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HryeH XaK TxH, He~eAbeB O.K., ~e~noe 6.B. 13 - 12782 
MHoroMepH~H aHanH3aTop Ha 6a3e CHCTe~ HAKAMAK 

npHBOA~TC~ OCHOBH~e CBeAeHH~ 0 MHOrOMepHOM aHanH3aTo
pe, C03AaHHOM Ha 6a3e CHCTe~ HAKAHAK. AHanH3aTop BKn~4aeT 
B ce6~ MHKponpo~eCCOpH~H KOHTponnep 1521, MOAynH naM~TH 
1522 ~HP~ "6opep11 H MOAynH KAHAK I KOAHPOBU1HKH, 6noK 
opraHH3a~HH coenaAeHHH, AHCnneHH~H APaHaep, 6noKH BBOAa
B~BOAa Ha nep~oneHTyl. B Ka4eCTBe TepMHHana HCnOnb3yeTC~ 
11 BHAeOTOH-340 11

, a Afl~ BH3yanbHOrO npeACTasneHH~ AaHH~X
AHcnneH RG-96 • nporpaMMHOe o6ecne4eHHe aHanH3aTopa 
I''HenTyH11 I BKn~4aeT MOHHTOP, nporpaM~ c6opa, HaKonneHH~ 
H npeABapHTenbHOH o6pa60TKH pe3ynbTaTOB H3MepeHH~, nporpaM
~ AHcnne~, nporpaM~ nonb30BaTenR. MoHHTOP o6ecne4HBaeT 
o6U1eHHe 3KCnepHMeHTaTOpa C CHCTeMOH nyTeM AHanora 4epe3 
KnaBHaTypy TepMHHana. 

Pa6oTa s~nonHeHa a fla6opaTopHH RAep~x peaK~HH OHRH . 

npenpKHT 06'be.llKH9HHOrO HHCTHTyTa R.QepHblX HCCne.Q01!!8HHJI • .(ly6Ha 1979 

Nguyen Khak Tkhi, Nefedyev O.K., Fefi lov B.V. 13 - 12782' 

Multidimensional Analyser Based on MACAMAC System 

General information about multidimensional analyser 
based on MACAMAC system is given. The analyser includes 
a microprocessor controller 1521 and memory modules 1522 
of the "Borer" firm (Switzerland), CAMAC modules: ADCs, 
coincidence organization module, display driver, paper tape 
input and output modules. The Videoton-340 serves as 
a t erminal, and for data visualisation RG-96 display device 
is used. The analyser software includes: a monitor, data 
acquisition programs, display program and users' programs. 
The monitor organis~s user-system dialogue by means of ter
minal keyboard. 

The investigation has been performed at the 
Laboratory of Nuclear Reactions, JINR_ 

Preprint of the Joint Inst itute for Nuclear Research . Dubna 1979 

B 3KcnepHMeHTax no CHHTe3y ceepxT~men~x 3neMeHTOB, H3y-
4eHH~ HX ~H3HKO-XHMH4eCKHX CBOHCTB, HCCneAOBaHH~ MeXaHH3Ma 
B3aHMOAeHCTBH~ T~men~x HOHOB C ~ApaMH WHPOKO npHMeH~~TC~ 
o6bi4H~e npoM~wneHH~e MHoroKaHanbH~e aHanH3aTop~, HanpHMep 
AH- 4096, BM-96, TPHAAK, o6ecne4HBa~U1He OAHOMepHbiH H AByx
MepH~H aHanH3. 

C no~sneHHeM AeWeBOH nonynpoBOAHHKOBOH H MHKponpo~eccop
HOH TeXHHKH CTano B03MOmHbiM C03AaHHe MHOrOMepH~X aHanH3aTo
POB, BblnOnHRIOUIHX He TOnbKO ~YHK~HH HaKonneHHR H npeACTaBne
HHR AaHH~X, HO H onepaTHBHy~, CpaBHHTenbHO HecnomHy~ HX 
o6pa60TKY IKanH6pOBKa H pa3MeTKa cneKTPOB, HHTerpHposaHHe 
y4aCTKOB cneKTpa, B~4HTaHHe ~Ha H T.A.I. TaKHe aHanH3aTop~ 
MOryT pa60TaTb KaK aBTOHOMHO, TaK H B COCTaBe aBTOMaTH3Hpo
BaHH~X H3MepHTenbH~X KOMnneKCOB Ha OCHOBe 3BM B Ka4eCTBe 
MOHHTOpOB. 

