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l13nO)KeHa TeOpHH, npHBegeHb) pe3ynbTaTbl 3KCnepHMeHTanhHOH 

nposepKH Q-MeTpa C ta30BOH aBTODOACTpOHKOH qa~TOTW npHeM

Horo KOHTypa AnH H3MepeHHH HgepHOH IlOnHpH3aJ..\HH MHWeHeH •. 
IIonyqeHbl aHanHTHqecKne BbJpa)KeHHH ,a;nH qyBCTBHTenbHOCTH, ,a;nH 

KOppeKJ..\HH 3KCnepHMeHTanbHOro cneKTpa Ha HenHHeHHOCTb, a 

TaK)Ke IlpHBe,a;eUbl cxeMbl BbJCOJ<oqacTOTHblX y3nOB npu6opa H YCT

POHCTBa cornacoBaHHH Q-MeTpa C l\HtPOBblM aHanH3aTopoM. Pac
qeTb) cnpase,a;nnBbJ KaK ,a;nH nocne,a;osaTenbHoro, TaK H ,a;nH na

pannenhuoro npueMHoro KOHTypa, co,a;ep)Kall\ero KOaKcuanhHbJH 

Ka6enb. 

Pa60Ta BblilOnHeHa B fla6opaTOPHH HgepHblX npo6neM 0H5II1 • 

IlpenpHHT 06'bemmenuoro HHCTHTyTa HJlepHbIX HCCJieAoBamru . .Ily6ua 1989 

Kiselev Yu.F., Karpikhin I.L. 
Target Nuclear Polarization Measurements 
with a Q-Meter 

P13-89-468 

The theory and the results of the experimental test 
of a Q-meter with the phase locking of the receiving cir
cuit for measurements of target nuclear polarization are 
given. Analytical expressions for the sensitivity and for 
the correction of the experimental spectrum to non-linea
rity are obtained, circuit diagrams of high-frequency 
units and a device for matching the Q-meter with the' di
gital analyser are given. The calculations are valid both 
for the series and parallel receiving circuit with a co-
axial cable. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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. B pa6oTe nocneAoBaTenbHO 1113no11<eHa Teop111si, np111seAeHw Ha11160-
n'ee sa11<HbIe cxeMHble peweHVISI III pe3ynbTaTbl 3Kcnep111MeHTanbHoiii npo
BepK111 0-MeTpa C aBTOMaTW-teCKOiii nOACTPOVIKOVI yacTOTbl (Anl.f) np111-
eMHOro KOHTypa. B 0Tn111Y111e OT Q-MeTpos 6e3 Anl.f nepsoro noKone-
HVISI HOB~iii np1116op no3BOnHeT ~a1116onee TO'-!HO VIC M111Hll1ManbHO B03-
MOIKHblMll1 AnH AaHHOrO MeTOAa V1CKa11<eHll1HMVI QJOpMbl nll1Hll1VI Vl3MepHTb 
napaMeTpbl CVlrHana 51MP OT HAep Mll1WeHll1. 11 6blCTfiaS1 11 cjJa30BaSI Anl.f . 
B np1116opax AaHHoro y111na pean1113osaHa B OH51H 11 s 1975 r. VI B 
pa3nW•lHblX MOA111cjJll1Kal.\111SIX, HO 6e-3 AOCTaTO'-IHOro aHanV1T111'-1eCKoro ' 
o60CHOBaHVIH np111MeHHeTCH npVI Vl3MepeHll1111 nonHpll13al.\VIVI M~or~x AeVI~ - . \ 

CTBYIOIJ.lll1X nonHpll130BaHHblX Mll1WeHei1 8 Mll1pe. 8 ·OCHOBY Teop111111 nono-
>KeHa Mano1113BeCTHaSI pa6oTa M.C.HeviMaHa 121 , B KOTOpOVI AOKa3aHO, 
'-ITO KOne6aTenbHblVI KOHTYP, BKnlO'-lalOIJ.lll1VI 3neMeH:r u,em1 C pacnpeAe- . 
neHHblMVI napaMeTpaM111 ( KOaKc111anbHb1iii Ka6enb) , s6n1113111 pe3oHaHca 
MOIKHO paCC'-1111TWBaTb KaK npOCTOVI 3KBll!Ban~HTHWVI pe3oHaHCHWVI KOH-. 
TYP Vl3 cocpetJ,OTO'-teHHblX aner-ieHTOB, ecnVI BBeCTVI AOnonH111TeJlbHblVI 
napaMeTp pacnpet1,eneHHOCTll1. TaKOVI 3KBll1BaneHTH~iii KOHTYP 6yt1,eT 
06nat1,aTb TeMVI 11<e BHeWH111MVI napaMeTpaMVI no OTHOWeHll1IO K 3neKTpV1-
'leCKOiii L1en111, B KOTo"pyio OH BKJllO'-leH, '-l

0

TO VI peanbHbll/1 rn6p111AHblll1 
KOne6aTenbHblll1 KOHTyp. B pe3yJlbTaTe ynpol!leHll1SI aHan111rnYeCK\11X Bbl- . 
pa11<eH111iii, KaK noKa3aHO B pa6oTe

131
, YAaeTCSI nonyYVITb aHan~T111-

'-1eCKOe BbIpa11<eHV1e AJlSI '-IYBCTBVITenbHOCTVI Q-MeTpa, 06061lla10U.1ee (j)op
Myny Po6111HCOHa 141 , a TaKIKe npaKnt'-leCKVI none3Hble cjJopMyJlbl AJlSI 

. A06poTHOCTll1, 3KBVIBaneHTHOro conpoT111BneHll1SI, CAB111ra pe30HaHCHOiii 
'-laCTOTbl c111rHanoM AV1Cnepc111~, (j)a30B0111 xapaKTepl!ICTVIKl/1 VI -T .tl,. 
B HaCTOHUleiii CTaTbe pac'-!eT '-IYBCTBVITenbHOCTVI tJ,OnonHeH pac'-leTOM 
n111HeiiiHolli MOt1,enV1 (j)a3osolli _Anl.f, 1113 KoToporo cneAYeT tteo6xot1,111Moe 
ycnos111e AnSI nonyYeH111S1 MaKCJ..1ManbHo·ro noAaBneH111S1 :BKnat1.a B c111d-1an 
51MP orn6a10U.1eiii '-laCTOTHOiii xapaKTepi-1CTll1K111 KOHTypa, nonY"JeHbl npo- . 
CTble aHanl!ITll1'-leCKll1e Bblpa>KeHVISI AflH KoppeKL\111111 Ha tten111HeV1HOCTb 
Ha6rnot1,aeMoiii (j)opMbl n111H111111 51MP. B 3Kcnep111MeHTanbHOiii yacT111 pa6oTbl 
np111BeAeHbl TlllaTenbHO nposepeHHble B pa60'-IVIX ycnoBll1SIX CXeMbl yc111-
m1TenS1 BblCOKOiii '-laCTOTbl,. n111He~Horo tJ,eTeKTOpa, orpaHVl'-IVITenH, cjJa-
30BOrO t1,eTeKTopa, cxeMbl cornacosaH11S1 Q-MeTpa c aHam1JaTopoM -
06Ull1e AJlSI rno6blX MOAVlqJl1Ka411iii np116opa. Pa6oTa BblnOJlHeHa B na60-
paTop1111 S!AePHWX npo6neM OH51H. 
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•I 

•. ~ "' '.! 

\' ~-

\\ 

1. PACYET r~6P~nHoro KOHTYPA 
•., 

r1116pV1,1J,HblCii KOHTyp ( pl/IC .1) COCTO111T 1113 KaTywKI/I 111HAYKTIIIBHOCTI/I 

LC 06pa340M,s, Bnl/lRHl/le,KOTOporo on111c~saeTCR B~COKO'-laCTOTHOCii, 

R,11,epHOCii socnp111V1M'-II/IBOCTblO X = x' - j X,,' • L = Lo (1 + 41111x)' r,11,e 

x', x'', L O, 11 - ,11,111cnepc111R, norno~eH111e, HeBO3My~eHHaR 111HAYK,.. 

TIIIBHOCTb KaTyw·1<111 · 111 · cpaKTOp 3anonHeH111R cooTBeTCTBeHHO. B KOHTYP 

BKnlO'-!eHbl KOaKcl/lanbHblCii Ka6enb ,11,nlllHOCii e' conpoTV1BneH111e KaTyWK111 

r 111 conpornsneH111e R 0 , Y':-tlllTblBa~ee nepe,11,aYy aKTIIIBHOCii MO~HOCT111 

BO BXO,11,HYIO 4enb yc111n111TenR 111 nOTep111 B KOH,11,eHcaTope HacTpoCiiKI/I 

CH• Ecm1 npeHe6pe'-lb Bnl/lRHl/leM noTepb Ha pe3OHaHCHYIO '-laCTOTY 

KOHTypa, T .e. r =Ro= x" = 0, _ TO 111HAYKTI/IBHOCTb L MO>HHO 3aMe:.. 

