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Haaneuxo A.H. 
13 - 11667 

KouTpollb nonllpnaaunu npoTouaoa MHweau a cneKTpoMeTpe 
nonl!pH30B8HHblX Hei!TpOHOB H l!llep 

Onucaaa sneKTpouaag annapaTypa, npe.nuaauaqeuuag .nnll KOHTpong u 
B3Mepeaest nonHpuaauuu npoTOHHoi! Mnweau cnexTpoMeTpa nonS!pnaoaaHHbiX 
Hei!TpoHOB H S!Aep. B KaqecTae rrpoTOHHOi! MHWeHu npnMenel! MOHOKpRCTann 
naHTaH-MSI"'HHeBOI"'O HHTpaTa (64 x50 X 17 M M a ) , fiOMeWeHHbli! B MSI"'HHTHOe 
none c H= 19 K3 npu T =0,9 K. npuae.neH&r 6nox-cxeMa annapaTypbr H 
DpHHUHfiHBllhHble CXeMbl OT.QenbHblX yanoa. BLICOKoqaCTOTHbti! l"'eHepaTop 
o6ecnequaaeT AOCT8TOqHo BbiCOKyiO CT86HllhHOCTb qaCTOTbt H xopowy10 <jlopMy 
KOne6aHHi! CHHYCOHASnbHOI"'O HanpS!lKeHUSI B npe.nenax 60 7 100 Mfu C qaCTOTHOIJ 
~esnaunei! .no 3 Mfu. Enox xoppexuuu npe.nHaaHaqeH AnSI KOMneHcaunu ol"'u6a~ 
wei! 8MfinBTYAHo-qacTOTHOi! xapaKTepnCTHKB KOne6aTenbHOI"'O KOHTypa. 

Pa6oTa BbiiiOnHeHa B na6opaTopeu HeliTpOHHOi! <jJB3HKB OH.HH. 

Coo6meaue 06be.nnaeunol"'o HHCTnTyTa S!LiepHbrX uccneaoaaHuii • .ily6Ha 1978 

Ivanenko A.I. 13 - 11667 
Monitoring the Polarization of a Proton Target 
in a Spectrometer for Polarized Neutrons and Nuclei 

An electronic set-up is described which is intended for the 
control and measurement of the polarization of a proton target in 
a spectrometer for polarized neutrons and nuclei. A IMN single 
crystal (64x50x17 mm3) placed into a magnetic field of H -19 kOe 
at T ~o. 9 K, is employed for the proton target. The· block diagram 
of the overall set-up and the circuit diagrams of the various mo
dules are presented. The high-frequency generator provides for 
a sufficiently good frequency stability and a clean sinusoidal oscil
lation in the range from 60 to 100 MHz with a frequency deviation 
of less than 3 MHz. A special module is designed to compensate 
for the detuning of the oscillating circuit due to its amplitude
frequency characteristic. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© J978 06t.eP.HHeHHblJI HHCTHTyT SlllepHb/X HCCneP.OBaHHJI ily6Ha 

B npouecce aKcnepHMeHTa aa cneKTpoMeTpe nonBpH30-

aaHHbiX aefiTpOHOB H BA8P /1/ KOHTpOnh H H3MepeHHe 

nonBpH38UHH npOTOHHOll MHUl8HH ocymecTBnBeTCB ABYMB 

MeTOA8MH, 8 HMeHHO: ITO H3MeHeHHIO np03p8"lHOCTH KpHC

Tanna naHT8H-M8I'HH8BOI'O HHTpaTa ( J1MH) anB HefiTpOH

HOI'O ny"!Ka 121 H no aenwmae cHrHana HMP caMofi 

MHUl8HH, perHCTpHpyeMOI'O C ITOMOillbiO nHHefiHOI'O Q -Me-

Tpa. Ka.>KAOMY H3 8THX MeToAOB rrpr~cyiUH caoH npeH

MymecTaa H HeAOCT8TKH. nepBblM MeTOA0M 1 o6naA8IOillHM 

Bb!COKOll 'iyBCTBHTenbHOCTbiO (npH nons:IpH38UHH BbiUle 20%) 
H TO"lHOCTbiO H3MepeHH9 CpeAHell ITO nnOIU8AH KpHCTanna 

