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K I!CeneB !0 .<t>,, ,>..,aTa<jloHoB B.H. P13 - 10101 

AnnapaTypa anA H3MepeHilA BhlCOKoA AaepHoA nonApll3aUilll 

IIOnApH30B8HHhlX MHWeHeA 

OnHcaHa annapaTypa anA H3MepeHilA BbiCOKOJ1 AnepHoA nonHpll3BUilll 

IIOnHpH30B8HHb!X ~HIWeHeii. npHMeHeHile lKBCTKOA Q830BOlr BBTOIIOJlCTpOAKil 

pe30H8HCHOlr qaCTOThl IIpHeMHOrO nocneJlOBBTenbHOrO KOne6aTenbHOrO 

KOHTypa II03BOnH.'IO yMeHbWHTb IIOIIpBBKH Ha aenHHeiiHOCTb Q -MeTpa JlO 1% 
DpH K03~~HllHBHTe MOaynHUHH BhlCOKoqaCTOTHOrO HanpAlKeHilR Ha KOHType 

CHrHanOM I'!.M,p, JlO 2Q%, ilnH 38IIHCH HHTerpanbHOA HHTeHCHBHOCTil 

ll npof!3BOJlHOA curHana nornoweHHH, a TBK)Ke tjlopMbl cHrHanoB nornoweHHH 

H JlllCIIepCHil DpHMBHBH CTp060CKOIIIlqecKHA HHTerpaTOp, 

Pa6oTa Bb!IIO.'IHeHa B Jla6opaTOpllH HnepHbiX npo6neM OY!5U1. 

Coo6meHHe 06b8,[1HH8HHOrO HHCTHTyTa H,UepHbiX HCCJI8,[10BaHHH 

~y6Ha 1976 

Kiselev Yu.F., Matafonov V.N. P13 - 10101 

An Apparatus for the Measurement of High Nuclear 
Polarization in Polarized Targets 

An apparatus for the measurement of high nuclear pola
rization in polarized targets is described. Using a rigid 
automatic control of the resonance circuit frequency (AFC) 
and automatic control of the radio frequency (RF) voltage 
phase of the AFC circuit we have reduced the Q-meter non
linearity correction to 1% and the overall error of the 
polarization measurement to 2.5% for RF voltage modulation I 
by the J~R signal up to 20%. A stroboscopic integrator is 
used to register the integrated NMR signal, its derivative I 
and also the shapes of absorption and dispersion signals. 
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<0 1976 06'be<)uHeHHt.lll UHCRUIIYII Jl<}epHbiX UCCAe()oaaHUU )!y6HO 
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BeeoeHue 

)J;nH H3MepeHH.Il llOJI.IlpH3aU:HH .H,!l,ep llOJI.IlpH30BaHHbiX MH· 

llieHeH OfiblqHo npHMeH.HWT MeTO,!l,bl .H,!),epHOrO MarHHTHOrO 

peJOHaHca /B.M.p./ /1/, 
llon.HpH3aU:H.Il .H,!l,ep nponopu:uouanLHa HHTerpany OT MHH

MOH qaCTH BbiCOKoqaCTOTHOH .H,!l,epHOH BOCllpHHMqHBO

CTH /2/ x(r') =· x'(v)- jx"(r,): 
II 

max 
f X, (I'} d v. p /1/ 

vmin 
11m in H I' max onpe,!l,eJI.IIWT ,!),HanaJOH pa3BepTKH qaCTOTbl 

ocu:unnupyroiUero nonJI H 1 a6nH3H napMopoacKoH qacTOTbi 

I' 
0 

JI,!l,epHbiX cnHHOB, uaxo.u.JIIIJ:HXC.Il B MarHHTHOM none H 0 , 

r .n.e x "(v) oT nuqua oT 0 I .n.nH npoToHoB v 0 I M Ttl/ = 

= 4,257 H0/K3//. 
06blqHo ,!l,Jl.ll H3MepeHHJI llOJI.IlpH3aU:HH HCllOJib3YWT Q -

MeTp, CHrHan Ha BbiXO,!l,e KOTOpOrO v B nepBOM npH6JIH• 

:lKeHHH nponopu:uouaneu x "( ,,) : 
\Zk(v)\-\Zk(J!)\(1 ., 

v = - X (,,), /2/ 
I Z k (,, o)lo 

r.u.e \Zk(v)\u \Zk(l')\ 0 - Mo.u.ynH HMne.u.auca npueMHoro Kone-

6aTenLHoro KOHTypa, B03MYIIJ:eHHOrO H HeB03MYIIJ:eHHOrO 

CHrHanoM Jl.M.p. COOTBeTCTBeHHO. AHaJIH3Y /2/ llOCB.IIIUeH 

PH.D. pa6oT /3-:9/ H B o6IIJ:eM cnyqae ouo cnpaae.u.nuao npu 

MaJIOM B03MymeHHH npHeMHOrO KOJie6aTeJibHOrO KOHTypa 

CHCTeMOH Jl,!l,epHbiX CllHHOB H npH yCJIOBHH, qyo ,!),eHCTBHTeJib• 

Ha.ll qaCTb x( v) - ,!l,HCnepCHJI He CHJibHO paCCTpaHBaeT 

Kone6aTeJILHhiH KOHTYP· 
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B pa6oTe /
3

/ noKa3aHO, 'ITO HaBMeHJ.Wee OTKJIOHeHBe OT 

JIBHeHHOCTB Q - MeTpa /T .e. BWnOJIHeHBe /2/ c 6om.woii 

TO'IHOCT:biD/ BMeeT MeCTO npB BCDOJI:b30BaHBB nocJie~oaa
TeJIJ.HOrO Kone6aTeJIJ.Horo KOHTypa B pacwupeauu ero no

JIOChl nponycKaHBJI. Ilocne~Hee ~OCTBraeTcJI na6o yMeH:~.we
HBeM ~06pOTHOCTB DpBeMHOrO KOHTypa, JIB60 npBMeHeHBeM 

aBTOMaTB'IeCKOH no~cTpOHKB pe301~aH_9HOH 'laCTOTWKOHTypa 

no~ qacToTy nonJI fl 1 . B pa6oTeilO, peaJIB30BaHa nepaaJI 

B03MO>KHOCT:b JIBHeapB3ai.{BB Q -MeTpa. IlOnhlTKa peaJIB30-

BaT:b BTOpyro B03MO>KHOCT:b CO~ep>KBTCJI a/II/,O~HaKO aBTO

paMB He noJiyqeH:bl KOHKpeTHhle 3KCnepBMeHTaJI:bHWe pe-
3YJIJ.TaTW. 

