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OpraHH3BUHSI c6opa naHIILIX e aKcnepHMeHTllX no pp-, pd- H 
pHe -paCCeSIHHIO HB MBIIbie yrnbi, (3neKTpOHIIBSI annapaTypa) 

B pa6oTe paccMaTpHBBJOTCSI AonpOCbi C0311BHHSI sneKTpOHHOII annapaTy
pLI llnSI OprBHH3BUHH npHeMB llBHHbiX B CepHH 3KCnepnMeHTOB no H3y'leHHJO 
npoueccoe pp-, pd- H pHe -pacceSIHHSI Ha Manbie yrnbi, KOTOpbie 6binH 

.-1 ebmonneHbi e Jla6opaTopnu HM, <l>epMH (EaTaBHSI, CWA) e Te'leHHe 1976 
H 1977 ronoe. B 3THX sKcnepHMeiiTax HHij>opMaUHSI c nonynpoeoaHHKOBbiX 
lleTeKTOpOB C nOMOIUbiO perHCTpHpyJOIUeil H ynpaBIISIIOIUefi 311eKTpOHHOfi 

1 I annapaTypbi nocrynana e ManyJO 3BM PDP-ll;'al. 

Pa6oTa e~c>moniieHa e Jla6opaTopun BbiCOKHX 3Heprlllt 011HI1. 

npenpHHT 06bell11HeHHOro HHCTHTyTa !lllepHbiX HCCIIellOB8HHil, lly6Ha 1978 

Morosov B.A., Nomokonov P,V,, Smirnov V.A, 13 - II828 

Data Acqustision Set Up in Experiments on pp-, pd
and pHe Small Angle Scattering (Electronics) 

A data acquisition set up for studing pp-, pd- and pHe small 
angle scattering is described, 'These experiments have been per
formed in the Fermilab (Batavia, USA) during 1976 and 1977, 'The 
readout and control electronics of the set up were for digizing 
and transfe ring the data from semiconductor detectors into the small 
PDP 11/20 computer, 

'The investigation has been performed at the High Energy 
Laboratory, JINR, 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

1. BBEJ(EHHE 

B pa6oTe onBCbiBaiOTCJI perucTpBpyromaJI 3JieKTPOBBKa 

B opraBB3aD;BJI npBeMa ,D;aBBbiX B cepBB 3KCDepBMeHTOB 

no B3yqeBBIO ynpyroro B ueynpyroro pacceJIBBJI npoTOBOB 

Ha JierKBX JI,D;paX B 06JiaCTB MaJibiX nepe,D;aHHbiX BMDYJibCOB. 

3TH 3KCDepBMeHTbl 6biJIB BbiDOJIHeHbl rpynno:ii 4JB3BKOB 

OHJIH B CiliA B OT,D;eJieHBB BHyTpeHHBX MBmeHBH Ha ycKo

pBTene Jia6opaTopBB BM. Cl»epMB B 1976 - 1977 ro,D;ax. 

C DOMOlllbiO KpeMHBeBbiX DOJiynpOBO,IJ;HBKOBbiX ,D;eTeKTOpOB 

B3MepJIJIBCb yron B 3HeprBB JI,D;ep OT,D;aqu, nonyqaeMbiX 

npB B3aBMO,D;eHCTBBB BHyTpeHHero nyqKa YCKOpBTeJIJI C ra-

30BOH cTpyiiHoii MBWeHLIO. ,li;JIJI B,D;eHTB«ilBKau;BB JI,D;ep npBMe

HJIJIBCb TeJieCKOnbl B3 nonynpOBO,IJ;HBKOBbiX ,D;eTeKTOPOB 

/ITTI,IV /1/.TeJieCKOD COCTOJIJI B3 ABYX BJIB Tp'X DOJIHOCTLIO 

o6e,D;HeHHbiX DOBepXHOCTHO- 6apbepHbiX ITTI,IJ; l (MBHBMaJIL

HaJJ: 3HeprBJI JI,D;ep, He06XO,IJ;BMaJI ,IJ;JIJI BX B,D;eHTB4JBKaD;BB, 

onpe,D;enJieTcJI TOJilllBHoii nepaoro ,D;eTeKTopa, a MaKCBMaJIL

HaJI 3HeprBJI - cyMMapHOH TOJilllBHOH BCeX ,D;eTeKTOpOB 

TeJieCKOna. 0,D;HOBpeMeHHOe B3MepeHBe 3HeprBB ~E B nep

BOM ,D;eTeKTOpe B nOJIHOH 3HeprBB E B TeJieCKODe D03BOJIJI

eT pa3,D;enBTb perucTpBpyeMble JI,D;pa, TaK KaK ~E. E-M .z2
, 

r,D;e M - Macca JI,D;pa OT,D;aqu, a Z - ero 3apJI,D;. 

