
I 

Pll - 10580 

A.C.JI.rpyua, <I>.B.JieaqaHoBcKHH, A.B.HHKYJihHHKOB, 
B J·LOpuxoahKo 

,aJ1CnJIEi1Hhlt1 OPOUECCOP B CTAH,aAPTE KAMAK 

1977 



Pll - 10580 

A.C .JI.rpy»a, ci>.B.JieaqaHoacKHH, A.B.HHKYJibHHKoa, 
BJ1.0pHXO,ll;bKO 

,aMCnJIEtllibltf OPOQECCOP B CTAH~APTE KAMAK 

HanpaeAeHo Ha IX MeJKoyHapooHbiU cuMno3UYM no JIOepHou 
3Ae~<mpoHu~<e, BapHa, 1977 z. 



fpyHa A .C.ll. H .np. Pll - 10580 
LlHcnneiiHbiH npoueccop B cTaHaapTe KAMAK 

OnHcaH .nHcnneiiHbiH npoueccop B cTaHaapTe KAMAK, sJBnstJO!llHlicst 

yHHBepcan&HbiM 6nOKOM, llODYCK810lllHM pa6oTy C rpatjlH'!eCKHMH HHllHKBTOpa

MH n1060r0 THD8. nocTpOeHHe H306palKeHHS1 npH DOMOillH TO'IeK, BeKTOpOB, 

OKpylKHOCTell H AYr ocyllleCTBnsteTCS1 UHtjlpOBbiM cnoco60M 06Ulell onepaUHOH

HOH qacT&IO .nacnnelluoro npoueccopa. OnepauaoHHbili 6noK npoueccopa 

BbiDOnHsteT ¢yHKUHH cnoJKeHHSI 1 Bbi"'HT8HHS1 H aeneHHS1 10-p83pS1AHbiX CnOB, 

a TaKJKe nHHeliHyJO HHTepnonstUHIO. BeKTOpbl cTpostTCSI c nocTostHHOii cKo

pOCT&JO, 8 OltpylKHOCTH H .nyrH - C DOCTOS1HHbiM BpeMeHeM. CKOpOCTb pa60Tbl 

npoueccopa Bbi6HpaeTCS1 B 38BHCHMOCTH OT CKOpOCTH HHilHKBTOpa. naMS1Tb 

reHepaTopa CHMBOnOB BbiDOnHeHa Ha llBYX HHTerpan&HbiX n3Y o6meli eM

KOCTbiO 4096 6HT, Cnoco6 DOCTpoeHHS1 CHMBOnOB - IliTpHXOBOH. llnst onepa

THBHOrO B38HMOAellcTBHS1 C 36M HCDOnb3yiOTCS1 KnaBHBTypa, KOOpllHHBTHbiH 

W8p H CBeTOBOII lt8p8Hil8W. 

LlHcnneiiH&III npoueccop MOlKeT pa60T8Tb C nJ06biM CT8HilapTHbiM KOHT-

ponnepoM KpeiiTa. 

Pa60T8 BbiDOnHeHa B !Ja6opaTOpHH Bbi'IHCnHTenbHOH TeXHHKH H 8BTD

M8TH38UHH OHSHf. 

fipeDpBBT 061.epBeBBOrO BBCTBTYT& •.RepBWll BCCJie.Ro--1. Jly6B& 1977 

Gruia A.S.L. et al. Pll - 10580 

Display Processor in CAMAC System 

Display processor in CAMAC system for any types of 
monitors is described. The display processor allows one 
to build on the screen the pictures consisting of the 
points, characters, vectors, circles and archs. All 
these elements are generated in a digital way for high 
accuracy and stability. The speed of the processor is 
chosen depending on the speed of the monitor used. The 
processor has a built-in logic for a light pen, tracker
ball and keyboard. Any standard crate-controller may be 
used. 

The investigation has been performed at the 
Laboratory of Computing Techniques ~nd Automation, JINR. 

Prepr1Dt of the Joint Institute for Nuclear Research. Duboa 19'1'1 
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)l;ucnneiiHhiH npoueccop B cTaH.IJ;apTe KAMAK JIBnJieTcJI 
YHHBepcanbHbiM YCTpOHCTBOM, .IJ;OllYCI<alOIUHM pa6oTy C rpa
~uqeci<HMH HH.IJ;HI<aTopaMH nro6oro Tuna Ia TOM qucne ua 
3allOMHHaiOIUeH 3JIT /1/ C .IJ;06aaneHHeM .IJ;OllOnHHTenbHOrO 
ynpaanJiroiUero 6noi<al, a TaK>Ke c paJnuqubiMH 3BM, HMero
i.UHMH KAMAK- HHTep~eiic. ,ll;ucnneiiublii npoueccop I )];ill 
OCyiUeCTBnJieT o6pa60TI<y llOCTynaiOIUHX H3 3BM rpa~uqe
CI<HX I<oMaH.IJ; u o6ecnequaaeT BbiBO.IJ; ua 3I<pau HH.IJ;HI<aTopa 
H306pa~eHHH, llOCTpOeHHbiX H3 Toqei<, 3a,IJ;aHHbiX B a6co
niOTHbiX HnH OTHOCHTenbHbiX I<OOp.IJ;HHaTaX, CHMBOnOB, Bei<
TOpOB npOH3BOnbHOH .IJ;nHHbl H HanpaaneHHJI, OI<py~HOCTeH 
u .IJ;yr. 

