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Pacnpep;eneHHR HanpRmeHHOCTH 3neKTPH4ecKoro nonR ap;onb pap;Hy
ca p;eTeKTOpa AnR pa3nH4H~X HanpRmeHHH CMe~eHHR B~4HCnR~TCR no 
l)>opMyne1 3/ 
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C nOM~b~ 3TOH I)>OpMyn~ MOmHO O~eHHTb eenH4HHY HanpRmeH~OCTH 
nonR y OMH4eCKOrO KOHTaKTa p;eTeKTOpa, KOTOpaR p;onmHa 6~Tb 
-100 B/MM p;nR C03AaHHR XOpOWHX ycnOBHH C06HpaHHR HOCHTeneH 3a
pRp;a. 

AnR yp;o6cTea pa6oT~ ~enecoo6pa3HO nonb30BaTbCR Ta6nH~aMH 
/I)>OpMyna /3// p;nR HaH6onee 4aCTO BCTpe4a~~HXCR 3Ha4eHHH pa3-
HOCTHOH KOH~eHTpa~HH npHMeCH H p;HaMeTpOB KPHCTannoe. 

H3 OTo6paHHOrO TaKHM o6pa30M HCXOAHOrO repMaHHR MOmHO H3ro
TOBHTb p;eTeKTOp Tpe6yeMOH reoMeTpHH. 

PHc.J. CTPYKTypa KOaKCHaJibHOro 
p;eTeKTopa H3 ceepx~HcToro rep
MaHHH. 

PHc.2. llpHcnoco6Jie.HHe p;JIR Bblpe3-'t.. 
KH KpyrJiblX 3arOTOBOK H3 repMa- , 
HHH. 

MEXAHH4ECKA~ H XHMH4ECKA~ 06PA60TKA 

Pe3Ka cnHTKOB ocy~ecTenReTCR cne~HanbH~MH nonoTHaMH c BOAHOH 
3MynbcHeH MHKponopowKa M-20 HnH anMa3H~MH AHCKaMH. Kpyrn~e 3aro
TOBKH B~pe3a~TCR Ha cne~HanbHOM CTaHKe CTanbH~MH HnH naTyHH~MH 

nyaHc~HaMH /pHc.2/. fepMaHHeeaR nnacTHHa, H3 KoTopoH Heo6xop;HMO 
Bblpe3aTb Kpyrny~ 3aroTOBKy, KpenHTCR wennaKOM Ha p;He MeTannH4ec
KOH 4aWKH. 4aWKa YCTaHaBnHeaeTCR B CTaHHHe CTaHKa /3/ H .3anHea
eTCR BOAHOH 3MYnbcHeH MHKponopowKa M-20. YcHneHHe, nop;aeaeMoe 
Ha pemy~HH ~HcTpyMeHT /4/, perynHpyeTCR c noM~b~ rpy3a /5/, nop;
eeweHHoro K MexaHH3MY nop;a4H. 
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B 3aroToeKax An~ KOaKc~anbH~x AeTeKTopoe c noM~b~ nyaHCOHOB 
C BOAHOH 3Mynbc~eH M~KponopowKa ~ anMa3H~X ~~n~HAP~4eCK~X ceepn 
B~pe3aeTC~ 11KOnOAe~ 11 • Wn~!I>OBKa CTeHOK 11 KOnOA~a 11 B~nonH~eTC~ na
TyHH~M~ ~ ~ToponnacToB~M~ np~T~paM~ c M~KponopowKoM M-20 + M-5. 
nocne Wn~!I>OBK~ o6pa3~~ T~aTenbHO OTM~Ba~TC~,o6e3*~P~Ba~TC~ ~ 
Tpae~Tc~ aHanor~4HO o6pa3~aM An~ Ge(Li) AeTeKTopoe. 

