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I. OBUWl XAPAKTEPMCTIDtA PABOT~ 
HaoToRmBR ~ccepTBLtHR Il00B~8HB HCOn8AOBBHHD M8TOAB CHH.DJ)OMHOro 

KO~poBBHHR, ero MBT8MBTHq8QKOro ennepaTB H OUOTpux enropHTMOB nepBHq
HOR ennapBTHOR (%JHnbTPBLUffl (%JH3Hq8CKHX ooOUTHR, perHOTpHpyoMUX B MIIOrOKB
HBnhHllX A8T8KTOpax BBPR*OHllllX qaoTHU,HB OOHOB& OHOT&MBTHqeoKoro H nocne
AOBUTBnbHOro npHM&ll&HHH anreOpaHqeoKOR T80pHH KO~pOBBHHR, BllqHCJIHT8nb
HOR T8XHHKH H M8TO~KH aneKTpOHHllX 3KcnepHM8HTOB (%JH3HKH BUCOKHX SHeprHR. 

npHOPHT8TH08 KOaHPOBaHH8, anrecpaffq~cKaR T80pHR oOpaOOTKH Clrfi'HBnOB B 
roAOCKormqecKHX CHCT8MBX HM8TOA ~MHoro KO.n;KpOBBHHR peaJIH30BBHll B. 
BHA8 OUCTpUX anropHTMOB MRperHCTpaium MH0~8CTB8HHOCTH H KOOp~BT B38-
HMOA8aCTBHR qacTHU, perHCTpHpyeMUX B MHOrOKBHBnbHllX A8T6KTOpax 3BPR*8H~ 
H!iX qaCTHU H B BHA8 KOHKpeTHUX paapaOOTOK MB*OPHTBpHllX CX8M COBITBABHHa 

HB Oonhwoe qffcno BXOAOB, napannenbHUX mHll)paTOp0B H one~BJIH3HpoBBHHllX 
npoueccopoB MR dUOTporo OTOopa _COdUTHR. :3(1XI)eKTHBHBR annapaTHBR (%JHnb'l'

pBlU1ff codUTHR H8MHCJIHMB '0~3 nporpBMMUO-ynpaBnReMUX.npHdopoB H 
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cpeACTB COilpR*8HHff Cil8KTp0M8Tp0B (%JH3HKH BUCOKHX SHeprHR C aBM. Il08TOMY 
~ HCCn8AOBBHHa BBTOpB ~ccepTBI.Uffl IlOCBRmeH peapadOTK8 H C03ABHHD 
rrporpaMMHO- ynpaBnReMliX dnOKOB H CHCT8M B CTBHABPT8 K~K. 

AKTyanbHOCTb npodneMU 
HaqHHBR c 1960 r. B (%JH3HqecKHX 8KcnepHM8HTBX WHpoKO Hcnonb3YDTCR SBM o 
uenbD coopa H odpadoTKH 8KcnepHM6HTBnbHliX ABHHHX. 8TOMY cnocoOCTBOBano' 
TBK*8 p83BHTH8 H coaepweHCTBOBBHH8 MHOrOKBHBnbHllX A0T8KTOp0B 3BpR~8HHliX 
qaCTHU. CoBp8M9HHli8 A8T8KTopu aneMeHTBpHllx qecTHU '1ni3HKH BUCOKHX 8H8p
rHR HM&~T BUOOKY~ CKOpoOTb padOTli, H oymeoTBYBT T8HA8HLtHff K yBeJIHqeHHD. 
STOa CKOpOCTH ■ HeyKnOHHO pBCT8T qHcno KBHBnOB perHCTpaium, qTQ 
npHBO~T K H800XO~OCTH B o0pa00TK8 orpoMHoro KQJIHqecTBB CHrHBnOB 38 
MHHHMBnbHOB03MOlKH08KOpoTK08 Bp8MR. IloMHMO MHoronpoBonoqH!lX nponopLtHO
HBnbHUX KBM8p (MilK) H .n:peatiloBHX KBM8p B COBp8M8HHHX cneKTp0M8Tpax COABP
lKHTCR TBKlK8 MHoro .n:pyrHX HCTO'IHHKOB ~pMBUlllH qepeHKOBCKH8 cqeT~, 
CUHHTHnnRLtHOHHll8 ro~OOKODH H .n:p. B pe3ynbTBT8 B npouecce perHcTpauHH 
HB OAffO co0UTH8 nonyqaeTOff H8CKOnbKO TUCffq MHoropa3pff)tHW( onoB (I]. 

·O poOTOM 8HeprHH qaoTHU 808 done~ WHpoK08 npHM8H8HH8 HBXOART KanopH-
M8TpH - A8T8~Topu noJIHoro norna~BHHR, COA8pEBmff8 ABCRTKH TliCffq KBHBnOB 
perHCTpBI.Uffl • .ltJut onpe~eneHHR CYMMBpHoro 8HeproBUA8n8HHR JIHBHR, oOpB30-
BBHHOro BHCOKOSHepreTINH!lMH qacTHL\BMH, Tp8dY8TCR auqHcneHH8 CYMMl:i SMIIJIH-· 
TY~ OHrHanoB, nonyqaeMUX HB BHXOASX dUCTpOABaCTBYnnrut AUII. B COCTBB 
COBp8M8HHUX H BHOBb nnBHHpY8MliX CXlffaHqeoKHX YOTBHOBOK BUCOKHX H CBBPXBH

.COKHX SHeprHR MOryT BXO~Tb T6K*8 B8PDIHHH~8 A8T8KTOP~- DAHOA H3 rnaHl:iX; · 
~YHKUHA TpHrrepH~X CHCT8N TaKHX A8T8KTOPOB RBnR8TCR onpeAen8HH8 3a NHHH
NanbHO B03NOlkHH08 BP8NR KOnHqecna B8PDIHH B3aHNOA8ACTBHR crpaHHl:iX. qacrHu ·. 
·AlianH3 Clonbworo qttcna pacor, onttc~ea10U01x oreqecreeHH~e H 3apye1e*H~e 
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TpHrrepHlile CHCTSM!l nepBoro H BTOporo ypOBHett noKa3blB:leT,. 'lTO np11 l1X noc

TpOeHl1l1 He Y'll1TblBaeTc~ TOT q>aKT, qTo KaK npaBIDIO, B COBpeMeHHIDC 

MHoroKaH8RhHHX A8T0KTOpax 38pHmSHHlilX qacTRU 0,!{H0Bp8M8HHO cpa6aTUB38T 
He60RhID3H qacTh (IO - 20%) II03lil.U10HHO-qyBCTBliT8RhHlilX AaT'lllliOB B A8T8K
Tope. KpoMe Toro, ARH aHam3a CHrHaROB Ha MHOmeCTB&HHOCTh H OIIp8A8R&HliH 
KOOpARH8T co611Tmt HCIIORh3Y8TCH B OCHOBHOM TaKRe aMOpliTMU, p IIOMOmhro KO

KOTOpHX H8B03MOlKHO pelllliTh npoORSMY OUCTPOro aHam3a C06!1Tillt 38 H&CKORbKO 
ASCHTKOB H8HOC0KJHA IIpH OORhIDOM q:l{CR8 K8H8ROB perHCTpai.urn li IIpH8~8MOtt 
CTOliMOCTli 3R0KTpoHRKli. IT03TOMY HCCRSAOBaHHe li pa3pa60TKa 3il$3KTHBHHX 
CliCT&M aIIIIapaTHOtt (fMRhTPainrn IIOR83HlilX co611Tmt H nporpaMMHo- ynpaBRH&
MOtt 3R&TpoHRKli HMH&TCH BSCbMa aKTY8RhHOtt 3aA8'l&tt. 

Uem H 38A8q:I{ HCCRSAOBaHHH. 
OCHOBHHMli USRHMli ARCC&pTai.urn HBHmcb: 

-liCCR8AOB8HH8, TeopeT:l{q8CK08 oOo6meHHe H C03AaHHe HOBHX MaT&M8TM8CKliX 
61:llCTJ>HX aMOpHTMOB ARH pem&HHH 38Aaq C03AaHHH 3il$3KTliBHlilX ycTpottCTB pe

rHcTpai.urn MHO~&CTB&HHOCTH H KOOpARHaT co6uTmt B MHoroKaHaRhHUX A&T&KTO

pax 3apHmeHHHX qacTRU. , 
-Bupa6oTKa o6unu. IIpliHURIIOB IIOCTpo&HHH 6UCTpoA&ttCTBYKXJUD( ycTpottCTB ARH 
OT6opa (fM3H'l8CKliX co6uTmt TIO MHOm&CTB&HHOCTH CHI'H8ROB, 3aperHCTplipOBaH

HHX B rOAOCKOIIlf'I&CKOtt IIROCKOCTli Ha OCHOB8 M8TOA8. CliH.ItJ)OMHOro KOA:l'Ip0BaHliH 

li M&TOAOB rrapaRR8RhHOtt KOMIIp8CClili AaHHHX. 
-HCCR&AOBaHHe H C03AaHRe 3KOHO~X M&TOAOB H YCTpottcTB IIpHOpliT&T

HOro KOARp0BaHHH napaRR&RhHO-IIOCRSAOBaT&RhHOro TliII8. 

-KOHCTPY~OB8HH8 HOBUX TliIIOB KOAOB ARH rrocTp08HliH 3KOHOM:l{qHl,lX ro
AOCKOIIliqecKRX CliCT&M co CBSTOBOtt KOARpOBKOtt, pema!OOUD( 3aAaqy OITTli
MaRbHOro KOA:l'Ip0B8HliH MHomecTBSHHOCTH CHI'HaROB H KOOpARHaT coOUTmt. 

-pa3pa6oTKa HOBHX H OucTpOA&ttCTBYIDmliX aMOpHTMOB Ha OCHOBe aMeOpaH
qecKott T&Oplili KOARpOB8HHH H aMeOpaM&CKliX MSTOAOB o6pa60TKli CHI'HaROB. 

-pa3BliTH8 HOBUX, 6HCTp11X H 3KOHOMMHlilX aRropHTMOB, peaRR3YromRX IIp&ARO
meHHliltt M&TOA cmmpoMHoro KOA:l'Ip0B8HliH ARH C03A8HliH 6UCTPOA&ttCTBYIDmliX 

MamopRTapHHX CXBM COBIIaA&Hillt H KOOpARHaTHlilX npoueccopoB. ' 
-pa3p860TK8 IIpRHUliIIliaRbHO HOBUX rcTpottCTB ARH perRCTpai.urn C06UTillt C 

KRaCTepaMH. 
-yHR(fMKaUHH 3R8KTpoHHott aIIIIapaTypH ARH crreKTpOM&TpOB ~li3:l'IKli BUCOKliX 

3Heprmt, pa60T8KXJUD( Ha RliHlili C 8BM. 
-pa3pa6oTKa M&TOAOB pacqeTa rrapaM&RhHlilX lllli!pp8TOpoB li crreUHaRR3lipOBaH

HllX npoueccopoB Ha OCHOB8 aHamTM&CKliX BHKRaAOK H aHamTMSCKliX pac

qeTOB Ha 8BM. 
-aHamT:l{q&CKHe pacqeTl1 IIORett raRJa GF{2m), KOA:l'IpYKm:l'IX M8TP:l'IU, OIIp&Aem

T&Rett MaTpRU, CXSM JMHOm&HHH B IIOR8 raRJa H npoq. 
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Pa3pa6oTaHH!ltt Ha 6a3e aMe6panqecKott Teopirn KOAliPQBaHRH H aMaOpaH
qecKHX M6TOAOB o6pa6OTKH CHI'H8ROB M8T6MaT:l{qeCKmt aIIIIapaT H 6UCTPl18 aR
ropHTMU ARH OIITliM8RhHOro KOARp0B8HHH AaHHHX B roAOCKQIIliqecKRX CHCT&Max 

TP660BaROCb IIpliM6HHTh ARH C03AaHHH 6UCTpoA8ttCTBYIOOU!X YCTpottCTB OT6opa 
IIOJ!63HllX co611Tmt B COBpeM&HHHX CII6KTpoM6TP8X (fM3liKli BUCOKliX 3Heprmt C 
yqeTOM T6HA&Huillt B IIOCTpoeHirn MHoroypoBH8BHX ~HCTSM ~bTPaUirn co6u-

Tillt Ha RliHlili c 8BM. 

HayqttaH HOBH3Ha H 3Ha'!HMOCTh pa00Tl1 
Pa3BHTH6 H HCIIORh30B8HH6 MHOrOKaHaRbHHX A8T8KTOpoB 3apHm8HHl1X qacTHU, 

YCROlKH8HH8 KpHT8pH8B OTOopa (fM3H'l8CKHXC06!1Tillt H CTp8MReHlia (fM3HKOB-3KC
rrepHM8HTaTopoB IIOBUID8Th 3il$3KTHBHOCTh H CKOpoCTh OT6opa Hy:KHI,IX {fM3H

qecKHX co611Tmt IIpHB8RO K H806XOAHMOCTli HCCR8AOB8HHH H pa3pa60TK8 HOBHX 

IIpliHUliIIOB perHCTP8Ulfil, ~hTP8Ulfil H o6pa6oTKH A8HHHX B CII&KTpoMeTpax 
{fM3liKli BUCOKHX :meprmt. CT8RO oqeBH,!{Hl1M, · qTo liHTYHTHBH!ltt IIOAXOA K 
npoeKTHpoBaHHID ycTpottCTB (fMRhTPaUirn HCKOMUX C06UT:mt HS MO~ST 

o6ecrreqHTh IIORJ'l8Hli8 BUCOKHX napaMBTPOB ll npelK,lle Bcero TaKHX, KaK 
6!1CTPOA8ttCTBH8, K03il$mli8HT OT6opa IIOR83HHX co611Tmt H 3KOHO~OCTh. 

MCCRSAOBaHHe H pa3pa6oTKa HOBHX 8MOpHTMOB H M8TOAOB IIOCTPOBHHH 
ycTpottCTB KOMIIp8CClfil A8HHlilX H CII8UH8m3RpOB8HHHX npoueccopoB Morm 

611Tb BHIIORH8Hll Ha CTHK8 M8T8MaTM8CKHX M8TOAOB oOpaOoTKH CHrH8ROB, 
aMe6paMeCKOtt Teopirn KOARpOB8HHH H BHqHcmTSRhHOtt T8XHHKH. ~pyrHMH 
CROBaMR, 6HRO H806XOAHMO C yqeTOM OypHoro pa3BHTHH MSTOARKH (fM3Hh"H 

BUCOKliX 3Heprmt, T8XH:l'IKH 6ORblllliX liHTerpaRbHHX MlllipocxeM H Mllliponpouec
copoB HattTH 8A0KB8TH!ltt MeTOA IIOCTpoSHHH OHCTpoAettCTBYIOmHX ROrMSCKHX 

ycTpottCTB OTOopa IIOR03HHX C06!1Tlitt H CII0UH8m3HpoBaHH!1X npoueccopoB. 
PocT CROlKHOCTH liHTerpaRbHUX MHKpocxeM H cymecTB8HHOe pacIDRpeHRe. HX 

~YHKUHOH8RhHHX B03MOlKHOCTett He pemaPJT npo6ReMU B CBH3H C YCROlKH0Hli8M 
KpHTepHSB· OT6opa (fM3H'l0CKHX coOuTmt H poCTOM q:l{CR8-K8H8ROB perHCTP8Ulfil B 

CII8KTpOMeTPaX AO 105 H 60.m,me. Tpe6oBamch HOBU8 HASH, H K8K 3TO IIOK8-
38HO B ARccepTaUlfil aBTopa, oHH Oa3RpYIDTCH Ha MeToAax aOcTPaKTHOtt 
aMe6pu, T8KliX K8K rpYIIIIU, KOHe~e :rroRH, KORbUa H 6HCTPH8 aMOpl'lTMU, 
HanpHMep, CHCT&Ma OCT8TO~X KRaCCOB H napaRR8RhH8H KOMIIp8CCHH 

AaHHHX. ITpeAROraeMaH aBTOpoM M8TOAOROrHH OCHOBaHa Ha illlipOKOM H 

CHCT8MaTM9CKOM IIpHM8H8Hlfil M8TOA8 CliH.ItJ)OMHOro KOAlipOBaHHH, KOTOplitt ARH 
pemeHHH IIOCTaBR&HHHX ueRett B aBHOM BRAS He IIpHM8HMCH. MeTOA 
CliH.ItJ)OMHOro KOAliPQBaHHH IIp8AIIORaraeT HCIIORb30B8HH8 3(fllleKTHBHOro M8T8Ma
TRqecKoro aIIIIapaTa aMe6paHqecKott Teopirn KOARp0BaHHH H TSXHHKH KOAR

PYIOOU!X H A9KOA:l'IpYIOOU!X YCTpottCTB. Pe3YRbTaTOM HCCR9AOBalimt B 3TOM HaII
paM&Hlfil HBIDIOCb YCT8HOM8HH8 Toro ~Ta, qTo npoOR&Ma A8KOA:l'Ip0BaHHH 

KOAOB, HCIIp8BRHKXJUD( t OIDH60K (t > I) ll 3il$3KTHBHaH perHCTPaUHH t CHrHa
H8ROB, B03HHK8IOOU!X B rOAOCKOIIHqacKott IIROCKOCTH - STO ~KTMSCKH O,!{Ha H 
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T8lK8 38)taqa. Paspa6oTaHBHtt M8TO)t CmmpDM!loro RO~B8HIDI OCHOB8H H8 
CllCT8M8 aaa~orm!:, ROTOpaH R8R OR838~0Ch, C~8CTBY8T M8l£,lzy aJire6paWiaC
RO:lt Teopne:lt RO~Bamm ll C03)t8HHOtt 8BTOpoM SMe6paWieCROtt Teopne:lt ro
)tOCROIIl{q8CRllX CllCT8M. HanpllMep, npo6~8M8 pernCTp81tllll H o6pa6oTRll co6H
Tlltt C KJI8CTepaMll, perHCTpllJJY8MllX B M!IOrOR8H8~HllX )t0T0RTOpax 38pHlR8HHHX 
qacTlll\, CBO)tKTCH R T80p8TH'I8CRO:lt H IIpRTH'IBCRO:lt 38)taqe o6Hapy:£8HllH ll 

ncnpaMemm ll8R0T9B onrn:6oR, B03HllR8Jlllllll B K8HM8X nepe,1ta'Il1 m$}pM81tllll-
c TeopeTWieCKOtt TO~ spemm, O~aro,1tapH T8KOMY llO)tXOJtY, Y.1t8~0Cb oOBe)tli
HllTb ll p8CCMOTp8Tb C 0)t!iHHX ll03~ T8Rll8 B8l£1Ill8 H8IIpM8HllH, R8R 
I\HltlpOB8H o6pa6oraa cnraa~OB, 38)t8'Ill ROTopo:lt flx)pMY~YIOTCH B CllCT8M8X 
,1tettCTBllT8~HllX ll KOMILll8RCHllX 'IllC8~ H 38)t8'Ill KO~Bamm C ROppeimnett 
onrn:6oR, KOTOpHe flx)pMY~YIOTCH B )tpyrO:lt 'IllC~OBO:lt CHCT8M8, H83HB88MO:lt no
~eM r~a GF(2m). B pesy~T8T0 TIOHBKJI8Cb B03MOlllliOCTb llCTI0~30B81lliH T80-
PIDI ll IIp8RTHRll RO)tOB, llCIIp8BJIHllli1IX Olllll6Rll, )tlIH IIOCTpo8Hllfl rrapa~a~bHHX 
mwtipaTOpoB ROM0llH8IUIOHHOro TllII8, C IIOMOmhID KOTOpHx O)t!IOBp8M0HHO RO)tllpY-
0TCH t > I coOHTlltt Oas IIpllM0H01lliH T8RTOBHX JIIMIIY~COB ll a~eMeHTOB II8MHTH, 
Ma:ttopllTapHHX CX8M COBIIa)te!Id, napa~e~HHX cqaT'IllROB ll ROOp,1tliH8THHX 

CTI8IUl8~llJJOB8HHHX nponeccopoB, He HM&Jlllllll 8H8~oroB B MllJJOBOtt IIp8RT:aR8 
IIO T8KllM napaMaTpaM, R8R 0HCTpo)t9:ltCTBll0, nrn:poRlle 4JYHRUllOH8~HH8'B03MO:tt
HOCTll ll 8ROH0Ml{qHOCTb. 

HOBH3H8 TeXHHq&CRllX peme!Id, C03)t8HHHX Ha OCHOBe M8TO)t8 cmmpoM!Ioro 
KO~B8IDIH H .1tPYI'llX M8TO)tOB IIO)tTB8J):K)t88TCH T8M, qTo OHll orry6JilIBOB8HH B 
B0JtY!l\1IX OTeqecTBBHHHX H sapyOe:ttHHX H3)t8HHHX ll 38ntmJt8HH 30 8BTOpCKHMl'I 
CBli,lt8T8~CTB8MK Ha ll300peTeHIDI ll cpe)tli HllX ceMh_ H300peTe!Id BH8)tp8HH. 
KpoMa Toro, IIOHBKJI8Ch B03MOlifilOCTh C03)t8B8Th HOBH8 RO)tli ll H8 llX OCHOBe 
RO)tllp,YI(lllll8 YCTpo:ltCTB8 C Hanapa,1t 38)t8HHHMll II0~83HHMll CBOttCTB8Mll. 

