


KaK ~aeecTHo, eo3MO~ho cy~ecTBOBDHHe 2-x THnoa ABOHHoro 
~-pacnaAa: c a~neToM ABYX aHTHHeHTPHHO H 6eaHeHTpHHHoro. Boa
pocwHH a nocneAHee epeMR HHTepec K 3KcnepHMeHTanbHOMY o6Hapy
meHH~ BTOpOrO H3 3THX npo~eCCOB CBR3aH C B03MOmHOCTb~ nony~eHHR 
HH¢QpMa~HH 0 COXpaHeHHH nenTOHHOrO ~Hcna H $YHAaMeHTanbH~X 
CBOHCTBaX HeHTPHHO. C 3KCnepHMeHTanbHOH TO~KH 3peHHR 2~(0v) -
pacnaA YA06eH TeM, ~To cyMMa 3HeprHR ABYX e~neTaO~HX 3neKTPOHOB 
nOCTORHHa, ~TO MOmeT 6~Tb MO~H~M KpHTepHeM B~AeneHHR npo~ecca 
H3 $OHa. EcnH 3TO RBnReTCR TaKme H eAHHCTBeHH~M KpHTepHeM, TO 
OCHOBHOe Tpe6oeaHHe K AeTeKTOpy - B~COKOe 3HepreTH~eCKOe paa
peweHHe, KOTopoe AOn~Ho 6~Tb TeM ny~we, ~eM 6onbwe 3Hepr·H~ pac
naAa. 3TO CBR3aHO C TeM, ~TO BepORTHOCTb 2~(2v) -pacnaAa, 
KOTOp~H 6yAeT B 3TOM cny~ae ¢QHOB~M, 3Ha~HTenbHO CHnbHee 3aBH
CHT OT 3HeprYIH (- E 10 

) , ~eM 6eaHeHTPHHHoro (- E 8) . Jly~wHe 
peaynbTaT~ no o6HapymeHHIO 2~ (Ov) -pacnaAa nony~eH~ rpynnoR 
$Y!OPHHH/l/, YICnOnb30BaBweH Qe(Li)-AeTeKTOp C aKTHBH~M 06DeMOM 
68 eM 3 . AeTeKTOp OAHOBpeMeHHO cnymHn H HCTO~HHKOM pacnaAOB 
715 Ge -. 78 Se. TaKoe peweHHe noaaonReT nony~HTb MaKCHManbHO 
B03MOmH~e 3$$eKTHBHOCTb perHCTpa~HH H 3HepreTH~eCKOe pa3peweHHe, 
HO orpaHH~HBaeT AHana30H HCCneAyeM~X 3neMeHTOB nHWb nonynpOBOA
HHKaMH, H3 KOTop~x B03MOmHo H3roToeneHHe AeTeKTopa. KpoMe Ge 
B HX ~HCnO BXOaHT CdTe, o6e KOMnOHeHT~ KOTOporq MOryT HCn~T~
BaTb 2~(0v)-pacnaA, OAHaKO xapaKTepHCTHKH nony~aeM~X KpHCTan
nOB e~e RBHO HeYAOBneTBOpHTenbH~. B o6naCTH 3HeprHH nepeXOAa 
78Ge .. 76 Se 2045 M3B $HopHHH 6~no nony4eHo paapeweHHe 0, 3%, 4TO 
n03BOnHnO npH BpeMeHH 3KCn03H~HH 4400 4aCOB B nOA3eMHOH na6opa
TOpHH /rny6HHa 4200 M.B.3./ ycTaHOBHTb HHmH~~ rpaHH~Y nepHOAa 
nonypacnaAa: TtL= 5 ·1 0 21 neT /ypoeeHb AOCTOBepHOCTH 68%/. 

