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B pa60Tax 11.21 coo6~aJ10Cb 06 1-1cnOJ1b30BaHIH1 B cneKTpOMeTpi.11-1 

3JleKTPOHOB KOHBepci.11-1 1-1 MHrKl-1X raMMa-KeaHTOB 1-1MnJ1aHTi-1pOBaHH~X 

1,1 noeepXHOCTHo-6apbepHWX AeTeKTopoe 1-13 KOMneHc1-1poeaHHOro J11-1Tl-1-

eM repMaHl-1H. 0TMe4aJ1aCb TaKme 4e11ecoo6pa3HOCTb l-13rOTOBJ1eHl-1H 

AeTeKTOpoe AJlH 3Tl-1X 4e11eH 1-13 ceepX4HCTOro repMaHHH. Bo3pOCWHH 
e noc11eAHee epeMH 1-1HTepec K AeTeKTopaM 1,13 ceepx4HCToro repMa

HHH o6yCJ10BJ1eH, C OAHOH CTOpOH~, PHAOM HX npeHMy~eCTB no cpae

HeHH~ c TpaAH4HOHHWMl-1 Ge(Li) -AeTeKTOpaMH - OTCYTCTBHeM KOM
neHc1-1poeaHHOH JlHTHeM 0611aCTH, 803MOmHOCTb~ HX xpaHeHHH npi.1 

KOMHaTHOH TeMnepaType, cpaBHHTeJlbHOH npOCTOTOH H3rOTOBJ1eHHH, 

C APYrOH - TeM, 4TO ceepX4HCTWH repMaHHH CTaJl 6011ee AOCTyneH. 

HaMH 6~11a nocTae11eHa 3aAa4a pa3pa6oTaTb TexH011or1-1~, no3eo

J1H~~Y~ C AOCTaT04HOH HaAemHOCTb~ 1-1 eocnpOH3BOAHMOCTb~ H3rOTae
J1HBaTb AeTeKTOpw 1-13 ceepX4HCTOrO repMaHHH, 

PacnpeAe11eH1-1e 3JleKTPH4ecKoro no11H e AeTeKTopax 1,13 ceepx-
4HcToro repMaHHH 3aBHCl-1T OT pa3HOCTHOH KOH4eHTpa41-11-1 np1-1Mec1-1 

B 06beMe MaTep1-1a11a, n03TOMy AllH H3rOTOBJ1eHHH AeTeKTOpOB CAO

CTaT04HOH WHPHHOH 4YBCTBHTeJ1bHOH 0611acTH Heo6XOAHM MaTep1-1a11 C 

HH3KOH nJlOTHOCTb~ npHMeCHOH KOH4eHTpa41-11-1, KpOMe Toro, TeXHO

JlOrHH H3rOTOBJ1eHHH AeTeKTOpOB AOJlmHa o6ecne4HBaTb BblCOKl-1e pa-
6041-1e HanpHmeHHH. 

WHpHHa 4YBCTBHTeJ1bHOH 0611acTH AeTeKTOpa onpeAeJ1HeTCH ewpa
meHHeM 

/1/ 

rAe V - o6paTHOe HanpHmeHHe; N - nJlOTHOCTb pa3HOCTHOH KOH4eH
Tpa41,11,1 np1-1Mec1-1 B o6beMe MaTep1-1a11a; l - AH3JleKTpH4eCKaH npoH1-1-

4aeMOCTb B repMaHi.11-1; e - 3apHA 3JleKTPOHa. 
3Kcnep1-1MeHTaJ1bH~e pe3yJ1bTaT~ xopowo cor11acy~TCH co 3Ha4e

Hl-1HMl-1, no11y4eHHWMH 1-13 3TOro ewpameHHH, n03TOMy, nOJ1b3YHCb e~
pameHHeM /1/ HJll-1 HOMOrpaMMOH /pHC. 1/, nocTpoeHHOH Ha OCHOBe 

3TOro ewpameHHH, MOmHO nOA06paTb He06XOAHMble napaMeTp~ HCXOA
Horo MaTep1-1a11a, 4T06w l-13rOTOBHTb AeTeKTOP C 3aAaHHOH WHPHHOH 
4YBCTBHTeJ1bHOH 0611aCTH. 
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Pnc.l. HoMorpaMMa gJIH onpegeneHHH napaMeTpOB geTeKTo
poB H3 cBepxqHcToro repMaHHH. 

