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I. BBE,I.(EHME 

CrreI.4H8JIR31'1pOB'aHHhle npoueccops -( CIT) -XapaKTepI13YIOTCIlMaJIOH ,IVUmOM 
C~OBa (10-16 ÓI1T) , yrrpOmeHHoH apXHT8KTYPOH H rrpOCTOTOH ynpaaneHHIl 
[1,2] . Oó~acTL rrpl'IMeHeH1'IIl TaKHX npoueccOPOB B HaCTOIlmee BpeMIl B8Ch
Ma 1lI11pOKa. Ba.JKHliM'rraparvíeTpOM CH, rrpl'IM€HIl8MIiX 13 cnearpoae'rpax lÍJH3l'IK11 
BUCOKRX 8Heprl1H,IlBllReTCn BhlCOKoe ÓHCTpC~enCTBl1e, KOTopoe B 3Ha~TanL~ 

HOH CTerr8HH 3aBHCl1T OT Toro, HaCKO~bKO 3~eKTHBHO peanH3YDTCIlTa
KHe Tpy~oeMKHe onep~, KàK'YMHo~eHHe 11 ~~8Hl1e. TaK,npoueccop, 
Orrl1CaHHHH B paóoTe ,[3], BHql1cnaeT ~e~mee He~aBeHCTBO; 

I AXi - BX2 + CX3 - DI » Z, (I ) 

rne A, B, C, D H Z - KOHCTaHTU, Xr+X3 - ~8peMeHHue. MHO'lí.eCTBO 3a
~aq CBO~HTca K'-BWiHCJIeHHIO BUpaJKeHl1H rana ~ fi i XL" ,r.n;e qaCTO 
rrOBTopIleTca orrepauHIl YMHO~eHRfl. OnepauRR .n:aneH1'IIl HeOÓXQ~RMa rrp:a 
Cos.n;aHl1l1 Cil ,!VIR ürrpe.n;e~eHHa MeTO~OM ~e~eHl1B 3apB.n;a, Koop~aTU qac
TllUU, perHc,TpHpyeMofi c rrOMOUU>IO n03mJ,HOHHo...;qYBCTBHTe~LHoro ~eTeKTopa 

[4] 
C ue~bIO ynpomeHHIl cxeM YMHo~eHHIl '.n;e~eHHH) H YBe~Hqelilla ÓUCTpo~eHCT

BHR B p~e pa3paÕOToK orrepaqKK yMHo~eH1'IIl (~e~eluaa) ·3aMeHeHU Ha one
P8.URl1 caozeaaa (BhlqHTalU:UI) JlOrapHlftv1oB RCXO~HhlX qHce~ [5,6] • O.n;HaKO 
~a rrepeBo.n;a ~orap~oB qRCan B ~TRnOrapR~u Heoóxo.n;RMU .n;onO~Hl1Te~L
Hue cxeMU H .n;orrO~RTe~LHue 3aTpaTU BpOMeHH B Tex CJlyqaax , Kor~a Tpe
õyiorca nosropaue Buql1CJIeH1'IIl. VI, HaKOHeu, JIOrap11íItv1u oTpRU:aTeJILHuX ql1

ce~, KaK 113BeCTHo, OTCYTCTBYIOT; 

UenbID ~aHHOW pa60T~ RBnReTCR Hccne.n;OB8HRe TaKRX ManOH3BeCTHhlX an
ropHTMOB .n;nR BHTIOK~eHRR onep~RW J~o~eHRff R .n;eneHRR, KOTophle 
MOll':HO 6hlJIO 6hl aq;lfl8KTRBHO peuan. MeTo.n;aMR Ta6m1tIHOH apR~eT11KH c no
MOlqblO nOCTORHHbIX rrporparosapyeuax ':!3 "rIT13Y) .HmKe onacaira nsa raxax 
anrop~TMa - 3HaKOBhle norapR~hl R CHCTeMa OCTaTo~hlX KnaCCOB (COK)o 
3TH CHCTeMhl C~HcneHRR 6hlnH Rcnonb30BaHh! HaMH rrpR C03~aHRR cn ~nR 

onpe~eneHRR KOMTInaHapHOCT~ TpeKOB 3ap~eHHhlX qaCTRU. Oco6eHHOCTbID 
3HaKOBHX ~orapR~OB ~IleTca B03MO~OCTL BHllO~eHRH onepauaR
 
CJIO~8HHaRBhlql1TaHHR 3HaKOBUX ~orapl1WMOB qHce~, np11qeM I1CXO~HB qRC

~a MoryT ÓUTb 11 OTpHUaTe~bHHMR.
 

CHCT8Ma OCTaTOqHUX ~aCCOB TaKX8 RMeeT p~ no~e3HhlX KaqeCTB, KOTOpU8
 
MorYT Ó~h ycnellIHo Rcnunb30BaHH rrpH nOCTpoeHHH CIT.
 

2. 3HAKOBUJ:<.; J101'APMiJiV!l1 

B CRCTeMe CqRMeHHIl, OCHOBaHHOt\ Ha 3HaROBliX. ~orapW1f.1ax, H8KOTO
poe Ae~cTBl1T~bHoe ql1MO A rrpe~CT~IleTcR 3HaKOM SA R ~orap~oM 

LA (r/_9] 

~uniideUHhia lIHC~ I 
M~tJB~1 ~CCJ!e.mtmtn'I~\ 

ISPltSlIf.10TEKA 
.... e 



ecaa /II/~,. Y'l:, TO LA =: foJ2 ('L/lIl}, 

eCJIH IA 1< ~z:-, TO LA := O. (2) 

IlPl1'II8M, eCJIl1 A (, O, TO S'A =1, eCJIl1 A /' 0, TO 5)1 =O, a 511 =0, 
KJIR I , eCJIH A:::O. B aupazsaaax (2) Cl: rrpe,ucTaBJIReT ccooã 

KOHCTaRTY MacillTaonpoBaHHR. OHa RcnO~b3Y8TCR ~ Toro, 'lITOOl:l MO~O 

6WIQ nOJfyqaTb ~orapl$'>1hI OT 'lIRce~ c OTp:m.J;aTeJlbHHM 3HaROM. 'tIRCJIO A li 
~ ero 3HaROBH:H JIorap~ CBR3aHH COOTHOm8HKRMR 

