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BaeOeHue 

lihlCTph!H TeMIT pa3BHTHH qJH3HKH 3JieMeHTapHhIX '-!aCTIIIJ 06ec

t1e'-11IBaeTCH HeITpeph!BHhIM poCTOM 3HeprlIII II HHTeHCIIBHOCTH 

YCKOpHeMhIX '-!aCTIIIJ II C03,naHHeM BCe 6onee COBeprneHHhlX MeTOJ:10B 

IIX perHCTpaIJIIH. 

B HaCTOHmee BpeM.!I IICCJie,noBaHII.!1 ITO ,neTeKTOpaM '-!aCTHIJ 

ee,nyTCH IIIIIPOKHM <PPOHTOM, II HX MO)KHO YCJIOBHO pa361ITh Ha ,nBe 

.KaTeropHH: Ha HCCJie,noBaHHH, KOTOphie HaITpaBJieHhl Ha YJIY'-!IIIeHHe 

OT,neJihllblX xapaKTepHCTHK ,neTeKTOpOB, H ua HCCJie,noBaHH.!I ITOHC· 

KOBoro ITJiaua, KOTOpble ITpecne,nyffiT 11eJih C03,naHHH ,neTeKTOpOB 

,Ha ITPHHIJHITHaJihHO HOBOH OCHOBe. PerneHHffi HMeHHO 3TOH '-!aCTII 

. npo6JieMhl pa3pa60TKe HOBhIX ,neTeKTOpOB H ITOCBHmeua 

rnaBHblM o6pa30M pecbepHpyeMaH ,nHccepTaIJH.!I. 

O,nHHM H3 Ba:arneHIIIIIX ,neTeKTOPOB B COBpeMeHHOH 3KCITepHMeu

raIIhHOH cbH3HKe .!IBIIHeTCH ITY3hlphKOBa.!I KaMepa. )].oCTOHHCTBa 

1:1auuoro ITpH6opa IICKIIffi'-IHTeJihHO BeJIHKH: B HeM Boe,nHHO COBMeme -

llhl cbYHKIJHH ,neTeKTOpa H ITJIOTHOH MHIIIeHH; ITpH6op o6Jia,naeT 

BhICOKHM ITPOCTpaHCTBeHHbIM pa3perneHHeM H CITOC06eu perHCTpH· 

poeaTh o.nuoBpeMeHHO 60IIhIIIOe '-IHCJIO '-!aCTHIJ. O,nHaKO, HeCMOTP.!I 

Ha 3TH J:IOCTOHHCTBa, ITY3hlphKOBOH KaMepe ITpHCYIUH H cephe3Hhle 

He,nocTaTKH, TaKHe, uaITpHMep, KaK OTCYTCTBHe ceneKTHBHOH 

ynpaBIIHeMOCTH H pe,KHMa ueITpepbIBHOH '-IYBCTBHTeIIhHOCTH. 3TH 

uea ue,nocTaTKa cymecTBeuuo orpaHH'-IHBaIDT cqiepy ITPHMeuenHH 

KaMep B cbH3H'-!eCKHX 3KCITepHMeHTax. Ilo3TOMY C ITepBhIX )Ke 

Illa roe 3KCITnya TaIJHH ITY3hlphKOBOH KaMephI Ha'-!aIIH ITpe,nITpHHHMa Th" 

CH HHTeHCHBHhie ITOIThlTKH ITOJiy'-!eHHH B 3TOM ITpH6ope yITpaBJI.!leMoro 

pe,KHMa H pe,KHMa HeITpephIBHOH '-IYBCTBHTeJil,HOCTH. O,nuaKO ITO 

p»,ny cbHJH'-lecKHX ITPH'-IHH ,nauua.11 ITpo6neMa ocTaJiach ue perneuuoii 

II ITO ce ro,nHHIIIHIIH ,neHh. 

Bo3HHKIIIHH "TYITHK" B IICCJie,noBaHHHX C ITY3hlphKOBOH KaMepoii 

~ OTCYTCTBHe B apceHaJie ,neTeKTOPOB yITpaBJIHeMoro TpeKOBOro 

lpH6opa C ITIIOTHOH pa6o'-!eii cpe,noii ITo6y,nHIIII cbH3HKOB K ITOIICKY 

lpHHIJHITHaIIhHO HOBblX ITyTeii C03,naHH.!1 TpeKOBblX ,neTeKTOpOB Ha 

)CHOBe KOH,neucHpOBaHHhIX cpe,n. O,nuo II3 OCHOBHhIX HaITpaBJieHIIH 

~ccne,noBaHHH 3,nech 3aKJIID'-laJIOCh B TOM, '-IT06hI ITpoauaJIH3HpOBaTh 

reopeTH'-!eCKH H ITpOBeplITh 3KCITepHMeHTaJihHO HOBhie cbH3H'-!eCKHe 

ij"BneHIIH' KOTOphie MOrJIH 6bI ITPIIBeCTII K C03,naHIIffi TpeKOBOro 

:i;eTeKTopa C ceJieKTHBHhIM yITpaBJieHHeM H HeITpephIBHOH '-IYBCTBH· 

reIIhHOCThffi. BTopoe HaITpaBJieHIIe CBOJ:IHIIOCh K ITOHCKY HOBhIX 

,rnTOJ:10B pa3MHO,KeHH.!I 3ap11,n0B B J:IIICKpeTHhIX 3ITeMeHTax, KOTOph!e 
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MOrJIH 6bI perHCTPHPOBaTh cne.D;bl qacnm: B CHCTeMe, co.n;ep)l(all(ei' 

IIJIOTHYIO cpe.n;y: ra3 rro.n: 60JihlliHM .n:aBneHHeM, )l(H,lJ;KOCTh nm, 

TBep.n:oe Bell(eCTBO. 

B COOTBeTCTBHH co C(pOPMYJIHpoBaHHhlMH 3a,n;a1!aMH B rrepBoi' 

qacTH .n:nccepTaUHH /rnaBhl 1-7 / aHa.ITH3HPYIOTCH BapnaHThl TpeKO· 

BhIX KaMep, OCHOBaHHhIX Ha ra30BOM pa3pH.n;e, a TaK)l(e 3ipipeKTa~ 

paccnoeHHH 6nHapHoro rrepecbill.(eHuoro )l(ff.D;Koro pacTBopa H 1<pn

CTannn3aunn_ rrepeoxna)l(.n:euHhIX )l(H,n;KocTeiI Ha nouax. CymHoCTI, 

O.D;HOH H3 3THX n.n:eii 3a.KJII01!aeTCH B TOM, l{TO B paCTBopax ua 

HOHaX B cne.n:ax qaCTHU B03HHKaIOT MHKPOKOMIIJieKChI, COCTOHll.(HE 

H3 JapH.n;a n o6ono1!KH MOJieKyn KOMrroHeHTa, o6na,n;aIOmero 6onhmeil 

JJ:H3JieKTpH1!eCKOH IIOCTOHHHOH. B MOMeHT rrepeCbill.(eHHH paCTBOpa 

TaKne KOMIIJieKChl CTaHOBHTCH ueuTpaMH pOCTa HOBOH ipa3bl, T.e. 

3JieMeHTaMH. o6pa3yIOll.(erocH TpeKa. 3TOT MexaHH3M II03BOJIHeT 

C03.D;aTb KaK KaMepy HerrpephIBHOH 1iYBCTBHTeJibHOCTH, TaK H 

KaMepy c ceneKTHBHhIM yrrpaBneHneM /rnaBa 3/. 
BTopaH H.D;eH OCHOBbIBaeTCH Ha- HCIIOJih30BaHHH ipa30BOro rrepe

xo.n:a B rrepeoxJia)l(.D;eHHOH )l(H.D;KOCTH - KPHCTaJIJIH3aUHH ua HOHaX. 

KaMepa, pa6oTaIOll.(aH Ha 3TOM rrpnuunrre, TaK)l(e MO)l(eT 6bITh 

ceneKTHBHO yrrpaBJIHeMOH HJIH nerrpepbIBHO 1iYBCTBHTeJibHOH /rnaBa 

4/. TpeKH B TaKOH KaMepe rrpe.n;cTaBJIHIOT co6oil: COBOKYIIHOCTh 

KpHcTaJIJIHKOB, paCTYll.(HX Ha HOHax, KaK Ha 3apo.n;hlmax. 

B .n:nccepTaunn nccne.n;yeTcH TaK)l(e BapnauT KaMepb1 Ha 

TBep.D;OM Bell(eCTBe, B KOTOpOM B.D;OJih cne,n;oB 3apH)l(eHHhlX qacTHU 

o6pa3yIOTCH F -ueHTpb! /rnaBa 5/. IIocne,n:HHe HBJIHIOTCH HOCHTe

JIHMH HHipopMaUHH O TpeKax qacTIIU. 

Oco6o paccMaTpHBaeTCH Bonpoc O B03MO)l(H0CTH C03,n:aHHH 

TpeKOBhIX ,n;eTeKTopoB, pa6oTaIOmnx Ha ocHoBe 3ipipeKTa ManTepa 

H ,n:pyrnx po,n:CTBeHHhIX HBJieHHH, KOTOphie B03HHKaIOT rro.n: .n:eiICTBH

eM 3JieKTpH1ieCKoro IIOJIH Ha rpaHHX corrpHKOCHOBeHHH TOHKHX 

,n:n3neKTpnqecKnx rrneHoK c KOH,n:eucnpoBamwiI cpe.n:oiI n BHYTPH 

rropncThIX nonyrrpoBo,n;HnKoB n ,n:n3ne1<TpHKOB /rnaBhI 6 H 7 /. 
B MeCTax rrpOXO)l(,D;eHHH qacTHU B TaKHX . KOM6HHHPOBaHHhlX 

CHCTeMax HMeeT MeCTO pa3MHO)l(eHHe 3JieKTpOHOB B rrneHKax 

H T01!e1!Hhie CBeTOBhie BCllhllliKH B cpe.n;e. 

,[(pyroe ocHoBorronaraIOmee HarrpaBnenne B pa3pa60TKe HOBhix 

llpHHUHIIOB .n;eTeKTHPOBaHHH 'lJaCTIIU, KOTOpOMY IIOCBHll.(eHa BTopaH 

IIOJIOBIIHa .n:nccepTaUHH /rnaBbl 8-11/, OXBa ThIBaeT .fIBJieHHH pa3 -

MHO)l(eHHH 3apH,n:OB B6JIH3H TOHKHX HHTeH, rrorpy)l(eHHhlX B )l(H,n:ioie 

cpe,n:hl HJIH KpHcTaJIJIH1!eCKHe Jl:H3JieKTPHKII H IIOJIYIIPOBO.D;HHKH. 