nepB~H B fla6opaTOPHH RAePH~X peaK~HH MHOrOMepH~H aHanH3a
TOP noAo6Horo THna 6~n C03AaH Ha 6a3e CHCTe~ MAKAMAK 
~PM~ 60PEP llliBeH~apHRI ! 11, COCTORU1eH H3 HHTenneKTyanbHOro 
KOHTponnepa THna 1521 IHa ocHose MHKponpo~eccopa HHTEfl-80801 
H Tpex MOAyneH naMRTH THna 1522 eMKOCTb~ 16 K6aHT Kam~H. 
MoAynH 1522 CBR3aHbl C KOHTponnepOM 1521 no BHeWHeH MHKponpo
~eccopHOH WHHe H nporpaMMHo-ynpasn~eM~. 0TCYTCTBHe KaHana 
npRMOrO AOCTyna B naMRTb Cytl1eCTBeHHO CHHmaeT nponyCKHY~ cno
C06HOCTb CHCTeM~, HO TeM He MeHee OKa3anOCb B03MOmH~M HC
nonb30BaTb ee s 3KcnepHMeHTax, HMe~U1HX cpaBHHTenbHO He6onb
wy~ lAo 10 3 I HHTeHCHBHOCTb annapaTHO oTo6paHH~x co6~THH. 
K AOCTOHHCTBaM CHCTe~ MAKAMAK MOmHo oTHeCTH cpaBHHTenbHO 
6onbWOH o6oeM onepaTHBHOH naM~TH 148 K6aHTI, 4TO HMeeT cy
tl1eCTBeHHoe 3Ha4eHHe Afl~ HaKonneHHR MHOrOMepH~X CneKTpOB, 
HcnonHeHHe s cTaHAapTe KAMAK, pa3BHTOe MaTeMaTH4eCKoe o6ec
ne4eHHe IMOHHTOp, OTnaA04HaR nporpaMMa, acceM6nep, 6E~CHK 
H AP ./ · 

6noK-cxeMa cHcTe~ MAKAMAK npeACTaeneHa Ha pHc. 1. 
KoHTponnep 1521 e~nonHeH Ha ABYX nnaTax. Ha OAHOH nnaTe 

pa3Met11eH C06CTBeHHO MHKponpo~eccop C BCTpOeHHOH na~Tb~ 
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PHc. 1. 6noK-cxeMa 

CHcTeM~ MAKAMAK. 

~ 

c 
~ 
c 
~ 

4 K6a~T (PROM) H 2 K6a~T (RAM), a Ha APyro~ - yCTpo~cTeo 
ynpaeneHH~ H HHTep¢e~c KAMAK. BcTpoeHHa~ naM~Tb Hcnonb3yeTc~ 

An~ MOHHTopa H nporpaMM~ ODT. 
~HTep¢e~c KAMAK-KOHTponnepa BKnl04aeT: 
- AeWH¢paTop KOMaHA KAMAK, 
- reHepaTop cHrHanoe B, Sl , 82, C, Z, I, X, 
- ¢opMHpoeaTenH cHrHanoe N , A, F 
- 6y¢epH~~ perHCTP 4TeHH~ /24 pa3PHAa/, 
- 6y¢epHbl~ perHCTP 3anHCH /24 pa3P~Aa/, 
- perHCTP 3anpocoe LAM /24 pa3p~Aa/, 
- perHCTP COCTO~HH~ H MaCKH /8 pa3p~AOB/. 
npH BblnOnHeHHH KOMaHAbl KAMAK CHrHanbl F ¢opMHpyiOTCH H3 

KOAa Ha WH Hax A a HHbiX (DO 7 D7), a CH rHan~ N H A - H3 KOAa 
Ha aApeCHbiX WHHax (AO-A15), npH4eM npH3HaKoM KOMaHAbl KAMAK 
cnymHT npHCyTCTBHe eAHHH~ Ha WHHaX A9-A15 BKni04HTenbHO, 

