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Bae.aeHw:e 

ViCTOK8MH 3KCIIepHMeHTOB, npw:Be.QWW:X B KOHe'!HOM C'leTe K C03.U8HW:IO KpHCTBn-

nH'leCKW:X C'leT'!HKOB OT.UenbHbiX 38p5DKeHHbiX '!8CTHU cne.ayeT, nO-BW:.UW:MOMYt C'!W:T8Tb 

/1-3/ 
pa60Tbl , IIOCB51WeHHbie K3y'leHHIO IIpOBO.UW:MOCTH, B03HW:K810Welt B .UK8neKTpW:K8X 

no.a .a e ltcTaHeM pa.aHauw:w:. YpoaeHb 8Kcnepw:MeHTanbHOlt TeXHHKH a TO apeMR He .aa

aan B03MOMHOCTW: H86niO.U8Tb IIMIIynbCbl npOBO.UW:MOCTH, aobl3biB8eMbie .ael!:CTBW:eM OT-

.aenbHbiX 'l8CTHU H lf3yqanaCb nw:lllb HHTerpanbH851 npOBO.UHMOCTb, CB5138HH851 C .ael!:

CTBW:eM 6onbworo 'IHcna qacTKU (KBBHToa). TaKHe ycTpoltcTaa RBnRIOTCR npHMhiMH 

/4-6/ 
npe.aweCTBeHHW:K8MH KpHCTannH'leCKW:X .U03W:MeTpOB 6onee II03.UHef'O apeMeHW: • 

KpHCTannwqecKHlt C'leT'lHK, nosaonHBwKlt perw:cTpHpOB8Tb oT.aenbHbie g.aepHbie 

171 
qacTKUhi, anepBbie, no-aK.UHMOMy, 6bin anKcaH BaH Xeep.aeHoM , npw:MeHRBWifM 

Kpw:cTannhi xnopw:cToro cepe6pa np11 TeMnepaType Mlf.UKOro asoTa. BcKope nocne aTo-

/8 9/ 
ro <PpepHxc H BapMHHCKHlt • Ha6niO.aanlf HHTerpanbHbilt acpcpeKT aospacTBHHR npo-

ao.aw:MOCTif MOHOKpHCTBnnOB cynbcplf.U8 K8.QMH51 IIpH KOMH8THOlt TeMnepaType IIO.U .aelt

CTBW:9M f'8MMa- If 6eTa-w:sny'l9HHlt H OTM9TifnH B03MOMHOCTb IIpHMeHifTb 8TW: KpHCTan

n bi n pw: no.axo.aRIUKx ycnoaHHX a KB'Iec~ae KpHcTannwqecKHX c'!eT'!HKOB. PerwcTpauHR 

/10/ 
OT.U en bH biX 'l8CTHU MOHOKpW:CTBnnBMH cynJ4>w:.aa K8.UMH51 6bin8 OIIW:C8H8 B pa6oTe • 

nepBbie Ha6mo.aeHw:R w:Mnynbcoa npQBO.UKMOCTK a anMase npw: nona.aaHw:H Ha Hero 

111/ 
oT.aenbHh!X sapgM eHHhiX qacTw:u npw:Ha.aneMaT, rro-aw:.aw:MoMy, CTe;nTepy • 

PesynbTB Thi orrhiTOB BaH Xeep.aeHa no HCrronhsoaaHHIO a KaqecTae KpHcTannHqe

CKHx C'l9T'IHKOB f'8nOf'9HH.UOB IIpH HH3KW:X TeMnepaTypax H8lllnH .aanbHeltwee p83BHTHe 

/12-14/ /15/ 
a pa6oTax XocpwTa.aTepa H HMaKaaa • 

O.aHHM ll3 aaMHeltwKx He.aocTaTKOB 6onbwHHCTBa .aHaneKTpH'leCKHX C'leT'lHKOB 

51BnReTC51 yMeHblll9HH9 B npouecce C'l9T8 B blp868TbiB89MbiX HMH HMIIynbCOB BCne.QCTBHe 

aneKTpK'!ecKolt nonRpH38UHH KpHCTanna. MeTo.aaM ycTpaHeHHR 8Toro MewaiOwero acp

cpeKTB 6binO IIOCB51lll9HO 3H8'lHT9nbH09 'lHCnO pa60T p83Hh1X 8BTOpOB. 

1, 0CHOBHbl9 cpH3H'leCKH9 npe.QCT8Bn9HH51e 

B H30nHpOB8HHOM 8TOMe 8H9pf'HH 1 KOTOpb1 9 MOf'yT HMeTb 8n9KTpOHhl, 51Bn5110TC51 

onpe.aeneHHhiMH .UHCKpeTHhiMH aenH'lHHBMH. MeM.ay HHMH neMBT o6nacTH sanpeweH

HhiX aHeprHlt. Kor.aa aTOM hi c6nHM8IOTCR, o6pasyg TBep.aoe Teno ( KpHcTannhi), pas

peweHHbie. o6nacTH 8HeprHlt aneKTpOHOB pacwHp51IOTCR, npeapawa.HCb B paspeweHHbie 

rronocbi, sOHhi. 
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B H30nsiTope HJIH nonynpoBO.llHHKe HaHBhiCWaH H3 pa3peweHHhiX 30H,· co.aep)!{a

waH 9neKTpOHbi !2 .:l)!{e npH a6comoTHOM Hyne, 3anonHeHa. 3Ta nonoca nonyqHna Ha3-

BaHHe BaJieHTHOl!: 30Hbi, TaK KaK ee liOJIO)!{eHHe Onpe.aenSieTCH OCHOBHbiMH COCTOH-

HHHMH BaneHTHb!X 9JieKTpOHOB aTOMOB, Oopa3y!OWHX KpHCTaJIJI, 

Cne.ayJOwaH, ne)!{awaH BhiW 2 pa3peweHHaH nonoca Ha3biBaeTCH 30HOl!: npoBo.aK

MOCTH, TaK KaK nonaBWHe B Hee 9JieKTpOHbl MoryT CBOOO.llHO nepeMewaTbCH liO KpH

CT8llliY liO.ll .ael!:CTBHeM npHl!O)!{eHHOro 9JieKTpHT.J:eCKOrO liOJIH 1 ooecneT.J:HBaH ero 9JieKTpu-

npOBO.llHOCTbo 

3TH liOJIOCbl pa3.aeneHbl Me)!{.lly COOOl!: 30HOl!: 3anpeWeHHbiX 9HeprHl!:, lllHpHH8 

KOTOpOl!: COOTBeTCTByeT 9HeprHH, HeOOXO.llii:MOl!: .llliH C03,llaHII:H ll8pb! 1 COCTOHWelf H3 

9li9KTpOHa B 30He npOBO,llHMOCTH H ,llb!pKH B BaJieHTHOl!: 30He, 

Bo Bcex peanbHb!X KpHCTannax II:Me!OTCH HapyweHII:H peweTKII, ooyCJIOBJieHHbie 

CMeWeHHHMH aTOMOB 1 ,llHCJIOKaUHHMII 1 CyWeCTBOBaHHeM liOBepXHOCTel!: H npHCyTCTBHeM 

aTOMOB np~~:Mecel!:. TaKHe .aecpeKTbi HapywaJOT nepHo.aKqHOCTb KpHcTanna H C03.llaJOT 

JIOKal!H30BaHHbie OonaCTH, r.ae 9JieKTpOHbl MOryT IIMeTb 9HeprHIO, 3anp9WeHHYIO .llliH 

H.llean bHOrO KpHCTanna. 

B 6onhwHHCTBe .llH9JieKTpHKOB cooCTBeHHaH npoBO.llHMOCTb np11 KOMHBTHOl!: TeMne

paType Mana II HaOJIIO,llaeMaH npOBO,llHMOCTb HOCHT npHMeCHbll!: xapaKTep, T.e. Onpe.ae

JIHeTCH HOHH3aUHel!: npHMeCHbiX UeHTpOB. 0TMeTHM, qTQ H3-3a CpaBHIITeJibHO BbiCOKOrO 

3HaT.J:eHHH 9HeprHH HOHH3aUHH aTOMOB npHMeCeH B .llH9JieKTpHKaX 9JieKTponpOBO.llHMOCTb 

KpHCTanna pacTeT C yBeJIHT.J:eHHeM KOHUeHTpaUHH llpHMecel!: 3HaT.J:HTeJibHO Me,llJI9HHel!:, 

T.J:eM B Cnyqae liOJiynpOBO,llHHKOB. 

