSqxl:MQHeHTOB B noJIHHOMll:aJibHOM 
npeAeTaBJieHHH 4 nepeMeHHii:x: 

2 3 'I 5 
F <Xo, X1, X2 , ~) = A(O) + A(I)X+ A(2)X+ A(3)X+ A(4)X + A(5)X + 

· 6 r 8 .P 10 Ii 12 1$ 
A(6)X + A(?)X + A(B)X+ A(9)A+ A(lO)X + A(Il)X + A(l2)X + A(I3)X+ 

H 15 
+ A(l4))(+ A(I5)X· 
IloeJie lJl,lqHCJI8HH.11 Ha 3:ai fiO~JIHCb CJI8,Dyl)ll\H8 Bspallt8HH.II, pa3JIOllt8H.• 
Hbl0 no 6a3HCHW 8JieMeHTBJ.I (CM. IlpHJIOl!:eHHe) : . 
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.\ 
l 
i 
I 
I 
) 

l 
I 

,1, 

x. 
,-------- "t:i1 

I 

1 : • C 

I 
1 

x., TTl "Lr:iJ I IJ 
I 
I ..__ __ : 
I 

Xt -t'-LJ _I-I ne2. l L __________ .J 

n 

PHe.16. CxeMa O'AffopaspH,IJ;Horo KOM-
6HH~OHHoro eYMMaTopa. 

PHc. l? • CxeMa nocJie,I\OBa -
TeJibHOCTHOro aBTOMaTa. MI~ 

TIC! H IlC2 - non:yeYMMaTOpH; 

A ~-lA,B) 
B ~ . . 

C ~ 

PHe. 18. Bno1t-cxeMa..Y)lj]JlA. 
A,B - BXOAH 'AJI.11 nepeMeH
HbIX, C,~ - BXOAbl'AJI.11 ltOSq>
~~HeHTOB HaeTPOHKH. 

A 
6 
C 

F' =- f {A,B,C) 

Kr I<, J<3 K, Ka 

f' 

M4 - MHKpocxeMuKI55HTI2. HY -
HaqaJibHa.11 yeTaHOBKa. 

C D r: 
0 0 AVB 

B~ 

0 I AVB 
F' . l 0 AB 

A s . l l AB C S 
D a) A(B) 0 A·+ B 

A(B) I A= B ~) 
PHe. 19. CxeMa MO,DyJI.11 Hero Ta()JI~ HO-
THHHOeTH. + - CYMMa no MO,DyJI!) ABa, 
= - JIOrJ1:qee1ta.11·paBH03Halll!OeTbo 

PHc. 20. BJroK-CXeMa IlpOI'p&IMHpyeMo
ro MO,DyJI.11 Ha OCHOBe MYJibTHTIJieKcopa. 

Ao 
Al 
At 
AJ 

}e..x,a. 

PHc. 22. CxeMa, pea.mmyx,llja.11 B03Be-

P11:c. 21. BJro1t- cxeMa npe,J:\
JiaraeMoro Y.DJ]JM • 

~eHHe B CTeneHb C O'AffOBpeMeHHl,IM }'MHOllteHHeM. 
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x1+ Xc,_X2+ x0x3+ x1x2+ x1x3+ x0x1x3+ ~~x~ XoX,XaX3 

Xa+ X2+ Xy X1 X3+ XaX1 X3+ X1 XzX3 

X.3+ x.,x,+ Xi,X3+ x,x2+ x,x3+ XlX2X.3+ XoXtX2X3 

0 ~a .. 

<a> 

,<a~ 

X2+ XtX3+ ~X1X_3c+ XoX2 X3 di 

Bee Heo6xo~ BWIBCJieHHH )¥Ill npHMepa 2 BmIOJIHeHH Ha 31N, EC-1033. 
Ha pHc. 17 IlpHBeAeHa np~HnHaJThHaH cxeua, B KOTOPOH HCITOJTheyD'l'C.ff 
o6wnn,re wmpocxeMB, BH!lYCKaeMHe npOMlilDIJieHHOCTl>D. MOllll{O npoBepH'l'l,, 
tlTO Aa.HHM cxeMa :reHepHpyeT noCJI8AOBaTeJil>HOCTl, CJIOB'. . B COOT
BeTCTBHH c Ta6JI. 7. TaltHe cxeMH MOryT HaffTH npmaeHeHHe, Hanpro.!ep, 
B ycTpOHC'l'Bax C wmponpOrpa.MMHHM ynpaBJieHHeM AJI.ff noJIYtleHRH 3~8.HHOH 

nOCJieAOBaTeJll,HOCTH ~OHtlHWC CJIOBo 

s·. BlicTpHe nporpaw,rnpyewre JIOI'HtleCKHe ·MO.Il;YJIH 

TeXHHKa ·coBpeMeHHoro 3KCnepm.1eHTa Tpe6yeT COBepmeHCTBOBaHH.ff JIOrH
tieCXHx cxeM.OT6opa Kalt no 6HCTpOA8HCTBIDO, TaK H no tlHCJIY KaHaJIOB 
perHCT~HH. Bec1>Ma axTyam,itoA HBJI.ffSTCH TlllOlte 38.)latra C03AaHHH Ta
KHX JIOrHtieCKHX ycTpOHCTB, B KOTOpWC HMeJiaCl, 6H B03MOllll{OCTl, 6HCTpo
ro nep,enporpmompOBaHHH Ha BlillOJIHeHHe pasJIHllHoro po~ s~atl, Bos
HHKaDiqHX B npo~ecce sxcnepHMeHTa. ,B ndcJie'AHee BpeMH Kalt B TeopeTH
t1:ec1toM, Talt H B npaltTH'tleCKOM acneKTe Otl8Hb HHTeHCHBHO B8~TC.ff HCCJie
AOBaHH.ff no paspa60TK8 yHHB8pCaJibHWC AMHa.MHtleCKH nporpaMMHpyeMHX 

JiorHtiecKHX uo~~ea (Y)l)]J]M). Ha pHc. I8·npHBeAeHa 6Jiox-cxeMa Y)l)]J]M. 
OHa COASplHT ~a BXOAa )¥I.ff nepeMeHHBX A· K B H ABa BXOAa C H D , Ha 
KOTOpHe no~C.ff KOs~eHTH HaCTpObH. MeH.fffl 3TH K03qxfM~HeH'l'H, 
Mom!O 6HCTpO H3MeHHTb 1Hn BlillOJIHH8MOlt 6yJieB08 qiymt~ F. Ha pHC. 
19a H306prur;eHa npHH~HilHaJibHM cxeua TaKOrO YOAYJIH• ~~HH' BH
no.inu.euae 'l'aKi!lf MO~JieM, 'npHB8,JieHH Ha pnc 196 • 0CHOBHaH npo6-
JI_8Ya __ 3a.RJI!ltta8'1'CH B TOM, tlT06H, HCllOJib3YH MHHHMaJibHOe tlHCJIO BXOAOB 
-~C'l'pObH , .C03~Tb MOAYJib;, BHilOJIHHDiqHlt MmtClDl8.Jll,H08- tmCJIO JIOrH
qeCJtHX. ~8 npH MHHHMSJibHOM trHCJie HCllOJll,3yeMBX JIOI'HtleCKHX aJie-. 

:u:eH'l'OB. B H,ItepHott aJieRTpomme BonpocSM C03AaHHH Y.Il]]J]M Y'AeJifleTca 
cepl,83HOe BHJD,UlllHe. B /17/ OnHCaH yttpallJIJi811Hlt JIOrHtleCKHlt MO~Jll,, 
c llOMOJl\l>D KO'l'Oporo Mo:AmO nonyqH'l'b MHH'1'8JMH 4 nepewemmx. OH coc

'l'OH'l' H3 16 3JieW:8HTOB R, K~ H3 ltOTOpID: HM88T 6 BXO'AOB: 4 HCllOJib-
3YJ>TCfl ,IV1JI no,1tatrH CHrHaJIOB, COO'l'B8TC'l'BYJXI\KX tl8THpeY nepeY8HHW, a 
Ha OC'l'aJil,HH8 llO)tall'l'CH CHrHaJI ynpaBJieIDUI H C'l'p06HpyDlllHi HMnyJibCo 
Bwx:OAJoI BC8X 8JI8MeH'l'OB li OC>1>8,Iµillftll'l'CJI C llOYOJl\l>ll 8JI8M8HTa IDJH. Koaq>
(muleH'l'H HacTpobH (ynpa.BJieHHe) MOryT no~Bll'l'bCH ltaK OT '!'yM6JiepHO-
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ro perHcTpa BpytrnylO, Talt H OT TpHrrepirnro perHCTpa. 1{ax H8TPY'Aff0 
3aMeTHTb,~HOHaJibHHe B03MOlKHOCTH TaltOro MO~JI.ff BeCbMa orpaHHtie
Hbl • Ilpm.1eHeHHe wmpocxeM CP9'AH8H H 60JibIDOH CTeneHH HHTerp~HH nos
BOJIHeT CYJileCTB8HHO paCIDHpHTb ,lO!anBSOH BlillOJIHfleMBX ~KA H IlOBbl -
CHTb 3ipp0KTID!HOCTb HCnOJil,30BaHHH. B /IS/ npHBeAeHa CXeMa nporpaM
MHpyeMoro.MOAYM, e03'AaHHOro Ha OCHOBe 8-BXOAOBOro Mj'Jil,THilJieKcopa 
(pHc. 20). B TaJtOM MO~Jie nepeMeHHble A, B R C no~CH Ha TPH ~
pecHBX BXO'Aa, a BOC8Mb mtq>OpM~HOHHWC BXOAOB CJlpltaT AM noAatIH xo-
3qxpHQHeHTOB HaCTpObH Kf- ffg.0,IlHH MOAYJil, 06ecnet1:HBaeT peaJIH3~IDO 

256 pa3JIH'tlHHX Ilf npR 3~epr;Re 5 HC. RcnOJih3YH AB8 TaJtHe cxeMH,MOJit

HO nocTpOHTb MOAYJih Ha 5 BXOAOB. 
IllHpoxo H3BeCTHbl Truor,:e pa60Tbl, B KOTOpWC )¥Ill peaJIH~HH II~ Hcnom,sy-
IOTCfl IIJJM, 3YIIJ3 HJIH IIII3Y. B TaKHX CJIYtlaHX BXO'AHbl8 nepeM8HHbl8 

nOAaJJTC.ff Ha wecHble BXO'Ali lla.MflTH, Ha BbIXOAe ROTOpoA MOlltHO IlOJIY
tlHTb ~ KOM6HH~HH OT ,/ BXO'Affb!X nepeMeHHbIX. 
Bblllle .Ha.MH 6wrn: paccMOTpeHH npeHMYJileCTBa, KOTOpb18 'AaeT npm.leHeHHe 
rn~ 'AJlfl CmtTesa H nocTpoeHHfi JIOrHtl8CKHX cxeM. 3A9Ch MH OTMeTHM e~e 
O'AHO BalltHOe o6CTOHT9JibCTBO, tlTO . aJieMeHTbl IlOJifl MOlltHO paccMaTpH. -
BaTh Kalt MHHTepMH m nerMeHHWC·. H!np~ep, aJieMeHT IlOJI.ff GF(2") 
MOJKHO npe)tcTaBRTb Kalt a;= IOIO =XX XX. HanoMHHM, t1:To rn~ 4 
rrepeMeHHBX x, X2X3X'f MOlltHO Ilp8ACTaBHTh B B!i,q8 nOJIHHOMa !5-tt CTene-

HH: . 2 l'f ~ 
F(X)= F(~X2x3

x~ = A(O) + A(I)X+ A(2)X+ •• + A(I4)t+ A(I5)X; (lD) 

rAe X = {x1X.2,X~\J - BXO'AHHe nepeMeHHble, A(O) - 8Hat1:eHHe cpymt~ B 
HYJI8B08 TOtIKe, !(I), A(2), •• A(l4) H A(I5) - R03gxpm:n,t8HTH HBCTPOI-
KH. THil cxeu11, peaJIHsyeuoa .c noMouµ,ro rn~. onpe'AeJI.ffSTCfl sHat1:eHH-
m.rn: Jt03qxpliQH8HTOB A(!) -:.' A(I5). ,llpyrm.m CJIOBaMH, MeHHH 6bICTpO R0-
3~H8HTH HaCTpObH B ycTpOHCTBe,c IlOMOuµ,JO ltOTOporo peaJIHeyeTCfl 
paBeHCTBO (~O), ,MOlKHO AHH8MH'tl8CKH nepecTpaHBaTb pa60TY Taxoro ycT
pottCTBa Ha BlillOJIHeHHe Hanepe'A 3~8.HHBX cpymt~HH. 

