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vaK 681.327

M I, l  H I4M l , l3AIIHt EMKOCTI{ n3y
M H KPO N PO f P'{MST I- I  O TO YCTPO 14 CT BA YN PA BJI E F{ Uq
nPI ' l  BEPTUKAJIH3ALI I4H I -PAO-CXEMbI  IdJ I fOPHTMA

A. A, E.LPKA,TOE, 3. O. J)I{A.IITAUB!{,711, B, H. CTPJlT1il, 'IHH

.[oner1rnfi no.]It{TetHIItI€cxtft uucrnryr

I lpegrraraerc l  r IeroJ,  o l t ru\ tH3ai tnH elrKocl t l  rocrorrHl loro - lano'
v l f l t a n L U . e f o  l  c r p o L i c  t  n :  l i l l \ J ) n r n o i P i l  \ l  \ 1 H , " , )  r  c t  l t o i i c t  B 3  \ ' I p a B

": IeHf i t ,  ocHoBaHJtbl i  rJa ( : ] ) i ic t l ieB.reHf i t . i ) )  o i lcDalopl ]b lx BepII l l l l l
uHrepnperHp-1'evoi i  rpa(r-cxeN' tb i  a.r roprrrr , la.  f IpH 3rn\ '1 Aocr l i -
raeTct  coB\ ' lec l ] l \ {ocTb Bcc\  \ ' I l l i ipooi lepaul l t l  u v l l l louaeTCf : la '

laqa oi l r I I \ l3 , rbHrJfo I ' io l l i i l )o6aHnf l  onepal1l loHI l0n qacr l l  111' lxpo-
Kol ta l t fbt .  f lp i tee;enu arra. l i r r t iqccKl ic  otrer iKl i  nper"r larael ' Iofo \ re-
Tol .a i l  r re lo. ta xo/ t I lpoBal i l i t  nole i l  col l l lecru\ lbL\  l luhpoonepa-
t l i r i i ,  onpe4eret ta o6lacr i ,  of r tpenrt tntroro I lpt i \ te l le l l i l t l  npe.uo-
;Kei l i lo ! - l  t leTo_4a.

n l H r ' p o n p o r p a u \ u r b t c  )  c r p o i l ! r B a  ) ' n p a B . r e r t t t s  ( \ 1 ) - i - )  c r p o u r c t l  H a  o c -
l roBe npHHrluI Ia i ]pofpa]{ \ {HoI .o ynpaD. lcHI l t l ,  l lc i lo . r lb3yl l lu l ,e l 'o  onepaul io l lHo-
aApecHVro crpyKryp)./ \ 'npaB.'ttrcilI l t-\ c. 'toB il I Crt.;ttrtocrl ,\ ' \ l /) '  e stra-
t i l t te . ' t t : lc t ' i  creI ]eI i ]  o l r l lc : r .cJeerct {  cro l t t {ocrbK) i locrof lHHoro 3ano\ ' { i l l la-
roulero ycrpol lcrna ( i l3y) .  xpaHr l r lero MI{KponpotpaN{MbI.  ! , "1n yueHr,-
IIIeHHs crolrMocrn ,VIVV gcno,rlb3ylorct pa3r' lLIqHble MeroAbl l '{ l ' iHI'IMIi3aUIlIt
e \ { r {ocrr r  I l3V.  Orst iM r i3  r iar i6oJee pacnpocrpaHer iHbrx Ha npar i r l l t (e  } tero-
l oB  pe rxeH la  3 rc i  t a . l c ' - l r  HB . ' r f l c r c t  \ l c ro t  r i c . l r l poBaH l l f l  no . ' i e i i  coBMec l  l { -
l , rbrx \ {Hr(poor icpauHf i  t2 ]  ,  } ra3blBae\ lbI i i  ts  . l  aJbHei iue}{  } {eroAol{  u.
Cyuecre.vrcI r lHe a"r ropI t r l , Ib I  raKofo I ioJ. i rpoBaHII t ,  t ia I i  npaBHJo,  cBoAf lTct l
r i  r <o . . , r 6 : r : r a ro lHb l  ] r  3a -1aq f l  r t  l l  r pa tpa \  : l  . t oc r i . l r oq : l o  rpv -10c \ l l i l l .  B  ua -
crox i l Ie i r  pa6ore npe;r , - raraercf l  ) rerof  o i l r l rMI I3aql t r l  n3) ' ,  oct loBaHHbt i I
I i a  r rpco6pasoBarn r i . r  r i r - r r ep r l pc r l r pye r {o i i , \ l I ' } '  r pa ( l - cxe r ' t l l  aJ fopHr \1a
( fCA) f, no:eo.rrtotue\I BbIrio.irHIirb I 'c"'IoBric

