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0HAPeH4Ka K., CTpaxoTa H. 

npH5op AnR 3anHcH cneKTpoe ~MP npH H3MepeHHRX nonRpH3a~HH 
npOTOHH~X nonRpH30BaHH~X MHWeHeH 

C 4enb~ nOB~eHHR T04HOCTH H3MepeHHR nonRpH3a~HH npOTOHH~X nOnRpH-
30BaHH~X MHWeHeH /nnM/ MeTOAOM Q-MeTpa C03AaH npH50p AnR ~H~poeo-
ro npeo5pa30BaHHR CneKTpOB ~MP, nony4eHHH~X Ha B~XOAe Q-MeTpa, C 
nOMO~b~ CTaHAaPTHOrO aMnnHTYAHO-~H~poeoro npeo5pa30BaTenR /AUn/. npH-
5op ynpaenReT 4aCTOTOH B4-reHepaTopa Q-MeTpa H npeepa~aeT cHrHan 
Q-MeTpa e cepH~ HMnynbcoe, KoTop~e HanpaenR~TcR Ha exoA AUn. KpoMe To 
ro, OH e~pa5aT~eaeT ynpaenR~~He CHrHan~ AnR AUn H ycTpoHcTea 3anHcH. 
3TH CHrHan~ B03HHKa~T TOnbKO no BHeWHeMy 3anpocy /cHrHany roTOBHOCTH 
YCTpOHCTBa 3anHCH/, TaK 4TO npo~eCCOM H3MepeHHR MO*eT ynpaenRTb 3KCne
pHMeHTaTOp HnH 38M . 

B pa5oTe onHcaH~ npHH~Hn~ pa5oT~ npH5opa, npHBeAeH~ ero npHH~HnH
anbHaR cxeMa H TeXHH4eCKHe xapaKTepHCTHKH. OnHcaHo HcnonbaoeaHHe npH-
5opa B 3KCnepHMeHTe no pacceRHH~ HeHTPOHHOrO ny4Ka Ha nnM. no cpaBHe
HH~ C HHTerpaTopaMH CHrHana Q-MeTpa OnHCaHH~H npH50p n03BOnReT yny4-
WHTb T04HOCTb KanH5pOBKH Q-MeTpa nocpeACTBOM H3MepeHHR nonRpH3a~HH 
nnM B COCTORHHH Tennoeoro paBHOBeCHR, a TaK*e T04HOCTb OnpeAeneHHR B~
COKOH nOnRpH3a~HH nnM. 

Coo6WeHHe 06beUHHeHHOrO HHCTHTyTa RaepHblX HCCneaOBBHHA, ily6Ha 1979 
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Ondreicka K., Strachota J. 

A Module for Digitalization of NMR Spectra at Polarization 
Measurements of Polarized Proton Targets 

The module which can interface a conventional Q-meter and a con 
ventional ADC is described . It transforms the Q-meter-measured NMR 
spectra to the sequence of microsecond pulses on a suitable pedestal 
which are directed to the ADC input. Besides this main function, the 
module generates the saw-tooth voltage to control the frequency of 
the Q -meter HF generator, compensates the crmeter baseline, and pro 
duces control pulses for the ADC and the storage device. These contra 
pulses are produced only after the "device corrvnand" signal is obtai
ned, which can be generated also manually. The circuitry of the modu
le is described, the principal scheme and calibration curves are gi
ven. The performance at the module in an experiment with a polarized 
proton target and a neutron beam of 600 MeV is reported. 

The investigation has been performed at the Laboratory of 
Nuclear Problem. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 • 
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BBE,4EHHE 