8 npOBO,llHMOCTH ,ll119JieKTpHKOB MoryT npHHHMaTb yT.J:aCTHe HOCHTeJIH 3apg.aa 

OOOHX 3HaKOB 1 H0 1 KaK npaBHll0 1 liO.llBII)!{HOCTb O.llHOrO H3 HOCHTenel!: MHOrO OOllbllle 

no.aBH)!{HOCTH .apyroro ( oohiT.J:HO 1-Ln > > 1-L p ) • BpeMH )!{H3HH 1 cooTBeTCTByJOWee 

peKOMOHHaUHH 9JieKTpOHOB H .llb!pOK B .llH9JieKTpHK8X 1 BeCbM8 MaJI0 1 HO 9TOT 9cpcpeKT 

T.J:aCTO MaCKHpyeTCH npoueccaMH JIOKal!H3aUHH HOCHTenel!: Ha UeHTpax npHl!HllaHHH 1 KOTO

pb19 B pH.ae cnyqaeB ohiBaiOT Bee bMa 9cpcpeKTIIBHbiMH ( OObiT.J:HO ueHTpbi npHnnnaHHH 

HMeJOT 6on bWOe ceT.J:eHHe 3aXBaTa .llliH O.llHOrO THlla HOCHTenel!: H OT.J:eHb M8JIOe .llliH 

.apyroro). 



5 

2. MexaHH3M cj:JopMHpoBaHHSI HMnynbca B nHaneKTpH"!ecKoM KpHcTanne. 

KpHCT8llllH"!eCKHl!: C"'eT"!HK npenCT8BllSieT C060H KOHneHC8TOp, SlleKTpOnbi KOTOpOI'v 

H8HeCeHhl H8 o6pa60T8HHhle COOTBeTCTBY~WHM o6p830M flOBepXHOCTH nHalleKTpH"'eCKOrO 

KpHCT8llll8, llpOCTel!:W8S! CXeMa BKll~"!eHHS! T8KOf'O C'leT'lHK8 npHBeneHa H8 pHC. 1, npv. 

nonanaHHH H8 T8KOl!: KpHCT8llll 6hiCTpOl!: 38pS!)KeHHOH '18CTHUbl npOHCXOnHT HOHH38UHS! 

8TOMOB BeWeCTB8 H o6pa3yeTCS! 06ll8CTb1 38flOllHeHH8S! OCB060)KneHHbi M H 3lleKTpOH8MH 

H nhlpK8MH, non BllHS!HHeM BHeWHef'O flOllS! nhipKH 11 SlleKTpOHbl nOll)KHbl nBHf'8TbCS! 

B npOTHBOTIOllO)KHbie CTOpOHbl, 06bi'lHO npHHHM8eTCS! ( nnSI onpeneneHHOCTH paCCM8TpH

B8eM KpHCT8llll C 3lleKTpOHHOl!: npOBOnHMOCTb~) 1 'ITO OCB060J!<neHHbie SlleKTpOHbl nBH

)KyTCS! K 8HOny 1 8 nhipKH 38XB8Tb!B8~TCS! UeHTp8MH npHlll1fl8HHS! B6llH3H MeCT8 HX reHe-

p8UHH, 

B 6onbWHHCTBe cnyqaeB npaKTH'leCKHl!: 11HTepec npencTaBnSieT TaKoe pacnono)K e -

HHe C'leT'lHK8 1 KOrna pef'HCTpHpyeM851 '18CTHU8 nan aeT CO CTOpOHbl OnHOf'O HS a.rreKTpo

noB (eM. pwc. 1 ). 

3neMeHT8pHOe p8CCMOTpe Hr;:e rl~OpMHpOB8HHS! WMnyllbCOB B KpHCT8llllH'leCKOM C'leT-

/16/ 
'lHKe nnSI 3TOf'O CllJ'l8S! npOBOnKllOCb B pa60T8X Xocj:JwTanTepa , HO OH He npHHa-

M8ll BO BHHM8HHe cyrueCTBOB8HHe CB06onHhiX HOCHTelleH 38pSina B HeB036y)KneHHOM 

KJJ01CT8lllle, DOnee neT8llbi!Oe paCCMOTpeHile 3TOf'O CllY'l8S! CHllbHO OCllO)KHHeTCS! Heo6xo

nHMOCTb~ y'le Ta KOHT8KTHhlX S!BlleHHl!: H no CHX nop OHO HHKeM He 6hlll0 npOBeneHO, 

I 171 
PhiBKHH paccMOTpen cnyqal!:, Korna qacTwua nonanaeT Me)Kny aneKTponaMH 

(cM,pw:c.2). B aToM cnyqae B6llH3H aneKTponoB ocTaeTC.S! HeBo36y)KneHHbil!: t.uraneKTpHK 

H BllHS!HHe KOHT8KTHbiX acj:Jcj:JeKTOB CT8HOBHTCS! 3H8'1HTellbHO MeHbllli<IM, MO)KHO HaneSITb-

/17/ 
C.S!, 'ITO flOlly'leHH8S! B 06W8S! K8pTHH8 cj:JopMHpOB8HH.S! HMTIYllbC8 COXp8HHTCS! H npH 

p e rHcTpauHH qacTHUhi, nonaaa~wel!: Ha C'leT'lHK co cTopoHbl aneKTpon a. Pa3llH'1He 

Me)KtlY 3TWMH tlBYMS! CllY'l8S!MH 6ytleT HOCHTb1 BepOS!TH0 1 B OCHOBHOM llHlllb KClllH'le

CTBeHHHl!: X8p8KTep, nosTOMY Mbl C'lHT8eM none3Hb!M H3ll0)KHTb OCHOBHbie npetlCT8Blle-

HHS! 0 cpopMHpOB8HHI<I HMTiyllbC8 B Kp11CT8llllH'leCKOM C'leT'lHKe, p83BHTbJe B pa60T8X 

Pb!BKHH8. 

PaCCMOTjJHM CH8'181'18 npoueCCbl 1 npO.HCXOtlS!WHe B KpHCT8llll8X C O 'leHb M8ll0H 

p8BHOBeCHOl!: KOHUeHTp8UHel!: CB06onHhlX HOCHTenel!: 38pSina. KaK y)Ke ynoN!HHanocb, 

B Kp11CT 8 lllle C SJieKTpOHHOfi npOBOtlHMOCTb~ B 0 3HHKWH e npH npOXO)Ktl e HHII '18CTW:Ubl 

tlblpKH 1lOK8llH3y~TCS! B6llH311 MeCT8 IIX B03HHKHOBeHH.S!, a 3lleKTp0Hbl ( B tlOC T8TO'lHO 
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CHnbHOM none) CMewaiOTCSI K aHOLlY • 8 nepBbllt MO ,MeHT BpeMeHH nocne JIOHK3aUHH TOK 

npOBOLlHMOCTH B pa3Hb!X '!aCTRX KpHCTanna HeOLlHHaKOB. nosTOMy H3 oonaCTH HOHH3a

UHH yHOCKTCsr noneM B eawHHUY speMeHK sHa'lHTenhHO 6onbwee '!Hcno s neK TpOHoB, '!eM 

nocTynaeT B Hee. OaHaKo no Mepe OTTRrHBaHHR sneKTpOHOB K aHOLlY np0KCXOLlKT 

nepepacnpeaeneHKe CBOOOLlHbiX HOCHTenel! 38p51Ll8 H B03HHK8IOT oonaCTH C nonO )!{KTenb

HbiM II 0TpHU8TeJibHbiM OO'beMHbiMH sap51Ll8MKo 3TO npKBOLlHT K nOS!BneHHIO B OOJI8CTH 1 

sanonHeHHOlt HepaBHOBeCHbiMH HOCHTenHMH ( oon. 2 H8 pHC. 2 ), nonH 1 BCTpe'!HOrO no 

