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HHKHH B.~ .• H~Konaca B.n., CaeHKO T.n. 

( •. CTcMa ~3MepcHH.R ¢lOp~ HilHOCCKYHAHIIIX 
HMnynbcoa Ha nHH~1H c 3BI" TPA.t0011J 

10 80-154 

Pa3pa6oTaHa a&TOMaTH4CCKaA CHCTcMa AHCKPCTHOrO H3Mepe
HH.R ¢Qp~ HaHOCCKYHAHIIIX HMnynbCOB, pa6ora~a.R 8 3KBHBancHT
HOM MaCWTa6e BPCMCHH C nocneAQBaTCflbHoH BW6opKOH Ha f1HHHH 
C 36M TPA-1001 / J.BpeMeHHOC pa3pCWCH~e CHCTCMbl -. 5 HC, AHana30H 
An~TCflbHOCTCH H3Mep~eMbiX HMnynbCOB - 10 127 HC, aMnftHTyAa 
a~OAHWX CHrHanoa·0~6 B, 4Hcno pa3PAAOB npeo6pa3oeaTenA 
AUn- 8. 0To6p~ -------- - · --. DZM-180 

H npeAHa3Ha 
HanpA)f(CHH.A H 
CCKYHAHOrO 

llc>elli>"'HT 

Inkin \'. 

A W 
wit 

An aut 

3493/2- 00 np . 
Vt -6 5j L'fHR~H , B . Jr . ~ .n;p . 

C~creMa ~3Mepe
HM.R dJopMbT HaHOC8RJH,lJ;HhlX 
..• I0- 00- 154. I I900 
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154 

1. BBEAEHHE CHcTeMa H3MepeHHR ~P~ HaHoceKYHA
H~x HMnynbcoe pa3pa6oTaHa AnR nony-

4eHHR HH~pMaUHH 0 napaMeTpax HaHOCeKYHAH~X HMnynbCOB, xapaK
TepH3Y~HX CTeneHb HaCTpO~KH nHHeHHOrO HHAYKUHOHHOrO YCKOpHTe
nR HaHoceKYHAHoro AeHCTBHR "CHnYHA"· TaKHMH HMnynbcaMH RBnR
~TCR CHrHan~, nony4aeM~e CyMMHPOBaHHeM HMnynbCOB HHAYKTOpOe 
Ka*AOH H3 5 CeKUHH yCKOpHTenR /B AanbHeHWeM 6yAeM Ha3~BaTb 
HX HMnynbCaMH CYMMapHOrO CHrHana Uil .;. Uir/• HMnynbC~ , nponop

UHOHanbH~e TOKy ny4Ka B nepeXOAH~X KaMepax yCKOPHTenR, ~pMH
pyeM~e noRcaMH PoroecKoro 1 11,no ~pMe HMnynb COB Uit + Uis 
MO*HO CYAHTb 0 CHHXPOHHOCTH cpa6aT~BaHHR MOAYnRTOPOB yCKOpH
TenR H COOTBeTCTBeHHO 06 3HeprHH YCKOpeHHOrO ny4Ka 3neKTPOHOB. 

HH~pMaUHR 0 ~pMe HMnynbCOB TOKa B nepeXOAH~X KaMepax 
AaeT B03MO*HOCTb npocneAHTb npOXO*AeHHe ny4Ka no TpaKTY YCKO
pHTenR, a TaK*e MO*eT HCnOnb30BaTbCR B CHCTeMe aBTOMaTH4eCKOrO 
ynpaeneHHR ~KYCHPOBKOH ny~o~Ka 121. 

