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r. nOCTAHOBKA 3A,Il;Al-ll1 

B TparrepHWC cRcTaMax nepBoro ypOBHfI, KOTophIe HCnOJIb3YIOTCR B COB

peMeflliHX cneKTPOMeTpax WHSHKH BHCOKHX 8HeprHH, npe~~~.HIDTCR BHCOKHe 
TpeÓOBaHRH K TaKHM napaMeTpaM, KaK BpeMR perHCTp~H MHo~eCTBeHHOCTH 

CHrHaJIOB, nocrynamuax 0'1' MHOrOKaHaJIbH1IX ~eTeKTopOB sapasenaax xacrnu, 

H 8cWJeKTID3HOCTb npeOÓpaSOBaHM ~aHHI:l.X B clJOPMY, Y~OÓHYIO )J,JIR BhInOJIHe-
HM aPReflMeTHqeCKHX onspauaã • }KeJIaTeJIbHO, qTOÓbI 3TH npc

~e~pH BHllOJIHflJIHCb ÓbI napaJIJIeJIbHO H B O~HOM H TOM ~e YCTpOHCTBe. 
illHpOKO RCnOJIbsyeMHe B HaCTOR~ee BpeMR M8*OpHTapHHe cxeMbI COBn~eHHM 

BHnOJIlmIDT TOJIbKO WYHKUHH perHCTpauHH MHO~eCTBeHHOCTH CHrHaJIOB [1-31, 
a nrnqJpaIJ;H.fI xoopnaaar CpaÓOTaBIlIHX ~aTqHKOB ~eTeKTopa Bill1OJIHReTC.f.I 

c noMo~ro npHopHTeTHHX [4J IJlHwpaTOpoB, qTO npID30~HT K cYmecTBeHHoMY 

YBeJIHqeHHID BpeMeHH rrpeoÓpaSOBaHHR,OCOÓeHHo B Tex cJIY~a.fIX, KOI~a qRC
JIO KaHaJIOB perHcTp~ CJIHIJlKOM BeJIHKO ( CBhIllie CTa). CyTb ~8JIa B TOM, 

qTO ,lI',JIR WYHI\WiOHRPOBaHH.fI TaKHX IlIHéIlpa'l'OpOB HeoÓXO,IU1Mo HMeTb TpHrrepHhIH 
perHCTp H HcnQnbSOBaTb TaKTOBbIe HMrrYJIbCH ~R onpoca COCTO.ffHHR flqeeK 

,perHCTpa. 

B rrOCJIe~ee ~eCRTRneTHe HHTeHCRBHO paSBHBaeTCR TaROe B~oe Ha
npaanenae B HHWOpMaTRKe, KaR UHWPOBaR oopaoorxa CRrHaJIOB ,IKOTopaR B 
TeOpeTHqeCKOM acneKTe óasHpyeTcR Ha MeTo~ax aÓCTpaKTHoí1: aJIreópH, Ta
KR.X,HaK rpyrmu, nOJIR, ROJIb1.ia, ÓhICTpbIe MrOpH'l'MhI, aanpasep cuc-rpoo 
npeOÓpaSOBaHHe ~ypbe,H npoqee [5-81 

YMeCTHHM óy~eT HanOMHHTb HSBeCTHhIll WaKT H3 HCTOpHH paSBHTM 
8JIeKTpOHHhIX 3KCrrepHMeHTOB WH3HKH BhlCOKHX 8HeprHí1:. Tax,B Haqa.n:e 50-x 

rO~OB paSpaÓOTqHKH annapaTyphl H WHSlli<H - 3KCnepHM8HTaTOphl HSyqaJIH 

6YJIeBY aJIreópy, Ha OCROBe HOTOpOH ÓHJIH C03~aHbI TaKHe pa3JIHQHhIe JIO
rHqeCKHe YCTpOllCTBa,Kill<: COBn~eHM, aHTHCOBn~eHH.fI, CMeC~TeJIH H rrpoq. 
B CBR3H c paSBHTReM MHOrOKaHaJIbHI:l.X CHCTeM perHCTpauHH H oópaÓOTKH 

naaaxx, r~e ll.IHpOKO HCnOJIb3yeTcR rexaaxa H1C H MHKponpou;eccopOB, aa 

Halli B3rJI~, HeOÓXO~HMO OCBoeHHe HOBoro MaTeMaTHqeCKOrO annapaTa

aJIreÓpH rarrya, KOTOpaH ~~eTCR eCTeCTBeHHHM rrpo~o~eHHeM 'ÓYJIeBOll 
aJIre6phl Ha CJIyqall ÓOJIblIlOrO '!IHCJIa nep8M8HHhIX H K-3Ha'!IHOH JIOrHKH, r~e 

K ) 2. 

C ~e~ID o6Her'!IeHHH qTeHHH ~aHHOft CTaTbll ~aeTCR ~Ba llpH
JIO~eHHR, B KOTOpHX npHBO~TCR HeOÓXOAMMue CBe~8HRff HS aJIreÓphI raJIya H. 
aJIreópanqeCKOM TeopHH KO~HpOBaaRH. CJIe~eT OTMeTHTb, qTO MeTO~H ~W

POBOM oópaóoTKH CRrHaJIOB Ha óase COBpeMeHHOll aJIreóphl paccMoTpeHH B 

06sope [7] H B MOHOrpacIJHH [8] • CHHTe3 rrepeKJIIDqaT8JIbHHX WYHKIJ;RH H~ 
nepeMeHHhlMH, npe~CTaBJIeHHhlMH B B~e 8JIeM8HTOB nO~R raJIya, paccMoTpeHhI 
~ paóoTax [5,6] . OKa3aJIOCb, '!ITO CHHTe3 ~OBOJIbHO CJIO*HHX ~~Hfi 
MOJKHO ::$íleKTRBHO BHIIOJIHfITb c nosouac 3BM. 11, HaKOHe~, H3yqeHR8 OCHOEl 
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~reép~ r~ya Heoéxo~RMO B CBR3H c pa3BHTReM HOBOrO HanpaaneHHR B 
COBpeMeHHOM rrpRéopOCTpOeHMH-CRrHaTypHOrO aH~3a. C rrOMOmDID CRrHa
TypHhIX ananaaaropoa, lli'VlelOlIJ,IDC aJIreépa.H~eCKYIO CTPYRTYPY, ~OBOJIllHO S<W!eR
THBHO OéHap~aIOTCH HeRCrrpaBHOCTH B MH.KpOnpO~eCCOpH~ cHcTeMax [9,lg. 
B paéoTax [II,12J éuno rrOKa3aHO, qTO,RCrrO~L3YH MeTO~~ aJIreép~eCKOn 
TeOpJ1l'I KO~RpOBaHM, MOiKHO C03~aBaTL napanaezsaue IIrn4JpaTop~ ROMéIDla
UROHHoro TRila, ~H paéOT~ KOTOpax He TpeéYIDTCH HR 8~eMeHT~ rraMHTR, 
HR Ta.KTOB~e .HMrrY~LC~. Xapa.KTepHoi1: ocoéeHHOCTLlO Ta.KIDe lill1<ÍJpaTopOB ml

JúIeTcH TO, ~TO naaase , rrOJI~eHH~e na IDe ssxonax, HecYT B ceoe IDI<ÍJ0P
M~HlO He TO~LKO O MHOJKeCTBeHHOCTR C06bl'l'Mfi, HO R co IDe xoopnzaarax, 
qTO rr03BOJIHeT C03~aBaTL Ha ~TOi1: OCHOBe Koop~IDIaTH~e rrpo~eccopH [13]. 

B ~aHHoi1: paéoTe Ha KOH.KpeTHOM rrpRMepe pacCMaTPRBaeTCH crrocoé rrOCT
pOeHRH OARoro M3 TaEHX npo~eccopoB. S~a~a CTaBHTCH c~e~mRM àépa
30M. ~OrryCTHM, qTO M~ .HMeeM CURHT~~HOHH~n rO~OCKon, co~epEamH~ 15 
C~RHTRnnHTOpOB. 110 YC~OBHlO 3KCrrepHMeHTa Heoéxo~~o BHpaéoTaTL CRrHa
~~ o TOM, qTO B ~aHH~ll MOMeHT BpeMeHR ~epe3 rO~OCRorr rrpomna, oARa H 
TO~LKO onaa xacrana ( i =1), nse II TO~bKO ~e qaCTH.Il;H (t =2), TpR 
R TOJIbHO TpR ~aCTRU~ (t =3) H t ~ 4. KpOMe Toro, aeooxonaao onpeno
~RTL ROOp~RHaT~ CpaéOTaBlliHX CUHHTRnnRTOpOB, a T~e rro~~HTb CHr~~ 

npa YCJIOBRll peracrpanaa 3~aHHO:tt KOMéRH~R CIJ,RRTWIJIHTOpOB. Ta.KaH aa
~a~a 3<W!eKTRBHO pelliaeTcH c rroMOmbID MeTo~a CHnApOMHoro ~O~RpOBaHHH. 