Hll1Tb pa~H,IM no ll1Mne,11,aHcy KOPOTKO3aMKHYTblM OTpe3KOM Ka6enR ,11,n111-
HOCii f 1 

5
: 

-ll 1 f 1 = /3 • arctg(w L • p - ) , . (1) 

- 1 r,11,e /3 = V (. w/c, pa,11, ·M-. - nOCTORHHaR p_acnpoCTpaHeHI/IR' [ L] 
B rH, [w] B pa,11,·C-1 - yrnosaR YacTOTa, [fi] s M,c=3·10 8 M·c-l_ 

CKOpOCTb CBeTa B BaKyyMe, l - ,ll,1113neKTPll1'-leCKaR npoH1114aeMOCTb 

1113OnRTOpa B Ka6ene, p - BOnHOBOe conpoT111BneH111e. TaK KaK 06-

~aR ,11,n111Ha Ka6enR CTaHOBll1TCR paBHOCii e +f1, TO eMKOCTb CH 
(p111c.l), COOTBeTCTBY~IO pe3OHaHCY C 3KBI/IBaneHTHOCii 111HAYKTll1B

HOCTblO Ka6enR La, MOlHHO onpe,11,en111Tb c y'-leTOM B~P~>HeH111R (1) no 
cpopMyne 

-1 -1 · -1 
w L = (w C ) = (w L + k p) • (1 - k w L . p ) , 

a H 2 · 2 
(2) 

r,11,e k 2 = tg(/30. ~3 ( 2) cne,11,yeT, '-!To pe3oHaHc BO3Mo>HeH np111 

,11,n111He Ka6enR, KpaTHOCii >,./2 (/3f = 11• n, _ r,11,e n - 4enoe Y111cno no-

nysonH), a TaK>He Kor,11,a o <f3{f +f 1) - 11,n < 11/2, np111YeM o6a·: 

cnyYaR 111cnonb3YIOTCR np111 npaKTV1'-!ecK111x 1113MepeH111Rx. nnR onpe,11,e

neH111R ,11,06poTHOCTI/I Qh = wNM/P1; HeO6XO,ll,111MO pacc'-1111TaTb 3Heprnl0 . _,,, 

MarHI/ITHOro nonR NM KaTyWKll1 C Ka6eneM 111 CYMMapHylO MO~HOCTb aK
TI/IBHblX noTepb PI, : 

1 2 '1 2 L1 
e 

N =-LI (O,o=-LI +-
M 2a 2. 2 O 

f I 2(x) dx, 

r 

L 

I. . •·J1141 lf!J 
Ro7 
X+jY 

aV. 
Vo. 

(3) 

j PHc. I • IIocne~oBaTenbHhIH npHeM- / 
Hh!H I'HOPH~Hh!H KOHTyp. 

r~wi::t--:·::/,, --:;~,~- ~ 
., J 
~ ,iODZW:t.tt J 
l ~~·~:. i t:'t>½Y-!.:~ J 

3 



rAe I(x) =l-(l-k2°euL•p-1 )-cos{/3x) - TOK B Ka6ene, k2 = 
= tg ({3x) , 0::; x .S: f,, L 1 = P· C -l - noroHHaH VIHAYKTVIBHOCTb Ka-
6enH, 8 - AOnonHVITenbHWli1 napaMeTp pacnpeAeneHHOCTVI, Y4VITWBa~
LJ.tVlli1 Han1114111e ~meMeHTa u,en111 . c pacnpeAeneHHblMVI napaMeTpaM111. 
l,fa cpopMynb1 ( 3} nony4aeTcH 

1 2 2 NM = 2 LI A cos (/3 f), ( 4} 

rAe A onpeAenHeTCH 1113 COOTHOWeHVIH 
· 1 2 euL p · 1 · p • euL 

A = 1 + - /3f (1 + k2) (- + -) + -(- - --) • k 2 • 
· 2 p euL 2 euL p 

( 5} 

napaMeTp o. paseH 
-1 -1 -1 

8=A{(l+k 2 p-(euL) )(1-k2ciJL•p )I (6} 

ll,IiH 06bl4HOro KOHTypa 6e3 Ka6enH f = k 2 = 0, nOSTOMY La = L , 
A= 0 = 1. ConpOTVIBneHVle r YA06Hee nepeC4VITaTb B BVIAe nocne
AOBaTenbHOlli A06aBKVI K conpOTVIBneHVI~ Ro (cM.pVlc.1), TOrAa 06-
LJ.tVle aKTVIBHble noTepVI 6YAYT onpeAenHTbCH conpOTVIBneHVleM 

R
1 

=R
0 

+r[{l-k
2

euLp-1)cos({30r~, k 2 euLp-1 <1. (7) 

llnH 4VICTO 6ery~elli BOnHbl B Ka6ene noroHHOe conpOTVIBneHVle noTepb 
paBHO 2ap, rAe a (B Hn·M-1 ) - K03cp!pVIU,VleHT 3aTyxaHVIH. C y4eTOM 
0Tpa11<eHHolli III naAa~elli sonH B Ka6ene, a TaK11<e noTepb B cocpe
AOTo4eHHblX sneMeHTaX P:t 6yAeT paBHO 

1 2 2 . 
PI =

2
1 R1 B cos ({3f), (8) 

rAe 

( -1 2 euL euL P ) (9) B= 1-k euLp ) +-(-+- k 1 • 
2 R i p euL 

Koscfxp111u,111eHT k1 cneAY~LJ.tVIM o6pa30M CBH3aH C K031plpVIU,VleHTOM 3aTy
xaHVIH: 

th {af + j{3f) = k 
1 

+ jk 
2 

:; af , cos-2((30 + j tg({3f). (10) 

~3 (4) VI (9) nony4aeTCH swpa11<eHV1e AnH A06pOTHOCTVI r1116pVIAHOro 
KOHTypa 

euNM euo euL A 
Q =-=--=-·-, 

h P 2~eu R 1 B 
I 

( 11) 

4 

I 
~-

~ 

rAe 2~eu - nonoca nponycKaHVIH r1116pV1AHoro KOHTypa. ~3 cpopMynw 
(11} B cny4ae KOpOTK03aMKHyToro 111n111 pa30MKHYTOro Ha KOHU,e Ka-
6emi AnVIHOli1. n · A/2 np111 npOV13BOnbHOM n nony'-laeTCH Q h = /3 /(2a), 
OTKYAa MOll<HO no Vl3MepeHVI~ Qh onpeAenVITb cpeAH~ BenVl4VIHY 3a
TyxaHV1H Ka6enH, HeOAHOPOAHO oxnaH<AeHHoro no AnVIHe: 

a= 0,01 ,J £ (2~v), (12) 

rAe [ ~v]. B Mru,. llpyroli, 4aCTHblli1 cny4alli (P.OPMYnbl ( 11) np111 f = 
= nA/2 111 r = 0 ( ¢op Myna ( 33) ) np111seo.eH B 161 . 

MoutHOCT~nornoutaeMaH 1 cM 3 06pa3u,a, np111 HAepHoM pe3oHaHce 
pasHa 

P ,,=2rr71euLx''I 2 • 
X 

(13) 

TaK KaK p x"• PI ' a TaK!He ycnos111e pe30H~ rlCa ( 2) He 3aBVICHT OT 
Toro, KaK,nocneo.osaTenbHO 111n111 napannenbHo,noAKn~4eH KOHAeHca
Top CH (p111c.l), TO OTHOCVITenbHOe Vl3MeHeHVle VIMneAaHca kOHTypa 
K 3a c4eT nornouteHVIH MOLJ.tHOCTVI px,, np111 HMP III pe3oHaHcHaH 4a
cT0Ta B cny4ae AOCTaT04HO BblCOKO!li A06pOTHOCTVI KOHTypa 6YAYT 
cosnaAaTb y napannenbHoro III nocneAoBaTenbHoro r1116pV1AHoro 
KOHTYPOB 

K = P ,,/P =4rr71Q x"(l +k 2) -A-1 • 
X I h 2 

( 14 ). 