H3rOTOBREHHE p-n nEPEXOAOB H OMH4ECKHX KOHTAKTOB 

Pa3pa6oTaHo HecKonbKO MeTOAOB H3roToeneH~~ p-n nepexoAOB H 
OMH4eCKHX KOHTaKTOB B repMaH~~ B~COKOH 4HCTOT~: OKHCneHHeM, AH$
!I>Y3HeH, HMnnaHTa~~eH H c Hcnonb30BaHHeM cnnaBHOH TexHonor~H/ 4 • 51. 
Bee 3TH MeTOA~ no3eon~~T nony4aTb xopowHe pe3ynbTaT~. B~6op M~To

Aa 3aBHC~T OT THna AeTeKTOpa, era Ha3Ha4eHHH ~ ycnoB~H, B KOTO
p~X e~nonH~eTc~ pa6oTa. 

Y KOaKCHanbH~X AeTeKTOPOB OMH4eCKHH KOHTaKT ~3rOTaBnHeaeTC~ 
ennaeneHHeM e repMaHHH ~HAHH-rann~eeoro cnnaea. HecMoTp~ Ha To, 
4TO K03!I>!I>H~~eHT~ nHHeHHOrO pacw~peHH~ repMaHH~ H HHAH~ pa3n~4H~, 
~HAHH HMeeT H~3KHH npeAen TeKy4eCT~, n03TOMY He B03HHKaeT Mexa
HH4eCKHX Hanp~*eHHH. HeAOCTaTOK HHAH~ B TOM, 4TO Y Hero Man 
K03!I>!I>H~HeHT pa3AeneHH~ /0,001/. Afl~ Taro, 4T06~ nOB~CHTb KOH~eHT
pa~H~ npHMecH, npHMeH~~T cnnae ~HAH~ c He6onbWOH A06aeKOH /~ 1%/ 
rannH~, KOTOP~H HMeeT K03!I>!I>H~~eHT pa3AeneHH~ 0, 1. B HaweM cny4ae 
coAep*aHHe rannH~ e cnnaee cocTaen~no 0,13%. Cnnae roTOBHnc~ e 
rpa!I>HTOBOH nOA04Ke np~ TeMnepaType 950°C B aTMOC!I>epe aproHa. 
flnR vnV4WeH~R C.M~4~R~H~R H~ CTeHK~ KOnOnua neTeKTODa Han~nRnOCb 
3ano~o. 06pa3e~ c 11 KonoA~eM11 , 3anonHeHH~M cnnaeoM HHAHH-rannHH, 
noMe~ancR e rpa!I>HToey~ onpaeKy, KOTopaR Harpeeanacb AO 365°C e 
aTMOC!I>epe aproHa HnH BaKyyMe B Te4eHHe 10 MHH C nocneAY~~HM MeA
neHHbiM oxna*AeHHeM I - 2 rpaA. /MHH/. nocne oxna*AeH~R AO 165°C 
cnnae en~ saneR H3 11 KonoA~a 11 , a ero ocTaTK~ co cTeHoK 
11 KonoA~a 11 /nocne nonHoro oxna*AeH~R/ y6Hpaimcb TpaeneHHeM e 
50%-HOM paCTBOpe COnRHOH KHCnOT~,HarpeTOH AO -50°C.nocne OTM~e
KH o6pa3~a AHCT~nnHpOBaHHOH BOAOH H3rOTaBn~eancR p-n nepeXOA. 

Ha nnocKonapannenbH~x AeTeKTopax ~3 ceepx4~cToro rep
MaHHR p-THna OMH4eCKHe KOHTaKT~ 4a~e BCero C03AaeanHCb C nOMO~b~ 
HOHHOH HMnnaHTa~HH rannH~ HnH 6opa. Xopowo npoTpaeneHH~H o6pa3~~ 
ycTaHaenHeanc~ Ha KonneKTope ~MnnaHTaTopa noA yrnoM 57° K Hanpae
neHH~ ny4Ka HOHOB An~ Taro, 4T06~ MaKCHMYM pacnpeAeneHH~ BHeA
peHH~X aTOMOB HaXOAHnCR KaK MO*HO 6n~*e K noeepXHOCT~ Kp~CTanna. 
Ao3a o6ny4eHHR cocTaBnRna 5 ·1014 HOHoe/cM 2 , 3HeprH~ eHeApeHH~ -
aT 10 AO 20 K3B. OT*Hr Ae!l>eKToe, o6pa3oeaew~xc~ e npo~ecce ~MnnaH
Ta~HH, npoBOAHnc~ e eaKyyMe npH TeMnepaType 400°C e Te4eH~e 
30 MHH. 