LA 
A ~ (/- 2 SA)( '/r) 2 (3)
 

11 (4)
~A:: (1- é!. SA)L A , 

r,ue CHMBO~OM 211 000SHa'lffi.8TC.l1 SHaICOBID1 JIorapn<íN. Ma BllllOJIHeHHH one

PaIUlH Iia,Il; SHaI\OBUMR ~orap.aMli c Sa,Il;aHHOH TOtIHOCTLlO aeoõxonaao aaã
TR npancraaneaae 8Tl1X ,nOOHhIX, anaaorasaoe ,uBOR'lIHOH BSBeill~IillO:H CRCTe-

Me. ,IJ;HCKpeTHOe npencraaneaae KA 3HaKOBOrO JIorap$a 2..fI HMeeT 

B~: 8 8-( J' AC-I
KA=[0,5 +2 -/LAjzB-I ~[o,;; -e &1) r:A / 2, (5) 

rne [xl - OSHa'IIaeT nenoe tIRCJIO, xoropoe Me npeBOCXO,nHT X, R g
KOHCTOOTa KBaRTOBa.HIDI • .I.J;pyrHMR CJIOBa.MK,BeJIR'tlHHa KA npenceasaaer CO

oOR f1. - pasPMHoe ,IU30RtIHOe tIRCJIO: • o 
h. l-f)'

KI1~(Kh./Cn-1 .. ",KBK8-,)=~Ki2 . 
, t-;{ 

COOTHOm8HRe MeJK.llY ~ R A AJI.l1 - 16 ~ A~ 16 npasensao aa pRC. I
 
AJIJl ~ =16. IIoCKOJI:bKY ~orap.R11ecKa.a: @TH1UU1fl .l1BJIReTC.l1 MOHOTOfiHOM,
 

TO,KaK R c~e,nOBano o~aTb, B SHaKOBOR JIOrap~H'tleCKOH CRCTeMe MO~


HO CpaBHHBaTb B8JIR11HHhI RCXO)1,HhIX 'lIRC8JI. Banao Ta.IOKe, 'tlTO,nCnOJILSYH
 

MaCWTaOHHH Ko~eHT ~ , MO~O BBO,nRTb ~OrapR~l:l OTpRUaTeJIbHhlX
 

'tlRC8JI. CJIe.uyeT T~e OTMeTRTb, 'tlTO OKOJIO Hy~eBOM TO'tlKR RMeeTCR 00


~aCTL Heonpe,neJIemiOCTR WHPRHoã 2/~.
 

BhlllOJIHeRne ap$eTRqeCKHX onepwi1 • TaK JK8,;KaK R B OOWIHO~ CHCTeMe
 

C'tlRCJIeHHH, RCnOJIb3YH SHaIWBhle JIOrap~bI, MOJIUlO aifxI>eKTKBHo BhlllOJIHHTh·
 

TaK:Ke Tpy,uoeMKHe orrepauaa, KaR 'yMHOJKeHHe R ,neJIeHHe. O,nHaKO. OCROB


Roe ,nOCTORHCTBO SHaROBHX JIOrap~OB COC~O~T B TOM, 'tlTO RCnOJIhSYH
 

TaeJJIR3Hble MeTo,ubl pemeHRff, MO*HO c ,nOCTaTOqaoi1 AJIJl Cil TOqJiOCThlO BhI


nOJIHHTL onepauRR CJIOJKeHR.l1 R Bhl'tlijTaHKH JIOrap~OB 'tlRCeJI.
 

AnropRTM CJIOJKeHl1ff ,nBYX 'tlRCeJI RMeeT BH,Il;:
 

$=-f{+P.> u.n u: li ~ 11 (1+ ~ ) . ,Ua.nee s ~ 11 f(%), 

2 

rne tf (X ) =. I+X. Tor~a JIorapl1lj]M C.)7MMll Ls = L A+< LLp .', 
ECJIR CJIOJKeHH8 BhlITOJÍH.HeTCíl B SHaKOBbIX JIora'p~ax, TO K S =KA+Kf . 
BOSMO}KHhI ,nBa CJIyqaJI. TaR, e CJIR' KA ~ I13' TO 3HaR CyMMhl 5S :::: Sfi 

11 fCs -co KA + f (s; - K;, ) I 
(6) 

r,ne 
f3 M"[O,S + 2 

8-1foJ2 (I +2
xJ1/26'-1. (7) 

l!;CJIR JKe ~ '> KA, TO 55 -= ,SI:> 11 

(8)Ks ~ JCs + P(LC~ - IC(?,) . 

Onepanaa Bhl'tlRTaHHH A-B BhlIIOJIlUIeTCSI CJIe,IJ,ylOllU1M oopaaoa. ECJIR KA > KB, 

TO pasaoo'rs /Cp passa 

Kp = Kj1 +d" (K~ - KA ) , (9) 

C-f X t! 6'-1 
rne ;Y (X} ~ [0,5 -f 2 &!2 (I ~ 2 f 2. (IO} 

BCJIR JKe K.B? TO saas pa3HOCTR Sf pasea 3Ha.KY 5(3 RKA," 

SP ..J(p., -f ~ ( 1\A - KB ) . (11) 

ECJIR KA=~' TO 5f pasea 5,4 roIM Se R Sf . =Ü.
 

Ha pRC. 2 npHBe~eHa OJIOK cxeMa cYMMRpyromerO;BhI'tlRTaIDmerO YCTpoAcTBa.
 

E MKOCT:b IlSY, B KO'tOpOM XPaHSITCR TaOJilll'tlHhle 3HalIeHIDI j3 Id "t, COCTaB
~' , 

J.UieT .2 n. - pa3pMHHX CJIOB. IIpR'IIeM, 6 - paapaaase 3HaKOBble 

JIorapHiPMbI :HMelOT ,nRHaMR'tlecIWi1 ,n1:1aITasOH npe,nCTaBJIeHRH qRCM, 8KBRBa

JIeHTHhli1 16 ,nBOH'tlHhIM 'lI1WJIaM. 

