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I. Bsenenae 

B CBH3H C illHpOKKM pa3BHTHeM anre6pa~eCKHX MeTO~OB 06pa60TKH 

J~<WOBHX CHI'HaJIOB /1,2/ H C03~aBaeMHX .IVlH aTHX ~eJIe~ pa3JIHtlHOrO po

~a Cne~HaJIH3KpoBaHHHX npo~eccopoB /4/ B03HHKaeT He06xo~oCTb B co

BepmeHcTBOBaHHH annapaTHsx MeTO~OB BHTIOJIHeHHH onepag~ B nOJIe 

CFe 2'" ). 3'1'0 sacaeeca npesne scero TaRKX onepauaa, KaR YMHoJJteHHe, 

" 'l ' p;eJI8HHe H sosseneaae B crenens 3JIeM8HTOB nona GF(2m ). 
BHTIOJIHeHH8 nO~06Hl:lX onepanaa o~oBpeMeHHo H~ ~BYMH 3.JIei4eHTaMH He 

BH3HBaeT oc06sx 3aTPy~eHH:A,H OHH ~OBOJIbHO rrpOCTO peaJIH3YDTCH KaK 

aa ~CKpeTHHX K0MI10tieHTaX /3 - 6/, Tax H na OCHOB~ rmav /4,7,10/. 
B 3a..n;atraX, CBH3aHHHX C pemeHHeM ypaBH8HHH nOJIOlKeHHH omH60K Bnpo~ec

ce ~eKo~HpoBaH~ BqX-KO~OB H B~HCJIeHHH onpe~eJIHTeJIeR npKXO~HTCH 

C03~OBaTb CX8MH ,rvIH BbltIHCJI8HHH CJIOJIHl:lX llJOPMYJI, co~e:PJJtB.IqHX 60JIbmoe 

ROJIHtleCTBO cOMHOJmTeJIeil, Haxo~ffiIlHxcH no~ CTeneHbIO. B pa60Te /7/ one
2 ' 

~HH yYH0lK8HHH 8JIeMeHTa A Ha CUMHOMHTeJIb (B) BHllOJIHHeTCH B ~Ba 

3Tana • B HatraJIB BHqHCJIHeTCH RB~aT 3JIeMeHTa B H 3aTeM C nOM~D 

CX8MH yYH0lK8HHH nonyxaeeca npoH3Be~8HHe ACB) 2• B padorax /5,6,8/ as

TOpOM nORa3aHO, trTO BHqHCJIeHHe no~06HHX H 60JIee CJIOJ1lHlJIX BIipazeHHR 

B nOJI8 eF( 2h1 
) MamIO COBM8CTHTb B O,ItHOM TaRT8. 

HanpHMep, B npo~eCC8 peill8HHH ypaBH8HHH TPSTbeR CTeneHH B~HCJIHeTCH 

<PoPMYJIa /7/ 55 S 
tZ= I ~ S (I) 

5,3 + 53 
r~8 51 , $3 t S5 - CHH,Iij)OM mx-Ko~a, HcnpaBJIflDlIlero TpH 0IIIH6KH. 'IIOCKo

ROJIbKY B peSYJIbTaTe BlltrnCJIeHHA: no !I>oPMYJIe (1) p;OJIMeH noJIYtlHThc.s: 

3aBe~OMO H3Becmwt 8JIeMeH'f noaa, 'f0 IIIIav MOJ!tHO aarrporpaseerpoaaes 

TaRM),( o6pa3OM t trTO npa no~a'qe aa 8rC! 'BXO~ aaaseaae c~poMa Mmmo 

n0HYtrHTb rrpaBHJIbHwt pesyJIbTaT C 3~epKRoR, orrpe~eJIH8MoA: THnOM ITIIav• 
.IijJyI'HMH CJIOBaMH, 'CJIomIOCTb BHqRCJIeHHA: aJIre6paHtleCKHX BllpB.lIeHHA: B no

m 
ne GF( 2 ) C Hcn,0J£&30BaHHeM illlav Onpe~8JIH8TCH ROmrtleCTBOM pa3JDN 

HliX aJI8MeH'fOB, BXO~.fIllP!X B AaHHYD 4>oP'YJIY. IIpHtl'eM OT,D;eJIbHOO lIJI8HH
 

BHpaEeHHH MO~ HaxO)l;H'fb'fCH nop; C'fen8HbD.
 

CJIe,qy8'f OTM8THTb, trTO )J;JIH BHllOJIHeHHH paamrsaoro porta OnepB.4IDf B
 
m 

IlOJIe GF( 2 ) H8pe~0 HCnOJIbsylO'l'CH JlOrapHquH /7,9/. B CBH3H C nOJrB

JIeHH8M 6HCTPO,D;8A:CTB~ illlav 60JIbmoR eUROCTH MeTo~ BHqHCJIeHHA: 

H~ ~orap~ 3JI8MeHTOB nOJIH DpH06peTaDT Bce 60JIee mHpORoe npKYe

HeHHe B RO~ H ~eRo~ yCTpORcTBax £qX-KO,D;OB H B'cne

~aJIm3HpOBaHHHX rrpoueccopax /10/. O,ItHaRO B 8THX padoeax RCIIOJI])syeT.... 