CooTHOWeHBe TOJilllBH nn.n; B TenecKone MO:>KeT 6b1Tb 

ODTBMB3BpOBaHO B 3aBBCBMOCTB OT TBDa JI,D;ep B BX DOJIHOH 

3HeprBB. B Hamux 3KcnepBMeHTax 1 B ABYXAeTeKTOpHOM 

TenecKone TOJilllHHa nepaoro ,D;eTeKTopa (d F) 6blna npu6nu-

3BTeJibHO B ,D;eCJITb pa3 MeHbWe TOJilllBHbl BTOpOrO ,D;eTeKTO

pa (d 
8

). B 3aBBCBMOCTB OT ,D;Bana3oHa perBcTpupyeMoii 

3HeprBB d F MeHJIJIOCb B npe,D;eJiaX 17 MKM < d F < 200 MKM. 

B OCHOBHOM 3HepreTBqeCKOe pa3pemeHBe nepBOrO ,D;e

TeKTOpa onpe.LJ.eJIJieT pa3pemeHBe TenecKona no MaccaM. 

Mbi BCnOJib30BaJIB nn.n;, BeJIBqBHa 3HepreTBqecKoro pa3-

pemeHBJI KOTOpbiX MeHJIJiaCb OT ,D;eTeKTOpa K ,D;eTeKTOpy 

3 



Puc. 1. Pa3oeAeHue AezKux .11oep no ux MaccaM. 

B npe,IJ;enax OT 15 ,IJ;O 60 K3B llpH perHCTpal(HH a -qacTHU 

C 3HeprHeii: - 3M3B. 3Toro 6LinO ,IJ;OCTaTO'IHO llO'ITH ,IJ;llJI 

cTonponeHTHoii: H,IJ;eHTHiiiHKanHH JI.IJ;ep 4He, 3He, D, H /cM.puc.l/. 
HHiilopMaUHJI c ,IJ;eTeKTopos c noMOJUbiO perHCTPHPYIOIQeii: 

H ynpasnJIIOIUeii 3neKTPOHHoii annapa TypLI nocTynaeT B 

3BM PDF-11/20 /2/ /eM. puc. 2/. K MarHCTpanH BBO,IJ;a

BLIBO,IJ;a 3BM llO,IJ;KniO'IeHLI cne,IJ;yiOIUHe nepHiilepHiiHLie YCT

poii:CTBa: 

1. TeneTaii:n, KOTOpLiii: HCllOllb3yeTCJI onepaTOpOM ,IJ;llJI 

,IJ;Hanora c ynpasnJIIOIUeii nporpaMMoii. 

2. rpaliiH'IeCKHH ,IJ;HCTineii: C naMJITbiO. 

3. MaTpH'IHOe ne'laTHOe yCTpOHCTBO, Ha KOTOpoe MO:>K

HO CKaHHpOBaTb H306pa:>KeHHe C 3KpaHa ,IJ;HCnneJI. 

4. MarHHToliloH, KOTOpLiii o6ecne'IHBaeT 3anHCb 3Kcne

PHMeHTanbHOii HHiiiOpMaUHH Ha MarHHTHYIO neHTy. 

5. liLICTpLiii: ,IJ;HCK C HellO,IJ;BH:>KHOii: rOllOBKOii: 'ITeHHJI -

3anHcH ,IJ;aHHLIX. Ha 3TOT ,IJ;HCK 3anHCb HHiilopMaUHH nposo

,IJ;HTCJI BO BpeMJI ee llpHeMa. 

6. YcTpoiicTBO .IJ;nJI ycTaHOBKH cMeHHLIX ,IJ;HCKOB c sa

pHaHTaMH ,IJ;HCKOBLIX onepal(HOHHLIX CHCTeM. 

7. ITynbT BHeWHHX npepLIBaHHii, no KOTOPLIM opraHH3y

eTcJI CHHXpOHH3aUHJI npHeMa ,IJ;aHHLIX C pa60TOii: YCKOpHTenJI. 
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8. ,IJ;paii:sep BeTBH, 'lepe3 KOTOpLiii: K 3BM MO:>KeT 

6LITb no,IJ;Kmo'leHo ,IJ;O ceMH Kpeii:TOB B cTaH,IJ;apTe KAMAK. 

Bc10 3neKTPOHHYIO annapaTypy cneKTpoMeTpa MO:>KHO 

pa3,IJ;enHTb Ha TPH liiYHKUHOHanbHLie rpynnLI: 

1. CneKTpoMeTpH'IeCKHe KaHanLI. 

2. linOKH, lilopMHPYIOIUHe YCllOBHJI pa3peweHHJI Ha npHeM 

,IJ;aHHLIX. 

3. linOKH, ynpaBllJIIOIUHe npHeMOM ,IJ;aHHLIX B 3BM. 

2. OIIHCAHHE CIIEKTPOMETPHqECKOTO KAHAJIA 

C'beM HHiilopMaUHH c nonynposo,IJ;HHKOBLIX ,IJ;eTeKTopos 

H ee ,IJ;anbHeiiwee npeo6pa3oBaHHe B UHiilposoii: KO,IJ; ocyiUecT

BllJIIOTCJI C llOMOIUbiO ClleKTpOMeTpH'IeCKHX 6nOKOB, KOTOpLie 

o6pa3yiOT ,IJ;Ba,IJ;UaTb 'leTLipe TO)I(,!J;eCTBeHHLIX ClleKTpoMeT

pH'IeCKHX TpaKTa. JlorHKa annapaTypLI no3BOnJieT rpyn

nHposaTb TpH TpaKTa B O,IJ;HH ClleKTpOMeTpH'IeCKHH KaHan. 

