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OEW:A.H XAPAKTEPHCTHKA ,PAEOTbl 

AKT)'aJILHOCTL npo6JieML1. Cm.n:am1e U COBeprneHCTBOBaHue YCKOplJ'TeJieii Ha 

BCTpC'lllblX nyqKax conpOBOJK,!(aerc51 yaerru'le1111eM OUbeMOB II IIHTeHCIIBIIOCTU nocryn

nemlll .n:aHHblX, Kornp1,1e Heo6xo,n:HMO 96pa6a-r1>IBaTb B peJKl!Me peanhHOro BpeMeHII. B 

CB51311 C 3TUM B03pacraeT JKeCTKOCTL 1'pe6oaamiii no 6LICTpo.n:eiiCTBIIIO, Ha,n:eJKHOCTII, rn6-

K0CTII " .n:emeBUJHe KOMnoHeHTOB CUCTeM c6opa " o6pa60TKH cp113ll'leCKHX co6LITllii, 

1'{HIITCpHblX CIICTeM II anropl!TMOB, peanU3YJOllIUX npe.n:aapUTeJILHLiii OT,6op none3Hb!X 

co6LITIIH. 

B uaCT051lI.lee apeM51 Be.n:yTC51 1111re11c11BHLie uccne.n:oaa11H51 no cm.n:aumo, Mo.n:err11-

poaam110, Bb16opy u anpo6au11u npoueccopoB, rn6K11x norll'leCKIIX ycrpoiicra, KOMMyra-

11no1111oii cpe,n:b1 n anropuTM0B TPHITepHLIX cucreM )l)UI ::JKcnepuMeHTOB ATLAS H CMS 

ua 6om,moM · a.n:po11110M Konnai\.n:epe (LHC) B [(EPH. Ilpu ::JTOM B03HHKaIOT cnmKHhie 

npo6ncMbI B pa3pa60TKe II e1,16ope Ko11cpmypauu11 rn6pH.D:HLIX nporpaMMHO - annapaT

HLIX 'cpe.n:_CTB o6pa60TKII, B KOTOpbIX B e,n:HHOM_ 6noKe ,n:onJKHLI pa60TaTL np011eccopbl 

-o6ll.lero 11a311aqe11H51 11 KOHBeiiep111,1e npoueccopbI napannerr1,11oii o6pa6oTKu .n:au111,1x, pe

an_uJycMLie B CBepx6onLIIIIIX HHTerpanLHLIX cxeMax (CBHC). TaKUM o6pa30M, _aKTYMbllOH 

CTall0BUTC51 Ja,n:aqa pa:ipa60TKII cneu11anLHLIX napannerrhHLIX anropl!TMOB, B TOM '!Ilene 

anropllTM0B )J)I51 CIIHTe3a rn6KHX JIOrll'leCKIIX Mo.n:yneii, II nporpaMMHoro . o.6ecne'leHH51 

Ml! o6pa60TKII ,n:aHHblX B TaK0ii pacnpe.n:erreuuoii Bbl'lllcnl!TeJILHOH CIICTeMe. 

Oco6oc MeCTO B cm.n:a111111 BblllleYKa3aHIILIX CIICTeM 3aHl!MaJOT npo6neMbl K0MMY

mpoBaHll51 .n:aHHblX. ConpeMeHHLie CIICTeMLI c6opa .D:aJIHLIX H npe.n:aapHTeJILHOro OT6opa 

co6bITllii npe.n:craBJI5IIOT 113 ce6» CJIOlKHYJO 11epapx11'1eCKYJO CHCTeMy, B KOTOpoii o,n:HoBpe

MeHH0 pa60TalOT MH0rne COTHII pa3HOTllnHLIX npoueccopoB, pacnpe.n:errCHllblX naM51Teii 

II yci-poiicTB BBo,n:a - BLIB0,n:a. Ilo::JTOMY pa3pa6oTKa 6bICTpoii, 11a,n:eJK11oii II 3KOHOMll'IH0H 

KOMMyrauuo1111oii cpe,n:LJ,•,ll)UI CHCTeM 06pa60TK11 .D:aJIHLIX aKTIIBHO Be,n:erc51 [(EPH np11 

no,n:roT0BKe npoeKTOB )J)I51 LHC, '!TO no,n:TBeplK,!laer aKTyanLHOCTL 11ccne,n:OBaHIIH B 3TOH 

06nacr11. 

UeJILIO .n:11cceprn111101111oii pa6oTLI JIWllleTCJI pa3pa6oTKa Mero,n:11KH II anropm

MoB napaiinerrL_IILIX. KOHBeiiepHbIX Bbl'lllcne1111ii B TPHITePHLIX CIICTeMaX ycraH0BKII AT

LAS ua'LHC, C_IIHTeJa B 3THX UeJI5IX rn6KHX 6LIC1'pblX norn'!eCKHX Mo,n:yneii II a.n:amHBHbIX 

KoM6miaTOpHLIX nepeKJIIO'laTerreii. · IloKaJaTL, '!TO npHMeneuue .n:auuoii MeTo,n:11K11 }J.'IJI 

C03.D:aHH51 nporpaMMHO ~ annapaTHOro o6ecne'leHH51 MIOOHHOIU l'pllITepa BTOporo ypoBH51 

ycrauoeKu"'ATLAS noJBOJlller _npomeo,n:11Tb o6pa60TKY OJKH,n:aeMLIX ua LHC noTOKOB 

,n:aHHblX. 

Hayqmlll 11ou11J11a. · IlpeMaraeMLie e .n:11ccep1"auno11uoii pa60Te Mero,n:bl 51BJI51IOTC51 

HOBblMll II pacmnp5110T o6nacTb np11MeHeHH51 annapaTa Mo.n:ympimii anre6pbl II HOBblX 

TCXIIOJIOrnii CBHC Ha nOTOKOBYJO o6pa6oTKy ,n:aHHLIX B CIICTeMax c6opa u o6pa60TKII 

qJH3ll'ICCKHX co6brrllii. ~1~-1 
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Pa3pa60TaHa MeT0,llHKa H anropHTMbl .ll)lll napaJI.JJeJil,lll,JX KOHBeilepllblX Bl,JllllCJJe

. HIii! B MIO0HH0M 'I]ll!ITCpe yc-raHOBKII ATLAS npu o6pa60'IXe TpeK0BOII umpopMal.11111 

MIO0HH0ro AeTeKTopa Ha .11peil¢0Bb!X 1]ly6Kax BblC0K0[U .11annemlll. 

llpeMOJKeHU MeTOJ:11,1 CHHTe3a rn6KHX norntJeCKIIX MOAyJJeii Ha OCII0Be nepe

KnIO'laTeJll,Hl,IX q>yttKl.lllii B nomix fanya, pa3pa60TaHa MeT0AHKa n1,16opa nopMKa nomI 

B 3aBHCIIM0CTII OT o6pa6aTbJBaeMblX BX0,llHblX ·AaHHUX, anropHTMbl CHHTe3a MOAy,1eii .ll)lll 

HenoJJH0CTblO onpeAeJieHHblX nornqecKHX !p)'IIKUIIH H !pyHKUIIH C pa3pll.!\H0CTl,IO BX0,1111,)X 
. . 

nepeMeHHblX, npeB1,JJ1IaIDIUeH pa3pll.!\HOCTI, 3HatJe1111ii q>yHKUIIII. 

llpeMOJKeH _HOBblH nm 0,llH0KaCKa,llHUX a,llanTl!BHblX KOM6HHaTOpHblX nepeKnIO'la

TeJleH, cnoco6H1,1x napaJI.JJeJibHo ncpeKnIDtJaTb no-roKu 11HcpopMa1.11111 113 n BXOA0B na m 

BblX0A0B C B03M0lKHblM 113MenenneM a,llpeC0B nepe.11aq11 B TeMne noc-rynnellllll BX0AllblX 

AaI!HbIX.· Pa3pa60TaH1,1 ~1ero.111,I noC1JloeHllll nepeKnIOtJaTeJieii, 11cnon1,3yioIuHx onepaunu 

B nOJUix fanya, a TaKJKe nepeKnIO'laTeJIH, cnoco6nue KoppeKrnposaTb ourn6Ku B03HHKa

IDIUHe npu nepe.11aqe a.11pecos nonyqaTeJieH. 

llpaKTHqecKaJI UCHHOCTL. llpeMOlKeHIIble MeT0,llbl II anropl!TMbl ncnoJJb30Ballbl 

npu Bb1tJ11cnen1111 nonepeq11oro nMnynbCa .1,1100Ha II co3.11aHnn nonHoro anrop11TMa. o6-

pa60'IXn . .ll)lll ·· llpOTOTHna' MIOOHH0f0-1'p11ITCpa BTOporo. ypoBHll B aBTOH0MHOM pelKHMC 

yc-ranosKu ATLAS LHC. Ha,ocHoBe npe.11no:iKeHHUX MeT0AOB ·u anrop.HTMOB pa3pa6o

TaH0 nporpaMMHoe· o6ecnetJeHne )I)lll cnHTe3a rn6Knx nornqecKHX .1,10.11yncil, nonyqe11u 

cxeMbl K0HKpeTHblX YC1JlOHCTB. Cnnre3npoBaH rrepeKnIO'laTeJlb C nponycKHOii ·cnoco6-

IIOCTblO 1.6 f6HT/CeK Ml! IICIIMb30Ballllll B C0CTaBe rrpOT0Tllna. IIOKa3aHa B03M0lKII0CTb 

C03,lla!lllll II0B0ro Tuna pacnpe.11ene1111011 IlaMl!Tll, ncnoJJb3)'lOJUeii 'IHCT0 KOM6n11a1.1noll!ll,)e 

onepaunn B'ee aKTIIBH0H tJaCTn. KoMMYTarnp1,1 Moryr npnMeHl!ThCll B KatJecTBe 6a3on1,1x 
~ ' ' . 