IJ;enh 3THX nccne,n;oBaHHH COCTOHJia B TOM, 1iT06bI C03.D;aTb HOBhie 

HHTHHhie ,n;eTeKTOphl - KaMepbl H C1!eT1!HKH 1iaCTHU, KOTOPhie 6b! 

opraHH1!eCKH o6be.D:HHHJIII B ce6e Bee .D;OCTOHHCTBa ra30BhIX HHTHHhlX 

.n;eTeKTOpoB: rrpoCTOTY yrrpaBJieHHH, nerKOCTh C1!HThIBaHHH HH

!pOpMaUHH H Bh!COKOe BpeMeHHOe pa3pemeHHe - H .D;OIIOJIHHTeJibHO 
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rrpno6penH HOBble Ka1!eCTBa: 60JihlliYIO IIJIOTHOCTh pa6oqero Be

mecTBa H BhICOKOe npocTpaHCTBeHHOe pa3pemeHHe. Heo6xo,n:HMOCTh 

B no.n:o6HhIX ,n;eTeKTopax OCTpq omymaeTCH B TeXHHKe_ (pH3H1!eCKoro 

3KCrrepHMeHTa C qacTHUaMH BhICOKHX 3HeprHH H oco6eHHO B OllbITaX 

C HeHTpHHO. 

IIepBble nccne,n;oBaHHH B 3TOM nnaHe 6bIJIH Ha1!aThl HeCKOJihKO 

neT Ha3a.n; B ~prOHHCKOH HaUHOHaJihHOH na6opaTOpHH H HoBOCH6np

CKOM !pH3H1!eCKOM HHCTHTyTe' r.n:e H3y1ianach pa6oTa HHTHHh!X 

C1!eT1!HKOB THila C1!eT1!HKOB reiirepa- MIOnnepa, 3aIIOJIHeHHblX )l(H,D;

KHM aprOHOM n KCeHOHOM. O,n;HaKO BCKOpe 6bIJIO o6Hapy)l(eHO, 1!TO 

TaKHe C1!eT1!HKH HecTa6HJihHhl B pa6oTe H HMeIOT HH3KHH K03ipipli

uneHT pa3MHO)!<eHHH 3JieKTpOHOB. 3TH o6CTOHTeJihCTBa IIOTpe6oBaJIH 

B .n:anhHeiimeM ,n;eTaJihHOro HCCJie.D;OBaHHH MexaHH3Ma pa3MHO)KeHHH 

3JieKTpOHOB B KOH.D;eJ!CHpOBaHHhlX cpe.n:ax. TeopeTH1!eCKOMY H 

3KCIIepHMeHTaJihHOMY pemeHHIO .n;aHHoro Borrpoca B .n:nccepTaUHH 

IIOCBHll.(eHhl BOCbMaH H ,n;eBHTaH rnaBbl. 

ABTOPOM 6bIJia rrpe,n:JIO)l(eHa n o6ocHOBaHa TaK)Ke HOBaH rrpo

rpaMMa (pH3H1ieCKHX HCCJie.D;OBaHHH C HHTHHh!M C1!eTlfHKOM, HJno

)l(eHHaH B .n:ecHTOH rnaBe, orrnpaIOll.(aHCH Ha HCIIOJlh30BaHHe B C1!eT-

1!HKaX a TOMHO- MOJieKynHpHOH yrropHJl:01!eHHOH CTPYKTYPhl -

TBep.n:oro KpHCTaJIJIH1ieCKoro BemecTBa. B TaKHX Bell(eCTBaX, KaK 

H3BeCTHO' BhICOKa IIO.D;BH)l(HOCTh 3Jie!(TPOHOB, '!TO MO)KeT o6cc

rrelfHBaTh 6oJihlliOH K03(p(pHUHeHT cTa6HJihHOro pa3MHO)KeHHH 3JieKT

pOHOB 3a ClfeT HOHH3aUHH a TOM OB B BaneHTHOH H rrpnMeCHOH 

30HaX. 
3KcrrepnMelnanbHOMY BOIIJIOll.(eHHIO rrporpaMMhl no co3,n:aHHIO 

HOBOro TBep,noTeJihHOrO ,n;eTeKTopa IIOCBHll.(eHa rrocne.n;HHH - o.n:nn

Ha.n:uaTaH rnaBa .n:nccepTaUHH. B Hett n3naraIOTCH pe3ynhTaThl 

pa3pa60TKH H .n:eTaJihHOrO nccne.n:oBaHHH KpHCTaJIJIHlfeCKoro 1rn

THHOro .n:eTeKTOpa, B Ka1!eCTBe pa601!HX cpe.n: B KOTOpOM HCIIOJih

JOBaJIHCh KpHCTaJIJIH1ieCKHH aproH,. KCeHOH H MeTaH. 

B KOHUe O.D:HHHa.n:ua TOH rnaBhl HJJiaraIOTCH coo6pa)KeHHH 0 

. pa3pa60TKe KpyrrHoMacmTa6HbIX KpHcTaJIJIH1!eCKHX .n;eTeKTOPOB. 

OcHOBHble pe 3YJihTa Thi nccne.n:oBaHHH, H3JIO)l(eHHhlX B .n:nccep

TaUHH, .n:9Kn,,a.n:hrnannc~, ,Ha M~)l(.IJ.YHapo.n;nhIX KOHipepeHUHHX 

B E~pKJIH 1131 )Kj!HeBe' 141, ,[(y6Hel1 5;, orry6nHKOBaHhl B pa6o-

Tax ,ro,11,12,16-31/ n 0630pax /32,33/_ 

Hn)l(e .n:aeTCH KpaTKOe H3JIO)l(eHHe co,n:ep)KaHHH OT,n;eJihHhi°X 

rnaB .n:nccepTaUHH. B KOHUe aBTOpeipepaTa IIPHBO.D;HTCH OCHOBHble 

uay1!Hbie pe3YJibTaThl, rrony1!eHHbie B .n:nccepTaUHH H .n;aeTCH 

CIIHC0K UHTHp0BaHHhlX pa6oT n pa6oT aBT0pa. 
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1. HccAeooea11ue uc1<poeblx KaMep 

3TOMY Bonpocy noCBHllleHbl nepBaH n BTOpaH rJiaBbl. B HHX 

H3naraIOTCH pe3yJibTaTbI HCCJie,D;oBaHHH HCKPOBbIX KaMep co 

cpe.D;HHM /1-5 CM/ H 60JibWHM />5 CM/ Me)K3JieI<TpO.D;HbIM npoMe

)KYTKOM. 

~nH KaMep nepBoro Tnna 3KcnepnMeHTaJihHO onpe;:i;eJIHJiach 

MHHHMaJibHaH BeJinqnHa npoMe)KyTKa B HHTepBaJie 3HaqeHHH 1-
s· CM, npn 'KOTOPOM Ha,D;e)KHO perHCTPHPYIDTCH 0.D;HOBpeMeHHO .D;O 

5 n 6oJiee qaCTHU H IICKpOBbie TpeKH qiopMHPYIOTCH B.D;OJib CJie,D;OB 

qacTHII B WllpOKOM HHTepBaJie yrJIO~. HaKJIOHa OTHOCHTeJibHO 
HanpaBJieHHH nOJIH. IIocJie ycTaH0BJieHHH ;:i;aHHOro 3a3opa, KOTOpbIH 

OKa3aJICH paBHbIM - 2 CM, 6bIJIH BbIIlOJIHeHbl no;:i;po6HI,Ie HCCJie.D;0Ba

HHH JIHBHeBOH 3«p«peKTHBHOCTH perncTpauHH qacTHII B TaKHX KaMepax. 

OcHOBHbie pe3yJibTaTbl 3;HX HCCJie.D;OBaHHH /IO,ll/ npe.D;CTaBJieHhl 

Ha pnc. 1. 
IihIJIO ycTaHOBJieHo, qTo KaMepbI C 3a3opoM B 2 CM o6Jia,D;aIOT 

BbICOKOH JIHBHeBoii 3«p«peKTHBHOCTblO BnJIOTb .D;O perncTpaunn 8 
.•. qacimi.· YroJI HaKJIOHa pa3pH.D;a no CJie.D;y qacTHU, npOX0,ll;HlllHX 

no;:i; yrJIOM 1< noJIIO, .D;OCTHraeT 30 °. 3TH ;:i;aHHbie JierJIH B OCHOBY 

npn pa3pa6oTKe H C073.D;aHHH KpynHoro MarHHTHOro HCKpOBoro 
· 12 I 

cneI<TPOMeTpa qacTHU . . • • 

lllnpOK03a3opHbie HCKPOBbie KaMepbI OTHOCHTCH K 1<aTeropnH 

cpaBHHTeJibHO HOBbIX ;:i;eTeKTOpOB, OCHOBHbie xapaKTepnCTHKH KO

TOpbIX HaXO.D;HTCH eme B CTa.D;HH HHTeHCHBHbIX nOHCK0B H yJiyqweHHH. 

O.D;HOH H3 Ba)KHeiiwnx xapaKTepHCTHK HCI<POBbIX I<aMep HBJIHeTCH 

BpeMH naMHTH. ~JIH KaMep, HanOJIHeHHbIX 1rnepTHbIM ra30M, OHO 

BeJIHK0 H COCTaBnHeT ;:i;ecHTI<H MHKpoceKyH,D;. ~JIH COKpameHHH 

BpeMeHH naMHTH HaMH pa3pa60TaH MeT0.D;, onnpaIOlllHHCH :iia 

ncnoJih30Banne MHoroaTOMHhIX r:acHmnx n 3Jie1<TpooT?t1IaTelbHhIX 

;:i;o6aBOK. OcHOBHhie pe3yJibTaTbl 3THX HCCJie,D;oBaHHH 13- 17 
npe;:i;

CTaBJieHbI Ha pnc •. 2. 113 Hero, B qacTHOCTH, BH.D;HO, qTo ;:i;o6aBKa 

qeTbipexxIIopncToro yrJiepo;:i;a B KOJinqecTBe 3. Io-6· o/o npnBo;:i;nT 

K yMeHhWeHHIO BpeMeHH naMHTH c ;:i;ecHTKOB MKCeK .D;O 1,6 MKCeK. 

TaKoii )Ke npnMepHO pe3yJibTaT ;:i;aeT ;:i;o6aBKa MeTaHa .B KOJIHqecTBe 

O,lo/o. 

