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1. BeeoeHue 

)l,JHI COBpeMeHHOrO $H3HY.eCKOrO 3KCllepHMCHTa, pcaJlH

JyeMOrO C llOMOII\hiO 38M Ha JlHHHH C 3KCnepHMeHTOM, XapaK

TepHhl Ja)J.alJH, TpefiyiOII\He nepe)J.a'-IH fiOJlhlllHX MaCCHBOB 

)J.aHHhiX. MHorue HJ TaKux Ja)J.a'-1 BhlllOJlHHIOTCH c npuMc

HCHHeM COBpeMeHHO~ annapaTyphl llO npHHQHllY MO.IJ.Yllhl!O~ 

cucreMhl, HJBecrHo~ KaK KAMAK. 

B cneuul~JuKauuu KAMAK 
11 

,' npuoo.IJ.HTCH rpu pc)I(HMa 

nepe)J.aY.H fillOKa )J.aHHhiX: pe)I(HM CKaHHpOBaHHH a)J.peca, 

pe)I(HM nooropHoro o6pall\eHHH, cron- pe)I(HM. OcHoouaH poJih 

B ynpaBJlCHHH nepe)J.a'-le~ fillOKa )J.aHHhlX OTBO)J.HTCH CHIHaJly 

I). Q - l HMeeT 3HalJeHHe "oepHo" )J.JlH onepaQHH lJTCIIHH 

u JHalJeHue "npHHHTo" .IJ.JlH onepauu~ Janucu. Pc)f(HM cKaHu

pooaHHH a)J.peca HCllOJlhJyeTCH )J.JlH nepe)J.alJH )J.ai!Hh!X B 

rpynny perHCTpOB /HJlH H3 rpyllllhl perHCTpOB/, KOTOph!e 

HC OfiHJaTeJlhHO )J.0Jl)I(Hhl JaHHMaTh llOCJlC)J.OBaTCJlhHhiC a)J.peca 

craHUH~ B Kpeiire KAMAK. Pe)I(HM noBTOpHoro o6pall\eHHH 

HCll0Jlh3YCTCH )J.JlH nepe)J.a'-IH fillOKa )J.aHHhiX H3BCCTIIO~ )J.JlHIIhl 

B Bhi6paHHhi~ perucTp /u11u HJ perucrpa/. Cron-pe)I(HM 

HCllOJlh3yeTCH )J.JlH nepe)J.alJH fillOKa )J.aHHhiX B BhlfipaHHhl~ 

perHCTp /HJlH H3 Hero/, npH 3TOM KOHCU nepe)J.aY.H fillOKa 

)J.aHHhiX onpe)J.CJlHeTCH CaMHM perHCTpOM H He H3BCCTeH 

JapaHee. 

B ra6Jluqe npuoe)J.eHhi JHalJCHHH curHaJla Q B Ka)I()J.OM 

H3 nepeY.HCJleHHhiX pe)I(HMOB nepe)J.aY.H fillOKa )J.aHHhiX. 

Cneuul~JuKauuH KAMAK , I 'onpe.IJ.eJlHeT pe)I(HMhi nepe.IJ.a'-IH 

fiJlOKa )J.aHHhiX B OCHOBHOM KaK llpHMephl HCllOJlh30BaHHH 

CHrHaJla Q, a He KaK OfiHJaTeJlhHhie TpefioBaHHH, KOTOphlM 

)J.OJl)f(Ha COOTBeTCTBOBaTh JlOrHY.CCKaH CXeMa MO.IJ.YllH. 8 He~ 

He paccMaTpuoaeTCH BOJMO)I(HOCTh pa6oTw c perucrpaMH, 
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Ta6mrua 