OTHOWeHHIO K BHeWHeMy 1 H8JlO)!{eHHOMy H8 KpHCTannbi (pH C. 3) • nosTOMY scp¢eKTHB

HOe none B STOlt 'IBCTK KpHCTanna yMeHbWaeTCH, a B o6n aC THX 1 H 3 ysenH'IHBaeTCH 

(a rrpeanonO)KeHKH 0 nOCTOHHCTBe HanpH)!{eHIIH Ha Oopasue) • 3T01 B CBOIO O'IepeLlh1 

npHBOLlHT K yseJIH'!eHHIO TOK8 B o6naCTHX 1 H 3. ToK B o6naCTH 2 no Mepe nepepac

rrpeaeneHJIH IIOnH nOCTeneHHO cnaaaeT. 3TO npHBOLlHT K ycTaHOBJieHHIO 0LlHH8KOBOrO 

BO BCeX Ce'!eHHHX o5pa3U8 K30biTO'IHOrO HaLl paBHOBeCHb!M .,CKB03HOrO"'TOKa1 . BenK'IHHa 

KOTOpOrO onpeaensreTCH COOTHOWeHHeM ; = q \1n n0 . ( E1 - E0 ) • 3TOT TOK 6yLleT 

cnaaaTb IIO Mepe BbiCBOOO)!{LleHHH LlblpOK H3 noey weK H HX peKOMOHHaUKH. LJ:eM MeHb

we KOHUeHTpaUHH n
0 

1 TeM OOJlbWee BpeMH IIOTpe6ye TCH LlJlH ycTaHOBneHHH. CKB03HO

ro TOKa1 TaK KaK B aTOM cnyqae TOK B 06naCTH 2 LlOJI)!{eH ynaCTh J:lO MeHbWel! Benu:

'IHHbl H, COOTBeTCTBeHH0 1 rronO)!{HTeJibHbii! OO'beMHbllt sapHLl LlOJI)KeH B03p8CTH LlO 60nb"" , 
wei!: BeJIH'IHHblo nocKOnbKY H30biTO'IHbiH TOK npH MaJIOM nO BeCbMa Man, OH npaKTJI-

qeCKH He OKa3biBaeT BJlHSIHHSI Ha <tJopMHpOBaHHe HMnynbca. <tJpOHT HapaCTBHHH HMnynb

ca B STOM cnyqae CBH3aH C BpeMeHeM ycTaHOBJieHHSI CKB0 3 HOrO TOKa (TaK KaK sa 

STO Bp9MSI nepeHOCHTCH npaKTH'I9CKH B9Cb 38pHLl)• a cnaa onpe aensreTCSI nOCTOHHHOI! 

npeMeHH Bb!XO.QHOI! uenH C'I9T'IHKa. CyweCTBOBaHHe CKB03HOro TOK8 CKa )!{9TCH B STOM 

cnyqae Jlllillb B HeKOTOpOM 3aTHrHB8HKil HMnynbca B KOHUe ero cnaaa. 

EcnH paBHOB9CHaH KOHU9HTp8UHSI Ll?CT8TO'IHO BenHK81 TO LlnH ycTBHOBneHHH 

CKB03HOrO TOKa Tpe6yeTCH o6pa30B8HH9 3Ha'!HTenbHO M9HbWe ro OO'b9MHOrO 38pHLl8 

H npouecc ycTaHOBneHw:sr casosnoro TOKa sasepwaeTCH 6hiCTpee. B aToM cnyqae 

CKB03HOI! TOK M0)!{9T Ob!Tb Jlllillb HeMHOrHM M9Hbille H8'!8JlbHOrO TOKB H BpeMSI ero 

cymecTBOBaHHH r 6nH3KO K npoaon*HTenhHOCTH rrpe5LI58HHH LlbipJCH Ha noBywJCe. 0THO

weHHe 38pHLl8 1 npoweawero '!epe3 uenb 38 BpeMSI r- fJ (BpeMH npoTeJCaHHH CK503HOrO 

TOKa )> K sapsray, rrpoweaweMy sa speMsr 

paBHO: 

f) (speMSI yCTBHOBJieHHSI CKB03HOrO TOKB!) 
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K= __ r($f:<----

4rrao 

r,lle ~ - ,llH9JieKTpHqeCKaH ITOCTOSIHHaH MaTepHana; a 
0 

- paBHOBeCHaH rrpOBO.llliMOCTbo 

flerKo BH.lleTb 1 qTo senHqHHa K Mo:>KeT 6hiTb 3HaqHTeJibHO 6onbme e.llHHHUhr, GapH.ll, rro

CTyrraJOmHl!: Ha aHO.ll, MO:>KeT 3HaqHTeJibHO rrpeBb!lllaTb BeJIHqHHy 3aps.lla, ITOCTyrraJOr.uero 

Ha aHO.ll B cqeTqHKe C MBJIOl!: paBHOBeCHOl!: KOHUeHTpBUHel!: HOCHTenel!: 38pSI,lla. 3TO SIBJie.:_. 

HHe B .rnrTepaType 06b!qHo H83biB8eTCSI 9cflcfleKTOM BHyTpeHHero yCHl!eHHSI CHrHaJia ( HJIH 

MYJibTHITJIHKaUHel!:).riaH60Jiee llO.llp06HO OHO H3yqeHO rrpHMeHHTeJibHO K MOHOKpHCTal!JIBM 

4 5 
C d S , .llJISI KOTOpbrx senHqHHa K Mo:>KeT .llOCTHraTb 3HaqeHHl!: 10 - 10 • 

nepe.llHHl!: cflpOHT HMITYJibCa rrpH 60JiblllOM llo COH3MepHM C ITOCTOSIHHOl!: BpeMe-

HH uerrH cqeTqHKa (TaK KaK B03pacTaHHe 8MITJIHTy.llhl HMITYJlbCa rrpOKCXO.llHT .llO TeX 

IT Op 1 ITOKa 3apH.llHb!l!: TOK eMKOCTK cqeTqHKa He ypaBHHeTCSI C p83pS!,llHb!M TOKOM 1 

a cKopocTb pa3pH.llB orrpe,llenseTCSI senHqHHol!: RC uerrH cqeTqHKa). 06r.uas .llJIHTeJib-

HOCTb KMITyJibC8 orrpe,lleJIHeTCSI BpeMeHeM r 1 eCJIK r >>.RC 1 qTO BbirrOl!HHeTCSI 

B 60JiblllHHCTBe rrpaKTHqeCKH HHTepeCHbiX CJiyqaeB. 

EcnH rrpe.lliTOJIO:>KHTb1 qTo see HepasHosecHbre aneKTpOHhi co6KpaJOTCH Ha aHO.ll 

cqeTqHKa 1 TO rrpH ysenKqeHHil HarrpH:>KeHHSI HB HeM aMITJIKTy.ll8 KMIIyJibCa 6y.lleT BHaqa

Jie ysenHqHBBTbCSI 1 a GaTeM CTpeMHTbCH K Hacbri.UeHHJO. CooTBeTCTBYJOI.UaSI aToMy MaK-

CHMaJibHBSI aMITJIHTy.lla HMITyJibCa ,llJISI BeCbMa Mal!b!X 

(r.lle L 

V u , _-"'e-'w~h_ 
LC 

paCCTOSIHW:e Me:>K,lly aneKTpO,llaMK 1 a 

n 0 .llBeTCSI COOTHOllleHHeM: 

h - paCCTOSIHW:e OT TpeKa .llO 

aHO,lla ) 1 ITOJiyqeHHb!MH B rrpe,lliTOJIO:>KeHKK 1 qTo BpeMSI ycTaHOBJieHKSI CKB03HOrO TOKa (}
1 

KOTOpoe B 9TOM CJ1yqae COBITa,ll8eT C BpeMeHeM rrpoJieTa tnp aneKTpOHOB .llO adO,ll8J 

3HaqHTeJibHO MeHbllle RC • 

npiii 60J1blllOl!: KOHUeHTp8UIIK paBHOBeCHb!X HOCifTeJiel!: HaCbillleHW:e aMITJIKTY.llbl 