MCMeJIT0B B K0MMYTaUH0IIHblX CeTllX. 

Arrnpo6~HB pa60TL1, OcHOBllble pe3yJJbTaTbl pa60Tbl A0KnLl,!lblBaJIHCb na MelK

,!lyHap0J:lllblX Ko11cpepe111llllJX: "AllaJIHTH'leCKl!e BbltJHcnemrn Ha 3BM ll HX npnMelleJUIC . 

B TeoperuqecKoH q>H3HKe" ( ,Uy6Ha, OH51H, 1985r.), ''The Rhine Workshop on Compuicr 

Algebra" (KapncpY-J, repMamrn, 1994r.), "Real Time Data'94" (,!J,y6na, OH5111, 1994r.), 

"ESONE Real Time Data'95" (Bapwana, llon1,1na, 1995 r.); 11a 11ayq111,Ix ccM11Hapax 

Jla6oparnp1111 Bbl'lllcnHTeJibIIOH TeXHIIKII ll aBToMaTH3aUIIH, Jla6oparnp1111 Mepm,,x npo-

6neM; A0KnaAbIBaJIIICb Ha coneIUaHllllX ''ATL_AS week'_' (UEPH,_ )Ke11ena, lllncn1Iapllll). . 

lly6JIHKaUHH, . llo MaTepllaJiaM .1111ccepTaQIIII ony6nllKOBa110 10 netJaTJIJ,JX pa60T, 

cn11coK K0TOpblX np
0

11Be,!lell B K0HUe aBTOpecpepa'ra. 

Ou'LCM H crpyKrypa ,llHCCCpT~l111, · .D:11ccePTallllll • C0(.,'T0!IT ll3 BBC,!lCllllll, Tpex 

· rna~. pa3611TblX na naparpaq,1,1, 3aKnIDtJCHllll, npunolKeHllll, cn11cKa nll'repaTyp1,I 11:i 70 

11a11MCIIOBa1111ii. O6beM OCIIOBl!Oro TCKCTa AHCCCPTaU~II - 100 C1]laHH)l, BKnlO'lall 22 pn

CyHKa. 
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CO.D:EP)KAHHE PAEOTbl 

Bo BBC,!leHHII na11 o63op mnepaTypbi no paCCA!a1]ll!BaeAIOii TCMe, KpaTK0 pac

KpblTO concpJKa1111c n11cccprnm111, naHbJ noc-ranoBKa 3MatJ11 11 ec aKryan1,11oc-r1,, ccpop

Myn11pona11u 11cn11 II 3a,lla'll! /UICCCpTaHII0HII0ro IICCJJC,!l083Hllll, noKaJallhl cro II0BIIJlla II 

npaKTll'ICCKal! llCJIII0CTI,. 

CoJJiaBacMal! 11a LHC yc-ranonKa ATLAS, npcmia311aqc1111ag }LJ1JI no11cKa penK11x 

cpn311qccK11x co61,1rnii, 6yne'r npenc-raBnl!Tb m cefo1 cnolK11eiiwyio cI11..-rcMy rnponmman1,-

11oii cpopMbJ BeCOM 7000 TOIIII, pa.1111ycoM 11 MCTp0B II nmmoii 42 MCTpa, concpJKaIuyio 

TOAbKO B MIOOIIIIOM m.'TCKT0pc C0TJIII TblCll'l KananoB pcmc-rpa111111. llnaimpyeMllil 'laCT0Ta 

8031111KIIOBCllllll co6urnii Ha LHC panna 40 Mr11, TO C(,"fl, KaJKnbJC 25 IIC 113 ACTCKTOpa 

6yne-r noe1ynan, 11a o6paGoTKY no I Mru na111Iux. A11anu3 TaKnx o6bCMOB 11mpopMa111111 

IICBOJMOlKCII 6c3 pa60Tbl Tp11rrep11oii CIICTCMbl, JanatJcii K0T0poii l!BnllCTCll npcnnap11Tcnb

llblii OT6op ll0JIC3lll,IX q>ll311'ICCKIIX co6brrnii B pClKIIMC peanblloro BpCMCIIII Ila 0CII0BC 

ynpml)CIIHl,IX aJJropllTM0B o6pa60TKII na11111,Ix. JlnccePTaJIIIOIIIIOe llCCJICJl0Ba111Ic npoB0· 

JlllJJOCb B paMKax pa60T_no C0J,!la111110 MIOOJIIIOii Tpnrrcpnoii CIICTCMbl YCTaJI0BKII ATLAS, 

npe.11HaJHatJc1111011 ,!lJlll no11cKa 1]lCK0B B MIOOIIII0M JlCTCKTOpc 11a ynpaBnl!CMl,JX Tpy6Kax 

BblCOKOfO naBJJCllllll (MDT) II 113MepeHlllJ nonepC'IH0fO IIMnyn1,ca MIO0lla. Tpnrrepnal! 

CIICTeMa ATLAS, BKnlotJaei B cc6l! Tp11 ypomrn. Ha nepB0M ypcmnc o6pa6anmaKJTCll . 

na11111,1e, nO(,'Tynam11~11e 113 Bcex o6nacTeii ,!lCTeKTopa C tJaCTOTOII 40 Mm, o6mcc BpeMl!. 

o6pa60TKII l-2MKC. Ha )TOM yp0BIIC aKTl!BII0 11cnoJJ1,3)'10TCll rn6K11c JJ0nl'ICCKIIC yc-rpoii

C1·na, pa6on11011111e napaJI.JJCJJbllO B KOJmeiicpHoM pclKIIMC. IIOMIIMO lKCCTKIIX Tpc6oaa1111ii 

mi 6bK·rponeilCTBlle, o6l!33TCJJbHJ,JM CBOHCTBOM T3KIIX ye1·poiicTB Jl0JJ)l(lla 61,1Tb m6KOCTb, 

TO CCTb 803MOlK110(.'Tb HaCTpoiiKII IIX B 33BIICIIMOCTII OT 113MCIICllllll BX0]llll,JX napaMeTp0B. 

B CBl!JII C '.:lTIIM B JlllCCepTallll0IIII0M nccne.11ona111111 6wrn nocTaBJJClla II pc111e11a '.la,JJ.atJa 

pa3pa60TKII anropllTMOB ,!lJlll CHIITeJa 61,1e1·p1,1x II rn6KJIX ymmepcaJJhlfl,JX JJ0nl'ICCKIIX 

Mo.11yneii . 

Ucn1,10 o6pa60TKII na111Iux Ila ncpB0M yp0BIIC Tp11rrepa llBJlllCTCll ll0IICK TaK mlJl,I

BaeMbl~- o6nac-reii 1111Tcpcca (ROI - region of interest), TO CCTb napaM(,'Tpon Tex o6nai:reii 

neTeKrnpa, B Kcrrop1,Ix 0611apYlKCHl,J np11311aK11 llOllllJJCIIJlll ll0JICJlll,IX q>mlltJCCKIIX rn6u

Tllii. Oi10-i.r1aeMall tJaCT0Ta co61,1rnii 11a n1,Ixone nepnoro ypomrn COL'TaBJJl!CT ncn11tJ1111y no

PMKa I00Krit, no3TOMy npoJl0JJlKIITCJJbll0CTb o6pa60TKII 11a nrnpmI ypomIc Tp11rrcpa YlKe . :••,;· ~ " . . 

HeCKOJJl,~O MIIJJJlllCeKyiIn. Ha BT0pOM ypoBHC TPIIITCpa 06paGaT1,1Ba10TCll .'\.lllllhlC T0JJJ,K0 

113 ROI, napaMC1]lbl Kornp1,1x II0JJYtJCllbJ 11a npcnw1yi1.1cM ypon11c. np11 )TOM 8()]111JKalOT 

CflOlKllble 33]la'III K0MM)"ra[IIIII naHllblX, TaK KaK 01111 HaXOAllTCll B paJJJll'lllblX 6yrpcpax 

BBO,!la - BblBO,!la. B 0Jlll0M,.11 TOM )l(C JI0KaJibll0M npmIcccopc 8 pa3II0C BpcMll ./IOJJ)l(iJbl 

o6pa6anman,cl! naI1111,Ie m ·npo11jaon1,11oro 6ycpcpa IIJJJ; :Iana1111oro MIIOlKC(.'TBa TaKIIX 6y

cpepon. llp11 Bbl6ope KOMMYTaJIII0HllblX cpenCTB ,!lJJll LHC 6ynyr lllllp0K0 IICII0JJb]OBaTbCll 

npOMbllllJJCIIHblC pa3pa60TKII cpenCTB KOMMYT31l1111, XOTll 8 0TJlCJIMlblX 6noKaX CIK'TCM 

c6opa u o6pa60TKII co61,1rnii npennonaracTCll IICII0JJl,3083111IC CllCllllaJibllblX pa1pa60TOK. 