B ~aHHOH pa6oTe npe~no>KeH Q'-MeTp c >KeCTKOH 4la3o

aoii aBTOnO~CTpOHKOH pe30HaHCHOH 'laCTOThl BXO~Horo no

CJie~OBaTeJI:bHOrO KOJie6aTeJI:bHOrO KOHTypa B aBTOMaTB

'IeCKOH no~cTpoiiKoii <Pa3hl. AnJI o6pa6oTKB HB3KoqacToTaoro 

CBrHaJia npBMeHeH CTp060CKOIJB'IeCKBH BHTerpaTop. IJpB6op 

no3BOJIJieT B3MepJIT:b He TOJI:bKO x"(v). HO B x'(l/), Ix"(r,)d,,, 
dx "( v)/ dv a npe~cTaBJIJieT co6oii, no cymecTay, npaeMHyro 

qacTJ. cneKTpoMeTpa JI.M.p. HB3Icoro pa3peweaaJI. Bo3MO>KHa 

pa6oTa KaK C KOHTypOM BhlCOKOH~ TaK B HB3KOH/IO/~o6poT
HOCTB. IlpBMeHeHBe aBTOnO~CTpOHKB D03BOJIJieT yMeHbWBTL 

nonpaBKB K B3MepeHHOH BeJIB'IBHe nOJIJipB3ai.{BB ~0 llfo DpB 

K03<1l<PBI.{BeHTe MO~YJIJII.{BB BhlCOKO'IaCTOTHOrO /B.'I./ HanpJI

>KeHHJI CHrHaJIOM JI.M.p. ~0 20lfo. 

liAoK- cxeMa npu6opa 

Ha puc. 1 npaae~eHa 6noK-cxeMa npa6opa. Bwcoi<oqac

TOTHWii TOK qepe 3 conpoTBBJieHae R cs.>> I Z k (v 
0 

>L no~aeT
cJI c reHepaTopa a.q, Ha nocne~oaaTeJILHWii Kone6aTeJILHWH 

,\ 
KOHTyp, o6pa30BaHHWH KaTyWKOH Lk, Ka6eJieM 2x~, ~o-

2 
6aBO'IHI:dM CODpOTBBJieHBeM noTepb Rb KOH,D;eHCaTopOM C I B 

aapaKanoM A 1 • BapaKan ynpaaJIJieTCJI cxeMoii <P.a.n.'l. CHr

HaJILHoe B.'l. HanpJI>KeHBe DO,AaeTCJI Ha CXeMy 4la30BOH 

aBTOnO~CTpOHKH 'laCTOTW C Bl:dXO~a YCBJIBTeJIJI BWCOKOH 

qacTOThl /y.a.q.j, a onopHoe - oT reHepaTopa B. 'I. qepe3 

3JieKTpB'IeCKB ynpaBJIJieMWH 4la30Bpall.{aTeJIL. C BbiXO~a 
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Puc. 1. liAoK- cxeMa npu6opa OAJI U3MepeHUJI noAJipu3afiUU 
MUIUeHU. 
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y.a.q. curHaJI nocTynaeT Ha ,D;eTeKTop, a 3aTeM Ha axo.n 

YCHJIHTeJI.II HH3KOH qacTOTLI - CMeCHTeJIJI, KOTOpLIH COCTOHT 

H3 ,D;BYX 6JIOKOB. fiepBLIH YCHJIHBaeT CHrHaJI B 5 pa3 H B 

HeM npe,D;yCMOTpeHa KOMlleHCai{HJI llOCTOJIHHOH CO~TaBJIJIIO" 

ll{eii npo,D;eTeKTHpOBaHHOrO CHrHaJia. Bo BTOpOM, KpOMe 

,D;ByKpaTHoro ycuneHH.II, ocyll{eCTBJIJleTCJI KoppeKUHJI 6a-

3oaoii JIHHHH pa3aepTKH CHrHaJiaMH OpJIMOyrOJibHOH, llHJIO· 

o6pa3Hoii, napa6onuqecKoii ~opM. KoppeKUHJI Heo6xo,D;HMa 

,!J;JIJI KOMneHCai{HH oru6aiOII{eH aMOJIHTY,D;HO" qacTOTHOH xa· 

paKTepHCTHKH KOJie6aTeJibHOrO KOHTypa, OCTaToqHOH aM· 

llJIHTY,D;HOH MO,D;YJIJIUHH reHepaTopa B,q,, ~OHOBOH HaBO,!J;KH 

CeTH DHTaHHJI. C BbiXO,D;a y.H,q, - CMeCHTeJIJI CHrHaJI DO,D;a

eTCJI JIH60 Ha BXO,D; y.H,q, - 2 jc K03~HI{HeHTOM YCHJieHHJI, 

paBHbiM 150/ qepe3 KaJIH6poaaHHbiH ,D;eJIHTeJib, JIH60 He

nocpe,D;CTBeHHO Ha BXO,!I; CTp060CKOOHqecKOrO HHTerpaTopa. 

Bo BTOpOM CJiyqae B KaHaJie o6pa60TKH H,q, CHrHaJia OT" 

CYTCTBYIOT nepeXO,!I;Hble eMKOCTH. 