CH TaxOA: anropH'nI, B RO'fOpOil npe,nyCMOTpeHO BHllOJIHeHHe onepanaa o,riHo

l:»."Q:'~'"1- ~ lIIIlI'C.,...CD......~ 

Cb:' <; . " :~l" 1 
~~., .. , 1 

~~~, ~""'-'4~""j:"""-"". _ 



III! 
BpeMeHHO TOJThKO HCl,q ,n;BYMH 3JIeUeHTaMH. B ,ItaHlw:A: paoore npHBO~HTCH + lOra
 

OIIKCaHHe 6HCTpOrO aaroparaa, C nOMOrqbIO ROTOpOrO MomiO BHIlOJIHHTb one
 oral 
~Jm O~OBpeMeHHO HCl,q rrpOH3BOJIbHbIM KOJIHlIeCTBOM COMHalmT6JIeA:. Pa60Ta 

'I'orna ~Q,AlB pasea
aJIrOpHTMa nOHCHHeTCH C rrOMOrqbIO.rrpe~~eHHOrO aBT~pOM yCTpOHCTBa. 

+ OInf{poMe TOrO, paCCMOTpeH BapHaHT CxeMbI yMH<meHWI, nOCTpoeHHoA: aa OCHo 0101
Be IDIM. 

1I00 = 1210 
2. MeTo,q qIDtJIHtleCRoA: KOMnpeCCHH ]1 

Ta6~a I
 
C I.'(eJIbll Har~oCTH H KOMIIB.KTHOCTH HSJI01ltemm, a TaIOll:e J11lHTRBaH,
 

TO, liTO anrecpa Tanya HOCKT MOJtYJIHpHWi xapaarep, CY'1'b 6HC'fpOrO anro 3JIeMeHTH riOJIH GF(24) JIorapH<lMH no OCHOBBHMID a
 
pHTMa paCCMOTpIDl na KOHKpeTHQM IIP.J.Qfepe.
 

a O = 1000 0000 
PaCCMOTpHM nOJI6 Gfi2: }, oopaaosaaace ~ Hen,peo,lU!MllM no.nmOMOM 

Ia = 0100 0001tieTBep'l'Oft: CTeneHH X @ X(±) I, (111= 4" IIpH yCJIOBHH, liTO 3JIeMeHT a =
 
0100 - xopens 3Toro nOJIHHOMa ,nOJThsyHcb llpaBHJIaMK BIlfiOJIHeHKJI one _
 a2 : 0010 0010
 
p8.I.'(Htl Ha.~ SJIeMeH'1'aMH B nQ.JIe GF( z4) /91, HS ypaBHeHHH a'" II:: a E!) I
 3a = 0001 0011
 
noJ:IYtiHM 15 H6HyJIeBIDC SJIeMeHTOB nOM, KO'1'0P.ue npHB6,qeHH B Ta6JlHI.'(e I
 4a = IIOO 0100CJIeBa. ~ecb me onpaaa )laHbI HX JIorapHtPm IIO OCHOBB.ffiU) a. IIpaBHJIa BR-


m
 5nOJIHeHHH onepatlIDf H~ JIorapH4uaMH B nOJIe GF(2 ) M8.10 lIeM OTJIHtlB.1liT a = OlIO 0101
 
CR (c J11le'l'OM KOHetrnocTH nOJIH) 0'1' onepaItHtl HBJ:t 06HtlHEDIH tlHCJImm.
 6a = OOII 0110
YMH~eHH6 ,ltBYX 3JIeMeHTOB CBO~'l'CH R I.'(HRJIHqeCKoyY CJIOMeHHD HX c~ene-m . a? = lIar 0111
Helt no M0,DyJIlO 2 - I, a one~HH ,qeJIemUI 3JIeUeHlfa A aa 8JIeKeH'.1' B aK

m 8a = 1010 1000
 
3JIeMeHTa B-

1 
, 06paTHoro Ii SJIeMeH'!'Y B (00-1 ... I) c YlleTOM 06pa'i'Horo
 

BHBaJIeHTHa OJI<meHHIl no MO,DyJIl) 2 - I creneaa SJIeMeH'l'8. A co creneasn 
9a = 0101 1001 

rrpe06paSOBaHRH JIorapH¢MoB B aH'fHJIOrapH~. IO7 a = 1110 1010Hanpaaep ,nycTb SJIeMeHT A = a H SJIelleH! B : ala. lfysell 
I I =.JrtIJ 7 f'ln to a 0111 IOn'7g, ... 0111 H -'-'(fa-a: roro (KJIB.,q1IHA pa3PHA cnpano), CItnEWl':" 
I 2a = IIIl 1100BaB creneaa 3JIeMeH'l'OB A H B, nOJIYllHM 
I 3=a 1011 1101 
I4 

0111 
:tE~~ a = 1001 1110 

0010 
aI5= 8,0 11117 IO 'l'~e. C'l'eneHb npoHsBe,qeHWI 8 a paBH& 11J1Yll, 'l'aB xu a7aIO = aI5a2 = 

