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BoAOnb~Hoea H.A. H AP· P11 - 12383 

npHMeHeHHe 16-pa3p~AHOrO MHKpOnpO~eCCOpHOrO 
KOHTponnepa e cTaHAapTe KAMAK An~ ~H~poeoro 
perynHpoeaHH~ 

KpaTKO OnHc~eaeTC~ 16-pa3p~AH~A MHKponpo~eccopH~A KOH
Tponnep M-16, B~nonHeHH~A Ha OCHOBe 4-paap~AH~X MMKponpo~ec
copoe ceK~HOHMpoeaHHoro TMna . 6noK e~nonHeH e cTaHAapTe 
KAMAK. B Ka4ecTee npHMepa onMc~saeTc~ cMcTeMa ~M~poeoro pe
rynHposaHM~ Ha 6a3e M-16, KOTOpa~ ne~MT B OCHOBe aBTOMaTM-
3MpOBaHHOrO KOHTponnepa M ynpasneHM~ TOKaMM MarHMTOOnTH4eC
KMX 3neMeHTOB KaHana TpaHCnOpTMpOBKM 3ap~~eHH~X 4aCTH~ Ha 
CMHXPO~a30TPOHe OHRH. npMBOA~TC~ ~YHK~MOHanbHa~ cxeMa CHCTe
M~ H 6noK-cxeMa pa6oT~ nporpaMM~. 

Pa6oTa e~nonHeHa B na6opaTOpMM B~4HCnMTenbHOA TeXHHKH 
H aeTOMaTH3a~HH OHRH. 

npenpHHT 061>eUHHeHHOro HHCTHTYTB l!!lepKblX HCCneaOBBKHll • .lly6K8 1979 

Vodopyanova N.A. et al. P11 - 12383 

Application of 16-Bit Microprocessor CAMAC 
Controller for Digital Control 

The M-16 16-bit microprocessor controller created on 
the base of 4-bit microprocessors sectional ization type is 
described. The unit is performed in CAMAC standard. As an 
example, digital control system on the base of M-16 control
ler is described. It is the fundation of automatized control 
for currents of magneto-optic elements of the charged 
particle transport channel on the JINR synchrophasotron. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automations, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

B pa6oTe KpaTKO onHc~eaeTc~ paapa6oTaHH~A KonneKTMBOM 
aBTOpOB 16-pa3p~AH~A MMKponpo~eccopH~A KOHTponnep /MnK/ 
M-16, e~nonHeHH~A Ha 6aae 4-paap~AH~x MMKponpo~eccopoe 
CeK~HOHHPOBaHHOrO TMna / 1, 21. 6nOK BblnOnHeH B CTaHAapTe 
KAMAK M npeAHa3Ha4eH An~ pa60Tbl KaK e OAHOKpeATHbiX, TaK 
M B MHOrOKpeATH~X pacnpeAeneHH~X CMCTeMaX aBTOMaTM3a~MH 
~H3M4eCKoro 3KcnepHMeHTa. OcHOBHbiMM ~YHK~M~MM M-16 ~en~~Tc~ 
c6op AaHH~x c noKanbH~x o6beKTOB, npeAeapHTenbHa~ o6pa6oT
Ka, ~MnbTpa~M~ MaCCHBOB MH~OpMa~HH H nepeAa4a MX An~ Aanb-
HeAweA o6pa60TKM B rnaeHy~ 36M. C 3TOA ~enb~ npeAYCMOTpeHa 
ABYXCTOPOHH~~ CB~3b 4epe3 KOHTponnep KpeATa /KK/ Me~AY 
M-16 M rnaeHoA 3BM. 

MHKponpo~eccopH~A KOHTponnep M-16 npeAnonaraeTcR Mcnonb
aoeaTb B nepey~ 04epeAb B aBTOMaTH3MpOBaHHOA CHCTeMe KOHTpO
n~ M ynpaeneHH~ ny4KaMH 3ap~~eHH~X 4aCTM~ Ha CMHXpO~a30TpOHe 

OHRH, rAe HCXOAH~MH AaHH~MH An~ npeAeapHTenbHOA o6pa60TKH 
~en~~Tc~ aHanoroea~ HH~OpMa~M~, noaeon~~~a~ CYAMTb o6 
3neKTpOMarHMTHOM none MarHHTOOnTM4eCKMX 3neMeHTOB KaHana 
TpaHCnOpTHpOBKM 3ap~~eHH~X 4aCTH~, H AMCKpeTHa~ HH~OpMa~H~ 
C AeTeKTOPOB ~AepHOrO M3ny4eHH~, COAep~a~a~ KOOPAMHaTH~e 
xapaKTepHCTHKM ny4Ka 3ap~~eHH~X 4aCTMU ~~ . 