AHanornqHbie pe3yJihTaTbl no n3yqeHHIO BJIHHHHH MHoroa'TOM,~ 

HhIX ;:i;o6aBoK Ha BP'fljH naMHTH KaMep 6bIJIH He3aBHCHMO noJiyqeHhI 

JlI06HMOBbIM H .D;p. • 

B HaCTOHmee BpeMH 3TOT MeTO.D; HBJIHeTCH caMbIM 3«p«peKTHBHbIM 

cnoco6oM peryJIHpOBaHHH naMHTH umpOK03a3opHblX HCKPOBbIX H 

CTPHMepHbIX I<aMep. 

IIpoBe,D;eHHbie HCCJie.D;OBaHHH WHPOK03a30pHblX I<aMep n03BOJIHJIH 

C03.D;aTb ycToiiqHBO pa6oTaIOmne KaMepbl TaKoro THna H BnepBbie 

HCnOJib30BaTb HX B 3KCnepnMeHTe no H3MepeHHIO K03qlqlHUHeHTa 
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2. HccAeooea11ue npo6AeMbl co3oa11w1 mpe1<oeoii 1<aMepb1 
11a oc11oee ucnoAb3oea11w1 <}ia3oeb1x nepexoooe 
e 6u11ap11b1X pacmeopax 

PeweHHIO 3TOH npo6neMbI noCBHllleHa TpeTbH rJiaBa. OnHpaHCb 

Ha o6mne 3a:I<'.OHbl TepMO.D;HHaMHKH, MO)KHO noKa3aTb, qTO O.D;HH 

H3 KOMIIOHeHTOB nepeChillleHHOrO )KH,ll;KOro paCTBOpa MO)KeT BbI

;:i;enHTbCH Ha noHax B cne;:i;ax qacTHU, KaK Ha 3apo.D;hIWax paccnoe

HHH; npH 3TOM TepMO.D;HHaMHqecKHH noTeHUHan (fl H3MeHHeTCH Ha 

BenHqHHY ,\(fl /Is-23/: 

i\cfJ=_.±!!_e_RTll£r3 +4rrr2a-- (Ze)2 c2 -er 
3M C 2 c c 1 2 

r-1-.l...J, 
a r /1/ 

r;:i;e M H p - MOJieKyJIHpHbIH Bee II nIIOTHOCTb KOMnOHeHTa, BbI.D;e

IlHIOlllerocH Ha IIOHax Ze ; C II ,\C - KOHUeHTpaUHH H nepechillleHHe 

paCTBopa; a - nQBepXH0CTHOe Ha TH)KeHHe Ha rpaHHUe pa3.D;eJia 

paCTBop- 3apO.D;bIW, a - pa.D;HYC HOHa H r - pa;:i;nyc 3apO.D;bIWa; 

c1- .D;H3IleKTpnqecKaH nOCTOHHHaH paCTBOpa, a (2 - .D;H3IIeI<TpH

qecI<aH noCTOHHHaH Kannn, Bbl.D;eJIHIOllleiicH Ha HOHe. 113 COOTHOWe -

HHH /1/ CJie;:i;yeT, qTo KpHTHqec1<oe nepeCblllleHHe paCTBOpa, 

Heo6xo.D;HMOe .D;IIH npoHBJieHHH CJie.D;OB qacTHU, paBHO 

i\Ck = 3MC ( 4rra
4 

2pRT (·Ze}2 

_cL_l 1/3 
-) 

f 2 -(1 
/2/ 

Ta1<oe nepecbillleHne MO)KeT ;:i;ocTnraTbCH nyTeM a;:i;na6aTnqecKoro 

noHmKeHHH .D;aBJieHHH Ha.D; paCTBOPOM Ha BeJinqnHy 

>-.. __ 1-:-:-::-
6.Pk =!'!.ck~ ac;ar /3/ 

r;:i;e A - TenJioTa paCTBopeHHH, ,\ V - H3MeHeHne o6'beMa paCTB0pa 

npn paCTBOpeHHH HCXO.D;HbIX KOMn0HeHT; ac / a T - npOH3BO.D;HaH, 

B3HTaH B.D;OJlb. KPHBOH paccnoeHHH B Toq1<e C=C k • CymecTByeT 

eme ,D;Ba cnoco6a nepeCblllleHHH paCTBOpa TeMnepa TypHbIH 

H 311e1<TpHqec1<nii. ~JIH HHX COOTBeTCTBeHHO 

1 
.1rk =-1ck ac;ar' /4/ 
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t:.. Ek = L411 ~ 1 t:.. C k ¼ 
T (E 2 V2 -E1V1 J ac/aT 1 •. /5/ 

B KaqecTBe nmnocTpaunii paJBHThIX Jnech nono)KeHHH Ha 
pnc. 3 npencTaBneHhI pe3ynhTaThI pacqeTa paccnoeHHH Ha-HoHax, 
KaK Ha 3aponh111Iax, B JaBHCHMOCTH oT nepenana naBneHHH. BunHo, 
qTo BCe KPIIBhie c Z f= 0 nnyT HH)Ke KPHBOH cnOHTaHHOro 3apo)Kne
HHH ueHTpOB paccnoeHHH (Z = 0). 3To yKa3hIBaeT Ha nOBhIIIIeHHyio 
BepOHTHOCTh 3apo)KneHHH KaneneK Ha IIOHax H HOHHhIX KOMnneKcax. 

Ha OCHOBe TeopHH paccnoeHHH paCTBOpa Ha HOHax B nnccepTa
UHH aHanH3HpylOTCH nBa BapHaHTa KaMepbl nOCTOHHHOH qyBCTBH
TenhHOCTH. B onHoH H3 HHX Hcnonh3yeTCH paCTBOp MeTHnOBOro 
cnHpTa B reKcaHe, B npyroii - paCTBOp BOnhI B 6eH30ne. Pe3ynb
Ta Thi aHanH3a 30Hhl HaChIIUeHHH H 30Hhl qyBCTBH_TenhHOCTH B 
KaMepe npencTaBneHhl Ha PHC. 4 H 5. I-fa 3THX PHCYHKOB BHnHo, 
qTO 30Ha qyBCTBHTenhHOCTH paCTBOpa K HOHaM npoCTHpaeTCH 
Ha 6onhIIIYlO rny6HHY KaMepbI. 

B peq,epnpyeMOH rnaBe onllCbIBalOTCH TaK)Ke nBa 3KCnepHMeHTa 
no paccnoeHHlO nepeChIIUeHHhIX paCTBOpOB Ha HOHax, nonTBepnHB
IIIHe OCHOBHhie nono)KeHHH pa3pa60TaHHOH TeopHH / 18 ,19/. 

3. Hcc;1eooeaHue npo611eMbl co36aHw1 mpeKoeou 

KaMepbl Ha OCHOee ucnO/lb308aHUJI ifja308blX 
nepexoooe e nepeox11a.J1COeHHb1x .J1CUOKocmJ1x 

BepOHTHOCTh noHBneHHH ycToiiqnBoro 3aponh111Ia KpHCTannn-
3au1111 B nepeoxna)KneHHoii )KHnKocTH paBHa 122 ,23! 

--- 2V 1,'3 
W = n n * V a k T ( -- ) ' • .1. exp ( - D + 6. <P J 

911 h k T ' /6/ 

rne n - IInOTHOCTh MoneKyn B )KJinKOCTH, n* - qncno MoneKyn 
B noBepXHOCTHOM cnoe 3aponh111Ia, U ·- 3HeprHH aKTHBaUIIH nnx 
co6CTBeHHOH nHq,q>y3HH MoneKyn, h - nocTOHHHaH nnaHKa, V - 06'b
eM MoneKynb1 BeiuecTna. OcTanhHhie o6o3HaqeHHH Te )Ke, qTo 
II B q,opMynax /1/-/5/. AHanH3 q,opMynhI /{,/ noKa3bIBaeT, qTo 
OTHOIIIeHHe nepOHTHOCTH noHBneHHH KpHCTannHKOB B nepeoxna)K
,D,eHHOH )KJinKOCTII Ha HOHax W (Ze) K BepOHTHOCTH 3apo)KneHHH 
uenTpOB KPHCTannH3aUHH Ha q>nlOKTyaUHHX nnoTHOCTH. W (0) B 
cnyqae nHnonhHhIX )KJinKocTeii /3a HcKnroqeHHeM nonhl/ · w (Ze) / 
/ w (0) = 1. To eCTh BepOHTHOCTH 3THX nBYX npoueccoB np116n11311-

TenhHO paBHhl. )];nH cna6ononxpHhlX HnH 6e3nnnonbHhIX )KHnKOCTeii 
W(Ze)/ W(0) > 1' T.e. o6pa3oBaHHe B 3THX .)KHnKOCTHX KpHCTan-
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nnqecKHX 3aponh1IIIeii Ha JneKTpnqecKHX 3apxnax HMeeT 3aMeTH0 
6onhIIIYlO BepOHTH0CTh, He)Kenn Ha q>nlOKTyaUHHX nnOTH0CTH. 

Ilepeoxna)KneHne )KHnKocTH, Heo6xonnMoe nnx 3apo)KneHHH 
H pOCTa KPHCTannoB Ha HOHax, xapaKTepH3yeTCH nennqHHOH 

6. T k = g .LM_ ( 4 11 a
4 

pq (Ze) 2 
~ 

.( 2 - E 1 

1/3 
), /7/ 

rne q - TennoTa nnanneHHH. Ha pnc. 6 naHa pacqeTHaH JaBncn-') 
MOC Th Heo6xonHMoro nepeoxna)KneHHH )KHnKoro aproHa oT panHyca ~ 
3aponh111Ia n BennqnHhI 3apxna. . 

OCHOBHhie BhIBOnhI naHHOH TeopHH HaIIInH xopoIIIee nonTBep)K
neHHe B onhITax no perHCTpa~HH cn~?B qacTHU KOCMHqecKoro 
H3nyqeHHH B nepeoxna)K,u;eHHOH Bone 2 II B 3KcnepnMeHTax no 
KpHCTannH3aUHH nepeoxna)KneHHhIX )KHnKOCTeii B HeonHoponHoM 
3neKTpnqecKOM none / 3~ 3KBHBaneHTHOM nonro HOHOB. 

B HaCTOHIUee BpeMH pa3pa6oTKa neTeKTOPOB Ha OCHOBe ne
peoxna)KneHHhlX )KH~KOCTeii BeneTCH BO MHOrHX na6opaTOPHHX 
/cM., HanpnMep/2•9• /. 