ti B noxe CF(24 h . 
QT06H c~ecTBeHHo CORpa'l'H'l'b BpeKH ~HRJIHqeCKOrO cyMYHpOBaHHH C'l'eneAH8JIOI'HllHO B cJIYllae )teJIeHllJI JOIeeli 

Hea 8JIeWeH'l'OB. nOJIJi IIpH 60JThmOM lIHCJIe caaraeuax SB'l'0POM IIp9M0JIt9HH
toJCLA/ B = ~aA +~(B~~ .. aJIrOpHTM I.'(HKJIHtIeCKOa ROMIIPeCCHH CTeneHeH H onoood llOOTP08BRa 

Ilpa pytmmc BINHCJIeHHHX y,ltO(SRO I10JIbSOBaIfLCB IIp8.BWlOJI: A.1IJI BHtDfCJI:emm OOO'1'B8TOTB~erO lCTPolcTBa, EOTOp09 HRlJI9TOJI 8HUOrOll II8

C'f8U9HH 06pamoro SJIeMeH'1'a B-1 x 8J1eueB'7 B )tOC'l'a'l'OQHO x BeJIHTDIHe paJIJIeJIHoro Rmmpeccopa, llPHKeHHeMOrO B cxeuax ycxopesaoro YDa8
f'A- I IIpHtlBllH'rh no 1I0i\YJID ra": C....0811t> eJlllIl8H!ra B. rex, cHf,e1lt> 06pa.... HM 06wuun tIHceJI III ,121. Ha pHC. I IIpHBe,lteHH ~Ba rrpsepa , HJIJmCT

aero 9J19KeH'l'a R SJIeMeH'l'y a a p8.BHa nan, flax KU di!a~~a..~ cf pHIJYDlP'e anropars pa60'l'1l J..UIR,IDllIeCKoro xoanpeccopa, IIepBHt\ IIpHMep
 

N.:lIax <i 0603Hallaelf "Cywm." no 140MB ,qBa'.
 

3
2 



a 15
c~eBa coo~BeTcTByeT o~oBpeMeHHoMY YMHrnKeHllID J5 3~eMeHTOB a = a
 
B none GFC24 ) MH. "tlTO TO me caaoe , B03Be~eHmo B 15-10 crenens ane 

MeHTa a o • Ilpouecc l\m<~WIecKo!'o cymmpOBaljlUI Cno MO,rryJIIO 15) qeTbIpex

paapamnrx tmce~ MOIKHO ycnosao paane nars aa llilTo STanOB. Ha nepaox
 
STarre B peSY~bTaTe nO~CqeTa Ro~eCTBa e~llHl~ B ~BO~OM Ro~e ,B K~


~OM cro.ncue 15 cnaraeaax CltRMaIOTCR no tre'rbIpex, IlpWIeM pesyJIbTaT CyM

M11pOBamUI B HanIeM npaxepe [LlLl ) 3an11CbIBaeTCa no ~11arOHaJm, HatrHHaH
 

C nepBoro cTo~6~a cnpaBa. Bc~e~CTB11e sToro CTapmrtH pa3PRA 3an11CbIBaeT

CR no~ nOc~e~HM CTo~6~OM 11CXO~HX q11Ce~. 

AHaJIOr~aR npol\e,rrypa BHnO~ReTCR Ha BTOpOM H TpeTbeM aTanax CyMMKpO
BaH11R. B KOHe'l:lHOM HTore 113 15 CJIaraeMHX nonyqaeTca ~Ba, pa3~e~eHHHX
 

Ha ~Be traCTH. ITpmeM BTopaR qaCTb CYMMbI Cc~eBo) rrpe~cTaB~ReT co60ti:
 
HaR6oJIomee trrtC~O 11010000, KOTopoe paBHo cYMMe nepeHocoB, B03HHR~
 

lI\HX B rrpouecce ~HK~WIecKoi1: xoanpeecaa 15 CJIaraeMbIX IIII. 11, HaROHeI.\,
 
K 3Hatremoo 0010 ~06aB~ReTcR trrtC~O nOI no M0.I\YJIIO 15. Ha pac, T cnpasa
 
npHBeAeH npHMep ~~ BHtrrtC~eHHR CYMMbI CTerreHe:t1: COMHOIKHTe~e~
 

a59 I4•aI4aIOa9a8a7a 6a5 = = a45&14 = a
 

PaccMoTpeHHHH npHMep C~O~eHRH 15 s~eMeHTOB a O flB~ReTCH o~oBpeMeHHo
 
~HarpaMMoi1: ~~R nocTpoeHHR npHHl\rtrrHaJIbHoi1: cxeMbi cooTBeTcTByDiI\ero ITa
 

p~eJIbHOrO ~~eCKoro KOMnpeccopa. ITo~ TaRIm yCTpOHCTBOM 6y~eM
 

nOHHMaTb ~OrRtreCKYIO cxeMlj KOM6RHa~rtOHHOro THna, C nOMO~IO soeoporo 