Tenepb OCTaeTCH onpeA8JIHTb, RaRHe annapaTHHe cpeACTBa,Iµlfl 3TOro 
Tpe6yroTca. · Kax·· BH'AHO'. H3 Bblp8JK8HHH ( ~o), )¥!fl nocTpoeHHn ycTpottcTBa, 
c noMOil!h!O ROTOporo MOlltHO 6b!JIO 6H BWIBCJIHTb nomrnOMHam,Hoe npeACTaB
JieHHe II~,He06XOAHMbl CX8MH )¥I.ff BlillOJIHeHHfl onep~HH YMffOllteHHH, B03Be
AeHHfi B CTeneHh H CJIOllteHHfl 3JieMeHTOB IlOJIH raJIYa. KaxHM o6pa30M Ta~ 

KHe one~ . MOlltHO 3q$lKTHBHO BHilOJIHHTb_., MH paCCMOTpeJIH B npeAH,ey
IIIHX pa3A8Jiax. Ha pHc. 21 npHBe'AeHa 6JIOK-CXeMa Y.lOJJ]M, ROTopaa IlOCT~ 
poeHa B COOTBeTCTBHH C pa.B9HCTBOM (tO). MOAYJib HMeeT 4 BXOAa )¥!fl 
nepeMeHHHX , 60 BXOAOB AM K03qxpHQHeHTOB HacTpobH H 4 BBXO'Aa• B 
COOTB8TCTBHH C '1'80pHeH,TaJt08 MOAYJil, MOJiteT Bb!IlOJIHflTb 6E536 pasJIHtI

HBX nepeRJIJOtlaTeJil,HHX ~H [ IlpHtieM K03~HeHTbl HaCTpObH MOlltHO 
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IlO'A8B8Tb B CJ!j"r80 He06XO,ItIDIOCTH AOBOJThHO 6HCTPO C IlOMOllll>IO BBM.,Un;t 
npa.KTHqecKon pea.JIH3aD;HH Trutoro ycTponcTBa Heo6xo~o HMSTb !5 cxeM 

,IVIfi O~OBpeMeHHoro JMHOlK9HHfi H B03B9A9HHfi B CTeneHb ABJX aneueHTOB 
B none GF(2'1 ). EcJrn ,IVIH aTHX ~enen HCTIOnb30BaTh 6acTpOAenc'!'Byx>

II\H9 IlII3Y '1'1ma K500PEI49, TO Trutne cxew no~ruoTCH o)I.HOTmmw.m • H 
AOBOnhHO npocTHMH. Pa3H~a TOnhKO 3arunoqaeTca B coAepttHMOM IlII3Y. 
Ha pHc.22 npHBe,IIeHa Ta.Rafi cxeua. OHa COCTOHT H3 . 4-pa3pJJ,ItHOro pe

rncTpa ! , Ha ltOTOpOM xpaHfiTCfi K08~0HTH.HaCTp0nKH. MO,eyna IlII3Y • 
Pa.cCMOTPHM rtpIDJ:epH, KOTOpHe HJIJIIOCTpl!JJYIOTCfi c nOMOlllhlO Ta6n. 8 • B 

nepBoA KonoHKe cneBa npHBSAeHH aneMeHT~ nona Gf(2
4

) H HX ABO~
HHe 8KBHBa.JI9H'l'Ho CHrHanH, COOTB9TCTBJDII\H9 8THM KO'Aa.M, n.OAaJOTCfi Ha 
4 BXOAa MO,eyna. B -On9,Dy!OII\HX KMOHR8X AaHH COOTB0TCTBJDil!R9 ~ 3Haqe

HHH, KOTOpHe )~OJDKHH no~aTbCfi Ha BHXO'Aax Mop;ynn, H BatmcneHHHe Ha 
BEN KOa~eHTH A(K). IlonaraeM, qTo i{lymn\Ha Ha BHXOAax Mo,eynsr HMe-o 

· eT HCTRHH09 8HaqeHH9, ecnH OHa paBHa 0~0MY aneM0HTY a = !000. 

BwmcneHHH0 Ha a:m K08~9HTH ~ HaCTJ'OnKH MOJJY.M Ha BblI10nH9HH9 
rr~ coBn~eHM paBHH (A(I) = l, :A~2) = a, Af3) = a:, A(4) = a'; A{5)= 

O 3 . 6 9 12 o 3 
= a, A(6) = a, A(?)= a, A(6) = a, A(9) = a, A(IO) = a, A(Il) = a, 
A(I2) = a', A(I3) = il, A(l4) = J~ A(I5) = a~· IlOACTaBmm HX B pa.BeHc-· 

TBO (40), no~: 

3 6 2 9 3 12 'f O _S 3 6 6 7- 9 8 12 9 O IO 
F(X) = a X + a X + a X + a X + a x· + a: X + a X + a X + a X + a X+ 

3 x'.' 6 x'2 g x'J 12x1Y ox's a +a +a +a +a • ( If) , 

TOT qia.ttT, qTO C IlOMOJllb!O BapalK9HHH ( ,ii) OIIHCHBa6TCH pa.6oTa cxew 

COBn8,It0Hlffl Ha 4 BXOAa' MomIO npoBepHTb ABYMH cnoco6ru.111: · d 3~ 6 
I) IloACTaBma :maqeHHe X = a H nocne BwmCneHHH (HanpHMep, a a • a = 

o C5 12 f 30 IS' IS O · ,. a, a (a = a = a a = a •.H.T. A•) no~ !5 cnaraeMHX, K~ 
H3 KOTOpHX pa.B8H a~ IlpH cyw.rnpoBaHHH Ta.RHX qneHOB no MO,IIYJill ABa 

no~ aHaqeHHe a
0

• 

2) EcnH BapalK0HHe (fl) ynpocTHTb, pa.ammrn aneweHTH nona pas~ 

cTeneHea no 6aancHHM aneMeHTaM, TO nocne ynpoll\eHM c nOMOJllbD am 
Ha ~nipponeqaTb BH,lla0TCH cne,D;yllll\80 pa.BeHCTBO: 

-F(X) = (X1 X2X,x.}a~ 
0 

aTo 3HaqHT, qTO BHXO'Ali MOJJYM npHHIDIBDT 3Hatl8HH0 a , To 0o HCTMH

HOe, ec.im BC0 BXOAH HaxOAfiTCH B COCTOJmlffl norl{q0CK08 8AHHHI\Ho 
PacCMOTpHM BTOpylO xonomty, C nowonµ,m xoTopoa HJIJil)C'fplqlY0TCH HaCT
ponKa MO,IIYllJI Ha BblI10nH9HH9 "nacCHBHOit"' one~HH, xorAa ltOAH Ha BXO

ABX K BHXO'ABX O,ll;HHa.ROBH (nOBTOp0HH8 nOI'}ttl8CKHX CHrHMOB)o APYrmm 
cnoBaMK,w T011 Ca.Ml,lM 3ll0KT~9CKK BHKJilltlaeM MOJJYJll, KS CKCTew. Kalt 
noxaaHBamT pa.cqeTH Ha am, B 8TOM cnyqa.e TOnbKO OAHH xoaqxl}HqHeHT 

npl! X He paBeB eyJID. 
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Tac5~a 8 
IlpeACTaBneHHe nol'}ttleCKHX giymt~n aJieMeHTa.MH noM ranya Gf(2_"J 

~ 
CoBna,qeHH9 IloBTOp HHBepcn,r 

X= ~ X,2.X3X'f F =X1 X2.X3Xy A (K) F = X A(K) F =XtX2X3Xy A(K) 

d:oroo 0000 a:~ OIOO aO IOI! ao 

2 
a=OOIO 0000 a6 OOIO () IIOI 0 

3 
a=OOOI 0000 c1 OOOI 0 IIIQ_ 0 

L/ 
0000 

12 
IIOO 0 a=IIOO a OOII 0 

s 
a=OIIO 0000 d OIIO 0 IOOI 0 
6 3 

a=OOII 0000 a OOII 0 IIOO 0 

~ 6 
a=IIOI 0000 a !IOI 0 00!0 0 

8 
a=IOIO 0000 

ag 
IOIO 0 OIOI 0 

9 
a=OIOI 0000 · d2 

OIOI 0 IOIO 0 

J~IIIO 0000 ao IIIO 0 OOOI 0 

~III 0000 a?> OIII 0 !000 0 

J~urr IOOO " IIII 0 0000 0 a 
13 
a=IOII 0000 

ag IOI! 0 0100 0 
l'f cP IOOI a=IOOI 0000 0 OIIO 0 
IS" 
a=IOOO= 0000 ao IOOO 0 OIII a 

0 
=a= 0000 IOOO 0 'OIII a'2. 

. 0--0000 0000 0000 0 0000. 0 

--
o oo I 2 3 o ~ 2 3 

F(r)~ a: X = a(a X1+ a X2+ a X3+ a XJ = a x1+ a X2+ a x3-i: a Xy=X, 
Ta.R ItaK Yl4HOJt8HH8 Ha e~B:8 aneM8HT OCTaBM9T MHOJtHT8nb 6ea 

H3M9H9HMo . · . O 12 

Ecnn -ite B ypa.BHeHK0 (1~) nOACTaBHTb K08~H8HTH a npH X Ha npH 

x'~ TO no~ norHtl8CK09 ypa.BH9HH0 Allfi mtBepcHH aa HCRJIJOqeHHeM 

HYneBoA TOllltH 
o 12 IS' . ./2 

F(X) = a X + a X .. X + a. IlpoBepRa, Hanpmaep, Aae'l', 
.(2. . 

t1To npH X = a> F<X) = 0 = 0000. 

CnepyeT OTM9THTb, tl'l'O caM no ce6e TaROtt yaHBepcanbHHA MO,IIYJll, BpJJA 
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JIH C 3KOHOMRtteCKOH TOttKH speHHR MOXeT KOHKypHpoBaTb C H3BeCTHHM 
Ha6opoM cneu;HaJIB3HPOBaHHI:lX norwreCKHX Mo.nynea. 0,D;Ha.KO CTOHMOCTb HH
TerpanbHI:lX MHKpocxeM HenpepblBHO yMeHbmaeTCR. Bonee 3/fxleKTHBHO npe)l
noxeHHHH cnoco6 IlOCTpOeHHR YJJJ]JH MOlKHO 6WIO 6H HCilOJib30BaTb, ec;m: 
H3rOTOBHTb Ha6op cneQHaJIB3HPOBaHHHX MHKpocxeM, C IlOMonµ,ro KOTOpl:lX 
MOlKHO 6Wio 6H peaJIH30BaTb COBMe111eHHHe onepau;HH B none ra.JIYa. B TO 
ze BpeMR HCilOJib30BaHHe Ha6opa Ta.KHX O,ll;HOTHnHI:lX 6HCTPO,ll~HCTBYI<JlllIDC 
MO,Dynea OTKpblBaeT B03MOlKHOCTH ,llnR 6HCTporo nepenpOrpaMMHPOBamur C 
IlOMOnµ,ro MHKponpoQeccopa pa60Tll TpHrrepHHX CHCTeM HaHOCeKyH,D;HOro 
~anoaoHa 6es npHMeHeHHR BHemHHX CBa3eH, KOTOpHe B HaCTOR111ee BpeMR 
RBJIJlllTCR OCHOBHmrn, HCTOtrn:HKaMH HeH~eEHOCTH H ,llOilOHHHTeJibHHX s~ep
zeK B QeMX nepe)latIH CHrHanOB. ~eHb BaJICHHM RBMeTCR ycTaHOBHeHHe 
Toro qia.KTa, t1To, HcnoJibsya anre6pawrecxyro Teopmo illili, MH HMeeM BOs
MOJKHOCTb, npHMeHM aHaJIHTHtreCKHe npeo6pa30BaHHR H B~CH8HHR Ha 
8:EM, C03,llaBaTb pa3JrnqHHe ycTpOffCTBa ~CKpeTHOH HOrHKH C Hanepe,ll 
3~aHHHMH CBOHCTBaMHo 

9. CHff'APOMHOe TeCTHPOBaHHe 

IlepcneKTHBHOCTb H orpoMizyJO Ilpa.KT~ecxyro QeHHOCTb anre6pawreCKHX 
MeTO,llOB o6pa60TKH CHrHMOB MOlKHO npOHJIJIJOCTPHPOBaTb Ha npHMepe 

6ypHoro pa3BHTHR Ta.Karo Brumoro HanpaBneHHR, Ka.K CHffApOMHOe 
TeC'l'HpOBaHHe, rum CHrHaTypHHH aHaJIH3o HnoJibayeMHe pattee paspa60T8.lfr• 
Hlie MeTOAH o6HaPy,KeHHR H HOKMH3au;HH HeHCilpaBHOCTeff B ~(ppOBOH an.
napaType a:e YAOBHeTBOpRIDT Tpe60BaHHJD4 cerO,D;HRmHero AHR B CM3H C 
MaCCOBW BllllYCKOM BHC, MHKponpoQeccopoB H pa3JrnqHOH HSMepHTeJibHOH 
TeXHHKH CO BCTpOeHHHMH ffiiC H MHKpOnpOQeCCOpaMHo 
MeTO,ll CHff'APOMHOro TeCTHp0BaHHR_6asiipyeTCR Ha CBOHCTBe H36HTOtrn:HX 
KO,llOBHX nocne)loBaTeJibHOCTeH c noMonµ,ro KO~PYID111HX H )leKOAHPYIDII1llX yc
TpoffcTB o6HapyzHBaTb H HCilpaBJlRTb omn6olUIHe CHMBOJIH, KOTOpHe MOryT 