C^n" :  Y , ( l )

r ! , c  Cm!x  -  \ taKCi l l , ra . tb i lb i r . i  x " racc  coBlv recr r { ) toc r l t  } I I ' tKpoonepauHi t  ( l ' 1O)

f C A  f  [ 2 ] ;  Y = = { a t , . . . , / / r ) - \ { H o } r i e c r r o . \ l C  I - C A  f .
f lycm 3aAaHa fCA f  : f  @, E) ,  r i r ,e  .B:Dl)P *N{Ho)KecrBo Beptxt lH;

D- l ' ruo;xecrBo of leparopHblx Bepuau;  P -  l tHoxecrBo,  i ; i (JH]qarcx{ee )c-
JoBHbre, Haqarbnyrc H KoHeriFI)' io BepIxIrHL{ I 'CA f ; E- - ltHoxrccrBo J,,vr.
DD ( / r r s i / d  r  vHnDr^  Bep I I I I iHaX  3a l lHCb IBa lOTCf l  M I ' lKpOKOl . { aH Ib I  (MK)

Yt=Y (t:f: D, B ),c,roBlrbi:{ - a,i le}{eHrbl r 'rLro;,i{ecrtsa .-Iofurtecxrlx yc,ronltr?
( I . v )  X :  { x r , . . . , x " } .

B npauruxe r lv  Kpoirpor i laMr,n ipoBaHl ls  r tpr . lH.qro Ha3btBarb <<Beprt {KaJb-
Hor2> ).rHripofiporpax{\,ry, Ka}KAafl III{ xoropori coJ,epixur ue 6o,rlrue oAsofi
MO [2] .  l lo  auarornH 6y.1er , r  Ha3bIBarb Beprar<a, ' IbHoi i  fCA f  (BfCA)
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rparp-ctie\i) aJrollHr\Ta f, n rioroporl J.rs r{a}K,Iorl BeputHHbr bn=D Bbrno.Tr-
l l f feTC9 ) IC, IOBi le:

l y ( b q )  l < i ,  ( 2 )

r . le  y  (br)  -  \ , rHr(poKorraHJa,  3anncaHHar B Bepi l r r rHe br ;  lA l  -  uuc. lo  e. re-
t leHTOB B vHolr {ecrBe A.  3rrar t  z .<{>> cr3r{ar{aer ,  qro e fcA 1v10ryr  6ur l  one-
paroDHbre tsepulr r rbr  c  Mr{ i ipor io\ , rarr . la \nr  Io :n.

r \ ' {ur ipooncpar{r r r i  ! / , , ,  ! / , r .eY l ra3brBatoTCr coi l \ recr i iMbrMI j ,  ec. r IH
l ' ( y , , )  i )  I ( 17 , , , ) . =p ,  f . I e  1 / (11 ) :  tY , l u i=Y t )  ( i - n ,  m) .  , \ , t axcu r , ra " rbgb r ] , r
I i J t lC ( lO l l  ( lOB l i eCT l ' l \ lOC" r t t  C , ; u '  I l a - Jb IBaeTCf i  \ Ta l {C I1 l , { a , I b l l oe  l tO  I ' i L ) I I IHOCTT I
yHoriecrBo_ _ nonapHo coBNrecrul,rbrx MO [3]. OueeuAHo, B eepruranE,Hoii
I 'CA (BI-C, \ )  sco .NlO r{ r l , ' i r r rorcr  coR}, recr i t \ rbr} r r r ,  r .  e .  cnpane4, lnno (1)
I l  no ' j r o l r l \ . c v l l l eCT I l ] ' t ' r  { ' . l l {HCT tsC l rH l r i i  aap r t auT  pe i xeH I ,1 f l  3a r I , aq I ]  o I IT I . iN IH -
: jaur t t t  fJ . l ,Y ycro lorr  U,  xoropui i  l r  r re,  rRcr( t : t  onr t rua. tLHr, r \ , r .  f lpn erorr
n1e I lO Uuei"  o6lcJ l runro lcn n 4 loprrare - \ iK ts  o. tHo i loJe pa3pf lJ ,Hocr l i
Rl in t  log2( ,v  i  1) .  I laparrcrp R onpe-r ,er f ler  pa3pf i - lHocr l  onepar l r roHuoi i
r {acTrr  v | IpaBJrrrcru l rN cJOB, - \parr r {u{H_\cs n f I3}r .