IIIMITYJ1bC8 CBS13aJIO C HaCbii.UeHW:eM CKB03HOrO T OK8 K3-38 ITOJIHOrO 06Ha:>Ke HifSI 38pH.lla 

.llhrpoK. 3.lleCb rronHhrl!: 3apH.ll 1 co6w:paeMhil!: Ha aHO.ll cqeTqHKa (npw: ycnOBlllf RC>> r )_, 

paseH 
Q .. KeNh/L, 

max 

, a 8MI1J114TY ,ll8 W:MrrynbCa 



• 

8 

I 

v,l KeNh 
C"l:: 

r.Lle "l' - KOnJPieCTBO B03HllKlllHX npw: ll0HH38Ullll aneKTpOHHO-LlblpO'iHbiX nap. 

npii! .LlmiTenbHOA pa6oTe KpW:CTannw:'ieCKOrO C'ieT'iHK8 B llHTeHCHBHbiX p8.LlH8UW:OH-

Hb!X nOnHX cpe.LlHee KOnH'ieCTBO aneKTpOHOB H .LlblpOK1 nOCTOHHHO H8XOL1HlllHXCH Ha 

noaywKax, CT8HOBHTCH 3H8'iHTenbHbiMo .[lnH paCCM8TpHB8BWerOCH Bblllle cny'iaH (pHc.2) 

pacnpe.LleneHHe CT8UHOHapHOrO 06'beMHOrO 38pH.Ll8 npHHHM8eT BH.Ll, npHBe.LleHHbiA Ha 

pHC. 4, npH'ieM B o6naCTH 1 06'beMHbiA 38pH.Ll paBeH HyJ1I0 1 T8K K8K B STOll: o6naCTH 

KOHUeHTpaUHH CB060.LlHbiX HOCHTeneA npH pa6oTe C'ieT'iHK8 He OTnH'i8eTCH CyWeCTBeH

HbiM o6pa30M OT paBHOBe<:HOA. none 1 B03HHKWee B pe3ynbTaTe nOHBneHHH 06'beMHbiX 

38pH.LlOB 1 06bi'iHO H83biB810.T noneM nOnHpH38UHH. 3TO none HanpaaneHO npOTHBOnOnO:>KHO 

npHnO:>KeHHOMY K C'ieT'iHKY H noaTOMy pe3ynbTHpy10Wee none B KpHCTanne, KOTOpoe 

onpe.LlenHeT npoueCCbl cpopMHpOB8HHSI HMnynbC81 OK83biB8eTCSI pe3KO CHH:>KeHHbiM. 3TO 

npHBO.LlHT K noCTeneHHOMy yMeHbllleHHIO 8MnnHTYLlbl HMnynbCa, BnnOTb LlO nonHOro 

npexpaweHHSI pa6oTbi c'ieT'iHKa. CyTb 6onbWHHCTaa pa3pa6oTaHHbiX a HacToSJmee apeMSJ 

MeTO.LlOB 6opb6bi C nonS1pH38UHeA B KpHCTannH'ieCKHX C'ieT'iHK8X CBO.LlHTCSI K OCB060:>K.Lle-

HHIO H3 UeHTpOB npHnHn8HHSI 38XB8'ieHHbiX HMH LlbipOK H aneKTpOHOB• 

npHpO.Ll8 sneKTpH'ieCKOA nonS1pH38UHH B KpHCTannH'ieCKHX C'ieT'iHK8X HMeeT, no

BHLlHMOMy 1 pSI.Ll 06IUHX qepT C T8K H83biB8eMbiM cpOTOSneKTpeTHbiM COCTOSIHHeM B MOHO" 

H nonHKpHCTannH'ieCKHX aeweCTBax. 06p&30B8HHe H pa3pyweHHe yCTOll:'iHBOll: BHyTpeH

HeA nOnHpH38UHH B HeKOTOpbiX MaTepHanax nOLl .LleACTBHeM raMMa-nyqeA H sneKTpOHOB 

/18 19/ 
HCCne.LlOB8nHCb B pa60T8X 

1 
• 

MaTepHanhi, npHrO.LlHbie .LlnSJ H3roToaneHHSI xpHcTannH'ieCKHX 

C'ieT'iHKOB 

1. r anoreHHAhi 

.LlnR nonyqeHHSI xpynHbiX MOHOKpHcTannoa coe.LlHHeHHA aToA rpynnhi o6bi'iHO He-

, /20/ /21/ 
nonb3y!OTCH MeTO.Llbl r ... Hponynoca H BpH.Ll:>KMeHa • .D.nH H3rOTBlleHHSI KpHCTan-

nH'ieCKHX C'ieT'iHKOB npHrO.LlHbiMH OK83b!B810TCSI o6pa3Ubl 1 LlOCT8TO'iHO 'iHCTbie 1 'iT06bi 

npH HH3KHX ( 06bi'iHO :>KHLlKHA 830T) TeMnepaTypax 6biTb H30nHTOp8MH 1 H HMeJOwHe 

M8nbi9 M9X8HH'ieCKH9 HanpSI:>K9HHSio 3TO Bbl3b!B8e11' He06XOLlHMOCTb npOB9Ll9HHSI Cne-
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UHanbHOil: TepM006pa60TKH KpHCTSJIJlOB (6e3 'ief'O MHOI'He o6p83Uhl B006We He C'iHTSJOT) 

H O'ieHb SKKypaTHOI'O HX xpaHeHHH. H3f'OTOBJiedHe KpHCTSJlJIH'ieCKHX C'ieT'iHKOB H HX 

/1 22/ 
ll0Jlf'OTOBK8 K pa6oTe OllHC8Hbi 0 HanpHMep, B 

0 
H B 06WHX qepTSX CBOJlHTCH K 

Ha MOHOKpHCTSJlJIH'ieCKYJO llJISCTHHKY HY:>KHOil: cpo_pMbl H p83Mepa HSHOCHTCH 

anexTpO.Ilbi H3 xHMH'iecKR .llOCTaTO'iHO naccHBHoro MaTepHana ( o6hi'iHO Pt, Au, Ag ) • 
• 

3aTeM KpHCT8JlJl 38KpennHeTCH B TOM ,llep:>KaTene, B KOTOpOM OH 6y )leT H8XO,IlHTbCH B 

-4 -5 
pa60'iHX YCJIOBHHX, H B BaxyyMe (npH Jl8BJ19HHH 10' -10 MHH) HarpeBaeTCSI JlO TeMnepa-· 

0 
Typh! OKOJIO 400 C, nocne nporpeBa TeMnepaTypa B Te'ieHHe CyTOX CHH:>K8eTCH JlQ KQM-

H8THOil:. Bee Jl81lbHeil:wee onepauHH c xpHcTannoM JlOJI:>KHbi npoBO.IlHTbCSI B TeMHOTe, 

T8K KSK llOCJie OCB9W9HHH KpHCT8JlJl CT8HOBHTCSI HenpHI'O,IlHblM K pa6oTe H Tpe6yeT 

npoBe.lleHHSI noBTopHoil: TepMoo6pa6oTxH. Oxna:>KJleHHe nonHOCTbJO CMOHTHpoBaHHoro 

C'i9T'iHK8 JlO 9!'0 pa6oqeil: TeMnepaTyphl MO:>KeT npOBOJlHTbCSI JlOCT8TO'iHO 6biCTpO 

H aaHHMaeT oxono nonyqaca. Oxna:>K,IleHHhiil: TBKHM o6paaoM xpHCTann roTOB x pa6oTe 

H H8 H9f'O MO:>K9T 6b!Tb ll0Jl8HO H8ilpS!:>K9HH9o Cne,llyeT OTMeTHTb, 'iTO ll0Jl8'i8 3Jl9KTplf

'i9CKOI'O llOJlH H8 H9,1lOCT8TO'iHO OXJ18:>K,Il9HHh!il: KpHCTSJlJl MO:>KeT Bbl3B8Tb ero aneKTpH-

'i9CK09 ll0Bp9:>K,Il9HH9 H BblXOJl C!i9T'iHK8 H3 CTpOH, 

Kax y:>Ke yxaabmanoch, nepBhiil: KpHCTannH'ieCKHil: c'ieT'iHK 6hm HaroToBneH 

H3 xnopHcToro cepe6pa. C ero noMOWbJO y.llaBanocb perHcTpHpciBaTb anbcpa-qacTHUhi, 

6eTa-qacTHUhi H raMMa-xBaHThi. HMnynbChi, Bbipa6aTbiBaeMbie THnH'iHhiMH Ag Cl 
-7 

cqeT'iHKaMH 1 HMeJOT cppoHT 2·10 cex H aMnnHTY.IlY 0,05-1 MB • Cxo.llHhie peaynb-

/15/ 
T8Tbl ,ll8JlH npOB9Jl9Hjihi9 f~MaKaBa Ollb!Thl C 6pOMlfCThlM cepe6poM. 