Ha3HaqeHHe 6noKa CHHxpoHH3aUHH pa3aepTKH, O,D;HOBH6-

paTopoa 1 H 2, O,!I;HOBH6paTopa aBTOOO,!J;CTpOHKH ~a3bl H 

cyMMaTopa /13/ noJICHJIIOT puc. 1 H 2. HMnynbc c awxo,D;a 

cyMMa Topa JanycKaeT reHepa Top nunoo6pa3Horo HanpJI:>Ke

HHJI C ,D;JIHTeJibHOCTbiO BbiXO,!I;HOrO HMDYJibCa 2 -:-10 MC -

reHepa TOp "6LICTpOH OHJILI", CJiy:>Kaii{HH ,!J;JIJI pa3BepTKH qac

TOTbl reHepaTopa a,q, fipH H3MepeHHH HHTerpaJibHOH HH" 

TeHCHBHOCTH carHaJia JI.M.p. I puc. 3/ Ha ynpaBJIJIIOlUHH 

BXO,!J; CTp060CKOUHqecKOrO HHTerpaTopa OO,D;aeTCJI CTpo6-

HMDYJibC ,D;JIHTeJibHOCTbiO, paBHOH ,D;JIHTeJibHOCTH HMllYJibCa 

pa3BepTKH jpe:>KHM OOJIHOrO OXBaTa CHrHaJia CTpo6·HMDYJib" 

COM/. 

fipH 3aOHCH ~OpMbi JIHHHH Jl.M.p. C HaKOOJieHHeM CTpo-

60CKOOHqeCKHH HHTerpaTOp ynpaBJIJleTCJICTpo6-HMDYJibCOM, 

,!J;JIHTeJibHOCTb KOTOpOrO MHOrO MeHbWe ,!J;JIHTeJibHOCTH HM· 

DYJibCa pa3BepTKH. 0.D;HOBH6paTop CTpo6·HMDYJibCa B 3TOM 

CJiyqae JanycKaeTCJI KOMnapaTOpOM 1, cpaBHHBaiOII{HM MrHO· 

BeHHbie aMUJIHTY,D;LI HMllYJibCOB reHepaTopa "6biCTpOH llHJILI" 

H reHepaTopa llHJI006pa3HOrO HanpJI:>KeHHJI C ,!J;JIHTeJibHOCTbiO 

HMDYJibCa 5, 10, 15 MUH • reHepaTopa "Me,D;JieHHOH OHJILI" 

/r.M.n./. fipH 3TOM 3a,D;ep:>KKaCTpo6·HMDYJibCaOTHOCHTeJib" 

HO Haqana pa3BepTKH nponopUHOHaJibHa MrHOBeHHOH aM· 

nJIHTy,D;e HMnynbca r .M.n. I puc. 2/. Bwxo,D; CTpo6ocKonu

qecKoro HHTerpaTopa COe,D;HHJleTCJI C BXO,!J;OM "y",D;BYXKOOp· 
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Puc. 2. 3anUCb ~OpMbl AUHUU CUZHOAa Jf.M.p. 

.D.HHaTHOro caMonacua, a Ha axo.D; "x"nocne.nHero no,D;aeTCJI 

carHaJI c r.M.n. TaKHM o6pa30M, Ja apeMJI, paauoe .nnu

TeJibHOCTH HMfiYJibCa r.M.fi., npOH30H.IJ,eT 3afiHCb CHrHaJia 

JI.M.p. c HaKonneH&eM. 
fipH 3afiBCH npoH3BO.IJ,HOB CHrHaJia Jl.M.p. /ll 2 B UOJIO" 

>KeHHH 2 Ha puc. 1/ ocylUeCTBJIJleTCJI Me,D;JieHHaJI paJaepTKa 

qacTOTbl reHepa Topa a.'~· /HJIH non.11 H0 I H HH3Ko<~acToTHaJI 
MO.D;YJIJIUHJI yarHHTHoro non.11 H

0
jqacTOTbl reHepaTopa B.<~./, 
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Cu~Han r l _A__! 
6 I I 

Cmpo6 f ~Temp _9 urrnynbC -

8•1100 tr, ( 1 ' C'mpo5ot:Kon ~ [ucdt-p 
uHmt~pamopa -~ 

Puc. 3. H3MepeHue noA.Rpu3afiUU. 

Bxod 
KOMnapa rcpa 

MemKu 
yacmombt 

I 

Meml(a I I 1 

o;acmombt i ; 
...__11-------

1 I 
I I 

Ocuunnoe-~ 1 1 

pa~ - !_A__ • 

Puc. 4. KaAu6poeKa 'lacmomHozo ouana3oHa pa3eepmKu. 

a CTp060CKOIIH'ieCKHH HHTerpaTOp yrrpaBnJieTCJI CTpo6-nM
IIYllbCOM, c$opMopoaauuLIM uenLIO $a3oapaiUaTenL-$opMu
poaaTenb H3 cuuycon.IJ.anLuoro uarrpB>KeuHJI reuepaTopa H. 'I., 
ocyiUeCTBnJIIOIUero MO.IJ.YJIJIUHIO rronJI uno qacTOThl I puc. 51. 

Kanu6poaKa .IJ.Harra3oua pa3aepTKH u onpe.IJ.eJieuue qac
TOThl JII060H ee TO'IKH OCYIUCCTBJIJIIOTCJI C IIOMOIUbiO 
MeTKH qacTOTLI I puc. 41. HMnynLc OT reuepa Topa "6wcTpo8 
IIHJILI", IIO.IJ.aBaeMLIH ua BapoKaii pa3BepTKH qacTOTid reue
paTopa B.'i., rrocTynaeT ua BXO.IJ. 1 KoMnapaTopa 2 /puc. 11. 
KoMnapaTop cpaauuaaeT MruoaeuuyJO aMIIJIHTY.IJ.Y :noro 
HMDYJibCa C OOCTOJIHHhiM uarrp.R)I(CHHCM ua BXO.IJ.C 2. B MO
MCHT paBeHCTBa HaiipJI)I(CHHH Bldpa6aThiBaeTCJI MCTKa qac
TOTid, KOTOpaJI 3aTeM HaKJia.IJ.LIBaCTCJI Ha CHrHaJI JI.M.p. 

