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3y6apeaa A,M, 11 np. P13 - 10430 

nonynpOBOilHHKOBbJii peHTI'eHOBCKHii cneKTpOMeTp co caeTOBOii 
o6pa THOii CBS!3bl0 

HaroroaneH pettrreHOBCKHii cneKTpoMeTp c HMITYITbCHOii caeTOBOii o6pai

HOH CBS!3bl0 B npenyc11n11rene, n OITY,ICHO paapeweH11e 168 sB H8 ITl!HHH 
5,9 KsB. llaeTCR 8H8ITH3 BKnana B paapeweHHe sneKTPOHHKH II nereKTOpa. 

Pa6ora BblITOITHeHa B na6oparop1111 RnepHblX peaKUHii OIH!l1. 

IlpenpBHT O6-..eJU1HeHt10ro BHCTBTYTa ll,llepawx 11ccne,llOBaBBI. Jly6Ha 1977 

Zubareva ~~M.r~t,al. P13 - 10430 

Semiconductor X. -:-Ray Spec.trometer with the • 
Light Feedback . . 

An X-ray spectrometer with the pulse light feed
back in the preamplifier has been d~sign~d. The reso
lution has been obtained to be 168 eV on line of 
5,9 keV. The analysis of the contribution to the 
electronics and detector resolution has been performed. 

The investigation has been performed at the 
Laboratory of Nuclear Reactions, JINR. · 

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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B cneI<Tp0MeTpax -peHTreH0BCJ<0ro H3nyqeHHH, pa6o~ 
TaIOillHX C JJ,eTeJ<TopaMH Manoii eMJ<OCTH H HCilOilh3YIOillHX 
ranLBaHuqec1<y10 CBH3h ,neTe1<Topa c-npe.nycunuTeneM, npe
.nenhHYIO TOqH0CTh H3MepeHHH 3HeprHH orpaHnquearoTwy
Mbl 1<aHana noneeoro TpaH3HCTopa, pe3HCTopa o6paTHOH 
CBH3H, TOJ<a 3aTBopa noneeoro TpaH3HCT0pa H TOKa yyeq
KH JJ,eTe1<Topa. To1< yyeqJ<H 1<peMHHeBLIX .npeiiqJOBhIX JJ,eTe1<
Topoe BhlCOKoro J<aqecTBa C0CTaBnHeT npH OilTHManhHhlX 
ycnoBHHX HX pa60Thl ;10-14 - 10-13 / A. BenuqHHa TOKa 
3aTeopa noneeoro TpaH3HCTopa - Toro )Ke nopHJJ,1<a. TaKHe 
TOI<H Il03B0IlHIOT yeenHqHeaTb Il0CTOHHHYIO epeMeHH qiop.:. 
MHp0BaHHH CHrnana B OCHOBH0M YCHilHTene JJ,O T <p = 
= 8- 16 MKC, e HaJJ,em.ne yMeHbWHTb nocne.noeaTenhHhlB 
6enhlii Tennqeoii wyM 1<anana noneeo,ro TpaH3HCTopa. illy
Moeoii BKnaJJ,, o6ycnoeneHHhlH TOI<0M, npH 3TOM He npeBLI
waeT 25 · - 35 3B JJ.!1H r qi = 8 M Kc. Oueu1<a c.nenana .ADH qiop
MHpoeaHHH CHrHana, I<OTopoe 3aKnroqaeTCH B OJJ,H0I<paTH0M 
,AHqJqiepeHUHPOBaHHH H JJ,BOHHOM HHTerpupoeaHHH 1<ac1<aJJ,aMH 
ycunHTenH YCT-311/Tennoeoii wyM 1<anana /nocne.noea
TenLHhIH 6enhIB WYM/ JJ,DH ua3eannoro qiopMHpoBaHHH 'Bbipa
)KaeTCH COOTHOWeirneM:. 

- 3 TR nae 
LlE. . 6[ aB J "" 0,28 .10 C y · , 

nae. BX. 7 ~ 
/1/ 

r,ne CBX. ~ IlOnHaH,BX0JJ,HaH eMJ<OCTb B nc;f); r-: TeMnepaTypa 
xpucranna noneeoro TpaH3HCTopa B zpao.K;. R nae: 3I<BHr 
eaneHTHoe nocne,noeaTenLaoa conpoTHBnenue, oTo6pa)KaJO
Illee Tennoe9ii WYM 1<anana B OM; r qi_ - IlOCT0HHHa.fl Bpe,. 
MeHH cf,opMHpoBaHHjl B MKC. TennoBOH WYM I<aHana C0CTaB.
nHeT 80-90 3B, ecnH C BX~ 5 n<P, 'T = i5O K, 7¢ = 8 MKC, 