Pe~nM pa6oThl no Q 
OTBET 

CKaHHpOBaHI18 ITOBTOp!IC'B c rorr-pe:tKH M 
anpoca o6parueHI1e 

Q =o 1 perucTp rrp11- penrcrp BHYTPH 6noKa 
cyTCTByeT POTOB naHHbrX 

--
Q =o 0 perucrp OT- perHCTp r-re Bf!e 6noKa 

CyTCTByeT POT'OB Lla!IHbJX 

B KOTOpbiX ,naHHble MOryT ,na:>Ke li He ITOHBHTbCJI HJIH nOHBJie

HHH ,naHHbiX B KOTOpbiX no,n'IHHeHbl CTaTHCTH'IeCKHM 3aKOHaM 

pacnpe,neJieHHH, npH 3TOM 06bi'IHO 'IHCJIO npHHHMaeMbiX CJIOB 

He H3BeCTHO 3apaHee. B 3TOM cnyqae ecTb aepoHTHOCTb 

"3aBHCaHHH" CHCTeMbl npH npHeMe ,naHHbiX H3 perHCTpa 

C tPHKCHpOBaHHbiM a,npeCOM. 

2. PeJKUMbl nepeOatt 6AoKa OaHHbiX 8 pezucmp uAu 
U3 pezucmpa c fPUKCUp08QHHbiM aopecoM KAMAK 

B HacToHu_.ee apeMH H,neT ,nHcKyccHH no npo6neMe 

nepe,na'IH 6JIOKa ,naHHbiX B perHCTp HJIH H3 perHCTpa C tPHK

CHpOBaHHbiM a,npeCOM. )l;eJiaiOTCH nonbiTKH /2/ HaHTH ,no

CTaTO'IHO npOCTOe H e,nHHCTBeHHOe peweHHe 3TOH npo6JieMbl. 

IlpH 3TOM HCXO.IJ:HbiM MOMeHTOM HBJIHeTCH OCHOBHOe Ha3Haqe

HHe cHrHana Q a pe:>KHMax nepe,naq 6noKa ,naHHbiX: Q = 1 -

"aepHO" npH 'ITeHHH H Q =o 1 - "npHHHTO" npH 3anHCH. 

2.1. Pe:>KHM DOBTOpHoro o6pau_.eHHH 

3TOT pe:>KHM npe,nHa3Ha'leH .D:JIH nepe,na'IH 6JIOKa ,naHHbiX 

H3BeCTHOH .D:JIHHbl B perHCTp HJIH H3 perHCTpa, KOTOpbiH 

npHCDOC06JieH .D:JIH HCDOJib30BaHHH B ,naHHOM pe:>KHMe. llepe

,naqa npaBHJibHa, eCJIH 3Ha'leHHe Q = 1 B D;HKJie o6pau_.eHHH 

K perHcTpy npH nepe,naqe 6noKa ,naHHhiX. EcnH 3Ha'leHHe 

Q = 0 , TO MO.D:YJib O:>KH,naeT CHrHaJia rOTOBHOCTH, HanpHMep, 

OT BHeWHero YCTpOHCTBa, CBH3aHHOrO C HHM, HJIH 3aKaH'IHBa

eT npe,nbl,nyu_.yiO onepau;HIO. KOHTpOJIJiep KpeB:Ta flOBTOpHO 
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o6paLQaeTCH K perHCTpy ,no noJiy'leHHH OTBeTa Q = 1 · BBH.D:Y 