~ng H3MepeHHR DOllRpH3aUHH DpOTOHH~X DOllRpH30BaHH~X MH

WCHCH IIIIIMI HaH6onee WHPOKOe pacnpocTpaHeHHe nony'IHllH Me

TO){~, CBR3aHH~e C o6pa60TKOH CHrHallOB JIM P, B~.I{CllCHH~X c no

MOIUbiO Q "MCTpa/1 / . . 06~'1HO C B~XO.I{a Q·MeTpa CHHMaeTCJI ne

pHO.I{H'ICCKaR DOCllC.I{OBaTellbHOCTb CHrHanoa, ~OpMa KOTOp~X BOC

npOH3BO.I{HT ~YHKUHOHanbHYJO 3aBHCHMOCTb H3MCHCHHJI MO,nyng HM

ne,naHCa Kone6aTCllbHOrO KOHTypa DpH nepHO,!I;H'ICCKOH llHHCHHOH 

Mo.nynRUHH 'laCTOT~ nHTaromero reuepaTopa. B nocne,nyromeM H3-

no)l(eHHH 6y.neM ynoTpe6nRTb TepMHH "curuan", Kor.na a a~xo.n

HOM HaDpR)I(CHHH Q -MeTpa DpHCYTCTBYJOT COCTaBllRIOIUHe, CBJI3aH

H~e C napaMarHHTH~M DOrllOIUCHHCM 3HeprHH B KOHType JIMP 

1 puc. lal, a npu OTCYTCTBHH TaKoa~x ucnonb30BaTb TepMHH 

"~ou" I puc. 161. 
6y,neM ,nanee Ha3~BaTb llHHHCH JIMP pa3HOCTH~H CHrHan, 

nony'leHH~H npu B~'IHTaHHH "~oua" H3 "curuana". B KnaccuqecKoil 

DOCTaHOBKe DOllRPH3aUHR onpe,nenReTCR H3 H3MepeHHH HHTerpanoa 

oT "curuana" u "~oua" c DOMOIULJO auanoroaoro HHTerpaTopa, 

npucoe.nuueuuoro K a~xo,ny Q -MeTpa. To'IH~e H3Mepeuu.R non.R

pu3auuu IIIIM Tpe6YJOT, o.nuaKo, H .e TOnLKo 3HaHHll HHTerpanLH~x 

3Ha'ICHHH, HO TaK)I(C H HH~OpMaUHH 0 ~OpMe llHHHH JIMP /2/_ Onuc~

aaeM~H npu6op B COC,!I;HHCHHH C Q- MeTpOM H CTaH,napTH~M AIJ,II 

npeapamaeT "curuan" l"~ou" I 8 cepuro 'IHcen, roTosyro K 3anucu 

Ha pa3H~e HOCHTCllH HllH B naMRTb 3BM. 

IIPHHr(HII PAiiOTb/ IIPHiiOPA 

6noK·cxeMa npu6opa npe,ncTasneua ua puc. 2. Ocuosuag ~YHK

UH.R DpH6opa 3aKllJO'IaCTCR B pa36HCHHH DOCTynaromero Ha OCHOB" 
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Puc. 1. a/ CuzHaA Q- Mempa c aKAaOoM om .ROepHozo MazHumHozo 
pe3oHaHca /JIMP/. 6/ CuzHaA Q-Mempa 6e3 6KAaoa JIMP. 

c 
Y'!I 

'dnpafmeHue 
(READY) 

Ha 6xoiJ 
AWn 

Ha ~npa~neHue 6xo8a AtJn 

L_ _ ___:•!.__..,_ Ha yr:mpoucm6a 
l :v-. 3anucu 

Puc. 2. EAoK-cxeMa npu6opa. E3 - 6AoK 3anycKa; 31, 32- pezy
AupyeMble 3aOepxKu; FII - zeHepamop nuAbl; CK - cxeMa KOMneH
caijuu; EAB - 6AOK aHaAozoaozo 6bJ'iumaHu.R; CP - cxeMa pa3-
6ueHu.R; BY - 6biXOOHoil ycuAumeAb; FB - zeHepamop aopom; 
rc - zeHepamop cmpo6a; EYC - 6AOK ynpa6A.R10IJIUX CUZHQA06. 
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HOB BXO,ll CHrHana C Q-MeTpa Ha cepHIO HMnynbCOB C orH6aJOweii, 

BOCllpOH3BO,llRWeH ~OpMy BXO,llHOrO CHrHana . 3TH HMnynbC~ ,llanee 

npeo6pa3yJOTCR a 'IRena Ha AIUI c ynpaonReMblM oxo.noM. Ynpao

nRJOwHii cHrHan .nnR npeo6pa3ooaHHR Ha AIUI O,llHOH cepHH HMnynb

coo B~pa6aT~BaeTCR B npH6ope TOnbKO npH ycnOBHH rOTOBHOCTH 

ycTpOBCTBa 3allHCH, 0 qeM CBH,lleTenbCTByeT npHXO,ll OTpHUaTenb

HOrO ~poHTa TTJI-cHrHana Ha oxo.n ynpaoneHHR. 0 roToBHOCTH 

ycTpOBCTBa 3allHCH MO:lKHO C006wHTb npH6opy TaK)I(e C llOMOWbiO 

yHOllKH. 

KpoMe 3TOH OCHOBHOH ~YHKUHH npH6op Bblpa6aTb1BaeT nHnoo6-

pa3Hbie HMnynbCbl .nnR ynpaoneHHJI qacToToii reHepaTopa Q -MeT

pa, KOMlleHCHpyeT Me,llneHHOe H3MeHeHHe Hanpg)KeHHR, CBR3aHHOe 

c H3MeHeHHeM MO,llynR HMne.naHca caMoro xone6aTenbHoro xoH

Typa Q-MeTpa /.nanee HCllOnb3yeTCJI TepMHH "KOMlleHCaUHR ,lly

rH"/ H o~.naeT cHrHanbl ynpaoneHHJI ycTpoiicTBaMH 3anHCH . 