Pe3y~T8TOM T8RllX BH8)tp8Hd HBJIH8TCH TIOBHmeHHe R03il$IltlmHT8 OTOopa II0-

~83HHX COOHTlltt, yne~eHHe CKOpoCTll HaOopa CT8TllCT:aRll H pacmnpeHHe 4lYHR
nHOH8~HllX B03MOlKHOCTett CII8RTpoM0TpoB. ~.izyeT OTMeTllTh, qTO M8TO)t CllH)t
poM!Ioro RO~Bamm llCII0~3Y8TCH KBR B OTeqecTBeHHHX, T8R ll B 3apy0a:ttHHX 
$I3H'I8CRllX neHTp8X. TaK, HanpHMep, B UEPHe co ccwrn:o:lt Ha Hamy OCHOBOIIO
~aralllllYID pa6oTy, rP,a npeMO:tteH aJiropnTM oTOopa co6uTH:lt no cxeMe:ROJt 
XBMMIIBI'8 - lit1rn: NIH 8RCII9pllM9HT8 NA28,paspa00T8H 0HCTpo)t9:ltCTBYll'.llUllt Tp8RO

,BH:lt nponaccop [2] • Ilo M8TO)tY CmmpDM!IOro RO~B8HIDI paspa6oTaH ll IIpHM8-

H9H B C!!!3RTpoM8Tp8 Bl/lC-2 Cil9IUIMH3llJJOB8HllHtt Tp8ROBH:lt nponeccop, B ROTOpo~ 
HCIIO~b3Y8TCH KO)tllJJYJlll8H M8Tpffn8, npe,1{,JIO:tt8HH8H B pH,1ta paOOT anTopa. 

B Haqa~a 50-x ro)tOB, ROr)ta Haqa~ IlOHMHTbCH ~OI'H'I8CRll9 CX8Mbl Ha a~eR
TpoHHHX ~8Mll8X, paspa6oT'IllRll aTIIIapaTypH ll 4JK3mlli-8RCII8pllM8HT8TOpH ll3Y
qa~ ll OCB8llB~ Oy~eny aJireOpy; Ha OCHOB8 KOTOpo:lt C03)t8B8~Ch T8Rll8 
O~OKll 8~8KTpoHHKH, K8K COBil8)t8HIDI, 8HTHCOBTI8)t8HIDI, CM8CllT8~ ll npoq. 
0)tll8KO, B CBH3ll C p83BllTH0M M!IOrOR8H8~HHX CHCTBM perHCTp81tllll ll oOpa6oT-
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RH )t8HHHX, B ROTOpHX nrn:poRO HCilO~b3Y8TCH T8XHllRa 6o~hmllX llHTerpa~HHX 
Mmq)OCX8M H Mmq)OnponeccopoB, IlOHBKJI8Ch H806XO)mMoCTh B pa3BKTHH ll 

llCilO~h30B8Hllll HOBoro M8T8M8TH'I8CROro aTIIIapaTa - aJireOpH ra~a. KOTopaH 
HBJIHSTCH 8CT8CTB8HlillM IIpO)tOJllK8HK8M Oy~eno:lt 8JII'80pH Ha c~qatt Oo~moro 
qnc~a II8p0M8HHHX ll K-3Haqaott ~OI'HKll, r.1te K > 2. 

. Jllcc~e)tOB8HIDI IIOR838™, qTo CllHT83 )tOBO~HO CJIO:ttHHX Oy~aBHX 4JYHimlltt 
MOlllliO BHilOJilIHTh Ha 0838 aHa™TH'ISCRllX pacqeTOB Ha 3BM. 3$lleRTHBHOCTh 
T8Roro M8TO)t8 TIOK838Ha Ha IIpllMepe pememrn T8KO:lt B8lllliOtt npo0~8Mll B 
H)tepao:lt 8~8KTpoHKR8, K8K C03)t8Hll8 )tliH8Mll'l0CKH npcii,paMMllpyeMUX YHllBBP
ca~HHX MO)tY~ett. IlpH'I8°M, B STO:ll: o6~8CTll Ha OH~O roTOBHX M&TO)tOB ll peme

mftt H3-3a OTCYTCTBllH qeTKO:ll: IlOCT8HOBKll 38)taqn ll KOHCTpYKTHBHOro IlO)tXO)ta 
R pememm npo6~eMH. IlOBTOMY ,1{,JIH pame:irn:H OTMeqemrux BHme 38)taq ITO HHnnll
aTHBe 8BTOpa 6U~O opraHK30BaHO HaY'ffiOS COTpY.1tHIDieCTBO, p83Y~T8TOM KO
ROTOporo HBKlIOCb C03)taHKe KOMIT.Jl8RC8 nporpaMM )tJIS{ 8BTOM8Tll381tllll ~OI'H'I8C
ROrO IIp08RTllpoB8HIDI YCTpottCTB ROMIIpSCCIDI ll oOpaOoTKH 4lli3WiaCKOtt m$}p
M81tllll, paspa6aTHBaeMUX Ha 0838 aJireOpaWISCROtt Teopm1 RO~B8HKH 
ll 8JII'86p8WI8CKHX MSTO)tOB oOpaOoTRH CllrH8~0B. Cos,1taHBHtt Teopern-
qecKK:lt aTIIIapaT Hero MBTaMaTWiecRoe o6ecneqeHlla nosno~ anTopy )tlic

cepTaltllll C03)t8Tb HOBH9 0UCTpo)t8:ltCTB,YI(lllll8 a:IT'OPHTMH ,1{,JIH BHilOJilISHIDI a~
re6paWI&CRllX orrapa~ B rro~e ra~a, paccqnTaTh Ta~ MH pamaHKH sa

,1taq IIp08RTllpoB8HIDI CII8I018™3llJJOBaHHHx npoµeccopon )tlIH 6HCTporo OTOopa 
C06HTH:lt. 

8 )tliCC8pT81tllll )t8H 8$leKTllBHH:lt M&TO)t pem&lilfil rrpoO~eMH C03)t8HKH ymi:

nepca~bHOro )tliH8Mffq8CKH rrporpaMMKpyeMoro OucTpo~e:ltcTBYJlllero MOJtY~ 
(Y.l{ITJIM) , HMB:rrutero aJireOpaH'ISCKYID CTpYKTYPY. IlOK838HO, qTo ,1{,JIH npaRTH'!SC
RO:lt p8aJIK381tllll 6HCTpo)t8:ltCTBYIOOtllX Y.l{ITJIM MOlllliO llCITO~b30BaTb MO)tY~ JJII3.Y, 
ITJIM ll JtPYrll8 6o~nrn:e llHTerpa~HHe MHKpOCXSMll. lllcrro~30B8Hll9 HaOopa T8RllX 

O~HOTHITHHX MO)tY~e:lt B rrepcrreRTHB8 OTRPHB88T B03MO:ttHOCTb )tlIH 6HCTporo he
penporp8MMllp0B8HllH C IlOM6mhID MHRpo-3BM Tpnrrep:mn ycTpottcTB nepnoro ypoB
HH 083 H3M8H8HIDI BH8mHHX CBH39:lt, KOTOpHe B H8CTO.!llJl89 Bp8MH BHTIOJilIHIOTCH 

M8X8HH'I8CKllM IIYT&M. 0,1tliH H3 B8pK8HTOB Y.l{ITJIM sanmmeH 8BTOpCKllM CBli,lt&Te~
CTBOM Ha K3oOpeT8HK8. 

IIepcrraRTHBHOCTb K 6o~WYID IIp8KTH'!8CRYID neHHOCTb 8JII'86panqacRHX M8TO
)tOB o6pa6oTRH cnraa~OB MO:ttHO npo~TpllJJOB8Th Ha npllMepe p83BKTKH T8-
Koro Balifiloro aanpaMemm B COBp8M8HHOM npn6opoc'l'poeHllll, KBR cnraaTypHHtt 

aHa~. KOToputt 683llJJY8TCH H8 CBO:ltCTBe ll36HTO'lHUX KO)tOBHX IlOCJI9)tOB8T8~
HOCTa:lt KCIIp8~Tb OWK00qHU9 CHMBO~, B03HllR8IOO(ll8 B nmlJpc>BHX CKCT9M8X B 
nponecca rrepe,1ta'Ill ll IIpK8M8 T8ROtt IIOM8)tOB8T9~HOCTll. Co3)t8B89MH9 Ha 
8TO:lt OCHOBe npnOopH - cnraaTypHHe 8H8~8Topu llCIT0~3YJOTCH ,1{,JIH 

Tf!cuponamrn MimporrpoueccopoB n CJionott mmapaTYpu co BCTpoeHIDOOi mm 
a MHRponponeccopaMH. 0.ItHaKo, B nsnecTHHX Cfil'HaTypHHX aaa~aTopax 
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llCTIOJlb3YIOTCH B OCHOBHOM TIOCJ10)tOBaTeJibHH0 MeTO)tbl oOpaCiOTKli .nammx • 

PaapaCiOTaHHHe _aBTOpoM, .zm:ccepTar.um TiapaJIJ18JlbHHe aJiropllTM!l .ztJIH Bl1IIOJill0HllH 

TPY.ztOeMKmC OTiepaumt B TIOJie raJIYa MOryT Ha-it'rll IIpllM0H0Hlle ll B 3TOtt 

OCiJI8CTll IIpllCiOJlOCTpo0HllH. HapH.ztY C llCCJl0)tClBaT0JlbCKOtt ll Hay,mott 

.neHT0JlbHOCTblO, aBTOpOM .zm:ccepTar.um IIpOBO)tHJl8Cb CiOJibmaH paCioTa TIO 

coa.namno ll BHe.ztPe~ B (pll3H'lecime &KcrrepllMeHT!l nporpaMMHo-ynpaBJJHeM!lX 

CiJIOKOB B CTaH.ztapTe KAMAK. B 'l8CTHOCTll, BH0C0H TBOp'lecKlltt BKJl8)t B 

C03)taHll6 CllCT6M perllCTP8l.UIB Ha ypOBH6 ropll30HT8JlbHOtt, B6pTHK8JlbHOtt ll 

IIOCJ16)t0B8T6JlbHOtt CllCT6Ml1 KAMAI{. PH.zt npn:OopoB BH6.ztP6H B OII!lTH06 

ITpoll3B0)tCTBO OIDil/1. HecMOTpH Ha TO, 'ITO CllCTeMa KAMAK npe.ncTaBJIHeT coOott 

Mel!U!YHapo)tH!ltt CTaH)tapT, B KOTOpoM CTporo onpe.neJieHH Tpll ypOBHH 

CTaH)tapTllaar.um: MeXaHll'!eCKlltt, 3Jl0KTPWI6CI<lltt ll JJorw-.ecKilll:, .ztJJH 

paapaCiOTim ll BH0.ztPeHllH B (pll3ll'leCKlle 3KCIIepllM6HT!l CTOJ!b CJJOJKHOtt arrrrapa-

Typll TpeCioBaJIOCb rrpoBe.zteHlle KOMIIJieKca cxeMaTWieCRHX, TeXHOJIOrll'l9CKllX H 

opraHH38UllOHHHX MeponpllHTilll: )tJIH ee ycrremHoro BH6.ztP6HllH. 

PaapaCioTaHHHtt M8T6M8Tll'-l0CI<lltt arrrrapaT MeTo.na CHH.ztPOMHoro IW.ztHPOBa

HllH ll M6TO)tllK8 llCCJI6)tOBalirnl:, npe.ztJIOlKemme B HaCTOHll(ett· .zm:ccepTamm, II03-

BOJlllJIH C03)t8Tb ll BH6.ztPllTb pH.n napaJJJJeJibH!lX mH,tlpaTopoB co CII0Ull(pll'l0CKllMll 

CBOttCTB8Mll, M8llWpllT8pHHX cxeM COBIIa.nelirnl:, rrapaJIJl0JlbHHX C'l0T'lllKOB )tJIH 

Ci!lCTporo OTCiopa COCi!lTilll: ll CTI6Ull3Jlll3llpoB8HHHtt npoueccop C mnpOKllMll WYHK-

U110 HaJJbHblM11 B03M0:+:H0CT5!Ml1 11 BX0,ll5!Illl1Ml1 B cneKTP0M6TPbl 411311Kl1 Bb!COK11X 

~Hepr11A 11 B Cl1CTeMY aBT0MaT113aUl111 11 HaCTP0HKl1 KaHaJJOB nY4KOB Ha yc

KOpllTeJibHOM KOMIIJieKce JiaCiopaTOpHll BllCOKllX 3Heprrnl: OIDil/1. PH.zt nporpaM

MHo-ynpaBJIH0Ml1X npnOopoB B CTaH)tapTe KAMAK, paapa00T8HHHX aBTOpOM ll IIpll 

ero yqaCTHll, BH0.ztP0HH B OII!lTHOe IIpOll3BO)tCTBO )tJIH MeJIKOCepnttHo:ro IIpOll3-

BO)tCTB8. 8Ta.paCioTa Ha'laJiaCb eme B 1972 r.ll IIpO.ztOJJlKaeTCH TIO H8CTOHll(ee 

BpeMH C yqeTOM HOBHX TpeOOBalirnl: M0TO)tllKll (pll3WieCRHX 3KCII0pll:M0HTOB. 

ABTop npllHllMaJI TaKlK0 TBopqecKoe yqacrne. B coa.namrn pH.zta cneKTpoMeTpoB, 

paCioTaIOOlllX Ha JlllHllll c 8BM, Ha KOTOpllX TIOJIY'lelill peayJJbTaT!l B TaKOM 

BalKHOM HanpaBJiemrn, KaK peJIHTllBllCTCKaH H)tepHaH Wll3HKa. OCHOBH!le 

IIOJJOlKeHllH .zm:ccepTar.um onyCiJlllKOBaHH TaKme B .ztBYX UllKJl8X JJeK!llltt .ztJIH 

MOJIO)tbIX Y'l6HHX OIDil/1, a T8KlKe B .ztBYX MOHorpa(lMHX, ll3)t8HHHX M8CCOBllM Tll

palKOM. HeKOTOp!le cxeMH!le pemeHHH aBTOpa, T8Klle K8K npnopnTeTHHe mH,t,pa

TOPll, TIOJIY'lllBmlle mnpoKoe npHMeHeHlle B CllCTeMaX perncTpar.um cneKTpOMeT

poB (pll3llim B!lCOKllX 3Heprrnl:, OK338JlllCb BeCbMa IIJJO)tOTBOPHHMll ll He MeHee 

'leM Ha Tpn ro.na onepe.zm:Jll'l aHaJJorn'IH!le paapaCioTim aa pyOelKoM. 

CJJe)tYeT OTM0TllTb, 'ITO pH.zt Be.ztYIIlllX yqeHHX O!AfII/! , oueHHJil'l COBOKynHOCTb 

paCioT aBTopa, npe.ncTaBJieHHHX B .zm:ccepTar.um, KaK nepcneKTllBHOe HanpaBJre

HHe B paspa60TKe ll npID4eH8HffiO M8TO,na CllH,IlpOMHQrO·Ko.nnpoBaIDUI ,nnH 

61:lCTPOi-l annapaTHOl-l:~JibTpaullll co61:lTiffit perncTpn:pyeM!lX B MHOrOKa.HMb

H!,DC ,neTeKTOpax aapmr;eHHb!X ti:aCTllI\o. 
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CJl0.ztYIOOlll0 OC_HOBHH0 peayJibTaTll .zm:ccepTar.um Bll)tB'lll'aIOTCH )tJIH 3all(llTll: 

I. MeTO,n CllH.ztPOMHOro KO.ztHpoBaHllH, ero TeopeTll'l.8CKOe OCiOCHOBaHlle ll IIpll

MeHeHlle .ztJIH OIITllMaJJbHOro KO.ztHpoB8HllH .nammx B ro.nocKOTill'l.0CKHX CllCTeMax, 

C03)t8Hlle ycTpottCTB ClK8TllH, if}HJibTp3Ulllill ll oOpadOTKll (pll3ll'l0CimX cod:uTmt 

B crreKTpoMeTpax (lM3llim BllCOimX 3H8pI'lnt. 

2. PaapadoTKa HOB!lX KO)tOB n KO.ztllpYIOO\HX cxeM )tJIH periicTPaI.UIB cod:uTHtt c 

KJiacTepaMH. 

3. PaapadoTaHHHtt MaTeMaTll'leCKlltt arrrrapaT MeTo.na CllH.ztPOMHoro KO.ztHpoB8HllH 

)tJIH CllHTe3a ll IIOCTPOeHllH napaJIJleJibH!lX lllll,t,paTopoB KOMdllHaUllOHHoro Tlllla 

Ha t BXO)tHHX CllrHaJIOB (t > I)' )tJIH coa.naHHH YCTPOttCTB OTdopa COd!lTlltt TIO 

MHOJKeCTBeHHOCTll cnrHaJIOB C aJiredpall'!eCKOtt CTPYKTYpott ll CTieUllaJlll3HpoBaH

HHX KOOp)tHHaTH!lX npoueccopoB, OTiepnpYIOOlllX Ha.zt 3JieMeHTaMll IIOJIH raJIYa 

GF (2m). 

4. ITpllMeHeHlle paapadoTaHHOrQ MaTeMaTll'!eCKoro arrrrapaTa )tJIH coa.na.HllH ll 

BH8.ztPeHllH HOBHX, 3(I$9KTllBHHX MeTO)tOB ll npndopoB, He llM8100lllX aHaJioroB B 

MllpoBOtt npaKTHKe, )tJIH cneKTpoMeTpoB (pll3llim BllCOKllX 3Heprrnl:, 'I.TO 

IIO)tTBepxmaeTCH aKTaMll O BH0.ztP0HmI. 

5. KoHCTpynpoBaHHe HOBllX. TllITOB cyrrepII03llUllOHHHX KO)tOB ll COOTCTB0HHO KO

.ztllpYIOOlllX cxeM ll llX IIpllM0H0Hll0 )tJIH IIOCTp00HllH TI8p8JIJl0JlbH!lX mll,tlpaTOpOB 

Ha dOJibmoe 'lllCJIO BXO.llOB ll npe,llJJOlK0Hl'Ie .llJIH IIpllMeHeHl'IH TaKHX KO.llOB B 

rrapaJIJI0JlbH!lX mH,t,paTopax .llJIH CUllHTllJJJIHUllOHHHX ro.nocKOIIOB co CB0TOBO:!t 

KO.ztllpOBKOtt. 

6. PaapadoTaHHHe d:UCTPHe aJirOPHTMll n aanu,nnemme aBTopcKlIMll CBll)teTeJib

cTBaMli Ha ll30dpeT0HlIH ycTpottcTBa )tJIH Bl1IIOJill0HllH OTiepaumt H3.ll 3JI0M8HT8Mll 

IIOJIH raJIYa GF(2m) . 

7. Pa3BHTll0 M8T8M8Tll'l8CKOro 8IIII8p8T8 CllHT038 TiepeKJIIO'l8T8JlblillX WYHKIUtlt, 
IIp0.llCT8BJIH8MllX 3JieM0HT8Mll IIOJIH raJIYa GF (2m) , C TIOMOll(blO 8H8JlllTll'l0CKFIX 

BllKJJ8.llOK ll pacqeTOB Ha 8BM. 

8, 0pllrHH8JJbHoe pemelffie rrpodJieM!l cos.naHHH YHHBepcaJibHoro, .ztHH8MH'lecim 

rrporpaMMHpyeMoro JiornqecKoro MO.ztYJIH 

9. IlHOH8pcKll8 paspa60TKH YCTpOHCTB IIpll0pHT8THOro mHq)I)HpOBaHHH, Hcnom,

syeMHe B cneKTpOM8Tpax qill3mtH Bl:lCOKRX 8HeprH8 H 3ruqHII!8HHH8 TpeM.II aBTOp

CKHMH CB~8T8JibCTB8MH Ha H306peT8HHfio 

IO.Hcc~e'AOB8.HH8 H paapa60TKa M8TO,na napaJinem.H08 KOMIIpeCCHH )taHH!,DC .n~n 

xanopHMeTpOB H ,npyrmc MHOrOKa.HaJibHblX )t8T8KT0pOB sapmit8HH!,DC ti:acT~. 

n: Me'l'O'AHKa pacti:eTa ycTp08CTB en.TM H o6pa60TKH )ta.HHblX, paapa6aTH

Bae!filX· Ha OCHOBe a.nre6pa.HlleCK08 '1'80pHH KO'A:HpOBa.HM. 
I2. IlHOH8pcKH8 paspa60TKH H BH8.ztpeHmJe B (pHSHtl8CRHe axcnepHMeHTH PH,ll 

npH60pOB H ROHTpoJIJiepoB B C'l'a.H,nal)Te KAMAK. 
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I·\ Co ~, 

13. Pa3pa60TaHHblfl BnepBHe B Hamefl cTpaHe KOMnneKc annapaTHl:O( cpeacTB ans 
nocneaoBaTenbHOfl Cl1CTeMH KAMAI{ 11 ero np11MeHeH11e ans aBTOMaTl13aUl111CllCT6-

M~ n11arHOCTl1Kl1 nyqKQB Ha Cl1HXPO<P830TPOHe OM51H 11 B cneKTPOMeTpe ans 11c

cneaoBaHl151 B3a11Moaef!CTBl151 pen51Tl1B11CTCKl1X 4aCT11U 11 Haep C npoTSW.eHHHMl1 

Ml1W6H51Ml1. 