71 /2/ 
Bo eTopoM ~HKne pa6oT HcnonbaoeanHcb npocTpaHCTBeHHO pa3Ae-
neHH~e AeTeKTOp H HCT04HHK 2~(0v) -pacnaAOB, 4TO npHBeno K 
paCWHpeHH~ 4Hcna HCCneAyeM~X 3neMeHTOB ~eHOH CHHmeHHR 3$$eKTHB
HOCTH H paapeweHHR, npH 3TOM HCnOnb30BancR aHanorH4H~H npH
MeHReMOMy B nepBOM ~HKne Qe(Li)-AeTeKTOp C aKTHBH~M 06DeMOM 
130 CMS , KOTOp~H perHCTpHpOBan y-KBaHT~ nepeXOAOB B036ymAeH
H~X RAep A04epHeH H306ap~, o6pa3y~HXCR B peaynbTaTe 2~(0v) -
pacnaAOB, B OCHOBHOe COCTORHHe. 

Ha cKaaaHHoro o4eBHAHO, 4TO HAeanbH~M peweHHeM AnR noHcKa 
2~(0v) -pacnaAa 6~no 6~ C03AaHHe AeTeKTopa, RBnR~erocR OAHO
epeMeHHO HCT04HHKOM, o6naAa~ero B~COKHMH 3HepreTH4eCKHM paa
peweHHeM H 3$$eKTHBHOCTb~, KOTOp~H MOMeT 6~Tb H3rOTOBneH H3 
n~6oro Heo6xOAHMoro 3neMeHTa. M~ nonaraeM, 4TO,Hcnonb3YR AOCTH
MeHH.R $H3HKH HH3K~~X H CBepXHH3KHX TeMnepaTyp, MOmHO npH6nH3HTbCR 
K TBKOMY peweHH~. noKaMeM BHB4ane, 4TO npHH~HnHanbHO B03MOMHa 
perHcTpa~HR npo~eccoa -~O&wgeneHHeM /npoxOMAeHHe 
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4aCTH~~, pacnaA paAHOaKTHBHOrO ~Apa H T.A./ B 6onbWHX Maccax 
I =1 Kr/ no H3MeHeHH~ TeMnepaTyp~. 3Ta B03MO~HOCTb e~TeKaeT H3 
Tpex ~aKTOB: 1/ n~fioe B3aHMOAeHCTBHe H3ny4eHH~ C Be~eCTBOM 
COnpOBO~AaeTC~ TennOB~MH nOTep~MH; 2/ OTHOCHTenbHOe H a6con~T
HOe H3MeHeHHe TeMnepaTyp~ 6~CTpO pacTeT npH nOHH~eHHH pa604eH 
TeMnepaTyp~ T, oco6eHHO An~ MOHOKpHCTannH4eCKHX AH3neKTpHKOB, 
TennoeMKOCTb KOTOp~X C - 'fS ; 3/ cy~eCTBy~T MeTOA~ H3MepeHH~ 
HH3KHX TeMnepaTyp c paapeweHHeM ~T/T AO lo-9 . An~ npHMepa 
B03bMeM MOHOKPHCTann AH3neKTPHKa MaCCOH 1 Kr npH TeMnepaType 
0,01 K H TennoeMKOCTb~ 10- 11A~·r- 1 .K-1 = 60 M3B·r-1 ·K-1 . 