n: cnaraeasx C~IDdalDTCR ~O ~BYX no rrpaaanax ~JIRtreCKOrO Cyw.1HpOBaHRH. 
~rtK~HqeCKHM KOMrrp€CCOp riMeeT ~ rpynn BXO~OB H 2m BHXO~OB, r~e 

ttl n = 2 - I. OH COCTOH'!' RS napanne~bHbIX CtreTtrHKOB H AByx cYMMaTopoB 
no MO,n,ymo 2 - I. COKp~eHHo eaxoe yCTpOHCTBO 6y~eM o60SHatraTb KaR 

WI """ 
[ (2 - I, 2m)j-KoMnpeccop. 

Ha pHc.2 npHBe~eHa CTPYKTYPHaH cxeMa [CI5). 2x4) -KOMITpeccopa BMec
Te C ~onO~HTeJIbHHM cyMMaTopOM H ITIl~ C nOMo~IO KOToporo nonyqaIOTcR 

BHTlmorapHcIuhI. Ha aTOM pacysse He nOKaS81iH: cxevs M.lI BbItUl1tJIeHH.lI aora
prtC!NOB. xoropse, no CYlI\eCTBY, IIpe~CTaBJImoT C060H ITIl3Y, BHXO~bl KOTOpliX 
HMeIOT ~BOHqHhIe Beca
 

20, 21 H 23
 , 22, 
H crpynnaposaau TaR, trTO IIrmUI C O~HHa:KOBWH BeCaMH coenaaeaa co BXO
~aMR COOTBeTCTB~wC Im napaJIJIeJIbHbIX CtleTtlHKOB. Kax B~O 113 pHCyH
Ra,nepBHA KaCK~ KOMIIpeCCOpa. COCTORT H3 treTI:lp6x napaaneasasx (15,4)
CtreTtrHKOB. Taxne CtreTtrRKK o6HQHO RCnOJIb3YIDTcH B BHqHCJIHTeJIbHot1 
TeXHHKe 1131 H B ~epHOn a~eKTpoHHKe /14/. 
BTOpOH. xaczan KOMIIpeCCOpa CqCTOHT HS rpynns (4,3)-, '(3,2)- H (2,2)
CtIeTtrnKOB.' rrO~06HhIe CtreT'QJffiH npome scero COS~aIOTCR aa OCHOBe nonasx 
CYMMaTopax, KOTOpliB npe~CTaBXHDT C060H. (3,2)-cQeTqHKH. 
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CBRS~ Me~~ BxoAaMU ~aHHhcr Cqe~UROB U BHXO~aMH (15,4)-cqeTqRRoB ~HRnl{tleCROrO ROMnpeccopa pasao MaRCHManbHoMY ql'lCJIY ,n;BOWffibDC ~'VIW B 
MOJKHO orracaTb C nOMolIlblO rrpasepa, npUBeAeHHOI'O na pHC. I oasaa. . tlHCne m , TaR, TIpk1 m= 3 - ? M = 3, a npa m = 8 - 15 M == 4. 
TaR ,BbIXOA illillIhr C BeCOM 20 nepBOI'O (15,4) -c-qBTllill(a (Rpa:funm cnpasa) 
nOAR~qeH Henocpe~cTBeHHo R BXOAY So nepBoI'o paspHAa ~HK~~ecRoI'o 

cYMMaTopa So -54 no MO,IJ,yJIID 15. ,IJ;a~ee, Bb1XO~ IIIHHH C BeCOM 21 aTOI'O 
~e CqeTqHRa R BblXOA C necOM 20 BTOpOI'O 1(15,4)-c~BT~Ra TIO~~ID~eHH K 
BXO~~~ nepBOI'O (cnpaBa) (2,2)-cqeTQURa BTOpOI'O KaCR~~a, TaR Ka~ BO 
BTOpOM cTo~6~e Ha BTOPOH nOSKqUH HMeeTCR ABe ~U~PHt o~a 11S KOTOpbIX 
nonyqH~acb B peSY~bTaTe CYMMRPOBaHHff ~HWP nepBOI'O cTo~6~a, a BTOpaR 
~iPPa nOJIytlV.JIaCb OT CYMMRpOBaHHR sroporo (!T0~6~a 11 T. ~. AHa~OI'l1\IHO 

Ha TpeTbeM aTane CYMMRpOBaHHR BHTIOnHReTCH c~o~eHRe C nepeHOCOM TpeX 
onepannon, 
HeTPY~o SaMeTHTb, QTO noc~e TPGTbeI'O aTana no~aeTCR Bcero ~Ba 

C~aI'aeMbIX, pas~e~eHHbIX Ha ABe QaCTH, nOS~UH R ABO~He Beca KOTOpHX 
orrpenearror CBHSH MelK,IJ,y BbIXO~8.MH (2 ,2) -Cqe~HROB rpersero xacxazta H 