TEXHonorHR 113fOTOBnEHl1R AETEKTOPOB 

B_nHTepaType on11caHa TeXHOnorHR 113rOTOBneHHR n+-KOHTaKTa 
Ha MaTep11ane p-T11na ,q11¢¢y311e11 Li pa3n114Hb1M11 cnoco6aM1-t13 •4•6; aa
KYYMHblM HanblneHHeM repMaHHR /5/ J,1nl1 HMnnaHTa41-1e11 ¢oc¢opa 171 1-1 p+-
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KOHTaKTa C noMO~b~ OKHcneHHR nosepXHOCTH 1-1 nocne,qy~~ero Hanbl
neHHR Pd 1-1 Au Ha oK1-1cneHHY~ nosepxHOCTb 1-1n1-1 1-1MnnaHTa41-1e11 6opah I. 

ny4w1-1e pe3ynbTaTbl 6blnH nony4eHbl np11 1-1cnonb3OBaH1-11-1 cne,qy~~Hx 
cnoco6oB H3rOTOBneHHR ,qeTeKTOPOB. KpHCTannbl ceepX4HCTOro rep
MaHHR pe3an1-1cb Ha nnocKonapannenbHble wa116b1, TOfl~HHa KOTOpblX 
B 3aBHCHMOCTH OT pa3HOCTHOl1 KOH4eHTpa41-11-1 npHMeCH onpe,qenRnacb 
1-13 HOMOrpaMMbl /pHC. 1 /. nocne 4ero o6pa34bl wn1-1¢OBaflHCb, npOMbl
BanHCb 1-1 o6e3mHpHl3anHCb o6bl4HbJM cnoco6oM 1-1 H3rOTaBnHBancR. 
n+ -KOHTaKT. ~R 3Toro Ha 4eHTp 06paa4a HanblflRflOCb 3OflOTO C 

COOTBeTCTBY~~HM ,qHaMeTpOM 1-1 nposo,q1-1nacb AH¢¢Y3HR 3OflOTa np1-1 
TeMnepaType 340°C B Te4eHHe 10 MHH .B BaKyyMe. Ha 3OflOTO - nneH
Ky HanblflRflCR MeTannH4eCKH11 Li ,j1 npOBOAHnacb AH¢4>Y311R Li 4e
pe3 3onOTo Ha rny61-1Hy 0,5 MM np1-1 TeMnepaType 340°C. Bee onepa-
41-11-1 BbJnOflHRflHCb B o,qHOH BaKyyMHOH KaMepe 6e3 HapyweHHR BaKyyMa. 
nocne ,q1-1¢¢Y3HH Li Ha o6pa34e Bblpe3anacb 3a~HTHaR KaHaBKa Ha 
rny6HHY 2/3 TOn~HHbl o6pa3l{a co CTOpOHbl n+-KOHTaKTa 1-1 H3roTae
flHBancR p+-KoHTaKT. nocne 3a~HTbl KOHTaKTa ,qeTeKTOP TpaBHflCR 
B oxnam,qeHHOM TpaBHTene CP-4 ,qsam,qbl ,qo 3epKanbHoro 6necKa. 
OK1-1cneH1-1e nosepXHOCTH ,qnR p+ -KoHTaKTa ,qenanocb no cnoco6y, 
on1-1caHHOMY B pa6oTe io/. Ha OKHCfleHHy~ noBepXHOCTb HanblIIRflCR TOH
Kl-111 cno11 Au 1-1 Pd. y ,qeTeKTOpa 3a~1-1~an1-1cb n+-1-1 p+ -KOHTaKTbl 1-1 
Tpaa1-1nacb 3a~1-1THaR KaHaBKa. 