S R nae"; I H xpyTH3Ha noneeoro rpaH3HCTopa S = 6 MA/B. 
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IlapannenLHLiii myM THrra 1 / f , o6ycnoaneHHLiii H36LI • 

ToqHLIM llIYMOM pe3HCTOPOB H H30JIHUHOHHbIX MaTepuaJIOB 
BXO,Il;HOH uerru / 2 ,77, MO:>KHO Bhlpa3HTb TaK: 

] 4 _,T pe3. 
tl Errap.I/r [ aB ,. 0, 11 v fR-- , /2/ 

r,n;e R / I'OM/ • aKTHBHaH COCTaBJIHIOIUaH pe3HCTOpa Ha 

qacTOTe f / KI'tJ/; T pe3. [ K ] • TeMIIepaTypa pe3HCTOpa. 
3HaqeHHe Ko3cp<lrnuueHTa 0,114 rrepe.n KOpHeM paccqnTaHo 

,D;JIH OJJ;HOKpaTHOro ,n;H<l><l>epeHUHPOBaHHH H HHTerpupoaaHHH 

a ycunuTene YCT-3. BennqnHa JToro K03cpcpnuneHTa cna6o 

3aBHCHT OT THIIa cpopMnpoaaHHH, II03TOMY MO)KHO rrpHHHTh 

TO )Ke 3HaqeHHe H ,Il;JIH JJ;BOHHOro HHTerpnpoBaHHH. 1-fa/l/ 
H /2/ orrpe,neJIHM aKTHBHYIO COCTaBJIHIOIUYIO pe3HCT0pa, 

K0TOpaH Bhl3bIBaeT llIYM, paBHhIH rrocne.noaa TeJILHOMY Tell· 

noBoMy llIYMY KaHana: 

5 r4i R [r .OM ] ~ 1,22.10 -c 2.-R~-f ~ 
BX. noc. 

Tpe3. ----, 
T n. rp. 

/3/ 

r.ne ace aenuqHHhl Bhlpa)KeHbl B Tex )Ke e.nHHHUaX, qTo H 

B /1/ u /2/. PaccqnTaHHaH no /3/ aennqnHa R cocTaBnHeT 

23 I'OM, ecnn C8x. = 5 n<P, R noc: 170 OM, f = 10 KI'tJ, 
T qi = 8 MKC. "l!T06LI rrpeHe6peqb H36bIT()qHbIM llIYMOM BLI

COKOOMHOro pe3HCTOpa, 3TOT llIYM He ,Il;OJI)KeH rrpeBhIIllaTb 

20°lo oT Terrnoaoro myMa Kattana. ,[(nH rrpnae.n;eHHoro BLime 

rrpHMepa, oTo6pa)KaJOIUero peanLHoe 3HaqeHHe rrapaMeTpos 

crreKTpOMeTpa BhICOKoro pa3pemeHHH, aKTHBHaH COCTaB· 

JIHIOIUaH pe 3HCTOpa Ha qaCT0Te l O KI'lJ He ,Il;OJI)KHa rrpe -

BhlllI8Tb 500 I'OM. HoMHHaJI yroJibHOro pe3HCTOpa /TH· 

na KBM/ Ha IIOCTOJIHHOM TOKe ,D;0JI)KeH COCTaBJIHTb IIPH 

3TOM n. / 10
12 

- 10 13 / OM. Pa6oTaTb C TaKHMH pe3n

CTopaMH B o6paTHOH CBH3H rrpe,n;ycHJIHTeneii 6LIJIO 6bl 

HeB03MO)KH0 H3·3a CHJihHOro H3MeHeHHH no IlOCTOHHHOMY 

TOKY pe)KHMa BhIX0,Il;HhIX KacKa,n;oB rrpH ysenuqeHHH HHTeH· 

CHBHOCTH perucTpupyeMoro u3nyqeHHH. lionee Toro, yronL· 

HhIX corrpoTHBJieHHH C TaKHMH HOMHHanaMH He CyIUeCTByeT' 

TaK KaK 3TH corrpOTHBJieHHH CBOHCTBCHHhl H30JIHUHOHHbIM 

MaTepnanaM. IlOHHTHO, qTo IIOBe,n;eHHe MaTepuanoB, KOT0· 

PLie H30.irnpyIOT BbIBO,Il;bl IIOJICBLIX Tp8H3HCTOpOB, rro.no6HO 

IIOBe,n;eHHIO BhlCOKOOMHbIX conpOTHBneHHH. Il03TOMY aKTHB· 
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HaH COCTaBJIHIOJ.QaH IIPOBO,Il;HMOCTH T8KHX MaTepnanoB T0)Ke 

,Il;OJl)KHa 6LITb Manoii, B .nnarra30He OT e,n;HHHU .no .necHTKOB 

Knnorepu. 