8 

Moayn<ll4 'n /\ no.np 

I. vv 
'f a~ 'f~36o 

IPa300pl (\ (\ ~ 

'M V rl:: 
I I I i I 
I I I I 

cmpo6ji~ h [ uf"'nynbc Ll__L_ 

cmg~'J:Zranl J\ 
uHme~po-

mop a 

,-----""""'---+-\T~~· 

Puc. 5. 3anUCb npoU3600HOU CUZHU/Ia .R.M.p. 

MeHJIJI HaOp.R>KeHHe Ha BXO.IJ.e 2, MO>KHO nepe.IJ.BHraTb MeTKY 
DO pa3BepTKe, a qaCTOTY, COOTBe'tCTBYIOIJ..{YIO OOllO>KeHHIO 
MeTKH, onpe.IJ.enJITb nocne no.IJ.KniOqeuu.R K aapuKany pa3-
aepTKH qacTOTbi reuepaTopa B.'i. 3Toro uanp.R>KeHH.R I lla B 
OOllO)I(eHHH 3 Ha puc. 1/. 

06muu K03~HuueuT ycuneuHJI npueMuoro TpaKTa onu
CbiBaeMoro npu6opa .IJ.OCTHraeT 3·10 .s, no3TOMY Mexauu
qecKue au6pauuu npueMuoro KouTypa u annapaTypLI, C.IJ.BHr 
$a3bl onopuoro B.'i. uanpJI>KeuHJI npuBO.IJ.JIT K paccTpoHKe 
OpHeMuOrO KOHTypa, 'iTO CKa3biBaeTCJI ua CTa6HllbHOCTH 
HHTerpanbHOH HHTeHCHBHOCTH 6a30BOH llHHHH pa3BepTKH-
4Joua, a 3TO, B CBOIO oqepe.IJ.b, npHBO.IJ.HT K .IJ.OOOllHHTenbHOH 
norpewuocTn H3MepeHHJI nonJipH3aunu. ,lJ;nB ycTpaueuHJI 
TaKOrO JIBlleHHJI npHMeuJieTCJI aBTOIIO.IJ.CTpOHKa $a3bl 
/a.n.ljl./, KOTOpaJI OCyiUeCTBnJieTCJI cne.IJ.YIOIUHM o6pa30M. 
H3 Kouua 6a3oao8 nuuou pa3aepTKH c rroMOIJ..{biO nocne.IJ.o
BaTenLuo-napannenLuoro Knanaua, ynpaanJieMoro o.IJ.uo
au6paTopoM a.n.$., <iJopMHpyeTCJI HMDYllbC, aMOllHTY.IJ.a KO
Toporo nponopunouanLua OTKnoueuuiD 6a30BOH nuuuu pa3-
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BepTKH oT uaqanLHoro nono~eHHH /puc. 2/. 3aTeM nocne
,li;OBaTenbHOCTb TaKHX HMllYllbCOB HHTerpHpyeTCH, H ua
nps~eHHe c BbiXO,ll;a HHTerpaTopa ynpaBnHeT 3neKTpuqecKHM 
4Ja30Bpall\aTeneM B.q. TaKHM o6pa30M, qT06bi BOCCTaHOBHTb 
HaCTpOHKY npHeMHOrO KOne6aTellbHOrO KOHTypa. TaKaS 
a.n.4J. ll03BOnHeT llOllHOCTblO HCKlllOqHTb ,!1;peii:4J lPOHa H 
OCyll\eCTBHTb H3MepeHHe HHTerpallbHOH HHTeHCHBHOCTH CHr· 
Hana H. M.p. C TOqHOCTblO ,!1;0 1<1o npH OTHOWeHHH c/w:_::3: 1. 

qaCTOTa reHepaTopa B.q. KOHTpOnHpyeTCH qaCTOTO· 
MepoM q3- 34A, a uanps~euue ua ,ll;eTeKTope - uu4JpoBLIM 
BOllbTMeTpOM B npoMe~yTKaX Me~,ll;y HMllYllbCaMH pa3-
BepTKH. K BbiXO,!J;Y cTpo6ocKonuqecKoro HHTerpaTopa no,li;
KniOqaiOTCH UHlPPOBOH BOllbTMeTp j)J;nH KOHTpOnH nonHpH· 
3aUHH/, KOTOpbiH MO~eT 6biTb CBH3aH C 3BM, ,!J;BYXKOOp· 
,li;HHa THbiH H neuToqubJB: caMonHCUbi I ,ll;nH Janucu curuanoB/, 
a ,ll;ns KOHTpons npoueccoB uacTpoii:KH annapa TYPLI H H3-
Mepeuus curuanoB s.M.p. ucnonLJyeTCH ocuunnorpa4J c 

naMHTbiO C1-37. 

JipuH~unuaAbHaJI cxeMa Q- Mempa 

Ha puc. 6 npuBe,ll;eHa npuuuunuanbuas cxeMa Q-MeTpa. 
IlonocoBoii ycunuTenb /TpaH3HCTOpbi T 1· T.1/ HMeeT Ko3<P-
4JuuueuT ycHneHHH OKOllO 200. qaCTOTHaH xapaKTepHCTHKa 
YCHllHTenH lPOPMHpyeTCH qeTblpbMH paCCTpOeHHbiMH ,!J;pyr 
OTHOCHTellbHO ,ll;pyra KOne6aTellbHbiMH KOHTypaMH H B ,li;Ha
na30He qacToT 109-119 Mr~ HMeeT uepaBHOMepuocTb 
< 1 )J;6.BXO,li;HOH KaCKa,ll; co6paH Ha ManowyMHll\eM TpaH3HC