2. H3MEPEHHE ~OPH~ 
HAHOCEKYHAHbiX 
HHnYnbCOB 

B nocneAHee epeMR 6onbwoe enHRHHe Ha 
H3MepeHHR B HaHOCeKYHAHOH ofJnaCTH 
OKa3ano HCnOnb30BaHHe MHHH-38H, no-
3BOnR~ee C03AaBaTb a8TOMaTH4eCKHe 

CHCT eM~ AnR H3MepeHHR 80 epeMeHHOH o6naCTH. noA ~pMOH HMnynb
COB CyAeM nOHHMaTb HeKOTOP~H PRA napaMeTp08 HMnynbCa / 31. 

npHHRTO OnHC~8aTb CTaAHH H3MeHeHHR ~Op~ HMnynbCa TpeMR 8peMe
HaMH, KOrAa HMnynbC AOCTHraeT 10, 50, 90% aMnnHTYA~ /~/. 
YKa3aHH~e ypoeHH Ha3~ea~TCR COOTBeTCTBeHHO npoKCHManbH~MH, 
MeAHanbH~MH,AHCTanbH~MH. AnHTenbHOCTb~ nepeXOAa 6yAeM C4HTaTb 
paCCTORHHe Me*AY npOKCHManbHOH H AHCTanbHOH T04KaMH. AnHTenb
HOCTb ~PM~ HMnynbCa OnpeAenReTCR KaK paCCTORHHe Me*AYMeAHanb
H~MH T04KaMH nepeoro H nocneAHero nepexOAOB. 

n~60H ~H3H4eCKHH CHrHan MO*HO npeACTaBHTb KaK 80 BpeMeHHOH, 
TaK H a ~o~acTOTHOH o6nacTRx. Bo epeMeHHOH oonacTH peanbH~H cHr
Han RBnReTcR AeHCTBHTenbHOH ~YHKUHeH epeMeHH v(t) . BpeMeHH~e 
H 4aCTOTH~e npeACTaBneHHR CHrHanOB CBR3aH~ H3BeCTH~MH npeo6-
pa30BaHHRMH ~ypbe . 

H3MepeHHR BO BpeMeHHOH o6naCTH nOApa3AenR~TCR Ha ABe OCH08-
H~e rpynn~: a/ 8 peanbHOM MacwTa6e epeMeHH H 6/ a 3KBHeaneHT
HOM MaCWTafie 8peMeHH. 
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PHc. I. napaMeTp~. xapaKTepH3Y~He <PopMy HMnynbLa. 

3. OnHCAHHE 
CHCTEM~ H3MEPEHH~ 

6noK-cXeMa CHCTeM~ aBTOMaTH4eCKOrO 
H3MepeHHR ~Op~ HMnynbCOB npeACTas -
neHa Ha PHC.2 . AnnapaTypa CHCTeM~ 