BOSmutaTb B npoQecce nepe,llaqn H npHeMa Ta.KOH nocne)lOBaTeJibHOCTH. 
~eBH,ItHO, tlTO MH HMeeM 3,lleCb npm,yi> aHMOrHID C MeTO,llOM CHffAPOMHOro 
XOA1ipOBamm, paCCMOTpeHHoro BHme. PasHHQa 38.ltJIB)qaeTCR B TOM, tlTO 
nepe)laBaeMoe XO,llOBOe CHOBO pacCMaTpHBaeTCR He Ka.K eyneBoe cnoBo, 
a KS.It o6Htrn:oe 1rn6HTOlUIOe HHcp0pMau;HOHH08 CHOBO, KOTOpoe sapattee H3-
BeC'l'HO. Ec;m: B npoQecce nepE3,llatIH CTaH)laPTffOA nocne)lOBaTeHbHOCTH OIDH-
61tH He nponsomno, TO B )leKO,llepe · ,llOJDleH ccpopmpoBaTbCJl eyneBOH CHH
,JU)OM. :B npOTHBHOM cnyqae CHff'APOl4 6y,lleT OTJIHtleH OT HYMiH T~ __ 06-
paaov 6y)leT o6HapyzeHo HCKaJl:eHHe 3TMOHHOH nocne,llOBaTeJibHOC'i'H. -~pm 
aqxlexTHBHoro HCilOJib30BaHHJI CHffAPOMHoro T8CTHPOBaHHJI Heo6xo)lHMo npe,ll
yCMoTpeTb B XOHTpoHHpyeMOH annapaType ,llOilonHH'1'8JibHHe CXeMH AM re
H9paqHH B 3a,llaHHHX TOttKax 3TMOHHHX IlOC]l8,llOBaTeJibHOCTeff, a TaRZe 
XOHT8XTH HJIK cneQHanbHHe pa3'oeMH AM IlO,llXJil)tl8HM CHrHaTypHoro atta-
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-~ CHrnaTypa - f_l I I L -I I 
I I I I l Bxo,D;Haa nocne,llOBa-

- - T8JibHOCTb 

PerHCTp ~/Ir\ ~~- IIIIIIOOOOOIIIIIIIIIII 
C,llBHra ,,/// / 1 
BHeBO i ~ 

II I s 50 
j15 15 14 I3 12 II IO '/ 8 ? 6 5 4 3 2 lj:J 

BXO,ll pe-1 BXO,ll 
Co,lleplltHMoe C)lBHrOBOro perHCTpa 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

IO 0 0 0 0 0 0 0 0 0 0 0 o· 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 
30 0 0 0 0 0 0 0 0 0 0 0 0 I I I 
4 0 0 0 0 0 0 0 0 0 0 0 0 I I I I 
5 0 0 0 0 0 0 0 0 0 0 0 I I I I 
6 0 0 0 0 0 0 0 0 0 0 I I I I I 
?0000000001 III I 
8 0 0 0 0 0 0 0 0 I I I I I I 0 
9 0 0 0 0 0 0 0 '. I . I I I I I, 0 I 

IO 0 0 0 0 0 0 I I I l l l 0 I I 0 
II 0 0 0 0 0 l l I I I I 0 l I 0 0 
.12 0 0 0 0 I I I I l I 0 I I 0 0 I 

rHC'l'pa 

l3 0 0 0 I I l l I l 0 I I 0 0 I 0 I 
{4 0 0 l I I I I I 0 l I 0 0 I 0 I 0 
15 0 I I I I I I 0 I l 0 0 l 0 I 0 I 
16 I l I I I I O l I 0 0 I 0 l 0 I 0 
I? l l I I I 0 I l 0 0 I 0 I 0 l 0 0 
IBI I I IO I IO 0 IO IO IO 0 I 
19 I I I 0 I I 0 0 I 0 I 0 I 0 0 l I 

0I I l 0 l I 0 0 I 0 I 0 l 0 0 l _ I 

Pm:·. 23. K IlOJlCH8HHJO Me'l'o)la CHrHa'eyilHOrO aHaJIH3a 

S -cyMMaTop no MO,DyJID ,llBa., 
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JIH3aTopa. HcnoJibSOBaIIBe c»rnaTypHoro aHaJIHsa npe'Ano.11araeT T8.Kllte pas

pa6oTey HOBOH cpopMb! 'A0eyM8HT~HH ,IIJIJl ~qJpOBblX cxeM. TB.It., Ha np~n»
a.JibHblX cxeMax aHB.JIOrOBblX ycTpOHCTB npHBO'AffTCfi ypOBHH HanpmtteHHH H 
OC~HJIJIOrpaMMbl CHrHB.JIOB B pa.3JIH"Cllib!X TOtmax,qTo IlOMoraeT o6CJIYJJtHB8.!Jllle

MY nepcOHa.JIY npH peMOHTe H npOq)HJIB.KTHKe. O~B.KO B ~qJpOBblX cxeMax 
BCe BXO~ble H Bb!XO~ble CHI'HB.Jibl HM810T qmtCHpOBaHHble ypOBHH H B 3TOM 

CMblCJie IlOXOlnt ~r Ha ~ra. Il03TOMY Ha np~HnHa.JibHblX cxeMax B Ta -
KHX CJiyttafiX npHBO'AffTCfi ID0CTH~8T'IIpK'lliH0 CHrHaTYPbl (KJiroq0BH0 KO~), 
C noMonµ,10 KOTOpb!X 0~03Ha-cmo Oilp0'A0JIHIDTCfi ·'ABOnqHH0 noCJI0'AOBaTeJibHOC

TH, xapB.KTepHHe ~fl Kll.llt,qOH KOHTpOJibHOH TOqKHo 
OCHOBHHM KOMnOHeHTOM CHI'HaTJPHOrO aHaJIH3aTopa fiBJIHeTCfi C'ABHrOBHH pe-~ 
rHCTp C JIHHeHHOH JiornqecKOH o6paTHOH CBH3b!O (pHC. 23). MH yxe pac

CY8TplmaJm npm.repH T8RIDC pel'lJCTpOB,KOTOpHe BHilOJIH.RlOT q,yHK~HH cqeTtm
KOB B IlOJie ra.;rya. O~B.KO B CJiytlae CHI'HaTYPHOrO aHaJIH3a Ha BXO'A pe
rHCTpa nocrynaeT pesyJibTaT cywnpoBaHHfi no MO~JIID 'ABa CHMBOJIOB BXO'A
HOH noc~e'AOBaTeJibHOCTH H CHMBOJIOB, B3fiTHX IlOCJie ceMH, 'AeBnTH t 'ABe
H~aTH H ~eCTH~aTH 3JieMeHTOB s~eplltKHo IlocKOJibKY perHCTp C'ABHra 
C cywaTOpOM no MO~JIID 'ABa B ~en» o6paTHOH CBfi3H fiBJifieTCfi JIHHeHHOH 
~eilb!O, TO Rll.llt,qHH CHMBOJI BXO~OH IlOCJie'AOBaTeJibHOCTH ma:eeT TOT ze Bee, 

qTO H CHMBOJIH, IlOCTynaD~e Ha BXO'A cywaTopa no MO~JIID 'ABa. IlpnqeM 
perHCTp CHHXpOHH3HpyeTC.A: T0MH ze TB.KTOB!iMH CHI'HaJIB.MH, qTo H o6pa6a
THBaeuan IlOCJie'AOBaTeJibHOCTbo BaJmw fiBM0TCfi TOT qaKT, qTo BXO'AHI:le 

nocJie'AOBaTeJibHOCTH MOryT 6HTb JIID6ott ~,HOB RO~e 06pa60TKH aHa
JIH3HpyeTCfi TOJibRO KO'A, OCTaBillHHCfi B perHCTpe o mrHMH CJIOBB.MH, JIID6M 
OillH6Ra B O~OM HJIH HeCKOJibKHX 6HTax (qTo saBHCHT OT -THila HCnoJibsye

MOro RO'Aa) He3aBHCHMO OT Toro, ROr'Aa OHa npOH30mJia, Bcer'Aa 6y'AeT on
pe'AeJieHa nocJie OCTaHOBRH perHCTpa B JIID608 MOMeHT BpeMeHH nyTeM CpaB
HeHHn OCTaBillHXCfi CHMBOJIOB (meCTH~aTH B HameM npma:epe) C TOH ROM-

6HH~He8, KOTOpaH 'AOJDltHa 6HTbo 0TH I6 6HT, npe'ACTaBJieHHHe B meCTH~
I{8TBplNHOI cpop,t!e, H fiBJIHIDTCfi "cHrHaTYPQR o6pa60TaHH08 (H3MepeHHOH) 
'ABOnqHOi\ nocJieAoBaTeJibHOCTH~ Taxott ipopmT BH6paH c ~eJib10 o6JierqeHHH. 
BOCnpHffTHfi 'AB.HHHX, OT06palltaeMHX C nouonµ,10 ceMHCeI'MeHTHHX HH,qHKaTO -
pOBo 
B Ta6~e Ha pHC. 23 IlOKa3aHO, RaK perHC'l'p cpopMHpyeT CHrHaTYPY ~fl 

20-6HT IlOCJie'AOBaTeJibHOCTH IIIIIIOOOOOIIIIIIIII.· Baa1UUI8 (TB.K'l'bl OT 

-0 'AO?) cxeua pa6oTaeT KB.It 06bltUIHH C'ABHrOBHH perHCTp. Ha TaKTe? 

nepBan e~ BXO~oa nocJie'AOBaTeJibHOCTH 'AOXO'Aff'l' 'AO nepBoro OTBO'Aa 
o6paTHOH CBH3H. oTa e~a no ~ehH o6paTH08 CBH3H no~aeT Ha 

BXO'A cyuuaTopa no MO~JIID 'ABa H CRJI~eTCfi C oqepe'AffliY 6HTOM noc
Jie'AO_BaTeJibHOCTH, m.,eJlltl:t)I eyJieBoe 3HatleHHe, BCJie'AC'l'BHe a Toro npH CJie

~eM CHHXpOmmyJibCe (B TaKTe 8) B perHCTP non~aeT I, a He o. Tax 
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IlpO'AOJD!taeTCfi 'AO KO~a o6pa60TKH, KOr'Aa 20-6HT BXO~an nocJie'AOBaTeJib
HOCTb npeo6pasyeTCfi B I6-6HT OCTaTOK IIOIIOOIOIOIOOII (TB.KT 20). 
IlpnqeM OCTaTOK, KB.It npaBHJIO,OTJIHqaeTCfi OT HCXO~oa nOCJI0'AOBa
T8JibHOCTH. B KatleCTBe reHepaTOpHOrO IlOJIHHOMa 'AJifi nOCTpOeHHfi CHI'Ha• 

·TypHoro aHaJIH3aTopa 4!HpMa Xb10JieTT-IlB.Kxap'A BH6paJia cJie~tt noJIH-
HOM : (6 12 g 1 

P(X) = X + X + X + X + I-
CHrnaTypHHH aHaJIH3aTop q/HpMH (?) THna 5004A o6ecnetlHBaeT IOc»G- Hoe 
o6HapyxeHHe OillH60K B O'AffH CHMBOJI BXO~OH IlOCJie'AOBaTeJibHOCTH H 

99 ,998}6 npH HeCROJibKHX OillH6Kax. MB.KCHMa.JibHan qaCTOTa CHHXpOHH3~Hl'I 

. COCTaBJifi0'1' IO M~, a MHHHMaJibHan 'AJIHTeJibHOCTb HMnyJibca CHHXpOHH3a
~l'll'I - 50 HCo 

IQ. oJieM0HTbl TeOpHH KOppeKTl'lpy!O~X KO'AOB 

06~He BOilpOCHo 

KoppeKTHpy!OlllHe KO'AH HJIH KO'AH, HCnpaBJiffi0111He OmH6KH,-JIBJilllOTCfi 3qiq8K

THBHW cpe'ACTBOM 6opb6H C nOMeXaMH B npo~ecce nepe'AatlH l'I o6pa60TRH 

HHcpopM~H. KO'AH IlOHBHJIHCb e~e B rJiy60KOH 'AP9BHOCTH B Bl{'Ae KpHnTO
rpaMM, xor'Aa HMH noJibSOBaJIHCb ~n aacexpeqHBaHHH B&tHoro coo6~eHRn · 
OT TeX,ROMY OHO He 6HJIO npe~a3HatleHo. O~axo MaTeMaTnqecxan Teo
PHH KOppeKTHpy!O~X RO'AOB nonBHJiaCb cpa.BHHT0JibHO He'AaBHO- B HaqaJie 
40-X rO'AOB Te~ero CTOJieTHfio 

n. 
KB.It H3BeCTHO, C noMonµ,10 fL 'ABOnqHHX CHMBOJIOB MOlltHO IlOJiytll'ITb 2 pas- ' 

JIH"CIHHX KO'AOBHX ROM6HH~HH, KOTOpHe MOryT 6HTb HCilOJib30BaHH ~fl KO

'AffPOBaHHfi HHcp0pM~l'IHo· B 3TOM CJiytlae OHH 06pa.3YJOT 6e3H36HTO"CIHHH KO'A, 

Ha3HB88MHH Ha~bHW HJIH 06bltUIW 'ABO~ KO'AOMo B TB.KOM KO'Ae JIJD-

6oe RCKSZ8IDI8 CHMBOJIOB nepeBO'Al{T 0~ KO'AOBYJO KOM6HH~HIO B ~'I"JIO, 
npHH~ell[~ 3TOMY RJiaCCY, H Il03TOMY HCKall[eHHe He MQll[eT 6HTb o6Ha

~eHO aHaJIH30M noJiytleHHoA KOM6HH~HH. IlosTOMY xoppeRTHPYJOll\l'IMH KO
'AB.MH Ha3HB8llTCfi RO'Abl, no3BOJim,iqHe o6Ha~HBaTb l'I HCilpaBJiffTb OWH6RH,. 
npOHCXO'A~e npH nepe'Aaqe H3-3a BJIHfiHl'lfi IlOMex. HaH6oJiee npoCTHM 

ROppeKTHpyJO~ RO'AOM fiBJifi8TCfi KO'A, 06Ha~BaJ0~8 OmH6RHo H,ziei'Bo3-
MOll[HOCTH o6Ha~eHHfi OillH60K COCTOHT B TOM, qTo ~fl nepe'AaqH HCilOJib-
3YJO'l'Cfi He BCe KO'AOBHe KOM6HH~ Iv= 2n., a JIHmb HeKOTOpan qaCTb 
nx ~ < N -. HcnoJib3YeMb18 B 'AaHHOM Ko'Ae xoM6HH~HH Ha3HBaJOT paa
pemeHHHMH, a ocTaBillHecn N -NG. HeHcnoJibsyeMHX KOM6HH~HH - sanpe

~eHHWH. EcJIH B P93YJibTa'1'8 OillH60R paapemeHHB.fi KOM6HH~Hfi npeBp~-
8'1'Cfi B 0~ H3 3anpe~eHHHX, '1'0 'l'eM CB.MID.I H 06HapymrnaeTCfi HaJIHtlHe 
Oll1H6ox. IlOCKOJibKY ~fl IlOJiytleHHn 3~aHHoro tlHCJia Mo paapemeHHHX . 