TOpe rT-329B. IIOCKOllbKY KaCKa,ll; C o6meii: 6a30H HMeeT 
HH,!J;YKTHBHbiH xapaKTep BXO,li;HOrO COllpOTHBneHHH, B CXeMy 
,!J;06aBneH KOH,ll;eHCaTop C 2 ,ll;llH HaCTpOHKH BXO,li;HOrO napan· 
nenbHOrO KOne6aTellbHOrO KOHTypa, COCTOHll\ero H3 C 2 , 

napa3HTHOH eMKOCTH MOHTa~a, HH,!J;YKTHBHOCTH llO,li;BO,li;H • 
mero npOBO,ll;a H HH,!J;YKTHBHOCTH TpaH3HCTOpa, Ha pa6oqyiO 
qacToTy Q-MeTpa /114,5 MF~/. B peJynLTaTe BXO,li;Hoe 
COllpOTHBlleHHe YCHllHTellH CTaHOBHTCH aKTHBHbiM H yBe
nuquBaeTCH npHMepuo ,li;O 300 OM, qTo npu6nH3HTenbHO 
B 5 pa3 npeBblwaeT BXO,li;Hoe conpoTHBneuue KacKa,ll;a 6e3 
ynoMHHYTOH BbiWe uacTpOHKH. K BbiXO,!J;Y y.B.q. no,li;KniOqeu 
,ll;eTeKTop I ,lJ; 4 - ,LJ; .s I H cxeMa 4Ja3oBoii aBTono,ll;cTpoiiKH 
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qacTOTbl. CuruanLHoe B.'l. uanpB:>Keuue qepe3 6ycllepuLiii 
xacKa~ /T;;- T 6 I nocTynaeT ua axo~ cllaJo'lyBcTBHTenLHoro 
~eTeKTopa/ 14,/'T 7 - T 9 , ,lJ; 8- ,LJ;1 If, ua ~pyroii axo~ KOTo
poro no~aeTcB onopuoe B.'l. uanpB:>Keuue c reuepaTopa B.'l. 
qepe3 3neKTPH'IeCKHii cllaJoapamaTenL /,ll; 17 - ,lJ; 18 , R 89 I 
H nHHHIO 3a~ep:>KKH /n.3./. HanpB:>KeHHe c Bblxo~a cllaJo'lya
CTBHTenLuoro ~eTeKTopa ycunuaaeTCJI /T 10_ 11 I H no~aeTcJI 

Ha BapHKan ,lJ; 1 HaCTpOHKH BXO~Horo KOne6aTenLHOrO KOH
Typa, a TaK:>Ke qepe3 3MHTTepublii noaTopHTenL /T 12 I ua 
rue3~o "BbiXO~ x "' ~n.11 perucTpauuu curuana ~ucnepcuu. 
ITepeKmo'laTeneM IT 1 MO:>KHO OTKlliO'IHTL cxeMy cllaJoaoii 
aBTOllO~CTpOHKH 'laCTOTbl OT aapHKana ,lJ; 1 , B 3TOM cnyqae 
nocne~uuii ynpaanJieTCJI uanpJI:>KeuHeM, CHHMaeMbiM c no
TeHUHOMeTpa R 123 , u ocymecTanBeTcB pe:>KHM pa6oTLI Q -
MeTpa 6e3 aBTOllO~CTpOHKH 'laCTOTbl. 

reuepaTOp B.'l. /T1s/ pa6oTaeT B ~Hana30He 'laCTOT 
108-120 Mrl#. ,ll;nB ~HcTanuuouuoii perynupoBKH qacTOTLI 
reuepa Topa cny:>KHT aapuKan ,lJ; 20, a ~nB paJaepTKH qacTOTLI -
,lJ; 19 . Perynupoaxa aMnnHTY~bi uanpB:>KeHHB, no~aaaeMoro 

ua npueMHLiii xouTyp, ocymecTBnJieTc.H TpaHJHCTopoM T 18 . 
llocne~uuii ynpaanJieTcJI curuanoM c BLixo~a ~u41cllepeuuuanL
uoro ycunuTenJI nocTOJIHHoro ToKa /T 23 - T 26 I, cpaauuaaJO
mero npo~eTeKTHpoaauuoe B. 'L uanpJI:>Keuue I ,lJ; 15 - ,lJ; 16 I H 
onopuoe uanpB:>Keuue <Rll5>. TaKoii cTa6HnH3aTop aMnnHTY~bi 
ll03BOnJieT Ha nopJI~OK yMeHLWHTL ypoBeHL napa3HTHOH 
MO~YllJIUHH reHepaTopa H nerKO KOppeKTHpOBaTL H3MeHe
HHe aMnnHTY~LI B.'l. uanpB:>KeHHJI a npouecce 3KcnnyaTaUHH. 

llepBLiii xacKa~ y.H.'I. - cMeCHTenJI, uaxo~BmerocJI a 
6noKe Q -MeTpa, o6ecnequaaeT npe~aapuTenLnoe ycuneuue 
<K=5) npo~eTeKTHpoaauuoro curuana H noJaonBeT cKoMneu
cupoaaTL llOCTOJIHHYIO COCTaBllJIIOII(YIO uanpJI:>KeHHJI Ha Bbi
XO~e ~eTeKTopa <R 61). 

lipUH[#unuaAbHaJI cxeMa cmpo6ocKonu~ecKozo 
uHmezpamopa 

Ha puc. 7 npuae~eua cxeMa CTpo6ocKonuqecKoro uu
TerpaTopa, no~o6uoro onucauuoMy a pa6oTe/l2/.0TnH'IHe 
JaKnJO'IaeTcJI a H3Meneuuoii cxeMe ynpaaneHHJI KnanauoM 
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I JJ. 8 - JJ. 111, 6onee cTa6HnbHOH cxeMe :meKTpoMeTpa IT 13 -

T 18 I H 3aMeHe BToporo KaHana ,IJ,ByxKaHanbHoro HHTerpa

Topa CXeMOH BOCCTaHOBneHHJI IIOCTOJIHHOH COCTaBnJIIOI.l\eH 

rrepHO,IJ,H'IecKoro curHana, Ha3Ha'leHHe KOTopoii - pa3pJI:>KaTb 

pa3,IJ,enHTenbHYIO eMKOCTb Ha BbiXO)l,e Y .H. '1. • 2 B IlpOMe:>KyT

Kax Me:>K,IJ,y HMrrynbcaMH pa3BepTKH. CxeMa BoccTaHoBneHHJI 

MO:>KeT 6b1Tb OTKniO'IeHa, HaiipHMep, IlpH 3aiiHCH IlpOH3B0)l," 

