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Ge(Li) - neTeKTOpb! y -113nY,IeHl!M HaXOJ:llIT ace 6onee lllllpo

Koe np11MeHeH11_e B SKCnepl!MeHTanbHOM smep!IOll cp1!3l!Ke, Pa3pema10-

malI cnoco6HOCTb Ge(Li) -neTeKTOPOB 6onee qeM Ha noplIJ:lOK 

npeBbilllaeT pa3pema10my10 cnoco6HOCTb CUIIHTl!nnlIUl!OHHbIX cqeTql!KOB 

Na] (Tl) , a 6bICTp0/:10llCTBl!0 l! B03MOlKHOCTb 0/:lHOBpeMeHHOI'O 

nonyqeHl!lI nonHoro cneKTpa sHeprl!fi Y -KBaHTOB OT HecxonbKl!X 

necSITKOB KSB no neclITKa MSB onpenenSieT npel!MymecTBa repMaHl!e

BbIX cneKTpOMliTpOB no cpaBHeHl!IO C npeU1131!0HHbIMII MaI'Hl!THblMII 

II /:lllcppaKUl!OHHbIMI! cneKTpoMeTpaMI!, Uenhlll PlI/:l y -cneKTPOB, l!C

cneJ:loBaHHbIX C nOMOlllb!O Ge (Li) - /:10T0KTopoB, OKa3anClI ropa3/:10 

cnoJKaee, qeM STO npennonaranocb paaee: o6aapyJKeHbI ae113BecT

Hhie nepeXO/:lbl l! J:laJKe uenbie poTaUIIOHHhie, nonOCbI, C ropa3/:10 

6onbmefi ToqHOCTb!O l!3MepeHbl IIHTeHCl!BHOCTl! nepeX0/:10B, 

i1ccnenoBaHl!e Y. -cneKTpOB l!3 peakUl!M C 3axaaTOM TennoBhIX 

l! pe30H8HCHhlX aeiiTpOHOB, 113yqeal!e y -113nyqeHl!lI OCKOnKOB 

nenemrn, 113MepeHl!e BpeMeHl! JKl!3Hl! B036YJK/:10HHbIX COCTOlIHl!ll SIJ:lep 

no llonnnep-scpcpeKTy, 11ccneJ:10Baa11e penTreaoacxoro n3nyqeH11lI 

/l -Me308TOMOB, ll/:10HTllcpl!KaUHlI npnMeCH B HefiTpOHHO-aKTHBaUHOH

HOM aHanH3e - T8KOB naneKo He nonHblll nepeqeHb 38/:laq, B KOTO-

pb!X C ycnekqM ncnonb3YIOTClI Ge( Li) - J:leTeKTOpbl, 

Heo6xoJ:1HMOCTb nepexona OT paaee pa3pa60TaHHbIX KpeMane

BbIX p -i - n _. J:10TeKTOpOB K J:leTeKTopaM ll3 MaTepnana C 6onee 

Bb!COKHM aTOMHbIM HoMepoM ( Z .) Bbl3Balia TeM, qTo ceqeHne 

nornomeHHlI 3a cqeT cpoToscpcpexTa pacTeT xaK . Z 
5 

n xax Z 
2 

-

38 cqeT POJKJ:leHHlI sneKTpOHHo-n03HTPOHHhlX nap. Hcnonb30B8Hlle 
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repMaHllSI ( z = 32) BMeCTO Kp0MHllSI z = 14) naeT B03MO)K-
HOCTb_ycnnnTb ¢oTonpouecc no cpaaHeHnro c K~MnToH-a#eKTOM 
a 27 paa n npouecc po)KneHnsr nap B 2,4 paaa. IToMnMo aToro 
nepexon K repM8Hjl0BbIM neTeKTOpaM naeT ·aoaMO)KHOCTb H0CKOnbKO 
noab!CllTb npenenbHOe aHepreTnqecKoe paapeweHne npn6opa aa 
_cq,:iT yMeHbW0HllSI 3Heprnn o6paaoaami:sr aneKTpOHHO-nhipO'!HOH 
napbl .( E SI = 3,6 3B ll £Ge = 2,98 3B). 