KOM6HH~HA Tpe6yeTcn K 'ABOHWHX paap~oB, r'Ae I( = f.cJ/(, · 'l'O -ocTaB-
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111Heca n -K pa3pMOB xapaKTep1,rnyioT a6coJIJOTffYD 1rn6motrnocu, ,rr;8.HHoro 

xo,rr;a. 
Ha npaKTmte y,rr;o6HO noJib30BaTbCH 'l'aKID4 KO,D;OM, y KOTOporo HHqx>pMa-
1.{HOHHHe H H36HTO'tlirne pa3pa,rr;H pa3,rr;eJieHH. Taxott KO,D; eiqe Ha3HBaIOT CHC
TeMaTR'tleCKID4, l{Jll{ pa3,D;eJrnMHM. ,uanee, OTHOCHTeJibHM H36HTOtrnOCTb l{Jil{ 

CKOpOC'l'b nepe,rr;a'tlli onpeA9JIHeTCH KaK OTHOmeHHe 'tlHCJia H36HTOtrnl:lX pa3-

PMOB KO,D;a K 'tlliCJIY HH4JOpM8.I.\HOHHI:lX pa3pMOB: 
n-K R =-K . . 

Ilpmiep. HaH6oJiee pacnpocTpaH8HliW,4, KO,D;OM ,Il;JIH o6HapyEeHHH OmR60K HB-
JIJIEl'l'C/I KO,D; C npoBepxott Ha 'tleTHOCTb. ,nonyCTID4 t 'tlTO Heo6XO,IJ;ID40 nepe -
,rr;aTb xo,rr;oBoe_cJIOBO IIIO. C noMO!qbD cxew npoBepKH Ha 'tleTHOCTb no,rr;

_C'tlliTHBaeM npl!SHSIO! "tieT":wnt"He11eT~YCJIOBHO Il.l)l!HJ,!Ma8M, -crro 8CJIK B KO

,D;OBOM CJIOBe 'tlliCJIO e,D;Rlrnq H8118THO,npl!3H8lt "H8'18T11 paBeH e~e.Ta
KRM o6pa30M B HanJeM CJIYtlae nepe,rr;aeTCH HS6HTotrnoe KO,D;OBOe CJIOBO 
IIIOI. Ha npReMHott CTOpOHe STO CJIOBO npHHl!MaeTCH H npoBepHeTCH' 
Ha 'tleTHOCTb 'tlliCJia e,rr;HH~ B . CJIOBe. ECJlli OmR6KH npR nepe,rr;a-qe He 

CiHJIO, TO npmurrHli KOHTpOJibHHli paSpM H BHOBb BwntCJieHHHi\ COBIIB,eyT: 
EcJlli lite B npo~ecce nepe,rr;a'tlH'O,D;HH HS paSpMOB HSM:eHRT CBOe SHa'tleHRe 

Ha o6paTHOe, TO COBna,rr;eHRH KOHTpOJibHHX paspMOB He npOHSOtt,rr;eT. He
Tpy,D;HO SB.MeTHTb t 'ti.TO OmR6Ka 6y,rr;eT 06Hapy1teHa 'l'aKllte t ecJlli npo:irnott,rr;eT 
HCK!llleHHe KOHTpOJibHOro paSpMa. 
Brumw napaMeTpOM KO,D;a HBJIHeTCH KO,D;OBOe paCC'l'OHHRe. O'tleBl!,D;HO, 'tlTO 

KO,D; '1'8M ~e npRCnOC06JieH K HCnpaBJieHIDll OmR60K, 'tleM 60Jibme O'l'ffia~ 
ll'l.'CH .zu,yr OT ,rr;pyra KO,D;OBire CJIOBa. Ilo X3MMHHry KO,D;OBHM pacCTOHHRel\l 

a, MeJK,ey ,Il;BYMH KO,D;OBHMli CJIOBaMR HaSHBae'l'CH 'tlHCJIO HecoBna,rr;amiqRX no-

3~H8 STRX CJIOB. HanpRMep, CKJia,D;HBM no MO,D,yJIJO ,D;Ba cJioBa IIOOIO H 
oororo, noJIY'tl'HM: 

T. e. B HameM npwepe 

IIOOIO 
oororo 
IIIOOO, 

d= 3. 
Ha IlpaKTmte. 6oJiee mRpOKOe . pacnpOCTpaHeHRe nOJIY'tlRJIO nOHHTHe MJ!HHUSJII,

Horo KO~OBOro paCCTOJDm.Jroto•CJTb jeJla B TOM,'lTO ,JtJIR rapSHTD KOp
peK'l'Hpytllq8ft cnoco6HocTH xo,rr;a t , iieo6xo,rr;m,io, 'tl'l'06H Mex,rr;y pas.lllflmll
MH KO,D;OBWH CJIOBB.MH COXpaH.IJJIOCb )(KIDDmJibHOe paCC'l'OHHRe Me:K,D,y Jil)6mra 

,D;By)(H KO,D;OBiiMH KOM6HHal.{Hmm. B T80pMH KO,l{HpOBaHRH HM8e'l'CH CJl'.8,D,yl)lllee 

Baml08 YTBe~eHHe: KO,D; cnoco6eH KCnpallllH'l'b Jlll6He KOM6HH~KH HS -I: 
( H M8Hbmero 'tlRCJ1a)omR6ox ·1 Tor,rr;a H Tom,xo Tor,rr;a, xor,rr;a ero xo,rr;o

Boe paCCTOSHHe 6oJibme 2 wm: clor 2t + I • 0,D;Haxo, 8CJIH HSM IlOT

pe6yHCH IIOC~pOH!'b KO.It TOJibKO )tJIH o6Hapyllt8HHH OmH6ox, TO )tOCTaTO'tlHO, 
'tlT06K BHIIOJIHJIJIOCb H8paB8HCTBO: 

40. 

d.,0 q i:. + I. 
llHTepeCHO OTM0THTb, 'tlTO B Ha~bHOM )tBOH'tlHOM KO,Ite of.

0
= I. 

Jlm-rettHHe KO,D;H. 8TH KO,D;bl o6pasyioT HaH6oJiee o6nrnpHHli c npaKTR'tleCKOH 
TO'tlKH spemrn KJiacc KO)tOB. Ta.Koe HaSBaHHe JIHHettlih!e KO,D;H nOJIYtlHJlli no

TOMY' 'tlTO KaK HHqJOpM8.I.\HOHHHe' TaK H npoBepO'tl.Hble CHMBOJIH npe,ItCTaBJIH
IDT co6ott paSJIH'tlHHe JIHHeHHHe KOM6HH8.I.\HH HHqJOpMal.{HbHHI:lX CHMBOJIOB7H 
noaTOMY cnoco6 ,rr;eKO,IJ;lipOBaHHH OCHOBaH Ha npoBepKe JIHHettlibIX COOTHome
HliH M0llt,D,y CHMBOJiaMH. qaiqe Bcero npH nocTpOeHHH ,D;BOHtrnbIX KO,D;OB B Ka
'tl0CTBe JIHHettliOH oneP8.I.\HH BH6HpaDT CJIOllteHHe no MO,D;yJID ,ItBa. Tor,rr;a Jlli

Hettliue npoBepKl'I CBO,D;HTCH K o6o6iqeHHh!M npoBepKaM Ha 'tl0THOCTb. ]HHe~
Hble KO)tbl HaSHBaDT eiqe rpynITOBhlMH KO)taMH, nOCKOJibKy OHR o6pasyioT aJI

re6paH'tlecxyio rpynny no OTHomeHl'ID K onepal.{HH nOCHMBOJibHOro CJIOllt0HliH 
no MO,D;yJID ,ItBa l'I o6osHa'tlruoT Krut (fl.., K) xo,rr;u, r,rr;e n- o6iqee 'tlRCJIO 

paspMOB B KO,D;OBOM CJIOBe HK - 'tlHCJIO HH4JOpM8.I.\HOHHHX paSpMOB Ko,rr;a. 
Il0HHTH8 Cl'IH,IlpOMa KO)tOBOro CJIOBa. CJIOBO "Cm!'Apm.1" OSHa'tlaeT o6wrno 
COBOKYnHOCTb npH3HaKOB,xapaKT8pHHX ,Il;JIH Toro HJIH HHoro HBJI0HHH. Ta -

ROA lite npHMep,mti CMblCJI HM08'1' nOHHT:1'18 "Cm!'APOJ\1 11 H B TeOpHH KO,D;RpOBa

HRH. 3HaH CHH,D;pOM, MOJKHO Onpe,It0JIHTb xapaKTep om:1'160K. Cl'IH,IlpOMOM KO
,D;OBOro CJIOBa A HasHBaeTCH KO)tOBOe CJIOBo, onpe,rr;eJIH8MOe HS paBeHCT
Ba 

T C = AH: (I2) 
r,rr;e H - MaTp~a, TpaHcnoHHpOB8.HHaH K npoBepoll.Hoii MaTp~e H. Kax Mbl 

YJ!te OTM8THJIH, KO.It C ·npoBepKott Ha 'tl8THOCTb C 06Hapy1teHReM O)tHOH Om:1'1-
6RH HM00T 0~ npOBepKy Ha 'tl0THOCTb no BCeM K CHMBOJIB.Me IlOCKOJibKy 
B Ta.ROM Ko,rr;e B npoBepxax'y-qacTBYIDT Bee K CHMBOJIOB, TO cnoco6 nOJIYtle

HRH npoBepotrnoro CHMBOJia MOlltHO 3anHcaTb B BH)te TpHBHaJibHOA MaTpH
~H 

H = IIIII ••• I. (I3) . 
XapaKT8pH08 oco6eHHOCTbID MaTp~H (I3) HBJIH0TCH

1
CJiep,yIOll{ee: 

- OHa onHCHBaeT CX8MY npoBepoll.HIDC COOTHOmeH:l'lti KBR ,D;JIH KO,D;Rpyioiqett., 
TaK H )tJIH ,1teKo,D;Rpyioiqett cxew; 

- 'tll'ICJIO CTOJI6~0B MaTp~H paBHO 'tlHCJIY HHqlOpM8.I.\HOHHHX CHMBOJIOB; 
- . 'tlliCJIO C'l'pOK Maii•p~H paBHO 'tlliCJIY npoBepOll.HHX Cl'll,!BOJIOB • 
IlpID,!ep. llSB8CTH08 HBM KO)tOBOe CJIOBO A= IIIQI C O)tHRM npoBepO'tlHh!M 

CID,!BOJIOM CnpaBa,H npoBepHeTCH Ha Ilpl'l8MHOH CTOpOHe Ha 'tl8THOCTb B co
OTB8'l'CTBHl'I C COO'l'HOmeH:1'18M (I2) 

C •IIIOI rn _ I r,1+ Ir11 + Im+ 0 [f 
1 
+ I w -0. 