B HeKOTOp~X Cny4a~X OMH4eCKHe KOHTaKT~ H3rOTaBn~eanHCb OKHC
neH~eM noeepxHOCTH, KaK onHcaHo e pa6oTe 161, c nocneAY~~M Ha
n~neHHeM cno~ 3anoTa HnH na~aA~~. B 3TOM cny4ae eHa4ane ca3Aa
eanc~ p-n nepeXOA. 
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An~ nony4eH~~ p-n nepexoAa Ha ~eHTP OAHOH ~3 noeepxHocTeH 
o6pa3~a, xopowo OTWn~!I>OBaHHOH, OT~TOH ~ o6e3*~peHHOH, Han~n~
eTC~ TOHK~H cnoH 3anoTa. A~aMeTp 3anoToro n~THa Ha 1~2 MM 6onb
we A~aMeTpa nony4aeMoro p-n nepexoAa, ceepxy Han~n~eTc~ MeTann~-
4eCK~H n~THH,~ npOBOA~TC~ AH!I>!I>Y3~~ 4epe3 cnoH 30nOTa npH TeMne
paType 340° C. 

B cny4ae ~MnnaHT~poBaHHOrO OMH4eCKOrO KOHTaKTa p-n nepeXOA 
H3raTaBnHBanc~ nocne OMH4eCKOrO KOHTaKTa, a AH!I>!I>Y3H~ nHTH~ OAHO
epeMeHHO B~nonH~na ponb nOBTOpHoro OT*~ra paAHa~~OHH~X Ae!l>eKTOB. 

noc~e A~!I>!I>Y3HH n~TH~ B o6pa3~e C noM~b~ CTaHKa /pHc.2/ B~pe-
3anacb 3a~HTHa~ KaHaBKa, WHP~Ha KOTOpOH nepeKp~eana rpaH~~y 
AH!I>$Y3~H, rny6HHa cocTaen~na -2/3 Ton~HH~ o6pa3~a. nocne 
3a~HT~ 3neKTPOAOB KaHaBKa ABa*A~ TpaeHnacb no 3·M~H. 

Y KOaKCHanbH~X AeTeKTOPOB p-n nepeXOA C03AaeTC~ AH!I>!I>Y3~eH nH
T~~ npH TeMnepaType 325°C. An~ 3Toro o6pa3e~ ycTaHaen~aaeTc~ B 
cne~HanbHOM HarpeeaTene, pa3Me~eHHOM e eaKYYMHOH ycTaHoeKe. nocne 
nony4eH~~ Heo6xaAHMoro eaKyyMa ~ nporpeea o6pa3~a AO 300°C Ha 
ero eHewH~~ noeepxHaCTb H3 4eT~pex eonb!l>paMOBbiX Hcnap~TeneH Ha
n~n~eTc~ n~THH. A~!I>!I>Y3~~ npoBOAHTC~ e Te4eH~e 7 M~H, 3aTeM o6pa-
3e~ 6~cTpO oxna*AaeTC~. 0CTaTK~ OK~C~ nHTH~ OTM~Ba~TC~ B BOAHOM 
paCTBOpe 3T~noeoro cnHpTa, H OTKp~T~H Tope~ o6pa3~a HeCKOnbKO 
pa3 TpaBHTC~ CMeCb~ a30THOH H nnaB~KOBOH KHCnOT /1:3/ no 5 M~H 
C noM~b~ nonH3THneHOBOH nHneTKH. raTOB~H o6pa3e~ ~3 repMaHH~ 
B~COKOH 4~CTOT~ ynaKOB~BaeTC~ B onpaBKY H Kp~OCTaT TaK *e, KaK 
H !epMaH~H-nHTHeB~H AeTeKTop. 