r euepaUHJI Bei<TOpoB, OI<py~HOCTeH H .IJ;yr OCYIUeCTBnJI
eTCJI UH~pOBbiM CllOCOfiOM, B I<OTOpOM, B OTnHqHe OT auano
roaoro cnoco6a, nonuocTbiO ycTpaHJieTcJI paccTbii<OBI<a 
nuuuii, npuxo.IJ;JIIUHX B O.IJ;HY Toqi<y. ,ll;uci<peTHaJI cTpyi<Typa 
H3o6pa~eHHJI npu 3TOM npai<Tuqeci<H He ua6nro.IJ;aeTcJI, Tai< 
I<ai< qucno a,IJ;pecyeMbiX Toqei< ll024xl024l npuMepHOB.IJ;Ba 
pa3a BLiwe pa3pewaroiUeii cnoco6uocTH 3JIT, ucnonbJyeMbiX 
B .IJ;HcnneJix. 

K rpa~uqeci<oMy HH.IJ;HI<aTopy HH~OpMaUHJI nocTynaeT 
oT ,n;n B auanoroaoii ~opMe B BH.IJ;e X-,Y-,. Z-curuanoa. ,ll;nJI 
BBO.IJ;a B 3BM rpa~uqeci<OH HHcllopMaUHH HCllOnb3YIOTCJI 
caeToaoii I<apau.IJ;aw Ia .IJ;HcnneJix c pereuepauueii H3o6pa
~eHHJII H I<OOp.IJ;HHaTHbiH wap Ia .IJ;HCnneJIX Ha 3allOMHHaro
IUeH 3JIT I. K ,n;n no.IJ;I<nroqeua Tai<~e I<naaua Typa .IJ;nJI BBO.IJ;a 
ancllaBHTHO-UH~POBOH HH~OpMaUHH H ~YHKUHOHanbHbiX I<O.IJ;OB 
I puc. 11. 

B JIBT A OHJIH pa3pa6oTaHa o6wupuaJI 6u6nuoTei<a 
nporpaMM .IJ;nJI rpa~uqeci<oro .IJ;HcnneJI CHr )];a u .IJ;HcnneJI 
Ha 3allOMHHaiOIUeH 3JIT/2/, HCllOnbJyeMbiX B COCTaBe y,IJ;a-
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~,.{0)-~ -~X 
- .. - I ~-'! g> y 

01_~ ~ z 

MHOMKATOP C 
PHEHEPAUMEiil 
K306PAIEHM~ 

KPEiilT

OHTPOflllE 

Puc. 1. 06U1UU euo oucnAeUHOZO npoijeccopa. 

neuuoii .n.ucnneiiuoii cTauuuu /Y lJ.C/ ua 6a3e 3BM 
M-6ooo/3/.lJ,nJI MaKcHManLuoii cooMecTHMocTH c cy~ecT
oyro~HM nporpaMMHbiM o6ecne'leHHeM o .n.ucnneiiuoM npo
ueccope ucnonLJYIOTCJI Te )Ke $opMaTbl rpa$H'IeCKHX KOMau.n. 
.n.nJI o6Meua .n.auubiMH Me)K.IJ.Y 3BM H lJ.ll, 'ITO H B YlJ,C. 

B lJ.ll ucnonLJYIOTCJI .n.oa Tuna rpa$H'IeCKHX KOMau.n.: 
T .u. ynpasnJIIO~He u uu$opMauuouuhle cnosa. YnpaonJIIO~ee 
cnoso onpe.n.enJieT pe)KHM pa6oThl lJ.ll, a TaK)Ke HMeeT 
,lJ.OfiOnHHTenhHble npH3HaKH, npH fiOMO~H KOTOpbiX fiO,lJ.Bep
raiOTCJI MO.U.H$HKauuu see uu$opMauuouuble cnosa, cne.n.yro
~ue Ja .n.auHbiM ynpasnJIIO~HM cnosoM I puc. 2/. Hu$opMa
uuouuoe cnoso co.n.ep)KHT B Mna.n.wux pa3pJI.n.ax KO.ll. Koop
.n.uuaTbl TO'IKH HnH senH'IHHY npHpa~eHHJI BeKTOpa, HnH 
pa.n.uyc OKPY)KHOCTH /.n.yru/, unu KO.ll. ua'lana jsenH'IHHW/ 
.n.yru. B cTapwue paJpx.n.w JaHOCJITCJI npH3HaKH, ynpas-
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mnoi.QHe o6pa6oTKOH TOJILKO 3Toro cnoaa. TaK KaK .nn11 

nocTpoeHH11 cno~Horo 3JieMeHTa H3o6pa~eHH11 Tpe6yeTC11 

HeCKOJILKO HH«<lopMaiJ;HOHHLIX CJIOB, TO B llOCJie,IJ;HeM CJIOBe, 

OTHOC11I.QeMC11 K ,IJ;aHHOMY 3JieMeHTY, yKa3LIBaeTC11 llpH3HaK 

"oTpa6oTaTL" /II pa3p11.IJ:/, no KOTopoMy ocyi.QeCTBJI11eTC11 

3anycK annapaTypLI, reHepHpyroi.Qeil 3TO H3o6pa~eHHe. 
~OpMaTLI HH«<lopMaiJ;HOHHhlX CJIOB ,IJ;JI11 BCeX pe~HMOB 