41 



)!onycTHM, 'IITO CHMBOJI A nepe,Ila.H c onm61to!, HaIIpHMep, BMeCTO ewnm
QH B Kpaimei\ ll03IDllUI CJieBa nepe,Ila.H eyllb. Tor,Ila, Ka.It HeTpy,IlHO npo -
BepHTb, 3Haqelilfe CHH,Ilp0l4a C He 6y,IleT paEHO eyJUO. H B0061Iie, B c~
p014HOM KO,ItHPOBaHHH cnpaBe,IlJIHBH cJie,IlYl)IqHe YTBe~emm. IlyCTb BeKTOp 
A He SBJIH8TCJl KO,IlOBW, -ror)la aTOT BeRTOp (KO)!OBOE CJIOBO) o6s:saTem.
HO co,Ile:PJ[HT Ollll{60tlHHe CHMBOJIH. BeKTOp A MOllllO npe,IlCTaBHTb TOr,Ila B 
BB.Ile cyi.nra llOCJiaHHOrO KO,IlOBOrO BeKTOpa B (KOTOpli8 noxa Heonpe,Ile,JieH) 

H BeKTOpa onrn:6RH e: 
A = B -t e ·• (14) 

BeRTOp e CO,Il0pxliT HeeyJieBHe CHMBOJIH B TeX ll03HQRIDC, B KOTOplDC 
BeRTOp A CO,IlepatHT HCR8llt0HHH0 CHMBOJIH. YMH()l[l{B o6e qacTH paBeHC-

TBa (14) Ha HT , nonytnn,,1: 
:r T T T 

AH = (B + e) H = IH + eH = eH = C (!5). 
Hs paBeHCTBa (15) cJie,eyeT BaJKHOe npaBRlIO, ompORO HCllOJib3YeMoe B 
nprutTllRe xo,D;HPOBaHHs:: cHH,IJJ>Ol4 npmiHTOro BeRTOpa A H BeRTopa Ollll{6KH 
COBlla,Il8JlT. 3TO o6CTOS:TellbCTB0 ll03BOJIHeT HCllpaBJIHTb onra6RH B npmis:
TOl4 KO,IlOBOl4 BeRTOpe • CJie,eyeT oTMeTHTl>, llTO B JmTepaTYPe no T00pllli 
KO,ItHPOBaliHH HaPH.I\Y C BHpallteHHeM (12) HCllOJib3yeTCH TaDe 8KBHBaJieHT
HOe eMy CJie.IlYDIIlee BHpallteHHe )lJIH BlilmCJieHHH CHH,IU)OMa: 

C = AH. (16) 
CooTHomeHHH (I2) H (I6) npm4eqaT8JlbHH TeM, qTO C HX llOl46Dµ,lD MOllllO 
HaxO,IlHTb TaDe Te RO,IlOBH9 CJIOBa, xoTop:ae npHHa,IllleJm.T BlIDpaHHOMY 

KO]J,;fe 
G11IieCTByeT PM npm,ieqaTellbHHX KO,IlOB,ROTopHB MOllllO nocTpOKTb 
npocTHM cnoco6ma c noMOII!bD npoBepo,mmc WTpliQ• B 1taqecTBe npmaepa 

pacCMOTpHM KO.I\ X3l,ll,ll{Hra. 
Ko.A XeMMHHra:. XoTH nopH,IlOK cToJI6QoB .6espasJIKlleH, HO q8.llle Beere me 
ynopH,IlOllllBalOT Tait' qT06H CO,Aepatm1oe x~oro CTOJI6Qa J!]3JIJIJIOCb )lBO
l{QHOl satmCblD ero HOMepa. IlpoBepo,mas: WlTpHQa KO.Ila XsMMHHra ,IlJIHHH 

15 ( t11 = 4) maeeT BB.I\: 

H= I OOOOOOOIIIIIIII I . OOOIIIIOOOOIIII 
OlIOOllOOlIOOlI (I?) 
IOIOIOIOIOlOIOl • 

Ilpel!C,Il8 qeM pacCMaTpHBa'fb anropHTM HCnpaBJI8HKH O,Ill{H01ffiHX omH60K 
(KO.A Xsi.iwmra peeT d= -3),paccMOTJ)lDI npoQe,eypy xo,IlHpOBBmlJl, KOT0-! 
pas: Blill0l!HH0TCS: Ha CTOpoHe nepe,Aa'l'tmlta • .Il,nJl aToro He06XO,IlmlO :m:aTb 
npaBWIO BHtmCJieHKH npoBepo,mmc COOTHomemdl. IlpOCTOA nepeCTBHOBKO! 
CTOJI6QOB, CO,Il8pat8.lllHX O,IlHY e~ 'MClTpHllY (17) woimo npHB0CTH K 

BH.I\Y 
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H 
OOOOIIIIIIIIOOO 
OIIlOOOIIIIOIOO 

= 1 IOIIOIIOOIIOOIO 
IIOIIOIOIOIOOOl 

r,Ile I - e,IlllHHtlHM MaTpHQa nops:,rµta 4~ 

= EI 
I 

(I8) 

)!BHFi'as:· MaT.pHQa H ·' cooTBeTcTeyeT xo,ey XaMMlli!ra {I5, II) c MmIHMm
HW paCCTOHHHeM d. = 3. HcnOJib30Ba.HHe TaROrO KO,Ila nOSBOJIS:eT HChpa -
BHTb ~6YJD O,IlliHOtmylD onrn:6ey HJIH o6HapyiitHTb IIpOH3BOJibHYJ0 onm6Ry ' 
xpaTHOCTH 2.· CtlliTB.eM, qTo HyMepaQM micpopMaQHOHHHX H KOHTpOJibHHX 
pasp~OB pa3,IleJIHMoro RO,Ila npOHSBO,IJ;HTCSl CJieBa HanpaBO'e TOl',Ila· B CO"' 
OTB8TCTBHH C MaTpHQe8 (IS) no,ryqaeTCH CHCTeMa .mrn:eimHX ypaBHeHlrli, 
C nOMOIIiblD KOTOpHX BHtIHCJIHJDTC.fI IIpOBepO~He (KOH,TpOJibHl:le paSpJWi) · 

c 1 = 1t5+ 1t6+ 1t1+ x1+ 1J +. 150+ Ku 

C2 = K2+ K3+ K't+ 1t1+ Kg+ Kr/ K/( 

C3 = Kf+ K3+ K~+ K6+ K~+ KIO+ Kt{ 

9l( = K,1+ Kz+ K,,+ Rs+ K;z! K9+ '!ti(, 

(!9) 

r,Ile Ci - KOHTpOJibHHe pasp~H, Ki ~- micpopMaQHOHHHe pa3pMiile Pac -
CMOTpma npHMep. · ,ItonyCTHM, qTo Heo6XO,IlHMO nepe,AaTb CJI8JzyDlt}I8 HH<pO~ 
MaQHOHHHe paap~Iil IIOOOIOOOOI. Tor,Ila HS cooTHomeHH8 (I9) maeeM: 
c1 = O, c 2 = O, c3 = I H ·c11 = I. B HTore HMeeM srutO,ItHPOBBHHOe 
cJioBo IIOOOIOOOOIOOII. HeTpy,Illlo.saMeTHTb, qTo_ ecJIH B npo~ecce ne
pe,IlatlH RO,IlOBOe CJIOBO nepe,IlaeTCH BepHO, TO KOHTpOJibHHe COOTHOmeHH.fI 
(I9) 6y,eyT. BHIIOJIHeHHHMH,H Biiltrn:CJieHHH8 CHH,IlPOM (KoppeKTOp) paBeH 
HYJIJD : P, = 0 + I + 0. + 0 + 0 + 0 + I + 0 = o, Tait ·KaK ,c, = o • 
.l¥l,Jiee p

2
= l + 0 + 0 + 0 + 0 + 0 + I + O, · p3= I + 0 . + 0 + I + 0 + 

+ 0 +I+ l = 0 H p
4
= o. EcJm ~e npH nepe,Ilaqe xo,IloBoro cJioBa Bos

HHRHeT OmH61ta, TO OKBXYTCH HeBHnOJIHeHHHMH KOHTpOJibHHe COOTHOmeHHH 
(19). HanpHMep, eCJIH OmH61ta B03HHRJia BO BTOpOM HH<pOpll~OHHOII CHM
BOJie , 'l'O OKaxyTCH HeBHIIOJIHeHHHMH BTOpoe H 4-e ypBBH8HJIJl, , ~ CmuipOl,I 
6y,AeT paEeH OIOI, coBna,IlM co B'l'OPHM cToJI6QOl4 MaTpHQH I (IS). 
H,B00611te: ll8CTOllOJIOlt8Bl!8 CTOJI6tia M8TPH!Ul (I8),c0Bll8,J1;811118ro C BH1DIC
JieHHHM CHH,IlPOMOM, ,B.c,ryqae ll0s:BJI8HHH O,IlHHOllH08 OmH6KH, yxasHBaeT 
MeCTO onra6KH. EcJIH ~e B03HHKHeT OmH6Ka KpaTHOCTH 2, TO no,ryqeHHoe 
3HaqeHHe CHH,IlPOMa, KaK 8TO HeTpy,IlHO npoBepHTb,TB.KXe 6y.zteT COBlla,IlaTb 
C O,IlHHM H3 CTOJI6QOB MaTpHQH (IS), TaK KaK cywa no MO.ZO,JIJD ,IlBa BCe
B03MOllllHX CTOJI6QOB 8T08 MaTpHQH OKallteTCH paBH08 O,IlHOMf.ll3 CTOJI6Qoa. 
IIIHpoKO H3BeCT8H TaIO!Ce MO,Illl1PHQHPOBBHHH8 KO,Il XaMMHHra. C 14HHMMaJibHHM 
paccTommeM d = 4 ·• Taxoa RO.A MOllllO rio~Tb HS o6wrn:oro io,Ila 
XaMMHHra ~oC>aBJI8HH8M 0,IlHOro KOHTpOJibHOrO COOTHomeHHS:, Ilpe,IlCTaB.ixmo
lllero co6oA peayJibTaT cyw.mpOBaHHH no MO,IlYJIIO )\Ba BC8X pa3pH,IlOB RO,IlO
BOrO CJIOBa. C nOMOII!blD TaRoro KO,Ila MOlltHO HCIIpaBJI.fITb O,IlliHOlffiH0 H 06-
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HapyxirnaTb KpaTHHe oorn6KH (23). B KatleCTBe annapaTHIDC cpe'ACTB .zvm 
BWfflCJieHHH o6o6~eHHblX npoBepoK Ha tleTHOCTb ('AJifi BWfflCJieHHfi CHH,IU)O

Ma) HCTIOJibeyIOTCH H3B0CTHHe He.tr cywaTOpl:l no MO,JJ.YJIIO 'ABa MH woro -

BXO'AOBl:l0 cxew npoBepKH Ha tleTHOCTb o 

H3yiia.H Teopwo H npaKTHicy' KOppeKTHpyYO!qHX KO'AOB,aBTOP npmneJI K BHBO.IJY 

o TOM,~To ~exo.l(HpYJ)ll(He ycTpolcTBa uoiHo ucnoJThsoBaTb ~ napaJ1.J1eJI1>Ho!

perncT~ MHOl!teCTB0HHOCTH co6HTHH B rO'AOCKOillfll6CKHX CHCTeMax l4) 0 

UfiltnHt!:eCKHe KO'Al:lo ~KnHtl0CKHe KO'Al:l HBJIJUOTCH Ha116onee nonyJiflPHin4K, 

TaK KaK HapH,JJy C B8.lKHl,IL!H C npaKTHtl0CKOll TOtlKH speHHH CBOHCTB&rn OHH 

OTnHtlaDTCH ,ItOBOJibHO IlpOCTOll T0XHHKOH KO,ItHpOBa.HHH H 'A0KO,ItHpOBllllHH. 

PM IJ,MltnHtl0CKHX KO'AOB HM00T anre6paHtl0CKYJO CTpyK'fYPY, H~ep-, aJie

M0HTl:l noJIH ranya G F ( 2tn ) 0 0CHOBH00 CBOOCTBO QHKJIHtl0CKHX KO'AOB' 

onpe'AeJI1DOlllHX HX Ha3BaHH0, COCTOHT B TOM I tlTO eCJIH KO'AOBlill B0KTOP 

A = (ao , a 1 , a
2 
••• , an-,) npHH~JielKHT xo,uy, TO H BeK-TOp A, nony

tleHHl:llr H3 A IJ,MltnHtl0CKOll nepeCTaHOBKOH COCTaBJIBIOJI\HX, To e. A = 
(al , a2 , a3 ••o ao ,, Ta.KlKe npHH~JielKHT xo,uy. HsBeCTHO HeCKOJil>KO 

cnoco6oB nocTpoeHHH IJ,MRJIHtleCKHX Ito'AOB {IO, !2, 20h _ UmtnHt!:eCKHH 

KO.rt noJIHOCTb!O s~aeTCH nop~aIOII\Hl4 worotlJieHOM 1 (X) • Ha KOTOpW 

,zieJIHTCH worotlJieH X"-t Io EcJIH -i<x) - worotlJieH cTeneHH Z , TO 

paSMepHOCTb KO)\a paBHa \ = ~-?o 3 ~ . 2 . 

Ilpm,ep. ,naa worot1JieH X +·1 = (X + It(X + X + I)(X + X + I) H~ 

noJiell Gf(2) .. MHorot1JieH j(X) = :x3+ X + 1 nopollt,ll;aeT QHKnHtleCKHH 

(?, 4) - KO,Ito 3JieM0HTH 

icx) = n o r r o o o) 
X y(X) = (0 I O r I O 0) 
t1cx) = (0 0 I O I I O} 
X1j(X) = (0 0 0 IO I I) 1

1011000 
0101100 

G= OOIOIIO 
OOOIOII 

MOEIO BH6pa.Tb B KatlecTB.e 6asHCHHX B0KTopoB, H, CJI0'AOBaTeJil>HO, Ma~

ny G B xat1ecirBe nopOllr,l\~ett MairpHQH .zvm aToro KO'Aao 

Tenepb OC'l'aJIOCb HaltTH npoBepotmyD MaTpmzy iraxoro KO'Aao Ha ireopHH Ha

B0C'fHO, tlTO~Bep<a..tlHaH2MaTpHQa 1toxe168l1' llOJIYtl0Ha H3 COOTHOmeHHH 

h (X) = (X + Iy<x" + X + n = X + X + X + I. Tor'Aa weeM: 

h(X) =(IO I I IO O} 
x hex> = co 1 o 1 1 1 o> <20> 
-fh(X) = (0 0 l O l I I). 