Om1~M In OCIIOBllblX '.:lJICMellT0B BCCX npOT0K0JI0B KOMMyra1um111;oii CpcJlbl l!Mll~·cll 
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nepeKJ11otJaTeJ1b. lhnecnu,1 3 0CH0BllblX np11111uma nocrpoeHllll TaKIIX K0MMyrnpyioLUIIX 

ycrpoiiCTB: MHOrDKaCKa,[{HblC KOMMYTaTOpbl Ha OCHOBe 2 X 2 nepeKJJIO'laTeJlll, 11cnOJib30-

BaH11e neyxnopTOBblX na~tJITeii HMYJibTIIITneKCllpoBaHHe. Bee '.:)Tlf nonxo)lbl IIMCIOT CBOII 

npe11Myiuccrea II HenocraTKII. Hanpm1ep, c pocroM n np11 nocrpoeHJJII n x n nepeKJ110tJa

Teneii Ha 6a3e KaCKa,[{OB nepeKJJ!OtJaTeJlll 2 X 2 cymeCTBeUHO yeenlltJIIBa!OTCll 3a,aep)l(KII, 

np11 MynLnHU1eKc11poeaH1111 neo6xonm1 a.apec nepenaT'lllKa 11mpopMaum1, tJTO He ecerna 

yno6Ho, ii neyxnopTOBOii naMllTII 061,CM ynpaBJJlllOIUeii 3neKTpOHIIKU paCTCT no (,'TCneH

HOMY JaKm1y npn yeeJJntJemrn UJKanbl KOMMyrau1111. no3TOMY 11ccnenonaH11ll n naHHOii 

06nacn1 nponom1<a10Tcll, 11 eonpoc o Bb16ope K0HKpeTHbIX Texuonomii JVlll np11MeHeHIIS1 

B 3Kcnep11MCIITaX iia LHC 0CTaeTCSI OTKpbITbJM. B naHH0M nm:cepTaUII0HH0M 11ccne

noaamrn npeJVl0)l(ell MCTon nocrpoeHnsi ananrnanoro KOM6miarnpHoro ncpeKJ110tJaTenll, 

11cnoJib3YIQIUCro B cxeMe. KOMMyr11p6aa1111S1 TOJlbKO a.apeca np11eMHIIKOB, TaKIIM o6pa30M, 

0TCYTCTByeT 11eo6xon11MOCTb nona·BaTb Ha BXOLlbl nepeKn!OtJaTeJlSI anpeca 11croq1111KOB ne

penatJII nmrnux. 

OnHoii 113 oc11oe11ux <pyHKunii M10ouoro Tpmrepa ernporo ypomrn SIBJlllCTCSI ono-

311a1111e TpCKa MIOOlla. nocrpoem,e n~panneJJbllblX anropHTMOB enpsiMym 3aBIICIIT OT cne

llll!pllKII naHHblX, nociymimm11x Ha o6pa6o'rKy, TO eCTb OT ycrpoiicrna caMoro MIOOIIHOro 

ne-rcKrnpa.' M100H11h1ii ne-reKTOp yc-rmmBKII ATLAS crpol!Tc!' Ha oc11oae Tpy6oK MDT 

pam11tJ11oii JV1HHb1 (oT 2 no 6 Me-rpoe) n11aMe-rpoM-3 cM. noJHUIISI tJacrHuu (e nanb11eii

UJeM - OTC'lCT) BHYTPII Tpy6KH onpeneJllleTCll BpeMeHeM npeiicpa 11aaeneHHblX MeKTpOHOB 

K •aHon11oii npOBOJIO'lKe; pacnon~~e1111oii B UeH1J)e Tpy6KII. CymeCTB~HIIOII oco6eHHO-

- CTbKJ na11111,1x SIBJJllt:i:Cll JHaKOBall 11ecJnpenene11HoCTb, 11eo6xon11Mo onpenenm1,: c KaKoii 

cro'poHbl OT UCIITpa Tpy6KII npeiicpoaan11 3JleKTpOHbl, naBUJlle c11rnan OTC'leTa B MDT. 

Tpy6K11 MDT eJl0SIMII KOMfiOIIYJOTCSI B MIOOHHble KaMepbl, CHatJana nnorno, B UJaxMaT

IIOM nopsinKC, pa3Mema!OTCll no 3 eJlOSI Tpy60K, 3aTeM Ha paCCTOllllllll nopsinKa 30-50 CM 

CUlC no 3 cnoSI. cJJopMoo6pa3ymIUeii KOMn0IIOBKOii MIOOliHblX KaMep .SIBJllleTCSI TOp0IIJl. 

B 11anpaBJ1e111111 ao3pacra1111si pa.a11yca cpopMoo6paJymmero rnpo11na pacnonara10Tcsi no 3 

M10oii11ue· KaMep1,1: a11yrpeHIISlll - 11a pac~osiH1111 nopllnKa 5 Me-rpoe ·oT ue1iTpaI1b11oii oc11 

JleTCKTOpa, JaTCM cpCJlHSlll II BIICUJllllSI- C 3a30pOM nopllJlKa 2.5-3 MeTpOB MC)l(Jly IIIIMII. B 

npoeKIIIIII ef, neTeKTOp pa36IIT Ha 8 ceKTopoa, )I.Jlllllbl Tpy6oK nono6paHbl B COOTBeTCTBIIII 

c noii paJ611aKoii. Bnonb oc11 z, cmina.aa10meii c rnaa11oii ocb!O cpopM006pa3ymmero 

rnpo11na, Ka)l(Jlall KaMepa co!lep)l(IIT o-r 30 no 70 -rpy6oK a cnoe. Q)l(IIJlaeMuii ypoaen1, · 

UIYMOB B M10011110M ne-reKrnpe paae11 102 Ha cm2• 

B. nepBOii rnase pacCMOTpCHbl Me-ron1,1 H anropHTMbl KBa3HCIICTOJill'lCCKOii o6-

pa60TKII Tp11rrep11blX naHHblX JlJlll onoJHaHHll TpCKOB B MIOOIIHOM ne-reKTOpe ATLAS Ha 

ocnonc np11Me11e1111S1 Tex11onom11 CEHC ALTERA. Kaa311c11cron11tJecK11M11 e n11ccep-ra-

111m Ha3B311bl CIICTOJlll'lCCKlle anmpl!TMbl o6pa6oTKII naHHblX, B KOTOpblx nonycKa!OTCll 

rno6anbHble CBSl311 Me)l(Jly SltJCiiKaMII. OcHOBHall IIJlCll nocrpoeHl!ll anropl!TMOB COCTOIIT B 

opra11113au1111 nocnenoBaTeJJl,110 - napannenbllblX Bbl'llleJlCHllii B perynllpHOii MaTpll'lHOii 

crpyKType. TaKoii nonxon noJBOJllleT npo11Jaon11-r1, a11an113 anropl!TMa. JlJlll abmeneH11ll 

MaCCOBl,IX onepm111ii C TCM, 'lT06bJ ynpOCTIITI, B nepeym otJepeJlb 11cnon1,3yeMUe B 3Tl!X 
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· onepaullllx Bblp3Jl(CHl!ll, a 3Ha'll!T YCKOpllTb Bbtnon11e1111e anropHTMa B uenoM. KoHKpeTHO, 

a cnyqae 06pa6o-rK11 na11111,1x, nocrynmom11x m MIOOHHoro ne-re~opa ua npe11cpoe1,1x 

Tpy6Kax, )TO JlaeT B03MOJl(HOCTh pa3neJ111Tb anropl!TM Ha naa ypOBHll. Ha nepBOM Bbl~ 

'llleJlCHIISI np0113B0Jl51TCll C 11cnonb3oBaHHeM TOJlbKO KOopn11HaT ueHTpOB Tpy6oK MDT, 

113 KOTOpblX nocryn11n11 OTC'leTbl, MaCCOBble onepal[llll BbinOJlHll!OTCll TOJlbKO Ha )TOM 

ypOBHe, 'lTO CHl!Jl(aeT IIX KOJlll'leCTBO B c11ny OTCYTCTBllll 3HaKOB0ii HeonpeneneHHOCTII. 

}J.Jill arnporo ypoBHll anrop11TMa · 11cnon1,3ye-rcl1 MeTOJlHKa ynpomeH1111 Ja C'leT annpoK

c11Mau1111 KOOpJlllHaT OTC'leTOB BHyrpll -rpy6oK MDT 'lepel napaMeTpbl, nonyqaeMblC Ha 
nepBOM ypoBHe. 