ITOn9pH38UHH
1 

HeB03MO.lKHO orrpeaenHTb 3H8K C8MOll 

nonBpH38UHH. BTopofi MeTOA aaeT B03MO.lKHOCTh H3MepHTh 

paaaoaecHhiH CHrHan HMP H onpeaenHTh 3H8K non9pH3a

UHH, HO AnB TO"lHOI'O H3MepeHH9 nonHpH38UHH MHUleHH 

Tpe6yeT 3H8'iHTenhHOI'O ycno.>KHeHHR aneKTpOHHOll annapa

Typblo HaMii anepBbie, H8 OCHOBe TeopeTH'ieCKOI'O 8H8nH38 

npHHUHll8 pa60Tbl nHH8llHOI'O Q -MeTpa, H8 BXOAe KOTo

poro ycTaaoanea nocneaoaaTenhHbifi pe3oHaHCHbill KOHTYP 

C 8BTOITOACTpOHKOll ja/, 6bJn pa3pa6oTaH UlHpOKOIIOnOCHblll 

nHH8llHblll {J-MeTp /4/, IT03BOnHBlllHll llOBb!CHTb TO'i-

HOCTb H3MepeHH9 nonBpH38UHH npOTOHHOll MHWeHH. llanh

H8lllliH8 pac'ieTbi H HCCneaoaaHHH I 5/ noKa3anH, 'ITO 

npH napaMeTpe 8BTOITOACTpOHKH '3> 3 ll0llp8BK8 H8 

aenHHefiHOCTb Q -MeTpa yMeHblli88TC9 AO 1%. 0AH8KO 

B 8THX pa60T8X He npHBeAeHbl npHHUHITHanhHbie CX8Mb1 

6noKOB AeBH8UHH B4-reaepaTopa H KoppeKUHH anH KOMITeH

caUHH oru6aromefi 8MllnHTYAHO-'i8CTOTHOll xapaKTepHCTHKH 

pe30H8HCHOI'O KOHTypa, KOTOpbie S!BnS!IOTCB HeOT'beMneMOll 

qaCTbiO aceii: annapaTypbi. B aaaaofi pa6oTe paccMoTpeHhi 
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OTAenhHbre 6nOKH aneKAOHHOfi annapaTypbr, KOTOpbre COB

MeCTHO C Q -MeTpOM 4/ B Te'ieHHe AnHTenbHOrO BpeMe

HH HCTIOnh3YIDTCH AnH KOHTpong TIOnHpH38UHH npOTOHHOfi 

MHlll8HH B CTieKTpOMeTpe TIOnHpH30B8HHb!X HefiTpOHOB H 
HAep. 

Ha pH c. 1 noKa3aHa 6noK-cxeMa npH6opa. MoHoKpHc

Tann JIMH (64 X 50 X 17 M M S ) TIOMell!eH B MarHHTHOe 

none H=19 K3 H oxna)l(aeH ao TeMnepaTypbr T =0,9 K 
B CTI8UH8nbHO pa3pa60T8HHOM AnH 9TOfi UenH KpHOCTaTe. 

l13-3a T8XHH'i8CKHX npOTHBOpeqHfi, Bb!p83HBlliHXCH B Tpe-

60B8HHH MaKCHManbHO B03MO)I(HOro no ll!HpHHe KpHCTanna 

JIMH H orpaHH'ieHHbrX pa3Mepax Me)l(aynoniDcHoro 3a3opa 

npHMeHHeMoro HaMH aneKTpoMarHHTa, paaHO'iaCTOTHaH 

KaTyll!Ka L noMell!eHa B Topue caMofi MHllleHH. B pe3ynb

TaTe 8MTinHTyaa paBHOBeCHOrO CHrHana M8Hhllle ypOBHH 

lliYMOB BCero TpaKTa H n09TOMy B npouecce 9KCTiepHMeH

Ta annapaTypa HCnOnh3yeTCH B ABYX pe)I(HMaX pa60Tbi: 

CHHXpOHHoro t:l8TeKTHpOB8HHH C 3anHCbiD npoH3BOAHOfi CHr

Hana .HMP Ha C8MOnHll!Yll!Hfi npH6op H OTHOCHTenbHOro 

H3MepeHHH C nOMOlllhiD OCUHnnorpa¢a. 

