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OEID;MI XAP AKTEPHCTIIKA PAEOTbl 

AKTyaJibHOCTb TCl\-lbl HCCJie,!lOBaHHH. C MOMeHTa csoero B03HHKHOBe

HHH " no· HaCTmm.1,ee speMH noJiynpoBO)].HHKOBbie )].eTeKTOpbI OCTalOTCH He-

3aMeHIIMblM IIHCTpyMeHTOM 3KCnepIIMeHTaTopoB B H)].epHOH <pH3HKe II qm-
3HKe 3JieMeHTapHbIX tJaCTIIIJ,. O)].HaKo; nptt ttcnOJib30BaHIIII TPa.D.IIIJ,IIOHHblX 

( CTaH)].apTHbIX npOMblllIJieHHO BbmycKaeMbIX) )].eTeKTopos H3 KpeMHHH II 

repMaHIIH B npo1.1,ecce nnaHttposamrn n npose)].eHttH 3KcnepttMeHTOB s co

speMeHHOH HeycKOpttTeJibHOH cpmttKe, tJaCTO B03HHKaIOT npo6JieMbl, He 

ttMeIOI..IJ.tte rpIIBIIaJibHbIX perneHtttt. 

O)].HOH H3 KJIIOtJeBbIX 3a)].atJ HeifrpIIHHOH <pH3IlKH HBJIHeTCH nottCK 

)].BOHHoro 6e3HettrpttHHorq 6era-pacna)].a. HHTepec K TaKHM 3KcnepttMeH

TaM o6ycJIOBJieH TeM, lJTO, no cyTH, 3TO e)].HHCTBeHHbIH cnoco6 onpe)].eJIIITb, 

HBJIHeTCH HettrpIIHO .D.IIpaKoscKott mm MattopaHoBcKott tJaCTttIJ,eH. CyI..IJ.ecT

syeT )].Ba 3KcnepIIMeHTaJibHbIX nOJJ.XO)].a K HCCJie)].OBaHHIO )].BOHHbIX 6eTa

npo1.1,eccos. TiepBbIH - 3KCnepttMeHTbl C «aKTHBHbIM HCTOlJHIIKOM», B KOTO

pbIX )].eTeKTop O)].HOBpeMeHHO HBJIHeTCH tt HCTOlJHHKOM IICKOMbIX co6bITHH. 

BTopott - 3TO 3KCnepIIMeHTbl C BHellIHIIM «nacCIIBHbIM» IICTOlJHIIKOM (TOH

KHH CJIOH IlCTOlJHttKa IlOMeI..IJ.aeTCH Me)K)],y pemcrpttpYJOI..IJ.HMH )].eTeKTopa

MH). B o6ottx cJiyqaHx Ha npttMeHHeMbie )].eTeKTOpbI HaKJJa)].bIBaeTCH pH)]. 

BIDKHbIX rpe6osaHHH. ,rt;ereKTOpbl )].OJl)KHbl ttMeTb HH3KIIH BHyrpeHHIIH pa

)].HOaKTHBHblH cpoH, o6Jia)].aTb xopornttM 3HepreTtttJeCKHM pa3perneHIIeM, 

BblCOKOH 3cp<peKTHBHOCTblO perttcrpaI.I,IIII " CTa6IIJibHOCTblO cneKTpOMerpII

qeCKHX xapaKTepttCTIIK. 3TIIM rpe6osaHHHM s IlOJIHOH Mepe OTBetJaIOT no

nynpOBO)].HHKOBble )].eTeKTOpb1 m oco6o tJIICToro repMaHttH (HPGe ). O)].tta

K0, II B TOM, II B .ll.PYfOM CJiyqae He npe)].CTaBJIHeTCH B03M0)KHbJM IICilOJib30-

BaTb Htt TPa.D.IIIJ,IIOHHbie, np0MbillIJieHH0 BhmycKaeMbie HPGe-JJ.eTeKTOpbI, 

HH 06bllJHbie MeTO)].bl HX 3KCilJiyaTaIJ,IIII • 

TaK, npII pa3pa60TKe )].eTeKTopos " KpttOCTaTa )].JIH noJiynpOBO)].HIIKOBO

ro cneKrpoMerpa TGV-2 (TenecKon repMaHIIeBbJH BepTIIKaJibHbitt), KOTO

pbIH OTHOCHTCH K KJJaccy 3KcnepIIMeHTOB C nacCIIBHblM HCTOlJHIIKOM, CTaJia 

OlJeBII)].HOH HenpttMeHIIMOCTb B )].aHHOM cnyqae cyI..IJ.eCTBYIOI..IJ.IIX MeT0)].IIK 

KancynIIpoBaHHH )].eTeKTopoB, o6ecnetJeHHH 3JieKrpIItJeCKHX KOHTaKTOB K 

HMM II 0XJia)K)],eHHH 32-)].eTeKTOpHOH c6opKII )].O pa6otJett TeMneparypbl. no

CJie 3anycKa TGV-2 B 3KCilJiyaTaIJ,IIIO Ha3pena Heo6xo)].ttMOCTb yseJIIItJeHHH 

MaCCbl II30TOna-KaH)].H)].aTa Ha 2p-npo1.1,ecc 6e3 3HalJttTeJibHOH nepe)].eJIKII 

cneKrpOMeTpa, lJTO norpe6oBaJIO pa3pa60TKH MeTO)].HKH Il3fOTOBJieHHH nJia

HapHblX HPGe-)].eTeKTopos, IIMelOI..IJ.HX TOHKHe HetJyBCTBHTeJibHble CJIOII C 

.D.Byx crnpoH. 06'Le,n;nHeHHLIH HHCTH?T 
B .D.pyroM KJJacce 3K Il~QHMeHT0B no IlOHCK 2jj-pacna)].a - 3KCneptt

SI,U,t:pHMX ,ccneAOBa HH' 

Bl1BTTl1OTEKA I 



MeHTax C aKTl18HblM 11CTO'-IHl1KOM 11CnOJib3YIOTCH KOaKCl1aJibHbie .n.eTeKTOpbl, 

113rOTOBJieHHbie 113 o6orarn,eHHOro moTona 
76

Ge. Ha11ny11w11i1, Ha cero

.ll.HHWHl1H .n.eHb, npe.n.en Ha nep110.n. nonypacna.n.a 2!30v-np0Qecca nony11eH 

HMeHHO B TaKHX 3KCnepHMeHTaX. O.n.HaKO, ,D.JIH ,ll.0CTIDKeHHH npHHQHnHaJib

HO HOBblX pe3yJibTaTOB B repMaHHeBbIX 3KcnepHMeHTax HOBOro noKOJieHHH 

GERDA H Majorana, }')Ke He.n.ocTaTO'-IHO npocTo yseJIH'-IHTb Macey .n.eTeK

TopoB. _Heo6X0,D.HMO 3Ha'-IHTeJibHO nOHH3HTb pa,D.HOaKTHBHblH qJOH. OCHOB

HbIM HCTO'-IHHKOM qJOHOBbIX co6bITHH B 3KCnepHMeHTax no.n.o6Horo po.n.a 

HBJIHeTCH BblCOK03HepreTH'-leCKOe y-mJiy'-leHHe OT KOHCTpyKQHOHHbIX MaTe

pHaJIOB OKp}')KaIOlll,HX .n.eTeKTop. raMMa-KBaHT C 3Heprnei1 6onee 2,25 M3B, 

nonaB B ".n.eTeKTOp H HCnbITaB MHOroKpaTHOe KOMnTOHOBCKOe pacceHHHe, 

3aTeM MO)KeT nOKHHYTb ero. DpH 3TOM 3HepreTH'-leCKHe noTepH TaKoro 

KBaHTa cyMMHPYJOTCH, a pe3yJibTHpy10rn,HH CHrHaJI BnOJIHe MO)KeT HMHTH

posaTb HHTepecyIOlll,HH Hae npoQecc: perHCTpaQHIO .n.syx 3JieKTpOHOB C 

cyMMapHOH 3Heprnei1 ~ 2,039 M3B. PeWHTb npo6JieMy npe.n.cTaBJIHeTCH 

B03M0)KHbIM, eCJIH pa3,D.eJIHTb .n.eTeKTOP Ha OT,D.eJibHbie cerMeHTbl. ,lJ;BOHHOH 