3TO 3Ha4eHHe TennoeMKOCTH HY~AaeTC~ B 060CHOBaHHH. 3KcnepHMeH
TanbH~X AaHH~X no TennoeMKOCTH MOHOKPHCTannH4eCKHX AH3neKTpHKOB 
B 3TOH o6naCTH TeMnepaTyp HeT H3-3a 4pe3B~4aHHOH cnO~HOCTH 
/HnH HeB03MO~HOCTH/ ee onpeAeneHH~ B Ha3eMH~X ycnOBH~X, KOrAa 
TennonpHTOK OT KOCMH4eCKOrO H paAHOaKTHBHOrO ~OHa nop~AKa 
1 o-14 BT · r - 1 = 60 K38 · c - 1 • r - 1 • B o6nacTH renHee~x TeMnepaTyp 
TennoeMKOCTb, HanpHMep MOHOKpHcTannH4eCKHX Ge H Si , xopowo 
OnHC~BaeTC~ KY6H4eCKOH 3aBHCHMOCTb~ OT T H HMeeT eenH4HHY 
C/1K/ = 5 ·1 0-7 A~· r - 1 , TOrAa 3KcTpanon~I.IH~ AaeT C/0 01 K/ 
= 5·10- 18~·r-1 ·K-1 = 3 M3B·r - 1 ·K-1 . B cHny npocToT~ 
KPHCTannH4eCKOH peweTKH H B03MO~HOCTH B~pa~HBaHH~ ceepX4HCT~X 
MOHOKpHCTannoe Ge H Si B~COKOrO Ka4eCTBa HeT OCHOBaHHH COMHe
BaTbC~ B npaeoMepHOCTH TaKOH 3KCTpanon~LIHH, no KpaHHeH Mepe An~ 
3THX nonynpoeOAHHKOB. TorAa npH ~T/T = 10-7 MHHHManbHO 
perHCTpHpyeMa~ 3HeprH~, nepeweAwa~ B Tenno, £min= 60 38. npH 
3HeprHH 2~(0v) -pacnaAa,HanpHMep,2 M38 3TO 6yAeT COOTBeTCTBO-
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MeTOAa perHcTpai.IHH ~en~eTc~ TepMOMeTpH~. K TepMOMeTpy npeAo
~en~~Tc~ ~eCTKHe Tpe6oeaHH~: xopowee paapeweHHe ~T/T , HyneeoH 
TennonpOBOA K AeTeKTOpy, Mana~ TennoeMKOCTb. 3THM Tpe6oeaHH~M 
YAOBneTBOpReT CKBHAOB~H MarHHTOMeTp, H3Mep~~~HH 3neKTpOHHY~ 
HaMarHH4eHHOCTb, KOTopa~ nOA4HH~eTc~ aaKOHY K~pH M- T-1. 
AHanH3 TepMoMeTpHH e~XOAHT aa paMKH AaHHoro coo6~eHH~, OTMeTHM 
nHWb, 4TO napaMarHHTHbiH CKBHAOB~H TepMOMeTp n03BOn~eT nerKO 
peanH30BaTb AHHaMH4eCKHH AHanaaoH 120 A6 npH coxpaHeHHH nocTo
~HHOH 4YBCTBHTenbHOCTH, paBHOH noporOBOH, npH4eM B 3TOM AHana-
30He AeTeKTOp e~e MO~HO paccMaTpHBaTb KaK nHHeHHOe yCTPOHCTBO. 