pa6oTLI )],II noKa3aHLI Ha puc. 3,4. B u;en11x 3KOHOMHH 

naM11TH 3BM B pe~Me CHMBOJIOB B O,IJ;HOM CJIOBe CO,IJ;ep

~aTC11 KO,II;LI .IJ:BYX CHMBOJIOB, a B pe~HMe MaJILIX BeKTOpOB -

KO.IJ:LI npHpai.QeHHH ±L\X H ±Ll Y. )1,n11 y.no6cTaa nporpaMMHpo

BaHH11 npH 3a,IJ;aHHH KO,IJ;a Haqana/BeJIHqHHLI/ ,IJ;yrH HCITOJIL-

3YIDTC11 llOJI11pHLie yrJIOBLie KOOp,II;HHaTLI, KOTOphle 3anH

CLIBaiOTC11 B ll MJia,IJ;WHX pa3p11,IJ;aX HH«<lopMaiJ;HOHHOrO CJIOBa; 

MJia,IJ;WHH pa3p11,II; COOTBeTCTByeT yrny cp = 15'. 
B )],II HH«<lOpMaiJ;H11 llOCTynaeT C WHH 3aiTHCH KpeHTa 

KAMAK Ha 6noK aso.na rpa«<lHqe CKHX .naHHLIX I puc. 5/. 
B 3aBHCHMOCTH oT cocT011HH11 npHHHMaeMoro 15 pa3p11,IJ;a, 

a TaK~e npH HaJIHqHH cooTaeTCTBYIDI.Qeil KOMaH.IJ:LI NAF HH

«<lopMaUH11 3anHcLiaaeTC11 cTpo6oM Sl Ha BXO.IJ:HLie perHcTpLI 

ynpaBJI11IDI.Qero /PYC/ HJIH HH«<lOpMaiJ;HOHHOrO CJIOBa /PHC/. 

)J.aHHLie oT PHC qepe3 KOMMyTaTop nocTynaroT Ha o.nHo

HanpaaneHHYIO MarHCTpaJIL, K KOTOpOH llO,IJ;KJIIOqeHLI onepa

UHOHHLIH 6JIOK H reHepaTOp CHMBOJIOB. KOMMyTaTOp HCllOJIL-

3yeTC11 npH pa6oTe )J,ll B pe~HMe CHMBOJIOB HJIH MaJILIX 

aeKTopoa. Bee BLIXO.IJ:LI PYC H cTapwHe pa3p11.nbl /14-710/ 

PHC coe,IJ;HHeHbl c pacnpe.nenHTeneM ynpaBJI1110l.QHX cHrHanoa 

H .newH«<lpaTopoM rpa«<lHqecKHX KOMaH.IJ:. Pacnpe.nenHTeJIL 

ynpaBJI1110l.QHX CHrHaJIOB KOOp,II;HHHpyeT pa60TY onepaD;HOHHO

ro 6JIOKa )],II H reHepaTopa CHMBOJIOB, npH 3TOM HCITOJIL3y

eTC11 CHHXpOHHO-aCHHXpOHHLIH MeTO,IJ; ynpaaJieHH11, KaK HaH-

6onee rH6KHH. Pacnpe.neJIHTeJIL HMnyJILCOB 3anycKaeTC11 

cTpo6oM 82 /TaKTOBa11 qacToTa - 5 MF14/. 
OcHoaoil .nHcnneiiHoro npou;eccopa a cTaH.napTe KAMAK 

11BJI11eTC11 o6I.QHH onepao;HOHHLIH 6JIOK, B KOTOpOM peanH-

3YIOTC11 ace «<IYHKIJ;HH reHepaD;HH TOqKH, BeKTOpa, OKpy~o

CTH H ,IJ;yrH. 3TOT 6JIOK BhlllOJIH11eT apH«<lMeTHqeCKHe onepa

IJ;HH CJIO~eHH11, BhlqHTaHH11, cpaBHeHH11 H ,IJ;eJieHH11 10-pa3-

p11,IJ;HLIX CJIOB, a TaK~e onepaD;HIO JIHHeHHOrO HHTepnOJIHpO

aaHH11. Onepau;HOHHLIH 6noK /OR/ co.nep~HT .nsa H,IJ;eHTHqHLIX 
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Puc. 5. DAOK ynpaeAeHUJI u eeo<)a zpa¢u'lecKux OaHHbrX. 