P-pacna.n. - 3TO npoQecc, npo11cxo.n.Hrn,HH B "o.n.Hott TO'-!Ke", no3TOMY per11-

CTpaQ11H .n.syx 3JieKTpOHOB C Bb!COKOH ,D.OJieH · BepOHTHOCTH npOH30H,D.eT 

JIHWb B O,D.HOH ceKQHH, B TO BpeMH KaK qJOHOBblH y-KBaHT B pe3yJibTaTe 

MHOroKpaTHOro KOMnTOHOBCKOfO pacceHHHH OCTaBHT 3Heprenf'-leCKHH CJie,D. 

s HeCKOJibKl1X ceKQ11HX. CJie,D.OBaTeJibHO, pa3pa6oTKa npOCTOH MeTO,ll.11KH 

ceKQH0HHpOBaHHH _HMeeT npHHQ11nl1aJibHOe 3Ha4eH11e .D.JIH ycnexa 6y.n.yrn,HX 

3KcnepHMeHTOB no no11cKy 2P0-pacna.n.a 
76

Ge. 

CTaH.n.apTHbie ,D.eTeKTOpbl 113 KpeMHHH H repMamrn ,D.aBHO H w11pOKO HC

noJib3YIOTCH. O.n.HaKO np11 HX npHMeHeH1111 B HeTpa,D.11Q110HHbIX ycJIOBHHX 

nopoi1 B03Hl1KaIOT HeO)K11,D.aHHbie TPY.ll.HOCTl1. TaK, B 3Kcnep11MeHTax no 

113y4eHl1IO peaKQl1H H,D.epHoro Cl1HTe3a B 3apH,D.OB0-HeCHMMeTp114HOM MIO-

0HHOM KOMnJieKce µd
3
He (µd

3
He - a(3,5 M3B) + p(l4,64 M3B)) Si(Li)

.ll,eTeKTOpbI .ll.OJI)KHbl 6bIJIH cpyHKQ110H11pOBaTb npH TeMnepaType 34 K. OKa-

3aJIOCb, '-!TO pa6oTbl, noCBHlll,eHHbie H3y4eHHIO nose.n.eHl1H nonynpOBO,D.HH

K0BbIX ,D.eTeKTOpOB np11 TeMnepaTypax Hl1)1(e 77 K, s OCHOBHOM BbinOJIHeHbt 

s 60-70-e rO,D.bl 11 co.n.ep)KaT HenOJIHbie, a HHor.n.a 11 npOTHBOpe'-IHBbie cse.n.e

Hl1H. O4eB11,ll.HO, '-!TO C TeX nop npomoweJI 3aMeTHblH nporpecc B TeXHOJIO

r1111 noJiy'-leHl1H 411CTblX MOHOKpHCTaJIJIOB KpeMHHH 11 repMaHl1H, B MeTO,D.11Ke 

C03,D.aHl1H .n.eTeKTOpOB, a TaK)Ke B Ka'-leCTBe cneKTpOMeTpH'-leCKOH annapaTy

pbl. TaK11M o6pa30M, Ha3pena Heo6XO,ll.11MOCTb npoBe,D.eHHH" HOBOfO HCCJie

.ll,OBaHl1H Ha116onee '-laCTO HCnOJib3yeMbIX B 3KCnepHMeHTaJibHOH <pH3HKe 

,D.eTeKTOpOB B ycJIOBHHX Hl13Kl1XTeMnepaTyp. 

J,fa BbIWeCKa3aHHOro cne.n.yeT, '-ITO 3a,D.a'-111 pa3pa60TKH H npHMeHeHHH" 

nonynpOBO,ll.Hl1KOBblX .n.eTeKTOp0B .D.JIH HCCJie,D.OBaHl1H pe,D.Kl1X npoQeCCOB B 
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Hl13KOqJOHOBbIX 3KcnepHMeHTax B HaCTOHlll,ee speMH, HeCOMHeHHO, HBJIHIOT

CH aKTYaJibHbIMl1. 

lleJib pa60Tb1: 

1. Pa3pa6oTKa H C03,D.aHHe ,D.eTeKTopoB H3 oco6o '-IHCTOro repMaHHH .D.JIH 

cneKTpOMeTpa TGV-2. 

2. 11ccne.n.osaHHe pa.n.11oaKTHBHoro cpoHa cneKTpoMerpa TGV-2. 

3. l13MepeHHe nepHO,D.a nonypacna.n.a pa3JIH'-1Hb!X BeTBeH ,D.ByxHeHTpHH

HOfO .n.soi1Horo 3axsaTa 
106

Cd. 

4. Pa3pa6oTKa MeTO,ll.HKH .D.ByxCTOpOHHeH HMnJiaHTaQHH flJiaHapHblX 

HPGe-.n.eTeKTopos. 

5. Pa3pa6oTKa MeTO,ll.HKH CeKQHOHHpOBaHHH repMaHHeBbIX ,D.eTeKTOpOB. 

6. nonyqeHHe HOBO~ 3KCnepHMeHTaJibHOH HHcpopMaQHH O noBe,D.eHHH 

xapaKTepHCTHK ,D.eTeKTopoB H3 KpeMHHH H repMaHHH B TeMnepaTypHOM ,D.Ha

fla30He 1-77 K. 

HayIJuau 110011111a: 

I. DonyqeHbI HOBhie orpaHH'-leHHH Ha nep110.n. nonypacna.n.a -.ll.JIH pa3-
v 106Cd 6 JIH'-IHbIX BeTBeH pacna.n.a Ha OCHOBHOe H nepsoe B03 Y*,lJ.eHHOe co-

CTOHHHH ,ll.O'-lepHero H,D.pa. 3Ha'-leHHe T112 ,D.JIH 2v2K MO,ll.bl pacna.n.a Ha oc-

• HOBHOe COCTOHHHe ,D.O'-lepHero H,D.pa 6onee '-leM Ha nopH,D.OK Jiy'-lwe ,ll.OCTHr

HYTOfO B paHee BbinOJIHeHHblX 3KCnepHMeHTax. 

2. Pa3pa6ornHa MeTO.D.HKa .n.syxcTOpOHHeH HMITJiaHTaQHH HPGe-

.n.eTeKTopos, IT03BOJIHIOlll,aH cyrn,eCTBeHHO yMeHbllil1Tb HX MepTBbie CJIOH. 

3. Pa3pa6oTaHa MeTO,ll.HKa ceKQHOHHpoBaHHH ,D.eTeKTOpOB H3 oco6o '-IHC

T0fO repMaHHH, npe.n.Ha3Ha'-leHHaH .D.JIH H,D.eHTHqJHKaQHH qJOHOBblX co6bITHH 

B 6y.n.yrn,11x 3KcnepHMeHTax no no11cKy .n.soi1Horo P-pacna.n.a 
76

Ge. 

4. Bnepsb1e noKa3aHo, '-ITO Si(Li)-.n.eTeKTOpb1 MOrYT 11cnoJih3oBaTbCH 

npH TeMnepaType HH)Ke 30 K, coxpaHHH npH 3TOM cneKTpoMeTp1111eCKHe 

cBottcTsa. 