,[(nH HCKJIJOqeHHH pe3HCTopa o6paTHOH CBH3H 6LIJIH rrpe.n

JIO)KeHbl pa3Hhle CIIOC06bl IIOCTpOeHHH cxeM rrpe.nycnnHTe • 

neii: cxeMa co CBeTOBOH o6paTHOH CBH3hl0, .neiiCTBYIOil!eii 

HerrpepbIBHO / 3 ,41, cxeMa C HMIIYJihCHOH CBeTOBOH CBH3bl0 / 5 ,6/ 

u, HaKoHeu, cxeMa c o6paTHoii CBH3LIO a CTOK hi. 3Ta' 

rrocne.n;HHH ncrroJIL3yeT yaennqeune TOKa 3aTaopa rroneaoro 

TpaH3HCTopa C IIOBhlllieHHeM uarrpH)KeHHH B CTOKe. O6b1q110 

.nnH nepaoro ycunnaaroJ.Qero 3JieMeHTa rrpe,n;ycHnHTenH BLI· 

6npaIOT orrpe,n;eneHHhlH llCXO,Il;HhIH pe)KHM pa60TLI, . o6ecrre

qnaaIOJ.QHH MHHHMYM myMa. IlpHHUHII )Ke, rrono)KeHHLiii a oc

HOBY pa60Thl cxeMbl C o6paTHOH CBH3hl0 B CTOK, npOTHBO· 

peqHT 3TOMY rrpannny. · 

YaennqeHHe HHTeHCHBHOCTH H3nyqeHHH C 1O,.no 104 I'll 
ynenuquaaeT TOK 3aTaopa rroneaoro TpaH3HCTopa Ha ue

CKOJILKO IIOPH,D;KOB, ecnH 3HeprHH peHTreHOBCKoro H3nyqeHHH 

z=lO K3B. TaKoe yaenuqeuue ToKa 3aTaopa no cpaaueHHIO 

C HCXO,IJ;HI,IM TOKOM BBO,Il;HT ,I{OilOJIHHTeJILHhIH HCTOqHHK my

Ma, CBH3aHHhIH C npoueccaMH y.napHoii HOHH3aUHH JneKT· 

pOHHO· ,Il;blpOqllhIX nap B o6e,n;HeHHOH, o6naCTH TpaH3HCTOpa, 

npHMLIKaIOIUeii K CTOKY hi. 

KpoMe To;o, . .npu nccne;noaaHHH cxeMLI c o6paTuoii 

CBH3bl0 B CTOK HaMH 6LIJIO 3aMeqeHO yaennqeHHe myMa 

noneaoro TpaH3H·cTopa, Kor.na H~npH)KeHHe a CTOKe co

OTBeTCTayeT CTaJJ;HH pa3BHTHH npouecca y,n;apHOH HOHH3a· 

UHH, TO eCTb HaqanLHOMY yqacTKY KpyToro H3MeHeHHH 

TOKa 3aTBOpa / puc. 1/. KpHBaH Ha 3TOM pncyHKe nonyqeHa 

,n;nH r qi =;==: L M KC. Manoe 311aqeHHe r qi o6ecnequaaeT He -

3HaqnTenLHhIH BKJia,n; B 06IUHH llIYM TpaH3HCT0pa KOMIIOHeH· 

Thi .npo6oaoro IllyMa T0Ka 3aTBOpa, KOTOpaH Morna 6LI 

MaCKHpoaaTh IlOHBJieHHe H36LIToqHoro myMa. 

CxeMa npe.nycunuTeJIH c· HMrrynLcHoii c:eeToaoii o6paT· 
HOH CBH3hl0,. ripe,D;JIO)KeHH8H. B. pa.6oTe 151, CB060,D;HB,., OT He· 

.nocTaTKOB, OTMeqeHHblX BhIIlle. Ilo.npo6Hoe ee OilHCaHHe 
co,n;ep)KHTCH a pa6oTax 16,BI. 
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Puc. 1. 3aeucuMocmb pa3pe111eHu.11 1 u mo1<a 3ameopa 2 
om Hanpx:reHu.11 a cmo1<e. llpeoycuAume.11b - c o6pamHoii 
ce.R3b10 e cmo1<. TeMnepamypa 1Copnyca n0Aeeo20 mpaH-
3-ucmopa - 180-200 K. Pa3peweHue e omHocumeAbHblX 
eOuHu11ax. 
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IIP E)-'YCHJIHTEJlb 

IlpHHUHDHaJILHa.K cxeMa npe,I\yCHJIHTeJI.K C HMil)'IlLCHOH 
CBeTOBOH o6paTHOH CBH3LIO, HCil0IlL3yeMaH HaMH, H3o6pa
:»<eHa- Ha puc. 2. 0CHOBY npe.[lyCHilHTem1 COCTaBmieT W.HPOKO 
npHMem1eMaH KaCKOJlHaH napa noneaoro TpaH3HCTopa c 
6HnOnHpHLIM TpaH3HCTOPOM. Iloneaoii TpaH3HCTOp 2N4416 
H3'6'IT HJ. <}lHpMeHHoro Kopnyca H IlOMemeH BMeCTe co cee
TOBLIM JlHOJlOM B irnpnyc H3 HHTPHJlR 6opa. Ha puc~ 3 
npHBeJ{eHa KOHCTPYKUHH oxna)K,[laeMOH qacTH cneKTPOMeT
pa. 0Ha IlOJlo6Ha KOHCTPYKUHH, onHcaHHoii JlacepoM/9/. 