<<Pac rqennc>>  Bep r ruHb t  b r=D  Ha  nq : lY (b )  |  aepu r raH  b r t , . . - ,  b f , o ,  g tn
r{orophr: r  c l rpaBc- i . r ] f lBo (2) ,  npotr3Bo" ' rbHyro fcA I  r roxuo npeo6paaonarr ,
n BfCA y(f). IIpu erou Ao,lrxHo Bbiro,rrHflrbcfl ycJtoBr.re:

(3 )
Y  ( h u , )  n t ' @ , , j ) : a ( i t ' i ,  j= { r , t t , , | )  '

i lpouecc npeo6pasonauua f  + 7 ( f  )  6y4eu Ha3brBarb Beprr . rKaJrn3a-
qneri f C-\ f . f- jcprlrxa,rr.r3arrur f CA f cBo:trrrcr ri roc.-reJ,oBareJrbHor,ry
npeo5pa:onarruro oneparoprrbrx BeptunH b, ,eD,  y . loB. ' rerBoprrro i l IeMy (3) .
I I 1 r r1  g to r t  uecSr ;o r r r r ro . ! . 1 ; . 1  8 , . ' c x  B tp r r r rH  b , ,=L )  Bb r r ro , rH r r rh  c . re . l y ro rx ) ' r c
rpoUe.].l--p"v:

l )  e c ; r u  l y ( b o )  l { 1 ,  r o  n e p e r : r r r r  x  r . 7 ' .
2)  r rcx, ' roul r rb t i3  E - r1,m. ( l r ' ,  Q)  r r  Br( . rK) , l r r rb r ,vr r i  (61,  b, r r ) ;
3 ;  e r i . , r r ou l r r r  u  - |  r 1 ' r r r  (& f ,  bL * ' ) ,  i . r , c  r :  t ,  r r , r l :
J )  l c x , r ro , r rnb  u r  I  a ] ' r ] '  ( b , . h , )  1 r  B t i . " t r o r l r r r b  - t v r ] '  1b ' )0 ,  b r ) :

5)  l rcr i i , r ro 'u l rF,  i r :J  1)  neprrr rny b, ,  i l  rx" r rourr ' f r ,  Beptr r r . i r rbt  b, r i  ( l :1 ,  n) ;
{ ) )  pacnpc te r i r r b  l lO  g "=Y  (b , )  no  t sep lunHa} {  b r ,  ( i : 1 ,  n r )  co -

r " r ra * ro  (3 ) :
'7)  

npt  cdpa3oBaHpie Bepur. tHr , r  b. ,  :a i<oHuerro.
I { anpu r r cp ,  r rocJe  n ' r r r i r cue r r r r , l  : r r o i i  npoqe .u . j / pb i  r i  Bep i xHHe  &2  fCA  f r

(puc .  l ,  r r )  no r ) : r r c r r  , . ppa rueu r  B fCA l / ( f  r )  ( p " . .  l ,  a ) ) .  O rve ruM,  ' r r o
B Bel l [ r r l r i - \ r  b32 ;1o6al , reH crr r i la . {  / i1 ,  } l i i3 t rzr t€Hrre Koropofo paccMarpf iBaercf l
r{ecrioirbrio no3}tie.