pa3Me~eHa B KpeHTe, YAaneHHOM OT 36M Ha pacCTORHHe -100 M 
H coeAHHeHHOM c HeH YAnHHeHHOH 8eT8b~ KAMAK 14 ' . CHcTeMa pa6o
TaeT B 3KBHBaneHTHOM MaCWTa6e BpeMeHH. H3MepRe~e HMnynbC~ 
U ~~ -i- U ~I) nOCTyna~T Ha BXOA CHCTeM~ C CYMMaTOpa HMnynbCOB 
HHAYKTopos ycKOPHTenR. CHrHan~, nponop~HOHanbH~e TOKY ny4Ka 
1 1 + I 5 /c nORC08 PoroscKoro/, ocna6nA~TCP., a 3aTeM HHBePTH
py~TcR Ha Ka6enbH~X TpaHc~pMaTopax 15 1 . H3MepAeM~e HMnynbc~ 
4epe3 peneHH~H KOMMyTaTop nocTyna~T Ha pa3MHO~HTenb nHHeHH~X 
CHrHanos, a 3aTeM C 8~XOAa pa3MHO~HTenA - Ha nHHeHH~e BOpOTa 
/nBl, nB2, nB3/ 1 10~ CTpofi~ nHHeHH~X 80POT CABHHYT~ OAHH OTHO
CHTenbHO APYrOrO C nOMO~b~ 3aAep~eK 005 /n33, n34, n35/ ' 6( 
CHrHan~ cTpo6o8 ~PI-U1PYIOTCR 4K>PMHP08aTeneM 003 16 ,MHHHManbHaA 
AnHTenbHOCTb CTp0608 -5 HC. BpeMeHHOe nono~eHHe CTp06oB OTHO
CHTenbHO H3MepAeMOrO HMnynbCa H3MeHAeTCA ABYMR COeAHHeHH~MH 
nocneA08aTenbHO 3aAeP~KaMH Kn 002 /n3t, n32/ 17 : oAH08H6paTop~ 
OBI, OB2(010f6 -' cny~aT AnA ~PI-U1POBaHHR H 3aAep~KH HMnynbC08. 
C B~XOAa nHHeHH~X 80p0T CHHMaiOTCR HMnynbC~ C aMnnHTYAOH, npo
nop~HOHanbHOH nno~aAH HMnynbca, co8naAa~ero co cTpo6oM 8 H3-
MepAeMOM CHrHane , 3aTeM 3TH HMnynbC~ YCHnHea~TCR yCHnHTenAMH 
Yl, Y2, Y3 /pHc.3/, pa3Me~eHH~MH 8 finoKax nB, H nocTynaiOT Ha 
BXOA~ AUn '8~---riPeAHa3Ha4eHHoro AnR napannenbHOro H3MepeHHR aM
nnHTYA CHrHano8. npoH380AA nocneAo8aTeJ1bHOe ysenH4eHHe 3a-

2 

om 
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MIJO/ftllp() --B 
PHc . 2. 6noK-cxeMa 
CHCTeM~ H3MepeHHA 
<Pc>PM~ HMnynbca. 

8x 

J . _,, 
J, 

fos"A 
'--' 

PHc.3. CxeMa ycHnHTCJ1A. 

(,1',.,-o omtt#pD,..,~~~NJ# 
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8~>rr 

R$ 
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AeP~KH ;n31, n32/ H C4HT~8aA HH~pMa~H~ c Tpex KaHanos AUn 
B naMATb 36M, MO~HO nony4HTb TPH CABHHYT~X OAHH OTHOCHTenbHO 
APyroro oopa3a H3MepAeMOrO HMnynbca. B Ka~A~H ~HKn yCKOpHTenA 
H3MCPACTCA HanpA~CHHe B TPCX T04KaX HMnynbca, CABHHYT~X OAHa 
OTHOCHTCnbHO APYrOH, 3T0 AaCT 803MO~HOCTb COKpaTHTb 4HCnO 
~HKnOB AnA H3MCPCHHA ~pM~ HMnynbc a, npOH380AHTb ycpeAHCHHC 
4K>pM~ HMnynbCa, a TaK~e n03BOnAeT 8 Ka~A~~ ~HKn yCKOpHTCnA 
nony4aTb HH~pMaUHIO o <PopMe HMnynbca 8 Tpex onpeAeneHH~x To4-
Kax. 
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PHc. 4. a - ¢opMa HMnynbca 
CYMMapHOrO CHrHana CeK4HH YCKO
DHTenR /Ha AUnY DZM-180 I, 6 -
$OpMa HMnynbca TOKa Ha 9~X0Ae 
YCKOpHTenR /Ha "Tektronix-4661"/ . 

6/ 

38M 9 AaHHOH CHCTeMe OC~eCT9nReT: 
a/ ynpa9neHHe np04eCCOM H3MepeHHR, T.e. B~6op H3MepReMOro 

HMnynbca c noM~b~ peneHHoro KOMMyTaTopa; onpeAeneHHe 4Hcna 
e~6opoK, epeMeHHOro OKHa, epeMeHH 9~6opKH c noMO~b~ ynpaenRe
~x 3aAep~eK n31, n32; 4TeHHe COAeP~HMOrO AUn; 