Ag Cl /23/ 
6b!Jl HCllOJlb30B8H B pa6oTe JlJlSI H3Y"'9HHSI KOCMH'i9CKHX 

MJO-MeaoHoB H c ero noMOLUbJO 6hmo onpe.lleneHo BpeMSI :>KH3HH MJO-MeaoHa, y.llOBneT-

BOpHTenbHO cornacyJOweec sr c JlSHHhiMH, nony'ieHHhiMH B JlpyrHx axcnepHMeHTax. 

B nHTepaType HMeeTcsr TaK:>Ke psr.ll coo6weHHil: o cqeTHblX CBoil:cTBax cMewaHHbiX 

KpHcTannoa Tl Br - Tl J 1141
, L i B r - Ag Br 

1241 
Na Cl - Ag Cl 

1231• 

Li Br - Ag BrHMena cocTaB, cooTBeTCTBYJOWHil: OTHoweHH JO aTOMOB cepe6-

pa H JIHTHsr-4: 1
1 

H 6bma Hcnonb30BaHa JlJISI perHcTpauHH Heii:TpoHOB no peaxuHH Li (n,a). 

3cpcpeKTHBHOCTb pei'HCTp8UHH He.l!:TpOHOB npH p83Mepax KpHCT8JlJ18 1,2 X 1,2 X 0, 75 CM 

COCT8BJISIJ18 · 5%. ABTOp YK83biB8eT, 'iTO npH TOJIWHHe KpHCT8JlJ18 2 CM H HCllOJlb30B8HHH 

6 
JlJISI HaroToa.rr~Hsr cqeT'iHKa MaTepHana, CHJibHO o6oraweHHoro HaoTonoM L i , MO:>KeT 

6b!Tb JlOCTHI'HyTa acpcpeKTHBHOCTb pei'HCTp8UHH HeaTpOHOB1 paBHSSI 70%. 
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noqTH BCe ranoreHHnbi npH HCnO.'Ib30BaHHH HX B KaqeCTBe KpHCTannHqeCKHX 

cqeTqHKOB CH.'IbHO nongpH3yiDTCg H 9TO C03naeT Cepbe3H b!e TpynHOCTH npH pa60Te 

C HHMHo gng CHgTHg nongpn3aUHH B 9THX MaTepnanax npnMeHgncg Harp~B KpHCTannOB 

no KOMH8THOfi TeMnepaTyphl. 

Vl3-3a 6onbwoA BenHqHHbi nnaneKTpHqecKo~ npoHnuaeMOCTH nongpH3aung cna6ee 

npogsngeTcg B KpHCTannax THna Tl Br ... TJ J 

Bo3MO)K HOCTb perncTapunn anb(j:la-qacTHU np11 KOMH8THofi TeMnepaType cqeTqH

/ 26 / 
KaMH, H3rOTOBneHHbiMH H3 MOHOKpHcTanna 'Ia C! > 6bma ycTaHOBneHa B pa6oTe 

nongpn3aunn KpHCTanna 3a BpeMg cqeTa B aToM cnyqae He 6hlno o6Hapy)KeHo. 

2. An M a 3 

/27/ 
E bl.'IO ycTaHOBneHO 1 qTO no OITTHqeCKHM CBO~CTBaM KpHCTa.'I.'I bl 8.'IM838 MO)KHO 

pa3nenHTb Ha nBa Tuna: 

} THO - CH.'IbHO nornowaeT B o6naCTH 3000 A0 < A < 8 MK H He ITOK83b!BaeT 

¢oTonpOBOnHMOCTH; 

/28/ 2 THO - np03paqeH B ynbTpa¢HoneTe H ¢oToqyBCTBHTeneH. no3nHee C ITOMO-

WbiD peHTreHOrpa¢aqeCKHX HCCnenoBaHHfi 6binO ycTaHOB.'IeHO 1 qTO } THO CTpyKTypHO ., 
6nH30K K HneanbHOMy KpRCTanny 1 a 2 THO HMeeT C.'IORCTyiD CTpyKTypy. 

1291 
Cepng pa6oT no HccnenosaHHro cqeTHhiX cBoficTB anMa3a ony6nHKOBaHa KoTTR · • 

no MHeHHID nocnenHero> anMa3H hiA cqeTqHK npencTaBngeT oco6biH BHTepec nng Mena

KOB, TaK KaK IT.'IOTHOCTb 9.'IeKTpOHOB B HeM 6nH3Ka K CO OTBeTCTByiD Utefi BenHqHHe 

nng TKaHefi )KHBbiX opraHR3MOB H B03M0)KH0 R3rOTOBHTI: CqeTqHKH Manoro pa3Mepa1 

npHronHhle nng BHyTpanonoCTHhlX nccnenoBaHnA. 

/29-35/ 
P e3ynbTaTbi, nonyqeHHbie pgnoM asTopos , H3yqaBwax anMa3Hbie cqeTqHKH, 

MO)KHO, B o6wnx qepTax, c¢opMynHpoBaTb cnenyrowHM o6pa3oM. 

HeT onH03HaqHofi csg3n Me)Kny KpHcTannnqecKofi CTpyKTypofi anMa3a H ero 

cqeTHbiMH CBOHCTBaMH, HO 60nbwe~ qaCTbiD cqnTaiDT anMa3bl BTOporo Tuna. PeanbH bie 

KpacTannbi o6 brqHo npencTasngroT co6ofi CMecb o6nacTe~ nepBoro H BToporo Tana, 

qTO C03naeT 3HaqHTe.'IbHble BapH8UHJ.! qyBCTBRTenbHOCTJ.! K pa3HblM BJ;InaM R3nyqeHag, 

KaK oT o6pa3ua K o6pa3uy, TaK H no noBepxHOCTR onHoro a Toro )Ke o6pa3ua. AnMa3-
- 8 

Hbie cqeTqaKH naroT xopowee BpeMeHHOe pa3peweHne ( r - 10 ceK) H aMnnaTyna 



II 

11x HMnynbca nponopuHoHanbHa 9HeprHH perl!cTpl!pyeMoii qacTI!Ubi (ecnH ee npo6er 

YKli8LlbiBaeTcA B KpHCTanne) • 

8nHAHHe TBMnepaTypw HB C'"IBTHhle CBOHCTB8 8nM830B H3y4BHO B o6naCTH 

288°-60 J OK , n pH KOM H8TIIOi1 TBMnepaType 6on bill I! HC TBO o6pa3UOB CHn bHO nonApH3yeT-

CA. EcnH C 4BT4HK "aKTHBHpoaa Tb" npeL!BapHTenbHbiM LlnHTenbHbiM (3 -o6ny4BHHeM 

6e3 H 8nO)KBHI1A nonA H8 Kpi1CTannbi 0 TO OH He nonApH3yeTCA Ll8)!(B npH Llni!TenbHOH 

p a60TB B nOCTOAHHOM none, 

)]nA yCTpaHeHHA 9cpcpeKT8 nonApH38UHH Kpi!CTannOB p83Hb!MI1 8BTOp8MH 6bin11 

ycneWHO npHMeHeHbi: VJK - o6ny'1eHHe , nepeMeHHOe 9nBKTp114eCKOe none, qepeL!OBa

HI1e nep110Ll0B C'"!eTa 11 L!enonHp1138UH11 (o6ny'1eHI1e Kp11CTanna 6e3 H8nO)!(BHI1A H a Hero 

9neKTp11 '"!eCKOrO nOnA) 1 8KTHB8UI1A C nOMOWbiO yep - Hnl1 (3 - 113nyqeHI1A 1 Tennoaoe 

B036y )!(L!e HI1e, 

anM83HOrO C4eT'111K8 Hei1TpOH8MI1 B peaKTOpe Ha6niOL18nOCb 

yM eH bWeHH e e ro 9cpcpeKTI1BHOCTI1 11 OnTI1'1eCKOH npo3p8'1HOCTI1 1 nponOpU110H8nbHOe nony

qeHHOH L!03e, np11 p e ri1CTp8U1111 anbcpa-qaCTHU T8K11M C'1eT411KOM Ha6niOL!8nOCb yMeHb

WeHI1e 6onhWI1X aMn. rTyLl np11 coxpaHeHI1H Manbrx. HarpeaaHI1e o6ny'1eHHoro B peax-

T Ope anM838 L!O KpaCHOrO xaneHI1H Dp11BOL111T nHWb K '18CTH'1HOMY BOCCT8HOBneHI110 ero 

C'l GTHhlX CBOHCTB. 