C npyroii cTopOHhI, nepexon K repMaHnro - nonynpoaonHHKY 
c MeHbweii, qeM y KpeMHnsr, wnpnHoii aanpeweHHOii aollhI - o6yc
naannaaeT Heo6_xonnMOCTb CHlf)K0HllSI pa5oqeii TeMnepaTypbI OT 
KOMHaTnoii no TeMnepaTypbl )KllnKoro aao.Ta, a oco5eHHOCTll, CBSI
:3aHHbie c noaeneHneM nnTnsr B repMaHnn, npnaonsrT K Heo5xonn
MOCTn He TOnbKO ncnonb30B8HIISI, HO If xpaHeHHSI neTeKTopoB npn 
noHll)K0HHOii TeMnepaType. C 3TllM )1{0 CBSI38Hbl T0XHonornqecKne 
TpynHOCTll npn H3rOTOBneHHlf neTeKTopoB, B03HHKaromne lf3-3a 
pacnana nepech1IUeHHoro TBepnoro pacTaopa Ge - Li , HenpephIBHo 
nponcxonsrmero npn KOMHaTHoii TeMnepaType_n .TeMnepaType npeii
¢a. C uenbro npeononeTb 3TH TpynHocTn n nonyqnTb Y - neTeKTo-
pb1 c BbICOKHM aHepreTnqecKHM paapeweHneM B psrne ¢nanqec-
KHX . na5opaTopn_ii a CoaeTcKo·M Coroae n aa py6e,1<0M HaqnHasr c 
}963 rona aenyTCSI pa50Tbl rio paapa5oTKe T0XHOnOrHH If ll3-
rDTO_BneHHID Ge (Li)- neTeKTopoal 1-31. ITocKonbKY Il3I'OTOBneHHe 
Bb!COKOKaqecTB0HHbIX y -cneKTpOMeTpOB SIBnSieTCSI nocTaToqHo 
TOHKoii n cno)KHOii TeXHonornqecKoii aanaqeii, B KalKnoii na na5o
paTopnii cymecTayeT'nHnnannyanbHasr TexHonornsr, npncnoco5neHHaH 
K KOHKpeTHbIM ycnoBHHM If ncxonHOMY MaTepnany. 

OcHoanoii aanaqeii HaqaTbIX a 1964 rony a na5opaTopnn 
HeiiTpOHHoii ¢1rnHKH 011.HH pa5oT srannacb paapa5oTKa TexHonornn 
n naroToaneHne Ge(Li) - neT~KTopoB c BhICOKIIM aHepreTnqecKHM 
paapeWeHneM If 5onbWIIMlf qyBCTBHTenbHh!Mlf o5'beM8MH, a TaK)Ke 
nccnenoaanne n cpaaHeHne noaeneHHH nnTnsr B ncxonHoM MaTepna
ne c uenbro nonyqnTb peKoM_eHnaunn nnsr oT5opa cnnTKoB repMa
Hnsr, nocKonbKy no HacTosrmero apeMeHH He cymecTByeT napaMeT-
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poa, onpenensrromnx npnronHocTb MaTepnana nnsr naroToaneHnsr 
Ge(Li)_ neTeKTopoB c BhICOKllM aHepre-rnqecKnM paapeweHneM. 

HacTosrmasr nnccepTaunsr nocBHIUeHa aTnM aonpocaM. 
llnccepTaunsr nonpaanensreTcsr Ha nsrTb rnaB n aaKnroqnTenb

Hyro qaCTb. 

ITepBaSI rnaBa HOCHT BBOnHhlil xapaKTep, B Heii KpaTKO pac-
' CM8TpnBaIDTCSI OCHOBllhie npnHunnhI pa60Tbl nonynpoaonHHKOBbIX 

neTeKTOpOB srnepHbIX nanyqeHnii,oCHOBHble xapaKTeplfCTlfKll y-cneKT
poMeTpoB (aHepreTnqecKoe paapeweHne, a¢¢eKTHBHoCTb, apeMsr 
co5npaHnsr aapsrna). OnnchIBaroTcsr paannqHhle KoH¢nrypaunn Ge,Li)
-neTeKTopoB ( KoaKcnanbHbie C onHHM OTKpb!TbIM TOpUOM (OE). 

KOaKcnanbHbi0 C nayMSI OTKpb!Tb!Mll TOpUaMH (llOE) II nnOCKHe 
neTeKTOpbI· U Tnna). 05cy)KnaroTcsr nx nocTonHcTBa n Hend
cTaTKn. 

MeTonnKa. ll3I'OTOBneHHSI neTeKTOpOB CBonnTCH K cnenyroIUUM 
OCHOBHhIM rrpoueccaM: 

1. HaroToaneHne n -p nepexona Ha p - repMaHnn HaHece
HneM n nn¢¢yaneii nnTnsr. 

2. ITonyqeHne 

aneKTpnqecKoM none 

-cnosr MeTonoM npeii¢a UOHOB nnTHSI B 

n - p nepexona. 

3. Hn3KOT0MnepaTypHoe Bb1paBHHBaHne rpanneHTa KOHUeHTpa
unn nnTnH. 

4. YnaKOBKa neTeKTOpa a KpnocTaT. 

llnsr naroToaneHnH n-p nepexona ncnonbaoaanncb Hanh!-
neHne n nn¢¢yansr nnTHSI B BaKyyMe, nn¢¢yanH na nnTneaoii nacThl 
(cycneH3HH nnTnsr B MnHepanbHOM Macne), aneKTponnTnqecKoe Ha-
HeceHne na pacnnaaa coneii LiCJ- KCJ n HaHeceHne nnTHH 
ll3 paCTBOpa anroMornnpnna nHTHSI B a¢npe. KaK OCHOBHOH MeTon 
ncnonbaoaanoc!'> Hanbm.eHne B BaKyyMe, TaK KaK oHo rapaHTHlJOBano 
qncTOTY noaepXHOCTll n OTCYTCTBHe noaep)l{J:leHnH Ha noaepxHOCTn· 

n -cnosr 14•6~ 

llpeii¢ noHoB nnTnsr npoaonnncsr B Knnsrmeft )KflnKocTn, no
CKonbKy B 3THX ycnoansrx B03pacTaeT a¢¢eKTUBHOCTb OTBona Tenna 