HOB curHana JI.M.p. Ha 3TOM :>Ke pucyHKe rrpHBe,IJ,eHbl 

3KCIIepHMeHTanbHble KpHBble ,IJ,nJI O)l,HOrO H3 o6pa3I.J;OB 1,2 -
rrporraH,IJ,Hona c rrpHMeCbiO Cr + v, unniOCTPHPYIOI.l\He B03-

MO:>KHble pe:>KHMbl pa6oTbi I a - penaKcan;HJI H HaKa'IKa 

IIOnJipH3ai.J;HH, b - IIpOH3BO,IJ,HaJI CHrHana JI.M.p., C • CHrHan 

JI.M.p., d • H3MepeHHe HHTerpanbHOH HHTeHCHBHOCTH 

TepMH'IeCKH paBHOBeCHOrO CHrHana JI.M.p./. 

H3MepeHue noA.Rpu3aijuu 

Ilocne rrporpeBa arrrrapaTypbl B Te'leHHe O,IJ,Horo qaca 

OCy~eCTBnJieTCJI HacTpOHKa KOne6aTenbHOrO KOHTypa. JJ,nJI 

3TOrO Ha 'laCTOTe HaCTpOHKH Ka6enJI IIpBeMHOrO KOHTypa 

lpaBHOH B HaweM cnyqae 114,5 MF1.1I BKnroqaeTCJI qacToT

HaJI MO,IJ,ynJII.J;HJI reHepaTopa B.'l. CHHYCOH,IJ,aJibHbiM H.'l. 

HarrpH:>KeHBeM I puc. 11 /IS~ KoHTyp HacTpauBaeTCJI H3MeHe

HHeM !l>a3bl orropHoro B. '1. HarrpJI:>KeHHJI cxeMbl aBTOIIO,IJ,

cTpoiiKH qacTOTbl no MHHHMYMY rrepBo:H rapMOHHKH Ha ,IJ,e

TeKTOpe. 3aTeM YCTaHaBnHBaeTCJI ypoBeHb B.'l. HaiipJI:>Ke· 

HHJI Ha ,IJ,eTeKTOpe, COOTBeTCTBYIOI.l\HH nHHeHHOMy yqacTKy 

ero xapaKTepHCTHKH 10,7 B 110 IIOCTOJIHHOH COCTaBnJIIOI.l\eHI. 

Ilocne 3TOrO OCYI.l\eCTBnJieTCJI KOppeKI.J;HJI 6a30BOH JIHHHH 

pa3BepTKH, YCTaHOBKa HynJI CTp060CKOIIH'IeCKOrO HHTer

paTopa H IIPOH3BO,IJ,HTCJI 3aiiHCb !l>oHa H HHTerpanbHOH 

HHTeHCHBHOCTH CHrHaJia. 

H3MepeHHe TepMH'IeCKH paBHOBecHoro cBrHana IKa

nu6poBKal rrpoB3BO,IJ,HTCJI rrpu TeMrrepa Type 1,2 K. BpeMJI 

penaKcauuu T 1 rrpu ,IJ,aHHOH TeMrrepaType B none H0 = 
= 26,9 K3 ,IJ,nJI IlpOTOHOB 1,2 • rrporraH,IJ,BOJia C IlpBMeCbiO 

Cr+V IBel.l\eCTBO MBWeHBI OIITBMaJibHOH KOHI.J;eHTpai.J;BB CO· 

CTaBnJieT MeHee 5 MUH, TaK 'ITO IIpOI.J;e,IJ,ypa B3MepeHBJI Tep· 

MH'IeCKB paBHOBeCHOH IIOnJipB3ai.J;BB 3aHBMaeT B HaWeM 

cnyqae CYI.l\eCTBeHHO 6onee KOpOTKOe BpeMJI, 'leM B/10/ , 
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r,IJ,e Kanu6poBKa Be,IJ,eTCJI rrpu TeMrrepaType 0,6-0,7 K. 
Ha puc. 8 rrpBBe,IJ,eH TepMB'IeCKB paBHOBeCHbiH curHan 

rrpB T = 0,54 K. Ilocne B3MepeHBJI TepMH'IeCKB paBHOBec

Horo curHana H orrpe,IJ,eneHHJI TeMrrepaTypbi pacc'IBTbiBa

eTcJI Ha'lanbHaJI IIOJIJipB3ai.J;HJI IIpOTOHOB 

P
0 

= 1,0217·10-
7 l! T' 131 

r,IJ,e [H] B 3, [T] B K. 
IJocne )l,BHaMB'IeCKOH IIOnJipH3ai.J;HH JI,IJ,ep Bel.l\eCTBa MH" 

WeHH IlpOH3BO)l,HTCJI H3MepeHBe ~HTerpanbHOH BHTeHCHBHO" 

CTB ycuneHHoro curuana. Pac'leTbl rroKa3biBaiOT, 

'ITO IlpH pOCTe IIOJIJipH3ai.J;BH H3 • 3a yBenH'IeHHJI BKna,IJ,a 

)l,BCIIepCHH B 121 !l>opMa CHrHana Ha BbiXO,IJ,e Q-MeTpa HC" 

Ka:>KaeTCJI. Ha puc. 9 IIOKa3aH CBrHaJI OTpBI.J;aTenbHOH 110" 