C'!eTHbie CBOHCTB8 11CKyCCTBeHH biX anM830B 1 no-BI1Lli1MOMy, He 11CCneL!OB8ni1Cb, 

3, Cynbcpi1Ll xaL!MI1H 

8wCOK8A cpOT0'1yBCTBI1TBnbHOCTb 11 3H8'111TenbHOe 113MeHeHI1e COnpOTHBneHHA o6-

p83UOB cynbcj::J11Lla K8L1MI1A np11 o6ny'1eHI111 ero noTOKaMI1 raMMa 11 6eTa-nyqei1 np11anex-

no K 9TOMY MBTep11any HHTepeC 3H8411TBnbHOrO '111Cna 11CCneL!OB8Tenei1, 

ill11pOKOMY p83Be pTbiB8HI110 pa60T no 113y'1eH1110 C'ieTHbiX CBOHCTB cynbcj::JI1Ll8 KaLl-

/38/ 
MI1H CIIOC06CTBOB8na pa3pa60TK8 ¢pep11XCOM MeTOL18 nonyqeH11A MOHOKp11CTannOB 

9 Toro COBL111HeHI1A 11 3 ra3oaoi1 cpa3w. DL!Haxo 9THM M e TOLlOM yL!aaanocb nonyqaTb 

ni1Wb CpBBH11TenbHO MenKI1B 11 O'ieHb TOHK11e MOHOKp11CTa nnbi C O'lBHb 60nbW11M pa3-

6pOCOM CBOHCTB L!B)!(e BHyTp11 OL!HOa napT1111, 8 Ll8nbHei1weM DOABI1nCA pALl MOL111cpl1-

/37/ 
KBU11H MeTOL18 ¢pepHXCa

1 
II03BOni1BW11X nony48Tb Kp11CTannbi 6onbWOrO pa3pSIL18 • 

nepcneKTHBHbiM , HO MBnO LlOCTynHb!M LlnA 60nbWI1HCTB8 na6opaTOp11i1 1 ABl!HeTCA Bbipa-

/38/ 0 
W11B8HHB MOHOKp11CTannOB C dS 113 pacnnaaa np11 TeMnepaType OK0/10 1500 C 
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H .aaaneHHH B COTHH aTMOCcPep. na6opaTOpHblft MeTO.O nony'ieHHH MOHOKpHCTannOB CdS 
3 

C 0 6'beMOM .00 HeCKOnbKHX CM 6bln paapa6oTaH B na6opaTOpHH H.OepHbiX npo6ne~o+o 

OVI5H1
1391

• 

PerHCTpaUHH OT.aenbHbiX H.OepHbiX qaCTHU C nOMOil.lbiO MOHOKpHCTanna BIIepBbie 1 

110/ 
no-aH.OHMOMy, 6brna ocymecTaneHa KanbMaHoM H BapMHHCKHM • Ebrno noKaaaHo, 

'iTO no CBOHM C'ieTHbiM CBOACTBaM KpHCTannbi pe3KO paanH'iaiOTCH Me)K,ay C06oft H 

MoryT 6biTb paa.aeneHbi Ha .aaa THna. KpHcTannhr nepaoro THna ae.ayT ce6H rro.ao6Ho 

-7 -8 
c'ieT'iHKaM H3 Ag Cl , Bbrpa6aTbiBaroT HMrrynbCbi c cPPOHTBMH 10 -10 ceK H aMrrnH-

Ty .aoA, npH6nH3HTenbHO IIpOIIOpUHOHanhHOft aHeprHH perHCTpHpyeMOft 'iaCTHUbl• 

KpHCTannbi BTOpOI'O THna .aaroT HMnynbCbl C aMIInHTy,aoft B .aeCHTKH H COTHH 

TbiCH'i pa3 6onbUieft. ¢pOHTbl HMIIynbCOB B STOM cny'!ae HMeiOT aenH'iHHY IIOpH,OKa 

-5 -3 
10 -10 ceK. 

VlHcPpaKpaCHOe o6ny'i9HHe KpHCTannoB BTOpOI'O THIIa IIOnHOCThiO YHH'iTO)KaeT 

Ha6nro.aaBUIHftCH B HHX <~cPcPeKT BHyTpeHHero ycHneHHH CHI'Hana. 

V!ayqeHHe B03M0)KHOCTH perHCTpaUHH H.OepHbiX H3ny'ieHHft paanH'iHbiX THIIOB 

/40/ 
6binO BblllOnHeHO ron.OUIMHTOM H napK-XOpOBHTUeM • B HX pa6oTe HCnOnb30Ba-

nHCb BbrpameHHbre no MeTo.ay <PpepHxca MOHOKpHCTannhr c nnoma.ahro 1 x 2 MM , HMero-

0
9 . 

Il.{He TeMHOBOe COnpOTHBneHHe He MeHee 1 OM H COnpOTHBneHHe Ha CBeTy He 6onee 
6 ~ 

10 oM. Y crreUIHO perHCTpHpoaanHCb anhclla-qacTHUbi nonoHHH, 6eTa-qacTHUbi Ra E, 

raMMa-KB aHTbl pa.OHH-M930TOpHH H K06anbTa-60. ¢pOHT HMIIynhCOB orrpe.aenHnCH rrapa-

MeTpaMH ycHnHTenH 1 a 8MIInHTY.Ohl HX .OnH a- ·, 

paBHHnHCb COOTBeTCTBeHHO 12 MB 1 6 MB H 2,5 MB. 

f3 
60 

qacTHU H raMMa-nyqeft Co 

BoaMO)KHOCTb perHcTpaUHH peHTreHOBCKHX KB8HTOB c aHeprHeA B HecKonhKO 

2 
.aeCHTKOB KHnOBOnbT MOHOKpHCTannOM C d S C nnoma,abiO 1 .MM H TOnll.lHHOft 

-3 /41/ 
7·10 CM 6brna ycTaHoaneHa B pa6oTe • YpoaeHh UiyMOB rroaaonHn Ha6nro.aaTb 

acllcileKT, paBHhrA 2 HMIIIMHH npH aMnnHTY .ae HMnynhCOB 6onhUie 20 MKB. MaKCHManb

HaH aMrrnHTy.aa HMnynbCoB npH aHeprHH h v 45 Kaa paBHHnacb 68 MKB. 

npH .anHTenbHOA pa6oTe CdS -cqeT'iHKa MO)KeT Ha6nro.aaTbCH acllclleKT rronHpH-

38UHH o6paaua, IIpHBO.OHil.lHft K 3Ha'iHTenhHOMy yMeHbUieHHIO aMnnHTY .Obi H.Mrrynb<;:OB 1 