Annpo6au1151 pa6oTH 

MaTep11an~ n11ccepTau1111 a0Knaa~an11cb Ha M6W-aYHapoaHHX Cl1Mn0311YMaX OH51H 

no HaepHofl 3neKTPOH11Ke (BapmaBa, 1971; EyaanemT, 1973; ny6Ha, 1985 r. 

r.); Ha MeW.aYHapoaHHX COBemaHl151X no Cl1CTeMHHM MeToaaM 11 aHan11Tl146CKl1X 

BH411CneHl151X Ha 38M 11 11X npl1M6H6Hl1!0 B T60peTl146CKOfl 411311K6 (nY6Ha, 1981; 

1983 11 1985 r. r.); Ha BC6C0!03HOfl KOH~peHU1111 no aBTOMaT113aUl111 HayYHHX 

11ccneaoaaH11fl Ha ocHoBe np11MeHeH1151 3BM (Hoaoc11611pcK, 1981); Ha nepaofl 

06bea11HeHHOfl BC6Ml1pHOfl KOH~peHUl111 no Cl1MBOnbHOfl anre6pe, aHanl1Tl146CKl1M 

BH411CneHl1SM 11 np11MeHeHl1!0 KOppeKTHPYIOWHX Kanoa ISSAC-88 11 AAECC-6, 

P11M' 1110nb, 1988; Ha EaponeflCKOfl KOH4epeHu1111 no npHMeHeHJrn KOppeKTl1PYlOllll1X 

Koaos AECC-? , Tyny3a, 11l0Hb, 1989; Ha HaY4Hl:O( ce,M11Hapax J1a6opaTOpl1fl BbI

COKl1X 3Hepr11fl 11 Bbl'll1Cnl1TenbHOfl T6XHl1Kl1 11 aBTOMaTl13au1111'0H51H; Ha WKone 

M51M anH Mononl:O( yYeHHX B 1984 11 1986 r. r, B s11ne neKU11fl anR MonoaHx 

yyeHl:O( OH51M, a Ta.IO!t6 B Electronic Newsletter ( CERn). 

ny6n11Kau1111 

no MaTep11anaM a11ccepTau1111 ony6m1KoBaHo 65 neYaTHHX pa6oT 11 cpea11 Hl1X 

aae MOHOrpa41111H, aaa Ul1Kna neKU11fl an51 MOnoaHx Y46Hl:O( OH51M 11 15 aBTOPCK11X 

CBHaeTenbCTB Ha 11306peTeHl151. 

CTpYKTyPa 11 06beM pa60TH 

~ccepTau11H cocTOHT 113 aaeaeH11s, mecTH r naa, nsT11 np11now.eH11fl, 3aKn10- , 

qeHl151, cn11cKa n11TepaTyPH 113 259 Hl1M6HOBaHl1fl, coaepw.HT 250 CTpaH11U neYaT

HOro TeKCTa, 105 Pl1CYHKOB 11 31 Ta6n11UY- 0630PHa51 yacTb a11ccepTau1111 ae
TanbHO 113now.eHa B MOHOrpa41151X "nporpaMMHo-ynpaBn51eMHe 6nOKl1 B CTaHaapTe 

KAMA!{", "M11Kpo-npoueccopH 11 M11Kpo-3BM. np11MeHeH11e B np116opocTpoeH1111 11 a 

HaYYHHX 11ccneaoBaHl151X [4,5], a TaKW.e B aBYX U11Knax neKU11fl an51 MOnoaHX 

Y46HHX OM51H: "3neKTpOHHHe MeTOaH 6 3KCnep11MeHTanbHOfl 411311Ke 6b!COK11X 3Hep

r11fl" 11 "OT coepetteHHofl anre6pH - K cneu11an11311poaaHHHM npoueccopaM" fs, 7 J . 
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II • KpaTKoe co.n;epmamre .zmccepTainm 

Bo BBe.n;emm 00CYJK.n;aeTCH npoOJieManma paOOTll, ee aKTyaJibHOCTb H HO-

BH3H8, onpe.n;eJieHll ue™ H 38,ll;81lli HCCJI6,ll;OB8HHH, Kp8TKO nepe'IBCJI8Hll 

OCHOBHll8 pe3ynbT8Tll no rJiaBaM .zmccepTainm. 

B nepBott rJiaBe paccMoTpeHll OCHOBHll8 CB6,ll;8HHH H3 aMeOpawi:ecKott Teo

PHH KO,ll;Hp0B8HHH. Ha 0CHOB6 CHCT6Mll aHaJiorntt ycTaHOBJieHa npHMaH CBH3b, 

ROTopaH CYm8CTBY8T M6lKJlY aJireOpaH'I6CKo_tt Teopnett KO,ll;Hp0B8HHH H 

M~TO,ll;aMH oOpaOOTKH CHPHaJIOB B ro.n;oCKOilH'I6CKHX CHCT8M8X, 'ITO Il03BOJIHJIO 

000CH0B8Tb H npe,nJIOlKliTb M8TO,ll; CHH.lij)OMHOro KO.zmpo~aHHH JVIH ClK8THH HH(fop

MaUHH H oOpaOOTKH CID'HaJIOB, perHCTPHpY8MllX B MHOrOKaHaJibHllX ,ll;8T8KTOpax 

3apHlli8HHllX qacmu. lll3JIOJKeH &(f$JKTHBHlltt M8TO,ll; aHa™3a napaM8TPQB H CTPYK

TYPll MHOrOK8H8JlbHllX ro,noCK011Wl8CKHX CHCT8M C ITOMOmbID KO,ll;Hpymn'[X M8TPHU· 

ITpHB8,ll;eHa O.n;Ha H3 U8HTpaJibHllX TeopeM H30HTO'IHOro RO,ll;HpOB8HHH, C ITOMOWbID 

KOTOpott MOlKHO C03,ll;8B8Tb KO,ll;HpYIOOlll8 MaTpHUH C Harrepe.n sa.n;aHHHMH'CBOttCT

Ba~m. ITpHBO,ll;HTCH ROHKp8Tlill8' npHMepu IIpHM6H8HHH M8TO,ll;a CHH,lJ;poMHOrO RO,ll;H

poBaHHH ,ll;JIH ITOCTpo8HHH rrapaJIJI8JlbHllX WHtppaTopoB, C ITOMOinbID KOTOpux MOlKHO 

&(f$JRTHBHO RO,ll;HpOBBTb coOHTHH c KJI8CT8paMH [7-I2J'. 
0rrT:HM8JlbH08 RO,ll;HpOBaHHe HH(fopMaUHH B ro,noCKOilH'l8CKHX CHCT8Max npe.n;-

ITOJiaraeT pemeHHe CJie.n;yIDWHX npoOJieM. . 

Cl!iaTH8 'IBCJia KaHaJIOB perHCTpainm H npe.n;cTaBJieHHe .n;amrux B (fopMe, y.n;oO

HOtt ,ll;JIH BlffiOJIH8HHH aJireOpawi:ecKHX, apn(f.MeTWJ:8CKHX H JIOI'WI8CKHX orrepa

l(Htt. 3TO, HanpHMep, - npeoopa30B8HH8 YHHTBpHoro IT03HUHOHHOro Ko.n;a B Ha

TypaJibHlltt ,ll;BOWJ:Hlltt HJlH UHK™'I8CRlitt KO,ll;. 

- ITpHMeHeHHe M8TO)la CHH.n;poMHOro KO.zmpoBaHHH C ueJibID KOMIIp6CCHH H npeoO

pa3oBaHHH .n;aHHHXIIpH YCJIOBHH orpaHH'I8HHOtt MHOlK8CTB8HHOCTH perncTpnpye

MllX CHrHBJIOB. 

- ITp:HMeHeHHe H30HTO'IHoro KO,ll;a ,ll;JIH ITOBllWeHHH IIpOCTpaHCTBeHHoro pa3pe

meHHH ro.nocKOIDi'leCKHX CHCT8M. 

- Cos.n;aHHe HOBllX RO,ll;OB H COOTB8TCTB8HHO KO,ll;Hpymn'[X YCTPQttCTB ,ll;JIH ro.n;oc-

KOITOB C yqeTOM OypHoro pa3BHTHH &Jl6KTpoHHHX M8TO,ll;OB (l)li3HIG!'. BllCO-

KHX H CB8pXBllCOKHX &Heprntt. 

IlpoOJieMa OITTHM8JlbHOro KO,ll;HpOBaHHH B03HHK89T T8KlK9 B CBH3H C T8M, 

'ITO cnrnaJIH, ITOCTyilalCIJIHe OT ,ll;8T8KTOpoB 3apHlK8HHllX 'lBCTHU, HM8IDT pas

JIWIHYID npnpo.n;y. Hanp:HMep, KO.zmpoBaHHe .n;aHHHX, ITOCTyrralllll,HX OT CUHHTHJI

JIHTOpOB MOlKHO BlffiOJIHHTb .no iIDY C ITOMOWbID rnOKHX CB8TOBO,ll;OB. B TOlK8 Bpe

MH C:HrHaJlll, ITOCTyrral(lJ\He OT IIpOBOJIO'l8K Mill{, KaK npaBHJIO, HYlKJl8JOTCR B 

yCHJI8Hllli H (fopMRpoBaHHH, H TOJlbKO ITOCJI8 &Toro B03MOlKHO HX Ha,ll;8lKH08 KO

.zmpoBaHHe, XOTH H 3,ll;8Cb B03MOlKHll HCKJIID'l8HHH. JlpyrnMH CJIOBaMH, Tpe00B8JI

CH IlOHCR H KOHCTPYHpoBaHHe T8KHX KO,ll;OB, C IlOMOiltbID ROTOpllX MOJGIO OHJIO Ou 

KO,ll;Hp0B8Tb CJiaOue 3Jl6RTPH'l6CKHe H CB8TOBHe C:HrHaJibl. 

B H8CTOHW88 BpeMH OCHOBHHMH YCTPQttCTBaMH KO,ll;Hp0B8HHR .namru:x B ro.n;oc

KOim'l8CKHX CHCT8M8X HBJIHIOTCH IIpHOpHT8THll8 nmtf)paTOpH, ITOCKOJibKY Tatme 
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ycTpol!:CTBa HBJJHIOTCH ymmepcaJibHHMli B TOM CMHCJie, '!TO Il03BOJIHIOT K0.11;1ipO

B8Tb Cfil'H8Jlhl, IlOCTynalOll(He OT npoH3B0JlbHOro '!HCJI8 O,ml0Bp0M0HHO cpado

T8BllfilX .ll;8T'IBKOB. 0,miaKO, 3T8 ymmepcaJibHOCTb .ll;OCTHraeTCH 38 C'!0T YB0JIR'l0-

mrn Bp0M0lill npeo6pa30B8lillH, '!TO HBJIH8TCH CJI8.ll;CTBH8M IlpRM8H8lill.fI 3JieMeH

TOB Il8MHTR H T8KTRJ)YJOOUiX RMTIYJibCOB. IT03TOMY B TeX CJIY'!8HX, Kor.na npelK,1\e 

Bcero TpedyeTCH BHCOK06 dHCTpo,nel!:CTBHe, npRMeHHIOTCH rrapaJIJI6JlbHH6 umll)pa

TOpH, y KOTOpHX 'IBCJIO BHXO.ll;OB f/::. eog2'1, r,ne /1- '!RCJIO K8H8JIOB perRCTpa-

1.UIB• 0,miaKO. npH i. '7 I TaKoe YCTpol!:CTBO HepadoTOCITOCOdHO • .llalKe npH f,-: 1 , 
Kor.na '!8CTRU8 npoxo~T rro.n yrJIOM K IlJIOCKOCTH ro.nocKorra. IT03TOMY B T8KHX 

CJIY'!&HX .ll;JIH perHCTp81.UIB COdhlTRa C ,nso8HHMR KJI&CTepaMR npRM8HH8TCH KO.ll; 

I'p&H, KOTopHa T8KlK6 K&K, H H8TYP8JibliH8 .ll;BOH'!HH8 KO.ll; OITTRM8JI8H. oOJibillOl!: 

npaKTR'!8CKR8 RHTepec npe,nCT8BJJHJOT T8Kli0 K0.11;1ipYIOO\R8 ycTpol!:CTBa, C ITOMOinblO 

KOTOpHX MOlKHO dhlJIO dhl napaJIJI8JlbHO mRit,pRpOB&Tb -f; O,mIOBp8M6HHO cpa60T8B

llfilX no3mu,roHHo-'!YBCTBHT6JibHHX ,naT'!RKOB t. Y TaKRX mHQ)paTopoB ,noJIJKHO Bhl

rroJIHHTbCH YCJIOBH8 N.:. t f-o3p. 
CyTb npodJieMH 38KJIJ0'!88TCH B TOM, '!TO B T80plili K0.11;lip0B8lillH Bhl.ll;6JIHJOT

CH TpH pa3,neJia: T80pHH aJiredpaH'!6CKRX KO.ll;OB, TeopHH CB8pTO'!HHX KO.ll;OB H 

TeopHH KO.ll;OB, HCITOJ!b3Y8MHX B apwf.M0TH'!8CKRX YCTpol!:CTB8X. XOTH 3TH pa3-

.ll;8Jlhl T6CHO CBH38HH .npyr C ,IlpyroM, HO B. TOlK8 Bp8MH Olill xapaKT8pH3YlOTCH 

co6CTB6HHhlM TIO,IIXO.ll;OM K npodJieMe KO.ll;Rp0B8HRR. ITO&TOMY B npouecce HCCJI6-

.ll;OB8lillH B03HRK Bonpoc: K8KOl!: H3 3THX pa3.ll;8JIOB RBJIR6TCR H8HdOJI86 no.nxo

.Ilffil\l™ .ll;JIH OITTRM8JlbHOI'O KO.ll;Rp0B8lillH .naHHHX B ro.nocKOilli'!0CKliX CHCT6M8X? 

KaK IlOK838HO B ~ccepTai.um., .ll;JIH 3TRX ueJiel!: H8HdOJI88 IlpH8MJI8MOl!: HBJIR

. 8TCH aJiredpaR'!8CK8H TeOpHH KO.ll;Rp0B8lillH. JA CY Tb ,neJia He TOJibKO 

B TOM, '!TO OH8 683RpY6TCH Ha xopomo paspadoTaHHOM M8T6M8TH'!6CKOM anna

paTe H, B '!8CTHOCTH, Ha aJiredpe KOH6'!HHX ITOJiel!:. AJiredpa I'aJiya, C IlOMO

mbKJ KOTOpol!: OTIRCh1B8IOTCH H8HdOJI88 nonyJIHpHHe ~'!8CKR6 KoppeKTRpYIOO\R6 

KO,nl:l, HBJIH8TCH doJiee odmen no cpaBH8lilllO C EyJieBott aJiredpott, '!TO B KOH8'!

HOM HTOre Il03BOJIH6T paccMaTpHB8Tb npouecc CTITRM8JlbHOI'O K0.11;lip0B8lillH .ll;8H

HHX H C03.ll;8lill8 JIOrH'!6CKRX ycTpol!:CTB OTdopa ITOJI83HHX COCIHTlllt C illlipoKRMR 

(pyHKUliOH8JlbHHMli B03MOJKHOCTHMR Ha OCHOBe 6.ll;RHOl!: TeopeTH'!8CKOl!: KOHU8Il1U'lli. 

KpoMe Toro, IW,nl:l, HCilp8BJIH!OlllH6 ourn:CiKR B apwf.MeTH'!8CKRX ycTpOl!:CTBax, &(f)--

il)eKTHBHH B T8X CHCT6M8X, f.ll;8 HCITOJ!b3YIOTCH Il03UUliOHHH8 CHCT6Mli C'!HCJI8-

lillH, HanpRMep, B yHHBepcaJibHHX 8BM. 

C U8Jlbl0 npRM6H8lillH aJireCipaH'!8CKOl!: T60plili KO.ll;Rp0B8lillH ,!VI.ff pemeHHH 

pH.na sa,naq 3JI8KTpoHHHX M6TO.ll;OB il)R3RKH BhlCOKRX 3Heprli8 8BTOpOM ~ccep

T8UUU paspadoTaHa CHCT8M8 aH8JIOrli8 M6JK.ll;Y OCHOBHHMR IlOHHTRHMR H Teope

M8Mli aJiredp8R'18CKOl!: TeopRR K0.11;1ip0B8lillH H aJireCipaH'!6CKRMR M6TO.ll;8Mli 

oCipaCiOTKli CRI'H8JIOB B ro,nOCKOilli'!6CKRX CHCT8M8X (8,9 ].B T86Jl. I npUBe

,neHa T8K8H CHCT0M8 8H8JIOI'R8. PaCCMOTpllM KOMM8HT8plili K T86JlllU8-

J. !A3CiUTO'!H06 KO.ll;Rp0B8lill6 HCTIOJ!b3Y0TCH B T0XlillK0 CBH3H H B BH'!RCJlliT8Jlb

HOl!: T8XHHK8 .ll;JIH ITOBHill8lillH H8.ll;0lKHOCTH ycTpol!:CTB nepe,na'IH H o6pa60TKR RH-
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q:opMauuu. KaK IlOK838HO B ~ccepTai.um., TeopHH H Texmma KoppeKTRpYIOOUDC 

KO.ll;OB MOlK8T CiHTb ycneillHO HCilOJ!b30B8Ha npH cos.namrn: .ll;8T0KTOpoB H ro.noc

KOTIR'!6CKHX CHCT6M C U6Jlbl0 Il0Bhlill0HUH RX npocTp8HCTB6HHoro paspemeHHR li 

p83Jlli'!HOro po.na KO.l);lipYJOOUiX YCTpol!:CTB, pemaJOOUD( 38,naqy perRCTpai.um. MHO

lK6CTB8HHOCTR li KOOp.ll;RHaT COCIHTR8 B OITTRM8JlbHO KO,nlip0B8HHOM Bli.ll;e. 

AJire6p8R'16CKaH TeopnH 

KO.ll;Rp0B8HRH 

I. lA3CiHTO'!H06 KO.ll;Rp0B8Hll6. 

Ta6JrnUa I 

AJiredpaH'!0CK8H TeOpHH o6padOTKH 

CllI'HaJIOB B ro.nocKOilli'!0CKRX CHCTe

Max 

!A3CihlTO'!H08 KO,nlip0B8lill6 C U8Jlb!OllOB!i

meHHR npoCTp8HCTB0HHoro pa3p8ill0lillH 

li YB0Jlll'!0lillH 4JYHK1U'IOH8JlbHllX. B03-

MOJKHOCTel!: I'O.ll;OCKOTIOB. 

2. Ko,nOBHl!: B6KTOp CiJIOKOBOro KO.ll;a, 

COCTOHlllHl!: H3 fl. CliMBOJIOB. Ko,noBoe CJIOBO, C'IRTHB88M08 OT 

3. B8KTOp OilllidKH €. 

4. ITaKeT omnCioK, g 
5. KoppeKTRpYIW\8H CTIOC06HOCTb 

Ko,na, i. 

.ll;8T'!RKOB B BH.ll;6 YHUTBPHOI'O TI03H-

UROHHoro Ko,na. 

®!3ll'!6CK00 C06HTH6, 38p8rRCTpnpo

B8HH08 B MHOI'OK8H8JlbHOM .ll;8T8KTOpe. 

Co6HTli8 C KJl8CT8pOM. 

KOJlll'!8CTBO O,mIOBpeMeHHO cpa60T8B-

llfilX .ll;8T'Ilffi0B, 

6. tfilCJIO npoBepo'!HllX. CliMBOJIOB, • KoJlll'!eCTBO pa3pH.ll;OB Ha BHXO,nax 

N Ko.nnpyromero YCTpol!:CTBa. 

7. 8®',eKTUBHOCTb Ko.na, V= K/n. Kos~eHT ClKBTHR K
0

• 

8. KO.nnJ)YIW\08 YCTpol!:CTBO. !IqaTop. 

9. IlpoBepo'!Ha.ff MaTpnua, H7 
Ko.nnpymaa MaTpnua, H n,ltl 

IO. Ko.zioBoe paccToRHHe , d. Ko,noBoe paccTOHHHe, cl. 
II. Bee KO.ll;OBOro B8KTOpa,w. Bee CTpOKH KO.nnJ)YIW\0!!: M8TpllUH-

I2. Bee CTOJI6ua IlpoB8po'!HOl!: Kos~eH pa3B8TBJI0HHR ClirH8JI8 

M8TpllUH~ w. C .ll;8T'IBK8, Kp 
13. IlOJIHOCTb!O aCID,{MeTp~ K8H8JI. KBHaJI p8rRCTp8Ulfil .ll;8HHHX B ro-

.ll;OCKOTIR'!8CKOl!: TIJIOCKOCTli.· 

14. lATepaTUBH08 KO.ll;lip0B8lill8. KO.ll;lip0B8HH8 .ll;8HHllX. B .ll;8T8KTOpe, 

COCTORm8M H3 H8CKOJlbKHX ro.noc

KOTIR'!8CKHX TIJIOCKOCT8l!:llJ!ll IlpllM8-

H8Hll8 HTepaTUBHoro Ko,na ,nJIH 

ClK8Tli.ff .ll;8HHllX.. 

2. OJ!OKOBJ:l8 KO.ll; - 8TO KO.ll;, B KOTOpoM HCTIOJ!b3Y8TCH TIOCJl8.ll;OB8T8JlbHOCTb H3 
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jt. CHMBOJIOB. Ko,nomnt BeKTOp (JJIOKOBOro K0,1{8 COCTOHT H3 K lffi(fppM8UHOHHHX H 

tl'I = YL-K H3(JllTO'ffil:lX KOHTpoJibHllX CHMBOJIOB. HyJieBOMY B6KTOPY COOTB6TCT

BY6T HYJI6B06 CJIOBO, C'IBTllB86M06 OT ,neT6KTOpa B TOM CJIY'l86, KOr,na H6T 

cpa00T8BlllHX. ,ll8T'IBKOB ( /1..-=- z"'_ /) • 
3. B rrpouecce nepe,na'IB ,naHHllX no K8H8JIY K KO,l{OBOMY B6KTOPY MOJK6T ,noOa

BHTbCH B6KTOP OlllHOKH e. 3TOMY B6KTOPY B TeopHH ro,nOCKOilH'l6CKHX CHCT6M 

COOTB6TCTBY6T (f)H3H'l6CK06 coOnrne, B pesyJibT8T6 KOTOporo C ,naT'lHKOB noc

TyTI8IOT CHrH8Jlll no K8H8JI8M perncTpaUHH. 

4. B TeopHH KO,nllJ)OB8HHH CYJn6CTBYIOT cneUH8JlbHll6 KO.ltl:l, HCI1p8BJIHIOlllH6 na

K6Tll OlllHOOK. Ilo3TOMY 3T8 T60pHH MOlK6T (JllTb. ycnelllHO HcnoJib30B8H8 ,l{JIH noc

CTpo6HHH C'l6T'IBKOB H lllliqJJ)8TOpOB KJI8CTepoB. perHCTplipY6MllX B ro,nocKOTIH

'l6CKHX CHCT6M8X. 