IlpaKTHIJeCKaH geHHOCTb pa60Tbl onpe,D.eJIHeTCH cne.n.y10rn,HM: 

I. DpHMeHeHHe HPGe-.n.eTeKTopos, H3fOTOBJieHHbIX no pa3pa6oTaHHOH 

MeTO.D.HKe .n.syxcTopoHHett HMnJiaHTaQHH, B cneKrpOMeTpe TGV-2 np11se.n.eT 

K yseJIH'-leHHIO MaCCbl HCCJie.n.yeMoro H30TOna npaKTH'-leCKH B ,D.Ba pa3a. 

2. MeTO,ll.HKY ceKQHOHHpoBaHHH, orpa6oTaHHYIO Ha nJiaHapHblX n.n • .n.., 

nJiaHHpyeTCH HCnOJib30BaTb npH C03,D.aHHH HOBoro ITOKOJieHHH 3KcnepHMeH

TOB C aKTHBHbIM HCTO'-IHHKOM no ITOHCKY 213-pacna.n.a 
76

Ge. 

3. no pe3yJibTaTaM ripose.n.eHHblX HCCJie,D.OBaHHH TeMnepaTypHblH ,D.Ha

fla30H npHMeHHMOCTH HeKOTOpb!X THflOB nonynpOBO,ll.Hl1KOBbIX ,D.eTeKTOpOB 
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MO)KHO pacrnHpHTh JJ_O 1 K. 

Anpo6aunH pa60Thl II ny6JII1Kau1111. 
Pe3yJihTaThI HCCJie)].OBaHHH, noJIO)KeHHhie B OCHOBY )].HCCepTaLI,HH, 

npeJJ.CTaBJIHJIHCh H )].OKJia)J_hIBaJIHCh Ha Me)K)]_yHapOJJ_HhIX KOH<pepeHLI,HHX no 

HJJ.epHOH cneKTPOCKOnHH H CTPYKrype aTOMHoro HJJ.pa (CaHKT-neTep6ypr-

2000, neTeprocp-2005), Ha II EaKcaHCKOH MOJIO)].e)KHOH WKOJie 3KcnepH

MeHTaJihHOH H TeopeTH1-1ecKott <l>H3HKH (EaKcaH-2001 ), Ha II Me)K)]_yHapoJJ.

HOtt neTHett rnKone no <l>H3HKe HettTPHHO naMHTH E. IToHTeKopBo (Anywrn-

2003 ), Ha VIII Me)K)].yHapO)].HOH Hay'-IHOH KOH<pepeHLI,HH MOJIO)].hIX y1-1eHhlX 

H cneu,HanHCTOB ()zy6Ha-2004), a TaK)Ke Ha ceMHHapax B J1a6opaTOpHH 

HJJ.epHbIX npo6neM OlUIH. 
MaTepHaJibI, HBJIHJOI.QHeCH OCHOBOH )J_HCcepTaLI,HH, H3JIO)KeHhI B 8 ny6-

JIHKaLI,HHX. 

CTpVKTVpa II o6'heM Jl11ccepTau1111. 
.l1:HccepTaLI,HH COCTOHT H3 BBe)].eHHH, Tpex man H 3aKJIJO'-leHHH. 

B nepBott mane onHChIBaeTCH cneKTpoMeTP TGV-2 H npHBOJJ.HTCH no

JIY4eHHh1e Ha HeM pe3yJihTaTbI. 

Bo BTOpott mane npe)].CTaBJieHhI pa3pa6oTaHHbie MeTO)].HKH HMnJiaHTa

LI,HH H ceKLI,HOHHpoBaHHH nnaHapHhIX )].eTeKTopoB H3 oco6o '-IHCTOro repMa

HHH. 

8 TpeTbett maBe H3JIO)KeHbl pe3yJihTaThI HCCJieJJ_OBaHHH noBe)].eHHH xa

paKTepHCTHK WHpOKO HCnOJih3yeMhIX nonynpoBO)].HHKOBhIX )].eTeKTopoB H3 

KpeMHirn 11 repMaHHH npH TeMnepaTypax HH)Ke 77 K. 
.l1:Hcceprnu,HH COJJ_ep)KHT 77 CTPaHHLI, ne1-1aTHOro TeKCTa, 36 pHCYHKOB, 8 

Ta6JIHLI, H cnHCOK JIHTeparyphI m 49 HaHMeHOBaHHH. IToJIHhlH o6beM 82 

CTPaHHLI,hI. 

KP ATKOE CO,LJ;EPiKAHHE ,LJ;HCCEPT AQHH 

Bo BBeJJ_eHHH o6ocHoBbIBaeTCH aKTYaJihHOCTh Hay1-1HbIX npo6neM, H3Y-

1-1eHHJO KOTOpbIX noCBHI.QeHa pa6oTa. l13JIO)KeHbI u,eJIH H MeTO)].bl HCCJie)].O

BaHHH, npe)].CTaBJieHbl OCHOBHbie noJIO)KeHHH, BbIHOCHMbie Ha 3al.QHTy. 

B nepBOH mane )].HCcepTaLI,HH onHChIBaeTCH MHOroKpHCTaJibHbIH cneK

TpOMeTp TGV-2 JJ.JIH H3YLJeHHH JJ.BOHHbIX J3-npou,eccon. TenecKon coCTOHT 

H3 32 nnaHapHbIX HPGe-JJ.eTeKTopon. B Ka1-1ecTBe MaTep11ana JJ.JIH HX H3rO

TOBJieHHH npHMeHHJICH repMaHHH p-THna npoBO)].HMOCTH C pa3HOCTHOH 

4 

KOHLI,eHTpau,Hett npHMecew IN0 - Ndl = 0,7xl0
10 

cM-
3
• OMH'-leCKHH KOHTaKT 

JJ_eTeKTopoB C03JJ_aBaJICH HMnJiaHTaLI,Hett HOHOB 6opa, a pn-nepeXO)]. - no

cpej]_CTBOM JJ.H<p<py3HH JIHTHH. TOJil.QHHa BXO)].HOro OKHa )].eTeKTopa (OMH'-le

CKOro KOHTaKTa) He 6onee 0, 1 MKM, B TO npel\rn KaK rny6HHa 3aneraHHH pn
nepexo)].a npH )].aHHOM cnoco6e H3fOTOBJieHHH npeBbIWaeT 600 MKM. 3TOT 

cpaKT o6ycJIOBHJI B03MO)KHOCTh perH~Tpau,HH 3JieKTpOHOB (HJIH peHTreHOB

CKOro H3JIY'-leHHH) TOJihKO co CTOpOHbI OMH'-leCKOro KOHTaKTa . .l1:HaMeTP 

1-IYBCTBHTeJihHOH o6nacTH Ka)K)].OfO H3 )].eTeKTOpOB COCTaBJIHeT 60 MM, TOJI

I.QHHa - 6,5 MM. nonHhitt aKTHBHbitt o6beM H nonHaH Macca HPGe

JJ.eTeKTopoB TenecKona TGV-2 cocrnBnHeT oKono 400 CM
3 

u 3 Kr coorneTCT

BeHHO. Bee )].eTeKTOpbl 6bIJIH npeJJ_BapHTeJihHO npoTeCTHpOBaHbl s KpHOCTa

Te o6bI'-IHOro THna. HanpH)KeHHH o6e)].HeHHH JJ_eTeKTOpOB Jie)KaT B )].Hana30-

He 150-300 B, 3HepreTH'-leCKOe pa3perneHHe )]_JJH 3HeprHH y-H3Jiy'-leHHH 

1332,2 K3B (
6
°Co) He x~e 3,5 K3B. 