Kax a'l'o noxa38Ho B pa6oTe (II~ npoBepotmyD uairpmzy .zvm 'ASHHOro xo~ 

MomtO llOJIYtlH'l'b, ecJIH KOMTIOH8HTl:l B8XTOpOB B COOTHOmemuoc ( 20) nepenH

can B o6pa'rHOM nopH,ItK8o IlocJie '1'8.KHX npeo6paaoBB.HH8 no.nyq:aeu MaTpH-

ey : 
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f. 

H = 

OOIIIOI 
OIIIOIO 
IIIOIOO 

r 
Mrumo npoBepHTb, tlTO G H = Oo IlpaKTHt1ec1m a To sHatlHT, tlTO MH norcy-

tlHJIH QHKJIHtleCKHH KO'A XaMMHHra, CO'AeplK8.llll{H 4 HHq>OpM~OHHWC H 3 npo

BepOtlHWC paspH,Ita, TaK KaK MaTpHQa H CO'AeplltHT B KatleCTBe CTOJI6QOB 

BCe pa3JIHtlHHe HeeyJieBHe nocJie'AOBaTeJil>HOCTH 'AJIHHH 3. 

PaCCMOTpHM Tenepb o6~il BH,It nopollt,IlaIO~eil H npoBepotlHOlt MaTpHQHo .nna 

aToro npe'ACTaBHM worotlJieH 'J (X) _ B BH,Ite ·: 
. z. 

i cx> =<Jo+ ix:+ ·0
• +i./ · <2n 

CTeneHb MHorotlJieHa (2!) paBHa K =/7.- - Z o 

PaccMoTpHM cJie,Dym\He worotlJieHe: 
2 K-1 

J(X) , X~(X) , X ~(X), •• X ~ (X)o (22) 
Bee OHH HBJUllOTCH KO'AOBblMH H HX CTeneHb He npeBOC~O,ItHT n. - IO Pac -

cMaTpHBaeMHe ltaR B8K'l'OpH, OHH o6pasyzoT JIHH0HHO HesaBHCm&yll CHCTeMY, 

H BCHKHH KO'AOBHH B8X'l'Op HBJIHe'l'CH HX JIHHe:AH:oil KOM6RH~e8o Iloa'l'OMY 

:MaTPHQa, COCTaBJieHHaH H3 B8K'l'OpOB (22), HBJIHeTCH nopOllt,IlaJOlljeH uaTpK -

Qelt IJ,MRJIHtlecxoro KO'Aao IlopH,ItoK ee p-aBeH K xn, H OHa m.iee'l' cne~ 

BH,It: 

G" 
~o 81 ··•· lz 
0 <Jo 8' 
0 . · • 0 ~o 

0 ... 0 

'b, ... 0 

1, . . . ~z. 

:: 

~(X} 

. ~ ici:J 
x-:-'ff (1) 

AHanorHt1Ho npoBepotlHaH MaT~a i ~-qecKoro KO'A8 nopJJ,IUta :-z;ic 11 HMeeT 

BH,It: r 

H= 
O . . • . 0 hK,.h,h0 

O . . .. . hK . . . h0 O 1 "' 

h. (X) 
Xh (X) 

-• ...... ·:· ·,,: 1-· 1x·i-1i(x) 
hoO O , • hK 

IlepBaH cirpoxa aToil uaTpHQH cocTaBJieHa HS Koa~eH'l'OB worotlJieHa 

h(X),.sanHcaHHWC B o6p-aTHOM TIOP.fi'Alte (T. eo B nopfi'Alte y6HBaHHH cTe

neaeil). !IOCJI0,JJ.YIO~e CTpOKH COCTaBJieHI,I aHaJIOrHtnU,JM o6pa30M H3 K03q>

~eHTOB MHOrotlJieHOB X h(X)' ••• ' x'Z-,f h-(X)·o 

Ha ICOHKpeTHHX npHMepax paCCMOTpID4, KaxHM o6pa30M ocyiqecTBJIHeTCH 

npoQecc KO,ItHpOBa.HHJI H 'A8XO,ItHpOBaHHH ~HKJIHtleCKHX XO~OB. 

llrutJIKtmOCTb nepeCTaHOBOK, Onpe'AeJIHIOJI\HX CTpOeHHe paccMaTpHBaeMHX KO

'AOB, Jie~HT B OCHOBe TeXHKKH KO,ItHpOBaHHH H 'AeKO'AHPOBaHHH. XOTH B oc

HOBe a.TOH Texmurn JieJJtaT C'ABHrOBl:le perncTpH c JIOrHtleCKOlt o6paTHOit 
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CBH3bID, B nocJie,IJ;Hee Bpewr B CBH3H C pe3RHM y-MeHbmeHHeM C'l'OHMOC'l'H 

HH'l'eI'pa.JlbHHX wmpocxeM, noHBlmacb BO3MOlltHOC'l'b BHIIOnHHTb 8TH npoqe

,eypb! H napa.JlJieJibHb!M cnoco6oM. 

Pa6oTy RO,I!Hpy!Olllero ycTpORCTBa nocJie'AOBaTeJibHOro THna paCCMOTpHM Ha 

npHMepe Toro lite qHRJIHllecKoro RO'Aa, nop~aeMoro nonwoMoM 1(X} = 
i·~+ X + I. CooTBeTCTByIOl!lM 'Aa.HHOMY nonwOMY cxeMa RO,I!Hpy!Ol!lero ycT -

pottCTBa npHBe'AeHa Ha pHc-.24 • IlyC'l'b Ha BXO'A nOAaeTCH nocJie'AOBaTeJib

HOCTb HHqx)JlM~OHHHX CHMBOJIOB IOOI. B HH%ecJie'AyrollleR Ta6~e-~JI 

3a qHRJIOM noRa3aHO ipopMHpOBaHHe KOHTpOJibHHX CHMBOJIOB B perHCTpe. B 
HCXO,ll;HOM COCTOHHHH B perncTpe 3anHCaHH HYJIH• B JieBOM CTOJI6qe npHBe

AeHH HHqlOpM~OHHHe CHMBOJIH R • B npaBOM CTOJI6qe - CHMBOXH c , BH

TeCHHeMHe npH RBJKAOM ~Jie H3 perHCTpa.·. B qellb o6paTH08 CBHaH nOCTY-

naeT CYMMa no MO,DyJIIO ABa: p = K + C 

K O O O C 

I I I O 0 
0 0 I I 0 
0 I I I I 
I O I I I· 

CJie'AyIO~e TpH ~Jia BHBO'AHT ROHTpOJibHHe CHMBOJIH H3 perHCTpa, o6pa -

ayH ROAOBHR BeRTop IOOIIIO.·B RaqecTBe_ 'AeRO,I!HPYDII!ero ycTpo~cTBa Mo

llteT 6b!Tb HCIIOJil,SOB8H8 cxeMa, H306prutteHHM Ha pHc •. 25. ~8CTBHe 8TOR 

cxew CBO,I!HTCH R TOMY, qTo npHHHTml BSRTOp BBO,I!HTCH B Hee nocne-

AOBaTeJibHl,IMH ~JiaMH. APY~ CJIOB&m,c nOMo~ro Ta.Kott cxeMH Bl,lqHC

MeTcH CHHAPOM• EcJIH OmH6KH HeT, TO COAep,mMoe perncTpa 6yAeT pa.BHO 

HYJIID• EcJIH lite CHHAPOM He paBeH HYJIID, TO aTo YRa3HBaeT Ha HanHtme 

onm:6RH. IlOJIOllteHHe OmH6o~oro CHMBOJia onpe'AeJIHeTCH CJie.JJYIOIIlHM o6pa30M. 

IlpH OTRJJJJ1iemra BXOAB COA8l)DMO8 peI'ltCTP8 IIOCJI8AOB8T8Jll,HO C,1U3HI'88TCJI,~ 

HOMep qHRJia C'A13Hra , Ha KOTOpOM B perHC'l'pe nOHBJIHeTCH RO.It H3 -8,I!HHH

qbl B nepBO8 1111ehe H HYJiett BO BC8X OCTa.JlbHHX, H 8CTb HOMep OmH6oq-. 

Horo -CHMBona. 

Ilpm4ep. By,tteM CHaqana BBOAHTb B A8RO~ep ROAOBml B8RTOp 6es OmH6RH, 

HanpHMep , IOO IOII, co,tteplltB.ll1H·a 4 HHqx)pMBqHOHHHX H TPH ROHTpOJibHHX 

paspH,Ita. KJIIDtl K saMKeyT. TorAa noxyqHM cJie,a;ynqee: 

R O O O C 

I I 0 0 0 
I I I 0 0 
0 0 I I 0 
I 0 I I I L-1 - L--1 1---J :t. K 
0 I I I I PHc. 24·. Cxew ROAJIPYllIIlero 
0 I 0 I I yc'l'pORCTBao 
I 0 0 0 I 
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I 

Talt Kalt CHHAPOM paB8H HYJIID, TO CqJ!:'l'aeM, qTo HMeJia M8CTO 6esomH6oq

HM nepe,ztaqa. IIycTb Tenepb npHHHTa noCJie,ttoBaTeJibHOCTb IOOIOIO, T.e. 

nepBml HHqx)pMa.qHOHHml CHMBOJI npm!HT C OmH6RoR·. Bl,lqHCJIH8M CHHAPOM: 

It 0 0 0 C 

0 0 0 0 

hki!93i I I 0 0 
0 0 I 0 
I I 0 I 
0 I 0 0 
0 0 I 0 0 t lllero ycTpottcTBa. 
I I 0 I o. K 

IIocne 7-ro qHRJia RJmq K pa3Mb!RaeTcH, H cne.eyro~e TpH qHRJia C)lBHra .. 

ll't_-06pasOBaB111eecH coqeTS.HHe IOI. Kalt HeTpy,IJ;Ho npoBepHTb1Tpe6yeMoe 
coqeTaHHe IOO o6pasyeTcH B perncTpe cpasy lite nocne nepBoro Ta.RTa. 
&ro 3Haq}!'.'l',qTo OmH6Ra co,ttepm'l'CH B nepBOM CHMBOJie npHHHT08 nOCX8AO-

BaT8JibHOCTH'o 

Ha pHC-. 24 H 25 BH'AffO, qTo B xaqec'!'Be ycTpORCTB AM R~OBaHHH H 

A8RO'AKPOBaHHH HcnoJibsyeTCH cll'.e'flmK B nOJie ranya GF(2 ). HasHaqe -

HHe JtJillqeR K4H K2 Ha pHc. 24 cne,IIYl)[llee. BHa"IMe x,mq K4 HaxO,llHT

CH B nonoxeHHH I, a RJIJ>tl K 2 3BMKHYT• HHipop11aqHomme cHMBoJIH, no,tta

BaeMHe Ha BXO,It, BO-nepBHX, H8IIOCpe,ttCTB8HHO nepe,ttSllTCH B JIHHHD, a 
BO-BTOpHlC, IlOCTYfiSllT B ltO'AHPYJll!l88 ycTpoRCTBO' r'Ae 3a ll maroB 06-
pasyeTCH n- 1l 1tOHTpOJibHHX CHMBOJIOB. IloCJie 8TOro x,mq nepexJillllae~

CH B. noJioxeHHe 2, C08AHffHH pernc'l'p C BHXOA014, a RJillll K2 B qenH 06-
paTHoR CBH3H pa31Wlta8TCH. 3aTeM perHCTp C,ItBHraeTCH 81!l8 12 - i£ qHltJIOB_, 

H ltOHTpOJibHHe CHMBbXH nOCTYJUWT ita BHlCO,It. 

KoAH, HcnpaBJIJtixqxe na.IteTH (ttJiaC'l'epH) OmH6ox. ,no cHX nop w paccva.T

pHBaJIH ItOAH, HCnpaBJIJD>~8 O,I!HHQqHH8 OmH6RH. Ho CYlll8CTBY8T ltJiacc 

cneqHaJibHHX qHRJIKll:8CltHX ltO,ItOB, ltOTOpHe npHM8HJU>TCH AM HCilpaBJI8HM. 

Il8.It8TOB OmH601t HJIH 1macirepoB. Ta.ItH8 OmH6KH BO3HHRaJl'l', HanpHMep, B 

Ha.ItOnHTe.JIJric Ha MarHHTHHX JI8HTax H M8.I'HHTHHX ,I!HCKax. Ila.IteT OmH60lt 

AJIHHO!l 8 OIlpe'A8JIH8TCH B81tTOpOW OmH6RH ., B KOTOpOM BC8 8,I!HHHqbl 

38.ItJil)q8Hbl B nocJieAOBa'1'8JibHOCTH i CHMBOJIOB npH ycJIOBHH, q'fo xpaRHHe 

0~ 8TO8 nocJie,ttOBaTeJibHOCTH - 8,IIHHHqH. Ta.It,na.IteTH'OmH6OR'AJIHHOtt 

5 MOryT BHrJIH,IteT:& cJie.eylllllHM o6pasow (n = 12): 
OOOIIIIIOOOO, OOOIOOOIOOOO H T. n. 

IIlHpoxoe npHMeHeHHe no~ ROAH ~~, ROTOpHe YAO6Hee Bcero onpe.