B naparpacpe 1. l, llBJlll!OIUeMCll BBeneHHeM K rnaae, npHaeneua MaTeMaTlltJCCKall 

MOJleJII, naHHblX MIOOIIHOro JleTeKTopa ATLAS II IIHTerpan1,111,1e Monen11 -rpeKOBblX ll30-

6p3Jl(eHllii }Vlll o6pa60TKH naHHblX 113 onHoH KaMep1,1 11 Bcex cnoea MIOOHHOro ne-reKTOpa, 

Ha OCHOBaHl!ll KOTOpblX pa3pa6aTLIBMIICb KBa311CllCTOJlHtJeCKHe anropHTMbl. 11HTerpanb

Hall MaTeMaTHtJCCKall Monenb MHOfOTPCKOBblX mo6p3Jl(eHHii onpeneJllleTCll KaK !pyHKUllll 

napaMeTpOB -rpaeKTOpllii ll BKJIIO'laeT ii 'ce6ll Bee lllMepeHHble °Koopmi11aTbl. B pe3ynbTaTe 

npttMeHeHIISI llHTerpanbHOro MeTona la,[{atJa ceonHTCll K 6onbUJOMY KOJllltJCCTBY nepe6o- . 

poB napaMeTpOB II nonctJezy BJIOJl(eHHblX CYMM. Co3J1a1111e napannenbHblX anropllTMOB 

JlJlll pean11Jal[llll 3TIIX Bbl'llleJlCHIIH II llBJllleTCll npeJlMeTOM )TOM tJaCT11 nHccep-rauHon

HOfO Hccnenoea1111S1. }lJill eap11aurn Tp11rrepa nepeoro ypoBHll B351Ta Monenb np11Me11e1111S1 

IIHTerpanb11oro MeTona JlJlll o6pa60TKH nanHLIX c_· onnoii MIOO~HOH KaMepbl, TaK KaK pe

anmyeMOCTb l!MeHHO 3TOro nana o6pa60TKII B napannenbHOM noTOKOBOM Bbl'lllCJll!TeJle 

llBJJlleTcll np1111u11n11anb11011 JlJlll nannoro Me-rona, np11 3TOM -rpeK annp0Kc11M11pye-rcll o-r

pe3KOM npllMOH. }lJill BTOporo YPOBHll -rpttrrepa B Ka'leCT.Be 11cxonHoii paccMOTpena Monenb 

c o6pa60TKoii nanHblX co ecex cnoea MIOOHHOm ne-reKTopa ycraHOBKH ATLAS. 

B naparpacpe 1.2 pacKpLITbI np1111u11nb1 nocrpoenllll BbitJ11cne1111ii JlJlll -rpmrepa 

nepaom ypoBHll. Ilpo6neMa COCTOllT a nonc'leTe CflCJlYIOll[IIX Bblp3Jl(Cllllii: 

N M; M1 Mn 

F(To) = L LL L G[Arg(To); un] (I) 
n=l1<=l.\=lµ=l 

Arg(To) = To[Sµn - S>J - h(S"k - S.\1)] - {[Pµn - P>i-
::,h(P"k - P.\1)]/V +Sµnt~n - S>Jt>J - h(S""t"" - S>it.u]} (2) 

me h =. ~=~; Mk, M1, Mn - Kon11tJeCTao TO'leK na cnollx (nnocKOCTllX) k, l, n; N -
KOJill'l.eCTBO acex cnoea 3a IICKJIIO'leHlleM onopHbIX ITnOCKOCTeH k ll l, no OTC'leTaM na 

KOTOpb!X CTpOHnaCb annpoKCHMllPY!Olllall npllMall, JlJlll BCeB03MOJl(HblX llllJleKCOB ij, rne 

j - JII06all ITnOCKOCTb, i - !,IPOll3B0Jlbllblii OTC'leT na )TOH ITnOCKOCTII, t;j - BpeMll npeiicpa, 

COOTBeTCTBYIQIUee Bb16paunoMY OTC'leTY, sij = ±1 - lllaK HanpaBJJellllll npeiicpa, P;j -

z-Koopn1111am uen-rpa Tpy6KH MDT, Ri - paccrollHHe no uen-rpa nnocKocn1 j (pa,a11yc), 

Un c TO'lllOCTb HlMepeHIISI nono)l(el[l!ll TO'lKH Ha ITnOCKOCTII n. G no onpenene111110 

l!HTerpanbHOM MonCJJH l!MeeT BIIJl; 

G{Ar . u } = { 1 , np11 IArgj ::; Umn 
g, mn O , npH IArgj > Umn 
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KpoMe_ npeMeH npe~ipa, nee 311aqemrn nenOJJb3yeMbIX B (1)-(2) nepeMeHHblX H3BeCTHbI 

3apaHee, MHOJKeCTBeHHOCTb no KaJK.nOH JJJIOeKOCTll l, n, k He npeBbllIIaeT 6. B Kall(.[IOM 
. ;' ' . ' . 
Ulllille yeKopnTeJill, paBHOM 25He, Ha BXO)le B KBaJneHCTOJlll"leeKIIH Bbl"lllCJJIITeJlb IIMeeTell 

MaTPHUa 3HatJeHllH npeMeH J1Pei1¢a: 

t11 tkl tn,1 
t12 tk2 tn,2 

· t15 tk6 tn, 6 

D= I tn,1 

tn,6 
tn3l 

tn46 

)lnlI MHOJKeeTBeHHOCTII OTe"leTCiB Ha CJJOe, paBHOH rneCTII, B eHJJy ( 1) B03HIIKaeT Heo6xonn

MOeTb oeyiueCTBJieHHll. 1296 nepe6opoB. ,nrni Toro, tJT06bl He npo11JBOJll!Tb nee onepau1111 

(2) Jl)lll KaJK.nOI'O Ha6opa MaTpllUbI D, CTpOllTCll _Bbl"lllCJillTeJib, npeo6pa3yio11I11i1 BXO/\Hble 

3HatJemrn m D B MaTPlll\Y D': 

3necb 

D'= 

fi1 t'kl t'n,1 

t'z5 t~6 t'n,6 
t'n,1 

t'n,6 

t~x = Sktkx(h + 1) + [-BkTo(h + 1) + (Tk -Ti)h + n - Tn], 

ti>. = S1Toh - B1htu, 

t~J-1 = -Bntnµ + BnTo, 

me T; = P;/V Jl)lll i .= k, l, n Bbl"llleJilIIOTCll npennapllTeJihHO 

Bbl"lllCJJeHllll 3JieMeHTOB MaTPHUbl D' npe/\JIOlKcHO npOll3BO)lllTb C noMOil\hlO rn6-

KllX Jiorn"leCKllX MO)\yJieH, cnoco6bi noCTpOeHllll KOTOpblX onncaHbl B CJle/\YIDIIleH rnaBe. 

BblpaJKeHHll Jl)lll t: nono6paHbl TaK, "ITO pinplIJlHOCTb pe3YJibTaTa YMeHbllJaeTCll ll He npe-

BbIUJaeT 6 61-iT. 

TaKnM o6pa3oM, BhI"lllCJJeHHll no ipopMYJiaM (1)-(2) CBO/\lITell K nepe6opy Bcescn-

MOJKHblX 3Ha"leHllH (t'k, t;, t'n) MaTp11Ubl D', ll Bbl"lllCJleHlllO Jl)lll IIIIX Arg(To) = t~ + t\+ t~. 
a 3aTeM CYMMllpOBaHIIIO Bcex neiintJ_IIH G(Arg(To)). IIpe/\Jlarae-rell peaJill30BaTb Bbl"ll!CJJe

lllle Arg 11 ·G nOToKOBhIM Me-ronoM, noCJJenoBaTeJibH0 BbinOJillllll onepaunn: 

lllar 1. Px>. = fi>. + t~x 
lllar 2. H>.µx = Px>. + t'µn 
lllar 3. Bbl"ll!CJJen11e JH>.µxl 
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lliar 4. Bx>.µ = ((IH>.µxl - a) :S 0) 

lliar 5. CYMM11ponam1e Bcex Bx>.µ 

lliar 6. CpaBHenne e noporoM pe3yJI!>TaTa rnara 5 n B CJJyqae ero npeBhI

rnemlll - Bb(J\aqa enmana 0 HaJill"lllll TpeKa Jl)lll Ja)\aHIII,IX To II PS. 

BbI"llleJieIH!ll npmnB0/\lITCll B perynllpH0H Bbl"lllCJJIITeJibllOH CTPYinypc, noCTpoeH

HOH B C611C ALTERA, e MaKeHMaJihHbIM pacn.apaJIJieJI11naH11eM BbinOJJHllcMbIX oncpaunii. 