YcTpo~cTeo ynpaeneHH~ Bblpa6aTbiBaeT TaKTOB~e cHrHanbl An~ 
npo~eccopa,onpeAenHeT cKopocTb o6MeHa AaHH~MH 4epe3 npo
rpaMMHO ynpaenHeMbl~ KaHan ,AeKOAHpyeT KOMaHAbl BBOAa-B~BOAa 

npo~eccopa H ¢opMHpyeT ynpaem-tiOUIHe cHrHanbl AnH B3aHMOAe~

CTBH~ npo~eccopa c ·6noKaMH naMHTH 1522. 0Ho npHHHMaeT TaKme 
3anpoc~ Ha npep~BaHHe OT pa3nH4H~X HCT04HHKOB /MOAyne~ 
KAMAK H TepMHHana/, onpeAen~eT npHOPHTeT H Bblpa6aT~eaeT eeK
TOP~ npepbiBaHHH. B Ka4eCTBe TepMHHana Hcnonb3yeTc~ AUT 
11 BHAeoToH- 34o••. 

AnH C03AaHHH MHOrOMepHOrO aHanH3aTopa He06XOAHMO 6~no 
pewHTb cneAYIOUIHe eonpoc~: 

1. 06ecne4HTb xopowee BH3yanbHoe npeACTaeneHHe MHoro
MepH~x AaHH~x. 
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2. Pa3pa6oTaTb npo6neMHo-opHeHTHpoeaHHoe nporpaMMHoe 
o6ecne4eHHe An~ opraHH3a~HH pa3nH4HbiX pemHMOB MHoroMepHoro 
aHanH3a. 

3. Pa3pa6oTaTb onTHManbH~~ Ha6op HHTepaKTHBH~x npHKa3oe, 
BbiAaeaeM~x c TepMHHana, An~ o6ecne4eHH~ npocToro AHanora 
3KcnepHMeHTaTopa C C~CTeMO~. 

B~3YAnbHOE nPEACTABnEH~E AAHH~X 

An~ BH3yanbHoro npeACTaeneHH~ MHoroMepH~x cneKTpoe HaH-
6onee nOAXOA~T cne~HanbHO pa3pa6oTaHHble An~ 3THX ~ene~ Tpex
MepH~e AHcnneH RG-96 ¢HpMbl 11 ~HTepTeXHHK11 /<t>paH~H~/ /21 

H NE-256 l..l~<t>~ /BHP I 131
. B Hawe~ CHCTeMe Hcnonb3oeanc~ AHCnne~ 

RG-96. HMeiOUIH~ cne AYIOUIHe pemHMbl npeACTaene!"iH~ AaHHbiX: 
- H3o6pameHHe ce4eHH~ cneKTpoe Ha nnocKOCTH XY c MOAYn~

~He~ ~PKOCTH e 3aBHCHMOCTH ~T COAepmHMoro KaHanoe Z, 
- H30MeTpH4eCKOe npeACTaBneHHe cneKTpOB 6e3 MOAYn~~HH 

~pKOCTH B 3aBHCHMOCTH OT COAepmHMOrO KaHanoe, 
- TO me, HO C MOAYn~~He~ ~pKOCTH. 
~30MeTpH4eCKOe npeACTaBneHHe MOmeT 6b1Tb nony4eHO CO 

CABHrOM KOOPAHHaT X H Y OT 45° AO 90° · MaKCHManbHOe 4HCnO 
Ha6niOAaeMbiX KaHanoe no oc~M X H Y - 4096. ~MeeTC~ nepeMeH
Hoe AH¢¢epeH~Han bHOe 110KH011 An~ B~6opa nOACBe4H eaeMoro y4aCT
Ka H ABa MapKepa no OC~M X H Y. 