0TMeTHM, 'ITO npH H3rOTOBJieHHH oxna:»<,[laeMoii qaCTH 
cneKTpoMeTpa He06.XOJlHMO Tll\aTenLHOe BLIIlOnHeHHe MOH
Ta:>Ka H :>KeCTKoe. KPenneHH.e acex :rneMeHTOB /oco6euuo 
!liHnLTpa/, a TaK:>K(} ronOBHOH qacTH B uenoM no. OTHOUie
HHIO K 1rnpnycy KpHocTara. Heco6moJleHue 3Toro npaeuna 
npHBO.llHT K B03HHKHOBeHHIO "MHKpo!lioHHOro'' 3<fxpeKTa Ha 
qacTOTax l - l O K I'll H K IlOHBileHHIO .llOilOilHHTenLHOro 
pa3MLITHH crreKTpanLHO.ii IlHHHH npH r qi= 8-16. MKC. 

Ilocne npoxo)K,neuu1r npe,Z\ycHnHTen.11 curHan nocrynaeT 
nocne.noaaTenLuo ua ycunuTenL, 4iopMHpoaaTenL cneKTpo
MeTpHqecKHX cHrHanoa/rn/ H aHanH3aTop_ YcnnHTenL HMe
eT eJlHHCTBeuuy10 ,nH4iiliepeauupy10my10 uenL Ha axo.ne H 
MuoroKpa Tuoe.HuTerpHpoaauHe, KoTopoe o6ecne•rnaaeT qiop
MY HMnynLca, 6mr.JKyIO K KpHBOH raycca. Ha epeMH BOC
CTaHOBileHHH 6JIOKHPYIOTCH: YCHilHTenL, ycTpoiicTBO, IlOA
J{ep:>KHHa10mee HeH3MeHHLIM BLIXO.l{HO~ ypoaem,. ycHJIHTen:i 
B giopMHpOBaTene cneKTpoMeTpHqecKHX HMilYilLCOB,H MHoro
KaHailLHLIH anam13aTOp. 

3anucHMOCTL pa3peweHHH no reuep~nopy /npH IlOJl
KnIOlfeHHOM .neTe1nope/ OT TOKa cToKa npHne.neua ua puc. 4. 
3aBHCHMOCTh KBa.ztpaTa pa3pemeHHH OT BeJIHqHHLI 1/r <P JlilH 
JlBYX 3HaqeuHH TOKa CTOKa npeJlCTaBneua Ha puc. 5.Ilpo
Be;neM H,[\eUTH!liHKaUHIO THna myMOB .una TOKa IcT~ 7 ,5 MA 
/KpHnaa l Ha puc. s;-. 3HaqHTenLHy10 -J:{omo rronttoro wyMa 
Ha 6onLI.IUIX qiopMHpOBKax ( _L < 1f ) COCTaBJIHeT IllYM 
THna 1/f CHCTeMLI .QeTeKT·op ~'Pnoneeoii TpaH3HCTop. IlpH 
r q> = 16 MKC / t qipoHTa = 44 MICC/ 3TOT wyM cTaHOBHTC.11 
onpe)lenHIOll\HM. 3aMeTHO BJIHHHHe napannenLHoro 6enoro 
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Puc. .3. KoncnpyKllU.Jl oxAaJtCoaeMoii 'lacmu cner.rzpoMem
pa. 1 - 3,cpa11, 2 - r.pb1zur.a onpaeKu U3 ,mnpuc)a 6opa, 
3 - UHOUeBaJl npoK/lac)1cd, 4 - -Oer:te1(1!lOp, 5 - U30AJlT!IOp U3 
nunpuc)a 6opa, 6 - ebrnoc) c)eneKmopa, 7 - GU/lKa xnaoo
npoeoc)a, B - r.opnyc n0Aeeo20 npa113ucmopa u3 uumpuc)a 
6opa, 9· - -OblBoo cmoKa, 10 - ceemoc)uoc), 11 - <ftmoponAa
cmoeaJl enyAKa, 12 - pe3ucmop {PUAbnpa, 13 - eMKOClilb 
{/jUAbnpa, 14 - Obl800bl, 15 - <fimopon/lacnoBble U30/1Jl1!l0Pbl 
obrnoooe, 16 - Kopnyc ceenoc)uooa, 1 7 - npor.AaoKa U3 
11aeca11a, 18 - ripy6Ka- 3Kpau pe3ucmopa <fiu.11bmpa. 
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Puc. 4. 3aeucuMo·cmb pa3pewe-
11u.11 om moKa cmoKa. Ilpeoycu
AumeAb - C UMnYAbCHOU cee
moeou 06pam11oi1 C6Jl3b10, pa3-
pewe11ue no. zeuepamopy c noo
coeou11e1111b1M oemeKmopoM. 