Cnoeo6 opraHmaumI napaJIJICJibHbIX BbI"ll!CJJem1ii, nonpo6Ho on11ca1111b111 B ;meeeprnmm, 

eBO/\IITell K noCTpoemno KBaJ11e11CTOJill'ICCKOro Bbl"lllCJlllTeJlll B BIIJIC MaTpllllhl, 3JICMeHTbl 

KOTOpoii e0CTOlIT 113 crpynnnpoBaHIIblX B TPOHKII eYMMaTOpOB, peanmyiouwx mam 2 II 3, 

mar I peanmyeTCll B nepnoii K0JIOIIKe MaTpll[lbl, rnarn 5 11 6 - o 6bICTPUX e'!CT"ll!KaX. Bee 

Jlla"leHl!ll MaTpllllbl D' BBO/\lITCll B Bbl'IIICJlllTeJlb OJIII0BpCMCHIIO napaJIJieJibllblM K0)\OM. B 

IICJilIX 3KOHOMIIII o6'beMOB MCKTpOHIIKII paeeMOTpena BOJMOJKH0CTb o6pa60TKII JiallllblX 

noCJJC)\0BaTCJlbH0 - napaJIJieJibHi?IM KOJI0M, np11 3T0M npI111u11n opramnamm Bbl'IIICJICHllii 

He, ll3MCI!llCTCll, 110 JiallllbIC BB0J!lITCll Ja' TPII TaKTa pa6oTbJ Bbl'!IleJIIITeJlbllOii c-rpyKTypbl, 

no JIBa pa3pll/\a naHI!blX Ja TaKT, Ha"lHHall C MJla)\IUIJX, np11 3T0M B Bbl"lllCJICllllllX )'"lllTblBa

eTell 3HatJCHIIC nepeuoca B oncpaUillIX CYMMllpOBallllll 113 npeJibIJ\YIQero TaKTa. IIoKaJaHO, 

"ITO np11 pa3pll/\H0CTII JiaHHbIX, paBHOH llJCCTII, o6pa6oTKa BCCX pa3pll/\OB nam,ux B noTO

K0B0M pclKIIMC npo113B0/\IITCll C qaCTOTOH pa60Tbl ycKopllTCJlll, pacCMOTpCHbl paJJill"lllblC 

pean11Jau1111 3Toro nonxona B C611C AL TERA. 

B naparpaipe 1.3 on11cb1BaeTell noCTpoeH11e napaJIJieJibH0ro anrop1nMa /\Jlll -rpnr

repa BTOporo ypoBiui. B JiaHH0M CJJyqae etJHTaeTCll, '!TO 1111¢opMau11ll o npcMc1111 poJKJie

Hllll eo6bJTllll YJKe IIJBCCTHa, KpoMe TOro, Ha nepB0M yp0BIIC BhIJ\eJICHbl. ROI. AnnpoK

emmpyiomei-1 TPCK Kp11noi1 B r / z-npoeKII1111 lIBJllleTell napa6ona, TaK KaK .)"IHnmaJOTell 

namI1,1e, noCTynllBIUlle co BCCX -rpex KaMep JICTCKTOpa. IIocJIC !pllKCaIUIII CJI0CB /1, k II ·l 

B Ka"leCTne onopHblX, TO eCTb TCX, no OTCtJCTaM Ha KOTOpblX onpCJ]CJllII0TCll napaMCTpbl 

annpOKCIIMIIPYJOII\CH -rpeK napa60Jlbl, Ja)\atJa CB0Jil!Tell K onpenenclllllO IICTIHIII0CTII YCJJ0-

Bllll F 2': .Fihreshold Jl)lll BCCX BOJM0JKllblX napa6on: npoX0/\lllllllX '1CpC3 TO'IJKII 0TC"lCT0B 

11a onopHux nnoeKOCTlIX, me Jl)lll KaJKnou napa6onbI 

. { 1 
: Arg = o 

N Mn 

F = L V G[Arg; a], 
n=lni=l 

CCJJII I z,,. - A · r?, - B · r,. - C I< a 
Hl!a"lC 

11 A, B, C - napaMCTPhI napa6onh1, onpeJlCJilleMhic no KoopnmmrnM -rpcx TO"lCK Ha onop-. . . 

HbIX JJJIOeKO_CTlIX. BBII/\Y TOI'O, "ITO B onnopoJIHOM M3nl11THOM none -rpaeKTOpllll -rpcKa B 

</> npoeicu1111 lIBJllleTCll nplIMOH, paccMaTpllBaJIIICb HC CaMII napa60Jibl, a IIX npocKIUIII Ha 

JJJIOCKOCTb, .o6pa3yCMYJO OCblO z II nplIMOii, npoXO/\lllHeii "1CpC3 nciITpbl Tpy6oK o,rmoro 

CJ!Oll KaMepu. 3HatJCHlle A. r?, + B. r,. + C np11 3TOM He IIJMCIIIITCll, TO CCTI, TpcK 
. . 

lla)\ClKHO on0311aeTCl1 II Ha )'KaJaHIIOH nnoeKOCTll npOCKUllll. IIpn pa3pa6oTKC no}IXOJIOB 

K noc-rpoe11nIO anropnTMa yq-reH TOT ipaKT i "ITO_ naJKe /\Jlll MHoJKcc-rec11110<.'TII oTetJCTOD na 
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Mbl M0)KeM n0JI)"UITh CIICTeM)' n0JIIIII0M0B )KeraJIKIIHa. K~blll n0JIIIII0M npe,nCTaBJilleT 

co6oii Ko::iq,qmuneHT np11 6a:i11c110M ::ineMeHTe Ci. TaKHM o6pa30M noJI)"leHbl anre6pan

qecKne Bblp~eHIDI, C noM0ll.lblO KOT0pbIX peaJIH3YeTCSI 11eo6XOJ]JIMaSI JI0illqecKaSI cxeMa, 

3MaHHaSI_ Ta6JIHUeii BX0)),0B-BbIX0)),0B. PacCMOTpeHHblll anropHTM nocrpoen 113 pacqeTa ; 

qTo Hacrpoeq11b1e KO::l<p<pllUlleHTbl G; 6y.nyr KaK 6bI "3allll!Tbl ,, B cxeMe, 3a cqeT qero 

qero 0611.1nii BIi)), nOJIHII0M0B ynp0CTIITCSI, 110 np11 3T0M TepSieTCSI B03M0)KH0CTb HaCTpOiiKll 

cxeMbl Ha pa:!Hble q>YflKl.lllll. Mo.nyn11, crposi11.111ecsi no .naHH0MY anropHTM)', Moryr 6bITb 

nOJie3Hbl, nanpnMep, eCJIII Heo6xo)),HMO 6b1crpoe BbITI0JIHeHHe rpynnhI qaCT0 11cn0Jib3Ye

MblX onepaunii. 

B naparpa<pe 2.3 on11cb1BaeTcsi cnoco6 nocrpoe1111S1 non11110Ma )),JlSI Y,!UIJIM, r.ne 

napsi.ny, C nepeMe1111oii x· KO::l!p!pl!UlleHTbl G; TaK)Ke SIBJilllOTCSI BX0)),llblMII ,ll)ISI M0JJ,yJISI. 

IlYTeM npe.nCTaBJieHIDI Q; B 0611.1eM B11)),e qepe3 6a3HC: G; = b;oa0 + ... + b;m-l am-I II 

no.nCTaH0BKY BMeCTe co BCeMII Bblpa2KeHIISIMII )),JlSI Xi a (3) n0JI)"laIOTCSI llCK0Mble anre-

6panqecK11e Bblp~eHHSI. Anll HaCTpoiiKII Y)lIIJIM Ha KOHKpernyw <pynKUllIO )),0CTaTOqno 

no.ncq11rnTb 311aqen11si acex G; )),JlSI ::JTOii q>YJIKUHH no q,opM)'ne (4) 11 3a11eCT11 11x a pern

crpbl xpaHeHIISI. Y)lIIJIM, axoilHblMll nepeMeHHblMII If 311aqe11HSIMll KOToporo SIBJilllOTCSI 

)),BOIJqllbJe qncna pa3pMH0CTll m, B )),IICCepTaUHH Ha:lBaHbl, Y)lIIJIM na m BX0)),0B ll m 

BbJX0)),0B. B naparpaqie H3JI0)Kell cnoco6 n0JI)"leHIDI 11aCTpoeq11bIX KO::lqJqJIIIllleHTOB B 

CaMOii Y)lIIJIM, ncnoJib3YeMoii KaK CHCTOJillqecKl!ii BbJqllCJillTeJib, np11ne.ne11bI cnoco6bl 

ynpo11.1e1111SI BbJqricnennii B 3aBHCllM0~ll OT Tpe6onannii .K pe2KHMaM· pa6oTbl Y)lIIJIM, 

onncaHbl CIICT0JillqecKHe pe2Kl!Mbl pa60Tbl Y)lIIJIM. 