2. METO.ll	 GMlUJPOMI-lOrO KO.IOO'OBAHWI 

PaCCMOTp.HM, KaK 8TO npaaaro B TeXHID\e KO~RpOBa.HHH, THITR~YJO MHO
rOKaH~bHyID cHcTeMY nepe~aqR ~aHHHX (pHC. I a). Ha rrepe~aIDmei1: CTopOHe 
liMeeTCH perRcTp, co~epJKamHn t pa3p~oB.· C nOMOmLID KO~Rpyromero YCT
poãcraa no orrpe~MeHHoMY npasnny K l- pa3p~HoMY CJIOBY ~Oéa.:BJImOTCH 
K pa3p~OB c~oMa ( rrpOBepO~H~e CRMBO~~), TBl< qTO rro KaHarry nepe~a
~H K rrpHeMHoMY YCTponcTBY nepenaerca tt: = K + e - paapanaoe CJIOBO. Ha 
cTopoHe rrpReMHRKa c rrOMOmLID ~eKo~pyro~ero YCTpottCTBa B~OJIHHeTCH 

mRWP~ n~~eHHoro C~OBa. BCJIH B rrpo~ecc~ rrepe~aqH ~aHHHX rrpoH30lli
~o HCK~eHHe HeKoTop~ rr03KURR,TO ~eTeR~op, Hcno~L3YH H3éHTO~HOCTll, 

OéHaPYJKRBaeT n nCrrpaBnHeT oillKéKH. 
TenepL paCCMOTpHM éo~ee rrpocTyro cnCTeMY nape~aqH ( pRC. I 6) • .llo

nycTliM, qTO nepenasaeaoe n. - paapannce CJIOBU scerna Pa.BHO HyJIIO, a 
B npo~ecce nepe~aqR Ta.KOrO C~OBa K HeMY ~06~RIDTCH omH6bqHHe CHMBO
~H. HanpHMep, nepe~aeTcH Hy~eBoe 15-pa3p~Hoe CJIOBO 

O O O O O O O O O O O O O O O 

a Ha npneMHoi1: cTopoHe no~~~eTcH c~e~mee C~OBO: 

O I O O I O I O O O O O O O O, 

2 

T.e. oma6ER nOHBRnHCL BO 2-11:, 5-fi R ?-fi n03~, eC~H c~eT n03~H 

BeCTR cnesa aarrpaso, ECJIH BblépaTb HO~, RCnpaBJIHlOlIUití TpH OlliRÓlm, '1'0 
~HC~O paapanos IV' na saxone ~eEO~l1pYIOmero ycrpoãc'raa éy~eT: ti =3)( 

x fffJz. 15 »: 12. lf.pyrHMR C~OBaMR, HMeeTCH 8@l8ET C.JKaTM MODa C 15 
~o 12' 6HT. ITpH~eM, 3TOT 3~eKT paCTeT c pOCTOM qHCJIa HaHànOB perHCT
panna npz YC~OBID1, qTO ~HCJIO O~HOBpeMeHHO Cpa60TaBIllHX n03HW1oHHO
~YBCTBHTe~bHh!X ~aT~HROB COCTaBJIHeT 10-15% OT o6mero HX KOJI~eCTBa. 

B pe3Y~bTaTe nOH~eTCH B03MOJKHOCTL HcnO~L30BaHHH éblcTpo~eHcTBYIDlIJ,IDC 

rillSY ~H peIlleHHH nOCTa~eHHh!X 3~aq MeTO~aMH Taé~HqHOll apHWMeTRKH. 

3.	 CrrOCOE rrOCTPoERlifl Mfu~OPliTAPHOU CXI~lH 
COBllA,1JEHill1 

~H nocTpoeHRH MaJKOpnTapHofi cxeMbI cOBll~eHHfi npH 3~aHHhIX napa
MeTpax (L =15 , i =3 R i» 4 Heoéxo~l1Ivl0 npexne scero cOCTaBHTL MaT
p~ nposeposaax COOTHOllleill1H, cooTBeTcTBYIO!1lYID ElfX - KO~Y, acnpas
~~eMY TpH OlliH6~H ( pRC. 2) [12-15] • Ha 3TOM pRcYHKe H30épaJKeH~ 
~Be paBHOCHJI1HHe MaTpR~. B nepBotí MaTp~e (cneBa) npKBe~eHH 3~eMeH-
T~ #nO~R GF (2 '-t ). ITpH"tIeM, B nepBoM CTOJlé~e MaTpIDU1 conepsarca sce 
HeHY~eB~e aneMeHT~ nO~H B nop~Ee B03paCTaHHH RX CTeneHeMo BTOpOH 
cTo~6e~ COCTORT ~3 .KyéOB cooTBeTcTByrolUMX HM 8~eM8HTOB nepBoro cTo~é
~a, a B TpeTLeM CToJIé~e CO~epJKaTCH nHTble CTeneHH 3JIeM8HTOB nO~H • 
CnpaBa Ha pHC. 2 R306paJKeHa MaTp~a, COCTOHmaH H3 ABon~H~ 8KBHBalleH
TOB nOM I'anya Gf(2'1 ). C nOMOIl.U>IO 'I'a.KOH MaTp:mJ;hI MOJKHO nocrpoars 
cxeMY napanne~LHoro illHWpaTopa, Ta.K HaK rr03HUHH e~HH:mJ; onpe~anHIOT 

CBH3R Me~y BXO~aMH cxeM npoBepEH Ha ~eTHOCTL, KOTopble BMITOJIHHIDT 
WyHKUHll CYMMaTopoB no MO~JIlO ~Ba R BhIXO~aMH WOpMHpOBaTe~eH, Ha BXO
~~ HOTOphIX nocrynaior carnanu OT ~3Y. 

TaK n~OCL oé~eKTHBHo,~TO noc~e~Hll cT0JI6eu B ~aTpHUe lITcOCTo
HT H3 Hy~e~, a npe~oc~e~HR COBrr~aeT c npe~bIAY~. IT08TOMY pa3PRA
HOCTb c~pOMa WaKTR~eCKR paBHa 10 éHT, qTO ynpomaeT rrp06~eMY ~eHO

~RpOBaHHH Ta.KOrO C~OBa c rrOMOIIU:>lO lIUSY. PaCCMOTpHM aa npzaepe , HilliHM 
oópa30M no~~aeTCH KO~ c~pOMa H Ka.KYlO HH~OpM~HID OH CO~epJKRT. ~o

nyCTHM, qTO CRrHaJI~ nocTynRnH O~HOBpeMeHHO OT 4-ro, 9-ro H 13 C~
T~HTOpOB. 3TR'n03RnHH Ha pHC. 2 OÓ03HaQeHH CHMBOnOM *. Oé03HaqHB 
Hoop~aT~ Cpa60TaBIllHX C~TRnAHTOpOB ~epe3 XI' X2 H X3, nOJIyqHM no 
aaanoraa c TeopHeít Ta.K Ha3HBaeMbIX 64X - 'KOAOB [12,14]: 

3 3 3 5 5" Xb-
Si = X1+ X2 +X.?J . 53 = XI+X2 + X3 ' S5 = X{ t X2 -t 3 

) . J	 I '0 
3 9 d2 I 9 <] () 6 SolO o 

r~e S1=	 a+ a + = O: , S3!!: a t- a +-a z- (l U s- :: CJ- +0.. +0- = O- • 

Ta.KRM 06pa30M,B ~BOHqHOM Ho~e C~OM HMeeT B~: 
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PilC. I. K rrORCHeHHID MeTo~a PilC. 2. MaTp~a rrpoBepo~hOC COOTHO
caanpoaaoro KOMP0BalillJI: illeHllH ~ Eqx-KoÀa, llCnpaBnRIDmero 

2 lfa) TllTIH~aR MHOrOKaHarrbHaR t. = 3 OillllOKll ,IJ,JIfl m: = 4 II n. = 
CilCTeMa	 rrepeAaqu ÀaHHHX.B KOTO - I = Iô. 
POM Hcrr~bsyeTcR HSOHTO~H~ 

KOÀ. Jl - nesonep, e - 'lffiCJIO 
WfwopMarUlOHHhOC CIDJIBOJIOB, 1\ 
llliCJIO nposepoxmzx Cm.ffiOJIOB. 
o) CHCTeMa perncTpaqilH ÀaHHHX, 
B KOTOpOM llCrrOJIbsyeTcR CllH~
poaaoe xonapoaaaae. !'iUL -' lVIRO
rOKaHanbHHH ~eTeKTOp. 