5 



II o6nerqaeTCSI aanaqa cTa6un1IaaU1III Te-MITepaTypbl. npII npellcpe. 
B Ka'leCTBe )KII.QKOCTII nnSI npellcpa Ohm Bb!0pan cppeOH 113 c TeM
ITepaTypoll KUITeHIISI 4 7,5oc/5/ 0 

fny6uHa, Ha KOTOPYID npoui'en npell<!>, s~cnepuMeHTanhHO oITpe
nenSinach no sneKTpOnlITII'leCKOMY ocaJKneHIIIO Me.QII l!3 paCTBOpa 
Cu(N0

3
)

2
, a TaK)Ke KOHTponupo~anacb ITO pacITpeneneHIIIO <!>o

Tosnc II TepMosnc u ITO pacnpeneneHUIO noTenuuana. 
HII3KOTeMITepaTypHbiil: npell:cp, HeO0XOJ:1IIMb!il: .rtnSI Bb!paBHIIBaHUSI 

rpanIIeHTOB KOHUeHTpauuu nIITIISI, ITpOBO.rtl!nCSI npu TeMITepaType 
_ -10°C B Te'leHue HecKonbKUX cyToK npII ToKax 1-5 Mau HanpSI
)Kemrnx 100-400 B. OKOH'laTenbHOe Bb1paBHIIBaliIIe ocymecTBnSinOCb 
B repMeTII'lHOil: KaMepe npu TeMITepaType -22° + -25°C B Te~eHue 
.QBYX - HeCKOnbKIIX ,necSITKOB qaCOB npu TOKaX 0,3 - 0,5 Mau 
HanpH)KeHl!Sl:'C 1000-1500 B II KOHTponIIpOBanocb no BOnbT-SMKOCT
HbIM xapaKTepIICTUKaM, 

Cpaay nocne BbipaBHUBaHl!H neTeKTop Tpf!BUncH B -06b1'IHOM 
TpaBIITene ( CM9Cb 70%-noll: a30THOil: II 42%-Hoil: ITnaBIIKOBOil: KIIcnoT 
oco6oll 'll!CT0Tbl B COOTHOWeHl!l! 3 1), npoMbIBancH nenoHl!30-
BaHHOil: BO.rtoll, cywuncH .QBa)KJ:lbl rreperHaHHbIM aueTOHOM II MOHTl!
poBanCH B BaKyyMHbiil: Kpl!OCTaT. EeaMaCnSIHaSI 0TKa'lKa ocymecTBnH
nacb J:IBYMH cop0Ul!OHH~MII HacocaMl! Ha crreul!anbH0 CK0HCTpyIIpo
BaHHOil ycTaHOBKe. Ilocne .QOCTl!)K9Hl!SI BaKyyMa 10-5 - s. 10-6 MM 
pT. CT. xononorrpOBOJ:1 KpIIOCTaTa rrorpy)Kancsr B J:lb!Oap C )KIIJ:IKl!M 
aaoToM, -n neTeKTop oxna)KnancH no paooqeil: TeMrrepaTyph1 6ea 
HalipSI)K9Hl!Slo 

B Taonl!Ue rrpuBeneHbl rrapaMeTpbl HeKOTOpblX 1!3 rrony'leHHblX 
HaMI! neTSKTopoB. 
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B Tp0Tbell rnaae rrp1rneaeHhl peaynbTaThl IIClibITaHllll aeTeK
TopoB, IICCneaoBaHIIll IIX CTPYKTypbl II rrpIIM0pbl IICIIOnb30BaHllll 
aeTeKTOpOB anH 11ayqeHIIll Y -crreKTpoB, rrony'leHHblX 113 peaKUllll 
C aaxBaTOM peaoHaHCHb!X HellTpOHOB, II y -crreKTpOB OT pH/la 
1130TOll0Bo 

3Ht:ipreTll'l0CKOe paape111eHIIe 6ea Bbl'l0Ta IIIYMOB arrrrapaTypbi 
cocTaBllnO Ha . /l0Te!CTOpe Hll-42 ( 30 CM3) 2,6 K3B llpII 8Hepr1111 
122 K3Bi 3,2 K3B 11p11 3H0pI'IIII 1333 K3Bi 7,05 K3B rrpII 8Hepr1m 
6621 K3B; anH aeTeKTopa HB-61A (33 cM3 ) 3,8 K3B_ 11p11 aHepr1111 
1333 KaB; anH aeTeKTopa HB-61C ( 16 cM3) 2,5 K3B 11p11 aHeprIIII 
122 KaB; anH aeTeKTopa HB-61B (6 cM3) 2,5 K3B 11p11 8Hepr11II 
352 K3Bo 

illyMhl arrrrapaTypbl COCTaBnHnll 1, 7 K3B + 0,020 K:aa/mp C ll • 
rae C ll - eMKOCTb aeTeKTopa • 