TaKHM o6pa30M, B 3KcnepHMeHTax, r.IJ;e B H,IJ;eHTHiiiHKaUHH 

JI,IJ;ep OT,IJ;a'IH He 6LinO He06XO,IJ;HMOCTH, MLI HMellH MaKCH-

rP.Il~ecKUU 11UH!UHQA Ma~Humoq,ott Gt..cmpblu CMeHHbiU 
aucM!U ne~o~amb aucK aucK 

Puc. 2. CmpyKmypHa.R cxe.wa 3BM PDP-11/20. 
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MaJibHYIO 24- KaHaJibHYIO cneKTpOMeTpB'IeCKYIO CBCTeMy. 
MaKCBMaJibHOe 'IBCJIO Kauanoa a 3KcnepuMeHTax c ueo6xo
.IUIMOCTbiO B,IJ,eHTBci>BKa~BB 6wno aoceMb. Ha puc. 3 pac
CMOTpeua 6JIOK-CXeMa O,IJ,HOrO B3 TaKBX BOCbMB cneKTpo
MeTpB'IeCKBX KaHaJIOB. Jap.&,IJ,, BH.IJ.Y~BpyeMbiB ,IJ,eTeKTOpOM 
nocne npoxo~euu.a Jap.a~euuoii qacTB~bl, npeo6pa3yeTc.& 
B aMnJIBTY.IJ.Y BMnyJibCa C nOMOU(biO CTaH,ll,apTHOB ~enO'IKB: 
npe,ll,yCBJIBTeJib·ycBJIBTeJib. 

Ilpe,ll,ycunuTenb cl>apMbl OPTEK /s~ TBn 109A, BMeeT 
'IYBCTBBTeJibHOCTb no Jap.&.IJ.Y 150 MB ua 1 M3B 3Hepruu, 
noTep.HHHOB 'laCTB~eii: B ,IJ,eTeKTOpe. HHTerpaJibHa.H Henu
HeBHOCTb a ,IJ,BanaJoue BbiXO.IJ.HbiX aMnJIBTY.ll. OT 0 B .li.O 
±1 B ua uarpy3Ke 50 OM ue npeablwaeT 0,1~. 

YcBJIBTenb /TaK~e ci>BPMbl OPTEK, TBn 471/ BMeeT 
perynupyeMbiB K034>ci>B~BeHT ycBJieHB.H B ,IJ,BanaJOHe OT 
2,5 ,IJ,O 3000 C BHTerpaJibHOB HeJIBHeBHOCTbiO JIY'IWe 'leM 
0,05~ B ,IJ,BanaJOHe aMnJIBTY.IJ. BbiXO,IJ,HbiX CBrHaJIOB OT 
0 .li.O ±6 B. IlocTO.HHHble cl>opMBPYIOlQBX ~eno'leK a ycunuTe
JI.HX Bb16paHbl paBHbiMB - 1 MKC. 

YcunuTeJib O.IJ.HOBpeMeuuo reuepupyeT ,IJ,Ba HMnynLca. 
Ilepablii: ccl>opMupoaau c ~eJibiO nyqwero 3HepreTB'IecKoro 
pa3peweuu.& B .&BJI.&eTc.& "cneKTpoMeTpB'IeCKBM" HMnynLcoM. 
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MArlltCTPAAb 
lo<PE~TA t 

~-----------~ 
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MArHCTPAI\b I<PE~A 2 

Puc. 3. liAoK- cxeMa cneKmpoMempu'lecKozo KaHaAa. 

BTopoii: - 3TO BMnyJibC C KOpOTKBM nepe,IUIBM ci>POHTOM 
I- 30 Hc/, u ou MBHyeT BHTerpupyJOlQYIO cl>opMBPYJOlllYIO 
~enb yCBJIBTeJI.H. IlepBbiB BMnyJibC nocTynaeT qepe3 JIBHeii
HYIO 3a,ll,ep)KKY /0,75 MKC/ Ha BXO,IJ, 256-KaHaJibHOrO AI..Ul, 
BTOpOB - Ha BXO,IJ, O,IJ,HOnoporoBOrO ,IJ,BCKpBMBHaTopa.Ja,IJ,ep~
Ka ueo6xo,IJ,BMa ,IJ,JI.H Toro, '1To6w o6ecne'IBTb C.li.BBr BJMep.a
eMoro CBrHaJia OTHOCBTeJibHO nepe,li,Hero cl>pOHTa CTp06BpYJO· 
mero BMnyJibCa, ,IJ,JIHTeJibHOCTb KOTOporo, pasHa.& -2 MKC, 
6blna aw6paua c TaKBM pac'leToM, '1To6w o6ecne'IBTb ero 
BpeMeHHOe COBna,IJ,eHBe C MaKCBMaJibHbiM 3Ha'leHBeM aMnJIB· 
TY.ll.bl BJMep.&eMoro BMnynbca. CTpo6upy101QBB curuan aw
pa6aTwaaeTc.& cne.li.YIOlQBM o6pa30M. HMnynbc c .li.BCKPBMB
HaTopa cneKTpoMeTpB'IecKoro TpaKTa nepaoro ,IJ,eTeKTopa 
npBXO,IJ,BT Ha O,IJ,HH B3 BOCbMB BXO,IJ,OB JanycKa 6JIOKa CKaHH· 
poBaHB.H, KOTOpbiB Bblpa6aTbiBaeT BMnyJibC CTp06BpOBaHB.H 
AI..UI B BMnynLc- cTapT ,IJ,JI.H apeM.&- ~ucl>poaoro npeo6pa30Ba
Ten.& /BI..Ul/. 