napannenbHblx KaHana o6pa6oTKH X- u Y- Koop.LJ;HHa T I puc. 61. 
TaKoe DOCTpOeHHe fl03BOnJieT 0.6 pa6oTaTb B pe)I(HMe nu
HeiiHOH HHTepnomn.{HH c napannenbHbiM nepeHocoM H o6ec
UelfHBaeT BbiCOKylO CKOpOCTb DOCTpOeHH.II H306pa)l(eHH.11 Ha 
3KpaHe 3JIT, 'ITo cymecTaeHHo sa)I(HO npu pa6oTe c 6blcTpo
.LJ;eiicTsyroll.{aMH HH.LJ;HKaTopaMu Tuna OCK-2/4/. llpa 3TOM 
,IJ;OCTHraeTC.II 6onee BbiCOKa.ll TO'IHOCTb DOCTpOeHH.II llp.IIMbiX 
nHHHH H KpHBbiX BTOporo DOp.II,LJ;Ka, lfeM DpH HHTepnon.IIUHH 
c nocne,LJ;oBaTenbHbiM nepeHocoM /s/. Ka)I(.LJ;blii KaHan 0.6 
COCTOHT H3: 

- BXO.LJ;Horo pesepcHBHoro perHcTpa - ClfeT'IHKa I A/, 
He06XO,IJ;HMOro .LJ;n.ll JaDHCH OTHOCHTenbHOH KOOp.LJ;HHaTbl TOI{
KH HJIH DpHpall.{eHH.II BeKTOpa, HnH pa,LJ;Hyca OKpy)I(HOCTH 
I.LJ;yra/; 

- peracTpa nepeMell.{eHH.II (D) .LJ;n.ll onpe.LJ;eneHH.II KOHUa 
OTpa6oTKH BeKTopa HnH .LJ;yru; 

- npeo6pa30BaTen.ll Dp.IIMOrO KO,LJ;a B ,LJ;ODOnHHTenbHbiH; 
- CYMMaTopa; 

- .LJ;Byx KOMMyTaTopos .LJ;n.ll pacnpe,LJ;eneHH.II o6pa6aTbl-
sae MbiX .LJ;aHHbiX; 

- c.LJ;surosoro peracTpa (B) ; 

- BbiXO.LJ;Horo peaepcHBHoro perucTpa - ClfeT'IHKa (C); 
- uucllpo-aHanorosoro npeo6pa3oBaTeng c BbiXO.LJ;HbiM 

ycunaTeneM. 

9 



C• 

Puc. 6. OnepafiUOHHbiU 6AOK oucnAeUH020 npOfieCcopa. 

KpoMe roro, Oli co.n;ep)I(HT: perucrp 'laC THoro (E) ,He
nonh3yeMhiH B onepall,HH .n;eneHHJI H nocrpoeHHJI sexropa; 
cxeMy onpe.n;eneHHJI Ja,n;ep)I(KH Z- curHana Ha speMJI nepe
XO,D;HOI'O npouecca B OTKITOHJIIO~HX yCHITHTenJIX HH,D;HKaTopa 
H ,D;BOH'IHbiH YMHQ)I(HTenh ,D;ITJI nepec'leTa 3a,D;aHHOI'O B 
rpa.n;ycax yrnosoro nepeMe~eHHJI TO'IKH npu nocrpoeHHH 
.n;yru. 

B cxeMe 3a.n;ep)I(KH z- CHrHana cpaBHHBaeTCJI pa3HOCTh 
Me)I(,D;y 'leThlpbMJI CTapWHMH pa3pJI,D;aMH npe,D;hl,D;y~ero H 
nocne.n;yro~ero nono)l(eHHH nyqa no ocJIM X, Y H 6onLwee 
3Ha'leHHe 3aHOCHTCJI Ha perHCTp - C'leT'IHK. 3aTeM H3 
co.n;ep)I(HMoro C'leT'IHKa Bhl'IHTaeTCJI nocne.n;osarenhHOCTh 
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HMnynhcos, nepuo.n; cne.n;osaHHJI KOTOpbiX cornacosaH co 
CKOpOCTbiO pa60Tbl OTKITOHJIIO~HX yCHITHTeneii HH,D;HKaTopa:• 

~nJI onpe.n;eneHHJI rpa~H'Iecxoro o6beKTa, or xoroporo 
nocrynun curHan npepMBaHHJI, co.n;ep)I(HMOe sxo.n;HhiX H 
BhiXO.D;HhlX perucrpos Oli nocrynaer Ha WHHhi 'ITeHHJI 
xpeiira KAMAK. 

PacCMOTPHM pe)I(HMhi pa6oThl onepaiJ,HOHHoro 6noxa. 

p e )I( H M T 0 'I e K • HCllOITb3yeTCJI ,D;ITJI llOCTpOeHHJI 
H306pa)l(eHHJI 83 TO'IeK, 3a,D;aHHhlX B BH,D;e a6COITlOTHbiX HITH 
OTHOCHTeiTbHhlX KOOp,D;HHa T. llpH pa6oTe B a6coniOTHhiX KO • 
Op,D;HHaTaX CO,D;ep)I(HMOe MarHCTpanH /M/ 3aHOCHTCJI Ha 
C,D;BHI'OBbie perHCTpbl (B) , a 3aTeM npH HaiTH'IHH npH3HaKa 
"oTpa6oTaTb" nepenHCbiBaeTCJI Ha BbiXO,D;Hbie perHCTpbl (C). 