5. napaMeTp-/:, eCTb TO KOJIH'l6CTBO HCK8lK6HHHX CHMBOJIOB, KOTopne MoryT HC

npaBJIHTbCH KOpp6KTlipYillll™ KO,l{OM. B TeopHH ro,noCKOilH'l6CKHX CHCT6M B6JIH

'IHH8 -e onpe,neJIH6T M8KCHM8JlbH06 'IBCJIO cpaOOT8BlllHX ,naT'lHKOB. 

6. BalKlillM napaM6TpOM H30liTO'lHOrO K0,1{8 HBJIH6TCH 'lHCJIO IlpOB6po'lHllX CHMBO

JIOB ··cmmpoM". IlpH t 7 l 'IHCJIO npoBepo'iHl:lX CHMBOJIOB ,./=ml: ,l{JIH onTHMaJib-

Horo Ko,na. 
7. S@)eKTJIBHOCTb K0,1{8 V onpe,neJIH6TCH H3 COOTHOID6HHH V= Kjn. B ro,nOCKCill-f-

'l6CKHX CHCT6M8X 3TOMY napaM6TPY COOTB6TCTBY6T K03~6HT ClK8THH Kc, 

paBHID111/t/. 9TO 0,l{HH H3 B8JKH6itnHX napaM6TpoB KO,nHpYlOlll6rO ycTpo:ltcTBa, B 

KOTOpoM HcnOJlb3Y6TCH CHH.llJ)OMH06 KO,nHpOB8HH6 • T8K K8K OH xapaKT6pH3Y6T 

CTeneHb ClK8THH ,l{aHHllX HJIH ~KTHBHOCTb KO,nllJ)OB8HHH. 

8. KO,nHpYJ(m66 YCTpo:ltCTBO CJIYlKHT ,l{Jlfl flx}pMHpOB8HHH KOHTpOJlbHllX CHMBOJIOB 

Ha CTOpoHe nepe,naT'IHK8. B ro.nocKOilH'l6CKHX CHCT6M8X 8H8JIOrOM KO,nHpYlOlll6rO 

ycTpO:ltCTB8 CJIYlKl'IT napaJIJ1eJibHID1 mqipaTop HJIH KO,nHpYlOlll66 ycTpO:ltCTBO noc- , 

Jl6,l{OB8T6JlbHOro ,ne:ltcTBHH. 

9. IlpHHU1'!IIl'l8JlbH8H cxeMa KO,nHpYlQinero ycTpo:ltCTB8 38,1{86TCH M8TpHne:lt npoBe

po'lHllX COOTHOmeHH:lt, cocTomne:a H3 m CTpoK H n CTOJIOUOB. B COOTB6TCTBHH C 

IlpHHHTO:lt CHCT6MO:lt aHaJiorH:lt ,l{JIH IIOCTpo6HHH ~O,nHpYIOlllHX YCTpO:ltCTB C sa,naH

HllMH CBO:ltCTB8Ml1 MOlKHO HCnOJib30B8Tb COOTB6TCTBYIOlllH6 npoBepo'!Hlle M8Tpill.Ul, 

IlpHM6HH6Mhl6 B npaKTHKe KOppeKTlipYIOlllHX KO,l{OB. T8KH6 M8Tpill.Ul Mb! Oy,neM 

H83llB8Tb eme M8TPHn8Ml1 CBH36:lt. KalK,llOMY no3HUHOHHO-qyBCTBHT6JlbHOMY ,naT- • 

'IHKY ro,nOCKOilH'l6CKO:lt IIJIOCKOCTH CT8BHTCH B COOTB6TCTBH8 O,l{HH CTOJI08U 

M8Tpill.Ul CBH38:lt, 8 KOJIH'l8CTBY CTpOK COOTB6TCTByeT 'IBCJIO BllXO,l{OB rrapaJI

JI6JlbHOr0""1IlHqJp8TOpa. C U8Jlbl0 HCKJIIO'I6HHH Heonpe,neJieHHOCTe:lt IlpH onpe,neJie

HHH KOOp,nHH8T cpa00T8BIDHX ,naT'IBKOB, H ,naJKa O,nHOro H3 HHX, BC6 CTOJIOUll 

M8Tpill.Ul CBH38:lt ,noJllK!Ill OllTb pasJIH'lHll~ IaJiee, C U8Jlbl0 8H8JIH38 ~yHKUHO

H8JlbHllX B03MOJKHOCTe:lt rrapaJIJ18JlbHOro lllliqJp8TOpa Ha.n CTOJI0U8MH M8TpHUll 

CBH38:lt BllIIOJIHHIOTCH JIHHe:ltHlle H HeJIHHe:ltHUe orrepaUHH. 

IO. 3HaH KO,l{OB08 paCCTOHHH8 d TOro HJIH HHoro K0,1{8, MOJKHO Bll0p8Tb HJIH 

caMOMY cocTaBHTh Ko,nHpYIOlllYIO M8TpHUY c HYlKHHMH cBo:ltcTBaMH. IIocKOJihKY Yic-
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XO.l(H08 KO,nonoe CJIOBO H8MH paccMaTpHBa&TCH K8K HYJI6Boe, TO ,l{JIH 8H8JIH38 

CBO:ltCTB KO,nHJiYlO!ll6t1 M8Tpfil{H (JOJIOe y,nooim:a, '16M IIOHHTHO. KO}J;OBoro paccTOH

HHII, HBJIH8TCH O.l(Ha H3 UOHTp8JibHllX TeopeM H3ullTO'llIOro KO.n;HpOBamm: 

JIHHe:ltHlltt (n,K)-Ko,n c npoBepo'Ilmtt MaTpHuett H =[ /,0 , h1 ,h2 •• hn-11, r.ne ; 

h.1 - B6KTOp-CTOJI0!.Ul p83M8pHOCTH (n -I( )icI, t. = 0.1 •••• n-1, HM68T MH

HHM8JlbHOO Ko,noBoe paccTOHime d. ror.na H TOJihKo Tor,na. Kor,na JIIOOne d- I 
cToJidUOB MaTpIB.Ul Hn N JIHHettl10 uosamtcHM!l. CJie,nyeT OTM6THTh, 'ITO M&JK,ny 

rrapaMeTpaMH i H cl cymocTBYeT npocToe. H3B&CTHoe cooTHomeHHo d 2 2t + I. 
I!OJib3YlICh ,11amro:a T&opoim:a. MOlr.HO IlpHM&HHTb .nJIH paC'l&T8 KO,nHJiYlOlllHX MaT-

PHn C 38,l{8HHllMH CBO:ltCTB8MII 3BM. ,, 

II. Bee KO}J;OBoro BOKTopa W onpo,neJIH&TCH • KaK 'IBCJIO H&HYJI6BllX KOMIIOH&HT 

3Toro B&KTOp~. KOJIH'IOCTBO e.nmmu B CTpOimx nponepo'IBO:lt M8Tpill.Ul xapaKT6-

pH3Y6T CJIOlKHOCTb pe8JIH38UJIB KO,nHJiYlOlllHX,YCTpO:ltCTB, T8K K8K 'IBCJIO BXO}J;OB 

CX8M, flx)pMHpYIOlllHX CHH,llpOM ITO CTpOK8M, J)3BHO 'IHCJIY 6.1UffiHn • CO,Z!6plK8llUfX

CH B COOTB0TCTBYlO!ll0t1 CTpOKe.· 

12. Bee CTOJIIJU8 npoBepo'IHO:lt M8TPHUH TaKJKe :HMeeT OTHomeHHe K CJIOlKHOCTH 

poaJIB38UHH KO,nHpY!Oll\ero YCTpo:ltCTBa. TaK, Bee CTOJI0U8 M8TPIB.Ul CBH3e:lt on

pe,neJIH0T K03$lilll.U16HT pa3B9TBJI9HHH ~ CHrH8Jla. l!eM M6Hblll9 3T8 B9JIH'lilll8 

IlpH IlpO'lHX pamrux rrapaMeTpax. T6M npome CBH3H M9lK.I(Y BHXO,ll&MH ,naT'lHKOB 

cHrHaJioB H Bxo.naMH JIOrH'leCKHX sJieMeHTOB, lloPMHpYlOlllHX CHH,npoM. 

13 ~-' IlOJIHOCTblO 8CHMM6TpH'Ilill:lt K8ll8JI xapaKT0pH3Y9TCH TeM, 'ITO B H6M HM09T 

M6CTO O,l{HH BH,n OllJH(JOK, T. e. B03MOlmO JIH!JO npeo0pa30B8HH9 HYJiett B e,nH

HHUll .mroo, uaoOopoT, TOJlbKO e,zurn:nu B HYJIH. B 3TOM CMb!CJI9 K8H8Jlll pernc

Tparum ,ll8HHllX B ro.nocKOilH'l9CKHX CHCT6M8X HBJ!HIOTCH 'IHCTO acHMM&TpH'l6CKH

Ml1. Heo6XO,llHMOCTb BBe)leHHH TaKO:lt 8H8JIOrHH .llllKTY&TCH T9M, 'ITO ,l{JIH 8CHM-

M9TPH'l6CKHX K8H8JIOB HM66TCH pH,n KO,llOB C xopollJHMl1 rrapaMeTpaMH H Ta:irne 

KO.ltl:l JierKo peaJIH3YIOTCH. 

14. IlpH HTepaTHBH9M KO,nllJ)OB8HHH n ,l{BT'IBKOB pacrroJiaraIOTCH B BH,ne KBa,n

paTHO:lt M8Tpfil{H, CO,ll6plK8Ille:lt f<,cTpOK H ~CTOJI0UOB, H Bll'IHCJIH6TCH CHH)lpOM 

ITO CTpOK8M H CTOJIOUaM. B p93YJihT8T6 'IHCJIO K8H8JIOB perncTpaUHH YM6Hblll8-

9TCH .no B6JIH'lHlill 2tl-12 • TaKHe KO.ltl:l IlpOCTO p98JIH3YJOTCH H II03TOMY He 

CJIYtia:ltlio OHR IIOJIY'IHJIH mHpoK09 npHMeHeHHe B Cl.UIBTHJIJIHUHOHHllX ro,llOCKOII8X 

,llJIH perHCTp8UHH 0.l(HO'l8CTH'IHHX coOnTH:lt. B .llBYMepHOM HTepaTHBHOM K0,1{9 oO

mee Ko,noBoe paccTOHHHe d=d1d.;_. r.ne di H '½ Ko,noBne paccTOHHHH Hcxo.n-

Hllx KO,l{OB, BllOpamrux ,l{JIH HTepaUHH. BalKHO, 'ITO' HTepaTHBHlle KO.ltl:l o0p83YIOT 

oOmHplill:lt KJiacc KO,llOB, IIOCKOJlbKY ,llJIH HTepaUHH MOlKHO BH0p8Tb Jl!O!JHe KO.ztl:l C 

xopolllliMH HCXO.l(HllMH napaM9Tp3MH. KpoMe Toro, MOJKHO IlpHM8HHTb s-MepH09 

HT6p8THBH06 KO,nHpOB8HH6 ,llJIH paapemeHHH H60Ilp6,l{9Jl6HHOCT6:lt IlpU perHCTp8UHH 

MHOrO'l8CTH'lHllX COUHTH:lt. 

EHJIH paccMOTp6Hll OCHOBHll6 8H8J!OrHH, HCII0Jlb3YH KOTOplle MOlKHO IlpHM9-
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IIBTh )VIH pemeIIBH pa.na sa.ztaq 9Ji6KTpOHH11X M6TOAOB (pll3HKH BHCOKllX &Heprmt. 
CyTh M9TO.zta cmmpoMHoro KO,nHpOB8ID'IH saKJUOqaeTCH B CJi6AJIWl6M (pnc:1,a). 

EC™ paccMaTpllBaTh o6H~YID cncTeMY 
CBH3ll C npllMeHeIIBeM KOppeKTnpY
rooiero KOAa, rAe B npouecce ne
peAaqn K e-paspH.n;HOMY perncTpY AO· 

K RG 

e 
2 

a) 

M.ll 

o) 
PHc. I. K ITOHCH9IIBID M6TO.zta CRHA
poMHoro KOmqx>BaIIBH. K - KOAflPY
ranee YCTpottCTBO, .U - ,lt9KO.ztep, 
M,ll - MHOroKaHaJihHlitt ,lt6T9KTOp. 

f 

6aBJIH9TCH K-paspa.n;HHtt KOA CRHAPO-
Ma. C TIOMOmhID &TllX CllMBOJIOB Ha 

CTOpOH9 npneMHRKa KOppeKTllpYIDTCH. 
B onpeA8Ji9HHHX IIp9A9Ji8X B03MOlKHll9 
Ollill6Kll. Tenepb pacCMOTpllM 6oJiee 
IIpOCTYID CX9MY nepeAaqn, KOTOpaH 
llM99T M9CTO npn cqnTHB8Hllll A8HHHX 
OT rO'AOCKonnqecKott ITJIOCKOCTll 
(pnc. I,6). B OTCYTCTBlle C06HTllH 
CqflfflB86M09 CJIOBO paBHO HYiID. Cpa-
6aTHBaIIBe onpe.zteJieHHoro Ko™qecTBa 
AaTqllKQB paccMaTpllBa6TCH, KaK 
.zto6aBJI6ID'l6 K HYJl6BOMY CJIOBY B6KTO
pa omn6Kn e, co.ztepmamero t cllMBO
JIOB. IlpnqeM,·npe.n;rroJiaraeTCH, qTO 
t >r n. TaK, ec™ llCITOJib30BaTh orr

TllM8JlhHHtt KO.It, ncnpaBJIHJCmlitt t O.Illll60K, TO Ha BHXO.zte KOAflPYIWl8rO ycTpott
CTBa )VlllHa CqflTRBaeMoro CJIOBa Cl!lliMa9TCH AO B9Jlllqllill N = tlog~n. HanpH-c. •• 
Mep, eC™ ro.ztOCKonnqecKaH ITJIOCKOCTh CO.ztepl!MT n = 1000 .ztaTqnKOB, TO npn 
t = 3 , ti= 30. B CllJIY H3B9 CTHOro H3 o6matt T60pl'!U- KOmqx>BalIBH TIOJIOlli6HllH . 
3HaqeHRa CRHAPOMa N ITOJiyqaeTCH B BM6 ABO~oro HaTypaJibHOro KOAa TOJib
KO npH t = I, T. e. npn KOAflPOB8Hllll ITO X&MMllHry. CymaCTBeHHRM B 
M6TO.zte cmmpoMimro KO~OB8HllH HBJIH6TCH TOT (pf!KT, qTQ CHHAPOM N H6C6T B 
cede .ztaHHHa Ha TOJlhKO o KOop,zurnaTaX cpa6oTaBIJlllX .ztaTqllKOB, HO ll 06 mt 

Ko™qecTBe. 
rrpaK~0CK00 HCITOJib30BaHlle,MeTO.zta cmmpoMHoro KOAflPOBamia paccMaTpll-

Ba0TCH Ha npHMape npoBepo~ott MaTpmJ.H KOAa XaMMRHra, ncnpaBJiarooiero t = ,.,.,I 
Ollill6Ky • .ll:JIH KOHKP6THOro CJIYqaa, KOrAa n = 15, k = II ll m = 4, llM90M •. 

I 2 3 4 5 6 7 ·8 9 IO II 12 13 14 15 BHXOAR 
I O I O I O I O I O I O I O I mi 

H15,4= IO I I O O I I O O I I O O I I N2 
0 0 0 I I I I O O O O I I I I N3 
0 0 0 0 0 0 0 I I I I I I I I N4. 

BXOAR - n1 ~ ~ Il4 Il5 n6 f17 Ila Ilg n10n11n12Il13Il14Il15 

He B.ztaBaHCh B TOHKOCTll rrpouecca KOAflPOB8HllH ll A9K0~0B8HllH, KOTOpHe 
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Bxo3o1 
123 4 S 6 7 8 910111213141516 

AOCT8TO~O ITO.zq>o6HO OimCaHR B yqe6HH
Kax, OTMeTHM, qTo xapaKTepHott oco6eH
HOCThID rrpoBepo~on M8TpHUll 06HKHOB6H
HOro KO.zta X&MMmira HBJIH8TCH TO, qTo 
OHa OIIliCRBaeT np~aJibHYID CX9MY 
rrapaJ1JieJihHoro Illll4ipaTopa, mnpoKo npn
MeHHeMoro .IVIH npeo6pasoBamra YHHTap
Horo KO.zta B ABO~ HaTypaJlhHHtt KO.It 
npH YCJIOBllH, qTo Ha ero BXOAaX llM99T
CH 0,ltlm H TOJlhKO 0,ltlm CHI'H8Jl. 0,nHaKo, 
06RKHOB9HHlitt KOA X&MMHHra JtOITYCK89T 
ycoBepmeHCTBOBaHHe, HanpaBJieHHoe Ha 
YB9J!Hq9ID'l9 KOAOBOro paCCTOHHllH AO qe
THpex • .Uo6aBJieHne o,nHoro npo.!3epoworo 
CHMBOJia, ocymecTBJIHI<Xnero rrpoBepKy Ha 
qeTHOCTb, IIpHBOAflT R MOAfl~OBaHHO
MY KOAJ X&MMmira, KOTOpllft crrocoOeH 
06HapymHBaTb ABOttHlie onm:6Kll H HcnpaB
JIHTh onm:6Kn B ABYX .coca~ rromnnmx. 
TaK, H3 KO~YIW\9'A: M8Tpm.nl H15,4 IlOJIY
qaeTCH CJI9AJIWl8H MaTpHUa ,ltJIH MO~
nnpoBaHHoro (16,II)-KOAa X&MMHHra: 

, 
;>--

t--
r-
r- ~ -

'7 

r>-
r-

~ Ml -
'7 

r--yi!>ou1.1-
,- r- HblU KOO 

r- -
;= ML 'ir-t 6t,ic-r ; :,~ rT - Ip-

;= p.:= [MlP--~ 
• r- r 4e-T r-.- MS -Mt -

4eT/H241!T 

PHc.2. CxeMa rrapaJ1JiaJibHoro mlll1)

paTOpa 'AJ!H p0I'llCTpaunn ABO~ 
K.'l8CT9poB. 

OIOIOIOIOIOIOIOI 
OOIIOOIIOOIIOOII 

H16,4 =I OOOOIIIIOOOOIIII 
OOOOOOOOIIIIIIII 
IIIIIIIIIIIIIIII I • 

Ha pHC.2. IIpllB9'A9Ha CX9Ma napaJ1JI6JlhHOro nm:qipaTopa )VIH perHCTp8Ullll 'ABOtt
mix KJ18CT8poB, ROTopaH COCT8BJ19Ha B COOTB9TCTBHH C MaTpnuea Hrn,4· 
XapaKT9pHott ocoOeHHOCThID KOAflPYlll(HX M8TpHU 8n ffi HBJ!H9TCH TO, qTo Il03H
Ullll 9AllHHU B 1-0M B9KTOp9-CTOJI6Ue M8TpHU IlOK83liB8IDT, B KaKHX npoBepoq
HRX COOTHOill6HHHX yqacTBY9T 1-a HH(lx>pMaUHOHHlitt paspa,n • .UaJiaa, Il03HUllH 
6AllHHU B 1-a CTpoK9 noKasRBaJOT, KaKHe paspHAU BKJ!IDq8JOTCH B 1-ID CYMMY no 
MOAJJIID 'ABB, 3!JaqaHHe KOTopoa npmmCRB89TCH 1-MY KOHTpoJlhHOMY pa3pfiAY. 
B COOTB6TCTBHH C 8THM npaBHJIOM H COCT8BJ16Ha cxeMa, npHBe,IteHHaa Ha pnc.2. 
ITpnqaM, B AllCCepTaunn IlOR838HO, qTo KO.It XSMMmU'a R ROA l'paa HBJ!HIDTCH 
'cyrrepno3RUHOHHRMH KO.ztaMH R Il08TOMY .ztJIH qiopMHpOB8HHH rrpoBepowux COOT
HomaHH'A: MOlKHO BM0CTO CYMM8TOPQB no MOAYJIII 'AB8 HCilOJlh30B8Th 60J!JI66 npoc
Tli6 8Jl6M9HTR WIM, HanpRMep, YCHJIHT6Jm-CM6CHT9Jm B TOM "llICJie H.WdY. 
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ABTOpoM IIOK838HO, '-ITO KO.It I'p3H HM88T 
TOT H8.ztOCT8TOK, '-ITO IIpH CROlK8HHH 
TIO npaBHRaM 6yReBott CYMM}l H0KOTOpHX 
coce,ICHHX. CTOR6UOB KO.ItKpyranett M8Tpm.ul 
IIO~'-I80TCH COBII&.It0llli0 KO.ztOB. 3TO 
IIpHBO.ztHT K yxy,nmelllilO IIpOCTp8HCTB0H
HOrO paapemelllia KOOp.ztHHaT B TaKHX 
II03Hl.UiflX B c~ae perHCTpaz.nm KOOp
.ztHH8T )tBOttHllX ~acTepoB (pHC.3,a). C 

neRbro O.ztH03Ha'-IHoro paapemeHHH Koop.ItH
HaT .ItBOttH!ll H TpottH!ll ~acTepoB npe.n
ROlK0Ha [9,101 KO.ztHPYJLm8H MaTpHUa MO
~BaHHoroKo.na I'paa, KOTopaa 

IIpH Il = 15 HM800TBH.zt 
'IIOOIIOOIIOOIIO 
OIII l 00001 II 100 
OOOII l II l II 0000 

H15 ,7 =jOOOOOOOllllllll 
100100001001000 

}~·~· 
.nano~-

OOlOOOIOIOOOOIOI T0Rbllll0 
010000010000100 CTpOKH., 

TaKHM o6pa30M, ecJIH BHIIO~Tb CB0TO
BYID KO.ItHpoBKY B COOTB0TCTBHH C )t8H
Hott M8TpHqett. TO C TIOMO~bID T8Koro 
ro.ztOCKOII& MOlKHO perHCTpHpOB8Tb Koop
.ztHH8Tll .ItBOttH!ll H . TpOttH!ll ~acTepoB. . 