~OpMyna (14) o6o6utaeT Vl3BeCTHOe BWpa11<eHV1e Po6VIHCOHa 141 ' K = 
= 4rr71Qx", nony4eHHoe AnH npocToro KOHTypa 1113 cocpeAOT04eHHblX 
sneMeHTOB, VI no3BOnHeT y4eCTb ,BeCbMa CVlnbHOe BnVIHHVle AnVIHW 
VI 3aTyxaHVIH Ka6enH Ha 4YBCTBVITenbHOCTb.Q-MeTpa. ll,eTanbHWli1 
aHanl/13 (14) CAenaH B pa6oTe 131 • ~3MeHeH111e' VIHAiKiVIBHOCTVI 
4rr71Lx' np111 HMP npVIBOAVIT K OTHOCVITenbHOMY CABVlry 4aCTOTbl Ha
CTpOlliKVI KOHTypa' KOTOPbllli paCC4VITblBaeTCH Ha OCHOBaH1111,1·· 0611jelli . 
cpopMynbl 1113 pa60Tbl 121 VI OKa3blBaeTCH paBHblM 

2-~eu 2 1 
~ = - 4 rr71x ' (1 + k ) • A - • (15) 

(L) 2 
H 

~3 3TOlli H<e pa60TW cneAyeT BWpa11<eHV1e AnH 3KBVIBaneHT
Horo conpoT111sneH111H nocneAOBaTenbHoro rs: 111 napannenbHoroR P 

0 rV16pVIAHWX KOHTypoB: 

euL 
3 

euL
3 

r =o• -Q 
s h 

RP = Q h • -o-- . (16) 

KoMnneKCHblli1 VIMneAaHc VI cpa30BaH xapaKTepVICTVIKa B6nVl3VI pe30HaH
ca VIMe~T BVIA 
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z 
5 

= r 
5 

[ 1 + j t;:-] ; 

¢ 
5 

= arctg t;:- :: t;:- ; 

zp =Rp(l+jt;:-)-1; 

¢ P = - arctg t;:- :: - t;:- ; 
/' (cu - cu ) 
S = 2Q H 

h 

(17) 

cuH 

Ecn111 111cnonb30BaTb AnH cpasHeHI/IH TOYHOe B~pameHl/le AnH I/IMneAaH
ca, K np111Mepy, nocneAoBaTenbHoro rn6p1t1AHoro KOHTypa z 5 = z + 
+ (j cu CH )-1 , rAe z paccYI/ITblBaeTCH no (j)opMyne ( n .1) np111nomeH111H, 
TO B npeAenax ' = ± 1 (j)opMynbl ( 17) AalOT OAH03HaYHOe cosnaAeHl/le 
scex-xapaKTep111cT111K KOHTypa, 3a·111cKn10YeH111eM He6onbworo, B He
cKonbKO rpaAYCOB, napannenbHOro CABl/lra (j)a30BO-YaCTOTHOiii,xa
paKTe'pl/lCTI/IKI/I, CBH3aHHOrO C B03AeiiiCTBl/leM Ka6enH. Tat< KaK CaMO 
11 TOYHOe 11 BblpameH111e AnH I/IMneAaHca HBnHeTCH np1116n111meHl/leM AnH 
npaKTI/IYeCKI/IX cxeM,TO B aanbHeiiiweM yKa3aHH~M CABl/lrOM (j)a30BOiii 
XapaKTepl/lCTI/IKI/I 6yAeM npeHe6peraTb. 

2. n~HE~HAH MO~Enb An4 

Ha p111c.2 np111BeAeHa 6noK-cXeMa Q-MeTpa, B COOTBeTCTBI/II/I C 
KOTopoiii B 3TOM pa3Aene Mbl BblnOnHI/IM pacYeT n111HeiiiHoiii MOAen111 (j)a-
30BOiii An4. np111eMHbliii KOHTYP Q -MeTpa ( L , f, C H ) Yepe3 conpo
TI/IBneHl/le R »rs 1/1 orpaHI/IYI/ITenb aMnnl/lTYAbl (Limiter) nOAKnlOYeH 
K reHepaTOpy BblCOKOiii YaCTOTbl (Os) . HanpHmeHl/le Ha KOHType yc111-
n111saeTCH WIIIPOKOnonOCH~M B~COKOYaCTOTH~M yc111n111TeneM (HFA) 1/1 

Yepe3 aMnnlllTYAHbliii orpaHI/IYI/ITenb B03AeiiiCTByeT Ha BepXHl/ll/1 (no 

6 

-w> LFA 

~ ec::H>lr4~ 
uO erl ~w)I i 

:er 

...___ I 

I 

~ ~I~ I 
I 
I 
I 
I 

• , °"wt H -¥ t-tiniterl E\(wl~lf: 
- - - - - - - - - - - - - -- P:!: 

F 

NTA 
1024 

Comp. 

Pwc.2. EnoK-cXeMa Q-MeTpa C ~a30BOH Anq rrpHeMHOrO KOHTypa. 

Up 

,, 

p111cyHKy) Cl/lrHanbH~iii BXOA cpa30BOro AeTeKTopa (PD). Ko BTOPOMY 
sxoay PD np111nomeHo orpaH111YeHHoe no aMnn111TyAe 111 CABI/IHyToe cpa30- . 
spalJ.la'reneM Ha yron 0 2 (wf + rr/2 HanpmKeH111e reHepaTopa (Os). 
B~XOAHOe HanpHmeH111e PD Hl/l3KOiii YaCTOT~ yc111n111saeTCH yc111n111TeneM 
C nepeXOAHOiii <l>YHKU.l/leiii h(t) 1/1 Yepe3 cyMMaTop ynpaBnHeT eMKO
CTblO sap111Kana KOHTypa: (CH) • Knacc111YeCKaH 3aAaYa cj)a30BOiii aBTO
nOACTpOiiiK111171 3aKnlOYaeTCH B CI/IHTe3e <l>YHKLJ.111111 h(t), KOTOpaH 
06ecneY111BaeT noACTpoiiiKy cpa3bl ynpasnHeMoro reHepaTopa noA cpa3y 
np111H111MaeMoro c111rHana. Ecn111 YacToTa c111rHana n111HeiiiHo 1/13MeHHeTCH 
( KaK 3TO 1/1 npol/lCXOAI/IT B Q-MeTpe), TO 1/13BeCTHO 171 , YTO cp111nbTP 
C TaKOiii <l>YHKU.l/leiii h(t) npeACTaBnHeT I/IAeanbHbliii I/IHTerpaTOp l/lnl/l 
cxeMy C ABOiiiHblM peanbHblM I/IHTerp111posaHl/leM. np111MeHeH111e I/IHTerpa~ 
TOpa Hel/l36e1H,9 np111BeAeT K YXYAWeHI/IIO nepeXOAHblX xa:paKTepl/lCTI/IK 
cpa30BOiii An4 8 -. KaK noKa3aHO Hl/l*e, onTI/IManbHOe no 6~CTPOAeiii
CTBI/IIO peweH111e JaAaYI/I B cnyYaeQ-MeTpa nonyYaeTcH np111 cneu.111-
anbHOM B~6ope cj)a30Bo-YaCTOTHOiii xapaKTepl/lCTI/IKI/I 02Cwt: n111Hea
Pl/l30BaHHaH cpa30BO-YaCTOTHaH xapaKTepl/lCTI/IKa (17) nocneAOBaTenb
Horo {+) 1/1 napannenbHOro (-) r1116pl/lAHOro KOHTYPOB I/IMeeT Bl/IA 

w(t) - w 
01(t) ::±2Qh H 

CUQ 
(18) 

rAe Wo - YaCTOTa' COOTBeTCTBYIOIJ.laH 4eHTpy pa3BepTKIII, cu H - yac
TOTa HaCTpoiiiKI/I KOHTypa' cu (t) - YaCTOTa reHepaTOpa (Os) . 8b16e
peM nocTOHHHOe CMelJ.leHl/le E O (CM. Pl/IC. 2) TaKI/IM' YT06bl npl/l e (t) =O 
6b1no cuH = cu O • B npeAenax paJsepTKI/I yacToTbl reHepaTopa xapaK
Tep111cT111Ka ynpasneH111H sap111Kana (CH ) Ha p111c. 2 MO*eT 6b1Tb 3an111-
caHa B BI/IAe 

cu H ( e (t)) = cu 0 + S e(t) , (19) 

rAe S - KPYTl/l3Ha xapaKTeplllCTI/IKI/I ynpasneHI/IH B paA·C-1/B. 
anH KOCI/IHYCOI/IAanbHOiii xapaKTepl/lCTI/IKI/I cj)a30BOro AeTeKTOpa 181 
B n111HeiiiHOM np1116n111*eHI/II/I I/IMeeM (c~.p111c.2): 

x(t) = Uc!> cos [ 02 (cu) +; -01 (cu)]:: Uc!>[ 01(w)- 02 (<.t>)l, {20) 

rAe 02(cu) - cpaJoBaH xapaKTep111cT111Ka onopHoro KaHana, a cu= cu(t). 
~cnonb3YH I/IHTerpan aioaMenH, COOTHOWeHI/IH (18)+ (20) MO*HO ne
pen111caTb B BI/IAe ypaBHeHI/IH 