B naparpaqie 2.4 npe,ll)I02Ke11 MCT0)), nocrpoeHIDI m - BX0)),0B0ro M0JJ,YJISI C no

M0ll.lblO Y)lIIJIM Mellblllero q11cna BX0)),0B. C p0CT0M m CJI0)l(H0CTb Bblp~e11m1 )),JlSI 

Y)llplM no3paCTaCT, no::iTOMY uenecoo6pa:i110 non)"laTh 311aqe1111si n1060~ nepeKJI10qa

TeJib11oii qJYflKUllll Ha m BX0)),0B II m Bb!X0)),0B qepe3 Y)lIIJIM, pacqnTaHHble na Melll,lllee 

qncno BX0JJ,0B-BbIX0)),0B, TO eCTb pa60TalOll.llle B noJISIX fanya MellblllllX nopSl)),Koa. )lan

HaSI H)),eSI peanmyeTCSI cne.nyio11.111M o6pa:ioM. Anll JII06oii qJ)'IIKUllll na m axo.noa II m 

BbIX0)),0a o6JiaCTh ee onpe.neneHIDI X - ::)TO MII02KeCTa0 acex .naonqnbIX queen ,ll)lllllbl 

m. IlyCTh Y - o6JiaCTh 3naqe1111ii F (.naonqHbie q11cna ,ll)IHHhl ne 6onee m). Cqmasi qrn 

BX0)),bl (abIXO)),bl) ¢YHKUIIII pacnoJI02KeHbl cneaa nanpaao,.,ll)ISI y.no6CTBa m1 JieabJX axo.non 

(abIXO)),Oa) ¢YHKUIIII 11a3oaeM MJIMlllllMII, 0CTaJibHbie·m2 = m - m1 axo.noa (BblXO)),Oa) 

- CTaplIIHMH (y nae m > m 1 ~ m 2). O6JiaCTb onpe.nene1111si X pa3farnaeTcsi na 2m2 

KJiaccoa K; : ::JJieMeHT X 113. X np1111a,!I)le)KJIT K;, eCJIII ero CTapllllle pa3pSI)),bl npe.nCTa

BJillIOT co6oii qncno i B .naonqnoM all)),e. K~uii KJiacc co.nep)KIIT 2m, ::ineMeHTa, on11 

ornnqaJOTCSI TOJibK0 MJIMlIIIIMII pa:ipSI)),aMII. Ha K~0M K; onpeJJ,eJIIIM no nape qJ)'IIK

l.lllll F;l ll F:2 CJie)),YJOII.IIIM o6pa30M. J1106oe x, npl!Ha,!I)le2Ka11.1ee K;, npe.nCTaBIIM0 B 811)),e 

(x1, X2, .•. , XmJ, XmJ+I, ••. , Xm), np11qeM (xm+I, ... , Xm) n0CT0SIIIII0 A,,'lll JII060ro X 113 

K;. Ecn11 y = F(x), TO y TaK2Ke npe.nCTaa11M B a11.ne (y1, Yz, ... , Ym., Ym1+1, •.. , Ym) II, 

no onpe.neneHIIIO,)),JISI x EK; BBeJJ,eM F;1 (x) = (Y1,•••,Ym1) II F;2(x) = (Ym1+1, .. •,Ym), 

TaK KaK ,ll)ISI K~0ro K; CTapllllle pa3pSI)),bl BX0)),llblX 3Haqe1111ii - ::)TO K0HCTaHTa, TO )),JlSI 

JII06oii F;,, me l = 1,2, a KaqeCTBe axo.noa M02KII0 6paTh T0JibK0 MJI!l.nllllle pa3pMbl, a 
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TI0TOMY B03M02KII0 peanmoaaTb ce a Y,!lnJIM na m1 axo.noa-a1,1xo.no·a . .Qnll KaJK)),011 F;, 

no (2) ab1q11CJISIIOTCSI KO::lqJqJllllll~IITbl G;,j ,ll)ISI ii = 0, ... '2"'2 - 1 II j = 1, ... '2"'' - 1.. 

Ecnn T; - BXO)),HOII ,)J]eMeHT 113 K;, y K0TOporo MJlllJlllllle pa3pSIIlbl paanbl 1iymo, TO 3Ha

qe111rn qiynKUHH F Moryr 6b1Th non)"leHhl qepe3 onepau1111 a none GF(2"'') (oT.neni.110 

Mna.n11111e II crnpumc pa:ipMbl) no qiopMynaM, a11anori1qHhIM (3-4): 

( ) 2"'2-1 (. t . 2=1 -1 t · 
F;, x = Ei=O F x;)p(1,x) + Ej=l G;,iX1, 

G~,; = L;,~-1 
Gitip(t,x), 

me X = (x1, ... ,x,,.
1
), p(i,.1:) panno I, Koma crnp11111e pa3pMbl :r coanana10T c i a 

.nno11q110M npC/1.(,"faBJICIIIIII, II paano nymo a npoTllBII0M CJI)"laC. HHblMII cnoaaMII, p( i,, X) 

- ::)TO TepM 113 acex (x,,.,+1, ... , X,,.2), npnqeM Xk 6epCTCSI C o-rp1111aHIICM, eCJIII na k-TOii 

1103111(1111 q11cna i a /1.BOl[qHQM npem;raBJieHIIII CT0IIT 0. .Qnll TI0JI)"lelllrn 'accx pa3pimoa 

a1,1xonon Tpe6yCTCSI )),Ba Y.UnJIM Ha m1 axo.n II '11!1 ablX0/1.. BoJMOJKCII. aapn;inT C Y.UnJIM 

na m1 axon II m 1 BblX0/1. nm~c Y)lnJIM Ha m 2 axon II m2 Bb1xo11.. Toma onSITh ace 

G;,j nonaIOTCSI Ha aXOJlbl K nepaoii Y.UnJIM, a Gi2j nonaIOTCSI na aXOJlbl KO aTOpoii 

Y)lnJIM (110 11Me10111eii ~e m 2 axo.noa II m 2 ab1xo11.o~), npnqcM /1.JlSI nrnpoii Y.!lnJIM 

poJib CTap11111x pa3psinoa nrpaIOT MJIMIIIIIC II nao6opoT. B ::)TOM c.ri)"laC. 061,eM naMSITII 

)),JlSI xpa11e1111SI nacTp0C'IHbJX KO<lqJqJlll[IICHTOa a TQ'IIIOCTII paBCII Tpc6ycMoii naMSITII. /1.JlSI 

Y)lnJIM na m axono~-Bbixo.noa, 110 caMH cxeMbI W1S1.Y)lnJIM npo111e annny MCllblllero 

'IIICJia BX0J{0a. 

B naparpaqic 2.5 0TIIICbIBaeTCSI cnoco6 TI0CTpoemrn Y,UITJIM /1.JlSI IICTIOJIIHK"fblO 

onpe.nenenHblX ncpCKJIIO'laTeJihllblX qJ)'IIKllllll. IlyCTb 3aJJ,aHo L 31Ja'ICIIIIII qiy:tIKIIIII; (L « 
2111 

- 1). 3a]la'la pemaeTCSI TIYTCM npe.nCTaBJICIIIISI qJ)'IIKIIIIII F(X) a a1mc: 

.L 

F(X) = F(o) + L Akxk_ (6) 
k=l 

I, 

Ak = L I<jk(F(.i) + F(O)), (7) 
j=l 

me KO::lqJqJHl[IICIITbl Kjk 3aaHCSIT TOJlbK0 OT Maccnna BX0/1.0a X. Ma1·pm1a KO)qJ

qimmemoa Kjk IlOJI)"laCTCSI TIYTCM pemeHIISI MaTpH'IHOro ypaBIICIIIISI /{}' = E . . Bee 

MaTPllllbI HMeIOT paJMep11ocTb L x L. 

Ko::iqiqi11~'.~e11rna Kik II Y: 
; 

( 

X1 
x2 

Y= ~} 

xf 

E - eJJ,llllll'lllaSI MaTp1111a. /( - MaTplllta IICKOMblX 

'-

X2 Xa x,) x:j x;f x2 /, 
xa xa xa 

2 3 L ' 

X,r xf' ... it 
me X1, ,' .. , X1, - axo)),bl nepeKJIIO'laTCJibllOll qJYJIKl[HH, 11a KOTOpblX Olla onpcnCJiena. 

HMCSI MaTpnuy K 113 (7) nenrn, 'a TOM qnCJIC H a CHCTOJIHqccKIIX CIICTCMaX, riOJI)"IIITb 

3Ha'!eHHSI HaCTpoe'!HblX Ko::iqiqi1111ne11TOB Ak, HCTIOJ!b3YCMLIX a (6). CaMH in,1q11CJICIIIISI B 

Bbtpa2KCIIHII (6) npoi-1380/I.SITCSI TaK 2Ke, KaK ,ll)ISI ab1p~emrn (3). MaTPIII\Y K M0lKIIO xpa-
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HllTb BO BHernHett flaMllTll, flOJlC'IIITblBall ll nonasall Ha BXOJlbl YJ]JUIM no Mepe Ha

no6HOCTH K03cpctmuneHTbl HaCTpOIIKII Ak. 8 naHHOM BapnaHTe no cyrn 0611yne111,1 BCC 

K03cpcp11uneHTbl np11 crene11J1x X, 6on&rnttx L, no3ToMy Bb1paJKeHHJ1 Jl,J1ll 3TIIX l."feneHil 

X He IIYJKHbl. TaK KaK no YCJJ0BIIIO L « 2m - 1, nonyqaeMblC B JlaHHOM sap11ame CXCMbl 

Jl,J1ll YKa3aHH0ro KJJacca 3a)la'! 6oJJee 3KOHOMll'!Hbl. Bee Bbl'IIICJJCHIIJI npo11380)ll!TCJI Ha 

3BM, Jl,J1ll 'lero 6blJJO. pa3pa6oTaHO COOTBCTCTBYIQWCC nporpaMMHOC o6ecne'leHHC. 