nepeXOA~ Aanee K B03MO~HOCTH TennOBOH perHCTPai.IHH 2~(0v) 
pacnaAa, cneAyeT npe~Ae ecero aaMeTHTb, 4TO 3TOT npo1.1ecc peAKHH, 
n03TOMy npo6neMa ~aHa - pewa~~a~. Heo6xOAHM~M ycnoeHeM TaKOH 
perHCTpai.IHH ~Bn~eTC~ AOCTaT04HOe 6~CTPOAeHCTBHe AeTeKTOpa, 
noaeon~~~ee pa3AenHTb eo epeMeHH ~oHoe~e Tennoe~e HMnynbc~. 
HaH6onee MeAneHH~MH npo1.1eccaMH TennoeoA perHcTpai.IHH ~en~~Tc~ 
YCTaHOBneHHe paBHOBeCHOH TeMnepaTyp~ no 06oeMy AeTeKTOpa H 
YCTaHOBneHHe Tennoeoro paBHOBeCH~ Me~AY KpHCTannH4eCKOH peweT
KOH H 3neKTpOHHOH CnHHOBOH CHCTeMOH, xapaKTepH3yeM~e epeMeHaMH 
rv H 'SL COOTBeTCTBeHHO. npH AH~y3HOM pacnpOCTpaHeHHH Tenna 
H3 T04e4Horo HCT04HHKa r v no nop~AKY eenH4HH~ pasHa Cp L 2/A., 
rAe C- TennoeMKOCTb, p - nnoTHOCTb, L - nHHeAH~e paaMep~ 
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AeTeKTOpa, A - TennonpOBOAHOCTb. 0TC~Aa An~ MOHOKPHCTannH4ec
KH~8AH3neKTpH4~1KHX AeTeKTOpOB C MaCCOH nop~AKa 1 Kr 
10 :f. r v ~ 1 0 c. An~ nony4eHH~ 01.1eHKH 'sL Heo6XOAHMa 
3KCTpanon~I.IHR H3BeCTH~X AaHH~X OT o6naCTH renHeB~X TeMnepaTyp 
c y4eTOM Taro, 4TO npH 3THX TeMnepaTypax cnHH-peweT04Ha~ 
penaKCai.IH~ B OCHOBHOM OCy~eCTBn~eTC~ np~M~MH /eannepOBCKHMH/ 
npo1.1eccaMH, AnR KOTop~x r sL - 'I-1 . TorAa 10 -s :5 r SL $ 10 c. 
TaKHM o6paaoM, MO~Ho HaAe~Tbc~ nony4HTb 6~CTPOAeHCTBHe AeTeK
Topa no nepeAHeMy ~pOHTY Tennoeoro HMnynbca r 0 .:: 1 o-2 c. An~ 
Ol.leHKH AOCTH~HMOH 4aCTOT~ ~OHOB~X HMnynbCOB BOCnOnb3yeMC~ 
peaynbTaTaMH ~HOPHHH 11 •21 . npe~Ae ecero H3 HHX cneAyeT, 4TO ~OH 
Ha rny6HHe 4200 M.B.3. H npH HCnOnb30BaHHH XOpOWeH naCCHBHOH 
3a~HT~ /B nepBOM I.IHKne: 5 CM ABa~A~ AHCTHnnHpOBaHHOH PTYTH + 
+ 4 CM 6eCKHCnOpOAHOH MeAH + 10 CM HH3KOpaAHOaKTHBHOrO CBHHI.Ia + 
+ 10 CM 06~4HOrO CBHHI.Ia + 0,2 CM KaAMH~ + 20 CM napa~HHa/ Onpe
Aen~eTCR TonbKO paAHOaKTHBHOH aarpR3HeHHOCTb~ caMoro AeTeKTopa 
H finH~aHWHX K HeMy KOHCTpyK~HOHH~X AeTaneH ycTaHOBKH. 3arpR3-
HeHHOCTb Ge(Li) AeTeKTopa 288 U H 282 Th , aKnl04a~ npOAYKT~ Hx 