TOrO, 'ITO CHrHaJI rOTOBHOCTH OT BHeWHero ycTpOHCTBa 

He CHHxpoHH30BaH c UHKJIOM KAMAK, a Mo,nynL .non:>KeH 

ycTaHaBJIHBaTb CHrHaJI Q ,no flOHBJieHHH nepe,nHero tPPOHTa 

CTp06- CHrHaJia S1 H no,n,nep:>KHBa Tb ero ,no DOHBJieHHH nepe,n

Hero cPPOHTa cTpo6-cHrHanaS2 , a Mo,nyne Heo6xo,nHM TpHr

rep rOTOBHOCTH ,naHHbiX B perHCTpe. 3TOT TpHrrep .IJ:OJI)I(eH 

ycTaHaBJIHBaTbCH B MOMeHT S2 B TOM CJiyqae, KOr,na KOHT

ponnep rro.n.nep:>KHBaeT o,nHy H TY :>Ke KOMaH,ny H cHrHaJI B a 

Te'leHHe BCeH nepe,na'IH. ECJIH CHrHaJI rOTOBHOCTH OT BRew

Hero ycTpoB:cTaa npHxo,nHT .no cTpo6- cHrHana S1 , TO nepe

,naqa ,naHHbiX 3a,nep:>KHBaeTCH Ha O.IJ:HH U:HKJI, 3aTpa'IHBaeMbi:H 

Ha ycTaHOBKY TpHrrepa rOTOBHOCTH. )l;JIH 6onee Me,nJieHHbiX 

rrpepbiBHCTbiX nepe,naq, KOr,na KOHTpOJIJiep reHepHpyeT 

KOMaH,ny NAF a Ka:>K,nOM UHKJie, MO:>KHO ycTaHaBJIHBa Tb TpHr

rep rOTOBHOCTH no nepe,nHeMy tPPOHTY ,newHtPpHpOBaHHOH 

KOMaH,nhl NAF H ocyLQeCTBJIHTb nepe,naqy ,naHHhiX a 3TOM 

:>Ke n;HKJie /eM. pHc. 1/. Ilepe,naqa 6noKa ,naHHhiX 3aaepwa

eTcH npH .IJ:OCTH:>KeHHH yCTaHOBJieHHOrO 3apaHee 'IHCJia nepe

,naq c Q = 1 HJIH nocne onpe,neneHHoro apeMeHH. 

N 

I I . 

s
2 

: U : ~ I u 1 u 
~ ... Q/1/) I I I I I u 
'fUKia -----u u I u I 

I . 

:E~~~~ I I 1 1 r 
"'PU2tf!P I I r 
?omo/Hocmu I I I 
fJaHHDI A I , 

Q J I f 
Puc. 1. BpeMeHHa.R ouazpaMMa nepeOattu 6AoKa OaHHbiX 
8 peJKuMe no8mopHozo o6paflleHU.R. 
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mpu.nep 
2omolnth ,,~~. 
/JaHH61X 

Q 

1 I I I I I 

l I 1 I I I 
Puc. 2. BpeMeHHQJI ouazpaMMa nepeOa'lU 6AoKa OQHHblX 
6 cmon- pexuMe. 

2.2. CTon-pe>KHM 

CTon-pe>KHM npe.n.ycMoTpeu .n.nJI cauxpouuo:H nepe.n.aqa 
6JIOKa .IJ,aHHbiX He U3BeCTHOH 3apauee .IJ,JIUHbl B perUCTp /UJIU 
U3 perUCTpaj, KOTOpbiH .IJ.OJI>KeH 6b1Tb Bcer.IJ,a rOTOB K CJie
.D.YIO~e:H onepa.I.(UU KAMAK. Mo.n.ynb .IJ.OJI:>KeH reuepupoBaTb 
Q - 1 B Ka:>K.IJ,OM .I.(UKJie 'ITeHUJI UJIU 3allUCU npu nepe.IJ,al.Je 
6noKa .n.aHHbiX u reuepuposa TL Q = 0 B nepBoM .I.(UKJie BHe 
6noKa .n.aHHbiX, yKa3biBaJI Ha KOBel( nepe.n.aqu u so scex cne
.D.YIO~x .I.(UKnax /eM. puc. 2/. BpeMJI, KOTopoe JaTpa'lusaeT 
MO.IJ.YJIL, pa6oTaiO~H B CTOn-pe>KUMe,Ha llO.IJ,rOTOBKY .IJ,aHHbiX 
B perucTpe, .IJ.OJI>KHO 6biTL ue 6oJILIIIe nepuo.n.a o6pa~eHuJI 
K .n.auuoMy perucTpy. B ~EPHe acnonLJyeTcJI cne.l.(uanLHhiH 
curuan HOLD, KOTOphlil no.n.aeTcJI U3 MO.IJ.YJIJI B KOHTponnep 
no O"I:.IJ,eJibHOH IIIUHe MarUCTpanu KpeiiTa - P2 U Ha BpeMJI 
KoToporo Ja.n.ep>KusaeTcJI noJIBneuue cTpo6-curuana S1 B 
.I.(UKne KAMAK. Curuan HOLD ycTauasnusaeTcJI B OTBeT ua 
o6pa~euue K perUCTpy, B KOTOpOM .IJ,aHHble e~e He rOTOBbl, 
U llO.IJ..IJ.ep:>KHBaeTCJI .IJ.O MOMeHTa rOTOBHOCTU .IJ,aHHbiX B pe-
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rucTpe 131. TaKUM o6pa3oM pe111aeTcJI npo6neMa ucnonL3o
BaHUJI CTon-pe:>KHMa .IJ,JIJI perUCTpa, 6biCTpO.IJ,eHCTBUe KOTOpo
ro MeHLIIIe B03MO:>KHoro 6hlcTpo.n.e:HcTBUJI cucTeMbl KAMAK 
/eM. puc. 3/. 