Puc. 5. 3aeucuMocmb Keaopama 
pa3pewe11u.11 om r-1 • Kpuea.11 1 -
:moK cmoKa 7, 5 MA, Kpuea.11 2 -
llioK- cmoKa 13 MA. 

rnyMa, KOTOPhlH Bhl3hIBaeTC.H TOKOM yTe'IKH .neTeKTopa. lfa -
MepeHHhlH He3aBHCHMhlM cnoco6oM, 3TOT TOK COCTaan.Hn 
/2-3/.1O-13A. Pac'leTHoe 3Ha'leHHe rnyMoBoro BKna.na; eLi-

3hIBaeMoro TaKHM TOKOM, ,nn.H r IP· == -~- MKc cocTaBn.HeT: 
30-40 3B. Kpuaa.H 1 Ha puc. 5 qoKa3LIBaer, 'ITO, ,neiicT-· 
BHTenLHO, HMeeTCH BKna.n napannenLHoro 6enoro rnyMa, 
BeJIH'IHHa KOToporo C xopomeii TO'IHOCThIO COBna.naeT C ero 
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pacqeTHhIM 3Ha'leHHeM. ,[(ml .TOKa. CTOKa I CT.= 13 M!i, 
/KpHBa.H 2 Ha puc. 5/ H,neHTH<liHKaUH.H lllyMa He TaKa.H o,nHo-
3Ha'IHa.H, KaK ,nn.H ToKa a 7 ;5 · MA. Ha.·.· nepBhIH B3rJIHA, 
H36hlTQ'IHLiii iIIyM MO:>KHO · 6Lmo· 6i.1 CB.ff3aTh c yae_nH'leHHeM 
TOKa yTetiKH "AeTeKTOpa H noBhlllleHHeM napannem;l{Oro 
6enoro lllyMa. OAHaKO ·J{onoJIHHTem,Hhie, .H3MepeHH.H noI<a.'-
3a.JIH, 'ITO TOK" yTe'IKH cna6o 3aBHCHT OT TOKa cToKa none
aoro TpaH3HCTopa .. Ha6nroAaeMLiii H36LITO'IHi.1ii lllYM Mo:>Kiio 
o6'h.HCHHTh, ecJIH npeAnOJIO:>KHTh, 'ITO yBeJIH'leHHe "TOKa 
CTOKa ae,neT K 3Ha'IHTenhHOMY nOBhillleHHIO lllyMa THna 
1/fil ,r.ne n > 1, TO eCTh K nOBhillleHHIO npotieccoB, CB.H3aH
HhlX C .HBJieHHeM 3aXBaTa OCHOBHhIX HOCHTeneii TOI<a B Ka
HaJie, H yaenH'leHHIO TaK Ha3bIBaeMoro reHepaUHOHHO· 
peKoM6HHaUHOHHOro lllyMa .. 

KPEMHHEBhIH ,l!ETEKTOP 

reoMeTpHIO AeTeKTopa H OCHOBHhie onepaUHH no ero 
H3rOTOBJieHHIO Mhl onucanH paHee /I·~ CTpeM.HCh nony'IHTh 
xoporno KoMneHcHpoBaHHhIH i -cnoii, oco6oe BHHMaHHe MLI 
YAeJIHJIH CTaAHH BblpaBHHBaIOU(ero ,npeii<Iia. 3Ta onepauH.H 
,nJIHJiaCh 5-6 ,nHeii npH YMepeHHOM pe:>KHMe: TeMnepaTypa 
65-70° C, Hanp.s:>KeHHe :S: 100 B, 06paTHi.1ii TOK 30-70 MKA. 
CTeneHh KOMneHcaUHH B npouecce BhlpaBHHBaHH.H KOHTpo
irnpoaanach no xo,ny 38.BHCHMOCTH 1/CAeT.==f(u ), a Haro
TOBhlX ·· .neTeKTopax ., no cKOpocTH c'leTa no.n qioionHKOM 
IlHHHH E y = '59 ,6 K3B npH pa3IlH'IHhIX Hanp.H:>KeHH.HX CMell(e - . 
HH.H. Ha puc. 6 rioKa3aHhl pe3yJILTaThl TaKHX H3MepeHHH 
,nn.H ,nayx ,neTeKTOpoB. BH,nHo, 'ITO AJIH xopOlllO CKOMneHcH
poaaHHOro ,neTeKTopa ./H8/ BenH'IHHa o6paTHOH eMKOCTH 

1 
3<1i4'eKTHBHOCTh C'leTa I 60 ~n.H 3HeprHH H 

CaeT. 