JIJIPH3aUHB, rronyqaeMbiH Ha 3Kpaue ocuunnorpa!l>a, Kor,IJ,a 

B TpaKTe H. '1. OTCYTCTBYIOT rrepeXO)l,Hble eMKOCTB lrrepeKniO· 

'laTenb II 1 ua puc. 1 B rrono:>KeHHB 21. Ha puc. 10 rroKa3aH 

TOT :>Ke CHrHan, HO B TpaKTe H.'l. HMeiOTCJI rrepeXO)l,Hble 

eMKOCTH lrrepeKniO'IaTenb IJ1 B IIOJIO:>KeHHB 11. QqeBH)l,HO, 

'ITO H3MepeHBe IIOJIJipB3ai.J;HH B IIOCJie,IJ,HeM cnyqae IIpBBO)l,HT 

K yMeHbWeHHIO H3MepeHHOrO 3Ha'leHBJI IIOnJipH3ai.J;HH IB Ha· 

weM cnyqae rrpu6nB3HTeJibHO na lOo/ol. Ilo3TOMY rrpH H3-

MepeHHH TepMH'IeCKH paBHOBCCHOrO CHrHana Mbl HCIIOnb· 

3yeM BeCb TpaKT y.H.'I. IH3MepeHHe 110 rrepeMeHHOMY TO" 

KY I ,a ycunennoro - HcKnroqaeM y .H. '1. - 2 lu3Mepenue no 

IIOCTOJIHHOMY TOKY I. 
IlonJipB3ai.J;HJI rrocne )l,HHaMH'IeCKOH IIOJIJipH3ai.J;HH JI,IJ,ep 

orrpe,IJ,enJieTcJI cne,IJ,yiOI.l\HM o6pa30M: 

si K1 
P'= --.-. p 

So K o o ' 
141 

r,IJ,e S
0 

- BHTerpanbHaJI HHTencHBHOCTb TepMB'IeCKH paBno

BecHoro CHrHana; 81 • HHTerpanbHaJI HHTeHCHBHOCTb yCH" 

neHHoro curHana JI.M.p.; K0 - K034>!l>HUHeHT ,IJ,eneHBJI aTTe

HIOaTopa Ha BXO,IJ,e y.H.'I. - 2 rrpH H3MepeHHH S0 ; K 1 - Ko34>· 

!l>HUHeHT ,IJ,eJieHHJI aTTeHIOaTopa Ha BXO,IJ,e y.H.'I. " 2 IlpH 

H3MepeHHH S 1 , nH60 

si A 
P'= -· --. p K o , 

0 

151 
so 
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Puc. 8. TepMu<~ecKu paeHoeecHbiU cuzHa/1 .R.M.p. npomoHoe 
1,2- nponaHouoAa c npuMeCbiO < r 1 v e noAe 11 0 = 26,9 K3 
npu meMnepamype 0,54 K /pa3eepmKa <~acmombl 400 KTI#/. 

Puc. 9. CuzHa/1 .R.M.p. npomoHoe 1,2- nponaHouoAa c npu
MeCbiO Cr+V, noA.RpU3QI#U.R - 80%. H3MepeHue no nocmoRH
HOMY 1/fOKy /np.RMOY20/IbHbiU nbeOecmaA o6yc/I08/IeH HenoA· 
HOU KOMneHCQijUeU nOC11fOJIHH020 Hanp.RJKeHUJI HQ 8XOOe 
y. H. '1.- CMeCU1/fe/I.R npu 8K/IIO'IeHHOU CXeMe 80CC1/fQH08/IeHUJI 
noC1/fOJIHHOU COC1/fQ8/IJIIOUieU/. 

Kor;~a npa H3MepeHHH ycaneHHoro carHana y.H.'L - 2 He 
acnonL3yerc.H I A - K03<l>«PHu;HeHT ycuneHHH y.H.l.f. - 2/. 

llocne Bhll.fHCneHH.H non.HpH3ai.J;HH BBO~HTC.H KOppeKI.J;H.H 
Ha HenHHeHHOCTh Q- MeTpa: 

P =P'(l-oE), /6/ 

16 

Puc. 10. Tom JKe cuzHa/1. H3MepeHue no nepeMeHHOMY moKy. 

r~e oE - nonpaBKa Ha HenaHeHHOCTh Q-Merpa/3/. Pe3ynL
TaThl pacl.feTOB 0 E B 3aBHCHMOCTH OT rny6HHhl MO~yn.HUHH 

~z 

z 
1Zk(v

0
)1 -1Zk(v

0
)1

0 

IZk(vo)lo 

npHBe~eHhl Ha puc. 11 ~nH ~Byx cnyqaeB: 

/7/ 

a/ conpoTHBneHHe noreph Rk = 10 OM, tl>axrop aBro
no~crpoiiKH /3/ S = 3; 

6/ conpoTHBneHHe noreph Rk = 40 OM, <t>axrop aBro-
no~cTpoiiKH S = 1. 

B pacqerax * acnonh30Banocb aHanHTHl.feCKoe Bhlpa>Ke
I . 

HHe .nmr x "(v), npaBe~eHHOe B '1 6; 

X
"( v) - 1 ,035x v - 0 0 

~v [l '+ 4( lv-v o I )] 2,54 
~I/ 

* Pacl.feT npoBe~eH IO.«<».KaceneBbiM, A.II.Cano>KHH
KOBbiM, Ji.A.Xal.faTypOBbiM. 
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r)J,e x 0 - cTaTH"leCKaJI aocnpHHM"lHBOCTL JI.IJ.ep, a Av npu
HHManacL paauoii: 5,58 .1 0 4 I onpe.IJ.en.a:nacL 3KcnepuMeH
TanLHO no 4JopMe llHHHH JI.M.p. npOTOHOB 1,2 • nponaH· 
.IJ.Honal. 

llHHeHHhlH yqacTOK nepe)].aTO"lHOH xapaKTepHCTHKH )J.e· 
TeKTOpa, npHMeHeHHOrO B ()·MeTpe, OnHChlBaeTCJI 4Jop· 
Mynoii: t;=" 7,85 <Ds11-ro>, r.IJ.e tJ =, H U134 .IJ.aHhl B MB. Tor)J,a 

AZ AUBll AU= 
--= 
z UBII u= + 235 

TaK, ecnu B pa6oqeii: T01.f.Ke .IJ.eTeKTopa U=, = 700 MB, a 
t\U== 180 MB lnpH P = ±98~1'!' TO '\Z/Z::::0,2,a ot:= 0,8~ 