A8MT:& c nOMo~n nopcir,qSlllllero MHoroqneHa 

j (X) = p(X)(f'.,. I), .. ,,,, 
rAe p(X) - HenpHBO,llHMID1 MHoroqneH eTeneHH tn HSA noJieM Gf(2 ). 
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KO'A ~afipa m.ieeT CJie,eyrorrµi:e CBOHCTBa: 8H8"11WOCTb KO~alv eCTb o6~ee 
HaHMeHbmee KpaTHOe noRa3aTeJISI C H nOpJI'ARa ROpHefi nOJiliHOMa p(X), 

paBHOI'O e = 2m- I; tn!CJIO npoBepOtraHlC CHMBOJIOB n. - K = c + m , ti:HCJIO 

HHq>OpM~OHHWC CHMBOJIOB JC = n. - e - m • 
HcnOJib3YH 8TH RO'All 'MillKHO HcnpaBHTb mo6yro O~Otrayro nati:Ry OmR60R 

'AJilllill ~Rnli MeHbme H O~OBpeMeHHO o6Hapy,mTb mo6yro nati:Ry OmR60R 

'AnllHU 8d ?, tS'e MR MeHnme' ecnn C ~ ~ + 8,:J, - I H rn ,; ~ • ECJIH npm.ie

HHTb 8TH RO'All TOJII,RO 'AJIH o6Hapyxt8HHH OmR60K' TO MOJKHO o6Hapy'11:RTb mo-
6-yro ROM6HH~ 113 'AByx nati:eR OmH6oR, 'AnRHa Ham.ieHbmefi 113 KOTOpHlC 

He npeBOCXO~T m ' a CYMMa ~ KOTOPHX He npeBOCXO~T e. + I TaR 

lite, KaK H mo6yro o~otrayro nati:Ry OmH60K ~H, He npeBOCXO'AffiI!efi 

C + m - tn!CJia IlpOBepOtrallX CHMBOJIOBo 

Ilpm.iep. Onpe~enHM ROA ~afipa 113 CJI8)zy!OiqeI'O COOTHOmeHRH (24): 
(( 2 68 

'j(X) = (X + X + I)(X + I), 
II 2. 

I''A8 (X + X + I) npe'ACTaBJmeT co6ofi HenpHBO'AHMllll nOJiliHOM (Ta~ 

HenpHBO'AHMllX_nOJiliHOMOB° CTeneHH I6 H MeHbme 'AaHH B (II). B COOTBeT

CTBRR C TeOpHefi CBOHCTBa TaROI'O KO'Aa CJie,eyro~e: 
m " ) ~ nocxom,xy e = 2 - I = 2 - I = 2047, To n =H.o.x. (2047, 68 = 

I39I96; 

- trn'.cJIO npoBepOtrallX CHMBOJIOB: c + m = 68 + II = 79; 

- tn!CJIO RHq>OpMa.tzylOHHHlC CRMBOJIOB: 1t =n - c - rn = I39I_I7;. 

- aqifeRTHBHOCTb ltO'Ali, paBHM OTHOmeHRIO tlRCHy RHq>OpM~OHHHlC CHMBO -

JIOB ~ o6Iqeuy tlRCHy CHMBOJIOB B RO'Ae-, paBHa 99, 94 %, T. e. oti:eHb Bll -

coxa. 

CJie,qyeT OTMeTHTb' ti:TO no CTPYRTYPS o6pa3yroiqero nOJIRHOMa MOlKHO onpe

'AeJIHTb cxeuy KO'AlipYfiliqeI'O H 'AeRO'ARpYfiliq8I'O ycTpofiCTBa CJie,rzyx>IqHM 06pa-

3oM: "1!1 10 62 II 2 
~ ( X) = X + X + X + X + X + I HJIH To ae cm,oe 

n 'JO 6i If 2 · 
X =X+X+X+X+I. 

TaKHM o6pa30M ti:HCJIO pa3pJJ,IJ;OB C'ABHI'OBOI'O peI'HCTpa B HameM npwepe 

paBHO 79, a o6pa'rlla.a: CBH3b no'AaeTCH Ha nepBHfi, BTOpott; 0'AHH_H8,Ilqa -

Tllll7 mecTb'AeCHT BOCbMOll
0

H C6Mb'AeCHT BOCbMOA pa3pJJ,IJ;u. 

HeTpy'AffO 38M8TR'l'b SHaJiormo, KOTOpa.a: wee'l'CH Mex,.qy ltJiaCTepauH, B03 -

HliKaJ'.llqHMH B JOfPolCTBaX CBH3H H BINHCJIHT8JII,HOlt 'l'eXHRKH H O'AffOBpe

MeHHw cpa6a'l'HB8HH8M COCe'AHRX 'AaT'llHKOB B-MHOI'OKaHaJII,HHl{ 'A8'1'8KTOpax 

sapJDl[eHHHlC ti:aCTHq. IloaTouy KO~Yl)llllie H 'ASKO'AHpyDrrµi:e ycTpoficTBa 

KO'Aa ~aApa MOryT 6UTb Hcnom,30BaHH 'AJIH SqifeltTRBHOA perHCTpa.qe RH~

q>Opi(B.qHH B cneKTpOMeTpax q,H3RRH BHCOKRX 8Heprd B COOTB8TCTBRH C 

H3JIOlt8HHHM Bhlllle M8TO'AOM CRH'APOMHOro' KO'ARpOB8.HIDI. ff pa6oTe (25) 'Aa

HH Ta6JIH~ nop<m,IlSJJiqHX IlOJiliHOMOB KOAOB ~a. 
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BtJX- KO'AbJ'o HaH60Jiee BSXHHM ltJiaCCOM LµmJ!RtleCKRX ltO'AOB, HCnpaBJIJIJOiqHX 

MHOI'01tpaTHH8 He3aBHCHMHe OmR6KH,HBJIJIIOTCH KO'AbJ' Boysa - qOY'AXYJlH -

XOKBHHI'eMa (filDC-ItO'AH) • 0TH KO~ Y'A06HO 3~aIOTCH C nOMOiqblll KOpHefi 

nop<m,IlaIOiqeI'O IlOJiliHOMa i<~ • 8TOT IlOJiliHOM HMeeT B Kati:eCTBe ltOpHefi 

aJieMeHTH noJISI ranya GF (2 ) • qeTHue CTeneHH aJieMeHTa a. MoryT 6mn 
OT6pomeHH, TaR ti:TO nocJie'AOBaTeJII,HOCTb KOpHefi IlOJIRHOMa ef(X) HMeeT 

Bli,Il: 
3 5 2t-J. 

a,a,a, ••• a ·• 

OKaaHBaeTCH, ti:TO IlOJIRHOM, Y'AOBJieTBOpmorrµi::fi 8TOMY ycJIOBHIO,nopcm.riaeT KO'A, 

HCilpaBJIHlllrrµ{ll Bee OmR6KH KpaTHOCTH ~ 1:. • ,nitH IlOCTpOeHRH noJIRHOMa 

'J (X) CJie,qyeT o6pa~oBaTb MHl{HMaJII,HHe IlOJIHHOMH (RJIR 'L!HHID,(aJII,HI,J'S 

qiymt~H) Wi(X) ( l = I·; 3, 5, •••• , 2t - I). B pa6oTe (26) AaeTCH 

npOCTOH cnoco6 IlOJIYtl8HRH MiiHRMaJII,HI,J'X noJIRHOMOB,CYTb KOTOporo MH pac-

CMOTpHM Ha npHMepe IlOJIH Gf(2" ) H 'AJ!H CJIYlIM, KOI''Aa H806XO'AHMO nocT

pOHTb B'l{X-KO'A c fl= I5 H f. = 3. Eiqe paHnme MH ycTaHOBHJIH, .ti:To aJie-

::~::.~::: ,:::M ;,~~~;¥/;\ \: I H noaTouy HBJIHeTCH MH -

Ilo onpe'AeJieHID01 MHHHMam,HHM nOJIRHOMOM mA(X) IlpOH3BOJII,HOI'O HeHyJieBo

I'O aJieMeHTa A B noJie GF(2m) HBJIHeTCH e'ARHCTBeHHI,J'll noJIHHoM c 'ABOHti:

HHMH KOa~eHTaMH H HaHMemmefi CTeneHH,KOpHeM KOTOpOI'O HBJmeTCH 

aJieMeHT A• )J,a.Jiee, STOT IlOJIHHOM m&eeT B Kati:eCTBe KOpH8ll Bee Kpaa-
2. ~ 8 21<-1 

JIHti:HI,J'X 8JI8MeHTOB B BRAS A , 1( , A , A , • • • , A , I''A8 K HBJIHeTCH 

HaHM8HbmHM tlHCJIOM, TaR'ID4, ti:TO BHnOJIHHeTCH paBeHCTBO 
~ . 

Ji.= A, 
3To 3Hati:HT, ti:TO MHHHMam,Hllfi MHorotrJieH MOllteT 6HTb pa3JIOllteH Ha :wio-

nTeJIH ,,K-1 
. 2 S<' " 

m/X) = (X + A)(X + A)(X +A) • • • (X + A) • 

IlpHti:eM 3'AeCb paCet.4aTpHBaIOTCH 'ABa CJIYlIM KO'Aa /( < m . H. m = /(. . . s ... 
IlpHMep I, K ~ m. HafiTH MlnmMaJibHHH nonHHoM aJieMeHTa A = a B noJie 

q . . s ~ 
G f(2 ). PemeHHe: paaJIHtnmMH xopHHMH mA (X) HBJI.IIIOTCH a _H a , noc-

20 S' S" (/1. 
xom,ey a = a • IloaTo~ f1'1,11(X) = (X + a) (X + a). )J,a.Jiee m11 (a) = 

S" 10 2 8 /0 
= (a + a)(a + a ) = a a:= a = IIIO HJIH TO lite cauoe,11To 

2 
fl1s (X) = X + X + I. 

3 
Ilpwep 2, K = : HafiTH MiiHRMaJII,Hlllt noJIHHoM aJieMeHTf a 6 12 

!'I 

PemeHHe: pa3JIHti:HHMH KOPHHMH 8TOI'O IlOJiliHOMa 6y,qyT a, a, a H a= 
9 . ~ 5 

= a , TaK KaK a = a t TO 
3 3 6 12 JC 6 m3 (a) = (a + a ) (a + a ) (a + a ) (a + a, = a = 

= OOII • Ilocxom,ey K = m., TO no npaBHny, npHBe'AemtOMY B pa6oTe (26) 

He06XO'AHMO It mA(a) A06aBHTb no MO,qyJIIO 'ABa t11{ (a) = I + a + ~, To e. 
1 

IIOOI,B pe3ynTaTe nOJIYlIHM Il!II,H,oKoHti:aTem,Ho 
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'f 3 2 
m3 (X) = X + X + X + X + r. 

B KOH0tlHOM HTOre IIO.n:ytiaeM rropOJK,IlaIOnµffl IIOJIHHOM BqX-KOAa, C rrapa.MeT- i 

pa.MM : KOppeKTHpyrorqrui CIIOC06HOCTb i = 3, n = I5' trnCJIO IIpOBepotrnwc 
CHMBOJIOB 2 = !2 H tIHCJIO HHq>OpMaqHOHHWC CHMBOJIOB K = !5 - !2 = 3

0 

~eKOAHpOBaHHe BIIX-KOAOB MH 3A0Cb He pacCMaTpHBaeM. OTOT H0IIpOCTOH 
BOIIpOC AOCTaTOtlHO IIOAp06HO H3JIOllteH B RHHrax IIO TeopHH KOAHpOBaHHJI 
(IO, II,20) • IlpHMeHeHHe TeopHH"BtIX-KOAOB 'AJIH C03AaHrut 6ucTpo-

Ae8cTByrorqHx YCTpOHCTB OT60pa g)R8RtI8CRHX C06HTHi!: OIIHCaHO. :B pa6oTe 
(!4). Kalt IIOKasHBaeT IIpaKTHita,HaH60Jiee 3qql0KTHBHHMH YCTpOHCTBa.MH, 

rrpHMeHHeMHMH 'AJifi A0KOAHpOBaHHH BqX-KOAOB,!!BJIJIIOTCH IIII3Y~ 

IlpHJioJKeHHe 
KotmJieKC rrporpa.MM ~H aBTOMaTH3aqll'.H JIOrHtI~CKOro rrpoeKTHPOBaHHfi 
ycTpOHCTB CJKaTHH HHq>OpMaQHH, paspa6aTb!Ba0Mb!X Ha 6ase aJire6paH
tI0CK08 TeOpHH KOAHIJOBaHHfi 

B IIp0AgeyrqHX pa3A0JiaX Ha.MR 6HJIH paCCMOTpeHH ~OIIpOCH IIpHMeHeHHB: Teo
p,m KOAHIJOBaHHfi 'AJifi C03)laHHH ycTpOHCTB CltSTM .1tammx,pe:raCTpEIJ>Y8MIDC 

B rOAOCKOIIHtieCKHX CHCTeMax. BHJIO IIOKa3aHO, 'CITO, HCIIOJib3YH 3TY Teopmo, 

MOlKHO CTpOHTb 3q>q>0KTHBHHe rrapaJIJI0JibHHe IIIH~paTOpH H 6HCTpOA0HCTByrorqHe 
ycTpOHCTBa 'AJifi KOM6HHaTOpHoro OT6opa co6UTH8. HHJKe IIpHBOAHTCH KpaT
KOe OIIHCaHHe KOMIIJieKca rrporpa.MM AJIH aBTOMaTH3~HH JIOl'Ht!ec1toro rrpoeK

THpOBaHHH H MOAeJIHpOBaHHH IIOA06Hwc YCTpOHCTB. BOJIDmM tiaCTb IIpOrpa.MM 

HamrcaHa Ha srsHitax aHaJIHTHtieCKHX rrpeo6pasOBaHH8 Sohoonship .a: Reduce. 