TO'tlHOCTb Bhl'tlRCJIeHRM B 3HaKOBbIX JIOrapR<lJMax 3a.BRCRT OT KOHCTaHThI l<BaH

TOBaHRR C . Outaoxa E BROCRTCíl B nponecce npeoõpaaosaaaa JIOrapHWMa 

4 B ero ~RCKpeTHoe npenc raazeaae KA 

JCA :: LA +E . 
-g -c 

BeJIRlIRRa E oneaaaaerca KaK - 2 ...< E ~ 2 . a cpenae-xsanpa
, 2. - 2g/, 

TWIRoe OTKJIOReRRe OlIll'1eJKH G";- ~ 2 /3 • IIpaKTRqeCKR aTO 3Ha'tlHT, 

'tlTO ~ nOBhllli8HHH TO'tlHOCTId BH'tlliCJI8RRll Reooxo,n:HMO RCnOJIb30BaTb ilSY 
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OOJIbIllOt1 eMKOC'l'R. l1CrrOJlbsy.fI BhlllYCKaeMhIe npOMhIIllJIeHHOCTbIO IIIl3Y eM


KOCTbIO 512x8 OH~MO~O BhIllOAH.fITb BhI~ReReHR.fI c TOQHOCTbIO ~o ~e~hIX
 

qRCe~. IIpaKTRtieCKOe npzxeaeaae SHaKOBhIX ~orapwIJMoB npennoaaraar Ha


~nqRe cne~bHHX Tao~HU, B KOTOpHX co~ep~TcR SHa~eHRH ~Rée~ X R
 

ICOOTBeTCTBYIOutRe RM Be~R~IDlhI JÇ. P(x ) 11 Y(X ) npa <pHl\CRpO-


Ba.HHHX anaseaaax T H g . TaK11e TaO~m:J;hI Momo BbItrRC~RTb c no


MOmbIO SBM. B TaO~. 1,2 npRBe~eHbI <pparMeHTH TaO~IDJ;, onRCaHHI::lX B pa

.. OOTe [7J • 11cnO~bSOBaJme TaKID: TaOJImJ; paCCMOTpRM na KOHKpeTHI::lX 

npItlMepax. 

TIpRMep I • C~OJlU1rl'b ~11c~a 2 11 3. 11s Ta6~IDJ;H 2 RMeeM KA=5 ,000 11 

~=5,625. Pemaex paBeHCTBO (6): KS =5,625 + f.> (5,000-5,625). 

11s TaO~RUbl I It1MeeM p(-0,625) = 0,750. I'orna K S = 6,375. Ms Tao

~mJ;hI 2 ~1eeM, ~TO npR,Kg =6,375 X=5. 

IlpRMep 2. IlOJIyqRTb paaaocrs 3-4. :vis TaO~JDlll 2: n KB =6,000.KA=5,625
 
Pemaee paaeacrao (9): 'd (5,625-6,000). 11CnOJIbsYR TaO~IDJy
Kp=6,OOO+
 
I, no.rryqaeM: 't ( - O,375) == - 2, 125. 'Iorna ~=3, 875. B TaO~IDJ,e 2
 

Ha.ROO~ee 6JH13Kot1 Be~n~RHot1 trRCJIY 3,.875 .HM.HeTC.H IUIiPpa Kx =4,000,
 

KOTOpOt1 cooTBeTcTByeT SHaqeHHH X=I. 3TOT npIt1Mep ~~TpRpyeT npH6JIR


Jlt8HHHH xapasrep BHtrReRelrn:t1 Ha,I( qReRaMR, npe~CTaBJIeHHHMR B 3HaKOBHX
 

~orap~ax. OnepanaR YMH02lt8HH.fI R ~e~eHH.H B SHaKOBHX ~orapR<íJMax BhI


nOJIH.fIIOTC.H TaK 2lt8,KaK C nOMOmbIO OOHt1HI::lX ~orapH4MOB.
 

TaÓJI~a I 

fi (X, ~ r (x) B 3aB~C~OCT~ OT X	 7:-::{, t= Cf 

X !3(X) X	 Y (X) 

- 0,500 R - 0,625 0,750 - 0,125 - 3,625 
- 0,750 ~o - 1,000 0,625 - 0,250 - 2,625 
- 1,125 ~o - 1,375 0,500 - 0,375 - 2,125 
- 1,500 ~o - 2,000 0,375 - 0,500 - 1,750 " 

4 

~~ 

7 
6 
5 
4 
3 I ' 

lt: 
I t: 

--16 -14 -12 -10 -8 -6 -4 -2 .:f-I 2 4 6 8 10 12 14 16 A 
-2 
- 3 
-4 
- 5 
-6 
-7 

PRc.I.	 COOTHOIlleHRe Me~y r~ 11 A ,lI,JI.H - 16 ~ A ~ 16 npa ?: =8 
n g.= 3. 

KA KB 
S8SA C/B 

KC , 8 

PRc. 2.	 EnoK-cxeMa ~CYMMRPY}(l!~ero/BHtrRTaIOmeroycTpot1cTBa"B 3HaKOBOf;i 
~orapHq:MntrecltOH cnCT8M8. M- MY~bTillIJIeKCOp, C/B-npH3HaK 
CJIOJKeHRR/BwU1TaI-IRff, 3 - 3Ha.K pesY~bTaTa, K c B - pesYJIb-
TaT CyMMbI/ paaaocrn. 

I 
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Ta6Jum.a 2 

3aBHCRMOCT.b K.x OT X npz T =16 H g =4 

X X K~ x 

0,875 3,750 3,875 ~o 4,125 6,000 
1,000 4,000 4,250 ~o 4,500 6,125 
1,125 4,125 4,625 zto 4,875 6,250 

.~ , ... . ... 5,000 ~o 5,375 6,375 
2,000 5,000 

5,500 rto 5,875 6,500 

3,000 11.1 3,125 5,625 

PaClieTbl noxasasanr , qTO eCJIH MS! Bb\llOJIHeHIDI apH!PMeTaqeCKHX " 
onepauRH aCnO~.b30BaTD lIDSY, a B KalieCTBe ~~eMeHTapHofi onepauHH pac
CMaTpHBaT.b OIIep~ MOiKeHRH: (BbllJRTaHIDI) c BpeMeHeM 7C. ' TO n~aeT
CS! MeAYIOlIlaJI Ta6mm,a [71 • 

TadJIKqa 3 

~eHKa BpeMeHH BHTIO~HeHIDI onepaqnn 

Oneparurn 3HaItOBble ~orapHqMH 06H'lHHía Me TO~ 

Te'f TeG.n:OJKeHHe 
BINRTaIme LI rC. Te 
YMHoxeHRe 2. Te 'TTc. 
.ue~eHRe 2 Te IlI.7C 

IIpIr1 0u;eHK8 BpeMeHH Bb\llOJIHeHIDI onepanaã ae ytIRTfíBaJilIC.b sanepa
KK B KOM6HHaqROHHHX cxeMax, Be~HqHHa KOTOpax HaMHOrO MeH.bme, qeM Bpe
MS! s~ePJKKIr1 B ITIT3Y. 