2.3. Pe:>KuM KOHTponnepa KpeiiTa PAUSE/6/ 
B .n.auuoM pe:>KHMe npou3BO.IJ.UTCJI nepe.n.aqa 6noKa .n.aHHbiX 

ue U3BecTuo:H 3apauee .IJ.JIUHbl. Pe:>KHM PAUSE ocuosau ua 
npoBepKe CUrHaJia Q U UCllOJib30BaHUU curuana 'LAM .IJ,JIJI 
0603Ha'leHUJI KOH.I.(a 6JIO'IHOH nepe.IJ,a'IU. 0TBeT MO.IJ.YJIJI Q = 1 
03Ha'laeT, 'ITO .IJ,aHHble Bbi.IJ,aHbl /UJIU npUHJITbl/ U 6JIO'IHaJI ne
pe.D,a'la He OKOH'IeHa. 0TBeT MO.IJ.YJIJI Q = 0 Tpe6yeT OT KOHT
pOJIJiepa npose.n.euuJI nposepKu curuana L • llpu 3TOM ·L,., U 
03HaqaeT, 'ITO 6noquaJI nepe.n.aqa npo.n.on>KaeTcJI u pe>KUM 
noBTopuoro o6pa~eHUJI ua.n.o npo.n.on>KaTL .n.o nonyqeua.a 
Q = 1 , a curuan L = l 03Ha1.faeT KOBel( nepe.n.aqu 6noKa 
.IJ,aHHbiX. 

N 

Sf 

S2 

2omo4Ho< me
y< mpo<A< m6u 

FJ'1f'U .. !.!t.'p 
,'(l '~'It 1f.'/ft j till/ 

d«HHb/1< 

HOLD 

Q 

1 I ~ I 
nJ ! u 
! u u 

I 

Lj ___ _j I Jr--1 --

L_j I J 
LJ ___ , 

1 r- t r 

Puc. 3. BpeMeHHaJI ouazpaMMa nepeoa'lu 6AoKa oaHHbiX 
6 cmon- pexuMe c ucnoAb306aHueM cuzHaAa HOLD. 
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2.4. CMernaHHbie pe)I(HMbl' 41 