Ecnu s 13 pa3pJJ,n;e JanucaHa"l':ro c Ja,n;ep)I(KOH, JasucJJ~eii 
or senH'IHHhi nepeMe~eHHJI ny'la, Bhi,n;aeTCJI curHan no.n;
csera Z . 3ToT cnoco6 a.n;pecaiJ,HH nono)l(eHHJI nyqa ocy~ecr
BITJleTCJI O,D;HHaKOBbiM o6pa30M BO BCeX pe)I(HM~lX: B pe)I(HMe 
BeKTOpOB yKa3hiBaeTCJI Ha'lano ITHHHH, B pe)I(HMe OKpy)I(HO" 
CTeH H ,n;yr - IJ,eHTp OKpy)I(HOCTH HITH ,n;yrH. 

B pe)I(HMe OTHOCHTenhHbiX TO'IeK /PTO/ co,n;ep)I(HMOe 
Marucrpanu JanHChiBaeTcJI Ha sxo,n;Hhie perucrphi (A) H 3a
TeM B 3aBHCHMOCTH OT 3HaKa Bbi'IHTaeTCJI H3 CO,D;ep)I(HMOI'O 
BhlXO,D;HhlX perHCTpOB HITH CKna,D;hlBaeTCJI C HHM. 3anHCaB 
B O,D;HOM H3 BXO,D;HhiX perHCTpOB KaKyiO-nH60 BeiTH'IHHY 
H npOH3BOIThHO MeHJIJI CO,D;ep)I(HMOe ,n;pyroro BXO,D;HOI'O pe
rHCTpa, MO)I(HO CTpOHTb H306pa)l(eHHJI B BH,D;e nocne,D;OBa· 
renhHhlX npupa~eHHH /HanpuMep, cneKTPhi/. 

rpa~- cxeMa pa60Tbl Oli B pe)I(HMe TO'IeK npuse.n;eHa Ha 
puc. 7. llposepxa ycnoBHhiX sepwHH H reHepaiJ,HJI cuHxpo
HMnynhcos ,D;ITJI 3allHCH HH~OpMaiJ,HH B perHCTphl ocy~eCTBnJI· 
eTcJI 6noKoM pacnpe.n;eneHHJI ynpasnJIIO~Hx curHanos. 

p e )I( H M B e K T 0 p 0 B H M an hi X Be K T 0 p 0 B • npe,n;" 
Ha3Ha'leH ,D;ITJI llOCTpoeHHJI llpJIMhiX ITHHHH npOH3BOITbHOH 
JJ,nHHbl H HanpasneHHJI. C IJ,enblO ysenH'IeHHJI HH~OpMaiJ,HOH· 
Hoii eMKOCTH 3KpaHa HH.n;uxaropos c pereHepauueii H3o-
6pa)l(eHHJI B ,D;HCnneHHOM npoiJ,eccope BeKTOp CTpOHTCJI C 
llOCTOJIHHOH CKOpOCTblO. ~aBaJI BhlHrphlW B 6hlCTpO,D;eHCTBHH, 
3TOT Cll0C06 ll03BOITJleT TaK)I(e OTKa3aTbCJI OT CITO)I(HbiX 
cxeM ynpasneHHJI aMnnury.n;oii Z-curHana, Heo6xo.n;HMhlx 
npH llOCTpOeHHH BeKTopa C llOCTOJIHHhlM BpeMeHeM. 11HtlJop-
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Puc. 7. rpatjl- cxe..wa aAzopum..wa pa6olllbl onepaf.IUOHHozo 
6AOI<a 8 peJICUMe 1/IO'leK. 

I 
r 
1 

MaUHX 0 BeKTOpe B )l.II DOCTynaeT B BH.D.e KOOp.IJ.HHaTHbiX i 

npHpameHHii ±L\X H ±i\Y. Koop.IJ.HHaTbl HaqanbHOii TO'IKH X, I 
y 3a)J.aiOTCX O.IJ.HH pal .D.nX Ka)I()J.OB OT)J.enbHOB nenO'IKH 

BeKTOpOB. )l.nx pHCOBaHHJI BeKTOpa C DOCTOXHJ,:OB CKOpOCTbiO , 

Heo6xo.D.HMo Bbi'IHCn.IITh OTHoweHHe k= ~~ /HnH k= ~~ I, 

npe.IJ.BapHTenbHo onpe.IJ.enHB, KaKoe H3 npHpameHH:ii MeHhwee 

/Ha rpaclJ-cxeMe, DpHBC)J.eHHOB Ha puc. 8, ycnOBHO DpHHJITO 

12 

L\ Y < L\X I. IIo:noMy nepe.IJ. onepanHeii cpaaHeHHX KO.IJ.bl 

KOOp.IJ.HHaTHbiX npHpameHHB BeKTOpa DOCTyDaiOT C MarH

CTpanH He TOnhKO Ha BXO.IJ.Hble perHCTpbl (A) H perHCTpbl 

nepeMellteHHB (D), HO H Ha C.IJ.BHrOBble perHCTpbl (B) npo

THBODOnO)I(HOrO KaHana. B nponecce cpaBHeHHX aHanHJH

pyiOTCX BbiXO.IJ.Hble HMnynhChi nepeHoca cyMMa Topoa /II L I. 
EcnH II L =0, TO .D.anhHeiiwax pa6oTa a 3TOM KaHane 3a-