3. Cl1CTEMA CT.]l;lCJIEHWI B OCTAT01llillX KJIACCAX 

l1CIIO~.b3yeMble B npaKTllIte cnCTeMbl CliHC~eHIr1R MO*HO paS~e~Ir1Tb lia 

~a Knacca: llOs~oHHble H Hen03HqHOHHble CHCTeMbl C~RC~eHHR~ B c~ 

HSBeCTHHX CBOHCTB HaHdanee illIr1pOKOe npRMeHeHKe HaillnR n03RUHoHHHe CRC-
TeMbl c~cneHIr1H, KOTopble.O~HaKO,RMeroT c~eCTBeHHblH He~OCTaTOK, 

CBs!3aHHH~ c Heo6xo~KMOCTDro ·~HTHBaT.b nepeHOCbl npR BblllOJIHeHHH apE4Me
TR~eCKRX onepauRn. IIo~odHaH 3aB1I.ICHMOCTb orpaHR~RBaeT B03MoxaOCTR no
.ny-qeHWl BHCOKoro 6blCTpo~eficTBAA. B CRCTeMe OCTaTOliRblX KJIaCCOB (COl{), 

6 

KOTOpaR RBJIs!8TCS! TllTIRlJHO Hen03HqHOIlliOM CHCTeMOM CqHC~eHHH, 3aBHC~
 

MOCTl> Me~ paSp~aMH OTCYTCTByeT H n08TOMY aMeSTCH B03M01KHOCTl> HX
 

HeSaBHCHMOM nap~e~l>HÓM 'odpadoTKH [10,11] •
 
B03MO~OCTD HcnO~D30BaHHH COK MS! KO~pOBaH~R qHce~ B M8llllUlax Bnep

Bble .dHna npe~OJKeHa M.BaJlaxoM H pa3BHTa ~ llCllO~b30BaHllH ~06HblX 

qMce~ A.CBOdo~OM [12] • 1108TOMY COK euie Ha3h1BaIOT ~elllcKoH CHC'I'eMoM. 
8Ta CMCTeMa llo~yq~a paSBHTHe H B TPY~ax COB8TCKKX yqeHHX [10,11,13]. 
M3BecTHo, qTO AIDdoe u;e~oe ~H~IO A MOJKflO 3~aTh noc~e~OBaTe~.bHOCT.bID 

ero Ha.KM8HbillKX llO~O.JliliT8JIbHHX BhIq8TOB (ocrarxon) A, , A2 , ••• Il n , 
KOTopble no~~aIDTcH B pe3Y~l>TaTe ~8~8HHH qRC~a A Ha ~8~bl8 lJMCJIa 

PI'P2 , · · · Pn.. 
EC~H ~Hc~a·PI'P2) .•• Pn rr,onapHo npOCT~8, TO K~OH rroc~e~OBa-

T8Yll>HOCTM OCTaTKOB MO~iO 'nOCTaBHTl> B COOTB8TCTBlie TO~l>KO OARO lJRC~O 

H3 ~Hana30Ha <U,PJ. r.D;8 p:: .lr{,Pt· - ~Mana30H, wm n8pMO~ nOBTO'6 
peHMH lJllCe~. R, Ha060pOT, K~OMY qHC~Y M3 8Toro .D;Mana30Ha COOTB~TCT
BY8T TO~DKO O.D;Ha no~e~OBaT8~DHOCTD OCTaTKOB. 3TH CBoHcTBa n03BO~
IDT paCCMaTpHBaTb nOMe~OBaTe~l>HOCTl> OCTaTKOB KaK CRCT8MY ClJHCJI8HMR. 
'hiena P P2' ••• P". flBJIJIIOTCH OCHOBaJUlRMR COK, npHqeM u;M<ppaI,
qHcna A ollpe~e~HeTcHR3 COOTHOWeHRff 

A(. :: A-[ t]~· 2. ae i:= /1 2, lê. , r » » 

I 

I A 7 1L fi· < R >,P: - nenaa qaCTD ~l1c~aR L(, , c > L • 

llpIDVlep r. PaCCMOTpR.'Vl cne.uylOIlUie OCHOBalU'lfl CRC T8Mbl R=3; P2==5 ; 
P3:::7, P=3.5·7=I05. llpe.ncTaBnM. B COl{ ~HC~O 95. 
I1MeeM II~ =95 - [~] 3 ::: 95 - 93:::2. lUlaJIOrHliHO MM8eM 112 =0 li /13 =4. 
.E.'me rrpolIle: 

11 i =95: 3=2 moJ 3; Alo =95: 5:::0 mocL 5 R 113=95: 7=4 mooL 7. 
l1TaK,95=(2,O)4 • 

llp~e ~eM paCCMaTpRBaTl> ap~eTRqeCHKe onepau;RH B COK,rrpHBe.neM 
cnoco6 nepeBO.D;a ~Mce~ R3 COK B ~eCs!TH~HYID cHcTeMY c~RcneHRH. B COOT
BeTCTBKH c KHTaMcKoM TeopeMoD 06 ocTaTKax ~ID60e ~cno AMo~eT 6üTl> 
llp8~CTaBneHO B B~e 

fi = E F3, + ~ B2 + 11, RP Bn - 'lA P, (12)
F; 2 

I 

rz. 

rne '2fl-Heonp8~eJI8HH08 liRCJIO, B1 ) B2 ' ••• B,., - cproroaaasasã 
6asHC, R ero saaxeaae 3aBJilCHT OT rrplUUITblX OCHOBalU!n F; , ~ , •.. 
Pn . ~H HaXO~8HHH opTOrOHaHhHOrO 6a3Rca npome Bcero BocnO~b30

sarsca TaÓJlltU8 H 4 [ 12] • 
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TaCíJIm.J;a 4	 llpllMep. HaHTR paaHocTb ~HC8JI B-A=57-24=33. 
liMeeM: P~ =3 P3=7 EaaHcHH8 opTOrOHaHbHH8 B8KTOpH H COOTB8TCTBYIDmH8 ~HCJIa ~ P2=5 