HaKoHeu, B naparpacpe 2.6 noKaJaHa nepcneKTIIBHOCTb 11cnoJJb30BaHllll YJUlllM, 

BBHJIY IIX cpyHKUIIOHaJJbllOII flOJJHOTbl~ Jl,J1ll CIIIITC3a KOM6HHaUIIOHHblX CXCM TT£13Y. B 

oTJJII'!He OT [1£13Y, YllfUIM J1BJJll10TCJ1 q11cro KoM611uam10m11,1M11, He conepJKa11111M11 11e

umcpparnpb1, fl03TOMY 3a/lCPJKKII CllffiaJJ0B B IIIIX CBe)ICHbl K MIIHIIMyMy. TTpeJl)IOJKCHO 

pa3JleJJIITb [1fl3Y Ha aKTIIBHYIO II naCCIIBHYIO 'laCTH. AKTIIBHall '!aCTb [1[13Y 113MellJICT 

CBOII COCTOllHlfll B KaJKJIOM TaKTe, B TO BpCMJI KaK B naCCIIBHOII qacrn xpalUITCJI Bee Ha

crpoetillblC K03cpcp11UHeHTbl, KOT0pble He MCIIJIIOT CBOHX COCTOJIHHII BO BpeMl! npouecca 

06pa111eHlll! K naMl!TII. IlepeMeHHllll X JIBJJl!CTCJI BXOJI0M K aKTIIBHOH '!acrn I1£13Y. Ko-

3cpcpnuneHTbl G; 3arpYJKalOTCll 3apa11ee B perncrpoBblH cpaHJJ nacCHBHOH '!aCTH [1[13Y B 

noCJJenoeaTeJJbHott Mone. B npouecce 06pa111eH11J1 K [1£13Y
0

3Ha'leHHJI G; HanpaBJJlllOTCJI 

H3 cpaHJJa perncrpoB Ha BXOJlbl KOM6HHaUHOHH0H CXCMbl BMCCTC co 3Ha'!CHHJIMll BXOJlHblX 

naHHblX X. 
· B rnaue 3 onncaHa MeTOJIHKa II anropHTM nonyqeHHJI nornqecKHX Bb1paJKem1ii, 

KOTOpb1e ncnoJJb3YIQTCJI ~pH ~ocrpoeHHH 6&1crpb1x onHoKacKanHbIX KOM6HHaTOpHblX ana

mnBHblX nepCKJJIO'laTeJlCH; KOMMyrHpYIQUIHX napaJJJJeJJbHO )laHHblC H3 n HCTO'IHllKOB B 

m np11eMIIIIKOB. MCTO)l OCHOBaH Ha KOMMyra111111 anpeCOB nptteMHllKOB, np11 3TOM JJI060H 

np11eMHIIK npHHIIMaCT naHHblC HC 6onee 'ICM 113 OJlHOro IICTO'IHl!Ka. 

B naparpacpe 3.1 on11caH cnoco6 nocrpoeHIIJI TaKIIX nepeKJJIO'!aTeJJett Ha ocHoBe 

JJ0rH'ICCKIIX Bb!P.aJKCHIIH c onepaUIIJIMII 11-HJUI. 3anaqa nocrpOCHIIJI nepeKJJIO'laTCJJJI 

cpopMaJJll30Balla CJJCJIYIOUIHM o6pa3oM: 113 KaJK]IOro IICTO'llll!Ka B nepeKJJIO'laTeJJb no OJl

llOH 6HTC 3a_ TaKT OJlllOBpeMCHHO nocrynaCT JIBOH'!Hall IIHqJOpMallllll, KOTOPYIO Heo6xo

JIHMO nanpaBHTb B npHCMHHKH B COOTBCTCTBIIH C anpecaMH KOMMyraUHH, KOJlbl KOTOpblX 

1anHCb1Ba10TCJI B n X m MaTpllUC on1106HTOBblX 3JJCMCHTOB ADDR. JI.mi BapHaHTa, Korna 

B KaJKJlOM TaKTC pa60Tbl ncpCKJJIO'laTCJJJI ";,KaJK]IOro npllCMHHKa nocrynaCT 6onee 0)lHOH 

611Tbl naHHblX, npeJl)loJKeHo npott3BOJlHTb_ npocroe 11y6JJttpoeaH11e on11cbrnaeMoro anro

pttTMa. PaccMOTpeHbl nea BapHaHTa KOJlllposaHlll! anpecoB npHeMHHKOB )laHHblX: ynttrnp

llblH nmtt11110HHb1tt H 11eo11'!11bltt Kon. J]jJJ1 ynmapHoro Kona B MaTpttue ADDR cron6eu 

i coneplKHT no3HUHOHllblll K0JI anpecos npHeMHIIKOB, Ha KOTOpble He06XOJlllMO nepe

JlaTb ]laHHble H3 i-ro IICTO'IIIHKa. 8 COOTBCTCTBIIII C 3a)laHHblMII Bb!We YCJJOBIIJIMil, B 

KaJK)IOH CTpOKC MaTpllUbl coneplKIITCJI HC 6onee OJIHOH e]IIIHl!Ubl. Ilycrb BeKTOp-CTOJJ6eu 

[ N, COCTOlllllllH 113 n. O)IH0611TOBblX 3JleMeHTOB, COJl,CPJKIIT TeKymlle 3Ha'leHIIJI ]laHHblX 

113 IICTO'IIIIIKOB, TO eCTb B / N; 3aHeceHO 3Ha'!CHlle, nocryn11swee 113_ IICTO'IHl!Ka H0Mep 

i. CocrrBCTCTBCHHO, 3TII )IaHHblC JlOJJJKHbl 6b!Tb nepenaHbl s BeKTOp - CTOJJ6en OUT, 

COCTOJlll(IIH HJ m OJ111061tTOBblX 3JJeMeHTOB, me B 3JleMCHT OUTj nepenaIOTCJI naHHble 

JIJJJI j-Toro np11eMHIIKa. ncpeKJJIO'laTeJJb CTpOIITCJI Ha OCHOBe CJJCJIY!Olllero BblpalKCHIIJI: 

12 

OUT_= ADDR x IN. 3nec& s YMHOJKeHIIH Ma-rp11u&1 Ha seKTop onepau11eii ~HOJKCllllll 

3JJCMCHTOB Ma-rpllllbl ll BCKTOpa JIBJJJICTCJI onepaum1 KO!fb!OIIKIIIIII, CJJOJKCHl!ll- - onepa

IIIIJI Jlll3'blOHKIIIIII. BBIIJlY TOffi, '!TO JJOnl'ICCKOe BbipaJKettlle npe]leJJbHO ynpomeHO, TaKOH 

nepeKJJIO'laTeJJb HMeCT MIIHHMaJJbHblC 3a)ICplKK11. O)lHaKO, TaK KaK 'IIICJJO BXO)lOB · B 3JJCK

TPOHHO':f ycrpoi1CTBC Jl,J1ll 3a)laHHJI anpecoB npllCMHIIKOB MOJKCT 6bITb JlOCTaTO'IHO BeJJHKO 

(OHO paBIIJICTCJI n X m), TO Jl)IJI COKpa111eHHJ1 3TOi1 BeJJll'IIIHbl JIO n X log2 m Heo6xo

JlllMO HCnOJJb30BaTb )IBOll'!Hbli1 KO)l npH 3a)laHIIII anpecoB npllCMHHKOB. B 3TOM CJJyqae 

3Ha'ICHIICM anpeca npllCMHIIKa JIBJJl!CTCJI nopll,1lKOBblll HOMCp BblXOJlHOro KaHaJJa B o6bl'I

HOM JlBOll'IHOM · s11;:ie, '!TO coKpamaCT Jl)IHHY Kona anpeca no log2 m, Ma-rp11ua ADD R 

B YHHTapH0M Kone cpopMIIPYCTCJI B CaMOM nepeKJJIO'laTeJIC nocpeJICTBOM JICK0JlllpOBallllll 

JlB0ll'IHOro KO]la. J]jJJI naHHOffi Tllna nepeKJJIO'laTCJJJI 6b1Jlll C03JlaHbl COOTBCTCTBYIQIUllC 

nporpaMMbl C HCfl0JJb30BaHIICM KpCMHIICBOro KOMflllJJJITOpa AL TERA. Mo)leJJHpOBaHHC B 

cpene MAX+PLUS II ALTERA noKa3aJJO, 'ITO_JlaJKC Jl,J1ll nepenporpaMM11pyeM&IX C611C 

naHHblC K0MMyrllpYIQTCJI c 'laCTOTOi1 100 Mm. .6b1Jl npoMOJleJJllp0BaH napaJJJJeJJbHbli1 

OJIHOKaCKMHblH nepeKJJIO'!aTeJJb 8 X 8 , np11 3TOM n,_aHHblC nocrynan11 no6ai1THO B Ka

)KJlblll KaHaJJ BXO)la II, COOTBCTCTBCHHO, B Ka)KJIOM TaKTe Ha Ka)KJIOM Bb!XOJIHOM KaHaJJC 

cpopM11pOBaJJCJI 6ailT BblXO)lHblX )laHHblX. TaKHM o6pa30M, 6&1Jla JJ:OCTHrnyra nponycKHllll 

cnoco6H_OCTb 1.6 Iom/ceK. Cymecrseu11oi1 oco6e11uocr&10 npeJ1,11araeMoro rnna nepe

KJJIO'!aTeJJei1 JIBJJl!CTCJI TO, '!TO Jl,J1ll K0MMyrau1111 -rpe6YIQTCJI TOJJbKO anpeca npneMHIIKOB, 

ll HCT He06XO)lllMOCTII BBOJJ:l!Tb B COOTBCTCTBYIOlllYIO C611C anpeca HCTO'II_IIIKOB. 