Puc. 8. Fpatjl- cxe..wa aAzopum..wa pa6o111bl onepaf.IUOHHOZO 
6AOKU 8 peJICUMe 8eKIIIOp08 U MUAbiX 8eK1110p08. 
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npe~aeTCH, a onepaUHH ~eneHHH npOH3BO~HTCH B TOM Ka
Hane, r~e ll 'l =1. llocne OKOH'IaHHH ~eneHHH perHCTp 
'laCTHOrO qepe3 KOMMyTaTOp nO~Kmo'laeTCH KO BXO~y CyM
MaTopa, KaHana Y, aHa BXO~e CYMMaTopa KaHana X YCTa
HaBnHBaeTCH 'IHCnO 1023 10. 3aTeM Ha C~BHrOBble perHCTpbl 
(B) 3anHcblsaeTcH 'IHCno 512 10 , Ha TpHrrepax 3HaKa cyM
MaTopos /T 3H I ycTaHasnHsaeTcH Hynh, 3anycKaeTcH re
HepaTop nOCTpOeHHH BeKTOpa (F v) H onepaUHOHHbiH 6noK 
nepexo~HT B pe)J(HM nHHeiiHoro HHTepnonHposaHHH. B 3TOM 
pe)J(HMe npoHCXO~HT UHKnH'IeCKOe CnO)J(eHHe CO~ep)J(HMOrO 

perHcTpa qacTHoro /no KaHany, r~e npHpa~eHHe seKTOP& 
MeHbUiee/ H 'IHcna 1023w /r~e npHpa~eHHe 6onhUiee/ 
c co~ep)J(HMblM c~BHrosblx perHcTpos. HMnynbcbl nepenon
HeHHH CYMMaTOpOB nOCTynaiOT Ha Bbl'IHTaiOJUHe BXO~bl 

perHcTpos nepeMemeHHii H Ha Bbl'IHTaiO~He I cyMMHpyro~ue/ 
BXO~bl BblXO~HblX pesepCHBHblX perHCTpOB - C'leT'IHKOB 
B 3aBHCHMOCTH oT 3HaKos npupa~eHHii seKTopa. UHKnil'le-

CKOe CnO)J(eHHe 'IHCna 1023!0 /e~BHBULI BO BCeX pa3pH~ax/ 
o6ecne'IBBaeT MaKCBManbHYIO CKOpOCTb nepeMe~eHBH nyqa 
no Koop~BHaTe 6onbUiero npupa~eHBH, TaK KaK BMnynbCbl 
nepenonHeHBH nOHBnHIOTCH C Ka)J(~blM TaKTOM .Fv.Kor~a co
~ep)J(BMOe 060BX perBCTpOB nepeMe~eHBH CTaHOBBTCH pas
HblM Hynro, o~HospeMeHHO BblKniO'IaeTcH reuepaTop Fv B 
no~cseT seKTopa; 3aTeM nposepHeTCH npB3HaK B03BpaTa 
nyqa B npe~bl~Y~YIO no3BUBIO /BTITI/. Ecnu BTITI=1, TO Ha 
TpBrrepax 3HaKa BOCCTaHaBnBBaiOTCH 3HaKB npupa~eHBH 
BeKTOpa, 3aTeM OHB BHBepTBpyiOTCJI B npupa~eHBH BeKTOpa 
Bbl'IBTaroTCH B3 co~ep)J(BMoro BblXO~HblX perucTpos. KaK 
B B pe)J(BMe TO'IeK, B03MO)J(Ha pa6oTa C noCTOHHHbiM npupa
~eHHeM no O~HOH OCB B nepeMeHHblMB - no ~pyroii. 

)J.pyrue MO~B$BKaUBB pe)J(BMa BeKTOpOB B ManblX BeK
Topos yKa3aHbl Ha puc. 2,3,4, a TaK)J(e onucaHbl B pa6oTe 121. 

Pe)J(BM OKPY)J(HOCTeii /~yr/- ucnonb3YeTCH ~nH 
nocTpoeHBH oKpy)J(HOCTeii npoB3BOnbHoro pa~uyca. Pe)J(BM 
~yr oTnuqaeTcH oT pe)J(BMa oKpy)J(HOCTeii TeM, 'ITO no cur
Hany Z no~CBe'IBBaeTCH TOnbKO onpe~eneHHblH yqaCTOK 
OKPY)J(HOCTB. B oTnB'IBe OT seKTopos oKpy)J(HOCTB B ~yru 
C pa3Hb1MB pa~ByCaMB CTpOHTCH 3a O~HO B TO )J(e BpeMH 
I cnoco6 nocTpoeHBH c nocToHHHblM speMeHeM/. llpu 3TOM 
TPY~HocTeii c ynpasneHBeM Z - curHanoM He B03HBKaeT, TaK 
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KaK HPKOCTb BblCBe'IHBaHBH OKPY)J(HOCTB npHMO nponopuuo
HanbHa ee pa~uycy. 

llepe~ Ha'lanoM oTpa6oTKB oKpy)J(HOCTB /~yru/ Tpurrepbl 
3HaKa BblXO~HOrO perBCTpa (T X, 'f y) B C'leT'IBK KBa~paHTa 
/C'IK/ ycTaHasnusaroTcH B nepsoHa'lanbHOe /3a~aHHoe/ 
COCTOHHBe; B C~BBrOBble perBCTpbl 3aHOCBTCH 'IBCnO 512 10 
H 3anycKaeTCH reHepaTop F v• TaKTBpyro~Hii onepauuro 
nuHeiiHoro BHTepnonuposaHB:I I puc. 9/. HMnynbCbl nepe
nonHeHBH cyMMaTopa KaHana X nocTynaroT Ha sxo~Hoii H 