_O 2 IHeKoTopax OCHOBaHRH 
O 4 3 
o 3	 5OCHOBaHRe ,11,Hanaa{)H B	 B5I B2 B3 B4 B6 

ilpOB8pKa .n;a8T A-B=0·70+3.21+5.15- L~ 105=138- LA·I05=33 ( ~~ =1). 
YMHO.lK8HH8 .n;Byx ~HCeJI BHITOJIRReTCR nyTeM nopaap~oro YMHO.lK8HM COMHO2,3 6 15 10	 6 ~}
 
iiillTeJIeí1.2,3,5 30 15 ro 6 . Ilpv..Mep. YMHOXRTb ~HCJIO A=19=(1,4,5) Ha B=4=1,4,4.3,5,7 105 70 21 15 

2,3,5,7 210 105 70 126 120 P f =3 P2=5 P3=7 
2,3,5~?,11 2310 1155 1540 1386 330 2/0 x I, 4, 5 

r. 4.	 4 
MeTO~ BGQHCJI8HHR opTOrOHallbHOrO CíaaHca ITO~06HO OnRCaH B pa I, I,	 6 

CíOTe [4] • 
IIpoB8pKa ~aeT AxB=I· 70+1 ·21+6·15- '"li -105=181- ZIf 105=76 «("A =1) • II~baYHcb COOTHOllleHH8M [12] H TaCíJIm.~8H 4 HaH,neM ~8eRTR~HH:t1: 3KBJdBa-. nnR rrp8.n;CTaBJI8HRJI OTpKUaT8JIbHHX ~C8JI R BHTIOJIHeHRH onepauRH H~ HKMHJIeHT ~HCJIa A=(2,D,4). B CHCTeM8 OCHOBaHRH 3,5,7 HM8eM 
npHM8HH8TCR npocTofi cnocoó pa3ÓH8HRff ~anaaOHa ~HCeJI Ha Ma nO,IUUffiIIaA=2.70+0,21+4.15-2A·r05=200- LA.I05 =200-1.105=95. BeJIH~RHa ZA 
soaa, o,IUnl as KOTOpUX RCnOJlb3yeTCR ~ RaOÓpaJKeHRR ITOJIOJKHT8JIbHWi:, aBHCíHpaeTcR TaKOí1, ~To6H nüJIyq8HHoe ~HCJIO axoaano B a~aHHHi1 ~HalIaaOH, 
APyro~-,IJ,1IR orpauarensaax ~HCeJI. C 3TOH :U8JIbIO B CRCTeMY OCHOBéUll1H H8

npH~eM B8JIKtnIHa 'lA MO.lKeT ÓHTb li paaaa HYJIIO. IIpliM8HRT8JIbHO K Cil 
p8~KO BBO~RTCH ~RCJIO Tor~a OÓmHH ~Hana30H óy~eTMOJltHO aaBe~OMo BHÓpaTb TaKOH .n;HallaaOH ~HC8JI, npz I\OTOpOM "t..q '"O • . Po=2.n 

ApHd1.1eTRtl8CIme orrepamrn B COK. Ka.K YJKe OTM8~aJIOCb BLlIII8, ococeaaoc-n,n ~ p ~ F6 l!8- = ~ F: ~ '" !?< . 
COR HBJI.fl8TCR TO,~TO apHWM8TR~acKRa ón8p~li BUilOJIH.flIDTCH no K~OMY
 

OCHOBaHHID H8aaBHCMMo APyr OT APyra. ilOCKOHbKY OCHOBaHRH HBJI.flIDTca OTHo B 3TOM ~a8 MO.lKHO on8plipOBaTb c ~HCJIaMR, KOTopHe Y~OBJIeTBOpRIOT YC

CliTanbHO HeCíonDmHMH ~CJIaMR, TO nOaBJIH8TCa BOaMO.lKHOCTb mapOKoro HC JIOBRIO
 
nonDSOBaHRfl Ta~R~HX M8TO~OB pameHRR c nOMOmDID IIITSY. O~JAJ<P.
 
IIpHM8p 2. CJIOJlUiTb ~liCJIO A=24 C ~RCJIOM B=57. KaK R mane, OCHOBaHM-

MH cHcTeMH .flBJIflIOTCR R =3, I-l =5, ~ =7 li P=I05.
 lliíB8PCHHfi KO~ xacna A oooaaaaacrca KaK [A ]UH8 fÍ'$ R oõpaayarca B 
MM8eM A=24=(O,4,3); B=(O,2,1). {}OOTB8TCTBD c ll>OPMYJIOH CI! A O 
kiM8eM: P =3 P3=7	 A e L{ 4 

I 
P2=5 

O 4 3 [fl]UH8::=' { 2P+f} , eCI/U /1,< O. 
O 2 I 

B RHB8pcHOM KO~8 nOJIaKHT8J1bHH8 ~HCJIa np8.n;CTaBJIJIDTCR B nO~HanaaOHe 
O I 4 OT O no P, a OTPRU,aT8JIbHhle - OT P ~o 2 P. 

IIpoBepKa ~aeT A+B=0·70+1.21+4.15- 7A"105. H8TPY.n;HO aaM8TRTb, ~TO M8iK,1]y ~ll>POH ~HCJIa A, rrpsnc TaBJIR8MOrO W1lIJpaMR ao' ai' ... ari ' 

'lR =0, rorna A+B=81. Onepanan BhftiHTaHM B T8X cnyxaax, xorna ee li ~RCJIOM A B RliBepCHOM KO~~, npe~CTaBJI.fleMOM wUPPaMR a;, a' , ... a~, 
I /	 .,

p8aYJIbTaT ITOHO.lKRT8JIeH, BHTIOJIHR8TCR B~liTaHR8M cooTBeTCTB~ ~p CYll\eCTBYIQT COOTHom8HWI a,,+o,,:I Po, a.1 t a; = P1 H T.~. 

paap~oB, npH~8M,Bcer~a B peaYJIbTaT8 npHBo~RTCR HaHM8RblliHí1 OCTaTOK. IlpRM8p. ~ =2, q =3, P=3·5·7=10b.P2=5, P3='/,
ECJIH .lK8 paaHocTb ~p OKaaanaCb OTpm.J;aT8JIbHOfi, TO CíepeTCR 8e ~OllOJilIe Ilp8~CTaBRTb ~HCJIO A= -59 B .HHB8pCHOll q,0PM8. 59=1,2,4,3, Tor~a 

HH8 K OCHOBaHKID. CAe~eT T~e OTM8TRTb, ~TO cn8~bHoro CHMBOJIa A =:(1,1,14).
 