MOHTAm AETEKTOPA 

Tpe6oeaH~~. npeAo~en~eM~e K KpHocTaTaM An~ AeTeKTopoeu~3 ceepx-
4HcToro repMaHH~, TaKHe *e, KaK H An~ KP~OCTaTOB repMaHHH-n~TH
eB~X cneKTpoMeTpoe. AeTeKTop~ ~3 ceepx4HCToro repMaHH~ MoryT Aon
roe epeM~ HaXOA~TbC~ npH KOMHaTHOH TeMnepaType, na3TOMY epeM~ 

Ha ~X MOHTa* ~ OTKa4KY KpHOCTaTa /B OTnH4He OT Ge(Li)-AeTeKTOpOB/ 
He HMeeT CTpor~x orpaHH4eHHH. 

Afl~ CHH*eHH~ ypOBH~ M~Kpa!I>OHH~X WYMOB KOHCTPYK~H~ KpHOCTaTa 
AOn*Ha 6~Tb *ecTKOH, xnaAonpoeoA-MaccHBH~M. TeMnepaTypa AeTeKTopa 
B KpHOCTaTe 6n~3Ka K TeMnepaType *~AKOrO a3oTa. 0TKa4Ka KPHOCTa
TOB OCy~eCTBn~eTC~ BaKyyMH~M nOCTOM C napoMaCn~H~M HaCOCOM ~ 

c~cTeMOH e~Mopa*~Ba~~x a30TH~X noeyweK. 
~~ ynaKOBKH AeTeKTOpOB HCnOnb3y~TC~ TaKHe *e onpaBKH, KaK H 

An~ repMaHHH-n~THeB~X AeTeKTOPOB. no-npe*HeMy AeTeKTOp~ ynaKo
B~Ba~TC~ c oxna*AeHH~M KacKaAOM npeAYC~nHTen~ ~ 6e3 Hero. AeTeK
Top~ naAKn~4a~Tc~ n~6o napannenbHO BXOAY npeAYCHn~Ten~,nH6o no
cneAOBaTenbHO B 3aBHC~MOCT~ OT een~4~H~ eMKOCTH AeTeKTOpa ~ na
pa3~THOH eMKOCT~ Ha BXOAe, a TaK*e OT eenH4HH~ TOKa AeTeKTOpa. 
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H3MEPEHHE XAPAKTEPHCTHK AETEKTOPOB 

BonbT-aMnepH~e xapaKTepHCTHKH H3Mep~~Tc~ Ha ecex AeTeKTopax 
c noMO~b~ npH6opa, onHcaHHoro ·a pa6oTe/7/. OnpeAenHB Hanp~me
HHe, npH KOTOPOM Ha6n~AaeTC~ pe3KOe yeenH4eHHe TOKa, Heo6XOAH
MO CHH3HTb era Ha 10%, 3TO H 6yAeT MaKCHManbHO AOnyCTHMOe Hanp~
meHHe An~ AaHHoro AeTeKTopa. Pa6q4ee Hanp~meHHe /Hanp~~eHHe, 
npH KOTopoM nony4aeTc~ HaHny4wee 3HepreTH4ecKoe paapeweHHe/, 
KaK npaBHno, B 1,572 pa3a 60nbWe Hanp~meHH~, npH KOTOpOM 4YBCT
BHTenbHa~ o6naCTb pacT~rHBaeTC~ OT 3neKTPOAa AO 3neKTPOAa. 

ToK AeTeKTopoe npH pa6o4eM Hanp~meHHH Kone6neTc~ y KoaKcH
anbH~x AeTeKTOPOB OT 1 o-12 AO 1 o-10 A, y nnaHapH~X - OT 1 o-13 AO 
10-10 A. 

BonbT-$apaAH~e xapaKTepHCTHKH YA06Ho H3Mep~Tb c noMO~b~ npH-
6opa c Henpep~BH~M noKaaaHHeM eMKOCTH AeTeKTopa. CxeMa TaKara 
npH6opa npHBeAeHa Ha pHc.3. 