-I 
MHOtOKC1HaObHbIU YcrpoucT&O -

CxeMa àJ1~n	 N ÔJls:l aHQJlU3a. ='2..aeTel<TOp 
~bI4UCl1eHUR Ha MHoxeCT- • 
CUHOPOMQ &eHHocTb i:, : ~4 

n. 
4eT/He4eT 

eXeMa npo~epl<u 
HQ 4eTHOCTb 

PllC. 3.	 EnoK-cxeMa M~opnTapHoM cxeMH cOBrr~eHllM c anreopall~ecKoH 

CTPYKTypoil. 
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ai a6a'oz: 0/00001111 to 

rrpll~eM' ,IJ;Ba rrOCJIe.n;HJtlX paspana , KaK YJKe OTMe~arrOCb BHille, MO)K1IO OTOpO
CHTb (OHH rro,n;~epKHYTH). CJIe;rr;yeT TaIDKe OTMeTllTb~ ~TO Koop,n;llHaTH XI' 
X II X3 RBJIIDOTCfl B HarneM npllMepe 3JI8MeHTaMl1 nOJIR I'anya GF( 2'" ) • 

2 
Onaaxo	 3TOT WaKT JIBJIReTCR HeCYllleCTBeHHhIM ,IJ,JIR TaOJIlllIHOH apnepMeTllRll. 

OCTaBilllleCfl 10 ÓllT B COOTBeTCTBllll c WlreOpaMlIeCKOfi T80pllei1 KO,n;H
pOBaHM HeCYT B ceoo .n;aHHbIe KaK o KOJraqeCTBe cpa001'aBWHX Tpex cuaa
T~RTopax, TaK li oó llX Roop,n;llnaTax. IT03TOMY npe,IJ,JIaraeMHM npo~eccop 

wynRqllOHaJlbHO pa3Àe~eH Ha ,n;Be qaCTH: o,n;na lIaCTb rrpeÀcTaBJIReT CoooU 
Ma~opllTapHYID CX8MY cOBna,n;eHHH (MCC), a BTOpaH qaCTb npe.n;CTaBJIReT co
OOM Róop.n;IDlaTHHil npoueccop. iuIropHTM paco ru MCC paccaorpen B npRJIO
JKeHHH 112 [15,16] . 
Ha pllC. 3 npllBe,n;eHa Ó~oK-cxeMa MCC, nocTpoeHHaR no MeTo,n;y Cl1H,IJ;pOMHO
ro KO,n;llpOBaHM., )laHHbIe OT MnOrOKaHaJIbHOrO ,n;eTeKTopa napaJ1JI8JIbHO nocry
naIDT Ha BXO,n;bI CX8MbI BHlIllCJIeHRH cIDuwoMa II na BXO,n;H cxeMH rrpoBepKll~H 

na ~eTHOCTb. Ha auxcnax cxeau ,Il).IR BHqllOJleHIDI CllH,n;poMa naanse CJlGllVJaIDT
CR,n;O ~ ~ iid!2~ II nocTYllaIDT na CX8MY YCTpoficTBa aHaJIll3a Cllrna
JIOB aa MHOJKeCTBeHHOCTb. CXeMa,Il).IR BI:lpaOOTRH caraana .. Bscrpoe IDll1." na 
pHC. 3 n8 rrORaSaHa. 

4. CTPYKTYPHAH CXEMA MCC 

Ha pHC. 4 npHBeÀena CTPYKTYPHaH CX8Ma MCC. npe~nonara8Tcfl, QTO 
BXO~lIHe H BbIXo,n;HbIe CHrHaJIbl llMeIDT ypOBHH IVI r1} a BRa~eCTBe 3~eMeHT
HOH OaSbI HcnO~SYIDTCR ObICTpo~eMCTB~e MYilipOCXewill ôOO-H cepUM. PaOo
TaeT cxeMa CJIe~~ o~pa30M. C llOMO~bID 3MilTT8pHbIX II0BTOpllTeJIeli BXO~
use caraans c ypo~eM Nr M npsoopasynrca B CMTHarrbI ypOBHR 3CJ1 (-1,6 B) 
II rrOCJIe HHBepTHpOBaHHR rrocTyrraIDT Ha oomyro MarnCTpaJIb. OT MarllCTpaJIH 
~aHHHe nocrynaior aa BXO)J.bI peracrpa PT"l, aa BXO,n;bI rpynna 3JIeMeHTOB vJJI1tI 
~l aa BXO,n;hI cxeMH npoaepxa na lJ.éTHOCTb. lia mzxonax rpyrmu 3JI8M8HTOB 
illll1 aupacaruaae rca caraan "Bucrpce MJI1;i", l\oTopIDi ll,IJ;eHTMWID.J;ilpyéTcH KaK 
t >, I. l10CJIe SMepJllliH c suxona cxexs T nocryuaor TpI1 CTpOOHp~ ilM

rrYJIbca. C rrOMombID MMIIYJIbCa "CTpOO I"'npoHcxo,lI,llT saHeceHHe BXO,IJ;HbIX 
CID'HarrOB aa pernc rp P,. . VlMrrYJIbC "CTpOO 2", aanepaaaaaã na A H,C, HC,
rronbsyeTcfl ,IJ,JIR perllcTpauHH CHrHaJIa lJ.eT/H81I8T Ha OTAeJIbHOM TpRrrepe. 
KaK oy,n;eT rrOKaSaHO RllRe, 3TOT CllrHaJI CJIY%HT ~ pacillHpeHHR ,IJ;HanaSOHa 
perncTpHpyeMoM ~lliOJKeCTBeHHOCTH Ha e,Il;H~ ~OBOJIbHO rrpOCTbIM crrocoOoM. 
ffi.JmyJIbC "CTpOO 3", sa,n;ep.iKamulli aa 30 HC OTHOCUTeJIbHO czruaaa "CTpOO 2", 
~CrrOJIbsY~TCR ,IJ,JIR CTpOOllpOBaHllR 3JIeM8HTOB II aa BhIXO~ax I.1CC. 
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Pnc. 4. CTpyRTypHafl cxeMa M~opRTapHOn cxeMH COBn~eHRH. 

T-cxeMa 3~e~H cTpod-HMrrY~bcoB, Pr-perMcTp, 
+ cYMMaTopH no MO~Y~ro ~a. 

Bxcõ«

,;t3nl 
S1 ~ ~20 

560 

la >--iJl1(f----I 

13

1314
 
15 5
 

16 

P~c. 5.	 llpHHqKITHanbHafl cxeMa BXO~OH qaCTli npo~eccopa, 1-4,17,18
MRKpOCxeMH: K500JIM102, 5-12-K500TM131, 13,14-K500m~109; 

15-K500ME160, I6-K500JITII07, TpaH3HCTopH-KT3I6. 
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CHrHM "'IeT/He'IeT" BHpadanrnaeTCJI c rrOMOIlJ,bIO MMRpocxeM K500Y1EI60,Ro
TopHe B CO'IeTaHMH c MMRPoCXeMOM K50üJllI107 MO*HO ~erRO HapamaBaTb 
c ~e~bro YBe~M'IeHHH qMC~a BXO~CB. C BHXO~OB perMCTpa Pr cnrHanH 
rrocT,1IIamT Ha cxeMY BH'!Mc~eHllH c~oMa, ROTOpaJI COCTOHT M3 rpynrrH 
cxeM nposepsa na 'l!eTHOCT:Ó (pMC. 6). Ko~ cllH,IQ?oMa SI ' 53 H $5 

rrocTynaeT Ha rpyn~y TIll3Y, c nOMOm:óIO ROIOP~ BH'IHcnRIDTCH ~eHH onpefe
JillTMeí1	 nepsoro H aropcro nopaaxos: Si ' ~ 53 ,S(S.!>- ,Sf H 53
3Ha'l!eHHe" onpe~e~HTe~e:ti d.e]: 2 li dei :3 OROH'IaTe~bHO <IJOpMM-
PyeTcH Ha COOTBeTCTByromnx CyMMaTopax no MO~~ ~Ba. CxeMa aHanM3a 
cHrHMoB Ha MHo~eCTBeHHOCTb Mcno~b3yeTcR ~H BHpadoTKM Ha BHXO~ax 

MCC TaRHX CMrHaJIOB, RaK i =1, t =2, i =3, -t =4, -a TaKJKe i:» 2, 
t "7, 3 M t), 4 • C'rpor'oe paBeHCTBO t =4 nonyxaerca npa YMOBHH , 'ITO 
OT rO~OCRorra Mo~eT nocTynaTb He do~ee 'IeM 4 CMrH~a o~oBpeMeHHo. 