4. TpeK08ble l<aMepbl Ha OCHOee ucnO/lb308aHUJI 

1110MUHec1.1eH1.1uu u-c1.1uHmu1111J11.1uu eeU1ecme 

B03MO)KHOCTh co3naHHH TaKHX npn6opoB o6Cy)KnaeTCH B rnaBe 
5. OnHH H3 BapHaHTOB neTeKTOpa 6a3npyeTCH, KaK y)Ke ynoMHHanocb 
BO. BBeneHHH, Ha Hcnonh30BaHHH F -ueHTpOB, o6pa3YlOIUHX°CH no 

3 -1 
cneny qacTHU B KpncTanne.lihICTpax qacTHUa co3naeT no 3.10 cM 
YCTOH'IHBhIX F -ueHTPOB, KOTOPhie MoryT )KIITh nponon)KHTenhHOe 
BpeMH nono6HO TOMY' KaK )KHBYT ueHTPhl CKpbITOro H306pa)KeHHH 
B q>OT03MynhCHHX. OcBeIUaH F-ueHTphl B ·nonoce nornoiueHHH, 
MO)KHO nony'IHTh OT HHX nlOMHHecueHTHhlll CBeT npyroii nnHHhl 
BOnHhl. B pa6oTet241noKa3aHo, 'ITO ecnH Hcnonh30BaTb 3OIl 
B Ka'IeCTBe npHeMHHKa CBeTOBOro H3nyqeHHH F -ueHTpOB, TO 
cnenhI qaCTHU B KpHCTanne MoryT 6bITh Hane)KHO 3aperHCTpnpoBa
Hhl. 

B nJ_FOH rnaBe o6c~naeTCH TaK)Ke CUHHTHilnHUHOHHaH HHTHHaH 
KaMepa125~ npencTaBnHlOIUaH co6oii KOM6HHaUHlO CUHHTHnnHUHOHHhIX 

· HHTeii · nnH KannnnHpOB, 3anonHeHHhIX CUHHTHnnnpyroiueii )KHn
KOCThlO, H q>OTonnonoB, onTH'IeCKH conpH)KeHHhlX C TopuaMH 
oTnenhHhIX HHTeii HnH KannnnHpOB. OnpeneneHhl ycnoBHH onTH
ManhHoro c6opa CBeTa H3 HHTeii Ha q>OTonno,u;hI H naHa oueHKa 
TO'IHOCTH perHCTpaunn cnenoB qacTHU B TaKHX CHCTeMax. 

llHTepecHaH B03MO)KHOCTh nnx pa3pa60TKH CUHHTHnnHUHOHHOH 
TpeKOBOH KaMepbl OTKphmaeTCH C HcnonL30BaHHeM 3q>q>eKTa Man-
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Tepa. IlpaKTJl4eCKa.!I pean113au11.11 3T0H B03M0)KH0CTJI 9,B0.llll;C.11 
- / 26 28' K pa3pa60TKe crreuuanhH0JI K0HCTPYKUHJI 3neKTP0JI0B • ' ' 

pa3MeruaeMhIX B CUJIHTJ1nn11py10rueil: cpene. 'TaKue 3neKTP0.llhl 
rrpe)ICTaBn.!IIOT co6oil: Tpexcnoil:HyIO K0MII03HUI_IIO, COCTO.!IIU)'IO 113 
MeTannn4eCKOH II0)In0)KKJI, rropHCT0ro )IH3neKTpHKa JI 04eHh TOHKOH 
rrpoBOJI.!IIUeil: rrneuKn. Ilpu Hano)KeH1111 rron.11 ua cnoil: JIH3neKTpHKa 
II o6ny4eHHII ero 6hICTphIMJI 4aCTHUaM11 B .llll3neKTPHKe B)I0nh 
cne)I0B 4aCTIIU B03HJIKaeT BHyTpeHHee pa3MH0)KeHHe rrepB114HhlX 
3neKTp0H0B, K0Topoe corrp0BO~aeTC.11 IIHTeHCJIBHhlM BhIX0)I0M 
IIX 113 rrneHKII B CUHHTHnn11py10ruy10 cpeny, B036y)K)IeHJieM JI CBeqe-
HHeM rrocne)IHeil:. . 

\[ 

5. Tpe1<oeaJ1 KaMepa c pa3M11oxe11ueM 3apJ1ooe 

e11yripu n11e11otJ11b1x 311e1<mpoooe 

3TOMY B0IIpocy II0CB.!IIUeHa mecTa.11 rnaBa. B HaCT0.!IIUee BpeM.11 
B rrpaKTHKe $113114eCKOro 3KCrrep11MeHTa 0CTP0 oruyruaeTC.11 0T
cyTCTBJle crreu11anhHoro Knacca TpeK0BhIX rrpu6opoB, K0T0phie 
Mornu 6hI 3¢¢eKTIIBHO pa6oTaTh rrpu n106oil: OKpy)KaIOrueii IIX 

cpene - ra30Boil: 11n11 KOHJieHcupoBaHHoii. Pe4h HJieT o ueo6xon11-
M0CTH pa3pa60TKJI aBT0H0MHhIX K0OPJIHHaTHhIX )IeTeKT0p0B. O)IHO 
113 rrpenno)KeHuii 110 pa3pa6oTKe TaKoro neTeKTopa 06cy)KJiaeTc.11 

"'28 T 
B pa6oTe' ~CyruHoCTh 3Toro 11penno)KeH11.11 3aKnro4aeTc.11 B cne-

.llYIOIUeM: Ha MeTannn4eCKYIO IIO)In0)KKY /¢onhry/ C JIBYX CT0p0H 
HaH0C.!ITC.11 cnou 113 phIXnoro )IJl3neKTPHKa, Ha II0BepXH0CTh K0T0-

phIX, B CB0IO 04epe)Ih, HaH0C.!ITC.11 B 0)IIIH P.11.ll Y3Klle rrp0B0JI.!IIUHe 
rron0CKII. IlpH4eM CIICTeMhl rronocoK Ha rrp0TJIB0II0n0)KHhIX II0Bepx

H0CT.!IX nena10T opToroHanhHhIMH npyr npyry nn.11 o6pa30BaH11.11 
Koop;wHaTHoil: ceTKHx-y /cM. puc. 7/. 3neKTPOHhI, 06pa3yeMhle 
11poxon.11rueil: 4acn1ueil:, pa3MH0)KaIOTC.!I B rropax JIH3neKTPHKa 11 
II0CTYIIaIOT Ha C00TBeTCTBYIOIUHe IIp0B0JI.!IIUHe rronocKH, ¢opM11py.11 
Ha HIIX cnrHanhI. PocT 3neKTP0HHhIX naBHH B rropHCT0M )Ill3neKTpHKe 
o6hI4HO II0)I4HHeH 3KCII0HeHUHanhH0MY, 3aKOHy. Il03TOMY BenH4HHa 
B03HJIKaIOIUJIX JIMIIynhC0B rrporropuuouanhHa JIOHJl3HPYIOIUeil: crro
co6uoCTJI 4aCTIIU. '1 

6. TpeK08ble l(QMepbl C 3/leKriputJeCKUM npo6oeM 

napo- 2Q308blX ny3blPbK08 

/4 I 
B pa6oTe ' 6hma rrpenno)KeHa op1ir11uanhHa.11 une.11 C03JiaH11.11 

HJIT.!IH0ro IIY3hiphK0B0ro r0)I0CK0IIa, KOTopa.11 3aKnI04aeTC.!I B TOM, 
4TO Ha rrp0B0n04Kax, rrorpy)KeHHhlX B )KJl)IK0CTh, rryTeM II0)IB0)Ia 
Terrna Herrpephrnno reHepnpy10Tc.11 IIY3hiphKH rrapa II B Hux rrpouc
xonuT pa3MH0)KeHJie rrepBll4HhlX 3neKTp0H0B II0HJ13aUHJI. TaKoil: 
rrpu6op rrpomen rrepByIO 3KcrrepnMeHTanhHYIO rrpoBepKy II nan 
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xopomue C4eTHhie JI aMIInHTYJIHhle xapaKTepHCTJIKJI. OnnaK0 )IaHHO -
MY neTeKTopy, KaK Bhrncuunoch, rrpncyrua orrpeneneHna.11 uecTa-
611nhH0CTh B pa6oTe, rrop0)K)IaeMa.11 Herrpeph!BHhlM II0)IB0)I0M Terrna 

K HUTH . 
.[t;n.11 ycTpaHeHH.11 3T<}r9 He)I0CTa TKa 6hmO foP7.lln0)KeHO co3-

)IaBaTh ra30Bh!e KaHanhl' 7, unu IIY3hlphKJI ra3a' 
25

i B JIJl3neKTpll
qeCK0M TBep)I0M BeruecTBe B6nH311 II0BepXHOCTII rrpoBono4eK. 
.[t;eTanhHhlH aHanu3 rrpenno)KeHH.11 / 2s/, BhIIIOnHeHHhlH B rnaBe i 
nuccepTauuu, rroKa3an rrpaKTJI4eCKYIO uenecoo6pa3HOCTh ero pa3- , 

pa60TK11. K uacTo.11rueMy BpeMeHu Monenh onuon11T.11noro TBepno- I 
Tenhnoro ill.,~hiphKOBoro ronocKorra rrpomna JKcrrep11MeHTanhuy10 ~ 
rrpoBepKy' '. B Ka4eCTBe pa6o4eii cpeJihI ucrronh3onanc.11 apron, 
KOTOphiH 3aMopa)KJ1Banc.11 B MOMeHT JaKJIIIaHIIH rrpu 6hICTPOII i 

oTKa4Ke ero rrapoB B Tpo11uo11 T04Ke. TnepJihIH apron conep)l(an 
MHO)KeCTBO rry 3h!phKOB pa3nll4HOro )IllaMeTpa . .[t;eTeKTOP 06nrmnc.11 

y·'KBaHTaMJI OT JICT04HJIKa 6° Co. Ilpu uarrp.11)KeHJrn Ha )IeTeKTOpe 
OK Ono 1 KB aMIInHTYJia JIMIIynhCOB Ha HUTH )IOCTJirana O, 1 B. 