nocKOnbKY An~ noArOTOBKH H BbiBOAa Ha AHCnne~ HH¢opMa~HH 
o6 OAHOM KaHane cneKTpa npo~eccopy KOHTponnepa 1521 Tpe6yeT
c~ BpeM~ nop~AKa 50-60 MKC, TO AnH Ha6niOAeHHH 4096 KaHanoe 
noTpe6yeTc~ He MeHee 200 Me, T.e. 4aCTOTa pereHepa~HH 
H3o6pameHHH 6yAeT He 6onee 5 r~. An~ nony4eHHH Ka4eCTBeH
Horo H3o6pameHH~ /o6ecne4eHH~ 4aCTOT~ pereHepa~HH H3o6pameHH~ 
Ha 3KpaHe 3nT nop~AKa 40 r~/ HaMH 6~n pa3pa6oTaH cne~HanbH~~ 
MOAYnb KAMAK- APa~eep AHCnne~, HMeiOUIH~ e ceoeM cocTaee 
co6cTeeHHYIO naM~Tb eMKOCTbiO 4 K6a~Ta Ha 3neMeHTax AHHaMH-
4ecKoro THna K565PY1A /41• 

<t>yHK~HH APa~eepa AHcnneH: 
- nepHOAH4eCKaH 3anHCb B naM~Tb /no KOMaHAaM KOHTponnepa/ 

MaCCHBa cneKTpOB /4096x8/; 
- ¢opMHpOBaHHe KOAOB H ynpaen~IOUIHX CHrHanoB AnH BbiBOAa 

Ha AHcnne~ 12-pa3PHAHOro XY KOAa /aApeca KaHana/, aHano
roeoro cHrHana Z /coAepmHMoro KaHana/ H cHrHana noAcBeTa 
3nT; 

- AeWH¢pa~H~ KOMaHA KAMAK. 
HanH4He BHyTpeHHe~ naMHTH y APa~eepa AHcnneH cyl!leCTBeHHO 

ynpo111aeT era nporpaMMHOe o6ecne4eHHe, nocKonbKY Tpe6yeTc~ 
nHWb nepHOAH4eCKH 06HOBn~Tb COAepmHMOe 3TO~ naM~TH B npo~ecce 
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HaKonneH~R AaHH~X B MOAYnRx 1522. YcTpoAcTBO ynpasneH~R 
APaHBepa B~pa6aT~BaeT TaKTOB~e ~MnynbC~ C4~T~BaH~R COAepm~

MOrO KaHanOB C 4aCTOTOH 200 Kr~ ~ B npo~ecce C4~T~BaH~R 
aBTOMaT~4ecK~ pereHep~pyeT COAepm~Moe A~HaM~4ecKoA naMRT~. 

B naMRTb APaAsepa 3an~c~sa~TCR 8-pa3PRAH~e KOA~ /256 rpaAa
~~A no aMnn~TYAe nocne npeo6pa3oBaH~R UAn/, 4TO snonHe AOCTa
T04HO AnR socnpo~3BeAeH~R r~cTorpaMM cneKTpos Ha 3KpaHe 3nT. 
MaCWTa6 no Z MOmHO ~3MeHRTb C nOMO~b~ KOMaHA-np~Ka30B 3a 
C4eT B~6opa COOTBeTCTBy~~X BOCbM~pa3PRAH~X KOAOB /~3 pe
r~CTPOB COAepm~Moro KaHanoB MOAyneA naMRT~ 1522/. 

PElKHMbl H Bl-1.1.\bl AHAnH30B 

AHan~3aTop pa6oTaeT B ABYX OCHOBH~X pem~MaX HaKonneH~R 
AaHHbiX: 

1. B pem~Me ~HTerpanbHoro aHan~3a,KorAa none naMRT~ MOAY
neA 1522 pa36~saeTcR Ha rpynn~ no 4096 KaHanos/np~ MaKc~Manb
HOA eMKOCT~ KaHana 2 16 co6~T~A/ ~ opraH~3yeTcR copT~POBKa co-
6~T~A no BXOAHOMy KOAY AeCKp~nTopa. 

2. B pem~Me He~HTerpanbHoro aHan~3a/pem~M 6y~epHoro Ha
KonneH~R/, KOrAa KamAOe C06biT~e/ BXOAHOH KOA AeCKp~nTopa/ 3a
n~c~saeTCR a naMRTb KaK OTAenbHOe cnoso, nocneAOBaTenbHO 
3anonHRR secb 6y~ep. np~ era 3anonHeH~~ asToMaT~4ecK~ npo~3-
BOA~TCR B~BOA AaHH~X Ha nep~oneHTy ~n~ B 3BM 4epe3 COOTBeT
CTBy~~~e MOAYn~ KAMAK /Bnn-78/ ~n~ CAM.3.04-2 -'5 ··. 
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l-1HTerpanbHbiH aHan~3 MOmeT 6~Tb cneAY~~X B~AOB: 
- AO - OAHOMepH~A aMnn~TYAH~A aHan~3 c MaKc~ManbH~M 