HH3KO<pOHOBhIH KpHOCTaT U-THna MH cneKTpoMeTpa TGV-2 H3rOTOB

neH cpupMott Canberra H ycoseprneHcTBoBaH B JUIIT O115ll1. 

,n:eTeKTOpbI MOHTHpOBaJIHCh nonapHO B cneLI,HaJihHO H3fOTOBJieHHbie 

onpaBKH H3 HH3KO<pOHOBoro cnnaBa Al c 1 % Si c COJJ.ep)KaHueM U + Th < 
0,1 ppb. ITepBhitt 11 32 JJ_eTeKTOphI ynaKoBaHbI B OJJ_HHO'-IHbie onpaBKH. B 

)].BOHHbIX onpaBKax )].eTeKTOphI pacnonaraIOTCH BXO)].Hh!MH OKHaMH Hapy)Ky. 

Me)K)].y coce)].HHMH onpaBKaMH. pa3MeUJ,eHbI <pOJibrH H.3 H30TOna-KaH)].H)].aTa 

Ha 2P-npou,ecc. TonI.QHHa <pOJihrH B cnY4ae 
106

Cd cocrnnnHeT ~ 50 MKM, a 

)].JJH 
48

Ca - nopH)].Ka 350 MKM • .l1:JIH )].OCTH)KeHHH MaKCHMaJibHOH 3cp<peKTHB

HOCTH perncTpaLI,HH paccTOHHHe Me)K)].y HCTO'-IHHKOM H )].eTeKTOpaMH C)].e

JiaHO MHHHMaJihHO B03MO)KHblM (OKOJIO 1,5 MM). KoHCTPYKU.HH TeJieCKOna 

n03BOJIHeT nerKO pa3be)].HHHTh onpaBKH )].JIH 3aMeHbl HCTO'-IHHKOB. C6opKa 

113 onpaBOK pacnoJIO)KeHa Ha Me)].HOM OCHOBaHHH H HaKpbITa nonHpOBaHHOH 

Me)].HOH Kph!WKOH (TenJIOBhIM 3KpaHOM), coe)].H.HeHHOH C OCHOBaHHeM . .l1:JIH 

KOHTpOJIH TeMneparypbl HCnOJih3y-IOTCH )].Ba nJiaTHHOBblX TepMoMeTpa, pac

llOJIO)KeHHhlX s MeCTe coe)].H.HeHHH rtt6Koro XJia)].onpOBO)].a c Me)].HhIM OCHO

BaHHeM H_ Ha KpbIWKe JJ_eTeKTOpHott c6opKH. Pa601-1aH TeMneparypa BHYTPH 

CHCTeMbl COCTaBJIHeT OT 93 )J_O 95 K. KaK TenJIOBble KOHTaKTbl Me)K)].y on

paBKaMH, TaK H 3JieKTPH'-leCKHe KOHTaKThI K )].eTeKTOpaM ocymecTBJieHbl 6e3 

11cnoJib30BaHHH TPaJJ.HQHOHHOtt HHJJ.Henott cponbrH. O6l.QHH BHJJ_ JJ.eTeKTop

Hott 1-1acTH cneKTPOMeTpa TGV-2 npeJJ.CTaBJieH Ha puc. 1. 

.l1:JIH yMeHbWeHHH ecTeCTBeHHOrO pa)].HOaKTHBHOro cpoHa B ycTaHOBKe 

HCnOJib30BaHa nacCHBHaH 3aI.QHTa, COCTOHl.QaH H3: a) Me)].H (TOJII.QHHa > 20 

CM); 6) CTaJihHOro repMeTH.'-IHOro 6oKca, 3aI.QHI.QaIOI.Qero OT npOHHKHOBeHHH 

pa)].OHa; B) CBHHLI,a (CJIOH > IO CM); r) HettTpOHHOH 3aI.QHThl H3 6opupoBaH

Horo noJIH3THJieHa (16 CM). KpoMe Toro, ycrnHOBKa TGV-2 pacnonaraeTcH 
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J1CT011HHKH 

,lle-reK'TOpbl 

Al 

B no)].3eMHOH J1a6oparnp1rn <l>pe)Kyc 

(Mo,D,aH, <l>pam.1.m1) Ha rny6Irne 4800 M 

BO,D,Horo 3KBHBaJieHTa. 

B cneKTpoMeTPe TGV-2 npHMem1-

IOTCH ,D,Ba BapHaHTa 3JJeKTpOHHOH cxeMhl 

B 3aBHCHMOCTH OT HCCJJe,D,yeMoro npo

Qecca - H3yIJeHHH ,D,BOHHoro P-pacna,D,a, 

JJH6o ,D,BOHHoro 3JJeKTPOHHoro 3axBaTa. 

B o6ottx cJJylJaHx HeH3MeHHhlMH OCTa

IOTCH 32 npe,D,yCHJJHTeJJH, 32 cneKTPO

MeTpH'-!eCKHX ycHJJHTeJJH, 6JJOK BhlCOKO

ro HanpH)KeHHH tt 6JJOK IlHTaHHH npe,D,y

CHJIHTeJJeH. 3HalJHTeJJhHOe IlOHH)KeHHe 

<pOHa ,ll,OCTHraeTCH 3a ClJeT perncTpaQHH 

co6hITHH B pe)KttMe coBna,D,eHHH H atta-

cu<l]i rtll I JJH3a HMnyJJhCOB OT ,D,eTeKTOpOB. 

ITocJJe ycTaHOBKH cneKTPOMeTpa B 

, .,- ,,,, Mo,D,aHcKoH no,D,3eMHOH JJa6oparnpHH LN-4¥i :.+t:====:7-IIY 
.--- 6hIJJH npoBe,D,eHhl TeCTOBhJe H3MepeHHH 

Puc. I. /femeKmopHaR 'laCmb pa,D,HOaKTHBHOro <pOHa 6e3 HCTO'-IHHKOB 

cne1<mp0Mempa TGV-2 6 c6ope Me)K,ll,y ,D,eTeKTopaMH. 

Y'-IHThJBaH 3<p<peKTHBHOCTh H noJJyqeHHhie <pOHOBhJe xapaKTepHCTHKH 

nocJJe ro,D,oBoro H3MepeHHH 10 r 
48

Ca 6y,D,eT YTO'-IHeHo 3HaIJeHHe T112 ,D,JJH 

2l32V-MO,ll,hl H YJJY'-IWeHa OQeHKa ,ll,JJH 2l30v-MO,ll,hl ,ll,BOHHOfO 13-pacna,D,a ,D,aH

HOro H30Tona ( O)KH,D,aeMoe 3Ha'-leHtte He x~e 2x 10
22 

JJeT). 

Ha cne1npol\teTpe TGV-2 tta'-laTo HCCJJe,D,oBaHHe ,D,BOHHoro 3JJeKTpoH

Horo 3aXBaTa 
106

Cd Ha OCHOBHOe COCTOHHHe ,ll,O'-lepttero H,D,pa. J13 npe,D,BapH

TeJJhHOH o6pa60TKH ,D,aHHhIX, HaKonJJeHHhIX 3a 3400 q H3MepeHHH 10 r 060-

raIQeHHOro 
106

Cd (o6oraIQeHHe 75%) noJJy'-leHhI HOBhie orpaHH'-leHHH (Ha 

90%-HOM ypoBHe ,D,OCTOBepttocTH) ,D,JJH pa3JJH'-IHhlX Bernett pacna,D,a 
106

Cd Ha 

OCHOBHOe H nepBoe B036y)K,ll,eHHOe (2+, 512 K3B) COCTOHHHH ,ll,O'-lepuero 

2 p•tr 19 
H,D,pa. OHH COCTaBJJHIOT COOTBeTCTBeHHO T.1; , 2 4,1 X IO JJeT H 

r.~tzv 2 5,6 XI 0
19 

JJeT ,ll,JIH nepeXO,ll,OB 0+ _. 0+, g.s. H r.~rEC 2 5,8 X 1019 JleT 

H r.~tlv 2 2,1X10
19 

JJeT ,ll,JIH nepexO,D,OB Ha ypoBeHh 512 K3B. O)KH,D,aeMaH 

Oll.eHKa Ha 2EC2v-nepexo,D, Ha OCHOBHOe COCTOHHHe ,ll,O'-lepHero H,D,pa 3a 1 

ro,D, H3MepeHHH COCTaBHT He Mettee 10
20 

JJeT. 