O{eurnr  us, ls6or16pa3HOCrL} i lp l \ , reHeHr4R x fCA I  npe. l , roxeHHoro Me-
To. : la  no cpa Bl ierr r r ro c  npnl re r rc t i l le \ t  l . {ero. f  a  [ i .  B KaqecrBe Kp] . r repHf l  A.r t f l
cpaBrrerrurr  i rc l ro, i rb: lyc\ {  c , \ { r iocrr r  I13} ' ,  no,ryqae\ , ryrc B pe3y.rbrare npuMe-
HCrruf l  STr ix  ) , (cro. toe.  I Inu l rc t ro. r ]b3oBai i r rJr  r rero. fa l . 'g  f I3V corep]Kurcf i
l l) | la:prrauux MK. flpe4craeuira R xar c.V, rge cr - xoa$Qur{Henr Ko-
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AI.IpoBarrHr. fIpH raaxcuMa,nbHotvr KoAr.ipoBaHrm l2l G: Gmrn: intlog2(N *
+l )  /^ l  ,  npr i  yHLIrapHoM KoAIrpoBaHr. iv .  a :c{ma: :1.  B o6ueM c"ryqae
amin(s(s',rat. Tar{HM o6pa3oM, frpr4 rrpIiMeHeHr4H MeroAa U eMKocrl l l3V
C r : a l / l D l .

flycrr rialK.qaq llK fCA I cog,cpx<rir B cpe;lHer,r A vr.rrpoolepaufiri.
Tor.r ,a nprl  [pHMeHeH]4ri  npeJ,,roxeH]roro \{eroAa s f l3y corepxrarca f t lDl
r { r {KpoKoMaHA pa3pn. lHocrn  R u  eNr r (ocrb  n3y  C2:  k lD l in t  log2( .V-F  l ) .

Oqesr.rAHo, trpe-T,"rroxreHirr'rr:r I 'rero;1 :SQexrrreuee MeroAa f/, ec.nn

! :  c , - :  o N  \ rt C., h int log" (.V + l)

3HaqeHHq F , r . , ra Hexoropbrx sHaqeuur i  a ,  k  yr  , \ r  npl rselesrr  n ra6lnqe,
ns xoropori cJejlVer, uro :cfr(texrrrBHocrb rrpe;I.roli(eunoro MeroAa rer{
Bbrrue, qeN,r 6o"llme I/tO coAepxnr fCA (uelr 6onrure ,V), rreM
\{enbure XLO colep;xnrcr{ }l cpe-tHc}.t n -\1K fCA (verr veuti le A) H qerl
6o. l lure xor$SuuueHr t ioJ.  i rpoBat i t r r l  c  ( , re:ur  6o. ' r r ,ure HecoBMecral locrn MO) .
l lcc.tle,roeaHr4fl, rrpoBereHllbre aBroparri l Ha.r, rrf lrbro,qecrrbro fCA peanlnoft

Etll;_l- - T

P r --_.1-o :  l ,  9aru"  ]

Prrc .  1 .  !Dpar r rc r r r  ICA I  ao
BeprrrxaJrr3arluu (c) r i  rocJe

eeprltxa"l lr :aqurr (6)

CJox{HOCTr . r ,  CO6par ruuur r  e  6u6. r l rOreXe
lr 'asalrv!,  qro B cpeAHeM B:1,48.

P r r c  9  C r n r r r r r r n a - . I epa  -
q l !oHHoro ycrpoi lcrea

cr.rcrevbr YACCMA-EC 15], uo-

f lpegnoxeHHut:i Mero,t r. irreer cyuecrneHutri i Hex,ocraroK * BpeMfl ty
Bblno, lHeHUrr  anropnTi l ra,  npeJ,cTaBJerrHofo fcA f ,  r (aK npaBLtr ' ro ,  MeHb[Ie,
qeN,r  BpeMf l  /2  Bbrrro. ' r r r€Hr{e aJropHr, \ ra,  [peAcraBJeH]{oro fCA y( f ) .  /J .nn
yMeHbilreHris 3Tofo He;locraTr{a npe.lirafaercfi cTpyKTypa oIIepauHoHr.roro
ycrpoficrea (pnc. 2), rfrl,rrxqaouHpytoqero cJetyll l t l11M o6pasona.

f lycrr ,  no arrpa6arbrBae\ . rot ry  reHeparopoM f I4 cursa,ry  CVI , \ lyy
nepexoAr.rr B cocrosHue, coorBercrByloqee BepuHHe bqt B|CA. flpu arou
B perrcrp ) , { r r {poxoyaHr (PMK) 3aHocr i rc f f  MO y(b.r ' ) .  f lo  c , ' reAyroqeMy
cHrHary CI , I I  u  P.N!K sanocl r rcs. \ ,1O Y(bn)  u r .  A.  l lprz nepexoAe Myy