6/ o6pa60TKY nony4eHH~X pesynbTaTOB H npeACTaeneHHe AaHH~X. 
06pa6oTKa AaHH~X CBOAHTCR K onpeAeneHH~M MaTeMaTH4eCKHM 

onepauHRM HaA HHMH, KOTop~e noseonR~T nony4aTb 3Ha4eHHR napa
MeTpoe $0pMW HMnynbca, yny4WaTb OTHOWeHHe CHrHan/WyM nyTeM 
ycpeAHeHHR no aHcaM6n~ HMnynbCOB, npeACTaBnRTb nony4eHHY~ HH
¢opMa4H~ Ha AUnY DZM-180, nH6o 4epes cHcTeMy oTo6pa~eHHR HH¢op-
Ma4HH 19 1 Ha rpa$HKOOOCTpQHTene "Tektroni%-4661" H AHCnJlee 
NE-601/i. 

MHHHManbH~H war H3MeHeHHR n31, n32 - 0,5 HC, MaKCHManbHWH 
AHana30H H3MeHeHHR - 127 HC 17~ MHHHManbHaR AnHTenbHOCTb CTpo-
6Hpy~HX HMnynbCOB -5 HC. 

Pa3pewa~ee ape~ CHCTeMW H3MepeHHR onpeAenReTCR MHHHManb
HOH AnHTenbHOCTbiO HMnynbCa CTpo6a -5 Hc 15( AHana30H AnHTenbHO-

4 

) 

) 
J 

CTeH H3MepReMWX HMnynb-
C09 COCTa9nReT 10·H27 HC,::·_-·-·j--··-:: l 
a MnnHTYAa 8X0AH~X CHrHa
nOB - 0 ~6 8, 4Hcno pas
PRAOB AUn- s. AnR 
H1111~CTpa4HH pa60T~ CH C
Te~ Ha PHC.4 npHBeAeHa 
¢opMa cyMMapHoro cHrHana 
0AH0H H3 CeK4HH YCKOpH
TenR, nony4eHHaR Ha 
AUnY DZM-180; Ha 
pHc.46 - $OpMa HMnynbca 
TOKa Ha B~XOAe 5- OH c e K-
4HH yCKOPHTenR, nony-
4eHHaR Ha rpa$HKono
CTPOHTene "Tektronix-4661 " , 
no OCH OPAHHaT yKa3aHO 
8peMR 8 HaHOCeKYHAaX 
H aMniiHTyAa B KOAe AUn. 

4. nPOfPAMMHOE 
06ECnE4EHHE 

OnpeAenR~HM npH c o -
3AaHHH nporpaMMHOrO 
o6ecne4eHHR CHCTeM~ H3Me-
peHHR $QpMW HMnynbCOB RB-

O*HJlaH ... 
~CHHXp. 

_ -- ~~HJla""~ >anpoca 
AUn 

•PHC. 5 . 6nOK-CXeMa npo
rpaMM~ H3MepeHHR ¢opM~ 
HMnyllbCOB . 

nReTCR TO, 4TO 3Ta 3aAa4a pewaeTCR He CaMOCTORTellbHO, a 9MeCTe 
C paspa60TKOH MaT06ecne4eHHR CHCTeM~ aBTOMaTH4eCKOrO ynpaeneHHR 
ycKOPHTeneM. YnpaeneHHe npoueccoM H3MepeHHR H o6pa6oTKa nony-
4eHH~x pesynbTaT08 paccMaTpHea~TCR KaK OAHH H3 npouecco8 
8 MynbTHnporpaMMHOM pe~HMe pa6oT~ npoueccopa, KOTOP~H ocy~ecT-

8nReTcR Ha 6ase onepa4HOHHoH cHcTeM~ MOCT-D 1 111 AnR 38M 
TPA-1001/ i. AnropHTM, npHBeAeHH~H Ha pHc.5, Y4HTbl8aeT 9pe-
MeHHY~ AHarpaMMY pa6oT~ AUn H 903MO~HOCTb o6pa5oTKH npepw8aHHR 
e MOCT-D. MacCH9 AaHH~x. nocTyna~Hx 9 38M nocne sa8epweHHR 
4HKna H3MepeHHR $Op~, nOAne~HT o6pa6oTKe H OTo6pa~eHHIO 9 CHC
TeMe OTOOpa~eHHR HH$QpMa4HH / 9 / . 