BbrcoKo'iaCTOTHbrfi TOK, npoMoaynHposaHHbifi no qacTo-

Te, qepe3 pe3HCTop Rl >> Z k (rae Z k- Moaynb 

HMneaaHca nocneaosaTenhHoro KOHTypa, o6pa3osaHHoro 

LCl) noaaeTCH Ha KOHTyp LC1. eHrHan .HMP ycHnH-

BaeTcH ycHnHTeneM BbrCoKofi 'iaCTOTbr YBLJ, aeTeKTHpyeT

CH Ha AHOAe n2, H HH3KO'iaCTOTH85I COCTaBnHIDlU85I CHrHana 

nocTynaeT Ha sxoa ycHnHTenH HH3Kofi qacToTbr YHLJ. 

ABTOnOACTpOfiKa nocneaoBaTenhHOro pe30HaHCHoro KOHTy

pa OCylUeCTBnHeTCH H3MeHeHH8M 8MKOCTH B8pHKana n1 
nyTeM noaat.IH HanpH)I(eHHH CMemeHHH t.Iepe3 R2 oT ¢a3o

soro AeTeKTOpa <Pn /4
/, TipH 38nHCH npOH3BOAHOfi CHrHa

na 'iaCTOTa reHepaTopa Bb!COKOil: 'i8CTOTb! fBLJ MOAynHpyeT

CH reHepaTopoM "MeaneHHoil: nHnbr" MTI. OaHoBpeMeHHo 

oT KBapuesoro reHepaTopa Kf qepe3 aenHTenb qacTOTbr 

TIC, npeaycHnHTenh TIY H ycHnHTenh MOlUHOCTH Y M Ha 

MOAynHpyiDlUHe KaTylliKH aneKTpOMarHHTa noaaeTCH CHHyco

HAanbHOe HanpH)I(8HHe c 'i8CTOTOfi 37,5 r u. eHrHan c YHLJ 

nocTynaeT Ha BXOA CHHXpOHHoro t:l8T8KTOpa en 'iepe3 

Y3KononoCHb!H ycHnHTenb yy. Ha apyrofi BXOA en qepe3 

¢a3ospama Tenh <PB noaaeTCH onopHoe HanpH)I(eHHe oT 
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I 

MonynHTOpa. nocne HHTerpHpoaaHHH Htrr npOH3aonHaH 
CHrHana aocnpOH3aOnHTCH Ha neHTe CaMonuruyruero npu6o
pa. 

8 cnyqae auayanhHoro KOHTponH H H3MepeHHH curaana 
C ROMOllibiO OCUHnnorpa<lJa qaCTOTHaH MonynHUHH f81.f 
ocyruecTanHeTCH OT reHepaTopa "6biCTpoii nunbi" ETI. 
Hanp~eaue c qacToToii ceTH nonaeTCH Ha axon <PopMupo
aaTenH <Pl. C¢lopMHpoaaHHbie HMnynhCbi npHMoyronhHOH 
¢lopMbi nocTynaiOT aa axon nocnenoaaTenbHO coenuHeHHbiX 
onHOaH6paTopoa 081 H 082. 0nHH H3 HHX aanaeT cnaur 
Haqana "6biCTpOH nHnbi" OTHOCHTenhHO CHHXpOHMOynbca, 
a npyroii - nnuTenhHOCTh nMnynhca nunoo6paaHoro aanpH
:lKeHHH. 