~ aHaRa B COR H8 cymecTByeT, 8CJIH H8 C~HTaTb paaJIR~HHX MO~~ Ilpld CJIO.lK8HHH HHBepcHHX KO~OB ~HceJI pe3YJIbTaT nOJIy~aeTcR T~e
:1
 
3TOit cHCTeMH.	 B HHB8pCHOM KO~8t a orrepauKH Bhl~RTaHHR CBO~RTCR K on8paqHR CJIo~eHRR, 

8CJIR ~WPH BH~Ta8Moro RHBepTRpOBaTb. 

8	 9 



ilp}wep. BHTIO~HHTb C~O~eHMe M BH~MTéliIMe ~MCe~ A=19 H B= - 25 ; 
P =2, Pl =3, A~ =(1,1,4,5), B =(1,1,0,4);o	 P2=5, P3=7. 
A + B~Hg =(1,1,4,5)+(1,2,5,3)=(0,0,4,1),
 
A - BU-H6 =(1,1,4,.5)+(I,1,0,4)=(2,2,4,2).
 
Mcno~13Y.FI TaCí~lmY I, Momo npOBepHTl, ~TO 19+(-25)=-6, llJIM
 
A + B 11HB =ü .105+0,70+4.126+1. 120- ~ ·210=-6 (npmu1MaeM ZA =3) .
 '1I.
AHanorH~o RMeeM: A-B HHB =44=2·105+2·70+4.126+2·120=1094-5.210
 
(3~8Ch z, =5). r',
.)	 ,CymecTBeHHRM ~ReTcH TOT WaRT, ~TO ~ narryqeRRR MHBepCHOro RO
na npozaseneaaa aeooxonaso BI:llIOJlHJ1Tb YMHOJKeHHe IDIBepCHbJ.X RO~OB COMHO~~ ! 
~Te~eH • MSBecTHa T~e TaR HaSHBaeMaJI HCRyccTBeHHaH wopMa npe~CTaB
~eHl1R oTp:a:uaTe~bHhIX ~Rce~ B COI{ [10] • O,nHa.KO HHBepCHaJI wopMa npe n-, 

CTaBJIeH:IDI ~HC8JI CíOJIee IIp8,I~IIO'lITRTMbHa, TaK RaK npn CJIO.lK8illiR B IDi

BepcHoM Ko~e TpeCíyeTca MeHbille sneMeHTapHHX onepauaH, qeM B HCKyCCT
BeHHo:li1 lÍlopMe. 

Paccaorpennae BblTIle npaaepu xapaxrepasynr c~e,IJ;y1OmM.e OcHOBHHe ~OC
TOIDiCTBél COK. 
- HeSaBRcHMOOTl oCípaSOBaHRR pa3p~oB qRCe~ R BOSMO~OCTb RX napan
ne~bHO~ oCípaCíoTRR ( 6e3 ~eTa nepeHOCOB). 
- Manopa3p~OCTb OCTaTKOB, npe~CTaBnRID~ 'lIRcrro, ~TO nOSBo~eT lliR
pORO HonO~lS0BaTb CíUCTpO~eHCTBYIDmne ITIT3Y ~H BaIIOnHeHRff Ta.KRX onepa

URH, KaK MOJK8HHe, BmHTalme H YMHO)KeHRe MeTO~aMR TaCíJm'qHo:li1 apRepJ1e

'I'IDCH.
 

O,nHaKO COK RMeeT PM CYUleCTBeHHID{ He,IJ;OCTaTI,OB, ROTopHe orpaHKqRB&TfJT
 
oCí~aCTb npHM8H8HKff.
 
- ITo B~ ~Rcrra HeBOSMD~O orrpe~e~RTb ero Be~H~MHY. 

- HeT npOCTHX onoooCíOB onpe~e~eHHR SRaRa ~H~a H BHXo.n;a peSY~bTaTOB
 

BH'qRcneHRH sa rrpe,IJ;e~H ,IJ;RaIIaSOHa.
 
- OrpaHH'qeHHOCTl .n;e:li1cTBRR CHCT8MH o~aCTbID ue~HX n~OaKT8JIbHHX ~AC8~.
 

- HC~'lIaeT~ B03MO~OCTb nürr~eHKa rrpRCí~~eHHoro SHa'lIeHKH peSY~bTa-
Ta R ero oKpyr~eHHH. 

- HeT npOCTHX OXSM ~H OpaBHeHMR aM~TY.nHHX SHaqeHHH H BHITO~~HRH 

onepauKH .n;e~eHMR.
 

B paaace BpeMa IlOlIBMCH PM paõor , aanpaaneaaax aa YCTpaHeHHe
 
H~ocTaTRoB COR m ee npzaeaeaae Ma rrOCTpOeImH ~pOBHX lj}MbTPOB
 

L!4-26] • O,n;HaKO 8TH YCOBepllIeHCTBOBaIDm, B CBOro csepens, npRBO,IJ;HT
 
f

.K YCJIO.lKHelUilO annaparasx cpencTB • 
o 

4. METO,1J.bl PE.A.1ll13Alll:lli OITEP.A.I.U1M .J'MH01BEHlffi B COK li 
~ 

HamOOJlee RSBeCTHl:1 ,IJ;Ba MeTo~a YMHOxteBIDI no MO,IJ;YJIID Fi : c no- , 
to'
I 