IlpIBieM, K0~0HT ClK8THH paCT0T C 
PHc.3. CxeMll KO.ItHpoBallliH CUHHTM- YB0~0llli0M '-IHCRa pa3pH,ZtOB HCXO.ztHOro 
RHIWOHHoro ro.nommna: a) )tBOH'-IHHtt KO.zta I'paa. B TO Bp0MH KaK KOJIH'-I0CTBO 
KO.It, b) KO.It I'paa. C ,d) MO.ztH(f}lmH
poBaHHHtt KO.It C Tp0MH .ztOIIO~T0Jlh-
HHMH paapH,ZtaMH •. 

)tOIIO~T0RbHHX CTpoK OCT80TCH H0H3-

M0HHHM. TaK, IIpH m = 4 Kc= 15:7, 
a IIpH m = 6 Kc= 63(9 HT • .zt. IlpH 
60RbmHX '-IHM8X n Kc CTp0MHTCH K 

lo~n. IlOCKOJ!hKY MO.ItH~OBaHHHtt KO.It I'p3H HMH0TCH TaIOKe cynepII03HI.Ui
OHHHM KO.ItOM, "TO BM8CTO CB8TOBOtt KO.ItHpoBKH MOlKHO IIpHM8llliTb KO.ItHpoBalllie C 
IIOMO~ID06H'-IHHX YCHJIHT0Rett CM0CHT0Rett, '-ITO H 6HRO C)t0R8HO IIpH IIOCTp0-
0HHH lllli4lpaTopa, co.neplK~ero 63 Bxo.na H 9 BHXO.ztOB [121. PaapadoTaHHlitt 
lllli4lpaTop HCIIORb30B8JICH .ItJIH IIOCTp00llliH IIpoqMRH TIY'-IK8 38pllm0HHHX '-I8CTHU, 
perHCTpHpY0MHX C IIOMO~ID MHOrOIIpOBOJIO'-IHOtt nponopUHOHaJ!hHOtt KaMepH. 
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I'HC. 4. I{ BOIIpOCY 06 H.It0HTH®fi{8-

UHH ".ztYXOB" no M0TO.ztY cmmpoM-
Horo KO.ItHpoB8llliH. 

IlpHM0H0llli0 M0TO.It8 CmJ.llPO!,moro KO.ztH
poB8llliH II03BOJIHOT 3(l$9KTHO peIDHTb 
H3B0CTHYID npodJieMy pacno3H8B8HHH 
KOOp.ItHHaT T8K H83HB88M!lX ".ztYXOB" IIpH 
perHCTp8UIDI MHOlK8CTB8HHOCTH CHrHa
ROB B TSX cnytlaruc, ROr.zta HCTI0Hb3YJOT

CR .ztBYXROOp.ztl!liaTHHC .ItOTORTOpu, 

HaIIpv.Mep, rO.ztOCROIIJltlOCROO RaHOpm!eT
pu, RaR 8TO IIORa3aHO Ha piro. 4, r.ne 
in= 64 . EcJIH HCilOJlb30BaTb OdH'-IHyro 
CHCT8My perHCTpaz.nm~ TO .ztalKe IIpH 
MHOlK8CTB0HHOCTH t = 2 YKa3filllill0 Ha 
pHCYHK8 COuHTHH H8B03MOlKHO H.zt8HTH(lM
UHpOBaTb O.ztH03Ha'-IHo. EcJIH .ItJIH BH'-IHC-
J10lllifl cmmpoMa ITO CTpoKaM H CTOJivUaM 

BHvpaTb KO.ztHPYIOO\YID MaTpHUY .ItJIH KO.zta. 
HCIIpaMaranero .ItBe OIDHClKH,.TO Ha BH
xo.nax COOTB8TCTByianmc IDH(pp8TOpoB 

ClY.ItYT rro~qaTbCH pa3Jm'-IHH0 KO.Itli .n.na 
.ItBYX CHMM0TpH'lHUX OTHOCHT0JlbHO .ztHa
roHaJIH co6H~ • .IlaJiee, qocJie nm(ppa
UHH B0JIH'IBHH KOOp.ztHH8T 3aITHCHBaIDTCH 

B 3BM. TaKHM o6pa30M, IIpH TaKott cxeMe perHCTpaUHH .ItOCTaTO'-IHO B CII0KTpo
M8Tpe HCIIOJib30BaTb .ztBYXKOOp.ItHHaTlllle .It0T0KTOpH. a B rraMHTb MaIDHHH 38ITHCH
B8IDTCH OT(lMJibTpOBaHHHe H ClKaTH0 .ztaHlllle. MHorooupa3H8 c~eCTBYJOOlHX HTepa
THBHHX KO.ItOB II03BOJIH8T CMO.It0JIHpoBaTb H paapa.6oraTb HaHClOJiee OITTHMaJ!hHyro 

.ItJIH .naHHott aa.na'-IH CHCT0MY KO.ItHpoB8llliH H KOMIIp0CCHH .naHHHx. KpoMe Toro. 
3H8'-I0lllifl Koop.ItHHaT COClHTlitt, no~qaeMHX Ha BHXo.nax napaJIJI0JlbHHX 
lllli4lpaTOpoB MoryT ClHTb HCIIOJlb30Ballll_ B Cil0UH8JIH3HpoB8HllllX nponeccopax 
.ItJIH BHpaCloTKH CHrH8ROB, aanycK8JanHX crreKTpoMeTp. EoJiee .It8T8JlbHO BOIIpOCH 
IIpHM0H8llliH HTepaTHBHHX KO.ItOB B CII0KTpoM0Tpax (lM3HKH BHCOKHX 3HeprHtt 
paccMOTpellll B IIHTOtt rJiaBe .ItHCC0pTaUHH. 

CrreqH®fi{a 3JI8KTpoHHHX M0TO.ItOB (lM3HKH BHCOKHX H CBOpBHCOKHX 3HeprHtt 
IIpHBO.ztHT K H80C/XO)tHMOCTH HCCR8.ztOB8llliH CBOttCTB K8K H3B8CTHHX H3 T00pHH RO

.ItHpoB8llliH KO)tOB H KO.ztHPYranHX cxeM, Till{ H paapadoTKe TaKHX crrocoCloB RO.ztH
poBallliH,·IIpH KOTOpHX MOlKHO ClHJIO 6H a(lq)eKTHBHO HCITOJib30BaTb CBOttCTBa· Tex 
HJIH HHHX .zteTeKTOpoB 38pHlKeHHHX '-I8CTHU. CyTb .zteJia B TOM, '-ITO B TOXHHKe 
KO.ztHPOB8llliH B OCHOBHOM .ItJIH BH'-IHCRellliH IIpOB0po'-IllllX COOTHomeHHtt IIpHM0HHIDT
CH CYMM8TOpH TIO MO.ztYJIIO .ztBa, KOTOpHe co.nepmaT B cede HHBepTOpH CHrHaJIOB. 
Il03T0My MaTepnaJIH BTOpott rRaBH .ItHCCepTainrn rro"cB~eHH HCCRe.ztOB8llliID M0TO
.ItOB IIOCTp<iellliH cyrrepII03Hl.UiOHHHX RO.ItOB, C ITOMO~bro KOTOpHX MOlKHO C03.ztaBaTb 

0KOHOMH'-Illll0 cxeMH KO.ItHpoBalllia K8K .ItJIH perHCTpaUHH 0.ztHO'-I8CTIBIHHX coClHTHtt 
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C KJiacTepaMH, TaK H H63aBHC1™llX cpa6aTHBamtll: ·t > 1 A8T'illKOB 6 no-
MOJJU,D CUHHTH.l!JIHUl'IOHHIJX rOAOCKOilOB H.Jrn: 6ROKOB 6b!CTpott 3R6KTpOHHKH. MCCR6-
AOB8HH9 pa3Jrn:'lHHX CXSM KO~BaHHH, fripHMSHHeMHX B 3R6KTpOHHHX M6TOAaX 

(fM3HKH BHCOKHX &Hep:rm!: noKa3aRo, qTo B TeqeHHe AJrn:TeRbHoro BpeMeHH; 
CKOpee Bcero lffiTYHTHBHO,np11MeHRIOTCf!CRa60 H3yqeHHHe B o6mett TeOpHH KO

~B8HHH cynepn03HUl'I?HHH6 KO~- KaK yEe OTMeqaROCb Bb!IDS, xapaKT9pHott 
oco6eHHOCTbD TaKHX KOAOB HMHSTCH TO, qTo MH (lfipMHpOBaHHH KOA8 c~o
Ma MOlKHO HCilORb30BaTb YCH.Jrn:T6Jrn:-CM6CHT6Jrn: K8K CBSTOBHX, TaK H 3R6KTpH
qecKHX CHrH8ROB. 0CHOBH8H npo6ReMa 38KJJ10qaeTCH B TOM, qT06bl ARR qncRa q 
HattTH TaKoe qflCRO z, qToqu 6yReBa CYMMa q pa3Jrn:'lllliX KO.z(OBb!X CROB OT.Jrn:qa
R8Cb OT Ka~on CYMMH q HJrn: M6Hbmero qflCRa KOAOBb!X CROB. KpoMe Toro, 3TH 

CYMMH AO~ OTJrn:'laTbCH OT CRaraeMHX. BalKHHM napaMeTpoM Taue HBRH8TCH 

K0&14MUl'ISHT pa3B9TM9HHH CHrHaRa. Ilo&TOMY OCHOBH09 BHHM8HH9 8BTopa 6HRO 
,· 

COCpeAOToqeHO Ha KOHCTPJHPOBaHHH KOAOB C IlOCTOHHHHM B6COM. C &Tott 

U6Rbl0 H3B9CTHHe KO,IJ;HJlYJWlli6 cxeMH [8-IIJ 6b!Jrn: IIp8ACT8BR6Hbl B B~e MaTpHU 
H Ha IlpoCTb!X KOHTpnpHMepax IlOKa3aHa Hes<pp3KTHBHOCTb IIpHM6HH6MliX KOAOB 

C BeCaMH W = 1 H W = 2. TaK, KO,IJ;HJlYIOO\aH MaTpI111a CW= I Bb!pOlK.I.\86TCH B 

"8.nHHH'ffiYID M8TpHUY 1n· C IlOMOmbIO KOTOpon np8ACTaBRH9TCH YHHTapHHtt Il03H
Ul'IOHHlitt KOA. MaTpima, COA8pEamaH CTOR6UH C B8COM W = 2. IDHpOKO npHMeHH

eMaH MH KO~BaHHH AaHHHX B CUHHT~RHUl'IOHHHX roAOCKOnax IIpH perHCTpa
UHH o~oqacTH'llllix•co6HTHil, OKa3aRaCb He ruoTHO ynaKOBaHHott, TaK KaK ORB 

B'°'oa~ .• ··· Bx0il COA8PlKRT 2nil2 

~ 45 3& 2a l 1s 10 s 3 1 CTOR6UOB. HeTpYA-
1 I I I I I I 1 1 

~ I I I I ,., I I • 1 , I I I I I I I I I \ I HO npoBepHTb, 'ITO 
H·: I I "I I 

1 
I I,:-;; I I ', 111/

11 
I IIpH w = 2 qncRO 

§ t I I • ;f • 11 t tt I 

Y ' , ' , ., ' , , , , , , ·, 1 11 
' 

1 1 1 CTOR6UOB AOJJJKHO l 1,11111111\'lltlllt . - 2 
" ' ' ' ' ' ' ' ' ' ' 6b!Tb n - c N • 

Pac.5. IlIIBMep ITROTHO ynaKoBaHHott MaTpHUb! cw= 2. rAe N - qncRo 
CTpOK. O~a H3 

TaKHX MBTPHU IIpH t-1~ II IIpHB6ASHa Ha pnc.5. QqeB~o. qTo C pocTOM 

qncRa n KOs14MUl'I8HT CEaTHH Kc=~ /N pacTeT 6b!CTpee, 'l8M OTHOmeHHe 
n/2n112 • AHa.Jrn:3 MaTpHUI,I THITB c~ npKa3aR, qTo ec.Jrn: IlOCTpOHTb COOTB6T-. 

CTBYI00\66 KO,ll;HpYICm96 YCTpOttCTBO, TO MOlKH0,9fUI03HB'lHO perHCTpHl)OBBTb KO
op.mrnam o~oqacTH'lllliX co6HTHtt·c KJiacTepaw. IlpnqeM, A~a perHCTPHPY
eMoro KJiaCTepa b pacTeT H OIIp6A6RH6TCH B OCHOBHOM KOJIH'l8CTBOM BblqepKHY

Tb!X CTOR6UOB MB ee" XBOCTe", qTo CRe~eT H3 COOTH0ill6HHH [13]. 
2 C'"\ 

M = b - b Yr> 
2 

C U6Rbl0 Il0B1llll6HHH TaKoro BaJKHoro napaMeTpa, KaK KOs14MUl'I6HT CEaTHH B 

npouecce perncTpaUHH KJIBCTepoB 60RbIDOtt MHHH, aBTOpoM ,!tHCcepTaUHH npeA

ROlK6H MeTOA 6RO'lHOro KO~BaHHH, KOTOpbltt MOlK6T HattTH npHMeHeHHe B Ka
ROpHMeTpax. 0CHOBH8H ~eH 3aKJiroqaeTCH B TOM, qTo rpymm cqeTqHKOB, pac-
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ITOROlK6HHHX B OTA6RbHblX C6rM6HTaX KaROpHM8Tpa, K0,IJ;HJlY8TCH C ITOMOJJU,D OA

HOtt H Tott lK6 MBTpHUI,I, 'a CHrHa~ "EllcTpoe MJ!l,i" HCil0~3yroTCH Mf! KO~
BBHHH T8X HOM8poB cerMeHTOB, OT KOTOpb!X ITOCTynaIOT A8HHbl8. YBeJIH'leHHe 
K034${Ul'I8HT8 ClKBTHH IIpH 6O~mHX B8.Jrn:qnHBX b IlpoHCXO,!tHT 38 cqeT Toro, 'ITO 
Ha KO~BaHHe HOMepa cerMeHTa Tpe6yeTCH M8HbID8 pa3pMOB, 'ISM MH 
IIpeACTaMeHHH qflCRB CTOR6UOB B 6ROK8. 

CymeCTBSHHOtt HOBH3HOtt HMH8TCH pa3pa6oTaHHHtt BBTOpoM ,!tHCCepTaUHH 
M&TOA ITOCTpo8HHH MaTpHU ARH OITTHMaRbHOro KO~BaHHf! rrapa~eRbHHM CTIO
co6oM H638BHCHMHX cpa6aTb!Bamtll: AaTqHKOB rOAOCKOTIH'l8CKOtt ruOCKOCTH, HaTI
pHMep, CUHHTH.l!JIHTOpOB. 8TOT M8TOA OCHOBaH Ha KOM6HHaTopHOM BHa.Jrn:38 H 

CHCT6Mli C'IHCR&HHH B OCTaTOtlltblX KJiaccax (COK) lI4-I6 J. Cnoco6 IlOCTp06HHH 
TaKott MBTpHUI,! paccMOTpHM Ha KOHKp8THOM npHMepe. PaCCMOTPHM CR8~llltl'I8' 

OCHOBaHHH COK: Pr= 2, P2 = 3 H P3 = 5 H Pr= 2, P2 = 3, P3 = 5 H P4 = 7 
c ,!tHana30HOM qnceR P = 30 HP= 210 COOTB8TCTB8HHO. TorAa KO,IJ;HJlYllltl'I9 

MaTpHUI,I 6y~T COAeplKaTb 30 ~ 210 CTOR6UOB COOTB8TCTB8HHO. Ha.pHC.6 3TH 
MaTpHUI,1 COBMemeHbl. ByR&Ba CYMMa BC8B03MOlKHHX AByx CTOR6UOB MaTpHUI,I_ 

¾10,17 pa3.Jrn:qHa H IlOSTOMY B03MOlKHa 0~03Ha'lHaH ~8HTH¢MKaUl'IH ABYX CHr
HaROB. ECT8CTB6HHO B03HHKaeT BOilpoC O TIOCTp08HHH KO,IJ;HJlYrootett MaTpHUI,I MH 

t = 2 H n = 30 c OTITHMBRbHb!M qflCROM K0&14MUl'ISHTa ClKBTHH. J{JIH AOCTHlKeHHH 

TaKott U8Jrn: Bbl'l8pKH8M B MaTPHUe %0,17 TIOCRe~e IlHTb CTOR6UOB H IlOMSHH-
8M M8CTaMH II-IO H 12-IO CTpoKH • .l{aRee,oT6pocHB 12-ID CTpOKY,TIORy'lHM KO,!tH

PYIOO\YIO MaTpHUY c napaMeTpaMH: n = 30, N = II, t = 2 H Kc = 30/II. B 06-

~. I 3 S 1 9 H 13 15 n 19 21 23 25 21 29 204 210 . 
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Pac.6, CTpYKTypa KO,IJ;HJlYllltl'IX MaTpHU H30,II H ¾10,17• 

meM B~e K0~8HT ClKaTHH BblqflCJ!HSTCH H3 CR8~rootero Bb!p8lK8HH.H 

l=TrP2P3- •• -P1 
Kc 

Pr+ P2+ P3+ + Pn 
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MelK.nY ~CJJOM•Herronb3yeMHX OeHoBamrA: COK f H KOnOBRM paeeTOffillieM d = 
2t + I ID/leeTeH•rrpoeTaH_eBH3b d = 2f - 2. Bo BTOpo:lt rnaBe paeeMaTpHBaIDTeH 
TBIOKe 8KOHOMWIBUenoenenoBaTenbHRe MeT0,!01 perneTpaI.UIB eo6RTlitt. 

B TpeTbe:lt rnaBe )tlieeepTaI.UIB noK38HO, KaKID/1 o6pa3oM, rrpennomeHHR:lt MeTon 
emmpoMHoro KO)tlipoBaHHH, MOlKHO rrpIDlleHHTb nnH·eo3naHHH 6ReTpone:lteTBYl<mtfil( 
M8lKOpHTapmn exeM eoBnMemrA: (MCC). CyTb nena B TOM, qTo IIpH noeTpoeHHH 
H3BeeTHRX MCC He yqHTRBaeTeH TOT WBKT, qTo B 3MaHHlitt.MOMeHT BpeMeHH Ha 
BX0,!01 yeTpo:lteTBa 0.:ztHOBpeMeHHO noeTyrraIDT JIHlllb orpaHHqeHHoe,qneno enrna
noB t no epaBHeHHJO e qnenoM KaHanoB perneTpalJ,lIB n. IlO&TOMY e poeTOM 
qnena KaHanoB perneTpaI.UIB oqeHb ennhHO paeTeT Tpe6yeMoe Ko~qeeTBO 
MHKpoeXeM naJKe npH He6o~mo:lt KpaTHOeTH eoBnanemrA:. IlpHMeHeHHe I1I13Y He 
pemaeT npo6neMR ~aie rrpn n = 20, TBK KaK nnH &Toro noTpe6oBanaeb 6u eM
KOeTb naMHTH 220 6HT. ·B eBOID oqepenb, MeTon K8eK8)tlipoBaHHH IIpHBO)tliT K 
YBe~qeHmo 3MepmeK eHrnanoB. ~eenenoBaHHlitt H pa3pa60TaHHlitt aBTopoM 

IHOt.OK0HOJ'1bHb11l 
.(lQTe1<1op 

n 

CxeMa MA 
!i.osutneHuA 
tUHijp0MQ 

CxeMa npo~ep,<u 
HQ 4QTM0CTb 

8KOHO~ MeTon noeTpoeHHH MCC IIpl'I 
OTHOeHTenbHO He6onb111HX qnenax t 38-

---~ =t KnfilqaeTeH B TOM, qTo . 8H8~3HpYIDTeH 
~J;?iug;itoa =2 Ha MHOJKeeTBeHHOeTb eHrnann; noeTyrraro-
HQ MHO:lltlCT• • · 
~tHHocTb t : ~4 IJUie noene KonnpylOlllero yeTpo:lteTBa H, 

KpoMe Toro, BBO)tliTeH napannenbH8H 

PHe.7. Tmnr<maH 6nOK-eXeMa MCC, 
B KOTOpott Heno~3yeTeH eJKaTHe 

exeMa npoBepKH Ha qeTHoeTb Beex 
BXOnHRX eHrnanoB, qTo no3BOnHeT pae
lllHpHTb )tli8Il830H perHeTpnpyeMott MHO:Ke
eTBeHHoeTH (pne.7). Ilpe.n.naraeMHtt Me-

naHHRx. Ton oeHoBaH Ha noneqeTe qnena e.n;mi:im, 
eonepmalJUiXeH B emmpoMe. B Ta6.mme 2. 

nBH eneKTp BeeoB, KOTOplitt nonyqaeTeH npH eYMMHpOB8HHH eTon6UOB M8TpHUR 
~ no rrpaBM8M 6yneBott eyMMH npH N = II [17,181. 

Ta6.mma 2. 