6 10-17 -1 pacnaAa, ~na MeHbWe KH•r , 4TO COOTBeTCTByeT KOHI.IeHTpa-
I.IHH MeHee 10 l1 CM-S H CKOpOCTH C4eTa ~OHa MeHee 1 4aC -1 Kr -1 . 
OcHOBHOH BKnaA a ~H Aaean xonoAonpoeoA H3 6ecKHcnopoAHOH MeAH 
B~COKOH npOBOAHMOCTH, Ha KOTOpOM KpenHnCR AeTeKTOp H aarp~3He
HOCTb KOTOporo OKa3anaCb MeHee 10-15KH·r-1 • ~CXOA~ H3 3TOH 
BenH4HH~ H C4HTa~ Macey 6nH~aHWHX K AeTeKTOPY AeTaneA nopRAKa 
10 Kr, a 3~eKTHBHOCTb perHCTPai.IHH HM pacnaAOB B 3THX AeTan~x 
100%, nony4HM cKopocTb ~oHoeoro C4eTa MeHbWe 0,4 c -1. TaKHM 
060a30M. B~nOnHHMO He TOilbKO HP.nfixnnr..tMOP: HO lA .n.nrT~TOUHn,. 

ycnoeHe TennoBOH perHCTpai.IHH r 0 << r ¢ , rAe r 4> - nepHOA cneAo
aaHH~ ~OHOB~x HMnynbcoe. AanbHeHwee yny4weHHe onpeAen~eTc~ KaK 
noB~WeHHeM 6~CTPOAeHCTBHR, TaK H CHH~eHHeM CKOpOCTH ~OHOBOrO 
C4eTa. 6~CTPOAeHCTBHe peanbHO MO~eT OKa3aTbC~ ny4We npHBeAeHHOH 
Ol.leHKH aa C4eT HeAH~~Y3HOrO xapaKTepa TennonpOBOAHOCTH npH 
OfiCY~AaeM~X TeMnepaTypax H B3aHMOAeHCTBH~ HepaBHOBeCH~X Tenno
B~X ~HOHOB CO CnHHaMH, np~Moro B3aHMOAeHCTBH~ nepBH4H~X H BTO
PH4H~X 4aCTHI.I co cnHH-cHcTeMOH, perHcTpai.IHH noKanbHOH TeMnepa
Typ~. ~OH B npHHI.IHne MO~eT onpeAen~TbC~ aarpR3HeHHOCTbiO TOnbKO 
AeTeKTOpa, n03TOMy AOCTH~eHHe CKOpOCTH C4eTa (1 + 0,1) MHH -1 
He npeACTaan~eTc~ 6eaHaAe~H~M. 

KpoMe paccMOTpeHHOro HCT04HHKa ~aHa, npH TennoeoM AeTeKTHpo
aaHHH HMe~TCR cnei.IH~H4eCKHe HCT04HHKH: BH6poaKyCTH4eCKHH, 
3neKTpOMarHHTH~H, a TaK~e penaKCai.IHOHH~e npOI.IeCC~ C B~AeneHHeM 
3HeprHH BHyTpH CaMara AeTeKTOpa. ~3 HHX nepe~e ABa RBnRIOTC~ 

TPHBHanbH~MH H HX aenH4HHa 3aBHCHT OT Ka4eCTBa H30n~I.IHH AeTeK
TOpa B KpHOCTaTe OT 3THX napa3HTH~X TennonpHTOKOB. 8 npeABapH
TenbH~X on~Tax, Hcnonb3Y~ cpaeHHTenbHO npocT~e npHeM~ /~YHAaMeHT 
Ha raaoa~x aMOPTH3aTopax, 6eawyMH~e Hacoc~, M~rKyiO noABecKy 
KaMep~ KanopHMeTpa C 06pa3~0M B KpHOCTaTe, T~aTenbHY~ 3KpaHH
pOBKY ecex H3MepHTenbH~X npOBOAOB, 6aTapeHHOe nHTaHHe H3MepH
TenbH~X CXeM H T.A./, HaM YAanoCb B Ha3eMH~X ycnoBHRX npH fionb-
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WOM YPOBHe CeHCMH4eCKHX H 3neKTpOMexaHH4eCKHX nOMeX CHH3HTb 
TennonpHTOK OT 3THX HCT04HHKOB AO ypOBH~ MeHee 10-16 BT·r-1 

/npH Macce o6paa~a 10 Kr/. no3TOMY eCTb HaAemAa B n~A3eMHOH 
na6opaTOPHH AOCTH4b Tpe6yeMOrO ypOBH~ He 6onee 10-2 BT·r -l= 
= 0, 06 3B • C -1 • Kr - 1 . 6onee cepbe3HYIO TPYAHOCTb npeACTaBn~IOT 
penaKCa~HOHH~e npo~eCC~, CB~3aHH~e C HeHAeanbHOCTbiO KpHCTannH-
4eCKOH peweTKH AeTeKTopa. Bnepa~e nOA06H~H npo~ecc 6~n o6Hapy
meH HaMH B nonHKpHcTannH4eCKOH MeAH/3/ nocne oxnamAeHH~ AO 1 K, 
KOrAa AHCCHnHpyeMa~ B HeM MO~HOCTb MomeT 6~Tb npH6nHmeHHO aanH
caHa B BHAe W(t) .. w1exp(-t/r1~ 0 W2exp(-t/r2) '~Ae w1 _An~ paa
H~X o6paa~oa MeH~eTc~ oT 5·10 1 BT·r-1 AO 5·10 13 BT·r 1 , 
W 