BXO,llH~e CHrHanbl CHHXpOHH3aUHH OT BHeWHero HCTO'IHHKa 

nocTynaJOT Ha 6nox 3anycxa /63/. Ilocne npHeMa 3a,llaHHoro 'IRena 

HMnynbcoo 63 o~.naeT cHrHan 3anycxa /C3/. OH nocTynaeT qepe3 

perynHpyeM~e 3a.nep)KKH 31; 32 Ha BXO,llbl reHepaTopa nHnoo6pa3-

HOro HanpR)KeHHR rJI H reHepaTopa BOPOT rB. IIHnoo6pa3H~e 

HMnynbCbl C perynHpyeMOH aMnnHTY,llOH H ,llnHTenbHOCTbiO Hanpao

nRJOTCR C rJI Ha BapHKall Bq-reHepaTopa Q-MeTpa H Ha CXeMy 

KOMlleHCaUHH /CK/ . BbiXO,llHOe HanpR)KeHHe CO CXeM~ KOMlleHCa

UHH - yqacTOK napa6on~ Ha nbe.necTane. ~opMa 3Toro HanpR)Ke

HHR perynHpyeTCR TaX, 'IT06bl Ha ,llH~epeHUHanbHOM ycHnHTene 

6noxa aHanorooor o B~'IHTaHHR /6AB/ "CKOMlleHCHpOBaTb ,llyry" 

xone6aTenbHoro KOHTypa. IIbe.necTan cny)I(HT /puc. 3/ .nnR o6ec

ne'leHHR O,llHHaKOBbiX ycnOBHH pa60T~ nocne,llyJOWHX nocne 6AB 

ueneii: npH pa3H~X 3Haxax nonRpH3aUHH MHWeHH /T .e. pa3HbiX 

nonRpHOCTRX CHrHana JIMP/. CHrHan JIMP Ha llbe,lleCTane, Ha

KOHeU, pa36BoaeTCJI cxeMoii pa36BeHBR /CP I Ha BMnynbc~. xoTo

p~e llOCTynaJOT Ha BXO,ll AIJ.JI. Pa36BeHBe llpOBCXO,llHT COOTBeT

CTBeHHO• cepBB CTp06BpYJOwBX BMnynbCOB, B~pa6oTaHHOA Ha B~XO,lle 

cxeM~ oopoT B3 HMnynbcoo reHepaTopa cTpo6a rc. HMnynbc so

poT nocTynaeT TaK)I(e Ha 6nox ynpaonRJOWHX cBrHanoo /6YC/ . 

3TOT 6nox B~pa6aT~BaeT BMnynbC ynpaoneHBR BXO,llOM AI.Ul B BM

nynbC~ KOHUa npeo6pa30BaHBR, HY)I(H~e ,llnJI ycTpOBCTBa 3allBCB. 
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Puc . 3. KoMneHCOIIUJI "oyzu" u ucnoAb30eaHue nbeOecmaAa OAJI 
CAy'laee aj nOAOJICUIIIeAbHOU, 6/ OIIIPUIIallleAbHOU nOAJipU3aJIUU MU
WeHU. UQ - HanpJIJICeHUe Ha 8biXOOe Q-Mempa; UCK- KOMneHcupyro
Uiee HanpJIJICeHue; U Q -U C K - CUZHaA Ha 8biXOOe 6AOKa aHaAOZ060ZO 
8bi'IU111aHUJI. 

3JIBKTPHqBCKAJI CXBMA IIPHEOPA 

llpBHQBnBaJII>HaJI cxeMa npB6opa npBBe,neHa Ha puc. 4 . Ee MO:lKHO 

YCJIOBHO pa3,neJIBTb Ha ,nBe BeTBB, BbiDOJIHJIIOJ.UBe , COOTBeTCTBeHHO , 

JIOrB'IeCI<Be /:63, rB, rC, liYC/ B aHaJiorOBble 4JYHI<ll;BB /rll, 

CK, liAB, CP, BY/. 

