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B peanbH~X ycnoBltIflX nOBepXHOCTb KpeMHltIfl BcerAa OKltICneHa. Kpo/) " " I 
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1\ ~ 1\ ~ ~ f '\ \ ". 1 Me Toro, Ha He~ aAcop6lt1pY~TCfl pa3nltl4H~e ltIOHbl. B pe3ynbTaTe Ba.",f\r 

s »: neuruue CBfl3lt1 nOBepxHOCTHblX aTOMOB ecerna OKa3bIBa~TCfl aanonaeu
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I HblMltI. 06bl4HO Ha nOBepXHOCTltI CYll{eCTBYI(H O,QHOBpeMeHHO KaK nouopaue , 
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3a OCHOBY. Ha pHc.1 npHBeAeHa CXeMa YCTaHOBKH AnH 3neKTpOXHMH

4eCKoro OKHCneHHH KpeMHHH. B KayecTBe 3neKTpOnHTa HCnOnb30Ban


: ca 4HCTbll:1 3TkmeHrnHKOJlb c AO
6asKol:1 -'4 r KN03 ua rurrp 3THneH

u rnHKonH. YAenbHoe conpOTHBneHHeK BOP;OCTPYHHOMY
Hacocy	 HCnonb3yeMoro B pa60Te KpeMHHH 

COCTaBnHno OT 200 AO 50000 OM.CM. 
3neKTpoA~ K KpeMHHeB~M nnaCTH
HaM H3rOTaBnHBanHCb nYTeM Han~
neHHH an~MHHHH B BaKYYMe. Ton
~HHa OKHCHOl:1 nneHKH 3aBHCHT OT 
BenH4HH~ npHnomeHHoro HanpRme
HHH. 

AnH nosuureuan nnOTHOCTH no
nY4eHHol:1 OKHCHOl:1 nneHKH H yno
PHA04eHHH ee CTPYKTyp~ He06xoKpeMHHH-u AHMO npOBOAHTb TepMH4eCKY~ 06
pa60TKY. AnH HaWHX ycnoBHl:1 OKa

3neKTpo- 3anCH onTHManbH~M OTmHr é aTMOnHT 
c$epe B03Ayxa npH TeMnepaType 
40if C B Te4eHHe ABYX 4aCOB. no
nY4eHH~e TaKHM 06p~30M OKHCH~e 

PHc.l. CxeMa YCTaHoBKH ,!l;nH nneHKH H~e~T Ton~HHY OT 900 
3neKTpOXHMHQeCKOrO OKHcneHHH AO 1500 A AnH pa3H~X o6pa3uoB; 
KpeMHHeBbIx nnaCTHH. AH3neKTpH4ecKaH npOHHuaeMOCTb 'li' 

3,2+3,5~ nnOTHOCTh nOABHmH~X 
, 9 -2

3aPHAOB /2+4/ 10 CM ,HanpHme
..Q HHe np060H > 1 O' 7 B/eM • 
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HOMep KaHana 

PHC. 2. Cnex-rp oõpar aor-o pacceHHHH a -QaCTHu; npa o6nYQeHIUi O!(HCHOH 
nrremcn a -QaCTHu;aMH C 3HepI'Heií 2,5 M3B nOA vr.nox 135 o. 

AnA onpeAeneHHH CBO~CTB nneHKH Hcnonb30BanHCb MeTOA 06paTHoro 
pc?cceRHIltH a -4aCTHI..\ (RB.S) H MeTOA aons T-$apaAHbIX xapa KTeRHCTHK. 
COCTaB OKHCH~X nneHOK onpeAenHnCH H3 CneKTpOB RBS, nOnY4eHH~X 

npa 06nY4eHHH OKHCHblX nneuok a -4aCTHl..\aMH C 3HeprHe~ 2,5 M3B nOA 
yrnoM 1350 Ha 3neKTpOCTaTH4eCKOM YCKopHTene Jla60paToPHH Hel:1TpoH
HOl:1 $H3HKH OHRH. AHanH3 cneKTpOB npoBoAHnCH aHanorH4HO TOMY, KaK 
On\l1CaHO B/4/. OÔpa60TKa cnexr poa noxaaana , 4TO oTHoWeHHe aTOMOB 
KHcnopOAa K aTOMaM KpeMHHH B HccneAyeM~x nneHKax 6nH3KO K ABYM. 
,Q.nR t1nn~CTpaI..\H"'1 Ha pHC. 2 npaaeneu cnexr p RBS. 