BTopaH rnaBa ,ll,HCcepTall.HH IlOCBHIQeHa pa3pa60TKe MeTO,ll,HK C03,D,aHHH 

cneL1.HaJihHhlX THilOB ,D,eTeKTOpOB ,ll,JIH 3KCnepHMeHTaJihHOro HCCJJe,D,OBaHHH 

,ll,BOHHhlX 13-npoll.eCCOB. 

6 

OnttcaHa MeTO,ll,HKa H3fOTOBJJeHHH nJJattapHhlX ,D,eTeKTopoB, HMeIOIQHX 

TOHKHe He'-lyBCTBHTeJJhHhie CJIOH c o6eHx CTOpOH, npe,D,Ha3Ha'-leHHhlX ,ll,JIH 

ycoBepweucrnoBaHHH n.n.,D,.-TeJJecKona TGV-2. MaTepttanoM ,ll,JIH H3roToB

JJeHHH ,D,eTeKTopoB CJJY)KHJI MOHOKpHCTaJIJIHlJeCKHH repMaHHH p- H n-THna 

npoBO,D,HMOCTH c pa3HOCTHOH KOHQeHTPall.HeH JJernpoBaHHhIX npttMeceii: 

IN0 - Ndl - 0,5xl0
10 

CM-
3

• Pa3MephI o6pa3QOB: ,D,HaMeTP 26 MM, TOJJIQHHa 

3 MM (p-rnn) H 6 MM (n-rnn). Btte,D,petttte HOHOB <poc<popa (P) H 6opa (B) B 
+ + 

Ka'-leCTBe n - Hp -KOHTaKTOB npOBO,ll,HJIOCh nocJJe,D,OBaTeJJhHO npH 3HeprHHX 

35, 25 K3B (P) H 25, 17 K3B (B). 

BOJJhT-aMnepHhJe H BOJJhT-<papa,D,HhJe xapaKTepHCTHKH ,D,eTeKTOpOB npH

Be,D,eHhl Ha pttc. 2. 

ToJJIQHHhl BXO,ll,HhlX OKOH OQeHHBaJIHCh C IlOMOIQhIO H3MepeH1fH cneK-

l A C. n<P TpOB a-lJaCTH'--1. 
238

Pu • .D:eTeKTOphl 06-

lff" E"" -:i 10' JJYIJMHCh H CO CTOpOHbl pn-

10·1" 1,- \ _ T-
p--THn -

\ 
_ _.!J.-nm 

10·11 L._-~-~---'~-~-~-_J 101 

0 50 100 150 200 250 300 
ll.B 

Puc. 2. 3a6ucw.wcmu o6pamHblX 
m0K06 (CIVlOUIHble J/UHUU} U eMKOcmeii 

{utmpuxo6bte) UMl1JlaHmupo6aHHblX 
oeme1<mopo6 om npUJ10:»eeHH020 

nepeXO,ll,OB H co CTOpOHbl OMHlJeCKHX 

KOHTaKTOB. Onpe,D,eJJeHO, 'ITO TOJJIQH

Ha BXO,ll,HblX OKOH ,D,eTeKTOpOB He npe

BbIWaeT 0, 1 MKM. 3HepreTHlJeCKOe 

pa3perneHHe HMnJJaHTHpOBaHHblX 

n.n.,D,. B H3MepeHHHX C y-HCTOlJHHKOM 
6
°Co (Er= 1332,5 K3B) c npe,D,ycHJJH

TeJJeM C OXJJa)K,ll,aeMblM nepBblM Kac

Ka,D,OM cocTaBHJJO I, 7 K3B ,D,JJH p-nma 

H 1,9 K3B ,ll,JIH n-Tttna •. 
HanpR:»CeHUR 

ITpe,D,JJaraeMaH MeTO,D,HKa no3BO

JJHeT paCC'-IHTbIBaTb Ha noJJy'-leHHe nJJaHapHblX HPGe-,D,eTeKTOpOB C aKTHB

HOH IlJIOIQa,D,bIO 2040 MM
2 

C TOHKHMH BXO,ll,Hb!MH OKHaMH, He06XO,ll,HMbIX 

,D,JJH pa3BHTHH H MO,D,epHtt3all.HH cneKTpoMeTPa TGV-2. 

,n:anee H3JJO)KeHbl pe3yJJbTaTbl pa3pa6oTKH MeTO,ll,HKH ceKLI.HOHHpoBaHHH 

HPGe-,D,eTeKTOpOB H H3yIJeHJrn HX xapaKTepHCTHK. J1cxO,D,HblM MaTepHaJIOM 

,ll,JIH H3fOTOBJJeHHH ,D,Byx n.n.,D,. C ceKQHOHHpOBaHHblM HMnJJaHTHpOBaHH!,IM 

pn-nepe·xo,D,OM CJJY)KHJI repMaHHH n-THna npOBO,ll,HMOCTH C pa3HOCTHOH 

KOHL1.eHTpaL1.HeH npHMeceH IN0 -Ndl = 0,5xJ0
10 

cM·
3

• 

r eoMeTptt'-leCKHe pa3Mepb1 o6pa3ll.OB: TOJJIQHHa - 6 MM, ,D,HaMeTp aK

THBHOH o6JJaCTH - 28 MM. ITpoQecc HMnJJaHTall.HH 6opa ocyIQeCTBJIHJICH qe

pe3 KpecToo6pa3HYIO MaCKY, 'ITO Il03BOJIHJIO C03,D,aTh nepexo,D,, COCTOHlQHH 

H3 '-leTb!pex ceKTopoB (pHC. 3). PaccTOHHHe Me)K,ll,y coce,D,HHMH ceKTopaMH 

2,0 MM. Y nepBoro ,D,eTeKTOpa OMH'-leCKHH KOHTaKT 6bIJJ C,D,eJJaH HOHHOH HM

nJJaHTall.HeH <pOC<popa, a y BTOporo - ,D,H<p<py3HeH JIHTHH. 
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Hccne.u.oBaHue cneKTpoMeTpwie

CKHX xapaKTepttCTHK .u.eTeKTOpOB 

npott3B0)].HJJ0Ch C IlOMOI.IJ.hlO y
HCTOqHuKa 

57 
Co ( o6nyqanach BC» no

BepxHOCTh )].eTeKTOpa). B Ta6JJ. 1 )J.JJH 

y-JJHHHH c E = 122 K3B yKaJaHhI 3Ha

qeHHH nonttoro qucna co6hITHH N no.u. 

nuKoM u 3HepreTuqecKoro pa3pewe

HHH FWHM, nonyqeHHhie B pa3JJuq

HhIX pe)KttMax pa60Thl .u.eTeKTopa 

N2 1. TaM )Ke npuBe.u.eHa cyMMa co-

6bITHH, H3MepeHHhlX Ha BCex ceKQHHX 

(Z::1.4). 113 Ta6JJHI..(hl BH)].HO, qTQ qucJJo 

OTCqeTOB npu TTO)].KJJIOqeHUH Bcero 

)].eTeKTHPYJOI.IJ.ero 061,eMa (pe)KUM 

HCP (HeceKQHOHttpoBaHHhIH) B Ta6JJ. 