PHc.3. H3MepHTenb eMKOCTH nonynpoBOAHHKOBhlX AeTeKTopos. 

nnaBHO noAaBa~ Hanp~meHHe Ha AeTeKTOp, He06XOAHMO cneAHTb 3a 
H3MeHeHHeM eMKOCTH. Hanp~meHHe, npH KOTOpOM npeKpa~aeTC~ H3Me
HeHHe eMKOCTH, yKa3~BaeT Ha TO, 4TO 4YBCTBHTenbH~~ cno~ paCT~
Hync~ OT 3neKTPOAa AO 3neKTPOAa. 

3HepreTH4eCKOe paapeWeHHe H 3$$eKTHBHOCTb H3Mep~~TC~ T04HO 
TaK me,KaK H y repMaHH~-nHTHee~x AeTeKTopoe 171. 

3AKI104EHHE 

OnHcaHHa~ TexHonorH~ HaroToeneHH~ AeTeKTopoe H3 ceepx4HCToro 
repMaHH~ noaeon~eT nony4aTb npH6op~ e~coKoro Ka4eCTBa, npeAHaa
Ha4eHH~e An~ peweHH~ 3aAa4 3KcnepHMeHTanbHO~ ~AePHO~ $H3HKH. 
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3HepreTH4eCKoe paapeweHHe TaKHX AeTeKTopoe npH npaeHnbHO e~6-
paHHbiX napaMeTpax MaTepHana H MeTOAHKH H3rOTOBneHH~ 6nH3KO K 
npeAenbHOMy. 

B o6nacTH M~rKHX 3HeprH~ y-Hany4eHH~ 3HepreTH4eCKOe paape
weHHe 3aMeTHO 3aBHCHT OT THna 3aP~A04YBCTB~TenbHOrO npeAYCHnH
Ten~ /T04Hee, OT THna o6paTHO~ CB~3H npeAYCHnHTen~/. Ha pHc.4 
npeACTaeneHbl annapaTypHble cneKTP~ 55 Fe lEy = 5, 9 K3B/, nony4eH
H~e C nOMO~b~ AeTeKTOpa H3 CBepX4HCTOrO repMaHH~ /50 MM 2 x7 MM/ 
An~ Tpex paanH4H~x THnoe o6paTHO~ ce~aH: peaHcTopHo~, cToKoeo~ 
H onToce~3H. Yny4weHHe paapeweHH~ An~ onTOCB~3H no cpaeHeHH~ 
c peaHcTopHo~ cocTaen~eT -30%. BoaMomHo HcnonbaoeaHHe AeTeKTopoe 
H3 ceepx4HCToro repMaHH~ An~ perHcTpa~HH aap~meHH~x 4aCTH~. npH
MeHeHHe TaKHX AeTeKTopoe An~ H3MepeHH~ cnowH~x no3HTPOHH~x cneKT
poe noaeonHno 3KcnepHMeHTanbHO onpeAenHTb rpaHH~Y npoTOHHO~ 
ycT0~4HBOCTH HyKnHAOB /B/. HcnonbaoeaHHe cne~HanbH~x $HnbTPOB c 
nornoTHTeneM AaeT B03MOmHOCTb 3Ha4HTenbHO yeenH4HTb H36HpaTenb
HOCTb perHCTpa~HH 3neKTpOHOB, B 4aCTHOCTH 3neKTpOHOB BHyTpeHHe~ 
KOHBepcHH /3BK/. An~ Hnn~cTpa~HH Ha pHc.S /BHH3y/ npHBeAeH~ 
$parMeHTbl cneKTpa 3BK 207Bi , nony4eHHble C nOMO~b~ cneKTPOMeTpa 
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YCHnHTenH: /1/-pe3HCTOPH~H CBH3b; /2/-CTOKOBaH CBH3b; 
/3/-0nTOCBH3b. 
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PHc.5. ~parMeHThl cneKTPOB 3neKTpOHOB BHyTpeHHeH KOHBep
CHH 207Bi , nonyqeHHhle C llOMO~biD AeTeKTOpa H3 CBepxqHCTo-
J:u .l't=:jJMCU111.J1 t.,.;. l'UlJUHJ...I.d.t.lbJ"lbU''l Md.l'J1.11.'1'HD.lM q,HJJ.b'J'lJUM / H.t'Ul\nn;; yn 

CYHOK/ H 6es ~HnbTpa /BepXHHH PHCYHOK/. 