I .IJ.nJI nonmKHTenLuoii nonJipHJau;uul H of.: = -1 ,0~ I .IJ.nJI 
OTpHD;aTenLHOH nonJipH3aD;HH/ npH 4JaKTOpe aBTOnO)].CTpoii· 
KH s = 3 I puc. 11/. Ilpu R k = 4o OM <s = 1) nfHeMHLiii 
KOHTYP auanoruqeu KOHTYPY, npHMeHeHHoMy B /l 01 • B 3TOM 
cnyqae npu Toii: :>Ke rny6uue MO.IJ.YllJIUHH at; = 4~, a o}; = 
= -4,5~. TaKHM o6paJoM, npuMeueuue a.n."l. noJBon.lleT 
paCWHpHTL )J.HHaMH"leCKHB )J,HanaJOH Q ·MeTpa no K034M1JH· 
u;ueHTY ycuneHHJI E nonJipHJau;HH .IJ.O 450 /.IJ.nJJ. cpaaueHHJI, 
)J.HHaMH"leCKHB )J,HanaJOH Q ·MeTpa C KOHTypOM HHJKOB )1.0• 
6poTHOCTH I H k = 40 OM/ paaeu npu6nHJHTenLHO 200/ 
npu coxpaueuuu nuueii:uoii: JaBHCHMOCTH oF. OT 1\Z/Z. 

Cpe)J.HeKBa)J,paTH1.f.HaJI OTHOCHTenLHaJI norpeWHOCTL HJ• 
MepeHHJI nonJipHJau;HH onpe.IJ.enJieTcJI: 

_,<;;,2 2 2 2 2 o I = v u T + o TE + o H+ o k + o P , /8/ 

r.IJ.e o T- norpewuocTL onpe.IJ.eneHHJI TeMnepaTypw, oT r- no
rpewuocTL HJMepeHHJI TepMH"leCKH paauoaecuoro curuana, 
0 H - HeCTa6HnLHOCTL annapaTyphl Ja BpeMJI HJMepeHHB, 
op - norpewuocTL HJMepeHHJI ycuneuuoro curuana, o k -
norpewuocTL onpe.IJ.eneHHJJ. A. XapaKTepuwe aenH"lHHhl: o T = 
= 10,5-:-1,0/~. BTl:< 1~. 8 11 < 1~. oP<1,5~. ok = o.s~. 

* PeJynLTaTbl HJMepeHHJI nonJipHJau;uu Q ·MeTpoM coa
na)J.aJOT B npe)J,enax 3KCnepHMeHTanLHOH OWH6KH C peJynL· 
TaTaMH, nony"leHHLIMH no ynpyroMy p-p pacceJIHHIO ueno
nJipHJoaauuoro ny1.f.Ka ua nonJipHJoaauuoii MHweuu. 
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Puc. 11. Pac'le111HbiU zparjJuK 3aeucuM.ocmu o E om zAy6uH&r 
MOOYAJiiiUU 8. '1. HanpJIJKeHUJI Ha KOH111ype Q • Melllpa CUZHQAOM 
.II. M.p. I L = 0,135 MKF, v = 112 MF11, OAUHa Ka6eAJI 

,\ B K03r/JfjJUijUeH111 30111YXOHUJI Ka6eAJI {3 = 0, 013 Hn/ M/. 
f =2x--, 

2 

Puc. 12. CuzHaA&r nozAoflleHu.R u oucnepcuu Ha e&rxooe 
Q-Mempa. 
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a o ~ < 2,5<fo, t{TO COOTBeTCTByeT JIY<IWHM ,IJ;OCTHrHyTblM 

B HaCTOJIII~ee BpeMJI pe3yJILTaTaM. 

Ha puc. 12 npHBe,IJ;eHa clloTorpacllHJI ycHneHHLIX cHrHa

noa x" H x' lnpH c'LeMKe nocne,IJ;Hero npoH3BO.IJ;HJiacL 

KOMneHCaiJ,HJI nHJI006pa3HOrO HanpJI)I(eHHJI Ha BblXO,IJ;e CXeMbl 

clla3oaoi aaTono,IlcTpoiKH qacTOTbl I puc. 131 I. 
B 3aKmoqeHHe OTMeTHM, t{TO XOTJI npH BKJIIOt{eHHH B 

npHeMHblH Kone6aTeJILHblH KOHTYP Rk = 40 OM no.IJ;aBJieHHJI 

Puc. 13. fl>opMa cuzHaAoe Ha eblxooe cxeMbl (Ja3oeoil ae~ro
nooc111poilKu 'lacmo11fbl. 

OrH6aKXQeH aMnJIHTy.IJ;HO-tfaCTOTHOH xapaKTepHCTHKH B pe

)I(HMe C aBTOnO,IJ;CTpOHKOH tfaCTOTLI He npOHCXO,!J;HT, CXeMa 

aBTOnO,IJ;CTpOHKH 4la3bl no-npe)I(HeMy 34MfleKTHBHO CTa6H

JIH3HpyeT nOJIO)I(eHHe 6a30BOH JIHHHH pa3BepTKH, TaK t{TO 

yKa3aHHLIH pe)I(HM JIBJIJieTCJI O,!J;HOH H3 B03MO)I(HOCTeH pa6o

Tbl npH6opa. 

ABTOpLI BLipa)l(aiOT 6naro,IlapHOCTL Ji.C.HeraHoBy, 

IO.M.Ka3apHHoay, B.r .3HHoay, A.H.CHHaeay, B.M.rpe6e

HIOKy, K.AH,IlepTy, A.H.KanHHHHY 3a nocTOJIHHYIO noMo~L 
a pa6oTe H KOHCYJILTaU.HH, B.IleTpHqei<y H M.O,nerHany 3a 

none 3HLie 3aMeqaHHJI H o6cy)I(,!J;eHHe pe 3YJILTa TOB, 0 .H. IUe

BeJieBy 3a 60JILWYIO H Tpy,D;OeMKYIO pa60TY no H3rOTOBJieHHIO 

annapaTypw. 
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