AI..UI ci>BPMbl OPTEK 13(Tuna AD 811, cocTOBT B3 aocb
MB 2047-KauanLHbiX auanoro-~ucl>poawx npeo6pa3oBaTeneii:, 
BHTerpaJibHa.H HeJIBHeBHOCTb KOTOpbiX - 0,2~, .IJ.H4>cl>epeH~B
aJibHa.H HeJIBHeBHOCTb - 1 ,5~ B ,IJ,BanaJOHe BXO,IJ,HbiX aMnJIB· 
TY.ll. oT 0 .li.O + 2 B. MaKcBMaJILHoe apeM.& npeo6pa3oaauu.a 
COCTaBJI.HeT 13 MKC. 

Kanu6poaKa cneKTpoMeTpB'IecKBX TpaKTOB ocymecT-
an.&nacb reuepaTOpOM BMnyJibCOB TO'IHOB aMnJIBTY.IJ.Ial, onop
HOe Hanp.&)KeHBe ,IJ,JI.H KOTOpOrO MeH.HJIOCb CTyneH'IaTbiM o6-
pa30M c noMOlQbiO ~ucl>po-auanoroaoro npeo6pa3oaaTen.a 
/UAII/ no nporpaMMe 3BM. ,IJ;n.a npBB.H3KB WKaJibl UAII 
K 3HeprOBbi,IJ,eJieHBIO B ,IJ,eTeKTOpax BCnOJib30BaJIBCb BCTO'I· 
HBKB a -qacTB~ C 3HeprB.HMB OT 3,18 M3B (148Ga) ,IJ,O 
8,786 M3B (228 Th). 

3. YCJIOBH.R PA3PBHJEHH.R HA IIPHEM )J.AHHMX 

PerucTpa~B.H .&,IJ,ep OT,IJ,a'IB npoao,IJ,BJiacb so apeM.& ~BKJia 
yCKOpeHB.H npB HeCKOJibKBX 3Ha'leHB.HX 3HeprBB yCKOp.&eMOrO 
ny'IKa. KonuqecTBO 3HepreTB'IeCKBX "To'leK" onpe,ll,en.anocb 
KOJIB'IeCTBOM cl>opMBpyeMbiX raJOBbiX CTpyii: BO apeM.H K~
,IJ,OrO ~BKJia /MaKCBMaJibHoe 'IBcno - 3TO 'leTwpe cTpyu/. 
~OpMBpOBaHBe CTpyii: B BblpafiOTKa CBrHaJIOB pa3peweHB.H 
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Ha npHeM AaHHbiX npOH3SOAHnHCL C nOMOJ.U;LIO cepHH HMnynL
COS - MeToK HapacTaJOw;ero MarHHTHoro nonJI I B -TaiMepa/. 

OpraHH3aUHJI pa6oTbl nporpaMM npHeMa AaHHbiX s peanL
HOM MaCWTa6e speMeHH ocyw;eCTSnJieTCJI C noMOJ.U;LIO CHr
Hanos npepblsaHHJI, KOTOpble nocTynaJOT s 3BM c nynLTa 
SHeWHHX npepblsaHHB /JIBJI/, OT qacos peanLHOrO speMeHH 
H H3 6noKos 6yc}lepHoi naMJITH. Ha puc. 4 npHseAeHa 
CTpyKTypHaJI CXeMa, KOTOpaJI nOJICHJieT noJisneHHe CHrHanos 
c IIBII. IlepeA KalK,!J;biM llHKnoM ycKopeHHJI Ha 3KCnepHMeH
TanLHYIO ycTaHOSKY nOCTynaeT HMnynLC "Haqano llHKna 
ycKopeHHJI " /HU.Y I. OH npHXOAHT Ha sxoA "IlpepblsaHHe 
A" B IIBII, a TaK)Ke ocyw;ecTsnJieT c6poc ycTaHOSO'IHbiX 
C'leT'IHKOS /T1 +T4/, 6noKa CKaHHposaHHJI H C'leT'IHKa 'IHC
na HMnynLcos, npHXOAJIJ.U;HX no nHHHH "B- TaiMep". Ha 
puc. 5 noKa3aHbl speMeHHble COOTHOWeHHJI Me)I(,!J;y nOJISne
HHeM CHrHanos npepbiSaHHJI H CHrHanos pa3peWeHHJI Ha 
npHeM AaHHbiX. 3BM Y3HaeT 0 HaCTynneHHH MOMeHTa 
speMeHH, nocne KOTOporo S03MO)KHO noJisneHHe C06biTHB 
S3aHMOAeBCTSHJI ny'IKa C MHWeHLIO, no CHrHany npepbiSaHHJI 
H3 liB II, o6ycnosneHHoro HMnynLCOM Ha sxoAe "Ilpepblsa-