1 ) npaKTuqecKtt coBna.u.aeT c CYMMOH 

y-KBaHTOB, 3aperttCTPHPOBaHHhIX OT

.u.eJJhHO Ka)K)J.hIM cerMeHTOM. Hccne

)].OBaHHH )].eTeKTopa N2 2 .u.anu aHano

ruqHhie pe3yJJhTaTbl. 

Ta6J1uua 1 

I "·· I . r ;~;) ., . 
~---~~- - n-Ge -~~- - l n~! 

'n•(Li, P) 

-~-M _ir_~ 
--- -t-f- --

tt71 \, 
\1 r-:_;:J A]_-7---__ .. 
~~J@;~/ "' ..... ,____ __.,.,,.. / 

--'-"--..__ -----~ ,-------~-
Puc. 3. CmpyKmypa 

ceKlJUonupoBmmo20 HPGe
oemeKmopa c UM11JlanmupoBaHHblM 

pn-nepexoooM 

Pe)KttM pa6oThI 

IlapaMeTPhI I CeKQHH CeKQHH CeKQHH CeKQHH 
L1-4 HCP 

1 2 3 4 

N I 1358 1460 1479 1212 5509 5608 

FWHM, K3B I 1,2 1,2 1,4 1,3 
--

2,9 
Ilpu H3)'1IeHHH Bonpoca B3aHMOBJJHHHHH ceKQHH HCTTOJJh30BaJJCH uc

ToqHUK a-qaCTHQ H KOJJJJUMaTop, TT03BOJJHIOI.IJ.HH ocyrn.ecTBHTh TO•rnoe no-

3HQHOHHpOBaHue HCTOqHuKa Ha)]. 0)1.HHM H3 ceKTopoB. 3cp<peKT HaBe)].eHHO

ro curnana MH uccne.u.oBaHHOH CTPYKTYPhI npaKTuqecKtt noJJHOCThIO oT

CYTCTBOBaJJ. AHaJJoruqHhie .u.aHHhie 6hIJJH noJJyqeHhl npu H3MepeHHHX C uc

TOqHHKOM, HaXO)J.HI.IJ.HMCH Ha)]. .u.pyrttMH ceKTopaMH n.n . .u.. N2 2, a TaK)Ke )J.JJH 

.u.eTeKTopa N2 1. 
~.rm mroTOBJJeHHH .u.eTeKTOpa C JJHTHeBhlM .u.u<p<pY3HOHHhIM KOHTaKTOM 

ucnOJJh30BaJJCH cBepxqucThIH repMaHHH p-Tuna npoBO.U.HMOCTH c /Na - Ndl 
= 1 x 1 Orn CM •3_ Pa36tteHue n.n . .u.. Ha )].Be ceKQHH ocyrn.ecTBJJHJJOCh c noMo

I.IJ.hlO KaHaBOK, KOTOpbie Bhipe3aJJHCh co CTOpOHhl .u.ucp<py3ttOHHOro CJJOH Ha 

rny6uHy ~ 2/3 TOJJI.IJ.HHhl o6pa3Qa. HanpH)KeHue TTOJJHOro o6e.u.HeHHH COCTa-

8 

) 
] 

·\ 

J 

BHJJO 100 B. Pe3yJJhTaThI H3MepeHttH c ucToqHHKOM 
57

Co npttBe)].eHhI B 

rn6JJ. 2. 

Ta6J1ulj__a 2 

IlapaMeTPhI 
Pe)KHM ;1a60Th1 

CeKQHH I CeKQHH 2 L1.2 HCP 

N 53266 15017 • 68283 65516 
FWHM,K3B 1,7 1,2 2,4 

B3aHMOBJJHHHHH KOJJbl.(eBblX ceKQHH He o6Hap~eHo. 

TaKHM o6pa30M, npe,!l.JJO)KeHa MeTO)].HKa C03)].aHHH ceKQHOHHpOBaHHbIX 

HPGe-.u.eTeKTOpOB KaK C HMTTJJaHTttpoBaHHhIMH, TaK H .u.ucpcpy3ttOHHhIMH 

Bb!IlpHMJJHIOI.IJ.HMH KOHTaKTaMH. 113rOTOBJJeHHhie .u.eTeKTOphl HMelOT xopo

rnue cneKTpOMeTpttqecKtte xapaKTepttCTHKH, npu 3TOM B3aHMHoro BJJHHHHH 

OT)].eJJbHhIX perncTpttpyIOI.QHX cerMeHTOB n.n • .u. • .u.pyr Ha .u.pyra He Ha6JJIO

.u.aeTCH. CJJe)].OBaTeJihHO, pa3pa6oTaHHaH MeTO)].HKa MO)KeT 6b!Tb npttMeHeHa 

)].JJH ceKQHOHttpoBaHHH repMaHtteBhlX .u.eTeKTOpOB C QeJJblO u.u.eHTH<pHKaQHH 

<poHOBhIX co6hITHH B 6y.u.yrn.ttx 3KCnepHMeHTaX no TTOHCKY )].BOHHOro 13-
pacna.u.a 

76
Ge. 

B TpeTbeH rnaBe H3JJO)KeHhl pe3yJJhTaThl HCCJJe)].oBaHHH noBe)].eHHH xa

paKTepttCTHK lllHpOKO HCTTOJJh3YeMhlX noJJynpOBO)].HHKOBhIX .u.eTeKTOpOB H3 

KpeMHHH u repMaHu» npu TeMnepaTypax Htt)Ke 77 K. BhmOJJHeH KpaTKHH 

ofoop ny6JJttKaQHH, IlOCBHI.IJ.eHHhlX TeMe HCCJJe)].OBaHHH. IloKa3aHO, qTo 

HMeIOI.IJ.HXCH .u.aHHhIX He)].OCTaTOqHO )].JJH O)].H03HaqHoro OTBeTa Ha BOnpoc 0 

pa60Tocnoco6HOCTH n.n • .u.. npu HH3KHX TeMnepaTypax. 

J13yqeHue pa6oThI .u.eTeKTopoB npu KpuoreHHhIX TeMnepaTypax npoBo

.U.HJIOCh C nOMOI.IJ.hlO rentteBoro KpHOCTaTa C 3JJeKTpOHHOH CHCTeMOH CTa6H

JJH3aQHH TeMnepaTyphI, Il03B0JJHBlllero OXJia)K.!l.aTh o6pa3Qhl .u.o 1 K. B OT

JJttque OT HCCJJe)].OBaHHH, BhITTOJJHeHHhIX paHee, KpHOCTaT o6ecnequBaJJ 

B03MO)KH0CTh BapbttpoBaTh BeJJuquHy TeMnepaTyphl )].eTeKTopa B HHTepBaJJe 

I -77 K u no.u..u.ep)KttBaTh ee c TOqHoCThIO ± 0, 1 K B TeqeHHe .!l.JlHTeJJhHOro 

BpeMeHH (6onee CYTOK). ~eTeKTOphl o6JJ)'1IaJJHCh qepe3 KOJJJJHMaTOp (0 3 
MM) a-qacTHQaMtt OT HCTO'IHHKa 

148
Gd-

244
Cm c 3Heprtt»Mu 3,2, 5,7, 

5,8 M3B. 

lihIJJO uccne.u.oBaHo 6 .u.eTeKTopoB: Si(Li), TPH noBepxHOCTH0-

6apbepHhIX H3 KpeMHHH n- " p-THTTOB, HMTTJJaHTttpoBaHHhIH H3 n-KpeMHHH, 

HPGe-.u.eTeKTop H3 p-repMaHttH. Si(Li)-.u.eTeKTop 6hm mroTOBJJeH tt3 p
KpeMHHH, UMeJJ aKTHBHYIO TTJJOI.IJ.a)J.h 5 CM