7. Pa6oria HUrlJlllblX CtJeritJUK08 C J/CUOKOCmllblM 

u za3oeb1M 3ano1111e11ueM noo 6011b1UUM oaa11e11ueM 

HccnenoBaHue na1111011 rrpo6neMhI cocTann.11eT conep)KaHue noch
Moil: n nenHi-oil: rnan. KaK y)l(e OTMe4anoch, npu JKcnepuMettTanh
HOM 113y4e111111 HIITlIHOrO )KJl)IKOaproHOBoro II )KJl)IKOKCeHOHOBOro 

I I 

C4eT4HKOB B HX pa6oTe 6hmll o6Hapy)KeHhl I 5 ,6 , pa3nll4Hhle He-

cTa6HnhHOCTH. AttanHJ 3THX HecTa6HnhHOCTeil:, BhlIIOnHeHHhlH B 
rnane 8, IIOKaJan, 4TO OHJI B03HHKaIOT npeuMyruecTBeHHO Ha 

MHKpomepoxonaTocTHX nponono4eK, TaK KaK none B JTHX Me

cTax / 29/ 
h3 

E =E
0
[1+(L-1 ):-:, ] /8/ 

g r 
cyrueCTBeI!HO npeBhIIDaeT rrone E o Ha "H)IeanhHOH" IIOBepXHOCTJI 
HHTH. 3nech h - Bh!C0Ta MIIKpOBh!CTYIIOB, r - nepeMeHHhlll panuyc 
2h II g - reoMeTpH4eCKJIH ¢aKTOP ¢opMhl Bh!CTYIIOB. TaK, npu 

h= 1 MKM E = 10 ~ , 
.[t;nll CHJI)KeHH.11 ponu MIIKPOBhlCTYIIOB B o6pa30BaHJIJI pa3p.ll)IOB 

npennaraeTClI IIOKphIBa Th rrpoBono4KY TOHKJIM cnoeM )IJI3neKTPIIKa 

co cna6oil: np0BO)IJIMOCThlO. Ka)K)IhlH y4aCTOK TaKOH HJITJI, B TOM 

4HCne JI MIIKPOBhICTYIIhl, 6ynyT pa6oTaTh B pe)KJIMe caMoorpauu-
4eHJI.II T0Ka B pa3p.ll)Ie, KaK 3TO nMeeT MeCTO, uarrpuMep, B He
caMoraC.IIIUJIXC.11 C4eT4JIKaX C 6onhillllM Harpy304HhlM corrpOTHBne-

HlleM. 
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BTopoe rrpe,n;JIO,KeHHe, paCCMOTpeHHOe B BOCbMOH rnaBe, CBO-

JJ;HTCH K HCIIOJih30BaHHIO B ,KHJJ;KOCTHOM cqeTqnKe MHoroaTOMHhIX 

.n;o6aBoK, crroco6HhIX racnTh pa3pH,n;. M, HaKoHeu, TpeThe rrpe,n;

JIO,KeHne COCTOHT B TOM, qT06bI IIHTaTb cqeTqHK 6HIIOJIHpHbIMH 

HMIIYJibCaMH HJIH BblCOKoqacTOTHhIM IIOJieM, y,n;oBJieTBOPHIOJUHM 

YCJIOBHIO f ~ 2\ , r.n;e f - qacTOTa IIOJIH n r - BpeMH ,n;peiiqia 

3JieKTPOHOB Me,KJJ;Y HHThlO H KOPIIYCOM cqeTqnKa. Ko3qJqJHUHeHT 

ycnneHHH 3JieKTpOHOB B 3TOM cnyqae MO)KeT JJ;OCTHraTb BeJinqnHhl 

Mo:expz[l+ yexp(2 z)[yNexp(2Nz) -1] 

exp(2 z) -1 ], 
r 

z,,,Jadr. 

'o 

/9/ 

3.n;ech a - rrepBbIH K03qlqJHUHeHT TayHCeH,n;a, N - qncno UHKJIOB 

IIOJIH, y - K03qlqJHUHeHT B0CIIpOH3BOJJ;HMOCTH 3JieKTPOHOB 3a cqeT 

qJOT03<p¢eKTa, HeiiTpaJIH3aUHH H .n;e 3aKTHBaUHH B036y,KJJ;eHHhIX a TO

MOB y IIOBepXHOCTH HHTH, r o - pa,n;nyc HHTH, r < R - pa.n;nyca 

KaTo.n;a. AuaJIH3 qiopM.YJihl /9/ IIOKa3hIBaeT. qTo K03¢¢nuneHT 

ycnneHHH MO)KeT JJ;OCTHra'rb 60JihlIIOH BeJiuqnHhl rrpn cpaBHHTeJibHO 

HJl3KHX uarrpH,KeHHHX IIHTaHHH. 

B ,n;eBHToii rnaBe JI3naraIOTCH pe3yJihTaThI rro.n;po6uoro 3Kcrre

puMeHTaJibHoro HCCJieJJ;OBamrn cqeTqnKa C ,KHJJ;KJIM H ra30Bb!M 

3aIIOJIHeHHeM rrpn 6oJihlIIOM ,n;aBJieHHH /
3 ~13 KaqecTBe pa6oqnx 

cpe.n; B cqeTqJIKe HCIIOJih30BaJIHCh apron, KCeHOH, Me:rau H HX 

CMeCH. U.eJib 3KCIIepHMeHTOB C )KHJJ;KHMH CMeCHMH COCTOHJia 

B TOM, qTo6bI rrpoBepHTh BJIHHirne MHoroaTOMHoii.n;o6aBKH - MeTana 

ua xapaKTepHCTHKH cqeTqnKa. U.enh )Ke 3KCrrepnMeHTOB 6 
qncThlMH ra3aMH H ra30BhIMH CMeCHMH 3aKJIIOqanacb B HaXO,KJJ;eHHH 

3aKOHOMepuocTeii xapaKTepHCTHK cqeTqHKa C pOCTOM IIJIOTHOCTH 

pa6oqeii cpe,n;hl. TaKne 3aKOHOMepHOCTH. 3KCTparronnpoBaHHhle 

K IIJIOTHOCTH )KHJJ;KOCTH, II03BOJIHJIH rny6)Ke IIOHHTh oco6eHHOCTH 

pa60Thl ,KHJJ;KOCTHOro cqeTqnKa. Orrh!Thl C ra30M rrpe,n;CTaBJIHJIH 

H caMOCTOHTeJihHhIH IIHTepec JJ;JIH IIOJiyqeHIIH HOBOH IIHqJOpMaun11 

0 pa6oTe cqeTqHKOB C rrpe,n;eJihHO 6oJihlIIHM ,n;aBJieHIIeM ra3a. 

,[(nH rrpose.n;eHIIH 3THX nccne.n;osaHnii 6hma pa3pa6oTana crre.~ 

unanhHaH arrrrapaTypa /pnc. 8/, nKmoqa10iuaH s ce6H cncTeMy 

OXJia,KJJ;eHHH H TepMOCTaT11posa1111H cqeTqJIKa·, a TaK,Ke CHCTeMy 

rny6oKoii oq11cTKII ra3a H 113Mep11TeJibHYIO 3JieKTpOHHYIO arrrrapa Typy 

BbICOKOH qyBCTBIITeJihHOCTII. 

CqeTqllK /CM. p11c. 9/ HMeJI UIIJIHHJJ;pllqeCKIIH KaTOJJ;JJ;IIaMeTpOM 

6 MM II ano,n;-HHTh H3 BOJib<ppaMa JJ;llaMeTpOM 10 MKM, IIOKpbIT)'}O 
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TOHKOH IIJieHKOH 30JIOTa. Pa6oqnii 061,eM cqeTqnKa qepe3 TOPUOBhie 

OKHa XOPOIIIO IIPOCMa TpHBaJICH BH3yaJibHO. OcHOBHhie pe3yJihTa Thi 

HCCJie,D;OBannii aMIIJIHTYJJ;HOH H cqeTHOH xapaKTepHCTHK cqeTqnKa, 

o{;nyqaeMoro y -KBaHTaMn, rrpe,n;cTanneHbI na pnc. 10-13. 

O1IIH6Ka H3MepeHHH aMIIJIHTyJJ;HOH xapaKTepHCTHKH COCTaBJIHeT 

Ol:OJIO lOo/o. B 3KcrrepnMeHTax 6bIJIO ycTaHOBJieHo, qTo CTa6HJihHaH 

pL60Ta apr0HOBOro H KCeHOHOBoro ra30BhIX cqeTqHKOB rrpocn1pa

eTCH JIHIIIh .n;o .n;aBJieHHH 50 aT'.M. Ilpn 6oJihlIIHX ,n;anneHHHX cqeTqHK 

pa6oTaeT HeCTa6HJihHO. Jlyqlllne pe3yJihTaTbl 6bIJIH IIOJiyqeHhl rrpn 

pa6oTe c MeTaHoM n oco6enno • c ra30J3hIMH cMeCHMH aprona 

c MeTaHOM. Ko3<p¢nuneHT YCHJieHHH - 10 coxpaHHJICH BIIJIOTh .n;o 

,n;aBJieHHH 100 aTM, o,n;HaKo cqeTHOe IIJiaTo BO Bcex ra30Bh!X 

cqeTqnKax rrpn 6oJihlIIHX .n;aBneHnHx rrpaKTnqecKn ncqe3ano. 

Mccne.n;oBaHHH c ,KHJJ;KHM aproHOM n KCeHOHOM /KpHBhie 9 
n 10 Ha pnc. 10; 7,8 n 9 - Ha pnc. 11/ IIOKa3aJIH, qTo aMIIJIHTy,n;a 

HMIIYJibCOB B IIIHPOKOM .n;narra30He 3Haqennii narrpH,KeHHH na cqeT

qnKe ne rrpeBbIIIIaeT BennqnnhI 10-
4 

B II 3¢qieKTHBHOCTh perncT

paunn qacTHU HBJIHeTC.!i qpe3BbJqaiino HH3KOH. B ,KHJJ;KOM MeTane 

BOo6iue He y,n;aJIOCh 3aperHCTpnpoBaTb HMIIYJihChl OT y -KBaHTOB. 