B OCHOBHOM 3TH pe)I(HMbl HCnOJib3YIOTCH AJIH perneHHH 
qacTHbiX 3aAaq H B 60JiblliHHCTBe CJiyqaeB CBOAHTCH K ycTa
HOBKe Q = 0 Ha nocneAHIOIO npaBHJihHYIO nepeAaqy. llpH 3TOM 
HeT He06XOAHMOCTH B AOnOJIHHTeJihHOM ~HKJie, HO OCTaeTCH 
ueperneuuoB: npo6neMa nepeAaq, B KOTOpblx uenh3H 3apauee 
onpeAenHTh KOHe~ 6noKa AaHHbiX. Pa6oqag rpynna ESONEno 
6noquoB: nepeAaqe H 6proccenbcKaH rpynna pa3pa6oTqHKOB 
MOAyneB: KAMAK npeAnararoT KOHCTpyupoBaTh MOAYJIH AJIH 
ABYX pe)I(HMOB pa6oTbl. MOAYJih B OAHOM pe)I(HMe pa6oTbl 
AOJI)I(eH ycTaHaBJIHBa Th CHrHaJI Q = 1 Ha Ka)I(AYIO npaBHJibHYIO 
nepeAaqy AaHHbiX, B ApyroM pe)I(HMe pa6oTbl ou AOJI)I(eH 
ycTaHaBJIHBaTh Q = 1 Ha BCe npaBHJihHble nepeAaqH, KpOMe 
nocneAHeH, B KOTOpOH Q = 0. llOA06Hoe perneHHe Tpe6yeT, 
qTOfihi ycTpOHCTBO conpH)I(eHHH C 3BM TaK)I(e pa6oTaJIO 
B ABYX pe)I(HMaX, Bbi60p KOTOpbiX MO)I(HO 3aAaTb no npo
rpaMMe H3 3BM. JiepJIHHCKaH rpynna pa3pa6oTqHKOB MO
AYJieH KAMAK npeAnaraeT no 3Haqeuuro curuana Q = U B 
nocneAHeH nepeAaqe nepeAaBaTb AaHHhie B 3BM H3 MOAYJIH 
/HnH o6paTuo/ H 3aBeprnaTh nepeAaqy 6noKa AaHHbiX. 06a 
perneHHH npo6neMhi 6noquoB: nepeAaqu pacxOAHTCH co cne
~HqJHKa~ueB: KAMAK /l/ , rAe TOJihKO Q = 1 ueceT 3Haqeuue 
npaBHJihHOCTH nepeAaqH, H n03TOMY BCe cymecTBYIOmHe 
MOAYJIH 6YAYT nepeAaBaTh ueBepHhie AaHHhie ua nocneAHIOIO 
nepeAaqy. OcuoBHaH TPYAHOCTh B03HHKaeT npH nepeAaqe 
6JIOKa AaHHbiX, COCTOHmHX H3 OAHOrO CJIOBa. 

2.5. llpeAJIO)I(eHHe I.J.EPHa-'2 ,S,' 

B o6meM cnyqae Bee TPYAHOCTH npo6neMhi 6noquoB: 
nepeAaqH CBH3aHbl C CHTya~HHMH, KOrAa npH o6pa~eHHH 
K perHCTpy OH He rOTOB K pa6oTe H KOrAa HeJih3H 3apauee 
onpeAeJIHTh AJIHHY 6noKa AaHHhiX. Heo6xoAHMO ocymecT
BJIHTh CHHXpOHH3a~HIO pa60Tbl perHCTpa H KOHTpOJIJiepa no 
MOMeHTY rOTOBHOCTH AaHHbiX H HCnOJih30BaTb CHrHaJI Q AJIH 
onpeAeneHHH KOH~a 6noKa AaHHbiX. CuuxpoHH3a~HID MO)I(HO 
ocymecTBHTh ABYMH cnoco6aMH: no LAM /pe)I(HM BQL I 
H no OTAeJihHOH lliHHe MarHCTpaJIH H3 qucna pe3epBHhiX 
/pe)I(HM BQS /. Koue~ nepeAaqu 6noKa AaHHbiX onpeAeng
eTcH TaK)I(e ABYMH cnoco6aMH: no ycTaHOBKe Q = 0 ua 
nepByro ue pa3perneuuyro·nepeAaqy H Q = u - ua nocneAHIDIO 
pa3perneuuyro nepeAaqy. PeKoMeHAYeTcH npHMeHHTb nepBbiH 
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cnoco6. llpeAnaraeTC.II pe)I(HM BQ , KOTOpblii auanoruqeu 
CTOn-pe)I(HMy, H pe)I(HM BQT , KOTOpbiH OTJIHqaeTC.II OT CTon
pe)I(HMa TOJihKO TeM, qTo CHrHaJI Q = 0 B nOCJieAHeH npa
BHJibHOH nepeAaqe. Pe)I(HM BR - 3TO uoBoe Ha3Bauue pe)I(H
Ma nOBTOpHoro o6pa~eHH.II. 