Be~'IHHa 3a,n;epjKKM CID'HaJIOB no TpaRTY BXO~-BblXO~ ne npemanaer 35 HC. 
OCHOBHOM BI\JI~ B 3a,n;epJKRY ~IMrrY~bcoB 20 HC BHOCMT IIl13Y. 

Ha pRc.5 llpRBe~eHa np~llHaxbHafl cxeMa BXO~OM 'IaCTM ilpo~eccop~ 

ROTOpaH BK7IIO'IaeT: -sMHTTepHbIe noaroparena 3II1-3m6, nasepropu, pe
rncrp, cxeMY "ÓlICTpOe IDIW' (MliKpOCXeMhI 13-14), cxeMY peracrpanaa CHI'
HMOB "tm'!'''M " He'IeT

t

' (MlmpocxeMH 12 M15-17), a rasxe MMRpocxeMH, c 
nOMOmbID ROTOpHX BHPaÓaTHBaIOTcH CTpoó-MMnY~bClI. C ~e~bID yrrpomeHHH PH
CYHROB 3~ec:ó R H~e He nORa3aHlI HOMepa ROHTaRTOB Y MHRpOCXeM, a TaR
~e HarpY30~hIe pe3MCTopbI (noPRARa 620 OM). Ko~eHcaTOp C McnO~b
3yeTCH ~ IDCTHpOBRR BMR'lHH 3a,n;ep~eR CTpOÓ-HMnY~bcOB. C ~e~bID ynpo
lI1eHHH orracanaa cBH3eti Me.iK,ILY YCTPOtiCTBaMli npoueccopa aa scex pMCyH
Rax rrpHHHTa e~HHaH HYMepau;HR MOHTaxHHX BXO~OB li BHXO~OB. 

Ha pMC. 6 rrpM:Be~eHH npzananaaasaae CXeMH,II,JlH <IJoPMlipOBaHHH Cllli,Il;
pOMa R B03Be~eHHR 8~eMeHTa 53 B RB~aT. CBH3b Me~y BHXO~aMH' 
TpnrrepOB perliCTpa li BXO~aMli CX8M npOBepRM Ha 'l!e~HOCTb 1-10 BHllO~He

aa B COOTB8TCTBilli c rr03~ e,runm:u; B MaTpIDJ;e H . ( PRC_. 2). TaR, 
~ <IJOpMMpOBallHH ROMnOHeHTH S'D 8~eMeHTa S4 aa BXO~H MlllipocxeMH 
I CHI'HanH rrO~aIDTCH c BUXO~OB Tex TpnrrepoB, ROTOplIe RMeIDT HOMepa 
33,37,40,41,43,45,46 R 47. 3TH UHWPH, RaR HeTpY~HO 3aMeTliT:Ó, COOTBeT
CTByIOT rro3RUHRM e~HH~ B nepBOM CTo~ó~e (cneBa) MaTpRUH HT. TaKHe 
CBR3H MOJKHO aanporpaasapoaara li npa 3~aHHHX napaaarpax ri. H t 
BHllO~HRTb c nOMom:óID 3BM. KaK B~HO M3 pRC. 6, R~aH ROMnOHeHTa. 
aneMeHTOB SI' S3' M S 5 BhIqMMHeTCJI rrapaJJJIe~:ÓHO. Cnpana BHli3Y na 

pHcYHRe H306p~eHa npHHnRII~bHaR cxeMa ~R B03Be~eHHH a~eMeHTa S3 
12 ?	 B KB~paT. HanpMMcp, nYCT:D 53= a.. , .rorna S; =( Dl- 12/= -. 

24 9 15 9	 5 5 5 
... (it; = a 2' a = a. =~IOI, T8.K R8.K. 2 30 :=. 32 = ~1 = S33 =1, 

rorna S~o::1tl.=:O; 53 / = S32~', 53 2 .:: /+1 -.:: 0 u.. 53 3 =-533 =1 . 
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4 

= 

S3253! 

31.t 

830 

33 

I
 
513 

= 533
2

10 

Sscr 

~o 530 48 
2

531 49 
2 

532 50 

s~ 51 

Pac , 6. rrpmu.~uUlaJIbHaa CX8Ma BWU1CJI8HIDI caaapoaa R B03Be,n;eHIDI Me

MeHTa S,3 B xsanpar , MID\POCX8MU: 1+10 - I{500l1E160; 

. 11-Mlllipocx8Ma I{500JIII107. 

8 

CTPYKTypHaH cxeva Bbl'tlRCJIeilllH onpe.n;8JIllT8JI8í1: c1eJ I , d-ei: 2 R aLei3 
npV~8,n;eHa Ha pRC. 7. I{aK aTO CJI8.n;yeT RSr-TaOJI~bl ( cM.npHJIO~8HR8 2),

3 t v 3 2.de-/; I::: SI , ole,t 2 = $1 + S3 U ale 3:= S~ + S( S3 ~ Ss,,~. B1['tlRCJI8Hn8 onpe

.n;8JIl1T8JIeí1: npoxaaonarca c nOMOIl\bIO IillSY R CYMMaTopOB no MO,1J;YJIIO ,1J;Ba. Ivio

,IJ;yJIR naMR'l'R np01'paMM1:1pYIDTCR B COOTB8'l'CTBRn c. 'raOJI~aMR, KOTOphI8 H8

Tpy,IUiO cocraaarr, .IT.JI.H WilltCRpoBaHHhIX JlL • TaI<, na pHC. 8 npHB8.n;8Ha TaOJIM

na YMHo~eHRH ,n;BYX 8JI8M8HTOB B nOJI8 raJIya lrF(24).Ha 
pRc.9 npRBe.n;eHa 

TaOJIMna, c nOMOU\bID ROTopoí1: rrp01'paMM1:1pY8TCR orrepau;IDl YMHO~8HIDI ,n;BYX 

8JI8MeHTOB. 3.n;ecb nORaSaHbl .n;B01:1'tlHbl8 8KBMBaJIeHTbl COMHO~T8JI8H, ROTOpbl8 

pacCMaTpHBaIDTCR KaK anpeca IIIl3Y, HX 16-pR'tlHbW 8RBMBaJIfH-lTbI R P8SYJIb

TaT npORSBe.n;8HM, KOTOp.bIí1: aa saxonax naMH'lR.nOJIY1ra8TCR 

YJ1 
CJle.n;yeT 0'rM8TRTb, 'tlTO nOCKOJIbKY rrOJI8 I'anya (/F(2 ) oopaayer lJ,MK

JU1'tl8CRYI.9 rpyrmy, TO TaOJIHna )J.JIH B.bI1IRCJI8HHH TaIWI'O CJIOJKHoro Bb!paJK8HV~, 
3 

KaK SI S3 , TaKlK8 p8aJI:I1SY8TCR aa 'O,1J;HOM MO:n;YJI8 ImSY, c TOM J.Illlilb 

pasHHn811, 'tlTO 'rp8ÓY8TCR OOCTaBRTb .JUJY1'Ylo TaÓJI1:1U,y, aHaJI01'H'tlHYID TaÓJIIDJ;8 
C' 'Ss 3?>

YMHOiK8HHH. Hanpaaep, nyc n, J 1 = a R 3 = a . 'Iorna 5, = Q. 
3' ~ G 

R S, S.3 = a , B TO BpeMH RaK nponanenenae 5153 = a 3. 130JI88 

Toro, MO~O coc raaars aHaJI01'R'tlHYID TaÓJIMnY ,IJ;JIR B.bIpaJKeHHH ~ + $3 , 
a ,IJ)IR anrraparaoü peaJIRSaWiM TaK01'O BblpaJK8mUI M.O}f{}W HCnOJIbSOBaTb 

IIIlSY . TaIWll iK8 eMROCTH ,KaR R naMRTb, H80ÓXO)J,J<lMYlO ,lJ,JI.Fl. B.bIllOJIHeHHH one
pa1J,l:1l1 YMHOiK8HHH .n;BYX 8JI8M8HTOB [17] • Onepa1J,liH B03B8,n;8HHH B CTerr8Hb 

8JI8M8HTa Tp8óyeT B .n;Ba pasa MeHbillero 1IMCJIa BXO.n;OB ITTI3Y.TmarM oÓpa30M, 

~R B.bI'tlHCJI8HRH onp8.n;eJIRT8JIH TpeTb81'o nopH.n;Ra .n;OCTaTO'tlHO 1:1CnOJIb30BaTb 

'tleT.bIp8 Ml:1RPOCX8M1[ K500PE 149 n ~8Tblpe M1:1RpOCXeMbl K500]IT107. 