B ,KHJJ;KHX CMeCHX aprona C MeTaHOM y -KBaHThl perncTpHpoBaJIHCh 

TOJihKO Tor.n;a, Kor.n;a co.n;ep,KaHHe MeTaHOBOH .n;o6aBKH B CMecn 

OCTaBaJIOCh nnqTO)KHO MaJihIM /KpHBaH 8 na pnc. 11/. 
Ocnonnoii pe3yJihTaT HCCJie,n;oBaHHH KaK C OJJ;HOKOMIIOIIeHTHhIMH, 

TaK H MHOI"OKOMIIOHeHTHhlMH ,KHJJ;KHMH cpe,n;aMH, IIOJIY'leHHhIH 

B .n;nccepTaUHH H B pa6oTax / 5 , 6< CBOJJ;HTCH K rrpH3HaHHIO Toro 

<paKTa, 'HO ,KHJJ;KOCTHhIM cqeT'IHKaM rrpncyiua 60JiblllaH necTa6HJih -

HOCTh B. pa6oTe. ,[(aJibHeiilllne HCCJie,n;onaHHH TaKHX cqeT'IHKOB 

JJ;OJI)Kllbl orrnpaThCH, rro-BHJJ;HMOMY, na HCIIOJih30BaHne B HHX 

HHTeii, IIOKpb!ThlX CJIOeM JJ;H3JieKTPHKa co cna6oii IIP0BOJJ;HMOCThlO. 

8. Kpucma/1/IU'leCKUii 11umJ11toii c~em'IUK 'lacmu1.1 

Pa3pa60TKe H BCeCT0p0HHeMy 3KCIIepnMeHTaJibHOMY HCCJie,n;o

BaHHIO 3Toro cqeTqnKa IIOCBHJUeHbl ,n;eCHTaH H 0JJ;HHHa.n;uaTaH 

rnaBbl .n;nccepTaUHH. B rrepBoii H3 3THX rJiaB .n;aeTCH qJH3HqecKoe 

o60CHOBaHHe rrporpaMMhl pa3pa6oTKH pa3JIH'IHhIX MeT0JJ;0B 6hICTpoii 

perHCTpaunn cne,n;oB q'cT'U B TBep,n;hIX KPHCTaJIJIHqecKHX H rrony-

IIp0B0JJ;HHK0BhIX cpe.n;ax 26 • . 

O,n;HH H3 rrpe.n;naraeMhIX B 3TOH pa6oTe TpeK0BhIX ,n;eTeKT0P0B 

rrpe.n;cTaBJIHeT co6oii CHCTeMy IIp0B0JioqeK, II0KpbIThlX IIOJIYIIP0B0JJ;

HHKOBhIM CJIOeM. Ka,KJJ;aH HHTh c TaKHM II0KpbITHeM M0,KeT pa6o

TaTb KaK rrporropUHOHaJibllhIH ,n;eTeKTOp qacTHU. <l>H3HtieCKOH 0CHo

BOH ,ll;JIH 3T0ro CJIY,KHT H3BeCTHhlH 3qJ<peKT y.n;apHOH H0HH3aUHH 

3apHJJ;0B BO MH0rHX II0JIYIIP0B0JJ;HHKax, oco6eUHO B TaK Ha3bJBaeMbIX 
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CKOMneHCHpoBaHHhlX nonynpOBO.lJ;HHKax. )];ml HOpManhHOii pa6oThl 

TaKHX .zi;eTeKTOpOB Heo6xo.zi;nMa HH3KaH TeMnepaTypa /2-10 °K/, 
npn KoTopoii no.zi;aBneHhI npouecchI TennoBoro 3a6poca :rneKTpOHOB 

H3 BaneHTHOH 30Hhl Il npHMeCHhlX YPOBHeii B 30HY npOBO.ll;HMOCTH. 

IlpaKTnqecKaH peann3aUHH o6c)')K.zi;aeMoro .zi;eTeKTopa noKa 3a

Tpy.zi;HeHa, TaK KaK OTCYTCTByeT TeXHOnorHH HaHeceHHH ·nony

npOBO.lJ;HHKOBhlX cnoeB Ha TOHKHe HHTH. 

CymecTByeT H BTOpaH B03MO)KHOCTh C03)J;aHn~ aHanornqHoro 

cqeTqHKa, B KOTOpOM HHTh noKphIBaeTCH TOHKOH nneHKOH H3 

xanhKOreHH.ll;HOro CTeKna. Ta1<oe noKph!THe TOnIUHHOH 10-
5 

-

10 -
4 

CM B none 10 5 - 106 B/CM c1<aq1<006pa3HO Il3MeHHeT CBOIO 
5 7 

npOBO.lJ;HMOCTh B 10 - 10 pa3. Ilo3TOMY npH c6poce 3apH.ll;OB 

H3 cne.zi;a qacTHUhl Ha .zi;aHHhlH cnoii B HeM npoHCXO.ll;HT ycnneHne 

BHyTpeHHero nonH H, KaK cne.zi;CTBHe, .ll;On)l{HO HaCTynaTh "nepe

KnroqeHne" cnoH H cpopMIIPOBaHHe CHrHana Ha HHTH. IlpaKTHqeCKaH 

pa3pa60T1<a Ta1<oro cqeTqn1<a conpH)KeHa B HacToHmee BpeMH 

c nc1<nroquTenhHO cno)KHOH TexHonorneii co3.zi;aHHH nepe1<nroqa10mnx 

cnoeB Ha TOHKHX HHTHX. 

V HaKOHeu, B .zi;eCHTOH rnaBe 060CHOBh1BaeTCH HOBoe, Han6onee 

Ba)KHOe .zi;nH npaKTHKil npe.zi;no)KeHHe O pa3MHO)KeHHH 3neKTpOHOB 

Henocpe.zi;cTBeHHO B KpHCTannax B6nH3H 3aMopo)KeHHhIX TOHKHX 

HHTeii. )];nH TaKOH uenH MoryT IlO.ll;OHTH nro6hie KpHCTannhl, o6na

.zi;aromne 3neKTPOHHOH II .ll;hipoqHoH npOBO.lJ;HMOCThIO. bhWO noKa3aHo, 

qTO cymeCTBYIOT )J;Be B03MO)KHOCTH pa3MHO)KeHHH 3neKTPOHOB: 

npHMaH - 3a cqeT HOHH3aUHH aTOMOB KPHCTanna B BaneHTHOH 

30He • II KOCBeHHaH • 3a cqeT HOHH3aUHH npnMeCHhlX ypoBHeii, 

3acenHeMhIX 3neKTpOHaMH. IlepBaH B03MO)KHOCTh He HY)K.lJ;aeTCH 

B oco6hIX nOHCHeHHHX, T .K. oHa CBH3aHa C H3BeCTHhlM MeXaHH3MOM 

y.zi;apHoro pa3MHO)KeHHH 3ne1<TpOHOB, ycKopeHHhlX B CHnhHhIX 3neKT" 

puqecKHx nonHx. BTopoii cnoco6 pa3MHO)KeHHH 3ne1<TpoHoB_3aKm<r 

qaeTCH B TOM, qTo BemecTBO nepe.zi; HaqanoM per11cTpaun11 qacTHU 

HCKYCCTBeHHO aKTHBHpyeTCH, T.e. B HeM 3acenHIOTCH 3ne1<TpoHaMH 

Bee yp0BHH 3axBa Ta H 3a TeM Ha 3THX YPOBHHX npOil3BO.ll;HTCH 

pa3MHO)KeHHe JneKTpOHOB HOHH3aUHH. AKTHBaUHH BemecTBa MO)KeT 

.ll;OCTHraThCH n1160 nyTeM xono.zi;Hoii IIH)KeKUHH JneKTPOHOB 113 HHTH, 

n1160 nyTeM BHyTpeuHero cpoT0Jcpcpe1<Ta. 

H.zi;eH C03)J;aHHH HHTHHOro KpHCTann11q~c1<oro .zi;eTeKTOpa qacTHU 

npornna B Ha,CTQHIUee BpeMH BCeCTOpOHHee 3KCnep11Me11TanhHOe 
/31/ · ' 

11ccne.zi;oBaHHe .• peJynhTaThl KOToporo H3nO)KeHhl B O.ll;HHHa.lJ;Ua-

TOH rnaBe. B 11ccn_e.zi;oBaHHHX np11MeHHnach Ta )Ke annapaTypa, qTo 

II B OilhITaX C ra3aMH II )Klf.ll;KHMH cpe.zi;aMH. B KaqecTBe pafioqux 

cpe.zi; .B cqeTq111<e 11cnonh30Ban11ch KpHcTann11qec1<ue aproH, KceHoH 

u MeTaH. CHaqana B onhnax OTpa6aThIBanHCh TeMnepaTypHhie 

pe)KHMhl nonyqeHHH 113 )KH)J;KOH cpa3hl KPHCTannoB, COBepIIIeHHhIX· 

no CTPYKType /c xoporneii npo3paqHOCThlO/, II 3aTeM npoH3BO.lJ;H· 
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noch 11ccne.zi;oBaHne xapaKTepHCTHK cqeTq111<a npn o6nyqeHHH ero 

y ·KBaHTaMH OT 
6° Co. 

IlonyqeHHhie B 3KCnepHMeHTax aMnnHTY.lJ;Hhle II C"!eTHhie xa

paKTepuCTHKH HHTHHhlX KpHCTann11qecKHX aprOHOBOro II KCeHOHOBO

ro cqeTqlJKOB npe.zi;cTaBneHhl COOTBeTCTBYIOIUHMH rpacpnKaMH ua 

PHC. 14 II 15. C KpHCTann11qecKHM )Ke MeTaHOM y.zi;oBneTBOpHTenh· 

Hh!X pe3ynhTaTOB He nonyqeH0. 3arnTpHXOBaHHhie Ha puc. 14 11 15 

30Hhl 03HaqaroT cne.zi;yromee. B Ka)K)J;OM onh!Te C KpHCTannn"!eCKHM 

KCeHOHOM nonyqanHCh BnonHe onpe.zi;eneHHhie cqeTHaH II aMnnnTy.zi;

HaH xapaKTepHCTHKH, O.lJ;HaKo OT onbITa K onhITY /oT 3aMopa)KHBaHHH 

K 3aMopa)KHBaHHIO/ 3TH xapaKTepHCTHKH ToqHQ He BocnpoHJBO.lJ;H· 

nHCh. :SonhIIIaH COBOKYTIHOCTh TaKHX xapaKTepHCTHK, nonyqeHHhIX 

BO' MHorux onhITaX C KCeHOHOM, II COCTaBHna .zi;aHHhle 30Hhl. 