MO~ TaO~oro rromORa npm MarroM ~. ( 5 'CíHT li MeRee) li MeTO~OM	 ~ 
I 
I 
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wmeROHoro CliRCJIeHRR npa dMblllOM r;:. ( 6 oar R ccnee ) , S<MeKT 
sunoaaeaaa onepanaa YMHO.iKeHIDI B COK MeTo.n;OM TaCíJm~oro nORCRa MOJKHO 
noaasars aa crre.n;yIOllleM np11Mepe [26] • EC~R MH npanoro YMHOJKeHIDI 
Ta6~HqHHM MeTo.n;oM .n;BYX 8-pasp~HX ~HCeJI B .n;HanasOHe 0-65525 Tpe
CíyeTcR TaCí~KUa, oo.n;ep~as 434660 KOMCíRHaqHH, TO B COK o MO,IJ;y~H 

3,5,7,8, 11 H 13 B .n;HarraSOHe 0-120119 TpeCíyeTcH 580 KOMCíHHaqnH. 
EcrrR MO,n;y~b 8· - rrpocros 'lIH~O, TO RH,IJ;eRCHOe C~RCJIeHHe n03

BOJlHeT rrürr~HTb o~eHb aKOHOMRqHJ1O pe~HsauRID YMHO~Te~R c nOMOII.llID 
MeTo.n;a ,aHaJIOrH~Oro MeTO,n;y B~HCJIeHIDI ~orapmpMoB [10,27] • 3THM Me
TO~OM MOXilO nO~lSOBaTlCR B Tex C~aRX, Ror.n;a Be~HqRH,y P MO.lKHO pas
~O~Tb Ha npooTue ~Hc~a. 

TaK,Ha pmc. 3 npRBe.n;eHa cxeMa YMHOJKRTe~R no MO.n;YJlID 183=61x3. 
rrOCRO~bKY ~RCJIa 61 R 3 rrpocTue, ~o B03MOJKHO wmeKCHoe C~RCJIeHne no 
pa3~Q.lKeHHWJl MO.n;yJUIM, XOTH BmRc~eRHe no MO.n;y~IO 3 MOJKHO BlillOJIHHTb, 
He npmCíeras K mmeKOaM. )l.Tm aTaM CXSMH TpeCíyeTcR Boero 4 IIII3Y lIa 

4 YPOBRa. AHarrOrKqHO MOJiUfO nocrpoz'rs CX8MY YMHoJllliTeJlH no MO.n;yJl!O 
249=83x3. 
ITpHMep. YMHO.iKHTb c rrOMOII.lbIO Hl~eRcHoro C~Rc~eHHH .n;Ba ~HCJIa A=5 R 
B=6 no Mo;rr;yJIKJ Pd3·I. HaxO.n;EM IDi,1J;eRCH Be~H~RH, BXO)(JIlIU1X B npoasnsne
HHe, np~ ~epBooCípaSHHM KopeHl ~ P=6I paBHHM 7. M3 TaCíJI~ IIOJ 

B 

PRC. 3. Bnox-cxsaa yMHOJlWT8J.UI rro 

MO,n;y~ 183 rro MeTo~ ~eKOHoro 

01iHOJIeHIDI. 

AxB na mod 163 

mod 1B3 

PRC. 4. 3KOHOMWlHWI 11 ObIc'I'po.n;ettcTByID

I1.l8-fI CXSMa YMH0JIGl:TeJIR no MOJJY
~ro 183. 

II 



·-~--	 I 
, 

HaxO,n;MM Lf10L 5=58, Lnci: 6=43. Haxo,n;l1M c'yMMY mmeKCOB ind AxB=	 JIliTEPATYPA 

43+58=101 moeL (61-1). TIo TaOJIImaM [107 HaxO,n;1IM aHTIDlH,1J;eKc 41:
 
~(4I)=300 TaKHM o6pasoM,5x6=300
 

KpoMe Toro,B CRCT8Me COK sqxpeKTID3HO peél.JllisyeTcH cxeMa YMHO.lKe

HHH, KOTOpaJI paooraer no npnnnany KBa,n;paTlfIHoroyMHO.lKHTeJIJI:
 

2 2
 
(~xB = 1/+6) - ».»: .	 (13)

L; 
Ha pRCo 4 npaseneaa cxeMaYMHOJlillTeJIR no MO)J;yJIIO 183. HélJIWIRe B 

·He}i scero rpox rrrr:)y na ,n;Ba yponna rOBopHT o TOM, lITO ôTO - HawrylffilaR 

'peélJIHSauRH no éHCTpo.n;eHCTBRID R CTORMOCTR ~277 o 

3AKJIlOtIEill1E 

TpeÓOBaHHe K 6HCTpo,n;eficTBRID li Hane~OCTH B pa60Te CTI B 60JIbillHX 
cneKTpoMeTpax ~liSRKH BHCOKHX ôHeprRM li .n;pyrnx OéJIaCTRX HayI<H H Tex
HRKR npKBo.nRT K Heoéxo,n;HMOCTR RSyq8HliH li npaKTli1I8CKoro RCnOJIbSOBa
~ MaJIORSBeCTHHX I HO ô<W>eKTID3HhlX MaT8MaTR'tIeCKID:: élJIrOpHTMOB, I'\O'l'OpHe 
a,n;eRBaTHH COBpeMeHHOH rrOJIyrrpoBO,n;HIDCOBOH TeXHOJIOrHR. 
ECJlH CpaBHH:BaTb ,n;Ba paccaorpeanax BHIil8 MeTo.n;a BOOOJIHeHIDI ap$eTH
'tIeCKHX onepauR:tt, TO MO.lKHO OTMeTliTb CJIe.n;yromee. 