2 
" TOJJI.IJ.HHY 2,3 MM. TOJJI.IJ.HHa 

HeqyBCTBHTeJJhHOro JJHTHeBoro CJIOH ~ 300 MKM. MaKCHMaJJhHO B03MO)l(HaH 

HanpH)KeHHOCTh TTOJJH B )].eTeKTope COCTaBJJHJJa 12500 B/cM. IloBepXHOCTH0-
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6apbepHblH ,l],eTeKTOp Si(Au), mrOTOBJJeHHblH H3 n-KpeMHH51 (p ::::: 8 
KOMXCM) HMeJJ aKTHBH)'lO TTJIOUJ,a)],b 8 CM

2 
H TOJlllJ,HHY 400 MKM • .D:Ba no

BepXHOCTH0-6apbepHbIX )],eTeKTopa Si(Ge,AI) H3 p-KpeMHHH c p ::::: 75 
KOMXCM H p::::; 150 KOMXCM HMeJJH aKTHBHYIO TTJJOUJ,a)],b 3 CM

2 
H TOJlllJ,HHbl 

0,75 MM H 2,5 MM coorneTcTBeHHO • .D:eTeKTop Si(B,P), H3roTOBJJeHHbIH H3 n
KpeMHHH (p::::: 6 KOMXCM) no nJJaHapHOH TeXHOJJOrHH, HMeJJ aKTHBH)'lO 06-

JJaCTb 4 CM
2 

H TOJJUJ,HHY 300 MKM. HPGe-)].eTeKTop 6hJJJ H3fOTOBJJeH H3 

CBepX4HCTOrO repMaHH51 p-THna C pa3HOCTHOH KOHQeHTpaQHeH npHMecett 

IN0 - Ndl = 2x 101° CM-
3

. AKTHBHaH nJJoUJ,a)],b )],eTeKTOpa - 1 CM
2
, TOJJllJ,HHa - 5 

MM. Tlepe,]], npoBe,l],eHHeM 3KCnepHMeHTa BCe )],eTeKTOpbl H3Mep51JJHCb B 

o6bJ4HblX ycJJOBHHX pa60Tbl H HMeJJH cneKTpOMeTpH4eCKHe xapaKTepHCTH

KH 6JJH3KHe K OTTTHMaJJbHbJM )],Jl51 )],eTeKTOpOB ,l],aHHOro THna. 

CbeM cneKTpOMeTpH4eCKOH HH<pOpMaQHH C ,l],eTeKTOpOB ocyUJ,eCTBJ151JI

C51 C TTOMOllJ,blO CTaH)],apTHOro TpaKTa, )],Jl51 KOHTPOJJH CTa6HJJbHOCTH pa60Tbl 

KOToporo HCTTOJJb30BaJJC51 reHepaTop T04HOH aMTTJJHTY)].bl. l.J,HcppOBOH oc

QHJJJJOrpacp TT03BOJl51JJ )],eTaJJbHO HCCJJe)],OBaTb cpopMy CHrHaJJbHOfO HMTTYJJb

ca. KpoMe Toro, HMeJJaCb B03MO)l(HOCTb H3Mep51Tb BOJlbT-cpapa)],HbJe xapaK

TepHCTHKH )],eTeKTOp0B. 

TlpH TeMnepaType 4,2 K Bee HCCJJe)],oBaHHbie ,l],eTeKTopbI )],eMOHCTpH

PYIOT 3cpcpeKT He3aBHCHMOCTH eMKOCTH OT npHJJO)l(eHHOro HanpH)l(eHH51. 

TlOJJHOe o6e)],HeHHe B03HHKaeT npH MHHHMaJJbHOM HanpH)l(eHHH. 3TOT 3cp

cpeKT B03HHKaeT BCJJe)],CTBl1e BbJMep3aHH51 CB060)],HbIX HOCHTeJJett 3ap51)],a Ha 

JJOBywKax. 

3aB11c11MOCTb aMnJ111Ty)].hJ CHrHaJJa OT TeMneparypbI )],JIH Si(Li)

)],eTeKTopa, noJJy4eHHa51 np11 o6JJy4eHHH co CTOpOHbl p+- -KOHTaKTa (mY4a

JJaCb, B OCHOBHOM, 3JJeKTpOHHa51 COCTaBJJ51IOUJ,a51 Cl1rHaJJa) npe)],CTaBJJeHa Ha 

pHC. 4. 3aMeTHOe yMeHbWeH11e aMTTJll1TY)],b)· CHrHaJJa npH Hl13KOH Hanp51-

)l(eHH0CTl1 TTOJl51 B ,l],eTeKTope COOTBeTCTByeT Jll1TeparypHbJM )],aHHbIM (KpH

Bbie 1, 2). TlpH E = 6000 BlcM (KpHBaH 3) H3MeHeH11e aMnJJHTY,lJ,bI Y*e He 

CTOJJb 3Ha411TeJJbHO. ITp11 MaKCl1MaJJbHO B03MO)l(HOH B HaweM cJJy4ae Ha

np51)1(eHHOCTl1 E = 12500 B/cM (Kp11BaH 4) yMeHbweHHe aMnJ111ry,lJ,hJ co

CTaBJJHeT :s 30%, HO Cl1rHaJJ He HC4e3aeT BTTJJOTb )],O 1,5 K. 
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Puc. 4. 3a8UCUMOCmb aM11J1Umyob1 
cu2Hana Si(Li}-oemeKmopa om 
meMnepamypb1 npu pa3llU'IHblX 

HanpR:»CeHHocmmc noJIR 

HH3KOTeMneparypHoe TTOBe)],eHHe 

Si(Li)-,neTeKTopoB MO)l(eT 6bITb o6bHC

HeHO C TTOMOllJ,blO TeopHH 3aXBaTa

HcnycKaHH51 ypoBHHMH npHMeCH. ITo

JJY4eHHbie 3KCnepHMeHTaJJbHbie )],aH

Hbie xopowo cornacyioTcH c pacYeTa

MH, C)],eJJaHHbIMH B paMKaX )],aHHOH 

MO)],eJJH. TlOKa3aHO, 4TO HOpMaJJbHa51 

3KCTTJJyaTaQH51 Si(Li)-n.n.)],. npH CBepx

HH3KHX TeMneparypax B03MO)l(Ha npH 

HanpH)l(eHHOCTH TTOJJ51 B )],eTeKTOpe 

Bhrwe 12000 B/cM. TlpH E = 12500 
B/cM 3HepreTH4eCKOe pa1peweH11e B 

)],Hana10He 25-77 K npaKTl14eCKl1 He 

MeHHJIOCb H COOTBeTCTBOBaJJO 18 K3B. 

IT pH TeMnepaType IO K 11 Hl1)1(e OHO 

TalOKe He MeHHJIOCb, HO HeCK0JlbKO yxy,lJ,WHJJOCb (25 K3B). 

.l1:JJ51 ,neTeKTopoB 111 KpeMHHH n-THna (HMHJJaHTHpoBammro Si(B,P) H 

nOBepXHOCTH0-6apbepHoro Si(Au)) aMTTJIHTy)],a CHrHaJJa He 3aBHCeJJa OT 

TeMnepaTypbl npH ycJJOBHH TTO,l],a4H Ha )],eTeKTOp )],OCTaT04HOro uanpH)l(e

HH51. AHOMaJJHH B OTKJIHKe ,l],eTeKTOpOB Bb151BJJeHO He 6blJIO. 3HepreTH4e

CKOe pa1peweHHe Si(Au)-,neTeKTopa cocTaB11J10 nopH)].Ka 17 K38, )],JIH 

Si(B,P)-,lJ,eTeKTopa FWHM ~ 40 K3B BO BCeM TeMnepaTypHoM )],11ana10He. 