OTÓOP' CR1'HaJIOB no MHO~8CTBeHHOCT1:1 BbillOJIHHeTCH ene:n;yrom:aM oópasoM. 

ECJIR orrpe.n;eJI1:1TeJIb okt2= O 1:1 scrr, C1:11'HaJI "He-rer", TO l:1M8eT 

MeCTO COBna.n:eH1:18 l:1MrrYJIbCOB c ypOBH8M - 1,8 B Ha sxonax MMK

POCX8Mb! 13 ( p1:1C. 7). HaJIl1'tl1:1e C1:1rHaJIa Ha B~xo.n;e MllKpOCX8Mbl 13 

l:1,1J;eHT1:1qll·m;RpyeTcR RaR 1.. =1, Ilanec , 8CJIR eLeté!. ::f O R, 0'tl8Blf,IUW, 

ole-t 1. :1= O , R 8CTb Cl11'HaJI " '{eT n, TO IIOJIarae.Vl, 'tlTO t =2. TIpl1 

aHaJI01'lftlHhIX npaaaaxax, HO 8CJIR eeTb Cll1'HaJI "H8'tleT",' npRHi1.Ma8M, 

11TO -l =3. ECJI1:1 JKe cki ("oki 2 " ole.i ~ ~ o R c<lJOpM1:1pOBaJICR CHI'HaJI 

nlIeT", TO rionaraex, 'tlTO i), 4. PacCMO'rpl:1M npnaep, OÓpaTl:1MCR CHOBa 

R pRC. 2. ,lJ,orrycTnM, 'tlTO cpaóoT~I o.n;RH .n;aT~1:1R3Ha nos~ 4. To1'.n;a 

HM88M: 5~ = cLe--tl = DOOI"" a ; detê ~ Si"" S3 ~ a~Q3 = O . 
Lt'Z 6?> 2. 18 9 9 ?> () 18 Ieu::- ...>::. SI -I- SI' 53"" SI Sç -I- 53 '" a -f a·(J i- a a + a . 

,lJ,orrycTllM, 'tl'ro· CR1'HEWIH O,n;HOBpeMeHHO nocrynana OT 4-1'0 1:1 8-1'0 nar-m-

ROB. MMeeM Sf ~ + ?~~ b 13 S",,? a.9_ O . 
~--:::l O- 1=0 3= u:» - I 

3 tO, I ' 
det2 ~ Sf+S3 =; cJ'J z: CL9 :#:- O ; 
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PRC. 7. CTPYKTYPHafI 
Orrpe.IJ;BnllTeneli rrepBoro, 
rpe'rsero rrOp.fI,IU\OB 

MRKpOCxeMH: 1+4 -
K50QITTII07; 11-12 
K500IDA105, TpaH3~CTOp~ 

A

I'1. 

cxeaa BWlI1CJI8IDUi 
BTOpOrO H
 

B ncne (7 F (21() •
 

K500PE149; 5+10 

- K50onMI09; 13 

KI316. 

~ x aO a' Ol 03 a'i aS 0
6 a' ali 09 dO ali d? 0

13 
a 
l4 

I a° a° a' Ol 0.3 aI; 05 06 a7 08 09 aiO o" c"0 ' 3 al~ 

a' a' 01 OS O" aS 06 07 08 0. 9 aiO 011 a'? 0.13 alI! aO 
0.'1. 0.2 

0.
3 a'i aS 06 a' a8 09 aiO ali 0'10.'3 a'C/ a° a' 

0.3 03 a'i 05 06 a' 0 8 0.9 aiO 0.11 0
'
1. ai alI! aO 0' Cl1. 

01; a lt a 5 a~ a1 a8 a~ al~ c" aHal~ a''l aO 0' 01 0 3 

a~ aS 0.6 07 08 0.9 0.10 c" a'1. a'3al" aO 0' a1 aS al+ 
aS a60 7011 09 aiO (111 0'2 a'S a'I! a0 aI 02 03 al+ aS 
o' a' 0809 aiO ali 0'1 0'3 al~ a° 0' 01 0 304 aS 06 

08 0.8 09 0'0 ali a''l. 0'3 0'4a° c' 01. 03 al+ aS 0 6 a' 
09 0.9 0'0 ali a't at3 al~ a° a' a'l. aS 0'+ aS a 6 a' 08 

aio a'O o" a'?' a13 a11t aO a' 01. 03 04 aS 0 6 a' 0 809 

ali c'' 0.'2 013 at4aO ai 0103 ol+ 05 06 a' 08 aS a'O 
a'1a'1 013 c" 0

001 ai 03 al+ 05 a 6 a' 0809 0'00" 

0'3 0'3 a'1t 0.0 c' a20.3 0.'+ aS 06 a' 080.9 atO olt 0'1 

al4a'~ aO aI a1 aS 0'+ aS 0.6 a' a809 alll OU 012 a'3 

·1
PHC. 8. Ta6JIm.J;a YMHOJIteHIDI	 lI:BYx 

1:('1 

I8JIeMeHTOB B noae raJIYa(;~ (2 Ci ). 

vr '39 UJ 3 Ir?f 000 c;lei 3:= CL -t O-- .0-(- CL +- O = a + a- ::- ()( ~ a ~ o
5 ::+~ ., 

5 O f f 0= a 

AHaJIor~~HO MO~O rrpOBepHTb, ~TO B cnysae O.IJ;HOBpeMeHHoro rrOCTYIIJI8HIDI 
CHrH~OB OT 4-ro, 9-ro H 13-ro CU;llilTIDI.lIRTOpOB dei.! *-0,' dei 2 *o 
u.	 det3~O, 6 lO 3 0
 

-u: Ss- = a To o&t 2 -=- a.. -f Q. t- 0/
T .R. S -= O- f. S3 == Q.... 
I , II 12 10
 

ckt3 z: O-bf- a 3a 
6 -+ ex. + Gt- ::- o. :#=0.
 

4. KOOP.ll1'IHAT'HbI11 rWOll,ECCop 

ITOCRO.lIhKY CHg.IJ;pOM, rro~eHHuR Ha BHXO.IJ;ax rpyrrrrH cxeM rrpoB8pKH 
Ha ~eTHoCTh,CO.IJ;ep~HT B ce6e .IJ;aHHHe o KOOp.IJ;HHaTax cpa60TaBillHX CU;HHTRll
.lIRTOpOB, TO,HCrrO.lIh3YR ITIT3Y, HarrpRMep, MHRpOCxeMY K556PT7, MO~O rroJIY
~HTh 3Ha~eHM xoopnaaar B o6blKHoBeHHoM ,n;BOl1tJHOM xone • 

Hepe.IJ;RO rrpH C03.IJ;aHHn TpHrrepHHX Cl'lCT8M Tpe6yeTcfl BupaôoTRa CHrHa
.na, ITpH YCJIOBID1. cpa6aTHBaHAA onpeneneamrx KOM6HHau;RR CIJ;liHTIDIJIRTOpOB 
RnH .IJ;pyrHX arreMeHTOB MHOroRaHaJIhHOrO .IJ;eTeKTopa. Ha pHC. 10 rrpHB8.IJ;8
na CTPYRTYPHaR cxeMa ~aCTH Roop,n;HHaTHoro rrpou;eccopa, BHITO~HHIDm8ro 

rrO.IJ;06Hhle <pyHlü~ID1. OCHOBHJ-.lM JIOrl'l~eCKHM Y3JlOM 3.IJ;eCb RBJIRe'I'CR MO,ny.lIb 
3YIlB eMKOCTLIO II{ ( MHRpOCXeMa 10). Anpecaue BXO.IJ;bI MO.IJ;Y.lIR 110 - /19 
COe.IJ;HHeHbI c BHXO.IJ;aMH 'MYJILTHITJIeRCOpOB' 5-9. lia BXO.IJ;bI MY.lILTilllJleKCOpoB 
.IJ;a.HH~e rrocTyrraroT OT Tpex HarrpaBJIeHHll: OT TyM6.lIepHOrO perHcTpa T61
T610, OT 10-pa3p~Horo c~eT~HKa ( MHRpOcxeMbI 2-4) H OT CX8MbI WOpMHpO
BqHHR C~OMa. TYM6.lIepHhlH perHCTp HCrrO.lIb3yeTCfl .IJ;JIR 39llRCH 8.IJ;HHHIJ; B 

onpeneaeaaae jftJe:t1K:a MO.IJ;YJLfl. B npnmrane 8TH .IJ;aHHHe MO.ll\.HO 38.HOCl'lTb OT 
3BM, eC.lIH rrpe,n;YCMOTpeTh COOTBeTCTBYIDIl.\HM 11HTepepellc. B.peSY.lIhTaT8 Ha 
BhlXO.IJ;e MO,ny.lIR rraMRTR CHrHan 6Y.IJ;eT rrOHBJIRTLCR TO~bKO B T8X CJIyqaHX, 