2Qh 
0/t) =±--lcu(t) -<.t>

0 
-SU<l>[h(t) [0 1(0) -0 2(0)]+ 

<.t>o 
t 

+ f h'(t-u) [0/u) - 0
1 

(0) -[0
2

(u) - 02 (0)]] du.]!, 
0 

(21) 
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r Ae h(t) , h' (t) - nepeXOAHaR Ill IIIMnynbCHaR nepeXOAHaR cjJyHKU,111111. 
PeweH111e 3Toro ypasHeHIIIR c 111cnonb30BaH111eM npeo6pa3osaH111R flanna
ca 111Meer BIIIA 

wn 1 w(p)-w 0/p 
02 (p) = ±{U+-• ---)01(p) - ----1, 

2Qh . SUcpK(p) SUcpK(p) 
(22) 

rAe P - oneparop s npeo6pa3osaH111111 flannaca, h'(t) ~ K(p) . - one
paropHblVI K03cj)cplllU,llleHT nepeAa'-tL-1 Hlll3KO'-taCTOTHOro yc111n111renR Ha Bbl
xotie PD {PL-IC. 2) • Ha111MeHbWL1e IIICKa)l{eHL1R Ha6n10AaeMOVI cjJopMbl fll/lHIIIL-1 
HMP: nony'-talOTCR, KOrAa B pe3ynbTaTe AeVICTBIIIR Anlf KOHTypa MHL-1-
MaR '-taCTb ero IIIMneAaHca o6palljaeTCR B HYflb. B 3TOM cny'-tae 
0 1 (p) = 0, a O 2(P) L-13 ( 22) paBHO 

w o w(p) - wo/P 
02(p) = + --[----]. (23) 

SU cpK w0 

.ll.nR ou,eHKIII nonOlKIIIM Ucp ::1 B·paA-1, s=2rr•3·10 5 paA·c-1s-1, 
OTKYAa uJo/SUcpK ~ 35 Ha '-tacrore 217• 10 8 paA• C-1 npL-1 K = 10' TaK 
'-tTO B Ka'-teCTBe cjJa30BpalljaTenR MO)l{HO 111cnonb30BaTb Kone6arenbHWVI 
KOHTYP c A06POTHOCTblO 10 ~40. ~. HaKOHeu,, IIIHBepclllR 3HaKa B 
cjJopMyne (23) no .OTHOWeHL1IO K ( 18)· yKa3blBaeT Ha TO, '-tTO IIIAeanb
HOe noAasneH111e .BKnaAa MHIIIMOVI 1.tacTL-1 L1MneAaHca s cL1rHan HMP np111 
pa3seprKe 1-tacrorw (r.e. swnonHeHL1e ycnos111R 9Jp)= 0) s nL1Hevi
HOV1 MOAenL-1 nony1.taeTCR, KOrAa cjJa30Bo-1.taCTOTHb1e xapaKTep111cTL1-
KL1 onopHoro KaHana L1 np111eMHoro KOHTypa L1Me10T nporL1sonono)l{HbIe 
3HaKI/I yrnOBblX K03cj)cplllU,L1eHTOB, T. e. napannenbHOMY np111eMHOMY KOH
TYPY AOfl)l{eH COOTBeTCTBOBaTb nocneAOBaTeflbHblVI KOHTYP B cjJa3oBpa
lljarene onopHoro KaHana L1 Hao6opor. Bb1nonHeH111e 3Toro npasL1na 
RBnReTCR · rnaBHblM ycnosl/leM BblCOKOVI 3cj)cpeKTL1BHOCTVI cjJa30BOVI Anlf. 

3. KOPPEKU~H 3KCnEP~MEHTAflbHOro cnEKTPA HMP 

3.1. nocneAOBarenbHWVI KOHTYP 

nonRp~13a4L1R M111weH111 nponopu,1110HanbHa 111Hrerpany f x" (w)dw , Ko
Topb1'1 onpeAenReTCR no OTHOCL1TenbHOMY 1/13MeHeHL1IO MOAYflR IIIMneAaH
_ca KOHTypa nplll HMP. B npeAblAYlJ.leM pa3Aene 6blfl0 noKa3aHo, '-tTO 
B pe3yflbTaTe AeVICTBIIIR cjJa30BOVI Anlf MO)l{HO noAaBI/ITb BKnaA MHIIIMOVI 
'-taCTL-1 B MOAYflb IIIMneAaHca npllleMHOfO KOHTypa. TeM He MeHee 
peanbHaH '-taCTb IIIMneAaHca He RBnReTCR TO'-tHO nponopu,1110HanbHOVI 
x"(w). 3TL1'0TKflOHeHL1H OT n111HeV1HOCTIII Heo6XOAIIIMO y'-teCTb nplll TO'-t

HOM 1113MepeHI/IIII nonRpl/l3aU,IIIL1 MI/IWeHI/I. nony'-tl/lM npoCTYIO aHafllllTl/l'-te
CKYIO 3aBIIICIIIMOCTb Me)l{AY OTHOCL1TenbHblM 1113MeHeHL1eM MOAYflR IIIMne-

8 

~----· .. ~~ 
..... ---

• > 

l 
~ 

AaHca Ks= [X(x', x")-X(x'= x"= O)] • x-1 (x' = x" = o) 
111 cL1rHanaML1 x' 111 x'' (cM. (n.3)) 1.tepe3 napaMerpw rL16p111AHoro 
KOHTypa. LlnR nocneAOBa-i''enbHoro KOHTypa c f = n,\/2 IIIMneAaHC 

-1 . 
Zs= z + (jwCH) ' rAe z 6epeTCR 1113 cjJopMynbl (n.1), MO)l{HO pa3-
flO)l{I/ITb s KoMnneKCHblVI PRA no k 1 + jk 2 , ,orAa c TO'-tHOCTblO AO nL-1-
HeVIHblX '-tneHOB 

dz 
Re lz I = Re l z (k 1 = k 2 = o) + ---- (k 1 + jk 2) I , 

d(k 1 + jk 2) 

rAe dz/dk = ax/ak 1 + j ay /ak 1 • 

(24) 

B pe3yflbTaTe npOCTblX Bbl'-tl/lcneHI/IVI C 111cnonb30BaHl/leM cjJopMyn 
(n.1)-(n.8) nony'-taeTCR IIICKOMaR 3aBL1CIIIMOCTb 191 : 

2w Lo x, 2 _ x,, 2 2wl o x, 
x" + ---(x' + -..,..,,...--)k 1 + -x"(l + -Q-) k2. 

p 2Q p 

KS 
w2LJ 

1 + -L{l + --) k 1 
Ro p2 

(25) 

rAe Q = wL0 /R 0• 

3.2. napannenbHWVI KOHTYP 

B napannenbHOM r1116plllAHOM KOHType MO)l{HO 111cnonb30BaTb 1101 Ka-
6enb C f <,\/4, no3TOMY \k 1+jk2\ B 06lljeM Heflb3R C'-tL1TaTb Ma-
flblM napaMerpoM. B 3TOM cny1.tae cneKTp HMP: 

KP (x', x") = [ zp(x', x") - zp(X' =X" = 0)) · z;
1
(x' = X" = 0), (26) 

rae Zp - KOMnneKCHWVI IIIMneAaHC napannenbHorb rL16PIIIAHOro KOHTy
pa YA06HO paCC'-tL1TaTb C TO'-tHOCTblO AO flL1HeV1HblX no X, - jx,, '-tne
HOB pa3flO)l{eHL1R B PRA. 06W'-tHO napannenbHWVI KOHTYP 111cnonb3yeTCR 
s aevirpoHHoMQ-Merpe, rAe \KP\< 0,1. 6y9-eM nonararb Y2»X 2, 
r = O (cM. n.l), Imlzpl= 0, rorAa zp=Y /X. <l>yHKU,IIIR X +jY 
RBnReTCR aHanlllTl/l'-teCKOVI, n03TOMY X Ill Y MO)l{HO 3an111caTb B BIIIAe 

·) X =U +( 1x'+( 2x", 

Y = v + { 2 x' -_(1x". 
(27") 

npL1x' = x" = O 1113 cjJopMyn (2), (17) cneAyeT 

2 -1 -2 
u = R O + p [ 1 + {wL O / p) ][ 1 - k 2w L O • p ] • k 1 , 

-1 · -1 -1 
v = (wCH) = Y(x'= x"=O) =(wL0 +k~){l -k2wl 0 ·P ) 