BXOAaMH ABYX cyMMaTopoB no MO,n;ymo 15. C nOMoIqbIO cyMMaTopa Co - C3 
~OPMHPyeTcH 061I1aR cYMMa BceBOSMOJlllibIX ~HR~nqeCRUX nepeHocoB (cTapmHe 
qeTh~ pasPRAa). Bo061I1e I'OBOpR, nocRo~bKY cYMMHpoBaHMe BHTIOnHHeTCR 
~~KnuqeCRH, TO RonuqeCTBO C~aI'aeMHX He HMeeT.SHaqeHRfi. 
C noaonn,n paccaorpeanor-o MI'OpMTMa MO~-IO Sq:¢eRTHBHO BhItrnCnHTb OTHO
C~Te~bHO CnOJKHhIe BhIpa,1teHHR, narrpauep

AP. B't', c'Z P lJ' Z( 25)-1. (E t )'-l 
--:----;-i:-- = A· B •C / ,

7Js.£: 
I')J,e A, B, C, D H E - np0Itl3BOJIDHHB MeMeHTH llOJUlGF (2". Ilpa aTOM 
npeAnOnaI'aeTCR, qTO ~H BHTIOnHeH~R one~H ~eneHUR He06xOAHMO npeA
Bap~Te~bHO nOJIYqHTb CTeneHH 06paTHbIX sneMeHTOB C nOMolIlblO rrrr3Y. llOJIb
SyRCb COOTHomeHHeM ~~H cnOJ!teHHB; AByx ,SJ:J;eMeHTOB nO~R a~ H aj , 

L0..' ... aJ 
.:::; a: (I + aJ

.- , 

MOJKHO,He nepeXOAR 06paTHO R aHT~~OI'apH¢MaM, BhITIOnHHTb cn~eHHe AByx 
aHanOr~qJ1HX B~eHHH. 

CneAYe'i' OTMeTHTb, qTO nOCROJIbRY anre6pa I'anya HOCHT Mo,nynHpHHA. xa
paRTep, TO nOCTpoeH~e ~URnHqeCROI'O ROMnpeccopa np~ npOHSBonbHbIX SHa
m MOJllliO BbIIlOJIH~Tb no aHaJIOI'HH o Harrpaxep, ecna ~ = 5, TO c~e,IJ,yeT 

COCTaBHTb AHarpaMMY ~~R ~HR~uqeCRoro cn~eHHR 31 3~eMeHTa nO~R 

GF(25 ) U saTeM nocTpoHTb cxeMY ~HR~HqeCROrO KOMnpeccopa. ~H STHX 
~eneM MO:IKHO socnons aosavsca AHaI'paMMaMH, rrp~Be~eHHhIMn aa pHC. 3, RO
TOphre RB~HDTCH a4MOI'aM~ npHMepOB,npHBeAeHHHX Ha pHC. I. C nOMoIqbIO 
TaRHX ~naI'paMM MOJKHO onpeAe~HTb He06xo~HMoe Ro~uqeCTBO STarrOB CYMMH
pOBaHUH M, COCTaB H Ro~uqeCTBO napanneJIbHHX CqeTQUROB, npeMH CYMMKpO
B8.1U1H H npamranaaasnse cxeas yMHOJKeHHR ~H m = 5 - 8. TOtlliWont aa pa
CYERS 0603HaQeHU ~BOH'tlliH:e ~~PH 0 MH I. 
llHcno RaCKa.rtOB napannensnux CQeTqk1ROB, He06xOAHMHX ~H nocrpoenaa 

BpeMR T ' He06xo~HMoe .n;nH o~oBpeMeHHoro YMHOJKeHHH 2 - I COMHO:IKHTe y
neH, BI<RlOQaR H BpeMR, Tpe6yeMoe ,lVIff BbItlHC~eHUH ~orapHclMoMB H aHTMO
I'apueJMo'B, MOJKHO B:nrqk1C~UTb us BbIp~eHHH 

I 
Ty = 2Tn + ( TCl + TC2 + ••• + TD~) + 2T$1 (2) 

rAe Tn - 3a.qePJKKa B I1il3Y, ItlCllOJl:b3YSMOM ,n;~R rrpeoopaaosaaaa RO~OB, Ts
BpeMH CYMMHpOB8HUH no MO,DyJIID ZWI_ It MB CRo6R.ffX yxaaaas 3a.rtepJKICU B 
rrapan~enbHbIX Ctle~URax. ~ onpe,n;e~eHHocT~ rro~oJKHM, qTO ,n;nH nocTpo
eHHH· cxeMbI ~~OJKeHHR Hcno~bsYIOTCH MKKpocxeMbI 500-H cepHH,B COCTaB 
ICOTOpOH BXO~HT: MHICpOCXeMa I{500mH80, conepsamaa .nsa rromnrx OWlOpaS
P~hIX cYMMaTopa B O~OM Ropnyce, MHICpocxeMa K50avm179 - cxeMa yCRO
peHHOI'O nepaoca C sa.rte~oti: Z HC H IIIT3Y I{500PEI49, speaa npsoopaao