ROr.IJ;a RO.IJ; c~pOMa 6y,n;eT paBeH a.IJ;Pecro~ Tex R~~eR rraMRTH, B EOTOpbI8 
6unH rrpe.IJ;BapHTeJIhHO 3aIIRCaHhl 8.IJ;HH~. C rrOMOmbIO C~eT~HRa H r8HapaTopa 
HMrrYJILCOB (MHRpOCXeMa I) B ffqeMRR rraMRTH rrpe.IJ;BapHTe.lIbHO 3arrHCllBillOTCR 
HY.lIH. TyM6.lIepH T614 H T615 Heo6xo.IJ;HMbI ,n;JIH 3a.IJ;aHM RO,n;OB a,n;peCOB BXO,n;
HbIX K8.HaJIOB MYJIbTlliL1I8I\COpOB. TyM6.lI8POM T6I1 YCTaHaBJumaeTCR I{O.IJ;,rrO.IJ;
.lIeJKamH~ 3arIHCH. TyM6JIep T612 HCnOJIb3yeTcR JI)lR YCTaHOBKH pe.JKHMa"3arrHCh
lITeIDi8". ECJIH B MO.IJ;Y.lIb rraMRTR npensapareasao rro anpecy 
0100001111 3arr:acaTb e.IJ;HHRQY, TO Ha ero BHXO.IJ;e CHrHaJI CepopMHpyeTcR 
TOJIbRO B TOM crryqae, eCJIH o,n;HOBpeM8ill10 Cpa60TaJIH 4-H, 9-H H 13-fi CUHH
TRnJIRTOp~ ( éM.pHC. 2). 

Bl:ffiO,llbl 

ITpe~o~eH HOBhlfi THIT rrpou;eccopa c aJIr86paH~eCROH CTpYRTypOH, KOTO
phlH RMeeT CJIe~ll.\He rrOJIO.JKHTe.lIbHhle cBoficTBa. 
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PliC. 9. ITp~il~ep Ta~~H, acrrarrb3yeMoH ~ N A B 
liporp~IpoBaHllH ITTISY. O 0000 0000 

I 0000 0001 
2 0000 0010 
3 0000 0011 

15 0000 1111 
16 0001 0000 
11 0001 0001 
18 0001 0010 
19 0001 0011 
20 0001 0100 
'21, 0001 0101 
22 0001 0110 
23 
24 
25 

26 
27 

9 

6 

A B AxB 
o O O O 

O 1 O O 
O 2 O O 
O 3 O O 

O F O O 
1 O O O 
1 1 21 
1 2 42 
1 3 41 I 

841 4 
1 5 8421 
1 68'2 

0001 0110 1 1 
0001 1000 1 a 
0001 1001 f 9 
0001 1010 1 A 

I B0001 1011 

110 

8 I 
t 
2 

'+'2 I 

'+ 

CTPYKTYPHaH cxeMa KOMÓ'H
oTÓ'opa COÓ'HTHH •.MHKPO
K50Qill~lOl; 2+4 

- K500KITI74; 10 
K500PYl45; II - K50om~I02. 

. 
I 

:1 

:I
 

-'H~p~ c WYHKqHeH M~ópHTapHo~ éX~MH cOBrr~eHH~ HMe~TCH B03
MOlKHOCTb B .onpe;neJI8HHHX npenenax BHIIMHHTb rrapaJIJIeJIbHbIH c~eT CHI'Ha-
JIOB', r ,e , rrOJIytIaTb crporae paBeHCTBa t-= I', t-=2 H T.,n:. 

- Ko,n: c~oMa, HCrrOJIbsyeMbIM ~H perHcTpauMH MHo~eCTBeHHOCTH 

CHrHaJIOB,o,n:HoBpeMeHHo HeceT B cede ;nWIHbIe o KOOp;nIDlaTax cpaÓ'oTaBlliHX 
;naT~HKoB • 

- llOCROJIbKY HH~OPMauHH , rrOJIyqaeMaH B EH;ne CIDI;npOMa,~HMaeTCH;no 

B8JUl'tIHHH M -[ &>12. n. , ro ;nJIH rrOJIyqeHHH OKOH~aTeJIbHOrO OTBeTa MO.iI{
HQ HCrrOJIb30BaTb TaÓ'JIliQHH8 MeTO;nbI perneHHH c rroMo~bro lIIT3Y. 

- Bce onepauIDi B rrpou;eccope BbIllOJIHHIOTCH napaJIJIeJIbHO H ;nJIH HX 
peaJIH3auHH H8 TpeÓ'yroTCH TaKTOBHe HMrrYJIbCbI. 

- llp~HaJIbHbIe cxeMH rrpou;eccopa BH~HCJIHIOTCH TO~HO c rrOMOll~ID 

COOTBeTCTByromHX npouenyp , onpeneaeaasx B noze I'azya CF(z m ). 3TH 
npOU;e~ypH MO~O aBTOMaTH3lipOBaTb c rrOMOmbID aHaJIHTH~ecKHX M8TO,n:OB pac
'tIeTa na 3BM [6,l5,I7] 
B Tex CJIytIaRX, Kor~a Tpe6yeTCH.rrOCTpOHTb rrpou;eccoR, IDVleiOmH~ Ó'OJIbIIIOe 
~HCJIO BXO;nOB, HeoÓ'xo,n:HMO BHÓ'paTb llOJll1;aOM Ó'OJIee BHCOKOH crenena. 

H X6+X+IHanpaaep, npa n;; 31 H 63 TaEHMH nOJUmOM8.MH HBJImoTCfl X5+XZ+I 

COOTBeTCTBeHHO. KOHe'tIHO, B TaKkx CJIytIaRX HeoÓ'xO~IDVlH H MO~JIH rraMHTH 
Ó'OJIbrnOH eMKOCTH HJIH HCrrOJII;>30BaHHe npamiana RaCKa,Il;11pOBaHHR IITI3Y. TaÓ'
JIHIJ;H HerrpHBO~IDJlHX noaaaoaoa BIlJIOTb no 31 creneaa rrpHBe,n:eHH B paocre 

[I4J . 
I1pHJIOJKeHHe I 

OCHOBHl:le rrOHHTHR rcopaa rrOJIH Tanya G- f (Zn'1 ) 

ITOJI8 fanya CO~8~T KOH8~H08 ~HCJIO 3JIeMeHTOB p H OÓ'03Ha~aeTCH 

fKaK Gr (p ). ITpH =2 none co~e~T ~:sa. 3JIeM8H'Ta I H O H OÓ'03Ha
~aeTCH KaK GF (2) . B ~OJI8 G F(2) HMeIDT M8CTO cJIe,IG1OlIlRe TaÓ'JIH
IJ;H CJIOJKeHHR H YMHo~eHHR: 

o

W
o ~ o010O O . I 

~ I o1 { O 

ITOJIe G((Z) HaSHBaeTCH ente OCHOBHhIM rrOJIeM. Ha npaxraxe uraposoe 
rrpRMeH8HH8 HaxO,n:HT paClliHp8HHoe rrOJI8 faJIya, KOTOp08 OÓ'OSHa~aeTCR KaK 
GFe2 m ) npn P=Z. TaI\08 noae C03,n:aeTCH rrYTeM ,n:oÓ'aBJIeHHR SJI8MeHTa 
a R nome çf( Z ). 3JI8M8HT a. , HaSlffiaeMHfi rrp,IDvlliTRBHh1M 3JIeM8HTOM, flBJIR