HJ aMnnHTY.ll;HhlX xapaKTepHCTHK BH.ll;HO, qTo C"leT"IHK HMeeT 

TpH THnH'IHhIX y"!aCTKa: HOHH3aUHOHHhIH, nponopuHoHanhHhlH II 

yqacTOK HaChIIUeHHH. B nponopu110HanhHOH o6naCTH K03cpcpuuneHT 

yc11neHHH 3neKTPOHOB COCTaBnHeT -150. CqeTHhie xapaKTepHCTHKH 

HMeIOT nonoroe nnaTo· 6onhIIIOH npOTH)KeHHOCTH, Ha KOTOpOM 

Jcp<peKTHBHOCTh perHCTpaunu qaCTHU COCTaBnHeT l00o/o. KpucTan

nn"leCKHe C"leTqlJKH C C0BeprneHHhIMH KpHCTannaMH aproHa H 

KCeHOHa pa6oTaIOT HCKnroqHTenhHO CTa611nhHO II o6na.zi;aIOT xoporneii 

BOcnpoH3BO.lJ;HMOCThIO xapaKTepHCTHK. 

B COBepIIIeHHhIX no CTPYKType KpHCTannax aproHa o6Hapy)KeHa 

no.zi;BH:>KH0CTh .ll;hlpOK, COCTaBnHIOIUaH 10-
1 

CM
2 B-

1 
ceK-l . B KpH

CTannnqeCKOM KCeHOHe no.zi;BH)KHOCTh .lJ;hIPOK ne:>Kana B .zi;uana3oHe 
_ 

0
-1 

0
-2 2 -1 -1 

6 JHa"!eHHH 1 - 1 CM B ceK , qTo' fIH3KO K BennquHe 

2.10-2 cM
2 

B-1 ceK-1 , npuBe.zi;eHHOH B pa6oTe 
181 

• 

B pH.zi;e onhITOB cneuuanhHO nonyqanH HeCOBepIIIeHHhie KpH

CTannhJ /c nnoxoii npo3paqHoCThIO/, 11 B Hux TaK)Ke ua6n10.zi;anoch 

pa3MHO:>KeHHe 3neKTpOHOB. O.zi;HaI<o TaKHe KpHCTannhl 6hICTPO 

3apH)KanHCh non0)KHTenhHhlM 061.eMHhIM 3apH.1J;OM, H aMnnHTy.zi;a 

HMnynhCOB JaMeTHO na.zi;ana. )];nH BOCCTaHoBneHHH qyBCTBHTenh

HOCTH cqeTqHKa nocne per11cTpaun11 6onhrnoro q11cna HMnynhc0B 

Tpe6oBam>ch 1<paT1<0BpeMeHHoe Hano)KeHne Ha Hero nonH o6paTHOii 

nonHpHOCTH He6onhIIIOii aMnnHTY.lJ;hl. 

B onhITaX C HecoBeprneHHhlMH KpHCTannaMH KCeHOHa II aproHa 

nccne.zi;oBancH TaK)Ke MexaHH3M 3aceneHnH ypoBHeii JaxBaTa xo

no.zi;HhIMH JneKTP0HaMH, HH)KeKTHpOBaHHhlMH Ha HUTH. Ha 3THX 

YPOBHHX . Hafinro.zi;anOCh .ll;OIIOnHHTenhHOe YCHneHHe 3neKTpOHHhlX 

naBHH. I I 

B cBeTe npe.zi;no)KeHHH )];onrornenHa n .zi;p; 
4

' no pa3pa60TKe 

.ll;Byx<pa3HOH KaMephl C nepeH0COM JneKTp0HHOro cne.zi;a H3 O.!J;HOH 

cpa3hl B .zi;pyryro npe.zi;cTaBnHeTCH BeChMa nepcneKTHBHhIM C03.ll;aTh 

no.zi;o6HyIO KaMepy C O.ll;HOH nHIIIh cpa30H - KPHCTann11qeCKOH. 
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Ceiiqac npe,ncTaBJUICTC.11, '-ITO TBep.noTeJibHa.11 HHT.IIHa.11 KaMepa 

MO)KCT 6bITb pa3pa6oTaHa TaK)Ke mi. KPHCTaJIJIH'-ICCKOM reJIHH, 

B KOTOPOM 3JICKTpOHbl H ;:J;blPKH o6na,naIOT 60JibWOH IlO)];BH)KHOCTbIO. 

OCH08Uble 8bl800bl 

1. Hccne,noBaHbl xapaKTCPHCTHKH HC:i<P0BblX KaMep c 6oJibWHM 

MC)K3JICKTPO;:J;HblM npoMe)KyTKOM 112 ,13 ,14 ,16 ,17 /. BnepBbie 3TH 

KaMepbI 6bIJIH ycnemHO HCilOJib30Ba,bI/ B OilbITax no H3Y'-ICHHIO 

npoToH-npOTOHHOro B3aHMO,neiiCTBH.II 
34 

• 

Ilpe,nJIO)KCH H H3Y'-ICH MCTO)];' "perynHpoBaHH.11" BpeMeHH naM.IITH 

WHPOK03a30PHbIX HCKpOBblX KaMep nyTeM BBC;:J;CH:IJ.11 B ,pa6o'-IHH 

061>eM raC.111.UHX H 3JICKTpOOTPHUaTeJibHbIX .no6aBOK' 
14

•
18! .r:laHHblH 

cnoco6 Hamen WHPOKOe npHMCHCHHe B COBpeMeHHOH MCTO)];HKe 

HCKpOBblX H CTpHMepHblX KaMep. 

3KcnepHMCHTaJibHO onpe,neJieHa BCJIH'-IHHa OilTHMaJibHOro MC)K-

3JICKTpo,nHoro npoMC)KYTKa HCKp0BblX KaMep H H3y'-leHa JIHBHeBa.11 

3qlqJCKTHBHOCTb KaMep C TaI<HM npoMe)KyTK0M. Ha OCHOBe ,naHHbIX 

HCCJie,noBaHHH OCYI.UCCTBJieHa pa3pa60TKa H C03;:J;aHHe KpynHo

MaCWTa6Horo HCKP0B0ro cneKTP0MCTpa 1.faCTHU /lo, 11 , 12/. 

2. Pa3BHTa TC0PH.11 qia30Boro nepexo.na B nepeCbII.UCHHblX 

K0H;:J;CHCHP0BaHHblX paCTBopax Ha H0Hax H cqiopMyJIHPOBaHbl YCJI0BH.11 

o6pa3oBaHH.II H "npO.IIBJICHH.11" TpeK0B 1.faCTHU B TaKHX paCTBO -

pax I 1 8 •1; 9( 3K<;nepHMCHTbl IlO)];TBep,nHJIII 0CH0BHbie Il0JIO)KCHH.11 3TOH 
20,21 / 

TeopHII .• 

3. Pa3BHTa TeopH.11 KpHCTaJIJIH3aUHH nepeoxJia)K~C:4HblX )KH,n

KOCTeii Ha H0HaX KaK Ha ueHTpax KpHcTaJIJIH3aUHH 
2

'. 3Kcieyy

MCHTbl xopomo Il0;:J;TBep,nHJIH 0CH0BHbie BblB0)];bl 3TOH Te0pllH 
2

' 

Ha ee 0CHOBe B p.11,ne na6opaTOpHii 6bIJIH npe,nJIO)KCHbl H ceii'-1,C 

IICCJie,nyIOTC.11 pa3JIH'-1Hble BapHaHTbl TpeK0BblX ,neTeKT0pOB 12 
•
3 

•9 
,. 

4. Ilpe,nJIO)KCHbl H npoaHaJIH3HP0BaHbl B03M0)KHOCTH C03;:J;aHH.II 

TpeK0BblX ,neT7TopoB Ha 0CH0Be HCilOJib30BaHII.II JIIOMHHe·cueHUHH 

F-ueHTP0B !2 , 4 , a TaK)KC Ha OCHOBe npHMCHCHH.11 3qlqlCKTa MaJITepa 

H ,npyrux norpaHH'-IHblX .IIBJICHHH /25,26,28,29,33/_ . -

5. Ilpe,nJIO)KCH HOBblH KJiacc TpeK0BbIX npH6opoB, OCH0BaHHblX 

Ha npHMCHCHHH 3qlqlCKTa JiaBHHH0ro pa3MHQ)KCHH.II 3JICKTP0H0B 

B pbIXJiblX )];113JICKTPH'-ICCKHX H nonynp0B0)];HHKOBblX nneHKa/
28! . 

Pacl.feTbl noKa3bIBaIOT, '-ITO TaKHe .neTeKT0PbI M0ryT o6na.naTb 

6oJibWIIM K03qlqlHUHCHTOM nponopUH0HaJibH0ro YCHJICHll.11 3JICKTP0H0B 

II Bb!COKOH BpeMeHHOH H npocTpaHCTBCHHOH T0'-IH0CTbIO. 

6. IIpe,nJIO)KCHbl ,nBa BapHaHTa IlY3jJ~jK0BbIX ro,noCK0ilH'-ICCKHX 

CHCTeM, co,nep)Kamnx TBep,nyIO cpe,ny .BbIIIOJIHeH 3KCnepHMCHT 

C O)];H0HHT.IIHblM ro,n0CK0ilH'-ICCKHM 3JieMeHT0M, co,nep)KaBWIIM TBep

)];blH aproH H 3aMOp0)KCHHbie B HCM ny3blpbKH ra3a. OnbIT Ka'-leCT-

16 
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BCHHO Il0)];T?effHJI B03MO)KHOCTb perHCTpauHH 1.faCTHU B TaKHX 

ro.nocKonax 
3 

• 

7. IlpoaHaJIH3HPOBaHbl qlH3H'-ICCKHe npH'-IHHbl B03HHKH0BCHH.II 

oco6eHHOCTeii B pa3p.11,ne B HHT.IIHbIX )KH)];KOCTHbIX C'-ICT'-IHKax 

H npe,nJI0)KCH cnoco6 CTa6HJIH3aUHH pa3p.11,na nyTeM Il0KpbiHJJ 

HHTeii TOHKHM CJIOeM )];H3JICKTPHKa co cna6oii np0B0;:J;HM0CTbIO 
29

~ 

Ilpe,nJIO)KCH H_OBbIH pe)KHM IlHTaHH.11 HHT.IIHblX '?1eJ'-IHKOB 6nnon.11pHbI-

MH HMilYJibCaMH H BblCOK0'-laCTOTHbIM noJieM 
9 

• -

8. 3KcnepHMCHTaJibHO HCCJie,noBaH HHT.IIHOH C'-ICT'-IHK '-laCTHU 

C ra30BbIM H )KH)];KOCTHbIM HaDOJIHCHHeM. YcTaHOBJICHbl 0CH0BHbie 

3aK0H0MepH0CTH pa60Tbl C'-le_T'-IHKa npH H3MeHeHHH B/JeM1o/10TH0CTH 

cpe,nbl OT IlJI0THOCTH ra3a .no· IlJIOTH0CTII )KH)];K0CTH 
3 o,3 • 

9. CqiopMyJIHpoBaHa qlH3H'-ICCKa.ll nporpaMMa pa3pa60TKH H0BblX . 

)];H3JICKTpH'-ICCKHX H nonynpoBO;:J;HHKOBbIX KPHCTaJIJIH'-ICCKHX HHT.IIHblX 

C'-ICT'-IHK0B 1.faCTHU !26~ Onpe,neneHbl YCJI0BH.11 JiaBHHHOr0 pa3MH0)Ke

HH.II 3JICKTp0HOB B TaKHX C'-ICT'-IHKax. 