(28) 

(29) 
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·tl,L1cfxjJepeH4111pysi Y no L L'1 3anL1cb1Basi npL1pa[UeHL1e ~L KaK 41177 L x', 
nonY'-iL'1M 

' 2 = RO (1 + k ~) • (1 - k 2W LO • p -1) -2 . (30) 

~3 cpopMyn (n.1) 7 (n.8) cneAyeT 

( 1 = 2R O (k 
2 

+ w L O • p - l) ( 1 - k 2 w L O · p - l )-3 · k 
1 

, k 2w L O / p <l . ( 31 ) 

0KOHYaTenbHO nonyyaeTCSI 

( ., ") [ ,2 ,, ( ,2 ,1) '][ l ,1 , ,2 "]-l (32) Kp X , X = - -X + 2- - - X + --X + --X , 
,. U V U U U 

-1 -1 rAe npeAnonaraeTcsi ( 
1 

« ( 
2 

, 2( 1 v « ( 2 u • 

3.3. KoppeK4L1si 3KcnepL'1MeHTanbHOro cneKTpa 

tJ.nsi onpeAeneHL'1Sl napaMeTpOB KOHTypa CHaYana npL'1 pa30MKHYTOM 
Ka6ene ( r = 0, L = 00 ) noA6L'1paeTcsi ero AnL'1Ha L'1 L'13MepsieTcsi A06-
poTHOCTb. Ko3cfxjJL'14L'1eHT 3aTyXaHL'1Sl a onpeAensieTCSI no cpopMyne 
( 12), conpornsneHL'1e noTepb R 1 = R O - no ·cpopMyne ( 11), KOTopasi 
AflSI e = n,\/2 L'1MeeT cneAYIOI.UL'1111 BL'1A 161: 

wL 0 17fl P wL 0 wl 0 P wL 0 _ 1 
Qh = --[ 1 +-(--+-)][l +--(- +-) k 1 ] , (33) 

R O 2 wL O p RO illL O p 

rAe napaMeTpb1 w, L0 , p npeAnonara~Tcsi L'13BeCTHblML'1. tl,anee o6a 
ypasHeHL'1Sl (25) L'1 (32) MOmHO npeACTaBL'1Tb s BL'1Ae . 

,, ,, ( , ) 
X. 

1
=X. lK ,X., 

l + l + S, p l 

HanpL1Mep, Ansi (32) L1MeeM 

, u . ,1 ( 2 ( 1 , ] 1-1 
x' =--[-K (1+--x~)+(2---)x. [l+Kp , 

i+ 1 J" ·• p U 1 V U 1 

'=-2 ' 

(34) 

rAe i = 0, 1, 2 ... - HoMep npL16nL1meHL'1R. ~3 3Toro s~pameHL'1R 
MeTOAOM L'1Tepa4L1111 no Ha6n~AaeMOMY cneKTpy .Kp(x~x") paccYL'1Tbl
saeTCSI AellicTBL'1TenbHasi cpopMa nL'1HL'1L'1 norno[UeHL'1R. Hynesoe npL16nL1-
~eHL1e AaeT (x' = 0) 

KP 
u ---· 

X '{ = - z; (1 + K p ) 

( 35) · 
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0KOHYaTenbHOe peweHL'1e CBOAL'1TCSI K HaxomAeHL'1~ xi L'13 COOTHOWeHL'1Sl 
KpoHL1ra - KpaMepca L'1 x1' + 1 L'13 cpopMynb1 ( 34) . B pa6oTe 1 101 L'13no
meHHbllli MeTOA 6b1n ycneWHO npL'1MeHeH AnR KOppeKL\L'1L'1 cneKTpa Aelli
TpOHHoro cL'1rHana. 

4. HEKOTOPblE 3flEKTPOHHblE CXEMbl Q-METPA 

4 .1. YcL'1n~Tenb BblCOKOl/1 YaCTOTbl, flL'1Hell1Hblli1 AeTeKTOp, 
orpaHL'1YL'1Tenb aMnnL'1TYA~, cpa308~111 AeTeKTOP 

Ha PL'1C.3 npeACTasneHa cxeMa ycL'1nL'1Tensi B~COKOl/1 YaCTOT~ (HFA) 
npoToHHoro Q~MeTpa.nonoca nponycKaHL'1R ycL'1nL'1Tensi 100+120 Mr4 
Ha YPOBHe 0,9,K03cpcpL'14L1eHT ycL'1neHL'1Sl 160.HL'1mHL'1111 cnaA aMnnL'1TYAHO
YaCTOTHOl/1 xapaKTepL'1CTL'1KL'1 (AYX) cpOpML'1pyeTCSI nepeXOAHblML'1 KOHAeH
CaTopaML'1, sepXHL'1111 - HaCTPOlllKOl/1 KOppeKTL'1PYIOI.UL'1X KOHTYPOB c L'1H
AYKTL'18HOCTSIML'1 L 1 L'1 L 2 Ha cnaA AYX ycL'1nL'1Tensi. BblXOA. 3ML'1TTepHoro 
nOBTOPL'1Tensi (T2) nOAKn~yaeTCSI K CL'1rHanbHOMY BXOAY cpa30Boro Ae
TeKTOpa (pL'1c.5) (us), BblXOA nosTOpL'1Tensi (T3) - K nL'1Hel/1HOMY Ae
TeKTOpy. nocneAHL'1111 COCTOL'1T L'13 ABYX nap AL'10AOB tl,37tl,6 C OAL'1Ha~ 
KOBblML'1 BOnbT-aMnepHblML'1 xapaKTepL'1CTL'1KaML'1. tl,L'10Abl nOAKn~YeHbl K 
CL'1MMeTpL'1YH~M BXOAaM ycL'1nL'1Tensi noCTOSIHHOro TOKa A4, npL'1YeM o6e 
napbl CMe[UeHbl onopHblM HanpsimeHL'1eM u d :: 370 MB. B TaKoli1 cxeMe 
npoL'1CXOAL'1T KOMneHca4L1S1 HenL'1Hel/1HOCTL'1 HaYanbHoro yYaCTKa sonbT-. 
aMnep~olli xapaKTepL'1CTL'1KL'1 AL'10AOB, 8 pe3ynbTaTe Yero BblXOAHOe Ha
npsimeHL'1e A4 s npeAenax. 0, 08 B::; u :5- 8 B L'1MeeT npocTy~ CBR3b 
C aMnnL'1TYA0111 u A BY-HanpsimeHL'1Sl Ha BXOAe AeTeKTOpa u =3 '6 • u A. 

tl,L'10Abl BMeCTe C TepMope3L'1CTOpOM L'1 HarpesaTeneM (nocneAHL'1e ABa 
3neMeHTa He noKa3aH~ Ha cxeMe pL'1c.3) BKneeH~ 3nOKCL'1AHOli1 cMonolli 

Re 
200 

OS 
51 

12 
1 

~ tLf32 
t ~ . 

1\0.13)'H e(t} 

33nl: 200 .. 
-~~-14V 

SJ,{] I T3 _jl3_:,g6 
1u_. .... ! JOK 

T -- . I LFA ;., CJ • 
I 

Thermostate 

+14V 

Puc. 3. Y CHJIHTeJib Bb!COKOH qac TOTpl rrpOTOHHOro Q-MeTpa. A I , 2 -
µA - 7 33, A3, 4 - 140 Y,[( 6 , ,[(3 7 ,[(6 - r,[( - 508. 
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Pnc. 4. BbICOKOtJac TOTHblH aMmm
TygHblli orpaHHtJHTenh. 
Ml-500 J1Il 116. 

t ~1~~,~1-1~1-·- B MeAHW~ 6noK pa3MepoM 0,5x 
1,2xl,2 CM. TeMnepaTypa 6noKa 
nOAAepm111BaeTCH C T04HOCTb~ 
± 0' 1 °' 4T06bl np111 MHOrocyT04-

HWX 1113MepeHll1HX ycTpaHll1Tb sn111-
HHll1e Kone6aH111~ BHewHe~ TeMne
paTypb1 · Ha K03qxfJ111u,111eHT nepeAa-
4111 AeTeKTOpa. K BXOAY yc111n111-