Ha pIIC, 1 rrpe/lCTaBneH crreKTP 
6° Co' rrony'leHHb!Il C 110-

MOII(h!O aeTeKTOpa Hll-42 (30 cM3). Co6cTBeHHoe paape111eH11e 
aeTeKTOpa ( 38 Bbi'I0TOM 111yMOB arrrrapaTyphi} cocTaBnHeT 1,89 K3B, 
'ITO 6nII3KO K rrpeaeny 3HepreTII'!eCKoro paape111eHHH, KOTOpoe 
orrpeaenHeTCll CT8TIICTll'l0CKIIMH ¢nyKTyaUllllMII H cocTaBnHeT anH 

E y = 1333'K3B 

I':,. = 2,35 V Fe E =1,68, . y 

rae £ - 3HeprHH o6pa30BaHI!ll aneKTpOHHO -llbIPO'IHOll rrapbi B 
repMaHllll, paBHall 2,98 3B, F - qiaKTOP 4>aHo, paBHbill 0, 128. 

3qiqieKTIIBHOCTb aeTeKTOpOB I! 38BIICI!MOCfb 3qiqieKT1IBHOCTH OT ' 3Hepr11H 113M0pHnacb C lIOMOII(blO Kann6pOB8!;!'HbIX IICTO'IHHKOB II 2H 
~ . y -crreKTpa · Ra C H3B0CTHb!MH IIHT0HCIIBHOCTHMH nHHHll. Ha 

p11c. 2 rrpe/lCTaBnena aaBHCIIMOCTb a6conroTHoll 3qJqJeKTHBHOCTH 
(oTHOlll0HH0 '!Hcna IIMIIYnbCOB B qJOTOIIHKe K '!IICny pacrraJ:{OB B 
l!CTO'IHHK~ B 417 ) . OT aHeprHll ann aeTeKTOpoB C 'IYBCTBl!TenbHbl7 
Ml! o6'beM8Mll 16 H 30 c~3. 
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Pnc. 2. 

Llmi nccne.QoBaHHSI BHyTpeHHefi cTpyKTYPhl neTeKTOpa 6hmH 
rrpoBe.QeHbl H3MepeHHSI C IIOMOIIlhlO y3KOKonnHMl!poBaHHOI'O rryqKa 

-KBaHTOB/7/ .cxeMa II pe3ynhTaThl ~3MepeHHil rrpenoTaBneHbl Ha 
y 

pnc. 3. LlmI neTeKTOpa 33 CM3 pe3ynhTaThl COOTBeTCTBOBann O)!{ll
naeMhIM: s<p~eKTHBHOCTh C'leTa yMeHbllianach,KOI'Lla ITY'IOK 3axBa
Tb1Ban He'lyBCTBHTenbHhlll p -cnofi. no ll3MepeHHhlM naHHhIM Be
nn'IHHa qyBCTBIITenhHOI'O cnoSI B6nll3H 3aKpb!TOI'O Topua .QeTeKTOpa 
oKa3aiiacb Ha 1-1,5 MM 6onbrne, qeM Ha IIOBepxHOCTll, T,e. qyB
CTBHTenhHhlll 061>eM ,QeTeKTopa HeCKOnhKO 6onbrne, qeM 9TO 6bmO 
paCC'lllT8HO ITO oca)KneHHOil Ha OTKpbITOM rrepexone Menn. 
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Ha ueTeKTope Hll-42 (30 -cM3) a#eKTHBHOCTh perncTpaunn 

ITnaBHO ITauana ITpH ITpn6nm1<eHHH ITyqKa K OTKpb!TOMY Topuy ( KpHBbJe 

c TeMHblMH KpYlKKaMH, pnc. 4).· PaaMepbl qyBCTBHTenbHOI'O cno.11, 

ITonyqeHHble ll3 aTl!X KpllBbIX B6nH3H OTKpbJTOI'O Topua, OKaaanHCb 

yMeHbllleHHb!Mll ITO cpaBHeHHJO C peanhHbIM ll paaMepaMH ueTeKTopa. 