HA4AI'IO u.HKI1A I nPEPbiBAHio1E A 
~CKopeH~o~A > luc-r~~~ I 

u 
0 

B-rAi-1MEP > t.3~.u•IW'&JW••.!.I 

11HTEHCI-18HOCTb I . I I I 
ny"'KA ' ~ 

MArHCTPAI\b KPEHlA I 

Puc. 4. CmpyK111YPHaJI cxeMa ebrpa6omKu ycAoeuu paapewe
HUJI Ha npueM OaHHbiX. 
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Puc. 5. BpeMeHHble ouazpaMMbl, o6'b.JICH.IIIOJ11Ue noReAeHue 
cuzHaAoe paapeweHUJI Ha npueM oaHHbiX. 

HHe B". B Te'leHHe llHKna ycKopeHHJI so3MO)KeH npHXOA 
AO 'leTblpex TaKHX HMnynLCOS /no OAHOMY H3 KalK,!J;oro 
yCTaHOSO'IHOrO C'leT'IHKa, 'IHCnO KOTOpbiX onpeAenJieT KOnH
'IeCTSO pa60'IHX ra30SbiX CTpyi/. BpeMJI noJisneHHJI HMnynL
Ca Ha SbiXOAe i -ro ycTaHOSO'IHOrO C'leT'IHKa OTHOCHTenL
HO MOMeHTa noJisneHHJI HUY onpeAenJieTcJI 3Ha'leHHeM 
ycTaHosneHHoro spy'IHYIO KOAa T i H qacToToi, c KOTopoi 
HAYT HMnynLCbl no nHHHH "B-TaiMep". 

HMnynLCbl H3 ycTaHOSO'IHbiX C'leT'IHKOS He nocTynaJOT 
Ha sxoA "IlpepblsaHHe B" s IIBII, ecnH yposeHL HHTeHcHs
HOCTH ny'IKa 6bln HH)Ke 3apaHee sb16paHHoro npeAena. 
B OTSeT Ha 3TOT CHrHan npepbiSaHHJI 3BM reHepHpyeT 
SOCeML nocneAOSaTenLHO HAyw;HX HMnynLCOS pa3peweHHJI 

Ha npHeM AaHHbiX, AnHTenLHOCTL Ka)I(,!J;OrO H3 HHX pasHa 
30 MC, a speMJI Me)I(,!J;y HX nOJISneHHeM - 10 MC. 
,[VIHTenLHOCTL 3TOB na'IKH HMnynLCOS pasHa 310 MC, a 
AnHTenLHOCTL CTPYH - 100 MC. KOAbl T1, T2, T3, T4 
sbi6Hpa10TCJI TaK, 'IT06bl CTPYJI no speMeHH nonaAana 
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Ha cepe.IJ;HHY na'IKH HMnym.cos pa3peweHHJI. ITo KOH~y 

Ka>K,IJ;oro cHrHana pa3peweHHJI 3BM C'IHTblsaeT ~HI}>poso:ii 

KO.IJ; CO C'leT'IHKa 'IHCna HMnynLCOS, npHXO.IJ;Jl~X no nHHHH 
"B·Ta:iiMep". 3TOT KO.IJ; nponop~HOHaneH 3HeprHH YCKOpJI
eMbiX 'laCTH~ S MOMeHT SpeMeHH, COSna,IJ;aiO~H C 3a.IJ;HHM 
l}>poHTOM HMnynLca pa3peweHHJI. PeanLHbl:ii HMnynLc pa3pe
weHHJI pa60TLI 3KCnepHMeHTanLHOH YCTaHOSKH Ha npHeM 
.IJ;aHHbiX 3a,IJ;aeTCJl C nOMOIQLIO O.IJ;HOSH6paTopa Ha 2 MC 

KOpO'Ie, 'ITO npe,IJ;OTSpa~aeT C60H S npHeMe ,IJ;aHHLIX. 

4. OIIHCAHHE IIPO~ECCA IIEPEJ(AlJH ,JJ.AHHI:JX 
B3BM 

IIepe.IJ;a'la 3KcnepHMeHTanLHoii HHI}>opMa~HH s 3BM npo
H3SO.IJ;HTCJI qepe3, .IJ;pa:iisep seTsH s cTaH.IJ;apTe KAMAK/4< 
KOTOpbiH CSJI3aH C KOHTponnepaMH .IJ;SYX KpeiiTOS. llepSLIH 
KOHTponnep pa6oTaeT TOnLKo no.IJ; ynpasneHHeM nporpaMMLI 
3BM, STOpO:ii KOHTponnep MO)I(eT pa6oTaTL TaK)I(e no.IJ; 
ynpasneHHeM 6noKa CKaHHpOSaHHJI, KOTOpbiH ynpasnJieT 
3anHCLIO .IJ;aHHbiX s 6noKH 6yl}>epHoii naMJITH. IIpoMe)l(yToq
Hoe 3anOMHHaHHe ,IJ;aHHbiX S .IJ;SYX 6nOKaX naMJITH n03SOnJI· 
eT S 3Ha'IHTenLHOH Mepe COKpaiQaTL MepTsoe speMJI cneKT
poMeTpa Ha o.IJ;HH cHrHan. 3anycKa. MepTsoe speMJI cneKTpo
MeTpa (T MB) npH OTCyTCTSHH 6nOKOS naMJITH MO)I(HO HaHTH 
cne.IJ;yJOIQHM o6pa3oM: 