N R
o 4
0,25

r ,56
0,78
1r,48

I r
1 2 , 6  I
l l , 3  i
l o , r  j

26
l 3

8 , r 6

16,32
8 , 1 6
5,01

0,96
0,48
0.3

it,'-!1!--r-J
r _ _ + | _

} Y
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B cocrorHue, coorBercrByrouee BeprrrrHe b\r ,  ooo" 'peMeHHo c MO Y(bir)

Qopurrpyercf l  cnfHa. ' r  ao. 3ro"r crr f  Ha.r l  3anycxaer o. l ,uoen6parop (OB) ,
nupa6arunarcu{uft cHrHa,rr Ctr42, uuuuuupyrculuri Bbino,rrHeHue onepaqraoH-
HbIM aBroMaro\{ (OA) ,VlK rr 3anpeulaer IIocryn"reHI.ie HMny,'Ibcos CI4 I
Ha cr.rHxpoBxoa n{W. floc.re Bbrfro"rrHeH[r{ onepaquoHHbiM aBTolrarolr MK
Y(b) o6uyrf lercq Pn'tK u no.t .ref icrerreu CI4l  Myy nepexo.qr{r  B cr ' r€-
.r , )r louee cocrosHrre. cxer ' ra { t ,vru<ltrounpye r arraJoi l iqHL,I \{  o6pasou Ao
nepexora ,ry lVV r cocrorr l {rre,  coorBercrB},roLqec xoucquoir  BepuHHe y(f)

fl1'Crl te, ts- coorBsfcrBeilHo Bperrfl rllrKr-r3 oA rr ,\lJ"lt, /1 - cpeAHee
guCr'ro uHK.r ioB OA npH BbrrroJHeHxir a, l ropHTl.ra, 3a. laHHoro fCA l .  Ec.nrr
KaxAarr ,VtK fCA I corepxnr B cpe"{Heu h ,\{O, ro npli Hcno.rb3oBaH}rH

PHc. 3. lpa$ux orHoueHrt
Bper\{eHu uHrepnperaquu fC.A
I '  r  apeueHr r lrrrepnperautr l

BfcA y ( r )

B|CA V(f )  ua xax. f r r i r  u , r rx"r  OA ts  cxe\ ie  (pHc.2)  npurorr r rc f l  k  t \v .x-
,t loe .\ ' lyv. TorAa IIapa\{erpbr t1 rr t2 0npc,1e,r]rrrcrcrr cJeJ,yroulurr o6pasolr:

t t : n ( t z * t t ) i

t z :  n ( t a+  k t t )  .

Kar< npanu no,  te>.  tq1,  nycrr ,  ls :  ru la.  Onpege,r lHM orHol l lcHl le  npeveuiz /1
, .  h ^ ^ , - ^ , , , ,  +  .
r \  bPEiv rcnr , r  r2 .

l .
. ^  _  

' r

n ( m t " - r k t r ) n t J - b  
'

n ( m t + * t , )  m *  |

I ,1 :  rpa{ l rx i r  3aBrcf i \ {ocrr r  l l  (pr ic .3)  c . rc- r .ver ,  qro r rc \ r  6o,r t rue 6t tcrpo-
. l c r i c iB r r c  \ \ i ' ) /  no  o rHo i r r ( ' r r r i o  i ; 6 r t c i po - , t i c ra l t r c  O- \  t r r c \ r  6o .Tb tuc  n? )
H qcl r  r rcsr , r i re  ,VlO B cpe. tHelr  co. tep)Knr xax. :J ,ar  XIK fCA f  (uel r
ueunue fr), TeM LteHbue yBe,rrtr{eHhe BpeMeHr{ Bbriro.rrHeHHs a,rrfop}ITMa
3a cr ier  I le i l r rJr {a,TLr3aut l i  f  Cr \ .

I, icc.re,lonasHff, npoBe.leHHbre aBTopa\rH, IIoK333.r-rr{, qTo npeI"[oxieHHbIe
Mero. lbr  ReDrHr iaJu3aqrrx fcA r i  opfarr i l3ar l r r r  o [epal lHoHHofo ycTpor?cTBa
I IO3BOJf l }OT B 6O.I ]bIXI IHCTBC C, ' IYqAeB YI, ICHblUIITb eIvIKOCTI f I3V [PI- i  HC3Ha-
qr{Te.qbHoM yBef lHqeHr]H Bpe} leHH BbIrro.r rHer i l i f l  a. i r foplrTMa.
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