PaenpeneneHHe eYMMapmn BeeoB B 3aBHeHMoeTH OT t npH n = 55 
' 

t 
I 
3 
5 
7 
9 

II 
I3 
I5 
I7 
I9 

CYMMBPHlitt Bee w 
2 

3,4,5,6 
4,5,6,7,8,9,IO 
5,6,7,8,9,IO,II 
5,6,7,8,9,IO,II 

6,7,8,9,10,II 
6,7,8,9,10,II 
6,7,8,9,10,II 

7,8,9,10,II 
7,8,9,10,II 

t 
2 
4 
6 
8 

IO 
I2 
I4 
16 
I8 
20 

CYMMa Beew 
3,4 

4,5,6,7,8 
4,5,6,7,8,9,10 
5,6,7,8,9,10,II, 
5,6,7,8,9,10,II 

6,7,8,9,10,II 
6,7,8,9,IO,II 
7,8,9,10,II 
7,8,9,10,II 
7,8,9,10,II 

IlpH (tMKeHpoB8HHOM qne~a n H pocTOM t Cymtaplilltt Bae CTp9MHTCH Kn, qTo 
no3BOnHaT perneTpHpoB8Tb HHmHIDID rpaHHUY MHO:KeCTBeHHOeTH IIpH perneTpa-
1.UIB KJiaeTepoB 6onhmoa .1{JIHHR. A.nropHTM pa6oru MCC 3aKnroqaeTeH B enenyro-

20 

meM. KaK &TO enenyeT H3 Ta6n.2, eenn t = I, TO w = 2 l'I TOnbKO. B pe-
3ynbT8Te nonyqaeTeH rrpoeTott 8MOpHTM n~H OT6opa enrnanoB Tm!a "o.znm H 

To~i;Ko o.znm". EenH :Ke Bee w = 3v4 H eeTb rrpH3H8K "lleT", Tot= 2 HnH 4. 
,Uanee, eenH Bee W = 3v4v5v6 H eeTb IIpH3H8K "HeqeT", TO t = 3V4V~,V6V7V 
v·-,vt l • 3TO eBotteTBO MaTpHUR c~ MOlKHO Henonb30B8Tb nnH BRneneHHH rpaHHU 
perneTpnpyeMo:lt MHOJKeeTBeHHoern no MaKeHMYMY l'I MHHHMYMY- KpoMe Tor.o, KBR 
6R~O noK838HO BO .BTOpo:lt rnaBe, e noMOfilbID.T8KO:lt MBTPHUR MOlKHO IlOeTpoHTb 
yeTpo:lteTBO n~H orrpeneneHll.H Koop.n;mtaT KJiaeTepoB. Ha lipHMepe KOHKpeTHRX 
pa3pa60TOK nOK838H8 &q$.)KTHBHOeTb IIpHM6HHeMoro MeTona [18-211. 

WIRES 
Pa3pa6oTaHHRtt ro- · 

13 5 1 9 11 13 1; 11 19 21 23 2S 27 29 31 • • • SI Sl 55 S7 S9 61 Sl•. noeKon-ll!mfJpaTop Ha 
MATRIX A MATRIX B MATRIX C . 64 B ~-----~---~-~~ xona nenOnb3Y-
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ny~o~~ MTIK. IlpnqeM, 
K8lK.1{8H IlnOCKOeTb 
KaMepu eonep:KHT no 

PHe.8. KonnpyromaH MaTpnua ronoeKona-mHQ')paTopa. 64 KaHana perneTpa-
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1.UIB. Ilo&TOMY .I{JIH rroeTpoeHHH 
ronoeKona-mnwpaTopa 6una eoeTaB
neHa KOnHpYJOlll8H MaTpnua, eoeToHmaH 
H3 nByx KOM6HH8TOpHR~ MaTpH~ c~ 
( pne.8) n e~Ho:lt MaTpmm I

8
, 

qTo B eYMMe eoeTaMH0T 64 eTon6~a. 
Boo6me rOBopH, IIpH 64 MOlKHO 6R~O 
6H nenonb30BaTb MaTpHey cf2 = _66. 
0.:ztHBKO, B 3TOM enyqae IIpIBllJIOeb 
6H nenonh30BBTb 60~00 noporoe TIII3Y. 
Ha pneyHKe ~aHo KOMTI8KTH08 rrpen
eTaMeHHe KOnHpYIOllle:lt M8Tp1fiUl, rne 
eTon6UI,I 38IlHeaHR B Bline BOebMepnq
HHX qneen. CHMBonaMH I2, ~3 H l.4 
0603HaqeHR pe3ynbTaTR eYMMHpOBaHHH 
no rrpaBHnaM 6yJI8BO:lt eyMMbI nByx, 
Tpex H qeTupex e~ee.:ztHHX eT0~6UOB 

PHe.9. 8aperncTpnpoBaHHlitt IIpOqJlLIIb KO.!lHJ)YIOlll0:lt M8TpHUI,l. Jl.na KOnHpOBa-
ny~a smep nHTHa. Hll.H KOOPnHHBT H B0nH'IBH 

KJiaeTepoB~l'IenoJib3YJOTeH I1I13Y Ha 8 H 
9 Bxonos n~H nepeMeHHRX. Ha pnc.9 rrpHBeneH 3aperneTpHpoB8HHR:lt npc$tnb 
nyqKa smap nHTHH (191. 
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8$IOKTHBHOCTh .npyroro,npn6opa [181 , BliIIOJlli6HHOro ITO M6TOJJ.Y 
CIIB.ltJ)OMHOro KO.mqJOB8ll 6HJI8 IIpOBopoua B C68HC8X Ha crreKTpoMeTpe "AJIM)A" 
[201. B!lCOKOe 6HCTpo.U6itCTBlie, Tpe6yeMoe ,UJ!ll Tpnrrepa TiepBoro, YPOBHH •';) 
6HJIO ,UOCTm'HYTO He TOJ!hKO 38 cqeT IIpllM6H6lillll 6HCTpO,U6itCTBYIC!I\IDC Mn:KpO
cxeM, HO n npe~.,ue Bcero 3a cqeT Toro,qTo .UJIH aHaim.3a 8-pa3pH,uHoro 
KO,Ua CHH.npOMa, (f.cpMHpyeMoro C IIOMOmhIO 3JieMeHTOB l1JIVI, ,UOCT8TO'Il!0 HCIIOh30-

B8Th IIlI3Y eMKOCTblO 256x4 6n:T. PaCCMOTp6Illi TaKJKe B03MOJKHOCTH pacmnpelillll. 
Kp8THOCTli COBna.ue:irn:tt .uo qewpex IIYTSM IIpl!M6HOHllll ,UOTIOJ!HliT6JlhH!lX JIOrH
qecKnX IIpH3H8KOB. IlpnqeM, KO&¢IMI.lll6HT ClK8THll MOlKHO cymeCTB6HHO YB6Jlll-

,.) 

'IBTb 3_8 C'leT l!'.CKJIIOqeHllll B03MOlKHOCTli perncTp8!.lllli KOOp,un:HaT O,uHoqacTnqH!lx 

C06HTlitt, ecJIH KO,nlipOBaHlle BHIIOJllillTb C rrm..:omhIO onpe,ueJieHHoro KOJ!li'leCTBa 
·O,un:H8KOBHX TIO,uMaTpnu [211. 

B qeTB6pTott rJiaBe ,un:ccepTauun ,uaHa CliCT6M8TH38URll R IIpilll6,U6Hll oc
HOB!Ille IlOHHTllll TeOpill'I IlOJill raJIYa GF(2m), UCTIOJ!b3Y6MHe B 8JII'e6pali'l6CKOtt 

TeopIIB KO,ulipOB8Hllll. MCCJI6,UOB8HH H IIp~,UJ!OlKeHH 6HCTpHe 8JII'OpUTMhl ,UJIH BH
IIOJlli6HllH IIpOU6JJ.YP Ha;n CJIOlKHHMR aJII'e6panqecKliMR BHp8lK6lillHMU. CyTb ,ueJia B 
TOM, qTQ pa3BHTHit M8T6M8Tflq6CKlitt arnrapaT a.nre6panqecKott Teop:nH B OCHOB!. 

HOM OilliCHB8JI TIOCJI6,UOB8T6JlbHl!6 MeTO,uH KO,ulipOB8HliH, B TO BpeMH K8K perne

lill6 IIpOClJieM 6HCTJ)Oro OIIp9,U6Jl6Hlifi MHOlK6CTB8IlliOCTH H IWOp,un:HaT C06HTlitt B 

CTI6KTpOM6Tp8X (pli31IKH BHCOKHX &Heprmt Tp860B8Jl0 pa3BHTHH ~ COBepmeHCTBO- ; 
B8Hllll Dff$}KTliBilliX M8TO,UOB arnrapaTHOtt peaJIHsauun OCHOBHHX aJire6paU'l6CKUX 
onepamnt ua.u &JieMeHTaMU rroJia raJIYa. Wcxo,uH H3 Toro, qTo a.'!I'eelpa raJIYa 

IIOCllT MOJJ.YJIHpHlitt xapaKTep, OCHOBHHE1 aJII'OpHTMhl BblIIOJillOiillH 8JII'66panqecKHX 

orropar.unt 11 MOTO.UU nx annapaTHott peaJIH3alJ.illil paccMoTpellli Ha KoHKpeTIDlX 
IIpP.Mepax -'(npli q}lIBCllpOB8IlllliX 'lHCJiax ffi) • Ilpem,ue Bcero OTMoqaeTCH, 'lTO 

.rrpoU3BOJibI-llitt :iJieMeHT TIOJIH GF (2m) MOJKHO npe,ucTaBHTh TpeMH cTiocoOaMU: B' 
mme mmro'lJieHa m - I cTerreHH, B B~e BBKTopa , m-paspll.lUlliM 

CJIOBOM UHKJ!li'lecKoro KO,Ua li B BH.ue MHH.TepMa. llOCKOJibKY IIOJ!e KOIIe'lHOe, TO 
li pe3yJibTaTH BCBX onepar.unt npmmMaJOT KOHe•nry10 rtcPMY. ITpaKTflq6CKH 3TO 

3Ha'lllT, IIpH BH'lHCJieHllHX CKOJ!b yro,uH~O CJ!OJKHHX BHpaJKemtlt B IIOJ!e raJIYa B 
pe3yJibTaTe IIOJIY'l6TCH O,un:H H3 &JleMeHTOB &Toro me TIOJ!ll. WCXO,Ull H3 &Toro .. 
(paKTa aBTOpoM $pMYJIHpoBaH BalKHtt C npaKTH'leCKOtt TO'lKH 3p6Hlill np1rnr.um 
BliIIOJlli6Hllll COBMemeHHHX ouepar.unt B TIOJie raJIYa, corJiaCHO KOTOPOMY npn BeK
TOpROM CTIOCOCle BHIIOJlli6lillll orrepar.unt Ha,U 3Jl6MeHTaMU IIOJ!ll C ITOMOmhlO ITITSY, 
'lllCJ!O BXO,UOB TIOCJie,uHero onpe,ueJIHeT_Cll He CJ!OlKHOCTblO peaJIH3YBMOro aJireO
panqecKoro BHp8lK6Hllll, a KOJ!li'l6CTBOM BXO.UHIIITTX B Hero pa3Jlll'lllliX 3JI6M6HTOB 

IIOJIH [22 - 241. 
0 

CymecTBe~ C npaKTH'leKott TO'lKH 3p6lillll HBJ!ll6TCH H3B6CTHlitt (paKT, 

._q.To T8Kli6 orrepal.lllH K8K YMHOlKeHlle, ,ueJieHlie, B03Be,UeHlle B CTerreHb U H3-

BJieqeHlle KBa.npaTHOro KOpHH HOCHT JIHHettHlitt xapaKTep. IT03TOMY .UJIH IlOJIY'le
Hlif! BHCOKOro 6HCTp0,U8ttCTBlill IIpH BHIIOJllieHHH T8KllX OIIepamfit MOlKHO HCIIOJ!b-

22 

30B8Tb JIOrll'leCKUe 3JleM6HT!l M ll CJMM8TOpH TIO MOJJ.YJilO .uB8. HaIIpHMep, Mll 
yMHOJKelillll .uBYX 3JleMeHTOB B TIOJ!6.GF(24 ) A= Aoa0+ Ara1+ ¼a2+ Ar,a3n B = 

0 I 2 3 · _e 3 
Boa+ Bra+ B2a + B3a, r.ue Ao- A3li Bo- B3 - CYTh O HJlll I, a - a -
6a3HC IIOJ!ll ,UOCT8TO'lHO peaJIH30B8Th CJl6JJ.YIOmll6 6yJI6BH BHpalKOimll 

Po = AoBo + A1B3 + A2B2 + A3B1 < ao > 
I 

. Pr= AoBr + ArBo + A1B3 + A2B2 + A3B1+ ¼B3 + ¼B2 <a2 > 
P2 = A0B2 + A1B1 +¼Bo+ A3B3 <a > mod2. (2) 

3 
P3 = AoB3 + A1B2 + ¼Br + ¼Bo + ¼B3 • <a > 
ITOCKOJlbKY .nornqecKHtt 8JI6M6HT K500JIMI02 nMeeT sa,ueplKKy 2 HC, a cxeMa 

IIpOB6pKH Ha 'l6THOCTb K500li!EI60 BliIIOJllill6T CJMMUPOBaHlle TIO MOJJ.YJIIO .uB8 38 
6 HC, TO ,UJIH BH'IBCJ!6Hllll BHp8lK6:Ern1t (2) ,UOCTaTO'lHO 8 HC • 
AHaJIOrH'lHO MOlKHO ITOJIY'lllTb BHp8lK6Hllll MH O,uHOBp6M6HHOro YMHOlKOHlill Tpex; 
qewpex HT. ,u. 3JI6M6HTOB TIOJIH, co,uepJKamne Kp8THOCTH COBTia,ue:irn:tt 

OoJiee BHCOKoro TIOpH,uKa. IlpnqeM, 6HCTpo,U6itCTBH6 OCTaeTCll TaKHM lKO, KaK H 
B CJiY'l86 YMHOlK6Hllll TOJlbKO .uBYX 3Jl6M6HTOB TIOJIH. IlOJ!Ol!lliB A= B, TIOJiYqn:M 

6yJI6BH BHpalK6HHll ,UJIH B03B6,U6HllH 3JleM6HT8 AB KB8.Iql8T% fl3 ~Ao+¾• r¥ 
A2, P2 =Ar+¼· P3 = ¼· TaKllM JKe crrocoeloM TIOJIYqaJOTCH BHpalK6lillH ,UJIH 
B03B6,U6Hllll B CloJiee BHCOKH6 CTeTieHH npnqeM, B CJIY'l86 OOJlhlllliX 'IBC6Jl ID 
MOlKHO IIpHM6HllTb 8H8Jrn.Tfiq6CKU6 BH'lliCJl6HllH Ha 8BM [25-27]. Ha IIpHMepe TIOJ!H 
npn m = 6 ITOK838HO, 'lTO orrepaun:H H3BJieqeHllH KB8.Iql8THOro KOpHH H3 3Jl6-

MeHT8 TIOJ!ll TaKJKe pea.lil!:3Y6TCll IIpOCTO, KaK H orrepaun:a YMHOlK6Hllll. 
TaKJKe KaK n B o6H'lHOtt a.nre6pe, B aJireOpe raJIYa B pa,ue CJIYqaeB MolKHo 

aff$}KTHBHO liCITOJlb30B8Th orrepal.lllli Ha,U Jiorap$8MU 8Jl6M6HTOB ITOJ!ll. 0,uHa
KO, B li3B6CTilliX M6TO,U8X O,uHOBp6M6HHO BHITOJllill6TCH orrepaun:H H8,U Jiorap$aMU 

.uBYX 3Jl6MeHTOB TIOJ!ll, qTo IIpHBO,uliT K cymecTB6HHOMY YB6Jlll'l0Hlll0 Bp6M0HH, 

Kbr,ua Tpe6yeTCH YMHOlKKTb H6CKOJlbKO 3Jl6M6HTOB. ABTOpoM ,un:ccepT8!.lllli npe.u
J!OlK6H 8JlI'OpliTM H COOTB6TCTBYJOm66 YCTpOitCTBO, C TIOMOmhlO KOTOporo MOlKHO 
O,uHOBpeMeHHo Bl:lIIDJ!HHTb orrepaUHIO UHKJ!li'l6CKOro CJ!OlK6HllH CTeTieHett 2m - I 
H 6oJiee 3JI6MeHTOB TIOJ!H [281, qTo II03BOJ!ll6T cymeCTBeHHO YBBJ!ll'lliTb OHC

Tpo,uettCTBHe p88Jlll3al.lllli CJ!OlKHHX (f.cpMYJI 38 cqeT IIpliMeH6Hlill rrapaJIJI0JlbllliX 
c'leTqimoB. CocTaBJieHH ,un:arpaMMU .UJIH pacqeTa l.lllKJ!ll'l6CKHX KoMIIpeccopoB. 

EoJibill06 BHllM8Hll6 B 'l6TB6pTott r.naBe ,un:ccepT8!.lllli Y.U6Jlll6TCH perueHHIO 
npodJieMhl YHllB6PC8JlbHOro ,un:H8MU'l6CKH nporpaMMUpyeMoro MOJJ.YJIH (YJUIJIM). 
~ornqecKHe CX6MH H npn6opH COBpeMeHHott H,uepHott 3JI6KTpOffi001 ClasnpyIOT~ 

ca Ha M6TO,U8X 6yJieBott aJireOpH. 0.ztIIaKO, IIlRpOKO li3B6CTHH6 M6TO,uH CHHT638 
ClyJieBHX (fJYHKmfit OOJlhIDOro 'IBCJ!8 TiepeMeHHHX (m > 4) llM6IOT PH.u orpallfiqe:irn:tt 
(f.cpM8JlbHOro xapaKTepa. KaK CJI0,UCTBH0 3Toro TPY.ZlHO TIOJ!HOCTblO rf,cpM8J!H30-

B8Th npouecc C03'A8HllH MHHHMH3HpOB8HllliX YP8BH6:Ern:tt HYlKHOtt .nornqecKOit cxe
Mll. IlOCKOJlbKY Teopna ITOJ!ll raJIYa HBJIH0TCH 6CT6CTB6HllliM IIpO,UOJ!lK6Hli6M 

OyJieBa TIOJ!ll Ha CJIYqaft MHOrHX rrepeMeHHHX, TO ITO MH6HHIO 8BTOpa ,un:ccepT8!.lllli~ 

3TH TPY.llHOCTH MOlKHO IIp60,UOJl6Tb, 6CJ!ll 6oJiee ,U6T8JlbHO C ITOMOmhID 8BM ng
c.ne,UOB8Tb H3B6CTHOe li3 Teopmi: IIp6,UCT8BJl6Hli6 TI6p6KJ!lO'l8T6JlbHOtt (f)YHKIUO'I ID 
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nepeMeHHHX B BH,lJ.6 IlOJIHHOMa, B KOTOpoM KaK nepeMeHHI:le, TaK H me K09q${
UH6HTH HBJU!lOTCH 9JI0M6HT8MH IlOJIH ra.nya GF(2m) [29-31]. 

F(XcJX1¼····Xzn-1> = B(O) + A(1) + A(2)X + •••• + A(2m +I)Xm-I_ 

IlpH'IeM, KO~eHTH A(k) BH'IBCJIHIOTCSI H3 BHpalK6HHH [29-30]. 

2
m-I . 

,c 

A(k) =~ a![B(O) + B(aj)]- 9JI0M0HTH no~CT8HOBKH, KOTOpHe no.nyqa10TCH 
1=1 

H3 TaOJIHl.'(l:l COOTB6TCTBHH BXO~OB H BHXO~OB, B(O) - 3HaqeHHe 4>YHKUHH Ha 
m-I HYJI6 H k = I, 2, 3, •••• 2 • 

C IlOMOmb!O 3BM OHJIH npoBe~eHH p~ pacqeTOB KOHKp0THHX YCTPOttCTB H IlOKa-

3aHa nepcneKTHBHOCTb pa3BHTHH TaKoro HanpaM6HHH B pemeHHH npo0JI6MH .I(H

HaMH'!eCKOro nepenporp8MMHpOB8HHH 0HCTpo~6ttCTBYICmHX Jior~eCKmt YCTpott
CTB [30]. TaKoe nepenporpaMMHpOBaHHe BHilO~H6TCH nyTeM H3M0H0HHH 3Ha
qeHHa K0~0HTOB HacTpoaIGI A(k), KOTOpHe JierKO BH'IBCJIHIOCH H MoryT 

xpaHHTbCH B naMHTH MHKponpoueccopa. naeTCSI OilHC8HH8 o~oro H3 Y)UlJIM, 
pa3pa0oTaHHoro aBTOpoM ,ItHccepiaUHH l29,3IJ. 

a.• 
at 
02 

03 

a" 
as 
a6 
a, 
Cle 
a9 
010 

Ott 
01? 

ou 
o•~ 

B M8T8pHaJiaX IlHTOtt rJiaBH .I(HCCepTaUHH H3JIOlK6Hhl RaK TeopOTHqecI<He, 

a• 
03 
o& 
o9 
o•i 
ao 
03 

os 
a9 

a•t 
Clo 

a3 
o& 
ag 
o•1 

o• 
os 
0

10 

oo 
os 
010 

oo 
as 
a•0 
ao 
as 
a•o 
ao 
as 
a•o 

.£lt1TI.IUKU 

T8K H IlpaKTHqecKHe acneKTH IlpHM8H8HHH 

aMeOpa~eCKOtt TeopHH KO.ztHPOB8HHH ~H 
f 
t iOOO 
2 0100 
3 0010 

*4 0001 
5 1100 
6 0tt0 
7 0011 
8 1101 

1000 
0001 
0011 
0101 
tt ti 

tOOO I IlOCTpo8HHH IlpHHUHilH8JlbHO HOBHX a(WleK
THBHHX CX8M .I(HCKpaTHOtt JIOrHI<H, TaKmt 
KaK napaJIJI8~Hhl8 mv.qipaTOpbl~JIH O~OB
peMeHHoro KO.ItHpoB8HHSI t CHrH8JIOB, MCC, 

0110 
1110 
1000 
OHO 

1000 
0001 
0011 I 

napa.JIJI8JlbHH8 cqeT'IBIGI H OHCTpo~ettCTBYIO• 
tttO 
1000 11\HS Roop.ItHHaTHHe npoueccopu. IlpHHUHnH-
OttO 8JlbHhl8 CX8MH napaJIJie~HHX mmf)paTOpoB 

.. g t010 0101 11!0 
100101, 1111 1000 
ti 1110 1000 0110 
12 0111 0001 1110 

*13 I 111 0011 1000 
tli 1011 0101 ·0110 
15 1001 1111 11.10 

+ I 
+ 0 0 01 0 IO 1 t 000 
+ 1 OtO 0101 1110 

tttt OOH .LQ..Q.!l._ 
S1= 01oOS3=001tSs=1t10 

co3~a10TcH Ha.ocHoBe npoBepoqHHx M8TPHU 
~onqfforo B1-0C-Ko~a. Ko~opaa B oomeM 
BH,lJ.0 HM88T BH.ll. [32, 33] • 

HT= 

. I I ••••••• I 

al 
82 

83 ••••••••••• 82t-I 

86 •• ~ ••••••• 82(2t-I) 

n-I (n-I)(2t-I) a •••••••••••• a 

F'Kc. IO. KO.ztHPYI<Xll8H M8TpHU8 ~JIH 
n = 16, t = 3 H m = 4. 8HaKOM * 
o003HaqeHH cpaOoTaBllJHe ~aT'IBKH. 