Puc. 9. Fpa(J- c.xeMa aAzopumMa 
pa60111bl onepaijUOHHOZO 6AOKa 

6 peJICUMe OKPYJICHOCIIIeU u oyz. 
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BLIXO,nHOH perHCTpLI KaHana Y H Ha060pOT, npH'IeM B Ka
uane X OHH BLI'IHTaiOTCJI H3 co,nep)I(HMOro perHCTpOB, a B 
KaHane y - CKna,nLJBaiOTCJI C HHM. TaKHM o6pa30M ocy
ll{eCTBJIJieTCJI OTpHI.{aTenLHaJI o6paTHaJI CBJI3L, ueo6xo,nHMaJI 
,nnJI oTpa6oTKH oKpy)I(HOCTH. llocne npoxo)l(,neuuJI nepBoro 
KBa,npauTa I co.nep)I(HMoe o.nuoro H3 Bxo,nuLix perucTpoB 
KaHana paBHO HyniO/ nepeKniO'IaiOTCJI TpHrrepLJ 3HaKa BLJ
XO,nHLIX perucTpoB, u onepauuJI HHTepnonupoBaHHJI npo,non
)l(aeTcJI .no Tex nop, noKa ue 6y,neT npoil.neu 'leTBepTLIH 
KBa,npauT. B pe)I(HMe ,nyr nepec'IHTaHHLie HMnynLCLI rene
paTopa F v nocTynaJOT ua BLI'IHTaiOII.{He Bxo,nLI perucTpoB 
nepeMell{eHHH (D), B KOTOpLIX 3aDHCaHLJ Ha'lano H BenH'IHHa 
,nyru B rpa,nycax. llpu paBeHcTBe uynro co.nep)I(HMoro pe
rucTpa D x BKnroqaeTcJI curuan Z , npu paBeHCTBe uynro 
perucTpa Dy Z BLIKnJO'IaeTcJI u uuKn nocTpoeuuJI ,nyru 
3aKaH'IHBaeTCJI. 

qacToTa reuepaTopa F v BLI6upaeTcJI B 3aBHCHMOCTH 
OT 6LICTpo,neHCTBHJI DO,nKniO'IeHHOrO K _nll rpa!llH'IeCKOrO 
uu,nuKaTopa /MaKCHManLHaJI qacToTa- 5 Mrt~/. 

p e )I( H M C H M B 0 n 0 B. B 3TOM pe)I(HMe OCyll{eCTBnJI
eTCJI reuepal{HJI Ha 3Kpaue 3RT CHMBOnOB B COOTBeTCT
BHH C rOCToM 13052-67, KpOMe CTpO'IHLIX 6yKB pyccKoro 
H naTHHCKOrO an!llaBHTa. MeTo,n DOCTpOeHHJI CHMBOnOB -
WTPHXOBOH 161. Hu!llopMauuJI o Kon!llurypauuu CHMBona ua
xo,nHTCJI B nocTOJIHHOM 3anoMHHaJOil{eM ycTpoilcTBe /ll3Y I. 
B Ka'leCTBe llJY HCDOnL3YIOTCJI ,nBe 6onLWHe HHTerpanL
HLie cxeMLI Tuna K5.Hll0ll eMKOCTLIO 2048 6uT Ka)l(,naJI 
c oprauu3auue8 256 cnoB no 8 pa3pJI,noB H cneuuanLuoil 
"npOWHBKOH". llpH reuepal{HH CHMBOnOB CHa'lana BLI6H
paeTCJI KO,n H CTpOHTCJI nepBLIH CHMBOn, 3aTeM npoBepJI
eTCJI DpH3HaK, yKa3LIBaiOil{HH Ha uanH'IHe BTOporo CHMBOna, 
H ecnu B 7 pa3pJI,ne 3anucaua "1" /eM. puc. 3/, TO cTpo
HTCJI BTopoil CHMBon. reuepaTop o6ecne'IHBaeT nocTpoeuue 
CHMBOnOB ,nByX pa3Mep.OB /pa3Mep CHMBOJia 3a,naeTCJI 
DpH3HaKOM "MaCWTa6" B ynpaBnJIIOil{eM cnoBe/. 

reuepaTop CHMBOnOB H YCTpOHCTBa BBO,na rpa!llH'IeCKOH 
uu!llopMal{HH 6y,nyT no.npo6uo paccMoTpeuLI B OT .nenLuoil pa-
6oTe. 