Ey =s6O K3B _npaKT_H'leCKH He MeH.HioTC.H, Ha'IHiia.H C Ha

npH:>KeHHH .40-50 B. He.nocTaTO'IHoe BhipaBHHBaHHe /,neT • 
.N213/ npHBOAHT K TOMY. 'ITO HaCblll(eHHe He ,noCTHraeTCH 
,na:>Ke npu Hanp.H,iceHH.HX 800-1000 B. 0 xopollleii KoM
neHcauHH CBH,neTeJihCTByeT H TOT qiaKT. 'ITO,, Ha'IHHa.H C 
Hanp.ff:>KeHHOCTeH·' nonH ff, ·= 25-30 Bf MM /Hc"n'onb30Ban~CL 
,neTeKTOphl C TOJIU(HHOH 'lyBCTBHTeJihHOH o6naCTH 
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Puc. 6. 3aBUCUMOCmb c-1 Oeme,aaopa u Ot:IIIOCUr.JeAbl-lOU 
3¢¢e,cmue11ocmu pe2ucmpa11uu U3Ay'1euu.11 c :mep2ueu 
59,6 K3B om 11anp.11J1Ceuu.11 cMeUJeuu.11. 
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W = 4-4,5 MM/, pa,3peweHHe AOCTaTO'IHO XOpowee H CJia6o 
MeHHeTC.H c nOBhIWeHHeM non.11 / puc. 7/. 

Ha puc. 8 npHBeAeH OAHH H3 cneI<TpOB, nonyqeHHhlH 
c nOMOillblO ,n;eTeKTOpa TOJIIllHHOH W = 4,2 MM, H c qya
CTBHTeJILHOH noaepXHOCThIO s = 30 MM 2 . Pe3yJILTaTLI no 
pa3peweHHIO · AJI.H APYrHX :rneprHii peHTreHOBCKoro H3Jiy
qeHH.H npHBeAeHLI n ma6A. 1. 

Ta6AUlja 1 

EI K3B ] 3,69 4,51 5,41 5,9 · 6,4 8,05 14,4 26,4 59,6 
-

EsKc"n. 152 156 162 168 178 185 225 290 430 
(sB) ±4 ±6 ±8 ±18 ± 18 

Ecr. 88 97 lexi 111 116 130 174 235 354 
(3B) 

B 3TOH )Ke Ta6nH.ue npHBeAeH TeopeTH'IeCKHH npeAeJI 
pa3 peweum1 npH .il E3 n~ 0, onpeAeJI.HeMLIH cTa THCTHKoii 06-
pa3onauH.11 3JieKTPOHHO-ALipO'IHLIX nap / .il E cm""2,35 VF f E /, 
BLI'IHCJieHHLIH n npeAnOJIO)KeHHH, 'ITO tliaKTOP <l>auo F = 0, 1. 
O'IeBHAHO, 'I.TO, Jla'IHHa.H C 3HeprHH 5-6 K3B /npH AOCTHr

HYTOM ypoBHe WyMoB/' BKJiaA AeTeKTopa CTaHOBHTC.H npe -
o6naAaIOii.{HM. HenonHoe H ueoAH0POAHOe co6HpauHe 3ap.11Aa 
B AeTeKTope ellle 60JihWe yneJIH'IHBaeT 3TOT BKJiaA. 

qT06L~ npoauaJIH3HponaTL Ka'IeCTBO AeTeKTOpa, 06-
paTHMC.H K paccMOTpeHHIO 3KCnepHMeHTaJihHO nonyqeuuoii 
3aBHCHMOCTH pa3peWeHH.H OT 3HeprHH perHCTpHpyeMLIX 
KBaHTOB /ma6A. 1/. CyMMapuoe/annapaTypuoe/pa3peweuHe 
B 3aBHCHMOCTH OT 3HeprHH E. MO)KHO 3anHCaTh B 06IlleM 
BHAe TaK: 

. ' 2 2 2 
(.il EsKcn) = (~Esn) + aE + bE , 

rAe .ilE ·an. - wyMhl 3JieKTpoHHKH, a E - BKJiaA 3a cqeT 
tlinyKTya.uHH · 'IHCJia o6pa3oBaHHhIX H co6paHHhIX nap npH 
cpeAHeii /OAHOPOAHOH no nJIOillaAH AeTeKTopa/ noTepe 3ap.H
Aa - A- , bE 2 - BKJiaA 3a C'IeT pa36poca napaMeTpa noTepL 

13 



~"' .. 