8TCH KOpH8M HerrpJdBo,n:HMoro rrOJIHHOMa. 
TaÓJllIUll HerrpJdBO~IDJJbDC rrOJIHHOMOB BllJIOTb no 34-fi creneaa rrpHBe~8HhI B 
npanoxeaaa fI4J. 

nan88 , 8CJIH rrOJI8 co,n:epXRT 3JI8M8HT et , TO OHO ;n~o CO~8~aTh 

f 
PHC. 10: \HaTopHoro JJcxeMH: I 
K500MEI36; 5+9 
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~ ~ ~ z"!!j
li BC8 CT8rr8Hli: CL ,Ct- ,().." , • • • a . ,lijJyrruvm CJIO~:a, rrOJI8 Ta
;Iya GF(2 rtl ) CO,n:SP.llU1T 2l!'r . paSJIH'1HbIX H8HYJI8BHX. M8M8HTOB, KOTOPR8 
OÓpaSyIOT LUlliJIR"tl:8Cm1.ft KO~. Cp8,n:R HlU m.. 9JI8M8HTOB JIBJImOTCR JIIDi8IDiO 

H83aBHCH.Mh1Mli (Óa3RC nOM). C U8JII,IOyrrpOm8HM H3JI01K8.A.lliI MhI ÓY~8M 

paCCMaTpHBaTI, rrOJI8 rarrya CF(23) , KOTOp08 OÓpaSY8TCR Ha,n: H8rrpHBO,n:R
MEIM rrOJUlliOMOM X3+X+l. JIKH8.fuw H83a.BRCRMh1MR 8JISM8HTaNlR .fffilI.fl1OTCR 

1> I " 2 a ::::100, (J., ::::010 R a. ::::001. Tor,n:a JIIOóofi M8M8HT A MOJKHO rrp8~CTaBRTI, 

B B~8. Ao~o+ /I(a' -t- /12 a,2 ,a ,IWyrofi ~8M8HT B oTfR"tl:a8TpR OT M8M8H
Ta A SHa"tl:8HRHMR K09@l.illU'18HTOB, T.8. B:::: 80 0..

0 
+ {?( a..f.- 82 0-- • IIp:at18M 

,R03~IDU'l8HTbl !lo -:- 1/2. R 130 ..;- 8 2 B ,n:BOR"tlHofi CRCT8M8 C'lRCJI8HJlIR 
2=I.O+I.0+1.a:2;::a2 •rrpHHMMaIOT 3Ha'li8HAA O rum	 r. Hanpnzep, 3JI8M8HT a 

IToJIaraR, "tl:TO M8M8HT a' HBHR8TCR KOPH8M nOJIMHOMa X3+X+l, rrOJI~a8M 
3+a+l=Oa • C U8JII,ro yrrpomeHRR san:aCR OÓH'l1HO rrpRHRMaIOT, "tl:TO aO=100=I, 

T.8.	 aO paBHO 8,n:HHH'l1HOMY 9JI8M8HTY, T.K. 3JI8M8HTR rrOJIR MO~O paCCMaTpR
3::::a+l=a+ao,BaTI, KaK B8KTOpbl. MM88M a T.K. B rrOJI8 rarrya orr8pau:an CJI01K8

HH.R li BhI"tl:RTaHHR paBHOCHJII,Hbl, Bh1ll0XHRroTCR rrOpa3~R,IJ;HO R rro Mo.n:yJIID ,n:Ba. 
3::::110' 4=a3 2+a1=OII 4.a3=(a2+aMTaK: a a ·a1=(a +aO~a =a a ::::a ')a :::: 

3+a2=a+a +a2=IIIi 6::::IOl 6.aa	 a :a a ::::a =(a +a~)a=al+a3=a +a~aO::::aO, TaK 

KaK 8JI8M8HTHrrOJI.fI oópaSYIOT URRJIw:recI\YIO r~yrrrrD' MCrrOJII,3YR CBOHCTBO 
(a5) 1~R-qHOCTR rpYnrrH,RMeeM, HanpHM8p, =a =a3.a7::::a3.ao::::a3, 

(a4)3=aI2::::a5.a!=a5. R T.,n:. 

IIoCKOJII,KY CJIOJK8HR8 B rrOJI8 raJIYa BhIrrOJIHJI8TCR rro MO,I(yJIIO ,n:Ba, TO rropa3
PRlUlhIe rr8peHOChI OTCYTCTByIOT. qTOÓR CJI01KRTb H8CKOJII,KO 3JI8M8HTOB rrOJIH 

CTOJIÓHKOM,,n:OCTaTO~HO rrO~C"tl:HTaTI, "tl:HCJIO 8,n:HHHU B R~OM CTOJIÓU8 R,8CJIll 

CYMMa 8TIDe
 
HOM CJI~a8
 

Ha pRC. 11
 

B Ka-q8CTB8
 

8.n;illlliU "tl:HCJIO He~l8TH08, TO P83YJII,TaT Pa.Bf'H 8,IJ;lli-IHU8, 
CYMMapHhIH P8SYJII,TaT paB8H HYJIIO. Hanpaaep: 

- 010 'f 
, 3 I'l ~ _ +" O  a.a+a,+LV - ({ l - . 

DTT 

B npOTRB

rrpzaezteaa TaÓ.JIKUa CJI01K8HIDI 3JI8M8HTOB rrOJIR I'anya CF,(23 ) . 
3JI8M8HTHOR óasR ~ Bh1ITOJIH8HRR orr8pauRR CJI01K8HRR .FIBJIRIOTCR 

TaKH8 cxeMl:l nponepxa na lIeTHOCTI" KaK KI55l1II2, K53HlII5, K50011E160. 
~R Cy.MMHpOBaHKff ~BYX 8JI8M8HTOB ,n:OCTaTO~O RCrrOJII,SOBaTb MHKPOCX8MY 
I\I55JIII5. 

YMH01KeHRS ~yx arr8MeHTOB rrOJIR BHnO~eTCH rryT8M rrp.FIMoro yMH01K8HHH 

8JI8MSHTOB, TIp8,n:cT~eHHblX B B~8 rro~oMa: o I o 2 
ih6= (Ilb~-tllla.'+fl2ct2)(B"a"-t B,Q t B2 aJ ~ lIoei' f30 a +110 a. 

0 

8,~ + l1~fL !3.ta.,+ 

+fI,d.Bt, Ft' -t Ata ~ a'+ /{(ar ~:1. a 
1 
+ /l2.a

Q 
80 0.,0 +1/1I.a!B4a..1-t-A2.O!B~a!. 

C Y't!8TOM Toro,-qTO aO=100 - 8~ 3JIeMeHT·,ao.ao::::ao, ,n:aJIe8 
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'I ' 2	 . 0(. t?./ (,
U. a = a-o. . .í1M8eM Rf3::Q lflo6o +11,/32 -f-f12 S()+ ex. ll/oSf 1'11/30 + 
+ f/(f32 -t1/213( +1l2(32)+a2(lIo/32+AfB(+lIzBf)+ 11%82 ) . 

OÓ03Ha"tl:H.B K03~ID~8HThI rrpH aO, aI a a 2 COOTB8TCTB8HHO "tl:epe3 Co' 
C1 R C2 , rrOJIY'liH,M 

Co::' AoBo / c;:'//Df3(+II,f3(J+I1( B'2 +lhB(+ fl 2. B2 , (I)+ /1 182 + 1+2B. 

Cz.:::: fio 521-11/31+112 [30 f-A2Be • 
Ha pac , 12 rrpID38,n:8Ha Taómru;a YMHOJK8Hl1H ,IJ;BYX 8JIeM8HTOB B rrOJI8 I'anya 
Gf(2 3) • üpannanaaasnaa CX8Ma YMHOJK8HHH ,IJ;BYX 8JI8MenTOB rrpRB8,IJ;8Ha 

na p11C. 13. Iípa A==B RS BbIpa.JK8H11H (I) MQjKHO rrOJIy"tl::vITI, BbIpWK8HIDI MR 
B03B8,n:8HRH 8EeMeHTa rrOJIH Gf(23 ) B KBa,n:paT 

CO2 ;:> lIo.4c + Ai fl2. +ft2 11 f::: J1 o I C2., :::: AoA{rAlie+fl2 fif +f1.%.lI ::: IIE. z 
C22 ;:o flo/h+l+tA1+AzAo +1l2A'L~IlI+A2' 

TlYT8M kITepa.uID1 MOJ!í.HO rrOJIY'iHTb BbIpEUK8HMR: .n;JI.FI B03B8.n;8HJ1..FI 8JI8M8H
Ta A B" KYÓ, T. K. fl ~ fl fiZ . 