a/ B e " e " A o z ~ 'I e c K u x 6 A o K o e 

DAOK 3anycKa COCTOBT B3 4JopMBpOBaTeJIJI CBHXpOBMDYJibCOB 

• oT nepeMeHHoro HanpJI:lKeHBJI 50 r11 /npoMbiWJieHHaJI ceTI. nepeMeH-

Horo TOI<a/, ycTaHOBO'IHOrO C'leT'IBJ<a B 4JopMBpOBaTeJIJI CBrHaJIOB 

3anycxa . fiiOpMBpOBaTeJib CBHXpOBMDYJibCOB co6paH Ha ,nBo,nax )1;1, 

)1;2 B TpaH3BCTOpe Tl B ,naeT B03MO:lKHOCTb OCylll;eCTBJIJITb CBHXpO

HB3aQB10 OT DOJIO:lKBT eJibHOH BJIB OTpBll;aTeJibHOH DOJIYBOJIHbl. YcTa

HOBO'IHbiH C'leT'IBI< co6paH Ha Tpex TTJI-cxeMax MH 7493 , ycTa-
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HOBKa cqeTquxa Ha Ja~aHHoe qucno ocy~ecTsnxeTCH nepexnmqa

TenxMH KI, K2, K3. HMnynhc Janycxa 4JopMupyeTcx o~Hosu6pa

TopoM OBI H nocTynaeT Ha nHHHffi Ja~ep)I(KH n3I' Ja~am~ym 

speMx Haqana nunoo6pa3HhiX HMnynbcos. BpeMx Ja~ep)I(KH nnasHo 

perynupyeTCH noTeHIJ;HOMeTpOM pI. 

FeHepamop eopom pa6oTaeT c oT~enhHOH nHHHeii Ja~ep)I(KH 

n32. 3a~HHM $pOHTOM HMnynhCa C BbiXO~a n32 JanycxaeTCH O~HO· 

su6paTop OB3, Bblpa6aTbiBam~HH HMnynbc sopoT ~nx o6pa6oTKH 

?HrHana Q . MeTpa. 3TOT HMnynhc ucnonhJyeTcx ~nx ynpasneHHH 

reHepaTopoM cTpo6a u TaK)I(e nocTynaeT Ha 6nox ynpasnHm~ux 

curHanos. 

FeHepamop cmpo6a co6paH no cxeMe acHMMeTpuqHoro MynLTH

su6paTopa Ha ~syx HHsepTopax. O~HH sxo~ sToporo HHsepTopa uc· 

nonhJyeTCH ~ng ynpasneHHH HMnynbCOM C rB. qaCTOTa nOBTOpe

HHH HMnynLcos Ja~aeTcx eMKOCTHMH CI-CIO s npe~enax 

IO-IOO KF~J. HMnynhChl cTpo6a 4JopMupymTcx o~Hosu6paTopoM 

OB4. Hx ~nuTenhHOCTh pasHa 2 MKC. 

EAoK ynpae/IJIIOIIIUX cuzHa/loe. Ilpu noxsneHHH Ha sxo~e ynpas

neHux HH3KOrO TTn·ypOBHH 4JopMHpyeTCH I00· HC HMnynhC, KOTO· 

phlii nepe6pacblsaeT Tpurrep Fl no sxo~y S. Ha Bhlxo~e Q-Tpur

repa Fl noxsnxeTcx BhiCOKHH TTn·yposeHh, cosna~eHue xoToporo 

c uaqanoM HMnynhca sopoT nepe6pacblsaeT no sxo~y S-Tpurrep 

F~. Tpurrep F2 nocne :noro paJpewaeT npeo6pa3osauue Ha liAII 

IQ ·sblxo.n F2 ucnonLJyeTcx ~nx llJopMuposaHHH HMnynLca ynpas· 

neuux sxo~oM liAII Ha 6y$epHOM ycunuTene T2,T3I.CurHan 

c6poca Fl , F2 B HCXO~HOe COCTOHHHe 4JopMHpyeTCH no Ja~HeMy 

llJpoHTY HMTiynbCa BOpOT. 3TOT )l(e CHrHan TIO~aeTCH H Ha BbiXO~bl 

ynpasneHHH ycTpOHC<TBaMH JanHCH. Ilpeo6pa30BaHHe ypOBHH TT n 

Ha -6 B, Hy)I(Hoe ~nx ynpasneuux AH-4096, o6ecneqeHo 6y$ep· 

HhiM ycunuTeneM IT4, TSI. 