14 

N 
)C 

cg 
'!I ~ !qt ..,, 
c-,,,J ..... ~ 

1-•'\•c•·•_. 
".,. .,, ,, 

j !!--.•.:: ·: :. ~( .... J1~' ·,· .. ... ~J 
m 

a. N 0 
\;1<0:::,;::i,00 
t::i:·~:::,;-4' 

j o"" •• 
J'7~~ 
·- <n ~ :j""" <n 

C. 

"" 
~ 

~ 

§ 

~ j 
~ ~ -<:·. • • ••• t:I .. . . . .. 

~ .... . . 

Ill 
~J • 

. ·-- ... ~ f~ ,., 
t~-(:'\ 
u li~ -~ . . . . . 

~ a~~- ... . . . . . . . ·t • • • . ....... , . § 
.., 

oVDHO>j Q w1ho 
0 

::, 
u 
::s 

qJ 

~ 

... u 
co: ::s 
:i: 
(U 
)" 
..... 
~ 
Cl) 
::s 
0 
(\j 

0 
:c 
t.J 
I:> 
0 
:i: 
(U 
(\j 

1! 
:i: 
(U 

Cl,.. 

~ 
:c 
()J. 

s.::: u 
01) 

t.J 
::s 

Q,, 

.,,_ 

A no nJIOI.Qa,IJ;H ,IJ;eTeKTopa. Pe3yJihTaTbI ma6A. 1 npHBe,IJ;eHbl 

Ha puc. 9 B Y.D:06Hoii ,IJ;JIH aHaJIH3a rbopMe (d EaKczJ.2 .. f {E ). 

IlpHMaH, npoBe,IJ;eHHaH MeTO,IJ;OM HaHMeHhWHX KBa,D;paTOB 

qepe3 3KcnepHMeHTaJibHhie TO'IKH, OTCeKaeT Ha OCH op

,IJ;HHa T 3Ha'leHHe, cooTBeTCTBYIOil.lee ,1 E an;' 113±9 3B, 
'ITO ,IJ;OCTaTO'IHO xopowo COBna,IJ;aeT C H3MepeHHhlM no re -

Heparopy -1Ean.= 115 3B. Xopowee BhIITOJIHeHHe JIHHeiinoii 

3aBHCHMOCTH (.1E3Kcrr) 2 .. (.1E3n) 2+aE,Ka3aJioch 6L1, roBo

pHT 0 He O'leHb cyIQeCTBeHHOM BJIHHHHH HeO,IJ;HOpO,IJ;HOCTeii 

Ha pa3peweaHe ,IJ;eTeKTopa. 

BbI'IHCJieHHOe no HaKJIOHY npHMOH 3rbrbeKTHBHOe 3Ha'-le -

HHe rbaKTopa <1>.aHo F acpcp. = 0,126±0,08. OTMeTHM, '-ITO 

aHaJIH3 ny'-IWHX pe3yJibTaTOB no cneKTpOMeTpHH peHTreHOB· 

CKoro H3JIY'leHHH, npHBO,IJ;HMhlX B JIHTepaType / 12 , 13 /, ,IJ;aeT 

BeJIH'-IHHY F acpcp.= 0,12-0,13 /.IJ:JIH ,IJ;eTeKTOpOB HeCKOilhKO 

MeHhWeii nJiol.Qa,IJ;H - 10-20 MM2/. 
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Puc. 9. 3aeucuMocmb Keaopama pa3peweuuJt om 3Hepzuu. 
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'leHUJt 0-A.Jt E == 115 3B u F = 0,08, F = 0,1 u F qicp= ~ 3n :a • =01 ,\ • 
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H3MepHH pa3peweHHe npH pa3IlH'IHhIX HanpH:>KeHHHX H 

npoBOJJ,H 3KCTpanonHll,HIO K 6ecKoHe'IHO 6onhWOMY nonro, 

MhI nonyqunu "ucTHHHoe" 3Ha'leHue <l>aKTopa <l>aHo F = 
= 0,098. I.J;ynnurep /1 4/npHBOJJ,HT 3Ha'leHHH F = 0,08-0,09, 

nony'leHHhie aHanorH'IHhIM o6pa30M. qT06hl o6'hHCHHTh 3a

MeTHOe npeBhIWeHHe F acpcp. BenH'IHHLi 0,08-0,09, HaJJ,o 

JJ,onycTHTh, 'ITO cpeJJ,HHe noTepu 3apHJJ,a B HaweM cny'lae 

COCTaBnHIOT 3-4o/o. OJJ,HaKO H3MepeHHH npH pa3nH'IHhIX Ha

npH:>KeHHHX IlOKa3anH, 'ITO OHH He npe:ahIWaIOT l ,5o/o J],IlH 

E = 5,9 K3B H MOHOTOH,HO y6hIBaIOT J],0 3Ha'leHHH X = O,3o/o 

npH 3HeprHH. Ey = 59,6 K3B, 'ITO He MO:>KeT o6'bHCHHTh 

Ha6n10JJ,aeMhIX pe3ynhTaTOB /KPIIBaH Facpcpl"O,IO+A, puc. 5/, 
oco6eHHO npII 3HeprHHX 26,4 II 59,6 K3B. 