4~cnoM KaHanos, onpeAenReM~M aHanoro- ~~~pOBbiM 
npeo6pa3osaTeneM /AUn/, 

- AA - AByMepHbiH aMnn~TYAH~A aHan~3, 

- AT - aMnn~TYAHo-speMeHHOA aHan~3, 

- AJ.\ - aMnn~TYAH~H aHan~3 OT MHOr~x AaT4~KOB, 
- MA - MHoronapaHeTpos~A aHan~3 c 4~cnoM AUn AO 8. 

0T60p MHOrOMepH~X C06~T~H MOmeT OCy~eCTBnRTbCR KaK cxe
MaM~ cosnaAeH~A Ha aHanorosoM yposHe, TaK ~ 6noKOM opraH~-
3a~~~ COBnaAeH~A /60C/, KOTOp~A np~ B3a~MOAeHCTB~~ 
c AUn-4K ~1 /4~cno AUn AO 8/ s~pa6aT~saeT c~rHan 3anpoca 
Ha o6cnym~BaH~e L, ecn~ c~rHan~ Ha sxoAax npeo6pa3oBaTeneA 
cosnaAa~T a npeAenax nepeAHero ~poHTa. Ha p~c. 2 a Ka4ecTBe 
np~Mepa np~BeAeHa 6noK-cxeMa ABYXMepHoro /AA/ aHan~3aTopa 
Ha Ga3e c~cTeM~ MAKAMAK.BpeMR per~cTpa~~~ OAHOro co6~T~R: 

- e pe~~Me ~HTerpanbHoro OAHOMepHoro aHan~3a - 150 MKC, 
- e pe~~Me ABYXMepHoro ~HTerpanbHoro aHan~3a - 220 MKC. 

• 

Bui«o"'"" 
.540 

ko11111poAAq 
MACA MAC 

(1SZ11 

OlY 48 !(-..;. 

(3• tUI> ~R6·H 

P~c. 2. 6noK-cxeMa ABYXMepHoro aMnnHTYAHOro aHan~3aTopa 

Ha 6a3e c~cTeM~ MAKAMAK. 

PA60TA CHCTEM~ H nPOrPAMMHOE 06ECnE4EHHE 

npaKT~Ka pa60T~ C ~3Mep~TenbH~M~ C~CTeMaM~ /~3Mep~Tenb
H~M~ MOAynRM~/ Ha OCHOBe M~H~-3BM TPA noKa3ana npOCTOTY 
OCBOeH~R ~ B~COKy~ 3~~eKT~BHOCTb nporpaMMHOrO o6ecne4eH~R 
aHan~3aTopa, e~nonHeHHoro e B~Ae naKeToe, o6pa~eH~e K Ko
TOP~M npo~CXOA~T no ~HTepaKT~BH~M np~Ka3aM TeneTaAna ~n~ 
A~CnneR. npo6neMHo-op~eHT~poBaHHaR C~CTeMa ~3Mep~TenbHOro 

MOAynR "KJn~Tep-16" .'7 / HaCTpa~eaeTCR Ha 3aAaHHbiH COCTaB an
napaTH~X cpeACTB, Ha pem~M aHan~3a ~ no3sonfleT nonb3oBaTen~ 
~3naraTb CBO~ Tpe6oBaH~R Ha BXOAHOM R3~Ke - R3~Ke A~peKT~B. 

no TaKoMy me np~H~~ny opraH~aosaHo ~ nporpaMMHoe o6ecne4eH~e 
·MHoroMepHoro aHan~3aTopa "HenTyH". 0Ho BKn~4aeT a ce6R: 

- MOH~Top, o6ecne4~sa~~~A A~anor nonbaosaTenR c c~cTeMoA, 
KOHTponb era pa6oTbl, 

- nporpaMMbl c6opa, HaKonneH~R ~ .lpeABap~TenbHOro aHan~3a 

~H~OpMa~~~ e npo~ecce ee HaKonneH~R, 
- nporpaM~ o6cnym~saH~R A~cnneR, 

- nporpaMM~ o6ecne4eH~R CBR3~ M~Kpo-3BM c 3Kcnep~MeHTanb-
HoA annapaTypoA, s~nonHeHHOH e cTaHAapTe KAMAK. 