6/AHa11ozoea.11 eemeb 

FeHepamop nUAbl /FII/. IIunoo6pa3Hbie HMnynhCbl CHHMamTcx 

C eMKOCTH C12, JapJI)I(aeMOH OT HCTOqHHKa llOCTOHHHOrO TOKa. EM-

8 

KOCTb 3aKOpoqeHa OTKpbiTbiM TpaH3HCTOpOM T23 ~0 TeX nop, noxa 

Ha sxo~ Tpurrepa 1<'3 He nocTynun curHan Janycxa, ~anee T23 

JaKpbiT, Hanpg)l(eHHe Ha C I2 nHHeHHO paCTeT. H B MOMeHT ~OCTH • 

)l(eHHH Ja~aHHoro yposHx xoMnapaTop KMI nepe6pacbiBaeT F3 s 

HCXO~HOe COCTOHHHe , T23 CHOBa OTKpbiBaeTCJI H paJpH)I(aeT eM

KOCTb C
12 

rnaBHbiM 3neMeHTOM riJ HBnHeTCH HCTOqHHK nOCTOHH· 

HOrO TOKa . 0H BbiTIOnHeH Ha 6unonxpHOM H YHHnonxpHOM TpaHJHC· 

Topax TI8A, T19, csxJaHHhiX qepe3 conpoTHBneHue B 3MHTTepe 

T18. Taxoe peweHue o6ecnequsaeT xopowym KoMneHcau;um na~e

HHJI Toxa s npou;ecce Japx~a eMKOCTH. CxeMa nposepxnacb c Ha· 

rpyJoqHbiM conpoTusneHHeM OT 0 ~o 15 KOM, npu 3TOM TOK 0, 7 MA 

He oTnHqancx OT cpe~Hero JHaqeHHH 6onbwe qeM Ha 1 MKA. IIuno

o6pa3Hhie HMnynhCbl qepe3 3MHTTepHble nOBTOpHTenH Ha YHHnongp

HbiX T 19, T2I H 6unonxpHhlx T20, T22 TpaHJHCTopax nocTynamT 

Ha cxeMy KoMneHcau;uu u sapHxan Bq- reHepa Topa Q- MeTpa. 

CxeMa KoMneHcaijuu Ha naccusHOM cyMMaTope cxna~LisaeT 

nunoo6pa3HbiH H npHMOyronbHbiH HMITynhCbl O~HHaKOBOH ~nHTenb

HOCTH lnpuqeM, nocne~HHH Bblpa6aTbiBaeTcx Ha xnmqe TIS, T16, 

ynpasnxeMOM TpurrepoM F3 I. CyMMa HHTerpupyeTcx Ha HHTer· 

paTope If, Ha Bhixo~e xoToporo nonyqaeTcx yqacTox napa6onhi 

l~yral . Cl>opMa ~yru perynupyeTcx noTeHu;HoMeTpaMH P5, P6, P7 

cyMMaTopa. PaJpx~ pa6oqeii eMKOCTH Cll HHTerpaTopa o6ecne· 

qusaeT JnexTpOHHhiH xnmq T 17, ynpasnxeMbiH xnmqoM T 15, T 16. 

EAoK aHaAozoeozo 6bt~umaHUJI npe~cTasnxeT co6oii xacxa~ HJ 

~syx ~u4KIJepeHu;uanhHhiX ycunuTeneii )l;Yl, )l;Y2. B nepsoM I )l;Y 1/ 
ocy~ecTsnxeTcx BbiquTauue ~yru HJ curHana, npuxo~x~ero Ha He· 

HHBepTHpym~HH BXO~ OT Q·MeTpa I"KOMITeHCaiJ;HH ~yru"l; Ha )l;Y2 

cxoMneHcuposaHHhiH JIMP ·curuan cxna~biBaeTcx c nhe~ecTanoM. 

CxeMa pa36UeHUJI cocTOHT H3 ynpasnxeMLIX JnexTpOHHhiX xnm

qeii ua nonesblx TpaHJHCTopax T6, T7. BLI6paHuax KOM6HHau;ux 

nocne~osaTenbuoro H napannenbHoro xnmqeii 13/ noJsonxeT ~OCTH· 

raTb MHHHManhHhiX curHanos owu6xu. )l;nx o6ecneqeHHH npasHnb· 

uoii pa6oThl xnmqeii HY)I(HO no~asaTb ua ux JaTsophl napa$a3Hble 

curuanhi, xoTopble o6ecnequsamT o~uospeMeuuoe nepexnmqeuue. 

3TH curuanhl CHHMamTcx c xonnexTopuoro u 3MHTTepuoro conpo

THBneuuii TpaHJHCTopa T 10, pa6oTam~ero c pacnpe~eneHHhiM 

HarpyJoqubiM conpoTHBneuueM. Kacxa~ T8, T9 ycunusaeT HM· 
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nyJJLCbl cTpo6a . .IJ;uo.n .IJ;3 npe,noTBpaiUaeT yTe'IKY Toxa qepe3 JaTBop 

T6 npB OTpBD;aTeJJbHOM CBrHaJJe Ha BXO,ne CXeMbl pa36BeHBJI. 