Eea aaTononcTpoHKH peaoaaHCHoro KOHTypa curaan 
ffMP HaxonHTCH Ha aeplliHHe oru6aiOrueH aMnnuTynao-qaCTOT
HOH xapaKTepHCTHKH KOne6aTenhHOrO KOHTypa ( CM. pH c. 2a). 
flpH aKmoqeHHH CHCTeMbl aaTononcTpOHKH npOHCXOnHT 
KOMneacaUHH aToM oru6a10rueH: KOHTypa. Eonee nonHaH 
KOMneHCaUHH OCTaToqHOH qaCTH oru6aiOrueH, a TaK:lKe 
<PoHOaOH HaaonKH CeTH nHTaHHH H OCTaTOqHoH aMnnuTyn
HOH MonynHUHH 81.f-reHepaTopa npouaaonuTCH 6noKOM 
KOppeKUHH, a KOTOpOM HCKyCCTaeHHO C03nae':rCH HMnynhC, 
COOTaeTCTayiOWHH no ¢JopMe, HO npoTuaonono:lKHbiH no 
3HaKy CHrHany, KOTOpbiH Heo6xonHMO CKOMneHCHpOBaTbo 
nnH STOrO ¢JopMHpoaaTeneM <f>3 C03naeTCH HMnynhC, 
nono6HbiH oru6a10rueii KOHTypa,H a cyMMaTope Il ¢lopMH
pyeTCH curaan nnH KOMneHcaunn. CurHan .HMP c abixona 
YH1.f u curHan KOMneHcaunH c Il nocTynaiOT Ha 
axon cMecuTenH I2, rne npoucxonuT KoppeKUHH 
cnrHana .HMP tcM. puc. 26). 

PaccMoTpHM npuauunuanhHbie cxeMbi oTnenhHbiX 
6noKoa. Ha pH c. 3 noKa3aHa cxeMa 6noKa neauauuu 
BbiCoKoqacToTHoro reaepaTopa. OT TpaHc¢lopMaTopa Tpl 
curaan c qacToToH ceTH nonaeTCH Ha ¢lopMnpoaaTenh Tl, 
nt' n2. c KonneKTopa Tl HMnynhCbl npHMoyronhHOH 
¢lopMbi nocTynaiOT Ha o6ocTpuTenb (nepabie naa aneMeH-
Ta Ml). <t>opMHpoaaHne curaana no nnuTenhHOCTH ocyruecT
anHeTcH onaoau6paTopoM M 1 ( MH 7 400}, rne H3MeHeHneM 
HanpH:lKeHHH Ha 6aae T2 npoHaaonHTCH nnaaHaH perynu
poaKa nnuTenhHOCTH abixonaoro HMnynbca a npenenax 

6 

(a) 

(6) 

Puc.2. Curaan .HMP npoTOHHOH MumeHH c 40%-aoii 
nOnHpH38UHeH nonO:lKHTenhHOPO 3HaKa 6e3 KOMneHC8UHH 
oru6aiOrueii aMnnuTynao-qacTOTHOH xapaKTepucTHKH peao

Baacaoro KOHTypa (a) H nocJie KOMOeHCaUHH ( 6) • 

40 M K c + 10 M c. 8Topoii onnoau6paTop nono6eH nepaoMY 
H nocTpoeH Ha MHKpoMonyne M2. PerynupoaKa nnuTenh
HOCTH <PopMHpyeMOrO HMnynbC8 npOH3aOnHTCH nepeMeHHbiM 
pe3HCTOpOM R23. feHepaTop "6biCTpOH nHnbi" COCTOHT 
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U3 ycunuTenH Yl (KIYT402E) u HHTerpaTopa Y2 
(KIYT402E). B oTnuqHe oT reHepaTopa rmnoo6pa3Horo 

curHana 161 pa3pHJl KOHJleHcaTopa C8 ocymecTBJIHeTCH 
38JlHHM ¢poHTOM BXOJlHOf'O HMITYJibCa qepe3 JlHOJl il3 H 
rroneaofi TpaH3HCTop T6 ( KI1303). flHHefiHOCTb ITHnoo6pa3-

Horo uMrrynbca cocTaBnHeT "' I%, a MaKCHMaJibHaH 
aMrrnuTyaa - OKono 5 B. llnH o6ocTpeHHH 3aJlHero ¢poHTa 
Ha BhlXO)le reHepaTopa ycTaHOBJieH TpaH3HCTOpHhlll KJiroq 
T7 c yrrpasneHHeM oT 082. B pe3yJibTaTe crraa rrunoo6pa3-