BaHM: KO.n;OB ROTOpoI'O He npemanaee 20 HC. llpMqeM BpeMR aanepxxn 

CKrHaJIOB aa BHXO~ax "CyMMa" JIl "Ilepeaoc" Y M.W<pocxew K500l1MI-80 coc
TaB~RIOT 4,5 H 2,2 HC COOTBeTCTBeHHO. B Ta6~. 2 npHBe,n;eHbl ,n;aHHbIe 0 
speaeaax sa.rtep:IKR~ H KO~HtieCTBO xoprryoos MHICpocxeM K50CX1M180, He06
XOAHMhIX ,n;nH rrocTpoeHHR nap~e~bHbIX c~eT~oB /15/. 

Ta6~~a Z 
llapaMeTpbI HeRoTopbIX napanne~hHbIX CtleTtlHROB 

Cqe~~IC 

l1apaMeTp 

3,Z 4,3 5,3 6,3 7,3 15,4 31,:: 63,6 127,7 

liMcno 
MHICpocxeM 
K500ytllI80 

3a,r(ePJltRa 
TCM ' HC 

0,5 

4,5 

1,5 

II ,2 

2,0 

II ,2 

2,0 

II ,2 

2,0 

1l,Z 

5,5 

17,9 

13,0 

24,6 

28,5 

31,3 

60 

40 

]


~OrryCT11M, qTO BpeMH I.{HK~M'tIeCROI'O CYMMl1pOBaHHR T C yr-reTOM nepeaoca
 
npH ~= 4 - 8 paBHO 6,5 8,5 8,5 8,b 8,5 HC COOTBeTCTBeHHO.
 
B Ta6n. 3 ilpMBeAeHbl napaMeTpH cxeM YMHOJKeHHH A~H rn= 4 - 8. Be~HtIK

Ha 1y BU4~c~eHa B COOTBeTCTBHH C paBeHcTBoM (2),
 
OCHOBHaR qaCTb OT 06U{eI'o ROnHqeCTBa cYMMaTopOB, Heo6xoAHMllX ,n;~ nOCT

poenaa cxexs YMHOJKeHHfI, ITpWCO,I:{Vt'l'CR na nepBblf1 xacxan, COCTO.fl!IlHti: H3
 

Cn , K)-Ctl8~HROB (ORMO 80%). 113BeCTHO, qTO ~~H nOCTpOeHHR i n. ,K)-
ClleTtnma Tpe6yeTcR ~ cYMMaTopoB /13 -15/: S ( m ,-) K 

11< n,l<:: 2- - .'.~. 

6 7 



Ta6mfi.\a 3 

Ilapaaarpa CXeM YJ&101KeHRlI ~JIfl m= 4 ~ 8 

~ 
4 5 6 7 8 

KOJIlNeCTBO 
lCOpnyCOB K500Mlv1I80 

Ty ' HC 

34 

' 86,6 

81,5 

97,3 

184 

104,0 

445 

114,0 

1100 

126,0 

A x 0.0 af 0.2 03 04 0 S 06 
_ 0.° at a2. a~ 0.4 as a5 

0° 0.° 0.2 0.4 0.6 aI 03 05 
B 0.0 0.0 0.1 0.2. 0.3 0.4 0.5 0.5 

0 4 0'2 0 4 06 c' 03 as 0° 
0.1 0.6 00 at 0.2. 0.3 0.4 0.5 

a'l. a"+ aG 01 a3 as _0.0 a'l. 0.2. as 0.6 0.0 at 0.2. 0.3 0.4 

03 06 0 1 03 as 0.0 a' 04 ! 03 0.4 as( 06 0° at 02. 03 

04 01 a! as 0° 0" 0.4 0 6 ; 0.4 0.3 04 as 06 0.0 at 0.2. 
as 0.3 as 0° a'l. 0.'+ as 0.1 as 0.2. 0.3 0.7 as as 0° at! 

06 as 0° o.'l. 04 0.6 a' 0.3 0.6 a' 0.2. 03 0.4 05 .0° ci° 

PRC'. 3. Ta~-,IUUU'p8IIMH MSI pacueea 61icTPo.qeaC'l'BWl H KOJIH

tleCTBa mucpocxeM, He06xo,qmmx ~JIH c03.q81Um ~HKJIHtleCROI'O 

ROMnpeCCOpa IIpH m= 5 - 8.• 
me aQQQ
 

. af Q6 ,
 

. a10.5 I 
03 0.4 

I 0
4 

0. 
3

,
 

n 0
5

0.
2 

'
A~ a' at 

B~ 

PRe. 4. Ta6JIHQJi yYHOKeHHJi 

R ,tteJIeHU B noae GF(23) • 

~) 

; 

i 

TOI',I\a EOJIw.reCTBO onaopaepannux cYMMaTopoB, Heo6xo,I\11MhlX ,Il.JIfl cosnaxaa . 

I 
! 
t 

I 

! 

nepnopo RaCKa,I\a,paBHo 

C ~ 

TaK, npa m= 7 C = 840. 

[( 2tt7 
_ I) - KJ m . 

'~ 
I 

I 3. TIpHMeHeHl1e rrpoI'paMMl1pyeMhIX JIOrl1QeCKl1X MaTpM~ 