HeKoTopHe rrporpa.MMu cocTaBJieHu Ha aBTOKOAe ,1tJIH SBM EC-IOIO H Ha srsu--ke Pt./,. 
IIporpa.MMa Hax01JtAeHH.II 3JI0M0HTOB IIOJifi raJiya. OJI0M0HTH IIOJifi raJiya Gf<2"') 
- MHorotIJieHH rrepeMeHHo8 X, IIpHHHMB.IOrqe8 SHatIEiHHH O HJIH I c KOs<l$n.lH

eHTaMH, paBHUMH O HJIH I' 'AJifi KOTopwc orrepaq1m CJIOJteHM, BINHTaHM, 
YMHOlK8HHH H A0JI0HHH 0IIpeASJI0Hl,l crre~HaJibHW. o6pasOM. IlpaBHJia BimOJIHe
HHfi 60JibIIIHHCTBa H3 3THX orre~ll'.8 6HJIH paCCMOTpeHH Bl:lll!e. 

IIporpa.MMa TABL AJIH 3~aHHoro HeIIpHBOAHMoro MHorotIJieHa CTerreHH rn. 
BlltrnCJI.II8T z"- I 3JI8M0HTOB IIOJIH raJiya {] f( 2m) • HarrpHMe_p, IIpH m = 3 
AJIH HeIIpHBOAHMoro MHorotIJieHa x3+ X + I aJieMeHTaMH IIOJIH GF{23 ) 

· o 1 /l 3 9' • .2 HBJIJIIOTCH MHorotIJieHu a = I, a = X, a = X, a = X + I, a = A + X s 2 6 2 l , 
a = X + X + I, a = X+ I, = 0 = I. 
IIporpa.MMa HaIIHcaHa Ha srsHite Schoon-sclz.ip. 
IIporpa.MMa COCTaBJieHM MaTpHqH IIpOBepotIHWC COOTHOmeHHtt 

T 
MaTp~a H HMeeT B,m 
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HTc la ().?J 2:t-1 
a . . 
(2t-1)(_n-9 IH a3(11-,J 

(). a . 
qHCJIO CTpOK 3TOH MaTp~H paBHO tIHCJIY pa3pfiAOB BXOAHOH HHq>OpM~H 

tHarrpHMep, tIHCJIY IIpOBOJIOtieK B MHOrorrpOBOJIOtlHOH rrporropqHaHaJibHOfi Ka

Mepe) ' trnCJIO CTOJI6QOB - tIHCJIY pa3pfiAOB BblXOAHOfi ClltaTOH HHq,OpM~H· 
tcHHAPOM KOAa). Ilporpa.MMa MATR, HaIIHCaHHM Ha HsHKe R.eOUl(I!., Bm.rc-

if,;r,,,.,,. , T 
JIH0T K03'J!'¾"'-'-\HeHTH IIOJIHHOMOB, HBJIJIIOrqHXCH 3JI0M0HT8.Ml1 MaTpHQH H0 

TI or a.MMa MO e OBaHHfi a60TH CT OHCTBa ClKaTHH HHq>OpMaQHH. IlpHBe;. 
. T 

,11eHH.M Bblille MaTpHQa IIpOBepOtrnb!X COOTHOillSHHHlMaTpHQa CBH3SH . H HBJIH-
eTCH , IIO cyrqeCTBY, IIpHHQHIIl18JlbHOH cxeMofi ycTpOfiCTBa .ClKaTHH HHq>OpMa_ -
QHH. ,IJ,rrsr MOAeJIHIJOBaHHH ero pa60TH HCIIOJib3yeTCH rrporpa.MMa RACH, Ha
IIHCaHHM Ha aBTOKOAe AJIH 3BM EC-IOIO. 
B OCHOBY IIpOrpa.MMH IIOJIOlKSH aJirOpHTM Y • I111Tepccma [Ii}. KoOpAHHaTbl 
cpa6oTaBmHX IIpOBOJIOtieK IIpOIIOpqHOHMbHOfi Ka.Mepb! HJIH CqHHTHJIJIHTOpoB, 
OT KOTOpbIX IIOCryIIHJIH CHrHaJiu,orrpe,11eJimoTCH H3 ypaBHSHHfi 

x3-l(jX-+¥4=0. (mJ· 
IlpelK,118 Bcero BH'C!HCJIIDOTCH G;,, l'f, , 6~ IIO CJIS,J:IYIOIJ1l!M q>OPMYJia.M: 

2 2 3g s' s, s,+ Ss ~ S,Ss + S3 +~ :3+ , · f n2; 
o,= s,; Gi = s,3+S?, , 3 = s,3+ s> . l' 

S, , 53 , ~ , 2 q>OpMHpyroTcsr B 6JI01te CJKaTHH HHq>opMaQYIH, a B rraMHTb SIM 
KOAH ~. ~.~rrocTyrraroT B B,me /f- pa3pfiAHIDC CJIOB. 
Ilporrawa BH'C!HCJIHST 8JI0M8HT8plilie CHMMeTpll:'l:8CKR8 i.PYH~ 6, ,t:5;.,fl-3 IIO 
TOPMYJia.M 112, 3aTeM, IIOACTaBHB HX 3HatieHHR B BHpaJKSHHe rrr, IIOCTYII8ST 
CJIS,IIY!OrqHM o6pa30Mo 

BepeM MaCCHB 3JI0MSHTOB IIOJIH raJ!Ya t2
111

). IlootiepeAHO IIOACTaBJIHSM 

KalK,IlHH 3JISMSHT MaCCHBa B ypaBHSHHe TII. Te 3JISMSHTH, KOTOpHe YAOBJieT

BOpHIOT 3TOMY ypaBHSHHIO, H COOTBSTCTByroT HOMepa.M cpa6oTaBmHX IIpOBOJIO-
tieK tcQHHTHJIJIHTOpoB>. ' . 

IlporpaMMa BhltlHCJieHHH AeTepMHHaHTa MaTpHQH. Tiporpa.MMa DET, Harr11caH
Hasr Ha H3HKe R.ed1.1re, BHtrncJisreT 1tosipµU1VIeHTH rroJIHHOMa, HBJimorqerocsr 
,IISTepMllliaHTOM MaTpHQH 
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Ilopff,ll;OK MaTp~bI - oT 3 ,nn IO BH'll'ICJieH Ha 8BM. 
IlporpaMMa BwrncJieH.uI nepemuot.:iaTeJibHIDC ipymn~Hil:. IlporpaMMa KOEP, Ha

TIHCaHHM Ha R3blKS Rer/..ure t BbJtrnCJIRST nepeKJIJOtiaTSJibHYJO ~mo, llpe'A

CTaBJISHHJIO B B~e noJII!Hr,Ma ls) lcM. cTp. 25). OHa BKJIJO"tiaeT TaJOKe 

TIO'Anporpa.MMY ~Jij! BbllIHCJISHI!R KOai{xp~eHTOB A (K). 
,llJIR BWUiCJISHM nepeKJIJO"tiaTeJIT:,HIDC 4JYHK~, Ilpe'ACTaBJIReMIDC TIOJIHHOMru.m., 

l!MS!OlllliX CTeneHH 6Mee, "t!SM 3,6b!Jia COCTaBJieHa nporpa.MMa Ha R3blKe 

p {.. /I, KOTOpM 3a.Hl!MaeT I30K onepa'l'HBHOil: Ila.METH. Ha 'A8.HHOM 3Tane B03-
MOlKHOCTH nporpa_M1m TaKOBbI, qTo B npo~ecce BWiliCJISHHR npii K~OM 6a -
3HCHOM 3JISMSHTS cyw.mpHoe KOJili"t!SC'l'BO Cl!MBOJIOB B COMHOlKHTSJIRX 'AOJDKHO 

6bITb O~aKOBblM (X C"tII!TaeM sa 0~ cmrnoJI) H He 'AOJDKHO npeB1,1II1aTb 

250. BbI"tIHCJieHHR Bh!I10JIHff!OTCR- HTepaTHBHO: 

TipH 11 = 4 H m- = 5 BpeMfl, saTpa"tIHBaeMOe ~eHTpaJibHblM npo~eccopoM, coc
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Tpe6oBaHIDJ., npe'A"I>smlI.!!eMHe K cep:m 6pollll0p 
"Jie~ ,lJ.ll!l MOJIO,IU,IX Y'leHHX OIDilf" 

CepWI 6pollIIOp "Jierunm ,lJ.ll!l MOJIO,IU,IX y,:reHHX OIBill" liS'Aa8TC.fI c IleJU,D 
IIOBHlll8HWI Hay,mo-npo(f/eccHOHa.m.HOro Kpyrosopa li YPOBH.fl MOJIO,IJJiX yqeHWC 
li CIISIUiaJiliCTOB OIBill B aKTYaJ!l,HWC O6JiaCTJDC llCCJIS'AOBaHd, Be,IzylllliXC.fI no 
TeMaTmte llHCTHTYTa. BmycKn 'AOJillt!Ili npe'ACTaBJI.fIT~ co6o! saitoHqemrae 
I(mtJm Jie.Kild, I!pO'lliTamme B OIBill li oplleHTllpOBamme npellr,Ite BCero Ha 
MOJIO,WO: COTpy,D;HmtOB H!!CTlioryTa. 

Jierunm 'AOJDmH.m.1eor:r, xapaitTep y,:re6Horo noco6wi:, npe,D;HaSHaqeHHoro 
,wI.fI nepBoro O5HaKOM1IeHWI C paCCMaTpliBaeMO! IIpo6JieMo!, a TaIOte CO'Aep
.lKB.Tl> 0O50p ea COBpeMeHHoro COCTOJ'lHWl. OHR 'AOJDKHi 61,JT:r, CHa6JiteHH IIO,ri
po6Hh1M orJI8.BJI0HH8M. H OCHOBHOli JillTepaorypoil. BOJll,lllRe naparpa(p1,1 peKOMeH-. 
,IJ,yeTC.fI pas6HBaT1> Ha IIO~aparpaw1,1 C Bh!HeCeHHblMR B orJiaBJleHHe IIO'ASaI'O
JIOBKaMll. 

Bec:r, TeKCT, BKJIIO'm.fl OT'A8JI1,Hble rJiaBbl H naparpa(p1,1, CJie,IJ,yeT IIe"!a
TaTl>; SallOJIH.flfi K8lK,JzyIO CTpamm,y IlemmOM. 

PyKOIIHCl> 'AOJDma 6HT1> HaIIeqaTaHa Ha CIIet:lRa.iwmx 6J.tamtaX, npe,IJ;Has
Haqemmx; ,lJ.ll!l IIpaMOro penpO.IJYilRPOBaHWI, KOTOI)lie MOlKHO IIOJiytm'rl> B H5-
'AaTeJI1>CKOM OT'AeJie. Bee !pOJ;MYJIH ll cxeMH 'AOJDl!Hfi 6HT1> BmICaHli aKKypamo 
ll .fICHO Tyml,D MR qepHWiaMH. qel)Horo lU)eTa. PaSMeTKa !p0p..!3'JI He npozs
BO'AliTC.fI, RX HyMep~ 'AOJ.CltHa HaxO~l>C.fI B K~e CTp0Kli c:a:paaa B 
KpyrJIHX CKO6Kax. TeKCT Jie:Et.Illlit neqaTaeTC.fI Ha Mammme C ~el)HO! (He ce
poil:) JieHTO! qepes I,5 mITepBaJia. 06'beM JieKI:ld He 'AOJillt8H npeBl,llllaT:r, 
IOO CTPaHHil WlllllmOIIHCHOrO TeKCTa, 

PyKomrc:r, npe'ACTaBJmeTC.H B Pe'AaKilllOHHlili COBeT cepHH 6pOllIIOP "Jil3K
Ullli ,lJ.ll!l MOJIO,IU,IX yg:eHHX OIBill" CoBeTOM MOJIO,IU,IX yqeHl,IX H CIIerti!a.IDICTOB 
OIDlli H CoBeTaMll MOJIO,IU,IX Y'leHHX H CII8J'.t0'.aJIHCTOB Jia6opaTopliil: HHCTHTyTa. 
Pe'AaKilllOHHblfi COBeT npHHHMaeT OKOWffiT8JI1>HO8 pemeHH8 0 IleJiecoo6pasHO
CTH 88 ny~H. 

Pe'AaKilllOHHlili COBeT 
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