C03:::1l0+1l1+f.l2+Alf12 ; Cn -::./lol1,f+f1ol1 z+Il,; C2 3 =-AoA/ +112 

R T.,n:. BIlJIOTI, ,n:o m8cTot1: CT8rr8Hl1. TaK,8JI8M8HT B C8,IJ;b

MOM. CT8rr8HR paB8H 8,n:H.H11'iHOMY 8JI8M8HTY: (dl~ ( a2 ) 7 11 T.,n:. 

B3RB Bh!pWK8HlU! )J.JIR YMHO)fWHHH ,IJ;BYX 3JIeM8nTOB nOJIJI J1. B03B8,n;eHIDI B 

! CT8rr8Hb RaK RCXO,n:Hbl8, MOJ!í.HO rrOJIy"tl:l1Tb BblpWK8HIDI ,UJIJI O,n:HOBp8M8HHoro 
'f B03B8,n:8HllH B CT8rr8Hb R YMHOJK8HR.FI ,UBYX 3JI8M8HTOB:

I 2	 ' 
Bll ::: 1l0 Bo +lt z F3a +11,6, t- A2 f) , o
 

Bl1t:::. fiof3,-f-f12.13o +A{8,-t-fl, 13 z. -+ 111. 8,
I z 
I BAz = 11 0 82. +/I" B( + Il'p)o-t fli f32 +111.52 

di 8 t4~ -:: Ao 130 -t-l1f8o+ IhJ30 ..,./lf 112.130 + 110111 /32. +110 ft2f32 + A, 621' Aof>, + /12 81 
3li t3A f ::Ao s, -+ At B-I t A,lIz ~i -t floR ,BDf 110 A2 SDtA oAzB2 -t 111132+1l~l1f B1+ /1 2 80 

3 
842.== lt oB2 +AfBl i-l1, {/l 62+1I 01l tB l tl10 112 81 +Ai f3, t Ao 111Bo tll,,~lj2.tIl25o , 

11 
11 Till{ ,IJ;anee, BITJIOTb ~o 6 CTerr8Hll. 

HarrpRM8p, rrycTI, ,n:aHH 3JI8M8HTH B~a3=1rO 11 A::::a5=11l. 

I H80ÓXO,IJ;llMO BH'iRCJIRTI, BA3 • MM88M Bo=1; Br=±; B2=O; Ao=1; A~=1 :vI A2=1. 
llo,n:CTaBJIRJI 3TH K03~llUll8HTH B BRpWK8H:vI.FI ~.FI BH"tl:RCJI8HllH BA , rroJIY~ 

3I BAo=Oi BAr.=O; BA~=I. B P8sYJII,TaT8 rrOJIy-qa8M' 3JI8M8HT a 4::::001 ; TaR KaK 

R ·a3.a1::=a4(A5)3=a15::::(a7)2a1=(ao)2.al::::a1 . 

llpn Heóo~mHX B8JIH'illHaX ~ Orr8pauRJII YMHOJK8HHR' :vI B03B8,n:8HHR B CT8rreHb 
MOJ!í.HO p8aJIR30BaTb np:vI rrOMOmll 06~HHX MHKpOCX8M. Ha pRC. 13 B Ra"tl:eCT
Be rrpllMepa npRDe~8Ha rrpHH~RanbHaJI CX8Ma YMHO~8HH..FI ,n:BYX 3~8M8HTOB 

B TIOJIe ra.JIYaG F (23 ) . 

15 

mailto:K09@l.illU'18HTOB


+ 0.0 a 0.2. 0.3 a'+ aS a6 

0.0 o a! aS ai eiS a" a' 
ai 03 o al+ 0.0 01 . 0.6 aS 
a? a6 04 o aS a3 a1 aO 
a~ ai aO aS o a6 Q? a'+ 
Q'i aS a? ai a6 o aO 03 . 

aS a"+ Q6 a3a' aO' o ai 
aS a' aS aO 0.4a! Q1 o 

X aO ai a2 0.3 a'+ aSa6 

aO ela a1 02 03 al.l aS aS' 

ai ai a2 03 a'+ aS a6 aO 
a~ a2. a3 04 aS a6aO ai 
03 03 aLi aS a 6 aO ai a? 

a4 04 aS 06 aO ai a2 a3 

a5 a5 06 aO o' a' a3 a4 

a6 06 aO 01 Q' a3 04 aS 

PHc.II. Ta6~~a C~O%8HHH ~BYX PHc.I2. Tad~HUaYMHO%eHRH ~yx 

8~eMeHTOB B none I'anya GF(2 3 ) . 8JIGMeHTOB B noze Tanya Cf(23 ) . 

& AI Bl 

& AoB, 
2 

& A,Bo 

Ao AI Rl BoBl8, 

aO 

a'l. 

PHC .13. IIpHHu;IDIHaJIbHaF! CX8Ma YMHO.JK8HHH ~BYX 8~eMeHTOB B ncne Tanya 
GF(23 ) . MHKpocxeM~: IT3- K500N~I02, 4+6 - K500HEI60. 

16 

EC~H WIH Bhl:'ll1.C~eHI1ii HCÍIo~b30BaTb illI3Y, TO He06xo,IJ;HMoe 'lVlCJIO BXO

~OB AI paBHO: ti = m·s, 
rne m- - creneas HerrpHBo.n;HMOrO rrOJIHHOMa, Ha,n; lWTOpHM 061Ja3yeTcH no

.ne, S - 'lMC~O pa3~H'lHbIX 8~eMeHTOB, xoropoe sxonar B BuqHC~HeMoe 

B~pa.iKeHI1e. 

IIpRJIO.JKeHl1.e 2 

TeOpeTH'leCKHe OCHOB~ MCC 

1wIropHTM pacora MCC OCHOBaI! na CJle~IOli.\eM CBOMC'l'Be lYIaTpHU~ Li:
 
[I4,I5J •
 

MaTpRUa pasaepaocra t xt. 
..... Oo o5i f 

53 S2 s{ f . - . - -, OLi = Ss $,/ 53 52 _.... ' O 
t .I
I 

S2.t -# S:U-Z- SU-3 52.t- lf - . '. Si 
H8BhIpO/K,n;8Ha, eCJlM creneaaue CHMMeTpH'leCKHe g;YHKIJ;HH Si.' 3aBHCRT OT 

t MH i+ I 8~eMeHTOB no.na, H BbIP0JK,I.(8Ha , eCJIH SL' 3aEI1CíIT OT 

MeHbllierO,'leM t-i, 'lMC~a pa3~H'lHbIX 8JIeM8HTOB rrO~H. IIpaKTH'leCKH 8TO 

3Ha'lHT, 'lTO ~ orrpe~e~eIDlff Be~H'lHHhI t HY,iKHO BbI'lHCJIHTb orrpe.n;e~HTe~b 
Li;. npa éDllliC.upOBaIIHOM 3Ha'leID'lH Be~H'lHH~ i . 

BbIp~(eHHff ~R orrpe~e~HTe~íI Lt rrpH t =1,2,3 H 4 rrpHBe~eHll B Ta6~H

:o;e. 

Ta6~HUa 

BbIpaJK8HMH ,lJ,JIJI oIlpe~e~HTe~GtI Lt. (i =1+4) 

t. dei i, 

i S, 
~ 

2. 5,+5 3 
\ 6 Z Z 

?> S, + S, S3 -+- S[ $s + 53 2d u» ç ; 2 3 S S SIf 5, + SI $3 + S( . Ss + S[ 5:, T 5, 53 S.s- + S, 5,3 + .3 ~ + s' 

~oe H3 3Ha'leHI1fi orrpe.n;e~HTarrH B~'lH~HeTCíI OT.n;e~bHO H aHanH3H

pyarca na "O". B 3aBHCflMOCTH OT pe3Y~bTaTa aIIaJIH3a rrpHHHMaeTC.ff peme

aze , IIpH'leM RO~H'leCTBO cnaraenux B RB..iK,Il;OM M3 BbIpa.iKeHHH ~~R Lt 3aEM

CHT OT ~eJil1'lHHbI t H He 3aBHCHT OT 'll1c~a BXO~OB tt: . JIorH'leCKI1e 

ypaBHeHl1H ~IH Ma%opHTapHofi cxeMbI COBrra.n;eHHM c anre6paM'leCKOM CTPYR
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