8cjicjieKT cylKeHHSI qyBCTBHTenbHOI'O cnol! 6bm ITpHITHCaH uncjicjiy3HH 

nHTHH K ITOBepXHOCTH u BbIIIaueHHJO Ha Hell B aneKTpnqeCKH HellTpam,

Hoe cocTOSIHHe. ITouo6Hoe HBneHHe Ha6nrouanocb Ha repMaHHH sill/. 
8Ta I'HITOTeaa ITOUTBepunnacb, TaK KaK ITpoBeueHHbJe H3MepeHHSI 

c KonnnMnpoaaHHbIM ITyqKoM ITocne uo6aaoqHoro ITOUllbmeHnn ff uncji

cjiyann flHTHSI ( KpllBbJe co CBeTnbIMH KPYlKKaMH) ITOKaaann, qTo 

paaMepb! qyBCTBHTenhHOI'O cnosi COOTBeTCTBYJOT peanbHblM pa3Me-. 

paM ueTeKTopa. Ebm cuenaH Bb!BOU O Heo6XOUHMOCTH ITpoaeueHHSI 

ITOBTOpHOI'O ITOUITbmemrn H uncjicjiy3Hll nHTHSI J:WlKe B Tex cnyqasix, 

Korua BOnhT-aMITepHble xapaKTepHCTHKH O<?TaJOTCSI xopolllHMH K 

KOHUY upellqia, H HeCMOTpSI Ha To, qTo ueTeKTOp ITpH TeMITepaType 

lKHUKOI'O aaoTa uaeT UOCTaToqHo Bb!COKOe aHepreTHqecKoe paape

JlleHne. 

!1arOTOBneHHbJe ueTeKTOpbI HCITonb.3OBanncb B pHue cjinanqec

KHX aKCITepnMeHTOB~ TaK, HaITpnMep, c yqaCTHeM aBTopa 6bmH 

ITpoaeueHbl pa60Tbl ITO nayqeHHIO y -CITeKTPOB 
137 

Pr 1 

138 
Pr , 

155 
ITonyqeH cITeKTp Dy ( pnc. 5), yToqHeHbI aHeprm1 y -ITepe-

XOUOB B CITeKTpe 1s1 Pm 
T 1/2 = 28,4 qaca) n upyrnx naoTo-

ITOB. !1ayqancsi paunaUHOHHb!Il aaxBaT HellTpOHOB siupaMH 
127 

I• 

C ITOMOIUhJO ueTeKTopa HB-6 lA ( 33 cM3) naMe peHbI ITap

unanhHhJe paunaunbHHhJe ceqeHnn aaxaaTa HellTpoHa siupoM 
149 

Sm 
150 

C S036y)l{UeHHeM yposHell nupa Sm E = 5,53 H 7,21 Mas 

s nHTepsane aHeprnll HellTpoHos OT 0, 12 uo 1,5 as. Ha6nrouanacb 

ITon.OlKHTenhHaH ( K"<>HcTpyKTHSHaSI) HHTepcjiepe!IUHH MelKUY ITepSb!Mll 

UBYMSI pe30HaHCHblMH ypoBHSIMH. 

qeTsepTaSI rnaBa ITOCSHIUeHa ITpHMeHeHHIO CBeTOBOI'O 30HUa 

UnH nccneuosaHHSI p -i - n CTpYKTypbl s repMaHHH. !1asecTHble 

MeTOUbl OITpeueneHHH o6nacTn nn6o HeuocTaToqHo ToqHbI 
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Pnc. 7. Pac~pe.cteneHne <l>oToa.ctc Ha KoaKcnanhHOM p-i-n 06pa3ue, 

16 

(113MepeHne eMKOcTn), nn6o rrpnBo.ctHT K rronpeM.cteHIIJO n 3arpH3-
HeHIIJO rronepxHocTn 06pa3ua ( ocaM.QeHne Me.ctn , H3MepeHne pac
rrpe.cteneHnH rroTeHunana), MeTO.ct CBeTonoro 30H.cta no3Bon1111 .cto

cTaToqHo 5bicTpo n ToqHo 5e3 3arpH3HeHnH noBepxHocTn onpe-
.ctenHTh. nonoMeHne n - , i- n P - 0611acTett B repMaHnn npn 
KOMHaTHOtt TeMnepaType. MeTO.[l OCHOBaH Ha TOM a(jJ(jJeKTe, qTo 

npn nepeMemeHIIII CBeTOBOr0.30H.Qa B.QO/Ih 50KOBOfi IlOBepxHOCTII 
06pa3ua B03HHKaeT <l>oToa.ctc, npnqeM B MeCTax, r.cte cBeToBofi 

30H.ct nepeceKaeT n - i II i -p nepexo.r:thI, Ha6mo.r:taJOTCH pe3Kne 

IlllKll <l>oT09.ctC. 3To CBH3aHO C Han6011ee 6naronpllllTHbIMII YC/IOBII
HMII c6opa HOCIITenefi B MeCTax nepexo.ctoB. no OTHOCHTe/IhHOMY 
ll3MeHeHlllO (jJoT08.[lC MOMHO cy.QHTh 06 113MeHeHnn KOHueHTpaunn 

HOCHTenefi B 0611acTllX. Ha pnc,. 6 npe.ctcTaBneHbl pe3y/IhTaTbl _113-
MepeHnfi C IlOMOIUhlO CBeToBoro 30H.Qa Ha Il/IOCKOM p- i-n 06pa3-

_ ue cpa3y nocne .ctn<l><l>y311n n B pa3Hhie MoMeHThI B npouecce .ctpefi
(jJa, a Ha pnc. 7,- pacnpe.cteneHne (jJoToa.ctc Ha KoaKcnanhHOM p-i-n 
o5pa3ue. MeTO.[l CBeTonor9 30H.Qa IICilO/Ih30Ba/ICll HaMn .[l/Ill KOHTpOnll 
TO/I!llllHhl i - 0611acTII KaK 'o.r:tnH ll3 MeTOJ:lOB KOHTpom1 38 npo-
ueccoM BbipaBHIIB8Hllll rpanneHTOB KOHue11Tpaunn /IIITllll II J:l/Ill Ha-
61IJO.QeHnll 3a npoueccaMn penaKcaunn, nponcxo.r:tl!IUIIMII B i -cnoe, 
OCTaB/IeHHOM 6e3 CMemeHl!H npn KOMHaTHOfi TeMnepaType. 