B Ka4ecTee npMMepa e pa6oTe onMc~eaeTc~ CMCTeMa ~H~poeoro 
perynMpOBaHH~ Ha 6a3e M-16, KOTOpa~ neMMT B OCHOBe aBTOMa
TH3MPOBaHHOrO KOHTpon~ M ynpasneHH~ TOKaMH MarHHTOOnTH4e
CKHX 3neMeHTOB KaHana TpaHCnOpTHpOBKM 3ap~~eHH~X 4aCTH~ Ha 
CHHXPO~a30TpOHe nB3 OHRH. 

16-PA3PRAHWR MHKPOnPOUECCOPHWA KOHTPOnnEP 
B CTAHAAPTE KAMAK 

OpraHM3aUH~ 

Ha pHc. 1 M3o6pa~eHa 6noK-cxeMa 16-paapRAHOro MnK, 
KOTOp~A COCTOMT M3 UeHTpanbHOrO npo~eccopa, OnepaTHBHOrO 
3anOMHHa~~ero ycTpOACTBa H 6noKa o6pa60TKH npep~BaHHA. 

UeHTpanbH~~ npo~eccop /Un/ M-16 ~en~eTc~ npo~eccopoM c MHKpo
nporpaMMH~M ynpaeneHHeM M BKn~4aeT e ce6~ 6noK o6pa6oTKM 
HH~OpMa~HH, MMKponporpaMMHOe ynpaen~~~ee YCTpO~CTBO, naM~Tb 

MHKpOKOMaHA. 
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P~c. 1. 6noK-cxeMa 16-pa3PRAHoro M~Kponpo4eccopHoro KOHTpon
nepa. 

D n 0 K 0 6 p a 6 0 T K ~ ~ H $ 0 p M a 4 ~ ~. 3TOT 6noK 
COAeP*~T 4-pa3pRAH~e M~Kponp04eCCOp~ CeK4~0H~POBaHHOrO T~
na, KOTOp~e COBMeCTHO CO CXeMOR 6~CTpOrO nepeHOCa, CXeMOR 
Bblpa6oTK~ <Pna*KOB nepeHoca, nepenonHeH~R, Hynesoro ~ oTp~-
4aTenbHOro pe3ynbTaTa onepa4H~ o6pa3y~T ycTpoRcTso AnR 
napannenbHOR o6pa60TK~ 16-pa3PRAHOR 4~$posoR ~H¢OpMa4H~. 

M ~ K p o n p o r p a M M H o e y n p a s n R ~ ~ e e 
y c T p o R c T s o /MYY/ npeAHa3Ha4eHo AnR <PopM~posaH~R 
Ha4anbH~x aApecos M~KponporpaMM ~ onpeAeneH~R aApeca 
cneAY~~eR M~KPOKOMaHA~- Ha4anbH~~ aApec M~KponporpaMM~ Ha
XOA~TCR B naMRT~ M~~ponporpaMMH~X aApeCOB /nMA/ no aApecy, 
KOTOp~A, KaK npas~no, RBnReTCR KOAOM MaKpOKOMaHA~. HcKn~4e
H~e cocTasnReT MHKponporpaMMa o6pa6oTK~ npep~saH~A, Ha4anb
H~A aApec KOTopoA HaXOA~TCR no ¢~KC~pOBaHHOMy aApecy nMA. 
nocneAY~~~e aApeca s~6~pa~TCR n~6o ~3 c4eT4~Ka M~KpOaApecos, 
n~6o ~3 CTeKa, n~6o ~3 aApecHoro nonR s~nonHReMoA M~Kpo
KOMaHA~- YnpasneH~e s~6opKoA nocneAY~~ero aApeca ocy~ecT
snReTcR C nOMO~b~ 12 ynpasnR~~~X KOMaHA. 
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n a M R T b M ~ K p 0 K 0 M a H A /nM/ ~cnonb3yeTCR B Ka-
4eCTBe ynpasnR~~eR naMRT~ M-16. An~Ha M~KPOKOMaHA~ cocTas
nReT 32 pa3pRAa, 14 ~3 KOTOP~X nOCTyna~T Ha BXOA M~Kponpo-
4eCCOpa, 4 - Ha BXOA MYY. OcTasw~ecR 13 pa3PRAOB s 3as~
c~MOCT~ OT ynpasnR~~ero pa3pRAa n~6o RBnR~TCR KOAOM, 
ynpasnR~~~M $yHK4~0HanbH~M~ 3neMeHTaM~ M-16, n~6o o6pa-
3y~T 10-pa3PRAH~R KOA aApeca cneAy~~eR M~KpOKOMaHA~ ~ 3-

, pa3PRAH~R KOA ycnoB~R nepeXOAa. 