Horo HMIT7JibC8 paBeH 30 H C, feHepaTop "Me)lJieHHOfi 
ITHJibi" / 4 cocTouT H3 TpHrrepa WMUTTa (T9, TIO), 

UHTerpupyrowefi uerrH R17Co H yCHJIUTeJIH rrOCTOHHHOf'O 
TOKa (Tl2, Tl3, Tl4). BbiXOJlHbie UMrrynbCbi c aMrrnuTyaofi 

7 B u anuTeJibHOCTbro oT 0,02 ao 180 c UMeroT JIHHefiHOCTb 
nyqwe 1 ,5%, 

BbiCOKoqacTOTHbifi reHepaTop (pH c. 4) rrocrpoeH no 
TpexToqeqHofi cxeMe c o6wefi 6a3ofi Ha TpaH3HCTope T1 
H o6ecrreqHsaeT JlOCT8TOqHo BhlCOKyro CT80UJibHOCTb qacTO
Tbl H xopowyro cpopMy KOJI808HHfi CHHyCOHJl8JibHOf'O Harrpg

)!(8HHH a rrpeaenax 60 7100 M r u c qacTOTHofi aesuauuefi 

JlO 3 M r u / 4 /. CTa6uJIH3a:..tHH aMrrni1TYJlbl Bb!XO)lHOf'O 

HarrpH*eHHH ocymecTsnHeTCH cneayrowuM o6pa3oM, B Ka

qecTae yrrpasnHeMoro aneMeHTa rrpuMeHeH rpaH3HCTop 

T5, Ha 6a3y KOToporo rroaaeTCH BhlnpsMneHHoe auoaaMu 
ll5, ll6 11 ycHneHHoe ycHnHTeneM T9 (K1YT402) narrpH)Ke

Hne CMeweHHH. flpH H3MeHeHUH Ha BXO)le TpaH3UCTOpa 
T4 BhlCOKoqacToTHoro HarrpH*eHHH B aaa pa3a HanpH*eHue 

Ha KOHType L2C15 H3MeHHeTCH TOJihKO Ha 5%. AMrrnu
Tyaa BhlXOJlHOf'O HarrpH)KBHHH perynHpyeTCH B rrpe)leJiaX 
50 7 300 M B rrepeMeHHbiM pe3HCTopoM R19. 

EnoK KoppeKUHH rroKa3aH Ha p II c. 5. Or 6noKa 

JleBII8UHH HMITYJibCbi rrpHMOyf'OJibHOfi cpOpMbl H ITIIJIOO?.Pt3n:J
f'O HanpH*eHuH noaaroTCH Ha axoa HHTerpaTopa Y1 , 

rae cpopMUpyeTCH HMTIYJibC, ITO cpOpMe COOTBeTCTBYIDilllill 
oru6aromefi aMrrnuTyaHo-qacTOTHofi xapaKTepucTHKH Kone-
6aTeJihHoro KOHTypa. B rrepHOJl Me*JlY UMrrynhcaMu 
TpaH3HCTop T1 OTKphlT u UHTerpaTop He pa6oTaeT, B 
38BllCHMOCTll OT Cllf'Hana, ITOCTyrrarowero Ha BXOJl x", 
C ITOMOillbiD rrepeKJiro'laTenefi Ill, f12, f13 Bb!OUpaeTCH 
HeOOXOJlllM8H cpopMa llMTiyJibCOB, a nepeMeHHh!X pe3HCTOpOB 
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Tl IT313B K filH T2,3 IT311E T4,5,6,7 IT313B T8 KT316 T9 K1YT402 

.Ul ,.U4 - KC156A .U2 • .U3 - KB102f .U5,.U6 - .U18 

... ... 

.Qp.l ,2 - 20 MKf • Ll,2 - 2 BHTKa 

PHc.4. BbrcoKo':lacToTHbrH: reaepaTop. 