T M B = T peaKIUm + N • 4 • 'I nepe,[la411 /1/ 

T peaK~HH - 3To speMJI, Heo6xo.IJ;HMoe .IJ;nJI Sbl3osa npor
paMMbl npHeMa ,IJ;aHHbiX no cHrHany npepblsaHHJI, cl}>opMH
posaHHoro B MOMeHT npHxo.IJ;a cHrHana 3anycKa. EcnH 
nporpaMMbl pa6oTaiOT no.IJ; ynpasneHHeM .IJ;HCKOBO:ii on epa
UHOHHOH CHCTeMbl, TO T peaK~HH=1 MC. N - 3TO 'IHCno 
CneKTpOMeTpH'IeCKHX KaHanoB, B KOTOpbiX OTMe'leHa pe
rHCTpaUHJI co6biTHJI .IJ;nJI .IJ;aHHoro cHrHana 3anycKa H KOTO
poe s 6onLWHHCTBe cnyqaes pasHo e.IJ;HHH~e. T nepe.IJ;a'IH -
3TO speMJI , Heo6xo.IJ;HMoe Ha nepe.IJ;a'ly o.IJ;Horo cnosa 
,IJ;aHHbiX H3 nro6oro 6noKa S KpeiiTe S 3BM H pasHOe 
20 MKC. Ko34><l>H~HeHT 4 onpe.IJ;enJieT KOnH'IeCTSO enos, 
KOTOpoe He06XO.IJ;HMO npO'IHTaTL Ha O.IJ;HO C06biTHe S O.IJ;HOM 
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H3 KaHanos. IIo.IJ;CTasnJIJI 'IHcneHHble 3Ha'leHHJI B sblpa)l(e
HHe /1/, Ha:ii.IJ;eM, 'ITO TMB"'1,1 MC. llpH HCnOnL30SaHHH 

npoMe)l(yTO'IHoro 3anoMHHaHHJI s npo~ecce nepe.IJ;a'IH .IJ;aH
HbiX senH'IHHY MepTSOrO speMeHH cneKTpOMeTpa MO)I(HO 
o~eHHTL cne.IJ;yiOIQHM o6pa3oM: 

T = T +N·4. 'I .;- Ll T. MB npeo6pa3oBaHI1~ '-\11KJia /2/ 

T upeofT>a3oBan11a - 3TO MaKCHManLHOe speMJI, Heo6xo.IJ;H
Moe .IJ;nJI npeo6pa3osaHHJI aMnnHTY.IJ;LI aHanorosoro cHr
Hana S ~HI}>pOBOH KO.IJ; H paSHOe 15 M KC. 'I '-\I1Kffi - 3TO 
speMJI, Heo6xo.IJ;HMoe .IJ;nJI 'ITeHHJI cnosa .IJ;aHHLIX H3 nro6oro 
6noKa Kpe:iiTa S 6noK CKaHHposaHHJl H paSHOe 1 MKC. ilT 
Y'IHTblsaeT TO o6cTOJITenLcTso, 'ITO speMJI 'ITeHHJI 64 enos 
.IJ;aHHLIX ('I qTeHI1H ) H3 O.IJ;HOrO 6noKa naMJITH MO)I(eT 6LITL 
6onLwe speMeHH 3anonHeHHJI .IJ;aHHLIMH .IJ;pyroro 6noKa na
MJITH (T 3ano.nneHI1H ). L'lT = 0 , ecnH B Te'leHHe o.IJ;Horo 
CHrHana pa3peweHHJI Ha npHeM ,IJ;aHHLIX npHXO.IJ;HT He 6onee 
64 C06LITHH /HHI}>OpMa~HJl Ha O.IJ;HO C06biTHe CO.IJ;ep)I(HTCJI 
s .IJ;syx cnosax naMJITH/. B npoTHSHOM cnyqae npo~ecc 
nepe,IJ;a'IH ,IJ;aHHLIX S npoMe)l(yTO'IHYIO naMJITL .IJ;O~eH npe

pLISaTLCJl Ha speMJI T OlKI1AaHI1H , r.IJ;e 

TOlKJ1AaHI1H = max [ T 4T8HI1H ' T 1-3 anoJI nen11a 

-T 3anOJIH8H11H ' /3/ 

T = T + 64· T 
4TeHI1H peaK'-\1111 nepeAa411 ' /4/ 

T 3anoJIHeHI1H = 32 · 'I cpeAnee • /5/ 

'Icpe,l.\Hee - 3TO Cpe,IJ;Hee speMJI Me)I(,IJ;y npHXO.IJ;OM .IJ;BYX 
nocne,IJ;osaTenLHO npHwe.IJ;WHX cHrHanos 3anycKa. IIonpasKy 
L'lT MO)I(HO npe.IJ;CTaSHTL KaK T OlKI1AaHI1H /32. H3 Bblpa
)l(eHHJI /3/ MO)I(HO HaHTH ycnOSHe, npH KOTOpOM Ll'I = 0,-
3TO T 4T8111151 '5_ T 3anoJineHI1H , OTCJO.IJ;a Haii.IJ;eM, 'ITO 