CxeMa noJBOJJJieT ocyiUeCTBJJJITb pa36BeHBe cBrHaJJoB c aMnJJBTy

.noii ±5 B npB 'laCTOTe UOBTOpeHBJI CTp06Bpy10IUBX BMUYJJbCOB ,no 

1 Mrfl. 

Bl>lxoc)Hoii ycuAumeAI> pa6oTaeT B JJBHeiiHoM pe)I(BMe c e,nBHB'I

HbiM YCBJJeHBeM UO HaUpJI)I(eHBJO B 06JJa,naeT B WBpOKOM 'laC TOT

HOM ,nBanaJOHe fiOJJbWBM BXO,nHbiM BMne,naHCOM /100 K0M/ 141. 

OH co6paH Ha ,nByx xoMnJJeMeHTapHbiX napax TpaHJBCTopoB T11, 

T12, T13, T14 c ycuneHBeM h 21E = 100. HaJJB'IBe peJBCTopa P4 

U03BOJJJieT TO'IHO 6aJJaHCBpOBaTb KaCKa,n. 

MoHTa)l( BLinonHeH Ha ne'laTHoii nnaTe, B3rOTOBJJeHHoii c no

MOIULJO CBCTeMbl rPAcJ>.I51 Ha 3BM E3CM-6. llpu6op 3aHBMaeT 

o,nBH 6nox B cTaH,napTe BHIDHR /noTpe6JJeHBe Toxa: +6 B;330 MA, 

+12 B/110 MA, -12 B/100 MA/. 

TexHu~ecKue xapaKmepucmuKu 

Ba)I(Hble ,nJJJI 3KCUJJya TaUBH ,naHHble 0 BXO,nHbiX H BbiXO,nHbiX 

cHrHanax npHBe,neHLI B ma6A. 1. 

HexoTop~o~e .npyrue xapaxTepBCTBKB npH6opa ,naHbl B ma6A. 2. 

KAJIHliPOBKA IIPHliOPA 

)J;JJJI B3MepeHBJI HeJJHHeHHOCTH npeo6pa30BaHHJI BXO,nHoro CHr

HaJJa B CepBJO 'IBCeJJ C UOMOIUbiO OllHCbiBaeMOrO npB6opa H KO,nH

pOBIUHKa EAll-6M BCUOJJb30BaJJCJI HCTO'IHBK HanpJI)I(eHHJI, UH4JpoBOH 

BOJJbTMeTp, aHaJJH3aTop AH-4096 B us4Jpone'laTb. Ha Bxo.n 6noxa 

no,naBaJJOCb UOCTOJIHHOe HanpJI)I(eHHe, H3MepJieMOe UH4JpOBbiM BOJJbT

MeTpoM. CepHJI 'IHCeJJ c Bblxo.na xo,nHpOBIUHKa 3anuc~o~Banacb B aHa

JJB3aTop, pa6oTaiOIUHH B pe)I(BMe UOCJJe,noBaTeJJbHOH 3aUHCH, B pac

ne'laT&~Banacb. Ha puc. 5 npe,ncTaBJJeHbl xans6poBO'IHble xpBBLie 

,nJJJI pa3HbiX BbiCOT Ube,neCTaJJa B o6eBX UOJJ.IIpHOCTeii HanpJI)I(eHBJI 

Ha BXO,ne npB 'laC TOTe UOBTOpeHHJI CTpo6a 50 KFij. ECJJH 3aBBCH

MOCTb llOJJy'leHHOro Ha BbiXO,ne KO,nHpOBIUBKa 'IHCJJa N OT HanpJI

)I(eHBJI Ha BXO,ne U Bblpa3BTb B 4JopMe 

N = au + bU 2 + c , 

TO Haxo,nHM 3Ha'leHBJI a, b, C npBBe,neHHble B ma6A. 3. 
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C~-irHall 06oaHa4eHI-1e 
ax. /BbiX. 

BXOA 
/BbiXOA 
Q -MeTpa/ 

1-iMnynbc ro
TOBHOCTI-1 
ycTpoillcTaa 

,.A.. 

aan1-1cl-1 READY 

OcHOBHOill 
BbiXOA /"pa3-
61-'!Tbiil111 
Cl-'lrHall fiMP/ 

YnpaaneHI-'Ie 

A 
AUn CONTR 

nepeAa4a 
AaHHbiX 
c Al-1-4096 TR&~SF 

0TBeT 
HP 2117 

n1-111a AllH 
Q -MeTpa 

ANSWER 

..../1._ 

1-iMneAaHC 
BX ./BbiX. 

20 KOM 

HanpH>KeHI-'Ie 
BX. /BbiX. 