~ j 
113B8cTHO, liTO nporpaMMl-lpyeMlIe MaTpll~hI (DJIM), RaK npaB~O, ID.1eIOT 60JIb

mee l.i"11CJIO BXO.D;OB ,I\JI.fi nepeseaasx, He]Kemf Iill3.Y. KpOMe roro, B CliJIy csoea 
CTPYKTyphI TI]M nOTpe6JIHDT CpaBHl1TeJIbHO He60JID~ MO~OCTb 11 XOpOlliO ~ 

ITpl1cnOC06JleHlI ~R BHllOJIHeHl1R pa3JIl1~OrO pO.D;a Onep~l1M B nOJIe (;((2 ). 
Ha Pl1C'. 

B no~e 
4 a 11 Cl 

GF(23 ) . 

npaseneas Ta6J!IDJ;hI YMH0JIteHl1fl H .D;eJIeHHR .D;BYX SJIeMeHTOB 

3'1'0 nOJIe 06pa30BaHO Ha.D; HenpHBO.D;l1MHM nOJIKHOMOM 

TIPH YCJIOBl1H~ 

X3 + X ... I. 
tlTO SJIeMeHT a = 010  KopeHb SToro nOJIHHOMa 11 a O = 100, 

OCTaJIbHhIe tleT~ HenyneBhIX SJIe. -
4 5 6= 110, a = all, a = III H a = 

a = 010, a = 001 - Cla311C nonfl, 

MeHTa HMe~T CJIe~~e SHa~eHl1R: as 

lor. 
KaK 11 CJIe~OBaJIO o~H.D;aTb,B CHJ~ KOHeqROCTH nO~fl ranya, Ta6JIH~~, rrpl1Be «1 
,I\eHHHe Ha .Pl1c. 4,l1.D;€HTHqHhI C TOqROCTbIO ,I\O nepeCTaHOBKH sneMeHTOB. 

BOJIee Toro, eCnl1 COCTaBl1Tb TaKHe Ta6n~hI .D;JIR CJIOEHhtX Bh1p~eHl1~, co

.D;epK~l1x COMHOJItl1TeJIM non crerreasn, TO nOJIY'laTCR 8HaJIOrZlIHH9 Ta6JIHIJ;hl. 

~rHMl1 CJIOBaMH, eCJIl1 ,I\RR BHTIOJIHeHHR COBMe~eHHHX orrepaqH~ HCnOJIb30

BaTb liJ1M, TO CJI02KHOCTb JIOrntlecRotf CTPYKTYP~ MaTpm..Ul He ClY.D;E3T saaacers 
OT CJIO:m:HOCTH p€aJIHsyeMoro B~eHHR. 

Ha pHC. 5 llpl1Be,I\eHa 6~oK-cxeMa D]M, 3arrpor~fl1pOBaHHaR .D;JIR 

HM onepauaa yMHo~eHHfl /1,BYX 3JIeMeHTOB B nOJIe GF(2 3 ) . Cxeaa 
BHnOJIHe

COCTOHT 

HS .D;eillHcPpaTO;pa, conepxanero 49 BhIXO,I\OB, xoropse crpynnaposaaa no 

cexs illHH B rpynne, TaKHX, !ITO na HHX nOJIY'laJOTCR O,.qmIaKOBhle 3HaQeHM 
rrpOH3Be~eHM ~BYX 3JIeMeHTOB. ~ee COOTBeTCT~yro~a rpyrrrru illHH 0608 _ 

/1,mieHbl 

MeHTOB 

C nOMo~ID JIOI'l1tleCKHX 3JIeMeHTOB IDlli 1 - ? Beopaa rpynna 3JIe _ 

HJM 8- 10 o6p8sye'l' nrnrppaTop 3JIeMeHTOB B nOJIe GF (2 3) . :U:H(PPO~ 

'\1 

l 
II 0603HatleHbI T€ BXO.D;bl JIOI'HqeCRl1X SJIeMeHTOB, ROTOpHe no~~eHH R 

cooTBeTcTB~ BhtXO~aM 8JIeMeHTOB. MTIH I - 7. 
HarrpHMep, eCnB pesyJIbTaT onepaql1H paBeH a 6 = aO + a 2, TO BhtX0.D; HOI'H _ 

qeCKOrO SJIeMeHTa ll]M ? coe~eH CO BXO,I\aMH HOI'l1tleCKHX 3HeMeHTOB 8 H 

10. li03T0MY' na BhtXO,I\aX JIOI'HtleCKHX 3JIeMeHTOB 8 - 10 !lJopwApyeTcR 3Ha!Ie
Hl1e 101. ECJIH ID]M HMeeT 18 BX0,I\OB .D;JIR nepexemrsx, TO TaKHM cnococou 
M~O 3arrpor~fKpOBaTb o~ioBpeMeHHoe YMH01KeHHe .D;O meCTH COMHO~HTe
JIeH,B TOM tlHCJIe H TaKHX, KOTopbIe HaXO~RTCR rro,D; CTeneHbID. 

8 , 9 