/ 11MI1HI1-aneilbCI1H''/ ,co4eTaiO~ero AeTeKTop 113 caepx411CToro repMa
H11~ pa3MepOM 50 MM2X 7 MM 11 TOp011AailbH~H $11IlbTp 113 nOCTO~HH~X 
MarH11TOB, pacnOilQmeHHhlX BOKpyr ~eHTpailbHOrO nOrilOTI1Teil~ 113 BOilb
$paMa. AaHo cpaaHeHI1e co cneKTPOM 3BK, noily4eHH~M e OTCYTCTBI1e 
$11IlbTpa. 

AeTeKTop~ 113 ceepx411cToro repMaHI1~ 11MeiOT Mail~e 11 BXOAH~e OK
Ha11 I - 700 'A!, 4TO B11AHO 113 p11c. 6, Ha KoTopoM noKa3aH cneKTP 
a -4aCTI1~~ 23Bpu, noily4eHH~H c noM~biO HPGe AeTeKTopa /3Hepre

TI14ecKoe pa3peweH11e - 0, 2%/. 
HeMailoeamH~M npei1My~ecTe.oM AeTeKTopoa 113 repMaHI1~ e~coKOH 

411CTOT~ no cpaaHeHI110 c· KpeMH11eB~MI1 np116opaM11 ~Bil~eTc~ 6oilee 
e~coKa~ 3$$eKT11BHOCTb per11cTpa~1111 y -113Ily4eHI1~. Ha p11c. 7 Ail~ 
cpaeHeHI1~ noKa3aHhl $parMeHT~ annapaTYPHhlX cneKTpoe 241Am , no
Ily4eHH~e c noM~biO KpeMH11H-Ili1TI1eBoro 11 repMaHI1eeoro AeTeKTOpoe 
OA11HaKoeoro o6DeMa. 

CileAyeT OTMeTI1Tb OAHO 113 nOile3HhlX npi1MeHeHI1H TeXHOilOrl111 113-
roTOBileH11~ AeTeKTopoe 113 caepX411CToro repMaHI1~ Ail~ nPOAileHI1~ 
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mi13H11 Ge(Li) AeTeKTopoa. Hcnoilb30BaHI1e MeToAa C03AaHI1~ p+-KoH
TaKTa Y KOaKCI1ailbHhlX AeTeKTOpOB n03BOil~eT BOCCTaHaBili1BaTb nepe
APeH$OBaHH~e /e npo~ecce HeOAHOKpaTHbiX peMoHToe/ Ge (Li) AeTeK
Tophl. 
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PHc. 6. C'neKTP a -qacTHIJ; 238 Pu , nonyqeHHbrn c nOMO~biD 
AeTeKTOpa H3 CBepxqHCTOrO repMaHHH. 3HepreTHqeCKOe 
paspemeHHe- 11,5 K3B. 
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PHc .7. CpaeHeHHe 3¢¢eKTHBHOCTeH Si (Li) H HPGe Ae
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AeTop~ np~HOCHT 6naroAapHOCTb H.H.Kan~H~Ho~ ~ C.H. M~HbKoey, 

np~H~Maew~M y4aCT~e a PHAe TexHonor~4ecK~x onepa~~~ no ~3roToe
neH~~ AeTeKTOpOB ~ cneKTPOMeTpOB Ha ~X OCHOBe . 
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PyKon~cb nocTyn~na B H3AaTenbCK~~ · oTAen 
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