HnH ,08)Ke K nonHOMy npeKpameHHIO C'ieTa. !J..nH 6opb6bi C 3THM <~cPcPeKTOM 1 K8K H B 

cnyqae .apyrHx cqeT'iHKOB, npe.anaranHCb MeTO.Obi cPOTo.aenonHpHaauHH, rrepeMeHHoro 
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nonH .11 T.n. YcnoBHH, npH KOTOphiX KpHCTannHqec ,KHA cqeT"'HK MO>KeT npouon>KiiiTenhHOa 

speMH pa6oTaTb 6ea yxyuweHHH c"'eTHhiX xapaKTepHCTHK Ha-aa nonHpHaauHH o6pa3ua 

/42/ 
npH IIOCTOHHHOM H81IpH>KeHH.IIJ 6binH YK838Hbl M.MapHHOBhiM • 

/43/ 
B pa6oTe M.Eop.11cosa .11 M.MapHHosa KOHUeHcaTop, couep>K8WHA C d S 

KpHCTann,ssouHnCH B KOHTYP reHepaTopa c qacToToA Mrru. np.11 nonauaHHH Ha 

KpHCTann HOHii13lilpyiOWeft "18CTHUhl B03p8CT8ml IIOTepH B KOHType, Cpb!B8n8Cb "1 8 CTOT8 

reHepauHH H Ha6niOuanocb lii3MeH!jle aHouHoro TOKa. ToplileBhie anbc}la-qacTHUbi uasan.11 

HMIIynbChl C 8MIInHTyUOA OKOno 0,1 B H c}lpOHTOM H8p8CT8HHH 110ps:IUX8 MHKpocexyHU. 

nonHpH38U.IIH KpHCTanna 1Iplil T8KOM BKniO"'eHHH He Ha6mouan6Cb U8>Ke 1IpH O"'eHb 

.unHTenhHolt ero pa6oTe. 

Ps:IU HHTepeCHhiX HCCneUOB8HHA C"'eT"'IiiKOB H3 cynhcPHU8 K8UMHH 6hinH orry6n.IIKO-

. /44 5/ 
saHhi C.M. PbiBKHHhiM H ero coTpyUHHK8MH ' • VlMH 6hmH Bbis:ICHeHbi ycnoBHH 

nonyqeHHH HMrrynbCOB 6onbwoa aMnnHTYUhi (s TOM "'Hcne npH CKB03HOM nponeTe 

CHnbHOHOHH31lpyiOWeA "18CTHUhl qepe3 C"'eT"'HK) 1 paCCMOTpeH MeX8HH3M c}lopMHpOB8 HHH 

T8KHX HMnynbCOB H 6hin8 IIOK838H8 B03MO>KHOCTb perHCTp8UHH a -qacTHU C IIOMOllJbiQ 

nonHKp.i!CTannHqecKHx cnoes C d S , oca>KueHHhiX H3 ra3osoa c}la3bi Ha rpac}lHTOBYIO 

nouno>Kxy. 

B 06'heUHHeHHOM HHCTHTyTe s:IUepHhlX HCCneUOB8H.IIft Uns:I H3rOTOBneHHH C dS 

C"'eT"'HKOB 1IpOBOU:ilnH UHcPcPY3HIO MeUH B MOHOKpHCTannH"'eCKHe nnaCTHHKH C dS 
/45/ 2 

TaKHe C"'eT"'HKH npH "'YBCTBHTenbHOft nnowaUH S =25 MM Bh!pa6aTbiB8nH HM-

.+- < 5•10-8
ceK "' ( nynhChl C 't'POHT8MH H8p8CT8HHH r H 8MIInHTY UOn npH perHCTp8UHH 

Pu 239) 
a -qacTIIU UO 0,5 Bo Crrau HMrrynbCa 6hin 6nii30K K IIOCTOs:IHHOlt BpeMeHH 

4. KpeMHilA 

AKTiiiBHposaHHbiA 3onoToM KpeMHHlt n -Tiillla 1IpH IIOUXOUHllJHX ycnOBHHX MO-

>KeT IIMeTb CBOl!:CTBa MaTepHana C C06CTBeHHOlt 1IpOBOUIIMOCTbl00 npH TeMrrepaType 

>KIIUKOrO 830T8 9TOT M8Tep11an 6y ,!leT IIMeTh O"'eH b BbiCOKOe y uenbHOe COIIpOTIIBneHHe 

Iii UnHHY npo6era aneKTpOHOB B none UO 1 CM. 8TO 1103BOnHeT CKOHCTpyHpOB8Tb ,!leTeK

TOp, B KOTOpOM "18CTHUhl C MHHHManbHOlt IIOHH38UHelt 6yUyT Teps:ITb B 06'heMe C"'eTqH

K8 uo 1-2 Mas. 

C"ieT"'IIK T8KOro THII8 C UH8MeTpOM 2 CM H TOnllJHHOlt 0,25 CM 6bin H3rOTOBneH 
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H rrpHMBHBH ,ll,JIH H3MepeHHH H8H60Jiee BepOHTHhlX IIOTBpb 8HepraH H pacrrpep,eJIBHHB 

/46/ 
aToll: aeJIH'IHHbi p,ng TT -Me30HOB c HMrryJibC8MH 1,5 Baa/c a 2,25 Baa/c • C'!eT-

'IHK HMBJI ,ll,HaMeTp 2 CM li TOJIWHHY 0,25 CM. C UBJlb!O TBpMOH30JIHUHH 14 ,ll,JIH 3aWHTbl 

-5 
OT BJiarH C'IBT'IHK ITOMBWaJICB B BaKyyM 10 MM fig • n pH H8IIpH)K8HHH Ha C'!BT'IHKB 

-7 
500 B QJpOHT Bb!pa6aTbiBaBMOrO liM HMIIYJibCa 6b!Jl MBHbllle 10 CeK (rronoca rrporry-

CKaHHH yCHJIHTBJIH) 14 1 ITO OUBHKaM 1 p8BHBJICH 20 HCBK 0 npli IIOIIaP,aHHH Ha C'IBT'IHK 

TT - MB30Ha Ha6n10nancg HMrrynbc c aMITJIHTynol!: 0 ,5 MB. YpoaeHb wyMoB 6hiJI 6JIH30K 

K 20 MKB H orrpep,eJIHJICH CBOHCTB8MH rrpep,yCHJIHTBIIHo illy Mbl C8MOrO KpHCT8JIJia 6biJIH 

MHOrO HH)KB 8TOH BBJI!i'IHHbl 0 He Ha6JI!OP,aJIOCb HHKaKHX II01IHpH38UHOHHbiX 8QJQJBKTOB 

rrpH o6ny'!BHHH ,ll,BTBKTOpa B TB'IBHHB 3 '!8COB B · IIY'IKB 

240 ~88 H HHTBHCHBHOCTblO 2000 MB30HOB/CeK. 

5. noHCKH C'IHT8!0WHX MaTBp!i8JIOB 

1T -Me30HOB C 8HeprHel!: 

noMHMO rrepe'!HCJIBHHblX Bb!We
1 

HMBBTCH pgp, KpHCT8JIJIOB 1 0 rrparOP,HOCTH KOTOpb!X 

,ll,JIH C'!eTa gp,epHblX '!8CTHU HMB!OTCH JIHlllb OT,ll,BJibHbiB 1 '! 8 CTO 0Tpb!BO'!Hb!B1 C006WBHHH. 

HeKOTOpbie a3 BTHX MaTepaanoa MoryT rrpa nanbHel!:weM H3Y'IBHHH rrpencTaBHTb 3Ha-

'IHTBJlbHb!l!: HHTepec , KaK .lliiH HCIIOJib30BaHHH HX B Ka'!BCTBB KpHCT8JIJIH'IBCKHX C'JBT'IH-

KOB 1 TaK H C TO'!Kii 3pBHHH HBKOTOphlX P,pyrHX IIpli~BHBHHl!: . 
~ 

CynbQJHP, UHHKa 

f..1MrrynbCbl rrpOBO,ll,HMOCTH MOHOKpHCTaJIJIOB BCTBCTBBHHOro CcpanepHTa IIpH 60M6ap

/4 7/ 
nHpoaKe anbcpa- qacTauaMa Ha6n!Dnanacb B pa6oTe • AMrrnHTyna HMrrynhcoa 6biJia 

MBHbWB, 'IBM y aJIMa3HOrO C'IBT'IHKa IIpH TBX )1{8 yCJIOBHHX, 

803M0)KH0CTb perHCTpaUHH 8Jibcpa- qaCTHU KpHCTaJIJiaMH CHHTeTH'IBCKOrO BypUHTa 

/49/ 
o6Hapy~<eHa B pa6oTe • 

0 peraCTp8UHH BP,BpHbiX 'laCTHU C'IBT'IHKaMH 1 H3rOTOBJIBHHb!MH li3 MOHOKpHCTanna 

/49/ 
cepbi1 coo6wHn reoprecKo • Bee acrrbiT8lflbie BTHM aaTopoM 14 _KpHcTannoa cephi 

perHCTpHpoaanH anbQ:la-qacTHUbi, a TPH H3 HHx C'IHTanK TaK)Ke 6eTa-qacTHUhi. VIMrrynb

Cbi OT anhQ:Ja- qacTHU 6biJIH n p onOpUHOHaJibHbl 8HeprHH H OK83aJIOCb B03MOX<HbiM pa3-

peWHTb p,ae rpynnbi anbcpa- qacTHU ypaHa. 