~-------------------
~~4~--~~~~~ 

Tl, T2, T3, T4, T5, T8, T9, KT315B T6, T7 KT347 A 

PHc.5. EnoK KoppeKUHH . 

R3!1 
12.1( 

+6B 

OC."MA. 

It II 
11( 

-68 

Yl, Y2 K1YT401A 



R19, R20, R22 - - ux aMnmny.na. 3ru uMnynbCbi 
cyMMupyroTCB Ha R21, R23, R25, u curaan rwppeKuuu 

nocrynaeT H8 O.z:\UH U3 BXO.z:\OB CMecurenB Y2 (K1YT401A). 
Ha aropoit axo.n cMecurenB no.naercg curHaJI or YH4. 
C BhiXO.z:\11 cMecurenB qepe3 8MUTrepHbiH noaropuTeJlb 
T6 + T9 curHaJI HMP nocrynaeT na axo.n ocuunnorpa¢a. 

B Katiecrae unmocrpauuu pa6oThi annaparypbr B .nayx 
peLKuMax Ha puc y H K ax 2 u 6 noKa3aHbi curHanhr HMP 

npOTOHHOH MUill8HU MOHOKpUCTanna JIMH. 

i: 
, II ~~~-
" I ' I ' ' " I I I'' I It I ' 

fW
I tl 1 t· 

~-
1 I I I 

I 
~r - I __ , 

' ,, I I 'I I' I ! 1\, '1 I , I , lilt 1 

,., 1'\ I II ,, I 
1 +' I I ' I I I ;',~-,b.. II' I I ' ,I 6) . '' I ' I I It . 1 I l I "uL _Lrt-L ~!-..:ri-1:-i~'.t··,li ~··_· ,-t r' I lt'l+ ·.~~-~~~~-~~~i I I I L' I I IiI 1 I I :II : I '''l' -

---t-1- -'·]' t+•-"-r-rl--~-~t------ - : I' '' ''~ · i I I I I I 11 I ' I ' ' ' I I I I ' " I ' I I _t!~ll L r 1-r! I If\' 11'.:, .. : II .. ,,,., ... I ill,; i I I! I' 
r 1 ! \ill' .

1

\
1 1 I 1 , I r I I .· 1 . 1 ' 1 . 1 · ttl I 'Ill ·, I I IJ j I • I " : '' i I ! : ::::.1 ' : " i' 'I' I II i I·,! i I I I,, I•' "'I' '-~ i It: -1~-: ~ I w l +I ... ! 1- .J ' tl a) I _, I -=. s-r~l : . :. ' It i :- r i -I i I . 

' I ,'•111:1 I' •'' '_.1:·' ' I• 

Puc.6. ct:>opMa .nu¢¢epeHUIIaJ1bHOH 3anucu curHana HMP 

llpOTOHHOH MUilleHu: 
a) paaHoaecHbrti: cur Han npu 'I =0 ,9 K, 
6) ycuneHHbiH curHaJI 60%-Hoti: nonBp1I3aUIIU orpuua-

renbHoro 3HaKa, OrHocurenbHOe ocna6neHue curHana 

B cnyqae "6" no cpaBHeHUIO c "a" 1 : 137. 
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npe.nnOLKeHHbie 6110Kll HCITOJ1b3YIOTC5I B TetieHHe .[\J1HT8J1b
HOro BpeMeHH .[\JIB KOHTp0115I npOTOHHOH IT0115Ipll38UHH B CITeKT
poMeTpe IT01IHpH30B8HHhiX Heti:TpOHOB H g.z:~ep. 

B 3aKJIIOtieHHe aarop CtiHTaer CBOHM .nonroM Bhrpa3HTb 
6naro.napHOCTb B.n.An¢HMeHKoay, lO,ct:>,KHceneay u IO.il.Ma
peeay 3a ITOMO!llb ll ITOJ183Hhle COBeThi, a E .3eMaHOBOH, 
C.H.Heroaenoay u M.C.H3BHUKOH - 3a KatieCTBeHHhlH 
MOHTaLK 8J18KTpOHHhlX 6JIOKOB. 
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