M1 TenH noAKn~4aeTcH nocneAosa-
. TenbHW~ r1116pll1AH~~ KOHTYP c eM-

KOCTb~ HaCTpO~Kll1 ( Bap111Kanbl lll + ll,2), ynpaBnHeMO~ CYMMaTOpOM 
A3 1111

. npw HaCTPO~Ke KOHTypa Q-MeTpa CHa4ana B BepxHeM no 
cxeMe nonomeH111111 nepeKn~4aTenH s noA6111paeTcH cMe~eH111e E0, 3a
TeM B Hll1mHeM nonomeH111111 s HanpHmeH111e Eo CYMM~pyeTCH C HanpHme
H~eM ~0 B COOTBeTCTB~ll1 co cxeMO~ p~c.2. 06~4HO np111 pa3BepT
Ke 4aCTOTbl reHepaTopa B03Hll1KaeT napa3111THaH aMnn~TYAHaH MOAYnH
LJ,~H. ll,nH noAaBneH111H 3Toro HemenaTenbHoro HBneH~H 111cnonb3yeTcH 
aMnn~TYAHW~ orpaH~4~Tenb (p~c.4). TaK111e ~e orpaH~4111Ten111 BKn~-
4eHw B c~rHanbHOM ~ onopHOM TpaKTax ¢a3osoro AeTeKTopa 
(p~c.2,5). CxeMa COCTOll1T 1113 ABYX nocpeAOBaTenbHO BKn~4eHHWX 

Pnc.5. Bb1coKotJacToTHbIH qia30BbIH geTeKT0p Al +A3 - 159HTIA. 
A4 - 140YA6. 
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Bl.f-yc111n~Tene~, B MemKacKaAHY~ CBH3b KOTOpblX BKn~4eH AOnOnH111-
TenbH~~ A~OAHW~ orpaHll14~Tenb. HanpHmeH111e Bl.f, orpaH~4eHHoe no 
aMnn~TYAe, -n111TaeT rn6p~AHbl~ KOHTYP ( p~c. 3) Yepe3 conpornsne
H~e Re. BTopaH 111 6onee BWCOKll1e rapMOHll1Kll1 He OKa3WBa~T Bnll1HH~H 
Ha pa6oTy np~6opa, TaK KaK AnH np111eMHoro KOHTypa OH111 He HBnH
~TCH pe3oHaHCHblM~ 111, KpoMe Toro, 3qxfJeKT~BHo noAaBnH~TCH nono
COBblM yrnn~TeneM ( p111c. 3) . 

Ha p~c.5 np~BeAeHa cxeMa ¢a3osoro AeTeKTopa c 6anaHCHblM 
A~OAHblM AeTeKTOpOM Ha BblXOAe (lll + ll,4' A4). 3AeCb 111cnonb30BaHbl 
TP~ r~6p~AH~e M~KpocxeMW C napaMll1 BWCOK04aCJOTHWX TpaH3~CTO
poB. KaK noKa3aHo B pa6oTe 181 , Ha1116onee n111He~Hw~ B111A ¢a3oso~ 
xapaKTep111cT111K111 AeTeKTopa nony4aeTcH, KOrAa HanpHmeH111e c111rHanb
Horo BXOAa us C03AaeT Ha BblXOAe A3 BABOe 6onbwee HanpHmeH111e, • 
4eM HanpHmeH111e u0 onopHoro KaHana. 

4.2. 6noK CBH3111 Q-MeTpa c aHan1113aTopoM 

BblXOAHO~ rnrHan yc~n~TenH H~3KO~ 4aCTOTbl ( LFA) ( p~c. 2) 
npeAcTaBnHeT co6o~ CMecb none3Horo c111rHana HMP c 4aCTll14Ho no~ 
AaBneHHO~ or1116alOIJ.le~ Al.fX np111eMHoro KOHTypa 111 HeKOTOPO~ noCTOHH
HO~ COCTaBnHIOIJ.le~, ypoBeHb KOTOPO~ MomeT cy~eCTBeHHO 1113MeHHTb
CH, oco6eHHO np~'Anll1TenbHOM u,111¢pOBOM HaKonneH111~ Heyc111neHHWX 
rn rHanoB. 3TOT Ape~¢ B03Hll1KaeT scneACTBll1e Hepe rynHpHblX noMeX' 
nepeXOAHWX npou,eccoB B (LFA) C y4aCT111eM pa3Aen~TenbHWX KOH
AeHCaTopoB, TeMnepaTypHoro ~3MeHeH111H ¢a3oBo~ 3aAepmK111 0

2
(0) 

B onopHoM KaHane ¢a3oBo~ Anl.f, He6onbwo~ paccTpo~K~ np~eMHoro 
KOHTypa. OnwT noKa3wBaeT, YTO np111 T04HOM ~3MepeH~ll1 ~HTerpanb
HO~ 111HTeHCll1BHOCTll1 (nonHp~3aLJ,~~) c111rHan~ HM~ nepeA u,111¢poBWM 
HaKonneH~eM Heo6xoa~Mo Bb1nonHll1Tb aHanorosoe noAaBneH~e BKnaAa 
Al.fX 111 np~HHTb Mepbl no npeABap~TenbHOMY YCTpaHeHll1~ Bn111HH~H 
Ape~¢a nocTOHHHO~ COCTaBnHIOIJ.le~. ll,nH nOAaBneH~H BKnaAa· Al.fX, 
aMnn~TYAa KOToporo B pe3ynbTaTe Ae~CTBll1H ¢a30BO~ Anl.f 06bl4HO 
TOnbKO B 2 + 5 pa3 npeBOCXOA~T ypoBeHb wyMa, B 6noKe F ( p~c. 2) 
Bblpa6aTb1BaeTCH KOMneHC111P:YIOIJ.lee HanpHmeH~e napa6on~4eCKO~ ¢opMbl. 
3aTeM B cyMMaTope (p~c.2) 3TO HanpHmeH~e BW4111TaeTCH 1113 BWXOA
Horo HanpHmeHll1H LFA. 

Pnc.6. CxeMa q>OpMHpOBaHHH rra
pa6onntJecKoro HarrpHlKettmr H3 
rrnnoo6pa3Horo HMrrynhca. Al,2 -
!40YA6, Tl - KII303E. 
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PHc.7. BrroK o6pa6oTKH attarroroBoro cHrHarra. CxeMa rrpeAH83Ha
tJeHa MH CBH3H Q -MeTpa C aHaITH38TOpOM NTA-1024 H KOMITblOTepoM. 
CBX I , 2, 3 - KP I I OOCK2, A I -;- A3, A6, 7, 8, IO - l 40Y.[(6, A4, 5, 9 -
140Y.[(8. 

Ha p1,1c.6 np1r1seAeHa npocTas:i cxeMa ¢opMV1poBaH1r1s:i napa6onV1Ye
CKoro KOMneHca4V10HHoro Hanps:imeHVISl nyTeM B03BeAeHIASl B KBaApaT 
nV1noo6pa3HOro BXOAHoro Hanps:imeH1r1s:i ycV1nV1TeneM Al c HenVIHeAHoA 
o6paTHOA CBSl3blO Yepe3 nonesoA TpaH3VICTOP Tl. ~cnonb3YeMoe B 
3TOA cxeMe nVlnoo6pa3HOe Hanps:i>KeHVle SlBnSleTCSl VIHBepTVIPOBaHHblM 
Hanps:i>KeHVleM ynpasneHVISl YaCTOTHOA pa3sepTKVI reHepaTopa BYQ
MeTpa. Ha B~XOAe BToporo yc1,1n1r1Tens:i A2 o6pa3yeTcs:i napa6onV1Ye
cKoe Hanps:imeHVle c Hynes~M hbeAecTanoM. BnV1SlHV1e ApeA¢a nocTos:iH
HoA cocTasns:ilOllleA ycTpaHs:ieTcs:i s 6noKe o6pa6oTKVI aHanorosoro 
cV1rHana (ASPB) (p1,1c.2,7). ans:i 3Toro B cxeMe p1,1c.7 sKnioYeH~ 
A Be cxeMbl Bb16opKV1-xpaHeHV1Sl ( CBXl, 2) VI AV1cjxpepeH4V1anbHblA ycV1nV1-
Tenb Al. BpeMeHHble AIAarpaMMbl VIMnynbCOB Ha PVIC. 7 V1nn10CTpV1py10T 
pa6oTy CXeMbl no OTHOWeHVIIO K nVlnoo6pa3HOMY Hanps:i>KeHVIIO pa3BepT
Kl,1 yacToTbl BY-reHepaTopa. Ha cV1rHanbHb1A BXOA CBXl, 2 noAaeTcs:i 
BblXOAHOe Hanps:i>KeHVle V 1 cyMMaTopa ( PVIC. 2' 7) . ~MnynbCbl 3anycKa 
CBXl,2 (a) VI (6) COOTBeTCTBYIOT nepeAHeMy VI 3aAHeMy $POHTY nVl
noo6pa3Horo Hanps:i>KeH1r1s:i pa3sepTKVI yacToT~ reHepaTopa BY Q-MeT
pa. B pe3ynbTaTe cxeMbl Bbl60pKV1-xpaHeHV1Sl 3anOMV1HalOT Hanps:ime
HIASl Va VI Vb , COOTBeTCTBYIOllllAe MrHOBeHHblM 3HaYeHVISlM BXOAHOro 
Hanps:i>KeHIASl V1. 3aTeM nonycyMMa (va + vb)/2 Hanps:i>KeHVIA BblYVITa
eTCSl B ycV1nV1Tene Al Vl3 c1r1rHana V1, scneACTBVle yero B~XOAHOe 
Hanps:i>KeHVle Al OKa3~BaeTCSl npVIBSl3aHH~M K HyneBOMY nbeAeCTany. 
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npoVICXOAIAT BOCCTat·l.OBneHVle nocTOSlHHOA COCTaBnSllOllleA CVlrHana V 1 ·, 