B OTKJIHKe noBepxHOCTH0-6apbepHbIX ,l],eTeKTOpOB, H3fOTOBJJeHHblX 113 

KpeMHl151 p-T11na npOBO)],HMOCTH, Ha6mo,l],aJJl1Cb aHOMaJJHl1, 3aBl1C5illJ,11e OT 

BeJJl14HHbl y,lJ,eJJbHOro conp9~HBJJeHH51 HCXO)],HOfO MaTepHaJJa. TaK, y ,l],eTeK

TOpa C p::::; 75 KOMXCM B HHTepBaJJe OT 11 K )],O 18 K TT0,l],a4a HanpH)l(eHH51 

He Bbl3bJBaeT TT051BJJeHH51 TTHKOB, a y ,l],eTeKTopa C p::::; 150 KOMXCM np11 MaK

CHMaJJbHOM HanpH*eHHH U = 1200 B B o6JJacm 16-30 K aMnJ111Ty,na CHrtta

JJa yMeHbWaeTC51 ua 20 %. Pa1peweHHe ,l],eTeKTopoB BO BCeM TeMnepaTyp

HOM HHTepBaJJe COCTaBJJHeT ~ 60 K38, 3a HCKJ1I04eHHeM T04eK, HaX0)],51llJ,HX

C51 B o6JJaCTH aMnJJHTY,lJ,HbJX aHOMaJJHH. O6b51CHeHHe no,no6HbIX aHOMaJJHH, 

TTO-BH)],HMOMY, CB513aHo C HaJJH4HeM B HCXO)],HOM noJJynpOBO)],Hl1KOBOM Ma

TepHaJJe np11Mecett, Ha KOTOpbIX npOHCXO)],HT ((BbIMep3aHHe» HOCHTeJJett 

1apH,]],a. 

B mMepeHHHX c HPGe-,neTeKTopoM noJJy4eHo, 4TO npH uanpH*eHHO

CTH TTOJJ51 3000 B/cM aMTTJIHTy,na CHrHaJJa OCTaeTC51 npaKTH4eCKH TTOCTOHH

HOH (yMeHbWeHHe nop51)],Ka 5 %). TlpH 3TOM ue o6HapY*eHO HHKaKHX aHO

MaJJHH B aMTTJJHry,ne H BpeMem1 HapacTaHH51 CHrHaJJa BO BCeM HCCJJe,nyeMOM 

TeMneparypHoM )],Hana1oue npH ware H3MepeH11tt 0,5 K. 3HepreTH4ecKoe 
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pa3perneHtte BO BCeM TeMnepaTypHOM ,1J,Hana301-1e COCTaBJUIJlO nop»,1],Ka 18 
K3B. 

Pe1yJ1bTaTbl pa60Tbl )],OKa3bIBaIOT, qTo 1-1att60J1ee pacnpocTpaHeHHble 

)],eTeKTOpbl H3 KpeMHHH H repMaHHH cnoco6Hbl coxpaHHTb CBOH cneKTPO

MeTpHlJeCKHe xapaKTepHCTHKH B TeMnepaTypHOM HHTepBane I -77 K npH 

YCJlOBHH )],OCTaTOlJHOH HanpH)KeHHOCTH 3JleKTPHlJeCKOro nOJlH. 

12 

OcHOBHble pe3yJlbTaTbl, noJ1ylJeHHbie B ,/J,HCCepTal..{HOHHOH pa6oTe: 

I. Pa3pa6oTaHbI H co3,1],aHbI 32 HPGe-,1],eTeKTopa M» cneKTpoMeTpa 

TGV-2, npe,1],Ha3HatJeHHOro ,1J,J1» ttccJ1eJJ.OBaHHH ,/J,BOHHbIX !3-npol..{eccoB. 

CnpoeKTHpOBaH H BnepBbie peantt30BaH KpHOCTaT, n03BOJ1HIOll{HH OXJla)K

)].aTb 32 )],eTeKTOPHYIO c6opKy )],O pa6oqei1 TeMnepal)'pbl B e,1],HHOM o6beMe. 

KpoMe Toro, C03)].aHHblH KpHOCTaT n03B0JlHJ1 3HalJHTeJibHO yr..teHhWHTb 

MHKpO<pOHHblH rnyM. 113MepeH co6crneHHblH !pOH cneKTpOMeTPa. 

2. BnepBbie nonyqeHhl HOBbie orpa1-1ttqeHHH (Ha 90%-HOM ypOBHe )],OC

TOBepHOCTH) MH pa3JIHqHbIX BeTBeH pacna)].a '
06

Cd Ha OCHOBHOe COCTOHHHe 

H Ha nepBoe B036y)K)],eHHOe COCTOHHHe (2\ 512 K3B) ,/J,OtJep1-1ero H,1],pa. OHH 

COCTaBJlHIOT COOTBeTCTBeHHO T 2
vP'E(' > 4 IX I 0 19 neT H T 2

ECZv > 5 6 XI 0 19 JleT 
1/2 - ' 1/2 - ' 

,1],JlH nepeXO,/J,OB 0+ -o+, g.s. H J;;tE<" 2:: 5,8 XI 0 19 neT H 

T;;;:czv 2:: 2,1 x 10
19 

neT MH nepexo,1J,0B Ha ypoBeHb 512 K3B. TTonytJeH1-1oe 

3HatJeHtte ,/J,JIH 2vEC/EC-MO,/J,bI pacna)].a MH nepexo,/J,a Ha oc1-10B1-1oe cocrn»

Htte ,1],0tJepttero H,1],pa 6onee tJeM Ha nopH,/J,OK nyqrne ,/J,OCTHrHYToro B npe,1J,h1-

Jl.Yll{HX 3KcnepttMeHTax. 

3. Pa3pa6oTaHa H peanH30BaHa MeT0,1],HKa ,/J,ByxCTOpOHHeH HMnnaHTal..{HH 

nnattapHbIX HPGe-,1],eTeKTopoB, n03BOJIHBrna» co1,1J,aTb ,1J,eTeKTOpb1 c TOHKH

MH «BXO)].Hb!MH OKHaMH» ( ~ 0, 1 MKM). TTpttMeHeHHe ,1],aHHOH MeTO,/J,HKH K 

JJ.eTeKTopaM TGV-2 no3BOJIHT yBeJlttlJHTh 3cpcpeKTHBHYIO Macey ttccne,1J,ye

Moro tt3oTona B ~ 2 pa3a. 

4. Pa3pa6omHa MeTO,/J,HKa ceKl..{HOHttpoBaHHH HPGe-JJ.eTeKTopoB. TTpe,1],

no)KeHHa» MeTO,/J,HKa n03BOJ1HT Ha nopHJJ.OK noHH3HTb cpoH B 3KCnepttMeHTax 

HOBoro noKoneHHH no nottcKy JJ.BOHHOro 6e11-1eHTPHHHoro l3-pacna,1J,a 

(GERDA, Majorana). 

5. BnepBbie npoBe)],eHO HCCJie,1],0BaHHe WHpOKOro KJiacca pa3JIHqHblX 

THnOB ,1],eTeKTOp0B H3 KpeMHHH H repMaHHH B TeMneparypHOM HHTepBane 1-

77 K. TTOKa3aHO, lJTO )],eTeKTOpbl coxpaHHIOT CB0H cneKTpOMeTptttJeCKHe 

xapaKTepHCTHKH BnJI0Tb )],O 1 K. BnepBbie npo,1],eMOHCTpttpoBaHa pa6oTO

cnoco6HOCTb Si(Li)-,/J,eTeKTopoB nptt rentteBbIX TeMneparypax. 
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