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3aKJIiJtIeHHe 

y~eIDT cymecTBeHHoe llpe~ecTBO rrpe~o~e~ aBTopOM ~OPHTM, a TaK
JKe	 yCTpOitCTBO MH BHllOJIHeHllH O.n;HOBpeMeHHoro yMH02lteHaa MHOXeCTBa Me-

MeRTOB n~ GF(~ no cpaBHeHHD C ll3BeCTHHM 19/,llp~ nOMomn KOToporo 

T8.KaJi rrpouenypa BblIIomuleTcH nporpawmo ynpaBJIH8Mm.t rrponeccopoa, 
UmtJIHtlecKl-iA KOMl1p6CCOp MOJIeT HaATH IIpmteHeHH8 B KO,ItHpyuqHX H ,It8KO,ItH
p~ yC'l'pOACTBax 1161, B BHtmcJIH'l'eJIbHoA 'l'eXIUme, a TalOIte B TaROM 
B~OM HanpaBJIeHKH B cOBpeMeHHOM IIpH6opoc'l'pOeHHH,KaR CHrHa'l'ypHHR 
8H8.JIH3 1171 H CHHTe3 nepeKJIrJtla'l'eJIbHbIX ~~HA:, I',Ite B saxecese nepe
MeHHWC HCnOJIb3YJOTcH 3JIeMeHTbI B nOJIe raJIYa GF(2

m
) 118 - 21/. 
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HHKHTIOK H.M. P 11-88-85Z 
B~CTP~H anropHTM gnH BwnonHeHHH onepaQHH 
YMHO~eHHH B none fanya GF(ZID) 

Orracaa ObICTPbIH arrr-oparx asmormenaa orrepanaa YMHO~eHHH 

ogHoBpeMeHHo HagMHOrHMH 3rreMeHTaMH B none fanya GF(ZID), 
npegcTaBnHeMbwH B BHAe norapH~MoB. CYTb anropHTMa OCHOBa
Ha Ha MeToAe napannenbHoH KOMnpeccHH gaHHbIx, KOTOP~H 

ncrrorrsaye-rca B cxexax ObIcTPoro YMHO~eHHH OObIqHbIX qHCen. 
3~~eKTHBHoCTb anropHTMa paccMaTpHBaeTcH Ha KOHKpeTHoM 
npHMepe CXeMbI gnH ogHoBpeMeHHoro YMHo~eHHH 15 3neMeHToB 
B none GF(zm). ITpegnaraeMaH cxeMa YMHO~eHHH HBnHeTCH oa30
BOH gnH BbmonHeHHH TaKHX onepaQHH, KaK geneHHe H B03Bege
HHe B c-r-eneas . B xaxec r-ae 3neMeHTHOH oa3bI acnorrs svio-r-ca 
ITIT3Y H IIJIM• 

PaOOTa BwnonHeHa B TIaoopaTopHH BWCOKHX 3HeprHH OHHH. 
Ilpenpaar 061>e,tUIHeHHOro HHCTHTyTa HJXepHbIX HCCnenOBaHHH. .uy6Ha 1988 

ITepeBog O.C.BHHorpagoBoH 

Ni k i t yuk N.M. . PII-88-85Z 
Fast Algorithms for Execution of Multiplication 
Over Galois Field GF(Zm) 

A fast- algorithm for execution of multiplication over 
Galois field GF(zm) elements simultaneously represented 
as algorithms is described.- Essence of the algorithm is 
based on data parallel compression method which is used 
.in schemes of fast multiplication of common numbers. Ef
ficiency of the algorithm is considered on a concrete 
example of the scheme for simultaneous multiplication of 
15 elements of the Galois field GF(Zm) elements. The pro
posed multiplication scheme is a based for execution of 
such operations as division and raising of power PROM 
and PLA serve as element base. 

The investigation has been performed at the Laboratory 

of High Energies, JINR . 
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