OnepaT~BHOe 3anoM~Ha~~ee ycTpoRcTBO 

OnepaT~BHoe 3anoM~Ha~~ee ycTpoRcTso /03Y/ npeAHa3Ha4eHo 
AnR xpaHeH~R nporpaMM ~ AaHH~x. TeKy~~R aApec AnR o6pa~e
H~R K 03Y 3aAaeTCR C aApeCHOR Mar~CTpan~; 16 W~H AaHH~X 
~ 16 ~~H aApecos co cny*e6H~M~ c~rHanaM~ o6pa3y~T AOnon
H~TenbHY~ Mar~cTpanb M-16, nocpeACTBOM KOTOpOR B03MO*HO 
o6pa~eH~e K BHeWHeMy 03Y o6~eR eMKOCTb~ AO 64K enos. 

C~cTeMa npepbiBaH~R 

B M-16 pean~3osaHa BOCbM~yposHeBaR c~cTeMa np~op~TeTHoro 
npep~BaH~R C B03MO*HOCTb~ nporpaMMHOrO MaCK~pOBaH~R ~ ~H~-

4~~pOBaH~R n~6oro ~3 ypOBHeR npep~BaH~R. npep~BaH~R MOryT 
~H~4~~posaTbCR 6noKaM~ KAMAK ~ 3BM, c nynbTa onepaTopa, 
a TaK*e np~ o6pa~eH~~ no Hecy~ecTBY~~eMy aApecy ~ ow~6Ke 
4eTHOCT~. 

Apx~TeKTypa 

B COCTaB 6noKa BXOART 11 per~CTPOB, AOCTynH~X nporpaM
M~CTy. B M-16 ~cnonb3Y~TCR 4~cna c <P~Kc~posaHHOA 3anRToR: 
nono*~TenbH~e ~ OTP~4aTenbH~e /B AOnOnH~TenbHOM KOAe/. 

B c~cTeMe KOMaHA M-16 ~Me~TCR KOMaHAbl AnR ap~$MeT~4ecK~x 
~ nor~4eCK~x onepa4~R, KOMaHAbl CAB~ros, nepeAa4~ ynpasneH~R 

~ HeKOTOp~e cne4~anbH~e KOMaHA~ /o6~ee 4~CnO KOMaHA - 57/. 
B CTapw~X BOCbM~ pa3PRAaX KOMaHA~ COAeP*~TCR KOA onepa4~~ 
~ KOA B~Aa aApeCa4~~. B MnaAW~X BOCbM~ - CMe~eH~e 0, ~cnOnb-
30BaH~e KOToporo 3as~c~T OT cnoco6a aApeca4~~- B c~cTeMe 
KOMaHA npe AyCMOTpeHo 12 cnoco6os aApeca4~~: noKanbHaR, 
KOCBeHHo-noKanbHaR, rno6anbHaR, KocseHHo-rno6anbHaR, Mara-
3~HHaR, per~CTpOBaR, napaMeTp~4eCKaR, KOCBeHHO-per~CTpOBaR, 

aApeca4~R no nono*~TenbHOMy ~ OTP~4aTenbHOMY CMe~eH~RM, 

KOCBeHHO-nOKanbHO ~HAeKc~pOBaHHaR no OAHOMy ~3 2-x per~CTpOB. 
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OcHOBH~e xapaKTepHCTHKH 6noKa 

Ha PHC. 2 H306pa*eH BHew~HH B;1A finOKa. 6nOK 3aHHMaeT 
wecTb HOpManbH~x cTaH~HH e KpeHTe KAHAK. C ~enbD AHarHOCTHkH 

6 .. .i ~l 

0 

PHc.2. O~HH BHA 6noKa M-16. 

H OTnaAKH nporpaMM H MHKpOnporpaMM npeAYCMOTpeH nynbT 
onepaTopa, pacnono*eHH~H Ha ~H~eeoH naHenH 6noKa. 06~HH 

OfioeM naM~TH B M-16 COCTaen~eT 6,25K fiaHT. MHHHManbHOe 
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epeM~ B~nOnHeHH~ MHKpOKOMaHA paBH~eTC~ 1,6 MKC. BpeM~ 
BWnOnHeHH~ HeKOTOpWX KOMaHA npHBeAeHO B Ta6nH~e. 