AO +10 B 

TTJl TTJl 

100 OM AO ~5 B 

50 OM -2B 

50 OM -6 B 

TTJl TTJl 

50 OM <. 2 B 

Ta6AUfla 1 

Ani-1Tenb- 3aMe-
HOCTb 

2-;-20 Me 

2 MKC 

2-;-20 Me 

1,5 MKC 

1,5 MKC 

2 -;-20 MC 

4aHI-1e 

L_ 

cepi-'!H 
1-'!Mnynb
coa 

Cl-'lrHallbl 
KOHLI a 
npeo6-
paaoaa
HI-'IH 

Ta6Aufla 2 

4acToTa reHepaTopa CTpo6a 10,20 ... , 100 Kfl..l 

npeAell~ perylli-IPOBKI-1 nepec4eTa Allfl aanycKa 2°- 211 

npeAellbl perylli-IPOBKI-1 3aAep>KeK Allfl reHepaTOPOB 11 ni-1Jlbl 11 

1-1 aopoT 0-10 MC 

Helli-'IHeiiiHocTb nl-'lnoo6paaHoro HanpH>KeHI-'IH 0' 1% 

11 



nbeAeCTan 
/tf KaHana/ 

20 

50 

80 

600 

700 

800 

500 

1.00 

300 

200 

Ta611u11a 3 

a b c Aa-~anaaoH 

/KaHan/B/ /KaHan/B 2/ /KaHan/ HanpH>KeHa-~i1 

368, 1_::1 ,2 0,5_::2,0 

369,3_::1,2 -0,9_::2,0 

367 '9_:: 1 '2 1,8_::2,0 

363, 7_::1 ,2 -1 ,2_::2,0 

364, 1_::1 ,2 -1 ,0~2,0 

362' 7_:: 1 '2 0,6_::2,0 

±1.000 

20,1_::0,5 

50,0_::0,6 

80' 3 _::0 ,6 

600,7_::0,6 

701 '0_::0 ,6 

799,7_::0,6 

Ha BXOAe /B/ 

0-:- 2,000 

Q-:- 2,000 

o-:-2,ooo 

o-:--1 ,6oo 

Q-:--1 , 800 

0-:- -2,000 

Np =80 
Np= 50 
Np=20 

PElt<HM 6An -6M 
llHY•O 
ll~Y " 100 
41CPM 1 - BKn 
¢>0PM 2- BKn 
~t-CEPT.- BKn . 

YCHnEHHE 12 Sa 0 5 

± 2.000 

Puc. 5. Kallu6po60'lHt.Je KPU6t.Je N = N(U) - 3a6ucu..woclu 'lUC/Ia N 
Ha 61>Jxo()e ~n I>All- 6M 011 HanpJixeHuJI U Ha 6xo()e npu6opa 
()11.11 pa3HI>IX 3Ha'leHui1 n~oe()ec•a/la NP = N(O) u o6eux noiiJipHoc•eu 
HanpJIJICeHUJI U /ollpUijOJie/II>HbiM HanpJIJICeHUJIM COOII6eJICJI6YPOII Kpu-
6ble NP = 600, 700, 800/. 
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llPHMEHEHHE 

Tipu6op 6bm ucnoJibJOBaH B 3KcnepuMeHTe no H3MepeHHJO napa

MeTpoB ,ZJ,enOJillpH3aUHH H nOJIJIPH3aUHH B ynpyroM np • pacCeJIHHH 

npu 3HeprHH 600 M3B Ha CHHXPOUHKJIOTpOHe JIJITI 161. 0H pa6oTaJI 

BMeCTe C Q-MeTpOM, OnHCaHHbiM Bn1 . 3anHCb CHrHaJia JIMP 

npOHJBO.D.HJiaCb c npuMeHeHueM AIUI liATI-6M, aHaJIHJaTopa 

AH -4096, pa6oTaBwero B pe)KHMe nocne,ZJ,oBaTeJibHoii 3anucu B 

xa'leCTBe 6y4JepHoii naMJITH, u 3BM HP 2116. no,ZJ,KJIJO'IeHHoii Ha 

JIHHHH /puc. 6/. Bo BpeMJI pa6oTbl c 6onbwoii nonJipH3auueii MH

weHH 3BM npHHHMaJia ,ZJ,aHHble 0 4JopMe CHrHaJia JIMP B npoMe

)t(YTKax Me)t(,ZJ,y npHeMaMH H o6pa60TKOH ,ZJ,aHHbiX C ,ZJ,eTeKTOpOB 

pacCeliHHbiX 'laCTHU. cl>OpMa CHrHaJia C ,ZJ,OnOJIHHTeJibHOH CJiy)t(e6HOH 

HH4JopMauueii JanHCbiBanacb Ha MarHHTHYJO neHTY .D.JIJI nocne,ZJ,yJO

mero aHaJIH3a. Bo BpeMll H3MepeHHJI nOJIJipH3aUHH, COOTBeTCTByJO

llleH COCTOliHHJO TenJIOBOrO paBHOBeCHll, Ha6op ,ZJ,aHHbiX OT ,ZJ,eTeK-

Ha Q Memp 
__/\_ 

roma6Hocmb 

Hp 

Puc. 6. Cxe..wa 6KIIPO'leHUR npu6opa (digipol) 6 3Kcnepu..weHme 161 . 
llpeo6pa3o6aHue Ha ~n I>All- 6M u nepe()a'la uH(JOpMalluu 6 3BM 
Hp npoucxo()Rm mollt.Ko no 3anpocy 3BM. 