3. PeJICUM Cl<aHupoeaHUJI aopeca /I ,3/ 

B pe)I(HMe CKaHHPOBaHHH aApec perHcTpa B cneAYID~eM 
UHKJie BblqHCJIHeTCH B 3aBHCHMOCTH OT 3HaqeHH.II CHrHaJia 
Q B npeALIAYmeM. Q = 1 roBOpHT 0 TOM, qTo perHCTp cy~eCT
ByeT no aApecy 3anpoca H qTo ueo6XOAHMO ocy~eCTBHTh 
nepeAaqy AaHHbiX B perHcTp /H3 perHcTpa/. B 3TOM cnyqae 
eCTb B03MO)I(HOCTb cymecTBOBaHHJI perHCTpa no CJieAYID~eMy 
cy6aApecy B TOM )l(e MOAyne, ecnu Benuquua 3Toro cy6-
a.~p~ca Iie 6onee A(15). TaKHM o6pa30M, AJI.II Q = 1 B pe)I(HMe 
CKaHHpOBaHHH aApeca AOJI)I(eH BhlllOJIHJIThC.II CJieAyiD~HH anro
pHTM: 

a/ ecnH 3Haqeuue 
6/ ecnu A =15 H 

N =N + 1; 

cy6aApeca A < 15, TO A =A+ 1 ; 
HOMep MOAYJI.II N < 22, To A = 0 H 

G=O 

L__j___ _ __J_________J 

Puc. 4. j:{uazpaMMa nepeoat.tu 6AOKa oaHHbiX 6 peJICUMe 
CKaHUpoeaHUJI aopeca. 
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B/ ecnu A =15 H N =22, TO yBenuquBaeTCH Ha e~HHHI.\Y 
a~pec KpeiiTa C=C+ 1 , N =1, A =0. 

3HaqeHHe cHrHana Q = 0 B nocne~HeM 1.\HKne o6pall\eHHH 
roBOpHT 0 TOM, qTo HeT perHCTpa no 3TOMY cy6a~pecy, TO 
ecTh BenuquHa cy6a~peca nocne~Hero perucTpa c OTKnHKOM 
Q ~ 1 6Lina HaH60nhiiieH B ~aHHOM MO~yne. )J;nH Q = U ~OIDKeH 
BhiDOnHHThCH ~pyrOH anropHTM: 

a/ ecnu HOMep Mo~ynx N < 22, TO N ~ N + 1 uA = U; 
6/ ecnH N =22, TO HOMep KpeiiTa C = C + 1 ,N = 1, A==O. 
3aBepiiieHHe CKaHHpOBaHHH a~peca OCyllieCTBnHeTCH npH 

~ocTH)KeHHH onpe~eneHHoro a~peca KAMAK HnH no 'IHcny 
l.I,HKnOB C Q == l /CM. pHC. 4/. 

Cne~yeT, O~HaKO, JaMeTHTh, 'ITO BCe perHCTphl, K KOTO
phiM eCTh o6pallieHHe B pe)KHMe CKaHHpOBaHHH a~peca, 

~On)I(Hhl HMeTh nocne~OBaTenhHO B03paCTaiOlliHe 3Ha<JeHHH 
cy6a~pecoB B Mo.ayne, Ha'IHHaThCH cAW) H reHepupoBaTh 
B OTBeT Ha onepal.I,HH 'ITeHHe- JanHCh CHrHan Q = l. Me TO~ 
cKaHHpoBaHHH a.apeca Bcer~a Tpe6yeT ~ononHHTenLHoro 

U.HKna Ha Marucrpanu KAMAK .anx Ka)K~oro Mo~ynx, ecnu 
06lliee KOnH'leCTBO perHCTpOB B HeM MeHhiiie 16. 
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