10. Pa3pa6oTaH H 3KCnepHMCHTaJibH0 HCCJie,n~aH HOBblH HHT.11-

HOH C'-ICT'-IHK 1.faCTHU KpHCTaJIJIH'-ICCKoro THna 
31

~YcTaHOBJICHO, 

'-IT0 aMnJIHTY;:J;Hbie xapaKTepHCTHKH aproH0Boro H KCCH0H0Boro 

C'-ICT'-IHKOB HMCIOT TPH THilH'-IHblX yqacTKa: HOHH3aUHOHHbIH, npo

IlOPUHOHaJibHblH H yqaCTOK HaCbll.UCHH.11. K03qlqlHUHCH.T pa3MH0)KCHH.II 

3JICKTP0H0B Ha• nponopUHOHaJibH0M yqacTKe COCTaBJI.lleT -150. 
C'-leTHOe IlJiaT0 HMeeT cna6bIH HaKJIOH H 60JibWYIO np0T.ll)KCHH0CTb. 

KpHCTaJIJIH'-ICCKIIH HHT.IIHOH C'-ICT'-IHK pa6oTaeT CTa6HJibHO. 

11. YcTaHOBJieHO, '-IT0 "HeH,neaJibHOCTb" CTPYKTYPbl KpHCTaJIJia 

B C'-ICT'-IHKe cna6o oTpa)KaeTc.11 Ha ero xapaKTepHCTHKax. Ilon.11pn-

3aun.11 '-laCTH'-IH0 HeC0BepmeHH0ro KpHCTaJIJia 061>eMHbIM IlOJI0)KH

TCJibHbIM 3ap.11,n0M nerKO ycTpaH.11eTC.II nyTeM KpaTKOBpeMeHHOH 

no,na'-IH Ha C'-ICT'-IHK o6paTHOro IlOJI.11 He60JibWOH aMilJIHTY;:J;bl / 31 ~ 

B KpHcTannax aproHa BnepBbie 06Hapy)Ke11a H onpe,neneHa 

Il0)];BH)KHOCTb Il0JI0)KHTCJibHbIX 3ap.11,noB /,nbipoK/, C0CTaBJI.IIIOI.Ua.11 

-10-l CM 2 B-l CCK -l , H Il0;:J;TBep)K)];eHbl H3BCCTH/Jlf/,naHHbie 0 no,n-

BH)KHQCTH 3ap.11,noB B KpHc.TaJIJIH'-ICCK0M KCCH0He • -

Hccne,noBaHH.11, C0CTaBHBWHe .nnccepTaUHIO, 0XBa TbIBaIOT' KaK 

BH)];HM, uiupOKHH Kpyr B0ilPOC0B, CB.113aHHbIX C pa3pa60TKOH HOBbIX 

,neTeKT0p0B 1.faCTHU. B npaKTH'-ICCK0M nJiaHe HaH6onee Ba)l(Hble 

pe3yJibTa Tbl Il0JIY'-ICHbl B HCCJIC)];0BaHH.IIX C HCKp0BbIMH KaMepaMH 

/rnaBbl 1 H 2/ H C HHT.IIHbIM C'-ICT'-IHKOM, 3ailOJIH.IICMbIM ra30M_ 

no.n 60JibWHM ,naBJieHHCM, )KH)];K0CTblO HJIH KPHCTaJIJIH'-ICCKHM Be

mecTB0M /rnaBbl 9,10 H 11/. Pe3yJibTaTbl HCCJie,noBaHHH c KpH

CTaJIJIH'-ICCKHM C'-ICT'-IHK0M OTKPbIBaIOT WHp0KHe nepcneKTHBbl .IJ:JI.11 

C03;:J;aHH.11 nponopuHoHaJibHblX HHT.IIHbIX KaMep 60JibWOro pa3Mepa, 

HHTH B KOTOpbIX 6y,nyT )KCCTK0 qlHKCHPOBaHbl B npocTpaHCTBe 

6naro,nap.11 HX 3aMopa)KHBaHHIO B KpHCTaJIJie. bOJibWa.11 Y.D:CJibHa.11 

HOHH3aUH.II 1.faCTHU B KPHCTannax Il03B0JIIIT pa3MemaTb HHTH Ha 

" 17 
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MaJIOM paCCTOHHHH ,!lpyr OT ,!lpyra, 'ITO o6ecne'IHT KaMepaM 

BblCOKOe npoCTpaHCTBeHHOe H BpeMeHHOe pa3pemeHHe. 
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PHC. 1. JIHBHeBaH 3qJqJeKTHBHOCTb KaMepbl Ha O,!lHH npoMeiKyTOK. 
3a30p 2 CM; ra3 HeOH, 760 Top; £ - 3qJ(peKTHBHOCTb perHCTpal{HH, 
n - 'IHCJio qacTHU; 1 - oqmua10111ee none U = 0; 2 - U= 20 B. 
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Pnc. 2. 3q,q>eKTHBHOCTL perHCTpauHH qacTHU B KaMepe npH 
ttanoJIHeHHH tteoHoM c ,no6aBKOii: aproHa, MeTaHa H qeTLipexxnopn· 
CTOro yrnepo,na. T/ • 3q>q>eKTHBHOCTL perHCTpaunn; T • BpeMH 
3a,nep)KKH HMilYJILCa OTHOCHTeJILHO MOMeHTa npoxo)K.IJ;eHHH qacTH· 
Uhl qepe3 KaMepy; . 1 · CTaH,napTHaH CMeCL /c.c./, COC.TOHIUaH 
H3 99,6<1/o Ne H 0,4<1/oAr; 2 - c.c. + 0,1<1/oCH4;3 • c.c. + 3.10-6 <1/o Ccf 4 • 
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Pnc. 4. Pacnpe,neJI~HHe TeMnepaTyp1,1 H KOHUeHTpaum1 MeTHJIOBOro 
cnnpTa B reKcaHe· no rny6nHe pacTBopa B KaMepe. I - TeMnepa
Typa, 2 - KOHUeHTpaunx, 3 - rpaHHUa Hac1,1meHHH, 4 - rpaHHUa 
.nonycTHMOro nepec1,1meHHH. ,ll;BOHHOH IIITPHXOBKOH yKa3aHa JoiJa 
'IYBCTBHTeJILHOCTH, Koc9ii: IIITpHXOBKOH Jona nepecLJmeHHH. 
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Pnc. 7. KoHCTPYKUHH 3neKTpo.na KOOp.IJ;HHaTHOH KaMepbI. I - npo
BO.IJ;HIUaH IlO.IJ;IlO)l{Ka, 2 - nopHCTbie ,n113ne1<TpH'leCKHe nnu nony
IlpOBO.IJ;HUKOBbie cnon, 3 - npoBO.IJ;HIUHe Y3KHe nonOCKH, u - BHellIHee 
nanpH)l{eHne, R 1 - orpaHn'IHBaiomee conpoTHBneHue, R2. - na
rpyJo'IHoe conpoTHBneHne. 
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Pnc. 8. 6noK-cxeMa 3KCnepnMeHTanhHOH an~apaTypw. T1 ,T2 , 
. T3, T 4 - TepMo,naT'IHKH. 
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PHC. 9. KOHCTPYKUH.11 C'leT'IHKa H TepMOCTaTHPYIOIIJ;eH py6aUIKH. 
1 - KaTo.n, 2 - aHo,n, T1 H T 2 - Hapy)KHhlH H BHyTpeHHHH ,naT'IHKH 
TeMnepa TYPhl. 
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PHC. 11. CqeTHbie xapaKTepHCTHKH. I -6 - C00TBeTCTBeHHO .nae- . 
neHHH 1, 10, 30, 50, 75, 100 aTM; 7 • )KHJ];KHH aproH; 8 - :>KHJ];KHH 
aproH co cne.naMH rrpHMeCH MeTaHa; 9 - :>KHJ];KHH KCeHOH. OcTanb

Hbie o6o3HaqeHHH Te :>Ke, qT0 na pHC. 10. 
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PHc. 12. AMIIIlHTYJ];Hbie xapaKTepHCTHKH cqeTqHKa, HarronHeHHoro 
CMeCbIO 95o/o Ar H 5o/0CH4. 1-6 - C00TBeTCTBeHH0 .naeneHHH ra3a 
1,10, 30, 50, 70, 100 aTM. 
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PHC. 13. CtJeTHbie xapaKTepHCTHKH. HanonHeHHe CtJeTtJHKa 95o/o 
·Ar H 5o/0CH4; 1-6 - COOTBeTCTBeHHO ,naBneHHH ra3a 1, 10, 30, 
50, 70, 100 aTM. 

28 

!' -

I 

I 

\ 

,01 r------.-------,------,---

,,,2 

"Q 

'i 
I.I 
-4 
~ :., 
I:: ~~ t: 
::s 
C! 

lb 
::i. 

§ 
~ 
I:: 
t 

<:i::: 
,o" 

~s~--~-----_,_------~--------' 
1000 2000 •1000 6000 8000 

HanpfA>Kel-/ue Ha c'lem-zu,ce, 6. 

Pnc. 14. AMrrnnTy,IJ;HhJe xapaKTepHCTHKH KpHCTaJIJIH 1-IeCKoro CtJeTtJH
Ka. I - xapaKTepHCTHKa aproHOBoro CtJeTtJHKa, 2 - o6naCTh 

3HatJeHHii aMIIJIHTY.IJ;HhIX xapaKTepHCTHK KCeHOHOBoro CtJeTtJHKa. 
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PHC. 15. CqeTHhie xapaKTepHCTHKH KpHCTaJIJIHqecKoro cqeTqHKa. 
l - xapaKTepHCTHKa aproHOBoro cqeTqHKa, 2 - o6JiaCTh 311aqeHHH 
cqeTHhlX xapaKTepHCTHK KCeHOHOBoro cqeTqHKa. 
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