8 pesynbTaTe pa6oTw nporpaMMW H3MepeHHR ¢oPM~ 9 na~TH 38M 
C03AaeTCR o6pa3 HSMepReMOrO HMnynb Ca. nocne HCKnl04eHHR cny4aH
H~X 8b16poCOB aHa11H3HpyiOTCR T04KH nOKanbHbiX 3KCTpeMyMOB, Bb16H
pa~TCR ace T04KH, YAOBJleTBOPR~He ycnoBHIO Fb ( i) > 3/ 4 F111~,rAe 
F MaKe. - Ma KCHMant.Hoe AHCKpeTHoe SHa4eHHe HMnynbca, F b (i) -
MHO~eCT90 3KcTpeMyM09 nnocKOH eepwHH~. EcnH MHOMeCT90 Fb (i) 
COCTOHT H3 OAHOrO 4neHa, TO OH npHHHMaeTCR 3a MaKCHMallbHOe 
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PHc.6. 6noK-cxeMa nporpaMM~ B~4HCneHH~ 
napaMeTpOB ¢opM~ HMnynbca. 

3Ha4eHHe /pHC. 1 I . HaxOAHM F Mlm - MHHHManb
HOe 3Ha4CHHC B MHO~CCTBC 3KCTpeMyMOB H, 
pewa~ CHCTCMY ypaBHCHH~ /1/, 

f(i) = Y, /1/ 
y = y B• y B = F MHH - 1 ' 

rAe C(i) - KpHea~ ¢oPM~ HMnynbca, nony4a
eM 3Ha4eHH~ 11 H 1 2 . OnpeAen~eM eepwHHHY~ 
nHHH~, AnA 3TOrO 3aMCHACM y4aCTOK ~OpM~ 
HMnynbca MCM<AY I 1 H 12 np~MoyronbHHKOM, 

TaK,4To6~ nno~aAb np~MoyronbHHKa H nno~aAb 
~Hryp~ , o6pa30BaHHO~ KPHBO~ $QpM~ HMnynbCa 
MeM<AyA 1 H A2 ,6~nH 3KBHBaneHTH~. F 1,F2 -

eepwHHHaR nHHHR. 
AnropHTM nporpaM~ onpeAeneHHR napaMeT

poe ¢opM~ HMnynbca npHBCACH Ha pHC.5. 3HaR 
aMnnHTYAY HMnynbca, H3 CHCTCM~ ypaBHCHH~ 
/1/ nony4aeM APYrHe napaMeT~ ¢oPM~ HM
nynbca, 3aAaea~ Y8=0, 1; 0,5; 0,9 aMnnHTYA
HOro 3Ha4CHHA. 

3AKI1104EHI-1E Pa3pa6oTaHHaA CHCTCMa n03BOnReT nony4HTb 
HH¢QpMa~H~ 06 HMnynbCH~X napaMeTpax nHHC~HO

ro HHAYK~HOHHOrO yCKOPHTenR C ~enb~ AH$$CPCH4HPOBaHHA H HAeH
TH~HKa~HH pa3nH4H~x peM<HMOB ero pa6oT~ . AaHHaA cHcTeMa H3Mepe
HH~ ~OpM~ MO~CT TaK~e HCnOnb30BaTbCR npH H3MCPCHHH AHHaMH4CCKHX 
xapaKTepHCTHK pa3nH4H~X 4CT~pexnon~CHHKOB B 3aAaHHOM 4aCTOTHOM 
AHana3aHe. 
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