3HaROBHe JIorapR@MH RBJIRIDTCH ÓOJIee yEEBepCélJIbHOfi CliCTeMofi ClIHC
JI8RRfl no cpaBHeHHID c COK. OéJI~afl BceMM Ka'tleCTBaMR oéU'tIHHX 
JIOrapR~OB, CHCTeMa SHaROBHX JIOrapM4MOB liMeeT ,IJ;Ba BeCbMa ~eHH~ Ka

~eCTBa: BOSMO.lKHOCTb rrpe,n;CTaBReHRR OTP~aTeJIbHHX 'tIRCeJI li .n;orr,yCTHMOCTb 
BHITOJIHeHRR onepauHfi CJIO.lKeHHR li BHlIHTaHHH Henocpe,n;CTBeHHO Han JIora

. P~aMH 'tIRCeJI ées nepeBo,n;a rrpOM~YTO'tlHoro peSYJIbTaTa oépaTllO B JIora
PWÍ1MH. O.n;HaKO .n;JIH rrpaRTR'tIeCKOrO llpRMeH8HIDI 3HaKOBHX JIOrapHÍÍJMoB aeoõ
XO~mJI0 HMeTb TaéJrnIU:1, TaR KaR B JTIITepaTYPe OHM npzsenena ,zvLH MaJIOrO 
.n;HallaSOHa 'tIRCeJI (i 16)0 
COCTaBJIeHHe TaRHXoTaé~ ( TKITa 1-2) c llOMOmbID 3B~ He npe.n;cTaBJIH8T 
OCOéHX saorpYonHe1illR. VlCnOJIbsYR cOBpeM8HHHe illI3Y c llliCJIOM a,up8CHHX 
BXO.n;OB 8-9 ÓHT, MO.lKHO nOJIJ'tIRTb BIIqRCJIeHV.Jl c TO'tiHOCTbID no 8.lUffiID.Ui 
MJIa,n;rn8ro paspana :U8JIOrO 'tIRCJIa. Bapszpya BeJIH'tIJmY ~, MO.lKHO M8RSITb 
TO~OCTH BHqaCJIeHHHo 

CRcT8Ma COK MO.lK8T ycrr8lliHo nCllOJIbSOBaTbCH B Tex CJIYlIaRX,Kor.n;a 
Heo6xo.n;liMo B~HCJIRTb c BHCOROM CKOpOCTbID BHpaXeHRR TRila AX + B~ 

wm " 
(z: 

n To,n;o HM ~8JIl:.íMR 'tfiiCJIaMHo Ka.K IlOKaSaHO B paoorax~,.AiXl 

[28,29],COK ~eKTRBHO p8élJIHsyeTcR c nOM0mbID OllTHlIeCKKX 3JIeMeHTOBo 
B HaCTOJImee BpeMR KaK SHaROBHe JIOrap~H,TaK H COK RCllOJIbSYIDT

CR .rvm nOCTp08HWI ~pOBblX clJYJ.lIbTPOB. ,rr.JIR oõpacorxa aaoopaxenaã, B 

KOMllblOTepHoH TOMOrpawID1 H rrpo~o 
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HHKI-1TIOK H.M. P11-87-234 
6~CTp~e H 3KOHOMH4H~e anropHT~ ~nR cne4HanH3HpODaHH~X 

npoue ccopo a B cnexrpo-erp ax <\lH3HKH BblCOKHX 3HeprHi1. 
3HaKOB~e norapH~M~ 1-1 CHCTeMa OCTaT04H~X t<naCCOB 

Onl-1CaHW ~Ba GWCTp~x H 3KOHOMH4H~X anrOPHTMa, t<OTOP~C 6wnH HccneAoDaHW 
H Hcnonb30BaHW ~nR noCTpoeHHA cne4HanH3HpOBaHHWX np04eccopOB /cn/ o cneKTpo
MeTpax (j>1-13HI<H BblCOI<HX 3HeprHH, - 3HaKOBble noraPH(j>M~ li CHCTCMa C4HCneHHR 
B OCTaT04HblX xnac cax /COK/. XapaKTepHoi1 oc06eHHOCTblO 3Hat<OObIX nqrapH(j>MOD 
ABnReTCR B03MOIKHOCTb BblnOnHeHI-1A onepa4Hi1 cnOlKeHHR H Dbl411TaHHR 110rllpH(j>MOO 
4Hcen H B03MOIKHOCTb npe~CTaBneHHA 4Hcen c OTpH4aTenbH~M 3Hat<OM. o COK 04eHb 
6b1CTPO, 6e3 saTpaT BpeMeHIi Ha nepeHOCbl MelK~Y pa3pA~aMH 4Hcell , OblnonHRIOTCR 
onepa4HH cnOlKeHHA, Bbl4HTaHHll H YMHOlKeHHA HaA 4enblMH 4HCnaMH. 06e MBJ10H30eCT
Hble CHCTeMbl C4 HcneHliA HMelOT TO npeHMYlI.\eCTBO, 4TO OHI-1 3~~eKTI-1DHO peanH3YIOTCA 
TaGnl14HblMH MeToAaMH peweHHA c nOMOlI.\blO nnSy. c 3TOH 4enblO c nOMOlI.\blO 38M 
C03~aHbI cne4HanbHble TaGnH4b1 ~nA B~nOnHeHI-1R apH~MeTH4ecKHx onepa4Hi1 HaA 
12-paapAAHb1MH ~BOH4HblMH 4HcnaMH. npl1BOAI1TCA PAA npHMepOD, HnnIOCTpHPY~I-1X 
3(j>(j>eKTI-1BHOCTb paCCMOTpeHH~X anropHTMOB. 

PaGoTa BblnonHeHa B na6opaTopHH B~COKHX 3HeprHi1 O~~~. 

Ilpenpmrr D61>eAHHeHHOrO HHCTHTYTa liJtepHblX HCCJleAOBlUmií • .uy6UD 1987 

nepeBO~ aBTopa 

Nikitjuk N.M. PI1-87-234
 
Fast and Economical AIgorithms for Special Purpose Processors
 
Used in High-Energy Physics Spectrometers.
 
Sign Logarithms and a Residue Systêm
 

Two fast and economical algorithms are described which can be offcctl 
vely used for the construction of special purpose processors for hlgh-cnorgy 
physics spectrometers, sign logarithms and a residue system. Tho characte
ristics property of the sign 10garithms is the possibil ity of executlng 
addition and subtraction operations of the logarithms of numbers and the 
possibil ity of presenting numbers with negative signo The oporatlons addl
tion, subtraction and multlpLication over whole numbers are csrrled out In 
the residue system very fast, whithout spending time for transPor between 

·digits of numbers. Both, not well-known, number systems have the advantage 
that they are effectively executed· by the table method wlth thc help of 
PROM. For this purpose special tables made by computer are crcated for the 
execution of arithmetical operations over 12-diglts blner numbers. Soveral 
examples which illustrate the efficiency of the consldorcd nlgorlthms aro 
given. 

The lnvestlgation has been performed at the Laborotory oP Hlgh
 
Enorgles, JINR.
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