l13roTosneHHe 06ny4aeMoro KOHTaKTa MeTo,qoM 1-1MnnaHTa41-11-1 no3ao
nReT nony4HTb TOHKOe. 11 BXOAHOe OKHO11

• p+ -KOHTaKTbl H3rOTaBnHBa
nHCb TaKme BHe,qpeHHeM HOHOB rannHR Hfll-1 6opa.·no,qrOTOBneHHb111 06-
pa3e4 ycTaHaBnHeancR Ha KonneKTop 3neKTpoMarHHTHoro Macc-cena
paTopa c noMO~b~ cne41-1anbHoro ,qepmaTenR~ ~R Toro 4T06b1 MaKc1-1-
MYM pacnpe,qeneHHR BHe,qpeHHblX aTOMOB Haxo,q11ncR 6n113KO OT noeepx
HOCTH, a 3¢¢eKTbl KaHan1-1poBaHHR 6blnH MHHHManbH~MH, 06pa3e4 pac
nonaranCR no,q yrnoM 57° K HanpaaneH11~ ny4Ka HOHOB, BHe,qpett11e 
KOTOPblX CO3,qasano OMH4eCKH11 KOHTaKT Ha 06pa34e B cny4ae p -T1-1-
na MaTep11anan~~ 

Ao3a o6ny4eHHR COCTaBnRna 5.1014 1-10HOB/cM 2,a 3HeprHR BHe,q
pReMbJX aTOMOB 10 11 20 K3B. OTml1r ,qe¢eKTOB, o6pa3oBaBWHXCR np11 
11MnnaHTa4111-1, npOBOAHflCR B BaKyyMe B Te4eHHe 30 MHH npH TeMne
paType 400°C, n+-KOHTaKT y ,qeTeKTOpOB 113rOTOBflRflCR nocne HM
nnaHTa411H C noMO~b~ AH¢¢Y311H Li BblWeon1-1caHHbl~ MeTOAOM, npH 
3TOM npo11cxo,q11n noBTOPHblH 0Tm11r ,qe¢eKTOB, 

AeTeKTOPbl C 3a~11~eHHblMl1 3neKTpo,qaMH TpaBRTC.R, T~aTenbHO 
OTMbJBa~TCR B ,qe110Hl130BaHHOH BO,qe 1-1 Bbl,qepm11Ba~TCR B Te4eHHe 
2 4 B ,qBam,qbl neperHaHHOM 3THflOBOM cn1-1pTe. 

PE3YnbTATbl 113MEPEHl1ti 
fOTOBblH ,qeTeKTOp noMe~aeTCR B onpaBKY C oxnam,qaeMblM KaCKa

AOM npe,qyc11n11TenR, KOHCTPYKl{HR KOTOpOH OnHCaHa B pa6oTe l 2I, 
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Ta6mn.(a 

PesynbTaTbI H3MepeHHH xapaKTepHCTHK p;eTeKTopoB, 
H3rOTOBneHHblX H3 CBepxqHCToro repMaHHH 

KOHQeHTpaQHH rrpHMeCH 

(NA-N;::{) cM-3 /J-10/. 10 10 

n+ ~qxpy3HH Li 
KoHTaKTbl 

p+ OKHCJ1em1e .H aarrbIJieHHe Au unH Pd. 
fumnaHTaQHH Ga HnH B. 

8 /MM2 / 20-200 
d /MM/ 5-10 

Vpa6/B/ 1000-2800 

5,9 K3B 200-270 

X 13,9 K3B 280-320 

59,6 K3B 380-400 

.'\E 122 K3B 450-500 
/3B/ y 662 K3B 1100-1150 

1333 K3B · -1600 

e 975,6 K3B 1530-1600 

KpHOCTaT C ycTaHOBneHHOH B HeM ronOBKOH OTKa411aaeTCR H oxnam
Aa·eTCR. t\nR H3MepeHHH 11cnonb30BanHCb npeAyc11.ri11Ten11 C pe3HCTHB
HOH HflH CTOKOBOH o6paTHOH CBR3bl0. 