2 
= O,lW 1 , a r 1 11 r 2 HMeiOT eenH4HH~ nop~AKa 100 H 1000 4a

coa cooTBeTCTBeHHo. OcHOBHOH oco6eHHOCTbiO 3TOH penaKca~HH 
~Bn~eTC~ ee aTepMH4eCKHH xapaKTep 141 , TaK 4TO 11 3aMOp03HTb 11 ee 
Henb3~. 04eBHAHO, eAHHCTBeHH~M cnoco60M npeOAOneTb 3TY TPYAHOCTb 
~Bn~eTC~ HCnonb30BaHHe 6e3Ae$eKTH~X MOHOKpHCTannOB, OAHaKO Ha 
npaKTHKe ni060H MOHOKpHCTann KOHe4H~X pa3MepOB ~Bn~eTC~ Ae$eKT
H~M Ha-aa HanH4H~ noaepXHOCTH. B HaCTO~~HH MOMeHT noKa Henb3~ 
onpeAeneHHO CKa3aTb, Ha KaKOM ypOBHe n03BOnHT 3TO peanH30BaTb 
TennOBOH AeTeKTOp OTAenbH~X co6~THH. 0KOH4aTenbH~H OTBeT MomeT 
6~Tb nony4eH TOnbKO 113 3KCnepHMeHTa. 

noABOA~ HTOr, cneAyeT CAenaTb B~BOA, 4TO ABa $YHAaMeHTanbH~X 
AOCTHmeHH~ KpHOreHHKH: MeTOA nony4eHH~ CTa~HOHapH~X CBepXHH3KHX 
TeMnepaTyp pacTaopeHHeM 3He a 4 He 11 H3MepHTenbHa~ TexHHKa Ha 
OCHOBe 3~eKTa ~m03e$COHa - n03BOn~IOT rOBOpHTb 0 TennOBOH 
perHcTpa~HH npo~eccoa c Man~M 3HeproB~AeneH~o~eM ( ::.: 1 0 3B · Kr - 1) , 
XOT~ TeXHH4eCKHe TPYAHOCTH B npHMeHeHHH K KOH~peTH~M 3aAa4aM 
HCKni04HTenbHO BenHKH. 0AHaKO He CneAyeT aa6~BaTb, 4TO HCTOpH~ 
~AepHO-$H3H4eCKOrO 3KCnepHMeHTa 3HaeT cny4aH, KOrAa 3aAa4H, 
C4HTaBWHeC~ nepBOHa4anbHO B006~e 6e3HaAemH~MH, 6~nH B KOH~e 
KOH~oa peweH~. CaM~M 6necT~~HM npHMepoM TaKoro POAa, ~an~eTc~, 

nomanyH, peanHaa~H~ ~3BHCOM npeAnomeHH~ 6.noHTeKopao no perHCT
pa~HH COnHe4H~X HeHTPHHO xnop-aprOHOB~M MeTOAOM, KOrAa Heo6xo
AHMO 6~no npeOAOneTb paap~B B BenH4HHe H3Mep~eM~X Ce4eHHH OKOnO 
20 nop~AKOB. npH ycneWHOM peweHHH npo6neM~ TennOBOH perHCTpa~HH 
noHcK 2~(0v)-pacnaAa 6~n 6~, Ha Haw aarn~A. HaH6onee ecTecT-
aeHH~M npHMeHeHHeM HOBOrO MeTOAa. 

AaTop~ rny6oKo npH3HaTenbH~ npo$eccopy B.n.~menenoay aa 
MHOroneTHIOIO nOAAepmKy npeABapHTenbH~X HH3KOTeMnepaTypH~X HCCne
AOBaHHH H B.f.3HHOBy,~.K.AKHMOBy,U.B~noay aa none3H~e o6cymAeHH~. 
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