YTO n03BOns:ieT C Heo6XOAVIMOA TOYHOCTblO B~nonHVITb aHanorosoe 
Vl3MepeHVle VIHTerpanbHOA VlijTeHCVIBHOCTVI (nons:ipV13a4V1V1) ycV1neHH~X 
CVlrHanos HMP VI, B yaCTHOCTVI, VICKnlOYaeT CVIMMeTpVIYHWA BKnaA AVIC
nepCVIOHHOA COCTaBnSllOllleA B CVlrHan nornollleHVISl. BblXOAHOe Hanps:ime
HVle yc1,1nV1Tens:i A8 nponop4V10HanbHO pa3HOCTVI (Va- vb)' KOTOpas:i 
3aBVICVIT OT paccTpoAKVI npVleMHOro KOHTypa Q -MeTpa OTHOCVITenbHO 
YacTOTbl BY-reH·epaTopa Q-MeTpa. np1r1 tiaKonneHVIIA cna6b1x HeycV1neH
Hwx CVlrHanoB 3Ta pa3HOCTb Hanps:i>KeHVIA VICnonb3yeTCSl AnSl KOppeK
L\VIIA ¢a3bl 02(0) (21) B onopHOM KaHane ¢a30BOA AnY, KaK 3TO no
Ka3aHO nyHKTVlpOM Ha PVIC.2. HaYanbHaSl ycTaHOBKa 02cm B~non
HSleTCSl Hanps:i>KeHVleM Uo c BWXOAa ycV1nV1Tens:i AlO (82 - B sepxHeM 
no cxeMe nono>KeHIAVI). np1,1 aBTOMaTV1YeCKOA KOppeKL\VIIA 02(0) K Ha
YanbHOMY Hanps:i>KeHVIIO Uo A06asns:ieTCSl Hanps:i>KeHVle C BblXOAa A9, 
nponop4VIOHanbHOe pa3HOCTVI (va - vb) (82 - B HVl>KHeM noryo>KeHVIVI). 
8 pe3ynbTaTe AeACTBVISl o6paTHOA CBSl3VI, noKa3aHHOA nyHKTVIPOM 
Ha pVlc.2, npoVICXOAVIT noAasneHVle nVlnoo6pa3Horo Vl3MeHeHVISl nbe
AeCTana nOA CVlrHanoM HMP. np1r1 HaKonneHIAVI Heyc1,1neHH~X AeATpoH
HblX CVlrHanos speMSl HaKonneHVISl Tpe6yeTCSl ellle 6onee ysenVIYVIBaTb. 
8 3TOM cnyyae, KPOMe BOCCTaHOBneHVISl nocTOSlHHOA COCTaBnHIOllleA, 
KOMneHca41,11,1 n1,1noo6pa3Horo ApeA¢a, Heo6XOAIAMO KOMneHCVlpOBaTb 
TaK>Ke VI napa6onV1YeCKYIO KOMnoHeHTY Vl3MeHSllOlllerocs:i ¢oHa. 3Ta npo-
4eAypa BblnonHSleTCSl KOMnblOTepOM C V1cnonb30BaHV1eM MeTOAa HaVI
MeHbWero cpeAHeKBaApaTVIYHOro OTKnOHeHIASl. UV1¢posas:i o6pa60TKa 
CVlrHanoB BblnOnHs:ieTCSl aHan1,13aTopoM NTA-1024 B pe>K1r1Me L\Vl~posoro 
oc4V1nnorpa~a. TaK KaK aHanV13aTop o6pa6aT~saeT TOnbKO nonom1,1-
TenbH~e Hanps:i>KeHIASl, TO CVlrHan OTPIAL\aTenbHOA nons:ipV13a4V1V1 AOn>KeH 
6b1Tb VIHBeprnposaH ( nepeKnlOYaTenb 81 , p1,1c. 7) . noTeHL\VIOMeTp R4 
(yc1r1nV1Tenb A3, p1,1c.7) B~CTaBnSleT nocTOSlHHOe nonO>KVITenbHOe CMe
llleHVle, npesb1Wal0lllee aMnnVITYAHblA nopo r aHanV13aTopa. B npo4ecce 
AV1HaMV1YeCKOA OpVleHTal.\VIVI 'SlAep nons:ipV13al.\VIIO MIAWeHVI YA06HO KOHTpo
nVlpOBaTb no noKa3aHVIIO aHanorosoro VIHTerpaTopa, BblXOA KoToporo 
nOAKnlOYeH K rHe3AY DV (p1,1c.7). Ha PVIC.2 3TOT VIHTerpaTop 1,130-
6pa>KeH OTAenbHO OT 6noKa ASPB. Pe3ynbTaT VIHTerpVlposaHIASl 3a' 
speMSl r 3anoMV1HaeTCSl CBX3, ynpasns:ieMoA VIMnynbCOM (b) . Ko3~VI
L\VleHT ycV1neHVISl A7 perynV1pyeTCSl noTeH4VIOMeTpOM R3 TaK, - '-iT06bl 
OTCYVIT~BaTb nons:ip1,13a4V110 MIAWeHVI npSlMO B npo4eHTaX. Me>KAY L\VIK
naMVI VIHTerpV1posaHV1Sl ycV1nV1Tenb A6 aBTOMaTVIYeCKVI KOHTpOnVlpyeT 
HaYanbHOe Hanps:i>KeH1,1e Ha KOHAeHcaTope CB COOTBeTCTB~VI C Hanps:i
>KeHVleM noTeH4VIOMeTpa Rl: 

5. 3KcnEP~MEHTAflbHblE PE3Yflb TATbl 

Ha pVlc.8 npeACTasneHa ¢0Torpa¢V1s:i 3Kcnep1r1MeHTanbHoro cneKTpa 
HMP npoTOHOB AIAOna C3He(OH)2, n6nyYeHHOro B pe3ynbTaTe ycpeA-
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~ ~; 
Pttc.8. CneKTP HeycttneHHoro cttr
Hana .HMP npoToHoB C3H6(0H) 2 , 
ycpe,n;HeHHbIH no IO 3 n;HKnaM npo
xo~,n;eHHH. T = I ,3 K. 

Pttc.10. CneKTP ycHJiennoro ,n;en
TP0HHoro cttrnana /Po= 0,367 -
cnnomHaR KPHBaa/ H HHBepTHpo~ 
BaHHblli cneK:rP / PO = -0, 3 6 7 -
nyHKTHpHaR KpHBaR/ nocne KoppeK
D;HH no qiopMynaM ,n;annon pa60Tb1. 

~..,,--

/'• +lS'l.";;:::•:-
/' ,).,'" /.•· 

,,,. ,, • I' 

+2V /.~,,, : I 
~,, ti 

Pttc. 9. HanpmKeHtte E O + e(t) 
/cM.pHc.2/ B pe~HMe. 3anHCH 
ycHJieHHoro npoToHHoro cttrHana. 