TOpOB OCTaHaBJIHBaJICJI. llO,ZJ, ynpaBJieHHeM nporpaMMbl H3MepeHHJI 

paBHOBeCHOH nOJIJipHJaUHH npOH3BO,li,HJIOCb HaKOnJieHHe "CHrHaJia" 

u "cj10ua" no O'lepe,ZJ,H. Pe3yJibTaTbl HaxonneHHll TaK)t(e JanucbiBa

JIHCb Ha MarHHTHYJO JieHTY. ~JIJI BH3yaJibHOrO KOHTpOJill HaKOn

JieHHJI HCnOJib30BaJICJI rpa4JH'IeCKHH ,li,HCnJieii. llocne Ka)t(,ZJ,OrO Ha

KOnJieHHJI "curHana" u "l!loHa" n~oBO.D.HJIOCb Bbi'IHTaHue, Ha .D.Hcn

nee H306pa)t(aJiaCb " JIHHHJI JIMP", Bbi'IHCJIJIJICJI ee HHTerpaJI B Ja· 

,ZJ,aHHbiX npe,ZJ,eJiaX, 3Ha'leHHe llOJIJipH3aUHH H KaJIH6pOBO'IHbiH MHO

)t(HTeJib ,li,Jlll H3MepeHHll BbiCOKOH nOJIJipH3aUHH MHWeHH . Ha puc. 7 
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6/ 

Puc. 7. 3KcnepUMeHIIQAf>Hble (JopMf>J CUZHaAa .RMP 6 YCA06UJIX 
11enAo6ozo pa6H06ecu.R npu odHoKpaiiHOM U3MepeHuu /a/ u nocAe 
CUHXPOHHOZO HQKOnAeHUJI 1000 U3MepeHUU /6/. 
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IIOKa3aHbl <i>oTorpa<i>HH C .D;HCIIneR "nHHHH JIMP", HnmocTpHpyro

l.l.IHe IIOJJ;aBneHHe WYMOB IIpH HaKOIIneHHH. 

3AKJIIOlJEHHE 

Pa3pa6oTaHHbiH IIpH60p OKa3anC11 BeCbMa rrone3HbiM JJ;nR TO'IHbiX 

H3MepeHHH rronRpH3ai.{HH IIIIM B ycnoBHRX 3KcrrepHMeHTa Ha rryqxe. 

IIpH ero HCIIOnb30BaHHH IIOBbiWaeTCR TO'IHOCTb H3MepeHH11 IIOn1!pH-

3ai.{HH MHWeHH B ycnOBHRX TeiinOBOrO paBHOBeCHR, KOr.D;a OTHOWeHHe 

cHrHan/<t>oH .• 1 . 06ecrre'IHBaeTCR TaK~e Ha.D;e~HbiH Ha6op JJ;aHHbiX 

JJ;nR orrpe.D;eneHHR BbiCOKOH IIOn1!pH3ai.{HH, T.K. HMeeTCR B03MO~HOCTb 

JaperHCTpHpOBaTb <i>opMy nHHHH CHrHana JIMP H BHeCTH B pe3ynb

TaTbl H3MepeHHH COOTBeTCTBYIOI.l.IHe IIOIIpaBKH. B 3KCIInyaTai.{HH 

BO BpeMR JJ;nHTenbHbiX H3MepeHHH npH60p OKaJanC.Il YJJ;06HbiM H Ha

JJ;e~HbiM. 

ABTOpbl C'IHTalOT CBOHM IIPH.IlTHbiM JJ;OnrOM II06naro.D;apHTb rrpo

<l>eccopa IO.M.Ka3apHHOBa Ja HHTepec K pa6oTe H rrone3Hble o6cy~

JJ;eHHR; M.IO.JIH6ypra H B.H.MaTa<l>oHoBa Ja ueHHble ,n.HcxyccHH 

H rrpHRTHoe coTpy.D;HH'IeCTBO BO apeMR H3MepeHHil; B.P.A6a3oBy 

H T .)];. THMo<l>eeBy 3a noMOI.l.lb npH o<l>opMneHHH pa60Tbi. 
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