IlpH ~CHpoB8HHHX 'IBCJiax ID Ht H Il = 
2m. - I MOlKHO IlO.nyqHTb KO.ztKPYIDmY!O MaT
PHUY, r~e 9Jl6M8HTH IlOJIH a1 38M8H8Hhl 
me ~OH~ 9KBHB8JI8HT8MH 

(PKc. IO). C IlOMOmbJJ Tam M8TPHU Bbl' -

1fflCJifi!l'l'CH ~0llqHH6 CHMM8TpHqecIGie 4iYHKUHH sj, KOTOpHe B ClK8TOM BH,lJ.0 H0CYT 

2,l 

~aHHHe K8K O MHOlK8CTB8 .CHI'H8JIOB t, 0~0Bp8M8HHO nocTynaJrnUU( Ha BXO~ KO
.ItHPYI<X!l8ro YCTpottCTBa (IDH(f)paTopa), T8K Hoo me KOOp.I(HHaTax [33 - 38]. IlpH
BO.I(HTCH 0IlHC8HH8 cxewH cnoco6a IlOCTp06HHH napaJIJieJibHOro IDHqipaTopa 
c napaMeTpaMH: ri = 63', t = 3 H 'IBCJIO BHxo~oB N =18 l 351. B oOmeM BHJJ.e 
K09q¢/HUH8HT ClKaTHH Kc= (2m - I)/mt. XapaKTepHott ocoOeHHOCTb!O napaJIJieJib
HHX IDHqipaTopoB C aJir80pa~ecKott CTPYKTypott HBJIH8TCH TO, 'ITO me IlpHHUH
IlH8JlbHhl8 cxeMH CTpOHTCH C IlOMomb10 IlpOCJHX aH8JIHTHq8CKmt COOTHOIDeHHa, Bhl

T8R8100lmt H3 CTPYKTYPH KO.ztHPYIOll\HX MaTpID.\, KOTOpHe B CBOIO oqepe~ IlpH 38-
~aHHHX 'IBCJiax n, m Ht cTporo'onpe~eJieHH H ~JIH me pacqeTa npH OoJibmmc 
'IBCJI8X n MOlKHO HCTIOJ!b30B8Tb 3BM [45]. PaccMOTpeHH BOilpoCH MHHHMH38UHH KO

J!Hq6CTB8 CYMM8TOpoB no MO~JIIO ~a. HeOOXO.I(HMHX ~JIH IlOCTpoeHHH IDHqipaTopoB. 

AMopHTM paOOTH MCC OCHOB8H Ha H3B6CTHOtt H3 
TeopHH KO.ItHpoBaHHH TeopeMH Y.IlHTepcoHa: 

M8~HU8 Lt p83M~pHOCTH:txt H8BHpO~eHa 

s1 1,., 0 0 •••• 0 

s3 s1 " s1 1 •••• O 
_ 4 2 

Lt - 1 ss S1 S3 S1 •••• 0 
................................. 
82t-1 82t-2 82t-3 52t-4 st 

) 

8CJIH CT8Il8HHH8 CHMMeTpHtieCKHe q,yHRQHH 38BHCHT 
OT t HJIH t + 1 9JI0M0HTOB TIOJIH H BHpolK-

~eHa, 6CJIH Sj 38BHCHT OT M6Hbmero, qeM t - I 
'IBCJia p83J!HqHl:,lX 9JI8M8HTOB TIOJIH. TaKHM o0pa30M, 
,n.JJH onpe~eJI&HHH·BeJIH'IBHH t H800XO.I(HMO BHqnc
JIHTb 3HaqeHHe onpe~8JIHT0JIH Lt. Ha pnc.IO B Ka-

PKc.II. BJ!OK-CX8Ma AJIH qecTB8 npHMepa OJIOK-CXeMa ,n.JJH BhlqHcJieHHH onpe-

BhlqHCJI8HHH detL1 - A8JIHT&Jle~ I~ 4 nopH)U{OB. C U&Jlb!O cymecTB8HHO-
detL4 B IlOJie 'GF(2m). ro YB6JIHq0HHH OHCTpoAettcTBHH Ka~oe H3 3Haqe-

Hlitt onpe~eJIHT6JIH BhlqHCJIHeTCH H83aBHCHMO H C 
IlOMOMOmb!O_OOhlqffl:,lX Jior:0:qecKHX 9JI8M8HTOB aHaJIH3HpY8TCH Ha "0" HJIH "I" [34]. 

IlpnqeM, cxeMa Ha pHc.ri cocTaBJieHa TaKHM oOpa3oM, qToOH ~JIH ·BHqHcJieHHH 
, OT~6JlbHHX KOMilOH&HT OIIp8A8JIHT&Jie~ MOlKHO 0HJIO OH llCTIOJlb30B8Tb IIIl3Y, CO

~epiKamee 2m·Bxo~oB ~JIH nepeMeHHHX, TaK KaK B 3TOM c.nyqae oOecne~aeTcH 

YMHOlK8HH8 ~yx 9JI8M8HTOB C IlOMOmb!O o~oro MO~JIH. J{JIH Il0JJY'l8HHH eme Oo
JI88 BhlCOKOro OHCTpo~ettcTBHH MOlKHO BM8CTO IIIISY HCilOJib30B8Tb 00Hqffl:,l8 HH

TerpaJibHhl& MHKpOCX8Mhl. HeTpy~o 38M8THTb, 'ITO HapH~ C Il0JIY'l8HH8M Hepa
B6HCTB nma t > C IlOMOmbID ilp8AJIOlK8HHOro M6TO~a MOlKHO, qTo B8CbMa 
BalKHO, (fx)pMHpoBaTb CTporne paBeHCTBa perncTpnpyeMHx B8JIWIBH t. 

B ~aHHott rJiaBe npHBO.I(HTCH T8KlKe M6TO~a IlOCTpoeHHH MCC C aJireO

paHqecKO~ CTPYKTypott ll OTIHC8HH8 IIpHHUHITM8JibHHX cxeM cnerm:aJIH3HpoBaHHoro 
npoueccopa, IICCTpCCIIIIO~O B CCCTBeTCTBUli C MaTpm..tea, H30CSp&&-...emiott H8 
pHc. IO [40J. 
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BalKHl:lM CBO:!tCTBOM cmmpoMa .I(BOWIHOro_Bl.JX-Ko.na HBJIH6TCH TaRJKe H TO, 
'ITO O)tHOBpeMelffio C orrpe,neJieHHeM B6Jlli'IBHU t MOlKHO no 3H8'l6HHH.~ S1 BH'lHC
JIHTh TaKlKS H Koop.mmaw X1 cpaOoTaBillRX .naT'lliROB, HCXOAH H3 COOTH0,~6HHH, 
H3B8CTHOro H3 Teopmi: .neKO.mqJOBaHHH Bl.JX-KOAOB (Y. IlRTepCOH) 

t • 
sJ = ~ xf • 1 = 1 , 2, •••• t - 1 . (3 > 

,.l 1=1 

HarrpRMep, rrpH t = 3, illv!66M 

s1= x1 + ½ + ¼, s3 ~ if + ~+ tj n s5= x/+ ½5+ 1, 11wd2. 

YpaBH8IDl.H (3) He~etmH H noOTOMY HaXOlK.1{6HH8 KOpHett X1 M8TO.naMH TalJJilfi
HO:!t ap$eTmm B HaCTomnee Bp8MH H6H3B0CTHH. IlpH t ~ 5 B03MOlKHH 
TaO~e MeTO.nH pe!lleHHH, KOTOpHe OHJ!li a.n&TITRpOB8lill aBTOpOM ARCCepTallRR 
J{JIH nocTpOemm OJIOK- cxeM KOOp.zt,maTirnx ypmmeHRtt Ha OCHOB6 ITITSY. IlpH 
&TOM BpeMH BH'IBCJie_HHH KOOpARH&T COCT8BJIH0T . .necHTKH (t = 2) H CO'l'1ill 
HaHOC0KYHll rrpn 2 ,( t ,(.. 5 [39 - iI l. Y'IHTHB8H BalKHOCTh p6lll6HHH 38.U8'IH 3~ 
(lBKTHBHOtt perncTp8UHH KOop.mmaT COIJHTlitt rrpH OOJihlllOtt MHOJK6CTB6HHOCTH t, B 
nHTOtt rJiaBe ARCC6pTamm H3JIOJK6HH pesyJihTaTH HCCJie,noBaHlitt nocJie,nOB8T6Jlh
HHX M6TOAOB peruemrn Koop.mmaTHOPO ypaBH6llliH, KOTOpHO rrpHMeHHIOTCH B 
T00pmi H T6XHHK6 l<OppeKTHpYIOmHx KOJ{OB C aJireOpawrecKott CTPYKTypott 
[ 41 ] • IlpH'l0M, 6CJ!li 'IHCJIO t '{ 5, TO MOX<IIO rrpHM6HHTh TadJIU'IHHtt M6TO,n 
perueHHH. EcJIH me t > 5, To sa_naqa peruaeTCH nocJie,noBaTeJihifilM cnocodoM 
nyTeM no.ncTaHOBKH Bcex sHa'leHRtt a 1 H aHaJIHsa Koop.mmaTnoro ypamreHHH Ha 
"0". 11cnOJih3YH 0HCTpo.nettcTBYI001H0 MHKpOCXOMbl, MOlKHO rrpH n = 1000. IIOJIY:
'lHTh 3Ha'leHHe BC6X KOOpARIIaT sa H6CKOJibKO J{6CflTKOB MHKpOC6KYH.ll· 

• 
PHc.12. CTPYKTYpHaa cxeMa ycT

pottcTBa OTdopa no MHOlK6CTB0IffiOC
TH CHrH8JIOB C aJiredpaH'leCKOtt 

CTPYKTYPQtt. 

TaKHM odpa30M, HCnOJ!b3Yfl M6TOJ{ll aJI;
redpaH'IeCKOtt TeopHH KO.l1HpOB8llliH MOJK
HO 3®,eKTHBHO opraHH30B8Th KOHBettep
Hlltt·rrpHHUHII o6padOTKH CHPH8JIOB no 
cxeMe: ClK&TH6,H rrpeodpasoBal:ll{e YHH
TapHoro II03Hll.llOHHOPO K~.na B ll.llKJlH

qecKHtt KO.ll - perHcTpall.llH MHOJKeCTBeH
HOCTH - KOMOIDiaTopHHtt OTOop coOHTlitt
BH'lHCJieHHe KOOpARHaT - BOCCT0.HOBJie.'... 
JieHHe Tp0KOB 'laCTHU. IlpH'leM, HeKO
TOplle rrpoue.nypll MOPYT BllIIOJIHHThCH H 
rrapaJIJieJihHO. Ha pnc. 12 rrpHBe.neHa 
CTpJKTypHaH cxeMa MOC [401 • 

CaoACTBa 3apH~eHHl:IX 4aCTHU H oOnb-

lllHHCTBO HCnOilb3YeMl:IX aeTeKTOPOB T8KO

Bbl, 4TO B Te4eHHe apeMeHH perHCTP8UHl1 
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CO6blTHM B oaHOM roaocKonn4eCKOM nnoCKOCTH MOrYT cpaooTaTb KaK OTaenbHble 

aaT4HKH, TaK H rpynna coceaHnx no3HUHOHHO-4YBCTBHTeilbHblX aeTeKTOpOB. 

KpoMe Toro, noHBHilaCb HeooxoanMOCTb perHCTPHPOBaTb He TOilbKO KOopa11HaTbl 

KnacTepoB, HO H HX "oopa31,1" . PerncTpau11H TaKoro THna COOblTHfl C noMOIJlblO 
pacCMOTpeHHHX BHIIl6·MeTo.noB CTaHOBHTCH H69®,eKTHBHo:a. McCJie,nOB8HHH aBTO-

pa ITOK83aJIH, 'ITO J{JIH TaKHX ueJiett MOlKHO ncnOJ!b30BaTb Teopmi TaK H83HBae
MHX H6.I(BOH'IHHX Bl.JX-Ko,noB HJIH KOJ{OB .PH,na-COJIOMOHa (PC-KOJ{OB) [421. 
ECT0CTB6Iffi0, 'ITO .llJIH IlOJIY'leHHH TaKoro K8'l6CTBa HeOOXOJlHMO 38Tp8THTh .no
IlOJIHHTeJihHHe MHKJ)OCX6MH, 'ITO CJie.nyeT H3 KO.lllipYIOOlett MaTp:mu,t B KOTopo:a 
co.neplKHTCH 2t KOJIOHOK H, KpoMe Toro, J{JIH Bll'IHCJI0HHH cmmpoMa PC-KO.Ila 
TpeOyIOTCH J{OIIOJIHHTeJ!bHO cxeMH YMHOlKeHHH .llBYX 9JI0M0HTOB B IlOJie rajzya 
GF(2m). TaK, rrpH t = 2 HM0IOT M0CTO CJie,nyJOOtHe COOTHOIIl0HHH 

Sr= X1Y1 + X:zY2 H S3 = X~Yr + ~Y2 

81°2 + 82 6" r = S3, H Sfj2 + S36'1 = S4, mod2, 

r.ne Y1 n·Y2 - "oOpasH" .ItBYX KJiacTepoB .nJIIDiott m. B nepByIO oqepe.nh no 
oOH'IHHM rrpaBHJiaM Haxo.naTca Koop.mmaw X1 H X2 Hs ypaBHeHHa x2 + ')1jS'I + 
6"2 = O H saTeM Bll'IHCJIHIOTCH sna'leHHa Y 1 Z 6-1; :; I (Si) • 

CJie,nyeT OTM0THTb, qTo Hapa,ny C napaJI~aJibllllMH MeTo)laMH perHCTpamm 
~aHHHX B Cil6KTpOM0Tpax 4ili3HKH BllCOKHX aHeprntt HaXOJ{HT rrpHMeHeHHe H noCJie
.noBaTeJibHHe cnoCO(;!l perHCTpamm H oOpadoTKH ~aHHHX, KOTOpHe OTJIH'laIOTCH 
BHCOKOtt 3KOHOMWlli0CThID H IlpoCTOTO:!taneKTp0HH08annapaTypH._McnoJib3YR Me
TOJ{ cmmpoMHoro KO.l(HJJOBaHHH,MOJKHO C03J{8B8Th Ka'leCTB6IffiO H KOJIH'l0CTB0HHO 
HOBHe YCTpO:!tCTBa .n.na perncTpamm KJiaCTepoB H HesaBHCHMilX COOHTHtt, a 
TalK6 YCTpOttCTBa nJia KOARpoBaHHH HeCKO~bKHX IDITepBaJIOB BpeMeHH Oas OCTa
HOBKH npouecca KO.nHpoBaHHH (14]. 

B 38KJIIO'leHHe IlHT08 rJiaBH )U!CCepTarnm paccMaTpHB8IOTCH pesynbTaTH HC
CJienoBaHHH a~TOpoM rrpHM0H0HHH HTepaTHBHoro KO.llHpOB8HHH B ro.nocKOIIH'leCK
KHX CHCTeMax. IloKa3aHo, 'ITO C uenhIO YM0Hbffi0HHH 'lHCJia KaHaJIOB perncTpa
UHH, CKOpee Bcero HHTYHTHBHO, HCilOJlh30BaJICH IIpOCTe:aruntt .ItBYMepHHtt KO){, 
H3BecTHHtt B Teopim KOAllpoB8HHH KaK HTepaTHBHlltt KO){ [431. oomaa CTpYKTY
ypa TaKoro Rona ITpHBe.neHa Ha pnc.13. B COOTB0TCTBHH 

n1 CTO_nli40~ C M0TOAOM CHHJlPOMHOro KOARpoBaHHH COBOKYITHOCTh 

gl t 
c 

r - ~ 

l-1Hq:>OpMa4uOHHbla .. 
]!,, 

~ palpAabl ~ls 
Kt fg_t 

§_ 

K0HTl)0nbHbla pQlpAabl CTOn5~ 

PHc.13. CTpyKTypa .nBY
M0pHOro HTepaTHBHOro 
Rona. 

rrpoBepoK no CTpOK8M H CTonOuaM oOpasyeT CHHJ{
poM. BalK!l:O, 'ITO KonoBoe paCCTOHHHe s-MepHOPO 
HTepaTHBHOro KO'A8 paBHO IIpOH3Be.neHHIO KOJ{OBHX 
paccToHHH:a. ncxoJtHHX KonoB 

s 
d = Il d0 • 

e=I 

B CBOID O'lepenh, K0~0HT ClR8THH S-MepHoro 
HTep~THBHoro KO'A8 paBeH 
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K _ e=I e 
C -

n1~+ ~~+ • •• ••• ns-1~-1 + nsks. ,c 

1.!ame Bcero npmrnM80TCSI, 'ITO nI = Ilz· B KOHUS .naHo"A: rJiaBll OIIBCllB810TCH 
H0CKOJ!bKO KOHCT.PYKu.mt HTepaTHBHllX Ko.noB, pa3paO0T8HHllX aBTOpOM .nJIH ro.no
CKO:rm'I0CKHX CHCTeM. Y'IHTllBaH MHOrooOpa3He BO3MOlKHllX HTepaTHBHllX Ko.noB, 
[3,43,44] B .ll;ll:CCepTaium peKOM0H.UY0TCH B Ha'IaJie B!ffiOJ!HHTb MO.n0JIHPOB8HH0 
KOHKp0THO1!: q)H3H'I0CK01!: 3a_na'IH C Y'I0TOM TaKHX napaMeTpoB, KaK n Ht H 38-
T0M CKOHCT.PYHpoB8Tb HeoOxo.I(llMll"A: onTHM8Jibllli"A: HTepaTHBHll"A: Ko.n. IlpHBO.I(!iTCH 
T8KlK0 cpaBHeHHe ~KTHBHOCTH Bl.!X-Ko.noB H HTepaTHBHllX Ko.noB B 38BHCH
MOCTH OT TonoJiormt COOllTH"A:. O,nli1™ H3 He.nocTaTKOB HTepaTHBHoro KO.ll;ll:PO~ 
Bamrn HBJIH0TCH OTCYTCTBHe CTporHX M8T0M8TH'I0CKHX MeTo.noB .neKO.ll;ll:POB8HHH. 
0.nH8KO, npH OTHOCHT0JlbHO H0OOJ!blllHX BeJill'IHHaX n Ht MOlKHO HCnOJib3OB8Tb 

.nJIH 3THX UeJie"A: IIl13Y HJIH nporpaMMKpY0Mll0 M8TPHUI:l• IAMeHHo no 3TOMY ITYTH 
nolllJIH pa3paOOT'IHKH T_p0KOBoro npoueccopa .nJISI 3KcnepHM0HTa NA28 B UEPHe, 
r.ne OllJia HCnOJib3OBaHa CO3,na.HHaSI npH Y'I8CTHH aBTOpa cxeMa KO.ll;ll:poB8HHSI 
THITa X3MMHHI'-IA.1ill [ 31 • 

KOMilJI0KCHll"A: no.nxo.n K HCCJie.noBaHHIO npoOJieM perHCTpaium MHomeCTB9H
HOCTH H KOOp.ll;ll:HaT COOllTH"A: CBH,n0T0JlbCTBYIOT pe3yJibT8Tll HCCJie.noBalimt aBTO
pa, H3JiomeHHHe B mecTo"A: rJiaBe .ll;ll:CcepTaium. Eme B ,I965 r. T. e Ha TpH 
ro.na paHbme, 'I9M B sapyOelKHllX q)H3H'I0CKHX U0HT_pax aBTOpOM OllJI paspaOoTaH 
H BH9Jql6H npHopwreTHll"A: nm(tlpaTop napaJIJI0JlbHO-nocJie.noBaTeJibHOro THITa, 
aHaJIOrH KOToporo B HHTerpaJibHOM HCnOJIHemm.. nOJIY'IBJll'l illHpoKOe npHMeHeHHe 
B CHCTeMaX 8BTOM8TH38URH q)H3H'I0CKHX 3KCnepHM9HTOB Ha JIHHHH c 3BM [46-481 
KaK C npHMeHeHHeM TaKTOBllX HMnyJ!bCoB· T8K H C acHHXpoHHllM ynpaBJieHHeM, 
OTJIH'IaIOOJ,ID!:csi BllCOKHM OllCTpo.ne"A:CTBHeM H 3KOHOMH'IHOCTblO. 