T cpet:~nee ::? (T peaK'-\1111 + 64. T nepet:~a411 ) /32. /6/ 
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no,D.cTasnJIJI s sblpa:lKeuue 161 "'HcneHHble 3Ha"'eHHJI, nony
"'HM, "'TO npH T cpe,[IHee 2: 70 MKC nonpaSKOH ~T MO:lKHO 
npeue6pe"'L. B paccMaTpHsaeMOM cneKTpoMeTpe npH caMbiX 
6onLWHX 3arpy3Kax T cpe,~:~Hoe"' 500 MKC, cne,D.osaTenLHO, 
~T = 0, a TMB "'0,02 MC s cnyqae npoMe:lKyTO"'HOro 3a
nOMHHaHHJI ,D.aHHbiX. 

Ha puc. 6 noKa3aHbl OCHOSHble CSJI3H Me:lK,D.Y 6noKaMH 
CKaHHpOSaHHJI H ,D.pyrHMH 6noKaMH cneKTpOMeTpa. no KOMaH
,D.aM 6noKa cKaHHposaHHJI ,D.aHHble Hl auanoro-nH~posblx H 
speMJI-nH~posblx npeo6pa3osaTene:ii 3anHcblsawTcJI nooqe
pe,D.HO S O,D.HH H3 .D.SYX 6noKOS 6y~epHOH naMJITH. 3BM 
C"'HTLisaeT co,D.ep:lKHMOe 6noKa naMJITH KaK npH ero lanon
HeHHH, TaK H no KOHny CHrHana "Pa3pemeHHe - 30 MC". 

Ha puc. 7 npHse,D.eua CTPYKTypuaJI cxeMa 6noKa cKaHHposa-

HA<lMO IJiiKA-. YCKOFIEHHA 

t2 

Puc. 6. Cxe-wa 
CBJI3€U 6AOKa CKa
HUpoeaHUJI C Opyzu
MU 6AOKQMU cneK111pO
M€111pa. 

HHJI, a Ha puc. 8 - speMeHHble ,D.HarpaMMbl, nOJICHJIID~e 
nponecc 3anHCH ,D.aHHLIX S 6nOKH naMJITH. no CHrHany yc
KOpHTenJI HQY 6noK CKaHHpOSaHHJI no,D.rOTaanHsaeTCJI K 
pa6oTe H O:lKH,D.aeT nOJISneHHJI HMnynLCa "Pa3pemeHHe -
28 MC", SO speMJI KOTOporo no niD60MY H3 16 SXO,D.OS MO:lKeT 
upoxo,D.HTL curuan 3anycKa. TaK KaK s cneKTPOMeTpe scero 
BOCeML KaHanos, TO HCnOnL3yeTCJI TOnLKO SOCeML nepSLIX 
SXO,D.OS. noJisneHHe CHrHanos Ha .D.SYX HnH 6onee SXO,D.aX 
C"'HTaeTCJI O,D.HOSpeMeHHLIM H ~OpMHpyeT O,D.HH 3anycK 6no
Ka CKaHHpOSaHHJI, ecnH 3TH CHrHanLI npHXO,D.JIT S HHTepsane 
speMeHH 60 HC nocne noJisneHHJI nepe,D.Hero ~pouTa nep
soro H3 HHX. JlOrH"'eCKHe ypOBHH CHrHanos Ha BXO,IJ;aX 
3anycKa s KoHne 60-uauoceKyH,D.Horo HHTepsana cTpo6upy
IDTCJI S napannenLHLIH 16-pa3pJI,IJ;HLIH perHCTp, H ycTaHas
nusaeTCJI TpHrrep MepTSOrO speMeHH IT11, KOTOpLI:ii 3a· 
npew;aeT nocne,IJ;yiDw;He 3anycKH 6noKa CKaHHposaHHJI. 3a
TeM SLipa6aTLISaiOTCJI HMnynLC"CTapT BQll H HMnynLC· 
cTpo6 AUll H 3anycKaeTCJI O,IJ;HOSH6paTop SLI,IJ;ep:lKKH ua 
SpeMJI npeo6pa3oSaHHJI S AQn IO,LJ;4I. no KOHny HMnynLCa 
SLI,IJ;ep:lKKH Ha"'HHaeTCJI nOHCK HOMepa O,II;HOrO H3 cneKTpo
MeTpH"'eCKHX KaHaJIOS, S KOTOpOM npOH30WJIO C06LITHe. 
3TOT HOMep O,II;H03Ha"'HO CSJI3aH CO 3Ha"'eHHeM cy6a,D.peca 
aocr.MHKaHanLHLIX AQll H BQll. ,ll;nJI uaii.n;euuoro 3Ha"'eHHJI 
A i ocymecTsnJieTcJI nponecc "'TeHHJI "'eTLipex socLMHpa3-