B naparpacpe 3._2 paCKpbIT cnoco6 nocrpoeHHJI 2n - 1 x 2n - l OJJ:HOKaCKa)IHblX JJ:11-

HaMll'ICCKll Hai:rpa11saeMbIX nepeKJJ10'laTeJJei1 Ha ocHone onepauni1 B none fanya ·GF(2n). 

Anpeca np11eMHHKOB B }l;aHHOM CJJY'!aC IIHTepnpCTllpYIQTCJI KaK 3JJCMeHTbl noJJJI fanya 

GF(2n), II KOMMyraUIIJI o~ymeCTBJJl!CTCJI Ha OCIIOBC onepau11ii CJJOJKCHIIJI IIJJII YMHOJKCHHJI 

s 3TOM nOJJe. HecMOTpJI Ha TO, '!TO onepaullll YMHOJKCHllJI B nOJJe ranya 60JJee TpYJlOCMKa, 

naHHbli1 nm nepeKJJIO'laTCJJJI MOJKCT 6bITb .11cnOJJb30BaH, CCJJH ll3MCHCHHJI HanpaBJJCHlli1 

nepena'III HMCIOT UHKJJll'ICCKYIO CTPYKTYPY· B 3TOM CJJY'!aC MOJKIIO pe3KO COKpaTIITb KO~ 

JJH'ICCTBO ynpaBJJl!IOUIHX CJJOB, B pe1yJJ&TaTe '!Cro ynpomaCTCJI uacrpoi1Ka KOMMyrarnpa. 

B naparpacpe 3.3 onHcan cnoco6 nocrpoeHHJI nepeKJJIO'laTeJJei1. c KoppeKTHpy

io11111Mn CBOHCTBaMll. PaccMa-rp11BaCTCll nocrpoeHHC nepeKJJIO'laTCJJJI C HCflOJJb30BaHIICM 

UIIKJJll'ICCKOro KO)la X3MMHHra, KoppeKT11py10111ero 0/1:IIHO'IHYIO -onm6Ky, II 6lfX Kona, 

Kopperi,:npY1Q111ero nne 01nn6Kn. O6111llll cxeMa nocrpoe11HJ1 nepeKJJIO'laTCJJJI c KoppeKTH

PYIOlllllMH caoi1crBaMII TaKosa. Anpec np11eMHHKa KOJlltPYCTCJI COOTBCTCTBYIQlllllM KOJlOM, 

KOppeKTIIPYIOlllllM OIUll6KII. Kon nocrynaCT Ha BXOJlbl cxeMbl cosnaneHHJI, BblXOJlbl KO

TOpoi1 fl0JJ:KJJIO'leHbl K CXCMC, KOppeKTIIPYIOlllCH onm6KY npll nepenaqe anpeca, nanee 

np11Hu11n nocrpoe11HJ1. nepeKJJ10'!aTCJJJ1 ananom'leH on11ca11110My pa11ee. 

B naparpacpe 3.4 paccM~eH sonpoc nocrpoe1111J1 -rpacc11posm11Ka naHHbIX MIOOH

Horo /1:CTCKTOpa ATLAS C IICflOJJb30BaHIICM OflllCaHHOIU Tllna nepeKJJIO'laTeJJCi1 mi OCHOBC 

aBTOMaTll311pOBaHHOro nOJJyqCHHJI anpecos npllCMHHKOB C noMOll{blO napaJJJJeJibHblX C'ICT

'lllKOB. B Ka)KJIOM UIIKJJC pa6oTbl YCKOpllTCJJJI s MIOOIIHOi1 KaMepe 6ynCT cpa6aTb!BaTb 

3-5% TPy60K MDT, no3TOM)' 11eo6XOJJ:11MO KOMMyrllpOBaTb naHHble B 6ycpepa BBO)la -
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Bb!BOJ:ta, KQJU!qecTBO KOTOpbIX cymeCTBeHJIO MeHbUie 06U-1ero qllCJJa llCTO'lllllKOB, TaK 

KaK TOJibKO Mamlll 'laCTb ll3 HllX aKTIIBHa OJ:tHOBpeMeHHO. IlpHMeHe1me KOM611HaTop11ux 

rrepeKJIIO'laTeneii, IICIIOJibl)'IOlllllX rrp11 KOMM)TllpOBaHIIII TOJibKO a;:tpeca rrplleMHIIKOB, II0-

3BOJIIIJIO IIOJI)"IIITb 3cpcpeKTIIBHOe perneHlle }'Ka3aHHOii rrpo6JieMbl TPaCcllpOBKII ;:tal!HblX 

MIOOHHoro i:teTeKrnpa yCTaHOBKII ATLAS. 

OCHOBHblE PE3YJib TA Thi ,lJ,IICCEPTAlJ,1111 

1. B ;:t11cceprn"i-11111 rrpoBei:teHo 11cCJ1e;:toBaH11e MeTOJ:tOB pa3pa60TK11 amup11TMOB 

Will KOHBeiiepHblX 81,lqllCJieJmii B 'fPIIITepHblX CIICTeMax c6opa II o6pa60TKII i:taHHblX B 

3KCIIep11MeHTax qJ11311KII BblCOKIIX 3Heprnii. OcHOBOii i:tmi' IICCJ1e;:toBaH11ii llBJilleTCll pa3pa-

6oTaHHblii rrp11 yqaCTIIII aBTOpa II rrepe;:taHHblii B 3KCIIJiyaTaQIIIO B KOJIJia6opau1111 UEPH -

Oirnlf - IfH<l>H KOMIIJie'Kc rrporpaMM MIOOHHoro -rp11rrepa yCTaHOBKII ATLAS. IloKaJaua 

rrepcrreKTIIBHOCTb IIpllMeHeHllll MeTOJ:tOB MOJ:tYJillpHoii anre6p1,1, aHaJIIITH'leCKIIX Bbl'IIICJie

Hllii 11 11crron1,JoBaHllll TexHoJiorn_11 rrporpaMM11pyeMblX CEIIC wrn pean113a1.11111 CHCTeMbl 
Tp1-1m1poBaHllll ATLAS. 

2. Pa3pa60Tallbl rrapaJIJieJibHble anropllTMbl OII03HaHHll TpeKOB MIOOHOB Will BTO

poro ypOBHll -rp1-1rrepa, rrpeJ:tJIOJKeHbl CIIOC06bl 6LICTPOI'O BblIIOJIHeHllll MaCCOBblX orre

pa1.11-1ii. Pe3yJibTaTbl HCIIOJib30BaHbl rrpH Bbl'IIICJJeHIIH rrorrepe'IHOro IIMIIYJibCa MIOOHa II 

COJJ:taHHII IIOJIHOro anropllTMa 06pa60TK11 Will IIpOTOTIIIIa MIOOHHOI'O Tpttrrepa BTOporo 

ypOBHll B aBTOHOMHOM peJKHMe. 

3. Palpa60TaHa MeTO;:tHKa CHHTe3a rrapaJIJieJibHblX KOHBeiiepHblX Bbl'IHCJIHTeJieii Ha 

ocHoBe TexHonorn1-1 rrporpaMM11pyeMMX CEIIC wrn ·pean113a1.11-11-1 TPHrrepHblX anropHTMOB. 

4. Palpa60TaHa MeTOJ:tllKa H anropllTMbl J:t)lll CHHTela rrporpaMMHpyeMblX JI0[11-

'leCKIIX MO;:tyJieii C B03MO]KH0CTblO J:tlll[aMHqecKoii HaCTPOHKII Ha BblIIOJIHel-me 3a;:ta1rnoii 

cpYffKUIIH o6pa6oTKH. 

5. Pa3pa6oTaHbl MeTOJ:tbl rroCTpoemrn rrepeKJIIO'laTeneii c 11crron1,3onaHHeM orrepa-

1.11-1ii n rroJISIX fanya GF(2n), ITOKaJana B03MOJKHOCTh COJJ:taHHll KOM611HaTOpHi1x KOMMY

Tarnpon C KoppeKTHP)'IOlllHMH B03MOJKHOCTllMH. 

6. IlpeJ:tJIOJKena MeTOJ:tHKa IIOCTpoeHHll KOM6HHaTOpHb1X rrepeKJIIO'laTeneii, crro

co6Hb[X rrapaJIJieJibJIO KOMMYTIIPOBaTb J:taHHbie ll3 n BXOJ:(08 Ha m BblX0J:tOB C B03MOJK

IIOCTblO ll3MeHeHllll ai:tpecon rrepe;:ta'III B TeMrre IIOCTYIIJieHllll BXOJ:tHblX ;:taHHbIX. Cmne-

3HponaH rrepeKJIIO'laTeJib J:t)lll HCI10Jib30BaHllll B COCTaBe rrpOTOTHIIa MIOOHHOI'O Tpttrrepa 

nrnporo yponlill yCTaHOBKH ATLAS. 
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