Pa6oTa c~cTeM~ e pe~~Me aHan~3aTopa Ha4~HaeTCR nocne 
nepexoAa ~3 pem~Ma MOH~Topa MAKAMAK K pa6o4eMy pem~MY -
pem~My ~HTepnpeTaTopa KOMaHA A~CnneHHOrO TepM~Hana C~CTeM~ 
"HenTyH" . .1.\nR 3Toro Ha Knas~aType TepM~Hana Heo6xoA~Mo Ha-
6paTb Ha4anbHbiH aApec ~HTepnpeTaTopa /30000/. nocne 3Toro 
nonb30BaTenb ~ C~CTeMa HaXOARTCR B pem~Me nOCTORHHOrO A~anora. 
3Kcnep~MeHTaTop 3aAaeT pem~M ~ B~A aHan~3a /AO, AA, At\ 
~ T.A./, a nporpaMMa 3anpaw~saeT HOMepa cTaH~~A AUn, An~HY 
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KOAa, HOMep ceKTopa cneKTpa Anfl Ha6opa H T.n. Anfl Ha4ana 
H OKOH4aHHfl Ha6opa HCnOnb3yiOTCfl npH Ka3bl 11 CTapT aHanH3a11 

/ SA/ H "OcTaHOB aHanHaa" /HA/. 
B Ka4ecTBe npHMepa npHBOAHTCfl AHanor 3KcnepHMeHTaTopa 

C CHCTeMO~ B pemHMe ABYXMepHoro aMnnHTYAHOrO aHanHaa: 

,!R30000cR 

jjCT 

Ji AA 1{.::-AQ.C_ .. NITh:1Jill!K= 2 c R 

- 04HCTKa 6y~epa HaKonneHHfl, 
- HOMep CTaH~HH KOAHPOB-

IIIHKa X, 
~_:-'-~Q_9 _ _!Q~..Q_1._~!:1Q'!1l_= 5c R - ADH Ha cnosa KOAHPOBIIIH Ka X , 
Y=.b...R.Q_~..!1Mfl.E.E.=3cR - HoMep CTaH~HH KOAHPOBIIIHKa Y, 

#SA 
'£-::::~..!2_Q_\:YQ..R_Q_LEB_QTI!_=7cR - ADHHa cnosa KOAHPOBIIIHKa Y, 

- cTapT aHanHaa, 
J! DS ~~-Q..'!:Q..R.h~QTII_= 7 c R - ADHHa ceKTopa Anfl Ha6niOAe-

HHfl, 
- HOMep Ha6niOAaeMoro ceKTopa, 

#HA - OCTaHOB aHanH3a. 

B AaHHOM npHMepe CHMBon CR oaHa4aeT KOHe~ apryMeHTa. 
noA4epKHYTble CHMBOnbl BbiAaiOTCfl nporpaMMO~, OCTanbHble 3aAaiOT
Cfl onepaTopOM. nonomeHHbl~ B OCHOBY CTPYKTypHO~ opraHH3a~HH 
aHanHaaTopa MOAYnbHbl~ npHH~Hn BblnonHeHHfl annapaTHbiX H npo
rpaMMHbiX cpeACTB no3BOnfleT B cmaTble CpOKH C03AaBaTb pa3nH4-
Hble MOAH~HKa~HH CHCTeMbl, npeAHa3Ha4eHHble Anfl peweHHfl WHpo
KOrO Kpyra ~3H4eCKHX 3aAa4 npH MeHfliOIIIHXCfl ycnoBHflX 3KCne
PHMeHTa, a TaKme Hapai!IHBaTb ~YHK~HOHanbHble B03MOmHOCTH 
CHCTeMbl. 

B aaKnl04eHHe aBTOPbl BblpamaiOT 6naroAaPHOCTb A.M.Cyxosy, 
B.A.ropwKOBY H B.H.CMHPHOBY aa paapa6oTKY H HacTpo~KY Hc

·nonbayeMbiX B aHanHaaTope 6noKOB KAMAK. 
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