Ta6nH~a 

06o3Ha4eHHe <!>yHK~H~ 

LDA 3arpysKa perHCTpa H3 naM~TH 

STA 3anHCb perHCTpa B naM~Tb 

MUL YMHO*eHHe ~en~x 4Hcen 

RDC 4TeHHe HH<!>OpMa~HH C 6noKa 
KAMAK 

WDC 3anHCb HH¢0pMa~HH B 6nOK 
KAMAK 

C~CTEMA U~<I>POBOfO PEfYn~POBAH~R HA 6A3E 
M~KPOnPOUECCOPHOfO KOHTPOnnEPA M-16 

BpeM~ BbmonHe-
HH~ /MKC/ 

12 

12 

100 
/cpeAHee/ 

12 

12 

<l>yHK~HOHanbHa~ CXeMa CHCT~MW npHBeAeHa Ha pHC. 3, finoK
CXeMa pa6oTw nporpaMMw - Ha pHc. 4. OcHOBHOH 3aAa4eH pa6o-

MArUCTPA/lb KAMAK 

lT ! 1 a n n 
6HK UBn AK UB sn~ M16 KK )BM 

BX BWX . EC1010 

9 ~10 "t4Clbl 1L.JI ~ fl 
Cl.CTEMW 

BX BIIIX 
AHAIQ"''BbbE ~tKIE 

BOJlbTMETP OT AA T 'ilJ(()8 

PHc.3. <l>yHK~HOHanbHa~ cxeMa dHCTeMw ~H<I>poeoro perynHpoeaHH~. 
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KOHEU nPE06PA-
30BAHWI AHAflorooou 

UH<)>OPMAUUU? 

AA 

4TEI-UE U,U<)>POBOU 
UH<!>OPMAU,UU z{"' 

AA 

AA 

PMc.4. 6noK-cxeMa nporpaMM~. K 1, K 2 - MacwTa6H~e K03$$M~MeH
T~, C- AOnyCTMM~~ npeAen T04HOCTM. z;- M3MepeHHOe 3Ha4eHMe 
napaMeTpa, Z2 - 3aAaHHoe 3Ha4eHMe napaMeTpa. 
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T~ nporpaMM~ HBnHeTCH YCTaHOBKa 3aAaHHOrO 3Ha4eHMH napa
MeTpa M nOAAep~aHMe ero c Tpe6yeMo~ T04HOCTb~. AnH ee pewe
HMH 3aAaHHOe 3Ha4eHMe napaMeTpa cpaBHMBaeTCH C M3MepeHH~M 
/TeKy~MM/ M, ecnM pa3HM~a Me~AY HMMM npee~waeT AOnyCTMM~e 
npeAen~, npOM3BOAMTCH aBTOMaTM4eCKaH KOppeK~MH. 

~CXOAHO~ MH¢OpMa~Me~ AnH onpeAeneHMH TeKy~ero 3Ha4eHMH 
napaMeTpa cny~MT aHanoroe~~ cMrHan, nocTyna~~M~ oT AaT4M-
Ka 4epe3 aHanoroe~R KOMMyTaTop /AK/ e eonbTMeTp. UM$poeaH 
MH$OpMa~MH C B~XOAa BOnbTMeTpa 4epe3 6nOK npeo6pa30BaTenH 
ypoeHe~ /6nY/,MHTep$e~c eonbTMeTpa /~B/ M MarMcTpanb KAMAK 
nocTynaeT e M-16. Tpe6yeMoe 3Ha4eHMe napaMeTpa 3aAaeTCH e 
6noKe Ha6opa KOHCTaHT /6HK/. no pa3HM~e Me~AY M3MepeHH~M 
M 3aAaHH~M 3Ha4eHMHMM onpeAenHeTcH eenM4MHa ynpaenH~~ero 
CMrHana, KOTop~~ 4epe3 MarMCTpanb KAMAK M 6noK ~M$po-epe
MeHHoro npeo6pa3oeaHMH /UBn/ nocTynaeT e cMnoey~ 4aCTb 
CMCTeM~ AnH 0Tpa60TKM paccornacoeaHMH Me~AY M3MepeHH~M 3Ha-
4eHMeM aHanorOBO~ BenM4MH~ M COOTBeTCTBY~~MM e~ 3aAaHH~M 
3Ha4eHMeM. 
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