Pe3ynbTaT~ AaHHol:1 pa60T~ nOKa3~Ba~T, 4TO OKHCH~e nneHKIIt, no
nyu,eHHble nYTeM anexr ooxaaaueckor-o oKHcneHHH, nocne COOT BeTCTBY
~~el:1 TepMH4eCKO~ 06pa60TKH C ycnexoM MorYT 6~Tb Hcnonb30BaH~ AnH 
H3rOToBneHHfl KpeMHHeBWX nn.a C 3a~HTH~MH nepeXOAaMH. 

H3rbTOBnEHHE AETEKTOPOB C 3AmHTHO~ OKHCHO~ nnEHKO~, 

HX C~O~CTBA 

3a~HTH~e cBol:1cTBa OKHCH~X nneHOK, nonY4eHH~X nyTeM 3neKTpOXH
MH4eCKoro OKHcneHHH HCxoAHoro KpeMHHR, npOBepHnHCb Ha nOBepXHO
cTHo-6apbepH~X AeTeKTopax. 

TeXHonor~H H3roToBneHHH AeTeKTopOB TpaA~U~OHHaH. OTMeTHM nHWb 
Te onepaUHH, KOTop~e nOAéHnHCb B pe3ynbTaTe Hcnonb30BaHHH KpeM
HHeBblX 3arOTOBOK C OKHcneHHol:1 nOBepXHOCTb~. Hcn,onb3yeMbll:1 KpeMHHl:1 
n-THna HMen YAenbHoe COnpOTlltBneHHe OT ,200 AO 500 OM.CM. Pa604aA 
nOBepXHOCTb AeTeKTopOB C OKIltCneHHol:1 nOBepXHOCTb~ H 6e3 Hee /KOHT
ponbHble/ COCTaBnAna 0,5 CM 2 • 

nocne oKHcneHHH 3arOTOBKIIt KpeMHHH T~aTenbHO OTM~BanHCb B Ae
HOHV13HpoBaHHo~ BOAe H OTmHranHCb. OKHcneHHaH nOBepXHOCTb 06pa3ua 
3a~H~anacb KlltCnOTocTol:1Kol:1 neHTol:1 C TOHKHM nHnKHM nOKp~TllteM, B 
i<OTOPOl:1 aupe aanoc s IIOKHo' I AH-aMeTpOM 8 MM. OKlltCHaR nne-uca surpaa
naaanacs B IloKHe11 C nOMO~b~ CMeCH n.naaakoaoã KHcnoTbl C BOAol:1 
/1 :30/, H npoBOAHnOCb KopoTKoe /HeCKonbKO ceKYHA/ TpaBn~Hllte BCKP~

Toro 1 0 KHa " B CTaHAapTHOM TpaBHTene C t.lenb~ q,OpMHpOBaHlltH HymHol:1 
nOBepXHbcTIIt. nocne COOTBeTcTBy~~el:1 B~AepmKIIt, He CHHMaH 3a~HTHoro 

KHcnoTocTol:1Koro nOKp~THH, Ha Tpa~neHY~ 'nOBepXHOCTb Han~nHnllt 30
nOTO, 3a~HTHoe nOKp~T~e CHHManH nocne npeABapHTenbHoro oTMa4HBa
HHH B 4HCTOM 3THnOBOM cnHpTe. nonY4eHH~e TaKlltM 06pa30M AeTeKTOp~ 

HMenH 3HepreTH4eCKoe pa3peweHHe OT 16 AO 20 K3B AnH a-4aCTlltl\ 
5,5 M3B. OAHoBpeMeHHo, B OAHHaKOB~X ycnOBlltHX, 6~no H3roTOBneHO 
HeCKonbKO KOHTponbHWX 06pa3l\OB, KoTopwe IItMenllt xapaKTeplltCTHKH, 
aHanorH4H~e AeTeKTopaM c 3a~HTHWM nOKp~TllteM. AnA t1nn~CTpaUHH Ha 
PHc.3,4 npHBeAeH~ Hallt60nee THnH4H~e xapaKTeplltCTlltKH 1It3rOTOBneHH~X 