1.01 ::,.• 
Q9 ~ 

_<l 
Q8 ~ 

"' 

HeH~H aHan~JaTopoM NTA-1024 no 10 3 4~KnaM npoxomAeH~H. Heyc~
neHHWA c~rHan c BWXOAa Q-MeTpa np~ T = 1,3 K ~MeeT OTHOWeH~e 
c~rnan-wyM 2:1 . .llnH 3Toro cny'-iaH T~n~'-iHOe 3Ha'-ieH~e MaKc~Manb
HoA rny6~Hbl MOAYnH4~~ 84-HanpHmeH~H Ha KOHType Q-MeTpa np~ 
nonHp~3a4~~ 0, 98 COCTaBnHeT 15.;. 30%. tl~ana30H LtaCTOTHOA pa3-
BepTK~ 430 Kr 4. Ha p~c. 9 no AaHHblM 4~(j)pone'-iarn NTA-1024 no-
CTpoeH rpa(j)~K HanpHmeH~H E 0 + e (t) ( p~c. 2) B pem~Me Jan~c~ 
yc~neHHoro c~rnana .. nyHKT~poM Ha rpa(j)~Ke noKa3aHo To me Ha
npHmeH~e, Ho. B OTCYTCTB~e c~rHana HMP. 3T~ 3Kcnep~MeHTanb
Hble AaHHble xopowo nOATBepmAalOT pe3ynbTaTbl Teopet~LteCKOro pac
LteTa AaHHOA pa60Tbl ~ pac'-ieTbl neTp~'-ieKa 1121 • Ha' p~c .10' B3HTOM 
~3 pa6oTw 131

, np~BeAeHw ABa cneKTpa HMP AeATpoHoB nonom~Tenb
HoA nonHp~3a4~~ (Po= 0,367) ~ ~HBepT~POBaHHWA OTHOC~TenbHO 
4eHTpa v0 cneKTP 0Tp~4aTenbHoA nonHp~3a4~~ (P O = -0 ,367). 
8 KaLteCTBe KP~Tep~H AnH cpaBHeH~H ~cnonb3yeTCH CBOACTBO C~M
MeTp~~ c~rHanos norno~eH~H OTHOC~TenbHO 4eHTpa B cny'-iae KBaA
pynonbHoro yw~peH~H n~H~~ np~ ~HBepc~~ 3HaKa cn~HOBOA TeM-
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nepaTypbl~ T.e. x"(T
5

, v -v0 ) =-x"(-T 5 ,v0 -v). CneKTP no
nyLteH Ae~TpOHHblM Q-MeTpOM c napannenbHblM rn6p~AHblM KOHTYPOM 
np~ An~He Ka6enH e < ,\/4-~ 101

• HeCMOTpH Ha He6onbWYIO rny6~HY 
MOAYnH4~~ < 5%, xopowee cosnaAeH~e (j)opMbl c~rnanos YAaeTcH nony- . 
Lt~Tb TOnbKO np~ ~cnonb30BaH~~ npo4eAYP~ KoppeK4~~. ~3nomeHHO~ 
B pa3Aene 3.3. np~ ~3MepeH~~ Ae~TPOHHblX c~rHanos oco6eHHO sam
HO noA'-iepKHYTb Heo6xoA~MOCTb ~cnonb3oBaH~H B np~eMHOM KOHType 
KOaKc~anbHOr~~a6eriH C npeAenbHO H~3KO~ sen~Lt~HOA 3aTyxaH~H. 

B 3aKnlOLteH~e OTMeT~M, '-iTO pa3pa60TaHHW~ B AaHHOA pa6oTe Me
TOA KoppeK4~~ cneKTpos~HMP 3Ha'-i~TenbHO npo~e MeTOAOB, ·~cnonb-
3YE!MblX B pa6oTax 113 • 141 • Ynpo~eH~e .AocrnraeTCH 6naroAaPH ABYM 
o6CTOHTenbCTBaM: Bo-nepswx, Ae~CTB~e An4 noAaBnHeT BKnaA B Mo
AYnb,~MneAaHca MH~MOA LtaCT~, scneACTB~e ~ero AOCTaTOLtHO CKOP~ 
peKT~posaTb Hen~HeAHOCT~ B peanbHO~ Ltacr~ ~MneAaHca/ BO-BTO
p~x, 6naroAapH ~cnonb30BaH~IO 6e3MOAenbHOro MeTOAa 110 

' OCHO
BaHHOro TOnbKO Ha CBOACTBe C~MMeTp~~ cneKTPa Ae~TPOHOB. 

B AaHHOA pa6oTe CKOH4eHTp~posaHW pe3ynbTaTW MHOroneTH~X 
TeopeT~LteCK~X ~ 3KCnep~MeHTanbHblX ~ccneAOBaH~A HOBoro np~6opa 
AnH ~3MepeH~H nonHp~3a4~~ M~WeHe~. Ha pa3HWX 3Tanax pa6oTw 
B He~ yLtaCTBOBan~ COTPYAH~K~ MHOr~x ~HCT~TYTOB, pa6oTa~~x 
B o6nacT~ np~MeHeH~H nonHp~30BaHHblX M~WeHeA. Mbl np~HOC~M rny-
60KYIO 6naroAapHOCTb ~.r.A6osy, B.B.nonHKOBY, B.neTp~LteKy, 
A.111.Kosanesy, M.111.UynaH, M.lt1.ra6en~H, A.H.4epH~Kosy, A.Cll.npyA·· 
KOrJlHAY 3a none3Hble KOHcynbTa4~~ ~ npaKT~LteCKYIO nOMO~b B pa-
6oTe. 

nPlt1flO)l{EHlt1E 

lt1MneAaHC z = X + jY 
(j)opMyne 

cxeMw p~c.1 np~ r = 0 BWLt~cnHeTCH no 

p[pth(ye) + jwL] 
z = --------- +RO I 

p + jwLth(y{') 

rAe L = L 0 {1 + 4rr71x), 
0TCIOAa 

x=x'-Jx", y=a+jf:3. 

en .1) 

X=R AM+BN 
o+P 

BM+ AN (n.2) 
y = P M2+ N 2 • M2+ N2 

A=pk 1 +R 0 x", 
wL0 ., 

x' = 4rr71 --)( , 
Ro 

B = pk 2 + w L O + R0 x' , 

wL 0 
=0X,, = 4777/ -- )(,, , 

Ro 
cn.3) 

(n.4) 
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M = R0 x,, k 1 - (w L o + R0 x' ) , k 2 , ( n , 5 ) 

N = (w L
O

+ R
O 
x') , k 

1 
+ R O x" k 

2 
, ( n. 6) 

th (a e) 
k = ---[l + tg 2 ({:H) th 2(arn-1 :: ae •COs-2 ({3C ), (n.7) 

1 
cos 2 (/30 

k2 = tg({3e) [1+ tg 2 ({3e) th 2 (ae)]-1 :: tg(/3e ). (n.8) 
cosh2 (ae) 

z s:1am1eTCs:! aHam1n14eCKOll1 lPYHK4V1e111 apryMeHTOB k 1 + j k2 VI x' - j x" 
VI MO*eT 6~Tb pa3nO*eH B Ps:!A no 3TVIM apryMeHTaM. 

m1TEPATYPA 

1. KV1cenea ~.¢.,_ MaTa¢oHoa B.H. - nT3, 1977, 5, c.55; 
npenpVIHT O~H~ Pl3-10101, 4y6Ha, 1976. 

2. HelllMaH M. C. .- 0606~eHV1e TeopVIVI 4ene111 Ha BOnHOBble CVICTeMbl. 
M.: roc3Hepro~3AaT, 1955, rn.2. 

3. KV1cenea ~.¢., YepHVIKOB A.H. - npenpVIHT O~H~ 13-85-734, 
4y6Ha, 1985. .. _ _ 

4. Robinson F.N.H., Phil D. -:-J.of Sd.Instr., 1959, 36, 12, 
p.481. . . 

5. MalllHKe X. , ryHAnax ¢. - PaAV10Te).(HV14eCKV1111 cnpaao4HVIK. M. : 
roc3HeproVl3AaT, 1961, 1, c.144. 

6. Burget J, et al. - Report of Nucl.Phys.Instr., Czechoslo
vak.Acad.Sci., Rez, 1972. 

7. 8V1Tep6V1 3.4. - npV1H4Vln~ Kor~peHTHOl/1 CBs:131/1. M.:,Coa.paAVIO, 
1970. 

8. WaxrVlnbAs:!H B.B., ns:ixoBKVIH A.A. - CVICTeM~ ¢a30B0111 aaTonoA
CTpO111KVI 4aCTOT~. M.: CBs:!3b, 1972. 

9. KV1cenea ~.¢., Cano*HVIKoa A.n. - Coo6~eHV1e O~H~ P13-10694, 
4y6Ha, 1977. . 

10. Kiselev Yu.F. et al. - Nucl .Instr.and Meth.in Phys.Rese-
arch, 1984, 220, p.399. 

11. MaTa(floHoB B.H. - Coo6~eHVle O~H~ 13-85-146,/4y6Ha, 1985. 
12. Petricek V. - Nucl.Instr.and Meth., 1968, 58, p.111. 
13. Hamada 0. et al. - Nucl .Instr.and Meth., 1981, 189,p.561. 
14. Sperisen F. - Nucl.Instr.and Meth.Phys.Res.; 1987, A260, 

18 

p.455. · . 

PyKOnVICb nocTyn111na B Vl3AaTenbCKVlll1 OTAen 
23 Vl~Hs:i 1989 roAa. 

r"1 