8 Ta6n114e noKa3aHbl peaynbTaTbl H3MepeHHH xapaKTepHCTHK Ae
TeKTOPOB, J.13rOTOBfleHHblX no pa3nH4HblM TeXHOnOrHRM. 

Pa604ee HanpR)l{eHHe ,qeTeKTOpOB B 2-3. paaa BblWe HanpRlKeHHH, 

He06XOAHMblX AflR Toro' 4T06bl pacTRHYTb 4YBCTBHTeflbHblH CflOH Ha 
BCIO TOfllllHHY KPHCTanna, npH 3TOM 11BXOAHble OKHa 11 n03B0;!;1RIOT 11c
nonb30BaTb TaKHe AeTeKTOPbl AflR cneKTpOMeTpHH · aapRJKeHHblX 4aCTHL! 
J,1 peHTreHOBCKoro H3flY4eHHR C 3HeprHeH HHlKe 6 K3B. 

Ha PHc.2-5 npe,qcTaeneHbl tparMeHTbl cneKTpoe H30Tonoe 55Fe 
207 Bi ' 241 Am H 57Co. 

4eM HHlKe 3HeprHR H3MepReMblX peHTreHOBCKHX H3fly4eHHH, TeM 
6onbwe OTflH4aeTcR paapeweH11e no 3Hepr1111 OT npe,qenbHoro. Ha 
3HeprHRX BblWe 60 K3B 3HepreTH4eCKOe paapeweHHe npaKTH4eCKH 

Y ecex ,qeTeKTOpoe OAHHaKOBO, HeaaBHCHMO OT HCnOflb30BaHHOH Tex
HOnorHH ,·pa3Mepoe AeTeKTOPOB H MaTep11ana ,H3 KOToporo OHH H3ro
TOBfleHbl. 
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Puc. 2. <!>parMeHT crreKTpa H30Torra 55.Fe, usMepeHHbIH 
p;eTeKTOpOM H3 CBepxqHCToro repMaHHH. 

04eBHAHO, 4TO AflR npe,qeap11TenbHOro yc11neHHR CHrHana Heo6-
XOAHMO HCnOflb30BaTb 6onee Ka4eCTBeHHylO 3neKTpOHHKy. t\nR H3ro
TOBneHHR ,qeTeKTOpOB BblCOKoro Ka4eCTBa Heo6XOAHM repMaHHH C paa
HOCTHOH KOHL1eHTpa411eH npi-lMec11 MeHbwe 1 O 11cM-3 .• 

t1HoroKpaTHOe oxnam,qeHHe ,qeTeKTOPOB AO TeMnepaTYPbl lKH,qKoro 
aaoTa, Harpee HX AO KOMHaTHOH TeMnepaTypbl, 3aMeHa KPHOCTpTOB, 
onpaBKH H 3fleKTPOHHKH H AflHTenbHOe xpaHeHHe npH KOMHaTHOH TeM
nepaType He npHBOAHflH K 3aMeTHOMy yxy,qweHHIO xapaKTepHCTHK ,qe
TeKTOpOB. 

HaroToeneHHble TaKHM o6pa30M ,qeTeKTOPbl C ycnexoM MoryT fiblTb 
HCnOflb30BaHbl B.cneKTPOMeTpHH peHTreHOBCKHX, MRrKHX ·y-11any-
4eHHH 11 6eTa-4acT114. 
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Puc.4. ~parMeHT. cneKTpa H_30TOna 241 Arn, H3MepeHHblH geTeK
TopoM H3 CBepxqucToro repMaHan. 
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Puc.5. ~parMeHT cneKTpa H30Tona 57c0, H3MepeHHhIH Ae
TeKTopoM H3 CBepxqucToro repMaHHn. 

B aaKJl~4eHHe aaTop~ 6naroAaPRT H.H.KanHHHHY aa noMO~b a Ha
roToaneHHH AeTeKTOpOB H T.nRcKyca aa noMO~b B npoBeAeHHH H3-
MepeHHH. 
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PyKOnHCb nocTynHna B H3AaTenbCKHH OTAen 
18 H~HR 1981 roAa. 
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