AeTeKTopoB KaK C OKHCHOl:1 nneHKol:1 /pHc.3/, TaK lIt 6e3 Hee !Plltc.4/. 
AnH npoBepKH cTa6HnbHocTH AeTeKTOp~ C OKlltCHOl:1 nneHKol:1 V1 KOHT

ponbHwe nOMe~anHcb B 3KClltKaTOp, B KOTOpOM BMeCTO CenlltKOrenH Ha
XOAHnaCb BOAa, H B~AepmHBanHcb 48 4aCOB. nocne CYWK\I1 CT?yel:1 CY
xoro B03Ayxa 1It3MepRnV1Cb BonbT-aMnepH~e xapaKTep\l1CTlltKlIt,H 3Hepre
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PHc.3. BonbT-aMnepHwe xapaKTepHcTHKH nOBepxHocTHo-õapbep
Horo ~eTeKTopa c 3a~THoH OKHCHOH nneHKoH, CHHTõle:X-~epeg 

24 q nocne HgrOTOBheHH~, • -qepeg 6 MecH~eB H V - nocne xpa
HeHHH BO Bna~HoH aTMoc~epe. 
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PHC.~. BonbT-aMnepHble xapax-r-epac'rmca nOBepxHocTHo-õapbep
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T~4eCKoe pa3peweH~e. neTeKTopw c OK~CHOH nneHKoH coxpaH~~~ 

CBO~ xapakrepncraxa , xo-rr pons uae - C~IlbHO YXYAW~Il~. Peayns r.aru 
~3MepeH~H OAHOH napT~~ np~BeAeH~ Ha p~c.5. 
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HOHep KAHA.\A 

PHc.5. 3HepreTHqeCKHe cneKTpbla -~aCTH~ 238 PU. CHHTble 
C nOMO~bID .o;eTeKT~pOB C 3a~HTHOH OKHCHOH nneHKOH H Õe3 
Hee. H~HHH CneKTp CHHT cpa~y nocne H3rOTOBneHHH .o;eTeK

TOpa, BepXHHH - Qepe3 6 MeCH~eB npH xpaHeHHH BO Bn~HOH 

arnocéepe , 

} 
06pa3ijW, KoTopwe npOXOA~Il~ ~cnWTaH~e Ha AIl~TeIlbHoe XpaHeH~e 

B 06W4HWX KOMHaTHWX YCIlOB~~X, ~OKa3aIl~ xopow~e pe3Y~bTaT~. nOCIlenoro .o;eTeKTopa õe s gà~HTHOH OKHCHOH nrrexxa , CHHTble: x -xepes 
weCT~MeC~4Horo xpaHeH~~ o6pa3ijW c 3a~~THoH OKHCHOH n~eHKOH nOIl24 q nocne H3rOTOBneHHH, • -qepeg 6 MecH~eB H V - nocne 
HOCTb~ coxpaH~Il~ C80~ nepBOHa4aIlbHwe xapaKTep~cT~K~, KbHTPOIlb

xP~HeHHH BO Bna~HoH aTMoc~epe. 
Hwe - YXYAW~~~ 3HepreT~4eCKoe pa3peweH~e.4 
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3AK.nlO4EHM"E 

~aHH~e pe3ynbTaT~ nOATBe~*Aa~T, 4TO OK~CHa~ nneHKa Ha KpeM- TEMATMqECK~E 'KATErOPMM nYBnM~AUWH 
HK~, nOnY4eHHa~ 3neKTpOX~MH4eCKHM nYTeM, nocne TepMH4eCKO~ o6pa
60TK~ MO)/{eT õsrr s c ycnexox I;lCnOnb30BaHa np\i1 H3rOTOBneH~1111 AeTeK
TOpOS AnR ~X 3a~~T~ OT Bn~RH~~ BHeWHe~ cpeA~. AnR ~OpM~pOBaH~~ 

TaK~X nneHOK.H~ Tpe6yeTcR CnO)/{HOrO o6oPYAo8aH~R. 