Pe)I(HM "KoBel{ MaCCHBa" HCDOnL3yeTCJI B ,nuc
nneJIX c pereuepauueil H3o6pa)l(eHHJI ,nnJI Ka,npoBoil cuuxpo-
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HH3aUHH H3o6pa)l(eHHJI c qacTOTOH ceTH. YnpaBnJIJOil{ee cnoBo, 
3a,naiOil{ee 3TOT pe)I(HM, BLI,naeTCJI B KOHI.{e MaCCHBa rpa!llu
'leCKHX ,nauuLix, nocTynaroll{HX H3 3BM B ,nn. B pe)I(HMe 
"Konen Mac cuBa" 3anpoc ua npueM cne,nyJOil{ero cnoBa 
H3 3BM noJIBnJieTCJI TonLKO npu nepexo.ne ceTeBoro uanpJI
)I(eHHJI qepe3 uyneBoe 3Ha'lenue. ITpu 6onLwoM o6'LeMe BLI
BO,nHMOH Ha 3KpaH HH!l~OpMal{HH qaCTOTa CHHXpOHH3al{HH 
aBTOMaTH'IeCKH yMeHLWaeTCJI B ,nBa pa3a. 

P e )I( u M "He T one p au u u". B 3TOM pe)I(HMe ,nucnneil
HLIH npoueccop ue BLinonuJieT onepauuil nocTpoeHHJI H3o-
6pa)l(eHHJI H BCe 6nOKH _nll OCTaiOTCJI B npe)I(HeM COCTOJIHHH. 
Pe)I(HM HOll ucnonL3yeTCJI ,nnJI BpeMeHHLIX 3a,nep)l(eK. 

KoMaHC>bl KAMAK, ynpaeAJUOfiiUe pa6omor1 
C>ucnAeiiHozo npot~eccopa 

KoMan,nLI 3anucu /'ITeHHJI/: 

NA<OlF<O) - 'ITenue co,nep)I(HMoro Bxo.nuoro perucTpa Ka-

uana X ; 
NAU>F<O> - 'ITeuue co.nep)I(HMoro BLixo.nuoro perucTpa Ka-

uana X; 
NA(2)F(O) - 'ITenue co,nep)I(HMoro Bxo.nuoro perucTpa Ka-

uana Y ; 
NA(3)F(O) - 'ITeuue co,nep)I(HMoro BLixo.nuoro perucTpa Ka-

uana Y; 
NA(4).F(O) - 'ITeuue co,nep)I(HMoro Bxo.nuoro perucTpa Kna-

BHaTypLI; 
NA<0)F(16) - 3anucL uu!llopMauuu ua Bxo,nHLie perucTpLI 

ynpaBnJIJOil{ero /uu!llopMauuouuoro/ cnoBa. 

KoMaH,nLI npoBepKH H c6poca L- curuanoB: 

NA(OlF(8) 
NAU>F<S> 

NA<4>F<B> 
NAU5lF<8> 
NA<OlFUO> 

- npoBepKa L - Tpe6oBaHHJI Konua onepauuu ,nn; 
- npoBepKa L -Tpe6oBaHHJI cBeToBoro Kapau.na-

wa HJIH Koop,nuuaTuoro wapa; 
- npoBepKa L -Tpe6oBaHHJI KnaBHaTypLI; 
- npoBepKa o61l{ero L-Tpe6oBaHHJI; 
- c6poc L - COCTOJIHHJI KOHI.{a onepal{HH _nll; 
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NA< DF<lO) - c6poc L - cocTOJIHHJI CBeToBoro Kapau,D;arna 
HJIH KOOp,D;HHaTHOrO mapa; 

NA(4).F(10) - c6poc L -cocTOJIHHJI KJiaBHaTypLI; 
Z·S2 - c6poc Bcex L-cocTOJIHHH. 

II pH npoBepKe L - Tpe6oBaHHH curuan Q = 1, ecnu cooT
BeTCTBYJOmee TpefiOBaHHe ITpHCyTCTByeT, H Q =Q - B npo
THBHOM CJiyqae. ~JIJI ynpaBJieHHJI TpHrrepOM MaCKHpOBa· 
HHJI L- CHrHaJia OT KJiaBHaTypLI HCITOJIL3YIOTCJI clJYHKUHO· 
uaJILHLie KO.D;LI I ~II pa6oTaeT B pe)KHMe CHMBOJIOB/: H'f(S'fX)
pa3pernHTL L- Tpe6oBaHue H IIYC <NUL)- JanpeTHTL L -
Tpe6oBauue. 

B 3aBHCHMOCTH OT THITa HCITOJIL3yeMOrO KOHTpOJIJiepa 
KpeiiTa o6MeH ,D;aHHLIMH Me)K,D;y 3BM H ,D;HCITJieHHLIM npo
ueccopoM MO)KeT OCyiUeCTBJIJITLCJI B pe)KHMe HH,D;HBH,D;yaJIL· 
HLIX JanpocoB /no O.D;HHoqHLIM L-Tpe6oBaHHJIM/ H B pe*u
Max rpyniTOBOH nepe,D;aqu: ITOBTOpeHHJI (UQC) H OCTaHOBa 
c cuuxpoHHJauueii L- curuanoM <ULS) /7/. 113Meueuue pe
)KHMa pa60TLI ITpOH3BO,D;HTCJI nyTeM ycTaHOBKH nepeMLI· 
qeK Ha ITJiaTe ~II. 

ABTopLI 6naro,D;ap.a:T IO.Iieqepa H A.~.IIoJILIHUeBa Ja 
noneJHLie o6cy)K,D;eHHJI B npouecce paJpa6oTKH .D;Hcnneii
uoro npoueccopa. 
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