PJI.D.HLIX enos ,IJ;aHHLIX Hl Tpex AQn H O,IJ;Horo BQn. 113 
Ka.')I(,IJ;LIX ,IJ;Byx enos H HOMepa cpa6oTaamero KaHana ~op
MHpyeTcJI O,IJ;HO 24-palpJI,D.Hoe cnoso, KOTopoe 3anHcLisa
eTCJI S TOT 6nOK naMJITH, ,IJ;nJI KOTOporo noTeHnHan "Pa3-
pemeHHe" paseu "1 ". ,ll;nJI uarnJI,IJ;HOCTH npm~ecca nepe,IJ;a"'H 
HH~OpManHH eMKOCTL Ka:lK,IJ;OrO 6noKa naMJITH pasHa ,IJ;SYM 
cnosaM I CM. puc. 81. npH 3anHCH ,IJ;syx enos ,D.aHHLIX s 6noK 
flaMJITH 1 nOJISnJieTCJI CHrHan "3aHJITO 1 ", S OTSeT Ha 
KOTOpLI:ii CHHMaeTCJI CHrHan "Pa3pemeHHe 1" H ycTaHas
JIHSaeTCJI cHruan "Pa3pemeuHe 2", a s 3BM nocTynaeT 
CHrHan npepLISaHHJI. nocne "'TeHHJI HH~OpManHH, COOTSeT· 
CTSYIDW:e:ii i- MY cneKTpOMeTpH"'eCKOMY KaHany, 6nOK CKa
HHposaHHJI ocyw:ecTsnJieT nOHCK HOMepos I j H e I cne
,IJ;YIDW:HX cpa6oTaSWHX KaHanos. 3aTeM opraHH3yeTCJI"'TeHHe 
,IJ;aHHLIX no cy6a,IJ;pecaM A j H A e H3 6noKOS AQll H BQll. 
npH 3asepmeHHH nponecca CKaHHposaHHJI c6pacblsaeTCJI 
TpHrrep MepTsoro speMeHH T1, KOTOpbl:ii pa3pemaeT npo-
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xo~eHHe cHrHana 3anycKa B 6noK cKaHHpoBaHHx. Hc'le3-
HOBeHHe CHrHana "Pa3peweHHe-28 ..we" 3anpe~aeT ,IJ.am.
HeiWHe 3anyCKH 6noKa CKaHHpOBaHHX. flo KOHUY CHrHana 
"Pa3peWeHHe - 30 Me" 3BM C'IHT:WBaeT HH4lOpManmo B3 
6nOKOB naMXTH, H3 C'leT'IHKa 'IHCna HMnynbCOB no nHHBB 
"B-TaiMep" H H3 AIUI, H3Mepxro~ero ypoBeHb BHTeHcas
HOCTH ny'IKa npOTOHOB. Pa3HHUa B 2 Me Me>K,IJ.Y npHXO,IJ.OM 
KOHUa CHrHana "Pa3peWeHHe - 28 He" H KOHUa CHrHana 
"Pa3peweHHe - SO He" o6ecne'IHBaeT 3aBepweHHe npo
necca CKaHHPOBaHHX ,IJ.aHHbiX, COOTBeTCTBYIO~HX nocne,IJ.HeMy 
cHrHany 3anycKa. 

4. 3AKJI]()f/.BHHB 

Ha paccMOTpeHHoi B pa6oTe 3neKTPOHHoi annapaType 
cneKTpoMeTpa JI,IJ.ep OT,IJ.a'IH 6:wna npoBe,IJ.eHa cepHx 3Kcne
PHMeHTOB B na6opaTOpHH HM. cl>epMH /liaTaBHJI/. llpBeM 
,IJ.aHHbiX OCy~eCTBnJinCX C MHHHManbHO B03MO>KHbiM MepT· 
BbiM BpeMeHeM, paBH:WM 20 MKe, 3a C'leT HX npoMe>KyTO'l· 
Horo 3anoMHHaHHJI. B Te'leHHe npHeMa ,IJ.aHH:wx 3anpe~anac& 
3anycKH no BCeM cneKTpOMeTpH'leCKHM KaHanaM, B pe3yn&
TaTe C~eCTBOBano O,IJ.HO H TO >Ke MepTBOe BpeMX ,IJ.nJI BCeX 
KaHanoB. 

B 3aKnro'leHHe aBTop:w C'IHTaiOT cBOHM npHJITHbiM ,IJ.on
roM Bblpa3HT& 6naro,IJ.apHoCTb KonneraM no coBeTcKo-aMe
pHKaHcKoi Konna6opaUHH 3.ManaMy,IJ.y, ,u;.rpoccy, 3.,D;>KeH
KHHcy, P • .HMa,IJ.a, M.MHJI.IJ.>KHMa, A.A.Ky3HenoBy, B.A.Ha
KHTHHY, IO.K.TIHnHneHKO, A.CaH,IJ.a'ly H A.ByJIKy 3a neHHble 
peKOMeH,IJ.aUHH H nOMO~b B pa60Te. 
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