-, 
p. 

OBDE~MHEHHOrO MHCT"TYTA 

MCCnE~oBAHMt1 

H~EPHYX 

B 3aKnlO4eH~e aar opu C4~TaIOT CBO~M npJ-1RTHbIM AOnrOM aupaa-rr s J 

~CKpeHH~1O 

OKa3aHHoe 
KpeMHHR c 

õnaronapaccrs OceT~HCKOMY r. M. ~ ero COTPYAHHKaM 3a 
COAe~CTB~e H nOMO~b B o6nY4eH~~ a 4acT~~aMH 06pa3~OB 

OK~CH~M~ nneHKaM~. 
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n1t1TEPATYPA 

1. lPeAoToB ,5l. A. 
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5. MaTeMan'Ka 
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HET nH nPOSEROB B BAWE~ SHSRMOTEKE? 
Bw MollteTe noAy'fHTb no no'fTe nepe'fHCJieHHble HHliCe KHHrH, 

eC.IR OHH He 6biJIH 33K333Hbl paHee. 
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TPYAW 11-MeMAYHapOAHOrO CMMn03HyMa no H36paHHWM 
npo6neMaM CTaTMCTH~ecKOM HeXaHHKH. AY6Ha, 19~1. 

TPYAW IV coa~aHHA no HcnonbaoaaHHO Hoawx AAepHO
~H3H~eCKHX MeTOAOB AnA peweHHA Hay~HO-TeXHH~eCKHX 
H HaPQAHOX03AMCTBeHHWX 3aAa~. AY6Ha, 1981. 

TPYAW coa~aHHA no HccneAOBaHHAH a o6nacTH 
penATHBHCTCKoM AAePHOM ~H3HKM. AY5Ha, 1982. 

Tpy~w coeewaHHR no KonneKTHBHWM HeTOAaM 
ycKopeHHA. AY6Ha, 1982. 

TPYAW IV lle)I(AyHaPOAHOM WKOnW no HeMTPOHHoM 
~H3HKe. AY5Ha, 1982. 

TPYAW coaewaHHA no CHCTeMaM H MeTOAaM. 
aHanHTM~eCKHX BW~McneHHM Ha 38H M HX nPMMeHeHMQ 
a TeopeTH~ecKoM ~H3HKe. AY6Ha, 1982. 

TPYAW He)I(AyHapOAHOH WKonw-ceMHHapa no ~H3HKe 
TAMenwx MOHOB. AnywTa, 198). 

TPYAW pa6o~ero coaewaHHA no npo6neHaM Hsny~eHHA 
M AeTeKTHpoaaHHR rpaaHTa~KOHHwx aonH. AY6Ka, 1983. 

TPYAW XI Me*AYHaPOAHoro CKMno3HyMa no 
AAePHOH 3neKTPOHHKe. 6paTKcnaaa, 
~exocnoaaKMA. Jq81~ 

TPYAW 7 Ke*AYHapoAHoro coaewaHHA no npa6neMaM 
KBaHTOBOM TeOPHH nonA. AnywTa, 198q. 

TPYAW VII Ke•AYHaPOAHoro ceMHHaoa no flpo6ne~aM 
~H3HKM awcoKKX 3HeprH~. AY6Ha, 198q. 

TPYAW W KeMAyHapoAHoro CKHn03HyHa no H36paHHWH 
npo6neMaM cTaTHCTK~ecKOM MexaHHKH. AY6Ha,198q. 
/2 TOMa/ 

TpyAw V He•AYHaPOAHoro coaewaHHA no npo-
6neMaM MaTeMaTH~eCKOrO MOAenKPOBaHMA, npo
rpaHMKpOBaHHO H MaleMaTK~eCKHM MeTOAaM pewe
HHA ~H3K~ecKHX 3aAa4. AY6Ha, 1983 

TPYAW IX BcecooaHOro coaewaHKA no ycKOPHTenAM 
aapAMeHHWx 4aCTH~. AY6Ha, 1984 /2 TOMa/ 