B ITl!TOfi n nocnenHefi rnaBe npnneneHbI pe3ynhTaTh1 nccne.r:toBa
Hllll llCXO.QHOro repM8HHll, IICITOnh30B8Bll!erocll .Q/Ill 113roTOB/IeHllll 

Ge(Li) -.cteTe!CTOPOB. HaMll IICITO/Ih30B8/ICll p - repMaHnfi .[l/Ill .QeTeK
TOpoB n 6e/IhrllfiCKll fi repMaHnfi <l>·npMbl Xo6oKeH, TTapaMeTpb! Ma
Tepnana ( ynenhHoe conpOTIIBneHne, BpeMll Mll3Hll HeOCHOBHhIX HO
cnTe/Iefi TOKa, Il/IOTHOCTh .QIIC/IOKaUnfi) XOTll II xapaKTepn3yJOT Ka
qeCTBO MaTepnana, ao He onpe.r:te/Il!JOT ero npnro.r:tHOCTn .r:tnll 113ro
ToBneHHll .r:teTeKTopa. TT~Be.cteHne o6pa3UOB Bo BpeMl! .ctpefi(jJa.oqeHh 
pa31111qaeTcll, TaK, o6pa3Ubl 113 KOTOpb!X nonyqaJOTCll Bb!COKOKa
qecTBeHHhie .cteTeKTOpbl KaK npaBII/IO Il03B0/Ill!OT BeCTII J:l/IIITe/IhHhlll 

17 



.npefitj> npll 6onbWl!X HanplI,KeHl!lIX ll Mam,IX TOKSX ll Tpe6y10T MeHb-. 

wero qucna nonTopHbIX .nutj>tj>yaul!: nHTHSI. 

puana Ha wal!:6ax, OTpeaaHHbIX OT 

llnlI cpanHeHHlI MaTe

cnHTKOB, 6bm ll3- ,. 
MepeH TeMnepaTypHbll!: xo.a no.aBH,KHOCTll ll aneKTponpoBO.UHOCTH, 

KOTOpb!l!: npaKTH'leCKll conna.aan y xopOWl!X ll cpe.nHHX o6pa3UOB B llH

Tepnane TeMnepaTyp OT 77°K .llO soo°K;· Hccne.noBaHne npouecca 

pacna.na nepeCbIWeHHOro TBep.noro paCTBOpa Ge - Li ll H3y'le-

Hl!e KHHeTHKH npeuunHTaUHH nHTHlI noanonn:no o6Hapy,Kl!Tb pa3HH-

uy n o6paauax H ll3Mepl!Tb co.nep,Ka.Hl!e xucnop?.na B repMa-

HHH. Hcnb1TyeMb1e 06paaub1 HSCbIWanucb nHTHeM npu TeMnepa

Type 4ooOc B Te'!eHue 20 'l8COB, a 38TeM ll3MeplinOCb y.uenbHOe 

conpoTunneHue p '!eTbipeX3OH.UOBbIM MeTO.llOM npl! KOMHSTHOl!: 