/51/ 
no3P,Hee IIOBBHJiaCb 3aMBTKa 1 B KOTOpOl!: yTB8 p )KP,aJIOCb1 'ITO 06Hapy)KeH-

Hhll!: reopreCKO 8QJQJBKT CBB3aH C H OHH3aUHBl!. B03P,yxa B6mi3H 8JIBKTpO,ll,OB 1 a He 



15 

c .neAcTBHeM anbcpa-qacTHU Ha KpHcTann cepbi. O.nHaKo B03MO:>!UIOCTb perHCTpauHH 

anhciJa-qaCTHU C IIOMOLUbiO TOHKOA rrneHKH cep.bi Me:>K.ny H8IlbineHHbiMH CliOHMH MeTanne., 

rro-BH.llHMOMy 1 IIO.llTBep:>K.ll8eTCR Bbl.[l8qell. 8MepHK8HCKOrO II8TeHT8 H8 T8KOA cqeT -

/51/ 
qHK 

PerHcTpauHR H.nepHbiX qacTHU cqeTqf!KBMH, co.nep:>KaLUHMH :>KH.llKHll: H TB e p.llbiA 

/52 53/ 
aprOH H861IIO.ll8118Cb B 0Ilb!T8X 

1 
• Y .ll8110Cb perHCTpHpOB8Tb a {3 H y - 1131Iy-

qeHHRo Jlng IIOllyqeHIHl cqeTa He06XO.llHMO TlUBTellbHO oqHCTHTb aprOH OT KHC110pO.ll8 1 

TaK KaK rrpHMeCb rrocne.nHero ( I %) yHwqTo:>KaeT cqeT. 

noTepR 8HeprHI1 H8 o6p830B8HHe O.llHOH rrapbl HOHOB B :>KH.llKOM aproHe 13 KaB 

p8BH8 25 as; B TO >Ke BpeMR COOTBeTCTBYIOLUBR Be11HqHH8, .llliSI TBep.noro aprOH8 pas

HReTCR BCero 2 8B/rrapy. B K8•!eCTBe B03MO:>KHOH IIpHqHHbl 8TOrO S!BlleHHR MO:>KHO 

paCCM8TpHB8Tb acpcpeKT "yMHO:>KeHHSI" TOKOB B MBTepHane cqeTqHK8, KBK 8TO .nena eT-

/48/ /16/ 
CR B • O.nHaKo, no MHeHHIO XocpwTa.nTepa , .norryLUeHHe o Manoll: wHpHHe 

38IIpeLUeHHOl!: 30Hhl B TBep,llOM aproHe B HBCTORLUee BpeMR eLUe He MO:>KeT 6b1Tb 

11CK1IIOqeHO H3 paCCMOTpeHHR. 

3cpcpeKT rronRpH3BUHH B :>KH.llKOM aproHe He Ha6niO.nancR. B T!3ep.noM aproHe 

IIOnRpH38UHR HMeeT MeCTO, IIpHqeM IIOClle CHRTHR Il01IR H86niO.ll8IOTCSI HMIIYllbCbl TOrO 

:>Ke 3HBKa, qTo 11 B pa6oqwx ycnoBHRx. 

ilpyrHe MaTepHanbi 

npHrO.llHOCTb 3H8qHTellbHOrO KOnHqeCTB8 M8TepH8110B .llliR perHCTp8UH11 a -qac

/48/ 
THll 6bin8 11CCne.llOB8H8 B pa60Te • Jlng 113MepeHHl!: OT6Hp8l!HCb KpHCTannbi C pa3-

9 
MepaMH 6,4 X 6,4 X 0,5MM 1 HMeiOIUHe TeMHOBOe COIIpOTHBneHue > } 0 OM. KoHT8KTbl 

pacrronaranHCb nH60 HB O.llHOA CTOpOHe Kp11CTanna H8 paCCTORHHI1 0,05 M,M .llpyr OT 

.npyra, nH6o Ha ero rrpoTHaorrono:>KHbiX rpaHRx. YposeHb wyMoB paBHRliCR 20 MKB; 

perHcTpHposanHCb HMrrynbCbi c aMrrnHTy.noit He MeHee 40 Mlm. HarrpR:>KeHHOCTH rronR 

B KpHCTannax He rrpeBbiWBnH 6 KB. Bee H3!14epeHHR IIpOBO.llHnHCb IIpH KOMH8THO.ll: TeM-

rrepaType; HCilb!Tb!B8110Cb He MeHee 2 o6p83UOB KB:>K.llOrO H3 MBTepH a noB. CqHTBB-

lllHe KpHCT8111Ibl rrepeqHcneHbl HH:>Ke B IIOpR.llKe y6b!B8HHR HX pe8KUHH H8 anhciJa-qac

THUbi: anMa3, Zn S ( ccpanepHT H sypuHT), C d S ( rpHHOKHT), Hg S, Mg 0 , Sb S , As S , Si C 
2 3 2 2 
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ABTOp npHBO.LlHT T8K)!{9 CnHCOK 3H8'iHTenhHOrO 'lHCna KpHCTannOB
0 

HMnynhCH8SI 

npOBO.LlHMOCTh KOTOpb!X npH 6oM68p.LlHpOBKe a - 'l8CTHU8MH He 6brna 06Hapy)!{eH8
0 

0.LlH8KO Cne.ayeT nOMHHTh0 'ITO OTCYTCTBHe C'leTa B OnhiT8X C K8KHM-nH60 KpHCTannOM 

'l8CTO 03H8'!8eT nHWh0 'ITO He HaA.aeHbl ycnOBHSI H3rOTOBneHHSI H 3KCnnyaT8UHH
0 

npH 

KOTOpb!X 3TOT KpHCTann MO)!{eT pa60T8Tb K8K C'leT'lHK SI.LlepHbiX 'l8CTHUo 

d.. I Ycu.numenb J 

RH 
+ 

Vo 

PHc, 1. 

., 
~ 

jflcu.nume.no J E -~ 0 -
~ 

RH I - l 

~ I 
3 

Vo I I no n ~..~ 

a) 
I 

I r--c 
PHc. 2. a) npHHUHnHanhH8SI cxeMa v. 6) 

6) Pac'!eTHBSI cxeMa. 
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E 

+ 
X 

a) 

p + + 
X 6) + , __ 

E8Hymp. 
I 
I 

E 
B) X 

Eo 

PHc. 3. a) PacnpenerreHHe norrH no o6rry'leHHH. 

6) 06beMHhlA 38pS!Ll 3J1eKTpOHOB If LlhlpOK K MOMeHTy yCT8HOBJ1eHHSI 

CKB03HOrO TOK8. 

B) nepepacnpenerreHHe TIOJ1SI K MOMeHTY yCT8HOBJ1eHHSI CKB03HOrO TOK8. 



1 8 

1 3 

p 

PHC, 4, a) 0 6pa3eU C o6naCTb~ HOHH38UHH. 
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1000 
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Teopemui.IOCI'a9 
~rpu8a9 

~ 
II 

P Hc . 5. 0TKnoHeHHe noTepb s He prHH OT HaH6onee aepoSITHoll aenHqHHhi (a npoueHTax ) 
LlnSI rr -Me30HOB c HMnynbC OM 1,5 Esa/c, 
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