Bo3MO:>KHhl JJ,Ba o6'hHCHeHHH: 

1/ HeoJJ,HopoJJ,HOCTH Bee :>Ke urparoT cyw:ecTBeHHYIO ponh, 

oco6eHHO npH 6onbllIHX' 3Hepi:-HHX. . 

2/ Cyw:ecTBYIOT IlOTepII 3apHJJ,a, He 3aBHCHW:He OT Ha

IlpH:>KeHHOCTH nonH, H BenH'IHHa HX -1- 2o/o. 

3AKJIJO qEHHE 

• AHanH3 nony'leHHhIX pe3ynhTaTOB . Il0Ka3bIBaeT, 'ITO, 

HCil0ilh3YH npeJJ,yCHilHTenh C HMilYilhCHOH CBeTOBOH o6paT

HOH CBH3hl0 H yBenH'IHBaH BpeMH <IiopMHponaHHH J],0 r <p = 
= 8- 16 MKC, l\,JO:>KH0 CHH3HTh 6enhIH nocneJJ,oBaTenhHhIH 

IIIYM JJ,o ypoBHH 40 - 45 :JB, · napannenhHhIH - JJ.0 30 - 35 :JB 
/npH o6pa THOM T0Ke JJ,eTeKTOpa 10 -l ~v. OCHOBHaH co

CTaBnHIOW:aH 3neKTPOHHoro pa3p'eweHHH /105 3B/ - WYM 

Tuna 1 / f , KOTOphIH He 3aBHCHT- OT BenH'IHHhI nocTOHHHOH 

npeMeHH <l>opMHpoBaHHH curHana H onpeJJ,emieTcH noneBhIM 

TpaH3HCT0p0M. YMeHhWeHHe 3TOH COCTaBnHIOI.QeH-B03MO)K

HO T0ilhK0 3a C'leT C0BepweHCTB0BaHHH TeXHonorHH H3 -

roT0BneHHH noneBhIX TpaH3HCT0p0B, HanpanneHH0ro Ha CHH

:>KeHHe HH3K0'laCTOTHhlX IIIYMOB. 

BKnaJJ, JJ,eTeKTOpa Ha 3HeprHH 5,9 ll3B C0CTaBnHeT 

120 3B II, B OCHOBHOM, o6'hHCHHeTCH CTaTHCTHKOH o6pa-

30Ba_HHH nap. Ha 3HepruHx 30-60 K:JB Ha6n10JJ,ae'I'cH He:

K0Topoe . npeBhIIIIeHHe pa3peweHHH ·HaJJ, paC'leTHhlM 3Haqe

HHeM /430 3B BMeCT0 380 3B npH E = 59,6 K3B H 

F= 0,1/. Ha6n10JJ,aeMhle cpeJJ,HHe noTepu 3apHJJ,a He 061>Hc-

16 

HHIOT 3TOro npeBhIWeHHH, ecnu He npeJJ,IlOJI0)KHTh cyw:ecT

BeHHOH HX HeO,n;HOp0JJ,H0CTH HnH HanH'IHH noTeph 3apHJJ,a 

-1- 2o/o, He 3aBHCHW:HX OT Hanp11:>KeHH0CTH nonH. 

Ilony'leHH0e pa3peWeHHe C00TBeTCTByeT yp0BHIO nyq

WHX 3apy6e:>KHhIX KOMMepqecKHX cneKTpoMeTpOB. 

H3rOTOBneHHhlH cneKTpoMeTp HCD0ITh3yeTCH B lla6opa

T0PHH HJJ,epHhIX peaK11,Hi y:>Ke nonroJJ,a 6e3 3aMeTHoro 

yxyJJ,WeHHH xapaKTepHCTHK. 

ABT0Phl npHH0CHT 6naro.n;apH0CTh aKaJJ,eMHKY r .H.<l>ne

poBy 3a U0CTOHHH0e BHHMaHHe H no,n;JJ,ep:>KKY pa6oT no 

peHTreHoBcKoii cneKTpoMeTpHH. EnaroJJ,apHM A.B.CoKo

nona, P .A.HHKHTHHY H A.H.Ky3He11,ona Ja noMOlQh npu 

H3r0TOBITeHHH ,n;eTeKT0P0B H HaCTPOHKe ycHnHTenH cneKT-

poMeTpa. 
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