TeMnepaType B Te'!eHl!e HeCKOnbKl!X cyToK. KoHueHTp8Ul!lI OCTSB-

werocSI l!OHl!3OBaHHoro nHTlllI N 
D 

C'll!TbIBanacb no tj>op111yne 

ND 
peµ 

B MOMeHT npeMeHl! t pac-

C y'leTOM Toro, '!TO µ no.llBl!)l(HOCTb aneKTPOHOB 38Bl!Cl!T OT 

ND no aaxoHy lle6aSI-KoHyanna. Kpl!Bbie npeunnnTaIIl!H .nnSI paa

nn'!HbIX o6paauon npe.acTaBneHbI Ha pnc_.6. ITo TO'!KaM nanoMa 6bma 

oueHeHa KOHueHTpaunH xncnopo.aa N0 B o6paauax repMaHnH, n 

no HaKnoHy Ha Ha'lanbHbIX Y'!SCTKaX KpllBbIX paCC'lllTaHa KOH

ueHTPSIIllH ueHTpon npeun:nnTaunn/ 12, 13/ .KnHeTnKa pacna.aa onncb1-

naeTCH ypanHeHn:eM 

ND - N, 

ND -N, 
. 0 

,;,exp(a 1a/2 ), 

r.ae N - KOHueHTp8UllH .aoHopoB B H8'!8nbHbil!: MOMeHT BpeMeHn, DO 

a N r - paBHOBeCHalI KOHUeHTpaunSI .UUHOPOB npn TeMnepaType 

upeunnnTaunn: n 
4 

a== -11 
3 

1/2 
Np [ (ND'-N, )v] (2D LI 

) 3/2 

• 

18 

OTKy.aa MO)l(eT 6b!Tb paccqnTaHa KOHUeHTpaunlI ueHTpOB npe-

unnnTaunn NP , v - rrpnpaweHne o6oeMa ueHTpa rrpeunnnTa-
-23. · Ullll Ha o.anH a TOM nnTHH - rrpnHnManocb paBHblM 2, 2• 10 cM3• 

ITony'!eHHaH KOHUeHTpaunH ueHTpoB npeunrrnTaunn oxaaanacb 
n XOpL!IIllX o6paauax HS rropH.UOK MeHbWe, '!eM n cpeaHnx. 

Ha.pH.UY c naMepeHneM npeunn~Ta111rn B o6paauax, panHOMepHo 

HSCbIWeHHbIX nnTneM, 6bmo npone.aeHo naMepeHne npeunnnTaunn 

B n - cnoe, nony'leHHOM B o6bI'!HbIX Texnonornqecxnx ycnonnHx. 

XapaKTep .BbllIB)leHHH nl!TllH coxpannncH. KpoMe Toro aTn o6pa3Ubl 

( nocne Toro xax Ha unx naMepHnacb npeunnnTaunH n n -cnoe 
'B Te'!enne'"' 160 qacon) 6bmn rrocTanneHbI na apel!:<!> 6ea aonon-
HnTenbHoro noanbmeHnH _nnn rrporpena. Ha xopownx o6paauax apel!:tj> 

nponcxoann C HOpManbHOl!: CKOpOCTbIO, Ha cpeannx - C He3Ha-

'lnTenbHbIM aaMeaneHneM, a Ha nnoxoM nnTnfi rrpoannHyn-

CH Bcero ua rny6nHy 1,5 MM. IToaTOMY uenecoo6pa3HO l!Clib!TbIBaTb 

wal!:6b1 npn oT6ope cnnTKOB B nanMeHee 6narorrpnHTHbIX ycnonn

HX, a nMeHHo:. nocne rrony'leHnH n-: p rrepexoaa HarrbmeHneM n 

a11tj>tj>yanel!: nnTHH BbIJlep)l(llB8Tb o6paaeu B KOMHaTHbIX ycnoBHHX 

6ea CMemeunH B Te'!eHne "'150 '!aeon C OJlHOBpeMeHHb!M Ha6n10ae
HlleM aa cxopocTbIO rrpouecca npeunrrnTaunu, a aaTeM 6ea aonon
HnTenbuoro rrporpena rrponecT11 apel!:tj>, orrpeaenHH noJlBl!)l(HOCTb 

llOHOB nIITIIH. llm1 naroTonneHml aeTeKTOpoB cnea_yeT OT06paTb 

Te cnnTKn, B KOTOpbIX coxpaHnnacb nopManbHaH am1 aamml!: TeM

rrepaTypbI cxopocTb apel!:tj>a n B T{OTopbIX nan6onee Meanenno npo

ncxoaun npouecc rrpeuurrnTaunn. 
( 

KoHueHTpaunH xucnopoaa B o6paauax onpeaenS1nacb naMn 

TaK,Ke ll no CKOpOCTll .apel!:tj>a, O)l!IaKO 8Tll )l8HHbE Menee JlOCTonep-

HbI, •ieM aaHHbie no rrpeunnnTaunn, Tax KaK aaxn10qa10T B ce6e. 

rrorpewHOCTb onpeaeneHHlI xoncTaHTbI anccounaunn: 06paaonanwnx

cS1 KoMrrnexcon [ Li O l-: 
B aTol!: ,Ke rnane orrncaHbI rrpoueccbI penaxcaunn, rrponcxo

JllilUlle B i, - cnoe B paann'!HbIX o6paauax, cocTannemrbIX 6ea 

CMeweHHlI rrpn KOMH8THol!: TeMrrepaType. KoH_Tponb 38 8Tl!Mll rrpo-

19 
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. ueccaMH Benc.11 no H3MeHemuo BOnE,T-eMKOCTHbIX xapaKTepIICTHK, 
no Il3MeHeHIIIO q>OTO-II TepMoa.uc. YCT8HOBneHo, 'ITO B cpe.UHIIX oopaa
nax npOIICXO.UIIT HenpepbIBHoe yBenH'IeHne KOHileHTpannII HO?H-
Tenen B i ..; cnoe aa C'IeT Il3MeHeHIISI YPOBH.11 KoMneHC'8UIIII. B 
xoponmx oopaanax - cnoa oona.uaeT npoBO.UIIMocTbro n - Tilna, 
II B gaqane nponecca B HeM · nponcxo.UIIT yMeHbweHne KoHneHTpanI1n, 
nepexo.u B p -THn npoBO.UHMOCTII H aaTeM yBenI1'IeHI1e KOHIIeHTpa

UIIII HOCIITenea. 