MHorHe HanpaBJieHHH B 3JI0KTpOHHllX MeTo.nax q)H3HKH BllCOKHX 3Heprmt pa3-
BHB810TCH no.n BJIHSIHHeM .nocTHmelimt M8T0M8TH'I0CKO1!: J!OrHKH H Bll'IHCJIHT0JlbHO1!: 
TeXHHKH. B CBH3H C illHpoKHM pa3BHTH0M Tj9KHX .neTeKTOpoB, KaK ro.nocKOim'I0C
KHe K8JIOpHMeTpll, CT_pHilOBlle .neTeKTOpll H npo'I. noHBHJI8Cb HeOOXO.nHMOCTb B 
nOJIY'I0HHH C BllCOKHM OllCTpo.ne1!:CTBH0M CYMMll OOJibmoro KOJIH'I0CTBa 'IHCeJI, 
nocTynalOOlHX OT AUil. KaK noKa3aJIB. HCCJie.noBaHHH aBTOpa .ll;ll:CCepTaium, xopo
mmt p03YJibT8T MOlKHO noJiy'IHTb, ecJIH npHM0HHTb MeTo.n napaJIJI0JlbHO1!: KOMnpe~
CHH .naHHllX, npHM0HH6Mll"A: B OllCTpllX CXeMax YMHOmeHHSI [491. B CBOIO O'Iepe.nb, 
KoMirpecgopu .naHHllX B OCHOBHOM COCTOHT H3 napaJIJieJibHllX (n,k)-C'I0T'IHKOB, 
KOTOplle Ham.JIH caMOCTOHT0JlbHO0 npHMeHeHHe B K8'I0CTB0 YCTpo"A:CTB OTOopa 
CHrH8JIOB B ro.nocKOim'I0CKHX CHCTeMax C OOJibmo"A: perHCT.PHPY0MO1!: MHomecT
B6HHOCTblO [501, a TaKme npH nocTpoeHHH cneUHa.JIH3HpoBaHHOro npoueccopa 
.nJIH OTOopa coOllTH"A: no pa3HOCTH 'IHCJia 'I8CTHU, npomeJll]lHX qepe3 ro.noCKOIIB-

'I0CKYIO IIJIOCKOCTb [5Il. CyTb MeTo.na napaJIJI0JlbHO1!: KO~CCHH nOSICHSl0TCSI C 

noMOillblO pHC. I4, r.ne noKa3aH npHMep O.nHOBp0M0HHOro CYMMKJ)OB8HHH ceMR 7.

pa3pH.nHHX 'IHCeJI. BllCOKOe OllcTpo.ne"A:cTBHe npH TaKOM MeTo.ne .nocTHraeTCSI 38 
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C'IeT Toro, 'ITO C n0Momb10(rt,K)-C'I8T'IHKOB O.nHOBpeMeHHO no.nC'IHTllBaeTCSI 
KOJIH'I0CTBO 0,ll.HHHU 0.ll;ll:H8KOBOro Beca B HCXO.nHHX CJiaraeMllx. 
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Plic.I4. K noHCHeHHIO MeTo.na na
paJIJieJibHO"A: KOMnp0CCHH. 
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Plic.I5. J{RarpaMMH .nJisi pacqeTa na
paJIJieJibHllX KOMnpeccopoB • 

B 38BHCHMOCTH OT 'IHCJia CJiaraeMHX KOJIH'I8CTBO 3T8IlOB K0Mnp0CCIDI a.Ta~e 
'IHCJIO Bxo.noB n napaJIJieJibHHX C'I0T'IHKOB MOJKeT OllTb pa3JIH'IHllM, 'ITO CJJe.izy

eT H3 )Ul:arpaMM, npHBe.nemrux Ha pHc.I5. B HTore Ha nocJie.nHeM 3Tane 

KOMnp0CCHH ,nJIH CYMMRPOB8lillR .11BYX CJiaraeMllx IlpHM0HSIIOTCSI 0OllKHOB0HlihJe cyM
M8TOpH. PaC'I0Tll, npHBe.nemrue B mecTott rJiaBe .ll;ll:ccepTaium TIOK83llB8JOT, 'ITO, 
HCnOJib3YH MRKpoCXeMll 5O0-tt cepHH MOlKHO IIpOCYMMKJ)OB8Tb I27 7-pa3pSIJ(mrx 

'IHC0JI 38 90 RC. IlpHBo.nHTCH I!pHMepll npHMeHeHHSI napaJIJI0JlbHllX C'I0T'IH!(oB. 

B IlpHJIOm~HHSIX K ,nHCcepTaium OIIBC8Hll OCHOBHlle paspaOoTKH IIpHOopoB H 
CHCT0M, BillIOJill0HHllX B CTaH.D;apTe KAMAK. BnepBH0 B CTpaH8X-Y'I8CTHR!.(ax 
OI1ffi1 aBTOpOM .ll;ll:CCepTaium OUJrn: pa3paOOT8Hll H8HuoJiee BalKHlle H CJ!OlKH!,Je IlpH-

OOpll -KOHTpoJIJiepll .nJISI M8JfilX 3BM [52J C Y'I9TOM HOBe"A:mHx .nocTm(eliHl!: 

3Jl9KTpoHHKH [53-551. 3TH IIpMopll Ham.JIH npHMeHeirn:e B q)H3R'l:ec1Unc YCTa-
HOBRax [ 561 H B CHCT0M0 8B'J'OM8TH381UIB ITOJIOlK9lill8M IlY'IK8 M0,nJielllioro BHBO-

.na. Bnepsue B name-A: CT_paHe pa3pauoTaH"KoMIIJieKc armapaTypu .nJIH noc~e

.noBaTeJ!bHott CHCT0Mll KAMAK (68-611, KOTOpasi OTJIH'I88TCH BllCOKO"A: Ha,nellCF!ocTL~ 
H MOOHJibHOCTblO B CHCT0M8X PerHCT_paURH H 8BTOM8TH3aIU-m .nammx, pacnoJio

lKeHHllX Ha 00JiblllHX TIJioma,nHX, TaKHX K8K YCKOpHT0JlbRll0 K0~0KCH [62·64J. 
B npHJiomeHHSIX Ill - TI5 paccMaT_pHBaDTCH CTPYKTYpHlle cxeMU KOH'J'-

poJIJiepoB pa3.JIH'IHoro THITa H l!X Ha3Ha'IeHHsi, .zqia:lme,p noc.110.noBaTeJU,aoa 
B9TBH H HaOop BCTIOMoraT0JlhllUx npHOOpoB, HeOOXOJmMllX .nJIS! ycnelllHoro Blle.n
p0HHH KOMTIJI6KCa pa3pauOTOK B CHCT0Mll 8BTOM8TH3arum YCKOpHT8JlbHOro 
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KOMIIJI0KC8 [62] H B CII0KTpOM0Tpl1 4Jli3HKH Bb!CO!IBX &Heprltll: [63]. C 
noMO!lU>ID paapa6oTaHHoa aBTopoM .zmccepTai.um annapaTypu no.nyqeHl1 BalKHlle 
4Jli3WI0CKH0 peayJihT8Tl1 [57,65]. 

III. 0CHOBHl10 peayJibT8Tl1 H BHBO,ln,I. 

I. B .zmccepTai.um IIpoB0.l(0HO UillpOK00 H KOMIIJI0KCH00 llCCJ10.l(OB8llli6 npo6-
JI0M aIIIIapaTHoa ~hTpai.um noJI&3Hl1X co611Tltll: B npouecce perHcTpau1m MHO
E&CTB0HHOCTH ll KOOp)tl{HaT CHrH8JIOB, H 8BTOM8TH38!.Uill c6opa H oupauOTKH 
.l(aHHUX, perncTpnpyeMUX B CII6KTpoMeTpax 4Jli3HKH BliCOKliX &Heprltll: H Ha Bl1B6-

.l(0HiillX IIY'lli8X aapHEeHHHX qacrnu YCKOpllT0JlbHOro KOMIIJieKca CirnXpo<Il830TpO
Ha OJ.1ffif. B YCJIOBHHX 6YPHOro pa3BHTllH 4Jli3HKH BHCOKHX H CBepXBHCOKHX 
&Heprltll:, HeyKJIOHHOro pocTa qH:CJia K8H8JIOB perHCTpai.um H YCJIOJKH0HHH KpHTe

pHeB OT6opa pe.ztKHX co611Tltll: H npoueccoa cTaJio oqea~. qTo Heouxo~ 
H0Tpa~oHHHn II0,!0(.0.l( K pemeHHID CTOJ!b CJ!OJKH01!: 38.l(aqH. KaK TIOK838JJU HC
CJI0.l(OB8HHH aBTOpa .l(l'ICC&pTai.um, 3$I)eKTHBHOe pemelllie npo6JI&Mll B03MOJKHO Ha 
CTUK& T8KHX HanpaMeHH1!:, KaK aJII'e6paHqecKHe M0TO,ln,I o6pa60TKH CHrH8J!OB, 

M&TO.l(l'IKH 3JI0KTpOHHl1X M0TO.l(OB 4Jli3HKU BHCOKHX &Heprltll: ll M0pHOtt 3Jl0KTpo
HHKH. peayJihT8TOM llCCJ10.l(OBBHltll: B TeopeTWI&CKOM acneKTe HBHJIOCb Oun8.l(l'I
H0HH0 B O.l(Hy .l(l'ICUlfiIJOOIY aJII'eupauqecKott TeopHU KO.l(Hp0B8llliH ll aJII'eupaH

qecKHX M6TO.l(OB oupauOTKll CHrH8J!OB .l(J!H pemeHHH 38.l(aq (!MJibTpaI.Um ll oupa

UOTKH .l(aHHHX B CTI0KTpOM0Tpax 4Jli3HKH BHCOKUX &Heprltll:, qTo MOJKHO KB8Jll{4Jli

UHpOB8Tb, KaK HOB00·HanpaBJieHHe B M0TO.l(UK0 &Jl0KTpoHH!i1X M0TO.l(OB 4Jli3HKH 

BHCOKUX &Heprltll:. 
2. Paapa6oTaHHHn n 8.l(aTITnpoBBHHHn MaTeMaTnqecKltll: aIIIIapaT aJireupan

qecKott TeopHU KO.l(Hp0B8HHH ll 6UCTpl10 aJiropHTMU .l(8J!H B03MOJKHOCTb BII0pBue· 

B MHpoBoa npaKTHK0 pemHTb npo6JI0MY perncTpai.um MHOE0CTB0HHOCTH CHrH8JIOB 
ll onpe.l(eJieHHe KOOp)tl{HaT II03HUHOHHO-qyBCTBHT0JlbHb!X .l(8T~OB, OT KOTOpl1X 

OHH IIOCTYIJHJIH, napa~eJibHUM CTIOC060M 6e3 &Jl0M0HTOB naMHTll ll B OTITH

M8JlbHO KO.l(Hp0B8HHOM BH.1(0. KaK BCJI0.l(CTBH0 &Toro 6UJIH OTKpliTH H llCCJI0-

.l(OB8Hl1 PM npmn.nmnaJihHO HOBUX YCTpOttCTB .ztRCKp0THOtt JIOrHKH', TaKUX KaK 
napaJIJI0JlbHl10 ~w_paTopu C lliHpOKHMH ~YHKI.U'lOH8JlblillMl1 B03MOJKHOCTHMH, cqeT
~ KJI8CTepoB, MazopnTapHlle CX0Mll COBIIa.l(eHH1!: C B03MOJKHOCTbID napaJJ

Jl0bHOI'O cqeTa, ll KOOp.ztHH8THl10 npoueccopu C aJire6paWI&CKOtt CTpyKTYPOtt. 
IlpHM0H0HH0 aJII'e6panqecKott T00pHU o'opa60TKH CHrH8J!OB B rO.l(OCKOTIWI0CKHX 
CllCT0M8X TI03BOJJH0T OIITHMll3HpoB8Tb aIIIIapaTHl10 38Tpam npu C03.l(8lllill 611c
TpO.l(eacTBYIOOtUX YCTpOttCTB OT6opa TIOJI03Hl1X C0611Tltll: C yqeTOM TaKHX·napa

M0TpOB, KaK qncJJo KaHaJioB perncTpaUHH, aepXHHH rpaHHua perncTpnpyeMoa 
MH0~0CTB0HHOCTH H BpeMH 38.l(eplKKl'! CHrH8J!OB. Oco6eHHO &(fxl)eKTHBHO pemaeTCH 

npoOJJeMa paapemeHHH Hegnpe.l(eJieHHocTea B npouecce onpe.l(eJieHHH KOOp.ztHHaT 

WI0:£8CTB8HHHX COdUTlitt C IlOMOlllbl!l TOJibKO O)tHOtt ABYM8PHO"lt ro,?tOCKO-
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Ifilll8CKO"lt IL10CKOCTH,qTo II03BQJLqeT CYlllBCTBBmIO YIIpOlll8Tb Cil6KTJX)M8Tp B ne
~OM. 

3. BunoJIHeHO KOMIIJI0KCH00 HCCJl0.l(OB8HHe H KOHCTpynpo~aHHe 3$I)eKTHBHUX 
cynepII03HUHOHHUX KO.l(OB, C IIOMOUU,ID KOTopux P83p800T8HO psm KO.l(HpYKIJUD( 

ycTpottCTB co CBBTOBoa KO.l(HpOBKOa. 

4. B npouecce HCCJI0.l(OB8HHH OCHOBHllX 38.l(aq 0UJI8 pemeHa IIpo6JIBMa CTpO
roro pacqeTa H aBToMaTH3al.U'lll npoeKTlipoB~mrn YcTpoacrn c aJII'eOpaWiec
Kott CTPYKTypott Ha 6838 8H8JIHTWI8CKHX Bl1KJI8.l(OK H pacqeTOB Ha 

8BM. Ilo.nyqeHU pB3YJibT8Tl1, HMBKIJlHB C8MOCTOHT8Jll,HQ8 3HaqeHHe. IlOK838HO, 
qTQ IIpH OOJ!bmOM qH:CJl& II0:pM0HHUX OOJI88 8$I)eKTID3HUM no cpaBH&HHID C M8T8-
M8TWI8CKHM 8IIII8p8TOM uyJI&Boa 8JII'e6pu HBJIH&TCH MSTO.l( CiIBT038 II8peKJIBJtl:a

T0JlbHOtt !fJYHKl.U'lll C IIOMOUU,ID aJIT'eupli ra.nya GF(2m). LfCilOJih30B8HH8 T8Koro an
napaTa Il03B0JIH8T B nepcII&KTHB& C03.l(8Th T'HuKYID CHCT8MY ~epcaJ!bHUX 

)tl{H8MH'l8CKH nporpaMMHpy&MUX MO.l(YJJ&tt MR pem&HHH TaKott B8llCHOtt 

npouJIBMH B MeTO.l(UK0 8JJ8KTpommx 8KCil0pHM0HTOB, K8K u0CKOHT8KTH00 nepe

nporp8MMlip0B8HH0 6HfTp0.l(0iCTBYl!IltIDC CHCT0M OTOOpa COuliTHtt Ha Bl1II0JJHBHH8 
pa3J!HqffilX 38.l(aq B npouecce 9KCIIBpHMeHTa C IIOMOIJU,ID MHKpo-8BM. 

5. MBTO.l( Cim.l(pOMHoro KO.l(Hp0B9HHH H pa3p860TaHHUe 8BTOpoM ){HCCBpTal.U'lll 
uliCTpue 8JII'OpHTMH )tJIH BliIIOJJHeinrn onepaiunt • B IlOJJB ra.nya MOryT H8ITH 

npHM&HeHKe B T8KOM B8lf.HOM HanpaMeHHH B COBpeMeHHOM npHdopocTpoeHHH, K9K 
Cim.l(pOMHO& T8CT1IpoB8HH8 (CHrHaTyp~ 8H8JllIB) CJJOllCHHX CHCT8M, CO.l(0pll!8ll!HX 
MHRponpoueccopu H doJ!bmae mITerpaJ!bHUe MHRpocxew. 

6. TeopeTWieCRH OOOCHOBaHHlitt M0TO.l( Cim.l(pOM!Ioro KO.l(HpOB8HHH HBJIHeTCH 

MO!lUillM iIBCTPYM8HTOM MR pa3p800T'IHKOB UHCTpoAe-itcTB~ CHCT8M OTdopa H 
oupauOTKH COuliTltll: B Cil8KTpoM0Tp8X 4Jli3HKH BHCOKHX 8H8prltll:. 8TOT MeTO.l( HC
Il0Jlb3Y8TCH K8K B Hamett CTp8H9, T8K H B T8KOI H3B8CTH01!: opraHH38IUffl, K8K 
UEPH. IlOCKOJ!bKY OH U83HpY9TCH Ha M8T9MBTWI8CKOM anrrapaTe, TO OCHOBHHB 
HJ.l9H MBT0.!(8 MOryT ul1TbHCITOJil,30BaHHT8KlK8 H B .ltPYrHX MHOI'OA8T'IliKOBliX 
CHCT&MaX pernc-rpal.U'lll. 

7. Pe3yJJbT8TOM KOMIIJI&KCHOro Il0,!0(.0.!(8 K HCCJJ9.l(OB8HHID npouJJeMht B(fxl)eK

THBHOro cqHTUB8HHR H o6padoTKH .l(8HHUX, perHCTpnpyeMh!X B MHOrOK8H8JibHHX 

.l(BTBKTOpax aapmKeH!lliX qacrnu, HBHJJ8Ch paapa60TKa M9TO.l(OB H YCTpottcTB , 
npHOpHT9THoro KO.l(Hp0B8HHR, IlO.nyqHBlllHX IDHpoKOB IIpllMBH&HHe B CHCT9M8X 
8BTOM8TH381U'lll 4Jli3WI9CKHX 8KCII8pHM8HTOB H orrepe.l{IIBmnmx anaJJOrHqHU9 pa3-
padoTKH 38 pyueEOM. 

8. .l{aHO H3fllllH09 pememm IIpouJIBMU cyw.m:poB8HHH l\IDllpOBUX CHrH8Jl0B, pe
rHCTpHpY&MHX B ro.l(OCKOIIWI9CimX K8JJOpHMe-rpax C IlOMOUU,ID AIUI, HB OCHOB& 
M8TOA8 napa~JibHOa KOM!Ip8CCim: .l(8HHUX. IlOK838HO, K8KIDIIH IDHpoKHMH WHK
~OH8JlbHllMH B03MOlKIIOCTSIMK OuJJ8)t8IDT napaJJJJ8JlhHlie cqeT'IBKH, HCilOJib3Y0MHe 

K8K C8MOCTOHT9JibH118 IIpHOOpH, T8K H )tJIH IIOCTpoemrn napaJJJJ8JibHUX KOMIIpec
copoB A8HllliX H )tJIH co3.l(amrn cne~aJIH3HpoBaH!lliX nponeccopoB. 
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9. Pa3paOOTaH ROMITJI&RC_ amiapaTypu B CTaH){apTe KAMAI{ )VIR aBTOM8TH3a
UHH (fJli3H'r0CRHX 8RCI10pm.4eHTOB Ha .JlHHID'I C 8BM. Pll,1l rrpHClopoB, T8KHX R8R 
ROHTpoJJJiepu ,1VlR M8JlllX 8BM, Cll:lJIH paspaOOT8Hli H BH9.1{p&Hli BIIepBH0 He TOJib
RO B Hamett CTp8H8, HOH cpe,ItH CTpaH-y~aCTHHit Olliil'!. BHeceH TBOp~eCR:liR 
BRJia.n; B pa3BHTH0 rrporpaMMHo-yrrpaBJ!fl&MliX Cl~OROB H CHCT&M B CTaH){apTe 
KAMAI{. C IIOMOll\bID pa3paOOT8HHOR H BH8.1{p8HHOR IIOCJie,n;oBaTe~bHOR CHCT9Mli 
KAMAI{ 8(1$)RTHBHO pemeHa rrpoCl~eMa p0I'HCTp8UHH H 8BTOM8TH3aUHH qM3H'r9CRIDC 
8RCII0pm.40HTOB H CHCT&Ml,I Ha~a~ H mi.nmcaUHH IlY~OB YCROpIIIT0~bHOro ROMII
~&Rca. 

TaKHM o0p830M, IlpmIIlfflili3..'ThHHM OTJilfiHBM HCCJl8.ltOB8HHOro H npe,JtJIOllleH
Horo M8TO)t8 CHH.Iq)OM!IOro KO)tHp0B3ffiffl 33K..'Ili'.JII38TCH B CJI0.JtYI0!.\8M. B 1I3B8CTHHX 
M8TO)t3X 3IIII3p3THOtt (JJ'A.JlbTp3It,'fil II0~83HHX COCll:l'fIDt HCITO~b30B3Jm:Cb B OCHOBHOM 
3FOpHTMll, OCHOB3HHll8 H3 II031rrtUOHHOtt CHCT9M8 C'IHC~emm 11 T3KTUpY0Ml:l8 
yc-rpoRCTB3 C s~eMeHT3NH rrm1mTH. B rrpe~'!3I'3BMOM MBTO)te UCITO~b3Y8TCH aJI
reOpa ROHe~ rroY.ett, r)te orrepawm H3.Jt 3~8MBHT8MH ITO~fl BHITOJilL'IJOTCH C rro
MOJllbIO KOM0HH8UHOHHHX cxeM rop33.Jt0 rrpome U OllCTpee. IlpwmM, )t8HHll8, pernc
TPHJ)Y8Mhl8 B rO)tOCROID~18CROtt IL10CROCTH, rrp8.ltB3PHT8JfbHO Cll"'..AM3JOTCH B OTHO
ruemm: n/ tlog.;,n, r)te n - 1Ill:C~O K8H3~0B peI"ACTp3UHH U t - . H8H00 .. 'lblll3H Be .. 'IH-

:<Uma MHo:r.ecTBeHHocTH pe:rACTPHpYeMllX Clll'Ha~oB B OJUIO:ti ro,l{ocKornfieCKoit 
nnoCROCTH, ~TO IlO3BOnReT 6onee aqiqeRTHBHO HCIIOJII,3OBaTb MSTO'AH Ta6nHtl:

HO* ap$eTmtH ~fl pemeHM·nocTaBneHHHX a~a~. B OTnHtl:He.oT MeTO'Aa 
xemHpOBBHM, npl1MeHReMoro 'AnR aHanormHHX ~enea B ~FHe, ·B npe'Anarae 
M9TO'A8 :f!MSSTCR O'AffO3Halffloe COOTB8TCTBHe Me~,ey ~Ca.MR nporpa.MMHpye
MOil: IIBWITH H Ta6n~a.MH COOTBSTCTBM 3Tl1M ~pecaM [ 65] ! 
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