TPYAW HeMAyHaPOAHOH WKonw no CTPYKType 
RAPa, AnywTa, 1985. 
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3axa3W Ha ynoMHHYTHe KHHrH MorYT ~biTb.HanpaeneHbl no anpecy: 
101000 Mocxaa, rnaeno~aMT, n/R 79 

HsnaTenbCKHA OTnen 05~enHHeHHoro HHCTHTYTa RRepHbiX HCCnenosaHHP 
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. o.ta.a.~e MeHIOI ANt a8111MTW nepexQAOa lq)e_e_ AeTiiKTopoa 
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AotluaHO, ~ AM aau&MTW tepeMHMe.wx AeTe1CT01)0a BM.P- MaiiY.._HMA -
HO ~Tl! OMMeHWe MeH.KM, 110RYoteHHWe 11)'1'- .3neKTI)OXMMMI4ec::Koro ~c::

,...... 11011ePXft0CT-tt tcpe_,. C: ROCJ'IeAYIOIIIMH MM3KOT_eMRepaT.Y1JI'II'M OT..r'OMe l aJCMe 

~ .NI8HWI ·..-ey .xapaKTepMC:TMKM, -CinMaKMe .IC nap-TJ)aM OICiotCHIIIX ruielfOK, . 
. .............. peaynlo:raTe o6Pa6oTKM t<peMHMellliX Uf"OTOBOK npM no-...HHOA Te-M

~-·a ncn-o- ICMc:IIOPOM• Ami ORPeAeftettiUI QIOAc::TB OKMCHWX MeH01C, nony-
.. ..-- fW\"eM WK1'.poxM ... -..cJCOro OJOIICIIetiMII, Mc::nom.aoaanMc::tt MeT~ oC5p.aTHDro 
~. a-~"hhq • MeTOA aoRtoT-ti!P~ XapaterepMC::TMKe Sa~&MTaae C::B0ACT .. 

~ nnettOtc fiP08BPJti1MCit -Ma ~aepx..0C·nto-6aJtltepHWX AensKTopaJl.ifcnwTaMMe no
~toePHiiiX AeTeKT.opoa C:: aauptTMOil OICMC::HoA MeHKoA 110Kaaano. 'fTO 
..... C::(»CpaltiUM CIIOM X8J)aKTepMC::TMICM B npoqecce AJ'I4T~HO'f'O .XpBHetiMJI • K~8T

... sr~ " fiPM xpat~eHMM ...x ao ·.,._MOI'II a:rtotO*pe. Ael'eKTopw .6e3 aau&M"FMoA 

........ .. ~ .)'JC)'AJIIIU1M C::IIOM XapaKT8)JMC::TMJCM • 

~aGora ......,....Ha a Jla6o~M:ro.PMM ltAePHWX npo15neM OMit. 

11ePHOA 0 .t.IHHOrpCW)aoA 

leltsasb £. et al. 

Oxide layers for S llJeon Oet~~or Protec1:lon 
Against £nvf~t Effects 

13•86-153 

lt h thown that for protection of sH leon detectors of nuclear r.
dlatlons oxide layers "COUld be used produced by electrochemical oxidation 
of sUlc::on surface wlth tM following low-temperature anneaHng. These 
layers have characterlstlc::s sf11tilar to those for oxide layers p:roduced by 
treatment of silicon $amp1es at elevated temperature In -oxygen flux. To 
deteralne properUes of oxide layers produced by elect-rochemkal oxldation 
the crpartlcle baclc~scatterlng method and the .method of volt-far.ad -charae-
terlstlcs were used, Pi"otectlon Pf'Opertles of such 1ayers were checked on 
the surface--barr1er detectors. It was shown that protection propertJes 
of ~h detectors were conserved durlng long storage at rOQIII tempenture 
and during tbelt" storage under wet-butb temperature. -Detectors wl thout 
protection layer have worsened tbelr GNracterhtlcs. 

The lnvestlgatlon bas been performed at the J.aboratory of "Nuclur 
Probleas, JINR. 

ec-nullicatioll of tile Joint Jastitute for Nuct.ar Relelrch. Dliblla 19116 