B aaKnIO'IHTenbHOH 'IaCTII npIIBO.USITC.11 OCHOBHbie peaynbTSTbl 
/lI1ccepTannI1. 

l. Hana)KeHa TexHonornH Il3I'OTOBneHHSI nnoCKIIX. KOaKcnanbHbIX 
.ueTeKTOpOB C O/lHIIM H LiByM.11 OTKpb!TbIMII TopnaMII H U -.ueTeKTO
poB nnocKoro Tnna. 

2. MaroToBneHbl y - cneKTpoMeTpbl_ c 'IYBCTBHTenbHb!MII 
o6"beMaMII oT 6 .uo 50 CM3.. Hanny'Iwee paapeweHile Ha .ueTeKTope 

6onbWOI'O o6"beMa (30 c~) -COCTSBilno 3,2 K9B npn 1333 K9B II 
7,05 KaB - npn 6,621 MaB ~ 

3. MaMepeHa a6conroTH8.II a<!><l>eKTHBHOCTb .ueTeKTO!)OB n ee 
38BIICHMOCTb OT 9HepI'IIII. 

4. ITpoBerteHbl nccne.UOBBHIISI BHyTpeHHeH CTpyKTypbl .ueTeKTOpoB 
C noMOWblO Y3KOKonnnMHpOB8HHOI'O ny'IKa Y -KBSHTOB. 

5. ITpnMeHeH MeTo.U CBeTOBOI'O 3OH.Ua .Un.II onpe.ueneHil.11 wnpIIHbl 
KOMneHCHpoBaHHOI'O cno.11 II .un.11 KOHTpon.11 38 OTHOCIITenbHbIM na
MeneHHeM KonneHTpannII II pacnpe.ueneHileM nIITH.11 B i -cnoe B 
repMaHIIH. 

6. DpoBe.ueHo nccne.uoBaHne II cpaBHeHne CBOHCTB ncxo.u-
HOI'O repMSHIISI, nony'IeHHO('O Il3 paanil'IHbIX IICT5)'IHIIKOB. YcTaHOB
neno, 'ITO B MaTepnane, H3 KOToporo ObinH nony'IeHbl BbICOKOKa
'IeCTBeHHbie y - cneKTpoMeTpbl, npenI1nnTailll:S1 nIITil.11 II.UeT cy
mecTBeHHO Me.unenHee, qeM. B ocTanbHhIX o6paauax. MaMepeHHa.11 
KOHUeHTpaUJt.11 ueHTpoB npeunnnTaUHII B HeM Ha. nop.11.UOK MeHbWe , 
'IeM B OCTBnbHbIX o6paauax. 
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. ' 7.-OueHeHa KoHueHTpaun.lI KncnopoAa B MaTepnane no npeun

nnTaunn nHTH.II H no CKOpOCTH Apeiiqia. YcTaHoBneHo, 'ITO .ripeiiqi 
,Jo 

HOHOB nnTH.II nponCXOAHT C HOpManhHOll CKopoCThID B MaTepnane 

c °KOHUeHTpauneii KilC;OPOAa 2-5,to13 cM3, c noHHlKeHHOll CKOpOCThID 

· B MaTepnane c KOHUeHTpauneii 5· 1014 CM-3 n npaKTH'leCKH He HAeT 

B Ma Tepnane c KOHUeHTpauneii KHCnopoAa Si 10 15 CM-3. 

B. C noMomhro naroT0Bnemi1,1x AeTeKTopoB 6onhworo 06-1,eMa 
155 151 138 nony'leHbI y - cneKTp1,1 Dy , Pm , nay'lancg pacnaA Pr 

139 
Pr, 

97 
Rh, 

98 
Rh, yTO:'!HeHbl HHTeHCHBH0CTH llllHilll B HX Y -cneKT

pax; nony'leHbI cneKTpbI y - nyqeii na peaKunn
127 

I (n, y) 
128 

I ; 

o6HapylKeHbl HHTeptjlepeHUllOHHbie aqiqieKTbl ( KOHCTpyKTllBHa.lI . HHTep-
. . H9 

cjiepeHUH.II) _B ceqemm paAnaunoHHoro aaxBaTa HeiiTpoHa .IIApOM Sm. 

OcH0BHbJe peaynhTaT1,1 AnccepTaunn ony6nnKoBaHbI B/4-10/ n 

AOKnaAbIBanHCh Ha MelKAyHapOAHOM pa6o'leM COBemaHHll no nony

npOBOAHllKOBb!M AeTeKTopaM .IIAepHblX nany'leHnii, .Uy6Ha, HIDHh 

1966 r. n Ha ElKeI'OAHOM coBemaHllll. no .IIi:tepHoii cneKTpOCKOIIHll 

n CTpyKType BT0MHOI'O .IIApa, EpeBaH, .IIHBBph 1969 r. 
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